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PEPTIDYL HETEROCYCLES USEFUL IN THE TREATMENT OF
THROMBIN RELATED DISORDERS

This invention relates a series of peptidy! heterocycles, intermediates
used in their manufacture and pharmaceutical compositions containing
them. The compounds are inhibitors of serine proteases, particularly o-
thrombin and may be used in a variety of thrombin related disorders such as
venous thrombosis and arterial thrombosis.

BACKGROUND OF THE INVENTION

With a rapidly aging population, diseases of the vascular system are
of great concern to our society. Arterial thrombosis is the major cause of
death in the form of heart attacks and strokes,while venous thrombosis is
associated with pulmonary embolism which occurs after surgery or extended
periods of inactivity. : '

Thrombin is a multifunctional serine protease whose role in
thrombosis and hemostasis has been documented by a number of sources

" (See generally, Tapparelli, gt al. TIPS 1993, 14, 366-76). Thrombin acts as

a procoagulant through proteolytic cleavage of fibrinogen to form fibrin and
as an anticoagulant through activation of the protein C pathway. (foliowed
by inactivation of coagulation factors V and VIil. ) The concentration of active
thrombin is limited by a number of feedback mechanisms involving
endogenous factors and proteins . in addition to protein C, antithrombin 1l is
another regulating protein which forms a complex with endogenous heparin.
This complex binds to active thrombin, thus inactivating it.

Current anticoagulant therapy consists of three classes of
compounds: heparins, coumatins and low molecular weight heparins.
These drugs act indirectly to limit the concentration of active thrombin.
Heparins and fow molecular weight heparins interact with antithrombin 1l
and the coumarins inhibit a number of vitamin K dependent coagulation
factors. Although these drugs are prescribed for diseases associated with
venous thrombosis and arterial thrombosis, their use is limited. They have a
number of side effects, a slow onset of action and only the coumarins are
orally active (warfarin and dicumarol).

Indirect thrombin inhibitors have been shown to be less effective at
controlling associated diseases than direct thrombin inhibitors. Thus the
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search for orally active direct thrombin inhibitors is underway in a number of
laboratories.
These efforts have produced a number of small peptidyt compounds
which directly inhibit thrombin. PPACK, argatroban, (R)-NAPAP and
5 DUP 714 are examples of the direct thrombin inhibitors of interest.
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Unfortunately, only some of these compounds are weakly orally active
and most have a poor selectivity for thrombin versus other serine proteases.
Therefore, a need remains for direct thrombin inhibitors which exhibit good
selectivity over other serine proteases and are orally active.
15
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SUMMARY OF THE INVENTION
The invention relates to new compounds of the Formula I:

H 0O E
AN @y
Ry Rz
I

wherein:
Ais

selected from the group consisting of Cq.galkyl, carboxyCi.4alkyl,
C1-salkoxycarbonylC4.4alkyl, phenylC4.4alkyl, substituted
phenylC1-4alkyl (where the phenyl substituents are independently
selected from one or more of, C1.4alkyl, perfluoroCy.-salkyt,
C1-salkoxy, hydroxy, hato, amido, nitro, amino, C1.4alkylamino,
Ci.adiatkylamino, carboxy or Cq.4alkoxycarbonyl), formyl, C4.
salkoxycarbonyl, C4.12alkylcarbonyi, phenylC4.4atkoxycarbonyi, Ca.
7cycloalkylcarbonyl, phenylcarbonyl, substituted phenyicarbonyl
(where the phenyl substituents are independently selected from one
or more of, Cy-salky!, perfluoroCi.4alkyl, C1.4aikoxy, hydroxy, halo,
amido, nitro, amino, C1.4alkylamino, C1.4dialkylamino, carboxy or
C1.4alkoxycarbonyl), Ci.4alkylsulfonyl, C1-4alkoxysulfonyl,
perfluoroC4.4alkyisulfonyl, phenylsulfonyi, substituted phenyisulfonyi
{where the phenyl substituents are independently selected from one
or more of, Cy.4alkyl, perfiuoroC4.4alkyl, Cq-4alkoxy, hydroxy, halo,
amido, nitro, amino, Cy.4alkylamino, C1.4dialkylamino, carboxy or
Ci.salkoxycarbonyl), 10-camphorsulfonyl, phenylC.4aikylsuifonyl,
substituted phenyiC4.4alkyisulfonyl, C1.4alkyisuifinyl,
pertiuoroCy-4alkylsulfinyl, phenyisulfinyl, substituted phenyisulfinyl
(where the phenyl substituents are independently selected from one
or more of, Cq.4alkyl, perfluoroC4.salkyl, C4.4alkoxy, hydroxy, haio,
amido, nitro, amino, C1.4alkyiamino, C1.4dialkylamino, carboxy or
C1.4aikoxycarbonyl), phenylCq.4aikylisulfinyl, substituted
phenylC1.4alkylsulfinyl, 1-naphthylsulfonyi, 2-naphthyisulfonyl or
substituted naphthyisulfonyl (where the naphthyl substituents are
independently selected from ane or more of, Cq.4alkyl,
perfiuoroC.4alkyl, C1.4alkoxy, hydroxy, halo, amido, nitra, amino,
carboxy or C1.4alkoxycarbonyl ), 1-naphthyisulfinyl, 2-naphthyisulfinyl
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or substituted naphthyisulfinyl (where the naphthyl substituents are
independantly selected from one or more of, Cy-4alkyl,
pertluoroCq.4alkyl, Cy-4alkoxy, hydroxy, halo, amido, nitro, amino,
Ci-4alkylamino, C1.4dialkylamino, carboxy or Cq.4alkoxycarbonyi);

a D or L amino acid which is coupled at its carboxy terminus to the
nitrogen depicted in formuia I and is selected from the group consisting
of alanine, asparagine, 2-azetidinecarboxylic acid, giycine, N-
C1-galkylglycine, proline, 1-amino-1-cycloCs.galkylcarboxylic acid,
thiazolidine-4-carboxylic acid, 5,5-dimethyithiazolidine-4-carboxylic acid,
oxazolidine-4-carboxylic acid, pipecolinic acid, valine, methionine,
cysteine, serine, threonine, norleucine, leucine, jeft-leucine, isoleucine,
phenylalanine, 1-naphthalanine, 2-naphthalanine, 2-thienylalanine, 3-
thienylalanine, [1,2,3,4]-tetrahydroisoquinoline-1-carboxylic acid and
f1,2,3,4)-tetrahydroisoquinciine-2-carboxylic acid
where the amino terminus of said amino acid is connected
to a member selected from the group consisting of C1-salkyl,
tetrazoi-5-yl-C1.palkyl, carboxyCi.4alkyl, Cy-
salkoxycarbonylC4.4alkyl, phenylCq.4alkyl, substituted pheny!
Ci-42alkyl (where the phenyl substituents are independently
selected from one or more of, Cy.4alkyl, perfluoroCs.4alkyl,
C1.4alkoxy, hydroxy, halo, amido, nitro, amino, C1-4alkylamino,
C1-adialkylamino, carboxy or Cy.4alkoxycarbonyl),
1,1-diphenylC1.4alkyl, 3-phenyl-2-hydroxypropionyl, 2,2-diphenyi
1-hydroxyethylcarbonyl, [1,2,3,4]-tetrahydroisoquinoline-
1-carbonyl, [1,2,3,4]-tetrahydroisoquinciine-3-carbonyi, 1-
methylamino-1-cyclohexanecarbonyi,
1-hydroxy-1-cyclohexanecarbonyl, 1-hydroxy-1-phenylacetyl,
1-cyciohexyl-1-hydroxyacetyl, 3-phenyi-2-hydroxypropionyi,
3,3-diphenyl-2-hydroxypropionyl, 3-cyciohexyl-2-
hydroxypropionyl, formyl, C1-4alkoxycarbonyl, C1.12alkylcarbonyi,
perfiuoroC1.-4alkylCo.4alkylcarbonyl, phenyliCs.4alkylcarbonyl,
substituted phenyiC1.4atkylcarbonyl (where the phenyl
substituents are independently selected from one or more of,
C1.a4alkyl, perfiuoroCy.4alkyl, Cq.4alkoxy, hydroxy, halo, amido,
nitro, amino, C1-4alkylamino, C1.4dialkylamino, carboxy or
C1.4atkoxycarbonyl) 1,1-diphenyiC+.4atkylcarbonyi, substituted
1,1-diphenylC4.4alkylcarbonyl (where the phenyl substituents are
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independently selected from one or more of, C1.4alkyl, perfluoro
C-4alkyl, Cq.4alkoxy, hydroxy, halo, amido, nitro, amino,
Ci-4alkylamino, Cq-4diatkylamino, carboxy or
C1i-4alkoxycarbonyl), perfluoroC.4alkylsuifonyl, Cs.4alkyisulfonyl,
C1-4alkoxysulfonyl, phenylsulfonyl', substituted phenylisulfonyi
(where the phenyl substituents are independently selected from
one or more of, C1.4alkyl, perfluoro Cy.4alkyl, C1.4alkoxy, hydroxy,
hailo, amido, nitro, amino, C.4alkylamino, Cy.4dialkylamino,
carboxy or Cy.4alkoxycarbonyl), 10-camphorsutfonyl,
phenylC1.4alkylsulfonyl, substituted phenylC+.4alkylsulfonyl,
perfluoroCy.4alkylsulfinyl, Ci.4alkylsulfinyi, phenylisulfinyl,
substituted phenyisulfinyl (where the phenyl substituents are
independently selected from one or more of, Cy.4alkyl, perfluoro
C1-4alkyl, C4.salkoxy, hydroxy, halo, amido, nitro, amino,
C1.salkylamino, Cy.4dialkylamino, carboxy or
C1-aalkoxycarbonyl), phenyiC4.4alkylsulfinyl, substituted
phenylC4.4alkylsulfinyl (where the phenyl substituents are
independently selected from one or more of, Cy.4atkyl, perfluoro
Ci-4alkyl, Cy.qalkoxy, hydroxy, halo, amido, nitro, amina,
C1-4alkylamino, Cy.4diatkylamino, carboxy or
C1.-4alkoxycarbonyl), 1-naphthyisutfonyl, 2-naphthyisuifonyl,
substituted naphthyisutfonyl (where the naphthyl substituents are
independently selected from one or more of, C1-4alkyl,
perfluoroC1.4alkyl, C4.4alkoxy, hydroxy, halo, amido, nitro, amino,
C1.4alkylamino, Cq.4diatkylamino, carboxy or
C1i.4alkoxycarbonyl), 1-naphthylsulfinyl, 2-naphthylsulfinyl, and
substituted naphthyisulfinyl (where the naphthyl substituents are
independently seiected from one or more of, Cy.4alkyl,
perfluoroCi.-4alkyl, Cy.4alkoxy, hydroxy, haio, amido, nitro, ammo.
C1-4alkylamino, C4.4diatkylamino, carboxy or
C1-4alkoxycarbonyl);

or a poly peptide comprised of two amino acids,

where the first amino acid is a D or L amino acid, bound via its

carboxy terminus 1o the nitrogen depicted in formula I and is selected
‘from the group consisting of glycine, N-C4.galkylglycine, alanine, 2-
azetidinecarboxylic acid, proline, thiazolidine-4-carboxyiic acid, 5,5-
dimethyithiazolidine-4-carboxylic acid, oxazolidine-4-carboxylic acid,
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1-amino-1-cycioCga.galkyicarboxylic acid, 3-hydroxyproline,
4-hydroxyproline, 3-(C1.4alkoxy)proline, 4-(C4.4alkoxy)proline, 3,4-
dehydroproline, 2,2-dimethyl-4-thiazolidine carboxylic acid, 2,2-
dimethyl-4-oxazolidine carboxylic acid, pipecolinic acid, valine,
methionine, cysteine, asparagine, sarine, threonine, leucine, tert-
leucine, isoleucine, phenylalanine, 1-naphthalanine, 2-
naphthalanine, 2-thienylalanine, 3-thienylalanine, {1,2,3,4]-
tetrahydroisoquinoline-1-carboxylic acid, [1,2,3,4)-
tetrahydroisoquinoline-2-carboxylic acid, aspartic acid-4-Cy.
aalkyl ester and glutamic acid-5-Cq.4alkyl ester
and the second D or L amino acid, is bound to the amino
terminus of said first amino acid, and is selected from the group
consisting of phenylalanine, 4-benzoyiphenyialanine,
4-carboxyphenylalanine, 4-(carboxy Cg.gaikyl)phenylalanine,
substituted phenyialanine (where the phenyl substituents are
independently selected from one or more of, Cq.4alkyl,
perfluoroCq.salkyl, Cq.4alkoxy, hydroxy, halo, amido, nitro, amino,
C1.4alkylamino, Cy.4dialkylamino, carboxy or Cy.4alkoxycarbonyl),
3-benzothienylalanine, 4-biphenylalanine, homophenylalanine,
octahydroindole-2-carboxylic acid, 2-pyridylatanine, 3-pyridylaianine,
4-thiazolyalanine, 2-thienylalanine, 3-(3-benzothienyl)atanine, 3-
thienylalanine, tryptophan, tyrosine, asparagine,
3-tri-C1-4alkyisilylalanine, cyciohexylglycine, diphenyiglycine,
phenylglycine, methionine sulfoxide, methionine sulfone, ,
2,2-dicyclohexylalanine, 2-(1-naphthylalanine), 2- .
(2-naphthylalanine), phenyl substituted phenylalanine (where the
substituents are selected from Cq-4alkyl, perfluoroC4.4alkyl,
C1.4alkoxy, hydroxy, halo, amido, nitro, amino, C4-4alkylamino,
C1-adialkylamino, carboxy or Cs.satkoxycarbonyl), aspastic acid,
aspartic acid-4-C1.4alkyl ester, glutamic acid, glutamic acid-5-C1.
salkyl ester, cycloCa.galkylalanine, substituted cycioCg3.galkylalanine
(where the ring substituents are carboxy, C1.4alkylcarboxy,
C1-salkoxycarbonyl or aminocarbonyl), 2,2-diphenylaianine and all
alpha-C1.salkyl of all amino acid detivatives thereof, '
where the amino terminus of said second amino acid is
unsubstituted or monosubstituted with a member of the group
consisting of formyl, C1.q2alkyl, tetrazol-5-yiC4.2alkyl,
carboxyCy.galkyl, carboalkoxyC1.4alkyl, phenyl Cy.4alkyl,
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substituted phenyiC4-4alkyl (where the phenyl substituents are
independently selected from one or more of, Cy.4alkyl,
perfluoroCy.4alkyl, Cy-4alkoxy, hydroxy, halo, amido, nitro,
amino, Cy.4alkylamino, Cy.4dialkylamino, carboxy or
C1.4alkoxycarbonyl), 1,1-diphenylC1.4alkyl,
C1.ealkoxycarbonyl, phenylC1.galkoxycarbonyl,
C1.12alkyicarbonyi, perfluoroC1.4alkylCo.4alkyicarbonyt,
phenylC1.4alkylcarbonyl, substituted phenylC+ .4alkylcarbohyl
(where the phenyl substituents are independently selected
from one or more of, C1.4alkyl, perfluoro Cy.4alkyl, Cq-salkoxy,
hydroxy, halo, amido, nitro, amino, C4.4alkytamino,
C1.4dialkylamino, carboxy or Cy-4alkoxycarbonyl), 1,1-
diphenylC4.4alkylcarbonyl, C1.4alkyisulfonyl,
C1-4alkoxysuifonyi, perfiuoroC4.-4alkyisulfonyl, phenyisulfonyi,
substituted phenyisufonyl (where the phenyl substituents are
independently selected from one or more of, C1.salkyl,
perfluoroCi.4 alkyl, C1.4alkoxy, hydroxy, halo, amido, nitro,
amino, C.4alkylamino, Cq-4dialkylamino, carboxy or
Ci-4alkoxycarbonyl), 10-camphorsulfonyl,
phenyiC1.4alkylsulfonyl, substituted phenylC4.4alkylsultfonyl,
C1-4atkylsulfinyl, perfluorc C1.4alkyisulfinyl, phenyisulfinyl,
substituted phenyisutinyl (where the phenyl substituents are
independently selected from one or more of, C1.4alkyl,
perfiucroC1.4alkyl, C1-salkoxy, hydroxy, halo, amido, nitro,
amino, C4.4alkylamino, C1.4dialkylamino, carboxy or
C1.4alkoxycarbonyl), phenylCq.4alkyisulfinyl, substituted
phenylCq.4alkylsulfinyl 1-naphthyisulfonyl, 2-naphthylsulfonyi,
substituted naphthyisuifonyl (where the naphthyl substituent is
selected from Cy.4alkyl, perfluoroC1.4alkyl, Cq.4alkoxy,
hydroxy, halo, amido, nitro, amino, C1.4alkylamino,
C1.4diatkylamino, carboxy or Ci-4alkoxycarbonyi),
1-naphthyisuifinyl, 2-naphthyisuifinyl and substituted
naphthyisulfinyl {(where the naphthyl substituent is selected
from C1.4alkyl, perfluoroCi-4alkyl, C1-4alkoxy, hydroxy, halo,
amido, nitro, amino, C4-4alkylamino, C4.4dialkylamino, carboxy
or Cq.aalkoxycarbonyt); :
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Ryis
selected from the group consisting of hydrogen and Cy.salkyl;

Rais :

5 selected from the group consisting of aminoCaz.salkyl,
guanidinoCpz_salkyl, C1.4alkylguanidinoCz.saikyl,
diC1-4alkylguanidinoCz.salkyl, amidinoCa.salkyl, C4-
4alkylamidinoCa.salkyt, diC1.4alkylamidinoCa.salkyl, C1.3alkoxy Ca.
salkyt, phenyl, substituted phenyl (where the substituents are

10 independently selected from one or more of, amino, amidino,
guanidino, Ci.4alkylamino, Cy.4dialkylamino, halogen, perfiuoro
C1-4alkyl, Cy.4atkyl, C1.galkoxy or nitro), benzyl, phenyl substituted -
benzyl (where the substituents are independently selected from one
or more of, amino, amidino, guanidino, C1.4 alkylamino, Cs.

16 adialkylamino, halogen, perfluoro C1.4alkyl, Ci4alkyl, C1.3alkoxy or
nitro), hydroxyCa.salkyl, C1.salkylaminoCa-salkyl,
C1.sdiatkylaminoCa.satkyl, 4-aminocyciohexylCo-zalkyl and C4.saikyt;

pisOor1;
20
Bis
T(Giz)l'k
0
R3
where n is 0-3, R3 is H or C4.salkyl and the carbonyl moiety of B is
bound to E;
25
Eis

a heterocycle selected from the group consisting of oxazolin-2-yl,
oxazol-2-yl, thiazol-2-yl, thiazol-5-yl, thiazol-4-yl, thiazolin-2-yl,
imidazol-2-yl, 4-oxo-2-quinoxalin-2-yl, 2-pyridyl, 3-pyridyl,

30 benzolbjthiophen-2-yl, benzoxazol-2-yl, benzimidazol-2-yl,
benzothiazol-2-yl, triazol-4-yl, triazol-6-yl, tetrazol-2-yl, pyrimidin-2-yi,
quinolin-2-yi, indol-2-yl, pyrazol-2-yl, 4,5,6,7-tetrahydrobenzothiazol-
2-yl, naphtho[2,1-d]thiazol-2-yl, naphtho[1,2-djthiazot-2-yl quinoxatin-
2-yl, isoquinoiin-1-yi, isoquinolin-3-yl, benzo{blfuran-2-yl, pyrazin-2-
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yl, quinazolin-2-yl, isothiazol-5-yl, isothiazol-3-yl, purin-8-yt and a
substituted heterocycle where the substituents are selected selected
from Cq.4alkyl, perfluoro C4-salkyl, C4.4alkoxy, hydroxy, haio, amido,
nitro, amino, C1-galkylamino, C1.4dialkylamino, carboxy,
Cq-4alkoxycarbonyl, hydroxy or phenylC4_4alkylaminocarbonyt;

or pharmaceutically acceptable saits thereof.

The terms used in describing the invention are commoniy used and
known to those skilled in the art. However, the terms that could have other
meanings are defined. "Independently” means that when there are more than
one substituent, the substitutents may be different. The term "alkyi” refers to
straight, cyclic and branched-chain alkyl groups and "alkoxy” refers O-alkyl
where alkyl is as defined supra. "CBZ" refers to benzyloxycarbonyl. "BOC"
refers to t-butoxycarbony! and "Ts" refers to toluenesulfonyl. "DCC" refers to
1,3-dicyclohexylcarbodiimide, "DMAP" refers to 4-N'N-dimethylaminopyridine
and "HOBT" refers to 1-hydroxybenzotriazote hydrate. "Dansyi” refers to 5-
dimethylamino-1-naphthalenesulfonamide and "FMoc" refers to N-(9-
fluorenyimethoxycarbonyt).

DETAILED DESCRIPTION OF THE INVENTION

The compounds of the invention may be prepared as illustrated in
Schere 1. The Hlustrated example prepares a compound where Aisa °
polypeptide where the first amino acid is L-proline and the second amino
acid is N-methyl-D-phenylalanine, R1 is hydrogen, Rz is amidino C4 alkyl, p
is 0 and E is benzoxazol-2-yl. Other compounds which may be prepared
from this generai scheme are listed below with the appropriate
modifications.

A natural or unnatural amino acid is the starting point for the scheme.
Compound 13 is prepared by known synthetic procedures to give the
protected amino acid, where the a-amino group is protected with CBZ and
the a-amino is protected with a Ts. Culvenor, gt al, J. Chem . Soc. D. 1969
19,, 1091. The protecting groups can be varied . In Scheme I the e-amino
and w-amino protecting groups must be stable to maderately acidic
conditions and removed by methods that are mutually exclusive. Examples
of appropriate c-amino and w-amino protecting groups are listed
respectively: FMOC-TS, FMOC-NO2 and CBZ-NO2, For exampies of other

9
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suitable protecting groups see Green, Theodora. Protecting Groups in
Organic Synthesis; John Wiley & Sons, New York, 1981.

SCHEME 1
H H O
Cbz COH Cbz” H
CDi KCN
e ————— C——————
DIBAL
TsHN NH TsHN NH
Ia Ib
NHz
H HO CN
0CH3
-HCI
TsHN
Ic Id
H OH
0 OH
Cbz Y NH2
1
w———
TsHN
NH TsHN NH
If Ig

10
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————————
HOBT :
Ig + pce TsHN
g:s's-rfamn CH3 O H O
riodinane _N \ ",O
| T cm2 5 { N
Ph
TsHN N Ij
HE
anisole
CH3 O H.O
HNN SN 0.
o N<Z
HaN N
Ik

Compound Ia is coupled to 1,1'-carbonyidiimidazole in THF at 0-10°
C, foliowed by treatment with DIBAL/hexane at -42 °C to give aldehyda Ib
using the method described by Greco, et al. Journal Of The American
Chemical Society, 1995, 117, 1225. A direct conversion of Ia to Ib may be
accomplished using bis(N-methyipiperazinyl)aluminum hydride in toiuene at
0 °C to refiux. (Huber, et al, Journal Of Organic Chemistry 1984, 49, 2279).
Another method for the direct conversion of Ja to Ib uses borane-
dimethylsulfide in THF at 25 °C to refiux. Brown, gt al, Synthesis 1979,

11



10

15

20

25

30

WO 96/40748 PCT/US96/08456
704. Yet another method is 10 convert the carboxylic acid to the
corresponding Weinreb Amide using triethylamine, BOP and
N.Q-dimethylhydroxylamine hydrochioride. Reduction of formed amide with
LAH in THF gives the corresponding aldehyde.

Cyanohydrin [ is prepared by the addition of KCN to an emuision of
the aldehyde [b in H2O, MeOH and ethy! acetate at room temperature.
Alternatively compound Ic can prepared combining aldehyde Ib, acetone
cyanohydrin and triethylamine in dichloromethane at room temperature.
imidate Id, is prepared by treating J¢ with gaseous HCI in methanol.
Benzoxazole If is preparéd by heating [d with [e in ethanol at refiux.

Amine ]g is prepared by hydrogenolysis of If using Pd(OH)2/C as a
catalyst at room temperature under atmospheric or elevated pressure using
a hydrogen donor soivent. Other catalysts such as Pd/C or Pd black can be

- employed using suitable reaction conditions. Other reagents that may be

used to remove the CBZ group include: hydrazine, iodotrimethylsilane
methanesulfonic acid/anisole and boron tribromide.

Compound g may be coupied with acid Ih HOBT and DCC in CH3CN
at room temperature to give the coupled alcohol [i. Other suitable coupling
reagents include : BOP, BOP-C! and PyBrOP.

Compound Jj is oxidized to compound ]j using periodinane in an
anhydrous aprotic solvent. The final step of the Scheme I is deprotection of
Ij using HF in the presence of a carbocation scavenger such as anisole,
thioanisole, pentamethylbenzene, dimethylsulfide and cresol followed by
reverse phase choromatography to give the final product Jk.

To produce the compounds of the invention where A is C1.4alkyl,
phenylCy.4alkyl and substituted phenylC4.4alkyl, the starting material of
Scheme 1 is modified. Treatment of compound Ia with two equivalents of
sadium hydride in DMF from 0°C to room temperature followed by an alkyl
halide gives the N-alkylated carboxyiic acid. This acid can be treated under
the same reaction conditions used in Scheme 1 to give the desired
compounds as illustrated in Scheme IA.

12
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SCHEME 1A
Et Et
Cbz” COzH Cbz” H
———— ——
DIBAL
TsHN \H TsHN NH
Ia
NH2
Et. HO_CON g, OH Ho
Cbz’ H Cbz’ OCH3
HCl NH Ie
i HClI
MdéOH
TsHN
\H TsHN NH
g, OH
- 0 OH
Cbz 1 p EtHN
i
. TS
———T— .
TsHN
NH TsHN NH
0
1-Periodinane EtHN o
———*
. '/
2- HF/anisole
NHz2 ™
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If A is C1-4atkoxycarbonyl, phenylCi.4alkoxycarbonyl,
Ci-4alkylcarbonyl, C3.zcycloalkylcarbonyl, phenyicarbonyl, and substituted
phenylcarbonyi, Scheme [ may be modified once again. The CBZ group of
Ia is removed and the resulting free amine is reacted with an appropriate

5 carbonyl compound. Exampies of such compounds are benzoyl chioride,
propionyl chioride, methyi chloroformate, cyclohexane carbonyi chioride,
benzyl chloroformate and the like. This starting material is used in Scheme
IB, under the same conditions used in Scheme IA to give the dasired

compounds.
SCHEME 1B
H o0
COzH H
Y ol 0 KCN
DIBAL
TsHN NH . TsHN
Ia
z

HHO CN

E ?HC!
MeOH
TsHN TsHN

};l OH
|O
0§ )
1-Perlodinane N“Q
2- HF/anisole
TsHN NH NHy

14
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Similarly, when A is: C1-4alkyisulfonyl, perfluoro C4.4alkylsuifonyi,
phenyisulfonyi, substituted phenyisulfonyl, C1-4alkylsuifinyl, perfiuoro
C1-4alkylsulfinyl, phenyisulfinyi, substituted phenyisuifinyl , 1-
napthyisulfonyl, 2-napthylsulfonyl and substituted napthylsulfonyl, 1-
napthyisuifinyl, 2-napthylisulfinyl or substituted napthylsulfinyi; the desired
compounds may be prepared from their corresponding commercially
available aryisulfonyl and aryl sulfinyl halides using Scheme IB.

If A is an amino acid, whose amino terminus is connacted to another
group, Scheme I may be used again. The N-coupled amino acid (protected
if necessary) replaces Ih in Scheme 1 using the same reaction conditions.
Alanine, asparagine, 2-azetidinecarboxylic acid, glycine, profine, pipecolinic
acid, valine, methionine, cysteine, sering, threonine, leucine, iert-leucine,
and isoleucine may be used in this scheme where their amino groups are
connected to C1-4alkyl, (phenylC1.4alkyl), (substituted phenyl C1-4aikyt),
(1.1-diphenyiC1.4alkyl, 3-phenyl-2-hydroxypropionyl), (2,2-diphenyi-1-
hydroxyethylcarbonyl), ([1,2,3,4]-tetrahydroisoquinoline-1-carbonyl),
([1,2,3,4)-tetrahydroisoquinoline-3-carbonyl), {1-methylamino-1-
cyclohexanecarbonyl), (1-hydroxy-1-cyclohexanecarbonyt),
(1-hydroxy-1-phenylacetyl), 1-cyclohexyl-1-hydroxyacetyl, 3-phenyl-2-
hydroxypropionyl, 3,3-diphenyl-2-hydroxypropionyl, 3-cyclohexyi-2-
hydroxypropionyl, formyl, C1-4 alkoxycarbonyi, C1-4alkylcarbonyl,
parfluoroC4.4 alkylCg-4 alkylcarbonyl, phenylC1.4alkylcarbonyl, substituted
phenylC1-4alkylcarbonyl,- 1,1-diphenyiC+.4 alkylcarbonyl, substituted 1,1-
diphenylC+.4 alkylcarbonyl, perfluoroC4.4 alkylsulfonyl, C1-4 alkylsulfonyi,
phenylsulfonyl, substituted phenylsuifonyl, perfluoroC1-4alkylsulfinyi,
C1-4alkyisulfinyl, phenyisulfinyi, substituted phenylsulfinyl,1-napthylsutfonyt,
2-napthyisulfonyl, substituted napthylsulfonyl, 1-napthylsulfinyl, 2-
napthyisulfinyl, and substituted napthyisulfinyl.

if A is a dipeptide whose amino terminus is connected to another
group, once again Scheme I may be used. One example is the replacement
of Ih with N-methyl-N-CBZ-D-phenylalanyl-L-azetidinecarboxylic acid to give
the corresponding final product using substantially the same reaction
conditions as Scheme L

To prepare compounds where Ry is H and Rz is aminoCa.satkyl,
guanidinoCa.salkyl, amidinoC2.s alkyi, C+.3 alkoxyC 2.5 alkyl, phenyl,
substituted phenyl (where the substituents are selected from amidino,
guanidino, C1-4alkylamino, halogen, perftuoro C1.4 alkyl, C1-4alkyl,
Cy.zalkoxy and nitro), benzyl, aryl substituted benzyl (where the substituents
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are selected from amidino, guanidino, C1.4 alkylamino, halogen, perfluoro
C1.4 alkyl, C1-4 alkyl, C4.3 alkoxy and nitro), (pyridin-4-yl)amino C1.4 alkyl,
{pyridin-3-yl)amino Ci.4alkyl, C1.salkylamino Ca.salkyl, and C1.s aikyl;
Scheme I may be used once again. Starting material [a may be replaced
with commaercially available amino acids, such as : arginine, leucine,
phenylalanine, lysine, p-amidinophenyl alanine, methoxypropyl giycine and
2-(3-pyridyljalanine; where the o amino group, as well as any other reactive.
substituents are protected with CBZ, Ts or FMOC as appropriate. If the
desired substituents are not commerically available, as is the case when Ra
is substituted phenyl and substituted benzyl, the desired amino acid may be
synthesized by published chemical procedures. See D. A. Evans et a/
(Tetrahedron 1988, 44, 5525-5540).

