;]~_"abcdefghijkle3eVIIV*6TI..1r ~ 71 . ANTI THROVBOTI C AGENTS Thi s
invention relates to thronbin inhibitors which are useful anticoagulants in
mammals. |n particular it relatés to peptide derivatives having high
antlﬁhronﬁotlc activity, anticoagulant activity, and oral biosvailability.
The process of bl ood coagul ation) thronmbosis, is triggered by s conpl ex
proteolytic cascade leading to the formation of thronbin. Thronbin

proteolytically renpves activation peptilddes fromthe A(eermW"
B(err)-chains of fibrinogen, which is soluble in blood pl mmmmmmwmlng
insoluble fibrin formation: Anticoagulation is currently achieygd.by t

adm ni stration of heparins and counmarins. Parenteral pharnacologlcal
control of coagulation and thrombosis is based on inhibitio

t hrough the use of heparins. Heparins act indirectly on. thrmmmum‘ﬂmmmmm
accelerating the inhibitory effects of endogenous antithronmbin Jghh,{the
mai n physi ol ogi cal inhibitor of thronbin). Because antlthronbln III | evel s
vary in plasnma and because surface-bound thronbin seens resistant to this
i ndi rect nechanism heparins can be an ineffective treatnent. Because
coagul ation assays are bel i evé&NTITHROMBOIIS HGENTH t h ef fi cacy and with

safety, heparin | evels nust be nonitored with coagul ati on assays

(particularly the activated parti al thronboplastln time (APTT) assay).
Counarins i npede t heRjehdmatendi o nedas®s o Ehylombiinn g itors which

post t r ansleatd Qizlful anh@aagaiaﬁtbozml AkRAR1EDN thE BupLDealarof¢prothronbin
and otherzprotelns of t Because_  of ,their nechanism of action, the

effect of TEORHES T2 P&RtaﬁﬁyéSEégPBbV§FoﬂFV1nS bighoaptighrembotic

adnlnlstrmwuwvltﬁurhhtﬁcohb&yaﬁteaaeﬁvsE&?Chh&eoﬁal'EQQQU&ﬂﬂ&E:lE@#”Br'”S
al so require nonitor e(g;vvlth coa hﬁ_'tl%n assas(‘tpartlcularly Mmth the
e

prothrombin time (P FERPESRE °Hl$ﬁ§FPm?9ﬁﬂﬁetP§
pepti des tthalggmred dyoanicomgley ptoteollytb.e eawa&s leaaingnpsrcrémlar to

that of n r gr ELp dehydes _such as

O P ﬁiﬁ*"%ﬁﬁﬁo%tf oipromBE. 2 Ohomt P BRbL SR LB SERY IY v ERGPRES o1 ol

J. V@E&°“1P29t1¢3§ £xou0FhgeABnshrans podeBB-chaens Phhi bition of
thronbln ni t udi h:de r ro-Arg-H
sul fate |§E§Eh§ﬁgkgba%§ gﬁtggngééﬁgkgvéqbggﬁgé % ?&gj sé%gggggggs et al.,
G rcul ati dRsodgble. £ibrinpformacden.(1994). Many investigators have

synt hesi zed anal ogs fet el al..a for
exanpl e Shyman et aIm'n::ﬁ%lﬁsﬁ]’%t:"Otg(r)rf"(g \ggﬁ%ﬁﬁ%g@@ﬁg%& Lﬁ gﬁgPatent No.

4, 346, 076‘%@&@H€§r&tééplé§ BeraxinscangurarmarEpsi des cont ai ni ng an

agnat i ne (1-ani no- 4mmt@mbmmw1@gaca&9%wt%1d%@' E@Lb\&%t%ﬂ
related co o%gﬁ F& SQ areNglscIosed éﬁ % |'ication

| nt er nat i GFPOSiFoRSNOASER AP d8Ri i52°na§f F°@§1$nt¥£?B%EaﬁhPatent
Appl i Caél i mze Blfbhepatruns n]tcmbparﬁiﬁMES): Eﬂhltxrabe@yléthwfox&B% b§UChd | ack
conpounds _di I orner . series.in tha mat i ne conmpounds | ac
a ggrbonyﬁ%%ﬁ#% %&ngﬁ gﬁgEFEPrXOﬁESﬁﬁﬁg 8%n?%§ﬂ$%ﬁ°%ﬁ Arg gPoup

Al t hough mmalmégambns ddd dobeamans physéblegicadk anhilbbwgrlafts, and no
drug has ed e p e \ and despite the
contan|né§%F§%??g fo?gg EQ gggﬂgpﬁbﬁﬁ %Egd%gbgﬁ gaéi §?§pg d for
ant|coaguMmﬁubephaﬁeaévréépecbpveﬂytbnomhnonseamsands;adepEnﬂenthns

ant Lt hr oyiraslldler feehian'sBR! PhbBRX1AC! AR BUOLY &ék{sﬁé;f@@f‘f«;&%@éﬁg“

preferably by an oral route, 0 not Interfere w
clots, asngFeGOPsuﬂf&tﬁpau ASFeNEsPHS| believedThe lp¢eseﬁ@cmwdtwohh| s
directed teF#ikQcyl 26QVeLYht aatfewe Re eyﬂdieoéléhﬁugfeﬁé%ohwﬁiﬂéaon) as

defi ned bel.o are Rptent th ors that nmay have

bi oavai | aBf45t FORGUGRARG BFéFyéd ﬁF%%F&&FBHY Fheagd %Y%ﬁ9506¥¥5}%1

conpounds throniplaetdnt tineenhpPrr) akssagny e@buiaahhahmpéaentﬁé fact or
Xa, which is |nv0Ivedf|n t he. coa U|$ﬁloﬂ casc de. Accordi g is a
primary offjSRET Akt ofh& i FREERPIPNEENPEBRkEBIpF 9|BBSEB§%PSE B%?B%l
derivatives that are potent thronbin inhibitors useful as anticoagul ants.

O her objects, features, and advantages will be apparent to those skilled
inthe art fromthe follow ng description and clainms. The present invention
provi des a thromnbin



I nhi biting conpound having the Formula | X-Y-NH ( CH2 ) r-G wherein X is
prolinyl) honoprolinyl, Rm(CH2)g-NH CH2-C(0)-, R 0 T- (CHZ ) a-cl",,~ CQ
(CI2JmNBR CII 0 (CH2)~ NB' (CH2)n R CIl 0 in which I | CH2) m ~~R
, | N4B+, 'O (CHZ)mC # 0 ~R or Rd- (CHZ) 2-CHCN-B | (CH)n Re Rd is
carboxy or nmethylsulfonyl;s T 4 Re is NHRc, NHCORc or NHCOORc; in which Rc
iIs A-A0 alkyl, C3-C8 cycloal kyl or a (C3-C8) cycloal kyl (Cl-C6) alkyl
radi cal of 4-10 carbons; T is C3-C8 cycloglkyl, Cl-C8 alkyl, r \ ( ~Zis
0, 1 or 2; and
gamma-carboxylation in the synthesis of prothrombin and other
proteins of this type. Because of their mechanism of action,
the effect of coumarins can only develop slowly, 6-24 hours
after administration. Further, they are not selective
anticoagulants. Coumarins also require monitoring with
coagulation assays (particularly with the prothrombin time
(PT) assay).

Recently, interest in small synthetic peptides that
are recognized by proteolytic enzymes in a manner similar to
that of natural substrates has grown. Tripeptide aldehydes
such as D-Phe-Pro-Arg-H, Boc-D-Phe-Pro-Arg-H, and D-MePhe-
Pro-Arg-H, Bajusz et al., J, Med, Chem., 33, 1729-1735 (1990)
demonstrate potent direct inhibition of thrombin. Early
clinical studies which demonstrate that D-MePhe-Pro-Arg-H
sulfate is an anticoagulant in man have been reported, see
Simoons et al., Circulation, 90, I-231, Abstr. 1241 (1994).
Many investigators have synthesized analogs in an effort to
develop pharmaceutical agents, for example Shuman et al.,

J. Med. Chem., 36, 314-319 (1993). U.S. Patent No. 4,346,078
teaches a series of anti-coagulant peptides containing an
agmatine (l-amino-4-guanidinobutane) group. Agmatine
derivatives and related compounds also are disclosed in the
PCT application with International Publication Number WO
93/11152, as well as in European Patent Application,
Publication number 601459, published 15 June 1994. Such
cohpounds differ from the former series in that the agmatine
compounds lack a carbonyl moiety found in similar compounds
containing an Arg group. '

Although the heparins and coumarins are effective
anticoagulants, and no drug has yet emerged from the known
tripeptide aldehydes, and despite the continuing promise for.
this class of compounds, there exists a need for
anticoagularts that act selectively on thrombin, and
independent of antithrombin III, exert inhibitory action
shortly after administration, preferably by an oral route,
and do not interfere with lysis of blood clots, as required
to maintain hemostasis.



Qis -OH Cl-C4 alkoxy, or -NH A, Ais hydrogen, Cl1-C4 al kyl, R'S02-)
R'OC(O) ) RC(0)-, RnC(0)- or -(CH2)g-Rm g is 1, 2) or 3; B is hydrogen or
Cl-C aIkyI R is hydrogen or Cl-Ca alkyl; R' is Cl1-C4 alkyl, Cl-Cd
perfluowoalkyl -(CH2)d-Rm or unsubstituted or substituted aryl, where aryl
I s phenyl, naphthyl, a 5- or 6-nenbered unsubstituted or substituted
aromatic heterocyclic ring, having one or two heteroatons which are the
same or different and which are selected fromsul fur, oxygen and nitrogen)
or a 9- or 10-nenbered unsubstituted or 3ubstituted fused bi cyclic aromatic
het erocyclic group having one or two heteroatons mhlch are t he same or

di fferent and which | t ragen; Rn1|s
-COORb, -SQ2(d -Ca a Iﬁ%‘g&&;%%w éhor r'\tq: ra ol ri"be ﬁ%
- COORb or thatr &8 smaounéécﬁbehﬁspmeepéndanenym;adr agedeénn@a-m aI kyl ;

dis 1, Zbéy Pe HoBent: r gen, Ci- C4
alkyl, d- °§? ka \ Peesn oxiiliﬁg’lbéﬂo?ﬁ%gis%%ﬁﬁ-g thy te:?gg hh@ec?égé% al kyl ;

r 50 Y i & igixypfollowing eral agminisekrathon.C IN additionrul O

3a Ry ~~~cerﬂﬂ§nl&oﬁ@oﬁﬁd%l%flth€3p§BsEM€|Qﬁb&%knoﬂralég}RAP gk@#q.Tl;
t

Rp is hydr%% %1tzoncgf Ekyl C3- thc oal kyl, or -

actor Xa,

ch is 1nvolved in tﬂe coagula ion

cascade.

Accordingly, it is a primary object of the present
invention to provide novel peptide derivatives that are
potent thrombin inhibitors useful as anticoagulants.

Other objects, features, and advantages will be
apparent to those skilled in the art from the following
description and claims.

The present invention provides a thrombin
inhibiting compound having the Formula I

X-Y-NH- (CH;) -G I
wherein

X is prolinyl, homoprolinyl,
RM- (CH2) g~NH-CH2-C (0) -,

R' -
'? (C!‘iz)m (CHz)m ;l
T~ (CH,) ~C—C-
( 2)a CI; C ' N-B ' N-B |
Q R'
C-
1l
o)
(CH2)m g-
(CH2) m L |
llTB R' or RY-(CH,),-CH-C-
-B N-B |
(CHZ)n R' (CHz)n R®
N _
il
o)

in which
R4 is carboxy or methylsulfonyl;



where pis 0, I) 2, 3, or 4, Lis a bond, -O, -S-) or -NH; gis 0) 1, 2
or 3; and T' is hydrogen, Cl1-C4 alkyl, C3-Cg cycloal kyl, -COCH, -CONH2, or
Ar, where Ar is unsubstituted of substituted aryl, where aryl is phenyl,
napht Ryl , "a 5- or 6-menbered unsubstituted or substituted aromatic

het erocyclic ring, having one or two heteroatons which are the sane or
different and which are selected fromsulfur, oxygen and nitrogen, or a 9-
or 10- menbered unsubstituted or substituted fused bi cyclic aromatic
heterocyclic group having one or two hetéroatons which are the sanme or
different and which are selected fromsulfur, oxygen and nitrogen; Ry is

-CH2-, -O, -S, or un bon en t ak th Ry and the
t hree ad10|n|ng carbon 3 oﬁggcf%¥¥§°§FsafS?§§88 arbﬁc gPanr|ng of 5-8
atoms, one atom of WRFchsnBy-Br0 -a3kyl SGa-dls Meloalkyl br & ofC33Cgand G is

- (CH2) s- Ra:yeré&méls(@ Ecr}) qwﬂqa%)en gﬁ’f%ffb A% , or Gis t MR

W W-D b ii )b /D'"E CH2 )
k- R (CH2)k R N H N GE}Q)DCQ 9al¥¥i»+C17Qx &1KYK}Q k-R N H where D
and E are each independently Nor CH k is O or bis 0 or 1, Mis S, O

or NH, each Wis md@riy Nor@ai/iH ~H NH

a is 0, 1 or 2; and

Q is -OH, C1-C4 alkoxy, or -NH-a;

A is hydrogen, C3-C4 alkyl, R"SO2-, R"0OC(O)-,
R"C(0)-, RAC(O)- or -(CHz)g-RW;

g is 1, 2, or 3;

B is hydrogen or Ci1-C4 alkyl;

R' is hydrogen or Ci1-C4 alkyl;

R" is C31-C4 alkyl, C3-C4 perfluoroalkyl, - (CH2) a-RM,
or unsubstituted or substituted aryl, where aryl is phenyl,
naphthyl, a 5- or 6-membered unsubstituted or substituted
aromatic heterocyclic ring, having one or two heteroatoms
which are the same or different and which are selected from
sulfur, oxygen and nitrogen, or a 9- or 10-membered
unsubstituted or substituted fused bicyclic aromatic
heterocyclic group having one or two heteroatoms which are
the same or different and which are selected from sulfur,
oxygen and nitrogen;

R® is -COORP, -S02(C31-C4 alkyl), -SO3H, -P(0O) (ORP)2
or tetrazol-5-yl;

RP is -COORP or tetrazol-5-yil;

each RP is independently hydrogen or C3-C4 alkyl;

d is 1, 2, or 3; |

mis 0, 1, or 2;

nis 0, 1, or 2; and

2 is hydrogen, C31-C4 alkyl, C31-C4 alkoxy, hydroxy,
halo or RaSO,NH-, where Ry is C;-Cq4 alkyl;



Ris -NH2 , -CNH2 , -CNH2 ((or -NHCNH2 ; NHor NHor Gis and
wherein one to all of the otherw se unsubstituted carbon atons of the
aromatic or heteroaromatic ring$ of s7DD( CHZ) k-R.. ( CHZ) k-RE
CHzZ ) -k-R', may bear a fluoro substituent; or a pharmaceutically acceptable
salt thereof; or a pharmaceutically acceptable solvate of said conpound or
salt thereof; provided that A is not hydrogen or t-butyl oxycarbonyl when G
s -(CH2)s-NH-C(NH)NH2, Y is unsubstituted prolinyl (Rp is hydrogen), and T

is Z - ; and provided further that Ris not am no or guanidi no when r=1 and
s=0; and provided further that A is not hydrogen, Cl-C4 al kyl)

nmet hyl sul fonyl or -(CH2)g-Rmwhen Gis NH - (CH2) In @hich Ris -C-NH2
or -NHHCNH2 Yis NC ~ unsubstituted prblinyl (Rp §s h dripgen) or

4- hydroxyprolinyl (Rp is OY% ,isR-NRY-RHarOgen, , T == y—and Qis

-NH-A; and provided further that R'S02 is not arylsulfonyl NH when Gis
-(CH2)s-Rin which Ris -~-CG~2, Y is unsubstituted prolinyl (Rp is
hydr ogen) or 4- nethylthiopqollnyl (Rp is -SCH3), and Qis -NHA and
provided further that A isynot R'§p2 when Gis

o i
Il
aﬂ“_“ C_

] C——
or

’

RY \\“.i

RP
in which

RY is C3-Cg alkyl, C3-Cg cycloalkyl, or -(CH2)p-L-
(CH2)g-T"';

RP is hydrogen, C1-Cg alkyl, C3-Cg cycloalkyl, or
- (CH2)p-L- (CH2) g-T"';

where p is 0, 1, 2, 3, or 4; L is a bond, -0-, -S-,
or -NH-; q is 0, 1, 2 or 3; and T' is hydrogen, C1-C4 alkyl,
C3-Cg cycloalkyl, -COOH, -CONH;, or Ar, where Ar is
unsubstituted or substituted aryl, where aryl is phenyl,
naphthyl, a 5- or 6-membered unsubstituted or substituted
aromatic heterocyclic ring, having one or two heteroatoms
which are the same or different and which are selected from
sulfur, oxygen and nitrogen, or a 9- or 10-membered
unsubstituted or substituted fused bicyclic aromatic
heterocyclic group having one or two heteroatoms which are
the same or different and which are selected from sulfur,
oxygen and nitrogen;

RY is -CHz-, -0-, -S-, or —NH;; and

RZ is a bond or, when taken with RY and the three
adjoining carbon atoms, forms a saturated carbocyclic ring of
5-8 atoms, one atom of which may be -0-, -S-, or ~-NH-;

r is 1, 2 or 3; and

G is -(CHz)g-R, where s is 0-5, -CH=CH- (CH3) ¢+-R,

where t is 0-3, or G is



8 NN Ror N\H(CH2)b or / \ ~" /| Tis Cl-Cg alkyl, , and Qis -NHA A
particul ar group of the above conpounds of Fornula | consists of those
conpounds of Formula | wherein X is prolinyl, hormoprolinyl, 0 R (CH2)fi ~

(CH)~, Cl- (CH2 ) a-C- G I | ~~R~NB. / NBQR | - 10 0 (CH2)~,
CCi2)sn R NB. or ; (CH2) nR~NB(CH2)n CO0Tis C3-Cg
cycloal kyl, C1-Cg alkyl, or \ ~, \ /" ; Zais Oor 1, Qis -CH CL-4

al koxy, or -NHA Ais hydrogen, Cl-C4 alkyl, R'SOZ-, R'OC(O-, R'C(O-, or
-(CH2)g-COOH;, gis 1, 2, or 3; Bis hydrogen or d-C4 alkyl; R is hydrogen
or Cl1-C44 alkyl; R is Cl1-CQ al kyl, Cl-C4 perfluoroal kyl, -(CHZ)d-COOH, or

unsubstituted or subst |2@\§I) where aryl ,~(GHz)p
(CHz)x-R, N (CH) x-R,
_( 7_ _<—\ _{—\,N_R
W—w (CHz)p | (CH,)p
D
— -
E—<( \ / (CH;) xR
CH;)k—R,

N=—D

_{}_ (CHz)k;R or —(:/>_ (CH2) xR
N o N ;
H H

where D and E are each independently N or CH;
k is 0 or 1;

bis 0 or 1;
M is S, O, or NH;
each W is independently N or CH; and

NOH

" NH
Il Il ||

R is -NH;, -C-NH, , -C-NH, , or -NH- ~-C-NH;

or G is '

and wherein one to all of the otherwise
unsubstituted carbon atoms of the aromatic or
heterocaromatic rings of



i s phenyl, naphthyl, a 5- or 6-nenbered unsubstituted or substituted
aromati c heterocyclic ring, having one or. tw heteroatons which are the
same or different and which are selected fromsulfur, oxygen and nitrogen)
or a'9- or 10nenbered unsubstituted or substituted fused bicyclic aromatic
heterocyclic group having,one or two heteroatons which are .the sane or
different and which are selected fromsulfur, oxygen and nitrogen; d is |,

2, or 3; mis 0, 1, or 2, nis O, |, or 2; and Z is hydrogen, C-C4 al kyl)
Cl- 4 al koxy, hydroxy, halo, or RaSO2NH, where Ra is Cl-C4 alkyl; OYis
-NRQCHZ-CNO...~~ill G'4'" Rpinwich' NC N~~; O =* _, . ull C 3a
R RO is d-C6 al kyl,) C3-Cg cycl oal ky r -(CH2)p-L (CH2)g-T'; Rp is

|, Cg-Cg cycl oal/KyT, \or -(CH2)p-
4; L s a bond, -S-, Dr -NH; ro3,and T
kyl , C3-Cg cyc\oal l, - , or%ﬁg",’)’ﬂmre Ar
is unsubstitute IEsd%%thﬁEed aryl E re aryl is naphthyl, a 5-
or 6-nmenbered unsubstituted or substitutedXNeHOyaRri ¢ heterocyclic ring,
havi ng one or two heteroatons which are the sane or different and which are
sel ected fmak bearud, fbwgyensubstituentyen, or a 9- or 10- nenbered ‘
unsubstituted or subgti {u } i i clic
group havi ng one or ?&oshgggfgg§gﬂ%?$ﬁ¥£¥ g?géﬁﬂgﬁﬁgn%a%ﬁ gﬁ%?é?é%t and
whi ch are SE| 8cPearmaeentifally apcertrkifl splivakeef Maid campound o, -S|
or -NH; apd B{1tStReP@dsf; or, when taken with Ry and the three adjoining
carbon atons, forns a satgrated carbocyclic ring of 5-8 atons, one atom of
Wi ch may be -O-, - SPYo¥pdefjthat fsig getohv@regen®rs - (CHz)s-R where s
is 0-5, -CteBhkyDbidytaFbonyld (Vi) G \Her-e(QH,)S-H3 c(NE) NHghZY) i8-R ~ ~ ( CH2

) Xx-RMNRoO ~~-R~/ RW w, (CHR)b ~ (CHZ) b where D and re each
i ndependently N or CH k is O or 1; \ /
z -

unsubstituted prolinyl (RP is hydrogen), and T is H

hydr ogen, Cl1-
o, 1) 2, 3,

2)g-T'; where p is
1,

and provided further that R is not amino or
guanidino when r=1 and s=0;
and provided further that A is not hydrogen, C1-Cg¢
alkyl, methylsulfonyl or - (CH2)g-RM when G is
NH NH
| I

-(CHz)g-R in which R is ~C-NH; or -NH-C-NH;

]
Y is N—=—C * unsubstituted prolinyl
(RP is hydrogen) or 4-hydroxyprolinyl (RP is OH), R' is
hydrogen, T is cyclohexyl and Q is -NH-A;

and provided further that R"SO2 is not arylsulfonyl
NH

when G is -(CH2)s-R in which R is 'NH’C'NH2, Y is
unsubstituted prolinyl (RP is hydrogen) or 4-methyl-
thioprolinyl (RP is -SCH3), and Q is -NH-A;

and provided further that A is not R"SO2- when G is



bis Oor 1; Mis S, 0, or NH, each Wis independently Nor CH and Il II
~HIl HRis -NH2, -CNH2 , -CNH2 , or -NHCNH2 ; or a pharmaceutically
acceptabl e salt thereof; or a pharnaceutically acceptable solvate of said
conpound or salt thereof; provided that A is not hydrogen or

t - butyl oxycarbonyl when Gis -(CHZ)s-NH C(NH)NH2) Y is unsubstituted
prolinyl (Rp is hydrogen)) and T is Z ; and provided further that Ris not
am no or guani dino when r=1 and s=0; 1% and provided further that Ais
not hydrogen, d-C4 al kyl, nethylsul fonyl” or -(CH2)g-COON when Gis
-(CH2)s-Rin INHwhich Ris -CG~2 or -NHCNH Y is N C ~ unsubstituted

prolinyl (Rp i yoy ogen) or 4-hy, prolinyl (Rpis OH), R is hydrogen,
T is cycloh and N@-RS - A Myided further that R'S02 is not

aryl sul f onyl g Gis -(CH2) which Ris -~-C~z) y is
unsubstituted pr Fiia (Rp is hyd n) or A-@eiglyé-_té‘g O&)ﬂ% nyl (Rp is
-SCH3), and s - NH A a rded further that A-lis not ‘S02- when Gis
NRi (CHzZ s Cl1- Il %9 ; . and Qis -NHA In addition to
t he conpou For mut"a sent? i nventi on provi des pharmaceuti cal
formul ati ons npristng a SeApoweF of Fornula | in association wth a

pharmaceutical |y acceptable carrier, diluent or excipient. The present
invention also provides a nethod of i nhibi2Fh @ tisr oMBodi.s i n nanmal s

conpri sing admi ni st eAi pgrtocal apgRbupobeeHeOhbbieat8hBbundl o

antit hr onbgf | Qanéf a, conmp Oﬁ&q};f Formula |. The present |nvent| on
further provides: a nErhotS of 3¢ [RPIRRWAS rPfccﬁﬁ#F’l“slmgI adni ni stering
to a mammeWheéreimed of treatment) a thronbin inhibiting dose of a conpound
of Formula I. 12 x is prolinyl, homoprolinyl,

R (CH -
l? (CHz)m Z)m C
T- (cnz).-f;— c-
o) ‘ '
(CHz) (cHag C-
N-B ¢ OX H
(CHz)x (CHz )%
II
o

T is C3-Cg cycloalkyl, C1-Cs alkyl,

a is 0 or 1;

Q is -OH, C3-C4 alkoxy, or -Nﬁ-A;

A is hydrogen, Ci-C4 alkyl, R"S02-, R"0OC(0O)-,
R"C(0)-, or -(CHy)g-COOH;

g is 1, 2, or 3;

B is hydrogen or C;-C¢ alkyl;

R' is hydrogen or Ci—C4 alkyl;

R" is C3-C4 alkyl, C31-Cy perfluoroalkyl,

- (CH2)g-COOH, or unsubstituted or substituted aryl, where aryl



This invention relates to new inhibitors of thronbin, pharnmaceuti cal
conpositions containing the conpounds as active ingredients, and the use of
t he conpounds as anticoagul ants for prophylaxis and treatnent of

t hr orrboenbol i ¢ di seases such as venous thronbosis, pul monary enbolism
arterial thronbosis, in particular nyocardial ischem a, nyocardi al
infarction and cerebral thronbosis, general hypercoagul able states and

| ocal hypercoagul abl e states, such as follomnng angi opl asty and coronary
bypass operations, and generallzed tlssue injury as it relates to the

i nfl ammatory process. The term"alkyl" by itself or as part of another
subst i t uentisnpdvenya , shaphghy’lor abbanched- mémbéréﬁkﬂhsﬁﬁﬁfﬂﬁhtéévbﬁg the

stated nu o] S h et hyl ro |so opyI
o butyl |t geer tEReaArBhAEE G *HEReRERUR I s f6 hbplnd ] GBS ctr LGV
itself or é@tﬁapﬂtémsawbﬂ-nbrasabthetaeme anadsfﬁe:sem'alg:h\d wmbhaaféed chain

al kyl radi g n e d ‘9#?9 C ich
hydr ogen at @he?sﬂé?egrg@esﬁifﬁﬁ uorlﬁéda om s%&}&l gért?l %}u?ﬁofr@t hyl ,
per f | uor oef“ﬁg’}’erﬁ@r PREsPet htuEedyer eebﬂy@ut)e@ommw;muummmabmw )

per 1 uor o- hebekpkychee! bHoho! Kabiky! ol oP el U 0s 565 S Wini H1Sad &1
"C3-Cg cyc aI kéﬁ% refﬁ g to the s&turated altcyclic rings o ree to

ei ght carb& ShcHiLEersRt AR Mlclhe%mlw&@%ﬁ@p@uromoq@lﬁm: yl,

cycl opentybxygynl ahéxyitrdgewf hyl cycl ohexyl, cyclooctyl, and the Iike. The
term "al koxy' means Stl’ﬁl ght or pranched chain al kyl radi cal havi ng the
stated nunber of carfof®atent’bBhddd to the parent noiety by an oxygen
atom The term "hal oln deafs thl exo2; fI uoro) brono or iodo. The term.
"acetyl" means CH3- C&l The ternb t Qutyl oxycar bonyI means
(CH3)3C0-C(0)- and is aSbrévr at 8 “Bo?™® The term' "benzyl oxycar bonyl " means
C6H5CH2- 0- C(0) - and PsifibBYeyPaeRd Crues .alitwl i 6fynC,5al&oxs menber ed

het er ocycl hgdfb REBSS & _6- red n t hat afford a

stabl e st ru%t urjggcont ai ni ngyp(‘)trzlseozgqlr%l twola}ﬁ%rdi e%lsa E %:wéy:LUl fur atom one
13 oxygen atom one nitrogen and one sul fur atom or one ni trogen and one
oxygen atom The 5-nenbered ring has on@®or two do porgls and the

6- menbered ring has two or three doubl e |[bonds. Sucq he yclic systens
include furyl, thienyl, py¥radbyFNRpyCHRza-y|, ,0xazQjlt olyl,

t hi azol yl, i sothiazol yI , pyranyl, pyridinyl, pyrimdinyl, pyrazi nyI

oxazinyl and thiazinyl. The term"9- or 10-nenbered heterocyclic ri ng"

nmeans any bicyclic group | whi ch any of the above 5- or 6-nmenbered rings
is fused to a benzene rlng?or anogher 6-nenbered heterocxcllc ring as
defined above that w il d a gstable struct ~lheseyhetergeyclic

systens include indolyl{ benzpt#ii€m K6 benzof i oxazol ylj, 7

benzoi soxazol yl , benzop r‘azol |, qui noI‘?’hyI oqui nol i nyk y-w8gdz+m dazol yl
and benzot hiazolyl. It & e appreci ated t ha many..63& t fe above

het erocycl es may exi P;,x\r n tautoneric forms. ALTSSmeN forms are included
within the scope of this invention. All of the aromatic or heteroaronmatic
groups | i stredwdimmh t he definition of Ar or R" are independently
unsubstituted or subgdijut ulstLi nts will _ afford
a stable structure |ndepen ég’ ect e"dt':}N0 cﬁgcﬂ, dPJx CH@iPCﬁ' al kyl ,
Cl- Cq al kobSH2)mrTa (- NH2) , m)no(CI Cq al kyl ) ami no, (CHZ j CCIJ—D mer capt o,
-S(OQ'h(Cl-Cq al kyl ), ma%( d¥dderd d@ldey a1 NHCEOLECI

-S( O hNH2, N 9L lglky AR )%r{i%i épky?%ga#?*ri '0°%1 or 2,
and j is 0',( 12)p-13 (CH2 Ohe partlcul arly preferred such value for the
substltuent R (C)O d,ﬁel;lé tiwld nhaol 22 I the represe ation of
Formula I, e\g_far bonyI fu c:i |2onalca"|§ty orgy&roug Xtii g atatg’ gj 8 h&Sam ne
functi onal9 ty 3¢ Jrodp. 2TRE dar BBAYE 't dSchrveraseny 61-4ialknkn

attached t@-thecgeilbalkydyp-doaun +ooﬁnﬁmld>ﬁﬁ.r wheké A2 44+ C NHA The
is referred to at times herein

group Z ( where Z a are both hydrogen
as phenyl Wsa&ﬁd‘tf@ﬁPé"vFa"PédlpHéedCBWQunUbE%ﬁeﬂEYih isi phenyd,, nethyl,
are ref er mapHthyds - N@rmt-h&éhblébéay{xﬁEMB)éhg gua BPdsaBnghgggd MePhg.

Substituted co n Z is other than hydrogen are re d to by
the type z?ﬁ'c?"ﬁgs F’&%’e&oc?’ﬁélé:uﬁéf‘gt u@ﬁf’lﬁpoﬂﬁe érgtwo3hechroabpmenyl gl ycyl
or Phg( 3- @h)lch* a@eCthe isahle 6rNBiAfERensr aug chwhsie %eilggtég gofot h
hydr ogen, o e_f er r,%g Boagg % ges her ei n as phenyl al any breviat ed
Phe. Corrpountfs WhErEPS 3L5°9%Het RY1 @ AreOFeibrmedbeseds t he

N~net hyl - rmjolsalzanycledgp@upuhadlabbeévfased bEEPelisulsbihdigd conmpounds
wherein Z is other than hydrogen are referred to by the type and position
of the substituent group, e.g., 3'-chlorophenylalanyl or Phe(3-Cl). NNH O
R ~ C~ N—H The groups 0 and , when R is hydrogen are referred to at

M 1 o a i1 a2 - - e - . N 1



1I5HI NHHR CI HO CI~R NH The groups 0 and H when R is hydrogen,
are referred to at tines herein as 1- and 3perhydro-i soqui noli necarbonyl,
respectively, and are respectively abbreviated 1-Piq and 3-Pig. As

i ndi cated'by the crooked lines, various ring fusion isoners of these
substituents exist -- this invention contenplates any individual isonmer and
conbi nations thereof. -N * O The groups ~d --N* C are referred to as
prolinyl and azeti di ne-2-carbonyl, respeﬁﬁively, and are respectively
abbreviated Pro and Azt. NO Z Il * 3a The group RY ~~~,'
represents a saturated bicyclic systemof the 4,5; 5,5, 6,5, 7,5, or 8,5

L ypg Ehedshetednwmm rgrcmp amvﬁ@l&:é 0" f’tﬁv&&%é%éb’éatthérkbz e i are :
ri dgehea CIS S exce or e and '

syst ens rrus{')Rge £C$% %e %1% *ﬁr}é %]ﬁ‘iﬁﬁd oﬁr‘R‘Y SR, provi de
t hat the vamxzaﬂmaandmn1WWUgén:ncludes the t hree carbon atons shown, is a
saturated carbocyclicgrpysd e 4-8.ato the ring atons may be
carbon, or one of theera?lég {a?t:lgm ng?/ be a hﬁ%r%torﬁ% Iect ed from-0-,
-S-, and -NH. This d®¥ i ta drondicdmideshen ltfakére qmai ERY athdoled Yeliede ved
from oct ahy, s, aGd (e . Chi ", resent e

~N O * ...~@~ﬁ11r1}%§a Thea}garldggss gs an%btsfa\édr?? rdrrs‘:%ﬁb‘t"ﬁ’%i’ﬁg

cont enpl at eﬁr%yﬂt% iR Rt ofTiwhigh maws ke i+0-,adisal of daIDie a ch| ral
center that is (L). T@eigsieéfeg |£haad|cal X denotes a chiral center that
is (D) or (DL); the #£,in raaéi X denotes a chiral center that is (L). In
addi tion, diastereomet s*Fray' €Ha e lﬁe phsTen$ &ﬁoﬂ'@r:aﬁ&ﬁqﬁ'@'dfcl‘w)lcy&
substituents. The compounds of Dor esent inventi \ Hmhﬂude m xt ures of
two or nore diastereoners 'l a9y each indi al onmer. Preferred
conpounds of the present inven 'oﬁ}bqplude t hose ds of Formula |
where X iswRer@® & G2 0-33- | i or(ClaTkeR, or 1- or
3Piqg, and Y is puolinyl, and p ceutically acceptable salts and sol vates
t hereof . | tic conpo nds d Ais hydrogen or a
sul f onam de ( /A ; Z i sNyBroegen, and B is
hydr ogen are a eferred. AspcHj)pose conpoun grein R is a guanidino,
or especially) an am dindb group are préferred. One paPtlcuIarIy preferred
conbi nati on of subst iwhexrd D inAVErgreG dac R 3 yptﬁer};%] dH; e

D=E=CH, k=0); espe0|qély Q{eferred is where Gis a 4-am di nophenyl group. A
preferred group of t hose co Jﬁds in which one to all of the otherw se
unsubstituted carbon tatied afr tlhe aromatic or heteroaromatic rings of

M is S, 0, or NH;

each W is independently N or CH; and
NOH

NH NH
| I I

R is -NH;, ~-C-NH, , -C-NH; , or -NH-C-NH,

or a pharmaceutically acceptable salt thereof;
or a pharmaceutically acceptable solvate of said compound
or salt thereof;

provided that A is not hydrogen or
t-butyloxycarbonyl when G is - (CH2) g-NH-C(NH)NH2, Y is

&

unsubstituted prolinyl (RP is hydrogen), and T is Z
and provided further that R is not amino or
guanidino when r=1 and s=0;



17 - DD( CHZ ) x-R( CH2 ) x-REN DCH ) x-R, bears a fluoro
substituent is one in which no fluoro substituent is Cc- or y- to Dor E
when D or Eis N Another group of preferred conpounds of the present

i nvention'includes those conpounds of fornula | as defined R O T- (CHZ)
a- 1 * C above where Xis Qin which T is cyclohexyl, ais 1, R is
hydrogen and Qis -NH A One particular subgroup is one in which Ais
hydrogen. A second particular subgroup is one in which Ais RS02-,
especially when R' is ethyl. A third par2icul ar subgroup is one in which A
Is -(CH2)g-COOH; preferably g is 1. Particular values of Y for a conpound

of Formula | in whichpg ' as. above .incl.ude )-pralinyl
(Pro), (S)-gis-octah dro-ﬂlrl—ﬁlﬁlhﬁ g‘%‘?‘gfbgﬁ‘%t ?‘oﬁis) n&ﬁd%ydi-oge%, c1-¢
.N(Z-phenﬁaé?ﬂ'yl }f@% FuloprdHETH?  CHy) o-FOPHawbenpGuid ef CHef gtRait i n
which Ris -NH2) it is eferred th@¥ the values of X and Y be sel ected

fromthose defined abodk and the vallues of r and G be sel ected froma) r is
1 and G iswhieh R @i ck-We &¥ |iN-CiNHy may bear one or two fluoro

substituents; -N N r Aos 1 and Gis ; ~d -\ /Nc) r is 1lor 2 and Gis
One particularly pr ferredﬁgroup of conpounds of Fornmula | is one in which
Y is (L)-proliny, le“* l~and G has 18 - Dthe value E (CH2)k-R in which

each of D anasﬁlis CH k is 0 and Yo5ubskieitrA nwelimylh nmay be
repr esent edRByifohydtagén) Xor dN-Kydrd¥pdrolinyri {RD SNEZ g2 56

hydrogen, T is cyclohexyl and Q is =-NH-A;
and provided further that R"802 is not arylsulfonyl when
NH
G is -(CH2)g-R in which R is 'NH'C'NHz, Y is unsubstituted

prolinyl (RP is hydrogen) or 4-methyl-thioprolinyl (RP is
-SCH3), and Q is -NH-A;

and provided further that A is not R"SO2- when G is
/
(CH2)p
N

\l/,or —

. T is C1-Cg alkyl,

e

2 , and Q is -NH-A.

In addition to the compounds of Formula I, the
present invention provides pharmaceutical formulations
comprising a compound of Formula I in association with a
pharmaceutically acceptable carrier, diluent or excipient.

The present invention also provides a method of
inhibiting thrombosis in mammals comprising administering to
a mammal in need of treatment, an antithrombotic dose of a
compound of Formula I.

The present invention further provides a method of
inhibiting thrombin comprising administering to a mammal in

need of treatment, a thrombin inhibiting dose of a compound
of Formula I.



Wherein the benzam dine ring is unsubstituted or may bear one or two fluoro
substituents, preferably neta- to the amdino radical and X has any of the
val ues defined above. A nore particular value for a conpound of Fornula la
is one in'which the benzanmidine ring is unsubstituted. Another particularly
preferred group of conpounds of Formula | is one in which Y is
(L)-prolinyl, r is 1 and G MR has the value W Win which Mis S) each W
is CHand Ris amdino, and which may be_represented by Formula Ib X | N ~
SNH* .~~~ CNHCH2 ~ ~ Ib NH2 wherei n?¥ has any of the val ues defined
above. An additional preferred group of conmpounds of fornula | is one in

which Y is (L)-prolinHis r:Ldvferﬂtﬁ!ﬁj Yeldes th rd? inne3 ddies ‘@f ue N- D -~
in which D.is N_qr SE%& 0 and_R is am,dino) and which ma

r epr esent eFIFGMDESy rmecﬁuFlﬂaé Rempesdtions) centmindnont mhereln X
has any of dofpounldseasdacitioe abgredaedtP,i antl eheCliseAok! @her totphahge for
X for a conpound.of for Cla b or Icis Qin

I
which R i &%h &ggﬁgu&ap§s|§5f P§°€b¥&gﬁé§yPn9rtﬁﬁéﬁVFn&nB £Qis -NHA
Mor te palrt i ?tlhlr@nibpf embbilhydﬁ.sgasesetsh}thil_ C13)i ognbuer tth@bhb&)ﬁlet, Ebhlm@lﬂﬁryl
articul ar 2 rr r is.Ncarboxyme clo al an
Rnother pr§¥gg1§ % ?gteﬁégﬁxgggoﬁp85F50x§ﬁe?ﬁ¥F}EpéH€n 2F&A ﬁ Spec?fic
conpounds G$CQ@maaLamNochrﬂ&eliinéarbbmoarandeeerbbedllnhrbmbﬁsasples. A
referred a [ euticall ept abl e
Dol o sooneeed, HyBeERoHBUTRLTEY sEUEH 008 RUBRTT BEBELERoqinREIETC " 5
23, 44, 45st4$es4gsugg as1following &Bgieplassy &84 FOromary7Byp86s 86, 87,
88 d 92. f t
di sol osed Sggﬁﬁé’w SpECqeRBegL fael L BEyRCIRIbER BEOT REIEBEEERCT e/ e
speci es ba¥ aﬂﬂéteﬁKxBEQFeaﬁy superi or propertles is Exanpl e 48.
Anot her hi ghly pref emmed teher iva3 Kyd “Exmhke 8T a@%?&%”%‘% AP frey! he

i nvention |nﬁludes harnaceutlcal y acceptabl e sal he conpounds
defi ned bySPRECAFBE F@FﬁBFaalStﬁFbSPPl€EIBF=€6hﬂ€uﬁbﬁbﬂ ekkyli nedieadn can
possess onbavingothessthtedentinpePasfCcarB6hi 8B8s I5QERSas methyl,

ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl and
sec-butyl. The term “perfluoroalkyl” by itself or as part of
another substituent means a straight or branched chain alkyl
radical having the stated number of carbon atoms in which
each hydrogen atom is replaced with a fluorine atom such as
trifluoromethyl, perfluorocethyl, perfluoro-n-propyl,
perfluoroisopropyl, perfluoro-n-butyl, perfluoro-t-butyl,
perfluoroisobutyl and perfluoro-sec-butyl.

The term "C3-Cg cycloalkyl" refers to the saturated
alicyclic rings of three to eight carbon atoms such as
cyclopropyl, methylcyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, 4-methylcyclohexyl, cyclooctyl, and the like.

The term “alkoxy” means a straight or branched
chain alkyl radical having the stated number of carbon atoms
bonded to the parent moiety by an oxygen atom. The term
“halo" means chloro, fluoro, bromo or iodo. The term "acetyl"
means CH3-C(0)-. The term "t-butyloxycarbonyl" means (CH3)3C-
0-C(0)- and is abbrev1ated "Boc". The term
"benzyloxycarbonyl" means CgH5CH2-0-C(0)- and is abbreviated
"Cbz".

The term "5- or 6-membered heterocyclic ring" means
any 5- or 6-membered ring that will afford a stable structure
containing one or two nitrogen atoms; one sulfur atom; one



20 and accordingly react with any of a nunber of inorganic and organic
acids, to forma pharmaceutically acceptable salt. Acids commonly enpl oyed
to formacid addition salts are inorganic acids such as hydrochloric acid,
hydr obroni ¢ acid, hydroiodic acid, sulfuric acid, phosphoric acid, and the
|'i ke, and organic acids such as g-toluenesul fonic, nethanesulfonic acid,
oxal i c acid, p-bronophenylsulfonic acid, carbonic acid, succinic acid,
citric acid, benzoic acid, acetic acid, d the like. Exanples of such
pharmaceutically acceptable salts thus are the sulfate, pyrosulfate,
bisulfate, sulfite, bisulfate, phosphate, nonohydrogenphosphate,

di hydr ogenmgﬁhalléomma@@@hmm&? amd ayrie st ey aﬁi’dn@-r id¥e,orfe OM de,

i odi de, acgigt r ’ﬁgﬁ%? at e | ate, formate,
i sobutyrate, cg%‘?!ga%gd pfoa ate, pr op| gﬁﬁ%? % has one ‘or
succi nat e, F€Qaoub ke %@tﬁbﬁ:aﬁnﬂ tfhﬁnﬁ*-artembe:mldeatmg Msynﬂroldird:llﬁ@ee

hexyne- 1, 646li19B¢ oz 0ad &on &%S% l;sbenz
di ni t r obenzoat e, hydroxybenzoggi ho§$%§ﬂ§§§%gylﬁﬁgﬁgéh&@rygulfonate
xyl enesul f oY1 o AR a YT amedmll, proctaizedatle, isivaapldlyyr ate, citrate,

lactate, gehdeEzder 088 HHAa¥Ay1Y! h€, t han ulfonate
2 onat e, ngg‘%{ha%ﬁé g%&

pr opanesul fonat napt hal .ene- suI
mandel at e, P rh’el | (R 2Py é‘l“tde& i@zimrdeuti cal |y accept abI e aC| d

addi ti on sal ts are t'.t'iﬂé;etém etk gxt mmmrﬁ'rﬁ%&%éﬁé loric
oun the

acid, hydr@ly \Rf]lci} g sul furic¢ acigd..The co esent

i nventi on are no forfh HFQPR 28 ¥hA<BoPRN: 8§ #henhabppeopri are

sol vents. Pmembered sdingentis {fuseﬁheopaebahabh@nrgﬁgsggvgﬁgtﬁggms i ncl ude
e

wat er, al gipl Preferr cohol s are

met hanol and gt%r?rtnegt %%E%%gr ggggfoﬁﬁpgt 8Ss gf“‘?vsﬁg aRpveetBatewidd based on
the size &ffoxd solstablensteuctureSmarhesel heﬁ&rBE&eEﬂ!:e§¥§E€mQr eferred to
facilitat gnchegeor di orpation. The solvate or hydrate is
typically_ for md%ollaaﬁ%ﬂgﬂcoﬁrg§§8%¥§ iysgﬂpFPgﬁwgn Benzoxerelyrburse of

salt for nﬁ’FP&Rlse’Fézeéﬁflul bﬁeﬂepléneaotyshcequmglmyyatescqﬁlﬁytgﬁ 1Peter, A
21 Qui debmhzummebapusahanbe&% b Gne stry, 6th Ed (1986, J ohn' W1 ey &
Sons, New York). As _used_herein) e term "sol vate" includes hydrate fornmns)
such as nonohydr at e tatd IW*dP&Pé?c’#ﬁedc&hp@undayobeOhafuhhobeare

pr epar ed by:tbuowycnratshﬁdﬁ eﬁ;gep_{hd@agg&g&pﬁ £ rdlﬂﬁto ne_such met hod
the acid S:%Na g/n Cé % - same nea n5° defi ned
for Fornu I gepd g"ﬁh"%n’m ‘F%?%c?fn@hgliolmvemtlmcessary, i s coupl ed

with a car box rot adledfYthenpoumdtt r box
protecti n? esyﬁz gé?#gigf the£ra |te'tr#e f’ag ?ﬁgﬁfﬁ’gﬁo&%gi?d@%@%ﬁ lﬁﬁeé Y
de-esterifie 122 Qi of ’{‘Ple”éﬁwciﬂ'eﬂ(}b) is coupled with
the prot elétlé‘d $'eag'ehed(d:) sThet Hhoved rmwmewwweswsﬂ l[ddisigated by

the follo - -~

p- X -1 ~- I\I-E\!\‘(Qg %fgl f%ofé) (g%abgees‘f‘I’e’lz"fC:N%PHI':sa )@nc@ff@ erddoN Sheqrgd b ) +
reN \(thré gm G:Q;O (ﬁ/ poxyl c%(;me@iml(oea)ca&lkosy) miay Nhhn%h?z )
=- ermono 405, t g2 - t S & or
- NH- G- NHP_ % ﬁ:l P Ekr)bel?entlgl%an gﬁo 80t ec{nl ng 84:\18(1 'gﬂ_l?;\lhec&bs%’ar y, P
is Hor F %Y {s % ’*aqqé;ﬂc4oP1§UHférsrmipdp)dﬁnb@xydlkyhm d protecting
group, ands{q) hNH;_s Pseosﬂm(aﬁ-dﬁ va;[q&yﬁ)he c;aszgo(O?’ 28 %uTgt nalities
visible, ] t he, saneg as - hp enf E’ 3 group

in G is &f a%brjat%’a f’o apd 4 ¢ & F\" a?rrd 3t h@rpr40t e&nm@agtmmanly( c) are
then 2oprefmmest hyuqh onsklie ok RO hbdtiasRntkid- @] dn e art such as

hydr ogenaf i { catal yst to provide the conmpounds of Fornula I.
The coup?"tlL nxgg% f’ﬁ%i%} ‘compound with HN-Y CO00-alk is carried out by

first protecting thénaﬂhaorgpmz;emﬁa%i?h&ﬁﬁ Fofeixh 10 @y %: onz!

am no pr r used for mpor ary pr ot ection o ocki ng

of the ag‘lﬁﬁg&%{r}%b& nﬁp.&g“g)d& ?ﬁe%%% ng-“'@FiGup refers to

substit ueﬁﬂrscf@fon&ie.tamcrﬁ) tgreo Yp gxmumnl'meeraspjr@;bQQ;Lt Qu?ll::@‘i%n‘&ﬁ.ﬂ&kok‘iug t he
e

amno fu g{g,il S | ther functional, groups _on t cormmpound.
Exanpl esrh(o% suc éa%érgc%lép?‘rsot e%?l}en%g\g SuF& Ok Ar ey, i FBFWIlagﬂoup, t he

trityl group, the phthalimdo group, the trichloroacetyl group, the

chl oroacetyl, bronmpacetyl and iodoacetyl groups, urethane-type bl ocking
groups such as benzyl oxycar bonyl, t-butoxycarbonyl,

4- phenyl benzyl oxycar bonyl , 2-net hyl benzyl oxycar bonyl ,

4- met hoxybenzyl oxycar bonyl , 4-fl uorobenzyl oxycar bonyl ,

4- chl or obenzyl oxycar bonyl, 3-chl orobenzy7. oxycar bonyl

2- chl or obenzyl oxycar bonyl, 2, 4-di chl or obenzyl oxycar bonyl

4 bronDbenzonxycarbonyI 3 bronDbenzonxycarbonyI



In carrying out the coupling reaction, an ester protecting group for

HN-Y' -COCH is enpl oyed which is renovabl e by conditions under which the
am no protecting group renains intact. The am no protecting group of the
acylating'acid P-X -COON thus remains in place for protection of the am no
group during the subsequent coupling with amne (d) to form(c) . The
carboxy protecting ester group as used in the specification refers to one
of the ester derivatives of the carboxylif acid group commonly enpl oyed to
bl ock or protect the carboxylic acid group while reactions are carried out
on other functional groups on the conpound. Exanples of such carboxylic

acid protecting groups include al kyl9 benzyl, 4-nitrobenzyl,
4- met hoxybenzyl , 3, 4-di met hoxyhenzy %!_if.—%j_ nmet hoxybenzyl ,
, 4, 6-trimet hoxybenzyl) 2,4, 6-tW yII nZyl, pentanet hyl benzyl, 24
, t

2

3, 4- net hyl enedi oxybenzyl, benzhy . 4uft x di met hoxybenzhydryl )

2,2',4,4" -tetranmet ho enzhydryl ., t-butyl, t-a , trityl, _4-nmethoxytrityl,

4,4 -di met hoxytrityl ﬁl’% gr?}ép_t r i et hoxytrityl %Eg'ﬁhén?}/’ﬁr Bp2re ?’°t¥‘

Eri rr;st ?yl §hy¢r9ge§bd?'ldéfl?tfq¢ sto yat tﬂlﬁfidyér%ﬁ? %f-;?l?éﬁ%i?l?@i'DYAnd
err)-(tri Yl asi=(di(n-Butyl) ylsilyl)et ,

p-t ol uenes%%%%/f%‘lf%él ?‘EQ ni??’%éa'%ﬁéﬁ s‘@??%%%f?% h%lﬁ', Q19 v ,m%p?ﬁﬁ%my?fe

1- (tri met Weieryedetdyas - the Ni-netlyl+phemyll ¢1keyngetupsandhe speci es of

car boxy- pr i I i ot.critical_ so _long, as_the

dorivat i 56'8’5%%%%%% Jepra; gél‘g’?%éo’?%“ oA GARGIRAT T n:%lb%%q?l%li‘n?r

r eact i ons)than diydrogeniaryenefdrred twllne e aype andepssinien 6f the
i ) ) . ti ng, 1 - "

Pt bul artupet Nudhe Whlugl X D Ao M G R I Sl R BE L 1o b e

to strong nucl eophilic bases or reductive conditions enploying highly

activated netal catal ysts such ney nickef. (Such harsh renoval
conditions are also to be avoi ¢ed ﬁze.l@ﬁd g am noprotecting groups
di scussed bel ow.) Further exanp f thede groups are found in E. Haslam

"Protective Goups in Organic Chgmstry", nh-@ W MOme, Ed., Plenum Press,
New York, N. Y., 197 g:hep 5 @®and T.W G eene,_, tgctive, G oups |
Organi ¢ Synt esis",33%hn Vé?%y and Sons, hblebkahE%%l? &ﬂélﬁ Eﬁgpﬁgkﬂ5.
The conpo FeorifuI e ferxgd 40 atheinespdeneiyy &9 miterypdmYroyiZiangd t he
HN-Y' - CONR(KBREv st e PHEE, PIeRsm - r i i t t d
X-noi ety. Acg:or%élg%%o o[}g} swf&ldfrrg{dﬁgd%é(éﬁq} f%ﬁ%pg’%\ﬂ ‘an crgfjlg'l e e\?m th
PN- Y - COOY U EEE iR WiF bW Tarekior Phery hany X igroumiand cooH +

ON () aXbreviatun WerH CHB G ke dilodile WiRhe B PHLWHS 20
am no protecti roup such as_ the benzyl oxycarbonyl Z) group,

t - but oxycéﬁﬁihgﬂ%ﬁﬁﬁp"‘, are Jsfaras tehay, tyRe |and pamidiiomins the

am no  2Ssybstisfdnty gii) Whed | 3 T-/IR\GHY )| engt i -dynjeat ment
with mld acid (e.g. trifl uoro?(}eti c acid) ﬁfwsﬁiﬁrgla%%%.dﬂm).
Exanpl es of other suitable am no protecting groups are provided in
""Protective Goups in Oganic g eS1 s, Second Edition, by T. W G eene
and Peter G M Wits, Chapter 7| pag¢ 3094405 (1991), John Wley & Sons,
Inc., publishers. The Boc) or otNQerA BB protecting group)Wis renoved
phi ch i s tATEN 8t with the
desired am no acid acyl group to affordc4 he dipept beROw. P- X
-COOH + ~y ~-CONH- ( CH2 ) r-G ----- p-x -col -G CH ) r-G"
(CO The cyano group,The greurs:t in G, ?s el alamdat ed¥and Pfot ect i, Nngrh@houps
on (C) ar@ " B AR dES drid ¢ RatldPio The apll Mgk 31X o

conmpound is carried qut by first protecting the amno group

acid, if &RFrafyroanisamiinglinecerdosstli.ngFesressdvedmonngd esed f or
t enpor ary rispler@livl yolabbrefiiatedl Mgy arana-giieup are enpl oyed. Exanpl es
of such protecting groups are descri bed above. The coupling reactions
descri bed above are carried out in the cold preferably at a tenperature
bet ween about -20 C and about 15 C. The coupling reactions are carried out
in an inert organic solvent such as dinethylformam de, dinethylacetam de,
tetrahydrof uran, nethylene chloride, chloroform and |ike commobn sol vents
or a mxture of such solvents. Generally, anhydrous conditions are used
when, in the coupling reaction, an active ester of the acylating acid is
used. The internediates (d) and (g) are prepared via standard techni ques of
organic chem stry as sunmarized in the foll ow ng schenes: 26 NH1I P
HZN-K-NH2 a P CH3S-C-NH2 ------ ~ CH3S-C-NHP ----~ H2N- K- NH- C_NHP H2N- K- NH2
-~--~ H2N- K- NHP NH H2N- K- CN H2N- K- G- NH2 NOH H2N-K-CN ---~ H2ZN-K_ I C ~2

m no



WhEre -K-Ris -(CH2)r-G According to the above sequences, protected
guani di nes can be prepared by doubly protecting S-nethylisothiourea. A
preferred bl ocking group is the t-butyloxycarbonyl (Boc) group which can be
i ntroduced by allowing S-nethylisothiourea to react in the presence of

di -t-butyl dicarbonate. Oten an acid salt formof S-nethylisothiourea is
enpl oyed whi ch can be sprung to the free base formin situ by dissolving
the salt in water and treating with aqueous base. The di-t-butyl

di carbonate is then introduced to the rédction in a water niscible solvent,
such as t-butsnol, to give the doubly protected S-nethylisothiourea. The
desired doubly protected guanidine ig then fornmed upon treatnment with the
appropriate diami ne HZN-K-NH2 in_e gactive solvent or conbination of
solvents. Typically water m sci | vent]s such as di net hyl f oOmam de, or
water, or mxtures thereof, are [

can then be coupled as previously degcr
i nternedi ates to the conpounds of NH Fo , For
conmpounds of Fornul arheWgesghs R= - NH2, ot he inter medatg 'S a singl
protected diamne._In nost cases this 27 internedi ate can be pre Bd by,
sinply al | ®wi h¥ ™t AXeFefiennakt bt atefdmes Hermia ms A~ amd 3al ent

of the prQbeth?dtb¥fﬁﬁﬁﬁﬁnoiﬁﬂ&ﬁaﬂﬁﬁﬂyy*sﬁ@%ﬂé@ﬂﬁy@i.,”an?%fg nal amne (R=
-NH2) wil Irbe a%gérﬁt t.Q organi c, cheni sts: “For exanpl e, the am ne may be
obt ai ned f¥OTREOIE HHACTHELAES T Fict i lPi-Rig.c. ds, imdiicatedgbyup or a
cyano grougphe [eradied dsme, aayiious GHioidd fulsient HadkesTRlE ehels@ an am no
group is L$#gg¢?%§§5§gwgls ed on.t.hose substrates where the nitro group is
directly aftached T0 an aromati ¢ FindPVSRORuCONtFTRIZkESy ROy oup. | n such
cases, theinflivishiadnyisapeumrnids combicat ionst kheg@bEespondi ng anil i ne
functionality by any of s nunber of nethods known in the art. One
particularly effective nethod is treatnent of the nitro conpound with

sodi um hydrosulfite in a non-reacti vent, such as ethanol, water, or a
m xture thereof. Wien the nitro ound|is heated at reflux in a

wat er / et hanol m xture in the presenge, of |[sodium hydrosulfite, reduction is
usual ly conplete within several hour cyano group can simlarly be
reduced, when appropriate, in the pr¢sence of s reducing agent such as
l'ithium al um num hydri de) borane in g@=sol vent such et rahydr of uran, or
by netal pronoted sodi um borohydridellreduction. Th anidi“es of this
invention (R= -~ NHBh&L g be prépared froma gitrile cursor. A
nurmber of é'_proced res for acconplishing this transformation are ¥fown in the
art. In p&ieEEtS FO RE BTeldnyAyandgeresifinde2toazbanyxlure of pyridi ne
and tri et relspicndvellgl | anadabe respLEeIverl! RoBEGYPRELANS, JoLhY! aLpdI de,
and finally anmmoni um acetate in nethanol, 17s a preferred and effrcrént
means for making this conversion. Alternatively, heating the nitrile with
hydr oxyl am ne hydrochl ori de and asi c shch as N, N-diisopropyl et hyl am ne
in a hydroxylic sovent such as | owed® by catal ytic hydrogenation
(e. g., hydrogenolysis over pagd adi umjon c QQ& __can al so be used to effect
this transformation. This procgss 244 provi des the hydroxy am di ne (R=
-C-NHZ) as an internediate whic gwwbe~~gol ated if desired. The other
conpounds enpl oyed 398 FOUR st a ing materials i ntepresgntheai s of the

conmpounds satutrltedi byegtlos Bygt&ﬂ|bfk99&“4?§p15t9;t@ESExigpl dote

comer ci al | avaékablg are readi¥% synt hesi zed by’ st andar brocedﬁ?es
comonl y 5HéF0ye Gy SERDERCBEMIFY aFg 3% 15 st the .cathonylkubte t ut ed
prol i nes ORpersbf£idgehehiybond3méy B§Céﬂﬂhéylci§r°r(g}gagré*ééénggg") used
for maki ngythg goggaugdg gyigeinvent% n are all of the cis configuration
the 4-subsPrt dént S7al af rveY PESPRSTES FyFLioietihe 1Prisaghrad es The

i ntroduci AgfinitibnacofoR¥| ang RAtprovide otipotingse OfaFiupNd a-inpre made by

st andard s hpi r -substituted proline derivatives in
whi ch t he&%ggrgﬂgégggtgafﬁéagy%? h‘?ﬁ‘%}%%n o O aﬁ’P‘E‘ﬁé' pot it FtwateGhnent to
a

the prol i RRTPPAYCESA B¥Spempaf eé-8 ratdres f ol Aol tReNSiTg Ftod? tapz N N N

~nl COOH pa~kaflH N t ~ Dbz N N.~~~~ COCEt " ~~~~
COOEt ~~i FGC%%Et Il bRﬁ %Ecogqvﬁgrm 4 M}'zl\éﬁu RIHFD &AM ai ni ng a
met hyl eneS§LB8EEeat L¥AB pOT nt-5f, cAnG Nt tThishalefiodi thieor | i1 Nes

4- hydr oxyproline (both the cis and trans fornms are comercially avail abl e)
is first protected with an am noprotecting group - the Cbz group is

particularly useful in this sequence. The resulting internmediate is then
esterified




T

29 (the nethyl or especially ethyl esters are especially convenient) and
then oxidized to give the correspondi ng ketone. This oxidation us
acconpl i shed under any of a nunber of oxidation conditions such as Jones
oxi dation'or pyridiniumchlorochromate; especially useful for this.
transformation is the use of pyridiniumchlorochromate in a dry,
non-reacti ve solvent such as dichl oronmet hane. Wien allowed to react for
8-16 hours, this reaction is generally conplete when perfornmed at anbient
tenperature. This versatile ketone interdédiate is then allowed to react
Wi th an appropriate Wttig reagent to give the desired olefin. Typically

t he appropry SRSt 44t tdedRRAY ! W |.S.added to a
dry inert s%‘?%/é%%e. g. ,A#ee?&s%éggofurang whi ¢ ont alﬂrﬁgﬁaés%trong base
(e.g., pot aathemylinitandde)abbreyviatieshd Qhsl ' nidsoqieRnesanted tr
approximately three hours at anbient tenperature the desired olefin

i nternedi ate can be iscil ated. In order to obtain good yields of the ol efin)
it is preferred that al0.4-0.6 nolar excess of the Wttig reagent be

enpl oyed rel Me ketofe. The olefin is then reduced to the desired
Rp- substitufed prolli ne by stahldard reduction techniques. Catal ytic
hydrogenati pn is tHe nmost THEFre et hod for acconplishing this

transf ormat RQn i n .t | Abor at ory. Hydrogenation of the olefin in the

presence of a &‘t"gl yst “(e.g.) 5% pal '@ﬂé%ﬁ{‘oﬁérpﬂ)aﬁa @pﬁgteﬁgzﬁglggnt

such as ethanol wi |l be effective at atnospheric pressure. e case of

t hose i nt ertieds seaketyn aye GPrtRIRIALRS Mttduls dgventiens Coz,

hydrogenation al so r efREeast8Li PEOI HEIIAE: SADPUP dbhéte DX O¥h 98] acépF@pund
whi ch can be used for cou,ﬁ_lxl ng to P-X - be appr d by

- COOH., As wil] eci at
those skil &R % hile) ar iThe FateFictedd HadiGnk Haehates i%/éﬁ"f‘ﬁa reparing
conmpounds wheritted hehd¥ 18 op icr aUiacGhashd G tite fdildale ¥ idehddesowgh a
het ero at om.or a%e an aromatic, ring. Thus, in the above schene, R3 will be
al kyl) ar al BAT®: cqptend *% (Kl oal kyl )al kyl) etc. A related nethod
for preparing these | hhead@ilt hdpes dbasteresmees myy téxist adéepending aeome:
30 ~ bz i ~ 0z, NN N ~~~| (I@Et ~M (I%Et ~nl COCEt [/, OR/ ,Ra~ . The
above reac%??c?&%eoé\lsa]a}ﬁnaﬁ SRR tﬁg‘%/w‘i%%dicﬁ ﬂ:}{fescri bed
earlier andresentefinventign epwmliude cuinpouress dortwdhioxh mditet i g r eagent s
cannot be {"dﬁ &u%) r rd N, is RS || At ms{ein Ra is al kyl,
phenyl , an?tﬁe I %,f\l' t eaépaéerlo %néoe{r.\hfai'1 ilﬁdg'r mecl%agjl gssl S a Towed to react
with an appropriate Prgfertedcegmpeundsy pfathe presenhtinventienxcess of

the Gignarfhé Rage Ehdse CBNEYRHSs Ut ad Hmal 'P%ﬂ&g%{aﬂyes (e.g., -80 to
-60 C) in alow freezing inert sosl vent -such aas tetrahydrofuran. After

addition of the reagents, the reaction mxture can be permtted to warmto
room tenperat e, after whi frti me the reaction is usually conplete within
several hourg. Th resultin‘ Iinterrredi ate is dehydrated, for exanple, by
treat nent wi \Q tr dSF’ébt’éliq'i%' acid. The 3,4-dehydro internmediate is then
reduced to th sired cis gnternedi ate using the sane reductive conditions
as described aljove for reduction of the olefin internediate. |Internedi ates
wherein the hetero "L"-group i s' BERFRF AN bt Khetr HiFe@T Y1 &7 M
mol i ne LI ngiscﬁj .&nd Y13 mulgistﬁngu el g @%ﬁﬁ&mmam ddcapanl A COgEmHgsian

t sunobu, nt hesi s ‘wd bz 1 bz ~~~~ ni t n
this reacti®¥® % V’ffr%%st é/’fﬁ% ypytt cﬁ‘f’iﬁ‘rfé‘gaﬁ%'oﬁﬁw VRS R &F with
tri phenyl priiidhamé A nis hydréders dwentswlidnamsidet (elydr & 1w &'Sopthe R!
presence of, Ar-O;:H. The Jn x s cool ed.t.0 approxi mately 0 nd di et hyl
azodi car box:ﬂ‘ﬁ alﬁééf%g?ﬂiﬂe%]. 1% %f%#é ’%'m‘ﬁ’bd t% :'f'sggﬁ?%%%eé} a%/ﬁﬁ ea}qfhe reaction
is worked upré¢bPerredi deAlde, dowsedconpounds vissiieire. R \¥8 | gusnistiree
above depic e i, 0 Ofm £ o p=g=0, and T=Ar,
this sequenéée %%gﬁélé?ﬁyfg#pér.%%arlﬁgg o% F‘Fer c%ré;%ﬁled}'s%ev%'ere p=0 and L is
-O-. Internediates whenei partisudariyvrpanferredt coshénatiencefy to the ring
can be prepgiggh biulhfsti EOMErs A% 4 Ne- S i P URIA P (O8] ate of

other similar Teaving group and then displacing Wth a thiolate ‘anion (see)
e-a., KrapchoE=CH, ak=0) g especizhbmpreiernadsis | wiexe dBsis &nith, et. al.J
Med. Chem ) 43dm;8¥nofenyl988dlp. | Ntermedi ates wherein L is nitrogen and is
attached di rectTy toﬁ?he{’ri ng c%n be prepared by first converting the

hydroxy group to a todyPieéedred: AEPUR| RE| EROFBaGPREOYREEpiANWhifR ONe

di spl aci ng ¥bt 1 276 fleghd hetREIWEs € AnHELE EIIEEES USh FlSok N@tEme®s fOdse and
then alkylated to grow de t.he desired functi oPaI ity (see, e.a., Smth, et

al ., J. Med®TORRRIC QY heReroaEematy@ayIngS 1R conpounds of this invention
containing a cisOhi functionality are prepared by preparing (S)-indoline
carboxylic acid ethyl ester fromthe corresponding acid (see, Vincent, et

. ~ " - o - A A ~




(1992)), and reducing this internedi ate by hydrogenation over 5% Pd/C in
et hanol to give the octahydroindol e-2-carboxylic acid ester, generally

referred to Chi-ester as summari zed below HHH\ N\ N~~~ .. N "~~~ COOH
( "~~~ COCEt "~~~ COCEt --~-~ ~ - The conpounds of this invention
containing a trans-Chi functionality are prepared by the nmethod of Vincent)
et al., 32 Drug Design and Discovery, Vol. 9, pp 11-28 (1992)). This is
sumari zed in the schenme shown bel ow C}@§CH-CN 0 C1 NO H Favorsky
Reaction CNO C1 C1 ~ NOHNOHNDO ='Resolution N ' COCH sever al

steps " ~~.~ N~ COON H H The conpound of this invention containing a

bicyclic system (with or without heteroatom can be prepared by the nethod

of Teetz, et, alm=Detrahedron Lette 5, 4479 (1984). Generally: O PN
al kyl ation O or ?Fdition deprot¢gction¥ring cl osur, ction OR' ORx
where Pis ap\{tewg group an is gpkyl .

E “(CH;)y-R E

(CH2)x-R

CHz)x-R ,

bears a fluoro substituent is one in which no fluoro
- substituent is 0- or ¥y- to D or E when D or E is N.
Another group of preferred compounds of the present
invention includes those cgypgunds of formula I as defined
Il
T~ (CH;).-f;— c-
above where X is Q in which T is cyclohexyl, a
is 1, R' is hydrogen and Q is -NH-A. One particular subgroup
is one in which A is hydrogen. A second particular subgroup
is one in which A is R"SO2-, especially when R" is ethyl. A
third particular subgroup is one in which A is - (CH2) g~COOH;
preferably g is 1. ,
| Particular values of Y for a compound of Formula I
in which X, r and G are defined as above include (L)-prolinyl
(Pro), (S)-cis-octahydro-1H-indole-2~-carbonyl (Ohi) and
N-(2-phenylethyl)glycyl [N(PhCH2CH2)Gly].
For a compound of Formula I in which R is -NH3, it
is preferred that the values of X and Y be selected from
those defined above and the values of r and G be selected

::::: . N,
a) r is 1 and G is in which the

anilino ring may bear one or two fluoro substituents;

=N
— >»— NH,
b) r is 1 and G is \ / :

; and

from

c) r is 1 or 2 and G is NH;
One particularly preferred group of compounds of
Formula I is one in which Y is (L)-prolinyl, r is 1 and G has



33 The internediates for introducing the N-substituted glycine
functionality (Y) used for making the conpounds this invention are nmade by
standard techni ques. For exanple) a hal oacetate ester, such as t-butyl
bronpacet ate, can be converted into the desired substituted upon treatnent
with the appropriate primary am ne: BrCH2COO0-t-butyl + R-NH2 ---~

| ~TRQCHZCOO-t - butyl The t-butyl bronpacetate is allowed to react with the
appropriate amne either neat or preferably in a nonreactive solvent) such
as an alcohol. It is preferred that a ndlr excess of the amine is used to
force the reaction to conpletion. Preferably the reaction m xture al so
contains a non-reactive i ¢h scavenger, such as at |east a nolar equival ent
of triethylamne.. Wil ¢ The\reactants are-usually combi ned cooled (e. g.,
0 O; the reaction i ual%llowed to warmto roomtenperature after
whi ch the reaction is uswall I Le within 24 hours. Although the

br onpacet atRe i'@W®f erred, ot her a)s‘oacétrht"é'bicrbmrhspﬁ Ricndthiis Ghd

chl or oacetiat £5,0 GHd e BMdrdEithd Oraridlivh {dangd P i@t eredditeda sy er groups
can siml Z“ééﬁ’gle ggl oyed. The t-butyl ester is preferred because it can
| at er b ved | ater upon treatnent with anisole and

trifluoroacetic acid. A second nethod for preparing these internediates is
sumari zed by the foll oM ng schene: R-CHO + H2NCHyCOOEt - - ~ R- CH=NCH2 COCEt
--r R- CH2- NHCH2 COCEt whq'&e Ro- @H2- is an Rg-group having an unsubstituted
met hyl ene group adj ac 0 theql point of attacimer\ to tNH gl yci nezgoiety.
In the above reactiof schanemiCre—adidiHi ate{/al deMee={s ni xed with

gl ycine ester in a nop-reagtive solvent, such \as_ny r ethanol. If a
salt formof the glyci ter is used, a nolar equival ent of a base, such
as pot assi um hydroxi de, can be added to all ow generation of the 34 free
base of the am noester. The reaction of the al dehyde and gl yci ne ester
forned t hevhextesimetthien tieerfiem ifdi rien yei nghi ich wasuldtatuied attieed, ibesft tahe UpoN

treatment Ayt ' ch di cyanoborohydri de.. Formati on
of the Schi f%ﬁs%lﬁ%u% tr}é'l ueg#lsy I%}se?o%ﬁf}?ya##&fr £q etglfct P
gener al | y xastisiadt aarngd Yerhas)-ary lofurthe Teduest dfiotedtabdvessters are
particul arly useful renpoved kegd) n
reatmont w th 11 thi o toaro Gecrret Palle "EDE LORERAS FEIrdpR 2
appropri ati® & AR i wirchofthe denzamiineH ings uls sriswbistd tortesbr at i on of
i nt er medi at es wherei e gl ygl Lhe is
ﬁxéil?efeﬁmif&ﬂﬂffaﬁr%?%f &Pox})ﬁ'npoﬂ g&hﬁﬁum

substitute Al ternatively, ‘and especi Yy for those c ounds erern Rg
is Ar (i.ft BamRod@ Lids ang ddhiwhich K 1isyrGuppralined prefig rlednd G
prepare the internmedi ate P-X - CONHAr by standard techniques (e.g., reacting
an activated formof PX -COOMw th ArNH2) and then reacting this
internediate with an al k al o e as descri bed above to give

P- X' - CONHAr CH2- COO- al k whi cagffthen be further transforned in the usual
way. Nhnyﬁgst e ﬂ; al_conmp of this igveﬁt%on or internediates thereto
can be intercomrertedy standard techhPqliBsSRHSr 28xSmpfachabyiscEhpstfds
whi ch ar e Rsullss tantiiiomb widrd whirah omy e regireadnted @y, Formula @iesence of
sodi um hydrosul fite in a non-reactive solvent, such as ethanol, water, or a
m xture thereof). Wign the nitro conpound is heated at reflux in a

wat er/ et hanol m xturd in the presence of sodi um hydrosul fite, reduction is
usual ly conplete w sevgral hours. The L& i fHhe may be present
in the final prodgCt; iN.&fe-amd Ngy-ics i Yhtermedi afye, it may be
desirable to convegrt it fto its final desin m (e-w., acylation to
provi de the acyl atkd anfne) or protected t§ avdfd si deNHeacti ons during the
subsequent chem stry. If the free amine is the desired conpound, the Cbhz
protecting group is particularly useful in this regard. O her

transfor I [Jur Vier.Si 0 | S s i1l be apparent to

skill ed %ﬂa%%’g%%’[s% P L e vqf"ﬁq‘f%sgaaezf&%ga ga’%-y those skilled in
this art, the above Arpaaddbtionadbrpreteryed mréup nell compiwends aofi ng
material s Fggﬁgg . i it c@an ne qac i.shed di- or
tri-peptide Int 5%3‘%&%{5 clguntraglﬁrﬁrﬁgﬁt %e @2@1‘}2513’ c]I'i \c}g unlc[%‘%dng? }tﬁsoup.
In the latter cases, the need, or lack thereof, to protect the various
groups may be negated; accordingly, the order and type of chem stry
involved will dictate the need and type of protecting groups as well as the
sequence for acconplishing the synthesis. As will also be appreciated by
skilled artisans) one nmay choose other protecting groups so |long as they
serve the purpose of protecting the functional group during subsequent

chem stry but can al so be renoved under appropriate conditions and in an
appropriate order to allow for subsequent transformations. For exanple, in

~ 1 . - . I ) . “Alz - - '




(P)X-Y-NH(CHZ)r-EP) Il wherein (P)X represents a radical X which may bear
one or' nore protecting groups P independently selected froman am no
protecting group P for a conpound of Fornmula | in which X 36 includes a
basi ¢ NH noi ety and a carboxy protecting group P for a conpound of Fornul a
I in which X includes a carboxy residue and Q P) represents a radical G
whi ch may bear one or nore independently selected am no protecting groups
P, or b) for a conmpound of Formula I in ﬁ(ﬂich Ris NHN'C ~2, by

hydr ogenol ysis of a correspondi ng corrpo& d of NOH a Fornmula | in which Ris
'C ~2; and whereafter, when a salt of the conpound of Fornmula I is
required, formng the sa Ath a pharnmaceutically acceptable acid. It may
be preferred to condyct /process bc i)ny taneously with process a). For a '
conpound of Fornula | i \whigh an aci'8 protecting group is the t-butyl

ester and/gHe amlay@ NO pro¥=e@ i Ng groups i §ut: I arbony t he.
may. . be remved b trea’?ﬁeﬁ'gg\tfmxt ﬁxégs r%ﬁgkgtﬁ g 1§u8h as

protectin %g%? .

trifluorodt® it 1 i8PiGine h aacowbishomayehec REDredent edafiornEormadayZat ,
such as di oxane or dichloronethane, in the presence of anisole. For a
conpound of Forrmula X in which an acid protecting group is the benzyl ester
and/or an am no protgcting group i s benzyl oxycarbonyl, the protecting
groups) may be re e\ by hydrogenol ysi s, nientigg carri ed.,[cout in

et hanol i ¢ hydrog chl o) ieeC-eve NHxr Qihl on catal yst. The
preferred nmethod \or pyrifying the conpouRds al, while at the
sane tine prepari esired stable salt ¥or® is that described in U.S.
Pat ent 5, 250.660. According to the nethod, stable sulfates or

hydrochl ori des are provided by preparative purification over C18

rever sedpwaeredhr Bnaneganphpfi thehvaluésed@fieed SasewR ORsE t p COIM | ﬁ_‘es

sul furic g d or hydrochloric acid at pH 2.5 and acetonitrile I's the

organi ¢ conponent. The pH of the acidic eluant is adjusted to between about
pH 4 and about 6 wi fhpPxefexred wathengerrksikeri a8 Ebmpbudaoxy! tbemmiac. 0

Bi 0- Rad AG 1X8. After adjustment of the pH, the solution of tripeptide

sul fate or hydrochloride salt is lyophilized to provide the 37 pure salt
in dry powder form In an exanpl e.| offf t he process,. crude

D- Phe- Pr o- p- NHCH2C6HA C( NHrNii2Hs 1 fcateccan be di ssolved in water and the
solution is loaded on Vydac O 8 RA*HPLC 5 ¢cm X 50 cm col urm. A gradi ent of
2-10% B (#a7 Pp04$01RSP4;, B = acet@nitrile re 10, hours is used., Multiple
fractions arR,g col | eci ed and those cont als'#li&ﬁﬁgéfo%ucfs g}él’%’é?%?% ey

anal yti cat’ RP HPLEYSI@hewsl coF BhenyH asid thel ok f r akdtreons i s adj ust ed
to pH 4. Opartidulaily AG IX8hy@sdden N B r | Q5 0Q Regatta
Bl vd. , Ri8 gond CA 48£4). fl' e {%I ution flgsq#%!{t}éir ergcf( ?ﬁ%ﬁ%ﬁ%&ate i's

| yophi | i zea- tBEPrHHIRF thPTRIeFTed (valpeyfioke ¥ g e dasboxyimethy 1sD-f at e

salt. Thecyplohetylaratyye IR@Eer Qird iU YaaRPTRES 2l o he radical X
are al so lg_oggi.gl en@?#__ I‘F%"Q"IH |]ina\§_g,t| on. Such optically active isoners
el

may be prepare 0 ptically active precursors by the
procedures descri beSpebdfec compyunds ods i FerrhEn A hdM i vlrfSionl N S

resol uti ofy£age [ rivatizati w th a chiral reagent
fol | oned by chréc))%a%ér aﬁgy% %&"&glﬁesa't e_& &h &S, SPeSA eSReWBHER of t he

chiral alPRY ke iRl aMethds @ Ridmwsartioadd ys aeteptabllel ¥aopt bgal | y pure
| SOMEr s Ofolet & OMRBH KL ﬁlé&"edo_rﬁ%%{“tﬂo@ée'&tii % or .t hei ?%ga@gurso S.

