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Use of cyclic anabaenopeptin-type peptides for the
treatment of a condition wherein inhibition of

carboxypeptidase U - is beneficial, novel
anabaenopeptin derivatives and intermediates
thereof.

The present invention relates to novel compounds, and pharmaceutically acceptable
salts thereof, which inhibit basic carboxypeptidases, more specifically carboxypeptidase U,
and thus can be used in the prevention and treatment of diseases wherein inhibition of
carboxypeptidase U is beneficial, such as thrombosis and hypercoagulability in blood and
tissue, atherosclerosis, adhesions, dermal scarring, cancer, fibrotic conditions, inflammatory
diseases and those conditions which benefit from maintaining or enhancing bradykinin levels
in the body. In further aspects, the invention relates to compounds of the invention for use in
therapy; to processes for preparation of such new compounds; to pharmaceutical compositions
containing at least one compound of the invention, or a pharmaceutically acceptabie salt
thereof, as active ingredient; and to the use of the active compounds in the manufacture of
medicaments for the medical use indicated above.

Fibrinolysis is the result of a series of enzymatic reactions resulting in the degradation
of fibrin by plasmin. The activation of plasminogen is the central process in fibrinolysis. The
cleavage of plasminogen to produce plasmin is accomplished by the plasminogen activators,
tissue-type plasminogen activator (t-PA) or urokinase-type plasminogen activator (u-PA).
Initial plasmin degradation of fibrin generates carboxy-terminal lysine residues that serve as
high affinity binding sites for plasminogen. Since plasminogen bound to fibrin is much more
readily activated to plasmin than free plasminogen this mechanism provides a positive
feedback regulation of fibrinolysis.

One of the endogenous inhibitors to fibrinolysis is carboxypeptidase U (CPU). CPU is
also known as plasma carboxypeptidase B, active thrombin activatable fibrinolysis inhibitor
(TAFIa), carboxypeptidase R and inducible carboxypeptidase activity. CPU is formed during
coagulation and fibrinolysis from its precursor proCPU by the action of proteolytic enzymes,
such as thrombin, thrombin-thrombomodulin complex or plasmin. CPU cleaves basic amino
acids at the carboxy-terminal of fibrin fragments. The loss of carboxy-terminal lysines and
thereby of lysine binding sites for plasminogen then serves to inhibit fibrinolysis. By
inhibiting the loss of lysine binding sites for plasminogen and thus increase the rate of
plasmin formation, effective inhibitors of carboxypeptidase U are expected to facilitate
fibrinolysis. '
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2-Mercaptomethyl-3-guanidinoethylthiopropanoic acid is reporfed as a
carboxypeptidase N inhibitor. More recently, this compound has beeni{shown to inhibit CPU,
Hendriks, D. et al., Biochimica et Biophysica Acta, 1034 (1990) 86-92.

Guanidinoethylmercaptosuccinic acid is reported as a carboxypeptidase N inhibitor.
More recently, this compound has been shown to inhibit CPU, Eaton, D. L., et al., The
Journal of Biological Chemistry, 266 (1991) 21833-21838.

CPU inhibitors are disclosed in WQ 00/66550, WO 00/66557, WO 03/013526 and
WO 03/027128 and a pharmaceutical formulation containing a CPU inhibitor and a thrombin
inhibitor is disclosed in WO 00/66152. Inhibitors of plasma carboxypeptidase B are disclosed
in WO 01/19836 and WO 03/08063 1. Inhibitors of TAFIa are disclosed in WO 02/14285,
WO 03/061652 and WO 03/061653.

Cyclic Anabaenopeptin-type peptides are disclosed in: Tetrahedron Letters, Vol. 36,
No. 9, pp. 1511-1514 (1995); J. Org. Chem. (1997) 62 6199-6203; Tetrahedron Letters, Vol.
36, No. 33, pp. 5933-5936, (1995); J. Nat. Prod. (1996) 59 570-575; Tetrahedron Letters, Vol.
38, No. 31, pp. 5525-5528, (1997); J. Nat. Prod. (1997) 60 139-141; Tetrahedron 54 (1998)
6719-6724; Bioorganic & Medicinal Chemistry Letters 9 (1999) 1243-1246; Tetrahedron 56
(2000) 725-733; J. Nat. Prod. (2000) 63 1280-1282; J. Nat. Prod. (2001) 64 No. 8 1053;
Tetrahedron 58 (2002) 6863-6871; and, J. Nat. Prod. (2002) 65 1187-1189.

The synthesis of cyclic Anabaenopeptin-type peptides are disclosed in: Journal of
Organic Chemistry, Vol.62, pp.6199-6203 (1997); and Angewandte Chemie International
Edition, Vol.35, No.12, pp. 1336-1338 (1996). It has now been found that compounds of

formula (I):
12
R?
I 0 R %/

N N
R’ O Ry' \I_T R’

R’ O

or a pharmaceutically acceptable salt or solvate thereof, o'r a solvate of such a salt, are

25 particularly effective as inhibitors of carboxypeptidase U and are therefore useful as

medicaments for the treatment or prophylaxis of conditions wherein inhibition of
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carboxypeptidase U is beneficial, for example in the treatment or prophylaxis of: thrombosis
and/or hypercoagulability in blood and/or tissues; atherosclerosis; adhesions; dermal scarring;
cancer; fibrotic conditions; inflammatory diseases; conditions which benefit from maintaining
or enhancing bradykinin levels in the body of a mammal (such as man); protein C resistance;
inherited or aquired deficiences in antithrombin ITI, protein C, protein S or heparin cofactor II;
circulatory or septic shock; circulating antiphospholipid antibodies; hyperhomocysteinemia;
heparin induced thrombocytopenia; defects in fibrinolysis; venous thrombosis; pulmonary
embolism; arterial thrombosis (for example in myocardial infarction, unstable angina,
thrombosis-based stroke or peripheral arterial thrombosis); systemic embolism usually from
the atrium during atrial fibriliation or from the left ventricle after transmural myocardial
infarction; the prophylaxis of re-occlusion and restenosis (that is, thrombosis) after
thrombolysis; percutaneous trans-luminal intervention (PTT) and coronary bypass operations;
the prevention of re-thrombosis after microsurgery and vascular surgery in general;
disseminated intravascular coagulation caused by bacteria, multiple trauma, intoxication or
any other mechanism,; fibrinolytic 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; fibrinolytic treatment when blood is
in contact with medical devices outside the body, such as during cardiovascular surgery using
a heart-lung machine or in haemodialysis; prophylaxis of atherosclerotic progression and/or
transplant rejection in patients subject to organ transplantation, for example renal
transplantation; inhibiting tumor maturation and progression; any condition in which fibrosis
is a contributing factor (for example cystic fibrosis, pulmonary fibrotic disease eg chronic
obstructive pulmonary disease (COPD), adult respiratory distress syndrome (ARDS),
fibromuscular dysplasia, fibrotic lung disease or fibrin deposits in the eye during opthalmic
surgery); inflammation (such as asthma, arthritis, endometriosis, inflammatory bowel
diseases, psoriasis or atopic dermatitis); neurodegenerative diseases such as Alzheimers and
Parkinsons; or conditions known to benefit from maintaining or enhancing bradykinin levels
(such as hypertension, angina, heart failure, pulmonary hypertension, renal failure or organ
failure).

Thus, the present invention provides the use of a compound of formula (I):
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5 1|{“ 6 Rn 3
R N ) 11{ $ 14
D =S
10 0 0 % 6] 1
R — X R
} 7 "N, \rN/ ®
R4 0 9‘ \Rs'
RO R ©
wherein:
X is (CHz)n Y(CHz)x;

m and n are, independently, 1, 2, 3, 4, 5 or 6; provided that m + n is not more than 6;

Y is a bond, O, S(O),, or 5-§;

R! is CO2RY or a carboxylic acid isostere such as S(0),0H, S(0O),NHR'®, PO(OR")OH,
PO(OR'*)NH,, B(OR'%),;, PO(R'*YOH, PO(R'*)NH; or tetrazole;

R% R3 R, R® and RS are, independently, hydrogen, C;.¢ alkyl (optionally substituted by
halogen, hydroxy, cyano, SH, S(O)3H, S(0)4(C1-¢ alkyl), OC(O)(Ci4 alkyl), CF3, C14 alkoxy,
OCF;, COOH, CONHj;, CONH(C, alkyl), NH,, CNH(NH3z), or NHCNH(NH3)), Cs.6
cycloalkyl(C,.¢)alkyl (wherein the cycloalkyl ring is optionally substituted by halogen,
hydroxy, cyano, Cy.4 alkyl, CF3, Cy4 alkoxy, OCFs, NH;, CNH(NH;) or NHCNH(NHS,)),
heterocyclyl(C;4)alkyl (whei'ein the heterocyclyl ring is optionally substituted by halogen,
hydroxy, cyano, C,4 alkyl, CFs, Ci4 alkoxy, OCF,, NH;, CNH(NH3) or NHCNH(NHg)),
phenyl(C,4)alkyl (wherein the pheny! ring is optionally substituted by halogen, hydroxy,
cyano, C,.4 alkyl, CF3, C;4 alkoxy, OCFs, NH;, CNH(NH;) or NHCNH(NH,)) or
heteroaryl(C)4)alkyl (wherein the heteroaryl ring is optionally substituted by halogen,
hydroxy, cyano, C,.4 alkyl, CFs, C4 alkoxy, OCF;, NH;, CNH(NH;) or NHCNH(NH3));
p and q are, independently, 0, 1 or 2;

R, R% R?, R'®, R, R'? and R" are, independently, H or C,.4 alkyl;

R is H or Cy4 alkyl; and,

R is H or Cy4 alkyl;

or a pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt; ina
method of manufacturing a medicament for the treatment or prophylaxis of a condition
wherein inhibition of carboxypeptidase U is beneficial, for example in the treatment or
prophylaxis of: thrombosis and/or hypercoagulability in blood and/or tissues; atherosclerosis;
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adhesions; dermal scarring; cancer; fibrotic conditions; inflammatory diseases; conditions
which benefit from maintaining or enhancing bradykinin levels in the body of a mammal
(such as man); protein C resistance; inherited or aquired deficiences in antithrombin II,
protein C, protein S or heparin cofactor II; circulatory or septic shock; circulating
antiphospholipid antibodies; hyperhomocysteinemia; heparin induced thrombocytopenia;
defects in fibrinolysis; venous thrombosis; pulmonary embolism; arterial thrombosis (for
example in myocardial infarction, unstable angina, thrombosis-based stroke or peripheral
arterial thrombosis); systemic embolism usually from the atrium during atrial fibrillation or
from the left ventricle after transmural myocardial infarction; the prophylaxis of re-occlusion
and restenosis (that is, thrombosis) after thrombolysis; percutaneous trans-luminal
intervention (PTI) and coronary bypass operations; the prevention of re-thrombosis after

microsurgery and vascular surgery in general; disseminated intravascular coagulation caused

by bacteria, multiple trauma, intoxication or any other mechanism; fibrinolytic 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; fibrinolytic treatment when blood is in contact with medical devices outside the body,
such as during cardiovascular surgery using a heart-lung machine or in haemodialysis;
prophylaxis of atheroscleroti¢ progression and/or transplant rejection in patients subject to
organ transplantation, for example renal transplantation; inhibiting tumor maturation and
progression; any condition in which fibrosis is a contributing factor (for example cystic
fibrosis, pulmonary fibrotic disease eg chronic obstructive pulmonary disease (COPD), adult
respiratory distress syndrome (ARDS), fibromuscular dysplasia, fibrotic lung disease or fibrin
deposits in the eye during opthalmic surgery); inflammation (such as asthma, arthritis,
endometriosis, inflammatory bowel diseases, psoriasis or atopic dermatitis);
neurodegenerative diseases such as Alzheimers and Parkinsons; or conditions known to
benefit from maintaining or enhancing bradykinin levels (such as hypertension, angina, heart
failure, pulmonary hypertension, renal failure or organ failure).

In the context of the present invention, the term “therapy” includes “prophylaxis”
unless there are specific indications to the contrary. The terms “therapeutic” and
“therapeutically” should be understood accordingly.

In one particular aspect the present invention provides the use of a compound of
formula (T), as herein described, in a method of manufacturing a medicament for the treatment
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or prophylaxis of thrombosis and/or hypercoagulability in blood and/or tissues;
atherosclerosis; fibrotic conditions; inflatamatory diseases; or a condition which benefits from
maintaining or enhancing bradykinin levels in the body of a mammal (such as man).

In another aspect the present invention provides the use of a compound of formula (I),
as herein described, in a method of manufacturing a medicament for the treatment or
propbylaxis of thrombosis and/or hypercoagulability in blood and/or tissues; atherosclerosis;
fibrotic conditions; or a condition which benefits from maintaining or enhancing bradykinin
levels in the body of a mammal (such as man); for example a medicament for the treatment or
prophylaxis of thrombosis and/or hypercoagulability in blood and/or tissues.

The compounds of formula (I) exist in isomeric forms and the present invention covers
all such forms and mixtures thereof in all proportions. Both pure enantiomers, racemic
mixtures and equal and unequal mixtures of two enantiomers are within the scope of the
present invention. It should also be understood that all possible diastereomertc forms possible
are within the scope of the invention.

Compounds of formula (I) can be in the form of a salt. Suitable salts include acid
addition salts such as a hydrochloride, dihydrochloride, hydrobromide, phosphate, sulfate,
acetate, diacetate, fumarate, maleate, tartrate, citrate, oxalate, methanesulfonate or p-
toluenesulfonate. Salts also include metal salts, such as an alkali metal salt (for example a
sodium or potassium salt) or an alkaline earth metal salt (for example magnesium or calcium).

The term C;4 alkyl denotes a straight or branched alkyl group havin'g 1 to 4 carbon
atoms in the chain. Examples of alkyl include methyl, ethyl, n-propyi, iso-propyl, n-butyl,
iso-butyl, sec-butyl and tert-butyl.

The term C,4 alkoxy denotes an alkyl-O group, where alkyl is straight or branched
chain and examples include methoxy and ethoxy.

Halogen includes fluoro, chloro, bromo and iodo (but is, for example, fluoro, chloro or
bromo).

Cycloalkyl is, for example, cyclopropyl, cyclopentyl or cyclohexyl.

The term heterocyclyl denotes a non-aromatic ring containing carbon and at least one
(such as one or two) atoms selected from nitrogen, oxygen or sulphur. Heterocyclyl is, for
example, pyrrolidinyl, piperidinyl, piperazinyl or morpholinyl.

The term heteroaryl denotes an aromatic ring system (for example a mono-cycle or a

bicycle) containing carbon and at least one (such as one or two) atoms selected from nitrogen,
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oxygen or sulphur. Heteroaryl, is for example, furan, thiophene, pyrrole, oxazole, isoxazole,
thiazole, imidazole, pyrazole, isothiazole, oxadiazole, furazan, [1,2,3]-triazole, [1,2,4]-
triazole, thiadiazole, pyridine, pyridazine, pyrimidine, pyrazine, indole or naphthyridine.

Phenylalkyl is for example benzyl or 1-phenyleth-2-yl.

Cycloalkylalkyl is, for example, cyclohexylmethyl.

Heteroalkylalkyl is, for example, indol-3-ylmethyl.

Heterocyclylalkyl is, for example, piperidin-1-ylmethyl.

In another aspect the present invention provides a compound of formula (I):

11 [
R 12 13

S A ATy
N 2
" I O R1 jcll)/ l R

R~ O X R
/

4 DI:I N\. 8

R
OR RSO

wherein:

X is (CHa)s;

R' is CO;R";

R? is straight-chain C;. alky! substituted at its terminus by NH;, CNH(NH;) or
NHCNH(NH;); Cj. cycloalkyl substituted by NHz, CNH(NHz) or NHCNH(NH2);
heterocyclyl containing at least one nitrogen atom; non-nitrogen containing heterocyclyl
substituted with NHa, CNH(NH3) or NHCNH(NH:); heteroaryl substituted with NH;,
CNH(NHz) or NHCNH(NH,); pheny] substituted with NH,, CNH(NH2) or NHCNH(NH3),
heteroaryl(Cy4)alkyl substituted with NH, CNH(NH3) or NHCNH(NH;); phenyl(C4)alkyl
substituted with NH,, CNH(NH;) or NHCNH(NH3); or Cs. cycloalkyl(C)4)alky! substituted
with NH;, CNH(NH3) or NHCNH(NH_); all of the above rings being optionally further
substituted by one or more of: halogen, hydroxy, cyano, C,4 alkyl, CF, C,.4 alkoxy or OCFj;
one of R3, R*, R® and R® is independently, hydrogen, heteroaryl(C.4)alkyl (wherein the
heteroaryl ring is optionally substituted by halogen, hydroxy, cyano, C,4 alkyl, CF3, Ci4
alkoxy, OCF3, NHz, CNH(NH;) or NHCNH(INH3)); and the others are, independently,
hydrogen, C).s alkyl (optionally substituted by halogen, hydroxy, cyano, SH, S(O):H,
S(0)4(C16 alkyl), OC(0)(C)4 alkyl), CF3, Cy4 alkoxy, OCFs, COOH, CONH,, CONH(C;s
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alkyl), NH;, CNH(NH,), or NHCNH(NH:)), Cs-s cycloalkyl(C;4)alkyl (wherein the
cycloalkyl ring is optionally substituted by halogen, hydroxy, cyano, Cy4 alkyl, CFs3, Ci4
alkoxy, OCF;, NHz, CNH(NH;) or NHCNH(NH5)), heterocyelyl(Ci.4)alkyl (wherein the
heterocyclyl ring is optionally substituted by halogen, hydroxy, cyano, C,4 alkyl, CF3, Ci4
alkoxy, OCF;, NHz, CNH(NH;) or NHCNH(NH,)), phenyl(Ci.s)alkyl (wherein the phenyl
ring is optionally substituted by halogen, hydroxy, cyano, Ci4 alkyl, CF3, C;.4 alkoxy, OCF;,
NH;, CNH(NH,) or NHCNH(NH,)) or heteroaryl(C;.4)alkyl (wherein the heteroaryl ring is
optionally substituted by halogen, hydroxy, cyano, C, alkyl, CF3, C,4 alkoxy, OCF3;, NH;,
CNH(NH;) or NHCNH(NH));

p and q are, independently, 0, 1 or 2;

R’ R: RS, Rm, R", R and R are, independently, H or C 4 alky];

R is H or C,.4 alkyl; and,

RY¥isHorCiy alkyl;

or a pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt.

In a further aspect the present invention provides a compound of formula (I):

5 ll?tll 6 ?‘u R |,
RIN%N%/NTIL#R_RZ
qu---..N o © R7 X 0 R

> / @

wherein:

R' is CORY; _

R? is straight-chain C.¢ alkyl substituted at its terminus by NH,, CNH(NH;) or
NHCNH(NHz); Cq alkyl (such as CH(CH;3)CH2CHj; or CH2CH(CHs)); or
{aminopyridinyl)methyl (for example (6:aminopyridin-3-yl)methyl);

one of R® and R* is (indol-3-y1)CH; optionally substituted by halo or hydroxy; and the other is
benzyl (optionally substituted by halo or hydroxy) or C, alkyl (such as CH(CH3)CH,CHj or
CH;CH(CH3));

or R? and R* are both methyl;
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R’ and R® are, independently, Ci.s alkyl (for example CHs, CH(CHs),, CH(CH:)CH,CH; or
CH:CH(CH:));
R’ R%, R, R", R'%, R™ and R™ are H;
R' is Cy4 alkyl; and,
R is H or C1.4 alkylL

In another aspect the present invention provides a compound of formula (I) having the
chirality shown below:

13 12 8
R
R i 111 X E 0
R R' \'c])/ l 3
7N~ Y0 “R
R.—-"
Rﬁ\'.yo 0 N-""Rg
ﬁi 1{10

In an aspect of the invention X is (CHa)a.

In a further aspect of the invention R! is CO,R'* wherein R" is H or Cy4 alkyl (for
example methyl).

In another aspect R? is straight-chain C,.¢ alkyl substituted at its terminus by NHy,
CNH(NH:) or NHCNH(NH3); C, alkyl (such as CH(CH;)CH;CHj3 or CH,CH(CHs)); or
(aminopyridinylmethyl (for example (6-aminopyridin-3-yl)methyl).

In a still further aspect of the invention R? is Cy. alkyl (such as iso-propyl,
CH(CH,)CH,CHj; or CH,CH(CH,)), benzyl, or straight-chain C.¢ alkyl substituted at its
terminus by NH,, CNH(NH3), NHCNH(NH?>) or (6-aminopyridin-3-yl)methyl. In another
aspect R? is straight-chain C.s alkyl substituted at its terminus by NH,, CNH(NH>),
NHCNH(NH,) or (6-aminopyridin-3-yl)methyl.

In yet another aspect of the invention R? is CHaindolyl (wherein the indolyl is
optionally substituted by one or more of: halogen (for example chloro or bromo) or hydroxy),
C4 alkyl or benzyl (optionally substituted by halogen (for example bromo) or hydroxy).

In another aspect of the invention R* is CHzindolyl (wherein the indolyl is optionally
substituted by one or more of: halogen (for example chloro or bromo) or hydroxy), Ci¢ alkyl
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.Y

(such as methyl, iso-propyl, CH(CH;)CH:CHs or CH2CH(CH3),) or benzy! (optionally
substituted by halogen (for example bromo) or hydroxy).

In a further aspect of the invention R’ and R® are, independently, Cy. alkyl (such as
methyl, iso-propyl, CH(CH3)CH,CH; or CH2CH(CH;)z).

In another aspect of the invention R, RE R, R' R'2, R and R are all H.

In yet another aspect of the invention R'® is C.4 alkyl (for example methy!).

In a still further aspect the invention provides a compound of formula (I) which is
Compound 1,2, 3,4, 5,6,7, 8,9,10, 11, 12, 13, 14, 15 or 16, of a pharmaceutically
acceptable salt or solvate thereof, or a solvate of a pharmaceutically acceptable salt thereof.

The compounds of the present invention can be prepared by methods known in the art
or analogous to the methods of Examplzs 3 and 4. }t will be appreciated that when adapting
methods of the literature or of Examples 3 and 4 that functional groups of intermediate
compounds may need to be protected by protecting groups. Functional groups which it is
desirable to protect include hydroxy, carboxylate and amino groups. Suitable protecting
groups for hydroxy include trialkylsilyl or diarylalkyl-silyl (for example tert-
butyldimethylsilyl, tert-butyldiphenylsilyl or trimethylsilyl), tetrahydropyranyl, tert-butyl,
methoxymethyl, benzyloxymethyl and 4-methoxybenzyl. Suitable protecting groups for
carboxylate include allyl, ethyl, tert-butyl and benzyl esters. Suitable protecting groups for
amino include tert-butyloxycarbonyl, 2,4,6-trimethoxybenzyl and benzyloxycarbonyl. The use
of protecting groups is described in ‘Protective Groups in Organic Synthesis’, third edition,
T.W. Greene & P.G.M. Wutz, Wiley-Interscience (1999). The protective group may also be a
polymer resin such as 4-hydroxymethyl-3-methoxyphenoxybutyric acid resin or a 2-
chlorotrityl chloride resin.

Thus, compounds of formula I may be prepared by reacting a compound of formula VII

R
R ! i
N N\ 12
O ? x
R
R'% 0 X
} 7 N
R 3 R9N\I3_\r ~g®
R O
(Vi)
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wherein R? to R and X are as defined above, with a compound of formula VIII

in which R1, R2 R13, R14 are as defined in formula I and Y is an activated acid residue such

5 as 4-nitrophenoxycarbonyl or an activated aminocarbonyl equivalent such as N=C=0.
Particular values of Y include activated esters such as 4-nitrophenoxycarbonyl and tert-
butoxycarbonyl. A preferred value for Y is 4-nitrophenoxycarbonyl. Other values include
those in which YN is an isocyanate group. The reaction will generally be carried out in a
suitable solvent such as DMF (or other aprotic solvent) and in the presence of a non-

10 nucleophillic base such as DIEA.

The intermediate of formula VII may be prepared as follows.
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o

8 R12 ,PG1 a R12 G1
T N L T \N,P
N /j\ N )\
pc*” ~x~ TCOH o pc™” ~x~ “cori
@) (1)
]
PG /l\
\ril CO,H
7,014
' R™ vy
R* l|{s R-m\N/PGl 36 ﬂ(' Ru\N,PG’
H N )\ -~ PGt N A
*T o N &~y oL
rR*" o IL'J’,Q-II o
) CVI) (V)

a) Synthesis of Compound I

A compound of formula Ia is dissolved in a nonpolar aprotic solvent such as DCM or THF in

5 the presence of a non-nucleophilic base such as DIEA then reacted with a solid support such
as 2-chlorotrityl at room temperature for.2 h. After this time, any unreacted solid support
(Compound IT) is capped using methanol. The resin is then filtered and washed sequentially
with DMF, DCM and DMF.

b) Svnthesis of a compound of formula (n=4)
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A compound of formula INI / V (n = 1-3) is subjected to solid-phase peptide synthesis as
described below:

PG? (in this example Fmoc) is removed from Compound Il / V (n = 1-3) using 20%
piperidine in DMF and the resulting resin washed sequentially with DMF, DCM and DMF. A
compound formula IV is preactivated by the addition of a coupling agent such as HBTU or
HATU in polar aprotic solvent such as DMF or DMSO, then added to the deprotected the
compound of formula ITI / V (n = 1-3). Peptide coupling is initiated by the addition of a
non-nucleophilic base such as DIEA and the reaction mixture shaken for 1-2 h. The resin is
then filtered and washed sequentially with DMF, DCM and DMF.

b) Svnthesis of a compound of formula VI

PG? (in this example Fmoc) is removed from Compound V (n = 4) using 20% piperidine in
DMF and the resulting resin washed sequentially with DMF, DCM and DMF. The compound
of formula V1 is released from the solid support without the loss of PG' by the rapid flow-
wash of a compound of formula V (n = 4) with dilute acid in aprotic solvent and immediate
dilution of the product into a large volume of solvent. A flow wash of 2% TFA in DCM into
an equivalent volume of water is an example of this procedure.

b) Svnthesis of a compound of formula VII

DIEA or equivalent non-nucleophilic base is added to a compound of formula VI in polar
aprotic solvent such as DMF or DMSO. The resulting solution of a compound of formula VI
is cyclised under conditions of high dilution by dropwise addition to a stirred solution of
coupling agent such as PyBOP in polar aprotic solvent such as DMF or DMSO. The reaction
mixture is evaporated to dryness and remaining acid-labile protecting groups (eg PG")
removed using strong acid (TFA, HCI) with added scavengers (TIPS, p-cresol, water or
thiocresol). The reaction mixture is again evaporated to dryness before purification by
RPHPLC to afford the compound of formulaVXL. In formula VIl PG' is a suitable protecting
group such as any acid labile nitrogen protecting group, for example, Boc, that is stable to
basic conditions required to remove PG®. PG? is any base labile nitrogen protecting group
such as Fmoc that can be removed without also cleaving the linker L or removing PG';

In the above process steps reference to a “coupling agent” refers to any group activating a
carboxylic acid towards nucleophilic attack. Examples include precursors to activated esters
such as p-nitrophenol and hexafluorophenol, carbodiimide derivatives such as DIC and DCC,
benzotriazolyl-tetramethylphosphonium salts such as BOP and PyBOP, benzotriazolyl-
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14 \’)/
tetramethyluronium salts such as HBTU and HATU. L is any extremely acid labile linker for
carboxylic acids on solid support that is stable to conditions required to remove PG such as

the 2-chlorotrityl chloride linker, Rink acid resin, 4-hydroxymethyl-3-
methoxyphenoxybutyric acid linker.
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The novel processes for preparing the intermediates and the novel intermediates referred to
herein are also features of the present invention. '

Alternatively, a compound of formula (I) can be isolated from natural sources using
the methodology of Examples 1 or 2.

The compounds of the invention may also be combined and/or co-administered with
any antithrombotic agent with a different mechanism of action, such as an anticoagulant (for
example a vitamin X antagonist, an unfractionated or low molecular weight heparin, a
synthetic heparin fragment such as fondaparinux, a thrombin inhibitor, a factor Xa inhibitor or
other coagulation factor/enzyme inhibitor, a recombinant coagulation factor such as a
recombinant human activated protein C) or an antiplatelet agent (such as acetylsalicylic acid,
dipyridamole, ticlopidine, clopidogrel or other ADP-receptor [such as a P2Y12 or P2Y1]
antagonist, a thromboxane receptor and/or synthetase inhibitor, a fibrinogen receptor
antagonist, a prostacyclin mimetic or a phosphodiesterase inhibitor).

The compounds of the invention may further be combined and/or coadministered with
thrombolytics such as tissue plasminogen activator (natural, recombinant or modified),
streptokinase, urokinase, prourokinase, anisoylated plasminogen-streptokinase activator
complex (APSAC), animal salivary gland plasminogen activators, and the like, in the
treatment of thrombotic diseases, in particular myocardial infarction, ischaemic stroke and
massive pulmonary embolism.

Thus, in a further aspect the present invention provides a combination (combined
and/or co-administered) of a compound of formula (I), wherein X is (CH2)uY(CHz2),; mand n
are, independently, 1, 2, 3, 4, 5 or 6; provided that m + n is not more than 6; Y is a bond, O,
S(O),, or S-S; R! is CO,R" or a carboxylic acid isostere such as S(0),0H, S(0);NHR",
PO(OR'$OH, PO(OR'*)NH,, B(OR"),, PO(R'*)OH, PO(R'*)NH; or tetrazole; RZ, R3, RY, R?
and RS are, independently, hydrogen, C,.s alkyl (optionally substituted by halogen, hydroxy,
cyano, SH, S(O):H, S(0)q(C,-s alkyl), OC(O)(C, alkyl), CF3, Cy4 alkoxy, OCF,, COOH,
CONH,, CONH(C, alkyl), NHz, CNH(NH;), or NHCNH(NH3)), Cs.5 cycloalkyl(C;.4)alkyl
(wherein the cycloalkyl ring is optionally substituted by halogen, hydroxy, cyano, C,4 alkyl,
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CF3, C4 alkoxy, OCFi, NH,, CNH(NHz) or NHCNH(NH.)}), heterocyclyl(C;4)alkyl
(wherein the heterocyclyl ring is optionally substituted by halogen, hydroxy, cyano, Ci4
alkyl, CF3, Ci4 alkoxy, OCF;, NH;, CNH(NHz) or NHCNH(NH,)), phenyl(C,4)alkyl
(wherein the phenyl ring is optionally substituted by halogen, hydroxy, cyano, C,.4 alkyl, CF;,
C,4 alkoxy, OCF3, NH;, CNH(NH3) or NHCNH(NHj)) or heteroaryl(C;4)alkyl (wherein the
heteroaryl ring is optionally substituted by halogen, hydroxy, cyano, C4 alkyl, CFs, C14
alkoxy, OCFa, NH,, CNH(NH;) or NHCNH(NH,)); p and q are, independently, 0, 1 or 2; R’,
RS, R’ R' R'", R'? and R" are, independently, H or C.4 alkyl; R"isHorCi4 alkyl; and,
R" is H or C)4 alkyl; or a pharmacentically acceptable salt or solvate thereof, or a solvate of
such a salt; and an antithrombotic agent with a different mechanism of action {such as an
anticoagulant (for example a vitamin K antagonist, an unfractionated or low molecular weight
heparin, a synthetic heparin fraigment such as fondaparinux, a thrombin inhibitor, a factor Xa
inhibitor or a recombinant coagulation factor such as a recombinant human activated protein
C) or an antiplatelet agent (such as acetylsalicylic acid, dipyridamole, ticlopidine, clopidogrel
or other ADP-receptor [such as a P2Y 12 or P2Y1] antagonist, a thromboxane receptor and/or
synthetase inhibitor, a fibrinogen receptor antagonist, a prostacyclin mimetic or a
phosphodiesterase inhibitor)} or a thrombolytic {such as tissue plasminogen activator
(natural, recombinant or modified), streptokinase, urokinase, prourokinase, anisoylated
plasminogen-streptokinase activator complex (APSAC), animal salivary gland plasminogen
activators}.

The compounds of the invention should have a selectivity for carboxypeptidase U over
carboxypeptidase N of >50:1, for example >100:1, using the assay described below.

The inhibiting effect of the compounds of the present invention was estimated using
the assay described in: Dirk Hendriks, Simon Scharpé and Marc van Sande, Clinical
Chemistry, 31, 1936-1939 (1985); and Wei Wang, Dirk F. Hendriks, Simon S. Scharpé, The
Journal of Biological Chemistry, 269, 15937-15944 (1994), using a substrate concentration of
4 mM.

The invention also provides a method of treating a condition where inhibition of
carboxypeptidase U is beneficial in 2 mammal suffering from, or at risk of, said condition,
which comprises administering to the mammal a therapeutically effective amount of a
compound of formula (I), or a pharmaceutically acceptable salt or solvate thereof, or a solvate

of such a salt, as hereinbefore defined.
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For the above-mentioned therapeutic uses the dosage administered will vary with the
compound employed, the mode of administration, the treatment desired and the disorder
indicated.

The compounds of formula (T) and pharmaceutically acceptable salts, solvates or
solvates of salts thereof may be used on their own but will generally be administered in the
form of a pharmaceutical composition in which the formula (I) compound, salt, solvate or
solvate of salt (active ingredient) is in association with a pharmaceutically acceptable
adjuvant, diluent or carrier. Depending on the mode of administration, the pharmaceutical
composition will, for example, comprise from 0.05 to-99 %w (per cent by weight), such as
from 0.05 to 80 %w, for example from 0.10 to 70 %w, such as from 0.10 to 50 %w, of active
ingredient, all percentages by weight being based on total composition.

The present invention thus also provides a pharmaceutical composition comprising a
compound of formula (1), or a pharmaceutically acceptable salt or solvate thereof, or a solvate
of such a salt, as hereinbefore defined, in association with a pharmaceutically acceptable
adjuvant, diluent or carrier.

The invention further provides a process for the preparation of a pharmaceutical
composition of the invention which comprises mixing a compound of formula (I), ora
pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt, as hereinbefore
defined, with a pharmaceutically acceptable adjuvant, diluent or carrier.

Also included in the invention are derivatives of compounds of formula (T) which have
the biological function of compounds of formula (T), such as prodrugs. Prodrugs are, for
example, methyl, (pivaloyloxy)methyl esters and [(ethoxycarbonyl)oxy]lmethyl esters of
carboxylic acids.

The following Examples illustrate the invention.