To prepare compounds where E is 4-oxo-2-quinoxalin-2-yi,
benzimidazol-2-yl and benzothiazol-2-yl, Scheme I may be used again.
Replacement of Je with 2-aminothiophenol gives the benzothiazole
derivatives following the same reaction conditions as Scheme I; with the
caveat one must not use Pd to remove the CBZ group. Howevar any of the
other methods listed earlier may be used.

It E is 5-carboethoxythiazol-2-yl, Scheme I may be modified to give the
desired compounds, as illustrated in Scheme Ic. Replacement of compound
Ie with cysteine ethyl ester hydrochioride gives the thiazoline derivative Il at .
room temperature using CH2Clz as a solvent. Oxidation of the thaizoline fing -
of compound 1l with MnO_ at room temperature gives thiazole Jm. Oxidation of
the hydraxyl group of Im, followed by remaval of the amino protecting groups
with HF/anisole gives the carboethoxy derivative m

To prepare ester derivatives of In, the carboethoxy group in either I, In
or Im may be modified using known chemistry. One can prepare the following
ester derivatives in this manner: carboxy, phenylC+.4alkylaminocarbonyli,
-amido, formyl and other alkoxyCs.4carbonyl groups.
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SCHEME 1C
COzEt
MlIOz
*HClI COzEt
TsHN
TsHN
Id
0
1-Pericdinane Et.
H 1
N
COzEt 2- HF/anisole CO2Et
NH2 NH
Im In

-

Another method of preparing the compounds of the invention is
illustrated in Scheme II. The illustrated exampie prepares a compound
where A is L-proline which is connected at its N-terminus to (1,1-diphenyl C
2 alkylcarbonyl ), R1 is hydrogen, Rz is guanidino Cz alkyl, pisOand E is
thiazol-2-yl. Other compounds which may be prepared from this general
scheme are listed below with the appropriate modifications.
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SCHEME I1 a
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N
Ts 1L NH
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Ph O H 0]
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AR K 53
— 0 N
' 10j NH
HN=

. NH2
A commercially available acid ]Ia is the starting point for this scheme.-
Said acid is converted into the activated ester derivative IIb by treatment with
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DCC and 2,4,5-trichlorophenol at - 20 - 0 °C in an inert solvent such as THF.
The proline derivative JId was prepared by treating jIb with IIc, triethyl amine
and pyrindine. Alternatively IId could have been prepared directly by
treating acid [Ia with amino acid ]Ig in the presence any ot the peptide
coupling agents listed in Scheme L

The Weinrab amide of NoBoc-No-tosylarginine, [Ie, was prepared by
literature procedures trom the protected acid. DiMaio, et al, Journal of
Medicinal Chemistry 1992, 35, 3331. This amide was treated with IIf at
-78 °C in THF to give ketone JIg. This ketone may be reduced with a
hydride reducing agent such as sodium borohydride, at -20 ° to room
temperature followed by treatment with TFA at room temperature to give the-
corresponding amine ifh.
Coupling IIh and ]Id in the presence of DCC and HOBT at room temperature
in acetonitrile gives the coupled alcohol IIi. Other peptide coupling reagents
which can be used for this reaction include: benzotriazol-1-yloxy-
tris(dimethyl-amino)phosphonium hexafluorophosphate, bis (2-oxo-3-
oxazolidinyt)phosphinic chloride, 2-dimethylaminoisopropy! chioride
hydrochioride and bromo-tris-pyrrolidinaphosphonium
hexafluorophosphate. Oxidation of IIj to the ketone using periodinane in
CH2Clp, followed by removal of the w-amino protecting group with HF and
anisole gives the desired product IIj.-

To prepared compounds of the invention where A is Cy.4alkyl,
phenylC1.4 alkyl, or substituted phenylC4.4 alkyl, the starting material of
Scheme II can modified and used as illustrated in Scheme IIA.
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SCHEME 1A

e NH
NH =4
Ts HN NH
Ts
BOC OH
Nj BOC 3/(')'\<
NH
Ts NHz

The starting material for Scheme 11A is made from the protected
Weinrab amide, Ile. The amide is deprotected with TFA, reductively
alkylated with an appropriate substrate' and sodium cyanoborohydride and
5 protection with BOC to the N-alkylated starting material. The.illustrated
example uses benzaldehyde as a substrate for the reductive alkylation. The
alkylated material can be treated with the same conditions and reagents as
Scheme II to give the desired compounds.
if A is formyl, C1-4alkoxycarbonyl, phenylC1.4 alkoxycarbonyi,
10  Ci-4alkylcarbonyl, C3-7cycloalkylcarbonyl, phenyicarbonyl, and substituted
phenylcarbonyi, Scheme II may be modified once again. The BOC group of
IIe is removed with TFA at room temperature and the resulting free amine is
reacted with an appropriate commercially available carbonyl compound.
Examples of such compounds are formic acid/acetic anhydride, benzoyl
15§ chioride, propionyl chioride, methyl chioroformate, cyclohexane carbonyi
chlorideand the like. This starting material is used under the same
conditions used in Scheme IIA to give the desired compounds.
Similarly, when A is: C1-4alkyisulfonyl, perfiuoro C1. alkylsulfonyl,
phenylsulfonyl, substituted phenyisuifonyl, C1.-4alkylsulfinyl, perfiucro
20 C1i-4alkyisulfinyl, phenyisulfinyl, substituted phenyisulfinyi ,
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1-napthyisuifonyl, 2-napthyisulfonyl and substituted napthylsuifonyl, 1-
napthyisulfinyl, 2-napthylsuifinyl and substituted napthyisuifinyl; the desired
compounds may be prepared from their corresponding commercially
available aryisuifonyi and aryl sulfinyt halides using Scheme IIA.

it A is an amino acid, whose amino terminus is connected to another
group, Scheme II may be used again. The N-coupled amino acid may be
purchased or prepared by known procedures. This amino acid will repiace
IId in Scheme II using the same reaction conditions. Alanine, asparagine,
2-azetidinecarboxylic acid, glycine, proline, pipecolinic acid, valine,
methionine, cysteine, serine, threonine, leucine, ten-leucine, and isoleucine
may be used in this scheme where their amino groups are connected to
C1-4alkyl, phenylC1-4alkyl, substituted phenyl C1.4alkyl, _
1,1-diphenyliC1-4alkyl, 3-phenyl-2-hydroxypropionyl, 2,2-diphenyi-1-
hydroxyethyicarbonyl, [1,2,3,4)-tetrahydroisoquinoline-1-carbonyl, [1,2,3,4})-
tetrahydroisoquinoline-3-carbony!, 1-methylamino-1-cyclohexanecarbonyi,
1-hydroxy-1-cyclohexanecarbonyl, 1-hydroxy-1-phenylacetyl, 1-cyclohexyi-
1-hydroxyacetyl, 3-phenyi-2-hydroxypropionyl, 3,3-diphenyi-2-
hydroxypropionyl, 3-cyclohexyl-2-hydroxypropionyl, formyl, C1-4
alkoxycarbonyl, C4-4 alkylcarbonyl, perfluoro C4.4 alkyl Co-4
alkylcarbonyi, phenyl C1.4 aikylcarbonyl, substituted
phenyi C{.4 alkylcarbonyl, 1,1-diphenyl Cy.4 alkylcarbonyl, substituted.
1,1-diphenyl C1-4 alkylcarbonyl, perflucroC1.4 alkylsulfonyi,
C1-4alkylsuitonyl, phenylsulfonyl, substituted phenyisuifonyi,
perfluoroC1-4alkyisulfinyl, C1-4alkylsulfinyl, phenyisulfinyl, substituted
phenylsulfinyl, 1-napthylsuifonyl, 2-napthylsulfonyl, and substituted
napthyisuifonyl, 1-napthyisulfinyl, 2-napthylsulfinyl, and substituted
napthylsulfinyl.

it A is a dipeptide whose amino terminus is connected to another
group, once again Scheme II may be used. One example is the
replacement of JId with N-methyl-phenylalane-pipecolinic acid to give the
corresponding final product using substantially the same reaction conditions
as Scheme IL

To prepare compounds where Rq is H and Rz is amino C 2.5 alkyl,
guanidino Ca.5alkyl, amidino Cz.s alkyl, C4. alkoxy C 2.salkyi, phenyi,
substituted phenyl (where the substituents are selected from amidino,
guanidino, C 1.4 alkylamino, halogen, perfluoro C 1.4 alkyl, C1-4 alkyl,
C 1-galkoxy and nitro), benzyl, aryl substituted benzyl (where the
substituents are selected from amidino, guanidino, C1.4 alkylamino,
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halogen, perfluoro C1.4 alkyl, C1-4 alkyl, C1.3 alkoxy and nitro), (pyridin-4-
yl)amino Cq.4alkyl, {pyridin-3-yljamino C1.4alkyt.
C1.5 alkylamino Cy.5 alkyl, and Ci.5 alkyl; Scheme II may be used once
again. Using the methods of DiMaio, gt al, Journal of Medicinal Chemistry
19982, 35, 3331, the Weinreb amides of known protected amino acid may
prepared. These compounds replace compound [le, in Scheme II and are
treated under the same reaction conditions illustrated in Scheme II.
Scheme II may be used once again to prepare compounds of the
invention where E is oxazol-2-yl; thiazol-2-yt; thiazol-5-yl; thiazol-4-yl; 1-
alkylimidazol-2-yl; 2-pyridyl; 3-pyridyl; 4-pyridyl; benzofbjthiophen-2-yi;
benzoxazol-2-yt; 1-alkylbenzimidazol-1-yi; benzothiazol-2-y; 1- '

. alkylindol-2-yl; 4,5,6,7-tetrahydrobenzothiazoi-2-yl; naphtho[2, 1-d]thiazol-2-

yi; naphtho[1,2-dlthiazol-2-yi; pyrimidin-2-yl; quinoxalin-2-yl; benzofb}furan-
2-yl; pyrazin-2-yl, quinazolin-2-yl, isothiazol-5-yi, isothiazol-3-yl. When the
nitrogen at position 1 is protected with a base-stable protecting group (eg.
TMS, Boc, Ts, etc), Scheme II may be used to prepare compounds of the
invention where E is imidazol-2-yl; pyrazol-2-yl; triazol-2-yl; triazol-4-yi;
triazol-6-yl; tetrazol-2-yi; quinolin-2-yi; indol-2-yl; isoquinolin-1-yl;
isoquinolin-3-yl; and purin-8-yl (requires protection at position 7 instead of
1). Replacement of IIf with any of the known lithiated heterocycles listed
gives the desired compounds. '

Another method of preparing the compounds of the invention is
illustrated in Scheme III. The illustrated exampie prepares a compound
where A is a polypeptide where the first amino acid is L-proline and the
second amino acid is N-methyl-D-phenylatanine, R is hydrogen, Rz is
(guanidino Cga alkyl), pis 1, nis 0, R3 is H and E is thiazoi-2-yl.
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Compounds of the invention where E is equal to pyrazo3-yl is can be
prepared via the1,3-dipolar addition of diazoketones to alkynes (Padwa et
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10

al, "1,3-Dipoiar Cycioaddition Chemistry,” 2 vols., Wiley, New York, 1984),
which is exemplified in Scheme IV. Diazoketone intermediate IVa (LS.
Patent 4.318.904) can be reacted with alkyne IVb in refluxing benzene to
give pyrazole IVc, which can be elaborated further to pyrazole IVd as
previously described.

SCHEM ElV
H o — H
: H3C02C —==-C02CH3 : N
benzene, A COZCG?Z 3
\IOz)HN"‘NH (NO?_)HN“NH

IVa IVe
/ (steps)

Compounds of the invention where E is equal to thiazol-2-yl and
oxazole-2-y! can:also be prepared as shown in.Scheme V. Cyclization of
alcohols ‘Va and Vb with the Burgess reagent to the corresponding thiazoline -
and oxazoline followed by oxidation with MnO2 or NiO2 will furnish Ve and
Vd (P. Wipf et al Tetrahedorn Letters, 1992, 33, 6267-6270). Similarly,
aldehyde Ve can be converted to Vd with triphenylphoshinefiodine in the
presence of triethylamine (P. Wipf et al Journal of Organic Chemistry 1983,
58, 3604-3603).
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Although the claimed compounds are useful as thrombin or trypsin

inhibitors, the preferred compounds of Formula I include:

[
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The particularly preferred “A"s are .-
1 naphthyisulfonyl, 2-naphthyisulfonyl, substituted
naphthyisuifonyis {(where the substituents are selected from
Ci-salkyl, perfluoroCq.4alkyl, C4.4alikoxy, hydroxy, halo, amido,

~ nitro, amino, C1.4alkylamino, Cy.4dialkyiamino, carboxy and
C1.4alkoxycarbonyl);

an L amino acid such as glycine or proline, where the amino
terminus is unsubstituted or monosubstituted with a member of the
group consisting of 1 naphthyisuifonyl, 2-naphthyisulfonyl and
substituted naphthylsulfonyls (where the substituents are selected
from Cq-galkyl, perfluoroCi.4atkyl, C1-satkoxy, hydroxy, halo, amido,
nitro, amino, C4.4alkylamino, Cy4dialkylamino, carboxy and
Ci-salkoxycarbonyl), formyl, and phenyicarbonyl; or

a poly peptide comprised of two-amino acids, where the first acid is
L- proline or L-pipecolinic and the second acid is D-phenylalanine,
D-cyciohexylalanine, D-diphenylalanine or (2,3,4,5,6-
pentafluorophenyl)alanine where the amino terminus of said
second amino acid is unsubstituted or monosubstituted with a

member of the group consisting of C1.salkyl perfluoroC4.4alkyl or
~ formyl.

The particularly preferred "R4"s are hydrogen and methyl.

The particularly preferred “Rz2"s are selected from the group consisting of
aminoCaz.salkyl, guanidinoCa.salkyl, amidinoCa.salkyt,
C4-5alkylaminoCa.5alkyl, C4.sdialkylaminoCa.salkyl,
4-aminocycichexylCg.-2alky, 3-aminocyclohexyiCg.gatky and C1.salky.

The particularly preferred “E”s are heterocycles selected from the group
consisting of
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thiazol-2-yi, thiazol-5-yl, thiazol-4-yl, thiazolin-2-yl, benzoxazoi-2-yi,
benzimidazol-2-yl, imidazol-2-yl, 4-oxo0-2-quinoxalin-2-yl,
benzothiazol-2-yl, triazol-4-yl, triazol-6-yi, tetrazol-2-yl,
pyrimidin-2-yl, quinoclin-2-yl, pyrazol-2-yi, [4,5,8,7]-
tetrahydrobenzothiazol-2-yl, naphtho[2,1-d}thiazol-2-yl,
naphtho([1,2-d}thiazol-2-yl, quinazolin-2-yl, isothiazol-5-yl,
isothiazol-3-yl, purin-8-yl and a substituted heterocycle where the
substituents are selected selected from C4-qalkyl, perfluoro
C1.4alkyl, Cy.4alkoxy, hydroxy, halo, amido, nitro, amino,

C1.4alkylamino, Cq.4diatkylamino, carboxy, C1.4alkoxycarbonyl and
hydroxy.

The compounds of the invention were tested for their ability to inhibit
thrombin mediated hydrolysis. An in_vitro enzyme assay was performed as
well &s an gx vivo assay. In addition, the compounds were tested in vitro for
their ability to inhibit trypsin, as an indication of their selectivity.

Thrombin-catalyzed hydrolysis rates were measured
spectrophotometrically using commercial human alpha-thrombin (American
Diagnostica), a chromogenic substrate (Spectozyme® TH (H-D-HHT-Ala- -
Arg:-gNAiz'AcOH),- American Diagnostica) in aqueous buffer (10 mM Tris, 10
mM Hepes, 150 mM NaCl, 0.1% PEG; pH.7.4), and a microplate reader
(Molecular Devices). Changes in absorbance at 405 nm were monitored:
(Softmax, Molecular Devices), upon addition of enzyme, both with and
without inhibitor present at 37°C over 30 minutes.: ICsps were determined by
fixing the enzyme and substrate concentrations and vatrying the inhibitor
concentration (1 nM thrombin, 50 uM Spectozyme® TH). Michaelis-Menton
kinetics were applied to the initial reaction siopes. Inhibition constants (Ki)
were determined by fixing the enzyme and inhibitor concentrations and
varying the substrate concentration (1 nM thrombin, 5-100 uM Spectozyme®
TH). Michaelis-Menton kinetics were applied to the initial reaction slopes
using the program K-Cat (Bio Metallics Inc.).

Trypsin-catalyzed hydrolysis rates were measured using the same
method as the thrombin procedure. Bovine type 1 trypsin (Sigma) and
Spectrozyme ® TRY (Cbo-Gly-D-Ala-Arg-pNA*AcOH, American Diagnostics)
replaced their thrombin equivalents in a concentration range of 3.2 U/mi
trypsin and 0.1-0.3 mM Spectrozyme.

The IC 5p for representative compounds are listed in Table A.
Representative Kjs are listed in place of the IC sp value for selected
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compounds. N-Me PPACK aidehyde and argatroban were used as
reference standards and their values are listed balow. The compound
numbers in the table correspond to the examples described hereinaiter.

An ex vivg assay was conducted to determine the duration of action
of the compounds of Formula 1. For this i.v. assay male rats (Long Evans,
350 -500 g) were implanted with a teflon cannulae via the femoral artery
while under anesthesia (pentobarbital i.p., 35 mg/kg). After surgery, the
animals were individually housed in standard cages, fed with rat chow
(Hanlan, #8604) and continuously infused with physiclogical saline to
maintain arterial patency, (0.5 ml/h, intra arterial) using a spring-shieided
swivelling tether connected to an infusion system. The animals were
aliowed 1o recover for at least 24 h after the surgical procedure.

A sampie of blood was drawn from the animails 15 min before dosing

- with the inhibitor (0.25 mL blood is drawn into a syringe containing 0.025 mL

of Sigma sodium citrate). The test compound was dispersed in water and
delivered to the animal (0.25 mL} via the femoral vein. The inhibitor was
given at a concentration (mg/mL) which produced 80% inhibition of Vg in a
plasma sample at 5 min after infusion. Blood was drawn from the arterial
line (blood:sodium citrate, 0.25/0.025 mL ) at regutar intervais after dosing
{5, 10, 15, 30, 60 and 120 min) and placed in a centrifuge tube. A plasma
sample was obtained by centrifuging the blood at 10,000 rpm tor 5 min. This
sample.is analyzed for thrombin: inhibition using the chromogenic assay,
described below.

The rate of increase in absorbance at 405 nm of synthetic peptides
(50 uM Spectozyme® TH (H-D-HHT-Ala-Arg-pNA-2AcOH), American
Diagnostica) is measured in the presence of plasma with a microplate
reader (Molecular Devices) at 37 °C using an agqueous buffer (10 mM Tris,
10 mM Hepes, 150 mM NaCl, 0.1% PEG; pH 7.4). The butfer was added to
the plasma samples (1:1) dilution prior to defivery to the microplate (1:5 and
1:50 for final plasma dilutions of 1:10 and 1:100 respectively) followed by the
enzyme (1 nM human o thrombin). Datum was collected over a 30 min
period and the initial rate of substrate hydrolysis (Vo (mOD/min)) was
calculated with an analysis program (Softmax, Molecular Devices).

The time to half plasma elimination (t 1/2) was calculated from the
slope of Vg vs. time, using the following equation: t 1/2 =-1.6 slope. These
datum are presented in Table A

Bioavailability was determined by an gx vivo assay which
incorporated hydrolysis rates from drug administered both i.v. and p.o. in
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this assay male rats were prepared as described above with a tefion tube
implanted in their femoral ‘artery. Blood was drawn from the animals 15 min
betfore dosing with the inhibitor (0.25 mL blood was drawn into a syringe
containing 0.025 mL of Sigma sodium citrate) and set aside for analysis.
The test compound was dispersed in water (0.3-3.0 mg/mL final conc.} and
delivered to the animals (0.25 mL) either i.v. or p.o.. Blood was drawn from
the arterial line (blood:sodium citrate, 0.25/0.025 mL ) at regular intervals
after dosing (0.25, 0.5, 1.0, 2.0 and 3.0 h) and plasma was obtained by
centrifuging the blood at 10,000 rpm for 5 min. This sample was analyzed
for thrombin inhibition using the chromogenic assay, described below.

The rate of increase in absorbance at 405 nm of synthetic peptides
(50 uM Spectozyme® TH (H-D-HHT-Ala-Arg-pNA.2AcOH), American
Diagnostica) was measured in the presence of plasma with a micropiate
reader (Molecular Devices) at 37 °C using an aqueous buffer (10 mM Tris,
10 mM Hepes, 150 mM NaCl, 0.1% PEG; pH 7.4). The buffer was added to
the piasma samples (1:1) dilution prior to delivery to the microplate (1:5 and_
1:50 for tinal plasma dilutions of 1:10 and 1:100 respectively) followed by the
enzyme (1 nM human o thrombin). Datum were collected over a 30 min
period and the initiat rate of substrate hydrolysis (Vo(mOD/min)) was
calculated with an analysis program (Softmax, Molecular Devices).

A standard curve was generated by adding of drug or vehicle (100
L) to whole blood. (900 uL) foliowed by incubating (5 min) and centrifuging -
to obtain plasma. The percentage of thrombin inhibition was calculated by
compating the Vg of the vehicle to that of the drug treated samples. Datum
from several runs were normalized with a statistical package (SAS) to
generate a standard curve.

The percentage of thrombin inhibition in the treated animals was
calculated by comparing the Vg prior to treatment with the Vo obtained from
samples collected after treatment. The percent inhibition was applied to the
standard curve (generated above) using the statistical package (SAS) and
the quantity of drug in the sample was extrapolated.

Bioavailability (Bioavail.) was calculated from the plots of the
extrapolated drug in sample vs. time for both i.v. and p.o. administration
using the following equation:

%8Bioavail. ={i.v. dose administered/p.o. dose administered) x (area under
p.0. curve/area under curve i.v.) '
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Table A
Cod ¢ ThriCso(uM)  TroiCsp (uM)  tysp (mim)  Bloavail, (%)
1 Ki=0.00023  Ki=0.0031 19 1.2
2  Ki=00009  Ki=0.013
a  o0ot1 Ki = 0.022 6
4 0019 0.006 16
5 oM 0.28 18
6 420 6.34
Z 2 50
a8 35 19
9 40 0.012
10 40.15 7.74
U K=042 Ki = 6.01
12 0.003 0.003 43
13 0.0070 0.002 25
14  0.005 0.0030
15  0.0070 0.0030 16
16  0.8830 0.2380
17 0.007 0.004 8
18 021 0.13
19 0026 0.005 14
20  0.45 0.058
21 0.024 0.051 5
22 1519 18.404
23 0928 0.238
24  0.106 0.014
25  0.003 0,003 14
26 Ki=38 Ki= 180
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N

a8
22
30
K]
2
33
34
35
8
3z
38
329
40
41
42
43
44
45
48
47
48
49
20
81
82
a3
84

Ki=1.2
0.111
0.003
0.029
50.0
0.0020
0.0070
0.0380
0.2010
0.001
0.0020
29.9
100
20.5
0.002
0.0040
0.200
50.0
0.371
0.015
0.003
100
12.9
0.002
0.0170
0.012
45.5
0.11

Ki= 12
1.199
0.002
0.002
0.0800
0.0020
0.0020
0.0030
0.0020
0.001
0.0010
38.7
100
7.01
0.001
0.0020
0.0020
4.38
0.009
0.003
0.004
0.684
6.88
Ki = 0.0020
0.0070
0.005
7.44
0.013
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85 0.83 0.0086
56 21.0 0.02790
587 19.6 0.182

N-Me PPACK Ki=0.010
Argatroban Ki=0.010

Ki=0.003¢
Ki =2.9

PCT/US96/08456

As indicated by Table A, the compounds of Formula I may be used in
pharmaceutical compositions to treat patients (humans and other primates)
with thrombotic disorders in a similar manner as known heparins and
coumarins. The compounds can be administered by any parenteral route
(intravenous, intraperitoneal, subcutaneous, dermal patch), where the
preferred route is intravenous infusion. Infusion doses can range from about
0.1-300 pg/kg/min of inhibitor, admixed with a pharmaceutical carrier over a
pericd ranging from several minutes to several days. Selected é_ompounds
can also be administered by the orat route in doses ranging from about

1-100 mg/kg.

The pharmaceutical compositions can be prepared using
conventional pharmaceutical excipients and compounding techniques. Oral
dosage forms may be elixers, syrups, capsules tablets and the like. Where
the typical sotid carrier is an inert substance such as lactose, starch,
glucose, methyl caliulose, magnesium sterate, dicalcium phosphate,
mannitol and the like; and typical liquid oral excipients include ethanol,
glycerol, water and the like. All excipients may be mixed as needed with
disintegrants, diluents, granulating agents, lubricants, binders and the like
using conventional techniques known to those skilled in the art of preparing
dosage forms. Parenteral dosage forms may be prepared using water or

another steriie carrier.

Typically the compounds of Formula I are isolated and used as their
pharmaceutically acceptable salts. Examples of such salts include
hydrobromic, hydroiodic, hydrochloric, perchloric, sulfuric, maieic, fumaric,

malic, tartatic, citric, benzoic, mandelic, methanesulfonic,
hydroethanesulfonic, benzenesulfonic, oxalic, pamoic, 2-

naphthatenesulfonic, p-toluenesulfonic, cyclohexanesulfamic and saccharic.

In addition to the treatment of thrombotic disorders, the compounds of
Formuia I may be used to prevent coagulation of stored blood samples and
as coatings on medical devices such as stents and orthopedic devices.
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Generally they may be used in any circumstance where one seeks to inhibit
coagulation by placing the compounds in contact with the medium
containing thrombin. Those experienced in the use of anticoagulant agents,
may find a variety of other uses for the thrombin inhibitors of this invention.
These uses are considered to be within the scope of this invention, for this
invention contemplates the use of compounds of Formula I as antithrombotic
agents.

Yet another use for the compounds of the invention is as trypsin
inhibitors. Inhibitors of trypsin have been used clinically in the treatment of
pancreatic disorders, such as pancreatitis. The {Csp values for the compounds
of the invention compare favorably with the pancreatic agents camostat
mesilate and nafamostat (ICsp s, 1 x 10-8 and 1.3 x 108 respectively). The

compounds of Formula I may be used in the same manner as those therapeutic
agents.

In order to illustrate the invention the following examples are inciuded.
These examples do not limit the invention. They are only meant to suggeét a
method of practicing the invention. Those skilled in the art may find other
methods of practicing the invention, which are obvious to them. However those
methods are deemed to be within the scope of this invention.
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EXAMPLES 1 and 2
N-METHYL-D-PHENYLALANYL-N-[4-[(AMINOIMINOMETHYL)AMINO]
-18-{{(BENXOTHIAZOL-2-YL)CARBONYL]BUTYL}-L-PROLINAMIDE
Cpd#1 =~
5 N-METHYL-D-PHENYLALANYL-N-{4-{{AMINOIMINOMETHYL)AMINO}-
1R-[(BENXOTHIAZOL-2-YL)CARBONYL]BUTYL]-L-PROLINAMIDE
Cpd#2
STEP a

mz,»"j,m(%rn\g(“

o 0

NH
10 HNa\NH-CBZ
ia

A mixture of N-CBZ-N-methyi-D-phenylalanyl-L-prolyl-NG-CBZ-L-arginine-
aldehyde (9.92 g, 14.5 mmol; 7 , CH2Cl2 (48 mL), acetone
cyanohydrin (4.0 mL, 43.4 mmol), and triethylamine (1.2 mL, 8.7 mmol) was

15  stirred at room temperature under argon for 3 h. An additional portion of
acetone cyanohydrin (1.3 mL, 14.2 mmol) was added followed by another hour
of stirring. The mixture was concentrated jn_vacuo and partitioned between
water and ethyl acetate. The resulting organic layer was washed with portions
of . water and brine, dried (Na2S04) and concentrated in.vyacuo. The residue

20 was triturated with several portions of hexane, and the resulting solid precipitate
was dried [n_vacuo to give the cyanohydrin intermediate 13, as a solid.