Further defails regarding resol Utions can be 6Bracked Bf €s dpal .,
Enanti omet® Raterftf eSS @ Re Al utd%n SdohB2W 56y 55066, 881 69Thgogonpounds

I dms, iTtigd, 6t | @os i ' f th ds of
T s T mvent | o ar e hel T logas e paithe EoFe PEEIBtRa bpbates Ry 1" ©
avai | abl €€ asreg‘er"é'ﬁﬁmle%f% SorpPupss dissdrsegdr bycBunmplesnisni gsenpl oyed
by those 48, ®@Xi reF,y WK |71 iahd Iy .ar bneT%sftoFgg\fjeggegxggg%g;sa%%ﬁgaovj ded
€ c

to further describe the invelntion and to provide exanpl i son
and are nROR ¢ We BERRSUGELLYs SUPSFRLE| BROPeRsiest isTEsampbeedBat i ons used

inthis ?‘pméﬁdmatj{mw#efgmeaoblbewilag EEaEBcE%ELleAlﬁBUﬁ acid LeSi dueis: I.Arg
= argin u = : = cyl, Pro = prolyl, hPro = honopro

Azt ° 3% ) azet i dign’gé- gﬁ’gi:’%ﬁlbocfh%ﬁ 2 ge'>:/ %ﬁﬁv@'&éﬂn?/ ingd udesheny| aFany%/,)
hPhe = h@hEImAGEULiaBlly BcTegtablessdldnebrabe ebaPBuhae! BEiheEBHONY!
3-Tiq = ke %bzg-\;eetrr%q_go&s:oqw ﬁg&@@gﬁi-car bongl, a=_ . ]

~-cycl ohexyl al anyl ) a = a- anm ho- Y- CYEPOnERTPBURGr 9F, this invention

N- et hy| iIGfFoROES@FS, oalei or piozeosnifijdiennlyl basoyl fuickidngl

per hydr o-i soqui nol i ne- 1-carbonyl, 3-Piq = perhydroi soqui nol i negg?‘élg?bonyl )
Met = nmethionyl. Met(02) - S, Sdioxonethionyl. Agm = agmati ne




Boc = t-butyl oxycarbonyl Bn = benzyl Cbz = benzyl oxycarbonyl DCC
di cycl ohexyl carbodi i m de DVF = di net hyl formam de Et = et hyl DMSO
di met hyl sul f oxi de Et OAc = ethyl acetate Et20 = diethyl ether EtOH = et hanol
Fnoc ‘= 9-fl uor enyl net hoxycar bonyl FAB-MS = fast atom bonbardnent mass
spectrum FD-M5 = field desorption nmass spectrumI|S-M5 = ion spray nass
spectrum HRVS = hi gh resol ution mass spectrum HOBT = 1-hydroxybenzotri azol e
hydrate IR = infrared spectrum RPHPLC = Esversed Phase Hi gh Perfornace

Li qui d Chronmat ography Ph = phenyl TFA = i fl uoroacetic acid THF =
tetrahydrofuran TLC = thin | ayer chromatography The foll ow ng paraneters

for RPHPLC Ay @cedRidanedy %h&enuleh Qn?%faquﬁ%eQV%O‘i%%hﬁléChﬁd( 1.5

mL concentrated dero hloric aC| in 3 wat er Sol vent B: acetonitri
G adi ent : IR EBF AT e&fn E%QnﬁlBhaH@PHSHticalIXQaGEFEﬁﬁblvyS&étCI8 -

2.5 cm X Zidims Eloamhayeemﬁwyém got EorMehbed deQQE.BKnsaYigaﬁr@' 8 - 5cm
X 25 cm Fl.ow rate V¥‘d a8 - (émx 50

cm Fl ow répgrgfﬁlﬁLFﬁfﬁétéucﬁnﬁgsggéfﬁgpiFEécsP&Pgd SHFGQPﬁeﬁFé and
wor k up aréumkbhodqceausdacsdlénrhesacidluphosphokﬁcthelaxaaﬁﬁetheWhere

LNV | Sliou ahlie cpdde o2t H' dadnbio! e, (EAEhERN WaRENAT acter | zed by

pr ot on NNR to confrrm I ca Was o R without the
dat a S|n1Ia&m@amﬁépéépéscaagaﬁbsbaaﬂepyacmﬂuanebrgpephenyiaaifohualned

P ras a3 d 0 caonbnil bReaCXBGLARES SL;80TROUPYR [RTaWMbeRABic |

sati sfactory el'enen anal'ysi's” was™ no
descri bed pﬁeéedGcetlpheceﬂenendatheohpbeltlsnamPIEHeoﬁbsached ion (e.g.

W) TS | nghgahgdeut 18018 SA2bebt b1 ECkabe l Bhik2aPettne sultate,

pyrosul%ate, bisulfate, sulfite, bisulfite, phosphate,
monohydrogenphosphate, dihydrogenphosphate, metaphosphate,
pyrophosphate, chloride, bromide, iodide, acetate,
propionate, decanoate, caprylate, acrylate, formate,
isobutyrate, caproate, heptanoate, propiolate, oxalate,
malonate, succinate, suberate, sebacate, fumarate, maleate,
butyne-1,4-diocate, hexyne-1,6-diocate, benzoate,
chlorobenzoate, methylbenzoate, dinitrobenzoate,
hydroxybenzoate, methoxybenzoate, phthalate, sulfonate,
xylenesulfonate, phenylacetate, phenylpropionate,
phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate,
glycollate, tartrate, methanesulfonate, propanesulfonate,
napthalene-l-sulfonate, naphthalene-2-sulfonate, mandelate,
and the like. Preferred pharmaceutically acceptable acid
addition salts are those formed with mineral acids such as

hydrochloric acid, hydrobromic acid and sulfuric acid.

The compounds of the present invention are known to
form hydrates and solvates with appropriate solvents.
Preferred solvents for the preparation of solvate forms
include water, alcohols, tetrahydrofuran, DMF, and DMSO.
Preferred alcohols are methanol and ethanol. Other
appropriate solvents may be selected based on the size of the
solvent molecule. Small solvent molecules are preferred to
facilitate the corresponding solvate formation. The solvate
or hydrate is typically formed in the course of
recrystallization or in the course of salt formation. .One
useful reference concerning solvates is Sykes, Peter, A



A) Preparation of Boc-D Phe-Pro-OBn. To a solution of Boc-D-Phe-OH (89.1 g,
336 mmol ), ProOHn hydrochloride (8.2 g, 336 mmol ), HOBT (50 g, 370 mmmol)
and N, N-diisopropylethylanmne (176 nL, 1,008 nmol) at 0 Cin

di chl oronmet hane (600 nlL) was added _

1- (3di met hyl am nopropyl ) - 3- et hyl car bodi i m de hydrochl oride (71 g, 370
nmml ). After stirring for 18 hours, the mxture was diluted with diethyl
ether (1 L) and washed sequentially three times with 1 Ncitric acid (250
m.)) once Wth water (250 nL), three ti mes4wi th sat urat ed aqueous sodi um
bi carbonate (250 nL) and once with saturated aqueous sodi um chl oride (250

m.). The orgf@j%%mﬁ? geé@ﬁ%%yuggqs l%,S%)ganfiicl tﬁ@ﬁ&s%@d%;m%f@at raiogd,i n

vacuo to yie [ a pale_yeéllow foam y e 452 (M+) 1H
NMR B) PrepardehmWigieyDspiians o Negh ¥oxK) Fo Assuisedi hgredhut the serm

Boc- D- Phe- Pr or (B85 GinchUuBdEPhdrialt elifeia!, OBRICRARE medohviraite@ @ndnas
added ani sole_(20.m) followed by trifluoroacetic acid (400 nL). After
stirring for Fihydrateshe sol vents were evaporated in vacuo and the thick

oi ly residue was di ssolygé ¢omsburidy loftfermulalll (akéd preprited &y ilgwwt ed
(72 hours). The white precipnijate was filtered, mashed with diethyl . ether
(300 ni) and PRERRPS P& RARFASS FOFRIBEN oA CHRREa Hokde P o1 AUGHRTER HOS
Preparati on ofhétd£fia P-Rre-daos, ORher®o -X 's{0 (00 i-nd sseXut,i iasofthe same

D- Phe- Pro- OBnTFA (12 . Liethyl am ne .(7 2 mmol) in
di chl or onet ha'ﬁ%m?% %.)dzea%&{e%@&m%gqg%‘&@d&ét ﬁg‘n@egull%oﬁ%a&i ori de (2.65
nm.) 28.3 molprekreqvirge grouran ifdadiecessarynndls. chupledastiitdn aveagbloxyas

warnmed to O ¢ [t d (=" : S a d

or gani ¢ phas %ﬁe%% gd%‘h‘fﬂedg}ﬁ %Eogqv%rr?ht\fﬁN%f%géﬁ%r(lw?'aci %( f&ﬁ%’?
once Wi th a seretestins eften arown ¢f $deul meieteo isl thend removedhe

sol vent was refmvrchidl VAL He-eHte AU M6 the iffled AR of lF33th of the

chromat ogr aphy, over, silica gel, eluting with ethyl acetate/hexanes (6:4).
The product erHidr) Hlads Grundied a8t I Brokecsesorsrsedtadd) - e
concentrat ed dows Weedothidr) deftféncd id ¥allh@wraitle Rneolfiodnowatig 1H NWR
FD-M5, me 445@/11& i&nal ysis for C23H28N205S: Calc: C, 62.14; H, 6.35;

N, 6. 30; Found>cR#em&1ll7- "1 6.37; N 6.18. D) Preparation of

Et S02- D- Phe-Pro-OH. To a stirring solution of EtS02-D-Phe 10.1 nmol) in

p- di oxane (150 nL) was added |ithium hydroxi de nonohydiGate (2.1 g, 50.5 (75
m.). After stirring for 16 _hours, the_solution was rediiced by half in
vecuo, and dil Hr&d GCOH RatBr¥( BSBOﬁE}karmN Ra®r-CPNoYOBROPA2a3kg, a
solution of Mol ) in water volunme of the the solution was (égo m.). The

42 aqueous phase was then washed twice with diethyl ether (250 ni),
acidified with solid citric acid, and then extracted three tines with ethyl
acetate (150 nmL). The conbined ethyl gacetate extracts were washed with
saturated aqueous sodiumchloride (209 m.), dried (MgS04), filtered and
concentrated #®)gi vﬁ%ﬁ&@% PQE(.wgi_heYSQE gy FD-M5, nmfe 355 (M)

Anal ysis for CL6H22N205S Calc: C, 54.22; H, g 136; N, 7.90; Found: C,
54.40; H, 6.42; N, 7.85. E) Preparation ofbN, N -di-Boc-S-net hyli sot hi our ea.
To a stirring solution of di-t-butyl Bicarbonate (100 g, 458 mol) in
t-butanol (300 nL) was added a solution of bis-S gethylisothiourea sulfate
(32.?2 g) 117 RAebl ¥ HaNwé€Bz):(-650.0i) fallowed bylla sol ution of sodi um
hydroxide (19.2 g, 480 1) in water (150 nByX'AC+NrYS+CONHAGCHOY,~E3
hours, the m xture Was concentrated to approxi rrp#,ely onethird of the
original volunme in vacuo and diluted with diethyl ethex-¥&8009- 0dH,) Fioe

organi ¢ phase was washed, once w th vvatec;]%(xéqSO mﬂz three tipes with 1 N
citric acid (‘Zﬁ%’?&_‘)‘ %nd"%négeraiﬁi‘% R t &Rt o3¢ mON TH&or gani ¢ phase

was then dri ed| MyS04), filtgred and concentrated in vacuo to give 42 g
(62% of a whille solid. _ |
-C-NHP , or -NH-C-NHP i aach P represents an amino protecting

group, if necessary, P' is H or P, alk is lower alkyl or some
similar carboxylic acid protecting group, and -Y'- is the
same as Y with the amino and carboxy functionalities visible,
i.e., =¥~ is the same as ~-N-Y'~-C(O)-.

If present, the cyano group in G' is elaborated to
a value of R; and the protecting groups in (¢c) are then



1H NVR F) Preparation of Ng, Ng'-di-Boc-agmatine. To a stirring solution of
1, 4-butanediamne (23 g, 258 mmol) in 2:1 dinethylformam de:water (300 nlL)
was added a solution of N, N -di-Hoc-S-nethylisothiourea (15 g, 52 nmmol) in
di met hyl f or mani de (100 nlL) via an addition funnel. After stirring for 2
hours) the solvents were renoved in vacuo and the residue was dissolved in
1 Ncitric acid (250 nl), 43 diluted with water (250 nmL) and washed with
ethyl acetate (250 nmL). The ethyl acetate pagse was back extracted with 1 N
citric acid (100 nmL) and. the conbi ned aqueous phases were basified with
sodi um car bonate, saturated with solid sodiumchloride, and extracted tw ce
with ethyl acetextoyedby ptbceaheesokhbwadtethhbsecskau&edxuhath& \a2ite such

hed ith gat I i) .. d S04) ,
filtered and caniyarPqeaRtdss obas 4"hetal’ cdfadsdd Il prtiyfl, Nk o
Preparation oﬁOEPS@BdB-PﬁeFPrmuAgnﬂBoc)2 To a stirring solution of

0% e o 0 (7' SR RS A LRl i Dt e

N, Ndi i sopr opy! §nﬂﬁece;reeé)oyz hwbﬁyrstopremeetbyg the amino group of

1- (3di et hyl afnheoRMIBY heaget Byl bod cRl9hibd 7
nmol ). After stirring foFg 0 Eguﬁg& thgbggdﬁﬁgéﬁaaas ghb ?e&%ﬁ?f%ng %roups

acetate (300 HET“QHGYWH§ﬁédfPHrEGmPPﬁE§YMPFﬁtECN19PtPFch@FBlPQSOanPe once

wi th water (1fhitte) greag hwgcempubpeaaturated aqueous sodi um bi car bonat e.
The organi c phase was t dri.,ed S04),, filtered and concentrated in
vacuo. The residue was ARG Group, xgdierse t@ iswpshitinents ep

gradi ent of ebifyithacamihe: beb&pe&ohﬁoﬁly bhbmugédetbyblaeata&eprzhecereﬁect
cont ai ni ng fr?&é ng &b sed Tb&% @fre conbi ned oncentrated to give
2.4 g (60% o ng FupeERpnaliex i envBe2fFange8t ﬁ/FH uncgiopglpgEEYPEL PBn
of Et S02- D- Ph&her corpgoti6d. AEgampl esgofuspehsamiinééprotecting groups
Et S02- D- Phe- Py @ iLn.anisole (1 Ived
in trlfluoroacetlcgtaesfo'gL 58*%%} S’éuérrgﬁﬁdtfbt¥ 9r?BP 1tﬁ§upw§§ag
t enper at ur e. WFQUEQIﬁbﬁttwashﬂnﬁnaconvﬁedronpvathe chillorbaceeyldue was
partitioned b r 0 ous
phase was mas%ggﬁgggﬁﬁ&gn?ﬁadggghlfgggﬁ P?%ﬁég ?P ELS% g¥%§rPE8F% Hg
concentrat ed SR@UP§oFHFhi asdbepzy; exmcarhogybf trbdtoxycarbonpacet ate salt.
Half of this ga L RPHPLC
pBeh hb\éﬁileﬁ?cQ’rﬁéﬁ&% %),@ gg&%eﬁ?glgﬁ,&&ﬁgn?;g

(method 1; 98/2 ranp_to 50/ 5 Irve
SR L%;Eéi‘g@féf*"’?&”’%%m“”‘? 1611 St oG en i Foun: C
- or fiz axbonyl, /3 oun '

6.0L 1 6. 8. M oI byl Sabhon ) S5 aD R oL e
4-bromobenzyloxycarbonyl, 3-bromobenzyloxycarbonyl,
4-nitrobenzyloxycarbonyl, 4-cyanobenzyloxycarbonyl,
2-(4-xenyl) isopropoxycarbonyl, 1,l1-diphenyleth-1-
yloxycarbonyl, 1,l-diphenylprop-1l-yloxycarbonyl,
2-phenylprop-2-yloxycarbonyl, 2-(p-toluyl)prop-2-
Yloxycarbonyl, cyclopentanyloxycarbonyl,
l-methylcyclopentanyloxycarbonyl, cyclohexanyloxycarbonyl,
l-methylcyclohexanyloxycarbonyl,
2-methylcyclohexanyloxycarbonyl,
2-(4-toluylsulfonyl)ethoxycarbonyl,
2- (methylsulfonyl)ethoxycarbonyl,
2- (triphenylphosphino)ethoxycarbonyl,
9-fluoroenylmethoxycarbonyl (“FMOC*),
2- (trimethylsilyl)ethoxycarbonyl, allyloxycarbonyl,
‘1-(trimethylsilylmethyl)prop~1l-enyloxycarbonyl,
5-benzisoxalylmethoxycarbonyl, 4-acetoxybenzyloxycarbonyl, .’
2,2,2-trichloroethoxycarbonyl, 2-ethynyl-2-propoxycarbonyl,



U ~f 0 EtS02-D- Cha-Pro-Agm HCL A) Preparation of Boc-D-Cha-Pro-OBn. By a
met hod substantially equivalent to that described in Exanple 1-A, .
Boc- D- Cha- Pro-OBn was prepared from Boc-DCha-OH and Pro-OBnHC1 in 91%yield
(109'g). = 45 FD-M5, me 458 (Mr) B) Preparation of D-Cha-Prp-OBnTFA. By a
nmet hod substantially equivalent to that described in Exanple 1-B,

D- Cha- Pro- OBnTFA was prepared (| 16% of theoretical yield, 130 g). 1H NWR
FD-MS, nmle 359 (M) C) Preparation of EtS02-D-Cha-Pro-OBn. Hy a nethod
substantial ly equivalent to that describ® in Exanple 1-C)

Et SO2- D- Cha- Pro- OBn was prepared (20%yi eld, 2.3 g). 1H NWVR FD-M5, nfe 450

ve 22 7B R R - fleslioRy Mo ltagin L 161

substant|aPF9b8ﬁB¥%8¥¥ﬁPr enYhat1tE%E§#kﬁ¥ﬂ¢¥V@§xb@m¥ﬂ]Amﬁ the llke,

Ch /o 9 361
EE/}?)Z ;}Pr Ztgrég??gl{?:gfmgfﬁggéﬁgf&gﬁ%r%*%ﬁi B%(‘:G)Zgz gué%”% &%%éﬁ rally

equi val ent F8 Pha ﬁegiPPﬁEﬁ£$?P¥§E&RﬁePH%Qﬁ QRRPEHJQHQWGh%fllke amino-
Et S02- D- ChprBtectyng Bgeodps . 46The species of amino-protecting group

employed is not critical so long as the derivatized amino
group is stable to the condition of subsequent reaction(s) on

other positions of the molecule and can be removed at the
appropriate point without disrupting the remainder of the
molecule. Preferred amino-protecting groups are the
benzyloxycarbonyl, allyloxycarbonyl, t-butoxycarbonyl, and
trityl groups. Similar amino-protecting groups used in the
cephalosporin, penicillin and peptide art are also embraced
by the above terms. Further examples of groups referred to
by the above terms are described by J. W. Barton, "Protective
Groups in Organic Chemistry", J. G. W. McOmie, Ed., Plenum
Press, New York, N.Y., 1973, Chapter 2, and T. W. Greene,
"Protective Groups in Organic Synthesis", John Wiley and
Sons, New York, N.Y., 1981, Chapter 7. The related term
"Protected amino" defines an amino group substituted with an
amino-protecting group discussed above.

In carrying out the coupling reaction, an ester
protecting group for HN-Y'-COOH is employed which is
removable by conditions under which the amino protecting
group remains intact. The amino protecting group of the
acylating acid P-X'-COOH thus remains in place for protection
of the amino group during the subsedquent coupling with amine
(d) to form (c).

The carboxy protecting ester group as used in the
specification refers to one of the ester derivatives of the
carboxylic acid group commonly employed to block or protect
the carboxylic acid group while reactions are carried out on
other functional groups on the compound. Examples of such
carboxylic acid protecting groups include C1-C4 alkyl, benzyl,
4-nitrobenzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl,
2,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl,
2,4,6-trimethylbenzyl, pentamethylbenzyl,



were prepared from Et SO2- D- Cha- Pro- OH and Ng- Ng' - di - BocAgm 1H NVR FD- M5,
me 674 (M#) Preparation of EtS02-D Cha-Pro-AgnHCL. By a net hod
substantially equivalent to that described in Exanple 1-H,

Et SO02- D- Cha- Pro- AgnHC1 was prepared (45%yield, 100 ng). The product was
purified by RPHPLC (nethod 1, 98/2 (A/B), ranp to 50/50 (A/B)) 60 m nutes).
1H NVR FD-M5) mle 473 (M) Anal ysis for C21H4ApN604Sl. 2HC1H20: Cal c: " C,
47.20; H, 8.15; N, 15.73; d) 7.96; Found: C, 47.47; H 7.84; N, 16.10; d,
7.8D. EtOCON-H O HCI N N N H2 O Et OCO- D- PlR4- Pr o- AgnHC1 A) Preparati on of
Et OCO- D- Phe- Pr o- CH. By met hods substantially equivalent to those described

I n Exanpl es 1 chI e in place of

et hanesul fony:‘lr A chl ori dle ﬁg&gg} E é kgngl-%g ‘PhePr o- OH were prepared.
47 1H NMWR FDW Higmetdo WE;nzgw&ky@.szr@r @l A eanethoxy®erghydizry 1H,
Found: C._ 60.udya 6. ShmY), Gxiy16 Endindiods & Preparation of

Et OCO- D- Phe- Pr o- AgnH By. a net ho ‘'subst ant Ui val ent to that
described i n 4a&riimethgXyLri tyl,5 4o ‘ofé "Bt YAg(BRhenyimnep-

prepared fromp-EQCeAInA A3 3¢ an.bNg; m@t gilg@l T%@&g@eﬁ met hod
bstanti al | t to th 779 f
R W e =Sl . ©

(method 1, oA d(:A(/rB)butndﬁp\etthya@hanth)/,l 6@-md1mbulf:dm>;fgpﬂ|\jgcm e
447 (M) Anal4y :.scro%enzy su %%%tl%t%Hgloa ';Alﬁzcc):lnnamyl
1-(trimethylsilylmethyl)-prop-l-en-3-yl, and like moieties.
The species of carboxy-protecting group employed is not
critical so long as the derivatized carboxylic acid is stable
to the conditions of subseguent reaction(s) on other
positions of the molecule and can be removed at the
appropriate point without disrupting the remainder of the
molecule. In particular, it is important not to subject the
carboxy-protected molecule to strong nucleophilic bases or
reductive conditions employing highly activated metal
catalysts such as Raney nickel. (Such harsh removal
conditions are also to be avoided when removing amino-
protecting groups discussed below.) Further examples of
these groups are found in E. Haslam, "Protective Groups in
Organic Chemistry*, J.G.W. McOmie, Ed., Plenum Press, New
York, N.Y., 1973, Chapter 5, and T.W. Greene, "Protective
Groups in Organic Synthesis", John Wiley and Sons, New York,
N.Y., 1981, Chapter 5.

The compounds of Formula I can also be prepared by
first synthesizing the HN-Y'-CONH(CH;),-G' amide precursor and
then reacting with a protected X-moiety. According to one
such method, (d) is prepared and coupled with PN-Y'-COOH (g)
as shown below to afford the amide (h).

PN-Y'~-COOH + HoN-(CH;),-G' ——> PN-Y'~CONH- (CH;) ,~G"
(g) : (d) (h)

where P represents an amino protecting group such as the
benzyloxycarbonyl (Cbz) group, t-butoxycarbonyl (Boc),
p-toluenesulfonyl, and the like. Preferably the amino



Calc: C 51.70; H, 7.22; N, 16.15; Cl) 6.13; Found: C, 51.73; H, 7.20; N,
16.54; C1, 6.36. Ol ~~-NHOt NHII HO N...~~NNNH. ~~~if HO

NM - D- Phe- Pro- AgnHCL (N-[ ( 1- met hyl - 1Hi ndol - 2-yl ) car bonyl ] - D- phenyl al anyl -

[ 4- ((ani noi mi nonet hyl ) am no] butyl ]-L-prolinan de nonohydrochl ori de) 48 A)
Preparation of NM-D-Phe-Pro-OH To a sol ution of

N- et hyl i ndol e- 2-carboxylic acid (2.6 g, 14.9 mmol) in dry tetrahydrofuran
(45 nmL) was added pentafl uorophenol (3 g,516[5 mol ), followed by

1- (3di met hyl am nopropyl ) - 3-et hyl carbodii m™de (3.2 g, 16.5 nunol). The

m xture was allowed to stir at reflux for 3.5 hours and then cooled to room
t enper at ur EPTTELEHING rgHQUN M1s6ES iaddmhcarmlejuiyom;yﬁfroaeBlaQ1B&p-o@nTFA (7 9)

14.9 I 4 .%3,.30 t.et r ahydr of

(25 ). Areoenadhtwiapant S TR S ihgieontes e prits ede
removed i n SR AREG h@ 1Ges iHfld -\waExdmpielsved iotherhghizadlet amine0 ),

t hen masrnubﬁ&uégtﬂﬂ dgﬁg1dgelpyo@qaggp§8§ #qugggukig g?50 m.) and

three times with 1 N aguequs pot assi Um car O¥RE dPgani c
phase was (RERPINSYTHPLsS1E"| | SesgndafditdonenbyaledWi.nGreene madgPetes. 5 g

of anor phow. 3ahw$d§3|@5gbggg of bh@edggqug Kggggﬁblsggaagrggte Wi th

pentafluor henol Thi s_crude product was t t hod
subst anti al cV‘eq Al e PUDLE SPEZE - e THei Bes. |anQahpresmaEnbmey|eld 3.8 g

(629 of amrm‘ﬁedﬂiﬁgegﬁ'@hpd 1$HrBiWBvER- V§om”‘;ﬁe4&1%1£8(*)1 ?gggpﬁga{,hgn of

NM - D- Phe- hod su stantlally equrva

descri bed |n g%%%ﬁé 1&% éﬁgﬁhﬁn(ﬁﬁvgaﬁF dN\with- Hhe- fesirgd( Boine acid
prepar ed.  Hexd) grpup wet Bddosdbshan8ipepyiaguiNaiiNbei&yt hat described in
Exanple 1-H 144 ng (31% of NM - DPhe- Pro AgmHC1 wer e prepared The crude

roduct wap- qd Ia t crd apd. purified RPHPLC ( et hod
E 9D/ 10 (A/ B) @gﬁ tgﬂ /egb@i/ %?ﬁ ‘U’Fe 7¥ plFPr\NRYmX—W Msz)(aﬁ'

(M- 49 Analysis for C2gH37N7030. 9HCL0. 6TFAO. 5H20: Cal clcf, 56.46; H)
6.29: N, 15.27: Cl, 4.97; Found: C, 56.77; H 6.58; N, 15.35: Cl) 5.28. H2N

ONHNN ~ HCI NNH OH |
The cyano group, if present in G', is elaborated and

protecting groups on (c) are removed as described earlier.

The coupling of a P-X'-COOH compound is carried out
by first protecting the amino group of the amino acid, if
any. Conventional amino pProtecting groups commonly used for
temporary protection or blocking of the amino group are
employed. Examples of such protecting groups are described
above.

The coupling reactions described above are carried
out in the cold preferably at a temperature between about
-20 °C and about 15 °C. The coupling reactions are carried
out in an inert organic solvent such as dimethylformamide,
dimethylacetamide, tetrahydrofuran, methylene chloride,
chloroform, and like common solvents or a mixture of such
solvents. Generally, anhydrous conditions are used when, in
the coupling reaction, an active ester of the acylating acid
is used. .

The intermediates (d) and (g) are prepared via

standard technigues of organic chemistry as summarized in the '
following schemes:



D- Phe- Pr o- NH( CH2) 6NHC( NH) NH2ZHC1 A) Preparati on of Boc-D- Phe-Pro-OH To a
sol ution of Boc-D.-Phe-Pro-CHn (145 g, 320 mmol) in p-di oxane (660 nlL) was
added a solution of Iithium hydroxide nonohydrate (54 g, 1,280 nmmol) in
water (330 nmL) with vigorous stirring. After 4 hours) the solution was
concentrated in vacuo to about one-fourth the original volune and dil uted
with water (350 nL) and 0.1 N sodium hydroxide (100 nmL). The aqueous phase
was washed three tines with diethyl ether ( 20 m.) and then acidified to pH
3 wth solid citric acid which caused a preCrpitate to form The solid was
filtered, washed twice with water, and then dried under high vacuum to
yield 91 g (78% ofNHa white solid. 1H NNR ~, D -KdH 363 (M)  NpO B)
Preparati on OQ: _@gkgﬁi-Boc-G-aninohex | guani di ne. By a nethod |
substantial |y €qq valert to tnhart deSsSrbe¥HEPn Exampr®=1 HEN-X-KEy Q06  of

Ng, Ng' - di - Boc- 6- am nohexyl guani di ne were prepared from 1, 6- hexanedi an ne.
C) Preparation of Boc-D Phe-Pro- NH( CH2) 6NHC( NBoc) NH(Boc). By a net hod
substantially equivalent to that described in Exanple 1-G 1.3 g (62% of

Boc- D- Phe- Pr oNHGCH HC( NBoc) NH( Boc) were prepared from Boc- D- Phe- Pr oOH
and Ng, Ng' - di W)@ﬁ\lﬁ noﬁex*guanﬁﬁ&h@?“ﬁﬁ NVR _ FD-MS, mfe 703 (M+) D)
Preparati on of D Phe-Pro- NH( CH2) 6NHC( NH) NH2ZHC1. 8y a nethod substantially
equi valent to that described in Exanple 1-H, approximtely 100 ng of

D- Phe- Pr oNH( CH2) 6NHC( NH) NH2HC1 wer e prep d. FD-M5, mle 389 (M) Analysis
for C21H34N602~0. 9HC10. 9TFAO0. 5H20: Calc: , 49.97; H, 6.95; N, 15. 34;

Found: C, 49. GBiN+K-ON 13—it—ipb- 23-H§h&-€-"Nﬁ{ NN~-~NH ONH HC
D- Phe- Pr 0- NH( CH2) SNHC( NH) NH2HCL 1

NOH
HN-K-CN ————3  H,N-K-C-NH,
where -K-R is - (CH3),-G.

According to the above sequences, protected ‘
guanidines can be prepared by doubly protecting
S-methylisothiourea. A preferred blocking group is the
t-butyloxycarbonyl (Boc) group which can be introduced by
allowing S-methylisothiourea to react in the presence of
di-t-butyl dicarbonate. Often an acid salt form of
S-methylisothiourea is employed which can be sprung to the free
base form in situ by dissolving the salt in water and treating
with agqueous base. The di-t-butyl dicarbonate is then
introduced to the reaction in a water miscible solvent, such as
t-butanol, to give the doubly protected S-methylisothiourea.

The desired doubly protected guanidine is then formed upon
treatment with the appropriate diamine HoN-K-NH; in a non

reactive solvent or combination of solvents. Typically water
miscible solvents such as dimethylformamide, or water, or
mixtures thereof, are effectively employed. Such reaction is
generally complete in about 3-72 hours. The resulting
protected guanidine can then be coupled as previously described
to provide the protected in;grmediates to the compounds of
Formula I wherein R is 'NH'!‘NH2.

For compounds of Formula I wherein R= -NH2, the

intermediate is a singly protected diamine. In most cases this



A) Preparation of Ng, Ng'-di-Boc-5-am nopentyl guani di ne. By a net hod
substantially equivalent to that described in Exanple 1-F, 1.73 g (72% of
Ng, Ng' - di - Boc- 5- am nopent yl guani di ne were prepared from 1, 5- pent anedi an ne.
FD-M5, nie 345 (M+) 1H NVR B) Preparation of
Boc- D- Phe- Pr o- NH( CH2) SNHC( NHoc) NH( Boc). By a nethod substantially
equi valent to that described in Exanple 1-G 1.9 g (92% of
Boc- D- Phe- Pr oNH( CH2) SNHC( NHoc) NH( Boc) weLg prepar ed from Boc- D Phe- ProCH
and Ng, Ng' - di - Boc- 5- am nopent yl guani dine”"1H NVMR FD-M5, nie 689 (M+) O
Preparation of D-Phe-Pro- NH( CH2) SNHC(NH) NH2HCI . By a nethod substantial ly
(Ea}qg ihva::.en'lt\l l_zmemdxm rddnzadbei prieparelde bl Hjm@%ﬁr g&h@g,tig?y ahognggpfgfgcgeg
e-Pro : repared. . rodyct . was purified by
RPHPLC (et ho f’%\l g% ﬁf%éa?,ﬂrh\g%%t §‘°§8F66qt‘/’-d’é‘)?? &0#1 hHEeBFOLEBtARI ni e
389 (M+r) ARR3EARE .f o OtdEyHERbieRs0BECiaL 2 TRACi AL BheClifial ChmédRe 7 (R=H)
6.79; N, 15Mf) waundpeC ; ~a N, .52 HZN O '. N NH2
Uwer o o D Bre BEeTRAE D) TRPRRAF) RABREATR) pFeparseRRC of Che
Boc- D- Phe- PFE-ASHIMEAD PeNabEmEseNEE Bac pomEoothen| preoursbr 1£3ndt fshadpeppane
(2.2 g, 30 )l,) & mid 0 ' 5 was.added a_sol ution o
N, N di - Boc-dg@met hyl ﬁ?ﬁ?@’é&‘%ﬁ?%gg%"?og%%ﬁ i ﬁgdgﬁ& ﬁ?F‘Fo?%raﬁi ’Bé{f%
m). After 94 hfer fransfermatine FPxanramine drbupeilswashally

di chl or onetataempl4ehed. bnak ' ' L&t f rat ed
al:]ueous soq;t. 0 p?g,arggggggg Ggﬁgﬁggﬁﬁfgﬁgag\éﬁ%ﬁﬁg g%%iﬁ%n&é I%?'lgéé ?%00 m.))
r

and once Wi ebAs2BoBT MR ERF oF ing. (POt heylarhe arphemyl phase
was dried , Ihi shehedasasd pRethptt ds d t
o) o s oot spnenge vEgUe iy v SAGR € e,

vol ume of Jo.this solution en ad '
(3.6 g, 10%%#??’8218??9( ‘H‘é&b’,‘el UHGD FRARUEX| Y ABY BF obynether of ne (1.3
g, 10 mol pethodsokedwhbyit- tBedanet hybsei papt Doyl ar By eéfwé&@{@flﬁéﬁﬂé&?"i%
(2.1 g, 11t¥€HHnen§f Bfrtﬁéiﬁyﬁpg Lo* 16 %ouré,& t%(f_ solvents were renoved in
vacuo and the residue was taken upornoethyt et IxArasul fike Gy i c
phase was RABnEBaFkive sphventitsudhNasiethansT) v, Ny .a GGE N h Wat er
(100 nL), theceow t hymaiu : e hum ki carbonate (200 nL) and once
with saturated ggueous éog%ﬁ]gtﬁ%r€%'§'bé‘%ﬁée ot &%atce‘glﬁtsé"?/éé"i &ried
(MySOy), fVPEEF LEEHRROL ReXERFa LR the \Rresendhieof emdiien nsitdmil fite,
chr omat ogr apedt bysrisi hsea Dl ' ' 23 qradient of ethyl
acet at e/ he apes é&: 4).th Og\gﬁy e?%ﬁ%%%%%ﬁﬁﬁse%%&u&oﬁ%ﬁt ai%i"ﬁ@no
fractions ?J_ e %ygll’ﬂ ATeY P& FRMAGM cthem apnstapriatey (40%heof thick
colorless présence of a reducing agent such as lithium aluminum hydride,
borane in a solvent such as tetrahydrofuran, or by metal

promoted sodium borohydride reduction.

NH

The amidines of this invention (R= ‘g‘Nﬂz) can also
be prepared from a nitrile precursor. A number of procedures
for accomplishing this transformation are known in the art. 1In
particular, the use of hydrogen sulfide in a mixture of
pyridine and triethylamine, followed by treatment with acetone
and methyl iodide, and finally ammonium acetate in methanol, is
a preferred and efficient means for making this conversion.
Alternatively, heating the nitrile with hydroxylamine
hydrochloride and a basic such as N,N-diisopropylethylamine in
a hydroxylic sovent such as ethanol followed by catalytic
hydrogenation (e.g., hydrogenolysis over palladium on carbon)
can also be used to effect this transformation. This process



1H NVR FD- M5, me 661 (Mt) B) Preparation of

D- Phe- Pr o- NH( CH2) 3NHC( NH) NH2HCI . By a net hod substantially equivalent to
that described in Exanple 1-H, 460 ng (71% of

D- Phe- Pr oNH( CH2) 3NHC( NH) NH2HC1 wer e prepared. The product was purified by
RPHPLC (nmethod 1, 98/2 (A/B), ranp to 40/60 (A/B), 40 mnutes). 1H NMR
FD-M5, mle 361 (Mt) Analysis for ClgH28N602HCLI .| TFAL. 1H20: Calc: C, 44.66;
H, 6.20; N, 15.47; Found: C, 44.69; H 6.10; N, 15.19. RN ON\ HCG \ ~
~f N NH2 O H D Phe- Pro- NHCH2- t r aps- CH=CHRB2NHC( NH) NH2ZHC1 A) Preparati on of
Ng, Ng' - di - Boc- 4- ami no- t r aps- 2but enyl guani di ne. 54 By a net hod
substantial ly equivalent to that described i q%ganple 1-F, 2.4 g (429% of
Ng, Ng' - di - Boc- 4- am no-trans2- butenylguan|d1n% re prepared from

1, 4-di am no-traps-2but epne.. B) Preparation of

Boc- D- Phe- BrOVAEesD the, Y erormcrp At PRBARFNASGYH2 By a8 mat Hod esmesiave al | y
equi val ent whichhelanddecikbedted EfagBkeréaG 2.7 g (55% of

Boc- D- Phe- Pr o- NHCH2- t r.ans CHCH2 NH Bo%%NHBoc wer e prepared from

Hoc- D- Phe- Pr o- OH and hey, csype. %‘gﬁn aguEHaFHAg 1H NVR

FD- M5, m ematerilitys ©h Ehepéyﬁthéﬁlﬁfof the comp ounds of this invention
D- Phe- Pr o- NHCH2- géagECH:CHCHZNECE&E%EHZHCl Bé s net hod,sybstanti al
equi val ent 8§ VR ovni pRg ¥teng nop FEmMRRCARY 1Y0BVAYlBPle,
D- Phe- Pr o- MréH2endd 3 yCepfithkia Mied I\b&vl\bl&klﬁaamr proeegared. cémmonloduct was

purified b A/B) ~to 40/ 60, (A/B), 40 m nutes).
1H NMR FD- @Bgn% %E%E}ﬁ%eAﬁgl géigé‘(‘ f’xBo‘z'ﬁemr‘s'TFAz 5H20: Calc: G,
47.01; H, 6.B1; N 1& ltetesﬂwg@llnese (R® i C16Cg0alkyl, C3-Cg

cycloalkyl, or - (CH2)p~L~- (CH2) g-T') used for making the
compounds this invention are all of the cis configuration the
4-substituent relative to the carbonyl moiety. Intermediates
for introducing this functionality into the compounds of
Formula I are made by standard techniques.

For example, 4-substituted proline derivatives in
which the RP group contains a methylene group at the point of
attachment to the proline ring can be prepared in the
following manner:

? sz sz
N N N '
-1l COOH -all COOH Mt COOEt
_—-—> _>
HO HO HO
sz ?bz
N N
< 7-mlCOOEt 1l COOEL &:’ 7"mlCOOEt
-
N E:l':
R4 R3HC O// '

where R4 = R3CH; = an RP group containing a methylene group at
the point of attachment to the proline ring.

A 4-hydroxyproline (both the cis and trans forms
are commercially available) is first protected with an amino-
protecting group - the Cbz group is particularly useful in
this sequence. The resulting intermediate is then esterified



55 N ~ N H Il 2TFA Ne\NHZ NN ~ ~ H ~ U ~~~~~~ f 0
D- Phe- Pr o- p- NHCH2C6HACH2NHC( NH) NH22TFA A) Prepar ati on of

[ [ t hat
- HZNCH2 C6 HACH2NHC( NBoc) NHBoc. By a net hod substantially equivalent to
gescribed'in Exanmple 1-F, 2.3 g (42% of p-H2NCH2C6HACH2NHC( NBoc) NHBoc wer e

prepared from p-xyl enedi am ne. 1H NVMR B) Preparation of _

Boc- D- Phe- Pr o- p- NHCH2C6H4 CH2NHC( NBoc) NHBoc. By a net hod substantial ly
equi valent to that described in Exan$le §G, 2.8 ¢ (63%% ?Iom
Boc- D- Phe- Pr o- p- NHCH2C6H4CH2NHC( NBoc) NHBOT wer e prepare

Hoc-D-Phe-Pro-EH and p- H2ZNCH2C6HACH2NHC( NBoc) NHBoc. 1H NVR FD-M5, nfe 723

(M) C) Preftheamethydf ob- BspePial pyNelthi?T( &6 EERAHE &IH: MRET B vBY ?STE/; hgg

The titl e orvFRAetl Ping EnbRohetBREEH €0 uTxe, ER Frreaspanaind by

RPHPL C. detene. FBOhis, oxfidanen (W) adnainpishédrusdatBanG032. & ThakBe:

E?kfh C,l4%f25kﬁgrt§o%5ég§§i§%oﬁg;sﬁgﬂngé Sonéf- ORiabk:8:85: £§r£§i§§ﬁmFQN
chlorochromate; especially useful for this transformation is
the use of pyridinium chlorochromate in a dry, non-reactive
solvent such as dichloromethane. When allowed to react for
8-16 hours, this reaction is generally complete when
performed at ambient temperature. This versatile ketone
intermediate is then allowed to react with an appropriate
Wittig reagent to give the desired olefin. Typically the
appropriate RP-substituted triphenylphosphonium halide is
added to a dry inert solvent (e.g., tetrahydrofuran) which
contains a strong base (e.g., potassium t-butoxide). The
ketone is introduced and after approximately three hours at
ambient temperature the desired olefin intermediate can be
isolated. 1In order to obtain good yields of the olefin, it
is preferred that a 0.4-0.6 molar excess of the Wittig
reagent be employed relative to the ketone. The olefin is
then reduced to the desired RP-substituted proline by
standard reduction techniques. Catalytic hydrogenation is
the most facile method for accomplishing this transformation
in the laboratory. Hydrogenation of the olefin in the
presence of a catalyst (e.g., 5% palladium on carbon) in an
inert solvent such as ethanol will be effective at
atmospheric pressure. In the case of those intermediates in
which the amino-protecting group is Cbz, hydrogenation also
removes the protecting group which provides a compound which
can be used for coupling to P-X'-COOH. As will be
appreciated by those skilled in this art, this process will
not be effective for preparing compounds where the RP group
is attached to the proline ring through a hetero atom or are
an aromatic ring. Thus, in the above scheme, R3 will be
alkyl, aralkyl (e.g., benzyl), (cycloalkyl)alkyl, etc.

A related method for preparing these intermediates

is summarized by the following scheme:



O D- Phe- Pro- p- NHCH2C6HACH2NH2HC1 A) Preparati on of
N- Boc- p- (am nonet hyl ) benzyl am ne. To a stirring solution of p-xylenedi am ne
(10 g, 73 mmol) in dinmethylformam de/water (1:1, 100 nL) was added
di -t-butyl dicarbonate (8 g, 37 mmol). After stirring for 20 hours) the
m xture was concentrated in vacuo and the residue was partitioned between
diethyl ether (200 nL) and 1 N citric acid (200 nL). The aqueous phase was
washed again with diethyl ether (200 nL), and then basified with solid
sodi um bi carbonate and saturated with soB0d sodi um chl ori de. The aqueous
phase was then extracted four tines wth ethyl acetate (200 nL). The
conbi ned et hyl acelaf e extracts were &%i ed (MgS04), filtered and
concentrated to giye 2.1 g (249 of aj Bick oil. 1H NNRI%??&D me 237
(MH) 57 Anal ysj¥_for CIL3H2pN2Q2: (@l c: C, 66.07; H 8py3p3; N 11.85;
Found: C, 66.33¢"H “S.didcodke 12. 11¢7B) “R.apapation of il COOE
Boc- D- Phe- Pr o- pANHCHECE6HACHZ2NHRoc. \By a/nmet hod substankially equivalent to
t hat descri bed y anple 1-G "1.1 % 0 \
Boc- D- Phe- Pr o- gy NHCH2C6HACH2NHBo g #er e prepared from @c- D- Phe- Pro- OH and
N-Boc p-(am nonet hyl )benzyl aniné.” 1H NMR FD- M5, ni eR&81 (M+) Anal ysis for
C32H44N406: Calc: C, 66.19; H Found: C, 65.99; H 7.64; N, 9.65; 7.63; N
9.42. C) Preparation @f D-Phe-Pro-p-.NHCH2C6HACH2NH2HC1. By a net hod
substantial |y equi valzg}ﬂ ahpye, fe emMe BE AR &lternafisie tpdhRy of
D- Phe- Pr o- pHilitGg2 Eeri¢CiphHAEt ribed paepaeedandhgspusdfial ‘fog prebhredgby
RPHPLC (e 82 ( .£0_40/60, (A/B), 40, m nutes). . 1H NWR
FD- M5, m&%%#’ﬁﬁ% £§§| %E}s:hf @?%E%ﬁﬁﬂﬁ?ﬁfi«df?‘?i’hﬁ?o“e&r‘ edr) 51,87
H 5.77; NThasgOforFopmeépacinglingertiedsa8eés whéPe2fl. Ra 58 k2kyD,
phenyl, and the like, the pyrrolidinone intermediate is
allowed to react with an appropriate Grignard reagent.
Typically a slight molar excess of the Grignard reagent is
employed, usually at low temperatures (e.g., -80 to -60 °C)
in a low freezing inert solvent such as tetrahydrofuran.
After addition of the reagents, the reaction mixture can be
permitted to warm to room temperature, after which time the
reaction is usually complete within several hours. The
resulting intermediate is dehydrated, for example, by

treatment with trifluoroacetic acid. The 3,4-dehydro

intermediate is then reduced to the desired cis intermediate
using the same reductive conditions as described above for
reduction of the olefin intermediate. '

Intermediates wherein the hetero "L"-group is
oxygen and is attached directly to the proline ring (i.e.,
p=0) can be prepared employing the Mitsunobu reaction

(Mitsunobu, Svnthesis, 1 (1981)):
Cbz Cbz
|

|
N N
S 7.--m COOEt «ull COOEt
B S8
HO | —

In this reaction, the trans hydroxypyrrolidine-
carboxylic ester is treated with triphenylphosphine in a



rNN~1 N2 HC ~ 1 ~""""~f 0 D Phe-Pro-m NHCH2C6HACH2NH2HCI A)
Preparati on of N-Boc-m (am nonet hyl)benzyl am ne. By a procedure
substantially equivalent to that described in Exanple 10-A) 2.6 g (30% of
N- Bo¢- m (ami nonet hyl ) benzyl ami ne were prepared from m xyl enedi ami ne. 1H NMWVR
FD-M5, me 237 (MH) Analysis for CL3H2pN202 Calc: C) 66.07; H, 8.53; N,

11 .85; Found: C, 65.81; H 8.48; N, 11.98. B) Preparation of

Boc- D- Phe- Pro- m NHCH2C6HACH2NHBoc. By a net hod substantially equivalent to
that described in Exanple 1-G) 1.6 g (953 of

Boc- D- Phe- Pr o- m NHCH2C6HACH2NHBoc wer e prepared from Boc- D- Phe- Pro- OH and

N- Bocm(Sms%(i%hQYELEﬁnl\é' @gkgﬁh&%%ﬁ%hgﬁr§§éﬂ% M ardoGh,

Preparation of D Phe-Pro-m NHCH2 od substantlally
equi val ent The MAFtuzesési sealed ERamnpreoximatebyuf 1©cang @iethyl

D- Phe- Pr o- @zbdSHaeb bt g bR sl aiBeg . prﬂP@éﬁdwanﬂfhﬂV& FEbof. M e 381 (M)
Anal ysis for C22H SNMOZFngFAHZO Cal c 5.8?. N 10. 2l ;. Found:

C, 52.13; Me"@eIpLugeqothg TEpRrEPn. 1SW"RF‘FF%|H2P|\F°+H°VMEP~ the desired

cis intermediate. While the scheme above depicts the
reaction for compounds where L = -0-, p=gq=0, and T=Ar, this
‘sequence is useful for preparing other compounds where p=0
and L is -0-.

Intermediates wherein L is sulfur and is attached
directly to the ring can be prepared by first converting the
hydroxy group to a tosylate or other similar leaving group
and then displacing with a thiolate anion (see, e.g..
Krapcho, et al., J. Med. Chem., 31, 1148-1160 (1988); Smith,
et al., J. Med. Chem., 31, 875-855 (1988)).

Intermediates wherein L is nitrogen and is attached
directly to the ring can be prepared by first converting the
hydroxy group to a tosylate or other similar leaving group
and then displacing with azide. The azide can be reduced
using known methods and then alkylated to provide the desired
functionality (see, e.g., Smith, et al., J. Med. Chem., 31,
875-855 (1988)).

The compounds of this invention containing a cis-
Ohi functionality are prepared by preparing (S)-indoline
carboxylic acid ethyl ester from the corresponding acid (see,
Vincent, et al., Drug Design and Discoverv, Vol. 9, pp 11-28
(1992)), and reducing this intermediate by hydrogenation over
5% Pd/C in ethanol to give the octahydroindole-2-carboxylic
acid ester, generally referred to Ohi-ester as summarized
below.

I[, A

H
]
N
il COOR il COOEt oy
D COOEt
W

The compounds of this invention containing a trans-oOhi
functionality are prepared by the method of Vincent, et al.,



O D Phe- Pr o- NHCH2- t r aps- 4- (am nonet hyl ) cycl ohexaneHC A) Preparation of

N- Boc-traps-4(am nonet hyl ) cycl ohexanecar boxylic acid. To a solution of
traps-4- (am nonet hyl ) cycl ohexanecar boxylic acid f50 g) 31B nmol) in 1 N
sodi um hydroxide (334 nlL, 334 mmmol) and t-butanol (400 nL) was added a
solution of di-t-butyl dicarbonate (?3 g, 334 mmol) in tetrahydrofuran (50
m.). After stirring for 20 hours, the solvents were renoved in vacuo and
the residue was partitioned between water (500 nL) and diethyl ether (250
m.). The aqueous phase was washed again ¥th diethyl ether (250 nL) and
then acidified with solid citric acid, which resulted in the formation of a
whi t e precidi fat TJhe : | Sfal tere shed i W t R, wat er
(100 ni) a#*éﬂfﬂ?@ﬁ&% ?ﬁﬁgj‘m Xf§1g ?59%}’ &t it(é\gggjdér. PAS\R B)
Pr epar at i orsumad@ed tima rhed schebec shiownrbeldpw:cycl ohexane. To a stirring
sol ution of N Boc-traps-4(am nonet hyl )cycl ohexanecar boxylic acid t15 g, 58
nmml ) in tetrahydrgfuran (150 nlL) at as added N-net hyl norpholine (5.9

g, 58 mmol), fol |
20 ol) Was added™wfa~an addi tion funnd N5 Yo nut es.

stirring for 30

and t hen net hanol

The mixture was allowed to stir for 1 hour and then the solvent# were
renoved i n vacuo. The residue was dissolved in ethyl acetate |(500 nL) and
washed twice with 1 Ncitric acid (250 nL), once with water §100 nL), twice
W th saturated gq i um bi car bg (23 nL) and oncg sat ur at ed

aqueous sodi u i .
filtered and tratled t9grve
C) Preparation of RCHX @ r aps- 4- (NFBdgcangnomet hyl ) cycl ohexe oNg
stirring solution of B®HOCH2-t r aps- 4- (N—Hodénlnonethyl)cyclohexaﬁé (13 g, 53
nmmol ) and tri phenyl phosphine (21 g, 80 nmol) in tetrahydrofuran (300 ni)
was added diethyl aredismsxpoxylate (13.9 g, 80 nmol). followed by a

sol ution of di phenylphasgileryl azide (22 g, 80~nmpl) in tetrahydrofuran
(100 mL). After stigring for 16 hours, the solvents were renoved in vacuo
and the residue was chromat ographed over silica gel, eluting with a 61
step gradi ent of acet at e/ hexanes (1:3) throu et hyl acet at e/ hexanes
(3:1). The prof on\ai ni ng fragtdiMsek) Udged gy wer e conbi ned and
concentrated t Meoponf CdevesalsR@pbt (CORt anilnat AMwoom hi gher Rf
conpound). The cM™ide ﬂzide was di ssol ved 1 n netha 0 nL) and this
solution was added to a stirring suspension of finely ound Na2S9H20 (51
g, 212 mmol) and triethylamne (1 g, 11 nmmol) in nethanol (100 ni). The
resulting mxture vasHedldghdmd o ehisliniaitibn HafRalahEdal 0 roOM

tenperaturg and the sol vents were renoved I n vacuo. e residué was dil uted
with wat er PESEELAF) syfbeRci(Withe@T Wikhaut| hetereatonti canThe nqapousdphase
was washedbywthe methodt b¥l Teeetzat gt (210, ntﬁ;;ﬁﬁéﬂibﬁdn&%ﬁ&;ﬁ | g, seghgm
blcarbonatg gg? sa#uratg& wi th solid sodiumchloride. The aqueous phase
was then eXtPE&)ed CRPEEALI¥Es with ethyl acetate (200 nl) and the combi ned
extracts were dried (MyS04), filtered and concentrated to give 6.4 g (45%
of a thick oil. iH NVR D) Preparation of 0
N—Boc-D-Phe-Pro-NHCH2-traps-4-(N—Bocam'nonethyl)cyclohexanﬁl>1

substantially uivalent to that described in Exanple 1-G

N- Boc- D- Phe- Pr off NHCH2- t r ans4e{;N- Bog- anmi nomet hyl ) cycl ohe
from Boc- DPh OH and NH2 T aps- 4ai MyBaesshnonet hyl| ) cycljohexane. . 1H
NVR FD- M5, (M+) E) Prepayati on—e+—b—he—r 0- N

am nonet hyl exaneHCl. o iti
( y o ORX r addltzop v
0]
OR*
deprotection/ring closure
-
reduction
y

2

where P is a protecting group and R¥X is alkyl.



62 By a nethod substantially equivalent to that described in Exanple 1-H,
588 ng (75% of D Phe-Pro-NHCH2-trans-4(am nonet hyl) cycl ohexaneHC . wer e
prepared. In this case, the analytical RPHPLC of the internediate TFA salt
was very ¢clean, but the salt was hygroscopic. So the salt was dissolved in
0.1 NHC™L (20 nm.), the pH was adjusted to 5, and the sanple was |yophilized
again to yield the stable white solid, hydrochloride salt. 1H NVR FD- M5,
me 387 (Mt) Analysis for C22H34N402HCLTFA2H20: Calc: C, 50.30; H 7.04; N,
9.78; Found: C, 50.44; H, 7.20; N) 9.62.32 N_H/ | NH2 HA O

D- Phe- Pr o- p- NHCH2C6HANH2HO  A) ' Preparati on of

Boc- D- Phe- Pr o- p- NHCH%ﬁﬁﬁ%Ng%mné¥ eq t.hat
described in Exanmple 1 1%3%E E%% ?%?% kﬁ%ﬂ2é€ﬁ4hb QﬁgFétﬁﬁg ar ed
from Boc- DQﬂN§JPFofEHC§ﬁanlkDY b&hzysad1ﬁermmakihg the ecoppoandswabis

di ssol ved ijavehikassl ateSRalk) bﬁngtéﬂaafé EQcﬁgigﬁé%TO this stirring

sol ution was added a _sol uti on_of 04 (12 nmmol) in water (125
nL). After stirring 3% &MeEP ForaZhHéeP§etFﬁG esteznt SuRdr @sr snbusyli n

vacuo and bhemba&edueewa&aﬁabél EbRUESL LAt YREH EhbYhedLELAL Euﬁgﬁﬁ’tﬁk Tla”d

wat er (250 oﬁL The&mg go 63 phase was extracted agaln wt

acetate (258°RLFTSAGTERE ¥oRBi FRE BPBEHPﬁlﬁﬁﬁéﬁrﬁmﬁrﬂr#@%ﬂ?N@SO4)

filtered, and concentrated in vscuo to give 2.4 g (21% of a light yellow

solid. . 1H N ( ) sis _f | ¢

O-

66.93; H, Fouﬁﬁ%@ %%‘ﬁ@% ﬂ}ii}% 0L o 3%&&%%%%’5 C%““YJ

Preparati on of D Phe-Pro- NHCH2C6H4NH2HC1 By a net hod substantlally

equival ent to that desgr 180 6

D-Phe-Pro-E NHCH2C6H§%% hc%gmgﬂ g§§§§é§5éat%hésp?ggﬂﬁFgé%Q FERFEi withy

RPHPLC (neth8dappropriate) @pine aw‘-her o Qwrﬁ)efé‘:fahsnmmxesé .ndr+ NVR

FD- MS, meréﬁ@ti%)sé\l‘@éﬂ@' Sgh@ &2 10. {TH

55.51; H) 6. 00; Foand € %ﬁ%&ﬁ% |% %O%" tnat a

ar excess of the am;ne is used to force the reaction to

completion. Preferably the reaction mixture also contains a
non-reactive acid scavenger, such as at least a molar
equivalent of triethylamine. While the reactants are usually
combined cooled (e.g., 0 °C), the reaction is usually allowed
to warm to room temperature after which the reaction is
usually complete within 24 hours. Although the bromoacetate
is preferred, other haloacetates, such as iodoacetates and
chloroacetates, can be employed for this transformation.
Other ester groups can similarly be employed. The t-butyl
ester is preferred because it can later be easily removed
later upon treatment with anisole and trifluorocacetic acid.

A second method for preparing these intermediates
is summarized by the following scheme:

R°-CHO + HyNCH,COOEt—> R°—CH=NCH2COOEt—"R°-CH2-NHCH2COOEt

where RP-CH;- is an R9-group having an unsubstituted methylene
group adjacent to the point of attachment to the glycine
moiety.

In the above reaction scheme, the appropriate
aldehyde is mixed with glycine ester in a non-reactive
solvent, such as methanol or ethanol. If a salt form of the
glycine ester is used, a molar equivalent of a base, such as
potassium hydroxide, can be added to allow generation of the



H2ZN ONH\ ~ ~~ N~ HC O NH2 D Phe- Pro- p- NHCH2CH2C6HANH2HCL A)
Preparati on of Boc- D Phe-Pro- p- NHCH2CH2C6HANH2. 64 By a net hod
substantially equivalent to that described in Exanple 13-A) 3 g (23% of
Boc- D- Phe- Pr o- p- NHCH2CH2C6HANH2 wer e prepared from Boc- D- Phe- Pro- OH and
p- NO2phenet hyl am neHC1. 1H ~ FD-M5) me 480 (M+) Analysis for C27H36N404
Calc: C, 67.48; H Found: C, 67.30; H 7.55; N 11.66; 7.54; N, 12.34. B)
Preparati on of D-Phe-Pro-p-NHCH2CH2C6H4N?§HCl. By a nethod substantially
equi valent to that described in Exanple 1-H, 175 ng (58% of

D- Phe- Pr o- p- NHCH2CH2C6H4~2~HC1 were prepared. The product was purified by

FD NS, e 300 (UL AralYSLo T or o StBON2-HCLO. TAS, TR0, Al G
, na SIS or A C
55.18: H, eé‘-“%sg(l c)li?f 5 eﬁot‘:ﬁa’“egzt £ iptegpmegipge ﬁchig%géasmmhw:h o)

~NH2 , HCl can-then be redubeBhdnPEdtp- MiCh? Cr4ChbNWaldEl a r@ducing

(D pheny! ol ubh*atHoael 9URLBALLRVSINGET! Bkt RL! WP Tl
Schiff base occurs in usually less than an hour; reduction is
generally complete after 10-15 hours. The methyl or ethyl
‘esters are particularly useful as these groups can be removed
(deblocked) upon treatment with lithium hydroxide in aqueous
dioxane. Employing an appropriate ketone instead of aldehyde
RCO-CHO results in the preparation of intermediates wherein
the methylene group attached to the glycine amine is
substituted.

Alternatively, and especially for those compounds
wherein RY is Ar (i.e., without an intervening alkyl group),
it is preferred to prepare the intermediate P-X'-CONHATr by
standard techniques (e.g., reacting an activated form of P-
X'-COOH with ArNH2) and then reacting this intermediate with
an alkyl haloacetate as described above to give P-X'-CONHAr-
CH2-CO0-alk which can then be further transformed in the
usual way.

Many of the final compounds of this invention or
intermediates thereto can be interconverted by standard
techniques. For example, aryl compounds which are
substituted with nitro can be reduced (e,q,, in the presence
of sodium hydrosulfite in a non-reactive solvent, such as
ethanol, water, or a mixture thereof). When the nitro
compound is heated at reflux in a water/ethanol mixture in
the presence of sodium hydrosulfite, reduction is usually
complete within several hours. The resulting amine may be
present in the final product; if the amine is present in an
intermediate, it may be desirable to convert it to its final
desired form (e.g., acylation to provide the acylated amine)
or protected to avoid side reactions during the subsequent
chemistry. If the free amine is the desired compound, the
Cbz protecting group is particularly useful in this regard.
Other transformations and intraconversions of this type will
be apparent to skilled organic chemists.



A) Preparation of p-(am nonethyl)benzonitrileTFA. To a stirring suspension
of sodium hydride (2.2 g, 56 nmmol, 60%dispersion in oil) in
tetrahydrofuran (100 nL) was added 4-(brononet hyl)benzonitrile (10 g, 51
mrol ). To' this mixture was added slowy via an addition funnel a solution
of di-t-butyl imnodicarboxylate (12.2 g, 56 nmol). After stirring for 16
hours, the m xture was diluted with diethyl ether (300 nm.) and washed tw ce
with water (150 nL). The organi c phase s then dried (MyS04)) filtered and
concentrated. The resulting solid was th A dissolved in a mni num anount of
di chl oronet hane. Anisole (10 nL) was added, and the solution was cooled to

0 C. The solution Vagpd hﬁrlldlﬁéﬂ%ﬁ@ctﬁt‘é@ Qh@%‘ée‘isk‘i deld i Q‘Zlegtérgnd

al | owed todé’tlr for 1 hour. The sol vent was # hen rem)ve i N vacuo an

oi ly resi dff&aDo¥eE CraBsfryBREEORF GRRNPR; BEFFPIEEAcPn (e ALITBEGaf ter a

f ew ni nut emﬂeliﬁaﬂrsoﬁ%bdsﬁbbdbf i eg. 1£Ehﬁo§£eéa9é§aé£n\'\a§sélbéered washed
Wth di ethyl et h B%Sc’dr i,ed in vacuo to, (90% of white

powder. | R®fS nnfii-195 ERATPEPLi Ep%ﬁ‘%?mﬂgb?tes containing the

goc-D_tF:hg BtmserHﬁHEGﬁHéCﬁunB)z:mnEEtbﬁduﬁubsiﬁﬂthéﬂ 1&1;)@&1&@@%% ﬂ@ethat
escri be . e-Pro
wer e prepalrne%(f D"—Sﬁgeﬁéo & Bh 8@5‘:{; %’?\om'}@‘l’ﬁ b%ﬁ%&ﬂ?t’?ﬁ' A I'n

this case, ntelg@tpdodact:owdsngﬂmfthd bydexcandt eype zaf | chherhisvryi thvylved

Boe- b Phe. ¥ '0'3 BilcEaSe, e, %E?ﬁkéﬁdﬁ%%ﬁpéﬁ??‘%%ﬁﬁiﬁﬁgmuw%%1% A%ugh

a sol utiontde HG&anpﬁefPFoaBCRFP}B iarNe synthésisl )As rwpll i all s B@5
m) and tri )éE&E‘t@S b9 BxatledOhrEPsahdl! SR A\ é)g&g_%ly ygpsel was then

seal ed and a to s room t enper at ur e sol ution
was t hen dPFGF&&t&PEhgﬁBPBF £2040R¢ ) a8 nkhext sexve dthei purpese Qafhyl acetate

(200 ni). "ﬁh&té@&hh@edhérQﬁﬁbﬁl@ﬁ&§egi‘@\§%vﬁ§f‘ﬁ?gt¥’6 d?ec L S&&%{{%ﬁﬁ} but

aqueous sodium .C[hl og’l de, dri S04 iltered an ncentr vacuo.
8-8Ps

The resi du&®%ta ] GEEPYﬁ at APBYCRA )3t eceoRdi b irngleand Gimian was
added, andapbeopnh.atewrdes beaaﬁﬂowoféﬁfémé&ékwrﬁangml SHY S pisy e

rem)ved I N _VSG t di s | ve nmet hano] (20 mL NHA0AC
(712 ny, oS53y Qg égﬁé@ ARV ot d’r‘b&F%va%’ﬂPFe%&fége‘ﬁﬁ r‘)@f%ﬁ&’{fz
hours) . ThéssoCUenthwasnagamerermupdcam bectians fermad i thito V&s Lhididie/ed
in 1 NcitgiCy 1 Qus h.as s \washed .t wi ce th
lat hyl aclat g?e ?gggeé ?9 ?iﬁ aor f‘?lgdagmuf J %rﬁ%l%tﬁtﬁﬁw te)WI

sat urated ®iehozated Egdf-hm ghtnidines okl Ehcts am\eahtt:w:c.e with ethyl
acetate (200 niL Th 0 h t c were. d ,
fil tered(and co)ncent ?gt%eg%h%%q?% %k ehie g{ﬁﬁgéi‘éﬁhﬁg%ﬁ b??laﬁ?-&ﬁﬂéfhgd%,
me 494 (Mkhe Df°ﬁ‘eﬁ§rﬁ?%@na@glg¢lhesﬂ%ﬁp NHOHECEHA Qi) R dCind Byo £

a, met hod spbgiabai 2l E¥rmedi w t gﬁ{g& bel 9
(57% of Dggg ro mzmHﬁfl@&ici%é&é%ﬁ%}#ﬁ%% eabg?\)% Was
gF’FEL

67 pur.f.e’d ?ﬁ%?ﬁ%\ﬂt ?%%Eﬁaablr%uﬁﬁlttcﬁ 130 (A/ B)) 300
m nut es). a&mihReERadBonnbe 8hd iMﬂtbPﬂﬁhb’&ti& f&ents and

for
%2?§7Ni02§p%éaé¥fg&5kgof Lal %ltlén the'le 5agentsN’ 1C)lth7e0r aFc%lﬂind ©
addition salts may be prepared and used in the isolation and
purification of the peptides. For example, the salts formed
with the sulfonic acids such as methanesulfonic acid,
n-butanesulfonic acid, p-toluenesulfonic acid and

naphthalenesulfonic acid may be so used.
A compound of Formula I is prepared by:

a) removing simultaneously or sequentially the
protecting group(s) P of a corresponding compound of Formula
II

(P)X-Y-NH- (CH2) yr~-G(P) Ix

wherein (P)X represents a radical X which may bear one or -
more protecting groups P independently selected from an amino

protecting group P for a compound of Formula I in which X



"N..", N~ NH " i.75 HO ~ 1 Uif ONH

D- Phe- Pr o- m NHCH2C6HAC( NH) NH20. 75HC1 A) Preparati on of

m (am nomet hyl ) benzonitril eTFA. By a nethod substantially equivalent to

t hat 'described in Exanple 15-A, 10.B g (86% of

m (am nomnet hyl ) benzonitril eTFA were prepared from

m (br ononet hyl ) benzonitrile. TRiHNVW FD-M5, me 132 (Mt) B) Preparation
of Boc- D Phe- Pro- m NHCH2C6HACN. By a net hod substantially equivalent to
that described in Exanple 1-G 7.5 g (79%% of Boc- D- Phe- Pr o- m NHCH2C6H4CN
wer e prepared from Boc- D- Phe- Pro- OH and

m (am noneth nzonltrlle . l.n this case roduct was purlfled by
recrystaHlféE# PoRafss N mainty and qﬂﬁ&Qﬁi) QFkﬂﬁquﬂBP

Anal ysi s fafomwaﬁwmd Co Formulad.105n khikound 1&1&&5275\ dArbo

11.76; 6.8 Pre arat| Qn of Bag r.0 n}NHCH206H4 N NH2
By a net ho? J\de‘{ anag“l IGIC&)?) st & Fﬁ%{"c&&s?‘;r “E’é‘d’ 1.1
Dy e ki, st s, o 1
reparation o- a, nmet ho
subst ant i al Iy equi valcgent tgng Hat SYRTH W@%ﬂ%% 3B %ECESR gi%63% of

D- Phe- Prom NHCH2C6HAC( NH) NH20. 75 HO were prepared. The product was
purified bxgE_ LC (nmethod 2, 98/2 (A/B), ramp to 75/25 (A/B), 120
mnutes). F 2 Ry jydqqqenqﬂmgss.o; fe0 ICOTTRISPIREG2IC) CEBIICHING THEAQ. 5H20:
Calc. C, 51.72; H 5.33 H, |2.36: dﬁ‘,ﬁ469 Found: C) 51.79; H 4.93; N.
11.96; Cl) 4.82.

Formula I in which R is <~C-NHz; ang whereafter, when a

salt of the compound of Formula I is required, forming the
salt with a pharmaceutically acceptable acid.

It may be preferred to conduct process b)
simultaneously with process a). For a compound of Formula
I in which an acid protecting group is the t-butyl ester
and/or an amino protecting groups is t-butyloxycarbonyl,
the protecting group(s) may be removed by treatment with a
strong acid, such as trifluorocacetic acid or anhydrous
hydrogen chloride in an inert solvent, such as dioxane or
dichloromethane, in the presence of anisole. For a
compound of Formula I in which an acid protecting group is
the benzyl ester and/or an amino protecting group is |
benzyloxycarbonyl, the protecting group(s) may be removed
by hydrogenolysis, conveniently carried out in ethanolic
hydrogen chloride over a palladium on carbon catalyst.

The preferred method for purifying the compounds of
Formula I, while at the same time preparing a desired stable
salt form, is that described in U.S. Patent 5,250, 660.
According to the method, stable sulfates or hydrochlorides
are provided by preparative purification over Cjg reversed-
phase chromatography in which the agqueous component comprises
sulfuric acid or hydrochloric acid at pH 2.5 and acetonitrile
is the organic component. The pH of the acidic eluant is
adjusted to between about pH 4 and about 6 with an anion
exchange resin in the hydroxyl form, e.g. Bio-Rad AG-1XS8.
After adjustment of the pH, the solution of tripeptide
sulfate or hydrochloride salt is lyophilized to provide the



69 ~NHNHON. NI "NH2 HC U.."~f O D hero-Pro-p- NHCH2C6H4C( NH) NH2HC1
(D horoprol yl -N-[[ 4- (am noi m nonet hyl ) phenyl ] met hyl]-L prolinam de
hydrochl ori de) A) Preparation of Cbz-D hero-OH D-hero-OH (5.0 g, 38.7
mmol ) was di ssolved in tetrahydrofuran (100 nL) and water (30 ni). The pH
of the solution was adjusted to 9.5 with 2 N sodi um hydroxi de and benzyl
chloroformate (5.5 nL, 38.7 mmol) was added dropw se and the pH naint ai ned
at 9.5 with 2 N sodi um hydroxi de. The reaction was stirred for an
additional 1 hour at roomtenperature. The ®vrgani c sol vent was evapor at ed
I n vecuo, diethyl ether (100 nL) and water (50 nmL) was added to the

resi due. The aqueous | ayer separated the pH of the solution was adjusted

to 2.8 with 3B4T8y FBIENESr AEYaPPHASK ERerMy| ABcRRt expmpdenpf GhS B¥GEESSThe
organi c | ayer mﬁ%MPNOGDdNHCHWGHJ‘@@M)NHj R lffdte A= WS dissolved

concentrated ' . (959 f ear_.oil nm e
264 (MH+) B) ﬁ%e%%%% i %%b%&‘gégg-b/%o?&!?eéb%&xé?s (Ngﬁﬁglﬂg%
mol ) was di s¥oPPedm godumpl. adeguadiea®OofilP-1208 Bhe¢assl a0t D% Besded B o= O
C. Added to t [ chI OLO ol (7.1, 36 mmpl|) and
To 15 di cyol SEeiondtrtici tver 1  hoLED SLORICRY il fifl e PR ATE dnd T Hre
for 1 hour at cgléeamedlanduthaseroom:aenpagapnoducﬂ' has pdeﬁemiﬁé& WS

filt d d t 8 Th

i 551 ved I %5‘?. Yeibhd! RpCAPLE"RES’ foyda) °CHiel By e Pthe BESHER, oy Mo ne
(5.0 nL, 36 nABRFtdens asdadiushedreacpHok. Was étSrweﬁhathbantesmrmure
24 h T |

(24 hours). h?d&eﬁsaeomom \BEb-HEa, rzﬁt@dﬁgﬁ&ft’ By ?5&% ond! a -

resi due was dis in water (100 m

and the pH ad?ﬁégéé t oThessiukionnNigo 4%%@%9@r@udd§heTﬁEJGHMEQUBSIayer
extracted tw ¢ I dégtaul b\ PEFHEONS 1,2V, r

adj usted to 2 gowh El glrao%hlfgﬁlgﬂgm d agﬂd eﬂt'hyéz{aa‘;ﬁ:ﬁ%t%ﬁ% {%‘*P%f
added. The or& fi €Y 595? ﬁé separated dried (MgS04), and the filtrate

evaporated in vacuo to &meaaspltﬁbam:tysabtdvélisémGrs88%@ thEDaB@sgéﬁ%&%}sﬂ
oun , :

el ye, s 100 SORECRRLEILE ofe Fedothierh brtioh b e o

met E]Od subst afuFhl byteqqllml active idaerkeanay sel prefawe®! £rdm @hedy? O

ind b N2G 2R S PR EY ME IS BARTRRS MY e Hipceimasnaod:

Cal c: C, 68.3deseriged7above} 1081by Fnesm[tvﬁ)g &B1é3&.‘adémfc 4fixthhiresl. 5This
resolution can be carried out by derivatization with a chiral
reagent followed by chromatograpﬁy or by repeated
crystallization. Removal of the chiral auxiliary by standard
methods affords substantially optically pure isomers of the
compounds of the present invention or their precursors.
Further details regarding resolutions can be obtained in
Jacques, et al., Enantiomers, Racemates, and Resolutions,
John Wiley & Sons, 1981.

The compounds employed as initial starting
materials in the synthesis of the compounds of this invention
are well known and, to the extent not commercially available,
are readily synthesized by standard procedures commonly
employed by those of ordinary skill in the art.

The following Examples are provided to further
describe the invention and to provide examples for comparison
and are not to be construed as limitations thereof.

The abbreviations used in this specification have
the following meanings.

