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" NEW MANbELIC ACID DERIVATIVES AND THEIR USE AS

THROMBIN INHIBITORS

Field of the Invention

This" invention relates to novel pharmaceutically useful compounds, in

particular compounds that are, and/or compounds that are metabolised to

compounds which are, competitive inhibitors of trypsin-like serine

proteases, especially thrombin, their use as medicaments, pharmaceutical

compositions containing them and synthetic routes to their production.

Background

Blood coagulat.ion is the key process involved in both hacmostasis (i.e. the
prevention of blood loss from a damaged vessel) and thrombosis (i.e. the
formation of a blood clot in a blood vessel, sometimes leading to vessel

obstruction). : -

Coagulation is the result of a complex series of enzymatic reactions. One of
the ultimate steps in this series of reactions is thie conversion of the

proenzyme prothrombin to the active enzyime thrombin.

Thrombin is known to play a central role in coagulation. It activates
platelets, _ieading to platelet 'nggregation, converts ﬁbrinogen into fibrin
monomers, which polymerise spontaneously into fibrin polymers, and
activates factor XIII, which in turn crosslinks the polymers. to form
insoluble fibrin. Furthermore, thrombin activates factor V and factor VIII

leading to a “positive feedback” generation of thrombin from prothrombin.

PCT/SE01/02657 X
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By inhibiting the aggregation of platelets and the formation and crosslinking

* of fibrn, effective inhibitors of thrombin would be expected to exhibit

antithrombotic activity. In addition, antithrombotic activity would be
expected to be enhanced by effective inhibition of the positive feedback

mechanism.

Prior Art

The early development of low molecular weight inhibitors of thrombin has

been described by Claesson in Blood Coagul. Fibrinol. (1994) 5, 411.

Blombick et al (in J. Clin. Lab. Invest. 24, suppl. 107, 59, (1969)) reported

. thrombin inhibitors based on the amino-acid sequence situated around the

cleavage site for the fibrinogen Aa chain. Of the amino acid sequences
discussed, these authors suggested the tripeptide sequence Phe-Val-Arg
(P9-P2-P1, hereinafter referred to as the P3-P2-P1 sequence) would be the

most effective inhibitor. | .

Thrombin inhibitors based on dipeptidy! derivatives with an u,m-amihoalkyl
guanidine in the Pl-ﬁosition arc known from US Patent N° 4,346,078 and
International Patent Application WO 93/11152. Similar, structurally
related, dipeptidyl derivatives have also been reported. For example
International Patent Application WO 94/29336 discloses compounds with,
for example, aminomethyl benzamidines, cyclic aminoalky! amidines and
cyclic aminoalkyl guanidines in the Pl-position’ (Intermational Patent -
Application WO 97/23499 discloses prodrugs of -certain of these
compounds); European Patent Application 0 648 780, discloses compounds

with, for example, cyclic aminoalky! guanidines in the P1-position.
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Thrombin inhibitors based on peptidyl derivatives, also having cyclic
aminoalkyl guanidines (e.g. either 3- or 4 aminomethyl-1-amidino-
piperidine) in the P1-position are known from European Patent Applications
0 468 231, 0 559 046 and 0 641 779. '

Thrombin inhibitors based on tripeptidyl derivatives with arginine aldehyde

in the P1-position were first disclosed in European Patent Application 0 185

390.

More recently, arginine aldehyde-based peptidyl derivatives, modified in
the P3-position, have been reported. For example, International Patent
Application WO 93/18060 discloses hydroxy acids, European Patent
Application 0 526 877 des-amino acids, and European Patent Application,0
542 525 O-methyl mandelic acids in the P3-position.

Inhibitors of serine proteases (e.g. thrombin) based on electrophilic ketones
in the Pl-position are also known. For example, European Patent
Application 0 195 212 discloses peptidyl a-keto esters and amides,
European Patent Application 0 362 002 fluoroatkylamide ketones, European

- Patent Application 0 364 344 u,B,S-trikeiocompounds, and European Patent
. Application 0 530 167 a-alkoxy ketone derivatives of arginine in the P1-

position.

Other, structurally different, inhibitors of trypsin-like serine proteases based

on C-terminal boronic acid derivatives of arginine and isothiouronium

analogues thereof are known from European Patent Application 0 293 881.

More recently, thrombin inhibitors based on peptidyl derivatives have been
disclosed in European Patent Application 0 669 317 and International Patent
Applications WO 95/35309, WO 95/23609, WO 96/25426, WO 97/02284,

PCT/SE01/02657 *
3
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WO 97/46577, WO 96/32110, WO 96/31504, WO 96/03374, WO
98/06740, WO 97/49404, WO 98/57932, WO 99/29664, WO 00/35869 and

WO 00/42059.

5 In particular, WO 97/02284 and WO 00/42059 disclose thrombin inhibitors
with substituted mandelic acids in the P3 position.

However, there remains a l:need for effective inhibitors of trypsin-like serine
proteases, such as thrombin. There is also a need for compounds which

10 hn\;e a favourable pharmacokinetic profile and are selective in inhibiting
. thrombin over other serine proteases, in particular those involved in
haemostasis. Compounds which exhibit competitive inhibitor).' activity
towards . thrombin would be expected to be especially useful as
anticoagulants and therefore in the therapeutic treatment of thrombosis and

15 related disorders.
Disclosure of the Invention

According to the invention there is provided a compound of formula I

R® 'L— .
R‘l \/Ra . I
O
RZ
wherein

R represents -OH or -CH;0H;

25 R' represents at least one optional halo substituent;

20
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R? represents one or two é..; alkoxy substituents, the alkyl parts of which
substituents are themselves substituted with one or more fluoro substituents
(i.e. R? rep'resents one or two ﬂuoroalkoxy(é..g) groups); .
Y represents -CH;- or -(CH3z);-; and

R? represents a structural fragment of formula I(i) or I(ii): -

/)
NH, % _ NH,

[

R4
I{P) | I(ii)

. wherein

R* represents H or one or more fluoro substitu_ents; and
one or two of X, X3, Xy and X; represent -N- and the others represent
-CH-,

or a pharmaceutically-acceptable derivative thereof.

The term = “pharmaceutically-acceptable  derivatives”  includes

phannaceutic;llly-acceptable salts (e.g. acid addition salts).

Abbreviations are listed at the end of this specification. The wavy lines on
the bonds in the fragments of formulae I(i) and f(ii) sigriify the bond
positions of the fragments. '

Halo groups w_hich R' may represent include, fluoro, chloro, bromo and

iodo. For the avoidance of doubt, in representing at least one optional h_alo

_group, R! may either not be present (and thus be replaced by H, so that the

rules of valency are adhered to) or it may represent one or more halo atoms.

PCT/SEQ01/02687 *

(RS
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When R’ represents a structural fragment of formula I(i) in which R*

represents one or more fluoro-substituents, preferred compounds of formula

" Tinclude those in which R* represents a single fluoro substituent in the 2- or

the 3-position, or two fluoro substituents in either the 2- and 5- positions or,
more preferably, the 2- and 6-positions (wherein the substituent positions

"are determined in relation to the point of attachment of.the structural

fragment of formula I{i) to the rest of the molecule (i.e. to the -NHCH,-
group)).

When R’ represents a structural fragment of formula I(ii), preferred
compounds of formula I include those in which etther: _
(a) one of X;, X;, X; and X, represents -N- and the others represent -CH-;

or

(b) either X, and X;, or X; and X,, both represent -N- and the other two

(as appropriate) represent -CH-.

Preferred compounds of formula I include those in which: .
R represents a single fluoro, chloro or bromo substituent;

R represents' C,. alkoxy substituted b)lr one or more fluoro substituents,
such as -OCHF,, -OCF; -OCH,CF;, -OCH;CHF,, -OCH,CHpF or
-OCH(CH,F),; |

"R’ represents a structural fragment of fornula I(i);

R? represents H.

More preferred compounds of formula I include those in which:

R® represents OH; .

R' represents a single chloro substituent;

R? represents -OCF;, preferably ~OCH;CHEF;, or more preferably _-OCHF;.
or -OCH;CH,F. |

onaiifal et
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Preferred points of substitution of R' and R? on the relevant phenyl group of g
compounds of formula I include the two meta-positions relative to the point
of attachment of that phenyl group to the rest of the molecule (i.e. at the 3-
and/or the S-position (preferably 3,5-substitution) relative to the carbon
s atom bearing the a- or B-hydroxy acid grbup).

Compounds of formula I that may be mentioned inclu&e those in which:
R? represents one or two C,.; alkoxy substituents, the alkyl parts of which

substituents are themselves substituted by one or-more fluoro substituents;

10 or .
R? represents one or two C; alkoxy substituents, the alkyl parts of which

substituents are themselves substituted by one or more fluoro substituents.

Compounds of formula I may be made in accordance with techniques well

15 known to those skilled in the art, for example as described hereinafter.

According to a further aspect of the invention there is provided a process for

the preparation of a compound of formula I, which comprises:

20 (1) the coupling of a compound of formula II,

wherein R*, R' and R? are as hereinbefore defined with a compound of
formula 1II,

25

~abYul s
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‘wherein Y and R’ are as hereinbefore defined, for example in the presence

of a coupling agent (e.g. oxalyl chloride in DMF, EDC, DCC, HBTU,
HATU, PyBOP or TBTU), an appropriate base (e.g. pyridine, DMAP, TEA,
2,4,6-collidine or DIPEA) and a suitable organic " solvent (c.g.
dichloromethane, acetonitrile, EtOAc or DMF);

(ii) the coupling of a compound of formula IV,

R® [
. N y .
; OH \Y;
_ R o .
. R? ' | .

wherein R®, R', R? and Y are as hereinbefore defined with a compound of

formula V,
R'CH,;NH, ' \'

wherein R’ is as. hereinbefore defined, for example under conditions as

described in process (i) above;

(iii) for compounds of formula I in which R' is not present, reduction of a
corresponding compound of formula a, as defined hereinafter, in which R®
represents OR®, wherein R* and R® are as defined hereinafter, for example by

+odraF fmin
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hydrogenation in the presence of a suitable catalyst (e.g. a supported metal
catalyst such as Pd/C (-e.g. 10% (w/w) Pd/C)) and an appropriate solvent (e.g.
a lower (e.g. Ci¢) alkyl alcohol such as ethanol), and optionally in the
presence of a suitable acid (e.g. acetic acid) and/or as described in Synth.
Comm. (1998) 4351; or

(iv) reaction of a corresponding compound of formula XVIA or XVIB, as
defined hereinafter, with a suitsble source of ammonia (e.g. ammonium
acetate or az.mnonia gas) under conditions known to those skilled in the art,
such as by reaction of an ethylimidoate intermediate (formed by reaction of a
compound of formula XVIA or XVIB with HCI(g) in ethanol) with ammonia
gas in ethanol, or under those conditions described in Tetrahedron Lett. 40,.
7067 (1999), the disclosures of which document are hereby incorporated by
reference (for example, for preparation of compounds of formula I in which
R’ represents a structural fragment of formula I(ii) in which X; or X,
represents N, reaction of a comresponding compound of formula XVIB w_;.vith
ammonium acetate (e.g. 1 to 30 equivilents of ammonium acetate) in the
presence of N-acetyl cysteine (e.g. l.to 30 equivalents of N-acetyl cysteine)
and an appropriate sc;lvcnt (c.g. a lower alkyl (e.g. C,) alcohol such as
methanol)).

Compounds of forrmula II are available using known and/or standard

techniques.

For example, compounds of formula II in which R® represents OH may be

prepared by reaction of an aldehyde of formula VI,

PCT/SE01/02657
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R! Vi

wherein R' and R? are as hereinbefore defined with:

(e) a compound of formula VII,
R"CN . VI

wherein R" represents H or (CH,);Si, for example at room, or elevated,
temperature (e.g. below 100°C) in the presence of a suitable organic solvent
(e.g. chloroform or methylene chloride) and, if necessary, in the presen-cc of
a suitable base (e.g. TEA). and/or a suitable catalyst system (e.g.
benzylammonium chloride or zinc iodide, or using & chiral catalyst,” for
example as described in Chem. Rev., (1999) 99, 3649), followed by'
hydrolysis under conditions that are well known to those skilled in the art
(e.g. as described hercinafter);

(b) NaCN or KCN, for example in the pmesencé of NaHSO; and water,
followed by hydrolysis;

tc) chloroform, for exampie at eclevated temperature (e.g. above room
temperature but below 100°C) in the presénce of a suitable organic solvent
(e.g. chloroform) and, if necessary, in the presence of a suitable catalyst

system (e.g. benzylammonium chloride), followed by hydrolysis;

(d) a compound of formula VIII,

T 1" ]
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wherein M represents Mg or Li, followed by oxidative cleavage (e.g.
ozonolysis or osmium or ruthenium catalysed) under conditions which are

well known to those skilled in .the art; or

(e) tris(methylthio)methane under conditions which are well known to those
skilled in the art, followed by hydrolysis in the presence of e.g. HgO and
HBFq. )

. Compounds of formula II in which R" represents -CH,OH may be prepared

by reduction of a compound of formula IX,

IX

wherein R represents C, alkyl or C,.; alkylphenyl and R! and R? are as
hereinbefore defined, for example at room temperature or below in the
presence of a suitable reducing agent (e.g. sodium borohydride) and an
appropriate organic solvent (e.g. methanol, ethanol, THF or mixtures
thereof), followed by hydrolysis of the resultant tropic acid est;r
intermediate of formula IXA, :

PCT/SE01/02657 Q)
11 ¥
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HO OR
R! IXA

R2

wherein R, R! and R? are as hereinbefore defined, under conditions that are
well known to those skilled in the art, for example as described hereinafter.
The skilled pérson will appreciate that the reduction and hydrolysis steps
may be ;;arried- out as a one-pot procedure, for example as described

hereinafter.

Compounds of formula II in which R" represents -OH may alternatively be

prepared by oxidaiion of a compound of formula IXB,
H |
HO -

R! IXB

R2

or a derivative thereof that is optionally protected at the secondary hydroxy!
group, wherein R’ and R? are as hercinbefore defined, in the presence of a
suitable oxidising agent (e.g. a combination of a suitable free radical
oxidant (such as TEMPO) and an appropriate hypochlorite salt (such as
sodium hypochlorite)) under conditions known to those skilled in the art, for
example at between -10°C and ‘room temperature, in the presence of a
suitable solvent (e.g. water, acetone or a mixture thereof), an appropriate
salt (e.g. an alkali metal halide such as potassium bromide) and a suitable
base (e.g. an alkali metal carbonate or hydrogen carbonate such as sodium
hydrogen carbonate).

= niPulin Rl
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The enantiomeric forms of the compound of formula II in which R
represents -OH (i.e. those compounds having different configurations of
substituents a;bout the C-atom a- to the CO,H group) may be separated by
an enantiospecific derivatisation step. This may be achieved, for example
by an enzymatic process. Such enzymatic processes inciude, for exnmple,
transesterification of the o-OH group at between room and reﬂux
temperature (e.g. at between 45 and 65°C) in the presence of a smtable
enzyme (e.g. Lipase PS Amano), an appropriate ester (e.g. vinyl acetate)
and a suitable solvent (e.g. methyl zers-butyl ether). The derivatised isomer
may then be separated from the unreacted isomer by conventionel

separation techniques (e.g. chromatography).

Gmtips added to compounds of formula II in such a derivatisation step may
be removed cither before any further reactions or at any later stage in the
synthesis of compounds of formula I. The additional groups may be
removed using conventional techniques (e.g. for.esters of the a-OH group,,.
hydrolysis under conditions known to those skilled in the art (e.g. at
between room and reflux temperature in the presence of a suitable base (e.g.
NaOH) and an appropriate solvent (e.g. MeOH, water or mixtures
thereof))).

The enantiomeric forms of the compound of formula II in which R'-

represents -CH;OH may be separated by chiral chromatographic techmques
(e.g. chiral HPLC). - '

Compounds of formula III may be prepared by coupling a compound of

formula X,

N
(n

= n ol it
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o

wherein Y is as hereinbefore defined to a compound of formula V, as
hereinbefore defined, for example under similar conditions to those

described herein for preparation of compounds of formula I.

Compounds of formula IV may be prepared by coupling 2 compound of
formula II as hereinbefore defined to 8 compound of formula X as
hereinbefore defined, for example under similar conditions to those

described herein for preparation of compounds of formula I.

Compounds of formula VI are available using known and/or standard
techniques. For example, they may be prepared by:

(i) metallation (wherein the metal may be, for example, an alkali metal’
such as Li or, preferably, a divalent metal such as Mg) of a compound of

formula XT,
Hal

R! Xl

R2
wherein Hal represents a halogen atom selected from Cl, Br and I and R'
and R? are as hereinbefore defined, foilowed by reaction with a suitable
source of the formyl group (such as N, N-dimethylformamide), for example

under conc.iitions described hereinafter;

(ii) reduction of 2 compound of formula XII,

. R
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R! Xl

wherein R' and R? are as hereinbefore defined in the presence of a suitable

reducing agent (e.g. DIBAL-H); or
(iii) oxidation of a compound of formula XIII,

OH

R! Xl

R2 -
wherein R' and R? are as hereinbefore defined in the presence of a suitable
oxidising agent (e.g. MnO,, pyridinium chlorochromate, a combination of
DMSO and oxalyl chloride, or SO; pyridine complex in DMSO).

Compounds of formula IX may be prepered from the corresponding
phenylacetate (which may, for example, be obtained from the corresponding
acetophenone, as described in J. Am. Chem. Soc. 98, 6750 (1976) or from
the comresponding benzyl cyanide by standard hydrolytic procedures) by
conventional techniques, for example ansalogously to those techniques
described in J. Org. Chem. 54, 3831 (1989) and/or as described hereinafter.

\C
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Compounds of formula IXB may be prepared by dihydroxylation of a
corresponding compound of formula XIITA

Z
R’ XIIIA

RZ

wherein R' and R? are as hereinbefore defined, in the presence of a suitable
dihydroxylating agent (e.g. a reagent or reagent mixture that provides OsO,,
such as AD-mix-a or, particularly, AD-mix-B), for example under
conditions known to those skilled in the art, such as at between -10°C and
room temperature in the presence of an appropriate solvent (e.g. water, ter:-
butanol or a mixture thereof). When asymmetric oxidants such as AD-mix-

a or AD-mix-f arc employed, this method may be used to prepare

‘compounds of formula IXB that have specific configurations of groups (i.c.

R or S) about both of the C-atoms to which the primary and secondary.
hydroxyl groups are attached.

Compounds of formula XIJIIA may be prepared by reaction of a
corresponding compound of formula XI, as hereinbefore defined, with a
suitable source of the vinyl anion (e.g. t::ibutyl(vinyl)tin) under conditions
known to those skilled in the art, for example at between room and reflux
temperature (e.g. 50°C) in the presence of an appropriate solvent (e.g-
toluene), a suitable coupling hgent (e.g. a palladium(0) co-ordination
complex such as tetrakis(triphenylphosphine)palladium(0)) and optionally
in the prcsence. of an appropriate catalyst (e.g. 2,6-di-tert-butyl-4-
methylphenol). '

PCT/SE01/02657
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Compounds of formulae V, VI, VIII, X, XI, XII and XIII are either
commercially available, are known in the literature, or may be obtained

either by analogy with the processes described herein, or by conventional

synthetic procedures, in accordance with standard techniques, from readily

available starting materials using appropriate reagents and reaction

_conditions. Compounds of formulae Ia, XVIA and XVIB may be obtained
. by processes described hereinafter.

Substituents on the phenyl ring in compounds of formulae I, II, III, IV, V,

- VI, IX, IXA, IXB, XI, XII, XIII and XIIIA may be introduced and/or’

interconverted using techniques well known to those skilled in the art by
way of standard functional groups interconversions, in accordance with
standard techniques, from readily available starting materials using

appropriate reagents and reaction conditions.

For example, compounds of formulae I, I, IV, VI, IXA, XI, XII and 20‘11

may be prepared from corresponding compounds of formulae XIVA, XIVB,

XIVC, XIVD, XIVE, XIVF, XIVG and XIVH, respectively,

(@)
R? R®
N n OH-
3
OH -XIVA OH xivB
o : '
a H -
R I“II—— 0 . HO OR
. OH . ]
R 4 R R _
OH OH OH

XIvVC XIVD XIVE

_ PCT/SE01/02657 \5
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Ox OMe OH
Hal _
R! i | R! R!
OH OH OH

XIVF XivG ' XIVH

wherein R", R, R', R?, Y and Hal (as appropriate) arc as hercinbefore

defined, for example:

(2)

(®)

by reaction with a corresponding fluorinated haloalkane (e.g. a
fluorinated chloroalkane), e.g. at room temperature or above (e.g. at
reflux) in the presence of a suitable base (e.g. potassium ters-butoxide,
KOH or NaQH, for example in aqueous solution) and an appropriate
organic solvent (e.g. THF, chloroform or i-propanol); or

by reaction with a compound of formula XIVJ,

~ R'S(0),0Rr’ XIV}

wherein R* represents C,4 alkyl, C;4 perfluoroalkyl or phenyl
(optionally substituted by methyl, nitro or halo) and R’ is CH;CF;;

CH,CHF,, CH,CH,F or CH(CH,F),, for example in the presence of 2"

suitable base (e.g. K;CO;) and an appropriate solvent (e.g. DMF),

for example, in both cases, as described hereinafter.

The skilled ‘;':erson will appreciate that these functional group

transformations may also be carried out at an earlier stage in the overall
synthesis of compounds of formulee II, IV, VI, IXA, XI, XII and XIII (i.e.
on appropriate precursors of compounds of formulae XIVB, XIVC, XIVD,

XIVE, XIVF, XIVG and XIVH, respectively).

Compounds of formulae XIVA, XIVB, XIVC, XIVD, XIVE, XIVF, XIVG,

XIVH and XIV] are either commercially available, are known in the

literature, or may be obtained ecither by analogy with the processes

PCT/SE01/02657
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described herein, or by conventional synthetic procedures, in accordance
with standard techniques, from readily available starting materials using
appropriate reagents and reaction conditions. For example, compounds of
formulae XIVA, XIVB, XIVC, XIVD, XIVE, XIVF, XIVG and XIVH may
be obtained by deprotection of the corresponding protected phenols (where
the protecting group may be, for example, methyl, allyl, benzyl or rert-
butyl) under standard conditions. Further, compounds of formula XIVD.in
which R' is a single chloro substituent may be obtained from a di- or trihalo
substituted t}enzene (e.g. 1-Br, 3-Cl, 5-F-benzene, by substitution of the
fluorine atom with a methoxy group (e.g. by reaction with NaOMe in 1-
methyl-2-pyrrolidinone/methanol at elevated temperature), replacement of
the bromo group with a formyl group (e.g. as described hereinbefore for
preparation of compounds of formula VI), and then demethylation (e.g. by
using PhSH in 1-methyl-2-pyrollidinone in the presence of K,CO3)).

Also, compounds of formula I in which R' is absent may be prepared from
corresponding compounds of formula I (or via appropriate precursors,
thereof) in which R' represents halo (such as chloro), for example by

hydrogenation under conditions known to those skilled in the art.

Compounds of formula I may be isolated from their reaction mixtures using

conventional techniques.

In accordance with the present invention, pharmaceutically acceptable
derivatives of compounds of formula I also include “protected” derivatives,

and/or compounds that act as prodrugs, of compounds of formulal. .

Compounds that may act as prodrugs of compounds of formula I that may

be mentioned include compounds of formula Ia,

- e
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R2 [~
N o .
Rl &\ZR' ia

R2

wherein R* represents a structural fragment of formula I(iii) or I(iv):

N—R® X= RS
4 E <“' pr
: N\ 4
NH, — NH, .
R* '
K{iii) , I(iv)

wherein R’ represents OR® or C(d)OR’;

R® represents H, C,.,o alkyl, C,; alkylaryl or C,_; alkyloxyaryl (the alkyl
parts of which latter two groups are optionally inte'nupted by one or more”’
oxygen atoms, and the aryl parts of which latter two groups are optionally
substituted by one or more substituents .selected from halo, phenyl, methyl
or met.héxy, which latter three groups are also optionally substituted by one
or more halo substituents); °

R represents C;.1 alkyl (which latter group is optionally interrupted t;y one
or more oxygen atoms), or C, 3 ;lkylaryl or C,.; alkyloxyaryl (the alkyl
parts of which latter two groups are optionally interrupted by one or more
oxygen atoms, and the aryl parts of which latter two groups are optionally
substituted by one or more substituents selected from halo, phenyl, methyl
or methoxy, which latter three groups are also optionally substituted by one
or more halo substitueﬁts); and |
R R, R%, Y, RY, X, Xa, X; and X, are as hereinbefore defined,

e war
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and pharmaceutically-acceptable derivatives thereof.

The term “pharmaceutically-acceptable derivatives” of compounds of
formula Ia includes pharmaceutically-acceptable salts (e.g. acid addition
salts). )

The wavy lines on the bonds in the fragments of formulae I(iii) and I(iv)
signify the bond positions of the fragmerits.

Alkyloxyaryl groups that R® and R’ may represent comprise an alkyl and an
aryl group linked by way of an oxygen atom. Alkylaryl and alkyloxyaryl
groups are linked to the rest of the molecule via the alkyl part of those
groups, which alkyl parts may (if there is a sufficient number (i.e. three) of
carbon atoms) be branched-chain. The aryl parts of alkylaryl and
alkyloxyaryl gro-ups which R® and R’ may represent, or be substituted by,

include carbocyclic and heterocyclic aromatic groups, such as phenyl,

naphthyl, pyridinyl, oxazolyl, isoxazolyl, thiadiazolyl, indolyl end

benzofuranyl and the like.

Alky! groups which R® and R’ may represent may be straight-chain or,
when there is a sufficient number (i.e. a minimum of three) of carbon atoms,

be branched-chain and/or cyclic. Further, when there is a sufficient number

(i.e. a minimum of four) of carbon atoms, such alkyl groups may also be

part cyclic/acyclic. Such alkyl groups may also be saturated or, when there

is a sufficient number (i.e. a minimum of two) of carbon atoms, be

unsaturated.

Halo groups with which R® and R’ may be substituted include fluoro,

chloro, bromo and iodo.

PCT/SEV1/02657
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When R’ represents C(O)OR’, preferred R’ groups include:
(a) linear, branched or cyclic Cj alkyl, for example C,4 cycloalkyl;
(b) C,, alkylaryl groups, such as benzyl, optionally substituted as

indicated hereinbefore.

Preferred compounds of formula Ia include those in which R’ represents
OR®. )

" When R’ represents ORS, preferred R® groups include:

(2) H;

(b) unsubstituted, linear, branched or cyclic C, ¢ (e.g. C,) alkyl, such as
linear C,; alkyl (e.g. ethyl or, particularly, methyl), branched C;g
alkyl (e.g. i-propyl, i-butyl or 4-hegtyl) or cyclic Co, alkyl (i.e. Cos
cycloalkyl, e.g. cyclobutyl or cyclohexyl);

(¢) C.3 alkyloxyphenyl (e.g. C; alkyloxyphenyl), which phenyl group is

optionally substituted by one or more substituents as indicated
hereinbefore (e.g. trifluoromethyl); i ,
(d C,. alkylaryl (e.g. methylaryl), wherein the aryl groui) is phenyl,
pyridinyl, oxazolyl or isoxazolyl, which latter three groups are
optionally substituted by one or more substituents as indicated

hereinbefore (e.g. methoxy, methyl, bromo and/or chloro).

Preferred compounds of formula Ia include those in which R’ represents
OR® and R® represents linear, branched (as appropriate), or cyclic (as
appropriate), C,5 (¢.g. Ci4) alkyl, such as methyl, ethyl, n-propyl, i-propyl
or cyclobutyl. - ' :

Compounds of formula [a may be prepared by one or more of the following
methods:

PCT/SE01/02657
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(2) reaction of a corresponding compound of formula II as hereinbefore

defined with a compound of formula XV,

v .
—
A NG ol
\—R3%
wherein Y and R* are as hereinbefore defined, for example under similar

conditions to those described hereinbefore for synthesis of compounds of

formula I;

(b) reaction of a corresponding compound of formula IV as hereinbefore
defined with a compound of formula XVI,

R*CH,NH, XV1

. wherein R* is as hereinbefore defined, for example under similar conditions

‘to those described hereinbefore for synthesis of compounds of formula I;

(c) for compounds of formula Ia in which R’ represents OH, reaction of a
corresponding compound of formula XVIA or XVIB,

PCT/SE01/02657 \6

o o
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rR.M [ -
NN
]l \—@—m XVIA
R2 4
r [ T
, ‘Sr” ¢
R ! \—& )—CN XVIB
R2 :

wherein R®, R', R%, R*, Y, X;, X;, X; and X, are as hereinbefore defined,
with hydroxylamine, for example under conditions known to those skilled
in the art;

(d) for compounds of formula Ia in which R’ represents ORS, reaction of a
protected derivative of a corresponding compound of formula I which is, for

example, a compound of formula XVII,

R8 'E_ '
“ .
R! \—R XVl

10 R?

wherein R® represents a structural fragment of formula I(v) or I(vi):
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N—COORP X= N—~COOR?
/ /4
\ H
NH, 7% H,
R4
I{v) : I(vi)

wherein _R" represents, for example, -CH;CH,-Si(CHj;); or benzyl, or a
tautomer thereof, and R% R', R Y, RY, X;, X;, X; and X, are as
hereinbefore defined with a compound of formula XVIII,

R°ONH, XVIL

wherein R® is as hereinbefore defined, or an acid addition salt thereof, for
example at between room and reflux temperature: in the presence of an
appropriate organic solvent (e.g. THF, CH3CN, DMF or DMSO), followed
by removal of the -C(O)OR”® group under conditions known to those skilled
in the art (e.g. by reacting with QF or TFA (e.g. as described heminaﬁerj); '

(¢) for compounds of formula Ia in which R® represents OH, reaction of a
compound of formula XVTII, as hereinbefore defined, in which R® represents
benzyl with hydroxylamine, or an acid addition"salt thereof, for example

under conditions that will be well known to those skilled in the art;

(f) for compounds of formula Ia in which R’ represents COOR’, reaction of

a corresponding compound of formula I as hereinbefore defined with a

compound of formula XIX,

L'CO_OR’ XIX
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wherein L' represents a suitable leaving group, such as halo or nitrophenyl
(e.g. 4-nitrophenyl), and R’ is as hereinbefore defined, for example at or
around room temperature in the presence of suitable base (e.g. NaCOH, for
example in aqueous solution) and an appropriate _organic solvent (e.g.

methylene chloride); or

(g) for compounds of formula Ia in which R® represents OCH; or
OCH;CHj;, reaction of a corresponding compound of formula Ia in which R
represents OH with dimethylsulfate or diethylsulfate, respectively, for
example in the presence of a suitable base (e.g. an alkali metal hydroxide }
such as KOH (for example in aqueous solution at e.g. 50 wt.%)) and an
appropriate catalyst (e.g. a quaternary ammomum halide such as
benzyltnmethylammomum chloride (for example in CH.Cl; or THF -

solution at e.g. 10 wt.%)).

The wavy lines on the bonds in the fragments of formulae I(v) and I(vi)
signify the bond positions of the fragments.

Compounds of formulae XVIA and XVIB may be prepared by reaction of &

" corresponding compound of formula II, as hereinbefore defined, with a

compound of formula XIXA or XIXB,

I—Y
”_}n CN | XIXA

R4

N xr .
W_}‘CN XIXB
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. wherein R%, Y, X,, X;, X; and X, are as hercinbefore defined, for example

under similar conditions to those described hereinbefore for synthesis of

compounds of formula I.

Compounds of formulae XVIA and XVIB may altematively be prepared by
reaction ‘of a corresponding compound of formula 1V, as hereinbefore
defined, with a compound of formula XIXC or XIXD,

H,N

CN XiXC
R4
H,N X+ '
W /—CN - XIXD
3%

wherein R®, X,, X,, X; and X, are as hereinbefore defined, for example
under similar conditions to those described hereinbefore for synthesis of

compounds of formula I. -

Compounds of formula XVII may be prepared by reaction of a

corresponding compound of formula II, as hereinbefore defined, with a

compound of formula XX,
Y

HH_\/R” "

O

wherein Y and R* are as hereinbefore defined, for example under similar

conditions to those described hereinbefore for synthesis of compounds of

formula I.

Q
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Alternatively, compounds of formula XVII may be prepared by reaction of
a corresponding compound of formula I with a compound correspondiag to
a compound of formula XIX in which, in place of R’, the group R® is
present, in which R® is as hercinbefore defined, for.example under
conditions described above in respect of the preparation of compounds of

formula Ia.

Compounds of formulae XV and XX may be prepared by reaction of a
corresponding compound of formula X as hereinbefore defined with, .

respectively, & compound of formula XVI as hereinbefore defined, or a

compound of formula XXi,
R¥®CH,NH, XXI

wherein R%™ is as hereinbefore defined, for example under similar

conditions to those described hereinbefore for synthesis of compounds of

formula I. ,

Compounds of formula XVI, XVIII, XIX, XIXA, XIXB, XIXC, XIXD and
XXI are either commercially available, are known in the literature, or may
be obtained either by analogy with the processes described herein, or by
conventional synthetic procedures, in accordance with standard techniques,
from readily available starting materials using appropriate reagents and
reaction conditions. For example, compounds of formulae XTXA and XIXB
may be prepared by reaction of a corresponding compound of formula
XIXC or XIXD (as appropriate) with a compound of formula X, for

example under similar conditions to those described hereinbefore.

Compounds of formulae I and Ia, as defined above, and derivatives of

cither, are referred to hereinafier as “the compounds of the invention”.
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Preferred compounds of the invention thus include the compounds of the
examples described hereinafter. In this respect, compounds of the invention
that may be mentioned include: -
Ph(3-Cl)(5-OCHF,)-{R)CH(OH)C(O)-Aze-Pab;
Ph(3-CI}5-OCHF2)}-{R)CH(OH)C(0)-Azc-Pab{OMe);
Ph(3-Cl)(5-OCHF;)-(R)CH(OH)C(O)-Azt-a-Pab(OEt);
Ph(3-Cl)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OnPr);
Ph(3-C1)(5-OCHF,)-(R)CH(OH)C(0)-Aze-Pab(OiPr);
Ph(3-C1)(5-OCHF2)(R)CH(OH)C(O)-Aze-Pab{OcBu);
Ph(3-Cl)(5-OCHF,)-(RYCH(OH)C(O)-Aze-Pab(OH);
Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(COOcPentyl);
Ph(3-Cl1)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(Z);
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(0O)-Aze-Pab;
Ph(3'-Cl)(5-OCF3)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-Ci)(5-OCF;)-(R)CH(OH)C(0O)-Aze-Pab(OCH;-3-(5-Me-isoxazole));
Ph(3-C1)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OCH,-3-pyridine); )
_Ph(3-Cl)(S-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OiBu);

'Ph(3-Cl)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OEr);
. Ph(3-CI)(5-OCF;)-(R)YCH(OH)C(O)-Aze-Pab(OBn);

Ph(3-CI)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OcHexyl);
Ph(3-C1)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab{OcBu);
Ph(3-Cl)(5-OCF;)-(RYCH(OH)C(0)-Aze-Pab(OCH,CH;OPh(3-CF3));
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(Q)-Aze-Pab(OBn(4-C));
Ph(3-Cl)(5-OCF;)-(R)CH(OH)C(0)-Aze-Pab(OBn(3-MeO));
Ph(3-CI)(5-OCF,)<(R)CH(OH)C(O)-Aze-Pab{OBn(2-Br));
Ph(3-Cl)(S-OCF;)-(R)CH(OH)C(0)-Aze-Pab(OBn{4-Me));
Ph(3-C1)(5-OCF3)-(R)CH(OH)C(O)-Aze-Pab(O-4-heptyl);
Ph(3-Cl)(5-OCHF,)~(S) CH(CH,OH)C(O)-Aze-Pab;
Ph(3-CI)(5-OCF,)-(S)CH(CH;OH)C(O)-Aze-Pab;

\
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Ph(3-CI)(5-OCF3)-(S)CH(CH;0H)C(0)-Azc-Pab(OMe);
Ph(3-OCHF,)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-OCFy)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-CI)(5-OCH,CF3)-(R)CH(OH)C(O)-Aze-Pab;

_Ph(3-ClI)(5-OCH,CF)-(R)YCH(OH)C(O)-Aze-Pab(OMe);

Ph(3-Cl)(5-OCH,CHF3)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-Cl)(5-OCH,CHF,)-(R)CH(OH)C(0)-Aze-Pab(OMe);
Ph(3-C1)(5-OCH,F)-(RYCH(OH)C(O)-Aze-Pab;
Ph(3-C1)(5-OCH,;F)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-Cl)(5-OCH,;CH,F)-(R)YCH(OH)C(0)-Aze-Pab;

" Ph(3-CI)(5-OCH,CH,F)-(R)CH(OH)C(O)-Aze-Pab(OMe);

Ph(3-CI)(5-OCH(CH,F),)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-CI)(5-OCH(CH;F),)-(R)CH(OH)C(0)-Aze-Pab(OMe);
Ph(3-F)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-F)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-Br)(5-OCH;F)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-Br)(5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-Br)(5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab{OMe);
Ph(3-C), 5-OCH;CHF;)-(R)CH(OH)C(O)-Aze-Pab(OH);
Ph(3-Cl, 5-OCH,CH,F)-(R)CH(OH)C(0)-Aze-Pab(OH);
Ph(3-Cl, 5-OCHF,)-(R)CH(OH)C(O)-Pro-Pab;

Ph(3-Cl, 5-OCHF)-(R)CH(OH)C(O)-Pro-Pab(OMe);

PCT/SE0102657

Ph(3-Cl, S-OCHF?)-(R)CH(OH)C(O)-AZQ-NH—CH;-((Z-amidino)-S-

pyridinyl);

S-pyridinyl);

Ph(3-Cl, 5-OCHF,)-(R)CH(OH)C(0)-Aze-NH-CH;~((2-methoxyamidino)-

Ph(3-Cl, 5-OCHF;)-(R)CH(OH)C(O)-Aze-NH-CH,-((5-amidino)-2-

pyrimidinyl);

Ph(3-Cl, 5-OCHF,)-(R)CH(OH)C(0)-Aze-NH-CH,«(5-methoxyamidino)-

2-pyrimidinyl);
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Ph(3-Cl, 5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(3-F);

Ph(3-Cl, 5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(2,6-diF);
Ph(3-Cl, 5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(2,6-diF)(OMe);
Ph(3-C], 5-OCHF;)-(R)YCH(OH)C(O)-Aze-Pab(2,5-diF); and
Ph(3-Cl, 5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(2,5-diF)(OMe).

'I;he compounds of the invention may exhibit tautomerism. All tautomeric
forms and mixtures thereof are included within the scope of the invention.
Particular tautomeric forms that may be mentioned include those connected
with the position of the double bond in the amidine functionality in a

compound of formula Ia, and the position of the substituent RS,

Compounds of the invention also contain two or more asymmetric carbon
atoms and may therefore exhibit optical and/or diastereoisomerism.
Diastereoisomers may be separated using conventional techniques, e.g.
chromatography. The various s-tereoisomers may- be isolated by separation
of a racemic or other mixture of the compouncis using conventional,qe.g._
HPLC techniques. Altemnatively the desired optical isomers may be made
by reaction of the appropriate optically active starting materials under
conditions which will not cause racemisation or epimerisation, or by
derivatisation, for example with a homochiral acid followed by separation

of the diastercomeric derivatives by conventional means (e.g. HPLC,

chromatography over silica). Al stereoisomers are included within the

scope of the invention.

Compounds of the invention in which the

0
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X

fragment is in the S-configuration are preferred.

Preferred compounds of the invention include those in which thie structural

fragment

is in the R-configuration when R" represents -OH or is in the §-
configuration when R" represents -CH,OH.

The wavy lines on the bc;nds in the above two fragments signify the bond

positions of the fragments.

Compounds of the invention that may be mentioned include Ph(3-Cl)(5-
OCHF,;)-CH(OH)C(O)-Aze-Pab (wherein, on this occasion, Aze symbolises
azectidine-2-carboxylate (i.e. in (R)- and/or (§)-conformations), as well as

equivalent compounds in which, in place of a hydrogen atom in the amidino

. unitin Pab, the group -OR® (as hereinbefore defined) is present in which R®

represents  Cy;- alkyl (ie. Ph(3-Cl)(5-OCHF,)-CH(OH)C(O)-Aze-
Pab(OMe), Ph(3-Cl)(5-OCHF,)-CH(OH)C(O)-Aze-Pab(OEt), Ph(3-CI)(5-
OCHF,}-CH(OH)C(O)-Aze-Pab(OnPr)  or  Ph(3-CIX(S-OCHF,)-
CH(OH)C(O)-Aze-Pab(OiPr)). Compounds of the invention that may

PCT/SE01/02G57
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further be mentioned include those that are not the specific compounds

identified in the previous sentence.

It will be appreciated by those skilled in the art that in the processes
described above and hereinafter the functional groups of intermediate

compounds may need to be protected by protecting groups.

Functional groups that it is desirable to protect include hydroxy, amino and
carboxylic acid. Suitable protecting groups for hydroxy include optionally
substituted and/or unsaturated alkyl groups (e.g. methyl, allyl, benzyl or
tert-butyl), trialkylsilyl or diarylalkylisilyl groups (e.g. +-butyldimethylsilyl,
t-butyldiphenylsilyl or 'trimethylsil_w}l) and tetrahydropyranyl. Suitable
protecting groups for carboxylic acid include C,4 alkyl or benzyl esters.
Suitable protecting groups for amino and amidino include -
butyloxycarbonyl, benzyloxycarbonyl or 2-trimethylsilylethoxycarbonyl
(Teoc). Amidino nitrogens rhay also be protected by hydroxy or alkoxy
groups, and may be either mono- or diprotected. )

‘The protection and deprotection of functional groups may take place before

or after coupling, or before or after any other reaction in the above-

mentioned schemes.

Protecting groups may be removed in accordance with techniques that are
well known to those skilled in the art and as describ'ed' hereinafter.

Persons skilled in the art will appreciate that, in order to obtain compounds
of the invention in an alternative, and, on some occasions, more convenient,
manner, the individua;l process steps mentioned hereinbefore may be
performed in a different order, and/or the individual reactions may be

performed at a different stage in the overall route (i.e. substituents may be

PCT/SE01/02657
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added to and/or chemical transformations performed upon, different
intermediates to those mentioned hereinbefore in comjunction with ‘a

particular reaction). This may negate, or render necessary, the need for

protecting groups.

The type ‘'of chemistry involved will dictate the need, and type, of protecting

groups as well as the sequence for accomplishing the synthesis.

The use of protecting groups is fully described in “Protective Groups in

Organic Chemistry”, edited by J W F McOmie, Plenum Press (1973), and

“Protective Groups in Organic Synthesis”, 3™ edition, T.W. Greene &
P.G.M. Wutz, Wiley-Interscience (1999).

Protected derivatives of compounds of the invention may be converted
chemically to compounds of the invention using standard deprotection
techniques (e.g. hydroger-mtion). The skilled person will also appreciate that
certain compounds of formula Ia may also be referred to as being “protected

derivatives” of compounds of formula I.
Medical and pharmaceutical use

Compounds of the invention mey possess pharmacological activity as such.

. Compounds of the invention that may possess such activity include, but are

not limited to, compounds of formula I.

However, other compounds of the invention (including compounds of
formula Ia) may not possess such activity, but may be administered
parenterally or orally, and may thereafter be metabolised in the body to
form compounds that are pharmacologically active (inclﬂhg, but not

limited to, corresponding compounds of formula I). Such compounds
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(which also includes compounds that may possess some pharmacological
activity, but that activity is appreciably lower than that of the “active”
compounds to which they are metabolised), may therefore be described as

“prodrugs” of the active compounds.

Thus, the compounds of the invention are useful because they possess
pharmacological activity, and/or are metabolised in the body following oral

or parenteral administration to form compounds which ‘possess

. pharmacological activity. The compounds of the invention are therefore

indicated as pharmaceuticals.

According to a further aspect of the invention there is thus provided the

compounds of the invention for use as pharmaceuticals.

In particular, compounds of the invention are potent inhibitors of thrombin
cither as such and/or (e.g. in the case of prodrugs), are metabolised
following administration to form potent inhibitors of thrombin, for example

as may be demonstrated in thé tests described below.

By “prodrug of a thrombin inhibitor”, we includ|é compounds that form a
thrombin inhibitor, in an experimentally-detectable amount, and within a
predetermined time (e.g. about 1 hour), following oral or parenteral
administration (see, for example, Test E below) or, alternatively, following

incubation in the presence of liver microsomes (see, for example, Test G

below).

The compounds of the invention are thus expected to be useful in those
conditions where inhibition of thrombin is required, and/or conditions

where anticoagulant therapy is indicated, including the following:

s PCT/SE01/02657 /Z LL
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The treatment and/or prophylaxis of thrombosis and hypercoagulability in
blood and/or tissues of animals including man. It is known that
hypercoagulability may lead to thrombo-embolic diseases. Conditions
associated with hypercoagulability and thrombo-embolic diseases which
may be mentioned include inherited or acquired activated protein C
resistance, such as the factor V-mutation (factor V Leiden), and inherited or
acquired deficiencies in antithrombin III, protein C, protein S, heparin
cofactor II. Other conditions known to be associated with
hypercoagulability and thrombo-e.mbolic disease include circulating
antiphospholipid antibodies (Lupus anticoagulant), homocysteinemi,
heparin induced thrombocytopenia and defects in fibrinolysis, as well as
coagulation syndromes (¢.g. disseminated intravascular coagulation (DIC))

and vascular injury in general (e.g. due to surgery).

The treatment of conditions where there is an undesirable excess of
thrombin without signs of ~ hypercoagulability, for example in

neurodegenerative diseases such as Alzheimer’s disease. ,

Particular disease states which may be mentioned include the therapeutic’
and/or prophylactic treatment of venous thrombosis (e.g. DVT) and
pulmonary embolism, arterial thrombosis (c.g. in myocardial infarction,
unstable angina, thrombosis-based stroke and peripheral arterial
thrombosis), and systemic embolism usually from the atrivm during atrial
fibrillation (e.g. non-valvular atrial fibrillation) or from the left venﬁicl;a
after transmural myocardial infarction, or caused by congestive heart
failure; prophylaxis of re-occlusion (i.e. thrombosis) after thrombolysis,
percutaneous frans-luminal angioplasty (PTA) and coronary bypass
operations; the prevention of re-thrombosis after microsurgery and vascular

surgery in general.
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Further indications.include the therapeutic and/or prophylactic treatment of
disseminated intravascular cosgulation caused by bacteria, multiple trauma,
intoxication or .any other mechanism; anticoagulant treatment when blood is
in contact with foreign surfaces in the body such as vascular grafts, vascular.
stents, vascular catheters, mechanical and biological prosthetic valves or
any other medical device; and anticoagulant treatment when blood is in
contact with medical devices outside the bodjf such as during cardiovascular
surgery using a heart-lung machine or .in haemodialysis; the then;peutic
and/or prophylactic treatment of idiopathic and adult respiratory distress
syndrome, pulmonary fibrosis following treatment with radiation or
chemotherapy, septic shock, septicemia, inflammatory responses, which
include, but are not limited to, edema, acute or chronic atherosclerosis such
as coronary arterial disease and the formation of atherosclerotic plaques,
cercbral arterial disease, c;er;bml infarction, cerebral thrombosis, cerebral
embolism, peripheral arterial disease, ischaemia, angina (including unstable
angina), reperfusion damage, restenosis after pefcutaneous trans-luminal

angioplasty (PTA) and coronary artery bypass surgery.

Compounds of the invention that inhibit trypsin and/or thrombin may also

be useful in the treatment of pancreatitis.

The compounds of the invention are thus indicated both in the therapeutic

and/or prophylactic treatment of these conditions.

According to a further aspect of the present invention, there is provided a
method of treatment of a condition where inhibition of thrombin is required
which method comprises administration of a therapeutically effective
amount of a compound of the invention to a person suffering from, or

susceptible to, such a condition.
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The compounds of the invention will normally be administered orally,
intravenously, subcutaneously, buccally, rectally, dermally, nasally,
tracheally, bronchially, by any other parenteral route or via inhalation, in the
form of pharmaceutical preparations comprising compound of the invention
cither as a free base, or a pharmaceutically acceptable non-toxic organic or

inorganic acid addition salt, in a pharmaceutically acceptable dosage form. '

Preferred routes of administration of compounds of the invention are oral.
Preferred pharmaccutical preparations include modified release
pharmaceutical composiiions i:ompn'sing compounds of the invention. The
term “modified release” phannaéeutical composition will be well understood
by the skilled person to include any compasition in which the onset and/or rate
of release of drug (i.e. compound of the invention) is altered by galenic
manipulations, and thus includes the definition provided in the United States
Pharmacopeia (USP XXII) at pages xliii and xliv of the preface/preamble
part, the relevant disclosure in which document is hereby incorporated by

reference.

Suitable modified release formulations may thus be prepared by the skilled
person in accordance with standard techmiques in pharmacy (see, for
example, Pharmaceutisch Weekblad Scientific Edition, 6, 57 (1984);
Medical Applications of Controlled Release, Vol II, eds. Langer and Wise
(1984) 'Bocaraton, Florida, at pages 1 to 34; Industrial Aspects of
Pharmaceuticals, ed. Sandel, Swedish Pharmaceutical Press (1993) at pages
93 to 104; and pages 191 to 211 of “Pharmaceutics: The Science of Dosage
Form Design”, ed. M. E. Aulton (1988) (Churchill Livingstone)).

Preferred modified release formulations thus include those in which an

appropriate compound of the invention is embedded in a polymer matrix. In
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this respect, we prefer that formulations including compounds of the invention

are provided for oral administration in the form of a so-called “swelling” -

modified-release system, or a “gelling m_atrix" modified-release system, in
which compound of the invention is provided together with a polymer that
swells in an aqueous medium (i.c. a “hydrophilic gelling component”).

In particular we prefer that the compounds of the invention are formulated
together in a gelling matrix composition comprising iota-carrageenan and

one or more neutral gelling polymers.

lota-carrageenan is preferably present in such a preferred preparation at a
level of more that 15% by weight. Preferred grades of iota-carrageenan

include pharmaceutical grade iota-carrageenan (available from FMC

Biopolymer), which has a viscosity of not less than 5 centipoise (cps), .

preferably in the range 5-10 cps (for a 1.5% solution warmed to 82°C, after
which the viscosity is measured at 75°C with a Brookfield LV viscon!..etcr
fitted with a #1 spindle running at a speed of 30rpm), and technical grade
iota-carrageenan (available from Fluka-Biochemica), which preferably has a
viscosity of not less than 14 mPa.s, for a 0.3 % aqueous solution warmed to
20°C, after which the viscosity is measured using a fallingball viscometer,
of type Haake, used together with a Lauda thermostat C3 and Hakke Mess-
System III, and using gold-coated stainless steel balls of density 7.8 g/cm”.

The neutral gelling polymer may be a single, or a mixture of more than one,

neutral erodable polymer(s) having gelling properties and having

substantially pH-independent solubility. The neutral gelling polymer is,

preferably, present in the formulation at a level of more that 10% but

preferably more than 20% by weight.

PCT/SE01/02657
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Suitable neutral gelling polymers include polyethylene oxide (PEO),
derivatives and members of the PEO family (for example, polyethylene
glycol (PEG), preferably existing naturally in the solid state, of suitable
molecular weight or viscosity). If used as a single neutral gelling polymer,
a PEO preferably has a MW of 2 4 million (4M), corresponding to an
aqueous solution viscosity range of 1650-5500 mPa.s (or 1650-5500 cps;
measured for 2 1% equeous solution at 25°C, using a Brookfield RVF
viscometer, with No. 2 spindle, at 2 rpm). Other examples of suitable PEOs
include a PEO of MW around 5 million (5M), corresponding to an aqueous
solution viscosity range of 5500 - 7500 mPa.s, or a PEO MW around 8
million (8M), corresponding to an aqueous soluti;m viscosity range of
10000-15000 mPa.s. This range covers the value for typical solution
viscosity (in cps) measured at 25°C, quoted for this polymer, in the USP
24/NF 19, 2000 edition, pp. 2285-2286. If PEG is us.ed_ as a single neutral
gelling polymer it preferably has a high molecular weight, for example, a
MW of around 20000, corresponding to a viscosity range of 2700-3500
mPa.s (or 2700-3500 cps), measured using a 50% aqueous solution (w/w) at
20°C, using a capillary viscometer (Ubbelohde or equivalent). [Ref:
European Pharmacopoeia 3"_I Ed., 2000, Supplement, pp. 908-909.}

Other suitable gelling polymers include cellulose derivatives such as
hydroxypropylmethyl cellulose (HPMC) or hydmxyethy!céllulose (HEC)
with suitably high viscosities (for example “HPMC 10000 cps”, “HPMC
15000 cps”, “HEC type HH” or “HEC type H"). When used as a single
neutral polymer, hydroxypropylmethyl cellulose polymers like "HPMC
10000 cps" and “HPMC 15000 cps” have, respectively, apparent viscosities
of 7500-14000 mPa.s (or 7500 - 14000 cps), and 11250-21000 mPa.s (or

11250-21000 cps), when measured at 20°C with a 2% (w/w) aqueous .

solution, calculated with reference to the dried substance, using a capillary
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viscometer (Ubbelohde or equivalent). One type of hydroxyethylcellulose
polymer, for example, “Natrosol 250 Pharma, type HH"”, from Hercules
Incorporated (Aqualon), shows typically a Brookfield viscosity of about
20,000 mPa.s us;ing a Brookfield Synchro-Lectric Model LVF instrument, at

.the conditions 1% solution concentration, spindle no. 4, spindie speed 30

1pm, factor 200, 25°C (See Natrosol Physical and Chemical Properties
booklet, 33.007-E6 (1993), p. 21).

Particular formulations that may be mentioned include those in which
compound of the invention is formulated together with iota-carageenan and
HPMC (10,000 cps) in a 50:50 (wt %) ratio, -or together with iota-
carageenan and PEO 4M in a 50:50 (wt %) ratiq.-

Preferred additional excipients in such formulations include lubricants, such

as sodium stearyl fumarate.

Depending upon the disorder and patient to be treated and the route of

administration, the compositions may be administered at varying doses.

The compounds of the invention may also be combined and/or co-
administered with any antithrombotic agent(s) with a different mechanism
of action, such as one or more of the following: the antiplatelet agents
acetylsalicylic acid, ticlopidine and clopidogrel; thromboxane receptor
and/or synthetase inhibitors; fibrinogen receptor antagonists; prostacyclin
mimetics; phosphodiesterase inhibitors; ADP-receptor (P,T) antagonists;
and inhibitors of carboxypeptidase U (CPU). '

The compounds of the invention may further be combined and/or co-
administered with thrombolytics such as one or more of tissue plasminogen

activator (natural, recombinant or modified), streptokinase, urokinase,

s
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prourokinase, anisoylated plasminogen-streptokinase activator complex
(APSAC), animal salivary gla.nd' plasminogen activators, and the like, in the
treatment of thrombotic diseases, in particular myocardial infarction.

According to a further aspect of the invention there is thus provided a

pharmaceutical formulation including a compound of the invention, in

" admixture with a pharmaceutically acceptable adjuvant, diluent or carrier.

Suitable daily doses of the compounds of the invention in therapeutic
treatment of humans are about 0.001-100 mg/kg body weight at peroral
administration and 0.001-50 mg/kg body weight at parenteral
administration. ' ' '

For the avoidance of doubt, as used herein, the term “treatment” includes
therapeutic and/or prophylactic treatment.

-

Compounds of the invention have the advantage that they may be more,,
efficacious, be less toxic, be longer acting, have a broader range of activity,
be more potent, produce fewer side effects, be more easily absorbed, and/or
have a better pharmacokinetic profile (e.g. higher oral bioavailability and/or
lower clearance), than, and/or have other useful pharmacological, physical,
or chemical, properties over, compounds known' in the prior art. -
Compounds of the invention may have the further advantage that ti'n.ey may -
be administered less frequently than compounds known in the prior art.

Biological Tests
The following test procedures may be employed.
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Test A

Determination of Thrombin Clotting Time (TT)

The inhibitor solution (25 pL) is incubated with plasma (25 pL) for three
minutes. Human thrombin (T 6769; Sigma Chem. Co or Hematologic
Technologies) in buffer solution, pH 7.4 (25 pL, 4.0 NIH units/mL), is then
added and the clotting time measured in an automatic device (KC 10;

Amelung).

The thrombin clotting time (TT) is expressed as absolute values (seconds)
as well as the ratio of TT without inhibitor (TTg) to TT with inhibitor (TT).
The latter ratios (range 1-0) are plotied against the concentration of inhibitor
(log transformed) and fitted to sigmoidal dose-response curves according to
the equation

y = a/[1+{x/1Cs0)’]
where: 2 = maximum range, i.c. l;s= slope of the dose-response cui-ve; and

ICso = the concentration of inhibitor that doubles the clotting time. The

calculations are processed on a PC using the software program GraFit,:

Version 3, setting equation equal to: Start at 0, define end = 1 (Erithacus
Software, Robin Leatherbarrow, Imperial College of Science, London, UK).

Test B

Determination of Thrombin Inhibition with a Chromogenic, Robotic Assay
The thrombin inhibitor potency is measured with 2 chromogeiiic substrate
method, in a Plato 3300 robotic microplate ;.u'ocessor (Rosys AG, CH-8634
Hombrechtikon, Switzeriand), using 96-well, half volume microtitrt-: plates
(Costar, Cambridge, MA, USA; Cat No 3690). Stock solutions of test
substance in DMSO (72 uL), 0.1 - 1 mmol/L, are diluted serially 1:3 (24 +
48 uL) with DMSO to obtain ten different concentrations, which are
analysed as samples in the assay. 2 pL of test sample is diluted with 124 pL
assay buffer, 12 uL of chromogenic substrate solution (S-2366,

PCT/SE01/02657 % Q)
v
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Chromogenix, M&lndal, Sweden) in assay buffer and finally 12 pL of a-
thrombin solution (Human a-thrombin, Sigma Chemical Co. or
Hematologic Technologies) in assay buffer, arc added, and the samples
mixed. The final assay concentrations are: test substance
0.00068 - 13.3 pmol/L,.S-2366 0.30 mmol/L, a-thrombin 0.020 NIHU/mL.
The linear absorbance increment during 40 minutes incubation at 37°C is
used for calculation of percentage inhibition for the test samples, as’
compared to blanks without inhibitor. The ICsgrrobotic value,
corresponding to the inhibitor concentration which causes 50% inhibition of

the thrombin activity, is calculated from a log concentration vs. % inhibition

curve.

Test C
Determination of the Inhibition Constant K; for Human Thrombin

K;-determinations are made using a chromogenic substrate method,
performed at 37°C on a Cob.as Bio centrifugal analyser (Roche, Basel,
Switzerland). Residual enzyme activity after incubation of human.
a-thrombin with various concentrations of test compound is determined at
three different substrate concentrations, and is measured as the change in

optical absorbance at 405 nm.

Test compound solutions (100 pL; normally in buffer or saline conta.ininé
BSA 10 g/L) are mixed with 200 pl. of human c-thrombin (Sigma
Chemical Co) in assay buffer (0.05 mol/L Tris-HCI pH 7.4, ionic strength
0.15 adjusted with NaCl) containing BSA (10 g/L), and analysed as samples
in the Cobas Bio. A 60 uL sample, together with 20 pL of water, is added
to 320 pL of the substrate S-2238 (Chromogenix AB, Moindal, Sweden) in .

assay buffer, and the absorbance changc'(AAlmin) is monitored. The final
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concentrations of S-2238 are 16, 24 and 50 pmol/L and of thrombin 0.125
NIH U/mL.

'_I'he steady state reaction rate is used to construct Dixon plots, i.e. diagrams
of inhibitor concentration vs. 1/(AA/min). For reversible, competitive
inhibitors, the data points for the different substrate concentrations typically
form straight lines which intercept atx= -K.

Test D

Determination of Activated Partial Thromboplastin Time (APTT)

APTT is determined in pooled normal human citrated plasma with the
reagent PTT Automated 5 manufactured by Stago. The inhibitors are added
to the plasma (10 pL inhibitor solution to 90 pl plasma) and incubated with
the APTT reagent for 3 minutes followed by the addition of 100 pL of
calcium chloride solution (0.025 M) and APTT is determined by use of the
coagulation analyser KC10 (Amelung) sccording to the instructions of the

reagent producer. - ) .

The clotting time is expressed as absolute values (seconds) as well as the
ratio of APTT without inhibitor (APTT,) to APTT with inhibitor (APTT)).
The latter ratios (range 1-0) are plotted against the concentration of inhibitor
(log transformed) and fitted to sigmoidal c.lose-response curves according to
the equation .
¥ =a[1HCs)'] |

where: a2 = maximum range, i.c. 1; s = slope of the dose-response curve; and
ICso = the concentration of inhibitor 'that doubles the clotting time. The
calculations are processed on a PC using the software program GraFit
Version 3, setting equation equal to: Start at 0, define end = 1 (Erithacus
Software, Robin Leatherbarrow, Imperial College of Science, London, UK).
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IC5oAPTT is defined as the concentration of inhibitor in human plasma that
doubled the Activated Partial Thromboplastin Time.

TestE
Determination of Thrombin Time ex vivo

The inhibition of thrombin after oral or parenteral administration of the
compounds of the invention, dissolveci in ethanol:SolutolK:water (5:5:90),

is examined in conscious rats which, one or two days prior to the
experiment, are equipped with a catheter for blood sampling from the
carotid artery. On the experimental da':y blood samples are withdrawn at
fixed times after the administration of the compound into plastic tubes
containing 1 part sodium citrate solution (0.13 mol per L) and 9 parts of
blood. The tubes are centrifuged to obtain platelet poor plasma.

50 pL of plasma samples are precipitated with 100 pL of cold .acctoniu'ile.
The samples are centrifuged for 10 minutes at 4000 rpm. 75 pL of the
supematant is diluted with 75 pL of 0.2% formic acid. 10 pL volumes of

the resulting_sblutions are analysed by LC-MS/MS and the concentrations

of thrombin inhibitor are determined using standard curves.

TestF

Determination of Plasma Clearance in Rat

Plasma clearance is estimated in male Sprague Dav'vley rats. The compound
is dissolved in water and administered as a subcuﬁneous bolus injection at a
dose of 4 pmol’kg. Blood samples are collected at frequent intervals up to 5
hours after drug administration. Blood samples are centrifuged and plasma
is separated from the blood cells and transferred to ;rials contafning citrate

" (10% final concentration). 50 pL of plasma samples are precipitated with

100 pL of cold acetonitrile. The samples are centrifuged for 10 minutes at
4000 rpm. 75 pL of the supernatant is diluted with 75 pL of 0.2% formic

PCT/SE01/G2657
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followed by continuous infusion (12 mg/kg/h) throughout the experiment.
Rat body temperature is maintained at 38°C throughout the experiment by
external heating. The experiment starts with a 5§ minutes control period.
Five minutes later, human '“I-fibrinogen (80 kBq; IMS53; Amersham
International, Bl_lckinghanishire, UK) is given intravenously and is used as a
marker for the subsequent incorporation of fibrin(ogen) into the thrombus.
The proximal end of the carotid artery segment is placed in a plastic tube (6
mm; 'Silastic®; Dow Corning, MI, USA) opened lengthways, containing

FeCl;-soaked (2 pL; 55% w/w; Merck, Darmstadt, Germany) filter paper

(diameter 3 mm; 1F; Munktell, Grycksbo, Sweden). The left carotid artery
is exposed to FeCl; for 10 minutes and is then removed from the plastic
tube and soaked m saline. Fifty minutes later, the carotid artery is removed
and rinsed in saline. Reference blood samples are also taken for
determination of blood '*I-activity, 10 minutes after the injectioln of "I
fibrinogen, and et the end of the experiment. The '*I-activity in the
reference blood samples and the vessel segment are measured in a gamma
counter (1282 Compugamma; LKB Wallac Oy, Turku,. Finland) on the
same day as the experiment is performed. The thrombus size is determined
as the amount of '¥I-activity incorporated in the vessel segment in relation

to the '#I-activity in the blood (cpm/mg).

General Experimental Details

TLC was performed on silica gel. Chiral HPLC analysis was performed
usirfg a 46 mm X 250 mm Chiralcel OD column with a 5 cm guard column.
The column temperature was maintained at 35°C. A flow rate of 1.0
mL/min was used. A Gilson 115 UV detector at 228 nm was used. The

mobile phase consisted of hexanes, ethanol and trifluroacetic acid and the

appropriate ratios are listed for each compourid. Typically, the product was -

PCT/SED1/02657 )\ ]
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acid. 10 pL volumes of the resulting solutions are analysed by LC-MS/MS

and the concentrations of thrombin inhibitor are determined using standard

curves. IThe area under the pfasma concentration-time profile is estimated

using the log/linear trapezoidal rule and extrapolated to infinite time.

Plasma clearance (CL) of the compound is then determined as
CL=Dose/AUC

The values are reported in mL/min/kg.

Test G
Determination of in vitro Stability
Liver microsomes are prepared from Sprague-Dawley rats and human liver

samples according to internal SOPs. The compounds are incubated-at 3I7°C

at a total microsome protein concentration of 3 mg/mL in a 0.05 mol/L

TRIS buffer at pH 7.4, in the presel.'lce of the cofactors NADH (2.5 mmol/L)

and NADPH (0.8 m:iml/L). The initial concentration of compound is 5 or

10 pmoVL. Samples are taken for analysis up to 60 minutes after the start

of the incubation. The enzymatic activity in the collected sampl; is
immediately stopped by edding 20% myristic acid at a volume

corresponding to 3.3% of the total sample volume. The concentration of
con:lpound remaining (FINAL CONC) in the 60 min. sample is determined

by means of LCMS using a semple collected at zero time as reference

(START CONC). The % of degraded thrombin inhibitor is calculated as:

[START CONC] - [FINAL CONC]
ISTART CONC]|

100% x

Test H
Artenial Thrombosis Model

. Vessel damage is induced by applying ferric chloride (FeCls) topically to

the carotid artery. Rats are anaesthetised with an intraperitoneal injection of
sodium pentobarbital- (80 mg/kg; Apoteksbolaget; Umed, Sweden),
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dissolved in a minimal amount of ethanol and this was diluted with the

mobile phase.

" LC-MS/MS was performed using a HP-1100 instrument equipped with a

CTC-PAL injector and.a § um, 4x100 mm ThermoQuest,” Hypersil BDS-
C18 column. An API-3000 (Sciex) MS detector was used. The flow rate
was 1.2 mL/min and the mobile phase (gradient) consisted of 10-90%

acetonitrile with 90-10% of 4 mM aq. ammonium acetate, both containing

0.2% formic acid.

1H NMR spectra were recorded using tetramethylsilane as the internal
standard. 13C NMR spectra were recorded using the listed deuterated

solvents as the internal standard.

Example |
Ph(3-C1)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab{(OcBu) -

(i) 3-Chloro-5-methoxybenzaldehyde

3,5-Dichloroanisole (74.0 g, 419 mmol) in THF (200 mL) was' added-

dropwise to magnesium metal (14.2 g, 585 mmol, pre-w'ashed with 0.5 N

HCD in THF (100 mL) at 25°C. After the addition, 1,2-dibromoethane -

(3.9 g, 20.8 mmol) was added dropwise. The resultant dark brown mixture

_ was heated at reflux for 3 h. The mixture was cooled to 0°C, and NN-

. dimethylformamide (60 mL) was added in one portion. The mixture was

25

partitioned with diethyl ether (3 x 400 mL) and 6N HCI (500 mL). The
combined organic extracts were washed with brine (300 mL), dried
(Na,S0,), filtered and concentrated in vacuo to give an oil. Flash
thomat;)graphy (2x) on sili.ca gel cluting with Hex:EtOAc (4:1) afforded
the sub-title compound (38.9 g, 54%) -as a yellow oil. |

PCT/SE01/02657 2"
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'H NMR (300 MHz, CDCly) 5 9.90 (s, 1H), 7.53 (s, 1H), 7.38 (s, 1H), 7.15

-(s, 1H), 3.87 (s, 3H).

(ii) 3-Chloro-5-hydroxybenzaldehyde

A solution of 3-chloro-5-methoxybenzaldehyde (22.8 g, 134 mmol;l see step
(i) above) in CH;Cl, (250 mL) was cooled to 0°C. Boron tribromide (15.8
mL, 167 mmol) was added dropwise over 15 min. After stirring, the
reaction mixture for 2 h, H;O (50 mL) was added slowly. The solution wes
then extracted with E'tzO (2 x 100 mL). The organic layers were combined,
dried (Na;SO,), filtered and concentrated in vacuo. Flash chromatography
on silica gel eluting with Hex:EtOAc (4:1) afforded the sub-title compound
(5.2 g, 25%)."

'H NMR (300 MHz, CDCl;) & 9.85 (s, 1H), 7.35 (s,1H), 7.20 (s,1H), 7._i0
(s,1H), 3.68 (s,IH) ' : P

(iii) 3-Chloro-5-difluoromethoxybenzaldehyde
A solution of 3-chloro-5-hydroxybenzaldehyde (7.5g, 48 mmol; see step (ii) -
above) in 2-propanol (250 mL) and 30% KOH (100 mL) was heated to
reflux. While stirring, CHCIF; was bubbled into the reaction mixture for
2 h. The reaction mixture was cooled, acidified with IN HCI and extracted
with EtOAc (2 x 100 mL). The organics were washed with brine (100 mL),
dried (Na;SOy), filtered and concentrated, in vacuo. Flash chromatography
on silica gel eluting with Hex:EtOAc (4:1) afforded the sub-title compound

" (4.6 g, 46%).

'H NMR (300 MHz, CDCl,) 5 9.95 (s, 1H), 7.72 (s, 1H), 7.52 is, 1H), 7.40
(s, 1H), 6.60 (t, Jur = 71.1 Hz, 1H)
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(iv) Ph(3-CI)(5-OCHF,)-(R,S)CH(OTMS)CN

A solution of 3-chloro-5-difluoromethoxybenzaldehyde (4.6 g, 22.3 mmol;
see step (iii) above) in CH,Cl; (200 mL) was cooled to 0°C. Znl, (1.8 g, 5.6
mmol) and trimethylsilyl cyanide (2.8 g, 27.9 mmol) were added and the

reaction mixture was allowed to warm to room temperature and stirred for

15 h. The mixture was partially concentrated in vacuo yielding the sub-title

compound as a liquid, which was used directly in step (v) below without

further purification or characterization.

v) Ph(3-Cl)(S-OCHF;)-(EJJCH(OH)C(NH)Oﬁt

Ph(3-Cl)(5-OCHF)-(R,S)CH(OTMS)CN (6.82 g, assume 22.3 mmol; see
step (iv) above) was added dropwise to HCVEtOH (500 mL). The reaction
mixture was stirred 15 h, then partially concentrated in vacuo yielding the

sub-title compound as a liquid, which was used in step (vi) without further

purification or characterization. .
(vi) Ph(3-CI)(5-OCHF,)-(R,SYCH(OH)C(O)OEt

Ph(3-CI)(5-OCHF,)-(R,5)CH(OH)C(NH)OEt (6.24 g, assume 22.3 mmol;
see step (v) above) was dissolved in THF (250 mL), 0.5M H,SO,

(400 mL) was added and the reaction was stirred at 40°C for 65 h, cooled

and then partially concentrated in vacuo to remove most of the THF. The
reaction mixture was then extracted with Et;O (3 x 100 mL), dried
(Na;SO,), filtered and- concentrated in vacuo to afford the sub-title
compound as a solid, which was used in step (vii) without further

purification or characterization.

(vii) Ph(3-C1)(5-OCHF,)-(R,S)CH(OH)C(O)OH

_A solution of Ph(3-CI)(5-OCHF;)-(R,SYCH(OH)C(O)OEt (6.25 g, assume

22.3 mmol; see step (vi) above) in 2-propanol (175 mL) and 20% KOH

PCT/SE01/02657 3
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(350 mL) was stirred at room temperature 15 h. The reaction was then
partially concentrated in vacuo to remove most of the 2-propanol. The
remairiing mixture was acidified with 1M H,SO,, extracted with Et;0 (3 x°
100 mL), dried (Na,SO,) and concentrated in vacuo to give a solid. Flash
chromatography on silica gel eluting with CHCl;:MeOH:concentrated
NH,OH (6:3:1) afford_ed the ammonium salt of the sub-title compound. The
ammonium salt was then dissolved in 2 mixture of EtOAc (75 mL) and H;0O
(75 mL) and acidified with 2N HCl. The organic layer was separated and
washed with brine (50 mL), dried (Na,SO,) and concentrate;l in vacuo to
afford the sub-title compound (3.2 g, 57% from steps (iv) to (vi)).

'H NMR (300 MHz, CD;0D) & 7.38 (s, 1H), 7.22 (s, 1H), 7.15 (s, 1H), 6.89
(t, Jur = 71.1 Hz, 1H), 5.16 (s, 1H)

(viii) Ph(3-Cl)(S-OCHI-;g)-(R)CH(OH)C(O)OH (2) and Ph(3-Ci)(5-OCHF,)-
(S)CH(OAC)C(O)OH (b) | .

A mixture of Ph(3-CI)(5-OCHF,)-(R,S)CH(OH)C(O)OH (3.2 g, 12.7 mmol;
see step (vii) above) and Lipase PS “Amano” (~2.0 g) in vinyl acetate (125
mL) and MTBE (125 mlL) was heated at reflux for 48 h. The reaction
mixture was cooled, filtered through Celite® and the filter cake washed
with EtOAc. The filtrate was concentrated in vacuo and subjected to flash

chromatography on silica gel! eluting with CHCI;:MeOH:concentrated
NH,OH (6:3:1) yielding the ammonium salts of the sub-title compounds (a)
and (b). Compound (a) as a salt was dissolved in H,0, acidified with 2N
HCI] and extracted with EtOAc. The organic layer was washed with brine,
dried (Na;SO,), filtered and concentrated in vacuo to afford the sub-title

compound (a) (1.2 g, 37%). .

For sub-title compound (a)
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'"H NMR (300 MHz, CD,0D) 5 7.38 (s, 1H), 7.22 (s, 1H), 7.15 (s, 1H), 6.89
(t, Jur=71.1 Hz, 1H), 5.17 (s, 1H)

(ix) Ph(3-CD)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(Teoc)

To a solution of Ph(3-CD)(5-OCHF2)-(R)CH(OH)C(O)OH (1.1 g, 4.4 mmol;
see step (viii) above) and H-Aze-Pab(Teoc) (see international patent
application WO 00/42059, 2.6 g, 5.7 mmol) in DMF (50 mL) at 0°C was
added PyBOP (2.8 g, 5.3 mmol) and collidine (1.3 g, 10.6 mmol). The
reaction was stirred at 0°C for 2 h and then at room temperature for an

additional 15 h. The reaction mixture was concentrated in vacuo and flash
chromatographed on silica gel (3 x), eluting first with CHCIl;:EtOH (9:1),
then with EtOAc:EtOH (20:1) and ﬁnnlly' eluting w.rith CH,Cl;:CH,0H
(95:5) to afford the sub-title compound (1.0 g, 37%) as 2 white solid.

'H NMR (300 MHz, CD;0D, mixture of rotamers) 5 7.79-7.85 (d, /= 8.7 -

Hz, 2H), 7.15-7.48 (m, SH), 6.89 and 6.91 (t, Jur = 71.1 Hz, 1H), 5.12_and

5.20 (s, 1H), 4.75-4.85 (m, 1H), 3.97-4.55 (m, 6H), 2.10-2.75 (m, 2H), 1.05-,.

1:15 (m, 2H), 0.09 (s, 9H)
MS (m/z) 611 (M + 1)*

(x) Ph-(3-Cl)_(5-OCHng(R)CH(OH)CiO)-Aze-Pab(OcBu, Teoc)

Ph(3-Cl)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.051 g, 0.08 mmol,
see step (ix) above), was _clisso-lved in 3 mL of acetonitrile and 0.062 g
(0.5 mmol) of O-cyclobutylhydroxylamine hydrochloride was added. The
mixture was heated at 70°C for 4.5 h. The solvent was evaporated and the
residue was partitioned between water and ethyl acetate. The aqueous

phase was extracted two more times with ethyl acetate and the combined

organic phase was washed with water, brine, dried (Na,SO,), filtered and
evaporated. Yield: 0.054 g (95%).

PCT/SE01/02657
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'H-NMR (400 MHz; CD,0D): § 8.66-8.50 (m, 1H), 7.45 (d, 2H), 7.29 (m,

-3H), 7.15 (m, 2H), 6.88 (t, 1H major _rotamer),-6.85 (t, 1H minor rotamer),

5.18 (s,1H major rotamer), 5.12 (s, 1H minor rotamer), 5.16 (m, 1H minor
rotamer), 4.78 (m, 1H major rotamer), 4.70 (m, 1H), 4.50-4.30 (m, 3H),
4.193.93 (m, 3H), 2.71-2.44 (m, 1H), 2.34-2.11 (m, 5H), 1.78 (m, 1H),
1.62 (m, 1H), 0.96 (m, 2H), 0.01 (s, 9H) '

(.xi) Ph(3-CI)(S-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OcBu)

Ph(3-CI)(5-OCHEF,)-(R)CH(OH)C(O)-Aze-Pab(OcBu, Teoc) (b.054 g,
0.08 mmol; sce step (x) above), was dissolved in 0.5 mL of CH,;CI; and
3 mL of TFA. The reaction was allowed to proceed for 60 minutes. TFA

- was evaporated and the residue was purified using preparative HPLC. The

fractions of interest were pooled and freeze-dried (2x), yielding 23 mg
(54%) of the title compound.

MS (m/z) 536 (M- 1)"; 538 (M + 1)* - : '
'H-Nl\_dR (400 MHz; CD,0D): 8 7.56 (d, 2H),'7.33 (m, 3H), 7.15 (m, 2H),
6.89 (t, 1H major rotamer), 6.86 (t, 1H minor rotamer), 5.18 (s, 1H major
rotamer; and m, 1H minor rotamer), 5.11 (s, 1H minor rotamer), 4.77 (m,
IH major rotamer), 4.58 (m, 1H), 4.42 (m, 2H), 4.34 (m, 1H major
rotamer), 4.15 (m, 1H major rotamer), 4.06 (m, 1H minor rotamer), 3.97 (m,
IH minor rotamer), 2.66 (m, 1H minor rotamer), 2.52 (m, 1H major
rotamer), 2.33-2.25 (m, 3H), 2.01-2.20 (m, 2H), 1.75 (m, 1H), 1.59 (m, 1H)
13C-NMR (100 MHz; CD,0D) (carl:!onyl and/or amidine carbons, rotam.'ers)

- 8172.4,172.3,171.9, 171.4, 152.3
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Example 2
Ph(3-C1)(5-OCHF,)-(R)CH(OH)C(Q)-Aze-Pab(OH)

(i) Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OH, Teoc)

Ph(3-Cl)(5-OCHF3)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.148 g, 0.24 mmt;l;
see Example 1(ix) above), was dissolved in 9 mL of acetonitrile and 0.101 g
(1.45 mmol) of hydroxylamine hydrochloride was added. The mixture was
heated at.70°C for 2.5 h, filtered through Celite® and evaporated. The
crude product {0.145 g; 75% pure) was used directly in the next step

without further purification.

(if) Ph(3-CI)(5-OCHF)-(R)CH(OH)C(O)-Aze-Pab(OH)
Ph(3-CI}(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OH, Teoc) (0.145 g, 023

- mmol; see step (i) above), was dissolved in 0.5 mL of CH;Cl; and 9 mL of

TFA. The reaction was allowed to proceed for 60 minutes. TFA was

evaporated and the residue was purified using preparauve HPLC. The

fractions of interest were pooled and freeze-dried (2x), yielding 72 mg

(vield over two steps 62%) of the title compound.

MS (m/z) 482 (M - 1); 484 (M + 1)*

'H-NMR (400 MHz; CD;0OD): § 7.58 (d, 2H5, 7.33 (m, 3H), 7.15 (m, 2H),
6.89 (t, 1H major rou-tmer), 6.86 (t, 1H minor rotamer), 5.18 (s, 1H major
rotamer; and m, 1H minor rotainer), 5.12 (s, IH minor rotamer), 4.77 (m,
1H major rotamer),4.42 (m, 2H), 4.34 (m, 1H major rotamer), 4.14 (m, 1H
major rotamer), 4.06 (m, }H minor rotamer), 3.95 (m, 1H minor rotamer),
2.66 (m, 1H minor rotamer), 2.50 (m, 1H major rotamer), 2.27 {m, 1H
major rotamer), 2.14 (m, 1H minor rotamer)

l"'C-NMR (100 MHz; CD;OD): (carbonyl and/or amidine carbons,
rotamers) 6 172.4, 172.3, 172.0, 171.4 152.3, 152.1

PCT/SE01/02657
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Example 3 ]
Ph(3-CI)(5-OCHF)-(R)CH(OH)C(O)-Aze-Pab _
Ph(3-C1)(5-OCHF,;)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.045 g, 0.074

' mmol; see Example 1(ix) above), was dissolved in 3 mL of TFA and

allowed to react for 1 h. TFA was evaporated and the residue was freeze
dried from water/acetonitrile to yield 0.043 g (100%) of the sub-title
compound as its TFA salt.

'H-NMR (400 MHz; CD;0OD) rotamers: & 7.8-7.75 (m, 2H), 7.55-7.5 (m, -
2H), 7.35 (mi, 1H, major rotamer), 7.31 (m, 1H, minor rotamer), 7.19 (m,
iH, major rotamer), 7.15 (m, 1H), 7.12 (m, 1H, minor rotamer), 6.89 (t, 1H,
major rotamer), 6.87 (1, 1H, minor rotamer), 5.22 (m, 1H, minor rotamer),
5.20 (s, 1H, major rotamer), 5.13 (s, 1H, minor rotamer), 4.80 (m, 1H,
major rotamer), 4.6-4.4 (m, 2H), 4.37 (m, 1H, major rotamer), 4.19 (m, 1H,
major rt;tamer), 4,07 (m, 1H, minor rotamer), 3.98 (m, 1H, minor rotamer),
2.70 (m, 1H, minor rotamer), 2.55 (m, 1H, major rotamer), 2.29 (m, 1H,.
major rotamer), 2.15 (m, 1H, minor rommer) .
YC-NMR (100 MHz; CD;OD): (carbonyl end/or amidine carbons,
rotamers) 5 172.6, 172.5, 172.0, 171.7, 167.0

MS (m/z) 465 (M - 1), 467 (M + 1)*

Example 4
Ph(3-C1)(5-0CHF;_)-(IDCH(OH)C(O)-Aze-Pab(COOcPeng[l)

To a solution of Ph(3-Cl)(S-OCHFDi(R)CH(O}DC(O)-Aze-Pab x TFA
(74 mg, 0.13 mmol; see Example 3 above) and cyclopentylchloroformate
(44 mg, 0.30 mmol) in methylene chloride (5 mL) was added aq. NaOH
(0.5 mL, 2M, 1 mmol). The mixture was stirred at room temperature and

" the reaction was monitored with HPLC. After 2.5 hours, water was added
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and the liquid phases were separated. The aqueous phase was extracted
twice with methylene chloride. The combined organic phases were dried
(MgS0,) and purified on silica gel (first methylene chloride, then EtOAc).
After removal of the solyents in vacuo, the solid residue was dissolved in
water/acetonitrile and freeze-dried to afford the title compound as a white
solid. Yield: 33mg (44%) -

MS (m/z) 579 (M + 1)°
'H NMR (400MHz; CD;OD): § 7.79(d, 2H), 7.43-7.30(m, 5H), 7.20-
7.11(m, 2H), 6.90(t, 1H, major rotamer), 6.87(t, 1H, minor rotamer),

5.19(dd, 1H, minor rotamer), 5.18(s, 1H, major rotamer), 5.13(m, 1H), -

5.11(s, 1H, minor rotamer)," 4.78(dd, 1H, major rotamer), 4.45(m, i[—l),
4.35(m, 1H, major rotamer), 4.16(s, 1H, major rotamer), 4.06(s, 1H, minor
rotamer), 3.97(s, 1H, minor rotamer), 2.68(m, 1H, minor rotamer), 2.52(s,
1H, major rotamer), 2.28(s, 1H, major rotamer), 2.16(s, 1H, minor rot?mer),

1.90(m, 2H), 1.77(m, 4H), l._6'l(m, 2H)

3C NMR (cerbonyl and/or amidine protons; 100 MHz): § 173.6, 173.1,

172.6, 1703, 165.6

Examgic 5 )
Ph(3-C1)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(Z)

The title compound was prepared according to the procedure described in

Example 4 above starting from Ph(3-CI)(5-OCHF)-(R)CH(OH)C(O)-Aze- -

Pab x TFA (73 mg, 0.13 mmol; see Example 3 above) and
benzylchloroformate (35 mg, 0.21 mmol). Additional purification by
reversc-phase HPLC (0.IM ammonium acetate/MeCN 40/60) was
necessary. The appropriate fractions were concentrated in vacuo and

extracted with EtOAc. Yield: 24mg (32%).

MS (m/z) 602 (M + 1)*

PCT/SE01/02657
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'H NMR (400MHz; CD,0D): § 7.80(d, 2H), - 7.43-7.25(m, 8H), 7.20-
7.10(m, 2H), 6.90(t, 1H, major rotamer), 6.88(t, 1H, minor rotamer),
5.18(dd, 1H, minor rotamer), 5.18(s, 2H), 5.17(s, 1H, rotamer), 5.11(s, 1H,

_ rotamer), 4.78(dd, 1H, major rotamer), 4.45(m, 2H), 4.34(m, 1H, major

rotamer), 4.15(s, 1H, major rotamer), 4.06(s, 1H, minor rotamer), 3.97(s,
1H, minor rotamer), 2.66{m, IH,- minor rotamer), 2.51(s, 1H, major
rotamer), 2.27(s, 1H, major rotamer), 2.15(s, 1H, minor rotamer) .

Bc NMR (carbonyl and/or amidine protons; 100MHz): § 173.6, 173.1,
172.6, 170.5, 164.9

Example 6 .
Ph(3-CI)}(5-OCF ;t(R)CH(OH)C(O)-Azc-Pab x TFA

(i} 2-Nitro-5-trifluoromethoxybenzoic acid
To a solution of 3-trifluoromethoxybenzoic acid (49.0 g, 0.24 mol) in
sulfuric acid (500 mL) at less than 0°C (ice-MeOH bath) was added a

* solution of potassium nitrate (31.3 g, 0.31 mol) in sulfuric acid (200 mL)

over.20 minutes. The resulting solution was stirred at 0°C for 2 hours, then
warmed to room temperature and stirred for 18 hours. The reaction was
ﬁoured into ice and the resulting acidic solution was extracted with EtOAc
(5x). The combined organics were w.ashed with H;0 (1x), brine (2x), H,0O
(1x) and brine (1x), dried (Na,SO,), filtered anci concentrated in vacuo to
give the crude sub-title éompound (65.7 g) as a solid contaminated with
HOAc. The crude sub-title cdmpound was dissolved in EtOAc and toluene
and concentrated in vacuo to g-ive a HOAc free solid (58.4 g, 97%) that was

used in the next step without further purification.

'H NMR (300 MHz, CDCly): & 10.10 (br 5, 1H), 8.02 (d, 1H, J = 8 H2),
7.69 (d, 1H,J=2 Hz), 7.54 (dd, 1H, J=2 Hz, J= 8 Hz)
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(ii) 2-Amino-5-trifluoromethoxybenzoic acid

To a solution of 2-nitro-5-trifluoromethoxybenzoic acid (56.8 g, 0.23 mol;
see step (i) above) in EtOH (1000 mL) was added 10% Pd/C (5.7 g). The
resulting solution was flushed with H; for 5 h, filtered th:l'ough Celite® and
concentrated in vacuo to give the crude sub-title con_npou.nd (49.7 g, 98%) as

a solid that was used in the next step without further purification.

'H NMR (300 MHz, CD;0D): 5 7.66 (m, 1H), 7.17 (4, 1H, J = 8 Hz), 6.77

(d, 1H, J= 8§ Hz)

(iii) 2-Amino-3-chloro-5-trifluoromethoxybenzoic acid

To a solution of 2-amino-5-trifluoromethoxybenzoic acid (49.0 g, 0.22 mol;
see step (ii) above) in HOAc (1200 mL) was slowly added sulfuryl chloride
(41.8 g, 031 mol). Gas evolution was observed. The resulting
heterogeneous mixture was stirred at room temperature for 1 h. Additional

HOAc (300 mL) was added to aid stirring, followed by sulfuryl chloride in

5 mL portions until the starting material was consumed based on TLC

analysis. The reaction was concentrated in vacuo to give solids that were

flushed on a rotary evaporator with EtOAc (2x) followed by Et;O (1x) to -

remove the HOAc. The resulting solids were further dried to give the HC]
salt of the crude sub-title compound (60.5 g, 94%), which was used in the

next step without further purification.

'H NMR (300 MHz, CD,0OD): & 7.72 (s, 1H), 7.44 (s, 1H), 7.22 (s,
exchangeables)

(iv) 3-Chloro-5-trifluoromethoxybenzoic acid

To a solution of 2-amino-3-chloro-5-trifluoromethoxybenzoic acid (60.5 g,
assume 0.22 mol; see step (iii) above) in 1,4-dioxane (1000 mL) was addet_i
6N HCI (750 mL). Some organics oiled out of solution. The dioxane

PCT/SE01/02657
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solution was cooled to less than 0°C (ice-MeOH bath). A solution of
sodium nitrite (18.2 g, 0.26 mol) in H,0O (250 mL) was added over 15
minutes via an addition funnel. The resulting solution was stirred for 45
min. Hypophosphorous acid (221.5 mL of 50 wt% in H,0, 291.2 g
2.20 mo!) was added slowly via an addition funnel. The solution was
stired at 0°C for 1.5 hours, then warmed. to room temperature (gas
evolution observed) and stirred for 18 hours. The crude solution was
transferred to a separating funnel and extracted with Et;O (4x). The
combined organics were extracted with aqueous NaHCO; (3x). The basic
aqueous layer was cautiously acidified with 6N HCl and extracted with
CHiCl; (3x). The CH;Cl, extracts were dried (Ne;SO,), filtered and
concentrated in vacuo to give the crude sub-title compound (26.5 g, 46%

from 3-trifluoromethoxybenzoic acid) as a solid that was used in the next

step without further purificatton.
'H NMR (300 MHz, CD;0D):"5 7.98 (s, 1H), 7.83 (s, 1H), 7.58 (s, 1H) .

(v) 3-Chloro-5-trifluoromethoxybenzyl alcohol

To a solution of 3-chloro-5-trifluoromethoxybenzoic acid (22.5 g, _-

93.5 mmol; see step (iv) above) in anhydrous THF (1200 mL) under a N;
atmosphere nt room temperature was added a solution of BH;*THF complex
(140 mL of IM in THF; 140.3 mmol). The solution was refluxed for 2 h,

cooled to room temperature and stirred for 18 hours, quenched cautiously

with H;O and concentrated in vacuo to remove most of the THF. The
residue was diluted with EtOAc and the organics were washed with brine
(3x), dried (Na,SO,), filtered and concentrated in vacuo to give the crude
sub-title compound (21.2 g, 100%) as an oil that was used without further

purification.

PCT/SE01/02657
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'H NMR (300 MHz, chI,): 57.33 (s, 1H), 7.17 (s, 1H), 7.14 (s, 1H), 4.72
(s, 2H), 2.05 (brs, 1H)

(vi) 3-Chloro-5-trifluoromethoxybenzaldehyde

A solution of DMSO (16.1 g, 205.9 mmol) in anhydrous CH,Cl, (300 mL)
was cooled to -78°C. Oxalyl chloride (13.1 g, 103.0 mmol) was added
slowly via a syringe (gas evolution was observed). The resulting solution
was stired at —78°C for 15 mimutes. A solution of 3-chloro-5-
trifluoromethoxybenzy! alcohol (21.2 g, 93.6 mmol; see step (v) above) in
CH,Cl; (200 mL) was added via an addition funnel over a i:eriod of 15
minutes. The cloudy solution was stirred at -78°C for 4.0 minutes and

DIPEA (60.5 g, 468.0 mmol) was added via an addition funnel over 10

minutes. The resulting. homogeneous solution was stirred at —7é°C for 1.5
hours, then warmed to room temperature and stirred 18 hours. The crude
solution was concentrated in vacuo, the residue diluted with EtOAc and
washed with H,O (1x), 2N HCI (1x), brine (1x), aqueous NaHCO; (1x) and
brine (1x). The organics were dried (Na;SO,), filtered and concentrate:l in
vacuo to give the crude sub-title compound (19.9 g, 95%) which was used

in the next step without further purification.

'H NMR (300 MHz, CDCL): 3 10.00 (s, 1H), 7.83 (s, 1H), 7.66 (s, 1H),
7.51 (s, 1H)

(vii) Ph(3-C1)(5-OCF3){R S)CH(OTMS)CN

To a solution of 3-chloro-5-triflucromethoxybenzaldehyde (19.9 g,
88.6 mmol; see step (vi) above) in CH;Cl, (600 mL) at 0°C was added Znl,
(1.4 g, 4.4 mmol) and trimethylsilyl cyanide (9.7 g, 97.5 mmol). After
stirring at 0°C for 1.5 hours, and at room temperatire for 2 hours, TLC
analysis showed only the starting material. Znl, was added portion-wise
until the reaction proceeded (over 30.0 g of Znl, was added in total). After

S
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stirring at room temperature for 18 h, the reaction was quenched with water
and the organics were scparated. The organics were dried (N2,S0,),
filtered and concentrated in vacuo to give the crude sub-title compound

(27.7 g, 96%) as a liquid that was used without further purification.

'"H NMR (300 MHz, CDCl): & 7.43 (s, 1H), 7.28 (s, 1H), 7.25 (s, 1H), 5.49
(s, H), 0.38 (s, 9H)

(viii) Ph(3-CI}(5-OCF3)-(R,S)CH(OH)C(Q)OH

A suspension of Ph(3-CI)(5-OCF;)- (R,S)CH(OTMS)CN (277 g,
85.6 mmol; see step (vii) above) in concentrated HCl (300 mL) was
refluxed for 3 hours. The resulting brown heterogeneous mixture was
cooled to room temperature and extracted with Et;O (2x). The initial |
organics ' were extracted with 2N NeOH (2x), then the basic layer was
acidified with 2N HCl and extracted with Et;0. The Et,O was dried
(Na;S0,), filtered and concentrated in vacuo to give the crude sub-title
compound (4.9 g, 21%). TLC analysis of the initial organics showed thg -
sub-title compound was still present so the basic extraction/acidification
was repeated using 6N NaOH to afford additional crude sub-title compound
(2.8 g, 12%). TLC analysis of the initial organics showed the sub-title
compound was still present so the organics were dried (Na;SO,) and -
concentrated in vacuo to give the sodium salt of the sub-title compound
(18.3 g) as an oil. The salt was then re-dissolved in Et;O and the organics
acidified with 2N HCI and washed with brine. The resulting organics were .
dried (Na,SO,), treated with activated charcoal, filtered through Celite®

and concentrated in vacuo to give the crude sub-title compound (14.3- g,
62%) as a solid that was used in the next step without further purification.

'H NMR (300 MHz, CD;0D): & 7.53 (s, 1H), 7.38 (s, 1H), 7.29 (s, 1H),
5.23 (s, 1H)




15

20

25

30

WO 02/44145

(ix) Ph(3-CI)(5-OCF;3)-(R)YCH(OH)C(O)OH (a) and Ph(3-CI)5-OCF,)-
(S)YCH(OACc)C(O)OH (b)

A mixture of Ph(3-C1)(5-OCF;)-(R,S)CH(OH)C(O)OH (7.7 g, 28.5 mmol;
see step (viii) above) and Lipase PS “Amano” (3.8 g) in MTBE (100 mL)
and vinyl acetate (50 mL) was stirred at 60°C for 26 hours. "The reaction
was cooled and filtered through Celite® and the filter cake washed with
EtOAc. The combined. organics were concentrated in vacuo. Flash

chromatography on silica gel eluting with CHCl;:MeOH:concentrated
NH,OH (6:3:1) afforded a mixture of the ammonium salts of sub-title
compound (a) and sub-title compound (b) (6.7 g) and a pure sample of the
ammonium salt of sub-title compound (a) (1.2 g) with less than 95% e.e.
The respective fractions were dissolved in Et;0O and washed with 2N HCI
(1x) and brine (1x), dried (Na;SO,), filtered and concentrated to give the
corresponding carboxylic acids (6.7 g and 1.1 g'rcspcctivcly). These

fractions were then separately re-submitted to the resolution conditions and

- re-purified as necessary via chromatography on silica gel eluting with

CHCIl;:MeOH:concentrated NH,OH (6:3:1 or 75:20:5 or 145:45:10) as
needed. The pi:riﬁéd sub-title compound (a) was acidified with aqueous

. HCI or aqueous citric acid prior to further use. The emmonium salt of sub-

title compound (b) was used without characterization.

For sub-title compound (a)
'H NMR (300 MHz, CD;0D): & 7.53 (s, 1H), 7.38 (s, 1H), 7.29 (s, 1H),

" 5.23 (s, 1H)

13C NMR (75 MHz, CD;0D): § 174.9, 150.9, 145.4, 136.3, 126.8, 122.0,
120.6, 118.9, 72.9 '
MS (m/z) 269 (M - 1)

PCT/SE01/02657 Wa
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(x) Ph(3-C1)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab('I_‘ €0c)

A solution_of Ph(3-C1)(5-OCF)-(R)CH(OH)C(O)OH, (0.73 g, 2.70 mmol;
see step (ix) above) in DMF (40 mL) under a nitrogen atmogphere was
cooled to 0°C. To the solution was added H-Aze-Pab{Teoc) (1.46 g,
3.24 mmol), collidine (0.82 g, 6.75 mmol) and PyBOP (1.83 g, 3.51 mmol).
The solution was stirred at 0°C for 2 h, warmed to room temperature and
stirred 18 hours, quenched with water and concentrated in vacuo. The
residue was diluted with EtOAc and washed with H,O (1x), aqueous
NaHCO; (1x), aqueous citric acid (1x) ax;d brine (1x), dried (Na;SOy),
filtered and concentrated in vacuo to give the crude sub-title compound.
Flash chromatography on silica gel (2x) eluting with EtOAc:MeOH (30:1)

then CH;Cl;:MeOH (93:7) afforded the sub-title compound (0.73 g, 43%)

as a crushable foam.

'H NMR (300 MHz, CD;0D, complex mixture of rotamers): & 7.78-7.82 (d,
2H, J = § Hz), 7.25-7.54 (m, SH), 5.25 and 5.16 (s, 1H), 5.22 and 4.79 (m,
1H), 3.92-4.58 (m, 6H), 2.20-2.76 (m, 2H), 1.04-1.13 (m, 2H), 0.08 (s, 9H) |
MS (m/z) 629 (M + 1)* '

(x1) Ph(3-ClI)(5-OCF;)-(R)CH(OH)C(O)-Azc-Pab

Trifluoroacetic acid (1.0mL) (avas added to a stirred ice/water-cooled
solution of Ph(3-C1)(5-OCF,)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (101 mg;
160 pumol; see step (x) above), in methylene chloride (10 mL). The cooling
bath was removed after 1 hour. After 1.5 hours at room temperature,
acetonitrile (30 mL) was added and the solvents were carefully removed
under reduced pressure. The residue was dissolved in water and freeze .
dried to afford 90 mg (92%) of the title compound as its TFA salt.

MS (m/z) 483 (M - 1)"; 485 (M + 1)*



10

15

20

25

30

WO 02/44145

65

'H NMR (300 MHz; CD;0D): (complex due to diastereomers/rotamers): &
7.70-7.80 (m, 2H), 7.45-7.58 (m, 3H), 7.24-7.38 (m, 2H), 5.26 (s, 1H), 5.17
(m, 1H, minor rotamer), 4.82 (m, 1H, major rotamer), 4.35-4.6 (m, 3H),
4.22 (m, 1H, major rotamer), 3.92-4.12 (m, 2H, minor rotamer), 2.70 (m,
1H, minor rotamer), 2.55 (m, 1H, major rotamer), 2.30 (m, 1H, major

rotamer), 2.16 (m, 1H, minor rotamer)

3C NMR (100 MHz; CD;OD): (carbonyl and/or amidine carbons,

rotamers): & 173.7, 173.4, 173.0, 172.8, 168.1

Example 7 :
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OMe) _
HATU (71 mg; 0.19 mmol) was added to a stirred ice/water-cooled solution

of Ph(3-CI)(5-OCF)-(R)CH(OH)C(O)OH (39 mg; 0.14 mmol; sec Example

" 6(ix) above) in DMF (3mL). After 30 minutes, a solution of H-Aze-

Pab(OMe) x 2HCI (69 mg; 0.21 mmol; see international patent application
WO 00/42059) and 2,4,6-collidine (0.080 mL; 0.58 mniol) in DMF

(1.5 mL) was added. The reaction mixture was left overnight and the

temperature was allowed to risc slowly to ambient. The soivents were
removed in vacuo and the crude product was purified using reverse-phase
HPLC (acetonitrile: 0.1M aq. ammonium acetate) to afford, after freeze
drying the appropriate fractions, the title compound (61 mg, 97%) as a

colourless sol_id.

MS (m/z) 513 (M - 1), 515 (M + 1)*

'H NMR (500 MHz; CD,OD): 5 7.97 (bt, 1H), 7.53 (d, 2H), 7.27 (t, 1H),
7.22 (d, 2H), 7.19 (t, 1H), 7.11 (t, 2H), 6.77 (s, 1H), 4.92 (s, 1H), 4.9 (bs,
3H), 4.81 (m, 2H), 4.40 (m, 2H), 4.09 (m, 1H) 3.87 (s, 3H), 2.58 (m, 1H),
2.37(m, 1H) :
13C NMR (125 MHz; CD,0D): (carbonyl and/or amidine carbons): § 171.8,
169.9, 156.8

PCT/SE01/02657

Y



10

15

20

25

WO 02/4145 PCT/SE01/02657

66

Example 8
Parallel Synthesis of Alkoxyamidines

This synthesis was performed in a 96-well Robbins block. To wells

containing an appropriate amount of O-substituted hydroxylamine
(specified below; all of which are commercially available or were prepared
using well known literature procedures) was added a solution of Ph(3-Cl)(5-
OCF;)-(R)CH(OH)C(0)-Aze-Pab(Teoc) (10 mg; 17 pmol; see Example
6(x) above) in acetonitril.e (1.0 mL). The block was sealed and the reaction
mixture was rotated overnight in an oven at 60°C. After cooling and
filtration, the solids were washed with acetonitrile (3 x 0.3 mL). The
combined liquid fractions were concentrated in a vacuum centrifuge. The
residue was partitioned between water (0.4 mL) and cthyl acetate (0.4 mL).
After liquid-liquid- extraction was finished, everything was filtered through
a column of Hydromatrix™. After washing three times with ethyl acetate,
the combined -filtrates were concentrated in a vacuum centrifuge..
Deprotection was performed by addition of methylene chloride (0.1 mL),
and trifluroacetic acid (0.3 mL). After stirring at room temperature for 3 .
hours, the solvents were removed in vacuo. The residue was partitioned
between aqueous saturated sodium hydrogen carbonate (0.5 mL) and ethyl
acetate (0.5 mL). After extraction, filtration through Hydromatrix™ and

" concentration (vide infra) the residue was dissolved in isopropanol/water

(773) (1 mL). About 2% of this solution was removed and diluted with
isopropanol/water (7/3) (1 mL) for LC-MS analysis. After removal of the

" solvents in vacuo the solid residue was transferred to a 96-well plate using

acetonitrile and ethyl acetate to dissolve the compound. The solvents were

evaporated in a vacuum centrifuge to afford the following title compounds:

Ph(3-C1)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OCH;-3-(5-Me-isoxazole))
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(from 3-[(aminooxy)methyl]-S-methylisoxazole x HCl (18 mg; O0.11
mmol)). Yield: 3.64mg (35%) (MS (m/z) 596 (M + 1)");
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(0)-Aze-Pab(OCH;-3-pyridine)

(from 3-[(aminooxy)methyl]pyridine X 2 HCI (19 mg; 96 umol). Yield: -

5.14 mg (50%) (MS (m/z) 592 (M + 1)°);
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OiBu)

(from O-isobutyl hydroxylamine x HCI (17 mg; 140 :[.I.!IIOD. Yield: 4.4 mg |
(45%). MS (m/z) 557 (M + 1)");
Ph(3-C!)(S-OCF;)-(R)CH(OH)C(O)-Aze-PathEt)

(from O-ethyl hydroxylamine x HCl (14 mg; 140 pmol). Yield: 4.04 mg
(42%). MS (m/z) 529 (M+1)");
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(O)-Azc-Pab(OBn)

(from O-benzylhydroxylamine x HCI (17 mg; 110 pmol). Yield: 3.22 mg
(29%). MS (m/z) 591 (M + 1)*);
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OcHexyl)

(from O-cyclohexyl hydroxylamine x HCI (15 mg; 99 pumol). Yield: 2.9 mg
(26%). MS (m/z) 583 (M + 1)*); _ )
Ph(3-C1){5-OCF;)-(RYCH(OH)C(O)-Aze-Pab{OcBu) .