STEP b

£
o5 HN"* \HecBz
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Gaseous HCI (51 g) was bubbled into a solution of cyanohydrin 13 (9.3 g,

13.1 mmol) and MeOH (200 mL) at -50 to -70 °C under an atmosphere of argon
over 1.5 h. The reaction mixture was placed in a refrigerator at 0 °C, monitored
(TLC and NMR) over 3 days, and transferred 10.a separatory funnel under
argon. The reaction mixture was added dropwise to a stirred mixture of water
(700 mL), ethyl acetate (250 mL) and NaHCO3 (159 g, 1.4 mol}), at 0-6 °C. The
pH of the quenching solution was monitored and not alfowed to go below pH
6.8. Additional portions of water and NaHCO3 were added (as dictated by the
measured pH) until the reaction mixtura was neutralized. The resulting mixture
was filtered through a filter aid, leaving a filtrate, which was washed with several
portions of ethyl acetate. The combined organic layers were washed with brine,

dried (Na2SQa4), and concentrated in vacug to give the HCI sait of imidate 1b,
as a solid.

STEPc

CH3 0 »~,  OH
csz"j“ N\)\WS/
N\ N
P 0 ? ‘i >
iH
HN=™ NH-CBZ
m .

2-Aminothiophenoi (18.53, 18.52 mmol) was added to a degassed solution of _
imidate 1b (7.23 g, 9.26 mmol) in absolute ethanol (290 mL) at room
temperature under an atmosphere of argon. The resuiting mixture was heated
at reflux for 4.75 h, cooled to room temperature, exposed to atmospheric oxygen
at room temperature for 18 h atmasphere and concentrated jn vacuo. The
residue was purified by chromatography on silica gel eluting with
CHzCla/methanol (95:5) to give the hydroxy benzothiazole intermediate 1cas a
white foam.
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STEP d
CB2 “)/U*Rr"’ E
2 oz
id

The Dess-Martin periodinane (1.59 g, 3.76 mmol) was added to a solution of 1¢
(3.08 g, 3.76 mmol) in CH2Cl2 (40 mL) at room temperature under an
atmosphere of argon. The resulting mixture was stirred for 45 min and an
additional portion of periodinane (1.2 g, 2.83 mmol) was added, followed by
another 15 min of stirring. The excess periodinane was consumed by the
addition of 8 mL. of quench soiution (25 g NazS203 in 100 mL saturated
aqueous NaHCOQO3) diluted with ethyl acetate (300 mL), and stirred at room
temperature for 15 min. The resuiting aqueous layer was isolated and extracted
with several portions of ethyl acetate and the combined organic extracts were
washed with successive portions of water and brine, dried (NazSO4) and
concentrated jn vacuo to give the ketone 1d, as a white foam.

STEP e

CHs 0 y CH3 Q H ©
p:j)k s H':“))k N s
/ Y,

o O
g=LNH
“N 'NHz . N,
Compounds 1 Compound 2

The intermediate ketone 1d (2.97 g, 3.63 mmol) and anisale (10 mL) were
placed in a Teflon reaction tube of an HF apparatus under anhydrous
conditions and cooled to - 78 °C. HF (15-20 mL) was distilled into this tube and
upon cbmpletion of addition, the temperature of the mixture was allowed to rise
to 0 °C. This mixture was stirred for 2 h, concentrated in vacyo and triturated
with several portions of ether to give a yellow solid. This solid was purified by
reverse-phase, HPLC using water/acetonitrile/TFA (70:30:0.2) ‘o give
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compounds 1 and 2. Each diastereomer was lyophilized to give the desired
products as white foams where compound ] is 91.5% of the materiat coilected.
Compound 1 (L-arginine diastereomer): FAB-MS m/z 5§50 (MH+); [a]p20 =
-72.5°, (¢ 1.00, MeOH). _

Anal, Calc'd for CogHasN703S+2.75 TFA+0.5 H20:

Calcutated: C,46.12; H, 4.47; N, 11.24; H20, 1.03.

Found: C, 46.13; H, 4.37; N, 11.35; H20, 1.27.

Compound 2 (D-arginine diastereomer): FAB-MS m/z §50 (MH+); {0]p20 =
-67.5° (¢ 0.67, MeOH).

Anal. Calc'd for CogHagN7035+3 TFA«2 H20:

Calculated: C, 44.01; H, 4.56,N, 10.57; H20, 3.88.

Found: C, 44.11; H, 4.34; N, 10.96; H20, 3.80.

EXAMPLE 3
STEP a

a

Ph O cl

PO~0

23
A solution of dicyclohexylcarbodiimide (18.24 g, 88.4 mmol) in THF (35 mlL) was
added dropwise to a stirred solution of 3,3-diphenyipropionic acid (20.0 g, 88.4
mmol), 2,4,5-trichlorophenol (17.45 g, 88.4 mmol) and THF (50 mL) under
argon at -20 °C. The reaction mixture was stirred at -20 °C for 2.5 h, placed in
a refrigerator at 0°C for 16 h, and filtered through filter aid. The mother liquor

was concentrated jn_vacuo and recrystallized from ethanol to give the activated
ester 33, as a solid.

Cl

STEP b

Ph O
NN OH
0
3b
Activated ester 33 {15.0 g, 37.0 mmol) was added to a mixture of L-proline

(4.26 g, 37.0 mmol), triethylamine (5.15 mL) and pyridine (45 mL) at § °C
a8
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under argon. The reaction mixture was allowed to warm to room temperature,
stirred for 76 h, and concentrated jn_ vacyo. An aqueous solution of NaHCOj3;
(3.42 g/130 mL) and ether (100 miL) were added to the residue and the resuiting
mixture was stirred at room temperature for 45 min. The organic layer was
extracted several times with water. The combined aqueous layer was extracted
with two portions of ether, acidified with 1N HCI and extracted with several
portions of ethyl acetate. The combined ethyl acetate extracts were washed

with brine, dried (MgSO4) and concentrated in vacuo to give the prohne
intermediate 3b, as a solid.

STEP ¢

HoQ
Boc'N}/u\GN:O

’(NH'
HN NH-Ts

3¢
1.8 M n-Butyl lithium/hexane (16 mL, 25.6 mmol) was added to a solution of
benzothiazole (3.7 mL., 33.9 mmol) and anhydrous THF (114 mL) at - 78 °C
under argon. The reaction mixture was stirred at -78 °C for 15 min and a
solution of N-o-Boc-NG-tosyl-L-arginine N.O-dimethyl amide (800 mg, 1.69
mmol; DiMaio, et al. Journal of Medicinal Chemistry 1992, 35, 3331) and THF .
(43 mL) was added via cannula while keeping the temperature beiow 70 °C.
The resulting mixture was stirred for 1.66 h at - 78 °C, poured into a saturated
aqueous NH4Cl solution (600 mL), stirred vigorously for 15 min, and extracted
with several portions of ethyl acetate. The combined ethyl acetate extracts were
washed with successive portions of water and brine, dried (NagS0Og4) and
concentrated jn vacuo. The residue was purified by column chromatography

on silica gel eluting with ethyi acetate/hexane (5:2) to give the benzothiazole
derivative 3¢ as an oil.
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Sodium borohydride (63.8 mg, 1.69 mmol) was added dropwise 10 a solution of
benzothiazole 2¢ (307 mg, 0.563 mmol) in MeOH (10 mL) at -20 °C under
argon. This mixture was stirred at approximately -20 °C for 40 min and acetone
(2 mL) was siowly added. The resulting mixture was atlowed to warm up to

10 room temperature over 1.25 h, concentrated in vacuo, and partitioned between
ethyl acetate and water. The aqueous.layer was extracted with several portions
of ethyl acetate. The combined ethyl acetate extracts were washed with brine,

dried (NagS04), and concentrated inyacuo to give the alcohol 3d, as a pale
yellow foam.
15

STEP e

OH
HaN E)\(‘SD
§ N
NH

HN=(
NH-Ts

a8
20 A solution of alcohol 3d (0.27 g, 0.49 mmoi) in 10 mL of TFA/CH2Clp (1:4) was
stirred at room temperature under argon for 1.5 h. The resulting mixture was
concentrated in vacuo to give the TFA sait of 3e, as an oil.
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STEP f

Ph O H OH S
2
NH

=
HN NH-Ts
3t

S5 A solution of the TFA salt of amine 3e (0.49 mmol), tristhylamine (0.25 mL),
intermediate 3b {158 mg, 0.49 mmol), hydroxybenzotriazole hydrate (111 mg,
0.54 mmoil) in acetonitrile (10 mL) was treated with DCC (73 mg, 0.54 mmol)
and stirred at room temperature under argon for 20 h. The resulting mixture
was fiftered and the solids were washed with several portions of acetonitrile.
10  The filtrate and washings were combined, concentrated in vacuo and

partitioned between ethyl acetate and water. The organic layer was washed
with successive portions of 1N HCI, water, saturated aqueous NaHCOQO3, and
brine; dried (Na2S04) and concentrated in vacuo. The residue was purified

using preparative TLC on silica gel, eluting with CHCl3/MeOH benzothiazoie 3f,
15 as atacky solid.

STEP g

NH

=
HN NH-Ts

20 3g
A mixture of 3f ( 7.2 mg, 0.0096 mmol) CH2Cl2 (1 mL) and Dess-Martin
periodinane (8.1 mg, 0.019 mmol) was stirred at room temperature under
nitrogen for 1 h, treated with 4 mL of quench solution (25 g NaxS203 in 100 mL
saturated aqueous NaHCO3), and diluted with water and CHaClp. The resulting
25 organic layer was washed with water, dried {Na»S04) and concentrated
invacuo to give the ketone 3q, as a foam.
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STEP h

R Ay
| 0 ?

NH

=
HN NH;

. Compound 3
A mixture of anisoie (1 mL) and ketone 3g {137 mg, 0.17 mmol) was placed in a
Teflon reaction tube, attached to an HF apparatus, and cooled to -78 °C. HF (5
mL) was distilled into the reaction tube and the resuiting mixture was stirred at
0 °C for 3 h. The HF was removed in vacug and the mixture was triturated with
three portions of ether. The resulting precipitate was filtered, air dried,
dissolved in acetonitrile/water (1:1) and purified by reverse-phase HPLC using
CH3CN + 2% TFA/H20 +0.016 % TFA as an eluent. The desired fractions were
concentrated in vacuo and lyophilized to give compound 2 as a 1:3 mixture of
D and L arginine diastereomers; IR (KBr, cm -1) 1674, 1450, 1204, 1135; [ajp1®

= -74.0 (¢ 0.60, MeOH); mp = 106-120 °C. Anal. Calc'd for Ca3H3gNg03S+1.75
TFA+0.33 H20: ' :

Calculated: C, 52.96; H, 5.02; N, 10.15; H20=3.81.
Found: C, 53.27; H, 5.13; N, 10.34; H>0=3.86.

. EXAMPLE 4
STEP a

H 0
Boc'N})LH
,N
CBZ-HN=X

NH-CBZ
42
1,1’-Carbonyidiimidazole (0.65 g, 4.05 mmol) was added to a mixture of
N-o-Boc-NG NG'-di-CBZ-L-arginine (92.0 g, 3.69 mmol) and THF at 0 °C under
argon and the resulting mixture was stirred for an hour at 0 °C. The mixture
was cooled to -48 °C and a solution of 1 M DIBAL/hexane (10.3 mL., 10.3
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mmol) was added at a rate which kept the reaction temperature between -48
and -42 °C. The resulting mixture was stirred for another 15 min at - 48 °C and
an aqueous sclution of KHSO4 (1.4 ¢/5.0 mL) was added at a temperature of
between -40 and -28 °C. The mixture was allowed to warm up to room

5 temperature, CH2Cl2 was added, and the resulting solids were filtered and
washed with additional portions of CHaCl2. The collected filtrates were washed
with water, dried (MgSQO4) and concentrated jn vacuo. The residuewas
purified by crystallization from |-PrOH and hexane to give the aldehyde 43, as a

solid.
10
STEP b
H oTMs
Boc-N

YYD
{

CBZ-HN={
NH-CBZ

4b
15 A mixture of aldehyde 43, (0.765 g, 1.36. mmol), CH2Cl2 (6 mL) and 2-
(trimethyisilyl)thiazole (1.07 g, 6.8 mmol) was stirred at room temperature under

argon for 16 h. The reaction mixture was concentrated in vacuo to give 4h as
an oil.

20 STEPC

OH

lS
ZVN/

CBZ-HN-¢
NH-CBZ

4ac
Trifluoroacetic acid (8 mL) was added siowly to a stirred mixture of thiazole 4b
25 (1.36 mmol) and CHzCl2 (30 mL) at room temperature under argon. The
reaction mixture was stirred for 6 h and concentrated in vacyo. The residue
was purified by flash chromatography on silica gel using CH2Cl2/MeOH/NH4OH
43
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{85:4.5:0.5) as an eluent to give a single diastereomer. The isolated product

was dissolved in CH2Clp, dried (K2COg)} , filtered and concentrated in vacug to
give the alcohot 4¢, as a glassy oil.

5 | STEP d
CH3 Q H OH
csz’ IQ(N\AIT\S)
p 0 N~

i

CBZ-HN—4
NH-CBZ

4d
DCC (0.079 g, 0.38 mmol was added to a mixture of alcohol 4¢ (0.18 g, 0.35

10 mmol), (CBZ)-N-methyl-D-phenyalanyi-L-proline (0.14 g, 0.35 mmol; US Patent
4,703.0386), hydroxybenzotriazole hydrate (0.053 g, 0.38 mmol) and CH3CN
(4.5 mL) at room temperature. The reaction mixture was stirred for 3.5 h and the
resulting solid precipitate was washed with portions ot CH3CN. The combined
filtrates were concentrated in vacuo and partitioned between in ethyl acetate

15 and water. The organic layer was washed with successive portions of water
and brine, dried (MgSO4) and concentrated jn vacuo. The residue was purified

by chromatography (silica gel, CH2Cla/MeOH (95/6)) to give the coupled
alcohot 4d, as a white foam.

20 ' STEP e
CH3 O @H 0
cBZ° N?’“ﬁrs
nb)L 0 \ NJ

{

&
CBZ-HN NH-CBZ
4e

A solution of the alcohol 44 (0.14 g, 0.15 mmol) and CH2Clz (3 mL) was added
25 in one portion to a mixture of Dess-Martin periodinane (76 mg, 0.179 mmol) and

CH2Cl2 (4 mL) at room temperature. The reaction mixture was stirred for 35 min

and a few additional milligrams of Dess-Martin periodinane was added. The
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resulting mixture was stirred for another 10 min and 10 mL of quench solution
(25 g Na2S203 in 100 mL saturated agueous NaHCOj3) was added followed by
‘an additional 10 min of stirring. The resulting mixture was partitioned between
ethyl acetate and water and stirred for another § min. The organic layer was
washed with several portions of water and brine, dried (MgSO4) and
concentrated in vacuo to give the ketone 4e, as a coioriess glass.

STEP ¢
PR S
H* N N\:)Hrs
Ph 0 .%“H Nj

HN=(
NH2

Compound 4 (RWJ 50026)
Ketone 4a (0.13 g, 0.144 mmol) and anisole (1 mL) were placed in a Teflon
reaction tube of an HF apparatus under anhydrous conditions and cooled to
~78 °C. HF (5-10 mL) was distilled directly into this flask, the temperature of the
mixture was allowed to rise to 0 °C and this mixture was stirred for 1.5 h. The
HF was removed In vacuo and the residue was triturated with several portions
of ether to give a solid. This solid was purified by reverse-phase HPLC eluting
with water/acetonitrile/TFA (50:50:0.2) and concentrated [n vacuo. The residue
was dissolved in water and adjusted to pH 6.48 with freshly rinsed Amberiite®
IRA-400 (OH") ion exchange resin and aqueous 0.1M TFA. The solid
precipitates were isolated by filtration and the filtrate was lyophilized to give
compound 4 as a white solid. Anal. Calc'd for Ca4H33N703+2 C2HF304+0.2
H20:
Calculiated: C, 44.88;H, 5.03; N, 13.08; H20, 2.88.
Found: C, 44.49; H, 4.93; N, 12.98; H20, 2.64.
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EXAMPLE &
STEP a

H O

CBZ'N})LH

H

N
TsHNS

Sa
1,1-Carbonyidiimidazole (9.89 g, 0.063 mmol} was added in one portion to a
stirred solution of N-0-CBZ-NG-tosyi-L-arginine (25.2 g, mmol) and THF (160
mL) at 0-10 °C. After 1h, the reaction mixture was cooledto -42°C and 1 M
DIBAL/hexane (130 mL, 1.30 mmol) was added over 30 min. The resulting
mixture was stirred for another 30 min at -42 °C. The reaction was quenched by
the slow addition of 1.2 M HCL (365 mL) and the reaction temperature was
allowed to warm to room temperature. This mixture was treated with 0.6 M HCI
(360 mL) and CHCIl3 (400 mL) and stirred at room temperature for 2.5 h. The
aqueous phase was washed with several portions of CHCl3 and the combined
organic extracts were washed with successive portions of water, dried -

(Na2S04) and concentrated in vacuo to give the aldehyde §a as a solid; FAB-
MS m/z 447 (MH)*

. STEP b

H. HO cN

caz“\%

,

~
Ts-HN NH

5b
KCN (6.0 g, 92 mmol) was added to a stirred mixture of aldehyde 43 (22.0 g, 49
mmol) in MeOH (60 mL), H20 (60 mL) and ethyl acetate (110 mL) and stirred at
22 °C for 16 h. The resulting aqueous layer was extracted with several portions
of ethyl acetate and the combined organic extracts were washed with water,
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dried (Na2S04) and concentrated jn vacuo to give the nitrile 5b as a foam;
FAB-MS nvz 474 (MH)*.

STEPc

H OH
CBZ’ N OCH3

NH
{' * HCI
< H
Ts-HN NH
Sc
Anhydrous HCI {g) was bubbled into a soiution of nitrile 5b (8.0 g, 16.9 mmol)
and anhydrous MeOH (162 mL) at -78 °C at a rate such that the temperature -
10 does not exceed -40 °C. After the addition the reaction was stirred for 30 min at
0 °C. The reaction mixture was added to a vigorously stirred saturated aqueous
NaHCOj3 while maintaining the pH above pH 6. After neutralization, the pH was
adjusted to pH 4.0 with glacial acetic acid and ethyl acetate (350 mL) was
added. The mixture was stirred for 4 h, separated and the aqueous layer was
15 extracted with ethy! acetate three times. The combined ethyl acetate extracts
were washed with water, saturated aqueous NaHCOg3 as well as brine, dried -

(NazS04) and concentrated jn vacup to give the imidate Sc, as a white solid;
. FAB-MS m/z 507 (MH)+.

20 STEP d

H QH

csr%{?qr\b

<
Ts-HN NH

8d
A solution of imidate 5¢ (1.00 g, 1.84 mmol), 2-aminophenol (0.22 g, 2.03 mmol)
25 and absolute EtOH {40 mL) was heated at reflux under N2 for 24 h and
concentrated jn vacto. The residue was purified by chromatography on silica
gel eluting with CH2Clo/MeOH (95:5) to give the benzoxazole £d as a white
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foam; mp 81-91 °C; [a]p25 -2.9 (¢, 0.68, CHCl3). Anal. Calc'd for CogHa1NsOsS

+0.6H20:
Calculated: C,58.34;H, 5.14; N, 12.15; H20, 1.87
Found: C,58.32; H, 5.14; N, 11.97; H20, 1.67
STEP e
OH
HzN 0
Z\‘ h} /
< H
Ts-HN A
Se

A mixture of 5d (0.87 g, 1.53 mmol), 20% Pd(OH)4/C (0.21 g) and absolute
EtOH (19 mL) was placed on an atmospheric hydrogenator and stirred under
Hz for 18 h. The resulting mixture was filtered, through a filter aid and
concentrated in vacuo to give the free amine 5e as a yellow foam.

STEP {

R(ZQ

NH
at

A solution of DCC (0.25 g, 1.1 mmol) and CH3CN (1 mL) was added dropwise
to a solution of 1-hydroxybenztriazole hydrate (0.16 g, 1.2 mmol), amine Se
(0.47 g, 1.1 mmol), CBZ N-methyl-phenylalanyl-profine (0.44 g, 1.1 mmol) and
CHaCN (15 mL) under N2. The reaction mixture was stirred for 3.5 h, filtered
and the resulting filter cake was washed with several portions of CH3CN. The
combined filtrate was concentrated in vacuo , dissoived in ethyl acetate,
washed with successive portions of water and brine, dried (MgSO4) and

concentrated jn vacuo. The residue was purified by column chromatography on
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silica gel etuting with CH2Cl2/MeOH (93:7) to give the coupled alcohot 5f, as a
yellow giass.

STEP g

- CH3 O H O
cnaz"b)L r@r NSO
0 N V.
e
~ H
Ts-HN NH
5q°
A solution of alcohol 5f (0.45 g, 0.56 mmol) and anhydrous CH2Cl2 (5 mL) was
added to a stirred mixture of Dess-Martin periodinane (300 mg, 0.73 mmol) and
10  anhydrous CH2Cl2 (20 mL) at room temperature under argon. The reaction
mixture was stirred for 30 min and another portion of Dess-Matrtin periodinane
(50 mg, 0.12 mmol) was added followed by another 10 min of stirring at room
temperature. To the stitred reaction mixture was added 30 mL of quench
solution (25 g Na2S203 in 100 mL saturated aqueous NaHCO3) followed by a
1§ portion of ethyl acetate. The resulting organic iayer was washed with

successive portions of saturated aqueous NaHCOg3 and brine, dried (MgSOa4)

and concentrated in vacuo to give the ketone £g, as a foam; FAB-MS m/z 882
(MH)+*.

20 STEP h

O A, H 0
Wj}&l\)kfo
P 0 \ N“’Q

—~
HaN NH

Compound §
Ketone 5g (0.45 g, 0.54 mmol) and anisole (ca. 2.0 mL) were placed in a Teflon
25 reaction tube of an HF apparatus under anhydrous conditions and cooled to
<78 °C. HF (0.5-1.0 mL) was distilled directly into this flask, the temperature of
the mixture was allowed to rise to 0 °C and this mixture was stirred at 0 °C for 4
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h. The HF was removed in_vacuo and the residue was triturated with several
portions of ether to give a yellow solid, which was purified by reverse-phase
HPLC eluting with water/acetonitrile/TFA (70:30:0.2). The fractions containing
the desired product were concentrated jn vacuo and lyophilized to give
compound 5 as a powder; mp 81-81 °C; [o]p2® -63.3 (¢ 0.58, MeOH); FAB-MS
m/z 534 (MH)*. Anal. Calc'd for CogHasN704°4+(C2HF302)+2.5 H20
Calculated: C, 41.97; H, 4.25; N, 8.52; H20, 3.93.

Found: C, 42.26; H, 4.42; N, 9.87; H20, 4.27.

EXAMPLE 6
STEP a

H 0
Fmoc-N\‘/"\H

Ts-HN-$

NH

| 6a
1,1-Carbonyidiimidazole (1.8 g, 11.0 mmol) was added to a solution of
N-a-Fmoc-NG-tosyi-L-arginine (6.0 g, 10.0' mmol) in anhydrous THF (30 mL) at
0 °C under argon and stirred at 0 °C for 1.5 h. The reaction mixture was cooled
to -48 °C and 1M DIBAL (28 mL, 28 mmol) was added dropwise over 20 min.
The resulting mixture was stirred for another 1.5 h and 1.2 N HCL (67 mL) was
added with stirring. The mixture was allowed to warm up to room temperature
and partitioned between 0.6N HCI (65 mL} and chioroform. The resulting
agueous layer was washed with several portions of chloroform. The combined
organic extracts were washed successive portions of water and brine, dried

{(Na2SQ4) and concentrated in vacuo to the aldehyde 84 as a white flakey
solid.
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A solution of KCN (1.44 g, 22 mmol) and H20 (125 mL) was added to a solution
of aldehyde §a (5.9 g, 11.0 mmol) in ethyl acetate (250 mL) and the resulting
mixture was stirred for 40 h at room temperature under argon. The organic
layer was separated and the agqueous layer was washed with three portions of
ethyl acetate. The combined ethyl acetate extracts were washed with brine,
dried (Na2S04), concentrated in vacuo and stored in the refrigerator under
argon. The residue was partitioned between ethyl acetate (100 mL) and
saturated aqueous NaHCO3 (200 mL) and the pH was maintained at 7.0 by the
addition of solid NaHCO3. The solid NaHCO3 was removed by filtration and the
resulting aqueous layer was washed with several portions of ethyl acetate. The
combined organic layer was washed twice with brine, dried (MgSO4) and

concentrated in vacuo to give the cyanohydrin b as a white solid; FAB-MS m/z
5§62 (MH)*. '

STEPc

H3CO

NH ¢ HCI
Fmoc-HN
& OH

¢

~
ToHnS

gc
HCI (21 g) was bubbled into a solution of nitrile 6b (3.0 g, 5.34 mmol) and

methanol (53 mL) under argon of at a temperature ot less than -40 °C ovar 20
min. This reaction vessel was closed under nitrogen and placed in a freezer at
-15 °C for 46 h and concentrated in vacuo at room temperature. The residue
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was partitioned between saturated aqueous NaHCOj3 sotution (250 mL) and
ethyl acetate. The organic layer was washed with two portions of brine, dried
{(MgSO4) and concentrated jn vacug to give the imidate 6¢, as a solid.

5 STEP d

S/\’ CO2CH2CH3

=N
Fmoc-HN
s OH

-
TsHNS

6d
Cysteine ethyl ester hydrochloride (1.97 g, 10.6 mmol) was added to a solution
10 of imidate 6¢ (3.30 g, 5.3 mmol) and CH2Cla (100 mL) and the resuiting mixture
was stirred under argon at room temperature for 3 h. The solid precipitate was
removed by filtration and the filtrate was concentrated jp vacuo. The residue
was purified by HPLC using CHaClo/methanol (97:3) as an eluent to give the
thiazoline derivative 8d, as a solid; FAB-MS m/z 694 (MH)+.
15 '
STEP e

OO Hb/a:l}‘ CO2CH2CH3

0=5~H
0

g

HN-$
TsNNH

ge
20 Diethylamine (2.5 mL, 24.2 mmoi) was added dropwise to a stirred solution of

derivative 6d (2.20 g, 3.17 mmol) in anhydrous acetonitrile {50 mL) at -5 °C and
the reaction was allowed to warm up to room temperature over 18 h. The
residue was concentrated jn vacuo, dissolved in anhydrous CH2Clp, and

52



WO 96/40748 PCT/US96/08456

concentrated if.vacug again. The residue was triturated with several portions

of hexane and concentrated in vacuo to give the amine §e as an oit; FAB-MS
m/z 472 (MH)*.

5 STEP {

HSC\NoCHS

“ o 1
0-5 \7/L COzCH2CH3
KIH

=
Ts-HN NH

6t
Dansy! chloride (890 mg, 3.3 mmol) was added to a solution of amine 6e (2.21
10 g, 3.1 mmol) and CH2Cl2 at -5 °C under argon. Upon completion of addition,
the reaction mixture was stirred at room temperature for 1 h. The resulting
mixture was concentrated in vacue and partitioned between CHCl3 and
saturated aqueous NaHCOg3. The organic layer was washed with brine, dried
(K2COg3), and concentrated jn vacuo. The residue was purified by
15 chromatography on silica gel eluting with CH2Cl/MeOH (97:3) to afford
protected amine &f; FAB-MS rmv/z 705 (MH)*.
STEP g

. . \7/(1 CO2CH2CH3

O—S ~NH

20 &g
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Activated MnO2 (0.75 g) was added to a solution of amine &f (0.70 g, 1.49
mmol) and CHaCla (25 mL) and the resulting mixture was stirred overnight at
room temperature. An additional portion of MnO2 {0.75 g) was added and this
mixture was stirred for 4 h at room temperature. - Yet another portion of MnOg
(0.75 g) was added and the resulting mixture was stirred for 16 h at room
temperature. The reaction mixture was filtered once through filter aid and then
through a Nylon 66 fiiter (0.45 um) using CHCl3/MeOH to wash the filter cakes.
The combined washings were dried (Na2SO4) and concentrated in vacuo. The
residue was purified by HPLC using silica get and CH2Cl2/MeOH (97:3) as an
eluent to give the thiazole 6g, as a solid; FAB-MS m/z 701 (MH)*.