EXAMPLE 1

This Example describes the isolation of Compounds 1 to 10,
Genera] Experimental Procedures

Water was Milli-Q filtered, while all other solvents used were Omnisolv. A YMC
basic C18 5uM, 21.2 mm x 150 mm, column and Hypersil BDS C18 5uM, 21.2 x 150 mm
columnwere used for preparative HPLC. NMR spectra were recorded on a Varian Inova 600
or 500 MHz NMR spectrometer. Samples were dissolved in d-DMSO and chemical shifts
were calculated relative to the solvent peak (DMSO 'H 0 2.49 and "C 39.5 ppm). Mass
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spectra were measuted on a Fisons VG Platform I1, using positive electrospray ionisation
mode. The elution solvent was a mixture acetonitrile/water 50% at 0.1 m{/min.
Animal Material

The sponge (Melophius sp.) was collected by SCUBA diving off Ribbon Reef No. 5,
Australia and a voucher sample (G319104) is lodged at the Queensland Museum, Brisbane,
Australia.
Extraction and Isolation

A freeze dried ground sample of the sponge Melophlus sp (128g) collected from
Ribbon Reef No. 5 in far North Queensland, Australia was exhaustively extracted with
methanol (2 I). The solvent was evaporated to yield a dark brown residue (28g). The residue
was redissolved in a mixture of EtOAc (20 mL) and water (60 mL) and separated by droplet
countercurrent chromatography with water as the stationary phase and a gradient from EtOAc
to butanol as the mobile phase at 5 mL/min. Two minute fractions were collected and every
second fraction analysed by electrospray mass spectrometry. lee fractions were combined
yielding 5 fractions. Fraction 2 (320 mg) was separated by centrifugal partition
chromatography (Sanki CPC, ascending mode) using & trisolvent mixture CHCly/MeOH/H20
(7:13:8) with the lower phase as stationary phase. A flow rate of 2mL./min was used and two
minute fractions were collected for 360:min. Every second fraction was analyzed by positive
electrospray mass spectrometry and like fractions combined. Fractions 91-101 were combined
to yield impure Compound 2 (10.8 mg) and fractions 107-120 were combined to yield impure
Compound 1 (12.4 mg). The impure peptide fractions of Compounds 1 and 2 were each
partitioned between aqueous TFA (1%) and hexane. The aqueous layers from each partition
contained pure Compound 2 (9.5 mg) and Compound 1 (11.5 mg). Fractions 1, 3 and 4 from
the original DCCC separation were combined with the remaining fractions from the CPC
separation and preabsorbed onto C18 (3g). The preabsorbed fractions were further separated
by C18 HPLC hypersil BDS C18 (5ulM, 20mm x 150 mm) using a water/methanol gradient
from water containing 1% TFA to methanol containing 1% TFA at 10 mI/min over 60 min.
One minute fractions were collected and all fractions analyzed by electrospray mass
spectrometry. Like fractions were combined. Fractions 51-58 contained peptides related to
Compounds 1 and 2, and were combined (fraction A; 65 mg). This peptide fraction A was
further purified by RP HPLC on YMC basic C18 5 uM, 20 mm x 150 mm elution with 65 %
water (containing 1% TFA) and 35% MeCN (containing 1% TFA) at a flow rate of 10
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mL/min, Twelve second fractions were collected for 36 minutes. Fractions 58-60 was pure
Compound 2 (11 mg), fractions 67-69 was pure Compound 1 (11 mg), fractions 70-72 was
pure Compound 3 (2 mg), fractions 73-77 was pure Compound 7 (11.2 mg), fractions 79-82
was pure Compound 4 (7.29 mg), fractions 91-96 was pure Compound 8 (8.75 mg), fractions
101-106 was pure Compound 9 (6.02 mg), fractions 118-125 was pure Compound 5 (2.08
mg), fractions 128-138 was pure Compound 10 (5.73 mg) and fractions 140-150 was pure
Compound 6 (5.94 mg).
Compound 1: MS: (positive EST) [M-+HH]" m/z 826. 'Hand C NMR (ds-DMSO): see
Table 1.
Compound 2: MS: (positive EST) [M+H]* m/z 876, 878. 'H and °C NMR (ds-DMSO):
see Table 2.
Compound 3: MS: (positive EST) [M+H]* m/z 890, 892. 'H and "’C NMR (ds-DMSO):
see Table 3.
Compound 4: MS: (positive EST) [M+H]" m/z 840. Hand 'C NMR (ds-DMSO): see
Table 4.
Compound 5: MS: (positive ESI) [M+H]" m/ 860, 862. 'H and " 'C NMR (de-DMSO):
see Table 5.
Compound 6: MS: (positive EST) [M+H]" m/ 861, 863. 'H and 13C NMR (ds-DMSO):
see Table 6.
Compound 7: MS: (positive EST) [M+H]" m/z 895, 897. 'H and "C NMR (d-DMSO):
see Table 7.
Compound 8: MS: (positive EST) [M+H]" m/z 909, 911. 'Hand ' 'C NMR (d-DMSO):
see Table 8.
Compound 9: MS: (positive ESI) [M+H]* m/z 909, 911. 'H and "C NMR (d-DMSO):
see Table 9.
Compound 10: MS: (positive EST) [M+H]* m/z 973, 975, 977. 'Hand ' 'C NMR (ds-DMSO):
see Table 10.

After extensive studies including 'H, gHSQC, gHMBC, and gCOSY experiments,
Compounds 1-10 were identified as cyclic peptides. The absolute stereochemistry of
Compound 1 was confirmed by single crystal X-ray diffraction analysis.
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10 Tablel 'H (600 MHz), *C (125 MHz), HMBC and COSY
NMR data for Compound 1 in dg-DMSO
Atom No BC (mult) 'H (mutlt, J Hz) o comelations | COSY
N-Methyl leucine
1 1693 (s) |- - .
2 58.2(d) |4.72(dd, 5.5, 8.8 Hz, 1H) 1,3,4,7NMs, 8 | H3a,H3b
3 366() |1.22(m, 1H) 1,2,5,6 H2, H3b, H4
: 1.63 (m, 1H) 2,4,5,6 H2, H3a, H4
4 243 (d) | 1.34(m, 1H) 2,3,5,6 H3a, H3b, HS,
Hé
22.2(q) |0.85(d, 6.8'Hz, 3H) 3,4,6 H4
6 23.1(q) |0.82(d, 6.8 Hz, 3H) 3,4,5 H4
NMe 27.6(q) |1.81 (s, 3H) 2,8 -
Leucine
8 172.8(s) |- . .
9 45.7(d) |4.77(add, 2.9, 4.9, 9.8 Hz, 1H) 10,11,8 H10a, H10b,
Hi4
10 39.8(t) |1.66 (m, 1) - H9, H10b, H11
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12

13

14
alanine
15
16

17

18
lysine
19

20

21

22

23

24

5
26
tryptophan
27
28

29

30
31
2
i3
34
5
36
37
38
39
40

arginine

24.7 (d)

21.6(q)
229(q

174.1 (s)
47.9 (d)
16.7(@

172.7 (3)
54.6 (d)
325(9

20.3 (1)

28.3 ()

38.0 ()

171.4 ()
53.9(d)

279 ()

1104 (s)
124.0 (d)
136.5(s)
1115 (d)
121.0(d)
118.5 (d)
116.9 (d)
127.0 (s)

157.5(s)

21

1.17 (m, 1H)
1.82 (m, 1H)

0.87 (d, 6.8 Hz, 3H)
0.91 (d, 6.8 Hz, 3H)
8.73(d, 4.9 Hz, 1H)

4.20 (dg, 7.8, 7.8 Hz, 1H)
1.30 (d, 7.8 Hz, 3H)
7.20 (d, 4.9 Hz, 1H)

3.92 (ddd, 5.9, 6.8, 6.8 Hz, 1H)
1.65 (m, 2H)

1.40 (m, 1H)
1.10 (m, 1H)
1.40 (m, 2H)

2.75 (m, 1H)
3.58 (m, 1H)

7.44 (dd, 1.2, 7.8 Hz, 1H)
6.45 (d, 6.8 Hz, 1H)

4.40 (ddd, 2.9, 8.8, 11.7 Hz, 1H)

2.88 (dd, 11.7, 13.7 Hz, 1H)
3.35 (dd, 2.9, 13.7 Hz, |H)
6.68 (bs, 1H)

10.80 (bs, LH)

7.24 (4, 7.8 Hz, 1H)

7.00 (dd, 7.8, 7.8 Hz, 1H)
6.92 (dd, 7.8, 7.8 Hz, 1H)
720 (4, 7.8 Hz, 1H)

8.62 (d, 3.8 Hz, I1H)

10

10, 11,13
10, 11, 12
10,15, 16

15,17
15, 16
19,20,14,17

19,21,22,40

27

22,23

27
39,20,21

1,27,30

28,27, 30,31, 38
28,27, 30,31, 38
29, 30, 33, 38
30, 31, 33, 38

36, 38

13,37

34, 38

35,33

1,28,29

PCT/SE2004/001568

H9, H10a, H11
H10a, H10b,
H12, H13
Hil

HI11

H9

H17,H18
H16
H16

H21, H26

H20, H22a,
H22b

H21, H22b, H23
H21, H22a, H23
H22a, H22b,
H24a, H24b
H23, H24b, B25
H23, H24a, H25
H24a, H24b
H20

H29a, H29b,
H3%

H28, H29b
H28, H2%

H32

H35, H36
H34, H36
H35, H37

H36, H35

H28
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22
41 - 6.42(d, 7.8 Hz, 1H) 43,42, 48,40 H42
42 52.9(d) |4.05(ddd, 5.9,7.8, 7.8 Hz, 1H) 41,43, 44,48 Hé1, H43a,
H43b
43 29.1 () |1.52(m, 1H) - H42, Ha4, Hd3b
1.69 (m, 1H) - Ha2, H43a, H44
44 25.1() | 1.40 (m, 2H) - H43a, H43b,
H45
45 40.0(t) | 3.06(dt, 5.9, 5.9-Hz, 2H) 43,44, 47 H45, H46
46 - 7.64 (t, 5.9 Hz, 1H) 45,47 H45
47 1569(s) |- -
48 175.1(s) |- - -
*Chemical shifts determined from 2D heteronuclear experiments
Table 2 'H (600 MH?Z), *C (125 MHz), HMBC and COSY
NMR data for Compound 2 in dg-DMSO
Atom No BC (mult)® 'H (mlt, J Hz) ¥ Jey correlations | COSY
N-Methyl leucine
1 169.4(s) |- - -
2 584 (d) [4.72(dd, 5.9, 7.8 Hz, 1H) 1,3,4,8,7.NMe | H3a, H3b
3 650 [122(m18) 2,4,5,6 H2, H3b, H4
1.63 (m, 1K) 2,4,5,6 H2, H3a, Hé
4 23.8(d) |1.32 (m, 1H) 2,3,5,6 H3a, H3b, HS, H6
5 22.1(9) |0.86(d, 6.8 Hz, 3H) 3,4,6 H4
6 22.8(q) |0.83 (4, 6.8 Hz, 3H) 3,4,5 H4
NMe 27.7(a) |1.80(s,3H) 2,8 -
Leucine
8 1729(9) |- . .
9 478(d) |4.77 (ddd,2.9,4.9,9.8Hz, 1H) |- H10a, H10b, H14
10 39.9() | 1.66 (m, 1H) - H9, H10b, H11
1.17 (m, 1H) - HO, H10s, HI1
1 23.4(d) |1.82(x, 1H) - H10e, H10b, H12,
Hi13
12 22.5(q) | 0.88 (d, 6.8 Hz, 3H) 10,11, 13 HIt
13 23.0(g) | 053 (d, 6.8 Hz, 3H) 10,11, 12 H11
14 . 8.74 (4, 5.9 Hz, IH) 9,10, 15 HO
alanine
15 174.0(s) |- - -
16 48.0(d) |4.17 (dq, 3.8, 6.8 Hz, 1H) 15,17 H17, H18
17 16.8(q) | 1.29 (4, 6.8 Hz, 3H) 15,16 H16
18 7.16 (d, 3.9 Hz, 1H) 19, 16,17 Hl6

N
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lysine
19
20
21
2

23

24

25
26
tryptophaa
7
28
29

k1]
3l
2
kX ]
34
35
36
37
38
39
4D
arginine
41
42
4

44
45
46
47
48

172.5 (s)
53.9 (d)
32.9 (1)
20,1 {t)

28.1 (1)

37.0(9

170.6 (5)

53.7 (d)
279 ()

109.3 (s)
124.1 (d)
131.1 (8)
111.1(d)
115.0(s)
145.9 (s)
102.1 (d)
126.3 (8

157.7 (8}

52.7(d)
29.2'(0)

25.3 (9
40.7()
157.0 (s)
174.5 (s)

23

3.92 (ddd, 5.9, 6.8, 6.8 Hz, 1H)
1.57 (m. 2H)
1.40 {m, 1H)
1.10 (m, 1H)
1.40 (m, 2H)

2.75 (m, 1H)

3.56 (m, 1H)

745 (dd, 1.2, 6.8 Hz, 1H)
6.45 (d, 6.8 Hz, 1H)

438 (ddd, 2.9, 8.8, 12.7 Hz, 1H)
2.83 (dd, 12.7, 12.7 Hz, 1H)
331 (dd, 2.9, 12.7 Hz, 1H)

6.60 (bs, 1H)

10.60 (bs, 1H)

.20 (s, 1H)

7.01 (s, 1H)

8.64 (d, 9,8 Hz, 1H)

6.36 (d, 5.6 Hz, 1H)

4,07 (ddd. 5.6, 7.8, 7.8 Hz, 1H)
1,52 (m, 1H)

1.69 (m, 1H)

1.46 (m, 2H)

3.06 (m, 2H)

7.53 (m, 1H)

19,21,22,40

28, 27,30, 31,38
28, 27, 30, 31, 38
29, 30,33,38
30,31,33,38
35,36,38

30, 35, 33,36

1

41,42, 47
43,44,48
43, 44,47
45,47

PCT/SE2004/001568

H21, H26

H20, H22a, H22b
H21, H22b, H23
H21, H22a, H23

H22e, H22b, H24a,

H24b

H23, H24b, H25
H23, H24a, H25
H24s, H24b
H20

H29a, H29b, H39
H28B, H29b
H28, H2%9a

H32

Ha2

H41, H43a, H43b
H42, H43b, Hé4
H42, H43a, He4
H43a, H43b, H4S
Ha6, H4S

H45

*Chemical shifts determined from 2D heteronuclear experiments

Table 3

'H (600 MHz), °C (125 MHz), HMBC and COSY

*
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24

/

NMR data for Compound 3 in ds-DMSO

PCT/SE2004/001568 \\0

Atom No e (mult)* 'H (moult, J Hz) & J correlstions | COSY
N-Methyl leucine
1 1689(s} |- - .
2 57.2(d) |4.77(dd, 5.9, 8.8 Hz, 1H) 8 H3a, H3b
3 359 |1.20(m, 1H) - H2, H3b, H4
1.7 (m, 1H) - H2, H3a, Hd
4 242 (dy |1.35(m, 1H) - H3a, H3b, H5, HE
5 23.0(q) |0.85(d, 6.8 Hz,IH) 3,4,6 H4
23.3(g) |0.88(d, 6.8 Hz, IH) 3,4,5 H4
NMe 269(q) |1.87 (s, 3H) 2,8 -
Leucine
8 1722(s) |- - -
9 47.8(d) |4.79 (ddd, 2.9,4.9,9.8 Hz, 1H) - H10a, H10b, Hi4
10 394() |1.70(m, 1H) - HO9, H10b, H11
1.22 (rm, 1H) - H9, H10s, H11
1 24.1(d) | 1.84 (m, 1H) - H10a, H10b, H12,
H13
12 21.5(q) |0.50(d, 6.8 Hz, 3H) 10, 11,13 Hil
13 23.0(q) |0.95(d, 6.8 Hz, 3I) 10, 11, 12 H11
14 - 8.76 (d, 4.9 Hz, 1H) |15 H9
alanine
15 173.6(s) |- - -
16 47.5(d) |4.19(dg, 5.8, 6.8 Hz, 1H) - H17, HI8
17 16.5(g) |1.32(d, 6.8 Hz, 3H) 15,16 H16
18 - 7.22(d, 59 Hz, 1H) 19 H16
lysine
19 171.9(3) |- - -
20 54.2(d) |3.94(ddd, 5.9,5.8, 6.8 Hz, 1H) 19,21,22 H21, H26
21 31.7¢) |1.60 (m,2H) - H20, H22a, H22b
2 201¢) |1.40(m, 1H} - H21, H22b, H23
1.10 (m, 1H) - H21,H22a, H23
23 27.2 () | 1.40 (m, 2H) - H22a, H22b, H24a,
H24b
24 IB1(H) |2.78(m, 1H) 27 H23, H24b, H25
3.60 (m, 1H) - H23, H24a, H25
25 - 7.42(dd, 1.2, 7.8 Hz, I1H) 27 H24a, H24b
26 - 6.31 (d, 6.8 Hz, 1H) 40 H20
fryptophan
27 172.8(s) |- - -
2 53.7(d) |439(ddd,29,88,11.7Hz, 1H) |- H29a, H29b, H39




2

30
3
2
33
34
35
is
37
38
39
L

41
a2
43

44
45
46
47
48

arginine

43-Me

WO 2005/039617

27.9 ()

109.4 (s)
124.5 (d)
130.4 (s)
111.2 (d)
115.3 (s)
145.6 (s)
102.5 (d)
125.9 (s)

157.2 (s)

51.9(d)
28700

24.9 (1)
39.7 (1)
156.4 (s)
173.1 (8)

51.8 ()

25

2.86 (dd, 11.7, 13.7 Hz, 1H)
3.27(dd, 2.9, 13.7 Hz, 1H)
6.62 (bs, 1H)

10.65 (bs, 1H)

7.22 (s, 1H)

7.00 (s, LH)

8.67 (d, 8.8 Hz, 1H)

6.50(d, 7.8 Hz, 1H)

4,05 (ddd, 5.9, 7.8, 7.8 Hz, 1H)
1.56 {m, 1H)

1.74 (m, 1H)

1.46 (m, 2H)

3.09 (dt, 5.9, 5.9 Hz, 2H)
7.42(t, 5.9 Hz, 1H)

3.62 (s, 3H)

28, 27,130,31, 38
28,27,130,31, 38
29,30,33,38
30, 31,33,38
36,38

30,35, 33

48

PCT/SE2004/001568

H28, H29b
H28, H29a

H42

H41, H43a, H43b
H42, H43b, Hda
H42, H43a, Ha4
H43s, Ha3b, H45
H46, H45

H45

“*Chemical shifts determined from 2D heteronuclear experiments

Table 4 'H (600 MHZ), 1C (125 MHz), and COSY
NMR data for Compound 4 in dg-DMSQO
Atom No BC (mult)® 'H (cult, JHz) COSsY
N-Methyl leucine
1 no. - -
2 57.9(d) |4.78(dd, 5.9,8.8 Hz, 1H) H3a, H3b
3 361(0) | 1.27 (m, 1H) H2, H3b, H4
1.68 (m, 1H) H2, H3a, H4
4 241(d) |1.37(m, 1H) H3a, H3b, H5, H6
5 23.7(q) |0.79(d, 6.8 Hz, 3H) H4
6 209(q) |0.83(d, 6.8 Hz, 3H) He
NMe 27.3(q) | 1.81 (s, 3H) -
Leucine
] n.o. - -




10

11

12

13
14

alanine

15
16
17
18

lysine

19
20
21
22

23

24

25
26

tryptophan

27
28
29

30
31
32
33
34
5
36
37
38
39
40

arginine

WO 2005/039617

47.0 (d)
40.0 ()

24.2 (d)

20.7 (g)
23.9 (q)

n.0.
473 (d)
16.2{9)

no.
54.3 (d)
32.1 ()
21.1 (1)

28.1()

8.1 (%)

no.
53.8(d)
27.6{%)

1n.o.
124.5 (d)

Lo.
111.2 (d)
120.2 (d)
121.0 (d)
117.8 (d)

n.o0.

no.

26

4.78 (ddd, 2.9, 4.9, 9.8 Hz, 1H)
1.63 (m, 1H)
1.25 (m, 1H)
1.83 (m, 1H)

0.84 (4, 6.8 Hz, 3H)
0.91 (d, 6.8 Hz, 1H)
8.79 (4, 4.9 Hz, 1H)

4.19 (dg, 7.8, 7.8 Hz, 1H)
1.33 (d, 7.8 Hz, 1H)
7.29 (d, 4.9 Hz, 1H)

3.87 (ddd, 5.9, 6.8, 6.8 Hz, 1H)
1.60 (m, 2H)
1.40 (m, 1H)
1.10 (m, 1H)
1.40 (m, 2H)

275 (m, 1H)
3.59 (m, 1H)

741 (dd, 1.2, 7.8 Hz, 1H)
639 (d, 6.8 Hz, 1H)

438 (ddd, 2.9, £.8, 11.7 Hz, 1H)
2.81 (dd, 11.7, 13.7 Hz, 1H)
3.37 (dd, 2.9, 13.7 Hz, 1H)

6.72 (bs, 1H)

10.80 (bs, 1H)

737 (d, 7.8 Hz, 1H)

6.89 (dd, 7.8, 7.8 Hz, 1H)

7.00 (a4, 7.8, 7.8 Hz, 1H)

721 (d, 7.8 Hz, 1H)

8.64 (d, 8.8 Hz, 1H)

H10a, H10b, H14
H9, H10b, Hil
H9, H10s, HI1
H10a, H10b, H12,
HI3

H1l

HI1

H9

H17,H18
H16
HI6

H21, H26

H20, H22a, H22b
H21, H22b, H23
H21, H22a, H23
H22a, H22b, H24a,
H24b

H23, H24b, H25
H23, H24a, H25
H24a, H24b

H20

H29a, H29b, H39
H28, H29b

H28, H29a

H32

H3l

H3s

H34, H36

H35, H37

H36, H35

H28

PCT/SE2004/001568 \’¥
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27
41 - 6.49 (d, 7.8 Hz, 1H) H42
42 522(d) |4.19(ddd, 5.9,7.8,7.8 Hz, 1H) | H41, H43a, H43b
a3 280() | 1.52(m, IH) H42, Ha3b, Ha4
1.71 (m, 1H) H42, H43e, Hd4
44 24.7() | 1.40(m, 2H) H43a, H43b, H45
45 40.1(9) |3.07(at, 59,5.9 Hz, 2H) H46, H45
46 - 7.42(t, 5.9 Hz, 1H) H45
47 n.0.
43 n.o. - -
48-Me 52.1(q) |3.58s,3H) -
“Chemical shifts determined from 2D heteronuclear experiments
n.o. = not observed
Table S 'H (600 MHZz), *C (125 MHZ), HMBC and COSY
NMR data for Compound 5 in dg-DMSO
Atoa No BC (mult)y 'H (mult, JHz) e corrolations | COSY
N-Methyl lencine
1 1689(s) |- - -
2 5715(d) |4.76(dd, 5.9,8.8 Hz, 1H) 1,3,8, 7-NMe H3s, H3b
3 3661 |1.27(m, 1H) - H2, H3b, H4
1.65 (m, 1H) - H2, H3a, He
4 244(d) |1.34(m, 18) - H3a, H3b, H5, H6
5 23.7(q) |0.82(d, 6.8 Hz, 3H) 3,4,6 H4
6 212(q) |0.84(d, 6.8 Hz, 3H) 3,4,5 H4
NMe 275(q | 1.77(s,3H) 2.8 -
Leucine
8 1726(s) |- - -
9 468(d) |4.77(ddd, 2.9,49,.98Hz, 1H) |- H10a, H10b, H14
10 400() |1.68(m, 1H) 9,11 H9, H10b, H11
1.22 (m, 1H) - H9, H10a, H11
1 24.5(d) |1.82 (m, 1) - Hi0s, H10b, H12,
H13
12 21.4(q) |0.86 (4, 6.3 Hz, 3H) 10, 11,13 H1
13 23.0{q) |0.90(d, 6.8 Hz, 3H) 10,11, 12 H1l
14 - 8.77 (d, 4.9 Hz, 1H) 9,10,15 H9
alanine
15 173.8(s) |- - -
16 48.2(d) |4.16 (dq, 4.9, 7.8 Hz, 1H) 15,17 H17, H18
17 16.8(q) |1.27(d, 7.8 Hz, 3H) 15,16 H16
18 . 7.18 (d, 4.9 Hz, 1H) 19 H16

lysine
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19 172.3 (s)
20 54.1 (d)
21 321 (9
22 20.6 (1)
23 271 (9
24 38.1 (O
25 -
26 -
tryptophan
27 173.5 (8)
28 53.8 (d)
29 27.7 (®
30 110.9 ()
31 1249 (d)
32 -
13 136.7 (s)
34 111.3 (d)
35 125.8 (s)
36 118.7 (d)
37 1183 (d)
38 125.5 (s)
39
40 157.5 (s)
arginine
41 -
4 52.6 (d)
43 29.5 ()
44 25.1 (1)
45 40.5 (1)
46 -
47 156.8 (s)
48 1743 (s)

28

3.91 (ddd, 5.9, 6.8, 6.8 Hz, 1H)
1.60 (m, 2H)
1.40 (m, 1H)
1.10 {m, 1H)
1.40 {m, 2H)

2.76 (m, 1H)

3.53 (m, 1H)

7.50 (dd, 1.2, 7.8 Hz, 1H)
6.36 (d, 6.8 Hz, 1H)

441 (ddd, 2.9,9.6,11.7 Hz, 1H)
2.90 (dd, 11.7,13.7 1H)
3.30(dd, 2.9, 13.7 Hz, 1H)

6.78 (bs, 1H)
11.00 (bs, 1H)

7.30 (d, 1.8 Hz, 1H)
6.93 (dd, 7.8, 1.8 Hz, 1H)
7.42(d, 7.8 Hz, 1H)

8.64 (d, 9.6 Hz, 1H)

637 (d, 7.8 Hz, tH)

4.05 (ddd, 5.9, 7.8, 7.8 Hz, 1H)
1.50 (m, 1H)

1.67 (m, 1H)

1.40 (m, 1H)

1.19 (m, 1H)

3.06 (m, 2H)

7.50 (m, 1H)

U

19,21,22

30, 31, 38
30,31, 38
29, 30, 33, 38
30, 31,33, 38
36, 38

38, 34

35,33

PCT/SE2004/001568 \C’D

H2t, H26

H20, H22a, H22b
H21, H22b, H23
H21, H22a, H23
H22a, H22b, H24a,
H24b

H23, H24b, H25
H23, H24a, H25
H24a, H24b

H20

H29a, H29b, H39
H28, H29%

H28, H2%

H32

H31

H36
H34, H37
H36

H28

H42

H41, H43a, H43b
H42, H43b, H44
H42, H43a, H44
H43a, H43b, H45

H44, H46
H45

*Chemical shifts determined from 2D heteronuclear experiments

Compound 6
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29
47
}( 4 n -
. “\n%*ze .
‘}Q o 2 7
HO HN 1
19 o 'kf
17 15
HN 8 7 3s Tl
13 d l
\ﬁ 5
Table 6 'H (600 MHz), *C (125 MHz), HMBC and COSY
NMR data for Compound 6 in ds-DMSO
Atom No BC (mult)’ 'H (mutt, J Hz) “Jeu comelations | COSY
"N-Methyl Teucine
1 1694 (s) |- - -
2 58.0(d) |4.72(dd, 5.9, 8.8 Hz, IH) 1,3,4,8 7NMe | H3s, H3b
362() | 1.25(m, 1H) 1,24 H2, H3b, H4
1.60 (m, 1H) 2,4 H2, H3a, Hé
4 23.0(d) | 1.93 (m, 1K) 2,3 "H3a, H3b, H5, H6
5 23.7(g) |0.82(d, 6.8 Hz, 3H) 3,4,6 H4
6 24.0(q) |0.82 (d, 6.8 Hz, 3H) 3,4,5 Hé
NMs 27.0(Q) | 1.90 (s, 3H) 2,8 -
Leucine .
8 1725() |- - -
9 478(d) |4.70 (ddd, 2.9,4.9,9.8Hz, IH) |- H10s, H10b, H14
10 39200 [1.70 (m, 1H) - HS, H10b, H11
1.22 (m, 1H) - HS, H10a, H11
1 27.0(d) |1.82 (m, 1H) - H10a, H10b, H12,
H13
12 21.0(q) |0.84 (d, 6.8 Hz, 3H) 10,11,13 Hl
13 249(q) |0.96 (4, 6.8 Hz, 3H) 10,11, 12 HIl
14 . 8.69 (d, 4.9 Hz, 1H) 9,10, 15 H9
valine '
15 172.7(s) |- . .
16 57.8(d) |3.92(dd, 5.8, 7.8 Hz, 1H) . H17, H20
17 29.7(d) |1.95 (m, 1H) 16,18, 19 H16, H18, H19
18 194 (q) |0.85 (d, 7.8 Hz, 3H) 16,17, 19 H17
19 19.0() |1.05 (d, 7.8 Hz, 3H) 16,17,18 H!7




20

lysine

21
22
23
24

25

26

27
28

tryptophan

29
30
K}

32
33
34
35
36
7
38
3
40
41
42

isoleucine

43
44
45

46

47

48
49

WO 2005/039617

172.5 (s)
54.8 (d)
31.5 ()
20.1 (t)

2810

38.1Q)

171.6(s)
532 (d)
2790

109.5 (s)
125.5 (d)
130.4 (s)
111:1 (d)
115.0(s)
146.3 (s)
102.3 (d)
126.0 (s)

157.6 (8)

56.9 (d)
36.8 (d)

24.7 (1)
11.7 (q)

154 (q)
173.7 (8)

30

6.80 (d, 5.9 Hz, 1H)

3.91 (ddd, 5.9, 6.8, 6.8 Hz, LH)
1.60 (m, 2H)
1.40 (m, 1H)
1.10 (m, 1H)
1.40 {m, 2H)

2.80 (m, 1H)

3.61 (m, 1H)

7.40(dd, 1.2, 7.8 Hz, 1H)
6.47 (d, 5.9 Hz, 1H)

4.41 (ddd, 2.9, 8.8, 11.7 Hz, 1H)
2.90 (dd, 11.7, 13.7 Hz, 1H)
3.40 (dd, 2.9, 13.7 Hz, 1H)

6.65 (bs, 1H)

10.64 (bs, 1H)

7.20 (s, 1H)

7.00 (s, 1H)

-

8.77(d,8.8 He, 1H)

6.35 (d, 7.8 Hz, 1H)
4,06 (dd, 5.9, 7.3 Hz, 1H)
1.70 (m, 1H)

1.40 (m, 1H)
1.15 (o, 1H)
0.82 (t, 6.8 Hz, 3H)
0.84 (d, 6.8 Hz, 3H)

/
7

16, 17,19

19,21, 22,42

27
27
42,22,23

29,33,32,30
30,32,33

29, 30,35, 40
32,33,35,40
33,37,38,40

35,33,32,37,38

1

42
42, 45, 46, 48, 49

44,47, 48
44, 47,48
43,46

44, 45, 46

PCT/SE2N04/001568

Hl16

E23, H28
H22, H24a, H24b
H23, H2db, H25
H23, H24a, H25
H24a, H24b, H26a,
H26b

H25, H26b, H27
H25, H26a, H27
H26a, H26b
H2

H31a, H31b, H4l
H30, H31b

H30, H3la

H34

H33

H30

H44

H43, H45

H44, HA5b, H46a,
H4B

HA46b, H47, H45
H47, H45, H46a
H46s, Hd6b

H45

"Chemical shifts determined from 2D heteronuclear experiments

Compound 7

\0\
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Cl
Table 7 'H (600 MHz), 1*C (125 MHz), HMBC and COSY
NMR data for Compound 7 in dg-DMSO
Atom No UC (mult)* 'H (mult, J Hz) T Jy coOmelations |COSY
N-Mettyl
tryptophan
1 1698() |- - -
2 61.0(d) |4.66 (dd, 2.6, 10.4 Hz, 1H) 1,3,4, 14, 13-NMe | H3a, H3b
3 22300 2.73 (m, 1H) 1,5,4,2,12 H2, H3b
3,07 (m, 1H) 2,4,5,12 H2,H3a
4 1089(s) |- - -
5 1243(d) |6.87 (bs, 1H) 3,4,7,12 H6
6 - 10.66 (bs, 1H) 4,51 12 HS
7 1307(8) |- - -
8 NL8(d) |7.26(s, 1H) 7,9, 10,12 -
9 1158(8) |- - -
10 1458(s) |- - -
11 102.7(d) | 6.98(s, IH) 4,7,9,10,12 -
12 126.8(s) |- - -
NMe 27.5(q) | 191 (s 3H) 2, 14 -
Leucine
14 172.5(8) |- - -
15 469(d) | 421(ddd, 29,49,9.8Hz, 1H) | 16,21 Hi6a, H16b, H20
16 369(t) | -0.50(dd, 11.7,11.7 Hz, 1H) 14,17,18 H15, Hi6b, H17
0.90 (m, 1H) - H15,Hl6s, H17
17 24.8(d) | 1.40(m, 1H) - H16s, H16b, H18,

H19
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18 19.7 (@) | 0.26 (4, 6.8 Hz, 3H) 16,17, 19 H17

19 22.0(q) | 0.40(d, 6.8 Hz, 3H) 16, 17,18 Hi7

20 - 8.42 (d,43 Hz, 1H) 15, 16,21 HI5

valine

21 172.2(s) |- - -

2 57.6(d) | 3.79(dd, 6.9, 7.8 Hz, 1H) 23,24,25 H23, H26

23 30.0(d) | 1.90 (m, 1H) 22,24,25 H22, H24, H25

24 18.9 () | 0.86(d, 7.8 Hz, 3H) 22,23,25 H23

25 18.8 (@) | 0.93(d, 7.8 Hz, 3H) 22,23,24 H23

26 - 6.74 (d, 6.9 Hz, 1H) 22,23,27 H22

lysine

27 17190 |- - -

28 538 (d) | 3.86(ddd, 5.9,6.9, 6.8 Hz, 1H) 27,29, 30,45 H29, H34

29 313() | 1.54(m, 2H) - H28, H34

30 202(t) | 1.40(m, 1H) - H29, HI0b, H31
1.10 (m, 1H) - H29, H30a, H31

31 28.2 () | 1.40(m, 2H) - H30a, H30b, H32s,

H32b

32 379 () | 2.86(m, 1H) 35 H31, H32b, H33
3.58(m, 1H) 30,31,35 H31, H32e, H33

1 - 7.40 (dd, 1.2, 7.8 Hz, 1H) 32,35 H32a, H32b

4 - 6.43 (d, 6.9 Hz,.1H) 27,29,45 H28

phenylalanine -

s 171.0(8) |- - -

36 54.8 (d) | 4.57(ddd, 2.9,9.5,11.7Hz, 1H) |1,35,37 H37a, H37b, Hé4

37 379 () |2.75(dd, 11.7,13.7 1H) 35,36,38,39,43 | H36, HAT
3.40 (dd, 2.9, 13.7 Hz, 1H) 36,38,39,43 H36, H37a

38 _ 1386 (s) |- - -

39 1289 (d) | 7.07(d, 7.8 Hz, IH) 37,38,41, 3 H40, H41

40 1279 (d) | 7.22 (dd, 7.8, 7.8 Hz, 1H) 38,42 H39, H4l

41 126.2 (d) | 7.15(t, 7.8 Hz, 1H) 39,43 H40, H42

42 127.9 (@) | 7.22(dd, 7.8, 7.8 Hz, 1H) 38, 40 H41, H43

43 128.29 (d) | 7.07 (d, 7.8 Hz, 1H) 37,138,139, 41 H42

44 - 8.76 (d, 9.5 Hz, LH) 1, 36,37 H36

45 1573 (s} |- - -

isoleucine

46 - 6.28 (d, 8.7 Hz, 1H) 45,47, 52 H47

47 56.6 (d) |4.04(dd, 5.9, 7.8,7.8 Hz, |H) 45,48, 49,51,52 | H46, H48

48 369 () |1.71(m, 1H) 47, 49, 50, 51 H47, H49Db, H51

49 245() |1.35(m, 1H) 47, 48, 50, 51 H48, H4%9b, H50
1.10 (m, 1H) 47, 48, 50, 51 H48, H49a, H50

50 11.1 (@) |0.83(t, 6.8 He, 3H) 48,49 B49s, H4%
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51 156(q
52 173.8 (s)

*Chemical shifts determined from 2D heteronuclear experiments

0.82(d, 6.8 Hz, 3H)

47,48, 49

H48 |

Cormpound 8
’ H H H
rr.48- N 46-N .‘.M/N 0
53 /t \"6'35J 34 Yo
0 *101\38
HO” YO0 HN Yo
.-Kfo 0. 40
21 1
HN
25 E I 3
19}/ N
{ 1 5
HO NH
cl

5 Table8 'H (600 MHz), '*C (125 MHz) and COSY
NMR data for Compound 8 in ds-DMSO

Atom No BC (ault)* YEY (ovult, J Hiz) COSY

N-Methyl

tryptophan

1 - no. - -

2 60.8(d) |4.65(dd, 2.6,9.9Hz, 1H) H3a, H3b

3 21.9() |2.73(m, 1H) H2, H3b
. 3.08 {m, 1H) H2, H3a

4 no. - -

5 124.7(d) |6.87(d, 1.9 Hz, 1H) H6

6 10,66 {(bs, IH) HS

? n.o. - -

8 111.5(d) |723(s, 1H) .

9 n.0. - -

10 n.o. - -

11 103.4(d) |6.94(s, 1H) -

12 no. - -

NMe 27.4(q) |1.90(s, 3H) .