(from O-cyclobutyl hydroxylamine x HCI (17 mg; 140 pmol). Yield: 33
mg (30%). MS (.mlz) 555 M+ 1)");
Ph(3-CIl)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab{OCH,CH,OPh(3-CF;))

" (from O-[2-[3-(trifluoromethyl)phenoxy]ethyl]hydroxylamine x HCl (24

mg; 93 umol). Yield: 6.52 mg (46%). MS (m/z) 689 (M+1)");
Ph(3-CI)(5-OCF,)-(R)CH(OH)C(O)-Aze-Pab(OBn(4-Cl))
(from O-(4-chlorobenzyl)hydroxylamine x HC (16 mg; 82 umol). Yield:

" 3.47 mg (29%). MS (m/z) 625 (M + 1));

Ph(3-C1)(5-OCF;)-(R)YCH(OH)C(0)-Aze-Pab(OBn(3-Me0))

(from 0-(3-mét_hoxybenzyl)hydroxylamine x-HCI (18 mg; 94 pmol). Yield:
4.33 mg (36%). MS (m/z) 621 (M+1)"; '
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OBn(2-Br))

3%
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(from 0-(2-bromobenzyl')hydroxylaminc x HCl (23 mg; 96 pmol). Yield:
3.87 mg (30%). MS (m/z) 671 (M + 1)');
Ph(3-Ci1)(5-OCF;)-(R)YCH(OH)C(Q)-Aze-Pab{OBn(4-Me))

(from O-(4-methylbenzyl)hydroxylamine x HCl (14 mg; 81umol). Yield:
2.91 mg (25%). MS (m/z) 605 (M + 1)*); and
Ph(3-Cl)(5-OCF;)-(R)CH(OH)C(0)-Aze-Pab(O-4-heptyl)

(from O-(4-heptyl)hydroxylamine x HCI (15 mg; 89 pmol). Yield: 17 mg
(100%). MS (m/z) 599 (M + 1)"). :

Example 9
Ph(3-C1)(5-OCHF,)-(S)CH(CH,0H)C(0)-Aze-Pab x HOAc

(i) 3-Chloro-5-methoxybenzoic acid
Magnesium turnings (Fluka purum for Grignard reactions) were pre-treated
in the following way: The tumings were placed in a glass sintered funnel

and 0.1 M of hydrochloric acid was poured onto them. The turnings were
stirred with a glass rod. for a few seconds and then the acid was washed
away with 3 portions of water. Finally, the tunings were washed with 2 .
portions of acetone and bottled, Tetrahydrofuran (100 mL, 99.95%) was
dried by adding RedAl (1 g, 70% wt. in toluenc). Pre-treated magnesium
tumings (5 g, 200 mmol) were placed in a round bottomed flask, and were
flushed with nitrogen 3 times. Dichloroanisole (26 g, 146 mmol) was
dissolved in THF (100 mL, RedAl-dried) and dibromoethane (1.8 g,
10-mmol) was added. The reaction mixture was flushed with nitrogen and
then refluxed for 2 hours. Heating was interrupted and dry ice th g) was
added portionwise over 2 minutes. When all of the dry ice was dissolved,
the reaction mixture was poured into ice containing hydrochloric* acid
(400l mL, 2 M). Extractive work up (ether, 300 mL) gave 11.2 g,
60.2 mmol (yield: 41%) of the sub-title compound.
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'H-NMR (500 MHz; ‘acctone-dg): § 7.57 (m, 1H), 7.49 (m, 1H), 7.23 (m,
1H),3.91(s,3H) .

(ii} 3-Chloro-5-hydroxybenzoic acid
Alumina (1.65 g, 60 mmol) and iodine (21 g, 82 mmol) were refluxed in

toluene (200 mL) for 2 hours. Then, 3-chloro-5-methoxybenzoic acid

(11.2 g, 60.2 mmol; see step (i) above) dissolved in toluene (50 mL) was
added, together with tetrabutylammonium iodide (1.5 g, 4 mmol), and the
mixture was refluxed for another 2 hours. After coolin-g to ambient
temperature, extractive v.vork up gave 8.7 g, 50 mmol (yicld: 83%) of the

sub-title compound.

'H-NMR (300 MHz; acetone-dg): & 9.27 (s, 1H), 7.48 (m, 1H), 7.44 (m,
1H), 7.11 (m, 1H) -

(iii) 3-Chloro-5-difluoromethoxybenzoic acid .
3-Chloro-5-hydroxybenzoic acid (6.4 g, 37.2 mmol; see step (ii) above)
dissolved in chloroform (200 mL) was transferred to a 500 mL three-necked
round-bottomed flask fitted with a dry ice condenser and a gas inlet tube.
Sodium hydroxide (100 mL, 5 M) was added and with vigorous stirring.
Chlorodifluoromethane (Freon 22; 25 g, 290 mmol) was added portionwise
through the gas inlet tube at ambient temperature. After 2 hours," the

reaction was complete. Extractive work up gave 6.2 g, 28 mmol (yield:

75%) of the sub-title compound.

'H-NMR (500 MHz; acctone-dg): & 7.87 (m, 1H), 7.74 (m, 1H), 7.54 (m,

1H), 7.19 (t, 1H, JH-I_-' 73 Hz)

PCT/SE01/02657 3{
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(iv) 3-Chloro-5-difluoromethoxy-N-methoxy-N-methylbenzamide

3-Chloro-5-difluoromethoxybenzoic acid- (1.8 g, 8 mmol; see step (iii)
above) and oxalyl chloride (1.5 g,11.8 mmol)} were dissolved in methylene
chloride (50 mL). DMF (2 drops) was added and the reaction mixture was
stimed at ambient temperature for 30 minutes. . Then, N,0-
-dimethylhydroxylamine (1 g, 10.2 mmol) and triethylamine -(3 g 30 mmolj
were added and after another 10 minutes stirring at ambient temperature, the
reaction mixture was concentrated at reduced pressure. The residue was
taken up tn ether (100 mL) and water (S0 mL). After separation, the
organic phase was washed with brine, dried over sodium sulphate, filtered

.and concentrated. @~ This residue was chromatographed on silica

(hexane/ethy] acetate 2:1) which gave 2 g, 7.5 mmol (93%) of the sub-title

compound.

'"H-NMR (400 MHz; CDCly): & 7.54 (m, 1H), 7.37 (m, 1H), 7.27 (m, 1H),
6.53 (t, 1H, Jyr 73 Hz) ' )

(v) 3-Chloro-5-difluoromethoxyacetophenone

3-Chloro-5-diﬂuoromethoxy-N;meﬂnoxy-N-'methylbenzamide 2. g
7.5 mmol; see step (iv) above) was dissolved in ether (100 mL) and cooled
under nitrogen to -70°C. Methyllithium (7 mL, 11 mmol, 1.6 M in ether)
was added dropwise with a syringe to the stirred reaction mixture over 1

minute. The dry ice bath was removed and the ‘mixture ‘was allowed to

reach ambient temperature before the reaction was quenched with
ammonium chioride solution (50 mL, 5% NH,CI in water). The organic
phase was washed with brine, dried over sodium sulphate, filtered and
concentrated at reduced pressure. The residue was chromatographed on
silica (hexane:ethyl acetats 2:1) which gave 1.5 g, 6.8 mmol (yield: 90%) of

the sub-title compound.
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'H-NMR (600 MHz; CDCL,): § 7.77 (m, 1H), 7.59 (m, 1H), 7.35 (m, 1H),
6.56 (t, 1H, Ju5 73 Hz), 2.60 (s, 3H)

(vi) 3-Chloro-5-difluoromethoxyphenylacetic acid methyl ester
3-Chloro-5-difluoromethoxyacetophenone (1.5 g, 6.8 mmol; see step (V)
above) was dissolved in methylene chloride (200 mL). Thallium(III) nitrate
x 3MeOH on K-10 montmorillonite (6 g, 10 mmol (ca 0.6 mmol/g); sec J.
Am. Chem. Soc., 98, 6750 (1976)) was added and the mixture was stirred at
ambient temperature for 20 hours. The mixture was filtered and the filtrate
was washed with sodium bicarbonate (100 mL, 0.5 M), dried over sodium
sulp-haté, filtered and concentrated at reduced pressure. The residue was
chromatographed on silica (hexane/ethyl acetate 2:1) which gave 1 g,
4 mmol (yield: 56%) of the sub-title compound.

'H-NMR (500 MHz; CDCl,): § 7.14 (m, 1H), 7.06 (m, 1H), 6.96 (m, 1H),
6.50 (t, 1H, Jur 73 Hz), 3.72 (s, 3H), 3.60 (s,1H) '

(vii) a-Formyl(3-chloro-5-difluoromethoxyphenyl)acetic acid methyl ester
3-Chloro-5-diflucromethoxyphenylacetic acid methyl ester (1 g, 4 mmol;
see step (vi) above) and methyl formate (1 g, 16 mmol) were dissolved in
ether (100 mL) and cooled in an ice-bath (ca. 2°C). Then, finely cut sodium
(180 mg, 7.8 mmol) and methanol (1 mL) were added and the mixture was
left in the ice-bath with stirring overnight. Water (100 mL) was added
.careﬁ.llly and the phases were separated. The water containing phase was
acidified with hydrochloric acid (2 M) to pH 1 and extracted with ether (2 x
100 mL). The extract was dried over sodium sulphate, filtered and
concentrated at reduced pressure. The residue was chromatographed on
silica (hexane:ethyl acetate (1:1)) which gave 400 mg, 1.4 mmol (yield:
36%) of the sub-title compound.

PCT/SE01/02657 \LO
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'H-NMR (400 MHz): 3 12.10 (d, 1H), 7.32 (4, 1H), 7.11 (m, 1H), 7.07 (m,
1H), 6.94 (m, 1H), 6.51 (t, 1H, J.i 73), 3.83 (s, 3H) '

(viii) 3-Chloro-5-difluoromethoxytropic acid

a-Fonnyl(B-chloro-S-diﬂuoromemoxypl';enyl)acetic acid methyl ester
(400 mg, 1.4 mmol; see step (vii) above) was dissolved in THF:methanol
(50 mL, 9:1). Sodium borohydride was added and the mixture was stirred
at ambient temperature for 30 minutes. Water was added and the mixtlire

was concentrated to produce an aqueous suspension, which was taken up in
ethyl acetate and water. The phases were separated and the organic phase
was washed with sodium chloride (15% in water), dried over sodium’
sulphate, filtered and concentrated at reduced pressure. The residue was
dissolved in methanol (30 mL) and hydrolyzed with sodium hydi'oxide
(1 mL, 10 M) at ambient temperature for 10 minutes. Extractive work up
gave 180 mg, 0.68 mmol (yield: 48%) of the sub-title compound.

'H-NMR (500 MHz; CDCL,): § 7.18 (m; 1H), 7.10 (m, 1H), 7.00 (m. 1H),
6.50 (t, 1H, Jpyy 73), 4.11 (m, 1H), 3.90 (m, 1H), 3.84 (m, 1H)

(ix) Ph(3-CI)(5-OCHF i_—(.S')CH(CHQLOEC(O)-Aze-Pab x HOAc

3-Chloro-5-difluoromethoxytropic acid (180 mg, 0.7 mmol; see step (viii) above),
H-Aze-Pab(Teoc) x HCl (450 mg, 1 mmol) and PyBOP (530 mg, 1 mmol) were
dissolved in DMF (10 mL), whereafter DIPEA (550 mg, 3.9 mmol) was added.
The mixture was stirred at ambient temperaim'e for 1 h before it was diluted with
brine (20 mL, 15% NaCl) and extracted with ethyl acetate (40 mL). The extract
was dried over. sodium sulphate, filtered and evaporated to dryness. The residue
was dissolved in methylene chloride (5 mL) and trifluroacetic acid (5 mL) was
added. After 1 h at ambient temperature, the mixture of diastercomers was

evaporated to dryness and the residue was chromatographed on a reverse phase .
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column (acetonitrile;water (30:70), buffer: ammonium acetate 0.1 M). Freeze

drying ga\;e 36 mg, 0.067 mmol (yield: 10.4%) of the title compound.

MS (ES) 481 (M +1)"

'H-NMR (400 MHz; CDCy): § 7.77 (4, 2H), 7.57 (d, 2H), 7.30 (m, 1H), 7.13 (m,
2H), 6.87 (t, 1H, Je.y 73 Hz), 4.76 (m, 1H), 4.55 (s, 2H); 4.37 (m, 1H), 4.03 (m,

2H), 3.82 (m, 1H), 3.72 (m, 1H), 2.53 (m, 1H), 2.28 (m, 1H), 1.92 (s, 1,5H)

C.NMR (100 MHz; CD;0D): (carbonyl and/or amidine carbons) 6 172.3, 171.9,

167.2

Example 10
Ph(3-Cl)(5-OCF_;)-(.S)CH(CH!QH)C(O)-Aie-Pab x TFA

(1) 3-Chloro-5-trifluoromethoxybenzyl mesylate

To a solution of 3-chloro-5-trifluoromethoxybenzyl alcohol (6.1 g,
26.9 mmol; see Example 6(v) above) in CH,Cl; (250 mL) at 0°C under &
nitrogen atmosl;here was added DIPEA (4..2 g, 32.3 mmol) .and'_
r.netlinnesulfonyl chloride (3.4 g, 29.6 mmol). The solution was stirred at
0°C for 1.5 hours and quenched with H,0. The organics were separated and -
then washed with H,0 (1x), IN HCl (lx_), H;0 (1x) and aqueous NaHCO;
(1x) and then dried ('N.a;SO..), filtered and concentrated to afford the sub-

title compound (8.2 g, 99%) as en oil.

'H NMR (300 MHz, CDCLy): § 7.37 (s, 1H), 7.28 (s, 1H), 7.18 (s, 1H) 5.23
(s, 2H), 3.07 (s, 3H) '

(ii) 3-Chloro-5-trifluoromethoxybenzyl cyanide

To a solution of 3-chloro-5-trifluoromethoxybenzyl ‘mesylate (8.2 g,
26.8 mmol; see step (i) above) in DMSO (50 mL) was added sodium

cyanide (2.6 g, 53.6 mmol). The resulting heterogeneous solution was

PCT/SE01/02657 qﬁ
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warmed to 50°C and sonicated for 1 hour. The reaction was cooled and
partitioned between Et;O and H;0. The organics were washed with H,O
(2x) and brine (2x). The combined aqueous phases were extracted with
Et;0 (1x). The combined organics were dried (Na,SO,), filtered and
concentrated under a low heat and partial vacuum to afford the sub-title
compound (6.3 g, 100%) as a reddish volatile oil which was used in the next
step without further purification.

'H NMR (300 MHz, CDCl,) § 7.32 (s, 1H), 7.24 (s, 1H), 7.12 (s, 1H), 3.78
(s, 2H) ' '

(iii) 3-Chloro-5-triflucromethoxyphenylacetic acid °

To a solution of 3-chloro-5-trifluoromethoxybenzyl cyanide (6.3 g,
26.7 mmol; sce step (i.i) above) in 2-propanol (100 mL) was added water
(200 mL) and potassium hydroxide (7.5. g, 133.5 mmol). The solution was
refluxed for 18 h, cooled to room temperature, and the 2-propanol was
removed in vacuo. The aqueous phase was washed with CH,Cl; (2x) and.
the washings discarded. The basic aqueous phase was acidified with 2N
HCI and extracted with CH;Cl (3x). The CH;Cl, extracts were dried
(Na;SO,), filtered and concentrated in vacuo to afford the sub-title
compound (5.2 g, 76%) as an oil which was used in the next step without '

further purification.

'H NMR (300 MHz, CDCly): & 7.25 (s, 1H), 7.19 (s, 1H), 7.08 (s, 1H), 3.68
(s, 2H)

(iv) Ethyl 3-chloro-5-trifluoromethoxyphenylacetate
To a solution of 3-chloro-5-triflucromethoxyphenylacetic acid .(5.2 g,
20.4 mmol; see step (iii) above) in EtOH (600 mL) was added sulfuric acid

(several drops). The solution was refluxed for 18 h, cooled to room
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temperature, ncutralized with solid NaHCO; and the EtOH removed in
vacuo. The residue was diluted with EtOAc then.washed with H,O (1x),
aqueous NaHCO; (1x) and brine (1x). The organics were dried (Na;SOy),
filtered and concentrated in vacuo to afford the sub-title compo{md (5.5 g,
96%) as an oil which was used in the next step without further purification.

'H'NMR (300 MHz, CDCl,) & 7.24 (s, 1H), 7.16 (s, 1H), 7.07 (s, 1H), 4.13-
4.22 (q, J=8 Hz, 2H), 3.63 (s, 2H), 1.24-1.32 (t, J = 8 Hz, 3H)

(v) Ph(3-CI)}(5-OCF3)-(R,SYCH(CHO)C(O)OEt

To a solution of ethyl 3-chloro-5-trifluoromethoxyphenylacetate (4.5 g,
15.9 mmol; sce step (iv) above) in anhydrous THF (400 mL) under a
nitrogen atmosphere at less than 0°C (ice-MeOH bath) was added sodium
cthoxide (4.5 g, 63.6 mmol). The cold solution was stirred for 40 minutes
and ethyl formate (8.1 g, 111.3 mmol) was added. The solution was stirred

at 0°C for 30 minutes, warmed to room temperature and st.in'ed for 2 hc:urs.
Then, the THF was removed in vacuo. The residue was diluted with Et,0
and extracted with H;O (1x) and 0.5M NaOH (3x). The aqueous extracts
were acidified with 2N HCI and extracted with CH,Cl, (3x). The combined
organics were dried (Na;SO,), filtered and concentrated in vacuo to afford
the crude sub-title compound (3.9 g). Flash chromatography on silica gel
eluting with Hex:EtOAc (4:1) afforded the sub-title compound (3.0 g, 61%)
as an oil.

'H NMR (300 MHz, CDC];; mixture of isomers): & 12.30 and 12.25 (s,
1H), 7.39 and 7.34 (s, 1H), 7.21 (s, 1H), 7.17 (s, 1H), 7.08 (s, 1H), 4.27-
4.37 (q, /= 8 Hz, 2H), 1.28-1.38 (t, /= 8 Hz, 3H)

(vi) Ph(3-CI)(5-OCF;)-(R S)CH(CH,OH)C(O)OEt
To a solution of Ph(3-CI)}(5-OCF;)-(R,S)CH(CHO)C(O)OEt (3.0 g,
9.66 mmol; see step (v) above) in MeOH (200 mL) at —-10°C (ice-MeOH

Nl
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bath) was added sodium borohydride (0.7 g, 19.32 mmol) portion-wise over
5 min. The solution was stirred at —-10°C for 45 minutes and additional
sodium borohydride (0.4 g) was added. After another 15 minutes, the
reaction was quenched with aqueous ammonium chloride, made weakly
acidic with 2N HCI and the MeOH was removed in vacuo. The residue was
diluted with EtOAc and washed with H,O (1x), aqueous NaHCO; (1x) and
brine (1x). The organics were dried (Na;SO;), filtered and concentrated in
vacuo to afford the crude sub-title compound. Flash chromatography on
gilica gel eluting with Hex:EtOAc (5:1) afforded the sub-title compound

(2.0 g, 66%) as an oil.

'H NMR (300 MHz, CDCls): 8 7.26 (s, 1H), 7.19 (s, 1H), 7.07 (s, 1H),
4.16-4.28 (m, 2H), 4.04-4.15 (m, 1H), 3.76-3.94 (m, 2H), 2.33 (t, /= 6 Hz,
1H), 1.18-1.30 (t, J = 8 Hz, 3H)

(vii) Ph(3- Cl)(S-OCF;) (R,S)CH(CH;OH)C(O)OH

To a solution of Ph(3-CI)(5-OCF)-(R,S)CH(CH,OH)C(O)OEt (2. 0 g,
6.24 mmol; see step (vi) above) in THF (50 mL) and H,0 (25 mL) was
added lithium hydroxide monohydrate (0.5 g, 12.48 mmol). The solution
was stirred at room temperature for 1 hour and the THF was removed in
vacuo. The residue was diluted with H,O then washed with CHCl; (2x) and
the washings discarded. The basic aqueous layer was acidified with 2N
HCI and extracted with CHCl, (4x). The CHCl, extracts were dried
(Na,SQ,), filtered and concentrated in vacuo to afford the crude sub-title -
compound (1.5 g) as an oil. Flash chromatography on silica gel eluting with
CHCl;:MeOH:concentrated NH,OH (gradient from 7.0:2.5:0.5 to 6:3:1)
afforded the ammonium salt of the sub-title compound (1.1 g). The
ammonium salt was partitioned between 1N HCl and CHCl;. The organics
were dried (Na,;SO,), filtered and concentrated in vacuo to afford the sub-
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title compound (also known as 3-chloro-5-trifluoromethoxytropic acid) as

an oil (1.1 g, 62%).

' NMR (300 MHz, CD,0D):5 7.41 (s, 1H), 7.27 (s, 1H), 7.24 (s, 1H), 4.03
(m, 1H), 3,75-3.87 (m, 2H)

. (viii) Ph(3-Cl)(S-OCFJ)-(S)CH(CH!OH)C(O)-Aze-Pab(T eoc) (a) and Ph(3-

CI)(5-OCF;)-(R)CH(CH,OH)C(0)-Aze-Pab(Teoc) (b)
To a solution of Ph(3-Cl)(5-OCF;)-(R,S)CH(CH,OH)C(O)OH (0.65 g,
2.28 mmol; see step (vii) above) in DMF at less than 0°C (ice-MeOH bath)

- was added H-Aze-Pab(Teoc) (0.90 g, 2.39 mmol), collidine (0.71 g, 5.70

mmol) and PyBOP (1.31 g, 2.51 mmol). The resulting solution was stirred
at less than 0°C for 1 h, warmed to room temperature and stirred for 1 hour.
The DMF was then removed in vacuo. The residue was. diluted with BtOAc
and washed with dilute aqueous HCI (1x), brine (1x), aqueous NaHCO,
(1x) and brine (1x). The organics were dried (Na,SO,), filtered and
concentrated in vacuo to afford the crude sub-title compound (2.1 g) -as a
mixture of diastereomers. Flash chromatbgraphy (3x) on silica gel eluting -
first with EtOAc:MeOH (95:5) then with CH;Cly:MeOH (97:3) and last
with CH;Cl;:MeOH '(95:5) afforded the sub-title compounds diastereomer

" (a) (0.51 g, 35%) and diastereomer (b) (6.45 g, 31%) as crushable foams.

For sub-title compound diastereomer (a) .

'H NMR (300 MHz, CD;0D, complex mixture of rotamers) 5 7.79-7.85 (d,
J = 8 Hz, 2H), 7.22-7.49 (m, 5H), 5.174.77 (m, 1H), 4.53-4.18 (m, 4H),
3.58-4.11 (m, 5H), 2.47-2.73 (m, 1H), 2.1i-2.34 (m, 1H), 1.08-1.12 (m,
2H), 0.07 (s, SH) :

MS (m/z) 643 (M + 1)*

l’(.'l'ISI'T.I)lﬂ)ZGS'lkl3
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(ix) Ph(3-C)(5-OCF)-S)CH(CH,0H)C(0)-Aze-Pab x TFA
Ph(3-CI)(5-OCF3)-(S)CH(CH;OH)C(O)-Aze-Pab(Teoc), (78 mg, 0.121
mmol; see step (viii) above - diastereomer (a)), was dissolved in 5§ mL of

triflucroacetic acid. After 10 minutes, the reaction was over and the solvent
was evaporated. The residue was freeze dried from water and acetonitrile to
give the desired product. Yield: 70 mg (94%).

MS (m/z) 483 (M - 1)"; 485 (M + 1)*

'"H-NMR(400 MHz; D;0) rotamers 1:1: 5 8.83 (bt, 1H), 7.79 (d, 1H), 7.72
(d, 1H), 7.54 (d, 1H), 7.43 (d, 2H), 7.35 (m, 1H, rotamer), 7.28 (m, 1H,
rotamer), 7.20 (m, 1H, rotamer), 7.05 (m, 1H, rotamer), 522 (m, 1H,
rotamer), 4.83 (m, 1H, rotamer), 4.57 (m, 2H, rotamer), 4.38 (m, 2H,
rotamer), 4.3-3.7 (m, 5H), 2.77 (m, 1H, rotamer), 2.55 (m, 1H, rotamer),
2.27 (m, 1H)

C-NMR (100 MHz; D;0): (carbony] and/or amidine carbois, rotamers) 3

"172.9,172.2,172.0, 171.8, 166.9 .

Example 11 -
Ph(3-CI)(5-OCF;)-(S)CH(CH;OH)C(O)-Aze-Pab(OMe)

(i) Ph(3-C])(S-OCI;‘;)-(.S')CH(CH;OH)C(O)—Aze-Pab(OMe,' Teoc)

Ph(3-CI)(5-OCF,)-(S)YCH(CH,OH)C(O)-Aze-Pab(Teoc) (100 mg, 0.155
mmol; see Example 10(viii) above), was dissolved in 12 mL of
tetrahydrofuran. O-Methylhydroxylamine hydrochloride (44 mg,
0.53 mmol), was added and the reaction was heated at S0°C overnight. The

reaction mixture was evaporated and the residue purified by preparativé
HPLC (CH;CN/0.1 M NH,OAc (70/30)). The pertinent fractions were.
evaporated and the residue dissolved in a small amount of acetonitrile and
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water and freeze dried. The freeze drying was repeated once. - Yield: 80 mg
(76%) of pure material.

'H-NMR(400 MHz; CD;0D) rotamers: § 7.5-7.4 (m, 3H), 7.35-7.2 (m, 4H),
5.15 (m, 1H, minor rotamer), 4.74 (m, 1H, major rotamer), 4.5-4.25 (m,
3H), 4.2-3.95 (m, 4H), 3.91 (b, 3H), 3.9-3.6.(m, 2H), 2.63 (m, 1H, minor
rotamer), 2.50 (m, 1H, major rotamer), 2.3-2.1 (m, 1H), 0.95 (m, 2H), 0.02
(s, 9H, major rotamer), 0.01 (s, 9H, minor rotamer)

(i1) Ph(3-CI)(5-OCF;)-(S)CH(CH,OH)C(O)-Aze-Pab(OMe)
Ph(3-CI)(5-OCF)-(S)CH(CH,OH)C(O)-Aze-Pab(OMe, Teoc), (80 mg,
0.12 mmol; see step (i) above), was dissolved in 1 mL of methylene
chloride and cooled in an ice bath. Trifluoroacetic acid, 3 mL, was added
and the reaction flask was .kept in the ice bath for two hours. The mixture
was evaporated and dissolved in ethyl acetate and washed three times with -
NaHCO; (aq) then with wate-r and brine. The organic phase was dried
(Na,;S0O,), filtered and evaporated. The residue was freeze dried from &
small amount of acetonitrile and water. 'Yield: 60 mg (95%) of pure title

product.

MS (m/z) 528 (M - 1)"; 531 (M + 1)*

'H-NMR(500 MHz; CD;0D) rotamers: § 7.65-7.55 (m, 3H, rotamers), 7.45 .
(m, 1H, major 1-'otamer), 7.4-7.2 (m, 4H), 5.15 (m, 1H, minor rotamer), 4.74
(m, 1H, major rotamer), 4.5-4.3 (m, 3H), 4.05-3.95 (m, 2H), 3.85 (m, 1H,
major rotamer), 3.82 (s, 3H, major rotamer), 3.81 (s, 3H, minor rotamer),
3.73 (m, 1H, major rotamer), 3.67 (m, 1H, minor rotamer), 3.62 (m, 1H,
minor rotamer), 2.63 (m, 1H, minor rotamer), 2:50 tm, 1H, major rotamer),

2.24 (m, 1H, major rotamer), 2.16 (m, 1H, minor rotamer)

PCT/SED1/02657 I
79
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BC.NMR (125 MI-iz; CD;0D): (carbonyl and/or amidine carbons,
rotamers) & 174.0, 173.2, 172.7, 172.6, 155.1

Example 12
Ph(3-CI)(5-OCHF;)-(R)CH(OH)C(0O)-Aze-Pab(OMe)

¢)] Ph(3-Cl)(S-OCHFQ)-(R)CH(OH)C(6)-Aze-Pab(OMe, 'i‘eoc)

Ph(3-Ci)(5-OCHF3)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.40 g, 0.65 mmol;
see Example [(ix) above), was dissolved in 20 mL of acetonitrile and 0.50 g
(6.0 mmol) of O-methyl hydroxylamine hydrochloride was added. The

mixture was heated at 70°C for 2 h. The solvent was evaporated and the

residue was’ partitioned between water and ethyl acetate. The aqueous
phase was extracted twice more with ethyl acetate and the combined
organic phase was washed with water, brine, dried (Na;SO,), filtered and .
evaporated. Yield: 0.41 g (91%). . '
'H-NMR (400 Mi—lz; CDCl,) : & 7.83 (bt, 1H), 7.57 (bs, 1H), 7.4-7 (d, 2H),..
7.30.(d, 2H), 7.20 (m, 1H), 7.14 (m, 1H), 7.01 (m, 1H), 6.53 (t, 1H), 4.89 (s,
1H), 4.87 (m, 1H), 4.47 (m, 2H), 4.4-4.2 (b, 1H), 4.17-4.1 {m, 3H), 3.95 (s,
3H), 3.67 (m, 1H), 2.68 (m, 1H), 2.42 (m,1H) 0.97 (m, 2H), 0.01 (s, 9H).

(ii) Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OMe)

Ph(3-CI)(5-OCHF,)-(RYCH(OH)C(0)-Aze-Pab(OMe, Teoc) (0.40 g, 0.62
mmol; see step (i) above), was dissolved in 5 mL of TFA and allowed to
react for 30 min. TFA was evaporated and the residue was partitioned
between ethyl acetate and NaHCO; (aq.). The aqueous phase was extracted
twice more with ethyl acetate and the combined organic phase was washed . -

with water, brine, dried (N2;SOy), filtered and evaporated. The product was
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freeze dried from water/acetonitrile. No purification was necessary.Yield:
0.28 g (85%).

'H-NMR (600 MHz; CDCl;) : & 7.89 (bt, 1H), 7.57 (d, 2H), 7.28 (d, 2H),
7.18 (m, 1H), 7.13 (m, 1H), 6.99 (m, 1H), 6.51 (t, 1H), 4.8 (s, 1H), 4.87 (m,
1H), 4.80 (bs, 2H), 4.48 (dd, 1H), 4.43 (dd, 1H), 4.10 (m, 1H), 3.89 (s, 3H),

_ 3.68 (m, 1H), 2.68 (m, 1H), 2.40 (m, 1H).

3C.NMR (125 MHz; CDCly): (carbonyl and/or amidine carbons, rotamers)
5172.9, 170.8, 152.7, 152.6 |
MS (m/z) 495 (M - 1), 497 (M + 1)*

Example 13
Ph(3-OCHF,)-(RYCH(OH)C(0)-Aze-Pab x HOAc

Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OMe) (13 mg, 0.026 mmol;

" sce Example 12 above) was dissolved in abs. ethanol (5 mL) and 30 mg of

10% Pd/C was added. Finally acetic acid (5 pL) was added and the mixture
was hydrogenated at atmospheric pressure for 20h. The mixture was,
filtered through Celite®, evaporated, and purified by reversed phase HPLC
(0.1 M aq. ammonium acetate/MeCN). -The appropriate fractions were
freeze-dried to afford the title compound as a white solid: 8.5 mg (66%).

'H-NMR(400 MHz; CD;0D) rotamers: & 7.73-7.78 (m, 2H), 7.55 (d, 2H),
7.19-7.43 (m, 3H), 7.06-7.13 (m, 1H), 6.83 (t, 1H, Jus = 74Hz, major
rotamer), 6.81 (t, 1H, major rotamer), 5.20 (s, 1H, major rotamer), 5.19 (m,
1H, minor rotamer), 5.15 (s, 1H, minor rotamer), 4.78 (m, 1H, major
rotamer), 4.4-4.6 (several peaks, 2H), 4.35 (m, 1H, major rotamer), 4.08 (m,
1H), 3.99 (m, 1H, minor rotamer), 2.70 (m, 1H, minor rotamer), 2.52 (m,
1H, major rotamer), 2.30 (m, 1H, major rotamer), 2.15 (m, 1H, minor
rotamer), 1.89 (s, 3H).

Y

S
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BC-NMR (100 MHz; CD;0D): (carbonyl and/or amidine carbons,
rotamers) 5 173.7, 172.9, 168.3.
MS (m/z) 433 (M+1)" ; 431 (M-1)°

Example 14
Ph(3-OCF3)-(R)CH(OH)C(0O)-Aze-Pab x TFA

: Ph(3-Cl)(5-OCFJ)-(R)CH(OH)C(O_)-Aze-Pab x TFA (34 mg, 0.057 mmol,

from Example 6) was dissolved in 5 mL of ethanol and 20 mg of 10% Pd/C
was added. The mixture was hydrogenated at atr_posp;heric pressure
overnight. The mixture was filtered through Celite®, evaporated, and
freeze dried from water/acetonitrile.

'H-NMR(400 MHz; CD;0D) rotamers: 5 7.8-7.7 (m, 2H), 7.55 (m, 2H),
7.5-71.2 (m, 4H), 5.24 (s, 1H, major rotamer),. 5.23 (m, 1H, minor rotamer),
5.18 (s, 1H, minor rotamer), 4.77 (m, 1H, major rotamer), 4.6-4.45 (m, 2H),
4.36 (m, 1H, major rotamer), 4.08 (m, 1H), 3.99 (m, 1H, minor rotarger),
2.70 (m, 1H, minor rotamer), 2.52 (m, 1H, major rotamer), 2.30 (m, 1H,
major rotamer), 2.15 (m, 1H, minor rotamer). -

JC.NMR (100 MHz; CD;OD): (carbonyl and/or amidine carbons,
rotamers) 3 174.1, 173.9, 173.5, 172.9, 168.2.

_F NMR (282 MHz; CD,0D): -59.8 and -59.9 (3F, minor and major
rotamer respectively), -77.4 (3F) indicates that the salt is TFA.

MS (m/z) 451.3 (M+1)*

i
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Example 15
Ph(3-CI)(5-OCH,CF;)-(R)CH(OH)C(O)-Aze-Pab x TFA

(i) 3-Chloro-S-mﬂuoroethoxybenzaldchyde

To a magnetically stirred solution of 3-chloro-5-hydroxybenzaldehyde (2 0
8, 12.8 mmol; see Example 1(ii) above) and potassium carbonate (2.3 g,
16.6 mmol) in DMF (35 mL) under nitrogen was added 2,2 2-trifluoroethyl
p-toluencsulfonate (4.2 g, 16.6 mmol) at room temperature. The mixture
was heated to 110°C for 7 h and then stirred overnight at room temperamre
The reaction was cooled to 0°C, poured into ice-cold 2 N HCI (100 mL) and
extracted with EtOAc (2 x 75 mL). The combined organic extracts were
washed with 0.5 N HCl (2 x 50 mL), dried (N2,SO,), filtered, and
concentrated in vacuo. The brown oil was chromatographed on silica gel
eluting with Hex:EtOAc (6:1) to afford the sub-title compound (1.9 g, 61%)

as a yellow oil.

'H NMR (300 MHz, CDCl;) § 9.44 (s, 1H), 7.56 (s, 1H), 7.33 (s, 1H), 7.28

(s, 1H), 4.42 (q, J = 8 Hz, 2H)

(i) Ph(3-CI)(5-OCH,CFy)-(R S)YCH(OTMS)CN

To a solution of 3-chloro-5-trifluoroethoxybenzaldehyde (5.2 g, 21.7 mmol;
sce step (i) above) and zinc iodide (1.7 g, 5.4 mmol) in CH;Cl; (200 mL)
under nitrogen was added trimethylsilyl cyanide (4.3 g, 43.3 mmol)
dropwise via syringe at 0°C. The mixture was stirred at 0°C for 3 h then
diluted with H,O (150 mL) The organic layer was separated, dried
(Na,S0,), filtered, and concentrated in vacuo to afford the sub-title
compound (6.9 g, 95%) as a yellow oil which was used w1thout further

purification.

‘b

PCT/SE01/02657
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'H NMR (300 MHz, CDCly) & 7.27 (s, 1H), 6.98 (s, 2H), 5.44 (s, 1H), 4.38
(q, /=8 Hz, 2H), 0.30 (5, 9 H)

(iii) Ph(3-CI}(5-OCH,CF3)-(R,SYCH(OH)C(O)OH -
Concentrated hydrochloric acid (170 mL) was added to Ph(3-CI)(5-

' OCH,CF3)<R,S)CH(OTMS)CN (6.9 g, 20.4 mmol; see step (ii) above) and

stirred at 100°C for 1 h. After cooling to room temperature, the reaction
was further cooled to 0°C and basified slowly with 3 N NaOH (300 mL).
‘This mixture was washed with Et;O (2 x 100 mL) and the aqueous layer
was acidified with 2 N HCI (50 mL). The aqueous layer was then extracted .
with EtOAc (2 x 100 mL), dried (Na;SO,), filtered, and concentrated in’
vacuo to afford the sub-title compound (5.3 g, 92%) as a pale yellow oil
which was used without further purification.

'H NMR (300 MHz, CD;OD) & 7.18 (s, 1H), 7.07 (s, 1H), 7.02 (s, 1H), 5.13
(s, 1H), 4.58 (q, /= 8 Hz, 2H)’ : .

(iv) Ph(3-C1)}(5-OCH,CF5)-(R)YCH(OH)C(O)OH (a) and -Ph(3-CI)(5-
OCH,CF3)~(S)CH(OAc)C(O)OH (b) '

A solution of Ph(3-Cl)(5-OCH;CF,)-(R,S)CH(OH)C(O)OH (7.06 g, 24.8
mmol; see step (iii) above) and Lipase PS “Amano™ (4.30 g) in viny] acetate
(250 mL) and MTBE (250 mL) was heated at 70°C under nitrogen for 40 h.
The reaction was cooled to room temperature, the énzyme was re_moved by
filtration washing with EtOAc, and the filtrate concentrated in vacuo.
Chromatography on silica gel eluting with CHCl;:MeOH:Et;N (92:6:2)
afforded the triethylamine salt of the sub-title compound (a) (3.02 g) as a
yellow oil. The salt of sub-title compound (a) was dissolved in H,O (150 |
mL), acidified with 2 N HCI and extracted with EtOAc (2 x 75 mL). The
combined organic extracts were dried (Na;SOy), filtered, and concentrated
in vacuo to yield the sub-title compound (a) (2.18 g) as an off-white solid.

PCT/SE01/02657
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In addition, the triethylamine salt of sub-title compound (b) (4.73 g) was

obtained from the column chromatography mentioned above.

. Data for sub-title compound (a): '

mp: 98-103°C

'"H NMR (300 MHz, CD,0D) 5 7.18 (s, 1H), 7.07 (s, 1H), 7.02 (s, 1H), 5.13
(s, 1H), 4.58 (q, /= 8 Hz, 2H).

13C NMR (75 MHz, CD,0D) § 175.4, 159.6, 144.6, 136.2, 125.0 (4, J = 277
Hz), 1218, 1159, 113.1, 73.3, 67.0 (q, /= 35 Hz)

HPLC Analysis: 98.6%, >99% ee, Chiralcel OD Column (97:3:0.5
Hex:EtOH:TFA mobile phase)

[a]¥p = -81.5° (¢ = 1.0, MeOH)

APCI-MS: (M- 1)=283 m/z

(v) Ph(3-C1)(5-OCH,CF;)-(R)CH(OH)C(0)-Aze-Pab(Teoc)

. To a solution of Ph(3-CI)(5-OCH,;CF;)-(R)CH(OH)C(O)OH (0.50 g, 1.8
mmol; see step (iv) above (compound (a))) in DMF (20 mL) under nitrogen

was added H-Aze-Pab(Teoc) x HCl t1.03 g, 2.3 mmol), PyBOP (1.01 g, 1.9
mmol), and DIPEA (0.57 g, 4.4 mmol) at 0°C. The reaction was stirred at

0°C for 2 h and then at room temperature for 20 h. The mixture was

-concenu'atcd in vacuo and the residue chromatographed twice on silica gel;

eluting first with CHCI;:EtOH (10:1) and then with EtOAc:EtOH (10:1) to
afford the sub-title compound (0.55 g, 48%) as a crushable white foam.

mp: 90-95°C

R¢=0.42 (10:1 CHCl;:EtOH)

'H NMR (300 MHz, CD;0D, complex mixture of rotamers) 5 7.78-7.81 (m,
2H), 7.38-7.41 (m, 2H), 7.12-7.16 (m, LH), 7.00-7.06 (m, 2H), 5.09-5.22
and 4.75-4.79 (m, 2H), 3.94-4.61 (m, 8H), 2.09-2.75 (m, 2H), 1.04-1.11 (m,
2H), 0.70 (s, 9H) K

PCT/SE01/02657
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APCI-MS: (M +1)=643 m/z

(vi) Ph(3-Cl)(5-OCH,CF;)-(R)CH(OH)C(O)-Aze-Pab x TFA
Ph(3-CI)(5-OCH;CF;)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.066 g, 0.103
mmol; see step (v) above), was dissolved in 3 mL of TFA and allowed to
react for 30 min. TFA was evaporated and the residue was freeze dried
from wate-rlacetor.liu'ille to yield 0.060 g (94%) of the title compound as its
TFA salt. :

s

'H-NMR (400 MHz; CD;0D) rotamers: & 7.8-7.7 (m, 2H), 7.6-7.5 (m, 2H),
7.2-7.0 (m, 3H) 5.21 (m, lH minor rotamer), 5.17 (s, 1H, major rotamer),
5.11 (s, 1H, minor rotamer). 4.81 (m, 1H, major rotamer). 4.6-4.4 (m, 4H),
4.37 (m, 1H, major rotamer), 4.16 (m, 1H, major rotamer), 4.06 (m, 1H,
minor rotamer), 3.99 (m, 1H, minor rotamer), 2.70 (m, 1H, minor rotamer),
2.54 (m, 1H, major rotamer), 2.29 (m, 1H, major rotamer), 2.15 (m, 1H,
minor rotamer) ' -

BC.NMR (100 MHz; CD;0D): (carbonyl and/or amidine carbons,.

. rotamers) 8 172.2, 171.8, 171.7, 167.0.
MS (m/z) 499.3 (M+1)" -

Examgle. 16
Ph(3-Cl)(5-OCHQCFQ-(R')CH(OH)C(O)-Aze-Pab(OMe)

To. a solution of Ph(3-Cl)}{5-OCH;CF;)-(R)CH(OH)C(O)OH (0.48 g, 1.7
mmol; see Example iS(iv) above (compound (a)) in DMF (20 mL) under
nitrogen was added H-Aze-Pab(OMe) x 2HCI (0.74 g, 2.2 mmol), PyBOP
(0.97 g, 1.9 mmol), and DIPEA (0.55 g, 4.2 mmol) at 0°C. The reaction
was stirred at 0°C for 2 h and then at room temperature for 20 h. The

- mixture was concentrated in vacuo and the residue chromatographed twice

on silica gel, eluting first with CHCl;:EtOH (10:1) and second with
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EtOAc:EtOH (10:1) to afford the title compound (0.62 g, 69%) as a

cru_shgble white foam.

mp: 75-80°C -

~ R¢=10.43 (10:1 CHCI;y:EtOH)

'H NMR (300 MHz, CD,0D, complex mixture of rotamers) § 7.57-7.60 (m,
2H), 7.32-7.36 (m, 2H), 7.13-7.17 (m, 1H), 7.00-7.06 (m, 2Hl), 5.09-5.19
and 4.74-4.80 (m, 2H), 3.93-4.62 (m, 6H), 3.81 (s, 3H), 2.10-2.73 (m, 2H)
APCI-MS: (M + 1) =529 m/z '

Example 17
Ph(3-Cl)(S-OCHZCHFE)-(R)CH(OH)C(O)-Aze-Pab x TFA

(i) 2,2-Difluoroethy! ester methanesulfonic acid

To a magnetically stirred solution of 2,2-difluoroethanol (1.52 g, 18.5
mmol) in CH,Cl; (20 mL) under nitrogen was added triethylamine (5.6- 1 g,
55.5 mmol) and metha.ncsu_lfonyl chloride (2.54 g, 22.2 mmol) at 0°C. The
mixture was stirred at 0°C for 1.5 h, diluted with CH,Cl; (50 mL), and
washed with 2 N HCI (50 mL). The aqueous layer was ext_raéted with
CH;Cl; (30 mL) and the combined organic extracts washed with brine (30
mL), dried (Na,S0O,), filtered, and concentrated in vacuo to afford the sub-
title compound (2.52 g, 85%) as a yellow oil which was used without .

further purification.

'H NMR (300 MHz, CDCl,) § 6.02 (tt, J= 3 Hz, J= 55 Hz, 1H), 4.39 (dt, J
=3 Hz, J=13 Hz, 2H), 3.13 (s, 3H)

(if) 3-Chloro-5-difluoroethoxybenzaldehyde
To a solution of 3-chloro-5-hydroxybenzaldehyde (1.50 g, 9.6 mmol; see
Example 1(ii) above) and potassium carbonate (1.72 g, 12.5 mmol) in DMF

PCT/SE01/02657 k{@
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(10 mL) under nitrogen was added a solution of 2,2-diflucroethyl ester
methanesulfonic acid (2.0 g, 12.5 mmol; see step (i) above) in DMF (10
mL) dropwise at room temperature. The mixture was heated to 100°C for 6
h and then stirred overnight at room temperature. The reaction was cooled
to 0°C, poured into ice-cold 2N HCI (100 mL), and extracted with EtOAc
(2 x 75 mL). The combined organic extracts were washed with 0.5 N HCI
(2 x 50 mL), drit?d (Na;SQ,), filtered, and concentrated in vacuo. The

" brown oil was chromatographed on silica gel eluting with Hex:EtOAc (5:1) .

to afford the sub-title compound (1.35 g, 64%) as a yellow oil.

'H NMR (300 MHz, CDCl) 8 9.92 (s, 1H), 7.52 (s, 1H), 7.31 (s, 1H), 7.22

- (s, 1H), 6.12 (#t, /=3 Hz, J= 55 Hz, 1H), 4.26 (dt, /=3 Hz, J= 15 Hz, 2H)

(iii) Ph(3-C1)(5-OCH,;CHF,)-(R,S)CH(OTMS)CN _
To a solution of 3-chloro-5-difluoroethoxybenzaldehyde (1.35 g, 6.1 mmol;

see step (ii) above) and zinc iodide (0.48 g, 1.5 mm;:bl) in CH,Cl; (50 mL)

was added trimethylsilyl cyanide (1.21 g, 12.2 mmol) dropwise at 0°C

-under nitrogen. The mixture was stirred at 0°C for 3 h, then diluted with

H,0 (50 mL). The organic layer was separated, dried (Na;SOy), filtered,
and concentrated in vacuo to afford the sub-title compound (1.85 g, 95%) as

a brown oil which was used without further purification.

'H NMR (300 MHz, CDCly) § 7.13 (s, 1H), 6.94 (s, 2H), 6.10 (tt, J=3 Hz,
J =55 Hz, 1H), 5.43 (s, 1H), 4.20 (dt, /=3 Hz, /= 15 Hz, 2H), 0.28 (s, 9H).

(iv) Ph(3-C1)(5-OCH,CHF,)-(R,S)YCH(OH)C(O)YOH

.Concentrated hydrochloric acid (60 mL) was added to .Ph(3-CI)(5-

OCH;CHF,)-(R,S)CH(OTMS)CN (1.85 g, 5.8 mmol; see step (iii) above)
and stirred at 100°C for 1 h. After cooling- to room temperature, the
reaction was further cooled to 0°C, basified slowly with 3 N NaOH (~180
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mL) and washed with E;O (2 x 75 mL). The aqueous layer was acidified

9
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with 2 N HCI (20 mL) and extracted with EtOAc (2 x 75 mL). The .

_ combined oréanic extracts were dried (Na,SO,), filtered, and concentrated

in vacuo to afford the sub-title compound (1.50 g, 97%) as a pale yellow

solid which was used without further purification.

'H NMR (300 MHz, CD;0D) & 7.15 (s, 1H), 7.05 (s, 1H), 6.98 (s, 1H), 6.19
(tt, J= 4 Hz, J= 55 Hz, 1H), 5.12 (s, 1H), 4.25 (dt, J = 4 Hz, J= 17 Hz, 2H)

{2 Ph(3-CI)}(5-OCH,CHF,)-(S)CH(OACc)C(O)OH (a) and Ph(3-CI)5- |

'OCH,CHF;)-(R)YCH(OH)C(O)OH (b)

A solution of Ph(3-Cl)(5-OCH;CHF,;)-(R,S)CH(OH)C(O)OH (3.90 g, 14.6
mmol; see step (iv) above) and Lipase PS “Amano™ (2.50 g) in vinyl acetate
(140 mL) and MTBE (140 mL) was heated at 70°C under nitrog for 40 h.
The reaction was cooled to room temperature, the enzyme removed by
filtration washing with EtOAc, and the filtrate concentrated in vagz-:o.

Chromatography on silica gel eluting with CHCl;:MeOH:Et;N (92:6:2),

afforded the triethylamine salt of the sub-title compound (e) as a yellow oil.
In addition, the triethylamine salt of the sub-title compound (b) (1.47 g) was
obtained and the salt was dissolved in H,O (100 mL), acidified with 2 N
HCI and extracted with EtOAc (2 x 75 mL). The combined organic extracts
were dried (Na,soo, filtered, and concentrated in vacuo to yield the sub-
title compound (b) (1.00 g) as an off-white solid. |

Data for sub-title compounci (b):

mp: 103-106°C

Re=0.39 (90:8:2 CHCl;:MeOH:Et;N) _

'H NMR (300 MHz, CD;0D) & 7.13 (s, 1H), 7.04 (s, 1H), 6.97 (s, 1H), 6.17
(tt, J=4 Hz, J= 55 Hz, 1H), 5.12 (s, 1H), 4.24 (dt, J = 4 Hz, J = 8 Hz, 2H).

~



10

15

20

25

WO 02744145

PCT/SE01/02657
90

'3C NMR (75 MHz, CD,OD) § 175.5, 160.3, 144.5, 136.1, 121.3, 115.7,
115.3, (t, J = 240 Hz), 112.9, 73.4, 68.6 (t, J =29 Hz)

HPLC Analysis: 96.2%, >95.0% ee, ChiralPak AD Column (95:5:0,5
Hex:EtOH:TFA mobile phase) '
[a]¥p = -84.0° (c = 0.85 MeOH) _

APCI-MS: (M - 1) =265 m/z

(vi) Ph(3-CI)(5-OCH,CHF,)-(R)CH(OH)C(O)-Azc-Pab(Teoc)

To a solution of Ph(3-Cl)(5-OCH,CHF2)-(R)CH(OH)C(O)OH (0.35 g, 1.3
mmol; see step (v) above (compound (b))) in DMF (18 mL) under nitrogen
was added H-Aze-Pab(Teoc) x HCl (0.76 g, 1.7 mmol), PyBOP (0.75g, 1.4
mmol), and DIPEA (0.43 g, 3.3 mmol) at 0°C. The reaction was stirred at
0°C for 2 h and.then at room temperature for 20 h. The mixture was

concentrated in vacuo and the residue chromatographed twice on silica gel,

cluting first with CHCl;:EtOH (10:1), and then with EtOAc:EtOH (10:1) to -

afford the sub-title compound (0.69 g, 84%) as a crushable white foam. _

mp: 108-118°C

" Re=0.48 (10:1 CHCI;:EtOH)

'H NMR (300 MHz, CD;0D, complex mixture of rotamers) & 7.78-7.81 (m,
2H), 7.40-7.43 (m, 2H), 7.09-7.12 (m, 1H), 6.96-7.02 (m, 2H), 6.16 (i, J=
57 Hz, 1H), 5.09-5.20 and 4.75-4.80 (m, 2H), 3.95-4.55 (m, 8H), 2.10-2.75

(m, 2H), 1.04-1.11 (m, 2H), 0.07 (s, 9H)

APCI-MS: (M + 1) = 625 m/z

(vii) Ph(3-CI)(5-OCH,CHF,)-(R)CH(OH)C(O)-Aze-Pab x TFA ‘

Ph(3-C1)(5-OCH,CHF,)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.086 g, 0.138
mmol; see step (vi) above), was dissolved in 3 mL of TFA and allowed to
react for 1 h. TFA was evaporated and the residuc was frecze dried from
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. water/acetonitrile to yield 0.080 g (98%) of the title compound as its TFA

salt.

'"H-NMR (300 MHz; CD;0D) rotamers: § 7.8-7.7 (m, 2H), 7.6-7.5 (m, 2H),
7.15-6.95 (m, 3H), 6.35-5.95 (m, 1H), 5.20 (m, 1H, minor rotamer), 5.14 (s,

1H, major rotamer), 5.10 (s, 1H, minor rotamer), 4.80 (m, 1H, major .

rotamer), 4.6-4.0 (m, 6H), 2.70 (m, 1H, minor rotamer), 2.53 (m, 1H, major
rotamer), 2.29 (m, 1H, major rotamer), 2.15 (m, 1H, minor rotamer).
'C-.NMR (100 MHz; CD;OD): (carbonyl end/or amidine carbons,
rotamers) 5 174.0, 173.8, 173.4, 172.9, 168.2 '

MS (m/2) 481.2 (M+1)"

Example 18 )
Ph(3-C1)(5-OCH,CHF,)-(RYCH(OH)C(O)-Aze-Pab(OMe)

To a solution of Ph(3-Cl)}(5-OCH,;CHF,)-(R)CH(OH)C(O)OH (0.30 g, 1.7
mmol; see Example 17(v) above (compound (b))) in DMF (15 mL) under

nitrogen was added H-Aze-Pab(OMe) x 2HCI (0.49 g, 1.5- mmol), PyBOP,

(0.65 g, 1.2 mmol), and DIPEA (0.36 g, 2.8 mmol) at 0°C. The reaction
was stirred at 0°C for 2 h and then' at room temperature for 20 h. “The
mixture was concentrated in vacuo and the residue ch;'omatogmphed three
times on silica gel, eluting first with CHCI;:EtOH (10:1), then with
EtOACc:EtOH (10:1), and finally with CHCl;:MeOH (20:1) to afford the title
compound (0.47 g, 81%) 'as_a crushable white foam.

mp: 65-75°C

Ry=0.37 (10:1 CHCI;:EtOH) _

'"H NMR (300 MHz, CD;0D, complex mixture of rotamers) & 7.58-7.60 (m,
2H), 7.32-7.35 (m, 2H), 7.09-7.12 (m, 1H), 6.96-7.02 (m, 2H), 6.16 (1, J =

PCT/SE01/02657 M
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55 Hz, 1H), 5.08-5.18 and 4.74-4.80 (m, 2H), 3.96-4.50 (m, 6H), 3.80 (s,
3H), 2.10-2.75 (m, 2H)
APCL-MS: (M +1)=511 m/z

Example 19 _ |
Ph(3-CI)(5-OCH,F)-(R)CH(OH)C(O)-Aze-Pab x TFA

(i) Ph(3-CI)}(5-TMSO)-(R,S)CH(OTMS)CN
To a solution of 3-chloro-5- hydroxybenzaldchyde (5.8 g, 62. 6 mmol; see
Example 1(ii) above) and Znl; (5.0 g, 15.7 mmol) in anhydrous CH;Cl;
(500 mL) at 0°C was added trimethylsilyl cyanide (13.7 g, 138 mmol), The
reaction mixture was allowed to warm to room temperature and stirred
ovemigﬁt. Water (250 mL) was added, and the layers were separated. The
aqueous layer was extracted with CH;Cly (2 X 300 mL). The combined
organic extracts were dried (Na;SO,), filtered, and concentrated in vacuo to
afford the sub-title compound (16.9 g, 83%) as a yellow oil that was pséd

-without further purification.

R¢=0.42 (3:1 Hex:EtOAc)
'HNMR (300 MHz, CDCl;) 8 7.06 (s, 1H), 6.86 (s, 2H), 5.40 (s, 1H),0.30
(s, 9 H), 0.24 (s, 9 H).

(ii) Ph(3-Cl}(5-OH)-(R.S)CH(OH)C(O)OH

A solution of Ph(3-CI)5-OTMS)~(R,S)CH(OTMS)CN (22.6 g, 68.8 mmol
see step (i) above) in concentrated HCl (200 mL) was refluxed under
nitrogen for 3 h. The reaction was cooled to 0°C and basified slowly with
2N NaOH. The mixture was washed with Et,0 (3 x 100 mL) to remove the
organic impurities. The aqueous layer was acidified with 2N -HCI and
extracted with EtOAc (3 x 200 mL). The combined organic extracts were
dried (Na,SQO,), filtered, and concentrated in vacuo to afford the sub-title
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compound (9.3 g, 67%) as a brown oil that was used without further

purification.

R¢=0.23 (6:3:1 CHCl;:MeOH:concentrated NH,OH)
'"H NMR (300 MHz, CD;0D) & 7.05 (s, 1H), 6.94 (s, 1H), 6.73 (s, 1H), 5.03
(s, 1H). '

(iii) Ph(3-Cl)(S-0H)-(R.S)CH(OH)C((10Et

To a solution of Ph(3-Cl)(5-OH)~(R,S)CH(OH)C(O)OH (9.3 g, 46.0 mmol;
see step (ii) above) in absolute EtOH (200 mL) was added concentrated
sulfuric acid (0.25 mL) and the reaction was reﬂuz.ced under nitrogen for 4 h.
The reaction was cooled to 0°C and sc_ilid NaHCO; (0.2 g) was added. The
reaction was concentrated in vacuo and partitioned with saturated NaHCO;
(100 mL) and Et;,0 (3 x 50 mL). The combined organic extracts were dried
(Na;S0,), filtered, and concentrated in vacuo to give the sub-title compound
(6.9 g, 65%) as a yellow oil which was used without further purification,

R;=0.62 (6:3:1 CHCl;:MeOH:concentrated NH,OH).
'H NMR (300 MHz, CDC);) 5 6.99 (s,-1H), 6.81 (s, 2H), 5.07 (s, 1H), 4.16-
4.32 (m, 2H), 1.23 (t, /= 7 Hz, 3H). :

(iv) Ph(3-CI)(5-OCH,F)-(R,S)CH(OH)C(Q)OEt

To a solution of Ph(3-Cl)(5-OH)-(R .S')CH(OH)C(O)OEt (6.1 g, 26. 8 mmol; -

see step (iii) above) in DMF (100 mL) in a sealed flask under mtrogen at
0°C was addec_l cesium carbonate (13.1 g, 40.2 mmol). The reaction
mixture was stirred at 0°C for 15 minutes followed by the -addition of
potassium iodide (0.5 g, 2.7 mmol). The reaction was cooled to ~78°C and
chlorofluoromethane (18.4 g, 268 mmol) was bubbled into th; vessel. The

scaled flask was then allowed to warm to room temperature and stirred for

Sl
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03 i

‘\



10

15

20

25

WO 02/44145

_ PCT/SE01/02657
94
18 h. The reaction mixture was cooled to 0°C, v;ented carefully to remove
any excess chlorofluoromethane, and partitioned with H;0 (20 mL) and
Et;0 (3 x 50 mL). The combined organics were washed wiih brine (2 x 50
mL), dried (Na;SO,), filtered and concentrated in vacuo. Flash
chromatography on silica gel eluting with Hex:EtOAc (gradient from 9:1 to
3:1) afforded the sub-title compound (2.4 g, 35%) as a light yellow oil.
Note: The compound is faintly uv-visible on TLC. It can be visualised by
staining the TLC with bromocresol green. -

Ry=0.46 (2:1 Hex:EtOAc) .

'H NMR (300 MHz, CDCl,) 5 7.21 (s, 1H), 7.08 (s, 1H), 7.05 (s, 1H), 5.70
(d, Ju.r = 54 Hz, 2H), 5.12 (d, J = 5 Hz, 1H), 3.80-4.35 (m, 2H), 3.50 (d, J=
5 Hz, 1H), 1.26 (t, J = 7 Hz, 3H). '

) Ph(3-Cl)(S-OCH!F)-(R,S)CH(Oi-I)C(O)OH
To a solution of Ph(3-Cl)(5-OCH;F)-(R,S)CH(OH)C(O)OEt (1.8 g,.6.8

- mmol; see step (iv) above) in H;O:THF (30 mL, 1:2) at 0°C under nitrogen. .

was added lithium hydroxide monohydrate (0.40 g, 10.3 mmol). The
mixture was stirred at 0°C for 2 h. The reaction mixture was concentrated
in vacuo and partitioned with H,O (5 mL) and Et;0 (2 x 20 mL). The
aqueous layer was acidified carefully with 0.2N HCI at 0°C and extracted
with EtOAc (3 x 30 mL). The combined organics were dried (Na;SO,),
filtered and concentrated in vacuo to afford the sub-title compound (1.4 g,
87%) as a colourless oil which solidified to a white solid upon standing.

Ry=0.43 (6:2:1 CHCl;:MeOH:Et;N),
'H NMR (300 MHz, CD,0D) & 7.24 (s, 1H), 7.17 (s, 1H), 7.07 (s, 1H), 5.78
(d, Jur = 54 Hz, 2H), 5.13 (s, 1H).
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(vi) Ph(3-C1)(5-OCH,F)-(R)CH(OH)C(O)OH (a) and Ph(3-C1)(5-OCH,F)-
(S)CH(OAC)C(O)OH (b) '

A mixture of Ph(3-CI)}(5-OCH,F)-(R,S)CH(OH)C(O)OH (3.2 g, 13.9 mmol;
see step (v) above) and Li;;ase PS “Amano” (1.9 g) in vinyl acetate (150
mL) and MTBE (150 mL) was heated at 70°C under a nitrogen atmosphere
for 3 d. "The reaction mixture was cooled, filtered through Celite® and the
filter cake washed with EtQAc. The filtrate was concent-rated in vacuo and
subjected to flash chromatography on a silica gel eluting with
CHCIl3:MeOH:EtyN (15:1:0.5) I:o afford the triethylamine salt of the 'st:lb-
title compound (a) (0.50 g, 21%) that was used without neutralisation. In

addition, the triethylamine salt of the sub-title compound (b) (0.46 g, 20%)

was obtained.

Data for Sub-Title Compound (a):
Re=0.19 (15:1:0.5 CHCl;:MeOH:Et;N)
'H NMR (300 MHz, CD;0D) 5 7.26 (s, 1H), 7.18 (s, 1H), 6.97 (s, 1H), 5.74

(d, Jur = 54 Hz, 2H), 4.81 (s, 1H), 3.17 (q, J = 7 Hz, 6H), 1.28 (t, /=7 Hz,__

OH).

Data for Sub-Title Compound {b)

Re=0.33 (15:1:0.5 CHCl;:MeOH:Et;N) _

'H NMR (300 MHz, CD;0D) & 7.28 (s, 1H), 7.19 (s, 1H), 7.09 (s, 1H), 5.76
(d, Jup = 54 Hz, 2H), 5.75 (s, 1H), 3.17 (g, J = 7 Hz, 6H), 2.16 (s, 3H), 1.28

. (,J="7Hz, 9H).

(vii) Ph(3-CI)(5-OCH,F)-(R)CH(OH)C(O)-Aze-Pab(Teoc)

To a solution of the tricthylamine salt of Ph(3-Cl)(5-OCH,F)-
(RYCH(OH)C(O)OH (0.50 g, 1.50 mmol; see step (vi) above) and HAze-
Pab(Teoc)*HCI (0.87 g, 1.90 mmol) in dry DMF (15 mL) under nitrogen at

ST
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0°C was added PyBOP (0.85 g, 2.60 mmol) and DIPEA (0.48 g, 3.70
mmol). The reaction was allowed to warm to room temperature and stirred
overnight. The reaction mixture was concentrated in vacuo and flash
chromatographed twice on silica gel, eluting first with CHCl;:EtOH (9:1)
and second with EtOAc:EtOH (20:1) to afford the sub-title compound (0.23 -
g, 26%) as a crushable white foam. o

Mp:'88-92°C _

Re=0.61 (9:1 CHCl,:EtOH)

'H NMR (300 MHz, CD;0D, complex mixture of rotamers) § 7.81 (d, /=8
Hz, 2H), 7.40-7.42 (m, 2H), 7.06-7.23 (m, 3H), 5.76 (d, Ju.r = 51 Hz, 2H),
5.10-5.16 and 4.77-4.83 (m, 2H), 3.80-4.49 (m, 6H), 2.30-2.53 (m, 2H),
1.08 (t, /= 7 Hz, 2H), 0.08(s, 9H).
APCI-MS (M + 1) = 593 m/z

- (viii) Ph(3-Cl)(S-OCHgF)-(RiCH(OH)C(O)-Aze-Pab x TFA .

Ph(3-CI)(5-OCH;F)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.051 g, . 0.086.
mmol; see step (vii) above), was dissolved in 3 mL of TFA and allowed to
react for 20 min. TFA was evaporated and the residue was freeze dried
from water/acetonitrile. The product was 95% pure with 5% of
deﬂuoromethyiated material. Attempts to purify it by preparative RPLC
with CH;CN:0.1M NH,OAc failed, and the material, partially as an acetate,
was dissolved in 5 mL of TFA, evaporated and freeze dried to yield 26 mg
(51%) of the title compound as its TFA salt. Purity: 95%. . .

'H-NMR (600 MHz; CD;0D) rotamers: 5 7.8-7.7 (m, 2H), 7.6-7.5 (m, 2H),
7.21 (s, 1H, major rot.amer), 7.17 (s, 1H, minor rotamer), 7.13 (s, 1H, major
rotamer), 7.09 (s, 1H, minor rotamer), 7.07 (m, 1H, major rotamer), 7.04
(m, 1H, minor rotamer), 5.73 (d, 2H), 5.18 (m, 1H, minor rotamer), 5.16 (s,
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1H, major rotamer), 5.09 (s, 1H, minor rotamer), 4.78 (m, 1H, minor
rotamer), 4.56 (d, 1 H, major rotamer), 4.50 (d, 1H, minor rotamer), 4.46 (d,
1H, minor rotamer), 4.45 (d, 1H, major rotamer), 4.35 (m, 1H, major
rotamer), 4.14 (m, 1H, major rotamer), 4.05 (m, 1H, minor rotamer), 3.97
(m, 1H, minor rotamer), 2. 68 (m, 1H, minor rotamer), 2.52 (m, 1H, major
rotamer), 2.28 (m, LH, major rotamer), 2.19 (m, 1H, minor rotamer).

BC.NMR (150 MHz CD;OD): (carbonyl snd/or amidine carbons, -
rotamers) § 173.9, 173.3, 172.9, 168.2.
ESI-MS+: (M+1) = 449 (m/z)

Example 20

Ph{3-CI}(5-OCH,F){ R)CH(OH)C(O)-Aze-Pab(OMe)

To & solution of the tricthylsmine salt of Ph(3-Cl){5-OCH,F)-
(R)CH(OH)C(O)OH (0.60 g, 1.80 mmol; see Example -19(vi)) and HAze-
Pab{OMe)+2HCI (0.79 g, 2.30 ﬁol) in DMF (15 mL) under nitrogen at
0°C wes added PyBOP (1.04 g, 1.90 mmol) and DIPEA (0.58 g, 4.50
mmol). The reaction was allowed to warm to room temperature and stirred
ovemnight. The reaction mixture was concentrated in vacuo and flash
chromatographed three times on silica gel, 'eluting first with CHCIly:EtOH
(9:1) and then twice with EtOAc:EtOH (20:1) to afford the title compound
(0.22 g, 26%) as a crushabls w!:ite foam.

Mp: 66-70°C

" Re=0.45 (9:1 CHCl;:EtOH)

'H NMR (300 MHz, CD,0D, complex mixture of rotamers) 8 7.59. (d J=8
Hz, 2H), 7.32 (d, J = 7 Hz, 2H), 7.06-7.23 (m, 3H), 5.75 (3, Jus = 54 Hz,
1H), 5.10-5.16 and 4.78-4.84 (m, 2H), 4.11-4.4_5 (m, 4H), 3.80 (s, 3H),

. 2.10-2.75 (m, 2H).
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BC-NMR (150 MHz, CD;0OD): (carbonyl mnd/or amidine carboms,
rotamers) § 173.0, 170.8, 170.7, 152:5. -
APCI-MS:(M + 1) = 479 m/z

Example 21

Ph(3-C1)(5-OCH;CH,F){ R)CH(OH)C(O)-Aze-Pab x TFA
(i) (2-Monofluoroethyl) methanesulfonate

To a magnetically stirred solution of 2-fluoroethanol (5.0 g, 78.0 mmol) in
CH;Cl; (90 mL) under nitrogen at 0°C was added tristhylamine (23.7 g, 234

mmol) and methanesulfonyl chloride (10.7 g, 93.7 mmol). The mixture was

stirred at 0°C for 1.5 b, diluted with CH;Cl (100 mL) and washed with 2N
HCI (100 mL). The aqueous layer was extracted with CH;Cl, (50 mL) and
the combined organic extracts washed with brine (75 mL), dried (NazSO5),
filtered and concentrated in vacuo to afford the sub-title compound (9.7 g,
88%) aa u yellow oil which was used without further purification.

"H NMR (300 MHz, CDCly) & 4.76 (t, /= 4 Hz, 1H), 4.64 (t, /= 4 Hz, 1H),

| 4.52(4,J= 4 Hz, 1H), 4.43 (4, =4 Hz, 1H), 3.09 (s, 3H).

(i) 3-Chloro-S-monofluoroethoxybenzaldehyds

To a solution of 3-chloro-5-hydroxybenzaldehyde (8.2 g, 52.5 mmol; see
Example 1(ii) above) and potassium carbonate (9.4 g, 68.2 mmol) in DMF
(10 mL) under nitrogen was added a aoll_xtion of (2-monofluoroethyl)

‘methanesulfonate (9.7 g, 68.2 mmol; ses step (i) above) in DMF (120 mL)

dropwise at room temperature. The mixture was heated to 100°C for 5 h
and then stirred overnight at room temperature. The reaction was cooled to
0°C, poured into igecald 2N HCl and extracted with EtOAc.” The
combined organic extracts were washed with brine, dried (Na;SO,), filtered

5Y
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and concentrated in vacuo. The brown oil was cliromntogmphed on silica
gel cluting with Hex:EtOAc (4:1) to afford the sub-title compound (7.6 g,
71%) a3 a yellow oil. )

'H NMR (300 MHz, CDCl) 5 9.92 (s, 1H), 7.48 (s, 1H), 7.32 (s, 1H), 7.21
(3, 1H), 4.87 (1, /= 4 Hz, 1H), 471 (t, J =3 Hz, 1H), 433 (t, /=3 Hz, IH),
424 (t, J=3 Hz, H). ' '

(iti) Ph(3-Cl)(5-OCH,CH,F){R,SICH(OTMS)CN.

To a solution of 3-chloro-5-monoflucroethoxybenzaldehyde (7.6 g, 37.5

55~

mmol; sec step (if) above) and zinc iodide (3.0 g, 9.38 mmol) in CH,Cl;

(310 mL) was added trimethylsily! cyanide (7.4 g, 75.0 mmol) dropwise at
0°Cundermuugen 'l‘lwmuuewusurrednto‘Cfor3 h and at room

‘temperature overnight. ' The reaction was diluted with H,O (300 mL), the

organic layer was separated, dried (Na;SO,), filtered and concentrated in
vacuo to afford the sub-title compound (10.6 g, 94%) as a brown oil that
w‘umdwiﬁoutﬁuﬁm purification or characterisation.

(iv)P 5-OCH OH)C(O

Concenﬁted hydrochlonc ncld (100 mL) was sdded to Ph(3-CI)(S-

OCH3CH;F)-(R,S)CH(OTMS)CN (10.6 g, 5.8 mmol; see step (iii) ubovo)
and the solution stired at 100°C for 3 h. After cooling to room
temperature, the reaction was further cooled to 0°C, basified slowly with 3N
NaOH (~300 mL) and waghed with E;O (3 x 200 mL). The aqueous layer
was scidified with 2N HCl (80 mL) end extracted with EtOAc (3 x
300 mL). The combmad EtOAc extracts were dried {Na,S0,), filtered and
concentrated in vacuo to afford the sub-title compound (3.6 g, 98%) s a
pale yellow solid that was used without further purification.

Re= 0.28 (90:8:2 CHCl;:MeOH:concentrated NH,OH)
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'H NMR (300 MHz, CD;0D) § 7.09 (s, 1K), 7.02 (s, 1ED, 6.93 (s, 1H), 5.1
(s, 1H), 4.77-4.81 (m, 1H), 4.62-4.65 (m, 1H), 4.25-4.28 (m, 1H), 4.15-4.18

(m, 1H).

(v) Ph(3-C1)(5-OCH,CH,F)-(S)CB(OAc)C( O)Q' H (a) and Ph(3-CI)(5-
OCH,CH,F)-(R)CH(OH)C(O)OH (b)

A solution of Ph(3-Cl)(5-OCH,CH,F){R,S)CH(OH)C(O)OH (8.6 g, 34.5
mmol; see step (w) above) and Lipase PS “Amano” (4.0 g) i in vinyl acetate
(250 mL) and MTBE (250 mL) was beated at 70°C under nitrogen for 3 d.
The reaction was cooled to room temperature and the enzyme removed by
filtration through Celite®. The filter cake was washed with EtOAc and the
filtrate concentrated /s vacuo. Chromatography on silica gel eluting with

CHCL;:MeOH:Et;N (90:8:2) afforded the triethylamine salt of sub-title

compound (a) as a yellow oil. In addition, the tricthylamine salt of sub-title
compound (b) (4.0 g) was obtained. The salt of sub-title compound (b) was
dissolved in H;0 (250 mL), acidified with 2N HCl and extracted with
EtOAc (3 x 200 mL). The combined arganic extracts were dried (Ns;SOy),
filtered and concentrated in vacuo to yield the sub-title compound (b) (2.8 g,
32%) as a yellow oil.

Data for Sub-Title Compound (b):

Re=0.28 _(90:8:2 CHCI;:MeOH:concentratad NH,OH)

'"H NMR (300 MHz, CD;0D) & 7.09 (s, 1H), 7.02 (s, 1H), 6.93 (s, 1H), 5.11
(s, 1H); 4.77-4.81 (m, 1H), 4.62-4.65 (m, 1H), 4.25-4.28 (m, 1H), 4.15-4.18
(m, 1H). - :

(vi) Ph(3-C)(5-OCH,CH. CH(OH)C(O)-Aze-Pab(Teoc
To a solution of Ph(3-Cl)(S-OCH;CH;F)—(R)C!-I(OI-I)C(O)OH (940 mg,
3.78 mmol; see step (v) ubcve) in DMF (30 mL}) under nitrogen at 0°C was
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mmol), and DIPEA (1.22 g, 9.45 mmol). The reaction was stirred at 0°C
for 2 h and then at room temperature for 4 h. The mixture was concentrated
in vacuo and the residue chromatographed twice on silica gel, cluting first
with CHCI:EtOH (15:1) and second with EtOAc:EtOH (20:1) to afford the
sub-title compound (450 mg, 20%) as a crushable white foam.

Mp: 80-88°C
Re=0.60 (10:1 CHCly:EtOH)
'H NMR (300 MHz, CD,;0D, complex mixture of rotamers) §7. 79 (d,J=8

- Hz, 2H), 7.42 (d, J = 8 Hz, 2H), 7.05-7.08 (m, 1H), 6.93-6.99 (m, 2H), -
5.08-5.13 (m, 1H), 4.75-4.80 (m, 2H), 4.60-4.68 (m, 1H), 3.954.55 (m, "

8H), 2.10-2.75 (m, 2H), 1.05-1.11 (m, 2H), 0.08 (s, SH).
APCI-MS: (M + 1) = 607 m/z.

(vii) Ph(3-Cl)(5-OCHzCHzF) ~(R)CH(OH)C(O)-Aze-Pab x TFA

| Ph(3-C1)(5-OCH,CH,F)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.357 g, 0. 589 .

mmol; see step (vi) above), was dissolved in 10 mL of TFA and allowed to
react for 40 min. TFA was evaporated and the residue was freeze dried
from water/acetonitrile to yield 0.33 g (93%) of the title compound as its
Tf;'A salt.

'H-NMR (600 MHz; CD;0D) rotamers: & 7.8-7.7 (m, 2H), 7.54 (d, 2H),

_7.08 (s, 1H, major rotamer), 7.04 (s, 1H, minor rotamer), 6.99 (s, 1H, major

rotamer), 6.95 (s, 1H), 6.92 (s, 1H, minor rotamer), 5.18 (m, 1H, minor
rotamer), 5.14 (s, 1H, major rotamer), 5.08 (s, 1H, minor rotamer), 4.80 (m,
1H, major rotamer), 4.73 (m, 1H), 4.65 (m, 1H), 4.6-4.4 (m, 2H), 4.35 (m,

1H, major rotamer), 4.21 (doublet of multiplets; 2H), 4.12 (m, 1H, major

rotamer), 4.06 (m, IH, minor rotamer), 3.99 (m, 1H, minor rotamer), 2.69

PCT/SE01/02657

101 LY -

. added HAze-Pab(Teoc)*HCl (2.21 g, 4.91 mmol), PyBOP (2.16 g, 4.15

~
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(m, 1H, minor rotamer), 2.53 (m, 1H, major rotamer), 2.29 (m, 1H, major
rotamer), 2.14 (m, 1H, minor rotamer).

3C.NMR (150 MHz; CD,0D): (carbonyl and/or amidine carbons) & 172.8,
172.1, 167.4.

ESI-MS+: (M+1) = 463 (m/2)

* - Example 22

Ph(3-Ch(5-OCH,CH,F)-(R)CH(OH)C(O)-Aze-Pab{OMe)

To a solution of Ph(3-Cl)(5-OCH,CH,F)-(R)YCH(OH)C(O)OH (818 mg,
3.29 mmol; see Example 21(v) above) in DMF (30 mL) under nitrogen at
0°C was added HAze-Pab(OMe)-2HCI (1.43 g,.4.27 mmol), PyBOP (1.89
g, 3.68 mmol), and DIPEA (1.06 g, 8.23 mmol). The reaction was stirred st
0°C for 2 h and then at room temperature overnight. The mixture was

concentrated in vacuo and the residue chromatographed two times on silica
gel, eluting first with CHCIy:EtOH (15:1) and second with EtOAc:EtOH
(20:1) to afford the title compound (880 mg, 54%) as a crushable w,hlte

foam.

Mp: 65-72°C

Re=0.60 (10:1 CHCI;:EtOH)

'H NMR (300 MHz, CD,0D, complex mlxture of rotamers) 8 7.58-7.60 (d,
J = 8 Hz, 2H), 7.34 (d, J = 7 Hz, 2H), 7.05-7.08 (m, 2H), 6.95-6.99 (m,
1H), 5.08-5.13 (m, 1H), 4.77-4.82 (m, 1H), 4.60-4.68 (m, 1H), 3.99-4.51
(m, 7H), 3.82 (s, 3H), 2.10-2.75 (m, 2H).

C-NMR (150 MHz; CD;0D): (carbony! and/or amidine carbons) 5 173.3,
170.8, 152.5.

APCI-MS: (M + 1) = 493 m/z.
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Example 23 -
Ph(3-CI)(5-OCH(CH,F))-(R)YCH(OH)C(O)-Aze-Pab x TFA

(i) 1,3-Difluoroisopropyl methanesulfonate

To a ma.gnetically stirred solution of 1,3-difluoro-2-propanol (7.0 g, 72.8
m:hol) in CH,Cl; (100 mL) under nitrogen at 0°C was added triethylamine
(22.1 g, 219 mmol) and methanesulfonyl chloride (10.0 g, 87.4 mmol). The
mixture was stirred at 0°C for 3 h. The mixture was washed with 2N HCl
(150 mL) and the layers were separated. The aqueous layer was extracted
with CH,;Cl; (200 mL) and the combined organic extracts washed with
brine (100 mL), dried (N2,SO,), filtered and concentrated in vacuo to afford
the sub-title compound (11.5 g, 91%) as a yellow oil which was used

without further purification.

'H NMR (300 MHz, CDCls) & 4.97-5.08 (m, 1H), 4.75-4.77 (m, 2H), 4.59-
4.61 (m, 2H), 3.12 (s, 3H). .

(ii) Ph(3-CI)(5-OCH(CH,F),)CHO
To a solution of 3-chloro-5-hydroxybenzaldehyde (8.0 g, 50.7 mmol; see
Example 1(ii) above) and potassium carbonate (9.1 g, 66.0 mmol) in DMF

" (75 mL) under nitrogen was added a solution of 1,3-difluoroisopropyl -

methanesulfonate (11.5 g, 66.0 mmol; see step (i) above) in DMF (75 mL)

dropwise at room temperature. The mixture was heated to 110°C for 18 h.-
The reactio_n was cooled to 0°C, poured into ice-cold 2N .HCI (200 m[:) and .
extracted .with EtOAc (3 x 250 mL) The combined ofganic ‘extracts were

dried (Na;SO,), filtered and concentrated in vacuo. The brown oil was

chromatographed on silica gel eluting with Hex:EtOAc (4:1) to afford the

sub-title compound (4.4 g, 37%) as a yellow oil.

.\_
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'H NMR (300 MHz, CDCl;) 5 9.92 (s, 1H), 7.51 (s, 1H), 7.36 (s, 1H), 7.26
(s, 1H), 4.70-4.89 (m, 3H), 4.63-4.68 (m, 2H).

(iii) Ph(3-C1)(5-OCH(CH,F})-(R,S)CH(OTMS)CN.

To a solution of Ph(3-Cl)(5-OCH(CH,F),)CHO (4.4 g, 18.7 mmol; see step
(ii) above) and zinc iodide (1.5 g, 4.67 mmol) in CH;Cl; (200 mL) at 0°C
under nitrogen was added trimethylsilyl cyanide (3.7 g, 37.3 mmol)
dropwise. The mixture was stirred at 0°C for 3 h and ovemight at room
temperature, then diluted with H;O (200 mL). The organic layer was
separated, dried (Na;SO,), filtered and concentrated in vacuo to afford the
sub-title co'mpound (5.5 g, 87%) as a brown oil that was used without

further purification.

'H NMR (300 MHz, CDCly) 5 7.12 (s, 1H), 7.00 (s, 2H), 5.42 (s, 1H), 4.70-
4.80 (m, 3H), 4.59-4.64 (m, 2H), 0.26 (s, 9H).

(iv) Ph(3-Cl)(S-OCH(CH;l_-‘);)-.(R.S)CH(OH)C(O)OH .
Concentrated hydrochloric acid (50 mL) was added to Ph(3-Cl)(5-
OCH(CH,F),)-(R,S)CH(OTMS)CN (5.5 g, 16.3 mmol; see step (iii) above)
and the solution stired at 100°C for 1.5 h. After cooling to room
temperature, the reaction was further cooled to 0°C, basified slowly with 3N
NaOH (~200 mL) and washed with Et;O (3 x 200 mL). The aqueous layer

" was acidified with 2N HCI (75 mL) and extracted with EtOAc (3 x 200-

mL). The combined EtOAc extracts were dried (Na;SO,), filtered and
concentrated in vacuo to afford the sub-title compound (4.6 g, 100%) as a
brown oil that was used without further purification.

'H NMR (300 MHz, CD;0D) & 7.14 (s, 1H), 7.08 (s, 1H), 7.02 '(s, 1H), 5.12
(s, 1H), 4.70-4.90 (m, 3H), 4.52-4.67 (m, 2H).
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(v) Ph(j-Cl)(S-OCH(CHM(.S')CH(OAc)CLO)OH (a) and Ph(3-CI)(5-
OCH(CH,F),)~(RYCH(OH)C(O)OH (b)

A solution of Ph(3-CI)(5-OCH(CH,F);)-(R,S)CH(OH)C(O)OH (4.6 g, 16.4
mmol; see step (iv) above) and Lipase PS “Amano” (3.0g) in vinyl acetate -
(150 mL) and MTBE (150 mL) was heated at 70°C under nitrogen for 2.5 d. -
The reaction was cooled to room .temperature, the enzyme removed by
filtration through Celite®. The filter cake was washed with EtOAc and the
filtrate concentrated in vacuo. Chromatography on silica gel eluting with
CHCIl;:MeOH:Et;N (90:.8:2) afforded the triethylamine salt of the sub-title
compound (a) as a yellow. oil. In addition, the triethylamine salt of the sub-

title compound (b) (2.2 g) was obtained and the salt was dissolved in H,0
(100 mL), acidified with 2N HCI and extracted with EtOAc (3 x 200 mL).
The combined organic extractss were dried (Nd,SO,), filtered and
concentrated in vacuo to yield the sub-title compound (b) (1.4 g, 29%) as a

yellow oil.

Data for Sub-Title Compound (b): _
'"H NMR (300 MHz, CD;0D) 5 7.14 (s, 1H), 7.08 (s, 1H), 7.02 (s, 1H), 5.12
(s, 1H), 4.70-4.90 (m, 3H), 4.52-4.67 (m, 2H).

(vi) Ph(3-CI}(5-OCH(CH,F),)-(R)YCH(OH)C(O)-Aze-Pab(Teoc)

To a solution of Ph(3-Cl)(5-OCH(CH;F),)-(R)YCH(OH)C(O)OH (824 mg,
2.94 mmol; see step (v) above) in DMF (30 mL) under nitrogen at 0°C was
added HAze-Pab(Teoc)°HCl (1.71 g, 3.81 mmol), PyBOP (1.68 g, 3.23
mmol), and DIPEA (949 mg, 7.34 mmol). The reaction was stirred at 0°C

for 2 h and then at room tecmperaturc overnight. The mixtureé was

concentrated in vacuo and the residue chro-matographed twice on silica gel,
eluting first with CHCl,:EtOH (15:1), and second with EtOAc:EtOH (20:1) -
to afford the sub-title compound (720 mg, 38%) as a crushable white foam.
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Mp: 78-84°C

R¢=0.62 (10:1 CHCl;:EtOH) _

'H NMR (300 MHz, CD;0D, 'complex mixture of rotamers) 8 7.79 (d, J=8
Hz, 2H), 7.42 (d, J = 8 Hz, 2H), 7.00-7.12 (m, 3H), 5.08-5.20 (m, 1H),

3.97-4.80 (m, 12H), 2.10-2.75 (m, 2H), 1.05-1.11 (m, 2H), 0.08 (s, SH).

APCI-MS: (M + 1) = 639 m/z.

(vii) Ph(3-C1)}(5-OCH(CH,F)3)~(R)CH(OH)C(O)-Aze-Pab x TFA
Ph(3-Cl)(5'-0CH(CH;F);)—(R)CH(OH)C(O)-Aze-Pab(Tcoc) (0.129 g, 0.202
mmol; a;ee step (vi) above), was dissolved in 3 mL of TFA and allowed to
react for 20 min. TFA was evaporated and the residue was freeze’ dried
from water/acetonitrile to yield 0.123 g (100%) of the title compound as its
TFA salt.

'H-NMR (400 MHz; CD;0D) rotamers: & 7.8-7.7 (m, 2H), 7.55 (d, 2H),
7.2-7.0 (m, 3H), 5:18 (m, 1H, minor rotamer), 5.15 (s, 1H, major rotamer),
5.08 (s, 1H, minor rotamer), 4.80 (m, 1H, major rotamer partly obscured by
the CD,OH peak), 4.75-4.4 (m, 7H), 4.38 (m, 1H, major rotamer), 4.15 (m, .
1H, major rotamer), 4.1-3.9 (m, 2H, 2 signals from minor rotamer), 2.70 {m,
1H, minor rotamerj, 2.53 (m, 1H, mejor rotamer), 2.30 (m, 1H, major
rotamer), 2.15 (m, 1H, minor rotamer).

BC.NMR (100 MHz, CD,;OD): (carbonyl and/or amidine carbons,
rotamers) 8 172.9, 172.6, 172.2, 171.7, 167.1. |

ESI-MS+: (M+1) = 495 (m/z)

Example 24
Ph(3-C1)(5-OCH(CH,F),)-(R)CH(OH)C(O)-Aze-Pab{(OMe)

To'a sglution of Ph(3-CI)(5-OCH(CH;F),)-(R)CH(OH)C(O)OH (513 mg,
1.83 mmol; see Example 23(v) above) in DMF (30 mL) under nitrogen at
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0°C was added HAze-Pab(OMe)-2HCI (797 mg, 2.38 mmol), PyBOP (1.04
8, 2.01 mmol), and DIPEA (591 mg, 4.57 mmol). The reaction was stirred
at 0°C for 2 h and th'en at room temperature overnight. The mix-ture was
concentrated in vacuo and the residue chromatographed two times on silica
gel, eluting first with CHCI;:EtOH (15:1) and second with EtOAc:EtOH

. (20:1) to afford the title compound (370 mg, 39%) as a crushable white

foam.

" Mp: 58-63°C

Ry=0.66 (10:1 CHCI;:EtOH)

'H NMR (300 MHz, CD,0D, complex mixture of rotamers) & 7.58-7.60 (d;
J = 8 Hz, 2H), 7.34 (d, J = 8 Hz, 2H), 7.00-7.12 (m, 3H), 5.08-5.20 (m,
1H), 4.65-4.82 (m, 3H), 4.28-4.65 (m, 5H), 3.92-4.18 (m, 2H), 3.82 (s, 3H),

. 2.10-2.75 (m, 2H).

BC.NMR (150 MHz; CD,0D): (carbony] and/or amidine carbons) 5 173.2,
170.8, 152.5. - .. .

APCI-MS: (M + 1) = 525 m/z. ' ’

Example 25
Ph(3-F)(5-OCHF,)-(R)YCH(OH)C(O)-Aze-Pab x TFA

(i) i-Bromo-3-ﬂuoro—5—bcnzyloxybenzené ] .

Sodium hydridé (60% dispersion in oil, 24.0 g, 048 mol) was added
;;ortionwise. to a stirred solution of anhydrous benzyl alcohol (64.5 g, 0.60 mol)
in THF (1.0 L). After the mixture was stirred for 1 h, a solution of !-bromo-
3,5-difluorobenzene (76.8 g, 0.40 mmol) in THF (100 mL) was added dropwise
over a period of 1 h. The reaction was stirred at room temperature for 2 d.
Water (400 mL) was added and the THF was removed in vacuo. The aqueous
layer was extracted with hexane (3 x 150 mL). The combined organic extracts
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were washed with 2N NaOH (2 x 100 mL) then, dried (Na,SO,), filtered and
concenirated in vacuo to afford the sub-title compound (110.7 g, 98%) as a light

yellow oil that was used without further purification.

Ry=0.47 (Hex) |
'"H NMR (300 MHz, CDCly) 5 7.36-7.41 (m, 5H), 6.94 (bs, 1H), 6.87 (d,
Ju.e = 8 Hz, 1H), 6.63 (d, Jy.r = 10 Hz, 1H), 5.03 (s, 2H). '

(ii) 3-Bromo-5-fluorophenol _

To a solution of 1-bromo-3-fluoro-5-benzyloxybenzene (110.0 g, 0.39 mol;
see step (i) above) and N, N-dimethylaniline (474.0 g, 3.92 mol) in
anhydrous CH,Cl; (1.0 L) at 0°C was added aluminium chloride (156.0 g,-
1.17 mol). After 10 min, the ice bath was removed and the sti.rring was
continued for 2 h. The reaction was quenched by the cautious addition of
3N HCI (600 mL). The layers were separated, and the aqueous layer was
extracted with CH,Cl; (2 x 150 mL). The combined organic extracts were
washed with 2N HCI (250 mL) and H;O (3 x 250 mL). To the organic layet.
was added 15% KOH (500 mL), and the layers were separated. The organic
layer was further extracted with 2 N KOH (2 x 70 mL). The combined
aqueous layers were washed with CH;Cl; (3 x 100 mL) and then acidified
with 4N HCl. The aqueous layer was extracted with Et;0 (3 x 125 mL)
ther;. the combined Et;O extracts were dried (N2,SO,), filtered and
concentrated in vacuo to afford the sub-title compound (69.0 g, 9?%) asa

brown oil that was used without further purification.

Mp: 33-35°C

R¢=0.25 (CHCl;)
'H NMR (300 MHz, DMSO-ds) & 10.38 (s, 1H), 6.90 (dd, Jy¢ = 11 Hz, J=
2 Hz, 1H), 6.81 (s, 1H), 6.59 (dt, Ji.s = 11 Hz, J=2 Hz, 1H).
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APCL-MS: (M-1) = 189 m/z

(ii1) 1-Bromo-3-fluoro-5-difluoromethoxybenzene

A mixture of 3-bromo-5-fluorophenol (6.1 g, 31.0 mmol; see step (ii)
above) and chlorodifluoromethane (13.0 g, 150.0 mmol) in i-PrOH (100
mL) and 30% KOH (80 mL) was heated in a seaied flask for 18 h at 80-
85°C. The reaction mixture was cooled to room temperature and the layers

were separated. The organic layer was concentrated in vacuo to afford a
colourless oil. The aqueous layér was extracted with Et;0 (3 x 30 mL).
The crude oil and the combined organic extracts were washed with.2N
NaOH (3 x 30 mL) and H,0 (3 x 30 niL). The organics were then dried
(Na;S0,), filtered through a small silica gel plug, and concentrated in vacuo
to afford the sub-title compound (6.1 g, 79%) as a colouriess oil that was

used without further purification.

'H NMR (300 MHz, CDCl) & 7.11-7.14 (m, 2H), 6.84 (dt, J= 9 Hz, J =2
Hz, 1H), 6.50 (t, Jus = 72 Hz, 1H). .

(iv) l-Fluoro-3-diﬂuoroinethoxy-s-vinylbenzene

Tri(butyl)vinylstannane (7.0 g, 22.2 .mmol) \;vas added to a suspension of 1-
bromo-3-fluoro-5-difluoromethoxybenzene (4.9 g, 20.2 mmol; see step (iii) .
above), dichlorobis(triphenylphosphine)palladium(II) (1.42 g, 2.02 mmol)
and anhydrous, lithium chloride (0.90 g, 20.2 mmol) in THF (40 mL) under
nitrogen at 65°C and the mixture was stirred for 5 h. The reaction mixture
was cooled to 0°C and 1N NaOH (90 mL) was added. The biphasic mixture
was vigorously stirred for 1 h then the layers were separated. The aqueous
layer was extracted with Et;0 (3 x 70 mL). The combined organic layers
were washed with 21\i NaOH (2 x 40 mL) and HzOI (40 mL) then dried
(NaySO,), filtered and concentrated in vacuo. Flash chromatography on
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silica gel eluting with hexane afforded the sub-title compound (2.2 g, 57%)

as a colourless oil.

Re=0.47 (Hex)

'H NMR (300 MHz, CDCl;) & 6.93-6.99 (m, 2H), 6.73-6.78 (m, 1H), 6.67
(dd, J = 18 Hz, J= 11 Hz, 1H), 6.51 (t, Jur = 73 Hz, 1H), 5.77 (d, J = 18
Hz, 1H), 5.36 (d, /= 11 Hz, lH).

(V) Ph(3-F)(5-OCHF;){R)CH(OH)CH,OH

2-Methyl-2-propanol (140 mL), B;O (140 mL), apd AD-mix-B (39.2 g)
were combined together and cooled to 0°C. 1-Fluoro-3-difluoromethoxy-3-
vinylbenzene (5.0 g, 26.4 mmol; sec step (iv) above) dissolved in a small
amount of 2-methyl-2-propanol was added at once, and the heterogeneous
slurry was vigorously stirred at 0°C until TLC revealed the absence of the

- starting material. The reaction was quenched at 0°C by addition of sociium

sulfite (42.0 g) and then warmed to room temperature and stirred for 60
min. The reaction mixture was extracted with E;O (3 x 120 mL). The
combined organic extracts were dried (Na;SQ,), filtered and conceatrated in
vacuo. Flash chromatography on silica gel eluting with CHCl;:EtOAc (3:2)
afforded the sub-title compound (5.8 g, 98%) as a colourless oil.

Ry=0.41 (3:2 CHCl;:EtOAc)
'H NMR (300 MHz, CDC;) 5 6.96-6.99 (m, 2H), 6.77-6.82 (m, 1H), 6.51
(t, Jiur = 73 Hz, 1H), 4.79-4.85 (m, 1H), 3.76-3.84 (m, 1H), 3.58-3.66 (m,
1H),2.66 (d,J =3 Hz, 1H), 2.00 (t, /=6 Hz, IH).

HPLC Analysis: 89.2%, >99% ee, ChiralPak AD Column (95:5 Hex:EtOH

mobile phase).
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(vi) Ph(3-F)(5-OCHF,)-(R)CH(OH)CH,0TBS

A solution of Ph(3-F)(5-OCHF,)-(R)CH(OH)CH,OH (5.5 g, 24.7 mmol;
see step (v) above), 4-(dimethylamino)pyridine (121 mg, 1.0 mmol) and
triethylamine (3.0 g, 29.6 mmol) in anhydrous CH,Cl, (100 mL) was cooled
to 0°C. AIOM sc-:lution of tert-butyldimethylsilyl chloﬁde in CH,Cl;
(26.0 mL, 26.0 mmol) was added dropwise, and the reaction mixture was
allowed to warm to room tempezﬁure and stirred overnight. Sa'tu'rated.
ammonium chloridq solution (60 mL) was added, and the layers were
separated. The organic layer was washed with saturated ammonium
chloride solution (60 mL) and H,O (2 x 35 mL) then dried (NazSO4),
filtered, and concentrated in vacuo. 'Flash chromatography on silica gel
eluting with CHCl;:Hex (3:1) afforded the sub-title compound (7.9 g, 85%)

as a yellow oil.

Re=0.47 (3:1 CHCl3:Hex)

. '"H NMR (300 MHz, CDCl;) & 6.95-6.98 (m, 2H), 6.76-6.79 (m, 1H), 6.51

(t, Ju.r = 73 Hz, 1H), 4.71-4.74 (m, 1H), 3.75-3.80 (m, 1H), 3.48-3.54 (m,
1H), 2.9 (bs, 1H), 0.91 (s, 9H), 0.05 (s, 3H), 0.00 (s, 3H).

(vii) Ph(3-F)(5-OCHF ;)-(R)CH(OMEM)CH;QTBS

" To a solution of Ph(3-F)(5-OCHF;)-(R)CH(OH)CH,OTBS (7.9 g, 0.51

mmol; see step (vi) above) and DIPEA (4.9 g, 48.1 mmol) in anhydrous
CH,Cl; - (50 mL) at 0°C under nitrogen was added dropwise 2-
methoiyerhoxymethyl chloride (6.6 g, 48.1 mmol). The mixture was st.irred
for 24 h. Saturated ammonium chloride solution (70 mL) was added, and
the layers were scparated. The organic layer was washed with saturated
ammonium chloride solution (70 mL) and H;0 (3 x 60 mL) then dried
(Na,S0,), filtered and concentrated in vacuo to afford the sub-title
compound (8.8 g, 99%) as a yellow oil that was used without further

purification.

6

¢
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R¢=0.41 (4:1 CHCI;:EtOAc)

'H NMR (300 MHz, CbCl;) 8 7.20 (s, 1H), 7.06 (s, 1H), 7.02 (s, 1H), 6.50
(t, Jur = 73 Hz, 1H), 4.79-4.81 (m, 1H), 4.66-4.68 (m, 2H), 3.47-3.82 (m,
6H), 3.36 (s, 3H), 0.85 (s, 9H), 0.01 (s, 3H), 0.00 (s, 3H).

(viif) Ph(3-F)(5-OCHF;)(R)CH(OMEM)CH;0OH
To 2 solution of Ph(3-F)(5-OCHF,)-(R)CH(OMEM)CH,OTBS (9.3 g, 21.9

.mmol; see step (vii) above) in THF (60 mL) at room temperature was added

a 1.0 M solution of tetrabutylammonium fluoride in THF (70.0 mL, 70.0
mmol) and the mixture was stirred ovemnight under nitrogen. The reaction
was concentrated in vacuo. The yellow residue was dissolved in EtO (100
mL) and hexane (100 mL) and washed succéssively with. saturated
ammonium chloride solution (2 x 150 mL) and H;O (3 x 70 mL). The
organic layer was dried (Na;SQ,), filtered and concentrated in vacuo. Flash
chromatography on silica gel eluting with Hex:EtOAc (1:1) afforded the
sub-title compound (4.2 g, 62%) as a yellow oil. .

Rr=0.42 (1:1 Hex:EtOAc)

'H NMR (300 MHz, CDCl3) & 6.91-6.95 (m, 2H), 6.75-6.81 (m, 1H), 6.5i
(t, Ju.r = 73 Hz, 1H), 4.80-4.82 (m, 1H), 4.70-4.74 (m, 2H), 3.88-3.93 (m,
1H), 3.67-3.71 (m, 3H), 3.53-3.56 (m, 2H), 3.39 (s, 3H), 2.96-2.99 (m, 1H).

(ix) Ph(3-F)(5-OCHF,)-(R)CH(OMEM)C(O)OH

A solution of Ph(3-F)(5-OCHF;)«R)CH(OMEM)CH,OH (42 g, 134
mmol; see step (viii) above) in acetone (100 mL) was added to an aqueous
5% NaHCO; solution (35 mL). This magnetically stirred heterogeneous
mixture was cooled to 0°C and potassium bromide (159 mg, 1.3 mmol) and
2,2,6.6-tetramethyl-l-pipcridinyloxy,' free radical (2.2 g, 14.1 mmol) were
added. Sodium hypochlorite (5.25%, 30 mL) was then added dropwise over
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a period of 20 min while the mixture was vigorously stirred and maintained
at 0°C. After 1 h, additional sodium hypochlorite (30 mL) and 5% NaHCO;
solution (35 mL) were added and stirring was continued at 0°C for2 h. The
acetonc was removed in vacuo. The aqueous layer was ‘washed with Etzb
(4 x 40 mL). The aqueous layer was acidified to pH 3.5 with 10% citric
acid and extracted with EtOAc (4 x 50 mL). The combined EtOAc extracts
were successively washed with H,O (4 x 30 mL) and brine (60 mL) then,
dried (Na;S0O,), filtered and concentrated in vacuo to afford the sub-title
compound (4.3 g; 98%) as a colourless oil which was used without further

purification.