STEP h

H3C.N,CH3

2
0] >
- } CO2CH2CH3

0o
J
Ha2N~ )

Compound §
A solution of thiazole §g (141 mg, 0.20 mmol) &nd anisole was placed in an HF
apparatus reaction vesse! under anhydrous conditions and cooled to - 78 °C .
Anhydrous HF (4.5-6.0 mL) was distilled into the vessel and the reaction mixture
was allowed to warm to 5 °C and stirred at 5 °C for 3.5 h. The HF was
removed |n vacuo and the residue was triturated with several portions of ether
to give a solid. This solid'was purified by reverse-phase HPLC eluting with
H20/CH3CN/TFA (30:20:0.2) to give an oil. This oil was dissoived in distilled
water an neutralized to pH 6.20 by the addition of Amberiite® IRA 400 (OH")
resin. The solution was fitered and lyophilized to give compound § as a solid;
mp 90-98 °C; FAB-MS m/z 547 (MH)*.
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EXAMPLE 7
STEP a

Bpc OH

S,
%
N/

la
(+)-N-tert-Butoxycarbonyl-2-piperdinecarboxaldehyde (2.13 g, 10.0 mmol;
Hassner, gt al, Journal Of Organic Chemistry 1991, 56, 2775) was added to 2-
(trimethyisilyl)thiazole (2.03 g, 11.0 mmoi) at room temperature under argon.
The reaction mixture was stirred for 6 h, then diluted with anhydrous THF (100
mL} and 5 mL of 1.0 M tetrabutylammonium fluoride/THF, stirred for another 40
min and concentrated jn vacuyo. The residue was dissoived in ethyl acetate
and washed with saturated aqueous NaHCO3, dried (Na2S04) and
concentrated jn yacuo to give thiazole 7g, as a solid; FAB-MS m/z 299 (MH)+,

STEP b
H OH

‘,S
[}
N-J

Ih
A solution of thiazole Za (3.22 g, 9.0 mmol), CH2Cl2 (100 mL) and TFA (20 mL)
was stirred under argon at room temperature for 3 h and concentrated
invacuo. The residue was partitioned between CHCl3 (100 mL) and 50%
aqueous NaOH (20 mL), then stitred under argon at room temperature. Ancther
portion of CHCl3 (100 mL) was added and the mixture was stirred yet again.
The organic layer was removed and the resulting aqueous layer was washed
with several portions of CHClz. The combined organic washings were dried
(K2CO3) and concentrated in vacug. The residue was puritied by
chromatography on silica gel, eiuting with EtOAc/MeOH/NH4OH (97:3:1) to give
the piperidine derivatives Zh, as separated diastereomers.
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STEP ¢

H O
Boc‘N\:/KN OH. _S
%NO/KNJ
H
=

HN NH(NO2)

©
5 N-Methylmorpholine (0.48 g, 4.68 mmol) was added to a mixture of N-a-Boc-

NG-nitro-L-arginine+2/3 Et20-1/4 EtOAc and anhydrous THF (20 mL) at -20 °C.
isobutylchloroformate was added dropwise to this mixture at -15 to -20 °C-the
resulting mixture was stirred for 35 min. A solution of the piperidine derivative
Zb {0.85 g, 4.2 mmol) and anhydrous THF (30 mL) was added under argon at

10 -20°C. This mixture was stirred at -15°C for 45 min , allowed to warm to room
temperature over 3 h and placed in the refrigerator at 0 °C for 16 h. The
reaction mixture was filtered and the filtrate was concentrated in vacuo.. The
residue was dissolved in CHCI3 and the organic layer was washed with
successive portions of saturated aqueous NaHCOg3 and brine, dried (Na2SO4)

15 and concentrated jn.vacuo to give the arginine derivative Z¢ as a solid; FAB-
MS mv/z 500 (MH)*. '

STEP d

=
20 NH(NOZ)

6N HCVEtOH (40 mL) was added under argon to a solution of arginine
derivative 7¢ (1.75 g, 3.5 mmol) and anhydrous THF (30 mL) at room
temperature. The reaction mixture was stirred for 1 h and another portion of 6N
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HCI/E{OH (10 mL) was added followed by additionatl stirring (2 h). Yet another
portion of 6N HCI/EtOH (10 mL) was added, followed by another hour of stirring.
The reaction mixture was concentrated jn vacuo and triturated with THF to give
a solid. A portion of this solid (1.26 g, 2.30 mmol) stirred with anhydrous THF
(45 mL), and triethylamine (0.75 mL). Dansyl chioride (0.63 g, 2.33 mmol)
added and the reaction mixture was stirred for 3 h at room temperature.
Another portion of triethylamine (0.25 g) and dansyl chloride (0.20 g) was
added followed by another hour of stirring at room temperature. The reaction
mixture was filtered, concentrated in vacyo and triturated with several portions
of ether to give a solid. This solid was purified by column chromatography on

silica gel eluting with EtOAc/MeOH/NH4OH (96:3:1) to give Zd as a solid; FAB-
MS n/z 633 (MH)*+.

STEP e
H3C.N,CH3
o
O \ [ /
SH
HN NH,
Compound 7

The Dess-Martin periodinane was added to a stirred solution of derivative 7d
(0.19 g, 0.30 mmol) and CH2Clz (10 mL) at room temperature under argon. The
reaction mixture was stirred for 1.5 h and treated with 30 mL of quench solution
(25 g Na2S203 in 100 mL saturated aqueous NaHCOQg). The resulting organic
layer was washed with brine, dried (Na2SO4) and concentrated jn vacuo. The
residue was placed in the reaction vessel of an HF apparatus with anisole and
cooled to -78 °C. HF was distilled into the reaction vessel and the temperature
of the vessel was allowed to rise to 5 °C and was maintained there for 40 min.
The mixture was concentrated in vacuo and triturated with ether to give a tacky
solid. The solid was purified by reverse-phase HPLC using HoO/CH3CN/TFA
(60:40:0.2) to give compound Z as a mixture of diastereomers; mp 85-100 °C;
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{ajp25 +60.4 (c 0.95, CH30H); FAB-MS m/z 586 (MH)*. Anal. Calc'd for
Ca7H35N704S2-C2HF30240.2 H2O:

Calculated: C, 44.44;H, 4.53; N, 11.52; H20, 1.05.

Found: C, 44.36; H, 4.44; N, 11.54; H20, 0.92.

EXAMPLE 8
STEP a

@oc

ENJ/\/

fa
Methyt (triphenyiphosphoranylidiene)acetate (4.89 g, 114.6 mmol) was added
portionwise to a solution of (+)-N-(tert-butoxycarbonyl)piperdine-2-
carboxaldehyde (3.12 g, 14.6 mmol) and anhydrous THF (30 mL) at room
temperature under argon. The reaction mixture was stirred at room temperature
for 16 h and concentrated in vacug. The residue was treated with ether (25
ml) and the resulting precipitate was removed by filtration. The filtrate
concentrated jn.vacuo and the residue was purified by chromatography on
silica gel using hexane/ether (4:1) as an eluent to give the the ester derivative .
8a, as an oil.

CO2CH3

STEP D
Boc

@’\/‘OH

ﬁh .
Lithium chioride (1.04 g, 24.5 mmol) was added to a solution of ester 83 (2.20 g,
8.2 mmotl) and anhydrous THF (24 mL). Sodium borohydride (0.93 g, 24.5
mmol) was added to this mixture, followed by absolute ethanol (29 mL) and the
resuiting mixture was stirred at room temperature for 48 h. The mixture was
cooled to 0 °C and 10% agueous citric acid was added to bring the pH to 4.
The resulting mixture was concentrated in vacuo, dissoived in HaO {40 mL)
and adjusted with 10% aqheous citric acid to pH 4. The aqueous layer was
extracted with several portions of CH2Cl2 and the combined organic extracts
were washed with brine, dried (Na2SO,4) and concentrated in vacuo to give
the alcohol derivative 8b as an oil: GC/MS (El) m/z 227 (M)*-.
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STEPc

Boc 0

fc
A soiution of alcohol 8b (2.06 g, 8.2 mmol) and CH2Clz (20 mL) was added.
over 2 min to'a mixture of pyridinium chiorochromate (2.64 g, 12.3 mmal) and
CH2Clo at room temperature. The mixture was stirred for 30 min , ether (200
mL) was added and the resulting solid precipitate was filtered off. This solid
was washed with several portions of ether/CH2Cl2 (2:1) and the combined
filtrate and organic washings were combined and filtered through silica gel.

The organic solution was dried (Na2SQ4)and concentrated jn vacuo to give the
aldehyde derivative 8¢ as an oil.

STEP d

Boc OH
S
82
8d

2-Trimethylsilyithiazole (1.63 g, 8.8 mmol) was added to aldehyde 8¢ (1.93 g,
8.0 mmol) under argon at room temperature. The resuiting reaction mixture was
stirred for 3.25 h, diluted with anhydrous THF and 1.0 M tetrabutylammonium
fluoride/THF (4.0 mL), stirred for 30 min and concentrated in vacuo. The
residue was dissolved in ethyl acetate, washed with saturated aqueous

NaHCOé. dried (Na2S04) and concentrated in vacuo to give the thiazole
derivative 8d as an oil.

STEP e

H OH
S
YD
8e
Trifluoroacetic acid (16 mL) was added to a solution of thiazole derivative 8d
(2.48 g, 7.6 mmol) and CH2Cl2 (50 mL) at room temperature under argon. The
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reaction mixture was stirred for 2 h, concentrated in_yacuo and dissolved in
CHCI3 (60 mL). This solution was basified with 50 % aqueous NaOH (20 mL)
and the aqueous layer was washed with several portions ot CHCl3/2-propanol
(20:1). The combined organic extracts were dried (K2CO3) and concentrated
in.yacuo to give an oil. This oil was purified chromatography on silica gel
eluting with ethyl acetate/MeOH/NH4OH (97:3:1 to 90:7:3) to give the:
deprotected thiazole 8g; FAB-MS m/z 227 (MH)*.

STEP {

)

S OH
, 0
Boc-HN._X

0

HN a(NH
NH(NO2)
8f
Isobutyichloroformate {(0.39 g, 2.87 mmol) was added dropwise to a solution of
N-o-Boc-NG-nitro-L-arginines2/3 Etp0+1/4 EtOAc (1.12 g, 2.87 mmol), N-
methylmorpholine (0.32 g, 3.20 mmol) and anhydrous THF (20 mL) at -20 °C
under argon. The reaction mixture was stirred stirred at -5 to -10 °C for 30 min
and cooled to -20 °C.” A solution of thiazole derivative 8e (0.65 g, 2.87 mmol )
and THF (20 mL) was added dropwise over 2-3 min and the resulting mixture
was stirred at - 15 to -10 °C for 45 min and stirred at room temperature for 16 h.
Another portion of N-a-Boc-NG-nitro-L-arginine«2/3 Et,0+1/4 EtOAc (0.56 g, 1.44
mmol), N’ methylmorpholine (0.16 g, 1.6 mmol) and iscbutyichloroformate
(0.195 g, 1.44 mmol) was prepared as above and stirred at-15t0-10°Cfor1 h
and added to the initial reaction mixture. The resulting mixture was stirred at
~15t0 -10 °C for 1 h and at room temperature for 16 h. The reaction mixture was
filtered and concentrated jn vacuo and dissolved in CHCl3 . The organic
solution was washed with successive portions of saturated aqueous NaHCO3
and brine, dried (NaaS04) and concentrated jn vacuo. The residue was
purified by HPLC eluting with ethyl acetate/MeOH/NH4OH (30:3:1) to give the
arginine derivative 8f as a solid.
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STEP g

H3C.N.CH3

S OH
:
02N

¢

HN §(NH
NH(NO?)
8a
Ethanolic 6N HCI { 20 mL) was added siowly to a stirred solution of arginine
derivative 8f (0.87 g, 1.65 mmot) and anhydrous THF {15 mL) at room
temperature under argon. The reaction mixture was stirred for 45 min,
concentrated ip vacuo and dissoived in THF {20 mL). Triethylamine (0.75 g,
7.4 mmof) was added followed by dansyi chloride (0.46 g, 1.70 mmol) and the
resulting mixture was stirred at room temperature under argon for 18 h. Ancther
portion of triethylamine (0.50 g, 4.9 mmol) followed by dansyl chlaride (0.23 g,
8.5 mmol) was added and the resulting mixture was stirred for 24 h. The
mixture was filtered and the filtrate was concentrated in vacuo and triturated
with several portions of ether to give the dansy! derivative 8¢ as a solid which
was used without further purification; FAB-MS m/z 661 (MH)+.

STEP h

H3C.p-CH3
N
h

o)
SOz'NH\/[L

0

HN =(NH
NH(NO2)
gh

61



10

15

20

25

30

WO 96/40748 PCT/US96/08456

Dess-Martin periodinane {0.72 g, 1.70 mmol) was added portionwise to a stirred
mixture of dansy! derivative gf (1.20 g, 1.36 mmol) and anhydrous CH2Cl2 (40
mL) at 5 °C under argon. The reaction mixture was aliowed to warm up to

room temperature, stirred for 1.5 h, treated with 100 mL of quench solution (25 g
NaaséOa in 100 mL saturated aqueous NaHCO3) and extracted with CHCl3 (50
mL) and the resulting aqueous layer was washed with several portions of
CHCl3. The combined organic extracts were washed with brine, dried-
(Na2S0O4) and concentrated jn vaguo. The residue was purified by
chromatography (silica gel) eluting with ethyl acetate/MeOH/NH4OH (95:5:1).
The desired fractions were concentrated in vacuo, dissolved in CH2Cl2, dried

(Na2S0g4) and concentrated in vacuo to give the ketone derivative 8h as a
solid; FAB-MS m/z 882 (MH)+.

STEPi

H3C.N.CH3
. fN
0

e I

%

HN #NH
_ NH2
_ Compound 8
Ketone derivative 8h (160 mg, 0.2 mmot) was placed the reaction vessei of an
HF apparatus, anhydrous anisole (2 mL) was added and the mixture was
cooled to -78 °C. HF ( 5 mL) was distilled into the vessal and the reaction
mixture was allowed to warm up to 0 °C. After 1 h, the HF was removed
in vacuo, ether {25 mL) was added to the residue and the mixture was stored in
the refrigerator at 0 °C under argon for 16 h. The ether was removed and the
solid residue was triturated with several portions of ether, isolated and dried
invacuo. The residue was purified by column chromatography (reverse-
phase) eluting with CHzCN/H20/TFA (83:7:0.2) to give compound 8 as a 1:1
mixture of diastereomers: mp 65-70 °C; [«]p25 +35.6 {¢ 0.52, MeOH); FAB-MS
m/z 614 (MH)*. Anal. Caic'd for CogHagN704S2.3.5CoHF302+0.5 Ha0:
Calculated: C, 42.71; H, 4.29; N, 9.59; H20, 0.88.
Found: C, 42.76; H, 4.44; N, 9.67; H20, 0.81.
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EXAMPLE S
STEP a

SOz-NHCHzCOzH

fa
A solution of 2-napthalenesulfonyl chloride (4.52 g, 20 mmot) and ether
(50 mL) was added to a stirred solution of glycine (1.5 g, 20 mmol) and 1N
NaOH (40 mL) at room temperature. This mixture was stirred for 6 h, the ether
layer was separated and the aqueous layer was washed with several portions
of ether. The aqueous layer was adjusted to pH 1 with 1N HCI and diluted with

H20 (50 mL). The resulting solid precipitate was isolated by filtration and dried
In.vacyo to give the acid 93 as a solid.

STEP b
2
SOzNH’ﬁor S:)—COZCHZCHs
N =(NH
NH-Ts
Sb

A soiution of DCC (0.55 g, 2.67 mmol) and CH3CN (10 mL) was added
dropwise to a solution of 1-hydroxybenzotriazole hydrate (0.49 g, 3.64 mmol),
the D-arginine epimer of amine 6e (1.43 g, 2.43 mmol), acid 93 (0.64 g, 2.43
mmol) and CHaCN (20 mL) under argon. The mixture was stirred at room
temperature for 2 h, filtered and concentrated in vacuo. The residue was
dissolved in water,washed with successive portions of saturated aqueous
NaHCO3 and brine, dried (Na>S04) and concentrated in vacuo. This residue
was purified by chromatography eluting with ethyl acetate/MeOH/NH4CH
(95:5:1) as an eluent. The desired fractions were combined, dried (NazSO4)

and concentrated jn vacuo to give the coupled intermediate b as a mixture of
diastereomers; FAB-MS m/z 719 (MH)+.
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STEPc
/\Or S \/)—C02CH2CH3
HN = NH
NH-Ts
oc

Activated MnO3 (0.90 g, 10.4 mmol) was added to a stirred solution of
intermediate 9b (0.85 g, 1.18 mmol) and CH2Cl2 (35 mL) at room temperature.
The reaction mixture was stirred at room temperature for 48 h, filtered through a
Nylon 66 Filter (0.45 um)and concentrated in vacuo. The residue was purified
by chromatography on silica gel eluting ethy! acetate/MeOH (95:5) as an eluent.
The desired fractions were combined, dissolved in CH2Clp, dried (NaxS0Q4) and
concentrated in vacuo to give the thiazole derivative 9¢ as a mixture of
diastereomers; FAB-MS m/z 717 (MH)+.

STEP d
SO2NH =
2 ’\cf)r S J—-COzCHzCH3
HNa(NH
NH-Ts
od

Dess Martin periodinane (105 mg, 0.248 mmol) was added to a stirred solution
of thiazole 9¢ (160 mg, 0.0246 mmol) and CH2Clz (5 mL) at room temperature.
The reaction mixture was stirred for 1 h at room temperature. The reaction
mixture was quenched by adding 5 mbL of quench solution (25 g NaS203 in
100 mL saturated aqueous NaHCOj3), ethyl acetate (20 mL) followed by stirring
for 40 min. The resulting organic layer was separated and the aqueous layer
was washed with portions ethyl acetate. The combined organic extracts were
washed with successive portions of saturated aqueous NaHCOg and brine,
dried (NapS04) and concentrated in vacuo to give ketone 9d as a mixture of
diastereomers; FAB-MS m/z 715 (MH)*.
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STEP e
NH =N
502 /ﬁ(‘)r S j—COzCHzCHg
HN §,NH
NH2
Compound 2

Ketone 9d (190 mg, 0.26 mmol) and anisole (2 mL) were combined in a Tefion
reaction tube and placed on an HF apparatus. HF (10 mL) was distilled into the
flask at -78 °C, the resulting mixture was warmed to @ °C and stirred at 0°C for 3h.
The HF was removed in vacuo, ether (25 mL) was added and the stoppered flask
was placed in the refrigerator for 16 h. The resulting solid precipitate was isolated
by filtration, washed with several portions of ether and dried under a stream of
nitrogen. This solid was purified by reverse-phase HPLC eluting with
H20/CH3CN/TFA (60:40:0.2) to give a solid. This solid was lyophilized to give
compound 8 as a solid: mp 105-110 °C; Anal. Caic'd for
C24H25Ng06S2°CoHF302°H20:

Calculated: C, 45.08 H, 4.51; N, 12.13; H20, 2.60.

Found: C, 44.96; H, 4.26; N, 11.97; H20, 2.99.

EXAMPLE 10
STEP a

OH

N-Boc

10a
A solution of di-tert-butyl dicarbonate (21.8 g, 0.10 mol) and anhydrous CH2Cl2
(200 mi) was added dropwise o a stirred solution of (+)-2-piperidineethanol
(12.9 g, 0.10 moi) and CH2Cl2 (200 mL) at 0 °C under argon over 30 min. The
reaction was allowed to warm up to room temperature and stirred for Sh. The
reaction mixture was extracted with twice with 1 N HCI, once with saturated
aqueous NaHCOj3, and once with brine, dried (Na2S04) and concentrated
in.vacuo to give the protected amine 10a as an oil.
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STEP b

0

H
N=Boc

S 10b
A solution of amine 103 (10.3 g, 45 mmol} and CH2Cl> (100 mL) was added
over 15 min to a stirred solution of pyridinium chlorochromate (14.5 g, 67.5
mmotl) at room temperature. The resulting mixture was stirred for 4 h and
diluted with ether (600 mL). The entire reaction mixture was filtered through
10 filter aid and concentrated jn vacuo to give the aldehyde 10b as an oil.

STEP ¢

/' CO2CH3

N=Boc
15 ' : 10¢c
Methyltriphenylphosphoranylidene)acetate (13.46 g, 40.3 mmol) was added in
portions to a solution of aldehyde 10h (9.14 g, 40.3 mmol) and THF (100 mL) at
room temperature under argon. The reaction mixture was stirred for 16 h and
concentrated in vacug. The residue was triturated with several portions of

20 ether. The combined ethereal extracts were dried (NasSO4) and concentrated
in.vactio to give the ester 10¢ as an oii.

STEP d

OH

N=Boc

. : 10d
A solution of ester 10¢ (7.75 g, 27.3 mmot) and LiCl (3.49 g, 82 mmol) in
anhydrous THF (80 mL) was treated with NaBH4 (3.12 g, 82 mmol) while stirring

25
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at room temperature under argon. EtOH (97 mL) was added and the resulting
mixture was stirred at room temperature for 62 h. The resulting mixture was
cooled to 0°C and adjusted to pH 4 with 10% aqueous citric acid. This mixture
was concentrated jn.vacuo to afford an agueous layer. This layer was

5 readjusted to pH 4 with 10% citric acid, stirred at room temperature. for 30 min,
and extracted with CH2Cla several times. The combined organic extracts were

washed with brine, dried and concentrated in vacug to give the alcohol 10d as
an oil.

10 STEP ¢

N-Boc

10e

A soiution of the alcohol 10d (6.06 g, 23.5 mmoi) and CH2Clz (50 mL) was

15 added to a mixture pyridinium chiorochromate (7.60 g, 35.3 mmol) and CH2Cl2
(150 mL.) over 10 min and the resulting mixture was stirred at room temperature .
for 2 h. Diethyl ether (250 mL) was added and the resuiting mixture was filtered -
through a plug. of silica gel, which in turn was washed with CHaClo/Et20 (1:1).
The filtrate was dried {(NaxS04) and concentrated in vacuo and the residue

20 was:purified by column chromatography on silica gel eluting with ethyl -
acetate/hexane to give the aldehyde 10 as an oil.

STEP {

SN

OH

N-Boc

10t
2-(Trimethyisilyl)thiazole (1.70 g, 8.2 mmol) was added to aidehyde 10e (2.07 g,
8.1 mmol) at room temperature under argon. The reaction mixture was stirred
for 4 h, diluted with THF (60 mL), and 1.0 M tetrabutylammonium fluoride/THF
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followed by another 15 min of stirring. The resulting mixture was concentrated
in.vacuo , diluted with ethyl acetate.. washed with several successive portions
of saturated aqueous NaHCO3 and brine, dried (Na2S04) and concentrated
in.vacuo to give the thiazole derivative 10f as an oit.

STEP

10g

10  Trflucroacetic acid (16 mL) was added to a stirred solution of thiazole 10f (2.90
g, 8.0 mmol) and CH2Cl2 (80 mL) at room temperature under argon. The
mixture was stirred for 1 h, concentrated in vacyo, and diluted with CHaCla
(150 mL). The resulting mixture was neutralized (K2COg), filtered and
concentrated in vacuo.. The residue was purified by chromatography uon silica

15 gel eluting with ethyl acetate/MeOH/NH4OH (95:5:2). The desired fractions
were concentrated jn vacuo, dissolved in CH2Clz , dried (K2CO3) and
concentrated. in_vacuo to give the amine 10g as a mixture of diastereomers

STEP g
20

0
-HN
BN I
e
HNJ\ NH(NO2)

Isobuty! chioroformate (0.55 g, 4.0 mmol) was added to a stirred mixture of
N-o-Boc-NG-nitro-L-arginine«2/3 Et20-1/4 EtOAc (1.56 g, 4.0 mmoi),

68



10

15

20

25

WO 96/40748 ' - PCT/US96/08456

4-methylmorpholine (0.44 g, 4.4 mmol) and anhydrous THF {25 mL} at -20 to
-15 °C under argon and the reaction temperature was maintained at -15 to -10
°C for 1.5 h. A solution of amine 10f (0.85 g, 3.54 mmol) and THF (5 mL) was
added over 60 seconds at -10 °C. The reaction mixture was stirred at -10 °C for
1 h, allowed to warm up to room temperature, and stirred for 16 h. A drop of
DMF was added , the resuiting mixture was stirred for another 2 h at room
temperature and was filtered. - The filtrate was concentrated jn.vacuo and.
dissolved in CHCl3. The organic layer was washed with successive portions of
saturated aqueous NaHCO3 and brine, dried (Na2504) and concentrated
in.vacuo to give the coupled derivative 10g as a solid.

STEP h

. =N
Hi3C 'N'CH3

0,

SOz-HN\-/‘LN

HNJ/

HNJ" NH(NO2)
10h _

Ethanolic 6 N HC| was added to a solution of derivative 10g (1.60 g, 2.95 mmol)
and THF (30 mL) at room temperature under argon. The rasuiting mixture was
stirred for 2.5 h, concentrated in vacuo, dissolved in THF {25 mL) and
concentrated once again to give an oil. The residue was dissoived in THF (40
mL) along with triethylamine (15 mmol) and treated with dansyi chioride (0.84 g,
3.1 mmol). This mixture was stirred at room temperature under argon for 16 h.
The resulting mixture was filtered, the filtrate was concentrated in vacuo and
the residue was triturated twice with ether to give the dansyl derivative 10h as a
white solid which used in the next step without purification.
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STEP i

=N
H3C.N.CH3 5

:

SOz2*HN \./lLN

HN'r

HNJ‘ NH({NO2)
101
5§ Dess-Martin periodinane (0.90 g, 2.1 mmol) was added to a stirred solution of

derivative 10h (1.02 g, 1.5 mmol) and CH2Cl2 (30 mL) at room temperature
under argon. The mixture was stirred for 1.5 h at room temperature, treated with
50 mL of quench solution (25 g Na>S203 in 100 mL saturated aqueous
NaHCO3), and stirred for 40 min. The organic layer was separated and the

10 aqueous layer was extracted twice with CH2Cl>. The combined CH2Cla
extracts were washed with brine, dried (Na2SO4) and concentrated in vacuo.
The residue was dissolved in ethyl acetate (10 mL) and MeOH (3 ml), purified
by chromatography on silica gel eluting with ethyl acetate/MeOH/NH4OH
(95:5:1). The desired fractions were combined dissolved in CH2Cl2, dried

186 (Na2SOs) and concentrated in vacuo to give the ketone 10i as a solid.

STEPf{

s/

H3Cop-CH3 =N

:

SOz-HN\-/u\N

HN'r

HNJ~ NH2
20 ‘Compound 10
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The ketone 10i (0.32 g, 0.47 mmol) and anisole (5 mL) were placed in a Teflon
reaction tube of an HF apparatus under anhydrous conditions and cooled to

-78 °C. HF {20 mL) was distilled directly into this flask and the temperature of the
mixture was allowed to rise to 0 °C. This mixture was stirred for 1 h, the HF was
removed in vacuo and the residue was dissolved in ether (25 mL) and stored in
the refrigerator under anhydrous conditions overnight.. The ether layer was
removed and the resulting residue was triturated with several portions of ether to
give a solid. This solid was purified by reverse-phase HPLC using
H20/CH3CN/TFA (60:40:0.2) to give the compound 10 as a mixture of
diastereomers: mp 81-91 °C; [a]p25 +25.9 (¢ 0.26, MeOH); FAB-MS m/z 628.9
(MH)+. Anal. Calc'd for C3gH41N704S2°3CoHF302°H20:

Calculated: C, 43.77; H, 4.69; N, 9.92; H20, 1.82.

Found: C, 43.77; H, 4.56; N, 10.00; H20, 1.82.

EXAMPLE 11
N-METHYL-D-PHENYLALANYL-N-[5-[(AMINOIMINOMETHYL)AMINO]
-1S-[(BENXOTHIAZOL-2-YL)CARBONYL]PENTYL]}-L-PROLINAMIDE
STEP a

e
Boc™ "3 OH

NH-CBZ

- a
A suspension of L-C2-methylornithines2HC} (7.03 g, 35 mmol; Zhenping, Z.;
Edwards, P.; Roeske, R. W. Int. J. Peptide Protein Res. 1992, 40, 119-126) in 60
mL of water was cooled to § °C and the pH was adjusted to 11.0 with 3N NaOH.
Benzyl chloroformate (6.00 mL, 42 mmol) was added dropwise over 4 h while
stirring under argon at 5 °C. The reaction was allowed to slowly warm to
22°C over 16 h and then extracted three times with ether. The aqueous layer
was cooled to 5 °C, adjusted to pH 2.0 with 3N HCI, and extracted with three
portions of ethyl acetate. The cold acidic agueous layer was readjusted to pH
11.0 with 3N NaOH and diluted with 175 mL of dioxane. Di-fert-buty! |
dicarbonate (38.2 g, 175 mmol) was added in one portion at 5 °C while stirring
under argon. The reaction was allowed to slowly warm to 22 °C over 16 h, the
pH was adjusted to 11.0 with 3N NaOH, and another portion of di-tert-butyl
dicarbonate (38.2 g, 175 mmol) was added and stirred at 22 °C over 24 h. The
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dioxane was removed in vacuo at 40 °C and the reaction mixture was adjusted
to pH 11 with 3N NaOH, extracted three times with ether, cooled to 5°C, and
saturated with NaCl. Ethyt acetate (100 mL) was added and the aqueous layer
was adjusted to pH 4.0 with 25% aqueous citric acid (CAUTION: evolution ot
CO32) while stirring at 5 °C. The layers were separated and the acidic aqueous
layer was extracted five more portions of ethyl acetate. The combined ethyl
acetate extracts were dried (Mg SO,). filtered through Celatom FW-14 and
concentrated in vacug at 40 °C to give 3.70 g (56%) of 113 as a clear glass;
FAB-MS m/z 381 (MH)*. .

STEP b

H 0

t CHs
Boc'N\!/lLOH

NH2
1ub
Compound 113 (6.86 g, 18 mmotl) was dissoived in 180 mL of methanol and
combined with 1.37 g of 20%Pd(OH)2/C and placed under 60 psig of Ha on a
Parr hydrogenation apparatus for 18 h. The reaction was filtered and the filter
cake was extracted with four 150 mL portions of hot methanol (CAUTION). The
combined methanol extracts were filtered through Celatom FW-14 and

concentrated in vacug at 40 °C to give 3.50 g (79%) of compound 11b as a
white solid; FAB-MS m/z 247 (MH)+.