Amino acid residues: Arg = arginyl, Glu ;
glutamyl, Gly = glyecyl, Pro = prolyl, hPro = homoprolyl, Azt



71 D) Preparation of D hero-Pro-p-NHCH2C6HAC( NH) NH2ZHC1. By a net hod
substantially equivalent to that described in Exanple 15-C,

Cbz- her o- Pro- p- NHCH2C6HAC( NH) NH2 (28 mmol, theoretical) was prepared. This
crude material was then dissolved in acetic acid (350 nlL) and HBr gas was
bubbl ed t hrough the solution for 30 mnutes. After stirring for an
additional 1 hour, the solvent was renoved in vacuo and the residue Was

di ssolved in water (200 nL) and washed tr?ge with ethyl acetate (100 ni).
The aqueous phase was then adjusted to p with ion exchange resin (Bio
Rad AGL- X8, in basic fornm and |yophilized to give a fluffy white solid.
The product‘m&EthéhnFear§§§ernlrnPhaI%rphéﬁynylyepﬂ pprefied by

preparativ ﬁEhﬁiga th 9 ) 300 m nutes)
to give 5 Sp ‘ﬁzer gﬂgf% %M&WMO 3 O‘Ail 035820, 1H NWVR
FD-MS, me 8 %ﬁ?%4%0$medg¢mbmb O Dg 9HHBr 0. 5H20: Cal c: C,
48.34; H, 6135,3]\}; tét Sn 48.66; H 6.36; N,
14.62: CI, r\ﬁ?ﬂz@ y&hﬁiﬁg‘%ﬂﬂé% “CarbSpEl cha € %0 Py

1- Pi g- Pr o- “'amlno-Y-cyclohexylbutyryl NMI =

N[ [ 4- Nrerhet | | ydrp-
i an %rrmwm 7 R N Rrg e
Cbz- D 1- Pi 3‘9 7 -‘H&’ B BRI -qulnora-rmmmhxdmd (50 g,

0.288 nol ) IFPEiMOYIHD- Indarbuhyd] Metof= e tiFoyas, N & $%
Rh/ A1203 (1 & ﬁﬁ§%%¥i (750 psi) of hydrogen |n a hi g pressure
appar at us at 50 ‘hours. The reaction mxture was filtered through a

pad of di atomaceous ehgmrF agrotiwe filtrate was concentrated yg yacuo) The

solid was triturated éyg frltereap%gf dried to give

DL- per hydr o- 1-i soqui no |necar f§ 1-Pig-OH) (30 g, 48% FD-Ms

184 (M) . DL-1-Pi g- @ (3enzyl 137 mol) vas di ssol ved in tetrahydrofuran

(150 nL) and water M )phe f .t he solutron was adjusted to 9.B

wi th 5~ NaCH, and beﬁg& ?<n2¥ié¥%ﬁ§§ m., 151 mmol) was added

dropwi se and the pH ﬁghn1nQﬂRYQiPh;X?lnaﬁbdaiﬂwﬂaé The reaction was

stirred for an additipMrl= ihMaths, fﬁ¥m? enperature. The organic sol vent

was evaporated ~ vaci% ~and drethyl ether (150- nlL) and water (50 nmL) were

added to the residue.™"The us | gyer was separated, the pH of the

sol ution was adj uste(DMsm 2 Qinelthyd su®lox @&d ethyl acetate (200 nL) was

added. The organic I@é@{ rat ed an& ried (MgS04) and the filtrate

was concentrated y~ 0s toeégg Acetdéie oil. The oil was dissolved in

di et hyl ether (150 niEt28ne diethglluetheral | owed to stand at room

tenperature t24 hourg) The hecrgrtate was filtered and dried to give

2- Cbz- DL- per hydrol- |soqurnoﬁ boxylrc acid (Cbz-DL-1-Pig-OH) 132 g,

75% FD-MS 318 (MH+) chrgz-De ﬂﬁoqeﬁyllﬁaaithg):a%QanD') was di ssol ved in

DMVF (100 nlL) and coo e Q g g E % Wﬁ 83 was™ added proline t-butyl
&P 5xBheR. 8P

ester (17.1 g, 10D mp 1- hydr entimassgspegdrumol ), and
DCC (20.6 g, 10D nnDFP $he féaddi desusptibhrmedsf gpedtbaurs at 0 C and 24

hours at roomtenpergguyg. =ThEL" 0 eci ate was filtered and the
filtrate concentrated ~ vacuo ?oggﬁag ﬁag% gF% *Wls dissol ved in Et QAc

(200 nL) and water (HBYSHE)! 1srheresghutcona:yaessmapeeeraarhat ed, and washed
sequentially W th ﬂ@B& h@ §r ri c and wat er. The
, gﬁgsgﬁe %r?% é %¥ #ﬁte i

organi c | ayer was dr d to an oi
which was dried to g p%Pﬁ?ﬁ?@ml |soqurnoI|necarbonyI L- prol yl
t-butyl ester (Cbz- mpapﬂcq_PRev&ée@bhiéZ Rifn BOPHhAE: \B; 305 (M) .
Chromatography

Ph = phenyl

TFA = trifluorocacetic acid

THF = tetrahydrofuran

TLC =

thin layer chromatography

The following parameters for RPHPLC were employed:
Solvent A 0.05% aqueous hydrochloric acid (1.5 mL
concentrated hydrochloric acid in 3 L water); Solvent é:

acetonitrile; Gradient: as defined in each Example; Method 1:



Cbz-DL-1-Pig-Pro-Ot-Bu (47.0 g, 100 nmol) was placed ,in a round bottom
flask containing trifluoroacetic acid (100 nL), CH2Cl2 (35 nlL), anisole (5
m.) and stirred at roomtenperature (1 hour). The reaction was concentrated
yn vacuo w t hout heating, and diethyl ether (100 nL) and water (100 mnl)
wer e added. The pH of the solution was adjusted to 9.8 with 5~ NaOH The
aqueous | ayer was separated, the pH of the solution was adjusted to 2.5
with 5~ HCL, and ethyl acetate (200 nL) was added. The organic |ayer was
separated and dried (MgSO4) and the filt3%te was concentrated yD vacuo to
give a clear oil. The oil was dissolved in diethyl ether (700 nL) and
(L)-(-)-a- celprhhevgpahantpe add utd The sql ution was all owed
to stand ah\ﬁrtgog %@? ~Eerg§urcehdfe%réng %ta}%s. hefll(rge%lflqp;leﬁg(gs&h/%‘%eﬁi | tered
and washed WitPRYdP &t RPLUBR heVYAHRLCEE |1 At WP Snastie Flwivt frakes~ 1 tri .
aci d, and whvminufee Method Cc3 | aOETundés i SO d filtrate
evapor at edré? anlgil The oil was di ssoﬁ%ﬁgi%%gi e?)ﬁg/sl %g‘\ﬁ%?’%(m r?@)owand
allowed to Shd tmIr'()’B’rﬁ“l‘E?rperature (48 hours). The resulting solid was

filtered, washed w tbUnllesshgthethese 2pdE8i t i

2- Cbz- D pe %g{’g% soqui nol i.n%car onyl - Legr ol I ngd?ll%fzi?ﬁtﬁbi %]1'-1%"69’&-!)“‘(5. 86
g, 36% FA 5 %Wﬁ%‘:‘s (353 g-i%éﬁ\.ez golutipns.s | MeOH ) . B)

Preparati on of N Bocip-thei exambies) behepai 1l iTe i rr ion
of sodi um bygos g (4, 6. e Mol 00% disperlgﬁ)nllgné%%' | e predicY

t et rahydrof uran %1 }%was HhfI WA TRATRARHET 28 f2o Brotione NMFO t® g, 105
mol ). To €pRELIFMxthe olndisatdl domioutld/ wasa obtadedid;i o {MRRSLE gngol ution
of di-t-budataiddmoi A (25.4, .1 ) .. 74 After stirring for
16 hours, the mﬂxtur elcl\?/a?(}g%%tt% v%\nt%td'is%%{% Aefresed sppcarym\wased
twice witPREREIEG25FHRHS waphasedyae confise whe exaetdmangd G¥YS04),
filtered coshsAREENtfcH §hhilc® @ : rude solid. The.resultin
solid (28.39,. 85 gﬁ)l) Wwas t%e\r%%(si%%sfélcvgggi %lf'g‘ﬂ‘gﬁédFﬁF YSAS(¥38 ﬁEg and
a sol uti orP VrEAEH hRth FiSoPre8ucs. #Egthes desoijibed pebbedatel 36Renl) Was
added. Af tegrensiritali rpmpositiioht bt S L concentrgi.ed to about
one- hal f Yﬁ?‘l&irgaat%%d wat er was addegﬁfoggré%r&r‘g?gv\%rggcgﬁr atigﬁ gflfhe

product . e precipitate was filtered and dried in vacuo to give 18.5 g
(94% of a white solid. IR 1IH NVR FD-M5, me 232 (M) Analysis for
C13H16N202 Calc: C, 67.22; H, 6.94; N, 12.06; Found: C, 67.19: H, 7.16; N)
11.82. C Preparation of p-(BocNHCH2) C6HAC( NH) NHCbz. By a net hod
substantially equivalent to that described in Exanple 15-C,

N- Hoc- p- (am nonet hyl ) benzonitrile (32.7 g, 140 nmol) was el aborated to

p- (BocNHCH2) C6HAC( NH) NH2. The residue fromthis procedure was dissolved in
di met hyl formam de (700 nlL) and N, N-dii sopropyl ethylamne (72 g, 560 mmol)
was added. To this stirring solution was added dropw se benzyl
chloroformate (48 g) 280 nmmol). After stirring for 16 hours, water (100 i)
was added and then the solvents were renoved in vacuo. The residue was
partitioned between water (250 nL) and ethyl acetate (500 nL). The phases
wer e separated and the organi c phase was washed three tinmes with saturated
aqueous ammoni um chl oride (250 nmL), once with water (200 nL) and twice with
sat urated aqueous sodi um bi carbonate (250 nL). The organi c phase Was t hen
dried (MgS04), filtered and concentrated and the 75 product was
recrystallized fromdiethyl ether to give 14 g 126% of white solid. 1H NWR
FD-M5) me 384 (Mt) D) Preparation of p-H2NCH2C6HAC( NH) NHCbz2HC1. To a

sol ution of p-(BocNHCH2) C6HAC(NH) NHCbz (11 g, 28.7 mmol ) in dichl oronet hane
(125 nm.) at 0 C, was added anisole (10 nL) followed by trifluoroacetic acid
(125 nlL). After stirring for 2 hours, the solvents were renoved in vacuo
and the residue was dissolved in 1 N hydrochloric acid (50 nL) and washed
twice with diethyl ether (50 nL). The pH was adjusted to 3 Wth ion
exchange resin (Bio Rad AGL-X8, in basic fornm) and the sol ution was

| yophilized to give 9.2 g (90% of white powder. 1H NVR FD-M5, nmle 284 (M)
E) Preparation of Cbz-1-Pig-Pro-p- NHCH2C6H4AC( NH) NHCbz.




By a nethod substantially equivalent to that described in Exanple 1-G 4.4
g (79% of Cbz-1-Pi g-Pro- pNHCH2C6HAC( NH) NHCbz were prepared from

Cbz- 1- Pi g- Pro- OH and p- H2ZNCH2C6HAC( NH) NHCbz2HC1. In this case) the reaction
was perforned in dinmethylforman de due to solubility problens with

p- H2ZNCH2C6HAC( NH) NHCbz2HC1. 1H NVMR FD-MS, nie 681 (M+) Analysis for _
C3gH45N506: Calc: C, 68.91; H 6.67; N, 10.30; Found: C, 68.71; H 6.93; N,
| 0. 38. 76 F) Preparation of 1-Piq-Pro-p,NHCH2C6HAC( NH) NH22HCL. To a
solution of Cbz-1-Pig-Pro-p- NHCH2C6HAC(NH)NHCbz (4.2 g, 6.1 nmol) in

et hanol (200 nL), was added 1 N hydrochloric acid (18.3 nL, 18.3 nmmol) and
water (100 nlL). To this stirring sol Exeppleag added 5% Pd/C (1 g), and

hydr ogen gas was bubbl ed through the solution for a period of 2 hours. The
m xture was then flushed q’N}sPitrogen, and then filtered through a pad of
di at onraceous earth. The ?I 2yrate was then concentrated in vacuo,

redi ssolved in water (25 apOpurified by RPHPLC (nethod 2, 98/2 (A B),
ranp to 60/40 (A/B), 300 yinutles), to give 1.3 g Q& 9 of

1- Pi g- Pr o- p- NHCH2C6H4CLM=d) NHN2HCL. HH NVR FD- V5, e 4J.§H& ) Anal ysis for
C23H33N5R1. 9HC12. 5H20Q @5 - 765 J‘}é?’ “C1, 12.81;

Found: C, 52.63; H, 7.%8 , 471/ C1, 12.95. H BENNI ~ NH2 3 HC
U.."~f 0 D 3-Pig-Pro- p~NHCH2C6H4DNH) NH23HC1 A{-\NPrepar ation of

Cbz- D 3-Pi g- Pro- OH. D Phenyl al anine (50 g, 302 nmol) was reacted with a 37%
solution of formal dehyde (120 njg%zand concentrated HC1 (380 nL) at reflex.
After 30 minutes an additiondft ™R-BhefRyromAgeticle was added and reaction
continued for 3 hours. Z, ~~~ 177 The reaction cooled to -10 C and the
precipitate ja filtered. The solid was dried y~ vacuo to give D1, 2,3, 4=
tetrahydro-3! | SKRHATIRR K5 BRF1R-BheP{>OB g, 45% FD NS 17B (MHH) . A
solution of D1, 2,3,4-tetrahydro-3-isoqui nolinecarboxylic acid (17 g, 96

mol ) in water (200, ni nd 20 of 5~ HC1 was hydrogenated over 5%
Rh/ A1203 (8.5 )‘zgt‘ﬁ%“g"a&" ﬁgkp‘ff%'il?‘?hﬁ'dﬁhibﬁ?-ﬂr@s@ﬁ apwsl ot (Brat 120

C for 16 hd®RRm hyfwaotdantiden (81x2UrE \¥3% Minldaar,e dggr R3R
di at onaceo%chj'tﬁldairslcg%}eo fitrate was freeze-'d(rill e 3ow1i£e %"OJ')
D- per hydr o- 3-1 soqui nol’l ecfryblo%&mfl(,”%}% (163 7 .q- 1090 2yl ) 0% %D VS
184 (MH+). in dichloromethane (600 mL) was added 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (71
g, 370 mmol). After stirring for 18 hours, the mixture was
diluted with diethyl ether (1 L) and washed sequentially
three times with 1 N citric acid (250 mL), once with water

(250 mL), three times with saturated agueous sodium

bicarbonate (250 mL) and once with saturated aqueous sodium
chloride (250 mL). The organic phase was dried (Na2S0yg),

filtered, and concentrated in vacuo to yield 140 g (92.5%)
of a pale yellow foam.

FD-MS, m/e 452 (M%)
1y NMR

B) Preparation of D-Phe-Pro-OBn-TFA.

To a stirring solution of Boc-D-Phe-Pro-0OBn (68 g, 150
mmol) in dichloromethane (50 mL) at 0 °C, was added anisole
(20 mL) followed by trifluorocacetic acid (400 mL). After
stirring for 3 hours, the solvents were evaporated in vacuo
and the thick oily residue was dissolved in diethyl ether



D-3-Pig-OH (21.0 g, 95.8 mvol ) was dissolved in tetrahydrofuran t75 nL) and
water (50 mL). The pH of the solution was adjusted to 10.0 with 5~T NaCH,
and benzyl chloroformate (16.4 nL, 115 mmol) was added dropw se and the pH
mai ntained at 9.5 with 2g NaOH. The reaction was stirred for an additional
1 hour at roomtenperature. The organic solvent was evaporated ,~ vacuo,
and diethyl ether (100 nL) and water (50 nlL) were added to the residue. The
aqueous | ayer was separated) the pH of the solution was adjusted to 3.0
with 3~ HCl, and ethyl acetate (250 mni) s added. The organic | ayer was
separated and dried (MyS04). The filtrate was concentrated ~ vacuo to give

a clear oil(lo% B} Cbz&mfhygbrh&d SOTRIi K $1EC A W ot @ Ghrbcipitate

(002 P Ol . Sy GEN R s Rt o e

added prol taeyiebdt§9. £y et8%%9) DI, witikenpvderl- hydr oxybenzot riazole (7.3
g, 54 mol), and DCC (11.1 g, 54 mpl). The reaction was stirred for 3
hours at 0,C and 24 hours at roomtenperature. The reaction precipitate was
filtered ahd ¥MR filtrate concentrated ~ vacuo to an oil. The oil was

di ssolved in EtQAc (200 nL) and water (100 nlL). The organic |ayer was
separ at ed, _and_washed sequentl ally with I'tj NaHC03) water, 1.51 citric
acid, and %At ePTeRMEAGIQRIRE FeiRe-DndhetPradOBMS04), and the filtrate
evaporated to an 0|I whi ch 78 was dried to give

2- Cbz- D-. per hydr o- 3-i spquj nol i necar bonyl - Lproline t-butyl ester
(Cbz- D 3 Pi q- Prie @ BeS 1 Lzsn% gRlutign o rPherP cmm;n -TFA (12 g,
Cbz- D- 3- Pi 25 Pt amfid 1) Bind Xrikethylenihe MO e oR122 gffhi)n q, round bottom

flask cont trifduoro i ¢ .acid ( anlsole 5 nm), and _stirred
at room te?rip%r‘i; [FrRethans, %C&;fﬁ'é) r’efac'tJ%ncwétésc epylEonyd
wi t hout hecitlowfidentl ds%inly, 28.1%emm(cl50 dHopwided wiat @n @g@qtr{leh wer e added.
The pH of Iut ed t0 9.8 with The agueous | ayer
was separ at‘j}%ﬁt)he D o#@ﬁs%taﬂsrb (RESSH WES 8 cﬁd’-‘tcp JCgaps ptterpc)  and
et hyl acet%ﬁlerl(lzm hﬂ)oum acded (mmenmngmsc:ald@ear WIthes @Rgrantied, dried
(MgS04) , nce at.ed ~_vaguo tq give a
clear oil. e 0| Easeso vee{th'ltl%‘ega%tl%)??l 1 ﬁ’] df?@b‘lﬁf)‘caﬁﬁlfihe sol uti on
was al | owebil% @t)and?f%ﬂe Widh e maduaated @anuna)lorme seduktibag solid
was filter h i r n r

@30 Wash e Vit M@ol@e@ﬁ: wa@: o A kl%g %_%agu& “pr S‘ha_b (13.5

2- Cbz-perh 3-1 soqw nol | necar bon proline
g, 49% F/ﬁiﬁ‘% sf\{tpéh chzemprRos aghyc over eslsaa H 7.29;

N, 6.76; Fmind: l@t %H")e?z3 apatio
Cbz- D 3-Pi Cl) Prc;e ngfg ZCE;:I—M tNquﬁc@ta@egiuexﬁ}er Sasuzsta? PFy eqw val ent

to that deSetiak 1gJEdgfd GYgTPEQ%"eé'F combined ana

Cbz- D- 3- Plapﬂamqr-d‘ﬂleka-li%ldﬁm(el\llﬂ) BECez (BeRS Blfeaaﬁglggvoghgbz,h%ﬁ Pi g-Pro- CH
and p- H2N NHCbz2HC1. FD-M5, me 6 Preparation of

D 3- Pi g- Pro-p- HAC( NH) NH23HC1. By a net hod substantl al Iy equival ent
to that described in Exanple 17-C, 150 ng of

D- 3- Pi g- Prigg 2C6HAC( NH) NH23HC1 wer e prepared. The product was 79
purified b LC (nmethod 2, 98/2 (A/8), ranp to 60/40 (A/B)) 240

m nut es) . MIVRIHE- N8 S M) 4l 2 (M+) Analysis for C23H33N5023HC10. 5H20:

Calc: C 2hal¥sild fz,r%zﬁizeggogg Found: C, 52. 35 H 7.23; N, 12.95. -NH
NHON ~ ~ NHZ , ' ~'~~ 0
Calc: C, 62.14; H, 6.35; N,6. 30;

Found: C, 61.87; H, 6.37; N 6.18.

D) Preparation of EtSO2-D-Phe-Pro-0OH.

To a stirring solution of EtSO2-D-Phe-Pro-OBn (4.5 g,
10.1 mmol) in p-dioxane (150 mL) was added a solution of
lithium hydroxide monohydrate (2.1 g, 50.5 mmol) in water
(75 mL). After stirring for 16 hours, the volume of the
solution was reduced by half in vacuo, and the solution was
diluted with water (300 mL) and 0.1 N NaOH (100 mL). The



D- her 0- Chi - p- NHCH2C6H4 C( NH) NH23HC1

((S-cis)-N[[4-(am noi m nonet hyl ) phenyl ] net hyl ] - oct ahydr ol- D- honopr ol yl - 1H
i ndol e- 2- car boxam de tri hydrochloride) A) Preparation of Cbz-D hero-Chi-OH
HC1 gas was bubbl ed through a stirring suspension of _
(.S)-indoline-2-carboxylic acid (20 g, 110 mmol ) in ethanol (500 niL). Wen
the acid was conpletely dissolved) the solution was brought to refl ux.
After 16 hours, the solution was cool ed d the solvent renoved in vacuo.
The residue was triturated with diethyl ether and the resulting off-white
solid was collected by filtration, washed wth hexanes and dried overni ght
in a vacuuraquesmsaplaGeCwas dghen @washedotwiee? wixhbdiwthyla@theat 250

esterHCL (25.,7 (R%):. o 3T ol d s di ssol [ I 5%
Pd/ C (25 g)%ﬁ"v?/ds%acd'g%(flegngﬁtt%esrog'sfélat%ﬁ%giéug\éggéi {)&ﬁ%tv\ggi y&%%%%r?[aptégd on a
Parr shakerthirge gimas with ethal agetpse) (1Bfemidl.ut Thve wombiineder ed and
the sol ventetdga =@ia2 i . i hd '

L turated oo & \ﬁé = gt\f?‘%g%dw}g% g Wosp! %%%R’ﬁ%?’ gﬁt\g??t%df?g“?%ﬁsd

(ci s- Oni - oét%?téb'“ éﬁéé&&q ?P@d’"&y .+ AFd R i(M9SO”y) /o LSS A antial | y
equi val ent dqhdémraci@acrtiob@qvbn3E>sagpl(gohAof1%h§t@ Ced%dy.of _
Cbz-D-hero-cis-Oni-OEt were prepared from Cbz-D hero-OH and ci s- Chi - OEt HCL.

1H NVR FD- M5, me 442 (Mt) Analysis for C25H34N205 Calc: C, 67.85; H,
Found: C, &D-2%, /e’ 384, (M+)6.33; 7.72; N, 6.48. By a nethod substantially

equi val ent t cri.bed_in ample 1-D, 12.5 g (102% of
Cbz-Dheroﬁ(S?%slyéa's- %l%imgrlé%&zé'a&%d. 1H NMR FD-MS, nfe 414 (M) Anal ysis
for C23H3pN205 @allx: C, 66654 122 Faunds.2%; @6, 46,903 7.29; N, 6.76; 7.30;

N, 6.86. B) Pre?gqr‘_?‘td:on Ofcc%{'%éc}e{lﬂég]'if-ésp’éwggé- C(NH) NHCbz. By a

met hod subst ant y ‘equi val €n " Exanple 18-E, 3.3 ¢
(679 of Cbz-D hero-Chi-p- NHCH2C6HAC( NH) NHCbz wer e prepared from

(V) O PraparatTantsh ol ey he iy o8 R AR R REDS P 228y a mot hod
substantially equivalent to that described in Exanple 18-F, 2.2 g (66% of
D-hero-Oni -p-NH@d2 a *lirring solution of di-t-butyl dicarbonate (100
g, 458 mmol) in t-butanol (300 mL) was added a solution of
bis-S-methylisothiourea sulfate (32.7 g, 117 mmol) in water
(150 mL), followed by a solution of sodium hydroxide (19.2
g, 480 mmol) in water (150 mL). After stirring for 48
hours, the mixture was concentrated to approximately one-
third of the original volume in vacuo and diluted with
diethyl ether (500 mL). The organic phase was washed once
with water (250 mL), three times with 1 N citric acid (250
mL) and once again with water (250 mﬂ). The organic phase
was then dried (MgSO4), filtered and concentrated in vacuo
to give 42 g (62%) of a white solid.

1 NMR
F) Preparation of N9,N9'-di-Boc-agmatine.

To a stirring solution of 1,4-butanediamine (23 g, 258
mmol) in 2:1 dimethylformamide:water (300 mL) was added a
solution of N,N'-di-Boc-S-methylisothiourea (15 g, 52 mmol)
in dimethylformamide (100 mL) via an addition funnel. After
stirring for 2 hours, the solvents were removed in vacuo
and the residue was dissolved in 1 N citric acid (250 mbL),



C6HAC( NH) NH23HC1 were prepared. The product was purified by RPHPLC (et hod

2, 98/2 (A/B), ranp to 60/40 (A/B),.3000 minutes). . 1H NWVR FD-M5, nie 412

(MF) Analysis for C23H33N5~23HC10.5H20: Calc: C, 52.13; H, 7.04; N, 13.22;

Found: C, '51.98; H 7.04; N 13.35. -NHNHONNI ~ NH2 , 2 HCO O

D- her 0- N( PhCH2CH2) G y- p- NHCH2 C6 HAC( NH) NH22HC1

(D honoprol yl -N(oc) - (2-phenylethyl )-N-[[4

(am noi m nomet hyl ) phenyl | met hyl ] gl yci nagihde di hydrochl oride) A) Preparation

of Cbz-D hero-N(PhCH2CH2) @ y-OH. To a solution of phenethylam ne (58 ni,

461 mmol) and triethylamne f21 nL, 154 mmol) in ethanol (200 m.) at 0 C

was added & Lied iwithowatesytis O midpand: mashed0wythl84¢hyivlareitatet hanol

(50 nmL) oversgdl ur. f t e nd the sal uti on was
€250 mIour . THee t®hd Rkl atR Plthgrste WAt Lengl \%%cgmaghfe% {ﬂﬁ.ég

S
al lowed to, warmto roomtenperature. A stirring o sol vent s
vere remved G EREQUAER (200 mEdi and whe dombineddammebiisc phaisesaci d. The

agueous sabesid esiE: dmRsed WAt iclrdhathy! sgtliete R thedoYiih solid
t Fh 8 yl

I
sodi um bi carhonat e, and then extracted three times w acérate (200
n). The =9 ‘é’i“fgﬂﬁrﬁ e BRY extEastedekwiget vikbhr ethylcdcennses)
filtered afESinlqued The sorbintd eylodestatleckethbtL e PeoGhBhbA! © 1aS
e 1005 g o

filtered, hed wi.th diethyl ether, and dried to give 1 ite
sol i d. Tﬁgy%%{ R UTRYES: ARHEOREn SR PR 55‘19619%(5?8%%?  aBB8ed100 nL and

then di | ut@esQah diidteyedenndr conbentrpteds tor gsvandpng §0{739ynbaut es,

t he sol uti oq:hm fs&lrg‘gred to yield an additional 23.5 g of white solid for
a conbi ne(?tota 0 ‘g (94% of N(PhCH2CH2)d y-O-t-Bu. 1H-NVR FD-MS, nie
235 (M+) By a nethod substantially equivalent to that described in Exanple
1-A, 10.81gy (g of Cbz-D hero-N(PhCH2CH2) G y-0t-Bu were prepared from
Cbz- D-hero-OH and N(PhCH2CH2) @ y-O-tBu. 1H NVR FD-MS, nfe 480 (M+) Anal ysis
for C28H36N205: Calc: C, 69.98; H 7.55; N, 5.83; Found: C, 69.68; H 7.56;

N, 5.77. By aPm‘ebh@dt&bhsbﬂnﬁtsbb¥DeﬂH'é¥?£8f'Agﬁ1gé,@aﬁ described in Exanple
18-A, for the deprotection of Cbz-DL-1-Pig-Pro-O-Bu; 9.2 g (100% of
Cbz- D- hero- N(PhCH2CH2) G y- OH were prepared. 1H NVR FD-MS, me 425 (M)

ﬁnagygg_s for C6HaSHEAPrikgl 8016tibA- 8 Nbl, NO- 631 -Bbcfaffac fQUNE2 & 68- 19

v 0. 00, @’mﬁoZ}'in dichloromethane (30 mlL) was added EtSO2-D-Phe-
Pro-OH (2.1 g, 6 mmol), HOBT (810 mg, 6 mmol) and N,N-
diisopropylethylamine (1.6 g, 12 mhol), followed by 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(1.4 g, 73 mmol). After stirring for 20 hours, the
solution was diluted with ethyl acetate (300 mL) and washed
three times with 1 N citric acid (150 mL), once with water
(150 mL), and twice with saturated agueous sodium
bicarbonate. The organic phase was then dried (Mgso0yg),
filtered and concentrated in vacuo. The residue was
chromatographed over silica gel, eluting with a step
gradient of ethyl acetate:hexanes (1:4)- through ethyl
acetate. The product containing fractions (based on TLC)
were combined and concentrated to give 2.4 g (60%) of a
thick oil.

1y NMR
FD-MS, m/e 668 (MHY)



B) Preparation of Cbz-D- hero- N PhCH2CH2) G y- p- NHCH2C6H4 C( NH) NHCbz. 83 By
a nethod substantially equivalent to that described in Exanple 18-E, 3.2 ¢
(55% of Cbz-D hero- N(PhCH2CH2) A yp- NHCH2C6HAC( NH) NHCbz were prepared from
Cbz- D- hPr oN( PhCH2CH2) G y- OH and p- H2N~H2C6H4AC( NH) NHCbz2HC1. 1H NVR FD- MBS,
me 690 (M+) Analysis for CApH43N5~6 Calc: C, 69.65; H, 6.28; N, 10.15;
Found: C, 69.80; H 6.46; N, 10.14. C Preparation of

D- her o- N( PhCH2CH2) @ y- p- NHCH2C6HAC( NH) NHZZH&} By a nethod substantially
equi valent to that described in Exanple 19 770 ng (54% of

D- her o- N(PhCH2CH2) G y- pNHCH2C6HAC( NH) NH22HC1 wer e prepared. The product was
purified by RPHPLEXeReration, o68ERSQOA-By PheaRpotAgRbitD. (A/B), |20
mnutes). 1H NVR FD-M5, nie 423 (MH) Analysis for C24H31N5~22HCl: Calc: C,
58.30; H, 6.73; N, 14.16, Found: C, 58.05; H 6.60; N, 14.28. ~NH NH O N .
NI ~ NH2 2 HO UP Stifrgng guspension of Et502 -D-Phe-Pro-Agm(Boc) 2

D- hero-Pro(4-¢iseP
(cis- Dhom()prgl ; Q;’iZBng%%gf%H%ﬁng%%ﬂ?) phenbl‘]’?}%tﬂﬁfﬂved in
4- phenoxy- L- pT‘BK hu cﬂ?h?d*%‘ﬂ" 6290‘51)" Andraeblowed oto odtir for 1 hour

Cbz- D- her o- Pr at 4r 66 - Catpefditude. a @19&%61)‘9?8{ @% E)ﬂé)r(gr gﬁ%?ov% 58. 8
T AR st o i Lt 0

h | ut dbet e | I
Lot ahyd of ur gp o a0 ke SEded Fadndd aqping,

5 The col at h was then renmove
was all owed t0 t\:/\’/51 %%T%R)FJO %ﬁ[‘ &&;t’ﬂr e g% thepr Hartied ol cententasatietn
renoved in voznd hrmbhihzﬁrmmlmmrmu Y Nasad rﬂfﬂ“ﬂcﬁ%d’&éﬁ@é et hyl
tr

ether. The whijif sol ﬁ/\q,ﬁf ved b flltratl n and the ti ate was
concentrated. The reﬁm Ue was Thén & atg?féﬂw qc}e’epgeqtqzl Kg)
el uting with 2RStRYF kel anmemma rowgy2l: (amshyly to 50

acet at e/ hexangs p)Thesd G i ure uct ged. by TLC)
wer e combi ned and concentr at ﬁ \?aicuorhtgjo e‘% E@G‘%e glowder'.

Cbz- Pro(4-cis-phenoxy)-OEt as a coI orl ess syr up. 1H NIVR FD-M5, me 369 (M)
Anal ysis for @2 MM3N0O5 Calc: C, 68.28; H, 6.28; N, 3.79; Found: C, 68. 38;

H 6.30; N, 3.8
¥ %s, mre 467 (M*)

Analysis for C3 1H34NEO4¢S-HC1H20:

Calc: C, 48.41; H, 7.16; N, 16.13; Cl, 6.80;
Found: C, 48.01; H, 6.81; N, 16.15; Cl1, 6.97.
Example 2

EtSOZN'H
O
NH
N “ ";,'\/\/\ /IL .HC|
1 N7 NH,
o)

EtSO02-D-Cha-Pro-Agm-HC1
A) Preparation of Boc-D-Cha-Pro-OBn.

By a method substantially equivalent to that described
in Example 1-A, Boc-D-Cha-Pro-OBn was prepared from Boc-D-
Cha-OH and Pro-OBn'HCl in 91% yield (109 g).



To a solution of Cbz-Pro(4-cis-phenoxy)-Cet (25 g, 67.7 mmol) in ethanol
(400 nm.) was added 5% Pd/ C (5 g). After bubbling hydrogen through the
solution for 3 hours) the solution was filtered through a pad of

di at omaceous earth, 3 nlL of concentrated hydrochloric acid were added, and
t he solution was concentrated in vacuo. The residue was suspended in

di ethyl ether with vigorous stirring and then 85 filtered and dried to
give 14.2 g (77% of Pro(4-cisphenoxy)-§E§HC1 as a white solid. 1H NWR
FD-M5, me 235 (M+) Analysis for C13H18 Cl: Calc: C, 57.46; H, Found: C
57.68; H 6.68; N, 5.15; 6.78; N, 5.18. By a nethod substantially

equi val ent RIrMshatm/@e4SBi )i n Exanple 1-A, 19.4 g (100% of

Cbz- D- her o- Pro( 4-ci sphenoxy) - Oet were prepared from Cbz-D hero-CH and
Pro(4-ci sphenoxy)-OEtHC1. 1H NVR FD-Ms5, mle 480 (M) Analysis for
C27H32N206 BiCalPrepgragtons ofHD-EbanBroEPBA7TFA, H, 6 . 71;N, 5 . 83 ; 6.79;
N, 5.89. By a nethod substantially equivalent to that described in Exanple
1-D, 16 g (100%_ of Cbz-D hero-Pro(4-cis-phenoxy)OH were prepared. 1H NWR
FD-MS, nfe 452 EWp Resbpd substaczimdixvequicalentCro66ha6; deiscfiBdd N,
6.19; Foundn Exaf91221-B, H-&fa-Ddrobobd. L9050

Cbz- D hero;, ro%asgis-PhO)-p-NHCHgE%FS%%hﬁﬁkﬁg%geaégﬁggﬁgt %%sgu%gtantially
equi val ent T§OFRLECAEs¥IPREd 1AOERAnpl e 18-E, 4.55 g (75% of

Cbz- D- her o- Pro( 4-ci s- PhO) p- NHCH2C6HAC( NH) NHCbz wer e prepared from

Cbz- D her oiﬁr wm S- Ph0) - OH and p- H2ZNCH2C6H4 C( NH) NHCbz 2HCL. 86 1H NWMR
FD-M5, me 71 M+) C) Preparation of

D- her o- Pr oFD-MEs- liA@) 359 NHEHR CE6HAC( NH) NH22HC1. By a net hod substantially
equi valent to that described in Exanple 18-F, 873 ng (40% of

D- her o- Pro( 4- ci s- PhO) - pNHCH2C6HAC( NH) NH22HC1 wer e prepared. The product was
purified b%’RPPPEEF{ﬁﬁlﬁDdOQ,E@S@?‘Q*@Kﬁ:PIGHQBﬂD 85/15 (A/B), 120

m nutes). 1H NWR

By a method substantially equivalent to that described
in Example 1-C, EtSO2-D-Cha-Pro-OBn was prepared (20%
vield, 2.3 g).

1K NMR

FD-MS, m/e 450 (M%)

Analysis for C23H34N205S:
Calc: C, 61.31; H, 7.61; N, 6.22;
Found: C, 61.55; H, 7.59; N, 6.28.

D) Preparation of EtSO2-D-Cha-Pro-0H.

By a method substantially equivalent to that described
in Example 1-D, EtS03-D-Cha-Pro-OH was prepared (48% yield,
0.78 g).

1y NMR
FD-MS, m/e 361 (M*)

E) Preparation of EtSO2-D-Cha-Pro-Agm(Boc) 3.

By a method substantially equivalent to that described
in Example 1-G, 400 mg (40%) of EtSOz-D-Cha-Pro-Agm(Boc)2



FD-M5, me 451 (M+) Analysis for C25H31N5032HCL1: Calc: C, 57.47; H, 6.37;
N, 13.40; Found: C, 57.22; H 6.29; N, 13.47. Et SO2NH O NH N N\ | NH2 HCl
O t SO02- D- Phe- Pr 0- p- NHCH2C6HA C( NH) NH2HCI

(N- (et hyl sul fonyl)-D-phenyl al anyl -N-[[ 4

(am noi m nonet hyl ) phenyl ] net hyl ] - L- prol i nam de hydrochl ori de) A)
Preparation of p-NH2CH2- C6HACNHC1. HCl1 gas was bubbl ed through a stirring
sol uti on of NBoc- p-am nomnet hyl benzonitrile (15 g, 64.6 mmol) in ethyl 87
acetate (400 nL) at 0 Cfor. 10 ni nut es46The col d bath was renoved and
after stirring for 1. 5 hours t he sol vent was renoved ~ vacuo and the

resi due Waferd Prapid f dlethyl et her
and dried to give 10. 1 (9:’»‘%9§C)1’2 wr:?th@ S%JIOI ?}FW% ©me 132
(M+) Anal 2SI f or CgHgNZO Calc: C 56.98; H, 5.38; N, 16.61, Cl, 21. 02;
Found: C, 56.36; H, 5.46; N, 16.22; Cl, 21.31. B) Preparation of

Et S02- D- Phe- Pr o- p- NHCHZ- C6HQCN. 8y a net hod substantially equivalent to
that descrithd®® n Exanple 1-G 1.5 g (80% of '

Et S02- D- Plyp-M1s9- pr/dHEH4- Gaia¢N Were prepared from Et SO2- D- Phe- Pro- OH and

p- NH2CH2- C6HQCNHC1. IR 1H NVR FD-MS5, me 468 (M) Anal ysis for C2qH2gNgOgsS:
Calc: C 61.52; H 6.02; N, 11.90; Found: C, 61.23; H 6.13; N, 11.80. O
Preparati @1 ofPriEpatatBobhefPEeSpoNDICHRaChHAChT AFZHC1. To a sol ution of
Et SO2- D- Phe- Pr o- p- NHCHZ- C6HqQCN (1 g, 2.1 mmol ) in absol ute ethanol (35 i)
was added N, N-diisopropylethylamne (0.47 nL, 2.7 mmol) foll owed by

Pydro?rlanlgé EMdmouhkmmﬁdeub&&inﬁﬁa12y7eq&&bhléﬂg Eget?gkuab% ngdbrought
o reflux Qur s cqooled an € sQ S were

r emoved ~1§a%&§ﬁpigoa = FtFﬁgangF ?5Pm$€WeﬁgikﬂﬁsoﬁrF83Fﬁ€ #4%% step and
t he renalNﬁﬁédmaﬂ@ﬂlmb)masTbarpfoddcbwaEFBhgafﬂaahgg ApuBPE1PmeALBY: ranp
to 60/40 /¥ B/9veh/899 BRAH'€3)50/568(a/B), 60 minutes).

18 NMR
FD-MS, m/e 473 (M%)
Analysis for C21H40Ng04S+1.2HC1 - Hy0:

Calc: C, 47.20; H, 8.15; N, 15.73; Cl, 7.96;
Found: C, 47.47; H, 7.84; N, 16.10; €1, 7.80.
Example 3

EtOCON-H
(o)
NH
N H
o _N e HCI
( 7 "l \/\/\uJLNHZ
(@)

EtOCO-D-Phe-Pro-Agm:HC1
A) Preparation of EtOCO-D-Phe-Pro-OH.

By methods substantially equivalent to those described
in Examples 1-C and 1-D using ethyl chloroformate in place
of ethanesulfonyl chloride, 6.59 g (92%) of EtOCO-D-Phe-
Pro-OH were prepared.



IR 1H NVMR FD- M5, nfe 501 (Mt) Analysis for C24H31N505S1. 2HC1H20: Calc: C
51.17; H, 6.12; N, 12.42; Cl, 7.55; Found: C, 51.04; H, 5.81; N, 12.39: Ci1,
7.18. D) Preparation of EtS02-D Phe-Pro-p-NHCH2- C6HAC(=NH) NHZHClI . To a

sol ution of EtS02-D- Phe- Pro- p- NHCHZC6HqC( =NOH) NH2HC1 (250 ng, 0.52 mmol) in
et hanol (40 nlL) and water (19 nL) was added 1 N HC1L (1 nL) foll owed by 5%
Pd on carbon (250 ng). The stirring suspension was placed under an

at nosphere of hydrogen for 18 hours and was then filtered, concentrated and
purified by RPHPLC (nethod 1, 90/10 (A/é) ranp to 60/40 (A/ B) over 200

m nutes) to give 140 ng (52% of EtS02- D Phe- Pro- p- NHCHZ- C6H4AC( =NH) NH2HC1.
1H NVR FD-NB,NMHE € 486 (M) Analysis for C24H31N504SHC11.5H20: Calc: C,
52.50; H 6.42: N, 12.75; Epund: C, 52.56; H 6.19; N 12.59. Another 5 g
of pr oductFR@f% ﬁ?’@pé@esd (B%/ )t he nethods described in Exanple 15 and
purified [AnARHEAC foreta®iIN98/:2 (A/B), 60 mnutes, ranp to 60/40 (A/S)
300 mi nutes). I%aﬁ?Z-N'HOC%I IfN ~ NH2 HCI O _NH

Et 502- D- Phe- Pr o= NHCH2- HE%("EL]-(— ) Nl Hfc163: 39 B-3Bieparation of

Et SO02- D- Phe- Pr RoardHCHZ- Q6 HogH ~NGH)HNHE | By; et lppdg substantial Iy equi val ent
to those described in Exanple 23, Et S02-D- Phe- Pro- m NHCHZ- C6HgC( =NOH) NHZ
was prepared using m BrCH2- C6HQCN i n place of p-H CH2- C6HQCN. 140 ng (13%
of this crBist #rieparatienmedi Ztocoad-PhkdPbaskgmndcihe rest of the material
was taken on to step B. iHNVR FD-M5, me 502 (M) Analysis for '
C2gqH31N505S: Calc: C, 57.47; H Found: C, 57.28; H 6.23; N, 13.96; 6.21;

N, 13.66. B) Ppar methoedisubissapthaliy- BgaivaleftZt S6tHet -aEbMNZHed. By a

25- B?dofsgt%&‘gr N R Ll ot de o kL AT
pr epar ed. Were prepared from EtOCO-D-Phe-Pro-OH and N9-N9'-di-Boc-

Agm. Then by a method substantially equivalent to that

described in Example 1-H, 390 mg (77%) of EtOCO-D-Phe-Pro-

Agm-HCl were prepared. The product was purified by RPHPLC

(method 1, 98/2 (A/B), ramp to 50/50 (A/B), 60 minutes).

1y NMR
FD-MS, m/e 447 (M%)
Analysis for C22H34Ng0O4:0.9HCl-0.2TFA- Hy0:

Calc: ¢, 51.70; H, 7.22; N, 16.15; C1, 6.13;
Found: C, 51.73; H, 7.20; N, 16.54; Cl, 6.36.
Example 4

0]
"{ o)
N H i H
' e HCI
ooy N\/\/\NJLNH
5 Ho

NMI-D-Phe-Pro-Agm-HC1
(N-[(1-methyl-1H-indol-2-yl)carbonyl]-D-phenyl alanyl-N-
[4—[(aminoiminomethyl)amino]butyl]—L-prolinamide

monohydrochloride)



I HNWR FD-M5, mle 486 (M) Analysis for C24H31N504S1. 1HC12H20: Calc: C,
51.32; H, 6.48; N, 12.47; Cl) 6.94; Found: C, 51.33; H, 6.09; N, 12.20; C1,
6.66. ..., N~ ~ NH2 " 2 HCO ~f NH D 1-Pi g- Pro- m NHCH2- C6HqC( =NH) NHZHC1

90 By a nethod substantially equivalent to that described in Exanple 23,
0.86 g of D-1-Pig-Pro-m NHCH2- C6H~C(=NH) NH2HC1 were prepared from
Cbz-D- 1-Pi g- Pro- OH and m NH2CH2- C6HQCNHC1. 1H NMR FD- M5, me 412 (M)

Anal ysis for C23H33N5022. 5HC10.5H20: Calc: C) 53.99; H 7.19; N, 13.69;
Found: C, 54.19; H 7.02; N) 13.81. EtSO2N-4BO H ~ ~~~~~ f NO~ 1 NH2 HC

i NH Et SO2- D- Phe- Pr o- p- NHCH2CH2- C6HAC( =NH) NH2HC1 A) Preparation of nethyl
p- cyano-trapsa¢in t | g S skon of NaH (6.1 g of 60~ oi
suspensi on, 1%% nﬁg afaaggncﬁghhggnga %hggg ?go g, 153 mmol) in
tetrahydrofuran (250 nL) at 0 C was added via addition funnel a solution of
trimethyl phosphongpgcgt apey g tga furan (50

After stirring fg{ 48 hourséggﬂeog ﬁSmggnta ?g%gv%dg¥9é§§¥ lgnécfﬂn%%rﬁde
resi due was dfss v%cf‘“?“ﬁlbt-'lﬂll @ée‘ﬁﬁﬁ—%ﬂl?mofwyanTh@ ethy | was caddedsol uti on

was washed Onpent‘af.‘mmﬂﬁenéfﬂr?? gl s, !Wxﬁrkb dﬁ"i WNS HS03 and
rie

once with br|$ th or anlc 91 hase was t , filtered
and concent r Bt ¥EEE ethwke )ﬁﬂaﬂdﬂalme e(%o?lgh 16.5
mmol). The mlxture was allowed to stir at reflux for 3.5

hours and then cooled to room temperature. To this mixture
was added a solution of D-Phe-Pro-OBn-TFA (7 g, 14.9 mmol)
and N,N-diisopropylethylamine (4 g, 30 mmol) in
tetrahydrofuran (25 mL). After stirring for an additional
2 hours, the solvents were removed in vacuo and the residue
was dissolved in ethyl acetate (500 mL), then washed three
times with 0.1 N agqueous sodium bisulfate (250 mL) and
three times with 1 N aqueous potassium carbonate (250 mL).
The organic phase was dried (Na2s04), filtered, and

~ concentrated in vacuo to give 6.5 g of amorphous solid (a
mixture of the desired product, contaminated with
pentafluorophenol). This crude product was then hydrolyzed
by a method substantially equivalent to that described in
Example 1-D to yield 3.8 g (62%) of an off white solid.

1y NMR
FD-MS, m/e 419 (M*)

B) Preparation of NMI-D-Phe-Pro-Agm-HC1.

By a method substantially equivalent to that described
in Example 1-G, 900 mg (20%) of NMI-D-Phe-Pro-Agm(Boc) 2
were prepared. Then, by a method substantially equivalent
to that described in Example 1-H, 144 mg (31%) of NMI-D-
Phe-Pro—Agm-BCl were prepared. The crude product was
dissolved in glacial acetic acid and purified by RPHPLC
(method 1, 90/10 (A/B), ramp to 40/60 (A/B), 80 minutes) .

1H NMR
FD-MS, m/e 532 (M*)



IR 1H NMR FD- M5, nfe 187 (M) B) Preparation of nethyl

p- cyano-di hydroci nnamate. To a sol ution of nethyl p-cyano-traps-cinnamate
(13.6 g, 73 mml) in toluene (485 nL) was added 5% Pd/ BaSOq (2.7 g). After
9 hours under hydrogen gas at 4 bar (60 psi), the solution was filtered,
concentrated yD vacuo and chromat ographed over silica gel, eluting with a
step gradi ent of hexanes through 30% et hyl acetate/ hexanes. The product
containing fractions were conbi ned and concentrated to give 10.6 g (77% of
colorless oil. IR 1H NVR FD-MS, nmie 189 #fM+) C) Preparation of

p- cyano-di hydroci nnam ¢ acid. By nmethods substantially equivalent to those
descri bed i Andeoeay efdr [ézga-gﬁmyo’s -b .26V tFQlp IS'H?PHZO 5.1 g (58% of
p- cyano- di hydr oci npnam ¢ ac wer € ‘prepared from meth

pcyano- di hydr oci fhsfate. 1R 155-4@201&/5 6@ N6 IMI7 D)CPr epads i on of

Boc- p- NHCH2CH2- Qe To @, Ss9b 9 oy of 0 hy&ly acid (6.7
g, 38.2 mol ) and tri et hyl amﬁg (5 rHrrL6J[)"zlézzyf]}’r{fln)I 'togﬂ‘tanor%é; 92 (150
m.) was added di phenyl phosphoryl azide t11.6 g, 42 nnDI) and the sol ution
was brought to re~flux. After stirrExameyersi ght, the solution was cool ed
and the solvent was renoved ~ yacuo, The residue was dissolved in ethyl
acetate and washed thrﬁF times with 1 Ncitric acid, once Wth brine) tw ce
wi th saturated aqueous’' RgHCO03, and then dried (MSOq), filtered and
concentrated ~ va ~o0. Th&ye® due was then chronmat ographed over silica gel,
eluting with 10% et hyl facet]at e/ hexanes t hrough 50% @pyl acet at e/ hexanes.
The product containpad frapLi ons Hs judged by TLC d and

concentrated to gi 5N 0 (D Ui~Mﬁh§9/sQLyd\ M5, nie 246
;® @rlc C, 68.27; %—( H"E | 1.37; Found: G,

(M) Analysis for

68.39; H, 7.50; N, 1¥740. E) PKBparatlon of p- NHZCH2CH2- C6HACNHCL. By

nmet hods substantially equivalent to those described in Exanple 23-A, 3.6 ¢
(98% of p-NH2CH2CH2- C6HACNHCL were prepared. 1H NVR FD-MS, mle 147 (M)
Anal ysis for CgHI1N2Cl: Robke-R3jo-9¥H (GH2 4NHEINHINKG -HE] 90; H, 6.07; N,

| 5.34; Cl) 19.41; 6.16; N, 15.2D, Cl) 19.30. F) Preparation of

Et S02- D- Phe- Pro-p-NHCHZCHZ C6HACN. Hy net hods substantially equivalent to

t hose descfbe8*PR2EARAPPOE- Boc1D5PheoPr&+@B2- D- Phe- Pr o- p- NHCH2 CH2- C6HgCN-

were prepared from Et SO2- D- Phe- Pro- OH and p- NH2CH2CH2 C6H4 CNHCL.

To a solution of Boc-D-Phe-Pro-OBn (145 g, 320 mmol)
in p-dioxane (660 mL) was added a solution of lithium
hydroxide monohydrate (54 g, 1,280 mmol) in water (330 mL)
with vigorous stirring. After 4 hours, the solution was
concentrated in vacuo to about one-fourth the original
volume and diluted with water (350 mL) and 0.1 N sodium
hydroxide (100 mL). The aqueous phase was washed three
times with diethyl ether (250 mL) and then acidified to pH
3 with so0lid citric acid which caused a precipitate to
form. The solid was filtered, washed twice with water, and
then dried under high vacuum, to vield 91 g (78%) of a
white solid.

1y NMR
FD MS, m/e 363 (M%)



93 IR 1H NWR FD-M5, nfe 4B2 (M) G Preparation of

Et S02- D- Phe- Pr o- p- NHCHZCHZC6HAC( =NOH) NH2HC1. To a stirring sol ution of

Et SO02- D- Phe- Pr o- p- NHCH2CH2C6HaCN (1 g) 2.07 nmol | and

N, N- di i sopropyl et hyl amine (0.45 nl) 2.59 mmol) was added hydroxyl ami ne
hydrochl ori de (180 ng, 2.59 mmol) and the solution was brought to refl ux.
After 18 hours, the solution was cool ed, the solvent was renoved ~ vacuo
and the residue was dissolved in aceticAﬁéld (15 nmL) and purified by RPHPLC
(Method 2, 90/10 (A/B); ranmp to 60/40 ( over 200 m nutes). The
fractions containing pure EtS02-D Phe-Pro-p- NHCH2CH2- C6HAC( =NOH) NH2HCl  as
det erni ned Hyy FieipdriatdlorRiIPING, N6 GG BYCIEC aniithabldxddigunird@ e descri bed
above and |yophilized to give 0.35 g (31% of

Et S02- D- PhePr 0- p- NHCH2CH2- C6HgC( =NOH) NHZHC1. 1H NVMR FD-MS, nfe 516 (|vr)
Anal ysi s for C23y83d\mREIdd Iﬂibstﬁaitnal(ly ehUitalentS 30 tHit Hestirided

6.22; Foun Pre aratlon of
Et S02- D- Phé ”P%S‘%hgﬂgs é’(hl)ﬁﬁ)%ﬁlH?%d’Slé&ga %r’{E[B? 5765 BBERTL | al | y
equi val ent hesytligamardasiore wedel prispameide £281D,1 , 6 -hiekaned3 A%t nef.
Et SO02- D- Phe- Pr 0- p- NHCH2CH2C6HqC( =NH) NH2ZHC1 wer e prepared from

Et S02- D- Phe- Pr o- pNHCH2CH2- C6HaC( = NH2HC1. 1H NVR FD-MS, mie 500 (M)
94 Anal ysi §£)f oPrEPsRHRR oL SactR2F! ee@r@-N@(cma)mmNB@clw(mocn 44;
Found: C, 4B.87; H) 5.79; N, 11.15. EtS0O2NHOIl HNH 1/ U ..,~I~N/ NH O

HCl Bt S02- D- Phe- Pr o- m NHCH2CH2- C6HAC( =NH) NHZHC1
By a method substantially equivalent to that described

in Example 1-G, 1.3 g (62%) of Boc-D-Phe-Pro-
NH (CH2) gNHC (NBoc)NH (Boc) were prepared from Boc-D-Phe-Pro-
OH and NY,N9Y9'-di-Boc-6-aminohexylguanidine.

1y NMR
FD-MS, m/e 703 (M%)

D) Preparation of D-Phe-Pro-NH(CH2) gNHC (NH)NH2-HC1.

By a method substantially equivalent to that described
in Example 1-H, approximately 100 mg of D-Phe-Pro-
NH (CH2) gNHC (NH)NH2 - HC1 were prepared.

FD-MS, m/e 389 (M*)
Analysis for C21H34Ng02-0.9HC1:0.9TFA:0.5H20:

Calc: C, 49.97; H, 6.95; N, 15.34;
Found: C, 49.60; H, 7.13; N, 15.23.
Example 6
HoN
(0]
H H
N wuger NN N NH2
| o HCI
0] NH

D-Phe-Pro-NH (CH2) sSNHC (NH) NH2 - HC1



A) Preparation of EtS02-D Phe-Pro-m NHCH2CH2- C6HAC( =NCH) NH2. By a net hod
substantially equivalent to that described in Exanples 26-A through 26-E
and 24-A) 0.15 g of EtS02-DPhe-Pro- m NHCH2CH2- C6HaC( =NOH) NH2 wer e prepar ed
from m cyanobenzal dehyde. 1H NVR FD-M5 , m/ a 516 ( M~ ) Analysis for
C25H33N505S: Calc: C) 58.23; H Found: C, 57.99; H, 6.45; N) |3.50; 6.57;

N, 13.28. B) Preparation of EtS02-D Phe-Pro-m NHCH2CH2C6HqC( =NH) NH2ZHC1. By
a nmethod substantially equivalent to th described in Exanple 24-B) 0.21 g
(20% of EtS02-D- Phe-Pro-m NHCHZCHZCGHqgl:NH) NH~HC1 were prepared from

Et SO02- D- Phe- Pr 0- mNHCH2CH2- C6HqC( =NOH) NH2. 95 1H NWVR FD-MS, me 500 (M)
Anal ysis for C25H33N504S2. 1HC10. 7H20 Calc: C, 51.00; H, 6.25; N, 11.89;

Found: C, .79 86; N Vi ~"~F_ NQ\ | NH2 ' 2 i NH NH O
o) 1- Pl P o peRRERBEPD. S i RS P oRa St RS | y

equi valent to that described in Fxanple 23, 0.85 g of

1- Pi g- Pr o- p- NH :W r epared fro z;D-1-Ri gq; Pro- OH
and p- Nquﬂzmmtﬂ%. 1+ g?}?’re"gg%“'i WS %ﬂ???’o‘?gﬂ
C24H35N5022RCERpRDIe ChtE: 1733 96724, of NE, N¥ ' 4@ -Ehc-Fotamindgs  53. 94; H,
7.60; N 1geRfy1gbbh{dine were prepared from 1,5-pentanediamine.

FD-MS, m/e 345 (M*)
1y NMR

B) Preparation of Boc-D-Phe-Pro-NH(CH2)5NHC (NBoc)NH (Boc) .

By a method substantially equivalent to that described
in Example 1-G, 1.9 g (92%) of Boc-D-Phe-Pro-
NH (CH2) sNHC (NBoc) NH (Boc) were prepared from Boc-D-Phe-Pro-
OH and N9,N9'-di-Boc-5-aminopentylguanidine.

1y NMR
FD-MS, m/e 689 (M%)

C) Preparation of D-Phe-Pro-NH (CH2 ) NHC (NH) NH2 -HC1.

By a method substantially equivalent to that described
in Example 1-H, approximately 100 mg of D-Phe-Pro-
NH(CH2) sNHC (NH)NH2 -HC1 were prepared. The product was
purified by RPHPLC (method 1, 98/2 (A/B), ramp to 40/60
(A/B), 40 minutes).

FD-MS, m/e 389 (M*)

Analysis for C20H32Ng02-°0.9HC1-0.9TFA-0.7H50:
Calc: C, 48.71; H, 6.79; N, 15.63;
Found: C, 48.34; H, 6.68; N, 16.01.



HNHN~ NH , 2 HO \ D 1-Pi g- Pro- m NHCH2CH2- C6HqC( =NH) NHZ2NC1 96 By a
nmet hod substantially equivalent to that described in Exanple 23, 0.8 g of
1- Pi g- Pro- m NHCHZCH2C6HAC( =NH) NH22HC1 wer e prepared from Cbz- D 1- Pi g- Pro- OH
and m NHZCH2CH2- C6HQCNHC1. 1H NMR FD-MS) mie 426 (Mr) Analysis for.
C24H35N5022HC12H20: Calc: C, 53.93; H) 7.73; N, 13.10; Found: C, 53.62; H,
7.57; N 13.18. NHwWN~~NH2 , HO ~if O

Et SO02- D- Phe- Pr 0- p- NHCH2CH2CH2- C6HqC( =NH) W52HCI A)  Prepar ati on of

p- HOCH2CH2CH2- C6HACN. To a stirring sol ution of nethyl

p- cyanodi hydroci nnamate (10 g, 53 mml) in tetrahydrofuran (150 nL) was
added LiBH4 (1.15 g) 53 mmol) and t IBxasmple i7on was heated to reflex. After
2 hours, the solution was cool ed, and sodi um phosphate buffer (pH 7) was
added dropwi se. After gas eNqutlon was conplete, ethyl acetate and water
wer e. added and the Iayers ere separated. The aqueous phase was extracted
once with ethyl acetate a ,e\tonbi ned ethyl acetate phases were washed
with brine, then dried with MJjSQg, filtered and concentrated to give 8.1 g
(95% of a thick col orless oiN 97HIR 1H NNR FD-I\/S ne 161 (M+) B)

Preparation of p-HrCH; g€§§7ﬁﬁﬁf Toaspt Ny | ut,i E
p- HOCH2 CHZCH2- C6HACN ) in tetrah drofuradig 00 nL) was added

tri phenyl phosphi ne (14.7 g) 55 mméP) fol | owed bk arbon tetrabronide (18.2
g, 55 mml ). After stirring for 18 hours) the solvent was renoved yD vacuo

and the residue was chrqg g hed over silica gel eluting with a step
gradi ent of hexanes thro’(E'[?lh D85 QTR | CH LA NHG (e HCIrhe product

cont ai ni ng fractions as judged by TLC were conbi ned and concentrated to

ive 7.3 65 hick .cql or Le IR 1H NVMR FD- M5, me 223 (M
%naly5|s ?op Cf% ?ﬁa°n 5808 b BRe? i’7"°‘1‘m(¢1'12)3NI'!C(NBoc)NH(Boc) (W)

0

To a solution of 1,3-diaminopropane (2.2 g, 30 mmol)
in dimethylformamide (25 mL) was added a solution of N,N'-
di-Boc-S-methylisothiourea (2.9 g, 10 mmol) in
dimethylformamide (25 mL). After stirring for 1 hour, the
mixture was diluted with dichloromethane (400 mL) and
washed twice with a mixture of saturated aqueous sodium
bicarbonate and saturated aqueous sodium chloride (200 mL),
and once with saturated aqueous sodium chloride (250 mL).
The organi¢ phase was dried (MgSO4), filtered, and
partially concentrated in vacuo to a volume of about 200
L.

To this solution was then added Boc-D-Phe-Pro-OH (3.6
g, 10 mmol), HOBT (1.3 g, 10 mmol) and
N,N-diisopropylethylamine (1.3 g, 10 mmol), followed by
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide -HC1 (2.1 g,
11 mmol). After stirring for 16 hours, the solvents were
removed in vacuo and the residue was taken up in ethyl
acetate (250 mL). The organic phase was washed three times
with 1 N citric acid (200 mL), once with water (100 mL) ,
twice with saturated aqueous sodium bicarbonate (200 mL)
and once with saturated agueous sodium chloride. The
organic phase was then dried (MgSO4), filtered and
concentrated in vacuo. The residue was then
chromatographed over silica gel, eluting with a step



Calc: C, 53.60; H 4.50; N, 6.25; Found: C, 53.90; H 4.67; N) 6.24. O
Preparation of p-Boc2NCH2CH2CH2- C6HACN. To a stirring suspension of NaH
(1.4 g of 60%0il dispersion) 34 nmmol) in DWF (100 nL) was added dropw se a
solution of di-t-butyl imnodicarboxylate (7.4 g, 34 nmmol) in DVF i20 nl)
via an addition funnel. After gas evolution was conplete) a solution of

p- Br CH2CH2CH2- C6HJCN (7 g, 31 mmol) in DVF was added via an addition funnel
and the solution was heated to 70 C. Aft stirring for 12 hours, the
solution was cool ed and the sol vent was noved ~ va-. The residue was

di ssolved in diethyl ether and washed three tines with water. The organic
pﬂase was dr'ﬁdgeiﬂ‘.tbfl\@lﬁﬁﬁl ib%%@tefhé&fh@@npﬁmrﬁilﬁﬂo@@d éteyt esihd;g(ywas
chr omat ogr a gver.silica el ,.eluti W | exanes rou 0
ethyl acet 3?5;ﬁ5§éne¥.ﬁeﬁﬁ°6‘r‘5ﬁu ‘?“%M%ﬁ%i%??’a‘?ﬁ? oh%u‘g%?‘iq@br#i@ed and
concent r at wéreocgnegen®raéted (849jeld 26 tee c40%)d.of RHITRINDIdrMdss nf e 361
(M) Analyggi_for C2pH2gN2pq; Calc: C) 66.64; H, Found: C, 66.40; H 7.83;
N, 7.77; 7.81; N, 7.57. D) Preparation of p-NHZCH2CHZCH2- C6HqQCNHC1. By

met hods substantially equivalent to those described in Exanple 23-A, 4.3 ¢
(8499 of paINHgRIZCHZCHZ- Cf i HQCNHC1 were prepared. IR 1H NMR FD-M5, mfe |60
(M+) E) Preparation of EtS02-D Phe-Pro-p- NHCH2CH2CH2C6HAC( =NOH) NH2HC1. By
met hods suﬁgrﬁﬁtimlﬁyGQEUKMEJent to those described in Exanples 1-G and
26-G, 0.32 g of EtS02-D Phe- Pro- pNHCH2CHZCH2- C6HAC( =NOH) NHZHC  wer e
prepared from gt SO2- D- Phe Pro-QH and p- NHCH2CH2CH2- C6HQCNHCL. 1H NVR FD- M5,
me 530 (Nﬁf APEFRRTRE IR @émm-%@mﬁm@am) 23€188: H, 6.51; N,
| 1. 84; Found: C) 52.71; H 6.26; N, 11.76. F) Preparation of

Et802'D'Phe'PrOﬁg_gwgtggﬁgcﬁﬁ%ﬁ%ﬁ%%fﬁ%?$%gg§?§ale§¥)to that described
in Example 1-H, 460 mg (71%) of D-Phe-Pro-
NH (CH2) 3NHC (NH)NH2 -HCl were prepared. The product was
purified by RPHPLC (method 1, 98/2 (A/B), ramp to 40/60
(A/B), 40 minutes).

1y NMR
FD-MS, m/e 361 (M%)
Analysis for C18H28Ng02-HC1-1.1TFA-1.1H20:

Calc: C, 44.66; H, 6.20; N, 15.47;
Found: C, 44.69; H, 6.10; N, 15.19.
Example 8
HoN
(o)
NH
N H
oy N \ .HC'
O W\QJLNHZ

D-Phe-Pro-NHCHz-trans-CH:CHCHzNHC(NH)NHz'HC1

A) Preparation of NY,N9'-di-Boc-4-amino-trans-2-
butenylguanidine.



By a nethod substantially equivalent to that described in Exanple 23-D)
0.13 g (67% of EtS02-D Phe-Pro- pNHCHZCH2CH2- CSHqC( =NH) NH2HC1 wer e

pr epar ed~f rom Et S02- D- PhePr 0- p- NHCHZCHZCH2- C6HAC( =NOH) NHZHC1. 1H NVR FD- M5,
me 514 (M+) Anal ysis for C26H35N504S1. 5HC12H20: Calc: C, 51.67; H, 6.75;
N, 11.59; Found: C, 51.36; H 6.46; N, 11.28. EtSO2NNH ONH/ I N ~ NH2
HC U ~~~~~ f NH Et SOZ- D- Phe- Pr o- m NHCH2CH2CH2- C6HAC( =NH) NH2HC1 A)

Preparati on of Et802-D-Phe-Pro-n}NHCHZCHggHZCGHqC(:NCH)NHZHCl. By net hods
substantially equivalent to those describ&d in Exanples 1-G and 26-G 0. 32
g of Et SO02- D- Phe- Pr o- MNHCHZCHZCH2- C6HAC( =NOH) NHZHCI wer e prepared from

m cyanodi hydr ociBynarme theidd subdt WiR i BDIMS e i a2 20 +( Mb) | 3ol
C26H35N505§EC£%3%§§Q:1_ | c. g, 5%.38' 6qg$§aN,,11.95fﬁ%%u¥%#%§?g%§bndi
C., 52.97; *A EXBYQI&\1-]1 a4 g1 (44%)30f N¥oNIsrdprBesr4ramanestrans-

Et SO2- D- Phe-PutenylipiGRACH? Akl we iy CorbbhNedHEXomBY , 2-A8hR9dosylahanbilal |y
equivalentbhgehgat described in Exanple 23-D, 0.12 g (62% of

Et S02- D- Phe- Pro- mNHCH2 CH2CHZ- C6HAC( =NH) NHZHC1 wer e prepared from

Et SO02- D- PhePr o- m NHCH2 CH2CH2- C8HqC( =NOH) NHZHC1. 1H NVR FD-MS, mie 514 (M)

Anal ysis fg@ _ . galce C, 6. H 662, N 11.94;
Found: C, 5%.%§§E§P§%?§§% éfm%5288_£ﬁ£ Prs:NﬁéH% trahs
CH=CHCH2NHC (NBoc ) NHBoc .

By a method substantially equivalent to that described
in Example 1-G, 2.7 g (55%) of Boc-D-Phe-Pro-NHCH2-trans-
CH=CHCH2NHC (NBoc) NHBoc were prepared from Boc-D-Phe-Pro-0OH
and NQ,Ng'-di-Boc-4-amino-trans-2-butenylguanidine.

1 NMR
FD-MS, m/e 673 (M%)

C) Preparation of D-Phe-Pro-NHCH>-trans-
CH=CHCH2NHC (NH) NH2 - HC1.

By a method substantially equivalent to that described
in Example 1-H, approximately 100 mg of D-Phe-Pro-NHCH2-
trans-CH=CHCH2NHC (NH)NH2-HC1 were prepared. The product

was purified by RPHPLC (method 1, 98/2 (A/B), ramp to 40/60
(A/B), 40 minutes).

i NMR

FD-MS, m/e 373 (M*)

Analysis for C19H28Ng02-HC1-0.5TFA-2.5H,0:
Calc: C, 47.01; H, 6.81; N, 16.45;
Found: C., 47.36; H, 6.53; N, 16.70.



-NH NHNH2 . 2 HCO U 'n 0 1-Pig-Pro-p-NHCHZCHZCH2- C6HAC( =NH) NH22HC1 By a
met hod substantially equivalent to that described in Exanple 23, D. 66 g
(48% of 1-Pig-Pro-p-NHCHZCH2CH2C6HqC( =NH) NH2HC1 were prepared from
1-Pi g- Pro- OH and p- NH2CH2CH2CH2- C6HACNHC1. 1H NVR FD- M5, mle 440 (M)

Anal ysis for C25H37N5022. 1HC1H20: Calc: C) 56.21; H, 7.75; N, 13.11; Found:
C, 56.36; H 7.44; N, 12.79. 101l ~NHOH~., NV I NH 2 HO ~ ~f ONH
1- Pi g- Pro- m NHCH2CH2CH2- C6HAC( =NH) NH22HCE 5By a met hod substantial |y

equi valent to that described in Exanple 23, 0.64 (46% of

1- Pi g- Pro- m NHCH2CH2CH2C6HAC( =~) NH2HC1 were prepared from 1-Pi g- Pro- OH and
m NH2CH2CH2CH2- C6HgCNHCL. 1H NMVR FDEWAmopdiee 9440 (M+) Anal ysis for
C25H37N5022HC1H20: Calc: C, 56.60; H, 7.79; N, 13.20; Found: C, 56.92; H,
7.55; N, 13.26. \ HN S O/ NNH2 HGO NN\ I NHU-~"~f O

Et S02- D- Phe- Pr o- p- NHCH NHS( NH) NH2 HC1 NH

*2TFA
A H
(_7 I
o

D-Phe-Pro-p-NHCH2CgH4CH2NHC (NH) NH2 - 2TFA
A) Preparation of p-H2NCH2CgH4CH2NHC (NBoc)NHBoc.

By a method substantially equivalent to that described
in Example 1-F, 2.3 g (42%) of
P-H2NCH2CgH4CH2NHC (NBoc) NHBoc were prepared from
P-Xylenediamine.

1 NMR

B) Preparation of Boc-D-Phe-Pro-p-NHCH2-
CeH4CH2NHC (NBoc) NHBoc.

By a method substantially equivalent to that described
in Example 1-G, 2.8 g (63%) of Boc-D-Phe-Pro-p-NHCH~
CeH4CH2NHC (NBoc)NHBoc were prepared from Boc-D-Phe-Pro-OH
and p-H2NCH2CgH4CHoNHC (NBoc) NHBoc.
1H NMR
FD-MS, m/e 723 (M%)

C) Preparation of D-Phe-Pro-p-NHCH2-
CgH4CH2NHC (NH)NH2 - 2TFA.

By a method substantially equivalent to that described
in Example 1-H, 725 mg (81%) of the title bis-TFA salt were
prepared and was not purified further by RPHPLC.



A) Preparation of Boc-p- NHCHZC6HQNO2. 102 To a stirring solution of

4-ni trobenzyl am ne hydrochloride (15 g, 79 mmol) and

N, N-di i sopropyl ethylam ne (14 nL, 79 nmol) in dichloronmethane (200 nL) was
added di-tbutyl dicarbonate (17 g, 79 mmol). After 4~8 h, the solvent was
renoved in vacuo and the residue was dissolved in ethyl acetate (500 ni)
and washed twice with 1 Mcitric acid) once ,with water, and once with
saturated aqueous NaHCO3. The organic phage was dried with MyS04, filtered
and concentrated in vacuo to give an off ite solid which was
recrystallized from chl or of orml hexanes. Three crops were conbi ned, washed
Wth hexanes and dried in vacuo to give 11.5 g (5B% of a white solid. IR
1H NVR FD- My 252 (M+) Analysis for CL2HLI6N204 Calc: C, 57.13; H, 6.39;
N, 11.10; Found: C, 57.27; H, 6.60; N, 11.13. B) Preparation of

p- Boc NHCH2 CFReff§2 m/® 423t ng sol ution of p- BocNHCH2C6HGNO2 (7.5 g, 29.7
nol ) and MoAd R Aok’ Ch 333 ol¥g0% - PRIDFA M8t hanol (150 nl) at 0 ~C.was
added NaBH4 (5.6 149 mol ) in_small portions over 30 min. After conplete
addi ti on of NaBﬁE%BﬁH 15 nfn)48h@S 5o vent 0N evipoltit ed in vacuo and the
resi due was di ssrdwedl: i n concag apwpngUng hysly oxi dep apgl, extracted twice with
di chl oronet hane. The conbi ned organic extracts were washed with brine,
dried with MgS04, filtered and concentrated in vacuo to give 6.4 g (97% of
a white solid. IR 1H NVR FD- M5) nl eEZgmplé&H)0 103 Anal ysis for CL2H1gN202:
Calc: C, 64.84; H 8.16; N) 12.60; Found: C 65.10; H 8.42; N, 12.76. O
Preparati on of N,N'-di-C?E%E-nethylisothiourea. To a stirring suspension of
bi s- S- et hyl i sot hi our ea ate (20 g) 144 mol) in dichl oronethane (200
m.)) was added 5 N sodi umAydr&xi de (16 nm). The solution was cooled to O
~C and benzyl chl or of or np 1 nm, 288 paf gdded dropwi se. At the
sane tinme, 2 N sodiu 2Wni9lp,|d<|ept t he pH of
the solution at apprag Yy Dl S th was then renoved and after
warmng to roomtenpe e) edgEases wer e separated and the aqueous
phase was extracted w di chl or t hane (250 mL). The conbi ned organic
phases were then washed twice with 0.1 N HCL (250 nmL.) and once with brine
(250 nL). The organic phase was then dried with MySQq, filtered and
concentrated in vacuo toPgiPhe-Progp-NB@H266H4CHONER - HE3l or | ess syrup. 1H
NVR D) Preparation of p-BocNHCH2C6HQNHC( NCbz) NHCbz. To a stirring sol ution
of p- HOCNHCH2CGHQNH2 (5 g) 22.5 mmol) in tetrahydrofuran (50 nL) was added
N, N - di - CoP SnEERPRFasiRrpogfeN-Bacery (amingmetby) ) behepilamink, the sol vent
was renmoved in vacuo and the residue was dissolved in chloroform Silica
gel was added apd the, sol vent s renoved in vacuo to give an off white
powder which wag %t Ref dF¥ FGafodusied 2isprrviegediamingn (19he.c3Burm was

then el utetmalfhia dimpthyadoenameBeltacebyl(1aget 8b6/ REXaRES hAgEEIN 30%

hyl ‘atelh ~: 10 LNi { d db C
ver e conbi Bba-aRl RbnBAREFEBERCFr (9aBuo f oTRYL- 7 AEEeTcRYyTEinG BRFLE

solid. 188 hours, the mixture was concentrated in vacuo and the
residue was partitioned between diethyl ether (200 mL) and
1 N citric acid (200 mL). The aqueous phase was washed
again with diethyl ether (200 mL), and then basified with
solid sodium bicarbonate and saturated with solid sodium
chloride. The agueous phase was then extracted four times
with ethyl acetate (200 mL). The combined ethyl acetate
extracts were dried (MgSO4), filtered and concentrated to
give 2.1 g (24%) of a thick oil.

1 NMR
FD-MS, m/e 237 (MH?Y)



IR 1H NVMR FD- M5, nfe 532 (M) Analysis for C2gH32N406: Calc: C, 65.40; H,
6.06; N, 10.52; Found: C, 65.66; H 6.35; N, 10.59. E) Preparation of

HC1p- NH2CH2C6HNHC( NCbz) NHCbz ey a nethod substantially equivalent to that
described in exanmple 23-A) 4.7 g (89% of HClp- NH2CH2C6HgNHC( NCbz) NHCbz, a
white solid, was prepared from p- BocNHCH2C6HgNHC( NCbz) NHCbz. | R 1H NMR

FD-M5, me 433 (MH#) F) Preparation of

Et SO02- D- Phe- Pr 0- p- NHCHZC6HgNHC( NH) NH2ZHC1. By net hods substantially

equi val ent to those described in exanple 3% G and exanple 18-F, 1.1 g of

Et SO02- D- Phe- Pr op- NHCH2C6HgNHC( NH) NH2HCI was prepared from Et SO2- D- Phe- ProOH

and HClp-NHggt%ggtgh¥$§N§£§ AR 1H ~ FD-M5) me 501 (Mt) Analysis for
CZqH32N60gqSHC1H20: Cal c: A%ﬁﬁ%@?'lﬂ 6.36; N, 15.14; Found: C, 52.32; H,
5.99; N, 14.79. Cales | ~ BN $62B7;CHN B.BB+"N,~L1N8p;i ~ ~ . Hcl -H NH2
Et802-D-Phe-Pro-pbhkgHZCHZESH@@HggNH%NHgHg&,B¥ ngghg?s substantially

Padid U L] - ,I ' 8 . -

equi val ent to those describéd in exanpl &
Et SO02- D- Phe- Pr op- NHCH2CH2 C6HACNH( NH) NH2HC1 was prepared from

4- ni tr ophenej hypoepacatilon | 6 bR Phe- Pro-p-NHCH)CgH4 CHoNHBOC .

By a method substantially equivalent to that described
in Example 1-G, 1.1 g (63%) of Boc-D-Phe-Pro-p-NHCH2-
CeH4CH2NHBoc were prepared from Boc-D-Phe-Pro-OH and N-Boc-
p- (aminomethyl)benzyl amine.

1 NMR

FD-MS, m/e 581 (M%)

Analysis for C32H44N40¢:
Calc: C, 66.19; H, 7.64; N, 9.65;
Found: C, 65.99; H, 7.63; N. 9.42.

C) Preparation of D-Phe-Pro-p-NHCH2CgH4CHoNH2 - HC1.

By a method substantially equivalent to that described
in Example 1-H, about 100 mg of D-Phe-Pro-p-NHCHZ-
C6H4YCH2NH2 -HC1 were prepared. The product was purified by
RPHPLC (method 1, 98/2 (A/B), ramp to 40/60 (A/B), 40
minutes).

1H NMR

FD-MS, m/e 381 (M%)

Analysis for C22H28N402:HC1-1.1TFA-H,0:
Calc: C, 51.87; H, 5.77; N 10.00;
Found: C, 51.78; H, 5.88; N 10.28.



FD-M5, mle 515 (M+) HRMS (FAB), nfe calcd. for C25H35N604S: 515. 2441
Found: 515.2483 HN SQzEt ~ 21 / OHNNHN( ~ HaO U...,~f / O

Et SO2- D- Phe- Pr o- m NHCH2C6HANHC( NH) NH2HC1 By net hods substantial ly

equi val ent to those described i n~exanples 30-C and 34-B through 34-F, 1.B g
of Et SO02- D- Phe 106 Pr o- m NHCH2C6HANHC( NH) NH2HC1 was prepared from
3-nitrobenzyl bromde. IR 1IH NVR FD-MS, nfe 501 (M#) HRVS (FAB), me

cal cd. for C24H33N604S: 501.22B4 Found: 1.2280 HN SO02Et I/ o N.," N~
NNH U-~f | 1f . O/ N H HC EtS02-D Phg¥Pro- m NHCHZCHZC6H4ANHC( NH) NH2HC1
By nmethods substantially equivalent to those described in exanples 26-D,
26-B (using 5% Pd/C in place of Pd/Rabihandth ethyl acetate in place of

tol uene), and 34-D through 34F, 0.85 g of

Et S02- D- Phe- Pr o- m NHCH2GH2 L6 HANHC( NH) NH2ZHC1 Was prepared from
3-nitrocinnanic acid. 1HBRYyR FD-MS, me 515 (M) Analysis for
C25H34N604S2. 2HC10. 5H20: CAlc, OC, 49.73; H, 6.21; N, 13.92; Found: C,

49.45; H 5.82: N, 1355. \/@/
H
oy N NH .HC|
Q I 2

D-Phe-Pro-m-NHCH2C5H4CH2NH2-HCl

A) Preparation of N-Boc-m—(aminomethyl)benzylamine.