Re=0.74 (8.0:1.5:0.5 CHCl;:MeOH:Et;N)

'H NMR (300 MHz, acetone-d;) § 7.16-7.18 (m, 2H), 7.16 (t, Jur = 89 Hz,
1H), 7.00-7.03 (m, 1H), 5.30 (s, 1H), 4.88 (d, J = 7 Hz, 1H), 4.80 (d, J = 7
Hz, 1H), 3.54-3.75 (m, 2H), 3.46-3.49 (m, 2H), 3.28 (s, 3H).

(x) Ph(3-F)(5-OCHF,)-(R)YCH{OMEM)C(O)-Aze-Pab(Teoc) .,
To a solution of Ph(3-F)(5-OCHF;){R)CH(OMEM)C(O)OH (1.1 g, 3.4
mmol;'se_e step (ix) above) in DMF (20 mL) under nitrogen at 0°C was
added HAze-Pab(Teoc)*HCl (2.0 g, 4.4 mmol), PyBOP (1.9 g, 3.7 mmol),
and DIPEA (1.1 g, 8.4 mmol). The reaction was stirred at 0°C for 2 h and

then at room temperature overnight. The mixture was concentrated in
vacuo and the residue chrgrpatogmphed twice on silica gel, eluting first with
CHCI;:EtOH (15:1) and second with EtQOAc:EtOH (20:1) to afford the sub-
title compound (1.3 g, 56%) as a crushable white foam. _

R;=0.65 (15:1 CHCl,:EtOH)
'H NMR (300 MHz, CD;0D, complex mixture of rotamers) § 7.80-7.84 (m,
2H), 7.40-7.46 (m, 2H), 6.95-7.16 (m, 3H), 6.92 and 6.88 (t, Ju.r = 73 Hz,
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1H), 5.28 and 5.08 (s, 1H), 5.18-5.22 and 4.70-4.78 (m, 1H), 4.50-4.75 (m,
1H), 4.30-4.49 (m, 2H), 4.21-4.26 (m, 3H), 3.97-4.08 (m, 1H), 3.35-3.72
(m, 6H), 3.30 (s, 3H), 2.10-2.75 (m, 2H), 1.05-1.11 (m, 2H), 0.08 (s, 9H).

(xi) Ph(3-F)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(Teoc)

A mixture of Ph(3-F)(5-OCHF,)-(R)CH(OMEM)C(0)-Aze-Pab({Teoc) (590
mg, 0.87 mmol; see step (x) above) and carbon tetrabromide (287 mg, 0.87
mmol) in 2-propanol (20 mL) was refluxed for 1.5 h. The mixture was
concentrated in vacuo then, partitioned with H,O (50 mL) and EtOAc (3 x
50.mL). The aqueous layer was extracted with additional EtOAc (2 x 10
mL). The combined organic extracts were washed with brine (30 mL) then
dried (Na,;SOy), filtered and concentrated in vacuo. Flash chromatography
on silica gel eluting with CHCIl;:EtOH (15:1) afforded the sub-title

compound (60 mg, 12%) as a crushable white foam.

Re¢=0.46 (15:1 CHCl;:EtOH) .

'H NMR (300 MHz, CD;0D, complex mixture of rotamers) 6 7.74 (d, /=8§ .
Hz, 2H), 7.35-7.37 (m, 2H), 6.97-7.07 (m, 2H), 6.80-6.84 (m, 1H), 6.82 and

6.80 (t, Ju.s = 73 Hz, 1H), 5.10 and 5.06 (s, 1H), 4.68-4.70 (m, 1H), 3.97-

4.60 (m, 6H), 2.10-2.75 (m, 2H), 1.05-1.11 (m, 2H), 0.08 (s, 9H).

APCI-MS: (M + 1) = 595 m/z ' "

(xii) Ph(3-F)(5'-0CHF3)-(R)CﬂOH)C(O)-Aze-Pab x TFA

Ph(3-F)(5-OCHF3)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.053 g, 0.089 mmol;
see step (xi) above), was dissoived in 3 mL of TF A and allowed to react for
80 min while cooled on an ice bath. TFA was evaporated and the residue
was freeze dried from water/acetonitrile to yield 0.042 g (80%) of the title

r;ompound as its TFA salt.
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'H-NMR (300 MHz; CD;0D) rotamers: 8 7.7-7.6'(m, 2H), 7.5-7.4 (m, 2H),
7.1-6.6 (m, 4H), 5.2-5.0 (m, 1H plus minor rotamer of 1H), ca 4.8'(major
rotamer of previous signal obscured by the CD;0H signal), 4.6-4.3 (m, 2H),
4.26 (m, 1H, major rotamer), 4.10 (m, 1H, major rotamer), 3.96 (m, 1H,
minor rotamer), 3.89 (m, 1H, minor rotamer), 2.60 (m, 1H, minor rotamer),
2.44 (m, 1H, major. rotamer), 2.19 (m, 1H, major rotamer), 2.05 (m, 1H,

minor rotamer).

- BC.NMR (100 MHz; CD;0D):.(carbonyl and/or amidine carbons) & 172.8,

172.0, 167.0.
ESI-MS+: (M+1) = 451 (m/2)

Example 26
Ph(3-FY5-OCHF,)-(RYCH(OH)C(O)-Aze-Pab(OMe)

(i) Ph(3-F)(5-OCHF,)-(RYCH(OMEM)C(O)-Aze-Pab(OMe)

To a solution of Ph(3-F_)(S-OCHF&(R)CH(OMEM)C(O)OH (1.0 g, 3.1
mmol; see Example 25(.ix) above) in DMF (30 mL) under nitrogen at 0°C
was added HAze-Pab{OMe)-2HCI (1.4 g, 4.1 mmol), PyBOP (1.8 g, 3.4
mmol), and DIPEA (1.0 g, 7.8 mmol). The reaction was stirred at 0°C for 2
h and then at room temperature overnight. The mixture was concentrated in
vacuo and the residue chromatographed two times on silica gel, eluting first
with. CHCIL;:EtOH (15:1) and second with EtOAc to afford the sub-title

compound (1.5 g, 79%) as a crushable white foam.

R, = 0.24 (EtOAc)

'H NMR (300 MHz, CD;0D, complex mixture of rotamers) & 7.58-7.62 (m,
2H), 7.32-7.38 (m, 2H), 7.03-7.16 (m, 3H), 6.92 and 6.8 (d, Jius = 73 Hz,
LH), 5:27 and 5.08 (s, 1H), 5.22-5.15 and 4.75-4.30 (m, 1H), 4.38-4.65 (m,
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SH), 3.92-4.27 (m, 1H), 3.82 (s, 3H), 3.43-3.68 (m, 4H), 3.29 (s, 3H), 2.28-
2.85 (m, 2H). '

(ii) Ph(3-F)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab{OMe)

A mixture of Ph(3-F)(5-OCHF,)-(R)CH(OMEM)C(O)-Azé—Pab(OMe) (828
mg, 2.33 mmol; see step (i) above) and carbon tetrabromide (525 mg, 2.33
mmol) in 2-propanol (20 mL) was refluxed for 8 h and then stirred at room

temperature overnight. The mixture was concentrated in vacuo and the
residue partitioned with H,O (70 mL) and EtOAc (50 mL). The aqueous
layer was extracted with EtOAc (2 x 25 mL). The combined organic

extracts were washed with brine (35 mL) then, dried (N8;SO,), filtered and

concentrated in vacuo. Flash chromatography on silica gel eluting with
CHCI5:EtOH (15:1) afforded the title compound (520 mg, 74%) as a
crushable white foam.

Mp: 73-81°C

Re=0.43 (15:1 CHCl;:EtOH)
'H NMR (300 MHz, CD;0D, complex mixture of rotamers) & 7.59 (d, /=8
Hz, 2H), 7.32-7.37 (m, 2H), 7.05-7.14 (m, 2H), 6.87-6.92 (m, 1H), 6.90 and
6.86 (t, Jur = 73 Hz, 1H), 5.13-5.18 and 4.75-4.85 (m, 2H), 4. 15-445 (m,
4H), 3. 81 (s, 3H), 2.10-2.75 (m, 2H).

' BC.NMR (100 MHz; CD3;0D): (carbonyl and/or amidine carbons) & 172.0,

171.4, 153.9. _
APCI-MS: (M + 1) =481 m/z

PCT/SE01/02657
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Example 27
Ph(3-Br)(5-OCH,F)-(RYCH(OH)C(O)-Aze-Pab x TFA

(i) 1,3-Dibromo-5-benzyloxybenzene

Sodium hydride (9.9 g, 0.414 mol, 95% dry) was added in portions to a
stirred solution of Benzyl alcohol (41.0 B 0.394 mol) in THF (1.0 L) at
room temperature under a nitrogen atmosphere and stirred for 1 h. To this

~ solution was added dropwise 1,3-dibromo-5-fluorcbenzene (100.0 g, 0.394

mol). . After stirring overnight, the mixture was partitioned with H,O (600
mL) and EtOAc (4 x 600 mL). The combined organic extracts were dried
(Na;SOy), fiitered and concentrated in vact;o. Flash.chromatography on
silica gel eluting with hexanes afforded the sub-title compound (1013 g,

75%) as a yellow oil.

'H NMR (300 MHz, CDCl;) § 7.30-7.48 (m, SH), 7.18 (s, 1H), 7.06 (s, 2H),
4.99 (s, 2H). -

(ii) 3,5-Dibromophenol _

Aluminium chloride (11.7 g, 87.6 mmol) was added in portions to a solution
of 1,3-dibromo-5-benzyloxybenzene (10.0 g, 29.2 mmol; see step (i) above)
and N,N-dimethylaniline (35.4 g, 292 mmol) in CH,Cl; (100 mL) at room
temperature under a nitrogen atmosphere. After 30 min, the mixture was
partitioned with 1N HCI (300 mL) and EtOAc (5 x 150 mL). The combined
organic extracts were washed with saturated NaHCO; (150 mL) and brine
(150 mL) then, dried (Na;SO.), filtered and concentrated in vacuo. Flash
chromatography on silica gel eluting with Hex:EtdAc (9:1) afforded the

sub-title compound (6.1 g, 82%) as a white solid.

'"H NMR (300 MHz, CDCl3) 8 7.21 (s, 1H), 6.97 (s, 2H), 5.88 (bs, 1H).
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(iti) 1,3-Dibromo-5-monofluoromethoxybenzene

To & tared, sealed 350 mL round-bottomed pressure flask containing a
suspension of 3,5-dibromophenol (10.0 g, 39.7 mmol; see step (ii) above)
and Cs;CO; (20.7 g, 63.5 mmol) in DMF (150 mL) at —78°C was added

. chlorofluoromethane via bubbling for 5 min through the septum. .'The

septum was replaced with a Teflon stopper and the flask was then sealed
and allowed to warm to room temperature where the flask was weighed and
determined to contain 9.0 g (131 mmol) of chlorofluoromethane. The
solution was heated in an oil bath set at 70°C overnight. The flask was

" cooled to room temperature, the pressure cautiously released and the

contents diluted with water (100 mL). The aqueous layer was extracted
with EtO (3 x 200 mL) then, the combined organics were dried (Na,SO,),
filtered and concentrated in vacuo. Flash chromatography .on silica gel
cluting with hexanes afforded the sub-title compound (7.9 g, 71%) as a

white solici.

'H NMR (300 MHz, CDCl,)  7.40 (s, 1H), 7.18 (s, 2H), 5.67 (d, Jiur = 53

Hz, 2H).

(iv) 1-Bromo-3-monofluoromethoxy-5-vinylbenzene

Tri(butyl)vinyltin (10.0 g, 31.4 mmol) was added dropwise to a solution of
1,3-dibromo-5-monofluoromethoxybenzene (8.5 g, 29.9 mmol; see step (iii)
above), tetrakis(triphenylphosphine)pafladium(0) (690 mg, *0.599 mmol),

_ and- 2,6-di-tert-butyl-4-methylphenol (spatula tip) in toluene (100 mlL)

under nitrogen. The mixture was stirred at 70°C for 8 h. The mixture was
cooled to 0°C and IN NaOH (70 mL) was added. After 1 h, the mixture
was extracted with CH;Cl; (3 x 300 mL) then, the combined organics were
dried (Ne;S0Q,), filtered and concentrated in vacuo. Flash chromatography
on silica gel eluting with hexanes afforded the sub-title compound (4.3 g,

57%) as & colourless oil.

PCT/SE01/02657
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'"H NMR (300 MHz, CDCL;) & 7.30 (s, 1H), 7.16 (s, LH), 7.01 (s, 1H), 6.60 .
(dd, J=6 Hz,J= 11 Hz, 1H), 5.74 (d, J = 16 Hz, 1H), 5.67 (d, Jy.p = 53 Hz,
2H), 5.32 (d, J = 8 Hz, 1H).

(v) Ph(3-Br)(5-OCH,F)-(R)CH(OH)CH,OH

2-Methyl-2-propanol (100 mL), H,O (100 mL), and AD-mix-§ (27.5 g)
were combined together and cooled to 0°C. 1-Bromo-3-
monofluoromethoxy-5-vinylbenzene (4.3 g, 17.3 mmol; see step (iv) above)
was added at once, and the heterogeneous slurry was vigorously stirred at
0°C until TLC revealed the absence of the starting material. The reaction
was quenched at 0°C by addition of saturated sodium sulfite (200 mL) and

then warmed to room temperature and stirred for 60 min. The reaction
mixture was extracted with EtOAc (3 x 150 mL). The combined organic
extracts w;:re dried (Na;SOy), filtered and concentrated in vacuo to afford
the sub-title compound (4.9 g, 100%) as a colourless oil that was used

without further purification.

'H NMR (300 MHz, CD;0D) § 7.30 (s, 1H), 7.15 (s, 1H), 7.11 (s, 1H), 5.70
(d, Ji.g = 53 Hz, 2H), 4.62-4.70 (m, 1H), 3.52-3.70 (m, 2H).

HPLC Analysis: 92.1%, 96.9% ee, ChiralPak AD Column (95:5 Hex:EtOH
mobile phase).

(vi) Ph(3-Br)(5-OCH,F)-(R)CH(OMEM)CH,OTBS

To a solution of Ph(3-Br)(5-OCH,F)-(R)CH(OH)CH;OH (4.9 g, 18.6
mmol; see step (v) above), 4-(dimethylamino)pyridine (453 mg, 3.71
mmol), and DIPEA (8.9 g, 93.0 mmol) in anhydrous CH,Cl, (200 mL) was
added dropwise a 1.0 M solution of rerz-butyldimethylsilyl chloride- in

" CHyCl; (22.3 mL, 22.3 mmol). The reaction mixture was stirred 10 h at

room temperature. To the mixture was added DIPEA (8.9 g, 93.0 mmol)
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and 2-methoxyethoxymethy! chloride (13.9 g, 111 mmol) dropwise. After

16 h, additional 2-methoxyethoxymethyl chloride (2.2 g) was added and the

10

15

"20

25

reaction stirred overnight. The mixture was diluted with H,0 (100 mL),
and the layers were separated. The aqueous layer was extracted with
CH;Cl; (3 x 200 mL) then, the combined organic layers were dried
(Na,SOy), filtered and concentrated in vacuo. Flash chromatography on
silica gel eluting with Hex:EtOAc (5:1) afforded the sub-title compound
(4.8 g, 55%) as a colourless oil.

'"H NMR (300 MHz, CDCly) 5 7.29 (s, 1H), 7.22 (s, 1H), 7.05 (s, 1H), 5.74
(d, Jur = 53 Hz, 2H), 4.84 (d, J = 7 Hz, 1H), 4.70:4.74 (m, 2H), 3.50-3.91
(m, 6H), 3.42 (s, 3H), 0.90 (s, 9H), 0.05 (s, 3H), 0.01 (s, 3H).

(vii) Ph(3-Br)(5-OCH,F)-(R)CH(OMEM)CH,OH

To a solution of Ph(3-Br)}(5-OCH,F)-(R)CH(OMEM)CH,OTBS (4.7 g, 10.1
mmol; see step (vi) above) in THF (100 mL) was added 2 1.0 M solution of
tetrabutylammonium fluoride in THF (13.1 mL, 13.1 mmol) at room
temperature and the mixture was stirred 1 h. The mixture was partitioned
with H;0 (100 mL) and EtOAc (3 x 100 mL) then, the combined organics
were dried (Na;SO,), filtered and concentrated in wicuo to afford the sub-
title compound (3.3 g, 92%) as a colourless oil that was used without further

purification.

'H NMR (300 MHz, CD;0D) 5 7.22 (s; 1H), 7.14 (s, 1H), 7.03 (s, 1H), 5.71
(d, Ju.r = 53 Hz, 2H), 4.80-4.82 (m, 1H), 4.58-4.66 (m, 2H), 3.71-3.77 (m,
1H), 3.39-3.65 (m, 5H), 3.27 (s, 3H).
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(viii) Ph(3-Br)(5-OCH,F)-(R)CH(OMEM)C(O)OH

A solution of Ph(3-Br){5-OCH,F)-(R)YCH(OMEM)CH,0H (2.1 g, 6.0
mmol; see step (vii) above) in acetone (40 mL) was added to an aqueous 5%
NeHCO; solution (15 mL). This magnetically stirred heterogeneous
mixture was cooled to 0°C and potassium bromide (70 mg, 0.60 mmol) and
2,2,6,6—tetramethyl-l-p'iperidinyloxy, free radical (976 mg, 5.8 mmol) were
added. Sodium hypochlorite (5.25%, 15 mL) was then added dropwise over
a period of 10 min while the mixture was vigorously stirred and maintained
at 0°C. After 1 h, additional sodium hypochlerite (10 mL) and NaHCOs
solution (20 mL) were added and stirring was continued at 0°C for an
additional 4 h. The acetone was removed on a rotary -evaporator. The
agueous layer: was diluted with 10% NaHCO; solution (30 mL) and was
washed with Et;0 (3 x 20 mL). The aqueous l_ayer was acidified to pH 3.5

- with 10% citric acid and extracted with EtOAc (3 x 40 mL). The combined

EtOAc extracts were washed with H,O (3 x 50 mL) and brine (50 mL) then,
dried (Na,SO,), filtered and concentrated in vacuo to afford the sub-title

compound (1.7 g, 78%) as a colourless oil which was used without ﬁu:ther _

purification.

'H NMR (300 MHz, CD;0D) 5 7.38 (s, 1H), 7.25 (s, 1H), 7.18 (s, 1H), 5.76
(d, Jur = 53 Hz, 2H), 5.21 (s, 1H), 4.83 (d, /= 7 Hz, 1H), 4.75 (d, J = 7 Hz,
1H), 3.62-3.78 (m, 2H), 3.48-3.52 (m, 2H), 3.32 (s, 3H).

(ix) Ph(3-Br)}(5-OCH,F)-(R)CH(OMEM)C(O)-Aze-Pab(Teoc)

" To a solution of Ph(3-Br)(5-OCH;F)-(R)CH(OMEM)C(O)OH (1.0 g, 2.72

mmol; see step (viii) above) in DMF (20 mL) under nitrogen at 0°C was
added HAze-Pab(Teoc)*HCI (1.6 g, 3.5 mmol), PyBOP (1.6 g, 3.0 mmol),
and DIPEA (880 mg, 6.81 mmol). The reaction was stirred at 0°C for 2 h
and then at rc;om temperatul.'e overnight. The mixture was concentrated in

vacuo and the residue chromntégmphed twice on silica gel, eluting first with
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CHCI;:EtOH (15:1) and second with EtQAc:EtOH (20: l) to afford the sub-
title compound (1.2 g, 62%) as a crushable white foam.

'H NMR (300 MHz, CD,0OD, complex mixture of rotamers) § 7.80-7.84 (m,
2H), 7.40-7.46 (m, 2H), 7.13-7.32 (m, 3H), 5.84-5.87 (m, 1H), 5.67-5.69
(m, 1H), 5.25 and 5.07 (s, 1H), 5.18-5.23 and 4.80-4.88 (m, 1H), 3.97-4.79
(m, 8H), 3.60-3.71 (m, 2H), 3.40-3.53 (m, 2H), 3.32 (s,-3H), 2.10-2.75 (m,
2H), 1.05-1.11 (m, 2H), 0.08 (s, SH).

" (x) Ph(3-Br)(5-OCH,F)-(R)CH(OH)C(O)-Aze-Pab(Teoc)

A mixture of Ph(3-Br)(5-OCH,F)-(R)CH{OMEM)C(O)-Aze-Pab(Teoc)
(347 mg, 0.478 mmol; see step (ix) above) and carbon tetrabromide (159
mg, 0.478 mmol) in 2-propanol (10 mL) was refluxed for 1.5 h. The
mixture was concentrated in vacuo then partitioned with H,O (20 mL) and
EtOAc (3 x 30 mL). The combined organics were dried (Na;SOy), filtered
and concentrated in vacuo. Flash chromatography on silica gel eluting with
CHCI;:EtOH (15:1) afforded the sub title compound (59 mg, 19%) as a.
crushable white foam.

Mp: 81-87°C _
Re=0.58 (9:1 CHCl;:EtOH)

'H NMR (300 MHz, CD;0D, complex mixture of rotamers) 5 7.84 (d, /=8
Hz, 2H), 7.40-7.48 (m, 2H) 7.18-7.30 (m, 3H), 5.80 (d, Jur = 53 Hz, 2H),
5.21 and 5.15 (s, 1H), 5.18-5.24 and 4.80-4.88 (m, 1H), 3.98-4.54 (m, 6H),
2.10-2.70 (m, 2H), 1.05-1.11 (m, 2H), 0.08 (s, 9H). |
APCI-MS: (M + 1) = 637 m/z
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(xi) Ph(3-Br)(5-OCH,;F)-(RYCH(OH)C(O)-Aze-Pab x TFA
Ph(3-Br)(S-OCH;F)-(R)CH(OH)C(O)—Aze-Pa.b(T eoc) (0.073 g, 0.11 mmol;
see step (x) above), was dissolved in 5 mL of TFA and allowed to react for
90 min while being cooled on an ice bath. TFA was evaporated and the
residue purified by prep RPLC with CH;CN:0.1M NH,OAc (30:70). The
pertinent fractions were evaporated and freeze dried from water/acetonitrile
to yield 49 mg (77%) of the title compound as its acetate salt.

TH-NMR (300 MHz; CD;0D) rotamers: 5 7.8-7.7 (m, 2H), 7.54 (m, 2H),

1.37 (s, 1H, major rotamer), 7.33 (s, 1H, minor rotamer), 7.25-7.1 (m, 2H),

'5.75 (d, 2H), 5.22 (m, 1H, minor rotamer), 5.18 (s, 1H, major rotamer), 5.11

(s, 1H, minor rotamer), 4.80 (m, 1H, major rotamer), 4.6-4.4 (m, 2H), 4.37
(m, 1H, major rotamer), 4.16 (m, 1H, major rotamer), 4.1-3.9 (m, 2H, two
signal's' from minor rotamer), 2.70 (m, 1H, minor rotamer), 2.52 (m, 1H,
major rotamer), 2.30 (m, 1H, major rotamer), 2.15 (m, 1H, minor rotamer),
1.89 (s, 3H). ] .

ESI-MS+: (M+1) = 493/495 (m/z) ' ,

Example 28 . .
Ph(3-Br)(5-OCHF,)-(R)YCH(OH)C(0O)-Aze-Pab x TFA -

(i) 1,3-Dibromo-5-difluoromethoxybenzene

To a tared, sealed 350 mL round-bottomed pressure flask containing. a
solution of 3,5-dibromophenol (10.0 g, 39.7 mmol; see Example 27(ii)
above) in 2-propanol (100 mL) and 30% KOH (80 mL) at -78°C was added
chlorodifluoromethane via bubbling for 15 min through the septum. The
septum was replaced with a Teflon stopper and the flask was then sealed
and .allowed to warm to room temperature where the flask was weighed and
determined to contain 12.0 g (138 mmol) of chlorodifluoromethane. The

solution was refluxed overnight in an oil bath set at 80°C. The flask was
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cooled to room temperature, the pressure cautiously released and the
contents diluted with H;0 (200 mL). The aqueous layer was extracted with
Ci-[Cl, (2 x 150 mL), then the combined organics were dried (Na,SO,),
filtered and concentrated in vacuo. The residue was purified by-Kugelrohr
distillation at 80°C at 0.2 mm Hg to afford the sub-title compound (9.6 g,

~ 80%) as clear liquid.

'H NMR (300 MHz, CDCls) 6 7.55 (s, 1H), 7.26 (s, 2H), 6.;2'(t, Jug = 68
Hz, 1H). ' ' :

(ii) 1-Bromo-3-diflucromethoxy-5-vinylbenzene
Tri(butyl)vinyltin (10.5 g, 33.1 mmol) was added dropwise to a solution of

" 1,3-dibromo-5-difluoromethoxybenzene (9.1 g, 30.1 mmol; see step (i)

above), teu'akis(triphen.ylphosphine)palladium(O) (700 mg, 0.60 mmol), and
2,6-di-tert-butyl-4-methylphenol (spatula tip) in toluene (125 mL) under
nitrogen. The mixture was stirred at 50°C ovemnight. The mixture .was
cooled to 0°C and LN NaOH (70 mL) was added. After 1 h, the mixture
was extracted with CH;Cl; (3 x 300 mL) then, the combined organics were
dried (Na,SO,), filtered and concentrated in vacuo. Flash chromatography
on silica gel eluting with_hexanes afforded the sub-title compound (5.1 g,

68%) as a colourless oil.

'H NMR (300 MHz, CDCl;) 8 7.53 (s, 1H), 7.18 (s, 1H), 7.08 (s, 1H), 6.60
(dd, J = 6 Hz, J= 11 Hz, 1H), 6.57 (t, Jiu = 68 Hz, 1H), 5.7 (d, /= 11 Hz,
1H), 5.36 (d, /= 8 Hz, 1H).

(iii) Ph(3-Br)(5-OCHF;)-(R)CH(OH)CH,0H
2-Methyl-2-propanol -(150 mL), H,O (150 mL), and AD-mix-f (27.8 g)
were combined together and cooled to 0°C. 1-Bromo-3-difluoromethoxy-5-
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vinylbenzene (4.6 g, 18.6 mmol; see step (ii) above) was added at once, and
the heterogeneous slurry was vigorously stirred at 0°C until TLC indicated
the absence of the starting material, then the solution was warmed to roo'm
temperature and stirred overnight. The reaction was quenched at 0°C by
addition of saturated sodium sulfite (300 mL) and then warmed to room
temperature and stirred for 60 min. The reaction mix.ture_was extracted
with EtOAc (3 x 200 mL). " The combined organic extracts were dried
(NayS0O;), filtered and concentrated in vacuo to afford the sub-title
compound (5.0 g, 95%) as a colourless oil that was used without further

purification.

'H NMR (300 MHz, CD;0D) 5 7.43 (s, 1H), 7.23 (s, 1H), 7.16 (s, 1H), 6.86
(t, Ju.r =75 Hz, 1H), 4.64-4.67 (m, 1H), 3.54-3.59 (m, 2H). S
HPLC Analysis: 88.6%, 96.3% ee, ChiralPak AD Column (95:5 Hex:EtOH

mobile phase).

(iv) Ph(3-Br)(5-OCHF,;)-(R)CH(OMEM)CH,0TBS ..
To a solution of Ph(3-Br)(5-OCHF;)-(R)CH(OH)CH,OH (4.9 g, 17.3

. mmol; see step (iii) above), 4-(dimethylamino)pyridine (420 mg, 3.5

mmol), and DIPEA (11.2 g, 86.3 mmol) in anhydrous CH;Cl, (250 mL) was
added dropwise a 1.0 M solution of tert-butyldimethylsilyl chloride in

. CH;C); (20.7 mL, 20.7 mmol). The reaction mixture was stirred overnight

at room temperature. To the mixture was added DIPEA (11.2 g, 86.3
mmol) and 2-methoxyethoxymethyl chloride (12.9 g, 104 mmol) dropwise. .
After 3 d, additional 2-methoxyethoxymethyl chloride (3.3 g) was added
and the reaction stirred overnight. The mixture was diluted with wate-r (250
mL), and the layers were separated. The aqueous layer was extracted with
CH,Cl, (2 x 250 mL), then the combined organics were dried tNa;SO.),

filtered and concentrated in vacuo. Flash chromatography on silica gel
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eluting with Hex:EtOAc (4:1) afforded the sub-title compound (4.3 g, 51%)

as a colourless oil.

'H NMR (300 MHz, CDCl;) § 7.40 (s, 1H), 7.25 (s, 1H), 7.08 (s, 1H), 6.58
(t, Jur = 75 Hz, 1H), 4.84 (d, J = 7 Hz, 1H), 4.70-4.74 (m, 2H), 3.50-3.91
(m, 6H), 3.42 (s, 3H), 0.90 (s, 9H), 0.12 (s, 3H), 0.05 (s, 3H).

(v) Ph(3-Br)(5-OCHF;)-(R)CH(OMEM)CH,OH'

To a solution of Ph(3-Br)(5-OCHF,)-(R)CH(OMEM)CH;OTBS (3:3 g, 6.9
mmol; see step (iv) above) in THF (60 mL) was added a 1.0 M solution of
tetrabutylammonium fluoride in THF (9.0 mL, 9.0 mmol) at room
temperature. The reaction was stired for 45 min, then the mixture was
partitioned with water (150 mL) and EtOAC (2 x 120 mL). The combined
organics were dried (Na;SO,), filtered and concentrated in vacuo to afford
the sub-title compound (2.5 g, 98%) as a yellow oil that was used without

further purification. .

'H NMR (300 MHz, CD;0D) § 7.35 (s, 1H), 7.21 (s, 1H), 7.08 (s, 1H), 6.83
(t, Ju.r = 73 Hz, 1H), 4.73 (d, J = 7 Hz, 1H), 4.59-4.68 (m, 2H), 3.40-380

(m, 6H), 3.26 (s, 3H).

(vi) Ph(3-Br)(5-OCHF,)~(R)CH(OMEM)C(O)OH

A solution of Ph(3-Br)(5-OCHF;)<{R)CH(OMEM)CH,OH (3.0 g, 8.1
mmol; see step (v) above) in acetone (60 mL) was added to an aqueous 5%
NaHCO; solution (25 mL). This magnetically stimed heterogeneous
mixture was cooled to 0°C then potassium bromide.(IOO mg, 0.81 mmol)
and 2,2,6,6-tetramethyl-1-piperidinyloxy, free radical (1.3 g, 8.5 mmol).
were added. Sodium hypochlorite (5.25%, 19 mL) was then added

dropwise over a period of 10 min while the mixture was vigorously stirred
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and meintained at 0°C. Afier 1 h, additional sodium hypochlorite (17 mL)
and NaHCO; solution (34 mL) were added and stirring was continued at
0°C for an additional 4 h. The acetone was removed on a rotary evaporator.
The aqueous layer was diluted with 10% NaHCO; solution (30 mL) and
was washed with E;O (3 x 20 mL). The aqu.eous layer was acidified to pH
3.5 with 10% citric acid and extracted with EtOAc (3 x 40 mL). The
combined EtOAc lay_e.rs were washed with H;0 (3 x 50 mL) and brine (50
mL), and then dried (Na,SO,), filtered and concentrated in vacuo to afford
the sub-title compound (2.1 g, 66%) as a colourless oil which was used

without further purification.

'H NMR (300 MHz, CD;0D) 8 7.51 (s, 1H), 7.32 (s, 1H), 7.24 (s, 1H), 6.88
(t, Ji.r = 73 Hz, 1H), 5.21 (s, 1H), 4.84 (d, J= 7 Hz, 1H), 4.76 (d, J = 7 Hz,
1H), 3.62-3.80 (m, 2H), 3.48-3.52 (m, 2H), 3.32 (s, 3H).

(vii) Ph(3-Br)(5-OCHF,)-(R)CH(OMEM)C(O)-Aze-Pab(Teoc) .

To a solution of Ph(3-Br)(S-OCHFl)-(R)CH(OMEM)C(d)OH (1.0 g, 2.62,
mmol; see step (vi) ebove) in DMF (50 mL) under nitrogen at 0°C was
added HAze-Pab(Teoc)*HCI (1.5 g, 3.38 mmol), PyBOP (1.5 g, 2.9 mmol),
and DIPEA (840 mg, 6.50 mmol). The reaction was stirred at 0°C for 2 h
and then at room temperature overnight. The mixture was concentrated in
vacuo and the residue chromatographed on silica gel elutifng with
CHCI,:EtOH (15:1) to afford the sub-title compound (1.1 g, 59%) as a
crushable white foam. o

'H NMR (300 MHz, CD;0OD, complex mixture of rotamers) & 7.79-7.83 (m,
2H), 7.26-7.52 (m, SH), 6.94 and 6.91 (t, Ju» = 73 Hz, 1H), 5.27 and 5.07
(s, 1H), 5.20-5.23 and 4.80-4.88 (m, 1H), 4.01-4.79 (m, 8H), 3.60-3.71 (m,
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2H), 3.40-3.53 (m, 2H), 3.32 (s, 3H), 2.10-2.75 (m, 2H), 1.05-1.11 (m, 2H),
0.08 (s, 9H).

(viii) Ph(3-Br)(5-OCHF;)-(R)CH(OH)C(0)-Aze-Pab(Teoc)

A mixture of Ph(3-Br)(5-OCHF,;)<(R)CH(OMEM)C(O)-Aze-Pab(Teoc)
(369 mg, 0.496 mmol; see step (vii) above) and carbon tetrabromide (165
mg, 0.496 mmol) in 2-propancl (10 mL) was refluxed for 12 h. The
mixture was concentrated in vacuo, then partitioned with H,O (15 mL) and
EtOAc (5x 20 r.nL). The combined organics were dried (NazSO}.)_, filtered
and concentrated in vacuo. Flash chromatography on silica gel eluting with
CHCly:EtOH (15:1) afforded the sub-title compound (134 mg, 41%) esa

crushable white foam.

Mp: 92-98°C

Re=0.37 (9:1 CHCI;:EtOH)

"H NMR (300 MHz, CD,0D, complex mixture of rotamers) & 7.80-7.86, (m,
2H), 7.40-7.48 (m, 2H) 7.10-7.33 (m, 3H), 6.92 and 6.88 (t, Jus = 73 Hz,.
1H), 5.18 and 5.11 (s, 1H), 5.18-5.24 and 4.76-4.80 (m, 1H), 3.98-4.54 (m,
6H), 2.10-2.70 (m, 2H), 1.05-1.11 (m, 2H), 0.08 (s, 9H).

APCI-MS: (M + 1) =655 m/z

(ix) Ph(3-Br)(5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab x TFA

Ph(3-Br)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.081 g, 0.124
mmol; see step (viii) above), was dissolved in S mL of TFA and allowed to
react for 80 min while being cooled on an ice batli.. TFA was evaporated
and the residue purified by prep RPLC with Cﬂ;CN:O.lM NH,OAc

: (36:70). The pertinent fractions were evaporated and freeze dried from

water/acetonitrile to yield 59 mg (83%) of the title compound as its acetate

salt.
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'H-NMR (300 MHz; CD;0D) rotamers: 8 7.8-7.7 (m, 2H), 7.6-7.4 (m, 3H),
7.3-7.2 (m, 2H), 6.89 (t, 1H, major rotamer), 6.87 (t, 1H, minor rotamer),
5.23 (m, '1H, minor rotamer), 5.21 (s, 1H, major rotamer), 5.13 (s, 1H,

minor rotamer), 4.80 (m, 1H, major rotamer), 4.6-4.4 (m, 2H), 4.38 (m, 1H, .

major rotamer), 4.20 (m, 1H, méjor rotamer), 4.1-3.9 (m, 2H, two signals
from minor rotamer), 2.70 (m, 1H, minor rotamer), 2.54 (m, 1H, major

rotamer), 2.29 (m, 1H, major rotamer), 2.15 (m, 1H, minor rotamer), 1.89 :.

(s, 3H). .

YC-NMR (75 MHz; CD;0D): (carbonyl and/or amidine carbons) & 172.0,
1717, 161.0. |

MS (m/z) 511/513 (M+1)*

Example 29 |
Ph(3-Br)(5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(OMe)

(i) Ph(3-Br)(5-OCHF,){R)CH(OMEM)C(O)-Aze-Pab(OMe) ]

To a solution of Ph(3-Br)(5-OCHF;)(R)CH(OMEM)C(O)OH (957 mg,..
. 2.48 mmol; sec Example 28(vi) abov'e) in DMF (30 mL) under nitrogen at
0°C was. added HAze-Pab(OMe)*2HCI (1.1 g, 3.2 mmol), PyBOP (1.4 g,

2.7 mmol), and DIPEA (804 mg, 6.2 rhmol). The reaction was stirred_at
0°C for 2 h and then at room temperature o'vemight. The mixture was
concentrated in vacuo and the residue chromatographed twice on silica gel,
eluting first with CHCI;:EtOH (9:1) and second with EtOAc:EtOH (15:1) to
afford the sub-title compound (1.1 g, 72%) as a crushable white foam.

'H NMR (300 MHz, CD;0D, comple'x mixture of rotamers) § 7.59-7.65 (m,
2H), 7.20-7.55 (m, 5H), 6.95 and 6.91 (t, Jy.r = 73 Hz, 1H), 5.27 and 5.07

(s, 1H), 5.18-5.23 and 4.75-4.84 (m, 1H), 3.87-4.89 (m, 6H), 3.84 (s, 3H),

3.60-3.71 (m, 2H), 3.40-3.53 (m, 2H), 3.32 (s, 3H), 2.10-2.75 (m, 2H).
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(ii) Ph(3-Br)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OMe)

A mixture of Ph(3-Br)(5-OCHF,)- (R)CH(OMEM)C(O)-Aze-Pab(OMe)
(1.1 g, 1.8 mmol; see step (i) above) and carbon tetrabromide (583 mg, 1.8
mmol) in 2-propanol (30 mL) was reﬂu_xed for 2.5 d. During this time,
additional carbon tetrabromide (5 portions of 50 mg at intervals for an

' additional 0.90 mmol) was added fo ensure completion of the reaction. The

mixture was concentrated in vacuo, then partitioned with HO (50 mL) and
EtOAc (5 x 25 mL). The combined organics were dried (Na;S0O,), filtered
and concentrated in vacuo. Flash chromatography on silica gel eluting with

. CHCL;:EtOH (15:1) afforded the title compound (460 mg, 50%) as a

crushable white foam.
Mp:71-75°C
Re=0.63 (9:1 CHCI;:EtOH)
'H NMR (300 MHz, CD;0D, complex mixture of rotamers) & 7.59 (d, /=8 .
Hz, 2H), 7.20-7.54 (m, 5H), 6.90 and 6.87 (t, Ji.s = 73 Hz, 1H), 5.18 and
5.11 (s, 1H), 4.76-4.80 (m, 1H), 3.98-4.54 (m, 4H), 3.82 (s, 3H), 2.10-2.7¢
(m, 2H). " _
CNMR (100 MHz; CD;OD): (carbonyl and/or amidine carbons,
rotamers) 5 172.5, 172.1, 171.6, 154.1. '

- APCL-MS: (M +1) = 542 m/2

. Example 30

Ph(3-C1)(5-OCH,CHF,)-(R)CH(OH)C(0)-Aze-Pab(OH)

@) Ph&-Cl)(S—OCH;CHF;)—(R)CH(OH)C(b)-Aze—Pab(Z)
Boc-Aze-Pab(Z) (see international patent application WO 97/02284, 92 mg,

. "0.197 mmol) was dissolved in 10 mL of EtOAc saturated with HCI(g) and

allowed to react for 10 min. The solvent was evaporated and the residue
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was mixed with Ph(3-CI)(5-OCH,CHF,)-(R)CH(OH)C(O)OH (50 mg,
0.188 mmol; sec Example 17(v) above), PyBOP (109 mg, 0.209 mmol) and
finally diisopropylethyl amine (96 n{g, 0.75 mmol) in 2 mL of DMF. The
mixture was stirred for 2 h and then poured into 50 mL of water and
extracted three times with EtOAc. The combined organic phase was

washed with water, dried (Na;SO,) and evaporated. The ct:ude.product was

flash chromatographed on silica gel with EtOAc:MeOH (9:1). Yield: 100
mg (87%). '

'H NMR (300 MHz, CD;0D, mixture of rotamers) & 7.85-7.75 (m, 2H),
7.45-7.25 (m, 7H), 7.11 (m, 1H, major rotamer), 7.08 (m, 1H, minor
rotamer), 7.05-6.9 (m, 2H), 6.13 (bt, 1H), 5.25-5.05 (m, 3H), 4.77 (m, 1H,
partially hidden by the CD;OH signal), 4.5-3.9 (m, 7H), 2.64 (m, 1H, minor
rotﬁmer), 2.47 (m, 1H, major rotamer), 2.25 (m, 1H, major rotamer), 2.13

(m, 1H, minor rotamer) -

(i) Ph(3-CI)(5-OCH,CHF,)-(R)CH(OH)C(Q)-Aze-Pab(OH) _
Hydroxylamme hydrochloride (65 mg, 0.94 mmol) and triethylamine (0.3 19
g, 3.16 mmol) were mixed in 8 mL of THF and sonicated for 1 h at 40°C.
Ph(S-Cl)(S-OCHzCHFz)-(R)CH(OH)C(O)—Aze—Pab(Z) (96 mg, O 156
mmoi; see step (i) above) was added with 8 mL more of THF. The mixture
was stirred at 40°C for 4.5 days. The solvent was evaporated and the crude
product was punﬁcd by preparative RPLC with CH;CN 0.1IM NHOAc
(40 60). Yield: 30 mg (38%). Purity: 99%.

'H NMR (300 MHz, CD;0D, mixture of rotamers) & 7.6-7.55 (m, 2H), 7.35-
7.3 (m, 2H), 7.12 (m, 1H, major rotamer), 7.09 (m, 1H, minor rotamer),
7.05-6.9 (m, 2H), 6.15 (triplet of multiplets, 1H]J, 5.15 (m, 1H, minor
rotamgr), 5.13 (s, l_I:I, major rotamer), 5.08 (s, 1H, minor rotamer), 4.77 (rﬁ,

X
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1H, major rotamer), 4.5-4.2 (m, 5H), 4.08 (m, 1H, major rotamer), 3.97 (m,
1H, minor rotamer), 2.66 (m, 1H, minor rotamer), 2.50 (m, 1H major
rotamer), 2.27 (m, 1H, major rotamer), 2.14 (m, 1H, minor rotamer).
BC-NMR (100 MHz;, CD;0D): (carbonyl and/or amidine carbons, mixture
of rotamers) 5 172.8, 172.2, 171.4, 159.1, 158.9, 154.2. .

* APCI-MS: (M + 1) = 497/499 m/z

Example 31
Ph(3-CI)(5-OCH,CH,F)-(R)CH(OH)C(O)-Aze-Pab(OH)

(i) Ph(3-C1)(5-OCH,CH,F)-(R)CH(OH)C(O)-Aze-Pab(Z) _
Boc-Aze-Pab(Z) (130 mg, 0.279 mmol) was dissolved in 15 mL of EtOAc
saturated with HCl(g) and allowed to react for 10 min. The solvent was
evaporated and the residue was mixed with Ph(3-Cl)(5-OCH,CH,F)-
(R)CH(OH)-C(O)OH (63 mg, 0.188 .mniol; see Example 21(v) above) in 3
mL of DMF, PyBOP (147 mg, 0.279 mmol) and finally diisopropylethy!
amine (134 mg, 1.03 mmol). The mixture was stirred for 130 min and then
poured into 75 mL of water and extracted three times with EtOAc. “The
combined orga.mic phase w:;s washed with water, dried (Na,SO,) and
evaporated. The crude product was flash chromatographed on silic'a gel with
EtOAc/MeOH = 95/5. Yield: 119 mg (79%).

'H NMR (400 MHz, CDCl;) & 8.06 (bt, 1H), 7.67 (d, 2H), 7.45-7.25 (ni,
SH), 7.18 (d, 2H), 6.89 (m, 1H), 6.84 (m, IH), 6.76 (m, 1H), 5.16 (s, 2H),
484 (;. 1H), 4.79 (m, 1H), 4.66 (doublet of multiplets, 2H), 4.44.3 (m,
2H), 4.10 (doublet of multiplets, 2H), 4.02 (m, 1H), 3.67 (m, 1H), 2.46 (m,
{H), 2.28 (m, 1H). |
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(ii) Ph(3-CI}{5-OCH,CH,F)-(R)ICH(OH)C(0)-Aze-Pab(OH)

Hydroxylamine hydrochloride (80 mg, 1.16 mmol) and triethylamine (0.392
g. 3.87 mmol) were mixed in 9 mL of THF and sonicated for 1 h at 40°C.
Ph(3-CI)(5-OCH,CH,F)-(R)CH(OH)C(O)-A2e-Pab(Z) (96 mg, 0.156
mmol; see step (i) above) was added with 9 mL more of THF. The mixture
wa.'; stirred at 40°C for 48 h and 3 days at room temperature. The solvent

" was evaporated and the crude product was purified by preparative RPLC

with CH;CN:0.1M NH,OAc (30:70). Yield: 72 mg (78%). Purity: 100%.

"H NMR (400 MHz, CD;OD, mixture of rotamers) 5 7.6-7.55 (m, 2H), 7.35-
7.25 (m, 4R), 7.07 (m, 1H, major rotamer), 7.04 (m, 1H, minor rotamer),
7.0-6.9 (M, 2h), 5.12 (m, 1H, minor rotamer), 5.08 (s, 1H, minor rotamer),
5.04 (s, 1H), 4.78 (m, 1H, major rotamer), 4.68 (doublet of multiplets, 2 H),
4.5-4.25 (m, 3H), 4.20 (doublet of multiplets, 2H) 4.06 (m, 1H,. major
rotamer), 3.97 (m, 1H, minor rotamer), 2.65 (m, 1H, minor rotamer), 2.48
(m, 1H major rotamer), 2.27 (m, 1H, major rotamer), 2.14 (m, 1H, minor'
rotamer)

>C-NMR (100 MHz; CD;0D): (carbony! and/or amidine carbons, mixture
of rotamers) 8 172.3, 171.5, 159.8,154.3 ]

APCI-MS: (M + 1) = 479/481 m/z

Example 32

- Ph(3-C1)(5-OCHF,)-(R)CH(OH)-C(O)-Pro-Pab

(i) Boc-Pro-Pab(Teoc) _

Boc-Pro-Pab(Z) (see international patent application WO 97/02284, 15.0
g, 0.0321 mol) was dissolved in 150 mL of ethancl and 200 mg 10% Pd/C
(50% moisture) was added. The mixture was stirred and hydrogenated at
atmospheric pressure for 2 h, filtered through Hyflo and concentrated.
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The product was used without further purification. Of this product was
taken 10 g (0.029 mol), which was dissolved in 300 mL of THF. Teoc-p-
nitropheny! carbonate (10 g, 0.035 mol) was added. A solution of
potassium carbonate (5.2 g, 0.038 mol) in 50 mL of water was added over
3 min and the resulting solution was stirred for 3 days, concentrated and
the remainder was extracted with EtOAc three times. The combined
organic layer was washed with water, dried (Na,SO,) and evaporated. The
crude product was flash chromatographed on silica gel uéing methyiene
chloride:acetone (4:1). Yield: 9.8 g (69%).

(ii) Ph(3-CI)(5-OCHF,)-(R)CH(OH)-C(O)-Pro-Pab(Teoc)

Boc-Pro-Pab(Teoc) (107 mg, 0.218 mmol; see step (i) above) was dissolved
in 10 mL of EtOAc saturated with HCI(g) 'and allowed to react for 10 min. -
The solvent was evaporated and the residue was mixed with Ph(3-CI)(5-
OCHF,)-(R)CH(OH)C(O)OH (50 mg, 0.198 mmol; see Example I(viii)
above) in 3 mL of DMF, PyBOP (115 mg, 0.218 mmol) and fimmlly
diisopropylethyl amine (104 mg, 0.80 mmol). The mixture was stirred for 2
h end then poured into 75 mL of water and extracted three times with
EtOAc. The combined organic phase was washed wiﬂ; water.,' dried
(Na,SO,) and evaporated. The crude product was flash chromatographed
on silica gel with EtOAc:MeOH (95:5). Yield: 89 mg (72%).

~ 'H NMR (400 MHz, CDCl;) & 7.54 (bt, 1H), 7.47 (d, 2H), 7.12 (m, IH),

7.08 (d, 2H), 7.02 (m, 1H), 6.95 (m, 1H), 6.50 (t, 1H), 5.21 (s, 1H), 4.42 (m,
1H), 4.35-4.15 (m, 3H), 3.59 (m, 1H), 2.94 (m, 1H), 2.1-1.7 (m, 4H), 1.06
(m, 2H), 0.04 (s, SH).
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(iii) Ph(3-Cl)}(5-OCHF,)-(R)CH(OH)-C(O)-Pro-Pab x TFA ;'A‘
Ph(3-Cl)(5-OCHFz)-(R)CH(OI-i)C(O)—Pro—Pab(T eoc) (85 mg, 0.136 mmol;
sce step (ii) above) was dissolved in 1 mL of methylene-chloride and cooled
on an ice bath. TFA (4 mL) was added and the reaction was stirred for 90
min. The TFA was evaporated and the residuc was freeze-dried from water

and acetonitrile. Yield: 79 mg (92%). Purity: 94%.

'H NMR (400 MHz, CD;0D, mixture of rotamers) 5 7.85-7.7 (th, 2H), 7.58
(d, 2H, major rotamer), 7.47 (d, 2H, minor rotamer), 7.35 (m, 1H, major

_rotamer), 7.27 (m, 1H, minor rotamer), 7.2.7.1 (m, 2H), 6.88 (t, 1H), 5.38

(s, 1H, major rotamer), 5.22 (s, 1H, minor rotamer), 4.58 (d, 1H), 4.54.2
(m, 2H), 3.8-3.5 (m, 1H), 3.35 (m, 1H), 2.2-1.8 (m, 4H).
BC-NMR (100 MHz; CD;0D): (carbonyl and/or amidine carbons) 5 173.6,

171.1, 167.0.
APCI-MS: (M + 1) = 481/483 m/z

Example 33 _
Ph(3-CIX5-OCHF,)-(R)CH(OH)-C(Q)-Pro-Pab(OMe)

(i) 4-Azidomethyl-N-methoxy-benzamidine
4-Amdomethylbenzomtnlc (17.3 g, 0.109 mol; Nishiyama et al; Chem. Létt.
(1982) 1477) was dissolved in 500 mL of toluene and 200 mL of absolute

ethanol. The solution was cooled to -10°C and HCI(g) was bubbled through

"until saturation. The mixture was kept in the refrigerator for 2 days when

most of the solvents were evaporated. Diethyl cther was added and was
decanted off. The product was re-dissolved in a solution of O-
methylhydroxyl amine (10.5 g, 0.125 mql) and triethyl amine (56 mL) in
200 mL of methanol. The mixture was allowed to stand for 3 days whence
the methanol was evaporated with addition of EtOAc. The organic phase

PCT/SE01/02657
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was washed with water, dilute HOAc and aqueous sodium bicarbonate,
dried (Na;SO,) and diluted with more EtQOAc to .a total volume of 500 mL.

A sample of 25 ml. was evaporated to dryness. The remainder was 932 mg. -

Total yield: 18.6 g (83%).

(ii) 4-Aminomethyl-N-methoxy-benzamidine

" To a solution of 4-azidomethyl-N-methoxy-benzamidine (11.3 g, 0.055

mol; see step (i) above) in 200 mL of ethanol was added 200 mg of PtO,.

. The mixture was hydrogenated with constant bubbling of hydrogen for 4 h

and subsequently filtered through Celite® and evaporated. Yield: 7.34 g
(74%).

(iit) Boc-Pro-Pab{OMe)

To a suspension of Boc-Pro-OH (9.7 g, 0.045 mol), 4-aminomethyl-N-
methoxy-benzamidine (7.34 g, 0.041 mol, see step (ii) above) and ..
dimethylaminopyridine (7.8 g, 0.064 mol) in 300 mL of acctonitrile was
added EDC base (11.7 mL, 0.068 mol). The mixture w.as'stirred for 18 h, .
concentrated and partitioned between water arid EtOAc. The organic layer
was washed with water, aqueous sodium bicarbonate, dried (MgSO,) and

-evaporated. The crude product was flash chromatographed on.silica gel with

EtOAc. Yield: 9.73 g (63%). -

(iv) H-Pro-Pab(OMe) x 2 HCI

Boc-Pro-Pab({OMe) (9.7 g, 0.026 mol; see step (iii) above) was dissolved in
250 mL of EtOAc. The ice cooled solution was saturated with HCI(g) by
bubbling for 5 min. The product precipitated immediately and 125 mL of
absolute ethanol was added. The mixture was sonicated until most of the
material 'had solidified. Diethyl ether (200 mL) was added and the

suspension was filtered. A few lumps that had not solidified were again
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treated with absolute ethanol and diethyl ether. The solid was dried. Yield:
7.57 g (86%).

'H NMR (400 MHz, CD,0D) & 7.74 (d, 2H), 7.58 (d, 2H), 4.55 (s, 2H), -

4.38 (m, 1H), 3.98 (s, 3H), 3.45-3.3 (m, 2H), 2.50 (m, 1H), 2.15:2.0 (m, 3H)

(v) Ph(3-CIX(5-OCHF,)-(R)CH(OH)-C(O)-Pro-Pab{OMe)

Ph(3-Cl){(5-OCHF,;)-(R)JCH(OH)C(O)OH (50 mg, 0.198 mmol; sece
Example l-(viii) above), H-Pro-Pab(OMe) (76 mg, 0.218 mmol, see step (iv)
above) and PyBOP (115 mg, 0.218 mmol) were dissolved in 2 mL of DMF.
Diisopropylethyl amine (104 mg, 0.80 mmol) was added and the mixture
was stirred for 2.5 h. The mixture was poured into 50 mL of water and
extracted three times with EtOAc and the combined organic phase was
washed with brine, dried (Na;SO,) and evaporated. The residue was flash
chromatographed on silica' gel with EtOAc:MeOH (_95:5). Yield: 37 mg

(36%). Purity: 98%.

'H NMR (400 MHz, CD;OD, mixture of rotamers) 5 7.60 (d, 2H, major
totamer), 7.57 (d, 2H, minor rotamer), 7.4-7.1 (m, SH), 6.89 (t, 1H, major
rotamer), 6.87 (t, 1H, minor rotamer), 5.35 (s, 1H, major rotamer), 5.21 (s,
1H, minor i-otnmer), 4.72 (m, 1H, minor rotamer), 4.5-4.35 (m, 1H and 2H,

'major rotamer), 4.3-4.25 (m, 2H, minor rotamer), 3.814 (s, 3H, major

rotamer), 3.807 (s, 3H, minor rotamer), 3.75-3.5 (m, 1H), 3.35 (m, 1H), 2.2-
1.8 (m, 4H)

'3C.NMR (100 MHz; CD;0D): (carbonyl and/or amidine carbons, mixture
of rotamers) 5 173.3, 173.2, 171.3, 171.0, 153.9, 152.4 .
APCI-MS: (M +1)=511/513 m/z
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Example 34

Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(0)-Aze-NH-CHo~((2-amidino)-5-

Exridinxl )
(@)
HO §—” —N H
A =<

ci OCHF,

(i) 6-Cyanonicotinic acid

To a solution of the nicotinic acid N-oxide (51 g, 0.37 mol) in 1.2 L of
DMF, NaCN (54 g, 1.1 mol) was added, followed by triethylamine (255
mL, 1.83 mol) and TMSCI (185 mL). The reaction mixture was stirred at
1i0°C for 10 h, filtered and the filtrate was concentrated. The residue was
dissolved in 100 mL of 2N HCI and extracted with methylene chloride. The

organic layers were combined, concentrated and recrystallised from watér to

yield 12 g (22%) of the product.

(1i) 5S(Hydroxymethyl)pyridine-2-carbonitrile

To a solution of 6-cyanonicotinic acid (12g, 0.08 1 mol; see step (i) above) in
THF st 0°C, EyN (12.4 mL, 0.0892 mol) was added followed by ethyl
chloroformate (8.53 mL, 0.0892 mol). The reaction mixture was stirred for
15 min and NaBH, (6.14 g, 0.162 mol) was added. Then the mixture was
stirred at RT ovemiéht, quenched with water and extracted with methylene

choride. The organic layer was concentrated and purified by column

chromatography to yield 4g (20%) of the alcohol.

PCT/SE01/02657
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(iii) 5-(Azidomethyl)pyridine-2-carbonitrile
5-(Hydroxymethyl)pyridine-2-carbonitrile (4 g, 0.03 mol; see step (ii)
above) was dissolved in 25 mL of methylene chlori'(.ie and cooled in an ice
bath. Mesyl chloride (2.32 mL, 0.0300 mol) and then triethylamine (4.6
mL, 0.033 mol) were added dropwise. The reaction mixture was stirred and
after work up the crude mesylate was treated with NaN; (7.35 g,.0.113 mol)
in 20 mL of DMF. The reaction mixture was stirred at 40°C for 2 h, diluted
with water and extracted with ethyl acetate. The organic layer was
concentrated to yield 3.95g (83%) of the crude azide.

(iv) 5-(tert-Butoxycarbonylaminomethyl)pyridine-2-carbonitrile

To a solution of 5-(azidomethyl)pyridine-2-carbonitﬁle (3.95 g, 0.0248 mol;
see step (iii) above) in 30 mL of THF and 10 mL of water, triphenyl
phosphi:;e (7.8 g, 0.0298 mol) was added and the resultant stirred for 24 h.
Then, triethylamine (3.8 mL, 0.027 mol) was added, followed by Boc
anhydride (5.4 g, 0.025 mol) and stirring for 2 h. The reaction mixture Evas
partitioned between water and ecthyl acetate. The orgaric layer 'was,_ :

concentrated and purified by column chromatography to yield 2.1 g (36%)

of the sub-title compound.

'H NMR (300 MHz, CDCl;) § 8.6 (s, 1H), 8.0 (d, 1H), 8.9 (d, 1H), 4.1 (m,
2H), 1.4 (s, 9H)

(v) 5-(Aminomethyl)pyridine-2-carbonitrile x 2 HCl -
5-(tert-Butoxycarbonylaminomethyl)pyridine-2-carbonitrile (0.200 g, 0.86
mmol, see step (iv) above) was dissolved in 10 mL of EtOAc saturated with
HCI(g) and was stirred for 30 min. The solvent was evaporated and 0.175 g
(99%) of the sub-title compound was obtained as its dihydrochloride salt.
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'H NMR (500 MHz, D,0) 5 8.79 (s, 1H), 8.17 (d, LHD), 8.05 (¢, 1H), 4.38 s,
2H) -

(vi) Boc-Aze-NH-CH;-5-Py(2-CN):

To a mixture of 5-(aminomethyl)pyridine-2-carbonitrile x 2 HCI (0.175 g,
0.85 mmol; see step (v) above), Boc-}.\ze-OH (0.201 g, 1.00 mmol) and
TBTU (0321 g 1.00 mmol) in 5 mL of DMF was added

- dimethylaminopyridine (0.367 g, 3.00 mmol). The mixture was stirred

overnight and subsequently poured into water and extracted three times with
EtOAc. The combined organic phase was.washed with aqueous sodium
bicarbonate, dried (Na,SO,) and.e;raporat_ed. .The crude product started to
crystallise and was used as such in the next step. Yield: 0.23 g (73%).

'H NMR (500 MHz, CDCl,) 8 8.66 (s, 1H), 8.2-7.8 (broad, 1H), 7.79 (d,
1H), 7.67 (d, 1H), 4.73 (m, 1H), 4. 65-4.5 (m, 2H), 3 94 (m, 1H), 3.81 (m,
1H), 2.6.2.35 (m, 2H), 1.8 (broad, lH) 1.45 (s, 9H) .
(vii) H-Aze-NH-CH,-5-Py(2-CN) x 2 HCl

Boc-Aze-NH-CH,-5-Py(2-CN) (0.23 g, 0.73 mmol; see step (vi) above) was
dissolved in 10 mL of EtOAc saturated with HCI(g) and was stirred for 30 -
min. The solvent was evaporated and 0.21 8 (100%) of the sub-title '
compound was obtained as its &ihydrochloride salt.

'H NMR (500 MHz, D,0) 5 8.64 (s, 1H), 8.0-7.9 (m, 2H), 5.19 (m, 1H),
4.65-4.55 (m, 2H), 4.20 (m, 1H), 4.03 (m, 1H), 2.88 (m, 1H), 2.64 (m, 1H)

(viii) Ph(3-CI)(S-OCHF;)-(R)CH(OH)-C(O)-Aze-NH-CH;-5-Py(2-CN)

To a mixture of H-Aze-NH-CH,-5-Py(2-CN) x 2 HCI (0.206 g, 0.713
mmol; see step (vii) above), Ph(3-CI)(S-OCHF;)-(R)CH(OH)C(O)OH
(0.180 g, 0.713 mmol; see Example 1(viii) above) and PyBOP (0.408 g,
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0.784 mmol) in 5 mL of DMF was added dimethyianﬁnopyﬁdinc (0.367 g,
3.00 mmol). The mixture was stirred overnight and subsequently poured
into water and extracted three times with EtOAc. The combined organic
phase was washed with aqueous sodium bicarbonate, dried (Na,SO;) and '
cvaporated. The crude product was flash chromatographed on silica gel
with EtOAc gave a pure product. Yield: 0.197 g (61%).

'H NMR (500 MHz, CDCL;) & 8.63 (m, 1H),«8.22 (bt, 1H), 7.78 (m, 1H),
7.67 (m, 1H), 7.21 (m, 1H), 7.16 (m, 1H), 7.04 (m, 1H), 6.56 (t, 1H), 4.97
(bd, 1H), 4.92 (m, 1H), 4.6-4.5 (m, 2H), 4.40 (bd, 1H), 4.18 (m, 1H), 3.80
(m, 1H), 2.69 (m, 1H), 2.46 (m, 1H), 1.92 (s, 1H)

APCI-MS: (M + 1) = 451/453 m/z

(ix) Ph(3-C)(5-OCHF,)-(R)CH(OH)-C(O)-Aze-NH-CH,-((2-amidino)-5-
pyridinyl) x HOAc
Ph(3-CI)(5-OCHF,)-(R)CH(OH)-C(O)-Aze-NH-CH,-5-Py(2-CN) (0.200 g,
0.444 mmol; see step (viii) above), ammonium acetate (1.00 g, 0.0130 mol) _
and N-acetylcysteine (2.00 g, 0.0122 mol) in 10 mL of methanol was heated
at 50°C for 2 days. Preparative RPLC with CH;CN:0.1M NH,OAc (30:79)
and running the appropriate fractions again with CH;CN:0.1M NH,OAc
(5:95 - 40:60) gave 60 mg (26%) of pure title compound as its acetate salt

+ after freeze drying from water and acetonitrile. Purity:'100%.

'‘H NMR (500 MHz, D,O, mixture of rotamers) .5 8.68 (s, 1H, major
rotamer), 8.62 (s, 1H, minor r.otamer), 8.05-7.9 (m, 2H), 7.33'(m,. 1H,
rotamer), 7.27 (m, lH,. rotamer), 7.22 (m, 1H, rotamer), 7.17 (m, 1H,
rotarner), 7.01 (m, 1H, rotamer), 6.84 (t, 1H), 5.32 (s, 1H, major rotamer),
5.20 (m, 1H, minor rotamer), 5.13 (s, 1H, minor rotamer), 4.88 (m, 1H,
major rotarr_:er), 4.65-4.55 (m, 2H, major rotamer), 4.45-4.35 (m, 1H,

rotamer plus 1H, minor rotamer), 4.31 (d, 1H, minor rotamer), 4.2-4.05 (m,
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-1H plus 1H, rotamer), 2.80 (m, 1H, minor rotamer), 2.61 (m, 1H, major

rotamer), 2.33 (m, 1H, major rotame-r), 2.24 (m, 1H, minor rotamer), 1.93
(s,3H) |

13C-NMR (100 MHz; D;0): (carbonyl and/or amidine carbons, mixture of
rotamers) 5 181.6, 173.3, 172.7, 172.6, 172.3, 162.6, 162.3

APCI-MS: (M + 1) = 468/470 m/z

Example 35
Ph(LCl)(S-OCHF;)-(R)CH(OH)C(O)-Azé—NH-CH;—((Z-methoxyamidino)-

S-pyridinyl) -

0
o n \—H —N ) —OMe
g L@’{.H
cl O OCHF,

(i) Boc-NH-CH,-[(2-(amino(hydroxylimino)methyl))-5-pyridinyl]

5-(tc;rt-Butoxycarboriylaminomemyl)pyridine-z-carboniu-ile (1.00 g, 4.29
mmol; see Example 34(iv) above) was dissolved in 10 mL of ethanol and
hydroiylamine hydrochloride (0.894 g, 0.0129 mol) and triethyl amine
(130 g, 0.0129 mol) were added. The mixture was stirred at room
temperature for 6 days. The.mix.ture was partitioned between water and
methyl.ene chloride. The aqueous layer was extracted w_ith methylene
chloride and the combined organic phase “'ras washed with water, dried

(Na;S0,) and evaporated. Yield: 0.96 g (84%).

'H NMR (400 MHz, acetone-dg) 5 9.01 (bs, 1H), 8.50 (bs, 1H), 7.87 (m,
1H), 7.70 (m, 1H), 6.58 (broad, 1H), 5.70 (broad, 2H), 4.31 (d, 2H), 1.41 (s,
9H)
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(ii) Boc-Aze-NH-CH,-(2-(amidino)-5-pyridinyl) x HOAc .

This reaction .was carried out according to the method described in Judkins
et al, Synth. Comm. (1998) 4351. A suspension of Boc-NH-CH,-[(2-
(amino(hydroxylimino)methyl))-5-pyridinyl] (0.910 g, 3.42 mmol; see step
(i) above), acetic anhydride (0.35 mL, 3.7 mmol) and 0.35 g of 10% Pd/C
(50% moisture) in 100 mL of acetic acid was hydrogenated-at a pressure of
5 atm. for § h. The mixture was filtered through Celite and concentrated.
The residue was freeze-dried from water and acetonitrile to give 0.97 g
(92%) of the sub-title compound.

'H NMR (500 MHz, CD;0D) & 8.74 (s, lH),-8.12 (d, 1H), 7.98 (d, 1H),
4.38 (s, 2H), 1.92 (s, 3H), 1.46 (s, 9H)

(iii) Boc-NH-CH,-(2-(amino(trimethylsilylethylimino)methyl)-5-pyridinyl)
To a suspension of Boc-NH-CH,-(2-(amidino)-5-pyridinyl) x HOAc (0.96

g, 3.1 mmol; sec step (ii) above) in 75 mL of THF was added a solution of

potassium carbonate (1.07 g, 7.7 mmol) and Teoc-p-nitrophenyl carbonate
(1.14g, 4.02 mmol) in 15 mL of water. The mixture was stirred overnight.
An e:ltcess of glycine and_potassium carbonate was added, and the reaction
was lcontinued for 2 h. The THF was evaporated and the remainder was
exu'a;:ted three times with EtOAc. The combined organic phase was
washed with water, dried (Na,SO,) and evaporated. The product could be

_ used without further purification.

'"H NMR (500 MHz, CDCly) & 9.31 (broad, 1H), 8.52 (s, 1H), 8.41 (d, 1H),

8.35 (broad, 1H), 7.74 (d, 1H), 4.97 (broad, 1H), 4.39 (m, 2H), 4.26 (m,
2H), 1.46 (s, 9H), 1.14 (m, 2H), 0.07 (s, 9H)

PCT/SE01/02657
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(iv) HN-CHj-(2-(amino(trimethylsilylethylimino)methyl)-5-pyridinyl) x 2
1l )
Boc-NH-CH;-(2-(amino(trimethylsilylethylimino)methyl)-S-pyridinyl)
(6.23 g, 0.58 mmol; see step (iii) above) was dissolved in 25 mL of EtOAc
saturated with HCi(g) and stirred for 30 min. The solvent was evaporated

- and the product used without further purification. Yield: 0.21 g (98%).

'H NMR (500 MHz, D;0) 5 8.89 (s, 1H), 8.25 (s, 2H), 4.55 (m, 2H), 4.42
(s, 2H), 1.20 (m, 2H), 0.09 (s, 9H)

(v) Boc-Aze-NH-CH,~(2-(amino(trimethylsilylethylimino)methyl)-5-
pyridinyl) - _ .

To a solution of HzN-CH;-(Z-(amino(trimethylsilyletﬁylimino)methyl)-s-
pyridinyl) x 2 HCI (0.21 g, 0.57 mmol; see step (iv) above), Boc-Aze-OH
(0.127 g, 0.631 mmol), and 'i'BTU (233 mg, 0.726 mmol) in 5 mL of DMF
was added dimethylaminopyridine (269 mg, 2.20 mmol). The mixture was
stirred overnight, poured into 100 mL of water and extracted with EtOAq .

_three times. The combined organic phase was washed with aqueous sodium

bicarbonate and water, dried (N2,SQO,) and evaporated. The crude product

" was flash chromatographed on silica get with EtOAc to give 170 mg (56%)

of the desired product.

"H NMR (500 MHz, CDCL,) & 9.33 (broad, 1H), 8.54 (s, 1H), 8.41 (d, 1H),
8.36 (broad, 1H), 7.75 (m, 1H), 4.72 (m, 1H), 4.56 (m, 2H), 4.26 (m, 2H),
3.93 (m, 1H), 3.80 (m, 1H), 2.6-2.4 (m, 2H), 1.42 (s, 9H), 1.14 (m, 2H),
0.07 (s, 9H)

PCT/SE01/02657
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(vi) H-Aze-NH-CH,-(2-(amino(trimethylsilylethylimino)methyl)-5-
pynidinyl) x 2 HCI -
Boc-Aze-NH-CH;-(2-(amino(trimethylsilylethylimino)methyl)-5-pyridinyl)
(170 mg, 0.356 mmol; see step (v) a.bmie) was dissolved in 25 mL of EtOAc

saturated with HCI(g) and stirred for 30 min. The solvent was evaporated
and the product used without further purification. Yield: 160 mg (100%).

'H NMR (500 MHz, CD;0D) 5 9.00 (m, 1H), 8.84 (m, 1H), 8.23 (d, 2H),
8.10 (m, 1H), 5.09 (m, 1H), 4.7-4.6 (m, 2H), 4.51 (m, 2H), 4.14 (m, 1H),
3.97 (m, 1H), 2.86 (m, 1H), 2.58 (m, 1H), 1.22 (m, 2H), 0.11 (s, SH)

(vii) ph(s-c1)(s-ocfHF3)-{R)cH(OH)C(0)-Aze-NH-CH3-12-(ainino(tﬁ-
methylsilylethylimino)methyl)-5-pyridinyl)

To a solution of H-Aze-NH-CH,-(2-(amino(trimethylsilylethylimino}-
methyl)-5-pyridinyl) x 2 HCI (160 mg, 0.462 mmol; see step (vi) above),
Ph(3-CI)(5-OCHF,)-(R)ICH(OH)C(O)OH (131 mg, 0.462 mmol, see .
Example 1(viii) above) and PyBOP (263 mg, 0.505 mmol) in 5 mL of DMF _

was added diisopropylethyl amine (0.30 mL, 1.71 r_r.nmol). The mixture was
stirred overnight, poured into 100 mL of water and extracted three times
with EtOAc. The combined organic phase was washed with aqueous .
sodium bicarbonate and water, .dried (Na;SO,) and evaporated. The crude
product was flash chromatographed on silica gel with EtOAc:MeOH (§5:5)
to give 148 mg (52%) of the desired product.

(viii) Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-NH-CH,-(2-(methoxy- -

amino(trimethylsilylethylimino)methyl)-5-pyridinyl)

A suspension of Ph(-3-Cl)(S-OCHF;)-(R)CH(OH)—C(O)-Aze-NH-CHz-(Z-
(methoxyamino(triz.nethylsilylethylimino)meﬂlyl)-s-pyridinyl) (148 mg,
0.242 mmol; see step (vii) above) and O-methylhydroxyl ‘amine (202 mg,
2.42 mmol) in 10 mL of acetonitrile was heated at 70°C for 3 h. The '
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mixture was partitioned between water and EtOAc. The aqueous layer was
extracted twice with EtOAc and the combined organic phase was washed
with water, dried (Na,SO,) and evaporated. The crude material was flash
chromatographed on silica gel with EtOAc:MeOH (95:5) to give 44 mg
(28%) of pure material.

'H NMR (500 MHz, CDCl,) 5 8.55 (m, 1H), 8.05 (bt, 1H), 7.70 (m, 1H),
7.58 (s, 1H), 7.56 (d, 1H), 7.22 (m, 1H), 7.16 (m, 1H), 7.03 (m, 1H), 6.50 (t,
1H), 4.92 (s, 1H), 4.89 (m, 1H), 4.55-4.45 (m, 2H), 4.38 (broad, 1H), 4.2-
4.1 (m, 3H), 4.00 (s, 3H), 3.73 (m, 1H), 2.69 (m, 1H), 2.44 (m, 1H), 0.97
(m, 2H), 0.02 (s, 9H) '

(ix) Ph(3-Ci)(5-OCHF:)-(R)CH(OH)C(Q)-Aze-NH-CH!-(Q-r_netho:gr_-
amidino)-5-pyridinyl) |
Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(0)-Aze-NH-CH,-(2-(methoxyamino(tri-
methylsilylethylimino)methyl)-S-pyridinyl) (44 mg, 0.069 mmol; see step
(viii) above) was dissolved in 2 mL of TFA and allowed to react for 1 h, '
The TFA was evaporated and the residuc was partitioned between EtOAc

and aqueous sodium bicarbonate. The aqueous layer was extracted with
EtOAc and the combined organic phase was washed with water, dried

(NaiSO.) and evaporated. Yield: 30 mg (88%). Purity: >95%.

'H NMR (500 MHz, CDCl;) 5 8.44 (m, 1H), 8.03 (bt, 1H), 7.91 (m, 1H),
7.60 (m, 1H), 7.19 (m, 1H), 7.13 (m, IH), 7.00 (m, 1H), 6.52 (t, 1H), 5.6-
5.45 (broad, 2H), 4.90 (s, 1H), 4.89 (m, 1H), 4.55-4.4 (m, 2H), 4.27 (broad,
1H), 4.12 (m, 1H), 3.92 (s, 3 H), 2.68 (m, 1H), 2.4} (m, 1H)

BC.NMR (100 MHz; CDCl,): (carbonyl and/or amidine carbons) § 173.0,
170.9, 152.6 -

APCI-MS: (M + 1) = 498/500 m/z

PCT/SE0102657
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Exarple 36
Ph(3-C)(5-OCHF;)-(R)YCH(OH)C(O)-Aze-NH-CH~((5-amidino)-2-

pyrimidinyl)
.__- Nj>—<NH
\'N / NH

OCHF,

(i) 2-Amino-2-iminoethylcarbamate-AcOH . _

N-Boc-aminoacetonitrile (40.2 g, 257.4 mmol) and N-acetylcysteine (42.0
£, 257.4 mmol) were dissolved in methanol (300 mi.) at 60°C and ammonia
was passed through for 18 h. The solvent was removed in vacuo. After ion
exchange chromatography (Amberlite IRA-400 (AcOH)) and
recrystallisation from acetone, 28.4 g (53%) of the sub-title compound was

obtained as a white solid.

'H NMR (300 MHz, CD;0D) 5 4.41 (t, J = 4.9 Hz, 1H), 4.01 (s, 2H), 2.91
(d, J = 5.0 Hz, 2H), 2.01 (s, 3H), 1.46 (s, 9H)

(i1) l,3—Bis(dimethyla_mino)—Z-cyanot:imethiniurﬁ perchlorate

A. solution of 3-dimethylaminoacrylonitrile (25.0 g, 260.0 mmol) in
chloroform (75 mL) was added dropwise to a solution of
(chloromethylene)dimethylammonium chloride (50.0 g, 390.1 mmoi) in
chloroform (175 mL) at 0°C. The reaction mixture was stirred an additional

-2 h at 0°C, then allowed to warm to room temperature overnight, then

subsequently heated for 8§ h under reflux. The solvent was removed in
vacuo. The residue was added to a mixture of sodium perchlorate (110 g,
0.898 mmol) in water (150 mL) and ethanol (300 mL). The mixture was -
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heated under reflux for 15 min then cooled and allowed to stand overnight
in a refrigerator. The precipitate was collected and recrystallized from
ethanol to yield 23.8 g (52%) of the sub-title compound as colorless

needles.

mp: 140-141°C
'H NMR (300 MHz, CDCly) § 8.24 (s, 2H), 3.59 (s, 6H), 3.51 (s, 6H)

(iti) Boc-NH-CH,-(5-cyano)-2-pyrimidine
A mixture of t-butyl 2-amino-2-iminoethylcarbamatesAcOH (5.0 g, 23.8
mmol; see step (i) above) and l,3-bis(dimethylaminq)-Z-cyanou'imcﬂiinium

perchlorate (6.0 g, 23.8. mmol; see step (ii) above) in pyridine (300 mL) was

' stirred under nitrogen at 70-75 °C for 16 h and then heated under reflux for

6 h. The mixture was cooled to room temperature and the solvent was
removed in vacuo. The residue was extracted with a hot mixture (1:1) of
ethyl acetate and chloroform, filtered through a smlall pad of silica, and
concentrated to give the crude product. Flash chromatography on silica
eluting with chloroform gave 4.0-g (71%) of the title compound as colorless

* oil, which solidified upon standing.

- - mp: 86-87°C

25

30

Re=0.77 (silica, 3:2 Ethyl Acetate/Chloroform)

* 'H NMR (300 MHz, DMSO-dy) § 9.25 (s, 2H), 7.39 (bt, 1H), 4.39 (d, /=6

Hz, 2H), 1.38 (s, SH). | | _
C NMR (750 MHz, DMSO-d,) 8 1704, 160.3, 155.8, 115.2, 106.9, 80.0,
463, 28.1 '
APCI-MS: (M + 1) =235 m/z
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(iv) Boc-Aze-NH-CH,-((5-cyano)-2-pyrimidinyl) _
Boc-NH-CH;-(5-cyano)-2-pyrimidine (1.14 g, 4.87 mmol; see step (iii)
above) was dissolved in 50 mL of EtOAc saturated with HCl(g) and

. allowed to react for 1 h and concentrated. The residue was dissolved in 20

j mL of DMF and cooled in an ice bath. Diisopropylethyl amine (3.5 mL,

0.020 mol), Boc-Aze-OH (1.08 g, 537 mmol) and HATU (2.80 g, 5.38 .
mmol) were added and the reaction mixture was stirred at room temperature _
overnight. The solvent was evaporated and the product was purified by
preparative RPLC using CH;GN:0.1M NH,OAc (40:60). The scetonitrile
was evaporated and the aqueous layer was extracted three’ times with
EtOAc. The combined organic layer was dried (MgSO,)} and ‘evaporated.
Yield:'1.12 g (72%).

'H NMR (400 MHz, CDCl;) 6 8.95 (s, 2H), 4.82 (d, 2H), 4.74 (m, 1H), 3.95
(m, 1H), 3.84 (m, 1H), 2.6-2.4 (m, 2H), 1.47 (s, SH)

(v) Boc-Aze-NH-CH;-((5-amidino)-2-pyrimidinyl) x HOAc ,
A solution of Boc-Aze-NH-CHy-((5-cyano)-2-pyrimidinyl) (0.83 g, 2.6
mmol; see step (iv) above), N-acetylcysteine (0.43 g, 2.6 mmol) and

‘ammonium acetate (0.60 g,-7.8 mmol) in 10 mL of methanol was heated at

60°C under nitrogen for 2 days. The solvent was evaporated and the crude
material was purified by preparative RPLC using a gradient of
CH;CN:0.1M NH,OAc (5:95 to 100:0). The fractions of interest were
freeze dried to give 1.0 g (93%) of the desired material.

'H NMR (306 MHz, D,0, signals obscured by the HDO signal) § 9. 17 (s,
2H), 4.!-3.9 (m, 2H), 2.60 (m, 1H), 2.29 (m, 1H), 1.93 (s, 3H), 1.44 (s, 9H)
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(vi) Boc-Aze-NH-CH,-[(5-(amino(trimethylsilylethylimino)methyl))-2-
pyrimidinyl]

To a suspension of Boc-Aze-NH-CH;-((5-amidino)-2-pyrimidinyl) x HOAc
(0.95 g, 2.41 mmol; sec step (v) above) in 50 mL of THF was added a
solution of Teoc-p-nitrophenyl carbonate (.85 g, 3.0 mmol) and potassium
carbonate (1.0 g, 7.2 mmol) in 10 mL ;)f water. The mixture was stirred for
24 h, concentrated and partitioned between water and methylene chloride.
The organic layer was washed twice with saturated aqueous sodium
bicarbonate, <dried (N2;SO,) and evaporated. The crude product was flash
chromatographed on silica gel with heptane:EtOAc (1:1). Yield: 1.04 g
(90%). '

'"H NMR (300 MHz, CDCly) 5 9.16 (s, 2H), 4.80 (d, 2H), 4.73 (m, 1H), 4.26
(m, 2H), 4.0-3.8 (m, 2H), 2.6-2.4 (m, 2H), 1.47 (s, 9H), 1.12 (m, 2H), 0.07
(s, SH)

" (vii) Ph(3-CI)(S-OCHF;)-(R)CH(OH)C(O)—Aze-NH-CHE-[(5-(amino(u'i:

methylsilylethylimino)methyl))-2-pyrimidinyl]
Boc-Aze-NH-CH,-[(5-(amino{trimethylsilylethylimino)methyl))-2-
pyrimidiny!] (0.209 g, 0.437 mmol; see step (vi) above) was dissolved in 25
mL of EtOAc saturated with HCI(g) and allowed to react for 15 min. The
solvent was evaporated and the remainder was dissolved in 4 mL of DMF.
Ph(3-CI)(5-OCHF)-(RICH(OH)C(O)OH (0.100 g, 0.396 mmol; see
.Example 1(viii) above), PyBOP (0.231 g, 0.444 mmol) and diisopropylethyl
amine (0.208 g, 1.61 inmol) were added, and the mixture was stirred for 80
min. The reacti;:r{ mixture was poured into 100 mL of water and extracted.
three times with EtOAc. The combined organic layer was washed with
brine, dried (Na;SO,) and evaporated. The crude product was purified by
preparative RPLC using CH;CN:0.1M NH,0Ac (1:1). Yield: 63 mg (26%).
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'H NMR (400 MHz, CDCl;, mixture of rotamers) § 9.3 (broad, 1H), 9.03 (s,
2H, minor rotamer), 9.00 (s, 2H, major rotamer), 8.25 (m, 1H, major
rotamer), 7.9 (broadr 1H), 7.80 (m, 1H, minor rotamer), 7.2-6.9 (m, 3H),."
6.50 (t, 1H), 5.14 (s, 1H, minor rotamer), 5.08 (m, 1H, minor rotamer), 4.94
(s, 1H, major rotamer), 4.80 (m, 1H, major rotamer), 4.7-4.4 (m, 2H), 4.3- -
3.9 (m, 3H), 3.74 (m, 1H, major rotamer), 2.7-2.1 (m, -2H), 1.03 (m, 2H),
0.01 (s, 9H)

(viii) Ph(3-CD)(5-OCHF;)~(R)CH(OH)C(O)-Aze-NH-CH,-((5-amidino)-2-
pyrimidinyl) x TFA _ . .
Ph(3-C1)(5-OCHF,)-(R) CH(OH)C(0)-Aze-NH-CH;-[(5-(amino(trimethy]-

silylethylimino)methyl))-z-pyrimic_linyl] (21 mg, 0.034 mmol; see step (vii)
above) was dissolved in 0.5 mL of methylenc chloride and cooled in an ice
bath. TFA (2 mL) was added anci the mixture was stirred for 60 min and
then concentrated. The product was freeze-dried from water and
acetonitrile. Yield: 20 mg (100%). Purity: 100%.

'H NMR (400 MHz, CD;0D, mixture of rotamer, signals obscured by the
HDO signal) & 9.08 (s, 2H), 7.4-7.1 (m, 3H), 6.88 (t, 1H, major rotamer),

6.85 (t, 1H, minor rotamer), 5.30 (m, 1H, minor rotamer), 5.22 (s, 1H, -

minor rotamer), 5.20.(s, 1H, major rotanier), 4,73 (m,- 1H, major rotamer),
4.34 (m, 1H, rotamer), 4.21 (m, 1H, rotamer), 4.15-3.95 (m, 2H, rotamers),
2.73 (m, 1H, rotamer), 2.57 (m, 1H, rotamer), 2.45-2.25 (m, 2H, rotamers)

~ UC-NMR (100 MHz; CD;0D): (carbonyl and/or amidine carbons, mixture

of rotamers) 8§ 173.0, 172.6, 172.1, 171.0, 163.4.
APCI-MS: (M + 1) = 469/471 m/z
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Example 37
Ph(3-Cl)(S-OCHFB)-(R)CH(OH)C(0)-Aze-NH-CH;-((S-methoxyamidino)-

2-pyrimidinyl)

0

) \—“ N=— —0OMe
oo S

ci OCHF,

(i) Ph(3-C1)(5-OCHF,)-(R)CH(OH)C(O)-Aze-NH-CH,-[(5-

_ (methoxyamino-(trimethylsilylethylimino)methyl))-2-pyrimidinyl]
A suspension of Ph(3-Cl)(5-OCHF;)-(R)CH(OH)C(O)-Aze-NH-CHz-[(5-
(amino(trimethylsilylethylimino)methyl))-2-pyrimidinyl] (40 mg, 0.065
mmol, sée Example 36(vii) above) and OTmethylhydroxyl amine (33 mg,
0.40 mmol) in 3 mL of acetonitrile was heated at 70°C for 3 h. The mixture

was partitioned between water and EtOAc. The aqueous layer was extracted
twice with EtOAc and the combined organic phase was washed with water,h
dried (Na,SOy) and evaporated. Yield: 33 mg (."1'9%).

'H NMR (400 MHz, CDCl;, mixture of rotamers) &8.76 (s 2H, major
rotamer), 8.70 (s, 2H, rotamer), 8.18 (m, 1H), 7.62 (s, 1H), 7.4-6.9 (m, 4H),
6.50 (bt, 1H), 5.3-4.5 (m, 4H), 4.2-4.05 (m, 3H), 3.96 (s, 3H), 3.68 (m, 1H),
2.8-2.2 (m, 2H), 2.1 (broad, 1H), 0.96 (m, 2H), 0.01 (s, 9H) '

(ii) Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-NH-CH,-((5-methoxy-

amidino)-2-pyrimidinyl)
Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(0)-Aze-NH-CH,-[(5-(methoxyamino-
(trimethylsilylethylimino)methyl))-2-pyrimidinyl] (33 mg, 0.052 mmol; see
step (i) above) was dissolved in 0.5 inL of methylene chloride and cooled in
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an ice bath. TFA (2 mL) was added and the mixture was stirred for 2 h and

then concentrated. The product was freeze dried from water and
acetonitrile. Yield: 31 mg (81%). Purity: 100%. '

'H NMR (400 MHz, CD;0D, mixture of rotamer signals obscured by the
HDO sig_nal) d 8.96 (s, 2H, rotamer), 8.94 (s, 2H, rotamer), 7.4-7.3 (m, 1H),
7.2-7.1 (m, 2H), 6.88-(t, 1H, rotamer), 6.85 (t, 1H, rotamér), 5.29 (m, 1H,
rotamer), 5.24 (s, 1H, rotamer), 5.20 (s, 1H, rotamer), 4.75-4.55 (m, 2H),
4.33 (m, 1H, rotamer), 4.19 (m, 1H, rotamer), 4.15-3.95 (m, 2H, rotamers),

‘3. 88 (s, 3H, rotamer), 3.86 (s, 3H, rotamer), 2.72 (m, 1H, rotamer), 2.56 (m,

1H, rotamer), 2.45-2.25 (m, 2H, rotamers) _

3C.NMR (100 MHz; CD;0D): (carbonyl and/or amidine carbons, mixture
of rotamers) 6 172.8, 172.6, 172.1, i7l.8, 167.8, 167.7, 155.1, 152.3, 152.1
APCI-MS: (M + 1) = 499/501 m/z '

Example 38 .
Ph(3 -Cl)(5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(3-F) )

- o F -
o 0 \—H j NH
._ N\j - NH,

cl OCHF,

(i) 2-Fluoro-4-vinylbenzonitrile

A solution of 4-bromo-2-fluorobenzonitrile (4.92 g, 0.0246 mol),’
vi.nyltributyltin (0.78 g, 0.246 mol), and tetrakistriphenylphosphine (0.67 g

0.58 mmol) in 250 mL of toluene was refluxed under nitrogen overnight.

The solvent was evaporated and the residue was flash chromatographed.on
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silica gel with heptane:CH,Cl; (1:1) to pure CH;Cl;. A colourless oil was
obtained that crystallised. Yield: 3.0 g (82%).

'H NMR (300 MHz, CDCly) 57.56 (m, 1H), 7.3-7.2 (m, 2H), 6.69 (m, 1H),
5.89 (d, 1H), 5.51 (d, 1H)

(ii) 2-Fluoro-4—hydroxymethylbenzomtnle
Into & cooled solution (-78°C) of 2-fluoro-4-vinylbenzonitrile (1.3 g, 8.8
mmol; see step (i) above) in 40 mL of CH;Cl; and 5 mL of methanol was

"bubbled ozone (50 L/h, 29 g/m’) for 30 min. Argc'm was subsequently

bubbled through to remove excess ozone. Sodium borohydride (0.67 g,
0.018 mol) was added and the cooling bath was removed. The mixture was
stirred and allowed to react for 1h. The mixture was evaporated and 2M
HCI was added. The mixture was extractéd twice with diethyl ether and the
combined ether fraction was dried (Na;S(.h) and evaporated. The crude
product crystallised. Yield: 1.1 g (81%).

'H NMR (300 MHz, CDCly) 5 7.59 (m, 1H), 7.3-7.2 (m, 2H), 4.79 (d, 2H),

. 2.26 (¢, 1H)

(iii) .4-Cyano-3-fluorobenzyl methanesulfonate

2-Fluoro-4-hydroxymethylbenzonitrile (1.3 g, 8.6 mmol; see step (ii) above)
was dissolved in 50 mL of CH,Cl, .and cooled on an ice bath.
Triethylamine (0.87 g, 8.6 n-unol) and methanesulfonyl chloride (0.99 g, 8.7
mmol) were added. After stirring for 1.5 h the reaction mixture was washed
with 1M HCL. The organic phase was dried (Na;SO,) and evaporated. The

product could be used without purification. Yield of a colourless oil: 1.8 g

(92%).
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'H NMR (400 MHz, CDCl;) & 7.66 (m, 1H), 7.35-7.3 (m, 2H), 5.26 (s, 2H),
3.07 (s, 3H) '

(iv) 4-Azidomethyl-2-fluorobenzonitrile

To an ice cooled solution of 4-cyano-3-fluorobenzyl methanesulfonate (1.8
8, 7.9 mmol; see step (iii) above) was added sodium azicie (0.80 g, 0.012
mol). The mixture was stirred overnight end then poured into 200 mL of
water and extracted three times with diethyl cther. The combiried ethereal
phase was washed five times with water, dried (Ne;SO,) and evaporated.

The crude colourless oil could be used without further purification. Yield: .

1.2 g (87%).

'H NMR (300 MHz, CDCly) § 7.64 (m, 1H), 7.25-7.18 (m, 2H), 4.47 (s,
2H) :

) 4-Aminoﬁ1ethyl-2-ﬂuor6bcnzonitﬁle'
Toa suspension_of stannous chloride dihydrate (0.45 g, 2.4 mmol) in 20 mL

* of acetonitrile under stirring was added thiophenol (1.07 g, 9.7 mmol) and

triethylamine (0.726'g, 7.17 mmol). Thereafter was added a solution of 4-
azidomethyl-2-fluorobenzonitrile (0.279 g, 1.58 mmol; see step (iv) above)
in a few mLs of acetonitrile. After 1.5 h, the azide was consumed and the -

solvent was evaporated. The residue was dissolved in methylene chloride

. and washed three times with 2M NaOH. The organic phase was extracted

twice with IM HCl. The combined acidic aqueous phase was washed with _
methylene chloride and then made alkaline with 2M NaOH and extracted
three times with methylene chloride. The organic phase was dried (Na,SO,)
and evaporated to give 0.172 g (72%) of the desired sub-title compound

which could be used without purification.
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'H NMR (400 MHz, CDCl,) & 7.58 (m, 1H), 7.3-7.2 (m, 2H), 3.98 (s, 2H),
1.55-1.35 (broad, 2H)

(vi) Boc-Aze-NHCH,-Ph(3-F, 4-CN)

To an ice cooled solution of Boc-Aze-OH (0.194 g, 0.96 mmol) in 5 mL of
DMF was added TBTU (0.50 g, 9.6 mmol). After 30 min another solution,
comprising 4-ami.nomethyl-2-ﬂuorobenzonitrile (0.17 g, 0.81 mmol; s'ee

" step (v) above) and diiisopropylethyl amine (0.326 g, 2.53 mniol)_ in 7 mL

of DMF was added. The resulting solution was ‘stirred overnight at room
temperature. The solvent was evaporated and the product was purified by
preparative RPLC using CH;CN:0.1M NH,OAc (50:50). Freeze-drying

_gave 0.237 g (74%) of the desired sub-title compound.

'"H NMR (300 MHz, CD;0D) § 7.70 (m, 1H), 7.35-7.25 (m, 2H), 4.65-4.35
(m, 3H), 4.0-3.85 (m, 2H), 2.51 (m, 1H), 2.19 (m, 1H), 1.40 (s, 9H) '

(vii) Ph(3-CI}5-OCHF,)-(R)CH(OH)C(0)-Aze-NHCH,-Ph(3-F, 4-CN)
Boc-Aze-NHCH,-Ph(3-F, 4-CN) (0.118 g, 0.354 mmol; from step (vi)
above) was dissolved in 30 mL of EtOAc saturated with HCI(g). The
reaction was stirred. for 20 min and evaporated. The resulting
dihydrochloride and HATU (0.152 g, 0.400 mmol) were dissolved in 5 mL
of DMF. That solution was added to an ice cooled solution of Ph(3-C1)(5-
OCHF2)-(R)CH(OH)C(O)OH (0.101 g, 0.400 mmol; see Example 1(viii)
above) in 5 mL of DMF. The reaction was stirred overnight at ambient
temperature. The solvent was evaporated and the product was purified by
preparative RPLC with CH;CN:0.1IM NHOAc (50:50). Freeze-drying
gave 0.130 g (77%) of the desired sub-title compound.

'H NMR (500 MHz, CD;0D mixture of rotamers) § 7.7-7.6 (m, 1H), 7.35- -
7.1 (m, SH), 6.88 (t, 1H, rotamer), 6.86 (t, 1H, rotamer), 5.25-5.1 (m, 1H
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plus minor rotamer from the following proton), 4.80 (m, 1H, major
rotamer), 4.6-4.4 (m, 2H), 4.36 (m, 1H, major rotamer), 4.18 (m, 1H, major

" rotamer), 4.07 (m, 1H, minor rotamer), 3.98 (m, 1H, minor rotamer), 2.70

(m, 1H, minor rotamer), 2.53 (m, 1H, major rotamer), 2.29 (m, 1H, major

" rotamer), 2.16 (m, .1H, minor rotamer)

(viii) Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(3-F)

Ph(3-Cl)(S-OCHF;)-(R)CH(GH)C(O)—Aze-NHCHz-Ph(B-F, 4-CN) (0.130 g,
0.278 mmol; sec step (vii) above) was dissolved in 80 mL of ethanol
saturated with HCI(g). The mixture was allowed to react at room
temperature overnight. The solvent was evaporated and the residue was re-
dissolved in 100 mL of ethariol saturated with NHy(g). The reaction was
allowed to proceed slov'vly at .room temperature for two days. The
temperature was raised to 50°C and the reaction continued for another 3
days. The starting mattlerial was consumed and the solvent was evaporated.
The product was purified by preparative RPLC and freeze-dried to give 17,
mg (13%) of the title compound as its HOAc salt. | |

'H NMR (600 MHz, CD;QOD mixture of rotamers) & 7.65-7.6 (m, 1H), 7.4-
7.3 (m, 3H), 7.25-7.1 (m, 2H), 7.15-6.7 (m, 1H), 5.25-5.1 (m, 1H plus
minor rotamer of the following proton), 4.8 (m, 1H, major rotamer partially

hidden by CD;0OH), 4.6-3.95 (m, 4H), 2.69 (m, 1H, minor rotamer), 2.56

" (m, 1H, major rotamer), 2.28 (m, 1H, major rotamer), 2.14 (m, 1H, minor

rotamer), 1.90 (l.v., 3H)

BC-NMR (100 MHz; CD;0D): (carbonyl and/or amidine carbons, mixture
of rotamers) 5 180.6,.173.4, 173.1, 172.9, 164.5, 162.3, 159.8

APCI-MS: (M + 1) = 485/487 m/z
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Example 39 -
Ph(3-Cl)(5-OCHF;)—(R)CH(OH)C(O)-Aze-PabQ,ﬁ-diF)
F -

o .
Q \—H NH
1\ NH,
. .

. Cl OCHF,

HO

(i) 2',6-Diﬂuoro-4[(methylsulﬁnyl)(methylthio)methyl]benzoﬁiuile

(Methylsulfinyl)(methylthio)methane (7.26g, 0.0584 mol) was dissolved in
100 mL of dry THF under argon and was cooled to ~78°C. Butyllithium in
hexane (16 mL 1.6M, 0.0256 mol) was added dropwise with stirring. The
mixture was stimed for 15 min. Meanwhile, a splution of 3,4,5-

triflucrobenzonitrile (4.0 g, 0.025 mmol) in 100 mL of dry THF was cooled

to -78°C under argon and t'he former solution was added- through a cannula
to the latter solution over a period of 35 min. After 30 min, the cooling bath
was removed and when the reaction had reached room temperature it was
poured into 400 mL of water. The THF was evaporated and the remaining
aqueous layer was extracted three times with diethyl ether. The combined
ether phase was washed with water, dried (Na,SO,) and evaporated. Yicld.:
2.0 g (30%).

'"H NMR (500 MHz, CDCl;) 5 7.4-7.25 (m, 2H), 5.01 (s, 1H, diasteromer),
491 (s, 1H, dissteromer), 2.88 (s, 3H, diestcromer), 2.52- (s, 3H,
diasteromer), 2.49 (s, 3H, diasteromer), 2.34 (s, 3H, diasteromer), 1.72
(broad, 1H) '

PCT/SE01/02657
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(i) 2,6-Difluoro4-formylbenzonitrile

2,6-Diﬂudro—4[(methylsulﬁnyl)(methylthio)methyl]benzoniu'ile (2.17 g,
8.32 mmol; see step (i) above) was dissolved in 90 mL of THF and 3.5 mL
of concentrated sulfuric acid was added. The mixture was left at room
ten':p.eratum for 3 days and subsequently poured into 450 mL of .water.
Extraction three times with EtOAc followed end the combined ethereal
phase was washed twice with aquéou-s sodium bicarbonate and with brine,
dried (Na,SO,) and evaporated. Yield: 1.36 g (98%). The position of the

. formyl group was established by '*C NMR. The signal from the fluorinated

carbons at 162.7 ppm exhibited the expected coupling pattern with two
coupling constants in the order of 260 Hz and 6.3 Hz resja-ectively

corresponding to an ipso and a meta coupling from the fluorine atoms.
'H NMR (400 MHz, CDCl;) & 10.35 (s, 1H), 7.33 (m, 2H)

(iii) 2,6-Difluoro-4-hydroxymethylbenzonitrile .
2,6-Difluoro-4-formylbenzonitrile (1.36 g, 8.13 mmol; see step (ii) above)
was dissolved in 25 mL of methanol and cooled on an ice bath. Sodium
borohydride (0.307 g, 8.12 mmol) was added in portions with stirring and
the n:acti-on was left for 65 min. The solvent was evaporated and the
residue was partitioned between diethyl cther and aqueous sodium
bicarbonate. The ethereal layer was washed with more aqueous sodium
bicarbonate and brine, dried (Nasz4) and evaporated. The crude product
crystallised soon and could be used without further purification. Yield: 1.24

8 (90%).

'H NMR (400 MHz, CDCl;) § 7.24 (m, 2H), 4.81 (s, 2H), 2.10 (broad, 1H)
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(iv) 4-Cyano-2 6-difluorobenzyl methanesulfonate
To an ice cooled solution of 2,6-difluoro-4-hydroxymethylbenzonitrile
(1.24 g, 7.32 mmol; see step (iii) above) and methanesulfonyl chloride (0.93

_ 8, 8.1 mmol) in 60 mL of methylene chloride was added triethylamine (0.81

8, 8.1 mmol) with stirring. After 3 h at 0°C, the mixture was washed twice -
with 1M HCI and 6n_ce with water, dried (Na,SO,) and evaporated. The
product could be used without further purification. Yield: 1.61 g (89%).

TH NMR (300 MHz, CDCl;) 8 7.29 (m, 2H), 5.33 (s, 2H), 3.07 (s, 3H)

(v) 4-Azidomethyl-2,6-difluorobenzonitrile

A mixture of 4-cyano-2,6-difluorobenzyl methanesulfonate (1.61 g, 6.51
mmol; see step (iv) above) and sodium azide (0.72 g, 0.0111 mol) in 10 mL
of water and 20 mL of DMF was stirred at room temperature ovemight. -
The resultant was subsequentl).f poured into 200 mL of water and extracted
three times with diethyl ether. The combined ethereal phase was washed
five times with water, dried (Na;SO,) and evap;)rated. A small sample was,

evaporated for NMR purposes and the product crystallised. The rest was

_ evaporated cautiously but not until complete dryness. Yield (theoretically

1.26 g) was assumed to be almost quantitative based on NMR and analytical

' HPLC.
. 'H NMR (400 MHz, CDCly) 5 7.29 (m, 2H), 4.46 (s, 2H)

© (vi) 4-Aminomethyl-2,6-difluorobenzonitrile

This reaction was carried out according to the procedure described in J
Chem. Res. (M) (1992) 3128. To a suspension of 520 mg of. 10% Pd/C
(50% moisture) in 20 mL of water was added a solution of sodium
borohydride (0.834 g, 0.0221 mol) in 20 mL of water. Some gas evolution
resulted. 4-Azidomethyl-2,6-difluorobenzonitrile (1.26 g, 6.49 mmol; sce
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step (v) above) was dissolved in 50 mL of THF and added to the aqueous’

mixture on an ice bath over 15 min. The mixture was stirred for 4 h,

. whereafter 20 mL of 2M HCl was added and the mixture was filtered

through Celite. The Celite was rinsed with more water and the combined
aqueous phase was washed with EtOAc and- subsequently made alkaline
with 2M NaOH. Extraction three times with methylene chloride follqweo.:l
and the combined organic phase was washed with water, dried (Na,SO,)

and evaporated. Yield: 0.87 g (80%).
'H NMR (400 MHz, CDCly) 5 7.20 (m, 2H), 3.96 (s, 2H), 1.51 (broad, 2H)

(vii). g,6-Diﬂﬁoi‘o—4-tert—butoxycarbonyla.minomethylbenzonitrile '

A solution of 4—aminomethyl-2,6-diﬂuorob¢;nzonitrile (0.876 g, 5.21 mmol;
see step (vi) above) was dissolved in 50 mL of THF -and di-zert-butyl
dicarbonate (1.14 g , 5.22 mmol) in 10 mL of THF was added. The mixture
was stired for 3.5 h. The THF was evaporated and the residue was
partitioned between water and EtOAc. The organic layer was washed tl;ree'
times with 0.5 M HCIl and water, dried (Na;SO,) and evaporated. The
product could be used without further purification. Yield: 1.38 g (99%).