Leucine
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w )
14 n.o. - -
15 474(d) | 4.18 (ddd, 2.9, 4.9, 9.8 Hz, 1H) H1é6a, Hi6b, H20
16 370 | -0.50(dd, 5.8,9.1 Hz, 1H) H15, H16b, H17
0.91 (m, 1H) H15, H16a, H17
17 ] 249(d) | 1.40 (m, 1H) H16a, H16b, H19, H18
18 19.5 (qy | 0.22 (d, 6.8 Hz, JH) HI7
19 22.3{q) | 0.36 (d, 6.8 Hz, JH) H17
20 - B8.40 (d, 4.8 Hz, 1H) H15
isoleucine
21 no. - -
22 558(0 | 3.93(dd, 7.8, 8.2 Hz, I1H) H23, H27
23 37.0(d) | 1.72 (m, 1H) H22, H24a, H24b, H26
24 242(t) | 1.08 (m, 1) H24b, B23, H25
1.30 (m, IH) H24a, H23, H25
25 12.0{¢) | 0.82(d, 7.0 Hz, 3H) H24a, H24b
26 15.7(q) | 0.83 (d, 7.0 Hz, IH) H23
27 - 6.70 (d, 6.9 Hz,.1H) H22
lysine
28 no. - -
29 54.3 (d) | 3.85(ddd, 5.9, 6.8, 6.8 Hz, 1H) H30, H35
30 31.8(t) |1.54 (m, 1H) H2%, H30b, H31a, H3lb
1.72 (m, 1H} H29, H30a, H31a, H31b
k3| 249() | 1.40 (m, 1H) H32, H31b, H30a, H30b
1.10 (m, 1H) H32, H31a, H30a, H30b
32 28.1() |1.40(m,2H) H31a, H31b, H33a, H33b
k) 38.0() |2.80(m, 1H) H32, H33b, H34
3.55(m, 1H) H32, H33a, H34
34 - 7.43(dd, 1.2, £.8 Hz, 1H) H33a, H33b
35 - 6.45 (d, 6.8 Hz, 1H) H29
phenylalanine
36 no. - -
7 54.5(d) |4.58(ddd,2.9,8.8,11.7Hz, 1H) |H38e, H38b, H45
k1) 374(ty |2.73(dd, 11.7, 11.7 Hz, IH) H37, H38b
3.37(dd, 2.9, 11.7 Hz, 1H) H37, H38a
39 n.o. - -
40 1283 (dy |7.05 .(d, 7.8 Hz, 1H) H41, H42
41 128.0(d) |7.19(dd, 7.8, 7.8 Hz, 1H) H40, H42
42 1259(d) |7.14(t, 7.8 Hz, 1H) H41, H43
43 128.0(d) [7.19(dd, 7.8, 7.8 Hz, 1H) H42, H44
44 1283 (d) |7.05(d, 7.8 Hz, 1H) H43, Ha2
45 - 8.68 (d, 8.8 Hz, 1H) H37
46 n.o. - -
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isoleucine
47 - 6.29 (d, 8.8 Hz, 1H) H48
48 563 (d) |4.01(dd, 4.9,7.8, Hz, 1H) H47, H49
49 383(d |1.71 (m, 1H) H48, H50, H50b, H52
50 228() |1.38(m, H) H50b, H49, H51

1.01 {m, 1H) H50a, H49, H51
51 11.4(q) |0.79(t, 6.8 Hz, 3H) H50a, H50b
52 15.8(q) |0.79(d, 6.8 Hz, 3H) H49
53 n.o. - -

*Chemical shifts determined from 2D heteronuclear experiments

n.o. = not observed

j-/« 48 Con‘l‘\u.j\/"‘
Ho/E \n/ l 7
/bf @

25
19

Ci

Table 9 H (600 MHzZ), °C (125 MHz), HMBC and COSY
NMR data for Compound 9 in ds-DMSO

Atom No UC (mult)* 'H (mult, J Hz) *Jou correlations | COSY

N-Methyl

tryptophan

1 169.5(8) |- - -

2 60.8 (d) | 4.69 (dd, 2.6, 104 Hz, 1H) 1 H3a, H3b

3. 2170 |2.76 (m, 1H) 2,4,12 H2, H3b
1.04 (m, 1H) 2,4,12 H2,H3a

4 1089(s) |- - -

5 124.3(d) | 6.88 (bs, 1H) 4,7,12 H6

6 10.66 (bs, 1H) 4,5,7,12 HS

7 130.2¢s) |- - -
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111.8 (d)

115.8 {s)
10 145.9 (s)
11 102.7 {d)
12 126.1 (s)
NMe 274(Q
Leucine
14 172.5(s)
15 46.7 (d)
16 3741
i7 23.1(d)
18 19.7(q)
19 22.3(q)
20 -
leucine
21 173.5 (s)
22 50.7 (d)
23 359.7(%)
24 23.3(d)
25 216 ()
26 23(
27 -
Iysine
28 172.2 ()
29 54.4 (d)
30 32109
3 2029
32 28.1(0
k) 33830
34 -
35 -
phenylalanine
3 171.4(9)
37 54.5 (d)
38 37909
39 138.3 (s)

36

1727 (s, 1H)

6.95 (s, 1H)

1.91 (s, 3H)

4.22 (ddd, 2.9, 4.9, 9.8 Hz, 1H)
-0.49 (d4d, 9.8,9.8 Hz, 1H)

0.95 (m, 1H)

1.40 (m, 1H) -

0.25 (d, 6.8 Hz, 3E)
0.42 (d, 6.8 Hz, 3E)
8.47 (d, 4.3 Hz, 1K)

4.03 (td, 7.8, 6.9 Hz, 1H)
1.46 (m, 2H)

1.67 (m, 1H)

0.82 (d, 7.0 Hz, 3ED)

0.88 (d, 7.0 Hz, 3H)

6.86 (d, 6.9 Hz, 1H)

3.88 (ddd, 5.9, 6.3, 6.8 Hz, 1H)
1.54 (m, 2H)
1,40 {m, 1H)
1.10 (m, 1H)
1.42 (m, 2H)

2.84 (m, 1H)

3.57 (m, TH)

7.38 (dd, 1.2, 7.8 Hz, 1H)
6.35 (d, 6.8 Hz, 1H)

4.52 (ddd, 2.9, .8, 11.7 Hz, 1H)
2.74 (dd, 11.7, 13.7 Hz, 1H)
3.55 (dd, 2.9, 13.7 Hz, 1H)

%

9,10,12
4,7,9,10

2,14

16,17, 19
16,17, 18
21

21,23
15,16
23,24, 26
23,24, 25
28

28,30,31

46

16
39, 40, 44
28,27, 30, 31, 38

PCT/SE2004/001568

H16a, H16b, H20
H15, H16b, H17
H15, H16a, H17
H16a, H16b, H19,
HI8

| H17

H17
H15

H23, H27
H22, H24
H23, H25, H26
H24

H24

H22

H30, H35
H29, H31a, H31b
H30, H31b, K32
H30, H31a, H32
H30, H22s, H23
H31a, H31b, H33a,
H33b

H32, H33b, H34
H32, H33a, H34
H33a, H33b

H29

H38a, H38b, H45
H37, H38b
H27, H3Ba
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41
42

43
45
isolencine
47
48

49

5¢

51
52
33

128.7 (d)
129.2 (d)
126.6 (d)

1292 (d)
128.7 (d)

157.0(s)

56.9 (d)
37.6 ()

246 ()

117 (q)

158 (q)
173.8 (s)

37

7.08 (d, 8.0 Hz, 1H)
7.23 (dd, 8.0, 8.0 Hz, 1H)
7.17 (¢, 8.0 Hz, 1H)

7.23 (dd4, 8.0, 8.0 Hz, 1H)
7,08 (4, 8.0 Hz, 1H)
8.71 (4, 8.8 Hz, 1H)

6.26 (4, 8.7 Hz, 1H)
4.03 (dd, 5.9, 7.8, 7.8 Hz, 1H)
1.70 (m, 1H)

1.35 (m, 1H)

1.10 (m, 1H)

0.86 (t, 6.8 Hz, 3H)
0.85 (d, 6.8 Hz, 3H)

42,44
19, 43
40, 44

39,41
40, 38, 42

46, 49, 50, 52, 53

48, 49, 51, 52

49, 51, 52

49,50

48, 49, 50

PCT/SE2004/001568

H41, H42

H40, H42

H41, H43, 240,
Ha4

H42, Hé4

H43, H42

H37

H48

Ha7, H49

H48, H50b, H50a,
H52

H49, H50s, H50b,
HS1

H49, H50e, HS0b,
H51

H50a, HS0b

HA49

*Chemical shifts determined from 2D heteronuclear experiments

5 Table10

Comnound 10

'H (600 MHz), *C (125 MHz), HMBC and COSY
NMR data for Compound 10 in ds-DMSO
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38 i ¢
T Atom No "C (mlt)* 'H (mult, J Hz) W fo correlations [COSY

N-Methyl

tryptophan

1 169.8(s) |- - .

2 60.9(d) [4.66 (dd, 2.9, 10.7 Hz, 1H) 1,3,4, 14, 13-NMe |[H3a, H3b

3 219  [2.77 (m, 1H) 2,4,5 H2, H3b
3.07 (m, 1H) 2,4,5 H2, H3a

4 109.3(s) |- - .

5 126.1(d) |6.89 (d, 2.0 Hz, 1H) 4,7,12 H6

6 - 10.68 (bs, 1H) 4,5,7,12 H5

7 1305(s) |- - -

8 111.8(d) |7.26 (s, 1H) 7,9, 10, 12 -

9 1158() |- - .

10 1462(s) |- - .

11 103.4 (d) |6.98 (s, 1H) 4,1,9 -

12 126.8(s) |- - -

NMe 273(0 |1.97(s,31) 2,14 -

Leucine

14 1M9@) |- . .

15 468(d) |4.21(ddd, 29,4.9,11.7Hz, 1H) |- H16a, H16b, H20

16 372(t) |-0.48 (dd,11.7, 11.7 Hz, 1H) - H15, H16b, H17
0.95 (m, 1H) - HI15, H16a, H17

17 233(d) | 1.40 (m, 1H) - H16a, H16b, H19,

H1B8

18 19.5(Q | 0.27 (d, 6.8 Hz, 3H) 16, 17,19 H17

19 213(q) | 0.41(d, 6.8 Hz, 3H) 16,17,18 H17

20 - 8.42 (d, 4.9 Hz, 1H) 15, 16, 21 Hi5

leucine

21 1729() | - - -

2 57.7(d) | 3.77 (dd, 6.8, 7.3 Hz, 1H) 21,23,24,25 H23, H26

23 29.8(t) | 1.88 (m, 2H) - H22, H23, H24

24 1859 (q) | 0.84 (d, 7.0 Hz, 3H) 22,23,25 H23 '

25 18.9(g) | 0.93(d, 7.0 Hz, 3H) 22,23,24 H23

26 . 6.74 (d, 6.9 Hz, 1H) 23,28 H2

lysine

27 1722(8) | - - -

28 54.5(d) | 3.84(ddd,5.9,6.8, 6.8 Hz, 1IED) | 20,28,29,45 H29, H34

29 315¢) | 1.54 (m, 2H) - H28, H30a, H30b

30 202() | 1.40(m, 1H) . H29, H30b, H31
1.10 (m, 1H) - H29, H30a, H31

31 282 (1) | 1.42 (m, 2H) - H30a, H30b, H32a,

H32b



10

WO 2005/03%617

2

3
34
phenylalening
35
36
37

3B
39
40
41
42
43
44
45

isoleucine
46
47
43
49

50
51
52

38.3 ()

170.4 (s)

54.1(d)
372 ()

137.9 ()
131.4 (d)
130.4 (d)
1192 (s)
130.4 (d)
131.4 (d)

157.3 (s)

572(d)
37.2(d)
25.1(9

11.4(Q
158 (@)
174.5 (8)

39

2.85 (m, 1H)

3.57 (m, 1H)

746 (dd, 1.2, 7.0 Hz, 1H)
6.41 (d, 6.8 Hz, 1H)

4,52 (ddd, 2.9, 8.8, 11.7 Hz, 1H)
2.72 (44, 11.7, 13.7 1HD)

3.36 (dd, 2.9, 13.7 Hz, 1H)

7.01 (d, 7.8 Hz, 1H)

7.37(d, 7.8 Hz, 1H)

739 (d, 7.8 Hz, 1H)
7.08 (4, 7.8 Hz, 1H)
8.81 (4, 8.8 Hz, 1H)

6.26 (d, 8.8 Hz, 1H)

4.04 (dd, 4.9, 8.8, 7.8 Hz, 1H)
1.70 (m, 1H)

1.33 (m, 1H)

1.07 (m, 1H)

1 0.83 (t, 6.8 Hz, 3H)

0.83 (d, 6.8 Hz, 3H)

30,31
35
29, 28,45

35

36, 38,39,43
36,38,39,43
37,41, 83
42,38

40, 38

37, 39,41

45, 47

45, 48,49, 51,52
47, 48, 50, 51
47, 48, 50, 51
48,49

47,48, 49

PCT/SE2004/001568

H31, H32b, H33
H31, H32a, H33
H32a, H32b
H28

H37a, H37b, H44
H36, H37b
H36, H37a

H40
H39

H43
H42
H36

H47

H48, H46

HA47, H4%b, H49a
H4%e, H48, H50
H49%b, H48, H50
H49a, H49b

H48

*Chemical shifts determined from 2D heteronuclear experiments

EXAMPLE 2

This Example describes the isolation of Compound 11.
General Experimental Procedures

Water was Milli-Q filtered, while all other solvents used were Omnisolv. A Hypersil
BDS basic C18 5uM, 21.2 mm x 150 mm, column were used for preparative HPLC. NMR
spectra were recorded on a Varian Inova 600 or 500 MHz NMR spectrometer. Samples were

dissolved in ds-DMSO and chemical shifts were calculated relative to the solvent peak

(DMSO 'H 0 2.50 and '*C 39.5 ppm). Mass spectra were measured on a Fisons VG Platform

11, using positive electrospray ionisation mode. The elution solvent was a mixture
acetonitrile/water 50% at 0.1 ml/min.

Animal Material
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Six sponge samples of Candidaspongia flabellata were collected by SCUBA diving at
Quter Gneering, Sunshine Coast, Old Reef, Fairfax Is and Chauvel Reef, Queensland,
Australia and voucher samples (G315106, G314580, G314025, G315402, G318260,
G317513) were lodged at the Queensland Museum, Brisbane, Australia.
5 Exiraction and Isolation

The freeze-dried sponge materials (529 g) were ground and exhaustively extracted
with methanol to afford six methanol extracts. The methanol crude extracts underwent a series
of partitions: MeOH/n-hexane, H:0:MeOH(4:1)/DCM,, H20:MeOH(4:1)/EtOAc. Bioactivity
was spread in the H,O:MeOH(4:1) and EtOAc layers. The H20:MeOH(4:1) and EtOAc

10 layers were combined for all six biota and then partitioned with H;O/butanol. The activity was
in the butanol layer (900 mg), which then underwent countercurrent chromatography
{H,O/MeOH/EtOAc (4:1:5)}, upper layer mobile phase. The very early eluting fractions, 13-
24, were combined (325 mg) and partitioned n-hexane: EtOAc:MeOH:H;O (1:1:1:1). The
bioactive aqueous layer (150 mg) was then chromatographed further by counter current

15 chromatography {(CHCl;:MeOH:H;0 (7:13:8)}, lower layer mobile phase. The early eluting
active fractions, 25-32, were combined 1o give 85 mg of material. This underwent a final
purification step by HPL.C (Hypersil BDS C18) using a 30 min H;O/MeCN gradient from
H;0 (containing 1% TFA) to MeCN (containing 1% TF A). This yielded 0.4 mg of Compound
11 eluting after 18.2 mins. '

20 Compound 11: MS: (positive ESI) ) [M+H]" m/z 1003.0 (100), 1004.4 (72), 1005.4 (75),
1006.3 (32). 'H and "*C NMR (ds-DMSO): see Table 1 1.

Compound 11 was also identified as a cyclic peptide after detailed studies, including 'H, 1°C,
gHSQC, gHMBC, and gCOSY experiments.

Compound 11
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Table 11 'H (600 MHz), 1*C (125 MHz), HMBC and COSY
NMR data for Compound 11 in dg-DMSO
Atom No BC (mul))® 'H (mult, J Hz) 3 Jext correlations | COSY
N-Methyl
tryptophan
1 n.o. - - -
2 60.0(d) | 4.70 (b4, 10.8 Hz, 1H) - H3s, H3b
3 224 | 2714, 145, 10.8 Hz, 1H) - H2, H3b
3.14 (d, 14.5 Hz, IH) - Hia
4 n.o. - - -
s 1089() |- , - -
6 - 11.33 (s, 1H) 4,7,12 -
7 130.8(s) |- . .
8 11.0(d) | 7.05 (bd, 8.0 Hz, 1H) 12,10 HY
9 111.8(d) | 6.60 (bd, 8.0 Hz, 1H) . HS
10 1508(s) | - - -
t 101.8(d) | 6.82 (bs, 1H) 7, 10 -
12 128.1(s) |- - -
NMe 285(Q | 2.10(s, 3H) 2 -
Leucine
14 11240 |- - -
15 46.8(d) | 4.16 (m, 1H) . H16a, H16b, H20
16 366() | 0320, 11.0Hz 1H) 15 H16b, H17
0.96 (m, 1H) . HI15, H16e
17 2240 | Y142(m 10D . -
18 19.0(q) | 0.22(d, 6.6 Hz, 3H) 16,17,19 H17

PCT/SE2004/001568
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19 22.1(a)
20 -
Isoleucine
21 171.6 (s)
22 55.7(d)
23 35.7(d)
24 247 (1)
25 11.2(9
26 14.2 (@)
27 -
Lysine
28 1724 (9)
29 543 (d)
30 31.0¢)
31 20.1(t)
32 26.6 (1)
33 378(H)
34 -
35 -
Tyrosine
36 n.o.
37 54.7 (d)
38 365 ()
39 130.0 (s)
40 1285 (d)
4] 114.8 (d)
42 156.0 (3)
43 114.8 (d)
4 128.5 (d)
45 -
46 n.o.
Phenylalanine

42

0.41 (d, 6.6 Hz, 3H)
8.38 (d, 4.8 Hz, 1H}

3.9 (t, 6.8 Hz, 1H)
1.76 (m, 1H)

1.10 (m, 1H)

*1.44 (m, 1H)

0.85 (1, 7.2 Hz, 3H)
0.81 (d, 6.6 Hz, 3K)
6.78 (d, 6.8 Hz, 1H)

3.85 (ddd, 7.0, 6.5, 5.0 Hz, 1H)
1.52 (m, 1H)

1.60 (m, 1H)

1.14 (m, 1H)

1.25 (m, 1H)

1.38 (m, 1H)

1.41 (m, 1K)

2.85 (m; 1H)

3.52 (m, 1H)

7.35 (m, 1H)

6.48 (4, 7.0 Hz, 1H)

4.50 (ddd, 11.7, 9.0, 4.9 Hz, 1H)
2.62 (bt, 13.0 Ha, 1H) '

*3.23 (m, 1H)

6.87 (d, 7.5 Hz, 1H)
6.62 (d, 7.5 Hz, 1H)

6.62 (d, 7.5 Hz, 1H)
6.87 (d, 7.5 Hz,.1H)
8.54 (d, 9.0 Hz,.1H)

16,17, 18
14

23,26

39
39

38,39, 42
40, 42, 44
40, 42, 44
38,39,42

PCT/SE2004/001568 (\/

H17
HI15

H23, H27

H22, H24a, H26
H23, H24b, H2S
H24a, H25
H24a, H24b
H23

H22

H30a, H30b, H35
H29, H3la

H29, Hilb

H30a

H30b

H33b

H3i4

H34, H32a
H33a, H33b

H29

H38e, H38b, H45
H37, H38b

H37, H38a

H41

H40

H44

H43

H37 .
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47 - 6.26 (d, 8.0 Hz, 1H) . H48
48 53.4(d) | 4.36(ddd,8.0,7.5,52Hz, LH) | 56,49 H49a, Haob, H47
49 37.2(Y) | 2.86(dd, 13.8,7.5 Hz, 1H) 56,55,51,50,48 | Hag
2.99 (dd, 13.8, 5.2 Hz, 1H) 56,55,51, 50,48 | H4s

50 137.5¢) |- - ]
51 1200 (d) | 7.16(d, 7.5 Hz, 1H) 53,49 H52, H54
52 1280(d) |7.27(,7.5Hz, 1H) 50 HS1, H55
53 1262(d) |7.20(,7.5Hz, 1H) 51,55 -
54 128.0(0) |7.27(; 7.5 Hz, IH) 50 H51, H55
55 1290(d) |7.16(d, 7.5 Hz, 1H) 53,49 HS2, Hs4
56 173.8() |- - -
OH - 8.71 (s, 1H) . .
OH - 9.13 (s, 1H) ; -

*Chemical shift estimated from 2D NMR experiments
n.o. = not observed.
EXAMPLE 3

This Example describes the synthesis of Compound 12.
5 General Experimental Procedures

High resolution mass spectra were recorded on a Micrornass LCT mass spectrometer
equipped with an electrospray interface (LC-HRMS). '"H NMR measurements were performed
on Varian UNITY plus 400, 500 and 600 spectrometers, operating at 'H frequencies of 400,
500 and 600 MHz respectively. NMR spectra were recorded in d6-DMSO with chemical
10 shifts given in ppm with the solvent as internal standard.

Compound 12

Synthesis of Compo
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Compound 12 was prepared according to a literature procedure (Marsh and Bradley, J.

Org. Chem., 1997, 62, 6199-6203) with the following modifications: Fmoc-L-Arg-N™ -
(Boc),-OH was first coupled to the resin/linker. After removal of the Fmoc group, the free
amine was coupled with N*-(4-nitrophenyloxycarbonyl)-N*~(9-fluorenylmethoxycarbonyl)-D-
lysine allyl ester. Fmoc peptide synthesis continued on the side chain of the lysine residue
using Fmoc-L-Ala followed by Fmoc-L-N-MeAla, Fmoc-L-Leu and Fmoc-L-Ala. Allyl ester
and Fmoc removal was followed by cyclization and finally cleavage from the resin/linker.
Purification of the residue by reversed-phase HPLC (Ace C8 column, linear gradient
5%-295% MeCN in 0.1 M aqueous NH40Ac) gave Compound 12 (1.8 mg, 1.3%).

'H NMR (500 MHz, d-DMSO): 00 9.2 (broad s, 1H), 8.66 (d, 1H), 8.52 (d, 1H), 7.4-8.0
(broad signal, 4H), 7.47 (dd, 1H), 7.10 (d, 1H), 6.56 (d, 1H), 6.08 (d, 1H), 4.77-4.83 (m, 1H),
4,70-4.77 (m, 1H), 4.23 (qd, 1H), 4.07 (qd, 1H), 3.88-3.98 (m, 1H), 3.65-3.75 (m, 1H), 3.47-
3.52 (m, 1H), 3.03 (broad t, 2H), 2.71-2.78 (m, 1H), 2.52 (s, 3H), 1.78-1.84 (m, 1H), 1.68-
1.79 (m, 1H), 1.30-1.65 (m, 12H), 1.15-1.23 (m, 2H), 1.18 (two d, 6H), 0.94 (d, 3H), 0.93 (d,
3H), 0.89 (d, 3H), 0.88 (d, 3H).

HRMS (ES) calculated for C3;HsgN g0y 711.4517 (M+H)*, found 711.4525.
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EXAMPLE 4

This Example describes the synthesis of Compounds 1 and 13 to 16.
Svynthesis of Compound 1

a) Svynthesis of Intermediate

Intermediate A

o
Kf 7

HN

Y

TFA (2 roL) was added to Boc-D-Lys(Fmoc)-OAllyl (2.86 g, 5.6 mmol) and left to
stand for 5 min, The TFA was then removed by a stream of dry mitrogen to afford H-D-
Lys(Fmoc)-OAllyl which was dried on a high vacuum line for 2 h to remove all traces of
TFA. 2-Chlorotrity! resin (1 g, 1.4 mmol) was pre-swelled in DCM (10 mL) for 1 h. The
resin was drained and a solution of H-D-I:ys(Fmoc)-OAllyl (2.30 g, 5.64 mmol) and DIEA
(729 mg, 982 pL, 5.64 mmol) in DCM (10 mL) was added and the reaction mixture shaken
for 1 h. Further DIEA (1.46 g, 1.95 mL, 11.3 mmol) was added to the resin and the reaction
mixture shaken for a further 1h. Methanol (1 mL) was added to end-cap any unreacted resin
and the reaction mixture shaken for a further 1 h. The resin was filtered and washed with
DMF (2 x 5 mL), DCM (2 x 5 mL) and DMF (2 x 5 mL). The resin was subjected to Fmoc-
solid phase peptide synthesis (SPPS) using the following conditions:
(i)  Fmoc deprotection: 20 % piperidine in DMF (2 x 10 mL) for 2 min followed
by washing with DMF (4 x 5 mL), DCM (4 x 5 mL) and DMF (4 x SmL).
(i)  Coupling conditions: In all couplings the solution of the coupling reagent in
DMF is added to the Fmoc-amino acid. This solution is added to the resin
followed by DIEA. (a) Fmoc-Trp(Boc)-OH (2.95 g, 5.6 mmol), HBTU (0.5 M
solution, 11.2 mL) and DIEA (0.975 mL, 5.6 mmol) 20 min. (b) Fmoc-N-Me-
Leu-OH (2.06 g, 5.6 mmol), HBTU (0.5 M solution, 11.2 mL) and DIEA,
(0.975 mL, 5.6 mmol) 20 min. (c) Fmoc-Leu-OH (1.98 g, 5.6 mmol), HOBt

»
.
‘\
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(756 mg, 5.6 mmol), HATU (2.13 g, 5.6 mmol) and DIEA (314 pL, 1.8 mmol)
in DMF (10 mL) 3 h. (d) Fmoc-Ala-OH (1.74 g, 5.6 mmol), HBTU (0.5 M
solution, 11.2 mL) and DIEA (0.975 mL, 5.6 mmol) 20 min. Following all
couplings the resin was filtered and washed with DMF (4 x 5 mL), DCM (4 x
5 mL) and DMF (4 x SmL). All couplings except for (c) were monitored using
the ninhydrin test, coupling (c) was monitored using a bromophenol blue test.
All couplings were also monitored by MS by cleaving a small amount of resin
(5 mg) with 100 % TFA for 5 min, the filtrate from the resin was then analysed
by MS.
A solution of Pd(PPhs)4 (1.62 g, 1.4 mmol) and dimedone (1.96 g, 14 mmol) in THF:DCM
(1:1, 50 mL) was sparged with nitrogen gas for 10 min., added to the resin and the mixture
shaken for 16 h. The reaction mixture was filtered and washed with DCM (3 x 5 mL), DMF
(3 x 5 mL) a solution of 0.5% DIEA and 0.5% diethyldithiocarbamic acid sodium salt in DMF
(3 x 5 mL) and DMF (3 x SmL). The resin was treated with 20 % piperidine in DMF (2 x 10
mL) for 2 min. followed by washing with DMF (4 x 5 mL), DCM (4 x 5 mL), 10%
pyridinium hydrochloride in DCM:DMF (1:1, 4 x 5 mL) and DMF (4 x 5 mL). A solution of
PyBroP (718 mg, 1.54 mmol) and DIEA (1 mL, 5.74 mmol) in DCM:DMF (1:1, 10 mL) was
added to the resin and the mixture shaken for 3 h after which a ninhydrin test was negative.
The cyclic peptide was cleaved from ttie resin by treatment with 50% TFA in DCM (20 mL)
for 1 h. The resin was filtered, washed with TFA (2 x 5 mL) and DCM (2 x 5 mL),
concentrated to dryness, re-dissolved in MeCN:H,0 (0.1% TFA) and lyophilised to afford
crude Intermediate A (435 mg, 50% based on the 2-chlorotrityl resin). Purification by
RPHPLC (95:5 H20 (1% TFA):MeCN (1% TFA) to 2:3 H;O (1% TFA):MeCN (1% TFA))
over 60 min afforded Intermediate A (0.417 g, 3.6 %).
b) Allvl-N-[(9H-fluoren-9-vimethoxw)carbonyl]-N’- {imino[(2.2.4.6.7-pentamethy]-2.3-
dihydro-1-benzofuran-5-vDlaminolmethyl}ornithinate
AF-[(9H-ﬂuoren—9-ylmethox3{)carbonyl]-N’- {imino[(2,2,4,6,7-pentamethyl-2,3-
dihydro-1-benzofuran-5-yl)amino]methyl} ornithine (1.0g, 1.54 mmol) was dissolved in DMF
(5 mL). Caesium carbonate (377 mg, 1.16 mmol) was added and the reaction mixture stirred
for 1 h. Allyl bromide (0.913 mL, 10.8 mmol) was then added and stirring was continued for
a further 1 h resulting in a milky white solution. Water (25 mL) was added and the reaction
mixture acidified with 2M KHSO4. DCM (50 mL) was added and the phases separated. The
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aqueous phase was washed with DCM (2 x 50 wL) and the combined organics washed with
brine (50 mL), dried (MgS0y), filtered and concentrated to dryness to afford allyl-N-[(9H-
fluoren-9-ylmethoxy)carbonyl]-N°- {imino[(2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-
S-yl)amino]methyl} omithinate as colourless foam (857 mg, 81%).
"HNMR (CDCls, 500 MHz): O 1.43 (s, 6H), 1.59 (m, 2H), 1.73 (m, 1H), 1.86 (m, 1H), 2.09
(s, 3H), 2.52 (s, 3H), 2.61 (s, 3H), 2.91 (s, 2H), 3.22 (m, 2H), 4.17 (t, J 7 Hz, 1H), 4.32 (m,
1H), 4.37 (m, 1H), 4.59 (br d, J 4.5 Hz, 2H), 5.21 (d, J 10.5 Hz, 1H), 5.30 (d, J 17 Hz, 1H),
5.83 (m, 1H), 5.88 (m, 1H), 6.26 (br s, 1H), 6.35 (br s, 2H), 7.26 (t, J 7.5 Hz, 2H), 7.37 (t, J
7.5 Hz, 2H), 7.57 (m, 2H), 7.74 (4, J 7.5 Hz, 2H).
CNMR (CDCls, 125 MHz): O 12.68, 18.22, 19.54, 25.69, 28.78, 29.93, 40.96, 43.43, 47.36,
53.72, 54.10, 66.23, 67.39, 86.63, 117.78, 119.12, 120.19, 124.93, 125.40, 127.34, 127.96,
131.79, 132.47, 133.17, 138.54, 141.49, 143.97, 144.08, 156.63, 159.03, 171.42). MS:
(positive EST) [M+H]" m/z 689.
c) Allvl-N’-[[(4-ethvl-2.2.6.7-tetramethyl-2.3-dihydro-1-benzofuran-5-
yhaminol(iminoYmethyl)-N?-{(4-nitrophenoxy)carbonyllomithinate
Allyl-N-{(9H-fluoren-9-ylmethoxy)carbonyl]-N°-{ imino[.(2,2,4,6,7-pentamethyl-2,3-
dihydro-1-benzofuran-5-yl)amino}methyl} ornithinate (800 mg, 1.16 mmol) was dissolved in
DMF (4 mL). Piperidine (1 mL) was added, and the reaction mixture was stirred at room
temperature for 30 min and then concentrated. The resulting residue was dissolved in DCM
(9 mL) and added to a suspension of 4-nitrophenylchloroformate (370 mg, 1.85 mmol) and
pyridine (750 uL, 9.3 pmol) in DCM (6 mL) with cooling in an ice-salt bath. After stirring
for 2.5 h, 1M KHSO, (20 mL) was added, the organic layer separated and the aqueous phase
extracted with DCM (4 x 20 mL). The combined organic extracts were dried (MgSO,),
filtered, concentrated and the resulting residue purified by flash chromatography on silica gel
(100% Hexane to 7:3 EtOAc:hexane) to afford allyl-N°-[[(4-ethyl-2,2,6,7-tetramethyl-2,3-
dihydro-1-benzofuran-5-yl)amino](imino)methyl}-N?-[(4-nitrophenoxy)carbonyljornithinate
(138 mg, 18 %).
'HNMR (CDCls, 500 MHz): {1 1.42 (s, 6H), 1.62 (m, 2H), 1.79 (m, 1H), 1.89 (m, 1H), 2.04
(s, 3H), 2.48 (s, 3H), 2.55 (s, 3H), 2.90 (s, 2H), 3.20 (m, 2H), 4.30 (m, 1H), 4.60 (br d, /4.5
Hz, 2H), 5.22 (d, J 10 .5 Hz, 1H), 5.29 (d, J 17 Hz, 1H), 5.86 (m, 1H), 6.25 (br's, 1H), 6.33
(br s, 1H), 6.50 (br d, J 6.5 Hz, 1H), 6.90 (d, J 7.5 Hz, 1H), 7.25 (d, J 8 Hz, 2H), 8.05 (d, J
7.5 Hz, 1H), 8.15 (d, /8 Hz, 2H) .
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3CNMR (CDCl,, 125 MHz): O 12.63, 18.16, 19.45, 25.74, 28.76, 29.44, 40.8, 43 .41, 54.41,
66.39, 86.71, 115.99, 117.78, 119.21, 122.22, 124.97, 125.23, 126.22, 131.66, 132.40,
133.02, 138.43, 140.75, 144.97, 153.45, 156.06, 156.67, 159.04, 163.07, 163.80, 171.6.
MS: (positive ESI) [M+H]" m/z 632.
d) Compound 1

Intermediate A (49.9 mg, 0.08 mmol) was dissolved in DMF (8 mL). Allyl-N-[[(4-
ethyl-2,2,6,7-tetramethyl-2,3-dihydro- 1-benzofuran-5-yl)amino](imino)methyl]-N2-[(4-
nitrophenoxy)carbonyl]ornithinate (60.6 mg, 0.096 mmol) was added, followed by DIEA (17
uL, 0.096 mmol) and the reaction mixture stirred at room temperature for 16 h. The reaction
mixture was concentrated to give the crude urea. A solution of palladium
(tetrakis)triphenylphosphine (8 mg, 0.0072 mmol) and dimedone (25 mg, 0.18 mmol) in
THF:DCM (1:1, 5 mL) was sparged with dry nitrogen and then added via canula to the urea
and stirred at room temperature overnight to afford the crude carboxylic acid. The carboxylic
acid was dissolved in DCM (1 mL), and p-Cresol (340 pL) and TFA (250 pL) were added
and the reaction mixture stirred at room temperature for 20 h to afford crude Compound 1.
The reaction mixture was puriﬁe& by reverse phase HPL.C (YMC basic semi prep column,
linear gradient 65% Water (1% TFA) 35% MeCN (1% TFA) -> 100% MeCN (1% TFA)) to
afford Compound 1 (11.3 mg, 17%). NMR and MS data were found to be identical with an
authentic sample. '
Alternative synthesis of Compound 1
The Intermediate of formula A was also prepared by the following route.
a) Svnthesis of Intermediate C

Intermediate C

\/ﬁ\ CO,H
N/\/\""' ~Boc
H

H

Boc

Ao
oy
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2-Chlorotrityl resin (300 mg, 0.42 mmol) was pre-swelled in DCM (2 mL) for 1 h. The resin
was drained and a solution of Boc-D-Lysine(Fmoc)-OH (394 mg, 0.84 mmol) and DIEA
(0.586 mL , 3.36 mmol) in DCM (2 mL) was added and the reaction mixture shaken for 1 h.
A further aliquot of DIEA (0.293 mL, 1.68 mmol) was then added and the resin shaken for
another 1 hr. Methanol (1 mL) was added to end-cap any unreacted resin and the reaction
mixture shaken for a further 1 h. The resin was filtered and washed with DMF (2 x 5 mL),
DCM (2 x 5 mL) and DMF (2 x 5 mL). The resin was then subjected to Fmoc-solid phase
peptide synthesis (SPPS) using the following conditions:
(iii) - Fmoc deprotection: 20 % piperidine in DMF (4 mL) for 20 min followed by
washing with DMF (4 x 5 mL), DCM (4 x 5 mL) and DMF ( 4 x 5mL).
(iv)  Coupling conditions: In all couplings a solution of the coupling reagent is
added to the Fmoc-amino acid. This solution is added to the resin followed by
DIEA. (a) Fmoc-Trp(Boc)-OH (0.885 g, 1.68 mmol), HBTU (0.5 M solution,
3.36 mL) and DIEA (0.293 mL, 1.68 mmol) 1 h. (b) Fmoc-N-Me-Leu-OH
(0.617 g, 1.68 mmot), HBTU (0.5 M solution, 3.36 mL) and DIEA (0.293 mL,
1.68 mmol) 1 h. (c) Fmoc-Leu-OH (0.594 g, 1.68 mmol), HATU (0.5M, 0.639
g, 1.68 mmol in 3.36 mL. DMF) and DIEA (0.293 mL, 1.68 mmol) 2 h. (d)
Fmoc-Ala-OH (0.523 g, 1.68 mmol), HBTU (0.5 M solution, 3.36 mL) and
DIEA (0.293 mL, 1.68 mmol) 1h. Following all couplings the resin was
filtered and washed with DMF (4 x 5 ml), DCM (4 x 5 mL) and DMF (4 x
5SmL). All couplings except for (¢) were monitored using the ninhydrin test,
coupling (c) was monitored using a bromophenol blue test.
Following Fmoc deprotection and thorough washing with DMF (4 x 5 ml), DCM (4 x 5 mL)
and DMF (4 x 5mL), the linear peptide was cleaved from resin with 2% TFA in DCM (150
mL) by rapid flow-wash into 250 mL of water. The DCM was removed in vacuo and the
resulting solution frozen and freeze dried. The resulting gum was resuspended in 1:1
MeCN:H;0 (100 mL), frozen and freeze-dried to afford crude Intermediate C (265 mg, 0.276
mmol, 65.9% based on the 2-chlorotrityl resin).
b) Synthesis of Intermediate A
Intermediate A
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Crude Intermediate C (0.401 g, 0.419 mmol) and DIEA (0.438 mL, 1.26 mmol) in DMF (208
mL) were added dropwise with stirring to a solution of PyBOP (1.09 g, 2.10 mmol) and DIEA
(0.146 mL, 0.838 mmol) in DMF (208 mL). The resulting solution was stirrecl at room

5 temperature for 18 h then concentrated to dryness and partitioned between BtOAc (100 mL)
and water (100 mL). The organic phase was washed several times with water (3 x 100 mL),
dried (MgSO ), filtered and concentrated to dryness. The crude product was treated with a
solution of 90:9:1 (TFA:TISp1: DCM) for 2 h, concentrated to dryness and purified using
reverse phase HPLC (95:5 H,O (1%TFA):MeCN (1%TFA) to 3:2 H,O (1%TEFA):MeCN

10 (1%TFA) over 60 min to afford Intermediate A (0.167 g, 0.226 mmol, 53.9%).
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Compound 13
H H
I-IZN/\/ ’ '/'KN\H/N . ‘\/\/N
O
HO 0 (9]
o 'kfo 0]
HN

Synthesis of Compound 13
5 Compound 13 was synthesised using a procedure similar to the procedure for

Compound 1, starting from Intermediate A and N-[(benzyloxy)carbonyl]-N°~(tert-
butoxycarbonyl)ornithine. HRMS CigHg NgOg 822.4280 (M+H)+, found 822.4262.

