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Table 20 (continued)-
ICO Controlling y Controlfin, Coatrollin
mpound{ ,o% Compound| $ootrolling Compomdl 8
No.o {em & - | {No. oy No. (‘:," S

373 100 403 ]| 100 || 477 | 100
374 | 100 || 404 | 100 || 482 100
378 100 405} 100 492 | 100
379 100 || 408 | 100 495 1| 100
380 | 100 || 414] 100] |.5021!..100
381 100 417 ) 100 || 508 | 100-
3821 100 418 | 100 509 | 100
386 | 100 423 100 513| 100
388 | 100 || 424 100 || 519 100
390 100 427 100 523] 100
391} 100 430} 100 605 | 100
393 100 439 | 100 606 | 100
394 100 ]| 440 100 607 | 100
395 100}]| 451 | 100 708 100

26 -
397 | 100 || 462 |- 100 | 768 100
399 | 100 || 465 100} | 770 | 100
401 | 100 466 | 100 | [EF<l 0
% 402 | 100 || 467 | 100 | |Smpdtel o
s Claims

1.

An amino-acld amide derivative represented by the formula:

7? 0 RF R’
S R T | -
R'-z -c-NH—CH-c-NH-c-(C),,,@-(C),,-Q
[1]

whersin R? represents
a lower alky! group (optionally having at least one same or different substituent selected from the

group consisting of a halogsn atom, an alkoxy group, and a cyano group),
a lower alkenyl group,

a lower alkynyl group,
a cycloalkyl group (optionally having at least one same or different substituent selected from the

group consisting of methyl group and a2 halogen atom),
a cycloalkylalkyl group,
a cycloalkenyl group,
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an alkylene oxide group,

an aralkyl group (optionally having at least one same or different substituent selected from the
group consisting of a methyl group, a cyano group, and a nitro group),

a phenyl group (oplionally having at least one same or different substituent selected from the group
consisting of a halogen atom,

a lower alkyl group which may be substituted with a same or different halogen atom,

a lower alkoxy group which may be substituted with a same or different halogen atom,

a cyano group, and

a nitro group), or

a heterocyclic group,

R2 represents an ethyl group, an n-propyl group, an isopropyl group, an isobutyl group, a sec-butyl
group, a tert-butyl group, an alkenyl group, a cycloalkyl group, a phenyl group (optionally having at
least one substituent of halogen atom), '

R3 represents a hydrogen atom or a lower alkyl group,

R* represents a hydrogen atom, a lower alkyl group, or a cyano group,

R®, R?, and R independently represent a hydrogen atom or a lower alkyl group,

R® represents a hydrogen atom, a lower alkyl group, an aralkyl group, a phenyl group, an
alkoxycarbony! group, or a cyano group,

Z' and Z2 independsntly represent an oxygen atom or a sulfur atom,

Z3 represents

an oxygen atom,

a sulfur atom,

a group N-R™ (wherein R™ represents a hydrogen atom, a methyl group, a methylicarbony! group,
a phenylcarbonyl group, a methoxycarbonyl group, or a methoxymethyl group),

a sulfiny! group,

a sulfonyl group,

a group COO,

a group CONR*! (whereln R represents a hydrogen atom or a lower alkyl group),

Q represents

a phenyl group [optionally having at least one same or different substituent selected from the group
consisting of .

a halogen atom, .
a lower alkyl group which may be substituted with at least one same or different halogen atom,

a lower alkoxy group which may be substituted with a same or different halogen atom,

a cyano group,

a nitro group,

a lower alkoxycarbony! group,

a methylsulfonyl group,

a methylsulfinyl group,

a methylthio group which may be substituted with a halogen atom,

a dimethylamino group,

a phenylsulfonyl group,

"an acyl group, and

a phenyl group],

an alkylene oxide group, .

a heterocyclic group (optionally having a substituent selected from the group consisting of a
halogen atom, an alkyl group, a triflucromethyl group, and a nitro group), or

a condensed heteracyclic group optionally having a substituent selected from the group consisting
of a halogen atom and a nitro group, .

m represents an integer from 0 to 2, and

n represents 0 or 1.

2. An amino-acld amide derivative as recited in claim 1, which is represented by the formula:
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f 9 FF_ ¥
R'-Z'-C-NH-CH-C-NH-C~(C),~Z*-(C),-Q
|
CH R* R R®
S\
R™ CH, [II]

wherein R represents

a lower alkyl group (optionally having at least one same or different substituent selected from the
group consisting of a halogen atom and an alkoxy group),

a lower atkenyl group,

a lower alkynyl group,

a cycloalkyl group (optionally having at least one substituent of methyl group),

a cycloalkenyl group,

an alkylene oxide group,

an aralkyl group (optionally having at least one same or -different substituent. selected from the
group consisting of a methyl group, a cyano group, and a nitro group),

a phenyl group (optionally having at least one same or difierent substituent selected from the group
consisting of a halogen atom, a methyl group, a methoxy group, a cyano group, a trifiuoromethy! group,
a trifluoromethoxy group, and a nitro group),

or a heterocyclic group,

R represents a hydrogen atom or a lower alkyl group,

R* represents a hydrogen atom, a lower alkyl group, or & cyano group,

R®, R¢, and R’ independently represent a hydrogen atom or. a lower alky! group,

R® represents a hydrogen atom, a lower alkyl group, an aralkyl group, a phenyl group, an
alkoxycarbonyi group, or a cyano group,

R® represents a hydrogen atom, a methyl group or an ethyl group,

Z' and Z2 independently represent an oxygen atom or a sulfur atom,

Z3 represents an oxygen atom, a sulfur atom, a group N-R'® (wherein R'® represents a hydrogen
atom, a methyl group, a methylcarbonyl group, a phenylcarbonyl group, a methoxycarbonyl group, or a
methoxymethyl group), a sulfinyl group, or a sulfony! group,

Q represents

a phenyl group {optionally having at least one same or different substituent selected from the group
consisting of

a halogen atom,

a lower alkyl group which may be substituted with at least one halogen atom,

a lower alkoxy group which may be substituted with at least one halogen atom,

a cyano group,

a nitro group,

a lower alkoxycarbonyl group,

a methylsulfonyl group,

a methylsulfinyl group,

a methylthio group which may be substituted with a halogen atom,

a dimethylamino group,

a phenylsuifony! group,

an acyl group, and

a phenyl! group],

a heterocyclic group (optionally having a substituent selected from the group consisting of a

halogen atom and a nitro group), or
a condensed heterocyclic group (optionally having a substituent selected from the group consisting

of a halogen atom and a nitro group),
m represents an integer from 0 to 2, and
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n represents 0 or 1.