'H NMR (500 MHz, CDCL) § 7.21 (m,2H), 4.95 (broad, 1H), 4.43 (broad,
2H), 1.52 (s, 9H) '

(viii) Boc-Pab(2,6-diF)(OH) _

A mixture of 2,6-difluoro-4-tert-butoxycarbonylaminomethylbenzonitrile
(1.38 g, 5.16 mmol; see step (vii) above), hydroxylamine hydrochloride
(1.08 g, 0.0155 mol) and triethylamine (1.57 g, 0.0155 mol) in 20 mL of
ethanol was stirred at room temperaimre for 36 h. The solvent was
evaporatéd and the residue was partitioned- between water and methylene

chlonide. The organic layer was washed with water, dried (Na,SO,) and
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evaporated. The product could be used without further purification. Yield:
1.43 g (92%).

'H NMR (500 MHz, CD,0D) § 7.14 (m, 2H), 4.97 (broad, 1H), 4.84

(broad, 2H), 4.40 (broad, 2H), 1.43 (s, 9H)

(ix) Boc-Pab(2,6-diF) x HOAc

This reaction was carried out according to the procedure described by
Judkins et al, Synth. Comm (1998) 4351. Boc-Pab(Z ,6-diFY{OH) (1.32 g
4.37 mmol; see step (viii) above), acetic anhydride (0.477 g, 4.68 mmol)
and 442 mg of 10% Pd/C (50% moisture) in 100 mL of acetic acid was
hydrogenated at 5 atm pressure for 3.5 h. The mixture was filtered through

Celite, rinsed with ethanol and evaporated. The residue was freeze-dried
from acetonitrile and water and & few drops of ethanol. The sub-title
product could be used without further purification. Yield: 0.1.49 g (99%).

'H NMR (400 MHz, CD,;OD) § 7.45 (m, 2H) 4, 34 (s, 2H), 1.90 (s, 3H),
1.40 (s, 9H) '

(x) Boc-Pab(2,6-diF)(Teoc)

To a solution of Boc-Pab(2,6-diF) x HOAc (1.56 g, 5.49 mmol; see step (ix)
above) in 100 mL of THF and | mL of water was added 2-
(trimethylsilyl)ethyl p-nitropheny! carbonate (1.67 g, 5.89 mmol). A
solution of potassium carbonate (1.57 g, 0.0114 mt.:ol) in 20 mL of water was
added dropwise over 5 min. The mixture was stirred overnight. The THF
was evaporated and the residue was partitioned between water and
methylene chloride. The aqueous layer was extracted with methylene
chloride and the combined organic phase was washed twice with aqueous °
sodium bicarbonate, dried (Na;SO,) and evaporated. Flash chrlomntogrnphy
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on silica gel with heptane/EtOAc = 2/1 gave 1.71 g (73%) of pure

compound.

'H NMR (400 MHz, CDCl,) § 7.43 (m, 2H), 4.97 (broad lH), 441 (broad,
2H), 4.24 (m, 2H) 1.41 (s, SH), 1.11 (m, 2H), 0.06 (s, 9H)

(xi) Boc-Aze-Pab(2,6-diF)(Teoc)
Boc-Pab(2,6-diF)(Teoc) (1.009 g, 2.35 mmol; see step (x) above) was
dissolved in 50 mL of EtOAc saturated with HCl(g). The mixture was left

" for 10 min., evaporated and dissolved in 18 mL of DMF, and then cooled on

an ice bath. Boc-Aze-OH (0.450 g, 2.24 mmol), PyBOP (1.24 g, 2.35
mmol) and lastly diisopropylethyl amine (1.158 g, 8.96 mmol) were added.
The reaction mixture was stirred for 2 h and then poured into 350 mL of
water and extraéted three times with EtOAc. The combined organic phase
was washed with brine, dried (Na;SO,) and evaporated.  Fiash
chromatography on silica gel with heptane:EtOAc (1:3) gave 1.097 g '(9_6%)

of the desired compound.

'H NMR (500 MHz, CDCl;) § 7.46 (m, 2H), 4.654.5 (m, 3H), 4.23 (m,
2H), 3.87 (m, 1H), 3.74 (m, 1H), 2.45-2.3 (m, 2H), 140 (s, 9H), 1.10 (m,
2H), 0.05 (s, 9H)

(xi1) Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(2,6-diF)(Teoc)

Boc-Aze-Pab(2,6-diF)(Teoc) (0.256 g, 0.500 mmol; see step (xi) above)
was dissolved in 20 mL of EtOAc saturated with HCI(g). The mixture was
left for 10 min. and evaporated and dissolved in 5 mL of DMF. Ph(3-CI)(5-
OCHF;)-(R)CH(OH)C(O)OH (0.120 g, 0.475 mmol; see Example 1(viii)
above), PyBOP (6.263 g, 0.498 mmol) and lastly diisopropy'lethjr] amine
(0.245 g, 1.89 mmol were added. The reaction mixture was stirred for 2 h
and then poured into 350 mL of water and extracted three times with
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EtOAc. The combined organic phase was washed with brine, dried
(thso.) and evaporated. Flash chromatography on silica gel with EtOAc
gave 0.184 g (60%) of the desired sub-title compound.

'H NMR (400 MHz, CD;0D, mixture of* rotamers) & 7.55-7.45 (m, 2H),
7.32 (m, 1H, major rotamer), 7.27 (m, 1H, minor rotamer), 7.2-7.1 (m, 2H),
6.90 (t, 1H, major rotamer), 6.86 (t, 1H, minor rotamer), '5.15 (s, 1H,major’
rotamer), 5.12 (m, 1H, minor rotamer), 5.06 (s, 1H, minor rotamer), 4.72
(m, 1H, major rotamer), 4.6-4.45 (m, 2H), 4,30 (m, 1H, major rotamer),

' 4.24'(m, 2H), 4.13 (m, LH, major rotamer), 4.04 (m, IH, minor rotamer),

3.95 (m, 1H, minor rotamer), 2.62 (m, 1H, minor rotamer), 2.48 (m, 1H,
major rotamer), 2.22 (m, 1H, major rotamer), 2.10 (m, 1H, minor rotamer),

1.07 (m, 2H), 0.07 (m, 9H)

| (xiii) Ph(3-Cl)(S-OCHP:z)-{R)CH(OH)C(O)-A;e-Pab(2,6-diF)

Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(2,6-diF)(Teoc) (81 mg,
0.127 ﬁ:mol; see step (xii) above) was dissolved in 0.5 mL of methylene
chloride-and cooled on an ice bath. TFA (3 mL) was added and the reaction
was left for 75 min. The TFA was evaporated and the residue waé_ freeze
dried from water and acetonitrile. The crude product was purified by
preparative RPLC with CH;CN:0.1M NH4OAc (35:65) to produce 39 mg
(55%) of the title compound as its HOAc salt, purity: 99%. .

'H NMR (400 MHz, CD;0D mixture of rotamers) 8 7.5-7.4 (m, 2H), 7.32..
(m, 1H, major rotamer), 7.28 (m, 1H, minor rotamer), 7.2-7.1 (m, 3H) 6.90

- (t, 1H, major rotamer), 6.86 (t, minor rotamer), 5.15 (s, 1H, major gotamer).

5.14 (m, 1H, minor rotamer),= 5.07 (s, 1H, minor rotamer), 4.72 (m, 1H,
major rotamer), 4.65-4.45 (m, 2H), 4.30 (m, 1H, major rotamer), 4.16 (m,
1H, major rotamer), 4.03 (m, 1H, minor rotamer), 3.95 (m, 1H, minor

PCT/SE01/02657
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rotamer), 2.63 (m, 1H, minor rotamer), 2.48 (m, 1H, major rotamer), 2.21
(m, 1H, major rotamer), 2.07 (m, 1H, minor rotamer), 1.89 (s, 3H)
BC_NMR (75 MHz; CD;0D): (carbonyl and/or amidine carbons, mixture of
- rotamers) § 171.9, 171.2, 165.0, 162.8, 160.4
APCI-MS: (M + 1) = 503/505 m/z.

Example 40. )
Ph(3-Cl)(5-0CHF;)—(R)CH(O@C(O)-Aze-Pa'th,G—diF)(OMe)

OCHF,

() Ph(3-C])(5-OCHF;)—(R)CH(OH)C(O)-Aze-Pabjz,6-&iF)(OMe,Teoc)'

A mixture of Ph(3-Cl)(S-OCHF;)-(R)CH(OH)C(0)-Aze-Pab(2,6—diF)(T egc)'
(64 mg, 0.099 mmol; scc Example 39(xii) above)' and O-methyl
hydroxylamine hydrochloride (50 mg, 0.60 mmol) in 4 mL of acetonitrile
was heated at 70°C for 3 h. The solvent was cvaporated and the residue
wes partitioned between water and EtOAc. - The aqueous layer was
extracted twice with EtOAc and the combined organic phase was washed
with water, dried (Na,SO,) and evaporated. The product could be used
without further purification. Yield: 58 mg (87%).

'H NMR (400 MHz, CDCl) & 7.90 (bt, 1H), 7.46 (m, 1H), 7.25-6.95 (m,
SH), 6.51, t, LH), 4.88 (s, 1H), 4.83 (m, 1H), 4.64.5 (m, 2H), 4.4-39 (m,
4H), 3.95 (s, 3H), 3.63 (m, 1H), 2.67 (m, 1H), 2.38 (m, 1H), 1.87 (broad,
1H), 0.98 (m, 2H), 0.01, s, 9H)
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(ii) Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(2,6-diF)OMe) -
Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(2,6-diF)(OMe,Teoc) (58
. mg, 0.086 mmol; see step (i) above) was dissolved in 3 mL of TFA, cooled
5 on an ice bs;th and allowed to react for 2 h. The TFA was evaporated and
the residue dissolved in EtOAc. The organic layer was washed twice with
aqueous sodium carbonate and water, dried (Na;SO,) and evaporated.” The
residue. was freeze-dried from water and acetonitrile to give 42 mg (92%) of
the title compound. Purity: 94%.

10 -

. "H NMR (300 MHz, CDCl;) § 7.95 (bt, 1H), 7.2-7.1 (m, 4H), 6.99 (m, 1H),
6.52 (t, 1H), 4.8 (s, 1H), 4.85-4.75 (m, 3H), 4.6-4.45 (m, 2H), 4.29 (broad,
1H), 4.09 (m, 1H), 3.89 (s, 3H), 3.69 (m, 1H), 2.64 (m, 1H), 2.38 (m, 1H),
1.85 (broad, 1H) _ '

15 “C-NMR (100 MHz; CDCL): (carbonyl and/or amidine carbons) & 172.1,

169.8, 151.9 - o

APCL-MS: (M + 1) = 533/535 m/z '

Example 41

20  Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(2,5-diF)
| F
NH
NH,

(i) 2;5-Diﬂuoro-4[(methyisulﬁnyl)(methylthio)methyl]benzoniu'ile .
(Methylsulfinyl)(methylthio)methane (3.16 g, 0.0255 mol) was dissolved in
25 50 mL of dry THF under argon and then cooled to —78°C. Butyllithium in
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hexane (16 mL 1.6M, 0.0256 mol) was added dropwise with stirring. The

mixture was stirred for 15 min. Meanwhile a solution of 2,4,5-

trifluorobenzonitrile (2.0 g; 0.013 mol) in 50 mL of dry THF was cooled to

~78°C under argon and the former solution was added through a cannula to

the latter solution over a period of 3-5 min. After 30 min, the cooling bath
was removed and when the reaction had reached room temperature it was .
poured into 200 mL of water. The THF wes evaporated and the remaining
aqueous layer was extracted three times with diethyl ether. The combined
ether phase was washed with water, dried (Na;SO,) and evaporated. The
crude product .started to crystallise and could be used as such in the next
step. Yield: 2.8 g (84%). '

'H NMR (500 MHz, CDCl;) § 7.51-7.44 (m, 2H, major diasterecomer), 7.39
(dd, 1H, minor diastereomer), 5.00 (s, 1H, minor diastereomer), 4.92 (s, 1H,
major diastereomer), 2.59 (s, 3H, minor diastereom;:r), 2.56 (s, 1H, major
diastereomer), 2.46 (s, 1H, minor diastereomer), 2.40 (s, 1H, major

diastereomer)

(if) 2,5-Difluoro-4-formylbenzonitrile

2,5-Difluoro-4[(methylsulfinyl)(methylthio)methyl]benzonitrile (2.8 g,
0.0107 mol; see step (i) above) was dissolved in 100 mL of THF az;d 65g
of concentrated sulfuric acid was added. The mixture was left at room
temperature for 6 days and subsequently poured into 500 mL of water.
Extraction three times with diethyl ether followed and the _combined

ethereal phase was washed several times with water, dried (Na;SO,) and
evaporated. The crude product was flash chromatographed on silica gel
using heptane:EtOAc (8:2). Yield: 1.2 g (67%). The position of the formyl
group was established by use of 13C NMR. The carbon signals from the
fluorinated carbons at 160.1 and 158.4 respectively, were doublets and not
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quartets, which they would have been if the formyl group had been in the 2-

_position.

'H NMR (300 MHz, CDCly) 5 10.36 (d, 1H), 7.72 (dd, 1H), 7.54 (dd, 1H)

(iii) 2,5-Difluoro-4-hydroxymethylbenzonitrile"
2,5-Difluoro-4-formylbenzonitrile (3.60 g, 0.0215 mol; see step (ii) above).
was dissolved in 50 mL of methano! and cooled on an ice bath. Sodium
borohydride (0.815 g, 0.0215 mol) was added in portions with stirring and
the reaction’ was left for 45 min. Water (300 mL) was added and thereafter
carefully 2M HCI was added until an acidic pH was attained. The mixture
was extracted three times with dicthyl ether, and the combined ethereal
phase was washed with water,. dried (Na-lgSO.‘) and evaporated. The crude
produc-t crystallised soon and could be used without further purification.
Yield: 3.1 g (85%).

'H NMR (300 MHz, CDCl;) 5 7.45-(dd, 1H), 7.30 (dd, 1H), 4.85 (s, 2H),
2.10 (broad, 1H) '

"(iv) 4-Cyano-2,5-difluorobenzyl methanesulfonate

To an ice cooled solution of 2,S-diﬂuoro—4-hyglro_xymethylbenzonitrile
(3.10 g, 0.0183 mol; see step (iii) above) and methanesulfonyl chloride
(2.21 g, 0.0192 mol) in 60 mL of methylene chloride was added triethyl

_ amine (1.95 g, 0.0192 mol) with stirring. After 1.5 h at 0°C the mixture

was washed with water, dried (Na;SO,) and evaporated. The product could
be used without further purification. Yield: 4.5 g (99%).

'H NMR (300 MHz, CDCl,) & 7.45-7.35 (m, 2H), 5.32 (s, 2H), 3.13 (s, 3H)

PCT/SED1/02687
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v) 4-Azidomethyl-2,5-diﬂuorobenzonitrilé

PCT/SE01/02657

A mixwre of 4-cyano-2,5-difluorobenzyl methanesuifonate (4.5 g, 0.0182
mol; see step (iv) above) and sodium azide (2.0°g, 0.031 mol) in 20 mL of
water and 40 mL of DMF was stirred at room temperature for 2 h. It was
subsequently poured into 300 mL of water and extracted three times with

-diethyl ether. The combined ethereal phase was washed several times with

water, dried (N2,SOq4) and evaporated. A small sample was evaporated for
NMR purposes and the product crystallised. The rest was evaporated
cautiously but not until complete dryness. Yield (theoretically 3.5 g) is
assumed to be almost quantitative based on NMR and analytical HPLC.

'H NMR (500 MHz, CDCl,) § .38 (dd, 1H), 7.32 (dd, 1H), 4.54 (s, 2H)

(vi) 4-Aminomethyl-2,5-difluorobenzonitrile

This reaction was carried out according to the procedure described in J.
Chem. 'Res. (M) (1992) 3128. To a suspension of 300 mg of 10% Pd/C
(50% moisture) in 20 mL of water was added a solution of sodium
borohydride (0.779 g, 0.0206 mol) in 20 mL of ‘water. Sém;a gas evolution
resulted. 4-Azidomcthy-l-2,S-diﬂuorobenzonitrile (1.00 g, 5.15 mmol; from
step (v) above) was dissolved in 60 mL of THF and added to the aqueous
mixture on an ice bath. The mixture was stirred for 1.5 h whereafter 10 mL
of 2M HCI was added and the mixture was filtered through Celite. The
Celite was rinsed with morc water and the combined 'aqueous phase was
washed with EtOAc and subsequently made alkaline with 2M " NaOH.
Extraction three times with methylene chloride followed and the combined
organic phase was washed with wat<-=r, dried (Na,S0O,) and evaporated.
Yield: 0.47 g (54%).

'H NMR (300 MHz, CDCL) 57.39 (dd, 1H), 7.29 (dd, 1H), 3.99 (s, 2H),
1.45 (broad, 2H)
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(vii) 2,5-Difluoro-4-tert-butoxycerbonylaminomethylbenzonitrile

A solution of 4-aminomethyl-2,5-difluorobenzonitrile (0.46 g, 2.7 mmo;
see step (vi) above) and di-tert-butyl dicarbonate (0.60 g , 2.7 mmol) in 10
mL of THF was stirred overnight. The THF was evaporated and the residue
was partitioned between water and EtOAc. The organic layer was washed
with water-; dried (Na;SO,) and evaporated. ‘“The product could be used
without further purification. Yield: 0.71 g (97%).

'H NMR (300 MHz, CDCL,) 5 7.35-7.2 (m, 2H), 5.11 (broad triplet, 1H),
4.38 (d, 2H), 1.45 (s, 9H)

(viii) Boc-Pab(2,5-diF)(OH)

A mixture of 2,5-difluoro-4-tert-butoxycarbonylaminomethylbenzonitrile
(0.70 g, 2.6 mmol; see step (vii) above), hydroxylamine hydrochloﬁ'dc (0.54
g, 7.8 mmol) and triethylaminé (0.79 g, 7.8 mmol) in 10 mL of ethanol was
stired at room temperature for 6 days. It was then partitioned between
water and methylene chloride. The aqueous layer was extracted with
methylene chloride and the combined organic pha.se was washed with
water, dried (Na,SO,) and evaporated. The product could be used without
further purification. Yield: 0.72 g (92%).

'H NMR (500 MHz, CD;0D) & 7.27 (dd, 1H), 7.12 (dd, 1H), 4.29 (s, 2H),
1.47 (s, 9H)

(ix) Boc-Pab(2,5-diF) x HOAc

This reaction was carried out according to the procedure described by
Judkins et al, Synth. Comm. (1998) 4351. Boc-Pab(2,5-diF)(OH) (0.70 g, .
2.3 mmol; see step (viii) above), acetic anhydride (0..25 g, 2.4 mmol) and
230 mg of 10% Pd/C (50% moisture) in 70 mL of acetic acid was

PCT/SE01/02657
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hydrogenated at 5 atm pressure for 2.5 h. The mixture was filtered through .
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Celite and evaporated. The residue was freeze dried from acetonitrile and
water. The product could be used without further purification in the next
step. Yield: 0.80 g (100%). ' '

'H NMR (500 MHz, CD;0D) § 7.49 (dd, 1H), 7.31 (dd, 1H), 4.33 (s, 2H),
1.91 (s, 3H), 1.46 (s, 9H)

(x) Boc-Pab(Z_,S-diF)(Teoc)

" To a suspension of Boc-Pab(2,5-diF) x HOAc (0.80 g, 2.3 mmol; see step

(ix) above) in 50 mL of THF was added 2-(irimethylsilyl)ethyl . P-
nitrophenyl carbonate (0.85-g, 3.0 mmol). A solution of potassium

_ _ca.rbonate (0.830 g, 5.8 mmol) in 10 mL of water was added dropwise. The

mixture was stirred overnight. The excess Teoc reagent was destroyed by
addition of glycine (0.100 g) and potassium carbonate (0.75' g) to the
solution, l;.etting it react for an additional 2 h. The THF was evaporated and
the residue was partitioned between water and methylene chloride. '-l‘he'
aqueous layer was extracted with methylene chloride and the combined
organic phase was washed with water, dried (Na,SO4) and evaporated.
Flash chromatography on silica gel with heptane:EtOAc (2:1) gave 0.72 g
(72%) of pure compound. '

'H NMR (400 MHz, CDCl;) § 8.00 (dd, 1H), 7.15 (dd, 1H), 4.98 (broad,
1H), 4.36 (bd, 2H), 4.24 (m, 2H), 1.45 (s, 9H), 1.12 (m, 2H), 0.07 (s, 9H)

(xi) H-Pab(2 5-diF)(Teoc) x 2 HCI
Boc-Pab(2,5-diF)(Teoc) (038 g, 0.88 mmol; sce step (x) -above) was
dissolved in 50 mL of EtOAc saturated with HCI(g). The mixture was left

for 30 min and evaporated.
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'"H NMR (500 MHz, CD;0D) § 7.75-7.6 (m, 2H), 4.46 (m, 2H), 4.3 (s, 2H),

* 1.15 (m, 2H), 0.07 (s, SH)

" (i) Boc-Aze-Pab(2,5-diF)(Teoc)

To a stirred solution of Boc-Aze-OH (0.189 g, 0.94 mmol), H-Pab(2,5-
diF)(Teoc) x 2 HCI (0.36 g, 0.89 mmol; see step (xi) above) and PyBOP
(0.54 g, 1.03 mmol) in 5 mL of DMF -was added diisopropylethy! amine
(0.49 g, 3.8 mmol) and the mixture was allowed to react overnight. The
resultant was then poured into aqueous sodium bicarbonate and extracted
three times with EtOAc. The combined organic phase was washed with
water, dried (Na;SO,) and evaporated. Flash chromatography on silica gel
with heptane:EtOAc (3:7) gave a sufficiently pure compound. Yield: 0.25 g

(48%).

'"H NMR (500 MHz, CDCL,) § 7.98 (dd, 1H), 7.13 (dd, 1H), 4.69 (m, 1H),
4.53 (m, 2H), 4.22 (m, 2H), 3.92 (m, 1H), 3.79 (in, 1H), 2.55-2.35 (m, 2H),
1.44 (s, 9H), 1.11 (m, 2H), 0.06 (s, 9H) . )

(xiit) H-Aze-Pab(2,5-diF)(Teoc) x 2 HCI. _
Boc-Aze-Pab(2,5-diF)(Teoc) (0.25 g, 0.49 mmol; see step (xii) above) was
dissolved in 50 mL of EtOAc saturated with HCl(g). The mixture was left
for 30 min. and evaporated. The product was used in the next step without
further purification. Yield: 0.23 g (97%).

'H NMR (400 MHz, CD,0D) 5 7.59 (dd, 1H), 7.47 (dd, 1H), 05.14 (m,
1H), 4.54 (m, 2H), 4.48 (m,2H), 4.15 (m, 1H), 3.96 (m, 1H), 2.87 (m, 1H),
2.56 (m, 1H), 1.17 (m, 2H), 0.05 (s, 9H) '
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(xiv). Ph(3-CI){5-OCHF g)-(R)CH(OH)C(O)-Azé-Pab(Z.S-diF)(’I‘eoc)
To a solution of Ph(3-Cl)(5-OCHF,)-(R)ICH(OH)C(O)OH (0.12 g, 0.47
mmol; see .Example 1(viii) above), H-Aze-Pab(2,5-diF)(Teoc) x 2 HCI

"(0.23 g, 0.47 mmol; see step (xiii) above) and PyBOP (0.27 g, 0.52 mmol)

in 10 mL of DMF was added diisopropylethyl amine (0.2'45 g, 1.90 mmol),
and the mixture was stirred overnight. The resultant was poured into water
and extracted three times with EtOAc. The combined organic phase was
washed with water, dried (Na,SO,) and evaporated. Flash chromatography
on silica gel with EtOAc gave 100 mg of a pure fraction and 30 mg of a
90%-pure fraction. Total yield: 0.13 g (41%).

'H NMR (400 MHz, CDCl;) 5 9.80 (broad, 1H), 8.05 (bt, 1H), 7.94 (dd,
1H),7.20 (m, 1H), 7.2-7.1 (m, 2H), 7.02 (m, 1H), 6.54 (t, 1H), 4.93 (s, 1H),
4.91 (m, 1H), 4.51 (m, 2H), 4.28 (broad, 1H), 4.23 (m, 2H), 4.13 (m, 1H),
3.74 (m, 1H), 2.69 (m, 1H), 2.43 (m, 1H), 1.73 (broad, 1H), 1.11 (m, 2H),
1.11 (s, 9H)

(xv) Ph(3-Cl')(S-OCHF'!)-(R)CH(OH)_C(O)-Aze-Pab(Z,S-di.F)
Ph(3'-Cl)(5.-OCHF1)-(R)CH(OH)C(O)-Aze-Pab(Z,S-diF)(T eoc) (60 mg

| (0.093.mmol) of the pure fraction from step (xiv) abové) was dissolved in 3

mL of TFA and left-at room temperature for 1 h. The TFA was evaporated
and the residue was freeze-dried from water and acetonitrile to produce 55

. mg (96%) of the title compound as its TFA salt, purity: >99%.

'H NMR (500 MHz, CD;OD mixture of rotamers) 3 7.55-7.3 (m, 3H), 7.2-
7.1 (m, 2H), 6.88 (t, 1H, major rotamer), 6.86 (t, 1H, minor rotamer), 5.22
(m, 1H, minor rotamer), 5.20 (s, 1H, major rotamer), 5.13 (s, 1H, minor

rotamer), 4.80 (m, 1H, major rotamer), 4.6-4.45 (m, 2H), 4.36 (m, 1H,

-major rotamer), 4.19 (m, 1H, major rotamer), 4.07 (m, 1H, minor rotamer),
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398 (m, 1H, minor rotamer), 2.70 (m, |H, minor rotamer), 2.54 (m, 1H,
major rotamer), 2.28 (m, 1H, major rotamer), 2.14 (m, 1H, minor rotamer)
BC.NMR (75 MHz; CD;O0D): (carbony! and/or amidine carbons, mixture of
rotamers) & 173.0, 172.6, 172.1, 172.0, 162.4 ’

APCI-MS: (M + 1) = 503/505 m/z.

Example 42
Ph(3-C1)(5-OCHF,)-(R)YCH(OH)C(O)-Aze-Pab(2,5-diF)(OMe)

. Q F
HO Q \\—ﬂ ) ~-QOMe
{8 N,

. OCHF,

(i) Ph(3-CIX5-OCHF;)-(R})CH(OH)C(O)-Aze Pab(2,5-diF)(OMe,Teoc)

A mixture of Ph(3-Cl1)(5-OCHF)-(R)ICH(OH)C(O)-Aze-Pab(2,5-diFYT eoc)'
(40 mg, 0.062 mmol; see Example 41(xiv) above) and O-methyl
l;ydroxylamine hydrochloride (58 mg, 0.70 mmol) in § l:nL of acetonitrile

was heated at 70°C for 2 h. The solvent was evaporated and the residue was
partitioned between water and EtOAc. The aqueous layer was extracted-
with EtOAc and the combined organic phase was washed with water, dried
(N2,S0O,) and evaporated. The product could be used without further

purification. Yield: 35 mg (84%).

'H NMR (600 MHz, CDCl;) 5 7.99 (bt, 1H), 7.72 (s, 1H), 7.20 (m, 1H)
7.15-7.1 (m, 1H), 7.07 (dd, 1H), 7.01 (m, 1H), 6.53 (1, 1H), 4.90 (s; 1H),
4.88 m, 1H), 4.48 (m, 2H), 4.2-4.1 (m, 3H), 3.95 (s, 3H), 3.67 (m, 1H), 2.68
(m, 1H), 2.41 (m, 1H), 0.97 (m, 2H}, 0.07 (s, 9H)
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(i) Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(2,5-diF)(OMe)
Ph(3-Cl)(S-OCHFz)-(R)CH(OH)C(O)—A.ze-Pab(Z,-S-diF)(OMe,Teoc) (35
mg, 0.052 mmol; see step (i) above) was dissolved in 3 mL of TFA and

allowed to react for 30 min. The TFA was evaporated and the residue

" freeze-dried from water and acetonitrile to give 29 mg (99%) of the title

compound. Purity: 97%.

'H NMR (300 MHz, CDCl;) 5 8.01 (bt, 1H), 7.45 (dd, 1H), 7.20 (m, 1H),
7.15 (m, 1H), 7.09 (dd, 1H), 7.02 (m, 1H), 6.54 (t, 1H), 5.2-5.0 (m, 2H),

4.95-4.85 (m, 2H), 4.6-4.4 (m, 2H), 4.25 (broad, 1H), 4.13 (m, 1H), 3.90 (s,

3H), 3.71 (m, 1H), 2.69 (m, 1H), 2.43 (m, 1H) _
BC.NMR (75 MHz; CDCl,): (carbonyl and/or amidine carbons) & 173.0,

170.9, 152.6
APCI-MS: (M + 1) = 533/535 m/z.

Example 43 _
Ph(3-Cl)(5-OCHF;)-(R)CH(OH)C(0)-Aze-Pab(OEt)

(i) Ph(3 -Cl)(S-OCHE;)-(R)CH(OH)C(O)-Aze-Pab(OEt,- Teo.c)

Ph(3-C1)(5-OCHF2)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (55 mg, 0.090 mmol;
see Example 1(ix) above) and O-ethylhydroxyl amine h'ydrochloridc (53
mg, 0.54 mmol) were dissolved in 4 mL of THF. Thle mixture was stirred at
60°C for 5 h. The solvent was evaporated. The residue . was

" chromatograplied on silica gel, eluting with methylene chloride:methanol

(95:5) to afford 55 mg (93%) of the sub-title compound.

'H-NMR (400 MHz; CDCl;) : 5 7.84 (bt, 1H), 7.59 (bs, 1H), 7.47 (bd, 1H),
7.29 (bd, 1H), 7.21 (m, 1H), 7.14 (m, 1H), 7.02 (m, 1H), 6.53 (t, 1H), 4.90

PCT/SE01/02657

-
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(s, 1H), 4.86 (m, 1H), 4.554.4 (m, 2H), 4.25-4.1 (m, 5H), 3.69 (m, 1H),
2.66 (m, 1H), 2.41 (m, 1H), 1.33 (t, 3H), 0.98 (m, 2H), 0.02 (s, 9H)

(ii) Ph(3-Cl, 5-OCHF,)-(R)CH(OH)C(Q)-Aze-Pab(OEt)

To an ice-cold solution of Ph(3- Cl)(S-OCHFz) (R)CH(OH)C(0)-Aze
Pab(OEt, Teoc).(55 mg, 0.084 mmol; see step @) aboVe) in 0.5 mL of
methylene chloride was added 3 mL of TFA. The mixture was stirred (ice-

. bath) for 160 minutes. The material was purified using preparative HPLC.
" The fract:ons of interest were pooled and freeze-dried (2x), yleldmg 20 mg

(47%) of the title compound.

'H-NMR (400 MHz; CD;0OD) rotamers: § 7.59 (bd, 2H), 7.35 (m, 1H), 7.32

(bd, 2H), 7.25-7.1 (m, 2_1-[), 6.89 (1, 1H, major rotamer), 6.86 (t, 1H, minorl
rotamer), 5.18 (s, 1H, major rotamer), 5.18 (m, 1H, minor rotamer), 5.11 (s,

IH, minor rotamer), 4.77 (m, 1H), 4.54.3 (m, 3H), 4.2-3.9 (m, 3H), 2.67

(m, 1H, minor rotamer), 2.52 (m, 1H, major rotamer), 2.28 (m, 1H, major

rotamer), 2.15 .(m, 1H, minor rotamer), 1.28 (t, 3H) _

BC.NMR (100 MHz; CD,OD): (carbonyl and/or amidine carbons,
rotamers) 5 172.4, 171.9, 171.4, 153.8, 152.3

MS (m/z) 509 (M - 1), 511 (M + 1)*

Example 44

' Ph(3-CIY(5-OCHF,)-(R)CH(OH)C(0O)-Aze-Pab(OnPr) '

(1) Ph(3-C1)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OnPr, Teoc)

Pl;(3-CI)(5-OCHFz)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (53 mg, 0.087 mmol;
see Example ' 1(ix) above) and O-n-propylhydroxyl amine hydrochlonde,
58 mg (0.52 mmol) were dissolved in 4 mL of THF. The mixture was
stirred at 60°C for 5 h. The solvent was evaporated, The residue was
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chromatographed on silica 'gcl',l eluting with meFliylene chloride:methanol
(95:5) to afford 51 mg (88%) of the sub-title compound. '

'"H-NMR (400 MHz; CDCl,) : 5 7.84 (m, 1H), 7.59 (bs, 1H), 7.47 (bd, 2H),

© 7.28 (bd, 2H), 7.21 (m, 1H), 7.14 (m, 1H), 7.02 (m, 1H), 6.53 (t, 1H), 4.90
_ (s, 1H), 4.85 (m, 1H), 4.55-4.4 (m, 2H), 4.2-4.05 (m, SH), 3.69 (m, 1H),

2.65 (m, 1H), 2.41 (m, 1H), 1.74 (m, 2H), 1.05-0.95 (m, SH), 0.03 (s, 9H)

(ii) Ph(3-CI)(5-OCHF)-(RYCH(OH)C(O)-Aze-Pab{OnPr)

To an icecold solution of Ph(3-Cl)5-OCHF;)-(R)CH(OH)C(0)-Aze-
Pab(OnPr, Teoc) (51 mig, 0.078 mmol; sec step (i) above) in 0.5 mL of
methylene chloride was added 3 mL of TFA. The mixture was stirred (ice-
bath) for 110 minutes. The material was purified using preparative HPLC.
The fraction of interest was evaporated and freeze-dried, yielding 20 mg

(47%) of the title compound.

'H-NMR (500 MHz; CD;OD) rotamers: 5 7.61 (bd, 2H), 7.38 (m, 1H), 7.35,
(bd, 2H), 7.22 (m, 1H, major rotamer), 7.18 (m, 1H), 7.15 (m, 1H, minor
rotamer), 6.92 (t, 1H, major rotamer), 6.89 (t, 1H, minor rotamer), 5.20 (s,
1H, major rotamer), 5.20 (m, 1H, minor rotamer), 4.80 (m, IH, major
rotamer), 4.5-4.4 (m, 2H, including minor rotamer corresp;mding to major
at 4.37), 4.37 (m, 1H, major rotamer), 4.18 (m, 1H, major rotamer), 4.09
(m, 1H, minor rotamer), 3.99 (m, 2H), 2.70 (m, 1H, minor rotamer), 2.54
(m, 1H, major rotamer), 2.30 (m, 1H, major rotamer), 2.18 (m, 1H, minor
rotamer), 1.73 (m, 2H), 1.01 (t, 3H)

_'JC-NMR. (125 MHz; CD;OD): (carbonyl and/or amidine carbons,

rotamers) 5 171.4, 153.8, 152.3
MS (m/z) 523 (M- 1), 525 (M +1)"
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Example 45
Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(QiPr)

(i) Ph(3-CI)(5-OCHF ;)-(R)CH(OI-I)C(b)-Aze-Pab(OiPr. Teoc)

Ph(3-Cl)(5-OCHF,)- (R)CH(OH)C(O) -Aze-Pab(Teoc) (50 mg, 0.082 mmol,
see Example 1(ix) above) and O-i-propylhydroxyl amine hydrochlonde 55
mg (0.49 mmol) were dissolved in 4 mL of THF. The mixture was stirred
at 60°C for 5 h. The solvent was evaporated. The residue was

chromatographed on silica gel, eluting with methylene chloride:methanol
(95:5) to afford 46 mg (84%) of the sub-title compound.

'H-NMR (400 MHz; CDCL) : & 7.84 (m, 1H), 7.57 (bs, 1H), 7.48 (bd, 2H),
7.29 (b4, 2H), 7.21 (m, 1H), 7.14 (m, 1H), 7.02 (m,1H), 6.53 (t, 1H), 4.91
(s, 1H), 4.87 (m, 1H), 4.55-4.45 (m, 2H), 4.42 (m, 1H), 4.2-4.1 (m, 3H),
3.69 (m, 1H), 2.66 (m, 1H), 2.42 (m, 1H), 1.30 (¢, 6H), 0.98 (m, 2H), 0.02
(s,9H) - - . i

(ii) Ph(3-Cl)(S-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(OiPr) _

To an icg-cold solution of Ph(3-Cl)(5-OCHF)-(R)CH(OH)C(O)-Aze-
Pab(OiPr; Teoc) (46 mg, 0.069 mmol; see step (i) above) in 0.5 mL of
methylene chloride was added 3 mL of TFA. The mixture was stirred (ice-
bath) for 150 minutes. The material was purified using preparative HPLC.
The fraction of interest was evaporated and freeze-dried (2x), yielding 22

mg (58%) of the title compound.

'H-NMR (400 MHz; CD;0D) rotamers: 5 7.59 (d, 2H), 7.35 (m, 1H), 7.32

" (4, 2H), 7.19 (m, 1H, major rotamer), 7.15 (m, IH), 7.12 (m, 1H, minor

rotamer), 6.89 (t, H, major rotamer), 6.86 (t, 1H, minor rotamer), 5.18 (s,
1H, major rotamer), 5.18 (m, 1H, minor rotamer), 5.12.(s, 1H, minor
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rotamer), 4.78 (m, 1H, major rotamer), 4.5-3.9 (m, 5H), 2.67 (m, 1H, minor
rotamer), 2.52 (m, 1H, major rotamer), 2.28 (m, 1H, major rotamer), 2.15
(m, 1H, minor rotamer), 1.26 (d, 6H)
3C.NMR (100 MHz; CD;OD):. (carbonyl and/or amidine carbons,
rotamers) & 171.9, 171.4, 153.6. |
MS (m/Z) 523 (M — 1), 525 (M + I)* .

Example 46

" The title compounds of Examples 3, 6, 9, 10, 13 to 15, 17, 19, 21, 23, 25,

27, 28, 32, 34, 36, 38, 39 and 41 were tested in Test A above and were
found to exhibit ICsoTT values of less than 3.5 uM. Those of Examples 3, 6,
9,10,'13, 15, 17, 19,21, 23, 27, 32, 34 and 39 were found to exhibit values
of less than 0.02 pM; those of Examples 25 and 28 less than 0.03 pM, that
c;f Example 14 less than 0.04 pM; and those of Examples 38 and 41 less
than 0.15 M. -

Example 47 _ - o B .
The title compounds of Examples 3, 6, 13, 15, 17, 19, 21, 23, 25, 27, 28, 32

and 34 were tested in Test D above and were found fo exhibit an ICso APTT

" value of less than 1 uM.

Example 48 _
The title compounds of Examples 1, 2, 4, 5, 7, 12, 16, 18, 20, 22, 24, 26, 29,

30, 33 and 43 to 45 were tested in Test E above and were found to exhibit

oral and/or parenteral bioavailability in the rat as the corresponding active

inhibitor (free amidine)..
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Example 49
Title compounds of E:_camples 1,2,7, 8,11, 12, 16, 18, 20, 22, 24, 26, 29_,

33, 37, 40, 43 and 45 were tested in Test G above and were found to be
converted to the corresponding active mhlbltor (free amidine) ‘in liver

mlcrosomes from humans and from rats.

Abbreviations

Ac = acetyl

AcOH .= acetic acid

APCI = atmospheric pressure chemical ionisation (in relati(;n to

| MS) - '

API = atmospheri¢ pressure ionisation (in relation to MS) .
aq. = aqueous

AUC = m:-ea under the curve )
Aze ‘= (S)-azetidine-2-carboxylate (unless otherwise speciﬁgd)
AzeOH = azetidine-2-carboxylic acid

Bn = benzyl

~Boc  -= . tert-butyloxycarbonyl

BSA = bovine serum albumin

"Bu = butyl

Bzl = benzyl

.CI - chemical ionisation (in relation to MS) .

d C o= day(s) .

DCC = dicyclohexyl carbodiimide

DIBAL-H= di-isobutylaluminium hydride

DIPEA = diisopropylethylamine

DMAP- = 4-(N,N-dimethyl amino) pyridine

DMF = dimethylfonnaﬁide
DMSO = dimethylsulfoxide
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DVT
EDC

e.c.
Et

éther
EtOAc
EtOH -
Et;0

HBTU
HCI

Hex
HOAc
HPLC
LC
‘Me
MEM
MeOH
min
MS
MTBE
NADH

" NADPH

NIH
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deep vein thrombosis
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride

enantiomeric excess

ethyl

diethyl ether

ethyl acetate

ethanol

diethyl ether-

hour(s) )
O-(azebenzotriazol-1-yl)-N,N,N*,N*-tetrameéthyluronium
hexafluorophosphate '

[NN N N'-tetramethyl-O-(benzotriazol-1-yl)uronium
hexafluorophosphate]

hydrochloric acid, hydrogen chloride gas or
hydrochloride salt (depending on context)

hexanes-

acetic acid _ _ .

high performance liquid chromatography

liquid chromatography '

methyl :

methoxyethoxymethyl

methenol

minute(s)

mass spectroscopy

methyl tert-butyi ether

nicotinamide adenine dinucleotide, reduced form
nicotinamide adenine  dinucleotide phosphate, reduced
form

National Institute of Health (US)
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NIHU

OAc
Pab
H-Pab
Ph

Pro
PyBOP

QF
RedAl
RPLC

SOPs
TBTU

TEA
Teoc
TEMPO
TFA
THF

"TLC
TMSCI
TMSCN
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182

National Institute of Health units

nuclear magnetic resonance

acetate

parb—amidinobenzylamino
para-amidinobenzylamine

phenyl

propyl .

(5)-prolinyl |

(benzotriazol- 1-yloxy)tripyrrolidinophosphonium
hexafluorophosphate '

: tetrabutylammonium fluoride

sodium bis(Z_-methoxyethoxy)aluminium hydride
reverse phase high performance liquid chromatography
room temperature

standard operating procedures

[V,N,N" N'-tetramethyl-O-(benzotriazol-1-yl)uronium
tetrafluoroborate] S y
triethylamine

2-(trimethylsilyl)ethoxycarbonyl _
2,2,6,6-tetramethyl- 1 -piperidinyloxy free radical
trifluoroacetic acid

tetrahydrofuran

tetrahydropyranyl

thin layer chromatography

trimethylsilyl chloride

trimethylsilyl cyanide

ultraviolet

benzyloxycarbonyl
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Prefixes n, s, i and ¢ have their usual meanings: normal, secondary, iso and

tertiary. The prefix ¢ means cyclo.
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Claims

1. A compound of formula I

wherein
R* represents -6H or -CH,0OH;
R' represents .one or more optional halo substituents;
R? represents one or two C,._-,-alkoxy substituents, the alkyl parts of which
substituents are themselves substituted by one or more fluoro substituents; -
Y represents -CH;- or -(CH;);-; and - ?
R? represents a structural, fragment of formula I(i) or I(ii):
NH XEX,  NH
¢ <
NH, : X3% NH,
R4 : -
(i) | I(ii)
wherein’ _
R’ represents H or one or more fluoro substituents; and
one or two of X,, X;, X; and X, represent -N- and the others represent

-CH-,
or a pharmaceutically-acceptable derivative thereof.
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2. A compound as claimed in Claim 1 wherein R' represents a single

fluoro, chloro or bromo substituent.

3. .A compound as claimed in Claim 2 wherein R' represents chloro.

. 4. A compound as claimed in any one of the preceding claims wherein R?

represents -OCHF,, -OCF;, -OCH,CF;, -OCH;CHF;, -OCH,CH,F or
-OCH(CH,F),.

‘5. A compound as claimed in Claim 4 wherein R? represents -OCHF,,

-OCH,CHF; or -OCH,;CHF.

6. A compound as claimed in any one of the preceding claims wherein R?

represents a structural fragment of formula l(i).'
7. A compound as claimed in Claim 6 wherein R‘ represents H.

8. A compound as claimed in Claim 6 wherein, when R* represents one
or more fluoro substituents, it represents a single fluoro substituent in the 2-
or the 3-position, or two fluoro substituents in either the 2- and 5- positions

or the 2- and 6-positions.

9. A compound as claimed in Claim 8 wherein R* represents a single
fluoro substituent in the 2-position or two fluoro substituents in the 2- and

6-positions.

10. A compound as claimed in any one of the preceding claims wherein R*

represents OH.

PCT/SE01/02657

1
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11. A compound as claimed in any one of the preceding claims wherein
the points of substitution of R' and R? on the relevant phenyl group of the
compound of formula I is one or both of the two meta-positions, relative to

the point of attachment of that phenyl group to the rest of the molecule.

12. A pharmaceutically acceptable derivative of a compound of formulaI

as defined in any one of Claims 1 to 11, which derivative compound is a

| compound of formula Ia,

wherein R represents a structural fragment of formula I(iii) or I(iv):

N—R® X= N—R5
N\ /
H, X3 H,
R4 '

IGi) I(iv)

wherein R’ represents OR‘ or C(O)OR"r

R® represents H, C,.o alkyl, C,. alkylaryl or 'C,.3 alkyloxyary! (the alkyl
parts of which latter two groups are optionally interrupted by one or more
oxygen atoms, and the aryl parts of which latter two groups are optionally
substituted .by one.or more substituents selected from halo, pheny!, methyl
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or methoxy, which latter three groups are also optionally substituted by one
or more halo substituents); _

R’ represents C;.yo alky! (which latter group is optionally interrupted by one
or more oxygen atoms), or C,.; alkylaryl or C,.; alkyloxyaryl (the alkyl
parts of which latter two groups are optionally interrupted by one or more
oxygen atoms, and the aryl parts of which latter two groups are optionally
substituted by one or more substituents selected from _halo, phenyl, methyl

or methoxy, which latter three groups are also optionally substituted by one

or more halo substituents); and

R%, R', R% Y, R, X|, X3, X; and X, are as defined'in any one of Claims 1 to_
11 (as -appr.opriate), '

ora phannaceuticall.y-acceptable derivative thereof. -

13. A compound as claimed in Claim 12 wherein R® represents OR®.

14. A compound as claimed in Claim 13 wherein RS represents H or

unsubstituted, linear, branched or cyclic C,.g alkyl.”

15. A cémpou-nd as claimed in Claim 14 wherein RS i'epreseﬁts H or
C|.‘ alkyl. .

16. A compound as claimed in Claim 14 wherein R® represents linear

C,.1 alkyl, branched C, 4 alkyl or cyclic Cy 5 alkyl.

17. A compound as claimed in Claim 15 or Claim 16 wherein R®

represents methyl, ethyl, n-propyl, i-propyl or cyclobutyl.

18. A compound as claimed in any one of Claims 1 to 17, wherein the

-
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fragment is in the S-configuration.

19. A compound as claimed in any one of Claims 1 to 18, wherein the

fragment

is in the R-configuration when R" represents -OH or is in the S-

configuration when R*® represents -CH,0H.

20. A compound as claimed in Claim 1 which is:
Ph(3-ClI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-Cl)(S-OCFJ)-(R)CH(OH)C(O)-Aze-Pab; :

' Ph(3-Cl)(S-0CHF;)-(;S')CH(CH;OH)C(O)—Aze-PaI_:;

Ph(3-CI)(5-OCF;)<(S)CH(CH;OH)C(O)-Aze-Pab;
Ph(3-OCHF;)-(R)CH(OH)-CO-Aze-Pab;
Ph(3-OCF;)-(R)CH(OH)-CO-Aze-Pab;
Ph(3-Cl)(5-OCH;CF3)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-Cl)(5-OCH,CHF,)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-CI)(5-OCH,F)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-Cl1)(5-OCH,CH;F)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-Cl)(5-OCH(CH;F),)-(R)CH(OH)C(O)-Aze-Pab;



10

15

20

25

30

WO 02/44145 PCT/SE01/02657

189 . pl

Ph(3-F)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-Br)(5-OCH;F)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-Br)(5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab;.

Ph(3-Cl, 5-OCHFy)-(R)CH(OH)C(O)-Pro-Pab;

Ph(3-Cl, 5-OCHF;)-(R)CH(OH)C(0)-Aze-NH-CH,-((2-2amidino)-5-

. pyndinyl);

Ph(3-CL, 5-OCHF,)-(R)CH(OH)C(O)-Aze-NH-CH,-((5-amidino)-2-
pyrimidinyl); - o

Ph(3-Cl, 5-OCHFy)-(R)CH(OH)C(O)-Aze-Pab(3-F);

Ph(3-Cl, 5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(2,6-diF);

Ph(3-Cl, 5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(2,5-diF).
Ph(3-CI)(5-OCHFy)-(R)CH(OH)C(O)-Azc-Pab(OMe);
Ph(3-CI)(5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(OEY);
Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab{OnPr);

.Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OiPr);

Ph(3-CI)}(5-OCHF;)-(R)YCH(OH)C(O)-Aze-Pab{OcBu);

Ph(3-CI)(5-OCHF;)-( R)CH(OH)C(O)-Aze-Pab(OH);

Ph(3-C1)(5-OCHF3)-(R)CH(OH)C(O)-Aze-Pab(COOcPentyl);
Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(Z);
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab{OMe);
Ph{3-Cl)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OCH;-3-(5-Me-isoxazole));
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OCH,-3-pyridine);
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OiBu);
Ph(3-CI)(5-OCF;)(R)CH(OH)C(O)-Aze-Peb(OEt);,
Ph(3-CI)(5-OCF3)-(R)CH(OH)C(O)-Aze-Pab(OBn);
Ph(3-C1)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OcHexyl);
Ph(3-Cl)(5-OCF3)-(R)CH(OH)C(O)-Aze-Pab(OcBu);
Ph(3-CI)Y(5-OCF3)-(R)CH(OH)C(O)-Aze-Pab(OCH,CH,OPh(3-CF,));
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab{OBn(4-C1));
Ph(3-C1)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OBn(3-MeO));
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Ph(3-CI)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab{OBn(2-Br));
Ph(3-CI)(5-OCF3)-(R)CH(OH)C(O)-Aze-Pab(OBn(4-Me));
Ph(3-CI)(5-OCFj3)-(R)CH(OH)C(0)-Aze-Pab(O-4-heptyl);

"Ph(3-Cl)(5-OCF;)-(S)CH(CH,;0H)C(0)-Aze-Pab{OMe);

Ph(3-CI)(5-OCH;CF3)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-CI)(5-OCH;CHF5)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-CI)(5-OCH;F)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-CI)(5-OCH;CH;F)-(R)CH(OH)C(O)-Aze-Pab{OMe);
Ph(3-CI)(5-OCH(CH,F);)-(R)CH(OH)C(0)-Aze-Pab(OMe);
Ph(3-F)5-OCHFy)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-Br)(5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(OMe);

Ph(3-Cl, 5-OCH,CHF,)-(R)CH(OH)C(O)-Aze-Pab(OH);

Ph(3-Cl, 5-OCH;CH;F)-(R)CH(OH)C(O)-Aze-Pab(OH);

Ph(3:Cl, S-OCHF1)-(R)CH(OH)C(O)-Pro-Pab(OMe);

Ph(3-Cl, 5-OCHF,)-(R)YCH(OH)C(O)-Aze-NH-CH;-((2-methoxy-amidino)-
5-pyridinyl); | )
Ph(3-Cl, 5-OCHF,)-(R)CH(OH)C(O)-Aze-NH-CH,-((5-methoxy-amidino)- ,
2-pyrimidinyl); Co

Ph(3-Cl, 5-OCHF,)-(R)CH(OH)C(0)-Aze-Pab(2,6-diF)(OMe); or

Ph(3-Cl, 5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(2,5-diF)(OMe).

21. A phammaceutical formulation including a compound as defined in any
one of Claims 1 to 20, or a pharmaceutically acceptable derivative thereof,
in admixture with a pharmaceutically acceptable adjuvant, diluent or carrier.

22. A formﬁlation as claimed in Claim 21, wherein the adjuvant, diluent

and/or carrier gives rise to a modified release of compound.

23. A formulation as claimed in Claim 21 or Claim 22, which is adapted

for oral administration.
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24. A formulation as claimed in Claim 22 or Claim 23, which is in the form
of a gelling matrix modified—release system comprising a hydrophilic gelling

component and active ingredient.

25. A compound as defined in any one of Claims 1 to 20, or a

pharmaceutically acceptable derivative thereof, for use as a phannaceufica].

26. A compound as defined in any one of Claims 1 to 20, or & -

pharmaceutically acceptable derivative thereof, for use in the treatment of a

condition where inhibition of thrombin is required.

27. A compound as defined in any one of Claims 1 to 20, or a
pharmaceutically acceptable derivative thereof, for use in the treatment of a

condition where anticoagulant therapy is indicated.

28. A- compound as defined in any one of Claims 1 to- 20, or a,

pharmaceutically acceptable derivative thereof, for use in the treatment of

thrombosis.

29. A compound as defined in any one of Claims 1 to 20, or a

pharmaceutically acceptable derivative thereof, folr use as an anticoagulant.

30. The use of a compound as defined in any one of Claims 1 to 20, or a
pharmaceutically acceptable derivative thereof, as an active ingredient for
the manufacture of a medicament for the treatment of a condition where

inhibition of thrombin is required.

31. The use of a compound as deﬁn;zci in any one of Claims 1 to 20, or 8

pharmaceutically acceptable derivative thereof, as an active ingredient for

PCT/SE01/02657
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the manufacture of a medicament for the treatment of a condition where

anticoagulant therapy is indicated.

32. "The use as claimed in Claim 30 or Claim 31, wherein the condition is

thrombosis.

33. The use as claimed in Claim 30 or Claim 31, wherein the condition is

" hypercoagulability in blood and/or tissues.

34. The use of a compound as defined in any-onc of Claims 1 to 20, or a
pharmacentically acceptable derivative thereof, as an active ingredient for

the manufacture of an anticoagulant.

35. A method of treatment of a condition where inhibition of thrombin is
required which method comprises administration of l; therapeutically
effective amount of a compound as defined in any one of Claims 1 to 20, or
a pharmaceutically acceptable derivative thereof, to a person s'uffering from,,

or susceptible to, such a condition.

36. A mcfhod_ of tredtment of a condition where anticoagulant therapy is
indicated which method comprises administration of a therapeutically -
effective amount of a compound as defined in any one of Claims I to 20, or

a pharmaceutically acceptable derivative thereof, to a person suffering from,

or susceptible to, such a condition.

37. A method-as claimed in Clait-n 35 or Claim 36, wherein the condition -

18 thrombosis.

38. A method as claimed in Claim 35 or Claim 36, wherein the condition

is hypercoagulability in blood and/or tissues..



10

13

WO 0244145 PCT/SE01/02657
- 193 D3

39. A process for the preparation of a compound of formula I as defined in
Claim 1, which comprises:

* (i) the coupling of a compound of formula II,

wherein R*, R' and R? are as defined in Claim 1 with a compound of

formula III,
Y

[ .
u—érnws "

wherein Y an_d R? are as defined in Claim 1;

(ii) the coupling of a compound of formula IV,

0 :
- RN
N
] OH \Y;
_ R SRR .
R2

wherein R", R', R? and Y are as defined in Claim 1 with a compound of
formula V, . |
" R'CHNH, Y

wherein R? is as defined in Claim 1;

(iii) for compounds of formula I in which R' does not represent one or more
halo groups, reduction of a corresponding compound of formula Ia, as defined _

N
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in Claim 12, in which R’ represents OR®, wherein R® and RS are as defined in
Claim 12; _

(iv) reaction of a corresponding compound of formula XVIA or XVIB, as
defined in Claim 47, with a source of ammonia; |

(v) reaction of 2 compound of formula XIVA,

RS-
. #‘M\,ﬁe3 XIVA
o .
" TOH -

" wherein R*, R', R? and Y are as defined in Claim 1 with:

(a) a corresponding fluorinated haloalkane; or .

(b) for compounds of formula I in which R? represents ~OCH,CF;,
-OCH,CHF,, -OCH;CH,F or —OCH(CH,F);, a compound of
formula X1V]J,

R"S(0);ORY XIvJ '
wl;érein R* represents C4 alkyl, Ci4 perfluoroalkyl or phenyl
- (optionally substituted by methyl nitro or halo) and R’
tepresents -CH,CF;, -CH;CHF;, -CH,CH;F or - -CH(CH:F);
(vi) for compounds of formula I in which R' does not represent one or more
halo gioups, hydrogcnation- of a corresponding compound of formula I in
which R' represents one or more halo groups; or
(vii) deprotection of a protected derivative of a compound as claimed in
Claim 1. ]

40. A compound of formula II as defined in Claim 39 or a protected
derivative thereof.
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41. A compound as claimed in Claim 40, where the compound is in the R-
configuration (about the carbon atom to which R" is attached) when R® -

represents —OH, or is in the S-configuration which R" represents -CH,0H.

s 42, A compound of formula IV as defined in Claim 39 or a protected

derivative thereof.

43. A compou-nd of formula VT,

Via

10 R R2

wherein R' represents halo and R? is as defined in Claim 1, or a protected

derivative thereof. ;
15 44. A compound of formula X",

H O

o OR'
IXa

R R2

wherein R represents C,¢ alkyl or C;.3 alkylphenyll; R! represents halo and
20 R%isas-defined in Claim 1, or a protected derivative thereof.

45. A compound of formula IXA®,.
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HO OR
IXAs

R~ R2

wherein R is as defined in Claim 44, R re-present.s halo and R? is as defined

s in Claim 1, or a protected derivative thereof.
46. A compound of formula XIVB",
RZ '
OH
XivBs
'R OH o
10 )
or a-phenol O-protected derivative thereof, wherein R' represents halo and R*
is as defined in Claim 1.
" 47. A process for the i:reparation of a compound of formula Ia as defined
15 in Claim 12, which comprises:
(a) reaction of a corresponding compound of formuls II as defined in Claim
39 with a compound of formula XV, -
[~
NN -
N—~R™ - ,
r . . o

wherein Y is as defined Claim 1 and R® is as defined in Claim. 12;
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(b) reaction of a corresponding compound of formula IV as defined in

Claim 39 with a compound of formula XVI,
R™CH,NH, XVI
wherein R* is as defined in Claim 12; |
(c) for compounds of formula Ia in which R* represents OH, reaction of a

corresponding compound of formula XVIA or XVIB,

9 Y
RA [ .
H ..
1 XVIA
R & CN ‘
. “R2’ R4 '

R Y | .
NASrn —
R’ —Q\ 2—0N  XVIB
© < { :
R2 )

wherein R, R', R%, R%, Y, Xj, X, X; and X, are as defined in Claim 1, with
hydroxylamine; .
(d) for compounds of formula Ia in which R® represents OR®, reaction of a

compound of formula XVII,

S *%;n
_ . . 3b P
R2

wherein R represents a structural fragment of formula I(v) or I(vi):

\os(

A
\
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/N—COOR" = /N—coonb
N\, 4 :
H, - X5 NH,
: R '

I(v) | ' i{vi)
wherein R® represents -CHzCH;-Si(CI:IJ); or l:;'enzyl, or a tautomer thereof,
and R, R', R%, Y, R%, X;, X, X; and X, are as defined in Claim 1 with a
compound of formula XVIII, -
5 RONH, : XVII

wherein R® is as defined in Claim 12, or an acid addition salt thereof,
followed by removal of the -C(Q)OR" group; .

(e) for compounds of formula Iz in which R® represents OH, reaction of a
compound of forrmula XVII, as defined above, in which R® represents

10 be;nzyl with hydroxylamine, or an acid addition salt thereof;

(f) for compounds of formula Ia in which R? represents COOR’, reaction of
a corresponding compound of formula I as defined in Claim 1 with a

compound of formula XIX,
L'COOR’ XX
15 wherein L' represents a leaving group and R’ is as defined in élaim 12; or
(g) for compounds of formula Ia in which R® represents OCH; or
OCH,CHj, reaction of a corresponding compound of formula Ia in which R?
represents OH with dimethylsulfate or diethylsulfate, respectively.

20 48. A compound of formula XVIA or XVIB as defined in Claim 47, or a

protected derivative thereof.

49. A compound of formula XVII as defined in Claim 47, or a protected

derivative thereof.
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see naxt sheet**

Remark ou Protest D The edditiona! search fees were accompunied by the applicant”’s protest.

As all required additional senrch fees were timely paid by the applicant, lhis internarional search report covers all
searchable claims.

As all searchable claims could be scarchod without effort justilfying an additionn! fex, this Awthority did not invite payment
of any additional fee.

As only some of the required additional scarch focs were timely paid by the applicany, this intenwtional search repon
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Claims 35-38 relate to mathods of treatment of the human or
animal body by surgery or by therapy/ diagnostic methods
practised on the human or animal body/Rule 39.1. (iv).
Nevertheless, a search has been executed for these claims. The
search has been based on the alleged effects of the
compounds/composgitions.

L 4

According to PCT Rules 13.1 and 13.2, an international
application shall relate to one invention only or a group of
inventions linked by one or more of the same corresponding
»spacial technical features”, i.e. features that define a
contribution which each of the inventions makes over the prior
art.

In the present application the following inventions have been
found:

Invention 1 according to claims 1-39, 40-41, 42, 45-46, 47-49:
Ralates to compounds of formula (I) in claim 1 and formula (Ia)
in eclaim 12, to mathods for their preparation, and to the
medical uses theraof. Furthermore, invention I relates to
intermediates according to formula II in claims 40-41, formula
IV in claim 42, formula IXA* in claim 45, formula XIVB" in claim
46, formula XVIA and XVIB in claim 48, and formula XVII in claim
49. The mentioned intermediates and the final products of
formulas (I) and (Ia) are linked by common, special technical
features, i.a. clear and important structural elements.

Invention 2 according to claim 43:

Relates to intermediates of formula VI* in claim 43. The
intarmediates of invention 2 differ structurally from both the
final products and the intermediates of invention 1 as well as
the intermediates of invention 3.

Invention 3 according to claim 44:

Relataes to intermediates of formula IX* in claim 44. The
intermediates of invention 3 differ structurally from both the
final products and the intermediates of invention 1 as well as
the intermediates of invention 2.

Thus, inventions 1, 2 and 3 are not linked by any common special
technical feature. Therefore, the inventions lack unity.
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1§ D Priority
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1. Basis of the report
1. With regsrd 10 the elements of the intermational application:* N
the international application as originally filed
[ the description:
pages . as originally filed
pages , filed with the demand
pages » filed with the letter of
I:I the claims:

. peges . , &5 originally filed
Pages , a3 amexded (together with any siatement) under article 19
pages , filed with the demand
pages , filed with the letter of

[ the drawings:
pages + a3 originally filed
pages , filed with the demand
pages , filed with the letier of

[] the sequence tisting part of the description:
pages , as originally filed
pages ’ , filed with the demand
pages , filed with the letter of .

2. With regard to the language, all the elements marked above were available or fumnished to this Authority in the langusge in which
the international application was filed, unless otherwise imdicated under this item. i
These elements were available or furnished to 1his Awthority in the following language which is:

D the language of a transiation furnishe for the purposes of internativnal search {(under Rule 23.1(b)).

|___| the language of publication of the intermational application (under Rule 48.3(b)).

(] the lamguage of th transision fumished for the purpose of inermational prefimiary examination (under Rules 55.2 and/
or 55.3). [l

3. With regand 10 any nucleotide and/or amino acld sequence disclosed in the intemational application, the interoational
preliminary examination was carried out on the basis of the sequence listing:

contained iy the international application in written form.

filed together with the international application in computer readable form.

furnished subsequently 1o this Authority in written form.

furnished subsequently to this Aythority in computer readable form.

‘The statemnent that the subsequently fiurnished written sequence listing does not go beyond the disclosure in the

international am:iulion as filed has been furnished. .

The statement that the information recorded in computer readable form is identica) to the written pequence listing has

been fumished,

The amendments have resulted in the cancellatian of:
[]  the description, pages

[ the ctaims, Nos.
[] the dwings, shecvg

5 D This report has been established as if (some of) the amendments had not been made, since they have been considered 1o go
' beyond the disclosure a5 filed, as indicated in the Supplementa] Box (Rule 70.2 (¢)).**

* Ruplucement sheels which kave been firnished to the receiving Office in resporse (o an invitation under Articls 14 are referred 10
In this repori as “originally filed” and are annexed to this report since they do not contain amendments (Rules 70.16
and 70.17),

= Any raplt‘nemem sheel containing such amendments nnest be referred to under item I and annexed to this report.

&

L] 0 D0O000

Form PC I/IPEA/S09 (Box I) (January 19951
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III. Non-¢stablishment of opinlon with regard to novelty, inventive step and industrial applicabllity

/‘//

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be
industrially applicable have not been examined in respect of:

|:| the entire intecnational applicaticn,
claimgNos. 35-38

because:

the said imternational application, or the said claimsNos.  35-38
relate to the fllowing subject matter which does not require an international prefiminsry cxammation (specify):

See PCT Rule 67.1.(iv).: Methods for treatment of the human or
animal body by surgery or therapy, as well as diagnostic
methods. :

the deseription, claims or drewings findicate particular elements below) or said claims Nos,
are 5o unclear that oo mesningful opinion could be formed (specify- ):

the claims, or said claims Nos. are 30 inpdequately supported
by the description that no mesningfil opinion could be formed.

D 1o internationa] search report bas been established for said claims Nos.

2, A meaningful imernational preliminary examination camnot be carried out due to the filure of the nucleotide and/ar aming acid
sequence listing to comply with the standard provided for in Arnex C of the Administrative Instructions:

D the written form has not been furnished or does not comply with the standard.
D the computer readable form has not been firnished or does not comply with the standard.

Form PCI/IPEA/409 (Box 11} (January 1998)
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IV. Lack of unity of lnvention ) N

1. Inresponsc to the imvitation to restrict or pay additional fizes the applicant has:
[:] restricted the claims.
D paid additiong) fees.
D paid additional fees under protest.

D neither restricted nor paid additional fees.

!J

I:l ‘This Authority foumd that the requirement of unity of invention is not complied with and chose, according to Rule §8.), no
to invite the applicant to restrict or pay additional fees,

3, This Authority considers that the requirement of ity of invention in accordance with nides 13,1, 132 md 133 is
D complied with.
D not complied with for the Bllowing reasons:

According to PCT Rules 13.1 and 13.2, an international application
shall relate to one invention only or a group of inventions linked
by one or more of the same corresponding “special technical
features”, i.e. features that define a contribution which each of
the inventions makes over the prior art. In the present application
the following inventions have been found:

Invention 1 according to claims 1-39, 40-41, 42, 45-46, 47-49:
Relates to compounds of formula (I) in claim 1 and formula-(Ia) in
claim 12, to methods for their preparation, and to the medical uses
thereof. Furthermore, invention I relates to intermediates according
to formula II in claims 40-41, formula IV in claim 42, formula. IXA*
in claim 45, formula XIVB®" in claim 46, formula XVIA and XVIB in
claim 48, and formula XVII in claim 49. The mentioned intermediates
and the end products of formulas (I} and {(Xa) are linked by common,
special technical features, i.e. clear and important structural
elements.

Invention 2 according to claim 43:

Relates to intermediates of formula VI® in claim 43. The
intermediates of invention 2 differ structurally from both the end
products and the intermediates of invention 1 as well as the
intermediates of invention 3.

wl

4. Consequently, the following parts of the internationa] applicatipn were the subject of internatingal preliminary examination
in establishing this report: -

all parts.
D the parts relating to claims Nos.

"Form PCI/IPEA/309 (Box IV) (January 1998)
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Contimationof: IV

Invention 3 according to claim 44:
Relates to intermediates of formula IX® in claim 44. The
intermediates of invention 3 differ structurally from both the end

products and the intermediates of invention 1 as well as the

intermediates of invention 2.
Thus, inventions 1, 2 and 3 are not linked by any common special

technical feature. Therefore, the inventions lack unity.

“Form PCI/IPEA/409 (Supplementa) Box) (January 1998)
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V. Reasoned statement under Artele 35(2) with regard to novelty, Inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement
Nwd‘ym Claims _1_3_4' 3_9_"45' 47"49
Claims 46
Ioventive step {IS) Claimy

Claims 1-34, 39-49

Industrial applicability {IA) Claims 1-34, 39-49
Claims

& §

55 &g

.1 2. Citntions and explanstions (Rule 70.7)

The following documents are cited in the international search
report:

D1) WO 0042059 Al
D2) WO 9702284 Al
D3) WO 9929664 Al
D4) WO 9746577 Al
D5) WO 9625426 Rl

The claimed compound according to claim 46 of the present
application is known from D4 (see page 58, line 4). Therefore,
claim 46 lacks both novelty and inventive step.

D1-D4 relates to thrombin inhibitors based on peptidyl
derivatives.

The claimed compounds of the present application differ from
the exemplified or explicitly mentioned prior art compounds of
D1-D4 at least in the substitution of the phenyl-ring
containing the substituents R1 and R2. Therefore, claims 1-34,
39-45 and 47-49 are novel.

However, the applicant has not shown that the structural
differences render the claimed compounds any unexpected and
beneficial effects in comparison with the closely related
compounds o¢f Dl1-D4. Therefore, claims 1-34, 39-45 and 47-49
are not considered to involve an inventive step.

D5 relates to structurally more remote thrombin inhibitors.
This document only discloses the general state of the art and
is not considered to be of particular relevance.

“Farm PCT/IPEA/409 (Box V) (January 1998)
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S-431 83 Méindal g g chy o e
Sweden

Applicant’sregistration No. with the Office

State (that is, conniry) of uationality: State (hat Ls, country) of residence:

SE SE
ey [Jilie= igedsrss, RSy [ kb
Nums gnd Sdrss; oy ey vt by g Ao "*wﬂ.ﬁ.*‘*'m""m This pocicn i
hbkwhu‘:hﬁﬂhhmry)d‘:dhu?uhf D applicant anly

SVENSSON, Ame . .

' 1 and inventor
AstraZeneca R&D Maindal (] sepcct nd s chach
S-431 83 Mdindal [ faad o X roctoney
Sweden .

Applicant’srogistration No, with the Office
State {that is, coumtry) of nationality: State (that is, counery) of residence:
SE SE
'lf;um]:mnlpplwuu Dllldﬂllnlﬂ ﬂ%ﬂlﬁm E#Ww gmmﬂ:
sl Co el e U i ot | i e
Box iy the applicant’s St (that is, country) of rasidance nmq' irindicated beiow,) D applicant only
] spplicant and inventor
D inventor (A thix check-bax
wﬁu in below,)

Applicant's registration No. with the Office

State (that is, couniry} of nationality: State (ihat is, country) of residence:
This person i licant designatad hed States i
forthe puposcs ot~ || Suies O R RE T [y [ o S i
‘;,':“'"ﬂﬂ“ ﬂ'ﬂmﬁ.s:- #'-l GUIWW% Thia person is:
Bax ia the spplicant's Stais (thatis, country) of residance ms-qr ir indlicated below,) D applicant only
[] sppticant and inventor
inventor (If this

check-box
is marked, nuﬁllhbdm,)

Applicant's registration No. with the Office

State (that iz, couniry} of nationality: State (that s, couniry) of residence:
Eummmulpplmml D designated Dﬂm Dcl" only Du's:numdhulh

[] Purther applicants and/or (fisther) inventors are indicated on another eontinuation shect.

Form PCT/RO/101 (continuation sheet) (March 2001; regrint July 2001) Sex Noses o the request form
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BoxNo. ¥V DESIGNATION OF STATES Mark the applicable check-boxes below; at least one must be marked,

The following designations are hereby made under Rule 4.9(a):

Regional Patent

[ AP ARIPO Patent: GH Ghana, GM Gambia, KE Kenys, LS Lesotho, MW Malawi, MZ Mozambique, 8D 8
SL Sierrs Leone, SZ Swaziland, TZ United Republic of Tanzania, UG Uganda, ZW Zimbabwe, and any other State which is
a Contracting State of the Harare Protocol and of the PCT

E EA EurasanPatent: AM Armenis, AZ Azerbaijan, BY Belarug, KG Kyrgyzstan, K7 Kazakhstan, MD Republic of Moldova,
RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is s Contrasting State of the Eurasian
Patont Convention and of the PCT

0 EP European Patent: AT Austris, BE Belgium, CH & LI Switzerland and Liechtenstein, CY Cyprus, DE Germany,
DK Denmark, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, IE Irland, IT Italy, LU Luxembourg,
MC Monaco, NL Netherlands, PT Portugal, SE Sweden, TR Turkey, and any other Stato which is a Contracting State of
the Eurcpean Patent Convention and of the PCT

R OA OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI C8te d'Ivoire, CM Cameroon,
GA Gabon, GN Guinea, GW Guinga-Bissau, ML Mali, MR Mauritsnis, NE Niger, SN Senegal, TD Chad, TG Togo, snd any
other State which is a member State of OAPI and s Contracting State of the PCT ({/other kind of protection or treatment desired,

speclyondotied lIRE) .. ......cccuuoriianarenin taaa s s e anesears sttt e ar et ran e

National Patent (jf other kind of protection or treatment devired, specify on dotted line):
0 AE United Arab Emirates B GHGhana..............connn.. B MXMexico.........coenneeenne
i AG Antigua and Barbuda i GM Gambia B MZ Mozambique
X AL Albamis........cocvvnemennnns B BRCroatia ............cennens @ NO Norway
K AM Amenia............... cereees B HUHUDGRIY ...veeeerennennnnens Kl NZ Now Zealand................
BAT Austria.......coeeevennnnennn K ID Indonesia B PL Palend.............eethee
W AU Australin.........oovenvmunens B IL Ismel......cooveeeceecoeene- M PT Portugal..ooeeinineennnnnnns
B AZ Azerbaijan BIN Indis.......cooovveecnnnnnns RO Romania
& BA Bosnia and Herzegovins . . ..... .. Rl I8 Iceland & RU Russian Federation . . .. .......
K BB Barbados B JP Japmn...c..ciiiiiiiiiiiiieas rerrerasessracnesaiianas
B BGBulpris.........cvvmnnnens B KEKays...oooviieineiinanns X} SD Sudsn
BBRBrazil.........cnnnnnnnnnns B KGKymgyzstan..........c....... B SE Sweden
WIBY Belarus.......coovvmvvrrenanss W KP Democratic People’s Republic [ SG Singapore
RIBZ Bolize..........cccovnnnnnnnn Of KOres .. ..oovvevnennnnn. B0 51 Slovenia....................
il CA Camda [ KR Republicof Korea............. R 5K Slovakia...................s
B CH & LI Switzerland and Lischtenstein W] KZ Kazskhetan.................. W SL SiemmLeone.................
WMCONChim..........covvnrnnnens M LC SaintLucia B T Tajikistan........c..oo..nnns
B CO Colombia M LK SriLanka B T™ Turkmenigtan ................
WICR CosmRica........covcvnennns [ LR Liberia B TR Tukey.....ovevvevvnennnnns
Rcucm.............. erveeceesss DE LS Losotho...vuuvcnnnninonnnnss B TT Trinidad and Tobago ..........
W CZ Czech Republic............... B LT Lithuania =~ seerrreonrrcrniiiiiinnenss
BIDEGermany.........c.en.n... K LU Luxembourg M TZ United Republic of Tenzania
W DK Deamark.................... R LV Latvia Kl UA Ukreine ...................
K} DM Dominica B MAMoreso.......coeeenunnnnen. W UGUgmnda .........cv00vnenens
B DZ Algeria ...ooonveiinniinnnnns @ MD Republic of Moldova . . . ... .. ... B US Unitod Statas of America. ... ..
K EC Ecuador Cereraennnes Cerrimsarareees Cetaaerensstiarrar e rnans
W EE Estonia..........oce0vennnns K] MGMadagasear.................. [ UZ Uzbekistan.................
WES Spain ......coovvvvvnnnrennns R MXThe former Yugoalav Ropublicof Bl VN VietNam..................
W F Finland.....ccooonmnnnnnnnn.. Macedonif ......ovveneneeens B YU Yugoslavia .................
i GB United Kingdom K MN Mongolia K ZA South Africa................
R GD Grenada B MWMalawi......coooonneennnen. B Zw Zimbabwe . ................
W GE Georgia...... Crrereeeenienes
Check-boxes below reserved for designating States which have become party to the PCT after issuance of this sheet:

.PH Philippines ceenane X 2MZambia Cereeeraeras 1 [
KR OMOman ... i . [ oeeemrmrmernmnarannanaenrneenns

Procautionary Designation Statement: In addition to the designations made above, the spplicant also makes under Rule 4.9(b) all
other designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being
excluded from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that
any designation which is not confirmed before the expiration of 15 months from the priority date is to be regarded a5 withdrawn by the
applicant at the expiration of that time limit. (Confirmation (including fees) must reach the receiving Office within the 1 5-month time limit )

Form PCT/RO/10] (second sheet) (July 2001) See Notes to the request form
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Box No. V1 PRIORITY CLAIM

\

The priority of the following earfier application(s) is heroby claimed: N .
Filing date Number Whare earlier application is: T
of esrlier application of exrlier application - reation: - . P
national application: | regional application:” | international application:
(daylmonth/yecs) country regicnal Office receiving Office
hea (1) B
1.12.2000 0004458-6 SE
(01 December 2000)
@
8.03.2001 0100965-3 SE
(18 March 2001)
item (3)
- 06.04.2001 0101238-2 SE
(06 April 2001)
itern (4)
30.08.2001 01028214 SE
(30 August 2001)
itemn (5)

[[] Further priority claims are indicated in the Supplemental Box.

The receiving Office is roquested to propare and trangmit to the International Bursau a certified copy of the estiier upplication(s) (oaly
if the eartiar application was filed with the Office which for the pwpores of thit international appiication is the receiving Office) iduntified
above m:

[J atiems [ item ) [x]imcz) K o KB sm@ O me O pn
* Where the earlier application is an ARIPO indicate at least ons country io the Paris Comvention for the '3

Indusirial Property or one Member of the We wpﬁum:mmmﬁumum@) .....

Box Ne. VIl INTERNATIONAL SEARCHING AUTHORITY

Choles of I umllonlsnrchl Author] two International Authorities o o the
of In ng o ly(lSA]ﬂ' arm hm&m:ﬁmg are competen! to carry

Request to use resuits of earlier search; reference to that search (if an sarlier search hay been carried ot by or requesied from the
Intsrnational Searching Authorily):

Date (dawmonth/year} Country {ar regianal Office)

30.08.2001 SE

Box No. VIII DECLARATIONS

Number
SE 00/01483

Tho following declarations are contained in Boxes Noa. VIII (i) to (v) {mart the applicabls Number of
check-baxes below and indicate in the right column the number of each type of declaration): declamtions
[] BoxNa. VI (i) Declaration ag to the identity of the inrventor
Box No. VIII (ii) Declaration as to the spplicant’s entitlement, aa st the international filing 1
date, to spply for and be granted & patent
[ Box No. VI (iii) Declaration as to the spplicant’s entitiement, as at the international filing
date, to ¢laim the priarity of the ewlier application
[J BoxNo. VIl (iv) Declaration of inventorship (only for the purposes of the designation of the
United States of America)
] BoxNe.vil (v Declaration as to non-prejudicial discidsures or saceptions to lack of novelty
Form PCT/R0O/101 (third sheet) (March 200]; reprint July 2001) See Noses 1o the request form
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BoxNo. VIO (I DECLARATION: ENTITLEMENT TO APPLY FOR AND BE GRANTED A PATENT

The declararion must conform to the standardived wording provided for in Section 212 see Notes to Boxes Nos. VIIT, VIII () to (v) (in
and the specific Notes to Bex No. VI (1), [f this Box is not used, this shoet should not be inchuded in the request.

A\
Declamtion as to the applicant’s entitlement, as at the international ﬁlin;dah,hlp?lyformdbemmdlpnent(kuhtlm

in relation to this intemational application,

AstraZeneca AB is entitled to apply for and be granted a patent by virtue of the following:

AstraZeneca AB is entitled as employer of the inventors, INGHARDT, Tord;
JOHANSSON, Anders and SVENSSON, Ame

This declaration is made for the purposes of all designations, except the designation of
the United States of America.

— - ———————————————— |
] ‘This declaration is continued on the following sheet, “Cantinuation of Bax Ne. VIH (ii)".

Form PCT/RO/101 (declaration sheet (ji)) (March 2001; reprint July 2001) ] See Notes (o the request form

and 51bis. 1{a)(ii)), in & case where the declaration under Rule 4.17(iv) is not appropriate: N

il A
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Box No. IX CHECK LIST; LANGUAGE OF FILING

This international spplication contalns:
(a) the following number of
theets in plper form:
request (includi
declaration sheets : 8
desecri |
uqﬁm pl“qm'l)' : 183
claims : 15

ﬁﬁ:.lu see (b) below)

Total number of sheets 205
T
® O only (under Section Wl(l)(i))

@) O in addition to being
form (under Soenon 801(: i)

Type and sumber of carriers (diskette,
CD-ROM, CD-R or othey) op which the
e e e
right cokonn):

This international application is accompanied by the following Num
WMM@MWHMM of i
'mgm*hwq l

1.l fee calculation sheet : ~
2. (8 original separate power of attomey : 1
3. [0 original general power of sttomey :

4 f f attorney; referenc bex, '
B o GRSBOBROR SR : 1
5. [] statement explaining lack of signature :
6.0 p:;(m;r-doﬂmmﬂl):dmuﬁdmnuNo.VIn

8. [ scpamte indications concemning depositod microorganism
or other biological material :
9. ] wequence listing in computer readable form (indicate also type
and oumber of carrieni (disketta, CD-ROM, CD-R or other ))

() [ copy submitted futheﬂouloﬂmnul search
under Rule 13zer only (and not a2 part of the
international application) :

(i) 1 (only where check-bax (b)(3) or (b)(H) i marked in laft
colfumn} sdditional copies including, where applicable,
the copy for the purposes of international search under
Rule 13ter :

(iii) ] together with relovant statarnent as to the identity
of the copy or copios with the sequence listing part
mentioned in left column

...................... 1010 other pectty: (TS.FRRQMSEOPOIAAS ..., : 1
Figure of ths drawings which Languags of filing of the
should accompany the abatract: intormational spplication: EnQlish

BoxNo.X  SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Next 1o each signature, Indicate the name of the person signing and the capacily in which the parson signs (i ;uch capacity is mot olviows from reading the requesy).

Sddertilife, 30 November 2001

ﬁargarataﬁndemth

Global Intellectual Property, AstraZeneca AB

For receiving Office use only

1. Daute of actual ipt of the

timaly received papers or drawings
Ihepllyn'pomdmlﬂnlnuullppl

3. thddn:ohcmﬂmuptdutolmbm

. Dmteof f
4 um:.mlymcel olhenTua):

5. Intemational Searching Authority
(:lftwourmunlrempetﬂlt) ISA/

6. Transmittul of search dela
D Ilnﬂll-lthfullplldw yed

Date of receipt of the record
byﬂie[ntnnﬂrtnmlle e

For International Bureau use anly

Form PCT/RO/101 (last sheet) (March 2001; regrint July 2001) See Notes to the request form
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with the one chosen by the gpplicant.  The Adl nawe or two-letter code of that Authorlty may be indicated by the gpplicant on the kne below:

1PEA/ SE

PCT CHAPTERI\P
DEMAND
The undersigned uuunf tﬁAn:u t‘lile'= ii::nfnﬂt}eo::lun;lpliauon :poe:i?;?bye:low be the subject of

international preliminary examination according to the Patent Cooperation Treaty and
bereby clects all eligible States (except where otherwise indicated).

For Intemational Preliminary Examining Authority use only

Identification of IPEA Date of receipt of DEMAND

Applicant I's file refurence
BexNo.l IDENTIFICATION OF THE INTERNATIONAL APPLICATION | 588000 3 \i”

International application No. lnmuu;loﬁ,!l‘n' mm) (Earliest) m data gdqgnoanglﬁ'r)
ovel r cember
PCT/SEQ01/02657 (30.11.2001) (01.12.2000)

Title of invention
NEW MANDELIC ACID DERIVATIVES AND THEIR USE AS THROMBIN INHIBITORS

Box No.II APPLICANT(S)

) : - T No.
e s Ll o S Ll {1 o dein. | 148 6553 260 00
AstraZeneca AB Facsimile No.
S-151 85 Sbédertalje +46 8 553 288 20
Sweden Teleprinter No.

Applicant’sregistration No. with the Office

State (that is, couniry) of nationality: State (that is, couniry) of residence:

SE SE

Name and address: (Family sone flowet by given nome; for a legal entity, fiul official devignation. The adkresy wont inchade postal code ond nowe of comry,)
INGHARDT, Tord

AstraZeneca R&D Mdindal

S-431 83 Méindal
Sweden

State (that i, country} of nationality: State (that is, country) of residence:
SE SE

Name and address: (Fomily nawe foliowed by given name; for a logal ensity, fidl official designation. The oddrass wusst include posial code and name of cowwry,) .

JOHANSSON, Anders
AstraZeneca R&D Mdindal
S-431 83 Méindal

Sweden

State (that Is, couniry) of nationality: State (that is, country) of residence:
SE SE _

E Further applicants are indicated on a continuation sheet.

Form PCT/IPEA/40] (first sheet) (March 2001; reprint January 2002) See Notes 10 the demand form



Shost No. 2. PCT/SE01/02657 O

International application No. W

Continuation of Box No. I  APPLICANT(S) \
If none of the following sub-baxes Is wsed, this shewt should not be inclurded in the demand,

¥

Name and address: Fouily aome foowsd by given mome; for @ legal ety il oficial designosion. Tha adkdress snest inciude postel eods ard mome of coundry}
SVENSSON, Ame

AstraZeneca R&D Mdindal

S-431 83 MdIndal

Sweden

State (that ir, country} of nationality: State (that is, country) of residence:
SE SE

Name and address: (Fandly nows foliowed by given nane; Jor a iegol emity, fill official designation. The address st include postal cods and name of cowery)

State {that is, country) of nationality: Stxte (that is, country) of residence;

Name and address: (Fawdly none followed by given name; for a legal ontity, fidl afficial designotion. The addraas wacs includs possal cods ard name of country}

State (that iy, coumiry) of nationality: State (that ln, coumiry) of regidence:

Name and adkdress: (Family aone fllowad by ghen rame; for a legal entity, fill qfficial designation. The addirass sust inchuds postel cods and name of cawary,)

State (that is, country) of nationality: Sigte (thet is, cosniry) of residence:

D Further applicants are indicated on another continuation sheet.

Form PCT/IPEA/40] (continuation sheet) (March 2001; reprint January 2002) See Notes to the demand jorm

-
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3 International application No. ]
Sheet No. .¥. PCT/SE01/02657

Box No. Il AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE ‘
The following person is agent D common representative '\\

and [¥] has been appointed carlier and represeats the applicant(s) also for international preliminary examination.

[} is hereby appointed and any earfior appointment of (an) agent(s)/commeon ropresentative is herehy revoked.
i i i for the edure before the International Prelimi Examini ity, in additi
:Iluh;:yl(l lpul.ﬁcllly_“ proc ure bef iminary ining Authority, in addition to
. . Tel No.
dedﬂﬁ'mzm:ﬁmgﬂnwwﬂmmﬂtwm clephone No

+46 8 553 260 00
Global Intellectual Property "Facsimile No.
AstraZeneca AB +46 8 553 288 20
S-151 85 Sddertilje Teleprinter No.

- Sweden

Agent's registration No. with the Office

D Address for correspondence: Mark this check-box where no or common represeniative is/has been appointed and the
space sbove is used instead to indicate a special address to which corraspondence should be sent.

Box No.1V BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Statement concerning amendments:*

1. The applicant wishes the international preliminary examination to start on the basis of:
[X] the intermational application as originally filed
the description as originally filed

as amended under Article 34

as originally filed
as amended under Article 19 (together with any accompanying statement)
as amended under Article 34

the claims

as originally filed
a5 amended under Article 34

the drawings

00 O00 00

2. D The applicant wishes any amendment 1o the claims under Article 19 to ba considered as roversed.

3 D The applicant wishes the start of the international preliminary examination to be postponed until the expiration of 20 months
from the priority date unless the International Preliminary Examining Authority receives & copy of any emendments made
under Article 19 or a notice from the applicant that he does not wish to make such amendments (Rule 69.1(d)). (This chack-
bax may be marked only whare the time limit under Articie 19 has not yet expired.)

* Where no check-box is marked, intemational preliminary examination will start on the basis of the international application
as originally filed or, where a copy of amendments to the ciaims under Article 19 and/or amendments of the international application
under Article 34 gre received by the Intarnational Preliminary Examining Authority before it has begun to draw up a written opinion
or the international preliminary examination report, as 5o smended.

Language for the purposes of internationa) preliminary examination: English
which is the langusge in which the international application was filed.

D which is the ianguage of s translation furnished for the purposes of international search.
D which is the language of publication of the international application.
{71 which is the language of the translation (to be) furnished for the purposss of intermational preliminary examination.

Box No.V ELECTION OF STATES
The epplicant hereby elects all eligible States (that is, all Stater which have been designated and which are bound by Chapter /i of
the PCT)

excluding the following States which the applicant wishes not to elect:

Form PCT/IPEA/401 (second sheet) (March 2001; reprint January 2002) See Notes to the demand form
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Shoat No. .4 International spplication NO.
T PCT/SE01/02657
Box No. Y1 CHECK LIST
The damand is accompanied by the following clements, in the lnguage reforred toin For International Preliminary N\
Box No. IV, for the purposes of international preliminary examination: Examining Authority use oaly
recajved oot received
1. transiation of international application shoots . O
2. amendments under Article 34 : sheets O O
3. copy (or, where required, translation) of
amendments under Article 19 sheety O O
4. copy (or, where required, translation) of
statement under Articls 19 shocts . O
S. leter : sheots O O
6. other apecify) sheets O O
The demand is slso accampanied by the item(s) marked bolow:
" 1.[X] fee calculation sheet 5.[] statement explaining lack of signature
2.[] original scparate power of attorney 6.[] sequence listing in eomputer readable form

J.D original general power of sttomey 7.D other (gpecifyy):

4, m copy of general power of sttorney;
reference number, if any: GF 843/2002

Box No. Y11 SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Naxt to each signatare, indicaie the name of the person signing and the copacity in wiich the paraon signs (i suck copaeity ir not olwvios from reading the demand).

Sddertilje, 11 June 2002

Giobal Intellectual Property, AstraZeneca AB

For International Preliminery Examining Autherity use only
1. Date of actual receipt of DEMAND:

2. Adjustsd date of receipt of demand due
to CORRECTIONS under Rule 60.1(b):

3 D The date of receipt of the demsnd is AFTER the expiration of 19 montha The applicant has been
T from the pricrity date and item 4 or 5, below, does not apply. informed accordingly.

4 D 11|¢|=d;écsofre=ptofthedmndilwrﬂ-lmthepwiodnflﬂmmﬂuﬁomﬂnpﬁnritydnhuﬂmddbyviﬂmof
- Rule 80.5.

5. D Although the date of reccipt of the demand in after the expimtion of 19 menths from the priority date, the delay in mrival
is EXCUSED pursusnt to Rule 82.

For International Burean use only

Demand received from IPEA on:

Form PCT/IPEA/40] (last sheet) (March 2001; reprint January 2002) See Notes io the demand form
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Vol
ASSIGNMENT TRASPASO
The undersigned, abajo firmado (\)
INGHARDT, Tord
JOHANSSON, Anders
SVENSSON, Ame
domiciled in domiciliado en

AstraZeneca R&D, 5-431 83 Mdindal, Sweden
(same address for gll inventors)

hercby state under oath to be the sole and true inventor decla bajo juramento ser  iinico y verds-
of dero inventor  de.

NEW MANDELIC ACID DERIVATIVES AND THEIR USE AS THROMBIN INHIBiTORS

We state as well that we assign, without reservations or Declar asimismo que ced y

limitation, in favor of transf 5in reserva ni limitacién, 8 favorde la
sociedad

AstraZeneca AB

a corporation organized and existing under the laws of organizada y cxistentc de conformidad con la leves de
Sweden

domiciled in domiciliada en

S-151 85 Stdertdlje, Sweden

all rights inherent to said invention, and that the above Todos los derechos inherentes a dicha invencién y que la
mentioned corporation hercby is enablcd to apply, in its citada sociedad queda facultada para solicitar en su
name, for the corresponding patent in the Republic of nombre la patenic correspondiente en la Repiblica de

Colombia. Colombia.
W 2903 g4 o7
Tord Inghardt Date

2001048
Date




., CONSULADO GENERAL DE COLOMBIA

3AD FLOOR, 1'5-1!-GREAT TITCHFIELD STREET, LONDON W1P 7FB
TELEPMONE 020-7837 8883 = TELEFAX 020-7837 58004
E-MAIL consuico@consulco.demon.co.ult

El suscrito Consul General de Colombia en Londres, vistos los documentos presentados
ante este Despucho,

CERTIFICA

Que, J.B. HODGSON, Noterio Piblico de Macclesfield, Cheshire, Inglaterra, legalizé
la firna del documento precedente y su firma se encuentra certificade por J.
GARBRAH, Oficial de del Ministerio de Relacione Exteriores Britdnico, firma que se
encuentra registrada en este Consulado General.

Que, AstraZeneca AB, es una Sociedad constituida, organizada y exislente en
Sodertalje, Suecia, y que cumple con su objeto social de acuerdo con las leyes de ese
pals.

Que, DAVID ERIC GILES, en su calidad de Representante Legal de la mencionada
Sociedad, debidemente autorizado otorge el documento precedente y su firma sc
encuentra legalizada por J.B. HODGSON, Notario Piblico de Macclesfield, Cheshire,
Inglaterra, Gran Bretafia.

El Cénsul General no asume responsabilidad por el contenido del mencionado
documento.

Dado en Londres, Inglaterra, Gran Bretafia, a los quince (15) dl§ g@ mes de

Noviembre de dos mil (2000). :E g ;%J d-l:
Certificacién No.11 /1722 S e ;
% US 106,00 CANCELADOS 54 5
- EER =
l!m




PODER
Yo (nosotros) ASTRAZENECA AB

Domiciliado(s) en: S-151 85, Sodertalje,
SUECIA _

Nombro(amos) a: RAMIRO: CASTRO DUQUE y/o
HECTOR GOMEZ MEJIA, de Santafé de Bogotd,
Colombia, apoderados verdaderos y legales con poder
especial, amplio y suficlents, para recabar de las oficinas
y autoridades colomblanas adminletrativas, judiclales y da
policia, en cualquier Instancla o racurso, la obtenclén de
patentes de invencion, reglstros - de marcas, diseflos
Industriales, modeloa de utliidad, depdsitos de nombres
comerclales y snsefias, registros de derechos de autor y
contratos sobre los mismos, oblencién de certificados de
oblentor de variedades vegetales, esl como sus
prorogas, renovaclones, anotaclones de trespaso,
cambios de nombre y/o domiciiio; elaborar, tramitar y
registrar contratos de licancia y licenclas de cualesquiera
clases; interverndr cumno demandante o como demandado
n cualguier Inslancla y recurso ante cualquier juez,
corporacién, funcionario ptblico o autoridad en acclones
judiclales, administativas y de policla tales como:
oposiclones al registro de marcas; acclonas de caducidad,
cancelacién y nulldad; acciones relvindicatorias, acclones
derivadas de la obtencidon o explotacién de licancias;
- acclones de competancla desieal; demandas penales;
acclones de Indemnizacidn de petjulcios, reclamos y
observaciones =2 soliciivdes de patentes, disefios
industriales, modelos de utiidad, en el ejercicio de
medidas cautelares y en otras acclones o medidas
similares.

A este efecto, lo{s) faculto{amos) para elevar sallciudes,
formular . descripciones, enmiendas, protestas,
declaraciones, oposiciones, cancelaclones, nulidades,
apelaciones y reclamos; pagar Impuestos, cuotas y
gravamenes prescritos por la ley; renunclar o desistir a
derachos concedidos o en curso de concesidn; rechir

da ciase de documentos y valores, dando el descargo
respectivo, y, en general, para dar ante dichas
autoridades todos los pasos necesarios el efecto indicado
y tomar todas las medidas que creyersn conducentes al
resguardo de mis (nuestros intereges), con todas las
demas facuitades legales necesarias.

Este poder comprende la facultad de ratificar o ¢
en mi (nuestro) nombre lo actuado asl como la faguligdd
deslstir, transigir, compromater y la de sustituirio e id

en parte y ravocar sustiuclones,
nombro(amos) a: RAMIRQ CASTR{r—S
HECTOR GOMEZ MEJIA, domicillado(s
No. 16-56 Piso B, mis (nuestros
Colombla, con facultades para reclb
designar spoderados judiciales o extra

Otorgado y firmado en

hoy de de
Firma

Nombre

Cargo

“BRIGARD & CASTRO

SANTAFE DE BOGOTA - COLOMBIA

.vegatable varieties, as well as extensions, renewals

s i
/i '

P WER OF ATTORNEY
| (We ASTRAZENECA AB

Domiclied In: S-151 85, Sodertalje
SWEDEN

Hereby appoint RAMIRO CASTRO DUQUE andior 3.
HECTOR GOMEZ MEJIA, of Santafé de Bogotd,
Colombla, my (our ) true and lawful attomeys with
special, ample and sufficlent power to obtain from the
Colomblan administrative, Judicial and police offices .,
and authorities, In any Instance, privileges of patents ﬁ'
of Invention, registration of trademarks, Industral ™ -
designs and utility models; registration of commerclal
names and emblems, registration of copyright and
contracta related thereto, certificates of obtalners of

L J

and recordal of assignments and changes of name
and domicile related o the above; to prepare,
prosecute and reglater licenses of any kind; to act as
plainliff or defendant in any Inslunce or recouras, and
before any Judge, corporation, public offictal or t
authorily in judicial, administrative and police actions, ‘¥,
such es: oppositions to the registration of trademarks;

caducity, cancsliation and nullity actions; claim actlons

derivad from the obtalning or axpioitaion of icenses,

action of unfair competition; penal demands, actionsof -
indemnities for damagea: claims or observations on @
patent applications, models, Industrial designs and o
utllity models; In the exercise of preventive measures:

and In other actions or similar proceedings.

To that effact they hersby empowsred o file
applications, farmulate descriptions, amendmants,
protests, declarations, oppositions, cancslliations,

nulllties, appeals and claims; o pay taxes, quotas and  -gkq..
asseasmeants prascribad by law, renounce or waive “JERE,
the rights granted- or In the process of uranllng; to
recelve all kinds of documents and valuables, giving

the respective release of recelpt, and, In geneml, to
take before sald authorities the necessary steps lo#
such gffect, and any measures that they may deem

the other necessary legal powers.

This power Incjudes the facully to ratify or canfirm
dasist, settie ahd compromise on my (our) behalf, and

to subs::g' thls power -"M

' DAVIDERICGILES
Tite DIRECTOR P SERVICES
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Hoy de de
Personaiments comparecid anta ml

a quien conozeo, y da qulen me consta que fimd el
nterior documento, debidamanta juramentado declaré y

ljo que él 83
2

De ASTRAZENECA AB

*Socladad legaimente constituida para un periodo de
duraclon que aGn no ha terminado; que &l declarante
estd autorizado por dicha compalfila para conferir este

. poder; que el selio estampada por él al ple de tal podar,
an nombre y represaniacion de ia axpresada compaiiia,

.oe el sello oficial de alla; y que sl objeto para el cual se
confiere aste Instrumento estd comprendido dentro dal
de [a socledad.

:%I suscrito Notario hace constar que tuvo a la viata iss
prusbas de ia existencla de la sociadad.

m Estado de -
con fecha

y que qulen conflare el presente poder es su
representanta.

NOTARIAL CERTIFICATE (CORPDRAT&l

onthe | d.,,fb’cvw“ 2400 ~

Personally appeared before me

ERIC
fo me krown, nndqt%n fo me to be ma parson who
signed the foregoing Insbument who being by me duly
swom did dapose and say that he (sha) Is the

. . ———

- ';‘
DIRECTOR [P SERVICES
of ASTRAZENECA AB R G
. o PSR
@.’-\. af-.

L o,
es’f.ﬁ

Which Is legally constituted for a term not yet expired,
that deponent Is authorized by said Company to confer
this Power of Attomey: that the seal affixed hereunto by
the deponent In the-neme and on behalf of sald
Corparation s tha corporate seal tharaof. and that the
purposa for which this Instrument s granted Is Included
within the corporate purpose of company.

The undersigned Notary Public attests that ha has seen
the documents that prove the axistence of the company.

Swoeenl
[ TANORRY 2o

and that he (she) who grants the preasnt power of
attomay la itz Reprasantative.

State of
under data of

f& Notario Pablica (seiio)
CERTIFICADO NOTARIAL NOTARL)L CERTWFICATE
t PERSONA NATURAL L " AL BERSON
Hoy . de de ,  Onthis 77 day of of
*  comparecié{eroh) ante ml e _ perscnally apgefited before me
Il a quien (es) conozp ¥ e consti qua as( ats mvﬂ! I'(a ' known to me and whd'| attest executed the
persona(s) firmante(s) -del documento, qugsSFegsh ﬁ-ﬁ nagt_and he{they) declared he (they)

quien{es) declara{n) que otorgan & : DifHdes | n
y propésl!ns que oh 4! a8 expresan .u"'w
"'5"'

Notario Pobfico (lallo\

LEGALIZACION ANTE CONSUL C LOMBIANO
REQUERIDA
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UNITED KINGDOM OF GREAT BRITAIN AND NORTHERN IRELAND

. D644894

Date’ 14 November, 2000

HID warengy .
*rhis document bears IRAY; e ALVAREY
* the signature /sealof  J B Hodgson . NTERPRETE Opgyeg

Acting in the capacity of Notary Pablie

Signed by: J. Garbrsh




TRADUCCION OPICIAL No. 432/2000 de las isgealizacionas que
ss sncuantran a continuacién de un Poder olorgado AGTRAZENECA
AB, una compafia domiciliada en 8-181 83. Godertalje, SUECIA al
doctor RAMIRO CASTRO y HECTOR GOMEZ, Santalé de Bogots,
D.C., Colombla, del Ingiés al espafiol, ias cuales para sy
Identificacion ee sslls con el Sello de! Traductor al mismo
tlempo quse in presents.-

22T E ST E LS LN LS AR NN AL R LA A P A A
ANEXO®: Ei Poder arriba mencionado, Cerlificacién Notarlel,
Cortificacidn por ol Secreisrio de Estado Principal de Su Majesiad .
Para los Asuntos de ll. Comunidad y el Extranjero en: Londres, é
Ingisterra, .Cariificacion del .Condulado General de “Colombla en ]
Londres, Ingisterra, Aulenticacion por el Ministerio d¢ Relaciones

Exieriores de Colombis.-

e L I R e e

h T

b e

Firma llegible {Firmado) _
Notario Pablico : v,
BELLO NOTARIAL EN RELIEVE.

a2l S S e e I R L S T R S A S A R R R

REINO UNIDO DE LA GRAN BRETARA E IRLANDA DEL

NORTE . %ﬁ

No. D6443804
Fecha...14 de Noviembre
Este documento porte
e firma/saniio de

A
HUBO NAVERRO ALVAREX
TRADUCTOR E, INTERPRETE OFfCuS
fm. 1878 Minjmaticle 18905 .



