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LOW MOLECULAR WEIGHT BICYCLIC.
THROMBIN INEIBITORS

FIELD OF TRE INVENTION .

This invention relates to compounds useful for the
treatment of thrombotic disorders, and more particularly
to novel heterocyclic inhibitors of the enzyme thrombin.

BACKGROUND

Inordinate thrombus formation on blood vessel walls
precipitates acute cardiovascular disease states that are
the chief cause of death in economically develobed
societies. Plasma proteins such as fibrinogen, proteases
and cellular receptors participating in hemostasis have
emerged as'important factors that play a role in acute and
chronic coronary disease as well as cerebral artery
disease by contributing to the formation of thrombus or

blood clots that effectively diminish normal blood flow

and supply. Vascular aberrations stemmihg from primary
pathologic states such as hypertension, rupture of
atheroscle;otic plaques or denuded endothelium, activate

‘biochemical cascades that serve to respond and repair the

injury site. Thrombin is a key regulatory enzyme in the
coagulation cascade; it serves a pluralistic role as both
a'positive and negatiﬁe feedback regulator. However, in
pathologic conditions the former is amplified through
catalytic activation of éofactors required for thrombin
generatibn as well as activation of factor XIII necessary
for fibrin cross-linking and stabilization.

In addition to its direct effect on hemostasis, thrombin
exerts direct effects on diverse cell types that support
and amplify pathogenesis of arterial thrombus disease.

The enzyme is the strongest activator of platelets causing
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them to aggregate and release substances (eg. ADP TXA. NE)
that further propagatefthe thrombotic cycle. Platelets in
a fibrin mesh compfise the principal framework of a white
thrombus. Thrombin'also exerts direct effects on
endothelial cells causing release of vaéoc0nstrictor
substances and translocation of adhesion molecules that
become sites for attachment of immune Cells. In addition,
the enzyme causes-mitogenesis of smooth muscle cells and
proliferation of fibroblasts. From this analysis, it is
apparent that inhibition of thrombin activity constitutes
a viable therapeutic approach towards the attenuation of
proliferative events associated with thrombosis.

The principal endogerious neutralizing factor for thrombin
activity in mammals is$ antithrombin III (ATIII), a
circulating plasma maeroglobulin'having.low affinity for
the enzyme. Heparin.exerts clinical.eﬁﬁicacy in venous
thrombosis by enhanciﬁg ATIII/thrombiﬁgbinding through
catalysis. However, heparin also catalyzes inhibition of
other proteases in the coagulation cascade and its
efficacy in platelet-dependent thrombosi$ is largely
reduced or abrogated due to inaccessibility of thrombus-
bound. enzyme. Adverse side effects such as
thrombocytopenia, osteoporosis and triglyceridemia have
been observed following prolonged treatment with heparin.

Hirudin, derived from the glandular secretions of the
leech hirido medicinalis is one of the high molecular
weight natural anticoagulant protein inhlbitors of
thrombin activity (Markwardt F. Cardiovascular Drug
Peviews, 10, 211, 1992). It is a biopharmaceutical that
has demonstrated efficacy in experimental and clinical
thrombosis. A potential drawback to the use of Hirudin as
a therapeutic'agent'is=likely antigenicity and lack of an
effective method of neutralization, especiélly in view of
its extremely tight binding characteristics toward
thrombin. The exceedingly high affiniﬁy er!thrombin is
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unique and is att¥ibuted to a simnltanééﬁs interaction
with the catalytic site as well as a distal “anion binding
exosite” on the enzyme.

Thrombin activity can also be abrogated by Hirudin-like
molecules such as hirulog (Maraganore, J.M. et al.,
Biochemistry, 29, 7095, 1990) or hirutonin peptides
(DiMaio, J. et al., J. Med. Chem., 35, 3331, 1992).

Thrombin activity can also be inhibited by low molecular
weight compounds that compete with fibrinogen for
thrombin's catalytic site, thereby inhibiting proteolysis
of that protein or other protein substrates such as the
thrombin receptor. A common strategy for designing enzyme
inhibitory compounds relies on mimicking the specificity
inherent in the primary and secondary structure of the
enzyme's natural substrate. Thus, Blomback et al. first
designed a thrombin inhibitor that wés modeled upon the

. partial sequence of the fibrinogen Ao chain comprising

its proteolytically susceptible region (Blomback, et al.,
J. Clin. Lab. Invest., gg, 59, 1969). This region of
fibrinogen minimally includes the residues commencing with

phenylalanine:

~la-Asp-Ser-Gly-Glu-Gly-Asp-Phe-Leu-Ala~Glu-Gly
-Gly~Gly-Val-Arg-Gly-Pro-Arg '

T scissile bond

Systematic replacement of amino acids within this region
has led to optimization of the tripeptidyl inhibitory
sequence exemplified by the peptide (D)-Phe-Pro-Arg which
corresponds to interactions within the P.-P.-P  local .
binding sites on _ _

thrombin (Bajusz S. et al. in Peptides: Chemistry
Structure and Biology: Proceedings of the Fourth American
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Peptide Symposium, Walter R., Meienhofer J. Eds. Ann Arbor
Science Publishers Inc., Ann Arbor MI, 1975, pp 603).

Bajusz et al. have also reportéd related compounds such as
(D) Phe-Pro-Arg- (CO)H (GYKI-14166) and (D)MePhe-Pro-Arg-
(CO)H (GYKI-14766) (Peptides-Synthesis, Structure and
Function: Proceedings of the Seventh American Peptide
Symposium, Rich, D.H. & Gross, E. eds., Pierce Chemical
Company , 1981, pp. 417). These tripeptidyl aldehydes are
effective thrombin inhibitors both in vitro and in vivo.
In the case of both GYKI-14166 and'G¥KI—l4766, the
aldehyde group is presumed to contribute strdngly to
inhibitory activity in view of its chemical reactivity
toward thrombin’s catalytic Ser,. residue, generating a
hemiacetai intermediate. |

Related work in the area of thtombin inhibitory activity
has exploited the basic recognitionlbindiné motif
engendered by the tripeptide (D) Phe-Pro-Arg while
incorporating various functional or reactive groups in the
locus corresponding to the putétive scissile bond (i.e.
P1-P1’). | | |

In U.5. Patent 4,318,904, Shaw repofts chloromethyl-
ketones (PPACK) that are reactive towards Ser.. and His. .
These two residues comprise.partjof ;hrombin's catalytic
triad (Bode, W. et al., EMBO Journal 8, 3467, 1989).

Other examples of thrombin inhibitors bearing the (D)Phe-
Pro-Arg general motif are those incorporating COOH-
terminal boroarginine variants such as boronic acids or
boronates (Kettner,_C..et al., J. Biol. Chem., 268, 4734,
1993). | | |

Still other ¢ongeners of this motif are those bearing
phosphonates (Wang, C-L J., Tetrahedron Letters, 33, 7667,
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11992) and a—Ketohesters {Iwanowicz, ﬁ@d. et al.,Biocorganic
and Medicinal Chemistry Letters, 12, 1607, 1992). -

Neises, B. et al. have dgscribed a trichloromethyl ketone
thrombin inhibitor (MDL-73756) and Atténburger, J.M. et
al. have revealed a related difluoro alkyl amide ketone
(Tetrahedron Letters, 32, 7255, 1991).

Maraganore et al. (European 0,333,356; WO 51/02750; U.sS.
5,196,404) disclose a series of thrombin inhibitors that
incorporate the D-Phe-Pro- moiety and hypothesize that
this preferred structure fits well within the groove
adjacent to the active site of thrombin. Variations on
these inhibitors are essentially linear or cyclic peptides
built upon the D-Phe-Pro moiety. '

Another series of patents and patent applications have

described attempts to develop effective inhibitors against

thrombosis by using alpha-ketoamides and peptide aldehyde
analogs (EP 0333356;WO 93/15756; WO 93/22344; WO 94/08941;
WO 94/17817).

Still others have focused their attention on peptides,
peptide derivatives, peptidic alcohols, or cyclic peptides
as anti-thrombotic agents (WO 93/22344, EP 0276014; EP
C341607; EP 0291982). Others have examined amidine
sulfonic acid moieties to achieve this same end (U.S.
4,781,866), while yet others have examined para or meta
substituted phenlyalanine derivatives (WO 92/08709; WO
92/6549).

A series of Mitsubishi patents and patent applications
have disclosed apparently effective argininamide compounds
for use as antithrombotic agents. The chemical structures
described in these documents represent variations of side
groups on the argininamide compound (U.S. 4,173,630; U.S.
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4,097,591; CA 1,131,621; U.S. 4,096,255; U.S. 4,046,876;
U.S. 4,097,472; CA 2,114,153). '

Canadian patent applications 2,076,311 and 2,055, 850
disclose cyclic imino derivatives that éxhibit inhibitory
effects on cellular aggregation.

Many of the examples cited above are convefgent by
maintaining at least a linear acyclic tripeptidyl motif
consisting of an arginyl unit whose basic side chain is
required for interaction with a carboxylate group located
at the base of the P. specificity cléft in thrombin. Two
adjacent hydrophobic groups provide“additionél.binding
through favourable Van der Waals.intéractiéns within a
contiguous hydrophobic cleft on the_enzyme_surfaée
designated the P -P_ site.

One object of the present invention is to pfovide'thrombin
inhibitors that display inhibitory activity towards the
target enzyme, thrombin.

A further objéct of the present invention is to provide
thrombin inhibitors that display-inhibi;ory_activity
towards the target enzyme throﬁbin’énd are provided for in
- pharmacoiogically acceptable state.

Still a further object of the-presént inventipn is to
provide for the use of heterocyclic thrombin inhibitors
and formulations thereof as anticoagulant and thrombin

inhibitory agents.

Yet a further object of the present invention is to
provide for the use of heterocyclic thrombin inhibitors
and formulations thereof for'therapeu;ic treatment of

various thrombotic maladies.
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A further objééi‘: of the present in'vé 1ition is a process for
the synthesis of these low molecular weight thrombin
inhibitors. The enzyme inhibitors of the present invention
are encompassed by the structure of general Formula I.
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SUMMARY OF THE INVENTION

The present invention provides for novel compounds that
display thrombin inhibitory activity as reflected in

Y
x’Y\}/A\B |
<
Ry N_\.D
R, E

z

formula I:

(I)

wherein:

A is selected from (CH-R,)..,, S, SO, SO, O and NR. wherein

R, is hydrogén, C... alkyl optionally interupted with 1 or
2 heteroatoms; C;” aryl, C,. cycloalkyl or heterocyclic
ring or a hydrophobic group; '

B is selected from S, SOJ 0, -N=, NH, -CH= and CR.R.
wherein R, and R, are independently selected from
hydrogen and C.,. alkyl provided that when A is S, SO,
SO, O, or NR,, -then B is CRR-;

D is selected from (CH-R.) _ wherein R. is hydrogen, C..
alkyl or -C(O)R.; and CH with a double bond to B when B
is -N= or -CH=; _

E is selected from CH. and CH substituted with the -C(O)FR ,
provided that only one of D and E is substituted with
with -C(O)R,;

X is selected from O, N-R., or CH-R.;

Y is selected from O, S, SO, SO, N-R, and CH-R, provided
that when X is N-R, then Y is CH-R, or O, and when X is O
then ¥ is CH-R;;

Z is selected from O, S and H.;

R, is a polar amino acid residueérginyl moiety or an analog
or derivative thereof obtionally substituted with an
amino acid, a peptide or a heterocycle;
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R, is selectedhfrOm H and C.. alkyl oﬁ“ionally substituted
with C. aryl, a 6 member heterocycle or a C,. cycloalkyl

ring; _ .
, is selected from H, NRR. and C,, alkyl; and
R, and R, are independently selected from H; NR.R.; C., aryl

or C. . cycloalkyl optionally substituted with C,. alkyl;
C,.., alkyl optionally interrupted by ohe or more
heteroatom or carbonyl group and optionally substituted
with OH, SH, NRR. or a C , aryl, heterocycle or C, .
cycloalkyl group optionally substituted with halogen,
hydroxyl, C.. alkyl; an amino acid side chain; and a
hydrophobic group.

As will be appreciated from the disclosure to follow, the
molecules, compositions and methods of this invention are

-useful as anti-coagulants, or in the treatment and

prevention of various diseases attributed to the .
undesirable effects of thrombin, as well as for diagnostic

purposes.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to molecules which inhibit
the enzyme, thrombin. These molecules are characterized
by a heterobicyclic moiety as illustrated in Formula I:

R,
: <
'§7L\”/N\' D
R E
3 R,

Z Z

(1)

wherein X, ¥, 2, A, B, D, E and R. to R, are as preViously
defined. '
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The term “hydfophobic group” .(HG) as used hereinafter,
refers to any group which lacks affinity for, or displaces
water. Hydrophobic groups include but are not limited to
C.. alkyl, C.. alkenyl (e.g. vinyl, allyl) or C__. alkynyl
(e.qg. propargyl) optionally interrupted by a carbonyl
group, f(e.g. forming an acyl group); C,.. aryl, C. .
cycloalkyl, C .. aralkyl, C . cycloalkyl subetituted C. .
alkyl, wherein the aliphatic portion is optionaliy
interrupted by a carbonyl group (e.g. forming'an acyl
group) and the ring portion is optiohaliy sﬁbstituted with
C. alkyl such as methyl ethyl or t-butyl; or a hydrophobic
amino acid side chain. Preferred hydrophobic groups
include cyclohexyl, benzyl, benzoyl, phenylmethyl
phenethyl and para—t butyl-phenylmethyl

The term “arginyl moiety” represents. an arginine amino
acid residue or an analogue or derivative thereof. For
example, an analogue or derivative of the natural residue
may incorborate a longer or shorter meEhylene chain from
the alpha carbon (i.e. ethylene or butylene chain) ;
replacement of the guanidino group with a hydrogen bond
donating or accepting group (i.e. amino, amidino or
methoxy) ; replacement of the methylene chain with a
constrained group (i.e. an aryl, cycloalkyl or
heterocyclic ring); elimination of the’ terminal carboxyl
(i.e. des-carboxy) or hydroxyl (i.e.'en.aldehyde); or a
combination thereof.

The term “alkyl” represents a straight or branched,
saturated or unsaturated chain having a specified total
number of carbon atoms.

The term “aromatic” or “aryl” represents an unsaturated
carbocyclic ring(s) of 6 to 16 carbon atoms which is
optionally mono- or di-substituted with OH, SH, amino
(i.e. NR.R.) halogen or C_  alkyl. Aromatic rings include

10
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benzene, napththalene, phenanthrene a, ﬁanthracene.

Preferred aromatic rings are benzene and naphthalene.

The term ‘“cycloalkyl” represents a saturated'carbocyclic
85 ring of 3 to 7 carbon atoms which .is optionally mono- or
di-substituted with OH, SH, amino (i.e. NR.R.) halogen or
C alkyl. Cycloalkyl groups include cyclo- propyl, butyl,
pentyl, hexyl and heptyl. A preferred cycloalkyl group is
, cyclohexyl. '
10
The term "aralkyl" represents a substituent comprising an
aryl moiety attached via an alkyl chain (e.g. benzyl,
phenethyl) wherein the sum total of carbon atoms for the
aryl moiety and the alkyl chain is as specified. The aryl
15 or chain portion of the group is optionally mono- or di-
substituted with OH, SH, amino (i.e. NR.R.) halogen or C.
“alkyl |

The term “hetercatom” as used heréin represents oxygen,

20 nitrogen or sulfur (O, N or S) as well as sulfoxyl or
sulfonyl (SO or SO ) unless otherwise indicated. It is
understood that alkyl'chains interrupted by one or more
heteroatoms means that a carbon atom of the chain is
replaced with a hetercatom having the appropriate valency .

25 Preferrabl&, an alkyl chain is interrupted by 0 to 4
heteroatoms and that two adjacent carbon atoms are not
both replaced.

The term “heterocycle” represents a saturated or

30 unsaturated mono- or polycyclic (i.e. bicyclic) ring
incorporating 1 or more (i.e. 1-4) heteroatoms selected
from N, O and S. It is understood that a heterocycle is
optionally mono- or di-substituted with OH, SH, amino
(i.e. NRR.), halogen, CF, oxo or C. alkyl. Examples of

'35 suitable monocyclic heterocycles include but are not
limited to pyridine, piperidine, pyrazine, piperazine,
pyrimidine, imidazolé, thiazole, oxazole, furan, pyran and

11
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thiophene. Examples of suitable bicyclic heterocycles
include but are not limited to indole,'quinoline,
isoquinoline, purine, and carbazole. |

The term "hydrophobic amino acid" represents an amino acid
residue that bears an alkyl or aryl group attached to the

o~carbon atom. Thus glycine, which has no such group

attached to the o-carbon atom is not a hydrophobic amino
acid. The alkyl or aryl group can be substituted, provided
that the substituent or substituents do not detract from
the overall hydrcphobic character of thefamino acid.
Examples of hydrophobic amino acids include natural amino
acid residues such as alanine; isoleucine; leucine;-
phenylaianine; and nQn—naturally ocurring aminc acids ‘such
as those described in "The Peptides"”, vol. 5, 1983,
Academic Press, Chapter 6 by D.C. Roberts and F.
Vellaccio. Suitable non-naturally ocurring amino acids
include cyclohexylalanine and 1-aminocyclohexane—
carboxylic. '

By “amino acid side chain” is meant the substituent
attached to the carbon which is o to the amino group. For
example, the side chain of the amino acid alanine is a
methyl group and while benzyl is the side chain for
phenylalanine. -

Preferably R, is H or C.. alkyl. More preferably R is H,
methyl or ethyl and most preferably R is H.

Preferably, R, is H or C élkyl. More preferably, R is H.
methyl or ethyl,.and most preferably R is H.

Preferably, one of R; or R, is a hydrop’hob’ic group such as
a saturated or unsaturated carbbéycle of 5 or 6 members
optionally fused to another carbocyClic group while the
other is H, Ch,'alkyl optionally substituted by NRR. or

12
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carboxy. The hydrophobic moiety mayﬂﬁ_wlinked via a spacer
such as a C,,, alkyl chain optionally?iﬁterrupted with 1
or more (i.e. 1-4) heteroatoms, carbonyl or sulfonyl (S0.)
groups. More preferably, one of R: and R, is phenyl,
5 cyclohexyl, indole, thienyl, quinoline;
tetrahydroisoquinoline, naphthyl or benzodioxolane linked
via C,., alkyl optionally interupted with a heterocatom or a
carbonyl while the other is H, carboxymethyl or
carboxyethyl.
10
Preferably, is absent or CH.
is CH .
is CH substituted with -C(O)R. wherein R. is
15 as previously defined. _ ' '
Preferably, X is CH-R. or N-R,.
Preferably, ¥ is CH-R, or S.
Preferably, Z is O.

A

Preferably, B is S oxr CH.
Preferably, D
E

Preferably,

20 In a preferred embodiment, R, is represented by one of
formula VIa to VId: '

*

T : .
RHND/P\(J): . R"N>
Via Vib ) )o.
Vi Y07 0-8
K K
G NG
. ) -N P T
N _P @i

T
v -3 U

wherein:
. R,, is hydrogen or C.. alkyl;
25 K is a bond or -NH-;
G is C., alkoxy; cyano; -NH ; -CH.-NH.; -C(NH)-NH; -NH-
C(NH)~-NH ; -CH-NH-C(NH)-NH; a C cycloalkyl or aryl
substituted with.cyano; ~-NH , —CH;NH, -C(NH)-NH , -NH-

13
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C(NH)~-NH. or -CH.-NH-C(NH)-NH ; or a 5 or 6 member,
saturated or unsatura;ed heterocycle optionally
substituted with Cyano, -NH,, -CH.-NH, -C(NH)-NH., -NH-
C(NH)-NH or -CH.-NH-C(NH)-NH,;
5 U is cyano, -NH., -C(NH)-NH. or —NHPC(NH)—NH
P is a bond, —C(O)- or a blvalent group

_OH .
ey \\cif ' T l

I : S S
. ; CH, . or ﬁ/

J is C,. alkylene optionally substituted with OH, NH and
C  alkyl and optionally'interrupted by a heteroatom
10 selected from O, S and N;
n is 0 or 1l; and _
T is H, OH, amino, a peptide chain, C,, alkyl, C,. alkoxy,
C . aralkyl, or heterocycle optionally substituted.

15 Preferably R, is H or methyl and most préferably H.
Preferably K is a bond.
Preferably G is -NH-C(NH)-NH. attached via a methylene
chain of 3-7 carbons or phenyl substituted with -C(NH)—NH_
attached via a methylenelchain of 0 to 3 carbons. More
20 preferably G -NH-C(NH)-NH. attached via a methylene chain
of 3 atoms.
Preferablynp is -C(0O)-.
Preferably J is selected from: -CH -S-CH -CH -; -CH -O-CH -
CH -; -CH_—NH-CH_-CH_Q; and a bond when n is 0. More
25 preferably, J is a bond while n is 0.

In particular embodiments of the invention, R. is selected
from the following amino acid derivatives prepared
according to the'procedures described in Bioorg. Med.

30 Chem., 1995, 3:1145

14
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wherein n=1-6, nl=1-2, n2=0-7 and T is as previously
defined. ’

In a preferred embodiment, T is a peptide bf 1l to 4 amino

10 acid residues in length and preferably fibrinogen’s A or B
chain or fragment or derivative thereof. 1In another
preferred embodiment, T is a heterocycle selected from the
group consisting of: '

T3 {% o

X,. X,. X, and X, are each independently selected from the

15

wherein

group consisting of N, or C-X. where X, is hydrogen, C .
alkyl, or C_. aryl;

18
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ConSlStlng of C, O, N, S, N-X,, or CH X”
R’ is hydrogen, C,. alkyl optiorally carboxyl substituted,
carboxyl, -C.. alkyl-CO-C, . alkyl, C_. aralkyl, C..

5 cycloalkyl, aryl or an aromatlc heteroéycle.

Preferably T is selected from the group consisting of:

C@ C@ C@
»?J 4) @ @
SeRele!

wherein R’ is as defined above.

10

More preferably T is selected from the group consisting

faNas sy
jach sy

19
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wherein R’ is as defined above.

More preferably T is selected from the group consisting

of: .
.. N v - Fl N R
D Ty
0 Z ./ |

wherein R’ is as defined above.

Most preferably T is

wherein R’ is H or C._ alkyl such as methyl, ethyl, propyl
or butyl and most preferably wherein R’ is hydrogen,. 1In
another embodiment, T is a 1,2 thiazole optionally
substituted with R’ and\or is attached to J at the 2, 3, 4
or 5 position of the ring. -

In particular embodiments, compounds of the invention are

represented by formulas II, III, IV and V, wherein X, Y,
B, R. to R, andR, are as previously defined.

(II) | (III) R
H?\r“\ﬁ | R ”\ﬁ
o) R, o) R,

B ‘ s
(T R W AN
R; o - NH, .
o o 1 O o s

20
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In a particularly preferred embodiment, compounds of the
invention are represented by one of formulas VII, VIII, IX

and X:
R R2 ;
(VII) R, (VIII)
' N
Ry
0] R,
O
_ Rg Y Rz Rs
(IX) R (X)
4 N (CHy)n
Rs 0 ;_Fh
o)

5 wherein
B is O, S, -CH.-, or -NH-;
Y is selected from O, S, SO, SO.,, N-R and CH-R,;
R, is an arginyl moiety or an analog or derivative thereof
optionally substituted with an amino acid, a peptide or
10 a heterocycle; '
, is H or C,, alkyl;
, is selected from H, N'Rl.R7 and C,, alkyl; and
| R, and R, are independently selected from H; NRR.; C , aryl
or C. . cycloalkyl optionally substituted with C,. alkyl;
15 C.., alkyl optionally interrupted by one or more

o ow

heteroatom or carbonyl group and optionally subst:.tuted
with OH, SH, NR.R, or a C _, aryl, heterocycle or C, .
cycloalkyl group optionally substituted with halogen,
hydroxyl, C,. alkyl; an amino acid side chain; and a

20 hydrophobic group; | '

R, is hydrogen, C,. alkyl optionally interupted with 1 or 2.
heteroatoms; C_.. aryl, C,. cycloalkyl or heterocyclic
ring or a hydrophobic group; and

nis 1 or 2.

25

Preferred compounds according to formula VII include:

21
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0005 6S-benzylhexahydro-5-oxo-5H-

s
thiazolo[3,2~-a] pyridine-3R- PKN#E;JZgLﬂ o
carboxamido (propyl ' ° 0

ketoarginine)
NH
HN NH,
0010 6S-benzylhexahydro-5-oxo-SH- s
thiazolo[3,2~a] pyridine-3R-~- %\NE;];gLH o
carboxamido (butyl %0 "
ketoarginine)
NH
HﬁLNm
0015 6S-benzylhexahydro-5-oxo-5H- s
thiazolo[3,2-a] pyridine-3R- %\NE;];{LH 0 ocH
carboxamido (propylcarbmethoxy ° o ’
ketoarginine) ' °
NH
HNH,

0020 6S~-cyclohexylmethyl ' (::L\ s
hexahydro-5-oxo-5H- w[;]lglijjtviz)

thiazolo[3,2-alpyridine-3R- o

carboxamido(benzylketo

arg;nine) ' | H“ELH
0025 6S-cyclohexyl methyl s

hexahydro-5-oxo-5H~ E:j\«iggy R Sy ou

thiazolo[3,2-alpyridine -3R- ©° ETXk/\!

carboxamido (carbmethoxy ¥

propyl HN NH,
cyclodi:higketalarginine)_ '

0030 6S-cyclohexylmethyl ' [::L\ s
) . OH _C
hexahydro-5-oxo-5H~ wi;];glﬂ»jitfa
N

N
thiazolo[3,2-a]lpyridine-3R- = = ° ;5 y
carboxamido( (S) -Arg- (R} - _ Ef
pipecolilic acid) jT
- HN NH,
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0035

0040

0045

0050

0055

0060

6S-benzylhexa hydro-5-oxo-5H-

thiazolo [3,2~-alpyridine-3R-
carboxamido (carboxamidopropyl

- cyclodithioketal arginine)

6S-cyclohexylmethylhexahydro-
5-oxo-5H-thiazolo[3,2-
alpyridine~3R-

carboxamido( (S)-Arg
nipecotamide)

6S-cyclohexylmethylhexahydro-~
5-oxo-5H~thiazolo([3, 2~
alpyridine-~3R-~
carboxamido ( (S)Arg
isonipecotamide)

6S-benzylhexahydro-5~oxo-5H-
thiazolo[3,2-a]pyridine-3R-
carboxamido (carboxamidopentyl
cyclodithioketal arginine)

GS-benzylhexahydro-5-oxo—5H—
thiazolo[3,2-a]pyridine—3R-
carboxamido (carbmethoxy
propyl cyclodithioketal
arginine) '

6S~-cyclohexylmethylhexahydro-
5-oxo-5H-thiazolo[3,2~-
a)pyridine-3R~carboxamido(1-
carboxy-3-thiobutyl
ketoarginine)

i @\ 8
4 ol N i g s,_.‘s
°© &)
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NH,
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NH

HN NH,

HN “NH,

OH



WO 96/19483

0065

0070

0075

0080

0085

00380

6S-cyclohexylmethylhexahydro-
5-oxo-5H-thiazolo {3, 2-
a)lpyridine-3R-carboxamido(1l-
carboxy-3~thiobutyl
ketoarginine)

6S-cyclohexylmethylhexahydro-

5-oxo-5H~thiazolo[3, 2-
alpyridine-3R-carboxamido(1-.
carboxy-2-methyl-3-thiobutyl
ketoarginine)

6S-cyclohexylmethylhexahydro-
5-0x0~5H-thiazolo[3,2-

a]lpyridine-3R-carboxamido( (3-

thiobutyl sulfonic acid)
ketoarginine)

6S-cyclohexylmethylhexahydro-
5-oxo-5H-thiazolo[3,2-
a]pyridine-3R—-'

carboxamido (iso-quinolinium
methyl ketoarginiﬁe)

6S-cyclohexylmethylhexahydro- -

5-oxo-5H-thiazolo(3,2-
alpyridine-3R-

carboxamido (propylcarbmethoxy
ketoarginine)

6S~-cyclohexylmethylhexahydro-
5-oxo-5H~thiazolo[3,2-
alpyridine-3R-"
carboxamldo((propylketo)Arg-
Phe-Arg-NH )

PCT/CA95/00708
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6S-benzylhéxahydro-5-oxo-5H- .
thiazolo[3,2-alpyridine-3R-
carboxamido ( (propanoic acid)
ketoarginine)

6S~benzylhexahydro-5~oxo-5H-
thiazolo[3,2-alpyridine-3R~
carboxamido (propyl
carbmethoxy ketoarginine)

6S-cyclohexylmethylhexahydro- N NS

5-oxo-5H-thiazolo [3,2- \/'\-“‘\!f"‘in
alpyridine-3R-carboxamido (o- °oc os
benzothiazolo keto arginine); \ h_;(:i?
and . : HN:{

. : NH,
65-cyclohexylpropylhexahydro-~ (A§ o S
5-oxo-5H~-thiazolo [3,2- \“«\/A\”\rN‘iN ,
alpvridine-3R- ' _ °0 o
carboxamido (propylcarbmethoxy - £T~)gi

HN OCH,

ketoarginine) )
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0205

0210

0215

0220

6-Benzyl-5-oxo~-hexahydro- |

thiazolo[3,2-alpyridine-3-
carboxylic acid [1-
(benzothiazole-2-
carbonyl) -4-guanidino-

butyl]-amide

6-Benzyl-5-oxo-hexahydro-~
thiazolo[3,2-alpyridine-3-
carboxylic acid [1-
(benzothiazole-2-
carbonyl)-4-guanidino-

but;.yl]—amide

6-Benzyl-5-oxo-hexahydro-
thiazolo[3,2-alpyridine-3-
carboxylic acid [1-
(benzothiazole-2-
carbonyl)-4-guanidino-

butyl]-amide

6-Benzyl-8a-methyl-5-oxo-
hexé.hydro—thiazolo[3 , 2-
alpyridine-3-carboxylic
acid [1- (benzothiazole-é-
carbonyl)-4-guanidino-

butyll-amide

26
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0225 8a-Methyl-5-oxo-6- 7;?} /«3fs
phenethyl-hexahydro- , d\’\(N N o 'NK)
thiazolo[3, 2-a]pyridine-3'.— o e)ﬂs
carboxylic acid [1- NH™ ~NH,
(benzothiazole-2- :
carbonyl)-4-guanidino-

butyl]-amide

0230 8a-Methyl-5-oxo-6- (~§fs )
phenethyl-hexahydro-~ y/\ ‘NN{N \/u\(,N
thiazolo]3, 2-alpyridine-3- 6 T NH s:©