3. An amino-acid amide derivative as recited in Claim 1, which is represented by the formula:

T 0
R'-z'-c-NH-(fH-c-NH—CH-(CH),,,-Z3-(CH2),,-Q
10
H R* RS
A
R™ CH;  [m}-

15

b; wherein R' represents a Ci ~ Cs alkyl group (optionally having at least one same or different
B substituent selected from the group consisting of a halogen atom and an alkoxy group), a Cz ~ Cs
\_," 20 alkenyl group, a C2 ~ Cs alkynyl group, a Cs - Cs cycloalkyl group (optionally having at least one
substituent of methy! group), a C2 ~ C; alkylene oxide group, a C; ~ Cs aralkyl group (optionally
having at least ons substituent of methyl group), or a phenyl group (optionally having at least one same
or different substituent selected from the group consisting of a halogen atom, a methyl group, a
methoxy group, a triflucromethy! group, a trifluoromethoxy group, and a nitro group),

R* represents a hydrogen atom, a Gy ~ Ca alkyl group, or a cyano group,

R® represents a hydrogen atom or a G ~ Cs alkyl group,

R? represents a hydrogen atom, a methyl group, or an ethyl group,

Z' and Z2 independently represent an oxygen atom or a sulfur atom,

23 represents an oxygen atom, a sulfur atom, a group N-R™ (wherein R'® represents a hydrogen
30 atom, a methyl group, a methyicarbony! group, or & phenylcarbonyl group), a sulfinyl group, or a

sulfonyl group, '
Q represents a phenyl group [optionally having at least cne same or different substituent selected

from the group consisting of a halogen atom, a Ci ~ Cs alkyl group which may be substituted with at
least one same or different halogen atom, a Ci ~ Ca alkoxy group which may be substituted with a
35 same or different halogen atom, a cyano group, a nitro group, a methylsulfonyl group, a methylsulfiny!
group, and a methylthio group], a pyrimidinyl group, or a pyridyl group which may be substituted with a
- halogen atom,
o m represents 1 or 2, and
‘ n represents 0 or 1.
o/ %

4. An amino-acid amido derivative as recited in Claim 1, which is represented by the formula:

3

- o o

. I B |
R- O—C—NH—(':H—- C—NH- ?H— CHs# o—@— X

C2H5 ’ CH3
&0

[1v]

wherein R’ represents an isopropyl group, a tert-butyl group, a cyclopentyl group, or a phenyi
56 group (optionally having at least one same or different substituent selected from the group consisting of
a halogen atom, a methyl group, a methoxy group, and a nitro group), and
X represents a halogen atom, a cyano group, or a nitro group.
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An amino-acid amide derivative as recited in Claim 1, which is represented by the formula:

ﬁ) o)
Il
R:- O—C—NH—('ZH— C—NH- (lZH- CH4- o—< >— X
CH CH
VAN 3
CH, CH3 [V]

wherein R represents an isopropy! group, a tert-butyl group, a cyclopentyl group, a cyclohexyl
group which may be substituted with a methyt group, or a phenyl group (optionally having at {east one
same or different substituent selected from the group consisting of a halogen atom, a methyl group, a
methoxy group, a trifluoromethyl group, a trifluoromethoxy group, and a nitro group), and

X represents a halogen atom, a cyano group, or a nitro group.

An amino-acid amide derivative as recited in Claim 1, which is represented by the formula:

O O

I I ]
R-0-C —-NH—(IZH— C—NH- $H- CH; o—@— X

CH CH
/N ’
CH3 C2H5 [VI]

wherein R' represents an isopropyl group, a tert-butyl group, a cyclopentyl group, or a phenyl
group (optionally having at least one same or different substituent selected from the group consisting of
a halogen atom, a methyl group, a methoxy group, and a nitro group), and

X represents a halogen atom, a cyano group, or a nitro group.

7. An amino-acid amide derivative &s recited in Claim 1, which is represented by the formula:

0 )
I N
R- O—C—NH—(iJH— C—NH-CH=CHz~ 0—Q

R? CH,
[ VII]

wherein R! represents a C1 ~ C¢ alkyl group (optionally having at least one substituent cyano
group), a Ca ~ Gz cycloalkyl group (optionally having at least one substituent halogen atom), a Cs ~ Cs
cycloalkyl Cy ~ Cs alkyl group, a benzyl group or a phenyl group (optionally having at Ieast one same
or different substituent selected from the group consisting of a halogen atom and a difluoromethoxy
group),

R? represents an n-propyl group, an isopropyl group, an isobutyl group, a tert-butyl group, an
isopropenyl group, a Ca ~ Cg cycloalkyl group, or a phenyl group (optionally having at least one
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substituent halogen atom), and
Q represents a pheny! group (optionally having at least one substituent cyano group), a pyridyl

group (optionally having at least one substituent of a same or different halogen atom or trifiuoromethy!
group), or a pyrimidinyl group (optionally having at least one same or different substituent of a halogen

atom or C, ~ Gz alkyl group).
8. An amino-acid amide derivative as recited in Claim 1, which is represented by the formula:

0 0
I

R-0- C—NH—-(lZH— C~NH- ?H— 7+ (CH):- Q

R?2 R® -

[VII]

wherein R' represents a C; ~ C¢ alkyl group, a Ca ~ Cs cycloalkyl group, or a phenyl group
(optionally having at least one substituent halogen atom),

R? represents an ethyl group, an isopropyl group, or a sec-butyl group,

R* represents a hydrogen atom or a Cy ~ Ca alkyl group, _

Z? represents a group COO, a group CONR'2 (wherein R'2 represents a hydrogen atom or a Gy ~

Cs alkyl group),
Q represents a phenyl group (optionally having at least one same or different substituent selected

from the group consisting of a halogen atom, a G, ~ Cs alkyl group, a Cy ~ C3 alkoxy group, and a

cyano group), and
n represents 0 or 1.

9. A process for preparing an amino-acid amide derivative represented by the formula:

f g rE ¥
R'-Z'-C-NH-(llH-C-NH-C-(C)m-Z3-(C),,-Q
R? R* R l{“

(1]

wherein RY, R?, RS, R*, RS, RS, R?, R8, 21, 22, Z3, Q, m, and n have the same meanings as defined

inClaim1, . .
comprising the’ step of: reacting a compound represented by the formula:

z? o)
Il I
RL‘Z'—C—NH"(IZH-C-OH _'

2
R* 11X

wherein R', R?, Z', and Z2 have the same meanings as defined in Claim 1,
with a compound represented by the formula:
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R’ R°

R7

NH~ = ©hi Z- Of Q

R* RS

wherein R3, R*, RS, RF, R7, RE, Z3, Q, m, and n have the same meanings as defined in Claim 1.

10. A process for preparing an amino-acid amide derivative répresented 6y the formula:

72
I

R'-Z'-C-NH-(,ZH-

[X]

0]
il

R2

wherein R', R?, R3, R*, RS, Ré, R?, R®, 2!, 22, Z3, Q, m, and n have the same meanings as defined

in Claim 1,

comprising the step of: reacting a compound represented by the formula:

[I]

72
Il

Rz

wherein Y represents a halogen atom, a 4,6-dimethylpyrimidinyithio group, a group R"OC(O)O—. or
a group -ON=C(CN)Ph (wherein Ph represents a phenyl group), and R', Z', and Z2 have the same

meanings as defined in Claim 1,
with a compound represented by the formula:

- | 0
B "

NH,-CH-C-NH-C-(C),~Z*~(C),~Q

RZ

wherein R2, R, R*, RS, R¢, R7, RE, Z3, Q, m, and n have the same meanings as defined in Claim 1.

11. An agricultural or horticuitural fungicidal composition which includes an effective amount of an amino-

acid amide derivative as recited in Claim 1.