Por ol Secrelario de Eslado Principal de
Su Majestad pars los Asunios de ia
Comunidad y el Extrenjers. ~

SELLO EN RELIEVE,

HAY SELLO DE LA COMUNIDAD

Y EL EXTRANJERO EN LONDRES,

INGLATERRA. ' _

O T eI eI I )
EN ESPAROL: La Certificacion de! Consulado Genera! de Colombia
en Londres, Ingiaterra bajo sl Nidmero de Cartificacién 11/1722 de
fecha 18 de Noviembre del efic 2000; Autenticacion Hasta por el
Minisisrio de Relsclones Exieriores de Colombla bajo el Namero
481834 de fecha 29 de Noviemibre del afo 2000. _

(Pagados Derachos por valor de $108.00 Délares)
T YIYRRFFIENEFNEY N FFIE Y F Y Fwre i
ES TRADVUCCION FIEL Y COMPLETA DE LO8 DOCUMENTOS
ADJUNTO®.

b-_'h
HUGD NAYARRQ ALVAREZ
(RADUCTOR E. INTEWPRETE ORCIM
B 1570 Minjwiicls LERY

Fecha: 4 de Diclembre de! aflo 2047
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NUEVOS DERIVADOS DE ACIDO MANDELICO Y SU USO COMO
INHIBIDORES DE TROMBINA

Campo de la Invencién

Esta invencion se refiere a compuestos novedosos de utilidad farmacéutica,
en particular a compuestos que son, y/o compuestos que se metabolizan en
compuestos que son, inhibidores competitivos de serina proteasas andlogas
a tripsina, especialmente trombina, su uso como medicamentos, a
composiciones farmacéuticas que los contienen y a rutas sintéticas para su

produccion.
Antecedentes

La coagulacion de la sangre es un proceso clave involucrado tanto en la
hemostasis (es decir, la prevencién de pérdida de sangre de un vaso daftado)
como en la trombosis (es decir, la formacién de un coégulo en un vaso

sanguineo, lo que lleva a menudo a la obstruccién de los vasos).

La coagulacién es el resultado de una serie compleja de reacciones
enzimaticas. Uno de los ultimos pasos en esta serie de reacciones es la

conversién de la proenzima protrombina en la enzima activa trombina.

Se sabe que la trombina juega un papel central en la coagulacién. Activa
las plaquetas, lo que lleve a la agregacion plaquetaria, convierte el
fibrindgeno en mondmeros de fibrina, que se polimerizan espontéineamente
en polimeros de fibrina, y activa el factor XIII que, a su vez, crea enlaces .
cruzados en los polimeros para formar fibrina insoluble. Ademss, la
trombina activa el factor V y el factor VIII lo que lieva a una generacion de
“retroalimentacién positiva” de trombina a partir de protrombina.

Al inhibir la agregacién de plaquetas y la formacién de enlazamiento
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cruzado de fibrina, se esperaria que inhibidores efectivos de trombin
exhiban actividad enti-trombética. Adicionalmente, se esperaria que la
actividad anti-trombdtica se aumentara por la inhibicién efectiva del

mecanismo de retroalimentacién positiva.
Arte Previo

El primer desarrollo de inhibidores de trombina de bajo peso molecular ha
sido descrito por Claesson en Blood Coagul. Fibrinol. (1994) §, 411.

Blombéck y colaboradores (en J. Clin. Lab. Invest. 24, suppl. 107, 59,
(1969)) informa de inhibidores de trombina a base de la secuencia de
aminoécidos situada alrededor del sitio de seccionamiento de la cadena Aa
de fibrindgeno. De las secuencias de aminoacidos discutidas, estos autores
sugerian que la secuencia tripeptidica Phe-Val-Arg (P9-P2-P1, denominada

en lo sucesivo la secuencia P3-P2-P1) serfa el inhibidor mas efectivo.

Inhibidores de trombina a base de derivados dipeptidilo con una a,w-
aminoalquil guanidina en la posicion P1 son conocidos de la Patente No.
4,346,078 y la Solicitud de Patente Internacional WO 93/11152. También
se ha .informado de derivados dipeptidilo similares, estructuralmente
relacionados. Por ejemplo, la Solicitud de Patente Internacional WO
94/29336 divulga compuestos con, por ejemplo, aminometil benzamidinas,
aminoalquil amidinas ciclicas y aminoalquil guanidinas ciclicas en la
posicién P1 (Solicitud de Patente Internacional WO 97/23499 divulga
profirmacos de algunos de estos compuestos); la Solicitud de Patente
Europea 0 648 780 divulga compuestos con, por ejemplo, aminoalquil

guanidinas ciclicas en la posicién P1.

Inhibidores de trombina a base de derivados peptidilo, que tienen
igualmente .aminoalquil guanidinas ciclicas (e.g. cualquiera de las dos 3- 6

4-aminometil-1-amidino-piperidina) en la posicion P1 se conocen de las
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Solicitudes de Patente Europeas 0 468 231, 0 559 046 y 0 641 779.

Inhibidores de trombina a base de derivados tripeptidilo con aldehido de
arginina en la posicion P] se divulgaron por primera vez en la Solicitud de
Patente Europea 0 185 390.

Mis recientemente se ha informado de derivados peptidilo a base de
aldehido de arginina, modificados en la posicién P3. Por ejemplo, la
Solicitud de Patente Internacional WO 93/18060 divulga hidroxiacidos, la -
Solicitud de Patente Europea 0 526 877 des-aminoécidos, y la Solicitud de
Patente Europea 0 542 525 4cidos O-metil mandélicos en la posicién P3.

También se conocen inhibidores de serina proteasas (e.g. trombina) basados
en cetonas electrofilicas en la posicion P1. Por ejemplo, la Solicitud de
Patente Europea 0 195 212 divulga peptidil a-ceto ésteres y amidas, la
Solicitud de Patente Europea 0 362 002 cetonas de fluoroalquilamida, la
Solicitud de Patente Europea 0 364 344 a,B,5-tricetocompuestos, y la
Solicitud de Patente Europea 0 530 167 derivados de a-alcoxi cetona de

arginina en la posicion P1.

Otros inhibidores, estructuralmente diferentes, de serina proteasas, anilogas
a tripsina, a base de derivados de acido bérico c-terminales de arginina y
sus anglogos de isotiouronio son conocidos de la Solicitud de Patente
Europea 0 293 881.

Mis recientemente, inhibidores de trombina a base de derivados peptidilo
se han divulgado en la Solicitud de Patente Europea 0 669 317 y las
Solicitudes de Patente Internacional WO 95/35309, WO 95/23609, WO
96/25426, WO 97/02284, WO 97/46577, WO 96/32110, WO 96/31504,
WO 96/03374, WO 98/06740, WO 97/49404, WO 98/57932, WO
99/29664, WO 00/35869 y WO 00/42059.
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En particular, WO 97/02284 y WO 00/42059 divulgan inhibidores de

trombina con dcidos mandélicos sustituidos en la posicién P3.

No obstante, subsiste una necesidad de inhibidores efectivos de serina
proteasas anédlogas a tripsina, tales como trombina. Existe ademds una
necesidad de compuestos que tengan un perfil férmaco-cinético favorable y
que sean selectivos en inhibir trombina sobre otras serina proteasas, en
particular aquellos involucrados en hemostasis. Se esperaria que
compuestos que exhiben actividad inhibidora competitiva hacia trombina
fueran especialmente ltiles como anticoagulantes y, por lo tanto, en el
tratamiento terapéutico de trombosis y desérdenes relacionados.

Divulgacion de Ia Invencién

De acuerdo con la invencién se provee un compuesto de férmula I:

n; ir:g’

N
Rl d I;I\,R“ ' ,
. R;. |

en donde:

R" representa -OH 6 -CH,0H;

R' representa por lo menos un sustituyente halo;

R? representa uno o dos sustituyentes C,.; alcoxi, las partes alquilo de cuyos
sustituyentes se sustituyen ellas mismas con uno o més sustituyentes fluoro
(es decir, R? representa uno o dos grupos fluoroalcoxi(C,.);

Y representa -CHy- 6 (CHa)2-; ¥

R’ representa un fragmento estructural de formula I(i) 6 I(ii):

K1) . I(ti)
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R* representa H 6 uno o mis sustituyente fluoro; y

uno o dos de X, X3, X3 y X4 representan -N- y los otros representan -CH-,
o su derivado de aceptacién farmacéutica.

El término “derivados de aceptacién farmacéutica” incluye sales de
aceptacion farmacéutica (e.g. sales de adicién dcidas).

Las abreviaturas se relacionan al final de esta especificacion. Las lineas
onduladas sobre los enlaces en los fragmentos de férmulas I(i) y I(ii)
significan las posiciones de enlace de los fragmentos.

Grupos halo que R' puede representar incluyen, fluoro, cloro, bromo y
yodo. Para evitar dudas, al representar por lo menos un grupo halo
opcional, R' puede no estar presente (y, en consecuencia, ser reemplazado
por H, de modo que las reglas de valencia estin adheridas) o puede

representar uno o mds atomos halo.

Cuando R’ representa un fragmento estructural de férmula I(i) en la cual R*
representa uno o mas sustituyentes fluoro, compuestos preferidos de
férmula 1 incluyen aquellos en los cuales R* representa un sustituyente
fluoro tnico en la posicién 2 6 3, o dos sustituyentes fluoro en cualquiera de
las dos posiciones 2 y 5 o, més preferiblemente, las posiciones 2 y 6 (en
donde las posiciones de sustituyentes se determinan en relacién con el
punto de unién del fragmento estructural de formula I(i) al resto de la
molécula (es decir, al grupo -NHCH,-)).

Cuando R3 representa un fragmento estructural de férmula I(ii),
compuestos preferidos de formula I incluyen aquellos en los cuales:
(a8) uno de X, X, X; y X4 representa -N- y los otros representan -CH-;

o

(b) cualquiera de los dos X; y X3, 0 X, y X,, los dos, representan -N- y
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os otros dos (segun lo apropiado) representan -CH-.

Compuestos preferidos de formula I incluyen aquellos en los cuales:

R! representa un sustituyente inico fluoro, cloro o bromo;

R? representa C,.; alcoxi sustituido con uno o més sustituyentes fluoro tales
como -OCHF,, -OCF,, -OCH,CF,;, -OCH,CHF,, -OCH;CH,F, o -
OCH(CH,F),;

R’ representa un fragmento estructural de férmula I(i);

R’ representa H.

Compuestos més preferidos de formula I incluyen aquellos en los cuales:

R® representa OH;

R' representa un sustituyente tinico cloro;

R? representa -OCF;, preferiblemente -OCH,CHF,, o més preferiblemente -
OCHF,, o -OCH,CH;F.

Puntos preferidos de sustitucién de R' y R? en el grupo fenilo relevante de
compuestos de formula I incluyen las dos posiciones meta relativas al punto
de union de ese grupo fenilo al resto de la molécula (es decir, en 1a posicién
3 -ylo la posicién 5 (preferiblemente sustitucién 3,5) relativa al 4tomo de
carbono que lleva el grupo a- o B-hidroxidcido).

Compuestos de férmula I que pueden mencionarse incluyen aquellos en los
cuales:

R? representa uno o dos sustituyentes C;., alcoxi, las partes alquilo de cuyos
sustituyentes se sustituyen ellas mismas por uno o mds sustituyentes fluoro;
o

R? representa uno o dos sustituyentes C; alcoxi, las partes alquilo de cuyos

sustituyentes se sustituyen ellas mismas con uno o mas sustituyentes fluoro.

Compuestos de férmula I pueden elaborarse de acuerdo con técnicas bien

conocidas por personas expertas en el arte, por ejemplo como se describe
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De acuerdo con un aspecto adicional de la invencion, se provee un proces

mads adelante.

para la preparacién de un compuesto de formula 1, que comprende:

(i) el acoplamiento de un compuesto de formula II,

i

en donde R*, R' y R? son como se definen en los sucesivo con un

compuesto de férmula III,

en donde Y y R® son como se definen més arriba en el texto, por ejemplo en
presencia de un agente de acoplamiento (e.g. cloruro de oxalilo en DMF,
EDC, DCC, HBTU, HATU, PyBOP o TBTU), una base apropiada (e.g.
piridina, DMAP, TEA, 2,4,6-colidina o DIPEA) y un solvente orgénico
apropiado (e.g. diclorometano, acetonitrilo, EtOAc o DMF);

(i) el acoplamiento de un compuesto de formula IV,

OH Y
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en donde R", R', R? y Y son como se define més arriba en el texto con

compuesto de formula V,
R’CH,NH, v

en donde R’ es como se define ms arriba en el texto, por ejemplo bajo

condiciones como se describe en el proceso (i) de arriba;

(iii) para compuestos de formula I en la cual R' no estd presente,
reduccién de un compuesto correspondiente de férmula Ia, como se define
mids adelante, en la cual R’ representa OR®, en donde R’ y R® son como se
definen mds adelante, por ejemplo mediante hidrogenacién en presencia de
un catalizédor adecuado (e.g. un catalizador con soporte de metal tal como
Pd/C (e.g. 10% (p/p) Pd/C)) y un solvente apropiado (e.g. un alcohol de
alquilo (e.g. C,.) inferior tal como etanol), y opcionalmente en presencia de
un acido adecuado (e.g. 4cido acético) y/o como se describe en Symth.
Comm. (1998) 4351; 0

(iv) reaccion de un compuesto correspondiente de férmula XVIA o
XVIB, como se define mas adelante, con una fuente adecuada de amoniaco
(e.g. acetato de amonio o gas de amoniaco) bajo condiciones conocidas por
personas expertas en el arte, tal como mediante reaccién de un intermedio
etilimidoato (formado por reaccion de un compuesto de formula XVIA o
XVIB con HCI (g) en etanol) con gas de amoniaco en etanol, o bajo
aquellas condiciones descritas en Tetrahedron Lett. 40, 7067 (1999), las
divulgaciones de cuyo documento se incorporan aqui por referencia (por
ejemplo, para preparacién de compuestos'de férmula I en los cuales R®
representa un fragmento estructural de férmula I(ii) en la cual X; o X,
representa N, reaccion de un compuesto correspondiente de fdrmula XVIB
con acetato de amonio (e.g. 1 a 30 equivalentes de N-acetil cisteina) y un
solvente apropiado (e.g. un alcohol de alquilo (e.g. C,s) inferior tal como

metanol)).
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Compuestos de férmula II se obtienen usando técnicas conocidas y/o
estandar.

Por ejemplo, compuestos de férmula II en la cual R* representa OH pueden
prepararse por reaccion de un aldehido de férmula VI,

O~ H

R2

en donde R' y R? son como se define més arriba en el texto con:
(a) uncompuesto de férmula VII,
R"CN VII

en donde R" representa H o (CH,),81i, por ejemplo a temperatura ambiente,
o elevada (e.g. por debajo de 100°C) en presencia de un solvente organico
adecuado (e.g. cloroformo o cloruro de metileno) y, si es necesario, en
presencia de una base apropiada (e.g. TEA) y/o un sistema catalizador
apropiado (e.g. cloruro de bencilamonio o yoduro de zinc, 0 usando un
catalizador quiral, por ejemplo como se describe en Chem. Rev., (1999) 99,
" 3649), seguido por hidrélisis bajo condiciones que son bien conocidas por

las personas expertas en el arte (e.g. como se describe mads adelante);

(b) NaCN o KCN, por ejemplo en presencia de NaHSO; y agua, seguido
por hidrdlisis;

(c) cloroformo, por ejemplo a temperatura elevada (e.g. por encima de la

temperatura ambiente pero por debajo de 100°C) en presencia de un
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solvente organico adecuado (e.g. cloroformo) y, si es necesario, en

presencia de un sistema catalizador apropiado (e.g. cloruro de

bencilamonio) seguido por hidrélisis;

(d) un compuesto de férmula VIII,

/\M - Vill

en donde M representa Mg o Li, seguido por seccionamiento oxidativo (e.g.
ozondlisis o catalizado por osmio o rutenio) bajo condiciones que son bien

conocidas por personas expertas en el arte, o .
(e) tris(metilito)metano bajo condiciones que son bien conocidas por
personas expertas en el arte, seguido por hidrdlisis en presencia de e.g. HgO

y HBF,

Compuestos de formula II en la cual R" representa -CH,OH pueden
prepararse por reduccién de un compuesto de férmula IX,

IX

en donde R representa C, ¢ alquilo o Cy3 alquilfenilo y R' y R? son como se
definen mds arriba en el texto, por ejemplo a temperatura ambiente o por
debajo de ella en presencia de un agente reductor adecuado (e.g.
borohidruro de sodio) y un solvente orgénico apropiado (e.g. metanol,
etanol, THF o sus mezclas), seguido por hidrélisis del intermedio éster de
écido trépico resultante de formula IXA,
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HO OR

R2 :
en donde R, R!, y R? son como se define mis arriba en el texto, bajo
condiciones bien conocidas por las personas expertas en el arte, por ejemplo
como se describe mids adelante. La persona experta apreciard que los pasos
de reduccion e hidrdlisis pueden llevarse a cabo como un procedimiento

auténomo de un solo paso, por ejemplo como se describe méds adelante.

Compuestos de férmula II en la cual R" representa -OH pueden prepararse

alternativamente por oxidacién de un compuesto de férmula IXB,

H
HO

]! IXB

R2

o su derivado que se protege opcionalmente en el grupo hidroxilo
secundario, en donde R' y R? son como se define més arriba en el texto, en
presencia de un agente oxidante adecuado (e.g. una combinacién de un
oxidante de radical libre apropiado (tal como TEMPO) y una sal de
hipoclorito adecuada (tal como hipoclorito de sodio)) bajo condiciones
conocidas por aquellas personas expertas en el arte, por ejemplo a entre -
10°C y temperatura ambiente, en presencia de un solvente adecuado (e.g.
agua, acetona o una mezcla de ambas), una sal apropiada (e.g. halogenuro
de metal alcalino tal como bromuro de potasio) y una base iddnea (e.g.
carbonato de metal alcalino o carbonato de hidrogenado tal como carbonato
hidrogenado de sodio).

Las formas enantioméricas del compuesto de férmula II en la cual R*

49
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representa -OH (es decir, aquellos compuestos que poseen diferentes
configuraciones de sustituyentes alrededor de atomo C a- al grupo CO;H)
pueden separarse por un paso de derivacién enantioespecifica. Esto puede
lograrse, por ejemplo mediante un proceso enzimético. Dichos procesos
enzimaticos incluyen, por ejemplo transesterificacién del grupo o-OH a
entre temperatura ambiente y temperatura de reflujo (e.g. a entre 45 y 65°C)
en presencia de una enzima adecuada (e.g. Lipasa PS Amano), un éster
apropiado (e.g. acetato de vinilo) y un solvente adecuado (e.g. éter metil
tert-butilico). El isémero derivado puede separarse entonces del isdmero
sin reaccionar mediante técnicas de separacion convencionales (e.g.

cromatografia).

Grupos agregados a compuestos de formula 11 en dicho paso de derivacién
pueden retirarse bien sea antes de cualesquiera reacciones adicionales o
bien sea en cualquier etapa posterior en la sintesis de compuestos de
formula I. Los grupos adicionales pueden retirarse usando técnicas
convencionales (e.g. para ésteres del grupo a-OH, hidrélisis bajo
condiciones conocidas por las personas expertas en el arte (e.g. a entre
temperatura ambiente y temperatura de reflujo en presencia de una base
adecuada (e.g. NaOH) y un solvente apropiado (e.g. MeOH, agua o sus

mezclas))).

Las formas enantioméricas del compuesto de férmula II en la cual R"
representa -CH,OH pueden separarse mediante técnicas cromatogréficas
quirales (e.g. HPLC quiral).

Compuestos de férmula Il pueden prepararse acoplando un compuesto de
férmula X,

-

\ OH .x
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en donde Y es como se define mds arriba en el texto, a un compuesto de

formula V, como se define mds arriba en el texto, por ejemplo bajo

condiciones similares a las descritas aqui para la preparacion de compuestos

de férmula ].

Compuestos de formula [V pueden prepararse acoplando un compuesto de
féormula II, como se define mds arriba en el texto, a un compuesto de
férmula X como se define mas arriba en el texto, por ejemplo bajo
condiciones similares a las descritas aqui para la preparacién de compuestos
de férmula I.

Compuestos de formula VI se obtienen usando técnicas conocidas y/o

estindar. Por ejemplo, pueden prepararse mediante:

(i) metalacion (en donde el metal puede ser, por ejemplo, un metal
alcalino tal como Li o, preferiblemente, un metal divalente tal como Mg) de

un compuesto de formula XI,
Hal

R! X
R2

en donde Hal representa un dtomo de halogeno seleccionado de Cl, Brel y
R'y R? son como se definen més arriba en el texto, seguida por la reaccion
con una fuente apropiada del grupo formilo (tal como N,N-

dimetilformamida), por ejemplo bajo condiciones descritas més adelante;

(i) reduccién de un compuesto de formula XTI,

O OMe

R! X

R2
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en donde R' y R? son como se definen mds arriba en el texto en presencia
de un agente reductor adecuado (e.g. DIBAL-H); o

(iii) oxidacidén de un compuesto de férmula X1II,
OH

R! Xiil

R2

en donde R' y R? son como se definen més arriba en el texto en presencia
de un agente oxidante apropiado (e.g. MnOs, clorocromato de piridinio, una
combinacion de DMSO y cloruro de oxalilo, 0 SO; complejo de piridina en
DMSO).

Compuestos de férmula IX pueden prepararse a partir del fenilacetato
correspondiente (que puede, por ejemplo, obtenerse de la acetofenona
correspondiente, como se describe en J. Am. Chem. Soc. 98, 6750 (1976) o
del cianuro de bencilo correspondiente por procedimiento.s hidroliticos
estindar) mediante técnicas convencionales, por ejemplo andlogamente a
aﬁuellas técnicas descritas en J. Org. Chem. 54, 3831 (1989) y/o como se

describe més adelante.

Compuestos de formula IXB pueden prepararse mediante deshidroxilacion
de un compuesto correspondiente de formula XIITA

=
R! XA

R!
en donde R' y R? son como se definen més arriba en el texto, en presencia

de un agente deshidroxilante adecuado (e.g. un reactivo o mezcla de
reactivos que porporcione OsQO,, tal como AD-mix-a o, particularmente,
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AD-mix-B), por ejemplo bajo condiciones conocidas por aquellas personas
expertas en el arte, tal como entre -10°C y temperatura ambiente en
presencia de un solvente apropiado (e.g agua, fert-butanol o su mezcla).
Cuando se emplean oxidantes asimétricos tales como AD-mix-a 6 AD-mix-
B, este método puede usarse para preparar compuestos de férmula IXB que
tienen configuraciones especificas de grupos (es decir, R o S) alrededor de
los dos dtomos C a los cuales se unen los grupos hidroxilo primarios y

secundarios.

Compuestos de férmula XIIIA pueden prepararse por reaccién de un
compuesto correspondiente de formula X1, como se define més arriba en el
texto, con una fuente adecuada de anién de vinilo (e.g. tributil(vinil)tina)
bajo condiciones conocidas por personas expertas en el arte, por ejemplo a
entre temperatura ambiente y temperatura de reflujo (e.g. 50°C) en
pres;ancia de un solvente apropiado (e.g. tolueno), un agente acoplante
adecuado (e.g. un complejo de coordinacion de palladio(0) tal como
tetrakis(trifenilfosfina)paladio(0)) y opcionalmente en presencia de un
catalizador apropiado (e.g. 2,6-di-fers-butil-4-metilfenol).

Cbmpuestos de férmulas V, VII, VIII, X, XI, XII y XIII se consiguen en el
comercio, se conocen en la literatura, o pueden obtenerse por analogia con
los procesos descritos aqui, o por procesos sintéticos convencionales, de
acuerdo con técnicas estdndar, a partir de productos iniciales de fécil
obtencién usando reactivos y condiciones de reaccién apropiados.
Compuestos de formulas Ia, XVIA y XVIB pueden obtenerse por procesos
descritos mds adelante.

Sustituyentes en el anillo fenilo en compuestos de formulas I, II, {I1, IV, V,
VI, IX, IXA, IXB, XI, XII, XIII y XIIIA pueden introducirse y/o
interconvertirse usando técpicas bien conocidas por aquellas personas
expertas en el arte mediante interconversiones de grupos funcionales

estindar, a partir de materiales iniciales de ficil obtencion usando reactivos

\
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y condiciones de reaccion apropiados. M(‘%

Por ejemplo, compuestos de formulas I, II, IV, VI, IXA, XI, XII y XIII
pueden prepararse de compuestos correspondientes de férmulas XIVA,
XIVB, XIVC, XIVD, XIVE, XIVF, XIVG y XIVH, respectivamente,

R® R
N ﬂ OH"
) 3
R \—R" o
OH -XIVA OH xive
R l'l;— o1 HO OR
OH
R1 1 R‘
OH OH OH
XIVC XIVD XIVE
(o) OMe OH
Hal .
R'\Q R R!
OH . “OM OH
XIVF . Xivg XIVH

endonde R, R,R, R}, Y y Hal (segtin sea apropiado) son como se definen

mas arriba en el texto, por e¢jemplo:

(@) mediante reaccion con un haloalcano fluorinado correspondiente (e.g.
un cloroalcano correspondiente), e.g. a temperatura ambiente o por
encima de ella (e.g. a reflujo) en presencia de una base apropiada
(e.g. tert-butéxido de potasio, KOH o NaOH, por ejemplo en
solucién acuosa) y un solvente orgénico adecuado (e.g. THF,
cloroformo o i-propanol); o

(b) mediante reaccién con un compuesto de formula XIVJ,

R*S(0),0RY XIV]



/
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en donde R* repregenta C, alquilo, C,4 perfluoroalquilo o fenilo
(opcionalmente sustituido por metilo, nitro o halo) y R* es CH,CF;,
CH;CHF,, CH,CH,F, o CH(CH;F),, por ejemplo en presencia de una
base adecuada (e.g. K;CO;) y un solvente apropiado (e.g. DMF),

por ejemplo, en los dos casos, como se describe mas adelante.

La persona experta apreciard que estas transformaciones de grupos
funcionales pueden también llevarse a cabo en una primera fase en la
sintesis general de compuestos de férmulas II, IV, V1, IXA, XI, XII y XIII
(es decir, en precursores apropiados de compuestos de férmulas XIVB,
XIVC, XIVD, XIVE, XIVF, XIVG y XIVH, respectivamente.

Compuestos de formulas XIVA, XIVB, XIVC, XIVD, XIVE, XIVF, XIVG,
XIVH y XIVIJ se consiguen en el comercio, s€ conocen en la literatura, o
pueden obtenerse por analogia con los procesos descritos aqui, o por
procedimientos sintéticos convencionales, de acuerdo con técnicas estandar,
a partir de materiales iniciales de facil obtencién usando reactivos y
condiciones de reaccion apropiados. Por ejemplo, compuestos de formulas
XIVA, XIVB, XIVC, XIVD, XIVE, XIVF, XIVG y XIVH pueden
obtenerse por desproteccion de los correspondientes fenoles protegidos
(donde el grupo protector puede ser, por ejemplo, metilo, alilo, bencilo o
tert-butilo) bajo condiciones estindar. Ademds, compuestos de férmula
XIVD en la cual R.I es un sustituyente cloro Gnico pueden obtenerse a partir
de un benceno rii- o 'tri-halo sustituido (e.g. 1-Br, 3-Cl, 5-F-benceno,
mediante sustitucion del &tomo de fludr con un grupo metoxi (e.g. mediante
reaccion con NaOMe en 1-metil-2-pirrolidinona/metanol a temperatura
elevada), reemplazo del grupo bromo con un grupo formilo (e.g. como se
describe més arriba en el texto para la preparacién de compuestos de
formula VI), y luego desmetilacion (e.g. mediante el empleo de PhSH en 1-

metil-2-pirrolidinona en presencia de K,CQO5)).

Igualmente, compuestos de formula I en la cual R' estd ausente pueden
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prepararse de los compuestos correspondientes de férmula I (o mediante sus
precursores apropiados) en la cual R' representa halo (tal como cloro), por
ejemplo por hidrogenacion bajo condiciones conocidas por personas

expertas en el arte.

Compuestos de formula I pueden aislarse de sus mezclas de reaccion

usando técnicas convencionales.

De acuerdo con la presente invencién, derivados de aceptacién farmacéutica
de compuestos de formula I incluyen también derivados “protegidos”, y/o

compuestos que actian como profdrmacos, de compuestos de formula I.

Compuestos que pueden actuar como profirmacos de compuestos de

férmula I que pueden mencionarse incluyen compuestos de férmula Ia,

R'; i [~
R! NAS(N\’R“ | la
R2

® en donde R* representa un fragmento estructural de férmula I(jii) 6 1(iv):
—R5 - — _nS
' : S
H, 3 H,
‘ :
() . I(iv)

en donde R representa ORS 6 C(O)OR;

R® representa H, C;.i¢ alquilo, C;3 alquilarilo o C,; alquiloxiarilo (las
partes alquilo de cuyos tltimos dos grupos se interrumpen opcionalmente
por uno o mds dtomos de oxigeno, y las partes arilo de cuyos ultimos dos

grupos se sustituyen opcionalmente por uno o mds sustituyentes
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seleccionados de halo, fenilo, metilo o metoxi, cuales ultimos tres grupos se
sustituyen asimismo opcionalmente por uno o més sustituyentes halo);

R’ representa C,; alquilo (el cual dltimo grupo se interrumpe
opcionalmente por uno o mas dtomos de oxigeno), 6 C;; alquilarilo 6 C;.;
alquiloxiarilo (las partes alquilo de cuyos dos (ltimos grupos se
interrumpen opcionalmente por uno o mas dtomos de oxigeno, y las partes
arilo de cuyos dos ultimos grupos se sustituyen opcionalmente por uno o
mas sustituyentes seleccionados de halo, fenilo, metilo o metoxi, los cuales
tres ultimos grupos se sustituyen también opcionalmente por uno o mas
sustituyentes halo); y

R, R, R Y, RY, X, Xa, X3 y X4 son como se definen mis arriba en el
texto, y sus derivados de aceptacion farmacéutica.

El término "derivados de aceptacion farmacéutica” de compuestos de
férmula Ia incluye sales de aceptacion farmacéutica (e.g. sales de adicién

dcidas).

Las lineas onduladas en los enlaces en los fraémentos de formulas I(iii) y

I(iv) significan las posiciones de enlace de los fragmentos,

Grupos alquiloxiarilo que R® y R” pueden representar comprenden un grupo
alquilo y un grupo arilo enlazado mediante un &tomo de oxigeno. Grupos
alquilarilo y alquiloxiarilo se enlazan al resto de la molécula via la parte
alquilo de aquellos grupos, las cuales partes alquilo pueden ser de cadena
ramificada (si hay un nimero suficiente (es decir, tres) de dtomos de
carbono). Las partes arilo de grupos alquilarilo y alquiloxiarilo que R® y R’
pueden representar, o sustituirse por ellas, incluyen grupos aromaticos
carbociclicos y heteroc-iclicos, tales como fenilo, naftilo, piridinilo,

oxazolilo, isoxazolilo, tiadiazolilo, indolilo y benzofuranilo y similares.

Grupos alquilo, que R® y R pueden representar, pueden ser de cadena

ramificada o, cuando hay un nimero suficiente (es decir, un minimo de tres)
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de dtomos de carbono, ser de cadena ramificada y/o ciclicos. Adem
cuando hay un niimero suficiente (es decir, un minimo de cuatro) de dtomos
de carbono, dichos grupos alquilo pueden ser igualmente parte
ciclica/aciclica. Dichos grupos alquilo pueden ser también saturados o,
cuando hay un nimero suficiente (es decir, un minimo de dos) de atomos de

carbono, ser insaturados.

Grupos halo con los cuales R® y R7 pueden sustituirse incluyen fluoro,

cloro, bromo y yodo.

Cuando R’ representa C(O)OR’, grupos R’ preferidos incluyen:

(@) Ci¢ alquilo lineal, ramificado o ciclico, por ejemplo Cus
cicloalquilo;

(b) grupos C,.; alquilarilo, tales como bencilo, opcionalmente sustituidos

como se indica més arriba en el texto.

Compuestos preferidos de férmula Ia incluyen aquellos en los cuales R®

representa OR®,

Cuando R’ representa OR®, grupos R® preferidos incluyen:

(a) H;

(b) Cs (e.g. Cig) alquilo no sustituido, lineal, ramificado o ciclico, tal
como C,; alquilo lineal (e.g. etilo o, particularmente, metilo), C;4
alquilo ramificado (e.g. i-propilo, i-butilo o 4-heptilo) o Cy4 alquilo
clclico (es decir, C,; cicloalquilo, e.g. ciclobutilo o ciclohexilo);

(¢) C,.; alquiloxifenilo (e.g. C; alquiloxifenilo), el cual grupo fenilo se
sustituye opcionalmente por uno o més sustituyentes como se indica
més arriba en el texto (e.g. trifluorometilo);

(d) C,. alquilarilo (e.g. metilarilo), en donde el grupo arilo es fenilo,
piridinilo, oxazolilo o isoxazolilo, los cuales dltimos tres grupos se
sustituyen opcionalmente por uno o mds sustituyentes como se indica

méds arriba en el texto (e.g. metoxi, metilo, bromo y/o cloro).
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Compuestos preferidos de formula Ia incluyen aquellos en los cuales R®
representa OR® y R® representa C,s (e.g. Ci) alquilo lineal, ramificado
(segun lo apropiado), o ciclico (segiin lo apropiado), C, ¢ (e.g. Ci) alquilo,

tal como metilo, etilo, n-propilo, i-propilo o ciclobutilo.

Compuestos de formula Ia pueden prepararse por uno o més de los

siguientes métodos:

(a) reaccién de un compuesto correspondiente de férmula 11 como se define

mas arriba en el texto con un compuesto de formula XV,

- .
e

en donde Y y R son como se define mds arriba en el texto, por ejemplo
bajo condiciones similares a las descritas més arriba en el texto para sintesis

de compuestos de formula I;

(b) reaccién de un compuesto correspondiente de férmula IV como se

define més arriba en el texto con un compuesto de férmula X V1,
~ R™CH;NH; XVi

en donde R*™ es como se define més arriba en el texto, por ejemplo bajo
condiciones similares a las descritas mds arriba en el texto para sintesis de
compuestos de formula I;

(c) para compuestos de férmula Ia en la cual R’ representa OH, reaccion de

un compuesto correspondiente de férmula XVIA o XVIB,
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en donde R, R', R4, RY, Y, X, X,, X3 y X, son como se define m4s arriba
en el texto, con hidroxilamina, por ejemplo bajo condiciones conocidas por

personas expertas en el arte;

(d) para compuestos de formula Ia en la cuat R rep:zesenta OR®, reaccion de
un derivado protegido de un compuesto correspondiente de formula T que
es, por ejemplo, un compuesto de formula XVII,

m
| N
R! ‘% \—R® xvil

R?

en donde R* representa un fragmento estructural de férmula I(v) o I(vi):

) —COOR® = N—COORb
+HO-{
] H! 3 Hz )
. 4
I(v) : I(vi)

en donde R® representa, por ejemplo, -CH,CH,-Si(CH;); o bencilo, o su
tautémero, y R%, R', R% Y, RY, X;, X3, X3 y X4 son como se define més
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arriba en el texto con un compuesto de férmula XVIII,
R°ONH; XVII

en donde R® es como se define més arriba en el texto, o su sal de adicién
dcida, por ejemplo a entre temperatura ambiente y temperatura de reflujo en
presencia de un solvente orgénico apropiado (e.g. THF, CH;CN, DMF o
DMSO), seguido por retiro del grupo -C(O)YOR® bajo condiciones conocidas
por personas expertas en el arte (e.g. haciendo reaccionar con QF o TFA

(e.g. como se describe mds adelante));

(e) para compuestos de formula Ia en la cual R’ representa OH, reaccion de
un compuesto de férmula XVII, como se define més arriba en el texto, en la
cual R representa bencilo con hidroxilamina, o su sal de adicién icida, por
ejemplo bajo condiciones que serdan bien conocidas por aquellas personas

expertas en el arte;

(f) para compuestos de férmula Ia en la cual R’ representa COOR’, reaccién
de un compuesto correspondiente de férmula I como se define mas arriba en

el texto con un compuesto de formula XIX,
L'COOR’ XIX

en donde L' representa un grupo saliente adecuado, tal como halo o
nitrofenilo (e.g. 4-nitrofenilo), y R’ es como se define mas arriba en el
texto, por ejemplo a o alrededor de temperatura ambiente en presencia de
una base adecuada (e.g. NaOH, por ejemplo en solucién acuosa) y un

solvente organico apropiado (e.g. cloruro de metileno); o

(g) para compuestos de formula Ia en la cual R’ representa OCH; o
OCH,CH,, reaccién de un compuesto correspondiente de formula Ia en la

cual R’ representa OH con dimetilsulfato o dietilsulfatoe, respectivamente,



WO 02/44148 PCT/SE01/02657

24 C

. 19

por ejemplo en presencia de una base adecuada (e.g. un hidréxido de metal
alcalino tal como KOH (por ejemplo en solucién acuosa a e.g. 50 % en
peso)) y un catalizador apropiado (e.g. un halogenuro de amonio
cuaternario tal como cloruro de benciltrimetilammono (por ejemplo en
CH,C}; o solucion de THF a e.g. 10 % en peso)).

Las lineas onduladas en los enlaces en los fragmentos de formulas I(v) y
I(vi) significan las posiciones de enlace de los fragmentos.

Compuestos de férmulas XVIA y XVIB pueden prepararse mediante
reaccién de un compuesto correspondiente de férmula II, como se define
mas arriba en el texto, con un compuesto de férmula XIXA o XIXB,

o @~ -
ﬁr Lo

en donde R*, Y, X, X3, X3 y X, son como se define més arriba en el texto,
por ejemplo bajo condiciones similares a las descritas més arriba en el texto

para sintesis de compuestos de formula I.

Compuestos de foérmulas XVIA y XVIB pueden prepararse
alternativamente mediante reaccién de un compuesto correspondiente de
formula IV, como se define mds arriba en el texto, con un compuesto de
férmula XIXC o XIXD,
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H,N = -
\ /—CN - XIXD

en donde R*, Xy, X3, X3 y X4 son como se define ms arriba en el texto, por
ejemplo bajo condiciones similares a las descritas més arriba en el texto

para sintesis de compuestos de férmula I.

Compuestos de formula XVII pueden prepararse mediante reaccion de un
compuesto correspondiente de férmula II, como se define més arriba en el
texto, con un compuesto de férmula XX,

-
e

en donde Y y R* son como se define més arriba en el texto, por ejemplo
bajo condiciones similares a las descritas m4s arriba en el texto para sintesis

de compuestos de férmula L.

Altemativamente, compuestos de formula XVII pueden prepararse
mediante reaccién de un compuesto correspondiente de formula I con un
compuesto correspondiente a un compuesto de formula XIX en la cual, en
lugar de R, estd presente el grupo R®, en la cual R® es como se define mds
arriba en el texto, por ejemplo bajo condiciones descritas anteriormente con

respecto a la preparacién de compuestos de formula Ia.

Compuestos de formulas XV y XX pueden prepararse mediante reaccion de
un compuesto correspondiente de férmula X como se define mds arriba en

el texto con, respectivamente, un compuesto de férmula XVI como se
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define més arri}aa en el texto, 0 un compuesto de formula XXI,
R*®CH,;NH, XX1

en donde R® es como se define més arriba en el texto, por ejemplo bajo
condiciones similares a las descritas mas arriba en el texto para sintesis de

compuestos de férmula I.

Compuestos de formula XVI, XVIII, XIX, XIXA, XIXB, XIXC, XIXD y
XXI se consiguen en el comercio, se conocen en la literatura, o pueden
obtenerse por analogia con los procesos descritos aqui, o por
procedimientos sintéticos convencionales, de acuerdo con técnicas estandar,
de materiales base de facil obtencién usando reactivos y condiciones de
reaccion apropiados. Por ejemplo, compuestos de formulas XIXA y XIXB
pueden prepararse mediante reaccién de un compuesto correspondiente de
formula XIXC o XIXD (segiin lo apropiado) con un compuesto de formula
X, por ejemplo bajo condiciones similares a las descritas m4s arriba en el .

texto.

Compuestos de formulas I y Ia, como se define anteriormente, y derivados
de cualquiera de las dos, se designan en lo sucesivo como "los compuestos

de la invenciéon”.

Compuestos preferidos de la invencién incluyen por lo tanto los compuestos
de los ejemplos descritos mis adelante. A este respecto, compuestos de la
invencidn que pueden mencionarse incluyen:

Ph(3-CIX5-OCHF ;) ){R)CH(OH)C(O)-Aze-Pab;
Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OEt);
Ph(3-CIX5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab{OnPr);
Ph(3-CI)5-OCHF2)-(R)CH(OH)C(O)-Aze-Pab(OiPr);
Ph(3-C1)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OcBu);
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Ph(3-Cl)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OH);
Ph(3-C1)(5-OCHF3)-(R)CH(OH)C(O)-Aze-Pab(COOcPentilo);
Ph(3-Cl)(5-OCHF)<R)CH(OH)C(O)-Aze-Pab(Z);
Ph(3-CI)(5-OCF;)(R)CH(OH)C(O)-Aze-Pab;
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab{OCH;-3-(5-Me-isoxazol));
Ph(3-CI)(5-OCF;3)-(R)CH(OH)C(O)-Aze-Pab(OCH;-3-piridina);
Ph(3-CI)5-OCF;)-(R)CH(CH)C(O)-Aze-Pab(OiBu);
Ph(3-CI)(5-OCF3)-(R)CH(OH)C(O)-Aze-Pab(OEt);
Ph(3-CI)(5-OCF3)-(R)CH(OH)C(O)-Aze-Pab(OBn);
Ph(3-CI)(5-OCF;){R)CH(OH)C(O)-Aze-Pab(OcHexilo);
Ph(3-Cl)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OcBu);
Ph(3-CI)(5-OCF;){R)CH(OH)C(O)-Aze-Pab(OCH,CH,OPh(3-CFy));
Ph(3-CI)(5-OCF3)<R)CH(OH)C(O)-Aze-Pab(OBn(4-CL));
Ph(3-CI)(5-OCF;){R)CH(OH)C(O)-Aze-Pab{OBn(3-MeO));
Ph(3-CI)(5-OCF;){R)CH(OH)C(O)-Aze-Pab(OBn(2-Br));
Ph(3-CIX(5-OCF3){(R)CH(OH)C(O)-Aze-Pab(OBn(4-Me));
Ph(3-C1)(5-OCF;){ R)CH(OH)C(O)-Aze-Pab(O-4-heptilo);
Ph(3-Cl)(5-OCHF2)-(S)CH(CH:OH)C(O)-Aze-Pab;
Ph(3-C1)(5-OCF;)-(S)CH(CH,OH)C(O)-Aze-Pab;
Ph(3-Cl)(5-OCF3){(S)CH(CH,OH)C(O)-Aze-Pab(OMe);
Ph(3-OCHF;)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-OCF3)-(R)CH(OH)C(0)-Aze-Pab;
Ph(3-CI)(5-OCH,CF3)(R)CH(OH)C(O)-Aze-Pab;
Ph(3-Cl)(5-OCH;CF3){R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-CI)(5-OCH,CHF;)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-CI)(5-OCH;CHF)- (RYCH(OH)C(O)-Aze-Pab(OMe);
Ph(3-CI)(5-OCH,F)<(R)CH(OH)C(O)-Aze-Pab;
Ph(3-CI)(5-OCH,F)~(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-CI)(5-OCH,CH,;F)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-CI)(5-OCH;CH;F)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-CI)(5-OCH(CH;F),)-(R)CH(OH)C(O)-Aze-Pab;
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Ph(3-CI1)(5-OCH(CH,F),)-(R)CH(OH)C(O)-Aze-Pab{OMe);

Ph(3-F)(5-OCHF,)-(RYCH(OH)C(O)-Aze-Pab;

Ph(3-F)(5-OCHF;)-(R)CH(OH)C(0)-Aze-Pab(OMe);

Ph(3-Br)(5-OCH,F)-(R)YCH(OH)C(O)-Aze-Pab;

Ph(3-Br)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab;

Ph(3-Br)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab{OMe);

Ph(3-Cl, 5-OCH,CHF,)- (RYCH(OH)C(O)-Aze-Pab{OH);

Ph(3-Cl, 5-OCH;CH,F)~(R)CH(OH)C(O)-Aze-Pab{OH);

Ph(3-Cl, 5-OCHF,)-(RYCH(OH)C(O)-Pro-Pab;

Ph(3-Cl, 5-OCHF;)-(R)CH(OH)C(Q)-Pro-Pab(OMe);

Ph(3-Cl, 5-OCHF;)-(RYCH(OH)C(O)-Aze-NH-CH,-((2-amidino)-5-

piridinilo);

Ph(3-Cl, 5-OCHF,)-(R)YCH(OH)C(0)-Aze-NH-CH,-((2-metoxiamidino)-5-

piridinilo);

Ph(3-Cl, S-OCHF,)-(RYCH(OH)C(O)-Aze-NH-CH,-((5-amidino)-2-

pirimidinilo);

Ph(3-Cl, 5-OCHF;)-(R)CH(OH)C(O)-Aze-NH-CH,~((5-metoxiamidino)-2-

pirimidinilo);

Ph(3-Cl, 5-OCHF,)<(R)CH(OH)C(O)-Aze-Pab(3-F);

Ph(3-Cl, 5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(2,6-diF);

Ph(3-Cl, 5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(2,6-diFXOMe);

Ph(3-Cl, 5-OCHF,)-(R)YCH(OH)C(O)-Aze-Pab(2,5-diF); y

Ph(3-Cl, 5-OCHF;)-(R)CH(OH)C(0)-Aze-Pab(2,5-diF)(OMe).

Los compuestos de la invencion pueden exhibir tautomerismo. Todas las
formas tautoméricas y sus mezclas se incluyen en la 6rbita de la invencién.
Formas tautoméricas particulares que pueden mencionarse incluyen
aquellas conectadas con la posicion del doble enlace en la funcionalidad

amidina en un compuesto de férmula Ia, y la posicién del sustituyente R®.

Compuestos de la invencion contienen igualmente dos 0 mds atomos de

carbono asimétricos y pueden exhibir, en consecuencia, isomerismo dptico
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y/o diastereoisomerismo. Diastereoisdmeros pueden separarse usando
técnicas convencionales, e.g. cromatografia. Los diferentes
estereoisdmeros pueden aislarse por separacion de una mezcla racémica, u
otra, de los compuestos empleando técnicas convencionales, e.g. HPLC.
Alternativamente, los isdmeros Opticos deseados pueden elaborarse por
reaccion de los materiales base de accién Optica apropiados bajo
condiciones que no causarin racemizacién © epimerizacién, o por
derivatizacién, por ejemplo con un &cido homoquiral seguido por
separacién de los derivados diastereoméricos por medios convencionales
(e.g. HPLC, cromatografia sobre silice). Todos los estereoisémeros se

encuentran incluidos en la érbita de la invencidn.

Se prefieren compuestos de la invencién en los cuales el

I—Y
X
o
fragmento se encuentra en la configuracién S.

Compuestos preferidos de la invencién incluyen aquellos en los cuales el

fragmento estructural

Se encuentra en la configuracion R cuando R" representa -OH o se
encuentra en la configuracién S cuando R* representa -CH,OH.

Las lineas onduladas en los enlaces en los dos fragmentos anteriores

significan las posiciones de enlace de los fragmentos.
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Compuestos de la invencién que pueden mencionarse incluyen Ph(3-CI)(5-
OCHF,)-CH(OH)C(O)-Aze-Pab (en donde, en esta ocasién, Aze simboliza
azetidina-2-carboxilatoe (i.e. en conformaciones (R)- y/o (S)-), asi como
compuestos equivalentes en los cuales, en lugar de un atomo de hidrégeno
en la unidad amidino en Pab, estd presente el grupo -OR® (como se define
més arriba en el texto) en el cual R® representa C,; alquilo (es decir,
Ph(3-CI)(5-OCHF;)-CH(OH)C(O)-Aze-Pab(OMe), Ph(3-CI)(5-OCHF,)-
CH(OH)C(O)-Aze-Pab(OE}t), Ph(3-CIX5-OCHF,)-CH(OH)C(O)-Aze-
Pab(OnPr) 0 Ph(3-CI)(5-OCHF,)-CH(OH)C(O)-Aze-Pab(OiPr)).
Compuestos de la invencién que pueden mencionarse adicionalmente
incluyen aquellos que no son los compuestos especificos identificados en la
frase precedente.

Se apreciard por aquellas personas expertas en el arte que en los procesos
descritos anteriormente y més adelante los grupos funcionales de
compuestos intermedios pueden necesitar ser protegidos por grupos

protectores.

Grupos funcionales que es deseable proteger incluyen hidroxi, amino y
dcido carboxilico. Grupos protectores apropiados para hidroxi incluyen
grupos alquilo opcionalmente sustituidos y/o insaturados(e.g. metilo, allilo,
bencilo o tert-butilo), grupos trialquilsililo o diarilalquilsililo (e.g. #
butildimetilsililo, ¢-butildifenilsililo o trimetilsililo) y tetrahidropiranilo.
Grupos protectores apropiados para dcido carboxilico incluyen C,.¢ alquilo
o ésteres bencilicos. Grupos protectores apropiados para amino y amidino
incluyen t-butiloxicarbonilo, benciloxicarbonilo 0 2-
trimetilsililetoxicarbonilo (Teoc). Nitrogenos amidino pueden protegerse
igualmente por grupos hidroxi o alkoxi, y pueden ser o mono o
desprotegidos.

La proteccién y desproteccién de grupos funcionales puede tener lugar
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antes o después del acoplamiento, o antes o después de cualquier otra lé@

reaccion en los esquemas anteriormente mencionados.

Grupos protectores pueden retirarse de acuerdo con técnicas que son bien
conocidas por aquellas personas expertas en el arte y como 8e describe més
adelante.

Personas expertas en el arte apreciardn que, con el fin de obtener
compuestos de la invencién en una forma alternativa, v, en algunas
ocasiones, més conveniente, los pasos del proceso individual mencionados
més arriba en el texto pueden realizarse en un orden diferente, y/o las
reacciones individuales pueden efectuarse en una etapa diferente en la ruta
general (es decir, pueden agregarse sustituyentes a y/o realizarse
transformaciones quimicas sobre, diferentes intermedios a los mencionados
mas arriba en el texto en conjuncién con una reaccion particular). Esto

puede negar, o hacer indispensable, la necesidad de grupos protectores.

El tipo de quimica involucrado dictard la necesidad, y tipo, de grupos

protectores asi como la secuencia para realizar la sintesis.

El uso de grupos protectores se describe completamente en "Protective
Groups in Organic Chemistry", editado por ] W F McOmie, Plenum Press
(1973), y "Protective Groups in Organic Synthesis", 3" edicién, T.W.
Greene & P.G.M. Wutz, Wiley-Interscience (1999).

Derivados protegidos de compuestos de la invencién pueden convertirse
quimicamente en compuestos de la invencion usando técnicas estdndar de
desproteccion (e.g. hidrogenacién). La persona experta apreciard ademds
que ciertos compuestos de férmula Ia pueden designarse igualmente como

siendo "derivados protegidos" de compuestos de formula I.
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Uso médico y farmacéutico | 6 «

Compuestos de la invencion pueden poseer actividad farmacolégica como
tal. Compuestos de la invencion que pueden poseer dicha actividad

incluyen, pero no se limitan a, compuestos de formula I.

No obstante, otros compuestos de la invencién (incluyendo compuestos de
formula Ia) pueden no poseer dicha actividad, pero pueden administrarse
parenteral u oralmente, y pueden metabolizarse posteriormente en el
organismo para formar compuestos que son farmacolGgicamente activos
(incluyendo, pero no limitados a, compuestos correspondientes de formula
I). Dichos compuestos (lo cual incluye asimismo compuestos que pueden
poseer dlguna actividad farmacoldgica, pero esa actividad es
apreciablemente inferior que la de los compuestos "activos” en los cuales se
metabolizan), pueden describirse en consecuencia como "profirmacos” de

los compuestos activos.

Asi, los compuestos de la invencién son utiles porque poseen actividad
farmacolégica, y/o se metabolizan en el organismo luego de Ia
a.dministracién oral o parenteral para formar compuestos que poseen
actividad farmacolégica. Los compuestos de la invencion se indican por lo

tanto como farmacéuticos.

De acuerdo con un aspecto més la invencién se proveen en consecuencia los

compuestos de la invencion para uso como farmacéuticos.

En particular, compuestos de la invencién son potentes inhibidores de
trombina bien como tales y/o (e.g. en el caso de profa’nnaco's), se
metabolizan después de la administracion para formar potentes inhibidores
de trombins, por ejemplo como puede demostrarse en las pruebas descritas

mads adelante.
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Por "profirmaco un inhibidor de trombina", incluimos compuestos qde
forman un inhibidor de trombina, en una cantidad experimentalmente
detectable, y en un tiempo predeterminado (e.g. aproximadamente 1 hora),
luego de la administracién oral o parenteral administration (véase, por
ejemplo. Prueba E méas adelante) o, alternativamente, luego de la
incubacién en presencia de microsomas del higado (véase, por ejemplo,
Prueba G més adelante).

En consecuencia se espera que los compuestos de la invencién sean itiles
en aquellas condiciones en donde se requiere la inhibicién de trombina, y/o
condiciones en donde se indica terapia anticoagulante, incluyendo lo

siguiente:

El tratamiento y/o profilaxis de trombosis e hipercoagulabilidad en la
sangre y/o tejidos de animales incluyendo al hombre. Se sabe que la
hipercoagulabilidad puede conducir a enfermedades trombo-embdlicas.
Condiciones asociadas con hipercoagulabilidad y enfermedades trombo-
embolicas que pueden mencionarse incluyen resistencia adquirida o
hereditaria activada por la proteina C, tal como la mutacién de factor V
(factor V Leiden), y deficiencias adquiridas o hereditarias en antitrombina
[11, proteina C, proteina S, cofactor 1l de heparina. Otras condiciones
conocidas por estar asociadas con hipercoagulabilidad y enfermedad
trombo-embélica incluyen anticuerbos antifosfolipidos en circulacién
(a-nticoagulante de Lupus), homocisteinemi, trombocitopenia inducida por
heparina y defectos en fibrinélisis, asi como sindromes de coagulacién (e.g.
coagulacién diseminada diseminada (DIC)) y lesion vascular en general
(e.g. debida a cirugia).

El tratamiento de condiciones donde hay un exceso indesable de trombina
sin signos de hipercoagulabilidad, por ejemplo en enfermedades

neurodegenerativas tales como enfermedad de Alzheimer.

\&°
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Estados patologicos particulares que pueden mencionarse incluyen el
tratamiento terapéutico y/o profilictico de trombosis venosa (e.g. DVT) y
embolismo pulmonar, trombosis arterial (e.g. en infarto del miocardio,
angina inestable, infarto basado en trombosis y trombosis arterial
periférica), y embolismo sistémico usualmente del atrio durante fibrilacidn
atrial (e.g. fibrilacion atrial no valvular) o del ventriculo izquierdo luego de
infarto transmural del miocardio, o causado por falla cardiaca congestiva;
profilaxis de re-occlusion (i.e. trombosis) luego de trombélisis, angioplastia
trans-luminal percutdnea (PTA) y operaciones de derivacién coronaria; la
prevencion de re-trombosis después de microcirugia y cirugia vascular en

general.

Otras indicaciones incluyen el tratamiento terapéutico y/o profilictico de
coagulacién intravascular diseminada causada por bacterias, trauma
multiple, intoxicacion o cualquier otro mecanismo; tratamiento
anticoagulante cuando la sangre esté en contacto con superficies extrafias en
el organismo tales como injertos vasculares, stents vasculares, catéteres
vasculares, vilvulas protésicas mecdnicas y biolégicas o cualquier otro
dispositivo médico; y tratamiento anticoagulante cuando la sangre esta en
contacto con dispositivos médicos fuera del organismo tales como durante
cirugia cardiovascular utilizando un méquina corazén-pulmén o en
hemodiglisis; el tratamiento terapéutico y/o profilactico de enfermedad de la
membrana hialina en adultos e idiopética, fibrosis pulmonar luego del
tratamiento con radiacién o quimioterapia, choque séptico, septicemia,
respuestas inflamatorias, que incluyen, pero no se limitan a, edema,
ateroesclerosis- aguda o cronica tal como enfermedad arterial coronaria y la
formacién de placas ateroscleréticas, enfermedad arterial cerebral, infarto
cerebral, trombosis cerebral, embolismo cerebral, enfermedad arterial
periférica, isquemia, angina (incluyendo angina inestable), dafio de
repercusion, restenosis luego de angioplastia trans-luminal percutinea

(PTA) y cirugia de derivacién de arteria coronaria.

‘\
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Compuestos de la invencién que inhiben tripsina y/o trombina pueden s \6?
igualmente utiles en el tratamiento de pancreatitis.

Los compuestos de la invencién son indicados por lo tanto en el tratamiento

terapéutico y/o profildctico de estas condiciones.

De acuerdo con un aspecto adicional de la presente invencién, se provee un
método de tratamiento de una condicién donde se requiere la inhibicion de
trombina, método que comprende la administracién de una cantidad de
efecto terapéutico de un compuesto de la invencién a una persona que sufre

de, o susceptible a, dicha condici6n.

Normalmente los compuestos de la invencién se administrardn oralmente,
intravenosamente, subcutidneamente, bucalmente, rectalmente,
dérmicamente, nasalmente, traqueaimente, bronquialmente, por cualquier
otra ruta parenteral o via inhalacion, en la forma de preparaciones
farmacéuticas que comprenda el compuesto de la invencién como una base
libre, o una sal de adicién 4cida orgdnica o inorginica, no tdxica, de
aceptacion farmacéutica, en una forma de dosificacion de aceptacién
farmacéutica.

Rutas preferidas de administracién de compuestos de la invencién son
orales. Preparaciones farmacéuticas preferidas incluyen composiciones
farmacéuticas de liberacion modificada que comprende compuestos de la
invencion. El término  composicion farmacéutica de "liberacién
modificada " se entendera bien por la persona experta que incluye cualquier
composicién en la cual la iniciacién y/o velocidad de liberacion de firmaco
(es decir, compuesto de la invencién) se altera mediante manipulaciones
galénicas, y, por lo tanto, incluye la definicién contemplada en la United
States Pharmacopeia (USP XXII) en las péginas xliii y xliv de la parte del
prefacio/preambulo, cuya divulgacion relevante en ese documento se

incorpora aquf por referencia.
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Por lo tanto, formulaciones apropiadas de liberacion modificada pueden
prepararse por la persona experta de acuerdo con técnicas estdndar en
farmacia (véase, por ejemplo., Pharmaceutisch Weekblad Scientific Edition,
6, 57 (1984); Medical Applications of Controlled Release, Vol 1I, eds.
Langer and Wise (1984) Bocaraton, Florida, en las péginas 1 a 34;
Industrial Aspects of Pharmaceuticals, ed. Sandel, Swedish Pharmaceutical
Press (1993) en las pdginas 93 a 104; y paginas 191 a 211 de
"Pharmaceutics: The Science of Dosage Form Design”, ed. M. E. Aulton
(1988) (Churchill Livingstone)).

Formulaciones preferidas de liberacion modificada incluyen por lo tanto
aquellas en las cuales un compuesto apropiado de la invencién se incrusta
en una matriz polimérica. @ En este aspecto, preferimos que las
formulaciones que incluyen compuestos de la invencion se provean para
administracién oral en la forma del asi llamado sistema de liberacién
modificada con "matriz hinchable", o un sistema de liberacién modificada

", en el cual el compuesto de la invencion se

con "matriz gelatinizan
provee ‘junto con un polimero que se hincha en un medio acuoso (es decir,

un "componente hidrofilico gelatinizante™).

En particular preferimos que los compuestos de la invencion se formulen
juntos en una composicién de matriz gelatinizante que comprenda iota-

carragenina y uno o mas polimeros gelatinizantes neutros.

lota-carragenina se encuentra presente preferiblemente en dicha preparacion
preferida en un nivel de mds de 15% en peso. Grados preferidos de iota-
carragenina incluyen iota-carragenina de grado farmacéutico (obtenible de
FMC Biopolymer), que tiene una viscosidad de no menos de 5 centipoise
(cps), preferiblemente en el rango de 5-10 cps (para una solucion al 1.5%
calentada a 82°C, tras lo cual se mide la viscosidad a 75°C con un

viscosimetro Brookfield LV equipado con un husillo #1 que gira a una

|68
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velocidad de 30 rpm), y iota-carragenina de grado técnico (obte{nible de
Fluka Biochemica), que preferiblemente tienen una viscosidad de no menos
de 14 mPa.s, para una solucién acuosa al 0.3 % calentada a 20°C, tras lo
cual se mide la viscosidad usando un viscosimetro de bola descendente, del
tipo Haake, usado junto con un termostato Lauda C3 y Hakke Mess-System
II1, y empleando bolas de acero inoxidable recubiertas de oro de densidad
7.8 g/em’.

El polimero gelatinizante neutro puede ser un polimero(s) tnico(s)
erosionable(s) neutro(s), o una mezcla de més de uno, que tengan
propiedades gelatinizantes y que posean solubilidad sustancialmente
independiente del pH. El polimero gelatinizante neutro se encuentra,
preferiblemente, presente en la formulacién en un nivel de de mas de 10%

pero preferiblemente més de 20% en peso.

Polimeros gelatinizantes neutros apropiados incluyen éxido de polietileno
(PEO), derivados y miembros de la familia PEQ (por ejemplo, polietilen
glicol (PEG), preferiblemente existentes naturalmente en estado sélido, de
peso molecular adecuado o viscosidad). Si se utiliza como un polimero
gelatinizante neutro tnico, un PEO tiene preferiblemente un peso molecular
(MW) de > 4 millones (4M), correspondiente a un rango de viscosidad de
solucién acuosa de 1650-5500 mPa.s (6 1650-5500 cps; medido para una
solucién acuosa al 1% a 25°C, usando un viscosimetro Brookfield RVF,
con un husillo No. 2, a 2 rpm). Otros ejemplos de PEOs apropiados
incluyen a PEQ de MW de alrededor de 5 millones (5M), correspondiente a
un rango de viscosidad de solucién acuosa de 5500 - 7500 mPa.s, 6 un PEO
de MW de alrededor de8 millones (8M), correspondiente a un rango de
viscosidad de solucién acuosa de 10000-15000 mPa.s. Este rango cubre el
valor para una viscosidad de solucién tipica (en cps) medida a 25°C, citada
para este polimero en la USP 24/NF 19, edicién 2000, paginas 2285-2286.
Si se utiliza PEG como un polimero gelatinizante neutro unico, éste

preferiblemente tiene un alto peso molecular, por ejemplo, un MW de
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alrededor de 20000, correspondiente a un rango de v1scos:dad de 2700-
3.500 mPa.s (6 2700-3500 cps), medido usando una solucién acuosa al 50%
(p/p) a 20°C, utilizando un viscosimetro capilar (Ubbelohde o equivalente).
[Ref; European Pharmacopoeia 3" Ed., 2000, Supplement, paginas 908-
909.]

Otros polimeros gelatinizantes apropiados incluyen derivados de celulosa
tales como hidroxipropilmetilcelulosa (HPMC) o hidroxietilcelulosa (HEC)
con viscosidades apropiadamente elevadas (por ejemplo "HPMC 10000
cps”, "THPMC 15000 cps", "HEC tipo HH" o "HEC tipo H"). Cuando se usa
como un  polimero neutro (nico, los polimeros de
hidroxipropilmetiicelulosa como "HPMC 10000 cps" y "HPMC 15000 cps"
tienen, respectivamente, viscosidades aparentes de 7500-14000 mPa.s (6
7500 - 14000 cps), y 11250-21000. mPa.s (6 11250-21000 cps), cuando se
miden a 20°C con una solucién acuosa al 2% (p/p), calculadas referencia a
la sustancia seca, usando un viscosimetro capilar (Ubbelohde o
equivalente). Un tipo de polimero de hidroxietilcelulosa, por ejemplo,
"Natrosol 250 Pharma, tipo HH", de Hercules Incorporated (Aqualon),
muestra tipicamente una viscosidad Brookfield de aproximadamente 20,000
mPa.s usando un instrumento Brookfield Synchro-Lectric Model LVF, en
las condiciones concentracién de solucién al 1%, husillo no. 4, velocidad
del husillo 30 rpm, factor 200, 25 °C (véase Natrosol Physical and
Chemical Properties booklet, 33.007-E6 (1993), pagina 21).

Formulaciones particulares que pueden mencionarse incluyen aquellas en
las que el compuesto de la invencidn se formula junto con iota-carragenina
y HPMC (10,000 cps) en una proporcién 50:50 (% en peso), o junto con
iota-carragenina y PEO 4M en una proporcién 50:50 (% en peso).

Excipientes adicionales preferidos en dichas formulaciones incluyen
lubricantes, tales como fumarato estearflico de sodio.
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Dependiendo del desorden y el paciente a tratar y la ruta de administracion,

las composiciones pueden administrarse en diferentes dosis.

Los compuestos de la invencion pueden combinarse asimismo y/o co-
administrarse con cualquier agente(s) antitrombotico con un diferente
mecanismo de accion), tal como uno o més de los siguientes: los agentes
antiplaquetarios acido acetilsalicilico, ticlopidina y clopidogrel; receptor de
tromboxano y/o inhibidores de sintetasa; antagonistas de receptor de
fibrindgeno; miméticos de prostaciclina; inhibidores de fosfodiesterasa;
antagonistas de receptor ADP (P,T); e inhibidores de carboxipeptidasa U

(CPU).

Los compuestos de la invencion pueden combinarse ademis y/o co-
administrarse con tromboliticos tales como uno o mds de activador de
plasminégeno de tejido (natural, recombinante o modificado),
estreptoquinasa, uroquinasa, prouroquinasa, complejo activador
plasmindgeno-estreptoquinasa  anisolilado (APSAC), activadores de
plamindgeno de gléndula salival animal, y similares, en el tratamiento de
enfermedades trombéticas, en particular infarto del miocardio.

De acuerdo con un aspecto més de la invencién se provée por lo tanto una
formulacion farmacéutica que incluye un compuesto de la invencion, en
mezcla con un adyuvante, diluyente o transportador de aceptacion

farmacéutica.

Dosis diarias apropiadas de los compuestos de la invencion en tratamiento
terapéutico de humanos son de alrededor de 0.001-100 mg/kg de peso
corporal en administracién peroral y 0.001-50 mg/kg de peso corporal en
administracién parenteral.

Para evitar dudas, tal como se emplea aqui, el término "tratamiento” incluye
tratamiento terapéutico y/o profilactico.
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Compuestos de la invencion tienen la ventaja de que pueden ser mas
eficaces, ser menos tdxicos, ser de accién més prolongada, tener un rango
méds amplio de actividad, ser mds potentes, producir menos efectos
colaterales, absorberse mas ficilmente, y/o temer un mejor perfil
farmacocinético (e.g. mas alta biodisponibilidad oral y/o mds baja
depuracion), que, y/o tener otras propiedades farmacolégicas, fisicas o
quimicas Gtiles sobre, compuestos conocidos en el arte previo. Compuestos
de la invencién pueden tener la ventaja adicional de que pueden
administrarse menos frecuentemente que compuestos conocidos en el arte

previo.

Pruebas Biologicas

Pueden emplearse los siguientes procedimientos de prueba.

Prueba A

Determinacion del Tiempo de Coagulacién de Trombina (TT)

La solucién inhibidora (25 plL) se incuba con plasma (25 pl) durante tres
minutos. A continuacion se agrega trombina humana (T 6769; Sigma
éhem. Co. 6 Hematologic Technologies) en solucién tampodn, pH 7.4 (25
pL, 4.0 NIH unidades/mL), y se mide el tiempo de coagulacién en un
dispositivo automaético (KC 10; Amelung).

El tiempo de coagulacién de trombina (TT) se expresa como valores
absolutos (segundos) asi como la proporcién de TT sin inhibidor (TTg) con
respecto a TT con inhibidor (TT,). Las iltimas proporciones {rango 1-0) se
grafican contra la concentracion del inhibidor (log transformado) y se

adaptan a curvas sigmoideas dosis-respuesta de acuerdo con la ecuacién
Y=a/[1-H{x/ICs)’]

donde: a = rango méximo, es decir, 1; s = pendiente de la curva dosis -
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respuesta; e 1Cso = la concentracion de inhibidor que duplica el tiempo \je
coagulacién. Los célculos se procesan en un PC usando el programa de
software GraFit Version 3, fijando la ecuacién igual a: Inicio en 0, definir
final = 1 (Erithacus Software, Robin Leatherbarrow, Imperial College of
Science, Londres, Reino Unido).

Prueba B

Determinacion de la Inhibicion de Trombina con un Ensayo Robdtico

Cromogénico
Se mide la potencia del inhibidor de trombina con un método de sustrato

cromogénico, en un procesador de microplaca robético Plato 3300 (Rosys
AG, CH-8634 Hombrechtikon, Suiza), usando placas de microtitulacion de
semi-volumen de 96 pozos (Costar, Cambridge, MA, USA; Cat. No. 3690).
Soluciones madre de sustancia de prueba en DMSO (72 puL), 0.1-1 mmol/L,
se diluyen en serie 1:3 (24 + 48 uL) con DMSO para obtener diez diferentes
concentraciones, las cuales se analizan como muestras en el ensayo. 2 uL
de muestra de prueba se diluyen con 124 uL de tampon de ensayo, 12 ul de
solucién de sustrato cromogénico (S-2366, Cromogenix, MéIndal, Sweden)
en tampon de ensayo y, finalmente, se agregan 12 pl. de solucién de a-
trombina (o-trombina humana, Sigma Chemical Co. ¢ Hematologic
Technologies) en tampén de ensayo, y se mezclan las muestras. Las
concentraciones del ensayo final son: sustancia de prueba 0.00068 - 13.3
pumol/L, S-2366 0.30 mmol/L, a-trombina 0.020 NIHU/mL. El incremento
de absorcidén lineal durante incubacién de 40 minutos a 37°C se usa para
célculo de la inhibicion porcentual de las muestras de prueba, comparados
con blancos sin inhibidor. El valor ICs-robdtico, correspondiente a la
concentracién inhibidora que causa una inhibicion del 50% de la actividad
de la trombina, se calcula de una concentracién logaritmica vs. % curva de

inhibicion.

Prueba C
Determinacién de la Constante de Inhibicion k; para Trombina Humana
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Las determinaciones K, se realizan empleando un método de sustrato
cromoggénico, efectuado a 37°C en un analizador centrifugo Cobas Bio
(Roche, Basel, Switzerland). La actividad enzimitica residual luego de la
incubacién de a-trombina humana con diferentes concentraciones de
compuesto de prueba se determina con tres diferentes concentraciones de

sustrato, y se mide como la variacién en absorcién optica a 405 nm.

Soluciones de compuesto de prueba (100 pL; normalmente en tampén o
solucion salina que contiene BSA 10 g/L) se mezclan con 200 pL de a-
trombina humana (Sigma Chemical Co) en tampén de ensayo (0.05 mol/L
Tris-HCI pH 7.4, fuerza iénica 0.15 ajustada con NaCl) que contiene BSA
(10 g/L), y se analizan como muestras en el Cobas Bio. Se agrega una
muestra de 60 pL, junto con 20 pl de agua, a 320 uL del sustrato S-2238
(Cromogenix AB, Mdindal, Suecia) en tamp6n de ensayo, y se monitorea la
variacion de la absorcion (AA/min). Las concentraciones finales de S-2238
son 16, 24 y 50 pmol/L y de trombina 0.125 NIH U/mL.

La velocidad de reaccién de estado continuo se usa para construir grificos
Dixon, es decir, diagramas de concentracién inhibidora vs. 1/{AA/min).
Para inhibidores competitivos, reversibles, los puntos de los datos par las
diferentes concentraciones de sﬁstrato forma tipicamente lineas rectas que

se interceptan en x = -K,.

Prueba D
Determinacién del Tiempo de Tromboplastina Parcial Activada (APTT)

APTT se determina en plasma citrado humano normal agrupado con el
reactivo PTT Automated 5 manufacturado-por Stago. Los inhibidores se
agregan al plasma (10 pL solucién inhibidora a 90 pL de plasma) y se
incubaron con el reactivo APTT durante 3 minutos seguido por la adicién
de 100 uL de solucién de cloruro de calcio (0.025 M) y el APTT se
determiné mediante el empleo del analizador de coagulacion KCI10

(Amelung) de acuerdo con las instrucciones del productor del reactivo.
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El tiempo de coagulacién se expresa como valores absolutos (segundos) asi
como la proporcién de APTT sin inhibidor (APTTo) a APTT con inhibidor
(APTT,). Las qltimas proporciones (rango 1-0) se grafican contra la
concentracion de inhibidor (log trensformado) y se ajustan a curvas

sigmoidales dosis-respuesta de acuerdo con la ecuacién
y=e/[I+(x/ICs0)’]

donde: a = rango maximo, es decir, 1; s = pendiente de la curva dosis-
respuesta; e ICsy = la concentracion de inhibidor que duplica el tiempo de
coagulacion. Los cilculos se procesan en un PC utilizando el programa de
software GraFit Version 3, fijando la ecuacion igual a: Inicio en 0, definir
final = 1 (Erithacus Software, Robin Leatherbarrow, Imperial College of
Science, Londres, Reino Unido).

ICsAPTT se define como la concentracion de inhibidor en plasma humano

que duplicé el Tiempo de Tromboplastina Parcial Activada.

Prueba E

Determinacion del tiempo de Trombina ex vivo
La inhibicion de trombina luego de la administracion oral o parenteral de

los compuestos de la invencién, disueltos en etanol:SolutolK: agua
(5:5:90), se examina en ratas conscientes que, uno o dos dias antes del
experimento, se equipan con un cateter para tomar muestras de sangre de la
arteria carotida. El dia del experimento se extraen muestras de sangre a
horas fijas después de la administracion del compuesto en tubos plésticos
que contienen | parte de solucién de citrato de sodio (0.13 mol por L)y 9
partes de sangre. Se centrifugan los tubos para obtener plasma pobre en
plaquetas.

50 puL de muestra de plasma se precipitan con 100 pl de acetonitrilo frio.
Se centrifugan las muestras durante 10 minutos a 4000 rpm. 75 pL del
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sobrenadante se diluyen con 75 pL de 4cido formico al 0.2%. Volamen

de 10 uL de las soluciones resultantes se analizan mediante LC-MS/MS y

se determinan las concentraciones de inhibidor de trombina usando curvas

estandar.

Prueba F

Determinacion de Depuracion del plasma en Rata

Se estima la depuracion del plasma en ratas macho Sprague Dawley. El
compuesto se disuelve en agua y se administra como un inyeccién de bolo
subcutinea a una dosis de 4 umol’kg. Se recogen muestras de sangre a
intervalos frecuentes de hasta 5 horas después de la administraciéon del
farmaco. Se centrifugan las muestras de sangre y el plasma se separa de las
células sanguineas y se transfiere a frascos que contienen citrato
(concentracion final 10%). 50 pul. de muestras de plasma se precipitan con
100 puL de acetonitrilo frio. Se centrifugan las muestras durante 10 minutos
a 4000 rpm. 75 pL del sobrenadante se diluyen con 75 pL de &cido férmico
al 0.2%. Volimenes de 10 pL de las soluciones resultantes se analizan por
LC-MS/MS y las concentraciones de inhibidor de trombina se determinan
usando curvas estindar. El drea bajo el perfil concentracién-tiempo del
plasma se estima usando la regla trapezoidal log/lineal y se extrapola a
tiempo infinito. La depuracion del plasma (CL) del compuesto se

determina entonces como
CL~=Dosis/AUC
Los valores se reportan en mL/min/kg.

Prueba G

Determinacion de la Estabilidad in vitro

Microsomas de hégado se preparan de muestras de higado humano y de
ratas Sprague-Dawley de acuerdo con SOPs internos. Los compuestos se

incuban a 37°C a una concentracion tota; de proteina de microsoma de 3
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mg/mL en un tampé6n 0.05 mol/L. TRIS a 7.4, en presencia de los cofactore
NADH (2.5 mmol/L) y NADPH (0.8 mmol/L). La concentracion inicial del
compuesto es 5 6 10 umol/L. Se toman muestras para andlisis hasta 60
minutos después de la incubacién. La actividad enzimética de la muestra
recogida se detiene inmediatamente agregando icido miristico al 20% en
un volumen correspondiente a 3.3% del volumen total de la muestra. La
concentracidn del compuesto restante (FINAL CONC) en la muestra de 60
minutos se determina por medio de LCMS usando una muestra recogida al
tiempo cero como referencia (START CONC). EI % de inhibidor de
trombina degradada se calcula como:

[START CONC] - [FINAL CONC]

100% x
[START CONC]
Prueba H
Modelo de Trombosis Arterial

Se induce dafio de los vasos aplicando cloruro férrico (FeCl;) tépicamente a
la arteria cardtida. Se anestesian las ratas con una inyeccidn intraperitonela
de pentobarbital de sodio (80 mg/kg; Apoteksbolaget; Umed, Suecia),
seguido por infusién continua (12 mg/kgh) de principio a fin del
experimento. Se mantuvo la temperatura corporal de la rata a 38°C de
comienzo a fin del experimento mediante calefaccién externa. El
experimento se inicia con un periodo dc-control de S minutos. Cinco
minutos después, '®I-fibringeno humano (80 kBgq; IM53; Amersham
International, Buckinghamshire, Reino Unido) se aplica intravenosamente y
se utiliza un marcador para la posterior incorporacién de fibrina(négeno) en
el trombo. El extremo préximo del segmento de la arteria cardtida se pone
en un tubo plistico (6 mm; Silastic®; Dow Coming, Ml, USA) abierta
longitudinalmente, que contenia papel de filtro empapado en FeCl; (2 pL;
55% p/p; Merck, Darmstadt, Alemania) (diémetro 3 mm; 1F; Munktell,
Grycksbo, Suecia). La arteria carétida izquierda se expuso a FeCl; durante

10 minutos y luego se extrajo del tubo plastico y se sumergio en solucién
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salina. Cincuenta minutos después, la arteria carétida se retird y enjuagé e

solucién salina. Se toman asimismo muestras de sangre de referencia para
la determinacién de 'l-actividad sanguinea, 10 minutos después de la
inyeccion de '*I-fibrinégeno, y al final del experimento. La '®I-actividad
en las muestras de sangre de referencia y en el segmento de los vasos se
miden en un contador gamma (1282 Compugamma; LKB .Wallac Oy,
Turku, Finlandia) el mismo dia que se realiza el experimento. Se determina
el tamafio del trombo como la cantidad de '*I-actividad incorporada en el

segmento de los vasos en relacién con la '®I-actividad en la sangre

(cpm/mg).
Detalles Experimentales Generales_

Se realizo TLC en gel de silice. Se llevé a cabo anilisis de HPLC quiral
utilizando una columna 46 mm X 250 mm Chiralcel OD con una columna
guard de 5 cm. Se mantuvo la temperatura de la columna a 35°C. Se
empled una velocidad de flujo de 1.0 mL/min. Se usé un detector Gilson
115 UV a 228 nm. La fase mévil se componia de hexanos, etanol y écido
trifluroacético y las proporciones apropiados se enumeran para cada
compuesto. Tipicamente, el producto se disuelve en una cantidad minima

de etanol y éste se diluye con la fase mévil.

Se realice LC-MS/MS usando un instrumento HP-1100 equipado con un
inyector CTC-PAL y una columna 5 pm, 4 x 100 mm ThermoQuest,
Hypersil BDS-C 18. Se empledé un detector API-3000 (Sciex) MS. La
velocidad de flujo fue 1.2 mL/min y la fase mévil (gradiente) consistia de
10-90% acetonitrilo con 90-10% de 4 mM acetato de amonio acuoso,

conteniendo ambos dcido férmico al 0.2%.

Se registraron espectros 'H NMR usando tetrametilsilano como el estandar
interno. Se registraron espectros ’C NMR usando los solventes deuterados
listados como el estidndar interno.
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Ejemplo 1
Ph(3-C)(5-OCHF,)-(RYCH(OH)YC(O)-Aze-Pab{OcBu)

(i) 3-Cloro-5-metoxibenzaldehido
3,5-Dicloroanisol (74.0 g, 419 mmol) en THF (200 mL) se agregé gota a

gota a metal de magnesio (14.2 g, 585 mmol, pre-lavado con 0.5 N HCI) en
THF (100 mL) a 25°C. Luego de la adici6n, se agregé gota a gota 1,2-
dibromoetano (3.9 g, 20.8 mmol). La mezcla marrén oscuro resultante se
calentd a reflujo durante 3 horas. La mezcla se enfrid a 0°C, y se agregé
N,N-dimetilformamida (60 mL) en una porcién. La mezcla se dividié en
partes con éter dietflico (3 x 400 mL) y 6N HCI (500 mL). Los extractos
organicos combinados se lavaron con salmuera (300 mL), se secaron
(Na;SOy), se filtraron y concentraron in vacuo para producir un aceite.
Cromatografia de destello (2x) en gel de sflice eluyendo con Hex:EtOAc
(4:1) prodividié en partes el compuesto del sub-titulo (38.9 g, 54%) como

un aceite amarillo.

'H NMR (300 MHz, CDCL;) & 9.90 (s, 1H), 7.53 (s, 1H), 7.38 (s, 1H), 7.15
(s, 1H), 3.87 (s, 3H).

(ii) 3-Cloro-5-hidroxibenzaldehido

Una solucién de 3-cloro-5-metoxibenzaldehido (22.8 g, 134 mmol; véase
paso (i) mas arriba) en CH,Cl, (250 mL) se enfri6 a 0°C. Se agrego gota a
gota tribromuro de boro (15.8 mL, 167 mmol) durante 15 minutos. Luego
de agitar la mezcla de reaccion durante 2 horas, se agregé H,O (50 mL)
lentamente. Seguidamente la solucién se extrajo con Et;O (2 x 100 mL). .
Las capas orgdnicas se combinaron, se secaron (Na;SOy), se filtraron y
concentraron in vacuo. Cromatografia de destello en gel de sflice eluyendo
con Hex:EtOAc (4:1) prodividié en partes el compuesto del sub-titulo (5.2
g, 25%).
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'H NMR (300 MHz, CDCl,) § 9.85 (s, 1H), 7.35 (s, 1H), 7.20 (s, 1H), 7.10
(s, 1H), 3.68(s, 1H)

(iii) 3-Cloro-S-difluorometoxibenzaldeh{do

Una solucién de 3-cloro-5-hidroxibenzaldehido (7.5g, 48 mmol; véase paso
(ii) més arriba) en 2-propanol (250 mL) y 30% KOH (100 mL) se calent6 a
reflujo. Mientras se agitaba, se borbotedé CHCIF, en la mezcla de reaccién
durante 2 horas. La mezcla de reaccién se enftid, se acidificé con IN HCl y
se extrajo con EtOAc (2 x 100 mL). Los orgénicos se lavaron con salmuera
(100 mL), se secaron (Ne;SO,), se filtraron y concentraron in vacuo.
Cromatografia de destello en gel de silice eluyendo con Hex:EtOAc (4:1)
prodividid en partes el compuesto del sub-titulo (4.6 g, 46%).

'H NMR (300 MHz, CDCl;) 5 9.95 (s, 1H), 7.72 (s, 1H), 7.52 (s, 1H), 7.40
(s, 1H), 6.60 (t, Jus=71.1 Hz, 1H)

(iv) Ph(3-CIX5-OCHF;)-(R OTMS)ICN

Una solucion de 3-cloro-S-difluorometoxibenzaldehido (4.6 g, 22.3 mmol;
véase paso (iii) mds arriba) en CH;Cl, (200 mL) se enfrio a 0°C. Se
agregaron Znl, (1.8 g, 5.6 mmol) y cianuro de trimetilsililo (2.8 g, 27.9
mmol) y la mezcla de reaccion se dej6 calentar a temperatura ambiente y se
agito durante 15 horas. La mezcla se concentré parcialmente in vacuo
produciendo el compuesto del sub-titulo como un liquido, el cual se usé
directamente en paso (v) mds adelante sin mas purificacion o

caracterizacion.

(v) Ph(3-CIX5-OCHF;-(R.SYCH(OH)C(NH)OEt
Ph(3-CI)(5-OCHF){R,S)CH(OTMS)CN (6.82 g, asimanse 22.3 mmol;

véase paso (iv) més arriba) se agregé gota a gota a HCI/EtOH (500 mL). La
mezcla de reaccion se agité 15 horas, luego se concentré parcialmente in
vacuo produciendo el compuesto del sub-titulo como un liquido, el cual se

empled en paso (vi) sin més purificacion o caracterizacion.
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(vi) Ph(3-C)(5-OCHF;)-(R.SYCH(OH)C(OQ)QEt

Ph(3-Ci)(5-OCHF,)-(R,S)CH(OH)C(NH)OEt (6.24 g, asumanse 22.3
mmol; véase paso (v) més arriba) se disolvié en THF (250 mL), se agregd
0.5M H,S80, (400 mL) y la reaccion se agité a 40°C durante 65 horas, se
enfrié y luego se concentré parcialmente in vacuo para retira la mayor parte
del THF. La mezcla de reaccién se extrajo luego con Et,O (3 x 100 mL), se
secO (Na;SOg), se filtr6 y concentré in vacuo para proporcionar el
compuesto del sub-titulo como un sélido, el cual se empled en paso (vii) sin

mads purificacion o caracterizacion.

(vii) Ph(3-CIX5-OCHF,)-(R.SYCH(OH)C(O)YOH

Una solucion de Ph(3-CI)}(5-OCHF2)HR,S)CH(OH)C(O)OEt (6.25 g,
asumanse 22.3 mmol; véase paso (vi) més arribe) en 2-propanol (175 mL) y
20% KOH (350 mL) se agit6 a temperatura ambiente 15 horas. La reaccién
se concentré entonces parcialmente in vacuo para retirar la mayor parte del
2-propanol. La mezcla restante se acidificé con 1M H;S0,, se extrajo con
Et,0 (3 x 100 mL), se sec6 (NazSO,) y de concentré in vacuo para producir
un solido. Cromatografia de destello en gel de silice eluyendo con
CHC];:MeOH:NI—LOH concentrado (6:3:1) prodividié en partes la sal de
amonio del compuesto del sub-titulo. La sal de amonio se disolvié entonces
en una mezcla de EtOAc (75 mL) y H,O (75 mL) y se acidific6 con 2N
HCIl. La capa orgénica se separd y se lavé con salmuera (50 mL), se secé
(Na;SO,) y concentr6 in vacuo para proporcionar el compuesto del sub-
titulo (3.2 g, 57% de los pasos (iv) a (vii)).

'"H NMR (300 MHz, CD;OD) 5 7.38 (s, 1H), 7.22 (s, 1H), 7.15 (s, 1H), 6.89
(t,Jir=71.1 Hz, 1H), 5.16 (s, 1H)

(viii) Ph{3-C1)(5-OCHF,)}-(RYCH(OH)C(O)OH (a} y Ph(3-C1)(5-OCHF;)-

(SYICH(OACIC(O)OH (b)
Una mezcla de Ph(3-CI)(5-OCHF,)-(R,S)CH(OH)C(O)OH (3.2 g, 12.7
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mmol; véase paso (vii) mds arriba) y Lipasa PS "Amano" (~2.0 g) en
acetato de vinilo (125 mL) y MTBE (125 mL) se calentd a reflujo durante
48 horas. La mezcla de reaccion se enfrid, se filtr6 a través de Celite® y la
torata del filtro se lavé con EtOAc. El filtrado se concentré in vacuo y se
cromatografic de destello en gel de silice eluyendo con
CHCIl;:MeOH:NH,OH concentrado (6:3:1) produciendo las sales de amonio
del compuesto de los sub-titulos (a) y (b). Compuesto (a) como una sal se
disolvi6 en H,0, se acidificé con 2N HCl y se extrajo con EtOAc. La capa
organica se lavd con salmuera, se secd (Na,SO,), se filtré y concentrd in
vacuo para proporcionar el compuesto del sub-titulo (a) (1.2 g, 37%).

Para el compuesto de sub-titulo (a)

'H NMR (300 MHz, CD;OD) & 7.38 (s, 1H), 7.22 (s, 1H), 7.15 (s, 1H), 6.89
(t, Jur=71.1 Hz, 1H), 5.17 (s, 1H)

(ix) Ph(3-CI)(5-OCHF,;)-(R)YCH(QOH)C(Q)-Aze-Pab(Teoc
A una solucién de Ph(3-CI)(5-OCHF)-(R)CH(OH)C(O)OH (1.1 g, 4.4

mmol; véase paso (viii) mas arriba) y H-Aze-Pab(Teoc) (véase solicitud de

patente internacional WO 00/42059, 2.6 g, 5.7 mmol) en DMF (50 mL) a

0°C se agregé PyBOP (2.8 g, 5.3 mmol) y colidina (1.3 g, 10.6 mmol). La
reaccion se agitd a 0°C durante 2 horas y luego a temperatura ambiente
durante 15 horas adicionales. La mezcla de reaccién se concentré in vacuo
y se expuso a cromatografia de destello en gel de silice (3 x), fluyendo
primero con CHCI;:EtOH (9:1), luego con EtOAc:EtOH (20:1) y
finalmente eluyendo con CH;Cl,:CH;0H (95:5) para proporcionar el
compuesto del sub-titulo (1.0 g, 37%) como un sélido blanco.

"H NMR (300 MHz, CD;0D, mezcla de rotdmeros) 8 7.79-7.85 (d, J= 8.7
Hz, 2H), 7.15-7.48 (m, 5H), 6.89 y 6.91 (t, Jux =71.1 Hz, 1H). 5.12, y 5.20
(s, 1H), 4.75-4.85 (m, 1H), 3.97-4.55 (m, 6H), 2.10-2.75 (m. 2H), 1.05-,
1.15 (m, 2H), 0.09 (s, 9H)

\gY
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MS (m/z) 611 (M +1)" 162

(x) Ph(3-C1X5-OCHF,)-(RYCH(OH)C(O)-Aze-Pab(OcBu.Teoc)
Ph(3-CI)(5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.051 g, 0.08 mmol;
vease paso (ix) mas arriba), se disolvi6 en 3 mL de acetonitrilo y se agregé
0.062 g (0.5 mmol) de clorhidrato de O-ciclobutilhidroxilamina. La mezcla
se calentd a 70° C durante 4.5 horas. El solvente se evaporé y el residuo se
dividid en partes entre agua y acetato de etilo. Se extrajo la fase acuosa dos
veces mds con acetato de etilo y la fase orgdnica combinada se lavé con
agua, salmuera, se secd (Na,SQO,), filtré y evapord. Rendimiento: 0.054 g
(95%).

'H-NMR (400 MHz; CD;OD): 8 8.66-8.50 (m, 1H), 7.45 (d, 2H), 7.29 (m,
3H), 7.15 (m, 2H), 6.88 (t, 1H rotamero mayor), 6.85 (t, IH rotdimero
menor), 5.18 (s, 1H rotdmero mayor), 5.12 (s, 1H rotimero menor), 5.16
(m, 1H rotdmero menor), 4.78 (m, 1H rotamero mayor), 4.70 (m, 1H), 4.50-
4,30 (m, 3H), 4.19-3.93 (m, 3H), 2.71-2.44 (m, 1H), 2.34-2.11 (m, 5H),
1.78 (m, 1H). 1.62 (m, 1H), 0.96 (m, 2H), 0.01 (s, 9H)

(xi) Ph(3-CI)(5-OCHF;HRYCH(OH)C(O)}-Aze-Pab(OcB:
Ph(3-CI)(5-OCHF2)(R)CH(OH)C(O)-Aze-Pab(OcBu, Teoc) (0.054 g, 0.08
mmol; véase paso (x) mis arriba), se disolvié en 0.5 mL de CH,Cl, y 3 mL
de TFA. Se dejé continuar la reaccién durante 60 minutos. Se evapord
TFA Yy el residuo se purifico usando HPLC preparativa. Se agruparon las
fracciones de interés y se secaron por congelamiento (2x), produciendo 23
mg (54%) del compuesto del titulo.

MS (m/z) 536 M - 1); 538 (M + 1)*

'H-NMR (400 MHz; CD0D): & 7.56 (d, 2H),7.33 (m, 3H), 7.15 (m, 2H),
6.89 (t, 1H rotimero mayor), 6.86 (t, 1H rotamero menor), 5.18 (s, 1H
rotdmero mayor; y m, 1H rotémero menor), 5.11 (s, 1H rotdmero menor),
4.77 (m, 1H rotdmero mayor), 4.58 (m, 1H), 4.42 (m, 2H), 4.34 (m, 1H
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rotimero mayor), 4.15 (m, 1H rotimero mayor), 4.06 (m, 1H rotimero
menor), 3.97 (m, 1H rotémero menor), 2.66 (m, 1H rotdmero menor), 2.52
(m, 1H rotdmero mayor). 2.33-2.25 (m, 3H), 2.01-2.20 (m, 2H), 1.75 (m,
1H), 1.59 (m, 1H) "C-NMR (100 MHz; CD;0D) (carbonilo y/o carbonos
de amidina, rotAmeros) 5 172.4, 172.3, 171.9, 171.4, 1523

Ejemplo 2
Ph(3-CI)(5-OCHF ) -(RYCH(OH)C(Q)-Aze-Pab(OH)

(i) Ph(3-C1YS-OCHF,)- (RICH(OHC(O)-Aze-Pab(OH, Teoc

Ph(3-CI)(5-OCHF;)-(R)CH(OH)C(0)-Aze-Pab(Teoc) (0.148 g, 0.24 mmol;
véase Ejemplo I(ix) mas arriba), se disolvié en 9 mL de acetonitrilo y se
agregd 0.101 g (1.45 mmol) de clorhidrato de hidroxilamina. La mezcla se
calent6 a 70°C durante 2.5 horas, se filtré a través de Celite® y se evapord.
El producto crudo (0.145 g; 75% puro) se empled directamente en el

siguiente paso sin mas purificacién.

(ii) Ph(3-CI1X5-OCHF;)-(RYCH(OH)C(O)-Aze-Pab{OH)

Ph(3-CI)(5-OCHF3)-(R)CH(OH)C(O)-Aze-Pab(OH, Teoc) (0.145 g, 0.23
mmol; véase paso (i) més arriba), se disolvié en 0.5 mL de CH,Cl; y 9 mL
de TFA. La reaccion se dejo continuar durante 60 minutos. TFA se
evapord y el residuo se purificé usando HPLC preparativa. Las fracciones
de interés se agruparon y se secaron por congelamiento(2x), produciendo 72

mg (rendimiento en los dos pasos 62%) del compuesto del titulo.

MS (m/z) 482 (M - 1); 484 (M + 1)*

'H-NMR (400 MHz; CD;0D): 3 7.58 (d, 2H), 7.33 (m, 3H), 7.15 (m, 2H),
6.89 (t, 1H rotdimero mayor), 6.86 (t, 1H rotdmero menor), 5.18 (s, 1H
rotimero mayor; y m, 1H rotdmero menor), 5.12 (s, 1H rotimero menor),
4.77 (m, 1H rotimero mayor),4.42 (m, 2H), 4.34 (m, 1H rotimero mayor),
4.14 (m, 1H rotdmero mayor), 4.06 (m, 1H rotdmero menor), 3.95 (m, 1H
rotimero menor), 2.66 (m, |H rotimero menor), 2.50 (m, 1H rotdmero
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mayor), 2.27 (m, 1H rotimero mayor), 2.14 (m, 1H rotimero menor)
C-NMR (100 MHz; CD;OD): (carbonilo y/o carbonos de amidina,
rotdmeros) § 172.4, 172.3, 172.0, 171.4 152.3, 152.1

Ejemplo 3
Ph(3-CIX5-OCHF,)-(RYCH(O 0O)-Aze-Pab

Ph(3-CI)(5-OCHF;)(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.045 g, 0.074
mmol; véase Ejemplo 1(ix) més arriba), se disolvié en 3 mL de TFA y se
dejé reaccionar durante 1 hora. Se evaporé TFA y el residuo se secéd por
congelamiento a partir de agua/acetonitrilo para producir 0.043 g (100%)
del compuesto del sub-titulo como su sal de TFA.

'H-NMR (400 MHz; CD;0D) rotémeros: & 7.8-7.75 (m, 2H), 7.55-7.5 (m,
2H), 7.35 (m, 1H, rotimero mayor), 7.31 (m, 1H, rotimero menor), 7.19
(m, 1H, rotdmero mayor), 7.15 (m, 1H), 7.12 (m, 1H, rotdmero menor),
6.89 (t, 1H, rotémero mayor), 6.87 (t, 1H, rotdmero menor), 5.22 (m, 1H,
rotdmero menor), 5.20 (s, 1H, rotimero mayor), 5.13 (s, 1H, rotimero
menor), 4.80 (m, 1H, rotimero mayor), 4.6-4.4 (m, 2H), 437 (m, 1H,
rotdmero mayor), 4.19 (m, 1H, rotémero mayor), 4.07 (m, 1H, rotémero
menor), 3.98 (m, 1H, rotdmero menor), 2.70 (m, 1H, rotdmero menor), 2.55
(m, 1H, rotamero mayor), 2.29 (m, 1H, rotdmero mayor), 2.15 (m, 1H,
rotdmero menor)

'’C-NMR (100 MHz; CD;OD): (carbonilo y/o carbonos de amidina,
rotdmeros) § 172.6, 172.5, 172.0, 171.7, 167.0

MS (m/z) 465 (M - 1), 467 M + 1)*

Ejemplo 4

Ph(3-CI)X(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab{COOcPentilo)
A una solucién de Ph(3-Cl)(5-OCHF,)-(RYCH(OH)C(O)-Aze-Pab x TFA
(74 mg, 0.13 mmol; véase Ejemplo 3 mas arriba) y ciclopentilcloroformato

(44 mg, 0.30 mmol) en cloruro de metileno (5 mL) se agregé NaOH acuoso

165
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(0.5 mL, 2M, 1 mmol). La mezcla se agit6 a temperatura ambiente y la
reaccién se monitoreé con HPLC. Luego de 2.5 horas, se agregé agua y se
separaron las fases liquidas. Se extrajo la fase acuosa dos veces con cloruro
de metileno. Las fases orgdnicas combinadas se secaron (MgSO,) y se
purificaron en gel de silice (primero cloruro de metileno, luego EtOAc).
Luego del retiro de los solventes in vacuo, el residuo s6lido se disolvi6 en
agua/acetonitrilo y se secé por congelamiento para proporcionar el

compuesto del titulo como un sélido blanco. Rendimiento: 33mpg (44%)

MS (m/z) 579 M + 1)*

'H NMR (400MHz; CD,0D): & 7.79 (d, 2H), 7.43-7.30 (m, 5H), 7.20- 7.11
(m. 2H), 6.90 (t. 1H, rotdmero mayor), 6.87 (t, 1H, rotdmero menor), 5.19
(dd, 1H, rotamero menor), 5.18 (s, 1H, rotdmero mayor), 5.13 (-m, 1H),
5.11 (s, 1H, rotAmero menor), 4.78 (dd, 1H, rotdmero mayor), 4.45 (m, 2H),
4.35 (m, 1H, rotimero mayor), 4.16 (s, 1H, rotdimero mayor), 4.06 (s, 1H,
rotdmero menor), 3.97 (s, 1H, rotdmero menor), 2.68 (m, 1H, rotimero
menor), 2.52 (s, 1H, rotdmero mayor), 2.28 (s, 1H, rotdmero mayor), 2.16
(s, 1H, rotamero menor), 1.90 (m, 2H), 1.77 (m, 4H), 1.61 (m, 2H)

3C NMR (carbonilo y/o protones de amidina; 100 MHz): § 173.6, 173.1,
172.6, 1703, 165.6

Ejemplo 5
Ph(3-Cl)(5-OCHF,)-(R)YCH(OH)C(O)-Aze-Pab(Z)

El compuesto del -titulo se prepard de acuerdo con el procedimiento descrito
en Ejemplo 4 méds arriba a partir de Ph(3-CI}5-OCHF,)-(R)CH(OH)C(Q)-
Aze-Pab x TFA (73 mg, 0.13 mmol; véase Ejemplo 3 mas arriba) y
bencilcloroformato (35 mg, 0.21 mmol). Fue necesaria purificacién
adicional mediante HPLC de fase reversa (0.1M acetato de amonio/MeCN
40/60). Las fracciones apropiadas se concentraron in vacuo y se extrajeron
con EtOAc. Rendimiento: 24mg (32%).

MS (m/z) 602 (M + 1)*
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'H NMR (400MHz; CD;0D): § 7.80 (d, 2H), 7.43-7.25 (m, 8H), 7.20-7.10
(m, 2H), 6.90 (t, 1H, rotdmero mayor), 6.88 (t, 1H, rotimero menor), 5.18
(dd, 1H, rotamero menor), 5.18 (s, 2H), 5.17 (s, 1H, rotémero), 5.11 (s, 1H,
rotamero), 4.78 (dd, 1H, rotimero mayor), 4.45 (m, 2H), 4.34 (m, 1H,
rotdimero mayor), 4.15 (s, 1H, rotimero mayor), 4.06 (s, 1H, rotimero
menor), 3.97(s, 1H, rotamero menor), 2.66 (m, 1H, rotimero menor), 2.51
(s, 1H, rotdimero mayor), 2.27 (s, 1H, rotimero mayor), 2.15 (s, 1H,
rotdmero menor)

'3C NMR (carbonilo y/o protones de amidina; 100MHz): 5 173.6, 173.1,
172.6, 170.5, 164.9

Ejemplo 6
Ph(3-Cl)(5-OCF3;-(RYCH(OH)C(O)-Aze-Pab x TFA

(i) Acido 2-Nitro-5-trifluorometoxibenzoicoo

A una solucién de dcido 3-trifluorometoxibenzoicoo (49.0 g, 0.24 mol) en
écido sulfarico (500 mL) a menos de 0°C (bafio de hielo-MeOH) se agregé
una solucion de nitrato de potasio (31.3 g, 0.31 mol) en 4cido sulfiirico (200
mL.), durante 20 minutos. La solucion resultante se agité a 0°C durante 2
horas, luego se calentd a temperatura ambiente y se agité durante 18 horas.
La reaccion se verti6 en hielo y la solucién acidica resultante se extrajo con
EtOAc (5x). Los orginicos combinados se lavaron con H,0 (1x), salmuera
(2x), H,O (1x) y salmuera (1x), se secaron (Na,SQ,), se filtraron y
concentraron in vacuo para producir el compuesto crudo del sub-titulo (65.7
g) como un sdlido contaminado con HOAc. El compuesto crudo del sub-
titulo se disolvié en EtOAc y tolueno y se concentrd in vacuo para producir
un sé6lido libre de HOAc (58.4 g, 97%) que se usd en el paso siguiente sin

més purificacion.