Compound 14
H H H
HN _~_~ LNTN SN0
0 L LN ]
HO O HN o
‘..-kfo Oj/NH /
N
a Ly

10 Synthesis of Compound 14
Compound 14 was synthesised using a procedure similar to the procedure for Compound 1,

starting from Intermediate A and ferz-butyl NC-(tert-butoxycarbonyl)-L-lysinate.

'H NMR (500 MHz, CD;OD): O 8.98 (d, 1H), 8.71 (d, 1H), 7.95 (dd, 1H), 7.79 (d, 1H), 7.64

(d, 1H), 7.31 (d, 1H), 7.08 (t, 1H), 7.01 (t, 1H), 6.78 (s, 1H), 5.00-4.88 {m, 2H), 4.78-4.70 (m,
15 1H), 4.36-4.23 (m, 2H), 4.19-4.13 (m, 1H), 3.88-3.77 (m, 1H), 3.55 (dd, 1H), 3.04-2.86 (m,

4H), 2.03-1.88 (m, 3H), 1.85 (s, 3H), 1.84-1.66 (m, 6H), 1.66-1.57 (m, 3H), 1.52 (d, 3H),
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1.56-1.44 (m, 3H), 1.42-1.30 (m, 3H), 1.04 (two d, 6H), 0.95 (two d, 6H). HRMS (ESI)

calculated for C4oHssNsOs 798.4878 (M+H)", found 798.4858.
Compound 15

UI e

Y

Compound 15 was synthesised using a procedure similar to the procedure for

5 Svnthesis of Compound 15

Compound 1, starting from Intermediate A. and 3- {6-[(fert-butoxycarbonyl)amino]pyridin-3-
yl}alanine (WO 01/02364). HRMS CaHgN1oOs 833.4674 (M+H)", found 833.4678.

Compound 16
- %t©

I-IN
. Y
Svnthesis of Compound 16

a) Synthesis of Intermediate B
Intermediate B was synthesised using a procedure similar to the procedure for
Intermediate A.
15 Intermediate B
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b) Synthesis of Compound 16 .

Compound 16 was synthesised according to the procedure for Compound 1, starting
from Intermediate B.
'H NMR (500 MHz, ds-DMSO): 0O 12.70 (broad s 1H), 10.83 (s, 1H), 8.86 (d, 1F), 8.47 (d,
1H), 7.70-7.79 (m, 3H), 7.57 (t, 1H), 7.46 (d, 1H), 7.45 (dd, 1H), 7.35 (d, 1H), 7.28 (d, 1H),
7.02 (dd, 1H), 6.96 (dd, 1H), 6.81 (broad s, 1H), 6.47 (d, 1H), 6.46 (d, 1H), 4.82 (m, 1H),
4.74-4.75 (ddd, 1H), 4.43 (ddd, 1H), 4.22-4.24 (m, 1H), 4.13 (ddd, 1H), 4.02 (dd d, 1H), 3.78
(dd, 1H), 3.71 (dd, 1H), 3.60 (m, 1H), 3.35 (m, 1H), 3.11 (dt, 2H), 2.86-2.92 (m, 1H), 2.78-
2.80 (m, 1H), 1.83 (s, 3H), 1.79-1.83 (m, 1H), 1.52-1.56 (m, 1H), 1.57-1.60 (m, 1H), 1.60-
1.64 (m, 3H), 1.69-1.70 (m, 1H), 1.42-1.48 (m, SH), 1.33-1.36 (m, 1H), 1.22-1.25 (m, 2H),
1.18-1.20 (m, 1H), 0.95 (d, 3H), 0.91 (d, 3H), 0.89 (d, 3H), 0.85 (d, 3H). HRMS
CaoHgaN1;09 842.4888 (M+H)", found 842.4885.
Alternative synthesis of Compound 16
The Intermediate of formula B was also prepared by the following route.

Synthesis of Intermediate D;rv2)
Intermediate D
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2-Chlorotrityl resin (1 g, 1.4 mmol) was pre-swelled in DCM (5 mL) for 1 h. The resin was
drained and a solution of Boc-D-Lysine(Fmoc)-OH (1.31 g, 2.8mmol) and DIEA (1.45 g, 1.98
mL , 11.2 mmol) in DCM (4 mL) was added and the reaction mixture shaken for 2 h.

5 Methanol (1 mL) was added to end-cap any unreacted resin and the reaction mixture shaken
for a further 1 h. The resin was filtered and washed with DMF (2x5mL),DCM (2 x 5mlL)
and DMF (2 x S mL). The resin was then subjected to Fmoc-solid phase peptide synthesis
(SPPS) using the following conditions:

(i) Fmoc deprotection: 20 % piperidine in DMF (4 mL) for 20 min followed by
10 washing with DMF (4 x 5 mL), DCM (4 x 5 mL) and DMF (4 x 5mL).
(i)  Coupling conditions: In all couplings the solution of the coupling reagent in
DMF is added to the Fmoc-amino acid. This solution is added to the resin
followed by DIEA. (a) Fmoc-Trp(Boc)-OH (0.912 g, 1.732 mmol), HBTU
(0.5 M solution, 3.46 mL) and DIEA (0.301 mL, 1.732 mmol) 1 h. (b) Fmoc-
15 N-Me-Leu-OH (0.637 g, 1.732 mmol), HBTU (0.5 M solution, 3.46 mL) and
DIEA (0.301 mL, 1.732 mmol) 1 h. (c) Fmoc-Len-OH (0.612 g, 1.732 mmol),
HATU (0.5M, 0.658 g, 1.732 mmol in 3.5 mL DMF) and DIEA (0.301 mL,
1.732 mmol) 2 h. (d) Fmoc-Ser(tBu)-OH (0.664 g, 1.732 mmol), HBTU (0.5
M solution, 3.46 mL) and DIEA (0.301 mL, 1.732 mmol) Ih. Following all
20 couplings the resin was filtered and washed with DMF (4x5ml),DCM (4x 5
mL) and DMF (4 x SmL). All couplings except for (¢) were monitored using
the ninhydrin test, coupling (c) was monitored using & bromophenol blue test.

Following Fmoc deprotection and thorough washing with DMF (4 x 5 ml), DCM (4 x 5 ml.)
25 and DMF (4 x SmL), the linear peptide was cleaved from resin with 2% TFA in DCM (400
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mL) by rapid flow-wash into 500 mL of water. The DCM was removed in vacuo and the
resulting solution frozen and freeze dried. The resulting gum was resuspended in 1:1
MeCN:HzO (100 mL), frozen and freeze-dried to afford a crude Intermediate D (994.6 mg,
0.88 mmol, 63% based on the 2-chlorotrityl resin).

Synthesis of Intermediate B:

Intermediate B

o~
o\ 7/

HN

\\“.

Crude Intermediate D (905 mg, 0.88 mmol) and DIEA (0.304 mL, 1.74 mmol) were dissolved
in DMF (440 mL) and added dropwise with stirring to a solution of PyBOP (2.13g, 4.1
mmol) and DIEA (0.918 mL, 5.3 mmol) in DMF (440 mL). Once addition was complete the
resulting solution was stirred at room temperature for 20 h then concentrated to dryness to
afford an orange gum, which was purified using Sephadex LH-20 (MeOH) to give the
protected cyclic peptide (551 mg, 70%). The protected crude cyclic peptide was then treated
with a solution of 95:2.5:2.5 (TFA:TIS:DCM) for 20 h. The reaction mixture was
concentrated to dryness and purified using reverse phase HPLC (95:5 H,0 (1%TFA.)):MeCN

(1%TFA) to 3:2 Hz0 (1%TFA):MeCN (1%TFA) over 60 min to afford Intermediate B (214
mg, 32% from Intermediate D).

EXAMPLE 5
The activities of certain Examples in the assay described in: Dirk Hendriks, Simon
Scharpé and Marc van Sande, Clinical Chemistry, 31, 1936-1939 (1985), using a substrate
concentration of 4 mM, are presented in Table I below.
TABLEI
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Compound No. | ICs

2 0.1 uyM

8 2.5 uM

12 . 0.2 yM

Abbreviations

EtOAc = ethyl acetate TFA = trifluoroacetic acid
DCCC = droplet counter current chromatography DCM = dichloromethane
MeOH = methanol MeCN = acetonitrile
Leu = leucine Ala = alanine
DMSO = dimethyl sulfoxide Arg = Arginine
Trp = tryptophan TIS = triisopropylsilane

HPLC = high pressure liquid chromatography

RPHPLC = reverse phase high pressure liquid chromatography

Boc = tert-butoxycarbonyl

Fmoc = (9H-fluoren-9-ylmethoxy)carbonyl

gHMBC = gradient heteronuclear multiple bond correlation

gCOSY = gradient correlated spectroscopy

gHSQC = gradient heteronuclear single quantum coherence

CPC = centrifugal partition chromatography

DIEA = diisopropyl ethyl amine

HATU = O-(7-Azabenzotriazol-1-yl)-N,N,N", N"-tetramethyluronium hexaftuorophosphate
HBTU = O-Benzotriazol-1-yl-N,N,N ', N "-tetramethyluronium hexafluorophosphate
THF = tetrahydrofuran

DMF = N,N-dimethylformamide

Lys = lysine

PyBOP=(benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate
PyBrOP=bromo-tripyrrolidinophosphonium hexafluorophosphate
TIPS=Triisopropylsilane
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CLAIMS
The use of a compound of formula (I):

ﬂ*TT\Ni( TN

N N\!
R 0R9' |3 “ R

wherein:

X is (CHz)u Y(CHy)n;

m and n are, independently, 1, 2, 3, 4, 5 or 6; provided that m + n is not more than 6;
Y is a bond, O, S(0),, or S-S;

R! is CO2RY or a carboxylic acid isostere such as S(O),0H, S(O);NHR',
PO(OR'*)OH, PO(OR*)NH,, B(OR'®),, PO(R'*)OH, PO(R'*)NH; or tetrazole;

R?, R?, R*, R and RS are, independently, hydrogen, C1.¢ alkyl (optionally substituted
by halogen, hydroxy, cyano, SH, S(O);H, S(0)y(Ci.s alkyl), OC(O)Ci alkyl), CF,,

. Cy4 alkoxy, OCF3, COOH, CONHa, CONH(C, 5 alkyl), NH,, CNH(NHz), or

NHCNH(NHz)), Ci.5 cycloalkyl(Ci.4)alkyl (wherein the cycloalkyl ring is optionally
substituted by halogen, hydroxy, cyano, C;4 alkyl, CFs, C;4 alkoxy, OCF3, NH,,
CNH(NHz) or NHCNH(NH3)), heterocyclyl(C,4)alkyl (wherein the heterocyclyl ring
is optionally substituted by halogen, hydroxy, cyano, C;4 alkyl, CFs, C;4 alkoxy,
OCF3, NH;, CNH(NH,) or NHCNH(NH?)), phenyl(C4)alkyl (wherein the phenyl
ring is optionally substituted by halogen, hydroxy, cyano, C,4 alkyl, CFs, C,4 alkoxy,
OCFs, NH,, CNH(NHz) or NHCNH(NH3)) or heteroaryl(C;.4)alkyl (wherein the
heteroaryl ring is optionally substituted by halogen, hydroxy, cyano, C,4 alkyl, CF,
Ci4 alkoxy, OCFs, NH;, CNH(NHz) or NHCNH(NH;));

p and q are, independently, 0, 1 or 2;

R’, R%, R?, ¥, R"", R" and R* are, independently, H or C, alkyl;

R is H or C,4 alkyl; and,

RY is H or Cy4 alkyl;
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or a pharmaceutically acceptable salt or solvate thereof, or a sol'vate of such a salt; in a
method of manufacturing a medicament for the treatment or prophylaxis of a condition
wherein inhibition of carboxypeptidase U is beneficial,

A compound of formula (I):
R RS 12 3
R 1117’/’\ | i ¥ e
N\f 2
\,L 0 R"N T N
ng"'- (9] X O Rl
E / Y
N N
R’ 0O .9 \r—\r R’
R 3
R® O
wherein:
Xis (CH2)4;
R'is COR'S;

R?is straight-chain Cy.¢ alkyl substituted at its terminus by NH;, CNH(NH;) or
NHCNH(NH,); Cs.¢ cycloalkyl substituted by NH,, CNH(NH;) or NHCNH(NH,);
heterocyciyl containing at least on= nitrogen atom; non-nitrogen containing
heterocyclyl substituted with NH,, CNH(NH,) or NHCNH(NH3); heteroaryl
substituted with NH,, CNH(NH_) or NHCNH(NHy); phenyl substituted with NH,,
CNH(NH>) or NHCNH(NH_); heteroaryl(C4)alkyl substituted with NH,, CNH(NH;)
or NHCNH(NH_); phenyl(Ci.¢)alkyl substituted with NH,, CNH(INH_) or
NHCNH(NH_); or C3.6 cycloalkyl(C) 4)alkyl substituted with NHo, CNH(NH_) or
NHCNH(NH,); all of the above rings being optionally further substituted by one or
more of: halogen, hydroxy, cyano, Cy4 alkyl, CF3, C;4 alkoxy or OCF;;

one of R%, R*, R’ and R® is independently, hydrogen, heteroaryl(C4)alkyl (wherein
the heteroaryl ring is optionally substituted by halogen, hydroxy, cyano, C,4 alkyl,
CF3, Cy4 alkoxy, OCF;, NH;, CNH(NH,) or NHCNH(NH,)); and the others are,
independently, hydrogen, C,.s alkyl (optionally substituted by halogen, hydroxy,
cyano, SH, 8(0)sH, S$(0)(C:.s alkyl), OC(O)(C1. alkyl), CFs, Ci— alkoxy, OCF;,
COOQH, CONHz, CONH(C, 5 alkyl}, NH,, CNH(NHS), or NHCNH(NHy)), Cz.6
cycloalkyl(C,4)alkyl (wherein the cycloalkyl ring is optionally substituted by halogen,



10

15

20

25

30

WO 2005/039617 PCT/SE2004/001568

59

hydroxy, cyano, C14 alkyl, CFs, C,.4 alkoxy, OCF3, NHz, CNH(NH;) or
NHCNH(NH?2)), heterocyclyl(C,.4)alkyl (wherein the heterocyclyl ring is optionally
substituted by halogen, hydroxy, cyano, Ci4 alkyl, CF3, Ci4 alkoxy, OCF;, NH;,
CNH(NH,) or NHCNH(NHS,)), phenyl(C;4)alkyl (wherein the phenyl ring is
optionally substituted by halogen, hydroxy, cyano, C;4 alkyl, CFs, C, alkoxy, OCF;,
NH;, CNH(NH;) or NHCNH(NH3>)) or heteroaryl(C;4)alkyl (wherein the heteroaryl
ring is optionally substituted by halogen, hydroxy, cyano, Ci4 alkyl, CFs, C,4 alkoxy,
OCFs, NH,, CNH(NH;) or NHCNH(NH,));

p and q are, independently, 0, 1 or 2;

R’, R%, R, R, R, R and R" are, independently, H or C; alkyl;

R'* is H or Cy4 alkyl; and,

R"Y is H or C ;4 alkyl;

or a pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt.

3. A compound of formula (I) or a pharmaceutically acceptable salt or solvate
thereof, or a solvate of such a salt. as claimed in claim 2 wherein:
X is (CHz)s;
R'is COR';
R?is straight-chain C, ¢ alkyl substituted at its terminus by NH,, CNH(NH,) or
NHCNH(NH,); Ci. cycloalkyl substituted by NH,, CNH(NH;) or NHCNH(NH,);
heterocyclyl containing at least one nitrogen atom; non-nitrogen containing heterocyclyl
substituted with NH;, CNH(NH;) or NHCNH(NH); heteroaryl substituted with NH;,
CNH(NH;) or NHCNH(NH,); pheny! substituted with NHj, CNH(NH;) or NHCNH(NH,);
heteroaryl(Cy4)alkyl substituted with NH;, CNH(NHz) or NHCNH(NH_); phenyl(C,.4)alkyl
substituted with NH,, CNH(NHz2) or NHCNH(NHS,); or C3.s cycloalkyl(C,.4)alkyl substituted
with NH,, CNH(NH3) or NHCNH(NH3); all of the above rings being optionally further
substituted by one or more of: halogen, hydroxy, cyano, C,4 alkyl, CF,, C,4 alkoxy or OCF3;
one of R?, R*, R? and R® is independently, hydrogen, heteroaryl(C.4)alkyl (wherein the
heteroaryl ring is optionally substituted by halogen, hydroxy, cyano, C,4 alkyl, CF3, C;4
alkoxy, OCFi, NHz, CNH(NHz) or NHCNH(NH3)); and the others are, independently,
hydrogen, Cs alkyl (optionally substituted by halogen, hydroxy, cyano, SH, S(0);H,
S(0)q(C1 alkyl), OC(O)C,.4 alkyl), CF3, C).4 alkoxy, OCF;, COOH, CONH;, CONH(C;.¢
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alkyl), NH;, CNH(NH;), or NHCNH(NH;)), C.¢ cycloalkyl(C,4)alkyl (wherein the
cycloalkyl ring is optionally substituted by halogen, hydroxy, cyano, Cy.4 alkyl, CFs, Ci4
alkoxy, OCF3, NH,, CNH(NH;) or NHCNH(NH,)), heterocyclyl(C;.¢)alkyl (wherein the
heterocyclyl ring is optionally substituted by halogen, hydroxy, cyano, Cy4 alkyl, CF3, C 4
alkoxy, OCF3, NHz, CNH(NH,) or NHCNH(NH,)), phenyl(Cy.4)alky! (wherein the phenyl
ring is optionally substituted by halogen, hydroxy, cyano, C,4 alkyl, CFs, C.4 alkoxy, OCFs,
NHz, CNH(NH;) or NHCNH(NH>)) or heteroaryl(Ci4)alky! (wherein the heteroaryl ring is
optionally substituted by halogen, hydroxy, cyano, Ci4 alkyl, CF3, C,4 alkoxy, OCF,, NH,,
CNH(NHz) or NHCNH(NH,));

p and q are, independently, 0, 1 or 2;

R, R, R%, R R, R™ and R"3 are, mdependently, Hor C)4alkyl;

R“isHor Ci4 alkyl; and,

R¥isHor Ci4 alkyl;

or a pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt.

4, A compound of formula (T) or a pharmaceutically acceptable salt or solvate thereof, or

- a solvate of ;uch a salt as claimed in claim 2 or 3 wherein -

R'is COR";

R?is straight-chain Cy ¢ alkyl substituted at its terminus by NH;z, CNH(NH,) or
NHCNH(NH,); C,4 alkyl (such as CH(CH;)CH,CH; or CHzCH(CHs),); or
(aminopyridinyl)methyl (for example (6-aminopyridin-3-y1)methyl);

one of R? and R is (indol-3-y1)CH; optionally substituted by halo or hydroxy; and the other is
benzyl (optionally substituted by halo or hydroxy) or C, alkyl (such as CH(CH3)CH,CH; or
CH2CH(CHs).);

or R® and R* are both methyl; _

R® and RS are, independently, Cy.¢ alkyl (for example CHs, CH(CH;)2, CH(CH3)CH;CHs or
CH,CH(CH;),);

RT, R‘, R9, R", RIZ’ R" and R™ are H;

R is C,4 alkyl; and,

R is H or C, 4 alkyl.

5. A compound as claimed in any one of claims 2 to 4 wherein X is (CH,)4.

~
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A compound as claimed in any one of claims 2 to 5 wherein R' is CO,R" in which
RY is H or Cy4 alkyl.

A compound as claimed in any one of claims 2 to 6wherein R is straight-chain Cj.
alkyl substituted at its terminus by NH,, CNH(NH;) or NHCNH(NHS,); C, alkyl (such
as CH(CH;)CH;CH; or CH,CH(CH,),); or (aminopyridinyl)methyl,

A compound as claimed in any one of claims 2 to 4 wherein R? is C, 5 alkyl
(CH(CH3)CH;CH; or CH;CH(CH,),), benzyl, or straight-chain C,_¢ alkyl substituted
at its terminus by NHz, CNH(NHz), NHCNH(NHS>) or (6-aminopyridin-3-yl)methyl.

A compound as claimed in any one of claims 2 to 8 wherein R? is straight-chain C,.¢4
alky] substituted at its terminus by NH,, CNH(NH,), NHCNH(NHS,) or (6-
aminopyridin-3-yl)methyl.

A compound as claimed in any one of claims 2 to wherein R’ is CHyindolyl (wherein
the indolyl is optionally substituted by one or more of: halogen or hydroxy, C).4 alkyl
or benzy] (optionally substituted by halogen or hydroxy).

A compound as claimed in any one of claims 2 to 10 wherein R* is CHzindolyl
(wherein the indolyl is optionally substituted by one or more of: halogen or hydroxy,
Ci alkyl (CH(CH3)CH,CH; or CH2CH(CH,),) or benzyl (optionally substituted by
halogen or hydroxy.

A compound as claimed in any one of claims 2 to 11 wherein R® and R® are,
independently, C,. alkyl (such as methyl, iso-propyl, CH(CH3)CH.CH; or
CH,CH(CH;s),).

A compound as claimed in any one of claims 2 to 12 wherein R’, R®, R%, R", R'% RY
and R' are all H,

A compound as claimed in any one of claims 2 to 4 wherein R'® is Ci4 alkyl.

A compound as claimed in claim 2 which is a compound of the following formula

v"
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R™is H,R®isHand R isH;
R*™ is OH, R*®is Cl and R™ is H;
5 R* is OH, R® is Cl and R " CH;,
R™is H, R® is H and R™" CH,
R™ is H, R®is Cl and R™is H:

in which
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10 or a pharmaceutically acceptable salt or solvate thereof, or a solvate of

a pharmaceutically acceptable salt thereof,
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16.  The use of a compound of formula (I) or 8 pharmaceutically acceptable salt or solvate
thereof, or a solvate of such a salt; as claimed in any one of claims 2 to 15 in a method
of manufacturing a medicament for the treatment or prophylaxis of a condition
wherein inhibition of carboxypeptidase U is beneficial.

17.  The use as claimed in claim 16 for the manufacture of a medicament for the treatment
or prophylaxis of thrombosis and/or hypercoagulability in blood and/or tissues;
atherosclerosis; fibrotic conditions; inflammatory diseases; or a condition which benefits from
maintaining or enhancing bradykinin levels in the body of a mammal (such as man).

10

18. A pharmaceutical formulation containing a compound of formula Dora
pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt; as
15 claimed in any one of claims 2 to 15 as active ingredient in combination with a

pharmaceutically acceptable adjuvant, diluent or carrier.

19. A compound of formula

20 (Vi)

wherein R? to R'?and X are as defined in any one of claims 1 to 14

20. A process for preparing a compound as claimed in claim 19 which comprises
treating a compound of formula VI in which PG1 is a suitable protecting group

O
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with a peptide coupling agent in the presence of a non-nucleophilic base in a polar

aprotic solvent and then removing the protecting group.

- 12 1
> s RN _PG

R N
Ny 71 N\x/[\cozﬂ

R7.9-ll 0

(VD

21. A process for preparing a compound of formula I as claimed in any one of claims 2

to 17 which comprises reacting a compound of formula VII as defined in claim 19
with a compound of formula VIII

(VI

in which Y is an activated ester or NY is an isocyanate group.
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Uso de péptidos ciclicos tipo anabaenopeptina para el tratamiento de una
enfermedad en donde es benéfica la inhibicién de carboxipeptidasa U,

derivados novedosos de anabaenopeptina y sus intermedios.

La presente invencién se relaciona con compuestos novedosos, y sus
sales farmacéuticamente aceptables, los cuales inhiben carboxipeptidasas
basicas, mas especificamente carboxipeptidasa U y, por consiguiente,
pueden usarse en la prevencion y tratamiento de enfermedades en donde es
benéfica la inhibicion de carboxipeptidasa U, tales como trombosis e
hipercoagulabilidad en sangre y tejido, arteriosclerosis, adhesiones,
cicatrizacion cutdnea, cancer, afecciones fibréticas, enfermedades
inflamatorias y aquellas dolencias que se benefician de mantener o
incrementar los niveles de bradicinina en el cuerpo. En otros aspectos, la
invencion se refiere a compuestos de la invencion para uso en terapia; a
procesos para la preparacion de tales compuestos nuevos; a composiciones
farmacéuticas que contienen por lo menos un compuesto de la invencién, o
su sal farmacéuticamente aceptable, como ingrediente activo; y al uso de los
compuestos activos en la manufactura de medicamentos para uso médico,
como se indica anteriormente.

La fibrinolisis es el resultado de una serie de reacciones enzimaticas
que se traducen en la degradacion de fibrina por plasmina. La activacion de
plasminégeno es el proceso central en la fibrindlisis. La segmentacion del
plasmindgeno para producir plasmina se lleva a cabo por los activadores de
plasmindgeno, el activador de tejido tipo plasmindgeno (t-PA) o el
activador de plasmindgeno tipo urocinasa (u-PA). La degradacién inicial
por plasmina de fibrina genera residuos de lisina de terminal carboxi que
sirven como sitios de unién de alta afinidad para el plasminégeno. Puesto
que el plasmindgeno unido a fibrina se activa mucho més ficilmente en
plasmina que el plasminégeno libre, este mecanismo provee una regulacién
de retroalimentacion positiva de la fibrindlisis.

Uno de los inhibidores endbégenos a la fibrindlisis es la

carboxipeptidasa U (CPU). CPU es también conocida como
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carboxipeptidasa B del plasma, inhibidor d¢ fibrindlisis activable por
trombina activa (TAFla), carboxipeptidasa R y actividad carboxipeptidasa
inducible. CPU se forma durante la coagulacién y la.fibrindlisis de su
proCPU precursora por la accion de enzimas proteoliticas, tales como
trombina, complejo trombina-trombomodulina o plasmina. CPU segmenta
aminodacidos basicos en el terminal carboxi de fragmentos de fibrina. La
pérdida de lisinas de terminal carboxi y, por ello, de sitios de unidn de lisina
para plasminégeno sirve entonces para inhibir la fibrinélisis. Inhibiendo la
pérdida de sitios de uni6n de lisina para plasminégeno y, por consiguiente,
el aumento de la tasa de formacién de plasmina, se espera que los
inhibidores efectivos de carboxipeptidasa U faciliten la fibrinélisis.

Se ha informado del acido 2-mercaptometil-3-
guanidinoetiltiopropanoico como inhibidor de carboxipeptidasa N. Mas
recientemente, se ha demostrado que este compuesto inhibe la CPU,
Hendriks, D. et al., Biochimica et Biophysica Acta, 1034(1990) 86-92.

Se ha informado del 4cido guanidinoetilmercaptosuccinico como un
inhibidor de carboxipeptidasa N. Mas recieniemente, se ha demostrado que
este compuesto inhibe la CPU, Eaton, D.L., et al., The Journal of Biological
Chemistry, 266 (1991) 21833-21838.

Inhibidores de la CPU se divulgan en WO 00/66550, WO 00/66557,
WO 03/013526 y WO 03/027128 y una formulacién farmacéutica que
contiene un inhibidor de la CPU, y un inhibidor de trombina se divulga en
WO 00/66152. Inhibidores de carboxipeptidasa B del plasma se divulgan
en WOO01/19836 y WO03/080631. Inhibidores de TAFIa se divulgan en
WO 02/14285, WO03/061652 y WO 03/061653.

Péptidos ciclicos de anabaenopeptina. se divulgan en: Tetrahedron
Letters, Vol. 36, No. 9, pp. 1511-1514 (1995); J. Org. Chem. (1997) 62
6199-6203; Tetrahedron Letters, Vol. 36, No. 33, pp. 5933-5936, (1995); J.
Nat. Prod. (1996) 59 570-575; Tetrahedron Letters, Vol. 38, No.31, pp.
5525-5528, (1997); J. Nat. Prod. (1997) 60 139-141; Tetrahedron 54 (1998)
6719-6724; Bioorganic & Medicinal Chemistry Letters 9 (1999) 1243-
1246; Tetrahedron 56 (2000) 725-733; J. Nat. Prod. (2000) 63 1280-1282;

4



WO 2005/039617 , / PCT/SE2004/001568 L\L‘

3

J. Nat. Prod. (2001) 64 No. 8 1053; Tetrahefiron 58 (2002) 6863-6871; v, J.
Nat. Prod. (2002) 65 1187-1139.

La sintesis de péptidos ciclicos tipo anabaenopeptina se divulgan en:
Journal of Organic Chemistry, Vol. 62, pp. 6199-6203 (1997); y
Angewandte Chemie International Edition, Vol. 35, No.12, pp. 1336-1338

(1996). Actualmente se ha descubierto que compuestos de féormula (1):
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o su sal farmacéuticamente aceptable o solvato, o un solvato de tal
sal, son particularmente efectivos como inhibidores de carboxipeptidasa U
y, por lo tanto, son utiles como medicamentos para el tratamiento o
profilaxis de afecciones en donde es benéfica la inhibicion de
carboxipeptidasa U, por ejemplo en el tratamiento o profilaxis de: trombosis
y/o hipercoagulabilidad en sangre y/o tejidos; arteriosclerosis; adhesiones;
cicatrizacion cutdnea; cancer; afecciones fibroticas; enfermedades
inflamatorias; dolencias que se benefician de mantener o incrementar los
niveles de bradicinina en el cuerpo de un mamifero (tal como el hombre);
resistencia a la proteina C; deficiencias heredadas o adquiridas en
antitrombina IIl, proteina C, proteina S o Cofactor 1I de heparina; choque
septicémico o circulatorio; anticuerpos antifosfolipidos en circulacion;
hiperhomocisteinemia; trombocitopenia inducida por heparina; defectos en
fibrinolisis; trombosis venosa; embolismo pulmonar; trombosis arterial (por
ejemplo en infarto del miocardio, angina inestable, apoplejia con base en
trombosis o trombosis arterial periférica); embolismo sistémico usualmente
de la auricula durante la fibrilacién auricular o del ventriculo izquierdo
luego de infarto del miocardio u-ansparietal;- la profilaxis de re-oclusién y
restenosis (es decir, trombosis) después de trombdlisis; intervencion trans-

luminal percutinea (PTI) y operaciones de derivacién coronaria; la
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prevencién de re-trombosis a raiz de microcirugia y cirugia vascular en
general; coagulacion intravascular diseminada, causada por bacterias,
trauma multiple, intoxicacion o cualquier otro mecanismo; tratamiento
fibrinolitico cuando la sangre esta en contacto con superficies extrafias en el
cuerpo, tales como injertos vasculares, endoprétesis vasculares, catéteres
vasculares, valvulas protésicas mecanicas -y biologicas o cualquier otro
dispositivo médico; tratamiento fibrinolitico cuando la sangre estd en
contacto con dispositivos médicos fuera del cuerpo, tal como durante
cirugia cardiovascular usando una maquina cardiovascular o 'en
hemodialisis; profilaxis de evolucion arteriosclerdtica y/o rechazo de
transplantes en pacientes sujetos a transplante de drganos, por ejemplo
transplante renal; inhibicion de maduraciéon o evolucién de tumores;
cualquier afeccién en la cual la fibrosis es un factor cooperante (por
ejemplo fibrosis quistica, enfermedad fibrotica pulmonar por ejemplo
enfermedad pulmonar obstructiva crénica (COPD), sindrome disneico
agudo del adulto (ARDS), displasia fibromuscular, enfermedad pulmonar
fibrética o depdsitos de fibrina en el ojo durante cirugia oftdlmica);
inflamaciéon (tal como asma, artritis, endometriosis, enfermedades
intestinales inflamatorias, psoriasis o dermatitis atépica); enfermedades
neurodegenerativas tales como Alzheimer y Parkinson; o afecciones
conocidas por beneficiarse de mantener o intensificar los niveles de
bradicininé (tales como hipertension, angina, insuficiencia cardiaca,
hipertension pulmonar, insuficiencia renal o insuficiencia orgénica).

Por consiguiente, la presente invencién provee el uso de un

compuesto de formula (I):

‘.‘\rt %{1} 51“ g

en donde:
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X es (CHy)nY (CHa)s |

m y n son, independientemente, 1, 2, 3, 4, 5 6 6; con la salvedad que m + n
no sea superior a 6;

Y es un enlace, O, S (O),, 0 S-S;

R' es CO,R” o un iséstero de 4cido carboxilico tal como S(O),0H,
S(O):NHR", PO(OR")OH, PO(OR")NH,, B(OR"), PO(R“)CH,
PO(R")NH, o tetrazol; R% R’, R%, R® y R® son, independientemente,
hidrégeno, C, alquilo (sustituido opcionalmente por halégeno, hidroxi,
ciano, SH, S(O)H, S(0)((C,s alquilo), OC(O)C,4alquilo), CF;, C,.
alcoxi, OCF3, COOH, CONH,, CONH (C,¢ alquilo), NH,, CNH(NH,), o
NHCNH(NH,)), C;. cicloalquil(C,4)alquilo (en donde el anillo cicloalquilo
se sustituye opcionalmente por halégeno, hidroxi, ciano, C4 alquilo, CF;,
Ci4 alcoxi, OCFs, NH;, CNH(NH;) 6 NHCNH(NH,)), heterociclil(C,.
s)alquilo (en donde el anillo heterociclilo se sustituye opcionalmente por
hal6geno, hidroxi, ciano, C;4 alquilo, CF;, C,4 alcoxi, OCF;, NH,,
CNH(NH;) o NHCNH(NH,)), fenil(C,_4)alquilo (en donde el anillo fenilo se
sustituye opcionalmente por halégeno, hidroxi, ciano, C;4alquilo, CF;, C4
alcoxi, OCF;, NH,, CNH(NH,;) o NHCNH(NH,)) o heteroaril(C,4)alquilo
(en donde el anillo heteroarilo se sustituye opcionalmente por halégeno,
hidroxi, ciano, C,4 alquilo, CF;, Ci4 alcoxi, OCF;, NH;, CNH(NH,)
NHCNH(NHy)); - : '

P Y q son, independientemente, 0, 1 6 2;

R’,R% R, R, R, R? y R" son, independientemente, H o C,.4 alquilo;

R es H o C, 4 alquilo; y,

R" es H o C,4 alquilo;

o su sal farmacéuticamente aceptable o solvato, o un solvato de tal sal; en
un método de fabricar un medicamento para el tratamiento o profilaxis de:
trombosis y/o hipercoagulabilidad en sangre y/o tejidos; arteriosclerosis;
adhesiones; cicatrizacion cutdnea; cdncer; afecciones fibroticas;
enfermedades inflamatorias; dolencias que se benefician de mantener o
incrementar los niveles de bradicinina en el cuerpo de un mamifero (tal

como el hombre); resistencia a la proteina C; deficiencias heredadas o
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adquiridas en antitrombina III, proteina C, proteina S o Cofactor Il de
heparina; choque septicémico o circulatorio; anticuerpos antifosfolipidos en
circulacion; hiperhomocisteinemia; trombocitopenia inducida por heparina;
defectos en fibrindlisis; trombosis venosa; embolismo pulmonar; trombosis
arterial (por ejemplo en infarto del miocardio, angina inestable, apoplejia
con base en trombosis o trombosis arterial periférica); embolismo sistémico
usualmente de la auricula durante la fibrilacién auricular o del ventriculo
izquierdo luego de infarto del miocardio transparietal; la profilaxis de re-
oclusion y restenosis (es decir, trombosis) después de trombolisis;
intervencion transluminal percutanea (PTI) y operaciones de derivacion
coronaria; la prevencion de re-trombosis a raiz de microcirugia y cirugia
vascular en general; coagulacion intravascular diseminada, causada por
bacterias, trauma multiple, intoxicacion o cualquier otro mecanismo;
tratamiento fibrinolitico cuando la sangre estd en contacto con superficies
extrafias en el cuerpo, tales como injertos vasculares, endoprétesis
vasculares, catéteres vasculares, valvulas protésicas mecanicas y biologicas
o cualquier otro dispositivo médico; tratamiento fibrinolitico cuando la
sangre esta en contacto con dispositivos médicos fuera del cuerpo, tal como
durante cirugia cardiovascular usando una maquina cardiovascular o en
hemodialisis; profilaxis de evolucién arteriosclerdtica y/o rechazo de
transplantes en pacientes sujetos a transplante de organos, por ejemplo
transplante renal; inhibicion de maduraciéon o evolucién de tumores;
cualquier afeccion en la cual la fibrosis es un factor cooperante (por
ejemplo fibrosis quistica, enfermedad fibrética pulmonar por ejemplo
enfermedad pulmonar obstructiva crénica (COPD), sindrome disneico
agudo del adulto (ARDS), displasia fibromuscular, enfermedad pulmonar
fibrotica o depdsitos de fibrina en el ojo durante cirugia oftalmica);
inflamacion (tal como asma, artritis, endometriosis, enfermedades
intestinales inflamatorias, psoriasis o dermatitis atopica); enfermedades
neurodegenerativas tales como Alzheimer y Parkinson; o afecciones

conocidas por beneficiarse de mantener o intensificar los niveles de
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bradicinina (tales como hipertensién, angina, insuficiencia cardiaca,
hipertension pulmonar, insuficiencia renal o insuficiencia organica).