By a procedure substantially equivalent to that
described in Example 10-A, 2.6 g (30%) of

N-Boc-m-(aminomethyl)benzylamine were prepared from
m-xylenediamine.

1 NMR

FD-MS, m/e 237 (MH*)

Analysis for C13H20QN203:
Calc: C, 66.07; H, 8.53; N, 11.85;
Found: C, 65.81; H, B8.48; N, 11.98.

B) Preparation of Boc-D-Phe-Pro-m-NHCH2CgH4CHoNHBoC .

. By a method substantially equivalent to that described
in Example 1-G, 1.6 g (95%) of Boc-D-Phe-Pro-m-NHCH3-
CeH4CHoNHBoc were prepared from Boc-D-Phe-Pro-0OH and N-Boc-
m- (aminomethyl)benzylamine.

1y NMR
FD-MS, m/e 581 (M%)



107 -NH O, NNHR 2HC N. N/ I NHO

D- 1- Pi g- Pr o- p- NHCH2C6HANHC( NH) NH22HCI By net hods substanti al |y equi val ent
to those described in exanple 34, 0.94 g of

D- 1- Pi g- Pr o- pNHCH2C6HANHC( NH) NH22HC1 was prepared. The final product was
purified by RPHPLC (nethod 2, 98/ 2 (A/B), ramp to 70/30 (A/B), 180 mn. 1H
NVR FD- M5, me 427 (MH) Analysis for C23H34N6022HCLl: Calc: C, 55.31; H,
7.26; N, 16.82; Cl, 14.20; Found: C, 55.8§; H 7.23; N, 16.55; Cl, 14.24.
-NHONHI~-N~NHO~/ ~ 2HCI H NH2

D- 1- Pi g- Pr o- p- NHCH2CH2C6HANHC( NH) NH22HC1 By net hods substantial ly
equi val ent Qo tHreparasdeni p§dDrRhexBrptm-NBCHACHB4QHPRH2 - HC1.

D 1- Pi g- Pr o- pNHCH2CH2 C6HANHC( NH) NH22HC1 was prepared. The fi nal 108
product was purified by RPHPLC (nethod 2, 98/2 (A/B), ranp to 70/3D (A/' B),
180 min. 1H NVREXDa\VEethod sabstanriaddyyequivelelR4tBohbBaL28IE trSbRE:

Calc:_C, S3in3Exahiplé 854, Nabbit 5200 Ghg é@-ﬁzbth#Pg;mgﬁHéﬁzgl; H 7.45 N
15.37; Cl’C%%h%%}Nﬁg%HQT were prepared.

.1H NMR
FD-MS, m/e 381 (M%)
Analysis for C22H28N402-HCl:TFA-H30:

Calc: C, 52.51; H, 5.87; N 10.21;
Found: C, 52.13; H, 6.21; N 10.48.
Example 12

HoN
o] “~
““SNH
O r
(@]

D-Phe-Pro-NHCH2-trans-4- (aminomethyl)cyclohexane-HC1l

A) Preparation of N-Boc-trans-4-

(aminomethyl) cyclohexanecarboxylic acid.

To a solution of trans-4-(aminomethyl)cyclohexane-
carboxylic acid (50 g, 318 mmol) in 1 N sodium hydroxide
(334 mL,, 334 mmol) and t-butanol (400 mL) was added a
solution of di-t-butyl dicarbonate (73 g, 334 mmol) in
tetrahydrofuran (50 mL). After stirring for 20 hours, the
solvents were removed in vacuo and the residue was'
partitioned between water (500 mL) and diethyl ether (250
mL). The aqueous phase was washed again with diethyl ether
(250 mL) and then acidified with solid citriec acid, which
resulted in the formation of a white precipitate. The



HN-NH O\ 2HCI U .."~f 0 D 1-Pig-Pro-m NHCH2C6HANHC( NH) NH22HC1 By net hods
substantially equivalent to those described in exanple 36, 1.04 g of

D 1- Pi g- Pr o- mMNHCH2C6HANHC( NH) NH22HC1L was prepared. The final product was
purified by RPHPLC (method 2, 98/2 (A/B), ranp to 70/30 (A/B), 180 min. 1H
NVR FD- M5, me 427 (M) Analysis for Cz3H3qN6022HC1H20: Calc: C) 53.38; H,
7.40; N, 16.24; C1, 13.70; Found: C, 53.25; H, 7.50; N, 16.23; Ci, 13.8B.
109 N~ NN | H 2HC NH C D 1-Pi g- Pr gggm NHCHZCH2 CE6HANHC( NH) NH22HC1 By
met hods substantially equivalent to those described in exanple 37, 0.96 g
D- 1- Pi g- Pr o- "NHCH2CH2C6HANHC( NH) NH22HC1 of was prepared. The final product
was purifiseldd v teradowashaB/tavio¥ BYith amtean (XUBGI)Ad&)d 180 nin.

1H NVR FD- A e 7 £1 Malct M | S fOr ~21HC11. 5H20: Cal c: O
52.97: H, 7.61 % 15.44;*0%,5'41%&.3@ ﬂgo‘ugn%w%@' SF HQVOEL7. N 15. 46
Cl, 13.35. ~-NHNHOf NN\ I ~NHR 2HCQ ,, ' O
D- 1- Pi g- ci 3y Qg p- NHCH2C6HAC( NH) NH22HC1 A) Preparati on of
Cbz-DL-1-Pig-cis-COni-CEt.

B) Preparation of HOCH2-trans-4- (N-Boc-

aminomethyl)cyclohexane.

To a stirring solution of N-Boc-trans-4-
(aminomethyl)cyclohexanecarboxylic acid (15 g, 58 mmol) in
tetrahydrofuran (150 mL) at 0 °C, was added
N-methylmorpholine (5.9 g, 58 mmol), followed by ethyl
chloroformate (6.3 g, 58 mmol). After stirring for 30
minutes, sodium borohydride (6.5 g, 175 mmol) was added, and
then methanol (300 mL) was added via an addition funnel over
5 minutes. The mixture was allowed to stir for 1 hour and
then the solvents were removed in vacuo. The residue was
dissolved in ethyl acetate (500 mlL) and washed twice with 1 N
citric acid (250 mL), once with water (100 mL), twice with
saturated aqueous sodium bicarbonate (250 mL) and once with
saturated aqueous sodium chloride (250 mL). The organic
phase was dried (MgSO4), filtered and concentrated to give 13
g (91%) of the title compound.

1x NMR

C) Preparation of NH2CH2-trans-4- (N-Boc-
aminomethyl)cyclohexane.

To a stirring solution of HOCH2-trans-4- (N-Boc-
aminomethyl)cyclohexane (13 g, 53 mmol) and
triphenylphosphine (21 g, 80 mmol) in tetrahydrofuran (300
mlL) was added diethyl azodicarboxylate (13.9 g, 80 mmol),
followed by a solution of diphenylphosphoryl azide (22 g,
80 ‘mmol) in tetrahydrofuran (100 mL). After stirring for
16 hours, the solvents were removed in vacuo and the
residue was chromatographed over silica gel, eluting with a



110 Hy a nethod substantially equivalent to that described in Exanple 1-A,
16.6 g (1009 of Cbz-DL-1-Pig-cis-Chi-OCEt was prepared from Cbz-DL-1-Pig-CH
and cis-Chi-OEtHC1. 1H NVMR FD-Ms, nie 496 (M) Analysis for C2gH4pN205:
Calc: C, 70.13; H) 8.12; N) 5.64; Found: C, 69.96; H) 8.23; N) 5.73. B)
Preparati on of Cbz-D- 1-Pig-cis-Onhi-pNHCH2C6HAC( NH) NHCbz. By net hods
substantially equivalent to those described in Exanple 1-D and 18-E,

Cbz- D- 1- Pi g- ci s- Chi - pNHCH2C6HAC( NH) NHCbZzg jand

Cbz- L-1-Pi g-ci s- Chi - pNHCH2C6HAC( NH) NHCbz were prepared from

Cbz- D, L-1-Pi g- Pro- OH and p- H2ZNCH2C6HAC( NH) NHCbz2HC1. These di ast ereoners
were separ &ted gyadientaofeethvi oaretafe hsxanengllrs ettirovgetetyhexanes

gradi ent . IEStSEé?ﬁéﬂEﬁ?EON a1 i NOridGod G G AL L1 EP B ad ot 0. 31,

et hyl acetate) were pooled and concentrated_to give 1. ‘%
Cbz- L- 1- Pi 4Je¢ge%b¥pmosme(wmm aqqlmecqrr%m@rse R Fieg
the~trailing.di gsberepuge prdawcd. a&nﬁm«hamtﬁm higsem@of ed and

concentrated to ve 1.5 g of _Cbz-D-1- qu NHCH2 C(N Cbz as a
Shit et oanFOTRENRRY Fo- NBe e ade 287 taf fas 1 SRT LV LI R ERABtD (0. C
7]9 ?[;71 llj) i\LQOand]B') tRiSdsolwtieh was 7&%{% td . &Zxrﬂn e tergild?lf leﬂmr at i on
0 o PAIES |- Y. a subst.anti al
equi val ent ff‘B Hﬁa?r %ﬁ%%gﬁzh@%l%' ]1%1£ ‘f ‘8? rh' ne
([:}bl [P)I_g]- (I;I 1Qyi - ml ndeLH)G-lI\IHCI-iﬁé]&WI\II-DNQZHm \I/_\lgll'_lge mmﬂﬁhé mgtt;uri o

z- i ent _used in i's
case was angrr%e%#egB 2 ’A%g‘%’écw:fw '%)ﬁ ovée}?eriﬁ ?ﬁfﬁ&es Ito_ﬁzf‘ NVR FAB- Ms,
me 466.4 EthFperabutesasndfthe CITHIONSS M@ idovesh| in vW@cd. 27Thed, 7. 79;

N, ”12 58; EQHP?usqwasr’8d§ﬁnté& Witk witerd 2(2sh M AP ad difidd ey ~ |

solid citric acid. The agueous phase was washed twice with
ethyl acetate (250 mL), basified.with solid sodium
bicarbonate, and saturated with solid sodium chloride. The
agqueous phase was then extracted three times with ethyl
acetate (200 mL) and the combined extracts were dried
(MgSO4), filtered and concentrated to give 6.4 g (45%) of a

thick oil.
1y NMR

D) Preparation of N-Boc-D-Phe-Pro-NHCH>-trans-4- (N-Boc-
aminomethyl)cyclohexane.

By a method substantially equivalent to that described
in Example 1-G, 4.5 g (74%) of N-Boc-D-Phe-Pro-NHCHy-trans-
- (N-Boc-aminomethyl) cyclohexane were prepared from Boc-D-

Phe-Pro-OH and NH2CH2-trans-4- (N-Boc-

aminomethyl)cyclohexane.

1y NMR
FD-MS, m/e 587 (M*)

E) Preparation of D-Phe-Pro-NHCH2-trans-4-
(aminomethyl) cyclohexane-HCl.



D- 3- Pi g- ci s- Chi - p- NHCH2C6HAC( NH) NH22HC1 ~A) Preparati on of

D- 3-Pi g-ci s- Ohi - p- NHCH2C6HAC( NH) NH22HC1 By net hods substantially equi val ent
to those described in Fxanple 1-A 1-D, 18-, and 1B-F, 1.3 g of

3- Pi g- ci sOhi - p- NHCH2C6HAC( NH) NH22HC1 was prepared. The HPLC gradi ent used
in this case was a ranp of 98/2 A/B to 70/30 A/B over 120 m nutes. 1H NWR
FAB- M5, me 466.4 (MH) Anal ysis for C27H39N5022HC1: Calc: C, 60.22; H,
7.67; N, 13.00; Found: C, 59.95; % N) 12.89. 112 HN S~2Et C NH

HCl ~.. NHNH2 ~ ..., ~f NO EtSOZ Phg Els-Chi-p-NHCH2C6H4C(NH)NH2HO
((S-cis)-N[][4- (anin0|n1nonethyl)phenyl]nethyl] 1

[ N- (et hyl sul f orBy )a Breiesty | sgibenart by Gehava e i elaaia i de)

qui val ent CERRIGI R BRE I 158)) ot DaPuiy v o Mgy g~ -

Hoc- D- Phg- mmrﬁmetmtl)mlp&mnedﬂtﬂomB@CpBeBa&eGﬂ ang this case,

S)-cis- |l d. et hyl t HCl H NVR FD- M5) n
23% ?kﬁ)oﬁﬁﬂ?y3|s fora%Q%Eg%%§S§fC§P%CIEfG ;i ¥ ﬁeitcwagGv@gy'L) ©
7.96; N, &l®mn,ghor the 6als. wBp Byepasabpac ofsB—Eh@-ehatChhsOEtHC1 To a

ld (00, lqut Ph t at
col d (00) g58ldd1Rjeld 130001 1' S&“R?fl 798 k) 19t Spg‘b?z g ng&gﬁntﬁg% ate was

bubbl ed HC1 gas for ter stlr i'ng o room
t enper at ue®d ghe §GWW@ﬁtWW§slwéﬂbvédzeﬂ agedn. tﬁhyleéduthengtabﬂed was

suspended w3 td @d1tla, eh@g&oaﬁqo§gg§egug@tly isolated by filtration to give

10.7 g (97% of D-Phg-C|s Ohi - OE 113 1H NVMR FD- M5, me 331 (M)
Anal ysis for ClgH27N203C1:
14 NMR

FD-MS, m/e 387 (M*)
Analysis for C22H34N402-HC1-TFA-2H,0:

_Calc: C, 50.30; H, 7.04; N, 9.78;
Found: C, 50.44; H, 7.20; N, 9.62.
Example 13
H,N

© NH,
N H\/O " HCl
N
O
@

D-Phe~-Pro-p-NHCH2CgH4NH3 - HC1
A) Preparation of Boc~-D-Phe~Pro-p-NHCH2CgH¢NH3 .

By a method substantially equivalent to that described
in Example 1-G, 8 g of Boc-D-Phe-Pro-p-NHCH2CgH4NO2 were
prepared from Boc-D-Phe-Pro-OH and p-NO2-benzylamine-HC1.
The intermediate was dissolved in ethanol (250 mL) and
heated to reflux. To this stirring solution was added a
solution of Na2S204 (12.3 g, 70 mmol) in water (125 mL) .
After stirring at reflux for 2 hours, the solvents were
removed in vacuo and the residue was partitioned between
ethyl acetate (250 mL) and water (250 mL). The agueous



Calc: C 62.20; H 7.41; N, 7.64; Found: C, 62.42; H 7.36; N, 7.85. Q
Preparation of EtS02- DPhg cis-Chi-Cet. To a solution of

D- Phg-ci s-Chi -CEt HC1 (10 g, 27 mol ) and N, N-di i sopropyl et hyl am ne (10.7
m., 61 mml) in THF (200 nL) at -78 C, was added dropwi se via an addition
funnel a solution of ethanesul fonyl chloride (3.9 g, 30 mmol) in THF (20
m.). The cold bath was then left unattended and the solution warnmed slowy
to roomtenperature. After about 18 h, tlhgg solution was concentrated in
vacuo. The residue was dissolved in ethyl acetate (200 nm.), washed tw ce
each with 1 Ncitric acid (200 nmL), saturated aqueous NaHC03 (200 ni) and
brine (200 RR§se WAS PEAAGE§sh Age i witthe etiyile dcsitalt My 360, rili) meded, and
concent r at ethe rcomisited ®xgjatd ol bhase WAE%drq feda f N

me 422 (M5%°Anall,¥fsl S %o,r CZlHB%DNZOSS Cal c: gg%'ggw ngfgyéﬁ Ngn
Found: C : atehan \yaguor§o giver e?péra‘tl(éﬂ%df of a light yellow

Et SO02- Phg- cssXidh - p- NHCH2C6HAC( NH) NH2 HC1 By net hods .substantially

equi val ent to those described in Exanples 1-D, 18-E and 18-F, 0.62 g of

Et SO02- Phg- CI s- Chi p- NHCH2C6HAC( NH) NH22HC1L wer e obt ai ned. The HPLC gr adi ent
used in thiH MR was a ranp of 90/10 A/B to 60/40 A/B over 120 m nutes.
114 1H NWR 2 (MH) Analysis for C27H35N504SHCL: Calc: C
57.69; H, gﬁ?évs’m/%%fg qﬁ‘aund C, 57.47; H 6.48; N 12.20. HN~SO2Et O NH
HO N N ~ -Anajysis fogof2eHa4bio4chi - p- NHCHZCGH4C( NH) NH2HC1

((S-cis)-N[[4-( oi mn tdylophenyl hyl]
(et hyl sul fonyl) c%mpﬁ}enyl alc&;ﬁyﬁ;-gf& ?ir}do# erseé é‘iﬁ(r t}éxbﬁi’de hydr ochl ori de) A)
Preparation of ECS:phe- & s-68hiEINHCHICHAUCMNNHLSH2BHCL By net hods
substanti 811y equivalent to those described in Exanple 44) 1.5 g

Et SO02- Phe- rﬁ) ?m - pNH 206H§Cﬁ NH2HC1 were prepared from Boc-D- Phe-OH 1H
NVR FAB- MB.-'mi 6 *5R§*8 P AR5P grgrpop-@zgﬁzcmaawo Calc: C, 56.51;
H 6.94; N, [1.77, Found: C, 56.24; H 6.55; N 1I.

By a method substantially equivalent to that described
in Example 1-H, 180 mg (60%) of D-Phe-Pro-p-NHCH>-
C5H4NH2 *HCl were prepared. The product was purified by

RPHPLC (method 1, 98/2 (A/B), ramp to 60/40 (A/B), 60
minutes).

1y nMr
FD-MS, m/e 366 (M%)
Analysis for C231H26N402-HC1-0.6TFA-0. 5H0:

Calc: C, 55.51; H, 6.00; N, 11.66;
Found: C, 55.16; H, 6.14; N, 11.57.
Example 14

Y
0
NG R
Q "g/ \/\©\NH « HCI

D-Phe-Pro-p-NHCHzCH2C5H4NH2-HCl

A) Preparation of Boc—D-Phe-Pro-p-NHCHzCH2C5H4NH2.



115 OCH/ I HNONH HO NH/ I ~ N2 ~..,,~f NO

HOOCCH2- D- Phe- Pr 0- p- NHCH2C6 HAC( NH) NH2HC1

(N- (car boxynet hyl ) - D- phenyl al anyl - N

[ [ 4- (am noi m nonet hyl ) phenyl ] net hyl ] - L- prol i nam de hydrochl ori de) A)
Preparation N-(t-BuOOCCH2) - N-Boc-D Phe-Pro-CHn. To a sol ution of

D- Phe-Pro-OBnHCL (20 g, 51 nmol) in DVF (100 nL) was added t-butyl
bronpacetate (9.9 g, 56 mmol) in one porté4(1)_n and N, N-dii sopropyl et hyl am ne
(17.4 nL, 101 nmol) dropwi se over 30 min. This mxture was all owed~to stir
for 18 hrs at roomtenperature. D -t-butyl Bicarbonate t16.6 g, 76 mmol)
and N, N-di i sopropyl ethylamne (13.2 nL, 76 nmmol) were then added in one

portion and the t . t] n.addtional 24.h. The

sol vent was, r em%%?i%%%?%%%%@?ﬁ@%&fﬂgﬁ 4 YRk %ﬁﬁé’g‘r‘le%t hyl
acetate (1 1} EXPdevldtdeods ¢it33% &R BqwddBhe-Prine-NHEHICHET e
separat ed aTEH{NID WetRd it dpared mm%w%pg Mgy citric
acid, twice wth _saturated aqueous sodi um bi carbonate) and “once with brine
(500, nL ea&BQnWWE'@%ase was dried (Na2S04), filtered, and
concentrated in vacuo. The anber oil was purified by silica gel

chr onmat ogrq@g% ﬁl uting wwth a ethyl acetate/hexanes gradi ent (hexanes to
30% et hyl a / hexanes). Fractions containing product were conbi ned and
concentr at eRb<MS ,gim/e UB00 (M+)66%9 as a colorless oil which slowy

crystalliz B&B t%gdi 6 1H NVR FD-M5, nmfe 566 (M+) Analysis for
C32H42N2079%a#: <§S g%g'ﬁlqeu%%zﬁ N, 4.94; Found: C, 68.06; H, 7.33; N,
5.17. B) Prepar &alas of N-Ci-@UOOEGCHR) -N-S®c-ND- Fhe-¢§0-OH. To a sol ution of
N (t-BuOOCCH2) - .D- Phes Pr os . (,1B. . 1), in ethyl acetate (250
m.) was added 53&%&6 cata ‘ys%‘%@]'g)}.}’ 1%1"'248?113%13%5 degassed i n vacuo
several tinmes and placed under an atnosphere of hydrogen for 2 h with

stirring. H)e lprebacatian E’Q”b“*‘ﬂ*‘ﬂar‘%a“ﬁ%%Egg@%h?ﬂﬁséﬂﬁ ded and the

slurry was filtered over a pad of diatofmaceou I"'trate was
concentrated in vacuo to give 13.2 g (84% of a white foam 1H NVR FD- M5,

Found: . 63, 20mrte TR ?@%‘3‘*&;@%8&?&?@#&% 0 thaldederindd
N-(t- Buoocggz)%!‘ﬁ!“e&& E)'éhe- EpoF‘HNI‘{éﬁi O P CPrPheEBre - PEYHGHDEHD od

subst ant | aFlg}4Ntgi- Hal ewereoprupaped. 18The Bréalct 904t Bhirified by

N-(t- BuOO%% LE[ Eglc-bg} Phg- Pég-d&){NHCHZCGI—M NH) NHCbz was prepar ea from

N (t - Bu0O %’ g etpr 80 ARGB)- HEAPLESHAC AR) KRICBY, 26€1. 1H NVR
FD- M5, nl emiAf8tébh) Analysis for C41H51IN50g: Calc: C, 66.38; H) Found: C,
66.D8; H 6.93; N, 9.44; 6.92; N, 9.16.

g NMR
FD-MS, m/e 380 (M%)
Analysis for C22H28N402+HC1-0.7TFA-0.7H20:

Calc: C, 55.18; H, 6.15; N, 11.00;
Found: C, 55.12; H, 6.18; N, 10.99.
Example 15

HoN
o NH
NH |
AN H 2 o Hel
O
0

D-Phe-Pro-p-NHCH2CgH4C (NH) NH> -HC1



117 D) Preparation of HOOCCH2- D- Phe- Pr o- pNHCH2C6HAC( NH) NH2HC1. To a cool ed

(0 © solution of N (t-BuOOCCH2)-N- Boc- DPhe- Pro-p- NHCH2C6HAC( NH) NHCbz (2. 2

g, 3 nmmol) in dioxane (100 m.) ‘'was bubbled HClL gas for 10 minutes. After

stirring for 3 h while warmng to roomtenperature, the di oxane was renoved

in vacuo. The residue was dissolved in a m xture of absolute ethanol (150

m), water (75 nL) and 1 N HClL (6 nL). To this was added 5% Pd/C (1 g).

After degassing using vacuum this m xtueg was placed under a hydrogen

at nosphere for 16 h while stirring at roomtenperature. D atomaceous earth

was added and the resulting slurry was filtered over_ a pad of diatonmaceous

earth. The f{R %%B“%’ ébﬂﬂﬂaﬁéﬂ1P91W&BBBeFBYa)PH§FM&ém8ﬁBY@ﬁ|E'mas

i mredi ately purlfled by HPLErdEih@fi de (W8drocMPodiae0/ 30 A/ B ranp over 2

hrs). Fractions containing pure product were pooled and |yophilized to give
.1 g (72% of a white solid. 1H NVR FAB-M5) mle 452.3 (MH) Analysis for

C24H2gN504 A)C1 PreparatGonS4£9p- (Mmihofierhidl ) beén3dbnhiteund-TEA.55. 21; H

6.11; N, 13.39. OOHHN ONH HC NNI ~NH2 O

HOOCCH2- D- Phe- ci s- Chi - p- NHCH2C6 H4 C( NH) NH2HC1 118 A) Preparation

t - BUuOOCCH2- D- Phellccias SfHirxGiEg shepensdont odn sofliDmPhydeideC - @EpHCE6( 30 g,

., 236 maFi n g0 SEECBr SRoALe Pat "hac b onr eREERV FOORET, 17 [ Y

war med to IRCagdecrdi-r ethwiébﬁozoalnrlhﬁtéiocgolBhgmmoltoonTo
t enper at ur gt gishivle %swaadeansgam@t §ilal BnVaaHPe i dRC£0ARREY
ution was washe tmnce wi th

di ssol ved in ethyl acetate gﬁ I's SO
saturat ed &ISFICTRFoRiatk FUﬂlé@lPQQOCREPoxY%Pée $i2h2sgi uPht ed aqueous

sodi um bi ca:ﬁmr)atea(f%@ E‘E)er@ﬁé E%CQG%&G:Q“ BRe(APRedké wdBe oOrganic
| ayer was 504)Fﬂﬁtbyﬁ and_concentrated in vacuo to give an

orange oi |l b?tgPFléaogeWLbhFBﬁaFBﬁhﬁﬁh?WéFﬁtWhﬁhmtth a
gr adi ent (ﬂWdtztada§0tmLa | Thexapgahtthphaseewasethéhaatieas (8gsdg) hi ng

duct jud by .TLC [ d t t 33.2
0099 of \ a LSRG &hg) FOhCAPREALR: \elhRs E5ELRA) SakifyvRs Fhpn o - O
C26H38N205dn§§aiveﬁ,1&Ba1ﬁ;nHmuB dhputt 6f1dichDopfemethaf8. 37AntkoBe47; N
5.90. B) . N- B D- Ph - T
2% 2 o IR D el B BN RSB e GO o0
was added [The giolusioopyest bheandaduted wi;hgernﬁth¢ramdeﬂ1etabudyl
i car bonat a0t 0apf2aTBloka T3 5e50! HbEOD B br HAD! oL Gept g, et | ux

and mmi nt ai ne Heat I n |sco Imued t he
sol uti on wihegoresrves éé? VacueC 8D the Oe%}'dnesw&sedwssoktlulredl et hyl

acetate (4QQgdrbuand W@%hea1EWh9§ wthirl éQ g%@i ?ﬁdagfg?£290fﬂ$)) twice

W th saturated aqueous sodi_.um bi carbonat W ce Wwth brine
(200 nl). THEUSEFanthesprednsh-Radigifiad, Ng@ba)precipeteue was

filtered, washed with diethyl ether, and dried in vacuo to
give 11.3 g (90%) of white powder.

IR
1y NMR
FD-MS, m/e 132 (M%)

B) Preparation of Boc-D-Phe-Pro-p-NHCH2CgH4CN.

By a method substantially equivalent to that described
in Example 1-G, 7.4 g (78%) of Boc-D-Phe-Pro-p-NHCH2CgH4CN
were prepared from Boc-D-Phe-Pro-OH and
p- (aminomethyl)benzonitrile:TFA. 1In this case, the product
was purified by recrystallization from diethyl ether.



119 concentrated in vacuo to give a yellowoil. A portion of this oil (24.8
g, 44 mmol) was dissolved in 300 nL of dioxane. To this was added a

sol ution consisting of 2.05 ¢ Li OHH20 (49 mmol) in 150 nL water. This

m xture was allowed to stir for 5 hrs at roomtenp at which tinme 100 nL of
sat urat ed aqueous ammoni um chl ori de was added. Sol vents were renoved in
vacuo and the residue was partitioned between saturated aqueous sodi um

bi carbonate and diethyl ether. The | ayer $6were separated and the aqueous

| ayer was acidified to pH 3 with citric acid. The acidi c aqueous sol ution
was extractggl 3 tinmes with diethyl ether (20D nlL) and these were conbi ned,
dried (MS fi1ltered and concentrated to give 24.3 g of

N- (t - Bu0O MR Boc- D- Phe-cis-Ohi-OH as a white foam. 1H NMR FD-MS, m e
530 (M+) ARDaMS,s nf/@ 42gHPN207 Calc: C, 65.64; H, 7.98; N, 5.28; Found:
C, 65.39; H 8.04; N, 5.39. C Preparation of

HOOCCH2- D- Phe- ci s- Ohi - pNHCH2C6HAC( NH) NH2ZHC1 By net hods substantially

equi val ent Qlo tAreparddsion lbdd Bor-D«Piyel-®rbs-p= NNIH4GHC (1 Ni»(.67~) of
HOOCCH2- D- Phe- ci sOhi - p- NHCH2C6HAC( NH) NH2HC1 wer e obt ai ned. 1H NVR FAB- M5,
me 506.3 (MH) Analysis for C28H35N5042HC1H20: Calc: C, 57.24; H, 6.52; N)

11, 92; Fgupd: C,Hﬁkdﬁhnt}mul&i& Qs WibsbBubbli) t@lﬁgﬂggfa’\lﬁo@uﬁgn g /|
. ﬂﬂélﬂﬂagggﬁgybF%ﬁg;?%gpgﬁgﬁ_Nﬁ[F4 «s H%o%% in pyridine (25

(N- (car boxynet hyl
(am noi m n&ket G trderhiviemine] (R~ 5r olli) nforddD Ainbtegar athen of
HOOCCH2- D- i3 3 N B ds substanti al |
equivalentg?%t?ﬁggg Eg??ibe§Cﬁgéﬁxg%gﬁéd4épgg;ggoae§fQo stand at
HOOCCH2- D- ERRrPtErpRretnceHECENR) ApYEC TheesplupaprdwasHtheR BD1kBedn e

150 Fo e P20t ek e able smame e commer e s

wice with
saturated aqueous sodium chloride, dried (MgS0y4), filtered
and concentrated in vacuo.

The residue was dissolved in acetone (50 mL), methyl
iodide (10 mL) was added, and the solution was heated to
reflux (2 hours). The solvents were removed in vacuo, the
residue was dissolved in methanol (20 mL), NHgOAc (712 mg,
9.2 mmol) was added, and the solution was heated to reflux
(12 hours). The solvent was again removed in vacuo, the
residue was dissolved in 1 N citric acid (100 mL) .and the
aqueous phase was washed twice with ethyl acetate (200 mL),
then basified with solid sodium bicarbonate, saturated with
solid sodium chloride, and extracted twice with ethyl
acetate (200 mL). The combined ethyl acetate extracts were
dried (MgSO4), filtered and concentrated to give 1.4 ¢
(67%) of thick oil.

1y NMR
FD-MS, m/e 494 (M%)

D) Preparation of D-Phe-Pro-p-NHCH2CgH4C (NH) NH2 - HC1.

By a method substantially equivalent to that described
in Example 1-H, 7.7 g (57%) of D-Phe-Pro-
P-NHCH2CgH4C (NH)NH2 -HC1 were prepared. The product was



OOHHN~NHO HO / ~NH2 ",.. N.") N,."" O 121

HOOCCH2- D- Cha- ci s- Chi - p- NHCH2 C6 HAC( NH) NH2HC1

((S-cis)-N-[[4-(aninoi m nonet hyl ) phenyl ] met hyl ] 1- [ N- (car boxymet hyl ) - Dycycl o

hexyl'al anyl ] - 1H-i ndol e 2-car boxsm de hydrochl oride) A) Preparation. of

HOOCCH2- D- Phe-ci s- Chi - p NHCH2C6HAC( NH) NH2ZHCI By net hods substantial |y

equi val ent to those described in Exanple 1-A and 1-D, 18-E, 44-8,

47- A(usi ng benzyl bronpacetate) and 18-Fg70.75 g of

HOOCCH2- D- Cha- ci s- Chi - pNHCH2C6HAC( NH) NH2HC1 wer e obt ai ned starting from

BocD-Cha and cis-Chi-OEtHC . HPLC Method 2 Was used in the purification of

this nat er iRRTifdiedy by RPHFLEN(mgEhogd) 3. APB/Ro (RGP30 ArmPoter 78780 1H NWR

FAB- MS, nl e(2/E).,3 30HminAtakysi s for C28H4A1INS04HCL: Calc: C, 61.36; H

7.72; N, 12.78; Found: C, 61.0B; H 7.47; N, 12.53. OOHHN ONH HC N N\

I WNH2 U ~""if ,.: o

HOOCCH2- D- Fiie NMIRO( 4- ci s- i soanyl ) - p- NHCH2CBHAC( NH) NH2HC1 A) Prepar ati on of

Cbz- Pro( 4- t4anse - . 122 To a solution of Cbz-Pro(4-traps-OH)-.0OH (33

g, 124 nnnb???%’g?%§ﬁ§P4(éHb%nL) was added p-toluenesulfonic acid (1 g) and

t he sol uti dwmadatsitse foad CeaBpaNE0g - HARt+ & 4TBARMO . 5HgOs0l uti on was cool ed to

room t enperatur d the sol ) I veq, i n.veguo. The residue was
ecatladl ¢ Aéeg.”ir&;”"ign Ve qy V;A.%“

di ssolved in ethyl” dcetate (4 washed twi'ce 'wi th saturated aqueous
NaHCO3, and tw dwund:h a Sat WhtHd FHyudoud ;sati wh.G8.ori de sol ution. The
ethyl acetate solution was dried with MyS04, filtered and concentrated in
vacuo to give 34.5 g (95% of a colorless oil. 1H NVR FD-M5, me 293 (M)
Anal ysis for Cl5H1gNO5: Example 16

. HoN
0]
H .
N . N NH, 0.75 HCI
C
(@) NH

D-Phe-Pro-m-NHCH2CgH4C (NH)NH2 - 0.75HC1
A) Preparation of m- (aminomethyl)benzonitrile-TFA.

By a method substantially equivalent to that described
in Example 15-A, 10.8 g (86%) of m-(aminomethyl)-
benzonitrile -TFA were prepared from m- (bromomethyl)-
benzonitrile.

IR
1y NMR
FD-MS, m/e 132 (M%)

B) Preparation of Boc-D-Phe-Pro-m-NHCH2CgH4CN.

By a method substantially equivalent to that described
in Example 1-G, 7.5 g (79%) of Boc-D-Phe-Pro-m-NHCH2CgH4CN
were prepared from Boc-D-Phe-Pro-OH and



Calc: C 61.42; H, 6.53; N, 4.77; Found: C, 61.20; H 6.65; N, 4.73. B)
Preparation of Cbz-Pro(4-o0x0)-OEt. Cbz-Pro(4-traps-OH)-OEt (32.7 g, 111
mol ) was di ssolved in dichloronethane (500 nlL) with nmechanical stirring in
a lL round bottomflask. To this solution was added 3 ~ nol ecul ar. si eves
(100 g) and pyridiniumchlorochromate (60 g, 27B mmol ), in portions small
enough to maintain efficient stirring. After stirring for 12 h at room
tenperature, diethyl ether (200 nL) was ded and the black slurry was
decanted froma tarry residue and flushet t hrough a colum of silica gel
(200 g). The residue was washed twi ce with dichl oronethane (200 nL) and the
conbi ned vs hamisometity B} Senpasseri 1&rorgh the ©hid Cladd Uoend hgrbahisat e
was fl ushed throug{n. a ?ﬁl [ ca%(eflf éﬁum with 1:1 ethyl acetate/hexanes (4
L) and 500%RE PYEETTERLNTECTOT IRt IRt 10n FroR (FimEhb R ER®F ng pr oduct

as judged by TLC, were conbined and concentrated in vacuo to give 23.8 g
(749 of ar olorless oil. 123 1H NVMR FD- M5, nie 291 (M+) Analysis for
C15H17NO5: lc: © 61.85 H, 5.88; N 4.8l; Found: C, 61.57; H 5.82; N,
4.71. O P}Iému on of Cbz-Pro(4-isobutylnethylidene)-COEt. Potassium

t - but oxi degg g, 8 g0+ was suspended in tetrahydrofuran (800 nmi) in an
oven dri e?zgﬁseb_kmééf rou{]d )bot tom flask equi pped with a nitrogen inlet,
nmagneti ¢ SARRl¥gds £ow GRMHIaMeP4unnel . To this suspension Was added, in

several portionggjdksoanylgriphepgyl pgosphesi um b Lde (120 g, 288 nmol).
After stirring For 30 m n?'aegbpﬁfigh gf?zbzg; o%ggng)gb)-CEt (70 g, 240 nmmol)
in tetrahydrof Fe¥RQ150 nE) 6GBs2ZddBed 6rB8PwiNe Y1a96n addition funnel over
al h period. After stirring for an additional 2 h, saturated aqueous NHACl

(100 m) S ded. This sol ution s diluted with ethyl acetate (750 nl)
and the I\é@er ?Wé?’e"s‘éﬁ}a& &°°ﬂ%‘%‘é’rﬁ%"?'&‘9‘@“% QHEAH20 times with

1 Ncitric acid, twice with saturated aqueous NaHC03, and twice with a
saturated aquequs sodiumchlqride solution. The organic solution was_dried
with MyS04, fil %r‘éd“%%&‘ioﬁ%ﬁ%ﬁﬁ% SAVivEleny |tay that deserihed was
purified bn fBxaesiplehri@w,odr.dphy (o) Df iBor-OrPhellpfdpg With 2:1

hexanes/ et Hgi‘.“s‘?it Eract i Qns tainy ng product (as judged by TLC) were
conbi ned e{ﬁ? onceﬁ%)m He\%[aécaao%%?’@%&%e 37 g (45% of a colorless oil.
1H NVR FD- M5, me 345 (M) Analysis for C2pH27N04: Calc: C, 69.54; H, 7.8B;

N, 4.05; UM, gg,eﬁ .934;(1#) 7.85; N, 3.99. D) Preparation of
Pro(4-cis-isoanyl)-OEt HCL. | 24 To 8 sol ution of

Cbz- Pro(4-isobutyl nethylidene)-Oet (37 g, 107 mmol) in ethanol (500 nL) was
added 5% g/ CP&'@p&h‘atNioH%@e'b-%%—‘ﬁ?- M@% J S pSsit4on for 5
m n and then hydrogen gas was bubbl e t;}ﬁr oug ckgﬁeg&%.)wﬁeosiglsu |ldn was

filtered through a pad of di atomaceous earth. Hydrogen chloride gas was

t hen bubbl ed t lgyouOmdth S YuBdtdn il LAakiR, +an en t .50l ution
was concentr teapi S vacuo taq give 6%6@1&:%2% %;egl%g% g"lrﬂta %—?%ﬁ VB)
me 214 (ﬁﬁ-“)%&‘?ﬁ%ﬁ d-For 0cFPHo1EFRE) . ofaPcPhe-PER-70; H, 9.68; N, 5.61;
Found: C, mSNHQE2CIgH4C. (NE) NH2 -9..83. HEL ReeRapiepated The product

HOOCCH2- Dvg};e_pﬁrrg ‘fe%' %_yl i%ﬁ%'é _(%ggggécgm%ysb '}IE%E?% ramp to 75/25
(A/B), 120 minutes).

FD-MS, m/e 394 (M%)
Analysis for C22H27Ng502-0.75HC1-1.2TFA-0.5H0:

Calc. C, 51.72; H, 5.33; H, 12.36; Cl1, 4.69;
Found: C, 51.79; H, 4.93; N, 11.96; C1, 4.82.



By nmethods substantially equivalent to those described in Exanple 1-A and
1-D, 18-E, 44-B, 47-A(using benzyl bronpacetate) and 18-F, 0.27 g of
HOOCCH2- D- Phe- Pr o( 4- ci si soanyl )- p- NHCH2C6H4C( NH) NH2HC1 wer e obt ai ned
startiing from Boc-D Cha and Pro(4-cis-isoanmyl)-CEtHCL. HPLC Met hod. 2 was
used in the purification of this material using a gradient of 9B/2 A/IB to
50/50 A/B over 3 h. 1H NWVR FAB-M5, me 8.4 (MH) Analysis for
C29H45N5041. 9HC1: Calc: C, 58.34; H) 7.92; N, 11.73; Cl, 11.28; Found: C,
58.30; H 7.85; N, 11.83; C1, 11.27. 125 2N ~ NH 0O 2HCI N N/ | wWNH2 ~
~'"""~f 0 D Cha- Pro-p- NHCH2C6HAC(

(D-cycl ohexyl al anyl - N-[ [ 4- (am noi m nonet hyl ) phenyl ] met hyl ]-L prolinam de
di hydrochl oride A) Preparation of Boc-D- Cha- Pro-p- NHCH2C6HAC( NH) NHCbz By
met hods substantial | y“equNkal ent to those de i bed in Exanples 1-A) 46-E,
and 18-, 32.5 g (94%| of H4C( NH) NHCbz was prepared
starting from Hoc- DCha e 634 (Mt) Anal ysis for
C35H47N506: Calc: C, 66. 33; . 30; NH, 7. 47; 11.05; 7.47; N

| 1. 26. B) Preparation of RIS .H4C(NH)NH QHCl By a net hod
substantially equivalent f\o t a des rib&d in Exanple 23-A, 9.6 g (101% of
D- Cha- Pr o- pNHCH2 C6HAC( NH) 1 was prepared from

Boc- D- Cha- Pr 0- pNHCH2 C6H4 C( NH) NH 1H NVR FD-M5) nie 534 (W) 126

Anal ysis for C3pH41N504C12: Cal c: C 59.40; H 6.81; N) 11.54; C1, |1.69;
Found: C, 59.54; H, .6.80hpNo-btolp-NiEH2E4HLE (NH)NH3 - HCL

(D-homoprolyl-N-[[4- (aminoiminomethyl)phenylmethyl]-L~

prolinamide hydrochloride)
A) Preparation of Cbz-D-hPro-0OH.

D-hPro-OH (5.0 g, 38.7 mmol) was dissolved in
tetrahydrofuran (100 mL) and water (30 mL). The pH of the
solution was adjusted to 9.5 with 2 N sodium hydroxide and
benzyl chloroformate (5.5 mL, 38.7 mmol) was added dropwise
and the pH maintained at 9.5 with 2 N sodium hydroxide.

The reaction was stirred for an additional 1 hour at room
temperature. The organic solvent was evaporated in vacuo,
diethyl ether (100 mL) and water (50 mL) was added to the
residue. The agueous layer separated, the pH of the
solution was adjusted to 2.8 with 3 N hydrochloric acid and
ethyl acetate (150 mL) was added. The organic layer was
separated and dried (MgSO4); the filtrate was concentrated

in vacuo to give 9.6 g (95%) of a clear oil.

1H NMR
FD-MS, m/e 264 (MHY)

B) Preparation of Cbz-D-hPro-Pro-OH.
Cbz-D-hPro-OH (8.5 g, 36 mmol) was dissolved in ethyl

acetate (100 mL) and the solution cooled to 0 °C. Added to
the solution was 2,4,5-trichlorophenol (7.1 g, 36 mmol) and



C) Preparation of D-Cha-Pro-p- NHCH2C6HAC( NH) NH22HC1 By a net hod
substantially equivalent to that described in Exanple 18-F, 0.74 g (62% of
D- Cha- Pr 0- pNHCH2C6HAC( NH) NH22HC1 was prepared. HPLC Method 2 was used in
t he purlflcatlon of this material using a gradient of 9B/2 A/B to 75/25 A/B
over 2.5 hrs. 1H NVR FAH- M5, me 400.3 (M) Analysis for C22H33N502~2. 1HC1:
Calc: C 55.50; H 7.43; N, 14.71; Cl, 15.64; Found: C) 55.64; H, 7.50; N)
14.65; C1, 15.81. 1''Xa_n!'D~ a 52 ~OHHN@ NH HCI NN\ | wWNH2 U ~"""~f O
HOOCCH2CH2- D- Cha- Pr 0- p- NHCH2C6H4 C( NH) NH2HC1
(N-(2-carboxyet hyl) - D- cycl ohexyl al anyl - N[ [ 4- (an1n0|nlnonethgl)phenyl]nethyl
] - L- prol i napBddibydiobekylcarhod)imidpalat 4 oa, 036 mmol)

HOOCCH2 CH2- 1 27, £
D- Cha- Pr o- thggggﬁﬁﬁgxEE§%£E§M5§%§QB§QE¥E?t4b1 g and %ﬂgogﬁsaenﬁggmln
Et OAc (100tmpemmrgt| r ThagPrecipi Lat e nwas ilMRFeésa{léoehﬁtgl&/agaaaded to

the suspengpaReaRdatBg HhXbHEﬁo“@§ ahi 6580 uPhél o2llwasl aisballvddsinal ved.
The m xture was transferred to a separa%ory ggnnel nd t e |layers

separ at ed. PYR&déngadt 00 Bldr RES-OHi &8- ¢ MBSO er@ﬂ and concent r at ed

in vacuo t@rgievs 1aﬁ&ne QB bhﬁLtrse RRSE) aRepeVZaidedsol THe iﬂsastiohl d was
di ssol ved in Et O¥|

Benz | at 0,41 added
and t he soﬁﬁﬁlﬁﬁlﬁﬁ§ sPFr 8a™ b eﬁﬁgérﬁt??gohPPg era?BFe %ﬁ%@gnto this
sol ution W%%méeledmt Qém(:’fr@drfh):) vachoHEd &d. 6ill) The Se&sPALE was5 g) and

hydr ogen  ALEBPLYSSn oG MAESmd LODSRaLe 1 i 8507 L g EREE 43P BLI RRRY Vs

fiItFred ouﬂaea and Qhedetadﬁuebeg tar 9h5 WhehfﬂlNrabdlgashydgg?mdeaéed to
me o Vv a e r at

o VoI U O 2l 508200, DU Lty B PLSER e PURLG T b 2

pure produagueassj dayes isgpramakedi csheHPHCrAdestegotPed  BcwatBnBrlt ed and

lyOph'l'Ze%g?%ﬁ@hg%chzzc%H(gﬁ%>CiNﬁi acetate (150 mL) RS added

HOOCCH2 CH2 r Q- p- .. JH.NWVR E 472. 4 ( VH+
Anal ysi s fa“becgsﬂsmsolfygﬁcyas e eés §61eﬁ (¥9§84)N afgi g&*‘- (M)

| 2. 45; FOUQQlt@at55e3Q oﬁatZdZQn Mackd- 26 aklambdzpBousELanta 11& 4 a i H~
NH HC .,;Ei) - D- Cha- Pr o- 4- NHCH2- pi per 1 di neHC1 28

FD-MS 361 (M*);

Analysis for C19H24N20s:
Calc: C, 63.32; H, 6.71; N, 7.77;
Found: C, 63.42; H, 6.8B4; N, 7.96.

C) Preparation of Cbz-D-hPro-Pro-p-NHCH2CgH4CN.

By a method substantially equivalent to that described
in Example 1-G, 2.2 g (84%) of Cbz-D-hPro-Pro-p-NHCH2CgH4CN
were prepared from Cbz-D-hPro-Pro-OH and
p-NH2CH2CgH4CN - TFA.

1y NMR

FD-MS, m/e 474 (M%)

Analysis for C27H30N404: _
Calc: C, 68.34; H, 6.37; N, 11.81;
Found: C, 68.36; H, 6.47; N, 11.57.



A) Preparation of Boc-4-(am nonethyl)pyridine. By a nethod substantially
equi valent to that described in exanple 34-A 19 g (87% of

Boc- 4- (ami nonet hyl ) pyri di ne was prepared from 4-(am nonet hyl ) pyridine. 1H
NVR B) Preparation of 4-BocNHCH2- N- Cbz- pi peri di ne. 4- BocNHCH2- pyri di ne (10
g, 48 mmol) was dissolved in ethanol (280 nL) and 5% Rh/C (10 g) was added.
The suspensi on was shaken under an atnosphere of hydrogen (4.1 bar, 60 psi)
at 60 ~C overnight. The catalyst was thepyyfiltered off and the solution was
concentrated in vacuo to give 9.0 g of a gray solid. A 3.2 g portion of the
solid was dissolved in tetrahydrofuran (75 nL) and an aqueous solution (75
m.) of pot ®si Rreparbbnanecof 4D2hBro3Prompt NHOHSC sldlgle (INHINH2 tHCL stirri ng

sol uti on was added benzyl chloroformate (2.3 nL, 16 nmmol). After 15 mn,

t he solution was concentrated in vacuo to about 1/2 the original volunme and
then diluted w By at mjalthadesabetafméabigaﬁiquiphhestWae thatrdesdr fbedwashed

th b ot - i
h6 g (769 o S e ey T L o o

4 NHZCHZ Nimrsutp@piénweﬂcnrenyradrret%vssm@ammryaqus/atm to that

descri bed 'd&s%’éé%hezﬁ?’aéet?cgaéﬁéo/qwé xﬂni\"'gx%'zaﬁf?&sﬂb@@rbﬁwl Was
prepared from 4- Boc NHCH2- peridi pe 129 H NVR FD- M5, me 249

(MH+) D) PrEgRReh &heoF°FsPH°Bu82{:Ci@)m‘B%%5D aMEte¥ st3¥ring for an
N-(t - BuO2C@a) thoBag- DRBQrPr@hQ‘béil{ieﬂt wAs nf@havé@slzdl&é@ka%a nexed hanol
(750 nL) and PtO02 §3’ 8; vvaf added. The s ngnm on t}Be n under an
at mospher e T6F 1R 8r WBEnT2E521 Ve o0 (HACSE| ;j W) /R d‘l""l tWiRe cat al yst
\ﬁls?t he?gggdmh][ edhollf gaadatée(i?dl)?tﬁlxﬁtﬁ vmlis:e[}cs@@mws ms %}ghé rwglﬁcmeﬁ o gi }/e
of .a. it oa e sis for
CZ5H4%N2p7@dé§FE 9c °6§.§2£;‘”€3‘h g+ 97 SXERANGS) T8R4 BYO .9"9@%%. 96: N,
5.48. E) Ptlepbaaucorﬁouﬁ\) I—Bﬁd:(lﬁeﬁhﬂmzé&otd di¥é’a pf peffylivieif&. By net hods
subst anti alg ui r - a | e
36-D) 1.1 Sost otk Broblct NEE LRRRTEORERs O RAET, Sydect TS WYY 0
N-(t- BuOZCGHQ) pPNriSiedCche- PIQPEFFQMI—EB.HPWZGthmmr wum/r&) The
product wagapi kbl 9d/8y RRIELC ﬂ@bﬁﬂﬁn&n?éf‘g%%%%“ng%(@ 14V through

70/30(A/B£over 2 h. IR1 SIS
CZ2H38N404 ?HEIEIBHEONHCWCGMC (NH)NH2 - 0. 9HC1

1 NMR

FD-MS, m/e 357 (M%) .

Analysis for C19H27N502-0.9HC1-:0.9HBr-0.5H20:
Calc: C, 48.34; H, 6.36; N, 14.83; Cl, 6.76; Br, 15.23;
Found: C, 48.66; H, 6.36; N, 14.62; Cl, 7.14; Br, 14.90.

Example 18

NH

NH
N H 2 «2HCI
(71

o)

1-Pig-Pro-p-NHCH2CgH4C (NH)NH3 - 2HC1
(N-[[4- (aminoiminomethyl)phenyl]methyl)-1-[[ (4aS, BaS)-
decahydro-1(R)-isogquinolinyl)carbonyl]-L-prolinamide
dihydrochloride)



: ; .29; N, 10.72; Found: C, 50.31; H 8.46; N 10.93.
%BCGCH N O HY ?",Zig% O ~N H HO2CCHZ- D- Cha- Pr o- 4- NHCHZCH2- pi per i gl neHd
Preparati on of HOZCCHZ-D—Cha-Pfo-4-NHCHZCHZ-plperldlneH01. gySSethgfs
subst'anti al | y equival ent tozthose_gescLEgeaa;npfégngg ?Ebn]. g

- D- Cha- Pr o- 4- NHCHZCH2pi peri di ne W .
Zpggfﬁgefzylpyridine. The product Was purlgled by RPHPLC nebgodnf, ZSkaRg)
from98/2 (A B) through 70/30 (A/e) over 72h. IR 1H.NNR FD;7"N io 30
Anal ysi s for C23HgpNgQOg2. 5HC11. 5H20: Calc: C, 49.80; H, 8.27; N, . 10;

; ~NH HCl Uif O
: 4R )95 PrdpatationNo £l @b p-4amilee p3-gyGH HN O N _
EggggH2F£-Cha-Pr;?iiNHCHZCHZCHZ-piperidineHCl 131 A) Preparation of
4- hydr oxypropyl - N- Cbz- pi peri di ne. 8y nethods substantially equivalent to

i i ssdartdlon oF By 120 itkl%hedarboxylic acid (50 g, 0.288
o Ry ovyr sl HnCREORP TS0 58 B BOPRESSe S e SRty 58
1H NWR Rh/A1203 (14 g) at 52 bar (750 psi) of hydrogen in a high |

pressure apparatus at 50 °C for 17 hours. The reaction

mixture was filtered through a pad of diatomaceous earth, and
the filtrate was concentrated in vacuo. The solid was
triturated with water, filtered and dried to give

DL-perhydro-l-isoquinolinecarboxylic acid (DL-1-Pig-OH) (30

g, 48%) FD-MS 1B4 (MH*).

DL-1-Pig-OH (30.2 g, 137 mmol) was dissolved in
tetrahydrofuran (150 mL) and water (150 mL). The pH of the
solution was adjusted to 9.8 with 5N NaOH, and benzyl
chloroformate (21.6 mL, 151 mmol) was added dropwise and the
PH maintained at 9.5 with 2N NaOH. The reaction was stirred
for an additional 2 hours ét room temperature. The organic
solvent was evaporated ip vacuo, and diethyl ether (150 mL)
and water (50 mlL) were added to the residue. The agueous
layer was separated, the PH of the solution was adjusted to
2.5 with 5N HCl, and ethyl acetate (200 mL) was added. The
organic layer was separated and dried (MgsSO4) and the
filtrate was concentrated in vacuo to give a clear oil. The
oil was dissolved in diethyl ether (150 mL) and the solution
allowed to stand at room temperature (24 hours). The
precipitate was filtered and dried to give 2-Cbz-DL-perhydro-
l-isoquinolinecarboxylic acid (Cbz-DL-1-Pig-OH) (32 g, 75%)
FD-MS 318 (MH").

Cbz-DL-1-Piq-OH (31.8 g, 100 mmol) was dissolved in DMF
(100 mL) and cooled to 0 °C. To the reaction was added
proline t-butyl ester (17.1 g, 100 mmol),
l-hydroxybenzotriazole (13.5 g, 100 mmol), and DCC (20.6 g,
100 mmol). The reaction was stirred for 3 hours at 0 °C ang
24 hours at room temperature. The reaction pPrecipitate was
filtered and the filtrate concentrated in wvacuo to an oil.
The o0il was dissolved in EtOAc (200 mL) and water (100 mL).
The organic layer was separated, and washed sequentially with



B) Preparation of 4-(NH2CH2CH2CH2) - N- Cbz- pi peri di neHC1. By net hods

substantially equivalent to those described in exanples 30-H, 30-C and
30-D, 7.3 g of 4-( NH2CH2CHZCH2) - NCbz- pi peri di neHC1 were prepared from

4- hydr oxypropyl - N- Cbzpi peridine. 1H NVR FD-M5, mle 276 (Mt) C) Preparation
of HO2CCH2- D- Cha- Pr 0- 4- NHCH2CH2CHZ2pi peri di neHCL. By net hods substantially
equi val ent to those described in exanple 53-D and 53-E) 0.39 g of
HO02CCH2- D- Cha- Pr 0- 4ANHCH2CH2CH2- pi peri di M8HC1 was prepared from

N- (t-Bu02CCH2) - NBoc- D- Cha- Pro- OH and 4- am nopr opyl - N Cbz- pi peri di neHCl

0130 ( N%‘?%fﬁ@ﬁ%@%%g AGTEAHE (YHE A TR I

C2qH42Ng0

8.63; N, 10:49, : = HOL toH N N2 NN (o~ ' if Q.
HO2CCH2- 019&%?'9%‘3%%‘%%%%6’& 35?9%‘#2‘14 #nydYo-1-isoquinaline-

The

HMAS Gfied QMIEND3; and &hes fiNtrated3evapatatedtbam3; H,

( N- ( car boxgameeny ) =Ip-nxal wh depudiyvinestdr-«TCbz -DL-1~-Pig-Pro-0-t-Bu)

(am noi m
hydr ochl o

npmat(hﬁ') ‘ﬂfﬁﬁhlﬁ[&?&g i4d,ion-(§n_xw)]'net hyl ] - Lprol i nam de

ride) Preparation o

HO2CCH2- D- Cha- PR ZRIHoHRA Q=R _tiGrdpiByer (4T -fe l6G1.1 08y munetlio deass istcmdt i al | y
equi val entif G thasm detded dsk S6AHR:ESIn dt?:iﬁ%%g’%?g%'e@g%uilcqg

N-(t - Bu02

- \-Boc- Pr.o- 18-.E, _
HO2CCH2- D- Cha* 2%@%@%@% %Lp@&éﬁP&i%EéﬁcMaﬂér égaré'edr a&m

4- Boc NHCHAm gre ri eiperatii® f(ilndHoul) QdugheWaaakih bhi eﬂsbﬁg_ﬁe It%fggkhod 2

(98/2 (A
Anal ysi s
Found: C,

75/ 25 (A/B).. 150 mn).. |R.1H NVR F 65 ( MH*
r%%ﬁé@’&%c%‘.“@?‘&' e}"g‘sg?lsé‘yﬁ, ethsp. (K00 mldzangd) 1%. 19?

Wit ed6; (100 MO8 wee 2dARA. ChhelpH48f the solution was
adjusted to 9.8 with SN NaOH. The agueous layer was
separated, the pH of the solution was adjusted to 2.5 with
SN HCl, and ethyl acetate (200 mL) was added. The organic
layer was separated and dried (MgSO4) and the filtrate was
concentrated in vacuo to give a clear oil. The oil was
dissolved in diethyl ether (700 mL) and

(L) = () ~o-methylbenzylamine added to the solution. The
solution was allowed to stand at room temperature for 5

days. The resulting solid was filtered and washed with
diethyl ether. The filtrate was washed with 1.5N citric

acid, and water. The organic layer was dried (MgS0O4), and
the filtrate evaporated to an o0il. The oil was dissolved
in diethyl ether (400 mL) and allowed to stand at room
temperature (48 hours). The resulting solid was filtered,
washed with diethyl ether, and dried to give
2-Cbz-D—perhydro—l-isoquinolinecarbonyl-L-proline (Cbz-D-1-
Pig-Pro-OH) (5.86 g, 36%) FAB-MS 415 (MH'); [a]lp = -34.2°
(C= 0.5, MeOH).

B) Preparation of N-Boc-p-(aminomethyl)benzonitrile.

To a stirring suspension of sodium hydride (4.6 g, 115
mmol, 60% dispersion in o0il) in tetrahydrofuran (150 ml)
was added 4-(bromomethyl)benzonitrile (20.5 g, 105 mmol).
To this mixture was added (slowly via an addition funnel) a
solution of di-t-butyl iminodicarboxylate (25.g, 115 mmol).
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HO2CCH2- D- Cha- Pr 0- 4- NHCH2CH2- 1- am di nopi peri di neHC1 Preparati on of

HO2CCH2- D- Cha- Pr o- 4- NHCHZCH2- 1ami di nopi peri di neHC . By net hods
subst'antially equivalent to those described in exanples 34-D, 23-A 1-G
(using N-(t-BuO2CCH2)-N-Hoc-D- ChaPro-OH), 18-E) and 1-H, 0.34 g of

HO2CCH2- D- Cha- Pr 0- 4NHCH2CH2- 1- am di nopi peri di neHCL were prepared from
4BOCNHCH2CH2- pi peri di ne. The final prodggt Was purified by RPHPLC nethod 2
(98/2 (A/B) ranp to 75/25 (A/B), 150 min). IR 1H NWVR FAB-M5, me 479.4
(MH") Analysis for C2qH42N6042HCL: Calc: C, 52.26; H, Found: ' C) 52.56;
H 8.07;: Mftex irglind £o86:163homxrsN, the pixtgre yaspoBilutedywith o4 J HN

s i, | . " Dk (. 24l . o
e i i A e I L

T t
sol uti on &L)4- BFOSHORSARLS e M85y thep pirged i(#the)Gnifg‘fll%% 00 ni)
was added Jrgj@@fé%a(t%dg_t@-gi%‘um@ g o 8akb ghha1ilghe sol ution was
e

concentr at in vacuo tqo give 33.8 g (96% of a thick light yellow oil.
FD- VS, me 223. Fhewyesylting fodididrf2f-3 ‘o, 85 mmol) was then
4- Boc NHCHZ M e TRferd3 idr ¢RUREAMYaRiIoFRrad NA50TIA Snd &l Re1ud¥idn &F of

4- BocNHCH2- N-.net hyl - pyr,i di ni.um i odide (7 , 34 ), i
LR o ol s i g mhent o

. g afgdemn Y0 A1 @kt 1 (Y . g, .
The sol ution wa Eﬁ?%f&'to refl ux qu 3fter 2 h) _the %plutionﬁgﬁ%dxmﬂed to
room terrptﬁpé’t THER Y ?&o\}‘é"ntor\ﬁa all nﬂ?&ﬂenwgcﬁ’ﬁ Shd ¥BFe due was
qui ckl y f [ties lperdbntatreo e cd pdddatriono fo £5 ithiec prgducti.t h TheYpetemipitate
acet at e/ h%%neﬁ'lt-lé %r]frﬂ‘@i %@ Vet s e & \éegei ) vac(cl%(hgn%é r;e resi due
was di ssol ved i et hano E@a nf% an eated to refiPuf for 20 om .
Sat ur at ed wireo o UdsHC03 (100 nl) was then added and the sol vents were
renoved in ve~cuo. The residue was dissolved in water (200 nL) and washed
tw ce vvithIRhexanes, t hen saturated

1y NMR

FD-MS, m/e 232 (M*)

Analysis for C13H16N202:
Calc: C, 67.22; H, 6.94; N, 12.06;
Found: c, 67.19; H, 7.16; N, 11.82.

C) Preparation of p-(BocNHCH2)CgH4C (NH)NHCbz.

By a method substantially equivalent to that described
in Example 15-C, N-Boc-p-(aminomethyl)benzonitrile (32.7 g,
140 mmol) was elaborated to p- (BocNHCH2)CgH4C(NH)NH2. The
residue from this procedure was dissolved in
dimethylformamide (700 mL) and N,N-diisopropylethylamine
(72 g, 560 mmol) was added. To this stirring solution was
added dropwise benzyl chloroformate (48 g, 280 mmol).
After stirring for 16 hours, water (100 mL) was added and
then the solvents were removed in vacuo. The residue was
partitioned between water (250 mL) and ethyl acetate (500
mL). The phases were separated and the organic phase was
washed three times with saturated agqueous ammonium chloride
(250 mL), once with water (200 mL) and twice with saturated
aqueous sodium bicarbonate (250 mL). The organic phase was
then dried (MgSO4), filtered and concentrated and the



135 with solid NaCl and extracted several tines with ethyl acetate. The
conbi ned ethyl acetate extracts Were dried (MyS04)) filtered, and
concentrated in vacuo to give a light yellow oil which was dissolved in

di chl'oronethsne (75 nmL). To this stirring solution was then added

N, Ndi i sopropyl ethylamne (2.1 nL, 12.2 mmol) followed by 9-fl uorenyl net hyl
chloroformate (3.2 g, 12.2 mmol). After 2 h, the solvent was renoved in
vacuo and the residue was dissolved in etiRyl acetate (250 nL) and washed
twice with 1 Ncitric acid, once with brine, twice with saturated aqueous
NaHCO03 and finally once with brine. The organic phase was then dried
(MyS04), fiP¥RAREE Mre asrmmtedildech fraoudimthyilhethesi doe gi@e 14 g
chromat ogr aphesh werwiatd ldaggel colum, eluting with a step gradi ent of
5% et hyl acet at e/ hexanes t hrough 50% et hyl acet at e/ hexanes. The product
containing fractions (judged by TLC) were conbi ned and concentrated to give
4 g (27% ofHaMmite solid. IR 1H NVR FD-MS) me 435 (M) C) Preparation of
N-(t-BuOZC% : \- Boc- - Pr 0o- 4- NHCH2- NFnoc- 3, 4- dehydr o- pi peridine. . By
met hods subt a)r%%\glnf{:? 3cﬁgﬂagrént to those described in exanples 23-A and 1-G
(using N-(t-Bu02CCH2) - N-Boc-D- Cha-ProOH), 2.5 g of

N-(t-Bu02 2 = [ -Rro-4- - 4- dehydr o- pi i di

br par ed-f o FHB RSN 52N CHe NG (B SHFBENSHCI R 11 VR FD- M. i
799 (M) D) Preparation of

N- (t - Bu02CCH2) - - - -4 - NH s - Qi i di . 136
Mgt-Bﬂozng-Hﬁg-%lgg-og SELPN, Nﬁcéggg\égzgéghgﬁ%blﬁp Eui Gine (1.5 g,
1.9 mol) wds dmeedilvée dichiorpethrne( 23261 mLandtabt e, Shas radgedor 5 h)

t he sol ventapsasiav r d ¢} The: pesidue was dissolved in ethyl
acetate an washed?tg\?vi,g?wf?ﬁléggﬁkeggéég‘égﬁga ?—kﬁs‘,‘cbgi £ NBsbq) |

filtered afd E3nEEAFFAPEdEPE ?abkowrs Ththe esolivenvaswére rethoved Ve i N a

smal | vol uvacab ahkoeREOFEE R d; overysilica gel . eluting
Bte CHALNBE O95 PPE uﬁ)of /%?%ér‘f\fﬁ%‘?—fl% u

with a gragient S%to_10% A/B_(A = 9:1 nethan
chl or of or ng.c%he(ghr ﬁ'ﬁjcfn o'ﬁ%éh?ﬁi ngWi FRcYi U sdiethyldgethdry (BOC miey £

conbi ned aftecpHcwasr adgdstedvesuy ol ¥, 2 ite solid 1H
NVR FD- B, yrtk e §76.£$&&E)fPr cpar s i on Ofa%ﬂ%éé%ésﬂi thid R
HO2CCH2- D- _a-ﬁrb-ﬁ- 3ty méoﬁ$é9mmmyaaay@&dhm¢M| ed
through a g&vetPed of (90%) of white powder.

N- (t BuO2CCH2) - N- Boc- D- Cha- Pr 0- 4- NHCHZ- 3, 4- dehydr o- pi peridine (820 ng) 1.4
nmol ) and imi sole (1 nm.) in dioxane (25 nL) at 0 ~C for 10 min. After
stirring foF W¥Rh the solvent was renoved in vacuo and the residue was

di ssol ved rp-M8{ ef/é 59l \yend washed twice with diethyl ether. The aqueous
phase was then concentrated to a volune of about 20 nL in vacuo and
purified by RPHPLC (Method 2, 98/2 (A/B) through 70/30 (A/B), 2 h). The
product coBl ai Premafdtisn O Gz 1 oL re combi ned,
partially concentrated in vacuo and ?{/Lo%rﬁ I"i ze tzgasé{l%%(j% z('68% of
white solid. IR 1H NWVR FD-MS, nie 423 (M) 137 Analysis for

C22H36N404~2HCIBy Seridfet ibd CsuBst ik i1 tedhidk1 it 1Y (atm YL, G0 3L
H 8. 46; I*.n]ﬂ'cg?"ll\lll.\l HCE Vg (;NH
ample 1-G, 4.4 g (79%) of Cbz-1-Pig-Pro-p-
NHCH2CgH4C (NH)NHCbz were prepared from Cbz-1-Pig-Pro-0OH and
P-H2NCH2CgH4C (NH)NHCbz-2HC1. 1In this case, the reaction

was performed in dimethylformamide due to solubility
problems with p-H2NCH2CgH4C (NH)NHCbz - 2HC1.

1y MR

FD-MS, m/e 681 (MHY)

Analysis for C39H45N50¢:
Calc: C, 68.91; H, 6.67; N, 10.30;
Found: C, 68.71; H, 6.93; N, 10.38.



HO2CCH2- D- Cha- Pr 0- 4- NHCHZCH2- 3, 4- dehydr o- pi peri di ne- HCl Preparati on of
HO2CCH2- D- Cha- Pr 0- 4- NHCH2CH2- 3, 4- dehydr opi peri di neHC . By net hods
substantial ly equivalent to those described in exanple 58, 73 ng of
HO2CCH2- D- Cha- Pr o- 4- NHCH2CH2- 3, 4dehydr o- pi peri di neHCL was prepared. from

4- BocNHCH2CH2pyri di ne. The fi nal product was purified by RPHPLC net hod 2
(98/2 (A/8) through 70/30 (A/B), 2 h). IR 1IHNWR IS M, nle 435.2 (M+)
Anal ysis for C23H3gN4042. 3HC13H20: Calc: 76, 4B.26; H, 8.15; N, 9..79; Ci,
14. 24; Found: C, 48.31; H 7.93; N, 9.66; Cl, 14.56. 138 ,0HJ HN O, NH

~1id V ~p), ~Pridparetidh of 1-Pig-P - ;

HO20CH2- D- Cha- Pr 0- 4- NHOHR G2 O~ 3 - denyar o baser e AERAH2s 288 -at i on of

HO2CCH2- D- Cha- Pr 0- 4- NHCHZCHZCH2- 3, 4- dehydr opi peri di neHCL. By nethods

substantial ly eqo wlsytitutdidd Q&SQ:HE’—%QVP ReDHJL ﬁ?&i &\9&3)\%&

HO2CCHZ- Dgg Pr o- i NHCH2 CH2 CH2 - dehydiro pi péri |n@§ép‘i\/\a fred from

4- Boc NHCH2 (2 @H8py - di H@°1|)R111Hemhknp$ NBOOnmd ) 449a2 @kided AnA ysis for

CZ4H4pN40421y.’drldGth$Qa.cC&l::§.d G18%3. a1, Hs. § - fuhoa 0

H 7.72; Ny Q3L Cl) 1469 Exa n?nl a R ‘J‘g “HLREy L@%ﬂc&‘" - N

Hu -~ H O 1s' s ring solution was added 5% Pd/C (1 g), and
Jhydrogen gas was bubbled through the solution for a period
of 2 hours. The mixture was then flushed with nitrogen,
and then filtered through a pad of diatomaceous earth. The
filtrate was then concentrated in vacuo, redissolved in
water (25 mlL) and purified by RPHPLC (method 2, 98/2 (A/B),
ramp to 60/40 (A/B), 300 minutes), to give 1.3 g (53%) of
1-Pig~Pro-p-NHCH2CgH4C (NH) NH3 - 2HC1 .

1y NMR
FD-MS, m/e 412 (M%)
Analysis for C23H33N502-1.9HC1-2.5H20:

Calc: C, 52.53; H, 7.65; N, 13.32; €1, 12.81;
Found: C, 52.63; H, 7.36; N, 13.47; Ccl, 12.95.
Example 19

Q "'1r

D—3-Piq-Pro-p-NHCH2C5H4C(NH)NHz-3HC1
A) Preparation of Cbz-D-3-Pig-Pro-OH.

D-Phenylalanine (50 g, 302 mmol) was reacted with a 37%
solution of formaldehyde (120 mL) and concentrated HC1l (380
mL) at reflux. After 30 minutes an additional 50 mlL of
formaldehyde was added and reaction continued for 3 hours.
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(N-[4-[(am noi m nonet hyl ) am no] butyl ] -1-[[(4aR, 8aR) decahydro-1(R)-isoqui nol
i nyl ] carbonyl ]-1-prolinsmde trihydrochloride) The Rf values in this

exanpl e were determ ned by silica gel thin layer chronotography (Kieselgel
60 F-254f-Yn the follow ng systems (v/v): (A) Chloroforzn: Met hanol : Aceti c
Acid 135:15:1 (B) Ethyl acetate: Acetic Acid: Absolute Ethanol 90:10:10 (O
Et hyl acetate: Hexane (70:30) (D) Chloroferm A)

N- Met hoxycar bonyl phenet hyl am ne To s stirred solution of phenethyl am ne
(75.2 nL, 0.6 nol) and triethylamn %83 m., 0.6 nol) in THF (500 nL) was
added sl ow?}lmmtm oSy '4@ CnandotBenprecipisateewasn THF (50
n). After ﬁﬂ&éz%’&ltl Thegd1ikl uagdd&%daaga%oeal givh BtérQO."!‘ 4-
terrperature d| et h ether (2 L) .and 1 N were added. 'The
organi c | ay % Red SRAUA £BpragPPEYliRy8ody, (241 RegedfSEhdFPhYS
filtrate \A/an,ag:qmr)trated in vacuo to give a clear oil of pure title
conmpound (102 g,, 95% 2} . ' )

2-Met hoxycar bonyt -S920EiPm of Dsidy 2n b §85HARYArRe3 réaPAVARPPAdNECi d To a

tsol ]lc,lltl on ofcd&bmmaé:ymgaoruh ghepet gdﬁgam n8 &&98:9)(2605%1,5713&);&' 80 mL
rifluoroa adde
and the m ;bt%tjrsél \%/fz;dsl ﬁ'(ea%t g‘HELogreIe‘FFgg ?gﬁge¥gtﬁ#éﬁlg§§et‘g ghgét aFef?gg t he

reacti on wkmwd@0dd psinodm mehpghapressurel epparacuevad 120vacudor ang

(rjlegfz'? ygnekﬁgulf%gog \/va/sergglg;géa(%@g&g})e %’)ﬁé §#ﬁgé$ éﬂﬁml‘ﬂ Iggﬁﬁ‘%@gl ayer
separ at ed. tmcaquéosgrhhyendwabeaﬂdkdrdtethgts Etéezetdbdeditd givdet he

apar at o, APCHICReSsa) soRtithe Eecatuit g Rek ol aCe PR 2 F U 17
vacuo to af0d%d & I1§14 $MHE) titl e corrpound (107 g, 80%; FAH M5 236
(MH). Q 2- Met Im»swralz;b@ﬁyl(z@Lol 2, §F‘ ‘8 %.ngygg gggggﬂ,gaeﬁcar boxylic

acid t- butg er Toastlrred coo

2- met hoxyc Fb‘é? ydpp! Er2n3(25t@¥'?aﬁ§#€owe‘éﬁm h 0 imie) 1cdPhexpt i of athel (2)
(105 g, 0. 45lmtkipni wa@l—ﬁ&iﬁs(:@ﬂOtﬁtiov\aSwﬂﬂHe tniwawm (B&n#dy 0.54 nol)
and DCC(QE%h%g045 6fér 2£gt 0 oC an 4 h_at room tenperature
the sol venFPIRECFE ‘?1 . tha Beed ‘&%%t%@e%wwlse 1ang NeheD3
(300 ni) wad a’édauallnedhetr e$5duethT2& NaQRNi CThéVsadEFors apdd o efkra@shed
w th water

£ % 85§ gil? and er The orgq nic |layer was drjed
(MyS04), fil ered R Itt‘?léfe EOUBNL SRS RIS n VERSIPRIARFG or d an
oi | of pur §°€li"?-¥1§ Uéﬁpeunnorhﬂédginmﬂ&hd/&i%jmﬁheﬂ' LQdY nirsy) O.61,

ehooental 2ag wake:(tahoHl) UOFETBdea o e Sedtade 7T nld dpfdsud O ©

2- Met hoxyc&?h’@ﬁy?’ae 1RabﬁaGReéa$¥}e et hyflot e gz ot i ore ﬂmrm%uea ago d

t-butyl esBep ®isal EH' HGlOfand ethyl acetate (250
2- met hyl car bogé 3, 4t etra%%lm soqui neo ﬁne f‘l(':ar% yﬁl C aC| cFl'f but yl

ester (105°§ FHSFf V&S SeRRERERd (2D ae%@dqwcedrlweﬁ—lmm A1203

(52.5 Q) aWaSScbﬁl:eﬁBﬁQtédl An ovadydlregedivé Na ScTdHh N ESRIIA @pRar atus at
50 oC for §4p85$¥ar°:r e,reaction mxture was filtered through a pad of

di at omaceo ol EAgUIRPingcaTRR IR it b3 TPArdticI-OFe

resul ting ¢Rb.8ag,debeyl FD-MSVEIPU(MHt) | e conpound (96.5 g, 90% FD-MS 298
(MH+): TLC Rf (Q 0. 63, .E . , _

2- Met hoxycar bon%—z(%’w’g,'zéﬂ%?ga%g=f)e?hy%i%%¥ RS Riagedrikyin MR d

ethyl ester50 #Z] &ndaceoleflibo Of°C. To the reactlon was added

2-rnethoxy =( a r hy e-1-carboxylic acid

t - butyl QBQ?Q% :gf;:%é%m )l:9 i 'O?J(ﬁﬁ%’ ]wgg'd(lfd’d@' PEFA-Um et hoxi de
(21%in et han929>1¢88743 ng, 243med),) amil DCE rJEIa.cnt igon 59 xﬁnwle) Wwasrheef | uxed
(24 h). I S a j yl acet ate (400m)
and wat er ?188921% ‘\ng gggha&?of ej)ﬂé%‘lgdg %@Qﬁtzg s room
separ at ed, toEBATAtUNRce The rergion mrw;(:mﬁcm)@asf iflitletrenrded andi tthee

fil trate wslaﬁagenééﬁéédtt&y@ f i | t| e conpound
(70 FAB- M5 270 ( MH+) ; %%%%@%@) HhePYiS Ldd

0.61
I\/bt hoxyc ipepdYed 118 BRERT shaty I'P,l'd%)wm}i ndlGthanlilcar ey ldrgaania
layer was separated, and washed sequentially with 1N NaHKCO3,

water, 1.5N citric acid, and water. The organic layer was
dried (MgSO4), and the filtrate evaporated to an oil which



To a solution of the product of step E (70 g, 260 mmol) in THF (250 nlL) was
added 2 N NaOH (156 ni, 312 mmmol) and the reaction mxture stirred at room
tenperature (30 h). The organi ¢ solvent was evaporated in vacuo, diethyl
ether (400 nL) and water (100 nlL) was added to the residue. The aqueous

| ayer' separated and ethyl acetate (400 nL) was added. The pH of the
solution was adjusted to 2.0 with 5 I~1 HGhg The organic |ayer was dried
(MgS04), filtered, and the filtrate was concentrated in vacuo to give a
clear oil. The oil was crystallized fromhexane (200 nL) to afford pure
title conpouMd5(§61$dgt°7gwye PABbWBDznsrbMﬂ¥P-3?L€°HﬁlpAﬂ1Oe36rb9hw&ehba
anal ysi s (cab&d)h%ZHlsN%l estag. ?ébzlz'n 94q Fro508éu)FQ§'3d S 55&

7.88, N, 54. NMR 2§ieg nts wer e made by hononucl ear decoup

HMQC, and DEE?Beyﬁe MET)

2- Cbz- (1RS, 4aRsS, 8&8&)—DBGI;M¢GIP&%@I—I&0M”Q'31 Qabbosxsl RCmAelld Has? plleide®dn

| ut f th d t t
anhydr ous CHECRORDB0BRER S A4 Bl CPRERT RO LEAEL BORRECRBAE S B0l GPbon of |
142 iodotri meLhy| aniaoge( 8. hLi,.) add0stipkpdi At CEBEN ¢ERpEEhtuFke (neactl on

m xture was red 5 d.to _roomtenperature.