'H NMR (300 MHz, CDCly): 5 10.10 (br s, 1H), 8.02 (d, 1H, = 8 Hz). 7.69



WO 02/44145° PCT/SE01/02657
56

(d, 1H, J=2 Hz), 7.54 (dd, 1H, J=2 Hz, J= 8 Hz)
5%
(ii) Acido 2-Amino-5-trifluorometoxibenzoicoo

A una solucién de écido 2-nitro-5-trifluorometoxibenzoicoo (56.8 g, 0.23

mol; véase paso (i) mds arriba) en EtOH (1000 mL) se agregé 10% Pd/C

(5.7 g). La solucion resultante se enjuagé con H; durante 5 horas, se filtrd a

través de Celite® y se concentré in vacuo para producir el compuesto crudo

del sub-titulo (49.7 g, 98%) como un sélido que se usé en el paso siguiente

sin mds purificacion.

'H NMR (300 MHz, CD;0D): § 7.66 (m, 1H), 7.17 (d, 1H, J= 8 Hz), 6.77
(d, 1H,J= 8 Hz)

(iii) Acido 2-Amino-3-cloro-5-trifluorometoxibenzoicoo

A una solucion de Acido 2-amino-5-trifluorometoxibenzoicoo (49.0 g, 0.22
mol; véase paso (ii) mds arriba) en HOAc (1200 mL) se agrego6 lentamente
cloruro de sulfurilo (41.8 g, 0.31 mol). Se observé evolucién de gas. La
mezcla heterogénea resultante se agité a temperatura ambiente durante 1
hora. Se agregd HOAc adicional (300 mL) para contribuir a la agitacién,
seguida por cloruro de sulfurilo en porciones de 5 mL hasta que el material
inicial se consumié basdndose en andlisis TLC. La reaccion se concentro in
vacuo para producir sélidos que se enjuagaron en un evaporador rotatorio
con EtOAc (2x) seguido por Et;O (1x) para retirar el HOAc. Los sélidos
resultantes se secaron posteriormente para producir la sal HCl del
compuesto crudo del sub-titulo (60.5 g, 94%), el cual se empled en el paso

siguiente sin mas purificacion.

'H NMR (300 MHz, CD;OD): § 7.72 (s, 1H), 7.44 (s, 1H), 7.22 (s,

intercambiables)

(iv) Acido 3-Cloro-5-trifluorometoxibenzoicoo

A una solucién de dcido 2-amino-3-cloro-5-trifluorometoxibenzoicoo (60.5
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g, asimanse 0.22 mol; véase paso (iii) mds arriba) en 1,4-dioxano (1000
mL) se agregé 6N HCl (750 mL). Algunos orginicos se extrajeron en
forma de aceite de la solucion. La solucién de dioxano se enfiié a menos de
0°C (bafio hielo-MeOH). Una solucién de nitrito de sodio (18.2 g, 0.26
mol) en H,O (250 mL) se agregé durante 15 minutos via un embudo de
adicion. La solucién resultante se agitd durante 45 minutos. Se agregd
lentamente dcido hipofosforoso (221.5 mL de 50 % en peso en H,0, 291.2
£, 2.20 mol) via un embudo adicional. La solucién se agité a 0°C durante
1.5 horas, luego se calent6 a temperatura ambiente (se observé evolucion de
gas) y se agito durante 18 horas. La solucién cruda se transfirié a un
embudo separado y se extrajo con Et;O (4x). Los orgénicos combinados se
extrajeron con NaHCO; acuoso (3x). La capa acuosa bésica se acidifico
cuidadosamente con 6N HC] y se extrajo con CH,Cl, (3x). Los extractos
CH,Cl, se secaron (Na,SO,), se filtraron y concentraron in vacuo para
producir el compuesto crudo del sub-titulo (26.5 g, 46% de éacido 3-
trifluorometoxibenzoicoo) como un sélido que se usé6 en el paso siguiente

sin més purificacion.
'H NMR (300 MHz, CD;0D): 5 7.98 (s, 1H), 7.83 (s, 1H), 7.58 (s. 1H) R

(v) Alcohol 3-Cloro-5-trifluorometoxibencilico

A una solucién de dcido 3-cloro-5-trifluorometoxibenzoicoo (22.5 g, 93.5
mmol; véase paso (iv) més arriba) en THF anhidro (1200 mL) bajo una
atmosfera N, a temperatura ambiente se agregd una solucion de complejo
BH;*THF (140 mL de IM en THF; 140.3 mmol). Se hizo refluir la
solucién durante 2 horas, se enfri6 a temperatura ambiente y se agitd
durante 18 horas, se extingui6é cuidadosamente con H,O y se concentro in
vacuo para retirar la mayor parte del THF. EIl residuo se diluy6 con EtOAc
y los orgénicos se lavaron con salmuera (3x), se secaron (Na;SOy), se
filtraron y concentraron in vacuo para producir el compuesto crudo del sub-

titulo (21.2 g, 100%) como un aceite se us6 sin mas purificacion.
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'H NMR (300 MHz, CDCl;): § 7.33 (s, 1H), 7.17 (s, 1H), 7.14 (s, 1H). 4.72
(s, 2H), 2.05 (br s, 1H)

(vi) 3-Cloro-5-trifluorometoxibenzaldehido

Una solucién de DMSO (16.1 g, 205.9 mmotl) en CH,Cl; anhidro (300 mL)
se enfrio a -78°C. Se agregd lentamente cloruro de oxalilo (13.1 g, 103.0
mmol) via una jeringa (se observé evolucién de gas). La solucién
resultante se agité a -78°C durante 15 minutos. Una solucién de alcohol 3-
cloro-5-trifluorometoxibencilico (21.2 g, 93.6 mmol; véase paso (v) mids
arriba) en CH;Cl; (200 mL) se agregd via un embudo adicional durante un
periodo de 15 minutos. La solucién turbia se agité a -78°C durante 40
minutos y se agregé DIPEA (60.5 g, 468.0 mmol) via un embudo adicional
durante10 minutos. La solucion homogénea resultante se agité a -78°C
durante 1.5 horas, luego se calentd a temperatura ambiente y se agité 18
horas. La solucion cruda se concentrd in vacuo, el residuo se diluyé con
EtOAc y se lavé con H;O (1x), 2N HCl (1x), salmuera (1x), NaHCO;
acuoso (Ix) y salmuera (1x). Los orginicos se.secaron (Na;SO,), se
filtraron y concentraron in vacuo para producir el compuesto crudo del sub-
titulo (19.9 g, 95%) el cual se empled en el paso siguiente sin mds

purificacion.

'H NMR (300 MHz, CDCl,): 8 10.00 (s, 1H), 7.83 (s, 1H), 7.66 (s, 1H),
7.51 (s, 1H)

(vii) Ph{3-CIY(5-OCF3}-(R.SYCH(OTMSYCN

A una solucién de 3-cloro-5-trifluorometoxibenzaldehido (19.9 g, 88.6
mmol; véase paso (vi) mas arriba) in CH,Cl, (600 mL) a 0°C se agreg6 Znl,
(1.4 g, 4.4 mmol) cianuro de trimetilsililo (9.7 g, 97.5 mmol). Luego de
agitar a 0°C durante 1.5 horas, y a temperatura ambiente durante 2 horas, el
andlisis TLC mostré Unicamente el material inicial. Se agregé Znl; en
porciones hasta que la reaccién se produjo (En total se agregaron mas de
30.0 g de Znl;). Después de agitar a temperatura ambiente durante 18
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horas, la reaccién se extinguié con agua y los orgénicos se separaron. Los\

orgénicos se secaron (Na;SO,), se filtraron y concentraron in vacuo para
producir el compuesto crudo del sub-titulo (27.7 g, 96%) como un liquido

que se usd sin mas purificacién.

'H NMR (300 MHz, CDCl;): & 7.43 (s, 1H), 7.28 (s, 1H), 7.25 (s, 1H), 5.49
(s, 1H), 0.38 (s, 9H)

(viii) Ph(3-CI)(5-OCF; R SYCH(OH)C(OYOH

Una suspension de Ph(3-CIY(5-OCF;3)-(R,S)CH(OTMS)YCN (27.7 g, 85.6
mmol; véase paso (vii) mas arriba) en HC1 concentrado (300 mL) se hizo
refluir durante 3 horas. La mezcla heterogénea marrén resultante se enfrio
a temperatura ambiente y se extrajo con Et;0 (2x). Los orgénicos iniciales
se extrajeron con 2N NaOH (2x), seguidamente la capa basica se acidificd
con 2N HCl y se extrajo con Et;O. El Et;0O se secd (Na;S8O,), se filtré y
concentrd in vacuo para producir el compuesto crudo del sub-titulo (4.9 g,
21%). El analisis TLC de los orgénicos iniciales mostraron que el
compuesto del sub-titulo estaba ailin presente, de modo que se repitié la
extraccion/acidificacién bdsica usando 6N NaOH para proporcionar
cc;mpuesto del sub-titulo crudo adicional (2.8 g, 12%). El analisis TLC de
los orgénicos iniciales mostré que el compuesto del sub-titulo estaba alin
presente, de modo que los orgénicos se secaron (Na;SO;,) y concentraron in
vacuo para producir la sal de sodio del compuesto del sub-titulo (18.3 g)
como un aceite. A continuacién se volvi6 a disolver la sal en Et;0 y los
orgénicos se acidificaron con 2N HCl y se lavaron con salmuera. Los
orgdnicos resultantes se secaron (Na;SOy), se trataron con carbon activado,
se filtraron a través de Celite® y se concentraron in vacuo para producir el
compuesto crudo del sub-titulo (14.3 g, 62%) como un sélido que se us6 en

el paso siguiente sin mas purificacion.

'H NMR (300 MHz, CD,0D): & 7.53 (s, 1H), 7.38 (s, 1H), 7.29 (s, 1H),
5.23 (s, 1H)

[a\
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(ix) Ph(3-C1X(5-OCF;3)-(RYCH(OH)C(O)OH (a) y Ph(3-C1)5-OCF;)- HL
(SYCH(OAC)C(OYOH (b)

Una mezcla de Ph(3-Cl)(5-OCF;)-(R,S)CH(OH)C(O)OH (7.7 g, 28.5 mmol;
vease paso (viii) mas arriba) y Lipase PS "Amano" (3.8 g) en MTBE (100
mL) y acetato de vinilo (50 mL) se agité a 60°C durante 26 horas. La
reaccion se enfrio y se filtré a través de Celite® y la torta del filtro se lav
con EtOAc. Los orginicos combinados se concentraron in vacuo.
Cromatografia de destello en gel de silice eluyendo con
CHCIly:MeOH:NH,OH concentrado (6:3:1) prodividi6 en partes una mezcla
de las sales de amonio del compuesto del sub-titulo (a) y compuesto del
sub-titulo (b) (6.7 g) y una muestra pura de la sal de amonio del compuesto
del sub-titulo (a) (1.2 g) con menos del 95% e.e. Las fracciones respectivas
se disolvieron en Et;O y se lavaron con 2N HCI (1x) y salmuera (1x), se
secaron (Na;SO,), se filraron y concentraron para producir los
correspondientes acidos carboxflicos (6.7 g y 1.1 g respectivamente). Estas
fracciones se volvieron entonces a someter separadamente a las condiciones
de resolucién y se purificaron nuevamente segin lo necesario vig
cromatografia en gel de silice eluyendo con CHCl;:MeOH:NH,OH
ct')ncentrado (6:3:1 6 75:20:5 6 145:45:10) segin se requiriera. El
compuesto purificado del sub-titulo (&) se acidificé con HCI acuoso o dcido
citrico acuoso antes de su uso posterior. La sal de amonio del compuesto

del subtitulo (b) se empleé sin caracterizacion.

Para compuesto del sub-titulo (a)

"H NMR (300 MHz, CD;0D): 3 7.53 (s, 1H), 7.38 (s, 1H), 7.29 (s, 1H),
5.23 (s, 1H) '

’C NMR (75 MHz, CD;0D): § 174.9, 150.9, 145.4, 136.3, 126.8, 122.0,
120.6, 118.9, 72.9

MS (m/z) 269 (M - 1)

(x) Ph(3-CIX5-OCFyH{R)CH(OH)C(O)-Aze-Pab(Teoc
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Una solucién de Ph(3-CI)(5-OCF;)-(RYCH(OH)C(O)OH (0.73 g, 2.70
mmol; véase paso (ix) mas arriba) en DMF (40 mL) bajo una atmésfera de
nitrogeno se enfrié a 0°C. A la solucién se agregé H-Aze-Pab(Teoc) (1.46
g, 3.24 mmol), colidina (0.82 g, 6.75 mmol) y PyBOP (1.83 g, 3.51 mmol).
La solucidén se agité a 0°C durante 2 horas, se calenté a temperatura
ambiente y se agitd durante 18 horas, se extinguié con agua y se concentrd
in vacuo. El residuo se diluy6 con EtOAc y se lavé con H;O (1x), NaHCO,
acuoso (1x), écido citrico acuoso (1x) y salmuera (1x), se secé (Na;SO,), se
filtrd y concentré in vacuo para producir el compuesto crudo del sub-titulo.
Cromatografia de destello en gel de silice (2x) eluyendo con EtOAc:MeOH
(30:1) luego CH;Cl;:MeOH (93:7) prodividié en partes el compuesto del

sub-titulo (0.73 g, 43%) como una espuma comprimible.

'H NMR (300 MHz, CD,0OD, mezcla compleja de rotimeros): 5 7.78-7.82
(d, 2H, J= 8 Hz), 7.25-7.54 (m, 5H), 5.25 y 5.16 (s, 1H), 5.22 y 4.79 (m,
1H), 3.92-4.58 (m, 6H), 2.20-2.76 (m, 2H), 1.04-1.13 (m, 2H). 0.08 (s, 9H)
MS (m/z) 629 M + 1)*

(xi) Ph(3-Cl)5-OCF;)-(RYCH(OH)C(Q)-Aze-Pab

Acido trifluoroacético (1.0mL) se agregé a una solucién agitada enfriada
con hielo/agua de Ph(3-CI)(5-OCF;)-(RYCH(OH)C(O)-Aze-Pab(Teoc) (101
mg; 160 umol; véase paso (x) mds arriba), en cloruro de metileno (10 mL).
El bafio de enfriamiento se retiré después de 1 hora. Después de 1.5 horas a
temperatura ambiente, se agregd acetonitrilo (30 mL) y los solventes se
retiraron cuidadosamente bajo presién reducida. El residuo se disolvié en
agua y se secé por congelamiento para proporcionar 90 mg (92%) del
compuesto del titulo como su sal TFA.

MS (m/z) 483 (M - 1); 485 (M + 1)*

'H NMR (300 MHz; CD;OD): (compleja debido a
diasteredmeros/rotameros): & 7.70-7.80 (m, 2H), 7.45-7.58 (m, 3H), 7.24-
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7.38 (m, 2H), 5.26 (s, l_H), 5.17 (m, 1H, rotamero menor), 4.82 (m, 1H,
rotamero mayor), 4.35-4.6 (m, 3H), 4.22 (m, 1H, rotimero mayor), 3.92-
4,12 (m, 2H, rotamero menor), 2.70 (m, 1H, rotdmero menor), 2.55 (m, 1H,
rotdimero mayor), 2.30 (m, 1H, rotamero mayor), 2.16 (m, 1H, rotimero
menor)

¥C NMR (100 MHz; CD;OD): (carbonilo y/o carbonos de amidina,
rotameros): 8 173.7, 173.4, 173.0, 172.8, 168.1

Ejemplo 7

Ph(3-C1)(5-OCF; - RYCH(OH)C(O)-Aze-Pab(OMe)
HATU (71 mg; 0.19 mmol) se agregd a una solucién agitada enfriada con

hielo/agua de Ph(3-CI)(5-OCF3)-(R)CH(OH)C(O)OH (39 mg; 0.14 mmol;
véase Ejemplo 6(ix) més arriba) en DMF (3mL). Después de 30 minutos,
se agregd una solucién de H-Aze-Pab(OMe) x 2HCI (69 mg; 0.21 mmol;
véase solicitud de patente internacional WO 00/42059) y 2,4,6-colidina
(0.080 mL; 0.58 mmol) en DMF (1.5 mL). La mezcla de reaccion se puso a
reposar durante la noche y se dejé subir la temperatura lentamente a
temperatura ambiente. Los solventes se retiraron in vacuo y’el producto
crudo se purificé usando HPLC de fase reversa (acetonitrilo: 0.1M acetato
de amonio acuoso) para proporcionar, luego de secar por congelamiento las
fracciones apropiadas, el compuesto del titulo (61 mg, 97%) como un sélido

incoloro.

MS (m/z) 513 (M - 1), 515 (M + 1)°

'H NMR (500 MHz; CD;0D): § 7.97 (bt, 1H), 7.53 (d, 2H), 7.27 (t, 1H),
7.22 (d, 2H), 7.19 (t, 1H), 7.11 (t, 2H), 6.77 (s, 1H). 4.92 (s, 1H), 4.9 (bs,
3H), 4.81 (m, 2H), 4.40 (m, 2H), 4.09 (m, 1H) 3.87 (s, 3H), 2.58 (m, 1H),
2.37 (m, 1H)

13C NMR (125 MHz; CD;OD): (carbonilo y/o carbonos de amidina): &
171.8,

169.9, 156.8
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Ejemplo 8 \4 S
Sintesis Paralela de Alcoxiamidinas '

Esta sintesis se realiz6 en un bloque Robbins de in a 96 pozos. A los pozos
que contenfan una cantidad apropiada de hidroxilamina O-sustituida
(especificada mds adelante; todas las cuales se obtuvieron en el comercio o
se prepararon usando procedimientos bien conocidos de la literatura) se
agrego una solucién de Ph(3-CI)5-OCF;H(R)CH(OH)C(O)-Aze-Pab(Teoc)
(10 mg; 17 pmol; véase Ejemplo 6(x) mas arriba) en acetonitrilo (1.0 mL).
El bloque se sellé y la mezcla de mezcla de reaccién se sometié a rotacién
durante la noche en un homo a 60°C. Luego del enfriamiento y la
filtracién, los sélidos se lavaron con acetonitrilo (3 x 0.3 mL). Las
fracciones liquidas combinadas se concentraron en una centrifuga de vacio.
El residuo se dividié en partes entre agua (0.4 mL) y acetato de etilo (0.4
mL). Luego de concluida la extraccién liquido-liquido, todo se filtr6 a
través de una columna de Hidromatrix™. Después de lavar tres veces con
acetato de etilo, los filtrados combinados se concentraron en una centrifuga
de vacio. Se llevé a cabo desproteccién mediante adicién de cloruro de
metileno (0.1 mL), y écido trifluroacético (0.3 mL). Luego de agitar a
temperatura ambiente durante 3 horas, los solventes se retiraron in vacuo.
E:.l residuo se dividi6 en partes entre carbonato hidrogenado de sodio
saturado acuoso (0.5 mL) y acetato de etilo (0.5 mL). Luego de extraccion,
filtracion a través de Hidromatrix™ y concentracién (vide infra) el residuo
se disolvi6é en isopropanol/agua (7/3) (1 mL). Alrededor del 2% de esta
solucién se retird y se diluyé con isopropanol/agua (7/3) (1 mL) para
andlisis LC-MS. Después del retiro de los solventes in vacuo el residuo
s6lido se transfirié a una placa de 96 pozos usando acetonitrilo y acetato de
etilo para disolver el compuesto. Los solventes se evaporaron en una

centrifuga de vacio para proporcionar los siguientes compuestos del titulo:

Ph(3-CIX5-OCF3)-(R)YCH(OH)C(O)-Aze-Pab(OCH,-3<5-Me-isoxazol)) (de
3-[(aminooxi)metil]—5-metilisoxazoi x HClI (18 mg; 0.11 mmol)).
Rendimiento: 3.64mg (35%) (MS (m/z) 596 (M + 1));
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Ph(3-CIX5-OCF;3){R)CH(OH)C(O)-Aze-Pab(OCH,-3-piridina)
(de 3-[(aminooxi)metil]piridina x 2 HCI (19 mg; 96 pmol). Rendimiento:
5.14 mg (50%) (MS (m/z) 592 (M + 1)");
Ph(3-CI)(5-OCF;){R)YCH(OH)C(0O)-Aze-Pab(OiBu)
(de O-isobutil hidroxilamina x HCl (17 mg; 140 umol). Rendimiento: 4.4
mg (45%). MS (m/z) 557 (M + 1)*);
Ph(3-CIX5-OCF;){(R)CH(OH)C(O)-Aze-Pab(OEt)
(de O-etil hidroxilamina x HCI (14 mg; 140 umo!). Rendimiento: 4,04 mg
(42%). MS (m/z) 529 M + 1)*);
Ph(3-CI)(5-OCF3){R)CH(OH)C(O)-Aze-Pab(OBn)
(de O-bencilhidroxilamina x HCI (17 mg; 110 umol). Rendimiento: 3.22
mg (29%). MS (m/z) 591 (M + 1)");
Ph(3-C1)(5-OCF3)-(RYCH(OH)C(O)-Aze-Pab(OcHexilo)
(de O-ciclohexil hidroxilamina x HCI (15 mg; 99 pmol). Rendimiento: 2.9
mg (26%). MS (m/z) 583 (M + 1)");
Ph(3-CI)(5-OCF;)R)CH(OH)C(O)-Aze-Pab(OcBu)
(de O-ciclobutil hidroxilamina x HCI (17 mg; 140 umol). Rendimiento: 3.3
mg (30%). MS (m/z) 555 (M + 1)*);
Ph(3-CI)(5-OCF;){R)CH(OH)C(0O)-Aze-Pab{OCH,CH,OPh(3-CF3))
(de O-[2-[3-(trifluorometil)fenoxi]etil]hidroxilamina x HCl (24 mg; 93
umol). Rendimiento: 6.52 mg (46%). MS (m/z) 689 (M+1)");
Ph(3-CI)(5-OCF;){R)YCH(OH)C(O)-Aze-Pab(OBn(4-Cl))
(de O-(4-clorobencil)hidroxilamina x HCIl (16 mg; 82 umol). Rendimiento:
3.47 mg (29%). MS (m/z) 625 (M + 1)*);
Ph(3-Cl)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OBn(3-MeO))
(de O-(3-metoxibencil)hidroxilamina x HCl (18 mg; 94 umol).
Rendimiento:
4.33 mg (36%). MS (m/z) 621 (M+1)");
Ph(3-CI)Y5-OCF;)-(RYCH(OH)C(O)-Aze-Pab(OBn(2-Br))
(de O-(2-bromobencil)hidroxilamina x HCl (23 mg; 96 pmol).
Rendimiento: 3.87 mg (30%). MS (m/z) 671 M + 1)*);
Ph(3-C1)(5-OCF;3;){R)YCH(OH)C(O)-Aze-Pab(OBn(4-Me))
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(de O-(4-metilbencil)hidroxilamina x HCI (14 mg; 81 umol). Rendimiento:

2.91 mg (25%). MS (m/z) 605 M+ 1)); y

Ph(3-CI1)(5-OCF;)-(RYCH(OH)C(O)-Aze-Pab{O-4-heptilo)

(de O-(4-heptilo)hidroxilamina x HCl (15 mg; 89 umol). Rendimiento: 17

mg (100%). MS (m/z) 599 (M + 1)),

Ejemplo 9
Ph(3-CIX(5-OCHF CH;O 0O)-Aze-Pab x HOAc

(i) Acido 3-Cloro-5-metoxibenzoicoo

Recortes de magnesio (Fluka purum para reacciones de Grignard) se pre-
trataron en la siguiente forma: Los recortes se pusieron en un embudo
sinterizado de vidrio y se vertié sobre ellos 0.1 M de écido clorhidrico. Se
agitaron los recortes con una varilla de vidrio durante unos pocos segundos
y luego se lavé el dcido con 3 porciones de agua. Finalmente, los recortes
se lavaron con 2 porciones de acetona y se embotellaron. Se secé
tetrahidrofurano (100 mL, 99.95%) agregando RedAl (1 g, 70% peso en
tolueno). Recortes pre-tratados de magnesio (S g, 200 mmol) se pusieron
en un frasco de base redonda, y se enjuagaron con nitrégeno 3 veces. Se
disolvié dicloroanisol (26 g, 146 mmol) en THF (100 mL, RedAl-seco) y se
agrego dibromoetano (1.8 g, 10 mmol). La mezcla de reaccién se enjuagé
con nitrogeno y luego se hizo refluir durante 2 horas. Se interrumpio el
calentamiento y se agreg6 hielo seco (10 g) en porciones durante 2 minutos.
Cuando todo el hielo seco se disolvid, la mezcla de reaccion se vertié en
dcido clorhidrico que contenia hielo (400 mL, 2 M). El desarrollo de
extraccion (éter, 300 mL) produjo 11.2 g, 60.2 mmol (rendimiento: 41%)
del compuesto del sub-titulo.

'H-NMR (500 MHz; acetona-d): 8 7.57 (m, 1H), 7.49 (m, 1H), 7.23 (m,
IH), 3.91 (s, 3H)

(ii) Acido 3-Cloro-5-hidroxibenzoicoo
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Oxido de aluminio (1.65 g, 60 mmol) y yoduro (21 g, 82 mmol) se hicieron
refluir en tolueno (200 mL) durante 2 hores. Luego se agregd 4cido 3-
cloro-5-metoxibenzoicoo (11.2 g, 60.2 mmol; véase paso (i) mas arriba)
disuelto en tolueno (50 mL), junto con yoduro de tetrabutilamonio (1.5 g, 4
mmol), y la mezcla se hizo refluir durante otras 2 horas. Luego de enfriar a
temperatura ambiente, el desarrollo de extraccion produjo 8.7 g, 50 mmol
(rendimiento: 83%) del compuesto del sub-titulo.

'H-NMR (300 MHz; acetona-d): § 9.27 (s, 1H), 7.48 (m, 1H). 7.44 (m,
1H), 7.11 (m, 1H)

(iii) Acido 3-Cloro-5-difluorometoxibenzoicoo

Acido 3-Cloro-5-hidroxibenzoicoo (6.4 g, 37.2 mmol; véase paso (ii) més
arriba) disuelto en cloroformo (200 mL) se transfirié a un frasco de base
redonda con tres cuellos de 500 mL equipado con un condensador de hielo
seco y un tubo de entrada de gas. Se agregé hidréxido de sodio (100 mL, 5
M) agitando al mismo tiempo vigorosamente. Clorodifluorometano (Freon
22; 25 g, 290 mmol) se agregd en porciones a través del tubo de entrada de
gas a temperatura ambiente. Después de 2 horas, la reaccién se concluy6.
El desarrollo de extraccién produjo 6.2 g, 28 mmol (rendimiento: 75%) del
compuesto del sub-titulo.

'H-NMR (500 MHz; acetona-dg): 8 7.87 (m, 1H), 7.74 (m, 1H), 7.54 (m,
1H), 7.19 (t, 1H, J;.=73 Hz)

(iv) 3-Cloro-5-difluorometoxi-N-metoxi-N-metilbenzamida

Acido 3-Cloro-5-diflucrometoxibenzoico (1.8 g, 8 mmol; véase paso (iii)
maés arriba) y cloruro de oxalilo (1.5 g, 11.8 mmol) se disolvieron en cloruro
de metileno (50 mL). Se agregé DMF (2 gotas) y la mezcla de reaccion se
agitd a temperatura ambiente durante 30 minutos. A continuacion, se
agregaron N,O-dimetilhidroxilamina (1 g, 10.2 mmol) y trietilamina (3 g,
30 mmol) y transcurridos otros 10 minutos agitando a temperatura
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ambiente, la mezcla de reaccidn se concentrd a presion reducida. El residuo
se tomo en éter (100 mL) y agua (50 mL). Luego de la separacion, la fase
orgénica se lavd con salmuera, se sec6 sobre sulfato de sodio, se filtré y
concentro. Este residuo se cromatografié en silice (hexano/acetato de etilo

2:1) que produjo 2 g, 7.5 mmol (93%) del compuesto del sub-titulo.

'H-NMR (400 MHz; CDCly): § 7.54 (m, 1H), 7.37 (m, 1H), 7.27 (m, 1H),
6.53 (t, 1H, Ju.r 73 Hz)

(v) 3-Cloro-5-diflucrometoxiacetofenona

3-Cloro-5-difluorometoxi-N-metoxi-N-metilbenzamida (2 g, 7.5 mmol;
véase paso (iv) mds arriba) se disolvio en éter (100 mL) y se enfri6é bajo
nitrogeno a -70°C. Se agregé gota a gota metil litio (7 mL, 11 mmol, 1.6 M
en éter) con una jeringa a la mezcla de reaccién agitada durante ! minuto.
Se retird el bafio helado y la mezcla se dejo llegar a temperatura ambiente
antes de extinguir la reaccion con solucién de cloruro de amonio (50 mL,
5% NH,CI en agua). La fase orgdnica se lavé con salmuera, se sec6 sobre
sulfato de sodio, se filtr6 y concentrd a presién reducida. El residuo se
c.romatograﬁé en silice (hexano:acetato de etilo 2:1) qﬁe produjo 1.5 g, 6.8

mmol (rendimiento: 90%) del compuesto del sub-titulo.

'H-NMR (600 MHz; CDCL): & 7.77 (m, 1H), 7.59 (m, 1H), 7.35 (m; 1H),
6.56 (t, 1H, Jy.r 73 Hz), 2.60 (s, 3H)

(vi) Ester metilico de écido 3-Cloro-5-difluorometoxifenilacéticoo

3-Cloro-5-difluorometoxiacetofenona (1.5 g, 6.8 mmol; véase paso (v) mds
arriba) se disolvié en cloruro de metileno (200 mL). Se agregd nitrato de
talio (III) x 3MeOH en K-10 montmorilonita (6 g, 10 mmol (aprox. 0.6
mmol/g); véase J. Am. Chem. Soc., 98, 6750 (1976)) y la mezcla se agit6 a
temperatura ambiente durante 20 horas. La mezcla se filtro y el filtrado se
lavé con bicarbonato de sodio (100 mL, 0.5 M), se seco sobre sulfato de
sodio, se filtré y concentrd a presion reducida. El residuo se cromatografié
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en silice (hexano/acetato de etilo 2:1) que produjo 1 g, 4 mmol
(rendimiento: 56%) del compuesto del sub-titulo.

'H-NMR (500 MHz; CDCl;): § 7.14 (m, 1H), 7.06 (m, 1H), 6.96 (m, 1H),
6.50 (t, 1H, Jyur 73 Hz), 3.72 (s, 3H), 3.60 (s, 1H)

(vii) Ester metilico de 4cido a-Formil(3-cloro-5-difluorometoxifenil)acético

Ester metilico de 4cido 3-Cloro-5-diflucrometoxifenilacéticoo (1 g, 4
mmol; véase paso (vi) mas arriba) y formato de metilo (1 g, 16 mmol) se
disolvieron en éter (100 mL) y se enfriaron en un bafio helado (aprox. 2°C).
A continuacion, sodio finamente cortado (180 mg, 7.8 mmol) y metanol (1
mL) se agregaron y la mezcla se dejé en el bafio helado con agitacién
durante la noche. Se agregé agua (100 mL) cuidadosamente y las fases se
separaron. La fase que contenfa agua se acidificé con acido clorhidrico (2
M) a pH 1 y se extrajo con éter (2 x 100 mL). EI extracto se secd sobre
sulfato de sodio, se filtrd y concentrd a presién reducida. El residuo se
cromatografié en silice (hexano:acetato de etilo (1:1)) que produjo 400 mg,
1.4 mmol (rendimiento: 36%) del compuesto del sub-titulo.

'H-NMR (400 MHz):  12.10 (d, 1H), 7.32 (d, 1H), 7.11 (m, 1H), 7.07 (m,
1H), 6.94 (m, 1H), 6.51 (t, 1H, Je.q 73), 3.83 (s, 3H)

(viii) Acido 3-Cloro-5-difluorometoxitrépico

Ester metilico de dcido a-Formil(3-cloro-5-diflucrometoxifenil)acético (400
mg, 1.4 mmol; véase paso (vii) més arriba) se disolvié en THF:metanol (50
mL, 9:1). Se agregé borohidruro de sodio y la mezcla se agit6 a
temperatura ambiente durante 30 minutos. Se agrego agua y la mezcla se
concentrd para producir una suspensién acuosa, que se tomé en acetato de
etilo y agua. Las fases se separaron y la fase orgénica se lavd con cloruro
de sodio (15% en agua), se secaron sobre sulfato de sodio, se filtraron y
concentraron a presién reducida. El residuo se disolvié en metanol (30 mL)
y se hidroliz6 con hidréxido de sodio (1 mL, 10 M) a temperatura ambiente
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durante 10 minutos. El desarrollo de extraccién produjo 180 mg, 0.68
mmol (rendimiento: 48%) del compuesto del sub-titulo.

'"H-NMR (500 MHz; CDCl;): § 7.18 {m, 1H), 7.10 (m, 1H), 7.00 (m. 1H).
6.50 (t, 1H, Jp.y 73), 4.11 (m, 1H), 3.90 (m, 1H), 3.84 (m, 1H)

(ix) Ph(3-C1¥YS-OCHF. H(CH,OH)C(O)-Aze-Pab x HOAc

Acido 3-Cloro-5-difluorometoxitrépico (180 mg, 0.7 mmol; véase paso
(viii) més arriba), H-Aze-Pab(Teoc) x HCl (450 mg, 1 mmol) y PyBOP
(530 mg, 1 mmol) se disolvieron en DMF (10 mL), tras lo cual se agregd
DIPEA (550 mg, 3.9 mmol). La mezcla se agit6 a temperatura ambiente
durante 1 hora antes de diluirla con salmuera (20 mL, 15% NaCl) y se
extrajo con acetato de etilo (40 mL). EIl extracto se sec6 sobre sulfato de
sodio, se filtrd y evapord a sequedad. El residuo se disolvié en cloruro de
metileno (5 mL) y se agregd dcido trifluroacético (5 mL). Luego de 1 hora
a temperatura ambiente, la mezcla de diasteredmeros se evapord a sequedad
y ¢l residuo se cromatografi6 en columna de fase reversa (acetonitrilo:agua
(30:70), tampon: acetato de amonio 0.1 M). El secamiento por
congelamiento produjo 36 mg, 0.067 mmol (rendimiento: 10.4%) del

compuesto del titulo.

MS (ES) 481 (M + 1)*

'H-NMR (400 MHz; CDCL,): & 7.77 (d, 2H), 7.57 (d, 2H), 7.30 (m, 1H),
7.13 (m, 2H), 6.87 (t, 1H, Je.y 73 Hz), 4.76 (m, 1H), 4.55 (s, 2H), 4.37 (m,
1H), 4.03 (m, 2H), 3.82 (m, 1H), 3.72 (m, 1H), 2.53 (m, 1H), 2.28 (m, [H),
1.92 (s, 1,5H)

BC-NMR (100 MHz; CD;0D): (carbonilo y/o carbonos de amidina) §
172.3,171.9, 167.2

Ejemplo 10
Ph(3-C1)(5-OCF CH(CH,0O 0)-Aze-Pab x TFA
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(1) 3-Cloro-5-trifluorometoxibencil mesilato

A una solucién de alcohol 3-cloro-5-trifluorometoxibencilico (6.1 g, 26.9
mmol; véase Ejemplo 6(v) més arriba) en CH,Cl, (250 mL) a 0°C bajo una
atmoésfera de nitrégeno se agregé DIPEA (4.2 g, 32.3 mmol) y cloruro de
metanosulfonilo (3.4 g, 29.6 mmol). La solucién se agit6 a 0°C durante 1.5

horas y se extinguié con H;O. Los orgénicos se separaron y luego se
lavaron con H,O (1x), IN HCI (1x), H,O (1x) y NaHCO; acuoso (1x) y
seguidamente se secaron (Na;SO,), se filtraron y concentraron para
proporcionar el compuesto del sub-titulo (8.2 g, 99%) como un aceite.

'"H NMR (300 MHz, CDCly): 8 7.37 (s, 1H), 7.28 (s, 1H), 7.18 (s, 1H) 5.23
(s, 2H), 3.07 (s, 3H)

(ii) 3-Cloro-5-trifluorometoxibencil cianuro

A una solucién de 3-cloro-5-triflucrometoxibencil mesilato (8.2 g, 26.8
mmol; véase paso (i) més arriba) en DMSO (50 mL) se agregé cianuro de
sodio (2.6 g, 53.6 mmol). La solucién heterogénea resultante se calenté a
50°C y se sonicéd durante 1 hora. La reaccién se enfrio y dividié en partes
entre Et;0 y H;O. Los organicos se lavaron con H,O (2x) y salmuera (2x).
Las fases acuosas combinadas se extrajeron con Et,O (1x). Los orgénicos
combinados se secaron (Na;SOy), se filtraron y concentraron bajo un calor
reducido y vacio parcial para proporcionar el compuesto del sub-titulo (6.3
g, 100%) como un aceite volitil rojizo el cual se empleé en el paso

siguiente sin més purificacion.

'H NMR (300 MHz, CDCl;) & 7.32 (s, 1H), 7.24 (s, 1H), 7.12 (s. 1H), 3.78
(s, 2H)

(iii) Acido 3-Cloro-5-triflucrometoxifenilacético

A una solucion de 3-cloro-5-trifluorometoxibencil cianuro (6.3 g, 26.7
mmol; véase paso (ii) mis arriba) en 2-propanol (100 mL) se agreg6 agua
(200 mL) e hidroxido de potasio (7.5 g, 133.5 mmol). La solucién se hizo

200
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refluir durante 18 horas, se enfrié a temperatura ambiente, y se retird el 2-
propanol in vacuo. La fase acuosa se lavé con CH,Cl; (2x) y se descartaron
los lavados. La fase acuosa bésica se acidificé con 2N HCl y se extrajo con
CH;Cl, (3x). Los extractos CH;CI; se secaron (Na,SQO,), se filtraron y
concentraron in vacuo para proporcionar el compuesto del sub-titulo (5.2 g,
76%) como un aceite el cual se empled en el paso siguiente sin més

purificacion.

'"H NMR (300 MHz, CDCl;): 5 7.25 (s, 1H), 7.19 (s, 1H), 7.08 (s, 1H), 3.68
(s, 2H)

(iv) 3-Cloro-5-trifluorometoxifenilacetato de Etilo

A una solucién de dcido 3-cloro-5-trifluorometoxifenilacético (5.2 g, 20.4
mmol; véase paso (iii) més arriba) en EtOH (600 mL) se agregd acido
sulfirico (varias gotas). La solucién se hizo refluir durante 18 horas, se
enfri6 a temperatura ambiente, se neutralizé con NaHCO,; sélido y el EtOH
se retiré in vacuo. El residuo se diluyé con EtOAc luego se lavé con H,O
(1x), NaHCOj; acuoso (1x) y salmuera (Ix). Los orgénicos se secaron
(Na;SO,), se filtraron y concentraron in vacuo para proporcionar el
co.mpuesto del sub-titulo (5.5 g, 96%) como un aceite el cual se emple6 en

el paso siguiente sin més purificacion.

'H NMR (300 MHz, CDCl;) & 7.24 (s, 1H), 7.16 (s, 1H), 7.07 (s, 1H), 4.13-
4.22 (q, J= 8 Hz, 2H), 3.63 (s, 2H), 1.24-1.32 (t, J= 8 Hz, 3H)

(v) Ph(3-C1¥5-OCF3)-(R.RYCH(CHOYC(O)OEt

A una solucién de 3-cloro-5-triflucrometoxifenilacetato de etilo (4.5 g, 15.9
mmol; véase paso (iv) mas arriba) en THF anhidro (400 mL) bajo una
atmosfera de nitrogeno a menos de 0°C (bafio de hielo-MeOH) se agregé
etoxido de sodio (4.5 g, 63.6 mmol). La solucion fria se agité durante 40
minutos y se agrego formato de etilo (8.1 g, 111.3 mmol). La solucidn se

agito a 0°C durante 30 minutos, se calento a temperatura ambiente y se
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agito durante 2 horas. Luego, el THF se retiré in vacuo. El residuo se
diluyé con Et;O y se extrajo con H,O (Ix) y 0.5M NaOH (3x). Los
extractos acuosos se acidificaron con 2N HCl y se extrajeron con CH;Cl,
(3x). Los orgdnicos combinados se secaron (Na,SQ,), se filtraron y

concentraron in vacuo para proporcionar el compuesto crudo del sub-titulo

(3.9 g). Cromatografia de destello en gel de silice eluyendo con

Hex:EtOAc (4:1) prodividi6é en partes el compuesto del sub-titulo (3.0 g,

61%) como un aceite.

'"H NMR (300 MHz. CDCl;, mezcla de isémeros): 8 12.30 y 12.25 (s, 1H),
739y 7.34 (s, 1H), 7.21 (s, 1H), 7.17 (s, 1H), 7.08 (s, 1H), 4.27-4.37 (q, J=
8 Hz, 2H), 1.28-1.38 (t, J= 8 Hz, 3H)

(vi) Ph(3-CI)(5-OCF R, S)YCH(CH,OHYC(O)OEt

A una solucién de Ph(3-CI)(5-OCF;)-(R,5)CH(CHO)C(O)OEt (3.0 g, 9.66
mmol; véase paso (v) més arriba) en MeOH (200 mL) a -10°C (bafio de
hielo-MeOH) se agregd borohidruro de sodio (0.7 g, 19.32 mmol) en
porciones durante 5 minutos. La solucion se agitd a -10°C durante 45
minutos y se agregé mas borohidruro de sodio (0.4 g). Después de otros 15
ml;nutos, la reaccién se extinguié con cloruro de amonio acuoso, se
acidificé semanalmente con 2N HCI y se retiré el MeOH in vacuo. El
residuo se diluyé con EtOAc y se lavo con Hy0O (1x), NaHCO; acuoso (1x)
y salmuera (1x). Los orgénicos se secaron (Na;SO,), se filtraron y
concentraron in vacuo para proporcionar el compuesto crudo del sub-titulo.
Cromatografia de destello en gel de silice eluyendo con Hex:EtOAc (5:1)
prodividié en partes €l compuesto del sub-titulo (2.0 g, 66%) como un

aceite.

'H NMR (300 MHz, CDClLy): § 7.26 (s, 1H), 7.19 (s, 1H), 7.07 (s, 1H),
4.16-4.28 (m, 2H), 4.04-4.15 (m, 1H), 3.76-3.94 (m, 2H), 2.33 (t, /= 6 Hz,
1H), 1.18-1.30 (t, /=8 Hz, 3H)

|8
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(vii) Ph(3-CI)(5-OCF;)}-(RS)YCH(CH,OH)YC(O)YOH

A una solucién de Ph(3-Cl1)(5-OCF;)+(R,S)CH(CH,OH)C(O)OEt (2.0 g,
6.24 mmol; véase paso (vi) mas arriba) en THF (50 mL) y H,O (25 mL) se
agregé monohidrato de hidréxido de sodio (0.5 g, 12.48 mmol). La
solucion se agitd a temperatura ambiente durante 1 hora y el THF se retiré
in vacuo. El residuo se diluyé con H,O luego se lavé con CHCl; (2x) y se
descartaron los lavados. La capa acuosa bésica se acidifico con 2N HCl y
se extrajo con CHCl; (4x). Los extractos CHCI; se secaron (Na,SQOy), se
filtraron y concentraron in vacuo para proporcionar el compuesto crudo del
sub-titulo (1.5 g) como un aceite. Cromatografia de destello en gel de silice
eluyendo con CHCl;:MeOH:NHOH concentrado (gradiente de 7.0:2.5:0.5
a 6:3:1) prodividié en partes la sal de amonio del compuesto del sub-titulo
(1.1 g). La sal de amonio se dividi6 en partes entre IN HCl y CHCI;. Los
orginicos se secaron {Na;SO,), se filtraron y concentraron in vacuo para
proporcionar el compuesto del sub-titulo (también conocido como dcido 3-

cloro-5-trifluorometoxitropico) como un aceite (1.1 g, 62%).

'H NMR (300 MHz, CD;OD): 5 7.41 (s, 1H), 7.27 (s, 1H), 7.24 (s, 1H),
4.03 (m, 1H), 3.75-3.87 (m, 2H)

(viii) Ph(3-CIX5-OCF;)(S)CH(CH,OH)C(O)-Aze-Pab(Teoc) (a) y Ph(3-
1)(5-OCF3)-(RYCH(CH,OH -Aze-Pab(Teoc

A una solucién de Ph(3-CI)(5-OCF;)-(R,S)YCH(CH,OH)C(O)OH (0.65 g,

2.28 mmol; véase paso (vii) més arriba) en DMF a menos de 0°C (bafio de

hielo-MeOH) se agregé H-Aze-Pab(Teoc) (0.90 g, 2.39 mmol), colidina

(0.71 g, 5.70 mmol) y PyBOP (1.31 g, 2.51 mmol). La solucién resultante

se agitd a menos de 0°C durante 1 hora, se calentd a temperatura ambiente y
se agitd durante 1 hora. Seguidamente el DMF se retird in vacuo. El
residuo se diluyé con EtOAc y se lavé con HCI acuoso diluido (1x),
salmuera (1x), NaHCO; acuoso (1x) y salmuera (1x). Los orginicos se
secaron (Na;SOy), se filtraron y concentraron in vacuo para proporcionar el

compuesto crudo del sub-titulo (2.1 g) como una mezcla de diasteremeros.

25
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Cromatografia de destello (3x) en gel de silice fluyendo primero con ’LO(
EtOAc:MeOH (95:5) luego con CH,Cl:MeOH (97:3) y, por @ltimo, con
CHCl;:MeOH (95:5) prodividio en partes el diasterebmero de los
compuestos del sub-titulo (a) (0.51 g, 35%) y el diasteredmero (b) (0.45 g,

31%) como espumas triturables.

Para el diastereémero del compuesto del sub-titulo (a)

'H NMR (300 MHz, CD,0D, mezcla compleja de rotimeros) § 7.79-7.85
(d, J= 8 Hz, 2H). 7.22-7.49 (m, SH), 5.17-4.77 (m, 1H), 4.53-4.18 (m, 4H),
3.58-4.11 (m. SH), 2.47-2.73 (m, 1H). 2.11-2.34 (m, 1H), 1.08-1.12 (m,
2H), 0.07 (s, 9H)

MS (m/z) 643 (M +1)*

(ix) Ph(3-CIX5-OCF CH,OHYC(O)-Aze-Pab x TFA
Ph(3-CI)(5-OCF;)~S)CH(CH,OH)C(O)-Aze-Pab(Teoc), (78 mg, 0.121
mmol; véase paso (viii) mAs arriba - diastere6mero (&)), se disolvié en 5 mL
de 4cido trifluoroacético. Después del0 minutos, concluyé la reaccién y se
evapord el solvente. El residuo se secd por congelamiento a partir de agua
y acetonitrilo para producir el producto deseado. Rendimiento: 70 mg
(94%).

MS (m/z) 483 (M - 1); 485 (M + 1)"

'H-NMR(400 MHz; D,0) rotimeros 1:1: § 8.83 (bt, 1H). 7.79 (d, 1H), 7.72
(d, 1H), 7.54 (d, 1H), 7.43 (d, 2H), 7.35 (m, 1H, rotdmero), 7.28 (m, 1H,
rotdmero), 7.20 (m, 1H, rotdmero), 7.05 (m, 1H, rotémero), 5.22 (m, 1H,
rotimero), 4.83 (m. 1H, rotimero), 4.57 (m, 2H, rotdmero), 4.38 (m, 2H,
rotdmero), 4.3-3.7 (m, 5H), 2.77 (m, 1H, rotdmero), 2.55 (m, 1H, rotamero),
2.27 (m, 1H)

C-NMR (100 MHz; D,0): (carbonilo y/o carbonos de amidina, rotimeros)
$172.9,172.2,172.0, 171.8, 166.9
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Ejemplo 11 2 0o ‘a'
Ph(3-C1X5-OCF;3)-{S)CH(CH,0OH)C(O)-Aze-Pab{OMe)

(i) Ph(3-CI)(5-OCF)-(S)CH(CH,OH)YC(O)-Aze-Pab(OMe, Teoc)

Ph(3-CI)(5-OCF;)-(S)CH(CH,OH)C(O)-Aze-Pab(Teoc) (100 mg, 0.155
mmol; véase Ejemplo 10(viii} mds arriba), se disolvi6 en 12 mL de
tetrahidrofurano. Se agregé clorhidrato de O-Metilhidroxilamina (44 mg,
0.53 mmol) y la reaccién se calentd & 50°C durante la noche. La mezcla de
reaccion se evaporo y el residuo se purifico mediante HPLC preparativa
(CH5;CN/0.1 M NH,OACc (70/30)). Las fracciones pertinentes se evaporaron
y el residuo se disolvio en una pequefia cantidad de acetonitrilo y agua y se
secéd por congelamiento. Se repitié el secamiento por congelamiento una

vez mas. Rendimiento: 80 mg (76%) de material puro.

'H-NMR(400 MHz; CD;0D) rotdmeros: & 7.5-7.4 (m, 3H), 7.35-7.2 (m,
4H), 5.15 (m, 1H, rotAmero menor), 4.74 (m, 1H, rotimero mayor), 4.5-4.25
(m, 3H), 4.2-3.95 (m, 4H), 3.91 (b, 3H). 3.9-3.6 (m, 2H), 2.63 (m, 1H,
rotimero menor), 2,50 (m, 1H, rotdmero mayor), 2.3-2.1 (m, 1H), 0.95 (m,
2H), 0.02 (s, 9H, rotdmero mayor), 0.01 (s, 9H, rotdmero menor)

(ii) Ph(3-CI)(5-OCF CH,O -Aze-Pab{OMe
Ph(3-C1)(5-OCF;HS)CH(CH,OH)C(O)-Aze-Pab(OMe, Teoc), (80 mg,
0.12 mmol; véase paso (i) més arriba), se disolvio en 1 mL de cloruro de
metileno y se enfrié en un bafio helado. Se agregé acido trifluoroacético, 3
mL, y el matraz de reaccién se mantuvo en el bafio helado durante dos
horas. La mezcla se evapord y disolvié en acetato de etilo y se lavé tres
veces con NaHCO; (aq) luego con agua y 'salmuera. La fase orgénica se
secd (Na,SO,), se filtrd y evaporé. El residuo se sec6 por congelamiento a
partir de una pequefia cantidad de acetonitrilo y agua. Rendimiento: 60 mg
(95%) de producto puro del titulo.

MS (m/z) 528 M - 1) 531 (M + 1)*
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'H-NMR(500 MHz; CD,0D) rotimeros:  7.65-7.55 (m, 3H, rotimeros),
7.45 (m, 1H, rotdmero mayor), 7.4-7.2 (m, 4H), 5.15 (m, 1H, rotémero
menor), 4.74 (m. 1H, rotémero mayor), 4.5-4.3 (m, 3H), 4.05-3.95 (m, 2H),
3.85 (m, 1H, rotimero mayor), 3.82 (s, 3H, rotAmero mayor), 3.81 (s, 3H,
rotamero menor), 3.73 {m, 1H, rotimero mayor), 3.67 (m, 1H, rotimero
menor), 3.62 (m, 1H, rotimero menor), 2.63 (m, 1H, rotimero menor), 2.50
(m, 1H, rotdmero mayor), 2.24 (m, 1H, rotdimero mayor), 2.16 (m, 1H,
rotimero menor)

C-NMR (125 MHz; CD,OD): (carbonilo y/o carbonos de amidina,
rotimeros) & 174.0, 173.2, 172.7, 172.6, 155.1

Eiemplo 12

Ph(3-CI)(5-OCHF,)-(RYCH(OH)YC(O)-Aze-Pab{OMe)

(1) Ph(3-C1)(5-OCHF, H{ R)YCH(OH)C(Q)-Aze-Pab(OMe. Teoc)
Ph(3-Cl)(S-OCHFz)-(R)CH(OH)C(O)-Aze-Pab(T eoc) (0.40 g, 0.65 mmol;
véase Ejemplo 1(ix) més arriba), se disolvié en 20 mL de acetonitrilo y se
agrego 0.50 g (6.0 mmol) de clorhidrato de O-metil hidroxilamina. La
mpzcla se calenté a 70°C durante 2 horas. El solvente se evapord y el
residuo se dividié en partes entre agua y acetato de etilo. Se extrajo la fase
acuosa dos veces mds con acetato de etilo y la fase orgénica combinada se
lavé con agua, salmuera, se sec6 (Na;SO,), se filtr6 y evapord.
Rendimiento: 0.41 g (91%).

'H-NMR (400 MHz; CDCL): § 7.83 (bt, 1H), 7.57 (bs, 1H), 7.47 (d, 2H),,
7.30 (d, 2H), 7.20 (m, 1H), 7.14 (m, 1H), 7.01 (m, 1H), 6.53 (t, 1H), 4.89 (s,
1H), 4.87 (m. 1H), 4.47 (m, 2H), 4.4-4.2 (b; 1H), 4.17-4.1 (m, 3H), 3.95 (s,
3H), 3.67 (m, 1H), 2.68 (m, 1H), 2.42 (m, 1H) 0.97 (m, 2H), 0.01 (s, 9H).

(i1) Ph(3-CI)(5-OCHF - RYCH(OH)C(Q)-Aze-Pab{OMe
Ph(3-Cl1)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OMe, Teoc) (0.40 g, 0.62
mmol; véase paso (i) més arriba), se disolvié en 5 mL de TFA y se dej6
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reaccionar durante 30 minutos. TFA se evapord y el residuo se dividi6 en Qﬂ
partes entre acetato de etilo y NaHCO; (acuoso). Se extrajo la fase acuosa

dos veces més con acetato de etilo y la fase orgénica combinada se lavé con

agua, salmuera, se secd (Na;SO,), se filtré y evapor6. El producto se secod

por congelamiento a partir de agua/acetonitrilo. No fue necesaria
purificacion. Rendimiento: 0.28 g (85%).

'H-NMR (600 MHz; CDC};) : § 7.89 (bt, 1H), 7.57 (d, 2H), 7.28 (d, 2H),
7.18 (m, 1H), 7.13 (m, 1H), 6.99 (m, 1H), 6.51 (t, 1H), 4.88 (s, 1H), 4.87
(m, 1H), 4.80 (bs, 2H), 4.48 (dd, 1H), 4.43 (dd, 1H), 4.10 (m, 1H), 3.89 (s,
3H), 3.68 (m, 1H), 2.68 (m, 1H), 2.40 (m, 1H).

“C-NMR (125 MHz; CDCly): (carbonilo y/o carbonos de amidina,
rotémeros) § 172.9. 170.8, 152.7, 152.6

MS (m/z) 495 (M - 1), 497 M + 1)

Ejemplo 13

Ph(3-OCHF,)-(RYCH(OH)C(O)-Aze-Pab x HOAc
Ph(3-CI)(5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(OMe) (13 mg, 0.026 mmol;
véase Ejemplo 12 mds arriba) se disolvi6é en etanol absoluto (5 mL) y se
agregaron 30 mg de 10% Pd/C. Finalmente se agregé dcido acético (5 L)
y la mezcla se hidrogen¢ a presioén atmosférica durante 20 horas. La mezcla
se filtr6 a través de Celite®, se evapord y purific6 mediante HPLC de fase
reversa (0.1 M acetato de amonio acuoso/MeCN). Las fracciones
apropiadasse secaron por congelamiento para proporcionar el compuesto

del titulo como un sélido blanco: 8.5 mg (66%).

'H-NMR (400 MHz; CD;0D) rotdmeros: & 7.73-7.78 (m, 2H), 7.55 (d, 2H),
7.19-7.43 (m, 3H), 7.06-7.13 (m, 1H), 6.83 (t, 1H, J;;r = 74Hz, rotdmero
mayor), 6.81 (t, 1H, rotamero mayor), 5.20 (s, 1H, rotimero mayor), 5.19
(m, 1H, rotdmero menor), 5.15 (s, 1H, rotimero menor), 4.78 (m, 1H,
rotimero mayor), 4.4-4.6 (varios picos, 2H), 4.35 (m, 1H, rotamero mayor),
4.08 (m, 1H), 3.99 (m, 1H, rotimero menor), 2.70 (m, 1H, rotimero
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menor), 2.52 (m, 1H, rotdmero mayor), 2.30 (m, 1H, rotimero mayor), 2.15
(m, 1H, rotdmero menor), 1.89 (s, 3H).

“C-NMR (100 MHz, CD,OD): (carbonilo y/o carbonos de amidina,
" rotémeros) § 173.7, 172.9, 168.3.

MS (m/z) 433 (M+1)" ; 431 (M-1y

Ejemplo 14

Ph(3-OCF;3)-(RYCH(OH)C(O)-Aze-Pab x TFA

Ph(3-CIX5-OCF;){R)CH(OH)C(O)-Aze-Pab x TFA (34 mg, 0.057 mmol,
de Ejemplo 6) se disolvié en 5 mL de etanol y se agregaron 20 mg de 10%
Pd/C. La mezcla se hidrogenoé a presién atmosférica durante la noche. La
mezcla se filtr6 a través de Celite®, se evapord y se secd por congelamiento -
a partir de agua/ace.tonitrilo.

'H-NMR(400 MHz; CD;0OD) rotimeros: 8 7.8-7.7 (m, 2H), 7.55 (m, 2H),
7.5-7.2 (m, 4H), 5.24 (s, 1H, rotdimero mayor), 5.23 (m, 1H, rotémero
menor), 5.18 (s, 1H, rotdmero menor), 4.77 (m, 1H, rotimero mayor), 4.6-
4.45 (m, 2H),

4.36 (m, 1H, rotamero mayor), 4.08 (m, 1H), 3.99 (m, 1H, rotamero
rr;enor), 2.70 (m, 1H, rotdmero menor), 2.52 (m, 1H, rotdmero mayor), 2.30
(m, 1H, rotamero mayor), 2.15 (m, 1H, rotdmero menor).

BC-NMR (100 MHz; CD;OD): (carbonilo y/o carbonos de amidina,
rotameros) & 174.1, 173.9, 173.5, 172.9. 168.2.

".F NMR (282 MHz; CD,0D): -59.8 y -59.9 (3F, rotimero menor y
rotamero mayor respectivamente), -77.4 (3F) indica que la sal es TFA.

MS (m/z) 451.3 (M+1)*

Ejemplo 15
Ph(3-C1)(5-OCH,CF;}-{RYCH(O 0Q)-Aze-Pab x TFA

(1) 3-Cloro-5-trifluoroetoxibenzaldehido
A una solucién agitada magnéticamente de 3-cloro-5-hidroxibenzaldehido
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(2.0 g, 12.8 mmol; véase Ejemplo 1(ii) més arriba) y carbonato de potasio ’L“
(2.3 g, 16.6 mmol) en DMF (35 mL) bajo nitrégeno se agregd 2,2,2-
trifluoroetil p-toluenosulfonato (4.2 g, 16.6 mmol) a temperatura ambiente.
La mezcla se calentd a 110°C durante 7 horas y luego se agité durante la
noche a temperatura ambiente. La reaccién se enfri6 a 0°C, sé vertien2 N
HCI helado (100 mL) y se extrajo con EtQAc (2 x 75 mL). Los extractos
orgdnicos combinados se lavaron con 0.5 N HCI (2 x 50 mL)/se secaron
(Na;SO,), se filtraron y concentraron in vacuo. El aceite marrén se
cromatografié en gel de silice eluyendo con Hex:EtOAc (6:1) para
proporcionar el compuesto del sub-titulo (1.9 g, 61%) como un aceite

amarillo.

'H NMR (300 MHz, CDCl;) 5 9.4 (s, 1H), 7.56 (s, 1H), 7.33 (s, 1H), 7.28
(s, 1H), 4.42 (q, /= 8 Hz, 2H)

(i) Ph(3-CI}(5-OCH,CF3)-(R,S)CH(OTMS)CN

A una solucién de 3-cloro-5-trifluoroetoxibenzaldehido (5.2 g, 21.7 mmol;
véase paso (i) mds arriba) )‘r yoduro de zinc (1.7 g, 5.4 mmol) en CH,Cl;
(200 mL) bajo nitrogeno se agregé cianuro de trimetilsililo (4.3 g, 43.3
mﬁol) gota a gota via jeringa a 0°C. La mezcla se agitd a 0°C durante 3
horas luego se diluyé con H;O (150 mL). La capa orgdnica se separd, se
secd (NaySO,), se filtrd y concentrd in vacuo para proporcionar el
compuesto del sub-titulo (6.9 g, 95%) como un aceite amarillo el cual se

empled sin mas purificacion.

'H NMR (300 MHz, CDCl;) & 7.27 (s, 1H), 6.98 (s, 2H), 5.44 (s, 1H), 4.38
(q, J=8Hz, 2H), 0.30 (s, 9H)

(iii) Ph(3-CI¥5-OCH,CF;-(R.S)CH(OH)C(O)OH
Acido clorhidrico concentrado (170 mL) se agregé a Ph(3-Cl)(5-

OCH.CF;3)-(R,S)CH(OTMS)CN (6.9 g, 20.4 mmol; véase paso (ii) mds
arriba) y se agité a 100°C durante 1 hora. Luego de enfriar a temperatura
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ambiente, la reaccion se enfrid atin més a 0°C y se basificé lentamente con
3 N NaOH (300 mL). Esta mezcla se lavo con Et;O (2 x 100 mL) y la capa
acuosa se acidifico con 2 N HCI (50 mL). La capa acuosa se extrajo luego
con EtOAc (2 x 100 mL), se secd (NaSO,), se filtré y se concentrd in
vacuo para proporcionar el compuesto del sub-titulo (5.3 g, 92%) como un

aceite amarillo palido el cual se empleé sin mds purificacién.

'H NMR (300 MHz, CD;0D) 5 7.18 (s, 1H), 7.07 (s, 1H), 7.02 (s, 1H), 5.13
(s, 1H), 4.58 (q, J = 8 Hz, 2H)

(iv) Ph(3-CI)}(5-OCH,CF;)-(RYCH(OH)C(O)OH (a) y Ph(3-CI)(5-

OCH;,CF3)}-(SICH(OAG)C(Q)OH (b
Una solucién de Ph(3-CI)(5-OCH,CFs)-(R,S)CH(OH)C(O)OH (7.06 g, 24.8

mmol; véase paso (iii) més arriba) y Lipase PS "Amano" (4.30 g) en acetato
de vinilo (250 mL) y MTBE (250 mL) se calenté a 70°C bajo nitrégeno
durante 40 horas. La reaccion se enfri6 a temperatura ambiente, se retiré la
enzima mediante filtracién lavando con EtQAc, y el filtrado se concentré in
vacuo. Cromatografia en gel de silice eluyendo con CHCl;:MeOH:Et;N
(92:6:2) prodividi6 en partes la sal trietilamina del compuesto del sub-titulo
(aj (3.02 g) como un aceite amarillo. La sal de compuesto del sub-titulo (a)
se disolvié en H;O (150 mL), se acidificé con 2 N HCI y se extrajo con
EtOAc (2 x 75 mL). Los extractos orgénicos combinados se secaron
(Na;8O,), se filtraron y se concentraron in vacuo para producir el

compuesto del sub-titulo (a) (2.18 g) como un sélido blancuzco.

Adicionalmente, la sal trietilamina del compuesto del sub-titulo (b) (4.73 g)

se obtuvo de la cromatogrgfia de columna mencionada mas arriba.

Datos para el compuesto del sub-titulo (a):

mp: 98-103°C

'H NMR (300 MHz, CD;0D) & 7:18 (s, 1H), 7.07 (s, 1H), 7.02 (s, 1H), 5.13
(s, 1H), 4.58 (q, J= 8Hz, 2H).

2\%
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' 22
C NMR (75 MHz, CD;0D) 3 175.4, 159.6, 144.6, 136.2, 125.0 (q, J =277

Hz), 121.8, 115.9, 113.1, 73.3, 67.0 (g, /= 35 Hz)

Anglisis HPLC: 98.6%, >99% ee, Columna Chiralcel OD (97:3:0.5

Hex:EtOH:TFA fase movil)

[a]¥p =-81.5° (c = 1.0, MeOH)

APCI-MS: (M - 1)~ 283 m/z

(v) Ph(3-CI¥5-OCH,CF){R)CH 0)-Aze-Pab(Teoc

A una solucién de Ph(3-Cl)(5-OCH;CF;)~(R)CH(OH)C(O)OH (0.50 g, 1.8
mmol; véase paso (iv) mds arriba (compuesto (a))) en DMF (20 mL) bajo
nitrogeno se agregd H-Aze-Pab(Teoc) x HCI (1.03 g, 2.3 mmol), PyBOP
(1.01 g, 1.9 mmol), y DIPEA (0.57 g, 4.4 mmol) a 0°C. La reaccion se
agité a 0°C durante 2 horas y luego a temperatura ambiente durante 20
horas. La mezcla se concentrd in vacuo y el residuo se cromatografi6é dos
veces en gel de silice, eluyendo primero con CHCl3:EtOH (10:1) y luego
con EtOAc:EtOH (10:1) para proporcionar el compuesto del sub-titulo
(0.55 g, 48%) como una espuma blanca triturable.

mp: 90-95°C

R~ 0.42 (10:1 CHCI;:EtOH)

'H NMR (300 MHz, CD;OD, mezcla compleja de rotémeros) § 7.78-7.81
(m, 2H), 7.38-7.4]1 (m, 2H), 7.12-7.16 (m, 1H), 7.00-7.06 (m, 2H), 5.09-
5.22 y 4.75-4.79 (m,2H), .3.94-4.61 (m, 8H), 2.09-2.75 (m. 2H). 1.04-1.11
(m.

2H), 0.70 (s, 9H)

APCI-MS: (M + 1)=643 m/z

(vi) Ph(3-C)(5-OCH,CFH{RYCH(OH)C(O)-Aze-Pab x TFA

Ph(3-CI)(5-OCH,CF;+R)CH(OH)C(O)-Aze-Pab(Teoc) (0.066 g, 0.103
mmol; véase paso (v) més arriba), se disolvié en 3 mL de TFA y se dejé
reaccionar durante 30 minutos. Se evapord TFA y el residuo se sec6 por

congelamiento a partir de agua/acetonitrilo para producir 0.060 g (94%) del
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compuesto del titulo como su sal TFA. 2\ 4

'H-NMR (400 MHz; CD;0D) rotameros: 5 7.8-7.7 (m, 2H), 7.6-7.5 (m,
2H), 7.2-7.0 (m, 3m, 5.21 (m, IH, rotamero menor), 5.17 (s, 1H, rotdmero
mayor), 5.11 (s, 1H, rotdmero menor), 4.81 (m, 1H, rotimero mayor), 4.6-
4.4 (m, 4H), 4.37 (m, 1H, rotimero mayor), 4.16 (m, 1H, rotémero mayor),
4.06 (m, 1H, rotdmero menor), 3.99 (m, 1H, rotdémero menor), 2.70 (m, 1H,
rotdmero menor), 2.54 (m, 1H, rotdmero mayor), 2.29 (m, 1H, rotdmero
mayor), 2.15 (m, 1H, rotimero menor)

PC-NMR (100 MHz; CDyOD): (cerbonilo y/o carbonos de amidina,
rotameros) 6 172.2, 171.8, 171.7, 167.0.

MS (m/z) 499.3 (M + 1)*

Ejemplo 16
Ph(3-Cl)X5-OCH,CF3)-(RYCH(OH)C(O)-Aze-Pab(OMe

A una solucién de Ph(3-CI)(5-OCH;CF;)<(R)CH(OH)C(O)OH (0.48 g, 1.7
mmol; véase Ejemplo 15(iv) mds arriba {(compuesto (a)) en DMF (20 mL)
bajo nitrdgeno se agregd H-Aze-Pab(OMe) x 2HCI (0.74 g, 2.2 mmol),
PyBOP (0.97 g, 1.9 mmol), y DIPEA (0.55 g, 4.2 mmol) a 0°C. La
re;accién se agitd a 0°C durante 2 horas y luego a temperatura ambiente
durante 20 horas. La mezcla se concentrd in vacuo y el residuo se
cromatografié dos veces en gel de silice, eluyendo primero con
CHCI;:EtOH (10:1) y segundo con EtOAc:EtOH (10:1) para proporcionar

el compuesto del titulo (0.62 g, 69%) como una espuma blanca triturable.

mp: 75-80°C

R~ 0.43 (10:1 CHCI;:EtOH)

'H NMR (300 MHz, CD;OD, mezcla compleja de rotimeros) § 7.57-7.60
(m, 2H). 7.32-7.36 (m, 2H), 7.13-7.17 (m, 1H), 7.00-7.06 (m, 2H), 5.09-
5.19 y 4.74-4.80 (m, 2H), 3.93-4.62 (m, 6H), 3.81 (s, 3H), 2.10-2.73 (m,
2H) APCI-MS: (M + 1) = 529 m/z
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Ejemplo 17
Ph(3-CIX5-OCH,CHF,-(RYCH(OH)C(Q)-Aze-Pab x TFA

(i) Acido metanosulfénico de éster 2,2-difluoroetilico

A una solucion agitada magnéticamente de 2,2-difluoroetanol (1.52 g, 18.5
mmol) en CH;Cl; (20 mL) bajo nitrogeno se agregd trietilamina (5.61 g,
55.5 mmol) y cloruro de metanosulfonilo (2.54 g, 22.2 mmol) a 0°C. La
mezcla se agit a 0°C durante 1.5 horas, se diluyé con CH,Cl, (50 mL), y se
lavé con 2 N HCI (50 mL). La capa acuosa se extrajo con CH;Cl, (30 mL)
y los extractos orgédnicos combinados se lavaron con salmuera (30 mL), se
secaron (Na;SO,), se filtraron y se concentraron in vacuo para proporcionar
el compuesto del sub-titulo (2.52 g, 85%) como un aceite amarillo el cual se

empled sin més purificacion.

'"H NMR (300 MHz, CDCly) & 6.02 (tt, J= 3 Hz, J= 55 Hz, 1H), 4.39 (dt, J
= 3Hz, J= 13 Hz, 2H), 3.13 (s, 3H)

(ii) 3-Cloro-5-difluoroetoxibenzaldehido

A una solucion de 3-cloro-5-hidroxibenzaldehido (1.50 g, 9.6 mmol; véase
Ejemplo 1(ii) mas arriba) y carbonato de potasio (1.72 g, 12.5 mmol) en
DMF (10 mL) bajo nitrogeno se agregé una solucion de acido
metanosulfénico de éster 2,2-difluoroetilico (2.0 g, 12.5 mmol; véase paso
(i) més arriba) en DMF (10 mL) gota a gota & temperatura ambiente. La ‘
mezcla se calenté a 100°C durante 6 horas y luego se agitd durante la noche
a temperatura ambiente. La reaccion se enfri6 a 0°C, se vertié en 2 N HCI
helado (100 mL) y se extrajo con EtOAc (2 x 75 mL). Los extractos
orginicos combinados se lavaron con 0.5 N HCI (2 x 50 mL), se secaron
(Na,SO,), se filtraron y concentraron in vacuo. El aceite marrén se
cromatografi6 en gel de silice eluyendo con Hex.-EtOAc (5:1) para
proporcionar el compuesto del sub-titulo (1.35 g, 64%) como un aceite

amarillo.
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'H NMR (300 MHz. CDCl,) 8 9.92 (s, 1H), 7.52 (s, 1H), 7.31 (s, 1H), 7.22
(s, 1H), 6.12 (tt, J= 3 Hz, J= 55 Hz, 1H), 4.26 (dt, J= 3 Hz, /= 15 Hz, 2H)

(iii) Ph(3-C1)(5-OCH,CHF,)-(R.SYCH(OTMS)CN
A una solucion de 3-cloro-5-difluoroetoxibenzaldehido (1.35 g, 6.1 mmol;

véase paso (ii) més arriba) y yoduro de zinc (0.48 g, 1.5 mmol) en CH,Cl,
(50 mL) se agregé cianuro de trimetilsililo (1.21 g, 12.2 mmol) gota a gota
a 0°C bajo nitrégeno. La mezcla se agitd a 0°C durante 3 horas, luego se
diluyd con H;O (50 mL). La capa orgénica se separd, se seco (Na;SO,), se
filtrd y concentré in vacuo para proporcionar el compuesto del sub-titulo
(1.85 g, 95%) como un aceite marron el cual se empled sin més

purificacion.

'H NMR (300 MHz, CDCl;) 5 7.13 (s, 1H), 6.94 (s, 2H), 6.10 (tt, J= 3 Hz,
7=55 Hz, 1H), 5.43 (s, 1H), 4.20 (dt, J= 3 Hz, J= 15 Hz, 2H), 0.28 (s, 9H)

(iv) Ph(3-C)(5-OCH,CHF, R, SYCH(OH)YC(OYOH
Acido clorhidrico concentrado (60 mL) se agregé a Ph(3-CI)(5-

OCH,CHF ) H{R,S)YCH(OTMS)CN (1.85 g, 5.8 mmol; véase paso (iii) mas
arriba) y se agitd a 100°C durante 1 hora. Luego de enfriar a temperatura
ambiente, la reaccion se enfri6 alin mas a 0°C, se basificé lentamente con 3
N NaOH (~180 mL) y se lavé con Et;O (2 x 75 mL). La capa acuosa se
acidificé con 2 N HCI (20 mL) y se extrajo con EtOAc (2 x 75 mL). Los
extractos orginicos combinados se secaron (Na;SO,), se filtraron y se
concentraron in vacuo para proporcionar el compuesto del-sub-titulo (1.50
g 97%).como un sdlido amarillo pélido el cual se empled sin mds

purificacion.

'"H NMR (300 MHz, CD;0D) § 7.15 (s, 1H), 7.05 (s, 1H). 6.98 (s, 1H), 6.19
(tt, J= 4 Hz, J= 55 Hz, 1H). 5.12 (s, 1H), 4.25 (dt, J= 4 Hz, J= 17 Hz, 2H)
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(v) Ph(3-CIX5-OCH,CHF,)-(S)ICH(QAC)C(O)OH () y Ph(3-CIX5- 2|4
OCH;,CHF,)-(R)CH(OH)C(Q)OH (b)

Una solucién de Ph(3-CI)(5-OCH,CHF;){(R,S)CH(OH)C(O)OH (3.90 g,
14.6 mmol; véase paso (iv) mds arriba) y Lipasa PS "Amano" (2.50 g) en
acetato de vinilo (140 mL) y MTBE (140 mL) se calenté a 70°C bajo
nitrogeno durante 40 horas. La reaccién se enfrié a temperatura ambiente,
se retird la enzima mediante filtracion lavando con EtOAc, y el filtrado se
concentrd in vacuo. Cromatografia en gel de silice eluyendo con
CHCl;:MeOH:Et;N (92:6:2), prodividié en partes la sal trietilamina del
compuesto del sub-titulo (a) como un aceite amarillo. Adicionalmente se
obtuvo la sal trietilamina del compuesto del sub-titulo (b) (1.47 g) y la sal
se disolvié en H;O (100 mL), se acidificé con 2 N HCI y se extrajo con
EtOAc (2 x 75 mL). Los extractos orginicos combinados se secaron
(Na;SO,), se filtraron y se concentraron in vacuo para producir el

compuesto del sub-titulo (b) (1.00 g) como un sélido blancuzco.

Datos para el compuesto del sub-titulo (b):

mp: 103-106°C

R~ 0.39 (90:8:2 CHCl3;:MeOH:Et;N)

'H NMR (300 MHz, CD;0D) 5 7.13 (s, 1H), 7.04 (s, 1H), 6.97 (s, 1H), 6.17
(tt, J= 4 Hz, J= 55 Hz, 1H), 5.12 (s, 1H), 4.24 (dt. /= 4 Hz, J= 8 Hz, 2H).
3C NMR (75 MHz, CD;OD) 8 175.5, 160.3, 144.5, 136.1, 121.3, 115.7,
115.3, (t, J= 240 Hz), 112.9, 73.4, 68.6 (t, /= 29 Hz)

Anilisis HPLC: 96.2%, >95.0% ee, Columna ChiralPak AD (95:5:0.5
Hex:EtOH:TFA fase mévil)

[a)p =-84.0° (c = 0.85 MeOH) .

APCI-MS: (M - 1) =265 m/z

(vi) Ph(3-CIY(5-OCH,CHF,)-(RYCH(OH)C(O)-Aze-Pab(Teoc)

A una solucién de Ph(3-CI)}(5-OCH,CHF3)-(R)CH(OH)C(O)OH (0.35 g,
1.3 mmol; véase paso (v) més arriba (compuesto (b))) en DMF (18 mL)
baj nitrégeno se agregé H-Aze-Pab(Teoc) x HCI (0.76 g, 1.7 mmol).
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PyBOP (0.75 g, 1.4 mmol) y DIPEA (0.43 g, 3.3 mmol) a 0°C. La reaccién
se agitd a 0°C durante 2 horas y luego a temperatura ambiente durante 20
horas. La mezcla se concentré in vacuo y el residuo se cromatografié dos
veces en gel de silice, eluyendo primero con CHCl;.-EtOH (10:1), y luego
con EtOAc:EtOH (10:1) para proporcionar el compuesto del sub-titulo
(0.69 g, 84%) como una espuma blanca triturable.

mp: 108-118°C

R;=0.48 (10:1 CHCl;:EtOH)

'H NMR (300 MHz, CD,0D, mezcla compleja de rotémeros) § 7.78-7.81
(m, 2H), 7.40-7.43 (m, 2H), 7.09-7.12 (m, 1H), 6.96-7.02 (m, 2H), 6.16 (t,
J=57 Hz, 1H), 5.09-5.20 y 4.75-4.80 (m, 2H), 3.95-4.55 (m, 8H), 2.10-2.75
(m, 2H), 1.04-1.11 (m, 2H), 0.07 (s, 9H)

APCI-MS: (M + 1= 625 m/z

(vii) Ph(3-C1)X5-OCH,CHF;)-{(RYCH(OH)C(O)-Aze-Pab x TFA
Ph(3-CI)(5-OCH,CHF,)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.086 g, 0.138
mmol; véase paso (vi) mas arriba), se disolvié en 3 mL de TFA y se dejé
reaccionar durante 1 hora. TFA se evapord y el residuo se secd por
congelamiento a partir de agua/acetonitrilo para producir 0.080 g (98%) del
compuesto del titulo como su sal de TFA.

'H-NMR (300 MHz; CD;0D) rotimeros: § 7.8-7.7 (m, 2H), 7.6-7.5 (m,
2H), 7.15-6.95 (m, 3H). 6.35-5.95 (m, 1H), 5.20 (m, 1H, rotdmero menor),
5.14 (s, 1H, rotdmero mayor), 5.10 (s, 1H, rotdmero menor), 4.80 (m, 1H,
rotdimero mayor), 4.6-4.0 (m, 6H), 2.70 (m, 1H, rotdimero menor), 2.53 (m,
1H, rotadmero mayor), 2.29 (m, 1H, rotAmero mayor), 2.15 (m, 1H, rotdmero
menor).

BC-NMR (100 MHz; CD;OD): (carbonilo y/o carbonos de amidina,
rotdmeros) & 174.0, 173.8, 173.4, 172.9, 168.2

MS (m/z) 481.2 (M+1)"
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Ejemplo 18 Zlq

Ph(3-CI)(5-OCH,CHF;}-(RYCH(OH)C(O)-Aze-Pab(OMe)
A una solucién de Ph(3-Cl)(5-OCH,CHF,)-(R)CH(OH)C(O)OH (0.30 g,

1.7 mmol; véase Ejemplo 17(v) mds arriba (compuesto (b))) En DMF (15
mL) bajo nitrégeno se agregé H-Aze-Pab(OMe) x 2HCI (0.49 g, 1.5 mmol).
PyBOP, (0.65 g, 1.2 mmol), y DIPEA (0.36 g, 2.8 mmol) a 0°C. La
reaccion se agit6 a 0°C durante 2 horas y luego a temperatura ambiente
durante 20 horas. La mezcla se concentré in vacuo y el residuo
cromatografio tres veces en gel de silice, eluyendo primero con
CHCIy:EtOH (10:1), luego con EtOAc:EtOH (10:1), y, finalmente, con
CHCI;:MeOH (20:1) para proporcionar el compuesto del titulo (0.47 g,

81%) como una espuma blanca triturable.

mp: 65-75°C

R~ 0.37 (10:1 CHCI;:EtOH)

'H NMR (300 MHz, CD;0D, mezcla compleja de rotimeros) § 7.58-7.60
(m, 2H), 7.32-7.35 (m, 2H), 7.09-7.12 (m, 1H), 6.96-7.02 (m, 2H), 6.16 (t,
J= 55 Hz, 1H), 5.08-5.18 y 4.74-4.80 (m, 2H), 3.96-4.50 (m, 6H), .3.80 (s,
3H), 2.10-2.75 (m, 2H)

APCI-MS: (M + 1) = 511 m/z.

Ejemplo 19
Ph(3-CI1¥5-OCH,F}-(RYCH(OH)C(O)-Aze-Pab x TFA

()Ph(3-C1Y(5-TMSO)-(R.S)CH(OTMSYCN

A una solucién de 3-cloro-5-hidroxibenzaldehido (9.8 g, 62.6 mmol; véase
Ejemplo 1(ii) méds arriba) y Znl; (5.0 g, 15.7 mmol) en CH;Cl, anhidro (500
mL) a 0°C se agregd cianuro de trimetilsililo (13.7 g, 138 mmol). La
mezcla de reaccién se dejé calentar a temperatura ambiente y se agitd
durante [a noche. Se agregé agua (250 mL), y las capas se separaron. La
capa acuosa se extrajo con CH,Cl; (2 x 300 mL). Los extractos orgdnicos

combinados se secaron (Na,;SOy,), se filtraron y concentraron in vacuo para
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proporcionar ¢l compuesto del sub-titulo (16.9 g, 83%) como un aceite

amarillo que se usé sin més purificacion.

R~ 0.42 (3:1 Hex:EtOAc)
'H NMR (300 MHz, CDCl;) § 7.06 (s, 1H), 6.86 (s, 2H), 5.40 (s, 1H),-0.30
(s, 9 H), 0.24 (s, 9 H). '

(ii) Ph(3-CIX(5-OH)-(R.SYCH(OH)C(O)YOH

Una solucién de Ph(3-CI)5-OTMS)-(R,S)CH(OTMS)CN (22.6 g, 68.8
mmol; véase paso (i) mas arriba) en HCl concentrado (200 mL) se hizo
refluir bajo nitrégeno durante 3 horas. La reaccién se enfrié a 0°C y se
basificaron lentamente con 2N NaOH. La mezcla se lavé con Et,O (3 x 100
mL) para eliminar las impurezas orgénicas. La capa acuosa se acidificé con
2N HCI y se extrajo con EtOAc (3 x 200 mL). Los extractos orgénicos
combinados se secaron (Na,;SO,), se filtraron y concentraron in vacuo para
proporcionar el compuesto del sub-titulo (9.3 g, 67%) como un aceite

marrén que se usé sin més purificacidn.

R;y=0.23 (6:3:1 CHCIl;:MeOH:NH,OH concentrado)
'"H NMR (300 MHz, CD;0D) & 7.05 (s, 1H), 6.94 (s, 1H), 6.73 (s, 1H), 5.03
(s, 1H).

(iii) Ph(3-C1}(5-OH{R.S)CH(OH)YC(O)OEt

A una solucién de Ph(3-CI¥5-OH)-(R,5)CH(OH)C(O)OH (9.3 g, 46.0
mmol; véase paso (ii) més arriba) en EtOH absoluto (200 mL) se agreg6
dcido sulfiirico concentrado (0.25 mL) y la reaccion se hizo refluir bajo
nitrégeno durante 4 horas. La reaccion se enfri6 a 0°C se agregé NaHCO,
s6lido (0.2 g). La reaccion se concentro in vacuo y se dividié en partes con
NaHCO; saturado (100 mL) y Et;O (3 x S0 mL). Los extractos orgénicos
combinados se secaron (Na,;SO,), se filtraron y concentraron in vacuo para
producir el compuesto del sub-titulo (6.9 g, 65%) como un aceite amarillo

el cual se empled sin més purificacion.
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Ry=0.62 (6:3:1 CHCI;:MeOH:NH,OH concentrado).
'"H NMR (300 MHz, CDCl;) 8 6.99 (s, 1H), 6.81 (s, 2H), 5.07 (s, 1H), 4.16-
4.32 (m, 2H), 1.23 (t, /=7 Hz, 3H).

(iv) Ph(3-C1)(5-OCH,F)-(R SXCH(OH)C(O)OEt

A una solucién de Ph(3-CI}5-OH)-(R,S)YCH(OH)C(O)OEt (6.1 g, 26.8
mmol; véase paso (iii) més arriba) en DMF (100 mL) en un matraz sellado
bajo nitrégeno a 0°C se agregd carbonato de cesio (13.1 g, 40.2 mmol). La
mezcla de reaccion se agité a 0°C durante 15 minutos seguida por la adicién
de yoduro de potasio (0.5 g, 2.7 mmol). La reaccion se enfri6 a -78°C y se
borboted clorofluorometanc (18.4 g, 268 mmol) en el recipiente. El matraz
sellado se dejd entonces calentar a temperatura ambiente y se agité durante
18 horas. La mezcla de reaccion se enfrié a 0°C, se ventilé cuidadosamente
para retirar cualquier exceso de clorofluorometano, y se dividié en partes
H,0 (20 mL) y Et;0 (3 x 50 mL). Los orginicos combinados se lavaron
con salmuera (2 x 50 mL), se secaron (Na,SQOy), se filtraron y concentraron
in vacuo. Cromatografia de destello en gel de silice eluyendo con
Hex:EtOAc (gradiente de 9:1 a 3:1) prodividié en partes el compuesto del
sub-titulo (2.4 g, 35%) como un aceite amarillo claro. Nota: El compuesto
es débilmente visible a los rayos uv en TLC. Puede visualizarse tiiiendo el

TLC con verde bromocresol.

Re=0.46 (2:1 Hex:EtOAc)
'H NMR (300 MHz, CDCl;) 3 7.21 (s, 1H), 7.08 (s, 1H), 7.05 (s, 1H), 5.70
(d, Jis= 54 Hz, 2H), 5.12 (d, /= 5 Hz, 1H), 3.80-4.35 (m, 2H), 3.50 (d, J=
5 Hz, 1H), 1.26 (t, /=7 Hz, 3H).

_ (v) Ph(3-C1)(5-OCH,F)(R
A una solucién de Ph(3-CI)(5-OCH,F)-(R,S)CH(OH)C(O)OEt (1.8 g, 6.8
mmol; véase paso (iv) més arriba) en H,O:THF (30 mL, 1:2) a 0°C bajo
nitrégeno se agregé monohidrato de hidréxido de litio (0.40 g, 10.3 mmol).
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La mezcla se agitd a 0°C durante 2 horas. La mezcla de reaccién se
concentrd in vacuo y se dividié en partes H,O (5 mL) y Et;O (2 x 20 mL).
La capa acuosa se acidificé cuidadosamente con 0.2N HCl a 0°C y se
extrajo con EtOAc (3 x 30 mL). Los orgénicos combinados se secaron
(Na;SQ,), se filtraron y concentraron in vacuo para proporcionar el
compuesto del sub-titulo (1.4 g, 87%) como un aceite incoloro el cual se

solidifico en un sélido blanco luego de reposar.

Rr= 0.43 (6:2:1 CHCl;:MeOH:Et;N)
'H NMR (300 MHz, CD,OD) & 7.24 (s, 1H), 7.17 (s, 1H), 7.07 (s, 1H), 5.78
(d,. Jur=54 Hz, 2H), 5.13 (s, 1H).

(vi) Ph(3-CIX5-OCH,F)-(RYCH(O O)YOH (a) y Ph(3-Cl1)(5-OCH,F
(SYCH(OAC)C(O)OH (b)

Una mezcla de Ph(3-Cl)(5-OCH,F)-(R,S)CH(OH)C(O)OH (3.2 g, 13.9
mmol; véase paso (v) mas arriba) y Lipasa PS "Amano" (1.9 g) en acetato
de vinilo (150 mL) y MTBE (150 mL) se calenté a 70°C bajo una atmésfera
de nitrégeno durante 3 dfas. La mezcla de reaccién se enfrid, se filtré a
través de Celite® y la torta del filro se lavé con EtOAc. El filtrado se
concentrod in vacuo y se sometid a cromatografia de destello un gel de silice
eluyendo con CHCl;:MeOH:Et;N (15:1:0.5) para proporcionar la sal
trietilamina del compuesto del sub-titulo (a) (0.50 g, 21%) que se utiliz6 sin
neutralizacion. Adicionalmente se obtuvo la sal trietilamina del compuesto
del sub-titulo (b) (0.46 g, 20%).

Datos para el compuesto del sub-titulo (a):
R¢=0.19 (15:1:0.5 CHCl3:MeOH:Et;N)

'H NMR (300 MHz, CD;0D) § 7.26 (s, 1H), 7.18 (s, 1H), 6.97 (s, 1H), 5.74
(d, Jur = 54 Hz, 2H), 4.81 (s, 1H), 3.17 (q, J= 7 Hz, 6H), 1.28 (t, J= 7 Hz,
9H).
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Datos para el compuesto del sub-titulo (b) - a 33
Ry=0.33 (15:1:0.5 CHCl;:MeOH:Et;N) _
"H NMR (300 MHz, CD,0D) & 7.28 (s, IH), 7.19 (s, 1H), 7.09 (s, 1H), 5.76
(d, Jur = 54 Hz, 2H), 5.75 (s, 1H), 3.17 (q, /= 7 Hz, 6H), 2.16 (s, 3H), 1.28
(t,. J=THz, 9H). '

(vii) Ph(3-C)(5-OCH,F)-(RYCH(OH)C(O)-Aze-Pab(Teoc

A una solucion de la sal trietilamina de Ph(3-CI)}5-OCH,F)-
(R)CH(OH)C(O)OH (0.50 g, 1.50 mmol; véase paso (vi) mds arriba) y
HAze-Pab(Teoc)*HCIl (0.87 g, 1.90 mmol) en DMF seco (15 mL) bajo
nitrégeno a 0°C se agregé PyBOP (0.85 g, 2.60 mmol) y DIPEA (0.48 g,
3.70 mmol). La reaccion se dejo calentar a temperatura ambiente y se agitd
durante la noche. La mezcla de reaccion se concentrd in vacuo y se
cromatografié por destello dos veces en gel de silice, eluyendo primero con
CHCl;3:EtOH (9:1) y segundo con EtOAc:EtOH (20:1) para proporcionar el
compuesto del sub-titulo (0.23 g, 26%) como una espurmna blanca triturable.

Mp: 88-92°C

Rr=0.61 (9:1 CHCI;:EtOH)

'H NMR (300 MHz, CD;0D, mezcla compleja de rotdmeros) § 7.81 (d, J=
8

Hz, 2H), 7.40-7.42 (m, 2H), 7.06-7.23 (m, 3H). 5.76 (d, Ji.r = 51 Hz, 2H),
5.10-5.16 y 4.77-4.83 (m, 2H), 3.80-4.49 (m, 6H), 2.30-2.53 (m, 2H), 1.08
(t, J= 7 Hz, 2H), 0.08(s, 9H).

APCI-MS (M + 1)=593m/z

(viii) Ph(3-CI¥5-OCH,F)}-(RYCH(O 0)-Aze-Pab x TFA

Ph(3-CI)(5-OCH2F)-(R)YCH(OH)C(O)-Aze-Pab(Teoc) (0.051 g, 0.086,
mmol; véase paso (vii) mas arriba), se disolvio en 3 mL de TFA y se dejé
reaccionar durante 20 minutos. TFA se evapord y el residuo se sec6 por
congelamiento a partir de agua/acetonitrilo. El producto era 95% puro con
5% de material defluorometilado. Los intentos por purificarlo por RPLC
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preparativa con CH;CN:0.1M NH,OAc fallaron, y el material, parcialmente
como un acetato, se disolvié en 5 mL de TFA, se evapord y se sec6 por
congelamiento pare producir 26 mg (51%) del compuesto del titulo como su
sal de TFA. Pureza: 95%.

'H-NMR (600 MHz; CD;0D) rotdmeros: § 7.8-7.7 (m, 2H), 7.6-7.5 (m,
2H), 7.21 (s, 1H, rotdmero mayor), 7.17 (s, 1H, rotdmero menor), 7.13 (s,
1H, rotdmero mayor), 7.09 (s, 1H, rotdimero menor), 7.07 (m, 1H, rotdmero
mayor), 7.04 (m, 1H, rotdmero menor), 5.73 (d, 2H), 5.18 (m, 1H, rotémero
menor), 5.16 (s, 1H, rotamero mayor), 5.09 (s, 1H, rotamero menor), 4.78
(m, 1H, rotdimero menor), 4.56 (d, 1H, rotdmero mayor), 4.50 (d, 1H,
rotdimero menor), 4.46 (d, 1H, rotimero menor), 4.45 (d, 1H, rotiémero
mayor), 4.35 (m, 1H, rotimero mayor), 4.14 (m, 1H, rotamero mayor), 4.05
(m, 1H, rotimero menor), 3.97 (m, 1H, rotdmero menor), 2.68 {m, 1H,
rotimero menor), 2.52 (m, 1H, rotimero mayor), 2.28 (m, 1H, rotdmero
mayor), 2.19 (m, 1H, rotdmero menor).

BC-NMR (150 MHz; CD;OD): (carbonilo y/o carbonos de amidina,
rotameros) § 173.9, 173.3, 172.9, 168.2.

ESI-MS+: (M+1) = 449 (m/z)

Ejemplo 20

Ph(3-CIX5-OCH,F)-(RYCH(OH)C(O)-Aze-Pab(OMe)
A una solucion de la sal trietilamina de Ph(3-CI)(5-OCH;F)-

(R)CH(OH)C(O)OH (0.60 g, 1.80 mmol; véase Ejemplo 19(vi)) y HAze-
Pab(OMe)*2HCI (0.79 g, 2.30 mmol) en DMF (15 mL) bajo nitrogeno a
0°C se agreg6 PyBOP (1.04 g, 1,90 mmol) y DIPEA (0.58 g, 4.50 mmol).
La reaccién se dejé calentar a temperatura ambiente y se agito durante la
noche. La mezcla de reaccion se concentro in vacuo se cromatografio por
destello tres veces en gel de silice, eluyendo primero con CHCl;:EtOH (9:1)
y luego dos veces con EtOAc:EtOH (20:1) para proporcionar el compuesto
del titulo (0.22 g, 26%) como una espuma blanca triturable.
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Mp: 66-70°C 225
R;= 0.45 (9:1 CHClL;:EtOH) '

'H NMR (300 MHz, CD;0D, mezcla compleja de rotdmeros) § 7.59 (d, /=
8 Hz, 2H), 7.32 (d, J= 7 Hz, 2H), 7.06-7.23 (m, 3H), 5.75 (s, Jire = 54 Hz,
1H), 5.10-5.16 y 4.78-4.84 (m, 2H), 4.11-4.45 (m, 4H). 3.80 (s, 3H), 2.10-
2.75 (m, 2H).

BC-NMR (150 MHz, CD;OD): (carbonilo y/o carbonos de amidina,
rotimeros) 8 173.0, 170.8, 170.7, 152.5.
APCI-MS;(M + 1) =479 m/z

Ejemplo 21
Ph(3-CIX(5-OCH,CH,F)-(R)CH(OH)C(O)-Aze-Pab x TFA

(i) (2-Monofluoroetil)metanosulfonato

_A una solucién agitada magnéticamente de 2-fluoroetanol (5.0 g, 78.0
mmol) in CH;Cl; (90 mL) bajo nitrégeno a O°C se agrego6 trietilamina (23.7
£, 234 mmol) y cloruro de metanosulfonilo (10.7 g, 93.7 mmol). La mezcla
se agité a 0°C durante 1.5 horas, diluyé con CH,Cl; (100 mL) y se lavé con
2N HCI (100 mL). La capa acuosa se extrajo con CH,Cl; (50 mL) y los
extractos orgénicos combinados se lavaron con salmuera (75 mL), se
secaron (Na;SOy), se filtraron y concentraron in vacuo para proporcionar el
compuesto del sub-titulo (9,7 g, 88%) como un aceite amarillo el cual se

empleé sin més purificacion.

'H NMR (300 MHz, CDCl3) § 4.76 (t, J = 4 Hz, 1H), 4.64 (t, J = 4 Hz, 1H),
4.52 (t, J=4 Hz, 1H), 4.43 (t, J= 4 Hz, 1H), 3.09 (s, 3H).

(ii) 3-Cloro-5-monofluoroetoxibenzaldehfdo

A una solucion de 3-cloro-5-hidroxibenzaldehido (8.2 g, 52.5 mmol; véase
Ejemplo 1(ii) mas arriba) y carbonato de potasio (9.4 g, 68.2 mmol) en
DMEF (10 mL) bajo nitrogeno se agregd una solucion de (2-monofluoroetil)
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metanosulfonato (9.7 g, 68.2 mmol; véase paso (i) mds arriba) en DMF
(120 mL) gota a gota a temperatura ambiente. La mezcla se calenté a
100°C durante 5 horas y luego se agitd durante la noche a temperatura
ambiente. La reaccién se enfrié a 0°C, se vertié en 2N HCI helado y se
extrajo con EtOAc. Los extractos orgénicos combinados se lavaron con
salmuera, se secaron (Na,SO,), se filtraron y concentraron in vacuo. El
aceite marrén se cromatografié en gel de silice eluyendo con Hex:EtOAc
(4:1) para proporcionar el compuesto del sub-titulo (7.6 g, 71%) como un

aceite amarillo.

'"H NMR (300 MHz, CDCl;) & 9.92 (s, 1H), 7.48 (s, 1H), 7.32 (s, 1H), 7.21
(s, 1H), 4.87 (t, J= 4 Hz, 1H), 4.71 (t, J=3 Hz, 1H), 4.33 (t, /=3 Hz, 1H),
424 (t, J=3 Hz, 1H).

(iii) Ph(3-CIX5-OCH,CH;F)~(R SYCH(OTMS)CN

A una solucién de 3-cloro-5-monofluoroetoxibenzaldehido (7.6 g, 375
mmol; véase paso (ii) mas arriba) y yoduro de zinc (3.0 g, 938 mmol) en
CH,Cl; (310 mL) se agregé cianuro de trimetilsililo (7.4 g, 75.0 mmol) gota
a gota a 0°C bajo nitrégeno. La mezcla se agité a 0°C durante 3 horas y a
temperatura ambiente durante la noche. La reaccién se diluyé con H,O
(300 mL), la capa orgénica se separd, se secO (Na;SO,), se filtrdé y se
concentrd in vacuo para proporcionar el compuesto del sub-titulo (10.6 g,
94%) como un aceite marrébn que se us0 sin mds purificacién o

caracterizacion.

(iv) Ph(3-C1)(5-OCH,CH,F)-(R (0] O)YOH

Acido clorhidrico concentrado (100 mL) se agregé a Ph(3-CI)5-
OCH,CHF)-(R,S)CH(OTMS)CN (10.6 g, 5.8 mmol; véase paso (iii) mds
arriba) y la solucién se agité a 100°C durante 3 horas. Luego de enffriar a
temperatura ambiente, la reaccién se enfri6 aiin mas a 0°C, se basifico
lentamente con 3N NaOH (~300 mL) y se lavé con Et;0 (3 x 200 mL). La
capa acuosa se acidificé con 2N HCI (80 mL) y se extrajo con EtOAc (3 x
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300 mL). Los extractos EtOAc combinados se secaron (Na;SO,), se
filtraron y concentraron in vacuo para proporcionar el compuesto del sub-
titulo (8.6 g, 98%) como un sélido amarillo palido que se usé sin mas

purificacion.

Rr=0.28 (90:8:2 CHCl;:MeOH: NH,OH concentrado)

'H NMR (300 MHz, CD;0D) & 7.09 (s, 1H), 7.02 (s, 1H), 6.93 (s, 1H), 5.11
(s, 1H), 4.77-4.81 (m, 1H), 4.62-4.65 (m, 1H), 4.25-4.28 (m, 1H), 4.15-4.18
(m, 1H).

(v) Ph(3-C1¥5-OCH,CH,F)}-(S)YCH(OAc)C(O)OH (a) y Ph(3-CI)(5-
OCH,CH,F)}(RYCH(OH)C(O)OH (b)

Una solucién de Ph(3-Cl)(5-OCH,CH,F)-(R,S)CH(OH)C(O)OH (8.6 g,
34.5 mmol; véase paso (iv) mas arriba) y Lipasa PS "Amano" (4.0 g) en
acetato de vinilo (250 mL) y MTBE (250 mL) se calenté a 70°C bajo
nitrégeno durante 3 dias. La reaccién se enftio a i:emperatum ambiente y la
enzima se retir0 por filtracién a través de Celite®. La torta de filtro se lavéd
con EtOAc y el filtrado se concentrd in vacuo. Cromatografia en gel de
silice eluyendo con CHCl,:MeOH:Et;N (90:8:2) prodividi6 en partes la sal
trietilamina del compuesto del sub-titulo (a) como un aceite amarillo.
Adicionalmente se obtuvo la sal trietilamina del compuesto del sub-titulo
(b) (4.0 g). La sal de compuesto del sub-titulo (b) se disolvié en H,O (250
mL), se acidifico con 2N HCl y se extrajo con EtOAc (3 x 200 mL). Los
extractos orgénicos combinados se secaron (Na;SO,), se filtraron y
concentraron in vacuo para producir el compuesto del sub-titulo (b) (2.8 g,

32%) como un aceite amarillo.

Datos para el compuesto del sub-titulo (b):
R¢= 0.28 (90:8:2 CHCl;:MeOH:NH,OH concentrado)

'"H NMR (300 MHz, CD,0D)  7.09 (s, 1H), 7.02 (s, 1H), 6.93 (s, 1H), 5.11
(s, 1H), 4.77-4.8]1 (m, 1H), 4.62-4.65 (m, 1H), 4.25-4.28 (m, 1H), 4.15-4.18
(m. 1H).



WO 02/44145° PCT/SE01/02657 %
9%

228
(vi) Ph(3-CI¥5-OCH,CH,F}-(RYCH(OH)YC(O)-Aze-Pab(Teoc)
A una solucién de Ph(3-Cl)(5-OCH,CH,F)-(R)CH(OH)C(O)OH (940 mg,
3.78 mmol; véase paso (v) mds arriba) en DMF (30 mL) bajo nitrégeno a
0°C se agregé HAze-Pab(Teoc)-HCI (2.21 g, 4.91 mmol), PyBOP (2.16 g.
4.15 mmol), y DIPEA (1.22 g, 9.45 mmol). La reaccion se agito a 0°C

durante 2 horas y luego a temperatura ambiente durante 4 horas. La mezcla

se concentrd in vacuo y el residuo se cromatografié dos veces en gel de
silice, eluyendo primero con CHCIl;:EtOH (15:1) y segundo con
EtOAc:EtOH (20:1) para proporcionar el compuesto del sub-titulo (450 mg,
20%) como una espuma blanca triturable.

Mp: 80-88°C

R;=0.60 (10:1 CHCl,:EtOH)

'H NMR (300 MHz, CD;0D, mezcla compleja de rotdmeros) 8 7.79 (d, J=
8 Hz, 2H), 7.42 (d, J = 8 Hz, 2H). 7.05-7.08 (m, 1H), 6.93-6.99 (m, 2H),
5.08-5.13 (m, 1H), 4.75-4.80 (m, 2H), 4.60-4.68 (m, 1H), 3.95-4.55 (m,
8H), 2.10-2.75 (m, 2H), 1.05-1.11 (m, 2H), 0.08 (s, 9H).

APCI-MS: (M + 1) =607 m/z.