En el contexto de la presente invencion, el término "terapia" incluye
"profilaxis”, a menos que haya indicaciones especificas en contrario. Los
términos "terapéutico” y ‘"terapéuticamente” deben entenderse en
consecuencia.

En un aspecto particular la presente invencién provee el uso de un
compuesto de férmula (I), como se describe aqui, en un método de fabricar
un medicamento para el tratamiento o profilaxis de trombosis y/o
hipercoagulabilidad en sangre y/o tejidos; arteriosclerosis; afecciones
fibréticas; enfermedades inflamatorias; o una dolencia que se beneficia de
mantener o incrementar los niveles de bradicinina en el cuerpo de un
mamifero (tal como el hombre).

En otro aspecto la presente invencién provee el uso de un compuesto
de férmula (I), como se describe aqui, en un método de fabricar un
medicamento para el tratamiento o profilaxis de trombosis y/o
hipercoagulabilidad en sangre y/o tejidos; arteriosclerosis; afecciones
fibréticas; o una dolencia que se beneficia de mantener o incrementar los
niveles de bradicinina en el cuerpo de un mamifero (tal como el hombre);
por ejemplo un medicamento para el tratamiento o profilaxis de trombosis
y/o hipercoagulabilidad en sangre y/o tejidos.

Los compuestos de férmula (I) existen en formas isoméricas y la
presente invencion cubre la totalidad de tales formas y sus mezclas en todas
las proporciones. Tanto los enantiémeros puros como las mezclas
racémicas y mezclas iguales o desiguales de dos enantiomeros estin dentro
del ambito de la presente invencién. Debe entenderse igualmente que todas
las formas diastereoméricas posibles estin dentro del ambito de la
invencion. _

Compuestos de formula (I) pueden estar en la forma de una sal. Sales
adecuadas incluyen sales de adicion de 4cido tales como clorhidrato,
diclorhidrato, bromhidrato, fosfato, sulfato, acetato, diacetato, fumarato,

maleato, tartrato, citrato, oxalato, metanosulfonato o p-toluenosulfonato.

4o
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Las sales incluyen igualmente sales de metal, tal como una sal de un metal
alcalino (por ejemplo una sal de sodio o potasio) o una sal de metal
alcalinotérreo (por ejemplo, magnesio o calcio).

El término C;4 alquilo denota un grupo alquilo recto o ramificado
con 1 a 4 dtomos de carbono en la cadena. Ejemplos de alquilo incluyen
metilo, etilo, n-propilo, iso-propilo, n-butilo, iso-butilo, sec-butilo y terc-
butilo.

El término C,4 alcoxi denota un grupo alquil-O, donde alquilo es de
cadena recta o ramificada, y los ejemplos incluyen metoxi y etoxi.

Halégeno incluye fluoro, cloro, bromo y yodo (pero es, por ejemplo,
fluoro, cloro o bromo).

Cicloalquilo es, por ejemplo, ciclopropilo, ciclopentilo o ciclohexilo.

El término heterociclilo denota un anillo no aromatico que contiene
carbono y por lo menos un (tal como uno o dos) atomos seleccionados de
nitrogeno, oxigeno azufre. Heterociclilo es, por ejemplo, pirrolidinilo,
pipertdinilo, piperazinilo o morfolinilo.

El término heteroarilo denota un sistema de anillo aromético (por
ejemplo un mono-ciclo un bi-ciclo) que contiene carbono y por lo menos un
(tal como uno o dos) atomos seleccionados de nitrogeno, oxigeno o azuftre.
Heteroarilo, es por ejemplo, furano, tiofeno, pirrol, oxazol, isoxazol, tiazol,
imidazol, pirazol, isotiazol, oxadiazol, furazano, [1,2,3]-triazol, [I,2,4]-
triazol, tiadiazol, piridina, piridazina, pirimidina, pirazina, indol o
naftiridina.

Fenilalquilo es por ejemplo bencilo o 1-fenilet-2-ilo.

Cicloalquilalquilo es, por ejemplo, ciclohexilmetilo.

Heteroalquilalquilo es, por ejemplo, indol-3-ilmetilo.

Heterociclilalquilo es, por ejemplo, piperidin-1-ilmetilo.

En otro aspecto la presente invencion provee un compuesto de

formula (1):
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en donde:
X es (CHy)s;
R'es COzR's;

R? es un Ci.6 alquilo de cadena recta sustituido en su término por NH,,
CNH(NH;) o NHCNH(NH;); C;s cicloalquilo sustituido por NH,,
CNH(NHz) o NHCNH(NH,); heterociclilo que contiene por lo menos un
atomo de nitrogeno; heterociclilo que contiene no nitrégeno sustituido con
NH;, CNH(NH;) o NHCNH(NH,); heteroarilo sustituido con NH,,
CNH(NH;) o NHCNH(NH,); fenilo sustituido con NH,, CNH(NH,) o
NHCNH(NH,); heteroaril(C,.)alquilo sustituido con NH,, CNH(NH,) o
NHCNH(NHy); fenil(C4)alquilo sustituido con NH,, CNH(NH;) o
NHCNH(NH;); o Cjgcicloalquil(C,4)alquilo sustituido con NH,,
CNH(NH;) o NHCNH(NH;); sustituyéndose la totalidad de los anillos
anteriores, de manera opcional, por uno o mas de: halégeno, hidroxi, ciano,
Ci.alquilo, CFs;, C4alcoxi 6 OCF;; uno de R’ R, R’ y R® es
independientemente, hidrégeno, heteroaril(C,.4) alquilo (en donde el anillo
heteroarilo se sustituye opcionalmente por halégeno, hidroxi, ciano, C4
alquilo, CF;, C;4 alcoxi, OCF;, NH,, CNH(NH,) 0 NHCNH(NH,)); y los
otros son, independientemente, hidrogeno, Csalquilo (sustituido
opcionalmente por haldgeno, hidroxi, ciano, SH, S(O);H, S(0)o(Cy.6
alquilo), OC(O)(C,.4+ alquilo), CF;, C,4 alcoxi, OCF;, COOH, CONH,,
CONH(C,.¢alquilo), NH,;, CNH(NH,), o NHCNH(NHZ)), C;.¢ cicloalquilo
(Ci.4)alquilo (en donde el anillo cicloalquilo se sustituye opcionalmente por
halogeno, hidroxi, ciano, C,4 alquilo, CF;, C,4 alcoxi, OCF;, NH,,
CNH(NHz) o NHCNH(NH,)), heterociclil{(C4)alquilo (en donde el anillo

heterociclilo se sustituye opcionalmente por halégeno, hidroxi, ciano, C,4
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alquilo, CF;, C,4 alcoxi, OCFs;, NH;, CNH(NH;) o NHCNH(NH,)),

fentl(C,.) alquilo (en donde ¢l anillo fenilo se sustituye opcionalmente por

halégeno, hidroxi, ciano, C,,4 alquilo, CF;, C,4 alcoxi, OCF;, NH,,

CNH(NH;) o NHCNH(NH,)) o heteroaril(C,.4)alquilo (en donde el anillo

heteroarilo se sustituye opcionalmente por halégeno, hidroxi, ciano, C,4

alquilo, CF3, C4 alcoxi, OCF3;, NH,;, CNH(NH,) o NHCNH(NH,));

p Yy q son, independientemente, 0, 1 6 2;

R’,R8 R% R'®° R R" y R" son, independientemente, H o C, alquilo;

R'" es H o C 4 alquilo; y,

RPesHoC 4 alquilo;

o su sal farmacéuticamente aceptable o solvato, o un solvato de tal sal.

En un aspecto adicional la presente invencién provee un compuesto

de formula (I):
$ll . 3
H\N Jp‘ t

en donde:

R' es CO,R":

R? es.C alquilo de cadena recta sustituido en su término por NH,,
CNH(NH;) o NHCNH(NH,); C, alquilo (tal como CH(CH3)CH,CH; o
CH,CH(CH,),); o (aminopiridinil)metilo (por ejemplo (6-aminopiridin-3-
il)metilo);

uno de R’ y R* es (indol-3-il)CH, sustituido opcionalmente por halo o
hidroxi; y el otro es bencilo (sustituido opcionalmente por halo o hidroxi) o
C, alquilo (tal como CH(CH;)CH,CH; o CH;CH(CHs),);

oR} y R* son ambos metilo;

R’ y R® son, independientemente, C, alquilo (por ejemplo CH;, CH(CH),,
CH (CH;)CH,CH; o CH,CH(CH;),);

R7"R8’ R9, RII, RIZ’ R y R"™ son H;
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RYesCy alquilo; y,
R" es H o C, alquilo.
En otro aspecto la presente invencién provee un compuesto de

férmula (I) con la quiralidad indicada a continuacién:
$IJ $ $B
RZJ » " NT,NIX—N O

12

R“/f
R 0 I R3
R} 0

R ‘/N\/E\NIR;
1:{5 R!-IO

En un aspecto de la invencion X es (CH,),.

En un aspecto adicional de la invencién R' es CO,R" en donde R"
es H o C,4 alquilo (por ejemplo metilo).

En otro aspecto R? es C; alquilo de cadena recta sustituido en su
término por NH,;, CNH(NH,) o NHCNH(NH,); C, alquilo (tal como CH
(CH;)CH,CH; o CH,CH(CHj;}z); o (aminopiridinil) metilo (por ejemplo (6-
aminopiridin-3-il)metilo).

En todavia otro aspecto de la invencién R? es C\s alquilo (tal como
iso-propilo, CH(CH;)CH,CH; o CH,CH(CH;),), bencilo, o C, alquilo de
cadena recta sustituido en su término por NH,, CNH(NH,), NHCNH(NH,)
o (6-aminopiridin-3-il)metilo. En otro aspecto R? es C,4 alquilo de cadena
recta sustituido en su término por NH,, CNH(NH;), NHCNH(NH,) o (6-
aminopiridin-3-il)metilo.

En todavia otro aspecto de la invencién R? es CH, indolilo (en donde
el indolilo se sustituye opcionalmente por uno o mas de: halégeno (por
ejemplo cloro o bromo) o hidroxi), C,.4 -alquilo o bencilo (sustituido
opcionalmente por halégeno (por ejemplo bromo) o hidroxi).

En otro aspecto de la invenciéon R* es CH, indolilo (en donde el

indolilo se sustituye opcionalmente por uno o mas de: halégeno (por

ejemplo cloro o bromo) o hidroxi), C,¢ alquilo (tal como metilo, iso-
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propilo, CH(CH;)CH,CH; o CH,CH(CH;),) bencilo (sustituido

opcionalmente por halogeno (por ejemplo bromo) o hidroxi).

En un aspecto -adicional de la invencion R’ y R® son,
independientemente, C,¢ alquilo (tal como metilo, iso-propilo,
CH(CH;)CH,CHj3; o CH,CH(CH,),).

En otro aspecto de Ia invencién R, R, R°, R!! R"? R" y R" son
todos H.

En todavia otro aspecto de la invenciéon R' es C,. alquilo (por
ejemplo metilo).

En todavia un aspecto adicional la invencion provee un compuesto de
formula (I) que es Compuesto 1,2, 3,4,5,6,7,8,9,10,11,12,13, 14,156
16, o su sal o solvato farmacéuticamente aceptable, o un solvato de su sal
farmacéuticamente aceptable.

Los compuestos de la presente invencién pueden prepararse por
métodos conocidos en el arte o andlogos a los métodos de Ejemplos 3 y 4.
Se observara que, cuando se adaptan métodos de la literatura o de Ejemplos
3 y 4, los grupos funcionales de compuestos intermedios necesitan
protegerse por grupos protectores. Los grupos funcionales, que es deseable
proteger, incluyen hidroxi, carboxilato y grupos amino. Grupos protectores
apropiados para hidroxi incluyen trialquilsililo o diarilalquilsililo (por
ejemplo ferc-butildimetilsililo, terc-butildifenilsililo o trimetilsililo),
tetrahidropiranilo, ferc-butilo, metoximet_ilo, benciloximetilo y 4-
metoxibencilo. Grupos protectores apropiados para carboxilato incluyen
alilo, etilo, terc-butilo y ésteres de bencilo. Grupos ;;rotectores adecuados
para amino incluyen ferc-butiloxicarbonilo, 2,4,6-trimetoxibencilo y
benciloxicarbonilo. El uso de grupos protectores se describe en 'Protective
Groups in Organic Synthesis', third edition, T.W. Greene & P.G.M. Wutz,
Wiley-Interscience (1999). El grupo protector puede ser asimismo una
resina polimérica tal como resina de acido 4-hidroximetil-3-
metoxifenoxibutirico o una resina de 2- clorotritil cloruro.

Por consiguiente, compuestos de férmula I pueden prepararse haciendo

reaccionar un compuesto de formula VII

62
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en donde R* a R'? y X son como se definen mas arriba, con un compuesto
de férmula VIII

en la cual R', Rz, R”, R" son como se definen en formula I,y Yesun
residuo acido activado tal como 4-nitrofenoxicarbonilo o un equivalente de
aminocarbonilo activado tal como N=C=0. Valores particulares de Y
incluyen ésteres activados tales como 4-nitrofenoxicarbonilo y ferc-
butoxicarbonilo. Un valor preferido para Y es 4-nitrofenoxicarbonilo.
Otros valores incluyen aquellos en los cuales YN es un grupo isocianato.
La reaccion se llevara generalmente a cabo en un disolvente apropiado tal
como DMF (u otro disolvente aprotico) y en la presencia de una base no
nucleofilica tal como DIEA.

El intermedio de formula VII puede prepararse en la siguiente forma:
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a) Sintesis de Compuesto III

Un compuesto de formula Ia se disuelve en un disolvente aprético no polar
tal como DCM o THF, en la presencia de uﬁa base no nucledfila tal como
DIEA; luego se hace reaccionar con un soporte sélido tal como 2-
clorotritilo a temperatura de la sala por 2 horas. Luego de este tiempo,
cualquier soporte sélido sin reaccionar se tapona ("is capped") (Compuesto
II) usando metanol. A continuacion, se filtra la resina y se lava
_secuencialmente con DMF, DCM y DMF.

b) Sintesis de un compuesto de férmula (n=4)

Un compuesto de formula Il / V (n= 1-3) se somete a sintesis de péptido

de fase s6lida como se describe a continuacion:

5>
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PG? (en este ejemplo Fmoc) se retira de Compuesto HI/V (n= 1-3) usando
20% de piperidina en DMF y se lava la resina resultante secuencialmente
con DMF, DCM y DMF. Un compuesto de féormula IV se activa
previamente mediante la adicion de un agente de acoplamiento tal como
HBTU o HATU en un disolvente aprético polar tal como DMF o DMSO,
luego se agrega al compuesto desprotegido de formula IIT/ V (n=1-3). El
acoplamiento de péptido se inicia mediante la adicion de una base no
nucleofila tal como DIEA, y la mezcla de reaccién se agita por 1-2 horas.
En seguida se filtra la resina y se lava secuencialmente con DMF, DCM y
DMF.,

b) Sintesis de un compuesto de formula VI

PG? (en este ejemplo Fmoc) se retira de Compuesto V (n = 4) usando 20%
de piperidina en DMF y la resina resultante se lava secuencialmente con
DMF, DCM y DMF. El compuesto de formula VI se saca del soporte
sélido sin la pérdida de PG' mediante el lavado de flujo rapido de un
compuesto de férmula V (n = 4) con 4cido diluido en un disolvente aproético
y dilucion inmediata del producto en un gran volumen de disolvente. Un
lavado de flujo de 2% TFA en DCM en un volumen equivalente de agua es
un ejemplo de este procedimiento.

b) Sintesis de un compuesto de férmula VII

DIEA o la base no nucledfila equivalente se agregan a un compuesto de
formula VI en un disolvente aprético polar tal como DMF o DMSQ. La
solucién resultante de un compuesto de formula VI se cicliza bajo
condiciones de alta dilucién mediante la adicién gota a gota a una solucién
de agente de acoplamiento tal como PyBOP en un disolvente aprético polar
tal como DMF o DMSO. La mezcla de reaccion se evapora a sequedad y se

retiran los grupos protectores restantes, labiles a un acido (por ejemplo PG'")

usando un 4cido fuerte (TFA, HC) con secuestrantes agregados (TIPS, p-

cresol, agua o tiocresol). La mezcla de reaccion se evapora nuevamente a
sequedad antes de la purificacion por Cromatografia de Liquidos de Alta
Eficacia de Fase Reversa (RPHPLC) para producir el compuesto de formula

VIL. En formula VII PG' es un grupo protector apropiado tal como

610
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cualquier grupo protector nitrégeno labil a un 4cido, por ejemplo, Boc, es
decir estable a condiciones basicas requeridas para retirar el PG2. PG? es
cualquier grupo protector nitrogeno labil a una base tal como Fmoc que
puede eliminarse sin segmentar también el enlazador L o retirar el PG'. En
los pasos del proceso anterior la referencia a un "agente de acoplamiento”
se refiere a cualquier grupo que activa un acido carboxilico hacia un ataque
nucledfilo. Ejemplos incluyen precursores de ésteres activados tales como
p-nitrofenol y hexafluorofenol, derivados de carbodiimida tales como DIC y
DCC, sales de benzotriazolil-tetrametilfosfonio tales como BOP y PyBOP,
sales de benzotriazolil-tetrametiluronio tales como HBTU y HATU. L es
cualquier enlazador extremadamente labil a un acido para 4cidos
carboxilicos en soporte sélido, que es estable a condiciones requeridas para
retirar PG, tal como el enlazador 2-clorotritil cloruro, resina de acido de

Rink, enlazador de acido 4-hidroximetil-3- metoxifenoxibutirico.

Los novedosos procesos para preparar los intermedios y los novedosos
intermedios mencionados aqui son asimismo caracteristicas de la presente

invencion.

Alternativamente, un compuesto de férmula (I) puede aislarse de
fuentes naturales usando la metodologia de los Ejemplos 1 6 2.

De igual forma, los compuestos de la invencién pueden combinarse
y/o co-administrarse con cualquier agente antitrombdtico con un
mecanismo diferente de accion, tal como un anticoagulante (por ejemplo un
antagonista de vitamina K, una heparina no fraccionada o de bajo peso
molecular, un fragmento de heparina sintética tal como fondaparinux, un
inhibidor de trombina, un inhibidor de factor Xa u otro factor de
coagulacién/inhibidor de enzima, un factor de coagulacion recombinante tal
como una proteina C activada, humana, recombinante) o un agente anti-
plaquetario (tal como 4cido acetilsalicilico, dipiridamol, ticlopidina,
clopidogrel u otro antagonista de receptor ADP [tal como P2Y12 6 P2Y1],

un inhibidor de receptor de tromboxano y/o sintetasa, un antagonista de

AN
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receptor de fibrinégeno, un inhibidor de mirétigo de prostaciclina o
fosfodiesterasa). .

Los compuestos de la invencion pueden combinarse ademas y/o co-
administrarse con tromboliticos tales como activador de plasminégéno
tisular (natural, recombinante o modificado), estreptocinasa, u-rocinasa,
prourocinasa, complejo activador de estreptocinasa-plasmindgeno
anisoilado (APSAC), activadores de plasminégeno de glandula salival
animal, y similares, en el tratamiento de.énfenneda('iés trombéticas, en
particular infarto del miocardio, apoplejia isquémica ("ischaemic stroke")
y embolismo pulmonar masivo.

Por lo tanto, en un aspecto adicional la presente invencién provee una
combinaci6n (combinada y/o co-administrada) de un compuesto de férmula
(1), en donde X es (CH;)n Y(CH,),; m y n son, independientemente, 1, 2, 3,
4, 5 6 6; con la salvedad que m + n no sea superior a 6; Y es un enlace, O,
S(0),, o S-S; R' es CO,R" o un iséstero de acido carboxilico tal como
S(OX0H, S(O):NHR", PO(OR")OH, PO(OR">)NH,;, B(OR"),
POR'V)OH, POR')NH, o tetrazol; R%, R’ RY R’ y R son,
independientemente, hidrégeno, C,¢ alquilo (sustituido opcionalmente por
halégeno, hidroxi, ciano, SH, S(O)_»,H, S(0)((Cis alquilo), OC(OXC,4
alquilo), CF;, Ci4 alcoxi, OCF;, COOH, CONH,, CONH(C,; alquilo),
NH,, CNH(NH,), o NHCNH(NHS,)), C;.¢ cicloalquil(C,.) alquilo (en donde
el anillo cicloalquilo se sustituye opcionalmente por halégeno, hidroxi,
ciano, C;4 alquilo, CF;, C;4 alcoxi, OCF;, NH,, CNH(NH;) o
NHCNH(NH3)), heterociclil(C,_4)alquilo (en donde el anillo heterociclilo se
sustituye opcionalmente por haldgeno, hidroxi, ciano, C,4 alquilo, CF3, C 4
alcoxi, OCF;, NH;, CNH(NH;) o NHCNH(NH,)), fenil(C,4)alquilo (en
donde el anillo fenilo se sustituye opcionalmente por halogeno, hidroxi,
ciano, C;4 alquilo, CF;, C,4 alcoxi, OCF;, NH,, CNH(NH,) o
NHCNH(NH,)) o heteroaril(C,.;) alquilo (en donde el anillo heteroarilo se
sustituye opcionalmente por haldgeno, hidroxi, ciano, C,4 alquilo, CF;, C;4
alcoxi, OCF;, NH;, CNH(NH,) o NHCNH(NH,)); p y q son,
independientemente, 0, 1 § 2; R’, Rs, R9, R'o, R", R" y R" son,

&
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independientemente, H o C 4 alquilo; R™ es Ho C;4 alquilo; y R” es H o
Ci.4 alquilo; o su sal farmacéuticamente aceptable o solvato, o un solvato de
tal sal; y un agente antitrombético con un mecanismo diferente de accién,
tal como un anticoagulante (por ejemplo un antagonista de vitamina K, una
heparina no fraccionada o de bajo peso molecular, un fragmento de
heparina sintética tal como fondaparinux, un inhibidor de trombina, un
inhibidor de factor Xa u otro factor de coagulacién/inhibidor de enzima, un
factor de coagulacién recombinante tal como una proteina C activada,
humana, recombinante) o un agente anti-plaquetario (tal como &cido
acetilsalicilico, dipiridamol, ticlopidina, clopidogrel u otro antagonista de
receptor ADP [tal como P2Y12 6 P2Y1], un inhibidor de receptor de
tromboxano y/o sintetasa, un antagonista de receptor de fibrindgeno, un
inhibidor de mimético de prostaciclina o fosfodiesterasa) o un trombolitico
tales como activador de plasminégeno tisular (natural, recombinante o
modificado), estreptocinasa, urocinasa, prourocinasa, complejo activador de
estreptocinasa-plasminégend anisoilado (APSAC), activadores de
plasminégeno de glandula salival animal.

Los compuestos de la invencién deben tener una selectividad para
carboxipeptidasa U sobre la carboxipeptidasa N de 50:1, por ejemplo > 100:
1, usando el analisis descrito a continuacion.

El efecto inhibidor de los compuesto;.s de la presente invencion se
calcul6 usando el anlisis descrito en: Dirk Hendriks, Simon Scharpé and
Marc van Sande, Clinical Chemistry, 31, 1936-1939 (1985); and Wei
Wang, Dirk F. Hendriks, Simon S. Scharpé, The Journal of Biological
Chemistry, 269, 15937-15944 (1994), usando una concentracién del
sustrato de 4 mM.

La invencion contempla asimismo un método de tratar una
enfermedad donde la inhibicién de la carboxipeptidasa U es benéfica en un
mamifero que padece de, o en riesgo de, dicha afeccion, el cual comprende
administrar al mamifero una cantidad terapéuticamente efectiva de un
compuesto de férmula (I), o su sal farmacéuticamente aceptable o solvato, o

un solvato de tal sal, como se define anteriormente.
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Para los usos terapéuticcs ya mencionados la posologia administrada
variard con el compuesto empleado, el modo de administracién, el
tratamiento deseado y el trastorno indicado.

Los compuestos de formula (I) y .sus sales farmacéuticamente
aceptables, solvatos o sulfatos de sus sales pueden usarse en si mismos,
pero se administrardn generalmente en la forma de una composicién
farmacéutica en la cual el compuesto de féormula (1), sal, solvato o solvato
de sal (ingrediente activo) esta en asociacién con un coadyuvante, diluyente
o excipiente farmacéuticamente aceptable. Dependiendo del modo de
administracion, la composicion farmacéutica comprendera, por ejemplo, de
0.05 a 99 % p (por ciento en peso), tal como de 0.05 a 80 % p, por ejemplo
de 0.10 a 70 % p, tal como de 0.10 a 50 % p, de ingrediente activo,
basandose todos los porcentajes en peso en la composicion total.

Por consiguiente, la presente invencién provee asimismo una
composicion farmacéutica que comprende un compuesto de formula (I), o
su sal farmacéuticamente aceptable o solvato, o un solvato de tal sal, como
se define anteriormente, en asociacion con un coadyuvante, diluyente o
excipiente farmacéuticamente aceptable.

La invencidn provee igualmente un proceso para la preparacién de
una composicién farmacéutica de la invencién, el cual comprende mezclar
un compuesto de formula (I), o su sal farmacéuticamente aceptable o
solvato, 0 un solvato de tal sal, como se define anteriormente, con un
coadyuvante, diluyente o excipiente farmacéuticamente aceptable.

También incluidos en la invencién se encuentran derivados de
compuestos de formula (I} los cuales poseen la funcién biolégica de los
compuestos de férmula (I), tales como profarmacos. Los profarmacos son,
por ejemplo, metilo, (pivaloiloxi)metil ésteres y [(etoxicarbonil)oxi]metil
ésteres de acidos carboxilicos.

Los siguientes Ejemplos ilustran la invencion.

EJEMPLO 1
Este Ejemplo describe el aislamiento de Compuestos 1 a 10.

Procedimientos Experimentales Generales
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Se filtr6 agua Milli-Q, mientras que todos los demds disolventes
utilizados fueron Omnisolv. Se emplearon una columna YMC basica C18
5uM, 21.2 mm x 150 mm y una columna Hypersil BDS C18 SuM, 21.2 x
150 mm para HPLC preparativa. Se registraron los espectros NMR en un
espectrometro NMR Varian Inova 600 6 500 MHz. Se disolvieron muestras
en d¢-DMSO y se calcularon los desplazamientos quimicos en relacién con
el pico del disolvente (DMSO 'H [0 2.49 y '*C 39.5 ppm). Se midieron los
espectros de masa en una Plataforma II Fisons VG, usando el modo de
ionizacion por electropulverizacion positiva. El disolvente de elucién era
una mezcla de acetonitrilo/agua 50% a 0.1 ml/min.

Material Animal

La esponja (Melophlus sp.) se recogié por buceo con escafandra del
Arrecife de Cinta Nc;. 5, Australia y una muestra certificada ("a voucher
sample'”) (G319104) se deposita en el Museo de Queensland, Brisbane,
Australia.

Extraccion y Aislamiento

Una muestra molida, secada por congelamiento, de la esponja
Melophlus sp (128g) recogida del Arrecife de Cinta No. 5 en el lejano norte
de Queensland, Australia se extrajo exhaustivamente con metanol (21). El
disolvente se evapor6 para producir un residuo marrén oscuro (28g). El
residuo se re-disolvi6 en una mezcla de EtOAc (20mL) y agua (60 mL) y se
separ0 mediante cromatografia de contracorriente de goticulas con agua
como la fase estacionaria y una gradiente de EtOAc a butanol como la fase
movil a SmL/min. Se recogieron fracciones de dos minutos y se analizd
cada segunda fraccibn mediante espectrometria de masa con
electropulverizacion. Se combinaron fracciones similares que produjeron 5
fracciones. La fraccion 2 (320 mg) se separé mediante cromatografia de
particion centrifuga (Sanki CPC, modo ascendente) usando una mezcla de
tridisolvente CHCl;/MeOH/H,O (7:13:8) con la fase inferior como fase
estacionaria. Se empled un caudal de 2mL/min y se recogieron fracciones
de dos minutos durante 360 minutos. Cada fraccion de segundo se analiz6

mediante espectrometria de masa con electropulverizacién y se combinaron
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fracciones similares. Las fracciones 91-101 se combinaron para producir
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Compuesto 2 no puro (10.8 mg) y las fracciones 107-120 se combinaron
para producir Compuesto 1 no puro (12.4 mg). Las fracciones de péptido
no puras de los Compuestos 1 v 2 se dividieron cada una en porciones entre
TFA acuoso (1%) y hexano. Las capas acuosas de cada particién contenian
Compuesto 2 puro (9.5 mg) y Compuesto 1 (11.5 mg). Las fracciones 1, 3
y 4 de la separacion DCCC original se combinaron con las fracciones
restantes de la separacion CPC y se absorbieron previamente en C18 (3g).
Las fracciones pre-absorbidas se separaron ain mas mediante C18 HPLC
Hypersil BDS C18 (5uM, 20mm x 150 mm) usando una gradiente de
agua/metanol que contenia 1 % TFA a metanol que contenia 1 % TFA a 10
mL/min durante 60 minutos.

Se recogieron fracciones de un minuto y todas las fracciones se
analizaron por espectrometria de masa con electropulverizacién. Las
fracciones similares se combinaron. Las fracciones 51-58 contenian
péptidos relacionados con los Compuestos 1y 2, y se combinaron (fraccion
A; 65 mg). Esta fraccion de péptido A se purificé aiin mas por RP HPLC
en una columna YMC basica C18 5 uM, 20 mm x 150 mm elucion con 65
% de agua (que contenia 1% TFA) y 35% MeCN (que contenia 1% TFA) a
un caudal de 10 mL/min. Se recogieron fracciones de doce segundos
durante 36 minutos. Las fracciones 58-60 fueron Compuesto puro 2 (11
mg), las fracciones 67-69 fueron Compuesto puro 1 (11 mg), las fracciones
70-72 fueron Compuesto puro 3 (2 mg), las fracciones 73-77 fueron
Compuesto puro 7 (11.2 mg), las fracciones 79-82 fueron Compuesto puro
4 (7.29 mg), las fracciones 91-96 fueron Compuesto puro 8 (8.75 mg), las
fracciones 101-106 fueron Compuesto puro 9 (6.02 mg), las fracciones 118-
125 fueron Compuesto puro § (2.08 mg), las fracciones 128-138 fueron
Compuesto puro 10 (5.73 mg) y las fracciones 140-150 fueron Compuesto
puro 6 (5.94 mg).

Compuesto 1: MS: (ESI positiva) [M+H]" m/z 826. 'H y *C NMR (ds-
DMSO): véase Tabla 1.
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Compuesto 2: MS: (ESI positiva) [M+H]" m/z 876, 878. 'H y '°C NMR
(ds-DMSO): véase Tabla 2. |

Compuesto 3: MS: (ESI positiva) [M+H]" m/z 890, 892. 'H y °C NMR
(dg-DMSQO): véase Tabla 3.

Compuesto 4: MS: (ESI positiva) [M+H]" m/z 840. 'H y >C NMR (ds-
DMSO): véase Tabla 4.

Compuesto 5: MS: (ESI positiva) [M+H]" m/z 860, 862. 'H y '’C NMR
(d-DMSQ): véase Tabla 5.

Compuesto 6: MS: (ESI positiva) [M+H]" m/z 861, 863. 'Hy °C NMR
(ds-DMSO): véase Tabla 6. .

Compuesto 7: MS: (ESI positiva) [M+H]" m/z 895, 897. 'H y '3C NMR
(d-DMSOQ): véase Tabla 7.

Compuesto 8: MS: (ESI positiva) [M+H]" m/z 909, 911. 'H y *C NMR
(ds-DMSO): véase Tabla 8.

Compuesto 9: MS: (ESI positiva) [M+H]" m/z 909, 911. 'H y '*C NMR
(d¢-DMSQ): véase Tabla 9.

Compuesto 10: MS: (ESI positiva) [M+H]" m/z 973, 975, 977. 'H y "°C
NMR (ds-DSO): véase Tabla 10.

Luego de estudios extensivos que incluian experimentos 'H, gHSQC,
gHMBC, y gCOSY, los Compuestos 1-10 se identificaron como péptidos
ciclicos. La estereoquimica absoluta de Compuesto 1 se confirmé por

anélisis de difraccion de rayos X de cristal tnico.

Compuestos 1-5




\ PCTISE2004/001568

LM

WO 2005/039617

23

25 27
*11,29

47 }?/3 iﬁlﬂjf"zs

.ifvm
NN

33 3b

R® R® R'S
H H H Compuesto 1
OH Cl H Compuesto 2
OH Cl CH; Compuesto 3
H H CH; Compuesto 4
H Cl H Compuesto 5
Tablal  1H (600 MHz), “C (125 MHz), HMBC y COSY
Datos NMR para Compuesto 1 en dg-DMSO
AtomoNo. | "*C (multy 'H (mult, J Hz) C"";ﬁf;;:"“" COsY
N-Metil leucina .
I 1693 (s) | - - -
2 582(d) | 4.72(dd,5.9,8.8 Hz, IH) l,3,4,7-NMe, 8 | H3a, H3b
3 366() | 1.22(m, tH) 1,2,5,6 H2, H3b, H4
1.63 (m, 1H) 2,4,5,6 H2, H3a, H4
4 243(d) | 1.34 (m, 1H) 2,3,5.6 H3a, H3b, H5,
H6
5 222(q) | 0.85(d, 6.8 Hz, 3H) 3,4,6 Ha
6 23.1(q) | 0.82(d, 6.8 Hz, 3H) 3,4,5 H4
NMe 276(q) | 1.81¢s, 3H) 2,8 -
leucina
8 172.8(s) | - - .
9 45.7(d) |4.77(ddé, 29,4.9,98Hz IH) | 10,11,8 H10a, H10b,
H14
10 39.8() | 1.66(m, 1H) - H9, H10b, H11
1.17 (m, 1H) - HS, H10a, H11
" 24.7(d) | 1.82(m, IH) 10 H10a, H10b,
HI2, Hi3
12 21.6(q) 0.87 (d, 6.8 Hz, 3H) 10,11,13 HIl
13 229(q) | 0.91(d, 6.8 Hz, 3H) 10,11, 12 HI1
14 - 8.73(d, 4.9 Hz, 1H) 10, 15, 16 H9
Alanina
15 174.1(s) | - . .
16 479(d) | 4.20(dq, 7.8, 7.8 Hz, 1H) 15,17 H17, HI8
17 16.7(q) | 1.30(d, 7.8 Hz, 3H) 15,16 H16
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I8 - 7.20 (d, 4.9 Hz, 1H) 19,20, 16, 17 H16
Lisina
19 172.7(s) | - - -
20 54.6 (d) 3.92 (ddd, 5.9, 6.8, 6.8 Hz, 1H) 19,21, 22, 40 H21, H26
21 325(n 1.65 (m,2H) - H20, H22a,
H22b
22 203 (0 1.40 (m, 1H) - H21, H22b, H23
1.10 (m, 1H). - H21, H22a, H23
23 283 (1) 1.40 (m, 2H) - H22a, H22b,
H24a, H24b
24 38.0(1) 2.75 (m, 1H) 27 - H23, H24b, H25
3.58(m, |H) 22,23 H23, H24a, H25
25 - 7.44 (dd, 1.2, 7.8 Hz, 1H) 27 H24a, H24b
26 - 6.45(d, 6.8 Hz, lH) 39, 20,21 H20
Triptéfano
27 1714 (s) |- - -
28 53.9(d) 4.40(ddd, 2.9, 8.8, 11.7Hz, 1H) | 1,27,30 H29a, H29b,
H39
29 27.9(t) 2,38 (dd, 11.7, 13.7 Hz, 1H) 28,27,30,31,38 | H28, H29b
3.35(dd, 2.9, 13.7 Hz, 1H) 28,27,30,31,38 | H28, H29a
30 1104 (s) |- - -
31 124.0(d) | 6.68 (bs, 1H) 29, 30,33, 38 H32
32 - 10.80 (bs, 1H) 30, 31, 33,38 H31
33 1365(s) |- - -
34 111.5(d) | 7.24(d, 7.8 Hz, LH) 36,38 H35, H36
35 1210 (d) | 7.00(dd, 7.8, 7.8 Hz, 1H) 33,37 H34, H36
36 118.5(d) | 6.92(dd, 7.8, 7.8 Hz, IH) 34,38 H35, H37
37 116.9(d) 7.20(d, 7.8 Hz, |H) 35,33 H36, H35
38 1270(s) |- - -
39 8.62(d, 8.8 Hz, IH) 1,28,29 H28
40 157.5(s) |- - -
Arginina
41 - 6.42 (d, 7.8 Hz, 1H) 43,42, 48, 40 H42
42 529(d) 4.05 (ddd, 5.9, 7.8, 7.8 Hz, 1H) 41, 43, 44, 48 H41, H43a,
H43b
43 29.1(t) 1.52 (m, 1H) - H42, H44, H43b
1.69 (m, 1H) - H42, H43a, H44
44 25.1 (1) 1.40 (m, 2H) - H43a, H43b,
H45
45 40.0(t) 3.06 (dt, 5.9, 5.9 Hz, 2H) 43, 44,47 H45, H46
46 - 7.64 (t, 5.9 Hz, 1H) 45,47 H45
47 1569 (s) - -
48 175.1(s) |- - -

? Desplazamientos quimicos determinados de experimentos heteronucleares

2D
Tabla2  'H (600 MHz), >C (125 MHz), NBC y COSY
Datos NMR para Compuesto 2 en dg-DMSO
AtomoNo. | C(mult)’ 'H (mult, J Hz) C°’§§!}'::°"°’ COSY

N-Metil leucina

1 169.4(s) |- - .