The reacti onﬁ\%/gg )que?%ﬁegeggf: %8 § mf%ﬁge%ffgf%ﬁ efs) %

met abi sul fi t beatigy, &hé dh:lebhyﬂ.hetheact(ilso nBs, ranaedaterlfblﬁovmﬁ..lﬂ fele
NaOH, and be chl f e 7 9 adde ropWM.Se, Whi | e
the pH maint glaﬁ%g at Qrfg %ﬁ{*ﬁ? tﬁlg %L{pc%\?% va %eacéldoggwgsgs 9% guf or
an addi ti onaNa@8.ni Bhet aguenuschprent was, seperotgém theopHeof the
evaporated i BolGeien wad Skehbybaethe 2 ad was
allowed to stgnd atnro om te?rﬁper attiu{rig 2 éhﬁggﬁhi%mé} aglg?a?m?%ogérg}%keg
added. The adaBBuBLioVae; 8Adeds aThe W‘é@ln%@ bWQrSWMtheﬁamH@B, dheed

organi c | ayenMgB8o sepanat £1tdread ('l'ﬁ@oﬂiltﬂ&é%ég céﬁéeﬁ@fa{:éhtiﬁte Was
concentrated_in vaguo to _give gure tit onpound as_an ol l (39. 65%) ;

e c
FAB- M5 318 (P2 EPeFi¥eal GhERYsPLl( cafR®)oth g¥ps\disselved ip. dgFtl?Y%O
N, 4.4l; Fouethef, (5603rL) Hand. bBe 8b1dtS8dn s allowed to stand at room
2- Cbhz- (1RS 4 RS Sa?\)ﬁg rg% 0i soqui nol i ne-1-carponyl Pro-Ot-8u To

stirred, coo Sf &t POWEDE - t NERr Feseitimg ssebid was §11§289¢(m)|)

in DVF (200 wash&dswathediethyl netheb)t ahd eat £éd (£4. r@é 128p20pé

1- hydr oxybengo ( 123

reacti on m x%u’r}'ge!> 91118 %‘3‘?%%"?%‘?3’5% %¥°%)i’6 g ch‘?t ﬁ %’tqg%’é ?%m} t%re
The reacti ongpré%%bltheM&/atﬁl IMEted and the filtrate concentrated in
vacuo to an ghdiydie bt @51§H§i f@%yed in EtOCAc (200 nL) and water (10D
nL). The organic | ayer was was equentially with 1 N NaHC03) water) 1.5
Ncitric acid, anB&&Bter. The @6g&hHi:icH,ajeR%a¥,d6i.86;(MyS04), filtered,
and the filtrate P¥apagt at edctosgnggm)hphqu so of.the title conpound as
a mixture of diastereomers (52.7°9, 919 Ifig NE 91E& 1)

2- Cbz- (4aR, 8aR) - per hydoi soqui nol i ne 1(R) - car bonyl - Pr o- O—l 143 To a stirred
sol ution of Bhe Preparitén sofpCh {523 4pLg- HAd- PR I-QI_@ NE&L2L) was
added trifluoroacetic acid" (70 m) and anisole (5 m%ms hgﬁ}rz)eactl on

m xture was stirred at roomtenperature for 1 h and concentrated in vscuo

\(Mlg BOtrthL ! heat i ng. Wearx]getﬂue $abs tahti U1 é&uﬂv&m{é %hﬁﬂaﬁﬂﬁ’@sg}ibea"at er
an S t J Wi t

The aqueous ?’éyer p%r]a 2‘:3 afn)délle'{I hc?y\g’(s:e?g %&#?ﬁ_ VRO RAEEH2Me pH of
t he sol uti onCelsC K LGz twee prepdréd ﬁWCbimekdmraMS
separ at ed, 1 ﬁg&% ﬁlﬂ ﬁ@-.pl the filtrate was concentrated in
vacuo to gl\% Igﬁqée r o%rl:( e o@#j was di ssolved in diethyl ether (500 nli)
and (L)-(-)-al phanmet hyl benzyl am ne was added to the solution. The sol ution
was al | oned ¢ d§a”:ﬁ|/ét6é(90 {+enperature (24 h). The resulting solid was

filtered) was With di eth ether and dried. The solid was suspended in
ethyl acetate) washed with 1.5 N citric acid) and water. The ozganic |ayer

was dried (MySO%pre a,j-g‘g_e_{&d,oﬁ e title
conmpound as aﬁ oi | 1%20 2 Q) 44‘%9.%6% Md? ;5 qﬁ%ﬂqﬁ@}%vﬁ@i} 0.5)
MeOH); el enmental anal ysis (cal cd) 023H30N205 C. 66.65; H) 7.30; N) 6. 76.
Found: C, 66.38)

2- Cbz- (4aR 8a R) - pﬁéi;hgd’gi@%%%ﬁ%%aeﬂé 1%a$%%zh‘§?l ro I\]i'—?(té?-&s ‘?n '
flask 1 the ¥ AP é Lt 11 - B3PI R9-Bras di ssol ved |n DI\/F_(lO
m ), cool ed NHCHICeHYC (NHINHYESHOD Wisxd) @t éisa vl . 28 e ar&fudihL was
added) foll owed by isobutyl chloroformate (0.33 , 2.55 Mol e). The
reaction mxture was stirred at -15 oC for 2 mn In flask 2

N Hoc- 1, 4- di am no-butane (0.48 g, 2.55 mmole) was dissolved in DVF (10 m),
cool ed to 0 oC and Nret hyI nor phol i ne (0. 28 m 2. 55 mmol e) was added to

o o . e = . ~ -~ e A A A -



145 tenperature for 0.5 h and diethyl ether (100 mM) was added. The
super nat ant was decanted, and the resulting oil was triturated twice with
diethyl ether and dried in vacuo to give a crude solid (1.3 g). The solid
(1.3 'g) was dissolved in 0.05% HCL and applied to a 5 X 25 cm col um of
VWydac' C18 resin. A gradient of increasing concentrations of CH3CN (2% to
2599 was used to elute the peptide fromthe colum. Fractions were
col |l ected and pool ed on the basis of analytical RPHPLC profile and

| yophilized to afford the pure title conpodfd (0.139 g, 15%: FAB-Ms 393
(M#); elenmental analysis (calcd) C2pH36N6025HC13H20: C, 38.28. Found: C,

38.34. O OH : . (o ly Ugpf/a0
HOZCCHZ-Dmﬂl%%h%%&%éﬁgf%\rdegér 25/8n (ByB) . ramp to 60/40
HO2CCH2- D- Chal®fR) 4-2Lrpiasi@I2HCL. By net hods substantial ly equival ent to
those described in exanples 1-G (using N (t-Bu0O2CCH2)- N Boc- D- Cha-ProQOH),
23-D, and 58- Q.17 g of HO2CCH2- D- Cha- Pr o- 4- NHCH2C6HQNH2HCL was pr epar ed
from4-nitrob m ne hydrochl oride. The final product was purified by
RPHPLC net hoFI-M98/m/ € AP @mough 70/30 (A/B), 2 h). IR 1H NVR |46

FAB-MS) nie . Anal.ysi s, f.Qr aqhg0g2. 2 HC11.5 H20: Calc: C,
51.37; H,7.35 #%éfgfgﬂflgéiﬁiéﬁﬁg§;3g§§E§f§%?850.87; H, 6.72; N, 10.41,
|C_:Ié)zc(l:ld_le[B}Cho Ol;l HNCA] o\ NHE dﬁ{:lsz.:l.'?:;_liﬂ, gJ‘HZ; N, 13.22;

- a- Pro-4- " | epargtia
HO2CCH2- D- Cha- Pr o-}fﬁ ﬁ%ﬁ%ﬁ' B-{/ ‘ﬁﬁ‘t ﬁ%’d&%'ﬁ%@‘t antially equival ent

to those described in exanple 62, 0.19 g of

HO2CCH2- D- Cha- Pr o- 4NHCHZCHZCGHqNH2HCWr ed from

4-ni trophenet hyl am ne hydrochl ori de. product Was purified by
RPHPLC net hod 2 (98/2 (A/B) through 70/30 (A/B), 2 h). IR 1H NVR FAB- M5,

me 445.3 (MH) Anal ysi HCZqH36NqOQ2.2HC10.5H20:
NH
o
NH
N 2«3 HCl

by

D-hPro-Ohi-p-NHCH2CgH4C (NH) NH2 - 3HC1
((s-cis)-N-[[4-(aminoiminomethyl)phenyl]methyl]-octahydro-
1-D-homoprolyl-1H-indole-2-carboxamide trihydrochloride)

A) Preparation of Cbz-D-hPro-Ohi-OH.

HCl gas was bubbled through a stirring suspension of
(S)-indoline-2-carboxylic acid (20 g, 110 mmol) in ethanol
(500 mL). When the acid was completely dissolved, the
solution was brought to reflux. After 16 hours, the solution
was cooled and the solvent removed in vacuo. The residue was
triturated with diethyl ether and the resulting off-white
solid was collected by filtration, washed with hexanes and -
dried overnight in a vacuum oven at 30 °C to give (S)-
indoline-2-carboxylic acid ethyl ester-HCl (25.7 g, 78%).

The solid was dissolved in ethanol (800 mL), 5% Pd/C (25
g) was added, and the resulting suspension was hydrogenated
on a Parr shaker for 8 hours (4.1 bar, 60 psi). The solution
was filtered and the solvent was removed in vacuo. The



Calc: C) 54.00; H, 7.40; N, 10.50; C1, 14.61; Found: C) 53.65; H 7.59; N,

10. 24; C1, 14.33. 147 OOHHNONH2 HC N.... NV I (~~f OF

HO2CCH2- D- Cha- Pr 0- 4- NHCH2- 3- F- C6H3NH2HC A) Preparati on of

4- BoC2NCH2- 3- F- C6H3NO2. To a stirring solution of 2-fluoro-4-nitrotoluene

(5-g9,”32 mml) in carbon tetrachloride (160 nL) was added

N- br omosuccinimde (5.7 g, 32 nmol) foll owed by benzoyl peroxide (0.78 g,

3.2 mol) and the solution was heated t@®oeflux. After 12 h, the heat was

renoved and the m xture was diluted with carbon tetrachloride (100 niL) and

washed with wa%‘?r The. or was fhen diluted with ethyl _acetate
S 2ad

) i c. phase
(300 ni), HPFES MAKHLSTTIEE G Lhir el ft T h SR TV L RARET PR 168 Biue
was di ssolgel73%) tef raiyaf Hivhiare (S i ) (G- GithoasEd 1@l )Stwdré Ng sol ution
of NaH (60% {H i ' jleo: 1.3 g, 32 mml) and di-t-butyl
i m nodi car‘g%% ‘gféé(}%?g{&%l%'l ) in tetrahydrofuran (100 nmL). After
stirring over ni B¥itatmethod veuirs tarst Talinw cetraivakentn tmclide desériledas
chr onat ogrﬁplﬁﬁmﬁy g | I [ Lt h.a.step gradient of hexanes
t hrough 20% et hy %efﬁ'ei%e’% es@iﬁ)erbgfr\(l)&(?u%t&g?rﬁdi '%giﬁ’r:? i 3 j udged
by TLCO) weReerawned rixprfPz-dhddtna-Qdnd ci8e0hi-OBH HE1R. 9 g (33% of a
white solid. IR 1IH NVMR FD-M5) nmfe 370 (M+) Analysis for CL~H23N206: Cal c:
C, 55.13;" H 6.26; N, 7.56; Found: C, 55.27; H) 6.23; N, 7.44. 148 B)

Prepar at i offf 3MBH02CCH2- D- Cha- Pr 0- 4- NHCH2- 3- F- OBH3NH2HCL. Hy met hods
subst ant i ahymequh Ml gg @)t hose described in exanple 23-A, 1-G (using

N (t-Hu02 - N- Boc- D- r , 23-D and 58-E, 0.44 g of

HO2CCH2- D%%‘fﬁr:bs- f%—l&%ﬁgﬁ SNH2ZHC1 was prepared. The final product was
purified using G&HA C netbpde?, 898/R, (NR; tlpy ogigds 70/ 30 (A/B), 2 h). IR 1H
NVR FAH M5, nfe,449.3 (ML~) ysis for, C23H33 F1.3HCl1: Calc: C,

55.70; H, 6. 97;6‘F?ﬁ,mdrl.30;éC1§'ﬁg.§é9; o{m'gf‘."é?'S%: «+ H 6.97; N, 11.05; CI,
9.31. O"OHHNJ HN HCQ 5 NH2 (N~ N\ 1 ~/ ~~1f O

By a method substantially equivalent to that described

in Example 1-D, 12.5 g (102%) of Cbz-D-hPro-cis-Ohi-OH were
prepared.

1 NMR

FD-MS, m/e 414 (M%)

Analysis for C23H3QN20s5:
Calc: C, 66.65; H, 7.29; N, 6.76;
Found: C, 66.46; H, 7.30; N, 6.86.

B) Preparation of Cbz-D-hPro-Ohi-p-NHCH2CgH4C (NH)NHCbz.

By a method substantially equivalent to that described
in Example 18-E, 3.3 g (67%) of Cbz-D-hPro-0Ohi-p-NHCH3~
CeH4C (NH)NHCbz were prepared from Cbz-D-hPro-Ohi-OH and

P-H2NCH2CgH4C (NH)NHCbz - 2HC1.

1y NMR
FD-MS, m/e 681 (MH*)

C) Preparation of D-hPro-Ohi-p-NHCH2CgH4C (NH)NH2 - 3HC1.

By a method substantially equivalent to that described
in Example 18-F, 2.2 g (66%) of D-hPro-0Ohi-p-NHCH2-



HO2CCH2- D- Cha- Pr 0- 4- NHCHZ- 2- am di not hi opheneHCl

(N-(car boxynet hyl ) - D-cycl ohexyl al anyl - N

([ 5- (am noi m nonet hyl )t hi ophen-2-yl ] nethyl]-L-prolinam de hydrochl oride) A)
Preparation of 2-cyano-5-fornylthi ophene To a flane-dried 3 neck 1L round
bottom fl ask was added diisopropylanmine (9 nL,.66 mvl) and THF (150 ni)
under a nitrogen atnosphere. The flask was cooled to an internal
te.-nperature of -78 C (dry i ce/acetonegq To this 149 stirring solution
was added n-butyllithium (1.6 Min hexa &s, 41.3 nm, 66.1 Mol ) via syringe
and the mxture was allowed to stir for 5 mn. To this solution was added a

igl uti OnTﬁésﬁqém}mhwmli e b veirte i;dze;-l;ta&_e'aﬁ g,Th@Olpmbl )gti lWa'EH_Eu&'&(Iilﬂdzg 8v]§r
m n. e resultin right.r ol utjiqn was allo to stir at - 0X
45 min, at PYREIPRG rﬁneom?%["@w %%r’%arﬁ‘*d@%czia@%f’ g@d"%l’v%ss&&éed vi a
syringe. Thimutesiture was allowed to stir for 2 h at -78 C and then solid
citric acid (about 10 g) was added foll owed by water (60 nL). Vol atile
solvents were renoved in vacuo and the residue was partitioned between

di et hyl etHerNMmd brine (200 nL each). Layers were separated and the

aqueous phﬁﬁ_ gvagn)/@sﬁe‘d Q{p@e wi th diethyl ether. The conbined organic

phase was Wasftied "once "W t rine) dried (MyS04), filtered and concentrated
in vacuo tAnglvsis fast IGRBHSANSP2MIHER -WasH20ri fi ed by silica gel
chromat ogr aphy ads{ g an e&py 2§f§taﬁ,e/-§1_e6<@pe§' Hadent (hexanes to 50%

et hyl acet at e/ héxanes). Fraciions’ conhtaini hg pure prioduct were pool ed and

concentrated i iFoeRdD to §i vele9®:; gH( 840P4 bfN 2-13/a3f- 5- f or myl -t hi ophene. 1H

NVR B) Preparation of 2-cyano-5-(hydroxynethyl)thi ophene To a sol ution of

2- cyano-5-fornyl -t hi ophene (6.9 g, _50 ). in EtOH (100 nm.) was added

sodi um borohydride (1.9 g, 50 nnnl?xFﬂggg+%4ons. After 5 min of stirring,

the solvent was renoved in vacuo and the residue was partitioned between

et hyl acetate and bri ge | ayers were separated and the organi c phase

was washed once. wit itric acid and onc®&HWith brine, then dried

(MgS04), filtered an enj@ated in vacyo tqgl give 6.1 g (88% of

2- cyano- 5( hydr oxynet hy i e 140 (M) 150

Anal ysis for C6HSNGS: Cal c:py 2; N 20.062 feynd: C, 5l.54;
-rdbLnnT€ Z5- (bronmonet hyl ) t hi ophene To a

sol ution of 2-cyano-5-(hydroxynmetthyl )thi ophene (6.0 g, 43 nmmol) in THF (50

m.) wasl added tri fhosphi néd(15.7 g, 47 mol) and carbon tetrabronide

(12.3 g, 47 runol). er stirring overnight under nitrogen atnosphere at

roomtenperature, t% ol vent was renoved in vacuo and the residue was

di ssolved in chloroform then adsorbed onto silica gel and | oaded onto a

silica gel colum. The product was eluted using an ethyl acetate/hexanes

grgdi ent . {:r a;:t idgphpggnNQb{i'cnggggyglgngdmggéfg?ﬁ@@ww.jﬁ@ wer e pool ed

and concentrated in Cuo to .gi.v , 0

2- cyano- 5( br ononet hgﬁ/') ?W°§;ﬁ?e1§?'é'?ﬁ‘ﬁ’ml\%'% lety Lo¥-(N#y Anal ysis for

C6HANSHr: Cal ¢ C, (S3@irffimitomet33i1 )PhebnAImet®1dg1GeidBmide H 2.03; N,

6.95. D) Preparation of 2-cyano- 5-§r m nﬁ th |}th| opheneHC1 To a cold (00
EhvArBpRLnEigs)

sol ution of 2-cyano-5(brononet h9 8 0g, 30 mol) in THF (50 n)
under nitrogen was added NaH (60% di spersion in oil, 1.3 g, 33 mmol) in

portions. Jo tdu [Jad g;ﬁg.e_ 5 | \& utw.on of di-t-butyl
i m nodi car}t‘)gxyﬁmé?%%#ﬁaﬂs,%é mﬁ)hcﬁ}ﬁ%ﬁ?%@%@))&g&ebhw mn. After
stirring for 3 h, saturated aqueous amoni um chloride (100 nL) was added.
Vol atil e sol ve r i %][sﬁﬂ r ¢si.d S
partitioned be?i‘véexn\eéﬁ% acetat'e anédrﬁl er %#%# g@"érg%v}e?{g‘os pgrngt ed and
t he or gani trpetinel aminewatdledl,, 154 mmol) in ethanol (200 mL) at 0 °C

was added a solution of t-butyl bromoacetate (30 g, 154 mmol)

in ethanol (50 mL) over 1 hour. The cold bath was left

unattended and the solution was allowed to warm to room

temperature. After stirring overnight, the solvents were
removed in vacuo and the residue was dissolved in 1N citric
acid. The aqueous solution was washed twice with diethyl -
ether, basified with solid sodium bicarbonate, and then
extracted three times with ethyl acetate (200 mL). The




"'r~nt 151 twice with brine, dried (MyS04)) filtered and concentrated in
vecuo to give 10.5 g (1009 of 2-cyano-5-Boc2NCH2t hi ophene whi ch

crystal lized upon standing. Thi's solid was dissolved in EtOAc (200 nL) and
cooled to 0 C using an ice/water bath. Anhydrous HCl gas was bubbl ed

t hrough the solution for 10 min and the mixture was stirred for 2 h while
warnming to roomtenperature. Solvents were renpved in vacuo and the
resulting solid was suspended in diethyl8%ther and isolated by filtration.
The white solid was dried overnight under vacuumto give 5.2 g (10D% of

2- - 5- b {Ydret i , M. i

f o(r:y?:glc—)FNZéS%%’ Cal c'l:'qtyﬁé?i EH'E. %H%%r#%%%} 0&}@%@4{#&% ’('41“?%&2.512;
N, 15.82. ad F#Jebw%dim stfand for 24 hours. The resulting precipitate

N- (t-BuO2GQEtE ‘E@% - : a i . et

suE)st aﬁti al | y)fei(:]iui va %\S%ﬁfﬁﬁ%%%%% {gr?ﬂgxrg'%q{e?ﬁ%?%sﬁﬁwe

N (t - Bu02G85 -\-Ho Wi teh £9%isH)The! W theqoiqusir was concentrated to

N- (t - BuO2GORA Tidhéd 15 Rileliar ot dNeld? -th ity @it P ‘e rom
2- cyano- 5(am nonet hyllzthi opheneHCl . 1R 1H NVR FD- I\/B%ﬁ?’e Ozﬁ{ﬁ)aé ?
Pr epar at i ow mL) . fter standing for 30 minutes, the solution was

N- I( ]E - E“Ozme’*iﬁ“‘g‘f Egri@tm Iﬁrph&&a\iml tq’alc(zlﬂif)sl\"dB% H it 2 1 d B0 QEN
sulfide g e ut i

N (t- Buoz%%f%‘%%@t@%?g % 8 (G40, oF @%WF&H@AK‘PIFS%‘)- 2.5 mol)
and triethylamne (4.5 nmL) in pyridine (45 nl) 1 .Y 1152 for 5 mn and
t hen the \/ﬁf_% was seal ed and allowed to stand overni ght. The next

nor ni ng, ni'trogen was bubbl ed through the solution for 5 min and the

sol vent waD1Mfwwwe i235/aMfd. The resi due was dissolved in ethyl acetate
and washed once with water and once with brine, then dried (MS04),

filtered and concentrated in vacuo. The residue was then dissolved in
t ol uene and cor®er methpPd sukshantied iy e i vElente dio tthatn dddmnibid sol ved

in acet oneird HanpPle and,i adoEiqBEY)5 JE opiRH-2¢iedy (Q—‘gtcﬁ? 3 i)rdli_ﬂ‘—%e

overni ght at_roomtenperature, the solvents were renov Ccuo

resul ting GHAY W& aziesh fxoms Gbzed-hPriecOkaaaid NIGhEHR CHINGAM- 0539 g,
5 mol) wasa.added, and the solution was heated to reflux. After 1 h, the
sol vent was renoved in vacuo and the residue was dissolved in
tetrahydrofuran (10 nL). To this stirring solution was added a sol ution of
K2C03 (1. A3 gMRI2.5 nmol ) in water (10 nL) fol l owed by di-t-butyl

di car bonate, (2. 2_0, rmg!,,) After stirring for 1 h, the suspension was
diluted wﬂ%’hﬂ%eaé%toat( ()400 m.) and washed with water followed by

bri ne. Thdr@lysiisc fipira$2sl3ENA0s concentrated in vacuo and chromat ogr aphed
over silica gel uting wt t i e 0 0% et hyl acet at e/ hexanes
t hrough 75% et hcyaileéa'cet ate hegg‘?lgeé'. e‘%)'hg;gg%dﬂit 'Jt i ning fractions, as
judged by TLC, Remral:conbi®edé®ndd cabcent5ai ad, is. wacuo to give 1.1 g (61%
of a white foam 1H NVR FD-M5, me 72D (M+) Analysis for C36H5~N50gS: Calc:

C 60.06; H 7.98; N, 9..73; Found:' C, 59.76; H 8.07; N) 9.52. @
Prepar ati on of By ZzCaethodCiaubmtant igddh ezpriivédilenthitop theeHdescribed

in Example 18-A, for the deprotection of Cbz-DL-1-Pig-Pro-0O-
t-Bu, 9.2 g (100%) of Cbz-D-hPro-N(PhCH2CH2)Gly-OH were
prepared.

1z NMR

FD-MS, m/e 425 (M*)

Analysis for C24H28N205:
Calc: C, 67.91; H, 6.65; N, 6.60;
Found: C, 68.19; H, 6.68; N, 6.71.

B) Preparation of Cbz-D-hPro-N(PhCH2CH2)Gly-p-NHCH2-
CeH4C (NH)NHCDbz.



8y a nethod substantially equivalent to that described in exanple 58-E,
500_ ng of HO2CCH2- D- Cha- Pr 0- 4- NHCH2- 2 1 V 1 153 am di not hi opheneHC1 were
prepared. The product was purified by RPHPLC method 2 (98/2 (A/ B) through
70/30 (A/B), 2 h). IR 1H NVR FAB-M5, nmle 464.2 (M#) Analysis for
C22H33N504S~2HC1H20: Calc: C, 47.65; H, 6.73; N, 12.63; Cl, 12.79; Found:
C) 47.53; H 6.57; N, 12.59; Cl, 12.67. OHHN NHO HC N NI ~, NH2 U

"if NO H02CCH2-D-Cha-Pro-2-NHCH2-5-a&3dinopyridineHCl .
(N- (car boxynet hyl ) - D- cycl ohexyl al anyl -

br opar at i on of  RO( & BHESEA ) “b%té“tgﬁ%%' i"é?k&a&*igbdghg’éﬁﬁgg%?%‘sge) K

met hods subétéﬁ?F@ﬂPyléq@uvéléng 858 hogé Gbécprbgﬁ°rﬂ( 26Q1¥r 23 A
and 1-G (u @&cNQE%HHEQﬁﬁgﬂﬁbb5F5€Ee épE§Q§}Eroﬁ ébg- QihPro-

N-(t- Bu02 N-"Boc- D- Cha- - 5cyanop di ne was epared from
D et hyl - f&ﬁ@agmm-w a3 PRAINCHRRORES () MHESEoaiehn) "o

Preparatlon of HO2CCH2- D- Cha- Pr o- 2- NHCH2- 5ani di nopyri di neHCL. By net hods
substantlgkké equi val ent to those described in exanple 65-F and 65-G 130
ng of HO2 a- Pr o- 2- NHCH25- am di nopyri di neHC1 was prepared from
N- (t - BuO2C@iieMs\- BoeDeGia-(R*9- 2- NHCH2- 5- cyanopyri di ne. The product was
purified by RPHPLC et had 8,2 (A/B) through 70/30 (A/B), 2 h). IR 1H
NVR FAH MBS s ggr(%ﬁ9§4g§565'

Calc: C, 69.65; H, 6.28; N, 10.15;

Found: C, 69.80; H, 6.46; N, 10.14.

C) Preparation of D-hPro-N(PhCH2CH2)Gly-p-NHCH2-
CgH4C (NH)NH2 - 2HC1.

By a method substantially equivalent to that described
in Example 19-F, 770 mg (54%) of D-hPro-N(PhCH2CH2)Gly-p-
NHCH2CgH4C (NH)NH2 - 2HCl were prepared. The product was
purified by RPHPLC (method 2, 98/2 (A/B), ramp to B85/15
(A/B), 120 minutes).

1y NMR
FD-MS, m/e 423 (MHY)
Analysis for C24H31N502-:2HCl:

Calc: C, 58.30; H, 6.73; N, 14.16;
Found: C, 58.05; H, 6.60; N, 14.28.
Example 22

o)
NH
Q g
o' o



HRVMS (FAB), me calcd. for C23H35N604: 459.2720 Found: 459.2707 O0_ OH HN -
N~JH HCI N H-/ NHz N O H HO2CCH2- D- Cha- Pr o- 2- NHCH2- 5- am di nopi peri di neHCL
Preparati on of HO2CCH2- D- Cha- Pr 0- 2- NHCH2- 5ami di nopi peri di neHCL.

N- (t -'Bu02CCH2) - N- Boc- D- Cha- Pr o- 2- NHCH2- 5- cyanopyridine t1.2 g) 2 mmol) was
el abor at ed by net hods substantially 155 equi valent to those described in
exanpl e 23-A) 23-B, and 1-8. The product was purified by RPHPLC net hod 2
(98/2 (A/B) through 70/30 (A/B)) 2 h). TBd fractions containing the mnor
product as judged by anal ytical RPHPLC were conbi ned, partially
concentrated in vscuo and |yophilized to give 93 ng (9% of a pale green
solid. IRIHNWRISM, me 465.5 (M¥) ' HRVMS (FAB), me calcd. for
C23H41N604 465. 3| BShFoanBro {45c 85 9Rh@) p+NBCRHTEHLCGIQNHNNH, NeBC1 NH2 N O H

HO2CCH2- D- s Pra-R- s o7 am di po; 5. 6- dehydr opj per | di.neH '
(N—(carboxgﬁg%g§ﬁfgfg%§%$%§£§§}gr§3§?@$f?%ﬂ %3?%%&%1%65%?ﬂ§13@3F§¥§!Z-tetra
hydr opyri di n2-yl ] net yphetoxyol+preei tmarhide odihpydidehl &r@ay at i on of
HO2CCH2- D- Cha- Pr 0- 2- NHCH2- 5- am di no- 5, 6dehydr o- pi peri di neHCL.

N- (t - BuO2CCH2) - N- Boc- D- Cha- Pr 0- 2- NHCH2- 5- cyanopyridine (1.2 g, 2 mmol) was
el abor at ed My FRERIFRtIPHs ©4nCPaPyheger Pabddtcis-Pho3eOHescri bed in
exanpl e 23-A, 23-B, and 1-B. The product was purified by RPHPLC net hod 2

(98/2 (A B) 156 )
To a solution of Cbz-Pro(4-trans-OH)-Et (58.8 g, 200

mmol), triphenylphosphine (65.6 g, 250 mmol), and phenol
(23.5 g, 250 mmol) in tetrahydrofuran (500 mL) at 0 °C, was
added (dropwise over 1 hour) a solution of diethyl
azodicarboxylate (40 mL, 250 mmol) in tetrahydrofuran (50
mL). The cold bath was then removed and the solution was
allowed to warm to room temperature (16 hours). The solvent
was then removed in vacuo and the remaining amber syrup was
triturated with diethyl ether. The white solid was removed
by filtration and the filtrate was concentrated. The residue
was then chromatographed over silica gel (1 Kg), eluting with
a step gradient from hexanes through 1:1 ethyl
acetate/hexanes. The fractions containing pure product (as
judged by TLC) were combined and concentrated in vacuo to
give 36.3 g (50%) of Cbz-Pro(4-cis-phenoxy)-OEt as a
colorless syrup.

1z NMR

FD-MS, m/e 369 (MY)

Analysis for C21H23NOs5:
Calc: C, 68.28; H, 6.28; N, 3.79;
Found: C, 68.38; H, 6.30; N, 3.89.

To a solution of Cbz-Pro(4-cis-phenoxy)-OEt (25 g, 67.7
mmol) in ethanol (400 mL) was added 5% P3/C (5 g). After
bubbling hydrogen through the solution for 3 hours, the
solution was filtered through a pad of diatomaceous earth, 3
mL of concentrated hydrochloric acid were added, and the
solution was concentrated in vacuo. The residue was
suspended in diethyl ether with vigorous stirring and then



t hrough 70/30 (A/B), 2 h). The fractions containing the major product as
judged by anal yti cal RPHPLC were conbined, partially concentrated and

| yophilized to give 422 ng (39% of a white solid. IR1IH NWR IS-M5, nie
463.3 (MH) Analysis for C23H3gN6042. 9HC12H20: Calc: C, 45.71; H, 7.49; N)
13.9.1; CI, 17.01; Found: C, 45.5]; H, 6.83; N, 13.66; Cl, 16.83. O OH HN O
~NH 3HCL NNI ~N~NH .."~ N O

HO2CCH2- D- Cha- Pr 0- 3- NHCH2- 6- am di no- pyr ig@azi ne3HCL

(N-(carboxynet hyl) - D-cycl ohexyl al anyl -

[[ 6- (am noi m nonet hyl ) pyri dazi n- 3-yl ] rret hyl]-L-prolinsmde trihydrochl oride
A) Prepar afibrered g\‘we% oy &y liddZz ine 7hd  @EsBror(iérgisol uti on of

3- et hyl pyghggg*yﬁ.égtl 01 BlS aMBlied sAisehl or onet hane (200 nl) was added
Al1Cl13 (0.0 lowed by trinmethylsilylcyanide (21 g, 211 mmol). After 20
mn, a solution of p-toluenesul fonyl chloride (38 g) 201 mmol) in

di chI oronelpmpamer (50 nlL) was added via addition funnel and the solution
conti nued tir overnght.. The next norning, the solvent was renoved in
vacuo and %ﬁéﬁ ’ 'ger{ezg G’g)was suspended in ethanol.with stirring for 15
mn and thsmaIysierier t@) 3HegNC3C3hite solid. The solid was dissolved in

t et rahydr of uran 00 m.) ~and.to, L hi i on was added

1, 8-di azabi cycl%{ <. 0)un 05218%% I?l éh{é' qgs ﬁnﬁ After 1 h, the
sol vent was renbmmid: n vaCuoS5anés i g, r &s?8lueN nas. :pmti ti oned between
hexanes and saturated aqueous NHgCl . The phases were separated and the

aqueous phase was basified with solid Na2C03) then extracted three tines
with ethyl acetBrea m@mmmmlmmm@ dad cﬂdsati(ngBM) :

}C\I:v:?t Ebeﬁ/sa{% e la-lf 1)913;’%;;’(?&0‘%)9'0\? b9 p-8drb-Broglbgstol 1d. IR 1H
HO2CCH2- D-RHen é\ﬂl—(@%%%‘rﬁmrﬁép)fﬁoﬁa%ﬂehprwoﬁemdd?rgdlés!:aﬁrl ally

equi val ent ﬁg—,é,ag)s.sogie.sgcrll bed in exanple 66, 90 ng of
HO2CCH2- D- Cha- Pr o- 3- NHCHZ- 6am di nopyri dazi neHC1 was prepared from

3- et hyl - 6cyanopyri dazi ne. The product was purified by RPHPLC net hod 2
(98/2 (A BYHtNMPOUgGh 70/30 (A1B), 2 h). IR 1H ~ FAHHMS, mie 46D.3 (M ")

Anal ysi s f N7, H20: Calc: C, 43.68; H 6.66; N, 16.21; Found:
G s 0; TS 4 q HE )
Analys;s for C27H32N20¢:
Calc: C, 67.48; H, 6.71; N, 5.83;
Found: C, 67.71; H, 6.79; N, 5.89.

By a method substantially equivalent to that described
in Example 1-D, 16 g (100%) of Cbz-D-hPro-Pro(4-cis-phenoxy)-
OH were prepared.

11 NMR

FD-MS, m/e 452 (M*Y)

Analysis for C25H28N20¢:
Calc: C, 66.36; H, 6.24; N, 6.19;
Found: C, 66.22; H, 6.18; N, 6.17.

B) Preparation of Cbz-D-hPro-Pro(4-cis-PhO)-p-NHCH2-
CeH4C (NH)NHCDbz.

By a method substantially equivalent to that described
in Example 18-E, 4.55 g (75%) of Cbz-D-hPro-Pro(4-cis-Pho)-
p-NHCH2CgH4C (NH)NHCbz were prepared from Cbz-D-hPro-Pro(4-
cis-PhO)-0OH and p-H2NCH2CgH4C (NH)NHCDbz - 2HC1.



158 OOHHN NHO~ HCO NNI ~NNH O

HO02CCH2- D- Cha- Pr 0- 4- NHCH2- 1- am di no- 3, 4- dehydr opi peri di neHC1

(N-(car boxynet hyl ) - D- cycl ohexyl'al anyl -N-[[ 1(am noi mi nonet hyl )-1,2,3,6-tetra
hydr opyri di n-4-yl ] met hyl ] L- prol i nam de hydrochl ori de) A) Preparation of

N, N -Boc2-thiourea. To a stirring suspension of NaH (60% oi|l dispersion,
9.4 g, 234 mol) in tetrahydrofuran (500 nmL.) at 0 oC was added thiourea
(4.0 g, 52 mmol ). After 30 min) the col d8bath was renoved and the reaction
was allowed to stir for 30 min at roomtenperature. Once again) the vesse
was cooled to 0 C and a solution of di-t-butyl dicarbonate (25 g, 115 mmol)
in tetraherofuran (100 nm.) was added vis addition funnel. After stirring
for 30 min HNYRC and an additional 2 h at roomtenperature, saturated
aqueous NaHgORswesm/adgded. (ikhe sol ution was then concentrated to about half
the original volune in vacuo and ethyl acetate was added. The organic phase
was then washed with saturated agueous NaHC03, followed by brine and was

then dri edCW t hrép&bdtibnl 6£rBhBRg- BAOELOET S BEo] O Uin¥@y )1 9 g (83% of a
white SO|I€. I&%W{)ﬂ?ﬁi@ me 276 (M) 159 Anal ysi s“for Cl1H20N204S
Calc: C, 47684"MINHERCHRL. 10 14: Found: C, 47.69; H, 7.28; N, 10.34. B)
Preparati on of

N- (t-Bu02CCH2) - N\ Boc- D- Cha- Pro- 4- NHCH2- 1( N, N - Boc2- am di no) - 3, 4- dehydr o- pi p
eridine. To a s%r?iﬂﬁtgﬁauf?}aﬁtﬁtg?ly equivalent to that described

N- ( t - BuO2Chr2Exaimoe - TB <IN T8 4ndNHH% 3, if @M@-—p}@f{i@gg@g@, &9 1
nmol ) and Mtﬁ%@ﬁfam"%%@l v?’ 4e rm)I}_} i n,di ngthyl formam de (10 nlL) was
added N, N -Boc2-t hf ourea (0.28 g, i P3G onet D PIRRYSE (WRBS g, 1
mol ). Af tRer¥fied tie RRHRIENt (neshad® oy B @e@I0, @i te gxpisiue was

di ssol ved m/g)t,hyiz@qﬁgggtee%nd washed twice with brine. The organic phase
was then dried with MgS04, Tiltered and concentrated in vacuo. The product
was purified by chromatography over silica gel, eluting with 20% et hyl

acet at e/ helkgangg t hr ough 75% et hyl acet at e~hexanes. The product contai ni ng
fractions l%$dg§d by..TLC were conbined and concentrated in vacuo to give
800 ng (948t IAmi%E f@EM) IR 1H NVR FD-MS, mie 820 (MH *) Analysis for
CQZH-ON60 IKnalysGa EoCCHBHAN50Y- 2%l N, 10.26; Found: C, 61.81; H, 8.79;

N. 10.45. O Pkﬁgﬁrgtion of

HO2CCH2- D- Cha- Prio-%- NHCHZS 1- 2ifi 47 h B 8, Gleehy N 0-33 p&0i di neHC1. By net hods
substantial |y eRpundd ent ¢p $hozp; desce i ped Iil,ndﬁ(.aﬁ)l e 58-E, 0.22 g (55%
of HO2CCH2- D- Cha- Pr o- 4- NHCH2- 1ani di no- 3, 4- dehydro- pi peri di neHC1 was
prepared from N (t BuO2CCH2) - N- Boc- D- Cha- Pr 0- 4- NHCH2- 1- (N,

N - Boc2- am di no) - 3, 4dehydr o- pi per i Bkayenldhg3 product was purified by RPHPLC
method 2 (98/2 (A/B) through 70/30 (A/B), 2 h).

EtSOZN'H

0 N.H
NH
NS R 2« Hel
Q I
o

EtSOz-D-Phe-Pro-p-NHCH2C5H4C(NH)NHz-HCl
(N-(ethylsulfonyl)-D-phenylalanyl—N-[[4-
(aminoiminomethyl)phenyl]methyl]-L-prolinamide
hydrochloride)

A) Preparation of p-NHyCH;-CgHsCN-HC1.

HCl gas was bubbled through a stirring solution of N-
Boc-p-aminomethylbenzonitrile (15 g, 64.6 mmol) in ethyl



160 IR 1H NWVR FAB-MS, me 463.3 (MH) Analysis for C23H38N60422HC12H20:
Calc: C 47.73; H 7.70; N, 14.52; d, 13.47; Found: C, 47.49; H) 7.64; N
14.55; d, 13.48. Exanflle 71 OCHHN NHO HC NH2 N.",~ NI ~if OF
HO2CCH2- D- Cha- Pr 0- 4- NHCH2- 3- F- benzam di neHC1 :
(N-(car boxymet hyl ) - D- cycl ohexyl al anyl -

[ (4- (am noi m nonet hyl ) -2-fl uorophenyl ] met hyl]-L-prolinam de hydrochl ori de)
Preparation of HO02CCH2- D- Cha- Pr o- 4- NHCHZ~3- F- benzami di neHC1. By met hods
substantially equivalent to those described in exanple 66, 0.27 g of
HO2CCH2- D- Cha- Pr 0- 4- NHCHZ- 3- Fbenzam di neHC1 was prepared from

3- F- 4- Me- bacetateri4e0 nhe st ol fiers YPumiinusebshy RPEPI0O InktHaddh waE08/ 2

for CoaroatEtAIRRcaT ot é@m&ﬁ g 11Kl e Ehupre s 55 101 S
Found: C zempyed mmanZt & regidue was suwcbmmrdmmk HCl N
HZ N . “Eﬁhé&,fffiééred, washed with diethyl ether and dried to give

10.1 g (93%) of white solid.

IR

1H NMR

FD-MS, m/e 132 (M*)

Analysis for CgHgN2Cl:
Calc: C, 56.98; H, 5.38; N, 16.61; Cl, 21.02;
Found: C, 56.36; H, 5.46; N, 16.22; Cl, 21.31.

B) Preparation of EtSO2-D-Phe-Pro-p-NHCH;-CgH4CN.

By a method substantially equivalent to that described
in Example 1-G, 1.5 g (80%) of EtSOs-D-Phe-Pro-p-NHCH;-CgHsCN
were prepared from EtSOz-D-Phe-Pro-OH and p-NH;CHa-CgH4CN-HCl.

IR

1H NMR

FD-MS, m/e 468 (M*)

Analysis for Cy4H2gN404S:
Calc: C, 61.52; H, 6.02; N, 11.90;
Found: C, 61.23; H, 6.13; N, 11.80.

C) Preparation of EtSO-D-Phe-Pro-p-NHCH;-CgH4C (=NOH)NH5-HC1.

To a solution of EtSOz-D-Phe-Pro-p~-NHCH2-CgH4CN (1 g, 2.1
mmol) in absolute ethanol (35 mL) was added
N,N-diisopropylethylamine (0.47 mL, 2.7 mmol) followed by
hydroxylamine hydrochloride (185 mg, 2.7 mmol) and the
solution was brought to reflux. After 16 hours, the solution
was cooled and the solvents were removed in vacuo. 250 mg of
this material were taken on to the next step and the
remaining material was purified by RPHPLC (method 1, 90/10

~ (A/B); ramp to 60/40 (A/B) over 200 minutes).



HO2CCH2- D- Cha- Pr 0- 4- NHCHZ- 3, 5- F2- benzam di neHCl

(N-(car boxynmet hyl ) - D- cycl ohexyl al anyl -

[[4- (am noi m nonet hyl -2, 6-di fl uorophenyl ] met hyl ] - Lprol i nam de
hydr ochl ori de) Preparation of

HO2CCH2- D-'Cha- Pr 0- 4- NHCHZ- 3, 5- F2benzam di neHC1. By net hods substantlally
equi val ent to those described in exanple 65, 0.28 g of

HO2CCHZ- D- Cha- Pr o- 4- NHCH2- 3, 5- F2benzamni ggneHO was prepared from
3,5-F2-benzonitrile. The product was purified by RPHPLC nethod 2 (98/2

(A B) thrg%gh 70/30 (A/B), 150 nmin). IR 1H NVR FAB-M5, me 494.2 (M)
Anal ysi s CZqH33N504F22HC11. 5H20: €Calc: C, 48.57; H, 6.45; N, |1.80;
Cl', 11.93y ﬁggnd C, 48 2b H 6.17; N, 11.89; Ci, 11.90. 162 0 off HN O
NH2 HCl ~~ O HO2CCH2- D- Cha- Pr 0- 4- NHCH2- 2- ani nopyri di neHCL A)
Preparatlgpﬂyﬁ '4- Hgﬁhﬁplziﬂhﬁhallnldopyrldlne To a stirring solution of

4- et hyl - zmanyeagyﬁbdlcg4ﬂggng05$6q EHQU)HQO ;acetic acid (1 L) was added
pht hal i ¢ anhydrjde (68 g,_460 nnP and the reaction Was heated to refl ux.

After 12 h, ac&&¥€anhydrfde¥ 4 imH. odt4ind¥) Wbfaddelr ahdPRhe sol ution

conti nued to Strcund: r ef lax soro6n wdd tsonat, 4% Is9;They sot vent was then
renmoved in vacuo and the solid residue was suspended in tol uene and

concentrated in vacuo twi ce. The solid was then suspended in ethyl acetate
wi t h vi goPdus Psiepariatd oane £f ELSOpell-PAé+BrorppNHCHAgC M| G(=NHWNHAdHR 1At e
washi ng procedure the solid was dried overnight in vacuo to give 46.6 ¢
(429 of a white solid. IRiHNW FD-M5, me 238 (M) Analysis for
C14HION202 Cal & @ spiwgonHof EX§Oa2ND- fhe78r°FpuNHCHﬁ? 70.42; H, 4.29; N,
11.70. B)

N-(t- Bu02gél—lééWmﬁﬁs}‘Tﬁ C%l P(rzo50 mﬂ{:ﬁz 522 ﬂOJI)l rﬁrﬁoepthran :"ne(40 IT'G)S ?d

met hods sUB§F§nﬂﬂ§lm¥)eu§$vaﬂéﬂﬂ ﬁoNtﬂﬁée(ﬂe@bﬂ|BQEIDWedxhypBE Bd- An 23-A

and 1- G (¢arbe N(zfsoBm CCHehe ag
N LB SarBen\ (E05HEF T kel 2@%%59‘552 sRERERELoR Gal Placed under an

from 4- neFﬁFPSPBﬁFﬁaP#nﬁﬁ@ﬁ?gFﬁl gr 18 hours and was then filtered,
concentrated and purified by RPHPLC (method 1, 90/10 (A/B),

ramp to 60/40 (A/B) over 200 minutes) to give 140 mg (52%) of
EtSO2-D-Phe-Pro-p-NHCH2-CgH¢C (=NH) NH; -HC1.

1H NMR

FD-MS, m/e 486 (M*)

Analysis for C24H3iN504S-HCl-1.5H50:
Calc: C, 52.50; H, 6.42; N, 12.75;
Found: C, 52.56; H, 6.19; N, 12.59.

Another 5 g of product were prepared by the methods described
in Example 15 and purified by RPHPLC (method 3; 98/2 (A/B),
60 minutes, ramp to 60/40 (A/B) 300 minutes).

Example 24

EtSO,N- H

EtSOz-D-Phe-Pro-m-NHCHz-C5H4C(=NH)NH2-HC1



IR 1H NVR FD-MS, nle 717.7 (Mt) C) Preparation of

HO2CCH2- D- Cha- Pr o- 4- NHCH2- 2am nopyri di neHC1. To a stirring sol ution of
N-(t - Bu02CCH2) - N- Boc- D- ChaPr 0- 4- NHCHZ- 2- pht hal i mi doopyridine (1.6 g, 2.2
mmol) in ethanol (25 nL) was added hydrazi ne hydrate (0.52 ni, 10.4 ,
mmol ). Aft'er 1 h, the solvents were renoved in vacuo and the residue was

di ssolved in ethyl acetate and concentrated in vacuo tw ce. The residue was
el aborated by a procedure substantially gguivalent to that described in
exanple 58-E to give 380 ng (37% of a white solid. The product was
purified bx RPHPLC net hod 2 (98/2 (A/B) t hrough 70/ 30 % 150 mn). IR
1H NVR FABAVS, PreRazabign (®fnFtIPanReFhe tRyo - NHCHECHH4C (FROHINH2Cal ¢ C,
50.23; H 7.11; N, 13. 31 Found C 50.05; H, 7.0B; N, 13.54. 164 O CH .-

HN O N NH2  HCl _N
HO2CCH2- D- Cha- PP¥- S'Emeﬁz Euaﬁf%bw}%n!n%ﬂe}vw}%ﬁrﬁ@u’émow described

HO2CCH2- D- ChaERampSe W@QsafﬂWWBdlﬂﬁ@#HC}@yomthdﬁoﬁNN% apasal ly

Fabcp b e SA e RERI RSB SR, SnCPLase’ fopaPeaHerGtiacN. 140
5- et hyl - 2mgm(mapyroﬂ|ﬂ1elsTélfy@wmné imcernedidtesd was MR Gamt hatg 2 (98/ 2
hnalysi o | SHOCHOREORE OBt BRF 13 vas aker oon 4g stem BN, 13 40 Fbund:
C, 50.79: H, 7.20; N, 13.58. O OH HN O N H 1~~~~f N~N HO Ol / NH2
14 NMR
FD-MS, m/e 502 (M*)
Analysis for Cy4H31Ns50sS:
Calc: C, 57.47; H, 6.23; N, 13.96;
Found: C, 57.28; H, 6.21; N, 13.66.

B) Preparation of EtS02-D-Phe-Pro-m-NHCH2~CgH¢C (=NH) NHp -HC1.

By a method substantially equivalent to that described
in Examples 23-C and 23-D, 0.27 g (28%, 2 steps) of EtSOy-D-
Phe-Pro-m-NHCH2-CgH4C (=NH) NH> - HC1 were prepared.

1 NMR
FD-MS, m/e 486 (M*)
Analysis for C24H31N504S-1.1HC1-2H50:

Calc: C, 51.32; H, 6.48; N, 12.47; Cl1, 6.94;
Found: C, 51.33; H, 6.09; N, 12.20; Cl, 6.66.
Example 25
NH
O
N H .
( _\/"| N NH, 2 HCI
O NH

D-1-Pig-Pro-m-NHCH2-CgH4C (=NH) NH3 -HC1



HO2CCH2- D- Cha- Pr 0- 5- NHCHZCH2- 2- am nopyri di neHCl 165 A) Preparation of

5- Me- 2- Boc2N-pyridine. To a stirring solution of 5-nethyl-2-am nopyridine
(10.5 g) 100 mmol) in dichloronmethane (200 nL) at 0 ~C was added

N, N-di i sopropyl ethylam ne t25.8 g, 200 nmmol ), followed by di-t-butyl

di carbonat’e (55 g, 250 mmol) and finally 4-(N, Ndi met hyl am no) pyridi ne (12.2
g, 100 mmol ). The cold bath was renoved and the solution was allowed to
continue stirring overnight. The m xtureggas then diluted with ethyl
acetate (600 nL) and washed three tines with saturated aqueous NH4Cl, once
with brine, twice with saturated agueous NaHCO03, and once again with brine.
The organi c phase was then dried (MyS04), filtered, concentrated in vacuo

and chromat ogr apped AEehodl EhBQtHﬁE;SM‘%'Eﬂuﬂr&feﬂg%}.st Qxhtaﬁskgk%ﬁaxa“es
t hrough 75% g&xg@gce%ﬁb 6} @éanes g ractions containi uct, _as
judged by TP i a%d"Eo‘Pn TR AT BEC TR N ¢ & 13Hp T4 204
of ~a whi t ewepei prepared fibinFChIAD-14PiGBré MR andl niaws,¢Rs - EAoEANA4:
Calc: C 62.32; H 7.8Q N, 9.08; Found: C, 62.51; H, 811 N) 9.37. B)
Preparati on of 5-BrCH2-2-Boc2N pyridine. By nethods substantially

equi val ent to those described in exanple 64-A, approximately 11.6 g of

5- Br CH2- 2- ﬁ? yridine (which was contamnated with starting material) was
prepared fromb5-Me-2-Boc2N-pyridine. iHNW FD-M5, nie 386.3 (M) Anal ysis
for CL6H23RREM®r :mQGal4l2 CM¥O. 62; H, 5.99; N, 7.23; Found: C, 49.86; H,

6.00; N, 7 ) 2- Boc2N-pyridine. To a
stirring s%llqﬁ%l%%éo ch% :{? ?csn%ﬁ‘?eﬁgcg %QN— pyridine (9.7 g, 25
mol ) in di met hGe&lermani d€.( $30981:) Hwal . aadeu.lﬂiacssv\m 6 (1 32 g, 5 mol)
folloved by KCNegdn85 9) 80 8yDhy, Afterostigring Egr the sol vent was
removed in vacuo and the résidue was' chr omat ogr aphe over silica gel.
eluting with a step gradi ent of hexanes through 40% et hyl acet at e/ hexanes.
The product containing fractions asg&#?MTLC, wer e conbi ned and
concentrated in vscuo to gi ve a 2.6 ¢ 1% over 2 steps) of a white solid.
IR 1H NVMR FD- M5, nfe 333.4 (Mt) Analysis for C17H23N30q: Calc: C, 61.25; H,
6.95; N, 12.60; Found: 6]..09; H 6.92; N, |12.53. D) Preparation of
HO2CCH2- D- Cha- Pr o- 5- NHEFPRR " Pani nopyr i dineHCl. To a stirri ng sol ution of
5- NCCH2- 2- Boc2N- pyri di ne ( g0 7.5 mol ) in methanol (150 nmL) was added
fater (0.81 g, 45 mol ). After 5 mn, NaBHq
smaIIHportlons over 15 mn. After an
acuo and the residue Was

additional 15 mn, t

di ssol ved in concent Z act ed sever 3110{M mes with

ethyl acetate. The conbi ned ethyl @cetate ekt ge dri' th MySQq,

filtered and concentrated in vacuo. Then, by rreths substantl al l'y

equi valent to those described in exanple 1-A and f@4C the residue was

el aborated to give 1.2 g (33% of

HO2CCH2- D- Cha- Pr 0- 5- NHCH2CH2- 2am nopyri di neHC1. The product was purified by

RPHPLC net hod. 2 (98/2 (A/B) through 60/40 (A/B), 150 mn).
‘EtS02~-D-Phe~-Pro-p-NHCH2CH2~CgH¢C (=NH) NH5 - HC1

A) Preparation of methyl p-cyano-trans-cinnamate.

To a stirring suspension of NaH (6.1 g of 60% oil
suspension, 153 mmol) and p-cyanobenzaldehyde (20 g, 153
mmol) in tetrahydrofuran (250 mL) at 0 °C was added via
addition funnel a solution of trimethyl phosphonocacetate (28
g, 153 mmol) in tetrahydrofuran (50 mL). After stirring for
48 hours, the solvent was removed in vacuo and the crude
residue was dissolved in ethyl acetate (500 mL). The ethyl
acetate solution was washed once with water, three times with
saturated acueous NaHSO3 and once with brine. The organic



167 IRiH~ FAH-M5, nle 446.3 (M#) HRMS (FAB) calc. for C23H36N504:

446. 2767 Found: 446.2769 Exanple 76 OOHHN ON .." N~ N2 U~f ~ . Hci O
~N HO2CCH2- D- Cha- Pr 0- 4- NHCHZCH2- 2- am nopyri di neHCL A) Preparati on of

4- BOCNHCH2CH2- 2- CN- pyri dine. To a sol ution of 4-BocNHCH2CH2- pyri di ne (2.22
g, 10 mmol’) in acetone (50 nlL) was added a sol ution of mchl oroperbenzoic
acid (5.2 g, 30 mol) in acetone (50 nL) via an addition funnel over 10
mn. After stirring overnight) the solvelt was renoved in vacuo and the
resi due was partitioned between water (100 nL) and diethyl ether (100 mi).

The organi ¢ _phase was separated and extracted three times with water. The
conbi ned aBRRBB W EReDArierk With MafiQud fidkered eandcongentaatedc ind

three tinegagid htdi givermeeg heges ) X0 ariwhi tB& Qi ned di chl or onet hane

extracts were washed once with brine) dried with Na2S04, filtered and
concentrated to a snmall volume in vacuo and then diethyl ether was added.
The white precipitate (2.0 g) was filtered and dried in vacuo. 168 One
hal f of thfl-llirﬁl&ated solid (4.2 muol) was dissolved in dichloromethane (10
m.) and to stirring solution was added trinethylsilyl cyanide (0.84
m., 6.3 MmPDIMS ol Impreddy (MY di net hyl carbanoyl chloride (0.58 nL, 6.3
nmmol ). After stirring overnight, 1 Mag. KHC3 (1 nL) was added slowy and
the m xture was partitioned between ethyl acetate and water. The organic
phase was BhenPuersdmat ion oef metthyilr ipreyatio-ad hyidras dYah@ehatlel.| t er ed and
concentraed in vacuo to give 0.6 g (58% of an anber oil which crystalized
uopn standing. IR 1H NWVR FD-M5, me 247 (Mt) Analysis for C13H17N302: Cal c:
C, 63.31; H 7.72;ansclwtisn dhumethyd EEyanho-Hrahsd2inNamkter|(13B6 g,
Prepar at i o138 Gimch )BoiGNHEH R fdive PYfaledi T@ed pJl/kl kg ;§0L UL L ON Of
4- BocNHCH2CH2 - Z-G)El-pyri di ne (345@33% xrr'rr.?gl )aalar?drrgt%hgraic/):&?gﬁ(?ﬁ_?,& as added
5 N NaOH (A% il hainmoindes dvdreges geisoatwdsbazati6@ psidef kbe. After 24

h, the solstlwtiomwandiQt dred,0PncaiReadied € na lgygd to stir for an
additional .48 h. The pH was then_adjusted to 7 w N HCl and the

sol vents VBF® & \RVEFo 3RS 98lduelusdnguwpshdadstept gradhent 50
m) and hast distamereithvougho 30N Sehill biedate)Hekanewas §hauERLIALLY added,
triethyl arg i a,(if}i’%G ZrﬁLf .6 ol ), benzyl al cohol (0.27 nlL, 2.6 mpol) and
di phenyl phosphoryI (fé:?t(l(?.nfzw %F@"%Fg. apd; gpneeptrahgdator eivex

over ni ght ,1Q.fe gsdl % )om fivas larlesed otid .cool and then diluted with ethyl
acetate (200 nL) and washed twice with saturated aqueous NHqC and tw ce
with brine. The organi c phase was then dried with MgSQg, filtered and
concentratld in vacuo. The residue was then chronatographed over silica gel
el uting wilghppmst ep gradi ent of hexanes through 50% et hyl acet at e/ hexanes.

The product
FD-MS, m/e 189 (M%)

C) Preparation of p-cyano-dihydrocinnamic acid.

By methods substantially equivalent to those described
in Example 1-D, using 1.1 equivalent of LiOH-H20, 5.1 g (58%)
of p-cyano-dihydrocinnamic acid were prepared from methyl p-
cyano-dihydrocinnamate.

IR
1y NMR
FD-MS, m/e 175 (M*)

D) Preparation of Boc-p-NHCH2CH2-CgH4CN.

To a solution of p-cyano-dihydrocinnamic acig (6.7 g,
38.2 mmol) and triethylamine (5.9 mL, 42 mmol) in t-butanol



169 containing fractions as determ ned by TLC were conbi ned and
concentrated in vscuo to give 0.37 g (50% of a white solid. 1H NWR FD-NB,
me 371.2 (M) Analysis for C2pH25N304 Calc: C, 64.67; H 6.7B; N, 1I.
Found: C) 64.90; H, 7.07; N, 11.06. C) Preparation of

HO2CCH2- D- Cha- Pr 0- 4- NHCHZCHZ- 2ami nopyri di neHC1. By met hods substantlally
equi val ent to those described in exanple 23-A) 1-G (using

N (t-BuQ2CCH2) - N- Boc- D- Cha- ProOH), 23-D 8&d 58-E) 48 ny of

HO2CCH2- D- Cha- Pr 0- 4- NHCH2CH2- 2am nopyri di neHC1 was prepared from

(951 2 (Al B) e acan os) Souesy B PaengARRRSbhoRy AN Az kA, VAL 61 0. 448, SmoMA)
Anal ysis f &P dCf%ﬁSﬁ RBY44 o5-wes2broaght: t6, r681a4, HAf€eEstMrridgSl; Found:

C, 53.64; kvefnightl) the. SQluEEBHbe Pé%of@ﬁkbna gbgﬁé?;ggLBﬁwgg

HO2CCH2- D- - nlllne
HO2CCH2- D-gﬁgo e’ inmggH§32 F ﬁlFFﬁéﬁE& was ﬁts&gbgeéubntenhyhlhyetate
equi val ent ang Wbsheddehreebeﬂméﬁ ﬁ%@ﬂpieNGéx tPi éa?gﬁgfr%ﬁ$e with brine,

HO2CCH2- D- r | i neHC1 _was_prep
3- F- 4- NO2- ﬁg?ﬁgn‘g‘ ?EE%"?B its m w.mgom FRHFemeltint 2(NGSO ) ( A/ B)

t hr ough eoﬁaétemé)andsoomen)trat&ajn lfs,éll,?g% g%/lﬁ%,@nal ysis
for C23H33p4L 55. 32 H, 7 25 39;
Found: C, 55. ﬁ’ggﬁ&@%gd %e’ilsi icegel, mluting with 10% ethyl

acetate/hexanes through 50% ethyl acetate/hexanes. The

product containing fractions as judged by TLC were combined

and concentrated to give 5.4 g (57%) of white solid.

IR

1H NMR

FD-MS, m/e 246 (M*)

Analy;is for Ci4H)gN20;:
Calc: C, 68.27; H, 7.37; N, 11.37;
Found: C, 68.39; H, 7.50; N, 11.40.

E) Preparation of P-NH2CH2CHo~CgH4CN-HC1 .

By methods substantially equivalent to those described
in Example 23-a, 3.6 g (9B%) of P-NH2CH2CH2-CgH4CN-HC1 were
Prepared.

14 NMR

FD-MS, m/e 147 (MH*)

Analysis for CgH;jN,Cl:
Calc: C, 59.18; H, 6.07; N, 15.34; c1, 19.41;
Found: C, 58.90; H, 6.16; N, 15.20; c1, 19.30.

F) Preparation of Etsoz-D-Phe-Pro-p-NHCH2CH2-C5H4CN

By methods substantially equivalent to those described
in Example 1-G, 1.5 g of EtS0;-D-Phe- ~Pro-p-NHCH,CH;- -CgH4CN -
were prepared from EtS0O,-D-Phe- -Pro-OH and P-NH2CH2CH, -
CgH¢CN-HC1.



OHHN ONH2 HC N..,. NU-~f O HO2CCH2- D- Cha- Pr 0- 4- NHCH2 C6 HQCHZNH2 HC1
Preparati on of HO2CCH2- D- Cha- Pr 0- 4- NHCH2C6HACH2NH2HC1. By net hods
substantially equivalent to those described in exanple 10, using :

N (t-Bu02CCH2) - N- Boc- D- Cha- ProOH i n pl ace of Boc-D Phe-ProOH, 0.53 g of
HO2CCH2- D-'Cha- Pr 0- ANHCH2C6HACH2NH2HC1 was prepared. The product was
purified by RPHPLC nethod 2 (98/2 (A/B) through 70/30 (A/B), 150 mn).

171 IR 1H NMR FD-M5, me 445.4 (MH) Analyysis for C24H36N4042. 2HC10. 5H20:
Calc: C, 54.00; H, 7.40; N, 10.50; C1, 14.61; Found: C, 54.18; H, 7.54; N,
10.31; C1, 14.86. OOHHNONH~ N2 HA U...,~f NO

HO2CCH2- D- Cha- Pr 0- 4- NHCH2CE6H1pCH2NH2HC  Pr epar atlon of

HO2CCH2- D- gRa- Pr o- 4- NHCH2C6H1pCH2NH2HCL. By net hods substantlally

equi val ent, to those described in exanple 12) using

N-( t - Hu02CELAPRL Boc- D- Cha- ProOH i n place of Boc-D-Phe-ProOH, 0.04 g of
HO2CCH2- D- fbeM$y 0-NHQELCOHMPGH2ZNHZHCL was prepared. The product was
purified by RPHPLC nmethod 2 (98/2(A/B) through 70/30 (A/B), 150 min.). 1H
NVR FD- M5, me 451 (M#) Analysis for C24HA2N4042. 7HC10. 5H20: Calc: C
51.65; H, Gl 25Rreéparidribh O BUS0,ED-Phed ProHp-RHGH Chp-9. 97.

. CeH4C (=NOH)NH, -HC1.

To a stirring solution of EtSO;-D-Phe-Pro-p-NHCH,CHa-
CeH4CN (1 g, 2.07 mmol) and N,N-diisopropylethylamine (0.45
mL, 2.59 mmol) was added hydroxylamine hydrochloride (180 mg,
2.59 mmol) and the solution was brought to reflux. After 18
hours, the solution was cooled, the solvent was removed in
yacuo and the residue was dissolved in acetic acid (15 mL)
and purified by RPHPLC (Method 2, 90/10 (A/B); ramp to 60/40
(A/B) over 200 minutes). The fractions containing pure
EtSO2-D-Phe-Pro-p-NHCH2CH-CgH4C (=NOH)NH2 - HC1 as determined by
analytical RPHPLC were combined and pH adjusted as described
above and lyophilized to give 0.35 g (31%) of EtSO,-D-Phe-
Pro-p-NHCH2CH2-CgH4C (=NOH) NH7 -HC1.

1H NMR

FD-MS, m/e 516 (M*)

Analysis for C25H33N505S-HCl-H20:
Calc: C, 52.67; H, 6.36; N, 12.28; Cl, 6.22;
Found: C, 52.40; H, 6.10; N, 12.25; Cl, 6.51.

H) Preparation of EtSOz-D-Phe-Pro-p-NHCH;CHy-
CeH4C (=NH) NH, - HC1.

By a method substantially equivalent to that described
in Example 23-D, 0.098 g (50%) of EtSO2-D-Phe-Pro-p-NHCH2CHs -
CeH4C(=NH)NH3-HCl were prepared from EtSOz-D-Phe-Pro-p-
NHCH3CH3-CgHgC (=NOH) NH5 - HC1.

1 NMR
FD-MS, m/e 500 (M*)



172 HN SO2Et NHO HCO N. N~ ~NH2 (~""'"~f O

Et S02- D- Cha- Pr 0- 4- NHCH2C6HqC( NH) NH2HC1

(N-(ethyl sul fonyl) - D-cycl ohexyl al anyl - N[ [ 4- (am noi mi nonet hyl ) phenyl ] net hyl ]
-L-prolinam de hydrochl oride) Preparation of

Et S02- D- Cha- Pr 0- 4- NHCH2C6HaC( NH) NH2HC1. By net hods substantial l'y eqw val ent
to those described in exanple 18) using Et SO02-D- Cha-ProCH in place of
Cbz-D-1Pi g-ProOH, 3.6 g of Et S02- D Cha- Rygo- 4- NHCH2C6HAC( NH) NHZHC1 was
prepared. The product was purified by RPHPLC nethod 2, (90/10 (A/B) through
50/50 (A/B), 180 min). IR 1H NVR FAB-M5, nie 492.3 (M4 ) Analysis for
C24H37N5 048y s Gal for (9253183350& 2. 611 M‘i2QS 26; Cl, 6.71; Found: C,
54.31; H 7.31; cd3.37; 6 H Et C ~, N2 N.,,) N~ if
"0 Et S02- D- Cha= P19 4- NH ?quam\ﬁl NESQg 1‘?3 ?‘eharatl on of

Et S02- D- Cha- Pr quumzmﬂqCHEm?HdL By78etNoddlsdbstantial ly equival ent
to those described in exanple 10, using Et S02-D- Cha-ProCH in pl ace of

Boc- D- PhePr oCH, Et S02- D- Cha- Pr o- 4- NHCH2CGHqCH2NH2HC1 was prepared. The
product was purified by RPHPLC et h&‘ﬁ@gﬁlo (A B) through 50/50 (A/ B),
180 min). IR 1H NVR FAB-M5, nle 479.4 (MH) Analysis for C24H38N404SHC1H20:
Calc: C, 54.07; H 7.75; N, 10.51; C1, 6.65; Found: C) 54.13; H, 7.44; N,

10.51; Ci1, 6.78. EtSO,N-H
dkf NH
Ot

EtSO2-D-Phe-Pro-m-NHCH,CH; - CHyC (=NH) NHz - HC

e HCI

A) Preparation of EtSO;-D-Phe-Pro-m-NHCH;CH-CgH4C (=NOH)NH3

By a method substantially equivalent to that described
in Examples 26-A through 26-E and 24-A, 0.15 g of EtSO02-D-
Phe-Pro-m~-NHCH2CH,-CgH4C (=NOH)NH, were prepared from m-
cyanobenzaldehyde.

1 NMR

FD-MS, m/e 516 (M*)

Analysis for C35H33NsOs5S:
Calc: C, 58.23; H, 6.45; N, 13.50;
Found: C, 57.99; H, 6.57; N, 13.28.

B) Preparation of EtSOz-D-Phe-Pro-m-NHCH;CH;-
CgH4C (=NH)NH2 - HC1.

By a method substantially equivalent to that described
in Example 24-B, 0.21 g (20%) of EtSOz-D-Phe-Pro-m-NHCH,CH;-
CgH¢C (=NH)NH2 -HCl were prepared from EtSO;-D-Phe-Pro-m-
NHCH,CH,-CgH4C (=NOH) NH; . '



HN~SO2Et ONH2 HCl N...~ N\ |1 U~f OF

Et S02- D- Cha- Pr o- 4- NHCHZ- 3- F- C6H3NH2HC1 Pr epar ati on of

Et SO02- D- Cha- Pr 0- 4- NHCHZ- 3. - F- C6H3NH2HC1. By net hods substantial ly

equi val ent to those described in exanple 64, using EtS02-D Cha-ProCH in

pl ace’ of N (tBu02CCH2) - N- Boc- D- Cha- ProOH, 0.53 g of

Et S02- D- Cha- Pr 0- 4NHCHZ- 3- F- CSH3NH2HC1 was prepared. The product was
purified by RPHPLC nethod 2, (90/10 (A/ B®% hrough 50/50 (A/B), 180 min). IR
IH NVR 174 FAHHMS) mle 483.3 (MH) Analysis for C23H35N404SF1. 1HC10. 5H20:
Calc: C 5I1§§9£y,, 7.03; N, 10.54; C1, 7.33; Found: C, 52.09; H 6.94; N
10.3 9; C1, 7.°24) HN SO2Et ON N~ N HC NH2 O

Et S02- D- ChaFPr¥s 4-mHEHO Q- éMri)nopyr i di neHC  Prepar ati on of

Et SOZ- D- Chaaka HdZ-25 '#Mga/',' 1. ;. et hods substantially

equi valent to Pﬁéc])is% desc%%{ag In égx?rf&ﬂ;%g'%?lgﬁg Et SOZ- D- Cha- ProOH i n

pl ace of N-(tBuOPELFR)- N- BSe- Bl CB@: FHoCk, 2D: 22, g1 Df89;

Et SO02- D- Cha- Pr o- Bdl&d2- 2- agi n § dipe pr d from

4- et hyl - 2am nopyri di ne. ?ﬁ% g?gzabtﬂh£§;%€?ﬁ¥ié§Pg§?RPHPLC met hod 2,
(90/10 (A/B) through 50/50 (A/B), 180 min.). 1H NVR FAB-MS, nie 466.4 (MH)
Anal ysis for C22H35N504S| .i HO : Calcaxgmniéigﬁ; H 7.19; N, 13.85; Cl1)

7.71, Found: C, 52.49; H 6.96; N, 13.96; , [.76.
NH
O .
H
(NywrN
é NH, * 2 HCI
NH

D-l—Piq-Pro-p-NHCHzCHz-C5H4C(=NH)NH2-2HC1

By a method substantially equivalent to that described
in Example 23, 0.85 g of 1-Pig-Pro-p-NHCH;CHa~
CeH4C (=NH)NHz - 2HC1 were prepared from Cbz-D-1-Pig-Pro-OH and
p-NH2CH2CHa-CgHyCN- HCL .

1 NMR
FD-MS, m/e 426 (M*)
Analysis for C24H35N502 - 2HC1 - 2H20:

Calc: C, 53.93; H, 7.73; N, 13.10;
Found: C, 53.94; H, 7.60; N, 13.06.
Example 29
NH
0
NH

N
(b “r NH,
0]

D-l-Piq-Pfo-m-NHCHzCHz-C634C(=NH)NH2-2HC1

* 2 HCI



175 HN SO2Et ONH2 HC N. N~NU-~""~f O

Et S02- D- Cha- Pr o- 5- NHCH2- 2- am nopyri di neHO Preparati on of

Et SO02- D- Cha- Pr 0- 5- NHCHZ- 2- am nopyri di neHC . By nethods substantially

equi val ent to those described in exanple 73, using EtS02-D Cha-ProCH in

pl ace' of N-(tBu02CCH2) - N- Boc- D- Cha- ProOH, 0.24 g of

Et S02- D- Cha- Pr 0o- 5NHCH2- 2- am nopyri di aeHC1L was prepared from

5- et hyl - 2am nopyri di ne. The product was 9%ur| fied by RPHPLC net hod 2,
(90/10 (A/B) through 50/50 (A/B), 180 mn). 1H NWVR FAH-MS;, me 466.4 (M)
Anal ysis for C22H35N504S1. 15HC1: Calc C, 52.06; H 7.18; N, 13.80; C1,

8.03; Found: C, 52.38; H, 6.97; 14.20; Cl, 8.46. OOHHNNH O HC N NW
| W NHZ U ~"""ifgy Cha-.Pr NHCH2 NH) NH2HC1

(N ( 3- Carb ) D-cyd(ﬁ:%% %119- equ:.vaqle%t to t%G %( scribed
[[4-(am noi %‘}ﬁ ﬁePI#yll]'PEQpP@'brnamﬁzﬁydfochl ori de) A)

E{)EE? |r ghl gﬁsgggg% H43’ E‘W&%ﬂ%ﬁ !?g ?§ Al '\H%I r’rﬂ%l§€ IV
(50 nL) was 2 et hyl amine (2.2 ni, 12 2 mmol ) and net hyl
3-bronocrotonate (0.95 g) 4.5 mmol ). After stirring for 48 h, Cbz-Cl (0.7
m., 5 mmol ) agﬂnaddi tional N, Ndi | sopropyl ethylamne (0.85 nL, 5 mvpl) were
added. Aftep additional 16 h of stirring, the volatiles were renoved in
vacuo. TheFDe¥Sdum/ead2panMirfi oned bet ween ethyl acetate (100 nL) and
saturated aqu aggpn L d 0 The layers were separated and
the organic p gsgzsvxgggwggghggkgé% gﬂ(:i] 8§%r at ed aqueous ammoni um chl ori de
(50 i), twice Wadie:sat ur &,ed3a@3eoms Fadizymmpi aar ate (50 nmL) and twce
Y Qar, @n

with brine (50 glhe or aniy hae dried S04)) filtered, and
concentrat ed m%gcuo Thecgcr%ud szuFl&Nq@d by flash

chromat ography (ethyl acetate/ hexanes gradl ent) to yield 660 ng (22% of a
white foam 1H NVMR FD-MS, nie 766 ( ysis for C43H51IN508 Calc: C
67.43; H 6.71; N, 9.14; Found: O : .57; N, 8:98. B) Preparation

of HOOCCI—lZCI—lZCI—lZ D Cha- Pro pNHCH2 C6 HA C( NH) NH2HCI To a sol ution of
Cbz- Me00CCH=CHCH2- DCha Pro pNHCI—|206H4C( NH) NHCbz, (0.5 g, 0.65 mmol) in

et hanol (5 nL) was NH
NH
('> 2 <Hel

EtSO2-D-Phe-Pro-p-NHCHCH2CHz-CgHyC (=NH) NH5 - HC1
A) Preparation of P-HOCH2CH2CH2-CgH4CN.

To a stirring solution of methyl p-cyano-
dihydrocinnamate (10 g, 53 mmol) in tetrahydrofuran (150 mL)
was added LiBHg (1.15 g, 53 mmol) and the solution was heated
to reflux. After 2 hours, the solution was cooled, and
sodium phosphate buffer (pH 7) was added dropwise.  After gas
evolution was complete, ethyl acetate and water were .added
and the layers were separated. The agqueous phase was
extracted once with ethyl acetate and the combined ethyl
acetate phases were washed with brine, then dried with Mgsoy,
filtered and concentrated to give 8.1 g (95%) of a thick
colorless oil.



177 added 1 N sodium hydroxide (0.65 nL). After stirring for 5. h at room
tenperature, 1 NHCL (3 nm), 10%Pd/C (0.5 g), H20 (15 nL) and et hanol (25
m.) were added. The stirring suspension was degassed under vacuum then

pl aced under an atnosphere of hydrogen for 18 h. D atomaceous earth was
added and the slurry was filtered. The filtrate was ,concentrated in vacuo
and purified by RPHPLC (nethod 2, 98/2 (A/B), ranp to 75/25 (A/B) over 150
m nutes). Fractions containing pure produt were pooled and |yophilized to
give 46 ng (13%. 1H NVR FAB-MS, mle 486.3 (Mt) Analysis for
C26H3gN5042. 1HC1: Calc: C, 55.15; H) 7.35; N, 12.19; C1, 13.24; Found: C,
55.55; H, 7.37; N, 12.19; Cl, 13.S8. O off HNHNH O HC NH/ I wNH2 ~
...,~~ N 0 HBOCCH2- D- Chg- Pr o- p- NHCHZCGH46( NH) NH2 HC1

(N-(carboxyngt fank) - D-cyclohexylglycyl

[ [ 4- (am noi m nonet hyl ) phen {nethyl] L- prollnan1de hydrochl ori de) A)

Pr epar at i onF QfME»cymfﬁhekQ{ ¥dine r 178 By a nmethod substantially

equi valent to that described in Exanple 53-B, 16.1 g (16% of

D-cycl ohexyl gl yci ne was, prepared starting from D phenyl gl yci ne. 1H NWR
FD-MS, me #27 fmmﬁeﬁ%@ cg‘-?flb- @Hﬁh@% 2-CeleCNC) 61.12; H, 9.62; N,
8.9l ; Found: C, 6I 23; H 9.56; N, 8.73. B) Preparation of
Boc- D- cycl ohexyl yC|ne %Pod subs antlally equi val ent to that
described in Exanpl 8 §9% ﬁgfﬁ%lﬁ %ﬁl?%w? Qﬁﬁaﬁcn§SH§QNZngl(90@§Oof
Boc- D- cycl ohmxy) gixthélteraleﬁﬁIﬁrﬁd(ldld"nWRde% Maaegd € 258 (M) Analysis
for C13H23RQ4; .
riphenylphosphine (14.4 g, 55 mmol) followed by carbon
tetrabromide (18.2 g, 55 mmol). After stirring for 18 hours,
the solvent was removed in yacuo and the residue was
chromatographed over silica gel eluting with a step gradient
of hexanes through 20% ethyl acetate/hexanes. The product
containing fractions as judged by TLC were combined and
concentrated to give 7.3 g (65%) of a thick colorless oil.