0]
carboxylic acid [1- NH™ ~NH,

(benzothiazole-2-
carbonyl)-4-guanidino-

butyl}-amide

0240 8a-Methyl-5-oxo-6~(2- gL Me
a. ethy ox (. CF, 'N‘ /\LS
trifluoro methyl-gquinolin- w‘\/N >N\/LN©
6~ylmethyl) -hexahydro- . o Y S N S
thiazolo[3,2-a] pyridine-3- - ° NH™ “NH,
carboxylic acid [1-
(benzothiazole-2-
carbonyl)-4-guanidino-
_ butyl]-amide
0245 6-Benzyl-5~oxo-hexahydro-~ H
_ _ L ANE-S
thiazolo[3, 2~-alpyridine-3- ©\ ~_N n\j}\(N
carboxylic acid [4- ' 6 ¥ EJ 's]
guanidino-1-(thiazole-2~ O ~aH
' HN NH

carbonyl)butyl]-amide

27
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0250

0255

0260

0265

0275

6-Benzyl-5-oxo-hexahydro-
thiazolol(3, 2—a]pyridiné—3—
carboxylic acid [4-
guanidino-1l-(thiazole-2-

carbonyl)butyl]-amide

6-Benzyl-5-oxo~hexahydro-
thiazolo[3,2-alpyridine-3-
carboxylic acid [4-
guanidino-1-{(l-methyl-1H
imidazole-2-
carbonyl)butyl]-amide
6-Benzyl-8a-methyl-5-oxo-
hexahydro-thiazolo[3, 2-
ajpyridine-3-carboxylic
acid [4-guanidino-1-
(thiazole-2-carbonyl) -

butyl]-amide

5-0x0-6-(3~cyclohexyl-
propyl) -hexahydro-
thiazolo[3, 2-a]pyridine-3-
carboxylic acid [4-
guanidino-1-(thiazole-2-

carbonyl)butyl]-amide

8a-Methyl-5-oxo-6-(3-
phenyl-propyl) -hexahydro-
thiazolo[3, 2-alpyridine-3-
carboxylic acid [4-
guanidino-1-(thiazole-2-

carbonyl)-butyll-amide

28
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0280

0285

0295

0305

-'8a-Methyl—5—oxo-6- {3~

phenyl-propyl) -hexahydro-
thiazolo|[3, 2~-ajpyridine-3-~
carboxylic acid [4-
guanidino-1l-({thiazole-2-

carbonyl) -butyl]-amide

8a-Methyl-5-oxo-6~(2-
trifluoromethyl-quinolin-
6-ylmethyl) -hexahydro-
thiazolo[3,2 —a]pyridine—3 -
carboxylic acid [4-
guanidino-1-( thiazole¥2-

carbonyl)-butyl]-amide

6-(1,3~Dioxo-1,3~dihydro-
isoindol~-2-yl)-5-oxo-
hexahydro-~thiazolol|3, 2~
alpyridine-3-carboxylic
acid [4-guanidino-1-
(thiazole-2-carbonyl) -
butyl]—amide

5-0x0~6- (3-phenyl-
propionyl amino)-hexahydro
thiazolo[3, 2-alpyridine-3-
carboxylic acid [4-
guanidino-1-~{(thiazole-2-

carbonyl) ~-butyl]l-amide

PCT/CA95/00708

NH’lLNH2
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0315 5-0xo0-6-(3-phenyl- o r\ii’s
propionyl amino)-he‘xahydro Q/\r\ N\g/m\/ﬁ\(’N]
thiazolo[3,2-alpyridine-3- NH o I S
carboxylic acid [4- _ NH™ “NH,
guanidino-1-(thiazole-2- !

carbonyl)-butyl]-amide

More preferred compounds according to formula (VII)

include: . |

0085 GS—cyclohexylmethylhexahydro—5¥oxo-5H-thiazolo [3,2-
alpyridine-3R-carboxamido ( propylcarbo
methoxyketoarginine) ;

0090 6S-cyclohexylmethylhexahydro-5-oxo- SH-thiazolo[3,2-
alpyridine-3R- carboxamldo( (propylketo)Arg—Phe-Arg-
NH)) ; '

0095 6S-benzylhexahydro-5-oxo-5H-thiazolo[3, 2-a]pyridine-
3R-carboxamido ( (propanoic acid). ketoarginine) ;

0105 GS-cyclohexylmethylhexahydro—5-oxo'-5H-thiazblo [3,2-
alpyridine-3R-carboxamido (o-benzothiozolo keto
arginine) ;.

0210 6-Benzyl-—5-oxo-hexahydfo-—thiazolo’[B 2-ajpyridine-3-
carboxylic acid [1-(benzothiazole-2-carbonyl)-4-
guanidino-butyl]-amide;

0220 6-Benzyl-8a-methyl-5-oxo-hexahydro-thiazolo|3,2-
alJpyridine-3-carboxylic acid |1-(benzothiazole-2-
carbonyl)-4-guanidino-butyl]-amide; 0240 8a-Methyl-5-
oxo-6-(2-trifluoromethyl-quinolin-6-ylmethyl) -
hexahydro-thiazo_lo[3}2-—a]pyridine—3-carbo$cylic acid [1-
(benzothiazole-2-carbonyl)-4-guanidino-butyl]-amide;

0245 6-Benzyl-5-oxo-hexahydro-thiazolo[3,2-alpyridine-3-
carboxylic acid [4-guanidino-1-(thiazole-2-

carbonyl)butyl]-amide;
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6-Benzyl48a-methyl-5-oxo-hexahyé§d=thiazolo[B,2—
alpyridine-3-carboxylic acid [4-guanidino-1-(thiazole-~
2-carbonyl)-butyl]-amide;
5-Ox6—6—(3—cyclohexy1—propyl)—hexahydro—thiazolo[3,2—
amwridine-3-carboxylic acid [4-guanidino-1-(thiazole-
2-carbonyl)butyl]-amide;
8a-Methy1-5—oxo-6—(2—trifluoromethyl—quinolin-6-
ylmethyl) ~-hexahydro~thiazolo|[3, 2-alpyridine-3-
carboxylic acidlA—guanidino—l—(thiazole-z-carbonyl)—
butyl]}-amide; and

5-0x0-6- (3-phenyl-propionylamino)-hexahydro
thiazolo|[3,2-alpyridine-3-carboxylic acid {-4-guanidino—

1-(thiazole-2-carbonyl)-butyl]-amide.

preferred compounds according to formula VII include:
6S-cyclohexylmethylhexahydro-5-oxo-5H-thiazolo(3,2-
a]pyridine-3R-carboxamido (propylcarbo methoxy
ketoarginine); and '
6S-cyclohexylmethylhexahydro-5-oxo-5H~thiazolo [3,2-
alpyridine-3R~carboxamido (0-benzothiozolo keto

arginine).
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Preferred compounds according to formula VIII include:

0325

0330

0335

0340

octahydro-pyrrolo[l, 2-
. © ’\% Ho
alpyridine-6-carboxylic acid (g N N

[1- (benzothiazole-z-carbonyl )~

3-Aminomethyl-2-benzoyl-4-oxo- Q
N

4-guanidino-butyl]-amide A NH,
3-Aminome tihjrl -4-0x0-2- ' :
phenylacetyl-~octahydro-- -
' o A Ho
pyrrololl, 2-ajpyrazine-6- : NN BN
. . NH, ° 0 s-@
carboxylic acid [1- '
(benzothiazole-2-carbonyl)-4- H:‘S‘N*-
guanidino-butyl]-amide
2-Benzoyl-4-oxo-octahydro- i o H
rrolo[l, 2-alpyrazine-6- @H‘\'f 0
jo's | Ioy | o N\)I\(,N]
carboxylic acid [4-guanidino- 0 5 <—pr: $
l1-(thiazole-2-carbonyl) - NH==NH,
butyl]-amide
4-0x0-2- (3-phenyl-propionyl) - o H
N
octahydro-pyrrololl, 2- , @\)\ o)
y pY [ \j"‘Q/N\/k(,N]
alpyrazine-6-carboxylic acid _ °© 9 NH S
NH=~NH,

[4-guanidino-1-(thiazole-2-

carbonyl) -butyl]-amide

32
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0345

0350

0355

0365

0370

4-0x0-2- (3-phenyl-propionyl) - i

octahydro-pyrrolo[l, 2-
alpyrazine-é6-carboxylic acid
[4-guanidino~1-(5-methyl-
thiazole-2-carbonyl) ebutyl]-;

amide

2-(3-Cyclohexyl-propionyl)-4-
oxo- octahydro-pyrrolofl,2-
alpyrazine-6~carboxylic acid
[{4~guanidino-~1-(2-thiazole-
carbonyl) ~butyl]-amide
5-0x0-7- (3-phenyl-propionyl) -
octahydro-2-thia-4a, 7-diaza-~
naphthalene-4-carboxylic acid_
[4-guanidino-1-(thiazole-2-
carbonyl) -buﬁyl]-amide
4-0x0-2- (4~phenyl-~-butyryl) -
octahydro-pyrrolo[l, 2-
alpyrazine-6-carboxylic acid
[4-guanidino-1-(thiazole-2-
cariaonyl ) -butyl]-amide
4-0Oxo-2-phenylacetyl-~
octahydro-pyrrolo[l, 2~
ajpyrazine-6-carboxylic acid
[4-guanidino-1-{(thiazole-2-

carbonyl) -butyl]-amide

33
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0375

0380

0385

0390

0395

2-(2-Amino-3-phenyl-
propionyl)-4-oxo-octahydro-
pyrrolo[l,2-a] pyrazine-6-

carboxylic acid [4-gua_.nidin_o—

l-(thiazole-2-carbonyl)-

butyl]-amide
2-[2-Amino-3- (4~hydroxy-
phenyl) -propionyl]-4-oxo-

octahydro-pyrrolo[l, 2-a]

pyrazine-6-carboxylic acid [4-

guanidino-1-(thiazole-2-

carbonyl)-butyl]-amide

2-[2-Amino-3-(4-fluoro-~

phenyl) -propionyl]-4-oxo-

octahydro-pyrrolo[l, 2—é] |

pyrazine-6-carboxylic acid [4-

guanidino-1-(thiazole-2-

carbonyl)-butyl]-amide

4-0x0-2-(3 -phenyl-propyi ) -
octahydro-pyrrolo[l, 2-a]

pyrazine-6-carboxylic acid [4-

guanidino-1l-(thiazole-2-"

carbonyl)-butyl]-amide

2-|2-Amino-3~-(1H-indol-3-yl) -.

propionyl]-4-oxo-octahydro-

pyrrolo[l, 2-alpyrazine-6-

carboxylic acid [4-guanidino-

l1-({thiazole-2-carbonyl) -

butyl]-amide

SUBSTITUTE SHEET

1

PCT/CA95/00708

e

(o]

L HN



1

WO 96/19483

0400

0405

0410

0415

0420

4-0x0-2- (3-thiophen-3-yl-
propionyl)-octahydro-
pyrrolol[l, 2-a}] pyrazine-6-
carboxylic acid'.[4-guanidino-
1-(thiazole-2~carbonyl)~
butyl]-amide

4-0xo0~-2~ (3—thiophen-2'—y1-
propionyl)~octahydro-
pyrrolofl,2-a] pyrazine-6-

carboxylic acid [4-guanidino-~

l-{thiazole-2~carbonyl) -
butyl]-amide

2-(3-1 H-Imidazol-4-yl-
propionyl) -4-oxo-octahydro-
pyrrolo[l,2-a] pyrazine-6-~
carboxylic acid [4-guanidino-
1-(thiazole-2-carbonyl) -
butyl]-amide

2-(2-Amino-3-thiophen-3-yl-
propionyl)-4-oxo-octahydro-
pyrrolol[l,2-a}] pyrazine-6-
carboxylic acid [4-guanidino-
l-(thiazole-~-2~-carbonyl)-
butyl]-amide

4-0x0-2-(1,2,3, 4-tetrahydro-
isoquinoline-3—ca_.rbonyl) -

octahydro-pyrrolo[l, 2-a] |

pyrazine-6-carboxylic acid [4-

guanidino-1-(thiazole-2-

carbonyl) -butyl]-amide

PCT/CA95/606708

(/T\)LNJI,
! .
=Yy
(o] HN .

e
NH ’ [e)

H,N
NH
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0435

2~ {Hydroxy-phenyl-acetyl)-4-
0X0-0C tahydro-jpyrrolo[l , 2~-a]l
pyrazine-6-carboxylic acid [4-
guanidino-1-(thiazole-2-
carbonyl) -butyl]-amide

2- (2-Hydroxy-3-phenyl-
propionyl) -4-oxo-octahydro-
pyrrolo[l, 2-a] pyrazine-6- .
carboxylic acid [4-guanidino-
l1-(thiazole-2-carbonyl)-
butyl]-amide

4 —on—z -phenoxyacetyl-
octahydro-pyrrolo[l, 2-a]

pyrazine-6-carboxylic acid [4-

guanidino-1-(thiazole-2--

carbonyl)-butyl]-amide
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0440 4-0x0-2-(3-phenoxy-propionyl) - i o
S @“O’\)LN/"
ocatahydro-pyrrolo[l, 2- Q
aJpyrazine-6é-carboxylic acid [4- o s:?
guanidino-1-(thiazole-2- | _ ™ o
carbonyl) -butyl]-amide ' NH
0445 4-~-0x0-2-(2-phenyl- oQ

Sa, A1,
ethanesulfonyl)-~octahydro-~ @/\/ ’HI:Q
(o]
(o]

pyrrolofl, 2~-a]l pyrazine-6-

carboxylic acid [4-guanidino-1- L )
(thiazle-2-carbonyl)-butyl]- NH
amide '
0450 2-(Naphthalene-2-sulfonyl)-4- oR
i . s\N/I,
oxo~octahydro-~pyrrolo[l, 2-a] kn’Q
pyrazine-6-carboxylic acid [4- L0 s:\?
guanidino-1-(thiazole-2- H.N-\(NH o
carbonyl) -butyl]-amide NH
0455 4-(6-[4-Guanidino-1-(thiazole-2- :
(4]
carbonyl) -butylcarbamoyl]-4~oxo- uu\,i’L s
. > N (4
hexahydro-pyrrolofl, 2-a] "ﬁ/"" Q A
pyrazin-2yl)-4-oxo-3-(2 propyl o~ ¢ T =i
-pentanoylamino)-butyric acid : Mg o
methyl ester ' nH
0460 4-0x0-2- (3-phenyl-~propionyl) - Q

A,
octahydro-pyrrololl, 2-a] ' ©/\)LNKR«Q
: (e} HN

pyrazine-6~-carboxylic acid [4-

o
guanidino-~1)-butylj-amide H:N.\(”“/\)

0465 4-0x%0-2-(3-phenyl-propionyl)- o

: A,
octahydro-pyrrolofl, 2-a] - @/\/‘L,erN
o]

pyrazine-6-carboxylic acid [3-

guanidino-propyl) -amide HN
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0470

0475

0480

0485

0490

0495

4- (6-[4-Guanidino-1-(thiazole-2-

carbonyl) -butylcarbamoyl]-4-oxo-~

hexahydro-pyrrolo[l, 2-alpyrazin
2-yl)-4-oxo-butyric acid
4-0x0-2-(3 -phenyl—propioﬁyl) -
octahydro-pyrrolo[l, 2-
alpyrazine-é6-carboxylic acid |1-
(5-ethyl-thiazole-2-carbonyl) -
4-guanidino-butyl]-amide
4-0x0-2-(3 —phényl -propionyl) -
octahydro-pyrrolofl, 2-
alpyrazine-6~-carboxylic acid [4-
guanidino-1-( 5-methyl—th_iazole¥
2-carbonyl) —butyi]-—émide '
4-0x0-2-(3 —phen'jl-p:_:opioriyl ) -
octahydro-pyrrolo[l, 2- |
aljpyrazine-6-carboxylic acid [4-
guanidino-1-(4-methyl-thiazole-
2-carbonyl) -butyl]-amide
4-0x0-2-(3-phenyl-propionyl)- .
oc ta_hydro-pyrrolo[l ,2-
alpyrazine-6-carboxylic acid|l-
(4-ethyl-thiazole-2-carbonyl) -
4-guanidino-butyl]-amide | |
4-0x0-2- (3-phenyl -pfdpiony]_. ) -
octahydro-pyrrolo[l, 2-
alpyrazine-6 —c'arboxylic acid (4-

carbamimidoyl-pheny) -amide

PCT/CA95/00708
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0500 4-Oxo-2- ('3.—phenyl—'propionyl) - o : o
octahydro-pyrrolofl, 2~ : wt;g
alpyrazine-6-carboxylic acid [4- _ ° }’B\«L\N
guanidino-1- ( 5-phenyl-thiazole~, rg:««"“ °
2-carbonyl)-butyll-amide "

0505 4-Oxo-2-(3-phenyl-propionyl)- B o
octahydro-pyrrolo[l, 2- @A)k"(‘;}:i
alpyrazine-6-~carboxylic acid [1- ° oM s‘\u
(5 Qbenzyl-thiazole-z-carbonyl )y~ u_.N.«NH ©

4-guanidino-butyl]-amide

0510 4-0xo-2-(3-phenyl-propionyl)-
octahydro-pyrrolofl, 2-
alpyrazine~6-carboxylic acid [1-
(4-carbarnimidoyl-benzyl)-2- '

oxo-2-thiazol-2 —yl-elthyl]—amide'

0515 4-0xo0-2~(3-phenyl-~propionyl)-
octahydro-pyrrolofl, 2~
alpyraz ine—6-carbdxyl ic acid l.l-
(3-carbamimidoyl-benzyl) -2-oxo-

, 2-thiazol-2-yl-ethyl]-amide

0520 4-0xo0~2~(3-phenyl-propionyl)-
octahydro-pyrrolo[l, 2.—
alpyrazine-6-carboxylic acid (1-
(1-carbamimidoyl-piperidin-4-
ylmethyl)-~2-oxo-~2~thiazol-2-yl-
ethyl]-amideﬂ |

0525 4-0xo0-2-(3-phenyl-propionyl)-
oc tahydrb-pyrrolo[l ,2-
alJpyrazine-6-~carboxylic acid [i-

(1-carbamimidoyl-piperidin-3-

vlmethyl)-2-oxo-2-thiazol-2-yl-
ethyl]-amide
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0530

0535

0540

0545

- 0550

4-0x0-2-(3-phenyl-propionyl) -
oc tahydro—pyrrolb[l ,2-
alpyrazine-6-carboxylic acid [1-
(l-carbamimidoyl-piperidin-2- |
ylmethyl)-2-oxo~2-thiazol-2-yl- .
ethyl]-amide _
[6-[4-Guaf1idino—l- (thiazole-2-
carbonyl) -butylcarbamoyl]-4-oxo-
2-(3-phenyl-propionyl) -

oc tahydro;pyrrolo[l , 2-

alpyrazine-3-yl]-acetic acid

3-[6-[4-Guanidino-1-( thiazole-2-
carbonyl) -butylcarbamoyl]-4-oxo-
2-(3-phenyl -propionyl )~

oc tahydr_c.:».'-pyrrolo[l ,2-alpyrazin-

3-yl]-propionic acid

[6-[1-(1-Carbamimidoyl-piperin-
4-ylmethyl) %2—oxo-2-thiazol-2 -
yl-ethyléarbamoyl]-4éoxo-2-' (3-
phenyl-propionyl)-octahydro- |
pyr'i:olo[i ,2-alpyrazin-3-yl)-
acetic acid

3-[6-[1- (1-Carbamimidoyl-
piperidin-4-ylmethyl)-2-oxo0-2-
thiazol-2-yl4ethylcarbamoyl]—4-
oxo-2-(3-phenyl-propionyl) -’

oc tahyd_ro-py:'rrolo[l , 2 '-ai]pyraz_ in-

3-yl)-acetic acid .

2
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0555

0560

0565

0570

0575

[6-[1- (1-Carbamimidoyl-

 piperidin-3-ylmethyl)-2-oxo-~-2-

thiazol-2-yl-ethylcarbamoyl]-4-~
oxo-2-(3-phenyl-propionyl) -~
octahydro-pyrrololl, 2-alpyrazin-
3-yl)-acetic acid
[6-(3-Guanidino~
propylcarbamoyl)~-4-oxo-2- (3~
phenyl-propionyl)-octahydro-
pyrrololl,2-alpyrazin-3-yl) -

acetic acid

- 3-[6~(3-Guanidino-

propylcarbamoyl) -4 —oio—z ~{(3-
phenyl-propionyl)-octahydro-
pyrrolo[l, 2-alpyrazin-3-yl) -
propionic acid

4-0x0-2- (3-phenyl-propionyl) -
octahydro-~pyrrolofl, 2~
alpyrazine-6-carboxylic acid [4-
guanidino-1-~(thiazolc-2-

carbonyl) ~butyl] -methyl-amide

4-0%0-2-(3 —phenyl-prdpionyl ) -
octahydro-pyrrolo[l, 2-
aJpyrazine-6-carboxylic acid [1-
{l1-carbamimidoyl ;piperidin— 4~
ylmethyl)-2-oxo-2-thiazol-2-yl-
ethyl]-methyl-~amide
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. [6-([1-Carbamimidoyl-piperidin-

A

PCT/CA95/00708

4-y1methyl )-2-oxo-2-thiazol~2-
yl-ethyl] -'Ihethyl—carbamoy_l ) -4-
oxo-2-(3-phenyl-propionyl)- .
octahydro-pyrrolo[l,2 —a]pyraé in-
3-yl]-acetic-acid _ _'
4-0x0-2~( 3 -phenyl-propionyl) -
octahydro-pyrrolo[l, 2- | '
alpyraz iﬁe—G-carboXyiic acid [1-
(1-carbamimidoyl-piperidin-3-
yvimethyl)-2-oxo-2-thiazol-2-yl-
ethyl]-methyl-amide

4-0x0-2-~(3 fphényl-propiéanyl ) -

octahydro-pyrrolofl, 2~ ' _ kﬂ'g
o - o,
alpyrazine-6~carboxylic acid (3- ©
guanidino-propyl)-methyl-amide ' i
=
HN
2- (Naphthalene-2-carbonyl)-4- -~ . o
o NT :
oxo-octahydro-pyrrolo[l, 2- - krfg A
. . ' ' ) NN
aljpyrazine-6-carboxylic acid [4- ' O
guanidino-1-({thiazole-2- '
carbonyl) -butyl]-amide “-"\(,r_‘“
2~ (Naphthalene-l—c_a'rbbnyl) —4.... | “.
oxo-octahydro-pyrrololl, 2- O “”"‘Q
a]lpyrazine-6-carboxylic acid [4- R f‘S
guanidino-l-F {thiazole-2-
carbonyl)-butyl]-amide : _ “N=(N“
hai.
42
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0605

0610

0615

0620

0625

2~ (3-Naphthalen-1-yl-
proplonyl) 4-oxo-o'ctahydro—
pyrrolo[l, 2-alpyraz ine-6-
carboxylic acid [4~-guanidino-1-
(thiazole-2-carbonyl)-butyl]- |
amide

2~ (4-tert-Butyl-benzoyl)-4-oxo-~

_ octahydfo-.—pyrrolo[l , 2=

alJpyrazine-6-carboxylic acid [4-
guanidino-1-(thiazole-2- |
carbonyl)~-butyl]-amide
2-(Benzo|l, 3]dioxole-5-
cérbonyl) -4-0x0-octahydro-
pyrrolo[l, 2-alpyrazine~6-
carboxylic acid [4-guanidino-1-
(thiazole-2~carbonyl)-butyl]-
amide

2- (3-Benzo[1l, 3]dioxol-5-yl~
propionyl)-4-oxo-octahydro-
pyrrololl,2-alpyrazine-6-
carboxylic acid [4-guanidino-1-
( tﬁiazole—z-carbonyl) -butyl]-
amide :

2-[2-— (2-Methyl-benzylidene) -but-
3-enbyl]-4-oxo—octahydro—
pyrrolo[l, 2-ajpyrazine-6-
carboxylic acid [1-(1-
carbamimidoyl-piperidin-3-
yvlimethyl)-2-oxo-2-thiazol-2-yl-
ethyl]-amide
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2-[2- (2-Methyl-benzylidene) -but-

. O
. Nl ’
3-enoyl]-4-oxo-octahydro-~- KRR Kn,Q s
(o] HN
_' o o O

pyrrolo[l,2 -alpyrazine-6-
carboxylic acid [1-(1-
carbamimidoyl-piperidin-4-
ylmethyl)-2-oxo-2-thiazol-2-~yl-
ethyl]-amide ' '

2- (2-Benzylidene-pent-3-enoyl)- .° o
. . N/ll
4-oxo-octahydro-pyrrolo[l,2- - - kn’

a]pyrazine-G-carboxylic acid (3-

guanidino-propyl)-amide
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0640

0645

0650

0655

0670

4-0x0-2- 3-phenyl-propionyl) =
octahydro-pyrrolo|l, 2-ajpyrazine-
6-carboxylic acid 4-
carbamimidoyl-benzylamide

4-0x0-2-(3 -phenyl-propiohyl )~

oc tahydro—pyrrolo[l . 2-alpyrazine-
6¥carboxylic acid [4-imidazol-1-
yvl-1-(thiazole-2-carbonyl)-
butyl]-amide

4-0x0-2-(3 -phehylépropidnyl ) -

6c tahydro-pyrrolofl, 2-alpyrazine-
6-carboxylic acid [4- (2-amino-
imidazol-1-yl)-1-(thiazole-2-
carbonyl)-butyl]-amide

4-Ox0-2- (3-phenyl-propionyl) -

~ octahydro-pyrrolo[l, 2-alpyrazine-

6-carboxylic acid [3-(2-amino-6-
methyl-pyrimidin-4-yl)-1-
(thiazole~2~-carbonyl) -propyl]-

amide

4-0x0-2- (3-phenyl-propionyl) -
octahydro-pyrrolo[l, 2-alpyrazine-
6~carboxylic acid [3-(2-amino-6-
chloro-pyrimidin-4-yl)-1-
(thiazole-2-carbonyl)-propyll]-

amide

PCT/CA95/00708
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0675 4-0xo0-2-(3-phenyl-propionyl) -
octahydro-pyrrololl, 2-a]pyra'zin_e-
6-carboxylic acid [3-(6-amino-
pyridin-2-yl)-~1-(thiazole-2-~
carbonyl)-propyl]-amide

0680  4-Oxo-2-(3-phenyl-propionyl)-
oc tahydro—pYrrolo[l ,2-alpyrazine~
6-carboxylic acid [3- (2-amino- -
pyridin-4-yl)-1-(thiazole-2-
carbonyl) -propyl]-amide |

0685 4-0x0-2~ (3_-_pheny1-propionyi) -
octahydro -p_y:_rrolo[l ,2-alpyrazine-

6-carboxylic acid [2-(2 ?ar_nino.—

pyridin-4-yl)-1-(thiazole-2-

carbonyl) -ethyl]-amide

0690 4-0x0-2-(3 —phenyl-propionyl )= ,
: : i . #,
' octahydro-pyrrolo|l, 2-alpyrazine- %Q A
’ Co. C \ N7
6-carboxylic acid [2-(6-amino- PR

pyridin-2-yl)-1-(thiazole-2-

carbonyl)-ethyl]-amide

0695  2-[4-Oxo-2-(3-phenyl-propionyl)- )
: . N
octahydro-pyrrolo[l,2-alpyrazine- @\IK

6-carbonyl]-3-(thiazole-2- | o
carbonyl)-1,2,3,4~tetrahydro- _ HN el
. i . . - \’J

isoquinoline-6-carboxamidine
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wey

HrQ

. (6] (o]

6~-carbonyl]-3-(thiazole-2- "‘L@{ _
N

carbonyl)-1,2,3,4-tetrahydro~ ' K SN

O

0700  2-[4-Oxo-2-(3-phenyl-propionyly- =

octahydro-pyrrolo[l, 2~ajpyrazine-

isoquinoline-7~carboxamidine

0705  N-[1-[4~Ox0-2-(3-phenyl- R,
. . N (4
. propionyl) ~octahydro- ©/\)L'\",Q
pyrrolo{l, 2-alpyrazine-6- o ,N._J:‘H'O N °o
’ NH

carbonyl]-5-~(thiazole-2-~ Ay
=J
carbonyl)-pyrrolidin-3-yl]-

guanidine

0710 4-Oxo-2-(3-phenyl-~propionyl)~ it

N’h
octahydro-pyrrolo[l, 2-ajpyrazine- @J HI'N
w WY

6-carboxylic acid [1-(4-amino- AP Y N

(¢

cyclohexyl) ~-2~oxo-2~-thiazol-2-

HN

yl-ethyl]-amide

0715 4-0x0-2- (3-phenyl-propionyl) - o .,
octahydro-pyrrolofl, 2—a}pyraz ine- ©/\)L"L‘rlg N
6-carboxylic acid [1-(4-amino- O
cyclohexylmethyl)-2-ox0-2-~ ' ‘
t_:hiazol—Z—yl—ethyl]-amide

iy

0720 4-0x0-2-(3-phenyl-propionyl)~ i _,
octahydro-pyrro;o[l ,2-ajpyrazine- @I\A NH;Q
6~-carboxylic acid [1-(4-amino- ¢ g7
benzyl)-2-oxo-2-thiazol-2-yl-
ethyl]~amide '

'Y
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4-0x0-2- (3-phenyl-propionyl) - : 0 '
AN L]

octahydro-pyrrolo[l, 2-alpyrazine- @J%Q

6-carboxylic acid [1-(4- I

aminomethyl-benzyl) -2 ~0X0-2-

thiazol-2-yl-ethyl]-amide

4-0x0-2- (3—phenyl-—propidnyl ') - _ o
”t,

octahydro-pyrrolol[l, 2-alpyrazine- ©/\)L Nkn,l?