(vii) Ph(3-CIX5-OCH,CH,F)}-(RYCH(OH)C(O)-Aze-Pab x TFA

Ph(3-CI)(5-OCH,CH,F)-(R)YCH(OH)C(O)-Aze-Pab(Teoc) (0.357 g, 0.589
mmol; véase paso (vi) mds arriba), se disolvié en 10 mL de TFA y se dej6
reaccionar durante 40 minutos. TFA se evapor6 y el residuo se seco por
congelamiento a partir de agua/acetonitrilo pﬁm producir 0.33 g (93%) del

compuesto del titulo como su sal de TFA.

'H-NMR (600 MHz; CD,OD) rotameros:  7.8-7.7 (m, 2H), 7.54 (d, 2H),
7.08 (s, 1H, rotAmero mayor), 7.04 (s, 1H, rotimero menor), 6.99 (s, 1H,
rotdmero mayor), 6.95 (s, 1H), 6.92 (s, 1H, rotdmero menor), 5.18 (m, 1H,
rotdmero menor), 5.14 (s, 1H, rotdmero mayor), 5.08 (s, 1H, rotamero
menor), 4.80 (m, 1H, rotdmero mayor), 4.73 (m, 1H), 4.65 (m, 1H), 4.6-4.4
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(m, 2H), 4.35 (m, 1H, rotdmero mayor), 4.21 (doblete de multipletes, 2H),
4.12 (m, 1H, rotdmero mayor), 4.06 (m, 1H, rotimero menor), 3.99 (m, 1H,
rotimero menor), 2.69 (m, 1H, rotdimero menor), 2.53 (m, 1H, rotémero
mayor), 2.29 (m, 1H, rotimero mayor), 2.14 (m, 1H, rotdimero menor).
BC.NMR (150 MHz; CD;0D): (carbonilo y/o carbonos de amidina) &
172.8,172.1, 167 4.

ESI-MS+: (M+]) = 463 (m/z)

Ejemplo 22

Ph(3-CI¥X5-OCH,CH,F)-(RYCH(OH)C(O)-Aze-Pab(OMe)

A una solucion de Ph(3-CIX5-OCH,CH,F)-(R)CH(OH)C(O)OH (818 mg,
3.29 mmol; véase Ejemplo 21(v) mais arriba) en DMF (30 mL) bajo
nitrogeno a 0°C se agregé HAze-Pab(OMe)<2HCI (1.43 g, 4.27 mmol),
PyBOP (1.89 g, 3.68 mmol), y DIPEA (1.06 g, 8.23 mmol). La reaccién se
agitd a 0°C durante 2 horas y luego a temperatura ambiente durante la
noche. La mezcla se concentrd in Ivacuo y el residuo se cromatografié dos
veces en gel de sflice, eluyendo primero con CHCI;3:EtOH (15:1) y segundo
con EtOAc:EtOH (20:1) para proporcionar el compuesto del titulo (880 mg,

54%) como una espuma blanca triturable. -

Mp:65-72°C

R;=0.60 (10:1 CHCl;:EtOH)

'H NMR (300 MHz, CD;0D, mezcla compleja de rotdmeros) § 7.58-7.60
(d, J~ 8 Hz, 2H), 7.34 (d, J = 7 Hz, 2H), 7.05-7.08 (m, 2H), 6.95-6.99 (m,
1H), 5.08-5.13 (m, 1H), 4.77-4.82 (m, 1H), 4.60-4.68 (m, 1H), 3.99-4.51
(m, 7H), 3.82 (s. 3H), 2.10-2.75 (m, 2H).

BC-NMR (150 MHz; CD;0D): (carbonilo y/o carbonos de amidina) &
173.3, 170.8, 152.5.

APCI-MS: (M + 1) =493 m/z.

Ejemplo 23
Ph(3-CI){(S-OCH(CH,F); - {R)YCH(OH)YC(O)-Aze-Pab x TFA
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(i) 1,3-Difluoroisopropil metanosulfonato 13

A una solucién agitada magnéticamente de 1,3-difluoro-2-propanol (7.0 g,
72.8 mmol) en CH,Cl, (100 mL) bajo nitrégeno a 0°C se agregd
trietilamina (22.1 g, 219 mmol) y cloruro de metanosulfonilo (10.0 g, 87.4
mmol). La mezcla se agité a 0°C durante 3 horas. La mezcla se lavd con
2N HCI (150 mL) y las capas se separaron. La capa acuosa se extrajo con
CH;Cl; (200 mL) y los extractos orgénicos combinados se lavaron con
salmuera (100 mL), se secaron (N.a2304), se filtraron y concentraron in
vacuo para proporcionar el compuesto del sub-titulo (11.5 g, 91%) como un

aceite amarillo el cual se empled sin mds purificacion.

'H NMR (300 MHz, CDCL,) & 4.97-5.08 (m, 1H), 4.75-4.77 (m, 2H), 4.59-
4.61 (m,2H), 3.12 (s, 3H).

(ii) Ph(3-CIX5-OCH(CH,F);)CHO

A una solucion de 3-cloro-5-hidroxibenzaldehido (8.0 g, 50.7 mmol; véase
Ejemplo 1(ii) més arriba) y carbonato de potasio (9.1 g, 66.0 mmol) en
DMF (75 mL) bajo nitrégeno se agregd una solucién de 1,3-
difluoroisopropil metanosulfonato (11.5 g, 66.0 mmol; véase paso (i) més
arriba) en DMF (75 mL) gota a gota a temperatura ambiente. La mezcla se
calentd a 110°C durante 18 horas. La reaccion se enfri6 a 0°C, se verti6 en
2N HCI helado (200 mL) y se extrajo con EtOAc (3 x 250 mL). Los
extractos organicos combinados se secaron (Na,SO,), se filtraron y
concentraron in vacuo. El aceite marron se cromatografio en gel de silice
eluyendo con Hex:EtOAc (4:1) para proporcionar el compuesto del sub-

titulo (4.4 g, 37%) como un aceite amarillo.

'H NMR (300 MHz, CDCl;) 5 9.92 (s, 1H), 7.51 (s, 1H), 7.36 (s, 1H), 7.26
(s. 1H), 4.70-4.89 (m, 3H), 4.63-4.68 (m, 2H).

(iii) Ph(3-CIX5-OCH(CH,F
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A una soluciéon de Ph(3-CI)(5-OCH(CH,F);)CHO (4.4 g, 18.7 mmol; véase
paso (ii) més arriba) y yoduro de zinc (1.5 g, 4.67 mmol) en CH,Cl, (200
mL) a 0°C bajo nitrégeno se agregé cianuro de trimetilsililo (3.7 g, 37.3
mmol) gota a gota. La mezcla se agitd a 0°C durante 3 horas y durante la
noche a temperatura ambiente, luego se diluyé con H;O (200 mL). La capa
orgdnica se separ6, se seco (Na,SO;), se filtré y concentrd in vacuo para
proporcionar el compuesto del sub-titulo (5.5 g, 87%) como un aceite

marrdn que se usd sin mds purificacion.

'"H NMR (300 MHz, CDCLy) 5 7.12 (s, 1H), 7.00 (s, 2H), 5.42 (s, 1H), 4.70- -

4.80 (m, 3H), 4.59-4.64 (m, 2H), 0.26 (s, 9H).

(iv) Ph(3-CI)(5-OCH(CH,F S)CH(OH)C(QYOH

Acido clorhidrico concentrado (50 mL) se agregb a Ph(3-CI)(5-
OCH(CHF),)-(R.S)YCH(OTMS)CN (5.5 g, 16.3 mmol; véase paso (iii) mas
arriba) y la solucién se agitd a 100°C durante 1.5 horas. Luego de enfriar a
temperatura ambiente, la reaccién se enfrié6 ain mds a 0°C, se basificd
lentamente con 3N NaOH (~200 mL) y se lavé con Et;0 (3 x 200 mL). La
capa acuosa se acidificé con 2N HCI (75 mL) y se extrajo con EtOAc (3 x
200 mL). Los extractos EtOAc combinados se secaron (Na;SO,), se
filtraron y concentraron in vacuo para proporcionar el compuesto del sub-

titulo (4.6 g, 100%) como un aceite marrén que se usd sin mas purificacion.

'H NMR (300 MHz, CD,OD) 8 7.14 (s, 1H), 7.08 (s, 1H), 7.02 (s, 1H), 5.12
(s, 1H), 4.70-4.90 (m, 3H), 4.52-4.67 (m, 2H).

(v) Ph(3-CIX5-OCH(CH,F),)}-(SICH(OAGYC(O)YOH () y Ph(3-CIX5-
OCH(CH,F),}-(RICH(OH)C(OYOH

Una solucién de Ph(3-C1){(5-OCH(CH,F),)-(R,S)CH(OH)C(O)OH (4.6 g,
16.4 mmol; véase paso (iv) mas arriba) y Lipasa PS "Amano" (3.0 g) en
acetato de vinilo (150 mL) y MTBE (150 mL) se calento a 70°C bajo

nitrégeno durante 2.5 dias. La reaccion se‘enfrio a temperatura ambiente, la

2
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enzima se retiré mediante filtracién a través de Celite®. La torta de filtro se ’&3 ¢
lavé con EtOAc y el filtrado se concentrd in vacuo. Cromatografia en gel
de sflice eluyendo con CHCl;:MeOH:Et;N (90:8:2) prodividié en partes la
sal trietilamina del compuesto del sub-titulo (&) como un aceite amarillo.
Adicionalmente se obtuvo la sal trietilamina del compuesto del sub-titulo
(b) (2.2 g) y la sal se disolvié en H;O (100 mL), se acidificé con 2N HCl y
se extrajo con EtOAc (3 x 200 mL). Los extractos orgédnicos combinados se
secaron (Na;SQy), se filtraron y concentraron in vacuo para producir el

compuesto del sub-titulo (b) (1.4 g, 29%) como un aceite amarillo.

Datos para el compuesto del sub-titulo (b):
"H NMR (300 MHz, CD;0D) & 7.14 (s, 1H), 7.08 (s, 1H), 7.02 (s, 1H), 5.12

(s, 1H), 4.70-4.90 (m, 3H), 4.52-4.67 (m, 2H).

(vi) Ph(3-CIY(5-OCH(CH,F, R OMC(O)-Aze-Pa

A una solucién de Ph(3-Cl)(5-OCH(CH,F);)-(R)CH(OH)C(O)OH (824 mg,
2.94 mmol; véase paso (v) méds arriba) en DMF (30 mL) bajo nitrégeno a
0°C se agregé HAze-Pab(Teoc)*HCI (1.71 g, 3.81 mmol), PyBOP (1.68 g,
3.23 mmol), y DIPEA (949 mg, 7.34 mmol). La reaccion se agito a 0°C
durante 2 horas y luego a temperatura ambiente durante la noche. La
mezcla se concentrd in vacuo y el residuo cromatografio dos veces en gel
de silice, eluyendo primero con CHCI;:EtOH (15:1), y segundo con
EtOAc:EtOH (20:1) para proporcionar el compuesto del sub-titulo (720 mg,

38%) como una espuma blanca triturable.

Mp: 78-84°C

R¢= 0.62(10:1 CHCl;:EtOH)

'H NMR (300 MHz, CD;0D. mezcla compleja de rotimeros) & 7.79 (d, J=
8 Hz, 2H), 7.42 (d, J = 8 Hz, 2H), 7.00-7.12 (m, 3H), 5.08-5.20 (m, 1H),
3.97-4.80 (m, 12H), 2.10-2.75 (m, 2H), 1.05-1.11 (m, 2H), 0.08 (s, 9H).
APCI-MS:(M + 1) =639 m/z.
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(vii) Ph(3-CIN5-OCH(CH,F);)-(R)CH(OH)C(O)-Aze-Pab x TFA

Ph(3-Cl)(5-OCH(CH;F),)-(RYCH(OH)C(O)-Aze-Pab(Teoc) (0.129 g, 0.202

mmol; véase paso (vi) més arriba), se disolvié en 3 mL de TFA y se dejo

reaccionar durante 20 minutos. TFA se evapord y el residuo se sec6 por
congelamiento a partir de agua/acetonitrilo para producir 0.123 g (100%)
del compuesto del titulo como su sal de TFA.

'H-NMR (400 MHz; CD,0D) rotimeros: 5 7.8-7.7 (m, 2H), 7.55 (d, 2H),
7.2-7.0 (m, 3H), 5.18 (m, 1H, rotimero menor), 5.15 (s, 1H, rotdmetro
mayor), 5.08 (s, 1H, rotdmero menor), 4.80 (m, 1H, rotimero mayor
parcialmente oscurecido por el pico CD;OH), 4.754.4 (m, 7H), 4.38 (m,
1H, rotdimero mayor), 4.15 (m, 1H, rotdmero mayor), 4.1-3.9 (m, 2H, 2
sefiales de rotdmero menor), 2.70 (m, 1H, rotamero menor), 2.53 (m, 1H,
rotdmero mayor), 2.30 (m, 1H, rotimero mayor), 2.15 (m, 1H, rotimero
menor).

BC-NMR (100 MHz; CD;OD): (carbonilo y/o carbonos de amidina,
rotameros) 8§ 172.9, 172.6, 172.2, 171.7, 167.1.

ESI-MS+: (M+1) = 495 (m/z)

Ejemplo 24

Ph(3-CI)X5-OCH(CH,F),}-{RYCH(OH)C(Q)-Aze-Pab{OMe)
A una solucion de Ph(3-Cl)(5-OCH(CH.F).)-(RYCH(OH)C(O)OH (513 mg,

1.83 mmol; véase Ejemplo 23(v) mas arriba) en DMF (30 mL) bajo
nitrégeno a 0°C se agregd HAze-Pab(OMe)*2HCI (797 mg, 2.38 mmol),
PyBOP (1.04 g, 2.01 mmol), y DIPEA (591 mg, 4.57 mmol). La reacci6n
se agitdé a 0°C durante 2 horas y luego a temperatura ambiente durante la
noche. La mezcla se concentrd in vacuo y el residuo cromatografié dos
veces en gel de silice, eluyendo primero con CHCI;:EtOH (15:1) y segundo
con EtOAc:EtOH (20:1) para proporcionar el compuesto del titulo (370 mg,

39%) como una espuma blanca triturable.

Mp:58-63°C
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R,= 0.66 (10:1 CHCl;:EtOH)

'H NMR (300 MHz, CD;0D, mezcla compleja de rotdmeros) § 7.58-7.60
(d, J= 8 Hz, 2H), 7.34 (d, J = 8 Hz, 2H), 7.00-7.12 (m, 3H), 5.08-5.20 (m,
1H), 4.65-4.82 (m, 3H), 4.28-4.65 (m, SH), 3.92-4.18 (m, 2H), 3.82 (s, 3H),
2.10-2.75 (m,2H).

»C-NMR (150 MHz; CD;OD): (carbonilo y/o carbonos de amidina) &
173.2,

170.8, 152.5.

APCI-MS: (M + 1) =525 m/z.

Ejemplo 25
Ph(3-FX5-OCHF,)-{R)CH( QH)C(Q)-Aze—Pab x TFA

(i) |-Bromo-3-fluoro-5-benciloxibenceno

Hidruro de sodio (60% dispersién en aceite, 24.0 g, 0.48 mol) se agregé en
porciones a una solucién agitada de alcohol bencilico anhidro (64.5 g, 0.60
mol) en THF (1.0 L). Después que [a mezcla se agité durante 1 hora, se
agregd gota a gota una solucién de 1-bromo-3,5-difluorobenceno (76.8 g,
0.40 mmol) en THF (100 mL) durante un periodo de 1 hora. La reaccion se
agito a temperatura ambiente durante 2 di_as. Se agrego agua (400 mL) y el
THF se retiré in vacuo. La capa acuosa se extrajo con hexano (3 x 150
mL). Los extractos organicos combinados se lavaron con 2N NaOH (2 x
100 mL) luego se secaron (Na;SO,), se filtraron y concentraron in vacuo
para proporcionar el compuesto del sub-titulo (110.7 g, 98%) como un

aceite amarillo claro que se usé sin mds purificacion.

R¢=0.47 (Hex)
'H NMR (300 MHz, CDCl;) 5 7.36-7.41 (m, SH), 6.94 (bs, 1H), 6.87 (d, Jy.
¢ = 8 Hz, 1H), 6.63 (d, Jy.r = 10 Hz, 1H), 5.03 (s, 2H).

(ii) 3-Bromo-5-fluorofenol
A una solucién de 1-bromo-3-fluoro-5-benciloxibenceno (110.0 g, 0.39
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mol; véase paso (i) més arriba) y N,N-dimetilanilina (474.0 g, 3.92 mol) en
CH,Cl, anhidro (1.0 L) a 0°C se agregé cloruro de aluminio (156.0 g 1.17
mol). Después de 10 minutos, el bafio helado se retird y la agitacion se
continué durante 2 horas. La reaccién se extinguié mediante la adicién
cuidadosa de 3N HCl (600 mL). Las capas se separaron, y la capa acuosa
se extrajo con CH,Cl; (2 x 150 mL). Los extractos orgdnicos combinados
se lavaron con 2N HCI (250 mL) y H;O (3 x 250 mL). A la capa organica
se agrego 15% KOH (500 mL), y las capas se separaron. La capa orgénica
se extrajo adicionalmente con 2 N KOH (2 x 70 mL). . Las capas acuosas
combinadas se lavaron con CH,;Cl; (3 x 100 mL) y luego se acidificaron
con 4N HCl. La capa acuosa se extrajo con Et;0O (3 x 125 mlL),
seguidamente los extractos Et;O combinados se secaron (Na;SO,), se
filtraron y concentraron in vacuo para proporcionar el compuesto del sub-

titulo (69.0 g, 92%) como un aceite marron que se uso sin més purificacion,

Mp: 33-35°C
R;=0.25(CHCl;)

'"H NMR (300 MHz, DMSO-d5) 5 10.38 (s, LH), 6.90 (dd, Ju.p = 11 Hz, J=
2 Hz, 1H), 6.81 (s, 1H), 6.59 (dt, Jyr= 11 Hz, J=2 Hz, 1H).

APCI-MS:(M-1) = 189 m/z

(iii) 1-Bromo-3-fluoro-5-difluorometoxibenceno

Una mezcla de 3-bromo-5-fluorofenol (6.1 g, 31.0 mmol; véase paso (ii)
més arriba) y clorodifluorometano (13.0 g, 150.0 mmol) in i-PrOH (100
mL) y 30% KOH (80 mL) se calentd en un matraz sellado durante 18 horas
a 80-85°C. La mezcla de reaccién se enfrié a temperatura ambiente y las
capas se secpararon. La capa organica se concentrd in vacuo para
proporcionar un aceite incoloro. La capa acuosa se extrajo con Et,0 (3 x 30
mL). El aceite crudo y los extractos orgdnicos combinados se lavaron con
2N NaOH (3 x 30 mL) y H;O(3 x 30 mL). A continuacion los organicos se
secaron (Na,SO;), se filtraron a través de un pequeiio tapon de gel de silice,
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y se concentraron in vacuo para proporcionar el compuesto del sub-titulo

(6.1 g, 79%) como un aceite incoloro que se usé sin méas purificacién.

'"H NMR (300 MHz, CDCl3) & 7.11-7.14 (m, 2H), 6.84 (dt, J= 9 Hz, J=2
Hz, 1H), 6.50 (t, Ju.: = 72 Hz, 1H).

(iv) 1-Fluoro-3-difluorometoxi-5-vinilbenceno
Tri(butil)vinilestanano (7.0 g, 22.2 mmol) se agregé a una suspensién de 1-

bromo-3-fluoro-5-difluorometoxibenceno (4.9 g, 20.2 mmol; véase paso
(iii) més arriba), diclorobis(trifenilfosfina)paladio(1I) (1.42 g, 2.02 mmol) y
cloruro de litio anhidro (0.90 g, 20.2 mmol) en THF (40 mL) bajo nitrégeno
a 65°C y la mezcla se agitd durante 5 horas. La mezcla de reaccién se
enfri6 a 0°C y se agregé IN NaOH (90 mL). La mezcla biféisica se agitd
vigorosamente durante 1 hora, seguidamente las capas se separaron. La
capa acuosa se extrajo con Et;O (3 x 70 mL). Las capas orgénicas
combinadas se lavaron con 2N NaOH (2 x 40 mL) y H,0 (40 mL) luego se
secaron (Na;S0O;), se filtraron y concentraron in vacuo. Cromatografia de
destello en gel de silice eluyendo con hexano prodividié en partes el

compuesto del sub-titulo (2.2 g, 57%) como un aceite incoloro.

Re= 0.47 (Hex)
'H NMR (300 MHz, CDCly) 5 6.93-6.99 (m, 2H), 6.73-6.78 (m, 1H), 6.67
(dd, J = 18 Hz, J = 11 Hz, 1H), 6.51 (t, Jur = 73 Hz, 1H), 5.77 (d, J= 18
Hz, 1H), 5.36 (d, J= 11 Hz, 1H).

(v) Ph(3-F)(5-OCHF-(R)CH(OH)CH,OH

2-Metil-2-propanol (140 mL), H;O (140 mL), y AD-mix- B (39.2 g) se
combinaron juntos y se enfriaron a 0°C. 1-Fluoro-3-difluorometoxi-5-
vinilbenceno (5.0 g, 26.4 mmol; véase paso (iv) mds arriba) disuelto en una
pequefia cantidad de 2-metil-2-propanol se agregé de una sola vez, y la
lechada heterogénea se agitb vigorosamente a 0°C hasta que el TLC revelo

la ausencia del material inicial. La reaccién se extinguié a 0°C mediante la
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adicion de sulfito de sodio (42.0 g) y luego se calenté a temperatura 332/
ambiente y se agitd durante 60 minutos. La mezcla de reaccién se extrajo
con Et;O (3 x 120 mL). Los extractos orgdnicos combinados se secaron
(Na,SQ,), se filtraron y concentraron in vacuo. Cromatografia de destello
en gel de silice eluyendo con CHCl3:EtOAc (3:2) prodividié en partes el

compuesto del sub-titulo (5.8 g, 98%) como un aceite incoloro.

R¢=0.41 (3:2 CHCIl;:EtOAc)

"H NMR (300 MHz, CDCl;) 8 6.96-6.99 (m, 2H), 6.77-6.82 (m, 1H), 6.51
(t, Jur = 73 Hz, 1H), 4.79-4.85 (m, 1H), 3.76-3.84 (m, 1H), 3.58-3.66 (m,
1H), 2.66 (d. J = 3 Hz, 1H), 2.00 (1, /=6 Hz, 1H).

Anilisis HPLC: 89.2%, >99% ee, Columna ChiralPak AD (95:5 Hex:EtOH
fase movil).

(vi) Ph(3-FY5-OCHF - R)CH(OHYCH,OTBS

Una solucién de Ph(3-F)(5-OCHF,)-(R)YCH(OH)CH,OH (5.5 g, 24.7 mmol;
véase paso (v) mas arriba), 4(dimetilamino)piridina (121 mg, 1.0 mmol) y
trietilamina (3.0 g, 29.6 mmol) en CH,Cl, anhidro (100 mL) se enfri6 a
0°C. Una solucién 1.0 M de cloruro de fert-butildimetilsililo en CH,Cl,
(26.0 mL, 26.0 mmol) se agregd gota a gota, y la mezcla de reaccion se dejo
calentar a temperatura ambiente y se agitd durante la noche. Se agregd
solucién de cloruro de amonio saturado (60 mL), y las capas se separaron.
La capa orgénica se lavé con solucién de cloruro de amonio saturado (60
mL) y H,O (2 x 35 mL) luego se secén (NazSO,), se filtré y concentrd in
vacuo. Cromatografia de destello en gel de silice eluyendo con CHCl;:Hex
(3:1) prodividi6 en partes el compuesto del sub-titulo (7.9 g, 85%) como un

aceite amarillo.

R¢=0.47 (3:1 CHCl;:Hex)

'H NMR (300 MHz, CDCl;) 8 6.95-6.98 (m, 2H), 6.76-6.79 (m, 1H), 6.51
(t, Jur - 73 Hz, 1H), 4.71-4.74 (m, 1H), 3.75-3.80 (m, 1H), 3.48-3.54 (m,,
1H), 2.99 (bs, 1H), 0.91 (s, 9H), 0.05 (s, 3H), 0.00 (s, 3H).
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(vii) Ph(3-F)(5-OCHF,-(R)YCH(OMEM)CH,OTBS

A una solucién de Ph(3-F)5-OCHF.)-(R)CH(OH)CH,OTBS (7.9 g, 0.51
mmol; véase paso (vi) més arriba) y DIPEA (4.9 g, 48.1 mmol) en CH,Cl,
anhidro (50 mL) a 0°C bajo nitrégeno se agregé gota a gota 2-metoxietoxi
metil cloruro (6.6 g, 48.1 mmol). La mezcla se agit durante 24 horas. Se
agregd solucién de cloruro de amonio saturado (70 mL), y las capas se
separaron. La capa orgdnica se lavé con solucién de cloruro de amonio
saturado (70 mL) y H,O (3 x 60 mL) luego se secdn (Na,SO,), se filtré y
concentrd in vacuo para proporcionar el compuesto del sub-titulo (8.8 g,

99%) como un aceite amarillo que se usé sin mas purificacion.

R¢=0.41 (4:1 CHCL:EtOAc)

'H NMR (300 MHz, CDC,) § 7.20 (s, 1H), 7.06 (s, 1H), 7.02 (s, 1H), 6.50
(t, Jur = 73 Hz, 1H), 4.79-4.81 (m, 1H), 4.66-4.68 (m, 2H), 3.47-3.82 (m,
6H), 3.36 (s, 3H), 0.85 (s, 9H), 0.0 (s, 3H), 0.00 (s, 3H).

(viii) Ph(3-F)(5-OCHF;)-(RYCH(OME

A una solucién de Ph(3-FX5-OCHF:){R)CH(OMEM)CH,OTBS (9.3 g,
21.9 mmol; véase paso (vii) mas arriba) en THF (60 mL) a temperatura
ambiente se agregé una 1.0 M solucién de fluoruro de tetrabutilamonio en
THF (70.0 mL, 70.0 mmol) y la mezcla se agité durante la noche bajo
nitrégeno. La reaccién se concentrd in vacuo. El residuo amarillo se
disolvi6 en Et;O (100 mL) y hexano (100 mL) y se lavd sucesivamente con
solucion de cloruro de amonio saturado (2 x 150 mL) y H,O (3 x 70 mL).
La capa orgénica se secO (Na,SO,), se filtrd y concentrd in wvacuo.
Cromatografia de destello en gel de silice eluyendo con Hex:EtOAc (1:1)
prodividi6 en partes el compuesto del sub-titulo (4.2 g, 62%) como un

aceite amarillo.

R¢=0.42 (1:1 Hex:EtOAc)
' NMR (300 MHz, CDCl;) § 6.91-6.95 (m. 2H), 6.75-6.81 (m, 1H), 6.51 (t,
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Jur = T3 Hz, 1H), 4.80-4.82 (m, 1H), 4.704.74 (m, 2H), 3.88-3.93 (m, 1H),
3.67-3.71 (m, 3H), 3.53-3.56 (m, 2H), 3.39 (s, 3H), 2.96-2.99 (m, 1 H).

(ix) Ph(3-F)(5-OCHF;-(RYCH(OMEM)C(O)OH

Una solucién de Ph(3-F)(5-OCHF;)-(RYCH(OMEM)CH,OH (4.2 g, 13.4
mmol; véase paso (viii) mds arriba) en acetona (100 mL) se agreg6 a una
solucion al 5% de NaHCO; acuoso (35 mL). Esta mezcla heterogénea
agitada magnéticamente se enfrié a 0°C y se agregaron bromuro de potasio
(159 mg, 1.3 mmol) y 2,2,6,6-tetrametil-1-piperidiniloxi, radical libre (2.2
g, 14.1 mmol). Seguidamente se agregd hipoclorito de sodio (5.25%, 30
mL) gota a gota durante un periodo de 20 minutos mientras la mezcla se
agitaba vigorosamente y se mantenia a 0°C. Luego de | hora se agregé més
hipoclorito de sodio (30 mL) y solucion de NaHCO; al 5% (35 mL) y la
agitacion se continué a 0°C durante 2 horas. La acetona se retird in vacuo.
La capa acuosa se lavo con Et;0 (4 x 40 mL). La capa acuosa se acidificé a
pH 3.5 con #cido citrico al 10% y se extrajo con EtOAc (4 x 50 mL). Los
extractos EtOAc combinados se lavaron sucesivamente con H,O (4 x 30
mL) y salmuers (60 mL), luego se secaron (Na,SO,), se filtraron y
concentraron in vacuo para proporcionar el compuesto del sub-titulo (4.3 g,

98%) como un aceite incoloro el cual se empled sin més purificacion.

Rr=0.74 (8.0:1.5:0.5 CHCl;:;MeOH:Et;N)

'H NMR (300 MHz, acetona-ds) § 7.16-7.18 (m, 2H), 7.16 (t, Ju.r = 89 Hz,
1H), 7.00-7.03 (m, 1H), 5.30 (s, 1H), 4.88 (d, /= 7 Hz, 1H), 4.80 (d,J =7
Hz, 1H), 3.54-3.75 (m, 2H), 3.46-3.49 (m, 2H), 3.28 (s. 3H).

(x) Ph(3-F)(5-OCHF;{RYCH(OMEM)C(0)-Aze-Pab(Teoc)
A una solucién de Ph(3-F)(5-OCHF;){R)CH(OMEM)C(O)OH (1.1 g, 3.4

mmol; véase paso (ix) més arriba) en DMF (20 mL) bajo nitrégeno a 0°C se
agregd HAze-Pab(Teoc)*HCl (2.0 g, 4.4 mmol), PyBOP (1.9 g, 3.7 mmol),
y DIPEA (1.1 g, 8.4 mmol). La reaccion se agit6 a 0°C durante 2 horas y

luego a temperatura ambiente durante la noche. La mezcla se concentro in
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vacuo y el residuo se cromatografié dos veces en gel de silice, eluyendo
primero con CHCl;:EtOH (15:1) y segundo con EtOAc.-EtOH (20:1) para
proporcionar el compuesto del sub-titulo (1.3 g, 56%) como una espuma
blanca triturable.

R¢=0.65 (15:1 CHCI;:EtOH)

'H NMR (300-MHz, CD;0D, mezcla compleja de rotémeros) & 7.80-7.84

(m, 2H), 7.40-7.46 (m, 2H), 6.95-7.16 (m, 3H), 6.92 y 6.88 (t, Ji.r = 73 Hz,
1H), 5.28 y 5.08 (s, 1H), 5.18-5.22 y 4.70-4.78 (m, 1H), 4.50-4.75 (m, 1H),

| 4.30-4.49 (m, 2H), 4.21-4.26 (m, 3H), 3.97-4.08 (m, 1H), 3.35-3.72 (m,

6H), 3.30 (s, 3H), 2.10-2.75 (m, 2H), 1.05-1.11 (m, 2H), 0.08 (s, 9H).

(xi) Ph(3-F)(5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(Teoc)

Una mezcla de Ph(3-FX5-OCHF;)-(R)CH(OMEM)C(O)-Aze-Pab(Teoc)
(590 mg, 0.87 mmol; véase paso (x) mas arriba) y tetrabromuro de carbono
(287 mg, 0.87 mmol) en 2-propanol (20 mL) se hizo refluir durante 1.5
horas. La mezcla se concentré in vacuo, luego se dividié en partes con H,0O
(50 mL) y EtOAc (3 x 50 mL). La capa acuosa se extrajo con mas EtOAc
(2 x 10 mL). Los extractos orgdnicos combinados se lavaron con salmuera
(30 mL), luego se secaron (Na;SQ,), se filtraron y concentraron in vacuo.
Cromatografia de destello en gel de silice eluyendo con CHCI;:EtOH (15:1)
prodividié en partes el compuesto del sub-titulo (60 mg, 12%) como una
espuma blanca triturable.

Rr= 0.46 (15:1 CHCIl;:EtOH)

'H NMR (300 MHz, CD,0D, mezcla compleja de rothmeros) § 7.74 (d, J=
8 Hz, 2H). 7.35-7.37 (m, 2H), 6.97-7.07 (m, 2H), 6.80-6.84 (m, 1H), 6.82 y
6.80 (t, Jur ~ 73 Hz, 1H), 5.10 y 5.06 (s, 1H), 4.68-4.70 (m, 1H), 3.97-4.60
(m, 6H), 2.10-2.75 (m, 2H), 1.05-1.11 (m, 2H), 0.08 (s, 9H).

APCI-MS: (M + 1)=595m/z

(xii) Ph(3-F)(5-OCHF,)-(RYCH(OH)C(O)-Aze-Pab x TFA

240
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Ph(3-F)(5-OCHF){R)CH(OH)C(O)-Aze-Pab(Teoc) (0.053 g, 0.089 mmol;
véase paso (xi) mas arriba), se disolvié en 3 mL de TFA y se dejé
reaccionar durante 80 minutos mientras se enfriaba en un bafio helado.
TFA se evapor6 y el residuo se sec6 por congelamiento a partir de
agua/acetonitrilo para producir 0.042 g (80%) del compuesto del titulo

como su sal de TFA.

'H-NMR (300 MHz; CD;0D) rotimeros: § 7.7-7.6-Cm, 2H), 7.5-7.4 (m,
2H), 7.1-6.6 (m, 4H), 5.2-5.0 (m, 1H mds rotdmero menor de 1H), aprox.
4.8 (rotamero mayor de sefial previa oscurecida por la seflal CD,OH), 4.6-
4.3 (m, 2H), 4.26 (m, 1H, rotdmero mayor), 4.10 (m, 1H, rotimero mayor),
3.96 (m, 1H, rotémero menor), 3.89 (m, 1H, rotamero menor), 2.60 (m, 1H,
rotdimero menor), 2.44 (m, 1H, rotimero mayor), 2.19 (m, 1H, rotimero
mayor), 2.05 (m, 1H, rotimero menor).

YC-NMR (100 MHz; CD;OD): (carbonilo y/o carbonos de amidina) &
172.8, 172.0, 167.0. '

ESI-MS+: (M+l) =451 (m/z)

Eijemplo 26
Ph(3-FX(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab{OMe)

(i) Ph{3-F)5-OCHF,)-(RYCH(OMEM)C(O)-Aze-Pab(OMe

A una solucién de Ph(3-F)(5-OCHF2)-(R)CH(OMEM)C(O)OH (1.0 g, 3.1
mmol; véase Ejemplo 25(ix) mas arriba) en DMF (30 mL) bajo nitrégeno a
0°C se agregé HAze-Pab(OMe)*2HCI (1.4 g, 4.1 mmol), PyBOP (1.8 g. 3.4
mmol), y DIPEA (1.0 g, 7.8 mmol). La reaccion se agit6 a 0°C durante 2
horas y luego a temperatura ambiente durante la noche. La mezcla se
concentrd in vacuo y el residuo se cromatografié dos veces en gel de silice,
eluyendo primero con CHCI;:EtOH (15:1) y segundo con EtOAc para
proporcionar el compuesto del sub-titulo (1.5 g, 79%) como una espuma

blanca triturable.

4
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R;=0.24 (EtOAc) 14T
'H NMR (300 MHz, CD;0D, mezcla compleja de rotimeros) § 7.58-7.62
(m, 2H), 7.32-7.38 (m, 2H), 7.03-7.16 (m, 3H), 6.92 y 6.8 (d, Jur = 73
Hz, 1H), 5.27 y 5.08 (s, 1H), 5.22-5.15 y 4.75-4.80 (m, 1H), 4.38-4.65 (m,
5H), 3.92-4.27 (m, 1H), 3.82 (s, 3H), 3.43-3.68 (m, 4H), 3.29 (s, 3H), 2.28-
2.85 (m, 2H).

(ii)Ph(3-F)(5-OCHF)<(RYCH(OH)C(O)-Aze-Pab(OMe)
Una mezcla de Ph(3-F)5-OCHF2)-(R)CH(OMEM)C(O)-Aze-Pab{(OMe)

(828 mg, 2.33 mmol; véase paso (i) mas arriba) y tetrabromuro de carbono
(525 mg, 2.33 mmol) en 2-propanol (20 mL) se hizo refluir durante 8 horas
y luego se agité a temperatura ambiente durante la noche. La mezcla se
concentrd in vacuo y el residuo se dividié en partes con H;O (70 mL) y
EtOAc (50 mL). La capa acuosa se extrajo con EtOAc (2 x 25 mL). Los
extractos orginicos combinados se lavaron con salmuera (35 mL), luego se
secaron (Na;SOy), se filtraron y concentraron in vacuo. Cromatografia de
destello en gel de silice eluyendo con CHCI;:EtOH (15:1) prodividio en
partes el compuesto del titulo (520 mg, 74%) como una espuma blanca

triturable.

Mp: 73-81°C

Ry=0.43 (15:1 CHCl;:EtOH)

'H NMR (300 MHz, CD;0D, mezcla compleja de rotdmeros) & 7.59 (d, J=

8 Hz, 2H), 7.32-7.37 (m, 2H), 7.05-7.14 (m, 2H), 6.87-6.92 (m, 1H), 6.90 y
6.86 (t, Ju.r~ 73 Hz, 1H), 5.13-5.18 y 4.75-4.85 (m, 2H), 4.15-4.45 (m, 4H),
3.81 (s, 3H), 2.10-2.75 (m, 2H).

BC-NMR (100 MHz; CD;OD): (carbonilo y/o carbonos de amidina) & .
172.0, 171.4, 153.9.

APCI-MS:(M + 1) =481 m/z

Ejemplo 27
Ph(3-BrX5-OCH,F)-(RYCH C(O)Y-Aze-Pab x TFA
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(1) 1.3-Dibromo-5-benciloxibenceno 246
Hidruro de sodio (9.9 g, 0.414 mol, 95% seco) se agregd en porciones a una
solucién agitada de alcohol bencilico (41.0 g, 0.394 mol) en THF (1.0 L) a
temperatura ambiente bajo una atmosfera de nitrégeno y se agité durante !
hora. A esta solucion se agregé gota a gota 1,3-dibromo-5-fluorobenceno
(100.0 g, 0.394 mol). Después de agitar durante la noche, la mezcla se
dividio en partes con H,O (600 mL) y EtOAc (4 x 600 mL). Los extractos
orgdnicos combinados se secaron (Na;80,), se filtraron y concentraron in
vacuo. Cromatografia de destello en gel de silice eluyendo con hexanos
prodividié en partes el compuesto del sub-titulo (101.3 g, 75%) como un

aceite amarillo.

'H NMR (300 MHz, CDCl;) 5 7.30-7.48 (m, SH), 7.18 (s, 1H), 7.06 (s, 2H),
4.99 (s, 2H).

(ii) 3.5-Dibromofenol

Cloruro de aluminio (11.7 g, 87.6 mmol) se agregé en porciones a una

solucion de 1,3-dibromo-S-benciloxibenceno (10.0 g, 29.2 mmol; véase
paso (i) mas arriba) y N,N-dimetilanilina (35.4 g, 292 mmol) en CH,Cl,
(100 mL) a temperatura ambiente bajo una atmdsfera de nitrégeno.
Después de 30 minutos, la mezcla se dividié en partes con IN HCI (300
mL) y EtOAc (5 x 150 mL). Los extractos organicos combinados se
lavaron con NaHCOQO; saturado (150 mL) y salmuera (150 mL), luego se
secaron (Na;SO,), se filtraron y concentraron in vacuo. Cromatografia de
destello en gel de silice eluyendo con Hex:EtOAc (9:1) prodividioé en partes

el compuesto del sub-titulo (6.1 g, 82%) como un sdlido blanco.
'H NMR (300 MHz, CDCl;) 5 7.21 (s, 1H), 6.97 (s, 2H), 5.88 (bs, 1H).

(ii1) 1.3-Dibromo-5-monofluorometoxibenceno

A un matraz a presién de base redonda, de 350 mL sellado, cuyo peso vacio
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se determind previamente, que contenia una suspension de 3,5-
dibromofenol (10.0 g, 39.7 mmol; véase paso (i) mds arriba) y Cs,CO;
(20.7 g, 63.5 mmol) en DMF (150 mL) a -78°C se agregd
clorofluorometano via borboteo durante 5 minutos a través del tabique. El
tabique se reemplazd con un tapén de teflon y el matraz se selld
seguidamente y se dejo calendar a temperatura ambiente cuando el matraz
se pesé y se determind que contenia 9.0 g (131 mmol) de
clorofluorometano. La solucién se calento en un bafio de aceite ajustado a
70°C durante la noche. El matraz se enfrié a temperatura ambiente, se
liberé cautelosamente la presion y el contenido se diluy6 con agua (100
mL). La capa acuosa se extrajo con Et;O (3 x 200 mL), luego los organicos
combinados se secaron (Na,;SO,), se filtraron y concentraron in vacuo.
Cromatografia de destello en gel de silice eluyendo con hexanos prodividié
en partes el compuesto del sub-titulo (7.9 g, 71%) como un sélido blanco.

'H NMR (300 MHz, CDCl;) § 7.40 (s, 1H), 7.18 (s, 2H), 5.67 (d, Jur =53
Hz, 2H).

(iv) 1 -Bromo-3-monofluorometoxi-S-vinilbenceno

Tri(butil)viniltina (10.0 g, 31.4 mmol) se agregé gota a gota a una solucién
de 1,3-dibromo-5-monofluorometoxibenceno (8.5 g, 29.9 mmol; véase paso
(iii) mds arriba), tetrakis(trifenilfosfina)paladio(0) (690 mg, 0.599 mmol), y
2,6-di-tert-butil-4-metilfenol (punta de la espitula) en tolueno (100 mL)
bajo nitrégeno. La mezcla se agitd a 70°C durante 8 horas.- La mezcla se
enfrié a 0°C y se agregd IN NaOH (70 mL). Tras | hora, la mezcla se
extrajo con CH,Cl; (3 x 300 mL), luego los orgénicos combinados se
secaron (Na;SOy), se filtraron y concentraron in vacuo. Cromatografia de
destello en gel de silice eluyendo con hexanos prodividié en partes el

compuesto del sub-titulo (4.3 g, 57%) como un aceite incoloro.

'H NMR (300 MHz, CDCl;) 5 7.30 (s, 1H), 7.16 (s, 1H), 7.01 (s, 1H), 6.60
(dd, J= 6 Hz, J= 11 Hz, 1H), 5.74 (d, J= 16 Hz, 1H), 5.67 (d, Jur = 53 Hz,

784
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2H), 5.32 (d, /=8Hz, 1H). ?q s
(v) Ph(3-Br)X5-OCH,F)}-(RYCH(OH)CH,OH

2-Metil-2-propanol (100 mL), H,O (100 mL), y AD-mix-f (27.5 g) se
combinaron juntos y se enfriaron a 0°C. 1-Bromo-3-monofluorometoxi-5-
vinilbenceno (4.3 g, 17.3 mmol; véase paso (iv) mas arriba) se agregd de
una vez, y la lechada heterogénea se agit6 vigorosamente a 0°C hasta que
TLC revelé la ausencia del material inicial. La reaccion se extinguié a 0°C
mediante adicion de sulfito de sodio saturado (200 mL) y luego se calent6 a
temperatura ambiente y se agitd durante 60 minutos. La mezcla de reaccién
se extrajo con EtOAc (3 x 150 mL). Los extractos orgdnicos combinados se
secaron (Na;SO,), se filtraron y concentraron in vacuo para proporcionar el
compuesto del sub-titulo (4.9 g, 100%) como un aceite incoloro que se usd

sin mas purificacién.

'H NMR (300 MHz, CD;0D) 5 7.30 (s, 1H), 7.15 (s, 1H). 7.11 (s, 1H), 5.70
(d, Jur = 53 Hz, 2H), 4.62-4.70 (m, 1H), 3.52-3.70 (m, 2H).
Anélisis HPLC: 92.1%, 96.9% ee, Columna ChiralPak AD (95:5 Hex:EtOH

fase movil).

(vi) Ph(3-Br)(5-OCH,F}{RYCH(OMEM)CH,OTBS

A una solucién de Ph(3-Br)(5-OCH,F)-(R)CH(OH)CH,OH (4.9 g, 18,6
mmol; véase paso (v) mas arriba), 4-(dimetilamino)piridina (453 mg, 3.71
mmol), y DIPEA (8.9 g, 93.0 mmol) en CH,Cl; anhidro (200 mL) se agregé
gota a gota a 1.0 M solucién de cloruro de tert-butildimetilsililo en CH;Cl,
(223 mL, 22.3 mmol). La mezcla de reaccion se agité 10 horas a
temperatura ambiente. A la mezcla se agregd DIPEA (8.9 g, 93.0 mmol) y
cloruro de 2-metoxietoximetilo (13.9 g. 111 mmol) gota a gota. Tras 16
horas, se agregdé més cloruro de 2-metoxietoximetilo (2.2 g) y la reaccion se
agité durante la noche. La mezcla se diluy6 con H,O (100 mL), y las capas
se separaron. La capa acuosa se extrajo con CH;Cl; (3 x 200 mL), luego las
capas orginicas combinadas se secaron (Na;SO,), se filtraron y
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concentraron in vacuo. Cromatografia de destello en gel de silice eluyendo
con Hex:EtOAc (5:1) prodividi6 en partes el compuesto def sub-titulo (4.8

g, 55%) como un aceite incoloro.

'H NMR (300 MHz, CDCl;) 5 7.29 (s, 1H), 7.22 (s, 1H), 7.05 (s, 1H), 5.74
(d, Jur = 53 Hz, 2H), 4.84 (d, J = 7 Hz, 1H), 4.70-4.74 (m, 2H), 3.50-3.91
(m, 6H), 3.42 (s, 3H), 0.90 (s, 9H), 0.05 (s, 3H), 0.01 (s. 3H).

(vii) Ph(3-Br¥5-OCH,F)-(RICH(OMEM)CH,OH

A una solucion de Ph(3-Br)(5-OCH,F)-(R)CH(OMEM)CH,OTBS (4.7 g,
10.1 mmol; véase paso (vi) més arriba) en THF (100 mL) se agregéa 1.0 M
solucion de fluoruro de tetrabutilamonio en THF (13.1 mL, 13.1 mmol) a
temperatura ambiente y la mezcla se agitd 1 hora. La mezcla se dividié en
partes con H;0 (100 mL) y EtOAc (3 x 100 mL), luego los organicos
combinados se secaron (Na;SO,), se filtraron y concentraron in vacuvo para
proporcionar el compuesto del sub-titulo (3.3 g, 92%) como un aceite

incoloro que se uso sin mas purificacién.

'H NMR (300 MHz, CD;0D) § 7.22 (s, 1H), 7.14 (s, 1H), 7.03 (s, 1H), 5.71
(d, Ju.r = 53 Hz, 2H), 4.80-4.82 (m, 1H), 4.58-4.66 (m, 2H), 3.71-3.77 (m,
1H), 3.39-3.65 (m, SH), 3.27 (s, 3H).

(viii) Ph(3-Br)(5-OCH,F)-{ R)CH(OMEM)C(O)YOH

Una solucién de Ph(3-Br)(5-OCH.F)-(R)YCH(OMEM)CH,OH (2.1 g, 6.0
mmol; véase paso (vii) mas arriba) en acetona (40 mL) se agregd a una
solucién al 5% de NaHCO; acuoso (15 mL). Esta mezcla heterogénea
agitada magnéticamente se enfrié a 0°C y se agregaron bromuro de potasio .
(70 mg, 0.60 mmol) y 2,2,6,6-tetrametil-1-piperidiniloxi, radical libre (976
mg, 5.8 mmol. Seguidamente se agrego hipoclorito de sodio (5.25%, 15
mL) gota a gota durante un periodo de 10 minutos mientras la mezcla se
agitaba vigorosamente y se mantenia a 0°C. Después de 1 hora, se agregd
més hipoclorito de sodio (10 mL) y solucién de NaHCO; (20 mL) 1y se
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continud la agitacién a 0°C durante 4 horas mds. La acetona se retird en un
evaporador rotatorio. La capa acuosa se diluyé con solucion al 10% de
NaHCO; (30 mL) y se lavé con Et;O (3 x 20 mL). La capa acuosa se
acidificé a pH 3.5 con écido citrico al 10% y se extrajo con EtOAc (3 x 40
mL). Los extractos EtOAc combinados se lavaron con H,O (3 x 50 mL) y
salmuera (50 mL), luego se secaron (Na,SQO,), se filtraron y concentraron in
vacuo para proporcionar el compuesto del sub-titulo (1.7 g, 78%) como un

aceite incoloro el cual se empled sin més purificacion.

'"H NMR (300 MHz, CD,0D) 5 7.38 (s, 1H), 7.25 (s, 1H), 7.18 (s, 1H), 5.76
(d, Ju.r = 53 Hz. 2H), 5.21 (s, 1H), 4.83 (d, /=7 Hz, 1H), 4.75 (d, /= 7 Hz,
1H), 3.62-3.78 (m, 2H), 3.48-3.52 (m, 2H), 3.32 (s, 3H).

(ix) Ph(3-Br}{5-OCH,F)}-(RYCH(OMEM)C(Q)-Aze-Pa

A una solucién de Ph(3-Br)(5-OCH,F)-(R)YCH(OMEM)C(O)OH (1.0 g,
2.72 mmol; véase paso (viii) mds arriba) en DMF (20 mL) bajo nitrégeno a
0°C se agregé HAze-Pab(Teoc)-HCI (1.6 g, 3.5 mmol), PyBOP (1.6 g, 3.0
mmol), y DIPEA (880 mg, 6.81 mmol). La reaccion se agit6é a 0°C durante
2 horas y luego a temperatura ambiente durante la noche. La mezcla se
concentrd in vacuo y el residuo cromatografio dos veces en gel de silice,
eluyendo primero con CHCI3:EtOH (15:1) y segundo con EtOAc:EtOH
(20:1) para proporcionar el compuesto del sub-titulo (1.2 g, 62%) como una
espuma blanca triturable.

'H NMR (300 MHz, CD;0D, mezcla compleja de rotimeros) § 7.80-7.84
(m, 2H), 7.40-7.46 (m, 2H), 7.13-7.32 (m, 3H), 5.84-5.87 (m, 1H), 5.67-
5.69 (m, 1H), 5.25 y 5.07 (s, 1H), 5.18-5.23 y 4.80-4.88 (m, 1H), 3.97-4.79
(m, 8H), 3.60-3.71 (m, 2H), 3.40-3.53 (m, 2H), 3.32 (s, 3H), 2.10-2.75 (m,
2H), 1.05-1.11 (m, 2H), 0.08 (s, 9H).

(x) Ph(3-Br)(5-OCH,F}{(R)CH(OH)C(O)-Aze-Pab(Teoc) Una mezcla de
Ph(3-Br)(5-OCH;F)-(R)CH(OMEM)C(O)-Aze-Pab(Teoc) (347 mg, 0.478

42
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mmol; véase paso (ix) més arriba) y tetrabromuro de carbono (159 mg, 74 4
0.478 mm 1) en 2-propanol (10 mL) se hizo refluir durante 1.5 horas. La

mezcla se concentrd in vacuo, luego se dividi6 en partes con H,0 (20 mL) y

EtOAc (3 x 30 mL). Los orgdnicos combinados se secaron (Na,SO,), se
filtraron y concentraron in vacuo. Cromatografia de destello en gel de silice
eluyendo con CHCI;:EtOH (15:1) prodividié en partes el compuesto del
sub-titulo (59 mg, 19%) como una espuma blanca triturable.

Mp: 81-87°C

R¢=0.58 (9:1 CHCl,:EtOH)

"H NMR (300 MHz, CD;0D, mezcla compleja de rotimeros) 5 7.84 (d, J=
8 Hz, 2H), 7.40-7.48 (m, 2H) 7.18-7.30 (m, 3H), 5.80 (dJi.r = 53 Hz, 2H),
5.21 y 5.15 (s, 1H), 5.18-5.24 y 4.80-4.88 (m, 1H), 3.98-4.54 (m, 6H), 2.10-
2.70 (m, 2H), 1.05-1.11 (m, 2H), 0.08 (s, 9H).

APCI-MS: (M + 1)=637 m/z

(xi) Ph(3-Br)}(5-OCH,F)-(RYCH(OH)C(O)-Aze-Pab x TFA
Ph(3-Br)(5-OCH,F)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.073 g, 0.11 mmol;
véase paso (x) mas arriba), se disolvi6 en 5 mL de TFA y se dejé reaccionar
durante 90 minutos enfriando al mismo tiempo en un bafio helado. TFA se
evapord y el residuo se purificd por RPLC preparativa con CH;CN:0.1M
NH,OAc (30:70). Las fracciones pertinentes se evaporaron y secaron por
congelamiento a partir de agua/acetonitrilo para producir 49 mg (77%) del
compuesto del titulo como su sal de acetato.

H-NMR (300 MHz; CD,0OD) rotémeros: § 7.8-7.7 (m, 2H), 7.54 (m, 2H),
7.37 (s, 1H, rotimero mayor), 7.33 (s, 1H, rotdmero menor), 7.25-7.1 (m,
2H), 5.75 (d, 2H), 5.22 (m, 1H, rotdmero menor), 5.18 (s, 1H, rotimero
mayor), 5.11 (s, 1H, rotdmero menor), 4.80 (m, 1H, rotamero mayor), 4.6-
4.4 (m, 2H), 4.37 (m, 1H, rotémero mayor), 4.16 (m, 1H, rotimero mayor),
4.1-3.9 (m, 2H, dos sefiales de rotdmero menor), 2.70 (m, 1H, rotamero
mehor), 2.52 (m, 1H, rotémero mayor), 2.30 (m, 1H, rotdmero mayor), 2.15
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(m, 1H, rotdmero menor), 1.89 (s, 3H). %q
ESI-MS+: (M+1) = 493/495 (m/z)

Ejemplo 28
Ph(3-Br)(5-OCHF, H(RYCH(OH)C(O)-Aze-Pab x TFA

(i) 1.3-Dibromo-5-difluorometoxibenceno

A un matraz a presion de base redonda, de 350 mL, sellado, cuyo peso
vacio se determiné previamente, que contenia una solucién de 3,5-
dibromofenol (10.0 g, 39.7 mmol; véase Ejemplo 27(ii) més arriba) en 2-
propanol (100 mL) y 30% KOH (80 mL) a -78°C se agregd
clorodifluorometano via borboteo durante 15 minutos a través del tabique.
El tabique se reemplazé con un tapon de teflén y el matraz se sell6 entonces
y se dejo calentar a temperatura ambiente cuando el matraz se peso y se
determiné que contenia 12.0 g (138 mmol) de clorodifluorometano. La
solucion se hizo refluir durante la noche en un bafio de aceite ajustado a
80°C. El matraz se enfri0 a temperatura ambiente, se liberd
cuidadosamente la presién y el contenido se diluyé con H,O (200 mL). La
capa acuosa se extrajo con CHCl; (2 x 150 mL), luego se secaron los
orgdnicos combinados (Na;S0Oy), se filtraron y concentraron in vacuo. El
residuo se purificé mediante destilacion de Kugelrohr a 80°C a 0.2 mm Hg
para proporcionar el compuesto del sub-titulo (9.6 g, 80%) como un liquido

claro.

'H NMR (300 MHz, CDCl;) 8 7.55 (s, 1H), 7.26 (8, 2H). 6.52 (t, Ju.r = 68
Hz, 1H).

(ii) 1-Bromo-3-diiluorometoxi-5-vinilbenceno

Tri(butilo)viniltina (10.5 g, 33.1 mmol) se agreg6 gota a gota a una solucion
de 1,3-dibromo-5-difluorometoxibenceno (9.1 g, 30.1 mmol; véase paso (i)
mds arriba), tetrakis(trifenilfosfina)paladio(0) (700 mg, 0.60 mmol), y 2,6-
di-tert-butil-4-metilfenol (punta de la espédtula) en tolueno (125 mL) bajo
nitrégeno. La mezcla se agit6é a 50°C durante la noche. La mezcla se enfri6
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a 0°C y se agregé IN NaOH (70 mL). Después de 1 hora, la mezcla se
extrajo con CHxCl, (3 x 300 mL), luego los orgdnicos combinados se
secaron (Na,SO,), se filtraron y concentraron in vacuo. Cromatografia de
destello en gel de silice eluyendo con hexanos prodividié en partes el

compuesto del sub-titulo (5.1 g, 68%) como un aceite incoloro.

'"H NMR (300 MHz, CDCl3) 5 7.53 (s, 1H), 7.18 (s, 1H), 7.08 (s, 1H), 6.60
(dd, /=6 Hz, J=11 Hz, 1H), 6.57 (t, Jur = 68 Hz, 1H), 5.77 (d, J= 11 Hz,
1H), 5.36 (d, J=8Hz, 1H).

(iii) Ph(3-Br}5-OCHF;)-(R OH)CH,OH

2-Metil-2-propanol (150 mL), H,O (150 mL), y AD-mix-p (27.8 g) se
combinaron juntos y se enfriaron a 0°C. Se agregd I-bromo-3-
difluorometoxi-5-vinilbenceno (4.6 g, 18.6 mmol; véase paso (ii) mas
arriba) de una sola vez, y la lechada heterogénea se agitd vigorosamente a
0°C hasta que TLC indicé la ausencia del material inicial; seguidamente la

solucion se calenté a temperatura ambiente y se agité durante la noche. La

reaccion se extinguié a 0°C mediante adicién de sulfito de sodio saturado .

(300 mL) y luego se calent6 a temperatura ambiente y se agité durante 60
minutos. La mezcla de reaccion se extrajo con EtOAc (3 x 200 mL). Los
extractos orgdnicos combinados se secaron (Na;SO,), se filtraron y
concentraron in vacuo para proporcionar el compuesto del sub-titulo (5.0 g,

95%) como un aceite incoloro el cual se uso sin mas purificacion.

'H NMR (300 MHz, CD;0D) & 7.43 (s, 1H), 7.23 (s, 1H), 7.16 (s, 1H), 6.86
(t, Ju.r = 75 Hz, 1H), 4.64-4.67 (m, 1H), 3.54-3.59 (m, 2H).

Andlisis HPLC: 88.6%, 96.3% ee, Columna ChiralPak AD (95:5 Hex:EtOH
fase mévil).

(iv) Ph(3-Br)(5-OCHF,)-(R\CH(OMEM)CH,OTBS
A una solucién de Ph(3-Br)(5-OCHF;)~(R)CH(OH)CH,OH (4.9 g, 17.3

mmol; véase paso (iii) mas arriba), 4-(dimetilamino)piridina (420 mg, 3.5

250
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mmol), y DIPEA (11.2 g, 86.3 mmol) en CH,Cl; anhidro (250 mL) se
agregd gota a gota una solucion 1.0 M de cloruro de fert-butildimetilsililo 25‘
en CH,Cl, (20.7 mL, 20.7 mmol). La mezcla de reaccién se agité durante
la noche a temperatura ambiente. A la mezcla se agregé DIPEA (11.2 g,
86.3 mmol) y cloruro de 2-metoxietoximetilo (12.9 g, 104 mmol) gota a
gota. Tras 3 dias, se agreg6 mds cloruro de 2-metoxietoximetilo (3.3 g) y la
reaccion se agité durante la noche. La mezcla se diluy6 con agua (250 mL),
y las capas se separaron. La capa acuosa se extrajo con CH,Cl; (2 x 250
mL), luego los orgénicos combinados se secaron (Na;SO,), se filtraron y
concentraron in vacuo. Cromatografia de destello en gel de silice eluyendo
con Hex:EtOAc (4:1) prodividié en partes el compuesto del sub-titulo (4.3

g, 51%) como un aceite incoloro.

'"H NMR (300 MHz, CDCl,) & 7.40 (s, 1H), 7.25 (s, 1H), 7.08 (s, 1H), 6.58
(t, Ju.r = 75 Hz, 1H), 4.84 (d, J= 7 Hz, 1H), 4.70-4.74 (m, 2H), 3.50-391
(m, 6H), 3.42 (s, 3H), 0.90 (s, 9H), 0.12 (s, 3H), 0.05 (s, 3H).

(v) Ph(3-Br)(5-OCHF,)-(R\CH(OMEM)CH,0H

A una solucién de Ph(3-Br)(5-OCHF)-(R)YCH(OMEM)CH,OTBS (3.3 g,
6.9 mmol; véase paso (iv) més arriba) en THF (60 mL) se agregd una
solucion 1.0 M de fluoruro de tetrabutilamonio en THF (9.0 mL, 9.0 mmol)
a temperatura ambiente. La reaccion se agitd durante 45 minutos, a
continuacion la mezcla se dividié en partes con agua (150 mL) y EtOAc (2
x 120 mL). Los organicos combinados se secaron (Na;SO,), se filtraron y
concentraron in vacuo para proporcionar el compuesto del sub-titulo (2.5 g,

98%) como un aceite amarillo el cual se usé sin mads purificacion.

'H NMR (300 MHz, CD,0D) 3 7.35 (s, 1H), 7.21 (s. [H), 7.08 (s, 1H). 6.83
(t, Jur = 73 Hz, 1H), 4.73 (d, J= 7 Hz, 1H), 4.59-4.68 (m, 2H), 3.40-380
(m, 6H), 3.26 (s, 3H).

(vi) Ph(3-Br)(5-OCHF,)}-(RICH(OMEM)C(O
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Una solucién de Ph(3-Br)(5-OCHF2)-(R)CH(OMEM)CH,0H (3.0 g, 8.1
mmol; véase paso (v) mas arriba) in acetona (60 mL) se agregé a una
solucién al 5% de NaHCO; acuoso (25 mL). [Esta mezcla homogénea
magnéticamente agitada se enfrié a 0°C, luego se agregaron bromuro de
potasio (100 mg, 0.81 mmol) y 2,2,6,6-tetrametil-1-piperidiniloxi, radical
libre (1.3 g, 8.5 mmol). Seguidamente se agregd hipoclorito de sodio
(5.25%, 19 mL) gota a gota durante un periodo de 10 minutos mientras la
mezcla se agitaba vigorosamente y se mantenia a 0°C. Después de 1 hora,
se agregaron més hipoclorito de sodio (17 mL) y solucién de NaHCO; (34
mL) y se continué la agitacién 0°C durante 4 horas més. La acetona se
retird en un evaporador rotatorio. La capa acuosa se diluyé con solucién al
10% de NaHCO; (30 mL) y se lavd con Et;0 (3 x 20 mL). La capa acuosa
se acidifico a pH 3.5 con 4cido cfitrico al 10% y se extrajo con EtOAc (3 x
40 mL). Las capas combinadas EtOAc se lavaron con H;O (3 x 50 mL) y
salmuera (50 mL), y a continuacion se secaron (Na;SO;), se filtraron y
concentraron in vacuo para proporcionar el compuesto del sub-titulo 2.1g,

66%) como un aceite incoloro el cual se empled sin mas purificacion.

'H NMR (300 MHz, CD;0D) & 7.51 (s, 1H), 7.32 (s, 1H), 7.24 (s, 1H), 6.88
(t. Jur =73 Hz, 1H), 5.21 (s, 1H), 4.84 (d, J= 7 Hz, 1H), 4.76 (d, /=7 Hz,
1H), 3.62-3.80 (m, 2H), 3.48-3.52 (m, 2H), 3.32 (s, 3H).

(vii) Ph(3-Br)}(5-OCHF,)-(R)\CH(OMEM)C(O)-Aze-Pa

A una solucion de Ph(3-Br)(5-OCHF,)-(R)YCH(OMEM)C(O)OH (1.0 g,
2.62, mmol; véase paso (vi) mds arriba) en DMF (50 mL) bajo nitrégeno a
0°C se agregd HAze-Pab(Teoc)*HCI (1.5 g, 3.38 mmol), PyBOP (1.5 g, 2.9
mmol), y DIPEA (840 mg, 6.50 mmol). La reaccién se agité a 0°C durante
2 horas y luego a temperatura ambiente durante la noche. La mezcla se
concentrd in vacuo y el residuo se cromatografié en gel de silice eluyendo
con CHCI;:EtOH (15:1) para proporcionar el compuesto del sub-titulo (1.1

g, 59%) como una espuma blanca triturable.
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'H NMR (300 MHz, CD;0D, mezcla compleja de rotdmeros) & 7.79-7.83
(m, 2H), 7.26-7.52 (m, 5H), 6.94 y 6.91 (t, Jj.r = 73 Hz, 1H), 5.27 y 5.07 (s.
1H), 5.20-5.23 y 4.80-4.88 (m, 1H), 4.01-4.79 (m. 8H), 3.60-3.71 (m, 2H),
3.40-3.53 (m, 2H), 3.32 (s, 3H), 2.10-2.75 (m, 2H), 1.05-1.11 (m, 2H), 0.08
(s, 9H).

(viii) Ph(3-Br)(5-OCHF,)-(RYCH(QOH)C(Q)-Aze-Pab(Teoc

Una mezcla de Ph(3-Br)(5-OCHF,;)~-(R)YCH(OMEM)C(O)-Aze-Pab(Teoc)
(369 mg, 0.496 mmol; véase paso (vii) mas arriba) y tetrabromuro de
carbono (165 mg, 0.496 mmol) en 2-propanol (10 mL) se hizo refluir
durante 12 horas. La mezcla se concentrd in vacuo, luego se dividié en
partes con H;O (15 mL) y EtOAc (5 x 20 mL). Los orgénicos combinados
se secaron (Na,;SO,), se filtraron y concentraron in vacuo. Cromatografia
de destello en gel de silice eluyendo con CHCl,:EtOH (15:1) prodividié en
partes el compuesto del sub-titulo (134 mg, 41%) como una espuma blanca
triturable.

Mp: 92-98°C

Re=0.37 (9:1 CHCI;:E{OH)

'H NMR (300 MHz, CD;0D, mezcla compleja de rotémeros) 5 7.80-7.86
(m, 2H), 7.40-7.48 (m, 2H) 7.10-7.33 (m, 3H), 6.92 y 6.88 (1, Jus = 73 Hz,
1H), 5.18 y 5.11 (s, 1H), 5.18-5.24 y 4.76-4.80 (m, 1H), 3.98-4.54 (m, 6H),
2.10-2.70 (m,2H), 1.05-1.11 (m, 2H), 0.08 (s, 9H).

APCI-MS: (M + 1) = 655 m/z

(ix) Ph(3-Br}(5-OCHF-(R)CH C(0O)-Aze-Pab x TFA

Ph(3-Br)(5-OCHF)}-(R)CH(OH)C(O)-Aze-Pab(Teoc) (0.081 g, 0.124
mmol; véase paso (viii) mds arriba), se disolvi6é en 5 mL de TFA y se dejo
reaccionar durante 80 minutos enfriando al mismo tiempo en un baflo
helado. TFA se evapord y el residuo se purific6 mediante RPLC
preparativa con CH;CN:0.1M NH,OAc (30:70). Las fracciones pertinentes
se evaporaron y secaron por congelamiento a partir de agua/acetonitrilo
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para producir 59 mg (83%) del compuesto del titulo como su sal de acetato.

'H-NMR (300 MHz; CD;0D) rotameros: & 7.8-7.7 (m, 2H), 7.6-7.4 (m,
3H), 7.3-7.2 (m, 2H), 6.89 (t, 1H, rotdmero mayor), 6.87 (t, 1H, rotimero
menor), 5.23 (m, 1H, rotdimero menor), 5.21 (s, 1H, rotdmero mayor), 5.13
(s, 1H, rotémero menor), 4.80 (m, 1H, rotémero mayor), 4.6-4.4 (m, 2H),
438 (m, 1H, rotﬁme'ro mayor), 4.20 (m, 1H, rotamero mayor), 4.1-3.9 (m,
2H, dos sefilales de rotAmero menor), 2.70 (m, 1H, rotimero menor), 2.54
(m, 1H, rotdmero mayor), 2.29 (m, 1H, rotimero mayor), 2.15 (m, 1H,
rotémero menor), 1.89 (s, 3H).

*C-NMR (75 MHz; CD;0D): (carbonilo y/o carbonos de amidina) § 172.0,
171.7, 167.0.
MS (m/z) 511/513 (M + 1)*

Ejempio 29
Ph(3-Br)}(5-OCHF,)-(RYCH(O Q)-Aze-Pab{OMe

(i) Ph(3-Br)X5-OCHF,;)-(RYCH(OME O)-Aze-Pab(OMe

A una solucién de Ph(3-Br)5-OCHF,)-(R)CH(OMEM)C(O)OH (957 mg,
2.48 mmol; véase Ejemplo 28(vi) més arriba) en DMF (30 mL) bajo
nitrogeno a 0°C se agregé HAze-Pab(OMe)-2HCI (1.1 g, 3.2 mmol),
PyBOP (1.4 g, 2.7 mmol), y DIPEA. (804 mg, 6.2 mmol). La reaccién se
agité a 0°C durante 2 horas y luego a temperatura ambiente durante la
noche. La mezcla se concentrd in vacuo y el residuo se cromatografié dos
veces en gel de silice, eluyendo primero con CHCl;:EtOH (9:1) y segundo
con EtOAc:EtOH (15:1) para proporcionar el compuesto del sub-titulo (1.1

g, 72%) como una espuma blanca triturable.

'H NMR (300 MHz, CD;0D, mezcla compleja de rotdmeros) & 7.59-7.65
(m, 2H), 7.20-7.55 (m. SH), 6.95 y 6.91 (t, Jus=73 Hz, 1H), 5.27y 5.07 (s,
1H), 5.18-5.23 y 4.75-4.84 (m, 1H), 3.87-4.89 (m, 6H), 3.84 (s, 3H), 3.60-
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3.71 (m, 2H), 3.40-3.53 (m, 2H), 3.32 (s, 3H), 2.10-2.75 (m, 2H). 7

(ii) Ph(3-Br)(5-OCHF, H{(R)CH(OH)C(O)-Aze-Pab{OMe

Una mezcla de Ph(3-Br)(S-OCHF2)-(R)CH(OMEM)C(O)-Aze-Pab(OMe)
(1.1 g, 1.8 mmol; véase paso (i) mas arriba) y tetrabromuro de carbono (583
mg, 1.8 mmol) en 2-propanol (30 mL) se hizo refluir durante 2.5 dias.
Durante este tiempo, se agregé més tetrabromuro de carbono (5 porciones
de 50 mg a intervalos para un 0.90 mmol adicional) para garantizar la
conclusion de la reaccién. La mezcla se concentrd in vacuo, luego se
dividié en partes con H;O (50 mL) y EtOAc (5 x 25 mL). Los orgénicos
combinados se secaron (Na;SO,), se filtraron y concentraron in vacuo.
Cromatografia de destello en gel de silic;. eluyendo con CHCl;:EtOH (15:1)
prodividio en partes el compuesto del titulo (460 mg, 50%) como una
espuma blanca triturable,

Mp: 71-75°C

R¢=0.63 (9:1 CHCI;:EtOH)

'H NMR (300 MHz, CD;0D, mezcla compleja de rotdmeros) § 7.59 (d. J=
8 Hz, 2H), 7.20-7.54 (m, SH), 6.90 y 6.87 (t, Jux = 73 Hz, 1H), 5.18, y 5.11
(s, 1H), 4.76-4.80 (m, 1H), 3.98-4.54 (m, 4H), 3.82 (s, 3H), 2.10-2.70
(m,2H).

BC-NMR (100 MHz; CD;OD): (carbonilo y/o carbonos de amidina,
rotameros) § 172.5, 172.1, 171.6, 154.1.

APCI-MS: (M + 1) =542 m/z

Eiemplo 30
Ph(3-CI1X(5-OCH,CHF, H{RYCH(OH)C(O)-Aze-Pab(OH)

(i) Ph(3-C1X5-OCH,CHF,)-(RYCH(OH)C(O)-Aze-Pab(Z

Boc-Aze-Pab(Z) (véase Solicitud de Patente Internacional WO 97/02284,
92 mg, 0.197 mmol) se disolvi6é en 10 mL de EtOAc saturado con HCl(g) y
se dejo reaccionar durante 10 minutos. El solvente se evaporé y el residuo
se mezcld con Ph(3-Cl)(5-OCH,CHF,)-(R)YCH(OH)C(O)OH (50 mg, 0.188
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mmol; véase Ejemplo 17(v) mas arriba), PyBOP (109 mg, 0.209 mmol) y
finalmente diisopropiletil amina (96 mg, 0.75 mmol) en 2 mL de DMF. La
mezcla se agité durante 2 horas y luego se vertié en 50 mL de agua y se
extrajo tres veces con EtOAc. La fase orginica combinada se lavd con
agua, se seco (Na;8SO;) y evapord. El producto crudo se cromatografié por
destello en gel de silice con EtOAc:MeOH (9:1). Rendimiento: 100 mg
(87%).

'H NMR (300 MHz, CD;0D, mezcla de rotimeros) § 7.85-7.75 (m, 2H),
7.45-7.25 (m, TH), 7.11 (m, 1H, rotémero mayor), 7.08 (m, {H, rotdmero
menor), 7.05-6.9 (m, 2H), 6.13 (bt, 1H), 5.25-5.05 (m, 3H), 4.77 (m, 1H.
parcialmente oculto por la sefial CD;0H), 4.5-3.9 (m, 7H), 2.64 (m, 1H,
rotimero menor), 2.47 (m, 1H, rotimero mayor), 2.25 (m, 1H, rotamero

mayor), 2.13 (m, 1H, rotdmero menor)

(ii) Ph(3-CI)¥5-OCH,CHF,)-(R)YCH(OH)C(Q)-Aze-Pab(O

Clorhidrato de hidroxilamina (65 mg, 0.94 mmol) y trietilamina (0.319 g,
3.16 mmol) se mezclaron en 8 mL de THF y sonicaron durante 1 hora a
40°C. Se agreg6é Ph(3-CI}5-OCH,CHF2)-(R)YCH(OH)C(O)-Aze-Pab(Z) (96
mg, 0.156 mmol; véase paso (i) més arriba) con 8 mL més de THF. La
mezcla se agitd a 40°C durante 4.5 dias. El solvente se evapord y el
producto crudo se purificé mediante RPLC preparativa con CH;CN:0.1M
NH,OAC (40:60). Rendimiento: 30 mg (38%). Pureza: 99%.

'H NMR (300 MHz, CD,0D, mezcla de rotimeros) § 7.6-7.55 (m, 2H),
7.35-7.3 (m, 2H), 7.12 (m, 1H, rotdmero mayor), 7.09 (m, 1H, rotamero
menor), 7.05-6.9 (m, 2ZH), 6.15 (triplete de muitipletes, 1H), 5.15 (m, 1H, .
rotamero menor), 5.13 (s, 1H, rotamero mayor), 5.08 (s, 1H, rotamero
menor), 4.77 (m, 1H, rotdmero niayor), 4,5-4.2 (m, 5H), 4.08 (m, IH,
rotdmero mayo.r), 397 (m, 1H, rotamero menor), 2.66 (m, 1H, rotdmero
menor), 2.50 (m, 1H rotdmero mayor), 2.27 (m, 1H, rotamero mayor), 2.14

(m, 1H, rotémero menor).
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3C-NMR (100 MHz; CD;OD): (carbonilo y/o carbonos de amidina, mezcla 5 X
de rotameros) 6 172.8, 172.2, 171.4, 159.1, 158.9, 154.2. ¢
APCI-MS: (M + 1) " 497/499 m/z

Ejemplo 31
Ph(3-C1)(5-OCH,CH,F}{R)YCH(OH)C(O)-Aze-Pab{OH)

(i) Ph(3-CI)5-OCH,CH,F)-(RYCH(OH)C(O) Aze-Pab{Z)
Boc-Aze-Pab(Z) (130 mg, 0.279 mmol) se disolvié en 15 mL de EtOAc

saturado con HCI(g) y se dejé reaccionar durante 10 minutos. El solvente
se evapord y el residuo se mezclé con Ph(3-Cl)(5-OCH,CH,F)~(RYCH(OH)-
C(O)OH (63 mg, 0.188 mmol; véase Ejemplo 21(v) mds arriba) en 3 mL de
DMF, PyBOP (147 mg, 0.279 mmol) y finalmente diisopropiletil amina
(134 mg, 1.03 mmol). La mezcla se agité durante 130 minutos y luego se
vertio en 75 mL de agua y se extrejo tres veces con EtOAc. La fase
orgdnica combinada se lavo con agua, se secd (Na;SO,) y se evapord. El
producto crudo se cromatografic por destello en gel de silice con
EtOAc/MeOH = 95/5. Rendimiento:; 119 mg (79%).

'H NMR (400 MHz, CDCl;) & 8.06 (bt, 1H), 7.67 (d, 2H), 7.45-7.25 (m,
5H), 7.18 (d, 2H), 6.89 (m, 1H), 6.84 (m, 1H), 6.76 (m. 1H), 5.16 (s, 2H),
4.84 (s, 1H), 4.79 (m, 1H), 4.66 (doblete de multipletes, 2H), 4.4-4.3 (m,
2H), 4.10 (doblete de multipletes, 2H), 4.02 (m, 1H), 3.67 (m, 1H), 2.46 (m,
1H), 2.28 (m, 1H).

(ii) Ph(3-CI)Y(5-OCH,CH,F)}-(RYCH(O O)-Aze-Pab(O

Clorhidrato de hidroxilamina (80 mg, 1.16 mmol) y trietilamina (0.392 g,
3.87 mmol) se mezclaron en 9 mL de THF y se sonicaron durante 1 hora a
40°C. Se agregé Ph(3-CIX5-OCH,CH,F)-(R)CH(OH)C(O)-Aze-Pab(Z) (96
mg, 0.156 mmol; véase paso (i) més arriba) con 9 mL més de THF. La
mezcla se agité a 40°C durante 48 horas y 3 dias a temperatura ambiente.
El solvente se evaporé y el producto crudo se purificé mediante RPLC
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preparativa con CH;CN:0.1M NHOAc (30:70). Rendimiento: 72 mg
(78%). Pureza: 100%.

'H NMR (400 MHz, CD;0D mezcla de rotémeros) & 7.6-7.55 (m, 2H),
7.35-7.25 (m, 4H), 7.07 (m, 1H, rotdmero mayor), 7.04 (m, 1H, rotdmero
menor), 7.0-6.9 (M, 2h), 5.12 (m, 1H, rotdmero menor), 5.08 (s, 1H,
rotimero menor), 5.04 (s, 1H), 4.78 (m, 1H, rotdmero mayor), 4.68 (doblete
de multipletes, 2H), 4.5-4.25 (m, 3H), 4.20 (doblete de multipletes, 2H)
4.06 (m, 1H, rotimero mayor), 3.97 (m, 1H, rotémero menor), 2.65 (m, 1H,
rotdmero menor), 2.48 (m, !H rotdmero mayor), 2.27 (m, 1H, rotdmero
mayor), 2.14 (m, 1H, rotdimero menor)

YC-NMR (100 MHz; CD;OD): (carbonilo y/o carbonos de amidina, mezcla
de rotameros) 6 172.3, 171.5, 159.8, 154.3

APCI-MS: (M + 1)=479/481 m/z

Ejemplo 32
Ph(3-CI)(5-OCHF,)-{RYCH(OH)-C(O}-Pro-Pab

(i) Boc-Pro-Pab(Teoc) _

l'Boc-Pro-Pab(Z) (véase Solicitud de Patente Internacional WO 97/02284,
15.0 g, 0.032]1 mol) se disolvi6é en 150 mL de etanol y se agregoé 200 mg
10% Pd/C (50% humedad). La mezcla se agit6 e hidrogen6 a presion
atmosférica durante 2 horas, se filtr6 a través de Hyflo y se concentré.

El producto se usé sin mds purificacién. De este producto se tomaron 10 g
(0.029 mol), que se disolvieron en 300 mL de THF. Se agregd carbonato de
Teoc-p-nitrofenilo (10 g, 0.035 mol). Se agregé una solucién de carbonato
de potasio (5.2 g, 0.038 mol) en 50 mL de agua durante 3 minutos y la
solucién resultante se agitd durante 3 dfas, se concentré y el residuo se
extrajo con EtOAc tres veces. La capa orgénica combinada se lavé con
agua, se secO (Na;SOy) y evapord. El producto crudo se cromatografié por

destello en gel de silice usando cloruro de metileno:acetona (4:1).

255
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Rendimiento: 9.8 g (69 %). 25‘]
(ii) Ph(3-CIX5-OCHF, -(RYCH(O O)-Pro-Pab(Teoc
Boc-Pro-Pab(Teoc) (107 mg, 0.218 mmol; véase paso (i) mas arriba) se
disolvié en 10 mL de EtOAc saturado con HCI(g) y se dejo reaccionar
durante 10 minutos. El solvente se evapord y el residuo se mezcld con
Ph(3-CI)(5-OCHF;)-(R)CH(OH)C(O)OH (50 mg, 0.198 mmol; véase
Ejemplo 1(viii) més arriba) en 3 mL de DMF, PyBOP (115 mg, 0.218
mmol) y finalmente diisopropiletil amina (104 mg, 0.80 mmol). La mezcla
se agito durante 2 horas y luego se vertié en 75 mL de agua y se extrajo tres
veces con EtOAc. La fase orgdnica combinada se lavé con agua, se secH
(Na;SO,) y se evapord. _El producto crudo se cromatografié por destello en
gel de silice con EtOAc:MeOH (95:5). Rendimiento: 89 mg (72%).

'H NMR (400 MHz, CDCl;) & 7.54 (bt, 1H), 7.47 (d, 2H), 7.12 (m, 1H),
7.08 (d, 2H), 7.02 (m, 1H), 6.95 (m, 1H), 6.50 (t, 1H), 5.21 (s, 1H), 4.42 (m,
1H), 4.35-4.15 (m, 3H), 3.59 (m, 1H), 2.94 (m, 1H), 2.1-1.7 (m, 4H), 1.06
(m, 2H), 0.04 (s, 9H).

(iii) Ph(3-CI)(5-OCHF,)-(RYCH(OH)-C(O)-Pro-Pab x TFA
Ph(3-CI)(5-OCHF;)~(RYCH(OH)YC(O)-Pro-Pab(Teoc) (85 mg, 0.136 mmol;
véase paso (ii) mds arriba) se disolvié en 1 mL de cloruro de metileno y se
enfrié en un bafio helado. Se agregé TFA (4 mL) y la reaccién se agitd
durante 90 minutos. El TFA se evapord y el residuo se secd por
congelamiento a partir de agua y acetonitrilo. Rendimiento: 79 mg (92%).

Pureza: 94%.

'H NMR (400 MHz, CD;0D, mezcla de rotimeros) 8 7.85-7.7 (m, 2H),
7.58 (d, 2H, rotamero mayor), 7.47 (d, 2H, rotémero menor), 7.35 (m, 1H,
rotdimero mayor), 7.27 (m, 1H, rotimero menor), 7.2.7.1 (m, 2H), 6.88 (t,
1H), 5.38 (s, 1H, rotimero mayor), 5.22 (s, 1H, rotimero menor), 4.58 (d,
1H). 4.5-4.2 (m, 2H), 3.8-3.5 (m, 1H). 3.35 (m, 1H), 2.2-1.8 (m, 4H).
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C-NMR (100 MHz; CD;0D): (carbonilo y/o carbonos de amidina) &
173.6, 171.1, 167.0.
APCI-MS: (M + 1) = 481/483 m/z

Ejemplo 33
Ph(3-CIX5-OCHF, {RYCH(OH)-C(O)-Pro-Pab{OMe)

(i) 4-Azidometil-N-metoxi-benzamidina

4-Azidometilbenzonitrilo (17.3 g, 0.109 mol; Nishiyama y colaboradores;
Chem. Lett. (1982) 1477) se disolvio en 500 mL de tolueno y 200 mL de
etanol absoluto. La solucién se enfrié a -10°C y HCI(g) se borboté a través
de ella hasta saturacién. La mezcla se guard6 en el refrigerador durante 2
dias cuando la mayoria de los solventes se evaporaron. Se agregd éter
dietilico y se decantd. El producto se re-disolvié en una solucién de O-
metilhidroxil amina (10.5 g, 0.125 mol) y trietil amina (56 mL) en 200 mL
de metanol. La mezcla se dej6 reposar durante 3 dias de donde se evapord
el metanol con adicion de EtOAc. La fase orginica se lavd con agua,
HOACc diluido y bicarbonato de sodio acuoso, se secé (Na;SO,) y diluyé
con méds EtOAc a un volumen total de 500 mL. Una muestra de 25 mL se
évaporé a sequedad. El residuo fue 932 mg. Rendimiento total: 18.6 g
(83%).

(ii) 4-Aminometil-N-metoxi-benzamidina

A una solucién de 4-azidometil-N-metoxi-benzamidina (11.3 g, 0.055 mol;
véase paso (i) mds arriba) en 200 mL de etanol se agregaron 200 mg de
PtO. La mezcla se hidrogené con borboteo constante de hidrégeno durante
4 horas y, posteriormente, se filtré a través de Celite® y se evaporo.
Rendimiento: 7.34 g (74%).

(iii) Boc-Pro-Pab{OMe)
A una suspension de Boc-Pro-OH (9.7 g, 0.045 mol), 4-aminometil-N-
metoxi-benzamidina (7.34 g, 0.041 mol; véase paso (ii) mds arriba) y
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dimetilaminopiridina (7.8 g, 0.064 mol) en 300 mL de acetonitrilo se agreg 26 \
base EDC (11.7 mL, 0.068 mol). La mezcla se agit6 durante 18 horas, se
concentrd y dividio en partes entre agua y EtOAc. La capa orgénica se lavé

con agua, bicarbonato de sodio acuoso, se secé (MgSO,) y se evaporé. El
producto crudo se cromatografié por desteilo en gel de silice con EtOAc.
Rendimiento: 9.73 g (63%).

(iv) H-Pro-Pab(OMe) x 2 HCI

Boc-Pro-Pab(OMe) (9.7 g, 0.026 mol; véase paso (iii) més arriba) se
disolvié en 250 mL de EtOAc. La solucidén helada se saturd con HCl(g) por
borboteo durante 5 minutos. El producto se precipitd inmediatamente y se
agregaron 125 mL de etanol absoluto. La mezcla se sonicé hasta que la
mayor parte del material se hubiera solificado. Se agregé éter diet{lico (200
mL) y se filtr6 la suspension. Unos cuantos terrones que no se habian
solidificado se trataron nuevamente con etanol absoluto y éter dietilico. El
sélido se sec6. Rendimiento: 7.57 g (86%).

'"H NMR (400 MHz, CD;OD) 8 7.74 (d, 2H), 7.58 (d, 2H), 4.55 (s, 2H),
4.38 (m, 1H), 3.98 (s, 3H), 3.45-3.3 (m, 2H), 2.50 (m, 1H), 2.15-2.0 (m,
3H)

(v) Ph(3-C1X5-OCHF,)-{R)CH(OH)-C(O)-Pro-Pab{OMe)
Ph(3-CI)(5-OCHF;){(R)CH(OH)C(O)OH (50 mg, 0.198 mmol; véase
Ejemplo 1(viii) méds arriba), H-Pro-Pab(OMe) (76 mg, 0.218 mmol, véase
paso (iv) més arriba) y PyBOP (115 mg, 0.218 mmol) se disolvieron en 2
mL de DMF. Se agregé diisopropiletil amina (104 mg, 0.80 mmol) y la
mezcla se agité durante 2.5 horas. La mezcla se vertid en 50 mL de agua 'y
se extrajo tres veces con EtOAc y la fase orgdnica combinada se lavé con
salmuera, se secd (Na;SO,) y se evapord. El residuo se cromatografié por
destello en gel de silice con EtOAc:MeOH (95:5). Rendimiento: 37 mg
(36%). Pureza: 98%.
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'H NMR (400 MHz, CD;0D mezcla de rotdmeros) § 7.60 (d, 2H, rotémero
mayor), 7.57 (d, 2H, rotdémero menor), 7.4-7.1 (m, 5H), 6.89 (t, 1H,
rotimero mayor), 6.87 (t, 1H, rotdmero menor), 5.35 (s, 1H, rotimero
mayor), 5.21 (s, 1H, rotdémero menor), 4.72 (m, 1H, rotdmero menor), 4.5-
4.35 (m, 1H y 2H, rotimero mayor), 4.3-4.25 (m, 2H, rotimero menor),
3.814 (s, 3H, rotimero mayor), 3.807 (s, 3H, rotémero menor), 3.75-3.5 (m,
1H), 3.35 (m, 1H), 2.2-1.8(m,4H)

3C-NMR (100 MHz; CD,0D): (carbonilo y/o carbonos de amidina, mezcla
de rotdmeros)  173.3,173.2, 171.3, 171.0, 153.9, 1524
APCI-MS:(M + 1)=511/513 m/z

Ejemplo 34
Ph(3-CI1X5-OCHF,)-(RYCH(OH)YC(O)-Aze-NH-CH,-((2-amidino)-5-

piridinilo)
o
HO \—H =N NH
s )<

cl OCHF,

(i) Acido 6-Cianonicotinico

A una solucion de N-6xido de 4cido nicotinico (51 g, 0.37 mol) en 1.2 L de
DMF, se agregdé NaCN (54 g, 1.1 mol), seguido por trietilamina (255 mL,
1.83 mol) y TMSCI (185 mL). La mezcla de reaccion se agité a 110°C
durante 10 horas, se filtrd y el filtrado se concentré. El residuo se disolvid
en 100 mL de 2N HCI y se extrajo con cloruro de metileno. Las capas
orgdnicas se combinaron, se concentraron y recristalizaron a partir de agua

para producir 12 g (22%) del producto.

(i) 5-(Hidroximetil)piridina-2-carbonitrilo

A una solucién de icido 6-cianonicotinico (12g, 0.081 mol; véase paso (i)
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mds arriba) en THF a 0°C, se agregd Et;N (12.4 mL, 0.0892 mol) seguido 1(9
por cloroformato de etilo (8.53 mL, 0.0892 mol). La mezcla de reaccion se
agitd durante 15 minutos y se agregd NaBH, (6.14 g, 0.162 mol).
Seguidamente la mezcla se agitdo a RT durante la noche, se extingui6 con
agua y se extrajo con cloruro de metileno. La capa orgénica se concentrd y

purifico por cromatografia de columna para producir 4g (20%) del alcohol.

(iii) S-(Azidometil)piridina-2-carbonitrilo
5-(Hidroximetil)piridina-2-carbonitrilo (4 g, 0.03 mol; véase paso (ii) mas
arriba) se disolvié en 25 mL de cloruro de metileno y se enfrié en un baifio
helado. Se agregaron gota a gota cloruro de mesilo (2.32 mL, 0.0300 mol)
y luego trietilamina (4.6 mL, 0.033 mol). La mezcla de reaccion se agitd y
luego de un desarrollo el mesilato crudo y se traté con NaN; (7.35 g,,0.113
mol) en 20 mL de DMF. La mezcla de reaccion se agitd a 40°C durante 2
horas, se diluyé con agua y se extrajo con acetato de etilo. La capa
orgdnica se concentrd para producir 3.95g (83%) de la azida cruda.

(iv) S-(tert-Butoxicarbonilaminometil)piridina-2-carbonitrilo

A una solucién de 5-(azidometil)piridina-2-carbonitrilo (3.95 g, 0.0248
rﬁol; véase paso (iii) mas arriba) en 30 mL de THF y 10 mL de agua, se
agrego trifenil fosfina (7.8 g, 0.0298 mol) y el resultante se agit6 durante 24
horas. A continuacidn, se agrego trietilamina (3.8 mL, 0.027 mol), seguido
por anhidrido Boc (5.4 g, 0.025 mol) y agitacién durante 2 horas. La
mezcla de reaccién se dividié en partes entre agua y acetato de etilo. La
capa organica se concentré y purificé por cromatografia de columna para
producir 2.1 g (36%) del compuesto del sub-titulo.

'H NMR (300 MHz, CDCL;) & 8.6 (s, 1H), 8.0 (d, 1H), 8.9 (d, 1H), 4.1 (m,
2H), 1.4 (s, 9H)

(v) 5-(Aminometil)piridina-2-carbonitrilo x 2 HCI
5-(tert-Butoxicarbonilaminometil)piridina-2-carbonitrilo (0.200 g, 0.86
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mmol, véase paso (iv) més arriba) se disolvié en 10 mL de EtOQAc saturado zé q
con HCI(g) y se agitd durante 30 minutos. El solvente se evaporé y se
obtuvo 0.175 g (99%) del compuesto del sub-titulo como su sal

diclorhidrato.

o

'"H NMR (500 MHz, D,0) 5 8.79 (s, 1H), 8.17 (d, 1H), 8.05 (d, 1H), 4.38 (s,
2H)

(vi) Boc-Aze-NH-CH,-5-Py(2-CN

A una mezcla de 5-(aminometil)piridina-2-carbonitrilo x 2 HCI (0.175 g,
0.85 mmol; véase paso (v) més arriba), Boc-Aze-OH (0.201 g, 1.00 mmol)
y TBTU (0321 g, 1.00 mmol) en 5 mL de DMF se agregd
dimetilaminopiridina (0.367 g, 3.00 mmol). La mezcla se agit6é durante la
noche y, posteriormente, se vertio en agua y se extrajo tres veces con
EtOAc. La fase organica combinada se lavé con bicarbonato de sodio
acuoso, se secé (Na;SO,) y se evapord. El producto crudo empezd a
cristalizar y se empleé como tal en el siguiente paso. Rendimiento: 0.23 g
(73%).

'H NMR (500 MHz, CDCl;) & 8.66 (s, 1H), 8.2-7.8 (amplio, 1H), 7.79 (d,
1H), 7.67 (d, 1H), 4.73 (m, 1H), 4.65-4.5 (m, 2H), 3.94 (m, 1H), 3.81 (m,
1H), 2.6.2.35 (m, 2H), 1.8 (amplio, 1H), 1.45 (s, 9H)

(vii) H-Aze-NH-CH,-5-Py(2-CN) x 2 HCI

Boc-Aze-NH-CH,-5-Py(2-CN) (0.23 g, 0.73 mmol; véase paso (vi) mis
arriba) se disolvié en 10 mL de EtOAc saturado con HCl(g) y se agitd
durante 30 minutos. El solvente se evapord y se obtuvo 0.21 g (100%) del

compuesto del sub-titulo como su sal de diclorhidrato.

'H NMR (500 MHz, D;0) 5 8.64 (s, 1H), 8.0-7.9 (m, 2H), 5.19 (m, 1H),
4.65-4.55 (m, 2H), 4.20 (m, 1H), 4.03 (m, 1H), 2.88 (m, 1H), 2.64 (m, 1H)



WO 02/44145 PCT/SE01/026%7
133

{

(viii) Ph(3-CI)(5-OCHF;){RYCH(OH)-C(O)-Aze-NH-CH,-5-Py(2- %5
A una mezcla de H-Aze-NH-CH,-5-Py(2-CN) x 2 HCI (0.206 g, 0.713
mmol; véase paso (vii) mds arriba), Ph(3-CI)}(5-OCHF,)-
(RCH(OH)C(O)OH (0.180 g, 0.713 mmol; véase Ejemplo I(viii) maés
arriba) y PyBOP (0.408 g, 0.784 mmol) en 5 mL de DMF se agregd
dimetilaminopiridina (0.367 g, 3.00 mmol). La mezcla se agitdo durante la

noche y, posteriormente, s¢ verti6 en agua y se extrajo tres veces con
EtOAc. La fase organica combinada se lavé con bicarbonato de sodio
acuoso, se secO (Na;SO,) y se evapord. El producto crudo que se
cromatografio por destello en gel de silice con EtOAc arrojé un producto
puro. Rendimiento: 0.197 g (61%).

'H NMR (500 MHz, CDC) 5 8.63 (m, 1H), 8.22 (bt, 1H), 7.78 (m, 1H),
7.67 (m, 1H), 7.21 (m, 1H), 7.16 (m, 1H), 7.04 (m, 1H), 6.56 (t, 1H), 4.97
(bd, 1H), 4.92 (m, 1H), 4.6-4.5 (m, 2H), 4.40 (bd, 1H), 4.18 (m, 1H), 3.80
(m, 1H), 2.69 (m, 1H), 2.46 (m, 1H), 1.92 (s, 1H) APCI-MS: (M + 1) =
451/453 m/z

(ix) Ph(3-CIX(5-OCHF,)-{R)CH C(O)-Aze-NH-CH,-{(2-amidino)-5-
piridinilo) x HOAc
Ph(3-CIX5-OCHF)-(R)CH(OH)-C(0O)-Aze-NH-CH,-5-Py(2-CN) (0.200 g,
0.444 mmol; véase paso (viii) mas arriba), acetato de amonio (1.00 g,
0.0130 mol) y N-acetilcisteina (2.00 g, 0.0122 mol) en 10 mL de metanol se
calentd6 & 50°C durante 2 dias. RPLC preparativa con CH,CN:0.1M
NHOAc (30:79) y corriendo las fracciones apropiadas nuevamente con
CH;CN:0.1M NH,OAc (5:95 - 40:60) produjo 60 mg (26%) del compuesto
puro del titulo como su sal de acetato luego de secar por congelamiento a

partir de agua y acetonitrilo. Pureza: 100%.

'H NMR (500 MHz, D;0, mezcla de rotdmeros) 8 8.68 (s, 1H, rotimero
mayor), 8.62 (s, 1H, rotimero menor), 8.05-7.9 (m, 2H), 7.33 (m, 1H,
rotdmero), 7.27 (m, 1H, rotdmero), 7.22 (m, 1H, rotdmero), 7.17 (m, IH,
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rotémero), 7.01 (m, 1H, rotémero), 6.84 (, 1H), 5.32 (s, 1H, rotimero 246
mayor). 5.20 (m, 1H, rotimero menor), 5.13 (s, 1H, rotémero menor), 4.88

(m, 1H, rotimero mayor), 4.65-4.55 (m, 2H, rotimero mayor), 4.45-4.35

(m, 1H, rotémero més !H, rotdimero menor), 4.31 (d, 1H, rothmero menor),
4.2-4.05 (m, 1H més 1H, rotimero), 2.80 (m, 1H, rotdmero menor), 2.61

(m, 1H, rotimero mayor), 2.33 (m, 1H, rotimero mayor), 2.24 (m, 1H,
rotdmero menor), 1.93 (s, 3H)

3C-NMR (100 MHz; D,0): (carbonilo y/o carbonos de amidina, mezcla de
rotdmeros) & 181.6, 173.3, 172.7, 172.6, 172.3, 162.6, 162.3
APCI-MS: (M + 1) =468/470 m/z

Ejemplo 35
Ph(3-CI)(5-OCHF,{RYCH(O O)-Aze-NH-CH,((2-metoxiamidino

S-piridinilo) _
\— =N ) —0OMe

5-(tert-Butoxicarbonilaminometil)piridina-2-carbonitrilo (1.00 g, 4.29
mmol; véase Ejemplo 34(iv) més arriba) se disolvi6 en 10 mL de etanol y se
agregaron clorhidrato de hidroxilamina (0.894 g, 0.0129 mol) y trietil amina
(1.30 g, 0.0129 mol). La mezcla se agitd a temperatura ambiente durante 6
dias. La mezcla se dividié en partes entre agua y cloruro de metileno. La
capa acuosa se extrajo con cloruro de metileno y la fase organica
combinada se lavé con agua, se secé (Na;SQ;) y se evapor6. Rendimiento:
0.96 g (84%).

'"H NMR (400 MHz, acetona-dg) 8 9.01 (bs, 1H), 8.50 (bs, 1H), 7.87 (m,
1H), 7.70 (m, 1H), 6.58 (amplio, 1H), 5.70 (amplio, 2H), 4.31 (d, 2H), 1.4]
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(s, 9HD) 26X
(ii) Boc-Aze-NH-CH,-(2-(amidino)-S-piridinilo) x HOAc

Esta reaccion se llevo a cabo de acuerdo con el método descrito en Judkins
¥ colaboradores, Synth. Comm. (1998) 4351. Una suspension de Boc-NH-
CH;-[(2-(amino(hidroxilimino)metil))-5-piridinilo] (0.910 g, 3.42 mmol;
véase paso (i) més arriba), anhidrido acético (0.35 mL, 3.7 mmol) y 0.35 g
de 10% Pd/C (50% humedad) en 100 mL de édcido acético se hidrogené a
una presion de 5 atmosferas durante 5 horas. La mezcla se filtr a través de
Celita y se concentrd. El residuo se secé por congelamiento a partir de agua
y acetonitrilo para producir 0.97 g (92%) del compuesto del sub-titulo.

'H NMR' (500 MHz, CD;0D) 5874 (s, 1H), 8.12 (d. 1H). 7.98 (d, 1H),
4.38 (s, 2H), 1.92 (s. 3H), 1.46 (s, 9H)

(ii) B
A una suspension de Boc-NH-CH,-(2-(amidino)-5-piridinilo) x HOAc (0.96
g, 3.1 mmol; véase paso (ii) mds arriba) en 75 mL de THF se agregd una

solucion de carbonato de potasio (1.07 g, 7.7 mmol) y carbonato de Teoc-p-
ﬁitrofenilo (1.14g, 4.02 mmol) en 15 mL de agua. La mezcla se agité
durante la noche. Se agregd un exceso de glicina y carbonato de potasio, y
la reaccion se continud durante 2 horas. El THF se evapord y el residuo se
extrajo tres veces con EtOAc. La fase orgénica combinada se lavé con
agua, se secd (Na;SO,) y se evapord. El producto pudo usarse sin més

purificacion.

'H NMR (500 MHz, CDCl3) § 9.31 (amplio, 1H), 8.52 (s, 1H), 8.41 (d, 1H), .
8.35 (amplio, 1H), 7.74 (d, 1H), 4.97 (amplio, 1H), 4.39 (m, 2H), 4.26 (m,
2H), 1.46 (s, 9H), 1.14 (m, 2H), 0.07 (s, 9H)

Boc-NH-CHz-(2-(amino(trimetilsililetilimino)metil)-5-piridinilo) (0.23 g,
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0.58 mmol; véase paso (iii) mds arriba) se disolvié en 25 mL de EtOAc
saturado con HCI(g) y se agitd durante 30 minutos. El solvente se evapord
y el producto se usé sin mas purificacién. Rendimiento: 0.21 g (98%).

'H NMR (500 MHz, D;0) 5 8.89 (s, 1H), 8.25 (s, 2H), 4.55 (m, 2H), 4.42
(s, 2H), 1.20 (m, 2H), 0.09 (s, 9H)

(v) Boc-Aze-NH-CH.-(2-(amino(trimetilsililetilimino)metil

A una solucion de H;N-CH;-(2-(amino(trimetilsililetilimino)metil)-5-

piridinilo) x 2 HCI (0.21 g, 0.57 mmol; véase paso (iv) més arriba), Boc-
Aze-OH (0.127 g, 0.631 mmol), y TBTU (233 mg. 0.726 mmol) en 5 mL de
DMF se agregd dimetilaminopiridina (269 mg, 2.20 mmol). La mezcla se
agité durante la noche, se vertio en 100 mL de agua y se extrajo con EtOAc,
tres veces. La fase orgdnica combinada se lavé con bicarbonato de sodio
acuoso y agua, se secd (Na;SO,) y se evapord. El producto crudo se
cromatografié por destello en gel de sflice con EtOAc para producir 170 mg
(56%) del producto deseado.

'H NMR (500 MHz, CDCl;) & 9.33 (amplio, 1H). 8.54 (s, 1H). 8.41 (d, 1H),
8.36 (amplio, 1H), 7.75 (m, 1H), 4.72 (m, 1H), 4.56 (m, 2H), 4.26 (m, 2H),
3.93 (m, 1H), 3.80 (m, 1H), 2.6-2.4 (m, 2H), 1.42 (s, 9H), 1.14 (m, 2H),
0.07 (s, 9H)

(vi) H-Aze-NH-CH,-(2-(amino(trimetilsililetilimino)metil
HCl
Boc-Aze-NH-CHz-(2<(amino(trimetilsililetilimino)metil)-5-piridinilo) (170
mg, 0.356 mmol; véase paso (v) més arriba) se disolvié en 25 mL de EtOAc

saturado con HCI(g) y se agit6 durante 30 minutos. El solvente se evapor6
y el producto se usd sin més purificacion. Rendimiento: 160 mg (100%).