IR

1H NMR

FD-MS, m/e 223 (M*)

Analysis for CjgHjoBrN:
Calc: C, 53.60; H, 4.50; N, 6.25;
Found: C, 53.90; H, 4.67; N, 6.24.

C) Preparation of p-BocyNCH2CH2CHy-CgHeCN.

To a stirring suspension of NaH (1.4 g of 60% oil
dispersion, 34 mmol) in DMF (100 mL) was added dropwise a
solution of di-t-butyl iminodicarboxqute (7.4 g, 34 mmol) in
DMF (20 mL) via an addition funnel. After gas evolution was
complete, a solution of p-BrCHCH2CH2-CgH4CN (7 g, 31 mmol) in
DMF was added via an addition funnel and the solution was
heated to 70 °C. After stirring for 12 hours, the solution
was cooled and the solvent was removed jip ¥Yacuo. The residue
was dissolved in diethyl ether and washed three times with
water. The organic phase was dried with Mgso,, filtered and

concentrated and the residue was chromatographed over silica



Calc: C 60.68; H 9.01; N, 5.44; Found: C, 60.91; H 9.18; N, 5.38. O
Preparati on of Boc-Pro-p- NHCH2C6HAC( NH) NHCbz By a net hod substantially
equi valent to that described in Exanple 1-G 20.5 g (76% of

Boc- Pr o- p- NHCH2C6HAC( NH) NHCbz was prepared from Boc- Pro-CH and
NH2CH2C6HAC( NH) NHCbz2HC1. 1H Nr~ FD-MS, nfe 481 (M) Analysis for
C26H32N405 Calc: C, 64.98; H, Found: C, 64.76; H 6.71;, N, 11.66; 6.78; N,
11.62. D) Preparation of Pro-p-NHCH2C6H4G@ENH) NHCbz 2HC1 179 8y a net hod
substantially equivalent to that described in Exanple 23-A 18.4 g (10D$)

of Pro- pNHCHRAC6 NH) NHChz2HC1 was prepared. 1H NVR FD-MS, mle 381 (M+)
Anal ysi s ng%C2E$§%ﬁE%§C§g£ gﬁ&?Peé,tﬁgpﬁgﬁ ROtFethy]l @cebatEYhetarfes/s; N
12.36; 6. 27FheNpProducs. contRieingatraetibns were combined d

Boc- D- Chg- Fgoq,gghlgg(é?%@%%mg Ngcgé Igy % met hog sqg'sl?t ant &1 y equivalent to
that described in Exanple P-& 3-:8°%9(d¥4p)opt white solid.

Boc- D- Chg- Pr o- pNHCH2C6HAC( NH) NHCbz were prepared. 1H NVR FD-M5, me 619
(Mt) Anal ygigs for C34H45N506: Calc: C, 65.89; H, Found: C, 67.59; H 7.32;
N, 11.30; 8.07; N, 1D.99. F) Preparation of

Cbz-t-Bu00 Chg- Pr o- pNHCH2C6HAC( NH) NHCbz By net hods substantially

equivalentpboMshosg/ge§@iipﬁd)in Exanpl es 23-A and 85-A (using t-butyl
bronoacetakg gnd.be z%kﬁchlorofornate), 1.6 g (45%) of
N- Cbz- N- (t ~Bf %5&?—12?9 20H38N2R4 RHCH2 CBHAC( NH) NHCbz were prepared. 1H NWVR

FD-MS5, me 769 Ciiy:Anal ygi,s ¢lg0lg4CA g: yCabc,,C, 67.26; H Found: C)
67.50; H, 6.96; _N 8.12; 6.97; ,'9%??%N§9' N, 5'77'
Found: C, 66.40; H, 7.81; N, 7.57.

D) Preparation of P-NH2CH2CH2CHo-CgH4CON - HC1 .

. By methods substantially equivalent to those described
in Example 23-A, 4.3 g (84%) of P-NH2CHCHaCH2-CgH4CN-HC1 were
pPrepared.

IR
14 NMR
FD-MS, m/e 160 (M*)

E) Preparation of EtSOg-D-Phe-Pro-p-NHCH2CH2CH2-
CeH4C (=NOH) NH5 - HC1.

. By methods substantially equivalent to those described
in Examples 1-G and 26-G, 0.32 g of EtSO,-D-Phe-Pro-p-
NHCH;CH;CH;-C5H4C(=N0H)NH2-HC1 were prepared from EtSO,-D-Phe-
Pro-OH and P-NHCH2CHCH2~CgHy4CN-HC1.

1H NMR

FD-MS, m/e 530 (M*)

Analysis for C26H35N5055+1.2HC1 -Hp0:
Calc: C, 52.88; H, 6.51; N, 11.84;
Found: C, 52.71; H, 6.26; N, 11.76.

F) Preparation of EtSOz-D-Phe-Pro-p-NHCH2CH2CH2—'
CeH4C (=NH)NH;-HCl.



| 80 G Preparation of HOOCCH2- D- Chg- Pr o- p- NHCH2C6HAC( NH) NH2HCI By net hods

substantially equivalent to those described in Exanples 23-A (using di oxane

as solvent) and 18-F, 411 ng (61% of

HOOCCH2- D- Chg- Pr 0- p- NHCH2C6HAC( NH) NH2HC1 wer e prepared. 1H NVR FAB-MS, nife

444, 3 (MH) Anal ysis for C23H33N5042.5HC1: Calc: C, 51.67; H) 6.69; N,
13.10; Found: C, 51.84; H 6.50; N, 13.15. OOHHNNH HC NN\ ~ NH2 U
'”ﬂrorunmzDhmepm;)mmﬂmmqymwﬂmn

(N- (car boxynet hyl ) - D- honophenyl al anyl -

[ [ 4- (am noi m nonet hyl ) phenyl ] met hyl ] - L- prolinanide hydrochl ori de) A)
Preparation of HOOCCHZ2- D- hPhe- Pro- pNHCH2C6HAC( NH) NH2HC1 By net hods

substantial ly ey !ﬁh@&ho@pshBQESn9§§§%tmgga%?gfgﬁgggg gﬁnga?F%glg?gn]

HOOCCH2- D- hPhe- P
Boc- DhPhe- OA. Ex roigleESchAhgkg (67%) 405, Bt$Q2+D- Bhed B+ or
C25H31N504 BHCHEXTHCH ; <@¢Hy C (ENHYRHS 1HCH, wéré2pr aE@angﬁf&$F€€?§qmﬁﬁkEG 08;

N 12~f50N 8}%%’)0@@ Eéﬁ%ﬁ?illﬂ%' Ej‘gﬂ%&&m -NH) NH2HC1

(N—(carboxynethyl) D- honocycl ohexyl al anyl -
. 1H NMR
FD-MS, m/e 514 (M*)
Analysis for C26H35N5045-1.5HC1 - 2H20:

Calc: C, 51.67; H, 6.75; N, 11.59;
Found: C, 51.36; H, 6.46; N, 11.28.
Example 31
EtSO,N-H

Q/\f Oy’ WQ\K o

EtSOz—D-Phe-Pro-m—NHCHzCHzCHz-C5H4C(=NH)NH2'HC1

A) Preparation of EtSOz-D-Phe-Pro-m-NHCH2CH2CH2-
CeH4C (=NOH)NH; -HC1.

By methods substantially equivalent to those described
in Examples 1-G and 26-G, 0.32 g of EtSO2-D-Phe-Pro-m-
NHCHCH2CH2-CgH4C (=NOH) NH2 - HC1 were prepared from
m-cyanodihydrocinnamic acid.

1H NMR

FD-MS, m/e 530 (M*)

Analysis for C26H35N505S:HC1:1.1H20:
Calc: C, 53.30:; H, 6.57; N, 11.95; c1, 6.05;
Found: C. 52.97; H, 6.19; N, 11.96; Cl, 6.13.



[[ 4- (am noi mi nonet hyl ) phenyl ] met hyl ] -L-prolinsm de hydrochl oride) A)
Preparation of Boc-D hCha-COH By a nethod substantially equivalent to that
described in Exanple 53-D, 5.1 g (100% of Boc-D hCha-OH was prepared from
Boc- D- hPhe-OH. 1H NVR FD-MS, mle 240 (M+) Analysis for CL5H27N04: Calc: C
63.13; H 9.54; N, 4.91; Found: C, 63.38; H 9.39; N, 5.12. B) Preparation
of HOOCCH2- D- hCha- Pr o- pNHCH2 C6 H4 C( NH) NH2HC1 182 By net hods substantially
equi val ent to those described in Exanpl el88, 135 ny of

HOOCCH2- D- hCha- Pr 0- pNHCH2C6HAC( NH) NH2HC1 wer e prepared. 1H NVR FAB-MS, nie
472.3 (M) Analysis for C25H37N5042. 2HC10. 5H20: Calc: C, 53.54; H, 7.22;
N, 12.49; q& &? 91é Found: C,_53.29; H 7.01; N, 12.46; Cl, 14.30. O oH HN
ONH HCl atipp ¢f EtSO2-D-Phe- Pro-m-NHCH2CH2CH2-

HOOCCH2- GyGGﬁ&CBGde-IZ\GjZGCﬂ-p NHCH2C6HAC( ~) ~2. HC1 A) Preparati on of
HOOCCH2- @ y- N- C6H5CH2CH2@ y- pNHCH2 Co HA C( NH) NH2HC1 By met hods substantially
equi val ent to those described in Exanples G, 1-D, 1-G 23-A 85-A and

18-F) 365 ny of By HOGREtRod sk (BHBERGH LLAEERE L DL R veT
d |
?:rzgﬂgr?&m%%gﬁ c‘g{ 2 Ajé 949‘% ﬁ@qg'?ff)%zsﬂ-%-ﬁo-m 14. 64;

Found: C, A%IGHRCHICH-TEH O =NB) ;- HCL vieketDrepared from EtS0O;-D-Phe-
Pro-m—NHCHzCHzCHz-C5H4C(—NOH)NHz *HC1.

1H NMR
FD-MS, m/e 514 (M*)
Analysis for C26H35N504S5-1.5HC1-H20:

Calc: C, 53.26; H, 6.62; N, 11.94;
Found: C, 53.19; H, 6.25; N, 12.00.
Example 32
NH NH
(0]
N H NF&

ey N | * 2 HCI
Cr
o .

1-Piq-Pro-p-NHCHzCHzCHz-C5H4C(=NH)NH2-2HC1

By a method substantially equivalent to that described
in Example 23, 0.66 g (48%) of 1-Piq-Pro-p-NHCH2CHaCHp -
CeH4C (=NH)NH2 -HC1 were prepared from 1-Pig-Pro-0OH and
P-NH2CHCHCHy-CgHyCN-HC1.

1H NMR

FD-MS, m/e 440 (M*)

Analysis for C25H37N502-2.1HC1-H50:
Calc: C, 56.21; H, 7.75; N, 13.11;
Found: C, 56.36; H, 7.44; N, 12.79.



183 OCHONH, HO HNN\ I ~NH2 U~""~f O

(C2H5) 2CHCO- G u- Pr o- p- NHCH2C6HAC( NH) NH2ZHC1 A) Prepar ati on of

Boc- (Y- OBn) - @ u- Pro- pNHCH2C6HAC( NH) NHCbz By a net hod substantially

equi valent to that described in Exanmple 1-G 2.7 g (64% of .

Boc- (y- OBn) - d u- Pro- pNHCH2C6HAC( NH) NHCbz were prepared. starting fro

Boc- (YOBNn) - d u- OH and Pro- p- NHCH2C6HA C( NHCbz2HC1. 1H NVR FD-M5, me 700
(M+) Anal ysis for C38H45N50g: Calc: C, .122; H, 6.48; N, 10.D1; Found: O
65.00; H, 6.56; N, 10.06. B) Preparation of

("y-0Bn)-QG u-Pro- pNHCH2C6HAC( NH) NHCbz2HC1 By a net hod substantially

equi val ent to that described in Exarrgl e 23'— ﬁl 2.38 g (g8% of

(y-0Bn) - d u- Pro- pNHCH2C6HAC( NH) NHCbz prepared. 1H NVR FD-M5, nfe
600 (M+) Analysis for C33H3gN506Cl12: 184 Calc: C, 58.93; H 5.84; N,
10.41; Found: C, 58.64; H, 6.00; N, 10.63. C) Preparation of

(C2H5) 2CHCO- (y-0Bn) - d PNHCH2CE6HAC( NH) NHCbz To a stirring m xture of
(y-0Bn) - d u- Pr o- pNHCH NH) NHCbz2HC1 (1.3 g, 2 mmol) in THF/ H20 (50 ni
each) was added K2CQ 3010 nmmol) and 2-ethyl butyryl chloride (0.3 g,
2.2 mol). After st "min, volatiles renoved i s vacuo. The

resulting residue was p2 joned Het ween wg and et hyl age e (100 nL
ratgd ZR N j - 2wasF|%dhﬁ/i ce with

each). Layers were sepa
each saturated aqueous a Lam ghl ori de and bri ng ied (MyS04), filtered
and concentrated in vacuo to giv@ 1.45 g i 100%. NHNWR FD-M5, me 698 (M)
Anal ysis for C3gH47N507: Calc: C, 67.13; H 6.79; N, 10.04; Found: C,
67.11; H 6.70; N, 9.74. D) Preparation of
(C2H5) 2CHCO- G u- Pr o- pNHCH2C6HAC( NH) NH2ZHC1 By a met hod substantial ly
equi val ent to that déSEiRpEFOrm-NREHRpFB2AK: T06HEZH =IVH) NEZ IR HOL
(C2H5) 2CHCO- G u- Pr o- pNHCH2C6HAC( NH) NH2HC1L wer e prepared. HPLC Met hod 2
(Ranp 98/2 A/'B Eo 75/ 25 A/ B over 150 min) was used to purify the product.
Y & method substantially equivalent to that described
in Example 23, 0.64 (46%) of 1-Pig-Pro-m-NHCHCHyCHa -
CeH¢C (=NH)NH2 -HC1 were prepared from 1-Pig-Pro-OH and

m-NH,CH2CHCH,-CgHaCN - HC1 .

1H NMR
FD-MS, m/e 440 (M*)
Analysis for C25H37N502 - 2HC1 -H,0:

Calc: C, 56.60; H, 7.79; N, 13.20;
Found: C, 56.92; H, 7.55; N, 13.26.
Example 34
HN.SozEt
o) H
N NH, « HCI
\ H hi
oy N NH
L)
(0]

EtS02+D-Phe-Pro-p-NHCH2CgH4NHC (NH) NH2 -HC1

A) Preparation of Boc-p-NHCH3CgH¢NO;.



1H NVR FAB-M5, me 474.3 (MH) Analysis for C24H35N5051. 5HC11. 1H20: Cal c:

C 51.10; H 6.91; N, 12.41; Cl, 9.43; Found: C) 51.10; H 6.81; N, 12.41;

Cl, 9.62. 185 =SSFOONH NO HO HN. N/ ~~N2 U ~~~~r ~ O

(C2H5) 2CHCO- Met (02) - pr o- p- NHCH2C6HAC( NH) NH2HCI  A) Preparati on of

(C2H5) 2CHCO- Met (02) - Pr o- pNHCH2C6HAC( NH) NH2ZHCI By net hods substantial ly

equi val ent to those described in Exanple 90, 530 ng of

( C2H5) 2CHCO- Met (02) - Pr o- pNHCH2C( HAC( NH) NIg2HCL wer e prepared. 1H NVR FAB- Mb)

me 508.2 (MH) Analysis for C24H37N505S1. 1HC1: Calc: C, 52.63; H 7.01; N,
H 7.03; N, 12.80; Cl, 6.99. EXanDla 92 O

12.79: Cl. 7.12: Fqu
S/ ONH O NH.O Tﬁcia %gﬁrﬂng ﬁﬁgﬁtmn" of 4-pitrobenzylamine

NESOZCHﬁc?hEﬂfnghrwglgeNk[&QﬁBFﬂEXﬁk&?&?kﬁa N,N-diisopropylethylamine

D (o o o a0y, 76 Eﬁpﬁ byt § it e nataen iyt wen eddee)ai-c-

Pr epar at i oRUBYL © ha-&r 072) thahd 1 C6 LK NH) HAICLe he s01vent
was removed in vacuo and the residue was dissolved in ethyl
acetate (500 mL) and washed twice with 1 M citric acid, once
lw1th water, and once with saturated aqueous NaHCOs3. The
organic phase was dried with MgSOy4, filtered and concentrated
in vacuo to give an off white solid which was recrystallized
from chloroform/hexanes. Three Crops were combined, washed
with hexanes and dried in vacuo to give 11.5 g (58%) of a
white solid.

IR

14 NMR

FD-MS, m/e 252 (M*)

Analysis for C12H16N204:
Calc: C, 57.13; H, 6.39; N, 11.10;
Found: C, 57.27; H, 6.60; N, 11.13.

B) Preparation of P-BocNHCH;CgH4NH; .

To a stirring solution of P-BocNHCHCgHyNO, (7.5 g, 29.7
mmol) and NiCl,- 6H0 (17.7 g, 74.3 mmol) in methanol (150 mL)
at 0 °C was added NaBHy (5.6 g, 149 mmol) in small portions
over 30 min. After complete addition of NaBHy and 15 min,
the solvent was evaporated in vacuo and the residue was
dissolved in conc. ammonium hydroxide and extracted twice
with dichloromethane. The combined organic extracts were
washed with brine, dried with MgsO4, filtered ang

concentrated in vacuo to give 6.4 g (97%) of a white solid

IR
14 NMR
FD-MS, m/e 222 (M*)



Hy nmethods substantially equival ent those described in Exanples 1-G and
18-F, 550 ng of MeS02CH2CO- D- Cha- Pr o- pNHCH2C6HAC( NH) NH2HCL wer e prepar ed.
1H NVR FAB-MS, me 520.5 (MH) Analysis for C25H37N505S1. 2HC1H20: Calc: C,
51.64; H 6.97; N, 12.04; d, 7.32; Found: C) 51.58;, H 6.84; N, 12.18; Ci,
7.61." The conmpounds of the invention are believed to selectively inhibit
thronbi n over other proteinases and nonenzyne proteins involved in bl ood
coagul ati on wi thout appreciable interfeaesdce with the body's natural clot
lysing ability (the conpounds have a low inhibitory effect on
fibrinolyskgg urth such selectivity is believed to permt use with

t hr onbol yt PE2AYEAEs E/Ft Feek18{RP3fantial interference with thronbol ysi s and

fibrinolysis. Faosller, the cepauds,ofs.tite Rregentgo,nvention are believed
to be orally ac The i i ne_of jts aspects provi des a net hod
of inhibiting t P&ﬁ‘gi n |nér}a€rﬁ$ttalg) ('J-{:‘p%l §'r’ng Nadaeni’$t-er | ng to a manmal in
need of treatnment an effective (thronbin inhibiting) dose of a conpound of
Forrmula |. he Ebi,ti,on.co | at reser net hod

i ncl udes both r’t%gﬁggm:?ﬁ ggte)ﬁt# cf?%? %r%ﬁ%%?&t RE®%ent as

appropriate. In a further enbodi rrent the invention rel ates to treatnment, in

a human or ani o] g |b|t| n of, t inis reqU|red

The conpounds g?lot Etg%g'd}h%n\g/g% %%%iglr‘e g@’e%t GiagoRs "ﬁ% tpur e

ani mal s, . | ReRfarag (20nen, 144 mmehl nimtdichlwoghetiane (200 Monbams and

hyper Coagulaééleli' SyN Eo@i&ﬂdhfél{’oii&é“?f HE)Seasﬁqété‘o Sed ” ""h' Ch the

conpounds have a potentia ty are in treatment o Sixis of

t hr onbosi scaﬁaeﬂygEreo%%tﬂ%llP?ft%Wi el Qe crma tre s(ﬂlem,[)lz&aamoélt)at es in

whi ch the @aspadaea aespwdseot oAk | dle Widd t% md 1 4 hPAdEN ﬁl—{#&z%%;de
I Smoar

pr ophyl axi e venous throphosi s and rmnary e erial

t hr onbosi syaguﬁﬁéﬁg #h A BRESE drBich eRrthith rﬂ}'bcsefr dihg gotrutiom @t, unstable
angi na, t happboximabesxadlst r oftge ad‘tslldJQfdtHthéE tHdrP oV Qﬁ#@%f"ter

Furt her, 0, have expected utility in prophylaxis
at her oscl er o Pﬁ% ksltgaé%% sﬁ%’??g’satc‘tﬁ%n "e’tqsalwﬁ%éﬂarwdem
arteri al dt-lseas@aamts [t & sodn cwaes arﬁmdtfdd dn&ﬁﬁfiﬁclﬁlﬁrt&%%ha&x‘ée (250

conmpounds e t& et her Wth_ thronbolytics in

nyocar di al_la%ﬁf a?@?gon&‘l}fﬁﬁcﬁ E[’He %%f SihdeTfa b e pashed f¥icSey in the
treat nent GthrOphyf HEL 250 rre@)ccandsumeafvxmh Brie Q269 wmL)Rer queaneous
transl um netg@mit GPhasd Wwd ST &P as eratd on Furt her,

t he corrpoundgs havcetme c?ect ed %t@trf ity | n“%%g‘\r/é‘ﬁ §f19$§fﬁfioﬁﬂ sis after

m crosur geTPRCHIAMART imevaBipdimasive dlegddiosd tof e thiekyl in

anti coagul edllot Y& Bty N connection with artificial organs and cardiac
val ves. Further, the conpounds have expected utility in anticoagul ant
treatment in henodi al ysis and di ssem nated intravascul ar coagul ation. A
further exdedMRI utility is in rinsing of catheters and nechanical devices
used in patients in vivo, and as an anticoagul ant for preservation of

bl ood, plasma and ot her bl ood products in vitro. Still further, the
conpounds MavPreparatacbrutal ip-BdaNHOHICEHNKEE HSElS2 Ymeeisz bl ood coagul ati on
could be a fundanental contributing process or a source of secondary

pat hol ogy) such as cancer, including netastasis, and inflammatory diseases,
i ncludi ng arthrfeis St TR ARt ifTe o W%H@nnpomcb; 2.5

adm ni st er, r | y t Layenous.infusion (iv),

i nt rarruscdﬁ%rlql %Aeéﬁteiéo}rna]{gﬂrg) glub(éut g‘ﬁ‘ o&'sfgl F@@Flﬁ R?sa}' LzI§8 The
speci fic g setduimpeasd (aedrﬁ §i.s2dr-ddmmed or. di A@tba 4Bi R,i oHention to
obtai n t hedcaRHd Qva%nQJé;({ov@rd) B Tod i f S oyr se

determined hy the partigular chumtﬁﬁggsgghr F%%él Rg ?% H&igél"?ﬂc?ﬁdl ng,
for exanplDLHRF Qc%hp Fid i&dnioels wase addede apdt thef sadwent swaat removaad t he
condi tion zbflmdd&&i@dveAMIafoabhd%lel podage C;ﬂacgaﬁﬁs Eh&HTﬁ ove

utilities.i aé)%tween abo 0. Ol g and about 10 dose regine
may vary, e 1°6tt°pPoﬁ+;LI1§€t F@ §8 g ngF‘BedQPﬂVmEoUésrm;lebeeluted

adni ni st enditinia mtdp Pradiesnts oFUsk é%h?l%cétht&‘?ﬁeﬂ?héﬁ ERYof ﬁt’ 30%.
approprlatg; In crltlc i_\care Slt tlons a compoun e Irnvention’is
adni ni st ered t}yaic\?ti Fepse@ussncaasatn@nm trgrkyonsand about
20 g/ kol sk mpriciest aiyl w109t wee® abaingdlaEl kehBeARd, BEUY 1S 2yRBLEY N
The met hoq of lUy § n\éeqt6 el al.so i gr acth. §d in conjunction

| ysing agent 2 &.g. § Bs 88 Bl 8§man8§é €atPivGtor (t-PA), nodified t-PA
strept oki nase or urokinase. In cases when clot formation has occurred and
an artery or vein is blocked) either partially or totally, a clot lysing
agent is usually enployed. A conpound of the invention can be adni nistered
pr| or to or aI ong. W|th the Iy5| ng agent or subsequent to |ts use aI one and

Y -,



This invention al so provides pharmaceutical fornulations for use in the
above described therapeutic nethod. Pharnmaceutical formulations of the

i nvention conprise an effective thronbin inhibiting anount of a compound of
Formula | in association'with a pharmaceutically acceptable carrier,
excipient ‘or diluent. For oral admnistration the antithronbotic conpound
is formulated in gelatin capsules or tablets which may contai n excipients
such as binders, lubricants) disintegratiipgn agents and the |ike. For
parenteral admnistration the antithronbotic is fornulated in a

phar maceut i ﬁal | y acceptable diluent, e.g., physiological saline (0.9%, 5%
dextrose, nger's solution, and the |ike. The conpound of the present
invention &gnniag fornulated in unit dosage formul ati ons conprising a dose
bet ween abgut 0.1 and _about 10D0 ng. Preferably the conpound is in the
formof a g‘ﬁép%aceg?fecé?‘?y(ﬁﬁbept abl e salt such as for exanple the sulfate
salt) acetahelyalis Horacpynsphgde: salt. An exanple of a unit dosage

formul ation conprises 5 r’r%of a conpound of the present invention as a
phar naceut i cal Inga!ECept ablfe &3-#% nHa 600§ Myedi0.52g! ass anpoul e. Anot her
exanpl e of a unFburddsage foQr ®8l.86i;0R,CENBSI; SRS gl@QQE.J.O nmg of a compound of
the present invention as a pharmaceutically acceptable salt in 20 niL of
isotonic saline contained in a sterile anpoule. The conpounds can be

admi ni st erBY bjrepanatioy of HOL{r<NHICHOHHRYHO(RCbz) REEBE, transder mal ,
subcut aneous) intravenous, intranuscular, and intranasal. The conpounds of
the present invention are preferably fornmulated prior to adm nistration.
Ther ef ore, anot B¥raenetibdesubstan tiall e semntivalent | €66 tisaf dbsErRseyt i cal
formul ati oin CeXxdmphbé ef f [ Nyt of a8 n Formula | or a
phar maceut i cal | accg%t?bl gs-gl bc?r%@ol vatﬂeﬁt @?@%&&@%&ati on with a
phar maceut [¥eP? i}"m'pt%b‘f’}bl%raﬂ]é@, Wdsu@rermreaXdiypnent therefor. 190
The acti vep+BarNHIBIUHNHEYKREbE PRifiebat | ons conprises from 0. 1% to 99. 9% by
wei ght of the fornulation. By "pharnaceutically acceptable” it is neant the
carrier, diluent or excipient nust be conpatible with the other ingredients
of the forIRiIl ati on and not deleterious to the recipient thereof. The
presentphqwgﬁﬁuti cal formul ations are prepared by known procedures using
wel | known and freadily avail able ingredients. In making the conpositions of
t he presedD-MBiem/ieod33 heMtgti ve ingredient will usually be admixed with a
carrier) or diluted by a carrier, or enclosed within a carrier which may be
in the formof a capsule, sachet, paper or other container. \Wen the
carrier sérvePreparatiiorewt, EtISOma!D-BheaPsoLbdmeggteﬁ?m@i(m{)ﬁﬁ{ugﬂ_
material which acts as a vehicle, excipient or nediumftor the active

i ngredient. Thus, the conpositions can be in the formof tablets, pills,
poYvde_r s, | ozendds meshaas Qsi,uh&i:@hmia,ll@'! ie)dwi&,almﬁ_(tlbs !t?x%%edﬁ@%@i@&?’ q
sol uti ons inskaRpleda-asand ekdmpleSBLE O n_a_li u soft an
hard gel at i_&a@ pgul.es,  sup os| tor?gs?bs?érlil'g an«gcggbgéggb#’ﬂ?l'gﬁgf sterile
packaged PBo C6HaNHE (NH | Wi HCR avaso Rneniadesh of wim (B S0 5i-Dv@his-Promly be

f or mul at ednsloHad - o NHLOHLOgH MHEMICEItiged, or del ayed rel ease of the
active ingredient after admnistration to the patient by enpl oying
procedures well known in the art. The follow ng fornul ati on exanples are
illustratIRe only and are not intended to limt the scope of the invention
in any Vel y &ﬁﬁti ve ingredient,"” of course, means a conpound according to
Forrmula | ora pharmaceutically acceptable salt or solvate thereof. 191
Har d gel aFDnM8apmdee80ar ¢Mpf epared using the foll owi ng ingredients:
Quantity hYEs kN dj t h ried 200 Magnesium stearate Tot al
460 ng A %%thglbsg%?esgﬁeﬁ%gsf§gﬁpgeﬂ?ﬁgredi ents below. Quantity Active

i ngredi ent 250Ce@dkl:ul ose,C,ni5dr.G8r;y 3, al6l.i36e %Q0 18i.lhiggon di oxi de, funmed 10
Stearic acid T 65 T nmoenert g ar e, bl.ended and conpressed to form
t abl ets each \Nglbghldng 66 'ng@'i%'agpog'dﬁgmﬁut anqss prepared cont ai ni ng
the foll owi ng conponents: WWi ahtcrht Active ingredient 0.25 Ethanol 25.75
Propel l ant 22 (Chl orodi fi uoronet hane) 7,0.00 Total 100.00



192 The active conmpound is mxed with ethanol.and the m xture added to a
portion of the propellant 22,~cooled to -30 C and transferred to a filling
device. The required anmount is then fed to a stainless steel container and
diluted with the remai nder of the propellant. The valve units are then
fitted to the container. Tablets, each containing 60 ng of active
ingredient, are nade as follows: Active ingredient60 ngStarch45

ngM crocrystal line cel | ul o0se35 ngPol yvi r‘mspyrrol i done (as 10% solution in
wat er ) 4 ngSodi um car boxynet hyl starch4.5 ngMagnesi um stearate0.5 ngTal cl
nQrot al 150 ng The active ingredientagﬁaﬁﬁﬁg_%gd cel lul ose are passed
through a No. 45 nesh U S. sieve and m xed thoroughly. The aqueous sol ution
cont ai ni ng ponV|nyIpyrroI|done tf m xed with the resultant powder, ‘and the
m xture then i s passee * 14 nmesh U. S. sieve. The granules so
produced are dried a passed. through a No. 18 nmesh U. S. Sieve. The
sodi um car boxynet hyl Nz Qgdsi um stearate and talc, previously passed
t hrough a No. 60 nesh U S are then added to the granul es which,
after mxing, are conpressed oiNa tablret machine to yield tablets each

Wei ghing 150 nyg. 193 Capsul s, pe 80 qupf active

ingredient, are made as follo Ac
4§agmh eS|um

i ngredi ent 80ngSt ar ch59ngM cr ocr yst aQ | ne cel |

st earateTot al 200ng The active ingredient, cellulos st BiFzh, and magnesi um
stearate are bl ended) passed through a No. 45 nesh sieve, and filled
into hard gelatin capsules in 200 ng quantities. Supp05|tories each

contai ning 225 ny miscip-fhd - “SicH,eHS C Active
i ngredi ent 225 ng Sat ur at ed fatf§QZC|d gI??eg?gﬁuegNgggh%:§$%tal 2,225 ny

The active ingredient is passed through a No. 60 nesh U S. sieve and

fﬁspended |nhthBySﬁhuhaaedsﬁBEEKne&aﬂlﬂ|¥&@{+Qfén9“ﬁ¥h %3'§@45§§5é§;ng

e mninmu e e en poured into a suppository
nmol d of nogbnggaﬁgfg %ﬁac t§ 2 %ngﬁéﬁ%xPT%P?xﬁﬂ°‘ 194 Fornul ation 7
Suspensi onp-%ﬁﬁmﬁmmmmHQMI afdd \trdpaieigim per 5 nL dose, are

made as foll tive ingredi 50 ng Sodi um car boxymet hyl cell ul ose 50
ng SY~p 1. h28£€r é@%ﬂ%@”éf%ﬁ :}g#Jutl on 0.10 nL Flavor g.v. Color qg.v.

Purified water to total 5 ~,, The active ingredient is passed through a No.
45 mesh U g sieve and mixed with the sodi um carboxynet hyl cellulose and
syrup to ngn1a snoot h paste. The benzoic acid solution, flavor and col or
are dilutetHvi'B a portion of the water and added, with stirring.

Sufficientrpeyel hretdes pgigled to produce the reqU|red vol une.

HRMS (FAB), m/e calcd. for CasH3sNgO4S: 515.2441
Found: 515.2483

Example 36

NH2

.SO,Et
©\)Y N

O "n’

EtSOz-D-Phe-Pro-m-NHCH2C5H4NHC(NH)NH2-HCl

. By methods substantially equivalent to those described
in examples 30-C and 34-B through 34-F, 1.8 g of EtS02-D-Phe-



An intravenous formnulation may be prepared as foll ows: Active ingredient

| sotonic saline 100 ng 1,000 nL The solution of the above ingredients
generally is adm nistered intravenously to a subject at a rate of 1 nL per
m nute. The conpounds provided by the invention (Fornula |I) are orally
active and selectively inhibit the action of thronbin in mamuals. The
ability of the conpounds of the present bgvention to be an effective and
orally active thrombin 195 inhibitor +2%evaluated in one o~ nore of the
foll owi ng assays. The inhibition of thrombin is denonstrated by ~ Vitro

i nhi bi ti onped-hRHCHI CEIHAHE(NMING, Mol i8R Fepisr ¥ St Bne &3 - i b IReSAYL | N
whi ch thronbi n, hydrol yzes the chronogeni ¢ substrate,

N—benzoyI-Exﬁﬂéﬂ t al anyl -L-val yl -Largi nyl -p-nitroanilide. The assay is
carried out by mxing 50 ~, tL buffer (0.03M Tris, 0.15M NaCl, pH 7.4) with
25 EI1L of ?Rvine thronbin or human thronbin solution (0.21 ng/nL of

t hr onbost at™ bovi ne t hronbi n, Parke-Davis) or purified human thronbin,
Enzynme ResH®ArNMR Laboratories, South Bend, |ndiana, at about 8 N H units/mni,
in the sang.buffer 2n,.LL of test conmpound in a solvent (in 50%
aqueous rreﬁ%% e“‘ele%r@l Tﬁgi)SO ~L of an aqueous sol ution of the

chr onogeni BRESbETARL e nife cala ngfon )Cotia3NdUeSl: ansi0l h22B4t es of hydrol ysis
of the substratfogﬁg,ne§§fr§?8@y nonitoring the reactions at 405 nmfor the
rel ease of p-nitroaniline. "Standard curves are constructed by plotting free
t hronbi n concentrati on agai nst hydrolysis rate. The hydrolysis rates
observed with test conpounds are theR.Lawwrded to "free thronbin" val ues
in the respective assays by use of the standard curves. The bound thromnbin
(bound to test conmpound) is calculated by subtracting the amount of free

t hrombi n observed i h m t he known initial anount of thronbin
used in the assay. g of free inhibitor in each assay is calcul ated
by subtracting the s € of bound thronbin fromthe nunber of

nol es of added inhibitor (test [conpound). The Kass value is the

hypot heti cal equilibriumconstgnt forHthe reacti ontetween thronbin.and the

test compound (1). Thronbin «°1 YhaQatling 2 —Nﬁllguﬂhbi n-1] [(Thronbin)
x (1)] 196 Kass is cal cul at or'la range f{ gncent r at i.qq@ of test
conpounds and the mean value is red@rted in bQigB of NHter p&r nole. Hy

substantially follow ng the procedures descri bed above for human thronbin,
and usi ng ot her human bl ood coagul ati on system seri ne proteases and
proteases of the fglayp n@i.)pq-,iecp'i.)bshem? PuLBeH ' . onogeni c
substrates, identifi e& bel ow, selectivify %)?%ﬁgﬁggﬁﬁpz)ﬁﬁgsﬁg t he present
invention with respect to the coagul ation factor serine proteases and with
respect to the gy hefIbds | Susyed:N] SEIY "EqP{vARASE St &M thSud! did '@eﬁ‘%‘"
as their substantéfé [ﬁ_gﬁgf# rg}e fer e}:lg" Wlé#)”l serine prot eases&g"f t he
fibrinol ytit SRS 36T RIS S/ A8 Plansuial HsuEesos
fibrinol ysarsd i eghiee hdvrateokimasiacd isH b iedl NG RCID W udd 333 and

st rept oki nas Jhi s e 4 myortant t < rapeutl 0 uch
agents as rg'neoa. j%[ﬁ:tgf:)ﬁ tgsﬁf?eb:?'(r)gl}ﬁ' §e9'w-wyaﬁ{iﬁégﬁ-¥§§éﬁﬁﬁ§§aﬁ§@t was

t herapy arpremerdi firoem f-reitfocigenin aadid.endogenous fi brinol ysi s-sparing
(wmth respect to t-PA and urokinase) antithronbotic agent. In addition to
the lack of interference wwth the am dase activity of the fibrinolytic

prot eases, MR fi brinol ytic system sparing can be studied by the use of

human pl asgm ,ed O hﬁbi* | ysis by the respective fibrinolytic
pl asm nog?rzlﬁla}gf’l.v%a/t%r%;s umar% factors X, Xa, |1 Xa, Xls, and Xlla are

pur chased ARk iRy eesEanVNe04RobrdHGk i@s3H8sut h Bend, | ndi ana; hunan

ur oki nase from Phar mageujgcak s, yDe k; yangargsonbi nant acti vated
Protein C (aPC)éifgc' repargél gtb%?l‘ ﬁl’lpgﬁéhdn ﬁ"s% Stantially according to
U.S. Patent 4, 9aun@p ChFfonBfeAPt BubltBatel; 13.55. .

N- Benzoyl -1l e-@ u-d yArg-p-nitroanilide (for factor Xa);

N-Cbz-D-Arg-A y-Arg-pnitroanilide (for factor | Xa assay as the factor Xa
substrate); Pyroglutanyl-Pro-Arg-p-nitroanilide (for Factor Xla and for
aPC); H D Pro-Phe-Arg-p-nitroanilide (for factor Xlla); and

Pyrogl utanyl -Ad y-Arg-p-nitroanilide (for urokinase); are purchased from
Kabi Vitrum Stockhol m Sweden, 197




or from M dwest Biotech, Fishers, Indiana. Bovine trypsin is purchased from
Wort hi ngt on Bi ochem cal s, Freehold, New Jersey, and human plasnma kallikrein
from Kabi Vitrum Stockholm Sweden. Chronobgenic substrate
H D- Pro- Phe- Arg-pnitroanilide for plasma kallikrein is purchased from Kabi
Vitrum St'ockholm Sweden. N-Benzoyl-Phe-Val-Arg-pnitroanilide, the
substrate for human thronbin and for trypsin, is synthesized according to
procedures described above for the conmpd@®ids of the present invention,
usi ng known net hods of peptide coupling fromcomercially avail able
reactants or purchased from M dwest WI shers, Indiana. Human
plasmn is purchased from Boehri nger I ndi anapol i s, |ndiana; nt-PA
is purchased as single chain activity reference from Ameri can D agnosti ca,
G eenwi ch, Connecticut; #aDdjfihed-t-PA6 (nt-PA6) is prepared at Eli Lilly
and Conpany by procedur ¢ in the art (See, ,Burck, et al., ~ Hol. ~,,
~, 5120-5177 (1990). E H I
H D- Val - Leu- Lys- p-ni t lidg and tissue® 86 act PG lor (t-PA)
substrate H D11 ePro-RX ni N oani | [de a l.l d fromKabi Vitrum
Stockholm Sweden. In the chfo geﬁ-i' S et es d¥3cri bed above the
three-letter synbols Ile, 4 yl Pro, Arg, Phe, Val, Leu and Lys are
used to indicate the correspondi ng¢dam no acid group isol eucine, glutamc
acid, glycine, proline, arginine, phenylelanine, valine, |eucine and
| ysine, respectively._Table 1 which follows |ists the Kass val ues obt ai ned
with the indicated cdpoumf TR &SRR 6/ 4NE @B MH24 2HC1 198 Tabs
I nhi bition Properties Kass X 106 (L/nole) '
Human t - P~ . \ .
1330. 00170. 380. MoFe5ES9%4 51555234814y 58TvS¥abent obo16hose descoiked 13, .
00570. 0760 1p082emPI14584036095008389 . DOD1BIg09HR-450. 00162- 30. 000240. 00! 60. 000
00

23<0. 00171 . 2 - 00380. Q220. PO08N0. 00120. 0330. 000
580.000|7<§95§?é5968§§3@32g93og§§§§¥€gﬂ%gﬁ%%%ﬁg ]£; (?%ﬁ556880.00360.
0060<0. 001¥as. pugifdedsbp. BBRRLC 00HETHodDN4PEAD. (190800 MR O BRI, IH011<0.
001140.0218A8g?|4$ §0Q8§60.000046<0.001152200.00702.60.0170.004160.970.005I
0.020. 00170051 2123308493 80. 0240. 0034181800, 21 140. 0850. 0D9419110. 14410. 16
0. 0020100. 10190. 10D. 00213. 60. 620. 960. 0310. OD;

223. 00. 0438y 5QuR420. 00237700. 14210. 440. 31240. 78<0. 0010. 03<0. 001<0. 001250. 43
<0. 0010. 01<0. 0010. 012613. 0. 010. 210. 010. 01270290. 020. 02<0. 00l 0. 0228D950. 010.
11<0. 001<0FBoME90mé€048%0 (MBLD. 001<0. 001300. 550. 020. 03<0. 00l <0. 001 199
310. 070: 14AnA5y0iH0FsH. 094 IBRMsd302889; 04<0. 0010. 01330. 040. 040. 02<0. 001<0. 00
1340.65<o.001o.é98.010.01350§%9<$.00|0.04<o.001<o.00136o.06<o.00|0.0|<o.001
<0. 001370. 02<0. BBES81. 1<000P5.-8#<0HR07386: 1¥<0160820. 08%0. B81200. 03<0. 0010
. 01<0. 001410. 01¥6uAA1<0. 0@, <B5Q005428S. 6..0343N0. 18058k 4323 403 95490. 0. 300. 014
46300. 662, 600. 1. 8f | . 044561 01. 5110. 1. 10. 77462400. 0748 0. 130. 0147450. 0482. 0. 1
80. 01484, 1005. 5250. 0. 430. 05494003. 4940. 0. 840. 0450404. 32, 200. 1. 80. 04511, 3000
. 8427.0.130. 01527000. 4647. 0. 110. 015 Exafbd®e E®1 0. 1<0. 001<0. 001542. 8<0. 0010. 5
20. 0l <0. 001550. 01<0. 00l 0. 01<0. 001<0. 001564900. 2D3. 60. 01<0. 00157390. 010. 240.
01<0. 001580. 60<0. 0010. 40sQ. 001<0. 001591. | 0<0. 0010. 21<0. 001<0. 001600. 24<0. 00
1D. 03<0. 001<0. 00161630.(031.NH. 0040. 008627. 6630. 316415D. 01654, 500570. 661204.

66711 200
68600693403. 770430, 9.8

6792. 00. 24801, 700. gp, . 1425. 083¢. 40. 03842. 90. 078526530. 8862D00. 6387302
. 5884103. 9890. 140. 0713087610 082913 NQ. 0A792L307.7 It is noted that,
unexpect edl y, conpounds in @ 'ﬁn/con ai n3 N cycNbhexyl al anyl noi ety
have i nproved potency with r ecipto inhik of Jit hr cn8HR@land di spl ay
especially surprisingly enhanced potency w tW7Tedgéc the inhibition of
factor Xa when conpared with) for exanple, the cddrespondi ng~conpounds in
whi ch X contains a D phenyl al anyl noiety. 201 Materials Dog plasna is

obt ai ned from consci ous_m xed- breed hounds (either sex

Hazel t on- LRE, , Kal anBzdoP2#r BRPgRmNHEHZEHR 6 AR 2HEY nto 3.8 percent
citrate. Fibrinogen is prepared fromfresh dog plasma end human fi brinogen

is prepared fromin-date ACD human, bl ood at the fraction |-2 according to
previ ous procedBYeBesRads pEebsrantizhly emivelentotrthose describied

§1380); andnsﬁiiﬁpletBQJ-1.63Cﬁﬂﬁiﬁﬁﬁiéﬁiqapééfﬁ&'2967, (1972). Human

i brinogen r t Sm ree) is from A i cgn Di_agnosti cs,
G eenwi ch@ﬁ%@&f@&%w}&og%w ATERAT nn&- %ﬂ@ﬁ&r ations is
performed as previously reported. Smth, et al., Biochemstry, -,

2958- 2967, (1972). Urokinase is purchased form Leo Pharmaceuti cal s)
Denmar k, as 2200 Ploug units/vial. Streptokinase is purchased from

1 a ~  ——— -~ T g . e~ NI T . ¥ . . e

g 8 722,30028073287429750. 4576120. 36771178118.




Me~. hods - Effecr_s on Lv~s~ of Human Plasma Clots by t PA Human pl asnma
clots are fornmed in mcro test tubes by adding 50 ~tL thronbin (73 NIH
unit/nmL) to 100 E1L human pl asma whi ch contains 0.0229 ~I C 125-i odi ne

| abel ed fibrinogen. Cot lysis is studied by overlaying the clots with 50
~L of' uroki nase or streptokinase (50, 100) or 1000 unit/mL) and incubating
for 20 hours at roomtenperature. After incubation the tubes are
centrifuged in a Beckman M crofuge. 25 %8 of supernate is added into 1.0
mL volune of 0.03 Mtris/0.15 M NaC buffer for gamma counting. Counting
control s 1@rdiRickeRiad YrirS £8 ; Y, Rtid Rg r i,n_(and
substituti fi8r) . Lhe th?%%%?%ﬁin .EP#S@%héﬁﬁaév§?d§f§&9P3r & bl e
interferenc %13 OF i (B oI}@PsmB?-including t he conpounds in the overlay
solutionslat 1, 5, and 10 ug/nL concentrations. Rough approxinmati ons of

| CSp values are estimated by |linear extrapolations fromdata points to a
val ue which woul d represent 50 percent of lysis for that particul ar

concent r at PBnNMR fibrinolytic agent. i 202 flnticoa,g~ulant Activity
M~tAri t-~ RDﬂg p ng,kat plasma i ~s obtai ned from consci ous
nixedbreed% oundsh?gr?ﬁgrqgez, Hazel t on- LRE, Kal amazoo, M chigan, , U S. A)
or from and8BA¥EisefonrnleiysNs@ae2Ball 2y 5Habs (Harl an Sprague- Dawl ey, Inc.)
I ndi anapolis, |pgdhana, U G A ~yenipyncture into 3.8 percent citrate.
Fi bri nogen is pr&gggr'ed fr?rh i%—'??t’e\‘ﬁca'%%ﬁaﬁq'blléoésds e Badion | -2
according to prEeuBds pro€eddBedland,sfedis’;i gt 1eN37,SMchh, 1Bi qghem ~., ~,
1-11 (1980); and Smth, et sl.) Biochemstry, -, 2958- 2967 (1972). Human
fibrinogen is also purchased as 98 percent pure/plasmn free from Anerican
Di agnostics, G eenw ch) Connecti cut Exaumeie 40 on reagents ACTIN)

Thr onbopl astin, and Human pl asnma are from Baxter Healthcare Corp., Dade
Division, Mam) Florida. Bovine thronbin fronlﬁﬁ&ke-Davis (Ann Detroit,

M chigan) is used for coagustion assays in pla . Met hods AnticoaQU ation
Det er mi nati ons Coagul atio SH eiaﬁggreviously descri bed.
Smth, et al., Thronbosi 4 ( 8). A CoAScreener
coagul ation instrunent IS useduéor all coagul ation
assay nmeasurenents. The x nmeas| 5@'by addi ng 0.05 niL
saline and 0.05 nmiL Thr onbv I NNG,, I 8 D. 05 nlL test plasma. The
activated parti al thronboplastEn ;inﬁg( ) 'S neasured by incubation of
0.D5 nL test plasma with 0.05 Acton reagent for 120 seconds fol |l owed by
0.05 nL CaC 2 (0.02 M. The thronbin time (TT) is nmeasured by addi ng 0.05
m. saline and 0.05 nL thronbin (10 NIH units/nL) to 0.05 nL test plasna.
The conpounds of ForEnlaPianeoaddnﬂcHQc@B@anQﬂHﬂﬁh?BiH@iasna over a wide
range of concentrations to determ ne prolongation effects on the APTT, PT)
and TT assays. Linear extrapolations are perforned to estinate the

concentrat i ons BYedsithefls cubmsiing iahd yc legfulivad enitM® of @hoRaCRediideg 203 B

Mal e Spragwe Rat S 0-4 rlan Sprague Daw ey I nc.

| ndi anapol | © Iﬁ;qﬁrg%énéé?%egi§§dgaﬁfﬁgﬁygﬁfr%§ (20 mg/ kg, s.c.) and

ket ani ne Wb‘zﬁé RYHCINE) NHandHRA| wesi preépemed. he@hed faaber pbbagket (37 O).
The jugul sasveuRrS¥ied &NREP d ow f Lnfusions. Arterio-Venous
shunt rmd% ghe hgft ,-,E’Sm a?@%gi r‘nhgﬁgurii évm 9@5?04#2521-@???&@ ¢84301 at ed
with 20 cifY gt BECoF4Bol yet hyl ene PE 60 tubing. A 6 cm center section of

| arger tubing (PE 190) with a cotton thread (5 cm) in the lunen, is
friction ih %ﬁg bet ween the | onger sections to conplete the arterio-venous
shunt circuit. Blood circulated through the shunt for 15 m nutes before the
t hread i sFBaM8f uinf/g 42RoVYMH) and wei ghed. The weight of a wet thread is
subtracte h o] i ght the thread and thronbus (see J.R

Smith, $~ﬂn§§9g}£i?3g %igﬁg@#QZVﬁgﬁlfH%O&onpound of Exanpl e 48 was conpared
wi th D- MePhe- PFalgrg- H (@,s&3s387 #howve 4at; Rage62p4i.N ERE ﬁgtgbLoVEnous
shunt nodel, tpguﬁatithrepbg5i§ Qobfnﬁy s_found to be 9-fol'd ¢reater
during continuous T ntraveriods ® RF usli o+ 596 Nadd®e28Hr ofBus 1deBGht to t he
sane extent (to approximately 20% of control)) the conmpound of Exanple 4B
prol onged plasma thronbin tinme about 3-fold, whereas plasma thronbin tine
was prolonged greater than 20-fold during infusion of the standard
conpound. Prothronbin time and APTT were extended only to about |20% of
control (a few seconds) during infusion of the conpound of Exanple 48.
Fed 3 nodel of arterial ~ n;",-.. The carotid arteries are isolated via-~a
m dline ventral cervical incision. A thernocouple is placed under each
artery and vessel tenperature is recorded continuously on a strip chart
recorder. A cuff of tubing (0.058 ID x 0.077 OD x 4 nm Baxter Med. G ade
Silicone), cut longitudinally, is placed around each carotid directly above

M M o N ~ o~ 1 1 1 o, N L Y ) . I T




%hronbolysis =S ~ni d cflm- una r~~ x 100 injected cpm' The
fibrinolytic dissolution of the inplanted clot occurs tine-dependently (see
J.P. dozel, c¢'Srd,n~aS. Pharma o~,, 520 t1988)). 205 Coaatl ation
nara_nmeters , Plasma thronbin time (TT) and activated parti al .

t hronbopl astin tine (APTT).are neasured with a fibroneter. Blood is sanpled
froma jugular catheter and collected in syringe containing sodiumcitrate
(3.8% 1 part to 9 parts blood). To measlﬁ% TT, rat plasma (0.1 ) is
mxed with saline (0.1 nL) and bovine thronbin (0.1 nL, 30 UnL in TRI' S

buffer; Parke Davis) at 37 C. For AP l.as (0.1 m) and APTT sol ution
(0.1 nm., Organon Tekni ka) are incuba inutes (37 C and Cad 2
(0.01 nmL, 0.025 M is added to start coagul ati on. Assays are done in

duplicate and averaged. of Bioavail ~~,i ~ ~rv A neasure of

bi oactivity) plasma thr time (TT), served as a substitute for the
assay of parent conpoype\o c.@Qssunption that increments in TT resulted
fromthronbin inhibit jy paFent only. The tine course of the effect of

the thronbin inhibitok upgdn TNis detkrnined afterHi.v! Bol us

admi ni stration to anest etizm-t.fr : Nt\ﬁe nt of fasted
conscious rats. Due to |limtatignsiiof bl ood me ahd tRespeber of points
required to determne the time couPse from prof tNHat nefit to the tinme

when the response returned to pretreatnent values, two popul ations of rats
are used. Each sanpl e popul ation represented alternating sequential tine
points. The average gJy _;t{%_,&.iﬁgt H §ﬂf¢$(ﬁ‘ljﬁ e 3keyl ate area under
the curve (AUC). The in?ye%of ioavalbfi{aag{zlifst¢ I'S ca)culzate by the formul a
shown bel ow and is expressed as percent relative activity. The area under

the curve (AUC) g§ ﬁ@&&&@%&iﬂdi{a&lﬁm&aﬁm t‘i‘:rdﬁt:?x%%eaé%sgﬁi{ﬁd;d for

the dose. This index qf bioavailability is terned "% Relativ " and

i s cal cul at¥Y SXaRIE &1 v RS %D} -PiRIELSEMose iv AUC iv X Dose po x 100
206 Conf | oUNHEH OHAOEHIGTHOO NG NHRS 2HOE pfepascgrepagiddai el Binalnal saline

and are injected as a bolus..or, are_infused starting 15 mnutes before and
conti nui ng Q%‘?‘ﬁﬂ‘b‘nd’fﬁs t%%?ﬁé’r %%ﬁtpéﬁp%‘ﬁer(ﬂfrtg‘ﬁ’@i én \?/gi/gh (A{Bi5 XPABt es in
the arteri oseerfts shANB)DAE0 aith .60 nminutes in the Fed 3 nodel of arterial
injury and in the spontaneous thonbosis nodel. Bolus injéction volune is 1
m./kg for i.v., and 5 nL/kg for p.o. and infusion volunme is 3 nL/hr. Stati
~~s ra ResUlH MR e expressed as means +/- g~. One-way anal ysis of variance
is used to getact tistigally significant differences and then Dunnett's
test is appﬁe’?’t'ﬁ{fgtde@m @)Mi ch neans are different. Significance |evel
for reject iMmbisishdaiulq24Hgp¥ePeA SLRFL -dqfd20means is P<D.05. Are Male
dogs (Beagl es; nths -2 g%, g2-13K0, 1 FEarns, I'h Rose)
New York 14516) %?f ast edcbv%€ﬁ?$htﬁénﬁ'?iéa %ﬁ%gﬂc'ert%'@da rescription
Diet (Purina MIfeundy | oGis52MEsdliriT - PAD Wi kR &6 iaf Gk, diosidfy. Water is
available ~ , The roomtenperature is maintai ned between 66-74F; 45-50%
relative humdity; and lighted fron0600-18 hours. Phs~nacoki neti c nodel
Test conpound is formnul ated i medi M to dosing by dissolving in
sterile 0.9% saline to a 5 ng/nL preparation. Dogs are given a single 2

ng/ kg dose of test conpen h_Py oral gavage. Blood sanples (4.5 nlL) are
taken fromthe cephali at 0.25, 0.5, 0.7§H 1, 2, 3, 4 and 6 hours
after dosing. Sanple

' &ted in citratef] Vacutai ner tubes and kept
on ice prior to red tolpl asma by cestwi#Usat,i,on. Plasma sanples are
derivatized with di bhenyj hydr abi ne naI y by.g (Zor bax S8-C8
colum) eluting wth MEFantl /500 AYhsodNyp acet ate adj u to pH7 with
207 phosphoric acid (6‘{%0,§V/2)-| Pl asma concentration of test compound is
recorded and used to cakgufate tH® pharmacoki netic paranmeters: elimination
rate constant, Ke; total clearance, Ct; volune of distribution, VD, tine
of maxi mum pl asma test conpound concentration, Trmax; maxi mum concentration

of test conpound at Ppomxp;gBXs-8haspentiehbttfise (h9) '2§§@1under t he

curve, A U.C.; and fraction of test conpound absor bed,

A) Preparation of Cbz-DL-1-Pig-cis-Ohi-OEt.



Cani ne Model of Coronary Artery Th_rntr,l,r,~; ¢ Surgical preparation and
instrunentation of the dogs are as described in Jackson, et al.,
Circulation, ~, 930-940 (1990). M xed-breed hounds (aged 6-7 nonths, either
sex, Hazelton-LRE, Kal anazoo, M, U S. A) are anesthetized with sodium
pent obarbital (30 ng/kg intravenously, i.v.), intubated, and ventil ated
with roomair. Tidal volune and respiratory rates are adjusted to maintain
bl ood P02, PCO2, and pH within normal |iXtiGs. Subdermal needl e el ectrodes
are inserted for the recording of a lead Il ECG The left jugular vein and

common carotid r he J a t.hrqugh 8.l eft nedi ol ateral neck
incision. Arter ;%é}l %?"‘86%5’%5 %&?&%@%&@?ﬁ?%g ea% (FGn[tgH%}o@ﬁs;Fr\MW a
precal i br ati®&d Emarpde dransdécér g( 1200k ) VBE- 508 -DL-hepihRet EUBBALDEL

Houst on) TmeU BN ednLnhp_thg.capgtid artery, ., The jugular vein is
cannulatedf?grpgfgggegang#ngbguP?n% Fﬁé éﬁp&?ﬁnﬁﬁffgbﬁ'gﬁﬂrﬁagn, t he
femoral veiHsN¥R bot h hi ndl egs are cannul ated for adm nistration of test
conpound. fplekt fheraset eiy)is performed at the fifth intercostal space,
and the he?%t is.su;genge in a pericardial cradle. A 1- to 2-cm segnent of
the left cPAPRA¥PLExIRErEAK4ONRPB/y (LCX) is isolated proximal to the first
maj or di agonal eaatki cul arc, brangh., f,2% . 93Ud% ngegle-ti pped wire anoda

el ectrode (Teflﬁn-cggted, 30-%au%e sil verpl'at éd copper wire) 3-4 nmlong is
inserted into t REUPBX and ol £8ed®infeolt-28t¢ N.wSt-A3t.he intinmal surface of
the artery (confirmed at the end 208 of the experinment). The stinulating

circuit isgco | agi the cafhode in a subcutaneous (s.c.) site.
An adj ustaB?:e p+§éﬁjip%%’gl?uge&g?'sgﬁépcb@'%%%m‘t% LCX, over the region of
t he el ect r BHCH2Q6k4@ (N8 ) WHGhzd el ectromagnetic fl ow probe (Carolina Medical
El ectronics, King, NC, U S A) is placed around the LCX proximal to the
anode for neasurenent of coronary blood flow (CBF). The occluder is

adj usted to proBviceethads 5e9bstimbialby eduivel énipets MKodd 098s & O¥eg
response oDs ey, t = Ghanl,cal. acglusi on of the LCX Al
hermdynam'&ﬁ_[ d gc%é ng%tﬁc?}e%?'age&rae%gfgﬂe’nq P Ped Wth a data
acqui siti @%ﬁ ¢ FBHHGRD nd kR Iar] 4 Bisyvairer0lsi -pval vern, PA. U.S. A ).
Thronbus ANHCHYECgH4 0 NH NHEE D e 14} ~. A 1 Reginen

El ectrol ytjc.inj v of the Tnt] n%?étiﬂéeg‘%cﬂgsm pérb(?dﬁg’gﬂ'%%fv’gﬂ)‘%ﬁﬁ'@

| 00- Et A diFEC® CeHeS (NF) NHEb 223 . TiRhese diets tiexy emmiextsaiweae f or 60
m nut es arsepdrtel Ko TRl gdet ﬂ%&d@ occl uded .or not .
Thronbus formati o %ceeds s%mé}gféous y “un |§)t‘%§'ﬁgcf‘nl § t]ally occl uded
(det er ni nétF & %@—e%rﬁf §Hcr edhe Sy adtd oBsT congadmting Ewepound

adni ni st r atdaiinies Gitemtiexdandrer(Rfie @u@1ydigtghyhhaeEiag &) waldeP YR 1)y age
for 1 hou&@&#%gti f;érs]i on af the _conpounds of the present i'nvention at
doses of 0.5 an A 5% BT S Suloda fdEadiny ~Rig cas -Oliagi-on of

t hr orri)ol y HCHeGsitg Q(&TH )QIHCILhz'ss ua}l‘qd Exmictd s ]?l‘bhitiigﬁhg %hréeﬁtrglg_iﬂ?,?,
APSAC). R i j _0 or ours.after adm nistration of “test
conpound. @I%g)itgyﬂgféﬁc& \gﬁ'g’rgy ST BSCLPLE) WeTEePOPdR% ARGnbol ysis i s
defi ned asorQenteBireaghiteh gimesilstSeg fodr CR2z3D-1-PuteeisHematploav and

temul at e INHEPRICS 40 (MR KDY o & w?fit{&'&%@ bl ood cell counts,

henogl obi n, and hematocrit values are deferm'ned on a 40-~tl sanple of
citrated (3.8% blood (1 part citrate:9 parts blood) with a henat ol ogy
anal yzer @@hMRyn 900, Sequoi a- Turner. Munt View, CA U S. A). Gngival

t enpl ateO?J&eﬁgin tirrsg are determined with a Sinplate Il bleeding tine
devi ce (OfFafom FéRni’'Ra OMFNAM) N.C, U.S.A). 209 The device is used to
make 2 hohnadwyisik ifoei SggHg1NBOERe gi ngi va of either the upper or | ower

| eft jaw of th%ggog. Eac ir]7c'sion is 3 man wide x 2 nan deep. The

i ncisions are &' and & st il &7 A%d Nio Sdétder ni ne how | ong bl eedi ng
occurs. A cott@oundab is aiserd 20508k upd;he blogg as it oozes fromthe
incision. Tenplate bleeding tinme is the time fromincision to stoppage of
bl eedi ng. Bleeding tinmes are taken just before adm nistration of test
conpound €0 nPrepesitibfi ofnDtispPigteisapHsign, at conclusion of

adm ni st r gyt . ound t120 m nutes), and at the end of the
experi mn?ﬁbﬁ?gggg?gﬁgégﬁ ngﬁg'}zeéd by one-way anal ysis of variance (ANOVA)
fol |l owed by Student-Neunman-Kuel s post hoc t test to determ ne the |evel of

si gni ficance. pga.e a re used.to_determ ne significant

di fferences beth/een t?ﬁegapgyéggaﬁu%?:%?t ﬁgué}’ﬁé??ﬁeﬁ?s?h%’él descyibed

det er ni nedint BxpEPieal BsFi cll 63 di 163%knof ab-1ebsg-eistOrilgvel of p<0. 05.
Al'l values are nean f SEM All studies are conducted in accordance with the

guiding principles of the Arerican Physiol ogi cal Society. Further details
regarding the procedures are described in Jackson, et al.) ~7. Cardiovasc.

N s AN\ P Y L. 1 a2 a1 *
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811101, 5002, 700NT821303, 8003, O00ONT83911, 0001, 300NT841101, 5001, 900NT854. 9100
197NT86481180NT879260310NT884100200NT8957051, 00037, OOONT9033014, 50014( 600NT
91633, 0003, 500NT928. 921 0340NT NC1 i ndi cates screening not conpl eted; |ow or
very 1 ow activity obsrved at 20 ng/kg p.o. NC2 indicates screening not
conpleted; lowor very low activity observed at 60 ng/ kg p.o. NC3 indicates
screening not conpleted; |ow or very | @&lactivity observed at 50 ng/ kg p.o.
NT indicates not tested, as does a blank entry. 213 W claim 1. A

conmpound havi ng the For mul a_| h tically
accept abl VHGHAC 65 CIH) I - lzﬁgrleUFreV\ﬁé'Fg’Fﬁeé I‘"goﬁr ggnyl Db Eigg%rggl inyl, R-
Olt T_ t-ohidp=NHCHCgHAC (WH)NBCbzZ) ThE HELC Gradiencyusgdcyvl §my|
C-Cg alkyl, or / ~1/ 2 r I y N+A Alis
hydrogen qEseCHan 1By [T amR: %ZQ%/% &PO? §&/%{Of*% §3e§ g d ; gis 1,
2, O 3:

1 NMR

FAB-MS, m/e 466.4 (MHY)

Analysis for C27H39N502-2HCI1-1H20:

Calc: C, 58.27; H, 7.79; N, 12.58;
Found: Cc, 58.66; H, 7.56; N, 12.78.
Example 43

Q Q "‘n’

D-3-Pig-cis-Ohi-p-NHCH2CgH4C (NH)NH2 - 2HC1
A) Preparation of D-3-Pig-cis-Ohi-p-NHCH2CgH4C (NH)NH2-2HC1

By methods substantially eguivalent to those described
in Example 1-A, 1-D, 18-E, and 18-F, 1.3 g of 3-Pig-cis-
Ohi-p-NHCH2CgH4C (NH)NH2 - 2HC1 was prepared. The HPLC
gradient used in this case was a ramp of 98/2 A/B to 70/30

A/B over 120 minutes.

1H NMR

FAB-MS, m/e 466.4 (MH*)

Analysis for C27H39N502-2HC1:
Calc: c, 60.22; H, 7.67; N, 13.00;
Found: C, 59.95; H, 7.73; N, 12.89.



B ~.s hydrogen or C1-C4 alkyl; R is hydrogen or Cl-C4 alkyl: R' is C1--C4
al kyl, d-Cq perfluoroal kyl., -(CH2)d-COON, or unsubstituted or substituted
aryl, where aryl is phenyl, naphthyl, a 5- or 6-nmenbered unsubstituted or
substituted aromatic heterocyclic ring, having one or two heteroatons which
axe the sanme or different and which are 08 ~ (d;s)m _C-,ICR / NBO1
(~z)~c_or NB(CHR)n( ~(CH) mNBR CO 214 selected from sul fur
oxygen and nitrogen, or a 9- or 10nmenberdkl unsubstituted or substituted
fused bicyclic aromatic heterocyclic group having one or two hetexoatons
whi ch are the sanme or dif~~erent aqﬂﬁﬂﬁﬁgng#e sel ected from sul fur, oxygen
and nitrogen; dis 1, 2, or 3: mis 2; nis 0, 1, or 2 and Zis
hydr ogen, C -Cq al kyl, Cl C4 al koxy, hydroxy, halo, or R-, SO2NH, where Ra
is d-Cg alkyl; _ .. = S05EL. | YlsNRgCHZC NC1NOGC-- Q'
o Z .- uiC3aRYRp|n hR3|sC106aIkyIN|_g cycl oal kyl , or

-(CH2) p-L (CH2)q_T~: REAS bydrao@en, d-CS aIkyI Q@ Hocl oal kyl, or

-(CH2) p-L-(GH2) g-T": pigo, 1, 2, 3 is a bond, -0, -S-, or
-NH: gis 0, 1, 2 or nd T IS hyHrog. - 0oq NHgyl, C3-Cg cycl oal kyl ,
-COOH, -CONHp, ox Ar, whEs RS it ot or substltuted aryl, where
aryl is phenyl, naphthyl SE_;? %?ﬁenbereo unsubstituted or substituted
aromatic heterocyclic ri Javi ng @ne or two heteroatons which are the
same or different and which are selected fromsul fur, oxygen and nitrogen,
or a 9- or 10-nenbered unsubstituted or substituted fused bicyclic aromatic
het erocyclic group BegoBIPRAECPE- - he sane or

di fferent and Mhl?h areﬁselgcted ??g geﬁ?¢9$&8ﬁgygﬁhﬁgﬂg ﬁ? rogen;

S-c1s) -N-[[4- (aminoiminomethyl)phenyl)methyl]-1-
[N- (ethylsulfonyl)-D-phenylglycyl]-1H-indole-2-carboxamide

hydrochloride)

A) Preparation of Bdc-D-Phg-cis-Ohi-OEt

By a method substantially equivalent to that described
in Example 1-A, 14.9 g (58%) of Boc-D-Phg-cis-Ohi~-OEt was
prepared from Boc-D-Phg-OH and (S)-cis-octahydroindole-2-
carboxylic acid ethyl ester-HCl.

iz NMR

FD-MS, m/e 430 (M%)

Analysis for C24H34N205:
Calc: C, 66.95; H, 7.96; N, 6.51;
Found: C, 66.69; H, 8.02; N, 6.40.

B) Preparation of D-Phg-cis-Ohi-OEt-HCl.

To a cold (0°C), stirring solution of Boc-D-Phg-cis-Ohi-
OEt in ethyl acetate was bubbled HC1l gas for 10 min. After
stirring for 2 h while warming to room temperature, the
solvent was removed in vacuo. The resulting solid was
suspended in diethyl ether and subsequently isolated by
filtration to give 10.7 g (97%) of D-Phg-cis-Ohi-OEt -HC1l.



zZi5 RYis -CH2-, -O, -S-, or -NH: and Rz is a bond or, when taken Hth Ry
and the three adjoining carbon atons, forns a saturated carbocyclic ring o~
5-8 atons, one atom of which may be -O, -S-, or -NH; r is 1 or 2; and G
is -(CH2)s-R, where s is 0-5, -CH=CH (CH2)~-R, D (CH2) b E (CH?) k'R, ~
(~) k-Rwheret is 0-3, MR\ NRor ' NR; W--W. (CHz) b. (~~~Db
where D and E are each independently Nor CH kis Oor 1. bis Oor 1;, M
is' S, O or NH each Wis independently or CH arid ~OH R is -NF~x.
-C.-NFL . -CGNHZ , or -NCI-CNHx or ap maceutical ly acceptabl e salt
thereof: or a pharmaceutically acceptable solvate of said conmpound or salt
t hereof ; prlgyipgged that A is not hydrogen, Cl-Cq al kyl or t-butyl oxycarbonyl
when Gis -(CH2)s-R or, _-CH~- (CH2)t-R and Ris -C(NH)NHZ or -NH C(NH) NH2,
Yis NC oﬁ&ﬁﬁg%b§§ﬁta§éd(ﬂgyiinyI (RP is hydrogen). and Tis z ; and
provi ded f rialiesishforRChgHRON208TLe Oor guani dino when r-1 and s=0: 216
and provided furgher that i ot hydrogen, C~,..C alkyl, nethylsulfonyl
or -(CH2)g- C-H Gis ‘-‘(Acﬁ%g% i"% NH4di &h R-64:-C ~2 or -NHClce, Y
is NC'"' ' un®dundet ut ed pred .42 H,RY.i3%;hwir qges). ox 4- hydroxypro.|inyl
(RPis OH), R~ is hydrogen, T is cyclohexyl and Qis -NH A and provi ded
further that R'S02 is not arylsulfonyl when Gis - (CH2) s-Rin which Ris
-~ C~ , YQs uRneperatdond ofr EEBAg-DERpot-sikydhdgoBE . 0X
4-met hyl thioprolinyl (Rp is -SCH3), and Qis -NHA:
To a solution of D-Phg-cis-Ohi-OEt-HC1 (10 g, 27 mmol)

and N,N-diisopropylethylamine (10.7 mL, 61 mmol) in THF (200

mL) at -78 °C, was added dropwise via an addition funnel a

solution of ethanesulfonyl chloride (3.9 g, 30 mmol) in THF

(20 mL) . The cold bath was then left unattended and the

solution warmed slowly to room temperature. After about 18

h, the solution was concentrated in vacuo. The residue was

dissolved in ethyl acetate (200 mL), washed twice each with 1

N citric acid (200 mL), saturated aqueous NaHCO3 (200 mL) and

brine (200 mL). The organic phase was then dried with MgSo0y4,

filtered, and concentrated in vacuo to give 11.2 g (97%) of a

vellow foam.

iy NMR

FD-MS, m/e 422 (M%)

Analysis for C21H3QN205S:
Calc: C, 59.69; H, 7.16; N, 6.63;
Found: C, 59.94; H, 7.08; N, 6.78.

D) Preparation of EtS02-Phg-cis-Ohi-p-NHCH2CgH4C (NH) NH -
HC1

By methods substantially equivalent to those described
in Examples 1-D, 18-E and 18-F, 0.62 g of EtSO2-Phg-cis-Ohi-
p-NHCH2CgH4C (NH)NH2 - 2HC1 were obtained. The HPLC gradient
used in this case was a ramp of 90/10 A/B to 60/40 A/B over
120 minutes.



and provided Further that Ais not R'S02- when ~N-Ri Gis (~=)b, Tis
Cl-C$ alkyl, or and Qis -NH A, NH and further provided that R is not
"~-Cc-~when Xis R 0 (CH) a- i -CQ2inwhich Zis hydrogen, ais 1, R
i's hydrogen and Qis -NHA in which Ais hydrogen, Y is unsubstituted
prolinyl (Rp is hydrogen), r is 1 or 2, and Gis 217 g (CHZ)k-R (Where D
and E are each C8, -(CH2)k-R is pare end k is O and furtb~or provided chat
wham 'Y represents azcddi ac-Z~carhcnyl, p1olinyl (Rp ie F~ or 4
hydraxyprollnyl (Rois O~ and Grepresents NHNH I H( ~ 1 ~"~H2 2~
J " (C~H2~, fiCH2~ ~N(CHCR/ HZ, OCin which latter group R represents
C(I~h#k wheh Wﬁﬁs O or 1, or Rrepresents .NHC(Ni)1l~ when k is 0; then:

' {a) vvhenPQ.B-Q;BGWBSBZ'%.(WW*Q(R')(Q)‘C(O)‘? R represents H . Qis

-NH A and resents ~- ) R'SCs- (in which group R’
reprcseut a )g{]g%’lﬁ %ﬂ o cﬁﬁ‘%ﬂ%&ﬁqﬁt uted by one carboxy group))

Calc: C, 57.69; H, 6.45; N, 12.46;
Found: C, 57.47; H, 6.48; N, 12.20.
Example 45

HN NH
@) e HCI
H NH;

O

Et502-Phe-cis-Ohi-p-NHCH2C5H4C(NH)NHz-HCl
((S-cis)-N-[[4-(aminoiminomethyl)phenyl]methyl]-1-[N-
(ethylsulfonyl)-D-phenylalanyl]-1H-indole-2—carboxamide
hydrochloride)

A) Preparation of EtSO2-Phe-cis-Ohi-p-
NHCH2CgH4C (NH) NH2 - 2HC1

By methods substantially equivalent to those described
in Example 44, 1.5 g EtS02-Phe-cis-Ohi-p-
NHCH2CgH4C (NH)NH2 -HC1 were prepared from Boc-D-Phe-OH.

1y NMR

FAB-MS, m/e 540.3 (MHY)

Analysis for C2gH37N504S-HCl-H20:
Calc: C, 56.51; H, 6.94; N, 11.77;
Found: C, 56.24; H, 6.55; N, 11.72.



RO O -

(in which group RN represents C-C~ alkyl)) R'C(O- (nn which

group R' ~tcpresews C~-C~ allyl of -(CH-~COOH, wherein d is | or 2), or

-(CH~~ COON;, then the.gzoup T-(~'.flsJ, does aot represent: (i) y-Cs alkyl:

(~ -(CH~ GCs-Cs oYcloal kyl; (~) -(~~s P~uyl. which phenyl group is
optionally substiaited with-a~C -C~ sl kyl ~group,. (iv) -(CFi~,-pheayt)

whi ch phenyl &roup is subsdtuced with eitbcr a hydroxy ar a C -C ~ al koxy
group; or (v) -(CHI,-naphthyl; and (b) -1ibes not represent prolinyl,
homoprolinyl, N-BNBar , R 'R OOwaercin R represents H. _
provi ded that when: Y represents -Nzia ON."," 4. o~ U;; Rp wherein Rp

represents H or OH and G representBXaRRIL248H (CH2)b NH N

OiT,OFi

HN
NH
(o) » HCI

M K "
Sk

HOOCCH2-D-Phe-Pro-p-NHCH2CgH4C (NH) NH2 - HC1
(N- (carboxymethyl) -D-phenylalanyl-N-
[[4- (aminoiminomethyl)phenyl)methyl)-L-prolinamide
hydrochloride)

A) Preparation N- (t~BuOOCCH2)-N-Boc-D-Phe-Pro-0OBn.

To a solution of D-Phe-Pro-OBn-HCl (20 g, 51 mmol) in
DMF (100 mL) was added t-butyl bromoacetate (9.9 g, 56 mmol)
in one portion and N,N-diisopropylethylamine (17.4 mL, 101
mmol) dropwise over 30 min. This mixture was allowed to stir
for 18 hrs at room temperature. Di-t-butyl dicarbonate (16.6
g, 76 mmol) and N,N-diisopropylethylamine (13.2 mL, 76 mmol)
were then added in one portion and the reaction was allowed
to stir an additional 24 h. The solvent was removed in vacuo
and the residue was partitioned between ethyl acetate (1 L)
and 1 M aqueous citric acid (500 mL). The layers were
separated and the organic phase was washed once with 1 M
aqueous citric acid, twice with saturated aqueous sodium
bicarbonate, and once with brine (500 mlL, each). The organic
phase was dried (Na2S04), filtered, and concentrated in
vacuo. The amber oil was purified by silica gel
chromatography eluting with a ethyl acetate/hexanes gradient
(hexanes to 30% ethyl acetate/hexanes). Fractions containing
product were combined and concentrated to give 19.0 g (66%)
as a colorless oil which slowly crystallized upon standing.