6-carboxylic acid [1-(3- S 7

aminomethyl-benzyl)-2-oxo-2-

thiazol-2-yl-ethyl]-amide

4-Ox0-2- (3-phenyl-propionyl) - 0

P
octahydro-pyrrolo[l, 2-alpyrazine- @z\)LNk'rQ
6-carboxylic acid (2-oxo-1-

5
piperidin-4-ylmethyl-2-thiazol- ' g{.
2-yl-ethyl) -amide '

4-0x0-2- (3-phenyl-propionyl) - : 0
Nl
octahydro-pyrrolol|l, 2-alpyrazine- ©/\)Ll\'r@
| N
HN

' 6-carboxylic acid (2-oxo-1- : O "?
piperidin-3-yl-2-thiazol-2-yl- HN o
ethyl)-amide '
4-0x0-2- (3-phenyl —prbpionyl ) - ' a
octahydro-pyrrolo[l, 2-alpyrazine- @\Aqg N
6-carboxylic acid [1-(3- W
guanidino-cyclohexylmethyl) -2~ | g

: HN

oxo-2-thiazol-2-yl-ethyl]-amide ' Wi

| . |
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0750

0755

0760

0765

0770

0775

4-0Ox0~2~(3-phenyl —propi onyl )- ;
octahydro-pyrrolofl, 2 -a]pyraz'.;i.“xiime.-
6-carboxylic acid [1-(4- '
guanidino~cyclohexylmethyl)-2-
oxo-2~-thiazol-2 —yl—ethyl]—amidé

~ 4-0x0-2- (3-phenyl-propionyl; -

octahydro-pyrrolofl, 2-ajpyrazine-
6-carboxylic acid [1-(2- |
guanidino-cyclohexylmethyl)-2-
oxo-2-thiazol-2-yl-ethyl]-amide
4-0x0-2- (3~-phenyl-propionyl)-
qctahydro-pyrrololl, 2-alpyrazine-
6-carboxylic acid [1-(5-benzyl-
thiazole-2~-carbonyl)-4- '
guanidino-butyl]-amide
4-0x0-2-(3-phenyl-propionyl) -
octahydro-~pyrrolofl, 2—a]pyrazine—
6~carboxylic acid [4-guanidino-
1-¢ S-phenyl-thi-azole-z-
carbonyl)-butyl]-amide

4-0Oxo~2~(3~phenyl~-propionyl) -
octahydro-pyrido[l, 2-ajpyraz ine;
6-carboxylic acid [4-guanidino-
1-(thiazole~-2-~carbonyl)~-butyl}-

amide

5-0x%0 -_-7 - {3-phenyl-propionyl) -
octahydro-2-thia-4a,7-diaza-
naphthalene~4-carboxylic acid
[4-guanidino-1l~{thiazole~-2-
carbonyl)-butyl]-amide
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5-0xo0-7-(3-phenyl-propionyl)- o
: oty
octahydro-2-thia-4a, 7-diaza- @JH? o NJ
. . . )
naphthalene-4-carboxylic acid ' O AW ¢
[1-(4-carbamimidoyl-benzyl)-2-"
oxo—2—thia_zol-z-yl-ethyl]-amide HN" SN
5-0x0-7- (3-phenyl-propionyl) - 0
. ”ly
octahydro-2-thia-4a,7-diaza- ©/\)L°L'rrs 0 Nj
: _ ar
naphthalene-4-carboxylic acid 0 AN S
[1- (3-carbamimidoyl-benzyl) -2~ | | -
oxo-2-thiazol-zfyléethyl]-_amide NH,
5-0x0-7- (3-phenyl—propz.onyl\ - o. '
~ly
octahydro-2- thla-4a 7-diaza~ @Nknk'rrf o ’NB
naphthalene-4-carboxylic acid 0 Ay §
[1- (1-carbamimidoyl-piperidin-3- ' | S
vimethyl) '-2-oxo'—'2-thiazol-2—yl— fu
ethyl]-amide | '
5-0xo-7- (3-phenyl-propionyl)- | o -
s,
octahydro-2-thia-4a,7-diaza- . @_/\)LN rb o N]
. . 7 |
naphthalene-4-~-carboxylic acid (¢ orm s
[1-(1-carbamimidoyl-piperidin-4-
ylmethyl) -2-oxo_-2-thiazol-2—-y1- i\
H.N N
ethyl]-amide '
[4-[4-Guanidino-1-(thiazole-2- >
carbonyl) -butylcarbamoyl]-5-oxo- @ (Kn« r
7- (3-phenyl-propionyl) - o HN o i
‘octahydro-2-thia-4a,7-diaza- - R A)IN
=/

naphthalen-6-yl]-acetic acid
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0805

0810

0815

0820

0825

5-0xo-7- (3-phenyl-propionyl )-
octahydro-~2-thia-4a,7-diaza-=
naphthalene-4~carboxylic acid
[4-guanidino-1~-(thiazole-2-
carbonyl)-butyll-amide

3-[{4~[4-Guanidino-1-{thiazole-2-
carbonyl-butylcarbamoyl]-5-oxo-
7-(3-phenyl-propionyl) - |
octahydro-2-thia-4a, 7-diaza-

naphthalen-6-yl]-propionic acid

'5-0x0~7-(3-phenyl-propionyl) -

octahydro-2-thia-4a,7-diaza-
naphthalene-4-carboxylic acid

[3-guanidino-propyl}-amide

5-0x0-7~(3-phenyl-propionyl) ~
octahydro-2-thia-4a, 7-diaza-
naphthalene-4-’-'carboxylic acid
[1-¢ 1—carbé.mimidoyl -piperidin-3-
ylmethyl)-2-oxo-2-thiazol-2~yl-

 ethyl]-amide

4-0xo0-2-(3-phenyl-propionyl)- -
octahydro-pyrrolo|l, Z-ajpyrazine-

| 6-carboxylic acid [4-—guanidino-

1- (hydroxy-thiazol-2-yl-methyl) -
butyl]-amide

S
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0830 4-Oxo-2- (3-phenyl—propionyl) - : s |
octahydro-pyrrololl, 2-alpyrazine-6- G/J%gm N
carboxylic acid (4-guanidino-1- _ })J:
thiazol-2-ylmethyl-butyl)-amide ™
. : o
0835 4-0Oxo-2-(3-phenyl-propionyl) - .
oc tahydro-pyrrolo[l , 2-a]pyrazine-6- ©/\)L ‘?
carboxylic acid [4-guanidino-1- (\H 3
thiazol-2-yl-butyl)-amide
0840 4-0Oxo-2- (3—pheny1-propi6nyl) - . i s G
octahydro-pyrrololl, 2-a]pyrazinef @A)lHrQ" 2
6-carboxylic acid [4-methoxy-1- _ ' - (
{ thiazolé—Z-c’:afbohyl) -butyl}- | ((j?\
amidé ' : . _ -
| 0845 [6-[4-Methoxy-1-(thiazole-2- i » :
carbonyl) -butylcarbamoyl]-4-oxo- %Q WA
2- (3-phenyl-propionyl) - : w0 0 o7 M
oc tahydro'—pyrrolo[l ,2-alpyrazin- |
3—yl]-a¢etic' aéid ' U~
0850  [2-(5-Methoxy-2-(|4-0ox0-2~(3- | L, SN
'phenyl-propionyl) -octahydro- G/JNH;Q 2
pyrrolo[l, 2-alpyrazine-6- . ERaR T N
carbonyl}-amino) -pentanoyl) - _ ))5(\
thiazol-5-yl]-acetic acid o=
0855 = 4-Ox0-2- (3-phenyl-§ropi-onyl) - o H
octahydro-pyrrololl, 2-alpyrazine- @A)LII:;N
6-carboxylic acid [4-amino-1- ° 5 ”’L‘é‘:\?
(thiazole-2-carbonyl)-butyl]- ¢
amide ' ™
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0860

0865

0870

0875

0880

4-0x0-2- (3-phenyl-propionyl)-
octahydro-pyrrolo[l, 2-ajpyrazine-
6-carboxylic acid {S5-amino-1- _
(thiazole-2-carbonyl) -peni:yl]f |

amide

4-0x0-2-(3-phenyl-propionyl)-
octahydro-pyrrolo[l, 2-alpyrazine-
6-carboxylic acid |5-guanidino-~
1-(thiazole-2-carbonyl)-pentyl]-

amide

2~ (3-Naphthalen-2-yl-propionyl) -
4-oxo-octahydro-pyrrololl, 2~
alpyrazine-6-carboxylic acid [4-
guanidino-1l-(thiazole-2-

carbonyl)-butyl]-amide

4-0x0-2-(3-phenyl-propionyl) -
octahydro-pyrrolo[l, 2-alpyrazine-
6-carboxylic acid [4-guanidino-
1-(l-methyl-1H-imidazole-2-
carbonyl)-butyl]l-amide

4-0x0-2~(3-phenyl-propionyl) -
octahydro-pyrrololl, 2-alpyrazine-
6-carboxylic acid [4-guanidino-~
1-(thiazole-2-carbonyl)-butyl]-

amide
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8, 8-Dimethyl-4-oxo-2-(3-phenyl-
propionyl)-octahydro- _ @AA"C;Q
pyrrololl,2-alpyrazine-6- | wo Y
carboxylic acid [4-guanidi_no-_1-, R HN:("‘
(thiazole-2-carbonyl) -butyl]—

amide
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Preferred compounds according to formula (VIII) include:
0325 3-Aminomethyl-2-benzoyl-4-oxo-octahydro-pyrrolofl, 2-
alJpyridine-6-carboxylic acid [1-(benzothiazole-2-

carbonyl)~4-guanidino-butyl]-amide

0330 3-Aminomethyl-4-oxo-2-phenylacetyl-octahydro~
pyrrololl, 2-alpyrazine-6-carboxylic acid [1-

(benzothiazole~2-carbonyl) -4~-guanidino-butyl]-amide

10 0515 4-Oxo-2-(3-phenyl-propionyl}-oc tahydro-pyrrolo[l, 2-
‘alpyrazine-6-carboxylic acid [1-(3-carbamimidoyl-

benzyl) —2—oxo-2—thiazol-2-yl_—ethy.l]—ami,de

‘0530 4-0xo0-2-(3 -phenyi -propionyl)-octahydro-pyrrolofl, 2-
15 alpyrazine-6-carboxylic acid [1-{l-carbamimidoyl-
piperidin-2-ylmethyl)-2-oxo-2-thiazol-2-yl-ethyl]-

amide

0545 [6~[1-(1l-Carbamimidoyl-piperin-4-ylmethyl)~2-0ox0-2~
20 thiazol-2-yl-ethylcarbamoyl]-4-oxo-2~{3~-phenyl-
| propionyl)-octahydro-pyrrololl, 2-ajpyrazin-3-yl)-

acetic acid

0550 3-[6~[1~(1-Carbamimidoyl-piperidin-4-ylmethyl)-2 ;-oxo—
25 ~ 2-thiazol-2-yl-ethylcarbamoyl]~4-oxo-2-(3-phenyl-
propionyl)-octahydro-pyrrolol[l, 2-alpyrazin-3-yl) -

acetic acid

0555 [6-[1~ (1-Carbamimidoyl-piperidin-3-ylmethyl)-2-oxo-2-
30 thiazol-2-yl-ethylcarbamoyl]-4-oxo-2- (3-phenyl-~
propionyl)-oc t:éhydro—pyrrolo[l ,2-alpyrazin-3-yl) -

acetic acid
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[6- (3-Guanidino-propylcarbamoyl)-4-0xo-2- (3-phenyl-
propionyl)-octahydro-pyrrolo[l, 2-alpyrazin-3-yl) -

acetic acid

3-[6- (3-Guanidino-propylcarbamoyl)-4-oxo-2-(3 —p_henjl—
propionyl) -octahydro~pyrrolo[l, 2-alpyrazin-3-yl) -

propionic acid:

4-0xo0-2-(3-phenyl-propionyl)-oc tahydro-pyrrolofl, 2-
alpyrazine-6-carboxylic acid |1-(l-carbamimidoyl- J
piperidin-4-ylmethyl)-2-oxo-2~thiazol-2-yl-ethyl]-

methyl-amide

[6-([1-Carbamimidoyl fpiperidiri—4—ylme thYl }-2-ox0-2-
thiazol-2 -_-yl—ethyl] —methyl-carbamoyl ) ~4-0x0-2-(3- |
phenyl-propionyl)-octahydro-pyrrololl, 2-alpyrazin-3-

yl]-acetic-acid

4-0x0-2- (3-phenyl-propionyl) -oc tahydr¢—§yr£olo[1 2=
alpyrazine-6-carboxylic acid [1-{ 1- c_arbémimidoyl -
pipefid;i.n-B -ylmethyl)-2-oxo-2-thiazol-2-yl-ethyl]- W
methyl-amide

4-0x0-2-(3-phenyl-propionyl) ~octahydro-pyrrololl, 2-
ajpyrazine-6-carboxylic 'a_c_ id (3 -gt_;anidino -propyl) -

methyl-amide

2- (Naphthalene-2-carbonyl)-4-oxo-octahydro-
pyrrolo[l, 2-ajpyrazine-6-carboxylic acid [4-guanidino-

1l-(thiazole~2-carbonyl) -_-butyl]ﬁ_m_ide
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2-[2-(2 -Mgt_hyl -benzylidene) -buq-f_ﬁ -enoyl}-4-oxo-

oc tahydro-pyrrolo[l ,2-alpyrazine-6-carboxylic acid [1-
( l—carbamimidoyl-piperidin—3 -ylmethyl)-2-oxo-2-
thiazol-2-yl-ethyl]-amide |

2-[2~(2-Methyl-benzylidene)-but-3~enoyl]-4~oxo-
octahydro-pyrrololl, 2-alpyraz i1:1e—6-carboxyl ic acid [1-
( l;-carbamimidoyl-piper idin-4-ylmethyl)-2-oxo-2-
thiazol-2-yl-ethyl]-amide

2-(2-Benzylidene-pent-3-enoyl) -4-oxo~octahydro-
pyrrolojl, 2-alpyrazine-6-carboxylic acid (3-guanidino-~

propyl)-amide

2-[2-(2 —Mét:hyl—benzylidene) -but-3-enoyl]-4-oxo-
octahydro-~-pyrrolo|l, 2-a]jpyrazine-6-carboxylic acid [i-
{l-carbamimidoyl-piperidin-3 -ylmethyl ) ~2-0ox0-2-
thiazol-2-yl-ethyl]-amide

2-|2-~(2~-Methyl-benzylidene)-but-3-enoyl]-4-oxo-
octahydro-pyrrolo|[l, 2-alpyrazine-6-carboxylic acid |1-
(l1-carbamimidoyl-piperidin-4~ylmethyl)-2-oxo-2-
thiazol-2-yl-ethyll-amide

2~ (2-Benzylidene —perit,-—3 -enoyl)-4-~-oxo-octahydro-
pyrrololl,2-alpyrazine-6-carboxylic acid (3-guanidinc-

propyl)-amide

4-0x%x0~2~(3 -phényl—propionyl ) -octahydro-pyrrolo|l, 2~
dlpyrazine-6-carboxylic acid [4-imidazol-1-yl-1-

(thiazole-2-carbonyl)-butyl}~amide
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4-0x0-2~- (3-phenyl-propionyl) ~o¢tahydr_o-pyrrolo[1 ;2=
alpyrazine-6-carboxylic acid [3-(2-amino-6-chloro-

pyrimidin-4-yl)-1-(thiazole-2-carbonyl)-propyl]-amide

4-0x0-2~ (3-phenyl-propionyl)-oc tahjrdro-pyrrolo[l 2=

alpyrazine-6-carboxylic acid [3-(6-amino-pyridin-2-

v1l) ?1; (thiazole-2-carbonyl) -propyl]-amidé

4-0x0-2-(3-phenyl -propionyl)-oc tahydro-pyrrolofl, 2-
alpyrazine-6-carboxylic acid [3-(2-amino-pyridin-4-

yl)-1-(thiazole-2-carbonyl)-propyll-amide

4-0x0-2- (3-phenyl-propionyl) -oc tahydro-pyrrolofl, 2-
alpyrazine-6 -carboxylic acid [2-(2 -~amino~pyridin-4-

yl)-1-(thiazole-2-carbonyl) -ethyl_]-—amide_.

4-0x0-2- (3-phenyl-propionyl) -octahydro-pyrrolb[l , 2=
a]pyré.zine-G-carboxylic acid [2- (6-amino-pyridin-2-

vl)-1-(thiazole-2-carbonyl)-ethyl]-amide

2-|4-0x0-~2- (3~-phenyl-propionyl) -octahydro-pyrrolo|l, 2-
ajpyrazine-6-carbonyl]-3-(thiazole-2-carbonyl) - .

1,2,3,4-tetrahydro-isoquinoline-6-carboxamidine

2-[4-0xo0-2-(3-phenyl-propionyl)-octahydro-pyrrololl, 2-
alpyrazine-6-carbonyl]-3~-(thiazole-2-~carbonyl) -
1,2,3,4-tetrahydro- isoquinoline-7-carboxamidine

N-{1-[4-0O%0-2- (3-phenyl-propionyl)-octahydro-
pyrrolo[l, 2-a]pyrazine-6-carbonyl]-5-(thiazole-2-

carbonyl)-pyrrolidin-3-yl]-guanidine
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4-0xo0-2- (_3'#phenyl-propionyl) -oc'ta:.-hydro-,pyrrolo[l , 2=
alpyrazine-6-carboxylic acid [l-(4-amino-cyclohexyl)-

2-oxo-2-thiazol-2-yl~ethyl]-amide

4-0x0-2- (3~-phenyl-propionyl)-octahydro~-pyrrolo[l, 2~
alpyrazine-6-~carboxylic acid {l1-(3-aminomethyl-

benzyl)-2-ox0o-2-~thiazol-2~-yl-ethyl]l-amide

4-0xo0-2~- (3-phenyl-propionyl)-octahydro-pyrrolofl, 2-
ajpyrazine-6-carboxylic acid [1-(3-guanidino-

cyclohexylmethyl) -2-oxo-2-thiazol-2-yl-ethyl]-amide

4-0x0-2~(3-phenyl-propionyl)-octahydro-pyrrolofl, 2-
alpyrazine-6-carboxylic acid [1-(2-guanidino-

cyclohexylmethyl)-2-oxo-2~thiazol-2-yl-ethyl]-amide

5-0x0~7- (3-phenyl-propionyl)-octahydro-2-thia-4a,7-
diaza-naphthalene-4-carboxylic acid [1-(1-
carbamimidoyl-piperidin-4-ylmethyl)-2-oxo-2-thiazol-
2~yl-ethyl]-amide

f{4-{4-Guanidino-1~(thiazole~2-carbonyl) -
butylcarbamoyl]l-5-oxo-7-(3-phenyl-propionyl) -
octahydro-2-thia-4a, 7’7 —diaza—naphthalen—G—yl l-acetic

acid

3-[4-{4-Guanidino-1-(thiazole-2-carbonyl-
butylcarbamoyl]-5-oxo-7-(3 -phenyl-propionyl) -
octahydro-2 —th_ia¥-4a , 7-diaza-naphthalen-~6-yl]-propionic

acid
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0815 5-Oxo-7—-(3-_phenyl-propionyl) -octahydro-2-thia-4a,7-
diaza-naphthalene-4-carboxylic ‘acid [3-guanidino-

propyl]-amide

5 0820 5—O_xo-7-(3-phenyl-_-prop_iony1)—c_>cta]:iydro-‘2—thia-4a,7-
diaza-_naphthalene-4-.carb'oxylic acid [1-(1-
carbamimidoyl-piperidin-3-ylmethyl)-2-oxo-2-thiazol-
2-fyl—ethyl];amide '

10 0830 4-0Oxo-2-(3-phenyl-propionyl)-octahydro-pyrrolo|l,2-
a]p_yrazine-G—carboxyiic acid (4-guanidino-l-thiazol-2-

yvimethyl-butyl)-amide

0835 4-0xo0-2-(3 —phenyl'-propionyl) -octahydro-pyrfolo[l , 2=
15 alpyrazine-6-carboxylic acid [4-guanidino-1-thiazol-2-

yvl-butyl)-amide

More preferred compounds according to formula VIII
20 include: '

0335 2—Benzoyl-4—oxo—octahydro—pyrrblo[1,2—a]pyrazine-6-
carbokylic acid [4-guanidino—1—(thiaéo_le—z—carbonyl)—
butyl}-amide |

25 ' _ - _

0650 4-0xo-2-(3-phenyl-propionyl)-octahydro-pyrrolo|[l, 2-

alpyrazine-6-carboxylic acid [4-(2-amino-imidazol-1-

v1l)-1- (thiazole-2-carbonyl) -butyl]-amide

30 0655 4-Oxo-2-(3-phenyl-propionyl)-octahydro-pyrrolo|l,2-
alJpyrazine-6-carboxylic acid [3-(2-amino-6-methyl-

pyrimidin-4-yl)-1-(thiazole-2-carbonyl)-propyl]-amide
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4-0x0-2-{ 3-§§ﬁ-i§henyl—propionyl ) ~octahydro-~pyrrolo[l, 2-
alpyrazine-6-carboxylic acid [1-(4-amino-

cyclohexylmethyl) -2-oxo~2-thiazol~2-yl-ethyl]-amide

4-0x0-2~ (3-phenyl-propionyl) ~octahydro-pyrrolol[l, 2-
alpyrazine-6-carboxylic acid [1-(4-amino-benzyl)-2-

oxo—2-thiazol—zéyl-ethyl]-amide

4-0xo0-2-(3 —phehyl—propionyl ) ~octahydro-pyrrolofl, 2-
alpyrazine-6-carboxylic acid [1-(4-aminomethyl-

benzyl)-2-0x0-2-thiazol-2-yl-ethyl]-amide

4-0x0-2- {3-phenyl-propionyl)-octahydro-pyrrolofl, 2-
alpyrazine-6-carboxylic acid (2-oxo-l-piperidin-4-
yimethyl-2~thiazol-2-yl-ethyl)-amide

4-0x0-2-(3-phenyl-propionyl)-oc tahydro-prrrolo[l , 2~
alpyrazine-6-carboxylic acid (2-oxo-l-piperidin-3-yl-
2-thiazol-2-yl-ethyl) -amide

4-0x0-2-(3 -phenyl-prbpionyl) -octahydro-pyrrolo|l, 2~
ajpyrazine-6~carboxylic acid [1-(4-guanidino-

cyclohexylmethyl)~2-oxo-2-thiazol-2-yl-ethyl]-amide

4-0x0-2~ (3-phenyl-propionyl)-octahydro-pyrrololl, 2-
a]pyrazine-é—carboxylic acid [1-(5~-benzyl-thiazole-2-

carbonyl)-4-guanidino-butyl}-amide

4-0x0-2-(3-phenyl-propionyl)-octahydro-pyrro lojl,2-
alpyrazine-6~carboxylic acid [4-guanidino-1-(5~phenyl-~

thiazole-2-~carbonyl)-butyll-amide
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4-0x0o-2- (3-phenyl-propionyl) ~octahydro-pyrido[l, 2-
alpyrazine-6-carboxylic acid [4~guanidino-1-(thiazole-

2-carbonyl)-butyl]-amide -

5-0x0-7-(3-phenyl-propionyl) -_-oc_:taﬁydro-Z_—t_hia-4a , 1=
diaza-naphthalene-4-carboxylic acid [4-guanidino-l—

(thiazole-2-carbonyl)-butyl]-amide

5-0xo-7-(3-phenyl-propionyl)-oc té.hydro-_z -thia-4a,7-

_ diaza-naphthaléne¥4-c_arboxylic acid |1-(4-

carbamimidoyl -benzyl) -2 -0x0-2 —thiazdl-z —y..l'-ethyl]- CJ
amide '
5-0x0-7- (3-phenyl-propionyl) -oCtahydro-’Z-tﬂia-éfa, 7-

_ diaza—naphthalené-4—carboxylic acid.[1-(3-
carbamimiddyl-benzyl) -2-ox0-2-thiazol-2-yl-ethyl]-
amide
5-0xo-7-1(3 —phényl—prOpionyl ) -octahydro-2-thia-4a,7-
diaza-naphthalene-4-carboxylic acid [1-(1-
carbamimidoyl-piperidin-3-ylmethyl)-2-oxo-2-thiazol-
.Z-yl—ethyl]'—am:'.l.de :

0805

0825

5-0x0-T7- (3-phenyl-propionyl) -oé.tahydro-2—thia-4a, 7-
diaza-naphthalene-4-carboxylic acid [4-guanidino-1-

(thiazole-2-carbonyl) -butyl]-amide

4-0x0-2- (3-phenyl-propionyl) -octah_ydro-pyrrolol 1,2-
alpyrazine-6-carboxylic acid {4-guanidino-1- (hydroxy-

thiazol-2-yl-methyl)-butyl}-amide
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4-0x0-2- {3 ;:"—'f'phenyl -propionyl) - oc'ii;za;hydro-pyrro lo[1, 2-
alpyrazine-6-carboxylic acid [4 ~-methoxy-1-(thiazole-2-
carbonyl) -butyl]-amide

[6-[4-Methoxy-1~(thiazole~2-carbonyl)-butylcarbamoyl]-
4-0x0-2-(3-phenyl —propionyl ) ~octahydro-pyrrolo[l, 2~

alJpyrazin-3-yl]-acetic acid

[2-(5-Methoxy-2- ([4-0x0-2~ (3~-phenyl-propionyl) -
octahydro-pyrrolo[l, 2-alpyrazine-6-~carbonyl]-amino) -

pentanoyl)-thiazol-5-yl]~acetic acid

-4-0x0-2~ (3-phenyl-propionyl)-octahydro-pyrrolo[l, 2-

a]pyrazj.ne—G-carboxylic acid [4-amino-l1l-(thiazole-2-

carbonyl) -butyl] -amide

4-0xo0-2- (3-phenyl-propionyl)-octahydro-pyrrolo[l, 2-
alpyrazine-6-carboxylic acid [5-amino-1-(thiazole-2-

carbonyl)-pentyl]-amide '

4-0x0-2-(3-phenyl -propionyl ) -octahydro~pyrrolol|l, 2~
ajpyrazine-6-carboxylic acid |5-guanidino-1-(thiazole-

2-carbonyl) -pentyl]-amide

Most preferred compounds according to formula VIIT

include:

0345 4-Oxo-2-(3-phenyl-propionyl)-octahydro-pyrrolofl, 2-

—

alpyrazine-6-carboxylic ac id [4-guanidino-1-(5-methyl-
thiazoie-z -carbonyl) —butyl]-amidg ; and03490 4-0Oxo-2-
(3-phenyl-propionyl)-octahydro-pyrrololl, 2-alpyrazine-

This Sheet Has Been
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6-carboxylic acid [4-guanidino-1-(thiazole-2-

carbonyl)-butyl]-amide.

Preferred compounds according to formula IX include:

0890

0895

09200

3-Amino-4-oxo-2-phenyl-
hexahydro—pyrrolo[Z ;1=
bl[1,3]thiazine-6-carboxylic
acid [1-(benzothiazole-2-
carbonyl) -4-guanidino-butyl]-

amide

3-Amino-2-benzyl-4-oxo--
hexahydro—pyrrololz s 1-

bll1, 3]thiazine-6_.-carb'oxylic
acid [1- (benzothiazdle—z— |
carbonyl) -4 -gﬁani_.dino-_butyl]-

amide

3 —Amino-z-éyc lohexyl-4-oxo-
hexahydro-pyrrolo[2, 1-

bli1, 3)thiazine-6-carboxylic
acid [1- (benzothiazole-2-
carbonyl)-4-guanidino-butyl]-

amide
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Preferred compounds accordihg to formula X include:

0905

0910

0915

0925

0935

7-Benzyl-6-~oxo-octahydro-
Y | Y . /\1/\3
pyrido[2,1-c][1,4]thiazine-4- |

carboxylic acid [1- | o NH N:(j
(benzothiazole-2-carbonyl) -4~ 8N

guanidino-butyl]-amide - . S Ew

7-(4-tert-Butyl-benzyl)-6-oxo- _ H
. A~
octahydro-pyrido[2,1- N

clil, 4)thiazine-4-carboxylic

acid |1- (benzothiazole-2- L/ s
carbonyl)-4~guanidino-butyl]- e
amide )

6-0xo-octahydro-~pyridof2,1-

: o}
c]{1, 4]lthiazine-4-carboxylic \/N\dﬂ\/u\(N]
. o y
acid [4-guanidino-1-(thiazole- (o} (’J"‘Iﬁ s
' ' NH="—NH,

2-carbonyl)-butyl]l-amide

7-Benzyl-6-oxo-octahydro- i /\'i/\
pyridol2, 1-cli1, dlchiazine-4- .Q-“Y"\éﬁ\/ﬁ\(ﬁ]
carboxylic acid [4-gua;1idino- o 5 NH S
1-(thiazole-2-carbonyl)butyl]- NHJLNH:,
amide

7-Benzyl-6-oxo-octahydro- H

pyridof2, 1-c](1, 4]thiazine-4- Qf\/j‘/\?ﬁ o
carboxylic acid [4-guanidino- . -0 0/ \/::eg,]
1-(thiazole-2-carbonyl)butyl]- o NH“lLNHz
amide '
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0940 6-0xo-7-phenethyl-octahydro- S Ho
pyrido|2,1-c][1,4]thiazine-4- @\\/T\EH\J(L(N
carboxylic acid [4-guanidipo- e} I ' NH"SI'
1- (thiazole-Z—carbOﬁyl ) - P N,.,JLNH2
butyl]-amide ' :

0950 7-Benzyl-2,2,6-trioxo- ' | N
octahydro¥21>6_pyrido[2:,1_‘ : ©\\/N SO?H o X
c][l., 4]thiazine-4-carboxylic . o) Y .<—-'\-/,\U,H\(Is]
acid [4-guanidino-1-(thiazole- NH"I'LNH

2-carbonyl) -butyl]-amide

More preferred compounds according to formula X include:
925 7-Benzyl-6-oxo-octahydro-pyrido|2, 1-c]|1, 4|thiazine-4-
carboxylic.acid |4-guanidino-1-(thiazole-2- '
5 carbonyl)butyl]-amide; and%940 6-0x0-7 -pheneth_yl-
| octahydro-pyrido|2, 1-c]{1, 4lthiazine:-4—ca:rboxylic acid

[4-guanidino-1-(thiazole-2-carbonyl)-butyl]-amide.