STEP ¢

CBZ-HN/L

: 1lc .
Compound 11b (3.40 g, 13.8 mmol) was combined with triethylamine (5.77 mL,

41.4 mmol) in DMF (75 mL) and to the resulting suspension was added N,N"-

N-CBZ

72



10

15

20

25

30

WO 96/40748 PCT/US96/08456

bis(benzyloxycarbonyl)- S-methylisothiourea (7:42 g, 20.7 mmol; ibid.). The
resulting mixture was stirred at 22 °C under a nitrogen atmosphere for 40 h,
treated with triethylamine (2.0 mL, 14.4 mmol) and N,N*-
bis(benzyloxycarbonyl)-S-methylisothiourea (0.78 g, 2.2 mmol), stirred for 24 h,
treated again with triethylamine (2.0 mL, 14.4 mmol) and N,N’~
bis(benzyloxycarbonyl)-S-mathylisothiourea (1.48 g, 4.1 mmoi), and stirred at
22 °C for 3 days. The crude reaction mixture was filtered through Celatom
FW-14 and the DMF was removed in vacuo at 40 °C. The oily residue was
partitioned between 200 mL of 0.1 N NaOH and 200 mL of ether. The basic
aqueous fayer was extracted four times with ether, cooled to 5 °C, layered with
ethyl acetate, and adjusted to pH 3.5 with citric acid. The layers were
separated and the acidic aqueous layer was extracted four times with ethyl
acetate. The combined ethyl acetate extracts were dried (NazSQOy), filtered
through Celatom FW-14, and concentrated in_vacug at 40 °C. The residue was
purified by HPLC an silica gel eluting with CH2Cla/MeOH (85:5) to give 5.94 g
(77%) of 11¢ as a white foam; FAB-MS m/z 557 (MH)+.

STEP d

z CHs3 Q
Boc™ % OH

NH

HaN NH
1id
To a solution of compound 11¢ (5.86 g, 10.5 mmo!) in 210 mL of methanol was
added 20% Pd(OH)2/C (1.47 g) and the mixture was placed under 60 psig of
hydrogen on a Parr hydrogenation apparatus. After 24 h, another portion of
20% Pd(OH)2/C (0.74 g) was added and the reaction was placed under 60 psig
of hydrogen for 6 h. The crude reaction mixture was filtered through Celatom

FW-14 and concentrated in vacuo to afford 3.03 g (100%) of 11d as a white
foam; FAB-MS m/z 289 (MH)*.

STEP e
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0

et
Boc’N OH

NH

Ts-HN™ ~NH
lie
Compound 11d (519 mg, 1.80 mmol) was dissolved in 2.7 mL of 4N KOH and
diluted with 9.0 mL of acetone and cooled to -18 °C. To this solution was
5 added a solution of p-toluenesulfonyi chloride (686 mg, 3.6 mmol) in 3.6 mL of

acetone over 15 min while stirring vigorously. After 1 hat-181t0-15 °C, the
reaction was aliowed to siowiy warm to 22 °C over 2.5 h. The acetone was
removed in vacuo at 20 °C and the aqueous residue was diluted 25 mL of
water and extracted three times with ether. The aqueous layer was saturated

10 with NaCl, layered with ethyl acetate, cooled to 5 °C and adjusted to pH 3.5
with 1N HCl. The acidic aqueous layer was extracted four more times with ethyl
acetate and the combined ethyl acetate extracts were washed twice with brine,

dried (Na4S04), and concentrated in vacuo to give 720 mg (90%) of 11 as a
white foam; FAB-MS m/z 443 (MH)+.
15

Ts-HN/kNH
11t
20 A stirring solution of 11e in 29 mt of CH2Cl2/MeOH (9:1) was cooled to 5°C
and treated dropwise over 10 min with 2M (trimethylsilyl)diazomethane in
hexanes (4.3 mL, 8.63 mmol). After 10 min, the reaction was concentrated in
yacuo at 22 °C and the residue was purified by HPLC on silica gel eluting with

ethyl acetate/hexane (3:2) to give 1.06 g g (81%) of 11 as a white foam; FAB-
25 MS nvz 457 (MH)+.
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NH
/k NH

11g
A solution of benzothiazole (2.63 g, 19.5 mmol) in 20 mL of THF was cooled to

-75 °C while stirring under nitrogen. n-Butyl lithium (1.6 M in hexanes,

9.46 mL, 15.1 mmol) was added dropwise over 15 min at -75 to -65°C.and then
stirred at -75 to -65°C for 15 min. To this solution was added dropwise over 15
min a solution of 11f (461 -mg, 1.0 mmol) in 10 mL of THF at -75 to -70 °C. The
reaction was stirred at -75 °C for 2 h, quenched with 160 mt of saturated
aqueous NH4Cl, saturated with NaCl, and extracted three times with ethyl
acetate. The combined ethyl acetate extracts were washed three times with
brine, dried (Na2S04), and concentrated jn vacuo. The residue was triturated
three times with hexane, dissolved in 150 mL of ethyl acetate/hexane (3:2),
filtered through Celatom FW-14, and purified by HPLC on sifica gel eluting with

ethyl acetate/hexane (3:2) to give 0.42 g (74%) of 11g as clear glass; FAB-MS
m/z 560 (MH)*.

Ts-HN

STEP h

CHs OH
HzN\\)YN
") s{ >
NH

Ts-HN" " NH

11h
Compound 11g (0.389 g, 683 mmol) was dissoived in 14 mL of

CF3CO2H/CH2Cl2 (1:4), stirred at 22 °C for 2 h under a nitrogen atmosphere,

and concentrated in vacuo at 10 °C. The residue was partitioned between

20 mi of aqueous 1N NaOH previously saturated with NaCl and 20 mL of

CH2Cl>. The basic agueous layer was extracted three more times with CH2Cla
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and the combined CH2Clz extracts were washed with brine, dried (NaaS04),
and concentrated jn.vacuo to give 319 mg (100%) of 11h as a brown
amorphous solid; FAB-MS m/z 462 (MH)~+.

STEP i

CH3 O 1 CH3OH
CLNO
" 1
NH

HNgLNH-Ts

11
A solution of (CBZ)-N-methyl-D-phenylalanyi-L-protine (0.308 g, 0.753 mmol;US
Patent 4.703,036) and diisopropyiethylamine (132 ul, 0.758 mmoi) in 10 mL of
anhydrous CH2Cla was cooled to § °C while stirring under an argon
atmosphere. Bis(2-oxo-3-oxazolidinyl)phosphinic chloride (BOP-Cl; 0.193 g,
0.758 mmol) was added and the reaction was stirred for 15 min. A solution of
10h (0.316 g, 0.685 mmol) and diisopropylethylamine (119 pi, 0.684 mmol) in
10 mL of anhydrous CHxCl> was over 10 min added at 5 °C and the reaction
was allowed to warm ta 22 °C over 4.5 h. The reaction was concentrated in
vacuo at 40 °C and the residue was partitioned between ethyl acetate and
aqueous 1M KHSO4. The organic tayer was extracted two more times with
aqueous 1M KHSQ4, three times with saturated aqueous NaHCO3, twice with
brine, dried (Na2S04) and concentrated in vacuo at 40 °C. The residue was
purified by chromatography on silica gel eluting with ethyl acetate/hexane (4:1)
to give 0.381 g (65%) of 11i as a white foam; FAB-MS m/z 855 (MH)+.

STEP j
= NH-Ts
S b
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Compound 11i (0.359 g, 0.420 mmol) was dissolved in 6 mL of anhydrous
CH2CL2. The Dess-Martin periodinane (0.304 g, 0.717 mmol) was added and
the reaction was stirred under argon at 22 °C for 3 h. The excess periodinane
was consumed by the addition of 20 mL of quench solution (25 g NaxS203 in
100 mb saturated aqueous NaHCO3) diluted with ethyl acetate (60 mL), and
stirred at room temperature for 15 min. The resulting aqueous layer was
isolated and extracted with several portions of ethyl acetate and the combined
organic extracts were washed with successive portions of water and brine, dried

(Na2S04) and concentrated in vacuo to give 0.336 g (94%) of ketone 11j, as a
white foam; FAB-MS m/z 853 (MH)+.

STEP k
CH3 0 H CH30
.N J)J\r-
HN NHa
Compound 11

Compound 11} (0.336 g, 0.394 mmol) was dissaived in 3 mL of anhydrous

. thicanisoie, placed in a Teflon reaction tube of an HF apparatus under

anhydrous conditions, and cooled to -78 °C. Anhydrous HF (3-4 ml) was
distilled into this tube and upon completion of addition, the temperature of the
mixture was allowed to rise to 0 °C. This mixture was stirred at 0 °C for 4 h,
concentrated [n vacuo, and triturated with several portions of ether to give a
white solid. This solid was purified by reverse phase HPLC eluting with
H20/acetonitrile/TFA (60:40:0.2). The fractions containing compound 10 were
combined, concentrated in vacug, and lyophilized to afford 0.094 g (28%) of
compound 11 as a white solid; mp 122-130 °C; {«]p25 -85.3 (¢ 0.26, MeOH);
FAB-MS m/z 853 (MH)+. Anal. for CagHa7N7035+2.3TFA+1.9 H20:
Calculated: C, 48.92;H, 5.05; N, 11.40; F, 15.24; H20, 3.98

Found: C, 46.59; H, 5.00; N, 11.17; F, 15.16; H20, 3.40.
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EXAMPLE 12
N-METHYL-D-PHENYLALANYL-N-[4-[(AMINOIMINOMETHYL)AMINO}-
2S-[(6-METHOXYCARBONYLBENXOTHIAZOL-2-YL)CARBONYL]BUTYL]
-L-PROLINAMIDE Cpd#12
STEP a

H O
' S
Boc'N\:/u\(\ D,COZH
N

}

NH

=
HN NH-Ts

125
1.6 M p-Buty! lithium (80.3 mL, 128.4 mmol) was added dropwise to a stirred
soiution of benzothiazole-6-carboxylic acid (11.5 g, 64.17 mmol) in THF (100
mi) at -78 °C under nitrogen at a rate that kept the reaction temperature below
-70 °C. Upon completion of addition, the reaction mixture was stirred for 30
min at -78 °C and a solution of N-o-Boc-NG-tosyl-L-arginine N,O-dimethyl amide
(800 mg, 1.69 mmol; DiMaio, et al. Journal of Medicinal Chemistry 1882, 35,
3331) (2.52 g, 5.35 mmol) in THF (150 mL) was added at a rate that maintained
the reaction temperature below 70 °C. The resulting mixture was stired for2h
at -78 °C, warmed to -20 °C, and diluted with saturated aqueous NH4Cl (700
mL). The resulting organic layer was separated and the aqueous layer was
washed with several portions of EtOAc. The combined organic extracts were
washed with water, brine, dried (NazSO4) and concentrated jn.vacug. The
crude mixture was purified by chromatography on silica gel eluting with

CHzxCla/MeOH (8:1) to give the coupled benzothiazole derivative, 12a as a
solid.

STEP b
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12b
Sodium borohydride (1.42 g, 37.6 mmol) was added in one portion to a solution
ot 12a (3.5 g, 5.9 mmol) in MaOH (130 mL) at -25 to -20 °C and the reaction was
stirred for 40 min. Acetone (20 mL) was added, the mixture was aliowed to
warm up to room temperature and concentrated in vacuo. The residue was
dissoived in water, acidified with acetic acid (pH 3-4) and extracted with several
portions of EtOAc. The combined extracts were washed with water and brine,
dried (NapSO4) and concentrated in vacug. The residue was dissoived in
CH2Cli2/MeOH (6:1) and cooled to 0 °C. Trimethyisilyldiazomethane (2M in
hexanes) was added dropwise over 5 min until a yellow color persisted and the
reaction was stirred for another 25 min. The resulting mixture was concentrated
in.vacuo and puritied by column chromatography eluting with EtOAc/hexane
(3:1 to 6:1) to give the aicohof 12b, as a solid.

STEPc

=
HN NH-Ts

12¢
A solution of compound 12b (3.1 g, 4.56 mmol, TFA (26 mL) in CH2Cl2 (104 mL)
was stirred at room temperature for 1 h and concentrated jn yacuo. The residue

diluted with CH2Cl2 and concentrated under high vacuum to give the crude
product 12¢ as an oil.

STEP d

CH3 O H OH
Gyﬂn})\fi
R Do
H

NH—$
Ts-NH NH

1zd
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A soiution of 12¢ (2.3 g, 4.56 mmol) and HOBT (1.32 g, 9.12 mmol) in CH3CN
{210 mL) was neutralized by the addition of triethylamine (approx. 5§ mL) under
N2. DCC {1.41 g, 6.84 mmol) and N-methyl-N-CBZ-D-phenylalanine-L-proline
was added to this solution in one portion and thié mixture was stirred for 2 h at

5 room temperature and filtered. The filtrate was concentrated in_vacuo and
dissolved in EtOAc. The organic solution was washed with saturated aqueous
NaHCOg3, water and brine, dried {NaSO4) and concentrated jn_vacug to give
the coupled product 12d as a solid.

10 | Step e

CH3 O H O
caz‘”)/lLr@(N})kifs
0 \ N
Ph “Q-COzCHs

H

Ts-NH=E
s-N NH

12¢
Dess-Martin periodinane (680 mg, 1.60 mmol) was added to a solution of 12d
15 (720'mg, 3.76 mmol) in CH2Cl2 (40 mL) at room temperature under an
atmosphere of N2 and the resulting mixture was stirred for 25 min. The excess
periodinane was consumed by the addition of 30 mL of quench soiution (25 g
NazS203 in 100 mL saturated aqueous NaHCOg3)to the stirred reaction mixture.
The resulting aqueous layer was isolated and extracted' with several portions of
20 CH2Cl2 and the combined organic extracts were washed with successive
portions of water and brine, dried (NaSO4) and concentrated jn vacup to give
the ketone 12g, as a solid.

STEP f

CH3 H O
- @M S
H Y
"2 -

NH

<
HNT

Compound 12
80
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The intermediate ketone 12e (730 mg, 0.81 mmol) and anisole (3 mL) were
placed in a Teflon reaction tube of an HF apparatus under anhydrous
conditions and cooled to -78 °C. HF (15-20 mL) was distilled into this tube and
upon completion of addition, the temperature of the mixture was allowed to rise
to 0 °C. This mixture was stirred for 3.5 h, concentrated jn vacug and triturated
with several portions of ether to give a solid. This solid was purified by reverse-
phase, HPLC using water/acetonitrile/TFA (70:30:0.2) to give compound 12 as a
solid: mp 125 °C; [«]p25 -82.6 (¢ 0.5, MeOH); FAB-MS m/z 608.3 (MH+).

Anal. Calc'd for C3gHa7N705S+2.5 CF3CO2H*1.7 H20:

Calculated: C, 45.53; H, 4.68; F,15.43; N, 10.62; H20, 3.32

Found: C,45.51; H, 4.53; F,15.19; N, 10.54, H20, 3.32.

EXAMPLE 13
N-METHYL-D-PHENYLALANYL-N-[4-[(AMINOIMINOMETHYL)AMINO}-
18-((6-CARBOXYBENXOTHIAZOL-2-YL)CARBONYL]BUTYL]}-
L-PROLINAMIDE

CH3 O I@(iﬂ 0
H:))L NA S
< N /
{ { >“C02H
H
—~
NH

ol Compound 13 -
Compound 13 was prepared by modifying Example 12. A solution of
anhydrous LIOH {400 mg, 16.7 mmol) in water (12 mL) was added to a stirred
solution of compound 12d (5.0 g, 5.57 mmol) in dioxane (100 mL) at room
temperature. The mixture was stirred for 4 h and an additionat portion of LIOH
(300 mg, 12.5 mmol) in water (7 mL) was added, followed by another 3 hours of
stiming. The resulting mixture was acidified with HOAc (pH 3-4) and extracted
several times with EtOAc. The combined organic extracts were washed with
water and brine, dried {Na2S04) and concentrated to give the 6
carboxybenzothiazole derivative. This derivative converted to the desired
compound by following step e (quenching with 25% aqueous NazS203) and
step f of Example 12 to give compound 13 as a solid; mp 125 °C; [a]p25 -79.6

(¢ 1.0, MeOH); FAB-MS m/z 594.4 (MH+). Anal. Calc'd for C2gHasN7055+2.5
CF3CO2HH20:

0
H2N
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Calculated: C, 45.54;H, 444 ;F, 15.89:; N, 10.93; H20, 2.01
Found: C, 45.59; H, 4.59; F, 15.60; N, 10.76; H20, 2.09.

EXAMPLE 14
N-METHYL-D-PHENYLALANYL-N-{4-[(AMINOIMINOMETHYL)AMINO}-
1S-(6-CARBOXAMIDOBENXOTHIAZOL-2-YL)CARBONYL]BUTYL]
-L-PROLINAMIDE

CH3 O H O
H;“))L'(’Zr“\.-*nrs

NH

~
H2N NH

Compound 14

Compound 14 was prepared by modifying Example 12. HOBT (138 mg, 0.102
mmol) and DCC (14 mg, 0.068, mmol) was added to a stirred soiution of
compound 12¢ (30 mg, 0.034 mmol) in CH2Cl2/DMF {4:1, 2 mL) at room
temperature under N2. The reaction mixture was stirred for 30 min and
aqueous 29% NH4OH (50 ul., 0.38 mmol) was added. The mixture was stirred
for 5 h and another portion of HOBT (7 mg), DCC (7 mg), and aqueous 29%
NH4OH (20 ul.) was added. After another 2 h of stirring, the mixture was diluted-
with CH2Clz. The resulting organic layer was washed with successive portions
of water and brine, dried (NazSO4) and concentrated to give the corresponding
6-carboxamidobenzothiazole derivative. This derivative was converted to the
desired compound by following steps e and f of example 12 to give compound
14 as a solid: mp 130-143 °C; [)p25 -76.0 (¢ 0.3, MeOH); FAB-MS m/z 593
(MH+).

Anal, Calc'd for C2gH35Ng§04S:2.9 CF3CO2H3.2 H20:

Calculated: C, 42.61; H, 4.65 ; F, 16.85; N, 11.42.; H20, 5.87.

Found: C, 42.16; H, 4.35 ; F, 16.19; N, 11.45.; H20, 5.37
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EXAMPLES 15 and 16
N-METHYL-D-PHENYLALANYL-N-[4-[(AMINOIMINOMETHYL)AMINO]}-
18-[(6-HYDROXYMETHYLBENXOTHIAZOL-2-YL)YCARBONYL]BUTYL]}-

L-PROLINAMIDE Cpd# 15

5 u—METHYL-D-PHENYLALANYL-N-[4-[(AMINOIM!NOMET HYL)AMINO]-
1R-{(6-HYDROXYMETHYLBENXOTHIAZOL-2-YL)CARBONYL]BUTYL}-

L-PROLINAMIDE Cpd# 16

STEP a

CHz X H OH
gz '@(N\‘)\“,s
0 \ N¥
2 CH0H
NH

Ts-NH-
S NH

10

15a3;: X=0 15¢; X=H,H
Compound 15 was prepared by modifying Example 12. 1.0 M DIBAL (10
15 mL, .10 mmol) was added dropwise t0. a stirred solution of compound 12¢
(1.5 g, 1.67 mmol) in dry CH2CIi2 (160 mL) at - 78 °C under N2, The
temperature of the reaction mixture was kept below -74 °C during this
addition. The mixture’ was stirrad for 45 min and quenched with
concentrated aquegus NH40H (50 mL). A portion of 1N HCl was added to
20 aid in the separation of the aqueous and organic layers and the resulting
aqueous layer was washed with CH2Ci2. The combined organic extracts
were washed with successive portions of saturated NaHCOg3, water and
brine, dried (Na2S04) and concentrated to give 15a and the corresponding

methylene derivative 15e as a mixture which was used without purification.
25

83



13

10

15

20

- 25

WO 96/40748 PCT/US96/08456

150 X=0 156 X=H,H

DMAP (61.2 mg, 0.50 mmol) and triethylamine (140 uL, 1.00 mmol) were
added to a stirred solution of 153 and 15¢ (9.2 mg) at 0 °C under Na. A
solution of tert-butyitrimethyisilyichloride (45.3 mg, 0.30 mmol) in CH2Clz (15
mL) was added in one portion and the reaction was allowed to warm up to
room temperature and stirred for 8 h. The resulting mixture was diluted with
CH2Cl> and washed with successive portions of 10% citric acid, saturated
aqueous NaHCOg3, H20, and brine. The resulting organic layer was dried
(Na2SO4) and concentrated in vacuo to give a mixture of 15b and the

corresponding methylene derivative 15 f, which was used without further
purification.

STEP ¢

CHs X Qra 0.

S
p
0 z“ N“D—cuzos:Mez(t-au)
| ) . |
Ts-NH NH

15¢;X=0 15¢;X=H,H

Dess-Martin periodinane (142 mg, 0.334 mmol) was added to a solution of
15b and 15¢ (160 mg) in CH2Cl2 (20 mL) at room temperature under an
atmosphere of N2 and the resulting mixture was stirred for 30 min. The
excess periodinane was consumed by the addition of 10 mL of quench
solution (25 g NapS203 in 100 mL saturated aqueous NaHCO3) to the
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stirred reaction mixture. The resulting aqueous iayer was isolated and
extracted with several portions of CH2Clz and the combined organic extracts
were washed with successive portions of saturated NaHCO3, as well as
brine, dried (Na2804) and concentrated in vacug to give a mixture of
ketone 15¢ and the corresponding methylene derivative 15g as a solid.

WSS

Step d
CH3

r
{ ‘@-cnzou P { OCHZOH
HzN

Compound i5 COmpound is

intermediates and 15¢ and 15g (170 mg, 0.17 mmol) and anisoie (2.5 mL)
were placed in a Teflon reaction tube of an HF apparatus under anhydrous
conditions and cooied to -78 °C. HF (5 mL) was distilled into this tube and
upon completion of addition, the temperature of the mixture was allowed to
rise to 0 °C. This mixture was stirred for 3.5 h, concentrated in vacuo and
triturated with several portions of ether to give a solid. This solid was:
purified by reverse-phase HPLC using water/acetonitrile/TFA (70:30:0.2) to
give compounds 15 and 16 as pure solids: '

Compound 15: FAB-MS m/z 580 (MH+).

Compound 16: mp 75-85 °C; [a] D25 =-82.6 (¢=0.32, MeOH); FAB-MS m/z
580 {MH+); Anal. Calc'd for C3gH37N705S-2.5 CF3CO2H+1.7 H20:
Calculated: C, 43.74 H, 4.85; N, 10.09

Found: C,43.96; H, 4.76; N, 8.95

EXAMPLE 17 and 18
N-METHYL-D-PHENYLALANYL-N-{4-[(AMINOIMINOMETHYL)AMINO]-
1S-[(6-FLUOROBENXOTHIAZOL-2-YL)CARBONYL]BUTYL]}-
L-PROLINAMIDE Cpdit 17

85
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N-METHYL-D-PHENYLALANYL-N-[4-[(AMINOIMINOMETHYL)AMINO}-
1S-[(6-FLUOROBENXOTHIAZOL-2-YL)CARBONYL]BUTYL]-

L-PROLINAMIDE Cpd# 18
5
CH3 O Q(N\)K CH3 O l;l 0
S
» :)* C
4
JIL { Q_ 0 NQF
H
HzN"
Compound hird Compound 18

Compounds 17 and 18 were prepared by modifying Example 12. The
starting benzothiazole of 12 Step A was replaced with 6-fluorobenzothiazole

10 and the remaining steps of the sequence were carried through with only
minor modifications. The preparation of 6-fluorobenzothiazole follows. A
solution of sodium nitrite (24.6 g, 35.7 mmol} in water (80 mL) was added
dropwise to a stirred solution of 2-amino-6-fluorobenzothiazole (10.0 g, 59.5
mmol) in 85% H3PO4 at -10 °C, so that the reaction temperature did not

15 exceed - 4°C. This mixture was maintained at -8 °C for 1 h, poured into 50%
H3PO4 at 0-°C and allowed to warm up to room temperature over 2 h. Water
was added to give a total volume of 3 L and the resuiting mixture was
neutralized with Na2CO3. The aqueous layer and the solid precipitate were
extracted with several portions of CHCI3/EtOAc (1:1) and the combined

20 organic extracts were washed with brine, dried (Na2504) and concentrated
in.vacuo to give 6-fluorobenzothiazole as a solid.
Compound 17: mp 65-80 °C; [oi] p25 =-72.9 (¢=0.32, MeOH); FAB-MS m/z
568 (MH+); Anal. Calc'd for CogH34FN7035+3.0 CF3CO2H+1.1 H20:
Calculated: C, 43.94; F, 20.44, H, 4.25; N, 10.55; H20, 2.13

25 Found: C, 43.96: F, 20.57; H, 4.22; N, 10.82; H20, 2.22

Compound 18: mp 85-100 °C; [} p25 =-61.6 (¢=0.85, MeOH); FAB-MS m/z
568 (MH+); Anal. Calc'd for CogH34FN703S+2.7 CF3C02H+0.9 H20:
Calculated: C, 44.99;F, 19.39, H, 4.35; N, 10.99; H20, 1.82

30 Found: C. 45.01;F, 19.61; H, 4.24; N, 11.15; H20, 1.84

86
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EXAMPLES 19 and 20
N-METHYL-D-PHENYLALANYL-N-[4-[(AMINOIMINOMETHYL)AMINO]-
1S-[(4-ETHOXYCARBONYLTHIAZOL-2-YL)CARBONYL)BUTYL]
-L-PROLINAMIDE Cpd# 19

N-METHYL-D-PHENYLALANY L-N-[4-[{AMINOIMINOMETHYL)AMINO}-

18-[(4-ETHOXYCARBONYLTHIAZOL-2-YL)CARBONYL]BUTYL]
-L-PROLINAMIDE Cpdi# 20

CHs H O H3 O A H O
H;bjt@{h'\)krs H';yal@r
< }
0 \ Ns‘/)
{H

10

S
3
R
CO2CH2CH3 CO2CH2CH3

NH
NHZ’\(NH . NHz NH
Compound 19 Compound 20 :

Compounds 18 and 20 were prepared by modifying the method of Example 9. N-
CBZ-N-methyl-D-phenylalanyl-L-proline was used in place of intermediate 9a, and
the remaining steps of the reaction sequence were carried out on the respective
arginine epimers, with only minor modifications to give the title compounds as a
solids: : .
Compound 19: mp 85-100 °C; [¢] D25 =61.6 (c=0.85, MeOH); FAB-MS m/z §72
- (MH+); Anal. Calc'd for C27H37N705S+2.3 CF3CO2H+1.5 H20::
20 Calculated: C, 44.08; H, 4.95; N, 11.39; H20, 3.14

Found: C, 44.25; H, 4.68; N, 11.29; H20, 3.29

15

Compound 20: mp 85-100 °C; [a]p25 =-61.6 (¢c=0.85, MeOH); FAB-MS m/z 572

(MH+); Anal. Calc'd for C27H37N7055+2.75 CF3CO2H«2.0 H20-0.2 CoH3N:
25 Calculated: C, 42.51;H, 4.81; N, 10.85; H20, 3.88

Found: C,42.17; H, 4.66; N, 10.88; H20, 4.21
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EXAMPLE 21

Compound 21
5 Compound 21 was prepared by modifying the method of of Example 5. 1,2-
Phenylenediamine replaced 2-aminophenol in Step d of that example to give the
corresponding benzimidazole derivative. This derivative was carried through the
remaining steps with minor modifications to give the title compound as a solid: mp
70-80 °C; [o] D25 =-63.1 (g=1.00, H20); FAB-MS m/z 533 (MH+); Anal. Calc'd for
10 C2gH3gNg03°3.75 CF3CO2H-H20:
Calculated: C, 43.59; H, 4.30; N, 11.45; H20, 1.84
Found: C, 43.66; H, 4.37; N, 11.45; H20, 1.84

EXAMPLE 22

CH3 Q H O CH
N-?