[XI]

R RS
||

R* RS
[XI].
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C-NH-C-(0),,-Z*~(C),-Q
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1.  The examination is being carried out on the following apl:illcation documents:

Description, Pages
1,5-82 as originally filed
2-4 as annexed to the Int. Prel. Examination Report

Clalms, Numbers
2(part), 3-15 as originally filed
1, 2(parl) as annexed to the Int. Prel. Examination Report

2. Refersnce is made to the following documents; the numbering will be adhered to in
the rest of the procedure: ’

D1: WO 01 46124 A1 (for convenience, see the equivalent document
US2004/0009982 in English)

D2; KYNE GRAHAM M, ET AL.: ‘Enantioselective amino acid recognition using
acyclic thiourea receptors' JOURNAL OF THE CHEMICAL SOCIETY, PERKIN
TRANSACTIONS 1 no. 11, 2001, pages 1258 - 1263, XP002957636

D3: WO 0105783 A1

D4: WO 02 40483 A1 (for convenience, see the equivalent document EP-1340757
in English)

D5: EP-A-0 648 740 (KUMIAI CHEMICAL INDUSTRY) 19 April 1995 (1 995-04-19)

3. The amendments annexed to the Int. Prel. Examination Report introduce subject-
matter which extends beyond the content of the application as filed, contrary to Article
123(2) EPC. The amendments concerned are the following:

A proviso has been introduced in claims 1 and 2, removing from the claimed subject-
matter the compounds of formula (1) where R1 is tert-butyl. This proviso does not appear
to be present In the application as originally filed; a basis for said amendment was
furthermore not indicated by the applicant.

The introduction of said proviso cannot be considered to be validly based on the prior
art documents either, for the following reason:

A disclaimer may be allowable in order to restore novelty by delimiting a claim against
an accidental anticipation under Article 54(2) EPC; it should however not remove more

EPO Form 2906 01.31C8X
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than is necessary to restore novelty (see G1/03). In the present case, although some
isolated compounds corresponding to formula (1) where R1=tert-butyl are known from the
prior ant, disclaiming all the compounds of formula (1) where R1=tert-butyl leads to the
exclusion of a large number of compounds which are presumably not part of the state of
the ant,

The disclaimer introduced in claim 1 and 2, and the corresponding modifications on
pages 2-4 of the description, are therefore unallowable under Article 123(2).

4. Clarity

The application does not meet the requirements of Article 84 EPC, because claims 1-
5 are not clear.

Claim 1 contains a proviso removing from the claimed subject-matter compounds
“where R3, R4, R5 and R6 all represent a hydrogen atom or where any one of R3, R4, R5
and R6 represents a methyl group which may be substituted and the others represent a
hydrogen atom". In this respect, the description (cf. pages §7-62) shows a large number of
compounds corresponding to formula (1) of claim 1, where R4-R6=H and R3 is iso-propyl
of iso-butyl, I.e. a methyl substituted with alkyls. Thus said examples are excluded from the
scope of claim 1 by said proviso, and do not fall within the scope of any other claim.

This contradiction between the claims and the description renders the claims unclear.

5. Novelty

The present application does not meet the requirements of Article 52(1) EPC,
because the subject-matter of claims 1-4 and 9-11 is not new in the sense of Article 54(1)
and (2) EPC.

5.1 Document D1 discloses (cf. compounds 8-19, table 1) compounds corresponding to
formula (1) where R1=alkyl, R2=R3=R4=R7=H, R5=R6=Me, R8 Is a substituted aryl, and
their use as insecticides. D1 thus anticipates claims 1-4, as well as claims 9 (the functional
definition “a fungicide" does not confer novelty here, since the ability to be a fungicide
stems from the siructure of the compounds) and 11 (cf. D1, production process 2).

EPO Form 2906 01.91C5X
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5.2 As aresult of the lack of clarity of the proviso (see 4. ébove), the subject-matter of
claims 1-4, 9 and 10 cannot be clearly distinguished from the compounds and processes

disclosed in documents D2 (cf. page 1259, compound 9) and D3 (cf. compound 42, page
40).

5.2 The PCT application D4 published on 23.05.2002 claims the priority date of
16.11.2000. It has been supplied to the European Patent Office in one of its official lan-
guages and the national fee provided for in Article 22, paragraph 1 or Article 39, paragraph
1 of the Co-operation Treaty has been paid. The requirements of Article 158(2) EPC are
thus fulfilled.

N/ its content as filed is therefore considered as comprised in the state of the art

relevant to the question of novelty, pursuant to Article 54(3) and (4) EPC. This earlier ap-
plication shows (cf. reference example 61, intermediates 3-7) compounds which, for the
reason explained above (see 4.), cannot be distinguished from formula (1).

Thus, D4 is prejudicial to the novelty of the subject-matter of claims 1-4, 9 and 11 of
the present application insofar as the same Contracting States are designated.

5.3 Owing to the fact that the International and European searches could not be
completed over the whole scope of the claims, a further search, at a later stage of the
proceedings, is likely to retrieve more documents relevant to the issue of novelty.

6. Inventive step

The present application does not meet the requirements of Article 52(1) EPC,

G because the subject-matter of claims 1-15 does not invoive an inventive step in the sense

of Article 56 EPC.

The groups R1-R8 in formula (1) of claim 1, as well as the groups R9, R10, R15 and
R16 of formula (9) of claim 5, are defined as being optionally substituted by any
substituent. As a result of this unlimited optional substitution, the scope of claims 1 and 6
is broadened to such an extent that it encompasses compounds which could not solve the
technical problem underlying the application, i.e. the provision of fungicldes. Non-limiting
terms as cited above may include:

- groups which are structurally so remote from those of the examples that the activity

EPQ Form 2808 01.91CSX




337

3, SEP. 2007 14:16 MEWBURN ELLIS_LLP NO. 0543 P. 9/9
—‘:. ) Beechel@ll’rotoko[l {Anlage) Communication/Minutes (Annex) Notificaton/Procs-verbal (Annexa)
.0)) " 28.08.2007 * Sheat 4 Aenleatonsio: 02 749 320.4
Data Fauilla Demands n*:

of the resulting molecules could not be predicted within the limits of qualitative structure-
activity relationships studies.

- groups which may impart toxic or herbicidal properties to the resulting molecules,
thus making its use as an insecticide impossible.

Thus claim 1 does not meet the requirement of article 56 EPC that the technical
problem should be solved over the whole scope of the clalm.

7. The following deficiencies are additionally noted:

x To meet the requirements of Rule 27(1)(b) EPC, the document D5 should be
U identified in the description and the relevant background art disclosed therein should be
briefly discussed.

8. The applicant is invited to file new claims which take account of the above comments.

In order to facilitate the examination of the conformity of the amended application
with the requirements of Article 123(2) EPC, the applicant should clearly identify the
amendments carried out, irrespective of whether they concern amendments by addition,
replacement or deletion, and to indicate the passages of the application as filed on which
these amendments are based (see Guidelines E-ll, 1).

If the applicant regards it as appropriate these indications could be submitted in
handwritten form on a copy of the relevant parts of the application as filed.

EPO Form 2008 01.91CSX
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& Resumen de JP2[I[I31196|]46

4 PROBLEM TO BE SOLVED: To provide a germicide which increasingly protects rice plants from rice hlast and does
 not cause any damages to useful crops. SOLUTION: A diamine derivative represented by farmula (1) (wherein, R1 to R7
. are each a specific substitusnt such as a 1-6C alkyl group and so on and RB is an aryl group or heteroaryl group both
i} of which may be substituted), a production method therefor and the germicide which contains the darivative as the

- active ingradient.

Datos suministrados desde la base de datos esp@cenet - Worldwide




AL L Y SR AT T T ] .uu ila ewwe o beba

THLirenatese et

Enantroselectlve amino acid teécogition Using ACyElic thfoifr'e"a" giing ""g i

et aghanatan

‘receptors

e h el nar Las et eva o

Letgt g : ‘_,.5

HCEER B (R H AR

IR RTIPEM

) BRI YRR I BRI P

Graham M. Kyne,” Mark E Light, Mlke B Hursthouse, Javier de Mendoza’ and

Jeremy D, Kilburn** . Vo G e gt

N Department of Chemtstry, Umverszty of Southampton Sout,

E-28049, Madrid, Spair " R

t )

Received (in Cambndge UK) 9th March 2001, Accepted 2

First published as an Advance Article on the web 11th M.