Preferred compounds according to formﬁla IiI include:

0960 4-oxo-1-(3-phenyl-propionyl)- ¢
octahydropyrrolo[l 2]pyr1m1d1n | é\)(
e-6~-carboxylic acid(4- ' g(\"% c
guanidino-1-(thiazole-2- . . c " ']
carbonyl)-butyl]-amide o w

0965 4-oxo- 1- (phenethylsulfonyl) -

octahydropyrrolo[l,2]pyrimidin é\/g(
e-6-carboxylic acid[4- g .
guanidino-1l-(thiazole-2- )
carbonyl) -butyl]-amide " }:N..

_\<

This Sheet 1.

i | )

- SUBSTITUTE SHEET



WO 96/19483 .  PCTICA95/00708

For preparation of the compounds of féi'mula {(VII) various
methods can be employed depending upon the particular
starting materials and/or intermediates involved. The

5 following scheme is one particular method of
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STEP-4'
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Step 1: . o

The alkylation of a is done with appfopriate bases
according to the procedures described in Evans et al (J.
Am. Chem. Soc., 1981, 103, 2127; ibid, 1982, 104, 1737;

- Aldrichimica Acta, 1982, 15, 23) to giwve b.

Step 2:

Compound b vupon hydroboration and oxidation following
conditions available in the literature (Synthesis, 1980,
151) results in the aldehyde c¢.

Step 3: _
The formation of adduct & from aldehyde ¢ with 4 is done
by stirring the reactant in aromatic solvents e.g. benzene
or toluene in presence of catalytic amount of suitable
acid e.g, p-toluenesulfonic acid.

Step 3': .

The inter conversion of aldehyde ¢ to aldehyde g is
readily échieved by appropriate protection deprotection
protocals found in T. Greene, Protective Groups In Organic
Synthesis, (John Wiley & Sons, 1981).

Step 4:

The cylizétion of adduct & to £ may readily be achieved
by appropriate Lewis acids e.g, trimethyl aluminum in
suitablé solvents e.g. dichloromethane, the methodology
found in T. Greene, supra.

Step 4': .
Alternatively, the compound £ can be derived from the
treatment of aldehyde g with d in presence of suitable
aromatic solvents e.g, benzene.

Step 5:

The ester function (-C(0)O-R.) of the bicyclic
intermediate of formula £ is then subjected to

| 69
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)

hydrolysation using an appropriate agent such as HC1l in an
appropriate solvent such as ethyl ether to vield to the
free carboxylic acid. The resulting compound is then
coupled to RH with a peptide coupling agent such as BOP in
an appropriate solvent such as DMF to yield to a bicyclic
coupled compound of formula (VIII). Suitable conditions
for peptide bond formation are well known in th art of
peptide chemistry. For example see E;;ng;g_gg_gﬁ_ggg;;gg
Synthesis, Bodanszky M., Sprlnger—Verlag, Berlin,
Heidelberg, New York, Tokyo 1984; and T _hg_ggp;;gg§L

Anal xggg, Svnthesis, Bioloagy., Vol. l.edited by Gross E.

and Meienhofer J., Academic Press , New York, San ‘L)
Francisco, London, 1979.

For preparation of the compounds of formula (VIII) various
methods can be employed depending upon the particular '
starting materials and/or intermediates involved. The
following scheme is one particular method of preparation.

70

SUBSTITUTE SHEET



2

WO 96/19483 R T PCT/CA95/00708

SCHEME 2
P
HNT O STEP |
\/\/H(ORZI "
o ORgy
a
STEP 2
o) _ - '
g
-~ H
l\e ozonolysis | -
ik ihrh A Y ;
Pg ORZ‘ '\i' -~
0 o Pg N —0Ry)
' o) _
a ¢ )

0]
H,N
OR,, STEP3
Rs R,

d
NH '
Ry
R3 N .
Ryg 21
o)
1
[
SIEPS
N

- _
_ N
N | SEPe RS/L\(
R; ! ) R,
o _ ' .
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wherein;

Pg is a nitrogen protecting group;

each of R,; and R, is independently a C, alkyl; and X, R,
R,, R, and R; are as previously defin'ed.-'

The process in scheme 2 is briefly described as follows:

STEP 1:

The amino and carboxylic functions of the unsaturated

compound of formula (a) are protected with appropriate
protecting groups. A variety of protecting groups known
for reactive functional groups and suitable protection and
deprotection protocols may be found in T. Greene,

Pr ive ni is, (John Wiley &

Sons, 1981). The appropriate protecting group to use in a-

particular synthetic scheme will depend on many factors,
including the presence of other reactive functional groups
and the reaction conditions desired for removal. The
unsaturated compound'of formula is easily obtained by
methods and protocols known to chemist skill on the art.
The protected unsaturated compound of formula (a) is
subjected to appropriate conditions to allow cyclisation
using an appropriate reagent such as mercuric acetate in
an inert solvent such as tetrahydrofnran (THF) to yield to
a protected amino alcohol of formula (b). |

STEP 2

The protected amino alcohol of formula (b) is oxidized
using an appropriate oxidizing agent such as sulfur
trioxide pyridine complex in an appropriate solvent such
as diclhoromethane or dimethylformamide to yield to a
protected amino aldehyde of formula (c). Alternativeiy,
intermediate (C) can be made by the ozonolysis of a
compound of formula (a’) prepared according to Collado et
al, J. Org. Chem.,1995, 60:5011.
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STEPR 3 _

The protected amino aldehyde of formula (c¢) is coupled
with an amino acid alkyl ester of formula (d) by first
forming the iminé followed by contacting the obtained
imine with an apprbpriate reagent such as sodium
triacetoxy borohydride NaBH{OAc), to yield to a cyclic
intermediate of formula (e). - '

STEP 4

The cyclic intermediate of formula (e} is functionalized
at the amino position to yield to the amino substituted
cyclic intermediate of formula (f). Conditions appropriate
for such reactions are well known in the art and will
depend on the nature of the R, substituent.

STEP 5 .

The amino protecting group of the cyclic intermediate of
formula (£) is removed under appropriate conditions and
the resuiting compound is then sﬁbjected to appropriate
condition for internal ring closure such as low heat in an
inert solvent or as a raw compound to yield to a bicyclic
intermediate of formula (g). The bicyclic intermediate of
formula (g) can also be obtained by hydrolysing the ester
function ﬁ—C(O)O—R“) of the cyclic intermediate of formula
(g) to the free carboxylic acid followed by standard
peptide coupling using an appropriate coupling reagent
such as benzotriazole-l-yloxy-tris- |

" (dimethylamino)phosphonium hexafluorophosphate (BOP) in an

inert solvent such as dimethyl formamide (DMF).

STEP 6 . _

The ester function (-C(O)O-R,) of the bicyclic
intermediate of formula (g) is then subjected to
hydrolysation using an appropriate agent such as HCl in an
appropriate solvent such as ethyl ether to yield to the
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free carboxylic acid. The resulting compound is then
coupled to RH with a peptide coupling agent such as BOP in
an appropriate'solvent such ‘as DMF to yield to a bicyclic
coupled compound of formula (VIII). Suitable conditions

5 for peptide bond formation are well known in th art of
peptide chemistry. For example see Brinciples of Peptide
.§yg;gg§;§)'Bodanszky M., Spfinger—Vériag, Berlin,
Heidelberg, New York, Tokyo 1984; and The Peptides.
Analysis, Svnthesis, Biologv, Vol. 1.edited by Gross E.,

10 .and Meienhofer J.;.Acédemic Press , New York, San

Francisco, London, 1979.

For preparation of the bompounds-qf formula (IX) wvarious
- methods can be. employed depending upon the particular
15 starting materials and/or intermediates involved. The
following scheme is one particular methdd of preparation.

74

- SUBSTITUTE SHEET



(3

WO 96/19483

SCHEME 3
R v MeQ _
R s MeO Ry, - STEP1
‘ o . *
R; | HN. _(CHon
pua
O
b
Y= S-Pg
NH-Pg
R5 Y Rs STEP 3
"—r -
Re N _(CH)n ‘\
R ' RiH
* 0 \»Rl 1
| o
e
wherein:

Pg is a sulfur or amino protecting group;

5 L is a leaving group;

PCT/ICA95/00708

MeO
Rs Y Ry
R, Me%/
R; HN___(CHpn
o) \}»ORZO
O
c
STEP 2
v
Rs. Y Re
Rd

each of R,,; and R,, is independentiy a C,. alkyl; and R,, R,.

R, and R, are as previously defined.

The process depicted in scheme 3 is briefly described as

follows:

10

The carboxylic acid compound (a) is coupled to the cyclic
amine compound (b) with a peptide coupling agent such as
benzotriazol-1l-yloxy-tris-~(dimethylamino) phosphonium'

15 hexafluorophosphate (BOP reagent) in the presence of a

base such as

n-methylmorpholine in an appropriate solvent

such as dimethylformamide (DMF) or dichloromethane (DCM)

to yield to an amido compound of formula (c). Suitable
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conditions for peptide bond formation are well known in th
art of peptide chemistry. For example see Principles of
Peptide Svnthesis, Bodanszky M. Sprlnger—Verlag, Berlin,
Heidelberg, New York,: Tokyo 1984 and Ihg_ggg;;ggs*
Analvsis., Svnthesis, Biologv. Vol. 1;edited by Gross E.,
and Meienhofer J., Academic Press ,.New York, San
Francisco, London, 1979.

The compound of formula (¢c) is subjected to appropriate
conditions to allow internal cyclisation to yield to a
bicyclic intermediate of formula (d). For example, acid
mediated cyclisation using p-toluenesulfonic acid or TFA
in an appropriate solvent such as dichloroethane.

STEP 3 -

The ester function (-C(0)O-R.) of the bicyclic
intérmediate of formula (d) is subjected to hydrolysis
using an appropriate agent such as lithium hydroxide
(LiOH) in an appropriate solvent such as tetrahydrofuran
(THF) to yvield to the free carboxylic acid. The resulting
compound is then coupled to RH with a peptide coupling
agent such as BOP in an appropriate:SOlvent such as DMF to
give compound (e). Suitable conditions for peptide bond
formation are well known in the art of peptide chemistry.
For example see _x;ng;plgs_gj_zgp;;dg_sxn;ngs;s Bodanszky
M., Springer-Verlag, Berlin, Heidelberg, New York, Tokyo
1984; and The Peptides., Analvsis, Svnthesis, Biology, Vol.
l.edited by Gross E., and Meienhofer J., Academic Press ,
New York, San Francisco, London, 1979.

For preparatlon ‘of the compounds of formula (X) wvarious
methods can be employed depending upon the particular
starting materials and/or 1ntermed;ates involved. The
following scheme 4 is one particular method of

preparation.
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SCHEME 4
@) .
STEP 1
Cl —
Ry :
R; Rs
O OR,,
a
O
Ha
B OR STEP 2
NH,
c
. ' ’ R
R 8 §
R STEP3 R
g N — HN
3 ' R
O OR,, _ 3 OR;)
0 S 07 oRr,
e
RyH d
STEP 4
R, 8
R, N
RS .
o) R,
x ®)
wherein:

5 each of R, and R, is independently a C.. alkyl; and B, R,,

R,, R,, and R, are as previously defined.
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The process depicted in scheme 4 is briefly described as
follows:

TEP

The halogenated compound of formula (a): is converted to a
halomethyl ketone of formula (b)'using an appropriate
reagent, such as diazomethane in an inéit solvent such as
diethyl ether at a temperature of about -25°C to about 0°C.
The resulting mixture is then treated under acidic
conditions to yield to the halomethyl ketone of formula
(b).

STEP 2

The halomethyl ketone of formula (b) is coupled with an
amino acid alkyl ester of formula (c) with an apbrbpriate
base such as sodium cYanbborohydride_in an organic solvent
such as methanol (MeOH) to yield'to a cyclic intermediate
of formula (4).

STEP 3

The cyclic intermediate of formula (d).is treated under
acidic conditions using an appropriate acid such as
camphorsulfonic acid in an appropriaté.solvent such as
toluene to yield to a bicyclic intermediate of formula

{e) .

STEP 4

The ester function (-C(0)0O-R,,) of the bicyclic
intermediate of formula (e) is subjected to hydrolysation
using an appropriate reagent such as LiOH to yield to the
free carboxylic acid. The resulting compound is then
coupled to RH with a peptide coupling agent such as BOP
in an appropriate solvent such as dimethylformamide to
vield to a coupled bicyclic compound of formula (X).
Suitable conditions for peptide”bdnd formation are well
known in th art of peptide chemistry.'For example see
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M&MW Bodanszky M., Springer-
Verlag, Berlin, Heldelberg, New York Tokyo 1984 and The

Peptides, Analvsis, Svnthesis, Biologv., Vol. 1.edited by
Gross E., and Meienhofer J., Academic Press , New York,
San Francisco, London, 1979.

Compounds of the present invention are further

‘characterized by their ability to inhibit the catalytic

activity of thrombin, which is demonstrated in the assay
as follows. Compounds of the present invention may be
prepared for assay by dissolving them in buffer to give
solutions ranging in concentrations from 1 to 100uM. In
an assay to determine the inhibitory dissociation |
constant, K., for a given compound, a chromogenic or
fluorogenic substrate of thrombin would be added to a
solution containing a test compound and thrombin; the
resulting catalytic activity .of the enzyme would be
spectrophotometrically determined. This type of assay is
well known to those skilled in the art.

The compounds of the present invention may be used as
anti-coagulants in vitro or ex vivo as in the case of
contact activation with foreign thrombogenic surfaces such
as is found in tubing used in extracorporeal shunts. The
compounds of the invention may also be used to coat the
surface of such thrombogenic conduits. To this end, the
compounds of the invention are obtained as lyophilized
powdefs, redissolved in isotonic saline and added in an
aﬁount sufficient to maintain blood in an anticoagulated
state. |

The therapeutic agents of the present invention may be
administered alone or in combination with pharmaceutically

~acceptable carriers. The proportion of each carrier is

determined by the solubility and chemical nature of the
compound, the route of administration, and standard
pharmaceutical practice. For example, the compounds may
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be injected parenterally; this being’intramuscularly,
intravenously, or subcutaneously. For pareuteral
administration, the compound may be used in the form of
sterile solutions'containing other solutes,.for example,
sufficient saline or glucose to make the solution
isotonic. The compounds may be admlnlstered orally in the
form of tablets, capsules, or granules containing suitable
excipients such as starch, lactose,_whlte sugar and the
like. The compounds may also be admlnlstered sublingually

in the form of troches or lozengesd“n which each active
ingredient is mixed with sugar or”corn syrups, flavouring
agents and dyes, and then dehydraced,Sufficiently to make
the mixture suitable for pressingﬁinto solid form. The
compounds may be administered ora%@y in the form of
solutions which may contain coloufing and/or flawouring

agents.

Phy51c1ans will determlne the dosage of the present
therapeutic agents which will be most . .suitable. Dosages
may vary with the mode of administration and the
particular compound chosen. In addition, the dosage may
vary with the Qarticular patient under treatment.
When the composétion is-administenéd orally, a larger
quantity of thégactive agent will'ﬁﬁpically be required Tt
produce the same ‘effect as caused whth a smaller quantity
given parenterally

i. ’ "-T-# .
To further asslst in understandlng,the present invention,
the following® non-llmltlng examp. 'of such thrombin
u? t The following

S

examples, of ‘cours onstrued as

specifically ‘! "vention, variations
presently knov which would be within
the purview o ‘t and considered to

fall within th invention as-



Al 3

WO 96/19483

PCT/CA95/00708

present invention are S?nthesiied us;gg'convenﬁiéﬁél
preparative sﬁégs and recovery methégg known to those
skilled in the art of”organic and bio-organic synthesis,
while providing a new a unique combination for the overall

5 synthesis of each compound. Preferred, synthetic routes
for intermediates involved .in the synthesis as well as the
resulting anti-thrombotié compounds of the present
invention follow. '
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EXAMPLE 1
0
N OCH3 - -
Boc” N~ 3 1. Zn/Cu couple; ultrasound Boc”
. CHs 2. [0-CH;CgHy)3PL,PdCly
| 4-iodohenzonitrile
NC

A solution of tert-butyloxycarbonyl-iodo-alanine-N,O-
dimethylamide (2.68 g, 7.5 mmol) (J. Org. Chem. 1992, 57,
3397-3404) in dry benzene (30 mL), and dry N,N- ) ‘\J
dimethylacetamide (2.0 mL) was added to a dry nitrogen-purged
round bottom flask charged with zinc-copper couple (0.90 g).
The resulting mixture was sonicated under nitrogen until no
| starting material remained (as judged by TLC). Bis(tri-o-
tolylphosphine)palladium dichloride (0.35 g, 0.40 mmol) was
added followed by 4-iodobenzonitrile (1.72 g, 7.5 mmol). The
resulting mixture was stirred under a nitrogen atmosphere with
heating, allowed to cool, ethyl acetate (100 mL) was added,
and the mixture filtered into a separatory funnel. Sequential
washing with agueous HC1l (50 mL; 0.1N), distilled HO (3 x 50
mL), drying over Na,SO,, filtration, and concentration under
reduced pressure yielded the crude prodﬁct. Flash
chromatography over silica gel (light petroleum-ethyl acetate
gradient) afforded the purified compound.

o :
Boc” i 7o 1. Zn/Cu couple; ultrasound Boc

0
N
\ P \ _OCH,
| > i |
CH, 2. [0-CH,CgHy),PLPACL, > CH,

\l 3-iodobenzonitrile

CN

A solution of tert-butyloxycarbonyl-iodo-alanine-N,O-
| 82
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dimethylamide (2.68Jg}'7.5 mmol) (J. Org. Chem 1992. 57,
3397-3404) in dry bénzene (30 mL) , and dry N, N-
dimethylacetamide (2;0 mL) was added to a dry nitrogen-purged
round bottom flask charged with zinc—copper couple (0.90 g).
The resulting mixture was sonicated under nitrogen until no
starting material remained (as judged by TLC). Bis(tri-o-
tolylphosphine)palladium dichloride (0.35 g, 0.40 mmol) was
added followed by'3-iodobenzonitrile (1.72 g, 7.5 mmol). The
resulting mixture was stirred under a nitrogen atmosphere with
heating, allowed to cool, ethyl acetate (100 mL) was added,
and the mixture filtered into a separatory funnel. Sequential
washing with aqueous HCl (50 mL; 0.1N}, distilled H;)(B.x 50
mL), drying over Na.SO,, filtration, and concentration under
reduced pressure yielded the crude product. Flash
chromatography over silica gel (light petroleum-ethyl acetate
gradient) afforded the purified compound.

8]
OCH4 - H\\v/,u\\ OCH
/ ”~ 1. Zw/Cu couple; uitrasound Boc” N~
| ; i

N

| =

CHa : 2. l()-CH3C6H4)3P ]gpdCI-_p L CH3
| . 2-iodobenzonitrile

CN

A solution of tert-butyloxycarbonyl-iodo-alanine-N, O-
dimethylamide (2.68 g, 7.5 mmol) (J. Org. Chem. 1992, 57,
3397-3404) in dry benzene (30 mL), and dry N,N-
dimethylacetamide (2.0 mL) was added to a dry nitrogen-purged
round bottom flask charged with zinc-copper couple (0.90 g).
The resulting mixture was'sonicated under nitrogen until no
starting material remained (as judged by TLC). Bis(tri-o-
tolylphosphine)palladium dichloride (0.35 g, 0.40 mmol) was
added followed by 2-iodobenzonitrile (1.72 g, 7.5 mmol). The
resulting mixture was stirred under a nitrogen atmosphere with
heatiﬁg, allowed td cool, ethyl acetate (100 mL) was added,
and the mixture filtered into a separatory funnel. Sequential
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washing with agueous HCl (50 mL; 0.1N), distilled HO (3 .x 50
mL) , drying over Na.SO,, filtration, and concentration under
reduced pressure ylelded the crude product. Flash
chromatography over silica gel (light petroleum-ethyl acetate
gradient) afforded the purified compound.

X

" - )
Boc” A% 1. NH,OH. DIEAEIOH

C

N
LH.a' 2. Hy, Pd/C/EtOH:HOAc

HaN
NC i

To a solution of tert butyloxycarbonyl—para-cyano-
phenylalanlne—N O-dimethylamide (1.33 g, 4.0 mmol) in dry
ethanol (20 mL) was added hydroxlyamine hydrochlorlde (0.416
g, 6.0 mmol), and diisopropylethylamine (1.02 mL, 6.0 mmol).
' The mixture was refluxed and then cooled; The precipitate was
filtered, washed-with cold ethahol; diisopropylether, dried
with MgSO,, concentrated under .reduced pressure, and used
directly in the next step. The semi-solid was suspended in a
mixture of acetic acid (20 mL), and dry ethanol (40 mL) with
warming. Subsequently, Pd/C catalyst (0.30 g, 10% Pd) was
added, and hydrogen was bubbled through the mixture with
warming. The hydrogenation was continned'until no starting
material could be detected as judged by TLC. The catalyst was
removed by filtration, the solution wae cencentrated under
reduced pressure (50 mL) , HC1 (50 mL, 1 N) was. added, and the
mixture was concentrated once agaln to 50 mL. The solution
was chilled overnlght yleldlng the tltle compound.
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ﬁ\/u\ OCH, ' | I H
3 . oC
Boc” N" 1. NH,OH, DIEA/EtOH Boc” N 3

! | S i
CH, 2. H,, PA/C/EtOH:HOAC |

NC
H,N NH

To & solution of tert—butyloxycarbonyl-meta—Cyano-
phenylalanine-N, O~dimethylamide (1.33 g, 4.0 mmol) in dry
ethanol (20 mL) was added hydfcxlyamine hydrochloride (0.416 o
g, 6.0 mmol), and diisopropyvlethylamine (1.02 mL, 6.0 mmol).
The mixture was refluxed and then cooled. The precipitate was
filtered, wa$hed with cold ethanol, diisopropylether, dried
with MgSO,, concentrated under reduced pressure, and used
directly in the next step. The semi-solid was suépended in a
mixture of acetic acid (20 mL), and dry ethanol (40 mL) with
warming. Subsequently, Pd/C catalyst (0.30 g, 10% Pd) was
added, and hydrogen was bubbled through the mixture with
warming. The hydrogenation was continued until no starting
material cpuld be detected as judged by TLC. The catalyst was
" removed by filtration, the solution waS'conéentrated under
reduced pressure (50 mL), HCl (50 mL, 1 N) was added, and the
mixture was concentrated once again to 50 mL. The solution
was chilled overnight yielding the title compound.

(] .
o \/lk /""“3 1. NH;OH. DIEA/EIOH Boc” s
-

2. Hy, PU/C/EtOH:HOAc |
CH,

CN :

" NH
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To a solution of tert-butyloxycarbonyl—ortho—cyand—
phenylalanine-N, O-dimethylamide (1.33 g, 4.0 mmol) in dry
ethanol (20 mL) was added hydroxlyamlne hydrochlorlde (0.416
g, 6.0 mmol), and dllsopropylethylamlne (1.02 mL, 6.0 mmol) .
The mixture was refluxed and then cooled. The precipitate was
filtered, washed with cold ethanol, diisopropylether, dried
with MgSO,, concentrated under reduced pressure, and used
directly'in'the next step. The semi-scolid was suspended in a
mixture of acetic acid (20 mL), and dry ethanol (40 mL) with
warming. Subsequently, Pd/C catalyst (0.30 g, 10% Pd) was
added, and hydrogen was bubbled through the mixture with
warming. The hydrogenation was continued until no starting
material could be detgcted as judged by TLC. The catalyst was "kﬁ
removed by filtration, the solutlon was concentrated under

. reduced pressure (50 mL), HC1 (50 mL "1 N) was added and the.
mlxture was concentrated ‘once agaln to 50 mL. The solutlon
was chllled overnlght yleldlng the title’ compound

ZI

LOCH;.
N

Boc Lithium thiazole/THF

CH;

NH

To a solution of thiazole (1.28 g, 15.0 mmol).in anhydroﬁs THF
(30 mL) was added n-BuLi (1.6 M/hexane, 8.9 mL, 13.9 mmol)
dropwise at -78 C, and the solution stirred. tert-
Butyloxycarbonyl-para-amidino-phenylalanine-N, O-dimethylamide
(1.15 g, 3.3 mmol) in THF (15 mL) was.then added dropwise, and
the resulting mixtzure stirred. The rea¢tion Was.quenchéd with
saturated aqueous smmonium chloride. The mixture was diluted
with ethyl acetate (150 mL), and the organic layer washéd with
saturated aqueous ammonium chloride (2 x 50 mL), brine (50
mL), dried with Mgsog, filtered, and concentrated under reduced

pressure. The crude material was purified on silica gel
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(ethyl acetate/hexépe),-and concentrated

pressure.
o) o]
H _OCH '
3
Boc” | T/_ _ Lithium thiazole/THF - ‘ S
. )
HN NH, HN NH,

To a solution of thiazole (1.28 g, 15.0 mmol) in anhydrous THF
(30 mL) was added n-BuLi (1.6 M/hexane, 8.9 mL, 13.9 mmol)
dropwise at -78 C, and the solution stirred. tert-
Butyloxycarbonyl-meta-amidino-phenylalanine-N, O-dimethylamide
{(1.15 g, 3.3 mmol) in THF (15 mL) was then added dropwise and
the resulting mixture stirred. The reaction was quenched with
saturated aqueous ammonium chloride. The mixture was diluted
with ethyl acetate (150 mL), and the organic layer washed with
saturated aqueous ammonium chloride (2 x 50 mL), brine (50
mL), dried with MgSO4, filtered, and concentrated under reduced
pressure. The crude material was purified on silica gel -
(ethyl acetate/hexane), and concentrated under reduced

pressure. ' :
| 0 | | o | o -
H ' ' H
N OCH N
Boc” ) T/ : Lithium thiazole/THF - Boc”” \)k(:>
. _ - i
CH, = N /
NH, ' NH,
HN . _ NH

To a solution of thiazole (1.28 g, 15.0 mmol) in anhydrous THF
(30 mL) was added n-BulLi (1.6 M/hexane, 8.9 mL, 13.9 mmol)
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dropwise at -78° C, and the solution stirred. tert-
ButYloxycarbonyl—ortho-amidino—phenylalanihe-N,O—dimethylémide
(1.15'g, 3.3 mmol) in THF (15 mL) was then added dropwise, and
the resulting mixture stirred. The.reaction was quenched with
saturated aqueous ammonium chloride. The mixture was diluted
-with ethyl acetate (150 mL) and the organiéflayer washed with
saturated aqueous ammonium chloride (2 x 50 mL), brine (50
mL), dried with MgSO,, filtered, and concentrated under reduced
pressure. The crude material was purified on silica gel
(ethyl acetate/hexane), and concentrated under reduced

pressure.

_/OCH,

X

: BOC/ N 1. Hz; RaNiIEtOH:NH_;

3 CH,

H,N
NC .

tert-Butyloxycarbonyl—para-cyano—phenylalanine-N,O—
dimethylamide (1.33 g, 4.0 mmol) was dissolved in ethanol
saturated with ammonia (30 mL), and sponge Raney Ni (100 mg)
added. The solution was shaken ﬁnder H. at rooﬁ temperature
(40 psi). The solution was filtered throﬁgh celite, and
concentrated under reduced pressure to yieid a clear residue.
The residue was dissolved in ethyl acetate (250 mL), and
washed with 1 N NaOH (2 x 50 mL), and brine (2 x 50 mL). The
solution was dried with MgsSO,, filtered, and concentrated under

reduced pressure.

- SUBSTITUTE SHEET




B

WO 96/19483 : PCTICA95/00708

N OCH :
Boc” N~ 1. H,, RaNVEtOH:NH,
CH -

3

NC
HoN

tert—Butyloxycarbonyl-meta—cyano—phenylalanihe-N,O—

KJ dimethylamide (1.33 g, 4.0 mmol) was dissolved in ethanol
saturated with ammonia (30 mL), and sponge Raney Ni (100 mg) \J
added. The solution was shaken under H. at room temperature
(40 psi). The solution was filtered through celite, and
coﬁcentrated under reduced pressure to vield a clear residue.

The residue was dissolved in ethyl acetate (250 mL), and
washed with 1 N NaOH (2 x 50 mL), and brine (2 x 50 mL). The
solution was dried with MgSO,, filtered, and concentrated under

reduced pressure.

0 o
N OCH N CHy
Boc” N~ ° 1 Hy,RaNVEtOH:NH, Boc” N~
S — > |
: N

OCH,

NH,
CN

tert-Butyloxycarbonyl-ortho-cyano-phenylalanine-N, O~
dimethylamide (1.33 g, 4.0 mmol) was dissolved in ethanol
saturated with ammonia (30 mL), and sponge Raney Ni (100 mg)
added. The solution was shaken under H at room temperature
(40 psi). The solution was filtered through celite, and
concentrated under reduced pressure to yield a clear residue.
The residue was dissolved in ethyl acetate (250 mL), and
washed with 1 N NaOH (2 x 50 mL), and brine (2 x 50 mL). The
solution was dried with MgSO,, filtered, and concentrated under
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reduced pressure.