15

~
<

P 0{‘
H

“NHo—$
NH2 NH

Compound 22

Compound 22 was prepared foltowing the general procedure of Example 12.
N-methylimidazole was used in place of benzothiazole in step a, 10 give the

20 imidazole analog of intermediate 12a. This intermediate was carried through the
remaining steps to give compound 22 as a solid: mp 85-100 °C; [2)D25 = -61.6
(c=0.85, MeOH); FAB-MS mvz 497 (MH+); Anal. Calc'd for C2gH34FN703S+2.7
CF3C02H+0.9 H20:
Calculated: C, 44.99; F, 19.39, H, 4.35; N, 10.89; H20, 1.82

25 - Found: C, 45.01; F, 19.61; H, 4.24; N, 11.15; H20, 1.84
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EXAMPLE 23

CHsz O QfH 0
0 N

H

—~
NH>2 NH

Compound 23
Compound 23 was prepared using the method of Example 12. Benzothiazole-6-
carboxylic acid was replaced with 2-bromopyridine to give the title compound as a
salid: mp 40-68 °C; FAB-MS m/z 494 (MH+); Anal. Calc'd for CogH34FN7038+2.7
CF3C0O2H-0.9 H20:

Calculated: C, 44.99;F, 19.33, H, 4.35; N, 10.99; H20, 1.82

Found: - C,45.01;F, 19.61; H, 4.24; N, 11.15; H20, 1.84

EXAMPLE 24

CH3 O H O
P O \ HN
NH

£
HaN" S\

Compound 24
Compound 24 was prepared using the method of Example 5 replacing
2-aminophenol with anthranilic acid to give the title compound as a solid: mp
122-138 °C; FAB-MS mv/z 561 (MH+);Anal. Calc'd for CagHagNgO4°2.6
C2H204+3.0 H20:
Calculated C, 45.08; H, 4.93; N, 12.30; H20, 5.93
Found: C, 45.05; H, 4.79; N, 12.57; H20, 5.99

EXAMPLE 25
N-METHYL-D-PHENYLALANYL-N-[4-[(AMINOIMINOMETHYL)AMINO}-
18-{(6-HYDROXYBENXOTHIAZOL-2-YL)CARBONYL)BUTYL}-
L-PROLINAMIDE

89
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CH3 Q H O
P 0 2 N‘<‘ >—OH
| NH

~
HaN

Compound 25
Compound 25 was prepared using the method of Example 12 by replacing -
benzothiazole-6-carboxylic acid with 5-(tefi-butyldiphenyisilyloxy)benzothiazole
5 togive a solid: mp 118.128 °C; FAB-MS m/z 566 (MH+); Anal. Calcdfor ~
C28HasN704S+2 CaH204°1.5 Ho0:
Calculated C, 46.83; H, 4.79; N, 11.95; H20, 3.29
Found: C, 46.79; H, 4.79; N, 12.15; H20, 3.29

10 EXAMPLE 26

H3C.,,.CH3

soz-NH\/?LN

HN §,NH
NH2
Compound 26
Compound 26 was prepared by further separating the individual
15 diastersomers of compound 8 by reverse-phase HPLC the to give the title
compound as a solid: mp 80-110 °C; FAB-MS m/z 614 (MH+).

20
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EXAMPLE 27

H3C.N,CH3
7 N
o
0]

SO2°NH \)LN

0

HNQ(NH
NH2

Compound 27
Compound 27 was prepared by further separating the individual

diastereomers of compound 8 by reverse-phase HPLC the to give the title
compound as a solid: mp 60-75 °C; FAB-MS m/z 614 (MH+).

EXAMPLE 28
Sﬁ@ru

NHz NH

Compound 28
Compound 28 was prepared using the method of Exampie 12 by replacing
benzothiazole-6-carboxylic acid with 1-methylbenzimidazole to give a solid: mp
118-128 °C; FAB-MS m/z 566 (MH+); [a] D25 =-57.8 (c=1.0, MeOH); Anal.
Calc'd for CagHagNg03+3.2 CoHa04+1.1H20:
Calculated C, 45.65; F, 19.58; H, 4.70; N, 12.03; H20; 2.13
Found: C, 45.66; F, 19.19; H, 4.51; N, 12.02; H20; 1.77
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EXAMPLE 29
N-METHYL-D-CYCLOHEXYLALANYL-N-[4-[{AMINOIMINOMETHYL)AMINO]
-18-{(BENXOTHIAZOL-2-YL)CARBONYL]BUTYL}-L-PROLINAMIDE

CHs H O
wh NK%'NYLWS
o) 2 NJD
NH

~
5 HN " \H

Compound 29
Compound 23 was prepared following the general procedure of Example 12.
Benzothiazol-6-carboxylic acid was repiaced with benzothiazole in step a and N-
CBZ-N-methyi-D-phenyialanyi-L-proline was reptaced with N-Boc-N-methyi-D-

10 cyclohexylalanyl-L-proline in step d to give the title compound as a solid: mp 980-
100°C; [o] D25 = ~40.96 (c=0.708, MeOH); FAB-MS m/z 497 (MH+); Anal. Calc'd for
C28H41N703S+3 CF3C02H-0.75 H20:

Calculated: C, 44.81;F, 18.76, H, 4.35; N, 10.76; H20, 1.48

Found: C, 44.92;F, 18.83; H, 5.03; N, 10.80; H20, 1.37
15

EXAMPLE 30

FHN '@r & u’s
S

F 2

F F NH

—~£
H2N NH

Compound 30

20 Compound 30 was prepared following the general procedure of Example 12. N-
CBZ-N-methyl-D-phenylalanyi-L-proline was replaced with N-Boc-N-methyi-D-
(pentafluorophenyl)alanyl-L-proline to give the title compound as a solid: mp 98-
125°C; FAB-MS mv/z 640 (MH+); Anal. Calc'd for C2gHagFsN70352.25
CF3CO0O2H+1.25 H20:

25 Calculated: C,42.48;F,24.29, H, 3.81; N, 10.67; H20, 2.45
Found: C, 42.75; F, 24.12; H, 3.85; N, 10.66; H20, 2.61
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EXAMPLE 31

NHo—$
He

5 Compound 31

‘Compound 31 was prepared using the method of Example 12. Benzothiazole-6-
carboxylic acid was replaced with benzothiazole and N-CBZ-N-methyi-D-
phenylalanyl-L-proline was replaced with cyclopentane carboxylic acid to give
the title compound as a solid: mp 60-70 °C; [a] p20 =-+5.1 (C=0.68, MeOH); FAB-

10 MS m/z 388 (MH+); Anal. Calc'd for C1gHa5N502Se 1.25CF3C02H+0.75 H20:
Calculated C, 47.50;F, 13.10; H, 5.14; N, 12.88; H20, 2.48
Found: C, 47.50; F, 13.19; H, 4.99; N, 13.19; H20, 2.37

, EXAMPLE 32
15  N-METHYL-D-(4-FLUOROPHENYL)ALANYL-N-[4-[(AMINOIMINOMETHYL)AMINO}-
1S-{(BENXOTHIAZOL-2-YL)CARBONYL]BUTYL}-L-PROLINAMIDE

CH3 Q" N\,"\

HzN'(

Compound 32

20 Compound 32 was prepared using the method of Exampie 12. Benzothiazole-6-
carboxylic aicd was replaced with benzothiazole and N-CBZ-N-methyi-D-
phenylalanyl-L-proline was repiaced with N-Boc-N-methyl-D-(4-
fluorophenyi)alanyl-L-proiine to give the title compound as a solid: mp 70-125 °C;
{0)p25 =79.7 (C=1.0, MeOH); FAB-MS m/z 568 (MH+); Anal. Calic'd for

25 CoagH3agN7038:2.1 CF3CO2H+1.1H20:
Calculated C, 46.77;F, 16.77; H, 4.67; N, 11.86; H20, 2.40
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Found: C, 46.42; F, 16.69; H, 4.67; N, 11.82; H20, 2.54

EXAMPLES 33 and 34
N-MET HYL-D,-PHENYLGLYCYL-N-[4-[(AMINOIMINOMETHYL)AMINO]-
1S-[(BENXOTHIAZOL-2-YL)CARBONYL]BUTYL]-L-PROLINAMIDE
Cpd#33

Cpdit 34

CHs HoQ
HN lQrN\/"\rs

Sgra
NH

4
HzN NH

Compounds 33 and 34
Compound 33 was prepared using the method of Example 12. Benzothiazol-6-
carboxylic acid was replaced with benzothiazole and N-CBZ-N-methyl-D-
phenylalanyl-L-proline was replaced with N-Boc-N-methyl-D,L-phenylglycyi-L-
proline to-give diastereomers 33 and 34 which were separated by reverse-phase
HPLC:

Compound 33; mp 60(s)-125 °C; [a] p20 =-43.0 (C=1.0, MeOH); FAB-MS m/z
536 (MH+); Anal. Calc'd for C27H33N703S+2.1CF3C02H+1.9 H20:

Calculated: C, 46.30; F, 14.78; H, 4.84; N, 12.11; H20, 4.23

Found: C, 46.52; F, 15.09; H, 4.84; N, 12.29; H20, 4.53

Compound 34: mp 65(s)-125 °C; [a] p20 =-1.3 (C=1.0, MeOH); FAB-MS m/z 536
(MH+); Anal. Calc'd for Ca7Ha3N7035+2.26CF3C02H1.75H20:

Calculated: C, 45.93;F, 15.57; H, 4.74; N, 11.90; H20, 3.83

Found: C, 46.21; F, 15.67; H, 4.90; N, 12.09; H20, 4.22
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EXAMPLE 35
N-METHYL-D-{DIPHENYL)ALANYL-N-[4-[{AMINOIMINOMETHYL)AMINO}-
1S-{(BENXOTHIAZOL-2-YL)CARBONYL]BUTYL}-L-PROLINAMIDE

H O
N RFN\)‘\FS
AR
4NH
5 HaN NH
Compound 35

Compound 35 was prepared using the method of Example 12. Benzothiazol-6-

carboxylic acid was replaced with benzothiazole and N-CBZ-N-methyl-D-

phenylalanyl-L-profine was replaced with N-acetyl-D-phenylalanyi-L-proline to
10  give the title compound as a solid: mp 65-125 °C; FAB-MS m/z 578 (MH+); Anal.

Calc'd for CogHasN704S+1.4 CF3COzH+H20: '

Calculated: C, 50.57; F, 10.56; H, 5.12; N, 12.98; H20, 2.38

Found: C, 50.77; F, 10.39; H, 5.03; N, 13.17; H20, 2.70

15 EXAMPLE 36

CHs @(H 0
aste >SN
P “ph 2
i '
H2N NH

Compound 36
Compound 36 was prepared using the method of Exampie 12. N-Boc-N-methyi-
20 D-diphenyialanyl-L-proline replaced N-CBZ-N-methyi-D-phenylalanyl-L-proline
and benzothiazole replaced benzothiazole-6-carboxylic acid to give the title
compound as a solid: mp 65-125 °C; FAB-MS m/z 578 (MH+); Anal. Calc'd for
CagHasN7035+2.25 CF3CO2H+1.9H20:
Calculated: C, 50.45; F, 13.99; H, 4.95; N, 10.69; H20, 3.73
25 Found: C, 50.20; F, 10.70; H, 4.78; N, 13.62; H»20, 3.34
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EXAMPLE 37
N-METHYL-D-CYCLOHEXYLGLYCYL-N-[4-[(AMINOIMINOMETHYL)AMINOJ-
1 S-[(BENXOTHIAZOL-Z-YL)CARBONYL]BUTYL]-L-PROLINAMIDE

CHs 0 :
HN
ll t
NHz

_ ' Compound 37
Compound 37 was prepared using the method of Exampie 12. N-CBZ-N-methyl-
D-phenylalanyi-L-proline was replaced with N-Boc-N-methyl-D-cycichexylglycyi-
L-proline and benzothiazole-6-carboxyiic acid was reptaced with benzothiazole
to give the title compound as a solid: mp 65-125 °C; FAB-MS m/z 542 (MH+)
Anal. Cale’d for Ca7H3aN7038+2.0 CF3CO2H+2.0H20:
Calculated: C, 46.21;F, 14.15; H, 5.63; N, 12.17; H20, 4.47
Found: C, 45.86; F, 14.39; H, 5.71; N, 12.07; H20, 4.41

EXAMPLE 38

3@@@

Compound 38
Compound 38 was prepared using the method of Example 12. N-a-Boc-
NG-tosyl-L-arginine N,Q-dimethyl amide was replaced with N-Boc-L-
phenylalanine N.Q-dimethylamide and benzothiazole-6-carboxylic acid was
replaced with benzothiazole in step a. The remaining steps of the sequence
were carried through with only minor modifications to give the title
compound as a solid:mp 74-95 °C; [o]p25 =-45.3 (C=1.00, MeOH); FAB-MS
m/z841 (MH+);
Anal. Caic'd for C31H32N4031.5 CF3CO2H-0.7 H20:
Calculated C, 56.38;F, 11.8; H, 4.86; N, 7.73; H20, 1.74 -
Found: C, 56.62;F, 11.48; H, 4.48; N, 7.61; H20, 1.76
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EXAMPLE 39

Compound 38

Compound 339 was prepared using the method of Example 12. N-a-Boc-
NG-tosyl-L-arginine N,Q-dimethyl amide was replaced with N-Boc-L-norieucine
N.O-dimethylamide and benzothiazole-6-carboxylic acid was replaced with
benzothiazole in step a. The remaining steps of the sequence were carried -
through with only minor modifications to give the title compound as a solid: [ajp25
= -80.7 (C=1.0, MeOH); FAB-MS mvz 507 (MH+}; Anal. Calc'd for
C2gH34N403°1.5 CF3C02H+0.3 H20: .

Calculated C, 54.51; F, 12.52; H, 5.33; N, 8.2; H20, 0.79

Found: C, 54.6; F, 12.28; H, 5.38; N, .8.18; H20, 0.60

EXAMPLE 40

cu; 0 CH3 0
Q)L *SQ
NH

—~
NH2 NH

Compound 40
Compound 40 was prepared using the method of Example 12. N-c-Boc-
NG-tosyl-L-arginine N.O-dimethyl amide was replaced with N-a-Boc-N-
a~-methyl-NG-tosyl-L-arginine N,Q-dimethylamide and benzc:hiazole-6-
carboxylic acid was replaced with benzothiazote in step a and carried
through steps b and ¢. Step d required the use of bis(2-oxo-3-
oxazolidinyi)phosphinic chioride (BOP-CI) as the coupling agent. The
remaining steps of the sequence were carried through with only minor
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modifications to give the title compound as a solid: [a}p25 = -91.3 {C=1.00,
MeOH); FAB-MS m/z 564 (MH+);

Anal. Calc'd for CagHz7N7035+2.3 CF3CO2H+1.1 H20:

Calculated C, 47.72; F, 15.5; H, 4.95; N, 11.59; H20, 2.34

Found: C, 47.58; F, 15.69; H, 4.89; N, 11.58; H20, 2.36

EXAMPLE 41 |
D-PHENYLALANYL-N-{4-{(AMINOIMINOMETHYL)AMINO}-
1S-{(BENZOTHIAZOL-2-YL)CARBONYL]BUTYL}-L-PROLINAMIDE

AT

Compound 41
Compound 41 was prepared using the method of Example 12. N-CBZ-N-methyi-
D-phenylalanyl-L-proline was replaced with N-CBZ-D-phenylatanyi-L-proline and
benzothiazole-6-carboxylic acid was replaced with benzothiazole to give the title-
compound as a solid: FAB-MS m/z 540 (MH+); Anal. Calc'd for
Co7H33N703S8+2.4 CF3CO2H0.9 H20: '
Calculated C, 46.27;F, 16.57; H, 4.54; N, 11.8, H20, 1.96

~ Found: C,46.22;F, 16.01; H, 4.59; N, 12.02, H20, 1.6

EXAMPLE 42
N-METHYL-D-PHENYLALANYL-N-[4-[{AMINOIMINOMETHYL)AMINO}-
1S-{{BENZOTHIAZOL-2-YL)CARBONYL]BUTYL}-
2S-PIPERIDINECARBOXAMIDE
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Compound 42
Compound 42 was prepared using the method of Example 12. Benzothiazol-6-
carboxylic acid was replaced with benzothiazole in step a and N-CBZ-N-methyi-
D-phenylatanyl-L-proline was replaced with N-Boc-N-methylphenylalanyl-L-
homoproline in step d to give the title compound as a solid: FAB-MS m/z 564
(MH+); Anal. Calc'd for C2gH37N703S+2.4 CF3CO2H+1.3 H20:
Calculated C, 47.16; F, 15.89; H, 4.92; N, 11.39, H20, 2.72
Found: C, 46.76; F, 15.62; H, 4.95; N, 11.39, H20, 2.28

EXAMPLE 43

CH3 CHs

mﬁﬁw
{

Compound 5_3_
Compound 43 was prepared using the method. of exampie 12. Benzothiazole-6-
carboxylic aicd was replaced with benzothiazote in step a and N-CBZ-N-methyi-
D-phenylalanyl-L-proline was replaced with N-Boc-N-methyl-D-valyl-L-proline
acid in step d to give the title compound as a solid: FAB-MS m/z §52 (MH+); Anal.
Calc'd for C2gH37?N7038+2.3 CF3CO2HH20:
Caiculated C, 47.06; F, 15.76; H, 5.00; N, 11.78, H20, 2.16
Found: C, 46.89; F, 16.22; H, 5.06; N, 12.11, H20, 2.76

EXAMPLE 44
H O
°3 O
NH

HN=
NH2

Compound 44
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Compound 44 was prepared by treating intermediate 3¢ with refiuxing ethyl
formate, oxidizing the resulting product with Dess Martin Periodinane and
deprotecting the ketone product with HF to give the title compound as a soiid:
FAB-MS m/z 5§60 (MH+); Anal. Calc'd for C14H17N50281.32
CF3CO2H+0.71H20:

Calculated C, 41.39; F, 15.60; H, 4.12; N, 14.50; H20, 2.66

Found: C, 41.04; F, 15.49; H, 3.97; N, 14.84; H20, 2.26

EXAMPLE 45
1-(N-METHYLAMINO}-1-CYCLOHEXYLCARBONYL-
N-{4-{(AMINOIMINOMETHYL)AMINO}-1S-
[(BENZOTHIAZOL-2-YL)CARBONYL]BUTYL}-L-PROLINAMIDE

ERIg

HN=<
NH2

Compound 45
Compound 45 was prepared using the method of Example 12.
Benzothiazole-6-carboxylic acid was replaced with benzothiazole in step a
and N-CBZ-N-methyl-D-phenylalanyl-L-proline was replaced with 1-(N-Boc-
N-methylamino)-1-cyclohexanecarbonyl-L-proline in step d. The remaining
steps in the scheme were carried out with minor modifications to give the title
compound as a solid: FAB-MS m/z 528 (MH+);
Anal. Calc'd for CogHz7N7035¢2.3 CF3CO2H-1.8 Ho0:
Calcuiated C, 44.69; F, 15.94; H, 5.26; N, 11.92; H20, 3.94
Found: C,44.37;F, 15.8; H, 4.89; N, 11.75; H20, 3.11
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EXAMPLE 46
2 2-D!PHENYLGLYCYL—N_-[4—[(AMINOlMlNOMETHYL)AMINO]
1S-{{BENZOTHIAZOL-2-YL)CARBONYL]BUTYL]-L-PROLINAMIDE

0 H O

Compound 46
Compound 46 was prepared using the method of Example 12.
Benzothiazol-6-carboxylic acid was replaced with benzothiazole in step a
and N-CBZ-N-methyi-D-phenylalanyi-L-proline was replaced with N-CB2Z-
10  diphenylglycylproline in step d to give the title compound as a sofid: FAB-MS
m/z 598 (MH+);
Anal. Cale'd for C3a2H3sN7035-2.6 CF3CO2H-1.2 H0:
Calculated C, 48.79; F, 16.18; H, 4.40; N, 10.71; H20, 2.36
Found: C, 48.70; F, 15.78; H, 4.22; N, 10.63; H20, 1.37
15 -
EXAMPLE 47
u-METHYL-D-PHENYIALANYL-N-M-[(AMINOlMlNOMETHYL)AMlNO]—
1S-[(BENXOTHIAZOL-2-YL)CARBONYL]BUTYL]}-L-PROLINAMIDE

HZN?JL } N@

20 NH
_ Compound 47
Compound 47 was prepared using the method of Example 12. Bsnzothiazole-6-
carboxylic acid was replaced with benzothiazole in step a and N-CBZ-N-methyi-
D-phenylalanyi-L-proline was repiaced with N-Boc-u-methyl-D-

25 phenylalanylproline in step d to give the title compound as a solid: FAB-MS m/z
550 (MH+); Anal. Calc'd for C2gH3sN703S+2.6 CF3C02H-1 5 Hao
Calculated C,45.67;F,16.97; H, 469; N, 11.23
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Found: C,45.28;F, 16.91; H, 4.46; N, 11.00

EXAMPLE 48

Hoo
Tey O
HN =<NH
5 NH2
Compound 48 -
Compound 48 was prepared using the method of Example 12. Benzothiazole
replaced benzothiazole-6-carboxylic acid in step a and N-Boc-L-proline replaced
N-CBZ-N-methyl-D-phenyialanyi-L-proline in step d to give the titie compound as
10 asolid: FAB-MS m/z 389 (MH+); Anal. Calc'd for C1gH24Ng025+1.9

CF3CO2H+0.9 H20: .

Calculated C, 42.14; F, 17.43; H, 4.49; N, 13.53, H20, 2.58

Found: C, 42.30; F, 17.69; H, 4.20; N, 13.18, H20, 2.61
15 EXAMPLE 49

H3G GH3 O

HN Qf S

0 2 | ¢
NH

~
NHzNH

_ Compound 49
Compound 49 was prepared by the method of Example 12. Benzo[bjthiophene

20 replaced benzothiazole-6-carboxylic acid in step a and the ramaining steps in the
sequence were carried out with only minor modifications to give the titie
compound as a solid: [o]p25 =-78.3 (C=1.00, MeOH); FAB-MS mvz 549 (MH+);
Anal. Caic'd for CogHagNg03S+2.4 CF3CO2H+1.5 H20:
Calculated C, 47.80; F, 16.10; H, 4.91; N, 9.89, H20, 3.18

25 Found: C, 47.68; F, 15.81; H, 4.82; N, 9.74, H20, 3.18
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EXAMPLE 50
N-METHYL-D-PHENYLALANYL-N-[4-[(AMINOIMINOME THYL)AMINO}-
1S-[(6-METHOXYBENXOTHIAZOL-2-YL)CARBONYL]BUTYL-
L-PROLINAMIDE

5
H3(i 0] CH3 O
HN anv“\rs
thl 0 3 I\LQ
2 OMe
NH
NHZ"(NH
Compound 50
Compound 50 was prepared using the method of Example 12. Benzothiazole-6-
carboxylic acid was repiaced with 6-methoxybenzothiazole in step a. The
10 remaining steps in the sequence were run with only minor modifications to give
the title compound as a solid: [¢]p25 =-76.6 (C=0.73, MeOH); FAB-MS m/z'549
(MH+); Anal. Calc'd for CogH37N704S+2.3 CF3CO2H«1.75 Ho0:
Calculated C, 47.80; F, 16.10; H, 4.91; N, 9.89, H20, 3.18
Found: C, 47.68; F, 15.81; H, 4.82; N, 9.74, H20, 3.18
15
EXAMPLE 51
N-METHYL-D-PHENYLALANYL-N-[4-[(AMINOIMINOMETHYL)AMINO}-
18-{(4,5,6,7-TETRAHYDROBENZOTHIAZOL-2-YLYCARBONYL]BUTYL]-
' L-PROLINAMIDE
20

CH3 Q H 0
HN Q,N\/lk S
N 3 f/
¢)

O
HZN"(N:

Compound 51
Compound §1 was prepared using the method of Example 12. Benzothiazole-6-
carboxylic aicd was repiaced with 4,5,6,7-tetrahydrobenzothiazole in step a, and
25 the remaining steps of the sequence were followed to give the title compound as
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a solid: mp 50-60 °C; FAB-MS nvz 554 (MH+); Anal. Calc'd for CogHagN7035+2.6
CF3CO2H+1.4 Ho0:

Calculated: C, 45.55;F, 16.93; H, 5.11; N, 11.20; H20, 2.88

Found:  C,45.71;F, 17.16; H, 5.31; N, 11.34; H20, 2.96

EXAMPLE 52
N-METHYL-D-PHENYLALANYL-N-[4-{(AMINOIMINOMETHY L)AMINO}-
1S-{(NAPTHO[2,1-DJTHIAZOL-2-YL)CARBONYLJBUTYL}
L-PROLINAMIDE

CH3 O H O

Compound 52
Compound 52 was prepared using the method of Example 12 by replacing
6-carboxybenzothiazole with naphtho(2,1-d]thiazole to give a solid: [x]p25 =
-103.0 (C=1.00, MeOH); FAB-MS m/z 560 (MH+);
Anal. Calc'd for C32H37N703S+3.46 CF3CO2H+1.3 H20:
Calculated. C, 45.93; F, 19.38; H, 4.26; N, 9.36; H20, 2.30
Found: C, 45.60; F, 19.06; H, 4.03; N, 9.70; H20, 1.96

EXAMPLE 53
STEP a

A solution of 5-methoxypentanoic acid (6.80 g, 0.052 mol;Kirmse, K.; Jansen, U.
Chem. Ber. 1985, 118, 2607-2625) and triethylamine (6.80 g, 0.067 mol) in 100
mL of anhydrous THF was cooled to -78 °C while stirring under argon. Pivaioyl
chioride (6.80 g, 0.057 mol) was added to the reaction mixture dropwise over 15
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min at -78 °C. After 15 min, the reaction was warmed to 0 °C, stirred for 1.5 h,
and then recooied to -78 °C.

Meanwhile, p-Buli (58 mL of 1.6M in hexanes, 0.093 mol) was added dropwise
to a solution of (4S,5R)-(—)-4-methyl-5-phenyl-2-oxazolidinone (16.4 g, 0.093
mol) in 100 mL of anhydrous THF over 30 min while stirring under argon at

-78 °C. After 15 min, this reaction was added slowly to the above mixed-
anhydride reaction while stirring under argon at -78 °C. The reaction mixture
was allowed to slowly warm to room temperature over 18 h, quenched with 1N -
aqueous KHSO4, and the solvents were removed in vacuo at 40 °C. The
residue was partitioned between water and CH2Cl2 and the aqueocus layer was
extracted 3x with CH2Cl2. The combined CH2Cl2 extracts were washed twice
with brine, dried over anhydrous Na2SQ4, and concentrated in vacug at 40 °C.
The residue was purified by chromatography on silica gel eluting with

CHoClo/EtOAc (95:5) to give 8.2 g (55%) of 533 as a white solid; FAB-MS m/z
292 (MH+).

STEP b

Boc-HN’ N\’U\ j

J/ch

H3C0

Compound 53a (3.81 g, 0.013 mot) reacted with di-fert-butyl azodlcarboxylate
(0.48 g, 0.015 mol) according to the general method of D. A. Evans et a/
(Tetrahedron 1988, 44, 5525-5540) to give crude 53b. The crude product was
purified by chromatography on silica gel eluting with
CHaClo/hexane/acetonitrile (70:30:7) to give pure 53b (2.33 g, 33%) as a white
solid; FAB-MS m/z 522 (MH+).
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STEP ¢

Boc g
BOC-HN'N\E)LOH

J

H3CO
m.
5 Compound 53b (2.33 g, 0.0045 mol) was dissolved in 18 mL of THF, cooled to

0 °C, and treated with a solution of LIOH+H20 (0.46 g, 0.0107 mol) in 9 mL of
H20. Aqueous H202 (1.1 mL of 30%, 0.010 mol) was added and the reaction
was stirred at 0 °C for 3h. The reaction mixture was partitioned between
aqueous 31 N HC! and CH2Cl2 and the acidic aqueous layer was extracted with

10 CH2Clo. The combined CH2Clo extracts were washed with brine, dried over
anhydrous MgSQO4, and concentrated in vacuo at 40 °C. The residue was

purified by chromatography on silica gel eluting with EtOAc/hexane/HOAc to
afford 53¢ as a white solid; FAB-MS m/z 363 (MH+).

15 : STEP d
H
..
f e TFA

H;CO
83d

‘ Compound 53¢ (2.15g, 0.0593 mof) was dissolved in 215 mL of TFA/CH2Cl2
20 (1:4 viv) and stirred at room temperature under argon for 1.5h. The soivents

were removed in vacuo at 20 °C to furnish 53d (2.07 g); FAB-MS m/z 163
(MH+).
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STEP e

0
Boc-HN. X OH

H3CO

B .

‘5 Compound 53d was dissolved in absolute ethanot (100 mL), combined with
PtO2 (0.300 g), and placed on a Parr hydrogenation apparatus under hydrogen
pressure (55 psig) at room temperature over 24h. The reaction mixture was
filtered through filter aid and concentrated in vacuo, The residue was dissolved
in methanot (50 mL) and the pH was adjusted to pH 8 with EtzN (ca. 2mL). The

10 solution was cooled to 0 °C, treated with di-tert-butyl dicarbonate (2.0 g, 0.009
mol), and allowed to slowly warm to room temperature over 20 h. The reaction
was concentrated jn_vacyo at 40 °C and partitioned between EtOAc (50 mL)
and cold (5 °C) aqueous 1N HCI (50 mL). The organic extract was extracted
with cold aqueous 1N HCI (50 mL), washed with brine, dried over anhydrous

15 NazSO04, and concentrated /n vacuo at 40 °C to give §3¢ (2.15 g) as a white
solid; FAB-MS mv/z 248 (MH+).

STEP f

0
Boc-HN \.)k N-OCH3
- )

J/ CHs3

S3f
Compound 53¢ (1.48 g, 0.0060 mol) was dissoived in 70 mL of anhydrous
CH2Clz, combined with N,O-dimethylhydroxylamine hydrochloride (0.878 g,
0.0090 mol). The resuiting mixture was adjusted to pH 8 with EtaN and treated
25  with bis(2-0x0-3-oxazolidinyl)phosphinic chloride (BOP-Cl; 2.29 g, 0.0090 mol)
while stirring at room temperature under argon. After 2 h, the reaction was
partitioned between CH2Cl2 and cold aqueous 1N HCl. The organic layer was
extracted with saturated aqueous NaHCOg, brine, dried over anhydrous
MgSO4, and concentrated /n vacuum. The residue was partially dissolved in
30 methanol and the insolubles were removed by filtration. The filtrate was

20 H3CO
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concentrated in vacuo to afford 53f (1.00 g, 57%) as a white solid; FAB-MS m/z
291 (MH+),

STEP g
CH3 O )
NSNS N NS
0 f N@
| H3CO
Compound §3

Amide 53f was converted to Compound $3 by following the general procedures
of Example 3. Compound 53f was reacted with 2-lithiobenzothiazole as
described for 3¢. The resuiting ketone intermediate was carried through the
procedures used to prepare 3d and 3¢ and the resulting amino aicohol was
subsequently coupied with (CBZ)-N-methyl-D-phenyialanyl-L-proline by
following the method of step 3f . This intermediate was analogously carried
through the remaining steps of Exampie 3 to give compound §3, which was
purified by reverse-phase HPLC eluting with HaO/acstonitrile/TFA (50:50:0.2) to
afford compound 53 as a white solid; [«]p?5 -85.3 (¢ 0.26, MeOH); FAB-MS m/z
853 (MH)*. Anal. for CogH34N404S+2.15 TFA+1.1 H20:

Calculated: C, 51.12; H, 5.33; N, 7.85; F, 11.98; H20, 2.77

Found: C, 51.16; H, 5.17; N, 7.87; F, 11.58; H20, 2.45.