NH2 (CH2)b (CHz)k-R or . in which latter group R represents -C(NH) NH2 when
k is Oor |, or Rrepresents -NH C(NH)NH2 when k is 0; then: (a) when X
represents T-(CH2); C(R)(QG-C(O-; R represents H and Q represents -NH A
in which A represents H C ~, alkyl, R'S02- (in which group R' represents
C~~ al kyl 'substituted by one carboxy group), R'OC(O- (in which group R
represents Cl~ alkyl), R'C(O- (in which group R' represents d ~ al kyl
COOH, wherein d is 1 or 2), or -(CH2)g-@@@\ then the group T-(CH2), does
not represent: (i) G _$ alkyl; (ii) -(CH2)~ C5_6 cycloal kyl; (iii}
-(CH2), - phenyl, which phenyl group is optionally with a hydroxy, C .~ alkyl
or C al koxy group; or (iv) -(CH2); naphthyl; and or phenyl or -(CH2)d
substitutedy ngk9 (b) X does not represent prolinyl, honoprolinyl, 1 B1
Bor "R "R O Owherein R represents H, and further provided that: (a)
when Y repFEs¥Sysmd{LeB6§i {M72- car bonyl, unsubstituted prolinyl (Rp is H or
4- hydr oxyproleilipslis( Bori £39HypNgorepresents T-(CH2)~ (R ) (Q-KO-; T
represents cycloh%éyl; R represents H,

Calc: C, 67.82; H, 7.47; N, 4.94;

Found: c, 68.06; H, 7.33; N, 5.17.
B) Preparation of N-(t-BuOOCCH2)-N-Boc-D-Phe-Pro-OH.

. To a solution of N- (t-BuOOCCH3)-N-Boc-D-Phe-Pro-OBn
(18.5 g, 33 mmol) in ethyl acetate (250 mL) was added 5% P4d/C
catalyst (5 g). This solution was degassed in vacuo several
times and placed under an atmosphere of hydrogen for 2 h with
stirring. The balloon was removed, diatomaceous earth was
added and the slurry was filtered over a pad of diatomaceous
earth. The filtrate was concentrated in vacuo to give 13.2 g
(84%) of a white foam.

1y NMR

FD-MS, m/e 476 (M%)

Analysis for C25H3gN207:
Calc: C, 63.01; H, 7.61; N, 5.88;
Found: C, 63.23; H, 7.73; N, 5.59,

C) Preparation of N-(t-BuOOCCH2)-N-Boc-D-Phe-Pro-p-
NHCH2CgH4C (NH) NHCbz.

By a method substantially equivalent to Example 18-E,
2.7 g (90%) of N-(t-BuOOCCH2)-N-Boc-D-Phe-Pro-p-
NHCH2CeH4C (NH) NHCbz was prepared from N- (t-BuOOCCH2)-N-Boc-
D-Phe-Pro~OH and p-H2NCH2CgH4C (NH)NHCbz-2HC1.

1H NMR
FD-MS, m/e 743 (MH*)
Analysis for C431H51N50g:
~ Calc: C, 66.38; H, 6.93; N, 9.44;
Found: C, 66.08; H, 6.92; N, 9.16.



Grepresents -(CH2)s R R represents -C(NH~NH2 or -NH C(NH)-NHz; and the
chain -(CHz)J (CH2)s- represents C2-C6 al kyl ene; then Q does not represent
-NH-A in which A represents: (i) H, Cl-C4 alkyl, or nethylsulfonyl; or (ii)
-(CH2) ~ COCH; and (b) when Y represents azeti di ne-2-carbonyl, unsubstituted
prolinyl (Rp is H) or 4-hydroxyprolinyl (Rp is OH); X represents T-(CH2);
CR)(Q-C(O-; Trepresents cyclohexyl; R represents H G represents
-(CHZ)s R, R represents -NH C(NH) - NH2; the chain -(CHz)~ (CH2)s
represents C2-C6 al kyl ene; then Q does not represent -NH A in which A
represents: (i) R'OC(O- in which R' represents tent-butyl; or (ii) R'C(O)-
i n which R'DYeprisepaxation |abrROOIIH)-D-Phtr®Prd-pA conpound or salt or
sol vat e t heypgey 2é§hléfﬂﬁyﬁﬁ%/ df aiml wherein alkyl by itself or as part o!
IS me

anot her substi t'uent ethyl, n-propyl, isopropyl, n-butyl,

t-butyl, isobutyl or sec- butyI perfluoroalkyl by Itself ox as part of
anot her substlthgnalébgjégl rog r fleuQr qet npropyl
(PreTellilie 188! EURLEL %%bpc&%é NEEBAIBLPEY

per fl uor oi éﬁ) per uoro n- ugé perfluoro th
or perfl uoro?&e QMR' Cogl (32 cﬂelapmmpib 1nedhpkeyelopropyl
cycl obutyl, ugxpmqgqug bdggq@ghgﬁxlgag ¥35h1b0n§£89 yI REt%éClOOCtyl halo

is chloro, fluoro, brono ox iaod ere heterocyclic zing is
furyl, thi SRATTIRG FazyS, hpyfhaém ypm@%aszyroomsomergturem thel yl ,

ISOthIaZO|ydmoxaﬁéﬂwﬂs rieYovéldn i, vQEEb”‘dTH¥|reQ¥Eaé'QéL d?égéiggh

thiazinyl: a 9- or ered heterocyclic rin enzotglenyl
benzof uryl )® M&&ﬂ}ﬁg%séﬁfa eshazaily(( 159e%gpywa§9ryK 5L hoahdyl |
i soqui nol i MY IHClbel6z intti)daz gy khak baazaahéazsiyba/@n@1f§¥theﬁfybfre any of
t he aronathﬁﬁéq JT% e%%g natlcugrogg listed for the _definition of Ar or R
i s i ndepende y trsu JpERBr SHbS: PiiteEewWwss BhAced ¥nBeSuBstituents
that Wil dndnogen etmosphereutbur 26i hdwhebdestlyrsayest eﬂo&hom hal o,
hydroxyl, I ! (- NH2 1- C~ al kyl ) ami no)
(CH) ] (I)OHen{r‘r;frr%é%%% Cg%tg%‘é s FROEY W”Nké%nﬁ (S Ere kyl ),

- NHC( 0) ( CLYXEFUALAPE) S1usEw) WAEY £l S60paNbIER - e4paa kqf)amusomaaeous S (O
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and this was immediately purified by HPLC Method 2 (98/2

A/B to 70/30 A/B ramp over 2 hrs). Fractions containing

pure product were pooled and lyophilized to give 1.1 g

(72%) of a white solid.

1y NMR
FAB-MS, m/e 452.3 (MH*)
Analysis for C24H29N504-2HC1:

Calc: C, 54.97; H, 5.96; N, 13.35;
Found: C, 55.21; H, 6.11; N, 13.39.
Example 47
C) OH

HOOCCHz-ﬂ;Phe-cis-Ohi-p-NHCH2C6H4C(NH)NHz-HCl



3. A compound or salt or solvate thereof as clained in Claim1 ox 2 wherein
RO (CHz),~ ~-CQXis Z, honoproliriyl, 1- or 3 Tig, or 1- or 3-PiqQg; Y
is prolinyl; and Qis NHA in which A ~s hydrogen or R'S02-, R is hydrogen,
Z is hydrogen, and B is hydrogen; and R is a guanidino or an am di no group.
9. A conpound or salt or solvate thereof as clainmed in any one of C ains
1-3 wherein Gis a 4-am di nophenyl group. 5. A pharnaceutical formulation
conprising in association with a pharmacelBically acceptable carrier.
diiuent, or excipient, a conpound of Formula I, or a pharmaceutically
acceptable salt or solvate thereof, as clained in any one of Clains 1-9. 6.
A process for preparing a conpound having the Formula I X-Y-NH~ (CHZ) r-G
as cl ai med #)n arRrepdrastiay 4i—1BuODCCHwII-Gihecanim-0ids-OBt .r enovi ng

si mul t aneously or sequentially the protecting groups) P of a corresponding
conpound of Formula Il (P) X-Y-NH (CH2 ) r ~ (P) Il wherein (P)X
represents a radic® selwtiicm @fy DrPhe-cis-GhimOE: ‘MOl €610 Ry FOERDI

i ndependentilry av@leg 10 R NQradCl oteqt a_conpound
of Fornulaﬁ |n &ﬁﬁgﬁg%l?nghgges 86 hﬁﬁaan§|gthggﬁ§5§%§3555%ylﬁf8pgbt|ng
group P forl4d 8mpddtameelioand &- butnrlmhremoxcenatadéuam 287 mawolox~y

rs.i.~ue atphii S nad a N e o '
nmr:e |nd~ ﬁ; Fggﬁ?ﬁé? ggﬁe??ggﬁghfﬁgsgfogegﬁénﬁEY%thneanﬁxegg ?°% a

~. aai pound %o EEFa CPORANG, kP FoRM F§mpéra§urebyth§dsoéutmoh~w35|s a~ a
corres. p. Ocmwdm@teamﬁduﬁﬁ 0%cuGFl Eﬁé"yéémhué”wxé'&93§5i§e§”§ Waek ﬁ§f~ter
when . a salt g § poug E | I's reg~,Ire Por gth
salt wiah & 6% agpit ~Ebbép§8 HE1QR| was Vﬁshﬁﬁ~§W#HP~Ul§h
|r|h|k|; tBaMthhedouhuaouB amfeAiiGn: Ehlﬁﬁﬂaé KZQ%_ﬂﬁ)adEﬁical' TEhSr | - ~gi
.~.n. e = o or p i na~euticarl)jr acceptable
salt or soF&%Pehgegl ggagusagodfggngﬁcfﬁb°ﬁﬁ§e 6ﬁg00¥LtLaaRﬁBtY1Qe véth
marival req@FlpﬁndZPﬁx@Lé|b~ﬁhenhrbnnnonlaﬂerAwasnﬂﬂﬂéd ngsahj ox sol vate
thereof asgghpield,  Bn& BbALEntYREES' PnRbdusGd QK}Q an orange oil

which was purified by silica gel chromatography eluting with

a gradient of hexanes to 1:1 hexanes/ethyl acetate.

Fractions containing product (as judged by TLC) were combined

and concentrated to give 33.2 g (92%) of a colorless oil.

iy NMR

FD-MS, m/e 458 (M%)

Analysis for C2gH3gN20s5:
Calc: C, 68.10; H, B.35; N, 6.11;
Found: C, 68.37; H, 8.47; N, 5.90.

B) . Preparation of N-(t-BuOOCCH2)-N-Boc-D-Phe-cis-Ohi-OH.

To a solution of t-BuOOCCH2-D-Phe-cis-Ohi-OEt (30 g, 65
mmol) in THF (200 mL) was added N,N-diisopropylethylamine (17
mL, 98 mmol) and di-t-butyl dicarbonate (15.7 g, 72 mmol).
This solution was brought to gentle reflux and maintained for:
16 hrs. Heating was discontinued, and once cool, the
solution was concentrated in vacuo. The residue was
dissolved in ethyl acetate (400 mL) and washed twice with 1.0
M citric acid (200 mL), twice with saturated agqueous sodium
bicarbonate (200.mL), and twice with brine (200 mL). The
organic solution was dried (MgSO4), filtered, and



223 A conmpound of Forrmula | or salt or solvate thereof as clained in Caim

. : . : > o i 2)m
1 wherein Xis prolinyl, honoprolinyl, OlIl R O( CHz )~ CII (Ci
~~R T (CHR) a- * C—/N‘B~/N—BQ~R’-oIIO(CH2)~CRN—B,o_r
(CH2) n R (CHz) nC1l! OTis C-Cg cycloalkyl, Ci1-Cg alkyl, or / I ~; \

[ zais O0Oor 1; Qis -NHA Ais -(CH2)g-COON;, g is 1, 2,_or 3; Bis -
hydrogen or Cl1-C4 alkyl; R is hydrogen or Cl1-C4 alkyl; dis I, 2, or 3; m
is 0, 1, or 2; nis O, 1, or 2; and Z igibydrogen, CLl-C4 alkyl, CL-C4

al koxy, hydroxy, halo, or RaS02NH, where Ra is Cl-C4 al kyl ; 224 Y is

- - -Ci i ~ Il ' or Z* ..~~~ 3a \~~,.
NFL- CHZ Céo%éggkggtgd §angcyocéo give a yellow o0il. A portion of

this oil (24.8 g, 44 mmol) was dissolved in 300 mL of
dioxane. To this was added a solution consisting of 2.05 g
LiOH-H20 (49 mmol) in 150 mL water. This mixture was allowed
to stir for 5 hrs at room temp at which time 100 mL of
saturated agueous ammonium chloride was added. Solvents were
removed in vacuo and the residue was partitioned between
saturated agueous sodium bicarbonate and diethyl ether. The
layers were separated and the aqueous layer was acidified to
PH 3 with citric acid. The acidic agqueous solution was
extracted 3 times with diethyl ether (200 mL) and these were
combined, dried (MgSO4), filtered and concentrated to give
24.3 g of N- (£t-BuOOCCH2) -N-Boc-D-Phe-cis-Ohi-OH as a white
foam.

1 NMR

FD-MS, m/e 530 (M*)

Analysis for C29H42N207:
Calc: C, 65.64; H, 7.98; N, 5.28;
Found: C, 65.39; H, 8.04; N, 5.39,

C) Preparation of HOOCCH2-D-Phe~cis-Ohi-p-
NHCH2CgH4C (NH)NH2 - HC1

By methods substantially equivalent to those described
in Example 18-E and 46-D, 1.2 g (67%) of HOOCCH2-D-Phe-cis-
Ohi-p-NHCH2CgH4C (NH)NH2 -HC1 were obtained.

1H NMR
FAB-MS, m/e 506.3 (MHY)
Analysis for C2gH35N504-2HC1-H20:
Calc: C, 57.24; H, 6.52; N, 11.92;

Found: C, 57.40; H, 6.30; N, 11.69.



RY Rg is C1-C6 al kyl, C3-Cg cycloal kyl, or -(CH2)p-L-(CH2)g-T'; RP is

hydr ogen, Cl1-C6 al kyl, C3-Cg cycloal kyl, or -(CH2)p-L-(CH2)~-T"; where p is
0O, 1, 2, 3, or 4, Lis a bond, -O, -S-, or -NH; qis 0, 1, 2 or 3, and T
i s hydrogen, Cl-C4 alkyl) C3-Cg cycloal kyl, -COOH, -CONH2, or Ar, where Ar
IS unsubstituted or substituted aryl, where aryl is phenyl, naphthyl, a 5-
or 6-nenbered unsubstituted or substituted aromatic heterocyclic ring)

havi ng one or two heteroatons which arejblde same or different and which are
selected fromsul fur, oxygen and nitrogen, or a 9- or 10-nenbered
unsubstituted or substituted fused bicyclic aromatic heterocyclic group

havi ng one or two heteroatons whiclExampliehad8ame or different and which are
sel ected from sul fur, oxygen and nitrogen; RY is -CH2-, -O, -S, or -NH;

and RZ is a bond or, when ta RY and the three adjoi ning carbon
atons, forns a saturated caxbo |c ring of 5-8 atons, one atom of which
my be -O, -S-, or -NH; r ;andGls-DRNOII...,~~iIC4
225 where D and E arg and NOH Ris -CNH2 ; or a pharmaceutically
acceptabl e salt therg r a phar maceut i cal |y actédpt abl ol vate of said
conpound or salt thersg h. AF. Al . .Alt. A AL CALAY. A A

A A[AAAUA3AuA&AA(A5 . AF[ 9ﬁ-|

AY_AAI AF. AY, . A(S. An. A3". AFNAA% yH . Ay5. AF; ?. Al . A3E . A3;
.A 2. A. Al . AluYy. A Aa . A3. AA AY({l % Af« ANARSS AF Ae A N AY. AR A3r. AA
9. Al % A ;%A AY3% AG. Ay. A@Q.. A %ggFSQ A hy_. A Y. A3% AUY. AFl % A | . AY% AL
AAL. AFl . A Ah. AHB9. AsYr. A A 2. A 9. A® ARF. AF. A he. A . AF. AN . A A9. A

. AU . A3. AFF . AYE. Al 9. A. A3 r. AF9. Al | . Ah2. A9. . A . AY. Al . AA . A
L. A A3. AuYS. A Al né%c@ﬁzfﬁléﬁaffgg-p-nncnzcsn4c(NH)NH;-Hc1
(N- (carboxymethyl)-D-cyclohexylalanyl-N-[[4-
(aminoiminomethyl)phenyl Jmethyl)-L-prolinamide)

A) Preparation of HOOCCH2-D-Cha-Pro-p-NHCH2CgH4C (NH)NH2-HC1

By methods substantially equivalent to those described
in Example 46, 0.92 g of HOOCCH2-D-Cha-Pro-p-
NHCH2CgH4C (NH)NH2 -HC1l were prepared.

14 NMR
FD-MS, m/e 458 (M*)
Analysis for C24H35N504-HCl-0.5H20:

Calc: C, 57.30; H, 7.41; N, 13.92;
Found: C, 57.52; H, 7.29; N, 13.83.
Example 49
OOH

NH
O\/k( « HC
H NH;

O
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CfiT,Cﬂi

HN
NH
0] e HCI
H NH,
NS... N
i
o 0

HOOCCH2-D-Phe-Pro (4-cis-isoamyl) ~P-NHCH2CgH4C (NH) NH3 - HC1

A) Preparation of Cbz-Pro(4-trans-0OH) -OEt .
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concentrated in vacuo to give 37 g (45%) of a colorless oil.

1 NMR

FD-MS, m/e 345 (M)

Analysis for C2pH27NOg4:
Calc: C, 69.54; H, 7.88; N, 4.05;

’

Found: C, 69.74; H, 7.85; N, 3.99.

D) Preparation of Pro(4-cis-isocamyl)-OEt-HC1.



/

%=AHINSX" | vgkf ~ ZUi ¢~ XRU] ] c] cal] cal] ca] cal] ca] cal] cal] cal] cal] cal] ca] cal] caU
] caU] caU] ca] ca] caU] caU] ca] ca] ca] caU] ca] caU] ca WV] cal] ca] calU] ca®esKNTV ns
ysmhb[ UG ¢~ XU] cal] ca

WV] cal] ca]'cal] cal] cal] ca] cJal] ca] cal] ca] ca] cal] ca] cal] cal] ca] cal caU] cal] ca
Ul cal] ca] caD] ca] caU] caD] caU] ca "ed#' ) +: Dgm

o! ysnga\ VPi c*XUU] cal] ca] cal] cal] caU] caljgaU] cal] cal] ca] cal] cal] caU] ca] cal] c
a] cal] cal] cal] ca] cay caU] cal] ca] ca] caU] ca WV]cal] ca

UVl caol rlulylt {Iirrrrlm"" ##3$$$$908/06-%d %895 %y Y0 Y% %CY%G Wq éVPUL%ca] caL%ca ]ca
U] ca] caU] caU] cal] ca] SaURCEPEREA©R] 0] €T BER)f éa{f@h‘@ﬁxm ehtPER] cHa
U ca] cal] ced Tay] crof anhsPCUBRIMALT- &5 06 Gy S¢ard M X (s(d,{d)és) gy F-

gauxgg?gga?% %%ﬁ}c%% M%Qm%ﬁ&%@ca} calﬁ:ﬁtclagnca gra]scﬂ:.cna] CI;’;IU] cay
C* e*** +| +CifertHydrdgen Nas mbasDHubbJ.ecﬂ reherdugh -£dx 130\ VaieXSd s dtoiadd cal ca

;ﬂ ggucgg% gg{faégt%%%cg]ﬁulou n % oan]é::LalﬂomaJceolﬂ lﬁrt‘ﬂ CZad Ca Ca] cajc

[T 11111 ¢ horiie A 366 1w amﬂﬂﬂged lﬂlmubhg:lﬁé/gidm%]ﬂ:ﬂrﬁaimm ca] ca] cau

ca ca
]U\/] C;J\L/J]] catﬁcai é:ta call]éé‘gﬂ%?% %llq c%ef‘]lu J'qfa]wcaﬁJ]coﬁﬁma&ﬂﬁ &R vaguq..
H<S<Z<] <i <Fex<give<26-g-=t3)={cf--ambe? tadilc" XRgb] XSU] cal] ca] cal] cal] ca] caU] ca
] caU] ca] caU] ca] caU] ca] cal] ca] caU] ca] ca] cal] ca] cal] ca] caU] ca] caU] ca] cal] ca
WV] cal] ca]£a??2?2??24@ @@
@@ @@ @86 BBBBBCC CIV[,\/C] CCCD} vpke ZTi cAXRgb] XSU] U] ca] caU] cal] ca] cal]

ca W] caU]m-]mU]:ml czﬁu]&

UV] cal] ca caU]E%#: ca] cal ca] cal] ca] cal] cal] ca] c

aDDDD&EI E G#H HOH?H{ vpj d_ZTgb] XSU] U] ca] ca] cal] cal] c
aU] ca] ca] caU] cagrdf ca] cat)] ced p‘ﬁM ) ce] gallgalsag£al cal ca] ca] cal] cal] cau
] ca] cal] ca] cay a’> HHH% 21 Z| I I | 1 KKKKvi_|

MANVDMy MV Mk Mz (o RS rgb] U]I_% {i al] 2% c%\/j%’\@%aU] ca

W] caU] ca] caU] ca] caU] ca] cal] ca] caU] ca] cal] ca] ca] cal] ca] c(a] c2aU] ca] cal] ca]c

T U ZUPj.d YT 2
2g]lJ]Cgllch]a)éa caU] cay| caUca ﬁ%&% % cl:ﬂéwu‘l%‘tls'! pjg-oal cal cal

W] cal] ca )d&2c#qca] cal] ca] cal] cal] ca] cal] caUUUUVVVWANAK XTX{ X
XXXXTYXY VI YYYYYYZ>ZI ZqZzt oi d*YSg] c2U] ca] cal] ca] cal] ca] cal] ca] caU] caU] ca] ca
U] ca] caU] ca] caU] ca] ca] cal] ca] ca] ca] ca] cal] cal] cal] caU] cal] caU] cal] ca] caqzZzZ
T LTSNS Loy gty pet porrps T P Pt A IS A STEAT
]ca] ca] ca ﬁga caaa#hb bbcc7c|q'c?ccgkg%g]d%gkgsuhgdglég‘%ég‘g%gr;&?\ Ug] c2U]

W] cay cagr 5] @éﬂ%&es PRUREaFcaPe £ GaPcfaﬂP@gF@éUPCEPGaBF@éFCGUFca] ca] ca]

cal cal] calizndmdl) ot a4 Bohv eieh BBRRL LS stakkthisdleklornOnt

ke X
{TJ]}\(;Ea?J] cz?]g1 szPp k]}’gﬁ]’@g]@(;gé '&]’EU%FBQ}"U}AUP@&] *BEY; caFEERO] MethedURcwpsal] caU
] cal)] cal] aslddc dhmone WiritdcaeispopE. ¢hdslaatessait Lsvhyvyvgwhas gEE\ ¥eu] U c

a] cay ca] %l)]2cﬂl%a]tCAaj] /%%] %}B over 3 h.

1y NMR

FAB-MS, m/e 528.4 (MHY)

Analysis for C29H45N504-1.9HC1:
Calc: C, 58.34; H, 7.92; N, 11.73; C1, 11.28;
Found: C, 58.30; H, 7.85; N, 11.83; Cl1, 11.27.
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ysis for C22H33N502 2 1HC1

Calc: C, 55.50; H, 7.43; N, 14.71; C1, 15.64;
Found: C, 55.64; H, 7.50; N, 14.65; €1, 15.81.
Example 52
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HOOCCHzCHz-D-Cha-Pro—p-NHCH2C6H4C (NH)NH2 - HC1
(N-(2—carboxyethyl)-D-cyclohexylalanyl-N-
[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide
hydrochloride)

A) Preparation of HOOCCH2CH2-D-Cha- Pro-p-
NHCH2CgH4C (NH) NH2 - HC1
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Analysis for C25H37Ns504-1.9HC1:

Calc: C, 55.50; H, 7.25; N, 12.94; C1, 12.45;
Found: C, 55.26; H, 7.26; N, 13.21; €1, 12.85.
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HO2CCH2~D-Cha-Pro-4-NHCH2-piperidine-HC]
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filtered off and the solution was concentrated in vacuo to
give 9.0 g of a gray solid. A 3.2 g portion of the solid was
dissolved in tetrahydrofuran (75 mL) and an agueous solution
(75 mL) of potassium carbonate (4.2 g, 30 mmol) was added.

To this stirring solution was added benzyl chloroformate (2.3
mL, 16 mmol). After 15 min, the solution was concentrated in
vacuo to about 1/2 the original volume and then diluted with
ethyl acetate. The organic phase was separated and washed
with brine, then dried (MgSOy4), filtered and concentrated in

vacuo to give 4.6 g (76%) of a white solid.

1 NMR
FD-MS, m/e 349 (M*)

C) Preparation of 4-NH,CH;-N-Cbz-piperidine-HCl.

By a method substantially equivalent to that described
in example 23-A, 3 g (B84%) of 4-NHCH,-N-Cbz-piperidine-HCl
was prepared from 4-BocNHCH;-N-Cbz-piperidine.
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IR
1H NMR
FD-MS, m/e 423 (M*)
Analysis for C22H3gN404:2HC1-1.5H50:
Calc: C, 50.57; H, 8.29; N, 10.72;
.Found: C, 50.31; H, 8.46; N, 10.93.
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Preparation of HO2CCH2-D-Cha-Pro-4-NHCH2CH2 -piperidine-HC1.

By methods substantially equivalent to those described
in example 52, 0.59 g of HO2CCH2-D-Cha~-Pro-4~NHCH2CH2 ~
pPiperidine-HCl was prepared from 4-aminoethylpyridine. The
product was purified by RPHPLC method 2, ramping from 98/2
(A/B) through 70/30 (A/B) over 2 h.

IR

IH NMR

FD-MS, m/e 437 (M*)

Analysis for Cz3HgoN4O¢-2.5HCl-1.5H,0:

Calc: C, 49.80; H, 8.27; N, 10.10;
Found: C, 49.95; H, 8.08; N, 10.34.
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HO2CCH2-D-Cha-Pro-4-NHCHE2CHo,CH2-piperidine - HC1
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C) Preparation of HO2CCH;-D-Cha-Pro-4-NHCH2CH;CHo -
piperidine-HCl.

By methods substantially equivalent to those described
in example 53-D and 53-E, 0.39 g 6f HO2CCH2-D-Cha-Pro-4-
NHCH2CH2CH2-piperidine-HCl was prepared from N- (t-BuO;CCH;)-N-
Boc-D-Cha-Pro-OH and 4-aminopropyl-N-Cbz-piperidine-HCl. The
product was purified by RPHPLC method 2, ramping from 98/2
(A/B) through 70/30 (A/B) over 2 h.

IR

1H NMR

IS-MS, m/e 451.4 (MHY)

Analysis for Ca4Hg2Ng04-2HCLl-H30:
Calc: C, 53.23; H, 8.56; N, 10.35;
Found: C, 53.43; H, 8.63; N, 10.19.
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HO2CCH>-D-Cha-Pro-4-NHCH2-1l-amidinopiperidine-HC1l
(N~ (carboxymethyl)-D-cyclohexylalanyl-N-[[1-
(aminoiminomethyl)-hexahydropyridin-4-yl]lmethyl)-L-

* HCI

prolinamide hydrochloride)

Preparation of HO2CCH;-D-Cha-Pro-4-NHCH2-1-
amidinopiperidine-HCl.

By methods substantially equivalent to those described
in examples 34-D, 23-A, 1-G (using N-(t-Bu03CCH3z)-N-Boc-D-Cha-
Pro-OH), 18-E, and 1-H, 0.35 g of HO2CCHz-D-Cha-Pro-4-NHCH2-
l-amidinopiperidine-HCl was prepared from
4-BocNHCHzpiperidine. The final product was purified by
RPHPLC method 2 (98/2 (A/B) ramp to 75/25 (A/B), 150 min).

IR

1H NMR

FAB-MS, m/e 465 (MHY)

Analysis for C23HgoNgO4-2HCl:
Calc: C, 51.39; H, 7.88; N, 15.63; Cl, 13.19;
Found: C, 51.66; H, 7.98; N, 15.80; Cl, 13.48.
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HO2CCH2-D-Cha-Pro-4-NHCHCH2-1-amidinopiperidine-HC1

Preparation of HO2CCH2-D-Cha-Pro-4-NHCH,CH -1~
amidinopiperidine-HCl.

By methods substantially equivalent to those described
in examples 34-D, 23-A, 1-G (using N- (t~Bu0O2CCH2) ~-N~-Boc-D-Cha-
Pro-OH), 18-E, and 1-H, 0.34 g of HO2CCH>~D-Cha-Pro-4-
NHCHCH2-1-amidinopiperidine-HCl were prepared from 4-
BocNHCH2CHz-piperidine. The final product was purified by
RPHPLC method 2 (98/2 (A/B) ramp to 75/25 (A/B), 150 min).

IR

1H NMR

FAB-MS, m/e 479.4 (MH*)

Analysis for CogHg2NgO4-2HCL:
Calc: C, 52.26; H, 8.07; N, 15.24; Cl, 12.86;
Found: "C, 52.56; H, 8.15; N, 15.37; cC1, 13.07.
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HOzCCHz-D-Cha-Pro—4-NHCH2-3,4-dehydro-piperidine-HCl
A) Preparation of 4-BocNHCH2-N-methyl-pyridinium iodide.

To a stirring solution of 4-BocNHCHa-pyridine (20 g, 96
mmol) in acetonitrile (200 mL) was added iodomethane (8.9 mL,
144 mmol). After 16 h, the solution was concentrated in
vacuo to give 33.8 g (96%) of a thick light yellow oil.

FD-MS, m/e 223.1 (M+)
B) Preparation of 4-BocNHCHz-N-Fmoc-3,4-dehydro-piperidine.

To a stirring solution of 4-BocNHCHp-N-methyl-pyridinium
iodide (7.7 g, 34 mmol) in 1,2-dichloroethane (100 mL) was
added 1,8-bis(dimethylamino)naphthalene (1.5 g, 6.8 mmo1l )
followed by 2-chloroethyl chloroformate (5.3 g, 37 mL). The
solution was heated to reflux and after 2 h, the solution was
cooled to room temperature and the solvent was removed in
vacuo and the residue was quickly flushed through a column of _
silica gel with 20% ethyl acetate/hexanes. The organic
solvents were removed in vacuo and the residue was dissolved
in methanol (300 mL) and heated to reflux for 20 min,.
Saturated agqueous NaHCO3 (100 mL) was then added and the
solvents were removed in vacuo. The residue was dissolved in
water (200 mL) and washed twice with hexanes, then saturated
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diisopropylethylamine (2.1 mL, 12.2 mmol) followed by
9-fluorenylmethyl chloroformate (3.2 g, 12.2 mmol). After 2
h, the solvent was removed in vacuo and the residue was
dissolved in ethyl acetate (250 mL) and washed twice with 1 N
citric acid, once with brine, twice with saturated aqueous
NaHCO3 and finally once with brine. The organic phase was
then dried (MgSO4), filtered and concentrated in vacuo and
the residue was chromatographed over a silica gel column,
eluting with a step gradient of 5% ethyl acetate/hexanes
through 50% ethyl acetate/hexanes. The product containing
fractions (judged by TLC) were combined ang concentrated to
give 4 g (27%) of a white solid.

IR
14 NMR
FD-MS, m/e 435 (M*)

C) Preparation of N-(t-Bu02CCH2)-N-Boc-D-Cha-Pro-4-NHCH2-N-
Fmoc-3,4-dehydro-piperidine.

By methods subtantially equivalent to those described in
examples 23-A and 1-G (using N-(t- BuO,CCH) ~-N-Boc-D~Cha-Pro-
OH), 2.5 g of N-(t-BuOyCCH3)-N- Boc-D-Cha-Pro-4-NHCHz-N—Fmoc-
3,4-dehydro-piperidine was prepared from 4-BocNHCH;-N-Fmoc-
3,4-dehydro-piperidine.

IR
1y NMR
FD-MS, m/e 799 (M*)

D) Preparation of N-(t-Bu02CCH2)-N-Boc-D-Cha-Pro-4-NHCH2-3,4-
dehydro-piperidine.
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dehydro-piperidine (1.5 g, 1.9 mmol) was dissolved in
morpholine (25 mL) and after stirring for 5 h, the solvent
was evaporated in vacuo. The residue was dissolved in ethyl
acetate and washed twice with saturated aqueous NaHCO3, dried
(MgS04), filtered and concentrated in vacuc. The residue was

- then dissolved in a small volume of chloroform and
chromatographed over silica gel, eluting with a gradient of
5% to 10% A/B (A = 9:1 methanol/conc. NH4OH; B = chloroform).
The product containing fractions as judged by TLC were
combined and concentrated ir vacuo to give 890 mg (82%) of
white solid.

1y NMR
FD-MS, m/e 576 (MH*)

E) Preparation of HO2CCH2-D-Cha~-Pro-4-NHCH2 -3, {-dehydro-
piperidine-HC1.

HCl gas was bubbled through a solution of N-(t-
BuO2CCH2) ~-N-Boc-D-Cha-Pro-4-NHCH;~3, 4-dehydro-piperidine (820
mg, 1.4 mmol) and anisole (1 mL) in dioxane (25 mL) at 0 ©C
for 10 min. After stirring for 12 h, the solvent was removed
in vacuo and the residue was dissolved in water (50 mL) and
washed twice with diethyl ether. The aqueous phase was then
concentrated to a volume of about 20 mL in vacuo and purified
by RPHPLC (Method 2, 98/2 (A/B) through 70/30 (A/B), 2 h).
The product containing fractions as judged by analytical
RPHPLC were combined, partially concentrated in vacuo and
lyophilized to give 442 mg (68%) of white solid.

IR
1H NMR
FD-MS, m/e 423 (MH*)
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Analysis for Cs3H3gNgO4:2HCl-1.5H30:

Calc: C, 50.57; H, 8.29; N, 10.72;
Found: C, 50.31; H, 8.46; N, 10.93.
Example 59
Oj/OH
HN
(0]

N H * HCI
e ”V\C
@] NH

HO2CCH2-D-Cha-Pro-4-NHCHCH2-3, 4~dehydro-piperidine-HC1

Preparation of HO2CCH2-D-Cha-Pro-4-NHCH,CH2-3,4-dehydro-
piperidine-HCl.

By methods substantially equivalent to those described
in example 58, 73 mg of HO2CCH2-D-Cha-Pro-4-NHCH2CH2-3, 4-
dehydro-piperidine-HC]l was prepared from 4-BocNHCHCH2 -
pyridine. The final product was purified by RPHPLC method 2
(98/2 (A/B) through 70/30 (A/B), 2 h).

IR

1H NMR

IS-MS, m/e 435.2 (MH*)

Analysis for C23H3gNgO4-2.3HC1l-3H30:
Calc: C, 48.26; H, 8.15; N, 9.79; Cl, 14.24;
Found: C, 48.31; H, 7.93; N, 9.66; Cl, 14.56.
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HOzCCHz-D-Cha-Pro-4—NHCH;CH;CHz-B,4-dehydro-piperidine-HCl

Preparation of HOzCCHz-D-Cha-Pro-4—NHCH2CH2CH2-3.4-dehydro-
piperidine-HC1.

By methods substantially equivalent to those described
in example 58, 205 mg of HOzCCHz-D-Cha-Pro-4-NHCH2CH2CH2-3,4-
dehydro-piperidine-HCl was prepared from 4-BocNHCH2CH,CHa-
pyridine.

IR

1H NMR

IS-MS, m/e 449.2 (MH*)

Analysis for Co¢HgoNg04-2.3 HC1-H30:

Calc: C, 52.37; H, 3.11; N, 10.18;
Found: C, 51.64; H, 7.72; N, 10.31; Cl, 14.69.
ExXample 61
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(1R,4aR,8aR)-1-Piq-Pro-Agm03HCl
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decahydro-l(R)-isoquinolinyl]carbonyl]-l-prolinamide
trihydrochloride)

The Rf values in this example were determined by silica
gel thin layer chromotography (Kieselgel 60 F-254) in the
following systems (v/v):

(A) Chloroform:Methanol:Acetic Acid 135:15:1

(B) Ethyl acetate:Acetic Acid:Absolute Ethanol
90:10:10

(C) Ethyl acetate:Hexane (70:30)

(D) Chloroform

A) N-Methoxycarbonylphenethylamine

To a stirred solution of phenethylamine (75.2 mL, 0.6
mol) and triethylamine (83 mL, 0.6 mel) in THF (500 mlL) was
added slowly methyl chloroformate 46.2 mL, 0.6 mol)
dissolved in THF (50 mL). After the reaction was stirred for
an additional 1 h at room temperature, diethyl ether (2 L)
and 1 N HC1l (800 mL) were added. The organic layer was
washed with water, dried (MgSO4), filtered, and the filtrate
was concentrated in vacuo to give a clear oil of pure title
compound (102 g, 95%).

B) 2-Methoxycarbonyl~DL-1,2,3,4-tetrahydoisoquinoline—l-
carboxylic acid

To a solution of N-methoxycarbonyl phenethylamine (102
g, 0.57 mol) in trifluorocacetic acid (300 mL) was added
glyoxylic acid (63 g, 0.68 mol), and the mixture was heated
to reflux temperature. After 4 h at reflux the reaction was
cooled to room temperature, solvent removed in vacuo, and
diethyl ether (800mL) / water (100 mL) was added to the
residue. The reaction mixture pH was raised to 12 with S N
NaOH and the aqueous layer separated. To the agueous layer
was added diethyl ether (500 mL), and the solution was
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acidified to pH 2.5 with 5 N HCl. The organic layer was
separated, dried (MgSOy), filteréd, and the filtrate was
concentrated in vacuo to afford an oil of pure title
compound (107 g, 80%); FAB-MS 236 (MHY).

C) 2-Methoxycarbonyl-DL-l,2,3,4-tetrahydoisoquinoline-l-
carboxylic acid t-butyl ester

To a stirred, cooled (0 ©C), solution of
2-methoxycarbony1-DL-l,2,3,4-tetrahydoisoquinoline-l—
carboxylic acid (2) (105 g, 0.45 mol) in CH2Cl2 (200 mL) was
added t-butanol (52 mL, 0.54 mol) and DCC (92 g, 0.45 mol).
After 2 h at 0 °C and 24 h at room temperature the solvent
was removed in vacuo, and ethyl acetate (800mL) / 1 N NaHCO3
(300 mL) was added to the residue. The organic layer was
separated, washed with water, 1.5 N citric acid, and water.
The organic layer was dried (MgSO4), filtered, and the
filtrate was concentrated in vacuo to afford an oil of pure
title compound (106 g, 81%); FAB-MS 292 (MH¥); TLC Rf (A)
0.61; elemental analysis (calcd) C16H21NO4: C, 65.96; H,
7.27; N, 4.81; Found: C, 66.24, H, 7.28, N, 4.73.

D) 2-Methoxycarbonyl- (1RS, 4aSR, 8aSR) -perhydoisoquinoline-1-
carboxylic acid t-butyl ester

A solution of 2-methylcarbonyl- -DL-1,2,3,4-
tetrahydoisoquinoline-1- -carboxylic acid t- -butyl ester (105 g,
0.36 mol) in t-butanol (800 mL) was reduced over 5% Rh/Al503
(52.5 g) at 55 bar (800 psi) of hydrogen in a high pressure
apparatus at 50 ©C for 24 hours. The reaction mixture was
filtered through a pad of diatomaceous earth, and the
filtrate was concentrated in vacuo. The resulting oil was
dried to give pure title compound (96.5 g, 90%) FD-MS 298
(MH*); TLC Rf (C) 0.63.

E) 2—Methoxycarbonyl-(1RS,4aRS,8aRS)-perhydoisoquinoline—l-
carboxylic acid ethyl ester
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To a solution of 2-methoxycarbonyl- (1RS, 4aSR, 8aSR) -
perhydoisoquinoline-1l-carboxylic acid t-butyl ester (81.2 g,
273 mmol) in EtOH (500 mL) was added sodium ethoxide (21% in
ethanol) (88.4 mL, 273 mmol) and the reaction mixture was
refluxed (24 h). The organic solvent was evaporated in
vacuo, ethyl acetate (400mL) and water (100 mL) was added to
the residue. The organic layer was separated, washed twice
with water, dried (MgSO4), filtered, and the filtrate was
concentrated in vacuo to afford an oil of pure title compound
(70 g, .95%); FAB-MS 270 (MH*); TLC Rf (A) 0.61.

F) 2-Methoxycarbonyl-(lRS,4aRS,BaRS)-perhydoisoquinoline-l-
carboxylic acid

To a solution of the product of step E (70 g, 260 mmol)
in THF (250 mL) was added 2 N NaOH (156 mL, 312 mmol) and the
reaction mixture stirred at room temperature (30 h). The
organic solvent was evaporated in vacuo, diethyl ether (400
mL) and water (100 mL) was added to the residue. The aqueous
layer separated and ethyl acetate (400 mlL) was added. The pH
of the solution was adjusted to 2.0 with 5 N HCl. The
organic layer was dried (MgSOg4), filtered, and the filtrate
was concentrated in vacuo to give a clear oil. The oil was
crystallized from hexane (200 mL) to afford pure title
compound (46.4 g,.74%); FAB-MS 242 (MH*); TLC Rf (A) 0.36;
elemental analysis (calcd) C12H19NO4: C, 59.74; H, 7.94; N,
5.81; Found: C, 59.95, H, 7.88, N, 5.54. NMR assignments
were made by homonuclear decoupling, COSY, HMQC, and DEPT
experiments.

G) 2-Cbz-(lRS,4aRS,BaRS)-perhydoisoquinoline-l-carboxylic
acid

To a stirred solution of the product of step F (46 g,
191 mmol), at room temperature, in anhydrous CH3CN (200 mL)
under an inert atmosphere was added a solution of
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iodotrimethylsilane (62.4 mL, 440 mmol) in CH3CN (60 mL).
The reaction mixture was stirred at 55 ©C for 30 min and
cooled to room temperature. The reaction was gquenched with
water (100 mL) followed by sodium metabisulfite (1 g). The
PH of the reaction was raised to 10.0 with 5 N NaOH, and
benzyl chloroformate (27.3 mL, 191 mmol) was added dropwise
while the pH maintained at 10 with 2 N NaOH. After the
reaction was stirred for an additional 30 min at room
temperature, the organic solvent was evaporated in vacuo, and
diethyl ether (200 mL) was added. The reaction was allowed
to stand at room temperature (2 h) and ethyl acetate (200 mL)
was added. The aqueous solution was acidified to pH 2.5 with
5 N HCl; the organic layer was separated, dried (MgSOy4) .
filtered, and the filtrate was concentrated in vacuo to give
pure title compound as an oil (39.5 g, 65%); FAB-MS 318
(MH*) ; elemental analysis (caled) C18H23NO4: C, 68.12; H,
7.30; N, 4.41; Found: C, 66.37, H, 7.52, N, 4.37.

H) 2-Cbz-(1RS,4aRS,BaRS)-perhydoisoquinoline-1-carbonyl-
Pro-0O~t-Bu

To a stirred, cooled (0 ©C) solution of the product of
step G (39 g, 123 mmol) in DMF (200 mL) was added proline
t-butyl ester (21.1 g, 123 mmol), l-hydroxybenzotriazole
(16.6 g, 123 mmol), and DCC (25.3 g, 123 mmol). The reaction
mixture was stirred for 2 h at 0 OC and 24 h at room
temperature. The reaction precipitate was filtered and the
filtrate concentrated in vacuo to an ©il. The oil was
dissolved in EtOAc (200 mlL) and water (100 mL). The organic
layer was washed sequentially with 1 N NaHCO3, water, 1.5 N
citric acid, and water. The organic layer was dried (Mgsoyg),
filtered, and the filtrate evaporated to an amorphous solid
of the title compound as a mixture of diastereomers (52.7 g,
91%) FAB-MS 471 (MHY).

I) 2-Cbz-(4aR,BaR)-perhydoisoquinoline-l(R)-cﬁrbonyl-Pro—OH'
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(70 ml) and anisole (5 ml). . The reaction mixture was stirred
at room temperature for 1 h and concentrated in vacuo without
heating. The residue was diluted with diethyl ether (400
ml), water (100 mL), and the pH of the solution was adjusted
to 10.0 with 5 N NaOH. The agqueous layer separated and ethyl
acetate (300 mL) was added. The pH of the solution was
adjusted to 2.5 with 5 N HCl; the organic layer was
separated, dried (MgSO4), filtered, and the filtrate was
concentrated in vacuo to give & clear oil. The oil was
dissolved in diethyl ether (500 mL) and (L)~ (-)-alpha-
methylbenzylamine was added to the solution. The solution
was allowed to stand at room temperature (24 h). The
resulting solid was filtered, washed with diethyl ether and
dried. The solid was suspended in ethyl acetate, washed with
1.5 N citric acid, and water. The organic layer was dried
(MgSO4), filtered, and the filtrate evaporated to give the
title compound as an oil (20.2 g, 44%) FAB-MS 415 (MH*); [alp
= 3.2° (C = 0.5, MeOH); elemental analysis (calcd)
C23H30N205: C, 66.65; H, 7.30; N, 6.76. Found: C, 66.38, H,
7.36, N, 6.63.

J) 2-Cbz-(4aR,BaR)-perhydoisoquinoline-l(R)-carbonyl-Pro-
NH- (CH2) 4-NH-Boc

In flask 1 the product of step I (1.06 g, 2.55 mmole)
was dissolved in DMF (10 ml), cooled to -15 ©C, and N-
methylmorpholine (0.28 ml, 2.55 mmole) was added, followed by
isobutyl chloroformate (0.33 ml, 2.55 mmole). The reaction
mixture was stirred at -15 ©C for 2 min.

In flask 2 N-Boc-1,4-diamino-butane (0.48 g, 2.55 mmole)
was dissolved in DMF (10 ml), cooled to 0 ©C, and N-
methylmorpholine (0.28 ml, 2.55 mmole) was added to the
solution. The reaction mixture was stirred at 0 ©°C for 2
min.
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The contents of flask 2 was added to flask 1, and the
reaction mixture was stirred for 4 h (-15 °C) and 24 h at
room temperature. To the reaction was added 1 N NaHCO3 (1
ml) and the reaction solvent was removed in vacuo to an oil.
The residue was dissolved in EtOac (200 ml) and washed
sequentially with 1.5 N citric acid, water, 1 N NaHCO3 (100
ml), and water. The organic solution was dried (MgSOy4),
filtered, and concentrated to dryness in vacuo to give crude
title compound as a solid (1.47 g, 99%): FABR-MS 585 (MHY);
TLC Rf (A) 0.70.

K) (4aR,BaR)-Perhydoisoquinoline-l(R)-carbonyl-Pro-Agm-3HCl

To a stirred solution of the product of step J (1.4 g,

2.4 mmol) in CH2Clz (2 mL) was added trifluoroacetic acid (25
ml) and anisole (2.5 ml). The reaction mixture was stirred
at room temperature for 30 min and concentrated in vacuo
without heating. The reaction was diluted with diethyl ether
(100 ml) and the supernatant decanted. The resulting oil was
triturated twice with diethyl ether and dried. The dried oil
was dissolved in THF (20 mL), triethylamine (0.66 mL, 4.8
mmol), and bis-Cbz-S-methylisothiourea (0.859 g, 2.4 mmol)
was added to the mixture. The reaction mixture was stirred
at room temperature for 48 h. The organic solvent was

' evaporated in vacuo and the residue was dissolved in EtOAc
(200 ml) and washed sequentially with 1 N NaHCO3 (100 ml),
and water. The organic solution was dried (MgsOy), filtered,
and concentrated to dryness in vacuo to give a crude solid
(1.5 g, 79%): TLC Rf (D) 0.33. The crude solid (1.5 g.1.93
mmol) dissolved in ethanol (50 mL), water (10 mL), and 1 N
HCl (5.8 mL, 5.8 mmol) was hydrogenated in the presence of 5%
PA/C catalyst (2.5 g) at ambient temperature and pressure.
The catalyst was removed by filtration and the filtrate
concentrated to an oil in vacuo. The oil was dissolved in
trifluoroacetic acid (10 mL), thioanisole (1.0 mL) and
trifluoromethanesulfonic acid (1.0 mL) were added to the
mixture. The reaction mixture was stirred at room
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0 temperature for 0.5 h and diethyl ether (100 ml) was added.
The supernatant was decanted, and the resulting oil was
triturated twice with diethyl ether and dried in vacuo to
give a crude solid (1.3 g). The solid (1.3 g) was dissolved
in 0.05% HCl1 and applied to & 5 X 25 cm column of Vydac Cig
resin. A gradient of increasing concentrations of CH3CN (2%
to 25%) was used to elute the peptide from the column.
Fractions were collected and pooled on the basis of
analytical RPHPLC profile and lyophilized to afford the pure
title compound (0.139 g, 15%): FAB-MS 393 (MH*); elemental
analysis (calcd) C20H36Ng0O2-5HC1-3H20: €, 38.28. Found: C,

38.34.
Example 62
o) OH
HN
© NH, « HCI
H
N Rl) N\Q/
™
(@)

HO2CCH3~D~Cha-Pro-4-NHCH2CgHgNH; - HC1
Preparation of HOzCCHz-D—Cha-Pro-4-NHCH2C5H4NH2'HCI.

By methods substantially equivalent to those described
in examples 1-G (using N-(t-BquCCHz)-N-Boc—D-Cha—ProOH),
23-D, and 58-E, 0.17 g of HOzCCHz-D-Cha-Pro-4-NHCH2C5H4NH2-HCl
was prepared from 4-nitrobenzylamine hydrochloride. The
final product was purified by RPHPLC method 2 (98/2 (A/B)
through 70/30 (A/B), 2 h).

IR
14 NMR
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Analysis for C23H3gN4O4:2.2 HCl-1.5 H0:

Calc: C, 51.37; H,.7.35; N, 10.42; Cl, 14.50;
Found: C, 50.87; H, 6.72; N, 10.41; C1, 14.18.
Example 63
o OH
HN
(0]

N H
g N « HCI
o \/\Q
© " NH,

HO2CCH2-D~Cha~-Pro-4-NHCH;CH2CgH4NH, - HC1
Preparation of HO2CCH2-D~Cha-Pro-4-NHCHoCH2CgHgNH, - HC1.

By methods substantially equivalent to those described
in example 62, 0.19 g of HO2CCHs-D-Cha-Pro-4-
NHCH2CH2CgH4NH2 -HC1 was prepared from 4-nitrophenethylamine
hydrochloride. The final product was purified by RPHPLC
method 2 (98/2 (A/B) through 70/30 (A/B), 2 h).

IR

1H NMR

FAB-MS, m/e 445.3 (MHY)

Analysis for Ca¢H3eNg04:2.2HC1-0.5H50:
Calc: C, 54.00; H, 7.40; N, 10.50; €1, 14.61;
Found: C, 53.65; H, 7.59; N, 10.24; C1, 14.33.
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HO2CCH2-D-Cha-Pro-4~NHCH2-3-F-CgH3NH5 - HC1
A) Preparation of 4-BocyNCH2~3-F~CgH3NO;.

To a stirring solution of 2-fluoro-4-nitrotoluene (5 g,
32 mmol) in carbon tetrachloride (160 mL) was added
N-bromosuccinimide (5.7 g, 32 mmol) followed by benzoyl
peroxide (0.78 g, 3.2 mmol) and the solution was heated to
reflux. After 12 h, the heat was removed and the mixture was
diluted with carbon tetrachloride (100 mL) and washed with
water. The organic phase was then diluted with ethyl acetate
(300 mL), dried (MgSO4), filtered and concentrated in vacuo.
The residue was dissolved in tetrahydrofuran (50 mL) and
added to a stirring solution of NaH (60% dispersion in oil;
1.3 g, 32 mmol) and di-t-butyl iminodicarboxylate (6.9 g, 32
mmol) in tetrahydrofuran (100 mL). After stirring overnight
the solvent was removed in vacuo and the residue was
chromatographed over silica gel, eluting with a step gradient
of hexanes through 20% ethyl acetate/hexanes. The product
containing fractions (judged by TLC) were combined and
concentrated in vacuo to give 3.9 g (33%) of a white solid.

IR

1H NMR

FD-MS, m/e 370 (M%)

Analysis for Cj39H23N20¢:
Calc: C, 55.13; H, 6.26; N, 7.56;
Found: C, 55.27; H, 6.23; N, 7.44.
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B) Preparation of HOzCCH;-D-Cha-Pro-4-NHCH2-3-F-C5H3NH2-HCl.

By methods substantially equivalent to those described
in example 23-A, 1-G (using N- (t-BuO2CCH3) -N-Boc-D-Cha-
ProOH), 23-D and 58-E, 0.44 g of HO2CCH2-D-Cha-Pro-4-NHCH,-3-
F-CgH3NH-HC1 was prepared. The final product was purified
using RPHPLC method 2, 98/2 (A/B) through 70/30 (aA/B), 2 h).

IR

11 NMR

FAB-MS, m/e 449.3 (MH*)
Analysis for C23H33N404F-1.3HC1:

Calc: C, 55.70; H, 6.97; N, 11.30; C1, 9.29;
Found: C, 55.38; H, 6.97; N, 11.05; c1, 9.31.
Example 65

O.. _OH

HN HN
0 ﬂk”“’-' HCI
N H
O'""I ! N
0

HOZCCHz-D-Cha—Pro-4-NHCH2-2-amidinothiophene-HCl
(N-(carboxymethyl)-D-cyclohexylalanyl-N-
[[5-(aminoiminomethyl)thiophen-2-yl]methyl]—L-prolinamide
hydrochloride)
A) Preparation of 2-cyano-5-formylthiophene

- To a flame-dried 3 neck 1L round bottom flask was
added diisopropylamine (9 mL, 66 mmol) and THF (150 mL)
under a nitrogen atmosphere. The flask was cooled to an
internal temperature of -78 °C (dry ice/acetone). To this
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stirring solution was added n-butyllithium (1.6 M in
hexanes, 41.3 mL, 66.1 mmol) via syringe and the mixture
was allowed to stir for 5 min. To this solution was added
a solution of 2-thiophenecarbonitrile (6.55 g, 60 mmol) in
THF (30 mL) over 10 min. The resulting bright red solution
was allowed to stir at -78 °C for 45 min, at which time
dimethylformamide (23.3 mL, 300 mmol) was added via
syringe. This mixture was allowed to stir for 2 h at

-78 °C and then solid citric acid (about 10 g) was added
followed by water (60 mL). Volatile solvents were removed
in vacuo and the residue was partitioned between diethyl
ether and brine (200 mL each). Layers were separated and
the aqueous phase was washed once with diethyl ether. The
combined organic phase was washed once with brine, dried
(MgSO4), filtered and concentrated in vacuo to give a
vyellow solid which was purified by silica gel
chromatography using an ethyl acetate/hexanes gradient
(hexanes to 50% ethyl acetate/hexanes). Fractions
containing pure product were pooled and concentrated in
vacuo to give 6.9 g (84%) of 2-cyano-5-formyl-thiophene.

1y NMR
B) Preparation of 2-cyano-5-(hydroxymethyl)thiophene

To a solution of 2-cyano-5-formyl-thiophene (6.9 g, 50
mmol) in EtOH (100 mL) was added sodium borohydride (1.9 g,
50 mmol) in portions. After 5 min of stirring, the solvent
was removed in vacuo and the residue was partitioned
between ethyl acetate and brine. The layers were separated
and the organic phase was washed once .with 1 M citric acid
and once with brine, then dried (MgSO4), filtered and
concentrated in vacuo to give 6.1 g (88%) of 2-cyano-5-
(hydroxymethyl) thiophene.

14 NMR
FD-MS, m/e 140 (M*)
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Analysis for CgHsNOS:
Calc: C, 51.78; H, 3.62; N, 10.06;
Found: C, 51.54; H, 3.62; N, 9.86.

C) Preparation of 2-cyano-5-(bromomethyl)thiophene

To a solution of 2-cyano-5-(hydroxymethyl)thiophene
(6.0 g, 43 mmol) in THF (50 mlL) was added
triphenylphosphine (15.7 g, 47 mmol) and carbon
tetrabromide (12.3 g, 47 mmol). After stirring overnight
under nitrogen atmosphere at room temperature, the solvent
was removed in vacuo and the residue was dissolved in
chloroform, then adsorbed onto silica gel and loaded onto a
silica gel column. The product was eluted using an ethyl
acetate/hexanes gradient. Fractions containing pure
pProduct (as judged by TLC) were pooled and concentrated in
vacuo to give 6.5 g (75%) of 2-cyano-5-
(bromomethyl) thiophene.

1K NMR
FD-MS, m/e 203 (M*)
Analysis for CgH¢NSBr:

Calc: C, 35.66; H, 1.99; N, 6.93;
Found: C, 35.71; H, 2.03; N, 6.95.
D) Preparation of 2-cyano-5-(aminomethyl)thiophene-HCl

To a cold (0°C) solution of 2-cyano-5-
(bromomethyl)thiophene (6.0 g, 30 mmol) in THF (50 mL)
under nitrogen was added NaH (60% dispersion in oil, 1.3 g,
33 mmol) in portions. To this stirring suspension was
added a solution of di-t-butyl iminodicarboxylate (7.1 g,
33 mmol) in THF (50 mL) over 30 min. After stirring for 3
h, saturated agueous ammonium chloride (100 mL) was added.
Volatile solvents were then removed in vacuo and the
residue was partitioned between ethyl acetate and water.
The layers were separated and the organic phase was washed
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twice with brine, dried (MgSO4), filtered and concentrated

in vacuo to give 10.5 g (100%) of 2-cyano-5-BocaNCHa-
thiophene which crystallized upon standing. This solid was
dissolved in EtOAc (200 mL) and cooled to 0 °C using an
ice/water bath. Anhydrous HCl gas was bubbled through the
solution for 10 min and the mixture was stirred for 2 h
while warming to room temperature. Solvents were removed
in vacuo and the resulting solid was suspended in diethyl
ether and isolated by filtration. The white solid was
dried overnight under vacuum to give 5.2 g (100%) of
2-cyano-5- (aminomethyl) thiophene-HC1.

1g NMR

FD-MS, m/e 139 (M%)

Analysis for CgH7N2SCl:
Calc: C, 41.26; H, 4.04; N, 16.04;
Found: C, 41.19; H, 4.12; N, 15.82.

E) Preparation of N-(t-Bu02CCH2)-N-Boc-D-Cha-Pro-4-NHCHz-Z-

cyanothiophene.

By a method substantially equivalent to that described
in example 1-G (using N- (t-BuO2CCHz) -N-Boc-D-Cha-ProOH), 4.6 g
(93%) of N- (£-BuO2CCH2) ~N-Boc-D-Cha-Pro-4-NHCHy~ 2~
cyanothiophene was prepared from 2-cyano-5-
(aminomethyl)thiophene-HCl.

IR
1§ NMR
FD-MS, m/e 602 (M%)

F) Preparation of N- (t-BuO2CCH2) -N-Boc-D-Cha-Pro-4-NHCH; -2~
C(NH)NHBoc-thiophgne.

Hydrogen sulfide gas was bubbled through a solution of
N—(t—BuOZCCHz)-N-Boch-Cha—Pro-4-NHCH2-2-cyanothiophene (1.5
g, 2.5 mmol) and triethylamine (4.5 mL) in pyridine (45 mL)
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for 5 min and then the vessel was sealed and allowed to stand
overnight. The next morning, nitrogen was bubbled through
the solution for 5 min and the solvent was removed in vacuo.
The residue was dissolved in ethyl acetate and washed once
with water and once with brine, then dried (MgSOy), filtered
and concentrated in vacuo. The residue was then dissolved in
toluene and concentrated in vacuo two times.

The residue was then dissolved in acetone (100 mL) and
iodomethane (5 mL) was added. After stirring overnight at
room temperature, the solvents were removed in vacuo. The
resulting gold foam was then dissolved in methanol (20 mL),
NH4OAc (0.39 g, 5 mmol) was added, and the solution was
heated to reflux. After 1 h, the solvent was removed in
vacuo and the residue was dissolved in tetrahydrofuran (10
mL). To this stirring solution was added a solution of KyCO;
(1.73 g, 12.5 mmol) in water (10 mL) followed by di-t-butyl
dicarbonate (2.2 g, 10 mmol). After stirring for 1 h, the
suspension was diluted with ethyl acetate (400 mL) and washed
with water followed by brine. The organic phase was then
concentrated in vacuo and chromatographed over silica gel,
eluting with a step gradient of 10% ethyl acetate/hexanes
through 75% ethyl acetate/hexanes. The product containing
fractions, as judged by TLC, were combined and concentrated
in vacuo to give 1.1 g (61%) of a white foam.

1y NMR

FD-MS, m/e 720 (M%)

Analysis for C3gH59N50gS:
Calc: C, 60.06; H, 7.98; N, 9.73;
Found: C, 59.76; H, 8.07; N, 9.52.

G) Preparation of HO2CCHz-D-Cha-Pro-4-NHCH-2-
amidinothiophene-HC1l.

By a method substantially equivalent to that described
in example 58-E, 500 mg of HO2CCH2-D-Cha-Pro-4-NHCHp-2-
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amidinothiophene-HCl were prepared. The product was purified
by RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 2 h).

IR

1n NMR

FAB-MS, m/e 464.2 (MHY)

Analysis for C32H33N504S-2HC1-H,0:
Calc: C, 47.65; H, 6.73; N, 12.63; (1, 12.79;
Found: C, 47.53; H, 6.57; N, 12.59; C1, 12.67.

Example 66
OOH

[:::]\\//l\fg \V/J:’i:r/u\ e HCI
N
T r | N/

HOzCCHz—D-Cha-Pro-Z-NHCHz-S-amidinopyridine-HCl
(N—(carboxymethyl)-D-cyclohexylalanyl—N-
[[5—(aminoiminomethyl)pyridin-z-yllmethylj-L-prolinamide
hydrochloride)

A) Preparation of N-(t—BquCCHz)-N-Boc-D-Cha-Pro-2-NHCHz-5-
cyanopyridine.

By methods substantially equivalent to those described
in example 64-A, 23-A and 1-G (using N-(t-BﬁOzCCH2)~N-Boc-D-.
Cha-ProOH), 4.4 g of N-(t-BquCCHz)-N-Boc-D-Cha-Pro-Z-NHCH;-5-

cyanopyridine was prepared from 2-methyl-5-cyanopyridine.
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FD-MS, m/e 597 (M%)

B) Preparation of HO2CCH2-D-Cha=-Pro-2-NHCH;-5~
amidinopyridine-HC1.

By methods substantially equivalent to those described
in example 65-F and 65-G, 130 mg of HO2CCH,-D-Cha-Pro-2-NHCHp-
S5-amidinopyridine-HCl was prepared from N- (t-Bu0OCCHs)-N-Boc-
D-Cha-Pro-2-NHCH;-5-cyanopyridine. The product was purified
by RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 2 h).

IR

1 NMR

FAB-MS, m/e 455.3 (ME*)

HRMS (FAB), m/e calcd. for C23H35Ng04: 459.2720
Found: 459.2707

Example 67
o) OH
HN NH
(0) e HCI
N H NH,
L) N
(0)

HOzCCHz-D-Cha-Pro-2-NHCH2-S-amidinopiperidine-HCl

Preparation of HO2CCH,-D-Cha-Pro-2-NHCH,-5-
amidinopiperidine-HCl.

N-(t-BquCCHz)-N-Boc-D-Cha-Pro-2-NHCH2-S-cyanopyridine
(1.2 g, 2 mmol) was elaborated by methods substantially
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LI (- ) - e

FLI10% (& '.{‘l):e pro gct Qa.s purified by RPHPLC method 2 (98/2 (A/B)
through 70/30 (A/B), 2 h). - The fractions containing the
minor product as judged by analytical RPHPLC were combined,
partially concentrated in vacuo and lyophilized to give 93 mg

(9%) of a pale green solid.

IR

1H NMR

IS-MS, m/e 465.5 (MH*)

HRMS kFAB). m/e calcd. for C23H41NgO4: 465.3189
Found: 465.3191

NH
o] * HCI
N..

H
(_7""1r "
O

HO2CCH2-D-Cha-Pro-2-NHCH,-5-amidino-5, 6-dehydro-
piperidine-HCl
(N—(carboxymethyl)-D-cyclohexylalanyl-N—
[[5-(aminoiminomethyl)—1,2,3,4-tetrahydropyridin-
2-yl)methyl)-L-prolinamide hydrochloride)

I=

Preparation of HO2CCH;-D-Cha-Pro-2-NHCH»-5-amidino-5, 6-
dehydro-piperidine-HCl.

N- (t-BuO2CCH2) ~N-Boc-D-Cha-Pro-2~NHCH;~5-cyanopyridine
(1.2 g, 2 mmol) was elaborated by methods substantially
equivalent to those described in example 23-A, 23-B, and 1-B.
The product was purified by RPHPLC method 2 (98/2 (A/B)
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through 70/30 (A/B), 2 h). The fractions containing the
major product as judged by analytical RPHPLC were combined,

partially concentrated and lyophilized to give 422 mg (39%)
of a white solid.

IR

1H NMR

IS-MS, m/e 463.3 (MH*)

Analysis for C23H3gNg0g+2.9HC1+2H20:

Calc: C, 45.71; H, 7.49; N, 13.91; €1, 17.01;
Found: C, 45.51; H, 6.83; N, 13.66; Cl1, 16.83.
Example 69
Oij}DH
HN

’ NH
@] ¢ 3HCI
N
‘ 7.,,,Tr N«,
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HOzCCHz-D-Cha-Pro-3-NHCH;-G-amidino-pyridazine-3HC1
(N-(carboxymethyl)-D-cyclohexylalanyl-N-
[[6—(aminoiminomethyl)pyridazin-3-y1]methyl]-L-prolinamide
trihydrochloride

A) Preparation of 3-methyl-6—cyanopyridazine.

To a stirring solution of 3-methylpyridazine (11 g, 118
mmol) in dichloromethane (200 mL) was added AlCly (0.05 g)
followed by trimethylsilylcyanide (21 g, 211 mmol). After 20
min, a solution of p-toluenesulfonyl chloride (38 g, 201
mmol) in dichloromethane (50 mlL) was added via addition
funnel and the solution continued to stir overnight. The
next morning, the solvent was removed in vacuo and the
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10KK then filtered to give a white solid. The solid was dissolved
in tetrahydrofuran (200 mL) and to this stirring solution was
added 1,8-diazabicyclo[5.4.0]Jundec-7-ene (16 mL, 105 mmol).
After 1 h, the solvent was removed in vacuo and the residue
was partitioned between hexanes and saturated agqueous NH4Cl.

" The phases were separated and the agqueous phase was basified
with solid NasCO3, then extracted three times with ethyl
acetate. The combined ethyl acetate phases were dried
(MgSO4), filtered and concentrated in vacuo to give 9 g (64%)

of white solid.

IR
i1y NMR
FD-MS, m/e 119.1(M*)

B) Preparation of HO2CCHz-D-Cha-Pro-3-NHCH;-6-amidino-
pyridazine-HCl.

By methods substantially equivalent to those described
in example 66, 90 mg of HO2CCH2-D-Cha-Pro~-3~NHCHy~-6-
émidinopyridazine-HCl was prepared from 3-methyl-6-
cyanopyridazine. The product was purified by RPHPLC method 2
(98/2 (A/B) through 70/30 (A/B), 2 h).

IR

1H NMR

FAB-MS, m/e 460.3 (MH*)

Analysis for C22H33N704¢3HCle2H20:
Calc: C, 43.68; H, 6.66; N, 16.21;
Found: C, 44.04; H, 6.45; N, 15.57.
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HO2CCH2-D-Cha-Pro-4-NHCH2-1-amidino-3, 4-dehydro-
piperidine-HCl
(N- (carboxymethyl) -D-cyclohexylalanyl-N-[[1-
(aminoiminomethyl)-1,2,3,6—tetrahydropyridin-4—y1]methyl];
L-prolinamide hydrochloride)

A) Preparation of N,N'-Bocs-thiourea.

To a stirring suspension of NaH (60% oil dispersion, 9.4
g, 234 mmol) in tetrahydrofuran (500 mL) at 0 °C was added
thiourea (4.0 g, 52 mmol). After 30 min, the cold bath was
removed and the reaction was allowed to stir for 30 min at
room temperature. Once again, the vessel was cooled to 0 °C
and a solution of di-t-butyl dicarbonate (25 g, 115 mmol) in
tetrghydrofuran (100 mL) was added via addition funnel.
After stirring for 30 min at 0 °C and an additional 2 h at
room temperature, saturated agqueous NaHCO3 was added. The
solution was then concentrated to about half the original
volume in vacuo and ethyl acetate was added. The organic
phase was then washed with saturated aqueous NaHCO3, followed
by brine and was then dried with MgSOy, filtered and
concentrated to give 11.9 g (B83%) of a white solid.

IR
1H NMR
FD-MS, m/e 276 (M*)
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Analysis for C11H0N204S:
Calc: C, 47.81; H, 7.30; N, 10.14;

Found: C, 47.69; H, 7.28; N, 10.34.

B) Preparation of N-(t-BuO2CCHz)-N-Boc-D-Cha-Pro-4-NHCHy~1-
(N,N'-Bocz-amidino)~3, 4-dehydro-piperidine.

To a stirring solution of N-(t-BuO2CCH;)-N-Boc-D-Cha-
Pro-4-NHCH2-3,4~-dehydro-piperidine (0.6 g, 1 mmol) and
triethylamine (0.35 g, 3.4 mmol) in dimethylformamide (10 mL)
was added N,N'-Bocz-thiourea (0.28 g, 1 mmol) followed by
HgCl, (0.28 g,_l mmol). After 4 h, the solvent was removed
in vacuo, and the residue was dissolved in ethyl acetate and
washed twice with brine. The organic phase was then dried
with MgSO4, filtered and concentrated in vacuo. The product
was purified by chromatography over silica gel, eluting with
20% ethyl acetate/hexanes through 75% ethyl acetate hexanes.
The product containing fractions as judged by TLC were
combined and concentrated in vacuo to give 800 mg (94%) of a
white foam.

IR

1H NMR

FD-MS, m/e 820 (MH*)

Analysis for C42H70NgO10:
Calc: C, 61.59; H, 8.61; N, 10.26;
Found: C, 61.81; H, B.79; N, 10.45.

C) Preparation of HO2CCH2-D-Cha-Pro-4-NHCH;-1-amidino-3,4-
dehydro-piperidine-HCl.

By methods substantially eguivalent to those described
in example 58-E, 0.22 g (55%) of HO2CCH2-D-Cha-Pro-4-NHCHy-1-~
amidino-3, 4-dehydro-piperidine-HCl was prepared from N~ (¢t~
BquCCHz)-N-Boc-D-Cha-Pro-4-NHCHz-1-(N,N'-Bocz-amidino)f3,4-
dehydro—piberidine. The product was purified by RPHPLC
method 2 (98/2 (A/B) through 70/30 (A/B), 2 h).
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FAB-MS, m/e 463.3 (MH*)

Analysis for C33HigNgO4-2.2HCl-2H30:

Calc: C, 47.73; H, 7.70; N, 14.52; Cl, 13.47;
Found: C, 47.49; H, 7.64; N, 14.55; Cl1, 13.48.
Example 71
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HO2CCH2-D-Cha-Pro-4-NHCH;-3-F-benzamidine - HC1
(N- (carboxymethyl) -D-cyclohexylalanyl-N-
[[4-(aminoiminomethyl)-2-fluorophenyl]methyl]-L-prolinamide
hydrochloride)

F

Preparation of HO2CCH-D-Cha-Pro-4-NHCH,-3-F-benzamidine-HCl.

By methods substantially equivalent to those described
in example 66, 0.27 g of HO2CCH2~-D-Cha-Pro-4-NHCH;-3-F-
benzamidine-HCl was prepared from 3-F-4-Me-benzonitrile. The
product was purified by RPHPLC method 2 (98/2 (A/B) through
70/30 (A/B), 2 h).

IR

1H NMR

FAB-MS, m/e 476.3 (MHY)

Analysis for C24H34N504F - 2HC1 -1.5H20:
Calc: c, 50.09; H, 6.83; N, 12.17; C1, 12.32;
Found: C, 45.89; H, 6.65; N, 12.17; cC1, 12.42.
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Example 72
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HO2CCH2-D-Cha-Pro-4-NHCH;-3, 5-Fo-benzamidine-HC1
(N- (carboxymethyl) -D-cyclohexylalanyl-N-

F

{[4- (aminociminomethyl-2, 6-difluorophenyl]methyl]-L-
prolinamide hydrochloride)

Preparation of HO2CCHz-D-Cha-Pro-4~NHCH3-3,5-Fa-
benzamidine-HCl.

By methods substantially equivalent to those described
in example 65, 0.28 g of HO2CCH2-D-Cha-Pro-4-NHCH3-3,5-F3-
benzamidine-HCl was prepared from 3,5-Fp-benzonitrile. The
product was purified by RPHPLC method 2 (98/2 (A/B) through
70/30 (A/B), 150 min).

IR

1H NMR

FAB-MS, m/e 494.2 (MH*)

Analysis for Cy4H33NsO4F2:2HCl-1.5H;0:
Calc: C, 48.57; H, 6.45; N, 11.80; C1, 11.95;
Found: C, 48.26; H, 6.17; N, 11.89; Cl, 11.90.
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HOzCCHz-D-Cha-Pro-4-NHCH2-2—aminopyridine-HCl

A) Preparation of 4-methyl-2-phtha1imidopyridine.

To a stirring solution of 4-methyl-2-aminopyridine (50
g, 460 mmol) in acetic acig (1 L) was added phthalic
anhydride (68 g, 460 mmol) and the reaction was heated to
reflux. After 12 h, acetic anhydride (43 mL, 460 mmol) was
added and the solution continued to stir at reflux for an
additional 48 h. The solvent was then removed in vacuo and
the solid residue was suspended in toluene and concentrated
in vacuo twice. The solid was then suspended in ethyl
acetate with vigorous stirring and filtered. After repeating
this ethyl acetate washing procedure the solid was dried
overnight in vacuo to give 46.6 g (42%) of a white solid.

IR

1H NMR

FD-MS, m/e 238 (M*)

Analysis for C14H19N203:
Calc: C, 70.58; H, 4.23; N, 11.76;
Found: C, 70.42; H, 4.29; N, 11.70.

B) Preparation of N-(t-BquCCHz)-N—Boc-D-Cha-Pro-4-NHCH2-2-
phthalimidopyridine.
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phthalimidoopyridine was prepared from 4-methyl-2-
phthalimidopyridine.

IR
1H NMR
FD-MS, m/e 717.7 (M*)

C) Preparation of HO2CCH2-D-Cha-Pro-4-NHCHp-2-
aminopyridine-HCl.

To a stirring solution of N-(t-BuO2CCH;)-N-Boc-D-Cha-
Pro-4-NHCHz-2-phthalimidoopyridine (1.6 g, 2.2 mmol) in
ethanol (25 mlL) was added hydrazine hydrate (0.52 mL, 10.4
mmol). After 1 h, the solvents were removed in vacuo and the
residue was dissolved in ethyl acetate and concentrated in
vacuo twice. The residue was elaborated by a procedure
substantially equivalent to that described in example 58-E to
give 380 mg (37%) of a white solid. The product was purified
by RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 150 min).

IR

1H NMR

FAB-MS, m/e 432.3 (MHY)

Analysis for C22H33N504+2.1 HCleH20:
Calc: C, 50.23; H, 7.11; N, 13.31;
Found: C, 50.05; H, 7.08; N, 13.54,
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HO2CCH2-D-Cha-Pro-5-NHCH;~2-aminopyridine - HC1
Preparation of HO2CCHz-D-Cha-Pro-5-NHCH;-2-aminopyridine-HC1.

By methods substantially equivalent to those described
in example 73, 0.88 g of HO2CCH2-D-Cha-Pro-5-NHCHa-2~
aminopyridine-HCl was prepared from S5-methyl-2~aminopyridine.
The product was purified by RPHPLC method 2 (98/2 (A/B)
through 70/30 (A/B), 150 min).

IR

1 NMR

FAB-MS, m/e 432.3 (MH*)

Analysis for C22H33N504¢2HCleH20:

Calc: C, 50.58; H, 7.14; N, 13.40;
Found: C, 50.79; H, 7.20; N, 13.58.
Example 75
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HO2CCH2-D-Cha-Pro-5-NHCH,CHy-2~aminopyridine - HC)
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A) Preparation of 5-Me-2-BocyN-pyridine.

To a stirring solution of 5-methyl-2-aminopyridine (10.5

g, 100 mmol) in dichloromethane (200 mL) at 0 °C was added

' N,N-diisopropylethylamine (25.8 g, 200 mmol), followed by
di-t-butyl dicarbonate (55 g, 250 mmol) and finally 4-(N,N-
dimethylamino)pyridine (12.2 g, 100 mmol). The cold bath was
removed and the solution was allowed to continue stirring
overnight. The mixture was then diluted with ethyl acetate
(600 mL) and washed three times with saturated aqueous NH4Cl,
once with brine, twice with saturated agueous NaHCO3, and
once égain with brine. The organic phase was then dried
(MgSO4), filtered, concentrated in vacuo and chromatographed
over silica gel eluting with 10% ethyl acetate/hexanes
through 75% ethyl acetate/hexanes. The fractions containing
product, as judged by TLC, were combined and concentrated in
vacuo to give 12.8 g (42%) of a white solid.

IR

1H NMR

FD-MS, m/e 308 (M*)

Analysis for C3;gH24N204:
Calc: C, 62.32; H, 7.84; N, 9.08;
Found: C, 62.51; H, 8.11; N, 9.37.

B) Preparation of 5-BrCHz-2-BocoN-pyridine.

By methods substantially equivalent to those described
in example 64-A, approximately 11.6 g of S-BrCHz-Z-BoczN-
pyridine (which was contaminated with starting material) was
prepared from 5-Me-2-BocyN-pyridine.

1H NMR

FD-MS, m/e 386.3 (M*)

Analysis for C)1gH23N204Br:
Calc: C, 49.62; H, 5.99; N, 7.23;
Found: C, 49.86; H, 6.00; N, 7.07.
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C) Preparation of 5-NCCH;-2-BocoN-pyridine.
To a stirring solution of slightly impure 5-BrCHj-2-
BocyN-pyridine (9.7 g, 25 mmol) in dimethylformamide (150 mL)
was added 18-crown-6 (1.32 g, 5 mmol) followed by KCN (1.95
g, 30 mmol). After stirring for 6 h, the solvent was removed
in vacuo and the residue was chromatographed over silica gel,
eluting with a step gradient of hexanes through 40% ethyl
acetate/hexanes. The product containing fractions as judged
by TLC, were combined and concentrated in vacuo to give a 2.6

g (31% over 2 steps) of a white solid.

IR

1H NMR

FD-MS, m/e 333.4 (M*)

Analjsis for Cj17H23N304:
Calc: C, 61.25; H, 6.95; N, 12.60;
Found: C, 61.09; H, 6.92; N, 12.53.

D) Preparation of HO2CCH;-D-Cha-Pro-5-NHCHyCHa-2-
aminopyridine-HCl.