0 . . r4 _ o
i . _cH | R
N~ HyCS NHZ N ~CHs

Boc/ : ]
| > |

OCH, HuCl,/THF '
H
“2"\/©/ ZHNTN

tert—Butyloxycarbonyl-para—amihomethYl-phenylalaninesN,O-
dimethYlamide (1.00 g, 3.1 mmol) was dissolved in dry THF (10 ‘;ﬁ.
mL) under nitrogen with stirring. The solution was cooled,
N,N'-bis-(benzyloxycarbonyl)-S-methyl-isothiourea (1.14 g, 3.2
mmol), and HgCl (0.95 g, 3.5 mmol) added. The solution was
concentrated under'reduced:pressure, thé'remaining residue was
.suspended in ethyl acetate (200 mL), and filtered through
celite. The filtrate was concentrated under reduced pressure.

Flash chromatography over silica.gel'(hexane/ethyl acetate
gradient) afforded the purified compound.

0 | NZ _ _ o _
H\)j\ . N - )
N CHy ,/"\x' - N\\v/,u\\ CH
Boc” . ~ HyCS NHZ Boe” N N .

CH,3 HgCL/THF OCH,3

“NH, . | N
ZHN/KNZ

tert-Butyloxycarbonyl-meta-aminomethyl-phenylalanine-N, O~

dimethylamide (1.00 g, 3.1 mmol) was dissolved in dry THF (10

mL) under nitrdgen with stirring. The solution was cooled,

N,N'—bis—(benzyloxycarbonyl)—S-methyl-isothiourea (1.14 g, 3.2
' S0 -

- SUBSTITUTE SHEET



1

WO 96/19483 ) S L ' PCTI/CA95/00708

mmol}, and HgCl (QiSS g, 3.5 mmol)'addéd7  The solution was
concentrated under “¥educed pressure, the remaining residue was
suspended in ethyl acetate (200 mL), and filtered through
celite. The filtrate was concentrated under reduced pressure.
Flash chromatography over silica gel (hexane/ethyl acetate
gradient) afforded the purified compound.:

Q _' . Jz\ | 0
i | |
Boc/"\)j\N/CH3 : HeeS”  NHZ /}1 ~CHs

OCH, HgClL/THF ‘IJCHs

H
N NHZ

\“/u

ZN

tert-Butyloxycarbonyl-ortho~aminomethyl-phenylalanine-N, O-
dimethylamide (1.00 g, 3.1 mmol) was dissolved in dry THF (10

mL) under nitrogen with stirring. The solution was cooled,
N,N'-bis-(benzyloxycarbonyl)-S-methyl-isothiourea (1.14 g, 3.2

mmol), and HgCl. (0.95 g, 3.5 mmol) added. Thé solution was
concentrated under reduced pressure, the remaining residue was
suspended in ethyl acetate (200 mL), and filtered through

celite. The filtrate was concentrated under reduced pressure.'
Flash chromatography over silica gel (hexane/ethyl acetate

gradient) afforded the purified compound. N

H
N\\/JL\ cH
Boc” N 1. Lithium thiazole/THF

ZHN

HN\\“’,NHZ . ' \\ﬂ:’

To a solution of thiazole (1.28 g, 15.0 mmol) in anhydrous THF
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(30 mL) was added n-BuLi (1.6 M/hexane, 8.9 mL, 13.9 mmol)
dropwise at -78 C, and the solution stirred. The protected
amino acid (1.36 g, 3.3 mmol) in THF (15 mL) was then added
dropwise, and the resulting mixture stirred; Thé reaction .was
quenched with saturated aqueous ammonium chloride._.The
mixture was diluted with ethyl acetate (150°mL), and the |
organic layer washed with saturated aqueous ammonium chloride
(2 x 50 mL), brine (50 mL), dried with Mgsou.filtered, and
concentrated under reduced pressure. The crude material was
purified on silica gel (ethyl acetate/hexane), and
concentrated under reduced pressu?e;

N CH,
- N~ 1. Lithium thiazole/THF Boc”
—_—

OCH,

NH

z )\NHZ

To a solution of thiazole (1.28 g, 15.0 mmol) in anhydrous THF
(30 mL) was added n-BuLi' (1.6 M/hexane, 8.9 mL, 13.9 mmol)
dropwise at -78 C, and the solution stirred. The protected
amino acid (1.36 g, 3.3 mmol) in THF (15 mL) was then added
dropwise, and the resulting mixture stirred. The reaction was
quenched with saturated aqueous ammonium chloride. The
mixture was diluted with ethyl acetate (150 mL), and the
organié layer washed with saturated agueous ammonium chloride
(2 x 50 mL), brine (50 mL), dried with MgSO,, filtered, and
concentrated under reduced pressure. The crude material was
purified on silica gel'(ethyl acetate/hexane), and
concentrated under reduced pressure.
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Boc/n N/CHa
‘ CIJCH3
h'\n/unz
! .

To a solution of thiazole (1.28 g,
(30 mL) was added n-BulLi (1.6 M/hexane,

dropwise at -78 C,
amino acid (1.36 g,

dropwise,

quenched with saturated agqueous ammonium chloride.
mixture was diluted with ethyl acetate (150 mL),

and the resulting mixture stirred.

PCT/CA95/00708

1. Lithium thiazole/THF

and the solution stirred.

3.3 mmol) in THF (15 mL) was then added

organic layver washed with saturated agueous ammonium chloride

(2 x 50 mL), brine

filtered, and concentrated under reduced pressure.

material was purified on silica gel (ethyl acetate/hexane),

(50 mL),

and concentrated under reduced pressure.

o

ZT

Boc T
CH,
\'

%

dimethylamide (2.68 g,
3397-3404) in dry benzene (30 mL),

dimethylacetamide

2. [0-CH;CgH)3P),PAC,
2-amino-3-bromopyridine l

N

w4
HoN N

2 solution of tert-butyloxycarbonyl-iodo-alanine-N,O-

(J. Org. Chem. 1992,
and dry N,N~

7.5 mmol)

dried with magnesium sulfate,
The crude

/OCH3 1. Zn/Cu couple: vitrasound Boc/ \/L
-

57,

O—'Z

My

15.0 mmol) in anhydrous THF
8.9 mL, 13.9 mmol)
The protected

/

The reaction was
- The
and the

OCH; /

(2.0 mL) was added to a dry nitrogen-purged

round bottom flésk charged with zinc-copper couple (0.90 g).
The resulting mixture was sonicated under nitrogen until no
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starting material remained (as judged by TLC). Bis(tri-o-
tolylphosphiné)palladium dichloride (0.35 g, 0.40 mmol) was
" added followed by 2-iodobenzonitrile (1.72 g, 7.5 mmol). The
resulting mixture was stirred under a nitrogen atmosphere with
heating, allowed to dool, ethyl acetate (100 mL) was added,
and the mixture filtered into a separatoryffunnel. Sequential
washing with aqueous HC1 (50 mL; 0.1N), distilled HO (3 x 50
mL), drying over Na.SO,, filtration, and concentration under
reduced pressure yielded the crude product. Flash
chromatography over silica gel (light petroleum/ethyl acetate
gradient) afforded the purified compound.: ..

0

N OCH; o
Boc” N~ ° % Lithium thiazole/THF
Y _ _
C - : o

o
N
N

HoN " HoN
To a solution of thiazole (1.28 g, 15.0 mimo1) in anhydrous THF

(30 mL) was added n-BuLi (1.6 M/hexane, 8.9 mL, 13.9 mmol)

dropwise at -78 C, and the solution stifred. The amino acid-
N,O-dimethylamide (1.07 g, 3.3 mmol) in anhydrous THF (15 mL)

was then added dropwise and the resulting mixture stirred.
' The reaction was quenched with saturated agqueous ammonium o/
chloride. The mixture was diluted with ethyl acetate (150

mL), and the organic layer washed with saturated aqueous

ammonium chloride (2 x 50 mL), brine (50 mL) , dried with MgSoO.,
filtered, and concentrated under reduced pressure. The crude
material was purified on silica gel (ethyl acetate/hexane),

and concentrated under reduced pressure.
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" o - i OCH
/N /OCHs 1. Zn/Cu couple; ultrasound Bo ~ N/ 3
oc ‘ N - ¢ l
CH, 2. [0-CH,C¢H,);PL,PdCl, ' N CHs
I 2-cyano-5-bromopyridine I
P
NC N

A solution of tért—butyloxycarbonyl—iodo-alanine-N,O—
dimethylamide (2.68 g, 7.5 mmol) (J. Org. Chem. 1992, 57,
3397-3404) in dry benzene (30 mL), and dry N,N- _
dimethylacetamide (2.0 mL) was added to a dry nitrogen-purged
round bottom flask charged with zinc-copper couple (0.90 g).
The resﬁiting mixture was sonicated under nitrogen until no
starting material remained (as judged by TLC). Bis(tri-o-:
tolylphosphine)palladium dichloride (0.35 g, 0.40 mmol) was
added followed by 2-iodobenzonitrile (1.72 g, 7.5 mmol). The
. resulting mixture was stirred under a nitrogen atmosphere with .
heating, allowed to cool, ethyl acetate (100 mL) was added,
ana the mixture filtered into a separatory funnel. Sequential
washing with agueous HCl (50 mL; 0.1N), distilled HO (3 x 50
mL), drying over Na.SO,, filtration, and concentration under
reduced pressure yielded the crude product. Flash
chromatography over silica gel (light petroleum/ethyl acetate
gradient) afforded the purified compound.

o

2. Hy. PA/C/EtOH:HOAC

. 0
3 3
Bm:/ / 1. NH,OH. DIEA/EtOH Boc” i T/
cus »

Hy

N

| - . | HzN
NC N . '

| To a solution of tert—butylocharbonyl—(4-cyano)3-
pyridylalanine-N, O-dimethylamide (1.34 g, 4.0 mmol) in dry
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ethanol (20 mL) was added N,O-hydroxlyamine hydrochloride
(0.416 g, 6.0 mmol), and diisopropylethylamine (1.02 mL, 6.0
mmol). The mixture was refluked and then cobled. The
precipitate was filtered, washed with cold ethanol,
diisopropylether, dried with MgSO,, concentrated undér reduced
piessure, and used directly in the next steép. The semi-solid
was suspended in a mixture of acetic acid (20 mL), and dry
ethanol (40 mL) with warming. Subsequently, Pd/C catalyst
(0.30 g, 10% Pd) was added, and hydrogen Was bubbled through
the mixture with warming. The hydrogenation was continued
until no starting material could be detected as judged by TLC.
The catalyst was removed by filtration, and.the_solution was
concentrated under reduced pressure (50 mL), HCl (50 mL, 1 N)
was added, and the mixture was concentrated onée again to 50
mL. The solution was chilled overnight yiélding the title

compound.
0
N OCH S
Boc” ,i,/ 3 1. Lithium thiazole/THF
' CHy
=
H,N S HoN
- N
NH

To a solution of thiazole (1.28 g, 15.0 mmol) in anhydrous THF
(30 mL). was added n-BulLi (1.6 M/hexane, 8.9 mL, 13.9 mmol)
dropwise at -78° C, and the solution stirred. The amino acid-
N, O-dimethylamide (1.16 g, 3.3 mmol) in anhydrous THF (15 mL)
was then added dropwise, and the resulting mixture stirred.
The reaction was quenched with saturated agueous ammonium
chloride. The mixture was diluted with ethyl acetate (150
mL), and the organic layer washed with saturated aqueous
_ammonium chloride (2 x 50 mL), brine (50 mL), dried with MgSO,,
filtered, énd concentrated under reduced pressure. The crude
material was purified on silica gel ethjl aceta;e/hexane), and
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concentrated under reduced pressure.

1. H;, PtO,/AcOH

HN

tert-Butyloxycarbonyl-3-(4-pyridyl)alanine-N, O-dimethylamide
(4.50 g, 14.4 mmol) was dissolved in acetic acid (100 mL), and

PtO (100 mg) added. The solution was shaken under H until e
gas uptake_ceased. The solution was filtered through celite,
and concentrated under reduced pressure vielding té;t—
butyloxycarbonyl-3-(4—piperidyl)a1anine-N,O—dimethylamide.
The residue was dissolved in ethyl acetate (250 mL), washed
with 1 N NaOH (2 x 50 mL), brine (2 x 50 mL), dried with MgSO,,
filtered, and concentrated under reduced pressure to yield the
title compound.
(o] ' o
ﬂ\)L CH - N \/lk
Boc” N N 1. H,, PtO,/AcOH ' Boc/N N/C*'s‘
i . - I~
I XN . OCHj3 i . OCH,
/ .
N N
. H

tert-Butyloxycarbonyl-3-(3-pyridyl)alanine-N, O-dimethylamide
(4.50 g, 14.4 mmol) was dissolved in acetic acid (100 mL), and
PtO (100 mg) added. The solution was shaken under H until
gas uptake ceased. The solution was filtered through celite,
and concentrated under reduced pressure yielding tert-
butylokycarbonyl43—(3-piperidyl)alanine—N,O4dimethylamide.

The residue was dissolved in ethyl acetate (250 mL), washed
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with 1 N NaOH (2 x 50 mL), brine (2 x 50 mL), dried with MgSO,,
filtered, and concentrated under reduced pressure to yield the

title compound.

0
Y _
Boc”” N 1. Hy, PtO,/AcOH
| -
OCH,
I =N _ . : : _ . NH

tert-Butyloxycarbonyl-3-(2-pyridyl)alénine—N{O-dimethylamide

(4.50 g, 14.4 mmol) was dissolved .in acetic acid (100 mL), and

PtO. (100 mg) added. The solution was shaken under H until

gas uptake ceased. The solution was filtered through celite,

and concentrated under reduced pressure yielding tert-
'butyloxycarbonyl~3-(2-piperidy1)alanine-N,O-dimethylamide.

The residue was dissolved in ethyl acetate (250 mL), washed
with 1 N NaOH (2 x 50 mL), brine (2 x 50 mL), dried with MgSoO,,
' filtered, and concentrated under reduced pressure to yield the

title compound.

’ CH
N~ HaC NHZ

OCH, HgCl/THF

ZHN

NZ

tert-Butyloxycarbonyl—3-(4—piperidyl)alapine-N,Ofdimethylamide
"(1.00 g, 3.2 mmol) was dissolved in dry THF (10 mL) under
nitrogen with stirring. The solution was cooled, N,N'-bis-
(benzyloxycarbonyl)-S—methyl-isothiourea {1.14 g, 3.2 mmol),
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and HgCl. (0.95 g,w3.5 mmol} added. The solution was
concentrated under réduced pressure, the femaining residue was
suspended in ethyl acetate (200 mL), and filtered through
celite. The filtrate was concentrated under reduced pressure.

Flash chromatography over silica gel (hexane/ethyl acetate
gradient) afforded the title compound.

i

HQ]\ HaCS NHZ

N CH; N\)k CH
Boc/ _ N/ 3 Boc/ N/ ?

OCHa . HgCIzll‘ HF ' OCH;

tert-Butyloxycarbonyl-B-(3-piperidyl)alanihe-N,O-dimethylamide
(1.00 g, 3.2 mmol) was dissolved in dry THF (10 mL) under

nitrogen with stirring. The solution was cooled, N,N'-bis-
(benzyloxycarbonyl)-S-methyl-isothiourea (1.14 g, 3.2 mmol),

and HgCl (0.95 g, 3.5 mmol) added. The solution was

concentrated under reduced pressure, the remaining residue was

suspended in ethyl acetate (200 mL), and filtered through

celite. The filtrate was concentrated under reduced pressure. U/
Flash chromatography over silica gel (hexane/ethyl acetate
gradient) afforded the title compound.
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fo) NZ

' J | i
H R
N CH, - H
Boc” \)l\,i,/ _ HsCS NHZ = - Boc/N\/u\N/CHs
OCH,4 " HgCL/THF ' <|:cH3
NH N\“/NHZ
N

tert-Butyloxycarbonyl-B-(2-piperidyl)alanine-N,O-dimethylamide
(1.00 g, 3.2 mmol) was dissolved in dry THF (10 mL) under
b nitrogen with stirring. The solution was cooled, N,N'-bis-

Cm

(benzyloxycarbonyl)-S-methyl-isothiourea (1.14 g, 3.2 mmol),
and HgCl (0.95 g, ‘3.5 mmol) added. The solution was
concentrated under reduced préssure, the remaining residue was
suspended in ethyl acetate (200 mL), and filtered through
celite. The filtrate was concentrated under reduced pressure.
Flash chromatography over silica gel (héxane/ethyl acetate
gradient) afforded.the title compound. ' |

Ve N(°"3 1. Lithium thiazole/THF

|
OCH,
mm\1r,£:::]/’

NZ

To a solution of thiazole in anhydrous THF (1.23 g, 14.4 mmol)
was added n-BulLi (1.6 M/hexane, 8.4 mL, 13.4 mmol) dropwise at
-78 C and the solution stirred. The guanidylated 4-
piperidylalanine derivative (2.00 g, 3.2 mmol) in anhydrous
THF (15 mL) was addéd dropwise, and the resulting mixture
stirred. The reaction was quenched with saturated aqueous
ammonium chloride. The mixture was diluted with ethyl acetate
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(150 mL), and the'¢#ganic layer washed wifh saturated aqueous
ammonium chloride {2 x 50 mL), brine (50 mL), dried with Mgso,,
filtered, and concentrated under reduced pressure.

| , .
4 ' H
N CH
Boc”” N~ 1. Lithium thiazole/THF A
I > Bo \
o | y

4’L\ . | ]
ZN NHZ . ZN)\NHZ

To a solution of thiazole in anhydrous THF (1.23 g,_14{4 mmol)
was added n-BuLi (1.6 M/hexane, 8.4 mL, 13.4 mmol) dropwise at
-78° C with stirring. The mixture was stirred at ~78° C for 1
h. The guanidylated 3-piperidylalanine derivative (2.00 g,
3.2 mmol) in THF (15 mL) was added dropwise, and the resulting
mixture stirred. The reaction was quenched with saturated
aqueous ammonium chloride. The mixture was diluted with ethyl
acetate (150 mL), and the organic layer washed with saturated
agqueous ammonium chloride (2 x 50 mL), brine (50 mL), dried
with MgsSO,, filtered, and concentrated under reduced pressure.

To a solution of thiazole in anhydrous THF (1.23 g, 14.4 mmol)
was added n-BulLi (1.6 M/hexane, 8.4 mL, 13.4 mmol) dropwise at-
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-78 C with stirring. The mixture was stirred at -78 C for 1
h. The guanidylated 2-piperidylalanine derivative (2.00 g,
3.2 mmol) in THF (15 mL) was added dropwise, and the resulting
mixture stirred. The reaction was gquenched with saturated
agqueous ammonium chloride. The mixture was diluted with ethyl
acetate (150 mlL), and the organic layer washed with saturated
aqueous ammonium chloride (2 x 50 mL), brine (50 mL), dried
with MgSO,, filtered, and concentrated under reduced pressure.

. o o]
" o o CH
3
o W 1. Hy PtOy/ACOH - Boc” N
_ | i | qd
SCH, » OCH;  \J

ON | "  HN

tert-Butyloxycarbonyl—para—nitro—phenylalénine—N)O-

dimethylamide (13.88 g, 39.3 mmol) was dissolved in acetic

acid (100 mL), and PtO (100 mg) added. The solution was

shaken under H. until gas uptake ceased. The solution was

filtered through celite, concentrated undér redu¢ed pressure,

taken up in HO (150 mL), and lyophilized. The semi-solid was
dissolved in ethyl acetate (350 mL), washed with 1 N NaOH (3 x

50 mL), and brine (3 x 50 mL). The solutibn was dried with

MgSO , filtered, and concentrated under reduced pressure o

vielding the title compound.

: o
H\)k et .
Boc” [ ?/ 1. Hy, PtOy/AcOH

OCH;

OCH;

o,N
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tert-Butyloxycarboan-meta—nitro—phenylaléﬁine-N,O-
dimethylémide (13f§§‘g, 39.3 mmol) was di§501ved in acetic
acid (100 mL), and PtO, (100 mg) added. The solution was
shaken under H. until gas uptake ceased. The solution was.
filtered through celite, concentrated under reduced pressure,
taken up in H.O (150 mL), and lyophilized.‘ The'semi-solid was
dissolved in ethyl acetate (350 mL), washed with 1 N NaOH (3 x
50 mL), and brine (3 x 50 mL). The solution was dried with
MgsO,, filtered, and concentrated under reduced pressure

vielding the title compound.

N CH
7 Ny 1. H,. PtO,/AcOH

o Y,
B /E\‘/u\N/"“a
aC
| = T

OCH; OCH,

NO, - H,

tert-Butyloxycarbonyl-ortho-nitro-phenylalanine-~N, O~
dimethylamide (13.88 g, 39.3 mmol) was dissolved in acetic
acid (100 mL), and PtO. (100 mg) added. The solution was
shaken under H. until gas uptake ceased. The solution was
filtered through celite, concentrated under reduced pressure,
taken up in H.O (150 mL), and lyophilized. The semi-solid wac W,
dissolved in ethyl acetate (350 mL), washed with 1 N NaOH (3 =
50 mL), and brine (3 x 50 mL). The solution was dried with
MgSoO,, filtered, and concentrated under reduced pressure

vielding the title compound.

CH. N S
s 1. Z-Cl, NaHCOyTHF:H,0 Boc”
| > 4
OCH, 2. Lithium thiazole/THF N

NHZ
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1. tert- Butyloxycarbonyl 3-(c1s/trans-4-
aminocyclohexyl)alanine-N, O-dimethylamide (1. 00 g, 3.0 mmol).
was dissolved in saturated aqueous sodium bicarbonate,  and THF
[60 mL, (1:1)] with stirring. The solution.was:cooled andra
solution of benzyl chloroformate (0.43-mL, 3.0 mmol) in THF '
(10 mL) was added dropwise. Excess solid sodium bicarbonate
was added, the THF was removed under reduced preseure, and the
remaining aqueous rhase was poured into ethyl acetate (250
mL), and mlxed thoroughly. The agueous phase was dlscarded
and the remaining solutlon was washed w1th saturated aqueous
sodium bicarbonate (2 x 50 mL), 4 N agueous sodium bisulfate.
(2 x 50 mL), and brine (2 x 50 mL). The solution was dried
with MgSoO,, filtered and concentrated under reduced pressure. 4
The semi-solid was chromatographed on 5111ca gel (ethyl W/
acetate/ hexane). '

| 2. To a solution of thiazole (1.16 g, 13.7 mmol) in anhydrous
THF was added n-BuLi (1.6 M/hexane, 8.0 mL, 12.8 mmol)
dropwise at -78 C and the solution stirred. The above
protected amino acid amide (1.41 g, 3.0 mmol) in THF (15 mL)
was added dropwise, and the resulting mixture stirred. The i
reaction was gquenched With'saturated aqueous ammonium
chloride. The mixture was diluted with ethyl acetate (150
mL), and the organic layer washed with saturated aqueous
ammonium chloride (2 x 50 mL), brine (50 mL), drled with MgSo.,
filtered, and concentrated under reduced pressure. The crude

W

material was purified on silica gel (ethyl-acetate/hexane),
and concentrated under reduced pressure.
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1. Z-Cl, NaHCOyTHF:H,0
P Boc'

2. Lithium thiazole/THF

ZHN

1. tert-Butyloxycarbonyl-3-(cis/trans-3-

)

aminocyclohekyl)alanineéN,O¥dimethylamide (1.00 g, 3.0 mmol)

was dissolved in saturated agueous sodium bicarbonate, and THF

[60 mL, (1:1)] with stirring.

The solution was cooled and a

solution of benzyl chloroformate (0.43 mL, 3.0 mmol) in THF

" (10 mL) was added dropwise.

Excess solid sodium bicarbonate

was added, the THF was removed under reduced pressure, and the

remaining agqueous phase was poured into ethyl acetate (250

mL), and mixed thoroughly.

The aqueous phase was discarded

and the remaining solution was washed with saturated aqueous

sodium bicarbonate (2 x 50 mL),
(2 x 50 mL)}), and brine (2 x 50 mL).

4 N agueous sodium bisulfate
The solution was dried

with MgSO,, filtered, and concentrated under reduced pressure.

The semi~solid was chromatographed on silica gel (ethyl

acetate/ hexane).

2. To a solution of thiazole (1.16 g, 13.7 mmol) in anhydrous
THF was added n-BulLi (1.6 M/hexane, 8.0 mL, 12.8 mmol)
dropwise at -78° C and the solution stirred. - The above

protected amino acid amide (1.41 g, 3.0 mmol) in THF (15 mL)

was added dropwise, and the resulting mixture stirred. The

reaction was quenched with saturated aqueous ammonium °

chloride. The mixture was diluted with ethyl acetate (150

mL), and the organic layer washed with saturated agueous’
ammonium chloride (2 x 50 mL), brine (50 mL), dried with MgSoO,,
filtered, and concéntrated-under reduced pressure.

The crude

material was purified on silica gel (ethyl acetate/hexane),

and concentrated under reduced pressure.
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0.

N .
Boc” T/ 1. Z-Cl. NaHCOyTHF:H,0

OCH, 2. Lithium thiazole/THF

NH,

1. tert-Butyloxycarbonyl-3-(cis/trans-2- _
aminocyclohexyl)alanine-N,O-dimethylamide (1.00 g, 3.0 mmol)

was dissolved in saturated_aqueous,sodium hicarbonate, and’ THF

[60 mL, (1:1)] with stirring. The soluti_on was cooled and a ‘
solution of benzyl chloroformate (0.43:mh,:3.0_mmol) in THF o
(10 mL) was added dropwise. Excess'solid sodium bicarbonate ‘
was added, the THF was removed under reduced pressure, and the
remaining agqueous phase was poured 1nto ethyl acetate (250

mL) , and mixed thoroughly. The aqueous phase was dlscarded

and the remaining solutlon was washed w1th saturated aqueous
_sodlum bicarbonate (2 x 50 mL), 4 N'aqueous sodium bisulfate

(2 x 50 mL), and brine (2 x 50 mL) The solutlon was dried

with MgSoO,, flltered and concentrated under reduced pressure

The semi-solid was chromatographed on 51llca gel (ethyl

acetate/ hexane).

2. To a solution of thiazole (1.16 g, 13.7 mmol) in anhydrous LJ
THF was added n-BuLi (1.6 M/hexane, 8.0 L, 12.8 mmol)
dropwise at <78 C and_the_solution stirred' The above
protected amino acid amide (1.41 g, 3.0 mmol) in THF (15 mL)
was.added dropwise, and the resultlng mlxture stirred. _The
reaction was qguenched with saturated aqueous ammonlum
chloride. The mixture was. dlluted w1th ethyl acetate (150
mL), and the organic layer washed w1th saturated aqueous
ammonium chloride (2 x 50 mL), brine (50 mL), dried with MgSO,,
filtered, and concentrated under reduced pressure -The crude
material was purified on silica gel (ethyl acetate/hexane),

and concentrated under reduced pressure. .
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OCH,3 HgCl/THF
2. Lithium thiazole/THF

HoN

1. tert-Butyloxycarbonyl-3-(cis/trans-4- ,
aminocyclohexyl)alanine-N, O-dimethylamide (2.0 g, 6.1 mmol)
was dissolved in dry THF (20 mL) under nitrogen with stirring.
The solution was cooled to 0 C, N,N'-bis4(benzyloxycarbonylf—
S-methyl-isothiourea'(2.18 g, 6.1 mmol), and HgCl (1.81 g, 6.7
mmol) added. The solution was concentrated under reduced
pressure, the remaining residue was suspended in ethyl acetate
(300 mL), and filtered through celite. The filtrate was
concentrated under reduced pressure. Flash chromatography
over silica gel (hexane/ethyl acetate gradient) afforded the'
pﬁrified product.

2. To a solution of thiazole (2.32 g, 27.3 mmol) in anhydrous
THF was added n-BuLi (1.6 M/hexane, 15.9 mL, 25.4 mmol) |
dropwise at -78 C and the solution stirred. The above
guanidylated amino acid (3.88 g, 6.1 mmol) in THF (15 mL) was
added dropwise, and the'resulting mixture stirred. The
reaction was quenched with saturated aqueous ammonium
chloride. The mixture was diluted with ethyl acetate (150
mL), and the organic layer washed with saturated agqueous
ammonium chloride (2 x 50 mL), brine (50 mL), dried with MgSO,,
filtered, and concentrated under reducéd-pressure. The crude
material was purified on silica gel (ethyl acetate/hexane),
and concentrated under reduced pressure.
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Q . Nz ' : o

CHy )l\
Boc” _ N~ 1. HyCS

: _NHz : : Boc/ |
(l)c|.|3 HgCL/THF ' ’ . N\\/>

2. Lithium thiazole/THF

25
ZXT
n

H;

1. tert-Butyloxycarbonyl-3-(cis/trans-3- ‘:5

- aminocyclohexyl)alanine-N, O-dimethylamide (2.0 g, 6.1 mmol)
was dissolved in dry THF (20 mL) under nitrogen with stirring.
The solution was cooled to 0° C, N,N'-bis-(benzyloxycarbonyl)-
S-methyl-isothiourea (2.18 g, 6.1 mmol), and HgCl, (1.81 g, 6.7
mmol) added. The solution was ¢oncentrated under reduced
pressure, the remaining residue was suspended in.ethyl acetate
(300 mL), and filtered through celite. The filtraﬁe was
concentrated under reduced pressufe. Flash chromatography
over silica gel (hexane/ethyl acetate gradient) afforded the
purified product.