2 58.4 (d) 4.72(dd, 5.9, 7.8 Hz, 1H) 1,3,4,8,7-NMe | H3a, H3b

3 36.5(1) 1.22 (m, IH) 2,4,5,6 H2, H3b, H4
1.63 (m, 1H) 2,4,5,6 H2, H3a, H4

4 238(d) | 1.32(m, I1H) 2,3,5,6 H3a, H3b, HS, H6

5 221(q) | 0.86(d, 6.8 Hz, 3H) 3,4,6 H4

6 228(q) | 0.83(d, 6.8 Hz, 3H) 3,4,5 H4

NMe 27.7(q) | 1.80(s, 3H) 2,8 -

leucina

8 1729(s) | - . .
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9 47.8 (d) 4.77(ddd, 2.9, 4.9, 9.8 Hz, 1H) - H10a, H10b, H14

10 39.9(n 1.66 (m, 1H) - H9, HI0b, H11
117 (m. 1H) - H9, H10a, H11

11 23.4(d) 1.82 (m. 1H) - H10a, H10b, H12,

H13

12 225(q) | 0.88(d, 6.8 Hz, 3H) 10,11, 13 HI1

13 23.0(q) 0.93 (d, 6.8 Hz, 3H) 10,11, 12 H11

14 - 8.74 (d, 5.9 Hz, 1H) 9,10, 15 H9

Alanina

15 174.0(s) | - - -

16 48.0(d) 4.17 (dq, 3.8, 6.8 Hz, 1H) 15,17 Hi7, H18

17 16.8 (q) 1.29 (d, 6.8 Hz, 3H) 15,16 H16

18 7.16(d, 3.9 Hz, 1H) 19, 16,17 H16

Lisina

19 1725(s) | - - -

20 53.9(d) 3.92 (ddd, 5.9, 6.8, 6.8 Hz, 1H) 19,21,22,40 H21, H26

21 3291 1.57 {m, 2H) - H20, H22a, H22b

22 20.1 (v 1.40 (m, 1H) - H21, H22b, H23
1.10 (m, 1H) - H21, H22a, H23

23 28.1 (v 1.40 (m, 2H) - H22a, H22b, H24a,

H24b

24 370 2.75(m, 1H) - H23, H24b, H25
3.56 (m, 1H) - H23, H24a, H25

25 - 7.45 (dd, 1.2, 6.8 Hz, 1H) 27,19 H24a, H24b

26 - 6.45 (d, 5.8 Hz, 1H) - H20

Triptéfano

27 1706(s) |- - -

28 53.7(d) 4.38 (ddd,2.9,8.8,12.7Hz, IH) | - H29a, H29b, H39

29 279() 2.83(dd, 12.7, 12.7 Hz, lH) 28,27,30,31,38 | H28, H29b
3.31 (dd. 2.9, 12,7 Hz, 1K) 28,27,30,31,38 | H28, H29a

30 1093(s) |- - -

31 124.1 (d) | 6.60 (bs, 1H) 29, 30, 33,38 H32

32 - 10.60 {bs, I1H) 30,31,33,38 H3i

33 131.1(s) |- - -

34 1ML1{d) |720(s, 1H) 35, 36, 38 -

35 1150(s) |- - -

36 1459(s) |- - -

37 102.1 (d) | 7.01(s, IH) 30,35,33,36 -

K} 1263 (s) |- - -

39 - 8.64 (d, 9,8 Hz, 1H) 1 H28

40 1572.7 {s) - -

Arginina

41 - 6.36 (d, 5.6 Hz, I1H) 41,42, 47 H42

42 52.7(d) 4.07 (ddd. 5.6, 7.8, 7.8 Hz, 1H) 43,44, 48 H41, H43a, H43b

43 29.2(1) 1.52 (m, 1H) - H42, H43b, H44
1,69 (m, 1H) - H42, H43a, H44

44 25.3(%) 1.46 (m, 2H) - H43a, H43b, H45

45 40.7 (t) 3.06 (m, 2H) 43, 44,47 H46, H45

46 - 7.53 (m, 1H) 45, 47 H45

47 1570(s) |- - -

48 174.5 (s) - - -

*Desplazamientos quimicos determinados de experimentos heteronucleares

2D
Tabla3  'H (600 MHz), *C (125 MHz), HMBC y COSY
Datos NMR para Compuesto 3 en de-DMSO
AtomoNo. | "C (mult)* "H (mult, J Hz) C°’5§ff::°“°’ COSY

N-Metil leucina

1 1689(s) |- ] ]

2 57.2(d) | 4.77(ad, 5.9, 8.8 Hz, 1H) 8 H3a, H3b

3 359() | 1.20(m, IH) - H2, H3b, H4
1.71 {m, 1H) - H2, H3a, H4
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4 24.2(d) 1.35 (m, IH) - H3a, H3b, HS, H6

5 23.0(q) 0.85 (d, 6.8 Hz, 3H) 3,4,6 H4

6 23.3(q) 0.88 (d, 6.8 Hz, 3H) 3,4,5 H4

NMe 26.9(q) 1.87 (s, 3H) 2,8 -

leucina

8 1722(s) |- - -

9 47.8 (d) 4,79 (ddd, 2.9, 4.9, 9.8 Hz, 1H) - H10a, H10b, HI4

10 394(1) 1.70 (m, 1H) - .| H9, H10b, H11
1.22 (m, I1H) - H9, Hl0a, Hi1

11 24.1 (d) 1.84 (m, 1H) - H10a, H10b, H12,

H13

12 21.5(q) 0.90 (d, 6.8 Hz, 3H) 10,11, 13 Hil

13 23.0(q) | 0.95(d, 6.8 Hz, 3H) 10,11, 12 Hil

14 - 8.76 (d, 4.9 Hz, 1H) 15 HS

Alanina

15 1736(3) |- - -

16 47.5 (d) 4.19 (dgq, 5.8, 6.8 Hz, 1H) - H17, Hi8

17 16.5 {q) 1.32(d, 6.8 Hz, 3H) 15,16 Hl16

18 - 7.22(d, 5.9 Hz, 1H) 19 H16

Lisina

19 171.9(s) - - -

20 542 (d) 3.94 (ddd, 5.9, 6.8, 6.8 Hz, 1H) 19, 21,22 H21, H26

21 3.7 (t) 1.60 {m, 2H) - H20, H22a, H22b

22 20.1 {t} 1.40 {m, 1H) - H21, H22b, H23
1.10 (m, 1H) - H21, H22a, H23

23 27.2(1) 1.40 (m, 2H) - H22a, H22b, H24a,

H24b

24 38.1(1) 2.78 (m, 1H) 27 H23, H24b, H25
3.60 (m, 1H) - H23, H24a, H25

25 - 7.42 (dd, 1.2, 7.8 Hz, 1H) 27 H24a, H24b

26 - 6.31 (d, 6.8 Hz, 1H) 40 H20

Triptéfano

27 172.8 (s) - - -

28 53.7 (d) 439(ddd, 2.9,8.8, 1.7 Hz, IH) | - H29a, H29b, H39

29 279(1) 2.86 (dd, 11.7, 13.7 Hz, 1H) 28,27,30,31,38 | H28, H29b
3.27(dd; 29, 13.7Hz, |H) ° 28, 27,30, 31,38 | H28, H29a

30 109.4 (s) - - -

k] 124.5¢d) | 6.62 (bs, 1H) 29, 30, 33, 38 H32

32 - 10.65 (bs, 1H) 30,31,33,38 H31

33 1304 (s) - - -

34 111.2(d) 7.22 (s, IH) 36,38 -

35 115.3 (s) - - -

36 145.6 (s) - - -

37 102.5 (d) 7.00(s, 1H) 30,135,33 -

38 1259 (s) - - -

39 - 8.67(d, 3.8 Hz, IH) H28

40 157.2(s). |- - -

Arginina

4] - 6.50 (d, 7.8 Hz, 1H) 40 H42

42 51.9(d) 4,05 (dd3, 5.9,7.8, 78 Hz, 1H) 47 H41, H43a, H43b

43 28.7 (1) 1.56 (m, tH) - H42, H43b, H44
1.74 (m, 1H) - H42, H43a, H44

44 24.9(1) 1.46 (m, 2H) - H43a, H43b, H45

45 39.7(1) 3.09 (dt, 5.9, 5.9 Hz, 2H) 47 H46, H45

46 - 7.42(t, $.9 Hz, IH) 47 H45

47 156.4 (s) - - -

43 173.1(s) - - -

48-Me 51.8(q) 3.62 (s, 5H) 48 -

*Desplazamientos quimicos determinados de experimentos heteronucleares

2D

Tabla 4

'H (600 MHz), "*C (125 MHz), y COSY

Datos NMR para Compuesto 4 en ds-DMSO

e
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Atomo No. 3¢ (mult)" 'H (mult, J Hz) COSY

N-Metil leucina

1 n.o. - -

2 57.9(d} 4.78 (dd, 5.9, 8.8 Hz, 1H) H3a, Hib

3 36.1 (1) 1.27 (m, 1H) H2, H3b, H4
1.68 (m, 1H) H2, H3a, H4

4 24.1(d) 1.37 (m, 1H) H3a, H3b, HS, H6

5 23.7(q) 0.79(d, 6.8 Hz, 3H) H4

6 209(q) | 0.83(d, 6.8 Hz, 3H) H4

NMe 27.3(q) 1.81 (s, 3H) -

leucina

8 n.o, - -

9 47.0 (d) 4.78 (ddd, 2.9, 4.9, 9.8 Hz, 1H) H10a, H10b, H14

10 40.0(t) 1.63 (m, IH) H9, H10b, HI11
1.25 (m, 1H) H9, H10a, H11

11 24.2 (d) 1.83 (m, 1H) H10a, H10b, H12,

HI13

12 20.7 (q) 0.84 (d, 5.8 Hz, 3H) H11

13 239(q) 091 (d, 5.8 Hz, 1H) H11

14 - 8.79(d, 4.9 Hz, IH) H9

Alanina

15 n.o. - . -

16 47.3(d) 4.19(dq, 7.8, 7.8 Hz, 1H) . H17,H18

17 16.2(q) 1.33(d, 7.8 Hz, 3H) Hl16

18 - 7.29(d, 4.9 Hz, 1H) Hls

Lisina

19 n.o. - -

20 543 (d) 3.87(ddd, 5.9, 6.8, 6.8 Hz, 1H) H21, H26

21 32.1(1) 1.60 (m, 2H) H20, H22a, H22b

22 21.1(1) 1.40 (m, 1H) H21, H22b, H23
1.10 {m, 1H) H21,H22a, H23

23 28.1(1) 1.40 {m, 2H) H22a, H22b, H24a,

H24b

24 38.1 (1) 2.75 (m, 1H) H23, H24b, H25
3.59 (m, 1H) H23, H24a, H25

25 - 7.41(dd, 1.2, 7.8 Hz, 1H) H24a, H24b

26 - 6.39(d, 6.8 Hz, 1H) H20

Triptéfano

27 n.o. - -

28 53.8(d) 4.38 (ddd, 2.9, 8.8, 11.7 Hz, I1H) | H29a, H29b, H39

29 27.6(t) 281 (dd, 11.7,13,7 Hz, 1H) H28, H29b
3.37(dd, 2.9, 13.7Hz, |H) H28, H29a

30 n.o. - -

31 124.5 (d) 6.72 (bs, 1H) H32

32 - 10.80 (bs, 1H) H31

13 n.o. - -

34 111.2(d) 7.37(d, 7.8 Hz, 1H} H35

35 120.2 (d) 6.89(dd, 7.8, 7.8 Hz, IH) H34, H36

36 121.0 (d) 7.00 (dd, 7.8, 7.8 Hz, 1H) H35, H37

37 117.8 (d) 7.21(d, 7.8 Hz, 1H) H36, H35

38 n.o. -~ -

39 - 8.64 (d, 8.8 Hz, IH) H28

40 n.o. - -

Arginina

41 - 6.49(d, 7.8 Hz, IH) H42

42 52.2(d) 4.19 (ddd, 5.9, 7.8, 7.8 Hz, |H) H41, H43a, H43b

43 28.0 {t) 1.52 (m, {H) H42, H43b, H44
1.71 {(m, IH) H42, H43a, H44

44 24.7 (t) 1.40 (m, 2H) H43a, H43b, H45

45 40.1(t) 3.07 (dt, 5.9, 5.9 Hz, 2H) H46, H45

46 - 7.42 (1, 5.9 Hz, 1H) H45

47 n.o.

48 n.o. - -

48-Me 52.1 (q) 3.58 (s, 3H) -
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. A
“Desplazamientos quimicos determinados de experimentos heteronucleares

2D

n. 0. = no observado

Tabla5  'H (600 MHz), °C (125 MHz), HMBC y COSY
Datos NMR para Compuesto 5§ en de-DMSO
AtomoNo. | “C (mulp 'H (mult, J Hz) C"";f,:f""’“" COSY
CH
N-Metil leucina
1 1689(s) | - . -
2 575(d) | 4.76 (dd, 5.9, 8.8 Hz, 1H) 1,3,8,7NMe | H3a, H3b
3 36.6(t) | 1.27(m, I1H) - H2, H3b, H4
1.65 (m, 1H) - H2, H3a, H4
4 244(d) | 1.34(m, IH) - H3a, H3b, H5, H6
5 23.7(q) | 0.82(d, 6.8 Hz, 3H) 3,4,6 H4
6 21.2(q) | 0.84(d, 6.8 Hz, 3H) 3,4,5 H4
NMe 27.5(q) | 1.77(s, 3H) 2,8 -
leucina
8 1726(s) |- - .
9 468(d) | 4.77(ddd, 2.9,4.9,98 Hz, 1H) | - H10s, H10b, H14
10 400(1) | 1.68(m, 1H) 9, 1 H9, H10b, H11
1.22 (m, 1H) - H9, H10a, H11
1 245(d) | 1.82(m, 1H) - H10a, H10b, H12,
H13
12 214(q) | 0.86(d, 6.8 Hz, 3H) 10,11, 13 Hl1
13 230(q) | 0.90(d, 6.8 Hz, 3H) 10,11, 12 HI1
14 - 8.77 (d, 4.9 Hz, 1H) 9,10, 15 H9
Alanina
15 1738(s) |- - -
16 482(d) | 4.16(dq,4.9,7.8 Hz, 1H) 15,17 H17,HI8
17 168(q) | 1.27(d, 7.8 Hz, 3H) 15, 16 HI6
18 - 7.18(d, 4.9 Hz, 1H) 19 H16
Lisina
19 1723(s) |- - -
20 54.1(d) |3.91(ddd,5.9,6.8, 68Hz 1H) [19,21,22 H21.H26
21 321(¢) | 1.60(m,2H) - H20, H22a, H22b
22 20.6(t) | 1.40 (m, 1H) - H21, H22b, H23
1,10 (m, 1H) - H21, H22a, H23
23 27.1 (1) | 1.40 (m, 2H) - H22a, H22b, H24a,
H24b
24 381 |2.76(m, 1H) - H23, H24b, H25
3.53 (m, 1H) - H23, H24a, H25
25 - 7.50 (dd, 1.2, 7.8 Hz, 1H) - H24a, H24b
26 - 6.36 (d, 6.8 Hz, 1H) 40 H20
Tripotéfano
27 17356 |- - .
28 53.8(d) | 4.41(ddd, 29,96, 11.7Hz, IH) |- H29a, H29b, H39
29 21.7() | 2.90(dd, 11.7,13.7 1H) 30,31,38 H28, H29b
3.30 (dd, 2.9, 13.7 Hz, 1H) 30,31,38 H28, H2%a
30 1109(¢) |- - - : .
31 1249(d) | 6.78 (bs, 1H) 29, 30, 33, 38 H32
32 - 11.00 (bs, 1H) 30, 31, 33, 38 H31
33 136.7(s) |- - .
34 1113@) |7.30¢d, 1.8 Hz, H) 36,38 H36
35 125.8(s) |- - )
36 118.7(d) |6.93(dd, 7.8, 1.8 Hz, 1H). 38,34 H34, H37
37 1183 (d) |[7.42(d, 7.8 Hz, 1H) 35,33 H36
38 1255() |- ° - -
39 8.64 (d, 9.6 Hz, 1H) 1 H28
40 1575¢6) |- - . -
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Arginina

41 - 6.37(d, 7.8 Hz, IH) 40 H42

42 52,6 (d) 4.05 (ddd, 5.9, 7.8, 7.8 Hz, ]H) 43,44, 48 H41, H43a, H43b

43 29.5(1) 1.50 (m, 1H) - H42, H43b, H44
1,67 (m, tH) - H42, H43a, H44

44 25.1(t) 1.40 (m, LH) - H43a, H43b, H45
1.19(m, 1H)

45 40.5 (t) 3.06 {m, 2H) 47 H44.H46

46 - 7.50 (m, 1H) - H45

47 156.8 (s) - -

43 1743 (s) |- -

*Desplazamientos quimicos determinados de experlmentos heteronucleares
2D

Compuesto 6

47

45

- /E“Tm;k \/\/”

a9
19 w kf OH
”N\9 , M
13 d I /k
\ﬁ 5
Tabla 6 'H (600 MHz), Be (125 MHz), HMBC y COSY
Datos NMR para Compuesto 6 in dg-DMSO
AtomoNo. | “C(mult)" 'H (mult, J Hz) C°"§'_;':i°“" Cosy
H
N-Metil leucina
1 1694 (s) |- R -
2 58.0(d) |4.72(dd, 5.9, 8.8 Hz, 1H) [,3,4,8,7-NMe | H3a, H3b
3 36.2(t) | 1.25(m, IH) 1,2,4 H2, H3b, H4
1.60 (m, 1H) 2,4 H2, H3a, H4
4 23.0(d) | 1.93 (m, IH) 2,3 H3a, H3b, HS, H6
5 23.7(q) | 0.82(d, 6.8 Hz, 3H) 3,4,6 H4
6 24.0(q) | 0.82(d, 6.8 Hz, 3H) 3,4,5 H4
NMe 27.0(q) 1.90 (s, 3H) 2,8 -
leucina
8 172.5(s) | - - .
9 47.8(d) | 4.70(ddd, 2.9,4.9,98 Hz, IH) | - H10a, H10b, H14
10 392(t) | 1.70 (m, IH) - H9, HI0b, H11
1.22 (m, 1H) - H9, H10a, H11
i 270(d) | 1.82(m, IH) - H10a, H10b, HI2,
HI13
12 210(q) | 0.84(d, 6.8 Hz, 3H) 10,11, 13 HIl
13 249(q) | 0.96(d, 6.8 Hz, 3H) 10,11, 12 HIl
14 - 8.69 (d, 4.9 Hz, 1H) 9,10, 15 H9
Alanina
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15 172.7 {s) - - -

16 57.8(d) 3.92(dd,5.8, 7.8 Hz, IH) - H17, H20

17 29.7(d) 1.95 (m, IH) 16, 18, 19 Hi6, HI8, HI9

18 194 (q) 0.85 (d, 7.8 Hz, 3H) 16,17, 19 H17

19 19.0(q) 1.05 (d, 7.8 Hz, 3H) 16,17, 18 H17

20 - 6.80 (d, 5.9 Hz, 1H) 16,17, 19 H16

Lisina

21 172.5(s) - - -

22 548 (d) 3.91(ddd. 5.9, 6.8, 6.8 Hz, 1H) 19,21,22, 42 H23, H28

23 315 1.60 (m, 2H) - H22, H24a, H24b

24 20.1 (t) 1.40 (m, tH) - H23, H24b, H25
1.10 (m, 1H) - H23, H24a, H25

25 28.1 (1) 1.40 (m, 2H) - H24a, H24b, H26a,

H26b

26 38.1(t) 2.80 (m, tH) 27 H25, H26b, H27
361 (m, 1H) - H25, H26a, H27

27 - 7.40 (dd, 1.2, 7.8 Hz, 1H) 27 H26a, H26b

28 - 6.47(d, 5.9 Hz, 1H) 42,22,23 H22

Tripotéfano

29 171.6(5) - - -

30 53.2(d) 441 (dd4,2.9,88,11.7H¢ 1H) | - H31a, H31b, H41

31 27.9(1) 2,90 (dd, 11.7, 13.7 Hz, 1H) 29,33,32,30 H30, H31b
3.40 (dd, 2.9, 13.7 Hz, IH) 30,32,33 H30, H3la

32 109.5 (s) - - -

33 125.5 (d) 6.65 (bs, 1H) 29, 30, 35, 40 H34

34 - 10.64 (bs, 1H) 32,33,35,40 H33

35 130.4 (s) - - -

36 111:1 (d) 7.20 (s, 1TH) 33,37,38,40 -

37 115.0 (s) - - -

38 146.3 (s) - - -

39 102.3 (d) 7.00 (s, 1H) 35,33,32,37,38 | -

40 126.0 (s) - - -

41 - 8.77(d, 3.8 Hz, 1H) 1 H30

42 157.6 (s) - - -

Isoleucina

43 - 6.35(d, 7.8 Hz, IH) 42 H44

44 56.9 (d) 4.06(dd. 5.9, 7.8 Hz, 1H) 42, 45,46, 48,49 | H43, H45

45 36.8(d) 1.70 {m, 1H) - H44, H46b, H46a,

H48

46 24.7 (1) 1.40 (m, 1H) 44,47,48 H46b, H47, H45
1.15(m, IH) 44,47, 48 H47, H45, H46a

47 11.7{q) 0.82 (t, 6.8 Hz, 3H) 45, 46 H46a, H46b

48 154(q) 0.84 (d, 5.8 Hz, 3H) 44,45,46 H45

49 173.7 {s) - - -

‘Desplazamientos quimicos determinados de experimentos heteronucleares

2D

Compuesto 7 .
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'H (600 MHz), C (125 MHz), HMBC y COSY

Tabla 7
Datos NMR para Compuesto 7 en ds-DMSO
AtomoNo. | PC (mult" 'H (mult, J Hz) C“’?,f;"“““ cosy
CH

N-Metil
tripotéfano
! 1698(s) | - - -
2 61.0(d) | 4.66(dd, 2.6, 10.4 Hz, 1H) 1,3, 4, 14; 13-NMe | H3a, H3b
3 223(t) | 2.73(m, IH) 1,5.4,2,12 H2, H3b

3.07 (m, iH) 2,4,5, 12 H2, H3a
4 1089(s) |- - -
5 1243 (d) | 6.87 (bs, 1H) 3,4,7,12 H6
6 - 10.66 (bs, 1H) 4,5, 7,12 H5
7 130.7(s) | - - -
8 111.8(d) |7.26¢s, IH) 7,9, 10, 12 -
9 158(s) |- - -
10 1458(s) | - - -
1 102.7(d) | 6.98(s, TH) 4,7,9,10, 12 -
12 1268(s) |- - -
NMe 275(q) | 1.91(s, 3H) 2,14 -
leucina
14 1725(s) | - - .
15 469(d) | 4.21(ddd, 2.9,4.9,98 Hz, 1H) | 16,21 H16a, H16b, H20
16 369(t) | -0.50(dd, 11.7, 11.7 Hz, 1H) 14,17, 18 H15, H16b, H17

0.90 (m, 1H) - H15, H16a, H17
17 24.8(d) | 1.40 (m, 1H) - Hl6a, H16b, HI8,

HI9

8 19.7(q) | 0.26(d, 6.8 Hz, 3H) 16,17, 19 H17
19 220(q) | 0.40(d, 6.8 Hz, 3H) 16,17, 18 H17
20 - 8.42(d, 4.3 Hz, 1H) 15, 16,21 H15
Valina
21 1722¢s) |- . -
22 57.6(d) | 3.79(dd, 6.9, 7.8 Hz, 1H) 23,24, 25 H23, H26
23 300(d) | 1.90(m, 1H) 22,24,25 H22, H24, H25
24 18.9(q) | 0.86(d, 7.8 Hz, 3H) 22,23,25 H23
25 188(q) | 0.93(d, 7.8 Hz, 3H) 22, 23,24 H23
26 - 6.74 (d, 6.9 Hz, 1H) 22,23,27 H22
Lisina
27 1719(¢s) |- - -
28 53.8(d) | 3.86(ddd,5.9,6.9,68Hz 1H) |27,29,30,45 H29, H34
29 33 1.54 (m, 2H) - H28, H34
30 202(t) | 1.40(m, 1H) - H29, H30b, H31
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1.10 (m, 1H) - H29, H30a, H31

31 28.2(1) 1.40 (m, 2H) - H30a, H30b, H32a,

H32b

32 379() 2.86 (m, 1H) 35 H31, H32b, H33
3.58 (m, 1H) 30,31, 35 H31, H32a, H33

33 - 7.40 (dd, 1.2, 7.8 Hz, 1H) 32,35 H32a, H32b

34 - 643 (d,6.9Hz, IH) 27,29, 45 H28

Fenilalanina

35 171.0 (s) - - -

36 54.8 (d) 4.57 (ddd, 2.9, 9.5,11.7 Hz, LH) | 1, 35,37 H37a, H37b, H44

37 379(t) 2.75(dd, 11.7, 13.7 1TH) 35, 36, 38, 39,43 H36, H37b
3.40(dd, 2.9, 13.7Hz, 1H) - 36, 38,39,43 H36, H37a

33 138.6 (5) - - -

39 128.9(d} 7.07 (d, 7.8 Hz, 1H) 37,38,41,43 H40, H41

40 127.9(d) 7.22(dd, 7.8, 7.8 Hz, 1H) 38,42 H39, H41

4] 126.2 (d) 7.15(t, 7.8 Hz, 1H) 39,43 H40, H42

42 127.9 (d) 7.22 (dd, 7.8, 7.8 Hz, 1H) 38,40 H4l, H43

43 128.29(d) | 7.07(d, 7.8 Hz, 1H) 37,38, 39, 41 H42

44 - 8.76 (d, 9.5 Hz, 1H) 1, 36,37 H36

45 1573 (s) - - -

Isoleucina

46 - 6.28 (d; 8.7 Hz, 1H) 45,47, 52 H47

47 56.6(d) 4,04 (dd, 5.9, 7.8, 7.8 Hz, 1H) 45, 48, 49, 51, 52 H46, H48

48 36.9(d) 1.71 (m, IH) 47,49, 50, 51 H47, H49b, H51

49 24.5(1) 1.35 (m, 1H) 47, 48, 50, 51 H48, H49b, H50
1.10(m, 1H) 47, 48, 50, 51 H48, H49a, H50

50 11.1{q) 0.83 {t, 6.8 Hz, 3H) 48, 49 H49a, H49b

*Desplazamientos quimicos determinados de experimentos heteronucleares

2D
Compuesto 8
Tabla8  'H (600 MHz), *C (125 MHz) y COSY
Datos NMR para Compuesto 8 in dg-DMSO
| Atome No. “C (mult)* 'H (mult, J Hz) COSY
N-Metil

tripotéfano
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1 n.o. - -
2 60.8 (d) 4.65 (dd, 2.6, 9.9 Hz, 1H) H3a, H3b
3 21.9(1) 2.73 (m, 1H) H2, H3b
- 3.08 (m, 1H) H2, H3a
4 n.o. - -
5 124.7 (d) 6.87 (d, 1.9Hz, 1H) H6
6 10.66 (bs, |H) HS
7 n.o. - -
8 L5 (d) 7.23 (s, 1H) -
9 n.o. - -
10 n.o. - -
11 103.4 (d} 6.94 (s, 1H) -
12 n.o. - -
NMe 274 (q) 1.90 (s, 3H) -
leucina
14 n.o. - -
15 47.4 (d) 4.18 (ddd, 2.9,4.9,9.8 Hz, IH) | H16a, Hi16b, H20
16 370 -0.50(dd, 9.8, 9.8Hz, 1H) H15, Hi6b, H17
091 {m, 1H) H15, H16a, H17
17 24.9(d) 1.40 (m, 1H) Hl6a, Hi6b, HI19, HI8
18 19.5(q) 0.22 (d, 5.8 Hz, 3H) HI7
19 223 (q) 0.36 (d, 5.8 Hz, 3H) HI7
20 - 8.40 (d, 4.3 Hz, 1H) HI15
Isoleucina
21 n.c. - -
22 55.8 (d) 3.93 (dd, 7.8, 8.2 Hz, 1H) H23, H27
23 37.0(d} 1.72 (m, 1H) H22, H24a, H24b, H26
24 24.2 (1) 1.08 {m, 1H) H24b, H23, H25
1.30 (m, 1H) H24a, H23, H25
25 12.6(q) 0.82 (d, 7.0 Hz, 3H) H24a, H24b
26 15.7(q) 0.83 (d, 7.0 Hz, 3H) H23
27 - 6.70 (d, 5.9 Hz, LH) H22
Lisina
28 n.o. - -
29 543 (d) 3.85(ddd, 5.9, 6.8, 6.8 Hz, IH) | H30, H35
30 31.8() 1.54 {m, 1H) H29, H30b, H31a, H31b
1.72 (m, 1H) H29, H30a, H31a, H31b
3l 249(1) 1.40 (m, 1H) H32, H31b, H30a, H30b
1.1Q(m, IH) H32, H31a, H30a, H30b
32 28.1(t) 1.40 (m, 2H) H31a, H31b, H33a, H33b
33 38.0(1) 2.80 (m, 1H) H32, H33b, H34
3.55(m, I1H) H32, H33a, H34
34 - 7.43 (dd, 1.2, 8.8 Hz, 1H) H33a, H33b
35 - 6.45 (d, 5.8 Hz, 1H) H29
Fenilalanina
36 n.o. - -
37 54.5(d) 4.58 (ddd, 2.9, 8.8, 11.7 Hz, 1H) | H38a, H38b, H45
38 374(t) 273 (dd, 11.7,11.7 Hz, 1H) H37, H38b
3.37(dd. 2.9, 11.7 Hz, 1H) H37, H3Ba
39 n.o. - -
40 128.3 (d) 7.05(d, 7.8 Hz, I1H) H41, H42
41 128.0 (d) 7.19(dd, 7.8, 7.8 Hz, 1H) H4C, H42
42 1259 (d) 7.14(t, 7.8 Hz, 1H) H41, H43
43 128.0 (d) 7.19 (dd, 7.8, 7.8 Hz, 1H) H42, H44
44 128.3 (d) 7.05(d, 7.8 Hz, 1H) H43, H42
45 - 8.68(d, 3.8 Hz, 1H) H37
46 n.o. - -
Isoleucina
47 - 629 (d, 8.8 Hz, 1H) H48
48 56.3(d) 4.01 (dd, 4.9, 7.8, Hz, 1H) H47, H49
49 383(d) 1.71 (m, 1H} H48, H5C, H50b, HS52
50 281 1.38 (m, H) H50b, H49, H51
1.01 (m, 1H) H50a, H49, H51
51 114 (q) 0.79 (t, 6.8 Hz, 3H) H50a, H50b
52 15.8(q) 0.79 (d, .8 Hz, 3H) H49
53 n.o. - -

“Desplazamientos quimicos determinados de experimentos heteronucleares

2D
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Compuesto 9
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Tabla9  'H (600 MHz), *C (125 MHz), HMBC y COSY
Datos NMR para Compuesto 9 en dg-DMSO
Atomo No. B¢ (mult)* 'H (mult, J H2) C°";§f;':'°““ COSY
H
N-Metil
tripotdfano
1 169.5(s) | - - -
2 60.8(d) | 4.69(dd, 2.6, 10.4 Hz, 1H) 1 H3a, H3b
3 21.7(t) 2.76 (m, 1H) 2,4,12 H2, H3b
3.04 (m, H) 2,4,12 H2, H3a
4 1089(s) |- - -
5 1243(d) | 6.88 (bs; 1H) 4,7,12 H6
6 10.66 (bs, H) 4,5,7,12 H5
7 1302(s) |- - -
8 111.8(d) | 7.27(s, IH) 9,10, 12 -
9 158(s) |- - -
10 1458 (s) |- - -
1 1027 (d) | 6.99 (s, 1H) 4,7,9,10 -
12 126.1(s) |- ]
NMe 274(q) | 1.91(s, 3H) 2, 14 -
leucina
14 1725(s) |- - -
15 46.7(d) | 4.22(ddd,2.9,4.9,98Hz, IH) |- H16a, H16b, H20
16 374(f) | -0.49 (dd, 9.8, 9.8 Hz, 1H) 18 H15, HI6b, H17
0.95 (m, 1H) - H15, H16a, H17
17 23.1(d) | 1.40 (m, 1H) - H16a, H16b, H19,
H18
I8 19.7(q) | 0.25(d, 6.8 Hz 3H) 16,17, 19 H17
19 223(q) | 0.42(d, 6.8 Hz, 3H) 16,17, 18 H17
20 - 8.47 (d, 4.3 Hz, 1H) 21 H15
Leucina
21 1735(s) |- - .
2 50.7(d) | 4.03(td, 7.8, 69 Hz, IH) 21,23 H23, H27
23 39.7(d) | 1.46 (m,2H) - H22, H24
24 233(q) | 1.67(m, 1H) 15,16 H23, H25, H26
25 21.6(q) | 0.82(d, 7.0 Hz, 3H) 23,24,26 H24
26 22.8(q) | 0.88(d, 7.0 Hz, 3H) 23,24,25 H24
27 - 6.86 (d,6.9 Hz, [H) - 28 H22

Lisina
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35 /&0
28 172.2 (s) - - H30, H35
29 5441(1) 3.88 (ddd, 5.9, 6.8, 6.8 Hz, IH) | 28, 30, 31 H29, H31a, H3Ib
30 32.1(1) 1.54 (m, 2H) - H30, H31b, H32
31 20.2(t) £.40 (m, |H) - H30, H31a, H32
1.10{m, 1H) - H30, H22a, H23
32 28.1 (1) 1.42 (m, 2H) - H3la, H31b, H33a,
H33b
33 383(1) 2.84 (m, 1H) - H32, H33b, H34
3.57 (m, 1H) - H32; H33a, H34
34 - 7.38(dd, 1.2, 7.8 Hz, IH) - H33a, H33b
35 - 6.35 (d, 6.8 Hz, 1H) 46 H29
Fenilalanina
36 171.4 (s) - - -
37 545 (d) 4.52 (ddd, 2.9,8.8, 11.7Hz, IH) | 36 H38a, H38b, H45
38 379(1) 2,74 (dd, 11.7, 13.7 IH) 39,40, 44 H37, H38b
3.55(dd, 2.9, 13.7 Hz, 1H) 28,27, 30, 31, 38 H27, H38a
39 138.3 (s) - -
40 128.7 (d) 7.08 (d, 8.0 Hz, 1H) 42,44 H41, H42
41 1292 (d) 7.23 {(dd, 8.0, 8.0 Hz, 1H) 39,43 H40, H42
42 126.6 (d) 7.17(t, 8.0 Hz, 1H) 40, 44 H41, H43, H40,
H44
43 129.2 (d) 7.23 (dd, 8.0, 8.0 Hz, 1H) 39,41 H42, H44
44 128.7 (d) 7.08 (d, 8.0 Hz, 1H) 40, 38, 42 H43, H42
45 - 8.71 (d, 8.8 Hz, 1H) 1 H37
46 157.0(s) - - -
Isoleucina
47 - 6.26 (d, 8.7 Hz, I1H) - H48
48 56.9 (d) 4,03 (dd, 5.9, 7.8, 7.8 Hz, 1H) 46, 49, 50, 52, 53 H47, H49
49 37.6(d) 1.70 (m, 1H) - H48, H50b, H50a,
HS2
50 , 24.6 (1) 1.35(m, IH) 48,49, 51,52 H49, H50a, H50b,
HS51
1.10 {m, 1H) 49, 51,52 H49, H50a, H50b,
H51
51 11.7 (q) 0.86(t, 6.8 Hz, 3H) 49, 50 H50a, H50b
52 15.8(q) 0.85 (d, 6.8 Hz, 3H) 48, 49, 50 H49
53 173.8 (s) - - -

*Desplazamientos quimicos determinados de experimentos heteronucleares

2D

Tabla 10

Compuesto 10

'H (600 MHz), *C (125 MHz), HMBC y COSY
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Datos NMR para Compuesto 10 en de-DMSO

R

AtomoNo. | PC (multy 'H (mult, J Hz) C"",S!;“'““ cosy
CH

N-Metil

tripotéfano

1 169.8 (s) - - -

2 60.9 (d) 4.66 (dd, 2.9, 10.7 Hz, 1H) 1,3,4, 14, 13-NMe | H3a, H3b

3 21.9(1) 2.77 (m, 1H) 2,4,5 H2, H3b
3.07 (m, 1H) 2,4,5 -| H2, H3a

4 109.3 (s) - - -

5 126.1 (d) 6.89 (d, 2.0 Hz, 1H) 47,12 - H6

6 - 10.68 (ts, 1H) 45712 H5

7 130.5(s) - - -

8 111.8 {(d) 7.26 (s, 1H) 7,9,10, 12 -

9 115.8(s) - - -

10 146.2 (s} - - -

1 103.4(d) | 6.98(s, 1H) 4,7,9 -

12 126.8 (s) - - -

NMe 273(q) | 1.97(s, 3H) 2,14 -

leucina

14 171.9 (s) - - -

15 46.8 (d) 4.21 (ddd, 29,49, 11.7Hz, 1H) | - H16a, H16b, H20

16 37.2(1) -0.48 (dd, 11.7, 11.7 Hz, 1H) - H15, H16b, H17
0.95 (m, iH) - Hi5 Hléa H17

17 23.3(d) 1.40 (m, LH) - Hi6a, Higb, H19,

HI8

18 19.5(q) 0.27 (d, 6.8 Hz, 3H) 16,17, 19 HI17

19 213(q) 0.41 (d, 6.8 Hz, 3H) 16,17, 18 HI17

20 - 8.42 (d, 4.9 Hz, 1H) 15,16, 21 HI15

Leucina

21 1729 (s) - - -

22 57.7(d) 3.77(dd, 6.8, 7.8 Hz, 1H) 21,23,24,25 H23, H26

23 29.8(1) 1.88 (m, 2H) - H22, H23, H24

24 189(q) | 0.84(d, 7.0 Hz, 3H) 22, 23,25 H23

25 189 (q) 0.93 (d, 7.0 Hz, 3H) 22,23,24 H23

26 - 6.74 (d, 6.9 Hz, 1H) 23,28 H22

Lisina

27 1722¢s) |- - -

28 54.5(d) 3.84 (ddd, 5.9, 6.8, 6.8 Hz, IH) | 20, 28, 29, 45 H29, H34

29 315() 1.54 (m, 2H) - H28, H30a, H30b

30 20.2(1) 1.40 (m, 1H) - H29, H30b, H31
1.10 (m, 1H) - H29, H30a, H31

31 28.2 (1) 1.42 (m. 2H) - H30a, H30b, H32a,

H32b

32 333(1) 2.85(m, 1H) - H31, H32b, H33
3.57(m, 1H) 30, 31 H31, H32a, H33

i3 - 7.46 (dd, 1.2, 7.0 Hz, 1H) 35 H32a, H32b

34 - 6.41(d, 6.8 Hz, 1H) 29, 28, 45 H28

Fenilalanina

35 1704 (s) |- . .