EXAMPLE 54
N-METHYL-D-PHENYLALANYL-N-[4-[{AMINOIMINOMETHYL)AMINO]-
18-{(4-CARBOXYTHIAZOL-2-YL)CARBONYL]BUTYL]-
L-PROLINAMIDE
STEP a

CH3 H OH
cez’ "jj“gr 3
2 CO2Et

e
g™
Sda
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A mixture of intermediate 1b (5.09 g, 6.52 mmol) and L-cysteine ethyl
ester-HCI (2.42 g, 13.056 mmoi)} in anhydrous CH2Cl2 (127 mL) was stirred
at room temperature under argon over 16 h. The resuiting mixture was
filtered through filter aid, concentrated in yacuo, and partitioned between
5 brine and ethyi acetate. The aqueous layer was extracted with several

' portions of ethyl acetate and the combined organic extracts were dried
{Na2S04) and concentrated in vacuo. The residue was purified by
chromatography on silica gel eluting with CH2Cl2:MeOH:NH4OH (90:9:1) to
give 543 as a white foam.

10

STEP b

CH3 H OH _
caz" rji ,@r N?/‘\ ":s/2
Ph 0 N
CO2Et
—‘(NH
BN
S4b
15 A mixture of 543 (1.0 g, 1.18 mmol} and MnO2 (1.00 g, 14.38 mmol) in.
anhydrous CH2Cla (28 mL) was stirred at. room temperature under argon for
4.5 h. An additional portion MnO2 (0.25 g) was added and the mixture was
stirred for another 2.5 h. The resulting mixture was filtered through filter aid,
and concentrated jn vacuo to give thiazole 54b as a crude solid.
20

STEPC

CHs H OH
CBZ%'@(MEL?
P o {MN
co

=
L

S4c
25 LIOH (65 mg, 2.64 mmol) and Hz20 (0.1 mL) in dioxane (0.9 mL} was stirred

under argon for 3 h. The resulting mixture was diluted with H20 and

2H
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extracted with several portions of ether. The aqueous layer was separated
and acidified to pH 4 with-1N HC! and extracted with several portions of
CHzCla. The combined CH2Cla extracts were washed with brine, dried
(Na2S04) and concentrated jn vacug to give the acid 54b as a solid.

STEPd

CHs3 H 0
i A s

p 0 \ N‘/g
2 COzH

"NH
CBZ'ﬁ NH

S4d
10 A mixture of 54¢ (252 mg, 0.31 mmol) and periodinane (197 mg,
0.464 mmol) in CH2Cl2 (10 mL) was stirred under N2 at room temperature
for 1 h . Additional portions of periodinane were added (132 mg, 0.31
mmol) were added over 3h and the resuiting mixture was quenched with
aqueous NazS203. The aqueous layer was acidified to pH 3.0 with acstic
15 acid, then washed with several portions of CH2Clz, The combined organic
extracts were washed with brine, filiered through diatomaceous earth and
and concentrated in vacuo. The residue was putified by reverse-phase
HPLC using CH3CN:H20:TFA (50:50:0.2) to give the ketone 544 as a solid.

20 STEP e
CHs O H 0
H.'b)L,QrN\)k(s
s U/
P 0 N“\)
i COzH
H

<
HzN NH

Compound 54
The intermediate ketone 544 (140 mg, 0.17 mmol) and aniscle (4 mL) were
25 pilaced in a Teflon reaction tube of an HF apparatus under anhydrous conditions
and cooled to -78 °C. HF (8 mL) was distilled into this tube and upon completion
of addition, the temperature of the mixture was allowed to rise to -10 °C. This
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mixture was stirred for 1 h at -20 to -10 °C. concentrated in vacuo and triturated
with several portions of ether to give a solid. This solid was purified by reverse-
phase HPLC eluting with water/acetonitrile/TFA (70:30:0.2) and lyophitized to
give compound 54 as a solid:{o]p25 =-86.5 (C=0.65, H20); FAB-MS m/z 860
(MH+); Anal. Calc'd for CasHaaN7055+2.5 CFaCO2Hs1.7 Hz0:

Calculated C,41.93; H, 4.56; N, 11.41; H20, 3.56
Found: C. 41.59; H, 4.53; N, 11.84; H20, 3.40

EXAMPLES 55 and 56

Fait P

NH HN
NH
NH,—$ ~
2 NH : N2\
Compound 55 Compound 56

Compounds S5 and 56 were prepared by modifying Example §4. BOP-C! (13
mg, 0.03 mmol) was added to a stirred mixture of intermediate 54¢ (21.8 mg,
0.027 mmol), triethylamine (5.6 ul, 0.077 mmol) DMF (1.5 mL) and
phenethylamine (5. uL, 0.041 mmol) at S °C under argon. The resulting mixture
was stirred for 16 h, concentrated in vacuo, and partitioned between ethyl
apetate and saturated aqueous NaHCOj3. The aqueous layer was extracted with
several portions of ethyl acetate and the combined organic extracts were dried

(Na2S04) and concentrated jn vacuo to give the protected amide. This amide
was deprotacted in the manner of Example 54 to give the raspective title
compounds as solids:

Compound 55:[a]p25 =-67.5 (C=0.74, MeOH); FAB-MS m/z 647 (MH+); Anal.
Calc'd for CagH42Ng04S+2.6 CF3CO2H-1.2 H20:

Calculated C,41.93; H, 4.56; N, 11.41; H20, 3.56

Found: C. 41.59; H, 4.53; N, 11.84; H20, 3.40

Compound §6: FAB-MS m/z 647 (MH+)
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EXAMPLE 57
STEP a

0
-HN
Boc ‘Q)LOH

S

$7a
L-4-Cyanophenyialanine (36.1 g, 0.19 mol; EP 0513675 A1) was combined with
Et3N (26 mL, 0.19 mol) in 550 mL of H2O. The resulting solution was treated
with di-tert-butyl dicarbonate (68.0 g, 0.31 mol), stirred at room temperature over
18 h, and cooled to 5 °C. The pH was adjusted to pH 1 with concentrated
aqueous HCI and the acidic aqueous layer was extracted twice with EtOAc (500
mL). The combined EtOAc layers were washed twice with brine (200 mL), dried
over anhydrous NaxSO4, and concentrated in vacuo. The residue was
triturated with hexane to give 573 as a light-pink solid (50.0 g, 87%); mp = 145-
147 °C (decomposition); [«]p2S +3.3 (¢ 1.0, MeOH); FAB-MS m/z 291 (MH)*.

STEP b

0
i
CHs3

NC

Q.

A solution of 57a (25 g, 0.086 mol), N, O-dimethylhydroxyiamine hydrochioride
(12.7 g, 0.130 mol) in anhydrous DMF (500 mL) was cooled to 0 °C while
stirring under argon and treated with Et3N (23.3 g, 0.230 mai). Benzotriazoi-1-
yioxy-tris(dimethylamino)phosphonium hexafluorophosphate (BOP; 42.1 g,
0.095 mol) was added portionwise over 10 min and the.reaction was stirred at
0-5 °C over 18 h while maintaining the pH at pH 8-9 by the addition of EtaN.
The reaction was concentrated in vacuo and the residue was partitioned
between CH2Cl2 (500 mL) and H20 (250 mL). The organic layer was v.cshed
with 50 mL of 5% aqueous NaHCO3, 50 mL of aqueous 1 N HCI, 100 mL of
H20, dried over anhydrous NaxS04, and concentrated jn vacuo,. The residue
was purified by chromatography on silica gel eluting with CHCla/MeGH (85:5)
to give §7b as a yellow solid (22.1 g, 70%); FAB-MS m/z 334 (MH)*+.
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STEP ¢

0]
Boc-HN\,U\N,OCHg,
.
CH3
H2N

4

87¢
Compound 57b (28.7 g, 0.0861 mol) and EtzN (100 mL, 0.72 mol) were

dissolved pyridine (400 mL). Anhydrous H2S was bubbled into this solution
over 3 h at room temperature. The reaction vessel was then stoppered, allowed
1o stand at room temperature for 60 h, and concentrated jn vacuo_ at 30 °C.
The residue was diluted with H20 (500 mL), cooled to 5 °C, acidified to pH 4-5
with concentrated aqueous HCI, and extracted with EtOAc (500 mL). The
organic iayer was extracted twice with 250 mL of aqueous 1N HCI, twice with
200 mt. of brine, dried over anhydrous MgSQ4, and concentrated jn vacuo to
give the 57¢ (27.8 g, 88%); FAB-MS m/z 368 (MH)+.

STEP d
0
Boc-HN\)kN OCH3
)
CH3
Hi o HN
SCH3
S7d

A solution of §7¢ (27.0 g, 0.074 mol) and methyl iodide (75 mL, ) in acetone
(750 mL.) was heated at reflux while stirring under argon for 1 h. After cooling to
room temperature , the reaction was concentrated jn yacuo to give crude 57d as

an amber glass, which was used directly in the next step; FAB-MS m/z 381
(MH)*.
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STEP e
B HN\)(-)k OCH
oC ' i;l’ 3
CH3
Hi e HoN
"~ NH
S7e

Compound 574 (38.0 g, 0.075 mol) was added to a soiution of ammonium
acetate (8.70 g, 0.112 mol) in methanol (200 mL) and heated at reflux while
stirring under argon for 3.5 h. After cooling to room temperature, the reaction
was concentrated in.vacuo and the residue was partitioned between CHCl3
(500 mL) and saturated aqueous NaHCO3. The CHCl3 was filtered, washed
with brine, dried over anhydrous NaSO4, and concentrated in vacuo to give
§7e as a light yeilow giass; FAB-MS m/z 351 (MH)*.

STEP
Boc-HN 2 OCH
oc- 3
oy
q CHs
ch-©—§-HN
O NH
&7t

A solution of §7¢ (24.3 g, 0.069 mol) and tosyl chioride (14.6 g, 0.076 mol) in
acetone (500 mL) was cooled to -15 °C. 1,8-Diazabicyciof{5.4.0]undec-7-ene
(DBU; 21.4 g, 0.139 mol) was added dropwise while stirring at -15 °C over 45
min. and this mixture was allowed to slowly warm to room temperature over 3 h.
The reaction was diluted with 100 mL of methano! and concentrated in vacuo.
The residue was purified by chromatography on silica gel eluting with

EtOAc/hexane (3:1) to give 57t (14.4 g, 41%) as a white solid; FAB-MS m/z 505
(MH)+.
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Compound 57
Amide 57f was converted to Compound 57 by foliowing the general procedures
of Example 3. Compound 57f was reacted with 2-lithiobenzathiazole as
described for 3¢c. The resulting ketone intermediate was carried through the
procedures used to prepare 3d and 3g and the resulting amina alcohol was
subsequently coupled with (CBZ)-N-methyl-D-phenylalanyl-L-proline by
following the method of step 3f. This intermediate was analogously carried
through the remaining steps of Example 3; note that the HF cleavage step
(STEP h) required 6h at room temperature instead of 3 h at 0 °C. The resulting
compound $7, was puritied by reverse-phase HPLC eluting with
HzO/acetonitrile/TFA (65:35:0.2) to afford compound 57 as a white sotid; FAB-
MS m/z 583 (MH)*. Anal. for C3oH34Ng03S+2.25 TFA+1.0 H20:
Calculated: C, 51.14; H, 4.50; N, 9.80; F, 14.96; S, 3.74; H20, 2.10
Found: C, 50.96; H, 4.39; N, 9.60; F, 14.66; S, 3.77; H20, 1.72.

EXAMPLE 58
STEP a

0
Boc-HNJK COH

4

.N‘
H CH3

28a
N-e-Methyl-L-lysine was reacted with 4-methoxy-2,3,6-trimethyibenzenesulfonyl
(Mtr) chioride according to method used to prepare N-g-Mtr-L-lysine described
by M. Fujino et al. in Chem. Pharm. Bull. Jpn. 1982, 30, 2766. The resulting N-
e-methyl-N-e-Mir-L-lysine (5.00 g, 0.0134 mol) was dissoived in dioxane (52
mL), diluted with H20 952 mL), cooled to 0 °C,.and adjusted to pH 11 with
aqueous 3N NaOH. Di-tert-butyi dicarbonate (8.79 g, 0.040 mol) was added
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and the reaction was stirred at 0 °C while maintaining the pH at pH 10-11 over
18 h. The solvents were removed jn vacuo and the residue was patrtitioned
between H20 (100 mL) and ether. The basic aqueous layer (pH 11) was
extracted again with ether (2x), cooled to 0 °C, adjusted to pH 3 with aqueous 3

5 NHCI, and extracted with EtOAc (3x). The combined EtOAc extracts were
washed with brine, dried over anhydrous Na>SO4, and concentrated in vacuo
to give §8a (3.34 g, 53%) as a white foam; FAB-MS m/z 473 (MH)+.

STEP b
10

Boc-HN\)LN,OCH3

I CH3
CH39

cho—Q—s—-N,
.3 CH3
HsC CH3

28b

Compound 58b was reacted with N,O-dimethylhydroxylamine hydrochlioride

according to the general procedure used to prepare 57b to yield 58b as a white
15  solid; m/z 516 (MH)+.

20 88¢c
Amide 58b was converted to 58d by following the generat procedures of
Example 3. Compound 58b was reacted with 2-lithiobenzothiazole as
described for 3c. The resulting ketone intermediate was carried through the
procedures used to prepare 3d and 3g and the resulting amino alcohol was
25 subsequently coupled with (CBZ)-N-methyl-D-phenylalanyl-L-proiine by
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following the method of step 3f . This intermediate was oxidized with the Dess-
Martin periodinane as described for 3g to fumnish 58d; m/z 883 (MH)*.

STEP d
CHs H Q@
H” N ‘e 's/
P ° \« NQ
-N,
. H CHa
Compound 58

Compound §8d (0.025 g, 0.028 mmol), pantamethylbenzene (0.32 g), and
dimethyisulfide (0.63 mL) were dissoived in 3 mi of anhydrous triflucroacetic
acid and cooled to 5 °C while stirring under argon. Anhydrous HBr gas was
bubbled through the solution over 15 min. and the reaction was allowed to
slowly warm to room temperature over 15 h. The solvents were removed in
yacuo and the residue was triturated with anhydrous ether and purified by
reverse-phase HPLC eluting with HaO/acetonitrile/TFA (60:40:0.2) to give
Compound §8B as a white solid; FAB-MS m/z 536 (MH)*+.
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What is claimed is:

- Ao ol e Iy

H 9 .
AN @
R1 R2
I

whaerein:
Ails

selacted from the group consisting of C4.galkyl, carboxyC1.4alkyl,
Ci-alkoxycarbonyiC+.4alkyl, phenylC1.4alkyi, substituted
phenyiC4.salkyl (whare the phenyi substituents are independently
selected from one or more of, C1.salkyl, perfluoroCq.4alkyi,
C1.4alkoxy, hydroxy, halo, amido, nitro, amino, C4.4alkylamino,
C1.4dialkylamino, carboxy or Cy.4alkoxycarbonyt), formyi, C.
aatkoxycarbonyl, Cy.q2alkyicarbonyl, phenylC44alkoxycarbonyl, Cs-
7cycloaikylcarbonyl, phenyicarbonyl, substituted phenyicarbonyi
{(where the phenyl substituents are independently selected from one
or more of, Cy-4alkyl, perfluoroCq.4alkyl, C1.4alkoxy, hydroxy, halo,
amido, nitro, amino, Cq-salkylamino, C4.4dialkylamino, carboxy or
-Cy-aalkoxycarbonyl), Cy-qalkylsulfonyl, C1.4atkoxysulfonyl,
perﬂuordCf..;aikylsulfonyl, phenyisulfonyl, substituted phenyisutfonyl
{where the phenyi substituents are independently selected from one
or more of, Cy-qalkyl, perfluoroC1.4alkyl, C.4alkoxy, hydroxy, halo,
amido, nitro, amino, Cy-4alkylamino, C4.4dialkylamino, carboxy or
C1-4alkoxycarbonyl), 10-camphorsulfonyl, phenyiC+.4alkyisulfonyl,
substituted phenylCi.4alkylsulfonyl, C4-4alkylsulfinyl,
perfluoroC-4alkylsulfinyl, phenylsulfinyl, substituted phenyisulfinyi
(where the phenyl substituents are independently selected from one
or more of, C1.4alkyl, perfluoroC.4alkyl, C1-4alkoxy, hydroxy, halo,
amido, nitro, amino, C1-4alkylamino, Cy-4dialkylamino, carboxy or
C1-4alkoxycarbonyl), phenylC1.4alkyisulfinyl, substituted
phenylC_4alkylsulfinyl, 1-naphthylsulfonyi, 2-naphthylsulfonyi or
substituted naphthylsulfonyl (where the naphthyl substituents are
independently seiected from one or more of, Cy.4alkyl,
perfluoroC4.4alkyl, C1.4alkoxy, hydroxy, halo, amido, nitro, amino,
carboxy or Cy.4alkoxycarbonyl ), 1-naphthylisulfinyl, 2-naphthyisulfinyi
or substituted naphthylsulfinyl (where the naphthyl substituents are
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independently selected from one or more of, Cy.4alkyl,
perfluoroCi.4alkyl, C1.4alkoxy, hydroxy, halo, amido, nitro, amino,
C1.4alkylamino, C1.4dialkylamino, carboxy or Cy.4atkoxycarbonyl);

a D or L amino acid which is coupled at its éarboxy terminus to the
nitrogen depicted in formula I and is selected from the group consisting
of alanine, asparagine, 2-azetidinecarboxylic acid, glycine, N-
C1.galkylglycine, proline, 1-amino-1-cycloCs.galkyicarboxylic acid,
thiazolidine-4-carboxylic acid, 5,5-dimethylthiazolidine-4-carboxylic acid,
oxazolidine-4-carboxylic acid, pipecolinic acid, valine, methionine,
cysteine, serine, threonine, norleucine, leucine, tert-leucine, isoleucine,
phenylalanine, 1-naphthalanine, 2-naphthalanine, 2-thienylalanine, 3-
thienylalanine, [1,2,3,4]-tetrahydroisoquinoline-1-carboxylic acid and
[1.2,3,4]-tetrahydroisoquinoline-2-carboxylic acid
where the amino terminus of said amino acid is connected
to a member selected from the group consisting of Cy-4alkyl,
tetrazol-5-yl-C1.2alkyl, carboxyC4-4alkyl, C4-
aalkoxycarbonylC1.4alkyl, phenylCq.4alkyl, substituted phenyi
C1-4alkyl (where the phenyl substituents are independently
selected from one or more of, Cy.4alkyl, perfluoroC1.4alkyi,
C1-4alkoxy, hydroxy, halo, amido, nitro, amino, C1.4alkylamino, .
C1.4dialkyiamino, carboxy or C4.4alkoxycarbonyt), ,
1,1-diphenyiC1.4alkyl, 3-phenyl-2-hydroxypropionyl, 2,2-diphenyl--
1-hydroxyethyicarbonyl, [1,2,3,4]-tetrahydroisoquinoline-
1-carbonyl, [1,2,3,4]-tetrahydroisoquinoline-3-carbonyl, 1-
methylamino-1-cyctohexanecarbonyl,
1-hydroxy-1-cyclohexanecarbonyl, 1-hydroxy-1-phenylacetyl,
1-cyclohexyl-1-hydroxyacetyl, 3-phenyl-2-hydroxypropionyi,
3,3-diphenyl-2-hydroxypropionyl, 3-cyciohexyl-2-
hydroxypropionyl, formyl, C1.4alkoxycarbonyl, C4.12alkyicarbonyl,
perfluoroC1.4alkyiCo.4alkylcarbonyl, phenylCy-4alkylcarbonyl,
substituted phenylCq.4alkylcarbonyi (where the phenyi
substituents are independently selected from one or more of,
C1.4alkyl, perfluoroCy.4alkyl, Cy-4alkoxy, hydroxy, halo, amido,
nitro, amino, C1.4alkylamino, C1-4dialkylamina, carboxy or
C1.4alkoxycarbonyl) 1,1-diphenylC4.4alkylcarbonyl, substituted
1,1-diphenyiC1.4alkylcarbonyl (where the phenyl substituents are
independently seiected from one or more of, Cy-4alkyl, perfiuoro
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Ci-aalkyl, C1-4alkoxy, hydroxy, halo, amido, nitro, amino,
Ci-4alkylamino, C4.4dialkylamino, carboxy or .
Ci-4alkoxycarbonyl), periluoroCi-salkylsulfonyl, Cs.4aikyisulfonyl,
C1-4alkoxysulfonyl, phenyisulfonyi, substituted phenylsulfonyi
(where the phenyl substituents are independently selected from
one or more of, C4.4alkyl, parfluoro Cy.4alkyl, C1-4alkoxy, hydroxy,
halo, amido, nitro, amino, C4-4alkylamino, Cq.4dialkylamino,
carboxy or C1.4alkoxycarbonyl), 10-camphorsuifonyi,
phenylC4.4alkyisulfonyl, substituted phenylC1.4atkyisulfonyi,
perfluoroC4.4alkylsulfinyt, C1.4alkylsulfinyl, phenyisulfinyl,
substituted phenyisulfinyl (where the phenyl substituents are .
independently selected from one or more of, Ct.4alkyl, periluora
Ci-4alkyl, C1.4atkoxy, hydroxy, halo, amido, nitro, amino,
C1i-salkylamino, Cy.4dialkylamino, carboxy or '
C1-salkoxycarbonyl), phenylCy.4alkylsulfinyi, substituted
phenyiC4.4alkylisulfinyl (where the phenyl substituents are
independently selected from orie or more of, Cy-4alkyl, perfluoro
C1-4alkyl, C4.4alkoxy, hydroxy, halo, amido, nitro, amino,
Ci-4alkylamino, C4-4dialkylamino, carboxy or
C1-4alkoxycarbonyl), 1-naphthyisulfonyl, 2-naphthylsuifonyi,
substituted naphthyisulfonyl (where the naphthyl substituents are
independently selected from one or more of, Cy-4alkyl,
perfiuoroC4.4alkyl, C4-4alkoxy, hydroxy, halo, amido, nitro, amino, -
C1.4alkylamino, C4.4dialkylamino, carboxy or
Ci-salkoxycarbonyl), t-naphthylsulfinyl, 2-naphthyisulfinyl, and
substituted naphthylsulfinyl (where the naphthyl substituents are
independently selected from one or more of, Cy-4alkyl,
perfluoroC1.4alkyl, C1-4alkoxy, hydroxy, haio, amido, nitro, amino,
Ci-4alkylamino, Cy.4dialkylamino, carboxy or
C1.4alkoxycarbonyl);

or a poly peptide comprised of two aminc acids,

where the first amino acid is a D or L amino acid, bound via its

carboxy terminus to the nitrogen depicted in formula I and is selected
from the group consisting of glycine, N-C4.galkylglycine, alanine, 2-
azetidinecarboxylic acid, proiine, thiazolidine-4-carboxylic acid, 5,5~
dimethylthiazolidine-4-carboxylic acid, oxazolidine-4-carboxylic acid,
1-amino-1-cycloCs.galkylcarboxylic acid, 3-hydroxyproline,
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4-hydroxyproline, 3-(C1.4alkoxy)proline, 4-(Cq.4alkoxy)proline, 3,4-
dehydroproline, 2,2-dimethyi-4-thiazolidine carboxylic acid, 2,2-
dimethyl-4-oxazolidine carboxylic acid, pipecolinic acid, valine,
methionine, cysteine, asparagine, serine, threonine, leucine, tert-
leucine, isoleucine, phenylalanine, 1-naphthalanine, 2-
naphthalanine, 2-thienylalanine, 3-thienylalanine, [1,2,3,4]-
tetrahydroisoquinoline-1-carboxylic acid, [1,2,3,4)-
tetrahydroisoquinoline-2-carboxylic acid, aspatrtic acid-4-Cy.
4alkyl ester and glutamic acid-5-Ci.4alkyl ester

and the sacond D or L amino acid, is bound to the amino
terminus of said first amino acid, and is selected from the group
consisting of phenylalanine, 4-benzoyliphenylalanine,
4-carboxyphenylalanine, 4-(carboxy Cg-2atkyl)phenylalanine,
substituted phenylalanine (where the phenyl substituents are
independently selected from one or more of, Cy-qalkyl,
perfluoroC4.4alkyl, Cy-4alkoxy, hydroxy, hato, amido, nitro, amino,
Ci-salkylamino, Cy.4dialkylamino, carboxy or Cy.salkoxycarbonyi),
3-benzothienyialanine, 4-biphenylalanine, homophenylalanine,
octahydroindole-2-carboxylic acid, 2-pyridylalanine, 3-pyridylalanine,
4-thiazolyalanine, 2-thienylalanine, 3-{3-benzothienyl)alanine, 3-
thienylalanine, tryptophan, tyrosine, asparagine,
é—tri-c1.4alkylsilylalanine, cyciohexylglycine, diphenylgiycine,
phenyiglycine, methionine sulfoxide, methionine sulfone, |,
2,2-dicyclohexylalanine, 2-(1-naphthylalanine), 2-
(2-naphthylalanine), phenyl substituted phenylalanine (where the
substituents are selected from C1.a4alkyl, perfluoroCq-saikyt,
C1-4alkoxy, hydroxy, halo, amido, nitro, amino, Cy.4alkylamino,
C1.4dialkkylamino, carboxy or Ci.4atkoxycarbonyl), aspartic acid,
aspartic acid-4-C1.4alkyl ester, giutamic acid, giutamic acid-5-C4.
4alkyl ester, cycloCs.galkylalanine, substituted cycloCg-galkylalanine
(where the ring substituents are carboxy, C1.4alkylcarboxy,
C1.4alkoxycarbonyl or aminocarbonyl), 2,2-diphenyialanine and all
alpha-C1.salkyl of all amino acid derivatives thereot,

where the amino terminus of said second amino acid is

unsubstituted or monosubstituted with a member of the group

consisting of formyl, C1.42atkyl, tetrazol-5-yiC4.2alkyi,

carboxyCq-galkyl, carboalkoxyC1.salkyl, phenyl Cy.salkyl,

substituted phenylC1.4alkyl (where the phenyt substituents are
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sslected from the group consisting of hydrogen and C.salkyl.
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independently selected from one or more of, Cy.4alkyl,
perfluoroCi.4alkyl, Cy.4alkoxy, hydroxy, hato, amido, nitro,
amino, Ci-salkylamino, Cy.4dialkylamino, carboxy or
C1-salkoxycarbonyl), 1,1-diphenyiC4-4alkyl,
C1.galkoxycarbonyl, phenylC4.galkoxycarbony!,
C1-12alkylcarbonyl, perfluoroCi.4alkylCo-4atkylcarbonyl,
phenylC4.4alkylcarbonyl, substituted phenylCy.4alkylcarbonyl
(where the phenyl substituents are independently selected
from one or more of, Cy.4alkyl, perfiuoro Cy.4alkyl, Cs.4alkoxy,
hydroxy, halo, amido, nitro, amino, Ci.4alkylamino,
C1-4dialkylamino, carboxy or C1.4alkoxycarbonyl), 1,1-
diphenylCy.4atkyicarbonyl, Cy.salkyisulfonyl,
C1-satkoxysulfonyl, pertluoroC4-4alkylisulfonyi, phenyisulfonyl,
substituted phenyisufonyl (where the phenyl substituents are
independently selected from one or more of, Cy.4alkyl,
perfluoroCq.4 alkyl, Cq.4alkoxy, hydroxy, halo, amido, nitro,
amino, Cy.4alkylamino, C4.4dialkylamino, carboxy or
C1-4alkoxycarbonyl), 10-camphorsulfonyt,
phenylC4.4alkylsuifonyl, substituted phenylCq.4alkyisulfonyl,
Ci-4alkylsulfinyl, perfluoro Cy.4alkyisulfinyl, phenyisulfinyi,
substituted phenyisufinyl (where the phenyl substituents are
independently selected from.one or more of, Cq.4alkyl,
perfluoraCy.4alkyl, Cq-salkoxy, hydroxy, halo, amido, nitro,
amino, C1-g4alkylamino, Cy.4dialkylamino, carboxy or
C1-4alkoxycarbonyl), phenylC4-salkyisulfinyl, substituted
phenyiC1.4alkylsuifinyl 1-naphthyisulfonyl, 2-naphthyisulfonyi,
substituted naphthyisulfonyl {(where the naphthyl substituent is
selected from Cq.4alkyl, perfluoroCi.salkyl, Ci-galkoxy,
hydroxy, halo, amido, nitro, amino, C4.4alkylamino,
C1-4dialkylamino, carboxy or Cy-salkoxycarbonyi),
1-naphthylsulfinyl, 2-naphthyisulfinyl and substituted
naphthylsulfinyl (where the naphthyl substituent is selected
from Cy-4alkyl, perfluoroCy4alkyl, Cy-4alkoxy, hydroxy, halo,
amido, nitro, amino, C4.4alkylamino, C1.4dialkylamino, carboxy

PCT/US96/08456

or Cy-4alkoxycarbonyl);
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selected from the group consisting of aminoCz.salkyl,
guanidinoCa.salkyl, C1-4alkyiguanidinoCa.salkyt,
diC1-salkyiguanidinoCz-salkyl, amidinoCa.saikyl, C1.
salkylamidinoCa.salkyl, diC1.4alkylamidinoCaz.salkyl, Ci.aalkoxy Ca-
salkyl, phenyl, substituted phenyl (where the substituents are
independently selected from one or more of, amino, amidino,
guanidino, C.4alkylamino, Ci.4dialkylamino, halogen, perfluoro
C1-4alkyl, Cy.4atkyl, C4.zalkoxy or nitro), benzyl, phenyl substituted
benzyl (where the substituents are independently selected from one
or more of, amino, amidino, guanidino, C1.4 alkylamino, Cy.
4dialkylamino, halogen, perfluoro C1.-4alkyl, C1.4alkyl, C4.zalkoxy or
nitro), hydroxyCz.salkyl, Cq.salkylaminoCaz.salkyl,
C1-sdialkylaminoCgz.salkyl, 4-aminocyciohexylCg-2alkyl and Cq.salkyl;

pisOort

K
s

R3 "

where n is 0-3, R3 is H or Cy.salkyl and the carbonyl moiety of B is
bound to E; '

Eis

a heterocycle selected from the group consisting of oxazolin-2-yl,
oxazol-2-yl, thiazol-2-yl, thiazol-5-yl, thiazol-4-yl, thiazolin-2-yl,
imidazol-2-yl, 4-oxo0-2-quinoxalin-2-yl, 2-pyridyl, 3-pyridyl,
benzo[bjthiophen-2-yl, benzoxazoi-2-yl, benzimidazoi-2-yi,
benzothiazol-2-yl, triazoi-4-yl, triazol-6-yl, tetrazol-2-yl, pyrimidin-2-yl,
quinolin-2-yi, indol-2-yl, pyrazol-2-yi, 4,5,6,7-tetrahydrobenzothiazol-
2-yl, naphtho[2,1-djthiazol-2-yl, naphtho[t,2-d]thiazol-2-yl quinoxalin-
2-yl, isoquinolin-1-yl, isoquinolin-3-yl, benzo[bjfuran-2-yi, pyrazin-2-
yl, quinazolin-2-yl, isothiazol-5-yl, isothiazol-3-yl, purin-8-yl and &
substituted heterocycle where the substituents are independently
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selected from C.4alkyl, perfluoro Cq.4alkyl, C-4alkoxy, hydroxy,
halo, amido, nitro, amino, C1.4atkylamino, C1.4dialkylamino, carboxy,
C1-4alkoxycarbonyi, hydroxy or phenylC1_4alkylaminocarbonyl;

or pharmaceutically acceptable salts therebf.