Y

A senes of acychc thxourea denvatlves desxgned to create a cleft w:th four hydrogen bond donors smtable for . e

carboxylate recognition, have been prepared, and their ability to bind to N-protected amino acid carboxylate salts -

has been investigated. The crystal structure of one of the thioureas has been determined showing thatit formisa '

hydrogen bonded centrosymmetric-dimer in the solid-state, in a conformation appropnate for the' desired bmdmg i o

of carboxylates. The thioureas show gaod discrimination between different amino acids and those tluoureas BT
\.r mcorporanng chiral moretn:s show moderafe enantloselectmty fora range of amino acrd denvatlvee.

Introduction S

Enantioselective recognition remams a major challenge for
host-guest chemists.' The -ability to discriminate between
enantiomers, using synthetxc receptors, woild, for example,
allow separation of racemates by selective transport across 2
membrane.? We, and others, have previously utilised thioureas
as a -binding site for the carboxylate functionality,® .and
incorporation of thioureas into macrocyclic structures has
produced selective receptors for'carboxylate derivatives such as
amino acids.* Such receptors are, however, structirally tather
complex and demanding to synthesrse. In an effort to produce
simpler_enantioselective receptors for carboxylate derivatives
we have now prepared a series of acyclic thioureas and have
examined their ability to bind a range of amino acids.” In thiese
novel receptors the thiourea funcnonahty is linked to aryl
amides to prowde additional hydrogen bonds to the carboxylate
moiety and it was. anUcrpated that the formation of a well
defined set of four hydrogen bonds around the carboxylate,
binding to both the syn and anti lone pairs of the carboxylate,®
! should also serve to create a cleft which, when chiral building
blocks are incorporated, might discriminate effectively between
enantiomeric guests (Fig. 1). The use of pyridyl amides might
further help to preorganise the chiral cleft since the desired
U-shaped conformation may be stabilised by weak hydrogen
bonding of the amide and thiourea hydrogens to the pyridyl
nitrogen.” In order to test this hypothesis we prepared the
achiral receptors 5 and 6. We also prepared two chiral pyridyl
receptors 7 and 15, the former incorporating a primary amide,
derived from phenylalanine, to provide further hydrogen
bonding functionality, and the latter incorporating an electron

HERE- TR
L 5 x"u

'Boc-protectmg “group sand ‘i:ouplmg 'thh ‘acid chlotide$12

-

April2001 | . 1 T

deﬁcrent aromauc axmde to provrde aromatrc mteractrons w1th
guests with aromatic sidechains,

Results and discussion
The thiourea receptors 5-7 were readxly prepared (Scheme 1)

NHz'HCl 4, 1i (for 3)
-orii (for 4)
ZX X

CO,R COzR
1 X=CH,R=Me X=CH,R=Me 74%
2 X=N,R=Et 4 X=N,R=Et . -64% _

o

;' ,‘. . s’ .
I \ NJ—LN 4. / l .
N H HoNe
0% “NH HN" S0 NH HN
o o )
Ph NH, NHy Ph

7 15% § X=CH 41%.
6 X=N 99%
Scheme 1 Reagents and conditions: (i) CSC,, K,CO,, H,0, CH,Cl;
(i) 1, Et,N; (iii) CS,, DCC; DMAP; (iv) nBuNH,; (v) LiOH, dioxane,
H;0; (vi) DPPA, (25)-2-amino-3-phenylpropanamide,

by coupling of amino esters 1 or 2 to give the corresponding
thiourea esters 3 and 4, which could be converted directly to
the butyl amides 5 and 6, or, in the case of 4, hydrolysed to the
corresponding diacid, and coupled with (25)-2-amino-3-
phenylpropanarmde to give 7 Receptor 15 was- prepared from

ment of 8 with hydrazme and couplmg “of the resultmg amine
with' p-mtrobenzoyl chloridegave ‘amide /9, ‘Remioval ‘of the,

gave 13, 'Removal of ‘the phihalirhide’ iroup vt hydmné,
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Table 1 Hydrogen bonds for.thlourea6[A and-"] Syienid f et

e 2L

DHe s A% 1 oot i #d(D-H) d(Ho++ A). d(D-'-A) L(DHA)

N(1)-H(IN) -+ O(2)#{ ~0.86(2) "~ 2.24(2) ™ " "2.978(2) l44.3(18)
N(@4)-HN4---OQ2)#1 :~0.852) 2.09(2)  2.897(2) - 157.5(19)
NG)-HN3:-O(2)#1 . -036(2) - 2.34(2) ---3.089(2) .. 1459(19)

? Symmetry ttansformauons used to generate eqmvalent atoms: #1
—x+2—y+l-z+l ) .

conversion of the resultmg amine 14 to the 1sotluo¢yanate and
coupling with a further equlvalent of .the amme, gave the
desired thlourea 15 (Scheme 2). °

BocNH BocNH
(Y e N S
_N ; N NPhth ¥ HN=
, .‘ \ \
¥ Ph Ph
COR -

10 R=0Me

12 R=Cl 100%3'

11 R=0H 34%

13 R'=Phth 79%:i

NOz 44 R=H,

NO,

18 26% (from 13)

Phth = phthaloyl

" Scheme 2 Reagents and conditions: (i) H,NNH,, EtOH; (ii) p-

NO,CH,COC|, Et;N, DMAP; (iif) TMSCI, Nal, CH,CN; (iv) SOCl;;
(v) TFA, CH,Cl;; (vi) 12, DMAP; (vn) CS,, DCC, DMAP, then further
addition of 14 )

We were able to obtain a crystal structure® of the achiral
pyridyl receptor 6 which revealed that it forms a centro-
symmetric dimer in the solid-state, with one amide carbonyl
forming a triple hydrogen bond motif (Table 1) with both of the
thiourea NH'’s and one amide NH of the other monomer unit
(Fig. 2). The molecule adopts a folded conformation such that
the three NH groups point inwards to an essentially planar
cavity, into which the carbonyl of the second molecule can
dock. Two of the pyridine rings experience intermolecular n—it
stacking interactions with their centroids separated by 3.968 A
and the angle between the least squares planes being only 0.03°.
Thus the crystal structure reveals, in part, the desired hydrogen
bond arrangement required for .carboxylate recognition
depicted in Fig, 1. Dilution studies with NMR samples of all
the thioureas, however, showed that the dimerisation observed
in the solid state is not occurring to any significant extent
in solution. Furthermore,.in neat CDCl,, the signals of the
NH’s for the pyridyl receptors 6 and 7 are considerably more
downfield in comparison to those for receptor 5, consistent with
the notion that -there are weak hydmgen bonds between the
pyridyl nitrogen and. the NH’s in the former case (Fig. 1).
- Addition of 10%.(by iwolume) CD,SOCD, fo these .samples

leads to significant downfield shifts for the signals for both the
.‘amide and thiourea NH’s of receptor.5, but, .only a small down-
3field shift for. Ihe_amlﬁe;NH.of the pyridyl yeceptor.6, and an

~y whereas xhe.;pyndyl compounds were.suﬂi
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Fig.2 Thermal ellipsoid plot (30% probability level) of 6 showing the
hydrogen bonded centrosymmetric dimer.