2. To a solution of thiazole (2.32 g, 27.3 mmol) in anhydrous |
THF was added n-BuLi (1.6 M/hexane, 15.9 mL, 25.4 mmol) -
dropwise at -78° C and the solution stirred. The above
guanidylated amino acid (3.88 g, 6.1 mmol) in THF (15 mL) was
added dropwise, and the resulting mixture stirred. The

reaction was quenched with saturated agqueous ammonium

chloride. The mixture was diluted with ethyl acetate (150

mL), and the organic layer washed with saturated aqueous

ammonium chloride (2 x 50 mL), brine (50 mL), dried with MgSo,,
filtered, and concentrated under reduced pressure. The crude
‘material was purified on silica gel (ethyl acetate/hexane),

and concentrated under reduced pressure.
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X

Boc” N 1. HyCS NHZ Boc”

i Lcua | - HgCl,/THF - ° N‘J

2. Lithium thiazole/THF

H, . : H

1. tert-Butyloxycarbonyl-3-(cis/trans-2- _
aminocyclohexyl)alanine-N, O-dimethylamide (2.0 g, 6.1 mmol)
was dissolved in dry THF (20 mL) under nitrogen with stirring.
The solution was cooled to 0 C, N,N'-bis-(benzyloxycarbonyl)-
S-methyl-isothiourea (2.18 g, 6.1 mmol)}, and HgCl (1.81 g, 6.7
mmol) added. The solutiQn was concentrated under reduced
pressure, the remaining residue was Suspended in ethyl acetate
(300 mL), and filtered through celite. The filtrate was
concentrated under reduced pressure. Flash chromatography
over silica gel (hexane/ethyl acetate gradient) afforded the
purified product.

2. To a solution of thiazole (2.32 g, 27.3 mmol) in anhydrous
THF was added n-BuLi (1.6 M/hexane, 15.9 mL, 25.4 mmol)
dropwise at -78 C and the solution stirred. The above
guanidylated amino acid (3;88 g, 6.1 mmol) in THF (15 mL) was
added dropwise, and the resulting mixture stirred. The
reaction was quenched with saturated agueous ammonium
chloride. The mixture was diluted with ethyl acetate (150
mL), and the organic layer washed with saturated agqueous
ammonium chloride (2 x 50 mL), brine (50 mL), dried with MgSO,,
filtered, and concentrated under reduced pressure. The crude
material was purified on silica gel (ethyl acetate/hexane),
and concentrated under reduced pressure.
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Synthesis of Intermediates
0
N/U\O l. n-BulLi- g .
l————l o) |
™ “ pn Z‘E:j/\/Rcl'
1 THF/-78C 2

(4S, 5R) -3~ (1-oxo-3-phenylpropyl) -4- (phenyl) -5~ (methyl) -2~
oxazolidone (2). A solution of 10.0 g (1.0 eguiv., 56.4

mmol) of (4S, 5R)~4-phenyl-5—methyl-2-oxazolidone (1) in :5
250 mL of dry THF, stirred at -78°C under argon, was

treated dropwise with n-butyllithium (1.6 M in Hexane, 1.1

~eq., 38.8 mL). After stirring for 30 min., 8.4 mL (1.0

equiv., 56.4 mmol) of hydrocinnamoyl chloride was
introducéd dropwise over a 10 minute period. The
resulting_mixture was warmed to 0°C, stirred for an
additional hour, and quenched with saturated ammonium
chloride. The solvent was removed in vacuo and the %
resulting white solid dissolved in ethyl acetate and i
ddH,0. The aqueous phase was removed and extracted with

two additional portions of ethyl acetate. The extracts

were combined, washed with saturated sodium chloride, <
dried over sodium sulfate, and the solvent was removed irn

vacuo to afford a white crystalline solid (2)(in 91% '

vield).

m.p.95-96.5; [@lp-35.8 (c=1, CHpCly); [0lp-26.6 (c=1.01E.
CH,C1s) .

lunMR (CDCl3) & 0.89(d, 3H, CH3 , J=6.6 Hz), 3.00-3.05

(m, 2H), 3.26-3.34 (m, 2H), 4.73-4.78 (m, 1H), 5.64, d,
1H, J=7.4 Hz), 7.22-7.46 (m, 10H). ’

- om0
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0 o o .0 0
/ﬂ\ 1. LHMDS /ﬂ\
N~ o : > N~ o
\‘L—_I’l 2. =~1 \l_l,,
(/4 - \ ”
: Me Ph ¢ Me Ph
: l‘ _
s 1
. ' 3

THF/-78 °C
2

A solution of 5.0 g (1.00 equiv., 16.2 mmol) of (2) in 100
mL of dry THF, was cooled to -78°C. Enolization was

5 achieved with 17.8 mL (1.1 equiv., 17.8 mmol) of lithium

| bis-trimethylsilylamide, which was added dropwise via
syringe. The solution was stirred for 30 min. before 4.45
mL (3.0 equiv., 48.5 mmol) of allyl iodide was introduced
and the reaction warmed to -15°C. After 1 h the reaction

10 was quenched with saturated ammonium chloride and
extracted (3X) with ethyl acetate.. The organic phase was
washed with sodium metabisulfite, dried over sodium ,
sulfate and the solvent removed in vacuo to afford an off-
colour oil. Purification was achieved by flash

15 chromatogréphy on silica gel using a stepwise gradient
(15:1, 12:1, 10:1) to yield (3), a colourless 0il (95%) .

[a]lp 47.5 (c=3.12, CHpCljy).

20 lENMR (CDCl3) § 0.82 (d, 3H, CH3, J=6.6), 2.31-2.40 (m,
1H, RCH=CHCHp), 2.49-2.57 (m, 1H, RCH=CHCHp), 2.84-3.00
(m, 2H, Ph-CHp), 4.32-4.37 (m, 1H, CH-(N)CO), 4.53-4.58
(m, 1H, CH3-CH-), 5.03-5.13 (m, 2H, ABX, CH=CHp), 5.21 (d,
1H, Ph-CH, J=7.1 Hz), 5.81-5.89 (m, 1H, CH=CHp), 7.20-7.42
25 (m, 10H, ArH);

13¢ (cpclz) & 14.4, 36.2, 38.2, 43.9, 54.7, 78.4, 117.1,

125.4, 126.3, 128.2, 128.5, 129.0, 133.1, 134.8, 138.9,
152.4, 174.9.
30
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1. BHy/THF/0°C
N)LO >

2. MCPBA/CHCl3/RT

\
Me “ pn

A sample of the allyl compound, (3), (4.75 g, 13.6 mmol)
in THF (100 mL) was treated with 13.6 mL (1.0 equiv., 13.6
mmol) of a 1.0 M solution of borane-tetrahydrofuran'
complex at 0°C and stirred for 2h. ' The. solvent was
evaporated and chloroform (100 mL) added via syringe.
Oxidation of the organoborane was achleved by the addltlon
of 4.7 g (2.0 equiv., 27.2 mmol) of 3-chloroperoxybenzoic
acid at 0°c, w1th warming to ambient temperature and
stirring for an additional hour. The organic phase was
washed with 5% Na2CO3' ddH30, and dried over sodium
sulfate. 'Due to the instability of the alcohol,.a quick
column was performed to remove the ektreme-polar and
nonpolar material which originated from the 3-

chloroperoxybenzoic acid. The alcohol (4) was obtained in
a yvield of 65%. '

(alp 39.3 (c=1.038, CHaClsy).

ImNMR (CDCl3) & 1.07 (4, 3H, CH3-CH, J=6.5 Hz), 1.81-1.93
(m, 3H, CHy-CH-H), 2.10-2.19 (m, 1H, CHp-CH-H), 3.10-3.17
(m, 2H, Ph-CHp), 3.873.90 (m, 2H, CHpOH), 4.43-4.49 (m,
1H, CH-CO), 4.70-4.75 (m, 1H, CH3-CH), 5.36 (d, 1H, Ph-CH,
J=7.1 Hz), 7.41-7.63 (m, 10H, ArH); |
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NJLO 1. PCC/mol - sieves‘ -' N/u\o
, Me\‘l_—]"// ph 2. CHCLy/RT - . Me“l_—l"// Ph
g\OH . ' N c

To a solution of the alcohol (4) (1.0 g, 2.7 mmol),
. dissolved in dichloromethane (27 mL), 876 mg (1.5 equiv.,
5 4.1 mmol) of pyridinium chlorochromate and 1.0 g of 4
angstrom molecular sieves were introduced and the mixture
changed from bright orange to a black colour. The
reaction was monitored by-TLC and after 30 min., if
starting material remained, additional molecular sieves
10 were added. The solution was filtered thfough-celite and
the solvent waé evaporated; The residue was dissolved in
ethyl acetate and washed with saturated sodium chloride.
- If the orénge colour persisted in the organic phase,
additional filterings through celite pads were pexrformed.
15 The aldehyde was obtained in a quantitative yield as a

transparent, colourless oil (5).

luNMR (CDCl3) & 0.84 (4, 3H, CH3;CH, J=6.6Hz), 1.87-1.94
(m, 1H, CH,-CH(H)-CHO), 2.04-2.13 (m, 1H, CHp-CH(H)-CHO),
20 2.45-2.50 (m, 2H, Ph-CH3), 2.79-2.85 (dd, 1H, CHp-CHO,
| J=13.3 & J=6.6), 2.92-2.99 (dd, 1H, CHp-CHO, J=13.2 &
J=8.8), 4.19-4.22 (m, 1H, CH-CO), 4.46-4.51 (m, 1lH, CH3-

CH), 5.13-5.25 (m, 1H, Ph-CH), 7.20-7.39 (m, 10H, ArH),
9.69 (s, 1H, CHO);
25

13¢ (cpclz) 8 14.2, 23.8, 39.0, 41.2, 43.8, 54.9, 78.6,

125.3, 126.4, 128.2, 128.4, 128.5, 128.9, 132.8, 138.4,
152.4, 174.9, 201.1.

113

SUBSTITUTE SHEET



WO 96/19483 PCT/CA95/00708

o) o)
’Jl\ 1. PTSA/L-CYS Et-ester/
O N o mol. sieves
J___b , - >

| Me / on PhH/RT Ph

i

2

Y,

|
: g’*\§n
_ 5 o

3 i
The aldehyde, (5), (2.6 g, 7.10 mmol) was dissolved in
benzene (70 mL) and a catalytic amount of p- -

5 toluenesulfonic acid was added, ﬁqllowed'by 1.58 g (1.2
equiv., 8.52 mmol) of L-cysteihe ethyl ester and 4 A
moleculaxr sieves. The reaction was allowed to stir
_overnight at ambieht température'followed be removal of
solvent in vacuo. The residue was dissolved in

10 chloroform, washed with saturated deium chloride, ddH,0,

and dried over sodium sulfate. Thé solvent was removed

in vacuo to afford a gummy solid (6).

o] 9]

N/lk o Me3Al/ DCM,
: _
\__/ room temp.

N *
N 2,
N %

Me Ph

15 6 . _ 7

2.0M trimethylaluminum in_hexane (2.4mL, 4.8mmol,'3
equivalents) was added slowiy to starting material (6)
(800mg, 1.61lmmol) stirring in anhydrous dichloromethane

20 under argon, using ovendried equipment. After stirring
overnight, HPLC indicated that the reaction had gone to
completion.
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The mixture was quenched with excessmhéthanol, then
filtered on a short si;ica gel column (washing through
with excess 10% methanol in ethylacetate. Evaporation
5 gave 784 mg of crude material that was purified using 2:1

hexane:EtOAc on a silica gel column affording 258mg
(0.81lmmol being a 50% yield) of pure compound (7),a 6S~ -
benzylhexahydro—5—oxo-5H—thiazolo[3,2-a]pyridine—3R—ethyl
ester as a white/yellow solid.

10
‘H NMR (CDC13) 4 1.28-1.31 (m, 3H), 1.72-1.81 (m, 3H),
2.10-2.13 (m, 1lH), 2.66 (dd, 1H, J= 11.5 and 6.0 Hz),
3.29-3.34 (m, 2H), 4.19-4.29 (m, 2H), 4.88 (dd, 1H, J= 9.0
and 5.0 Hz), 5.22 (dd, 1H, J= 8.0 and 6.0 Hz), 7.18-7.23

15 (m, 3H), 7.28-7.31 (m, 2H). |

/

LiOH/ THF/ H,0

20 LiOH.H20 (48mg, 1.12mmol) in 10mL of water was added to
starting material (7) (240mg, 0.76mmol) dissolved in 10mL of-/
dioxane. After 1 hour, TLC in 1:1 Hexane:EtOAc showed no
starting material. The reaction was quenched with lb% citric
acid, then extracted twice with dichloromethane. Drying and

25 evaporating the combined organic layers gave 354mg of crude
product. This was redissolved in dichloromethane, then
precipitated by adding excess hexane. The product was
filtered to give 200mg (0.68mmol being a 90% yield)) of an
off-white solid, (8), aiso known as GS-benzylhexahyaro—Saoxo-

30 5H-thiazolo[3,2—a]pyridine—BR-carboxylié acid.

'H NMR (CD30OD) d 1.71-1.82 (m, 3H), 2.12-2.17 (m, 1H), 2.67
(a4, 1H, J= 14 and 11 Hz), 2.77-2.81 (m, 1H), 3.30-3.40
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(m, 3H), 4.81 (dd, 1H, J= 8.5 and 4.9 Hz), 5.16 (¢, 1H, J=
7.5 Hz)f 7-18"7.31 (m; SH). .

o 7

% o)

X (cocn, o
g/\_f/\/\OH . | /W\CI
~ - - |

S5 -9 10

Oxalyl chloride (9) (25 g, 0.197 mol) was cooled to 0°C

and cyclohexane propionic acid (20 ml, 0.14 mol) was

added. This was left to stir overnight. The resultant
10 mixture was distilled to give an 84% yield of the

colorless liquid (10), cyclohexyl propionic acid chloride.

. o O
1. n-Buli / THF / -780C o i
A\ e e el
HN" "o —t- _ N O
g__( | o G o }_;t_
CH, Ph 2 Co CH, Ph
/\/\/\ cl
~~" .
11 10 | 12

15 . .
The chiral auxiliary (11) (13.6g, 76.7 mmol, 1 eq) was
dissoived in dry THF and cooled to -78°C. Then n-BuLi
(52.8 mL, 84.4 mmol, 1.2 equiv.) was added and left for 30
mins (dark orange solution). The acid chloride (10) (13.4

20 g, 76.6 mmol, 1 eqg) was then added and left to stir
overnight. Work-up was done by quenching with saturated
NH,C1 extradting with ethYl aCetate}jwéshing-the extracts
with water and brine, drying'ovef sodium sulphate and.
concentration. A fast colﬁmn,'with dfy loading, (6:1

25 hexane ethyl acetate) was run to purify the product. This

afforded in a white solid (12) which was recrystallized
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from ether and ‘hexane to give the tltle compound in 78%

yield.

[0)D=-20.1(c=1,EtOH); MP/BP mp=90.5-91.50C

1H NMR (CDCl3) 4 0.86-1.10 (m, 5H), 1.18-1.30 (m, 4H),
1.54-1.75 (m, 7H), 2.86-2.97 (m, 2H0O, 4.70-4.76 (m, 1H),
5.65 (4, 1H, J= 7.2 Hz), 7.28-7.42 (m, S5H).

9 1. LLHMDS /THF/-78°('

o
_ 7 /\/j/\ h—/
N < %th' ZNBr

CH,

12 " 13

The starting material (12) (9.13g, 292 mmol, leq) was
dissolved in dry THF and cooled to -78C, after which
LiHMDS (31.9 mL, 31.9 mmol, 1.1 eq) was added dropwise
over 40 mins. Then, 30 minutes later, allyl bromide (7.5
mL, 86.9 mmol, 3 eq) was added slowly over 10 mins. The
mixture was left to warm overnight. Work-up included
quenching with sat. ammonium chloride, extraction with
ethyl acetate, washing with 10% sodium thiosulphate,
decolourising with charcoal, drying over sodium sulphate
and concentration in vacuo. The product was obtained as a
vellow oil (13) in 96% yield.

[0)D=+9.5(c=1.0,EtOR)

‘H NMR (CDC13) & 0.92-1.10 (m, S5H), 1.10-1.39 (m, 5H),
1.63-1.75 (m, 6H), 2.27-2.42 (m, 2H), 4.01-4.14 (m, 1H),
4.76-4.85 (m, 1H), 5.00-5.07 (m, 2HO, 5.65 (&, 1H, J= 7
Hz), 5.64-5.88 (m, 1HO, 7.27-7.46 (m, S5H).

. This Sheet Has Been R
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10

1. BH(CH(CHZ)CH(CHg)5),

| o © : |
LN THF/0 C/2h
) \_/ 2.PCC/DCM/ reflux(lh) i '
\/ N ., : : ()\/
' CH, Ph _ .

13 _ 14

2-methyl-2-butene was added dropwise to borane
dimethylsulphide complex at -12°C. The reaction was
maintained at this temperature for 15 minutes and then it
was warmed to 0°C, after which it was stirred for 2 hours.

The disiamyl borane was then added to a mixture of the

starting material 13 in THF using a double-ended needle at
0C. The mixture was then stirred for 2 hours after which
the solvents were removed and the residue dissolved in

dichloromethane. It was carefully added to a suspension

' of pyridinium chlorochromate in dichloromethane contained

15

- 20

25

i

in a flask equipped with a reflux condenser. After the
initial exothermic reaction had subsided, the mixture was
refluxed at 50C for 1 hour. The dark brown liquid'was
dissolved-in'ethyl acetate énd_filtered.th:ough Florisil.
The black residue of .| PCC was extracted with ethyl acetate
and also filtered through the same Florisil pad.
Concentration of the filtrates resulted in a 78% yield of
a yellow gummy product (14).

[]D=-17.8 (c=1.245,EtOR)
‘H NMR (CDC13) 4 0.89-1.18 (m, 5H), 1.20-1.47 (m, 8H),
1.60-1.74 (m, 6H), 1.83-2.00 (m, 1H), 2.48-2.53 (m, 2H),

3.90-4.10 (m, 1HO, 4.12-4.16 (m, lH), 4-76?4.80 (m, 1HO, .
5.67 (d, 1H, J= 7Hz), 7.27-7.46 (m, 5H), 9.77 (s, 1lH).
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° Jﬁfﬁ Toluene / p-TSA / e ? ﬁ
: ! N N\ o mol. sieves = N /\O
NG - HS  NH, \_/
CH,  Pn — CH, Ph
o” " CO,Et S\—/NH
“ oL
14 1 5

_ The resulting aldehyde (14) (7.7g crude, 20.8 mmol 1

5 equiv.) was dissolved in 75 mL of toluene. To the
solution was added a catalytic amount of p- ~
toluenesu;phonic acid (50 mg), 10 g of 4A molecular '
sieves, and L-cysteine ethyl ester (3.87 g, 20:8 mmol, 1
equiv.). The mixture was stirred overnight, filtered and

10 concentrated. The residue was then purified by silica gel
chromatography (6:1 hexane:ethyl acetate) afforded 6.36 ¢
of the product (15) in 61% vield.

[0]D=-48 .3_(C=1 .095, EtOH)

15
~ 'H NMR (CDC13) d 0.84-0.98 (m, 4H), 1.11-1.38 (m, 7H),
1.50-1.90 (m, 10H), 2.80-2.99 (m, 1H), 3.24-3.34 (m, 1H),
3.77-4.29 (m, 4H), 4.46-4.81 (m, 2H), 5.66 (d, 1H, J=
.~ 7Hz), 7.27-7.46 {(m, 5H).
20