36 54.1 (d) 4.52 (ddd, 2.9, 8.8, 11.7 Hz, IH) | 35 H37a, H37b, H44

37 37.2(1) 2.72(dd, 11.7, 13.7 1H) 36, 38, 39, 43 H36, H37b
3.36(dd, 2.9, 13.7 Hz, 1H) 36, 38, 39,43 H36, H37a

38 1379 (s) - - -

39 1314 (d) 7.01(d, 7.8 Hz, 1H) 37,41,43 H40

40 1304 (d) 7.37(d, 7.8 Hz, 1H) 42,38 H39

41 119.2(s) |- - -

42 1304 (d) 7.39 (d, 7.8 Hz, 1H) 40, 38 H43

43 131.4(d) 7.08 (d, 7.8 Hz, 1H) 37,39, 41 H42

44 - 8.81 (d, 3.8 Hz, 1H) - H36

45 157.3 {s) - - -

Isoleucina

46 - 6.26 (d, 8.8 Hz, 1H) 45,47 H47

47 57.2(d) 4.04 (dd, 4.9, 8.8, 7.8 Hz, 1H) 45,48, 49, 51, 52 H48, H46

48 37.2(d) 1.70 {m, 1H) - H47, H49b, H49a

49 25.1 (1) 1.33 (m, 1H) 47, 48, 50, 51 H49a, H48, H50
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1.07 (m, 1H) 47, 48, 50, 51 H49b, H48, H50
50 11.4(q) 0.83 (t, 6.8 Hz, 3H) 48,49 H49a, H49b
51 15.8(q) 0.83 (d, 6.8 Hz, 3H) 47,48, 49 H48
52 174.5 (s) - -

*Desplazamientos quimicos determinados de experimentos heteronucleares

2D

EJEMPLO 2
Este Ejemplo describe el aislamiento de Compuesto 11.

Procedimientos Experimentales Generales

Se filtr6 agua Milli-Q, mientras que todos los demas disolventes
utilizados fueron Omnisolv. Se emple6 una columna Hypersil BDS basica
C18 5uM, 21.2 x 150 mm para HPLC preparativa. Se registraron los
espectros NMR en un espectroémetro NMR Varian Inova 600 6 500 MHz.
Se disolvieron muestras en dg-DMSO y se calcularon los desplazamientos
quimicos en relacién con el pico del disolvente (DMSO 'H O 2.50 y °C
39.5 ppm). Se midieron los espectros de masa en una Plataforma II Fisons
VG, usando el modo de ionizacidon por electropulverizacién positiva. El
disolvente de elucidon era una mezcla de acetonitrilo/agua 50% a 0.1
ml/min. '

Material Animal

Seis muestras de esponja de Candidaspongia flabellata se recogieron
por buceo con escafandra en Outer Gneering, Sunshine Coast, Old Reef,
isla de Fairfax y Chauvel Reef, Queensland, Australia y muestras
certificadas (G315106, G314580, G314025, G315402, G318260, G317513)
se depositaron en el Museo de Queensland, Brisbane, Australia.

Extraccion y Aislamiento

Se molieron los materiales de esponja, secados por congelamiento, (529 g)
y se extrajeron exhaustivamente con metanol para proporcionar seis
extractos de metanol. Los extractos crudos de metanol sometieron a una
serie de particiones: MeOH/n-hexano, H,0:MeOH(4:1)/DCM, H,O:
MeOH(4:1)/EtOAc. La bioactividad se difundié en las capas H,0:MeOH
(4:1) y EtOAc. Las capas H,O:MeOH(4:1) y EtOAc se combinaron para

todas las seis biota y luego se repartieron en porciones con H,O/butanol.
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La actividad se dio en la capa de butanol (900 mg), la cual se sometié luego
a cromatografia de contracorriente {H,O/MeOH/EtOAc (4:1:5)}, fase movil
de la capa superior. Las muy primeras fracciones eluyentes, 13-24, se
combinaron (325 mg) y se dividieron en porciones n-
hexano:EtOAc:MeOH:H,0 (1:1:1:1). La capa acuosa bioactiva (150 .mg)
se cromatografié luego ain mas mediante cromatografia de contracorriente
{(CHCl3: MeOH:H,O (7:13:8)}, fase mdvil de la capa inferior. Las
primeras fracciones activas eluyentes, 25-32, se combinaron para producir
85 mg de material. Este se sometié a una paso final de purificacién por
HPLC (Hypersii BDS Cl18) usando una gradiente de 30 minutos
H,O/MeCN de H,O (que contenia 1% TFA) a MeCN (que contenia 1%
TFA). Esto produjo 0.4 mg de Compuesto 11 eluyendo después de 18.2
minutos. '

Compuesto 11: MS: (ESI positiva)) [M+H]" m/z 1003.0 (100), 1004.4 (72),
1005.4 (75), 1006.3 (32). 'Hy "*C NMR (dg-DMSO): véase Tabla 11,

El Compuesto 11 se identific6 igualmente como un péptido ciclico después
de estudios detallados, incluidos 'H, °C, gHSQC, gHMBC, y experimentos
gCOSY.

Compuesto 11

N
5@"/ 147\[( N33
j 21 1 at
2 HN | -,

Tabla11  'H (600 MHz), °C (125 MHz), HMBC y COSY
Datos NMR para Compuesto 11 en dg-DMSO
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Atomo No. BC (mult)* 'H (mult, J Hz) C“’ES:‘,‘""“"’ COSY
c
N-Metil .
tripotéfano
1 n.o. - - -
2 60.0 (d) 4.70 (bd, 10.8 Hz, I1H) - H3a, H3b
k 241 2.71 (dd, 14.5, 10.8 Hz, 1H) - H2, H3b
3.14 (d, 14.5 Hz, 1H) - Hila
4 n.o. - - - .
5 108.9 (s) - - -
6 - 11.33 (5, 1H) 4,712 -
7 130.8 (s) - - -
8 111.0(d) 7.05 (bd, 8.0 Hz, 1H) 12,10 H9
9 111.8(d) | 6.60(bd, 8.0 Hz, 1H) - H8
10 150.8 (s) - - -
11 101.8 (d) 6.82 (bs, 1H) 7,10 -
12 128.1 (s) - - -
NMe 285 (q) 2.10 (s, 3H) 2 -
leucina
14 172.4 (s) - - -
15 46.8 (d) 4.16 (m, 1H) - H16a, Hl16b, H20
16 36.6(1) 0.32 (bt, 11,0 Hz, 1H) 15 H16b, HI7
0.96 {m, |H) - H15, H16a
17 22.4(d) | al.42(m, 1H) - -
18 19.0 (q) 0.22 (d, 6.6 Hz, 3H) 16,17, 19 H17
19 22.1(q) 0.41 (d, 6.6 Hz, 3H) 16,17, 18 HI17
20 - 8.38(d, 4.8 Hz, 1H) 14 ) HIS
Isoleucina
21 171.6(s) - - -
22 55.7(d) 399 (1, 6.8 Hz, 1H) 23,26 H23, H27
23 35.7(d) 1.76 (m, IH) 21 H22, H24a, H26
24 24.7(0) 1.10 (m, IH) - H23, H24b, H25
*1.44 {m, 1H) - H24a, H25
25 11.2(q) 0.85(t, 7.2 Hz, 3H) 23,24 H24a, H24b
26 14.2 (q) 0.31 (d, 6.6 Hz, 3H) 22 H23
27 - 6.78 (d, 6.8 Hz, 1H) - H22
Lisina
28 1724(s) | - - -
29 54.3 (d) 3.85(ddd, 7.0,6.5,5.0Hz, IH) |28 H30a, H30b, H35
30 31.0(1) 1.52(m, 1H) - H29, H3la
1.60 (m, 1H) - H29, H31b
31 20.1 (1) 1.14 (m, |H) - H30a
1.25 (m, tH) - H30b
32 26.6 (1) 1.38 (m, 1H) - H33b
1.41 {m, 1H) - -
33 37.8(1) | 2.85(m, LH) - H34
3.52 (m, 1H) - H34, H32a
34 - 7.35(m, 1H) - H33a, H33b
35 - 648 (d, 7.0 Hz, 1H) - H29
Tirosina '
36 n.o. - - -
37 54,7 (d) 4,50 (ddd, 11.7,9.0,49Hz, 1H) | - H38a, H38b, H45
38 36.5(t) 2.62 (bt, 13.0 Hz, IH) 39 H37, H38b
323 (m, 1H) k1) H37, H38a
39 130.0(s) - - -
40 128.5 (d) 6.87(d, 7.5 Hz, IH) 38,39, 42 H41
41 114.8 (d) 6.62(d, 7.5 Hz, 1H) 40,42, 44 H40
42 156.0 (s) - - -
43 114.8 (d) 6.62(d, 7.5 Hz, 1H) 40, 42, 44 H44
44 128.5 (d) 6.87(d, 7.5 Hz, IH) 38,39,42 H43
45 - 8.54(d, 9.0 Hz, IH) - H37
46 n.o. - -
Fenilalanina
47 - 6.26 (d, 8.0 Hz, 1H) - H48 .
48 53.4 (d) 4.36 (ddd, 8.0, 7.5, 5.2 Hz, LH) | 56,49 H49a, H49b, H47
49 37.2(1) 2.86 (dd, 13.8, 7.5 Hz, IH) 56, 55, 51, 50, 48 H48
2.99(dd, 13.8, 5.2 Hz, 1H) 56, 55, 51, 50, 48 H48
50 137.5 (s) - - -
51 129.0 (d) 7.16(d, 7.5 Hz, 1H) 53,49 H52, H54
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52 1280(d) | 7.27(t, 7.5 Hz, 1H) 50 HS1, H5S
53 1262(d) | 7.20(t, 7.5 Hz, 1H) 51,55 -

54 1280(d) | 7.27(t, 7.5 Hz, 1H) 50 H51, HS5
55 1290(d) | 7.16(d, 7.5 Hz, 1H) 53,49 H52, H54
56 1738 (s) - - -

OH 8.71 (s, 1H)

OH 9.13 (s, 1H)

aDesplazamlentos quimicos calculados a partir de expenmentos NMR 2D

n.o. = no observado.

EJEMPLO 3
Este Ejemplo describe la sintesis de Compuesto 12.

Procedimientos Experimentales. Generales

Espectros de masa de alta resoluciébn se registraron en un
espectrometro de masa Micromass LCT equipado con una interface de
electropulverizacién (LC-HRMS). Las mediciones 'H NMR se realizaron
en espectrometros Varian UNITY plus 400, 500 y 600, que operaban con
frecuencias 'H de 400, 500 y 600 MHz respectivamente. Se registraron los
espectros NMR en d6-DMSO con desplazamientos quimicos dados en ppm
con el disolvente como estandar interno.

Compuesto 12

,ﬁf Oy
M /ET:\L .

[
A

Sintesis de Compuesto 12

Compuesto 12 se preparé de acuerdo con un procedimiento de la

literatura (Marsh and Bradley, J. Org. Chem., 1997, 62, 6199-6203) con las
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siguientes modificaciones: Fmoc-L-Arg-N® “- (Boc)}OH se acoplé
primeramente a la resina/enlazador. Luego del retiro del grupo Fmoc, la
amina libre se acopldé con N°-(4-nitrofeniloxicarbonil)-N¢-(9-
fluorenilmetoxicarbonil)-D-lisina aliléster. Se continué la sintesis del
péptido Fmoc en la cadena lateral del residuo de lisina usando Fmoc-L-Ala
seguida por Fmoc-L-N-MeAla, Fmoc-L-Leu y Fmoc-L-Ala. El retiro del
aliléster y Fmoc fue seguido por ciclacion y, finalmente, segmentacion de la
resina/enlazador. La purificacion del residuo por HPLC de fase reversa
(columna Ace C8, gradiente lineal 5%=295% MeCN en 0.1 M de NH,Oac
acuoso) produjo el Compuesto 12 (1.8 mg, 1.3%).
'H NMR (500 MHz, ds-DMS0): [ 9.2 (s amplio, 1H), 8.66 (d, 1H), 8.52
(d, 1H), 7.4-8.0 (sefial amplia, 4H), 7.47 (dd, 1H), 7.10 (d, 1H), 6.56 (d,
1H), 6.08 (d, 1H), 4.77-4.83 (m, 1H), 4.70-4.77 (m, 1H), 4.23 (qd, 1H),
4.07 (qd, 1H), 3.88-3.98 (m, 1H), 3.65-3.75 (m, 1H), 3.47- 3.52 (m, 1H),
3.03 (t amplio, 2H), 2.71-2. 78 (m, 1H), 2.52 (s, 3H), 1.78-1.84 (m, 1H),
1.68- 1.79 (m, 1H), 1.30-1.65 (m, 12H), 1.15-1.23 (m, 2H), 1.18 (dos d,
6H), 0.94 (d, 3H), 0.93 (d, 3H), 0.89 (d, 3H), 0.88 (d, 3H).
HRMS (ESI) calculado para C3;HsN;(Os 711.4517 (M+H)', hallado
711.4525.

EJEMPLO 4

Este Ejemplo describe la sintesis de Compuestos 1y 13 a 16.

Sintesis de Compuesto 1
a) Sintesis de Intermedio A

Intermedio A
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TFA (2 mL) se agreg6 a Boc-D-Lys(Fmoc)-OAlil (2.86 g, 5.6 mmol)
y se dejo reposar durante 5 minutos. A continuacién se retiré el TFA
mediante un chorro de nitrégeno seco para proporcionar H-D-Lys(Fmoc)-
OALlil, el cual se sec6 en una linea de alto vacio durante 2 horas para retirar
todas las trazas de TFA. Se esponj6 previamente la resina de 2-clorotritilo
(1 g, 1.4 mmol) en DCM (10 mL) durante 1 hora. Se drené la resina, y se
agrego una solucién de H-D-Lys (Fmoc)-OAlil (2.30 g, 5.64 mmol) y DIEA
(729 mg, 982 pL, 5.64 mmol) en DCM (10 mL), y la mezcla de reaccion se
agito durante 1 hora. Se agregd mas DIEA (1.46 g, 1.95 mL, 11.3 mmol) a
la resina, y la mezclé de reaccidn se agité durante 1 hora mas. Se agregd
metanol (1mL) para taponar cualquier resina sin reaccionar, y la mezcla de
reaccion se agitod durante 1 horasmas. Se filtré la resina y se lavo con DMF
2x5mL), DCM (2 x 5 mL) y DMF (2 x 5 mL). La resina se sometié a
sintesis de péptido de fase solida-Fmoc (SPPS) usando las siguientes
condiciones:

(i) Desprotecciéon Fmoc: 20% piperidina en DMF (2 x 10 mL)
durante 2 minutos seguida por lavado con DMF (4 x 5 mL),
DCM (4 x 5 mL) y DMF (4 x 5SmL).

(ii) Condiciones de acoplamiento: En todos los acoplamientos la
solucion del reactivo de acoplamiento en DMF se agrega al
aminoacido-Fmoc. Esta solucion se agrega a la resina seguida
por DIEA. (a) Fmoc-Trp (Boc)-OH (2.95 g, 5.6 mmol),

N
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HBTU (0.5 M de solucion, 11.2 mL) y DIEA (0.975 mL, 5.6
mmol) 20 minutos. (b) Fmoc-N-Me-Leu-OH (2.06 g, 5.6
mmol), HBTU (0.5 M de solucidn, 1.1.2 mL) y DIEA
(0.975mL, 5.6 mmol) 20 minutos. l(c) Fmoc-Leu-OH (1.98 g,
5.6 mmol), HOBt (756 mg, 5.6 mmol), HATU (2.13 g, 5.6
mmol) y DIEA (314 pL, 1.8 mmol) en DMF (10 mL) 3 horas.
(d) Fmoc-Ala-OH (1.74 g, 5.6 mmol), HBTU (0.5 M de
solucion, 11.2 mL) y DIEA (0.975 mL, 5.6 mmol) 20 minutos.
Luego de todos los acoplamientos, la resina se filtré y lavé
con DMF (4 x 5 mL), DCM (4 x S mL) y DMF (4 x 5mL).
Todos los acoplamientos, con excepcion de (c), se
monitorearon usando la prueba de ninhidrina, el acoplamiento
(c) se monitore6é usando una prueba de bromofenol azul. De
igual modo, todos los acoplamientos se monitorearon por MS
segmentando una pequeiia cantidad de resina (5 mg) con 100
% TFA durante 5 minutos. Seguidamente el filtrado de la

resina se analizé por MS.

Una solucion de Pd(PPh;), (1.62 g, 1.4 mmol) y dimedona (1.96 g, 14
mmol) en THF:DCM (1:1, 50 mL) se rocid con gas nitrégeno durante 10
minutos, se agregé a la resina y la mezcla sﬁ agité durante 16 horas. La
mezcla de reaccidn se filtré y se lavé con DCM (3 x 5 mL), una solucién
DMF (3 x 5 mL) de 0.5% DIEA y 0.5% de sal de sodio de acido
dietilditiocarbamico en DMF (3 x 5 mL) y DMF (3 x 5SmL). La resina se
traté con 20 % piperidina en DMF (2 x 10 mL) durante 2 minutos, seguida
por lavado con DMF (4 x 5 mL), DCM (4 x 5 mL), 10% clorhidrato de
piridinio en DCM: DMF (1:1, 4 x 5 mL) y DMF (4 x 5 mL). Una solucién

de PyBroP (718 mg, 1.54 mmol) y DIEA (1 mL, 5.74 mmol) en DCM:DMF-

(1:1, 10 mL) se agrego a la resina y la mezcla se agit6 durante 3 horas, tras
lo cual una prueba de ninhidrina fue negativa. El péptido ciclico se
segmenté de la resina mediante tratamiento con 50% TFA en DCM (20 mL)
durante 1 hora. Se filtro la resina, se lavo con TFA (2 x 5 mL) y DCM (2 x

.
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5 mL), se concentrd a sequedad, se re-disolvio en MeCN:H,0 (0.1% TFA)
y se liofilizo para producir el Intermedio A crudo (435 mg, 50% basado en
la resina de 2-clorotritilo). La purificacion por RPHPLC (95:5 H,O (1%
TFA):MeCN (1% TFA) a 2:3 H,O (1% TFA): MeCN (1% TFA)) durante
60 minutos produjo el Intermedio A (0.417 g, 3.6 %).

b) Alil-N-[(9H-fluoren-9-ilmetoxi)carbonil]-N°- {imino[(2.2.4.6.7-

pentametil-2,3-dihidro-1-benzofuran-5-iNaminolmetil }omnitinato
N2-[(9H-fluoren-9-ilmetoxi)carbonil]-N°-{imino[(2,2,4,6,7-
pentametil-2,3-dihidro-1-benzofuran-5-il)amino]metil }ornitina (1.0g, 1.54
mmol) se disolviéo en DMF (SmL). Se agregé carbonato de cesio (377 mg,
1.16 mmol) y la mezcla de reaccién se agitd durante 1 hora. A continuacion
se agregdé bromuro de alilo (0.913 mL, 10.8 mmol) y se continué la
agitacion durante 1 hora mas, resultando en una solucidn blanca lechosa.
Se agregé agua (25 mL) y se acidifico la mezcla de reaccion con 2M
KHSOQ,. Se agregé DCM (50 mL), y se separaron las fases. La fase acuosa
se lavd con DCM (2 x 50 mL), y los orgdnicos combinados se lavaron con
salmuera (50 mL), se secaron (MgSQ,), se filtraron y se concentraron a
sequedad para producir alil-N*-[(9H-fluoren-9-ilmetoxi)carbonil ]-N>-
{imino[(2,2,4,6,7-pentametil-2,3-dihidro-1-benzofuran-5-il)amino]metil }
ornitinato como una espuma incolora (857 mg, 81%).
'HNMR (CDCl;, 500 MHz): O 1.43 (s, 6H), 1.59 (m, 2H), 1.73 (m, 1H),
1.86 (m, 1H), 2.09 (s, 3H), 2.52 (s, 3H), 2.61 (s, 3H), 2.91 (s, 2H), 3.22 (m,
2H), 4.17 (t, J7 Hz, 1H), 4.32 (m, 1H), 4.37 (m, 1H), 4.59 (br d, J4.5 Hz,
2H), 5.21 (d, J10.5 Hz, 1H), 5.30 (d, J17 Hz, 1H), 5.83 (m, 1H), 5.88 (m,
1H), 6.26 (br s, 1H), 6.35 (br s, 2H), 7.26 (t, J1.5 Hz, 2H), 7.37 (t, J1.5 Hz,
2H), 7.57 (m, 2H), 7.74 (d, J7. 5 Hz, 2H).
BCNMR (CDCl;, 125 MHz): [ 12.68, 18.22, 19.54, 25.69, 28.78, 29.93,
40.96, 43.43, 47.36, 53.72, 54.10, 66.23, 67.39, 86.63, 117.78, 119.12,
120.19, 124.93, 125.40, 127.34, 127.96, 131.79, 132.47, 133.17, 138.54,
141.49, 143.97, 144.08, 156.63, 159.03, 171.42). MS: (ESI positiva)
[M+H]" m/z 689.
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o) AlLil-N*-[[(4-¢til-2.2.6.7-tetrametil-2.3-dihidro-1-benzofuran-5-
iNaminol(imino)metill-N>-[(4-nitrofenoxi)carbonil lornitinato
Alil-N*-[(9H-fluoren-9-ilmetoxi)carbonil]-N°-{imino[(2,2,4,6,7-

pentametil-2,3-dihidro-1-benzofuran-5-il)amino]metil }ornitinato (800 - mg,
1.16 mmol) se disolvié en DMF (4mL). Se agrego piperidina (1 mL), y la
mezcla de reaccidn se agito a temperatura de la sala durante 30 minutos y
luego se concentr6. El residuo resultante se disolvié en DCM (9 mL)y se
agregé a una suspension de 4-nitrofenilcloroformiato (370 mg, 1.85 mmol)
y piridina (750 uL, 9.3 pmol) en DCM (6 mL) enfriando en un bafio de sal-
hielo. Luego de agitar durante 2.5 h, se agregé 1M de KHSO, (20mL), se
separo la fase organica y la fase acuosa se extrajo con DCM (4 x 20 mL).
Los extractos organicos combinados se secaron (MgSQy), se filtraron, se
concentraron, y el residuo resultante se purificé por cromatografia de
destello en gel de silice (100% hexano a 7:3 EtOAc:hexano) para producir
alil-N-[[(4-etil-2,2,6,7-tetrametil-2,3-dihidro-1-benzofuran-5-
il)amino](imino)metil]-N>-[(4-nitrofenoxi)carbonilJornitinato (138 mg, 18
%).
'HNMR (CDCl;, 500 MHz): [1 1.42 (s, 6H), 1.62 (m, 2H), 1.79 (m, 1H),
1.89 (m, 1H), 2.04 (s, 3H), 2.48 (s, 3H), 2.55 (s, 3H), 2.90 (s, 2H), 3.20 (m,
2H), 4.30 (m, 1H), 4.60 (br d, J 4.5 Hz, 2H), 5.22 (d, J 10.5 Hz, 1H), 5.29
(d, J 17 Hz, 1H), 5.86 (m, 1H), 6.25 (br s, 1H), 6.33 (br s, 1H), 6.50 (br d, J
6.5 Hz, 1H), 6.90 (d, J 7.5 Hz, 1H), 7.25 (d, J 8 Hz, 2H), 8.05 (d, J 7.5 Hz,
1H), 8.15 (d, J 8 Hz, 2H). '
“CNMR (CDCl;, 125 MHz): [1 12.63, 18.16, 19.45, 25.74, 28.76, 29.44,
40.8, 43.41, 54.41, 66.39, 86.71, 115.99, 117.78, 119.21, 122,22, 124.97,
125.23, 126.22, 131.66, 132.40, 133.02, 138.43, 140.75, 144.97, 153.45,
156.06, 156.67, 159.04, 163.07, 163.80, 171.6.
MS: (ESI positiva) [M+H]" m/z 632.
d) Compuesto 1

Intermedio A (49.9 mg, (.08 mmol) se disolvié en DMF (8mL). Se
agregé alil-N°-[[(4-etil-2,2,6,7-tetrametil-2,3-dihidro-1-benzofuran-5-

il)amino](imino)metil}-N*-[(4-nitrofenoxi)carbonil Jornitinato (60.6 mg,
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0.096 mmol), seguido por DIEA (17 uL, 0.096 mmol) y la mezcla de
reaccion se agitod a temperatura de la sala durante 16 horas. La mezcla de
reaccion se concentré para producir la urea cruda. Una solucién de
(tetrakis)trifenilfosfina de paladio (8 mg, 0.0072 mmol) y dimedona (25
mg, 0.18 mmol) en THF: DCM (1:1, 5 mL) se rocié con nitrégeno seco y se
agreg6 mediante una canula a la urea y se agitd a temperatura de la sala de
un dia para otro para proporcionar el acido carboxilico crudo. El écido
carboxilico se disolvié en DCM (1 mL), y se agregaron p-Cresol (340 pL) y
TFA (250 pL), y la mezcla de reaccion se agitd a temperatura de la sala
durante 20 horas para proporcionar Compuesto 1 crudo. La mezcla de
reaccion se purificé por HPLC de fase reversa (columna semi prep basica
YMC, gradiente lineal 65% agua (1% TFA) 35% MeCN (1%TFA) =
100% MeCN (1% TFA)) para proporcionar Compuesto 1 (11.3 mg, 17%).
Se encontré que los datos NMR y MS éran idénticos a una muestra
auténtica.

Sintesis Alternativa de Compuesto 1

El Intermedio de férmula A se preparé igualmente por la siguiente via.

a) Sintesis de Intermedio C

Intermedio C

,Lrs\,ﬁv[ J\N,v\ o
0

Boc

Resina de 2-clorotritilo (300 mg, 0.42 mmol) se esponjo previamente en
DCM (2 mL) durante 1 hora. Se dreno la resina y se agrego6 una solucién
de Boc-D-lisina (Fmoc)-OH (394 mg, 0.84 mmol) y DIEA (0.586mL, 3.36
mmol) en DCM (2 mL) y la mezcla de reaccion se agité durante 1 hora.

Seguidamente se agrego una alicuota mas de DIEA (0.293 mL, 1.68 mmol)



WO 2005/039617 CT/SE2004/001568
47 - ' @
y la resina se agit6 durante 1 hora mas. Se agregé metanol (1 mL) para
taponar cualquier resina sin reaccionar y la mezcla de reaccion se agitd
durante 1 hora mas. Se filtro la resina y se lavé con DMF (2 x 5 mL), DCM
(2 x5 mL) y DMF (2 x 5 mL). En seguida la resina se sometio a sintesis de
péptido de fase solida Fmoc (SPPS) usando las siguientes condiciones:

(iii) Desproteccion Fmoc: 20 % de piperidina en DMF (4 mL)
durante 20 minutos seguida por lavado con DMF (4 x 5 mL),
DCM (4 x S mL) y DMF (4 x SmL).

(iv) Condiciones de atcoplamiento:'En todos los acgplamientos se
agrega una solucion del reactivo de acoplamiento al
aminodcido-Fmoc. Esta solucién se agrega a la resina seguida
por DIEA. (a) Fmoc-Trp (Boc)-OH (0.885 g, 1.68 mmol),
HBTU (0.5 M de solucién, 3.36 mL) y DIEA (0.293mL, 1.68
mmol) 1 h. (b) Fmoc-N-Me-Leu-OH (0.617 g, 1.68 mmol),
HBTU (0.5 M de solucion, 3.36 mL) y DIEA (0.293 mL, 1.68
mmol) 1 hora. (c¢) Fmoc-Leu-OH (0.594 g, 1.68mmol),
HATU (0.5M, 0.639 g, 1.68 mmol en 3.36 mL. DMF) y DIEA
(0.293mL, 1.68 mmol) 2 horas;. (d) Fmoc-Ala-OH (0.523 g,
1.68 mmol), HBTU (0.5 M de solucion, 3.36 mL) y DIEA
(0.293 mL, 1.68 mmol) -1 hora. Luego de todos los
acoplamientos la resina se filtr6 y se lavo con DMF (4 x 5 ml),
DCM (4 x 5 mL) y DMF (4 x 5mL). Todos los
acoplamientos, con excepcion de (¢) se monitorearon usando
la prueba de ninhidrina; el acoplamiento (c) se monitored
usando una prueba de bromofenol azul.

Luego de la desproteccién de Fmoc y un lavado concienzudo con DMF (4 x
5 ml), DCM (4 x 5 mL) y DMF (4 x 5mL), se segment6 el péptido lineal de
la resina con 2% TFA en DCM (150 mL) mediante un lavado de flujo
rapido en 250 mL de agua. El DCM se retiré in vacuo y la solucion
resultante se congeld y se secé por congelamiento. La goma resultante se

re-suspendié en 1:1 MeCN:H,O (100 mL), se congelé y se secé por

B

>
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congelamiento para producir el Intermedio C crudo (265 mg, 0.276 mmol,

65.9% basado en la resina de 2-clorotritilo).
b) Sintesis de Intermedio A

Intermedio A

\/\/N

Intermedio C crudo (0.401 g, 0.419 mmol) y DIEA (0.438 mL, 1.26 mmol)
en DMF (208 mL) se agregaron gota a gota con agitacion a una solucion de
PyBOP (1.09 g, 2.10 mmol) y DIEA (0.146 mL, 0.838 mmol) en DMF
(208mL). La solucién resultante se agité a temperatura de la sala durante
18 horas, luego se concentr6é a sequedad y se repartié en porciones entre
EtOAc (100 mL) y agua (100 mmL). La fase organica se lavd varias veces
con agua (3 x 100 mL), se sec6 (MgSO,), se filtr6 y se concentrd a
sequedad. [El producto crudo se tratd con una solucién de 90:9:1
(TFA:TISp1;:DCM) durante 2 horas, se concentr6 a sequedad y se purifico
usando HPLC de fase reversa (95:5 H,O (1% TFA):MeCN (1%TFA) a 3:2
H,O (1%TFA):MeCN (1%TFA) durante 60 minutos para proporcionar
Intermedio A (0.167 g, 0.226 mimol, 53.9%).

Compuesto 13
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Sintesis de Compuesto 13

Compuesto 13 se sintetiz6 usando un procedimiento similar al
procedimiento para Compuesto 1, partiendo del Intermedio A y N*-
[(benciloxi)c;arbonil]-AP-(terc-butoxicarbonil)ornitina. HRMS C39HgNoyOq
822.4280 (M+H)", hallado 822.4262.

Compuesto 14

Sintesis de Compuesto 14

Compuesto 14 se sintetiz6 usando un procedimiento similar al
procedimiento para Compuesto 1, partiendo de Intermedio A y ferc-butil
N°-(terc-butoxicarbonil-1-lisinato.

'H NMR (500 MHz, CD;OD): [ 8.98 (d, 1H), 8.71 (d, 1H), 7.95 (dd, 1H),
7.79 (d, 1H), 7.64 (d, 1H), 7.31 (d, 1H), 7.08 (t, 1H), 7.01 (t, 1H), 6.78 (s,
1H), 5.00-4.88 (m, 2H), 4.78-4.70 (m, 1H), 4.36-4.23 (m, 2H), 4.19-4.13
(m, 1H), 3.88-3.77 (m, 1H), 3.55 (dd, 1H), 3.04-2.86 (m, 4H), 2.03-1.88 (m,
3H), 1.85 (s, 3H), 1.84-1.66 (m, 6H), 1.66-1.57 (m, 3H), 1.52 (d, 3H), 1.56-
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1.4 (m, 3H), 1.42-1.30 (m, 3H), 1.04 (dos d, 6H), 0.95 (dos d, 6H). HRMS
(EST) calculado para C4oHgNyOj 798.4878 (M+H)", hallado 798.4858.

Compuesto 15

Besens W"r
i h@
Y

Sintesis de Compuesto 15

Compuesto 15 se sintetizé6 usando un procedimiento similar al
procedimiento para Compuesto 1, partiendo de Intermedio A y 3-{6-[(terc-
butoxicarbonil)Jamino]piridin-3-il} alanina (WO001/02364). HRMS
CaoHgi N 005 833.4674 (M+H)', hallado 833.4678.