66.98 ppm (CDCl3)

67.37 ppm : ’
g\ 10% CD,3SOCD4/CDCl3)

§6.38 ppm (cDCI;,)
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58.28 ppm (coch)

H &7.95 ppm .
Jl\ _~{10% CD;S0CDyCDC)

N 0
48.02 ppm (CDCly)
468.14 ppm
{10% CD4SOCD4/CDCly)

&7.75 ppm (CDCly)
&7.94 ppm
10% CD3SOCD3/CDCly)

58.81 ppm (CDCly)
|‘f. 58.51 ppm
Ph  NH, NH, Ph{10% CD;SOCD4/COCk)

7 586.12 and 6.20 ppm (COCly)
56.03and 6,78 ppm
(10% CD;S0CD/COCL)-

Fig. 3 Comparison of the NMR shifts for the NH signals of thloureas
5-7 in CDCl, and 10% CD,SOCD,—CDCI,

Similarly for the chiral pyridyl receptor 7, addition of 10% (by
volume) CD,SOCD, to a sample in CDCl; gives just a small
downfield shift for the thiourea NH signal and an upfield shift
for the secondary amide NH signal, all of which is consistent
with the notion that in the case of the pyridyl receptors 6 and
7 there is substantial intramolecular hydrogen bonding. ;- ..:

.The benzo pompound S proved ‘to. be ‘rather insoluble_in
deuterochloroform :and bindingstudies, with ,thl ompound

allovi,ptudxes also’ m neat CDC],-.‘Ini i
h’l 3ChMSoc»? Pgrkin Th‘m. I'-ZOQI. 258 .’
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binding propertxes of the achiral rcceptors 5 and 6. Using
NMR titration experiments,- monitoring the shift of both the
NH and ArH signals of the receptors, we, obtained binding

_ constants for both 5 and 6 with the tetrabutylammomum salt

L of phenylacetic acid in 10% CD,SOCD;-CDClI, (Table 2)." For
both receptors, binding with phenylacétlc acid carboxylate
leads to significant-downfield shifts of the signals for both the
urea NH (~2 ppm for 5, >3 ppm for 6) and amide NH (~1 ppm
for 5, ~0.5 ppm for 6), indicating. hydrogen bond formation,
and smaller shifts (~0.2 ppm) of signals for the aromatic
protons. The two binding constants are similar although
binding with the pyndyl receptor 6 is slightly weaker. Thus the
pyridyl receptor 6 may "be more preorganised for binding
as desired, but absolute binding ¢ of a carboxylate anion  may be
disfavoured by electrostatic repulsion between the anion and
the pyridine nitrogen lone-pau'—-as suggested by, Crabtree’s
studies on binding of various anions with related receptors 16
and 17 (Fig. 4)." :

Bmdmg studies with the chiral pyndyl receptor 7 and a range
of amino acid derivatives, as the tetrabutylammonium salts,
in neat CDCl;, were carried out and the results are presented in
Table 3. The receptor. is strongly selective for different amino
acids (e.g. >30 : 1 selectivity for N-Ac-L-Trp-CO," over N-Ac-L-
Ser-CO,"), but in .general the receptor shows only moderate
enantioselectivity with a general preference for L-amino acids
and a highest enantioselectivity for N-Ac-GIn-CO,” (L:D =

i L 12 : 1). Binding constants were also highest for amino acids with
: " sidechains incorporating hydrogen bonding functionality (V-
Ac-Gin-CO;") or an electron rich aromatic sidechain (N-Ac-
Trp-CO,"). The correspondmg N-Boc derivatives gave reduced
binding constants, but gave better enantioselectivity in the case
of N-Boc-Trp-CO,". For all substrates tested, binding resulted
in significant downfield shifts of the NH signals from the
thiourea (1.6-2.1 ppm)J the secondary amide (0.3~0.7 ppm) and
for one of the primary amide protons (1.2-1.5 ppm), and an
upfield shift (0.3-0.7 ppm) of the other pnmary ‘amide. proton
This suggests that binding of the amino acids involves hydrogen
bonds to the thiourea, secondary amide and one of the primary
amide NH's, ‘but also’ involves breaking of an intramolecular
hydrogen bond to. the ‘'Other primary amide NH. Conversely,
binding ‘ of - the :tryptophan’ derivatives led-to" a significant
upfield ‘shift for the indole NH signal .(>1 ppm) presumably
reflecting ‘thebreaking of an intramolecular hydrogen ‘bond
between:hé. indole NH .and !the carboxylate :on-binding, and
e smlarly)blndmgtof 1he)§lutamme aid @sparagine derivatives
ledrtqbﬁpﬁeld'ishlfts fop%ng fiithe ' primary:amide!NHY in
’ each' e 0D X010 0. fuo buimoo staw

; T cdég:enantiose‘lectivxmm ibmdmg

he Feptorscan be uséd asichiral shift

Receptor _,Subst’mte"-. K 'M™ . —AG, bk) mol™ eqgy ~.“Subst.rate..
5 ' PhCH,COy NBuS~. 740 . 6l 1 . . N-AcL-Ala-CO,”NBul 3450 . 198 .
6 ‘~.. PhCH,CO, NBu,* - 420 7 147 -2 II$ ﬁz:b-;\ll"a-ggz sgu. 2528 ;9;
3 L-Phe- u, 477 0.
"Errors were esumated as <10%. b Erxors were mtu-nated as <0.2 kJ ‘4 = “"N-Ac-D-Phe _CO: NBu: 2990 195 - .
mol™!. . : .5, N-Ac-L-Asn-CO,” NBu,* 1690 181, .
. "6 N-Acp-Asn-CO;" NBu,*. 800 . " 163
7 “N-Ac-L-GIn-CO,” NBu,* 9000 222
8 N-Ac-p-Gin-CO,” NBu,* 4520 20.5 -
9 N-Boc-1-GIn-CO,” NBu,* 1190 17.3
H 10 N-Boe-p-Gln-CO,~ NBuy,* 810 163 ,
AT 1 N-Ac-L-Ser-CO,~NBu,* 380 145
0 12 N-Ac-pD-Ser-CO,~ NBu,* - 480 15.0
g 13 N-Ac-L-Trp-CO,” NBu,* - 12400 20 ..
14 . N-Ac-D-Trp-CO,” NBu,® 14800 234
15 ° N-BocL-Trp-CO,” NBu/ 3140 196 -
16  N-BocD-Trp-CO,” NBuy,' 2225 18.8

Emzrs were estimated as <10%. ® Errors were estxmated as <0 2 Id
mol™',

Table 4 Binding constants (K,.,) and free energies of complexation
(-AG,,,) for the 1:1 complexes formed between thiourea 15 and
tetrabutylammonium salts of various amino acid denvatwes, in CDCl,
at20°C

Eotry  Substrate - KoM~ —~AG, k] mol™
1 N-Boc-L-Trp-CO,” NBu,* 1925 18.4
2 N-Boco-Trp-CO,” NBu,* 3785 20.1
3 (R)-Naproxen-CO,” NBu,* 1570 17.9
4 (S)-Naproxen-CO,” NBu,* 1870 18.4

‘Emln;s were estimated as <10%. ® Errors were estimiated as <0.2 kJ
mol™,

reagénts. Thus, for example, we prepared a CDCl,; solution
of receptor 6 with the tetrabutylammonium salt of racemic
N-Ac-Phe, which leads to two cleanly resolved signals for the
NCOCH, group of the two resultmg dxastereomenc complexm
at 1.86 and 1.88 ppm.