0°Cc =RT

. o @) ' ‘
- I .
/\/\‘/'\N/'\o , MeaAllDCM PN P
| F \
~~~ \\—, NN \/N
A Chs o CO,Et
s” "NH | - 2
./
“CO,Et

15 16

T “ﬁﬁ‘iilT M
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The starting material (15) (1.97 g, 3.9 mmol, 1 equiv.)
was dissolved in 20 mL of dry dichloromethane and cooled
to 0°C. Trimethylaluminum (5.9 mL, 11.8 mmol, 3 equiv.),
was added dropwise and the mixture was left stirring
overnight. After complete reaction as evidenced by HPLC,
methanol was added until a yellow solid mass was formed.
Dichloromethane was added to dissolve the solid and the
whole mixture was stirred for 15-30 minutes and then
filtered. The residue after concentration in vacuo was
run through a quick column (6:1 hexane:ethyl acetate), to
remove auxilary and as many of the polar decomposition

products as possible, affording in a 50% yield of a yellow.
. 0oil (16).

‘H NMR (CDC13) d 0.83-0.98 (m, 2H), 1.09-1.38 (m, 10H),
1.57-2.00 (m, 11H), 2.12-2.18 (m, 1H), 2.49-2.54 ( m, 1H),
3.10 (dd, 1H, J= 11 and 6 Hz), 3.27 (dd, 1H, J= 11.5 and
8.0 Hz), 4.11-4.25 (m, 2H), 4.88 (dd, 1H, J= 11.0 and 5.0
Hz), 5.14 (dd, 1H, J= 10 and 6 Hz).

LIOH / HzO-Diox N (\\/S

/\
" \/N 10°C  RT oSN {
o CO,Et o

16 17

The starting material (16) (0.95 g, 2.9 mmol, 1 equiv.)
was dissolved in 10 mL of dioxane. The solution was
cooled to 10 C, and to it was added LiOH'H.0(0.123 g, 2.9
mmol, 1 eq.) dissolved in 10 mL of'water. The bath was
removed and the mixture was stirred at room temperature
for 1 hour. TLC showed complete reaction and the solvent
was evaporated under vacuum. The remaining aqueous layer
was washed with ether (2X), acidified with 10% citric
acid; and extracted with dichloromethane (3X). The

heet Has Been
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combined extracts were dried over sodium sulphate and
concentrated to give a white solid Whiéh was _ |
recrystallized from ether. Concentration of the filtrate
and purification by silica gel cblumn chromatography (2:1
hexane: ethyl acetate) resulted in more product (17) with

a m.p. of 198.2-199C.

‘H NMR (DMSO-d6) d 0.78-0,93 (m, 2H), 1.11-1.27 (m, S5H),
1.34-1.36 (m, 1H), 1.51-1.56 (m, 1H), 1.60-1.75 (m, 1H),
1.82-1.87 (m, 1H), 2.15-2.18 (m, 1H), 2.37-2.41 (m, 1H),
3.03 (dd, 1H, J= 11.5 and 5.5 Hz), 3.35-3.38 (m, 2H), 4.83
(dd, 1H, J= 9 and 4 Hz), 4.95 (dd, 1H, J= 8 and 5.5 Hz).

o o
H o_ R o9
0N OH & >~ \./-\ CHN, c” .H—.N‘\//h\
. : o o2 TN CH,CI
—_— .s —_— ./
Cbz ~ Cbz - !
N N Cb%/J
_ P _
HNZ N HNZ “NH PN
Cbz . (::bZ HN I?‘H
Cbz

18 : 19 20

BOC-DiCbz Arg (18) (7.6 g, 14.0 mmol) was dissolved in
anhyvdrous THF (40 mL) and cooled to 0C. Triethylamine (2.2
mL) was added followed by 14.5 mmol of a 1M toluene
solution of isopropyl chloroformate via a syringe. The
reaction was allowed to stir at 0C for 30 minutes then
gquickly filtered. The white solid was discarded. To the
filtrate was bubbled freshly prepared diazomethane until
the color of the solution turned yellow. The reaction
mixture was -allowed to stand overnight in a well
ventilated fumehood which facilitated the discharge of
excess diazomethane. Dry ether was added to precipitate
the diazoketone. The product was filtered and dried under
vacuum to give light yellow fluffy solid (4.6 g, 58%).
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Diazoketone (19) (1g, 1.77 mmol)~was-di§solved in THF (20
mL) and to this solution was added 1M HCl in ether (20 mL)
at 0'C. The reaction was allowed to stir at ambient
temperature dvernight during which time a white

5 precipitate was formed. Further precipitation was achieved
by adding ether. Filtration and drying the solid afforded
the product (20) (1.02 g , 100%).

'H NMR (DMSO-d6) d 1.65-1.77 (m, 3H), 2.06-2.50 (m, 1H),

10 3.86-3.90 (m, 2H), 4.29 (m, 1H), 4.76 (d, 1H, J= 18Hz),
4.95 (4, 1H, J= 18 Hz), 7.35 (s, 2H), 7.36 (s, 2H), 7.35-
7.41 (m, 10H), 8.71 (br s, 3H), 10.1 (br s, 2H).

‘C NMR (DMSO-d6) 4 23.7, 26.4, 47.2, 47.9, 56.2, 68.0,

15 69.3, 128.6, 128.7, 128.8, 128.9, 135.2, 135.9, 153.4,

157.4, 198.9.

o
P P T HN _~_Cl -
N : AN NS
\/\ .\\\/ + / . . - N
> U
° 5 o) - ' H NHCD?2
. NCbz ’ o fe) ; HN§/
=~ O = ”.\‘. \NCDZ
HN® T NCbz = W
/
N i
17 - : 20 o 21

20
To mimetic (17) (0.422 g, 1.42 mmol) din THF (50 mL) at 0C
and’ in presence of N-methyl morpholine (0.19 mL), was
slowly added 1M toluene solution of isopropylchloroformate
(1.71 mL) . The reaction was allowed to stir aﬁ-O(: for 30

25 minutes then treated with aminochloromethylketone (20) in
small portions. Once the addition was complete the reaction
was further stirred for 15 minutes followed by addition of
N-methyl morpholine (0:19 mL). The reaction was stirred at
ambient température for 3 hours, then Extracted with ethyl

30 acetate followed by washing with brine'ahd 10% agueous
citric acid. Removal of organic solvent gave a white foam
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(21) (1.03 g, 96%) which was used further without
purification. ci

'H NMR (CDC13) d 0.07-0.97 (m, 1H), 1.15-1.41 (m, 7H),

5 1.62-1.91 (m, 10H), 2.10-2.16 (m, 1H), 2.43-2.48 (m, 1H),
2.74-2.80 (m, 1H), 3.01-3.07 (m, 1H), 3.87-3.94 (m, 1H),
4.11-4.19 (m, 2H), 4.60-4.66 (m, 1H), 4.74-4.86 (m, 2H),
5.09-5.24 (m, 4H), 7.30-7.39 (m, 10H), 7.95 (4, 1H, J= 8
Hz), 9.4 (br s, 1H), 9.56 (br s, 1H).

10
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EXAMPLE 3

COMH HN NH,

(N—t—BOC—N—tosyl)butyryiketoarginine (240mg, 0.515 mmol),
was deprotected using 30% TFA 'in dichloromethane. The
deprotected arginine derivative, was coupled with the

10 mimetic (8) (100 mg, 0.343 mmol) in DMF under basic
conditions (Et\N, pH = 8-9), using BOP reagent (228 mg,
0.52 mmol) as the dehydrating agent. The reaction was
typically complete within 2-4 hours. Extraction with ethyl
acetate followed by successive washing with brine and 10%

15 aqueous citric acid yielded the crude product. The crude
prodﬁct was purified by column chromatography affording 180
mg (76%) of pure product. This product was then treated
with HF to remove the tosyl group. Purification of the
isolated deprotected product by HPLC afforded BCH-2737.

20
EXAMPLE 4
e NP Nt AN NS
NN 1. HS-CH2-CO2H L& _n
o \g\H NHCbz N '\g\ﬁ -
(o] \ N HN# NMMITHF/RT _ o] o L HN="
o wNCbz o Q/' N
2. BBR3/DCM o ) —
ci : - '
| HO\(\S
. ' o
21
124
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Chloromethylketone (21) (0.188 g, 0.245 mmol) waé
dissolved in THF (10 mL) treated with NMM (0.036 mL)
followed by mercapto acetic acid (0.02 mL, 0.299 mmol).

5 The reaction was stirred at ambient temperature overnight.
Extraction of the reaction mixture with ethyl acetate
followed by successive washing with brine and 10 % aqueous
citric acid and evaporation of organic solvent gave the _
crude product which was purified by column chromatography

10 to give foamy solid as the product (0.125 g, 62%).

This protected precursor (0.125 g, 0.154 mmol) was
dissolved in DCM (5 mL) and cooled to -78C. A 1M DCM
solution of BBr (1.54 mL, 1.54 mmol) was slowly added. The

15 reaction was stirred at ambient temperature for -5 hours,
then cooled to ~78C again and treated with anhydroﬁs
methanol (2mL). The reaction was brought to room
temperatufe and stirred for 2 additional hours. The
solvents were removed under reduced pressure and the

20 residue was partitioned between ether and water. The water
layer was collected, lyophilized and the final product (23)
obtained as a powder after HPLC purification and
lyophilization.

25 The products of the reactions described above can be
isolated in the free form or in the form of salts. 1In
addition, the products can be obtained as pharmaceutically
acceptable acid addition salts by reacting one of the free
bases with an acid. In a similar manner, the product can

30 be obtained as pharmaéeutically-acceptable salts by
reacting one of the free carboxylic acids with a base.
Likewisé, treatment of the salts with a base or acid
results in a regeneration of the free amide.
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EXAMPLE 5
A general method of synthesizing compound of formula II or
III:
5
CH4CN
B SR
NaCNBH,
RT 16 hrs
COOMe
o/
KHMDS / THF
Tosyl Ng
NH, COCH.CH,COMs
LIOH ) \Slﬂp,
NH
T
1. same procedure
as for 20
S o/
O  CO-NH__COCH,CH,COMe O  CO-NH__COCH.CH.CO Ms
2. deprotection as
NH in example 3 - _ “  N\H
CBz NH NH, CBz ' NH NH,
10
126
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EXAMPLE 6
Synthesis of

o :
0_ . N }i o)
N /N
P .
) SNH_

HN

{16)

S STEP 1

Synthesis of 2-Benzyloxycarbonylamino-4-hydroxybutyric
acid tert-butyl ester '

. ' QO
Cyclohexyl), NH.HOOC : : >
(Cyclohexyl), “CONBu  2)NaBH, MeOH  HO CO,t-Bu

10
(1) (2)

To a solution of the protected aspartic acid (1) (Bachem,
2.50 g, 4.95 mmols) in 50 mL of dry tetrahydrofuran

15 (THF), at -10°C, under Nz, was added N-methylmorpholine
(109 uL, 0.2 eq) and isopropyl chlorofofmate (1.0
M/toluene : 384 UL, 1.1 eq). The soluion was stirred at
-10°C for 60 min. In another flask, NaBH, (375 mg, 2 eq)
was suspended in a dry 5:1 mixture of THF/MeOH (50 mL),

20 at -78°C, under N,. This suspensibn was stirred at -78°C
fof 30 min. The mixted anhydride solution was then added
to the NaBH, suspension dropwise via canula, and the
final solution was stirred at -78°C for 3 hr. Acetic
acid (2.8 mL, 10 eq) was then added and the solution was

- sUBSTITUTE SHEET
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10

15

20

25

30

warmed to r.t. (30 min). The solvents were evaporated,
the residue taken up in EtOAc and washed with sat.aq.
NaHCO, (2x) and brine. The organic layer was dried over

MgSO,, the solids were filtered and the solvent

evaporated to give 1.53 g (4.95 mmols, 100%) of the
alcohol (2) as a clear oil.

'H NMR (CDC1l,, 400 MHz) : 0 7.40-7.31 (m, 5H, ArH), 5.63
(d, 1H, J=7.3, NH), 5.13 (AB system, 2H, J=12.2, CH,Ph),

4.43 {(m, 1H, H-2), 3.69 (m, 2H, H-4), 2.17 (m, 1H, H-3),
1.63 (m, 1H, H-3), 1.48 (s, 9H, t-Bu).

STEP 2 _ : _
2-Benzyloxycarbonylamino-4-iodobutyric acid tert-butyl
ester

NHZ PhP.L, NHZ
- - ’ ’
HO /\)\C02t-Bu Imidazoke. -10°C I/\/j\COzt-Bu
0 CH,CN/EL,0 |
(2) o (3)

To a solution of the alcochol (2) (1.53 g, 4.95 mmois) in
a 1:1 mixture of CH,CN/Et,O (50 mL), at -10°C, under N.,
were added successively imidazole (607 mg, 1.8 eq) and
Ph,P (2.21 g, 1.7 eq). TIodine (2.14 g, 1.7 eq) was then
added in small portions over a peribd of.15'min. After
the addition was completed, a white precipitate formed
and the solution was brown. It was stirred at -10°C. for

45 min. It was then poured in Et,0 and the orgaric phase

was washed with sat.aqg. Na,S0,, sat.ag. CusO,, H.O and

dried over MgSO,. The solids were filtered and the

solvent'evaporated to give a yellow oil that was purified
by flash chromatography (silica gel, 5% to 20% EtOAc/
Hex). The iodide (3) was obtained in 83% yield (1.71 g)

as a clear oil. '
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1§ NMR (CDC1,, 400 MHz) : O 7.41-7.31 (m, 5H, ArH), 5.35
(bd, 1H, J=7.3, NH), 5.13 (s, 2H, CH,Ph), 4.30 (m, 1H, H-

2), 3.22-3.12 (m, 2H, H-4), 2.42 (m, 1H, H-3), 2.20 (m,
5 1H, H-3), 1.48 (s, 9H, t-Bu). f

5252_1 J . _
Synthesis of 2—Benzyloxycarbonylamino-4-hexenoic acid
10 tert-butyl ester

/\)N\HZ Z Mg Cul > \/\)N\HZ
1 . COzt-Bu THF. -78°C _ . COzt-Bu
(3) ' . (4)

15 .
To a suspension of Cul (2.27 g, 5 eq) in dry THF (20 mL),
at -78°C, under N,, was added slowly a 1.0M solution in

THF of vinyl magnesium bromide (23.4 mL, 9.8 eq). The
solution was then warmed up to -10°C for 30 min (it

20 turned then black) and cooled back to -78°C. A solution
of the iodide (3) (1.00g, 2.39 mmols) in dry THF (3.5 mL)
was then added slowly to the cuprate solution. The
reaction.mixture was stirred at -78°C for 2.5 hr.
Sat.ag. NH,Cl (50 mL) was added and the mixture was

25 brought'béck to room temp. with vigorous stirring. It
was then poured in Et,0 and stirred for 5 min. The dark

suspension was filtered through a cintered funnel and the
phases were separated. The aqueous phase was exfracted
with Et.O (2x) and the combined organic extracts were

30 dried over MgSO,. The solids were filtered, the solvents
evaporated and the crude oil-purified by flash
chromatography (silica gel; 5% AcOEt/Hex) to give 0.51 g
(67%) of the pure alkene (4).
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1H NMR (CDCl,, 400 MHz) : & 7.37-7.31 (m, 5H, ArH), 5.80
(m, 1H, H-5), 5.33 (d, 1H, J=7.8, NH), 5.12 (s, 2H,
CH,Ph), 5.05 (d, 1H, J=17.2, H-6), 5.01 (4, 1H, J=10.4,
H-6), 4.30 (g, 1H, J=7.4, H-2), 2.16-2.08 (m, 2H, H-4),
1.92 (m, 1H, H-3), 1.74 (m, 1H, H-3), '1.48 (s, 9H, t-Bu).

STEP 4
Synthesis of l-Benzyloxycarbonyl—S—hydrOXymethyl—Z—
pyrrolidinecarboxylic acid tert-butyl ester.

HO - f
NEZ - 1) Hg(OAc),. THF o/
| \/\)\ - 2)NaHCO,.KBr
A | | — >  ZN<
COt-Bu 3)NaBH,.0,
Ot-Bu
(4) ' (5)

To a solution of the alkene (4) (50 mg, 0.157 mmol) in dry
THF (3.1 mL), .at r.t., under N,, was added mercuric '
acetate (75 mg, 1.5 eq). The solution.was stirred at
r.t. for 18 hr after which it was cooled doWﬁ to 0°C.
Sat.aq. NaHCO; (2 mL) was then added and the mixture was
stirred at 0°C for-30.miq. KBr (0.l1lg, 6 eqg) was added W'
and the mixture was stirred at r.t. for 2 hr. It was
then poured in H,0/Et,0 and the phases were separated.

The aqueous phase was extracted with Et,0 (2x) and the
combined organic extracts were dried over MgSO,. The
solids were filtered and the solvents evaporated. Oxygen
(0,) was bubbled into a suspension of NaBH, (3.3 mg, 0.55
eqg) in dry DMF (0.4 mL) for 1 hr, and to this was added
dropwise (syringe pump, 3 mL/hr) a solution of the
organomercurial bromide in DMF (3.1 mL) with continuous
introduction of O,. The bubbling'was.contihued for 1 hr

and Et.0 (5 mL) was added. The grey suspension was

S$UBS
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filtered through Celite and the filtrate was evaporated.
The residue was chromatographed (silica gel, 6:4

Hex/EtOAc) to give the pyrrolidinbl (5) (30 mg, 57%) as a
clear oil.

5 :
iH NMR (CDCl,, 400 MHz) : 3 7.37-7.28 (m, 5H, ArH), 5.22-
5.09 (m, 2H, CH,Ph), 4.30 (4dd, 1H, J=1.4, 8.3, H-2), 4.24
(m, 1H, H-5), 3.70-3.57 (m, 3H, CH,-OH), 2.25 (m, 1H), 2.13
(m, 1H), 1.92 (m, 1H), 1.70 (m, 1H), 1.34 (s, 9H, t-Bu).
10
STEP 5
Synthesis of l-Benzyloxycarbonyl-5-carboxy-2-
pyrrolidinecarboxylic acid tert-butyl ester
OH O
SO,-Pyr. Et,N . H
ZN DMSO/CH,CL,. 0°C ZN
Ot-Bu ' Ot-Bu
o _
15 (5) | | (6)

To a solution of the alcohol (5) (50 mg, 0.149 mmol) and
Et,N (62uL, 3 eq) in dry CH,Cl, (0.8 mL) is added slowly,
under N., at 0°C, a solution of SO,~Pyridine complex (71

20 mg, 3 eg) in dry DMSO. The solution was stirred at 0°C
for 30 min and 10% citric acid (2 mL) is added. The pH
is brought to 4 with 1M NaOH and the agueous phase is
extracted with Et,0 (3x). The combined organic extracts
were dried over MgSO,. The solids were filtered and the

25 solvents evaporated to give a crude oil which was
purified by flash chromatography (silica gel, 7:3
Hex/EtOAc). The pure aldehyde (6) was obtained as a
clear oil (45 mg, 90%).
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lH NMR (CDCl,, 400 MHz) : § 9.68 + 9.56 (ds, 1H, CHO),
7.36-7.29 (m, 5H, ArH), 5.23-5.11 (m, 2H, CH,Ph), 4.57-
4.39 (m, 2H, H-2, H-5), 2.30-1.97 (m, 4H, H-3, H-4), 1.47
+ 1.36 (2s, 9H, t-Bu). '

5
STEP 6
&2
o
BOCHN 3
1 \ACO Me
MgsO4, CH,Cl,
i '3
2). NaBH(OAC), OBut o/
AcOH, THF
(6) (8)
10 _
The pyrrolidine-aldehyde (6) is coupled with the protected
diamino-propionic acid (7) by first forming the imine (8)
(MgsSO,, CH.Cl). 1Isolation of the imine (8) is done by
filtration of the MgSO, and evaporation of the solvent.
15 The crude imine is then treated with NaBH(OAc) and actic
acid (AcOH) in THF for 15 hours to obtain the amine (8)
after extrative work-up. : _ _ _ |
STEP 7
20 : . _ .
1) Hy PA/C /MeOH HN/\-.\/.\._
OBu< . > o H-N—J\
o= : : : : CO.Me OBut |
(\ S A
| NH ~
BCC
(8) ' ' (9)

B 132
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The CB7 (7) protecting group of the amine (8) is removed
by hydrogenation with palladium on charcoal 10% as a
catalyst in methanol (MeOH). The catalyst is filtered and
the MeOH evaporated to give-the crude diamine (9) that can

5 be used without any purification.

STEP 8

HN/\(\ Heat

OBut

10

The cyclisation is done by heating the crude oil (9) ffom
step 7, neat slightly above the boiling point of methanol.
The bicyclic lactam (10) is purified by flash '

18 chromatography. '

133
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COCl .

OBut Pyrzd;ne
NH

(10)

S The secondary amine of the bicyclic lactam (10) is
protected as an amide using benzoyl chloride in pyridine.

Evaporation of the pyridine and extractive work-up give
the bicyclic lactam-amide (11). “

10 STEP 10

o
\ HC1/Et,0 N
4 e
\' —_— N
\ _ 0
- NH
B a

(12}

The BOC and t-butyl ester protecting groups of bicyclic

15 lactam amide (11) are removed under acidic conditions (HC1

' in ethyl ether (Et.0)). The amine salt (12) precipitates o/
out of solution and is collected by filtration.
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STEP 11
0 H 0 H
N/ﬁ\NYi::Z C¢HaCH,0COC1 N
N ¢HgCHy . N
COOH :
o KyCO3, CH3CN . oH
o DH{: ZEN 0
(12) (13)

S . The primary amine of compound (12) is protected with a CBZ
group by reacting it with benzyl chloroformate in
acetonitrile (CH.CN) with K.CO, as a base. Extrative work-
up gives fully protected carboxylic acid (13) which can be
use for step 12 without further purification..

~ 10
STEP 12

(14)

N
sz

'-1

{131 HN
' (151

15 The carboxylic acid (13) is coupled wifh benzothiazole
ketoarginine (14) in DMF using BOP as the coupling agent
in the presence of diisopropylethylamine (EtNiPr.).
Extraction with ethyl acetate (EtOAC) gives compound (15)
as a solid Which is purified by chromatography.

20
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STEP 13

7] 3 N ’H o
N
N 4
I d
chE = H,, Pd/C 10%

MelE

5 The two CBZ(Z) protecting groups of compound (15) are
removed by catalytic hydrogenat;i.on' with Pd/C 10% as a
catalyst.- The _catalyét is filtered and the solvent is
evaporated to give the amino-guanidine (16).

.

(a
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EXAMPLE 7

SYNTHESIS OF COMPOUND {10)

S
N
H,N o
| 5 HN N
© S:::
) h‘l=H
. (10) o
STEP 1
OH
S
+ 0] NBOPOVF
0\ NMM N
. Hv
>
(3 Z O @)
S ’ | : o A\
OH (4)
g
¥ 4 O
{2)
10

4-methylmorpholine (NMM) was added to a solution of the
carboxylic acid (2) (1.7g, 4.9mmol, 1.0eq), 4-
hydroxyproline (3) (5.39mmol, l.leg), and BOP reagent
15 (2.17g, 4.%9mmol, 1.0eq) in anhydrous DMF (10mL) at room
temperature. The reaction mixture was stirred at room
tenberature over night, quenched with brine (50mL) and
ethyl acetate (100mL{. The organic layer washed with

' - 137 '
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agqueous citric acid (10%, 2x50mL), sodium bicarbonate
(10%, 2x50mL) and brine (50mL). The resulting organic
layer was dried over anhydrous magnesium sulfate, filtered
and the solvent evaporated. The crude residue wés purified
S5 by flash'chromatography (5:4:1, ethyl acetate-hexane-
methanol). 1.1g of pure product (4) was recovered 48%

vield.
STEP 2
10
OH
S S
1) riethyiamine ) -
N 2vsQ i N
Hw — ' |
4 O Z O
O \ C°C - 0

(4) | (5)

To a solution of 4;hydroxyproline derivative (4 ) (115mg,

15 240umol, 1.0eq) in dichloromethane (10 mL, anhydrous) at
0°C is added triethylamine (72mg, 720umol, 3.0eqg) and
methanesulfonyl chloride (28mg, 240umol, 1.0eqg) and the
reaction mixture is stirred at room temperature. The
mixture is then quenched with an aqueous solution of

20 ammonium chloride and extracted with ethyl acetate. The
organic layer is washed with 10% citric acid and brine,
dried, filtered and the solvent is evaporated to dryness

vielding compound (5).

25 SIEP 3
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10

15

4 . S
= 1) HG(OAC), N
HN N CF3COCH/IOC Hl}l
I — 2 )
Z O Q 2)NaBH o
o\ _ 4 -

6
(5) (e)

The enamine (5) (1.0eqg) is treated with mercuric acetate
(1.1 eq) in THF. The solvent is evaporated to dryness and
the residue dissolved in methanol. The resulting organo-
mercurial. is reductivly cleaved with sodium borohydride
(1.3eq) . The resulting crude lactam thiocether is purified
by flash ch;omatography on silica gel affording compound
(6). '

STEP 4
S
cl S
HN N N

| NCS ODCM . HN
Y4 O > i

O \ 4 O

o\

(6)

(7)

To a solution of the lactam thicether (6) (1l.0eq) in dry
dichloromethane N-chlorosuccinimide (1.0eq) is added at
0°C. The reaction mixture is warmed to room temperature.
When the reaction shows no more starting material the
solid is filtered and the solvent evaporated to drvness.
The crude material (7) is use without any further
purificatioﬁ fof step 5. |

~O
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STEP 5
Cl S S
. . N
g >
O O - - THF 4 O @)
o\ - o\

(1) o 8)

To a solution of the alpha-chlorothicether (7) (1.0eq) in
5 THF (anhydrous) a solution of phenylcuprate (1.0eq)

(prepared according to litterature procedute) is added at

low temperature. When the reaction mixture shows no

starting chlorothioether, brine and ethyl acetate is

added. The organic layer is dried, filtered and evaporated
10 to dryness to afford the desired pfoduct (8).

STEP 6
S
LiCH
N
Hv > N
zZ O O
o \ H,OM HF OH

(8)
(9)

15 The isolated bicyclic lactam (8) is hydrolysed with one
.equivalent of lithium hydroxyde in a 1:1 mixture of THF
and water. The mixture is stirred at room temberatUre for
1 hour. The crude mixture is extracted with ether and the
resulting solution is poured into 10% citric acic aqueous

20 solution and extracted with dichloromethane to yield the

corresponding carboxylic acid (9).

m
§3

Cod N 1 ST
gﬁeg;.g2'

1570

’
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STER ©
' N L o
1) 3 'N
SI:j
NH '
S Enn
NHCBZ - ’
N g ' N o]
HN 2) BBry / CHyCl, O N:@
$L O OH : o} s
o .
NH
(10) Enn
9) _ : RN

5 The crude carboxylic acid (9) is coupled with
benzythiazole keto arginine in DMF using BOP as the
coupling reagent in the presence of diisopropylethylamine.
Extraction with EtOAc gives a solid that is purified on
silica gel to give the protected amide. The CBZ protecting

10 group is removed with BBr, in dichloromethane at room
temperature finally gives the bicyclic benzothiazole keto
arginine inhibitors (10);

The following compounds are produced accordingly with the
15 execption that the appropriate substitution of products

were made in order to obtain the final compounds.

COMPOUND #11

20
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10

15

20

COMPOUND #12

S
N .
H,N 0
o) HN LN
o S]@
NH
Enn
HzN
(12)
EXAMPLE 8
STEP 1
9 o)
PN - - o
<~ TCl 1. CH2=N=N.THF Ether,-15C /l\/c'
r) 2. HOEther . (/
P~ ‘

Commercially available glutaric acid monomethyl ester
chloride (1) (20 ml,0.144 mol) Was disolved in 40 ml of
dry tetrahydrofuran (THF) and cooled to -15°C. Excess
diazomethane freshly prepared in 300 ml of Ether was
introduced via cannula at -15°C to the solution. The
mixture was left to warm up to room temperature overnight.
Excess diazomethane was evacuated from the flask with a
current of argon._To bring the reaction to completion, 75
ml of 1 N HC1l in Ether was added at 0°C and left to warm
up to room temperature for 5 hours. The volume of the
solvent was reduced and then washed with 2x 5% NaHCO3
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dried over NazCO3 and evaporated to give crude

chloromethylketone (20;46 g ., 79%) wiéh'was used in the
next step without further purification.

5 1n NMR (CDCL3, 400 MHz) d 1.16-1.2°(t,1H), 1.83-1.9

(m,2H), 2.27-2.35 (m,2H), 2.6-2.64(t,1H),
3.6 (s,3H), 4.04 (s,2H).

STEP 2
10
9 - e
/i HOLH-CYs-CET / CH 4000NG/ NaONBH, LN
i - MeOH.RT L S
0~ "OCH, !
2 ,/
07 > ocH,
3

Crude chloromethylketone (2)}(10.04 g, 56.15 mmol) was
disolved in 300 ml of dry MeOH. Sodium acetate (2 eq,

15 9.21 g, 112.3 mmol) was added followed by L-Cysteine
ethyl ester hydrochloride salt (1.3 eg, 13.55g, 72.98
mmol) and sodium cyanoborohydride (1.4 eqg, 4.9 g, 78.59
mmbl). The heterogeneous mixture was left to stir at
room temperature for 2h30 min. 200 ml of methanol ({MeOH)

20 was then added to disolve all the solid and the pPH was
brought to 2 with 1N HCl .The mixture was'then basified
with saturated NaHCO3 until pH= 8. MeOH was evaporated

and the rémaining agqueous solvent was washed with ethyl
acetate and dichloromethane. Solvents were combined,
25 dried over NajSO4 and evaporated. The crude residue was

purified by silica gel flash column chromatography using
a gradient.of eluents ethyl acetate / hexane in the

143
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following ratios: (3:7, 5:5, 6:4, 7:3) giVing cyclic
compound (3). . :

1 NMR (CDCl3 , 400MHz) of compound (3) d 1.21-1.27 (t,

5 3H, J=7.06 Hz), 1.41-1.48 (m, 2H), ' 1.65-1.73 (m, 2H),
2.28-2.39 (m, 4H), 2.57-2.63 (t, 1H, J=10.9), 2.72-
2.76 (4d, 1H, J=10.7 Hz), 2.8-2.86 (m, 1H), 3.6-3.64
(d, 4H, .J=2.55 Hz), 3.63 (s, 3H), 4.13-4.2 (m, 2H)

10 13c NMR (CDCl3, 400 MHz) 13.078, 19.888, 28.326,

31.133, 32.741, 35.277, 50.462, 56.394, 59.149,
60.188, 69.713, 170.182, 172.52

15 STEP 4

O~ OCH,CH, .
H
HNTTN Toluene / H* AN
r//\\«/s Refiux N N7
. . o)
~ o/\_OCi-izc:H3
| |
0o,
3 4

Cyclic compound (3) (913mg, 3.32 mmol) was disolved in 50
ml of dry Toluene. (1S)=-(+)-10-Camphorsulfonic acid ( 92
20 mg, 0.39 mmol) was added and the mixture was left to
reflux for 4 days. When all starting material was shown
to be consumed (by TLC), the mixture was- worked up by
evaporation of solvent, dissolving residue in ethyl
acetate and washing with 2 x 5 % NaHCO3. The Ethyl

25 acetate layer was dried over NajS0y4 and evaporated. The

crude residue was purified by silica gel flash column
chromatography using 60 % ETOAC / 40 %Hexane followed by

o 144 '__' |
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70 % ETOAC /.30 % Hexane giving 62.5% of Bicyclié
compound (4). |

1y NMR (CDCl3, 400MHz) of compound (4) d 1.27-1.31 (t,

5 34, J=7 Hz), 1.5-1.6 (m, 1H), 1.72-1.87 (m, 2H), 2.02-
2.1 (m, 1H), 2.33-2.46 (m, 2H), 2.52-2.59 (m, 2H),
2.83-2.88 (dd, 1H,J=14 , 4 Hz), 3.14-3.18 (4, 1H),
3.78-3.85 (m, 1H), 4.2-4.27 (g, 2H, J= 3.9 Hz), 5.9-
5.92(t, 1H, J=3.4 Hz). |

10

STEP 5

H M
/_\k/\ S LioH .HéO, ThE /IIHZO /\l/\ S

z )f/ OC R T | 4 ;r/
OH

O~ OCH,CH, o)
4 _ _ ]

- Bicyclic (4) (366mg,1.5 mmol) was dissolved in 25 ml of
THF and 5 ml H0 Lihium hydroxide. monohydrate (1.1 eq,

15 7.05 mg, 1.68 mmol) was added in 2.3 ml of Hp0, at 0°C

and the mixture was left to stirr at 0°C for 1 hr and at

room temperature for 3 hrs. THF was then evaporated and

the remaining agqueous mixture was acidified by addition

of Citric acid until pH=2. Extraction of agueous mixture
20  with 2 x CHCL; and 2 x ETOAC, drying of combined

otganic layers with NajSO4 and evaporation gave a crude
residue wich was purified by silica gel flash column
chromatography using 70 % ETOAC / 30 %Hexane followed by

4.7 % HOAC / Ethyl acetate giving the pure acid (5) in 52
25 $ vield . 16 % of starting material (4) was recovered.

1y NMR (MeOD, 400 MHz) of compound (5) d 1.57-1.69 (m,
1H), 1.70-1.80 (m, 1H), 1.81-1.89 (m, 1H), 2.05-2.12
(m, 1H), 2.35-2.5 (m, 2H), 2.51-2.66 (m, 2H), 2.86-
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H

2.91 (44, 1H, J=13.8, 4 Hz), 3.12-3.17 (4, 1H), 3.3-
3.32 (m, 1), 3.78-3.84 (m, 1lH), ©5.76-5.78(t, 1H,
J=3.53 Hz). :

5 13c NMR (MeOD, 400 MHz) d 17.052, 27.07, 28.928,
31.382, 32.096, 51.016, 55.138, 170,088, 171.24

- STEP 6

. H
//N\L/A\S r/\\¥/a\s
{1 7 LHMDS,-78°C e
: N i >
\/ | v

o 2Brr-78°C > RT o U

| - OH
.0~ OH .0
: é

10
To a solution of lithium bis (trimethylsilyl) amide (S5ml
of 1M THF solﬁtion, Smmol) in THF (10 ml) is added at -78°C
a solution of the carboxylic acid (5) (500mg, 2.32 mmol).
the resulting solution is stirred at -78°C for 1 hour.

15 Benzyl bromide (0.26 ml, 2.22 mmol) is then added and the
mixture is allowed to reach room temperature and stirred
for 15 hours. The mixture is then poured into 10% HC1l (50
ml) and extracted wiht diclhoromethane (4x 60ml). The
combined organic phases are dried over MgSQ:and the

20 solvent remove by evaporation to yield to the crude
alkylated amide (6).
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STEP 7

é . 2) BBr3 / CH2C12

5 The crude aklylated amide (6) is coupled with
benzythiazole keto arginine in DMF using BOP as the
coupling reagent in the presence of diisopropyiethylamine.
Extraction with EtOAc gives a solid that is purified on
silica gel to give the protected amide. The CBZ protecting

10 group is removed with BBr, in dichloromethane at room
temperature finally gives the bicyclic benzothiazole keto
arginine inhibitors (7).

The following compound is produced accordingly with the

15 exeption that the appropriate substitution of products
were made. in order to obtain the final compounds.
COMPOUND #8 |
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EXAMPLE O

Determination of K, Values for Heterocyclics

The affinity cf inhibitors for thrombin was measured

according to the procedures described in {(DiMaio et al, J.
Bio. Chem., 1990, 265:21698) Inhibition of amidolytic
activity of human thrombin was measured fluorometrically
using Tos-Gly-Pro-Arg-AMC as a fluorogenic substrate in 50

‘mM Tris-HC1 buffer (pH 7.52 at 37°C) containing 0.1 M NaCl

and 0.1% poly(ethylene glycol) 8000 at room temperature, and
(Szewczuk et al., Biochemistry, 1992 31:9132).

The hydrolysis of the substrate by thrombin was monitored

on a Varian-Cary 2000'rM spectrophotometer in the