To a stirring solution of 5-NCCHs-2-BocoN-pyridine (2.5
g, 7.5 mmol) in methanol (150 mL) was added CoCl, (0.97 g,
7.5 mmol) and water (0.81 g, 45 mmol). After 5 min, NaBHq
(2.84 g, 75 mmol) was added in small portions over 15 min.
After an additional 15 min, the solvent was removed in vacuo
and the residue was dissolved in concentrated aqueous NH4OH
and extracted several times with ethyl acetate. The combined
ethyl acetate extracts were dried with MgSO;, filtered and
concentrated in vacuo.

Then, by methods substantially equivalent to those
described in example 1-A and 73-C, the residue was elaborated
to give 1.2 g (33%) of HO2CCH2-D-Cha-Pro-5-NHCHsCHy-2-
aminopyridine-HCl. The product was purified by RPHPLC method‘
2 (98/2 (A/B) through 60/40 (A/B), 150 min).
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H NMR .

FAB-MS, m/e 446.3 (MH*)
HRMS (FAB) calc. for C23H3gN504: 446.2767
Found: 446.2769

N § NH
7] \ 2
I O e
o N

HOzCCHz-D-Cha-Pro-4-NHCH;CH2-2-aminopyridine-HCl
A) Preparation of 4-BOocNHCH2CHa-2~CN-pyridine.

To a solution of 4-BocNHCHyCHs-pyridine (2.22 g, 10
mmol) in acetone (50 mL) was added a solution of m-chloro~
perbenzoic acid (5.2 g, 30 mmol) in acetone (50 mL) via an
addition funnel over 10 min. After stirring overnight, the
solvent was removed in vacuo and the residue was partitioned
between water (100 mL) and diethyl ether (100 mL). The
organic phase was separated and extracted three times with
water. The combined aqueous phase was then saturated with
solid NaCl and extracted three times with dichloromethane
(100 mL). The combined dichloromethane extracts were washed
once with brine, dried with Na;S04, filtered and concentrated
to a small volume in vacuo and then diethyl ether was added.

The white precipitate (2.0 g) was filtered and dried in
vacuo. '
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One half of the isolated solid (4.2 mmol) was dissolved

in dichloromethane (10 mL) and to this stirring solution was
added trimethylsilyl cyanide (0.84 mL, 6.3 mmol) followed by
N,N-dimethylcarbamoyl chloride (0.58 mL, 6.3 mmol). After
stirring overnight, 1 M aqg. KHCO3 (1 mL) was added slowly and
the mixture was partitioned between ethyl acetate and water.
The organic phase was then washed twice with brine, dried
with MgSO4, filtered and concentraed in vacuo to give 0.6 g

(58%) of an amber oil which crystalized uopn standing.

IR

1H NMR

FD-MS, m/e 247 (M*)

Analysis for C13H17N303:
Calc: C, 63.31; H, 7.02; N, 16.99;
Found: C, 63.31; H, 7.02; N, 16.71.

B) Preparation of 4-BocNHCH2CH2-2-CszH-pyridine.

To a stirring solution of 4- -BOCNHCH,CH;-2-CN-pyridine
(0.5 g, 2 mmol) in methanol (2.4 mL), was added 5 N NaOH (1.6
mL, 8 mmol) and the solution was heated to reflux. After 24
h, the solution was cooled to room temperature and allowed to
stir for an additional 48 h. The PH was then adjusted to 7
with 1 N HCl and the solvents were removed in vacuo.

The residue was suspended in toluene (50 mL) and heated
to reflux. To this stirring solution was sequentially added,
triethylamine (0.36 mL, 2.6 mmol), benzyl alcohol (0.27 mL,
2.6 mmol) and diphenylphosphoryl azide (0.72 g, 2.6 mmol).
After stirring at reflux overnight, the solution was allowed
to cocl and then diluted with ethyl acetate (200 mL) and
washed twice with saturated agueous NH4Cl and twice with
brine. .The organic phase was then dried with MgSO,, filtered
and concentrated in vacuo. The residue was then
chromatographed over silica gel eluting with a step gradient
of hexanes through 50% ethyl acetate/hexanes. The product
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concentrated in vacuo to give 0.37 g (50%) of a white solid.

1H NMR

FD-MS, m/e 371.2 (M%)

Analysis for C2pH25N304:
Calc: C, 64.67; H, 6.78; N, 11.31;
Found: C, 64.90; H, 7.07; N, 11.06.

C) Preparation of HO2CCHy-D-Cha-Pro-4-NHCH;CHp-2-
aminopyridine-HCl.

By methods substantially equivalent to those described
in example 23-a, 1-G (using N- (£t-BuO2CCHy) ~N~-Boc-D-Cha~ProOH) ,
23-D and 58-E, 48 mg of HO2CCHz-D-Cha-Pro-4-NHCHpCHp-2-
aminopyridine-HCl was prepared from 4-BocNHCH;CHy~2-CbzNH-
pyridine. The product was purified by RPHPLC method 2 (98/2
(A/B) through 70/30 (A/B), 150 min).

1 NMR
FAB-MS, m/e 446.4 (MH*)
Analysis for C23H35N504+1.5HC1le«H20:

Calc: C, 53.30; H, 7.49; N, 13.51;
Found: C, 53.64; H, 7.27; N, 13.80.
Example 77
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HO2CCH2-D-Cha-Pro-4-NHCH;-2-F-aniline-HC1
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Preparation of HO2CCH;-D-Cha-Pro-4-NHCH;-2-F-aniline-HCl.

By methods substantially egquivalent to those described
in example 64, 0.55 g of HO2CCH;-D-Cha-Pro-4-NHCHy-2-F-
aniline-HCl was prepared from 3-F-4-NOs-toluene. The product
was purified by RPHPLC method 2 (98/2 (A/B) through 60/40
(A/B), 180 min). o

IR

18 NMR

FAB-MS, m/e 449.3 (MH*Y)

Analysis for C23H33NgO4F«0.9HCleH20:

Calc: C, 55.32; H, 7.25; N, 11.22; Cl, 6.39;
Found: C, 55.49; H, 6.93; N, 11.15; Cl, 6.23.
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RO2CCH2-D-Cha-Pro-4-NHCH2CgH4CHaNH3 - HC1
Preparation of HO2CCH2-D-Cha-Pro-4-NHCH;CgH4CHoNH, -HC1.

By methods substantially equivalent to those described
in example 10, using N- (t-BuO2CCHj)-N-Boc-D-Cha-ProOH in place
of Boc-D-Phe-ProOH, 0.53 g of HO2CCH;-D-Cha-Pro-4-
NHCH2CgH4CHoNH; - HC1 was prepared. The product was purified by
RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 150 min).
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IR
1 NMR

FD-MS, m/e 445.4 (MH*)
Analysis for C24H36N404+2.2HCleD.5H20:

Calc: C, 54.00; H, 7.40; N, 10.50; Cl, 14.61;
Found: C, 54.18; H, 7.54; N, 10.31; Cl, 14.86.
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HO2CCH2-D-Cha-Pro-4-NHCH;CgHj gCHaNH3 - HC1
Preparation of HO2CCH2~D~Cha-Pro-4-NHCH,CgHi gCHaNH5 - HC1 .

By methods substantially equivalent to those described
in example 12, using N- (t-BuOyCCH;)-N-Boc-D-Cha-ProOH in place
of Boc-D-Phe-ProOH, 0.04 g of HO2CCH,-D-Cha-Pro-4-
NHCH2CgH10CH2NH2 - HC1 was prepared. The product was purified
by RPHPLC method 2 (98/2(A/B) through 70/30 (A/B), 150 min.).

1H NMR

FD-MS, m/e 451 (MH*)

Analysis for C24H42N404+2.7HC1l.0.5H20: _
Calc: C, 51.65; H, B8.25; N, 10.04;
Found: C, 51.47; H, 7.87; N, 9.97,
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EtSO2~D-Cha-Pro-4-NHCH2CgH4C (NH) NH> - HC1
(N- (ethylsulfonyl)~-D-cyclohexylalanyl-N-
[[4- (aminoiminomethyl)phenyl)methyl)-L-prolinamide
hydrochloride)

Preparation of EtSO2-D-Cha-Pro-4-NHCH2CgH4C (NH)NH> - HC1.

By methods substantially equivalent to those described
in example 18, using EtSO;-D-Cha-ProOH in place of Cbz-D-1-
Pig-ProOH, 3.6 g of EtS0-D-Cha-Pro-4-NHCH3CgH4C (NH)NH; - HC1
was prepared. The product was purified by RPHPLC method 2,
(90/10 (A/B) through 50/50 (A/B), 180 min).

IR

1H NMR

FAB-MS, m/e 492.3 (MH*)
Analysis for C24H37N504S+HCl:

Calc: C, 54.58; H, 7.25; N, 13.26; Cl, 6.71;
Found: C, 54.31; H, 7.31; N, 13.37; €1, 6.71.
Example 81
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EtS0-D-Cha-Pro-4-NHCH2CgH4CHoNH, -HC1
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Preparation of EtSOz-D-Cha-Pro-4-NHCH2CgH4CHoNHZ-HCl.

By methods substantially equivalent to those described
in example 10, using EtSOz-b—Cha-ProOH in place of Boc-D-Phe-
ProOH, EtSO2-D-Cha-Pro-4-NHCH2CgH4CH2NH>-HC1 was prepared.
The product was purified by RPHPLC method 2, (90/10 (A/B)
through 50/50 (A/B), 180 min).

IR

1 NMR

FAB-MS, m/e 479.4 (MH*)

Analysis for C24H3gN404S+HCleH20:

Calc: C, 54.07; H, 7.75; N, 10.51; Cl1, 6.65;
Found: C, 54.13; H, 7.44; N, 10.51; Cl1, 6.78.
Example 82
.SO,Et
HN"® 2

© NH, * HCI
N H
‘ ?"'un/N\/Q/
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EtSO2-D-Cha-Pro-4-NHCH;-3~F-CgH3NH; - HC1
Preparation of EtSO;-D-Cha-Pro-4-NHCH;~3-F-CgH3NH;-HC1.

By methods substantially equivalent to those described
in example 64, using EtSO;-D-Cha-ProOHE in place of N-(t-
BuO2CCH3 ) -N-Boc-D-Cha-ProOH, 0.53 g of EtSO;-D-Cha-Pro-4-
NHCH2-3-F-CgH3NH2-HC1l was prepared. The product was purified
by RPHPLC method 2, (90/10 (A/B) through 50/50 (A/B), 180

min) .

IR
1y NMR
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FAB-MS, m/e 483.3 (MH*Y)

Analysis for C23H35N404SFe1.1HC1+0.5H20:

Calc: C, 51.95; H, 7.03; N, 10.54; C1, 7.33;

Found: C, 52.09; H, 6.94; N, 10.39; C1, 7.24.

Example 83

.SO,Et
o)

M A,
g N-""NH
0

HN

2

Etsoz-D-Cha-Pro-4-NHCH2-2-aminopyridine-HCl
Preparation of Etsoz-D-Cha-Pro-d-NHCHg-z-aminopyridine-HCl.

By methods substantially equivalent to those described
in example 73, using EtS02-D-Cha-ProOH in place of N-(t-
BquCCHz)-N-Boc-D-Cha-ProOH, 0.22 g of EtS02-D-Cha-Pro-4-
NHCHz-2~-aminopyridine-HCl was prepared from 4-methyl-2-
aminopyridine. The product was purified by RPHPLC method 2,
(90/10 (A/B) through 50/50 (A/B), 180 min.).

1 NMR

FAB-MS, m/e 466.4 (MHY)

Analysis for C22H35N504Se1.1HC1:
Calc: C, 52.25; H, 7.19; N, 13.85; Ci, 7.71;
Found: C, 52.49; H, 6.96; N, 13.96; €1, 7.76.
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o-SOE
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L
(@)

Et802—D-Cha-Pro-S-NHCH2-2-aminopyridine-HCl
Preparation of EtSOz-D-Cha-Pro-S-NHCHz-2-aminopyridine-HCl.

By methods substantially equivalent to those described
in example 73, using EtSO,-D-Cha-ProOH in place of N-(t-
BuO2CCH3) -N-Boc-D-Cha-ProOH, 0.24 g of EtSOy-D-Cha-Pro-5-
NHCHo-2-~aminopyridine-HCl was prepared from 5-methyl-2- .
aminopyridine. The product was purified by RPHPLC method 2,
(90/10 (A/B) through 50/50 (A/B), 180 min).

18 NMR
FAB-MS, m/e 466.4 (MH*)
Analysis for C22H35N504Se1.15HC]:

Calc: C, 52.06; H, 7.18; N, 13.80; Cl, 8.03;
Found: C, 52.38; H, 6.97; N, 14.20; Cl, B.46.
Example 85

(@) OH
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(N-(3-carboxypropyl)-D-cyclohexylalanyl-N-

[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide
hydrochloride)

A) Preparation of Cbz-MeOOCCH=CHCH2-D-Cha-Pro-p-
NHCH2CgH4C (NH) NHCbz

To a solution of D-Cha-Pro-p-NHCH2CgH4C (NH)NHCbz - 2HC1
(2.5 g, 4.1 mmol) in DMF (50 mL) was added N,N-
diisopropylethylamine (2.2 mL, 12.2 mmol) and methyl
3-bromocrotonate (0.95 g, 4.5 mmol). After stirring for 48
h, Cbz-Cl (0.7 mL, 5 mmol) and additional N,N-
diisopropylethylamine (0.85 mL, 5 mmol) were added. After an
additional 16 h of stirring, the volatiles were removed in
vacuo. The residue was partitioned between ethyl acetate
(100 mL) and saturated aqueous ammonium chloride (100 mL).
The layers were separated and the organic phase was washed
once with saturated agqueous ammonium chloride (50 mL), twice
with saturated aqueous sodium bicarbonate (50 mL) and twice
with brine (50 mL). The organic phase was dried (MgSOy4).
filtered, and concentrated in vacuo. The crude residue was
purified by flash chromatography (ethyl acetate/hexanes
gradient) to yield 660 mg (22%) of a white foam.

1y NMR

FD-MS, m/e 766 (M%)

Analysis for Cyg3H51N50g:
Calc: C, 67.43; H, 6.71; N, 9.14;
Found: C, 67.22; H, 6.57; N, 8.98.

B) Preparation of HOOCCHzCHzCHz-D-Cha-Pro-p-
NHCH2CgH4C (NH) NH2 - HC1

To a solution of Cbz-MeOOCCH=CHCH2—D-Cha-Pro-p-
NHCH2CEH4C (NH)NHCbz (0.5 g, 0.65 mmol) in ethanol (5 mL) was
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at room temperature, 1 N HC1l (3 mL), 10% P4A/C (0.5 g), H20
(15 mL) and ethanol (25 ml) were added. The stirring
suspension was degassed undér vacuum, then placed under an
atmosphere of hydrogen for 18 h. Diatomaceous earth was
added and the slurry was filtered. The filtrate was
. concentrated in vacuo and purified by RPHPLC (method 2, 98/2
(A/B), ramp to 75/25 (A/B) over 150 minutes). Fractions
containing pure product were pooled and lyophilized to give
46 mg (13%).

1n NMR
FAB-MS, m/e 486.3 (MH*)
Analysis for C2gH39N504-2.1HC1:

Calc: C, 55.15; H, 7.35; N, 12.19; Cl1l, 13.24;
Found: C, 55.55; H, 7.37; N, 12.19; C1, 13.58.
Example 86

C> OH

O/kf "W \/©/‘( « HCI

HOOCCH2-D-Chg-Pro-p-NHCH2CgH4C (NH) NH2 - HC1
(N- (carboxymethyl) -D-cyclohexylglycyl-N-
[[4- (aminoiminomethyl)phenyl)methyl]-L-prolinamide
hydrochloride) |

A) Preparation of D-cyclohexylglycine
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in Example 53-B, 16.1 g (16%) of D-cyclohexylglycine was

prepared starting from D-phenylglycine.

1 NMr

FD-MS, m/e 117 (M*)

Analysis for CgH15NO2:
Calc: C, 61.12; H, 9.62; N, 8.91;
Found: C, 61.23; H, 9.56; N, 8.73.

B) Preparation of Boc-D-cyclohexylglycine

By a method substantially equivalent to that described
in Example 17-A (using di-tert-butyl dicarbonate), 22 g (90%)
of Boc-D-cyclohexylglycine was prepared.

i1y NMr

FD-MS, m/e 258 (M*)

Analysis for C313H23NO4:
Calc: C, 60.68; H, 9.01; N, 5.44;
Found: C, 60.91; H, 9.18; N, 5.38.

C) Preparation of Boc-Pro-p-NHCH2CgH4C (NH)NHCbz

By a method substantially equivalent to that described
in Example 1-G, 20.5 g (76%) of Boc-Pro-p-NHCH2CgH4C (NH)NHCbz
was prepared from Boc-Pro-OH and NH2CH2CgH4C (NH)NHCbz-2HC1.

15 NMR

FD-MS, m/e 481 (M*)

Analysis for C2gH32N40s:
Calc: C, 64.98; H, 6.71; N, 11.66;
Found: C, 64.76; H, 6.78; N, 11.62.

D) Prepgrat:ion of Pro-p-NHCH2CgH4C (NH)NHCbz-2HC1
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in Example 23-2A, 18.4 g (100%) of Pro-p-

NHCH2CgH4C (NH) NHCbz - 2HC1 was prepared.

1y NMR

FD-MS, m/e 381 (M%)

Analysis for C231H2gN403Clo:
Calc: C, 55.63; H, 5.78; N, 12.36;
Found: C, 54.19; H, 6.27; N, 12.15.

E) Preparation of Boc-D-Chg-Pro-p-NHCH2CgH4C (NH) NHCbz

By a method substantially equivalent to that described
in Example 1-G, 3.6 g (97%) of Boc-D-Chg-Pro-p-
NHCH2CgH4C (NH) NHCbz were prepared.

1y NMR

FD-MS, m/e 619 (M*)

Analysis for C34Hgs5N50¢:
Calc: C, 65.89; H, 7.32; N, 11.30;
Found: C, 67.59; H, 8.07; N, 10.99.

F) Preparation of Cbz-t-BuOOCCH2-D-Chg~Pro-p-
NHCH2CgH4C (NH) NHCbz

By methods substantially equivalent to those described
in Examples 23-A and 85-A (using t-butyl bromoacetate and
benzyl chloroformate), 1.6 g (45%) of N-Cbz-N- (t-BuOOCCH3) -D-
Chg-Pro-p-NHCH2CgH4C (NH)NHCbz were prepared.

1y NMR

FD-MS, m/e 769 (M%)

Analysis for C43H53N508:
Calc: C, 67.26; H, 6.96; N, 9.12;
Found: C, 67.50; H, 6.97; N, 9.11.
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Preparation of HOOCCHz-D-Chg-Pro-p—NHCH2C5H4C(NH)NHz-HCl

‘By methods substantially equivalent to those described

in Examples 23-A (using dioxane as solvent) and 18-F, 411 mg
(61%) of HOOCCHz-D-Chg-Pro-p-NHCH2C5H4C(NH)NHz-HCl were
prepared.

1y NMR
FAB-MS, m/e 444.3 (MH*)
Analysis for C23H33N504-2.5HCI:

A)

Calc: C, 51.67; H, 6.69; N, 13.10;
Found: C, 51.84; H, 6.50; N, 13.15.
Example 87
O~ _OH
HN

[:::]/’\\//L\TQC) \v/l:::]/iﬂ? * HCI
N H NH;
O
o

HOOCCHz-D-hPhe-Pro-p-NHCH2C5H4C(NH)NH2-HCl
(N—(carboxymethyl)-D-homophenylalanyl-N-
[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide
hydrochloride)

Preparation of HOOCCH2-D-hPhe-Pro-p-

NHCH2CgH4C (NH) NH2 - HC1

By methods substantially equivalent to those described

in Example 86, 335 mg of HOOCCH2-D-hPhe-Pro-p-
NHCH2CgH4C (NH)NH2 -HC1 were prepared starting from Boc-D-
hPhe-OH.
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1g NMR

FAB-MS, m/e 466.3 (MHY)
Analysis for C25H31N504-2.1HC1-H30:

Calc: C, 53.61; H, 6.32; N, 12.50; Cl, 13.29;
Found: C, 53.58; H, 6.08; N, 12.59; Cl, 13.67.
Example €8
O OH

HN

OAA(O \/@/‘T * HCI
N H NH,
O

o)

HOOCCH2~D-hCha-Pro-p-NHCH2CgH4C (NH) NH2 - HC1
(N- (carboxymethyl) -D-homocyclohexylalanyl-N-
[[4- (aminoiminomethyl)phenylmethyl]-L-prolinamide
hydrochloride)

A) Preparation of Boc-D-hCha-OH

By a method substantially equivalent to that described

in Example 53-D, 5.1 g (100%) of Boc-D-hCha-0H was prepared
from Boc-D-hPhe-0OH.

1H NMR

FD-MS, m/e 240 (M%)

Analysis for C315H27NO4:
Calc: C, 63.13; H, 9.54; N, 4.91;
Found: C, 63.38; H, 9.39; N, 5.12.

B) Preparation of HOOCCH2-D-hCha-Pro-p-
NHCH2CgH4C (NH)NH2 -HC1
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By methods substantially equivalent to those described
in Example 86, 135 mg of HOOCCH2-D-hCha-Pro-p-
NHCH2CgH4C (NH) NH3 -HC1 were prepared.

1H NMR
FAB-MS, m/e 472.3 (MH*)
Analysis for 025H37N504-2.2HC1-O.5H20:

Calc: C, 53.54; H, 7.22; N, 12.49; c1, 13.91;
Found: C, 53.29; H, 7.01; N, 12.46; Cl1, 14.30.
Example 89
Oj/OH

HN

NH
kfo * HCI
N H NH,
}N
o)

HOOCCHz-Gly-N-C5H5CH2CH2Gly-p-NHCH2C5H4C(NH)NHz-HCl

A) Preparation of HOOCCHz-Gly-N-CsHsCHzCHzGly-p-'
NHCH2CgH4C (NH) NH2 - HC1

By methods substantially equivalent to those described
in Examples 1-G, 1-D, 1-G, 23-2a, 85-a, and 18-F, 365 mg of
N-HOOCCHz-Gly-N-CsHsCHzCHz-Gly—p-NHCH2C5H4C(NH)NHz-HCl were
Prepared.

1H NMR

FAB-MS, m/e 426.2 (MH*)

Analysis for C22H27N504-2.2HC1-1.5H20:
Calc: C, 49.60; H, 6.09; N, 13.15; c1, 14.64;
Found: C, 49.79; H, 5.71; N, 13.31; €1, 14.49.
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O OH
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Cr

o
(C2H5)2CHCO-G1u-Pro-p-NHCHzC5H4C(NH)NHZ~HC1

A) Preparation of Boc- (Y-0Bn) -Glu-Pro-p-
NHCH2CgH4C (NH) NHCbz

By a method substantially equivalent to that described
in Example 1-G, 2.7 g (64%) of Boc~ (y-OBn) -Glu-Pro-p-
NHCH2CgH4C (NH) NHCbz were prepared starting from Boc- (Y-

OBn)-Glu-0OH and Pro-p-NHCH2CgH4C (NH) NHCbz - 2HC1.

1H NMR

FD-MS, m/e 700 (M%)

Analysis for C3gH4sN50g:
Calc: C, 65.22; H, 6.48; N, 10.01;
Found: C, 65.00; H, 6.56; N, 10.06.

B) Preparation of (Y-OBn)-Glu-Pro-p-
NHCH2CgH4C (NH) NHCbz - 2HC1

By a method substantially equivalent to that described
in Example 23-A, 2.38 g (98%) of (Y-OBn) -Glu~Pro-p-

NHCH2CgH4C (NH) NHCbz - 2HC1 were prepared.

1y NMR
FD-MS, m/e 600 (M)
Analysis for C33H39Ns504Cl3:
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Calc: C, 58.93; H, 5.84; N, 10.41;
Found: C, 58.64; H, 6.00; N, 10.63.

c) Preparation of (C2H5)2CHCO-(Y-OBn)-Glu-Pro-p-
NHCH2CgH4C (NH) NHCbz

To a stirring mixture of (Y-OBn) -Glu-Pro-p-
NHCH2CgH4C (NH)NHCbz-2HC1 (1.3 g, 2 mmol) in THF/H20 (50 mL
each) was added K2CO3 (1.38 g, 10 mmol) and 2-ethylbutyryl
chloride (0.3 g, 2.2 mmol). After stirring 10 min,
volatiles were removed in vacuo. The resulting residue was
partitioned between water and ethyl acetate (100 mL each).
Layers were separated and the organic phase was washed
twice with each saturated aqueous ammonium chloride and
brine, dried (MgsSoy), filtered and concentrated in vacuo to
give 1.45 g (100%).

1H NMR

FD-MS, m/e 698 (M%)

Analysis for C39Hg7N507:
Calc: C, 67.13; H, 6.79; N, 10.04;
Found: C, 67.11; H, 6.70; N, 9.74.

D) Preparation of (C2H5) 2CHCO-Glu-Pro-p-
NHCH2CgH4C (NH) NH3 - HC1

By a methed substantially equivalent to that described
in example 1B-F, 425 mg (47%) of (C2H5) 2CHCO~Glu-Pro-p-
NHCH2CgH4C (NH)NH2 -HC1 were prepared. HPLC Method 2 (Ramp
98/2 A/B to 75/25 A/B over 150 min) was used to purify the
product.

1y NMR

FAB-MS, m/e 474.3 (MHY)

Analysis for C24H35N505-1.5HC1+1.1H50:
Calc: C, 51.10; H, 6.91; N, 12.41; C1, 9.43;
Found: C, 51.10; H, 6.81; N, 12.41; Cl, 9.62.
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(C2Hs5) 2CHCO-Met (02) -Pro-p-NHCH2C6H4C (NH) NHZ - HC1

A) Preparation of (C2Hs)2CHCO-Met (02)-Pro-p-
NHCH2CgH4C (NH) NH2 -HC1

By methods substantially equivalent to those described
in Example 90, 530 mg of (C2Hs5) 2CHCO-Met (02 ) -Pro-p-
NHCH2CgH4C (NH)NH2 -HC1 were prepared.

14 NMR
FAB-MS, m/e 508.2 (MH*)
Analysis for C24H37N5055:1.1HC1:

Calc: C, 52.63; H, 7.01; N, 12.79; Cl, 7.12;
Found: C, 52.42; H, 7.03; N, 12.80; Cl, 6.99,
Example 92

Ch /7
SQ
Eo
NH ~0 NH
(0] e HCI
N NH,
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MeSO2CH2CO-D-Cha~-Pro-p-NHCH2CgH4C (NH) NH2 - HC1
(N-(methylsulfonylacetyl)-L-cyclohexylalanyl-N-
[[4-(aminoiminomethyl)pbenyl]methyl]-L-prolinamide
hydrochloride)

Preparation of MeSO2CH2CO-D-Cha-Pro-p-NHCH2CgH4C (NH) NH2 - HC1

By methods substantially equivalent those described in
Examples 1-G and 18-F, 550 mg of MeSO2CH2CO-D-Cha-Pro-p-~
NHCH2CgH4C (NH) NH2 -HC1 were prepared.

11 NMR

FAB-MS, m/e 520.5 (MHY)

Analysis for C25H37N505S-1.2HC1-Hp0:
Calc: C, 51.64; H, 6.97; N, 12.04; C1, 7.32;
Found: C, 51.58; H, 6.84; N, 12.18; C1, 7.61.

The compounds of the invention are believed to
selectively inhibit thrombin over other proteinases and
nonenzyme proteins involved in blood coagulation without
apprec;able interference with the body's natural clot lysing
ablllty (the compounds have a low inhibitory effect on
fibrinolysis). Further, such selectivity is believed to
permit use with thrombolytic agents without substantial
interference with thrombolysis and fibrinolysis. Further,
the compounds of the present invention are believed to be
orally active.

The invention in one of its aspects provides a
method of inhibiting thrombin in mammals comprising
administering to a mammal in need of treatment an effective
(thrombin inhibiting) dose of a compound of Formula I.

The thrombin inhibition contemplated by the preser
method includes both medical therapeutic and/or prophylactic
treatment as appropriate.

In a further embodiment the invention relates to
treaﬁment, in a human or animal, of conditions where
inhibition of thrombin is required. The compounds of the
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invention are expected to be useful in animals,. including

man, in treatment or prophylaxis of thrombosis and
hypercoagulability in blood and tissues. Disease states in
which the compounds have a potential utility are in treatment
or prophylaxis of thrombosis and hypercoagulability in blood
and tissues. Disease states in which the compounds have a
potential utility, in treatment and/or prophylaxis, include
venous thrombosis and pulmonary embolism, arterial
thrombosis, such as in myocardial ischemia, myocardial
infarction, unstable angina, thrombosis-based stroke and
peripheral arterial thrombosis. Further, the compounds have
expected utility in prophylaxis of atherosclerotic diseases
such as coronary arterial disease, cerebral arterial disease
and peripheral arterial disease. Further, the compounds are
expected to be useful together with thrombolytics in
myocardial infarction. Further, the compounds have expected
utility in the treatment or prophylaxis for reocclusion after
thrombolysis, percutaneous transluminal angioplasty (PTCA)
and coronary bypass operations. Further, the compounds have
expected utility in prevention of rethrombosis after
microsurgery. Further, the compounds are expected to be
useful in anticoagulant treatment in connection with
artificial organs and cardiac valves. Further, the compounds
have expected utility in anticoagulant treatment in
hemodialysis and disseminated intravascular coagulation. A
further expected utility is in rinsing of catheters and
mechanical devices used in patients in vivo, and as an
anticoagulant for preservation of blood, plasma and other
blood products in vitro. Still further, the compounds have
expected utility in other diseases where blood coagulation
could be a fundamental contributing process or a source of
secondary pathology, such as cancer, including metastasis,
and inflammatory diseases, including arthritis and diabetes.
The anti-coagulant compound is administered orally, or
parenterally, e.g., by intravenous infusion (iv), ’
intramuscular injection (im) or subcutaneous injection (sc).
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The specific dose of a compound administered
according to this invention to obtain therapeutic and/or
prophylactic effects will, of course, be determined by the
particular circumstances surrounding the case, including, for
example, the compound administered, the rate of
administration, and the condition being treated.

J A typical daily dose for each of the above
utilities is between about 0.01 mg/kg and about 1000 mg/kg.
The dose regime may vary, e.g., for prophylactic use a single
daily dose may be administered or multiple doses such as 3 or
5 times daily may be appropriate. 1In critical care
situations a compound of the invention is administered by iv
infusion at a rate between about 0.01 mg/kg/h and about 20
mg/kg/h and preferably between about 0.1 mg/kg/h and about 5
mg/kg/h.

The method of this invention also is practiced in
conjunction with a clot lysing agent, e.g., tissue
pPlasminogen activator (t-PA), modified t-PA, streptokinase or
urokinase. 1In cases when clot formation has occurred and an
artery or vein is blocked, either partially or totally, a
clot lysing agent is usually employed. A compound 6f the
invention can be administered prior to or along with the
lysing agent or subsequent to its use alone and preferably
further is administered along with aspirin to prevent the
reoccurrence of clot formation.

The method of this invention is also practiced in
conjunction with a platelet glycoprotein.receptor (IIb/II1a)
antagonist, that inhibits platelet aggregation. A compound
of the invention can be administered prior to or along with
the IIb/IIIa antagonist or subsequent to its use to Prevent
the reoccurrence of clot formation.

The method of this invention is also practiced in
conjunction with aspirin. a compound of the invention can be
administered prior to or along with aspirin or subsequent to
its use to prevent the reoccurrence of clot formation. As
stated abo&e, preferably a compound of the present invention
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is administered in conjunction with a clot lysing agent and
aspirin. '

This invention also provides pharmaceutical
formulations for use in the above described therapeutic
method. Pharmaceutical formulations of the invention
comprise an effective thrombin inhibiting amount of a
compound of Formula I in association with a pharmaceutically
acceptable carrier, excipient or diluent. For oral
administration the antithrombotic compound is formulated in
gelatin capsules or tablets which may contain excipients such
as binders, lubricants, disintegration agents and the like.
For parenteral administration the antithrombotic is
formulated in a pharmaceutically acceptable diluent, e.g.,
physiological saline (0.9%), 5% dextrose, Ringer’'s solution,
and the like.

The compound of the present invention can be
formulated in unit dosage formulations comprising a dose
between about 0.1 mg and about 1000 mg. Preferably the
compound is in the form of a pharmaceutically acceptable salt
such as for example the sulfate salt, acetate salt or a
phosphate salt. An example of a unit dosage formulation
comprises 5 mg of a compound of the present invention as a
pharmaceutically acceptable salt in a 10 mL sterile glass
ampoule. Another example of a unit dosage formulation
comprises about 10 mg of a compound of the present invention
as a pharmaceutically acceptable salt in 20 mL of isotonic
saline contained in a sterile ampoule.

The compounds can be administered by a variety of
routes including oral, rectal, transdermal, subcutaneous,
intravenous, intramuscular, and intranasal. The compounds of
the present invention are preferably formulated prior to
administration. Therefore, another embodiment of the present
invention is a pharmaceutical formulation comprising an
effective amount of a compound of Formula I or a
pharmaceutically acceptable salt or solvate thereof in
association with a pharmaceutically acceptable carrier,
diluent or excipient therefor.
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The active ingredient in such formulations

comprises from 0.1% to 99.9% by weight of the formulation.
By “pharmaceutically acceptable" it is meant the carrier,
diluent or excipient must be compatible with the other
ingredients of the formulation and not deleterious to the
recipient thereof.

The present-pharmaceutical formulations are
prepared by known procedures using well known and readily
available ingredients. In making the compositions of the
present invention, the active ingredient will usually be
admixed with a carrier, or diluted by a carrier, or enclosed
within a carrier which may be in the form of a capsule,
sachet, paper or other container. When the carrier serves as
a diluent, it may be a solid, semi-solid or liquid material
which acts as a vehicle, excipient or medium for the active
ingredient. Thus, the compositions can be in the form of
tablets, pills, powders, lozenges, sachets, cachets, elixirs,
suspensions, emulsions, solutions, syrups, aerocsols, (as a
solid or in a liquid medium), soft and hard gelatin capsules,
suppositories, sterile injectable solutions, sterile packaged
powders, and the like. The compositions of this invention
may be formulated so as to provide quick, sustainéd, or
deiayed release of the active ingredient after administration
to the patient by employing procedures well known in the art.

The following formulation examples are illustrative
only and are not intended to limit the scope of the invention
in any way. "Active ingredient," of course, means a compound
according to Formula I or a pharmaceutically acceptable salt
or solvate thereof.
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Formulation 1

Hard gelatin capsules are prepared using the
following ingredients:

Quantity
{mg/capsule)
Active ingredient 250
Starch, dried | 200
Magnesium stearate -0
Total 460 mg

Eormulation 2

A tablet is prepared using the ingredients below:

Quantity
{mg/capsule)
Active ingredient 250
Cellulose, microcrystalline 400
Silicon dioxide, fumed 10
Stearic acid -2
Total 665 mg

The components are blended and compressed to form
tablets each weighing 665 mg.

Formulation 3

An aerosol solution is prepared containing the
following components:

Weight
Active ingredient 0.25
Ethanol 25.75
Propellant 22 (Chlorodifluoromethane) 10,00

Total 100.00
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The active compound is mixed with ethanol .and the
mixture added to a portion of the propellant 22, cooled to
-30 °C and transferred to a filling device. The required
amount is then fed to a stainless steel container and diluted

-with the remainder of the propellant. The valve units are
then fitted to the container.

Formulation 4

Tablets, each containing 60 mg of active
ingredient, are made as follows:

Active ingredient 60 mg
Starch 45 mg
Microcrystalline cellulose 35 mg
Polyvinylpyrrolidone (as 10% solution in water) 4 mg
Sodium carboxymethyl starch 4.5 mg
Magnesium stearate 0.5 mg
Talc —a_Ing
Total 150 mg

The active ingredient, starch and cellulose are
passed through a No. 45 mesh U.S. sieve and mixed thoroughly.
The aqueous solution containing polyvinylpyrrolidone is mixed
with the resultant powder, and the mixture then is passed
through a No. 14 mesh U.S. sieve. The granules so produced
are dried at 50 °C and passed through a No. 18 mesh U.S.
Sieve. The sodium carboxymethyl starch, magnesium stearate
and talc, previously passed through a No. 60 mesh U.S. sieve,
are then added to the granules which, after mixing, are
compressed on a tablet machine to yield tablets each weighing
150 mg.
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Formulation S

Capsules, each containing 80 mg of active
ingredient, are made as follows:

Active ingredient 80 mg
Starch 59 mg
Microcrystalline cellulose 59 mg
Magnesium stearate —2 ma
Total 200 mg

The active ingredient, cellulose, starch, and
magnesium stearate are blended, passed through a No. 45 mesh
U.S. sieve, and filled into hard gelatin capsules in 200 mg
quantities.

Formulation 6

Suppositories, each containing 225 mg of active
ingredient, are made as follows:

Active ingredient 225 mg
Saturated fatty acid glycerides 2.000 mg
Total 2,225 mg

The active ingredient is passed through a No. 60
mesh U.S. sieve and suspended in the saturated fatty acid
glycerides previously melted using the minimum heat
necessary. The mixture is then poured into a suppository mold
of nominal 2 g capacity and allowed to cool.
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Formulation 7

Suspensions, each containing 50 mg of active
ingredient per 5 mL dose, are made as follows:

Active ingredient 50 mg
Sodium carboxymethyl cellulose 50 mg
Syrup 1.25 mL
Benzoic acid solution 0.10 mL
Flavor | g.v.
Color qg.v.
Purified water to total 5 mL

The active ingredient is passed through a No. 45
mesh U.S. sieve and mixed with the sodium carboxymethyl
cellulose and syrup to form a smooth paste. The benzoic acid
solution, flavor and color are diluted with a portion of the
water and added, with stirring. Sufficient water is then
added to produce the required volume.

Formulation 8
An intravenous formulation may be prepared as
follows:
Active ingredient 100 mg
Isotonic saline 1,000 mL

The solution of the above ingredients generally is
administered intravenously to a subject at a rate of 1 mL per
minute. '

The compounds provided by the invention (Formula 1)
are orally active and selectively inhibit the action of
thrombin in mammals.

The ability of the compounds of the present
invention to be an effective and orally active thrombin



) ' '()--1FZ" () - '()-10%& ()- 10
! , 910%& () -- , 9109B& ()-- ! FZ" 10%<<& () - | MLO%& () - 10 .
ibci?’?\)Pl 1&10%&' 8 10<< 10<< 10<<! +"10%<& ()-!+"10%&' ()- 9' 10%& ()-S!
, 910%<<& ()-- -a?"P1 1& 3 310%c& ()- !93}}?%11&;()-
f109%& () - @O%& ()- @O%& ()- @LO% ()--:?p}[<L: |
10Y‘-<1§)‘)3/e&' ()-1Fy)1109%& ()- | &10%&' ()- #f10%& ()- !t 310%.& ()- !
310%& ()- 5/ HL 1 10Y'! &I0%N& ()-f &10%& ()-f
810% & ()-f1Y3"10%z& ()-10%& ()- 195

inhibitor is evaluated in one or more of the following
assays.

The inhibition of thrombin is demonstrated by in
vitro inhibition of the amidase activity of thrombin as
measured in an assay in which thrombin hydrolyzes the
chromogenic substrate, N-benzoyl-L-phenylalanyl-L-valyl-L-
arginyl-p-nitroanilide.

The assay is carried out by mixing 50 puL buffer
(0.03M Tris, 0.15M NaCl, pH 7.4) with 25 ML of bovine
thrombin or human thrombin solution (0.21 mg/mL of
thrombostat bovine thrombin, Parke-Davis, or purified human
thrombin, Enzyme Research Laboratories, South Bend, Indiana,
at about 8 NIH units/mL, in the same buffer) and 25 uL of
test compound in a solvent (in 50% agueous methanol, v:v).
The 150 uL of an agueous solution of the chromogenic
substrate (at 0.25 mg/mL) are added and the rates of
hydrolysis of the substrate are measured by monitoring the
reactions at 405 nm for the release of p-nitroaniline.
Standard curves are constructed by plotting free thrombin
concentration against hydrolysis rate. The hydrolysis rates
observed with test compounds are then converted to “free
‘thrombin® values in the respective assays by use of the
standard curves. The bound thrombin (bound to test compound)
is calculated by subtracting the amount of free thrombin
observed in each assay from the known initial amount of
thrombin used in the assay. The amount of free inhibitor in
each assay is calculated by subtracting the number of moles
of bound thrombin from the number of moles of added inhibitor
(test compound).

The Kass value is the hypothetical equilibrium
constant for the reaction between thrombin and the test
compound (I).

Thrombin + I ™ Thrombin-I

g

Kass= [Thrombin-1I)
[ (Thrombin) x (I))
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Kass is calculated for a range of concentrations of
test compounds and the mean value is reported in units of
liter per mole. '

By substantially following the procedures described
above for human thrombin, and using other human blood
coagulation system serine proteases and proteases of the
fibrinolytic system with the appropriate chromogenic
substrates, identified below, selectivity of the compounds of
the present invention with respect to the coagulation factor
serine proteases and with respect to the fibrinolytic system
serine proteases are evaluated as well as their substantial
lack of interference with serine proteases of the
fibrinolytic system. Thrombin inhibitors preferably should
spare fibrinolysis induced by urokinase, tissue plasminogen
activator (t-PA) and streptokinase. This would be important
to the therapeutic use of such agents as an adjunct to
streptokinase, t-PA or urokinase thrombolytic therapy and to
the use of such agents as an endogenous fibrinolysis-sparing
(with respect to t-PA and urokinase) antithrombotic agent.

In addition to the lack of interference with the amidase
" activity of the fibrinolytic proteases, such fibrinolytic
system sparing can be studied by the use of human plasma

clots and their lysis by the respective fibrinolytic
plasminogen activators.

Human factors X, Xa, IXa, XIa, and XIIa are
purchased from Enzyme Research Laboratories, South Bend,
Indiané; human urokinase from Leo Pharmaceuticals, Denmark;
and recombinant activated Protein C (aPC) is prepared at Eli
Lilly and Co. substantially according to U.S. Patent
4,981,952. Chromogenic substrates: N-Benzoyl-Ile~Glu-Gly-
Arg-p-nitroanilide (for factor Xa); N-Cbz-D-Arg-Gly-Arg-p-
nitroanilide (for factor IXa assay as the factor Xa
substrate); Pyroglutamyl-Pro-Arg-p-nitroanilide (for Factor
XIa and for aPC); H-D-Pro-Phe-Arg-p-nitroanilide (for factor
XIla); and Pyroglutamyl-Gly-Arg-p-nitroanilide (for _
urokinase); are purchased from KabiVitrum, Stockholm, Sweden,
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or from Midwest Biotech, Fishers, Indiana. Bovine trypsin is
purchased from Worthington Biochemicals, Freehold, New
Jersey, and human plasma kallikrein from Kabi Vitrum,
Stockholm, Sweden. Chromogenic substrate H-D-Pro-Phe-Arg-p-
nitroanilide for plasma kallikrein is purchased from Kabi
Vitrum, Stockholm, Sweden. N-Benzoyl-Phe-Val-Arg-p-
nitroanilide, the substrate for human thrombin and for
trypsin, is synthesized according to procedures described
above for the compounds of the present invention, using known
methods of peptide coupling from commercially available
Teactants or purchased from Midwest Biotech, Fishers,
Indiana.

Human plasmin is purchased from Boehringer
Mannheim, Indianapolis, Indiana; nt-PA is purchased as single
chain activity reference from American Diagnostica,
Greenwich, Connecticut; modified-t-PA6 (mt-PA6) is prepared
at Eli Lilly and Company by procedure known in the art (See,
Burck, et al., J. Biol. Chem., 265, 5120-5177 (1990).

Plasmin chromogenic substrate H-D-Val-Leu-Lys-p-nitroanilide
and tissue plasminogen activator (t-PA) substrate H-D-Ile-
Pro-Arg-p-nitroanilide are purchased from Kabi Vitrum,
Stockholm, Sweden.

In the chromogenic substrates described above the
three-letter symbols Ile, Glu, Gly, Pro, Arg, Phe, Val, Leu
and Lys are used to indicate the corresponding amino acid
group isoleucine, glutamic acid, glycine, proline, arginine,
phenylalanine, valine, leucine and lyéine, respectively.

Table 1 which follows lists the Kass values
obtained with the indicated compound represented by the
Formula I.
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La Irvpsin
.0017 0.38
.0092 1.0
.0021 0.24
.0057 0.076
00039 0.00015
.00024 0.0016
.0041 0.0081
.00038 0.022
.00058 0.00017
.000024 o0.077
.000068 0.0036
.000042 0.0022
.00098 0.00066
.00014 0.000056
.0070 2.6
.0051 0.02
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.21 14

.14 41

.10 19

.62 0.96
.043 8.5

.14 21
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33 0.04 0.04 0.02 <0.001 <0.001
34 0.65 <0.001 0.49 0.01 0.01
35 0.09 <0.001 0.04 <0.001 <0.001
36 0.06 <0.001 0.01 <0.001  <0.001
37 0.02 <0.009

38 1.1 <0.001 0.07 <0.001

39 0.12 <0.001 <0.02 <0.001

40 0.03 <0.001 0.01 <0.001

41 0.01 <0.001 <0.001 <0.001

42 38 0.07 43. 0.12 0.01
43 1.4 0.05 100. 0.30 0.01
44 630 0.66 2,600. 1. 0.04
45 610 1.5 110. 1. 0.77
46 240 0.07 48. 0.13 0.01
47 45 0.04 82. 0.18 0.01
48 4,100 5.5 250. 0.43 0.05
49 400 3.4 940. 0.84 0.04
50 40 4.3  2,200. 1.8 0.04
51 1,300 0.84 27 0.13 0.01
52 700 0.46 47. 0.11 0.01
53 0.36 <0.001 0.1 <0.001 <0.001
54 2.8 <0.001 0.52 0.01 <0.001
55 0.01 <0.001 0.01 <0.001 <0.001
' 56 490 0.20 3.6 0.01 <0.001
57 39 0.01 0.24 0.01 <0.001
58 0.60 <0.001 0.40 <0.001 <0.001
59 1.10 <0.001 0.21 <0.001 <0.001
60 0.24 <0.001 0.03 <0.001 <0.001
61 63 0.03 1.0 0.004 0.008
62 7.6 |

63 0.31

64 15 0.01
- 65 4,500 570.

66 120 4.6

67 11
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68 600 .

69 340 3.7
70 430 _ 9.8
71 1,400 240.
72 2,300 280

73 28

74 29

75 0.45

76 12 0.36
77 11

78 11 8.6
78 2.0 0.24
80 1,700. 90.
81 5.3 2.1
82 5.0

83 2.4 0.03
84 2.9 0.07
85 265 30.8
86 200 0.63

87 30 2.5

88 410 3.9

89 0.14 0.071

90 0.61 0.002

91 3.6 0.007

92 130 7.7

It is noted that, unexpectedly, compounds in which
X contains a D-cyclohexylalanyl moiety have improved potency
with respect to inhibition of thrombin and display especially
surprisingly enhanced potency with respect to the inhibition
of factor Xa when compared with, for example, the
corresponding compounds in which X contains a D-phenylalanyl
moiety.
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10%z& () Y<§%%”§ ag%a ig'%gégfhéé g%m%’conscious(%iﬁgd-breed hounds
(either sex Hazelton-LRE, Kalamazoo, Michigan, U.S.A.) by
venipuncture into 3.8 percent citrate. Fibrinogen is
prepared from fresh dog plasma and human fibrinogen is
prepared from in-date ACD human blood at the fraction I-2
according to previous procedures and specifications. Smith,
Biochem. J., 185, 1-11 (1980); and Smith, et al.,
Biochemistry, 11, 2958-2967, (1972). Human fibrinogen (98
percent pure/plasmin free) is from American Diagnostica,
Greenwich, Connecticut. Radiolabeling of fibrinogen I-2
preparations is performed as previously reported. Smith, et
al., Biochemistry, 11, 2958-2967, (1972). Urokinase is
. purchased form Leo Pharmaceuticals, Denmark, as 2200 Ploug
units/vial. Streptokinase is purchased from Hoechst-Roussel

Pharmaceuticals, Somerville, New Jersey.

Human plasma clots are formed in micro test tubes by adding
50 ML thrombin (73 NIH unit/mL) to 100 ML human plasma which
contains 0.0229 pCi 125-iodine labeled fibrinogen. Clot
lysis is studied by overlaying the clots with 50 ML of
urokinase or streptokinase (50, 100, or 1000 unit/mL) and
incubating for 20 hours at room temperature. After
incubation the tubes are centrifuged in a Beckman Microfuge.
25 pL of supernate is added into 1.0 mL volume of 0.03 M
tris/0.15 M NaCl buffer for gamma counting. Counting
controls 100 percent lysis are obtained by omitting thrombin
(and substituting buffer). The thrombin inhibitors are
evaluated for possible interference with fibrinolysis by
including the compounds in the overlay solutions.at 1, 5, and
10 ug/mL concentrations. Rough approximations of IC50 values
are estimated by linear extrapolations from data points to a
value which would represent 50 percent of lysis for that
particular concentration of fibrinolytic agent.
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Materials

Dog plasma and rat plasma is obtained from conscious mixed-
breed hounds (either sex, Hazelton-LRE, Kalamazoo, Michigan, .
U.S.A.) or from anesthetized male Sprague-Dawley rats (Harlan
Sprague-Dawley, Inc., Indianapolis, Indiana, U.S.A.) by

* venipuncture into 3.8 percent citrate. Fibrinogen is
prepared from in-date ACD human blood as the fraction I-2
according to previous procedures and specifications. Smith,
Biochem. J., 185, 1-11 (1980); and Smith, et al.,
Biochemistry, 11, 2958-2967 (1972). Human fibrinogen is also
purchased as 98 percent pure/plasmin free from American
Diagnostica, Greenwich, Connecticut. Coagulation reagents
ACTIN, Thromboplastin, and Human plasma are from Baxter -
Healthcare Corp., Dade Division, Miami, Florida. Bovine
thrombin from Parke-Davis (Ann Detroit, Michigan) is used for
coagulation assays in plasma.

Methods

Coagulation assay procedures are as previously described.
Smith, et al., Thrombosis Research, 50, 163-174 (1988). A
CoAScreener coagulation instrument (American LABor, Inc.) is
used for all coagulation assay measurements. The prothrombin
time (PT) is measured by adding 0.05 mL saline and 0.05 mL
Thromboplastin-C reagent to 0.05 nl test plasma. The
activated partial thromboplastin time (APTT) is measured by
incubation of 0.05 mL test plasma with 0.05 mL Actin reagent
for 120 seconds followed by 0.05 mL CaClz (0.02 M). The
thrombin time (TT) is measured by adding 0.05 mL saline and
0.05 mL thrombin (10 NIH units/mL) to 0.05 mL test plasma.
The compounds of Formula I are added to human or animal
plasma over a wide range of concentrations to determine
prolongation effects on the APTT, PT, and TT assays. Linear
extrapolations are performed to estimate the concentrations
required to douple the clotting time for each assay.
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Animals
Male Sprague Dawley rats (350-425 gm, Harlan Sprague Dawley

g4 F! &10%00%' ()- UAVBVBV7V,
()-m 10%&' ()-

Inc., Indianapolis, IN) are anesthetized with xylazine (20
mg/kg, s.c.) and ketamine (120 mg/kg, s.c.) and maintained on
a2 heated water blanket (37 °C). The jugular vein(s) is
cannulated to allow for infusions.

Artexio-Venous shunt model
The left jugular vein and right carotid artery are cannulated
with 20 cm lengths of polyethvlene PE 60 tubing. A 6 cm
center section of larger tubing (PE 190) with a cotton thread
(5 em) in the lumen, is friction fitted between the longer
sections to complete the arterio-venous shunt circuit. Blood
circulated through the shunt for 15 minutes before the thread
is carefully removed and weighed. The weight of a wet thread
is subtracted from the total weight of the thread and
thrombus (see J.R. Smith, Br. J. Pharmacol., 77,29 (1982)).
When the compound of Example 48 was compared with
D-MePhe-Pro~Arg-H (discussed above at page 2) in the Arterio-
Venous shunt model, the antithrombotic potency was found to
be 9-fold greater during continuous intravenous infusion. To
reduce thrombus weight to the same extent (to approximately
20% of control), the compound of Example 48 prolonged plasma
thrombin time about 3-fold, whereas plasma thrombin time was
prolonged greater than 20-fold during infusion of the
standard compound. Prothrombin time and APTT were extended
only to about 120% of control (a few seconds) during infusion
of the compound of Example 48.

FeCls model of arterial injurv

The carotid arteries are isolated via a midline ventral
cervical incision. A thermocouple is placed under each
artery and vessel temperature is recorded continuously on a
strip chart recorder. A cuff of tubing (0.058 ID x 0.077 OD
X 4 mm, Baxter Med. Grade Silicone), cut longitudinally, is
placed around each carotid directly above the thermocouple.
FeCl3 hexahydrate is dissolved in water and the concentration
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(20%) is expressed in terms of the actual weight of FeClj
only. To injure the artery and induce thrombosis, 2.85 Hl is
pipetted into the cuff to bathe the artery above the
thermocouple probe. Arterial occlusion is indicated by a
rapid drop in temperature. The time to occlusion is reported
in minutes and represented the elapsed time between
application of FeCls and the rapid drop in vessel temperature
(see K.D. Kurz, Thromb. Res., £0, 269 (1990)).

Spontaneous thrombolvsis model

dn vitro data suggested that the peptide thrombin inhibitors
inhibit thrombin and other serine proteases, such as plasmin
and tissue plasminogen activator. To assess if the compounds
inhibited fibrinolysis in wvivo, the rate of spontaneous
thrombolysis is determined by implanting a labeled whole
blood clot into the pulmonary circulation. Rat blood (1 mL)
is mixed rapidly with bovine thrombin (4 IU, Parke Davis) and
1251 human fibrogen (5 MCi, ICN), immediately drawn into
silastic tubing and incubated at 37 °C for 1 hour. The aged
thrombus is expelled from the tubing, cut into 1 em segments,
washed 3X in normal saline and each segment is counted in a
gamma counter. A segment with known counts is aspirated into
a catheter that is subsequently implanted into the jugular
vein. The catheter tip is advanced to the vicinity of the
right atrium and the clot is expelled to float into the
pPulmonary circulation. One hour after implant, the heart a:
lungs are harvested and counted separately. Thrombolysis is
expressed as a percentage where:

tThrombolysis = dinjected cpm - lung cpm) x 100

injected cpm °

The fibrinolytic dissolution of the implanted clot occurs

time-dependently (see J.P. Clozel, Cardiovas. Pharmacol., 12,
520 (1988)). '
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minutes (37 °C) and CaCls; (0.01 mL, 0.025 M) is added to

start coagulation. Assays are done in duplicate and
averaged.

Ind £ Bi { 1abili
A measure of biocactivity, plasma thrombin time (TT), served
as a substitute for the assay of parent compound on the
assumption that increments in TT resulted from thrombin
inhibition by parent only. The time course of the effect of
the thrombin inhibitor upon TT is determined after i.v. bolus
administration to anesthetized rats and after oral treatment
of fasted conscious rats. Due to limitations of blood volume
and the number of points required to determine the time
course from time of treatment to the time when the response
returned to pretreatment values, two populations of rats are
used. Each sample population represented alternating
sequential time points. The average TT over the time course
is used to calculate area under the curve (AUC). The index
of biocavailability is calculated by the formula shown below
and is expressed as percent relative activity.

The area under the curve (AUC) of the plasma TT
time course is determined and adjusted for the dose. This
index of biocavailability is termed "% Relative Activity" and
is calculated as

tRelative Activity = AUC PO Dose iv X 100
' AUC iv Dose po '
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phosphoric acid (60:40, v/v). Plasma concentration of test
compound is recorded and used to calculate the
pharmacokinetic parameters: elimination rate constant, Ke;
total clearance, Clt; volume of distribution, Vp; time of
maximum plasma test compound concentration, Tmax; maximum
concentration of test compound at Tmax, Cmax; plasma half-
life, t0.5; area under the curve, A.U.C.; and fraction of test
compound absorbed, F.

cani Model of C Art T} bosi
Surgical preparation and instrumentation of the dogs are as
described in Jackson, et al., Circulation, 82, 930-940
(1990). Mixed-breed hounds (aged 6-7 months, either sex,
Hazelton-LRE, Kalamazoo, MI, U.S.A.) are anesthetized with
sodium pentcbarbital (30 mg/kg intravenously, i.v.),
intubated, and ventilated with room air. Tidal volume and
respiratory rates are adjusted to maintain blood POy, PCOz,
and pH within normal limits. Subdermal needle electrodes are
inserted for the recording of a lead II ECG.

The left jugular vein and common carotid artery are isolated
through a left mediolateral neck incision. Arterial blood
pressure (ABP) is measured continuously with a precalibrated
Millar transducer (model MPC-500, Millar Instruments,
Houston, TX, U.S.A.) inserted into the carotid artery. The
jugular vein is cannulated for blood sampling during the
experiment. In addition, the femoral veins of both hindlegs
are cannulated for administration of test compound.

A left thoracotomy is performed at the fifth intercostal
space, and the heart is suspended in a pericardial cradle. 2
l1- to 2-cm segment of the left circumflex coronary artery

" (LCX) is isolated proximal to the first major diagonal
ventricular branch. A 26-gauge needle-tipped wire anodal
electrode (Teflon®-coated, 30-gauge silverplated copper wire)
3-4 mm long is inserted into the LCX and placed in contact
with the intimal surface of the artery (confirmed at the end
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of the experiment). The stimulating circuit is completed by
placing the cathode in a subcutaneous (s.c.) site. An
adjustable plastic occluder is placed around the LCX, over
the region of the electrode. A precalibrated electromagnetic
flow probe (Carolina Medical Electronics, King, NC, U.S.A.)
is placed around the LCX proximal to the anode for
measurement of coronary blood flow (CBF). The occluder is
adjusted to produce a 40-50% inhibition of the hyperemic
blood flow response observed after 10-s mechanical occlusion
of the LCX. All hemodynamic and ECG measurements are

recorded and analyzed with a data acquisition system (model
M3000, Modular Instruments, Malvern, PA. U.S.A.).

Electrolytic injury of the intima of the LCX is produced by
applying 100-pA direct current (DC) to the anode. The
current is maintained for 60 minutes and then discontinued
whether the vessel has occluded or not. Thrombus formation
proceeds spontaneously until the LCX is totally occluded
(determined as zero CBF and an increase in the S-T segment) .
Compound administration is started after the occluding .
thrombus is allowed to age for 1 hour. A 2-hour infusion of
the compounds of the present invention at doses of 0.5 and 1
mg/kg/h is begun simultaneously with an infusion of
thrombolytic agent (e.g. tissue plasminogen activator,
streptokinase, APSAC). Reperfusion is followed for 3 hours
after administration of test compound. Reocclusion of
coronary arteries after successful thrombolysis is defined as
zero CBF which persisted for 2 30 minu;es.

| template bleeding time deteiminat:

Whole blood cell counts, hemoglobin, and hematocrit values
are determined on a 40-pul sample of citrated (3.8%) blood (1
part citrate:9 parts blood) with a hematology analyzer (Cell-
Dyn 900, Sequoia-Turner. Mount View, CA, U.S.A.). Gingival
template bleeding times are determined with a Simplate II
bleeding time device (Organon Teknika Durham, N.C., U.s.a.).
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The device is used to make 2 horizontal incisions in the
gingiva of either the upper or lower left jaw of the dog.
Each incision is 3 mm wide x 2 mm deep. The incisions are
made, and a stopwatch is used to determine how long bleeding
occurs. A cotton swab is used to soak up the blood as it
oozes from the incision. Template bleeding time is the time
from incision to stoppage of bleeding. Bleeding times are
taken just before administration of test compound (0
minutes), 60 minutes into infusion, at conclusion of
administration of the test compound (120 minutes), and at the
end of the experiment.

All data are analyzed by one-way analysis of variance
(ANOVA) followed by Student-Neuman-Kuels post hoc t test to
determine the level of significance. Repeated-measures ANOVA
are used to determine significant differences between time
points during the experiments. Values are determined to be
statistically different at least at the level of p<0.05. All
values are mean * SEM. All studies are conducted in
accordance with the guiding principles of the American
Physiological Society. Further details regarding the
procedures are described in Jackson, et al., J. Cardiovasc.
Pharmacol., 21, 587-599 (1993).

Table 2

Human Plasma Anticoagulation

—2x Clotting time (na/mL) % oral/i.v.

Example IT APIT BT activity (Rat)
1 250 NT NT 8
2 170 NT NT NT
3 590 NT NT NT
4 230 NT NT NT
5 30,000 NT NT NT
6 390 NT NT NT
7 490 NT NT NT
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8 130 NT NT NT
9 >91,000 NT NT NT
10 420 NT NT NT
11 8,800 NT NT NT
12 1,700 NT NT NT
13 660 NT NT NT
14 21,000 NT NT NT
15 9 89 200 4
16 650 8,600 8,500 NT
17 26 370 400 15
18 7 79 170 12
19 58 300 540 NT
20 62 550 600 23
21 160 2,000 1,000 NT
22 170 2,300 1,000 NT
23 7 86 120 12
24 1,000 25,900 25,000 NT
25 1,430 34,600 40,400 NT
26 37 870 750 Ncl
27 1,940 27,800 27,000 NT
28 520 8,100 8,300 NT
29 750 9,800 15,800 NT
30 1,000 14,000 14,400 NT
31 10,800 34,500 30,000 NT
32 3,100 28,500 47,800 NT
33 18,900 59,300 70,900 NT
34 530 4,900 5,500 NT
35 4,500 50,400 78,400 NT
36 7,700  >81,000 >91,000 NT
37 >9,000 >9,000 >9,000 NT
38 540 6,100 11,100 NT
39 5,300 69,200 78,600 NT
40 35,100 >91,000 >91,000 NT
41 82,200 >91,000 >91,000 NT
42 20 270 320 NC2
43 280 1,100 930 NT

44 4. 100 170 NT
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45 8 200 330 NC2
46 2. 67 77 Nc3
47 12. 140 270 NC2
48 2. 33 59 22
49 5 130 130 NC2 .
50 35 460 420 NT
51 2 48 110 NT
52 6 80 170 NT
53 1,400 33,800 34,500 NT
54 140 3,300 2,200 NT
55 55,800 >91,000 >91,000 NT
56 5 160 200 NT
57 14 360 340 NT
58 710 14,300 11,400 NT
59 420 5,500 7,000 NT
60 3,200 22,200 77,700 NT
61 45 679 756 NT
62 54 NT
63 680 NT
64 23 900 650 Nc3
65 1 48 85 NT
66 7.9 180 270 NT
67 34. 1,800 1,300 NT
68 4. 49 190 NT
69 5. 110 220 NT
70 2 160 180 NT
71 1 89 150 Ncl
72 1 160 160 Ncl
73 21 340 330 NT
74 20 420 350 NT
75 NT
76 29 490 560 NT
77 53 1,600 890 NT
78 46 430 760 NT
79 140 1,700 2,400 NT

NT

80 4 40 130
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81 110 1,500 2,700 NT
82 130 3,800 3,000 NT
83 91 1,000 1,300 NT
84 110 1,500 1,900 NT
85 4.9 100 197 NT
86 4 81 180 NT
87 9 260 310 NT
88 4 100 200 NT
89 570 51,000 37,000 NT
90 330 14,500 14,600 NT
91 63 3,000 3,500 NT
92 8.9 210 340 NT

Notes to Table 2

Ncl indicates screening not completed; low or very low
activity obsrved at 20 mg/kg p.o.

NC2 indicates screening not completed; low or very low
activity observed at 60 mg/kg p.o.

Nc3 indicates screening not completed; low or very low
activity observed at 50 mg/kg p.o.

NT indicates not tested, as does a blank entry.
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We claim:
1. A compound having the Forrula I,
X-Y-NH- (CH) -G I
or a pharmaceutically acceptable salt or solvate thereof,
wherein
X is prolinyl, homoprolinyl,
0
R' ' (CH) c-
8 (CHz)" . \FRI
T-(CHy) a- f——c- N-B
o R
CHy)
Cﬂb)n (H;
N-B » OF
(CHy)n R! (CHz)
H
(o}

T is C3~-Cg cycloalkyl, C1-Cg alkyl,

O =0
Or | | e
O -0
Z

ais 0 or 1;

Q is -OH, Cj1~C4 alkoxy, or -NH-A;

A is hydrogen, C;-~C4 alkyl, R"SOz-, R"0OC(O)-,
R"C(0)~, or —(CHz)g~COOH;

g is 1, 2, or 3;

B 1s hydrogen or C;-C4 alkyl;

R* is hydrogen or Ci-C4 alkyl:

R" is C1-C4 alkyl, C;-C4 perfluoroalkyl,
- (CH7) g—COOH, or unsubstituted or substituted aryl, where
aryl is phenyl, naphthyl, a 5- or 6-membered unsubstituted
or substituted aromatic heterocyclic ring, having one or two
heteroatoms which are the same or different and which are
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selected from sulfur, oxygen and nitrogen, or a 9- or 10-
membered unsubstituted or substituted fused bicyclic
aromatic heterocyclic group having one or two heterxoatoms
which are the same or different and which are selected from
sulfur, oxygen and nitrogen;

d is 1, 2, or 3;

mis 0, 1, or 2;

n is 0, 1, or 2; and

Z is hydrogen, C3-C4 alkyl, C3-C4 alkoxy,
hydroxy, halo, or R,;SO2NH-, where R, is C;-C4 alkyl:;

[l

&

RP
in which

RY is C;-Cg alkyl, C3-Cg cycloalkyl, ox —(CH2)p-L-
(CH2) o~T"':

RP is hydrogen, C)~Cg alkyl, C3-Cg cycloalkyl, or

- (CH2) p~L~ (CH2) ¢~T";

where p is 0, 1, 2, 3, or 4; L is a bond, ~O-,
-S-, or -NH-; q is 0, 1, 2 or 3, and T' is hydrogen, C1-C4
alkyl, C3-Cg cycloalkyl, -COOH, -CONHz, or Ar, where Ar is
unsubstituted or substituted aryl, where aryl is phenyl,
naphthyl, a 5~ or 6-membered unsubstituted or substituted
aromatic heterocyclic ring, having one or two heterocatoms
which are the same or different and which are selected from
sulfur, oxygen and nitrogen, or a 9- or l0-membered
unsubstituted or substituted fused bicyclic aromatic
heterocyclic group having one or two heteroatoms which are
the same orxr different and which are selected from sulfur,
oxygen and nitrogen;
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RY is -CH2-, ~-O-, -S-, oxr -NH-; and

RZ is a bond or, when taken with RY and the three
adjoining carbon atoms, forms a saturated carbocyclic ring
of 5-8 atoms, one atom of which may be -0-, -S-, or -NH-;

r is 1 or 2; and

G is -(CH2)s-R, where s is 0-5, -CH=CH-(CH2):-R,

——4<iiiQS (CH)»
7 n
where t is 0-3, E (CHIk-R, (CHz) x-R

M .
N J°F —‘<_\\IN—R or —<_\In—a ;
W—W , (CH)p (CHa)p

where D and E are each independently N or CH;
k is 0 or 1;

b is 0 or 1;

M is §, 0, or NH;

each W is independently N or CH; and
NH ?OH NH
i |

R is -Nip, -C-Nip , -C-NHz , or -NH-C-Ni& ;

or a pharmaceutically acceptable salt thereof;
or a pharmaceutically acceptable solvate of said compound
or salt thereof;

provided that A is not hydrogen, C3-C4 alkyl orx
t-butyloxycarbonyl when G is -(CHz)s~R or —CH=CH-(CH2)+¢-R

|

and R is -C(NH)NHy or -NH-C(NH)NHz, Y is N—2C— or
unsubstituted prolinyl (RP is hydrogen), and T is

vt

guanidino when r=1 and s=0;

’

and provided further that R is not amino ox
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and provided further that A is not hydrogen, C,.C,
alkyl, methylsulfonyl or ~{(CH2) g-COOH when G is ~(CH2}s-R in
NH NH

I 1
which R is ~C-NH; or —NH-C'NFQ,
]
%
Y is N c * unsubstituted prolinyl

(RP is hydrogen) or 4-hydroxyprolinyl (RP is OH}, R' is
hydrogen, T is cyclohexyl and Q is -NH-A;

and provided further that R"S0O2 is not arylsulfonyl
NH -

when G is -(CH2)g-R in which R is ~NH-C-NE; vy j4
unsubstituted prolinyl (RP is hvdrogen) ox 4-methyl-
thioprolinyl (RP is -SCH3), and Q is -NH-A;

and providad further that A is not R"“SO2- when

‘CN—R '
(CHa)y,

- -
l ’ /
yA
NH
1
and further provided that R is not “NE-C-NE; yhen

O

Z

G is

’ and Q is _NH_A;

X is

0
-C-

in which 2 is hydrogen, a is 1, R' i{s hydrogen and Q is -NHA
in which A is hydrogen, Y is unsubstituted prolinyl
(RP is hydrogen}, r is 1 or 2, and G is
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g 109" & ()-z# 10%." & ()-z#9=>ACHM:Cr Ql} "10% 109" & ()-z# 109" & ()-z# 10%
"& ()-z# 109" & ()-z##34 g 104" & ( MQWK\ 1 d@ QL/ * 1#34

g 109" & ()-z# 10%."& ()-z# 109" & # 109" & ()-z##34
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& ()-z# 109%." &whexa##3bd E are each CH, =(CHz)x~R is para and k is 0).
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U ol S ot i

- 4 . . .
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H, ,or .

in which latter group R represents -CQNH)NH, when kis O or 1, or R
represents -NH-CONH)NH, when k is 0;
then: '
(a) when X represents T-(CH,)-C(R'YQ)-C(O)-;
R’ represents H;
-Q is -NH-A,; and
A represents
H, C,-C, alkyl, ,
R"SQ,- (in which group R" represents C,-C, alkyl or phenyl
substituted by one carboxy group),
R"OC(O)- (in which group R" represents C,-C, atkyl),
R"C(0)- (in which group R" represents C,-C, akkyl or
+(CH,)~COOH, wherein d is 1 or 2),
or -(CH,),-COOH;
. then the group T-(CH,), does not represent:
(@ CpCyakyl,
(i) ~(CHy,-Cs-C4cycloalkyl,
(i) ~(CH,),phenyl, which pheny! group is optionally substituted
with-a-Cy-C, alkyl group;
(iv) ~(CH,),phenyl, which phenyl group is substituted with either 2
hydroxy or a C,-C, alkoxy group; or
(v) -(CHp),-paphthyl; and
() X does not represent prolinyl, homoprolinyl,

=

AN N~B
R' R’
Y o
wherein R’ represents H,
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"10% & ()-- \3 "10% ") & ()--!e3 "1092& () hx0{29K>110 s31 10%& () - @
F'109%6 & ()- F'10% & ()-!F'10% 1 & ()- @10W& ()-- 10% & ()-O0vU4l

" 109&8" &&' () - ( whetEHR (represonts’ AY&IH; @hd() - f ( Y10%&8" &&' () -' 10" 10" 10"
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"10% >!, & ()-& 10%>!, & ( HO!NQ! 43" 109 &L(CH,)3" 10% & () -
,G'10% & () - @\ gCvU410 F\ R
"1#3/10% >, & ()-M 10% >! \& (NM 10% >! J& ()<I\/! 13% SCHIR -
$3"10% >!, & ()-"al {* DvU410 NH, -
in which latter group R rcpresents -C(NH)NHZ when k is 0 or 1, or R
represents -NH-C(NH)NH; when k is 0;
then:
(a) when X represents T-(CH,),-C(R")(Q)-C(O)-;
R' represents H; and
Q represents -NH-A in which A represents
H, C1_4 alkyl,
R"SO,- (in which group R" represents C;4 alkyl or phenyl
substituted by one carboxy group),
R"OQC(0)- (in which group R" represents C;4 alkyl),
R"C(0)- (in which group R" represents C,4 alkyl or -(CHy)q-
COOH, wherein d is 1 or 2),
or -(CH;),~COOH;
then the group T-(CH,), does not represent:
(i) Cygalkyl;
(i) -(CH,),-Cs.¢ cycloalkyl;
(iii) -(CH,),-phenyl, which phenyl group is optionally substituted
with a hydroxy, C;.4 alkyl or C,4 alkoxy group; or
(iv) -(CH,),-naphthyl; and
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2. A compound or salt or solvate thereof as
claimed in Claim 1 wherein

alkyl by itself or as part of another substituent
is methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl,
isobutyl oxr sec-butyl;

perfluorcalkyl by itself or as part of another
substituent is trifluoromethyl, perfluoroethyl, perfluoro-n-
propyl, perfluoroisopropyl, perfluoro-n~butyl, perfluoro-t-
butyl, perflucroiscbutyl or perfluoro-sec~butyl:

C3-Cg cycloalkyl is cyclopropyl,
methylcyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
4-methylcyclohexyl or cyclooctyl;

halo is chloro, fluoro, bromo or iodo;

a 5= or 6~membered heterocyclic ring is furyl,
thienyl, pyrrolyl, pyrazolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, pyranyl, pyridinyl, pyrimidinyl,
pyrazinyl, oxazinyl or thiazinyl;

a 9- or l1l0-membered heterocyclic ring is indolyl,
benzothienyl, benzofuryl, benzoxazolyl, benzoisoxazolyl,

benzopyrazolyl, quinolinyl, isoquinolinyl, benzimidazolyl or
benzothiazolyl;

and further where any of the aromatic or
hetercaromatic groups listed for the definition of Ax or R"
is independently unsubstituted or substituted with one ox
two substituents that will afford a stable structure
independently selected from hale, hydroxyl, C1~C4 alkyl, Cj-
C4 alkoxy, amino (~NH2), mono(Cy~Cq alkyl)amino, = (CHz2) 4COOH,
mercapto, -S(0)y{Cy-Cq alkyl), -NHS(Q)j(Cy1-C4 alkyl),
-NHC (0) (C1-C4 alkyl), -S(O)pNHz, -S(O)pNH(C3-C4 alkyl), or
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3. A compound or salt or solvate thereof as
claimed in Claim 1 ox 2 wherein

R'O |
. [ 1
(CHZ) a—lc'c-
| 0
X is 2 . homoprolinyl, 1- or 3-

Tiq, or 1- or 3-Piqg; Y is prolinyl; and Q is NHA in which A
is hydrogen or R"SO2-~, R' is hydrogen, Z is hydrogen, and B
is hydrogen; and R is a guanidino or an amidino group.

4. A compound or salt or solvate thereof as
claimed in any one of Claims 1-3 wherein

G is a 4~amidinophenyl group.

5. A pharmaceutical formulation comprising in
association with a pharmaceutically acceptable carrier,
diluent, or excipient, a compound of Formula I, or a '
pharmaceutically acceptable salt or solvate thereof, as
claimed in any one of Claims 1-4.

6. A process for preparing a compound having the
Formula I

X-Y-NH- (CK) ~G 1
as claimed in any one of Claims 1l-4 which comprises
a) removing simultaneously or sequentially
the protecting group(s) P of a corresponding compound of
Formula II
(P) X~-Y=-NH-(CH2) -G (P) 11
wherein (P)X represents a radical X which may bear one or

more protecting groups P- independently selected from an
amino acid protecting group P for a compound of Formula I in

which X includes a basic NH moiety and a carboxy protecting
group P for a compound of Formula I in which X includes a
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carboxy residue and G(P) reptesents a radical G which may
bear one or moére indeperndently selected amino protecting

groups P; or

b) for a compound ¢f Formula I in which R is

NH

I
NOH
|

Formula I in which R is ~C-NH,

by hydrogenolysis of a corresponding compound of

and whereafter, when a salt of the compound of
Formula I is reguired, forming the salt with a

pharmaceutically acceptable acid.

7. A method of inhibiting thrombin in a
mammal comprising administering an effective dose of a
compound, or a pharmd¢eutically acceptable salt or

solvate thereof, as claimed in any one of
mammal requiring thrombin inhibition.

8. A compound or salt or

Claims 1-4 to a

solvate

thereof as claimed in Claim 1, wherein R is

~C (=NOH) ~NH, .
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A compound of Formula I or salt or
solvate thereof as claimed in Claim 1 wherein

X is prolinyl, homoprolinyl,

' CH -
1‘2 ‘c|) (Cﬁb)m ( 2)L|n<§'
T—(CHz)a—f;—C— NB ’
0 ' R'
C_
(cHa) (C“”‘“ c-
m
(CHz)n (CHz) n
C_
O

T is C3-Cg8 cycloalkyl, C1-Cg alkyl,

a is 0 or 1;

Q is -NH-A;

A is -(CH2)9—COOH;

g is 1, 2, or 3;

B is hydrogen or C3-C4 alkyl;

R' is hydrogen or Ci-Ca alkyl;

d is 1, 2, or 3;

mis 0, 1, or 2;

n is 0, 1, or 2; and

Z is hydrogen, C3-C4 alkyl, C31-Csz alkoxy,
hydroxy, halo, or RySOsNH-, where Rz is C1-Cg alkyl;
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‘(CHZ)p‘L“(CH2)q'T'i

RP is hydrogen, C1-Cg alkyl, C3-Cg

cycloalkyl, or -(CH2)p-L-(CH2)q-T';

i

where p is 0, 1, 2, 3, or 4; L is a bond,
-0-, -8-, or -NH-; g is 0, 1, 2 or 3, and T' is
hydrogen, C1-C4 alkyl, C3-Cg cycloalkyl, -COOH, -CONH2,
or Ar, where Ar is unsubstituted or substituted aryl,
where aryl is phenyl, naphthyl, a 5- or 6-membered
unsubstituted or substituted aromatic heterocyclic
ring, having one or two heteroatoms which are the same
or different and which are selected from sulfur, oxygen
and nitrogen, or a 9- or 10-membered unsubstituted or
substituted fused bicyclic aromatic heterocyclic group
having one or two hetercatoms which are the same or
different and which are selected from sulfur, oxygen
and nitrogen;
RY is -CHp-, -0-, =-S-, or -NH-; and
RZ is a bond or, when taken with RY and the
three adjoining carbon atoms, forms a saturated
carbocyclic ring of 5-8 atoms, one atom of which may be
-0-, -S8-, or -NH-~;
r is 1 or 2; and
G is
—D
—2

.
’
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thereof; or a pharmaceutically acceptable solvate of

said compound or salt thereof.