Thiourea 15 showed similar downﬁeld shifts for the thxourea
NH (~2 ppm), pyridyl amide NH (~0.5 ppm) and nitrobenz-
amide ' NH (~1.1 ppm) on titration with the enantiomers of
N-Boc-Trp, dand the receptor now showed a modest selectivity
for the p-enantiomer (Table 4). A probable contribution to
the binding from aromatic interactions is evidenced by
downfield shifts (~0.2 ppm) of the signals for both aromatic
protons. from the p-nitrobenzamide on complexation. The
receptor also bound the enantiomers of naproxen (as the
tetrabutylammonium salts), with associated shifts (~0.2 ppm)
for. the signals for the protons from the p-nitrobenzamide,
but was unable to dlscnmmate eﬂ'ectwely between the
enantiomers. . . TTANR

In summary we have prepared a series of sunple acychc
thiourea receptors which are both sidechain :selective and
moderately enantioselective for a range of amino acid deriva-
tives: Despite the modest: enantioselectivity “observed :the
receptors are simple to prepare, and evidence from the NMR
binding ‘studies does suggest -that the tweezer- -receptors 'do
indeed ‘wrap around the substrates as desired ‘wsing a coms
bination :of.iseveral hydrogen :bondingdintéractions: iThese
results-ifidicate . that 'more" selective: reeeptox‘s‘may‘ fesult ‘fromi
the tintfoduction ~of-'suitable functmnahty’*for,more'tspecxﬁ _
Intdractions with the sidechain’ ﬁnféﬁtmhlnyof’theanﬁno b&id
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All reactrons‘ equmng anhydrous condmons were conducted
in flame dridd glassware under a stiti¢, inert atmosphere unless
otherwise ‘stated. CH,Cl2 was ‘distilled from calcmm hydnde,
and'petrol was ‘distilled and the fraction Yoiling between 40
and 60°C ‘was ‘used. ‘All other ‘solvents were of commeércial
grade and were used without further purification. Thin layer
chromatography was perl'ormed on plastic backed -sheets
(Camlab) coated with silica gel (SiO;: 0.25 mmi). Flash column
chromatography was performed on Sorbrl Cm, 40—60 mesh
silica. -

Tnfra-red spectra were recorded on a Perl(m-Elmer 1600
series FT-IR spectrometer Proton NMR spectra were obtained
at 270 MHz on a JEOL GX 270, at 300 MHz on'a Bruker AC
300, and at 360 MHz on a Bruker Aspect 3000 spectrometer
Spectra were referenced with respect to the residual solvent
peak for the deuterated solvent concerned. ¥C'NMR spectra
were obtained at 75 MHz on a Bruker AC 300 and at 100 MHz
on a Bruker DPX '400. COSY spectra and 'H~*C correlation
spectra were performed on a Bruker AC 300. Mass spectra were
obtained on a VG analytrcal 70-250-SE normal geometry
double focusing mass spectrometer orona Mrcromass Platform
quadrupole mass analyser Wrth an electrospray ion source

IS

Methyl 3-{[({[3-(methoxycarbonyl)benzyl]ammo} thlocarbonyl)-
amlno]methyl}benzoate 3.,

Basedona procedure ongmally reported by Anslyn,” a susperi-
sion of amine hydrochloride 1.(0.84 g, 4.17 mmol) in CH,Cl,
(15 mL) was added dropwise to a vxgorously sstirred niixture
of potassium carbonate (1.14 g, 8.34 mmol) in water (45 mL)
and throphosgene (0.73 mL,'9.52 mmol) in CH,Cl; (45 mL).
The mixture was stirred at rt for 1 hour then heated at reflux for
12 hours. After cooling to'rt the organic layer was separated
dried (MgSO,), filtered and concentrated in vacuo to give crude
isothiocyanate as an orange oil which was used in the next

- step without further purification. Amine 1 (0.65 g, 3.24 mmol)

was added to a stirred solution of the isothiocyanate (0.67 g,
3.31 mmol) and triethylamine (1.32 mL, 9.72 mmol) in CH,Cl,
(30 mL). The mixture was heated at reflux for 12 hours and
after allowing to cool to rt was washed with 2.0 M HCI (3 x
20 mL), dried (MgSO,) and the solvent removed in vacuo to
give thiourea 3 as an orange viscous oil (1.15 g, 74%): R; 0.47
(ethyl acetate); &y (300 MHz, CDCl,) 3.83 (6H, s, CH,), 4.70
(44, d, J 5, ArCH,), 6.74 (2H, br s, NH), 7.32 (2H, t, J 8, ArH),
745 (2H, d, J 8, ArH), 7.83 QH, s, ArH), 7.84 2H, d, J 8,
ArH); d (75.5 MHz, CDCl;) 48.2, 52.4, 128.7, 129.0,'129.1,
130.6, 132.4, 137.9, 167.1, 182.9; m/z (ES*) 373.5 M + H)",
3955 M~ Na)* ‘HRMS: found 372.1223. C,,H,N;0,S
M+ H)* requires 373.1222. .

N-l-Butyl-3-({[({3-[(butylammo)carbonyl]benzyl}ammo)-
thmcarbonyl]ammo)methyl)benzamrde 5 :

Diester 3 (50 mg, 0.13 mmol) was dissolved in butylamine
(5 mL) and heated at reflux for 12 hours. After cooling to rt the
excess bufylamine was removed in vacuo. to yield a white solid
whxch was purified by crystallisation (ethyl acetate-methanol)
to give thiourea § as colourless crystals (25 mg, 41%): mp 88-
90°C (ethyl acetate-methanol); R; 0.47 (ethyl acetate), Ju (300
MHz, CDC},) 0.94 (6H, t,'J 7, CH,), 1.37 (4H, sextet,”J 7,
CH,CH,CH,), 1.55 (4H, quintet, J 7, CH,), 3.32 (4H,q,'7 7,
CH,NHCO), 4.7 (4H, d, J 5, CH,NHCS), 6.38 (2H, br s,
NHCS), 6.98 (2H, br s, NHCO), 7.32 (2H,.d,.J.8, Ar

(2H, d, 7 8, ArH), 7.53 (2H, d, J 8, ArH),r“‘Ii,S«i" H”tr)

33100 MHz; (CD,);SO=CDCly"10 590 v/A])i11.5,18.1,129.4; .
378, 45.87124.07124.1126.1,1128.5;133.0,/136.7166.8, 182.4;
" Vaxdom™! (néat) 3285,13225;:3060,2950,2930; 2865,1835,51585
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and 1535;7n/z (ES)4554 (M ‘l-'H)* (Follﬁd C;63:98; H;7:39;
N, M 174, C;;H,‘N4O,S MeOH ' requrres C, 64 17, H, 7.87;'N,
“51%) '*s‘_‘: g LI i [ . tr'lr ,rr,.;;
ot "" p..'_f _!_,.\’,"kl.l'l"'."f ,'-‘ AR ",~ 4‘ \‘ l'.;f( i < .
Ethyl 6-({I( {[6—(ethoxyearbonyl)-Z-pyrldyl]methyl} amlno)thi
carbonyl]amino)methyl)pyrldine-z-l:arboxylate4 R

Based on a procedure orrgmally reported by Anslyn u’ DMAP
(0.57 g, 4.70 mmol) was added to a suspension of amine hydro-
chioride salt 2 (0.41 g, 1.88 mmol), DCC (0. 19 & '0.94 mmol)
and carbon drsulﬁde (. 40 mL, 6.58 mmol) in dry, CHCIi,
(10 mL) at —10°C. The solution wasstirred at rt for l hour
then heated at reflux for 12 hours. The solvént was removed in
vacuo and the resultant orange oil-was purified by flash column
chromatography, eluting with ethyl acetate-petroleum ether
(70:30 to 100:0 v/v) to give thiourea 4 as a yellow solid
(0.25 g, 64%): mp'103~104 °C (ethiyl acetate—petroleum ether);
R, 0.44 (ethyl acetate) 3y (300 MHz, CDCly) 1.45 (6H, £, J 7,
CH,), 4.49 (44, q, J 7, CH;CH,), 5.02 (4H, br s, CH,N), 7.50
(2H, d, J 8, pyrH), 7.83 (2H, t, J 8, pyrH), 8.02 (2H, d, J 8,
pyrH), 8.56°(2H, br': s, NH); . (75.5 MHz, CDCI;) 144, 49.5,
62.2, 124.0, 125.7,/138.0, 147.2, 157.4,'165.1, 183.3; v,,,../cm"
(neat) 3545, 3300, 1705, and 1530; m/z (ES*) 403.0 M+ Hy*;
4249 M + Na)" (Found: C, 56.69; H, 5.68; N, 13.63,
Cl,HnN.O.,S reqmres C,’56. 70 H S 51 N 13 92%) ‘

N-1-Butyl-6-[({l(lﬁ-I(butyramino)carbonyu-z-pyndyr}methyl)-
amino]throcarbonyl}ammo)methyl]pyrldine-z-carboxannde6 N

Diester 4 (26 mg, 65 umol) was dissolved in butylamine (4 mL)
and the solution was heated at reflux for 12 hours. The excess
butylamine was removed in vacuo and the resultant yellow solid
was recrystallised from ethyl acetate~petroleum ether to give
thiourea 6 as colourless crystals (32'mg, 100%): mp 95-96°C
(ethyl acetate—petroleum ether); R, 0.31 (ethyl acetate); &y (300
MHz, CDCl;) 0.80.(6H, t, J 7, CHy), 1.21 (4H, sextet, J 7,
CH,CH,), 144 (4H, quintet, J 7, CH,CH,CH,), 3.26 (4H,
q, J 7, CH,CH,N), 4.98 (4H,:s, CH,NHC=S), ‘7.48 (2H, d,
J8, pyrH), 7.77 (2H, t, J 8, pyrH), 7.96 (2H, d, J 8, pyrH), 8.02
(2H, br s, NH), 8.29 (2H, br s, NH); J; (75.5 MHz, CDCl,)
13.8, 20.3, 31.8, 39.6, 49.5, 121.3, 125.2, 138.8, 149.0,155.9,
164.1; v, Jem™ (neat) 3360, 3300, 2950, 2860, 2360, 1670,
1640, - 1570. and 1530; m/z (ES*) 4574 (M + H)*, 479.5
(M + Na)*; HRMS (FAB): found 457.2384. C,,H,,NGO,S
requires 457,2386. An X-ray crystal structure .was .obtained
(see text). .
N-[(15)-2-Amino-1-benzyl-2-oxoethyl]-6-({{({[6-({[(15)-2-
amine-1-benzyl-2-oxoethyllamino}carbonyl)-2-pyridyl Imethyl}-
amino)thiocarbonyllamino}methyl)pyridine-2-carboxamide 7 .

LiOH (201 mL of a 1 M soln, 20.1 mmol) was added to diester
4 (0.81°g, 2.01 mmol) in 1,4-dioxane (23 mL) and the mixture
was stirred for 1 hour. KHSO, (20.1 mL of a 1 M soln, 20.1
mmol) was added and the water was removed in vacuo and by
azeotroping with acetonitrile (20 mL). Methanol (5 mL) was
added to the resultant solid, the insoluble matérial was removed
by filtration and the excess methanol was removed in vacud
to yreld the diacid as a pale yellow solid (0.70 g, 100%) which
was used in the next reaction ‘without further purification.
Diphenylphosphoryl azidé' (DPPA) (0. 42 mL, 1.92 mmol)
followed by trrethylamme (0.53mL,3. 83 mmol) were added to
a ‘stirred mixture of the diacid (030 g, 0.87 minol) and (2S5)-
2-ammo-3-phenylpropanarmde (0 k) g, 1.92 mmol) in DMF
(0.5 L) at 0 °C.*The mixture was' strrred at 0 °c for 2 hours
and at rt for 2 days. The solvent was removed n vacuo'and the
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' R, 043 [methanol—CH,Cl, (10 90,¥/v));: [a3 ‘1—36 0t dn

CH,CL); 84 (300- MHz,'CDCY,):3.12-(2H; dd,J 7,14, CH
HgPh), 3.17 (2H, dd, J'7, 14,'CH,H;Ph); 4.87 (2H, apparerit q,

- J 7, CONHCH), 4.99 (4H, m, CSNHCH)), 6.34 (2H, br s,

NHAHB),‘Q 47.(2H, br.s, NH H)), 7. 15-7.25 (10H, 'm, ‘ArH),
7.43 (2H, d, J 8, ArH), 1,74 (2H,1,.J 8, pyrH), 7.91 (2H, 4,78,
pyrH), 8.00 2H, br s, CSNH), 8. 80 (2H, d, J 8, CONHCH);
dc (5.5 MHz, CDCl,) 39.4, 500 55.6, 121.5,'125.9, 127.8,
129.4, 130.2, 130.4, 138.0, 139 3, 149.6, 158.6, 165.8 and 175.69;
v,,,.xlcm'l 2395, 2360 1660, 1650 and 1515; mfz (ES*) 639.6
(M + H), 6616(M+Na)" 6775(M+K)+ HRMS(FAB)
found 661 2311 C,,HMNaOrNaS requrres 661.2321,

6-i(1, 3-Dioxo-2,3-dlhydro-1H isoindol-z-yl)methyl]pyndme-
2-earboxyhc acld 11

Based on'a procedure ongmally reported by OIah 1 chloro-
trimethylsilane (16.6,mL, 0.13 mol) was added to a solution
of ester 10" (10.1 g, 32.7 mmol) and sodium iodide (19.6 g,
0.13 mol) in acetomtnle (50 mL) at 0°C. The reaction mixture
was allowed to warm to it and heated at reflux for 4 days. After
allowmg to cool to rt, water (200 mL) was added, the reaction
mixture was diluted with CH,Cl, (100 mL) and was ‘washed
successively with water (100 mL) followed by aqueous sodium
thiosuifate (150 mL). The organic phase was. extracted with
saturated sodium hydrogen carbonate (50 mL) and the aqueous

{ ase acidified to pH 3 using 2.0 M HCI. The acidic solution

{

extracted with methanol—CH,Clz [3 %150 mL (5 95 viv)),
dried (MgSO,) and the solvent removed in vacuo to give acid 11
as a white solid (3.12 g, 34%): mp 219-221°C (from methanol-

. CHCLY; R;0.21 [methanol-CH,CI, (10 : 90 v/v)}; 81 {400 MHz,

[(CD,),SO-CDCl; 10: 90 viv]} 5.03 (2H, s, PhthNCH,), 7.33
(1H, dd, J.1, 8, pyrH), 7.73 (2H, dd, J 3,'5, ArH), 7.77 (1H,
t, J 8, pyrH), 7.82 (2H, dd, J 3, 5, ArH), 7.96 (1H, dd, J 1, 8,
pyrH); 6 (100 MHz, CD,0D) 42.5, 123.1, 123.2, 123.7, 131.5,
134.0, 137.8, 147.6, 155.5, 165.7, 167.5; voudom™" (ncat) 3360,
1750, 1705, 1600 and 1420 (Found: C, 64.07; H, 3.55; N, 9.95.
CHiuN.Ox requires C, 63.83; H, 35T, N, 992%)

tert-Butyl-N-{(lS)—l benzyl-z-[(4-nitrobenzoyl)amino]ethyl}-
carbamate 9

I-Iydra.zme hydrate (90 uL, 1.88 mmol) was added to a solution
of phthalimide 8° (0.48 g, 1.26 mmol) in ethanol (25 mL)
and the mixture heated at reflux for 6 hours. After cooling to
rt the insoluble material was removed by filtration and the
excess solvent removed in vacuo to give the amine as a pale
yellow solid, which was suspended in dry CH,Cl; (20 mL).
4-Nitrobenzoyl chloride (0.52 g, 2.82 mmol) followed by tri-
ylamine (0.39 mL, 2.82 mmol) and DMAP (50 mg, 0.41
ol) were added. After stirring at rt for 12 hours solvent
was removed in vacuo and the crude material was purified by
flash column chromatography e¢luting with ethyl acetate-
petroleum ether (30: 70 v/v) to give amide 9 as a white solid
(0.31 g, 63%): mp 184-186°C (ethyl acetate); R, 0.5 [ethyl
acetate-petroleum ether (30:70 vi)}; dy (300, MHz
[(CD,),80-CDCl; 10: 90 viv]} 1.29 (9H, 5, C(CHy)y), 2. 69 (1H,
dd, J9, 14, CH HyPh), 2.80 (1H, dd, J 6, 14, CH, HPh), 3.38~
3.33 (2H, m, CH,N), 3.93 (1H, dt, 7 6, 9, CHCH),), 6.81 (1H, d,
J9, NHCH), 7.31-1.16 (5H, m, ArH), 8.07 (2H, 4, J 9, ArH),
8.32(2H,d, J9, ArH), 8.80 (1H, t, J 5, NHCH,),&C (100 MHz,
DMSO0-dg) 26.5, 36.1, 42.0, 49.7, 75.8, 1217, 124.2, 126.3,
127.1, 1274, 137.2, 138.6, 147.2, 153.6, 163.2; vm,lcm“ (neat)
3350, 1690, 1644, 1550 and 1525; miz (ES*) 400.4 (M + H)*

(Found:'C, 63.28; H, 6.62; N, 10.44. C,;H;;N,0, requires C,

,,,63 15 H, 635N, 10.52%), ...
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0 "C and the mlxture was stirred for 12 hours at rt, The solyent
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250 vlv)] Was added ‘to a'solution-pf .
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was removed in vacuo and the resultmg oil was triturated with
ether (2 x 10 mL) to give the amine TFA salt ds a pale yellow
oil. Acid 11 (0.19 g, 0.68 mmol) was heated at reflux in thionyl
chlonde [¢) mL) for. 8 hours then cooled and stirred at rt for
12 hours. The excess thlonyl chlonde was removed in vacuo to
give acid chlonde 12 as a white solid, which was dissolved in dry
DME (5 mL) and added dropwise to a solution of amine TFA
salt and DMAP (70 mg, 0.57 mmol) in DMF and the mixture
was stirred at rt for 2 days. Solvent was removed in vacuo and
the brown residue was purified by filtration through a pad of
silica gel, eluting with ethyl acetate, to give amide 13 as a white
solid (0.23 g, 9%) R; 0.59 (ethyl acetate); mp 174-176 °C
(CHCly-hexane); [al§ —11.3° (¢ 1 in CH,CL,); 8y (400 MHz,
CDCly) 2.78 (1H, dd, J 8, 15, CH ;HgPh), 2.82 (1H, dd, J 7, 15,

CH,H,Ph), 3.38 (1H, ddd, J 3, 4, 14, NHCH ,CHy), 3.63 (1H,

ddd, J 5, 10, 14, NHCHACH,),437 (IH, m, NHCHCH,), 4.97
(2H, s, CH2Phth), 7.11-7.25 (SH, m, ArH), 7.40 (2H, d, J 8,

pyrH), 7.72 (2H, dd, J 3, 5, ArH), 7.76 (1H, 1, J 8, pyrH), 7.84
(2H,dd, J 3, 5, ArH), 7.86-7.90 (3H, m, ArH and NHCH,CH),
7.96 (1H, d, J 8, pyrH), 8.12 (1H, d, J 8, NHCHCH,), 8.17 (2H,

d, J9, ArH); d. (100 MHz, CDCl,) 39.3, 43.0, 47.3, 51.5, 121.6,

124.0, 124.1, 125.3, 127.5, 128.7, 129.5, 129.3, 132.4, 134.9,

136.9, 139.0, 140.1, 149.0, 1499, 154.7, 165.7, 166.1, 168.4;

vm/cm"1 (neat) 3350, 2360, 1685, 1644, 1600 and 1550; m/z
(ES*) 564.3(M + H)*. HRMS: found 564.1879. C,,;H,,N,O,
M + H)+ requu'es 564 1883 }

N-2-{(1S)-l-Benzyl-Z—[(4-mtrobenzoyl)ammo]ethyl}-6—
[({6-1({(15)-1-benzyl-2-{(4-nitrobenzoyl)aminoJethyl}amino)- .
carbonyll-2-pyridyl}methyl)amino]thiocarbonyl}amino)-
methyl]-z-pyridmeearboxamlde 15

Hydraz.me ‘hydrate (17 pL, 0.35 mmol) was added to a solution
of phthalimide 13 (0.20 g, 0.35 mmol) in ethanot (5 mL) and the
mixture heated at reflux for 12 hours. The insoluble material
was removed by filtration and the filtrate concentrated in vacuo
to give amine 14 as a yellow residue which was used in the
next step without further purification. Carbon disulfide (74 pL,
1.21 mmol) was added to a solution of the amine (75 mg,

" 173 pmol), DCC (36 mg, 174 pmol) and DMAP (43 mg, 0.35

mmol) in dry CH,Cl, (2 mL) at —10°C and the mixture was
stirred for 1 hour. After warming to rt the excess solvent and
carbon disulfide were removed in vacuo. The resultant orange
oil was dissolved in dry CH,Cl; (2 mL) and further amine
14 (75 mg, 1.73 pmol) was added. After stirring at rt for 5 days
the solvent was removed in vacuo and the brown residue
was purified by flash column chromatography eluting with
methanol—CH,Cl, (1:99 to 10:90 v/v) to give thiourea 15 as
gale yellow solid (60 mg, 25%): R, 0.59 (ethyl. acetate),
[alp + 36.0° (¢ 2 in CH,Cl,); dy4 (400 MHz, CDCl,) 2.90 (iH,
dd, J 8, 14, CH,H,Ph), 3.22 (1H, dd, J 6, 14, CH, H,Ph), 3.58
(1H, ad, J 3, 14, CH,HaNH), 3.80 (1H, dd, J 10, 14, CH, Hj-
NH), 4.51 (2H, m, CHCH,Ph), 5.02 (2H, d, J 17, CH ,HgN-
HCS), 5.10 (2H, d, J 17, CH, H ;NHCS), 7.22-7.35 (10H, m,
ArH), 7.56 (2H, d, J 8, pyrH), 7.73 (2H, br s, CH,NHCO),
7.83 (4H, d, J 9, ArH), 7.89 (2H, t, J 8, pyrH), 8.07 (2H, d,
J 8, pyrH), 8.11 (4H, d, J 8.5, ArH), 8.44 (2H, br m, NHCS),
8.89 (2H, d, J 5, NHCH); 6 (100 MHz, CDCl,) 37.3, 42.7, 47.2,
510, 120.0,.122.3, 1239, 125.5, 126.7, 1274, 121.7, 135.5,
137.7, 146.4, 148.1, 154.1, 162.6, 165.9, 182.3; v_, Jem™ (reat)
3285, 1650, 1595 and 1518; m/z (ES*) 910.4 (M + H)* (Found
C, 62.38; H, 5.10; N, 15.46. C.,H“N,.,OSS MeOH reqmres C,
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