-~ fluorescence mode (AeX = 383 nm, Xem_= 455 nm) or on a

Hitachi F2000™ fluorescence spectrophotometer (A, = 383 nm,

A, = 455 mm), and the fluorescent intensity was calibrated
using AMC. The reaction reached a Steady-state within 3
minutes after mixing thrombin with the substrate and an
inhibitor. The steady-state velocity was then measured for
a few minutes. The compounds of this invention were also
pre-incubated with thrombin for 20 minutes at room
temperature before adding the substrate. The steady-state
was achieved within 3 min and measured for a few min. The
kinetic data (the steady-state velocity at various
concentrations of the substrate and the inhibitors) of the
competitive inhibition was analyzed using the methods
described by Segel (1975). A non-linear regression—program,
RNLIN in the IMSL library (IMSL, 1987), LMDER in MINPACK

library (More et al., 1980) or Microsoft™ Excell™ , was
used to estimate the kinetic parameters (K, V,.. and K,) . '

dTT assay
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The fibrin clotting assay was performéd-in 50 mM Tris HCl
buffer (pH 7.52 at 37 °C) containing 0.1 M NaCl and 0.1%
poly{ethylene glycol) 8000 with 9.0 x 10~10 M (0.1 NIH
unit/mL) and 0.03 % (w/v) of the final concentrations of
human thrombin and bovine fibrinogen, respectively, as
reported elsewhere (Szewczuk et al.,supra). The clotting
time was plotted against the inhibitor concentrations and
the IC, was estimated as the inhibitor concentration
required to double the clotting time relative to the
control. Results are summarized in Tables 1 and 2 below.

El! ) :J ! E

The fibrin clot assay was performed essentially as
described by Krtenansky et al, FEBS, 1987, 211:10. A
serial_dilution of the inhibitor was prepared in 50 mM
tris HCl buffer (pH7.8 at 23 °C) containing 0.1M NaCl and
0.1% (w/v) polyethylene glycol 8000. Human plasma (60uL,
collected in 3.8% sodium citrate, blood/anticoagulant 9:1)
was added to microtiter wells (microtiter plate, Falcon)
containing 100uL of various inhibitor dilutions. The
solution was mixed after which 50uL of human thrombin (1lnM
final conc.) was added and mixed for 15 seconds. The
turbidity of the clot was immediately monitored by
microplate autoreader (Dynateck MR 5000) at 405nm and
recorded every 3 min. The maximal turbidity in the
absence of inhibitors was reached within a 60 min. IC,
values were calculated at 30 minutes as the inhibitor
concentration that gave half the optical density of the

control.
Platelet Aggregation and Secretion

Rat blood was collected into ACD (6/1 v/v) by cardiac
puncture. Suspensions of washed platelets were prepared
as described by Ardlie et al, (Br. J. Haematol. 1970, 19:7
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and Proc. Soc. Exp. Biol. Med., 1971, 136:1021). The
final suspending medium was a modified Tyrode solution
(NaCl 138mM, KC1 2.9mM, HEPES 20mM, NaH.PO, 0.42mM, NaHCO,
12mM, CaCl. 1mM, MgCl. 2mM, 0.1% glucose, 0.35% albumin,
apyrase 1luL/mL pH 7.4). Platelet eounts were adjusted to
5000, 000/pL. -

To permit measurement of the extent of release of the
contents of the dense granules, the platelets were
labelled in the first washing solution with “c—serotonin
(5-HT) (1pCi/10mL of washing fluid) and release of *C-
serotonin was determined as described in Holmsen et al,
(Enzymology, 1989, 169:206). Inipramine (5puM final conc.)

was added to present'the reuptake'of'released serotonin.

Platelet aggregation was recorded at 37°C in an

aggregometer (BioData PAP-4) at a stlrrlng speed . of 1, 100

rpm by measuring the variations of llght transmission.

Percentage of'aggregation was determined 3_min. after the

addition of the stimulating agent (human thrombin 0.1IU/mL
final conc.). ' Inhibitors were preincubated 1 minute at
37 C before addition of stimulating-aQent._ IC, values
represent the concentration that was necessary to inhibit
platelet aggregation_or.secretion to 50% of the control.

irterial T

ﬂmw

The FeClE induced injury to thegCarotid artery in rats was
induced according to the method described by_Kurz,'K.Dt,
Main, R.W., Sandusky, G.E., Thrombosis Research 60; 269-
280, 1990 and Schumacher, W.A. et al. J. Pharmacology and
Experimental Therapeutics 267; 1237-1242, 1993.

‘Male, Sprague-Dawley rats ( 375-410 g) were anesthetized

with urethane ( 1500 mg\kg ip). Animals were laid on a
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37°C heating pad. The carotid arterxf?as exposed through a
midline cervical incision. Careful blunt dissection was
used to isolate the vessel from the carotid.sheath. Using
forceps, the artery was lifted to provide sufficient
clearance to insert two small pieces Jf polyethylene
tubing (PE-205") underneath it. A temperature probe
(Physitemp MT23/3) was placed between one of the pieces of
tubing and the artery. Injury was induced by topical
application on the carotid artery above the temperature
probe of a small disc (3 mm dia.) of Whatman No.l filter
paper previously dipped in a 35% solution of FeCl3. The

incision area was covered with aluminum foil in order to
protect the FeCl, from degradation by light. The vessel
temperature was monitored for 60 minutes after application
of FeCl3 as an indication of blood flow. Vessel

temperature changes were recorded on a thermister (Cole-
Palmer Model 08533-41).

The time between the FeCL:application.and the time at
which the vessel temperature decreased abruptly (>2.4°C)
was recorded as the time to occlusion of the vessel.
Inhibitor compounds were given as an iv bolus (mg/kg)
followed immediately by an iv infusion (ng/kg/min. via
femoral vein). The dose of inhibitor needed to double ths
time to occlusion in comparison to control animals in
which injury was induced in the absence of inhibitor waé
determined.
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© . Table 1
Antiplatelet activity pM
| SHT  'dITIC, Plasma fiorin
cmpd  KiuM® Aggregation  Secretion’ M- - clot assay IC,,
- | - M
o005 4 D N> '. 77 >450
0010 46 21 R X >450
015 16 >100 S0 162 5450
w20 22 18 142 B n ' >450
0025 53 - »100 >0 5625 450
0030 86 >100 >100 67 320
0035 34 >100 >100 319 - 450
0040 19 >100 >100 2075 >450
0045 74 -N_'D - ND.. . '41'5 >450
0050 62 ND ND >450
0065 327 475 52 42 200
0070 44 22 2.1 25 78
0080  0.048 0.4 0.38 0.375 ND
0090 0.3 ND ND 0.33 ND
152

- SUBSTITUTE SHEET

-

Ca




WO 96/19483

0100

PCT/CA9S/00708

26 - ND ND

19 ND ND 165 ND

*suspension of washed platelets from rats

Inhibitory dissociation constant for human a-~thrombin
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Table 2
Compound ki dTT Route - M.O.T
(nM) (nM) ivb+inf (min)+/-sem
0220 ® | |
0335 T80 B R T
| 235 o
0245 5 - 0.5-30 57413
8 0.75-50 22.6+/-2.6
0250 40 350 0.25-20 534/-8
07550 | 224-3
0295a 1500 075450 50+/-1
0295b 5000
520 0.75-50 194/-2.7
0240 18 0.75-50 174126
0870 8 0.75-50 | 50.13+/-3.4
0255 500 _
0260 16 0.75-50 14.834/-0.2
0308a | 220
0308b | 12000 |
" t565a 4 0.75-50 | B18+/-10
0265b 18 0.75-50 | 14.83+/-2.3
0285 10 0.7550 | 11.38+-1.34
" 150
0315a+b | 45 |
03156 10 0.75:50 | 30.33+/-8.4
"0335 55 138 0.75-50 | 45.8+/-14.8
0.5-30 41.5+/-7.27
02520 | 275+-11,3
0340 0.6 0.25-20 36+/-9,6
. 0.75-50 | 42.25+-11,9
0345 5 _ 0.75-50 50+/-5.86
0815 1600 67550 T 1BV
0835 720
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" Table 2 (contim_:_z;;_e;.g--}f"

Compound Ki ' dTT Route M.O.T
(nM) (nM) ivb+inf (min)+/-sem
0925a+b 10 : 0.75-50 19.6+/-0.2
0925b 30 ‘
09252 7 0.75-50 50.3+/-35
0940a 16 0.75-50 15.2+/-0.82
0940b 160 -
- 09502 150
0950b 1000 _
a = early eluting on_RP HPLC single isomer

b late eluting on RP HPLC single isomer -
a + b = mixture
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1. A compound of formula (I):

(I)
wherein: . __
A is selected from (CH-R,),,. S, SO S0O,, O and NR,
wherein R, is hydrogen, C, a;'kirl optionally

€

interupted with 1 or 2 hetercatoms; C _,, aryl, C,.
"cycloalkyl_ or heterocyclic ring or a hydrophobic
group; | '

B is selected from S, SO,, O, -N=, NH, -CH= and CRR,
wherein R, and R, are :independ;e_ntly selected from
hydrogen and C,, alkyl provide,d' that when A is S,
SO, S0,, O, or NR,, then B is CRR,;

D is selected from (CH-R,),. wheré:'_.n R, is hydrogen, C
. alkyl or -C(O)R,; and CH with a double bond to B
when B is -N= or -CH=; : " |

1-

E is selected from CH.and CH substituted with the -
C(O)R., provided that only one of D and E is .
substituted with with -C(O)R,; | , o/
is selected from O, N-R,, or CH-R;;
¥ is selected from O, S, SO, SO,, N-R, and CH-R,

provided that when X'is N-R, then Y is CH-R, or O,

and when X is O then Y is CH-R,;
Z is selected from O, S and H.;

»

R, is an arginyl moiety or an anélog or derivative
thereof optionally substituted with an amino acid,
a peptide or a heterocycle;

R, is selected from H and C alkyl optionally
substituted with C, aryl, a 6 member heterocycle or
a C,. cycloalkyl ring;

S 156 |
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R, is selecﬁf‘c'ed from H, NRR. andC alkyl; and
R, and R, are independently selected from H; NRRR,; C,..
aryl or C,., cycloalkyl optionally substituted with
C,.. alkyl_; C,... alkyl optionally interrupted by one
5 or more heteroatom or carbonyl: group and optionally
substituted with OH, SH, NRR, or a C,, aryl,
heterocycle or C,.. cycloalky'l group optionally
substituted with halogen, hydroxyl, C,, alkyl; an
amino acid side chain} and a hydrophobic group.
10 '

2. A compound according to claim 1, wherein R, is one of
formula VIa to VId:

1y ’ N

T [N

. R11‘ij\(‘1)€ R."N
Via )
)0_7 Vib > J0-8

k< K

wherein:
15 R,

K is 'a bond or -NH-; .

G is C,, alkoxy; cyano; -NH; -CH.-NH.; —C(NH)-NH;; -NH~-
C(NH)-NH.; -CH.-NH-C(NH)-NH.; a C_cycloalkyl or.
aryl substituted with cyano, -NH;, -CH.-NH., -C(NH) -

20 NH., ~-NH-C(NH)-NH, or ~CH.-NH-C(NH)-NH,; or a 5 or 6
member, saturated or unsaturated heterocycle
optionally substituted with cyano, -NH., -CH-NH, -

. C(NH)-NH., -NH-C(NH)-NH or -CH.-NH-C(NH)-NH,;

U is cyano, -NH., -C(NH)-NH. or -NH-C(NH)-NH.;

25 P is a bond, -C(O)- or a bivalent group:

is hydrogen or C,. alkyl;
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J is C,, alkylene optlonally substituted w1th OH NH.
and C, . alkyl and optlonally interrupted by a
heteroatom selected from O, S and N;
5 n is 0 or 1; and : - o
T is H, OH, amino, a peptide chéin,.ch“ alkyl, C ..
alkoxy, C.._. aralkyl, or hetefpgyclé optionally

substituted.
. &
10 3. A compound according to claim 2, wherein T is a o/
heterocycle selected from the group consisting of: .
. X,
.]/ N
||
wherein
15 X,, X,, X, and X,, are each independently selected from
the group consisting of N, or C-X. where X, is W)

hydrogen, C_. alkyl,'orlcb- aryl;

X, and X,, are each independently selected from the

group consisting of C, 0, N, S, N-X,, or CH-X.; and
20 R’ is hydrogen, C, . alkyl optionally carboxyl

substituted, carboxyl, -C..., alkyl-C0.-C, .. alkyl, C

afalkyl,'cy.cycloalkyl, aryl or an aromatic :

heterocycle.

25 4. A compound according to claim 3, wherein T is
. selected from the group consisting of:

-

R O L . 155 \\“ \\\\ \m
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wherein R’ is hydrogen,
substituted, carboxyl,

aralkyl, C,_. cycloalkyl,

heterocycle.

ol
PR RO R CS

C,.,. alkyl optionally carboxyl

—C°'l" alle—CO_.-’Ci_l_ alkylr Cz-.

aryl or an aromatic

A compound according to claim 4, wherein T is

selected from:
“If?
s

wherein R’ is hydrogen,
substituted, carboxyl,

heterocycle.

N

or 'Rj ﬁj

S

C;“ alkyl optionally carbox .

-C,,. alkyl-CO.-C,. alkyl, C.
aralkyl, C.. cycloalkyl,

aryl or an aromatic

A compound according to claim 1, wherein one of R, and
R, is a hydrophobic group selected from C...alkyl, C..
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alkenyl or C_. alkynyl optionally interrupted by a

carbonyl group, C,,. aryl, C,.. é}ircloélkyl C..

aralkyl, C,. cycloalkyl subst:.tuted Cl_falkyl where:.n

the aliphatic portion is optlonally interrupted by a
) carbonyl group and the ring port:.on is optionally

substituted w:.th C,. alkyl and a hydrophobic amino

acid side chain. ' |

7. A compound according to claim 6,:- wherein R, is H.
10 | |

8. A compound according to claim 1, wherein Z is O.

9. A compound according to claim 1, wherein R. is H.

15 10. A compound of the formula (VII):

R
Rs 2 s
R, N
R
O R
(@]

wherein | _ _ _
R, is an arginyl moiety or an analog oxr derivative
20 thereof optionally substituted with an am:.no acid,
a peptide or a heterocycle; _

R, is H or Cl-6 alkyl; _ _

R, is selected from H, NRR. and C.. alkyl; and

-R. and R, are. independently selected from H; NR,R ; C
25 aryl or C.. cycloalkyl optionally substituted with

C. alkyl; C., alkyl opt:.onally interrupted by one
or more heteroatom or carbonyl group and optionally
substituted with OH, SH, NRR. or a C.. aryl,
heterocycle' or C.. cycloalkyl group optionally

30 ~ substituted with halogen, hydroxyl, C, alkyl; an
amino acid side chain; and a hydrophobic group.

I

L Y m
. SUBSTITUTE

wz
l." n
X |
-




_—

L] —

11. A compoundfacdording to claim iOﬁ'wherein R, is one of
formula Via to VIA:

. T N
R\"ij\(\’): . R11N>
a ' Vib ()
k€ 07 f 08

~ K
G \G

TNL P AT
g Nuin vid
u ) 1-3 U

wherein:
5 R, is hydrogen or C,. alkyl;
' K is a bond or -NH-;

G is C,, alkoxy; cyano; -NH; -CH,-NH,; -C(NH)-NH.; -NH-

C(NH)-NH.; ~-CH,-NH-C(NH)-NH,; a C, cycloalkyl or
aryl substituted with cyano, -NH,, -CH,-NH,, -C(NH)-
10 NH,, -NH-C(NH)-NH. or -CH.-NH-C(NH)-NH,; or a 5 or 6

member, saturated or unsaturated heterocycle
optionally substituted with cyano, -NH,, -CH-NH,, -
C(NH)-NH,, -NH-C(NH)-NH, or -CH -NH-C (NH)-NH,;
U is cyano, -NH,, ~C(NH)-NH. or -NH-C(NH)-NH.;
15 P is a bond, -C(0O)- or a bivalent group:

OH
e [ ]
= s S
or _:T/
J is C,, alkylene optionally substituted with OH, NH
and C.. alkyl and optionally interrupted by a

JOH
N ~

heteroatom selected from O, S and N;
20 - n is 0 or 1; and
is H, OH, amino, a peptide chain, C,_, alkyl, C,,

3

alkoxy, C... aralkyl, or heterocycle optionally
substituted.

161

SUE‘STITUT‘: SHEET



WO 96/19483 , R PCT/CA9S/00708 *

12. A compound according to claim ll, wherein T is a
heterocycle selected from the group consisting of:

5 wherein
| X,, X,, X, and X, are each independently selected from

the group consisting of N, or C-X, _'Whe"re"x,'is
hydrogen,. C. , alkyi, or C,. aryl;
X, and X, are each independently selected from the

10 group cons:Lst:Lng of C, O, N, 'S, N-X., or CH-X,;
R’ is hydrogen, Cl alkyl optlonally carboxyl
substituted, carboxyl, -C . alkyl -CO.-C,,. alkyl, C,...
'aralkyl, C:__, cycloalkyl, aryl or an aromatic |
heterocycle. S o

15 |

13. A compound according to claim 12, wlh'ere'in T is

selecte_d from the group conéisti_ng of:

* ¢ L M s % ' ///

This She e Re‘la“d
. This

\\\\
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(o S

0 ) ) K
O
PO SROC

and R’ is hydrogen, C,,. alkyl optionally carboxyl

substituted, carboxyl, -C.. alkyl-CO.-C , alkyl, C.

aralkyl, C,- cycloalkyl, aryl or an aromatic
5 heterocycle. '

' 14. A compound according to claim 13, wherein T is
selected from: |

10 and R’ is hydrogen, C,. alkyl optionally carboxyl
' substituted, carboxyl, -C,. alkyl-CO.-C,. alkyl, C
aralkyl, Cy.cycloalle, aryl or an aromatic

' heterocycle. '

15 15, A compound according to claim 10, wherein R. and R

are H.
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16.. A compound accérding to claim 10,-whefein R, is C,_,.
alle optionally interupted with a heteroatom or a
carbonyl, and optionally substituted with a C,_,.

5 ‘aromatic, C,. cycloalkyl or heterocycle ring wherein
the ring is optibnally substituted with CF, or oxo.

17. A compound according to claim 10, wherein R, is H.

10 18. A compound according to claim 12, wherein:
R, is H; : S
R, is C,, alkyl optionally interupted with a
heteroatom or a carbonyl, and optionally ~
substituted with a Ch; aromatic, C.. cycloalkyl or
15 heterocycle ring wherein the ring is optionally
substituted with CF, or oxo; and
R, is H.

19. A compound according to claim 10, seleéted from:
20 0085 6S-cyclohexylmethylhexahydro-5-oxo-5H~
thiazolo[3,2-a]pyridine—3REcarboxamido
(propylcarbo methoxy ketoérginine); and-
0105 GS-cyclohexylmethyihexahyd:o-Seqxo-SH-thiazolo
[3,2-alpyridine-3R-carboxamido (0-benzothiozolo =
25 ' keto arginine). : ' o/

20. A dompound according to claim 1, of formula.(VIII):

30

" wherein

R O 0
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R, is an arginyl moiety or an an_al-og or derivative
thereof optionally substituted with an amino acid,
a peptide or a heterocycle;
R, is H or Cl-6 alkyl;
5 R, is selected from H, NRR, and C, alkyl; and
| and R, are independeritly selected from H; NRR,; C.
aryl or C.. cycloalkyl opticnally substituted with
C,., alkyl; C, ;. alkyl .optionally interrupted by one
or more heteroatom or carbonyl group and optionally
10 substituted with OH, SH, NRR, or a C,
heterocycle or C.. cycloalkyl group optionally

aryl,

-if

substituted with halogen, hydroxyl, C._. alkyl; an
amino acid side chain; and a hydrophobic group.

15 21. A compound according to claim 20, wherein 'R._ is one of
formula VIa to VId:

\ ) \

n,,‘N:rP\(J)FT RN
Via K\ Y.7 ) Vib K> )o-8
G \G
. . P ~T
" ’%NJ/ S T v o
. U—% .3 !
wherein:
.~ R,, is hydrogen or C,. alkyl;
20 K is a bond or -NH-;
'@ is C,, alkoxy; cyano; -NH.; -CH -NH; -C(NH)-NH; -NH-
C(NH)-NH,_; ~-CH -NH-C(NH)-NH ; a C. cycloalkyl or

‘aryl substituted with cyano, -NH, -CH.-NH, -C(NH)-
NH , -NH-C(NH)-NH, or -CH-NH-C(NH)-NH,; or a 5 or 6
25 member, saturated or unsaturated heterocycle
optionally substituted with cyano, -NH,, -CH.-NH,6 -
C(NH)-NH., -NH-C(NH)-NH. or -CH.-NH-C(NH)-NH;
U is cyano, -NH., -C(NH)-NH or -NH-C(NH)-NH.;
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P is a bond, -C(O)- or a bivalent group:
oOH

~_oH . -
e Nai” \\+/’ ] |

- S ]

J is C,. alkylene optionally substituted with OH, NH.

and C,, alkyl and optionally interrupted by a
heteroatom selected from O, S and N;

n is 0 or 1; and

T is H, OH, amino, a peptide chain, C,, alkyl, C,,
alkoxy, C,.. aralkyl, or heterocycle optionally

substituted.

A -compound according to claim 21, wherein T is a

heterocycle selected from the group consisting of:

X
T// ;Z T x1°\
B X
Y(/ R ‘</ .
7% XX,

wherein
X,, X,
the group consisting of N, or C-X. where X, is

hydrogen, C,_. alkyl, or C._ aryl;

X, and X,, are each 1ndependently selected from the

group consisting of C, O, N, S, N-X,, or CH-X.;
R’ is hydrogen, C,,. alkyl optionally carboxyl

substituted, carboxyl, -C_.. alkyl-CO.-C . alkyl, C

aralkyl, C.. cycloalkyl, aryl or an aromatic
heterocycle. :

A compound according to claim 22, wherein T is

selected from the group cons1st1§2f35-——ﬂ_;—_”~—,__

im0 e
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and R’ is hydrogen, C,, alkyl optionaily carboxyl
substituted, carboxyl, -C,_, alkyl-CO-C, . alkyl, C,_

~aralkyl, C,- cycloalkyl, aryl or an arocmatic
5 heterocycle. '

24. A compound according to claim 23, wherein T is
selected from: '

10 . and R’ is hydrogen, C . alkyl optlonally carboxyl
substituted, carboxyl, -C.. alkyl-CO.-C,.. alkyl, C..
aralkyl, C,. cycloalkyl, aryl or an aromatic
heterocycle. |

15 25. A compound according to claim 20, wherein R. and R,
are both H.
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26. A compound according to claim 20, wherein R, is H or

C,. alkyl substituted with COOH.

5 27. A compound according to claim 20, :wherein R,, R, and R,

' are H and R, is C,, alkyl optionally interrupted by
one or more heterocatom or carbonyl group and
optionally substituted with OH, SH, NRRR, or a C,,,
aryl, heterocycle or C , cycloalkyl group optionally

10 substituted with halogen, hydroxyl or C,. alkyl.

28. A compound according to claim 22, wherein:
R,, R, and R, are H; and
R is C,, alkyl optionally interrupted by one or more
15 heteroatom or carbonyl group and optionally
substituted with OH, SH, NR\R, or a C,_, aryl,
het_erocycle or C,, cycloalkyl group optionally
substituted with halogen, hydroxyl or C,, alkyl..

20 29. A compound according to claim 20, selected from:
0345 4-0xo-2-(3-phenyl-propionyl) -octahydro-
pyrrolo[l, 2-a]pyrazine-6-carboxylic acid [4-
guanidino-1-(5-methyl-thiazole~2-carbonyl) -
. butyl]-amide; and0340 4-0x0~2- (3-phenyl-
25 | propionyl)-octahydro-pyrrolo[l, 2-alpyrazine-6-
carboxYlic acid [4-guanidiho-l-—'(thiazole-z-

. carbonyl)-butyl]-amide.

30

30. A compound according to claim 1, of formula (IX):

(A

[
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R5 Y R2 _ RB
Ry N c| Hn
R \;_R‘

0.
wherein _
Y is selected from O, S, SO, SO,, N-R, and CH-R,;
R, is an arginyl moiety or an analog or derivative
5 thereof optionally substituted with an amino acid,
a peptide or a heterocycle;
is H or Cl1l-6 alkyl;
, 15 selected from H, NRR, and C,, alkyl; and
R, and R, are independently selected from H; NRR,; C._,.
10 aryl or C.. cycloalkyl optionally substituted with
C,.. alkyl; C, . alkyl optionally interrtipted by one
or more heteroatom or carbonyl group and optionally
substituted with OH, SH, NRR. or a C,,. aryl,
| heterocycle or C,, cycloalkyl group optionally
15 substituted with halogen, hydroxyl, C, alkyl; an
o amino acid side chain; and a hydrophobic group;

P

R, is hydrogen, C, alkyl optionally interupted with 1
or 2 heteroatoms; C,, aryl, C,_, cycloalkyl or
heterocyclic ring or a hydrophobic group; and

20 nis 1 or 2;

31. A compound according to claim 30, wherein R, is one of
formula VIa to VId: '

) Y

T .
R“ij\(‘]): R"N>
Via Vib )
. .)0_7 . 0-8
K\ K
G \G
. NP, AT
- T \(J):
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wherein: .
R,, is hyd_;_‘og:fefn or C,, alkyl;
K is a bond_."'o"r_ -NH-;
G is C,, alkoxy, cyano; -NH.; -CH,-NH,; ~C(NH)-NH,; -NH-
5 C(NH)-NH,; -CH,-NH-C(NH)-NH,; a ‘C, cycloalkyl or
aryl substituted with cyano, -NH,, -CH,-NH,, -C(NH)-
NH , -NH-C{NH)-NH, or -CH,-NH-C(NH)-NH,; or a 5 or 6
member, saturated or unsaturated heterocycle
optionally ‘substituted with cyano, -NH,, -CH,-NH., -
10 C(NH)-NH.,: '-NH-C(NH) -NH, or ~GH,=NH-C (NH) -NH, ;
U is cyano, -NH,, -C(NH)-NH. or -NH-C(NH)~-NH,;
P is a bond, -C(O)- or a bivalent group
. L oH

J is C,, alleene optionaily :suioétitueed with OH, NH.
15 - -and.C,, alkyl and optlonally lnterrupted by a
heteroatom selected from 0 S and N, '
n is 0 or.1; and : .
T is H, OH, . am:.no, a pept::.de cha:Ln, é,_u alkyl, C, ..

alkoxy, C;.. aralkyl, or_hete:_ocycle optionally
20 subs_t-itute_gl_.. _ ' '
32 A compound according to claim 31 wh'e'ré'in T is a
25 wherein

X, X, X, and X,, are each J.ndependently selected from
the group cons_lstl_ng of N, or C-X. where X, is
hydrogen. C.. alkyl, or C,. aryl;
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X, and X,, are each independently selected from the
group consisting of C, 0O, N, é;VN—X” or CH-X,;

R’ is hydrogen, C,, alkyl optionally carboxyl
substituted, carboxyl, -C,, alkyl-CO0.-C, . alkyl, C..
aralkyl, C,. cycloalkyl, aryl or’an aromatic
heterocycle. :

A compound according to claim 32, wherein T is
selected from the group consisting of:

Q@ IAUag
gl ﬁ:@ 1::@

Ry
@»@@@

RO /) AE2
o

and Rf is hydrdgen, C.... alkyl optionally carboxyl

substituted, carboxyl, ~C,,. alkyl-CO.-C, . alkyl, C __
aralkyl, C,. cycloalkyl; aryl or an aromatic
heterocycle.

A compound according to claim 33, wherein T is

selected from:
o

| ALY A
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[ '. T /
- =X
and R’ i_s hydrogen, Ciie alkyl'opt:j.dnally carboxyl

substituted, carboxyl, -C,, al]r.yl.-co:'--cl_IE alkyl, C,,
aralkyl, C.. cycloalkyl, aryl or an aromatic

5 heterocycle.

35. A compound according to claim 30, wherein R. and R,
are both H '

10 36. A compound according to claim 3‘_0, wherein R, is H,
NR.R. or C,. alkyl substituted COOH.

37. A compound according to claim 30, wherein R, is C__,
aryl, C,. aralkyl, or C,, alkyl substituted with C,,

15 cycloalkyl.

38. A compound according to claim 32, t;rherein

nis 1;
R, R. and R, are H; and - _
20 R, is C_,, aryl, C_, aralkyl, or C, , alkyl substituted

with C. . cycloalkyl.

39. A compound according to claim 30, sélected from:
25 0890 3-Amino-4-oxo-2-phenyl-hexahydro-pyrrolo[2, 1-
b][l,3]thiaziné-6-c;_a_.rbq:¢ylic_: acid [1-
(ben_zothiazole-z_-ca_.r_bbnyl) -4-guanidino~butyl]-
amide; _
0895 3-Amino-2-benzyl-4-oxo--hexahydro-pyrrolo[2,1-
30 b][l,3]€hiazine-6-carboxy1'ic acid [1-
(b.enzbthiazole-2—carbo.nyl ) -4-guanidino-butyl]-

amide; and
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0900 3 -Miﬁb—Z-cyclohexyl-4-oxo?‘_’ﬂli"i_ékahydro—pyrrolo[2 1=
bl[1,3]thiazine-6-carboxylic acid [1-

(benzothiazole-2-carbonyl)-4-guanidino-butyll}-

amide.
5
40. A compound according to claim 1, of formula (X):

10

wherein

B is 0, S, -CH~-, or -NH-; |

R, is an arginyl moiety or an analog or derivative

thereof optionally substituted with an amino acid,

15 a peptide or a heterocycle;

R, is H or Cl-6 alkyl;

R, is selected from H, NRR, and C,. alkyl; and

R, and R, are independently selected from H; NRR.; C

aryl or C,.. cycloalkyl optionally substituted with

20 : C alkyl; C,,. alkyl optionally interrupted by one
or more heteroatom or carbonyl group and optionall:
substituted with OH, SH, NRR. or a C._, aryl, |

heterocycle or C,, cycloalkyl group optionally

substituted with halogen, hydroxyl, C,. alkyl; an
- 25 amino acid side chain; and a hydrophobic group.

41. A compound according to claim 40, wherein R, is one of
formula VIa to VId: '

A
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10

15

20

A

. o .
o R"NJ/P\(J): - _ _ R“N
Via Vb >)'
k< 7. . 08
~ o K\
© ¢
. SN P AT
"N _P T )n
U .
- N3 U
wherein: _
R, is hydrogen or C,. alkyl;

K is a bond or -NH-;

G is C,, alkoxy; cyano; -NH; -CH.-NH.; -C(NH)-NH,; -NH-
C(NH)-NH ; -CH.-NH-C(NH)-NH,; a C, cycloalkyl or
aryl substituted with cyano, -NH., -CH,-NH,, -C(NH)-
NH,, -NH-C(NH)-NH. or -CH.-NH-C(NH)-NH,; or a 5 or 6
member, saturated or unsaturated hetetocycle
optionally substituted with.cyano,_-ﬁﬂg, -CH,-NH,, -
C(NH)-NH, -NH-C(NH)-NH, or -CH,-NH-C (NH)-NH.;

U is cyano, -NH, -C(NH)-NH. or -NH-C(NH)-NH,;

P is a bond, -C(O}- or a bivalent gioup:

- "~ OH

N ® Ng” \|/ ]

" : - 8 S
. CH , or Ar

J is C,. alkylehe optibnally substituted with OH, NH
and C.. alkyl and optionally interrupted by a
heteroatgm selected from O, S and N;

nis 0 or.1; and: :

T is H, OH, amino, a peptide chain, C.. alkyl, C. .
alkoxy, C, . aralkyl, or heterocycle optionally
substituted. -

42. A compound according to claim 41, wherein T is a
heterocycle selected from the group consisting of:

v

R
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wherein _ ,

X,, X, X, and xu”are each independently selected from
the group consisting of N, or C-X. where X, is
hydrogen, C,. alkyl, or C, ., aryl;

X, and X,, are each independently selected from the
group consisting of C, O, N, S, N-X., or CH-X;

‘R’ is hydrogen, C, . alkyl optionally carboxyl

substituted, carboxyl, -C,, alkyl-CO.-C, . alkyl, C..,
aralkyl, C,., cycloalkyl, aryl or an aromatic
hetexrocycle.

A compound according to claim 42, wherein T is
selected from the group consisting of:

[T e T

Ly
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N o rll ' y . No -
7 V) L) e
i e
/N—'N N—N /.N -8 '
and R'_'is hydrogen, C,,. -alkyl optionally carboxyl
substituted, carboxyl, -C., alkyl-CO.-C  alkyl, C...
aralkyl, C,. cycloalkyl, aryl or an aromatic
5 heterocycle. ' '

44. A compound according to claim 43, wherein T is
selected from: '

0 - =

_ and R’ is hydrogen, C,.. alkyl optionally carboxyl
10 substituted, carboxyl, -C,.. alkyl-CO.-C, . alkyl, C
aralkyl, C,. cycloalkyl, aryl or an aromatic '
heterocycle.

45. A compound according to claim 40, wherein R. and R,

15 are both H. o I

Bl
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49.
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51.

52.
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A compound'{- according to claim 4'0-,-- wherein R, i.é C
alkyl substituted with C,,, aryl optionally
substituted with C,, alkyl.

1-1%

A compound according to claim 40; wherein R, is H.

A compound according to claim 42, wherein

B is S; _

R,, R, and R, are H; and

R, is C,. alkyl substituted with C_,, aryl opt:.onally
substituted with C,_, alkyl.

A compound according to claim 40, selected from:

925 7-Benzyl-6-oxo-octahydro-pyrido[2, 1-
cli1, 4]thiazine-4-carboxylic acid [4-g;1anidino-lf
(thiazole~2-carbonyl)butyl]-amide; and%940 6-Oxo-
7-phenethyl-octahydro-pyrido[2, 1-c]{l, 4]thiazine-
4-carboxylic acid [4~guanidino-1l-(thiazole-2-

carbonyl) -butyl]-amide.

A method for the tteatment or prophylaxis of

"thrombotic disorders in a mammal, comprising

administering to said mammal an effective amount of a
compound according to claim 1.

A method acdording to claim 50, wherein said
thrombotic disorder is venous thrombosis.

A method according to claim 50, wherein said
thrombotic disorder is a pulmonary embolism.

A method according to claim 50, wherein said
thrombotic disorder is arterial thrombosis.

KON S "R T R
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A method accprding to claim 50, wherein said

thrombotic disorder is myocardial infarction.

A method according to claim 50, wherein said

thrombotic disorder is cerebral imfarction.

A process for producing a compound according to claim
1.

A process for producing a compound according to any
one of claims 10, 20, 30 or 40.

el
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