2. The compound of claim 1 wherein:
A is a poly peptide comprised of two amino acids,

where the first amino acid is a D or L amino acid, bound via its
carboxy terminus to the nitrogen depicted in formuia I and is selected
from the group consisting of glycine, N-C.galkyiglycine, alanine,
2-azetidinecarboxylic acid, proline, thiazolidine-4-carboxyiic acid,
5,5-dimethylthiazolidine-4-carboxylic acid, oxazolidine-4-carboxylic
acid, 1-amino-1-cycloCga.galkyicarboxylic acid, 3-hydroxyproline,
4-hydroxyproline, 3-(C1.4alkoxy)proline, 4-(Cq-4alkoxy)proline, 3,4-
dehydroproline, 2,2-dimethyl-4-thiazolidine carboxylic acid, 2,2-
dimethyl-4-oxazolidine carboxylic acid, pipecolinic acid, valine,
methionine, cysteine, asparagine, serine, threonine, leucine,
norleucine, tert-leucine, isoleucine, phenylalanine, 1-naphthalanine,
2-naphthalanine, 2-thienylalanine, 3-thienylatanine, [1,2,3,4]-
tetrahydroisoquinoline:1-carboxylic acid, [1,2,3,4}
tetrahydroisoquinoline-2-carboxylic acid, aspartic acid-4-C4.
4alkyl ester and glutamic acid-5-C4.4atkyl ester

and the second D or L amino acid, is bound to the amino
terminus of said first amino acid, and is selected from the group
consisting of phenylalanine, 4-benzoylphenylalanine,
4-carboxyphenylalanine, 4-(carboxy Co.2alkyl)phenylialanine,
substituted phenyialanine (where the phenyl substituents are
independently selected from one or more of, Cy.4alkyi,
perfiuoroC4.4alkyi, C1-4alkoxy, hydroxy, halo, amido, nitro, amino,
Ci-qalkylamino, C1-qdialkylamino, carboxy or Cq.4alkoxycarbonytl),
3-benzothienylalanine, 4-biphenyialanine, homophenyialanine,
octahydroindole-2-carboxylic acid, 2-pyridylalanine, 3-pyridylalanine,
4-thiazolyalanine, 2-thienylalanine, 3-(3-benzothienyijalanine, 3-
thienylalanine, tryptophan, tyrosine, asparagine,
3-tri-C1-4alkylsilylalanine, cyclohexylglycine, diphenylglycine,
phenylglycine, methionine sulfoxide, methionine sulfone,
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cycloCga.galkylalanine, substituted cycloCa.galkylalanine (where the
ring substituents are carboxy, C1.4alkylcarboxy, Cy.4atkoxycarbonyl
or aminocarbonyl), 2,2-diphenylalanine, 2,2-dicyciohaxylatanine,
2-(1-naphthylalanine), 2-(2-naphthylalanine), phenyl substituted
phenylalanine (where the substituents are selected from C4.4alkyi,
perfluoroC1.4alkyl, C1-4alkoxy, hydroxy, halo, amido, nitro, amino,
C1-4alkylamino, Cy.4dialkylamino, carboxy or Cy-4alkoxycarbonyl),
aspartic acid , aspartic acid-4-C4.4alkyl ester, glutamic acid, giutamic
acid-5-C4.4alkyl ester and all alpha C4.salkyl derivatives thereof,
where the amino terminus of said second amino acid is
unsubstituted or monosubstituted with a member of the group -
consisting of formyl, C.q2alkyl, tetrazol-5-yiCq.-zalkyl,
carboxyC1.galkyl, carboalkoxyC1.4alkyl, phenyl Cy.4alkyl,
substituted phenylC1-salkyl (where the phenyl substituents are
independently selected from one or more of, Cy.4alkyl,
perfiuoroCs.4alkyl, C1.4alkoxy, hydroxy, halo, amido, nitro,
amino, C1-4alkylamino, C1.4dialkylamino, carboxy or
Ci.4atkoxycarbonyl), 1,1-diphenylCq.4alkyl,
Ci-salkoxycarbonyi, pheny!C4-galkoxycarbonyl,
Ci-12alkylcarbonyi, perfluoroC1.4alkyiCo-4alkylcarbonyl,
phenylC1.4alkylcarbonyl, substituted phenylC1.4alkylcarbonyl -
(where the phenyl substituents are independently selected
from one or more of, C1.4alkyl, perfluoro Cy.4alkyl, C1-4alkoxy,
hydroxy, halo, amido, nitro, amino, Cq-4alkylamino,
C.4dialkylamino, carboxy or C1.-galkoxycarbonyl), 1,1-
diphenylCi.4alkyicarbonyl, Cq.4alkyisulfonyl,
C1.-aatkoxysuifonyi, perfluoroCq.4alkyisutfonyl, phenyisulfonyl,
substituted phenylsufonyl (where the phenyl substituents are
independently selected from one or more of, Cy.4alkyl,
perfluoroCy.4 alkyl, C1.4alkoxy, hydroxy, hato, amido, nitro,
amino, Ci.4alkylamino, Cq.4dialkylamino, carboxy or
C1-4alkoxycarbonyt), 10-camphorsulfonyi,
phenylC1.4alkyisulfonyl, substituted phenylC1.4alkylsulionyi,
C1.salkyisulfinyl, perfluoro Cy.4alkyisulfinyi, phenyisulfinyl,
substituted phenylisufinyl (where the phenyt substituents are
independently selected from one or more of, Ci.4alkyl,
perfluoroCy.4alkyl, Ci.4alkoxy, hydroxy, haio, amido, nitro,
amino, Cqi4alkylamino, C4.4dialkylamino, carboxy or
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C1-4alkoxycarbonyl), phenyiCq.4aikylisulfinyl, substituted
phenyiC1.4alkylsulfinyl 1-naphthyisulfonyl, 2-naphthyisulfonyl,
substituted naphthylsulfonyl (where the naphthyl substituent is
sslected from Cy.qalkyl, perfluoroCq.4alkyl, Cy-4alkoxy,

5 hydroxy, halo, amido, nitro, amino, C1.4alkylamino,
C1.4dialkylamino, carboxy or C1.4alkoxycarbonyi),
1-naphthylsulfinyl, 2-naphthylsulfinyl and substituted
naphthylisulfinyl (where the naphthyl substituent is selected
from Cy.4alkyl, perfluoroCq.4alkyl, C4.4alkoxy, hydroxy, halo,

10 amido, nitro, amino, Cy.4alkylamino, C4.4dialkylamino, carboxy

or Cy-salkoxycarbonyl); and
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the first amino acid is an L amino acid selected from the group
consisting of glycine, N-C1.galkylglycine, 2-azetidinecarboxylic acid,
proline, thiazolidine-4-carboxylic acid, 5,5-dimethyithiazotidine-4-
carboxylic acid, oxazolidine-4-carboxylic acid,
1-amino-1-cycloCa-galkylcarboxylic acid, 3-hydroxyproline,
4-hydroxyproline, 3-(C1.salkoxy)proline, 4-(C1-4alkoxy)proline,
3,4-dehydroproline, 2,2-dimethyi-4-thiazolidine. carboxylic acid, 2,2-
dimethyl-4-oxazolidine carboxylic acid, pipecolinic acid, valine,
methionine, leucine, norieucine, tert-leucine, isoieucine,
phienylalanine, 1-naphthalanine, 2-naphthalanine, 2-thienylalanine,
3-thienylalanine,

and the second amino acid is a D amino acid, bound to the
amino terminus of said first amino acid, and is selected from the
group consisting of phenylalanine, 4-carboxyphenylalanine,
4-(carboxy Cg.zalkyl)phenylalanine, substituted phenylalanine
{(where the phenyl substituents are independently selected from one
or more of, Cy_salkyl, perfluoroC4.salkyl, C4.4alkoxy, hydroxy, halo,
amido, nitro, amino, C4-4alkylaming, C4-4dialkylamino, carboxy or
Cq-4alkoxycarbonyl), 3-benzothienylalanine, 4-biphenylatanine,
homophenylalanine, octahydroindole-2-carboxylic acid,
4-thiazolyalanine, 2-thienylalanine, 3-(3-benzothienyl)alanine, 3-
thienylalanine, tryptophan, tyrosine, asparagine, cyclohexyiglycine,
diphenylglycine, phenyiglycine, methionine suifoxide,
methionine sulfone, cycloCa.galkylalanine, substituted
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cycloCga.galkylatanine (where the ring substituents are carboxy,
C1-4alkylcarboxy, Ci-4alkoxycarbonyl or aminocarbonyi), 2,2-
diphenylalanine, 2,2-dicyclohexylalanine, 2-(1-naphthyialanine), 2-
(2-naphthylalanine), phenyl substituted phenylalanine (where the
substituents are selected from Cy.4alkyl, perfluoroC4.4alkyl,
Cs-4alkoxy, hydroxy, halo, amido, nitro, amino, C4.4alkylamino,
C1.adialkyiamino, carboxy or Cq.4alkoxycarbonyl), aspartic acid ,
aspartic acid-4-C.4alkyl ester, giutamic acid, glutamic acid-5-C1.
salkyl ester and all alpha C.salkyl derivatives thereof,
where the amino terminus of said second amino acid is
unsubstituted or monosubstituted with a member of the group
consisting of formyl, C1.12alkyl, tetrazol-5-ylCi.z2alkyl,
carboxyCq.galkyl, carboalkoxyCi-4alkyl, phenyl Cq.4alkyl,
substituted phenyiC4.4alkyl (where the phenyl substituents are
independently selected from one or more of, C1.4alkyl,
perfluoroCy-4alkyl, Cy.4alkoxy, hydroxy, halo, amido, nitro,
amino, C4.4alkylamino, Cq.4dialkyiamino, carboxy or
C1-4atkoxycarbonyt), C4.galkoxycarbonyl,
phenylC4.galkoxycarbonyl, C1.12alkylcarbonyl,
perfluoroC4.4alkyiCg.4atkylcarbonyl, phenylC1.4alkyicarbonyil,
substituted phanylC4.4alkylicarbonyl (where the phenyl
substituents are independently selected from one or more of,
C4-4alkyi, perfiuoro C1.4alkyl, C4.4alkoxy, hydroxy, halo,
amido, nitro, amino, Cy.4alkyiamino, Cq-4dialkylamino, carboxy
or Ci-4alkoxycarbonyl), Cy-4alkylsutfonyl, Cq-4alkoxysulfonyi,
perfluoro&.);alkylsutfonyl. phenyisulfonyl, substituted
phenyisufonyl (where the phenyl substituents are
independently selected from one or more of, Cy.4alkyl,
perfluoroCy.4 alkyl, Cy-4alkoxy, hydroxy, halo, amido, nitro,
amino, Cq-4alkylamino, Cq.4dialkylamino, carboxy or
Ci-4alkoxycarbonyl), 10-camphorsulfonyl,
phenylC1-4alkylsulfonyl, substituted phenylC1.4alkylsulfonyl,
C1-4alkylsulfinyl, perfluoro Cy.4alkylsulfinyl, phenyisuifinyl,
substituted phenyisufinyl (where the phenyl substitusnts are
independently selected from one or more of, C:.4zikyl,
perfluoroC.4alkyl, Cy-4atkoxy, hydroxy, halo, amido, nitro,
amino, C1.4alkylamino, Cq-4dialkylamino, carboxy or
C1.aalkoxycarbonyl), phenyiC4.4atkylisulfinyl, substituted
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phenylC1-4alkylsulfinyl 1-naphthyisulionyl, 2-naphthyisuifonyl,
substituted naphthylsulfonyl (where the naphthyl substituent is
selected from Cq.4alkyl, perfluoroC4.-4alkyl, Ct.4alkoxy,
hydroxy, halo, amido, nitro, amino, C1.4alkylamino,
C1.4dialkylamino, carboxy or Ci.4alkoxycarbonyl),
1-naphthylisulfinyl, 2-naphthylsulfinyl and substituted
naphthyisulfinyl (where the naphthyl substituent is seiected
from C1.4alkyl, perfiuoroC4.4alkyl, C1-salkoxy, hydroxy, halo,
amido, nitro, amino, C1.salkylamino, C1.-4dialkylamino, carboxy
or C1.4alkoxycarbonyl).

4. The compound of claim 2 wherein:

the first amino acid.is an L amino acid seiected from the group
consisting of N-C4.galkylglycine, 2-azetidinecarboxylic acid, proline,
1-amino-1-cycloCa.galkyicarboxyiic acid, 3-(Cy.4alkoxy)proline,
4-(C1-4alkoxy)protine, pipecolinic acid, valine, methionine,
leucine,norleucine, teri-leucine, isoleucine, phenylalanine, 1-
naphthalanine, 2-naphthalanine, 2-thienylalanine, 3-thienylalanine,
and the second amino acid, is a D amino acid, bound to the

amino terminus of said first amino acid, and is selected from the group

consisting of phenylalanine, 4-carboxyphenylalanine,

4-(carboxy Cp.2alkyl)phenylalanine, substituted phenylalanine
{where the phenyt substituents are independently selected from one-
or more of, C4.4alkyl, perfluoroC4-4alkyl, €1.4atkoxy, hydroxy, halo,
amido, nitro, amino, Cy.4alkylamino, C1.4dialkylamino, carboxy or
C1.salkoxycarbonyl), octahydroindole-2-carboxylic acid,
2-thienylalanine, 3-(3-benzothienyl)alanine, 3-thienylalanine,
tryptophan, cyclohexyiglycine, diphenylglycine, phenyiglycine,
methionine sulfoxide, methionine sulfone, cycloCa.galkyialanine,
substituted cycloCa.galkylalanine (where the ring substituents are
carboxy, Cq-4alkylcarboxy, C4.4alkoxycarbonyl or aminocarbonyl),
2,2-diphenylalanine, 2,2-dicycichexylalanine, 2-(1-naphthylalanine),
2-(2-naphthyialanine), phenyl substituted phenyialanine {(where the
substituents are selected from C4.4alkyl, perfluoroCs.4alkyl,
C1-4alkoxy, hydroxy, halo, amido, nitro, amino, C4.4alkylamino,
C1-4dialkylamino, carboxy or Cs.4alkoxycarbonyl), aspartic acid ,
glutamic acid, and all alpha C.salkyl derivatives thersof,
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where the amino terminus of said second amino acid is
unsubstituted or monosubstituted with a member of the group
consisting of C1.12alkyl, tetrazol-5-ylCq-zatkyl,
carboxyC1-galkyl, carboalkoxyC1.4alkyl, C1-galkoxycarbonyl,
phenylC1.galkoxycarbonyl, C4.12alkylcarbanyi,
perfluoroC1.4alkyiCq.4alkylcarbonyl, phenylC4.4alkylcarbonyi,
substituted phenyiC4.salkyicarbonyl {(where the phenyi
substituents are independently selected from one or more of,
C1.-4alkyl, perfluoro Cy-4atkyl, Cy.4atkoxy, hydroxy, halo,
amido, nitro, amino, C1.salkylamino, C1.4dialkylamino, carboxy
or Cy-4alkoxycarbonyl), C-salkylsulfonyl, C1.4alkoxysuifonyi,
pertluoroC+.4alkyisulfonyl, phenylsulfonyl, substituted
phenylsufonyl (where the phenyl substituents are
independently selected from one or more of, Cy.qalkyl,
pertiuoroC .4 alkyl, Cy-4alkoxy, hydroxy, halo, amido, nitro,
amino, C1.4alkylamino, C4.4dialkylamino, carboxy or
Ci.4alkoxycarbonyl), 10-camphorsutfonyl,
phenylC1.4alkylsulfonyl, substituted phenylC+.4atkylsulfonyl,
Ci-aalkylsulfinyl, perfluoro Cq.4atkyisulfinyl, phenylsulfinyl,
substituted phenylisufinyl (where the pheny! substituents are
independently selected from one or more of, Cy.4atkyl,
perfluoroC4-4alkyl, C4.4alkoxy, hydroxy, halo, amido, nitro,
amino, Ci.4alkylamino, C1.4dialkylamino, carboxy or
C1-4alkoxycarbonyl), phenylCq.4alkylsulfinyl, substituted =
phenylC4.4alkyisulfinyi 1-naphthyisulfonyl, 2-naphthylsulfonyl,
substituted naphthyisuifonyl (where the naphthyl substituent is
selected from Cq.4alkyl, perfluoroCy-4aikyl, Cy-qalkoxy,
hydroxy, halo, amido, nitro, amino, C1.4alkylamino,
C1.4dialkylamino, carboxy or C1.4alkoxycarbonyl),
1-naphthylsulfinyl, 2-naphthyisulfinyl and substituted
naphthylsulfinyl (where the naphthyl substituent is selected
from C1.4alkyl, perfluoroCi-4alkyl, Ci-4alkoxy, hydroxy, halo,
amido, nitro, amino, C1.4alkylamino, C1.4dialkylamino, carpoxy
or C1.4aikoxycarbonyl);

PCT/US96/08456

5. The compound of claim 4 wherein:
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selected from the group consisting of aminoCz2-salkyl,
guanidinoCz-salkyl, amidinoCa.salkyl, Cy-salkylaminoCa.galkyl,
C1.sdialkylaminoC2.salkyl, 4-aminocyclohexylCo.zalky,
3-aminocyclohexylCo.zalky and C1.salky.

WO 96/40748 PCT/US96/08456

6. The compound of claim 5 wherein:
Eis

a heterocycle selected from the group consisting of oxazolin-2-yl,
oxazol-2-yl, thiazoi-2-yl, thiazol-5-yl, thiazol-4-yl, thiazolin-2-yl,
imidazol-2-yl, 4-0x0-2-quinoxalin-2-yl, 2-pyridyl, benzo{b]thiophen-2- .
yl, benzoxazol-2-yl, benzimidazol-2-yl, benzothiazol-2-yl, triazol-4-yl,
triazol-6-yl, tetrazol-2-yl, pyrimidin-2-yt, quinolin-2-yt, indoi-2-yl,
pyrazol-2-yl, [4,5,6,7]-tetrahydrobenzothiazol-2-yl,
naphtho{2,1-djthiazol-2-yl, naphtho[1,2-d]thiazol-2-yl, quinoxalin-2-yt,
isoquinolin-1-yl, isoquinalin-3-yl, benzo[b}furan-2-yl, pyrazin-2-yl,
quinazolin-2-yl, isothiazol-5-yl, isothiazol-3-yl, purin-8-yl and a
substituted heteracycle where the substituents are selected selected
from Cq.4alkyl, perfluoro Cq.4alkyl, C1-4alkoxy, hydroxy, halo, amido,
nitro, amino, Cs.4alkylamino, Cq-4dialkylamino, carboxy,
Ci-4alkoxycarbonyl, hydroxy or phenylCy.4alkylaminocarbonyl.

7. The compound of claim 6 wherein:

Eis
a heterocycle selected from the group consisting of thiazol-2-yl,
thiazol-5-yl, thiazol-4-yl, thiazolin-2-yl, benzoxazol-2-yl, benzimidazol-
2-yl, imidazol-2-yl, 4-o0x0-2-quinoxalin-2-yl, benzothiazol-2-yl, triazol-
4-yl, triazol-6-yl, tetrazol-2-yl, pyrimidin-2-yl, quinolin-2-yl, pyrazol-2-
yi, [4.5,6,7)-tetrahydrobenzothiazoi-2-yl, naphtho[2,1-djthiazol-2-yl,
naphtho(1,2-dithiazol-2-yl, quinazolin-2-yl, isothiazol-5-yi, isothiazol-
3-yl, purin-8-yl and a substituted heterocycle where the substituents
are selected selected from Cy-4alkyl, perfluoro Cy4alkyl, Cy-4alkoxy,
hydroxy, halo, amido, nitro, amino, C4-4alkylamino, Cy.4diatkylamino,
carboxy, Cy-4alkoxycarbonyl or hydroxy.

8. The compound of claim 7 wherein:
Eis
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a heterocycle selected from the group conisisting of thiazol-2-yl,
thiazoi-5-yi, thiazol-4-yl, thiazolin-2-yl, benzothiazol-2-yl,
4,5,6,7-tetrahydrobenzothiazol-2-yl, naphtho{2, 1-dJthiazol-2-yl,
naphtho{1,2-d}thiazoi-2-yl, isothiazol-5-yl, isothiazol-3-yl, and a
substituted heterocycle where the substituents are selected selected.
from C1.4alkyl, perfiuoro Cy.4alkyl, C1.4alkoxy, hydroxy, halo, amido,
nitro, amino, C1.4alkylamino, Cy.4dialkylamino, carboxy,
C1-salkoxycarbonyt or hydroxy.

WO 96/40748 PCT/US96/08456

8. The compound of claim 1, N-methyl-D-phenylaianyi-N-[4-
[(aminoiminomethyl)amino}-1S-[(benzothiazol-2-yl}carbonyllbutyl]-L-
prolinamide.

10. The compound of claim 1, N-methyl-D-phenylalanyl-N-[5-

[(aminoiminomethyi)amino]-1S-[(benzothiazot-2-yl)carbonyllpentyl]-L-
prolinamide.

11. The compound of claim 1, N-methyl-D-phenylalanyi-N-{4-
{(aminoiminomethyl)amino]-2S-[(6-methoxycarbonyibenzothiazol-2-
yl)carbonyilbutyl}-L-prolinamide.

12. The compound of claim 1, N-methyl-D-phenylalanyl-N-{4-

[(aminoiminomethyl)amino}-1S-{(6-carboxybenzothiazol-2-yl)carbonyilbutyi]-
L-prolinamide. _ -

13. The compound of claim 1, N-methyl-D-phenylalanyl-N-{4-
[(aminoiminomethyl)amino]-1S-[(6-carboxamidobenzothiazol-2-
yl)carbonyl]butyl}-L-prolinamide.

14. The compound of claim 1, N-methyl-D-phenyialanyi-N-{4-
{(aminoiminomethyl)amino}-1S-[(6-hydroxymathyibenzothiazoi-2-
yi)carbonyijbutyl]-L-prolinamide.

15. The compound of claim 1, N-methyl-D-phenylalanyl-N-[4-
[(aminoiminomethyl)amino]-1S-[{6-flucrobenzothiazol-2-yl)carbonyi]butyl]-L.-
prolinamide.
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16. The compout"id of claim 1, N-methyl-D-phenyialanyi-N-[{4-
[(aminoiminomethyl)amino}-1S-[(4-ethoxycarbonyithiazol-2-
yl)carbonyljbutyl]-L-prolinamide.

WO 96/40748 PCT/US96/08456

17. The compound of claim 1, N-methyl-D-phenylalanyl-N-[4-
[(aminciminomethyl)amino]-1S-{(4-carboxythiazol-2-yl)carbonyl]butyl]-L-
prolinamide.

18. The compound of claim 1, N;méthy!-D--phenylalanyl-m-[4-
{{(aminciminomethyl}amino]-1S-{(6-methoxybenzothiazol-2-
yi)carbonyijbutyl]-L-prolinamide.

19. The compound of claim 1, N-methyi-D-phenylalanyl-N-[4-
{(aminoiminomethyl)amino]-1S-[(6-hydroxybenzothiazol-2-yl)carbonyi]butyl]-
L-prolinamide.

20. The compound of claim 1, N-methyl-D-cyclohexylalanyl-N-[4-
[(aminoiminomethyl)amino]-1S-[(benzothiazol-2-yl)carbonyl]butyl]-L-
profinamide.

21. The compound of claim 1, N-methyl-D-phenylalanyl-N-[4-

[(aminoiminomethyl)amino]-1S-{{napthc{2, 1-d]thiazol-2-yl)carbonyl]butyl]-L-
prolinamide.

22. The compound of claim 1, N-methyl-D-(4-fluorophenyl)alanyl-N-{4-
[(aminoiminomethyl)amino}-1S-[(benzothiazol-2-yl)carbonyi]butyl]-L-
prolinamide.

23. The compound of claim 1, N-methyl-D-phenyiglycyi-N-{4-
[(aminoiminomethyl)amino}-1S-{{benzothiazol-2-yl)carbonyljbutyl]-L-
prolinamide.

24 The compound of claim 1, N-methyl-D-(diphenyl)alanyl-N-{4-
[(aminoiminomethyl)amino}-1S-{{benzothiazol-2-yl)carbonyi]butyi]-L-
prolinamide.
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25. The compound of claim 1, N-methyl-D-cyciohexyiglycyl-N-[4-

[(aminciminomethyl)amino]-1 S-[(benzothiazol-2-yl)carbonyijbutyi]-L-
prolinamide.

PCT/US96/08456

26. The compound of claim 1, N-methyl-D-phenyl'atanyl-u-[tt-

[(aminoiminomethyl)amino]-1S-{(4,5,6,7-tetrahydrobenzothiazol-2-
yl)carbonyijbutyi]-L-prolinamide.

27. The compound of claim 1, D-phenylalanyi-N-[4-

[(aminoiminomethyl)amino]-1S-[(benzothiazol-2-yl)carbonyl]butyi}-L-
prolinamide.

28. The compound of claim 1, N-methyl-D-phenylalanyl-N-[4-

[(aminociminomethyl}amino]-1S-[(benzothiazol-2-yt)carbonyi]butyi]-2S-
piperidinecarboxamide.

29. The compound of claim 1, 2,2-diphenylglycyl-N-[4-

[(aminoiminomethyl)amino}-1S-[{benzothiazol-2-yl)carbonyljbutyi]-L-
prolinamide.

30. The compound of claim 1, a-methyl-D-phenylalanyl-N-{4-

{(aminociminomethyl)aminoj}-1S-{(benzothiazoi-2-yl)carbonyi]butyi}-L-
prolinamide.

31. The compound of claim 1, 1-(N-methylamino)-1-cyclohexyicarbonyi-N-

[4-{(aminoiminomethyl)amino}-1S-[(benzothiazol-2-yl)carbonyi}butyl}-L-
profinamide.

32. A pharmaceutical composition comprising pharmaceutically acceptable
carrier and an therapeutically effective amount of a compound of claim 1.

33. A pharmaceutical composition comprising pharmaceutically acceptable
carrier and an effective amount of a compound of claim 1 necessary to treat
thrombin mediated diseases in a mammal.

34. A method for inhibiting thrombin comprising contacting a compound of
claim 1 with a medium containing thrombin.
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35. A method of_c_:laim 34 where the compound contacts the medium via an
orthopedic or a surgical device.

36. A method of claim 34 where the medium mammailian blood.

5
37. A method of claim 36 where the mammal is a human.
38. A method treating a thrombin mediated disease in a mammal comprising
administering an effective amount of a compound of claim 1.
10

39. A method tfor inhibiting trypsin comprising contacting a compound of
claim 1 with a medium containing trypsin.

40. A method of treating a trypsin related disorder in a mammal comprising
15 administering an effective amount of a compound of claim 1.
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