'H NMR (500 MHz, CD;OD) 8 9.00 (m, 1H), 8.84 (m, 1H), 8.23 (d, 2H),
8.10 (m, 1H), 5.09 (m, 1H), 4.7-4.6 (m, 2H), 4.51 (m, 2H), 4.14 (m, 1H),
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3.97 (m, 1H),2.86(m, 1H), 2.58 (m, 1H), 1.22 (m, 2H), 0.11 (s, 9H)

269

(vii) Ph(3-C1)(5-OCHF,)-(RYCH(OH)C(O)-Aze-NH-CH,-(2-(amino(tri-

metilsililetilimino)metil

A una solucién de H-Aze-NH-CH,-(2-(amino(trimetilsililetilimino)-metil)-
5-piridinilo) x 2 HCI (160 mg, 0.462 mmol; véase paso (vi) mas arriba),
Ph(3-Cl)(5-OCHF){(R)CH(OH)C(O)OH (131 mg, 0.462 mmol; véase
Ejemplo 1(viii) mas arriba) y PyBOP (263 mg, 0.505 mmol) en 5 mL de
DMF se agrego diisopropiletil amina (0.30 mL, 1.7]1 mmol). La mezcla se

agitd durante la noche, se vertié en 100 mL de agua y se extrajo tres veces
con EtOAc. La fase orgdnica combinada se lavd con bicarbonato de sodio
acuoso y agua, se secO (Na;SO,) y se evapord. El producto crudo se
cromatografio por destelio en gel de silice con EtOAc:MeOH (95:5) para
producir 148 mg (52%) del prt_)ducto deseado.

(viii) Ph(3-C1)(5-OCHF;){R)CH(OH)C(O)-Aze-NH-CH,-(2-(metoxi-

Una suspension de Ph(3-CI}(5-OCHF,)-(R)CH(OH)-C(O)-Aze-NH-CH,-(2-
(metoxiamino(trimetilsililetilimino)metil)-5-piridinilo) (148 mg, 0.242
mmol; véase paso (vii) més arriba) y O-metilhidroxil amina (202 mg, 2.42
mmol) en 10 mL de acetonitrilo se calenté a 70°C durante 3 horas. La
mezcla se dividié en partes entre agua y EtOAc. La capa acuosa se extrajo
dos veces con EtOAc y la fase organica combinada se lavé con agua, se
secO (Na;SOg) y se evapord. El material crudo se cromatografié por
destello en gel de sflice con EtOAc:MeOH (95:5) para producir 44 mg
(28%) de material puro.

'H NMR (500 MHz, CDCl;) & 8.55 (m, 1H), 8.05 (bt, 1H), 7.70 (m, 1H),
7.58 (s, 1H), 7.56 (d, 1H), 7.22 (m, 1H), 7.16 (m, 1H), 7.03 (m, 1H), 6.50 (t,
1H), 4.92 (s. 1H), 4.89 (m, 1H), 4.55-4.45 (m, 2H), 4.38 (amplio, 1H), 4.2-
4.1 (m, 3H), 4.00 (s, 3H), 3.73 (m. 1H), 2.69 (m, 1H), 2.44 (m, 1H), 0.97
(m, 2H). 0.02 (s, 9H)
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270
(ix) Ph(3-Cl)(5-OCHF,)-(R)CH(OH)C(0)-Aze-NH-CH,-((2-metoxi-
amidino)-5-piridinilo)
Ph(3-CI)(5-OCHF;)-(RYCH(OH)C(O)-Aze-NH-CH,-(2-(metoxiamino(tri-
metilsililetilimino)metil)-5-piridinilo) (44 mg, 0.069 mmol; véase paso
(viii) més arriba) se disolvié en 2 mL de TFA y se dejé reaccionar durante 1
hora. El TFA se evapord y el residuo se dividié en partes entre EtQOAc y
bicarbonato de sodio acuoso. La capa acuosa se extrajo con EtOAc y la
fase orgdnica combinada se lavé con agua, se secé (N2;SO;) y se evaporo.
Rendimiento: 30 mg (88%). Pureza: >95%.

'H NMR (500 MHz, CDCl;) 5 8.44 (m, 1H), 8.03 (bt, 1H), 7.91 (m, 1H),
7.60 (m, 1H), 7.19 (m, 1H);7.13 (m, 1H), 7.00 (m, IH), 6.52 (t, 1H), 5.6-
5.45 (amplio, 2H), 4.90 (s, 1H), 4.89 (m, 1H), 4.554.4 (m, 2H), 4.27
(amplio, 1H), 4.12 (m, 1H), 3.92 (s, 3 H), 2.68 (m, 1H), 2.4] (m, 1H)
3C-NMR (100 MHz; CDCl,): (carbonilo y/o carbonos de amidina) 5 173.0,
170.9, 152.6

APCI-MS: (M + 1) = 498/500 m/z

Ejemplo 36
Ph(3-CN)(5-OCHF - RYCH(OH)YC(O)-Aze-NH-CH,-((5-amidino)-2-

pirimidinilo)
Nl e
oot A

cl OCHF,

(1) 2-Amino-2-iminoetilcarbamato*AcOH
N-Boc-aminoacetonitrilo (40.2 g, 257.4 mmol) y N-acetilcisteina (42.0 g,
257.4 mmol) se disolvieron en metanol (300 mL) a 60°C y se hizo pasar

amonio a través de ellos durante 18 horas. El solvente se retird in vacuo.
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Después de cromatografia de intercambio de iones (Amberlite IRA-400
(AcOH)) y recristalizacion & partir de acetona, se obtuvieron 28.4 g (53%)

del compuesto del sub-titulo como un sélido blanco.

'"H NMR (300 MHz, CD,0D) 5 4.41 (t. J= 4.9 Hz, 1H), 4.01 (s, 2H), 2.91
(d, J = 5.0 Hz, 2H), 2.01 (s, 3H), 1.46 (s, 9H)

(ii) Perclorato de 1,3-Bis(dimetilamino)-2-cianotrimetinio

Una solucion de 3-dimetilaminoacrilonitrilo (25.0 g, 260.0 mmol) en
cloroformo (75 mL) se agregd gota a gota a una solucién de cloruro de
(clorometileno)dimetilamonio (50.0 g, 390.1 mmol) en cloroformo (175
mL) a 0°C. La mezcla de reaccion se agitd 2 horas mds a 0°C, luego se
dejé calentar a temperatura ambiente durante la noche, posteriormente se
calenté durante 8 horas bajo reflujo. El solvente se retiré in vacuo. El
residuo se agregd a una mezcla de perclorato de sodio (110 g, 0.898 mmol)
en agua (150 mL) y etanol (300 mL). La mezcla se calenté bajo reflujo
durante 15 minutos, luego se enfrié y se dejé reposar durante la noche en un
refrigerador. El precipitado se recogi6 y se recristalizé a partir de etanol
para producir 23.8 g (52%) del compuesto del sub-titulo como agujas

incoloras.

mp: 140-141°C
'H NMR (300 MHz, CDCl;) & 8.24 (s, 2H), 3.59 (s, 6H), 3.51 (s, 6H)

(iii) Boc-NH-CH,~(5-ciano)-2-pirimidina

Una mezcla de t-butil 2-amino-2-iminoetilcarbamatocAcOH (5.0 g, 23.8
mmol; véase paso (i) més arriba) y perclorato de 1,3-bis(dimetilamino)-2-
cianotrimetinio (6.0 g, 23.8 mmol; véase paso (it) més arriba) en piridina
(300 mL) se agité bajo nitrogeno a 70-75 °C durante 16 horas y Iuego se
calentd bajo reflujo durante 6 horas, La mezcla se enfrié a temperatura
ambiente y el solvente se retiré in vacuo. El residuo se extrajo con una

mezcla caliente (1:1) de acetato de etilo y cloroformo, se filtrd a través de

2\
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(4
una pequefia almohadilla de silice, y se concentré para producir el producto 13
crudo. Cromatografia de destello en silice eluyendo con cloroformo

produjo 4.0 g (71%) del compuesto del titulo como un aceite incoloro, que

se solidifico al reposar.

mp: 86-87 °C

R¢=0.77 (silice, 3:2 Acetato de etilo/Cloroformo)

'"H NMR (300 MHz, DMSO-dg) & 9.25 (s, 2H), 7.39 (bt. 1H), 4.39 (d, J=6
Hz, 2H), 1.38 (s, 9H).

3C NMR (750 MHz, DMSO-d;) 5 170.4, 160.3, 155.8, 115.2, 106.9, 80.0,
46.3, 28.1

APCI-MS: M+ 1)=235m/z

(iv) Boc-Aze-NH-CH,-((5-ciano)-2-pirimidinil
Boc-NH-CH>-(5-ciano)-2-pirimidina (1.14 g, 4.87 mmol; véase paso (iii)
més arriba) se disolvié en 50 mL de EtOAc saturado con HCI(g) y se dejé
reaccionar durante 1 hora y se concentrd. El residuo se disolvié en 20 mL
de DMF y se enfrid en un bafio helado. Se agregaron diisopropiletil amina
(3.5 mL, 0.020 mol), Boc-Aze-OH (1.08 g, 5.37 mmol) y HATU (2.80 g,
S'.38 mmol) y la mezcla de reaccién se agitd a temperatura ambiente durante
la noche. El solvente se evapord y el producto se purifico6 mediante RPLC
preparativa usando CH3;CN:0.1M NH,OAc (40:60). El acetonitrilo se
evapord y la capa acuosa se extrajo tres veces con EtOAc. La capa
orgdnica combinada se secé (MgSQ,) y se evapord. Rendimiento: 1.12 g
(72%).

'H NMR (400 MHz, CDCl;) § 8.95 (s, 2H), 4.82 (d, 2H), 4.74 (m, 1H), 3.95
(m, 1H), 3.84 (m, 1H), 2.6-2.4 (m, 2H), 1.47 (s, 9H)

(v) Boc-
Una solucion de Boc-Aze-NH-CH;-((5-ciano)-2-pirimidinilo) (0.83 g, 2.6
mmol; véase paso (iv) mds arriba), N-acetilcisteina (0.43 g, 2.6 mmol) y
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acetato de amonio (0.60 g, 7.8 mmol) en 10 mL de metanol se calentd a

60°C bajo nitrégeno durante 2 dias. El solvente se evapord y el material 235
crudo se purificé mediante RPLC preparativa usando una gradiente de
CH,CN:0.1M NH,OAc (5:95 a 100:0). Las fracciones de interés se secaron

por congelamiento para producir 1.0 g (93%) del material deseado.

"H NMR (300 MHz, D,0, sefiales oscurecidas por la sefial HDO) § 9. 17 (s,
2H), 4.1-3.9 (m, 2H), 2.60 (m, 1H), 2.29 (m, 1H), 1.93 (s, 3H), 1.44 (s, 9H)

pirimidinilo]

A una suspensién de Boc-Aze-NH-CH,-((5-amidino)-2-pirimidinilo) x
HOACc (0.95 g, 2.4]1 mmol; véase paso (v) mas arriba) en 50 mL de THF se
agregd una solucion de carbonato de Teoc-p-nitrofenilo (0.85 g, 3.0 mmol)

g y carbonato de potasio (1.0 g, 7.2 mmol) en 10 mL de agua. La mezcla se
agit6é durante 24 horas, se concentré y dividié en partes entre agua y cloruro
de metileno. La capa orgénica se lavé dos veces con bicarbonato de sodio
acuoso saturado, se sec6 (Na;SO,) y se evapord. El producto crudo se
cromatografié por destello en gel de silice con heptano:EtOAc (1:1).
Rendimiento: 1.04 g (90%).

'"H NMR (300 MHz, CDCl5) § 9.16 (s, 2H), 4.80 (d, 2H), 4.73 (m, 1H), 4.26
(m, 2H), 4.0-3.8 (m, 2H), 2.6-2.4 (m, 2H), 1.47 (s, 9H), 1.12 (m, 2H), 0.07

(s, 9H)

(vii) Ph(3-CI)(5-OCHF,)-(RYCH(OH)C(O)-Aze-NH-CH,-r(5-{amino(tri-

metilsililetilimino)metil
Boc-Aze-NH-CH,-[(5-(amino(trimetilsililetilimmo)metil))-2-pirimidinilo]

(0.209 g, 0.437 mmol; véase paso (vi) mds arriba) se disolvié en 25 mL de
EtOAc saturado con HCI(g) y se dejé reaccionar durante!5 minutos. El

solvente se evapord y el residuo se disolvié en 4 mL de DMF. Se agregaron
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Ph(3-Cl)(5-OCHF,)-(R)YCH(OH)C(O)OH (0.100 g, 0.396 mmol; véase
Ejemplo I(viii) més arriba), PyBOP (0.231 g, 0.444 mmol) y diisopropiletil
amina (0.208 g, 1.61 mmol), y la mezcla se agité durante 80 minutos. La
mezcla de reaccidn se vertié en 100 mL de agua y se extrajo tres veces con
EtOAc. La capa orgénica combinada se lavd con salmuera, se secod
(Na;SOy) y se evaporé. El producto crudo se purificd mediante RPLC
preparativa usando CH3;CN:0.1M NH,OAc (1:1). Rendimiento: 63 mg
(26%).

"H NMR (400 MHz, CDCl;. mezcla de rotdmeros) 9.3 (amplio, 1H), 9.03
(s, 2H, rotamero menor), 9.00 (s, 2H, rotimero mayor), 8.25 (m, 1H,
rotémero mayor), 7.9 (amplio, 1H), 7.80 (m, 1H, rotimero menor), 7.2-6.9
(m, 3H), 6.50 (t, 1H), 5.14 (s, 1H, rotémero menor), 5.08 (m, IH, rotémero
menor), 4.94 (s, 1H, rotdmero mayor), 4.80 (m, 1H, rotdmero mayor), 4.7-
4.4 (m, 2H), 4.3-3.9 (m, 3H), 3.74 (m, 1H, rotémero mayor), 2.7-2.1 (m,
2H), 1.03 (m, 2H), 0.01(s,9H)

(viii) Ph(3-CIXS-OCHF,)-(R)YCH(O 0)-Aze-NH-CH,-({5-amidino)-2-
pirimidinilo) x TFA
Ph(3-CI)(5-OCHF,;)-(R)CH(OH)C(O)-Aze-NH-CH,-[(5-(amino(trimetil -
sililetilimino)metil))-2-pirimidinilo] (21 mg, 0.034 mmol; véase paso (vii)
mas arriba) se disolvié en 0.5 mL de cloruro de metileno y se enfri6 en un
bafio helado. TFA (2 mL) se agregd y la mezcla se agitd durante 60
minutosl y luego se concentré. El producto se secé por congelamiento a

partir de agua y acetonitrilo. Rendimiento: 20 mg (100%). Pureza: 100%.

'H NMR (400 MHz, CD;OD, mezcla de rotdmeros, sefiales oscurecidas por
la sefial HDO) & 9.08 (s, 2H), 7.4-7.1 (m, 3H), 6.88 (t, 1H, rotimero
mayor), 6.85 (t, 1H, rotdmero menor), 5.30 (m, 1H, rotimero menor), 5.22
(s, 1H, rotdmero menor), 5.20 (s, 1H, rotdmero mayor), 4.73 (m, 1H,
rotdimero mayor), 4.34 (m, 1H, rotdmero), 4.21 (m, 1H. rotamero), 4.15-
3.95 (m, 2H, rotameros), 2.73 (m, 1H, rotémero), 2.57 (m, 1H, rotimero),
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2.45-2.25 (m, 2H, rotdmeros) “C-NMR (100 MHz; CD;0D): (carbonilo y/o
carbonos de amidina, mezcla de rotameros) & 173.0, 172.6, 172.1, 171.0,
163.4.
APCI-MS: (M + 1) = 469/471 m/z

Ejemplo 37
Ph(3-C1)(5-OCHF-,}-(RYCH(OH)C(O)-Aze-NH-CH,-({5-metoxiamidino)-2-

pirimidinilo)
HO ' o}—WH_OM.
' N \
sfinVad

cl OCHF,

(i) Ph(3-CIX5-OCHF, ):(R)CH(OH)Q(Q)—Aze—NH—CH; [(5-(metoxiamino-

Una suspensién de Ph(3-CI)(5-OCHF2)-(R)CH(OH)C(O)-Aze-NH-CH,-{(5-
(amino(trimetilsililetilimino)metil))-2-pirimidinilo] (40 mg, 0.065 mmol;
véase Ejemplo 36(vii) méds arriba) y O-metilhidroxil amina (33 mg, 0.40
mmol) en 3 mL de acetonitrilo se calenté a 70°C durante 3 horas. La
mezcla se dividié en partes entre agua y EtOAc. La capa acuosa se extrajo
dos veces con EtOAc y la fase organica combinada se lavo con agua, se
secé (Na;SO,) y se evapord. Rendimiento: 33 mg (79%).

'H NMR (400 MHz, CDCl;, mezcla de rotémeros) & 8.76 (s 2H, rotémero
mayor), 8.70 (s, 2H, rotimero), 8.18 (m, 1H), 7.62 (s, 1H), 7.4-6.9 (m, 4H),
6.50 (bt, 1H), 5.3-4.5 (m, 4H), 4.2-4.05 (m; 3H), 3.96 (s, 3H), 3.68 (m, 1H),
2.8-2.2 (m, 2H), 2.1 (amplio, 1H), 0.96 (m, 2H), 0.01 (s. SH)

(i) Ph(3-ClX5-OCHF,;)-(RYCH(OH)C(O)-Aze-NH-CH,-((5-metoxi-
amidino)-2-pirimidinilo)
Ph(3-Cl)(5-OCHF2)-(RYCH(OH)C(O)-Aze-NH-CH,-[(5-(metoxiamino-
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(trimetilsililetilimino)metil))-2-pirimidinilo] (33 mg, 0.052 mmol; véase
paso (i) més arriba) se disolvio en 0.5 mL de cloruro de metileno y se enfrié
en un bafio helado. TFA (2 mL) se agregé y la mezcla se agitd durante 2
horas y luego se concentrd. El producto se secé por congelamiento a partir
de agua y acetonitrilo. Rendimiento: 31 mg (81%). Pureza: 100%.

'H NMR (400 MHz, CD;0D, mezcla de rotimeros, sefiales oscurecidas por
la sefial HDO) 6 8.96 (s, 2H, rotdmero), 8.94 (s, 2H, rotdmero), 7.4-7.3 (m,
1H), 7.2-7.1 (m, 2H), 6.88 (t, 1H, rotdmero), 6.85 (t, 1H, rotamero), 5.29
(m, 1H, rotdmero), 5.24 (s, 1H, rotimero), 5.20 (s, 1H, rotimero), 4.75-4.55
(m, 2H), 4.33 (m, 1H, rotémero), 4.19 (m, 1H, rotdmero), 4.15-3.95 (m, 2H,
rotimeros), 3.88 (s, 3H, rotdmero), 3.86 (s, 3H, rotdmero), 2.72 (m, 1H,
rotdmero), 2.56 (m, 1H, rotdmero), 2.45-2.25 (m, 2H, rotdmeros)

'3C-NMR (100 MHz; CD;0D): (carbonilo y/o carbonos de amidina, mezcla
de rotdmeros) & 172.8, 172.6, 172.1, 171.8, 167.8, 167.7, 155.1, 152.3,
152.1 APCI-MS: (M + 1) =499/501 m/z

Ejemplo 38
Ph(3-CI}5-OCHF,)-(RYCH(OH)C(O)-Aze-Pab(3-

o .
§— NH
HO '
' "j NH,
cl OCHF,

i) 2-Fluoro-4-vinilbenzonitrilo
Una solucién de 4-bromo-2-fluorobenzonitrilo (4.92 g, 0.0246 mol),
viniltributiltina (0.78 g, 0.246 mol), y tetrakistrifenilfosfina (0.67 g, 0.58

mmol) en 250 mL de tolueno se hizo refluir bajo nitrégeno durante la

noche. El solvente se evapord y el residuo se cromatografié por destello en
gel de silice con heptano:CH,Cl; (1:1) a CH,Cl, puro. Se obtuvo un aceite
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incoloro que se cristaliz6. Rendimiento: 3.0 g (82%). zq?

'H NMR (300 MHz. CDCly) & 7.56 (m, 1H), 7.3-7.2 (m, 2H), 6.69 (m, 1H),
5.89 (d, 1H), 5.51 (d, 1H)

(i) 2-Fluoro-4-hidroximetilbenzonitrilo

En una solucién enfriada (-78°C) de 2-fluoro-4-vinilbenzonitrilo (1.3 g, 8.8
mmol; véase paso (i) més arriba) en 40 mL de CH,Cl, y 5 mL de metanol se
borbotd ozono (50 L/h, 29 g/m®) durante 30 minutos. Posteriormente se
borbotd argén a través para retirar el exceso de ozono. Se agregd
borohidruro de sodio (0.67 g, 0.018 mol) y el bafio de enfriamiento se
retird. La mezcla se agitd y se dej6 reaccionar durante 1 hora. La mezcla
se evaporo y se agregé 2M HCl. La mezcla se extrajo dos veces con éter
dietilico y la fraccién combinada de éter se sec6é (Na;SO,) y se evaporé. El
producto crudo se cristaliz. Rendimiento: 1.1 g (81%).

'"H NMR (300 MHz, CDCl,) § 7.59 (m, 1H). 7.3-7.2 (m, 2H), 4.79 (d, 2H),
2.26 (t, 1H) :

(iii) 4-Ciano-3-fluorobencil metanosulfonato

2-Fluoro-4-hidroximetilbenzonitrilo (1.3 g, 8.6 mmol; véase paso (ii) mas
arriba) se disolvié en 50 mL de CH;Cl; y se enfrié en un bafio helado. Se
agregaron trietilamina (0.87 g, 8.6 mmol) y cloruro de metanosulfonilo
(0.99 g, 8.7 mmol). Después de agitar durante 1.5 horas, la mezcla de
reacciéon se lavé con 1M HCl. La fase orgdnica se secd (Na;SO4) y se
evapord. El producto pudo usarse sin purificacién. Rendimiento de un

aceite incoloro: 1.8 g (92%).

'"H NMR (400 MHz, CDCl;) 8 7.66 (m, 1H), 7.35-7.3 (m, 2H), 5.26 (s, 2H),
3.07 (s, 3H)

(iv) 4-Azidometil-2-fluorobenzonitrilo
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A una solucion helada de 4-ciano-3-fluorobencil metanosulfonato (1.8 g,
7.9 mmol; véase paso (iii) mas arriba) se agregé azida de sodio (0.80 g,
0.012 mol). La mezcla se agit6 durante la noche y luego se vertio en 200
mL de agua y se extrajo tres veces con éter dietilico. La fase de éter
combinada se lavo cinco veces con agua, se secd (Na;SOy) y se evaporé. El
aceite crudo incoloro pudo usarse sin mas purificacion. Rendimiento:

1.2g (87%).

'"H NMR (300 MHz, CDCL;) & 7.64 (m, 1H). 7.25-7.18 (m, 2H), 4.47 (s,

2H)

(v) &£Aminometil-2-fluorobenzonitrilo

A una suspension de dihidrato de cloruro estanoso (0.45 g, 2.4 mmol) en 20
mL de acetonitrilo bajo agitacién se agregé tiofenol (1.07 g, 9.7 mmol) y
trietilamina (0.72 g, 7.17 mmol). Posteriormente se agregé una solucién de
4-azidometil-2-fluorobenzonitrilo (0.279 g, 1.58 mmol; véase paso (iv) mds
arriba) en unos cuantos mLs de acetonitrilo. Después de 1.5 horas, la azida
se consumid y el solvente se evapord. El residuo se disolvié en cloruro de
metileno y se lavd tres veces con 2M NaOH. La fase orgénica se extrajo
d(-Js veces con 1M HCl. La fase acuosa acidica combinada se lavé con
cloruro de metileno y luego se hizo alcalina con 2M NaOH y se extrajo tres
veces con cloruro de metileno. La fase orgdnica se secd (Na;SO,) y se
evapord para producir 0.172 g (72%) del compuesto deseado del sub-titulo

el cual pudo usarse sin purificacién.

'H NMR (400 MHz, CDC;) & 7.58 (m, 1H), 7.3-7.2 (m, 2H), 3.98 (s, 2H),
1.55-1.35 (amplio, 2H)

(vi) Boc-Aze-NHCH,-Ph(3-F, 4-CN)
A una solucion helada de Boc-Aze-OH (0.194 g, 0.96 mmol) en 5 mL de
DMF se agregé TBTU (0.50 g, 9.6 mmol). Tras 30 minutos se agregé otra

solucion, que comprendia 4-aminometil-2-fluorobenzonitrilo (0.}7 g, 0.81

278
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mmol; véase paso (v) mas arriba) y diiisopropiletil amina (0.326 g, 2.53
mmol) en 7 mL de DMF. La solucién resultante se agité durante la noche a
temperatura ambiente. El solvente se evaporé y el producto se purificd
mediante RPLC preparativa usando CH;CN:0.1M NH,OAc (50:50). El
secamiento por congelamiento produjo 0.237 g (74%) del compuesto
deseado del sub-titulo.

'"H NMR (300 MHz, CD;0D) 5 7.70 (m, 1H), 7.35-7.25 (m, 2H), 4.65-4.35
(m, 3H), 4.0-3.85 (m, 2H), 2.51 (m, 1H), 2.19 (m, 1H), 1.40 (s, 9H)

(vii) Ph{3-C)(5-OCHF,)-(RYCH(OH)C(O)-Aze-NHCH,-Ph(3-F.4-CN
Boc-Aze-NHCH,-Ph(3-F, 4-CN) (0.118 g, 0.354 mmol de paso (vi) mds
arriba) se disolvié en 30 mL de EtOAc saturado con HCI(g). La reaccién se
agité durante 20 minutos y se evapord. El diclorhidrato resultante y HATU
(0.152 g, 0.400 mmol) se disolvieron en 5 mL. de DMF. Esa solucién se
agreg6 a una solucién helada de Ph(3-CI)X5-OCHF,)-(RYCH(OH)C(O)OH
(0.101 g, 0.400 mmol; véase Ejemplo 1(viii) mAs arriba) en 5 mL de DMF.
La reaccién se agitd durante la noche a temperatura ambiente. El solvente
se evapord y el producto se purific6 mediante RPLC preparativa con
CH;CN:0.1M NH,OAc (50:50). El secamiento por congelamiento produjo
0.130 g (77%) del compuesto deseado del sub-titulo.

'H NMR (500 MHz, CDs0D mezcla de rotémeros) 8 7.7-7.6 (m. 1H), 7.35-
7.1 (m, 5H), 6.88 (t, 1H, rotamero), 6.86 (t, 1H, rotdmero). 5.25-5.1 (m, 1H
mas rotdmero menor del siguiente proton), 4.80 (m, 1H, rotimero mayor),
4.6-4.4 (m, 2H), 4.36 (m, 1H, rotimero mayor), 4.18 (m, 1H, rotamero
mayor), 4.07 (m, 1H, rotdmero menor), 3.98 (m, 1H, rotdmero menor), 2.70
(m, 1H, rotdmero menor), 2.53 {m, 1H, rotdmero mayor), 2.29 (m, 1H,

rotimero mayor), 2.16 (m, .1H, rotimero menor)

(viii) Ph(3-C1}5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(3-F
Ph(3-C1)(5-OCHF,)-(R)CH(OH)C(O)-A2e-NHCH,-Ph(3-F, 4-CN) (0.130

234
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g, 0.278 mmol; véase paso (vii) mds arriba) se disolvié en 80 mL de etanol
saturado con HCl(g). La mezcla se dej6 reaccionar a temperatura ambiente
durante la noche. E! solvente se evapord y el residuo se re-disolvié en 100
mL de etanol saturado con NH;(g). Se dejo avanzar la reaccién lentamente
a temperatura ambiente durante dos dias. Se aument6 la temperatura a
50°C y la reaccién continué durante otros 3 dias. EIl material inicial se
consumid y el solvente se evapord. El producto se purificé mediante RPLC
preparativa y se secO por congelamiento para producir 17 mg (13%) del
compuesto del titulo como su sal de HOAc.

'H NMR (600 MHz, CDyOD mezcla de rotdmeros) & 7.65-7.6 (m, 1H), 7.4-
7.3 (m, 3H), 7.25-7.1 (m, 2H), 7.15-6.7 (m, 1H), 5.25-5.1 (m, 1H més
rotamero menor del siguiente proton), 4.8 (m, 1H, rotimero mayor
parcialmente oculto por CD;OH), 4.6-3.95 (m. 4H), 2.69 (m, 1H, rotimero
menor), 2.56 (m, 1H, rotimero mayor), 2.28 (m, 1H, rotdimero mayor), 2.14
(m, 1H, rotamero menor), 1.90 (s, 3H)

13C-NMR (100 MHz; CD,0D): (carbonilo y/o carbonos de amidina, mezcla
de rotdmeros) 8 180.6, 173.4, 173.1, 172.9, 164.5, 162.3, 159.8

APCI-MS: (M + 1) =485/487 m/z

Ejemplo 39
Ph(3-C1){5-OCHF,}-(R OH)C(O)-Aze-Pab(2,6-diF

(o] “F-
- H
HO |
0 H
cr OCHF,

(i) 2.6-Diflucro-4f(metilsulfinil X metiltio)metil]benzonitrilo
(Metilsulfinil){metiltio)metano (7.26g, 0.0584 mol) se disolvié en 100 mL
de THF seco bajo argdén y se enfrié a -78°C. Se agrego gota a gota butil

litio en hexano (16 mL 1.6M, 0.0256 mol) con agitacion. La mezcla se
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agitd durante 15 minutos. Mientras tanto, una solucién de 3,4,5- -

trifluorobenzonitrilo (4.0 g, 0.025 mmol) en 100 mL de THF seco se enfrié
a -78°C bajo argén y la primera solucién se agregd a través de una cénula a
la Ultima solucién durante un periodo de 35 minutos. Transcurridos 30
minutos, el bafio de enfriamiento se retird y cuando la reaccién habia
alcanzado la temperatura ambiente se vertié en 400 mL de agua. El THF se
evapord y la capa acuosa restante se extrajo tres veces con éter dietilico. La
fase de éter combinada se lavd con agua, se secé (Na,SO,) y se evapord.
Rendimiento: 2.0 g (30%).

'H NMR (500 MHz, CDCl;) § 7.4-7.25 (m, 2H), 5.01 (s, 1H, diasterémero),
491 (s, 1H, diasterémero). 2.88 (s, 3H, diasteromero), 2.52 (s, 3H,
diasterémero), 2.49 (s, 3H, diasterémero), 2.34 (s, 3H, diasterémero), 1.72
(amplio, 1H)

(ii) 2.6-Difluoro-4-formilbenzonitrilo
2,6-Difluoro-4[(metilsulfinilo)(metiltio)metil]benzonitrilo (2.17 g, 8.32
mmol; véase paso (i) mas arriba) se disolvio en 90 mL de THF y se

agregaron 3.5 mL é#cido sulfirico concentrado. La mezcla se dejé a
temperatura ambiente durante 3 dias y, posteriormente, se vertié en 450 mL
de agua. Sigui6é extraccion tres veces con EtOAc y la fase de éter
combinada se lavé dos veces con bicarbonato de sodio acuoso y con
saimuera, se seco (Na;SO,) y se evapord. Rendimiento: 1.36 g (98%). La
posicion del grupo formilo se estableci6 por *C NMR. La seflal de los
carbonos fluorinados en 162.7 ppm exhibié el patron de acoplamiento
esperado con dos constantes de acoplamiento en el orden de 260 Hz y 6.3
Hz respectivamente, correspondientes a ‘un acoplamiento ipso y a un

acoplamiento meta de los dtomos de flior.

'H NMR (400 MHz, CDCL;) 5 10.35 (s, 1H), 7.33 (m, 2H)

(iii) 2,6-Difluoro-4-hidroximetilbenzonitrilo

2%,
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2,6-Difluoro-4-formilbenzonitrilo (1.36 g, 8.13 mmol; véase paso (ii) méds
arriba) se disolvié en 25 mL de metanol y se enfrié en un bafio helado. Se
agregé borohidruro de sodio (0.307 g, 8.12 mmol) en porciones con
agitacién y la reaccion puso a reposar durante 65 minutos. El solvente se
evapord y el residuo se dividié en partes entre éter dietilico y bicarbonato
de sodio acuoso. La capa de éter se lavé con mas bicarbonato de sodio
acuoso y salmuera, se secé (Na,SO,) y se evapord. El producto crudo
cristalizd pronto y pudo usarse sin més purificacion. Rendimiento: 1.24 g
(90%).

'H NMR (400 MHz, CDCl;) 5 7.24 (m, 2H), 4.81 (s. 2H), 2.10 (amplio, 1H)

(iv) 4-Ciano-2.6-difluorobencil metanosulfonato
A una solucién helada de 2,6-difluoro-4-hidroximetilbenzonitrilo (1.24 g,

7.32 mmol; véase paso (iii) més arriba) y cloruro de metanosulfonilo (0.93
g, 8.1 mmol) en 60 mL de cloruro de metileno se agrego trietilamina (0.81
g, 8.1 mmol) con agitacién. Transcurridas 3 horas a 0°C, la mezcla se lavé
dos veces con 1M HCl y una vez con agua, se secd (Na,SO,) y se evapord.
El producto pudo usarse sin mas purificacién. Rendimiento: 1.61 g (89%).

'H NMR (300 MHz, CDCls) § 7.29 (m, 2H), 5.33 (s, 2H), 3.07 (s, 3H)

(v) 4-Azidometil-2,6-difluorobenzonitrilo
Una mezcla de 4-ciano-2,6-difluorobencil metanosulfonato (1.61 g, 6.51

mmol; véase paso (iv) més arriba) y azida de sodio (0.72 g, 0.0111 mol) en
10 mL de agua y 20 mL de DMF se agitd a temperatura ambiente durante la
noche. El resultante se vertié posteriormente en 200 mL de agua y se
extrajo tres veces con éter dietilico. La fase de éter combinada se lavo
cinco veces con agua, se secd (Na,;SO,) y se evapord. Se evapord una
pequefia muestra para efectos de NMR y el producto se cristalizd. El resto
se evapord cuidadosamente pero no hasta sequedad completa. Rendimiento

(tedricamente 1.26 g) se asumié que era casi cuantitativo basado en NMR y

&
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HPLC analitica. 7 ? 3

oJ

'H NMR (400 MHz, CDCL) & 7.29 (m, 2H), 4.46 (s, 2H)

(vi) 4-Aminometil-2,6-difluorobenzonitrilo

Esta reaccién se llevo a cabo de acuerdo con el procedimiento descrito en J.
Chem. Res. (M) (1992) 3128, A una suspension de 520 mg de 10% Pd/C
(50% humedad) en 20 mL de agua se agregé_una solucion de borohidruro
de sodio (0.834 g, 0.0221 mol) en 20 mL de agua. Resulté alguna
evolucion de gas. 4-Azidometil-2,6-difluorobenzonitrilo (1.26 g, 6.49
mmol; véase paso (v) mds arriba) se disolvid en 50 mL de THF y se agregé
a la mezcla acuosa en un bafio helado durante 15 minutos. La mezcla se
agitd durante 4 horas, tras lo cual se agregaron 20 mL de 2M HCl y la
mezcla se filtré a través de Celita. La Celita se enjuag6 con més agua y la
fase acuosa combinada se lavo con EtQAc y posteriormente se hizo alcalina
con 2M NaOH. Siguié extraccién tres veces con cloruro de metileno y la
fase orgénica combinada se lavé con agua, se secd (Na;SO,) y se evapord.
Rendimiento: 0.87 g (80%).

'H NMR (400 MHz, CDCl5)  7.20 (m, 2H), 3.96 (s, 2H), 1.51 (amplio, 2H)

(vii) 2,6-Difluoro-4-fert-butoxicarbonilaminometilbenzonitrilo

Una solucion de 4-aminometil-2,6-difluorobenzonitrilo (0.876 g, 5.21
mmol; véase paso (vi) més arriba) se disolvié en 50 mL de THF y se agregd
di-tert-butil dicarbonato (1.14 g, 5.22 mmol) en 10 mL de THF. La mezcla
se agitd durante 3.5 horas. El THF se evapord y el residuo se dividié en
partes entre agua y EtOAc. La capa orgénica se lavd tres veces con 0.5 M
HCI y agua, se secé (Na;SOy) y se evapord. El producto pudo usarse sin
mas purificacion. Rendimiento: 1.38 g (99%).

'H NMR (300 MHz, CDCl;) & 7.21 (m, 2H), 4.95 (amplio, 1H), 4.43
(amplio, 2H), 1.52 (s, 9H)
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(viii) Boc-Pab(2,6-diF}{OH)

'Una mezcla de 2,6-difluoro-4-rert-butoxicarbonilaminometilbenzonitrilo
(138 g, 5.16 mmol; véase paso (vii) mds arriba), clorhidrato de
hidroxilamina (1.08 g, 0.0155 mol) y trietilamina (1.57 g, 0.0155 mol) en
20 mL de etanol se agito a temperatura ambiente durante 36 horas. El
solvente se evapord y el residuo se dividi6 en partes entre agua y cloruro de
metileno. La capa orgdnica se lavé con agua, se secé6 (Na;SO,) y se
evapord. El producto pudo usarse sin mas purificacion. Rendimiento: 1.43
g (92%).

'H NMR (500 MHz, CD;0D) 5 7.14 (m, 2H), 4.97 (amplio, 1H), 4.84
(amplio, 2H), 4.40 (amplio, 2H). 1.43 (s, 9H)

(ix) Boc-Pab(2,6-diF) x HOAc

Esta reaccién se llevd a cabo de acuerdo con el procedimiento descrito por
Judkins y colaboradores, Synth. Comm. (1998) 4351. Boc-Pab(2,6-
diF)(OH) (1.32 g, 4.37 mmol; véase paso (viii) mds arriba), anhidrido
acético (0.477 g, 4.68 mmol) y 442 mg de 10% Pd/C (50% humedad) en
100 mL de 4cido acético se hidrogend a 5 atmésferas de presién durante 3.5
horas. La mezcla se filtrd a través de Celita, se enjuagé con etanol y se
evapord. El residuo se secd por congelamiento a partir de acetonitrilo y
agua y unas cuantas gotas de etanol. El producto del sub-titulo pudo usarse
sin mds purificacion. Rendimiento: 0.1.49 g (99%).

'H NMR (400 MHz, CD,0D) 8 7.45 (m, 2H), 4.34 (s, 2H), 1.90 (s, 3H),
1.40 (s, 9H)

(x) Boc-Pab(2.6-diF)Tecc)
A una solucién de Boc-Pab(2,6-diF) x HOAc (1.56 g, 5.49 mmol; véase

paso (ix) més arriba) en 100 mL de THF y 1 mL de agua se agregé 2-
(trimetilsililo)etil p-nitrofenil carbonato (1.67 g, 5.89 mmol). Se agregé
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una solucién de carbonato de potasio (1.57 g, 0.0114 mol) en 20 mL de
agua gota a gota durante 5 minutos. La mezcla se agité durante la noche. sz
El THF se evapord y el residuo se dividié en partes entre agua y cloruro de
metileno. La capa acuosa se extrajo con cloruro de metileno y la fase
organica combinada se lavé dos veces con bicarbonato de sodio acuoso, se
secd (Na;SO,) y se evapord. Cromatografia de destello en gel de silice con

heptano/EtOAc = 2/1 produjo 1.71 g (73%) de compuesto puro.

'H NMR (400 MHz, CDCl;) 8 7.43 (m, 2H), 4.97 (amplio, 1H), 4.41
(amplio, 2H), 4.24 (m, 2H), 1.41 (s, 9H), 1.11 (m, 2H), 0.06 (s, 9H)

(xi) Boc-Aze-Pab(2,6-diF)}(Teoc)

Boc-Pab(2,6-diF)(Teoc) (1.009 g, 2.35 mmol; véase paso (x) més arriba) se
disolvié en 50 mL de EtOAc saturado con HCl(g). La mezcla se dejd
reposar durante 10 minutos, se evaporé y disolvié en 18 mL. de DMF, y
luego se enfri6 en un bafio helado. Se agregaron Boc-Aze-OH (0.450 g
2.24 mmol), PyBOP (1.24 g, 2.35 mmol) y, por ultimo, diisopropiletil
amina (1.158 g, 8.96 mmol). La mezcla de reaccidn se agité durante 2
horas y seguidamente se vertié en 350 mL de agua y se extrajo tres veces
con EtOAc. La fase orgédnica combinada se lavd con salmuera, se secd
(Na;SOy) y se evapord. Cromatografia de destello en gel de silice con
heptano:EtOAc (1:3) produjo 1.097 g (96%) del compuesto deseado.

'H NMR (500 MHz, CDCly) & 7.46 (m, 2H), 4.65-4.5 (m, 3H), 4.23 (m,
2H), 3.87 (m, 1H), 3.74 (m, 1H), 2.45-2.3 (m, 2H), 1.40 (s, 9H), 1.10 (m,
2H), 0.05 (s, 9H)

(xii) Ph(3-CI}(5-OCHF;)-(RYCH(OH)C(O)-Aze-Pab(2.6-diF)(Teoc)
Boc-Aze-Pab(2.6-diF)(Teoc) (0.256 g, 0.500 mmol; véase paso (xi) mds

arriba) se disolvié en 20 mL de EtOAc saturado con HCI(g). La mezcla se
dej6 reposar durante 10 minutos y se evapord y disolvi6 en 5 mL de DMF.
Se agregaron Ph(3-CI)(5-OCHF,)-(RYCH(OH)C(O)OH (0.120 g, 0.475
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mmol; véase Ejemplo 1(viii) mds arriba), PyBOP (0.263 g, 0.498 mmol) y, .

por 1iltimo, diisopropiletil amina (0.245 g, 1.89 mmol. La mezcla de
reaccion se agitd durante 2 horas y luego se vertié en 350 mL de agua y se
extrajo tres veces con EtOAc. La fase orgénica combinada se lavé con
salmuera, se secd (Na;SO;) y se evapord. Cromatografia de destello en gel
de silice con EtOAc produjo 0.184 g (60%) del compuesto deseado del sub-

titulo.

'H NMR (400 MHz, CD;0D, mezcla de rotimeros) § 7.55-7.45 (m, 2H),
7.32 (m, 1H, rotimero mayor), 7.27 (m, 1H, rotdmero menor), 7.2-7.1 (m,
2H), 6.90 (t, 1H, rothmero mayor), 6.86 (t, 1H, rotimero menor), 5.15 (s,
1H,rotdmero mayor), 5.12 (m, 1H, rotdmero menor), 5.06 (s, 1H, rotdmero
menor), 4.72 (m, 1H, rotimero mayor), 4.6-4.45 (m, 2H), 4.30 (m, 1H,
rotimero mayor), 4.24 (m, 2H), 4.13 (m, 1H, rotdmero mayor), 4.04 (m,
1H, rotaimero menor), 3.95 (m, 1H, rotdmero menor), 2.62 (m, 1H, rotamero
menor), 2.48 (m, 1H, rotdimero mayor), 2.22 (m, 1H, rotimero mayor), 2.10
(m, 1H, rotamero menor), 1.07 (m, 2H), 0.07 (m, 9H)

(xiii) Ph(3-C)(S-OCHF;)}-(R)CH(OH)C(O)-Aze-Pab(2,6-diF
Ph(3-CI)(5-OCHF)-(R)CH(OH)C(O)-Aze-Pab(2,6-diF)(Teoc) (81 mp,
0.127 mmol; véase paso (xii) mas arriba) se disolvié en 0.5 mL de cloruro
de metileno y se enfrié en un bafio helado. TFA (3 mL) se agregé y la
reaccion se dejé reposar durante 75 minutos. El TFA se evapord y el
residuo se secé por congelamiento a partir de agua y acetonitrilo. El
producto crudo se purificé mediante RPLC preparativa con CH;CN:0.1M
NH4OACc (35:65) para producir 39 mg (55%) del compuesto del titulo como
su sal HOAc, pureza: 99%.

'H NMR (400 MHz, CD;0D mezcla de rotimeros) & 7.5-7.4 (m, 2H), 7.32
(m, 1H, rotémero mayor), 7.28 (m, 1H, rotamero menor), 7.2-7.1 (m, 3H)
6.90 (t, 1H, rotimero mayor), 6.86 (t, rotamero menor), 5.15 (s, 1H,

rotamero mayor), 5.14 (m, 1H, rotdmero menor), 5.07 (s, 1H, rotdmero

1

¢
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menor), 4.72 (m, 1H, rotimero mayor), 4.65-4.45 (m, 2H), 4.30 (m, 1H,
rotdimero mayor), 4.16 (m, 1H, rotdmero mayor), 4.03 (m, 1H, rotdmero 167"
menor), 3.95 (m, 1H, rotdimero menor), 2.63 (m, 1H, rotdmero menor), 2.48

(m, 1H, rotémero mayor), 2.21 (m, 1H, rotimero mayor), 2.07 (m, 1H,
rotimero menor), 1.89 (s, 3H)

13C-NMR (75 MHz; CD;0D): (carbonilo y/o carbonos de amidina, mezcla

de rotdmeros) & 171.9, 171.2, 165.0, 162.8, 160.4

APCI-MS: (M + 1) =503/505 m/z.

Ejemplo 40

Ph(3-C1)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(2,6-diFOMe)

0 F
_§— —OMe
HO § : /
(i NH,
cl OCHF,

(1) Ph{(3-CI¥5-OCHF,)(R OH)C(O)-Aze-Pab(2.6-diF)(OMe.Teoc

Una mezcla de Ph(3-Cl)(5-OCHF;)-(R)YCH(OH)C(O)-Aze-Pab(2,6-
diF)Teoc) (64 mg, 0.099 mmol; véase Ejemplo 39(xii) més arriba) y 0-
metil clorhidrato de hidroxilamina (50 mg, 0.60 mmol) en 4 mL de
acetonitrilo se calentd a 70°C durante 3 horas. El solvente se evaporé y el

residuo se dividié en partes entre agua y EtOAc. La capa acuosa se extrajo
dos veces con EtOAc y la fase orgdnica combinada se lavo con agua, se
secO (Na,SO,) y se evaporé-. El producto pudo usarse sin mas purificacién.
Rendimiento: 58 mg (87%).

'H NMR (400 MHz, CDCL;) § 7.90 (bt, 1H), 7.46 (m, 1H), 7.25-6.95 (m,
5H), 6.51, t, 1H), 4.88 (s, 1H), 4.83 (m, 1H), 4.6-4.5 (m, 2H), 4.4-3.9 (m,
4H), 3.95 (s, 3H), 3.63 (m, 1H), 2.67 (m. 1H), 2.38 (m, 1H), 1.87 (amplio,
1H), 0.98 (m, 2H). 0.01, s, 9H)
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(i) Ph(3-CI)(5-OCHF;}-(RYCH(OH)C(O)-Aze-Pab(2.6-diF)}{OMe)
Ph(3-CI)(5-OCHF)-(R)CH(OH)C(O)-Aze-Pab(2,6-diF}(OMe,Teoc) (58
mg, 0.086 mmol; véase paso (i) més arriba) se disolvié en 3 mL de TFA, se
enfrié en un bafio de hielo y se dejo reaccionar durante2 horas. El TFA se
evapord y el residuo se disolvié en EtOAc. La capa orgénica se lavo dos
veces con carbonato de sodio acuoso y agua, se secé (Na,SO,) y se evapord.
El residuo se secé por congelamiento a partir de agua y acetonitrilo para
producir 42 mg (92%) del compuesto del titulo. Pureza: 94%.

'"H NMR (300 MHz, CDCl;) 5 7.95 (bt, 1H), 7.2-7.1 (m, 4H), 6.99 (m, 1H),

6.52 (t, 1H), 4.88 (s, 1H), 4.854.75 (m, 3H), 4.6-4.45 (m, 2H), 4.29
(amplio, 1H), 4.09 (m, 1H), 3.89 (s, 3H), 3.69 (m, 1H), 2.64 (m, 1H), 2.38
(m, 1H), 1.85 (amplio. 1H)

'YC-NMR (100 MHz; CDCl;): (carbonilo y/o carbonos de amidina) 8 172.1,

169.8, 151.9

APCI-MS: (M + 1) =533/535 m/z

Ejemplo 41

Ph(3-CI)(5-OCHF,)-(R)YCH(OH)C(O)-Aze-Pab(2 5-diF

O, F

"R\ NH

N\j "
: NH,
cl ‘ OCHF,

(i) 2.5-Difluoro-4{(metilsulfinil)(metiltio)metil]benzonitrilo

(Metilsulfinil)(metiltio)metano (3.16 g, 0.0255 mol) se disolvié en 50 mL
de THF seco bajo argon y se enfri6 a continuacién a -78°C. Se agregé gota
a gota butil litio en hexano (16 mL 1.6M, 0.0256 mol) con agitacién. La

HO

mezcla se agitd durante 15 minutos. Mientras tanto, una solucién de 2,4,5-

258
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trifluorobenzonitrilo (2.0 g; 0.013 mol) en 50 mL de THF seco se enfri6 a -
78°C bajo argén y la primera solucién se agregé a través de una cdnula a la
ultima solucién durante un perfodo de 3-5 minutos. Transcurridos 30
minutos, el bafio de enfriamiento se retir6 y cuando la reaccién habia
alcanzado la temperatura ambiente se vertié en 200 mL de agua. El THF se
evapord y la capa acuosa restante se extrajo tres veces con éter dietilico. La
fase éter combinada se lavé con agua, se sec6 (Na;SOy) y se evapord. El
producto crudo comenzo a cristalizar y pudo usarse como tal en el siguiente
paso. Rendimiento: 2.8 g (84%).

'H NMR (500 MHz, CDCl;) & 7.51-7.44 (m, 2H, diastereémero mayor),
7.39 (dd, 1H, diastereémero menor), 5.00 (s, 1H, diastereémero menor),
492 (s, 1H, diastereomero mayor), 2.59 (s, 3H, diastereémero menor), 2.56
(s, 1H, diasteredmero mayor), 2.46 (s, 1H, diasteredmero menor), 2.40 (s,

1H, diastereémero mayor)

(ii) 2,5-Difluoro-4-formilbenzonitrilo
2,5-Difluoro-4[(metilsulfinil)(metiltio)metil]benzonitrilo (2.8 g, 0.0107
mol; véase paso (i) mids arriba) se disolvié en 100 mL de THF y se

agregaron 6.5 g de écido sulfrico concentrado. La mezcla se dejé reposar
a temperatura ambiente durante 6 dias y, posteriormente, se vertié en 500
mL de agua. Sigui6 extraccion tres veces con éter dietilico y la fase de éter
combinada se lavé varias veces con agua, se secd (Na;SQ,) y se evapord.
El producto crudo se cromatografid por destello en gel de silice usando
heptano:EtOAc (8:2). Rendimiento: 1.2 g (67%). La posicién del grupo
formilo se establecié mediante el empleo de C NMR. La sefiales de
carbono de los carbonos fluorinados a 160.1 y 1584 respectivamente,
fueron dobletes y no cuartetos, que habrian sido si el grupo formilo hubiera
estado en la posicién 2.

'H NMR (300 MHz, CDCl;) & 10.36 (d, 1H), 7.72 (dd, 1H), 7.54 (dd, 1H)
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(iii) 2,5 -Difluoro-4-hidroximetilbenzonitrilo Zqo
2,5-Difluoro-4-formilbenzonitrilo (3.60 g, 0.0215 mol; véase paso (ii) mas"
arriba) se disolvié en 50 mL de metanol y se enfrié en un bafio helado. Se
agregé en porciones borohidruro de sodio (0.815 g, 0.0215 mol) con
agitacion y la reaccion se dejé reposar durante 45 minutos. Se agregé agua
(300 mL) y, a partir de entonces, se agregéd cuidadosamente 2M HC! hasta
obtener un pH acidico. La mezcla se extrajo tres veces con éter dietilico, y
la fase de éter combinada se lavé con agua, se sec6 (Na;SO,) y se evapord.
El producto crudo cristalizé pronto y pudo usarse sin més purificacion.
Rendimiento: 3.1 g (85%).

'H NMR (300 MHz, CDCl;) 5 7.45 (dd, 1H), 7.30 (dd, 1H), 4.85 (s, 2H),
2.10 (amplio, 1H)

(iv) 4-Ciano-2,5-difluorobencil metanosulfonato

A una solucioén helada de 2,5-difluoro-4-hidroximetilbenzonitrilo (3.10 g,

0.0183 mol; véase paso (iii) mds arriba) y cloruro de metanosulfonilo (2.21
g, 0.0192 mol) en 60 mL de cloruro de metileno se agregd trietil amina
(1.95 g, 0.0192 mol) con agitacién. Luego de 1.5 horas a 0°C la mezcla se
lavo con agua, se seco (Na;SO,) y se evapord. El producto pudo usarse sin
mas purificacién. Rendimiento: 4.5 g (99%).

"H NMR (300 MHz, CDCly) 8 7.45-7.35 (m, 2H), 5.32 (s, 2H), 3.13 (s, 3H)

(v) 4Azidometil-2.5-difluorobenzonitrilo

Una mezcla de 4-ciano-2,5-difluorobencil metanosulfonato (4.5 g, 0.0182
mol; véase paso (iv) mds arriba) y azida dé sodio (2.0 g, 0.031 mol) en 20
mL de agua y 40 mL. de DMF se agito a temperatura ambiente durante 2

horas. Seguidamente se vertid en 300 mL de agua y se extrajo tres veces

con éter dietilico. La fase de éter combinada se lavd varias veces con agua,
se secd (NaxSO,) y se evapor6. Una pequefia muestra se evapord para

efectos.: de NMR y el producto cristalizo. El resto se evapord

¥
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cautelosamente pero no hasta sequedad completa. Rendimiento
(tedricamente 3.5 g) se asume que es casi cuantitativo, basado en NMR y
HPLC analitica.

'H NMR (500 MHz, CDCly) .38 (dd, 1H). 7.32 (dd, 1H), 4.54 (s, 2H)

(vi) 4-Aminometil-2,5-difluorobenzonitrilo

Esta reaccion se llev6 a cabo de acuerdo con el procedimiento descrito en J.
Chem. Res. (M) (1992) 3128. A una suspension de 300 mg de 10% Pd/C
(50% humedad) en 20 mL de ague se agreg6 una solucién de borohidruro
de sodio (0.779 g, 0.0206 mol) en 20 mL de agua. Resulté alguna
evolucién de gas. 4-Azidometil-2,5-difluorobenzonitrilo (1.00 g, 5.15
mmol; de paso (v) més arriba) se disolvi6 en 60 mL de THF y se agregé a la
mezcla acuosa en bafio helado. La mezcla se agitd durante 1.5 horas tras lo
cual se agregaron 10 mL de 2M HCl y la mezcla se filtr6 a través de Celita.
La Celita se enjuagd con més agua y la fase acuosa combinada se lavé con
EtOAc y posteriormente se hizo alcalina con 2M NaOH. Siguié extraccion
tres veces con cloruro de metileno y la fase orgénica combinada se lavé con
agua, se seco (Na;SOy) y se evapord. Rendimiento: 0.47 g (54%).

'H NMR (300 MHz, CDCl;) 8 7.39 (dd, 1H), 7.29 (dd. 1H), 3.99 (s, 2H),
1.45 (amplio, 2H)

(vii) 2,5-Difluoro-4-tert-butoxicarbonilaminometilbenzonitrilo

Una solucién de 4-aminometil-2,5-difluorobenzonitrilo (0.46 g, 2.7 mmol;

véase paso (vi) mds arriba) y di-fers-butil dicarbonato (0.60 g , 2.7 mmol)
en 10 mL de THF se agit6 durante la noche. El THF se evapord y el
residuo se dividié en partes entre agua y EtOAc. La capa orgénica se lavd
con agua, se secO (Na;SQO;) y se evapord. El producto pudo usarse sin mas
purificacion. Rendimiento: 0.71 g (97%).

'H NMR (300 MHz, CDCly) 6 7.35-7.2 (m, 2H), 5.11 (triplete amplio, 1H),
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4.38 (d, 2H), 1.45 (s, 9H) 247

@V

(viii) Boc-Pab(2,5-diFOH)

Una mezcla de 2,5-difluoro-4-fert-butoxicarbonilaminometilbenzonitrilo
(0.70 g, 2.6 mmol; véase paso (vii)) mas arriba), clorhidrato de
hidroxilamina (0.54 g, 7.8 mmol) y trietilamina (0.79. g, 7.8 mmol) en 10
mL de etanol se agito a temperatura ambiente durante 6 dias. Seguidamente
se dividio en partes entre agua y cloruro de metileno. La capa acuosa se
extrajo con cloruro de metileno y la fase orgénica combinada se lavé con
agua, se secd (Na;SOy4) y se evapord. El producto pudo usarse sin méas
purificacién. Rendimiento: 0.72 g (92%).

'H NMR (500 MHz, CD,OD) 5 7.27 (dd, 1H), 7.12 (dd. 1H), 4.29 (s, 2H),
1.47 (s, 9H)

(ix) Boc-Pab(2.5-diF) x HOAc

Esta reaccién se llevé a cabo de acuerdo con el procedimiento descrito por
Judkins y colaboradores, Synth. Comm. (1998) 4351. Boc-Pab(2,5-
diF)(OH) (0.70 g, 2.3 mmol; véase paso (viii) mas arriba), anhidrido acético
(0.25 g, 2.4 mmol) y 230 mg de 10% Pd/C (50% humedad) en 70 mL de
acido acético se hidrogené a 5 atmdsferas de presion durante 2.5 horas. La
mezcla se filtro a través de Celita y se evapord. El residuo se seco por
congelamiento a partir de acetonitrilo y agua. El producto pudo usarse sin
més purificacion en el siguiente paso. Rendimiento: 0.80 g (100%).

'"H NMR (500 MHz, CD;0D) 5 7.49 (dd, 1H), 7.31 (dd, 1H), 4.33 (s, 2H),
1.91 (s, 3H), 1.46 (s, 9H)

(x) Boc-Pab(2.5-diF)(Teoc)
A una suspensién de Boc-Pab(2,5-diF) x HOAc (0.80 g, 2.3 mmol; véase

paso (ix) mas arriba) en 50 mL de THF se agregd 2-(trimetilsililo)etil p-
nitrofenil carbonato (0.85 g, 3.0 mmol). Una solucién de carbonato de




WO 02/44145° PCT/SE01/02657
161

P

potasio (0.80 g, 5.8 mmol) en 10 mL de agua se agregé gota a gota. La
mezcla se agitd durante la noche. E! exceso de reactivo Teoc se destruyd
mediante adicion de glicina (0.100 g) y carbonato de potasio (0.75 g) a la
solucion, dejandola reaccionar durante 2 horas més. El THF se evapor6 y el
residuo se dividié en partes entre agua y cloruro de metileno. La cape
acuosa se extrajo con cloruro de metileno y la fase orgénica combinada se
lavé con agua, se seco (Na;SO,) y se evaporé. Cromatografia de destello en
gel de silice con heptano:EtOAc (2:1) produjo 0.72 g (72%) de compuesto

puro.

'H NMR (400 MHz, CDCls) & 8.00 (dd, 1H), 7.15 (dd, 1H). 4.98 (amplio,
1H). 4.36 (bd, 2H), 4.24 (m, 2H), 1.45 (s, SH), 1.12 (m. 2H), 0.07 (s, 9H)

(xi) H-Pab(2.5-diFXTeoc) x 2 HC1
Boc-Pab(2,5-diF)Teoc) (0.38 g, 0.88 mmol; véase paso (x) més arriba) se
disolvio en 50 mL de EtOAc saturado con HCl(g). La mezcla se dejo

reposar durante 30 minutos y se evaporo.

'"H NMR (500 MHz, CD;0D) 5 7.75-7.6 (m, 2H). 4.46 (m, 2H), 4.3 (s, 2H),
1.15 (m, 2H), 0.07 (s, 9H)

(xii) Boc-Aze-Pab(2,5-diF)(Teoc

A una solucion agitada de Boc-Aze-OH (0.189 g, 0.94 mmol), H-Pab(2,5-
diF)Teoc) x 2 HCI (0.36 g, 0.89 mmol; véase paso (xi) mas arriba) y
PyBOP (0.54 g, 1.03 mmol) en S mL de DMF se agreg diisopropiletil
amina (0.49 g, 3.8 mmol) y la mezcla se dejé reacctonar durante la noche.
El resultante se vertio entonces en bicarbonato de sodio acuoso y se extrajo
tres veces con EtOAc. La fase orgénica combinada se lav6 con agua, se
secHd (Na;SQy) y se evaporé. Cromatografia de destello en gel de silice con
heptano:EtOAc (3:7) produjo un compuesto suficientemente puro.
Rendimiento: 0.25 g (48%).

(\)
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'H NMR (500 MHz, CDCl;) & 7.98 (dd, 1H), 7.13 (dd, 1H), 4.69 (m, I H),
4.53 (m, 2H), 4.22 (m, 2H), 3.92 (m, 1H), 3.79 (m, 1H), 2.55-2.35 (m, 2H),
1.44 (s, 9H), 1.11 (m, 2H), 0.06 (s, 9H)

(xiii) H-Aze-Pab(2.5-diF)(Teoc) x 2 HC!

Boc-Aze-Pab(2,5-diF)(Teoc) (0.25 g, 0.49 mmol; véase paso (xii) més
arriba) se disolvié en 50 mL de EtOAc saturado con HCI(g). La mezcla se
dejo reposar durante 30 minutos y se evapord. El producto se usé en el
siguiente paso sin mds purificacion. Rendimiento: 0.23 g (97%).

'H NMR (400 MHz, CD;OD) & 7.59 (dd, 1H), 7.47 (dd, 1H), 05.14 (m,
1H), 4.54 (m, 2H), 4.48 (m, 2H), 4.15 (m, 1H), 3.96 (m, 1H), 2.87 (m, 1H),
2.56 (m, 1H), 1.17 (m, 2H), 0.05 (s, 9H)

(xiv) Ph(3-CI)(5-OCHF;)-(RYCH(OH)C(Q)-Aze-Pab(2,5-diFTeoc)

A una solucién de Ph(3-Cl)(5-OCHF,;)-(R)CH(OH)C(O)OH (0.12 g, 0.47
mmol; véase Ejemplo 1(viii) mds arriba), H-Aze-Pab(2,5-diF)(Teoc) x 2
HCI (0.23 g, 0.47 mmol; véase paso (xiii) més arriba) y PyBOP (0.27 g,
0.52 mmol) en 10 mL de DMF se agregd diisopropiletil amina (0.245 g,
1.90 mmol), y la mezcla se agité durante la noche. El resultante se vertié en
agua y se extrajo tres veces con EtOAc. La fase organica combinada se
lavé con agua, se secd (Na,;SO,) y se evaporé. Cromatografia de destello en
gel de silice con EtOAc produjo 100 mg de una fraccion pura y 30 mg de
una fraccion 90% pura. Rendimiento total: 0.13 g (41%).

'H NMR (400 MHz, CDCl,) § 9.80 (amplio, 1H), 8.05 (bt, 1H), 7.94 (dd,
{H),7.20 (m, 1H), 7.2-7.1 (m, 2H), 7.02 (m, 1H), 6.54 (t, 1H), 4.93 (s, 1H),
4.91 (m, 1H), 4.51 (m, 2H), 4.28 (amplio. 1H), 4.23 (m, 2H), 4.13 (m, 1H),
3.74 (m, 1H), 2.69 (m, 1H), 2.43 (m, 1H), 1.73 (amplio, 1H), 1.11 (m, 2H),
1.11 (s, SH)

(xv) Ph(3-C1)(5-OCHF,)-(R)CH(OH)C(OQ)-Aze-Pab(2,5-diF

-
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Ph(3-Cl)(5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(2.5-diF)(Teoc) (60 mg
(0.093 mmol) de la fraccién pura de paso (xiv) mas arriba) se disolvio en 3
mL de TFA y se dej6 reposar a temperatura ambiente durante 1 hora. El
" TFA se evapord y el residuo se seco por congelamiento a partir de agua y
acetonitrilo para producir 55 mg (96%) del compuesto del titulo como su sal
de TFA, pureza: >99%.

'H NMR (500 MHz, CD;0D mezcla de rotimeros) § 7.55-7.3 (m, 3H), 7.2-
7.1 (m, 2H), 6.88 (t, 1H, rotimero mayor), 6.86 (t, 1H, rotimero menor),
5.22 (m, 1H, rotdmero menor), 5.20 (s, 1H, rotdmero mayor), 5.13 (s, 1H,
rotimero menor), 4.80 (m, 1H, rotimero mayor), 4.6-4.45 (m, 2H), 4.36 (m,
1H, rotdmero mayor), 4.19 (m, 1H, rotdmero mayor), 4.07 (m, 1H, rotdmero
menor), 3.98 (m, 1H, rotimero menor), 2.70 (m, 1H, rotimero menor), 2.54
(m, 1H, rotimero mayor). 2.28 (m, 1H, rotimero mayor), 2.14 (m, 1H,
rotimero menor) “C-NMR (75 MHz; CD;0D): (carbonilo y/o carbonos de
amidina, mezcla de rotdmeros) & 1'f3.0, 172.6, 172.1, 172.0, 162.4
APCI-MS: (M + 1) =503/505 m/z.

Ejemplo 42
Ph(3-C1)(5-OCHF,-(RYCH(OH)C(O)-Aze-Pab(2,5-diFOMe)
. 0 F
\—N —0OMe
HO & /4
O NH,
. ¢l OCHF,

(i) Ph(3-CI)(5-OCHF,;}-(RYCH(OH)C(O)AzePab(2,5-diF)}({OMe, Teoc

Una mezcla de Ph(3-CI}5-OCHF,;)-(R)CH(OH)C(O)-Aze-Pab(2,5-
diF)(Teoc) (40 mg, 0.062 mmol; véase Ejemplo 41(xiv) més arriba) y O-
metil clorhidrato de hidroxilamina (58 mg, 0.70 mmol) en 5 mL de
acetonitrilo se calenté a 70°C durante 2 horas. El solvente se evapord y el

residuo se dividi6 en partes entre agua y EtOAc. La capa acuosa se extrajo

'
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con EtOAc y la fase organica combinada se lavd con agua, se secd
(Na;SO,) y se evapord. El producto pudo usarse sin més purificacion.
Rendimiento: 35 mg (84%).

'H NMR (600 MHz, CDCl3) 5 7.99 (bt, 1H), 7.72 (s, 1H), 7.20 (m, 1H)
7.15-7.1 (m, 1H), 7.07 (dd, 1H). 7.01 (m, 1H), 6.53 (t, 1H), 4.90 (s, 1H),
4.88 m, 1H), 4.48 (m, 2H), 4.2-4.1 (m, 3H), 3.95 (s, 3H), 3.67 (m, 1H), 2.68
(m, 1H), 2.41 (m, 1H), 0.97 (m, 2H), 0.07 (s, 9H)

(ii) Ph(3-Cl)(S-OCHF ;) (RYCH{OH)C(O)-Aze-Pab(2,5-diF OMe)
Ph(3-CI)(5-OCHF2)-(R)YCH(OH)C(O)-Aze-Pab(2,5-diF{OMe,Teoc) (35
mg, 0.052 mmol; véase paso (i) més arriba) se disolvié en 3 mL de TFA y
se dejo reaccionar durante 30 minutos. La TFA se evapord y el residuo se
secd por congelamiento a partir de agua y acetonitrilo para producir 29 mg
(99%) del compuesto del titulo. Pureza: 97%.

'H NMR (300 MHz, CDCl5)  8.01 (bt, 1H), 7.45 (dd, 1H), 7.20 (m, 1H),
7.15 (m, 1H), 7.09 (dd, 1H), 7.02 (m, 1H), 6.54 (t, 1H), 5.2-5.0 (m, 2H),
4.95-4.85 (m, 2H), 4.6-4.4 (m, 2H), 4.25 (amplio, 1H), 4.13 (m, 1H), 3.90
(s, 3H), 3.71 (m, 1H), 2.69 (m, 1H), 2.43 (m, 1H)

BC-NMR (75 MHz; CDCl,): (carbonilo y/o carbonos de amidina) & 173.0,
170.9, 152.6

APCI1-MS: (M +1) = 533/535 m/z.

Ejemplo 43
Ph(3-C1)(5-OCHF, H{R)CH(OH)C(O)-Aze-Pab(OEt)

(i) Ph(3-CH(S-OCHF, - R)CH(OH)C(O)-Aze-Pab(OEt, Teoc)

Ph(3-C1)(5-OCHF - R)YCH(OH)C(O)-Aze-Pab(Teoc) (55 mg, 0.090 mmol;
véase Ejemplo I(ix) mds arriba) y clorhidrato de O-etilhidroxil amina (53
mg, 0.54 mmol) se disolvieron en 4 mL de THF. La mezcla se agito a 60°C

durante 5 horas. El solvente se evapord. El residuo se cromatografi6 en gel
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de silice, eluyendo con cloruro de metileno:metanol (95:5) para

proporcionar 55 mg (93%) del compuesto del sub-titulo.

'H-NMR (400 MHz; CDCl;) : 5 7.84 (bt, 1H), 7.59 (bs, 1H), 7.47 (bd, 1H),
7.29 (bd, 1H), 7.21 (m, 1H), 7.14 (m, 1H), 7.02 (m, 1H), 6.53 (t, 1H), 4.90
(s, 1H). 4.86 (m, 1H), 4.55-4.4 (m, 2H), 4.25-4.1 (m, 5H), 3.69 (m, 1H),
2.66 (m, 1H), 2.41 (m, 1H), 1.33 (t, 3H), 0.98 (m, 2H), 0.02 (s, 9H)

(ii) Ph(3-Cl, 5-OCHF,)}-(R)CH(OH)C(Q)-Aze-Pab(OEt)

A una solucion helada de Ph(3-Cl)(5-OCHF;)-(RYCH(OH)C(O)-Aze-
Pab(OEt, Teoc) (55 mg, 0.084 mmol; véase paso (i) més arriba) en 0.5 mL
de cloruro de metileno se agregaron 3 mL de TFA. La mezcla se agitd
(bafio helado) durante 160 minutos. El material se purificé usando HPLC
preparativa. Las fracciones de interés se agruparon y se secaron por
congelamiento (2x), produciendo 20 mg (47%) del compuesto del titulo.

'H-NMR (400 MHz; CD;0D) rotdmeros:  7.59 (bd, 2H), 7.35 (m, 1H).
7.32 (bd, 2H), 7.25-7.1 (m, 2H), 6.89 (t, 1H, rotimero mayor), 6.86 (t, 1H,
rotdmero meno'r), 5.18 (s, 1H, rotémero mayor), 5.18 (m, 1H, rotdmero
menor), 5.11 (s, 1H, rotamero menor), 4.77 (m, 1H), 4.5-4.3 (m, 3H), 4.2-
3.9 (m, 3H), 2.67 (m, 1H, rotimero menor), 2.52 (m, 1H, rotamero mayor),
2.28 (m, 1H, rotamero mayor), 2.15 (m, 1H, rotamero menor), 1.28 (t, 3H)
PC.NMR (100 MHz; CD;OD): (carbonilo y/o carbonos de amidina,
rotimeros) & 172.4, 1719, 171.4, 153.8, 152.3

MS (m/z) S09 (M - 1), 511 (M + 1)*

Ejemplo 44
Ph(3-CI)5-OCHF,-(RYCH(OH)C(O)-Aze-Pab(OnPr)

(1) Ph(3-CI1Y5-OCHF; }(RYCH(OH)C(O)-Aze-Pab(OnPr,Teoc)
Ph(3-CI)5-OCHF,)-(R)YCH(OH)C(O)-Aze-Pab(Teoc) (53 mg, 0.087 mmol;
véase Ejemplo 1(ix) maés arriba) y clorhidrato de O-n-propilhidroxil amina,
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58 mg (0.52 mmol) se disolvieron en 4 mL de THF. La mezcla se agito a
60°C durante 5 horas. El solvente se evapord. El residuo se cromatografi6
en gel de silice, eluyendo con cloruro de metileno:metanol (95:5) para

proporcionar 51 mg (88%) del compuesto del sub-titulo.

'"H-NMR (400 MHz; CDCL,) : & 7.84 (m, 1H), 7.59 (bs, 1H), 7.47 (bd, 2H),
7.28 (bd, 2H), 7.21 (m, 1H), 7.14 (m, 1H), 7.02 (m, 1H), 6.53 (t, 1H), 4.90
(s, 1H), 4.85 (m, 1H), 4.55-4.4 (m, 2H), 4.2-4.05 (m, SH), 3.69 (m, 1H),
2.65 (m, 1H), 2.41 (m, 1H), 1.74 (m, 2H), 1.05-0.95 (m, 5H), 0.03 (s, 9H)

(ii) Ph(3-C1)(5-OCHF»)-(RYCH(OH)C(O)-Aze-Pab(OnPr)

A una solucién helada de Ph(3-Cl}(5-OCHF,)-(R)YCH(OH)C(O)-Aze-
Pab(OnPr, Teoc) (51 mg, 0.078 mmol; véase paso (i) mas arriba) en 0.5 mL
de cloruro de metileno se agregaron 3 mL de TFA. La mezcla se agit6
(bafio helado) durante 110 minutos. El material se purificé usando HPLC
preparativa. La fraccidn de interés se evaporé y seco por congelamiento,
produciendo 20 mg (47%) del compuesto del titulo.

'H-NMR (500 MHz; CDyOD) rotimeros: § 7.61 (bd, 2H), 7.38 (m, 1H),
7.35, (bd, 2H), 7.22 (m, 1H, rotamero mayor), 7.18 (m, 1H), 7.15 (m, 1H,
rotdmero menor), 6.92 (t, 1H, rotAmero mayor), 6.89 (t, 1H, rotimero
menor), 5.20 (s, 1H, rotdmero mayor), 5.20 (m, 1H, rotamero menor), 4.80
(m, 1H, rotdmero mayor), 4.5-4.4 (m, 2H, incluyendo el rotimero menor
correspondiente al mayor a 4.37), 4.37 (m, 1H, rotamero mayor), 4.18 (m,
1H, rotamero mayor), 4.09 (m, 1H, rotémero menor), 3.99 (m, 2H), 2.70
(m, 1H, rotdmero menor), 2.54 (m, 1H, rotimero mayor), 2.30 (m, 1H,
rotimero mayor), 2.18 (m, 1H, rotémero menor), 1.73 (m, 2H), 1.01 (t, 3H)
BC.NMR (125 MHz; CDyOD): (carbonilo y/o carbonos de amidina,
rotdmeros) § 171.4, 153.8, 152.3

MS (m/z) 523 (M- 1), 525 (M +1)*

Ejemplo 45

Ll
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Ph(3-CIX5-OCHF,-(RYCH(OH)C(O)-Aze-Pab(QiPr

C

(i) Ph(3-C1X(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OiPr, Teoc)

Ph(3-Cl)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(Teoc) (50 mg, 0.082 mmol;
véase Ejemplo 1(ix) mas arriba) y clorhidrato de O-i-propilhidroxil amina,
55 mg (0.49 mmol) se disolvieron en 4 mL de THF. La mezcla se agitd a
60°C durante 5 horas. El solvente se evapord. El residuo se cromatografié
en gel de silice, eluyendo con cloruro de metileno:metanol (95:5) para

proporcionar 46 mg (84%) del compuesto del sub-titulo.

'H-NMR (400 MHz; CDCl;) : 8 7.84 (m, 1H), 7.57 (bs, 1H), 7.48 (bd, 2H),
7.29 (bd, 2H), 7.21 (m, 1H), 7.14 (m, 1H), 7.02 (m, 1H). 6.53 (t, 1H), 4.91
(s, 1H), 4.87 (m, 1H), 4.55-4.45 (m, 2H), 4.42 (m, 1H), 4.2-4.1 (m, 3H),
3.69 (m, 1H), 2.66 (m, 1H), 2.42 (m, 1H), 1.30 (d, 6H), 0.98 (m, 2H), 0.02
(s, 9H)

(ii) Ph(3-CI)(5-OCHF -{RYCH(O 0)-Aze-Pab(QiPr

A una solucién helada de Ph(3-Cl)5-OCHF;)<(R)YCH(OH)C(O)-Aze-
Pab(QiPr, Teoc) (46 mg, 0.069 mmol; véase paso (i) mas arriba) en 0.5 mL
de cloruro de metileno se agregaron 3 mL de TFA. La mezcla se agitd
(bafio helado) durante 150 minutos. El material se purificé usando HPLC
preparativa. La fraccién de interés se evapord y se secé por congelamiento
(2x), produciendo 22 mg (58%) del compuesto del titulo.

'H-NMR (400 MHz; CD,;0D) rotdmeros: 8 7.59 (d, 2H), 7.35 (m, 1H), 7.32
(d, 2H), 7.19 (m, 1H, rotimero mayor), 7.15 (m, 1H), 7.12 (m, 1H,
rotdmero menor), 6.89 (t, 1H, rotimero mayor), 6.86 (t, 1H, rotdmero
menor), 5.18 (s, 1H, rotimero mayor), 5.18 (m, 1H, rotamero menor), 5.12
(s, 1H, rotamero menor), 4.78 (m, 1H, rotimero mayor), 4.5-3.9 (m, 5H),
2.67 (m, 1H, rotimero menor), 2.52 {m, 1H, rotaimero mayor), 2.28 (m, 1H,
rotdmero mayor), 2.15 (m, 1H, rotdmero menor), 1.26 (d, 6H)

BC-NMR (100 MHz; CD,OD): (carbonilo y/o carbonos de amidina,
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rotameros) 6 171.9, 171.4, 153.6.
MS (m/z) 523 (M - 1), 525 (M + 1)".

Ejemplo 46
Los compuestos del titulo de Ejemplos 3, 6, 9, 10, 13 a 15, 17, 19, 21, 23,

25, 27, 28, 32, 34, 36, 38, 39 y 41 se ensayaron en Prueba A mas arriba y se
encontrd que exhibian valores IC5oTT de menos de 3.5 pM. Se hallo que
aquellos de los Ejemplos 3, 6, 9, 10, 13, 15, 17, 19, 21, 23, 27, 32, 34 y 39
exhibian valores de menos de 0.02.|.I.M; aquellos de Ejemplos 25 y 28
menos de 0.03 pM, los de Ejemplo 14 menos de 0.04 uM; y aquetlos de los
38 y 41 menos de 0.15 uM.

Ejemplo 47
Los compuestos del titulo de Ejemplos'3, 6, 13, 15, 17, 19, 21, 23, 25, 27,

28, 32 y 34 se ensayaron en Prueba D mas arriba y se encontrd que exhibian
un valor ICsp APTT de menos de 1 uM.

Ejemplo 48
Los compuestos del tftulo de Ejemplos 1,2, 4, 5, 7, 12, 16, 18, 20, 22, 24,

26, 29, 30, 33 y 43 a 45 se ensayaron en Prueba E mas arriba y se hallé que
exhibian biodisponibilidad oral y/o parenteral en la rata como el

correspondiente inhibidor activo (amidina libre).

Ejemplo 49

Los compuestos de Ejemplos 1, 2, 7, 8, 11, 12, 16, 18, 20, 22, 24, 26, 29,
33, 37, 40, 43 y 45 se ensayaron en Prueba G mas arriba y se encontré que
se convirtieron en el correspondiente inhibidor activo (amidina libre) en

microsomas de higado de humanos y de ratas.
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Abreviaturas

Ac
AcOH
Apci

Api
Aqg.
AUC
Aze

AzeOH
Bn

Boc
BSA
Bu

Bzl

Cl

D

DCC
DIBAL-H
DIPEA
DMAP
DMF
DMSO
DVT
EDC

ee.
Et
éter
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Acetilo

Acido acético

Ionizacién quimica a presion atmosférica (en relacién
con MS)

[onizacion a presién atmosférica (en relacién con MS)
Acuoso

Area bajo la curva

(S)-azetidina-2-carboxilato (a menos que se especifique
lo contrario)

Acido azetidina-2- carboxilico

Bencilo

tert-butiloxicarbonilo

Albimina de suero bovino

Butilo

Bencilo

Ionizacion quimica (en relacién con MS)

DAa(s)

Diciclohexil carbodiimida

Hidruro de di-isobutilaluminio

lisopropiletilamina

4-(N,N-dimetil amino) piridina

dimetilformamida

Dimetilsulfoxido

Trombosis de vena profunda

Clorhidrato de 1-(3-dimetilaminopropilo)-3-
etilcarbodiimida

Exceso enantiomérico

Etilo

Eter dietilico
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EtOAc =  Acetato de etilo

EtOH = Etanol

Et,0 = Eter dietilico

h =  Hora(s)

HATU =  Hexafluorofosfato de O-(azabenzotriazol-1-il)-
N,N,N',N"-tetrametiluronio

HBTU = Hexafluorofosfato  de  [N,N,N"N'-tetrametil-O-
(benzotriazol-1-il)uronio]

HCl = Acido clorhidrico, gas de cloruro de hidrégeno o sal
clorhidrato (dependiendo del contexto)

Hex = Hexanos

HOAc = Acido acético

HPLC = Cromatografia liquida de alto rendimiento

LC =  Cromatografia liquida

Me = Metilo

MEM = Metoxietoximetilo

MeOH = Metanol

min =  Minuto(s)

MS = Espectroscopia de masa

MTBE = Eter metil tert-butilico

NADH =  Nicotinamida adenina dinucledtido, forma reducida

NADPH = Nicotinamida adenina dinucleétido fosfato, forma
reducida

NIH = Instituto Nacional de la Salud (US)

NIHU =  Unidades del Instituto Nacional de la Salud

NMR = Resonancia magnética nuclear

OAc = Acetato

Pab =  para-amidinobencilamino

H-Pab =  para-amidinobencilamina

Ph = Fenilo

Pr = Propilo
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PyBOP

QF
RedAl
RPLC

SOPs
TBTU

TEA
' Teoc
TEMPO
TFA
THF
THP
TLC
TMSCI
TMSCN
uv

i
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(S)-prolinilo
Hexafluorofosfato de (benzotriazol-1-
iloxi)tripirrolidinofosfonio

Fluoruro de tetrabutilamonio

Hidruro de bis(2-metoxietoxi)aluminio de sodio
Cromatografia liquida de alto rendimiento de fase
reversa

temperatura ambiente

Procedimientos aperativos estéindar

[Tetrafluoroborato de N,N,N'N'-tetrametil-O-
(benzotriazol-1-il)uronio]

Trietilamina

2-(trimetilsililo)etoxicarbonilo

Radical libre de 2,2,6,6-tetrametil-1-piperidiniloxi

Acido trifluoroacético

Tetrahidrofurano

Tetrahidropiranilo

Cromatografia de capa delgada

Cloruro de tﬁmeﬁisililo

Cianuro de trimetilsililo

Ultravioleta

Benciloxicarbonilo

Los prefijos #, 5, i y t tienen sus significados usuales: normal, secundario,

iso y terciario. El prefijo c significa ciclo.
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Reivindicaciones

1.  Un compuesto de férmula I

en donde

R* representa -OH 6 -CH,0H;

R' representa uno o més sustituyente halo opcionales;

R? representa uno o dos sustituyentes C, alkoxi, las partes alquilo de los
cuales sustituyentes se sustituyen ellas mismas por uno o més de
sustituyentes fluoro;

Y representa -CH,- 6 -(CHy)s-; y

R’ representa un fragmento estructural de formula I(i) 6 I(ii):

NH X NH
S/
H, . —:2 ;IH,

(1) . I(il)

4.

en donde

R* representa H o uno o més sustituyentes fluoro; y-

Uno o dos de X, X, X3 y X, representa -N- y los otros representan
-CH-,

o su derivado de aceptacion farmacéutica.

2. Un compuesto como se reivindica en Reivindicacién 1 en donde R!

representa un sustituyente Gnico fluoro, cloro o bromo.

3. Un compuesto como se reivindica en Reivindicacién 2 en donde R!
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representa cloro. M\

4, Un compuesto como se reivindica en una cualquiera de las
reivindicaciones precedentes en donde R? representa -OCHF,, -OCF;, -
OCH,CF;, -OCH;CHF,, -OCH,CH;F 6 -OCH(CH,;F),.

5.  Un compuesto como se reivindica en Reivindicacién 4 en donde R?
representa -OCHF,, -OCH,CHF; 6 -OCH,CHJF.

6. Un compuesto como se reivindica en una cualquiera de las
reivindicaciones precedentes en donde R’ representa un fragmento
estructural de férmula I(i).

7.  Un compuesto como se reivindica en Reivindicacién 6 en donde R*

representa H.

8. Un compuesto como se reivindica en Reivindicacion 6 en donde,
cuando R* representa uno o més sustituyentes fluoro, él representa un
sustituyente Gnico fluoro en la posicién 2 6 3, o dos sustituyentes Fluoro en

una cualquiera de las dos posiciones 2 y 5 4 las posiciones 2 y 6.

9.  Un compuesto como se reivindica en Reivindicacion 8 en donde R
representa un sustituyente Fluoro Unico en la posicién 2 ¢ dos sustituyentes

fluoro en las posiciones 2 y 6.

10. Un compuesto como se reivindica en una cualquiera de las

reivindicaciones precedentes en donde R" representa OH.

11. Un compuesto como se reivindica en una cualquiera de Ilas
reivindicaciones precedentes en donde los puntos de sustitucién de R' y R?
en el grupo denilo relevante del compuesto de formula I es uno o ambos de

las dos posiciones meta, relativos al punto de union de ese grupo fenilo al
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resto de la molécula. Q,\

12.  Un derivado de aceptacién farmacéutica de un compuesto de férmula
I como se define en una cualquiera de las Reivindicaciones 1 a 11, el cual

compuesto derivado es un compuesto de férmula la,

® en donde R representa un fragmento estructural de férmula I(iii) 6 I(iv):

N—RS = —RS
: -/ ! <:H R
N\ /
i | ;'""z . 5 H,
R‘. R
i) Kiv)

en donde R’ representa OR® 6 C(O)OR’;
R-‘i representa H, C,.;9 alquilo, C,; alquilarilo o C,; alquiloxiarilo (las
@ partes alquilo de los cuales dos dltimos grupos se interrumpen
opcionalmente por uno o mas dtomos de oxigeno, y las partes arilo de los
cuales dos ultimos grupos se sustituyen opcionalmente por uno o mas
sustituyentes seleccionados de halo, fenilo, metilo 0 metoxi, los cuales
ultimos tres grupos se sustituyen también opcionalmente por uno o més
sustituyentes halo);
R’ representa C. alquilo (el cual wultimo grupo se interrumpe
opcionalmente por uno o méds dtomos de oxigeno), o C,_; alquilarilo o C;;
alquiloxiarilo (las partes alquilo de los cuales dos Gltimos grupos se
interrumpen opcionalmente por uno o més atomo de oxigeno, y las partes
arilo de los cuales dos (itimos grupos se sustituyen opcionalmente por uno

o mids sustituyentes seleccionados de halo, fenilo, metilo o metoxi, los
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cuales ultimos tres grupos se sustituyen también opcionalmente por uno o
mas sustituyentes halo); y '

R, R, R% Y, R, X, X;, X3 y X4 son como se definen en una cualquiera de
las Reivindicaciones 1 a 11 (segin lo apropiado),

o su derivado de aceptacion farmacéutica.

13. Un compuesto como se reivindica en Reivindicacién 12 en donde R®

representa OR®,

14. Un compuesto como se reivindica en Reivindicacién 13 en donde R®

representa H 6 C, alquilo no sustituido, lineal, ramificado o ciclico.

15. Un compuesto como se reivindica en Reivindicacién 14 en donde R®

representa H 6 C, alquilo.

16. Un compuesto como se reivindica en Reivindicacién 14 en donde R®

representa C,.; alquilo lineal, C; 4 alquilo ramificado o C,.; alquilo ciclico.
17. Un compuesto como se reivindica en Reivindicacion 15 6
Reivindicacién 16 en donde R® representa metilo, etilo, n-propilo, i-propilo

o ciclobutilo.

18. Un compuesto como se reivindica en una cualquiera de las

Reivindicaciones 1 a 17, en donde el fragmento

Na

es en la configuracién S.

19. Un compuesto como se reivindica en una cualquiera de las
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Reivindicaciones 1 a 18, en donde el fragmento _

es en la configuracion R cuando R" representa -OH 6 es en la configuracion
S cuando R* representa -CH,OH.

20. Un compuesto como se reivindica en Reivindicacion 1 que es:
Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-C1)(5-OCF;){R)CH(OH)C(O)-Aze-Pab;
Ph(3-C1)(5-OCHF2)~(S)CH(CH,OH)C(O)-Aze-Pab;
Ph(3-CI)(5-OCF:)<(S)CH(CH;OH)C(O)-Aze-Pab;
Ph(3-OCHF,)-(R)CH(OH)-CO-Aze-Pab;
Ph(3-OCF;)~(RYCH(OH)-CO-Aze-Pab;
Ph(3-C1)(5-OCH,CF;)HR)CH(OH)C(O)-Aze-Pab;
Ph(3-C1)(5-OCH,CHF)-(R)CH(OH)C(O)-Aze-Pab;

" Ph(3-CI)(5-OCH;F)}{R)CH(OH)C(O)-Aze-Pab;
Ph(3-C1)(5-OCH,CH;F)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-C1)(5-OCH(CH;F),)-(R)YCH(OH)C(O)-Aze-Pab;
Ph(3-F)(5-OCHF;)<(R)CH(OH)C(O)-Aze-Pab;
Ph(3-Br)X5-OCH,F)-(R)CH(OH)C(O)-Aze-Pab;
Ph(3-Br)(5-OCHF){(R)CH(OH)C(O)-Aze-Pab;

Ph(3-Cl, 5-OCHF,)-(RYCH(OH)C(O)-Pro-Pab;

Ph(3-Cl, 5-OCHF;)-(RYCH(OH)C(0)-Aze-NH-CHx~((2-amidino)-5-
piridinilo);

Ph(3-Cl, 5-OCHF)-(R)CH(OH)C(O)-Aze-NH-CHx~((5-amidino)-2-
pirimidinilo);

Ph(3-Cl, 5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(3-F);

Ph(3-Cl, 5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(2,6-diF);
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Ph(3-Cl, 5-OCHF)-(R)CH(OH)C(O)-Aze-Pab(2,5-diF). 279
Ph(3-CI)(5-OCHF,)-(R)YCH(OH)C(O)-Aze-Pab(OMe);
Ph(3-Cl)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OEt);
Ph(3-CIX5-OCHF;)R)CH(OH)C(0)-Aze-Pab(OnPr);
Ph(3-Cl)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OiPr);
Ph(3-CI)(5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(OcBu);
Ph(3-CI)(5-OCHF;)<(R)CH(OH)C(0)-Aze-Pab(OH);
Ph(3-CIX5-OCHF;)-(R)CH(OH)C(O)-Aze-Pab(COOcPentilo);
Ph(3-CI)(5-OCHF,)-(R)CH(OH)C(0)-Aze-Pab(Z);
Ph(3-C1)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-CI)(5-OCF3){R)CH(OH)C(O)-Aze-Pab(OCH;-3-(5-Me-isoxazol));
Ph(3-CI)(5-OCF3)-(R)CH(OH)C(O)-Aze-Pab(OCH,-3-piridina);
Ph(3-C1)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OiBu);
Ph(3-CIX5-OCF3)-(R)CH(OH)C(O)-Aze-Pab(OEt);
Ph(3-CI)(5-OCF3)<R)CH(OH)C(O)-Az=-Pab(OBn);
Ph(3-CI)(5-OCF3)-(R)CH(OH)C(O)-Aze-Pab(OcHexilo);
Ph(3-C1)(5-OCF;){ RYCH(OH)C(O)-Aze-Pab(OcBu);
Ph(3-CI)(5-OCF3)-(R)CH(OH)C(O)-Aze-Pab(OCH,CH,OPh(3-CF2));
Ph(3-CI)(5-OCF;){R)CH(OH)C(O)-Aze-Pab(OBn(4-Cl));
Ph(3-CI)(5-OCF;)-(R)CH(OH)C(O)-Aze-Pab(OBa(3-MeO));
Ph(3-CI)(5-OCF;)R)CH(OH)C(O)-Aze-Pab(OBn(2-Br));
Ph(3-CI)(5-OCF;3)<(R)YCH(OH)C(O)-Aze-Pab(OBn(4-Me));
Ph(3-CIX5-OCF;)-(RYCH(OH)C(O)-Aze-Pab(0-4-heptilo);
Ph(3-C1)(5-OCF;)(S)CH(CH,OH)C(O)-Aze-Pab(OMe);
Ph(3-CIX(5-OCH;CF;){R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-CI)(5-OCH,CHF,)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-CI)(5-OCH:F)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-C1)(5-OCH;CH,F)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-CI)(5-OCH(CH,F),)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-F)(5-OCHF)<R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-Br)(5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(OMe);
Ph(3-Cl, 5-OCH,CHF ;) R)CH(OH)C(O)-Aze-Pab(OH);
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Ph(3-Cl, 5-OCH,CH,F)-(R)CH(OH)C(0)-Aze-Pab(OH);

Ph(3-Cl, 5-OCHF,)~(R)CH(OH)C(O)-Pro-Pab(OMe);

Ph(3-Cl, 5-OCHF,)-(R)CH(OH)C(0)-Aze-NH-CH,-((2-metoxi-amidino)-5-

piridinilo);

Ph(3-Cl, 5-OCHF;)-(R)CH(OH)C(O)-Aze-NH-CH,-((5-metoxi-amidino)-

2-pirimidinilo);

Ph(3-Cl, 5-OCHF,)-(R)CH(OH)C(O)-Aze-Pab(2,6-diF)(OMe); o

Ph(3-Cl, 5-OCHF;)-(RYCH(OH)C(0O)-Aze-Pab(2,5-diF{OMe).

21. Una formulacién farmacéutica que incluye un compuesto como se
define en una cualquiera de las Reivindicaciones ! a 20, o su derivado de
aceptacién farmacéutica, en mezcla con un adyuvante, diluyente o
transportador de aceptacion farmacéutica.

22. Una formulacién como se reivindica en Reivindicacién 21, en donde
el adyuvante, diluyente y/o transportador ocasiona una liberacion
modificada del compuesto.

23. Una formulacién como se reivindica en Reivindicacién 21 o

Reivindicacion 22, que se adapta para administracién oral.

24. Una formulacidn como se reivindica en Reivindicacion 22 o
Reivindicacién 23, que es en la forma de un sistema de liberacion
modificada de matriz gelatinizante que comprende un componente

gelatinizante hidrofilico e ingrediente activo.

25. Un compuesto como se define en una cualquiera de las
Reivindicaciones 1 a 20, o su derivado de aceptacién farmacéutica, para uso

como un farmacéutico.

26. Un compuesto como se define en una cualquiera de las

Reivindicaciones 1 a 20, o su derivado de aceptacion farmacéutica, para uso
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en el tratamiento de una condicién en donde se requiere la inhibicién de
trombina.

27. -Un compuesto como se define en una cualquiera de las
Reivindicaciones 1 a 20, o su derivado de aceptacién farmacéutica, para uso

en el tratamiento de una condicion donde se indica terapia anticoagulante.

28. Un compuesto como se define en una cualquiera de las
Reivindicaciones 1 a 20, o su derivado de aceptacién farmacéutica, para uso
en el tratamiento de trombosis.

29. Un compuesto como se define en una cualquiera de las
Reivindicaciones 1 a 20, o su derivado de aceptacion farmacéutica, para uso

como un anticoagulante.

30. EIl uso de un compuesto como se define en una cualquiera de las
Reivindicaciones 1 a 20, o su derivado de aceptaciéon farmacéutica, como
un ingrediente activo para la manufactura de un medicamento para el

tratamiento de una condicién en donde se requiere inhibicion de trombina.

31. El uso de un compuesto como se define en una cualquiera de las
Reivindicaciones 1 a 20, o su derivado de aceptacion farmacéutica, como
un ingrediente activo para ]a manufactura de un medicamento para el

tratamiento de una condicién en donde se indica terapia anticoagulante.

32. El uso como se reivindica en Reivindicacion 30 6 Reivindicacion 31,

en donde la condicién es trombosis.

33. El uso como se reivindica en Reivindicacién 30 6 Reivindicacién 31,

en donde la condicién es hipercoagulabilidad en la sangre y/o tejidos.

34. El uso de un compuesto como se define en una cualquiera de las
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Reivindicaciones 1 a 20, o su derivado de aceptaciéon farmacéutica, como

un ingrediente activo para la manufactura de un anticoagulante.

35. Un método de tratamiento de una condicién en donde se requiere
inhibicion de trombina, método que comprende administracion de una
cantidad de efecto terapéutico de un compuesto como se define en una
cualquiera de las Reivindicaciones 1 a 20, o su derivado de aceptacién

farmacéutica, a una persona que sufre de, o susceptible a, dicha condicién.

36. Un método de tratamiento de une condicién en donde se indica
terapia anticoagulante, el cual método comprende administracion de una
cantidad de efecto terapéutico de un compuesto como se define en una
cualquiera de las Reivindicaciones 1 a 20, o su derivado de aceptacién

farmacéutica, a una persona que sufre de, o susceptible a, dicha condicion.

37. Un método como se reivindica en Reivindicacién 35 o

Reivindicacién 36, en donde la condicion es trombosis.

38. Un método como se reivindica en Reivindicacion 35 o
Reivindicacion 36, en donde la condicion es hipercoagulabilidad en la

sangre y/o tejidos.
39. Un proceso para la preparacion de un compuesto de formula I como

se define en Reivindicacion 1, que comprende:

(i) el acoplamiento de un compuesto de férmula I,

en donde R%, R' y R? son como se define en Reivindicacién 1 con un

(\\
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cofnpuesto de férmula 1II,

T
N\ N

O

It
“_-R? '

en donde Y y R? son como se define en Reivindicacién 1;

(ii) el acoplamiento de un compuesto de férmula I'V,

Re [ |
N
y [ | ‘S,OH | v
R2 .

en donde R* R}, R? y Y son como se define en Reivindicacién 1 con un

compuesto de férmula V,
R'CH;NH, v

er.l donde R? es como se define en Reivindicacion 1;

(iii) para compuestos de férmula I en la cual R! no representa no o més
grupos halo, reduccién de un compuesto correspondiente de férmula Ia,
como se define en Reivindicacién 12, en la cual R? representa OR®, en
donde R* y R® son como se define en reivindicacion 12;

(iv) reaccion de un compuesto correspondiente de formula XVIA 6 XVIB,
como se define en Reivindicacién 47, con una fuente de amoniaco;

(v) reaccion de un compuesto de formula XIVA,

XIVA
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en donde R% R', R’ y Y son como se define en Reivindicacion 1 con:
()  un haloalcano fluorinado correspondiente; o
(b) pare compuestos de formula I en la cual R? representa -
OCH;CF,, -OCH,CHF,, -OCH,CH,F 6 -OCH(CH,F);, un
compuesto de formula XIVIJ,
R"S(0),0R’ X1VJ
en donde R" representa C, alquilo, C,4 perfluoroalquilo o
fenilo (opcionalmente sustituidos por metilo, nitro o halo) y R’
representa -CH,CF;, -CH,CHF,, -CH,CH,F 6 -CH(CH,F),;
(vi) para compuestos de formula I en la cual R' no l‘-epresenta uno o mds
grupos halo, hidrogenacién de un compuesto correspondiente de férmula I
en el cual R' representa uno o més grupos halo; o
(vii) desproteccion de un derivado protegido de un compuesto como se

reivindica en Reivindicacion 1.

40. Un compuesto de formula II como se define en Reivindicacién 39 o

su derivado protegido.
4i . Un compuesto como se reivindica en Reivindicacion 40, en donde el
compuesto es en la configuracién R (alrededor del dtomo de carbono al cual

se une R") cuando R" representa -OH, o es en la configuracién S en la cual
R" representa -CH,OH.

42, Un compuesto de férmula IV como se define en Reivindicacion 39 o

su derivado protegido.

43. Un compuesto de formula VI*,

Vis
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en donde R' representa halo y R? como se define en Reivindicacion 1, o su
derivado protegido.

44. Un compuesto de formula 1X",
H

0 OR'
X

R R2

en donde R representa C, ¢ alquilo o C, 3 alquilfenilo, R' representa halo y

R, como se define en Reivindicacion 1, o su derivado protegido.

45. Un compuesto de formula IXA®,

HO OR
IXAs

en donde R como se define en Reivindicacion 44, R' representa halo y R? es

como se define en Reivindicacion 1, o su derivado protegido.

46. Un compuesto de formula XIVB®,

R OH

XIvBe

"R OH

o su derivado O-protegido de fenol, en donde R' representa halo y R" es

como se define en Reivindicacion 1.
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47. Un proceso para la preparacién de un compuesto de férmula Ia como
se define en Reivindicacién 12, el cual comprende:
(a) reaccion de un compuesto correspondiente de formula Il como se define

en Reivindicacién 39 con un compuesto de férmula XV,

[ Xv
N H .

en donde Y es como se define en Reivindicacién 1 y R* es como se define

en Reivindicacion 12;

(b) reaccién de un compuesto correspondiente de frmula IV como se

define en Reivindicacion 39 con un compuesto de férmula XVI,
R*CH,NH;, XVI

en donde R* es como se define en Reivindicacién 12;

(c) para compuestos de férmula Ia en la cual R’ representa OH, reaccién de

un compuesto correspondiente de formula XVIA 6 XVIB,

R! CN xw.A
. “R? | R4 .
RE ,!,—Y ' | L
R! ‘} ¥{:—_ /)—CN  XVIB
R2 : -

en donde R%, R!, R, R, Y, X;, Xz, X3 y X, son como se define en
Reivindicacidén 1, con hidroxilamina;
(d) para compuestos de formula Ia en la cual R representa OR®, reaccién de

un compuesto de fdrmula XV1I,

(N
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Rz

en donde R* representa un fragmento estructural de férmula I(v) 6 I(vi):

—COORP = —~COORP
/ 4
N\, 4

I{v) ' : 1)

en donde R® representa -CH,CH,-Si(CH;); o bencilo, o su tautémero, y R,
R, RL Y, RY, X, Xp X5 y X4 son como se define en Reivindicacién 1 con
un compuesto de férmula XVIIL,

R°ONH;, XVIII
en donde R® es como se define en Reivindicacién 12, o su sal de adicién
4cida, seguido por retiro del grupo -C(O)ORY;
(e) para compuestos de formula Ia en la cual R’ representa OH, reaccién de
un compuesto de formula XVII, como define més arriba, en la cual R®
representa bencilo con hidroxilamina, o su sal de adicién 4cida;
(f) para compuestos de férmula Ia en la cual R® representa COOR’, reaccion
de un compuesto correspondiente de férmula I como se define en
Reivindicacion 1 con un compuesto de formula XIX,

L'COOR’ XIX
en donde L' representa un grupo saliente y R’ es como se define en
Reivindicacién 12; o (g) para compuestos de formula Ia en la cual R’
representa OCH,; 6 OCH,CH,, reaccion de un compuesto correspondiente
de férmula la en la cual R® representa OH con dimetilsulfato o dietilsulfato,

respectivamente.

48. Un compuesto de férmula XVIA 6 XVIB como se define en

M
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Reivindicacion 47, o su derivado protegido. (\‘\

49. Un compuesto de formula XVII como se define en Reivindicacién

47, o su derivado protegido.
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