Compuesto 16
HN)\N/\/ /Ec\rr }ml \/\/N7
HN 0 j/ %

YJ\T 2

Sintesis de Compuesto 16
a) Sintesis de Intermedio B

4,
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Intermedio B se sintetizd usando un procedimiento “similar al

51

procedimiento para Intermedio A. . -

Intermedio B

b) Sintesis de Compuesto 16

Compuesto 16 se sintetizO usando un procedimiento similar al
procedimiento para Compuesto 1, partiendo de Intermedio B.
'H NMR (500 MHz, d-DMSO): [ 12.70 (s amplio, 1H), 10.83 (s, 1H),
8.86 (d, 1H), 8.47 (d, 1H), 7.70-7.79 (m, 3H), 7.57 (t, 1H), 7.46 (d, 1H),
7.45 (dd, 1H), 7.35 (d, 1H), 7.28 (d, 1H), 7.02 (dd, 1H), 6.96 (dd, 1H), 6.81
(broad s, 1H), 6.47 (d, 1H), 6.46 (d, 1H), 4.82 (m, 1H), 4.74-4.75 (ddd, 1H),
4.43 (ddd, 1H), 4.22-4.24 (m, 1H), 4.13 (ddd, 1H), 4.02 (ddd, 1H), 3.78 (dd,
1H), 3.71 (dd, 1H), 3.60 (m, 1H), 3.35 (m, 1H), 3.11 (dt, 2H), 2.86-2.92 (m,
1H), 2.78-2.80 (m, 1H), 1.83 (5, 3H), 1.79-1.83 (m, 1H), 1.52-1.56 (m, 1H),
1.57-1.60 (m, 1H), 1.60-1.64 (m, 3H), 1.69-1.70 (m, 1H), 1.42-1.48 (m,
5H), 1.33-1.36 (m, 1H), 1.22-1.25 (m, 2H), 1.18-1.20 (m, 1H), 0.95 (d, 3H),
0.91 (d, 3H), 0.89 (d, 3H), 0.85 (d, 3H). HRMS C4HesN;1Oy 842.4888
(M+H)", hallado 842.4885.
Sintesis Alternativa de Compuesto 16
El Intermedio de formula B se prepard igualmente por la siguiente via.

Sintesis de Intermedio D:py

Intermedio D
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Resina de 2-clorotritilo (1 g, 1.4 mmol) se esponj6é previamente en DCM

(5mL) durante 1 hora. La resina se drend, y se agregd una solucién de Boc-
D-lisina (Fmoc)-OH (1.31 g, 2.8mmol) y DIEA (1.45 g, 1.98 mL, 11.2

mmol) en DCM (4mL), y la mezcla de reaccion se agité durante 2 horas.

Se agregd metanol (1 mL) para taponar cualquier resina sin reaccionar, y la

mezcla de reaccidn se agitd durante 1 hora més. La resina se filtrd y se lavo
con DMF (2 x 5 mL), DCM 2 x S mL) y DMF (2 x 5 mL). A

continuacion, la resina se sometid a sintesis de péptido de fase sélida-Fmoc

(SPPS) usando las siguientes condiciones:

®

(i1)

Desproteccion Fmoc: 20 % de piperidina en DMF (4 mL)
durante 20 minutos seguida por lavado con DMF (4 x 5 mL),
DCM (4 x 5 mL) y DMF (4 x SmL).

Condiciones de acoplamiento: En todos los acoplamientos la
solucién del reactivo de acoplamiento en DMF se agrega al
aminodcido-Fmoc. Esta solucién se agrega a la resina seguida
por DIEA. (a) Fmoc-Trp (Boc)-OH (0.912 g, 1.732Zmmol),
HBTU (0.5 M de solucién, 3.46 mL) y DIEA (0.301 mL, 1.732
mmol) 1 hora. (b) Fmoc-N-Me-Leu-OH (0.637 g, 1.732 mmol),
HBTU (0.5 M de solucion, 3.46 mL) y DIEA (0.301 mL, 1.732
mmol) 1 hora. (¢) Fmoc-Leu-OH (0.612 g, 1.732 mmol), HATU
(0.5M, 0.658 g, 1.732 mmol en 3.5 mL DMF) y DIEA (0.301
mL, 1.732 mmol) 2 horas. (d)-Fmoc-Ser(tBu)-OH (0.664 g,
1.732 mmol), HBTU (0.5 M de solucion, 3.46mL) y DIEA
(0.301 mL, 1.732 mmol) 1 hora. Luego de todos los

acoplamientos la resina se filtr6 y se lavé con DMF (4 x 5 ml),
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DCM (4 x 5SmL) y DMF (4 x SmL). Todos los acoplamientos
con excepciéon de (c) se monitorearon usando la prueba de
ninhidrina; el acoplamiento (c) se monitoreé usando una prueba

de bromofenol azul.

Luego de las desproteccion Fmoc y un lavado concienzudo con DMF (4 x 5.
ml), DCM (4 x 5 mL) y DMF (4 x 5mL), el péptido lineal se segmento de la
resina con 2% TFA en DCM (400 mL) mediante lavado de flujo rapido en
500 mL de agua. El DECM se retird in vacuo y la solucién resultante se
congeld y se seco por congelamiento. La goma resultante se re-suspendi6
en 1:1 MeCN:H,O (100mL), se congelé y se secd por congelamiento para
proporcionar un Intermedio D crudo (994.6 mg, 0.88 mmol, 63% basado en
la resina de 2-clorotritilo).

Sintesis de Intermedio B:

Intermedio B _
H
H2N\A':‘ A 2N
HN™ 0 7
HO \‘ o 'IY()i(N)TNH /

T

Intermedio D crudo (905 mg, 0.88 mmol) y DIEA (0.304 mL, 1.74 mmol)
se disolvieron en DMF (440mL) y se agregaron gota a gota con agitacién a
una solucién de PyBOP (2.13 g, 4.1 mmol) y DIEA (0.918 mL, 5.3 mmol)
en DMF (440 mL). Una vez concluida la adicién, la solucién resultante se
agitd a temperatura de la sala durante 20 horas, luego se concentréo a
sequedad para producir una goma anaranjada, la cual se purificé usando
Sephadex LH-20 (MeOH) para producir el péptido ciclico protegido (551
mg, 70%). El péptido ciclico protegido se traté entonces con una solucion
de 95:2.5:2.5 (TFA:TIS:DCM) durante 20 horas. La mezcla de reaccion se
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concentrd a sequedad y se purificé usando HPLC de fase reversa (95:5 H,O
(1%TFA): MeCN (1% TFA) a 3:2 H,O (1%TFA):MeCN (1% TFA) durante
60 minutos para proporcionar Intermedio B (214 mg, 32% de Intermedio
D).

EJEMPLO 5
Las actividades de ciertos Ejemplos en el analisis descrito en: Dirk
Hendriks, Simon Schare and Marc van Sande, Clinical Chemistry, 31,
1936-1939 (1985), usando una concentracion de sustrato de 4 mM, se

presentan en la siguiente Tabla I.

TABLA1
Compuesto No. | ICs
2 0.1 yM
8 2.5 M
12 0.2 M
Abreviaturas
EtOAc = acetato de etilo FA = acido trifluoroacético

DCCC = cromatografia de contracorriente de goticulas

DCM= diclorometano

MeOH = metanol MeCN = acetonitrilo
Leu = leucina Ala = alanina

DMSO = sulfoxido de dimetilo Arg = arginina

Trp = tripotofano TIS = triisopropilsilano

HPLC = cromatografia de liquidos a alta presion

RPHPLC = cromatografia de liquidos a alta presion de fase reversa
Boc = terc-butoxicarbonilo

Fmoc = (9H-fluoren-9-ilmetoxi)carbonilo

gHMBC = correlacion de enlace multiple heteronuclear de gradiente
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gCOSY = espectroscopia correlacionada de gradiente

gHSQC = coherencia de quantum unico heteronuclear de gradiente

CPC = cromatografia de particion centrifuga

DIEA = diisopropil etilamina

HATU= hexafluorofosfato de O-(7-Azabenzotriazol-1-il)-N,N,N' N'"-

tetrametiluronio

HBTU = hexafluorofosfato de O-Benzotriazol-1-il-N,N,N',N"-

tetrametiluronio

THF = tetrahidrofurano

DMF =N, N-dimetilformamida

Lys =lisina

PyBOP= hexafluorofosfato de (benzotriazol-1-iloxi)tripirrolidinofosfonio

PyBrOP= hexafluorofosfato de: bromo-tripirrolidinofosfonio

TIPS= triisopropilsilano
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REIVINDICACIONES

1. Elusodeun compuésto de formula (I):

R 6 12 a5
R 111\"/1 E Y R
’ N N 2
I 0 ® T A
R (0] O R!
N X
| /
4>T N N, 8
R" o R | 3 “ R

R

en donde:

X es (CHz)mY (CHa)n;

m y n son, independientemente, 1, 2, 3,4, 5 6 6; con la salvedad que m
+ n no sea superior a 6;

Y es un enlace, O, S (O),, 0 S-S;

R' es CO,R" 0 un iséstero de acido carboxilico tal como S(0),0H,
S(0),NHR'’, PO(OR'*)OH, PO(OR'>)NH,, B(OR"),, PO(R")OH,
PO(R'S)NHz o tetrazol,; R%, R, RY R’ y R® son, independientemente,
hidrégeno, C alquilo (sustituido opcionalmente por halogeno,
hidroxi, ciano, SH, S(O);H, S(0)4(Cs alquilo), OC(O)(C,.salquilo),
CF;, C, alcoxi, OCF3;, COOH, CONH,, CONH (C,.¢ alquilo), NH,,
CNH(NH,), 0 NHCNH(NH_)), C;.¢ cicloalquil(Ci4)alquilo (en donde
el anillo cicloalquilo se sustituye opcionalmente por halégeno, hidroxi,
ciano, C;4 alquilo, CF;, Ci4 alcoxi, OCF;, NH,, CNH(NH;) o
NHCNH(NH,)), heterociclil(Ci4)alquilo (en donde el anillo
heterociclilo se sustituye opcionalmente por halégeno, hidroxi, ciano,
Cia alquilo, CF;, Ci4 alcoxi, QCF;, NH; CNH(NH;) o
NHCNH(NH,)), fenil(C,4)alquilo (en donde el anillo fenilo se
sustituye opcionalmente por halégeno, hidroxi, ciano, Ci4 alquilo,
CF,;, Ciu alcoxi, OCF;, NH,, CNH(NH;) 6 NHCNH(NH)) o

heteroaril(C,.¢)alquilo (en donde el anillo heteroarilo se sustituye
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opcionalmente por halégeno, hidroxi, ciano, C,4 alfuilo, CF3, Ci4
alcoxi, OCF;, NH,, CNH(NH;) o NHCNH(NH,));
p Yy q son, independientemente, 0, 1 6 2;
R’, R, R®, R, R, R" y R" son, independientemente, H o C)4
alquilo;
R' es H o C,4 alquilo; y,
RY es H o C,4 alquilo;
o su sal farmacéuticamente aceptable o solvato, o un solvato de tal sal;
en un método de fabricar un medicamento para el tratamiento o
profilaxis de una enfermedad es donde la inhibicion de

carboxipeptidasa U es benéfica.

2.  Un compuesto de formula (I):

Rll [ 12 13
5 | '
R N E $ R14
. \N \"/N Rz
(0] R7 '
RS (0) 0 R!
N X
> / {))
N
S
R g o
en donde:
Xes (CH2)4; |
R'es COles ;

R? es un C,5 alquilo de cadena recta sustituido en su terminal por
NH,, CNH(NH;) o NHCNH(NH;); C;, cicloalquilo sustituido por
NH,, CNH(NH,) o NHCNH(NH,); heterociclilo que contiene por lo
menos un atomo de nitrégeno; heterociclilo que contiene no nitrégeno
sustituido con NH,, CNH(NH,;) o NHCNH(NH,); heteroarilo
sustituido con NH,, CNH(NH;) o NHCNH(NHS,); fenilo sustituido con
NH,, CNH(NH;) o NHCNH(NH;); heteroaril(C;4)alquilo sustituido
con NH,, CNH(NH;) 0 NHCNH(NH,); fenil(C,4)alquilo sustituido
con NH,, CNH(NH,) o NHCNH(NH,); o Cs cicloalquil(C,_4)alquilo
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sustituido con NH;, CNH(NH;) o NHCNH(NH,); sustituyéndose la
totalidad de los anillos anteriores, de manera opcional, por uno o mas
de: halégeno, hidroxi, ciano, C,4 alquilo, CF3, Ci4 alcoxi u OCF;;
uno de R°, RY R’ y R® es independientemente, hidrogeno,
heteroaril(Ci4)alquilo (en donde el anillo heteroarilo se sustituye
opcionalmente por halogeno, hidfoxi, ciano, C;4 alquilo, CF5, Ci4
alcoxi, OCF;, NH,, CNH(NH,) o NHCNH(NH_)); y los otros son,
independientemente, hidrogeno, C,.¢ alquilo (sustituido opcionalmente
por halégeno, hidroxi, ciano, SH, S(O):H, S(0),(Cisalquilo),
OC(OXCa2lquilo), CF;, Ci4 alcoxi, OCF;, COOH, CONH,,
CONH(C ¢alquilo), NH;, CNH(NH:), o NHCNH(NH;)), Css
cicloalquil(C)4)alquilo (en donde el anillo cicloalquilo se sustituye
opcionalmente por halogeno, hidi'oxi, ciano, C;4 alquilo, CF;, Ci4
alcoxi, OCF,, NH,, CNH(NH;) o NHCNH(NH,)), heterociclil(C).q)
alquilo (en donde el anillo heterociclilo se sustituye opcionalmente por
halégeno, hidroxi, ciano, Ci4 alquilo, CF3, Ci4 alcoxi, OCF;, NH,,
CNH(NH,) o0 NHCNH(NH,)), fenil(C,4)alquilo (en donde el anillo
fenilo se sustituye opcionalmente por halégeno, hidroxi, ciano, C;4
alquilo, CF3, C,4 alcoxi, OCF3, NH;, CNH(NH,) 6 NHCNH(NH,)) o
heteroaril(C ) alquilo (en donde el anillo heteroarilo se sustituye
opcionalmente por haldgeno, hidroxi, ciano, Ci4 alquilo, CF;, Ci4
alcoxi, OCF3, NH;, CNH(NH,) o NHCNH(NH,));

P vy q son, independientemente, 0, 1 6 2;

R, R®, R?, R'", R, R y R" son, independientemente, H o C;4
alquilo;

R es H o C 4 alquilo; y,

R'"’ es H o C 4 alquilo;

o su sal farmacéuticamente aceptable o solvato, o un solvato de tal sal.

3.  Un compuesto de formula (I) o su sal farmacéuticamente aceptable o
solvato, o un solvato de tal sal, como se reivindica en la reivindicacion 2 en

donde:
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X es (CHy)s;
R'es COles ; '
R? es un C; alquilo de cadena recta sustituido en su terminal por NH,,
CNH(NH;) o NHCNH(NH,); Css cicloalquilo sustituido por NH,,
CNH(NH,) o NHCNH(NH,); heterociclilo que contiene por lo menos un
atomo de nitrégeno; heterociclilo que contiene no nitrégeno sustituido con
NH,, CNH(NH;) o NHCNH(NH;); heteroarilo sustituido con NH, .
CNH(NH,;) o NHCNH(NH,); fenilo sustituido con NH,, CNH(NH;) o
NHCNH(NH,); heteroaril(C 4)alquilo sustituido con NH;, CNH(NH;) o
NHCNH(NH,); fenil(C,4)alquilo sustituido con NH,, CNH(NH;) o
NHCNH(NH,); o Cs cicloalquil(Ci4)alquilo sustituido con NH,,
CNH(NH,;) o NHCNH(NH,); sustituyéndose la totalidad de los anillos
anteriores, de manera opcional, por uno o més de: halégeno, hidroxi, ciano,
Ci alquilo, CFs, Ci4 alcoxi u OCF5 uno de R’ R%, R® y R® es
independientemente, hidrogeno, heteroaril(C,4)alquilo (en donde el anillo
heteroarilo se sustituye opcionalmente por haloégeno, hidroxi, ciano, Ci4
alquilo, CF3, C14 alcoxi, OCF3;, NHy, CNH(NH;) o NHCNH(NH)); y los
otros son, independientemente, hidrogeno, C;s alquilo (sustituido
opcionalmente por halégeno, hidroxi, ciano, SH, S(O):H, S(0)4(Cis
alquilo), OC(O)(C;4 alquilo), CF3, C,4 alcoxi, OCF;, COOH, CONH,,
CONH(C,_¢alquilo), NH;, CNH(NHS,), 0 NHCNH(NH,)), Cs.¢cicloalquil(C,.
Jalquilo (en donde el anillo cicloalquilo se sustituye opcionalmente por
halégeno, hidroxi, ciano, C;4 alquilo, CF;, C4 alcoxi, OCF;, NH,,
CNH(NH,) o0 NHCNH(NH,)), heterociclil(C;4)alquilo (en donde el anillo
heterociclilo se sustituye opcionalmente por halégeno, hidroxi, ciano, Ci4
alquilo, CF3;, Ci4 alcoxi, OCF;, NH,, CNH(NH;) o NHCNH(NH,)),
fenil(C14)alquilo (en donde el anillo fenilo se sustituye opcionalmente por
halégeno, hidroxi, ciano, Ci4 alquilo, CF,, C,4 alcoxi, OCF;, NH,,
CNH(NH,) 6 NHCNH(NH,)) o heteroaril(C,4)alquilo (en donde el anillo
heteroarilo se sustituye opcionalmente por halégeno, hidroxi, ciano, C;4
alquilo, CF3, Cy4 alcoxi, OCF3;, NH,, CNH(NH;) o NHCNH(NH,));

p ¥ q son, independientemente, 0, 1 6 2;
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R, RS, R’ R R ' R" y R" son, independiehtemente, H o C,.4 alquilo;

R' es H o C 4 alquilo; y,

R" es H o C;4 alquilo;

o su sal farmacéuticamente aceptable o solvato, o un solvato de tal sal.

4. Un compuesto de formula (I) 6 su sal farmacéuticamente aceptable o
solvato, o un solvato de tal sal como se reivindica en la reivindicacion 2 63
en donde:

R' es CO,RY;

R? es un C,4 alquilo de cadena recta sustifuido en su terminal por NH,,
CNH(NH;) o NHCNH(NH,); C, alquilo (tal como CH(CH;3)CH,CH; o
CH,CH(CHs),); o (aminopiridinil)metilo (por ejemplo (6-aminopiridin-3-
iDmetilo);

uno de R® y R? es (indol-3-i)CH, sustituido opcionalmente por halo o
hidroxi; y el otro es bencilo (sustituido opcionalmente por halo o hidroxi) o
C, alquilo (tal como CH(CH;)CH;CH; o CH,CH(CH,),);

o R? y R* son ambos metilo;

R® y R® son, independientemente, C, alquilo (por ejemplo CHj, CH(CHj;),,
CH (CH3)CH,CH; o CH;CH(CH,)y);

R’ RS, R%,R", R4 Ry R" son H;

R'? es C,4 alquilo; y,

R" es H o C,4 alquilo.

5. Un compuesto como se reivindica en una cualquiera de las

reivindicaciones 2 a 4 en donde X es (CHz)s.

6. Un compuesto como se reivindica en una cualquiera de las
reivindicaciones 2 a 5 en donde R' es CO,R" en el cual R% es Ho Ci4
alquilo.

7. Un compuesto como se reivindica en una cualquiera de las

reivindicaciones 2 a 6 en donde R? es un C,5 alquilo de cadena recta
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sustituido en su terminal por NH;, CNH(NH,;) o NHCNH(NH,); C4 alquilo
(tal como CH(CH;)CH,CH; o CH,CH(CH;),); 0 (aminopiridinil)metilo.

8. Un compuesto como se reivindica en una cualquiera de las
reivindicaciones 2 a 4 en donde R? es C¢ alquilo (CH(CH;)CH,CH; o
CH,CH(CH;),), bencilo, C¢ alquilo de cadena recta, sustituido en su
término por NH,, CNH(NH,), NHCNH(NH;) o (6-aminopiridin-3-il)

metilo.

9. Un compuesto como se reivindica en una cualquiera de las
reivindicaciones 2 a 8 en donde R? es un C;; alquilo de cadena recta
sustituido en su término por NH,, CNH(NH:), NHCNH(NHz) o (6-

aminopiridin-3-il)metilo.

10. Un compuesto como se reivindica en una cualquiera de las
reivindicaciones 2 a 8 en donde R® es CH; indolilo (en donde el indolilo se
sustituye opcionalmente por uno o més de: halégeno o hidroxi, C,4 alquilo

o bencilo (sustituido opcionalmente por halégeno o hidroxi).

11. Un compuesto como se reivindica en una cualquiera de las
reivindicaciones 2 a 10 en donde R* es CH, indolilo (en donde el indolilo se
sustituye opcionalmente por uno o mas de halégeno o hidroxi, C,. alquilo
(CH(CH;)CH,CH; o CH,CH(CHs),) o bencilo (sustituido opcionalmente

por halégeno o hidroxi.

12. Un compuesto como se reivindica en una cualquiera de las
reivindicaciones 2 a 11 en donde R’ y R® son, independientemente, Ci.
alquilo (tal como metilo, iso-propilo, CH(CHs) CH,CHj; o CH,CH (CH;)y).

13. Un compuesto como se reivindica en una cualquiera de las
reivindicaciones 2 a 12 en donde R’, R% R’ RY, R, R'%, RP y R' son

todos H.
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14. Un compuesto como se reivindica en una cualquiera de las

reivindicaciones 2 a 4 en donde R'%es Ciy alquilo.

15. A compuesto como se reivindica en la reivindicacion 2, el cual es un

compuesto de la siguiente formula

14,29

17" %sf
33 3b

HN 47 M 41? H;l 5 270

en la cual

R¥esH,R*esHy R® es H;
R¥es OH, R? es Cly R es H;
R es OH, R® es Cl y R* es CHj;
R*™es H, R*® esHyR" es CHj;
R*es H,R® es Cly R” es H;
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o su sal farmacéuticamente aceptable o solvato, o un soivato de su sal

farmacéuticamente aceptable.

16. El uso de un compuesto de férmula (I) 6 su sal farmacéuticamente

aceptable o solvato, o un solvato de tal sal; como se reivindica en una

o
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cualquiera de las reivindicaciones 2 a 15 en un método de fabricar un
medicamento para el tratamienio o profilaxis de una enfermedad donde la

inhibicién de carboxipeptidasa 1J es benéfica.

17. El uso como se reivindica en la reivindicacion 16 para la manufactura
de un medicamento para el tratamiento o profilaxis de trombosis y/o
hipercoagulabilidad en la sangre y/o tejidos; arteriosclerosis; enfermedades
fibréticas; enfermedades inflamatorias; o una enfermedad que se beneficia
de mantener o aumentar niveles de bradicinina en el cuerpo de un mamifero |

(tal como el hombre).

18. Una formulacién farmacéutica que contiene un compuesto de formula
(1) o su sal farmacéuticamente aceptable o solvato, o un solvato de tal sal;
como se reivindica en una cualquiera de las reivindicaciones 2 a 15 como
ingrediente activo en combinacién con un coadyuvante, diluyente o

excipiente farmacéuticamente aceptable.

19. Un compuesto de formula

/
R 0 R9 |3 Q\ R

R" O

en donde R* a R y X son como se define en una cualquiera de las

reivindicaciones 1 a 14.

20. Un proceso para preparar un compuesto como se reivindica en la
reivindicacion 19, el cual comprende tratar un compuesto de formula VI, en

la que PG1 es un grupo protector adecuado, con un agente de acoplamiento
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de péptido en la presencia de una base no nucledfila en un disolvente

aproético polar y, a continuacion, retirar el grupo protector.

R>S PG
O

R RN~
H )\
\PN 4 N\x C

,H
v

21. Un proceso para preparar un compuesto de formula I, como se
reivindica en una cualquiera de las reivindicaciones 2 a 17, el cual
comprende hacer reaccionar un compuesto de formula VII, como se define

en la reivindicacion 19, con un compuesto de férmula VIII
-‘._. 13
_ If RM

Y/N‘ l R?
1

R
(VI

en la cual Y es un éster activado o NY es un grupo isocianato.
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Yo (nosotros)
domiciliadois) en
Nombro{smos) a: RAMIRO CASTRO DUQUE y/o JUAN

PABLO CADENA SARMIENTO vy/o BEATRIZ
JARAMILLO S.

de Bogots, Colombis, apoderados verdaderos y legales.

con poder especial, amplio y suficlente, para racabar
de las oficinas vy autoridedes colombianas
administrativas, judiclales y do policla, en cualquier
fnstancia o recursu, la oblencion de patantes da
invencidn, registros de marces, diseiius Industriales,
modelos de utilidad, depositos de nombres cormarciales
¥ ensaiias, rogistros de derechus de autor y contratos
sobre los mismos, obtencidn de certiticedos da
obtentor de veriedndes vegetsles, as/ como sus
fenovaciones, ahotaciones de traspaso,
cembios de nambre y/o domicilio; elahorar, tremiiar Y
'egiatrar  contratos de licencia y licencias  de
cualesquiera clases; intervenir come demandante o
como demandadu en cuaiquier instancla v recurso ante
cualquler juez, corpuracién, funclonario pablico o
autoridad en acclones judiciales, administrativas y de
policle tales como: opasicicnaes al ragistro do marcas;
acciones de caducldad, cancslacign y nulldad;
accionaes relvindicatorias, acciones derivadas de [n
obtenclén o explotacién de licencias; acciones de
competancia deslenl; dfemandes penales; acciones de
indemnizacién de parjuicios, reclamos y obsarvaciones
a sollcitudes de patentes, disefios Industrlales, modelos
ds utliidad, en ei ajercicio de madidas cautelares y en
otras acciones o medidas similares.

. L 3
A este efecto, iols) -faculto{amosh para elevar

solicitudes,  formular descripcionss,  anmiendas,
protestas, declaraclones, oposiclonas, cancelaciones,
nulidades, apelacionss y reclamocs; pager impuestos,

- 2uotas y gravémenes prascritos por ley; renunciar o

desistir n darachos concedidos o en curso de
coicesion; reciblr tody ciase de documentos y valores,
dando el descargo respectivo, Y. en genaral, para dar
ante dichas autoridades todos los pasus necasarios al
elecio indicedo y tomar 1odes Ias medides que
creyeren conducentes al resgurrdo de mis {nuestros
intereses), con todas las demnds facultades legales
necesarias.

Esta poder comprends |a faculted de ratificar o
conifrmar en mi  (nuestro) nombre !0 actuado asi
comn la facultad de desistir, iransigir, comprometer, y
la de sustituirlo ean todo o en parte vy revocar
sustiluciones. Asimismo nombro{amos} a: RAMIRO
CASTRO DUQUE vio JUAN PABLO CADENA
SARMIENTO y/o BEATRIZ JARAMILLO S.
domiciliado(s) en la Carrers 7 No. 16-B66 Piso 9, mis
{nuestros) apoderados en Colombia, con facultades
pera  raecibir notificacionas y designar apoderados
judicialas o extrajudicialos.

Otorgado y firmado an
hoy da
Firma

Nombra
Caryo

Brigard & Castro

BOGOTA - COLOMBIA

POWER OF ATTORNE

| (Wa) ASTRAZENECA AR

domiciled In 5E-151-Sogdertalje, Sweden

Hereby appoint RAMIRO CASTRO DUQUE and/or
JUAN PABLO CADENA SARMIENTO and/or BEATRIZ
JARAMILLO §. -

of Bugota, Colombia, my (our) true and lawful
attorneye with epecial, ample and sufficient power 10
obtain from the Colombian administrative, jfudicial and

holice offices and authorities, in any Instance,
privileges of patants of Invention, registration of
trademarks, industrial designs and utility models;

registration of commercial nemes and emblems,
registralion of copyright and contracts related therato,
cartificates of obtainers of vegetables varigties, as wall,
as extensions, renswals and recordal of assignmants
and changes of name and domicile relatad to the
above; to prepare, prosecuta and register licenses of
any kind; to act as plaintlff or defendant in any
instance  or recourse, and before any judge,
corporation, public official or authority in judicial,
administrative and police actlons, such as: oppositions
1o the registratlon of trademarks; caduclly, cancelfation
and nullity aetlons; claim aections derived from the
obtaining or explotation of licenses, action of unfair
competition; panal demands, actions of indemnities for
damages: claims or ohservations on pateni
applications, models, industrial designs and utlility
models; in the exercise of preventive measures: and in
other actions or simliar proceedings.

To that effect they are hareby empowsered to fils
applications, formulate descriptions, amendments,
protests, declara’ions, oppositions, cancsliations,
nullities, appeals and claims; to pay taxes, gquotas and
assedsments prescribed by law, renounce cr waive the
rights granted or in the process of granting; to recaiva
all kind of documents and valuables, glving the

respective relaase of receipt, and, in general, to take -

before said authorities tha necossery steps to such
effect, and any measures that they may deem
pertinant to the safeguard of my fourl inlerest{s}
with all tha othar necessary legal powers, .

This power includes the faculty to ratify or confirm
desist, settle and compromise on iny {our) behalf, and
to substitute this power in whole or in pait and to
ravoke substitutions. At the sama time ! (We) haraby
appoint RAMIRO CASTRO DUQUE and/for JUAN
PABLO CADENA SARMIENTOD and/or REATRIZ
JARAMILLO S,

domiciled in Carrera 7 No. 16-66, Piso 9, my [our)
attornay(s) in fact, with powers to receive notifications
and to dosignate judicial and axtrajudicial attornays.

’ - = - L
P Macclesfleld, Cheshite,
England <=~ f

. day ot = 7 2003
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CERTIFICADO NOTARIAL {SOGIEDAD)
i1

-ﬂ" t

H.g;/ de ) de
personalmente comparecié ante mf

8 quien conozco, y de quien ma consta que flrmd el
aivterior documento, dsbidamente juramentado declard
y dijo que él os

de

Sociedad leghlmente constituida para un perfodo da
durecién que aln no ha terminado; qua el declarente
estd autorizado por dicha compafifu para conferir esta
peder; que el selio estampado por 4l &l pie de tal podar,
en nombre y rapresentacidn de la expresada compafila,
o6 ol sollo oficial de slle; y que el objeta para el cual se
confiere este instrumanto astd comprehdido denvo del
da la sociadad.

El suscrito Noterlo haca constar que tuvo a la vista las
prusbas de la existancia da la sociedad.

Estado de
:on facha

¥ qus quian confiere el presentse poder es su
reprasantants.

Notario-Pdblico (sello)

: CERTIFICADO NOTARIAL
. + BERSONA NATURAL

Hoy de de
anta mf

, comparacid{aron)

“

o qulen {es} conozco y ma consla qug as(son) Ia{s) -
parsonals) firmantels) del documento que precede y ,
quienias} declara{n) que otorgan el mismo para igs
fines y propdsitos que en 4l se expre

NOTARIAL CERTIFICATE (CORPORATION)

3
day om bk of

On this {
parsonally appearad bgafore me

W Bt
to me known, and known to me to ba tha person who
signed tha faregoing inatrument whae being by me duly
sworh dld depose und say that he {she} Is tha

AT ve?
" Artesevecd P8

Which i legslly constltuted for a term not yat axpired.o
that deponuny ie euthorlzed by saitl Company to confar
-this Powaer of Attornay; thar the seal atfixer hereunto

by the deponent in tha nama end on bahel! of said
Corporation is the corporate seal thereof; and that
purpose for which this instrument is grented
included within the corporate purpose of company.

The undersigned Notary Public attests that he has seen
the documenta thst prove the existance of the
company, .

Siate of M

7 .
under date of o \[“‘ "‘"‘“a— 240 S

end that he (she)] who grants the present power of
attornoy fs its Representative.

B AL o

Notary Pubiic {Saal)
Lol

NOTARIAL CERTIFICATE
NATURAL PERSON

On this day of . of
personally appeared baefore me

who is{are) known to me and who | attest sxacuted
the foregoing document and he (thay} declared nhe
ithay) grant(s) the document for the uses and purposes
therain expreased,

- Notary Public (Seal)
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o APOSTILLE
+ {Hague Convention of 5 October 1961 / Convention de La iaye du 5 octobre 1961)
" UNITED KINGDOM OF GREAT BRITAIN AND NORTHERN IRELAND
Country: United Kingdom of Great Britain and Northern ireiand
Pays: Roysume-Uni de Grande-Bretagne 2t d"irlande du Nord
o,

This public document / Le présent acte public

Has been signed by J B Hodgson
a é1d signé par

Acting in the capacity of Notary Public
agissant cn qualité de

Bears the seal/stamp of  ‘The Said Notary Public
est revéty --u seeultimbre de

Centified/Attesté
at Lorgon/d Londres 6. thefle 17 February 2004

by 1%er Majesty’s Principal Secretary of State for Foreign ind Commonwealth Affairs /
par le Secrélaire d'Etat Principal de Sa }Majesté aux Affaires Etrangétcs et du Commonwesith.

Numbet/sous No G 348987

Stamp: ’ *10. Signature:  J. Jreland
& | (

For the Secresary of Sute / Posr fe Secrdsaire o Enet

IF this document is to be used in @ country which is not party to the Hague Convention of 5 October 1961,

it should be presented to the cansular section of the mission sepresenting thet country.
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TRADUCCION SIMPLE AL EéPANOL del la Apostilla que vienen junto con el Certificad
Notarial (Sociedad) y el Poder concedido por ASTRAZENECA AB, domiciliada en SE -

151 Sodertalje, Suecia a Ramiro Castro Duque y/o Juan Pablo Cadena Sarmiento y/o
Beatriz Jaramillo S, domiciliados en la Camrera 7 #16-56, P. 9, Bogota D.C., Colombia.

AUTENTICACION
(Convencion de La Haya del § de Octubre de 1961)
REINO UNIDO DE GRAN BRETANA E IRLANDA DEL NORTE

1.-Pals: Reinc Unido de Gran Bretafia e Irlanda del Norte
2, Este documento plblico

ha sido firmado por J. B. Hodgson
3. actuando en capacidad de Notario Publico
4, lleva el sello de: Dicho Notario Publico

CERTIFICADO -

5. en Londres . ' 6. el 17 de Febrero de 2004
7. por El secretario de Estado Principal de Su Majestad para Asuntos Exteriores y de la
Comunidad
8. No. G348987
9. Sello . 10. Firma

J. Ireland (Firma)

Si este documento va a ser utiliz;do en un pais que no es parte de la Convenéién de La
Haya del 5 de Octubre de 1961, debe ser presentado a la seccidn consular de la mision
que representa a ese pais.
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N@TAR A 32 *'_ r, Germén Elefzar Moreno L.

" DEL CCVLO DE SANTA FE DE BOGOTA, DC. - - - ' Notarlo

COND SECRETARID PSLEGADO RF-LA MOWARIA YREINTA Y D08 (32) DEL
CIRCALD DE BOGOYA - :

CROVIVICO  QUR:
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ﬂJFEmNTENIENﬁA 0E INDUSTRIA ¥ COMERCIO
d: 06-049388- -00000-0000 *

q B % 11 PATE“TE“"ﬂm Dee. m“UEcREMES ~
Industria y Conln e Fotos: 147
SUPERINTENDENCIA:

Delegatura de Propiedad Industrial
DIVISIon de Nuevas Creaciones

REQUISITOS NECESARlOS PARA PRESENTACION Y AGILIZACION DEL

TRAMITE
: . USUARIO RADICADOR
PATENTE DE INVENCION ( ) MODELO DE UTILIDA™ { ) ()
-Indicacién de que se solicita la concesién de una patents. ( ) - { /

-Datos de identificacion del solicitante o de la persona que se

presenta la solicitud. . () ( /
-Descripeldn de la invenclén. () (
Dibujos de ser estos pertinentes. () ()/
-Comprobante de I"ago de las tasas establecidas. _ { ) )
COMPLETA | _ INCOMPLETA ( ) T ()

DISENO INDUSTRIAL  { )

-Indlcacién de que se solicita el registro de Disefio Industrial. . ' { ) ()

-Datos de identificacion del sollcitante o de la persona que se

presenta la solicitud. ' - () { )

-Representacién graficay fotogﬁﬁca_del Diserio Industrial o mues_ira

del Material que incorpora el dlﬁeﬂo. : () ()

-Comprobante de Pago de [as tasas establecidas. () ()

COMPLETA () ' . INCOMPLETA ( ) ( ) i ( )

ESQUEMA DE TRAZADO ( )

-Indicacién de que se Solicita el registro d.e Disefio Industrial, { ) ()
-Datos de identificacion del solicitante o de Ia persona que se '
presenta la sollcitud. {
-Reprasentacién grafica del Esquema Trazado. {
{

-Comprobante de Pago de las tasas establecidas.
A

COMPLETA { ) OMPLETA ( ) { ) ()

//

Firma Responsable:

Focha:




