- 2- selected fromsul fur, oxygen and nitrogen, or a 9- or 10-

nmenber ed 93% | tuted or substituted fused bicyclic aromatic

*het erocycl i ¢ group having one or two heteroatomns whi c PAESHNE8ane or
different and which are selected from5 sulfur, ' ;

dis 1, 2, or 3 mis 0, 1, or 2; =30, or
2; and Z is hydrogen, (etr]-(er|] a?E?MC&%rSr%ggrr]SG
. al koxy, 10 hydroxy, halo, or [err], where R eryii Descriglier rdagf er.r.] teapdgetl .5
[err] i” Wh: Chl vl (CH R][)eEr] iSLC idim(s} e]r:rﬂag@é ..... L to paged‘);..)oi..
err]-Cferr] cycloal kyl, or - err err]-L- err]; - -
gP is] h%rogen, Clerr]-err] alkyl, Jerr] -C[er':lj'li\i)r PG(R)o] RAPP -y 10 PaGRd -ooco
-(CHerr])p-L- (CHerr]) g-T whefid Abstrast 0, : paged ....3, topaged .4.....
is a bond, -0-, -S-, or -NH; gqis 0, 1, 2 ef—Sr—are—F—ts—hydrogen;
Cerr]-Cerr] 20 alkyl, C(err]-Cferr] cycloalkyl, -COOH, -CONH err], or
Ar, where Az is unsubstituted or substituted aryl, mherebaryl isd
henyl , napht hyl, a 5- or,8{ S It uted or substitute
gr orrét i ¢ het ergcycl ic ring, h%@?%@ﬁ%gﬁfﬂé%%r oat ons whi ch are the
sanme or different and which are selected from25 sulfur, oxygen and

nitrogen, or a 9- orrh%%' HRUBREEOn re1d0S&'DSS I Enl &by i%#x&%tiiﬁ:té#tsegfhz%%gd

bi cyclic aromatic eterocyclic group having one or’ Cer oa
whi ch ar eare ueRéud Aptdrorgyiantehtinmmammalesh ale persécudatr b sul fur,

OXygero angelllate8JeB; peptide derivatives having high antithrombotic
activity, anticoagulant activity, and oral bioavailability.
The process of blood coagulation, thrombosis, is

triggered by a complex proteolytic cascade leading to the

formation of thrombin. Thrombin proteolytically removes
15 activation peptides from the AoO-chains and BB-chains of

fibrinogen, which is soluble in blood plasma, initiating
insoluble fibrin formation.

Anticoagulation is currently achieved by the
administration of heparins and coumarins.

20 Parenteral pharmacological control of coagulation
and thrombosis is based on inhibition of thrombin through the
use of heparins. Heparins act indirectly on thrombin by
accelerating the inhibitory effects of endogenous
antithrombin III (the main physiological inhibitor of

25 thrombin). Because antithrombin III levels vary in plasma
and because surface-bound thrombin seems resistant to this
indirect mechanism, heparins can be an ‘ineffective treatment.
Because coagulation assays are believed to be associated with
efficacy and with safety, heparin levels must be monitored

30 with coagulation assays (particularly the activated partial
thromboplastin time (APTT) assay). Coumarins impede the
generation of thrombin by blocking the posttranslational



-3- RY is -CHerr]-, -O, -S-, or -NH; and

Rlerr] is a bond or, when taken with RY and the three adjoining carbon
atons, forns a saturated carbocyclic ring of -5-8 atons, one ato
whi ch mayWMR9528609 5. or -NH; 5 ris 1 or 2 aﬁams95/°2558
Gis -(CH[err])[err] R, where s Is 0-5, -CH=CH(CHerr])--R [err]
where D and E are each independently N or CH 10 k is Oor 1
bis 0 or 1; Mis S, 0, or oNH; each Wis

. independently N or CH, and : Ris -NHerr], -CNHerr] ,
-CNHerr] or -NHCNH err] Bharnaceutlcally
accept abl e SEFWET?EﬁQRﬁYIat1°QDantﬁﬁaFNHEQEFFEaP?y LRERPPERIR R AFREf

sai d Conpociﬂotelnﬂroﬁéﬂﬁlé|ty¢&nf Because of theiprmgtHanismasf Aatsiomt
[

hydr ogen géréig%erriih ﬁ”?' §¥|Oxéigégggéﬁ}¥'-Ef?iﬂﬁﬁferr] or

-&ﬁHE?&LgKW5Ete$ adfmimzistration. Fquhaﬂ. theyuasebsott sebdchivéi nyl (RPis
nydr ogeny . Qﬂgtg?,é lente.  Coumarins also?2dqBiol! A6HitUELRS wibA! R s not
coagulation assays (partlcularly with the prothrombin time
(PT) assay). S Co :
| Recently, interest in-smal;-sYnthetic peptides that
are recognized by proteolytic.enzymes_in.a_manner similar to

10 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-Axrg-H, Bajusz et al. Ji_Mgdi_ghgm 33, 1729-1735 (1990)
demonstrate potent direct inhibition of thrombin. Early
clinical studies which demonstrate that D-MePhe-Pro-Arg-H

15 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

20 teaches a series of anti-coagulant peptides containing an
agmatine (l-amino-4-guanidinobutane) group. Agmatine
defivatives and related compounds also are'disclosed in the
PCT application with International Publication Number WO
93/11152, as well as in European .Patent Application,

25 Publication number 601459, published 15 June 1994. Such
compounds differ from the former series in that the agmatine
compounds lack a carbonyl moietyaiound in similar compounds
containing an Arg group. o

Although the heparins and coumarins are effective

30 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
anticoagular.ts that act selectively on thrombin, and
independent of antithrombin III, exert inhibitory action

35 shortly after administration, preferably by an oral route,
and do not interfere with lysis of blood clots, as required
to maintain hemsstasis.



-4- and provided further that A is not hydrogen, _
Cerr]-d.err al kyl, nrethylsulfonyl or -(CHerr])g-COOH when Gis
Fpasren, ' N

i - ( C:H[ err ] NH PCT/US95/02558
[err] 5 (RP is hydrogen) or 4-hydroxyprolinyl (RPis OH, R is
hydrogen, T is cyclohexyl and Qis -NHA; and provided further
that R*'SJ err] is not aryl sul fonyl 3 _ .

[err] when Gis - (CHerr]) s-Rin which Ris - unsubsti t ut ed

prolinyl (RP is hydrqgen) or 4-nethyl- 10 thigprolinyl (RPis,-SCHerr]),
and Qis -NHA the resentar’rﬁ“’ﬁ%ﬁv}%‘e&sf drraekednte Bhe diggoreny err] -
when that the compouhnésr bf the presentiSinvention, afrd@kffiwdder provi ded

that Ris £E¥owl‘ayé p&@%ﬁ@ thruébkﬁ inhibitors that may have high
biocavailability following oral administration. In addition,
5 certain compounds of the present invention also may exhibit
inhibition of factor Xa, which is involved in the coagulation
cascade.

Accordingly, it is a primary object of the present

invention to provide novel peptide derivatives that are
10 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

15 inhibiting compound having the Formula I

X-Y-NH- (CH,) -G - I
wherein
X is prolinyl, homoprolinyl,
20 RWM-(CH2)g-NH-CH2-C(0)-,

' CH, _
? |? (Cl‘-iz)m (CHa)a ;.
T- (CHZ) a'(':*_ c- N-B , N-B ,
Q R’
c_
||
0 g
N
(CHz) - 0
(CH) m 2ﬁ<° # o0
| R' or RY-(CH,;),-CH-C-
N-B ' N-B !
(CH2)n R (CHz) ' R®
c-
i
o}

in which
25 R4 is carboxy or methylsulfonyl;



in which Zis hydrogen, ais 1, R is hydrogen and Qis -NHA 20 in which A

I's hydrogen, Y is unsubstituted prolinyl (RP is hydrogen), r is 1 or
2, and G w0 95/23609 -HCT/US95/02558
(where D and E are each CH, -(CHerr])[err]-Ris para and k is 0) 5

2. A conpound or salt or solvate thereof as clainmed in daim1l

wher ei n al kyl by itself or as part of another substituent
is methyl, ethyl, n-propyl, isopropyl, n- butyI t-butyl, i sobutyl or
sec-butyl; 10 perfluoroalkyl by |tself or as part of another
substituent is trifl r@qrgamnqc m@bhuoggeﬁﬁébORaeri},u‘gﬁg%ﬂ propyl,

perfluororsopropyl J uar o-n-bu perfl uoro-
per f | uor oi sobutyl or piéer:'ﬁ Lﬁirglgeﬁi%ﬂ'y C3-Cg cycloalkyl °rCFe|4F}i epbrr]
cycl oal kyl dyseloyadikydr dp.yl—;:slSalhpl rwécwabmﬂm/-llo Qarsdng;yl . cycl opentyl,

cycl ohexyl , 4- h cl Qoct yl halo is
chl oro, fluoro, bro@{}ﬁ(\é, c% gi%llogikﬁf 8 é% sf)lkyo."r 6- menber ed
heteroc$clic ring is furyl, thienyl, pyrrolyl, pyrazolyl, oxazolyl,

i soxazolyl, 20 thiazog \ | sot hi azgly Pyl pyrrdrnyl pyri m di nyl,
pyrazi nyl, oxazinyl of thijzinyl o ' a 9- or 10- member ed
heterocyclic ring is iNnqoWl, |, benzofuryl, benzoxazol yl ,
benzoi soxazol yl , bdnzopyrdzol yl, nyl, isoquinolinyl,
benzi m dazol yl or 25 quzothiazolyl and furt her wher e any
of the aromatic or q%froaro tic groups listed for the definition of
Ar or R S |nde éﬁ% ub§?$kuted or substituted with one or '
two substituents thatQW,sI Qif.f éhdCa elhbkr, sor ueNMkX; 30 i ndependently -

sel ected from hal o, ky err. C[err]
alkoxy anrqp NH[ c] nDno r#? err alﬁ%l?éﬁn ﬂ "oc(0) -

7 (G SR} [ o ‘°3 oz - (Chz) g-R

g is 1, 2, or 3; _
B is hydrogen or C1-C4 alkyl
R' is hydrogen or C3;-C4 alkyl;
R" is C3-Cq4 alkyl, C31-C4 perfluorocalkyl, -{CH3)a-R®M,
15 - 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 heterocatoms
which are the same or different and which are selected from
sulfur, oxygen and nitrogen, or a 9- or 10-membered
20 unsubstituted or'substituted_fused biéYclic aromatic
heterocyclic group having one or two heteroatoms which are
the same or different and which are selected from sulfur,
oxygen and nitrogen; .
RM is -coonb -502(C1-C4 alkyl), -SO3H, -P(0) (ORDP)>
25 or tetrazol-5-yl;
R? is -COORP or tetrazol-5-yl;
each RP is independently hydrogen or C;-C4 alkyl;
d is 1, 2, or 3;
mis 0, 1, or 2;
30 n is 0, 1, or 2; and
Z is hydrogen, C3-C4 alkyl, C1-C4 alkoxy,'hydroxy;
halo or R,SO2NH-, where Rp is.Cl-C4 alkyi;



mercapto, -S(Oh(derr]-Cerr] alkyl), -NHS(Oh(Cerr]-Clerr] alkyl),

- NHC( O -Cerr] alkyl), -S(OJferr]NH err],

--S(O)[er(r‘ﬁ[(l e9rr]-C[err] al kyl), or PCT/USHS02558

- 6- -S(Of[err]N(Cerr]-CJerr] alkyl)2, his 0, 1 or 2, and j is 0, 1,
2, 3. or 4. 3. A-conpound or salt or solvate thereof
as 5 clainmed in Caim1 or 2 wherein 5

[err] Tiq, or 1- or 3-Piqg; Yis prolinyl; and Qis NHA in which A
is hydrogen or R"SQ2-, R is hydrogen, Z is hydro and B S
hydrogen; and R is a guanidino or an aI d¢i no groug 10 O 4. A
compound or salt or solvate theregf as cl ai ne in*anﬂ one of Clains 1-3
wher ei n G i< au-AR afHephenyl group—15¢< ’ 5 A
pharmaceutical fornulation conprising in associ.ation with a
pharmaceutically acceptable carrier, di luent, or excipient, a conpound
of Formula I, or a phdrmaceutical |y acceptable salt ,or solvate thereof,
as clainmed in any on f Caids 1-4. 20 | 6. A process
for preparing a compoupd haY gy For nuya | o

X-Y-NH (CHerr]) r-G | *f as claiged in ' ahﬁg_1-4 whi ch

conprises 25 renmovi'ng' si nmul t . quentially
the protecting group(sy a corresponding C Formul a |
(P)X-Y-NH (CH err]) reey P) | |

in which
RY is C3-Cs alkyl, C3-Cg cycloalkyl, or -(CH2)p-L-
(CH2) q=T*;
5 RP is hydrogen, C3-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, C31-C4 alkyl,
C3-Cg cycloalkyl, -COOH, -CONHz, or Ar, where Ar is
10 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
éulfur, oxygen and nitrogen, or a 9- or 10-membered
15 unsubstituted or substituted fused bicyclic aromatic
heterocyclic group having one or two heteroatoms which are
the same or different and whiéh are selected from sulfur,
oxygen and nitrogen;
RY is -CHz-, -0-, -8-, or -NH-; and
20 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 -(CH2)s~-R, where s is 0-5, -CH=CH-(CH3):-R,

25 where t is 0-3, or G is



wherein (P)X represents a radical X which may bear one or nor e

protecting groups P independently selected from an am no acid

protecti ngygoeiyged” fOr a conmpound of Fornula I in whi ¢ %%g s a
basi ¢ NH rmlaety and a carboxy protecting group P for al}c %}ﬁjﬂg&@f
Formula | in which X includes a

-7- carboxy residue and G P) represents a radical G which may bear
one or nore independently sel ected am nofprotecting groups P; or

b) for a conpound of Formula I in which Ris 5 [err] by hydrogenol ysis

of a correspondi ng conpoung—afp (CH,) NOR
Formula | in which Ris [¢r] x ‘ nd ebreafter, when a salt of
t he conpound of Fo a I\ required™Rorm the salt with a _
phar maceutical |y accept abl i'! * (GH)) -R {cH, gt hod of
inhibiting thronmbin in a mammal conpfi si ng adm'nis%ering an effective
dose of a conpound, or a pharmaceutically acceptable salt or '
solvate thereof, as clainmed in any one of Clains 1-4 to a 15 mamal
requiring thronbin inhibitiog. WD 95/ 23609
PCT/ US95/ 02558 . -8 /
\ R N-R N—R
W—W , (CH)p , (CHz)p
5
—<_>D —_—
E—-<( | _<_>'__(CH2)1:‘R
CHz)x-R. N—D
_ _(}-(Cﬂz)k"R Cor —Q—(cnz)k—n .
N . N ’
H H
10 where D and E are each independently N or CH;

k is 0 or 1;

b is 0 or 1;

M is S, O, or NH; . :
each W is independently N'of CH; and

15 .
NH _ LIITOH, NH
R is -NH,, -C-NH; , -C-NH; , or -NH-C-NH, ;
or G is ' ' ’
20 and wherein one to all of the otherwise

unsubstituted carbon atoms of the aromatic or

hetercaromatic rings of



[err]

For mul a Iwaggﬂ‘;ﬁ%s of those conpounds of Fornmula | 5 wherei

A particular group of the above conpounds of
PCT/US95/02558

R' is (err]-Cerr] alkyl, CJerr]-Cferr] perfluoroal kyl, 20

-(CHerr])d- unsubsti tuted bstituted ar where aryl
\ 2 \ /° (CH,) x-R
E ~(CHz)x-R

10

15

20

\ 7/
E <: ‘ N— D
' CHZ ) k"R ’

may bear a fluoro substituent;

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 -(CH3)g-NH-C(NH)NHz, Y is

unsubstituted prolinyl (RP is hydrogen), and T is H
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-C4
alkyl, methylsulfonyl or -(CH2)g-R™ when G is
I I

-(CH3)s-R in which R is ~C-NH; or -NH-C-NH;

IR

Y is N c * unsubstituted prolinyl

1

(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"S0z is not arylsulfonyl

NH

when G is -{CH2)gs-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"S02- when G is

X is prolrTny nmopr ol i nyl, [err] a
is 0 or 1; Qis -OH (derr]-Cerr] alkoxy, or -NHA

A is hydrogen, (Jerr]-Clerr] alkyl, R'SO[err]-, R'OC(0)-, 15 R'C (0)- or-
(CH err]) gCOOH; gis 1, 270r 3; B i s hydrogen
or Jerr]-Cerr] alkyl; R is hydrogen or (Jerr]-Cferr] alkyl;



WO 95/ 23609 PCT/ US95/ 02558

9 i s phenyl, naphthyl, a 5- or 6-nenbered unsubstituted or

substitut WO%2364% i c heterocyclic ring, having one or two PCT/USISbESS®At ONB
which are the sane or different and which are selected from sul fur,
oxygen and nitrogen, or a 9- or 10- 5 nmenbered unsubstituted or
substituted fused bicyclic aromatic het erocycl i c group having one or
two heteroatons which are the sane or different and which are sel ected
from sul fur, oxygen and nitrogen; dis 1, 2, or 3; 10
mis 0, 1, or 2 _ n 1, or 2; and Zis
hydr ogen, r- C ew+R al k¥l , err]-;@{err] al koxy hydr oxy, hal o, or
Rlerr]Sqerr]N (dﬁﬂgre Ra is ( err] alkyl;

[err] 15 in \ﬁhf"’_ch " Rg csr(I@rc]l.rcg mr}dyla}l kyl,
Cerr]-Cerr cl oal kyl , rr])p L- (CH2)qg-T

RP i s hydrogen rNe C3-C8 cycl oal kyl, or 20

-(CH2) p-L-( ereplso 1, 2 3, or 4, Lis a
bond, -0-, dr - NHX , 1, 2 or 3, and T' is hydrogen,

C[err] C[err] zal kyl, ' CS C8 cycI oal kyI 2, or Ar, where Ar
i's unsubsti t ut ed or substituted aryl’, Wﬁry@g ‘phenyl , 25
naphthyl, a 5- or 6- e RS tdEuwlasuIsToupPuoSdthe abbyei tanpdunds &£ omat i c

heterocyCHp%ﬁﬂuga ﬂ“@ﬂd&is@%eerth&@ehéﬁﬂﬁge%?gsof Folffll ) Are the same or
d| ffer egt aﬁ whi ch are selected from oxygen and ni trogen,
unsubstituted or substituted fused bicyclic aromatic

X is prolinyl, homoprollnyl

Rl
(C'Hz)m (CHz)m C—_
T- (CHy) o-C—
| N-B
Q
(Cl'llz)m e ’i"FC‘
N-B ¢ ©OF R'

Il
0

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

a is 0 or 1;

Q is -OH, C1-C4 alkoxy, or -NH-A

A is hydrogen, C1-C4 alkyl, R"Soz-, R"OC(0O) -,
15 R°C(0)-, or -(CHz)g-COOH; |

g is 1, 2, or 3;

B is hydrogen or C;-C4 alkyl:

R' is hydrogen or ci—c4 aikyl;

R" is C1-C4 alkyl, C1-C4 perfluoroalkyl,
20 -(CH3)g-COOH, or unsubstituted or substituted aryl, where

10

aryl

or a

(



WO 95/ 23609 PCT/ US95/ 02558

10 weo es/z869pc| | ¢ group having one or two heteroatons Wyyghsodhssss the
*sane or different and which are selected from sul fur, oxygen and

ni trogen; RY is -CHerr]-, -O, -S, or -NH; and 5

Rlerr] is a bond or, when taken with RY and the three adj oi ni ng car bon
atons, fornms a saturated carbocyclic ri ﬁg of 5-8 atons, one at om of
which may be -G, -S-, or -NH; is 1 or 2; and

)
Gis -(CHgs r;}r)eizan] fﬁph\&h@ﬂe & bs Qr56-m%&éé%ﬁb§%1tutked or lerr]
IS

wher e Dand are .eac h_in 0 or 1;
bis 0 or tsltut aroma%{:)‘. ggg 63"'}5?'9?\% ring, having one, gf kWS |
independewhégen¢anomsﬂwhanh are the same or dlfferenwﬁind wﬂﬂaﬁ are NH
[err] ted s cgytleal S her eq or a
phar maceut | ca ﬁ ye acfcygpt al%llig{lggl §H{/%g%f ées(% @Pé%%, aog r SAl t t “her eof ;

provi déd thembexeds ursubspdtuged or substivbuted ofussd fuimptcliltemrGriasic
CH | | RP i
-(CH err] )ﬂ@iéﬂcdyd'l%l\l%ﬁbeh&lnng bSe or two ﬁl%%é\/!{b? ﬁ% rqﬂ’her Otalhat (RPis

hydrogen), .and T is % Ris
not amino ‘O Fmey o%n & SrﬁBEnaFdl‘”’]éhﬂhsarﬂe SeleCted from sulfur,

oxygen and nitrogen;
d is 1, 2, or 3;
10 m is 0, 1, or 2;
n is 0, 1, or 2; and
Z is hydrogen, C3;-C4 alkyl, C1-C, alkoxy,
hydroxy, halo, or RaSO;NH-, where R, is C1-C4 alkyl;

] IR
Y is -NR9-CH,-C- , N—=d—¢ '
N 0 |

] o) .
. ot (] o “ '

. , or o)) C=—

\\\‘ Ry\\\\.
15 RP
in which

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

20 -(CH2)p-L-(CH2)gT';

where p is 0, 1, 2, 3, or 4; L is a bond, -0-, -S-,
or -NH-; g 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,

25 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 fﬁsed bicyclic aromatic
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11 ~and provided further that A is not hydrogen,

Cerr]-C wodsr23eo9 al kyl , net hyl sul fonyl or -(CH err]) g- COORCTIUSIS/RSES
-(CHerr])[err]-Rin NH NH [err] 5 (RPis
hydr ogen) or 4-hydroxyprolinyl (RPis OH, R is hydrogen, T is
cyclohexyl and Qis -NHA and ol ovided further that R'SJerr] is
not aryl sul fonyl when _ NH

[err] Gis . -(CHerr])[err]-Rin which Ris [err] Y is unsubstituted

prolinyl (RRtYerdeydildgegroap Havkhdydné hvoprwsd imstedddRoms WhichS@Me), and Q
IS -NH A . i -t hat ' : r}- when
Gis the sa'“'[eero_ F ] dl%grgﬁg éxq&d‘"ﬂ#lﬁ.g%[ﬁt%%lne%oéqs hée}%é“ogﬁl?% s of

Formul a |, ddwgen angr pdgmpgenyenti on provi des pharnmceutical fornul ations
conprising a conpouncyofisFapayla Lol agsochatigw- Wdhga 20
pharmaceutically acceptable carrier, djluent or excipient. -

The pre8ent inventiofft%ali€oapPEPRde%  aWheRnhbaker withRhiand ithe r@fosi s
in manal s LPyEIMisig¢adBBhNREbRE] NGoifs a sAtuFdtE] darbRsebldfc triiert BENt,

an antithr otic dose of cojrpound_of. Forgula | . 25 The
present i n\?t‘g:[r)ﬁ APy r CRE agpﬁ‘vPGegﬁgc db%f'cgy' Tgh'h'i 8% i A5 thr onbi n
conpri sing adm ni st erd rigs 110 o 1Zamaakd i n need of treatnent, a thronbin
i nhibiting dose of a ¢onPQYids,) -rROfwhEEEUL 3L 0-5, -CH=CH-(CHs)(-R,
---D3 (CH2)p ‘
| \ E”\(cnz)k-n, ' \(cnz)k-n,

'10_ where t is 0-3,

—( ?—R _ ] -R or- —<_\,N—R :
W—w , (CH2)p ’ (CHZ)b

where D and E are each iiidependently N or CH;

k is 0 or 1;
b is 0 or 1;
15 M is S, O, or NH; - _
each W is independently N or CH; and

NH ' II"IOH NH
R is ~-NH,, -!I:-Nﬂz , =C-NH; , or -NH-&-NHZ ;
or a pharmaceutically acceptable salt thereof;
or a pharmaceutically acceptable solvate of said compound
20 or salt thereof;
provided that A is not hydrogen or
t-butyloxycarbonyl when G is ~(CH3)s~NH-C(NH)NHz, Y is

e

unsubstituted prolinyl (RP is ‘hydrogen), and T is _ ;
and provided further that R is not amino or
25 guanidino when r=1 and s=0; '
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12 This invention relates to new inhibitors of

-t hr onbi n,WOR¥2I¢Beut i cal conpositions containing the CROTFOINSH2558 S
active ingredients, and the use of the conpounds as anticoagul ants for
prophyl axis and treatnment of 5 thronboenbolic diseases such as venous

t hronbosi s, pul nonary enbolism artefial thronbosis, in particular
nyocar di al i schem a, nyocardial infarction and cerebral thronbosis,
general hypercoagul abl e states and | ocal hypercoagul abl e states, such

as foll ow ng angi opl a3rd yorewidasd dwnbhery fhas AOlsopetabdeggeandcl-C:i
general i Ze&'lﬁyfsqﬁeﬂﬂyllguﬁf%%yllt E'eLQbﬁﬁ)éDCOOH Whén | O { QNIBER))Y, 4 Q¢ESS.

The term "al Kyl™ by  ijpel f or anot her substituent neans a
strai ght or branched clpal n al kyl ra| i cal havi ng the stated nunber of
carbon at o‘g’g %ijg{u as eyl ol S-NldWNE, N- Propyl, isopropyl, n-butyl,
t-butyl, sec- butyl . The term * perfl uor oal kyI by itself or
as part of anofher fsufistituent nmeans a straight or branched chain alkyl
radi cal havi ng thelstatjedllnunber of carbon atons in which each hydrogen
atomis replised WIN a Truori né ansubstittuted Arolinyl uor onet hyl

perfl uar oe |, proO o] sppr vl ,

perfl u%ro h{%’u syﬁg;dyo%%?’gorgg o gﬁhr?xyprgf:{xfa'# lf}?ofés)odg@tyIR ;

per f | uor o-kEydraegen, T is CYC1°hexyl agfeOt éﬁm'lm‘,’[érr] derr] cycl oal kyl "
refers to the spidiipdRfided RIdthes ithati RI809F 15hh8E &8y BE Ut o hierat OB
such as 25 cyclopropyl, nethylcycl opropylnucycl obutyl, cycl opentyl,

cycl ohexyl, 4- nethylcyclohexyl cyclooctyl“ and the 1ike.

The term"al kOBt -tsmacgmg Sl cal
havi ng theés%(sgt e(cFHr#}e foer g"f%%la?: o% AFors ﬁded %h&t’ € par en% noi ety by
an oxygen px@ynylhe(RReds 3¢drogend” oneéﬁmethilbfbhlébrmlmybrmﬁ) igr i odo.
The tgpm "ag@t)," and ansygagrr]- (O -. The term "t-butyl oxycarbonyl "

means (CH3) 3C OCO- and is abbrevi at ed "Boc". The term
"benzyl oxycar bonyl " Rrfided HusthezHtbat] Aols ppt §nﬁ°2§ ‘&lbﬁ?ec?/l’ai ed
"Cbz". 35 The term "5- or 6-nenbered heterocyclic ring" neans
any 5- or 6-ne dring that will afford a stable structure
cont ai ni ng or tyogitrogen atons; one sulfur atom one
/

(CH2)p |, T is c1-Cg alkyl,
— N
\|./ . = I
o (US
15 Z

In addition to the compounds of Formula I, the

, and Q is -NH-a.

present invention provides pharmaceutical formulations
comprising a compound of Formula I in association with a
20 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.

25 The present invention further provides a method of
inhibiting thrombin comprising administering to a mammal in
need of treatment, a thrombin 1nh1b1t1ng dose of a compound
of Formula I.
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13 oxygen atont one nitrogen and one sul fur atom or one

ni t rogen a@f'ss% 00Xygen atom The 5-nenbered ring has one- or

doubl e bonds an the 6-nenbered ring has two or three %‘G@P@oﬁﬁﬁds
Such heterocyclic systens include furyl, 5 thienyl, pyrrolyl, pyrazolyl,
oxazol yl, isoxazolyl, t hi azolyl, isothiazolyl, pyranyl, pyridinyl,
pyri m di nyl, pyrazi nyl, oxazi nyl ara®thiazinyl. The
term"9- or 10-nenbered heterocyclic ring" means any bicyclic group in
whi ch any of the abo .0 s is. fused to a benzene
ring or another Jﬁ%ﬂﬁ@?@%lﬁgtgfgggsflE°r? ¥ 2BRYREFAEY Above that

wil | a:errdblax,sp@bh:masemmcalecoﬁmesettMSrwycAuung/sﬂmm

i ncl ude in ,ayqau.@;nagt Qeee»% r.HSPé&IélﬁEI 3 la@@%@&é log the compounds

benzoi soxazo enzopyrazo quin I soqui nol i nyl
benzi m dazcﬁ%llanéﬁd:%@h‘i-éﬂﬁlsaieryprOPhylaxm and tr¢4tmwnu afe appr eci at ed

that magy Ghhrididboda®sic diBeh8ESCHGEESastYekdus  thFodisol N Anidats, Al l
such forns are included,wiihin the sch%e of this Invention.

Al of the SRS GFE ﬁEP@Fo&i‘BﬂE}P?ﬁlﬁro SPWE%%I% myQsa%di@lyef i ni t i on
of Ar or Risuherirdepgodertligl infanstbshiand ecersbrabsiiddtisbi,th one or

Lot SR, pas ol ot 8h8rds haR. folki st eaaainiE Y
it e oog b e i ey

i 'S ﬁrf i es to
-gl(_g[oerrer{geerlﬂrr & C[err]%glkylﬁ orerrSJ{O)[err?N(C[err] 4

alkyl)2, h i's ()Tﬁb(ﬁéﬁh Wﬂﬂ*ﬂl"by01t§e1% o3 a8l pdrt SPCapstiiésul arly
preferred su%? value for the substit

1- et hyl i nd2SFAhpentagieans a seraichf ?ﬁsb’?@%%%rﬁ%&%rﬁwlpmcﬂ t he
car bonyl hav:fnmd:theornlalttega aiimhepupf Xcasboht acdnsl $wch hes anadlsl,

{ncts 35° ol g npodbopa: Db Lvnok B0 . ol g™ 1"
PCT/ US95/ 02888-butyl. The term “perfluorocalkyli14by 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 w1th a fluorine atom such as
20 trifluoromethyl, perfluoroethyl, perfluoro-n-propyl,
perfluoroisopropyl, perfluoro-n-butyl, perfluoro-t-butyl,
perfluoroisobutyl and perfluoro-sec-bﬁtyl.'

The term "C3-Cg cycloalkyl" refers to the saturated
alicyclic rings of three to eight carbon atoms such as

25 cyclppropyl, 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 oxXygen atom. The term

30 "halo” means chloro, fluoroc, bromo or iodo. The term "acetyl"”
means CH3-C(O)-. The term "t-butyloxycarbonyl®" means (CH3)3C-
0-C(0)- and is abbreviated "Boc". The term
"benzyloxycarbonyl" means CgH5CH,-0-C(O)- and is abbreviated
"Cbz". _

35 ' The term "5- or 6-membered,héterocyclic ring" means
any 5- or 6-membered ring that will afford a stable structure

containing one or two nitrogen atoms; one sulfur atom; one



[err] The group where Z and A are both

hydrogen, is referred to at tines herein as phenyl gl ycyl and abbrevi at ed
-Phg. Conp¥0A&336fherein Ais, e.g., nethyl, are r ef er r e PETSUSRS/02558

N err]-net hyl - phenyl gl ycyl group and 5 abbrevi ated MePhg. Substituted

conpounds wherein.Z is other t han hydrogen are referred to by the type
and position of the substituent group, e.g., 3' -chlorophenylglycyl or
Phg(3-Cl). [err] ' The group where Z and A are

both 10 hydrogen, is referred to at times herein as phenyl al anyl and
abbr.evi at HMERR atOFipSuKdRitkeFeR nand | Qne Syl funatign: oFr éne referred to

as the N efidrdtRichyndpbaaybiigey! agseUp THél 5-menda:ad atied MakBhene or
Substl oS SARUTBMS! £h0, G 5 plStereq Bl WY T e 10
3' - chl or optveplleabamgls . or SRHB(Bekyocyclir rdystems include furfle groups
ﬁggeinseu;?Eiiﬁx}'SPyrrw?g?faﬁ g%%égggéﬂéno |R€§;§ﬁ%hfﬁ%h eéégc?}vé:g?sand
are 20 redpd@zolyly aspthipgetyl 1-Oyrarnt, Pymigdinyl, pyrimi@iesl23609
PCT/ US95/ @RB%& inyl, oxazinyl and thiazinyl. 15 [err]
The term "9- or l0-membered heterocyclic ring"

means any bicyclic_group in which any of the above 5- or

10 6-membered rings ié fused to a benzene ring or another
6-membered heterocyclic ring as defined above that will
afford a stable structure. These heterocyclic systems
include indolyl, benzothienyl, benzofuryl, benzoxazolyl,
benzoisoxazolyl, benzopyrazolyl, quinolinyl, isoquinolinyl,

15 Dbenzimidazolyl and benzothiazolyl.

. It will be appreciated that many of the above
heterocycles may exist in tautomeric forms. All such forms
are included within the scope of this invention.

All of the aromatic or heterocaromatic groups listed

20 for the definition of Ar or R" are independently
unsubstituted or substituted with one or two substituents
that will afford a stable structure independently selected
from halo, hydroxyl, C;-C4 alkyl, C1-C4 alkoxy, amino (-NH3),
mono {C1-C4 alkyl)amino, -{CHz)3COOH, mercapto, -S(0)p{C1-C4

25 alkyl), -NHS(O)Rp{Ci-C4 alkyl), -NHC(O) (Ci-C4 alkyl),

-S{(O)pNH2, -S(O)pNH(C1-C4 alkyl), or -S{O)hN(C1-C4 alkyl)z, h
is 0, 1 or 2, and j is 0, 1, 2, 3, or 4. One particularly
preferred such value for the substituent R"(C)O- is
1-methylindol-2-oyl.

30 In the representation of Formula I, the carbonyl
functionality of group X is attached to -the amine
functionality of the Y group. The carbonyl functionality of Y
is then attached to the amino group drawn in Formula I.



R is hydrogen, are referred to at tines herein as 1- and 3-

per hydr o-i soqui nol i necarbonyl, respectively, and are respectively

abbr evi at exip ds/4366p and 3-Pigq. As indicated by 5 the crookegdii@spagég | OUS
ring fusion isonmers of these substituents exist -- this invention
contenpl at es any I ndi vi dual isonmer and conbi nati ons thereof.

‘The groups [err] 10 referred to as prolinyl and azeti di ne-2-carbonyl,
respectively, and are respectively abbr ated Pro and Azt.

The group represents a saturated bicyclic system of

the 4,5; 5,5, 6,5 7,5 or 85
the carbonyl; the ot her bri
except for the 4,5 and 5,5

o-type. The stereochem stry at 3a is cis to
geh ad*bodU may be either cis or trans

“be cis at the bridgehead. The
definitions of Rlerr] and R err] VIdﬁgagat the variable ring, whi ch
I ncludes the three carbon atons shown saturated 20 carbocycllc system
of 4-8 atons. All of e 95N at ofrs may beWRe¥®oh, arf drarefbatde ring

atons may hgydrdgencr dsarefferredsed est egimé® Merkin assphe’%ﬁﬂgllyéyl ah@l S

gg}}ﬂggg?g;g@@g%qgied Phg. COM%% 242 £Lere1n A i, e.g., methyl, are
: referred to as the NV-methyl-phenylglycyl group and

5 abbreviated MePhg. Substituted compounds wherein Z is other
than hydrogen are referred to'by:the"type and position of the

substituent group, e.g., 3'-chlorqpheny1g1ycyl or Phg(3-Cl). ‘
* |l
/ CHZ—CH-C-
l A
The group , where Z and A are both

10 hydrogen, is referred to at times herein as phenylalanyl and
abbreviated Phe. Compounds wherein A is, e.g., methyl, are
referred to as the Naﬁmethyl-phenylalanyl group and
abbreviated MePhe. Substituted compounds wherein Z is other
than hydrogen are referred to by the type and position of the

15 - substituent group, e.g., 3'-chlorophenylalanyl or Phe(3-Cl).

' 0
Q N-H ]
_ -H c-

R
c- : R'
] _ N-H

The groups o and , when

R' is hydrogen, are referred to at times herein as 1- and 3-
tetrahydrofisoquinolinecarbonyl, respectively, and are
20 respectively abbreviated 1-Tig and 3-Tig.



16 the preferred noiety derived from octahydroi ndol e- 2- carboxylic

acid, abhreviated "Oni", as represented by [ero‘!éJ_ds

:The vari oUS%¥¥% g trans forns of 5 this noiety are conRGHBPMW0R¥8hy thi s
i nventi on. The asterisks in radical Y denote a chiral center
‘that is (L). The asterisk in radical X denotes a chiral center that is
(D) or (DL); the # in radical X denotesig chiral center that is (L). 10
In addition, diastereoners may exi st dependi ng upon branchi ng of al kyl
substituents. The compounds ‘of the present invention include m xtures
of two or nore di ast ereoners as each individual isomner.
Preferred conpounds of the pre venty on 15 include thosg conpounds of -
Formula | where X is ' ' [err] H i
homoprolinyl, 1- or 3-Tiqg, or 1° N g, ape oyl , and

pharmaceutically acceptable salts ®R'sol vat ep
conpounds wherein Qis 20 NHA and;&i “hydrogen 8

= R'SJerr]-), R | S rogen, Z i@ hydrogen, and B I
preferred. Al so, tho'léheé c,S{)Itrfl\p{1 'nds wherein R i sgréélguani di no,
especi al | R' drs dyiddiogengr ewrp zefepreflctocat times herein asOle pad i3eul arly
preferredlﬁgﬁgkﬂggyg% 1221 bsi i nts,d i -pst i tut ed
phenyl (i.%e., } 6:Eg%l-|n E::LS%H es {ex%?él f?/é er%\?%?%@g iaé?dv?h_ere Gis a

4- am di noptRERACtEVEIY. abbreviated -Prg paed of TRR gr A dotdiigaded donpounds

in whigh aite crodked@lilinek,t faroblsr Mise sRsLbStidshat ¥ hofegat oms of the
30 arommti¢ or. heteroarqnuatic rkngs_of . WD 95/ 23609
PCT/ US95/ ituents exist -- this invention contemplates any

ONagi de (e.g., A
hydrg?%ge%re al

individual isomer and combinations thereof.

==0)
l
]
O==0

o and N
10 referred to as prolinyl and azetidine-2-carbonyl,

The groups are

respectively, and are respectively abbreviated Pro and Azt.

0
]

peYil C'—

The group represents a
saturated bicyclic system of the 4,5; 5,5; 6,5; 7,5; or 8,5

15 type. The stereochemistry at 3a is cis to the carbonyl; the
other bridgehead bond may be either cis or trans except for
the 4,5 and 5,5 systems must be cis at;the bridgehead. The
definitions of RY and RZ provide that the variable ring,
which includes the three carbon atoms shown, is a saturated

20 carbocyclic system of 4-8 atoms. All of the ring atoms may
be carbon, or one of the ring atoms may be a hetero atom

selected from -0-, ~8~, and -NH-. This definition includes



17 [err] bears a fluoro substituent is one in which no fluoro
substituent is [err]- or [err]- to Dor Ewhen Dor Eis N 5

Anot her grwopsedsodr ef erred conpounds of the present | NVERELeURphékg! udes
t hose conpounds of forrmula | as defined [err]
above where X is in which T is cyclohexyl, a is 1l R is
hydrogen and Qis -NH A One particul ar subgroup Is one in which Ais
hydr ogen. A second particul ar subgroup']lﬁ is one in which Ais R'SJerr]-
especially when R* is ethyl. A third particular subgroup is one in

which A i s eHLederded moletQVéé?iﬁ@ﬁYEBomSOQtahydr01ndole—2- Particul ar

val ues of Y f a _gonpoynd OL For. pru . ,in which X and G are defined
as above lrﬁﬁﬁ%ﬂ¥%ﬁ¥F BF& bf§Vl?FF6) Ohi", as represented by
(S)-cis-octahydro-1Hi ndol e-2-carbonyl (GOhi) and

N (2- phenylethyl)glycy [N(PhCH err]CH err])d yl. ' For a
conpound of F n which Ris -NH2, it Is preferred that the

val ues of ecteqy t hose deflned above and the val ues
of r and G pe selegted 2 mk[ [err]

a) r is 1 and Gis|a, i n which the : anilino ring may bear one
or two fluor ts; _

NH2 Y b) r is 1 and GIThe various cis andatg#ans forms of

[err] g aﬁ moietyChre th%emﬁi ng%ci:léfs :*.nvent a2 25

One particu y preferred group Htula | is one in
which Y is (L)- prollrﬂhe qsqe;1fk§néngxﬁ§gcal Y denote a chiral center

that is (L). The asterisk in radical X denotes a chiral
center that is (D) or (DL); the # in radical X denotes a
chiral center that is (L).

10 In addition, diastereomers may exist depending upon
branching of alkyl substituents. The compounds of the
present invention include mixtures of two or more
diastereomers as well as each individual isomer.

Preferred compounds ef the present'invention

15 include those compounds of Formula I where X is

R'O
= |1
\\ // (CHz)a'f'C'
| b
Z » homoprolinyl, 1- or 3-Tiq, or 1- or 3-

Pig, and Y is prolinyl, and pharmaceutically acceptable salts
and solvates thereof. 1In particular, compounds wherein Q is
20 NHA and A is hydrogen or a sulfonamide (e.g., A = R"SO2-), R'
is hydrogen, Z is hydrogen, and B is hydrogen are all
preferred. Also, those compounds wherein R is a guanidino,
or especially, an amidino groﬁp are preferred.
One particularly preferred combination of
25 substituents is where G is R-substituted phenyl (i.e., -
D=E=CH, k=0); especially preferrediis where G is a
4-amidinophenyl group. ' -
A preferred group of those compounds in whlch one
to all of the otherwise unsubstituted carbon atoms of the
30 aromatic or heteroaromatic rings of
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18 val ue [err] I n which each of D and Kk
<is 0O andvﬁ)l"% 393 di no, and which nay be represented by ng a
wherein the benzam dine ring is unsubstituted or nmay bear one or two
fluoro substituents, preferably neta- to the am di no radi cal and X has
any of the values defined above. 10 17 A nore particular value for a
conmpound of Formul a la i-s"one in which the benzam dine ring is

unsubsti t ut ed. Anot her particularly preferred group of
conpounds of Farnmula | is one in ch Yis (L)-prolinyl, r is 1 and G

15 has the val
am di no, a
wherein X has
preferred group

€ [err] ' Mis S, e S CH and Ris
iC y be repre Qd byIFornuIa errk
y al ues def ned bove. A daltlonal
3%oﬁﬁ§@XH§‘of N—-D

CHZ)]:"'R [

bears a fluoro substituent is one in which no fluoro
substituent is - or Y- to D or E when D or E is N.
5 Another group of preferred compounds of the present
invention includes those compounds of formula I as defined
R0

*

T- (CHy) ,-]c— 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
10 is one in which A is'R"SOZ-; especially when R" is ethyl. A
third particular éuﬁgroup is-one in which A is -{CH2)g-COOH;
preferably g is 1. i .. :
Partlcular values of Y for a compound of Formula I
in which X, r and G afe defined as above include (L)-prolinyl
15 (Pro), (S)-cis-octahydro-l1H-indole-2-carbonyl (Ohi) and
N- (2-phenylethyl)glycyl [N(PhCH2CH2)Gly].
For a compound of Formula T in which R is -NH2, 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

20 from
| s —@—Nﬂz

a) r is 1 and G is in which the

anilino ring may bear one or two fluoro substituents;

N
b) r is 1 and G is ;

and
N
\_ 7
¢)  ris 1 or 2 and G is NH; |
25 One particularly preferred group of compounds of

Formula I is one in which ¥ is (L)-prolinyl, r is 1 and G has



formula | is one in which Yis (L)-prolinyl, r is 1 and G has WO

95/ 23609 PCT/ US95/ 02558

19 WO 95/23609 [err] t he val ue N-D %&3 hDis |,
Nor CH kis O and Ris am dino, and which may be represente or

Formula Ic [err] 5 wherein X has any of the val ues defined above
and Dis N or CH. A preferred value for X for a conpound

of formula [err] 10 la, Ib or Ic id8 : in which R is

_hydrogen, a is 1, T is cyclohexyl or phenyl and Qis -NH A Mre

particularly A is hydrog pet hyl sul fonyl or carboxynet hyl . One
particularly preferred

al ue\for X is N carboxynethyl-D
cycl ohexyl al anyl . An r erred value for X is 15

N- car boxy hy henyl *(CHz2) x-R . Specific co rmul a
1 of the mﬁ%‘/%n ?%{%Q Care escrl bed |n1f’hghl’£§$§nﬁ?‘é§ i‘gp ‘gdl'? <l;j'g'ci es,
+ whi ch kays be and|Byietl aasidinshaemde whiicbaimey becegpabsensedtbpr

sol vate, npy-hg1setgcted fromthose disclosed as Exanples 15, 20 18, 23,
44, 45, 46, 48, 49, 51, 52, 56, 65, 66, 68, 69, 70, 71, 72, 80, 86,
87, 88 and 92. A nore preferred species may - be selected fromthe
conpounds di scl osed by anpl es 45, 46, 48, 51, 65, 70, 71 and 72. (One
nost preferred species lmsed O wupon its unexpee e peri or propertles

is Exanple 48. 25 Anefhe _'"g@ly prhﬁ{_%rl_lrzed s '

wherein the benzamidine ring is unsubstituted or may bear one
or two fluoro substltuents, preferably meta- to the amidino
radical and X has any of the values deflned above.
10 A more particular value for a compound of Formula
Ia is one in which the benzamidine r;ng 'is unsubstituted.
Another particularly preferred group of compounds
of Formula I is one in which Y is (L)-prolinyl, r is 1 and G

M
N |
15 has the value W—Ww in which M is S, each W is CH and
R is amidino, and which may be represented by Formula Ib
%
N ﬁ : S NH
« )it C—— NH-CH, Ib

\ / NH;

20 wherein X has any of the values defined above.
An additional preferred group of compounds of
formula I is one in which Y is (L)-prolinyl, r is 1 and G has



As mentioned above, the invention includes pharmaceutically acceptabl e
salts of ; ounds defined by the above Fornmula |. A i cul ar
*conpound%‘?%’%?‘?)i nvention can possess one or nore su W@?‘%&(Héybasi C

functional groups, - WD 95/ 23609
PCT/ US95/ 02558 20 and accordi ngly
react wth any of a nunber of inorgani dSnd organic acids, to forma

. pharrmaceutically acceptable salt. Aci ds conmonly enpl oyed to form acid

addition salts

are i ani ¢ acids such as hydrochl oric acid,

hydrobrom c acid, 5 hydroioyic acid, sulfuric acid, phosphoric acid, and

t he "like, and o c acpas—$8HEN @R p-t ol uenesul f oni c,
met hanesul foni c_acid, oXgli¢? acid, p-bronpphenyl sul fonic acid, carbonic
aci d, sucé"ﬁ"r‘ﬁ' ¥33PPd, citlicacid, benzoi ¢™ whigh @ igcdtiox SHidk afd0t he

| i ke. Exarpdes 4t amf@iAd, abhdrwinichiimnalbe rmpaepientled Fabkt Fokhusaare the
sul fate, pyrosul fate, bisulfate, sulfite, bisulfite, phosphate,

nonohydr ogenphosphatye, di hydr ogenphosphate, netaphosphate,

pyr ophosphat e,

decanoat e, capryl at
hept anoat e, prop
sebacate, funarat
chl

benzoat e,

chl ori de, brom de, iodide, acetate, pr opi onat e,

acry“ te, formate, obut yagt e, caprpate,
Qifi-al-e NH-CH, nat e, \s nat e, suberate,
ate, but yne- 4-dV’ate,Fﬁﬁxyne-l,G-dioate,

robenzoate, nethyl benzo®-e;Ddinitrobenzoate,

hydrox%benzoate, nmet hoxybenzoat e, phthal ate, sulfonate, 20 xyl enesul fonate,

phenyl&cet at e,

phenyl pr opi onat e, phenyl butyrate, citrate, |actate,

gama- hy digeyBihyKahas any §f VEd |viFied Adfide aBRMeARSAUDS ¢8afiCor
pr opanesul f onat e, napt hal ene- 1- sul f onat e, napht hal ene- 2-sul fonat e, -

nandelateFH'
addition salts

and the |ike. Preferred pharmaceutically acceptable acid 25
are mheptefbersfidvalid foNeX afoicd tonptithdof forfiudeochl oric

acid, hydrobronic acid and sulfuric acid. The conpounds of
the present invention are known tg. 5 formhydrates and solvates with
appropriate sol vents. .Preferrqd gpl vents for the preparation of solvate

forms 30 include water, g-l.qgi;?jas.ﬁ:a.t-thahydrofuran, DVF, and DWVSO.

Preferred al cohol s are net hanol

et hanol . O her appropri ate sol vents

may bgpseh@act ed Based jgn the sizeyof t : v e. Sgal |
sol vent nol ecul es ar ee;)r eferred to {&Sc‘flﬁﬁl‘gtcﬂé %%ﬁ%dn& % sol vate

formati onl-TReigofyat

exvhronrhenyl jand iisal-NH-Rer nMa@ren t he course of

particularly A is hydrogen, ethylsulfonyl or carboxymethyl.
One particularly preferred value for X is N-carboxymethyl-D-
cyclohexylalanyl. -Another preferred value for X is

15 N-carboxymethyl-D-phenylalanyl.

Specific compounds of Formula I of the invention

are described in the Examples. A preferred species, which
may be employed as’ & pharmaceutically acceptable salt or
solvate, may be selectéd from those dis¢losed as Examples 15,

20 18, 23, 44, 45, 46,-4¥, 49, 51,52, 56,65, 66, 68, 69, 70,
71, 72, 80, 86, 87, B8 and 92. A more preferred species may
be selected from the compounds disclosed by Examples 45, 46,
48, 51, 65, 70, 71 and 72. One most pré&ferred species based
upon its unexpectedly superior properties is Example 48.

25 Another highly preferred dpecies is Exafiple 65.

As mentione& above, the invenition includes

pharmaceutically acceptable sd&lts of the compounds defined by
the above Formula I. A particular compound of this invention
‘can possess one or more sufficiently basic functional groups,



recrystallization or in the course of salt formation. One usef ul

reference concerning solvates is Sykes, Peter, A WO 95/ 23609

PCT/ US95/ @y 9

Mechani sm'i ?5%63ani C Chemistry, 6th Ed (1986, John W1 £y ’QE%%&&
York). As used herein, the term "sol vate" includes hydrate forns, such
as nonohydrates and di hydrates. 5 . The conpounds of Fornula

| are prepared by known

met hods of P&pti de coupling. According to one

such met hod the acid P-X - COOH, mhere -X -(O- is -%G has the sane
meani ng as f I = Taripl n roup,
| f necessarag‘a %ggggﬁgfxggpw%& WI 103 %Brot ecft}e 9 %&%S tggafo

t he di pept P¥§apa¥. acxﬂél clb® bEsam s plfﬁmaaﬁuwaééareracgqems £ shdty noiety
is then remeyed commbAeP! élﬁﬂS é& tete- ﬁﬂl@rdcfﬂa‘i@dﬁ'ﬂ&h%aﬁ'i:%ea%@ d for m of

;Bgve regl:tg?‘g’%gggﬁgb%ﬁéa?g v&%?ca’ac%r?%t f%q%gw@g’g’%t’w ﬁéﬁ‘El :

wher ei n5 G hysirbhiedianacid, Gekbanic Rdidd,- Ghospid2ic acill and the
[err] or [85kk,: aR8CBrEahfP’ £5E4E Siitth HE W ¥ 1 UStddliFonic,

10

15

20

25

30

35

methanesulfonic acid, oxa;ic acid; p-bromophenylsulfonic
acid, carbonic acid, succinic acid, citric acid, benzoic
acid, acetic acid, and the like. Examples of such
pharmaceutically acceptable salts thus are the sulfate,
pyrosulfate, 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,ﬁsebacété; fumarate, maleate,
butyne-1,4-dioate, hexyne-1,6-diocate, benzoate,
chlorobenzoate, methylbenzoate, dinitrobenzoate,
hydroxybenzoate, methoxybenzoate, phthalate, sulfonate,
xylenesulfonate, phenylacetépe,.phenylp#opionate,
phenylbutyrate. citrate, 1actate, gamma-hydroxybutyrate,
glycollate, tartrate, methanesulfona;e,.propanesulfonate,:
napthalene-l-sulfonate, naphthalene-Z—sulfonate, mandelate,
and the like. Preferred pharmaqeutically 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
form hydrates and solvates_With~appropriate solvents.
Preferred solvents for the preparation of solvate forms
include water, alcohols, tetrahydrofuran, DMF, and DMSO.
Preferred élcohols are methanol and ethanol. Other

[err]
NP'

to

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



20 group, if necessary, P is Hor P, alk is |lower alkyl or sone

simlar carboxylic acid protecting group, and -Y' - is the sane as Y

Wi th t heWAS$?388nd car boxy functionalities visible, i PET/US95/02558 t he
same as -N-Y -C(O) -. | f present, the cyano group in G is

el aborated to 25 a value of R and the protecting groups in (c) are then
WO 95/ 23609 21 PCT/ US95/ 02558

22 renoved by procedures known to those skilled in the art such as
hydrogenation over a netal catalyst to provide the congounds of Fornul a
| : Guidelpek coe Jieshpnsiism in Rroendq Ehepéghayw fRbHRAY(1986,

C'O_OOI al !<fi S CabhheRiDey DYsdnd SiNGW UcK)i.Ng Ashased nare&ﬁl,lptﬁél termt gef am no
acid, if any, nvenjipon m no _prqtecting groups [o30) n used, f or

t enporary pré?ggi’?f)ﬁ o’rngbi‘b%ﬁ :}B’cﬁa%ﬁgw"%'aﬁ‘ﬁg &Foﬁﬁnggggﬁﬁ%?ﬁy%?ﬁ

The am no- pr dibg@ragegroup refers to substituents 10 of the am no group
commonl y enpl oyed to b K Clet 1 i.onal |t Ll e
reacting ste;t her functi ojrll‘gﬁ 8?%%%%&%% fo eulcao?p?él%%dfp%gn% %& \okfi%ch

ani no- pr ot ecehfoge oupspeptida@anrd inge f doepirddnoupe ehe suchyregredp, the
phthal i m do the gEQEPP-% Nevddn CRiHQACS Y (@)QuURs Lhe chhor pRECLYhe 15

br onmbacetyl and Lodoacet%%&grou s, _urethane-type bIQcklng . groups such
as benzyl oxyBRSRBORY| ast< Qﬂ@dﬁ?ﬁ&ﬁvala I.42pRcRy k- BeAByABXHRar bonyl ,

2- ][r:st hyl benzplk-exéeaiﬁ@rmll'oup, iﬂmhléwaﬁeb nzt?él ewpaéaowly{:h a carboxy

4-fl uor nzyl oxycar y -.C IO zyl.Qxycaron

3-chl ord enz§F8§§8§?§gﬁy$?“¥§6““§f%%né§%8b3%9§F&?é@gﬁg ni??' The carboxy
2,4-dichIorobentybb&y@ae@bmw1group of mhemYbewietyx isathenytremoved
3-bronnbenzykgégggégggy+r de-e%?%y¢f¥§§¥m§ﬂdp¥¥%a@gggyg id form of the -

4- cyanobenzyl oxycar on¥ . - Jhxeqyl)lsopropoxycarSony ,

1, 1- di phenyl é¢reptide (B oi§ AWoiRd withl thiepprayeptep- teggeny cédbonyThe 25
2- pheny! pr opaBowkOx¥ &8t DO Vdequerdt il WilidteRtéd by thbOXYEBERORY!
cyclopegéﬁnylo ééarbpnyl, 1- met hyl cycl opent anyl oxycar bonyl ,

cycl ohe yI§§§ ?bﬁnyl, 1- met hyl cycl ohexanyl oxycar bonyl ,

2- met hyl cycl ohexanyl oxycar bonyl, 30 2-(4-toluylsulfonyl)ethoxycarbonyl,

2- (et hyl sul f onyl ) et hoxycar bonyl , ‘2-(triphenylphoﬁphino)ethoxycarbonyl,

9-fluoroenyl WE&_@?‘X_)&%I‘}PQH}{I!N-Q', E%Lglk — p.X'-C-N-Y'-COO-alk

(a)

o)
(a) deesterif “
| P-X'-C-N-Y'-COOH
{b}
0
(b) + HN-{CHp).~G' ___ i
(@) P-X'-C-N-Y'-CONH- (CHy)-G'

te) P-X-Y-NH- (CH;) .-G’

wherein G' is the same as G except R is -CN, -NHP,
NH NP'

-C-NHP , or -NH-C-NHP ; oach p represents an amino protecting
20 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 wvisible,
i.e., -¥Y- is the_same as -N-Y'-C(0O)~-.
If present, the cyano group in G' is elaborated to
25 a value of R;'and the protecting groups iﬁ (c) are then



2-(trinmethyl silyl)ethoxycarbonyl, allyloxycarbonyl, 35
1-(trinmethylsilylmethyl)prop-1-enyl oxycarbonyl,

5- benzi so oxycar bonyl , 4-acet oxybenzyl oxycar bonyl
2,2,2-tri éﬁj['%#’{();g‘}ghhoxycar bonyl, 2-ethynyl-2-propoxycarbonyl ,PCTmsgs’MSS%

- 95/ 23609 PCT/ US95/ 02558

23 cycl opropyl net hoxycar bonyl, 4-(decyl oxy) benzyl oxycar bonyl

i sobor nyl oxycar bonyl, 1-piperidyl oxycarbongl and the |ike; t he
benzoyl net hyl sul fonyl group, the 2-(nitro)phenyl sul fenyl group, the

di phenyl phospli.pg. x| gf ?fg Ban ALY kil 18 é{Bé&O killeld IheEhieNd 8" QHRA:
The speci es of ~am no-ptot ecting group el oyed T not ertlcaF so | ong
as the derivariszbydnagenation weipH 3 Jnetal|eatad viste teoRFoViige Shesubsequent

reaction(s) ORompouRBS8€sfPRSHMbDASI Of the nolecul e and can be renoved at

t he appropriate point wthout discupting the renmainder of, the 1Q

mol ecul e. Preferred am® -ﬁPBPE&P?na g oﬁbg_é.%pﬁfﬁ9m9°“Qﬂﬂ¥?fhb§9%gﬁﬁbnyl,
al | yl oxycas boapbrallkbiisoxgeaiédnght Byndfirst tprdtdetdmnouthe afiimiol group of
am no- protecti [ S d i . hal orjn.. jGilli.n a
peptide art aFgga gggn%gggédlg £§§y ﬁﬁg%g oyéﬁﬁﬁhns.Tfﬁﬁﬁﬁéﬁck%%ﬁbpggugf
groups ref err commonly ubedt fier abermpoxaryprotectdsyy idre dlockinawofBgheon,
"Protective s (X OURS, 1h N L 0200 mstry",'J. G W MOrne, Ed., Plenum
Press, NEM/YOFE%QE.QgéuEQ%%F gﬁ%ﬁﬁ%?éz, and T. W Greene, "Protective
G oups in Organi ¢ Synt hdbies amiggnRT AFPEGIREITTOUP SIREST NP WSt Iguents
1981, Chapper of thlcamthat §dotif’ Sbmiton DF 1SR BLIEK idie prdtentt khe
group substituted wi_th an l.an1n$;ﬁrotect|n__grqﬂ£ scussed .above.

I'n carrying o@™ifRe fUBEHEPAGLF EECYRLES TFARSI ot ﬁngﬂﬂﬁﬁﬁQﬂflgﬁgﬁﬁpﬁaPn
HN-Y' - COOH i s thieplcompdunti. c hExampl es r efrosudi canins-pribtieaingirgeupshi ch t he
am no protecti.ng.2 u i I ot CeJd m prqQtecting _gr. of

t he acyl atﬁn%& ua%g i gﬁ% %"%—Qiﬂ%@' ?gﬂn%i t‘r’ll']s_{‘%eyn rﬂll;éélé’o'f %%epfp&'?%& |1%'lr%&°

of the anmino group.dthengrinblounbaeetiehtgxeupl ithe wihtlexgagesyl, (d) to
form (c): %?cabromoacetyl iha £8a8x¥tP1 Oéf&&ﬂ:%,g ﬁéﬁaﬁ%?%&‘bﬁﬁn‘gﬂ the

30 speci tion refers to one of the ester_derivatives

carboxyl i ¢ aciSF YPEuFUCHABnPFNENBPEYERTPERY) ock RIt PRIV, { he

carboxyl i ¢ acig ety behizi okgaatbofigl Ar B-Hetly Bsertiifl itycarbdiiylsr

functional groups on_the cogpound.. Exanpl es_of such ~carbaoxyli,c acid
prot ecting gréﬁﬂ?t%ﬁgp 882§?§F¥f?ff8P¥ 'a?k§f§°¥é§ﬁ%ﬁ¥1?ﬁ¥c5£ Mobenzyl |

4- met hoxybenzyi-chi ofobbenzyioxybarbphyl, 3-&hloxblmetiyiboymenbonyl,

2,4, 6-tri ggt NORENEWhenzyl oy dalbbhl B! 2Yh PENEY] or HSSH AP R85,
4-bromobenzyloxycarbonyl, 3-bromobenzyloxycarbonyl,
4-ni£robenzy103ycarbonyl, 4-cyanobehzy10kycarbonyl,
2-(4-xenyl) isopropoxycarbonyl, 1,1-diphenyleth-1-
yloxycarbonyl, 1,1-diphenylprop-l-yloxycarbonyl,

25 2-phenylprop-z-yloxycarbonYl, 2-(p-toluyl)prop-2-
yloxycafbonyl, cyclopentanyloxycarbonyl,
1-methylcyclopentanyloxycarbonyl, cyclohexanyloxycarbonyl;
1-methylcyclohexanyloxycarbonyl,”
2—methylcyclohexanyloxycarboﬁyl,

30 2-(4-toluylsulfonyl)ethoxycarbonyl,

2- (methylsulfonyl)ethoxycarbonyl,
2-(triphenylphoéphiné)ethoxyCa:bonYI,
9-fluoroenylmethoxycarbonyl ("FMOC*),
2-(trimethylSilyl)ethocharbohyl}"311Yony¢érbony1,

35 1-(trimethylsilylméthyl)prop-l-énfiExYCarbonyl,
5-benzisokalYimé;hocharbbnyi, 4baééﬁbxybenzyloxycarbonyl,
2,2,2-trichloroethoxycarbonyl, 24éthyﬁYI-2-propoxycarbonyl,



‘MD 95/ 23609 PCT/ US95/ 02558

| enedi oxybenzyl, benzhydryl, 4,4 - dlnethox hydryl ,
-2 2', 4,4~ 635¥%ﬁ%thoxybenzhydryl, t-butyl, t-amyl, tri¥ %ﬁﬁ@é
4- nethoxytrltyl, 4, 4" - di met hoxytrityl, 4,4',4"-tr|nethoxytr|tyl

2- phenyl prop- 5 2-yl, trimethylsilyl, t-butyldi nethylsilyl, phenacyl,
2,2,2-trichloroethyl, [err]- (trimethyl i3lyl)ethyl,
[err] (di (n- butyl)nethylsilyl)ethyl p-t ol uenesul f onyl et hyl ,

4-ni trobenz quon aII I -(trinmet hyl silyl methyl)
o op. 1-encyel Pl sty £ - Resvaoa Bensh A SRV BBE SO RV b ect | ny
group enpld;eﬁorayhokycarbcmyl}c&ﬂprgeﬂxﬁx}cayddmbo@gﬂiaaﬁizhé takboxylic

o ot EeCpenzcl Snb DRy PORE PN Sl S USRI SRR T 9B D

pOSI tions O ecu rrate pol nt
wi t hout di grrgppu nghehélpbﬁwlnmsn}mm@@@e igioapul end F:hepéﬁ- BCAmERO-it is

| mpor t ant BQBtEQt§HQJ §EbupPE The EHIPRL W@%ﬁﬁ&ﬁdﬁ)f%lt%%‘éhﬁgt r&tipong

nucl eophi l i ¢ bases eductlve cqondi tions_enp yla% ﬁﬁg y activated
met al GQP&P%PS% uBAL a%r At AKang asside RerdNardasiapmino
condi ti ons ggbpalisostabbe ® otlte ot it rsgzbwqm@_-ntzeeaawbﬁ%i nen

gr oups dISC sed_bel ow. rther a t hese e found I n
2 Clbel am SLRRE: BOFT bBoks ohot nOTHHLS Hel can K FpRoVed BY,

Ed., PIenuapBreps;abbmpointYwm&howt‘d;s:uﬁtlngjﬂhanmeME;néaé $fv¢hé}eene

" Pr ot Y, oups,.] | Cs SV gggg " I a Sons, New

Yor k, egi_ o%ecu%S ?;&Pe g,&nﬁyrg &lng]%%%uy m%%ﬁn g of Forrml a |
can al so b@epzyéaxvgaﬁponyl fﬂ-‘s‘fl@sbfﬁ%rébgtmlng trfputoxycarbonyl, and

HN- Y - CONHe Gl " §3-68p5 ] - (%1ﬁ£1£E*éﬁfﬂ&”ﬁ%ﬁtéﬂﬂlng groipR Leaa!l iAJtMet h- a
protected X-npiety. According 10 one such thod, (d) is prepared and

coupl ed w Fﬁppﬁll?sl’@&}ll (BF2 56t E&W%W taé'taﬁFGr giereezhracetn) .
[err] byhehe Bbeegr eecms s ammélo DAY RF GroupsS htéhe&i‘eﬁhﬁoSS

DTl BELHTON <L AEd BRE BT, [ fpreen, rrorective
Groups in Organic Chemlstry , J. . 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

20 ‘“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

25 group remains intact. The amino protecting group of the
acylating acid P-X'-COOH thus remains ih place for protection
of the amino group during the subsequént coupling with amine
(d) to form (c). ‘

The carboxy protecting ester group as used in the

30 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,

35 4-nitrobenzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl,
2,46&imethoxyben2?1, 2,4,6-trimethoxybenzyl,
2,4,6-trimethylbenzyl, pentamethylbenzyl,



WO 95/ 23609 PCT/ US95/ 02558

25 protecting group used is renovabl e by hydrogenation or
treat ment w bdpaged d acid (e.g. trifluoroacetic acid) or a pepnidos/giddgaci d
(e.g. HCl). Exanples of other suitable am no protecting groups are _
provided in "protective Goups in 5 Organic Synthesis", Second Edition, by
T. W G eene and Peter G M Wits, Chapter 7, page 309-405 (1991), John
Wley & Sons, Inc., publishers. The Bo@&# or other suitable

protecting group, is renmoved fromthe am no nitrogen of the Y-resi due
whi ch is thenjagy é@ﬁ;ree éggﬂy@r§qld 10 acyl group to afford
t he d|pept|de3s%o§g£ﬁyl¥ﬁééaéiyb re% [err] The

cyano group, Bf 4pT€%’EﬂFh<PW}anmédréﬂab@r &'ed éndtﬂrawﬁﬁhéwbﬁgzblﬁmﬁé: on

(c) are renovedpasyleSeLampr, eﬁ‘lﬂ:ﬂr '-methoxytr:.t 1The coupling of a
P- X' - COOH congo?nddls ggrrled *;1 P otectlgg the am no grou
of the amino acfdTdipethoxytrit n\ﬁeﬁltléna’lt rbEatling2gPhapylprop-

comonly Bed2fpl, trlmethuﬂs&lykn(ﬁ*hnhymdumeduyhﬂﬂlwg opheheacgli no group
are 20 enployed, 2- Effemgfoé%hfvcfbﬂfﬁtﬁ@ex@qa& Jeeh descri bed
be

above. upllng reactions descri ove are carried

out in the copa(9+é¥éP%BY¥J@RtQ¥¥§%ﬁ¥ thve h@rkedienssyl fonylepbylerr) C

and about 15 je g&g% t| re out in an inert
organic solve%tﬁghggbgbfyfnet dﬁﬁ%ﬁhﬂanld%ﬂiyﬁ &ﬁhethgiécetanlde

t et r ahydr of ur &n tmﬁwvé}r%lhrMﬁ%@)-Pmm “®foforid. and Like moimbhes.

sol vent s 1y aTHéX§§é§16§ 6ﬂ0&arboxf-tﬂz\6tr&&u@e@&r Pﬁmpia wdr QHSnSEnd' tions

are used when he COUp|I ct,ion,,
acyl ati ng aC|8r3g ical ﬁ%e ng-a eer h@ﬁ?ﬁ?&saEa? éﬁdsFﬁylﬁre
prepared via to theandndﬂtiamﬂwnfnnubsﬁqunn;ﬂneadﬂram(snrynaathaﬁnar|zed in

the fol I oyt 09: $6HE"EE the molecule and can be removed at the
approprlate point without dlsruptlng the remainder of the

15 molecule. 1In particular, it is impéftahf not to subject the
carboxy-protected molecule to stron§ nucleophilic bases or
reductive conditions employing highiy activated metal
catalysts such as Raney nickel. (Such harsh removal
conditions are also to be avoided when removing amino-

20 protecting groups.discussed below.) Further examples of
these groups are found in E. Haslam, "Prdtective Groups in
Organic Chemistry", J.G.W. McOmie, Ed., Plenum Press, New
York, N.Y., 1973, Chapter'S and T. W. Greene, "Protective
Groups in Organlc Synthe51s“, John Wiley and Sons, New York,

25 N.Y., 1981 Chapter 5.

The compounds of Formula I can also be prepared by
first'synthesizing the HN-?‘-CONH(CHz)r-G' amide precursor and
then reacting with a protected_x-moiety. According to one
such method, (4) is'prepared and coﬁpied with PN-Y'-COOH (g)

30 as shown below to afford the amide (h).

PN-Y'-COOH + HpN-(CHz)-G' —® PN-Y'-CONH-(CH;),-G'
(g) (d) ' (h)

where P represents an amino protecting group such as the
35 Dbenzyloxycarbonyl (Cbz) group, t—buthycarbonyl (Boc),
p-toluenesulfonyl, and the like. Preferably the amino



WO 95/ 23609 PCT/ US95/ 02558
26 [err] According to the above

sequences, YW 8V868%d guani di nes can be prepared by doublRFTHEEE™Eng 5
S-nmethylisothiourea. A preferred blocking group is the

t - but yl oxycar bonyl (Boc) group,which can be introduced by al | owi ng
S-nmethylisothiourea to react in the presepge of di -t-butyl dicarbonate.
Oten an acid salt form of S-met hyl i sot hi ourea i s enpl oyed which can be

sprung to the free 10 base formin situ b{ di ssolving the salt in water
and treati ngproteqiing FrABUSSssds FRRoURbLephyY yhyETedeRRHERR 95 t hen

itnL r?dUCFd :Qréaﬁné:@@GHtQ{l il dA adder elgSChRie166L¥8PEL i S UL @S or a
- put anol , (0]

i ve the_ doubly tected S:nethyl iFspt hi our ea. JThe
desired doubf¥ ‘b‘?%tae%’tded(egl%ni“gﬁrl e i PreFoPﬁea%aﬁan‘i%tg‘ﬂ%a?’ﬁ’e‘?ﬁ wi th
t he appr opr i ptet et taian eyrdiip=K-aiie? provddednin “Pretettiree SGtowpd in
conbi natizon Tv:RiLcald t Qs MSCikl €.SO
di et hyl fsor ng%ﬁ’%gz,wm}fee%lfy dr Se%o‘ﬂ% %Eilﬂ:égnt’ hgﬁegf ?Wérééy%%éecﬁ%e ef/éer
enpl oyed. Su@h Meddttsn Ghapter Jenpegel $08cABPel298h) abdehn WFehdurs. The

resul ting 20gof8 Ot £ ed GuANIHAE CalnehgBcheccodphes &3:PLsYa OUsly
descri bed to provide the protected internediates to the conpounds of
Fornul a | whRFeFecHng gxqyr, is removed frop,rhe apsnadalerosen mi Lie

wherein R= '%'!—‘Qesich@e whidH ey ndindlaeyllatadsiighy tRe 08661 £64 drRind Gacdd
most cas®s taé§1 group to afford the dipeptide shown below.
P-X*'-COOH + HN-Y'~CONH- (CH)y-G'-— P-X'-CO-N-Y'-CONH- (CH3) -G
(c)

The cyano group, if present in G', is elaborated and
15 protecting groups'ph (cj are removed as described earlier.
The coupling of a P-X'-COOH compound is carried out
by first protectiﬁé the amino group of the amino acid, if
any. Conventionailémino protecting groups commonly used for
temporary protection or biocking of the amino group are
20 employed. Examples of'such protecting groups are described
above. : _ _
The coupiing reactions described above are carried
out in the cold préferably at a temperature between about
-20 °C and about 15 °C. The coupling reactions are carried
25 out in an inert ofganip_sol?ent sucﬁ‘as dimethylformamide,
dimethylacetamide,!teﬁ?ﬁhg@;ofuran,"methylene chloride,
chloroform, and like common solvents or a mixture of such
solvents. Gene?éily,'ahhyQ;ous conditions are used when, in
the coupling reaétién; an active ester of the acylating acid
30 is used. o
'The'in;ermediates }d) and (g) are prepared via
standard techniques of organic chemistry as summarized in the

following schemes:
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27 I nternmedi ate can be prepared by sinply allow ng an unprotected
diamne to react with one nolar equivalent of the protectin agent .

Ot her nmBE36%t | ntroducing the final amne (R= - NHPFT: al %5%8 appar ent
to organic chem sts. For exanple, the 5 am ne nmay be obtained from sone

ot her precursor functionality, .e.g., anitro group or a cyano group. In
the case of a nitro group, the transfarmation to an amno group is
usual l'y acconpl i shed on those substrates where the nitro group is

directly attached to an aromatic rin particularly a phenyl group. In
such cases, thgﬁﬁ?ﬁrophenyl group is :%duceﬁzﬂb T ' corre%@bnding ’ _
ani l'i ne funCdH -Ney by—anyyafl ey pf _.mhq.gﬁw].d_rmfﬂte art.
One partlcularly effective nethod 1s - treatnent of the nitro conpound

wi th sodi um hydrosulfite in a non-reactive solvent, such as ethanol
water, or a mxture 15 thereof. Wen the nitro conpound is heated at
reflux in a wat er/ et hanol m xture in the presence of sodi um

hydrosul fit eH,N-K-NRJUGH~ommS USINMKINKPNP! ete within several hours. A
cyano group can simlarly be reduced, when appropriate, in the

presence of a reduci ng agent such as lithium alum num hydride, 20 borane
in a solvent such as tetrahydrofuran, or by net al pronot ed sodi um

bor ohydri de reductlon

[err] nes Jﬁﬁgrventlon [err] ~can also be
pr epar ed fron?a anere precursorZQSgt of procedures for

acconpli-shing this transfornmation are known in the art. In 25 particularl
the use of hydrogen sulfide in a m xturgg %f .. pyridine and triethyl.am ne,
foll owed by treatnent with acetone jpnd nethyl iodide, and finally
ammpni um acefaNeK-CNnetranrotd | s HZN-Ie-(p-Fm?rred and efficient means for

maki ng this conver n. erpatively, heating the nitrile with

hydr oxyl ani #&*€3¢ %§§r65hréFﬁaLra d a basic such as

N, N- di i sopr opyI et hyl afidesriding toathgdabsyei seqnenoésstpibeecteedranol

fol | owed by d 0 si s over

pal | adi um o B)e% can. Q& g?gggg%aaﬁéd&?&léf t%ﬁlﬁ/ransf or mat i on.
Thi s proﬁes§-methyllsothlourea A preferred blocklng group is the

t-butyloxycarbonyl (Boc) group whlch can be introduced by
allowing S-methyllsothzourea 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
10 Dbase form in situ by dissolving the salt in water and treating
' with aqueous base. The di-t-butyl dicarbonate is then
introduced to the reaction'in'e'weter'miscible solvent, such as
t-butanol, to give the doubly protected S-methylisothiourea.
The desired doubly protected guanldlne is then formed upon
15 treatment with the appropriate dlamlne HoN-K-NH3 in a non
reactive solvent or comblnatlon of solvents Typically water
miscible solvents such as d1methylformam1de, or water, or
mixtures thereof, are effectlvely employed Such reaction is
generally complete in about 3-72 hours. The resulting
20 protected guanidine can then be coupled_as previously described

to provide the protected intermediates to the compounds of
NH

Formula I wherein R is ~NH-C-NH; _
' For compounds of Formula I wherein R= -NHj;, the

intermediate is a singly protected diamine. 1In most cases this
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28 | des t he hydroxy am di ne [err] as an internedi ate

-whi ch can ngﬁsslslgfat ed if desired. The ot her %%?fﬂ%*tﬂ?aé“
enployed as initial starting materials in the synthesis of the
conpounds of this invention 5 are well known and, to the extent not
commercial ly avail abl e, are readily ®ynt hesi zed by standard procedures
comonl y enpl oyed by those of ordinary skiII in the art.

The 4-substjtuted Ilnes RP is alkyl, Jerr rr]
cycl oal kyl ,1Hr® ’"teéf - P8 (PEFRT ?Saqﬂ’qu) ]f%?w’ﬁ% ]‘lﬂ%%ﬁcte‘l
conmpounds tdmanmm/mmt lreacar m.ahl oné mbkari squirdlent adf ahd |iﬂ‘oteC:tlng

- subst | tuSladeehall ¥erta henSALO9RY Lo IDLELdend ill PR Shine (B

I ntroducin ctiona
by standar dNHsehWiddebe apparént o °r$%?1‘é>€§?ﬁﬂ1§t54 s legt iex@redepr Shene

deri vat 5veSarihel ha BbEB.QnQE sfsxups&@@tam&a% d}yéc?znefxﬂ{&%n%thwe
poi nt of attachnment to the proline ring can be prepared in the

fol | owi ng rfrfirer @ PR&EEP] group of' & cyano FPURher? g [Gase o @ nitzp Rp

group cont yyoupy aheethrheforgacipnato an ambndPrduPfisatisa@lmnt to the
proline rin X h the cis and.trans

f or ms SWRMERES, F‘ytﬁéﬁgl g%ﬂ%?’:%ger?:‘i’@?eré)%g%ee&%tf%qrﬁugn 1&mi no-
pr ot ecti ng Qjmagrly wltcaChedgioupni srpmaticutiang y pmafiduliarllb a pheayl
sequengg.  Jthgd esuldl sl BRELEBILAL enl Srdliedh PS84 reduced to the
corresponding aniline functionality by any of a number of
methods known in the art. One particularly effective method is
treatment of the nitro compound with sodium hydrosulfite in a
non-reactive solvent, such as ethanol, water, or a mixture
15 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. A cyano
group can similarly be reduced, when appropriate, in the
presence of a reducing agent such as lithium aluminum hydride,
20 Dborane in a solvent such as tetrahydrofuran, or by metal
promoted sodium borohydride reduction.
I
The amidines of this invention (R= -C-NH:z) can also
be prepared from a nitrile precursor. A number of procedures
for accomplishing this transformation are known in the art. In
25 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
30 hydrochloride and a basic such as N,N-diisopropylethylamine in
a hydroxylic sovent such as ethanol followed by catalytic
hydrogenation (e.g., hydrogenolysis owver palladium on carbon)
can also be used to effect this transformation. This process
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29 (the nmethyl or especially ethyl esters are especially

conveni en en oxidi zed to give the correspondi ng Thi s
oxidation%%s accéﬂplished under any of a nunber of ox#ﬁahﬁgﬁpﬁﬁs
conditions such as Jones oxidation or pyridinium 5 chlorochromate;
especially useful for this transformation is the use of pyridinium
chlorochromate in a dry, non-reactive 28 solvent such as dichl oronet hane.
When allowed to react for 8-16 hours, this reaction is generally
conpl ete when perfornmed at anbient tenp ﬁture This versatile ketone
10 internediate is then allowed to react w an appropriate Wttig
reagent to give the desired ol efin. Typlcall the appropriate

RP- subst i t UPERVidep AR IO oamiting (B NH2)aé§e§ntbn§enm9diﬂ%¢t

sol vent (e.@ghich eddpdrigfoliatiay W a@s,_redcont ains a strong base (e.g.,
potassiumt-butoxide). The 15 Kketone js introduced and after aggtoxinately
ﬁé“Pg‘eé’ Ep

three hours at anbre n? the TR gsopaftaalng 4P8te can
be f i Zolrﬁiﬁdnéns airdlethe mwmﬁsasgaadthéebdﬁpaﬁnabeoﬁl this, 1ﬁ¢entlorr3 g
preferred that r eXCess tL oye
relativ f%ew?(ﬁf one “g‘r%dgl 5’ %%;%s e%ge}x? hg rgaﬁ@gﬂaoﬁffﬁeamiﬁlgg?

RP- subst i t ua..'eel peadile mthesmednbm staedactli protedhneguesmmaaiwl ytic

hydr ogenat i s 0% .. a shing this
transforrrat&H% dyed w{}ﬁﬁﬁtocﬁ %.tggrlﬁa qu'fl E' Eﬁgggﬂ:he olefinin the
presence of a catal ys’f ety %%"B‘ag/ sca‘ o Fa-Ge 35k¥}ndf1-Cs

sol vent suchy@xoﬂm,olom-ldcrgepetf-@cng '1a't) usedatﬂ&satwm@ Rh@ssure. In
t he ca of those nt .mad.la e am.no grotectlng gr ou |s

Cbz, r ogERS s 1iny é‘safﬁe hochf'PﬁgcQF"oﬁ nEFIRFRRI R i
corrpound mh&e*ubstzﬂmn&&ekﬁi\ﬁeomocmhpl cagbbay®- Koi &SR, Hitéhhédiwté’é)

ted t h
FFect i ve 157 AREFadtind Whi) ANGR sBEh bV 2aBp0RRE cdimaunge 801°Fs the
proline rinBexmbigh areaasier vt gmaodaxde technagquesomatic ring. Thus, in
the above schene, R[ef"él- &!:eluhpi@ 4- sxﬁié%ﬁuﬂ&ilﬂgglﬁg% eriQ8RIVEL 3

(cycloalkyl)alkyl égl at ed "net or preparlng %t hese
i nt er medi atWaich the RR, group, sPnfping. ar pethylegesgrene: at the point of

attachment to the proline ring can be prepared in the
following manner:

Cbz . sz
! .
S 7--.« COOH S 7-m COOH -1l COOEL
HO R
?bz
N.
i 7..... COOEt . S 7--mcoom-_ ( 7-----1 COOEt
Yy
R R3HC : o/

20 where R% = 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

25 this sequence. The resulting intermediate is then esterified
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Chz I
30 WO 9s12360°7 | NCbZ _ N PCT/US9S/02558 |\
[err] The above reaction schene is an alternative to the
Wttig reaction described earlier and is useful for preparing 5 conpounds
for which Wttig reagents cannot be prepgared. Thus, for preparing
i ntermedi ates wherein Ra is al kyl, phenyl, and the |ike, the

rrolidinpope .internediate is allowed to react with an appropriate

gi gnar d rggﬁ%nx{'&r%’l qyﬁsgﬁcﬂﬁléysﬁ%:bﬁﬁeﬁﬁf'ﬁ?s TR SESRACI ML YT i gnar d
reagent i scaivemigritoyemd theal byidﬁzbdmmbegbeéatheeeofEE$€$??i§bt(J -60
err]C ' I of % .l.ne . t et rahyds of uran.
Aol hddi TS er (e SaacariolhE BSLYEPLISHES Bl NSt ¥ e e
to war m t 0°F cordatissy tigpscpughi ad donestormidationeant imridinisual |y
conpl etse V&ﬁmfbc&&\éﬁdaaﬂe;h@éb%ciZﬂﬁylﬁsefﬁﬁUf&iﬁnﬂmi?tﬂﬁ?ﬂ@ﬁ%ﬂi%n s
dehydrat ed,, for ex | e,, hy. tieatnent wth tri Iuorpacetlc aci d.” The
3, 4 dehydrhe USq o g 4R ums chSROFBERRAES t 1P 1 clios M Taastive

i nt er nedi at@lvent umichy aishdishlerondthah¥e CRREh lADTSwas e sdddiedabove for
reduction of nt er pedi at es wherein

the hetero "{épg?gﬁﬁf#%ign%%%gggéﬁtgﬁdgggeﬁ?}ﬁ%ﬁﬁwwﬂ?iﬁxw %o the proline
ring (i.e.performed)atcambientr bpmpedatupeoyi Tiyis heedatsilolketicerct i on
I(nlvI Efang Olr);ha%%%g%a[%f% tl%aggggié%%gvggrtr:?)l f%?‘%%-m_'th %naE%{%(zlyqqr& a&er is
treated vmW%F?%Q[ﬁﬁﬁ%ﬁﬁ&hG@pﬁFH@ thepdesired 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
15 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
20 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
25 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
30 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, ete.
35 A related method for preparing these intermediates
is summarized by the following scheme:
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31 sol vent such as tetrahydrofuran in the presence of Ar-OH. The

m xture i g, led to approximately O [err]C and di et hyl
azodi car bk@?ﬁ 339% s added. After warmng to room terrperpeﬁ"ir’?%wo?ﬁg

‘reaction is worked up to provide the desired 5 cis internediate. Wile

t he schene above depicts the reaction for conpounds where L = -0-,
p=g=0, and T=Ar, this sequence is usgbul for preparing other conpounds
.where p=0 and L is -0-. I nt ermedi ates wherein L is sul fur
and is attached 10 directly to the r n can be prepared by first
converting the ﬂ@droxy group to. al syl ate or ot her Iar | eavi ng
group and thenNdrspIacrng\Mtr161Nh|olate ani on (seeN

Krapcho, et al. ¢ J. WNegycébsm , 1 1132 J,,l&bét1988)m€?n et £ oal., J.
Med. Chem, 31, \875-$55 (1988) ), InEer erern Lis
nitrogen and is hed drrect the ring epared by first
converting the g hydr oxy group a tosylate or othg¥ simlar |eaving
group and then displacing with azide. The . azi de B&n be reduced

usi ng known net hods and then al kylated to provide .the desired 20

f i | i : ,
(loggyy ) (5e¢ Crile ] beadtich achome' 3. o Tt EERAKIHPAEOAiT o
Chi functi dhbttiy %ﬁa@qérogpaiees@rbpegr @pahﬁg agil- iscesefrel for menaa;,alng;

acid ethyl estSdudds | (. lr@:g# get al.
Drug Delsgr g@landuﬁDr S(r:Eo‘%/xg?’)I/ﬁ@H IWQLI%Qag BQa?Shﬁs é&ﬁ? é% \6 and reduci ng this
t

Vi
i nt er medi a (Rﬁﬁﬂﬁl%ﬁg &pgprme 15§@PdWh?Fﬁ1%tK%nb$ abkytve the
oct ahydr oi rﬁ@é@ﬁ ca&raacané ilike, tael ﬂye&bﬂdlﬁeﬂer Bhtdrmédfitedid o

Shr-ester a f“”ﬂ?fto react wf@h an Fpproprlate Gr;g£Lr¢ r?%g??t Th:
conpounds drypinalliy\\zerslrmhtcumlau:nexgesst o&nthéhGrignatdncéageared iiy are
prepar 9@ bYeddeoyEi hagk 11 e ow ‘?:tenE:eratures {e.g., -80 to -60 °C)
in a low freezlng 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
15 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.
20 ' 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 feaction
(Mitsunobu, Synthesis, 1 (1981)):

Cbz : _;n ~ Cbz

-l COOEt i -1l COOEL
-———» .

. \\\\'

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

(
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32 Drug Design and Di scovery, Vol. 9, pp 11-28 (1992)). This is
.sumar i zegloiognigse schenme shown bel ow: [ erpdTMUS95/02558
The conmpound of this invention containing a bicyclic system (with or
wi t hout heteroaton) can be pr-epared by the nethod of Teetz, et al.,
Fetrahedron Letters, 25, 4479 (1984)3.1 Cenerally: 10

err] PN

solvent such as tetrahydrofuran in the presence of Ar-O-H.
The mixture is cooled to approximately 0 °C and diethyl
azodicarboxylate is added. After warming to room
temperature, the reaction is worked up to.provide the desired
5 cis intermediate. While the scheme above depicts the

reaction for compounds where L = -0-, p=g=0, and T=Ar, this
sequence is useful for preparing other compounds where p=0
and L is -0O-.

Intermediates wherein L is sulfur and is attached

10 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)).

15 _ 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

20 functionality (see, é.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,

25 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. '

30

N I/,'

| COOH ) COOEt O “It COOEtL
w

The compounds of this 1nven;}on contalnzng a trans-Ohi
functionality are prepared by the method of Vincent, et al..



where P is a protecting group and Rlerr] is alkyl. WO 95/ 23609

PCT/ US95/ 02558 33 The

i nt er medi i ntroducing the N-substituted glycine functionality
(Y) used for heking the conpounds this invention are &RUINOWSEndar d
t echni ques. For exanpl e, a hal oacetate ester, such as t-butyl
5 bronvacetate, can be converted into the desired substituted upon
treatment with the appropriate primary agine: [err] 10 The
t-butyl bronpacetate is allowed to react with t he appropriate am ne

ei t her nea r ef erabl N_.a._naon actlv n such as, an

al cohol . #ql% %?E‘% %tbal ]#i'aﬁ:%ﬁu Pf&la ex?@sgl 2 ﬁégg?d he i ThigedSto
force the sewmaribzed oin the eylemed ahowty Bledbakl y the reaction mxture al so
contains a 15 non-reactive acid scavenger, such as at |east a nolar

equi val ent of triethylamne. Wile the reactants are usually conbi ned
cooled (e.g., O C) , chensamact | s | .

roon1tenperatur= r rg —trettit | within 24
hours. Al though the”brompacet ate 20N pPreeferred, other hs ] , such
as iodoacetates and chl oroacet ates, can be enpl oyed for thHs
transformati on. O 'her ester groups can simlarly be enpioyed, The

t - butyl ester is preferred because it can later be easi¥y renoved

| at er upon tr
second net hod
foll ow ng sche

€3

Favorsky
Reaction
N COOH several steps W N COOH \
H _ H
5
The compound of this invention containing a
bicyclic system (with or without heterdatom) can be prepared
by the method of Teetz, et al., Tetrahedron Letters, 25, 4479
(1984). Generally:
10

OR*

;;[i’ alkylatlon
or addltlon

~OR* "

deprotection/ring closure
’ .

reduction

where P is a protecting group and RX is alkyl.



30 where Rlerr]-CHerr]- is an R err]-group having an unsubstituted
nmet hyl ene 95/23%9OUp adj acent to the point of attachnent to the glycine

.nDi ety. In the above reaction schene, the aFGTa9582558

al dehyde is mxed with glycine ester in a non-reactive 35 solvent, such as
met hanol or ethanol. If a salt formof the glycine ester is used, a
nol ar equi val ent of a base, such as 3got assi um hydr oxi de, can be added
to all ow generation of the WO 95/ 23609

PCT/ US95/ 02558 34 free base of

the ami noester. The FR8cipeermgdiatesn frmyiggroduciagdthepyNravbatitutedr ned

the interngtieire SEindiidaga tahi(¥h) used €8P hARInYethedEGHRSLhANS| 1 dIpPON
treatment with g reducin odi um cyanobor ohydri de.

agent, such as s
Format | on SFVPRELOS a5, iads, by, Shagdezd ﬁeﬁg"i}éﬁﬁsl’;ess than an hour;
reduction is genBoal éyampiy| et hadfldaeretbtel Bsltenr, s sudheasethplitpl et hyl

esters ar | y efyl p an _be renopved .

(debl oc eg?P%B%%S#% 'rre%?? vl\#t ﬁ%?ﬁv%%?%% %}grgo%iéea?ﬁlﬁ%lﬁe%‘t&sutmiﬁ%xane.
Enpl oyi ng BRcRppreptmente widihofde appranriatel dehpaey 1@miderr]-CHO resul ts
in the preparation of internediates wherein t he net hyl ene group

attached to th yelpe,am ne.i s bstituted.
Al ternatively, %é’g;gzgégégi-g‘l‘ltylf of tﬁ(g)@] 2 conp%ndstgC%é)roé"ltﬁqﬁ[téfrJr] is Ar
(i.e., without an intervening al kyl group), 15 it is preferred to prepare
the internedi ate P-X - r standard.techpiques (e.qg., reacting an
activ toed f or m of Pﬁhg%'_ ,g'@%—?r\ﬁ"l‘?‘?cﬁr %n&ﬁﬁgﬁgr Eécfgﬁﬁtt‘ﬁ}%h
i nt er medi atkevappropriate ankiyle edlttharcheae as geefeidislly atwwe non-gi ve
P- X' - CONHAL & i ve s Rl i n e further fo dJn the
20 usua:_lA‘\E/\%ac.:tlv € ksur%r]%go%gt ﬁ%ggﬂﬁgr _c#rpo%r%"tsé%?]ﬁé rsﬁl‘a‘r%:verl‘ntion
or  intBPhEEI WRST I*h &he @minge iEnveedohoeforee byhe tzerkibn to
t echni quescomsTe€raHp! @reaifétlab}.g'mﬁ%néga.%H.SH RAifture éﬁtﬁtéd&%a‘aﬁé’“é h

m rosu

nitro ;an be reduced (e.qg,.int eJ)resence 25 of_sodiu y. Ite in a
non- r &3ct i YRR SRR Ve Fcavengery JYrh 48t 8%, leasts #imdid%e thereof).
When the nequivalent@hapikthylasdned awWhité! tiei Pedcv@itey /Sidailalmyxt ure

ot o o PRRSEREE AR AR AL L e LS O i Hacupa
the final %o oduoe;te fradrme temperatearpr aféar whiah the reaction is
usually complete within 24 hours. Although the bromoacetate
20 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 latez.; be easily removed

later upon treatment with anisole and trifluoroacetic acid.
25 A second method for preparing these intermediates
is summarized by the following scheme:

R°-CHO + H;NCH,COOEt—> R°-CH=NCH2COOEi_:—>R°-CH2—NHCH2COOEt

30 where R®-CHz- is an RY-group having an unsubstituted methylene
group adjacent to the point of attachment to the glycine
moiety. B

In the above reaction scheme, the appropriate
aldehyde is mixed with glycine ester in a non-reactive

35 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 ailow generation of the



internmediate, it may be desirable to convert it to its final desired

form(e.g., acylation to provide the acyl ated am ne) or protected to

avoi d si dgy hNs duri ng the subsequent chem stry. | amne
is the de?ﬁsg coér)rpound, the 35 Cbz protecting group is paéﬁ’@%s&?ﬁ

useful in this regard. O her transformations and intraconversions of

this type wll be apparent to skilled organic chem sts. WO

95/ 23609 34 PCT/ US95/ 02558

35 As will be appreciated by those skilled in this art,

the above ! 3as" AEB! HP"EnE UnBRARLO! THhOTNE 2L 1A, oo gTRSLi ol ©

not ed above cases can S0 be
tri-peptide andt glwednet %%t%bnim#d1¢h$ent&mqh.am& Sehuifebhuscwmmhl

group. In thgnl éhéﬁrbéaﬁééucéé‘eln s.zﬂ?%orp :Jeg%hﬁhttehg gea(ﬁﬁgt the

vari ous groups maé neg gated; accord é%’
chemistry i A9§RYe uch ag $Pd IR (fanqher ol tfﬁeméﬁlppopéct B9 groups

as well ®s Scmtlaebaeqwems Oin agR@Ily Sldsio thla@x ANhBEs!; S refictibh 85S0
be 10 appreciate

9 by _ski * t|s ose ot her rotectlng
groups so | 8fGes8 }Keﬁoﬁ% Ve %B?ggp§p pF clethylt pE FG ¥Li ona
group dur|ngs$abseqnenpartmnnkar3ytnseful asamhdsﬁogbeubeﬁeaﬁdbunéamoved
appropriate [ 0 r| r to.allow for
subsequent t?ggg?%$%gfléﬁs g%r rn%%@ﬁ%ﬁa' %ugbh¥§§°flgﬁo§8 BIULRBE udes
subst i t uent §igKane; n Fmploying -aaN apnyopniate kstgneupnsasaﬁeoframééhyded
nto amEm 4PneHo refhlS Ui athd Galdin ARG UH GRceaneBRbERR U DE,! U t NeT

el aborated to the n| di nes of th| S Lnvent rrpounds‘
of the inveffPoftel % ?%%I%E?HPtﬁEﬂaan@HF° FW@ gdveise amineaddition salts.
Salts of theubstpouted. of - Formula | formed with acids such as those

nment i oned above are phar ceut I cce table salts for

admi ni stration of the an%§§ﬁgp‘ﬁﬁa§¥1 Y€ %Pguf%r SeRPPYRASt

f ormul at i onwhefeinhcR? tgoMt s(i .Caherw:euhouhtzan elchaheh.—wemagl h3kyBygPeupy gpar ed
and useg i nﬂ:hﬁs' ﬁPéféfPéuaw' pre tfHeC ?’Jt%mghlggg peglL géﬁﬁArF

exanpl e, the salts_formned e sul toni.c "aci’ds Such
met hanesul f SHRR %E?thChn1QP§ﬁn%ﬂﬁgnﬂ1ﬁﬁﬁQ§¥@ﬂ an pctivabedsfibfwnot Bei d and

EaphtralFneXULCOOHCWﬁthdAfNﬂQiNanﬁ)uhéﬁiréﬂltlng this 1née£ﬁ€BQHEQ ?ith
sequent i al | § priﬁvaf%a)f%mmfgﬁmﬁs%m%ék?»eséég‘épﬁg”ﬁé“s U of
For mul a CHQ-COO -alk which can thqnth further transformed in the
20 usual way.
Many of the f1na1 compounds of thzs invention or
intermediates thereto can be 1nterconverted by standard

techniques. For example, aryl compounds which are
substituted with nitro can be reduced (e.g., in the presence

25 of sodium hydrosulfite 1n a non-reactlve solvent, such as
ethanol, water, or a mlxture 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

30 present.in the final.product; if the emine 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 amlne is the des1red compound, the

35 Cbz protecting group is partlcularly useful in this regard.
Other transformations and 1ntraconvers1ons of this type will
be apparent to skilled organlc chemists.



35 wherein (P)X represents a radical X which may bear one or nor e

protectl P i ndependently sel ected froman am no rotecting
.group P f g%%%@%pound of Formula | in which X w&&ﬁ§%ﬂ%ﬁ§

PCT/ US95/ 02558 36 i ncl udes a basic
NH noi ety and a carboxy protecting group P for a conpound of Fornula I

I n which X includes a carboxy residee and (P) represents a radical G
whi ch nmay bear one or nor e independently sel ected am no protecting
groups P; or

; d.of F lLa
[err] by hydroaﬁnm% % Tpg%%q%%%nlﬁ%%}g Inntms a‘1‘533rrrul a

I in mhichtﬁblabo?ert#amsfbmﬁuﬁxnﬂs(aan.Whepeaformedsahtthé sbertnmgound of
Formul a | hstggg%%tw%&ge N 4 Bneo tc regappgi“ gegeutical |y

accept abl e”ac 0°c8Rduct process b)
si mul taneoas¢9mnh$h9¢o@fes@,1'a)0r Ftevrl-@enmémnatsﬁ:msdnmba containingnthd an

aci d prot eghin89rgs0ePrive Afhdeiutall FSu®. 1In 2B/ 2ht2BraBhBEsPrOh&Cti Ng

groups is t-butyloxycarbonyl, the protecting group(s) may be renoved
by treat neREed t B alask HEIRRE adid Pra}@ﬁta§h€r VPF&@P&a@éPP@Sa@M be

anhydr ous negabgdlf cgerorxdiwglvie the mdeieahdsaypenbf gHeMiasrd uedbved
dichloroneth ormul a

. _F . d of
1 Ch whi crBRt o8 GEat Seitg e Bl e Ve prkRcling EBIBE A8 S LR N
protectingtgeoapquenae £ &re rar anpiciatiiangy Ithet synphesést i nysgwblip(s)sodye be
removeq §¥Q£8@W'%§ﬁae§%§@a%@ | pnga geghggée' Befbpanolic The

hydr ogen cf e over a | um on carbon ca
preferred §§9ﬁ66t$@$ TEYRS | 57 kMT @Snrdevdsegve theFDﬂﬁBPaeIOfmhlle at the

same tine Ef@@é&t:ﬂﬂg atﬁi@s,fﬁx%i:ﬁtﬁ:l Yrdup a%&tmﬁombséauéﬂet cHERLEEDE ot

U. S. Patent cor to the nmethod, ,stable sulfates or

2
hydrochlorFGEs &res E?er?WQN$% PIAE ERPﬂFF&&PFoﬂnGVéP ¥err]
reversed- apprpppbatehordet ogs aiihow rfdmhlsﬁnbs@aﬁemueeuﬁsfemﬂﬁatzs copgat i ses

| f ri h dr o or a H. 2.5 and _aceto
grgaﬁ|é§co%ﬁ%ﬂ§ & gq%ﬁm%f q%gg%%hPéngp g%? FE% £ QH E§t¥§%¥%ﬁ%é%meen
about pH 41andCHbOUM15 muttnlalgnnun1can bex¢han§éormedn1nnotan dy o gy |

I?Ir g]ep'?l e . oP PoBEedEd he amiddl LiHi A4S BB oBb 15 PenB HEutPResO! Ut ON OF
elaborated to the guanidines of this invention.

The compounds of the invention are isolated best in
20 the form of acid addition salts. Salts of the compounds of
Formula I formed with acids such as those mentioned above are
useful as pharmaceutically acceptable salts for
administration of the antithrombotic agents and for
preparation of formulations of these agents. Other acid
25 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.
30 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) r-G(P) 1T
35 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



sul fate or hydrochloride salt is |Iyophilized to provide the WO

95/ 23609 PCT/ US95/ 02558

37 in dry powder form In an exanple of the

crude D- Phe- Eﬁ?&(ﬁ NHCH2C6HAC( NH) NH2 sul fate can be di ssol vgg{"%g&?qiﬁ“wat er
and the solution is | oaded on Wdac CJerr] RP HPLC 5 cm X 50 cm col um.
A gradient of 2-10%B (A = 0.01%[err]; B = 5 acetonitrile) over 10 hours
is used. Multiple fractions are col I¥&¢ted and those contai ni ng product
as determ ned by anal ytical RP HPLC are pool ed. The pH of the pool ed

fractions t ed 5 t r |de

form (Bi o- Ii'}ch%%%OQRg%g%?;&q‘é Qoméﬁ a%ﬁm%d% p%écﬁ:&é%ing e g’ol ution
is filteredfam® oeapeungdr gfeFpsmula Iyiphvhich X tinghudesia Werhame D, L-
di am de in A3 du@ @naf G (P) &Eﬁréﬁéﬁ@é easz?éalcal G which may bE¥r Qi Qﬁj ly

active isoners qf the |as‘tliere ge the radical X are al so

consi der ed & 15AePRRdenki¥nBrifcted a%h‘&?l RiRteching 4HquURS iRoR¥r s may be
prepared fromtheir b) reSpea icompemundc aifl FogmbildeIPiACWREERSRDYst he
procedures NH described above, or by resolving the racemc m xtures. This
resol ution chn be carried out by derivatization with a chiral r eagent
fol | oned by-CiNHymat pgat gd ' i ' noval of
the chiral auxili arkﬁggéals}}tbg%hg?‘yisag 43 5 cg:Pre %?@%uﬁ@%%%l%
optically pure isomers of the coﬂpounds of t he present i nvention or
thelr prec;rsor det ai Le-gggar d ‘é@ reso tions can be obtained

Jac alln wé ﬁtFo rs. Racefra® S UtWRER 2 25 John

WI ey & Sorsgltl @]l the compound of Fatmbmnpdmdse@lﬂﬁew,eimuﬂny tohed '
starting aly 3S unds of this invention
are wel | knc?\/\%@gﬁéh top%’ﬁ'ghggf‘gﬁ a%‘reé ;r/g)é;v i | abl e, are

readi | ¥9synt hesi zed HF Feahdrer @rsrf&'ef&dr to Ggmmyptsmessrﬁbbyed by those

of ordi nar \sigddlitlanlebush§ @itn Brocess a). FdPe (Ui JZ PRI 2" ©
provi ded toIfurt er des % he. i nventi on, and to prow de exarrpﬁ es for

conpari son* 1% ¥R3ch: 80,8Fif PRateching (FEPUR 15 fhevt dmEnhaster
The abbr evisatd/@xs ans athino pht:SeepEﬁgfgtﬁp@méwwid)@&dﬂﬂdiwmg

TRANNGS. o prgesting!BhBiotH) pES oS 5y Fshdbien Sl eh o
15 strong ac1d such as trlfluoroacetlc acid or anhydrous
hydrogen chloride in an inert solvent, such as dioxane or
dichloromethane, in the presence of'aniSGIQ. - For a
compound of Formula I in which an acid protecting group is
the benzyl ester and/or an amino protecting group is
20 benzyloxycarbonyl; the protedting 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
25 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 Cig reversed-
phase chromatography in which the agueous component comprises
sulfuric acid or hydrochloric acid at pH 2.5 and acetonitrile
30 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-1X8.
After adjustment of the pH, the solution of tripeptide
sulfate or hydrochloride salt is lyophilized to provide the



e

°V\D 95/ 23609 PCT/ US95/ 02558

ne- 2- carbonyl, Phg.= phenyl glycyl, Phe = henyl al anyl ,
hPhe = hgﬁggﬁ%’ﬁéjﬂ alanyl, 1-Tiq = 1,2, 3, 4- PCT/US95/02558

tetrahydr0|squ|noline-l-carbonyl, 3-Tiqg =

1, 2, 3, 4-tetrahydroi soqui nol i ne-3-carbonyl, Cha =5
[err]-cyclohexylalanyl, hCha = [err]-am nosferr]-cycl ohexyl butyryl, NM =
N- net hyl i ndol - 2-oyl, Chi = e¢is- octahydroindol 2- oyI 1-Piq =

per hydr o-i soqui nol i 1- car bon 3-Piq = perhyd

i soqui nol i ne- B“E%r%%ﬁ |10 xRy 9“9%? éﬁfm NEP(EPePFfWPleSEf the process,
di oxonet hi onytrud® D- Phe -Pro-p-NNfH,CcHYDHUHINH, sulfate can beBdissolved

Leﬁg;[/lyl()g;%g?[)gﬁﬂfléter and the solu&%}%n i |25§' eﬁegnl %d%%dlcll%l%;zl?;c 5 cm
di met hyXf%‘Pn%!m%lum A gradlentEpf 2eiAyl 5 (A = 0.01% H2SqQAVE® =

d'”Ethy|5Q§f0§éé%bn1trlle) over 10EHGA¢s™ 1§tn¥gdaceﬁ&iﬁlple fractions are
Et[err]O = di ethyl ether 20 = eth noc

9-f | uor eny| et HeXRAr¥hhose containing ppagusf asfdetermbneddnbar drent
Irrgsi/s spectrunanalytical RP HPIJa:)aMSa pobleld dena F&%\:}SQE eﬁéﬁpé&f&il r;Jm | ass
-M5S = ion spray mss specisu : resol utio
spect rum Pradescis 4&3§?q§gé%h§8rBﬁyﬁeﬂzﬁtﬂrézﬁ?%hh§@r%¥% resin in
| R = i nfrar echgeotiden form (Bio-Rad, 3BPBPR&gatBeveled, Phbcsiemdhdh ca on
Perforna Li . . . Lonmatogr ap 30 .
= pheny! 10 Sks64). The splution is £i1tePRRCHRROPREPRY1Sfate 15 1y .
tetrahydrofur%wpphlllZEd to provmds thehprreaPer Lehdbamidgraphthe form of
The foIIomnngtg@rguggégé;géyf RPHPLC were enployed: 35 Solvent A: 0.05%

aqueous hydrochloric aC|d (1 m. concentrated hydrochloric acid in 3
L water); Solvent B: ea%’i’cﬁﬂ]tlrlf |actigeadisomersaofdshendiiashexeemers

Exanpl e; Met hoel dhie radical X are also considered part of this invention.

15 Such optically active isomers may be prepared from their
respective optically active precursors by the procedures
described above, or by resolving the racemic mixtures. This
resolution can be carried out by derivatization with a chiral
reagent followed by chromatography or by repeated

20 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,

25 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 npf commercially available,
are readily synthesized by standard procedures commonly

30 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

35 -the following meanings.

Amino acid residues: Arg = arginyl, Glu =

glutamyl, Gly = glycyl, Pro = proly{, hPro = homoprolyl, Azt .



WO 95/ 23609 PCT/ US95/ 02558
39 Colum: Wdac (Jerr] - 2.5 cmx 25 cm Flowrate: 5 niL/mnute;

Met hod 2: VWdac C[err] - 5 cmx 25 cm Flowrate: I nut e;
Met hod 3: ﬁ#gﬁ” VWdac CJerr] - 2.5 cmx 50 cm Flow %girleqsgﬂ@séin

mL/ m nut e. Unl ess ot herw se stated, pH adjustnments and work
up are mnth aqueous acid or base sol utions. In the
exanpl es, where [err]H-NVR i s shown, the3froduct af forded by the
reacti on was characterized by proton NVR to confirmthe indicated

conpound was gg%é%é%é% iJ%‘Mﬂdﬂgﬁt 5B5 lOBhgﬁkiaiygkﬁs b)eiDdicates a

satlsfactory I'n spec rumwas was used to confirm
the exact npkenyfalanylkorhishds hosophenyAadanyli siatiery bienkrdal anal ysis

was not £ &0k &Y iéqul%mrr@dqaba%ohbq dgsq'aqbed procedure; the
el ement al co 05| i on he .obser,ved ,i on

. _ g s 15 indicated.
VWO 95/ 236091 tetrahydrozsoqulno ine- 3 ~ca b°nY#CTF 9%/ 02558
40 5 B-cyclohexylalanyl hChExamgwgmino—y—cyclohexylbuﬁxryq, NMI =

ééCPEegﬁ;at %gh% qa%gé?e Pro gE = cis- octahydIglgdgfLazog ,Oi-Piq =
perhydro 1soqu1nollne -1- carbonyl 3- qu perhydro-
isoquinoline-3-carbonyl, Met = methlonyl Met (02) = S,S-

dioxomethionyl.
10 Agm = agmatine
Boc = t-butYlokyCarbonyii
Bn = benzyl

Cbz =‘benzyloxycerbony1

DCC = dlcyclohexylcarbodllmlde
15 DMF = dlmethylformamlde'
Et = ethyl

DMSO = dimethylsulfoxide
- EtOAc = ethyl acetate
Et20 = diethyl ether
20 EtOH = ethanol
Fmoc = 9- fluorenylmethoxycarbonyl
FAB-MS = fast atom bombardment mass spectrum
FD-MS = field desorptlon mass spectrum

IS-MS = ion spray mass spectrum
25 HRMS high resolution mass spectrum
' HOBT 1- hydroxybenzotrlazole hydrate
IR = infrared spectrum

RPHPLC = Reversed Phase ngh Performace Liquid

' Chromatography
30 Ph = phenyl
TFA = trifluorocacetic acid
THF = tetrahydrofuran
TLC = thin layer chromatogrephy

The following parameters'for'RPHPLC were employed:
35 Solvent a: 0. 05% agqueous hydrochlorlc acid (1.5 mL
concentrated hydrochloric acid in 3 L water), Solvent B:
acetonitrile; Gradient: as-deflned in each Example; Method 1:



10 OBn hydrochloride (81.2 g, 336 nmol), HOBT (50 g, 370 mmol) and

N, N-diis hylam ne (176 nL, 1,008 nmol) at O [err] i

. di chi oroﬁrkgpﬁg%%&%mo m) was added 1-(3- “perusisibasss

di met hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl aride (71 g, 370
mmol ). After stirring for 18 hours, the mxture was 15 diluted with

di ethyl ether (1 L) and washed sequenti &gy three tinmes with 1 Ncitric
acid (250 nlL), once with water (250 nL), three tines with saturated

aqueous sodjum _  bi.carfponate, (250 ni),and ogce with saturated agueous
cadium ~ Gattr YESBLEIT) 2 Fam A An CTnRAE ER R | A PR FISs
filtered, aMuthogn@enCrdtmd:iVivdacuCnd o B aind x120 gm(9P16%) rate:o0i0a pal e
yel | ow foa ; E . MR 25 ) c Br gpar at L,on of
D- Phe- Pr o- %’r{%ﬁlﬁl}:e'%%oyg #’éog]é%? rYlfdnagcls%oli'Euti (%nsoFmB%c§§— %ﬁ'e-%%%‘?@n
(68 g, 150rate:mifl PLYmighteal or omet hane (50 nl) at 0 C, was added anisqle

30 (20gni) fol | owed gy delsl brHeE-R2c8t bEapead $¥ 03l tmerfd @nd work kig i NG

for 3 hours, the solvents were_evaporated Jn vacuo and the thick oily
resi due wadr@ ¥d&by8gUPAVE; 8FHYI O%tPR$e solutienspyp 95/ 23609
PCT/ US95/ 02558 In the examples, where lH-NMR is shlown, thd broduetand

refrigerate 7 our s The ite preci,pitate . s filter shed
W th o ef hACSEERER. BYOBnR Feanian TRE CHETqhfeRiaes 89 BrGteBMRof oun (e
powder . cor{fdmm heVRndicated) comppmarditwas abdtabne@?- DRPé tAoatOBhe
To a Sthrri SQl. Ul i f. c o-C&n-.T |J‘g g,. . a

triet h{%) an‘idr%g:a(' 1#&'&86921%&%?%:?% & ai {%"gr 0 tlﬁgif%g‘ r%?o%pﬁg)g%f“ Qgg
[err] C was otadared-haHBYE| Vonyksed teitenfian (thes®xact #8s% mfol ) dropwi se
via an addiddm@dunds for which a satisfactory elemental analysis was not

obtained for the product of the described procedure; the
elemental composition of the observed ion (e.g.,'MH+) is
15 indicated.



funnel. The reaction vessel was warned to O [err]C and after stirring 4
hours, water (10 nL) was added. The organic 15 phase was washed three

tinmes wtgoly drochloric acid (100 m.), once with sg'éi
sodi um chl oride sol ution (100 nL) and then the sol vent was renoved in
vacuo. The product was purified by flash chromatography over silica
gel, eluting with ethyl acetate/hexanes (6:4). The product 20 contai ning
fractions (judged by TLC) were conbi ned 4Ad concentrated to give 6.62 g
(58% of a yellow oil which solidified. - [err]H NVMR 25 FD-M5, nie
445 (M) Anal ysis for C23H28N2053 ' - Cal c: C, 62.14; H

6.35; N, 6. 30: Found:  C %“?‘}Lﬁ 6.37; N 6.18. 30 D) .
Preparation of EtS( err]-D Phe-Pro-OH To a stirring solution of
Et SO2- D- Phe- Pro- OBn (4EB5@2N-H  10.1 nmmol) in p-di oxane (150 nli) was added
a solution of l'i thi um hydrog de nonohydrate (2.1 g, 50.5 mmol) in water
35 (75 nmL). After stirrgng r 16 hours, the vo_gpe of the sol ution

was reduced by half in v cuo,Nand thq sol ution wa
(300 nL) and 0.1 N Na

. | 95/i§%bgted wth water
.-.,,‘n/ W\N Nt‘l

PCT/ US95/ 02558 S H- 2 aqueous phase

was then washed tw ce di ethylget her (250 m.), acidified with solid
citric acid, and then extracted - three times with ethyl acetate (150

m.). The conbined ethyl acetate extracts were washed with saturated
aqueous % sodium chl ori de (ZXS09g-D-Rhe-doro-Rg8CHEdr]), filtered and
concentrated to give 3.6 g (90% of white solid. - FD-M5, me 355 (M)
Anal ysis for [err]: 10 Calc: =~ C, 54.22; H 6.26; N, 7.90; _‘
Found: CA) 54Pneparation 0f \poc-IBPhe-Pro-OBn.

To a solution of Boc-D-Phe-OH (89.1 g, 336 mmol), Pro-

10 OBn hydrochloride (81.2 g, 336 mmol); HOET (50 g, 370 mmol)
and N,N-diisopropylethylamine (176 mL, 1,008 mmol) at 0 °C
in dichloromethane (600 mL) was added 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (71
g, 370 mmol). After stirring for 18 hours, the mixture was

15 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 aqueous sbdium
bicarbonate (250 mL) and once with saturated aqueous sodium
chloride (250 mL). The organic phase was dried (NazSO4),

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

FD-MS, m/e 452 (M)
1H NMR
25
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
30 (20 mL) followed by trifluoroacetic acid (400 mL). After
stirring for 3 hours, the solvents were evaporated in vacuo
and the thick oily residue was dissolved in diethyl ether



E) Preparation of N, N -di-Boc-S- nethylisothiourea. 15 To a stirring

solution of di-t-butyl dicarbonate (100 g, 458 mmol) in t-butanol (300
inL) was BEH2¥%0| uti on of bi s- S- et hyl i sot hi our ea sUPCHUSIS(025587 ¢,
117 mol ) in water (150 m.), followed by a solution of sodi um hydroxide
(19.2 g, 480 mmol) in water (150 nlL). After stirring for 48 20 hours,
the m xture was concentrated to approxi gately one- third of the
original volune in vacuo and diluted with di et hyI ether (500 nmL). The
organic phase was 3 once wi_th water (250 three times with 1 N
citric aci §t(259 an 3&&&?@:’?@@ dda&i howreh- wa'i'h? vhbbe pyecipiats gani ¢

phase 25 was fiktextd edddWedOWath] HiethlleeHeNd360NRENt 4,24 6fk-idn Vacuo

to give 42 soli d err]HNVR 30 F) Preparation
of Nerr], N?e‘? Zléaﬁﬁacg ager§§t)| Q& white p""'IierTo a stirring solution of

1, 4- butaned| am ne (23 g, 258 mmol) in 2:1 dimet hylformam de: water (300
rrL) wasg adug q\(]jﬁa solution of N, N -di-Boc-S-nethylisothiourea (15 g, 52
in nmet hy

nmol ) 35 | formam de (100 M.) via an addition funnel. After
stirring for 2 hours, the solvents were renoved in vacuo and the

resi due wag) diBﬁéﬂa/l&d:iidh b\ Beisbs - D-BRE dPL 350BH1) | WD 95/ 23609
PCT/ US95/ 02558 43 diluted with
wat er (250 nlL) and washed with ethyl acetate (250 nL). The et hyl

acetat e phase vBs dastidexingpaicdtitdionhof D-PheMNpebtoBs-2RAd(1409, mL) and the
conbi ned as asi fLed. wi od| carbonate, sat ur at ed
187, PP i era eclRhEndBR (7 L0 2 ot

with soli i‘um chlori h"’éthyl acetate
(250 n). dﬂ¢hﬂQﬂﬂﬂﬁﬂhﬁﬁaﬂﬂiﬂ0 &iat ate -8t Pacwas vaddedvasttethesul fosiytlh

saturat ed agusoise seiesmyah! ol dend §Qg hdpufle Yia an JABASI]).
filtered and concentrated to gi ve %I}‘gé syrup
funnel. The reaction vessel was warmed to 0 °C and after
stirring 4 hours, water (10 mL) was added. The organic
15 phase was washed three times with 1 N hydrochloric acid
(100 mL), once with a saturated sodium chloride solution
(100 mL) and then the solvent was removed in vacuo. . The
product was purified by flash chromatography over silica
gel, eluting with ethyl acetate/hexanes (6:4). The product
20 containing fractions (judged by TLC) were combined and
concentrated to give 6.62 g (58%) of a yellow oil which
solidified.

1y NMR
25 FD-MS, m/e 445 (M%)
Analysis for C23H28N20s5S:
Calc: C, 62.14; H, 6.35; N,6.30;
Found: C, 61.87; H, 6.37; N 6.18.

30 D) Preparation of EtS03-D-Phe-Pro-OH.

To a stirring solution of EtSO2-D-Phe-Pro-OBn (4.5 g,
10.1 mmol) in p-dioxane (150 mL) was aqged a solution of
lithium hydroxide monohydrate (2.1 g, 56,5 mmol) in water
35 {75 mL). After stirring for 16 hours, the volume of the
sclution was reduced by half in vacuo,"and the solution was
diluted with water (300 mL) and 0.1 N NaOH (100 mL). The



10 [err]H NMR G Preparation of

Et S err] - D Phe-Pro- Agm(Boc)[err]. 15 To a stirring solution of
Nerr], N SmElde- BOC- agmatine (2 g, 6 mol ) in dichl A (30 .
m.) was agiide; ,zlgfhss‘Qerr]-DPhe- Pro-OH (2.1 g, 6 mml)(}%ﬁg%% , 6
mmol ) and N, N di i sopropylethylamne (1.6 g, 12 mmol), followed by

1-(3- di met hyl am nopropyl ) - 3-et hyl car bodi i m de hydrochl ori de 20 (1.4
g, 73 mmol). After stirring for 20 hour42 the solution was dil uted

with ethyl acetate (300 nL) and washed three tinmes with 1 Ncitric acid

150 nL), o ' I w6150 o ). W €Ly W ous
godi um ) c%%%%zﬁ%,é*ﬁg grhg%émggg%gsgwggéwf'ﬁ%m%%%@ Vl\%égigrr , 25
filtered arbroeifified with geddd cikeifearide and then cextoragtorft aphed

over silicarKide teimdd RELtM lthyisheRtate 9180FfaN) . of TRE hydmsaeddt €: hexanes
containing fractions (based on

(1:4) throu&gxeth I acetate. The produc

TLC) We %Jor%/ff%ear?d‘%&'?&én{"feaﬁeﬁaﬁge i Yath sSafuyabeqd FAUSPUWH t hick

oil. 5 $ediyml diMRride HROOSMLIN, edg888d( MgF04) , filtEr&d/ARH09
Preparation

PCT/ US95/ 025 . L. 44 .. H)
of Et SO errfg%%%{%eoq ,&gomq%(‘ff 3.6 g (90%) Rfs‘f'ﬂl.iﬁ?nﬁo%hg‘pensi on of

Et SO err] - D Phe-Pro-Agn(Boc)2 (1.6 g, 2.4 mmmol) in anisole (1 nL) was
di ssol ved iﬁDﬁﬂS,”rUé u_ﬁ'g)a&f{)ic acid (20 nL) and allowed to stir for 1 hour
at roomtenperature._The sol vent was then renoved in vacuo and the

resi due wa Y515 ofRi DesHRdRO%Scer (100 L) and “diethyl ether (50
m.). The aqueousc@i@se wascyasHeIR aaai 6.26; W, v diggt hyl ether (50 nL) and ‘

then partially cgncentrated 1 d |yophj]ized yield 1.4 g of crude

trifl uoroacetat e19°unélsal t. Ha%"%tp' tI'L'i sé)‘r#t"erzne'al '%és then dissolved in.

wat er and purified by RPHPLC (nmethod 1; 98/2 (A/B); ranp to 50/50
E) Preparation of N,N'-di-Boc-S-methylisothiourea.

15 To a stirring 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

20 hours, the mixture was'concentratéd 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 mL). The organic phase

25 was then dried (MgSO4), filtered and concentrated in vacuo
to give 42 g (62%) of a white solid.

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

To a stirring solution of 1,4-butanediamine (23 g, 258
mmol) in 2:1 diméthylformamide:wk’ater (300 mL) was added a
solution of N,N'-di-Boc-S-methylisothiourea (15 g, 52 mmol)
35 in dimethylformamide (100 mL) via an addition funnel. After
stirring for 2 hours, the solvents weq:é i:"ex:noved-.in vacuo
and the residue was dissolved in 1 N citfic acid (250 mL),



(A/B), 60 mnutes) to give 490 ng (81% of white powder. 15 1H NWR

FD- V5, Anal ysis for [err]: Cal c: 41; H
.7.16; N, 16@%3664\/&? 6. 80; Y Found: C, 48.01; H, ’6‘?’%&5994%2&?6

a, 6.97. 20 [err]

NH A) Preparation of Boc-D Cha- Pro-OBn. By a

met hod substantially equival ent to that43lescribed 30 in Exanple 1-A, .
Boc- D- Cha- Pro- OBn was prepared from Boc-D- Cha-OH and Pro-OBn. HC in

91%yield éééﬁ}éﬁ with water (¥609R3{73888 washed with ethyl acetateh \s nte

PCT/ US95/ 0
458 (M+) (250 mig). Pﬂ‘&?aﬁ&bwénaget@temhﬂg @Bn . bagk extracted wilh a net hod

substanti a ly ad#ialaena (2obhat) d2s8r tR€0combined aqueous phases
were basified with sodium carbonate, saturated with solid
5 sodium chloride, and extracted twice w1th ethyl acetate
{250 mL). The combined ethyl acetate extracts were washed
with saturated aqueous sodium chloride (200 mL), dried
(MgS04), filtered and concentrated to give 12.5 g (73%) of
a thick syrup.

10
ly ~MR
G} Preparation ofLEtSOz-D-Phe-Pro—Agm(Boc)2.
15 To a stirring solution of N9,N9'-di-Boc-agmatine (2 g,

6 mmol) in dichloromethane (30 mL) 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 mmol), followed by 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride

20 (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 mlL), once with water
(150 mL), and twice with saturated aqueous sodium
bicarbonate. The organic phase was then dried {MgSO04) .

25 filtered and congentrated in vacuo. The residue was
chromatographed é#er 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

30 thick oil. )

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



I n Exanpl e 1-B, D- Cha-Pro-0OBn. TFA was prepared (116% of t heoreti cal

yield, 130 Q). [err]H NMR 10 FD-MS, nife 359 (M) O

Prepar at i @ 6&f236doS2- D- Cha- Pr o- OBn. By a nmet hogcgrixetoasss al | y
equi valent to that described 15 in Exanple 1-C, EtS( err]-D Cha-Pro-OBn
was prepared (20% yield, 2.3 g). [err]H NMR FD- M5, me 450
(M+) 20 Analysis for [err]: Cal c: C 61.31; H 7.61; N
6.22; Found: C, 61.55; H "7.544 N, 6.28. D) Preparation
of EtSO err]-D Cha-Pro-OH 25 By a nethod substantially

equi valent to sha rg§§55ﬁ£ggiof Eﬂéb éap}gDA L.geherr] - D- Cha- Pro- OH was
pr epar ed (48 oyield err]HN FD-MS, me 361 (M)
E) Preparation of Et S er r] D Cha Pr o- Agn( Boc) 2. 35 By a net hod

substantial ly equ'xah€ﬂfriﬁgt£ﬁ&pékﬁiﬁnt&xiEtSOjJDJQHﬁﬂﬁr%—hgﬁdBé&@z”g (409

f EtS D- Ch P A ' 9%/ 2360
gCT/USSEfB££5g a 2 %Q&EP))IH anisole nmg »@s %1ssolved in

5 tr;fluoroacetlc acid (20 mL) and allowed to stir for 1 hour
at room temperature. The solvent was then removed in vacuo
and the residue was partltloned between water (100 mL) and
diethyl ether (50 mL). The agqueous phase was washed again
with diethyl ether (50 mL) and then partially concentrated

10 and lyophilized to yield 1.4 g of crude trifluorocacetate
salt. Half of this material was then dissolved in water
and purified by RPHPLC (method 1; 98/2 (A/B); ramp to 50/50
(A/B), 60 minutes) to give 490 mg (81%) of white powder.

15 1 NMR
FD-MS, m/e 467 (M*) _
Analysis for C21H34NgO4S-HCl-H20:

Calc: C, 48.41; H, 7.16; N, 16.13; Cl, 6.80;
Found: C, 48.01; H, 6.81; N, 16.15; Cl, 6.97.
20 ' ' '
Example 2
EtSOzN'H
(o)
NH
N ﬂ_ | JL * HCI
‘ 7 ..,I \/\/\{:‘[ NH,
o]
25 EtSO2-D-Cha-Pro-Agm-HC1

A) Preparation of Boc-D-Cha-Pro-0OBn.

By a method substantially equivalent to that described
30 in Example 1-A, Boc-D-Cha-Pro-OBn was prepared from Boc-D-
Cha-0OH and Pro-OBn-+HCl in 91% yield (109 g).



were prepared from Et SO2- D- Cha-Pro-OH and Ng-Nerr]'-di-Boc- Agm
[err]H N M5, me 674 (MH) F) Preparation of
-EtSC{errrng%ﬁgﬁgro-AgnlHCI. By a nethod subst anPFHPPR2EHi val ent
to that described 10 in Exanple 1-H, EtS( err]-D Cha-Pro-Agm HO was
prepared (45% yield, 100 ng). The product was purified by RPHPLC

(et hod 1, 98/2 (A/B), ranmp to 50/5@5(A/B), 60 m nutes). [err]H
NVR 15 FD-MS, me 473 (M) Anal ysis for [err]: Cal c: C,
47.20; H, 8.15; N, 15, 73; g!, 7. 96; Found: C, 47.47; H 7.84; N
16.10; O ,FR ¥, /A58 (M) Exanple 3 [err]
[err] 25 A) Preparation of Et OCO D Phe-Pro- CH. By net hods
substanti y ui valent t e describe in Exanples 1-C and 1-D
usi ng et h%l ch %?%?’fﬁ‘tr‘?eﬁré 9%1%%3‘86 §8'8bné&ﬁ§nesul fonyl chloride, 6.59 g
(929% of Et OCO D Phe- Pro- OH wer e prepar ed.

5 By a method substantially equivalent to that described

in Example 1-B, D-Cha-Pro-OBn-TFA was prepared (116% of
theoretical yield, 130 g).

1 NMR
10 FD-MS, m/e 359 (M%)

C) Preparation of EtS03-D-Cha-Pro-0OBn.

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

vield, 2.3 g).

1H NMR
FD-MS, m/e 450 (M%)
20 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 EtS02-D-Cha-Pro-OH.

25
By a method substantially equivalent to that described
in Example 1-D, EtSO2-D-Cha-Pro-OH was prepared (48% yield,
0.78 g} .
30 1y nMr
FD-MS, m/e 361 (M%)
E) Preparation of EtS0O2-D-Cha-Pro-Agm{Boc)3.
35 By a method subéﬁantially equivalent to that described

in Example 1-G, 400 mg (40%) of EtSOz-D—Cha-ProQAgm(Boc)2



WO 95/ 23609 : PCT/ US95/ 02558
47 [err]H NMR FD-M5, me 335 (M) Anal ysis for [err]:

Cal c: WS”EJ‘@?? H 6.63; N, 838 5 Found:  CpchRsiastd Bg.;z;

N, 8.14. Preparation of EtOCO D Phe-Pro-Agm HC .

met hod substantially equivalent to that described 10 in Exanple 1-G 2.1 g
(549 of EtOCO D Phe- Pro- Agn(Boc)[err] were prepared from

Et OCO- D- Phe- Pro- OH and Ng-Nerr]' - di - Boc&6 Agm Then by a net hod
substantially equivalent to that descrlbed in Exanmple 1-H, 390 ng (77%

f Et Q0O D- Phe- Pr.0- Th fied b
RPHPLC 15 Wﬁ?%t R%%pfre58£g°¥‘;%§&e;§r§?e X @F% eggl ed by

[err]H NMRagm. FD-MS, mle 447 (M) Analy51s for [err]O. 9HG 0. 2TFA. H20:
20 Cal c: C, 51.70; H 7.22; N 16.15; d,. 6.13; Found:
C, 51.73; H 7.20; N, 16.54; O, 6. 36.
Exanpl e 4 1H NMR 25 [err]
NM - D- Pe- Mol 674 ()
(N-[(1- et hyl - 1H-1 ndol - 2-yl ) car bonyl ] - D- phenyl al anyl -
[ 4-[ (am noi m nomet hyl ) am no] butyl ] -L-prolinamn de
F) Preparation of EtSO2-D-Cha-Pro-Agm-HCl.

By a method substantially equivalent to that described
10 in Example 1-H, EtSO2-D-Cha-Pro-Agm-HCl was prepared (45%
yield, 100 mg). The product was purified by RPHPLC (method
1, 98/2 (A/B), ramp to 50/50 (A/B), 60 minutes).

1§ NMR
15 FD-MS, m/e 473 (M%)
Analysis for C21H40Ng04S-1.2HCl-H50:

Calc: C, 47.20; H, 8.15; N, 15.73; Cl, 7.96;
Found: C, 47.47; H, 7.84; N, 16.10; Cl1l, 7.80.
20 Example 3
EtOCON-H
(0]
N H r HCI
( 7 N *
u"“/ \/\/\N NH2 )
o R

EtOCO-D~-Phe-Pro-Agm-HCl
25
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
30 of ethanesulfonyl chloride, 6.59 g (92%) of EtOCO-D-Phe-
Pro-OH were prepared.



30 nonohydr ochl ori de) WO 95/ 23609

PCT/ US95/ 02558 48 Ag Preparation
of NM - D- PR 23360, To a sol ution of PCT/US95/02558

N- et hyl i ndol e-2-, carboxylic acid (2.6 g, 14.9 mol) in dry
tetrahydrofuran (45 nL) was added 5 pentafl uorophenol (3 g, 16.5 mmol),
foll owed by 1-(3- di met hyl am nopropy4) - 3-ethyl carbodiimde (3.2 g, 16.5
mol). The mxture was allowed to stir at reflux for 3.5 hours and
then cooled to roomtenperature. To this m xture was added a sol ution

of D- Phe- Prigi GBR TFA (7 9, 14.9 mmol) 10 and N, N-diisopropyl et hyl am ne (4
g, 30 Mol )pd s, m/leeBBBNYg#PfuUran (25 nL). After stirring for an
addi ti onal t he solvyents were renoved in vacuo and the residue

.houyr s,
was di ssol VRRLIY$1& #;?F §42H328295h0 nL), then washed three times with
0.1 N aqueous salsw bi suld,atea .©250u71Lk.88¢ &5 sthgee tines with 1 N

agueous_pot assi bonat S5Q L), Thg oggapi ¢ phase was dried
(Na2SO4Y, fil Cer@piding C %’ﬁ%«?nt %‘at 84774 NacBoito give 6.5 g of
anor phous solid (a m xture of the desired product, contam nated with

pent af | uor gghengl ar‘gtg_ggncBgslﬁt@é@gggﬁh%g?élr?gd}nm%‘ol yzed 20 by a method

substantially equrvalent to at descri anple 1-Dto yield 3.8
g (62% of an off white solid. [err]H NMR FD-M5, me 419 (M) 25

B) bP{ epar aH on gy M\/:melgh%t@e'sﬁﬁgféﬁalmE equivalentEX!ﬁy t?ié?i@%rgged (20%
subst apti al, equi val en a cribpe - ngy
of NM [11@; prid FEP‘%“SR;%( §6§§y[2rﬁ]93692 r p’?*e%%‘?'é%&hel%g]r)‘?,‘%ﬁwg%z?hod
subst ant i alwereeptiepalredt from EpoChab-PlescPr vl iandongNge ~-BiHBot44 ng (31%
of NM -D- Phes; Proz Agm H r [ e The_crude praqdu S :
di ssol ved A%l adhel BYof Hetnss SwBsEast reLy b“;F‘ﬁliﬁg‘L ¥ %%’& hod 1,
90/ 10 ( A/ B)descaipedo iA0EZ8mpALB) tHZ03 80 oy ef}7$ 3£ ELONO-TUMRhe-Pro-
Agm-HCl were prepared. The product was purified by RPHPLC
15 {method 1, 98/2 (A/B), ramp to 50/50 (A/B), 60 minutes).

1y NMR
FD-MS, m/e 447 (M%) .
Analysis for C22H34NgO4-0.9HCl-0.2TFA-Hy0:

20 Calc: C, 51.70; H, 7.22; N, 16.15; Cl, 6.13;
Found: C, 51.73; H, 7.20; N, 16.54; Cl, 6.36.
Example 4
(o)
WN-H
N o)

\ NH

N H JL e HCI
< 7..,,1 \/\/\N NH2

25 o

NMI-D~Phe-Pro-Agm-HCl
(N-[ (1-methyl-1H-indol-2-y1l)carbonyl] -D-phenylalanyl-N-
[4-[ (aminoiminomethyl)amino]lbutyl]-L-prolinamide
30 monchydrochloride)



FD-MS, mle 532 (M) ' WO 95/ 23609

PCT/ US95/ 02558 49 Anal ysis for

[err] | c: C, 56.46; H 6.29; N, 15.27; d,

Fount:  WRISENT L ¢ £ ON Y15 55 o s e b Pctibsosnasss
Exanpl e 5 [err]

D- Phe-Pro-NH(CH err])[err] NHC(NH) NH err]. HC1 10 A) Preparation of

Boc- D- Phe- Pr o- OH. To a sol uti oA8of 'Boc- D- Phe-Pro-OBn (145 g, 320
mol ), i n p-di oxane (660 nL) was added a solution of l[ithium 15

hydr oxi de mogohy: ofl NAL g ter (330 n) W th

Vi gor ous stlrflngféé§%é§¥§ﬁﬁﬂﬁhs §%Iut|gﬁ was concentrated in
vacuo to about one-fourth the orlglnal vol une and diluted with water
(350 ni) and 0.1 @bSQdééiﬁtlonfB@“N”ﬂéEhﬂigﬂadﬂéLz-LEEb% QeS aphasg2vgs
washed three 20,  tines with er - &250 m.) and then acgidified to pH
3 with solid9cit$i? %Eﬁ%ﬁ\&ﬁ @&3 drio BFBPtéﬁé Py) wastaddedThe solid
was filt e edpenpafbobortopioenod t(rB WAt €06, 5aethol) , EBRNowedeByundes-hi gh
Kgcuﬁyé 583y§e'€t§&1£h£&3£@opyl) -3- etﬁMTcarbo 1&%1d%5(3 2 QeriEF%NNR FD

mmol). The mixture 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)

10 and N,N-diisopropylethylamine (4 g, 30 mmol) in | ‘
tetrahydrofuran (25 mL). After stirring for an additional
2 hours, the solvents were remévéd'in vacuo and the residue
was dissolved in ethyl acetate (500 mL), then washed three
times with 0.1 N aqueous sodium bisulfate (250 mL) and

15 three times with 1 N aqueous potassium carbonate (250 mL).
The organic phase was dried (Na2sO4), filtered, and
concentrated in vacuo to give 6.5 g of amorphous solid (a
mixture of the desired product, contaminated with
pentafluorophenol). This crude proéuct was then hydrolyzed

20 Dby a method substantially equivalent to that described in
Example 1-D to yield 3.8 g (62%) of an off white solid.

i1y NMR
FD-MS, m/e 419 (M%)
25
B) Preparation of NMI-D-Phe-Pro-Agm-HCl.

By a method substantially eguivalent to that described
in Example 1-G, 900 mg (20%) of NMI-D-Phe-Pro-Agm(Boc)?2
30 were prepared. Then, by a method'SubStantially egquivalent
to that described in Example 1-H, 144 mg (31%) of NMI-D-
Phe-Pro-Agm-HCl 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).
35 | ' |
11 NMR
FD-MS, m/e 532 (M%)



>

MD 95/ 23609 PCT/ US95/ 02558

aration of Ng, Ng'-di-Boc-6- an1nohexy|guan||d|ne
°By a netﬁﬁ% z%%gfantially equivalent to that described  PGHISREHPe 1-F,

4.7 g (6699 of Nerr],Nerr]'-di-Boc-6-amno- 5 hexylguanidine were

prepared from 1, 6- hexanedi ani ne. C) Preparation of

Boc- D- Phe- Pr o- NH( CH2) 6NHC( NBoc) NH( Boc) . 49 By a net hod
substantially equivalent to that described 10 in Exanple 1-G 1.3 g (62%
of Boc- D- Phe- Pro; NH( CH2 6NHC&NBO NH(BOC% were prepared from

Boc- D- Phe- PRBIYSis £9F {r3p 3%} 8- &RF oﬁe§§2€uanidine [err]H

gwllihlSP FDN$ cale: )7([33 (Mltl)ss 46NrD) 6 Frepaf atisonp7of c1, 4 973 hod
e- Pro- errl)[err er a’'net ho
substantially e ﬁ?@érent %okgﬁgﬁg 2&@rétﬁ§; 3b ¥5h3éxaﬁﬂhe512ﬁ

approxi mately 100 ng of D-Phe-Pro- NH(CH[ err])[err] NHC(NH) NH err] . HC1
wer e preepar ed. FD-M5, me 38 Anal ysis for '
CerrJHerr]Nerr]derr].0.9HC .0.%?&%Egﬁrgrr]C) 25 Cal c: C,
49.97; H, 6.95; N, 15. 34 Found: C, 49.60; H 7.13; N, 15.23.
Exampl e 6

NH
: : y /u\ e HCI

D-Phe-Pro-NH {CH2 ) gNHC (NH) NH2 - HC1
10
A) Preparation of Boc-D-Phe-Pro-OH.

To a solution of Boc-D-Phe-Pro-OBn (145 g, 320 mmol)

in p-dioxane (660 mL) was added a solution of lithium

15 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

20 times with diethyl ether (250 mL) and then acidified to pH
3 with solid citric acid which caused a precipitate to
form. The solid was filtered, washed twice with water, and
then dried under high vacuum, to yield 91 g (78%) of a
white solid.

25
1 NMR
FD MS, m/e 363 (M%)



H2N [err] WO 95/ 23609

PCT/ US95/ 02558 51

Prepar at i ( Ng' - di - Boc- 5- am nopent yl guani di ne. ' N
~ et hod sugg?gn lrally equivalent to that described 5 in Exag%q’%sgfﬁésgl. 73 @

(72% of Ng, Ng' -di - Boc-5-am no- pentyl guani di ne were prepared from

1, 5- pent anedi am ne. FD-MS, me 345 (M) [err]H NMR 10 B)

Preparati on of Boc-D-Phe-Pro-NH(CH err]) P€rr] NHC( NBoc) NH( Boc) .

By a nethod substantially equivalent to that described in Exampl e 1-G

1.9 g (92% _of Boc- D- Phe- Pro- H(CHLe rr]) r,r | NHC( NBoc Boc) wer e
pr epared frgﬁl BE SPERRRI P 2 F N]gsbéj %’r B0 aRlihbhe %l]\'lgua;‘ .
Ng,Ng'-di-Boc 5-am nopent yl guani di ne. [err]H NVR FD-M5, mle 689

(M+) 20 e
b Phe- Pr o NH(CH[e? f?%err?ﬁl ?i%ﬂﬁﬁlalﬁylﬁsulvalent to that described
%) of NY9,N9'-di-Boc-6-amino-
5 hexylguanidine were prepared from 1,6-hexanediamine.

C) Preparation of Boc-D-Phe-Pro-NH(CH2)gNHC (NBoc)NH (Boc) .

By a method substantzally equivalent to that described
10 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 NY9,N9'-di-Boc-6-aminchexylguanidine.

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

D) Preparation of D-Phe-Pro-NH(CH3)gNHC (NH)NH3-HC1.
By a method substantially equivalent to that described
20 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-0.5H0:

25 calc: C, 49.97; H, 6.95; N, 15.34;

Found: C, 49.60; H, 7.13; N, 15.23.

Example 6
HoN
O
H H
N e NN N - NH2
| * HCI

30 : (0] NH

- D-Phe-Pro-NH (CH2 ) 5NHC (NH) NH2 - HC1



By a nethod substantially equivalent to that described in Exanple 1-H,

appr oxi elggIz 100 ng of D-Phe-Pro- 25 NH(CH err])[err] NHC(NH) NH err]. HC1
swere prepsd EW0mhe product was purified by RPHPLC ( ndCHGHI302558/ 2
(A/B), ranp to 40/ 60 (A/B), 40 m nutes). ‘FD-M5, me 389 (M) 30
Analysis for Clerr]Herr]Nerr]Jerr]O9HC .0.9TFA. 0. 7TH err] O

Cal c: C, 48.71; H 6.79; N, 15.63; 51 Found: C, 48.34; H,
6.68; N, 16.01. WD 95/ 23609

PCT/ US95/ 02558 52

Exanmple 7 [err]

. 5
D- Phe- Pr o-ANH( GHfeyada)dien bEHIONMYNER &+ Bbe Hlami noperfly 1Juiatiatd .on of
Boc- D- Phe-Pro-NH (CH err]) [ err] NHC( NBoc) NH( Boc) . To a solution
of 1, 3-di am nopropane (2.2 g, 30 mmol) 10 in dinethyl formam de (25 nlL) was
added a sol uti By & metilod subsdanBaelbyneghyiratenti vorgsalf Aesarideéd ol )

e SO e 25amL) od] L8 561 16: 1005 il L e

m Xt ure was

uted wth chl or onet washed twice with

a ni xt ur e RENEEkIARiSd ngqwesesrseErtad 15rom chr bupentanadianing.at ed aqueous

sodi um chl oride (200 ni), and once with saturated aqueous sodi um
chloride (250 ). The ,organi ¢ phase was dried (MgSO4), filtered, and
partially RNt & 845 1M acuo to a vol ume of about 200 m..
1y NMR
10

15

20

25

30

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

By a method subs;antially equivalent to that described
in Example 1-G, 1.9 g (92%) of Boc-D-Phe-Pro-
NH(CHz)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)5NHC (NH)NH> -HCL.

By a method substantially equivalent to that described
in Example 1-H, approximately 100 mg of D-Phe-Pro-
NH (CH2) sNHC (NH)NH2 -HCl1 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 CpH32Ng02-0.9HC1l-0.9TFA-0.7H20:
Calc: C, 48.71; H, 6.79; N, 15.63;
Found: C, 48.34; H, 6.68; N, 16.01.



20 To this solution was then added Boc-D- Phe-Pro-OH (3.6 g, 10
nml ), HOBT (1.3 g, 10 mmol) and N, N- di i sopropyl ethylamne (1.3 g, 10
mol ), f owdeNpesdeY 1- (3-di net hyl am nopropyl ) - 3-et hyl ca Lolo LV HC
(2.1 g, W 11 mmol ). After stirring for 16 hours, the sol \?22&85%#%25
renoved in vacuo and the residue was taken up in ethyl acetate (250
m.). The organi ¢ phase was washed three tines with 1 Ncitric acid (200
m.), once with water (100 m), twi ceS4dith saturated aqueous sodi um

bi carbonate (200 i) and once with saturated aqueous sodi um chl ori de.
The 30 organi c phase was then dried ) filtered and concentrat ed
I n vacuo. The residue was then %%%%ﬁgéﬁSraphed over silica gel, eluting
with a step WO 95/ 23609

PCT/ US95/ 02558 HoN
et hyl acetate/ hexanes (1:4
containing fractions (judded
(40% of thick colorless
(Merr]) B) Prg

.53 gradi ent of
t hrgugh et hyl acetate. The product
7y TLO) were concentrated to yield 2.6 g
Qi | . [er4 H NWVR FD-M5, nmle 661

H

kon™pf, N N.__NH
D- Phe-Pro-NH(CH err]) @)ﬂﬁ[em. \[(o 2 <Hel By a net hod
substantially equival e o that described NR Exanmple 1-H 460 nmg (71%
of D- Phe-Pro- NH(CH err])[err] NHC(NH)NH err] . HO were prepared. The
product was purified by RPHPLC (nmethod 1, 98/2 (A/B), ranmp to 40/60 15
(A/B), 80 mnutes). D-Phe+B1o-WHR CH2 ) INHOVEH)NHe -BEL (M err])
Analysis for CJerr]JHerr]Nerr] . HO.1. 1TFA Il.IHerr]O 20 Cal c:
C, 44.66; H5 6.20; N, 15.47; Found: C, 44.69; H 6.10; N
15. 19. A) Preparation of Boc-D-Phe-Pro-NH(CH2)3NHC (NBoc)NH(Boc) .

To a solution of 1,3-diaminopropéne (2.2 g, 30 mmol)

10 in dimethylformamide (25 mL) was added a.solution of N,N'-
di-Boc-SQmethyliSOthiourea (2.9 g, 10 mmol) in
dimethylformamide (25 mL). After étirring for 1 hour, the
mixture was diluted with dichloromethane (400 mL) and
washed twice with a mixture of saturated aqueous sodium

15 bicarbonate and saturated agqueous sodium chloride (200 mL),
and once with saturated aqueous sodium chloride (250 mL).
‘The organic phase was dried (MgSO4), filtered, and
partially concentrated in vacuo to a volume of about 200
mL. _

20 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-dimethylaminopropy1)-3—ethy1carbodiimide-Hcl (2.1 g,
11 mmol). After stirring for 16 hours, the solvents were

25 removed in vacuo and the residue was taken up in ethyl
acetate (250 mL.). The organic phasé 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 aqueous sodium chloride. The

30 organic phase was then dried (MgS04), filtered and
concentrated in vacuo. The residue was then

chromatographed over silica gel, eluting with a step



Exanpl e 8 H2N [err]
D-Phe-Pro-$WK}Q-trans-CH:CHCH[err]NHC(NH)NH[err].HCI é? Preparati on
of Ng, N a¥ f”“p&?’- Boc- 4-am no-trans-2- 30 butenyl guani di nCT/USISNSSE \\ry
95/ 23609 PCT/ US95/ 02558

54 By a nethod substantially equivalent to that described

in Exanple 1-F, 2.4 g (42% of Nerr], Ng3-di-Boc-4-am no-trans-

2- but enyl guani di ne were prepared from 1, 4-di am no-trans- 2- butene. 5
B) Preparation, of. Bo¢c- D Phe-Pro- NHCH2-t r ans- CHCH2N Boc) NHBoc.
By a net hoar'%‘ab%’f‘%rﬁfaﬁql}y (ﬁﬁ%‘@%%nﬁﬁat(ldééc%%‘é‘dg Oeé_{i’c\ﬂ\lExarrpl e 1-G
2.7 g (55%ceftaBec- [P priydudiHodAthiatag fracChsasiCHPbEEéANBor ) T8BoC wer e
prepared fr Boc- - - . and .

o, Ng' - d -g§%%48%%”%%{?%%&;-%&?&%Pgaaai §488) of thigk SRReTEEED 15 e
673 (Merrdil.

5

1 NMR

FD-MS, m/e 661 (M%)

B) Preparation of D-Phe-Pro-NH(CHz)3NHC(NH)NH2-HC1.
10

By a method substantially equivalent 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
15 (A/B), 40 minutes).

1g NMR
FD-MS, m/e 361 (M%)
Analysis for Cj1gH28Ng0O2-HCl-1.1TFA:-1.1H30:

20 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

25

D-Phe-Pro-NHCH2-trans-CH=CHCH2NHC (NH) NH2 - HC1

A) Preparation of NY9,N9'-di-Boc-4-amino-trans-2-
30 Dbutenylguanidine,



C) Preparation of D Phe-Pro-NHCH2-trans-

CH=CHCH err] NHC(NH) NH[ err] . HC . 20 By a nmethod substantially
eqU|vaIen&Nh%ﬁéa§t descri bed i n Exanpl e 1-H, apprOX|nateIé1100 of

D Phe- Pro trans- CH=CHCH err] NHC(NH) NH err] . HCl

The product was purified by RPHPLC (nethod 1, 98/2 (A/B), ranp to 40/ 60
(A/B), 40 m nutes). 25 [err]H NMR FD-M5, me 373 (Merr])

Anal ysis for [err].HC .O0.5TFA 2. 5H err] (p4 Cal c: C, 47.01; H
6.81; N, 16.45; 30 Found: C aT. 36; H 6.53; N. 16.70.

?g 95/23609 By a method substantEQ&&gl qylvalent to[ng?Séggggl ed

D- Phe- Pr o- pit\HGtinYd (INE),NIZ2 &2 5FA42%) ofANT, WepdiaBoo-Meémlno trans-

H err] N ih o met hod
Eub[stanila y eqwﬁaﬁt“lﬂ{ﬁgletcﬁ[aet?ed% g%&%@g )I:ggﬁ 33 ““1‘9“‘?@?‘9 (42%
of p- F{bmt?mﬁ}{err]C[err]H[err]CH[err]NHC(NBoc)NHBoc were prepared from
p- xyl engdi am ne.

B} Preparation of Boc-D-Phe-Pro-NHCH2-trans-
CH=CHCH2NHC (NBoc ) NHBoc.

By a method éubstantially equivalent to that described
.10 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-OH

and Ng,Ng'-di-Boc44—amino-trans—Z-butenylguanidine.

1y NMR
15 FD-MS, m/e 673 (M*)

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

20 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 -HC1l were prepared. The product
was purified by RPHPLC (method 1, 98/2 (A/B), ramp to 40/60
(A/B), 40 minutes).

25
1y NMR
FD-MS, m/e 373 (M%)

Analysis for C19H23N502 +HCl-0. STFA 2.5H20:
Calc: C, 47.01; H, 6.81; N, 16.45;
30 Found:  C, 47.36; H, 6.53; N, 16.70.



[err]H NVR 15 B) Preparation of Boc- D Phe- Pro-p- NHCH2-
Cerr] H gg r]NHC (NBoc) NHBoc. By a net /g& tially
*equi val ent t%‘ﬁat described 20 in Exanmple 1-G 2.8 g (63’8 @&%&%

Boc- D- Phe- Pr 0- p- NHCH2- Cerr]H err] CH err] NHC(NBoc) NHBoc were prepared
from Boc- D- Phe- Pr o- OH and

p-Herr]NCH err] [ err]H err] CH err] NHC( NiSoc) NHBoc. [err]H NWR 25
FD-M5, me 723 (Merr]) C) Preparation of D Phe-Pro-p- NHCH2-
Cerr]Herr]CH err] NHC(NH) NH err] . 2TFA. By a net hod
substantially equivalent to that d in Exanple 1-H, 725 ng
(819 of the title bis-TFA salt were prepared and was not purified
further by RPHPLC. HN WD 95/ 23609 NH

PCT/ US95/ 02558 '56 [err]H NWR
FD-MS, mfe 423 (Merr] ﬁlalyms fg ,lL *2TFA

5.05; N, 12. 36; 5; N, 12.28.
Exanpl e 10

l,.

Clerr]Herr] N err]O[erf]. 241TFA. FLprr] ﬁ1 NHg: C, 48.05; H,
54 H, 8
{?ﬁ?Hﬂﬁr [67r]

5 D-Phe-Pro-p-NHCH2CgH4CH2NHC (NH) NH2 - 2TFA
A) Preparation of p-HaNCH2CgH4CH2NHC (NBoc)NHBoc.

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

1y NMR

15
B} Preparation of Boc-D-Phe-Pro-p~-NHCH2-
CgH4CH2NHC (NBoc) NHBo¢.

By a method substantially equivalent to that described
20 in Example 1-G, 2.8 g (63%) of Boc-D-Phe-Pro-p-NHCH2-
CeH4CH2NHC (NBoc ) NHBoc were prepared from Boc-D-Phe-Pro-OH
and p-H2NCH2CgH4CH2NHC (NBoc ) NHBoc.

1y NMR
25 FD-MS, m/e 723 (M%)

C) Preparation of D-Phe-Pro-p-NHCH2~
CgH4CHoNHC (NH) NH2 - 2TFA.

30 ~ 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.



D- Phe-Pro-p-NHC[ err] . HC1 A) Preparation of
N- Boc- p- (am nonet hyl ) benzyl am ne. 15 To a stirring solution of

p- Xyl enedigad 0 g, 73 nmol ) i n di net hyl for mam de/ . 100
m.) was agﬁg% &ﬂdi-t-butyl di carbonate (8 g, 37 mmol). zﬁﬁé§U%%W%$?ng for
20 hours, the m xture was concentrated in vacuo and the 20 residue was

partitioned between diethyl ether (200 nL) and 1 Ncitric acid (200
nmL). The aqueous phase was washed agabn with diethyl ether (200 nm),
and then basified with solid sodi um bi carbonate and saturated with
solid sodium chl oride. The aqueous phase was then extracted four tines
25 with ethyl acetate (200 nL). The conbi ned ethyl acetate extracts
“were dried %N@EM}err]) filtered and concentrated to give 2.1 g (24%
of a thick gplms, m/e ngrdﬂ+ﬂVNR 30 FD-M5, mle 237 (MHerr]) WO
95/ 23609 PCT/ US95/ 02558

57 Anafpat¥sie £9%,G33H30N602 - 2. 1TFAH0: " 56 07: H 8.53; N, 11.85:

Found: 5 C, 66.8a8lcH, 8.4¢, 28.0%2; 14, S 053 B, Azsg;ati on of
Boc- D- Phe- Pro-p-Lerr NHBoc bstantially equival ent
Fokad! GanpPe08: &l L BY E@B%@#

to that described in EX Boc D- Phe- Pr o- p- NHCH2-
[err] were prepared from Boc- D Phe-Pro-OH and N Boc-

p- (am nornet hyl ) benzyl am ne. ﬁﬁéﬂﬁtﬁﬂﬁﬁ

HoN
o

(i7""1r“\/©/\'"“"’ + Hol
O

D-Phe-Pro-p-NHCH2CgH4CH2NH2 - HC1

10

A) Preparation of N-Boc-p-(aminomethyl)benzylamine.
15
To a stirring solution of p-Xylenediamine (10 g, 73
mmol) in dimethylformamide/water (1:1, 100 mL) was added
__di-t-butyl dicarbonate (8 g, 37 mmol) . Afﬁer stirring for
20 hours, the mixture was concentrated in ﬁacuo and the
20 residue was partitioned be;ween_diéthyl 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 agqueous phase was then extracted four times
25 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.

1y MR
30 FD-MS, m/e 237 (MHY)



‘FD-NB me 581 (Merr]) Anal ysis for [err]: 15 Cal c:

66. 19; N, 9.65; Found: C, 65.99; H, 7 63 42,

+O) Prepg?vaoZl onm(gf D- Phe-Pro-p-NHCH err] . HO . 20 g"
substantially equivalent to that described in Exanple 1 H about 100 ngy
of D- Phe- Pro- p- NHCH2- [err].HCL were prepared. The product was purified
by RPHPLC (nmethod 1, 98/2 (A/B), raBp to 40/60 (A/B), 40 m nut es) .

- 25 . Jerr]H NWR FD-M5, n/e 381 (Merr]) Anal ysi s for
[err]. HO . 1.1 FA.H[ rr] Cal c: C 51.87; H 5.77;, N 10.00; 30
Found: éP AT 45%%?0Na%&;2 VO 95/ 23609
PCT/ US95/ 02558 Calc C, 66.07; H, 8.53; N, 11 35
Exanmpl e 11 er
D- Phe- Pr o- m NHCH 1él?crl] He© 66 I_gé\l ﬁ’Préep4a4r ‘at'i‘on ofll

N—Boc-n}(aninonethyl)benzylan1ne
5 B) Preparation of Boc-D-Phe-Pro-p-NHCH2CgH4CH2NHBoC.

By a method substantially equivalent to that described
in Example 1-G, 1.1 g (63%) of Boc-D-Phe-Pro-p-NHCH2-
CgH4CH2NHBoc were prepared from Boc-D-Phe-Pro-OH and N-Boc-

10 p-(aminomethyl)benzyl amine.

15 NMR
FD-MS, m/e 581 (M%)
Analysis for C32H44N40¢:
15 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-NHCH2CgH4CH2NH2-HCl.

20 By a method substantially equivalent to that described
in Example 1-H, about 100 mg of D-Phe-Pro-p-NHCH2-
CeH4CH2NH2 -HC1 were prepared. The product was purified by
RPHPLC {(method 1, 98/2 (A/B), ramp to 40/60 (A/B), 40
minutes).

25
1y NMR
FD-MS, m/e 381 (M*)

Analysis for C22H28N402-HCl-1.1TFA-H30:
calc: Cc, 51.87; H, 5.77; N 10.00;
30 Found: C, 51.78; H, 5.88; N 10.28.



By a procedure substantially equivalent to that 10 described in Exanple

10-A, 2.6 g (30% of N- Boc- m (am nonet hyl ) benzyl am ne were prepared
from I di am ne. Jerr]H NVR 15 FD-M5, me 237 (Mderr])
Anal ysi s Wﬁp@#ﬁ%: Cal c: C, 66.07; H, 8.53; NPCE .58%?_2554
Found: C, 65.81; H 8.48; N, 11.98. 20 B) Preparation of

Boc- D- Phe- Pr o- m NHCH[ er r ] NHBoc. By a nethod substantially

equi val ent to that described in Examgge 1-G 1.6 g (95% of

. Boc- D- Phe- Pr o- m NHCH2- C6HACH2NHBoc wer e prepared from Boc- D Phe-Pro- OH
and N-Boc- 25 n}(aninonethyl)benz¥laniﬂe. [err]H NWR FD-M5, nle
581 (M) WO 95/ 23609 -

PCT/ US95/ 02558 _ 59 C) Preparation
of D-Phe-Pro-n}NHCH[err]HEN1. By a nethod substantially

equi valent to that descri bgd i n Exanpl e 1-H, about 100 ng of
D-Phe-Pro-m NHCH2- 5 [e ) were prepaked. [err]H NWR FD- V5,
me 381 (M) Anal ysifs fof, [err]Hd . [err]O 10 Cal c: C,
52.51; H, 5.87; N 10. 43

o SN, AN B2NH; H° KHCb1; N 10.4s.
O | | |
o

5 D-Phe-Pro-m-NHCH2CgH4CH2NH> - HC1
A) Preparation of N-Boc-m-(aminomethyl)benzylamine.

By a procedure substantially equivalent to that
10 described in Example 10-A, 2.6 g (30%) of
N-Boc-m- (aminomethyl) benzylamine were prepared from
m-xylenediamine.

1n NMR
15 FD-MS, m/e 237 (MH")
Analysis for C313Ha0N2032:
Calc: C, 66.07; H, 8.53; N, 11.85;
Found: C, 65.81; H, 8.48; N, 11.98.

20 B) Preparation of Boc-D-Phe-Pro-m-NHCH2CgH4CHaNHBoC.

By a method substantially quivalent to that described
in Example 1-G, 1.6 g (95%) of Boc-D-Phe-Pro-m-NHCH2-
CeH4CH2NHBoc were prepared from Boc-D-Phe-Pro-OH and N-Boc-

25 m-(aminomethyl)benzylamine.

1g NMR
FD-MS, m/e 581 (M*)



Exampl e 12 H2N [err]

D- Phe- Proyg\diaskoer r ] - t r ans- 4- (am nonet hyl ) cycl ohexane. HO  petuse$d2sss
*Preparation of N-Boc-trans-4- 20 (am nonethyl)cycl ohexanecarboxylic aci d.
To a solution of trans-4-(am nonethyl)cycl ohexane- carboxylic acid (50
g, 318 mmol) in 1 N sodi um hydroxi de (334 nL, 334 mmmol ) and t-butanol
(400 nm.) was added a 25 solution of diﬁ%-butyl di carbonate (73 g, 334

mol ) in
sol vent s

tetrahydrofuran (50 nL). After stirring for 20 hours, the

‘ VY e mreipaved ion B@CQOPﬁQdPi'@-em-rmﬁ%K?ﬁ 2NHp 01t tioned between
water (500 nlL) and diethyl ether (250 m). T

e aqueous phase was washed

again with diethyl ether 30 (250 ML) and then acidified wth solid citric
aci d, which By a6 uldtddbd BubBeahoiabli oageival et teo priedti pidsdreibedlhe

VO 95/ 23609,

60

~ e e P 95/ 02558
SO |d‘a\ll\n£s}ef i Pérga?uﬁa% %dm?V\fEeDvﬁl?% R é'F m.) and dried

in vacBo tQsHAGHNHRS HE1( 9evE Breppred. powder. [err]H NMR 5 B)
Preparation of HOCH err]-trans-4- (N Boc- am nonet hyl ) cycl ohexane.

10

15

20

25

30

1y NMR

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

Analysis for C22H28N402-HC1l-TFA-H30:
Calc: ¢, 52.51; H, 5.87; N 10.21;
Found: C, 52.13; H, 6.21; N 10.48.

Example 12

HoN
o -~
' " NH
O
0 .

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)cyclochexane-
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 citric acid, which
resulted in the formation of a white precipitate. The



To a stirring solution of N-Boc-trans-4- 10

(am nonet hyl ) cycl ohexanecarboxylic acid (15 g, 58 mml) in

tetrahyd 150 nL) at O [err]C, was added N‘”Etgﬁﬁﬂﬁﬁ gne (5.9 =
g, 58 %ﬁ§ﬂ§?ﬂq owed by et hyl chl oroformate (6.3 g, ﬁy? Af ter

stirring for 30 m nut es, sodi um borohydride (6.5 g, 175 mml) was

added, and 15 then nethanol (300 nL) was added via an addition funnel over

5 minutes. The mixture was allowed to 8@ r for 1 hour and t hen the

solvents were renoved in vacuo. The residue was di ssol ved in ethyl

acetate (00 et d:abed | YhEEed Lsde Nesen lidd o2 G280y, once

with' mater ueous sodi um bi car bonat e
(250 nl) ahrieshda wiackwo to yaehdaéédgaq%%nso% ike @owsdemle (250 nl). The
organic phase was dried (MJSOX4), filtered and concentrated to give 13

g (91% of, the title conpound. 25 [err]H NWR ~ C) Preparation of

NH[ err] CH[]é‘F MMR r ans- 4- (N- Boc- am nomet hyl ) cycl ohexane. 30 To a
stirrigg solution of HOCH2-trans-4- (N Boc- am nonet hyl ) cycl ohexane (13
g, 53 mol trlph ) O mol ) in tetrahydrofuran
(300 r%aé’ar&&é& NPt ﬁbﬁﬁgzgg{"ggréoxy%‘?‘g (13.9 g, 80 mmol),

fol | owed tamxndmduhmlonyuﬂohephaayIphosphoryl azide (22 g, 35 80 mml) in
tetrahydrofuran (100 nli). After stirring for 16 hours, the solvents
were renoved in vacuo and the resi due was chronatographed over silica
gel, eluting wiTh & stirring spdugipn3zefoN-Boc-trans-4-

PCT/ U$85/ Oganhomethyl) ¢ clohexanecarbo 11c acid (15 &1 58 mmaXt)eRPr adi ent
of ethyl acetate/ he%aneg( %) hr oug xy yl acetsgt e/ hexanes (3:1). he‘

product corRENAF FHuEan o(ﬂ-é “‘L)(Fﬁd edcbyw‘?ic? d&@re conbined and .
concent r atipcndthylimérpholihé 45990§,csadmawdu€611®@éﬂ6w nedieel wi th hi gher

Rf 5 conp The cr ejazid Sso d_in_nethano m.) and
this solut %&E %d a stspr uspéﬁg?ﬁnsﬁﬁrrlngf%%égﬁPgroun
Na[ err] S. Ghimutd<) (Sb:tizgun bbi-ohwdh:):.dendstsl gt hy7ammel) was added, and

15 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 mL) and washed twice with 1 N
citric acid (250 mL), once with water (100 mL), twice with

20 saturated aqueous sodium bicarbonate (250 mL) and once with
saturated agqueous sodium chloride (250 mL). The organic
phase was dried (MgSO4), filtered and concentrated to give 13
g (91%) of the title compound.

25 11 MR

C) Prepa:ation of NH2CH2-trane-4-(N-Boc-

aminomethyl)eyclohexane.

30 To a stirring solution of HOCHz-trans—4-(N-Boe—
aminomethyl)cyclohexane (13 g, 53 mmol) ‘and
triphenylphosphine (21 g, 80 mmol) in:;etrahydrofuran (300
ml) was added die;hyl azodicarboxylate (13.9 g, 80 mmol),
followed by a solution of diphenylphosphoryl azide (22 g,

35 80 mmol) in tetrahydrofuran (100 mL). After stirring for -
16 hours, the solvents were removed in vacuc and the
residue was chromatographed over.silica gel, eluting with a



(1 9, 11 nmol) in nethanol (100 nlL). The resulting m xture was heat ed
to refl ux é16 hours), then cooled to room 10 tenperature and the sol vents
were remVRER% acuo.  The resi due was diluted with WREHEPSHE2H8L ) and
acidified with solid citric acid. The aqueous phase was washed tw ce

W th ethyl acetate (250 nlL), basified with solid sodium

bi carbonate, and saturated with solid segdiumchloride. The 15 aqueous
phase was then extracted three tinmes with ethyl - acetate (200 nL) and

t he conbi ned extracts were dried filtered and concentrated to

MySO4) ,
give 6.4 gSteBografient of jefhyd aqeta(tezae)?éeﬁ]}qlmﬁm throughy) efthvbar at i on
Of N- Boc- DaPbtafe thékiGr€r (3 ~1)r.anThe pPoBaet contafhNageEhyty cyws ohexane. -

od stantlall uival nt to_that described in
Exarrpl e 1- éjuﬂggé% of " R BS %B—]%ﬁ n?raﬁgg go' give
4- (N- Boc- aﬂn"nén@t‘h?lq ERoduRE v(@@tpmpaﬁed Wi B@gh@r Rf Phe-Pro- OH
and NHZCH?. (N HRRLRY xape ] H NMR
FD- MBS, 25?1_'e %%? %!\?rerr]'ﬁpé ‘crude adrglérepar %t P)é'%\é%?gga %H rlB ZEﬁ%ns 4- 35
(ani nomet k) c3ed oHek@richgion was addedptgsargbdgring suspension of
PCT/U895/025581y ground Na2S-9H20 (51 g, 212 mmol) aﬁa triethylamflYea nethod

substantially equjval e t to that scri I n anple 1-H,,6588 ng (75%
of D- Phe- Pr‘k) K+ Cﬁé 5-ip me %a(“ﬁﬁ'l H&ﬁgt H‘}‘I’)‘cy?hﬁhE?ﬁHét}@ PEFEHTR epar ed.
In this caweas heatédletcanaéﬂ.ltu)caﬂla?lﬂdﬁlr@)of thea cobiededbatSodFA salt was
very C r.o I C So.the salt

di ssol \?Jed #%ggeﬁgwﬁh%%%ﬁrﬁ_ J@fﬁ H%\%gg aq ¥F8d1f’ Vgcuo S'ﬁl?ﬁi t he

sanpl e wasregopne | waediakhtied t\»t;b)! mad:erhé2§0atybé and abidefsediwith
hydrochl origde;8atitric acid. The aqueous phase was washed twice with

ethyl acetate (250 mL), basified with solid sodium
bicarbonate, and saturated with solid sodium chloride. The
15 aqueous phase was then extracted three times with ethyl
acetate (200 mL) and the combined extracts were dried
{MgS0O4), filtered and concentrated to give 6.4 g (45%) of a

thick oil.
20 1y NMR

D) Preparation of N-Boc-D-Phe-Pro-NHCH3-trans-4- (N-Boc-

aminomethyl)cyclohexane.

25 By a method substantially equivalent to that described

in Example 1-G, 4.5 g (74%) of N-Boc-D-Phe-Pro-NHCH2-trans-
- (N-Boc-aminomethyl) cyclohexane were érepared from Boc-D-

Phe-Pro-0OH and NH2CH)-trans-4- (N-Boc-
aminomethyl)cyclohexane.

30
1 NMR
FD-MS, m/e 587 (M%)

E) Preparation of D-Phe-Pro-NHCH2-trans-4-
35 (aminomethyl) cyclohexane-HC1.



10 [err]H NMR FD-M5, me 387 (Merr]) Anal ysis for

[err] . HO . TFA. 2H err] O Cal c: C, 50.30; H 7.04; N, 9.78;
Found: 4, H, 7.20; N, 9.62. 15

Exanpl e 13}69559606 H2N [err] 20 PCT/USIS/02558
D- Phe-Pro-p-NHCH err] . A) Preparation of

Boc- D- Phe- Pr o- p- NHCH[err] Cerr]CH err]NH err]. By a net hod
substantially equivalent to that describ&l 25 in Exanple 1-G 8 g of
Boc-D- Phe-Pro-p-NHCH err]Clerr]H err]NOJ err] were prepared from

B D- Phe-P d_p- - b I ] Th di

dlogsol veg [ Loetah% nor% %%Lsggﬂaai‘g%n %’én{%l?ré‘fl'f&etgﬁgg e‘{ﬁrtsgcrls’%%l ng
sol uti on wekn Fxeaple 1-H,s8BEt Mgn (0%% NapfrPiBierRiiCH2(tra® ¢~ 70 ol )
in water (1€a§nirﬂa)met¥191)é%§5h§&hﬁé'-ﬁ§l %efsfﬂgﬁarﬁa? rﬂ-}”t%utst NG eR0l vents

wer e renoved I.n vacud_and : oned ween et hyl
acet at e (259theviapadytifaleRPEPLE ®F)the That te TFA salt\wagsNVETED9

PCT/ US98/ 0251%n, but the salt was hygroscoi e salt w@se was
h

g)ﬁgggcs\gg agai nl(w%g tay}l) ﬁcﬁ#it Z?édﬁ?é and cf conbj ned _organic

e p}éd‘l’ﬁ%rﬁ shed F2cuo to
give 2.4 g a(rﬁi%he)fsamplllegIwasyéybpha.lz.zedoégahn to yield the stable

white solid, hydrochlorlde salt

10 1H NMR
FD-MS, m/e 387 (M%) |
Analysis for C22H34N402 -HC1-TFA-2H0:

calc: C, 50.30; H, 7.04; N, 9.78;
Found: C, 50.44; H, 7.20; N, 9.62.
15
Example 13
H,N |
0 )
NH,
N H\~/’[:::J, * HCI
O™~ |
(0]
20 ' D-Phe-Pro-p-NHCﬁ2C5H4NH2-HCl

A) Preparation of Boc-D-Phe-Pro-pQNHCH2C5H4NH2.

By a method substantially eqﬁivaient to that described

25 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-HCl.
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).

30 After stirting at reflux for 2 hours, the solvents were
removed in vacuo and the residue was pértitioned between
eth?i acetate (250 mL) and water (250 mL). The aqueous



5 [err]H NMR FD-M5, me 466 (Merr]) Anal ysis for [err]:

Cal c: Gwdskml¢e H 7.34; N 12.01; 10 Found: C, peorsssioashs
7.32; N, 12.28. B) Preparation of D Phe-Pro-p-NHCH err]. HO .

By a nethod substantially equivalent to that described 15 in Exanple 1-H,
180 ng (60% of D-Phe-Pro-p- NHCH2- [err].HC1L were prepared. The product
was purified by RPHPLC (method 1, 98/93(A/B), ramp to 60/40 (A/B), 60
m nut es) . 20 [err]H NWR FD-M5, mle 366 (Merr]) Anal ysi s for

[err].HCL 0. 5lEfe Quadi&tddddtea afain wEehCethyl &c&fabd; (350 Gui0;ard 11. 66;
Found: C, =~ 55.16; H,<§.14; N, %.57. 25 \ .
Exanpl e 14 the combined organig,phase wafegrred (§%504), filtered, and

D- Phe- Pr o- p- b2 NGY vdduo to gidke Breper #2ish of a light yellow
Boc-D-Phe-Pro-P;g&{}{err]CH[err]C[err]H[err]NH[err].; WO 95/ 23609
PCT/ US95/ 025%3**¢-

5

1g NMR
FD-MS, m/e 466 (M%)
Analysis for C2gH34N404:
Calc: C, 66.93; H, 7.34; N, 12.01;
10 Found: C, 66.69; B, 7.32; N, 12.28.

B) Preparation of D-Phe-Pro-p~NHCHZ2CgH4NH2-HCl.

By a method substantially equivalent to that described
15 in Example 1-H, 180 mg (60%) of D-Phe-Pro-p-NHCH2-
CgH4NH2 -HC1 were prepared. The product was purified by
RPHPLC {(method 1, 98/2 (A/B), ramp to 60/40 (A/B}, 60

minutes) .

20 1H NMR
FD-MS, m/e 366 (M')
Analysis for C21H26N402-HC1-0.6TFA-0.5H20:

Calc: C, .55.51; H, 6.00; N, 1l1.66;
Found: C, 55.16; H, 6.14; N, 11.57.
25
Example 14
HoN
O
N . “ .
-,“r )
i 7 1) \/\Q\ e HCI
NH,
30 D-Phe-Pro-p-NHCH2CHE2CgH4NH2 -HC1

A) Preparation of Boc-D-Phe-Pro-p-NHCH2CH2CgH4NH2 .



64 By a nethod substantially equivalent to that described

in Exanple 13-A 3 g (23% of Boc-D Phe-Pro-p- NHCH2CH2- COHANH2 wer e
prepar e oc- D- Phe-Pro-CH and p-Nd err]- 5 phenethy

1H NWVR q’J , mMe 480 (Merr]) Anal ysis for’ CZ?H%%%SS:'M%S

Cal c: C, 67.48; H, 7.55; N, 11.66; Found: C, 67.30;, H 7.54,
N, 12.34. B) Preparation of D Phe-Pro-p-NHCH err]. HC1. 15 By
a nmethod substantially equivalent to that descri bed in Exanple 1-H, 175
ng (58% of D-Phe-Pro-p- NHCH2CH2- [err].HCL were prepared. The product
was purified by RPHPLC (method 1, 98/2 (A/B), ranp to 60/40 (A/B), 60
m nutes). 20 [err]H NMR FD-M5, me 380 (Merr]) Anal ysis for
[err].Hd .O. 7TB¥\® mefhod |substantiallyCeiquivale@t 56. tBatHdegctsbed, 11.00;
25 FQqu le G335, ]32 H23%)18f HoclB-B8fe-Pro-p-NHCH2CH2-

Exampl e 15 er

D- Phe- Pr OCQHLM-I["@:‘F? ﬁ[rc-ﬁﬂﬁrdq\llﬁ)rlﬂ &oFr DrEpe-Pro-OH and p-NO2-

5 phenethylamine-HCl.

1y NMR
FD-MS, m/e 480 (M*)
Analysis for C2I7H36N404: .
10 Calc: C, 67.48; H, 7.55; N, 11.66; ‘
Found: C, 67.30; H, 7.54; N, 12.34.

B) Preparation of D-Phe-Pro-p-NHCH2CH2CgH4NHS -HC1.

15 By a method sﬁbstantially equivalent to that described
in Example 1-H, 175 mg (58%) of D-Phe-Pro-p-NHCHzCHz-
CgH4NH2 -HC1 were prepared. The product was purified by
RPHPLC (method 1, 98/2 (A/B), ramp to 60/40 (A/B), 60

minutes).
20
1y NMR
FD-MS, m/e 380 (M*) :
Analysis for C22H28N402-HC1-0.7TFA-Q.7H20:
Calc: C, 55.18; H, 6.15; N, 11.00;
25 Found: C, 55.12; H, 6.18; N, 10.99.
Example 15
o
NG « HCI .
e
o)
30

D-Phe-Pro-p-NHCH2CgH4C (NH) NH2 - HC1



VIO 95/ 23609 PCT/ US95/ 02558

65 (D phenyl al anyl - N-[ [ 4- (am noi mi nonet hyl ) phenyl ] net hyl ] - L-

prol i nam dWOASEB@ehI ori de) A) Preparation of PCT/US95/02558

p- (am nonet hyl ) benzonitrile. TFA. 5 To a“'stirring suspension of
sodi um hydride (2.2 g, 56 mol , 60% di spersion in oil) in
tetrahydrofuran (100 nm) was added 4-dgrononethyl)benzonitrile (10 g,
51 nmol ). To this m xture was added slowy via an addition funnel a 10
sol ution of di-t-butyl imnodicarboxylate (12.2 g, 56 mol ). After
stirring for Guighgmmialahylan{ﬁﬁe(ammn01mlnDMthxihnhﬁmym]s@mywlérher (300
m.) and washed twice with ani ¢ phase was 't hen
dried (MgSOM), filtered an conégﬁf%g?EECh;Eglgégult|ng solid was then
15 dissolved in a mninmm anount of dichloromethane, Anisole (10 m)
was added, aind tHiepaghiibAnofas- ¢anliesmétthyl [drnddnitrile-TFa.sol uti on was
then dilyted with trifluoroacetic acid (200 m.) and allowed to stir
for 1 hodr. The sol vent was then renoved in vacuo and the oily residue
was stirred 20 Vicgar stskyingt budpehsybn ed hiesodihdh) htdriated (H.eig,aS5bew

m nutes, th rnod Ldi Lk h fidtaar washed
wi th di et hy S S Eoe BGspE-bisH. 1l 1LY B %&aﬁ‘&yﬂ%fuian (&ES’?’ By oS
powder . 2was mpdded Peﬂb}rpmmﬂthyl)wﬁwnwaelqa(zlq rq,eﬁrl] )mol) Bp

Preparation ﬁlﬁﬂﬁ%@@ewgéoaadw%[@tﬂ v§@ an add:.tlo%y f"i’:
substantially equival ent, to that_descri i.n Examp Ghé7 4 g (78%

of Boc- BPPhe® 115’nNﬂéH§€6FIZIERItY “Na"l“éd’pﬁ%‘i}?sﬂ’@(jlaftreonﬁlgo@ g Pro- OH and

p- Canlnonethmkaeanﬁthtlbemfffnglfbffus Kones, i Mictvile s was purlfled

by recrysteﬂd %hpglgﬁoghekﬁyfyetﬁépe 300 mL) and washed twice with

water (150 mL). The organic phase was then dried (MgSO4},

filtered and concentrated. The resulting solid was then

15 dissolved in a minimum amount of dichloromethane. Anisole
(10 mL) was added, and the solution was cooled to 0 °C.
The solution was then diluted with trifluoroacetic acid
(200 mL) and allowed to stir for 1 hour. The solvent was
then removed in vacuo and the oily residue was stirred

20 vigorously with diethyl ether (100 mL) and after a few
minutes, the product solidified. The precipitate was
filtered, washed with diethyl ether, and dried in vacuo to
give 11.3 g (90%) of white powder.

25 IR
11 NMR |
FD-MS, m/e 132 (M*)

B} Preparation of Boc-D-Phe~Pro-p-NHCH2CgH4CN.
30 |
By a method substantlally equzvalent 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-0OH and
p- {aminomethyl)benzonitrile-TFA. 1In this case, the product
35 was purified by recrystallization from diethyl ether.



WO 95/ 23609 PCT/ US95/ 02558

66 I R 1H NWR FD-M5, me 476 (Merr]) 5 © Preparation of
Boc- D- Phe- Pro-p-NHCH err] C(NH) NH err] . Hydrogen sul fi de gas was =
bubbl ed W& a sol ution of Boc- D- Phe- Pro- p- NHCH] e3P f er r | ON
(2 9, 4.2 mol) in pyridine (25 m.) and triethylamne (2.5 nL) for 30
m nutes. The 10 reaction vessel was then sealed and allowed to stand at
roomtenperature for 2 days. The sol uteen was then dil uted wi th water
(100 nL) and extracted twice with ethyl acetate (200 nL). The conbi ned
organi ¢ phase was washed twice with - sat urat ed aqueous sodi um chl ori de,
dried (MyB®), filtered 15 and concentrated in vacuo. The

resi due wag mMRsol ved in acetone (50 ni), nethyl i odi de (10 nl) was
added, ang.t S t heated to reflux (2 hours). The solvents
wer e rennegdﬁgh @é%d%ﬂ?t € resi due was dissolved in nmethanol (20 m),
NH err] OAc (712 ng, 20 9.2 mmol ) was added, and the solution was heated to

reflwe ¢) (Blep@rdSion Jﬁ%o“c@ﬂl—@ﬁe-\ﬁ%-?gﬁhﬁn egryedniNNgcuo, the
resi due was dissolved in 1 Ncitric acid (100 nL) and the aqueous
phase was washed twice with ethyl acetate (200 ni), then basified with

solid sogi um bigarbgent eul sidel g« dvas ll:hxb('gﬂedSCﬂht:d»' rz:@hd'aua;:cn’al—.simhdef and
extract ed.t e. 1 1 t ) e.co ) 1 acetate
oxt 1 oot o RepLDeRHbiPE ucnacdfiEh @ GO0 B el 1° 1RCPRLERERE . (45 | 20C)
(67% of th)candi trietidplanione |(2.8VRL) foED30Sminiieedd4 Theerr]) D)

P Bl B B UG o Sl L eiis U0

By a meth to t éscr xanpl e 1-
7.7 g (57vponf temperature for 2 gawecH She| godutiphewrECERPRNAEBuESdHO were
prepared. PR PALEHCI10G ML) and extracted twice with ethyl acetate

(200 mL). The combined organic phase was washed twice with
saturated aqueous sodium chloride, dried (MgSQ4), filtered
15 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), NH40Ac (712 mg,
20 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
25 so0lid 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 g

(67%) of thick oil.

30 1 NMR
FD-MS, m/e 494 (M*1)

D) Preparation of D-Phe-Pro-p-NHCH2CgH4C (NH)NH2-HC1.
35 . By a method substantially equiﬁalent'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



WO 95/ 23609 PCT/ US95/ 02558

67 purified by RPHPLC (nethod 3, 98/2 (A/B), ranp to 70 (A/ B),
300 minut M¥O9523609 [errJ]HNVR 5 FD-MS, me 394 (I\/[err]) "%Kﬂgmls for
Cerr]JHerr]Nerr]derr].Hd .-1. 4TFA. 0.5H err] O

49.76; H, 5.12; N, 11.70; Found: C, 49.75; H, 5 19 N, 11 58.
10 Exanpl e 167 [err]

D- Phe- Pro- mNHCH[err]C[err]H[err]C(NH)NH[err] 0 75HC 15

Preparation of m (am nonethyl)benzonitrile. _'5@)/ oa met hod
subst ant i al byrbfied e RPHREG Hmetae&?vbéa/z WPh X &0 1508 % 10. 8 g

(869 of mQﬁr@ppnga@my,ﬁ,)nut&) Jbenzonitrile TFA were prepared from

m ( br ononet hyl )
me 132 (Merr])
1 NMR

5 FD-MS, m/e 394 (M%)
Analysis for C22H27N502:-HCl-1.4TFA-0.5H20:

Calc: Cc, 49.76; H, 5.12; N, 11.70;
Found: Cc, 49.75; H, 5.19; N, 11.58.
10 Example 16

6?7 1y NH2  0.75 HCI
) NH

D-Phe-Pro-m-NHCH2CgH4C (NH)NH2 - 0. 75HC1
15

A) Preparation of m- (aminomethyl)benzonitrile-TFA.

benzonitrile. I R [err]H NVMR 25 FD- M5,

By a method substantially equivalent to that described

in Example 15-A, 10.8 g (86%) of m-(aminomethyl)-

20 benzonitrile-TFA were prepared from m- (bromomethyl)-

benzonitrile.
IR
1y NMR

25 FD-MS, m/e 132 (M%)

B) Preparation of Boc-D-Phe-Pro-m-NHCH2CgH4CN.

By a method substantially equivalent to that described
30 in Example 1-G, 7.5 g (79%) of Boc-D-Phe-Pro-m-NHCH2CgH4CN

were prepared from Boc-D-Phe-Pro-OH and



'B) "Preparation of Boc-D Phe-Pro-m NHCH err]Cerr]H err] CN. By
a nethod substantially equivalent to that described 30 in Exanple 1-G 7.5

<

g (79% 28 Phe-Pro-m NHCH err] Clerr] H err] CN WeEBugdsipgsged from
Boc- D- Ph‘gg)sr 0- and WD 95/ 23609 & ’

PCT/ US95/ 02558 68 .

‘m (am nonet hyl ) benzonitrile. TFA. In this case, the product was purified
by recrystallization fromdiethyl ethef8 IR 5 [err]H NWR FD- M5,
me 476 (M) Anal ysis for C27H32N404: Cal c: C, 68.05; H

6.77; N Il Z8inomethyl)bedsbfitrile @Fa08. 36 tHisOcBse Nendlp2Baudl 0
Prepar at i (;)“n (o 1%818?D%h)e-%r o-m I\II'I—JfCI—T[ err]err] Hflgr r gcgNH) NH[ gr I ]Tl :
By a met hwassousiBied Y Feerskagntzatd h frogedirthyd etheriy Exanpl e
15-C, 1.1 g (53% of Boc-D-Phe-Pro-m 15 NHCH err] [ err]H err] C( NH) NH2
wer e prep%red. FD-M5, me 494 (Merr]) " D) Preparation of

D- Phe- Pro-ﬁ‘rNHCH[err] CerrJ]Herr]C(NHNH err]. 0. 75HC . 20 By- a
met hoos suBsit ®MRi al | y equi val ent to that described - in Exanple 1-G 0.65
g (63% of,D;,Bhe- PLos +MmNHCH err]Cerr]Herr]C(NHNH err].0.75 HCl
were pr ep%Pegg'Tﬂlé %Z)%Iug " was purified by RPHPLC (nethod 2, 98/2
(A B), rampalysis/ foro627HIZNEN4: 120 ni nut es).

Calc: Cc, 68.05; H, 6.77; N, 11.76;

Found: c, 68.27; H, 6.82; N, 11.96.

10 ‘

C) Preparation of Boc-D-Phe-Pro-m-NHCH2CgH4C (NH)NH2.

By a method substantially equivalent to that described
in Example 15-C, 1.1 g (53%) of Boc-D-Phe-Pro-m-
15 NHCH2CgH4C(NH)NH2 were prepared.

FD-MS, m/e 494 (M%)

D) Preparation of D-Phe-Pro-m-NHCH2CgH4C (NH)NH-0.75HCI.
20 " |
' By a method substantially equivalent to that described
in Example 1-G, 0.65 g (63%) of D-Phe-Pro-
m-NHCH2CgH4C (NH)NH2-0.75 ‘HC1 were prépared. The product
was purified by RPHPLC (method 2, 98/2 (A/B), ramp to 75/25
25 (A/B), 120 minutes).

FD-MS, m/e 394 (M%)

Analysis for C22H27N502-0.75HC1-1.2TFA-0.5H20:
30 Calc. C, 51.72; H, 5.33; H, 12.35: Cl, 4.69;
Found: C, 51.79; H, 4.93; N, 11.96; C1, 4.82.



FD-M5, me 394 (Merr]) Anal ysi s for
Cerr]H ]Oerr].0.75HCL. 1. 2TFA. 0. 5H err] 0: 30
C 51, 72%919%‘%9% H 12.36; Cl, 4.69; Found: PCE"%"?’F@; H

4.93; N, 11.96; d, 4.82. WG 95/ 23609

PCT/ US95/ 02558 - 69

Exanple 17 J[err] 5 69
DhWoPH)meHMHquH]WeH]QMﬂwﬂmr]Ha

(D-honoprol yl -N-[[ 4- (am noi m nonet hy n met hyl ] -L-

prol i ham de hydrochl ori de) A ion of Cbz-D-hPro-OH 10
D-hPro-OH (5.0 g, 38.7 mmol) was dissolved in tetrahydrofuran (100 nm)
and water (30 nL). Th t he solution was adjusted to 9.5 with 2 N
sodi um hydr oxi de and enzyl chloroformat NK5.5 ni, 38.7 nmol) was added
dropwi se 15 and the ' ned at 9. 2 N sodi um hydr oxi de.

The reaction was stirred forl an additi g#
The organi ¢ sol vent was evgp rate ! & et mHCEt her (100 nlL) and
water (50 nmL) was added td the e~ The aqueous | ayer separated,

the pH of the 20 solution Justed to 2.8 wth 3 N hydrochloric acid

hNH at room t enperat ure.

and ethyl acetate (150 nlL).was added. The organic | ayer was
separated and dried (MySJerr]); the filtrate was concentrated i n vacuo

to give;9.6 g (95% of a,d eah QL. NHeHoCgHC (NH) NHS - HCL

(D-homoprolyl-N-[[4-{(aminoiminomethyl)phenylimethyl] ~L-
prolinamide hydrochloride)

A) Preparation of Cbz-D-hPro-OH.

10

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

15 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 aqueous layer separated, the pH of the

20 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.

25 1H NMR
FD-MS, m/e 264 (MH*Y)

B) Preparation of Cbz-D-hPro-Pro-OH.
30 Cbz-D-hPro-OH (9.5 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



25 J[err]H NWR FD-M5, me 264 (MHerr]) B) Preparation of

Cbz- D hPro- Pro- CH. 30 Cbz-D-hPro-OH (9.5 g, 36 nmol ) was dissol ved

i n et hylwoesnzseet ate (100 nlL) and the sol ution cool ed to gcEesasjpssss Added .
to the solution was 2,4,5-trichl orophenol (7.1 g, 36 nmol) and

WO 95/ 23609 : PCT/ US95/ 02558

70 1, 3-di cycl ohexyl car bodi i m de (_{0 4 g, 36 nmmol ). The reaction

was stirred for 1 hour at O [err]C and hour room tenperature. The
precipitate was filtered and the filtrate concentrated in vacuo to an

oil. The pji- dﬂﬁ/dﬂdﬂh@dﬂ&dx‘bﬂdl%ﬁ)&éi drne é,’LOﬂs ol P 010k (4.2 g, 36

1), d th dded. h t
s At r cEPagtAdh AR AarRRa: 2oP, ] ReHPFE Orie Aiacl i 2t FSont vas
renmoved i rtempRrmturean d‘ihle prEhepuEeteluuasvaﬁlltereﬂsmﬂvtmé | i Matagtre (100

m), diet Oxc%tﬁrat(e@ i katap L8 ?ﬂdgglandl‘ltxg'e L@{%}l%d:t% with 2 N

sodi um hydr aqueous extracted twce W et her.

The 5 WH%MOSMr'aPEB‘OHhé pH @dj A€tmmolb, A with 3 N

hydrochl orﬁﬁ@&ﬂaﬁ%&t(byb met 36Cmind 2P Wereaddédldelrhe  readtfi di gani c
| ayer was segara.t ed, dr| ed éfggnd th§41h fi Itrate evaporat ed in vacuo

to ah anor 3t ¥og e @gastiom 20
Anal ysi s fsslwemy rv}dd[ e:raniothr uhOpat-ub to an o:.l The ¥@&didue wasC, 63.32;

) " opar ST i B 100GV gt} FRATH oo T

10 added and the pH adjusted to 9.5 with 2 N sodium hydroxide. ‘
The aqueous layer extracted twice with diethyl ether. The
agqueous layer separated, the pH'adjusted to 2.8 with 3 N
hydrochloric acid and ethyl acetate (150 mL) was added.
The organic layer was separated, dried (Mg804). and the

15 filtrate evaporated in vacuo to an amorphous solid (11.4 g,
88%) .

FD-MS 361 (M*);
20 Analysis for C19H24N205 _
Calc: C, 63.32; H, 6.71; N, 7.77;

Found: C, 63.42; H, 6.84; N, 7.96.

C) Preparation of Cbz-D-hPro-Pro-p-NHCH2CEH4CN.

25
By a method subétantially 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.
30

11 NMR

FD-MS, m/e 474 (M%)

Analysis for C27H30N404:

_ Calc: C, 68.34; H, 6.37; N, 11.81;
35 Found:  C, 68.36; H, 6.47; N, 11.57.



By a nethod substantially equivalent to that described I n Example 1-G
z- D- hPr o- Pr o- p- NHCH2C6HACN were prep

@:bz DhPA‘g%IS% @1 and p-NH err]CH err]Cerr]H err] CN. %ﬁ_&f’m&%‘?&ss [err]H

NVR

FD-M5, me 474 (Merr]) Analysis for (Jerr]Herr]Nerr](err]:
Cal c: C, 68.34; H 6.37; N 11.81; 35 Found: C, 68.36; H
6.47; N, 11.57. WO 95/ 23609 71
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Preparation hPro Pr o- [ rr C1.

By g met Ihod bg% atl.‘:’r?/n q%li va Jpgo Tha ?ésﬁ%%’gg%ymﬂ hc xanmpl e 15-C,

Cbz- hPr o- Pro- p- NHCH[err] Cerr] H[err] C(NH) NH err] (28 nmol, t heoretical)
d. 5 d

(350 m) and e Sbas eSS %@%ﬂ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁa& aBggkLbelr e

After stirriRgERaRphe 15-Cadcha1hira-Pram@n 5%56%F¢§H?N%s(?§ﬂﬁﬁ in

vacuo and thgeoreti&sl ﬂtwayvap%éba&%a ve@m@ \A&h@@ (n%@@rﬂhl aas %ﬁ\ﬁéﬁed twice
10 with ethyl acetate (100 niL gqueous phase was adj ust ed

to pH 4 wi tﬁlﬁﬁﬁlgi‘éh%g%c?%‘ﬁ rPC(il§ro( mh) 2R HBr gpg HaéubulP’a} and
| yophi | i zedtheoggMetRe f doddtiothificr 30 nEehutes. Thafpéedaeﬁrmgt bep an

di | ved i fied t RPHRL t hod
5 08/ 2 (a B FE0RRL 0 g, the HRlaRA o = BeRei" 35"t orats ey o
hPr o- Pr o- p- Dsllal@b:l{ieerx}zé:f edissdlared G(eraﬂd{xer(ﬂ]OOOanCIand @hEhed. Swlﬁ.eer] Q.

[CF;H Pw T’f\"lferr @r%&bég{{ Cg]M(f" élgg lz’[éb‘%@.];ué%ké Eﬂgse wa%ar.hen c

48.34; H, 6adguskedigogol Lwith Zen axc gesresin (Bio Reguhgl-¥8. 43, 66;

H 6.36; N j34p83icCkord) 1énd Blyophh13%ed to give a fluffy white

Exanpl e 18 25
P solid. The product was then redissolved in water (25 mL)

and purified by preparative RPHPLC (method 3, 98/2 (A/B),
15 ramp to 70/30 (A/B), 300 minutes) to give 5 g (41%) of
hPro-Pro-p-NHCH2CgH4C (NH}NH2-0.9HC1-0.9HBr-0.5H20.

1y NMR
FD-MS, m/e 357 (M%) .
20 Analysis for C19H27N502-0.,9HCl-0.9HBr-0,.5H20:
Cale: 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; Cl1l, 7.14; Br, 14.90.
Example 18
25 _
NH NH
0 .

NH,
N H 2 e2 HCI

oy N
O

o)

1-Pig-Pro-p~NHCH2CgH4C (NHYNH2 - 2HC1
(N-[{4- (aminoiminomethyl)phenylimethyl}-1-{[[ (4aS, 8aS)-
30 decahydro-1(R)~isoquinolinyl]carbonyl] -L-prolinamide
: *" dihydrochloride}



[err] LMqJ%&pNmHeHHIHHHwH]QNWM{HrLZWH
(N-[[4- (am noi m nonet hyl ) phenyl et hyl ] - 1-[[ (4aS, 8aS)- 30

decahydr woldsissdosoqui nol i nyl ] car bonyl ] - L-prol i nam de PCT/US95/02558

di hydr ochl ori de) WD 95/ 23609

PCT/ US95/ 02558 72 A Preparation
of Cbz-D 1-Pi g-Pro-CH. A sol ytion of 1-isoquinolinecarboxylic
acid (50 g, 0.288 nol) in EtCH (150 ﬁl) and 60 nL of 5N HCl was reduced.
over 5% 5 Rh/A1203 (14 g) at 52 bar (750 psi) of hydrogen in a high
pressure appar drepazhation 6€r &OzEDr1 17 doprs-0dNe reaction m xture was
filtered through a pad of di atomaceous earth, and the filtrate was
concentrated in vacuo. The solid was triturated with water, filtered
and dried to gi \peslilutﬁbnperfhyduseﬁumohmeoirmwtm@d:d: e&ﬂcb'. 0.288

(DL-1-Pig- xégﬂ Etoag(léﬁ%hLFDsﬁ§ §6%4nl M¥)sy el Yﬁfld%d Gvidd 6RO 2

g, 137 mmol di ssol ve tetrahydrof uran ( wat er (150
nL). Thé pRuRAlL2R3 (14 @i aFi 83 has LdpQsPed) tof gmeiwqepsmwa dghand

benzyl 15 Ms%ru@eoraﬁtaeaeaé Qenbo 451£0W017) N&SrRddeghdradsiomnd the
pH mai ntained at 9.5 reacti op was stirred for anr&

i t1 onal TtaEes wae Fa&ﬁﬁrsﬁpshai’ug’@ 2 7PRA R it L OMACINS, HAT s
evapor at ed the \fAdtraxratendadi ebhyénerhEed(mmng ThensolbidkrwgsH0 L) were -

added to the .residue. _Th ggous ate.d the pH of the

sol ution warl'%r L?gteédwllts‘% 5r5 H?ﬁe ‘iﬁu’de t ?/I‘-""a Cetate (200 m)

was added. m}@erhydnogaﬁiisomyaplmeceebaxﬁlm acit dtDletl { BB r{30 and ‘
oi |

t he fildraf w%% n trnated in vacuo to give a clear oil. The
was di ssol ved |8%)d| et ggtahe(}%g&o m.) and the solution 25 allowed to

st and at roomté?ﬁ)'ér'éil{g'@"’( 430n8ugs) 137Tamol) waecdipsetvedwts filtered and
dried to gl&&&r@%ﬂhﬁﬁ Y800mL) and- wae&H! npémﬁs I boxyd igH &F Gthe

(Coz-DL- 1|qéié€$on was ad:%%%ed to P_st1%§ gﬁ&%&%ﬁ and benzyl
15 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 at room temperature. The organic .
solvent was evaporated in vacuo, and diethyl ether (150 mL)
and water (50 mL) were added to the residue. The aqueous
20 layer was separated, the pH of.the soiution was adjusted to
2.5 with 5N HCl, and ethyl acetate (200 mL) was added. The
organic layer was sepérated and dried (MgSO4) and the
filtrate was concentrated in vacuo to give a clear oil. The
0il was dissolved in diethyl etﬁer'(lso mL) and the solutiqn
25 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~Pig-OH (31.8 g, 100 mmol) was dissolved in DMF
30 (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,fof 3 hours at 0 °C and
24 hours at room temperature. The reaction precipitate was
35 filtered and the filtrate concentrated jn wvacuo to an oil.
The oil was dissolved in EtOAc (200 mL) and water (100 mL).
The organic layer was separated, and washed sequentially with



Cbz-DL-1-Pig-OH (31.8 g, 100 nmol) was dissolved in DV 30 (100 nmL) and
cool ed towpdsphédC. To the reaction was added prol i ne porRisoihassst er
¢17.1 g, 100 mmol), 1- hydr oxybenzotriazole (13.5 g, 100 mmol), and DCC
(20.6 g, 100 mmol ). The reaction was stirred for 3 hours at 0 [err]C
and 24 hours at roomtenperature. The reaction precipitate was 35
filtered and the filtrate concentrated i vacuo to an oil. The oil was
di ssol ved in Et OAc (200 nlL) &and water (100 ml). The organic | ayer was
separ at ed, qaReAcdwaeawenti il ¥i Wid acid, and %&i‘ 23@@:% 95 anic

PCT/ US95/ 02558 HCO err],
wat er, 1.5Na¥&Y WasaGrdedaidoRBel, andicthe Lidtxate qvgggra\x,ggl &ci eg

(MySq err] )ollamu&:hew’asl Braka eaa@watMBp-mperhyaﬂowul@l&qwa&od&hed to

e & AU e ST L ST st

Cbz- DL- 3- Pi (qlﬂProogO tlﬂl&)(EKBeMg 41@0(m‘b1) was pl aced in a round bottom
flask containin i l_Y4Ql Cnhafl (40 %ljl rr, 1) (35 ),
anisole (5 n) g:cfgr'i ;ire GC%EB “o° E g‘rln tMe'?rp%r ttr}d"r-ae0 B v{a%l[ﬁec]regactlon

was concentifatiedongd bﬁt%ia@uélﬁﬁl‘h‘é?ﬁtmnmgtﬁaﬁdl@wlcemﬂ (100 n)

and vat@oo 0 ,ncHzoeke (3ddad) , Taei 1O (3 Mg )sQnd 148 at adj usted
to 9.8 with 5N NaOH. The aqgje.ous | ayer_was separated, the pH qof the

sol uti on wERCMtEEPETatYre sl hevr) - THE IReRCHIAn Mas (conceniratedoo ni)
was ad#ied. ﬁh&mmmthbﬁt hegtingpsarsdpiietilad eeﬂza:l:rl(a@o( M 3Caadr]) and
theflltrate was ncentr at n vacuo .to lear oil. The oil
was di ¥B5Ted 1O} %t Hef:ee?ﬁ‘g?é 0@1?71_}} ch% ehie Solution’ was

(L)-(-) [eﬁqmﬂﬁyltbeﬁzﬁl uﬂrtheSﬁdlﬁl@ﬁt o) 'il’hﬂa amplequisod.ayErewas  sol uti on was

al | oned to gdand.al, ' 88 | bﬁmereﬁgr&%&fl& 2% %} f ﬁ@%or gsul {ipg solid

was filtered and washe et her. trate was washed

with 1.5N off A% andaEFHYE'aﬁﬁeF\%ﬂf%r {2 é“""o)r Jaf @ddsfer dhe grpapic

(MySO &51 ] )layetdwas sebarhtbr ahé @viedr atgsbg)o aam Q'lHe fﬂl@.r@.ltle was

di ssol ved | n d| ? ?y et her (400 _ni) and allo 3‘ stanq room 25

t enper at ur € GFES ADTHASHR ER (IHEF BT P L o1l wWagsshed with
di et hyl et rda.ls,soalvéddﬁ.nedzenhglvether (700 mL) and

2- Cbz- D- perhydr loi-sed Y/ ( |qProO—I)
(5.86 0, 360 FAB. Do e oY PREpasRhanpicdasdicy |y (Sicdah. g

MeOH). 30 soluB)lonPwepapéﬂ.pmdotOI\smd By arnqmrm'tndr)am@morfmrr EI e

20 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 oil. The oil was dissolved
in diethyl ether (400 mL) and allowed to stand at room

25 temperature (48 hours). The resulting solid was filtered,
washed with dieth&l ether, and dried to give
2-Cbz-D—perhydro;l-ﬂ:ﬂi.léoquinolinecarbonyl-L-proline {Cbz-D-1-
Pig-Pro-OH) (5.86 g, 36%) FAB-MS 415 (MH*); [alp = -34.2°
(C= 0.5, MeOH).

30
B) Preparation Qf. N-Boc-p- (aminomethyl)benzonitrile.

To a stirring suspension of sodium hydride (4.6 g, 115

mmol, 60% dispersion in oil) in tetrahydrofuran (150 mL)

35 was added 4- (bromomethyl)benzonltrlle (20.5 g, 105 mmol}.
To this mixture was added (slowly via an addition funnel) a
solution of di-t~ b'_u:ﬁ;yl 1m1nod1carboxylate {25 g, 115 mmol).



To a stirring suspension of sodiumhydride (4.6 g, 115 mol , 60%
dispersion in oil) in tetrahydrofuran (150 nL) 35 was added

4- ( br onowetgsggobenzonitrile (20.5 g, 105 mmol). To t hpeT/UBSI0ISSB WasS
added (slowy via an addition funnel) a solution of di-t-butyl

I m nodi car boxyl ate (25 g, 115 mmol). WO 95/ 23609

PCT/ US95/ 02558 74 After stirring
for 16 hours, the m xture was diluted VJ%?] di et hyl ether (500 nL) and
washed twi ce with water (250 m.). The organi c phase was then dried

v

(MySq err]p)ﬁtéxi ldediredng fo@NU6CREGES] I Ehetmitt@ie/ trald). & lnteid ithe solid. 5

Th It I th | ved

ot ranyar GHEN S0 Cafmh7 B, varfse  Sobes it GhRACAAR (3.4 g, 65
mol ) in mddhandhe 30Gamiy whase wagdtien dried Mg$04)ng fhideveght, the
sol ution wgsy concﬂ"é?ﬁ‘i%‘%teﬁattédgEOea@é‘ui Qngf hé‘i-ﬁ?]goéé'i?d and wat-er was added

10 to pronote precipitation of Ero uct recipitate ~ was

filter®&d and cH|¥hF|#¢§H%ﬁi@9t6°éF@e 8:3 g (§§%mmef>awas thé#Rte solid.
IR 15 [erdidaddiMRa in E@t&@hyﬂ‘:gfaﬁan( Msordd) andAMadoBisiddrlof

roona) - ddbyi Hydiehile 43,4 oy 1853mRaY) in Geagdl o pth was 12 O

p- (BocNHCI-ﬁ’dWC(A‘ﬂ'tbeM-I@tirnng overnigBy, athet soDutsidastwed i al | y equi val ent

(32.7°g, " Fonionneg R, aba0E, Bedrant ¢ VERiRd 437, OCE Mad R ' e

resi dd@ frenpromete eomhipd tagd o ggor-hedprnduct di Plee myttéaimishditee (700 rrL‘
and N, Nd'd:f@%ﬂl%x%d‘%‘dﬁed in({acto 80g59R! 18 VEsy agslpgh Jo o his

stirring solution was = added dropw se benzyl chloroformate (48 g, 280
mol ). 30 wh¥tersakidring for 16 hours, water (100 ml) was added and
then the solvents were renoved in vacuo. The residue was

IR
15 1 NMR
FD-MS, m/e 232 (M%)
Analysis for C13H15N202:;'
calc: C, 67.22; H, 6.94; N, 12.06;
Found: c, 67.19; H, 7.16; N, 11.82.
20 ' -
C) Preparation of p-(BocNHCHz)C5H4C(NH)NﬁCbz.

By a method'substantially equivalent to that described
in Example 15-C, N-Boc-p (amlnomethyl)benzonltrlle {32.7 g,

25 140 mmol) was elaborated to P- (BocNHCH2) CgH4C (NH)NH2. The
residue from this procedure was dissolved in ‘
dimethylformamidel(70b mL) end-N,N4diisopropylethylamine
(72 g, 560 mmol) was added. To this stirrihg_solution was
added dropwise benzyl chloroformate (48 g, 280 mmol).

30 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_aqﬁeoﬁs_ammenium chloride

35 (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



partitioned between water (250 nL) and ethyl acetate (500 m.). The
phases wewmeo s&238doat ed and the organi c phase was washed gding@sioss¥gs W t h
sat ur at ed agqueous ammoni um chl ori de 35 (250 nL), once with water (200 ni)
and twice with saturated aqueous sodi um bi carbonate (250 nL). The

or gani ¢ phase was then dried (|ng04)7 filtered and concentrated and

t he WO 95/ 23609 5

- PCT/ US95/ 02558 75 pr oduct

was recryst gkbiged &a&r&é&ﬁ;smalﬁtz@ar ftr%ng'd‘i@tixﬂ'lgether £869’§v9f1m

lid P t
219 Ip H[err]N%P!%‘g‘E%Cf*é’rfﬁ H[°e‘r’1‘iC(NH) NHCbz. 2H(CIM o) TZ) arggﬂji Iogn
of p-(BocNHCH err])(err]H err] C(NH) NHCbz (11 g, 10 28.7 mmol) in

di chl oronet f nﬁ,? 125 nmL) at O [err]C, was added . anisole (10 nm)
followed by trifluoroacetic acid (125 nL). After stirring for 2 hours,
t he sol \lent EDvM8e méar3@d (M) vacuo and the residue was dissolved in 1
N hydrochl oric acid (50 m_) and washed twice with diethyl ether (50

15 The gH was adjusted 3 with ion exchange resin (Bio Rad

AGl X8, in Bhsi BFERATHELAM @ @‘%%2%%55@}% PEr 28€Lt o give 9.2 g
(909 of white powder. [err]H NMR 20 FD-MS, nie 284 (Merr])
E) Preparation o

By a net hod subs%an?l aﬁg}‘ﬁ/t{e]%rglré\?fa% |\lt% %%&&]E%i@%l\lm WEQarrpl e 1-G

(11390/() 28{ 7 Ghae 1} Fin-drahlpromethadCHACEGHAL) NHENOCPZ, Wwed€ @ddgdmr ed from

-P1q- PLs O antho ) e RiyelNEH oL kELSELLELEEE] L) NEED 22O - 11

th| S case
After stirring for 2 hours, the solvents were removed in

vacuo and the residue was dissolved in 1 N hydrochloric
acid (50 mL) and washed twice with diethyl ether (50 mL).

15 The pH was adjusted to 3 with ion exchange resin (Bio Rad
AGl-X8, in basic form) and the solution was lyophilized to
give 9.2 g (90%) of white powder.

1y NMR
20 FD-MS, m/e 284 (M%)

E) Preparation of Cbz-1-Pig-Pro-p-NHCH2CgH4C (NH)NHCbz.

By a method substantially equivalent to that described
25 in Example 1-G, 4.4 g (79%) of Cbz-1-Pig-Pro-p-
NHCH2CgH4C (NH) NHCbz were prepared from Cbz-1-Pig-Pro-OH and
p-H2NCH2CgH4C (NH)NHCbz-2HCl. 1In thls.case, the reaction
was performed in dimethylformamide due to solubility
problems with p-H2NCH2CgH4C (NH)NHCbz-2HC1.
30
1g NMR
FD-MS, m/e 681 (MHY)
Analysis for C3g9H45N50¢6: _
Calc: c, 68.%1; H, 6.67; N, 10.30;
35 Found: C, 68.71; H, 6.93; N, 10.38.



was performed in dinmethylformam de due to solubility problenms with

p-Herr]NCH err] Cerr] H err] C(NH) NHCbz. 2HC1. 30 [err]H NMR FD- V5,

me 681 (W(ﬁll%%{??&‘} Anal ysis for Clerr]H err] N err] g err¢T/Us95/02558

Cal c: C, 68.91; H 6.67; N, 10.30; 35 Found: C, 68.71; H,

6.93; N, 10.38. WO 95/ 23609
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Preparation of 1-Pig-Pro-p- NHCH[err]C[err]H[err]C(NH)NH[err] 2HC! .

" To a-solution of Cbz- 1P|g Pro -NHCH[ err err] H err] C(NH) NHCbz (4.2
g, 6.1 mof) iPFFRIERHOT R0 It q‘\ﬁ&? RalfEGH2ChiHe (Nﬂiﬂﬂzchﬂﬁlrc acid (18.3

m., 18.3 nmol) and water (100 m) . To this stirring solution was added

5% Pd/C (1 g), S bubbl ed_t hrough the solution for a
peri od i Zﬁ%our%" °%%%]L# \ﬁa\,\% &R PGy req2ﬁgﬁﬁcrﬁ¥‘7‘:‘?§§€ﬁ? and
then filtefed tdg cadh nangigd imf etﬂmhor:rac(eoosmarthas d88ed01 %Kil t rate was

by’ RPHAL %ﬁ@%#%%%( 2R 353 pmoay B wrse "Shefmli os) | o

give 1.3 ¢'¢5dus gtirring HQ}MMWHHCHﬁéed] BpePdf el errgC( NehdH err] . 2HO .
15 1H N a

GerrlH (Il,/ra’rlidr%rr] s’ 93.%043112% ?E%gugh thd Lé‘ﬂéaf'ég for i.p%&:.%ds H
7.65; N ra hqyrs. > The mixture wagoghgn flughedowith mitZogen, N, 13. 47

O, 12.95.a@@ then filtered through a pad ofEaﬁgE‘bﬁaégoué €é&tth. The
10 filtrate was then concentrated in vacuo, redissolved in
water (25 mL) and purified by RPHPLC (method 2 98/2 (a/B), ‘
ramp to 60/40 (A/B), 300 minutes), to glve 1.3 g (53%) of
1- P1q-Pro-p-NHCH2C5H4C(NH)NHz 2HC1.

15 1 NMR
FD-MS, m/e 412 (M%)
Analysis for C23H33N502-1.9HC1-2.5H20:

calc: C, 52.53; H, 7.65; N, 13.32; Cl, 12.81;
Found: C, 52.63; H, 7.36; N, 13.47; €1, 12.95.
20
Examnlr_lﬂ
| \,_7 r \/©/U\ * 3 Hol
l"l
25 D-3-Pig-Pro-p-NHCH2CgH4C (NH) NH3 - 3HC1

A) Preparation of Cbz-D-3-Pig-Pro-OH.

D-Phenylalanine (50 g, 302 mmol) was reacted with a 37%
30 solution of formaldehyde (120 mL) and concentrated HCl (380
mL) at reflux. After 30 minutes an additional 50 mL of
formaldehyde was added and reaction continued for 3 hours.



25 D-3-Pig-Pro-p-NHCH err] Cferr]H err] CCNH)NH err] . 3HC
A) Prepar ayhQk$ 9Cbz D- 3-Pi g- Pro- CH. D- Phenyl aIW&#? g, 302
d

ol ) was reacted with a 37% 30 solution of fornaldehyde (

concentrated HC (380 m.) at reflux. After 30 m nutes an additional 50
mL of f or mal dehyde was added and reaction continued for 3 hours.

WO 95/ 23609 77 PCT/ US95/ 02558

77 The reaction cooled to -10 [err]C and the precipitate was

filtered. T sollgt

t etrahydro- 3-1 so ur no | necar ?I o aC| d%(ngil4\£§e prfgf}?iﬁffﬁ/swas 178
(M err]). faltered ‘A ?bﬁu%?b*fi dfaadp@%mtmm gi3ej Boduf ndl £ne-

boxyl -39 2
was. i ogersEeartise SRR M Iog it Bt gn) ot

hi gh pressurd 8appHr at us at 120 [err]C for 16 hour s. The reaction
mxture sas filteredltBieHgbEaDPRAR O3, 4L-Q:et£ifa'ﬁﬁif&fr@0li%oe1@ﬁhbl§ﬁd—t he

filtrat f . d d t - 3- I b i

nci d (D o pegreRrvise gova’ Pl gl oq ampliT kel (980 nES! a0 RN ©

(21.0 g, 9508 ma;lmss@x%mmned oven &ty Rip/ddalar 48.578) n&}F 3H8 wat er
50 nL). Th hoe and
E)enzyl ) %hﬁQH P s}§(i% é%n{&pl%gé %%S‘%ﬁj&rtagzé&d gr \(;yz\t/?n sgNg%%q_%

pH mai nt ai n&@uEs - 9. Shﬁn reachiomap xture Wagctiidivened shrengh a padopfan

addi ti opgl Jena%haataoﬁeoe&ﬁ&m&i&tw@ £ 1Me-atel ¥AsC freez§0&¥§aa ¥8Sgive

evaporated in and,diethyl_ether (10Q .nl) 20 and water (50 nL) were
added to th&" P@§§H§E°' Th%%‘q’c}é%]tfs“ecarh%?’érl%léeé% rdrByq- ?ﬁi P of - t he

sol uti on wagoddjusbedst D84 (MB*0. with 3N HCLl, and ethyl acetate (250 M)

dded. Th d_and My S Th
filtrate.  was sanEant Pl GBIT0 dacd ¥ agrle BX digetivb i o) 25
D- per hydr o- 3etgafuidnofnnan af Ho il ) (arai:wdat(e?bz(ﬂn- #LPi.g- The pH of(EBe8 g,
85% FO 4B %%&u(:%e&rélr)adjusted to Q¥ -PvdtH GORabli/- 4nd: bedz§iol ) was

di ssol ved in
chloroformate (16.4 mL, 115 mmol) was added dropwise and the

pH maintained at 9.5 with 2N NaOH. The reaction was stirred
for an additional 1 hour at room temperature. The organic
solvent was evaporated in wvacuo, and diethyl ether (100 mL)

20 and water (50 mL) were added to the residue. The adqueous
layer was separated, the pH of the solution was adjusted to
3.0 with 3N HCl, and ethyl acetate (250 miL) was added. The
organic layer was separated and dried (MgSO4). The filtrate
was concentrated in vacuo to give a clear oil of 2-Cbz-

25 D-perhydro-3-isoquinolinecarboxylic acid (Cbz-D-3-Pig-0H)
(25.8 g, 85%) FD-MS 318 (MH*Y).

Cbz-D-3-Pig-OH (17.2 g, 54 mmol) was dissolved in DMF
{50 mL) and cooled to 0 °C. To the reaction was added
proline t-butyl ester (9.2 g, 54 mmol), l-hydroxybenzo-

30 triazole (7.3 g, 54 mmol), and DCC (11.1 g, 54 mmol). The
reaction was stirred for 3 hours at 0 °C and 24 hours at room
temperature. The reaction precipitate was filtered and the
filtrate concentrated in vacuo to an oil. The oil was
dissolved in EtOAc (200 mL) and water (100 mL). The organic

35 layer was separated, and washed sequentially with 1IN NaHCO3,
water, 1.5N citric acid, and water. The organic layer was
dried (MgSO4), and the filtrate evaporated to an oil which



(50 nL) and cooled to 0 C. To the reaction was added proline t-butyl
ester (9.2 g, 54 mmol ), 1-hydroxybenzo- 30 triazole (7.3 g 54 nol ), and

DCC (11. mmol ). The reaction was stirred for 0 C and -
24 hours*gtqs’rz%@?n tenperature. The reaction preci pltate was ?Q tered and
t he filtrate concentrated in vacuo to an oil. The oil was d| ssol ved
in EtQAc (200 nL) and water (100 nmL). The organic 35 |ayer was separated,
and washed sequentially with 1N NaHCI{erﬂP water, 1.5N citric acid,

and water. The organic | ayer was dried (MgSOH), and the filtrate

evapor at ed a -
PCT/USQS/OZ&%g Brobh ¥Bighve 2- Cbzlﬁlﬁgyﬂyﬁ¥313 1soqu%gollnecarbong%|%d ‘o

gi ve 2- Cbz- BXRaiRgdEDPBEYE0esEen| { FRzRHurRia1Pro-0-By ol (RRe 8 InuPék) est er
- (Cbz-D- 3-Pi gpaBrasOaBuy) (428) 8 9, 949 FAB-M5 471 (MHerr]).

Cbz-D-3-Pig-Pro-Q t 5 d b tt
flgsk con{gin{gggFFlPraggbgcgg?cgaﬁlﬁgng%% yﬁ;’ﬁ%?%ﬁ I Ié’a(%Srp af aﬁ& o
stirred st mogBuhdnpetadmr £l4dk con&ﬁnnﬂng'Eraﬂﬂunﬁuamet@asacddcemooated in
th fa d 100 nL
vacuo W hol,  ack§BENs ALY, kel il A0Ea VO i \GLE12(100 ™)
Na.OH. The é’@@é‘dus F‘B?e?eﬁﬁ'él%%p‘&?%ltwc?’ﬁer%%fmw wighebton was
or Gani ¢ | ayBeogitisy el BERunfD o€hGY (P A ang AR e are
was concentPQFgg the'p aEEodé %¥;%é{§k§ﬁ fﬁtt& P %a?lﬁgséglved in
fll et hyl:tLdS Qialﬁff (@ae ghhesnsd lﬂlﬁeﬁ%ﬁlﬁpamﬂ | lcﬁtlo@;i}poit%h@ at roomth
enper at ure j er W
oyl ot nEPLoEtetaPRe RauEEed b 088 il dh (AP el ! i ooy WRRRRLe
3-isqu|noIMQ@@amb@nyhsLadde&LneThébardhﬂhd%lpﬂ%r}waé aéﬁiﬁited gx1689©
FAB- M5 415 ((Mgk@é%] ) end0ffabysas Mhe Qﬂééﬂeeu'gg\'[cgﬁdeqtga%g .

Ca.l ]
7. 3% N, 6.acuo to gBye Pr@ﬁ&?ﬁt?b% ofThe oil was dlssolved in diethyl

Coz-D- 31 8 qe%h@rp-(bluel{nslsrhﬁﬁeenékﬁ@m&ﬁﬁ\ﬂﬂ)w%o&% to stand aEyraomet hod
substantlaléy |valent o, t hat degﬁglbed éig Wﬂ%ﬁkﬁ
(49% of Cb rPlHrPr Reerp) eCf%ﬁ?ﬁ?{Qﬁrﬁ ﬁag) %ﬁ%ﬁ?dprepared
frOﬁlCbZ-D-&mBm@dethHd&Bdhyl ether, and dried to give 2-Cbz-perhydro-
3-isoquinolinecarbonyl-L-proline (Cbz-D-3-Pig-Pro-OH) (13.5
g, 49%) FAB-MS 415 (MH*) .
20 Analysis for C23H3QN205: _
Calc: C, 66.65; H, 7.29; N, 6.76;
Found: C, 66.90, H, 7.33, N, 6.81.

~ B) Preparation of Cbz-D-3-Pig-Pro-p-NHCH2CgH4C (NH)NHCbz.
25 | | |
By a method substantially equivalent to that described
in Example 18-E, 1.6 g (49%) of Cbz-D-3-Pig-Pro-p-NHCH2-
CeH4C (NH)NHCbz were prepared from Cbz-D-3-Pig-Pro-OH and
p-HzNCHzCsH4C(NH)NHCbz-zHCI.
30 |
FD-MS, m/e 680 (M')

C) Preparation of D-3-Pig-Pro-p-NHCH2CgH4C (NH)NH3-3HCL.
35 By a methdd:substantially equivalent to that described

in Example 17-C, 150 mg of D-3-Pig-Pro-p- :
NHCH2CgH4C (NH)NH2 -3HC1 were prepared. The product was



;:)-H[err]NCH[err]C[err]H[err]C(NH)NHCbz 2HC . 30 FD-M5, me 680 (Merr])

C) Prepagpis9spiegel D- 3- Pi g-Pro-p-NHCH err] C err] HAC( NH) NH ‘ﬂfr}us%?gss 35
By a nethod substantially equivalent to that described a 7e

17-C, 150 ng of D-3-Pig-Pro-p- NHCH[ err] Clerr]H err] C(NH) NH err] . 3HCL
were prepared. The product was WO 95/ 23609 _ _

PCT/ US95/ 02558 79 79 purified by
RPHPLC (method 2, 98/2 (A/B), ranmp to 60/40 (A/B) 240 m nutes).

err]H NVMR 5 £ y

E:[err] H err] gﬁ'%errf I.(dv[(‘?rﬁ[t]h)od] 8) é@% %’?B ramp ko 60/5 013 H,

.04; N, 13. A/B 240 ‘mimpth@®) - C, 52.35; H, 7.23; N 12.95. 10

aamﬂeZO [err]
DhModﬂ--(@ww]qaﬂHwH]QMMWMH]Bm]15

((S-cis)-N[[4-( noi m nonet hyl') phenyl ] met hyl ] - oct ahydr o-

1- D- honoprsol yFR4¥E | milte e412 ciM*oxam de tri hydrochl ori de)
Analysis for C23H33N502-3HC1l-0.5H20:

Calc: C, 52.13; H, 7.04; N, 13.22;
Found: C, 52.35; H, 7.23; N, 12.95.
10 Example 20

led
(" O’ VQ/K B

D-hPro-Ohi-p-NHCH2CgH4C (NH)NH2 - 3HC1
15 ((S-cis)-N-[[4-(aminoiminomethyl)phenyl]methyl] -octahydro-
1-D-homoprolyl-1lH-indole-2-carboxamide trihydrochloride)

A) Preparation of Cbz-D-hPro-Ohi-OH.

20 HCl1l 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

25 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

30 g) was added, and the resulting suspéhsion 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



A) Preparation of Cbz-D hPro-Cnhi-OH 20 HC1 gas was bubbl ed

through a stirring suspension of (S)-indoline-2-carboxylic acid (20 g,
110 nmol wao ssrskdvanol - (500 nmL). When the acid was conplretradsesnd2sssol ved, -
t he solution was brought to reflux. After 16 hours, the solution

was cool ed and the solvent renoved in vacuo. The residue was 25 triturated
with diethyl ether and the resulting off-white solid was collected by
filtration, washed with hexanes and ried overnight in a vacuum oven at
30 [err]C to give (S)- i ndol i ne-2-carboxylic acid ethyl ester.HC (25.7

gb 78‘)’/0 . residue w’&lggd&ﬁbbmvaaSt_ﬁie@@Aw@qi witletdily I Méﬁ-b.nf%BE’@/ C (25
g) was , and the_resulting, suspénsi an. rogenat e on a
Parr shaké a‘?%%%"%o&f‘so?ﬁ.‘f bg?,s%bl%srﬁl.s’l%élﬁvwcgﬂ g"er%s filtered

and the saoldrictwsls byefdledathonacuo. The - WO 95/ 23609

PCT/ US95/ 02558 : . ' |5l due was
di ssol ved tri tlJBP(ataeg\ evt\-'Ah P ﬁi glugfs ﬁ)a/l té??ﬁ]é}’ gﬁ%lni%}gnt to'gé?ai%’.‘%esocfrrlg%'l%ff

whi te §ol iidh Exagpdie J@Et F-ié:l-?_ Jefd3s) OE&b%tEétPquﬂ'tqfé_ﬁQﬁt were

By a met hog syl tilon bb-e8Uhpabetl dRatbas-slescopibatcd, in Exanple 1-A

13.5 g (93% "of Cbz-D hPro-cis-Chi-OEt were prepared from Cbz- D hPro- OH

and ci s-Chi-CEt. HO . [err]H NWR FD-M5, me 442 (M+) 10 Analysis

for errjiamig Nerr]derr]: Cal c: C, 67.85; H 7.74; N,

6. 33; Found: G, 67.59; H 7.72; N, 6.48. By a

met hod sudfahi é‘?lluey%é&ui(yal’ent to that described 15 in Exanple 1-D, 12.5

g (10299 cnadlysi3 Hero CisH3ANROBH wer e prepar ed. _ ‘
Calc: C, 67.85; H, 7.74; N, 6.33;

Found: C, 67.59; H, 7.72; N, 6.48.

By a method substantially equivalent to that described
15 in Example 1-D, 12.5 g (102%) of Cbz-D-hPro-cis-Ohi-OH were
prepared.

15 NMR :
FD-MS, m/e 414 (M*)
20 2Analysis for C23H30N205:
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-NHCH2C5H4C(NH)NHCbz.

25
By a method substanﬁially equivalent to that described

in Example 18-E, 3.3 g (67%) of Cbz-D-hPro-Ohi-p-NHCH2-
CgH4C (NH)NHCbz were prepared from Cbz-D-hPro-0Ohi-OH and
p-H2NCH2CgH4C (NH) NHCbz - 2HC1.

30
1y NMR
FD-MS, m/e 681 (MHY)
C) Preparation of D-hPro-Ohi-p-NHCH2C5H4C(NH)NHz-3HCl.

35

. 'By a method substantially equivalent to that described
in Example 18-F, 2.2 g (66%) of D-hPro-Ohi-p-NHCH2-



[err]H NMR FD-M5, me 414 (Merr]) 20 Analysis for

Cerr]H ewio des66d J err]: Cal c: C, 66.65; H, Ph%?s 76;
Found: C, 66.46; H, 7.30; N, 6.86. B) Preparation o oshisst
Cbz- D- hPr o- Chi - p- NHCH2C6HAC( NH) NHCbz. 25 By a net hod
substantially equivalent to that described in Exanple 18-E, 3.3 g
(679 of Cbz-D hPro-Chi-p- NHCH2- CE#HC( NH) NHCbz were prepared from
Cbz- D- hPr o- Ohi - OH and p-Herr]NCH err] Cerr] H err] C(NH) NHCbz. 2HC . 30
[err]H NMR¢ H4C('ﬂﬁ')hﬁ2 BHE16@dré @;]B\Ié:} The p@od@temrsablu%f%d
D hPr o- Chl-p NHCH[ e err]H[er NH2. 3HO . % nethod
subst ant i al¥¥% p@(ﬁ%&\‘; hPG £hat8 s@ Bleg ramp ﬁ‘h @(&%I(é/%-rF 0902
(66% of Dniiffure@hi.- p- NHCH2- WD 95/ 23609
PCT/ US95/ 02558 81
Cerr]H err] C(NH) NH2. 3HCL were prepared. The product was purified by
RPHPLC Eneﬁﬁb@ﬁg 98/2 (A/B), ranp to 60/40 (A/B), 3000 m nut es) . 5
[err] H NMRg ﬁg(l\/[err]) Anal ysi s for
qu]WeH mrﬁfmgg§ 5H20: Cal c: C, 52.13; H, 7.04,
N, 13.22; Ana 8tinH23H33R50313K@L - (4 5H2Q4; N 13.35. 10
Exanpl e 21 Calc: ¢, 52.13; H, 7.04; N, 13.22;
Found: C, 51.98; H, 7.04; N 13.35.
10
Example 21

\/Q/K * 2 HCI
15 D-hPro-N{(PhCH2CH2 } Gly-p-NHCH2CgH4C (NH) NH2 - 2HC1
(D-homoprolyl-N{(Q) - (2-phenylethyl)-N-[[4-

(aminociminomethyl) phenyl]methyl]lglycinamide
dihydrochloride)

20 A) Preparation of Cbz-D-hPro-N(PhCH2CH2)Gly-OH.

To a solution of phenethylamine {58 mL, 461 mmol) and
triethylamine (21 mL, 154 mmol) in ethanol (200 mL) at 0 °C
was added a solution of t-butyl bromoacetate (30 g, 154 mmol)

25 1in 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 1IN citric
acid. The aqueous solution was washed twice with diethyl

30 ether, basified with solid sodium bicarbonate, and then
extracted three times with ethyl acetate (200 mL). The



[err] 15

D-hPro-N(PhCH err]CH err] )@ y-p-NHCH err](err]H err] C(NH NH err] . 2HC1
( D- horopwa 98i2sbée] er r]) - (2- phenyl et hyl ) - N-[ [ 4- PCT/US95/02558
(am noi m nonet hyl ) phenyl ] net hyl ] gl yci nam de

di hydr ochl ori de) 20 A) Preparation of

Cbz-D-hPro-N(PhCH err]CH err])d y- OCH. _ To a solution of
phenet hyl am ne (58 nmL, 461 nmol) and" 82¢rjet hyl am ne (21 nL, 154 mmol) in
et hanol (200 nL) at O [err]C was added a solution of t-butyl

bronDaCetaéémﬁiﬁédLeﬁﬂiila@@tht%5extﬂa§EBaﬁéfe(é@l@&)(ﬁ3§64ﬂ-rf%ﬂteréﬁhe cold

bath was | ef attended and- the soI ution was allowed to warmito room

terrperatur%néﬁ]t]é’rw it BTGNSy EPRi gAt POVEE- soThenresykiing preciritate n
vacuo and w&seff&neasa\Mwas@eesahunddnatﬁyucetneﬁ andaarfde%KB ous

| ut di,et h fied th lid
SO 165 SO5NSE JlP p CogeUb A0y FLRCL ol LSt SPL
(200 nk). a‘heolume 'of abou® g&Q,Ozstﬁoand then diluted with diethyl ether

PCT/ US95/ O?M mL After St 0 dgo i ned
et hyl acetate ext)r acts were r §/8§ mi' ut |1tthe lutmn al lowed to

stand for Dll4RRAS torpdeldsam: Pﬁél ienp |¥3,tt g of wh;tmwbxdadfommhed

with di et hydmsitet torad &fi 8d o (9U¥¢ of N(ﬁﬂcﬁ eHPlcMhig-g-3p.i d. The
not her |iquor was concentrated to 5 a volune o'?’ about 100 nlL and then

diluted with diethyl ether (400 nL). After standing for 30 m nutes,
t he salout i ¥H-NMRs filtered to yield an additional 23.5 g of white 'soli(i

for a FI?—%E),' r}e& tZ%tsaI(Mq.f) 34 g (94% of N(PhCH[err]CH[err])Gy-Qt-Bu.

By a method subStantially equivalent to that described
in Example 1-A, 10.8 g (56%) of Cbz-D-hPro-N(PhCH2CH2)Gly-O-
15 t-Bu were prepared from Cbz-D-hPro-OH and N(PhCH2CH2)Gly-0O-t-
Bu.

11 NMR
FD-MS, m/e 480 (M*)
20 Analysis for C28H3gN20s5: _
Calc: C, 69.98; H, 7.55; N, 5.83;
Found:  C, 69.63; H, 7.56; N, 5.77.

By a method substantially equivalent to that described
25 in Example 18-A, for the deprotection of Cbz-DL-1-Pig-Pro-O-
t-Bu, 9.2 g (100%) of Cbz-D-hPro-N(PhCH2CH3)Gly-OH were
prepared.

1 NMR
30 FD-MS, m/e 425 (MY)
' Analysis for C24H28N205:
calc: C, 67.91; H, 6.65; N, 6.60;
Found: C, 68.19; H, 6.68; N, 6.71.

35 B) Preparation of Cbz-D-hPro-N(PhCH2CH2)Gly-p-NHCH2-
CgH4C (NH)NHCbz . |



10 1H NWMR FD-M5, me 235 (M) By a nethod substantially

equi val entwo es/43ge descri bed in Exanple 1-A, 10.8 g (5688r6dos025s8
Cbz-D-hPro-N(PhCH err]CH err])dy-O 15 t-Bu were prepared from
Cbz-D-hPro-OH and N(PhCH err]CH err])dy-Ot- Bu. 1H NWVR
FD-M5, me 480 (Merr]) 20 Analysis for C[err]H[err]N[err]qerr]

Cal c: C, 69.98; H 7.55; N, 5.83; Found: C, 69.68; H,
7.56; N, 5.77. By a net hod substantl ally equivalent to that

descri bed 25 | pExafthdB-shbstahtiBe1¢epa0i 081600 06 €hgr RhedeRigEd 0- O

t - Bu, 0%_ .of D.hBro 2 A y- red.

[err] H NI\/R 13’%]*9 1(’*;’bz’3'4255(@[2j E?ﬁ 09@%5%‘;}%%*%&1&%%%-

Cal c: @- M*FCI*QZCGIH.C @O BHCKNz 9e86; prepared frémuCik-D-hEXo-68. 19; H,

6.68; N, 6. _ atL )

Coz- D hr o NIRRT R Ry % P B BONBURE 61745 070 " 285 oz

WD 95/ 23609 PCT/ US95/ 02558

83 g ¥R @ nmethod substantially equivalent to that described in
Exanpl e 18- E 3. 2 g (559 of Cbz-D- hPro- N(PhCH2CH2) 4 y-

p- NHCH2 C6 HARH 19 dMPepared from Cbz- D- hPro-

N( PhCH err]ﬁﬂixys":]s) @Eor Q4omadNgokl:err] NCH err] ( err] H err] C(NH) NHCbz. 2HC .

5 H N FD- 0 Apal f
oA N%"’Pde e, 865, *éthe”s]) N.cl0g gg%SISH grza N, 10.15;

C[err]H[err]N[ rr]:
Found: C, 69.80; H, 6.46; N, 10.14.

C) Preparation of D-hPro-N{PhCH2CH2)Gly-p-NHCH>-
CgH4C (NH)NH3 - 2HC1 .

i5 By a method substantially equivalent to that described
in Example 19-F, 770 mg (54%) of D-hPro-N(PhCH2CH3)Gly-p-
NHCH2CgH4C (NH)NH2 - 2HC1 were prepared. The product was
purified by RPHPLC (method 2, 98/2 (A/B), ramp to 85/15
(A/B), 120 minutes).

20

ly NMR

FD-MS, m/e 423 (MH'Y)

Analysis for C24H31N502-2HCl:

Calc: C, 58.30; H, 6.73; N, 14.16;
25 Found: C, 58.05; H, 6.60; N, 14.28.
Example 22
NH
NH,

* 2 HCI



10 Found: C, 69.80; H, 6.46; N, 10. 14. C) Preparation of
D-hPro-N(PhCH err]CH err])d y-p-NHCH err] -

d err] Hworokasdobl) NH[ err] . 2HCL. 15 By a nethod supeT/aines/2kisy

equi val ent to that descri bed in Exanple 19-F, 770 ng (54% of

D- hPr o- N( PhCH2CH2) d y- p- NHCH err] Cferr]H err] CCNH)NH err] . 2HC1L were
prepared. The product was purified RPHPLC (nethod 2, 98/ 2 (A/ B),
ranp to 85/15 (A/B), 120 m nutes). [err]H NMR FD-M5, me 423
(MHerr]) Anal ysis for (Jerr]Herr]Nerr]Jerr].2HCL: Cal c:

C, 58.30; H 6.73; N, 14.16; 25 . Found: C, 58.05; H 6.60; N,

6134' 28. W0 0P FRERPro (4- cis-Pho) -p-NHRHBEEHZE (NH) NH - 251 O ']

PCT/ US95/ 02658-D~-homoprolyl-N-[[4- (am1n01m1nomethy1) -fhenylimethyl] -

D hPr o- Pro( 4- Ph 2HC
(ci sr CIZ)> h(r)?n()pr g: f/l ):flget?gaj%%r nrﬁlo%rre y e|ar h&&gﬁ%ﬁ%ﬁ&%)

4-phen5xy-L-proIinan1de di hydrochl oride) 5 A) Preparation of
Cbz- D- hPr gq)Pr glbpairat?BE) o8Hebz-D-hPro-Pro (4-cis-PhO) -OH.

To a solution of Cbz-Pro(4-trans-OH)-Et (58.8 g, 200

mmol), triphenylphosphine (65.6 g, 250 mmei), and phenol

10 (23.5 g, 250 mmol) in tetrahydrofuran (500 mL) at 0 °C, was '
added (dropwise over 1 hour) a solution of dlethyl
azodlcarboxylate (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

15 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 cqncentrated.. The residue
was then chromatographed over silica gel (1 Kg), eluting with
a step gradient from hexanes through 1:1 ethyi

20 acetate/hexanes. The fractions containing pure product (as
judged by TLC) were combined and concentrated in vacuo to
gi&e 36.3 g (50%) of Cbz—Pro(4-cis-phenoxy)—OEt as a
colorless syrup.

25 1lH NMR
FD-MS, m/e 369 (M%)
Analysis for C21H23NO5:
Calc: C, 68.28; H, 6.28; N, 3.79;
Found: C, 68.38; H, 6.30; N, 3.89.
30 - _

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

35 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



To a solution of Cbz-Pro(4-trans-OH)-Et (58.8 g, 200
tri phenyl e (65.6 g, 250 mmol ), and phenol 10 (23.
Fetrahydrg‘}gfs?r%k 500 mL) at O [err]C, was added (dropvmig‘gwoség/gﬁ%yﬁour)

a solution of diethyl azodi carboxylate (40 mL, 250 mml) in
t et rahydrof uran (50 m.). The cold bath was then renoved and the
sol ution was allowed to warmto room8%enperature (16 hours). The

-solvent 15 was then renoved in vacuo and the remai ning anber syrup was
triturated t r was, r.emno by
filtration ga\‘ndt%%'@ % rd%égav\ég -grgﬁ%\é\% rat%d ' e°fr eszi'%l{j43 cis- was t hen
chr omat ogr apierPxXle1OES -HCdaagehr Whikg)sodidting with a step gradient
from hexanes through 1:1 ethyl 20 acetate/hexanes. The fractions

cont ai ni ng f)ure lgr oduct (as j udged by TLC) were conbi ned and

concentrat e acuo to give 36.3 g (50% of

Cbz- Prog4- m&uﬁlewe/)a@it(ms a col orl ess syrup. 25 [err]H NMR
FD-M5, me er |sfor CerrJHerr]NJerr]:

cal c: cf%""’gjé;% qS“)gl%glAﬁagéi Found: =~ C, 68.38; H,

6.30; N, 3. 89 Cmalc C, 'E?&Egolmt 6o 8of NChB-PB@( 4- ci s- phenoxy) - OBt (25
g, 67.7 etha added 5%,Pd/ C (5 g). After

bubbl i ng hydrogen +ﬂir oughrk?'he %u?ydnvé?irs SE&ﬁoar g% ‘t he sol uti on was

filtered through a pad of diatomaceous earth, 3 35 nlL of concentrated
hydrochpori c aCIﬁyV@r&@%%ub@%anwsuy eqé%giéﬁ?@ VSt 10N GRIM LAl 1 N

vacuo. The residue vvas suspended in diethyl ether wth vigorous
stirring arf the@pele 1-2, 1‘30498/ 5380%) of Cbz-D-hPro-Pro{4-cis-

PCT/ US95/ 03fbéhoxy) -OEt were prepared from Cbz-D-hPro-OH &nd Pro (4-dilst-ered

and dried t%eog ve 116[% ?lﬁ&‘??% of Pro(4-cis- phenoxy)-OEt. HO as a
white solid NVR 5 FD-M5, me 235 (Merr])

15 1H NMR
FD-MS, m/e 480 (MY)
Analysis for C27H32N20¢:
Calc: C, 67.48; H, 6.71; N, 5.83;
Found: C, 67.71; H, 6.79; N, 5.89.
20
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.

25 1H NMR
FD-MS, m/e 452 (M%)
Analysis for C25H28N20¢:
Calc: C, 66.36; H, 6.24; N, 6.19;
Found: C, 66.22; H, 6.18; N, 6.17.
30
B) Preparation of Cbz-D-hPro-Pro{4-cis-PhO)-p-NHCH3-
CgH4C (NH) NHCbz.

By a method substantially equivalent to that described
35 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-HzNCH205H4C(NH)NHCbz-ZHCl.



Anal ysis for CJerr]Herr]NJerr]d: Cal c: C, 57.46; H, 6.68;

N, 5.15; Found: C, 57.68; H 6.78; N, 5.18. 10 By a
met hod swasésaakesal | y equi val ent to that described I N PorAigdkmasis A 19. 4
g (100%9 of Cbz-D hPro-Pro(4-cis- phenoxy) - OEt were prepared from
Cbz- D hPro-OH and Pro(4-cis- phenoxy) - OEt . HO . 15 [err]H NMR
FD-M5, me 480 (Merr]) AnaIyS|sfor Cerr]Herr]Nerr]Jerr]:

Cal c: C, 67.48; H 6.71; N, 5.83; Found: C, 67.71;, H
6.79;; N, 5.89. 20 By a nethod substantially equivalent to that
descri bed in Exanple 1-D, 16 g (100% of '

Cbz- D- hProg Praf4- ci s- phenoxy) - OH were prepared. 25 [err]H NMR
FD-MB, me P(l\/[err]) - Analysis for (JerrJ]Herr]Nerr](err]:

Cal c: -5, 30e [186.(M4) N, 6.19; Found: C, 66.22; H,
6.18; N, 6.17. 30 B) Preparati on of '

Cbz- D- hPro- Pro(4-ci s-PhO) - p- NHCH2- Clerr]H err] C{NH) NHCbz.

By a mBt hdel Slﬂmmﬁtwqryo;;q@i-harenPrPé4rﬁa§ Bb@l:TP'b@éC%' in Exanpl e 18-E,

4.55 g (733gugd (fEbaHz-PRIca-.Pro(4-ci s- PhO) -
p-NHCH err]Cerr] H err] C(NH)-NHCbz were prepared from Cbz-D hPro-Pro(4-

Ci sS-PhO)-OH and p-Herr]NCH err]Cerr] H err] C( NH) NHCbz. 2HC . WO
95/ 23609 By a method substantially equivaleRETt&SERAL28EScribed

86 fﬁ4éﬂgﬁple 18-F, 873 mg (40%) of D-hPro-Pro(4-cis-PhO)-p-
10 NHCH2CgH4C (NH)NH2-2HC1 were prepared. The product was ‘
purified by RPHPLC (method 2, 98/2 (A/B), ramp to 85/15
(A/B), 120 minutes).

1g NMR _
15 FD-MS, m/e 451 (MHY)
Analysis for C25H31N503-2HCl:

Calc: - C, 57.47; H, 6.37; N, 13_.40;
Found: = C, 57.22; H, 6.29; N, 13.47.
20 Example 23
EtSO,N-H

dlz? ™ e

EtS02 -D-Phe-Pro-p-NHCH2C5H4C (NH)NH2 -HC1
25 (N- (ethylsulfonyl) -D-phenylalanyl-N-[ [4-
( a.mlno:.mlnomethyl }phenyl] methyl ]-L-prolinamide
hydrochloride)

A) Preparation of p-NH3CH;-CgH4CN-HCl.
30 | | |
HCl gas was'bu_bbled through a stirring solﬁtion of N-
Boc—p—aminomethy_lbénzonitrile (15 g, 64.6 mmol) in ethyl



FD-MS, me 718 (Merr]) 5 C) Preparation of

D hPro- Pr -£b.5-PhO) - p- NHCH2- Cerr]Herr]C(NH) NH err]. 2HC .

By a net h(;‘(('jélsglgj%%?gnt ially equivalent to that described RGITE03(0%18 18- F,
873 mg (40% of D hPro-Pro(4-cis-PhO-p- 10

NHCH err] Clerr]H err] C(NH) NH2. 2HC1 were prepared. The product was
purified by RPHPLC (nethod 2, 98/2 (A/B)g7ranp to 85/15 (A/B), 120

m nut es) . [err]H NVR 15 FD-M5, mle 451 (MHerr]) Anal ysi s for

raao Lo eEEaRR kBBt Ey o s gr gSygfingeegs yghe dopa bathihs
Exanpl e 23 removed afi@rafter stirring for 1.5 hours, the solvent was
(Ef\f’(ogg > Fgﬁf%ﬁgﬁﬁl% s ;t%r{ﬂNe.‘:{j(sLiW'éz sihefRed in diethyl
(aninoiﬁinoﬁébﬁ?b)ﬁﬁbﬁ?t? twashed witdl idisvhyd ether and dried to give

hydrochloride)1 g (93%) Frepaied iQnif, p-NHerr]CHerr]-Cerr]Herr] CN. HA
30 HCl gas was bubbl ed through a stirring solution of N

Boc- p- am nonet hyl benzonitrile (15 g, 64.6 mmol) in ethyl WO
95/ 23609 IR . PCT/ US95/ 02558

1H NMR
FD-MS, m/e 132 (M%)
10 Analysis for CgHgNyCl:
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 EtSO;-D-Phe-Pro-p-NHCH;-CgH4CN.
15
By a method substantially equivalent to that described
in Example 1-G, 1.5 g (80%) of EtSO;-D-Phe-Pro-p-NHCH;-CgH4CN
were prepared from EtSO;-D-Phe-Pro-OH and p-NH;CH2-CgH4CN-HCL.

20 IR
1H NMR
FD-MS, m/e 468 (M*)
Analysis for Cp4HzgNg04S:
Calc: C, 61.52; H, 6.02; N, 11.90;
25 Found: C, 61.23; H, 6.13; N, 11.80.

C) "Preparation of EtSO;-D-Phe-Pro-p-NHCH»-CgH4C (=NOH)NH3-HC1.

To a solution of EtSO;-D-Phe-Pro-p-NHCH;-CgH4CN (1 g, 2.1

30 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

35 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).



87 acetate (400 nL) at O [err]C for 10 mnutes. The cold bath was
renoved and after stirring for 1.5 hours, the solvent was renmoved in
vacuo anwoi9sasgoesi due was suspended in diethyl et her pcriusbsesy Viashed
with diethyl ether and dried to give 5 10.1 g (93% of white solid. :
I R [err]H NWR FD-M5, me 132 (Merr]) 10 Analysis for
Cerr]Herr]Nerr]d: Cal c: C, 56.98; H 5.38; N, 16.61; d,

21. 02; Found: C, 56.36; HB8%.46; N, 16.22; O, 21.31.

B) Memum|m1ﬁ Et SO2- D- Phe- Pro- p- NHCH err ] - qu]WeH]@J15

By a nethak substantially equivalent to that described i'n Exanple 1- G
15g(8%@ofBSQHr]DPMFWomeHeH]CMH]WHrHN wer e

pr epar ed fHoMMBt SC2- D- Phe- Pr o- OH and p- NH2CH2- C6HACN HO . 20 IR

[ err] H NM#p-Ms,FDmYl, siofie (468 (Merr]) Anal ysi s for

H A : : C, 61.52; H 6.02; N, 11.90;
ggerr] [eﬁ%%ghgggl%L%fE%??ééy59936?1%§@*fﬂaﬁfso. C) Preparation of
Et SO ebr] - D- Phe&€aRren- p- NHCH[ &1r.]1-7G] &, r eHRer r NC( IBIC]&I?NH[:M r? €} .

To a sol ution gf, Ha3C2- DdDh?g.Proq) pHNHgH%g }q C&Sr bH[E ?\#1 g, 2.1 30

mol ) in absol ut'e et’hanol wds ~“a dii opyl et hyl am ne
(0.47 M., 2-7 mol) followed by hydr oxyl am ne hydrochl oride (185 ny,

2.7 mmol ) Mnd Preparatisel BE BESYSSD LB o 10 NI Ve HAE( Slm R OES, the

sol ution was cool ed and the solvents were renoved I'n vacuo. 250 ng of
35 this material were taken on to the next step and the renalnlng
nmateri@l was pud fa el iBRHBECEE 804 FDEPHe-BHd-4H-NHCHA-A/ B); ranp to 60/ 40 (

(A'B) overe 208 (0BHI K] HC1 (250 mg, 0.52 mmol) in ethanol (40 mL) and
water (19 mL) was added 1 N HCl (1 mL) followed by 5% Pd on
carbon (250 mg). The stirring suspen31on was placed under an
atmosphere of hydrogen for 18 hours and was then filtered,

15 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-NHCH3-CgH4C (=NH) NH3 - HC1.

1 NMR
20 FD-MS, m/e 486 (M%)
Analysis for C34H31N504S-HC1l-1.5H50:
Calc: C, 52.50; H, 6.42; N, 12.75;
Found:  C, 52.56; H, 6.19; N, 12.59.

25 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).

X Example 24
30
EtSOzN'H

@/\f 5o vq ol

EtSOz-D-Phe-Pro-mfNHCH26C5H4C(=NH)NH2-HCl



V\D 95/ 23609 PCT/ US95/ 02558

88 b 9sa3eoo [ €rr] H NVR FD-M5, me 501 (I\/[err]) Pcrmmbgggl s for
SgerrJHerr]Nerr]derr]S. 1.2HA .Herr]O 5 Cal c C, 51.17;

H 6.12; N, 12.42; d, 7.55; Found: C, 51.04, H, 5.81; N,

12. 39; CI , 7.18. D) Preparation of
EtSOZ-DPhe-Pro-p-NHCH[err]-C[err]H[err]QR:NH)NH[err].HCI. 10 To a
sol ution of EtSO2- D Phe- Pro- p- NHCH2- C[err]H[err]C( =NOH) NH[ err] . HC
(250 g, O. mﬁax‘dll%hé@oht‘.?éQ—ﬁj—ﬁh@ﬂﬂro —m-NHEH L]0 (BhonyRE, added 1 N
Ha (1 ni) | owed by 5% Pd on carbon (250 ny The stirring

suspensi on mas pl aced under an atnDsphere of hydrogen for 18 hours and

was then filteregl, :ﬂe“thovdyl%mafsrtah@daamg} Rl Fhtenbyr KRR L (d@ddibed 90/ 10

£ SOP. D phelrpaﬁgpagna%ac%* CPFoe PR orry Ry Racsrar TP e Wl D R o

FD- VB, 61 e piffpaiddusing m—BrAHa’rgsms:N Gm place of p-BrCHy-CgHsCN. 140

o a, N 17 INOSE ehdd By Il dit srpeaisre prag hta pagiant? 0 1

Anot her 5 gthd yastdiadt tier saperpalcwabytakennen hbelsstrx @4 bed in
Exanpl e 15 and purified by RPHPLC (nethod 3; 98/ 2 (A/ B), 60 m nutes,
ranp to 60/401\5&/8) 300 m nutes).

Exanpl e 24 % [err]

10 FD-MS, m/e 502 (M*)
Analysis for Cy4H31N505S:
Calc: C, 57.47; H, 6.23; N, 13.96;
Found: C, 57.28; H, 6.21; N, 13.66.

15 B) Preparation of EtSO;-D-Phe-Pro-m-NHCH;-CgH4C (=NH)NH>-HCl.
By a method substantially equivalent to that described

in Examples 23~C and 23-D, 0.27 g (28%, 2 steps) of EtSO2-D-
Phe-Pro-m-NHCH2-CgH4C (=NH) NH; - HC1 were prepared.

20
1g NMR
FD-MS, m/e 486 (M*)
Analysis for C24H31N504S-1.1HC1l-2H30:
calc: C, 51.32; H, 6.48; N, 12.47; Cl, 6.94;
25 Found: Cc, 51.33; H, 6.09; N, 12.20; Cl, 6.66.
Example 25
NH
O
\/_NJ H 2 HCI
"'”n/ N \/@\W NH2
o) NH
30

D-1-Pig-Pro-m-NHCH3-CgHyC (=NH) NH3 - HC1



EtSO err]-D Phe-Pro-m NHCH err]-Clerr]H err] C(=NH) NH err] . HC WO
95/ 23609 PCT/ US95/ 02558

89 WO 9s/336@par at i on of

Et SO2- D- Phe-Pro-m NHCH err]-Clerr]H err] C(=NOH) NH err]. PCTIUS95/025588

met hods substantially equivalent to those described I n Exanpl e 23,

Et SO2- D- Phe- Pr o- m NHCH2- C6HAC( =NOH) NH2 was 5 prepared usi ng m Br CH2- C6HACN
in place of p-BrCH[err]-C[err]H[err]CN.9Q4O ‘ng (13% of this crystaline
i nternedi ate was hel d back and the rest of the material was taken on to
step B. [err]HNWR 10 FD-M5, me 502 (Merr]) - Anal ysis for

err]H err] N err errn] S . lc: . C, 57.47;, H _6.23; N, 13.96;
%und! [ C], E%gé}?]&aq'ﬁt}%’%fubﬁt%léé% eqyivajent, ko Fhat fiesgribed
Et S err ]h-:Dl Eranprle @N:—I@HPér g] of] Br L} Pii @r P& m-PHIdH -« ¢gH, CHIGNH ) NH, - HC1
By a net ' bWahent ot Q_bhat adescr i be i aml es
25-C and 250 Bprs ShoRgPEIDRE PLQ- PR OB A Rz cny - bR HEL
Phe-Pré&-mNHCH err]-Cerr]Herr]C(=NH)NH err]. HO were prepared. 20

[err]HNVR  FD-MS, mle 486 (Merr]) Anal ysi s for

C[err]H[er]er N| err]err]S. 1. HCL. 2H err] O Cal c: C, 51.32; H,
6.48; N, 1Z. 47 C, 6.94; 25 Found: C, 51.33; H 6.09; N, 12.20;
Cl, 6.66. FD-MS, m/e 412 (M*) - Exanple 25

NH Analysis for C23H33N502:2.5HC1-0.5H50:

10 calc: C, 53.99; H, 7.19; N, 13.69; (
Found: C, 54.19; H, 7.02; N, 13.81.
Example 26
EtSO,N-H

S5y
@g,ﬂ

NH, e HCI
NH
15
EtSOzfD-Phe—Pro-p-NﬁCH2CH2-C5H4C(=NH)NH2-HCl
A) Preparation of methyl p-cyano-trans-cinnamate.
20

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 phosphonoacetate (28

25 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 ethyi
acetate solution was washed once with water, three times with
saturated agueous NaHSO3 and once with brine. The organic



ferr] 30

D 1- Pi g- Py -g%&kﬁﬁ[err]-C[err]H[err]C(:NH)NH[err].HCl PCWU&M%&%3/23609

PCT/ US95/ 0 90
met hod substantially equivalent to that described i n Exanpl e 23, 0 86
g of D1-Pig-Pro-mNHCH err]-Clerr]Herr] C(=NH)NH err]. HC1 wer e
prepared from Cbz-D-1-Pig-Pro-OH and mNBlerr]CH err]-Clerr]H err] CN. HC .
5 [err]H NMR FD-M5, me 412 (Merr]) Anal ysi s for
Clerr]Herr err aH HLer 53..99; H,
7.19: N, 13%% ad ¥idn 2‘1—’011?% wieh E‘!%SEJA 1519T=Fr?do§n%l\f’°’i%"3%t1ratedgl%
Exanpl e 26 vacuo to giyer3§ g (98%) of a white solid. NH
IR
5 1H NMR

FD-MS, m/e 187 (M%)
B) Preparation of methyl p-cyano-dihydrocinnamate.

i0 To a solution of methyl p-cyano-trans-cinnamate (13.6 g,
73 mmol} in toluene (485 mL)} was added 5% Pd/BaSO4 (2.7 g).
After 9 hours under hydrogen gas at 4 bar (60 psi), the
solution was filtered, concentrated in vacuo and
chromatographed over silica gel, eluting with a step gradient

15 of hexanes through 30% ethyl acetate/hexanes. The product
containing fractions were combined and concentrated to give
10.6 g (77%) of colorless oil.

IR
20 1 NMR
FD-MS, m/e 189 (M*)

C) Preparation of p-cyano-dihydrocinnamic acid.

25 By methods substantially equivalent to those described
in Example 1-D, using 1.1 equivalent of LiOH-H30, 5.1 g (58%)
of p-cyano-dihydrocinnamic acid were prepared from methyl p-
cyano-dihydrocinnamate. '

30 IR
1y NMR
FD-MS, m/e 175 (M%)

D) Preparation of Boc—p-NHCH2CH2-C5H4CN.
35
To a solution of p-cyano-dihydrocinnamic acid (6.7 g,
38.2 mmol) and triethylamine (5.9 mL, 42 mmol) in t-butanol



15
Et SO err]-D Phe-Pro-p-NHCH err] CH err]-C[err]Herr] C(=NH) NH err] . HO

A) Prepwél;s,ﬁgogof met hyl p-cyano-trans-ci nnamate. 20
stirring suspension of NaH (6.1 g of 60% oi l suspensi on "E:%Bzéol) and

p- cyanobenzal dehyde (20 g, 153 mol ) in tetrahydrofuran (250 niL) at 0
[err] C was added vi a addition funnel a solution of trinmethyl
phosphonoacetate (28 25 g, 153 mmol) i912tetrahydrofuran (50 mL). After
stirring for 48 hours, the solvent was renoved in vacuo and the crude

residue wap gt ol Vi 'afad%hhﬁ'lpﬁ‘éﬁ#i‘bﬁﬁééﬁgf?&)azﬂf?h PLY8 g, aZSEENS

sol uti on vvas washed once wt urate
NaHSQ[ er r |anthdEhéh &0 Wntdiony Wege bronght ganreflux. Aftew gsingemm

FET/ U§95/ d%t h:.ght the sol]:;tn.ton was cgoled anctl the so?&ent wasphaste was

en dried_ wi err ered.and concentr cuo to give
28 g (98% DI°KE V\A'rriqém%!}% hé résigue was, T?F%Ir-‘?d el aperats

(M err]5|) ‘and wﬂhd&emmw itdmesf wiehhy| Npeiyape- dchaﬂrm@rwmi Qar:.ne'LO

To a sol uty n

Lo bene. (ABEE)" mra,;*s@ﬁo’faﬂ&@é% 985‘%22%[ SRRROT dnd jehéh Uriea (HRL | Nger
hydrogen Jest tared pnd comcsatratefedn vaguout i 'Bhevmsmm@ eras, tl’t!i;'ncent rat ed
in vacuo agkomat d"d}ra@na@wh@él%srﬁéiﬂ | 2,08 &i%lf&%ﬁﬁ% P step

gradi ent 15 of hexanes through 30% et z acetate hexanes r oduct
cont ai ni nPIFERES/S1Ranase thspHPRe80%n8 Ebﬁcéﬁ?téf—%ﬂh%wsle The 10.6 ¢

(779 10f gtcddBScoRitaining frkBtions as judged by TLC were combined ' '
and concentrated to give 5.4 g (57%) of white solid. '

IR
1H NMR
15 FD-MS, m/e 246 (M*)
Analysis for Cj4H;gN203:
Calc: C, 68.27; H, 7.37; N, 11.37;
Found: C, 68.39; H, 7.50; N, 11.40.

20 E) Preparation of p-NH2CH2CH2-CgH4CN-HC1.

By methods substantially equivalent to those described
in Example 23-A, 3.6 g (98%) of p-NH;CH5CH-CgH4CN-HCl were

prepared.
25
1H NMR
FD-MS, m/e 147 (MH*)
Analysis for CgHj3N3Cl:
Calc: C, 59.18; H, 6.07; N, 15.34; Cl1, 19.41;
30 Found: C, 58.90; H, 6.16; N, 15.20; C1, 19.30.

F) Preparation of EtSOz-D-Phe-Pro-p-NHCH;CH2-CgH4CN.

By methods substantially equivalent to those described
35 in Example 1-G, 1.5 g of EtSO2-D-Phe-Pro-p-NHCH2CHy-CgHyCN
' were prepared from EtSOz-D-Phe-Pro OH and p-NHzCH2CH2-
CgH4CN-HC1.



20 [err]H NWMR FD-M5, me 189 (Merr]) C) Preparation of
p- cyano- dmoeivaseionnam ¢ aci d. 25 By met hods subst patriusbsg2sss
equi val ent to those descri bed in Exanple 1-D, using 1.1 equival ent of
LiOH. Herr]O 5.1 g (58% of p-cyano-di hydroci nnam ¢ acid were prepared
from net hyl p- cyano-dihydrocinnanat; 30 IR 1H NWR FD- V5,
me 175 (M) D) Preparation of Boc=p-NHCH err]CH err]-Clerr]H err] CN
35 To a solution of p-cyano-di hydrocinnamc acid (6.7 g, 38.2
mmol ) and triethylamne (5.9 nL, 42 mmol) in t-butanol WO :
95/ 23609 ' PCT/ US95/ 02558
92 (fgﬁ m.) was added di phenyl phosphoryl azide (11.6 g, 42 nmol)
and the soliH MR was brought to reflux. After stirring overni ght, the
sol ution waspGep! eqh/andghbhe (i8f vent was renmoved in vacuo. The residue
was dissolved in ethyl acetate 5 and washed three times with 1 Ncitric
acid, ofce with brine, tw ce with saturated agueous NaHCO3, and then
dried (MyS@)), Preparfaitiibar ed BoSOsaD<Ei +Pt b NHOIBCH9~ The resi due was
t hen I t ed.over silica gel, eluting with 10% et hyl

R RBETRRE e

acet at e/ hex#h oethyl acetate/hexanes. The 10 product

containing fractions as judged by TLC were conbi ned and concentrated
to give 5.4 g (579N Yeiuhiste sehif; £ Rf -D- J% VR NB, me
246 (I\/!ler r]g Ar?al ysli S 1?:% er rlfﬁ[l\:e)r r’[:: é{% r? -Ciheerlr Q}L’V% k%c}g&{z

0 6H4CN (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
vacuo and the residue was dissolved in acetic acid (15 mL)

15 and purified by RPHPLC (Method 2, 90/10 (A/B}; ramp to 60/40
(A/B) over 200 minutes). The fractions containing pure
EtS02-D-Phe-Pro-p-NHCH;CH;~-CgH4C (=NOH) NH> -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-

20 Pro-p-NHCH;CH2-CgH4C (=NOH)NHp -HC1.

1H NMR
FD-MS, m/e 516 (M%)
Analysis for C25H33N505S-HC1-H20:
25 Calc: C, 52.67; H, 6.36; N, 12.28; Cl, 6.22;
Found: C, 52.40; H, 6.10; N, 12.25; Cl1l, 6.51.

H) Preparation of EtSO;-D-Phe-Pro-p-NHCH,CHy-
CeH4C (=NH) NHp - HCL.

30
By a method substantially equivaleht to that described
in Example 23-D, 0.098 g (50%) of EtSO;-D-Phe-Pro-p-NHCH;CHy-
CgH4C(=NH)NH2-HCl were prepared from EtSO;-D-Phe-Pro-p-
NHCH2CH>~-CgH4C (=NOH)NH; -HC1. |
35

1y NMR
FD-MS, m/e 500 (M*)



Cal c: C, 68.27: H 7.37; N, 11.37; Found:  C, 68.39; H
7.50; N, 11.40. 20 E) Preparation of

p- NH[ er r waHpsexs6doCH[ err] - C[err] H err] CN. HCl . BPCraIShy/oRsss
substantially equivalent to those described in Exanple 23-A, 3.6 g
(98% of p-NHerr]CHerr]CHerr]-Cerr]Herr]CN. HO were prepared. 25
1H NWR FD-M5, me 147 (MHerr]) 94 Analysis for
CerrJHerr]Nerr]d: Cal c: C, 59.18; H, 6.07; N, 15.34; d,
19.41; 30 Found: C, 58.90; H, 6.16; N, 15.20; d, 19.30. F)
Pr epar at i amadfysEtsSERrDCRI5E3BNsOpS NBICFRCTHHATBHA CN. By net hods

substantially i valent to 3 S i.Red\35.4i R,Exanple 1-G 1.5 g of
Et SC2- D- Phe- Pr(;e(?lbLhi HCH[erér'] 'ceb?f']- gr'rl?lil[g?r]l&)l\laq" were prepared from

Et S err] - D- PheEqunsi:OH arfd 8N %er H.CH[-d5] 8rf 82r15. Cerr]H err] CN. HCL.

WD 95/ 23609 PCT/ US95/ 02558

93 I R [err]H NMR EDﬁl E%a 482 (Merr]) 5 e

Pr epar ation of EtSO2-D- Phe- Pro- p- N : -

Cerr]Herr]C(=NOH) NH err] . Hd . To a stirring solution of

Et SO2- D- Phe- Pr o- p- NHCH2CH2- 10 ([err]Herr]CN (1 g, 2.07 nmol) and

N, N- di i sopropyl et hyl aBt8©,N3H45 m., 2.59 mmol) was added hydroxyl ani ne
hydr ochl ori de (180 ng, 2. nol ) and the sol ution was brought to

reflux. After 18

sol uti on was cool ed, the sol vent was
renoved in : NH

- H o
ég N NHe * HCl . ‘

EtSO2-D-Phe-Pro-m-NHCH2CH2-CgHqC (=NH) NH3 - HC1
10 | f |
' A) Preparation of EtSOz-D—Phe-Pro-m4NHCH2CH2—C5H4C(=N0H)NH2_

By a method substantially equivélent_to that described
in Examples 26-A through 26-E and 24-A, 0.15 g of EtSO;-D-
15 Phe-Pro-m-NHCH2CHz-CgH4C (=NOH)NH; were prepared from m-
cyanobenzaldehyde.

1§ NMR
. FD-MS, m/e 516 (MY)
20 2Analysis for C25H35N5058:
Calc: C, 58.23; H, 6.45; N, 13.50;
Found: c, 57.99; H, 6.57; N, 13.28.

B) DPreparation of EtSO;-D-Phe-Pro-m-NHCH;CHp-
25 CgH4eC(=NH)NH2-HC1.

By a method substantially equivalent to that described
in Example 24-B, 0.21 g (20%) of EtSO,-D-Phe-Pro-m-NHCH,CHj-
CgH4C (=NH) NH2 -HC1 were prepared from EtSO;-D-Phe-Pro-m-

30 NHCH;CH;-CgHaC (=NOH)NH3.



vacuo and the residue was dissolved in acetic acid (15 nL) 15 and purified
by RPHPLGvOb&tisosl 2, 90/ 10 (A/B); ranp to 60/40 ( AV B) pOmes9sHOsss

-m nutes). The fractions contai ni ng pure

EtSO err]-D-Phe-Pro-p-NHCH err]CH err]-Clerr]H err] C(=NOH)NH err]. HO as
determ ned by anal ytical RPHPLC wery conbi ned and pH adj usted as
descri bed above and |yophilized to S"ve 0.35 g (31% of EtSO2-D Phe-
20 Pro-p-NHCH err]CH err]-Cerr]Herr]C (=NOH)NH err]. HO . [err]H
NVR FDyMarn e 516 (Merr]) Anal ysi s for

Clerr]Herr]Nerr e S, .Herr]O 25 Cal c: C 52.67; H -
6.36; N, 1Z: 2&2'&‘%6%% (ﬁg Found: C, 52.40; H, 6.10; N, 12.25;
Cl, 6.51. Analysib)) £PrePashsiNgO4s - Et1FYlerd . [7Ha0Phe- Pr o- p- NHCH2 CH2-

Cerr]Herr] X H err] HC By. t hod substantially
equi valent to t#g%"udescr lr)'J;dsj' %9 H 6 25 N 1%55% 098 g (50% of -

Et SO er?] - D- Phe FRrpdp- NHCH[ e 50 @ﬂEeHv]S 86 NC[blrE'f‘H[ err] C(=NH)NH[ err] . HC
wer e prepared from Et SO2- D- Phe- Pr o- p-

NHCH err]CH err]-Clerr]H err] C(=NOH NH er.r] . HO . 35 1H NWVR FD- V5,
me 500 (Merr]) WO 95/ 236
PCT/ US95/ 02558 94 Anal ysis for
CerrlJHerr]Nerr]derrdS"NIBHCL. Herr] O Cal c: C, 49.03; H,
6.19; N, 11.44; undé C, 48.87; H 5.79; N, 11.15. 5
Exanpl e 27
| H
: N e N
e
o NH2 * 2 HCI
NH
10 D-1-Pig-Pro-p-NHCH;CH;-CgH4C (=NH) NH3 - 2HC1

By a method substantially equivalent to that described
in Example 23, 0.85 g of 1-Pig-Pro-p-NHCH;CHz-
CgH4C(=NH)NH3 - 2HCl were prepared from Cbz-D-1-Pig-Pro-OH and

15 p-NH2CH2CH2-CgH4CN-HC1.

1y NMR
FD-MS, m/e 426 (M%)}
Analysis for C24H35N502-2HCl-2H320:

20 Calc: C, 53.93; H, 7.73; N, 13.10;
Found: C, 53.94; H, 7.60; N, 13.0s6.
Example 29
NH
O
NH

Ot
g/ PP

25 D-1-Pig-Pro~-m-NHCH2CH>~CgHy4C (=NH) NH> - 2HC1



[err] Et SO2- D- Phe-Pro-m NHCH err] CH err]-Cerr]Herr] C

(=NH) NH err].Hd 10 A) Preparation of
Et SO2- D- RMe-95e3seem NHCH] er r ] CHerr]-Clerr]H err] C(=NOH) NH ePCTIUS95102558
By a nethod substantially equivalent to that described i n Exanpl es 26-A

. through 26-E and 24-A, 0.15 g of EtSO2-D 15
Phe- Pr o- m NHCH2CH2- C6HAC( =NOH) NH2 wer e Brepared fromm

cyanobenzal dehyde. [err]H NMR I§DIVB me 516 (Merr]) 20
Anal ysi s for C25H33N505S: Cal c: C, 58.23; H, 6.45; N, 13.50;
Found:, C, 57.99; H 6.57; N, 13.28. B) Preparation of

Et SO2- D- Phe- P I—QE? NH H .

By a net hog SLBS?}an tra ﬁ;@e ul va%t?{gllt]@; e%%l (f'-els’gclgprtl tgggrtﬁat gleﬁc&gﬁ& e
24-B, 0.211% Erawpler2 tSQI%HQ]Q IPrfe. B ommaitiEiqeaH2 -

d er r] H er chE§cdRr ey -2HAICKewRr prepapadetrbhofbil SOP- X cglkeré’-rcsn End0

NHCH egs] CH 2&H§E}?{-@g%8ﬁ”{&§ =NOH)NH err]. 5/ 23609

PCT/ US95/ 025 [err]H NNR
FD-M5, me 500 (Merr]) Anal ysi s for
C[err]H[erg[Jllg%ﬁ&r]qerr]S 2.1HC1. 0. 7H[err]O Cal c: C, 51.00; H,
25; N, 11 Found: C, 50.79; H 5.86; N, 11.54.
FD-MS, m/e 426 (M*)
Analysis for C24H35N502-2HCl-2H30:
10 calc: C, 53.93; H, 7.73; N, 13.10; (
' Found: C, 53.62; H, 7.57; N, 13.18.
Example 30
EtSOzN-H
@ B
‘agy
15
EtSO2-D-Phe-Pro-p-NHCHCH,CH,-CgHyC (=NH) NH; - HC1
A) Preparation of p-HOCHyCH,CH;-CgH4CN.
20

To a stirring solution of methyl p-cyano-
dihydrocinnamate (10 g, 53 mmol) in tetrahydrofuran (150 mL)
was added LiBH4 (1.15 g, 53 mmol) and the solution was heated
to reflux. After 2 hours, the solution was cooled, and

25 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 aquéous phase was
extracted once with ethyl acetate and the combined ethyl
acetate phases were washed with brine, then dried with MgSOy,

30 filtered and concentrated to give 8.1 g (95%) of a thick
colorless oil. '



Exanpl e 28 [err] 10 H NH) NH 2 B
- i - C|_| B N i
D- 1- Pi - Pr@rgyspsiiggl err] CH err] -Clerr]Herr] C(=NH) NH err] . "gégfrtrjg?%ozzig 0.8%

a nmethod substantially equivalent to that described in

g of 1-Pig-Pro-p-NHCH err]CH err] - CerrJHerr]C(=NH)NH[ err].2HCL were
prepared from Cbz-D 1-Pi g-Pro-CH and 15

p-NH err]CH err]CH err]-Clerr]H err] CN. HA7 [err] H NVR FD-M5, nme
426 (Merr]) Analysis for (Jerr]Herr]Nerr]Qerr].2HCLl[err]Herr]O 20
Cal c: C, 53.93; H 7.73; N, 13.10; Found: C, 53.94; H
7.60;" N, 13.06. Examl e 29 [err]

25 IR D 1-Pig-Pro-mNHCH err]CH err]-C[err] H err] C( =NH)

NH err].2HCly NMR
FD-MS, m/e 161 (M*)

B) Preparation of p-BrCH2CH2CH;-CgHyCN.

To a stirring solution of p-HOCH;CH,CHp-CgH4CN (8.1 g, 50

mmol) in tetrahydrofuran (100 mL) was added

10 triphenylphosphine (14.4 g, 55 mmol) followed by carbon
tetrabromide (18.2 g, 55 mmol). After stirring for 18 hours,
the solvent was removed ipn vacuo and the residue was
chromatographed over silica gel eluting with a step gradient
of hexanes through 20% ethyl acetate/hexanes. The product

15 containing fractions as judged by TLC were combined and
concentrated to give 7.3 g (65%) of a thick colorless oil.

IR
1H NMR
20 FD-MS, m/e 223 (M%)
Analysis for CjgHjigBrN:
Calc: C, 53.60; H, 4.50; N, 6.25;
Found: C, 53.80; H, 4.67; N, 6.24.

25 C} Preparation of p-BocNCH2CH2CHz-CgH4CN.

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 iminodicarboxylate (7.4 g, 34 mmol) in

30 DMF (20 mlL) via an addition funnel. After gas evolution was
complete, a solution of p-BrCH2CHCH2-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 in vacuo. The residue

35 was dissolved in diethyl ether and washed three times with
water. The organic phase was dried with MgSO4, filtered and

concentrated and the residue was chromatographed over silica



WO 95/ 23609 PCT/ US95/ 02558

96 By a nethod substantially equivalent to that described

i N Exanplagp dshaede- 8 9 of 1-Pig- Pro- m NHCH2CH2- PCT/US95/02558 .
Cerr]Herr]C=NH)NH err].2HC were prepared from Cbz-D-1-Pig-Pro-OH and 5
mNH err]CH err]CHerr]-Cerr]Herr]CN HCO . [err]H NMR FD- M5,
me 426. (Merr]) Analysis for CJerr]Herr]Nerr]O[err].2HO .2H err]O0:

10 Cal c: C, 53.93; H 7.73; N\ 13.10; Found: C,
53.62; H, 7.57; N, 13.18. Exanpl e 30

15 el, elutirdgEWilth hexanes through 20% ethyl acetate/hexanes.

EtSOerr]- %}PheP NHCH[,er,r errl.CH err err (=NH)

NH{er ] . Hihe producd) ﬁweémﬁ[f %M&%@&ﬁ@ﬂ% T
a stirringcondetitxatent tieigiyle 9-8Pago{84%) ofli kjiltecsobhiddnte (10 g, 53
mol ) in tetrahydrofuran (150 nlL) was added LiBH4 (1.15 g, 53 mmuol)
and the sol ution was heated to reflux. After 2 hours, the solution was
cool ed5 antR25 sodi um phosphate buffer (pH 7) was added dropw se. After
gas eMplyiid on was conplete, ethyl acetate and water were added

and the | ayers were separated The aqueous phase was extracted once
wit h.et hyl FRt¥S at é“/zﬁw(?psclhe‘%énbl ned et hyl - acetate phases were washed
W th brineAnaIyguskﬁdrjGMOHbgmﬁpa04 30 filtered and concentrated to give

819 (95% of gffick  £818L!88S Plds; N, 7.77;
10 Found: C, 66.40; H, 7.81; N, 7.57. : ‘

D) Preparation of p-NH;CHCHCH2-CgH4CN-HC1.

By methods substantially equiVa'le'nt to those described
15 in Example 23-A, 4.3 g (84%) of p-NH3CH;CH2CH;-CgH4CN-HC1l were
prepa:ed.

IR
1y NMR
20 FD-MS, m/e 160 (M*)

E) Preparation of EtSO;-D-Phe-Pro-p-NHCH3CHCHz-
CgH4C (=NOH) NH3 -HC1.

25 By methods substantially equivalent to those described
in Examples 1-G and 26-G, 0.32 g of EtSO;-D-Phe-Pro-p-
NHCH2CH7CH2-CgHy4C (=NOH) NH3 - HC1 were prepared from Etsoz -D-Phe-
Pro-OH and p-NHCHCHCH;-CgH4CN-HC1.

30 1H NMR
FD-MS, m/e 530 (M*%)
Analysis for C25H35N5058-1.2HC1-H20:
Calc: C, 52.88; H, 6.51; N, 11.84;
Found: c, 52.71; H, 6.26; N, 11.76.
35 |
F) Preparation of EtSO;-D-Fhe-Pro-p-NHCH,CH;CHz-
CgH4C (=NH) NH3 -HC1,



WO 95/ 23609 : PCT/ US95/ 02558

97 R [err]H NMR FD-M5, me 161 (Merr])

Prepar at i &53?“§9%r CHerr]CH err]CH err]-C err]H err] CN. rérms95/02§i
stirring solution of p-HOCH2CH2CH2- C6H4CN (8.1 g, 50 mml) in
tetrahydrofuran (100 nL) was added 10 tri phenyl phosphine (14.4 g, 55 mol)
fol | owed by carbon tetrabromde (189®8 g, 55 mmol ). After stirring for
18 hours, t he solvent was renmoved in vacuo and the residue was

chromat ogr aphed over silica gel eluting with a step gradient of
hexanes through 20% ethyl acetate/hexanes. The product 15 containin
fractions as | udd@ydabyeThednenbstanbiably seahivalentorioeithedt cescs 7.3

g (65% of a.f hxekpiel QBLQSSOOﬁ 67%) dBEtsoz—[DelPh]eHP&JUR 20 FD-M5, nfe

2 T AL b B LS Sy s e o

25 O Erewoabl-mcerﬁcmﬁop{@mtmw{mmkg-!ﬁelr]CH[err] Clerr]H err] CN

To a stirring suspension of NaH (1.4 g of 60% oil di spersion, 34 mol)
in DMF (100 nmL) was added dropw se a solution of di-t-butyl

i m nodi carbdmmeRe (7.4 9, 34 mml) in 30 DV (20 nlL) via an addition

funnel . E%[ 1% vo i corrpl ete, a solution of
p- Br CH2CH2 a(zl 'uLh ?gl % DMF was added via an addition
funnel and ®Ralysist |f@ﬁ‘ QQQHBSNSQ% tecPHOL RHIQ® ] C. After stirring for 12

hours, gge solutiQne. Wwagconl @9 amd ghessofvent was renoved in vacuo.
The residue 35 was di ssol ved |n di’et hyI et her "and washed three times with
Found: C, 51.36; H,” 6.46; N, 11.28.

Example 31

EtSO,N-H

6\%; ? ‘o NHZ * HCI

NH
15

EtS0O2-D-Phe-Pro-m-NHCHCHyCH2-CgH4C {(=NH) NH3z - HC1

A) Preparation of EtSO;-D-Phe-Pro-m-NHCH;CH2CH3-
20 CgH4C(=NOH)}NH2-HC1l.

By methods substantially equivalent to those described
in Examples 1-G and 26-G, 0.32 g of EtSO;-D-Phe-Pro-m-
NHCH2CH2CH2-C5H4C(=NOH)NI-12-HCl were prepared from

25 m-cyanodihydrocinnamic acid.

1§ NMR
FD-MS, m/e 530 (M%)
Analysis for C2gH35N505S-HCl-1.1H20:
30 Calc: C, 53.30; H, 6.57; N, 11.95; Cl1l, 6.05;
Found: C, 52.97; H, 6.19; N, 11.96; Cl, 6.13.



wat er. The organic phase was dried with MgpSO™4, filtered and

concentrated and the resi due was chromat ographed over silica WO
95/ 236080 95123609 BETNd9867s68 558

98 95ng eluting with hexanes through 20% et hyl acet at e/ hexanes.

The product containing fractions were conbi ned and concentrated to .
give 9.38 g (84% of white solid. 5 IR [err]H NMR FD-M5, me
361 (Merr]) Analysis for Clerr]MP8rrINerrJerr]: Cal c:
C, 66.64; H 7.83; N, 7.77, 10 Found: C, 66.40; H, 7.81; N,

7.57. D) Preparation of

A A et 0.0 % T

(84% of cpé-x-mld[(eNHI)ﬁHbeHchI—l[ err]CHerr]-Clerr]Herr]CN. HO were

pr epar ed. [err]H NVR 20 FD-M5, nm e 160(!\/[err]) E)
Preparation of Et SOZ D- Phe- Pr o- p- NHCH2CH2CH2- :

ClerrBH er r] C(BINGH)mé¢Alerd |suliGitantia3 ly equivaBentethotlsat ubssemibed | v
equi val enf, i@ LHose Aeser ichad g (6287 bXagREES-BfhaskPGr S 0.32 g of
Etsqerr] DPhe Pr o-

NHCH or r | HaGH26Hp cF s e EmURFCHSROMPRIY BrPPares fEr® BFSparRePhieom

Et SO2- D- P -m-NHCHICPHL O, a0gh 4 (MG v |- Bher r] CH err] - C6H err] CN. HCl-

10 1 NMR ' ' ‘

FD-MS, m/e 514 (M%)
Analysis for C2gH35N504S-1.5HC1-H20:

calc: C, 53.26; H, 6.62; N, 11.94;
Found: C, 53.19; H, 6.25; N, 12.00.
15
Example 32
NH
NH
2 «2HCl
20 . 1-Pig-Pro-p-NHCH2CH2CH2-CgHyC (=NH) NH2 - 2HC1

By a method substantially equivalent to that described
in Example 23, 0.66 g (48%) of 1-Piq-Pro-p-NHCH;CHoCHz-
CgH4C (=NH)NH3 -HC1l were prepared from 1-Piqg-Pro-OH and

25 p-NH;CH,CH;CHy-CgH4CN-HC1. |

1H NMR
FD-MS, m/e 440 (M*)
Ana1y51s for C25H37N502-2. 1HC1-H50:
30 Calc: C, 56.21; H, 7.75; N, 13.11;
Found: C, 56.36; H, 7.44; N, 12.79.

3



30 1H NWR FD-M5, me 530 (Merr]) Anal ysis for

Clerr] H erngbbksiend A err]S. 1.2HA . Herr] O Cal c: mﬁsméé’ssss H,
6.51; N, 11.84; Found: C, 52.71; H 6.26; N, 11 76.

F) Preparation of EtSQ2-D Phe- Pro-p- NHCH2CH2CH2-

Cerr]Herr]C(=NH)NH err]. HC . 1\/3!295/23609

PCT/ US95/ 02558 99

By a nethod substantially equivalent to that described i n Exanpl e

23-D, 0.13 g (67% of EtS( err]-D Phe-Pro-p-
NHCH[err]CH[err]CH[err]-C[err]H[err]g:NgﬁNHgsrr].HCI were prepared from

Et SO2- D- Phe- 5

Pro-p-NHCH err]CH err]CH err]-Clerr]H err] C(=NOH) NH err] . HO . [err]H
NIVR FD-MS, me 514(|\/[err]) Anal ysis for .

Cerr]Herr]Nerr]Jer# S 5HC 2H20: 10 Cal c: C, 51.67;, H,
6.75; N, 11.59; ound: C, 51.36; H, 6.46; N, 11.28.

Exanpl e 31 O

Et SO2- D- Phe- Pro-m N

1-Pig-Pro-m-NHCH,CH;CH,-CgHgC (=NH) NH; - 2HC1

By a method substantially equivalent to that described
in Example 23, 0.64 (46%) of 1-Pig-Pro-m-NHCH;CH;CHp-
10 CgH4C(=NH)NH2-HCl were prepared from 1-Pig-Pro-OH and
m-NH2CHoCH>CH-CgHgCN-HC1.

1 NMR
FD-MS, m/e 440 (M%)
15 Analysis for C25H37N502-2HC1-H0:

calc: C, 56.60; H, 7.79; N, 13.20;
Found: C, 56.92; H, 7.55; N, 13.26.
Example 34
20
L~ SO2Et
o NH, « HCI
N H g
o N NH
L
]

EtS02-D-Phe-Pro-p-NHCH2CgH4NHC (NH) NH2 - HC1

25 A) Preparation of Boc-p-NHCH2CgH4NO;.



A) Preparation of EtS( err]-D Phe-Pro-m NHCH2CH2CH2- 20

Cerr]Herr]C(=NOH)NH[ err] . HO . By nethods substantially

- equi val ose descri bed in Exanples 1-G and 26pdguébspdsss Of
Et SO er (ri?él?)&-/gﬁyﬁ o-m
NHCH err] CHerr]CH err]-Clerr]H err] C(=NOH)NH[ err] . HC1 were prepared from
25 mcyanodi hydroci nnam ¢ aci d. (N{err] H NVR FD-M5, me 530
(Merr]) Analysis for CJerr]HerriNerr]err]S. HA.1.1Herr]O 30

Cal c: C, 53.30; H 6.57; N, 11.95; d, 6.05; Found: C

géTlg 659?/ 025\%%'\la 343 9Ping sofulfbn of 4- nltr‘ége%%aﬁﬁﬁ%e

B
Pr epar at | BHAEPCklaxide (1D PhelPrEnahINaed 8nplcdi isopr opylethyla.mme
Clerr] H ek GaeNH HRs 1) - 10 dichldromethaneBy 20 0MRLH OdhasURGHA! aal-ty

E?.galglr (ra]n B_%p.égat dlﬁ?r‘i\'ar.tl:ebegﬂ g, ')J‘ mmoq.rfpl eA%%er 4% 1112 %hgsso vgnt
NHCH| €5 r | Ghlsereh&irbér ih - Gheuo |afd roHeC(reastihid eras] dil€isolwed pnepahgdl from

£ S D Phceace (E0- R (VEAF GibARr QU SN0 HAPLk AL acialOonke 11

q er r] H eWEER[ ¥RERLY e?Rd saqcesﬁetmﬁturated aquegyysc NaHCO3 ¢, The, 26; H,

EXGZ IN 33¥gaﬁ1c phas as ROMEA witCMdEd,]9filltebed5anh cdRcOAtrdfed
a e .
i in vacuo to . an off white solid which was recrystallized

10 from chlorofo. .1exanes. Three crops were combined, washed
with hexanes and dried in vacuo to give 11.5 g (58%) of a
white solid.

IR

15 1 NMR .

FD-MS, m/e 252 (M%)

Analysis for C12H1gN204:
Calc: c, 57.13; H, 6.39; N, 11.10;
~ Found: C, 57.27; H, 6.60; N, 11.13.

20 '
B) Preparation of p-BocNHCH;CgH4NHs.

To a stirring solution of p-BocNHCH;CgHgNO2 (7.5 g, 29.7

mmol) and NiCls-6H20 (17.7 g, 74.3 mmol) in methanol (150 mL)

25 at 0 °C was added NaBHy (5.6 g, 149 mmol) in small portions

' over 30 min. After complete addition of NaBHs4 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

30 washed with brine, dried with MgSO,;, filtered and

concentrated in vacuo to give 6.4 g (97%) of a white solid.

IR
1y NMR
35 FD-MS, m/e 222 (M*)



[err] 20

1-Pig-Pro NHCH err]CH err]CH err]-Clerr]H err] C(=NH) NH[ er 2HC

By a nethaﬁo ﬁﬁ@%antlally equi valent to that described 4??%&@%%Fe 23
0.66 g (48% of 1-Pig-Pro-p-NHCH2CH2CH2- Cerr]Herr]C(=NH)NH[ err].
were prepared from 1-Pi g-Pro-OH and 25

p-NH err]CH err]CH err]CH err]-Cerr] H ears3] CN. HC . [err]H NMR
FD-M5, me 440 (Merr]) Anal ysi s for

CerrHerr err 2. 1HC1, H[err]C) 30 Cal c: C, 56.21; H
775N13‘l“1% iSfe’-'cnrl: C, 56.36; H, 7.44; N, 12.79.

WO 95/ 23609 Ccalc: c, 64.84; H, 8.16; N, 12P@bH;US95/ 02558

101 Found: C, 65.10; H,B%a.@;eNs,SJ.ZJG. NH

5 <€) Preparation of N,N'-di-Cbz-S-methylisothiourea.

To a stirring suspension of bis-S-methylisothiourea
sulfate (20 g, 144 mmol} in dichloromethane (200 mL), was
added 5 N sodium hydroxide (16 mL). The solution was

10 cooled to 0 °C and benzyl chloroformate {41 mL, 288 mmol)
was added dropwise. At the same time, 2 N sodium hydroxide
was added at a rate which kept the pH of the solution at
approximately 11. The cold bath was then removed and after
warming to room temperature, the phases were separated and

15 the aqueous phase was extracted with dichloromethane (250
mL). The combined organic phases were then washed twice
with 0.1 N HCl (250 mL) and once with brine (250 mL). The
organic phase was then dried with MgSO4, filtered and
concentrated in vacuo to give 41 g (79%) of a thick,

20 colorless syrup.
1y NMR

D) Preparation of p-BocNHCH2CgH4NHC (NCbz)NHCbz.

25

To a stirring solution of p-BocNHCH;CgH4NHz (5 g, 22.5

mmol) in tetrahydrofuran (50 mL) was added N,N'-di-Cbz-S-
methylisothiourea (8.9 g, 24.7 mmol). After 48 h, the
solvent was removed in vacuo and the residue was dissolved in

30 chloroform. Silica gel was added and the solvent was removed
in vacuo to give an off white powder which was then dry
loaded onto a silica gel column. The column was then eluted
with a step gradient of 5% ethyl acetate/hexanes through 30%
ethyl acetate/hexanes. The product containing fractions

35 (determined by TLC) were combined and concentrated in vacuo
to give 7.6 g (63%) of a white solid.



[err] 5

1-Pig-Pro-mNHCH err]CH err]CH err]-Clerr]H err] C(=NH) NH err] . 2HC

By a ne tantially equivalent to that described ' l e 23,
Sy Pl

0.64 (4 Pi g- Pro- m NHCH2CH2CH2- 10 ({err]JHerr] ]. HC1
were prepared from 1-Pi g- Pro-COH and

mNH2CH err]CH err]CH err]-Cerr]H err] CN. HO . [err]H NMR FD- V5,
me 440 (Merr]) 15 Analysis for er¥d4err]Nerr]Jerr].2Hd . Herr]Q
Cal c: C, 56.60; H 7.79; N, 13.20; Found: C, 56.92; H
7.55; N, . 26. : - Exanpl e 34 20 [err]
EtSO err]-D Phe-Pro-p-NHCH err] [ err]H err] NHC( NH) NH err] . HC 25 A
Preparati éa ¥¥RBoc-p-NHCH err]CerrJH err]NJerr]. WO 95/ 23609
PCT/ US95/ Q25 v+ o 102 To a
stirring gél@?fgnmé 3§%ipg3benzylanine hydr ochl oride (15 g, 79 mmol)
and N, N- dAnadpsdpyEer hg2e32M406: (14 ni, 79 mmol) in dichl oronet hane (200
m) wes added @hik: C, 65.40; H, 6.06; N, 10.52;

Found: Cc, 65.66; H, 6.35; N, 10.59.
E) Preparation of HCl.p-NHCHpCgHyNHC (NCbz ) NHCbz

10 By a method substantially equivalent to that described ‘
in example 23-A, 4.7 g (89%) of HCl-p-NHCH2CeH4NHC-
(NCbz)NHCbz, a white solid, was prepared from
p-BocNHCH;CgH4NHC (NCbz ) NHCbz .

15 IR
1x NMR

FD-MS, m/e 433 (MH*)

F) Preparation of EtSO;-D-Phe-Pro-p-NHCH,CgH4NHC (NH)NH;-HC1.

20 .

By methods substantially equivalent to those described
in example 1-G and example 18-F, 1.1 g of EtSO;-D-Phe-Pro-
p-NHCH2CgH4NHC (NH)NH2 -HC1 was prepared from EtSO;-D-Phe-ProOH
and HC1-p-NH;CHyCgH4NHC (NCbz) NHCbz . |

25
IR
1 NMR

FD-MS, m/e 501 (M*) |
Analysis for C24H32Ng04S-HCl-H20:
30 Calc: ' C, 51.73; H, 6.36; N, 15.14;
Found:  C, 52.32; H, 5.99; N, 14.79.



butyl dicarbonate (17 g, 79 mmol). After 48 h, the solvent 5 was renoved
in vacuo ARI9¥3360% esi due was dissol ved in ethyl acet at @qUAEISAIP8 and
washed twice with 1 Mcitric acid, once with water, and once with

sat urat ed agueous NaHCO3. The or gani ¢ phas was dried with MgSO err],
filtered and concentrated in vacuo tgg an off white solid which was
recrystallized 10 fromchlorofor hexanes. Three crops were conbi ned,
washed wi th hexanes and dried in vacuo to give 11.5 g (58% of a
white solid. IR 15 [err]H NVRExampke. 88 me 252 (Merr])

Anal ysis for CJerr]Herr]Nerr]Jerr]: Cal c: C, 57.13; H,
6.39; N, 11.10; Foundg tC, 57.27; H 6.60; N, 11.13. 20 B)
Preparati on of p-BocNACH rrl]m[ertz]EH[err] NH[err] To a stirring
sol ution of p-BocNHCHP g, 29.7 mmol ), and NiCl [err].6H20
(17.7 g, 74.3 nmmol) 2 O0m) 25 at 0 C was added NaBH err] -
(5.6 g, 149 mml) in small portions ( over 30 min. After conplete
addi ti on of NaBH4 and 15 min, { ?ghe Nol veqt was eva/ﬁ:rated in vacuo and

t he residue was di ssolved §{ n o'?’“f a ydr o F'g; extracted
tw ce wi th di chl or omet hane. " The @gonbi ned ©r gaki c_gxt rdc lwere 30
washed with brine, dried with MgSQ err], filter€d aNd NH,; concentrated in
vacuo to give 6.4 g (97% of a white solid. R [err]H NVR 35
FD-M5, nmfe 222 (Merr]) WD 95/ 23609

PCT/ US95/ 02558 - Anal ysis for
Clerr]Herr] N err] atépﬁfD‘Phe'Pr°'p']&F%?CH2c5}&m§:4(.l%é%§'ﬂ'H§.116; N, 12.60;
Found: C, 65.10; H 8.42; N, 12.76. 5 C© . Preparation of

N, N _dI_CbZ_S_neggy%éég 3'0§g§§¥ant1ally equivalent to those described
in example 34, 1.8 g of EtSO2-D-Phe-Pro-
p-NHCH2CH2CsH4CNH (NH)NH2 -HC1 was prepared from

10 4-nitrophenethylamine-HCl.

IR
1H NMR
FD-MS, m/e 515 (MH*)
15 HRMS (FAB), m/e calcd. for CysH3sNgO4S: 515.2441

Found: 515.2483

Example 36

- NHz

.SO,Et
[:::]\\//L\T? \v/[:f:] .« HCl

"'n’

20

EtSO2-D~-Phe-Pro-m-NHCH2CgH4NHC (NH)NH2 -HC1

By methods substantially equivalent to those described
25 in examples 30-C and 34-B through 34-F, 1.8 g of EtS02-D-Phe-



To a stirring suspension of bis-S-nethylisothiourea sulfate (20 g, 144

nmmol ) in dichloronethane (200 nL), was added 5 N sodi um hydroxi de (16
m). TheVa@a8sg¥Pdbn was 10 cooled to. 0 [err]C and benzyl cRFUPSOHRMEte (41 .
m., 288 mmol) was added dropwi se. At the sanme tinme, 2 N sodium

hydr oxi de was added at a rate which kept the pH of the solution at
approximately 11. The cold bath was tRgg renoved and after warmng to
roomtenperature, the phases Were separ at ed and 15 the aqueous phase was
extracted wi th dichl oronet hane . The conbi ned organi ¢ phases

wer e t henPRRRHGHACEE 4NHC () N @ ECN YRS ?M’Fﬁ‘} B ohie W e ne (250
m.). The prom@i&ani c phase was then dried with MgSJerr], filtered and - .
concentrated in vacuo to give 41 g (79% of a thick, 20 col orl ess syrup.

[err]H NWR D) Preparation of _
p- BocNHCHfrrr] Cerr] H err] NHC(NCbz) NHCbz. 25 ' - To a stirring
sol ution %MocNHCH[err]C[err] Herr]NH err] (5 g, 22.5 nmol ) in.
t et raﬁydr (50 m.) was added N, N -di-Cbz-S- met hyl i sot hi ourea (8.9
g, 24.7 nFR+NS, Aiter5M8 MH) he sol vent was renoved in vacuo and the
residue vggusli 5508 Vet i 3l ol @agnﬂgd@a gebivaggadded and the
sol vent was renove in vacuo to give an off white powder which was then
dry | oadedFowRD: a 394 i2%B%Gel col um. The col um was then el ut ed
with a step gradient of 5% ethyl acetate/hexanes through 30% et hyl
acet gte/ hexanes. The product cont ag’ ni ng]friiti ons 35 (determ ned by TLC)
wer e “tonbi ned and concentrated-in to give 7.6 g (63% of a Wnite‘
sol i d. WD 95/ 23609
PCT/ US95/ 02558 .SO,Et - 104 | R
1H NWR FD- VB, 32HI\/[err]) Anal ysi s for ' _
Cerr]Herr]Nerr]Q : O

' ' H H

(Ny A NN

’I e HCI

o . NH

EtS02-D-Phe-Pro-m-NHCH;CH;CgH4NHC (NH) NH2 - HC1
15 . _
By methods substantially equivalent to those described

in examples 26-D, 26-B (using 5% Pd/C in place of Pd/BaSO4

and ethyl acetate in place of toluene), and 34-D through 34-
F, 0.85 g of EtSO2-D- Phe-Pro-m-NHCH2CH2C5H4NHC(NH)NHz +HC1l was

20 prepared from 3-nitrocinnamic acid.

1H NMR
FD-MS, m/e 515 (MH*)
Analysis for Cs5H3gNg04S-2.2HC1-0.5H30:
25 calc: C, 49.73; H, 6.21; N, 13.92;
Found: . C, 49.45; H, 5.82; N, 13.55.



5 Cal c: C 65.40: H 6.06: N 10.52: Found: C,

65.66; H, Wo3323¢dd 10. 59. E) Preparation of PCT/US95/02558

HCl . p- NH2CH2 C6HANHC( NCbz) NHCbz 10 By a nethod substantially

equi val ent to that descri bed in exanple 23-A, 4.7 g (89% of

HCO .p-NH err]CH err](err] H err] NHC NCbz) NHCbz, a white solid, was
prepared from p- BocNHCH[ err] [ er r] HF@f r ] NHC(NCbz) NHCbz. 15 IR

1H NWR FD-M5, me 433 (MHerr]) F) Preparation of

Et SO2- D- Phe-Pro-p-NHCH err] Cferr] H er#%&%@&NH[ err].HO . 20

met hods substantially equivalent to those descri bed In exanple 1-G and
exanple 18-F, 1.1 g of EtSO2-D Phe-Pro- '

p-NHCH err] ( err] H err] NHC H err].HC was prepared from

Et SO2- D- Phe- Pr oCH NH err] CH err] q{er r]H err] NHC( NCbz) NHCbz.

25 IR [err] M5, me 5Q1 erf\ﬂ,.)z . 2H%,Anal ysis for
Cerr]Herr]Nerr]Jder .Herr]Q, 30 | c: , 51.73; H,
6.36; N, 15.14; Fo : , 52 H, 9; N, 14.709.
WD 95/ 23609 “"'r CT/ US95/ 02558
105 0 Exanpl e 35

5 D-1-Pig-Pro-p-NHCH2CgH4NHC (NH) NH2 - 2HC1

By methods substantially equivalent to those described
in example 34, 0.94 g of D-1-Pig-Pro-p-
NHCH2CgH4NHC (NH)NH2 - 2HC1l was prepared. The final product
10 was purified by RPHPLC (method 2, 98/2 (A/B), ramp to 70/30
(A/B), 180 min.

1§ NMR
FD-MS, m/e 427 (MHY)
15 Analysis for Cz3H34NgO3:2HC1:

Calc: C, 55.31; H, 7.26; N, 16.82; Cl, 14.20;
Found: C, 55.05; H, 7.23; N, 16.55; <Cl, 14.24.
Example 39
20
NH
0]
H
NS.. N
< 7"'n’ NH
0 JL ¢ 2HCI
: N NH,
H
D-1-Pig-Pro-p-NHCH2CH2CgH4NHC (NH) NH2 - 2HC1
25 By methods substantially equivalent to those described

in example 35, 1.03 g of D-1-Pig-Pro-p-
NHCH2CH2CgHANHC (NH)NH2 - 2HC1 was prepared. The final



[err]

N  NH2 5

Et SO err] -D-Phe-Pro-p-NHCH err]CH err]err]H err] NHC(NH) NH err] . HG
By met hoW® 95386 anti al |y equivalent to those described  pcr/usosigaEs e 34,

1.8 g of Et SO2- D- Phe- Pro-

was prepared from 10 4-nitrophenethyl am ne HCL.
FD-M5, me 515 (MHerr]) 15 HRMS (FABiosnie cal cd.
CerrJHerr]Nerr]derr]S: 515.2441 Found: 515. 2483
Exanpl e 36 [err]
Et SO er r | PBOAHELPWES nPWFCEL ed r DY RPHBLG efmue e I\JH) g/ r(p/B¢, ramp

By net hodgosqbsggnt(hagby ggylﬁ(ﬂllent to those described 25 in exanples 30-C
and 34-B t hrough 34- 8 g of EtS( err]-D Phe-
PCT/ US95/ 02558

5

10

15

20

25

1H NMR
FD-MS, m/e 441 (M%)
Analysis for C34H3gNgO2:2HC1:1.5H50:

Calc: C, 53.33; H, 7.65; N, 15.55;
Found: C, 53.41; H, 7.45; N, 15.37;
Example 40
NH,
NH HN NH
O .

N

- ""r

p- NHCH[err]CH[err]C[err]H[err]CNH(NH) NH2' HCl

I R [err]H NWR
for

WO 95/ 23609

Cl, 13.12;
Cl, 13.48.

* 2HCI

D-1-Piqg-Pro-m-NHCH2CgH4NHC (NH) NH2 - 2HC1

By methods substantially equivalent to those described

in example 36, 1.04 g of D-1-Pig-Pro-m-

NHCH2CgH4NHC (NH)NH2 - 2HC1 was prepared. The final product
was purified by RPHPLC (method 2, 98/2 (A/B), ramp to 70/30

(A/B), 180 min.

1 NMR
FD-MS, m/e 427 (M*)
Analysis for C33H34NgOz-2HC1-H30:

Calc: C, 53.38; H, 7.40; N, 16.24;
Found: C, 53.25; H, 7.50; N, 16.23;

Cl, 13.70;
Ccl, 13.88.



106 Pro-m NHCH err]Cerr]H err] NHC(NH)NH err] . HO was prepared from
3- ni t r oberyiybsmzgee br om de. IR 5 [err]H NWR FD- Mpc1iisdsiotsks
(MH err]) HRVS (FAB), mie calcd. for CJerr]Herr]Nerr]O[err]S:

501. 2284 Found: 501. 2280 10

Exanpl e 37 [err]
BSQmT]DPmFWOmNmHeHHMMH]qHﬁHMH]MQNWM{HH HO 15
By nmet hods substantially equivalent to those described i n exanpl es
26-D, 26-B (using 5% Pd/C in place ofgRa{BaS@4i and ethyl acetate in
pl ace of toluene), and 34-D t hrough 34- F, 0.85 g of '
Et SO2- D- Phe- Pro- m NHCH[ er r CH[err]C[err]H[err]NHC(NH)NH[err] HO was 20
prepared from 3-nitroci nwampgyaci d. [err]H NMR FD-M5, mle 515
(MHerr]) Anal ysi s flor errbH[err]N[err]Qerr]S,.Z.ZHCI 0. 5H20: 25
Cal c: C, 49.73; ; 13. 92; Found' C, 49.45; H
5.82; N, 13.55. 95/ 3609 ’4

PCT/ US95/ 02558 07 NH2
“repg
n/ \/\©/ ;o

5 D-1-Pig-Pro-m-NHCH2CH2CgH4NHC (NH)NH2 - 2HC1

By methods substantially equivalent to those described
in example 37, 0.96 g D-1-Pig-Pro-m-
NHCHCH2CgH4NHC (NH})NH2 < 2HC1 of was prepared. The final

10 product was purified by RPHPLC (methbd 2, 98/2 (A/B), ramp
to 70/30 (A/B), 180 min.

1y NMR
FD-MS, m/e 441 (M*)
15 Analysis for Cz4H3igNgO2°2.1HC1l-1.5H20:

Calc: c, 52.97; H, 7.61; N, 15.44; Cl, 13.68;
Found: c, 52.80; H, 7.57; N, 15.46; Cl, 13.35.
Example 42
20
NH
0]
NH,

* 2 HCI

N H

m NN N
Q( ]
o O

D-1-Pig-cis-Ohi-p-NHCH2CgH4C (NH)NH2 - 2HC1

25 A) Preparation of Cbz-DL-1-Pig-cis-Ohi-OQEt.



Exanple 38 [err] 5
DlPmlMomeHﬁH]qmﬂHMH]MuNWM{mH 2HC By

met hodsWA588eMt i al | y equi val ent to those descri bed PRTAISMISS8 34, 0.94.
g of D 1-Pig-Pro-p- NHCH err] Clerr]H err] NHC(NH)NH err] . 2HO was
prepared. The final product 10 was purified by RPHPLC (nethod 2, 98/2
(A/B), ranmp to 70/ 30 (A/B), 180 ming [err]H NMR FD-M5, me

427 (NH[err]) 15 Analysis for (Jerr]Herr]Nerr]Jerr].2HJ : Cal c:
C, 55.31; H, 26; N, 16.82;, d, 14.20; Found: C, 55.05; H,

7.23: N 16. 55By gymethpd gubstantially equivalent to that dm%i 39 20

E?;rL F}n Ex%ﬁgle 1-a, 16.6 g (100%L of ]Cbz -DL~1-Pig-cis-Ohi-OEt B.
ig-Pro-p e er _ y
net hods smt%ﬁﬁq%%{/ f&&ﬂ{ %z]-ﬁ% Eol’ %oé% g(cﬂl'_%l\égg 6ét’r ﬁ@arrpl e 35, 1.03
g of D-1-F QMR o- p-
5 FD-MS, m/e 496 (M%)
Analysis for C29H40N20s:

Calc: C, 70.13; H, 8.12; N, 5.64;
Found: C, 69.96; H, 8.23; N, 5.73.
10 B) Preparation of’Cbz—D41-Piq—cis-Ohi-p- _ ‘

NHCH2CgH4C (NH) NHCbz.

By methods substantially'equivalént to those described
in Example 1-D and 18-E, Cbz-D-1-Pig-cis-Ohi-p-

15 NHCH2CgH4C{NH)NHCbz and Cbz-L-~1-Pig-cis-Ohi-p-
NHCH2CgH4C (NH) NHCbz were prepared from ébz-D,L-l-Piq-Pro-OH
and p-HaNCH2CgH4C (NH)NHCbz:2HCl. These diastereomers were
separated by silica gel chromatography using an ethyl

. acetate/hexanes gradient. The fractions cbntaining the

20 leading diastereomer (Rf = 0.31, ethyl'acetaté) were'pooled
and concentrated to give 1.3 g of Cbz-L-1-Pig-cis-Ohi-p-
NHCH2CgH4C (NH)NHCbz. The fractions containing the trailing
diastereomer (Rf = 0.19, ethyl acetate) were pooled and
concentrated to give 1.5 g of Cbz-D-1-Pig~cis-Ohi-p-

25 NHCH2CgH4C(NH)NHCbz as a white foam.

1y NMR
FD-MS, m/e 735 (MHY)
Analysis for C43H51N50¢:
30 Calc: c, 70.37; H, 7.00; N, 9.54;
Found: Cc, 70.20; H, 7.22; N, 9.36.

C) Preparation of D-1-Pig-cis-Ohi-p-
NHCH2CgH4C (NH) NH2 - 2HC1.
35 _ . _
By a method substantially equivalent to that described
in Example 18-F, 0.61 g (63%) of D-1-Pig-cis-Ohi-p-



i\lHCI—l[err]CI—l[err]C[err]H[err]NHC(NH)NH[err].2HCI was prepared. The final

WO 95/ 23680 9523609 PCT/ USHdPesB2558

108 product was purified by RPHPLC (nethod 2, 98/2 (A/B), ranp

to 70/30 (A/B), 180 min. 5 [err]H NWR FD-M5, me 441 (Merr])
Anal ysis for (Jerr]Herr]Nerr](err] 2H9 .1.5Herr] O Cal c:

C, 53.33; H 7.65; N, 15.55; d, 13. 12l Found: C, 53.41; H,
7.45; N, 15 37; d, 13.48. 10 Exanpl e 40
[err] H4C(NH)NH2 +2HC1 were prepared from Cbz-D 1-Pig- c1s-

D 1-Pig-Pro- ml%H(gH

err re er NH) err
net hods su@?‘arﬁ“?@l[clﬂ;zééﬁléﬁ\m}[gh? {’% C'é]%% Cr9Af [&e ufst?deié’rrﬁ‘lhé's% 1.04
g of D 1-Piggdd aa® a rampHOH| seyzcz{xenrw[mr:}mm(mw%{ arzd rddtesas
prepared. The final product 20 was purified by RPHPLC (nmethod 2, 98/2
(A/B), ranp to 70/ 30 (A/B), 180 mn. [err]H NMR FD-MS, me
427 (I\/[Srr]l)H 2BIR Anal ysis for (Jerr]Herr]Nerr](err]2.2HC .Herr] O

Calc: GabuSBm/Md 4bedQ (Mr+§6.24) O, 13.70;

Analysis for C27H39Ns502°:2HC1-1H20:

Calc: C, 58.27; H, 7.79; N, 12.58;
Found: C, b8.66; H, 7.56; N, 12.78.
10
Example 43
u"r
15 D-3-Pig-cis-Ohi-p-NHCH2CgH4C (NH)NH3 - 2HC1

A} Preparation of D-3-Pig-cis-Ohi-p-NHCH2CgH4C{NH)NH2-2HCl

By methods substantially equivalent to those described
20 in Example 1-A, 1-D, 18-E, and 18-F, 1.3 g of 3-Pig-cis-
Ohi-p-NHCH2CgH4C{NH)NH2 - 2HCl1l 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.

25 1 NMR
FAB-MS, m/e 466.4 (MH*Y)
Analysis for C27H39N502'2HC1:
Calc: C, 60.22; H, 7.67; N, 13.00;
Found: ¢, 59.95; H, 7.73; N, 12.89.
30



Found: C, 53.25; H 7.50; N, 16.23; d, 13.88. WO 95/ 23609
PCT/ US95/ 02558 109
Exanpl e Q@ 95/23609 NH [err] 5 PCT/US95/02558
D1-Pig-Pro-mNHCH err]CH err]Cerr]H err] NHC(NH) NH err]. 2HCL1 By
met hods substantially equivalent to those described I n exanple 37, 0.96
g DD1-Pig-Pro-m NWHGHHHMH]%ﬁHHMH]MQNWM{HH.%D of was
prepared. The final 10 product was puriTied by RPHPLC (nmethod 2, 98/2
(A/B), ramp to 70/30 (A/B), 180 mn. 1H NWR FD-M5, me 441
(Merr]) 15 Analysis for (err] H Ezafbler4dJerr]. 2. 1HA . 1. 5H err] O
Cal c: C, 52.97; H 7.61; N, 15.44; d, 13.68; Found: . C,
52.80; H 7.57; N, 15.46; CESO%ét 35. _ Exanpl e
42 . 20 HN NH
O * HCI
NH,
"“-‘ N 7-.,0 rn
C\s‘.. O
5 EtSO02-Phg-cis-Ohi-p-NHCH2CgH4C (NH)NH2 -HC1
({(S-cis)-N-[[4- (aminoiminomethyl)phenyl]methyl]-1- ‘
[N-(ethylsulfonyl)-D-phenylglycyl]-1H-indole-2-carboxamide
hydrochloride)
10 A) Preparation of Boé—D-Phg-cis-OhifOEt
By a method substantially equivaleht to that described
in Example 1-2, 14.9 g (58%) of Boc-D-Phg-cis-Ohi-OEt was
prepared from Boc-D-Phg-OH and (S)-cis-octahydroindole-2-
15 carboxvlic acid ethyl ester-HCl.
1y NMR
FD-MS, m/e 430 (M%)
Analysis for C24H34N20s:
20 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.
25 To a cold (0°C), stirring solution of Boc-D-Phg-cis-Ohi-
OEt in ethyl acetate was bubbled HCl 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
30 filtration to give 10.7 g (97%) of D-Phg-cis-Ohi-OEt-HCl.



[err
[Dl qu Ci S- Omseﬁ NHCH[err]C[err]H[err]C(NH)NH[err] 2HC
Z-

Pr epar ati §YP -Pig-cis-Oni-CEt. WO 95/ 236(%?17(1 95/02558

PCT/ US95/ 02558 110 By. a
met hod substantially equivalent to that described in Exanple 1-A 16.6
g (1009 of Cbz-DL-1-Piqg-cis-0Chi-CEt 1ims prepared from Cbz-DL-1-Pi g- OH
.and cis-Onhi-CEt. HO . IHNWVR 5 FD-M5, nfe 496 (Merr]) Anal ysi s for
C[err]H[errhN[err]C{err] Cal c: C, 70.13; H 8.12; N, 5.64,
Found: HoYMBG;, H, 8.23; N, 5.73. 10 B) Preparation of
Cbz-D-l-quF@LgsChmyg 331 (MHCH[err] C[err] H err] C( NH) NHCbz. By
met hods subst Etlall quVﬁJﬁﬁgot those descri bed in Exanple 1-D and
18-E, Cbhz-Dr Vﬁléls fhll%-z [err]C[err] H err] C(NH) NHCbz and
Cbz-L-1-Piqg-cis- daEch- CINHERI. 20¢ | Ef e7r 4 H ey | T(6NH) NHCbz wer e prepared
from Cbz: D, L-1- Pi

p- F{err]im}{err] err H[erFTCf%H?ﬁHC%Z 5F%f qhese di ast ereoners were
separated by silica gel chromatography using an et hyl acet at e/ hexanes
gradient. The fr@»%baastseﬁtafnm he- iy - dieadinig oficast ereomer (Rf = 0. 31,
ethyl acetate) were pooled concentrated to give 1.3 g of

Cbz- L-1-Pi g-ci s- Chi - p- NHCHZCGH46( NH) NHCbz. The fracti ons contai ni ng

the trailing Todaasbeteoser of Rh-Phd-dik- Cﬁi:h-)dEtaGﬁlat(&b wer e7pambeg and
Kﬁgﬁgn tc(e%ﬁjiNﬁcgvgéésapa?ﬁ}{lé%}%D—l fa q(lct)I %.] %&Nﬁmol) in THF (200
mL) at -78 °C, was added dropwise v1a 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
15 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 mlL), saturated agqueous NaHCO3 (200 mL) and
brine (200 mL).  The organic phase was then dried with MgSO4.
filtered, and concentrated in vacuo to give 11.2 g (97%) of a
20 yellow foam.

1 NMR
FD-MS, m/e 422 (M%)
Analysis for C21H3QN20sS:
25 Calc: C, 59.6%; H, 7.16; N, 6.63;
Found: C, -59.94; H, 7.08; N, 6.78.

D) Preparation of EtSO2-Phg-cis-Ohi-p-NHCH2CgH4C (NH)NH? -
HC1
30
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 - 2HC]1 were obtained. The HPLC gradient
used in this case was a ramp of 90/10 A/B to 60/40 A/B over
35 120 minutes.



FD-M5, me 735 (MHerr]) Analysis for CJerr]Herr]Nerr](err]: 30
Cal c: C, 70.37; H, 7.00; N, 9.54, Found: C, 70.20; H,
7.22; N, V0 2%23609 C) Preparation of D 1-Pig-cis-Ohi-p-pCT/usesnsss
NHCH err] CJerr]H err]C(NH)NH err].2HO . 35 By a net hod
substantially equivalent to that described in Exanple 18-F, 0.61 g
(6399 of D-1-Pig-cis-Oni-p- V\q19 / 23609
PCT/ US95/ 02558 111

NHCH err] CJerr]H err]C(NH)NH err].2HC were prepared from Cbz-D 1-Pig-cis-
Onhi - p- NHCHLgr s err] H err] C(NH) NHCbz. The HPLC gradient used in this

case was a 8/ to 0/ 30 A/B over 120 m nutes. 5 [err]H NWMR
FAB- V5, mEE*ﬁg@s i\;ﬁ-{é’éf&/%lg HY)Anal ysis for

Clerr] H erAhalesis Far rq;z-afﬁstdzj[Sequl@ Cal c: C, 58.27; H,
7.79; N, 12.58; . . ~FO 58 6 6; N, 12.78. 10
Exampl e 43 Calei g Cs 15"2569 1C 685 5%, H2 4 |

D- 3- Pi ¢ ci s- Ohi FoungiCH er €} CB@r 4T H Br r§ GNHMNH I 130.2HC

NH
* HCI

'NH,

Oy

10 | -
EtSO2-Phe-cis-Ohi-p-NHCH2CgH4C (NH) NH2 - HC1
((S-cis)-N-[[4- (aminoiminomethyl)phenyl Imethyl}-1-[N-
(ethylsulfonyl)-D-phenylalanyl]-lH-indole-z-cérboxamide
- hydrochloride)
15
A) Preparation of EtSOz-Phe-cis-Ohi—p-
NHCH2CgH4C (NH)NH2 - 2HC1

By methods substantially equivalent to those described
20 in Example 44, 1.5 g EtSO2-Phe-cis-Ohi-p-
NHCH2CgH4C (NH)NH2 -HC1l were prepared from Boc-D-Phe-OH.

1 NMR
FAB-MS, m/e 540.3 (MHY)
25 Analysis for C28H37Ns504S-HC1-H20:
Calc: C, 56.51; H, 6.94; N, 11.77;
Found: C, 56.24; H, 6.55; N, 11.72.



A) Preparation of D-3-Pig-cis-Chi-p-NHCH err]Clerr] HAC(NH) NH err] . 2HC

By net hod tially equivalent to those described 20 | 1-A
1-D, 18- E%“g%ﬁ%@nF 1.3 g of 3-Pig-cis- P 3TRsE
Ohi-p-NHCH err]Cerr]H err] C(NH)NH err].2HC was prepared. The HPLC

gradient used in this case was a ranp of 98/2 A/B to 70/ 30 Al B over 120
m nut es. 25 [err]H NMR FAB- M5, ni&5466.4 (MHerr]) Anal ysi s
for Jerr]Herr]Nerr]Jerr].2Hd : Cal c: C, 60.22; H 7.67;

N, 13.00; Found: C, 59.95. H_7.73; N, 12.89. 30 WO
95/ 23609 PCT/ US95/ 02558

112 Exanple 44 [err] 5

Et SO err] - Phg-ci s- Chi - p- NHCH[ e
((S-cis)-N[[4-(am noi m nonet hyl
[ N- (et hyl sul fonyl)-D- ph | gl yc
hydrochl ori de) 10 r op

rIH err] C(NH) NH[ err] . HC1
phenyl Jmethyl]-1-

] - 1Hi ndol e- 2- car boxam de
ration of Boc-D- Phgygy s- Chi - Okt

O e HCI

N H NH,
N
LJ™r
o
5 HOOCCH2-D-Phe-Pro~-p-NHCH2CgH4C (NH) NH2 - HC1

(N- {carboxymethyl) -D-phenylalanyl-N-
{[4- (aminoiminomethyl)phenyl]methyl]-L-prolinamide
hydrochloride)

10 A)  Preparation N- (t-BuOOCCH2)-N-Boc-D-Phe-Pro-OBn.

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
15 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
20 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 mL each). The organic
25 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%)
30 as a colorless oil which slowly crystallized upon standing.



By a nethod substantially equivalent to that described I n Exanpl e 1-A,

14.9 g (58% of Boc-D-Phg-cis-0Onhi-0OEt was prepared from Boc- D Phg- OH
and (S) we9s/gsbemhydroi ndol e-2- 15 carboxylic acid ethyl msiesosiosiss

[err]H NWMR FD-M5, me 430 (Merr]) Anal ysi s for
Cerr]Herr]Nerr](Jerr]: 20 Cal c: C, 66.95, H 7.96; N, 6.51
Found: C, 66.69; H 8.02; N, 6.40. B) Preparati on of '
D- Phg-ci s-Chi - CEt . HO . 25 To a1l d (O[err]C, stirring solution of
Boc- D- Phg- ci s- Chi - CEt in ethyl acetate was bubbled HO gas for 10 mn.
After stirring for 2 h while warmng to roomtenperature, the

sol vent was renoved in vacuo. The resulting solid was suspended in

di et hyl et HefM&nd subsequently isolated by 30 filtration to give 10.7 g
(97% of BDPHSG-cmgeChse ORI+ HC . WO 95/ 23609 ‘

PCT/ US95/ : . ' 113 [err]H NMR
FD-M5, m ggg?i?s%ﬁ/[ g??] 5:32H42N_?A?1%] ysis for (JQerr]JHerr]Nerr](err]d:

Calc: 5 C, 6£al@: H, 74167N827 84;7.47; N, 4.%6und: C, 62.42; H

7.36; N, 7.85. poyna: O c, Beep@;aki,on 98 ;EySCGeiy] - D- Phg-cis- Chi - OEt.
To a solution of D-Phg-cis-Chi-Cet.HA (10 g, 27 mmol) 10 and

N, N-di i sopropyl et hyl am ne (10.7 nL, 61 mmol) in THF (200 m) at -78
[err] C, way addedpdrapdoncofi H~- &t-BaddCCHy) fN+¥Bmt - Phe-Pya-0H.on of
et hanesul fonyl chloride (3.9 g, 30 mmol) in THF (20 m). The col d
bath was then |l eft unattended and the :

10 . To a solution of N-(t-BuOOCCH2)~-N-Boc-D-Phe-Pro~-OBn ‘

(18.5 g, 33 mmol) in ethyl acetate (250 mL) was added 5% Pd/C
catalyst (5 g). This solution was degassed in vacuo several .
times and placed under an atmosphere of hydrogen for 2 h with
stirfing. The balloon was removed, diatomaceous earth was

15 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.

“1g NMR
20 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.

25 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-
30 NHCH2CgH4C (NH)NHCbz was prepared from  N-(t-BuOOCCH2)-N-Boc-
D-Phe-Pro-OH and p-H2NCH2CgH4C (NH)NHCbz-2HCl. :

1H NMR
FD-MS, m/e 743 (MHY)
35 Analysis for C41Hs51N508:
Calc: C, 66.38; H, 6.93; N, 9.44;
Found: Cc, 66.08; H, 6.92; N, 9.16.



sol ution warrred slowy to roomtenperature. After about 18 15 h, the
sol ution nt rat ed in vacuo. The residue was .Lsﬁﬁ LN
et hyl acet ate 598 washed twi ce each with 1 N ci '?#l c %9\(?@%55?200
m.), saturated aqueous NaHCJ err] (200 m.) and brine (200 nL). The
organi ¢ phase was then dried with MgSq err], filtered, and
concentrated in vacuo to give 11.2 g (972470f a 20 vyellow foam
[err]H NMR FD-MS, me 422(l\/[err]) Anal ysi s for
C[err]H[err N[er err Cal ¢ C, 59.69; H 7.16; N, 6.63;
Found: é’k Flralfle% of, HRPGRFH2- -Ehe-pro- “PD) Preparation of
Et SO2- Phg- cmcﬁlzcsﬁq,ﬁlmf[mz]}q:b.rr] H err] C(NH) NH err] HC 30
By nmet hods substantially equivalent to those described i n Exanpl es
1-D, 18-E and 18-F, 0.62 g of EtSQerr] Phg- ci s- Oni -
p-NHCH err] err]I‘H[ er cpol i) K[ K )r [sitiionercd dbt(4-Bu@OCTHe) HRtBogridi ent
used in &hi $1gage WBSNACK N@HY 822 &0/ 401AbB) 0Y8 a35xadel

o REBCHACRLE (8 2.2 & ) 2

m nut es.
PCT/ US95/ 025380 mL) was bubbled HCl gas for 10 minutesjigAfter [err]H NVR

FAB- M5, nle g336xr3ngMEbers]h while AR tfProom temperature, the
%eag] H grr] g[oira;g]su ggrlem@re%ﬂrﬁﬂaqyo . ﬁxe m‘esigugowas glsslc;&ved in

Exanpl e 45 a mixture of absolute ethanol (150 mL), water (75 mL) and 1
10 N HCl (6 mL). To this was added 5% PAd/C (1 g). After
degassing using vacuum, this mixture was placed under a

N1

hydrogen atmosphere for 16 h while stirring at room
temperature. Diatomaceous earth was added and the
resulting slurry was filtered over a pad of diatomaceous

15 earth. The filtrate was concentrated in vacuo to a residue
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.

20
1y NMR
FAB-MS, m/e 452.3 (MHY)
Analysis for C24H29Ns504-2HC1:
Calc: C, 54.97; H, 5.96; N, 13.35;
25 Found: C, 55.21; H, 6.11; N, 13.39.
Example 47
0 OH
" NH
- o HCI
H NH,
e, . N
u.'
( (_ ]
W o
30 o

HOOCCH2-D~Phe-cis-Ohi-p-NHCH2CgH4C (NH}NH2 - HC1



[err] 10

EtSO err]-Phe-cis-Ohi-p-NHCH err] C err] H err] C( NH) NH2. HC

((S-ci s)wdlokhsgod am noi m nonet hyl ) phenyl ] methyl ]-1-[ N PCT/US95/02558

(et hyl sul fonyl ) - D- phenyl al anyl ] - 1H-i ndol e- 2- car boxam de

hydr ochl ori de) 15 A) Preparation of EtSO2-Phe-cis-Chi-p-

NHCH err]Cerr]H err] C(NH) NH err] . 2HC1 By nethods substantially
equi valent to those described 20 in Ekb$ple 44, 1.5 g

Et SO err] - Phe-ci s- Chi - p- . NHCH err]Clerr]H err]C(NH)NH err]. HC were
prepared from Boc- D- Phe- OH. [err]H NWVR: FAB- M5, me 540.3
(MHerr]) 25 Analysis, for C%err Herr]Nerr]J]Jerr]S. HJd .Herr] O

Cal c: A, 5ETrsParptignol-BRPOYGHZD-Plie-cis-OhirQRty. C, 56.24; H,
6.55; N, 11.72. WD 95/ 23609 '

ESZG5525£22558T0 a SOluFé?p]of D-Phe-cis—Ohi-OEﬁ-ﬁ%as(30 g, 79 mmol)

5 in acetonitrile (400 mL) was added N,N-diisopropylethylamine
(41 mL, 236 mmol) and t-butyl bromoacetate (14 mL, 87 mmol).
This solution was warmed to 50 °C and maintained there for
3 h. After cooling to room temperature, the solution was
concentrated in vacuo. The residue was dissolved in ethyl

10 acetate (300 mL) and this solution was washed twice with ‘
saturated aqueous ammonium chloride (200 mL), twice with _
saturated aqueous sodium bicarbonate (200 mL), and twice with
brine (200 mL). The organic layer was dried (MgSO04) ,
filtered, and concentrated in vacuo to give an orange oil

15 which was purified by silica gel chromatography eluting with
a gradient of hexanes to 1:1 hexanes/ethyl acetate.
Fractions containing product (as jﬁdged by TLC) were combined
and concentrated to give 33.2 g (92%) of a coloriess oil.

20 1 NMR
FD-MS, m/e 458 (M*)
Analysis for C2gH3gN205:
Cale: C, 68.10; H, 8.35; N, 6.11;
| Fourid: c, 68.37; H, 8.47; N, 5.90.
25 |
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

30 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 diécontinued, and once cool, the
solution was concentrated in vacuo. The residue was
dissolved in ethyl acetate (400 mL) and washed twice with 1.0

35 M citric acid (200 mL), twice with saturated aqueous sodium
bicarbonate (200 mL), and twice with brine (200 mL). The
organic solution was dried (MgSO4), filtered, and



5 HOOCCH2- D- Phe- Pr o- p- NHCH[err]C[err]H[err]C(NH)NH[err] HC

(N-(car bo D- phenyl al anyl - [[4-(am n0| phenyl

pet hyl ] - L pr o %‘?m de hydr ochl orlg ; E’B%Agsg
Preparati on N-(t-BuOOCCH2) - N- Boc- D- Phe- Pr o- OBn. To a sol uti on of
D Phe-Pro-OBn. HO (20 g, 51 mmol ) in DMF (100 nlL) was added t-butyl
bronbacetate (9.9 g, 56 mmol )" in ondal®ortion and

N, N- di i sopropyl et hyl am ne (17 4 m., 101 15 rmmvol) dropwi se over 30 mn.
ThIS m xture was allo or 1 s at.roo te er at ur

B t-butyl GPEGRRGATES (b MCUS tg SHE8 AoV FLARY Ricdi | ARTEEVbEH ] ari ne
(13.2 nl, 76himodldl (24vre tdﬂemmddedasndmasoﬁmeal bn mm mlheof eacti on was

[ d h 20
o the resihtaEial ofb MRS Wiifacilals 1 E“?9§§§?5?¥@§i{f§v S 05 AW
aqueous ci t FieHH2Q {) Gm?ﬁ_l)) It SPafer !’aﬁEFe ThigcBixEiel AR "’t]ﬁé"'fﬁdgam c

phase was wBshggi PNES: vd tﬁ}:slaM rooma%ﬁguaccwhabﬁ aﬂné mwm yeth
sat urated agueous SOdI um bi car, Ona%‘ilﬁféaf* once brj 500
1

each) . The SRERFRESOPHRRNS \FIDHBIC SeFcrined. 11 50 Eyente afvre
concent r at eflendved i aratuo Eil &fhﬂeE&eGuBuBawaPUphftEﬂlbzyedi}iaétwee:;el
chromat ography eluting with a acet t e/ hexan

to 30% et hygag‘ézé?%?%/ ea%}ass)soeé ESEFaFﬁ n‘age g %cﬁ Were
conbi ned anblayemse‘m:ratsabanabgd/@nﬁgthegageé%stlDayes was koidiefisedito whi ch
sl ow 4 upqn. i 6

PCT/Ué /02%@ & %f%h f%fggidNJ The ac1d1cvghgéég§ %%%utlon waT err]H NVR
FD-MB, ml e €%bragtedrd)times apidh diethyl peher: (800 mL) anpd|these weze

67.82; H 7cémbifedA Ddied (MgSOy), FAlmered ahd 68nbéntthtdd s PMNveéd. 17:

B) Preparga 9” Offﬁhﬁ{tjﬁﬁggggﬁz)-N; -Bigﬁelggglgkg-OH as a white

foam.

anes

15
g NMR
FD-MS, m/e 530 (M%)
Analysis for C29H42N207:
Calc: C, 65.64; H, 7.98; N, 5.28;
20 Found: C, 65.39; H, 8.04; N, 5.39.

C) Preparation of HOOCCH2-D-Phe-cis-Ohi-p-
NHCH2CgH4C (NH)NH2 -HC1

25 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 -HC1l were obtained.

14 NMR
30 FAB-MS, m/e 506.3 {MH*Y)
Analysis for C2gH3g5N504-2HC1-H20:
Calc: C, 57.24; H, 6.52; N, 11.92;
Found: C, 57.40; H, 6.30; N, 11.69.



10 To a solution of N (t-BuOOCCH2)-N-Boc- D Phe-Pro-0Bn (18.5 g,
33 mmol) in ethyl acetate (250 nL) was added 5% Pd/ C catalyst (5 g).
Thi's solgd 559? %gas degassed in vacuo several ti mes anpgdTniseserkssinder an
at nosphere of hydrogen for 2 h with stirring. The balloon was renoved,
di at omaceous earth was 15 added and the slurry was filtered over a pad of
di at omaceous earth. The filtrate was concentrated in vacuo to give
13.2 g (84% of a white foam 120 err]H NVR 20 FD- M5, nife 476
(Merr]) Anal ysis for [err]: Cal c: C, 63.01;, H 7.61;, N,
5. 88; _ Found: C, 63.23; A3 N, 5.59. 25 O

Preparation of N (t-BuOOCCH err])*= - he- Pr o- p-

NHCH2 C6 H4 C( NH) NHCbz EIKI-a nmet hod substantially equivalent to
Exanpl e 18-E, g (9® (t - BuOOCCH2) - N- Boc- D- Phe- Pro- p- 30
NHCH  err] ([ err] H[err]C(NH) NHCog was prepared from N-(t-BuOOCCH err])- N Boc-
D- Phe- Pro-OH and p-H IJNCH err] [ err]H err] C(NH) NHCbz. 2HC . [err]H

NVR FD-MS, me | r]) 35 Analysis feqlerr]: Cal c:

C, 66.38; H 6.93; 0 Found: 66e BICI H 6.92; N, 9.16.
WD 95/ 23609 . ﬁCT/ US95/ 02558

117 D) Preparati on of pNiOOCCHM D- P

NHCH[ err] {[ er r] H[ er r ] C( NH) NHer N..,,JeiN To a cooled (0 [err] O
solution of N-(t-BuOOCCH err\)-)B#c-D- 5 -

Phe-Pro-p-NHCH err] Cerr] H err] (NG NHCbz (2.2 g, 3 mmol ) in di oxane

5 ' HOOCCHz-D-Cha-Pro-p-NHCH2C6H4C (NH) NHz - HC1
(N- (carboxymethyl) -D-cyclohexylalanyl-N-[[4-
(aminoiminomethyl)phenyl]lmethyl] -L-prolinamide)

A) Preparation of HOOCCHz-D-Cha—Pro—p—NHCH2C5H4C(NH)NH2-HCl
10 .
By methods substantially equivalent to those described
in Example 46, 0.92 g of HOOCCH2-D-Cha-Pro-p-
NHCH2CgH4C (NH) NH2 -HC1 were prepared.

15 1lH 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.
20
Example 49

C) OH

CL)\f « HCI
NH,

(\ Q "’n’



(100 nL) was bubbled HC1 gas for 10 m nutes. After stirring for 3 h

whi | e war rwogst3sos oom t enperature, the di oxane was rewﬁ 24k§CUO.
The resi due was di ssolved in a m xture of absol ute ethano ("150 m.),
water (75 mL) and 1 10 N HO (6 nL). To this was added 5% Pd/C (1 g).
After degassi ng using vacuum this mxture was pl aced under a

hydr ogen atnosphere for 16 h while stirfdi2dg at room t enperat ure.

D at omaceous earth was added and the resulti ng slurry was filtered over
a pad of di at omacemtecd -reathklcisIRgLEL ﬁ%ﬁ% d in vacuo to
a residue and thi sd;%as |rrrred|1§t g% %uirq??{ig%g\ﬁgc lﬁél‘é 2 (98/2

AB to 70/30 A/B ridy Cd-\FéI"NZ[ﬁﬂsfmmaéﬂ%me’émmhﬁmgl]metmme product

wer e pool ed and iygnh(d;azzw&:jﬂetgiﬂf) -b-%y@lohex&i&%n?i]alﬁbiﬁéofgl' d. 20
[err]H NMVR FAB- VS, ngal[nerrcﬁ}, Ainal ysis fo
C[err]H[err]N[err]qerr] 2H car ide Bydrochloxide), 97 H 5.96; N,
13.35; 25 A) Fmpnratlomoﬂaaomcmzl D6Phé-chs-aR1i 39~

Ex le 47
HOgTZHCI-I[eer r ]IYH[E%CGH‘ZC(N& NIS%I—([ err]Clerr]H err]C(NH)NH err]. HA

WO 95/ 23609 PCT/ US95/ 02558
118 By methods substantially equivalent to those described

in Example 1-A and 1-D, 18-E, 44-B, 47-A(using benzyl

10 Dbromoacetate) and 18-F, 0.75 g of HOOCCH2-D-Cha-cis-Ohi-p-
NHCH2CgH4C (NH)NH2 -HC1l were obtained starting from Boc-
D-Cha and cis-Ohi-OEt-HCl. HPLC Method 2 was used in the
purification of this material using a gradient of 98/2 A/B to
70/30 A/B over 3 h,

15
1y NMR
FAB-MS, m/e 512.3 (MH%Y)
Analysis for C28H41N504-HCl:
Calc: C, 61.36; H, 7.72; N, 12.78;
20 Found: C, 61.08; H, 7.47; N, 12.53.
Example 50
O OH
O\)\f \/@/‘k * HCI
'",I
25

HOOCCH2-D-Phe-Pro{4-cis-isoamyl) -p-NHCH2CgH4C (NH) NH2 - HC1

A) Preparation of Cbz-Pro(4-trans-OH)-OEt.



A) Preparati on t-BuOOCCH2- D Phe-ci s- Ohi - OEt .
D-Phe-cis-Chi-Cet.HA (30 g, 79 mmol) 5 in acetonitrile (400 n.) was added
(41 mL, 236 mmol) and t - but pcTiusesnssset at e
This solution was warned to 50 [err] C and nmai nt ai ned’
3 h. After cooling to roomtenperature, the solution was
"concentrated in vacuo. The residue was dlssolved in ethyl 10 acetate (300

N, N- di i seigrespydoet hyl am ne
(14 ni, 87 mmol).

there for

m.) and t
chl ori de
m.), and
(MgSd err

gr adi ent
product (

g (92% of*®

Anal ys% s
8.35;, N,
Preparatl

sol ution @mpesumzs#m %dsamawtsqda@ng ché@rlde R TI—ﬁEhFZOO

To a solution of

his solution was washed tw cel%# t sat urated agueous amoni um
(200 nL), twice with saturated aqueous sodi um bi carbonate (200

twice wthTo a Qawel&,ﬁoefnéaz PASIEY MY oH )G (W3S odr hed

1), iltered concentrated i n vacuo to, %lve an orange oi
15  whi ch™@gd) pbPl ?FE@F“BJ;/ §§Q9 dal )y das mdsdes @gﬁé’ﬂwn@?&@
of) BfBatRe soldtiomevadddaidy tonarifdux. Afteiadsi apsthant ai ni ng

2o3uERRE, vl oot 08 O (hagar: 2. AREAN 253768 RRYT T

err])

RB1G pR1d

fremoCedr ihHracud N[ €Thé Gfesidue was dissolxed: in etﬁylGacebatH

Q454 mn) and wagﬁ’é@dtwn,ce Geitdf. s%@ur%te& ég{euus5Naﬁcog5 and B)

on of N-(t-BuOOCCH2)- N Boc-D-Phe-cis-0Oh

n) was ageegiNabetatsossDpyiei hya\ﬁramd WA £} Mgrm4 9¢imrekkedaadddi - t - but yl

o i mogoreeRrEateq iny vacto jho give 3o & GasiRe oneplazassirg once

cool ,10heoil. solution was concentrated in vacuo The resi due was

di ssol ved in ethyl

acid (200_nL), twice with saturated aqueous sodi um bi car bonat e (200
m.), and thei dMRwi t h bri ne (200 M.). The organi ¢ solution was dried
(MySH) , frp-Mer eflyeaBds (M+) WO 95/ 23609
PCT/U895/025 8
alysis for C3sH19NOs5:
15 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-oxo)-OEt.
20 Cbz-Pro(4-trans-OH)-0Et (32.7 g, 111 mmol) wés dissolved
in dichloromethane (500 mL) with mechanical stirring ina 1 L
round bottom flask. To this solution was added 3 A molecular
sieves (100 g) and pyridinium chlorochromate (60 g, 278
mmol), in portions small enough to maintain efficient
25 stirring. After stirring for 12 h at room temperature,
diethyl ether (200 mL) was added and the black slurry was
decanted from a tarry residue and flushed through a column of
silica gel (200 g). The residue was washed twice with
dichloromethane (200 mL) and the combined washings were also
30 passed through the silica plug. The filtrate was flushed

35

through a silica gel column with 1:1 ethyl acetate/hexanes (4
L) and 500 mL fractions were collected. All fractions
containing product, as judged by TLC, were combined and
concentrated in vaéuo to give 23.8 g (74%) of a colorless

oil.

acetate (400 nL) and washed twice with 1.0 35 Mcitric



concentrated in vacuo to give a yellow oil. A portion of this oil (24.8
0, 44 molwo y&esesd Ssol ved in 300 nL of di oxane. To thi s pagausesiorsds a
Solution consisting of 2.05 g LiIOH Herr]O (49 mmol) in 150 nL water.
This mxture was allowed 5 to stir for 5 hrs at roomtenp at which tine
100 nmL of sat urated aqueous amoni um chl ori de was added. Sol vents were
removed in vacuo and the residue was partd3ioned between sat ur at ed
aqueous sodi um bi carbonate and di ethyl ether. The | ayers were separated
and the aqquUﬁMg‘ayer was acidified to 10 pH 3 with citric acid. The

aci di ¢ aqueolUs SOl uti on was extracted 3 tines with diethyl ether (200 -
m.) and theEB-M@rem/e 2%ontMMed, dried (MgSq err]), filtered and

concentrat efint Oy8i ¥ efor cyd3Mdsef N-(t-BuOOCCH?) - N- Boc- D- Phe-ci s- Ohi - OH as

a white foam 15 err%H NVR FD-M5, mie 530 (Merr])

Anal ysis for Cf eF*i®ferr]NFerftdd2i - 5-88; N, 4.&4ic. C, 65.64; H,.
7.98; N5 5.28;, 2found: Founell.57; Gi, 6b.635; NJ, 48.7Q4; N, 5. 39. @)
Preparati on of HOOCCH2- D- Phe-ci s- Ohi - p-

NHCH err] CJerr]H err] C(NH)NH err] . HC 25 By nmethods substantially
equi val ent €b t hPseparatiomesf Cbz-PRroEdaiipbbutgifiethgld8eie) 0Rtg (67% of
HOOCCH2- D- Phe- ci s- Chi-p-NHCH err]JCerr]Herr]C(NHNH err] . HO were
obt ai ned. [err]H NVR 30 FAB-M5, nie 506.3 (MHerr]) Anal ysis for

Clerr] H err] N er Ppthesipm iytoyide (34 g, 288 mmoliyves suspended ing: H
6.52; N 1lt@2rahydrofuran FEOWmL) i% aR’o¢8n Hriba3P-ndkk 14 .¥%ound
WO 95/ 23609 ] , ) . PCT/ US95/ 02558
120 bottom flask equipped with a nitrogen inlet, magnetic stir
bar, and addition funnel. To this_suspension was added, in
several portions, iscamyltriphenylphosphonium bromide (120 g,
288 mmol). After stirring for 30 min, a solution of Cbz-
15 Pro(4-ox0)-OEt {70 g, 240 mmol) in tetrahydrofuran (150 mL)
was added dropwise via an addition funnel over a 1 h period.
Akter stirring for an additional 2 h, saturated agueous NH4Cl
(100 mL) was added. This solution was diluted with ethyl
acetate (750 mL) and the layers were separated. The organic
20 layer was washed two times with 1 N citric acid, twice with
saturated agueous NaHCO3, and twice with a saturated agueous
sodium chloride solution. The organic solution was dried
with MgS0O4, filtered and concentrated to give a yellow oil.
This oil was purified by flash chromatography over silica
25 gel, eluting with 2:1 hexanes/ethyl acetate. Fractions
containing product (as judged by TLC) were combined and
concentrated in vacuo to give 37 g (45%) of a colorless oil,.

1H NMR
30 FD-MS, m/e 345 (M%)
Analysis for CpH27NO4:
Calc: C, 69.54; H, 7.88; N, 4.05;
Found: C, 69.74; H, 7.85; N, 3.99.

35 D) Preparation of Pro(4-cis-isoamyl)-OEt-HC1l.



err 5
I[—|OOC]CH[err] D- Cha- Pr o- p- NHCH[err]C[err]H[err]C(NH)NH[err] HCl

(N- (car DYRYHRINY | ) - D- cycl ohexyl al anyl - N-[ [ 4- PCT/US95/02558

(ami noi m nonet hyl ) phenyl ] net hyl ] - L- prol i nani de) A) Preparati on of
HOOCCH2- D- Cha-Pro-p-NHCH err] Cferr]H err] C(NH)NH err] . HO 10 By
nmet hods substantially equivalent to t descri bed I n Exanple 46, 0.92
g of HOOCCH err] - D Cha- Pro-p- NHCHerr] Clerr]H err] C(NH) NH err] . HC
wer e prepar ed. 15 [err] H NMR FD-M5, me 458 (Merr]) Anal ysi s for

Clerr]H err] N err] Orer ] sbitht DoBHPErCHZ> Pro (4-isobuatlmethyliGene? -88L H,
E;(-:;Ln;]l 2" 4 3793;, 107 Tug?H Fﬂﬂrahano]\%sgyl g@gogaga%%'edl\%%lgd?é' '(gog) .
PCT/ US95/ J25Eggen gas was bubbled through this solution for 5 min and
then hydrogen gas was bubbled through for 3 h. The solution
5 was filtered through a pad of diatomaceous earth. Hydrogen
 chloride gas was then bubbled through the solution until
saturation, and then the solution was concentrated in vacuo

to give 26 g (97%) of amber oil.

10 1B NMR - . ' ' ' (
FD-MS, m/e 214 (M%) o
Analysis for C12H24ClNO2:
Calc: c, 57.70; H, 9.68; N, 5.61;
Found: ~ C, 57.46; H, 9.50;' N, 5.82.
15
E) Preparation of HOOCCHz-D-Phe-Pro(4-cis-isoamy1)-p-
NHCH2CgH4C (NH) NHz - HC1 '

By methods substantially equivalent to those described
20 in Example 1-A and 1-D, 18-E, 44-B, 47-A(using benzyl
bromoacetate) and 18-F, 0.27 g of HOOCCHz-D—Phe-Pro(4-cis-
isoamyl) -p~-NHCH2CgH4C (NH)NH2 -HCl were obtained starting from
Boc-D-Cha and Pro(4-cis-isoamyl)-OEt-HCl. HPLC Method 2 was
used in the purification of this material using a gradient of
25 98/2 A/B to 50/50 A/B over 3 h.

1y NMR
FAB-MS, m/e 528.4 (MH*)
Analysis for C29H45Nsd4-1.9HC1:
30 Calc: C, 58.34; H, 7.92; N, 11.73; C1, 11.28;
Found: C, 58.30; H, 7.85; N, 11.83; C1, 11.27.



121

HOOCCH] er ko cis-Chi-p-NHCH err]Clerr]H err] CCNH) NH er

¢(S-cis)- I\vl!’[ [Dﬂg%%m noi m nonet hyl ) phenyl ] met hyl | - lfc]fr/ﬁ@smzsss

1-[ N- (car boxynet hyl ) - D- cycl ohexyl al anyl ] - 1H-i ndol e-

2-car boxam de hydrochloride) 5 A) Preparation of

HOOCCH[ er r ] - D- Phe- ci s- Chi - p- NHCH[ ér23 Clerr] H err] C(NH) NH err] . HC

By nmet hods substantially equivalent to those described in Exanple 1-A
and 1-D, 18-E, 44-B, 47-A(using be%ﬁgmacet ate) and 18-F, 0.75 g of
HOOCCI—l[err]-DCha-cis-Gwi-p- err]H[err]C(NH)NH[err].HCI
wer e obtained starting from Boc- D-Cha and cis-Oni-OEt. HO . HPLC

Met hod 2 was used in S H purification of this material using a
~gradient of 98/2 A/B 2y0/30 A/B over 3 h. NS err] H NVR

FAB-MS, me 512.3 ( : Bhal ysis for. d r“{e @ww]qu]Hd
Cal c: C, 61.36; H 7.72; N [12.78; 20 N C, 61.08; H,
7.47; N, 12.53. N H Exanple 50

[err] 25 -
HOOCCH[ err] - D- Phe- Pro(4-ci s-i s;.a-z/ rp NHCH err] Clerr]H err] C(NH)NH err] . HC
I A Preparati on of Cbz-ProGh trans- OH) - Cet .

5 D-Cha-Pro-p-NHCH2CgH4C (NH) NH2 - 2HC1
(D-cyclohexylalanyl-N-[[4-(aminoiminomethyl)phenyllmethyl]-L-
prolinamide dihydrochloride

A) Preparation of Boc-D-Cha-Pro-p-NHCH2CgH4C (NH)NHCbz
10
By methods substantially equivalent to those described
in Examples 1-A, 46-E, and 18-E, 32.5 g (94%) of Boc-D-Cha-
Pro-p-NHCH2CgH4C {NH)NHCbz was prepared starting from Boc-D-
Cha-Pro-0OH.
15
1 NMR
FD-MS, m/e 634 (M%)
Analysis for C3s5H47N50¢4:
Calc: C, 66.33; H, 7.47; N, 11.05;
20 Found: C, 66.30; H, 7.47; N, 11.286.

B) Preparation of D-Cha-Pro-p-NHCH2CgH4C (NH)NHCbz - 2HC1

By a method substantially equivalent to that described
25 in Example 23-A, 9.6 g (101%) of D-Cha-Pro-p-
NHCH2CgH4C (NH) NHCbz - 2HCl was prepared from Boc-D-Cha-Pro-p-
NHCH2CgH4C (NH) NHCbz . '

1y NMR
30 FD-MS, m/e 534 (M%)



WO 95/ 23609 ' PCT/ US95/ 02558

122 _ To a solution of Cbz-Pro(4-trans-OH)-CH (33 g, 124

nmol ) i rwevla3ed (500 nl) was added p-tol uenesul foni c acigctrisesio26es and t he
solution was heated to reflux. After 16 h, the solution was cooled to
roomtenperature, and the solvent was 5 renoved in vacuo. The residue
was di ssolved in ethyl acetate (4 {L) and washed twice with saturated
aqueous NaHCO3, and twice with a ur at ed aqueous sodi um chl ori de
solution. The et hyl acetate solution was dried with MgSO4, filtered and

concent r ahRdlysis afomw CIpHUNB0E1D:0 (95% of a colorless 10 oil.
Anal ysis far

r]H NVR FD-MS, mg 2
[cfre;]r] H err] ch%%j: 15 €, 33’.@;} g‘%'r]g-glcf, N1.142:544 G.531.689:4. 77;

Found: C, 6Ho@dd: H 6CH6559N544.H3.6.80; N,B)11.77r;ewmr,atilQ2iqf

Cbz- Pro( 4- oxo) - CEt . 20 Cbz-Pro(4-trans-OH)-OEt (32.7 g, 111 mmol)
was dissol ved i n di chl oronet hane (500 nL) with nmechanical stirring in a
1L > rBund Beerarationief Ry Gha-ProoPrNHEH2RE6H48ANBINE2 A2HELecul ar

sieves (100 g) and pyridiniumchlorochromate (60 g, 278 mmol ), in

portions small enog,ﬂ% to_maintain efficient 25 -stirring. After stirring

for 12 h at rob¥ ? Jipied (Fubstantigldy, paudivpdentobe whatvdesadiled and t he
bl ack sl uinyExample lsiaam.gd for qB6R&)t oEr p-cRakdye-god flushed through a
col um of Lk ] (. 0)...The residue washed twi ce with

di chl or orrl\\g\lfI %%%éeéﬂ{‘iz%wza%g&tlh}é’ag oﬁ’%?ﬁgﬁe%sﬁpﬁgsl‘m%ga# s‘ﬁa%()“s"p%ssed

t hrodéh the the imwifigptictheff thisamateasall usivg a gradienghof s8/d ca gei
colum wizhgld o oH 206L1R%S Bexapes (4 L) and 500 nL fractions were

collected. Al fractions contfaining product, as judged by TLC, were
conbi ned and concentrated in vacuo to give 23.8 g (74% of a colorless
35 o0il..1H NMR : _

FAB-MS, m/e 400.3 (M%)
15 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.
Example 52
(o]

OH
HN
NH
H NH;
NS... N
L
o)

20
HOOCCH2CH2 —D-Cha-'Pro-p—NHCH2C6H4C (NH)NH2 -HC1
(N~ (2-carboxyethyl) -D-cyclohexylalanyl-N-
[[4- (aminoiminomethyl)phenyl] met'hyll -L-prdl inamide
hydrochloride)
25

A) Preparation of HOOCCH2CH2-D-Cha-Pro-p-
NHCH2CgH4C (NH) NH3 - HC1
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123 wo 94336t NVR FD-M5, nfe 291 (Merr]) Anal yeduéssnasss
Jerr]Herr]NJerr]: Cal c: C, 61.85; H 5.88; N 4.81, 5
Found: C, 61.57; H 5.82; N, 4.71. (@) Preparation of

Cbz- Pro(4-isobutyl net hyli dene) CEt . Pot assi um t - but oxi de (34 g,
288 mmol ) was suspended in 10 tetrahydﬁ%ﬁuran (800 m.) in an oven dried
2-neck 2 L round bottom fl ask equi pped with a nitrogen inlet, magnetic

stir bar, aﬂdcﬁgdbibﬂé—rl R qn%ohﬁ-ﬁh\fﬁcﬂﬁ@ﬁ&i' 8@ %gba@d?dxméi‘)

sever al portlons | soa sphoni um brom
mol ) . Aftmsswwm@edom:m:%qw (1&035Mt waﬁhostcgzmqs Prsfehu@@s) CEt (70

g, 240 mmob} nnmtmdf@jwdmf HIAN v(aﬂs5&aaleh to tWasSsdgdgefsdbppahdethd a an
addi ti on funnel over {)FIO tirrin or _.an additional 2

Af ter
h, sat urat B4*EEH8ORS I\ﬁ[’é‘?‘? until @i‘éosl‘?‘ls_')l ad aﬁ&lﬁgoi‘fﬁ‘?s stt¥ti on was
di | ut ecb w mhxethyl was tracifdrrdd To @l sepatatbeyl syfhelvenéd siepar ated. The

organi c 20;.byeT sdsyBaied il dries ctblled Dag! BEL a2 Bhelsod Y o2 W Lh

sat urated aqueous tw c th a saturated sodi um
chlori de s6iiteved amd mrg'éﬂmzras:@djtlmrvamg dei gilve 1. :'MtQ\ *ySde filtered

and concenttgbopald g4 ve il 0l mnie T813a0khevBseRUyLd ofb bY 1 ach

chr omat ograg over |1 ca exanes/ et yI acet at e.

Fracti ons EtO c&?ﬁ?%lmﬁ‘hg rﬁ%&ﬁ)@t AFY aGGgég -By FLCP - feFBOEbMHRRed and
concenig at gdaed ¥R Uhé OsslluE ol was( 42%%-rel §090b055§§ Sa@i foom [err]H

Calc: | bempsPatucey (Mgn Wo shis solbiidn vapspfged wated SBEI
7.85; N, 3mB9, 1 BSHCD) (4.FPmiIparaaid &% ®d/Br d045cg$- andaﬁyé)sﬁfiriﬁg.
suspension was degassed and placed under an atmosphere of
hydrogen. After 16 h, diatomaceous earth was added and the
15 slurry was filtered over a pad of diatomaceous earth. The
filtrate was concentrated to a volume of 25 mL in vacuo and
purified by preparative RPHPLC method 2, using a gradient
of 98/2 A/B to 75/25 A/B over 2.5 h. Fractions containing
pure product (as judged by analytical HPLC) were pooled,
20 concentrated and lyophilized to give 0.27 g (23%) of
HOOCCH2CH2-D-Cha-Pro-p-NHCH2CgH4C (NH) NH7 - HC1.

1y NMR
FAB-MS, m/e 472.4 {(MHY)
25 Analysis for C25H37Ns504-1.9HC1:

Calc: C, 55.50; H, 7.25; N, 12.94; Cl, 12.45;
Found: C, 55.26; H, 7.26; N, 13.21; Cl1, 12.85.
Example 53
o OH
HN
O

S VS
oy N

g
' O

HO2CCHy-D~Cha-Pro-4-NHCH2~-piperidine-HCl

30
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124 To a solution of Cbz-Pro(4-isobutyl nethylidene)-OEt

(37 g, 1969 i n ethanol (500 nl) was added 5% Pd/ C (5permsesin2sss\i t rogen
gas was bubbl ed through this solution for 5 mn and t hen hydrogen gas
was bubbl ed through for 3 h. The solution 5 was filtered through a pad of
di at omaceous earth. Hydrogen chl ori de gas was then bubbl ed through t he
solution until saturation, and theA2Bhe sol ution was concentrated in
vacuo to give 26 g (979 of anber oil. 10 [err]H NWR FD-MS, me
214(|\/[err]) Analy5|sfor C[err]H[err]CIqurr] Cal c: C,
57.70; H, 68; N, 5. 57.46; H, 9.50; N, 5.82. 15.
E) prepamat &ﬁﬁwqqeeecﬂzf Bopné- mmore%hy%b@mw}npﬁ

NHCH err] CJerr]H err] C(NH)NH err] . HC By net hods subst anti al | y

39 A st ng_bendil % SR BEpefne A R TR v 8 "o ke 'Beder b

HOOCCH3- D-:Frhsa:ﬁam(]‘e (34|-$-, 19 g (87%) of Boc-4-(aminomethyl)pyridine

rom ) Bl g ok Y Ch LAY £ by THad® 2 202t hod 3 vis

used in the purification of this material using a gradient of 25 98/2 A/B

to 50/50 APBmer 3 h. [err]H NMR FAB-M5, mle 528.4 (MH err])
Analysis for Clerr]Herr]Nerr](err].1.9HO: 30 Cal c: C, 58. 34,
H 7.92; N, 11.73; d, 11.28; Found: C, 58.30; H, 7.85; N,
11. 8310(] BHJ.Hféparatlon ofM@FBEbﬂﬁﬁﬁﬁhN Cbz-piperidine. ‘
PCT/ US95/ 02558 _ '

4-BocNHCH>-pyridine (10 g, 48 mmoi)_was dissolved in

ethanol (280 mL) and 5% Rh/C (10 g) was added. The
suspension was shaken under an atmosphere of hydrogen (4.1-

15 bar, 60 psi) at 60 °C overnight. The catalyst was then
filtered off and the solution was coqéen;réted in vacuo to
give 9.0 g of a gray solid. A 3.2 g.portion of the so0lid was
dissolved in tetrahydrofuran (75 mL) énd an agueous solution
(75 mL) of potassium carbonate (4.2 g, 30 mmol) was added.

20 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, thep dried (MgSO4), filtered and concentrated in

25 vacuo to give 4.6 g (76%) of a white solid.

1y NMR
FD-MS, m/e 349 (M*)

30 ©) Preparation of 4-NH;CH;-N-Cbz-piperidine-HCl.

By a method substantially equivalent to that described
in example 23-A, 3 g (84%) of 4-NH3CH;-N-Cbz-piperidine-HC1l
was prepared from 4-BocNHCH;-N-Cbz-piperidine.

35
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125 Exanpl e 51 [err] 5

D- Cha- Prowo ddrGkliser r] Jerr] Herr] CCNH) NH err] . 2HC PﬂWﬁMﬁm
{(D-cycl ohexyl al anyl - N-[[ 4- (am noi m nonet hyl ) phenyl ] met hyl ] -

prol i nam de di hydrochl ori de A) Preparati on of
Boc-D-Cha-Pro-p-NHCH err] Cferr] H err] C(NH) NHCbz 10 By net hods
substantially equivalent to those descri i n Exanples 1-A 46-E, and
18-E, 32.5 g (94% of Boc-D Cha- Pro-p-NHCH err] [ err] H err] C( NH) NHCbz
was prepareg startlng from Boc- D Cha-Pro-OH 15 [err]H NWR

FD-MS, me § Merr]) - Analysis for C35HA47N506: Cal c: C,
66.33; H 7HAMR 11.05; 20 Found: C, 66.30; H 7.47; N, 11.26.

B) Prepargbng,ofmﬁgCﬁman@pp-NHCH[err]C[err]H4C(NH)NHCbz.2HQ
By a nethod substantially equivalent to that describhed 25 in Exanple 23-A,
9.6 g (101% of D Cha-Pro-p- NHCH err] C{err] H err] C(NH) NHCbz. 2HCl was
pr epar e f r Din Berepatihidn oo -N- { t-ENKICELER F 1 10F Boc 1 P Gna{ E(dMOENHChZ .
[err]H NVR 30 FD-Ms5, nie 534 (Merr])
N- (t-Bu0O2CCH> ) -N-Boc-D-Phe-Pro-CH (13 g, 27 mmol) was
dissolved in ethanol (750 mL) and Pt0O2 (13 g) was added. The
suspension was shaken under an atmosphere of hydrogen at 4.1
10 bar (60 psi) at 40 °C for 16 h. The catalyst was then
filtered off and the filtrate was concentrated in vacuo to

give 11.7 g {90%) of a white foam.

IR
15 1H NMR
FD-MS, m/e 483 (M*)
Analysis for CzsHgpN209:
Calc: Cc, 62.22; H, 8.77; N, 5.80;
Found: C, 62.99; H, 8.96; N, 5.48.
20
E) Preparation of HO2CCH;-D-Cha-Pro-4-NHCH>-piperidine-HCl.

By methods substantially equivalent to those described
in example 1-G and example 46-D, 1.1 g of HO2CCH,-D-Cha-Pro-
25 4-NHCH2-piperidine-HCl was prepared from N- (t-BuO,CCH;)-N-Boc-
D-Cha-Pro-0OH and HCl-4-NH2CHy-N-Cbhbz-piperidine. The product
was purified by RPHPLC method 2, ramping from 98/2 (A/B)
through 70/30 (A/B) over 2 h.

30 IR
1H NMR
FD~-MS, m/e 423 (M*)
Analysis for C32H3gNg04°:2HC1-1.5H70:
Calc: C, 50.57; H, 8.29; N, 10.72;
35 Found: C, 50.31; H, 8.46; N, 10.93.
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126 Analysis for CJerrJHerr]Nerr]Jerr]dJerr]: Cal c:

C, 59.4QyobknFessl; N, 11.54; d, 11.69; Found:pcTrudesossds 54; H,
6.80; N, 11.77; d, 11.21. 5 O Preparation of

D- Cha- Pr o- p- NHCH2C6HAC( NH) NH[ er r] . 2HC By a net hod
substantially equivalent to that described in Exanple 18-F, 0.74 g
(62% of D-Cha- Pro-p- NHCH{ err] C30r [ H err] C(NH)NH[ err]. 2HO was
prepared. HPLC Method 2 was used 10 in the purification of this materi al
using a gradient of 98/2 A B §giéaj%55¢/8 over 2.5 hrs. [err]H
NVR FAB-M5, me 400.3 (Merr] nal ysis for
Cerr]Herr]Nerr]derr]. 2. 1HG Cal c: C, 55.50; H, 7.43; N,
14.71; O, 15.64; OH 05564H750N1465(:I
15. 81. Exanpl e 52

HOOCCH err] CH err] - D- Cha-Pro-p-N CH[err]C[err]H[err]C(NH)NH[err].HO
(N-(2-carboxyet hyl) - D gycigheyN al anyl -

[[4- (am noi m nonet hyl ) - L- prollnanlde _

hydr ochl ori de) 25 : . 1 on of HOOCCH err] CH err] - D Cha- Pro- p-
NHCH[err]C[err]H[err]C(NH)NH[err] HC e HCI

"'n’ V\O

HO2CCH2-D-Cha-Pro-4-NHCH2CH2-piperidine-HCl

Preparation of HO2CCHz-D-Cha-Pro-4-~NHCH;CH2-piperidine-HCl.

By methods substantially equivalent to those described
in example 52, 0.59 g of HO2CCH;-D-Cha-Pro-4-NHCH;CH2-
10 piperidine-HCl was prepared from 4-amin6ethy1pyridine. The
product was purified by RPHPLC method 2, ramping from 98/2
(A/B) through 70/30 (A/B) over 2 h.

IR
15 1H NMR

FD-MS, m/e 437 (M*)

Analysis for C23HgoNaOs-2.S5HC1-1.5H0:

Calc: C, 49.80; H, 8.27; N, 10.10;
Found: C, 49.95; H, 8.08; N, 10.34.
Example 55
(ITT}JH '
HN
O

NH
N w H\»/’\\)/[:::J s Hal
§ ]
0

HO2CCH2-D-Cha-Pro-4-NHCH;CH2CH2-piperidine-HC1
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127 D-Cha-Pro-p-NHCH err]Cerr]H err] C(NH) NHCbz. 2HO (2.5 g, 4.1
mool ) weaosasepended in Et QAc (100 nmL) with stirring. A BCI/USY5®2558  of
1 MKHCJ err] (100 nmL) was added to the suspension and the m xture was
stirred until all solid had dissolved. The 5 mxture was transferred to a
separatory funnel and the | ayers sepggfted. The organic |ayer was dried
(MgSg err]), filtered and concentrat in vacuo to give 1.24 g of the
free base as a white solid. This solid was dissolved in Et OH (100 nl).
Benzyl acrylate (0.41 g, 2.6 mmol) was 10 added and the sol ution was
stirred for days_at _room tenperature. .T to.this.solution was
added waterA§50%¥epaﬁE oq Qf 1gH .?¥¥ﬁﬁ°€¥%§%§§?ﬁaP&P€6?818?-and t he
stirring suspensi on was degassed and pl aced under an atnosphere of

hydr ogen. After Lalko é’@ﬁ'ﬁ% d 1 : was
filtered over a p dggfﬂgggtgﬁgggﬁﬁgféiﬁinL hquﬁ:%ﬁ F??%Feéﬁggkgﬁéﬁ

concent rat ednt @xampdpufd-Bf 28 HiL{§ TR\ Rt -dvdroxypyepyi-NdChg-preparati ve
RPHPLC net hed nriH$hBJwas 0pP&h&Ed fromdfa I/ ropylph22adhB. over 2.5 h.

Fractions contai ni ng pure product (as judged by analytical HPLC) were
pool ed, 20 concentrated and |yophilized to give 0.27 g (23% of
HOOCCH2CH2- BHCN®BRPr o- p- NHCH err] Cerr]JH err] C(NH) NH err] . HO . 1H NWVR
FAB-MS, me 472.4 (MHerr]) 25 Analysis for
Clerr]Herr]Nerr](err].1.9Hd : Cal c: C, 55.50; H,7.25; N,
12.94; ¥, B) 4Breparation ofdm{NH2CH2CH2GH2 peN-Fhz-Riperidines HEL. O |

12. 85. Exanpl e 53

HJ err] CCH err] - D- Cha- Pro-4- NHCH[ er r ] - pi peri di ne. HC .
By methods substantially equivalent to those described

in examples 30-B, 30-C and 30-D, 7.3 g of 4-(NH;CH,CH;CH2}-N-
Cbz-piperidine+-HCl were prepared from 4-hydroxypropyl-N-Cbz-
15 piperidine.

14 NMR
FD-MS, m/e 276 {(M*)

20 C) Preparation of HO2CCHz-D-Cha-Pro-4-NHCH,CH;CH2 -
piperidine-HCl.

By methods substantially equivalent to those described
in example 53-D and 53-E, 0.39 g of HO2CCH;-D-Cha-Pro-4-

25 NHCH;CH,CH2-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.

30 IR
1B NMR
IS-MS, m/e 451.4 (MH*)
Analysis for CggHjaaN404-2HC1-Hy0:
Calc: C, 53.23; H, 8.56; N, 10.35;
35 Found: C, 53.43; H, 8.63; N, 10.19.

o -
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128 A) Preparation of Boc-4-(am nonethyl) pyri di ne. By a
met hod jally equivalent to that described 5 in qﬁ%ﬁﬁ A 19 g .
(87% owgg%’aiw( am nonet hyl ) pyri di ne was prepared from Ry
4- (am nonet hyl ) pyri di ne. [err]HNWVR 10 B) Preparation of
~4-BocNHCH[ err] - N- Cbz- pi peri di ne. 4- BocNHCH2- pyridine (10 g, 48
mol ) was di ssol ved in et hanol (28m21) and 5% Rh/C (10 g) was added.
The suspensi on was shaken under an at nosphere of hydrogen (4.1 15 bar,
60 psi) at 60 [err]C overnight. Tge cahalﬁzt was then filtered off and
the solution was concentrated in v give 9.0 g of a gray solid. A
3.2 g portion of the solid was di ssolved in tetrahydrofuran (75 nL) and
an aqueous sol ution (75 ) @H potassium carbonate (4.2 g, 30 mmol ) was
added. 20 To this stirring ution was added benzyl chloroformate (2.3
m., 16 mol ). After 15 mn, the solution was concentrated in vacuo to
about 1/2 the origing ol and then diluted with et hyl acetate. The
organi ¢ phase was =@ ed gnd washed with NH ne, then dried (MgS»4), -
filtered and concent\watethi »¥5.Qacuo to give 4J|6 g (78HCbf a white

equi valent to that described

sol id. [err]H NMR FDIMS, me 34 NRTr Nph 30 C Preparation
of 4-NH2CH2-N—Cbz-piperidine.EN. H Bj) a nethod substantially

5 HOzCCﬂz-D-Cha-Prof4-NHCHz-1-amidinopiperidine-HCl
' (N- (carboxymethyl) -D-cyclohexylalanyl-N-[[1l-
(aminoiminomethyl)-hexahydropyridin-4-ylimethyl]-L-
| prolinamide hydrochloride)

10 Preparation of HO2CCHz-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-Bu0O3CCH3)-N-Boc-D-Cha-
15 Pro-OH), 18-E, and 1-H, 0.35 g of HOzCCHz—D-Cha-Pro-A-NHCHz-
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).

20 IR
1y NMR
FAB-MS, m/e 465 (MH')
Analysis for Cz3H4oNgOg4-2HC1:
Calc: C, 51.39; H, 7.88; N, 15.63; Cl1, 13.19;
25 Found: c, 51.66; H, 7.98; N, 15.80; C1, 13.48.



in exanple 23-A, 3 g (84% of 4-NH err]CH err]-N- Cbz-pi peridi ne. HO was

prepared from 4- BocNHCH2- N- Cbz- pi peri dine. 35 WO 95/ 23609
RCT/ US95/ 595323609 129 pcrusesiHisss
[err]H NWMR FD-M5, me 249 (MHerr]) 5 D) Preparation of

N-(t-Bu( err]CCH err])-N Boc- D Cha- Pro- CH.

N-(t-BuQ err] CCH err])- N Boc- D- Phe- Pro- (13 g, 27 nmmol) was

di ssolved in ethanol (750 nL) and Ptd e 3 (13 g) was added. The
suspensi on was shaken under an atnosphere of hydrogen at 4.1 10 bar (60

psi) at 40 [err]C for 16 h. The cat gkyppiwasyt hen filtered off and
the filtrate was concentrated in vacuo to give 11.7 g (90% of a white
f oam IR 15 TJ[err]H NIVR FD-M5, me 483 (Merr]) Anal ysi s
for [err]: Cal c: 0%2 22, H 8.77; N, 5.80; Found:
C, 62.99; H 8.96; N, 5.48. 20 E) Preparation of
HJ err]CCH err] - D Cha- Rro-4-NHZH err] - pi peri di ne. HO . By -
met hods substanti al | O vaiNnt to those descri bed in exanple 1-G and
exanple 46-D, 1.1 g ¢ : CCI—@err] D Cha- Pro- 25
4- NHCH] err ] - pi peri di ney grepared from N (t-BuQerr]CCH err])-N-Boc-
D- Cha- Pro- OH and HC 4- NHZCHZ N-&§bz-pi geridi ne. The product was
purified by RPHPLC nethod 2, ramsing NomR8/ 2 (A B) t hrough 70/ 30
(ANB) over 2 h. 30 IR Hgiﬂl\/R
O N NH,
7 eHal
NH

5 HO2CCH2-D-Cha-Pro-4-NHCH;CH2-1-amidinopiperidine-HCl

Preparation of HO2CCH2-D-Cha-Pro-4-NHCHCH2-1-

amidinopiperidine-HCl.

10 By methods substantially equivalent to those described
in examples 34-D, 23-A, 1-G {using N- (t-BuO3CCH3) -N-Boc-D-Cha-
Pro-OH), 18-E, and 1-H, 0.34 g of HO2CCH;-D-Cha-Pro-4-
NHCH2CH2-1-amidinopiperidine-HCl were prepared from 4-
BocNHCH2CHz-piperidine. The final product was purified by

15 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*)
2Q Analysis for Cp4HgNgOs-2HCL:
Calc: C, 52.26; H, 8.07; N, 15.24; C1l, 12.86;
Found: "C, 52.56; H, 8.15; N, 15.37; c¢1, 13.07.



FD-M5, mle 423 (Merr]) Anal ysis for CJerr]Herr]Nerr](err].2HC

1.5Herr] O Cal c: C, 50.57; H 8.29; N, 10.72; 35
Found: wo@sndfste 31; H, 8.46; N, 10.93. WO 95/ 23G8Er/Us95/02558
PCT/ US95/ 02558 130

Exanpl e 54 [err] '

HJ err]CCH err] -D Cha-Pro-4-NHCH err] CH err] pi peridi ne. HO 5
Preparation of HJ err]CCH err]-D- Cha- PF844-NHCH  err] CH err] - pi peri di ne. HO
By nmet hods substantially equivalent to those described in exanpl e 52,

0.59 g of FKIerr]CCH[err]-D-Cha-Prqﬁ¢EHﬂ§E§gﬁ2- 10 piperidi ne. HO was
prepared from 4-am noet hyl pyri di ne. e product was purified by RPHPLC

nmet hod 2, ranping from 98/2 (A/B) through 70/30 (A/B) over 2 h
IR 15 [err]H NWR FD-M5, M4 @WMeH])'_ Nmyysfor
Cerr]Herr]Nerr]derr].2.5HC . 5H[err]O Cal c: C, 49.80;
H, 8.27; N, 10.10; Fou C, 49.95; H 8.08; N, 10.34. 20
Exanpl e 55 HN
o
5 HO2CCHz-D-Cha-Pro-4-NHCH2-3, 4-dehydro-piperidine-HC1l

A) Preparation of 4-BocNHCHz-N-methylfpyridinium iodide.

To a stirring solution of 4-BocNHCHz-pyridine (20 g, 96
10 mmol) in acetonitrile (200 mi) 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+)
15 _ '
B) Preparation of 4-BocNHCHz-N-Fmoc-3,4-dehydro-piperidine.

To a stirring solution of 4-BocNHCH2-N-methyl-pyridinium

iodide (7.7 g, 34'mmol) in 1,2-dichloroethane (100.mL) was

20 added 1,8-bis(dimethylamino)naphthalene (1.5 g, 6.8 mmol)
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 sélvent was removed in
vacuo and the residue was quickly flushed through a columm of

25 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 aqueous NaHCO3 (100 mL) was then added and the
solvents were removed in vacuo. The residue was dissolved in

‘30 water (200 mL) and washed twice with hexanes, then saturated



9,.

[err]
HJ err] r Cha-Pro-4-NHCH err] CH err] CH err] - pi peri
WO 65 b360H0 95k rortCEpsgss,
131 A) Preparation of 4-hydroxypropyl-N Cbz-piperidine.
By nmethods substantially equivalent to those described 5 in exanple 53-B,
28 g (679 of 4-hydroxypropyl-N Cbz- 13pi peridi ne was prepared from
4- hydr oxypr opyl pyri di ne. [err]HNVR 10 B) Preparation of

(et ) S G M el LN BR B s o s

30-C and 30-dz2etat?.g (!‘he4c(>£xbli.ﬁéd]éﬂﬁﬂ rdddffatrer |eGitfrarctls) wiire dried

gib;‘eﬂ gie:]iefj'&wf‘géé% V‘@thgkﬁ%ar% %&%@%e%éﬁ %Axo £ GPgivdda 1ight
yellow 011 which was dissolved in dlchloromethane (75 mL) .

5 To this stirring solution was then added N,N-
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

10 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

15 through 50% ethyl acetate/hexanes. The product containing
fractions {judged by TLC) were combined and concentrated to-

give 4 g (27%) of a white solid.

IR
20 1H NMR
FD-MS, m/e 435 (M%)

C) Preparation of N-(t-BuO;CCH;)-N-Boc-D-Cha-Pro-4-NHCHy-N-
Fmoc-3, 4-dehydro-piperidine.
25
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-BuO3CCH3}-N-Boc-D~Cha~-Pro-4-NHCH;-N-Fmoc-
3,4—dehydro-piperidine was prepared from 4-BocNHCH>-N-Fmoc-
30 3,4-dehydro-piperidine.

IR
1H NMR
FD-MS, m/e 799 (M%)
35
D) Preparation of N-(t-BuO3CCHz)-N-Boc-D-Cha-Pro-4-NHCH;-3, 4-
dehydro-piperidine.



20 C) Preparation of HJerr] CCH err]-D- Cha- Pro-4- NHCH[err]CH[err]CH[err]-

pi peri dine Hd By nethods substantially equival ent to those
descri h&¥P 95123609 , oy armie 53-D and 53-E, 0.39 g of PCT/US95/02558

HJ err]CCH err]-D-Cha-Pro-4- 25 NHCH err]CH err]CH err] - pi peri di ne. HQ was
prepared from N (t-BuQerr]CCH err])-N Boc- D- Cha- Pro- OH and

4- am nopropyl - N- Cbz- pi peridi ne. HO . Thee product was purified by RPHPLC
nmet hod 2, ranping fron198/2 (A/B) through 70/30 (A/B) over 2 h. 30

I R [err]H me 451. 4 (NPH) Anal ysi s for
Cerr]Herr] N[Hrﬁ}t?’é?:quP!zaJiuN BoerPréha-Pro-4-NHCiytN~Fmoc-35 453, 23; H,

3[585/2%608 ﬁérofﬁhperldlnéq¥ﬂ“3 g, 1G9 RRoi: whs 31@%@%@%%%g%é9
132 morpholine (25 mL) and aftggéﬁﬁpgrgeg for S h F ¢rfolven%

HJ er r] CGragr évapbiatedrin drddid emMhle rea&adeneaspaisdbmeeaﬁn ethyl

(V8 DORUELN! s Bl S Ll ol sguecus vt ariea
(MgSO4) flltered an concentrated in vacuo. 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::NH40H§ B = chloroform).

10 The product containing fractions as jhdged-by TLC were

combined and concentrated in vacuo to give 890 mg (82%) of ‘
white solid.

1g NMR
15 FD-MS, m/e 576 (MH*)

E) Preparation of HOzCCHz-D-Cha-Pro-A-NHCH2-3,4—dehydro-
piperidine-HCl.

20 - HCl gas was bubbled through a solution of N-(t-
BuO2CCH2 ) -N-Boc-D-Cha~Pro-4~-NHCH2-3, 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

25 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 contéining fractions as judged by analytical
RPHPLC were combined, partially concentrated in vacuo and

30 1lyophilized to give 442 mg (68%) of white solid.

IR
1H NMR
FD-MS, m/e 423 (MH*)



prolinam de hydrochl ori de) 10 Preparation of

HJ err]CCH err]-D Cha-Pro-4-NHCH err] - 1- am di nopi peri di ne. HC .

By met hodsweu®giéanti al | y equi val ent to those descri bed PCT/ES98/0R858 S
34-D, 23-A, 1-G (using N (t-Bu2CCH2)-N Boc-D-Cha- 15 Pro-OH), 18-E, and
1-H 0.35 g of HJer]rCCH err]-D Cha- Pro-4- NHCH2-

1- am di nopi peridine. HO was prepared fro 4- BocNHCH err] pi peri dine. The
final product was purified by RPHPL thod 2 (98/2 (A/B) ranp to 75/25
(A/B), 150 min). 20 IR  [err]H NWR FAB-MB, me 465 (M)
Anal ysi s f orarfda2nfslis?fict: CyaHagN404 - SRET:1.5H40: 51.39; H 7. 88 N, 15.63;
a, 13.19; 25 leund 5% E;l 66 H2 7.98; B\I 5. 80; , 13.48.
WD 95/ 23609 Calc: < 8.29; N, 10pHj ysos/ 02558
133 Found: c, 50.31; ExaBpKé;Sﬁ, 10.93[err]
5 Example 59
OTOH
HN
0]
N n * HCI
‘ 7-."'lr /
0] NH
HO2CCH2-D-Cha-Pro-4-NHCH2CH2-3, 4-dehydro-piperidine-HCl
10
Preparation of HO2CCH;-D-Cha-Pro-4-NHCH;CH2-3, 4-dehydro-
piperidine-HCl.
By methods substantially equivalent to those described
15 in example 58, 73 mg of HO2CCH>-D-Cha-Pro-4-NHCH>CH2-3,4-
dehydro-piperidine-HCl was prepared from 4-BocNHCH;CHj-
pyridine. The final product was purified by RPHPLC method 2
(98/2 (A/B) through 70/30 (A/B), 2 h).
20 IR
1H NMR
IS-MS, m/e 435.2 (MH*)
Analysis for C23H3gN404-2.3HC1l-3H0:
Calc: C, 48.26; H, 8.15; N, 9.79; Cl, 14.24;
25 Found: C, 48.31; H, 7.93; N, 9.66; Cl, 14.56.



5 HJ err]CCH err]-D-Cha-Pro-4-NHCH err] CH err] - 1- am di nopi peri di ne. HC
Preparation of HJerr]CCH err]-D Cha-Pro-4-NHCH err]CH err] - 1-

am di nopMe¥3609c. HC . 10 By net hods substanti al | poFqisswvedssst t o

t hose descri bed in exanples 34-D, 23-A, 1-G (using

N-(t-Bud err] CCH err])-N-Boc-D- Cha- Pro-OH), 18-E, and 1-H, 0.34 g of

HJ err] CCH err] - D Cha- Pr o- 4- NHCH[ ]CH err]-1-am di nopi peri di ne. HG

were prepared from 4- BocNHCHZCHZ-S?Beri di ne. The final product was
-purified by 15 RPHPLC nethod 2 (98/2 (A/B) ranp to 75/25 (A/B), 150 mn).

| R [err]H NVR FAB- M5, m e 4fampididerr]) 20 Analysis for

[err].2HC : Cal c: C, 52.26; H, 8.07; N, 15.24; d, 12.386;

Found: C, 52.56; H, 8.15; N, 437; d, 13.07. WD 95/ 23609

PCT/ US95/ 02558 : o 134

Exanpl e 58 [err] E : '

[ err] -3, 4-dehydr o- pi peri di ne. HCl

HJ err] CCH err] - D Cha- R(o-4-N
HN

5 HO2CCH2-D-Cha-Pro-4-NHCH2CH2CH2~3, 4-dehydro-piperidine-HC1

Preparation of HO2CCH;-D-Cha-Pro-4-NHCH2CH3CH2-3,4-dehydro-
piperidine-HC1l.

10 By methods substantially equivalent to those described
in example 58, 205 mg of HO2CCH2-D-Cha~Pro-4-NHCH2CHCH2 -3, 4-
dehydro-piperidine-HCl was prepared from 4-BocNHCH2CH2CHZ-
pyridine.

15 1IR
1y NMR
IS-MS, m/e 445.2 (MH*)
Analysis for C24H40Ng04°:-2.3 HCl-H30:

Calc: C, 52.37; H, 3.11; N, 10.18;
20 Found: C, 51.64; H, 7.72; N, 10.31; C1, 14.69.
Example 61

b

: NH
k/= _ *3 HCI
o AR,
O

H

25 ' (1R, 4aR, 8aR) -1-Pig-Pro-Agme3HC1



L]

A) Preparation of 4-BocNHCH err]-N-nethyl -pyridiniumiodide. To

a stirring solution of 4-BocNHCH2-pyridine (20 g, 96 10 mmpl) |
acetonitrgﬂoes’s(zéﬁ’@ nm.) was added i odonet hane (8.9 ni, 13&4‘%@732.55%“&
16 h, the solution was concentrated in vacuo to give 33.8 g (96% of a
thick Iight yellow oil. FD-M5, mle 223.1 (M) 15 B) Preparation
of 4- BocNHCH2- N- Fnoc- 3, 4- dehydr o- pi peri gdige. To a stirring

sol ution of 4-BocNHCH2- N- net hyl - pyri di nl um iodide (7.7 g, 34 nmmol) in

1, 2-dichl oroethane (100 nl) was 20 added 1, 8-bi s(di nmet hyl am no) napht hal ene
(1.5 g, 6.8Nmi#)l {aminpimineretiyl Areinadadtoili-1cHildégReBrBle (5.3 ¢, 37

M). The geca@hdirbon (#RsiE68L kb1 thyEfddbbciiid 1afit@rod iRamie sol ution was

cooled to roqmtenp%r:iature and the solvent was renpved in vacuo and the
resi due wasTFHYERPFRLPELARY t hrough a colum of 25 silica gel with 20%
et hyl acetate/ hexanes. The organic sol vents were renoved in vacuo and

the residue was dj_ssQl 1N h ) ‘ ux for
20 m n.5 Sat l#a?t 2% ﬁ%gggﬁslkla% er ri ﬁ%%gper% dme/g:rsé%ﬁgl%tdggateglggggt he
sol vents wered rtévimvédyen vhromotdgmaplesi (Riessdgeli $90Fr@884inig0theat er (200
m.) and wa L.GE W e ., then saturated WO 95/ 23609

PO/ Usos) 0 JRag owinEe sYstinb Y@REP: 135 with solid
NaCl and extract@ s&rdcarformeiefhapodihgetic Agkdt atledS *#¥e lconbi ned et hyl
acetate extract sigyer estijiledcetateMISSEeerhdiafabienack BiMhreancentrated in
vacuo t8 gi ve i.ght yell ow oil which was dissolved in dichloronethane
(75 nL}. 20 d %oHi0s stirring solution was then added N, N

di i sopropyl et hyl @y neEthz1l aetate: Begane) (Tol3owed by 9-f | uor enyl net hyl
chl oroformate (3 0,~h2. .2 ). After 2 h, the solvent was renoved in
vacuo and the I’eCSI dué:h\]/"\"/é’s,mfmdi ssolved in ethyl acetate (250 nL) and
washed twice with 1-N 10 citric acid, once with brine, twice with

saturated gjueoYfi meth B oD ohbRdt hy1 8RGse Wi th brine. The organic phase
was 5th2ﬂ driede(l\/gcsg%), pRYEE Y

ered and concentrated in vacuo and

To a stirred solution of phenethylamine (75.2 mL, 0.6
mol) and triethylamine (83 mL, 0.6 mol) in THF (500 mL) was
added slowly methyl chloroformate 46.2 mL, 0.6 mol)
dissolved in THF (50 mL). After the reaction was stirred for

20 an additional 1 h at room temperature, diethyl ether (2 L}
and 1 N HC1l (800 mlL) 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%}. '

25
B) 2-Methoxycarbonyl-DL-1,2,3,4~-tetrahydoisoquinoline-1-
carboxylic acid

To a solution of N-methoxycarbonyl phenethylamine (102
30 g, 0.57 mol) in trifluoroacetic 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
35 residue. The reaction mixture pH was raised to 12 with 5 N
NaOH and the aqueous layer separated. To the agueous layer
was added diethyl ether (500 mL), and the solution was



v

thé resi due was chromat ographed over a silica gel columm, eluting with
a step gradient of 5% ethyl acetate/hexanes 15 through 50% et hyl

acet at eM@2528689 The product contai ni ng fractions (jW%ﬁWLC) we
conbi ned and concentrated to give 4 g (27% of a white solid. I
20 [err]H NWR FD-M5, me 435 (Merr]) C) Preparation of
N-(t-Bud err]CCH err])-N-Boc- D Cha- Prq_-4éb- NHCH2- N-

Frnoc- 3, 4- dehydr o- pi peri di ne. 25 By nmet hods subtantially

equi val ent to those described in exanpl es 23-A and 1-G (using

N (t-Bu( ectfiififdrtd )pINBic v HEhS N @Cl. TOR) prgabig layer was

N-(t-Bug Sl er rdas - AR Qo4 NH 3

3, 4-dehyd§%§%l per?ﬂiﬁf%?ﬁﬁ;ﬁ%ﬂe * ?grﬂﬁeﬂgf-' %%ﬁ”tﬂﬁ—l If\l} tr:rf)%t-:eS%as

3, 4- dehydrongeptratedein vacuo | go affpxd pR RVR of prpeMsithee 799 (Merr])

re-
R

35 D) compoRRd ali®n £f 80%); FAB-MS 236 (MHY).
N-(t-Bud err]CCH err])-N-Boc-D- Cha-Pro-4-NHCH err] - 3, 4-
dehydr%- pi peri di ne. WO 95/ 23609

PCT/ US95/ 625582-Methoxycarbonyl-DL-1,2,3, 4-tetrahydoisbdfinoline-1- N
(t-Buqerr% err]). - 0G- a-Pro-4-NHCH err] - N- Fnoc- 3, 4-
dehydr o- plc %&%ﬁé(i‘?gé qﬁ“%’%‘)&ms di ssolved in nor phol i ne (25

m.). and after stirring for 5 h, the solvent - was evaporated in vacuo.

The resi due wag.dis i et shed twice with
sat ur at ed aquegﬁsaNgﬁgfgd' nc':‘;c;di;alldedmIS A “( %%a?ggﬁm?% filtered and

err],
concekft ra?e@thOmeﬁbboﬂYﬂe‘AIe'sjir(ﬂJ@ Ma$etrahydpdgoghanel ée8g-1n a smal | #

vol um;_ of cabbexel O¢ nacid (2) (0P gratQAsapided ewetHschlbhca20e! mLplwdd ng Wit
a gradient

0 0 — a . —
chl or of or ﬁ?gfeﬁot’l?ﬂga%‘%ﬁd&%@@/bﬁtogi@tﬁ_ﬁélf%r Engblhgﬁgl g(é Jnédggng;‘uﬂ?g WEI";
conbi ned afidecORCRNAE ad €L iand At tat Foom Fethperattz&) thé solvent
was removed in vacuo, and ethyl acetate (800mL) / 1 N NaHCO3
15 (300 mL) was added to the residue. The organic layet 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 (MHY); TLC Rf (A)
20 0.61; elemental analysis (calcd) C1gH21NO4: 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)4perhydoisoquinolihe-l-
carboxylic acid t-butyl ester '

25

A solution of 2-methylcarbonyl-DL-1,2,3,4-

tetrahydoisoquinoline-l-carboxylic acid t-butyl ester (105 g,
0.36 mol) in t-butanol (800 mL) was reduced over 5% Rh/Al203
(52.5 g) at 55 bar (800 psi) of hydrogen in a high pressure

30 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.

35 .
E) _2-Methoxycarbony1-(1RS,4aRS,8aRS)4perhydoisoquinoliné-1-_
carboxylic acid ethyl ester



white solid. [err]H NMR 15 FD-MS, nie 576 (MHerr]) E)
Preparation of HJerr]CCH err]-D- Cha-Pro-4-NHCH err] -3, 4- dehydr o-

pi peri di n&Y®8%/23609 20 HCl gas was bubbl ed through a SuTasos02s58 N-(t -
BuQ2CCH2) - N- Boc- D- Cha- Pr 0- 4- NHCH2- 3, 4- dehydr o- pi peri di ne (820 ng, 1.4
mml ) and anisole (1 nL) in dioxane (25 nL) at O [err]C for 10 mn.
After stirring for 12 h, the sol vent mai r.enoved I n vacuo and the

resi due was dissolved in water (50 ni) Ad 25 washed twice with di et hyl

‘et her.- The aqueous phase was then concentrated to a volume of about 20
m. in vacuo and purified by RPHPLC (Method 2, 98/2 (A/B) through 70/ 30

A/B), 2 h). Th t I ni fraction LU nal yti cal
(RPHP?_C Wer)e conb?cr’le%,&%)gur Lifoﬁ %311 ?%h‘%lgﬁgﬂfgﬁgf’ﬂygégggé a%%sgogg“f©o'phi lized
to give 44Zrexhydsvgomfindliine-dokatgboxylic a&id t-Petry] Hedtdr (81.RDJVS5, nie

423 (MH err ; / 0 . . .
PCT/ US95/ 0255-)538 mmol) in ¥EOH/(S800RL) was added sodiun ethoxide (25¥ &0 ¢ o

d err] HPer r¢tpane] ) &84 mua 2¥35mmel) | and the reactgigr :mixtune weE 57; H,
8.29; N, 10rdPiuxed (24 h)FOUntie orghnielsdiveht WadlevdbordkedB in 5
Exanpl e 59 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
10 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- {1RS, 4aRS, 8aRS) -perhydoisoquinoline-1-
carboxylic acid

15

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

20 mL) and water (100 ml) was added to the residue. The aqueous
layer separated and ethyl acetate (400 mL) was added. The pH
of the solution was adjusted to 2.0 with 5 N HCl. The
organic layer was dried (MgSO4), filtered, and the filtrate
was concentrated in vacuo to give a clear oil. The oil was

25 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 (calecd) C32H19NO4: 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

30 experiments.

G) 2-Cbz-(1RS, 4aRS, 8aRS) -perhydoisoquinocline-l-carboxylic
acid

35 To a stirred solution of the product of step F (46 a,
181 mmol}, at room temperature, in anhydrous CH3CN (200 mL)

under an inert atmosphere was added a solution of



err _
LKIelr]CCH[err]-D-Cha-Pro-4-NHCH[err]CH[err]-3,4-dehydro-piperidine.HG 10
Prepar at iwo 9sh3eo¥] err ] CCH err ] - D- Cha- Pro- 4- NHCH| er r | CH| er rgcpudosigésgdr o-
pi peri di ne. HC . By nmet hods substantially equivalent to those
described 15 in exanple 58, 73 ng of
HJ err] CCH err] - D- Cha- Pr o- 4- NHCH2CH2- 3, 4- dehydr o- pi peri di ne. HO was
prepared from 4- BocNHCH2CH2- pyrldﬂﬂ@ The final product was purified
by RPHPLC net hod 2 (98/2 (A/B) through 70/30 (A/B), 2 h). 20 IR
err]HN rr ak ys r
%err% SH%Rlodo%%aﬁnéﬁayﬂﬂa% (%2( MHLnE. ]4)48 nﬂ\gf‘g EXHbﬁéélgSw?\l mky) 79:
14.24; 25 The re%’éﬂfﬁﬁ mlx@rezwaiﬁl stmrrgdggt K5 9C65°r 30 min &8

WD 95/ 23608c0led to room temperature. The reacgggﬁu§gélegé§§hed with

138 water (100 mL) followed by %gghum6getablsulf1te {1 g). The

5 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

G ’

temperature, the organic solvent was evaporatéd in vacuo, and
10 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 solutidn was acidified to pH 2.5 with
5 N HCl; the organic layer was separated, dried (MgSO4),
filtered, and the filtrate was éoncentrated ih vacuo to give
15 pure title compound as an oil (39.5 g, 65%); FAB-MS 318
(MH*) ; elemental analysis (calecd) C1gH23NO4: C, 68.12; H,
7.30; N, 4.41; Found: C, 66.37, H, 7.52, N, 4.37.

H) 2-Cbz- (1RS, 4aRS, 8aRS) ~perhydoisoquinoline-1-carbonyl-
20 Pro-0-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), 1-hydroxybenzotriazole

25 (16.6 g, 123 mmol), and DCC (25.3 g, 123 mmol). The reaction
mixture was stirred for 2 h at 0 ©C and 24 h at room
temperature. The reaction precipitéte was filtered and the
filtrate concentrated in vacuo to an oil. The oil was
dissolved in EtOAc (200 mL) and water (100 mL). The organic

30 layer was washed sequentially with 1 N NaHCO3, water, 1.5 N
citric acid, and water. The organic layer was dried (MgS04) ,
filtered, and the filtrate evaporated té an amorphous solid
of the title compound as a mixture of diastereomers (52.7 g.
91%) FAB-MS 471 (MHY).

35 '

I) 2-Cbz-(4aR,SaR)-perhydéisoquinoline-i(R)—carbonyl-Pro-OH



ferr]

3, 4- dehydr o- eridi ne.
HJ err] %ﬂéﬁfﬂﬁ E;o 4-NHCH err] CH err]CH err] - 3, e cnwxwgm£58
FKIerr]CCH[err] D-Cha-Pro-4-NHCH err] CH err] CH err] - 3, 4- dehydr o-
pi peri di ne. HC . 10 By nmet hods substantially equivalent to those
descri bed I n exanpl e 58, 205 ngy of

. 43
HJ err]CCH err]-D-Cha-Pro-4-NHCH err] CH err] CH err] -3, 4-
dehydr o- pi peridi ne. HO was prepared from 4-BocNHCH err] CH err]CH err] -
pyri di ne. 15 Tra st 2294nﬁQQNR1°n OfSths, prrduan ool steH gir{d52.4 g,

Anal ysis forif efinidl)2.ih léByciberepGnL) was add&iiI €rifludroaretdic ddid3: 11;
10.18; 20 10.31; O, 14.609.

7, N,
Exanpl e 61 (70 ™ oun% a[ng,,s,q151(§4m1§' gglm@.on mixture was stirred
PCT/ US95/ 0285 8room temperature for 1 h and concentrated in vacuo without

5 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 aqueous 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

10 separated, dried (MgSO4), filtered, and the filtrate was
concentrated in vacuo to give a 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

15 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
(MgsSO4), filtered, and the filtrate evaporated to give the
title compound as an oil (20.2 g, 44%) FAB-MS 415 (MH*); [alp

20 = 3.29 (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, 8aR) -perhydoisoquinoline-1(R) -carbonyl-Pro-
25 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
30 isocbutyl 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
35 solution. The reaction mixture was stirred at 0 °C for 2-
min.

N1



139 (N-[4-[(am noi m nonet hyl ) ani no] butyl]-1-[[ (4aR, 8aR) -

decahydro- 1( R) -i soqui nol i nyl ] car bonyl ] - 1-prol i nam de tri hydrochl ori de)
5 WO9S28609al ues in this exanple were determ ned by BCTUS5/02558 gel .
thin layer chronotography (Kieselgel 60 F-254) in the foll owi ng systens
(v/v): (A) Chl orof orm Met hanol : Acetic Acid 135:15:1

(B) Ethyl acetate: Acetic Acid: Absol ut elF hanol 10 90:10:10 (O

Et hyl acet at e: Hexane (70: 30) ) Chl orof orm A)

N- Met hoxycar bonyl phenet hyl am ne 15 To a stirred solution of

_}:I)_Egm(atSB%l am ne 'I(hEScfbnltggtg 6|f flaskrl 2haasl idd@d hb/da aftlm (B3 ard ﬁhég er: g in
ed slo no

di ssol ved rl%‘?%ﬁn( g‘bxﬁffe %\?fe&"{ﬁzéeé éa/\c"clf J'; stl r)rf?‘ %Téﬁmfoag

addi ti onalro]:mh tsmpeyshureqnpetat the, r%ﬁ@tif-?n veaeswe%dqqi 1) N NaHge3 1(1N HCI

(800 m.) fai]ﬁd%ﬂe IQchigﬁ”§§1+é’1¥€rwél@sremové@%eq,é@:}d‘ g&afaﬁr oiflli €d

(MySO err] ered was concentrated in vacuo to

gi ve aScl &he giesiduepps disselved inBeRARl (20 m)) gew) washed p)
2- Met hoxy GascRemdliaPilylwitB, 4~ senrahyﬁlﬂcsmmnabaw,l 1 N Narmd;pxwuoc aci d

To a solutiqn of N thoxy rb hen .Iam ne 57 mol) in
trifluoro t’i (?ngm 8’ 8§00 %%axag% °gﬂ Wcﬁfy(ql g%@ﬁg 0. 68

mol ), and ﬁ:her,em@dt uaadvvaenbentealted to adreidsx 1rengeanat Ltroe g:u%tbt erudeh at
reflux th act| er.a e noved in
vacuo, an Te §°§Pﬁ%ae?ﬁer %g%gg gf 4&3?&% %Be \g.dg%fli“g ‘the 35
resi dae. ﬂﬁﬁéﬂﬁbd@ﬂ|@n7ﬁ1xture pH was raised to 12 with 5 N NaOH and

t he agqueous | ayer separated. To the aqueous |ayer was added di et hyI

ether (500 nL), and the solution was
K) (4aR, 8aR) -Perhydoisoquinoline-1(R)-carbonyl-Pro-Agm-3HC1l

To a stirred solution of the product of step J (1.4 g,
15 2.4 mmol) in CH2Cl2 (2 mL) was added trifluorocacetic 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
20 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
25 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 (MgSO4), 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
30 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%
Pd/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
35 trifluorocacetic acid (10 mL), thiocanisole (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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140 acidified to pH2.5wth 5 NHCO. The organic | ayer was

separ at ed WOPYBEOY MyS[ err]), filtered, and the filtrate wCT/USIO2SSS
concentrated in vacuo to afford an oil of pure title compound (107 g,
80% ; FAB-Ms 236 (MHerr]). 5 @)

2- Met hoxycar bonyl - DL- 1, 2, 3, 4-t et r ahydoi gQgui nol i ne- 1- carboxylic acid
t-butyl ester To a stirred, cooled (0 [err]C), solution of 10
2- met hoxycar bonyl - DL-1, 2, 3, 4-t et rahydoi soqui nol i ne- 1- carboxylic acid

(2) (105 g,temmgramiye foxO.&r ] enfledipthedoethner whk00 mllaavsl addad-anol

(52 ., 0.5fhonidprthtdde (A% BecBnfadDhnd the Phb€itZnd &1 Wderr] C and
24 h at roomten;eracilure, t he .sol ven ip yacuo, and et hyl

t S renpved,
acet ate (80Bmtyuyated fEgeoy d&?ébyhfggﬁg ARAeF 1o t e FAHUUEC The
organi c | aygiveves crude equid €d,. 3washedThet sohfifie(1.4.H) Nvas tdissclsted and
wat er . I {6 | # ried, ( e | ﬁ?’ﬁg’
fi Itrate':-> vvalsgg%ﬁq:%ﬁﬁ%e H?pgg?:ﬁg ![tg ar yg}r%g&%nc%i%o pu?f’emg’ tict]18e

conmpound ( 108sin- 8 WygraddEnts ofo AncrpRrsing| copgeniyabiong ofl . CHI@hel?¥al

gf‘gg?’si\f El C% ?ﬁ%)[ %E[JDSus%d &2 Qqutl the pépfideNerémBine FWMin & 66.24. H,

2- Met hoxy c aF FRfid o peenes SR 1deskpdpapAyRePieguphotiecbasis of car boxylic
acid t-butyhngsf®icab RPHPLC profisel HhEoDyebh?i iReAYEE ad POswd -tile uke3, 4-

t et rahydoi soguj nol i ne- 1- b lic Ld t-but er 05 g, .36 nol)

int-b %ano‘f'1 u%‘f)oc?ﬁ‘ﬁmfﬁﬁiaﬁtoe’gé%e&'035%950/?%7%\%2§§£ (m-g( Q.%led'}e%a 5 bar

(800 psi) oindivsiomelraledd H2gh3gNgO2uPBCBO3H2PpaCat38. 28 . FouRG:01C,24

hours. The %%_ti on m xture was filtered through a pad of diatonmaceous
e

earth, and% filtrate was concentrated in vacuo. The resulting oil
was dried to give pure title conpound (96.5 g, 90% FD Ms 298

(MH{err]); TLCRf (C) 0.63. 35 Eﬁxﬂgplg_@
2- Met hgxycar bonyl - (I RS, 4aRS, 8aRS) - per hydoi soqui nol i ne-1 - car boxylic

acid e | ester
! 0. OH

HN
(0]

NH,  HCI
N H
‘ ?"mg/N\/@

HO2CCH3-D-Cha-Pro-4-NHCH2CgH4NH, - HC1
20 Preparation of HO2CCHz-D-Cha-Pro-4-NHCH2CgH4NH,-HC1.

By methods substantially equivalent to those described
in examples 1-G (using N-(t~Bu0O2CCH;)-N-Boc~-D-Cha-ProOH),
23-D, and 58-E, 0.17 g of HO2CCH,-D-Cha-Pro-4-NHCHCgHyNH5 - HC1

25 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 .
30 1 NMR
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141~ To a solution of 2-nmethoxycarbonyl-(1RS, 4aSR, 8aSR) -

per hydoi WEPH28@i ne- 1- carboxylic acid t-butyl ester (81.2PQT/Us9s02858 mmol )
in EtOH (500 nL) was added sodium ethoxide (21%in 5 ethanol) (88.4 ni,
273 mmol ) and the reaction m xture was refluxed (24 h). The organic
sol vent was evaporated in vacuo, acetate (400nL) and water (100
m.) was added to t he residue. The &%éanl c layer was separated, washed
tw ce with water, dried (MySQerr]), filtered, and the filtrate was 10
concentr at pﬂsxmyaﬁp@ 431 F foat)an 0| | of pure title corrpound (70

g Ng?(;{?)xysg? yssgg?i%lﬂﬁgél‘%ﬁ%? per yﬁé'l g %él Aol i ne-1 - carboxylic

acid 15 CaXo:a sol Qti5h.37; thhe prIFud, dafo.stxepdi,(1@.§0:260 mol )
in THE (250 nl) pygrgaddeds2 B NesH 156, -{%_ N?,l?ld“m.' ) d@hd hgg reaction

m xture sti rred at room tenperature (30 orgdnl C soI vent was
evapora& ed in vacuo, diethyl ether (400 20 nl) and water (100 nlL) was
added to the residue. The aqueous Exambasegiseparated and ethyl acetate

(400 nL) was added. The pH of the solution was adjusted to 2.0 with 5 N
HCO . The organi c | ayer was dri@tﬁ(l\/@SOﬁl), filtered, and the filtrate
was concentrated in vacuo to g | ear oil. The oil was 25 <crystallized
from hexane (200 nL) to afford pure title conmpound (46.4 g,.74%;
FAB-MS 242 (MHerr]); TLG Rf (A) /0. 36; el enental anal ysis (cal cd)
Clerr]Herr]NJerr]: C¢gSON74HN, 7.94; N, 5.81; Found: C, 59.95, H, ‘

7.88, N, 5.54. NMR assi
COSY, HMQC, and DEPT 30

éere made by hononucl ear decoupl i ng,
Pt :
2- Cbz- (1RS, 4aRsS, 8aRS) - per hyd0| SO0

inoling-1- carboxylic acid 35
To a stirred solution of the produsy. of Nte g, ¢ HCIL91 mmol ), at
roomtenperature, in anhydrous GHf g r‘[|ﬁN 00 under an inert
at nosphere was added a solution © o)
NH,

10 HO2CCH2-D-Cha-Pro-4-NHCH2CH2CgH4NH; - HC1
Preparation of HO2CCHz-D-Cha-Pro-4-NHCH,CHCgH NH,-HCL.

By methods substantially equivalent to those-described
15 in example 62, 0.19 g of HO2CCH2-D-Cha-Pro-4-
NHCHCH2CgHyNH2 -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).

20 IR
- 1H NMR
FAB-MS, m/e 445.3 (MH*) ,
Analysis for C24H3gN¢O4-2.2HC1l-0.5H20:
Calc: C, 54.00; H, 7.40; N, 10.50; Cl, 14.61;
25 - Found: C, 53.65; H, 7.59; N, 10.24; Cl1l, 14.33.
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142 i odotrinethylsilane (62.4 nm., 440 nmmol) in CH3CN (60 ni). The
reacti on Wawvsitdsomnas stirred at 55 [err]C for 30 min and pCcEOSHsS®BsSE0 room
tenperature. The reaction was quenched with water (100 ni) foll owed by
sodium nmetabisulfite (1 g). The 5 pH of the reaction was raised to 10.0
with 5 N NaCH, and benzyl chloroformate (27.3 nL, 191 mml) was added
dr opwi se whil e the pH naintai ned at 497 with 2 N NaOH. After the
reaction was stirred for an additional 30 min at room tenperature, the
organi c solvent was evaporated in vagi@maede}i0 diethyl ether (200 nlL) was
added. The reaction was all owed to stand at roomtenperature (2 h) and
et hyl acetate (200 mi) was add The aqueous solution was acidified to
pH 2.5 with 5 N HC ; the or c+1ayer was separated, dried (MgSH),
filtered, and the filtrate was concentrated in vacuo to give 15 pure title
conpound as an oil (39.54 65%%& FAB- M5 318 (MH); elenental analysis
(calcd) [err]: C, 68.12 .30; N, 4.41; Found: C, 66.37, H, 7.52, N
4. 37. H) 2- Cbz- o) - perhyd0|soquhﬁfllne 1- carbonyl 20
Pro-Ot-Bu To & stirrred t he product of
step G (39 g, 123 mml) in DVF (2G§ nl) Whs af proline t-butyl ester
(21.1 g, 123 mol ), 1- hydroxyben<3£7|ﬁﬁel- & 6 g, 123 mmol ), and DCC
(25.3 g, 123 Mol ). The reaction ture was stirred for 2 h at 0 C and
24 h at room temperature. The rea@tion prekipitate was filtered and

t he filtrate concentrated in vacuo to an oil. The oil was di ssol ved

in Et OAcs (200 nl) angiowetss-BHlekh ido- 4%@fzgémscc§ﬁ3nﬂz WF1 was washed
sequentially with 1 N NaHCG3, water, 1. citric aC|d and water. The

organic | ay W8S dried. and the f||trate evapor at ed
to an anorpg‘e)u ESPf‘ﬁatléyg?y%quqzﬂcg %n% gﬁ@% *a nixture of
di astereoners (52.7 g, 919 FAB-Ms 471 (MHerr]). 35 1)

2- Cbz- (4aR, 8aR) - fer hydbisnipg nediuteidr R Carfluorio-RB-aibbotoluene (5 g,
10 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

15 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

20 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

25 concentrated in vacuo to give 3.9 g (33%) of a white solid.

IR
1H NMR
FD-MS, m/e 370 (M%)
30 Analysis for Cj17Hz3N20¢4:
' Calc: C, 55.13; H, 6.26; N, 7.56;
Found: C, 55.27; H, 6.23; N, 7.44.
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143 To a stirred solution of the product of step H (52.4 g,
111 mol wgigdnsdiberr]Cd[err] (20 nmL) was added trifl uor oacperRisosii2ess (70 .
m) and anisole (5 m). The reaction nmixture was stirred at room -
tenperature for 1 h and concentrated in vacuo without 5 heating. The
residue was diluted wth diethyl ether (400 m), water (100 nm), and
the pH of the solution was adjusted 1480 10.0 with 5 N NaOH The aqueous
| ayer separated and et hyl acetate (300 nL) was added. The pH of the
sol ution was adj usted to 2.5 wwth 5 NHCO; the organic |ayer was 10

separated,_drie r] filtered andtheflltrate was

concent r atBY @F?)%?E%d" leé‘oacsﬁaaP ~Ohe - Pad PHCHaeS -F-CeHalNEa ofiGhy i n

di et hyl ether (500 mi) and (L)-(-)-al pha- met hyl benzyl am ne was added
to the solutio The ;s n . s allowed tp sta at room f.enperature
(5a'hy “The 1 By e, alteenpiotly BapdiSiohe 66 Mhofe AGITEASE her and
dried. 5T helsmxanm @l:@peﬁ-dé?d (ugipghit (hcBuGrCCHyladfreRbariD4Cha- 1.5 N
citric acigrogifl W4 ank®s0Ega0l.44! 86k ﬁ@icéﬁﬁf’ﬁ-cm S 3 -

filtered, andthe ltrate evaporated to givé ecorrpound as an
oi | (20.2 ¥ CefipdfH2rHEL maalerfm@r] )Th efaﬁ@ajo Pr-odalCZ[éﬁarS] ifigds
'I\:/gﬂ:é gl elg%m%lnﬁmld%leir{oaalzcdba/z (h%i]th{:ouéﬁ o738, (i/ép Nn). 76.

u
2- Cbz- (4aR 8aR) - per hydoi soqui nol i ne- 1( R) - car bonyI Pro- 25 NH (CH2)4- NH Boc
In flask 1lrkhe product of step | (1.06 g, 2.55 mmol e) was di ssolved in
DMVF (10 m_-)H led to -15 C, and N met hyl mor pholine (0.28 m, 2.55
mol e) was "added, followed by 30 isobutyl chloroformate (0.33 m, 2.55
-mmol e) . TRBBrNRcin/ien 449 .3m (MHIde was stirred at -15 C for 2 min.

In flask Z2aNsBpgidl, fbfjlc_ezghgg)n Fa.qe 36148 9,” 2. 55 mol e) was di ssol ved
in DMF (10 m)’, cool ed N nethylnorphollne(o 28 m, 2.55
mol ) was adde®@}®: t he 38 %5%@1 dh. 6B% Mbadili-39:ni fdur8-@8s stirred at

0 C figr 2 Podnd : c, ¥O. 9/ B609.97; N, 11.05; c1, 9.31.
PCT/ US95/ 02558

Example 63
Oj,OH
HN | HN
(0] S NH2. HCI
N H \

Q.,,,g,N \

HO2CCHy-D-Cha-Pro-4-NHCHy-2-amidinothiophene-HC1
(N- (carboxymethyl) -D-cyclohexylalanyl-N-
[[5- (aminoiminomethyl) thiophen-2-yllmethyl]-L-prolinamide
hydrochloride)

20

25 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

30 internal temperature of -78 °C (dry ice/acetone)'. To this



144 The contents of flask 2 was added to flask 1, and the
reaction mxture was stirred for 4 h (-15 [err]C) and 24 h at room
t.enper at ur®0958360%he reacti on was added 1 N NaHCO3 (1 M PCHUS9502858
reaction solvent was renoved in vacuo to an oil. 5 The residue was

di ssolved in EtOAc (200 m) and washed sequentially with 1.5 Ncitric
acid, water, 1 N NaHCO3 (100 m ), and water. The organic sol ution was
dried (MgSQerr]), filtered, and condéflitrated to dryness in vacuo to
give crude title conpound as a solid (1.47 g, 99%: FAB-MS 585

(Mierr]); lé):lﬂﬁd?fsdllb)u%nmas added - but)E) l:.tAhluné H(1 .6 M in
ro m

4aR, 8aR) - Per hydoi so ol ine-1(R on
gt?rreg )sol %?’éﬂ" ’ '?‘ﬁ‘e é%( 812““3? g Yly?lslﬁrﬂ‘gﬂ?n‘% et UGS [err] (2
m.) was addechs ra]ﬂlamd)a:ccetsrtdrarfbd $2hin. 'mb)tmwl S8l oh (u%éalﬂd)ed The

ti Sidg e e
react ] on M A UAIESUr s cny haLBLTBEISL LS S TR
di et hyl &t héPHF (3Q 130 @veradd mhs. smpemaswahummm Yk sadsaglitonng o |
was 20 tritpuated e e sk rdiagt hyk & hesy 6451 égiﬁ edye %ﬂ%hdfel oi | and

was dlssolvedln TH X triethylamne (

bi s- Cbz- S- net ra‘}@rf\@éie(d 2859 gz 2390 rﬁﬁm) wasmed%mw the

Thxture Thesymfgtet ON THE WigtwRe ﬁasraeﬂowed £ é@ﬁﬂd thﬁc&nmerrgtartre for 48 h.
e organlc Len e In vac an e resiaue S

di ssol ved i nS% ga%hfﬁoﬁ #’? s?'ﬁ'aﬂnéjl é(c)flfé‘rﬁ 9} Wash af9e W%

NaHCJ el 0] (ﬂmmed, by watemd (ﬁﬂtmm Théo Dagihle Csdlﬁeﬁus)rwem révowed

(NUSOQ fil r ve a

Crode ol | o 1 Pkup gnd W5, BRALERL BAETRA L. CLINEAE A Bedtrdh ' © | o,

30 nmol) du%@rﬂn/@aid ﬂpréﬂerarrapo(lab aegh) watleay¢ud weye separatid andHd (5.8

m, 5.8 mmlahdwsoeﬁeebedasnwaeﬁear@ﬁ@a%&i Pthy1 e Cal ést (2.5

g) at anbien ature .and pressure The catal yst was renove
filtration eﬁﬂ]gﬁ{ ﬂrtgraé‘tlé‘ phasg wasnvasked erFa il hringcdsicthe oi I
was di s36l vetMgaogds filitielredr andetoncent atdd iﬁh.)vaévl‘b aigittee a( 1. 0 nlL) and

oo S RO RSP e, e T
PCT/ US95/ 02588 omatography using an ethyl acetate/hexanes gradient
(hexanes to 50% ethyl acetate/hexanes). Fractions
containing pure product were pooled and concentrated in
20 vacuo to give 6.9 g (84%) of 2-cyano-5-formyl-thiophene.

1y NMR

B) Preparation of 2-cyano-5-(hydroxymethyl)thiophene

25

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

30 Dbetween 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.

35
1 NMR
FD-MS, m/e 140 (M*)
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tenperature for 0.5 h and diethyl ether (100 mM) was added.
The supernatant was decanted, and the resulting oil was triturated

twi ce Wwhodhsdebyl ether and dried in vacuo to gi ve apectrrusesiasssi d (1.3
g). The solid (1.3 g) was dissolved 5 in 0.05% HC and applied to a 5 X

25 cm colum of Vydac (err] resin. A gradient of increasing

concentrations of CHerr]CN (2%

fromthe

38. 28" Found: C, 38. 34.

Exanpl e 62 15 Calc: op [éﬂrys H, 3.62; N, 10.06;

FKIerr]CCH[errthngha PrQy45mH§wLeHr]§Ig§r]ﬁw1§rggNH[err] HC 20
Pr epar ati on of
FKIgrr]CkH[err]-D-Cha-Pro-4-NHCH[err]C[err]H[err]NH[err].HG.

met hods s@)st @iepabrhy iefubf aketyan®- 5 -hilrombarstiyladhi opheheexanpl es | -G
(using N-(t-Bu( err]CCH err].)-N Boc- D Cha-ProCH),
gofkﬂew]aﬂew][}maPH)4Nmﬂew]quH{aHNWeH]HG 25 was
prepared from Loniat soBatiphantn2-tyanocht trydicoxyiethyl) thiogphemeoduct was

ﬁﬁR%PU?L§3”RhBQ¢ Zn (B 2(4VR)) was Id¥duph 70/30 (A'B), 2 h).

purified
IR 30 1H

10

15

20

25

30

35

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
product (as judged by TLC) were pooled ahd concentrated in
vacuo to give 6.5 g (75%) of 2-cyano-5-

(bromomethyl) thiophene.

ly NMR
FD-MS, m/e 203 (M%)

Analysis for CgH4NSBr:

Calc: C, 35.66; H, 1.99; N, 6.93;
Found: ¢, 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 iminodicafboxylate (7.1 g,
33 mmol) in THF (50 mL) over 30 min. After stirring for 3
h, saturated aqueous 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

to 25% was used to elute the peptide
col um. Fractions were cot$@cted and pool ed on the basis of
anal ytical RPHPLC profile and |yophilized to afford the pure 10 title
conpound @ga%§%ég fg§9@6H ﬁ@gh@ 393 (MHerr]); elenental anal ysi s

(calcd) [err

By

23-D, and 58-E, 0.17
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146 FAB-VMS, me 431.3 (MHerr]) Analysis for [err].2.2 HO.1.5
Herr]O WO9S23609 () (. C, 51.37; H, 7.35 N, 10.42; dCI/4sps4asss
Found: C, 50.87; H 6.72; N, 10.41; d, 14.18. 5

Exanpl e 63 [err]

NH2 10 ' 151

HJ err]CCH err]-D-Cha-Pro-4-NHCH err]CH err]Cerr]H err]NH err] . HC
Preparation of HJ err] CCH err(;ﬂ_llt Cha- Pro-4-[err]. HCIL. By

net hods subswagei Wb kEinealdriked o Maseud .ddddtered asd cnnegahpaeeﬁz 0.19

g of Herr]+R %&uBr@o‘lglve 1({55’ % - oA Prerhad - 5L BBL NCH, -

4-ni trophenet hyl am ne drochl oride. The final produc Was purified by
RPHPLC ﬁ%ltlﬁsaeee(%a@(%tﬁ ig%sh wporsstenippg -2 Bris sobid wae
[err] H NVR dissbdPedBin NE€0X45(20d Miljerddd coolet@loyd scf Q5ih§radh- 2. 2HA

5H[err4C)1ce/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
10 dried overnight under vacuum to give 5.2 g (100%) of
2-cyano-5- (aminomethyl) thiophene-HC1.

1y NMR
FD-MS, m/e 139 (M%)
15 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-BuOzCCHz}-N-Boc-D-Cha-Pro-4-NHCHp-2-
20 cyanothiophene.

By a method substantially equivalent to that described
in example 1-G (using N- (t-BuO3CCHz)-N-Boc-D-Cha-ProOH}, 4.6 g
(93%) of N-(t-BuO2CCH2)-N-Boc-D-Cha-Pro-4-NHCH;-2-
25 cyanothiophene was prepared from 2-cyano-5-
{aminomethyl) thiophene-HCl.

IR
1y NMR
30 FD-MS, m/e 602 (M%)

F) Preparation of N-(t-BuO2CCHz)-N-Boc-D-Cha-Pro-4-NHCHp-2-
C (NH)NHBoc-thiophene.

35 Hydrogen sulfide gas was bubbled thrgugh a solution of
N- (£-BuO2CCH) -N-Boc-D-Cha-Pro-4-NHCHp-2- @ﬁénothlophene (1.5

g, 2.5 mmol) and triethylamine (4.5 mL} 1n-pyr1d1ne {45 mL)



Cal c: C, 54.00; H 7.40; N, 10.50; a, 14.61; 25 Found: C,

53.65; H 7.59; N, 10.24; d, 14.33. WO 95/ 23609 _

PCT/ US95wadishbisos 147 perrusesizsss

Exanple 64 [err] 5 ' _
HJ er]rCCH err]-D-Cha-Pro-4-NHCH err]-3-F-[err]. HCL A) Preparation of
4-Blerr]-3-F-(err]. To a stirring solution of
2-fluoro-4-nitrotoluene (5 g, 10 32 n&BR) in carbon tetrachloride (160 ni)
was added N- bronosuccinimde (5.7 g, 32 mmol) followed by benzoyl

peroxide (£,/8 Qﬁ.n?’a%dnmg}x EHgd\trggséf’lvVéé Q%%féed \%a%gé eaq.ltogﬁd to Sl

After 12 h, the heat was renoved and the m uted "W :
car bon t etVEIRiGhtde TREONAKY MATNIRS hei t¥egen vasduhbl edritdinougdini ¢ phase

was then diddliisedutiibh ebbyb RCR!#4& the {SRFert )wadldebd¥SH Q;arcéu_)o.
ntrated_ .n v Cugd%‘ﬂ ﬁ};l')gle resi due was di ssolved In

filtered d cong , _ _

t et r ahydr g‘&\fr XSty entpsafyssoly A59435R) Al (HashedbrneH (60%

di sper 8i owiith eiater andloficg, with nboine antheh -drimd yiMgsonodifdateemedl at e
(6.9 g, 3 ' et.ra furgan. (2100. . _After si.irring .overnight
the sol ven mﬁg%%gége%lngéa%gﬁghd @ﬁ% ?%%ﬁ%%f)e Wit tHién é?‘rs&?&t‘%&r &fhed
over silid®lypene andt cagcenthabedt #p vrcud ctwo timexf. hexanes t hrough 20%
et hyl acet at e/ gya 4 e o] : I [ [;ud by TLC)

Resialikewhs gﬂgﬁ dissGPRLE ﬂxr@cgt{%&g GI.%%%L& %?1%

wer e conbined and 25 concentrat I n vacuo to give 3. a white
solid. iodomethane (5 mL) was added. After stirring overnight at
10 room temperature, the solvents were removed in vacuo. The l

resulting gold foam was then dissolved in methanol (20 mL),
NH40Ac (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

15 mbL). To this stirring solution was added a soluticn of K»CO3
(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 orgénic phase was then

20 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. '

25
1y NMR
FD-MS, m/e 720 (M%)
Analysis for C3gHs57Ns508S:
Calc: C, 60.06; H, 7.98; N, 9.73;
30 Found: C, 59.76; H, 8.07; N, 9.52.
G) Preparation of HO2CCH2-D-Cha-Pro-4-NHCH3-2-
amidinothiophene-HCl.
35 By a method sub'stantially' equivalent to that described

in example 58-E, 500 mg of HO3CCH;-D-Cha-Pro-4-NHCHy-2-



IR [err]H NMR FD-M5, me 370 (Merr]) 30 Analysis for [err]:

Cal c: C, 55.13; H, 6.26; N, 7.56; Found: C, 55.27; H, 6.23;
N, 7.44. wo95123609 WD 95/ 23609 PCT/US95/02558

PCT/ US95/ 02558 148 B) Preparation
of Herr]-D-Cha-Pro-4-NHCH err]-3-F-Cerr].Hd. By net hods
substantially equivalent to those descrilggd 5in exanple 23-A, 1-G (using
N (t - BuO2CCH2) - N- Boc- D- Cha- ProCH) , -D and 58-E, 0.44 g of

H err] - D Cha- Pr o- 4- NHCH2- 3- F-Cerr]-HO was prepared. The fi nal
pr oduct \NaSarmHnirfdtﬂ-ﬂophenes Hogy wReHPLSrepated. 2, 7108/ 5k dAdE) walsr pugh £76430
(A/B), 2 h)

Anal y’S| s forY @[err]‘]c'J [Sr LE'/NVI&/C% FferBoul\% w4(%|-1/%)( Ng[ B rN])ll 30;

ca, 9.29; 15 Found C, 55.38; H 6.97; N, 11.05; , 9.31.
Exanpl e 65 1g 0 CH Jerr]
5 1H NMR

FAB-MS, m/e 464.2 (MH*)
Analysis for Cp2H33N504S-2RHCl-H30:

Calc: C, 47.65; H, 6.73; N, 12.63; Cl, 12.79;
Found: C, 47.53; H, 6.57; N, 12.59; C1l, 12.67.
10
Example 66
Oj/OH
HN NH
O e HCI
’ XY " NH,
NG RO
vty
>N
O
15 HO2CCH2-D~Cha-Pro-2-NHCH;-5-amidinopyridine-HC1

(N- {carboxymethyl) -D-cyclohexylalanyl-N-
[[5- (aminoiminomethyl)pyridin-2-yllmethyl]-L-prolinamide
hydrochloride)

20 A) Preparation of N-(t-BuO2CCH;)-N-Boc-D-Cha-Pro-2-NHCH;-5-

cyanopyridine.

By methods substantlally equlvalent to those described
in example 64-A, 23-A° gnd 1-G (using M- {t- BuO2CCHz ) -N-Boc-D-
25 Cha-ProOH), 4.4 g of N-(t- BuO2CCH2) -N-Boc-D-Cha-Pro-2-NHCH;-5~-

cyanopyridine was prepared from 2-methyl-5-cyanopyridine.



20 ' HJ err] - D- Cha- Pr 0- 4- NHCH2- 2- am di not hi ophene. HCl
(N-(car boxynet hyl ) - D-cycl ohexyl al anyl - N-

[ [ 5- (am rwomspmeet hyl )t hi ophen- 2-yl ] met hyl ] - L- prol i nam de PCT/US95/02558
hydrochl ori de) 25 A) Preparation of 2-cyano-5-fornylthiophene

To a flanme-dried 3 neck 1L round bottom fl ask was added

dii sopropylamne (9 nL, 66 mvl) and THF 8150 m) under a nitrogen
at nosphere. The flask was cooled to an 382 i nternal tenperature of -78
[err]C (dry icel/acetone). To this WO 95/ 23609

PCT/ US95/ 0268 . _ 149 - stirring
sol ution was added. n-butyllithium (1.6 Min hexanes, 41.3 m, 66.1
nmol ) via S%N‘ﬁe and the m xture was allowed to stir for 5 mn. To

thi s sol ut irD+M®S re@d®97 (M*)a sol ution of 2-thiophenecarbonitrile (6.55 g,
60 mol) in 5 THF (30 nm.) over 10 mn. The resulting bright red solution
was allowed to stir at -78 [ferr]Cfor 45 mn, at which tine '

di net hy bf orfaniRienexati op of38026RHB2yDvieha R WHEH2-5-syri nge. This

m Xt ure wasgad Aiisld.jehor 2 h at -78 [err]C and then solid citric
acid (about 10 g) was added 10 foll owed by water (60 nL). Volatile solvents
wer e ‘renoved in vacuo and the residue was partitioned between diethyl

ether and brine g2GRetHodA@hbsthayehd1yeequicadent cto afitbse ddstr i@ OoUS

phase was washed once | isethyl ether. T i ned qrgani ase
was washed ’cfhceéxwrfqhe bérgi kg,a S itsgdbwi?ﬁ/g%ge!grl][?z,cﬁ?q”{ﬂe@% aﬁ% %oﬁggn?r at ed
in vacid® t ospamigiimopyrigdineolCiowad pheparedsipomiN+ tu-BnO20H2d aNg8bc-

chr omat ogr aphyh 413,00 v5_a6ehabet {e1A0eS MEQRHuct wald ' pt31g9el0 S0%
et hyl acet at e/ hexanes). Fractions contal ni ng pure proé"uct wer e pool ed
and concent®PwtRRHELC methedud t(884Rv4A6BD thyeough ¢9/30 (A/B), 2 h).

2- cyano- 5-fornyl -t hi ophene. [err]H NMR - B) Preparation of

2- cyano- 5-(€¢/droxymet hyl )t hi ophene 25 To a sol ution of

2- cyano- 5-fotnyl -t hi ophene (6.9 g, 50

15 1H NMR
FAB-MS, m/e 459.3 (MH*) :
HRMS (FAB), m/e calcd. for C23H35N504: 459.2720
Found: 459.2707

20 Example 67
o j/OH
HN | | NH
0 * HCI
- _ NH,
C ) N
0

HO2CCH2-D-Cha-Pro-2-NHCH;-5-amidinopiperidine-HCl
25 '
Preparation of HO2CCH;-D-Cha-Pro-2-NHCH;-5-

amidinopiperidine-HCl.

N- (£t-Bu0O2CCH3 ) -N-Boc-D-Cha~Pro-2-NHCH;-5-cyanopyridine
30 (1.2 g, 2 mmol) was elaborated by methods substantially



ﬁnol) in EtOH (100 n.) was added sodi um borohydride (1.9 g, 50 nmmol) in

portions. After 5 mn of stirring, the solvent was renoved in vacuo and
t-he resi dweoossepartiti oned 30 between ethyl acetate and bici@ssedfissssayers
wer e separ at ed and the organi c phase was washed once with 1 Mcitric
acid and once with brine, then dried (I\/gsqerr]) filtered and
concentrated in vacuo to give 6.1 g (88% of 2-cyano-5-

(hydr oxynet hyl )t hi ophene. 35 [ err] HUSER FD-M5, mle 140 (I\/[err])

WD 95/ 23609 PCT/U895/02558

150 An Nélgrg_r t[dar 8;
10. 06- akny i ﬂiﬂoseSfegzrlbegaL.ﬁ exﬁnpges‘%l IZ ?_‘

of 2-cyano-B2¢ tﬁ‘b?ﬁﬁﬁé‘:t FRAS) Wéﬁﬁéﬁeby, RPHPLC metpod %O(Qﬁfi'bn(AﬁB)
2- cyano- 5- (tyeswaty TRiABd ) (alyiBgpheny) . ThE. Qractﬂénmatau%%dh@ n) was

added tr hen I h| ne nd_carbon 10~ tetrabrom de
(12.3 g, 47m‘ ﬁ' cpc%ct &PeﬁgbgvﬁPﬁ?’ggocgl RERRIS wATRS SoPiRsfospher e
at roombt erm@r?alajrle/ Ctdwesmlraenﬁ in vamsor endVvEgophi MVogetd) taNdyifvee a3egigdue
was di ssol v |or n adsorbed onto silica gel and | oaded
onto a Si il(r:baf gaepq1 ggfeghmﬁgagrgoduct was el uted using an ethyl 15

acet at e/ hexanes gradient. Fractions containing pure product (as judged
by TLC) wergrpool ed and concentrated in vacuo to give 6.5 g (75% of
2-cyano-5- 4 br ononet hyl ) t hi ophene. 20 [err]H NWR FD-M5, me 203
(Merr]) H ysis for [err]: Cal c: C, 35.66; H, 1 99; N,
6.93;, 10 Is-MSoumk 465.6 (MEH*Y1l, H 2.03; N, 6.95 25

HRMS (FAB), m/e calcd. for C23H41NgO4: 465.3189
Found: 465.3191

r epar ‘ation

Example 68
15
o j/or-n
HN
NH
0 * HCI

e
0]

HO2CCH2-D-Cha~Pro-2-NHCH;-5-amidino-5, 6-dehydro-
piperidine-HCl
20 (N- {carboxymethyl) -D-cyclohexylalanyl-N-
[[5-{aminoiminomethyl)-1,2, 3, 4-tetrahydropyridin-
2-yllmethyl]-L-prolinamide hydrochloride)

Iz

Preparation of HO2CCHz-D-Cha-Pro-2-NHCH;-5-amidino-5,6-
25 dehydro-piperidine-HCl.

N-(t-BuOgCCHz)-N-Boc-D-Cha—Pro-Z-NHCHz-S;cyanopyridine
{1.2 g, 2 mmol) was elaborated by methods substantially
equivalent to those described in example 23-aA, 23-B, and 1-B.
30 The product was purified by RPHPLC method 2 (98/2 (A/B)



D) Preparation of 2-cyano-5-(am nonethyl)thi ophene. HC : To a

cold (O[err]C solution of 2-cyano-5- (brononet hyl ) t hi ophene (6.0 g,

30 mmol ) waesiidees 5O nL) 30 wunder nitrogen was added NaH (ReYpgbsppagsi on in .
oil, 1.3 g, 33 mml) in portions. To this stirring suspension was

added a solution of di-t-butyl im nodicarboxylate (7.1 g, 33 mol) in
THF (50 nmL) over 30 mn. After stirring for 3 h, saturated agueous

ammoni um chl ori de (100 nL) was added. 3%6 Vol atile solvents were then
removed in vacuo and the resi due was partitioned between ethyl acetate

and wat ef o oudiiord AUPT 47, 25802 2Rl 8PdctDond" S8 phAc s washed

WD 95/ 2360

151 mad e RYQN BT iafe Judigesd byNaRaleEiFal RPEPEE cvexs couricarsd r at ed
in vacuo tg@a@t gl ihe. c%xﬂ:e(nk%%edoana gyaami&ea[ew%f@[@n]mg (39%)

t hi ophene ich crystallized upon standing. This solid was di ssol ved
in Et OAc (2BCR Mt q,ld'éied to O [err]Cusing an 5 ice/water bath.

Anhydr gus HC gas was bubbl ed t hrough the solution for 10 mn and the
m xture stirred for 2 h while warm ng to roomtenperature.

Sol vent s e renoved in vacuo and the resulting solid was suspended
in di ethyllH NMRether and |soI ated by filtration. The white solid was 10
dried over +9 g| ve 5.2 g (100% of

2 cyano- 5- zgm norre h| op ene. [err]H NWR FD-M5, me 139
(Merr]) f@3H38NeL4 " Foner. 2H2@y) c. C, 41.26; H, 4.04; N,
|1'36 04,1ot_ f Caff)ugdq c, 1015411,131 DH! .49; éZN I‘isNbE. 823&1 17.01F) q
reparation o udg err 0C;

cyanot hi ophene. {.N',S é %?/I\Ef %bﬁaﬁﬁ 52_{ Cﬁwﬁgalaént to that
descri bed in exanple 1-G (using N-(t BuQ2CCH2) - N-Boc D Cha-ProOH), 4.6

g (939% of N(t-Bu-Qerr])-NBocM-& NHCH2- 2-

OOH

* 3HCI

15 o

HO2CCHy-D-Cha~-Pro-3-NHCHz-6-amidino-pyridazine-3HCl
- (N- (carboxymethyl) -D-cyclohexylalanyl-N-
[({6- (aminoiminomethyl)pyridazin-3-yllmethyl]-L-prolinamide
20 trihydrochloride

A) Preparation of 3-methyl-6-cyanopyridazine.

To a stirring solution of 3-methylpyridazine (11 g, 118
25 mmol) in dichloromethane (200 mL) was added AlClz (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 mL) was added via addition
funnel and the solution continued to stir overnight. The -
30 next mornihg, the solvent was removed in vacuo and the



25 cyanot hi ophene was prepared from 2-cyano- 5-

(am nonet hyl ) t hi ophene. HO . I R [err]H NVR 30 FD-M5, nfe 602
(Merr]) WO952509 Preparation of PCT/US95/02558

N (t-BuQ2CCH2) - N- Boc- D- Cha- Pro-4-NHCH[ err] - C( NH) NHBoc- t hi ophene. 35
Hydr ogen sul fi de gas was bubbl ed t hrough a sol uti on of N (t-BuQerr])
- N- Boc- D- Cha- Pro-4- NHCH err] - cyanot hi ophe (1.5 g, 2.5 mvol) and
triethylamne (4.5 nL) in pyridine (45 - WO 95/ 23609

PCT/ US95/ 02558 152 for 5 mn and

then the ve&&gﬁdwas‘nagghgﬁrmd cﬁ|i|r9\&;1d1dtﬁlsmlﬂﬁ stirreugl abﬁgis_iﬂe ag%}]
mor ni ng, nitrogen.was ed, throu the solution. for n e
sol vent waskﬁggogégg?ﬁegagémﬁlve a éﬁﬁ?%%ﬁﬁ%& e wggedﬁggbﬁvﬁﬁsi 1%ﬁ$§%eé
acet ate an_d inatkbdabydeofgran t {60 tmdr) amli dioc &hdist bt_li)r'rm_ng sbkutton echs
(MSON), 1 lb@edds, 5-aPlPaiARREN (L4 AGLRCHCen NG 1651 SO ¥ aRS TN
di ssolved in tol uene and ‘concentrated In vacuo two t1 fres. The
resi due has®EheR di BsotheEelventetWiife TeMOVeR fnafgcuo anddthet resiedys nl)

was added. wAktparsitiched lovaredryHexaineb0 anBogEtLegPeEAAYESoud NEH A vent s
wer e rermveg,hi n_yacuo. The resul ti n%h%ol d foam was then dissolved in
net hanol (20°frLpRases 2 r59RITALSS 2§ The ARYEPURBhaaR YRS st Hied
sol uti on wawith stdadellai@Oy,efthen. eAtrectédhthtée sihesniitlaseytgrioved in
vacuo and t i du s di eqd.in tetrahydrofuran (10 15, ). To
this stirri ggeégf’%fi g%%@wa%g{é%ﬁé aeq"shallrlutal%c?ﬁgt# FE‘PF]ES w re(%‘f g, 12.5
mol ) i ¥° watl¥eSP4D. nEylenedand iwpngentrpied| in vacdpche oive & (. B4%) 10
mrol ). Aftepesihiebngoifg. 1 h, the suspension was diluted wth ethyl
- acetate (400 nL) and washed with water followed by brine. The organic
phase was then 20 concentrated in vacuo and chronmat ographed over silica
gel , elgRing with a step gradient of 10% et hyl acetate/ hexanes
t hrough 75% tﬁ%é acet at e/ hexanes. The product containing fractions, as
j udged by TLC, re conbi ned and concentrated

15 FD-MS, m/e 119.1(M*)

B) Preparation of HO2CCH3;-D-Cha-Pro-3-NHCH;-6-amidino-
pyridazine-HCl.

20 By methods substantially equivalent to those described
in example 66, 90 mg of HO2CCH;-D-Cha-Pro-3-NHCH;-6-
amidinopyridazine-HCl was prepared frdm 3-methyl-6-
cyanopyridazine. The product was purified by RPHPLC method 2
(98/2 (A/B) through 70/30 (A/B), 2 h}).

25
IR
1H NMR
FAB-MS, m/e 460.3 (MH*)

Analysis for C22H33N7043HCl+2H320:
30 Calc: C, 43.68; H, 6.66; N, 16.21;
Found: C, 44.04; H, 6.45; N, 15.57.



in vacuo to give 1.1 g (61% of a white foam 25 [err]H NWR FD- VS,

me 720 (Merr]) -Analysis for [err]: Cal c: C, 60.06; H
7.98; N, wo 96336090 . Found: C, 59.76; H 8.07; N, 9pegRusesiozsss O
Preparation of HJ err] CCH err] - D Cha- Pro- 4- NHCH2- 2-

am di not hi ophene. HO . 35 By a nethod substantially equivalent to

t hat descri bed I n exanpl e 58-E, 500 ng of

HJ err] CCH err]-D- Cha-Pro-4-NHCH err] - 258 WO 95/ 23609

PCT/ US95/ 02558 153 '

am di not hi ophene. HCl wer e prepar ed. Mct was purified by RPHPLC
nmet hod 2 (98/2 (A/ B) through 70/ 30 ) IR5 [err]H NWMR

)
AnaIyS|s for (Jerr].2HA .Herr]O

FAB-MS, me 464.2 (MHerr])
Cal c: C, 47.65; H, 6.73; ép a, 12.79; Found: C,
47.53; H, 6.57; N, 12.59; 12 67 10 '
Exanpl e 66 '
HN NH
0] e HCI
' N
N H\V/J[::J
oy
L |
o
5 HO2CCHz-D-Cha-Pro-4-NHCHz~-1-amidino-3, 4-dehydro-

piperidine-HC1l .
(N- (carboxymethyl) -D-cyclohexylalanyl-N-[[1-
(aminoiminomethyl)—1,2,3,6—tetrahydropyridin-4-yl]methyl]-
L-prolinamide hydrochloride)
10 _
A) Preparation of N,N'-Bocz-thiourea.

To a stirring suspens;on of NaH (60% oil dispersion, 9.4
g, 234 mmol) in tetrahydrofuran (500 mL) at 0 °C was added

15 thiourea (4.0 g, 52 mmol). After 30 min, the cold bath was
removed and the reaction was allowed Eo 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
tetrahydrofuran (100 mL) was added via addition funnel.

20 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 agueous NaHCO3, followed

25 Dby brine and was then dried with MgSO4, filtered and

concentrated to give 11.9 g (83%) of a white solid.

IR
1y NMR
30 FD-MS, m/e 276 (M*)



[err] 15 HJ err] - D- Cha- Pro- 2- NHCH[ er r ] - 5- ami di nopyri di ne. HCl
(N-(car boxynet hyl ) - D-cycl ohexyl al anyl - N-

J[5- (am Y0R8t hyl ) pyridi n-2-yl ] nethyl]-L-prolinanm de PCT/US95/02558
hydr ochl ori de) 20 A) Preparation of

N (t-BuOQ2CCH2) - N- Boc- D- Cha- Pro-2-NHCH err] - 5- cyanopyri di ne. _
By nethods substantially equivalent to % ose descri bed I n exanpl e 64-A,
23-A and 1-G (using N—(t-BuC{err])-N—B& D 25 Cha-ProCH), 4.4 g of

" N (t-BuQ2CCH2) - N- Boc- D- Cha- Pr 0- 2- NHCH2- 5- cyanopyri di ne was prepared
from 2- metAxyd Ivbs iy aoap ¥ h Hy N 04S WO 95/ 23609
PCT/ US95/ 02558 . . . 4 I R [err]H
NVR FD- M5, T 597 (M) 47 $1ipf Brdfar Nri 69'%3'
HJ err] - D- Cha- Ffaar3 NHCHZX: 5-47 .69 ;aMi,din@Byr Ndi 40. Bidl . By net hods
substantially equivalent to those described I n exanpl e 65-F and 65-G

130 ng _of H(O err]-D- Cha-Pro-2-NHCH2- 10 5-am di nopyridi ne. HJ was_prepar ed
from N3( t -BuoRzgERraliggc of N- (B B2 -NRee-I5-CEpaksoydi-FHrE2- Fhe

product wagy purigdddamidify) RPHPLgeipd e Zod 5 ihd A/ B) through 70/ 30
(A/B), 2 h). IR 15 1H NWVR FAB-MS, mie 459.3 (MHerr]) HRVS

(FAB), mle calcd. for [err]: 459.2720
To a stirring solution of N- (t-BuO2CCH3)-N-Boc-D-Cha-

Pro-4-NHCH3-3, 4-dehydro-piperidine (0.6 g, 1 mmol) and

10 triethylamine (0.35 g, 3.4 mmol) in dimethylformamide (10 mi)
was added N,N'-Bocz-thiourea (0.28 g, 1 mmol) followed by
HgCl; (0.28 g, 1 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

15 with MgSO4, filtered and concentrated in vacuc. 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 wvacuo to give 800 mg (94%) of a

20 white foam.

IR
1H NMR
FD-MS, m/e 820 (MHY)
25 BAnalysis for C43HyoNgO1p:
Calc: C, 61.59; H, 8.61; N, 10.26;
Found: C, 61.81; H, 8.79; N, 10.45.

C) Preparation of HO2CCHy-D-Cha-Pro-4-NHCHz-1-amidino-3,4-
30 dehydro-piperidine-HCl.

By methods substantially equivalent to those described
in example 58-E, 0.22 g (55%) of HO2CCHz-~D-Cha-Pro-4-NHCHy-1-
amidino-3,4-dehydro-piperidine-HCl was prepared from N- (t-

35  BuO3CCH3) -N-Boc-D-Cha-Pro-4-NHCHz-1- (N, N'-Bocy-amidino) -3, 4-
dehydro-piperidine. The product was purified by RPHPLC
method 2 (98/2 (A/B) through 70/30 (A/B), 2 h).



Found: 459. 2707 20 Exanpl e 67 [err]

HJ err] - D- Cha- Pr o- 2- NHCH2- 5- am di nopi peri di ne. HO 25 Preparati on of
HJ err] - B@PR2399- 2- NHCH2- 5- am di nopi peridi ne. HO .  PCT/US95/02558
N (t-BuQ2CCH2) - N- Boc- D- Cha- Pro-2- NHCH[ err] - 5-cyanopyridine 30 (1.2 g, 2
mol ) was el aborated by nethods substantially WO 95/ 23609
PCT/ US95/ 02558 160 : 155 equi valent to
t hose described in exanple 23-A, 23-B, "and 1-B. The product was
" purified by RPHPLC nethod 2 (98/2 (A/ B) t hrough 70/30 - (A/B), 2 h). The
fractions.I®ntaining the m nor product as judged by anal ytical RPHPLC
wer e conbi 5 partially concentrated in vacuo and | yophilized to give
93 ny of a pale green solid. I R [err]H NVR 10 | S- M5,
me 465.5 FAB{MS /e 463.3 (MH*)
Analysis for Cz3H3gNgO4:2.2HCl-2H20: _
5 Calc: ' C, 47.73; H, 7.70; N, 14.52; Cl, 13.47;
Found: C, 47.49; H, 7.64; N, 14.55; Cl1l, 13.48.
Examplg_ll :
Oij}DH
HN
O

NI
(_7"_"1)1’

10
HO2CCH,-D~Cha-Pro-4-NHCH;-3-F-benzamidine - HC1
(N- (carboxymethyl) -D-cyclohexylalanyl-N-
[[4-(aminoiminomethyl)42-fluoropheny1]methyl]-L-prolinamide
15 hydrochloride)

Preparation of HO2CCH3-D-Cha-Pro-4-NHCHz-3-F-benzamidine-HCl.

By methods substantially equivalent to those described
20 in example 66, 0.27 g of HO2CCHz-D-Cha-Pro-4-NHCHp-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).

25 IR
1y NMR
FAB-MS, m/e 476.3 (MH*)
Analysis for Cy4H34NsO4F-2HCl-1.5H50:
Calc: C, 50.09; H, 6.83; N, 12.17; Cl, 12.32;
30 Found: C, 49.89; H, 6.65; N, 12.17; Cl, 12.42.



HRVB (FAB), mie calcd. for [err]: 465.3189 Found: 465.3191 [err]
HJ err] - D Cha- Pro-2-NHCH err] - 5- am di no- 5, 6- dehydr o-

pi peri di NWOHSI23609 (N- (car boxynet hyl ) - D- cycl ohexypal/ais93/02558
[[5-(am noi m nonet hyl ) -1, 2, 3, 4-t et rahydr opyri di n-
2-yl ] met hyl ] -L-prolinam de hydrochl ori de) Preparation of

HJ err] - D- Cha- Pr o- 2- NHCH2- 5- ami di no- 5, 6: %5 dehydr o- pi peri di ne. HC .

N (t-Buderr])-NBoc-D Cha-Pro-2- NHCHZ:-Lg-cyanopyri di ne (1.2 g, 2 mol)
was el aborated by nmethods substantially equi val ent to those descri bed
in exanple 23-A, 23-B, and 1-B. 30 The product was purified by RPHPLC

met hod 2 (98/2 (A B) WO 95/&3&%&_72

PCT/ US95/ 02558 156 t hrough 70/ 30
(A/B), 2 h). The fractions contaiSiHng t he

Oj/
HN NH
O = * HCI
! H NH,
N
C
(@) F

5
HO2CCHz-D-Cha-Pro-4-NHCH;-3, 5-Fy-benzamidine-HC1l
(N- {carboxymethyl)} -D-cyclohexylalanyl-N-
[[4- (aminoiminomethyl-2, 6~difluorophenylimethyl] -L-
prolinamide hydrochloride)
10

Preparation of HO2CCH;-D-Cha-Pro-4-NHCH;-3,5-F2-

benzamidine-HC1l.

By methods substantially equivalent to those described
15 in example 65, 0.28 g of HO2CCH2-D-Cha-Pro-4-NHCH3-3,5-Fa~
benzamidine-HCl was prepared from 3,5-Fz-benzonitrile. The
product was purified by RPHPLC method 2 (98/2 (A/B) through
70/30 (A/B), 150 min).

20 IR
1H NMR
FAB-MS, m/e 494.2 (MH*)
Analysis for C4H33N504F2-2HC1l-1.5H30:
Calc: c, 48.57; H, 6.45; N, 11.80; C1, 11.95;
25 Found: C, 48.26; H, 6.17; N, 11.89; C1l, 11.90,



maj or product as judged by anal ytical RPHPLC were conbi ned, partially

concentrated and | yophilized to give 422 ng (39% of a white solid. 5
| R [ %o 4533089 IS-M5, me 463.3 (MHerr]) Anal peirfushbasss
Cerr].9HC .[err]: 10 Cal c: C, 45.71; H 7.49; N, 13.91; O,

17. 01, Found: C, 45.51; H, 6.83; N, 13.66; C, 16.83.

Exanpl e 69 [err]

HJ err] - D- Cha- Pr o- 3- NHCH2- 6- ami di no- pykPdazi ne. 3HC
(N- (car boxynet hyl ) - D- cycl ohexyl al anyl - N-

[[6-(aninoininonethyl)pyridazin-3-*%#§§¥ﬂ%k%%L-prolinanide 20
tri hydrochl ori de A) Preparati -net hyl - 6- cyanopyri dazi ne.
To a stirring solution of 3-nethylpyridazine (11 g, 118 25 mmol) in

di chl oronet hane (200 nlL) was agsled Cl[err] (0.05 g) fol |l oned by
trimethyl silylcyanide (21 g, 211 ). After 20 ° mn, a solution of
p-tol uenesul fonyl chloride (38 g,)201 nmol-) in dichl oronmethane (50.n)

was added via addition urgRl’ and the sol ution continued to stir
overni ght. The 30 next i ng thE)soIvent ¢Mp enoved in vacuo and the

WO 95/ 23609 PETHO$95/ 02558
. ~N
N - H
Cr
0

5 HO2CCHz-D~-Cha-Pro-4-NHCH2-2~-aminopyridine-HC1
A) Preparation of 4¢methyl-2—phthalimidOpyridine.

To a stirring solution of 4-methyl-2-aminopyridine (50
10 g, 460 mmol) in acetic acid (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
15 the solid residue was suspended inltoluehe and concentrated
in vacuo twice. The solid was then suspended in ethyl
acetate with vigorous stirring and:filtéred{ After repeating
this ethyl acetate washing procedure the SOIid was dried
overnight in vacuo to give 46.6 g (42%) of a white solid.

20
IR
1 NMR
FD-MS, m/e 238 (M%)
Analysis for Ci4H1oN203:
25 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-BuO2CCH3)-N-Boc-D-Cha-Pro-4-NHCHy-2-
phthalimidopyridine.
30



157 resi due was suspended in ethanol with stirring for 15 nin and

t hen filtg¥§g¥%f»glve a white solid. The solid was dlssolved

tetrahydr 80%00 L) and to this stirring solution was? ’Ugﬁﬂﬁﬁﬂ

1, 8-di azabi cycl o[ 5. 4. O undec-7-ene (16 nL, 105 nmol). 5 After 1 h, the
sol vent was renoved in vacuo and the residue was partitioned between
hexanes and saturated aqueous NH err]C .13 The phases were separated and
t he agueous phase was basified with solid [err], then extracted three
times with ethyl acetate. The conbined ethyl acetate phases were dried
10 (MySg er r] ) By Petaeds HiRE tHdadlrasyivaleatusot hoseedes gr {ivad)

of white sobihdexample 6&KA, 23-@ rapd NMB XasikB Nsxtﬂéﬁoéd@i})(m-%dd-b—

i 20 ehhBefbul o e By SR Tartee ST o wanied™

in exanpl e ﬁﬁth@Dxmgﬂ@dpﬂiIdmnq-wBstaeEamea-HHGH246methyl 2- g
am di nopyri | . farepared from 3-net hyl - 6- cyanopyri dazi ne.
RELRE o AR

The product HPLC net hod 2 (98/2 (A/B) through 70/ 30
(AB), 2 h). 25 | R 1H NMVR FAB-MS, mle 460.3 (MHerr])

Anal ysis fogg[err].3HOA .2H20: 30 Cal c: C, 43.68;, H 6.66; N,

16. 21; Found: C, 44.04; H, 6.45; N, 15.57. WD 95/ 23609
PCT/ US95/ 0258 MR 158

FD-MS, m/e 717.7 (M%)
10
C) Preparation of HO2CCHz-D-Cha-Pro-4-NHCHz-2-

aminopyridine-HCl.

To a stirring solution of N-(t-BuO2CCH,)}-N-Boc-D-Cha-

15 Pro-4-NHCH;-2-phthalimidoopyridine (1.6 g, 2.2 mmol) in
ethanol (25 mL) 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

20 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
25 1H NMR
FAB-MS, m/e 432.3 (MH*)
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.
30



Exanmple 70 [err] 5
HJ err]-D-Cha- Pro-4-NHCH err] - 1- am di no- 3, 4- dehydr o-

pi peri di rf¥0QR#p3609 (N- (car boxymet hyl ) - D- cycl ohexy| REHHSISORSSS] | -
(am noi m nonet hyl ) -1, 2, 3, 6-tetrahydropyridin-4-yl]methyl]-

L- prol i nam de hydrochl oride) 10 A) Preparation of

N, N - Boc[ err]-thiourea. To al6sti rring suspension of NaH (60% oi |
di spersion, 9.4 . g, 234 mmol) in tetrénydrofuran (500 nL) at O [err]C
was added 15 thiourea (4.0 g, 52 mmol). After 30 min, the cold bath was
removed and the reaction was al | owefixempiei 74for 30 min at room
tenperature. Once again; the vessel was cooled to O [err]C and a
solution of di-t-butyl dicarbonat Q)QZS g, 115 mmol) in t et rahydr of ur an
(100 nmL) was added via additi@»ju’ hnel . 20 After stirring for 30 min at O
[err]C and an additional 2 h at room tenperature, saturated aqueous
NaHCO3 was added. The n was then concentrated to about half the

phase was then washed at gy aqueous NaHCOB, followed 25 by brine

sol ut i
ori gi nal vol une i @ HNd ethyl acetate was added. The organic
and was then dried with “Tiltered NHgortdd@irated to give
11.9 g (83% of a white solid. N | R4 [err HNWR 30 FD-M5, me 276
" =
o

(Merr]) WO 95/ 23609 N
PCT/ US95/ 02558

HO2CCH2-D-Cha-Pro-5-NHCH;~-2-aminopyridine-HC1
Preparation of HO2CCH;-D-Cha-Pro-5-NHCH;-2-aminopyridine-HC1..

By methods substantially equivalent to those described
in example 73, 0.88 g of HO2CCHz-D-Cha-Pro-5-NHCHz-2-
10 aminopyridine-HCl was prepared from 5-methyl-2-aminopyridine.
The product was purified by RPHPLC method 2 (98/2 (A/B)
through 70/30 (A/B), 150 min).

IR
15 1H NMR

FAB-MS, m/e 432.3 (MH*)

Analysis for C22H33N504e2HC1eH30:

Calc: C, 50.58; H, 7.14; N, 13.40;
Found: C, 50.79; H, 7.20; N, 13.58.
20
Example 75
0 OH
HN
(0]

N H
( 7""11"\'\/@ e HCI
o) S NH,

HO2CCH2-D-Cha-Pro-5-NHCH;CH2-2-aminopyridine - HC1 |



159 Anal ysis for [err]: Cal c: C, 47.81; H 7.30; N,

10. 14; Found: C, 47.69; H 7.28; N, 10.34. 5 B

Prepar at iY@ 98?23682 (t - Bug err]) - N- Boc- D- Cha- Pr o- 4- NHCH| er r | - RCT/US95/02558

(N, N -Boc[ err]-am di no) - 3, 4- dehydr o- pi peri di ne. To a stirring
solution of N (t-Bu(err])-N Boc-D Cha-

Pr o- 4- NHCH2- 3, 4- dehydr o- pi peri di ne (0. 1 mol) and 10 triethylam ne
(0.35 g, 3.4 mol) in dinmethylformam de (710 nL) was added

N, N -Boc[err]-thiourea (0.28 g, 1 mvl) foll owed by HgCl[err](0.28 g, 1
mmol ). Aftay 4Phepahetsah vehtS-Wes-r-Boeplidpyridinevacuo, and the residue was
di ssolved in ethyl acetate and washed twice with brine. The organic '

phase was then dried 15 with MySqerr], filtered and concentrated in
vacuo. The prof@aca stirwisg pseldtiian mf drmearbyvdgrapminevrridinecilged,

eluting wigh 100 AR P G AOSIASHAGEARES 200 aEIN a5 68 hyhs acghdd ©
hexanes. Th roduct_containing fractions as | udgedfbilTLC wer e
% 8

conbi ne¥ aNchégégﬁPFamé%le?Wlﬁd@W t{@3i8 & 88§ Ongmed awed byihite

{oarri diFB-butyl eaiddtbbfate (FDIVE250 amB3) aiHl Q&hkh;?&-ﬂmagysiz for
err|. ound:

\ | ¢: ,61.59 H 8.61; N, _10.26:
6L 1, Aimgthytanfhqtovefaine (e aih miegdofBhe cola bac RGa
gq er '[]hc[i} CeaolPed- dl_‘l&:‘&@ esolutiiamiwiisnaldovedidtto dehydnoepepirringe HCIS.8 -
met hods : i a 0 r n e 58-E,
0 oy RGP UBALBEL” Fle S UEE Une TS 1URRH LABH conyLaEXRHL
am di nbl 3, 4688hTH} 0apd persled Lhige Wides sidhe Fatusarrd( aquegus NH4CL,

BuQ2CCH2) - WnBecwbekhBrBhe; 4eidddvartt shtiMaNeaBaehebtk- REHMOHO)ard 4-
dehydr o- pi peri di ne, The product \/va%1 purified b¥l RPHPLC met hog 2 (98/2
(A B) thrOﬁﬁﬁe75936n(W&f§,b§Fqﬁi The organic phase was then drie

{MgSO4), filtered, concentrated in vacuo and chromatographed
over silica gel eluting with 10% ethyl acetate/hexanes

15 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
20 1H NMR
FD-MS, m/e 308 (M*)
Analysis for Cj;gH24N204:
Calc: C, 62.32; H, 7.84; N, 9.08;
Found: c, 62.51; H, 8.11; N, 9.37.
25
B) Preparation of 5-BrCHz-2-BocyN-pyridine.

By methods substantially equivalent to those described
in example 64-A, approximately 11.6 g of 5-BrCHz-2-BocaN-
30 pyridine {which was contaminated with starting material) was
prepared from 5-Me-~2-BoczN-pyridine.

1H NMR
FD-MS, m/e 386.3 (M*)
35 Analysis for C1eH23N204Br:
Calc: C, 49.82; H, 5.99; N, 7.23;
Found: C, 49.86; H, 6.00; N, 7.07.



WO 95/ 23609 PCT/ US95/ 02558

160 | R 1H NWVR FAB-M5, me 463.3 (MHerr]) Anal ysis for
Clerr].2VWeR¥23% err]Q 5 Cal c: C, 47.73; H, 7. RET/Y§O5A2582: (|
13. 47; Found: C, 47.49; H 7.64; N, 14.55; d, 13.48.

Example 71 [err]

HJ err] - D- Cha- Pr o- 4- NHCH2- 3- F- benzam diqg HC
(N-(car boxynet hyl ) - D- cycl ohexyl al anyl - ﬁ- _
[[ 4- (am noi m nomet hyl ) - 2-fl uor ophenyl ] met hyl ] - L- prol i nam de 15

hydrochlorlde) Preparation of :

HJ err] - | a- Prépdrdtid#-o¥ fs mzdbaezlh‘%%rldlne By met hods
substantlal y equi val ent to those described I n exanple 66, 0.27 g of
HJ err] - D- Cha- Pr 0- 4- NHCH2- 3- F- .-benzam di ne. HOI was prepared from

3- F-4- Me- benzontéral stidhieng solprtadir to fvag igtitiliyi &ﬁph!eRghﬁkﬁHﬂeﬂhOd 2

(98/2 (A Bgoé%w 7% 30 (A/2§) mm%ll).') in d:.metin%.form;:gréi WM)

FAB- M5,” m
was added 18- crown-s (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,
eluﬁing with a step gradient of hexanes through 40% ethyl

10 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

15 1§ NMR

FD-MS, m/e 333.4 (M%)

Analysis for C17H23N304
Calc: C, 61.25; H, 6.95; N, 12.60;
Found: C, 61.09; H, 6.92; N, 12.53.

20 '
D) Preparation of HO2CCH3-D-Cha-Pro-5-NHCH;CH-2-
aminopyridine-HCl.

To a stirring solution of 5-NCCH3-2-BocaN-pyridine (2.5
25 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, NaBHy
(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 NH40H
30 and extracted several times with ethyl acetate. The combined
ethyl acetate extracts were dried with MgSQO4, filtered and
concentrated in vacuo.
Then, by methods substantially equivalent to those
described in example 1-A and 73-C, the residue was elaborated
35 to give 1.2 g (33%) of HO2CCH2-D-Cha-Pro-5-NHCH,CHp-2-
aminopyridine-HCl; The product was purified by RPHPLC.method
2 (98/2 (a/B) through 60/40 (A/B), 150 min).



Analysis for (Jerr].2HA .1.5H err] O Cal c: C, 50.09; H, 6.83;

; ; : . 89; .65, N, 12.17;
lgljlizlz W(%Slzs%(%‘ 32{/\0385/ 23609Found C, 49.89; H, 6 65PCTIUS95102558
PCT/ US95/ 02558 161 [err]
5 HJ err]-D-Cha-Pro-4-NHCH err] -3, 5-F[ err] -benzam di ne. HC
(N-(carboxynet hyl ) - D-cycl ohexyl al anyl - N-; g+
[[4-(aninoininonethyl-2,6-dif|uorophenyﬁ]nethyl]-L-
prol i nam de hydrochl oride) 10 Preparati on of
HJ err] - D- Cha- Pr 0- 4- NHCH2- 3, 5- F2- -benzam di ne. HO . By
met hods subggantial ly equival ent to those described 15 in exanple 65, 0.28
g of HJerr]-D-Cha-Pro-4-NHCH err] -3, 5- F2- benzam di ne. HOl was prepared
from3,5-F2 B Bnitrile. The product was purified by RPHPLC net hod 2
(98/2 (A B)Fabrmsghm/e 4480/BOMEANB), 150 min). 20 IR [err]H NWVR

S HRMS (FAB) calc. for C23H3gN504: 446.2767
Found: 446.2769

Example 76

N N NH
27T . \ 2
<_7 g/ \/\@/ . HCI
10 ~-N

HO2CCH-D-Cha-Pro-4-NHCH;CHy-2-aminopyridine - HC1

A) Preparation of 4~BocNHCH;CHz-2-CN-pyridine.

15

To a solution of 4-BocNHCH,CHz-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

20 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
sclid NaCl and extracted three times with dichloromethane

25 (100 mL). The combined dichloromethane extracts were washed
once with brine, dried with Naj3S04, 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.



FAB-MS, me 494.2 (MHerr]) Anal ysis for Clerr].2HC .1.5Herr] O

Cal c: C, 48.57; H, 6.45; N, 11.80; C1, 11.95; 25 Found: C,
48.26; WO®2p609 N 11.89: Cl1, 11.90. VO 95/ 23 REI/USI502558

PCT/ US95/ 02558 162 [err]
5 HJ err] - D- Cha- Pr 0- 4- NHCH2- 2- am nopyr i di ne. HC A) Preparation

of 4-nethyl -2-pht hal i m dopyri di ne. 68 To a stirring solution of
4-met hyl - 2-am nopyridine (50 10 g, 46& mmol) in acetic acid (1 L) was
added phthalic anhydride (68 g, 460 nmol) and the reaction was heated
to reflux. Gue dralll df theetisolatkddsbdidd( 48. 2lmmdbp mldlymlved added

and the sojyitdQhi1cidndttadet Q19! kf.) aén&e%JDlJéhI%he Lo Ji‘lI%P ; eS| I '1Oor}1a|wa%8 h.

The sol vent _was then renpved_ I n vacuo an ue was
suspended 3P |tFemethvd sddnderrrida (0.84 miyackio3 ttmald, fRHdLawed dynas

t hen suspandediniettifltarbamogtethleriaeh(yi9orals 63 rrﬁxﬁc!!ﬂ) and, fridyt ered
A 2 5P idng ok gBERVY RERLE! £t NI il S i Sadi
I R . the mixture was part1tloned 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.
10 . '
IR
1H NMR
FD-MS, m/e 247 (M*)
Analysis for C33H17N302:
15 Calc: C, 63.31; H, 7.02; N, 16.99;
Found: C, 63.31; H, 7.02; N, 16.71.

B) Preparation of 4-BocNHCH;CH;-2-CbzNH-pyridine.

20 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
nmL, 8 mmol) and the solution was heated to reflux. After 24
h, the solution was cooled td room temperature and allowed to
stir for an additional 48 h. The pH was then adjusted to 7

25 with 1 N HCl1 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).

30 After stirring at reflux overnight, the solution was allowed
to cool 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 MQSO4, filtered
and concentrated in vacuo. The residue was then

35 chromatographed over silica gel eluting with a step gradient
of hexanes through 50% ethyl acetate/hexanes. The product



"1H NMVR FD-M5, me 238 (Merr]) Anal ysis for [err]: 25 Cal c:

C, 70.58; H 4.23; N, 11.76; Found: C, 70.42; H 4.29; N, 11.70.
B) Prepaman$seicasf N- (t- BuORCCH2) - N- Boc- D- Cha- Pr o- 4- NHCH2- PCT/US95/02558

pht hal i m dopyri di ne. 30 WD 95/ 23609

PCT/ US95/ 02558 163 By

nmet hods substantially equivalent to thoi% descri bed i n exanpl e 64-A
23-A and 1-G (using N (t-BuQ2CCH2)- N Bo 5B, Cha-ProOH), 2.4 g of

"N (t-Bu(err])-N Boc- D Cha- Pro- 4- NHCH2- 2- pht hal i m doopyri di ne was
Ebeﬁ/gr etrdﬂ f rgcslh?eh?irﬁﬂwIf::]%)ctiignahhagaiagéﬁl@pstéa%yemc were ddrbined [a@id | H NVR
: e : ersrl. reparation . .

L or 1] D ISR Facuo tR)arkeld) 41 e, (£4Y) of a vhite spid.
stirring solution of N-(t-Bu(ferr])-NBoc-D-Cha- 15 '

Pr o- 4- NHCH[ g - pht hal i m doopyridine (1.6 g, 2.2 mol) in et hanol

(25 nL) was added hydrazine hydrate (0.52 nL, 10.4 nmmol ). After 1 h,

t he sol PentBPWEF e M/@e\dd 2 i Acuo and the resi due was dissolved in

et hyl acet aga Brgh £ e tiypRbet3og : vacuo twi ce. The residue was
el aborated by a gr ocedure 20 uhstanti al Lgy equi val ﬁnt to that described in
exanpl e 58-E to “@lCyive 380 8y {579 & 78wkt é1sdfid. The product was
purified by RRORLC nethpdsf. (B8AL (7A0B); Nhr aagbs70/ 30 (A/B), 150 min).
IR 25 [err]H NWR

10 €) Preparation of HO2CCH;-D-Cha-Pro-4-~NHCH;CHz-2-

aminopyridine-HCl.

By methods substantially equivalent to those described
in example 23-A, 1-G (using N-{t-BuO,CCHj)-N-Boc-D-Cha-ProOH),
15 23-D and 58-E, 48 mg of HO2CCH;-D-Cha-Pro-4-NHCH;CHy-2-
aminopyridine-HCl was prepared from 4-BocNHCH,CHz-2-CbzNH-
pyridine. The product was purified by RPHPLC method 2 (98/2
(A/B} through 70/30 (A/B), 150 min).

20 1H NMR
FAB-MS, m/e 446.4 (MH*)
Analysis for C23H35N504+1.5HC1+H20:

Calc: C, 53.30; H, 7.49; N, 13.51;
Found: C, 53.64; H, 7.27; N, 13.80.
25
Example 77
Oj/OH
HN E
0 NH, o HCI
H
N N
L
0

30 HO2CCHy~D-Cha-Pro-4-NHCH3-2-F-aniline-HCl



FAB-MS, me 432.3 (MH) Anal ysis for [err].HO .Herr]: Cal c:
C, 50.23; H 7.11; N, 13.31; Found: C, 50.05; H 7.08; N
13. 54. 30W095/23609 WD 95/ 23609 ' _ PEXTU49816968802558
164 Exampl e 74 OH
[err] HJ err]-D Cha-Pro-5-NHCH err] - 2-am nopyridine. HCL 5
Preparation of H( err]-D Cha- Pro-5- NHCH2- 2- am nopyri di ne. HC . By
- methods substantially equivalent to t hos® descri bed in exanple 73, 0.88
g of HJ err]-D Cha-Pro-5-NHCH2-2- 10 am nopyri di ne. HC1 was prepared from
5- et hyl - 2- am nopyri di ne. The product was purified by RPHPLC net hod 2
(98/2 (A/'B t hr ough 15Q _m n) 15 NVR FAB- VB,
me 432. 3(%@%’“2{%%‘% 3€%§£¢oé’é[/'@‘ﬁ?'gr°'2“‘€5ﬁ§?£B""a‘&lﬂs‘tféiflﬂ, 7. 14:
N, 13.40; Found: C, 50.79; H 7.20; N, 13.58. 20

By methods substantially egquivalent Eo those described
5 1in example 64, 0.55 g of HO2CCH2-D-Cha-Pro-4-NHCH;-2-F-
aniline-HCl was prepared from 3-F-4-NOs-toluene. The product
was purified by RPHPLC method 2 (98/2 (A/B) throuéh 60/40
(A/B), 180 min). .

10 IR
1H NMR
FAB-MS, m/e 449.3 (MHY)
Analysis for C23H33N404F«0.9HCleH20:

Calc: C, 55.32; H, 7.25; N, 11.22; C1l, 6.39;
15 Found: C, 55.49; H, 6.93; N, 11.15; Cl1, 6.23.
- Example 78
HN
o
*H
N H NH, Cl
O
o)
20
HO2CCH,-D-Cha-Pro-4-NHCH;CgH4CHaNH; - HC1
Preparation of HO2CCHz-D-Cha-Pro-4-NHCH,CgHgCHoNHy-HCL.
25 By methods substantially equivalent to those described

in example 10, using N- (t-BuO3CCH3)-N-Boc-D-Cha-ProOH in place
of Boc-D-Phe-ProOH, 0.53 g of HO2CCH2-D-Cha-Pro-4-
NHCHCgH4CHNH, -HC1 was prepared. The product was purified by
- RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 150 min).
30 e



[err] HJ err] - D- Cha- Pr 0- 5- NHCH2CH2- 2- am nopyri di ne. HC1.

WO 95/ 23609 PCT/ US95/ 02558

165 MO 936Mar ati on of 5- Me- 2- Boc[err] N-pyri di ne. PCT/US95/02538 g
stirring solution of 5-nethyl-2-am nopyridine (10.5 g, 100 mml) in

di chl oronet hane (200 nL) at O [err]C was added 5

N, N- di i sopropyl et hyl am ne (25.8 g, 200 qﬁﬁ]), fol | owed by di -t-butyl

di carbonate (55 g, 250 nmol) and finally 4-(N, N di met hyl am no) pyri di ne
(12.2 g, 100 mol ). The cold bath was renoved and the sol ution was

all owed to continue stirring overnight. The m xture was then dil uted
with ethyl ggetate 10 (600 m.) and washed three tines with saturated
aqueous NH[frr d, once with brine, twice with saturated aqueous

NaHCO err], R once again with brine. The organic phase was then dried
(MySO err] )rpims | aasl aaacgmurat ed in vacuo and chromat ogr aphed over

silica gel glutin i th 10% e | ac efhexanes 15 through 75% et hyl
acetate%hex§%%%¥5§£a%§§lééﬁggéﬁgﬁéégfgﬁﬁﬁﬁg‘gﬁzgproduct, as judged by TLC,
were conbi ned antaroncentr@t eEi00; H, Vadiy ™ giove0}2c8,g1448%) of a white
sol i d. 'R ROund £' I RN 19, B MBis W &,3Q8 6YLek]) 14 ggAnalysis for

[err]:

Example 79
10

N
(_7 i
]

HO2CCHz~D-Cha-Pro-4-NHCH,CgH gCHoNH; - HC1
15 Preparation of HO2CCHz-D-Cha-Pro-4-NHCH;CgH; oCHoNH; -HCL.

By methods substantially equivalent to those described
in example 12, using N-(t-BuO;CCHz)-N-Boc-D-Cha-ProOH in place
of Boc-D-Phe-ProOH, 0.04 g of HO2CCH3-D-Cha-Pro-4-

20 NHCHyCgH10CHaNHz-HC1l was prepared. The_product was purified

by RPHPLC method 2 (98/2(A/B) through 70/30 (A/B), 150 min.}.

15 NMR
FD-MS, m/e 451 {(MH*)
25 Analysis for C24H42N404-2.7HC1-0.5H20:.
Calc: C, 51.65; H, 8.25; N, 10.04;
Found: C, 51.47; B, 7.87; N, 9.97.



Cal c: C 62.32; H 7.84; N, 9.08; Found: C, 62.51; H,
8.11; N, 9.37. 25 B) Preparation of 5-BrCH err]-2-BCc[err] N pyridine.

By met hoos sxigsdeanti al |y equi val ent to those descri bed PCTUSOX03%88 € 64- A,
approximately 11.6 g of 5-BrCH2-2-Boc2N- 30 pyridine (which was

contamnated with starting material) was prepared from

5- Me- 2- Boc2N- pyri di ne. [err]H NMR FD-M5, me 386.3 (Merr]) 35
Anal ysis for [err]: Cal c: 17¢ 49.62; H 5.99; N, 7.23;

Found: C, 49,86; H 6.00; N, 7.07. WD 95/ 23609

PCT/ US95/ 02558 166 O
Preparation of 5-NCCH err] - 2- Boc[erﬁrmlfr“r%% ne. To a stirring

solution of slightly inmpure 5-BrCH2-2- 5 Boc2N-pyridine (9.7 g, 25 mol)
i n di net hyl formam de -SOaRts added 18- crown-6 (1.32 g, 5 mmol)
fol I owed by KCN (1.9 mol ). After stirNHhg for 6 h, the sol vent
was renoved in va si due was chrotogr‘a‘dﬁéd over silica
gel, eluting with a step grgadient of h et h 40% et hyl 10
acet at e/ hexanes. The product cd®ht ai ni Eg frig bns as j udged by TLC,
wer e conbi ned and concentrated i n]vaﬁn o ORvE a 2.6 g (31% over 2
steps) of a white solid. 1570 1H NWR FD- V5, n1e 333.4 (Merr])
Anal ysis for [err]: Calc: © C, 61.25; H, 6.95; N, 12.60;

Found: C 61.09; H 6.92; N, 12.53. 20 D) Preparation of

HJ er r - D- Cha- Pr 0- 5-B4S0420CHZha-Pro-4-NHCH2CgH4C (NH) NH3 - HC1

(N- (ethylsulfonyl)-D-cyclohexylalanyl-N-
[ [4- (aminoiminomethyl)phenyl Imethyl]-L-prolinamide

hydrochloride)

10 Preparation of EtSOz-D-Cha-Pro-4-NHCH;CgH,C (NH)NHz-HC1.

By methods substantially equivalent to those described
in example 18, using EtS02-D-Cha-ProOH in place of Cbz-D-1-
Pig-ProOH, 3.6 g of EtSO2-D-Cha-Pro-4-NHCH;CgH4C (NH)NH; -HC1

15 was prepared. The product was purified by RPHPLC method 2,
(90/10 (A/B) through 50/50 (A/B), 180 min).

IR
1H NMR

20 FAB-MS, m/e 492.3 (MH*)
Analys:Ls for C24H37N504S-HC1

Calc: C, 54.58; H, 7.25; N, 13.26; Cl, 6.71;
Found: c, 54.31; H, 7.31; N, 13.37; Cl, 6.71.
25 o Example 81
.SO,Et
ny- SO=E .
0O e HCI

e ny

N

r >
0

EtS02-D-Cha-Pro-4-NHCH3CgH4CHoNH; - HC1



am nopyri di ne. HO . To a stirring solution of
5-NCCH[errl-2-Boc!err]N—pyridi ne (2.5 25 g, 7.5 mol) in nethanol (150 nli)

was added ] (0.97 g, 7.5 mmol) and water (0.81 BCT/HSISPHABAS) .
After 5 min, NaBH err] (2.84 g, 75 mmol) was added in small portions
over 15 mn. After an additional 15 mn, the solvent was renoved in
vacuo and the residue was dissol vedi concentrated aqueous NH err] OH
30 and extracted several tinmes with ethyl” acetate. The conbi ned et hyl
acetate extracts were dried with MpgSH™4, filtered and concentrated in
vacuo. Prepar@hénn O Reshpds-ChabPrenidi-NHCH,egH{CHINGB: HCD . t hose
described in exanple 1-A and 73-C, the residue was el aborated 35 to give
1.2 g (33% of HJerr]-D Cha-Pro-5-NHCH err] - 2- am nopyridine. HO . The

product was puri ByetebhofpPHPulsvantiallly euivad/ent( AoBrhbleodghcBibdd

(A/B), 150 Ebnbxample 10,Vﬁ%ﬁﬁgzﬁggba-D-Cha-ProOH i 1 f Boc-D-Phe-
PCT/ US95/ 02558 | ey 2 O IR T T 1%rrH

NVR ABPRROHy EL39% B Cha RN 19 NHEH2OpfiaCH k) HCA| wast prepared:
446. 2767  TheogReduchihad Prified by RPHPLC method 2, (90/10Exa/® e 76

O through 50/50 (A/B), 180 min).

IR
10  1H NMR
FAB-MS, m/e 479.4 (MH*)
Analysis for C24H38N404S*HCle+H20:

calc: C, 54.07; H, 7.75; N, 10.51; Cl, 6.65;
Found: C, 54.13; H, 7.44; N, 10.51; Cl, 6.78.
15
Exanmple 82
.SO,Et
HN" " 2
0 NH,  HCI
NG N
)
0] F
20 EtS0O2-D-Cha-Pro-4-NHCH2-3-F-CgH3NH; -HC1

Preparation of EtSO2-D-Cha-Pro-4-NHCHz-3-F-CgH3NH3-HCl.

By methods substantially equivalent to those described
25 in example 64, using EtSO;-D-Cha-ProOH in place of N-{t-
BuO2CCH3 ) -N-Boc-D-Cha-ProOH, 0.53 g of EtSO3-D-Cha-Pro-4-
NHCH3-3-F-CgH3NH; -HC1l was prepared. The product was purified
by RPHPLC method 2, (90/10 (A/B) through 50/50 (A/B), 180
min) .
30
IR
1H NMR



[err] HJ err] - D- Cha- Pr 0- 4- NHCH2CH2- 2- am nopyri di ne. HCl A)

Preparation of 4-BocNHCH err]-2-CN-pyridine. 15 To a sol ution of
4- BocNHCW@osrdse@yri dine (2.22 g, 10 nol ) in acetone (prGyudesiorsas added
a solution of mchloro- perbenzoic acid (5.2 g, 30 nmol) in acetone (50
m.) via an addition funnel over 10 mn. After stirring overnight, the
20 solvent was renoved in vacuo and the residue was partitioned

bet ween water (100 mL) and diethyl ethé?4(100 nmL). The organi c phase
was separated and extracted three tinmes with wat er. The conbi ned
aqueous p l)ﬁs Ane 8§atur g&_,eéj wth solid Nad and extracted three
times with ‘or onet aneé

100 rrLA " The conbi ned di chl or onet hane
extracts vk‘? LY shdPr C23536841BR br 1HEI*ArPB20Wi th Na2SO4, filtered and

concentrated cal®: @ snet] solgge g ,nMaguonandot B@n ehethygset her was

added. . The V\/mt pr eci plgzat (2 Osg) was fiiltered and_dried in

vacuo. Fep3ds/ 23609 N, 10.33; ci, 7.24.

PCT/ US85/ 02558 168 One hal f
of the isolated solid (4.2 mmol) MMMd in dichloromethane (10
m.) and to this stirring solution ded trimethylsilyl cyanide
(0.84 m, 6.3 mml) followed by N, N- di net hyl car banoyl chl oride (0.58

m., 6.3 nmol). After 5 .SOQEhlght 1 Mag. KHCJerr] (1 nmL) was

added sl owy and t was partitioned between ethyl acetate and
wat er . The organi c'\Q s [ JOn washed twice with brine, dried

with MgSerr], filtered and concgntraed in fNtogive 0.6 g (58% '
of an anber oil which crystali zecNuopn andi ng. jj10 * HCR [err]H NMR
FD-M5, me 247 (Merr]) Anakysi B Cal c: C.
63.31; H, 7.02; N, 16.099; Fouhd C 63Nz 1 702, N 16 71

B) Preparation of 4-BocNHCH2CH2- 2- Csz—I— pyri di ne.

10 EtS02-D-Cha-Pro-4-NHCH;-2-aminopyridine-HCl
Preparation of'EtSOz-D-Cha-Pro—4-NHCH2-2—aminopyridine-HCl.

By methods substantially equivalent to those described

15 in example.73, using EtS03-D-Cha-ProOH in place of N-(t-
BuO3CCH3) -N-Boc-D-Cha-PxroOH, 0.22 g of Etsoz-D—Cha-Pr6-4-
NHCHy-2-aminopyridine-HC1 wés 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.).

20 ' _
H MR | -
FAB-MS, m/e 466.4 (MH*) '

Analysis for C22H35N504Sel.1HCl:
Calc: C, 52.25; H, 7.19; N, ‘13.85; C1, 7.71;

25 Found: C, 52.49; H, 6.96; N, 13.96; Cl1l, 7.76.



20 To a stirring solution of 4-BocNHCH err]-2-CN-pyridine (0.5
g, 2 mol) in nethanol (2.4 nL), was added 5 N NaOH (1.6 1)
and the sHA¥B$%was heated to reflux. After 24 h, thBCEGghvwgﬁpuBs
cooled to roomtenperature and allowed to stir for an additional 48 h.
The pH was then adjusted to 7 25 wth 1 N HO and the solvents were
renoved i n vacuo. The residue ﬁ@ﬁ suspended in toluene (50 nL) and
heat ed to reflux. To this stirring solution was sequentially added,
triethylamne (0.36 n., 2.6 muol), benzyl alcohol (0.27 i, 2.6 mmol )
and di phenyl phosphoryl azide (0.72 gEx@mplem®d). 30 After stirring at

refl ux overnight, the solution was all owed to cool and then diluted
with ethyl acetate (200 niL) and c)@ﬁshed twice with saturated aqueous
NH4Cl and twice with 'nadNTﬁeaorganic phase was then dried with

MpSH4, filtered ang ategh i n vacuo. The residue was then 35
chromat ogr aphed over si Ne et ng With t efNlds adiHQIt of hexanes
t hrough 50% et hyl acet at e/ hexanes/! The pgodu WO 95/ 23609

PCT/ US95/ 02558 NG NL S N 169 cont ai ni ng
fractions as determ ned by TLC ﬁééé?Eqﬁbin d concentrated in vacuo
to give 0.37 g (50% of a white id.o [errTHNWVR 5 FD- M5, nfe 371.2
(Merr]) Anal ysis for [err]: Cal c: C, 64.67; H, 6.78; N

11. 31, Found: C, 64.90, H 7.07, N, 11.06. 10 C) Preparation
of HJ emr] - D- Cha- Prexgb NiCdhaH2r3-5-NHCHS+ Dodyinsihieidide - HC1 By

nmet hods substantially equivalent to those described in exanple 23-A

1-G (using N-(t-Bu(err])-N Boc-D- Cha-ProCH), 15 23-D and 58-E, 48 ng of
HJ er r ] - D- Chrefaxa i-duHCHR Y302 - D-Cha aktr ooy NECH 2 4d4@li nopyrpddper 801 r om
4- BocNHCH[ err] - 2- CbzNH
By methods substantially equivalent to those described
10 in example 73, using EtSO;-D-Cha-ProOH in place of N-({t-
BuO3CCH3 ) -N-Boc-D-Cha-ProOH, 0.24 g of EtSO,-D-Cha-Pro-5-
NHCHz-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).

15
1 NMR
FAB-MS, m/e 466.4 (MH*)
Analysis for C22H35N504S+1.15HC1:
Calc: C, 52.06; H, 7.18; N, 13.80; Cl, 8.03;
20 Found: C, 52.38; H, 6.97; N, 14.20; Cl, 8.46.
Example 85
o] OH
0 e HCI
N H NH,



pyridi ne. The product was purified by RPHPLC nethod 2 (98/2 (A B)

t hrough 70/ 30 (A/B), 150 mn). 20 [err]H NMR FAB- M5, me 446.4

(MH err] )Wo9s236pml ysis for CJerr].1.5HC .Herr] O PCRU$95/02558C,
53.30; H, 7.49; N, 13.51; Found: C, 53.64; H 7.27; N, 13.80. 25
[err] 30 HJ err].D Cha-Pro-4-NHCH err] -2-F-aniline. HC
WO 95/ 23609 PCT/ US95/ 02558

170 Preparation of HJerr]- D- Chat P} o- 4- NHCH2- 2- F- ani | i ne. HO .

By nmethods substantially equivalent to those described 5 in exanple 64,
0.55 g of HJ err]-D Cha-Pro-4- NHCH2- 2- F- ani line. HO was prepared from

3-F-4-NJ err]-tol dyct, __ f L thod 2
St 3 L ey e oo HBBEGARR2BRO0H e mr AR 4 G TR BT
(N~ (3-carboxypropyl) -D-cyclohexylalanyl-N-
[[4- (aminoiminomethyl)phenyl]lmethyl]-L-prolinamide

5 _ hydrochloride)

A) Preparation of Cbz-MeOOCCH=CHCH2-D-Cha-Pro-p-
NHCH2CgH4C (NH) NHCbz

10 To a solution of D-Cha-Pre—p-NHéH2C5H4C(NH)NHCbz-ZHCl ‘

(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 stlrrlng for 48
h, Cbz-Cl (0.7 mL, 5 mmol) and addltlonal N,N-

15 diisopropylethylamine (0.85 mL, 5 mmol) were added. After an
additional 16 h of stirring, the volat;les were removed in
vacuo. The residue was pafﬁitidned between ethyl acetate
(100 mL) and saturated aqueous emmoﬁium chloride (100 mL) .
The layers were separated and the organic'phase was washed

20 once with saturated aqueous ammonium chloride (50 mL), twice
with saturated aqueous. sodium bicarbonate (50 mL) and twice
with brine (50 mL). The organic phase wae dried (MgSO4).
filtered, and concentrated in vacuo. The crude residue was
purlfled by flash chromatography (ethyl acetate/hexanes

25 gradient) to yield 660 mg (22%) of a white foam.

1y MR
FD-MS, m/e 766 (M%)
Analysis for C43H51N508:
30 Calc: C, 67.43; H, 6.71; N, 9.14;
Found: C, 67.22; H, 6.57; N, 8.98.

B) Preparation of HOOCCH2CH2CH2-D-Cha-Pro-p- -
NHCH2CgH4C (NH) NH2 - HC1
35
' To a solution of Cbz-MeOOCCH=CHCH2-D-Cha-Pro-p-
NHCH2CgH4C(NH)NHCbz (0.5 g, 0.65 mmol) in ethanol. (5 mL) was

3



iO | R [err]H NMR FAB-M5, mle 449.3 (MHerr]) Anal ysi s for

Cerr]F. O 9HCO . H20: Cal c: C, 55.32; H 7.25; N, 11.22; d,

6.39; 15 wo9sns6nd: C, 55.49; H 6.93; N, 11.15; Cl, 6.ESrmus9s/02558

[err] 20 FKIerr]-D-Cha-Pro-4-NHCH[err].HCl

Preparation of HJerr]-D-Cha-Pro-4-NHerr]. : 25 By net hods

substantially equivalent to those descrlbed I n exanple 10, using

N-(t-BuQerr])-N Boc-D Cha-ProCH in pl ace’? of Boc- D Phe-ProOH, 0.53 g of

HJ err] - D- Cha- Pro- 4- NHCH[ err] . HCl was prepared. T?e product was
urified b L rou

pu Y addea RPHR &mw&&w (0AeB) mihir Ouglee &P §911|£3%1T%S%%1/5852558

¥¥§8§A2§emperature, 1 NHCI (3 mL), 10% P4d/C (0.5 g), H20
(15 mL) and ethanol (25 mlL) were added. The stirring

suspension was degassed under vacuum, then placed under an

171

5 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

10 46 mg (13%).

1y NMR
FAB-MS, m/e 486.3 (MH*)
Analysis for CzgH39N504-2.1HC1:

15 Calc: C, 55.15; H, 7.35; N, 12.19; Cl, 13.24;
Found: C, 55.55; H, 7.37; N, 12.19; Cl, 13.58.
Example 86
0 OH

O/k( mlr \/@)\ « HCl

20
HOOCCH2-D-Chg-Pro-p-NHCH2CgH4C (NH) NH2 - HC1
(N—(cgrboxymethyl)-D-cyclohexylglycyl-N-
[[4- (aminoiminomethyl)phenyl]methyl]-L-prolinamide
25 hydrochloride)

A) Preparation of D-cyclohexylglycine



[err]H NWR FD-M5, mle 445.4 (MHerr]) 5 Analysis for

EFérr].Z.ZHG . 0. 5H20: Cal c: C, 54.00; H 7.40; N, 10.50; d,
14.61; WO095/23609Found: C, 54.18; H, 7.54; N, 10.31; d, pttnis0sn2s5s
[err] HJ err]-D- Cha-Pro-4-NHCH err] . HC 15
Preparation - of HJerr]-DCha-Pro-4-NHCH err]. HCO . By net hods
substantially equivalent to those described I n exanple 12, using
N-(t-Bud err])-N Boc-D Cha-ProCH in plézé of Boc-D Phe-ProOH, 0.04 g of
HJ err]-D-Cha-Pro-4- 20 NHCH err].HO was prepared. The product was
purified ?H%t%d@%%%@tﬁﬂz:&%i%%@h&%&&'ﬂ%& ?éorfé% (R Brivked mMn.).
[ciare:]ri4 gw%b ’%?“&NFSFP A CRAR £ tcy%llglwwlﬂlmlw W&S 10. 04;
Found: @rdéphred dﬂarilﬂé,fﬁbm9D9§henylglyc1ne
5 1H 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.
10
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 (920%)
15 of Boc-D-cyclohexylglycine was prepared.
1y NMr
FD-MS, m/e 258 (M%)
Analysis for C13H23NO4:
20 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
25 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.
1y NMR |
30 FD-MS, m/e 481 (M%)
Analysis for C2gH32N40s5:
Calc: C, 64.98; H, 6.71; N, 11.66;
Found: C, 64.76; H, 6.78; N, 11.62.
35 D). Preparation of Pro-p-NHCH2C5H4C(NH)NHCbz-ZHCl



WD 95/ 23609 PCT/ US95/ 02558

172 [err] 5 _

Et SO er r ] wid 98236081 0- 4- NHCH[ err] C(NH) NH er r] . HCl PCT/US95/02558
(N- (et hyl sul fonyl ) -D-cycl ohexyl al anyl - '

[ [ 4- (am noi m nonet hyl ) phenyl ] met hyl ] - L- prol i nam de

hydrochl oride) 10 Preparation of

Et SO2- D- Cha- Pr o- 4- NHCH[err]C(NH)NH[err]lﬂ& By net hods
substantially equivalent to those described in exanpl e 18, using

Et gg gga Ero i |a|D_| rﬁét&fdﬁ] @uﬁ%ﬁﬁa&&ily eth.gaf’éxQQ'ho 3t1§a.t9dc!§sc_|§h1bed |
t a:- Pro- err was prepare e product
was purifietPf* ?@%iéiﬁ g% (b %b/%% % B through 50/50 (A/B), 180

mn). NHEH2 C g HJ GMNH ) BTHOWR - ZHClFﬁBSNEIenﬁeeQQZ 3.(Merr]) Anal ysi s
for (Jerr].HdA : Cal c: C, 54.58; H 7.25; N, 13.26; d, 6.71,
Found: C, 54 31; H 7.31; N, 13.37; d, 6.71. [err] :

5 1y aMr

FD-MS, m/e 381 (M%)
Analysis for C21H2gN403Cl2:
Calc: C, 55.63; H, 5.78; N, 12.36;
Found: C, 54.19; H, 6.27; N, 12.15.
10
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-
15 NHCH3CgH4C (NH)NHCbz were prepared.

1y NMrR
FD-MS, m/e 619 (M*)
Analysis for C34H45N50¢6:
20 Calc: Cc, 65.89; H, 7.32; N, 11.30;
Found: Cc, 67.59; H, 8.07; N, 10.99.

F) Preparation of Cbz-t-BuQOCCH2-D-Chg-Pro-p-

NHCH2CgH4C (NH) NHCbz
25
By metheds 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) NHChz were prepared.
30

17 NMR
FD-MS, m/e 769 (M%)
Analysis for C43Hs53N508:
Calc: C, 67.26; H, 6.96; N, 9.12;
35 Found: Cc, 67.50; H, 6.97; N, 9.11.



EtSg err]-D Cha-Pro-4-NHCH err]. HO WO 95/ 23609

PCT/ US95/ 02558 173 Prepar ati on of
Et SO er rVODSZE9 Pr 0- 4- NHCH[ err] . HCL. By net hodBCTUBSYRAIS al | vy
equi val ent to those descri bed in exanpl e 10, using
EtSO err]-D-Cha-ProOH in place of Boc-D-Phe- 5 ProOCH,
Et SO2- D- Cha- Pro-4-NHCHC[ err] . HO was Qﬁfpared The product was purified
by RPHPLC nethod 2, (90/10 (A/ B) % rough 50/50 (A/B), 180 mn).
IR 10 1H NMR FAB-M5, nmfe 479.4 (MH) Anal ysi s for
C[err] HE) . H Preparation of HGOQCH2-D-CBg-B4o0p-NHCHZCEEACNNHINHZIHCLT ,

65; Found: C, 54.13; H 7.44; N, 10.51; d, 6.78. 15
Exanple 82 [err] 20

Et SO2- D- Cha- PBy-mebhﬁﬁﬁesu@sﬁhﬁ21§k&y]edﬂﬂvalent_tq those described
in Examples 23-A (using dioxane as solvent) and 18-F, 411 mg
5 (61%) of HOOCCH2-D-Chg-Pro-p-~-NHCH2CgH4C (NH)NH2 -HCl were
prepared. |

1y NMR
FAB-MS, m/e 444.3 (MH*)
10 Analysis for C23H33N504-2.5HCIl: - ‘
Calc: C, 51.67; H, 6.69; N, 13.10;
Found: C, 51.84; H, 6.50; N, 13.15.
Example 87
15
OOH

[:::]/’\\,/L\Tp \v/l::::r’u\ e HCI
| O

HOOCCHz-D—hPhe-Pro—p-NHCH2C5H4C(NH)NHZ?HCI
(N- (carboxymethyl) -D-homophenylalanyl-N-
20 [[4- (aminoiminomethyl)phenyl]lmethyl] -L-prolinamide
hydrochloride)

A) Preparation of HOOCCH2-D-hPhe-Pro-p-
NHCH2CgH4C (NH) NH2 - HC1
25

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-0H.
30



'Preparation of EtSO err]-D-Cha-Pro-4-NHCH err]-3-F-C[err].HA .

By net ho ntlaIIy equi val ent to those described 25 S TRisC 64,
.usi ng Et%@P%EB?% Cha-ProOH in place of N-(t- Pbﬂug g

BuOJ err]CCH err])-N Boc-D Cha-ProOH, 0.53 g of EtSO2-D Cha-Pro-4-

NHCH2- 3-F-Clerr]H err]NH err]. HO was prepared. The product was purified

by RPHPLC nethod 2, (90/10 (A/B) through 50/50 (A/B), 180 mn). 30
IR [err]H NMR WO 95/ 23609
PCT/U895/02558 174 FAB- M5,
me 483.3 HNNFErr]) Anal ysis for Cerr].1. HO . 0. 5H20: Cal c:
ggil §5, {lg”*‘ gso3m,g| 466, P4y, 7. 33; Found: [ ]C 52.09; H,
err

10 Ana Efﬁiiéﬁ?]é%§ V594522 185 HePF - 2- ani nopyri di ne. HO
Preparati on of ckll&e2- D- Cba- BB 063 ; NHCHR -2 arN hauey.rsodi A, HA3.. 29;

5 Found: C, 53.58; H, 6.08; N, 12.59; Cl, 13.67.

Example 88
C) OH

10
HOOCCH2-D-hCha-Pro-p-NHCH2CgH4C (NH) NH2 - HC1
{N- (carboxymethyl) ~-D-homocyc¢lohexylalanyl-N-
[[4- (aminoiminomethyl) phenyl]methyl] -L-prolinamide
hydrochloride)
15

Aa) Preparation of Béc-D-hCha—OH

By a method substantially equivalent to that described
in Example 53-D, 5.1 g {(100%) of Boc-D-hCha-OH was prepared
20 from Boc~D-hPhe-OH.

17 NMR
FD-MS, m/e 240 (M%)
Analysis for C15H27NO4:
25 "~ 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 -BC1
30



By nmet hods substantially equivalent to those described 15 in exanple 73,
using EtSJ err]-DCha-ProOH in place of N-(t-
BuQ2 CCH2 wobsR3609D- Cha- ProOH, 0.22 g of Et S err] - D Cha- Pr eCI/Us95/02558

NHCH2- 2- am nopyri di ne. HOl was prepared from 4-net hyl - 2- am nopyri di ne.
The product was purified by RPHPLC net hod 2, (90/10 (A/B) through
50/50 (A/B), 180 min.). 20 [err]H%b FAB-MS, me 466.4 (MHerr])
Anal ysis for (Jerr].1.1HO : : C, 52.25; H 7.19; N

13.85; d, 7.71; 25 _ Found: C, 52.49; H 6.96; N, 13.96; d, 7.76.
¥$295{236?9 By methods substantially equiR@leHe9%602b88e described

err] .
‘EtSOerr] - Do e A SQ%HC%SernH °f é*r%°r?§€ rPaPREARFe P oy epar ation of
'Et SO2- D- ChiHPHRC 6H aFHARD BH 22HGHo (weatied ipyepaced . . By nethods
substantially equivalent to those described 10 in exanple 73, using
BSQmﬂ-gdemaﬁm[ﬂmem N-(t- Bud err])-N Boc- D Cha- ProCH,
0.24 g >f EHSHBrr]-D Cha-Pro-5- NHCH2- 2- ami nopyri di ne. HO was " pr epar ed
from 5-net kxb=-Ms, m/e M NPYMMH)Ne. The product was purified by RPHPLC

rethod 2. 0 (S0 0L (AL LY 9yay SR04, 180 ).

Calc: C, 53.54; H, 7.22; N, 12.49; Cl1l, 13.91;
Found: C, 53.29; H, 7.01; N, 12.46; C1, 14.30.
10 - '
Example 89 '
Oj,OH
HN |
(0] NH
* HCI
N H NH,
0o
15 HOOCCH2-Gly~-N-CgH5CH2CH2G1ly-p-NHCH2C6H4C (NH) NH2 - HC1

A) Preparation of HOOCCH2-Gly-N-CgH5CH2CH2Gly-p-
NHCH2CgH4C (NH) NH2 -HC1

20 By methods substantially equivalent to thosé described
in Examples 1-G, 1-D, 1-G, 23-A, 85-A, and 18-F, 365 mg of
N—HOOCCHz-Gly-N-CsHsCHzCHg-Gly-p—NHCH2C5H4C(NH)NHz-HCl were
prepared.

25 1x NMR
FAB-MS, m/e 426.2 (MHY)
Analysis for C22H27N504-2.2HCl-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; Cl, 14.49.
30



"15 [err]H NWR FAB-MS, me 466.4 (MHerr]) Anal ysis for

10

15

20

25

30

* HCI

"'n’

(C2Hs ) 2CHCO-Glu-Pro-p-NHCH2CgH4C (NH) NH2 -HC1

A) Preparation of Boc-(y-OBn)-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-OH and Pro-p-NHCH2CgH4C (NH)NHCbz -2HCL.

1 NMR

FD-MS, m/e 700 (M*)

Analysis for C3gH4s5Ns0g:
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.

i1y NMr
FD-MS, m/e 600 (M%)
Analysis for C33H39N50gCl2o:

Cerr].1. 15HC : Cal c: C, 52.06; H 7.18; N, 13 .03; 20
Found: 093388 1 5 97; N, 14.20; O, 8.46. pEflussd

Exanpl e 85 [err] MO 95/ 23609

PCT/ US95/ 02558 176
HOOCCH2CH2CH2- D- Cha- Pr o- p- NHCH err] C(NH gd[ err] . HC

(N-(3-car boxypropyl)-D cycl ohexyl al anyl -

[[4- (am noi m nonet hyl ) phenyl ] net hyl ]-L-prolinam de 5

hydr ochl ori de) A) PreparatﬁzﬁmBEEGQQ-NEOOCCH:CHCH[err]-D-Cha-Pro~p-
NHCH[ er r ] C( NH) NHCbz To a solution of
DOmIWoerG{HrMXMﬂMD@:%@ (2.5 g, 4.2 mol) in DMF (50 nli)
was added N, N- : di i sopropyl ylan1ne (2.2 nm., 12.2 mol) and net hyl



3-bronocrotonate (0.95 g, 4.5 mml ). After stirring for 48 h, Cbz-d
(0.7 mL, 5 mmol) and additional N,N- 15 diisopropylethylamne (0.85 nL, 5

mmol ) weWO B3N, After an additional 16 h of stirri egr/ushso2ss8 atil es
were renoved in vacuo. The residue was partitioned between ethyl
acetate (100 nL) and saturated aqueous ammoni um chloride (100 M.).

The | ayers were separated and the organi ﬁtphase was washed 20 once with
sat urat ed aqueous anmoni um chl ori de (56 tw ce wi th saturated
aqueous sodi um bi carbonate (50 nL) and twice with brine (50 nL). The

or gani cTEhase VGGl ek | Sd (Mo e_;gr]).; f5 .84f;i Ntﬂl@duaﬂd coPcentrﬁt et(zl ItR .
vacuo. e cru i due | [ chr omat ogr aphy (et hy
acet at e/ hexane}e dsgradlc\é\'/a%8 6& gg@ ﬁg ;2&55 ‘of a white foam _
[err]H NWR - FD-MS, me 766(|\/[err]) Anal ysis for Cferr]: 30

Cal c: CQ 67px"é’pazlét1@m7l>f "(chﬁsiﬂcnco (y-0Bn) fAW$ro-p-C 67.22; H,

6.57; N, M reparatlon of

Haro%mﬁﬁﬁpﬁﬁ%ﬁ NHEBZ Cha- Pr o- p- NHCH err] C(NH)NH[ err] . HO 35

To a solution of Cbz-MeOOCCH=CHCH err] - D- Cha- Pro- p- NHCH2 C6 H4 C( NH) NHCbz
(0.5 g, 0.65 | ) .et hanol ni) : WO 95/ 23609
PCT/ U305/ 02558 10 & 't1901880 s ktull) of*ty-0mm) ~Glu-PrP-P-  added 1 N sodi um
hydr oxi de NHCHPE gH4C (NHANHEDbZzSRHCL | 0.3 o, 52 hmmol) ain r'mmmt S0 e, 1 N

Ha (3 n1_) CHq%vJoty gdﬁgtiSKgE:Oangfrﬁé O(nui?o )alfha%%r 29’ &F m) were

added. The stirrin I ON- WAS de ass én pl aced
under 18n @'xlmmmﬁ)eﬁegonh?dmgbh fohfti& hstiffiigmecedys earth was ‘

added and e ilt onc trated in
vacuo and v|toc;t}(r:\a|tfcillelér MJe\%Pﬁ%hé{%{lretgﬁo Q§u£98/éﬂé er%té)ng s u(? P8Fos5 . (A B)
over 150 rﬁmlé:s"-Pnngﬁ’@FWGH§ wates oandi ekl Reetatredid0 wér @aghdl.ed and

| yophi | | Zathyted O el @epd®alBd(d38) the organic phase was washed

twice with each saturated agqueous ammonium chloride and
15 Dbrine, dried (MgSO4), filtered and concentrated in vacuo to
give 1.45 g (100%).

1 NMR
FD-MS, m/e 698 (M*)
20 Analysis for C39H47Ns507:
Calc: C, 67.13; H, 6.79; N, 10.04;
Found: C, 67.11; H, 6.70; N, 9.74.

D) Preparation of (C2Hg)2CHCO-Glu-Pro-p-
25 NHCH2CgH4C (NH)NH2-HC1

By a method substantially equivalent to that described
in example 18-F, 425 mg (47%) of (C2H5)2CHCO-Glu-Pro-p-
NHCH2CgH4C (NH) NH2 -HC1 were prepared. HPLC Method 2 (Ramp

30 . 98/2 A/B to .75/25 A/B over 150 min) was used to purlfy the
product.

1H NMR
FAB-MS, m/e 474.3 (MHY)
35 Analysis _for C24H35N505+-1.5HC1-1.1H30:
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.

»



[err]H NWR FAB-MS, me 486.3 (MHerr]) Anal ysis for Cferr].2. 1HC
15 Cal c: C, 55.15; H, 7.35; N, 12.19; d, 13.24; Found:
C, 55.55; WQ9¥238® N, 12.19; d, 13.58. [err] PXY/USISN2558
HOOCCH[ err] - D- Chg- Pro-p-NHCH[ err] C(NH) NH err] . HG
(N-(carboxynet hyl ) - D- cycl ohexyl gl ycyl - N-
[[4-(aninoininonethyl)phenyl]nethyl]-L-Eéglinanide 25

hydr ochl ori de) A) Preparation of ycl ohexyl gl yci ne WO
95/ 23609 PCT/ US95/ 02558

178 By a nethod substantially equivalent to that described

In Exanple 53-B, 16.1 g (16% of D4Q)G qgeéﬁlglycine was pr epar ed
starting from D phenyl gl yci ne. ég?E T FD-M5, me 117 (Merr])

Anal ysis for [err]:
I
: 0=8=0
1 O hH HCH
N
H N H NH,
o
e
O

(C2Hg ) 2CHCO-Met (02) -Pro-p-NHCH2CgH4C (NH) NH2 - HC1

A) Preparation of (CaHg)2CHCO-Met (02)-Pro-p-
NHCH2CgH4C (NH) NH3 -HC1
10
By methods substantially equivalent to those described
in Example 90, 530 mg of (C2Hs5)2CHCO-Met{(02)}-Pro-p-
NHCH2C5H4C(NH)Nﬁ2-HC1 were prepared.

15 1 NMR
FAB-MS, m/e 508.2 (MH*)
Analysis for C24H37Ns05S-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.
20 '
Example 32
Ck 7/

NH O NH
_ (0] * HCI
NH
H 2
. N “reag N\/d
T



Cal c: C, 61.12; H 9.62; N, 8.91; Found: C, 61.23; H 9.56;

N, 8.73. 10 B) Preparati on of Boc-D- cycl ohexyl gl yci ne By a
met hod swasdsmssesal |y equi val ent to that described i N peagNesodsés A
(using di-tert-butyl dicarbonate), 22 g (90% 15 of

Boc- D- cycl ohexyl gl yci ne was prepar ed. [err]H NWR FD-M5, mle 258
(Merr]) Anal ysis for [err]: 20 Cal c: C, 60.68; H 9.01; N,
5. 44; Found: C, 60.91; H b8&8; N, 5.38. @) Prepar at i on
of Boc- Pro-p- NHCH err] C( NH) NHCbz 25 By a net hod substantially

equi val ent to thaty - ;éugnﬁgt
Bgc Pr o- p- NHCH[err]dgﬁﬁgkﬁgg D-chd b epag%ﬁﬂ?ﬁon1 ogné é%H and
NH[ er r ] C( NH) NHCY¥- ZHethylsulfO{nélw# ey e xyiiad atgl - err] )

Anal ysi s for [?[4l(am1n01m1noﬂgﬁﬂ§l)ghen?l]@@ta lltt-ﬁrgilnghléé 66;

Found: C, 64.76; H, 6.78; N h:% hl . Preparation of
Pr o- p- NHCH[ er r] C( NH) NHCbz. 2HO  f¥droc g1/ 23609
PCT/ US85/ 02558 179 a

g PGk SRt e S ol @@Wﬁ 0.4

By methods substantially equlvalent those described in
Examples 1-G and 18-F, 550 mg of MeSO2CH2C0-D-Cha-Pro-p-
10 NHCH2CgH4C (NH)NH2-HCl were prepared. ‘

1y NMR
FAB-MS, m/e 520.5 (MH?Y)
Analysis for C25H37N5053-1.2HC1-H20:_
15 Calc: C, 51.64; H, 6.97; N, 12.04; C1, 7.32;
Found: C, 51.58; H, 6.84; N, 12.18; C1l, 7.61.

The compounds of:the invention are believed to

selectively inhibit thrombin over other proteinases and

20 nonenzyme proteins involvea ih blood coagulation without
appreciable interference with the body's natural clot lysing
ability (the compounds have a low inhibitory effect on
fibrinolysis). Further, such selectivity is believed to
permit use with thrombolytlc agents w1thout substantial

25 interference with thrombolys;s 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 mémmals comprising'

30 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 present
method includes both mgdical therapeutic and/or prophylactic
treatment as appropriate.

35 In a further embodiment the invention relates to
treatment, in a human or animal, of conditions where

inhibition of thrombin is required. The compounds of the



é[err]H NVR FD-M5, me 381 (Merr]) Anal ysis for [err]:

Cal c: C, 55.63; H, 5.78; N, 12.36; Found: C, 54.19; H

6.27; N, WO03523609%0 E) Preparati on of PCT/US95/02558

Boc- D- Chg- Pr o- p- NHCH[ er r ] C( NH) NHCbz By a nethod substantially
equi val ent to that descri bed in Exanple 1-G 3.6 g (97% of

Boc- D- Chg- Pro-p- 15 NHCH[err]C(NH)NHCba wer e pr epar ed. [err]H NMR
FD-M5, me 619 (Merr]) Anal ysis fo 8[err] 20 Cal c: C,
"65.89; H 7.32; N, 11.30; Found: C, 67.59; H 8.07; N, 10.99.
F)  Prepar ahirent dén Ghze texipeddeder be- Rs6ligiPia- am.mals NHGEE Rid I NH) NHCbz
25 By nethods su tantlal%& 18 U|valegg ose descri bed I n
Exanpl es 237 ant’ 85 7 (Tt hf*t PETP dfto8te f%maﬂﬁ aN%enzyl

chl or of or neh¥perdodgyl gt finNbCiopdNaatl- BuSEGEE] er Pl$edse states in

Chg- Pr o- p- ﬁr{ﬁéX£$ﬂ w%&% Qr ?@Eﬁgla§outllthf £J$*£%€§r$?fm§gﬁws

n e 769(!\/[err Anal ysi's
6.96: N5 9.9D: p;gphylax1qqgﬁ“;hromb951g7agg hypegcoggupabiliily in blood VWO

95/ 23609 and tissues. Dlsease states in which thE@&hSOUELIREre a
180

at i
I{III}{err]p?ffﬂﬁf 'ﬁﬁkﬁﬁh[éPrFEFNH?ﬁHFe?PF/PE]Pr°PhYlaXIs' Wrivdehods
subst ant i al Ygnegs i tiatetiodics tands pudesaairpedmbolism, arterial

thrombosis, such as in myocardial ischemia, myocardial

10 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

15 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

20 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

25 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

30 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

35 parenterally, e.g., by intravenous infusion (iv),

intramuscular injection (im) or subcutaneous injection (sc).



i n Exanpl es 23-A (using dioxane as solvent) and 18-F, 411 ng 5 (61% of

HOOCCH2- D- Chg- Pro-p-NHCH err] C(NH)NH err] . HO were pr epar ed. 1H
NVR wobshBsoom e 444.3 (MH err]) 10 Analysis for ( erptraibid2sss

Cal c: C, 51.67; H, 6.69; N, 13.10; Found: C, 51.84; H
6.50; N, 13.15. [err]

HOOCCH] er.r ] - D- hPhe- Pr o- p- M@WeH]QNWNWeH]
(N- (car boxymet hyl ) - D- honophenyl al anyl - 88820
[[4- (aninoininonethyl)phenyl]nethyl] L- prol i nam de

- hl ori d f £l Py o- p-
rl\llﬁccjllr—fgrr]orCI( Nﬁg NH[err] HOpegg%Her 8bk8Mot e % s%%@tﬁagr?%eea%{/) equi val ent

to those FESOrESg to thif muspriometo mw dth

@XPr 0- p-

NHCH[ er r ] @(ﬂwﬂhwmtah BEEeves ewDI BPas £ e dildd,| Mk fde¥arBA%ed by thehPhe- OH.

30
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VIO 95/ 23609 SIS US95/ 02558
particular circumstances surrounding the case, including, for

example, the compound administered, the rate of
administration, and the condition being treated.

A typical daily dose for each of the above
utilities is between about 0.0l 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. In critical care
situations a compound of the invention: is administered by iv
infusion at a rate between about 0.0l mg/kg/h and about 20
mg/kg/h and preferably between about 0.1 mg/kg/h and about 5
mg/kg/h. o .

The method of this invention also is practiced in
conjunction with a clot lysing agent, e.g., tissue
plasminogen activator (t-PA), modified t-PaA, streptokinase 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 employed. A compound of 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 glyéoprotein receptor (IIb/IIIa)
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 prevént the reoccurrence of clot formation. As

stated above, preferably a compound of the present invention



ierr]H NVR FAB-NB me 466.3 (MHerr]) Anal ysis for

Cerr].2.1HO .Herr] O Cal c: C, 53.61; H 6.32; N, 12.50; d,
13.29; 5 WO952360%,n: C, 53.58; H 6.08; N, 12.59; O, 11&'160595/og&sar]

10 HOOCCH[ err] - thmlWoplW@WeH]QNWNWeH]

(N- (car boxynet hyl ) - D- honocycl ohexyl al anyl - [[4-

(am noi m nonet hyl ) phenyl ] net hyl ] - L- proll$§%|

hydrochl ori de) 15 A) Preparation o oc- D- hCha- OH By a

met hod substantially equivalent to that described in Exanmpl e 53-D, 5.1
g (100% of iBoadiinCshetdnwhs eoxpatieri ) wifttoa BAGtDIRERagOdgent and[err] H
NVR IQ%?%? e 240 (Merr]) Anal ysis for [err]: 25 Cal c:

C, 63. 13 H i ‘N, 4.91; Found: C, 63.38; H 9.39; N, 5.12

B) Preparation of HOGbdE2ipvethioPralse proviNWGH mhadn@dedtidadrr]. HO 30

formulations for use in the above described therapeutic

5 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

10 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,

15 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

20 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

25 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,

30 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

35 pharmaceutically acceptable salt or solvate thereof in
association with a pharmaceutically acceptable carrier,
diluent or excipient therefor.



WO 95/ 23609 PCT/ US95/ 02558

182 By nethods substantially equivalent to those described

i N Exanpe §360b35 ngy of HOOCCH2- D- hCha- Pr o- p- PCT/US95/02558

NHCH err] C(NH)NH err] . HO were prepared. 5 [err] H NWR FAB- M5, nle
472.3 (MHerr]) Anal ysis for Clerr].2.2HC .0.5Herr]C Cal c:
C, 53.54; H 7.22; N 12.49; d, 13.91; Found: C, 53.29; H
7.01; N, 12.46; d, 14.30. 10 190 err] 15

HOOCCH err]-Ay-NClerr]Ay-p-NHCH err] C(NH) NH err] . HC A)

Prepar ation of HOOCCHfes rdct@oe kGl 8! bk Bormutations
NHCH[ er r] C( NH) NH2. HCl net hods substanti a valent to

2 %§GQUI :
t hose descrf 1sesiQ¥°Ek§nﬁﬁe§°19ér9§-EY Weight o thy formpation: 365 ng

of

By "pharmaceutically acceptable" it. is meant the carrier,

N HOOCCH] eréizg%j% ﬁﬁ%@% RubEBLeLthSh el  Sle ] GG 11 HA were

r epar ed.
prep 5

10

15

20

25

30

ients of the formulation and not deleterious to the
recipient thereof.

ingre

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, aerosols, (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, sustained, or
delayed 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. '



FAB-MS, mle 426.2 (M{err]) Anal ysis for [err] 2.2HO .1.5H err] O

Cal c: C, 49.60; H 6.09; N, 13.15; d, 14.64, Found: C
49.79; H wWBaBR36o, 13.31; C, 14.49. 30 WO 95/ 23689T/US9S/02558
PCT/ US95/ 02558 183 [err]
5
(err])[err] CHCO A u-Pro-p-NHCH err] C[eing[err] C(NH)NH err] . HC A)
Preparati on of Boc-([err]-0Bn)-d u-Pro-p- NHCH[ er r ] C( NH) NHCbz 10
By a nethod substantially equivalent to that described in Exanpl e 1-G
2.7 g (64% of Boc-([err]-0Bn)-QAd u-Pesmplation NHCH err] C( NH) NHCbz wer e
prepared starting from Boc-([err]- OBn) -d u- OH and
Pr o- p- NHCH2C6HAC( NH) NHCbz 2HC! . 15 J[err]H NWR FD-M5, mle 700
(Merr]) Anal ysi s Hagrd [gedekin capsulesCate:prepaxsd 652% the 6. 48; N,
10. 01; following ingredients:
5
Quantity
{mg/capsule)
Active ingredient 250
Starch, dried 200
Magnesium stearate 10
Total 460 mg
Formulation 2
A tablet is prepared using the ingredients below:
10
Quantity
{mg/capsule}
Active ingredient 250
Cellulose, microcrystalline 400
Silicon dioxide, fumed _ 10
‘Stearic acid _5
Total 665 mg
The components are blended and compressed to form
tablets each weighing 665 mg.
15 Formulation 3

An aerosol solution is prepared containing the
following components:

Weight
Active ingredient - 0.25
Ethanol 25.75
Propellant 22 ({(Chlorodifluoromethane) 20,00
Total - 100.00



Found: C, 65.00; H 6.56; N, 10.06. 20 B) Preparation of

([err]-0Bn)-d u-Pro-p- NHCH[ er r ] C( NH) NHCbz. 2HC By a net hod
subst ant wat 8/236epui val ent to that described 25 in Exanpl e stirds9s582538 ¢
(98% of (y-OBn)-d u-Pro-p- NHCH[ er r] C( NH) NHCbz. 2HCl wer e prepar ed.
[err]H NMR FD-M5, me 600 (Merr]) 30 Analysis for [err]: WO
95/ 23609 - PCT/ US95/ 02558

184 Cal c: C, 58.93; H 5182 N 10.41; Found:

C, 58.64; H, 6.00; N, 10.63. G Preparati on of
(QHH)KMDHHH-@M(%JWOQ 5 Mﬂﬂ%MQMﬂW@z To
a stirring mxture of errt]( a CE< g;Cé?l NHChz . 2HC
(1.3 g, 2 mml) in THHHAF(EE °‘“P°“n§]a&ﬁ)“\?oé‘§ AHAER PERRP the 10

nmol ) and Zuisttudebidded tb0a pblrmi.odeotOtBegpralemﬂ:)zz Afdcﬂredstuo“rl ng 10
' I I re5|
mn, vol %ﬁa %eﬁn\éeE‘EaBEEBi‘?Q?hy?VQCH 1 1£‘§ { %&#‘é& sac 13 r"@é

partitioned bet weeh wat er and ace ayers wer e
separ at 8d aaePutte i Jhernc fgdase ﬂagtmgheas steely @@nW:tltﬁlemd it lwtaced

agueous amml'&”ﬁrfé"f&déi%d%ﬁdo¥5thgrb98peﬂ1hﬁg (Mé%l riﬂ§%xaé1d

concentrat Ed I N vacuo er r

1.45
FD- M8, e B3P (hitdhed )t°ZGheA%3P§§P§eF0r [ er r] Cal c: C,
67.13; H 6.79; N, 10.04;

Formulation 4

10 ) ‘ o | ‘

Tabli:is, 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 ' -1 ma
Total 150 mg
15 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
20 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 7.S. sieve,
are then added to the granules which, after mixing, are

compressed on a tablet machine to yield tablets each weighing
25 150 mg.



"Found: C, 67.11; H 6.70; N, 09.74. D) Preparation of
(derr])[err]CHCO- @ u-Pro-p- 25 NHCH err] C(NH)NH err] . Hd By a
et hod suBA%¥%% |y equival ent to that described in eXGHNEERE®: 425
ng (47% of (Cerr]Herr])[err] CHCO d u-Pro- p-

NHCH err] CCNH)NH err] . HCO were prepared. HPLC Method 2 (Ranp 30 98/2 A/B

to 75/25 A/B over 150 min) was used to pymrkfy the pr oduct . [err]H
NVR FAB-M5, mle 474.3 (MHerr]) 35 Analysis for

Cerr].1.5HC . 1. 1H err] O Cal c: . C_51.10; H 6.91; N 12. 41;
a, 9.43; . Found: C, Sl&amymamalgoRias N, 12.41; C, 9.62.

WD 95/ 23609 PCT/ US95/ 02558

185 [err]

S i1 (NCRRpETg. qach contaSShSH bb her CEHER B (Cerr))

ingredient, are made as follows:

5
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

10 quantities.

Formulation 6

Suppositories, each containing 225 mg of active
15 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
20 glycerides previously melted using the minimum heat
necessary. The mixture is then poured intoc a suppository mold
of nominal 2 g capacity and allowed to cool.



A) Preparation of (Cferr])[err] CHCO- Met (O[err]) -Pro-p-

NHCH err] C. (NH). NH err] . HC1 10 By nethods substantially

equi val emO 952368Mose descri bed in Exanpl e 90, 530 ng oPCT/USYSM02558
(ferr])2CHCO- Met (d err])-Pro-p- NHCH[ err] CCNH)NH err] . HCL were

pr epar ed. 15 [err] H NMR FAB-M5, mle 508.2 (MHerr]) Anal ysis for
Cerr]S. 1.1HA : Cal c: C ,63; H 7.01; N, 12.79; d, 7.12;
Found: C, 52.42; H 7.03; N, 12.80; 4 6.99. 20 _

[err] WD 95/ 23609 -

PCT/ US95/ 02558 Formulation 7 186 .

MeS( err] CO-D-Cha-Pro-p-NHCH err ] C(NH)NH[ err] . HCI

(N- (et hyl sul fonyl acetyl)-L-cycl ohexyl al anyl -

[ [ 4- (ami noi m nonet hylsmr;di]mﬁ,hﬁa]cthpnuhinaﬁ'gdso mg of active

hydr ochl ori Pre ti of a4 .

MeSCR2CH2CO- nt PR D P?%fNrﬁ‘Rﬁ[’é‘?‘?T.ﬁj“nws By net hods
subst anbi al |y eqU| vaI ent those described in Exanpl es 1-G and 18-F, 550

ng of I\/Esnggg,]‘g}l% lghQ-p- 10 NHCH[err]C(NH) NH[ er rglg Iﬁl@ wer e prepared.
[err]H NMR e OSeia/lélerr ) Analy5|sfor

m
Clerr].1.2 d%ﬁﬂr@xm‘emyl ose 'C 51.64; H ¥ 98 N 12.04, d,
7.32; syru;Found ~ C, 51.58; H, 6.84; N, 12.18; C3,.25 &l
The conpou are believed to sel ecti velﬂ_éoi nhi bi t

t hr onbi n o(g n%‘f’hcera tsgrih'&%@? and 20 nonenzyme proteihdd Mol ved in

bl ood coagmbavm Wi t hout appreci able interference wi.wh the body's
natural cl otg{sing q.v.
Purified water to total 5 mL

The active ingredient is paésed 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

10 solution, flavor and color are diluted with a portion of the
water and added, with stirring. Sufficieht water is then
added to produce the required wvolume.

Formulation 8
15
An intravenous formulation may be prepared as
follows: '
Active ingredient ' ' 100 mg
Isotonic saline - : 1,000 mL
20 - 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 I)
are orally active and selectively inhibit the action of
25 thrombin in mammals.
- The ability of the compounds of the present
invention to be an effective and orally active thrombin



'ability (the conpounds have a low inhibitory effect on fibrinolysis).

Further, such selectivity is believed to permt use with thronbolytic
.agents WWREHR3BUbst antial 25 interference with thronbol YREEUSH§2558
fibrinolysis. Further, t he conpounds of the present invention are
believed to be orally active. The invention in one of
Its aspects provides a nmet hod of inhhggting thrombin in manmal s
conprising 30 administering to a manmal “in need of treatnment an effective
(thronbin inhibiting) dose of a conpound of Fornula I. The
t hr onbi n i nhidhithicorcdst evpllanéddbynt e popeseote of thed Had liowdingdes bot h
nmedi cal ther&%%}g c and/or prophylactic treatnent as appropriate. 35
In a further enbodi ment the invention relates to treatnment, in a human

or animal, of conditi JtRe WBdition pfi GhrPBRiBf 16 hAERERFEFALeE RN d&Y. The

conpounds ofyii® inhibitioWOo$5tBE6Qfidase activity of thrombin as
PCT/ US95/ 02558 i nvention are

, ) , , 187
expect ed>t o IRAFEAL LD FRaARRAY 10| Weichi Hyrombinhydnql zesathent or
prophyl axi s ¢rdnitigeiliesisabatittate, RNyPEhZ£OAUL bhérydalahWll-0edradnd -Li-ssues.
Di sease states .in. __ vhi chnt.ﬁg conpounds have a potential utility are in
treat nent ?rcﬁllﬁfl’lo%ﬁ%ﬁ)? o} Fﬁl’onbosi s and hypercoagul ability in bl ood
and tissues. Disease sSThe esssay Wsi carthedcoupobmdeiking 50 UL noffert i al
ULETTLY, 0 {d QphiTanl ANY/ J6uPRaRRY| 81§, 4] NGLLMOs 1, AU s ombosi s and
pul nronary enbolism arteria thrombosi's, sUch as 1 n nmyocardi al
i scheni a9 mjdwamhisl oxp humana thrpehinuasiabl en afl)i e, ma/Mmlomfosi s- based

stroke and thrdd@d<te’ Hovadkke bhabmbih PNBASkS-DAYH 4 Ny pulie raepaungds have
expected utility_i,n prophyl axis of gt heroscl erptic di s%ases 1 ych as
p F’illﬁ

coronary arteH SR s me. BPEFRLFE o RRPTAFOTH € RPut RELal
arterial di ssassboutust bIH uhhes¢abpoindshar eaé bekfwrt ahd sbhaLuséf ul

t oget her wt r td in ocay di | nfarction, Further, .the
conpounds haé\%eéée]xc%g%t%é‘éd i &t FPF’Y?H?n??%eéﬁ‘ ERTHent 5'}& aé’pqr}yl g’x?’% ‘for
reoccl udbon Hfe 50 UL wfr embelperus pelvtiomeniisthe artstamdgeniicangi opl asty
(PTCA) asfﬁﬁ: L[nRar Pa%S tLons t , £HUWP ds have 20
expected utili té;/&ir n _pr()eé\}:g)r?t'?gnmggﬁ%& ?%n%%‘g#% %ﬁeﬁﬁé% m c(r%ggur%

[ ) ery.
Further, the@rRidaids ofr £hexsubstyate are measureq by mapitticzdaguithst
treat ment i negQiegld @t Yoshnm fo2l théi 8ébbasé 064 oAt rirdilaneyal ves.

rurther, e CoMoY Qirves 138 KRR ed by ' BYot it 4, P Ut s " oAt ent

20 concentration against hydrolysis rate. The hydrolysis rates
observed with test compounds are then converted to “free
thrombin” wvalues 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

25 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).

30 The Kass value is the hypothetical equilibrium
constant for the reaction between thrombin and the test

compound (I).

Thrombin + I ™ Thrombin-I
o

[Thrombin-I]
[ {Thrombin) x (I)]

Kass=



25 henodi al ysis and di ssem nated intravascul ar coagul ation. A further

expected utility is in rinsing of catheters and mechani cal devi ces used
i n pati eMN®9%/2368% vOo, and as an anti coagul ant for presacTars9sm2ssg bl ood,
pl asma and ot her bl ood products in vitro. Still further, the conpounds
have 30 expected utility in other diseases mhere bl ood coagul ati on

could be a fundanental contributing progggf a source of - secondary
pat hol ogy, such as cancer, including nme asi s, and i nflamatory

di seases, including arthritis and di abetes. . The anti -coagul ant conpound
I's adm nistered orally, or 35 parenterally, e.g., by intravenous I nf usi on
(iv), I ntramuscul gr | ection subcutaneo S |n )

VO 95/ 23609 E s calcul ggd(¥6 a’ tange, /Ggg %ggglgﬁg of

188 test comﬂ'dnmdﬁp@'ld‘ ithedoeanofradueohpousdortiednint enits of

accordi ng t? {Q# pqﬁgﬁ on to obtain_therapeutic and/or prophyl actic
effects wl Tour se, be determ ned by the particul ar ci_rcunstances

surrounding the case, BY newbekaRtiglhy ﬁ?%%&ﬂﬁﬂgathﬁhér@6ﬁﬁﬁﬁﬁé 88RFRLEEEr ed,

the rate of apove A£G Muhdr it ombAR] ralae eeaﬁgt b@ﬁebehﬁﬂahrﬁﬁé&ﬂl
A typical daily dose for each of t he les is bgt en about

0.01 ny/ kg ﬁﬂﬂg%%%ﬁ%°ﬂﬁﬁquﬁﬂIﬁfrlne pfﬁ5e55§§ PQ R€°ﬁﬁ§sﬁﬁr 9., for
prophyl acti €ibsen6l Bt g| €ysifem ddithy t&hﬁsap@ﬁpph&aaénbhremegeﬂlor mul tiple

d h
s?fﬁZt?gﬁs §§B%ﬁ€%5%% o&d%¢uar nvenéﬁogpysgﬁ %QEQ@E& ggeﬁhéncgﬁ$$ﬁg s

I on usi on
at a rdle btheepresenttimveiting kjth sespecsuto2ghe congukgthoanﬂactor

preferably Q%&X\ﬁg%f@@&s@s ]ar{g/m raapeoy 3 §h35f139’ihgﬂ?tlc system

The net hod o I nventi on SO IS practice conjunctron wth a
cl ot |ysi ngSagtne PECELases AR eva Hﬁ?ﬁﬂnﬁﬁog@ﬁlaéﬁrﬁhFéF subshantidlifi ed
t-PA, StreplQEknéﬁelﬁferferéﬁé&Uwitﬁiséﬁld&ag&%twhgascbettﬁernHtlOn has

occurred an n, 20 arter or vein is bloc .ei t her | y O taIIy,
Cl ot F3EFHoREEE PE R IThAISy SAB RIS o RAR LBFephe should
|nventrxﬂ1 capabe ﬂﬂhrﬁmslgsrsi;nduned(bymundkmn;ss,thlshae plasminogengent

or Subsequegetaeataforéepﬁi% 2% Qe mfsur,snga Lg fﬂgwi;éaered

along with aspir revent the Feoccurrence o tron
The met hod &P thﬁsthﬁV%Pﬁmtﬁpr%ﬁﬁﬂQﬁ)%HQQnﬁgﬂgiﬁ @s an agippAtiFen with a

platel et gl yePRHPLRIAAEECERIPK dof ¥ dKilrdse thrombolytic therapy and to

the use of such agents as an endogenous fibrinolysis-sparing

20 (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

25 plasminogen activators.

Human factors X, Xa, IXa, XIa, and XIIa are
purchased from Enzyme Research Laboratories, South Bend,
Indiana; human urokinase from Leo Pharmaceuticals, Denmark;
and recombinant activated Protein C (aPC) is prepared at Eli

30 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) ; PyroglutamylfPro-Arg-p-nitroaﬁilide (for Factor

35 XIa and for aPC); H-D-Pro-Phe-Arg-p-nitroanilide (for factor
XIIa); and Pyroglutamyl-Gly-Arg-p-nitroanilide (for

urokinase); are purchased from KabiVitrum, Stockholm, Sweden,



antagoni st, that inhibits platelet aggregation. A conpound of the

i nvention can be adm nistered prior to or along wwth 30 the Ilb/llla

ant agoni stw@®sg¥¢hkequent to its use to prevent t he r eoq@mmusesosssef cl ot
formati on. The method of this invention is also practiced in
conjunction with aspirin. A conpound of the invention can be

adm ni stered prior to or along with aspirin_or subsequent to 35 its use to
prevent the reoccurrence of clot formati on?7 As stat ed above,
‘preferably a conmpound of the present invention WD 95/ 23609
PST{US95/0235&-from Midrest Biotech,lF%s?ers, Indiapf18ggovine kypsin is
adm nistered in conjunction with.,a clo i ng agent _an aspirin.

Thi s inventi dhal éeér %5?’3e@° %?’ﬁ%‘é%t?’c%‘?%engca%fsorﬁﬁle&??&ﬁs N8V use in

t he above deskerisesd ®hdr hpmatipladmarstdiod krdeiar rfaeauKabdl vietam| at i ons of
the inventio MPk| n ' L hr Ln.nhibitibng anount of a
conpound of Ir:%ror?uhg??lfi %bggggéi :%%%%ﬁﬁlg ég{?zgrtn@gge%u#?akrg PHR Hrg p
accept abl @ c@itreanididppfentPbaser |kahtikmmin dsalpurchasgdntnpst Kabion t he

anti t hr onbot ivG teRimoLReckioln] Newéd&s, | v-HbnAQRh1alPhR-GaRshl-§spor tablets
whi ch may cont.ain exgiigi ents su as_binders, |ubricants,

h .
di si nt egr at i 3 “A98Rts18Rd HRe FiRgtrate fon humag,tbrsmbaBnaRAsEPsti on the
antit hronbot iteypsin, ikosynthésized fcqmlimead prakeduseseabablebdal uent,

e.g., hysi ol ogical. sali 0499 % dextrose, Ringer's solution, 15
ang t he Iillge?é&"ﬁ'e Fottnd Logﬁ%‘én%so foutﬁ'heo & SR o FBYERELPRY eRE1DF R e
formul at3@d i meghiodsdofapert tdendeuplorg domy icmmereiddde avaibableen about
0.1 ng and ahquk+4809 HE-?fo@rié‘éécg'oﬁ%&I' idwestOBRQYALY SF%;ﬁh&PS formof a

pharmaceutical |y acceptable salt such as for exanple e sulfate salt,
acetate salt I§41g8a. phosphate salt. An exanple of a unit dosage

formul ation conpri sRmah PUashin T£ONPREEKEEQ R EReeRl ngayention as a
phar maceut i ﬁgjﬁlgxgaccep%ael e salt.,ina 10 nL sterile glass ampou| e.
Anot her exa FA0 NPT HERRYE o r RGN ™5 PAc dfpPHEERa S8R 12S 190§ Df a
conpound®f tcheiprestivity\veefememce fram Amelrdcancpikgfakticaccept abl e salt
in 20 nL of | i ' Nt al if.a-sterile oul e,

b§'gEHQ%8h, Coﬁéi%gf%t&o brll%dl%q.edn t Pi% {m F%EP ey WE:?%%E%%

The conpounds can be admnis ‘by @ variety o
oral, rectal 2tt EAhsHéthal and [Frmpame dus praceduger knownusn the ramustssay

and intranasabrckJhetcarppundspidl. chdnle REBSEBL2004eRYI pllogfp. preferably
formul ated p% ggm&g chromogenic substrate H-D-Val-Leu-Lys-p-nitroanilide
20 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
25 and Lys are used to indicate the corresponding amino acid
group isoleucine, glutamic acid, glycine, proline, arginine,
phenylalanine, valine, leucine and lysine, respectively.
Table 1 which follows lists the Kass values
obtained with the indicated compound represented by the
30 Formula I.



adm ni stration. Therefore, another enbodi nent of the present i nvention

is a pharmaceutical fornulation conprising an effective anount of a

conpound b 9s/zmeenul a | or a 35 pharnmaceutically accept abl eecgaisosmozsssol vat e

thereof in association with a pharnaceutically acceptable carrier,

di l uent or excipient therefor. WO 95/ 23609

PCT/ US95/ 02558 190 The

active ingredient in such fornmulations 198 conprises fromo0.1%to 99.9% by
- wei ght of the fornulation. By "pharmaceutically acceptable” it is nmeant

the carrier, di l uent or excipientﬂggg%ng conpatible wwth the other 5

ingredients of the fornulation and not del eterious to the reci pi ent

t her eof . The pr eRERbPIfHamErOPerEdest or nul ati ons are

prepared by known procedures using well known and readily avai l abl e

ingredients. In making_the conpositjons of e 10 _present invention, the
active ingredient will UsualTy 'b'é"ﬂassadﬁi])?tgg Fi/Pe18)carrrar-~or-arrured by
acarriér, or enclosed Humathin a carrier which may be in the formof a

capsul e, Exéﬁﬁﬂé%’ paﬂﬁ?a@hiﬁther ntain 1 th . er serves as
a diluent, 1t may be a sol1d, sem-solid or Ti natg?%%#ﬁk% mhggﬁgﬁcts

as a vehicle, excipient or nediumfor the active i ngredient. Thus, the
conpositions cgan be in thg $ormof o gpoipbletg,zpills, ngggrs, | gzgpges,
sachets, cachefs, elixirs suspensi ons, enul sions, solutions, syrups,
aerosols, (as soliddot in a | P@P%R nedi &, soft 8mB4Rard gél-82Rn

capsul a9, 20 smppositoriez.lsteriIeolobzztablg,gglutionghogagriIeopgggaged‘

powders, and the like. The conpositjo f this.Lpventign may be

formul ated so gs to prov?gé qui ck, éu@?%?ned,b095 de8a9833rele93876f t he

active ingredi®nt after a@n@3%stratPof0039 to0tDEODHELI e0t 0DF22NPkOYDOY

procedures wel § known in $he art. 2§, ‘ - fol ow for tion
6.00024  0.00%8 0! bOBLRM T OLEULGS

exanples are i|llustrative only and are not 1ntended fo cope
of the inventidn in ahy?way. "ABtP04lingr@ePedt " 0P.86022e, AeAA37a
conpound agcording tosFermul a loopo@s®har gagesti cal hyoaegeprt aBl gogal t
or solvate thegeof. 30 , 545 0.00058  0.00017 <0.001  <0.001
1Q 1.4 0.000024 0.077 0.0045 0.00055
11 0.064 0.000068 0.0036 0.0060 <0.001
12 0.44 0.000042 0.0022 0.00087 0.000042
20 13 0.49 0.00098 0.00066 0.00011 <0.001
14 0.021 . 0.00014 0.000056 0.000046 <0.001
15 _ 220 0.0070 2.6 0.017 0.004
.16 0.97 0,0051 0.02 0.0017 0.0012
17 ' 33 0.049 3.8 0.024 0.0034
25 18 180 0.21 14 0.085 0.0094
19 11 0.14 41 0.16 0.0056
20 - 10 0.10 19 0.10 0.0077
21 3.6 0.62 0.96 0.031 0.002
22 3.0 0.043 8.5 0.042 0.004
30 23 770 0.14 21 0.44 0.31
24 0.78 <0.001 0.03 <0.001 <0.001
25 0.43 <0.001 0.01 <0.001 0.01
26 13. 0.01 0.21 0.01 0.01
27 0.29 0.02 0.02 <0.001 0.02
35 28 0.95 0.01 0.11 <0.001 <0.001
29 0776 0.02 0.02 <0.001 <0.001
30 0.55 0.02 0.03 <0.001 <0.001



* WO 95/ 23609
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191 Forrmul ation 1 Hgard
gelatin are prepared using the fol | owi ng i ngPEATUSAS/A2SS8 5

" Quanti tyWﬂst?@ (ma/ capsul e)
Active ingredient 250 Starch, dried
200 Magnesi um stearate 10 Tot al
460 ny Fot®®l ati on 2 A
tablet is prepared using the ingredients below 10
Quantity (ow/ sul e30.001
Acti-ve i ngredi aht 0.07 0.14 250O 0> Cel I‘IEJ]?Iﬁo[wgp e<)0 o1
m crocrystalligg 0.13 400 0.03 Sj|icdh U oxi de 0f d :
10 Stearic_acid

The conponent s3

.04
re bl endegﬁsand corrpressed to f tapl gt s each gh| ng
665 ng. 15 34 <6 0%, il 2149 3 B! 61 o V&L

aer osol %ol uti 98 i's prepar@dog;ont aispngeihe 0.6641 1 ow x@. @@hponeﬁ@s‘.ml
Vi ght Active ingredient

Et hanol 36 0.06 <0.001 0.0L, o <0.0010- 25<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
10 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
v 630 0.66 2,600. 1.8 0.04
15 45 610 1.5 110. 1.1 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
20 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
25 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
30 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
35 65 4,500 | 570.
66 120 4.6

67 11

0.02 . <0.001 <06681 ny



Propel l ant 22 (Chl orodifl uoronet hane) 70. 00 Tot a
100. 00 WD 95/ 23609

PCT/ US95WIPBES3609 192 PCT/US95/02558
The active conpound is mxed with ethanol and the m xture added to a
portion of the propellant 22, cooled to -30 [err]C and transferred to a
filling device. The required 5 anount i% @hen fed to a stainless steel
contai ner and dil uted with the renai 88 of the propel l ant. The val ve
units are then fitted to the container.
Fornul ation 4 88 600 Tabl ets, each containing 60 ng of active
i ngredi ent, arg,nade as | ows: Active i ngredient
60 ng Star 88 389 T3 45 1y
M crocrystalli@e cell ul o430 _ 9.8 35 ngy _
Pol yvi nyl pyrrokydone (fis4d®% sol ution in matgsé' 4 ny Sodi um
car boxymet hyl starch : .5 ny Magnesi um st ear at e
0.5 ng ° Talé? 2,300 _ 280 1 ny
Tot al 73 28 150 ny 15
The active ingzgdient, starch and cellulose are ~ passed through a No. 45
mesh U. S. sieveand m xe hor oughl y. The aqueous sol ution contai ni ng
pol yvi nyl pyrro76done i s mxsth with the resultant powder, and the
m xture then isgpassed 2through a No. 14 ne§ éLS. si eve. The granul es
so produced 20 "are driedlat 50 [err] C and pasS&d t hrough a No. 18 nesh
U. S. 10Sj eve77The sodi vk car boxynmet hyl starch, magnesi um stearate am‘
talc, previoushy passed tfyough a No. 60 nesh §.&. sieve, are then
added to the granules which, after mxing, are conpressed on a tabl et
machine to yield tablets each weighing 25 1500 n@d
80 1,700. 90.
81 5.3 2.1
15 82 5.0
83 2.4 0.03
84 2.9 0.07
85 265 ~ 30.8
86 200 0.63
20 87 30 2.5
88 410 3.9
89 0.14 0.071
90 0.61 0.002
91 3.6 0.007
25 92 130 7.7

It is noted that, unexpectedly, compounds in which
X contains a D-cyclohexylalanyl moiety have improved potency
30 with respect to inhibition of thrombin and display especially
surprisingly enhanged 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.
35



V[)95/23609 PCT/ US95/ 02558

193 Formul ation 5 Capsul es,
each cont 2¥Ri%Y3*%d ny of active i ngredi ent, are nade asPGHV$IHNISS8 5
Active ingredi ent _ 80 ny Starch _

59 ng M crocrystal line cellul ose 59 ng Magnesi um
stearate 2 my gqp Total

200 ngy The active |ngred|ent cel lul ose, starch, and
magnesi um stearate are bl ended, passed through a No. 45 nesh u. S.

sieve, and fiMat@¥i@d€o hard gelatin capsules in 200 ng 10 quantities.

Formul ation &og plasma is obtalxﬁbkﬁ’p%xﬁ Qfdr?s%zo%%cgu%at %&Qbﬁgggéﬁggg of

active 15 |ngred|ent are made as follo I've 1 ngre

225 1y SatsdtReEd Sext HpzalrengiREe Kajemazoo, Mighdoay, 0. STAt 4l by

2,225 ny venipuncture ifbe 38 iperddit ashiandtd.S @Q%&Qﬁogaﬁoﬂgh a No. 60
nesh U S _sieve_and.s 0 glycerides

S ed .in,the saturated fatty a
previ ous! 3 m@rqgﬁrﬁglﬁﬁg?h TRER| 1Rﬁn9i§ﬁma ‘ﬂéﬁ@?@aﬁ}gr?ﬂegﬁFx%ﬁre i s then
poured i nto @repppedi foey imtdate ACH momimalladd) ataphei fyaavslonl feped to

cool . 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
10 percent pure/plasmin free) is from American Diagnostica,
Greenwich, Connecticut. Radiolabeling of fibrinogen I-2
preparations is performed as previously reported. Smith, et
1., Biochemistrv, 11, 2958-2967, (1972). Urokinase is

purchased form Leo Pharmaceuticals, Denmark, as 2200 Ploug
15 units/vial. Streptokinase is purchased from Hoechst-Roussel
Pharmaceuticals, Somerville, New Jersey.

Human plasma clots are formed in micro test tubes by adding

20 50 pL thrombin (73 NIH unit/mL) to 100 ML human plasma which
contains 0.0229 MCi 125-iodine labeled fibrinogen. Clot

" lysis is studied by overlaying the clots with 50 UL of

urokinase or streptokinase (50, 100, or 1000 unit/mL) and
incubating for 20 hours at room temperature. After

25 incubation the tubes are centrifuged in a Beckman Microfuge.
25 UL 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

30 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 ICsp values
are estimated by linear extrapolations from data points to a
value which would represent 50 percent of lysis for that

35 particular concentration of fibrinolytic ageht.
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194 Formul ation 7

Suspensi |G 9s/Beeh contai ning 50 ng of active i ngr edi eRlerRsyossss dose,
are made as follows: 5 “Active ingredient

50 ny Sodi um car boxynet hyl cel |l ul ose 50 ny Syrup
1.25 nL Benzoi ¢ acid sol ution 0.10 mL

Fl avor : 202 g. V. Col or

g. V. Purified water to total 5 nm

The active éﬁgig%%ﬁgﬁ?ggﬁgg hrough a No. 45 mesh U. S. sieve and
m xed with 00 yl cellul ose and syrup to forma
snmoot h past Matehddk#nzoic acid 10 solution, flavor and col or are dil uted

with a portbae dﬁiagxhe and M G120 a@dsgta%ga $Ebh" LO88sc DL 1 i B0 - wat er

I's then ro uce the require
For mul ati on Beﬁ. hounds (either %ﬂﬁ'lﬁFF&QéﬁBU&RﬁorKﬁléﬂ?@ﬂonnwiQhﬂ$#@mared

as feol IUV\s A ) or ﬁedm \shdstietdiz@d male Sprague- Dawley rats (H&OLAW
| sotonic sa ngu The

sol uti on of ?ﬁ@g‘é%ol?)aew]ﬁygr FRGent gngéﬁEFBPl'lLfrsv in aﬁﬁm HiStlrbdy
i nt r avenoustvgnipunctoute caitcat3 .@ pereentt titkaper FibAinogeén is

Ihe. COMPOUIS Lol etk M LB BB e ke G0 1 2ot ve

The abil it yas¢oxrding dimpaneisiafs procedusest and spagibfil¢abions be $mith,

ef fectine apgoghéh! Vg actisse tlh-rl(_lntlll@SO) ; and Smith, et al.,
Biochemistry, 11, 2958-2967 (1972). Human fibrinogen is also
purchased as 98 percent pure/plasmin_free from American
Diagnostica, Greenwich, Cohnecticut;' Coagulation reagents
ACTIN, Thromboplastin, and Human plasma are from Baxter

15 Healthcare Corp., Dade Division Miami, Florida. Bovine

thrombin from Parke-Davis (Ann Detroit, Michigan) is used for
coagulation assays in plasma.

Methods
20 Anticoagulation Determinations |
Coagulation assay procedures are as'preViously described.
Smith, et al. . Thrombosis Reseaxch, 50, 163-174 (1988). A
CoAScreener coagulation 1nstrument (Amerlcan LABor, Inc.) is
used for all coagulatlon assay measurements The prothrombln
25 time (PT) is measured by adding 0.05 mL sallne and 0.05 mL
Thromboplastin-C reagent to 0.05 mL test plasma The
activated partial thromboplastln time (APTT) is measured by
incubation of 0.05 mL test plasma w1th 0.05 mL Actin reagent
for 120 seconds followed by 0.05 mL CaCl3 (0.02 M). The
30 thrombin time (TT) is measured by adding 0.05 mL saline and
0.05 mL thrombin (10 NIH unlts/mL) to 0.05 mL test plasma.
The compounds of Formula I are added to human or animal
plasma over a wide range of concentratlons to determine
prolongation effects on the APTT, PT, and TT ‘assays. Linear
35 extrapolatlons are performed to estimate the concentrations
required to double the clotting time for each assay.
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195 inhibitor is evaluated in one or nore of the follown

assays. WO 95123609 The inhibition of thronmbin is denonsti f‘%‘f‘@gs’wﬂf n
vitro inhibition of the am dase activity of thronbin as 5 neasured in an
assay in which thronbin hydrolyzes t he chronogeni ¢ substrate,
N-benzoyl - L- phenyl al anyl - L-val yI - 5 @4 Nyl - p-ni troanilide.

The assay is carried out by n1X|ng 50 [err?{ buf f er (0.03M Tris, 0.15M

NaCl, pH 7.4) with 25 [err]L of bovine 10 thronbin or human thronbin
sol ut i on (0. mma.m_ of t hr ombost at bovi ne thronbi n, Parke-Davis, or

Phdi ana, e, SprASREY PRI EP T TRIAS AT TR Sorgtil ogelly
t est corrpoundnlcn +aIndignapolis, 5TNY mms@md W\;th) XYJ:EZJ-!Fﬁe(%@O

[err]L of an ug . 80h Uph@Nk&t CATARGe uBsr Ahentainda2en
ng/ mL) are aé%qgl@gng '?he %'a aﬁﬂ?e dr ol ﬁ‘SIgg gf ct Ee substrgte Iz;re

measured By RofegseenyatRE blan?%%cf?%n§”at 3 ANNIAT: NE1RARLatE of
p-nitroanili RRnnulateBandaalllewrfes difusivrsd ructed by plotting free
thronbin 20 concentration agai nst hydrolysis rate. The hydrolysis rates
observed with test conpounds are then converted to "free t hr onbi n"
val ues i n t h&xtes e standard curves. The

bound t hr onbi aglf@dhg,é&syg&e e SEAAP ke DyeSubhiasdion

the ampbunt of free th |n ea assa nown

initial Afoumitdf 20 cmi hepabhs efcepliyethelenss RE G‘Phéumﬁgnt bf 6f FBe

i nhibitor i ncente@aﬁﬁcaiéﬁYOfslﬁféé‘aH|ﬁ%é)w@@.@ro@cw:ﬁﬁ kheotgBhethpéad
fromithe nunber o rmle of adde hi bitor-

nol es ou thro
(test corrpou %’)C”‘gom 26 Tume""']’h*as IEREC AR, :11;:1‘:% GFhEchanger
equi li bri um sectdonst abt compléte tivacdxtosr imiveriust ls&mﬂm eigpdithe BEsbdA

quyaggg/g£é§g %ﬁﬁLted throvmhgéé QH t for 15 minutes before the thread

15 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, Bxr. J. Pharmacel., 17,29 (1982}).
When the compound of Example 48 was compared with

D-MePhe-Pro-Arg-H {(discussed above at page 2) in the Arterio-

20 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

25 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.

30 FeClz model of arterial injury
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 recoraer. A cuff of tﬁbing {0.058 ID x 0.077 OD

35 x 4 mm, Baxter Med. Grade Silicone), cut longitudinally, is
placed around each.carotid directly above the ﬁhermocouple.
FeCli hexahydrate is dissolved in water and the concentration



196 Kass is calculated for a range of concentrations of
test conpounds and the nean value is reported in units of liter per
nol e. 5 wo 9523609 By substantially follow ng the procedupewusesmsisbed
above for human thronbin, and using other human bl ood coagul ati on
system serine proteases and proteases of the fibrinolytic systemwth
the appropriate chronogenic substrates, identified below selectivity
of the compounds of 10 the present i nvéaB4 on Wi th respect to the

coagul ation factor serine proteases and with respect to the

fibrinolyti ?z@yﬁtfénexpréﬁéalqrpn;@txa@seﬁf ane a&ehaat@élgﬁtveflpé@g hei r
subst anti al | ack of interference with seri ne Eroteases of th

fibrinolyti endyst eh? FHiRmIThS Ao ARDABAEFSD PrgﬁBQFHSESZS%%IE; is

fibrinol yS'Elpéﬁiﬂé&dnbNo WK iduEse t o bathe Rhasaree! naboveaﬁlﬁéVat or (t-PA)
and strepto

nase %ﬁg b%ugg& ant E t|c yse of
such agents® §r%ﬂ°%Eﬁ R éﬁﬁoﬁcﬁ&§§l°P Pﬂ 6? ﬁ?% Fha
t hronbolgy/t i eaphérdapyp ainl texperatiure .us&hef tinehtageatiuasonnlsrndm@rms

fibrinol ysi ;
alntlrltR?o)r/rglo |§Bgﬁ%ﬁ? s “ha (%(gr#ﬁdéfﬁ%%ttthtgot %gglé anqz" goﬁ %erence with the
ani dase aasilwat:;m@fﬁ ReGinandothe sapiét éa§951nsueﬁsﬂ b emRAxAtUre

system spar iigdeCRNp begsE2di Iiraguse gof, Q@g&qlgbg§ya clots and
their lysis by the respective fibrinolytic 25 plasm nogen activators.
Human factors X, Xa, IXa Xi a, and XlI'la are purchased from Enzyne

ResearQhJLa.... di ana; human ur oki nase from Leo

o epared-at #&55“%% S%%E% SR Hepd ey BhedaPr 0! R i‘ﬁfem'
4,981, 952. ﬁlhmhmgehhxomblhmand axtheyt Beximel priote@sesd puch as plasmin

Arg-p-ni t rOQfIQa{:@.'Ssﬁéogléﬁiﬁgé?)act{%v%P A 95%%&914? the cOhp&QREs! 1 de

(for factor assay substra
Pyr ogl ut amyRnhibiped- FIRFinQkNT1S da (S0 FAheorats REaSRABLABEOWRC) ;

H- D- Pr Orfhetﬁi»emgomygiea{% | déleerriioted a5t q&npnntlhbah 1aBé1ea whole
PyroglutanyL é 8 p:nitroanilide (for |, ro |nase£ f g %hased from-
Kabi Vi t r um P$PBEKALPH 1RFR Jehe Pulmonaryncis, at blo

PCT/ US95/ 02558mixed rapidly w1th-bovine thrombin (4 IU, Parke Davis) and
1251 human fibrogen (5 pCi, ICN), immediately drawn into
silastic tubing and incubated at 37 °C for 1 hour. The aged

20 thrombus is expelled from the tubing, cut into 1 cm 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

25 right atrium and the clot is expelled to float into the
pulmonary circulation. One hour after implant, the heart and
lungs are harvested and counted separately. Thrombolysis is
expressed as a percentage where: - '

30 $Thrombolysis = (injected com - lung cpm) x 100

injected cpm

The fibrinolytic dissolution of the implanted clot occurs
time-dependently (see J.P. Clozel, Cardiovas. Ehgzmaggl 12,
35 520 (1988)).



197 or from M dwest Biotech, Fishers, Indiana. Bovine trypsin is
purchased from Wrt hi ngton Bi ochem cal s, Freehold, New Jersey, and
human pl a¥¥R93@% krein from Kabi Vitrum ~ Stockhol m PEEFAEAS02558

Chr onogeni ¢ substrate H D-Pro-Phe-Arg-p- 5 nitroanilide for plasm
kal i krein is purchased from Kabi Vitrum Stockholm Sweden.

N- Benzoyl - Phe- Val - Ar g- p- nitroanilideydhe substrate for human thronbin
and for trypsin, is synthesized accoréjng to procedures descri bed

above for the conpounds of the present invention, using known 10 nethods
of peptide cSopiRagtie ‘ |1y -avai |l abl e reactants or purchased

fron1NIdwestP@ggﬁgcghrg%ﬁgﬁwéiﬂﬁ;(ﬁ?)n 5%F%gtlvateﬁlgarf Human plasmn is

pur chased from Boehr| nger i-anapo |ana nt-PA is
purchased ast8FAgPepias t’e‘ha‘i%c(tﬁf\ﬂ’lﬂy axef éﬁéﬁ@@eﬁr withner f ﬁarprlikfaqnost i ca,

G eenwi ch, Cgnpest i§U§am15'R£h fivgy ta Pﬁ@uﬁ%& @é@hetérpéﬁﬂaégglecie&tlﬂzl '

Lill Co ocedure knomn In th
B: ol . y an%}n ngﬁi‘)xg ﬁlﬁ"r{gl FRFium °1tPIa§§m A - BHr ohoBR¥E cte b Razke
H D- Val - Leu- byee@}nl tToansdsuie AT, aad buasma RbASMDPULS mikdd afD¢h (- PA)

’ N LA AR
trum o SehuR (01 e S BV RranBEnB, PR G I R S ¢ s
descri bed abbuéfene Parke Hiastisletate37sy@bol Bot| BPTTH wplddme (a4 ni)g.arihe,
val, Leu 25 aped Lysueids Uand 4. BbaRLS &eﬁfﬁﬂs j e3PENHL Ag AU F TS

roup isgql eucine aci yCine, pro
ghegsl al m’@lmﬂ’/S?g gi-? gﬁc gﬁglpyé?n sp‘écqgﬁlé‘%y is added to
Tabl e 1 whi chtast | eoulsiion.he Abeaysvakeaone 1Qb&@NEM M tihd he i ndi el

, J.

conpound represente by the 30 Formula 1. 95/ 23609
PCT/ US95/ 02538%% & 198
Table 1 I nhibition Properties
Ind £ Bj ilabili

15 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

20 administration to anesthetized rats and after oral treatment
of fasted conscious rats. Due to limitations of blood wvolume
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

25 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 bicavailability is calculated by the formula shown below
and is expressed as percent relative activity.

30 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

%$Relative Activity = AUC bo Dose iv X 100
35 . AUC 1iv Dose po
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10 en?oln thelgpontaneous(;qRyb031s tnodetz Bolus zmjection 3.6
0.62 Oveﬁume is 0.M08BAkg. foiliMﬁl, and 5 #d/kg for p.8.0and infufid43
8.5 g e 9 %ﬁﬁh 23 770 0.14 21

0. 44 ovafule is 0.78 <0. 001 0.03 <0. 001
<0. 001 10 25 0. 43 <0. 001 : 0.01 <0. 001 0.01 ‘
26 %ESEjSIjQE 0.01 0.21 0.01 0.01 . 27

0. 29 0.02 <0. 001 0.02 35 28 0. 95
0.01 OResults axeg emaressed) Fpmeans +/-)GEM. One-wgy7gnalysisy. of
0.02 <0v@@1iance<9Ps0f@ded to det¥bt statisti®ally sign@f9éant 0.03

5/ 23609
;gT?8é95/02gsggerences agg) en Dunnett's test is ‘appdied to determine

15 which means are different. Significance level for rejectlon
of the null hypothesis of equal means is P<0.05.

Animals - :

Male dogs (Beagles; 18 months - 2 years; 12-13 kg, Marshall
20 Farms, North Rose, New ¥orkf14516) are fasted overnight and

fed Purina certified Prescription Diet (Purina Mills, St.

Louis,‘Missouri) 240 minutes after-dosing.' Water is

available ad libitum. The room temperature is maintained

between 66-74°F; 45-50% relative humidity; and lighted from
25 0600-1800 hours.

P kineti 1el.
Test compound is formulated immediately prior to dosing by
dissolving in sterile 0.9% saline to a 5 mg/mL preparation.
30 Dogs are given a single 2 mg/kg dose of test compound by oral
gavage. Blood samples (4.5 mL) are taken from the cephalic
vein at 0.25, 0.5; 0.75, 1,.2, 3, 4 and 6 hours after dosing.
Samples are collected in citrated Vacutainei tubes and kept
on ice prior to reduction to plasma by centrifugation.
35 Plasma samples_are derivé;ized with dinitréphenylhydrazine
and analyzed by HPLC (Zorbax SB-C8 column) eluting with
methanol/500 mM sodium acetate adjusted to pH 7 with
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53 Oc@pound abs@@bed, F.0.1 <0. 001 <0. 001 54

2.8 <0. 001 0.52 0.01 <0. 001 25 55 0.01
<0. 001 490 0. 20
3.6 0.01 0. 24

0.01 <0. (@.ﬂrglcal prei:&ratzon andolﬁgtrumeﬁtga% of tl'Qe 4‘1Q> s arela@0l

<0. 001 001 <0. 001
30 60 descnktfdzin Jac’é6°8013t & 0. %‘sm'*lﬁ-@e‘?%oﬁ-z 3‘8’ 869

61 63(1990). Mix@d-breed ho(nds (ag@d0@47 montﬁb(ﬂéither sex,62

Z' SOO E\l-iaaze].‘t:ox:t Lﬁoﬁlmzoo,ﬁf U.S. Allzdare anestheQ'_:Lzed w1th4 665
6% 15 j11sodium pantodyarddeel (30 mg/kg intravenously, i.v.),

ggg/ US95/ Ozggﬁutubatedé4 gnd ventilated wzth ro%m air. 4%Q%al volumeP8nd
respiratory rates are adjusted to maintain blood PO;, PCO3,
and pH within normal limits. Suﬁdermal needle electrodes are
inserted for the recording of a lead II ECG.

20
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,

25 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.

30 A left thoracotomy is performed at the fifth intercostal
space, and the heart is suspended in a pericardial cradle. &
1- 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

35 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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0. 61 @Sﬁﬁ.ng the cgfhode in a §g]3cutaneou=b. (ﬁ)qc J5 site.gy An 130
7.7 - adjustable plastipobedlud@et, isnNckieed et dund WHO WY iogveshi ch

X tai :Qhe X\ n L ‘haye_inmproved pofency 30 wth,
regggcﬁu '?z iq.'n i %%4%1021 0 t@k’rgog I&%P%ﬁ%gai %I%ﬁ%@%i‘%‘{/ quétgmtﬁﬁl y
enhanced3potfdipw prcble r(€epedinacMedicahhEbectuonics, HirfpmcNG, XaSuhen
conpared wi tiy figlceRXaFRlAa the rex Wg%ﬁﬁ&?“@é%%%@%%&” whi ch X

i D- phenyl al anyl noi ety
ECC)-T-} ?JISSZI gzgga%sugement ¥>f coronary .glood flow (CBF). 2(Phe occlukiererdisal s

Dog pl asma isijelitaianed b&-&auﬁenachoﬂs%m'Azﬁ@%M@%h horindse h}{tper@%i:iﬁ{'gr?)sgx
Hazel t on- LRE,, K Z00Q, chig . . veni pyncture i ) 3.
percent cit 5611[0@?& %lrig’?"i AGGEA"FE g@%’r"éﬁ%@%ﬁ#&ﬁﬁ &F}Hﬁﬁ'%la%lé‘ﬁ&°ﬁurmn
fibrinogén if 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.).
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15 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 ILCX is totally occluded

20 (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

25 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 minutes.

30

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-
35 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.).



prepared fromin-date ACD human bl ood at the fraction |-2 according to
previ ous procedures and specifications. Smth, Bi ochem F., J., 185,
1-11 (1980¥posmoBmi th, et al ., Bi ochem stry 11, 2958-m&6Us9s(p1382) .
Human fibrinogen (98 10 percent pure/plasmn free) is from Arerican

Di agnosti ca, G eenw ch, Connecticut. Radiol abeling of fibrinogen |-2
preparations is perforned as previously reported Smth, et al .,

Bi ochem stry, 11, 2958-2967, (1972). Uroki 2Rdse is purchased form Leo
Phar maceuti cal s, Denmark, as 2200 Ploug 15 wunits/vial. Streptokinase is

purchased fromhélagehisde R@s;%@d to mEnar naﬁeyii:sﬁéél %V&Aé &n New Jersey.
Met hods - Effects. on sr.ilh%f | asma i:l Human pl asma
clots are forPEFIF MG TEE ngpﬁ§ QGdt 7Y e’?ole%*b 3[aé’f 9L the dagn (73

NI H unit/ ) EacH Ohdieridn ilsuBammpivadeaxwli rmh deepconr}eé nﬁq&ﬁm [t ] G
125-1 odi I d A t udi I th
I odr ne axpfég ]{ﬂé)ré %Q%%Qlat O&s usehy? %% % urée'é q:.;'b Overblil.e?,/I €

clots with 5 ur oki nase or s
uni t/ m) &nd occursicuatdotgonoswab hesursedt trpomk espette rlmodAfased t25

i ncubat i on t heotedes o eheeahehfsueﬁd I@eﬁpﬁseén@feééﬂ&f&% is tHeD t[lg AgRS

of supernate [s added into 1.0 nL vol une 1s/0.15

buffer for ga SRFEIRR teoaﬁepﬁgge °ch}|??@?-%g 10@]@?% t5I19T§Iss axiee

obt ai ned by otakén rxg;s‘.thrlmfbu:a admififistratbehi s81 &k Rdrigiung Tite thronbin

i nhibitors arrgu%%p %e g ?si bl g interference with fib fr| nol ysi s by
i ncl udi ng the¢o rfds | 8vaPFy*BbrEt PRnEhicamelsigniof 10" yg/ L
concent r &0 on%drnmmaappmomfnahaonesw copeund (2 Lesinutesdr.e agsl iawathe by

| i near extrapglatdong,d egﬁl&gé@ points to a val ue whi ch woul d represent
50 percent of lysis for that 35 particular concentration of fibrinolytic

agent . WO 95/ 23609
PCT/ US95/ 02558 All data are analyzed by one-way an®ldfsis of ARiGRRAUI ant
Activity %&&A) % Hog ég gﬁ rat plasma i's obtained from
consci ous mi X W efo ¥ S ER ?’Pﬁelrl wpan-Kuely At ReC Balteskz 56,
M chi ganl5 5 dﬂ:t&ml)neorthbr devebesEheigabtli cahee SDWMn@ash&te% parhan
Spr ague- Dawl gy, l.ngi S Eana ee‘%f veni p ncture
into 3.8 percerﬁ ¢l dré:toegegggﬁlﬂr%g%%&n 1caﬁ%%§f{f f’r%ﬁ%’i"&&f‘e ABS human
bl ood as t he Haizhis dwring 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
20 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).

25 : Table 2

Human Plasma Anticoagulation

—2x Clotting time (na/mL) % oral/i.v.
Example IT APTT PT_ activity (Rat)

30

1 250 NT NT 8

2 170 NT NT NT

3 590 NT NT NT

4 230 NT NT NT
35 5 30,000 NT NT NT

6 390 NT NT NT

7 490 . NT NT NT



according to previous procedures and specifications. Smth, 10 Bi ochem
C., 185, 1-11 (1980); and Smth, et al., Bi ochem stry, 11, 2958-2967
(1972). w3609 bri nogen i s al so pur chased as 98 per eemiusesHIss®! asni n
free from Aneri can D agnostica, G eenw ch, Connecticut. Coagul ation
reagents ACTI N, Thronbopl astin, and Human plasma are from Baxter 15
Heal t hcare Corp., Dade Division, -Mam, ugt(gri da. Bovine thrombin from
Par ke- Davis (Ann Detroit, Mchigan) is for coagul ati on assays in
pl asma. Met hods 20 Anti coaaul ati on Determ nations Coagul ati on
assay pr ocedur 8s are as 13mevi ousl y Ntescri bed Smth, g¢ al., Thronbosis
Resear ch, 163 J&@ (030%88). A CoAScr egner coagul ation instrunent
(Ameri can LABor I nc used¥or all ¢ gul ati on asggy ‘measur enent s.
The prothronbitfl 25 ti m§2@PT) i's md@sured byNmding 0.05 Rt saline and 0.05

mL Thronbepl ast i ngCgpgagent tong 05 it pl asma. 'N[Ee activated
parti al alEtéhronbopl astin tinme (APTT) iI's neasured by i ncubation of 0.05 nL
test plasma wteh 0.05 7%t i n r ead@nt f 8T 120 second¥Tfol | owed by 0.05

mL CaCl[err] £8.02 M. TBlg@ 30 thrembin tinenplT) is neaspyped by adding
005n1_sallnﬁ and - g.(aSrrLthr in (10 NNH units/nm) to 0.05 nL test
pl asnma é corrp&}n 9%t Formu | are added to human¥&r ani mal

pl asma over al®i de range 8f concent®ati ons t2godeterm ne 4 prol ongation
effects on thegAPTT, PTgggnd TT VS. r 35 extr | ations are
performed to estl mat e the%concer??r%g)?l ons lé rgS%(;i])eqw red toaﬁﬁubl e the
clottimgPtimelfor each a§§ay 370 V\D 95/ ABG09 15 _ (
PCT/ US95/ 025588 203 Ani mal s

Mal e Sprague wI ey rats %350 425 Har | an gpr ague Dawl Jé?/ Inc., .

I ndi anapolis, are and8t heti zec? th xyl ®4lne (20 R§/ kg, s.c.) and
ket am ne (12020rg/ kg, s.csep and rralslsnal ned oS a heated ymter bl anket (37
[err] C). The j guI ar ve S) is cannul at to allow for infusions.
Arterio- Venous shunt rmégf) 2,000 000 | | NT

15 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 Nci
20 27 1,940 27,800 27,000 NT
28 520 8,100 8,300 |
29 750 9,800 15,800 - NT
30 1,000 14,000 . 14,400
31 10,800 34,500 30,000 NT
25 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  >91,000 >91,000 NT
30 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
35 42 20 270 320 Nc2
43 280 1,100 930 NT

44 4. 100 170 NT



The left jugular vein and right carotid artery are cannulated 10 wth 20
cmlength f ethyl ene PE 60 tubing. A 6 cm center_section of

b ar ger tu?ﬁ&s%%@l%) with a cotton thread (5cm in tRETPAERS8 S
friction fitted between the | onger sections to conplete the
arterio-venous shunt circuit. Bl ood circulated through the shunt for 15
m nutes before the thread 15 is carefullgayenoved and wei ghed. The wei ght
of a wet thread is subtracted fromthe total weight of the thread and
thrombus (see J.R Smith, Br. J. Pharcol., 77,29 (1982)).

Wien the conpof#hd of ExanpBe 48 wag08onpar ed 3@l h D- Ms®he- Pr o- Ar g- H

(di scussed aboyg at page 2p . in the grterio- 2G4 Venous shyrs nodel, the
antithronbotic potency was _found to be 9-fold greater dyring continuous
i nt ravenous infﬁsi on. To 12- reducé4Phronbus 248 ght .to t WC%ame extent (to
approximately 48 20% of cantrol), BBe conpoumd of Exanpl e248 prol onged

pl asma t hr in time about 3-f8h§, wheregﬁopl asna thrlgér?i ntime was 25
pr ol ongedS greater than 20-fold duri i nf usi of the t andard
conpound. Proth®onbin ti md5and APT#6dere ext ddded onl yNTo about 120% of
control (a fewgeconds) duking infugigon g_flot he corrpountgrof Exanpl e 48.
30 FeC [err] nodel of arterial injury Thé carotid artertes are isolated
via a mdline %éntral €ervi cal BAci si on. 1A0t her nocoupl®Ti s pl aced under
each arteryzand vegsgbp tenpergpyre i 34regerded contingpusly on a
strip chart reggrder. A'cuff of tubing (0.058 ID x 0.077 OD 35 x 4 mm
Baxt er . Gade Sili coﬁé?, cut 3I'aﬂai t udi ﬁaPPQ, i's pl¥Eed around each
carotid direct$y abovestBeot hesgucoopl e. >91,066C [err] hexghydrate is

di ssolved in vat er and thesconcent ﬁ.%i on 200 WD 95/ 23609

PCTI US95/ 02558 204 NT (209 is
expressed in t®fns of theldctual wdbght of Fa@b[err] aty. To injure
the artery andgg nduce th 0Si 5 [ert] LahS pi petted into the cuff
to bathe the gsr% ery abovzggﬁe §L'4't§R§r mc%gbl‘lgbpr obe. Arteb?fal occlusion is
i ndi cat é® by a25 "rapi d48Pop i n5t8RBer at u7e00The tine tNBcclusion is

reported igom nuteg and reppeseobed the ehgpsed tine hlet ween
application of FeCd[err] ggd t he rggi d drop %gsvessel t enperat ure (see
K.D. Kurz, Thr¥hb. Res., 88, 269 (%480)). NT
62 54 NT
63 680 NT
20 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
25 69 5. 110 220 NT
70 2 160 180 NT
71 1 89 150 nci
72 1 160 160 ncl
73 21 340 330 NT
30 74 20 420 350 NT
75 NT
76 29 490 560 NT
77 53 1,600 890 NT
78 46 430 760 NT
35 79 140 1,700 2,400 NT

80 | 4 40 130 NT



10 Spont aneous thronbol ysis nodel In vitro data suggested that the

peptide thronmbin inhibitors inhibit thronmbin and ot her serine

pr ot easeWO 8M[0%s pl asm n and tissue plasm nogen act IRCIVERIS/OZSSB assess
if the conpounds inhibited fibrinolysis in vivo, the rate of

spont aneous 15 thronbolysis is determ ned by inplanting a | abel ed whol e
bl ood clot into the pul nonary circul ati (12%1 Rat blood (1 n) is mxed
rapidly with bovine thronbin (4 1U, Par Pavi s) and 125[ err] human
fibrogen (5 [err]C, ICN), immediately drawn into silastic tubing and

incubated at 8Y [err]C fia0 1 how,500he aged 72Q thronbus N® expelled from
the tubing, c into 1 segnent s, . 3X in norngl saline and each.
segnent is COE%]'[ ed in a(il% gan%ﬁ%ggunt e\rl\%s&eo egment wi t "NEnown counts is
aspirated int83 a catBdter tRat00i0s subsle@ddnt|y inpl anN®d into the

j ugul ar vgyn. The caylgeter ti Bolgs advq]n% to the vicjrity of the 25
right atriumand the clot is expelled to fl’'6at into the pul monary
circul at?on. 8Re hour aftér2inpl adP0 t he hed*7 and | uN8s are harvested
and counted sgparately. Thronbol ysigy is 19or essed as gppercent age

wher e: 30 %hr qnbol ysi s = (injected cpm- lung cpnm) x 100

i nj ected cpm &7 The fiBrinol yt ¥€%i ssol ut3¥h of the i MFanted cl ot
occurs ti 8- dependent by (see 308. C ozel2p00Car di ovas. fiparnmacol .., 12,
35 520 (1988)). 95/.23

35 520 (198844 5790 95533483 37, 000 205 NT  Goagul ati on
paranetEts 90 Pl asnma 8BOonbi 14590 (TT)l4red0act i vated pErti al ‘
thronbopl astigytime (APTEk are_@g%glér ed wiyt %c?% fibrometer Bl ood is
sanpl ed from a_jugul ar catheter "and collect’éd in 5 syringe containing.
sodiumcitratd2(3.8% 1 p&f to 9238&rts 340o0d). To neMBure TT, rat
plasma (0.1 nL) is mxed with saline (0.1 nL) and bovine thronbin (0.1
m., 30 UnL in TRIS buffer; Parke Davis) at 37 [err]C. For APTT, plasm
(0.1 nm) and APTT solution (0.1 nmL, Organon Tekni ka) are incubated for
5 10 rafut HetegztoeTabl® 2nd CaCl [err] (0.01 mL, 0.025 M is added to
start coagul ati on. Assays are done in duplicate and aver aged.

Ncl indicates screening not completed; low or very low
activity obsrved at 20 mg/kg p.o.

20 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.
25

NT indicates not tested, as does a blank entry.



| ndex of Bigavailability 15 A neasure of bioactivity, plasma thronbin tine
(TT), served as a substitute for the assay of parent conpound on the
assunpt i onWOPsR3G0Acr enents in TT resulted fromthronbin PCT{H$I5/02558n by
parent only. The time course of the effect of the thronbin inhibitor
upon TT is deternmined after i.v. bolus 20 admi nistration to anesthetized
rats and after oral treatnent of fastgq_ consci ous r atBhis 9bese HasBeen Replaced
limtations of blood vol une and the nun%er of points r

determne the tine course fromtime of treatnent to thtﬂmmmﬂr" ,J‘,e
response Wetelanad: t 0 pretreatnent val ues, two popul ations of rats e
25 used. Each sanple popul ation represented alternating sequenti al
time points. The average TT over the tine course is used to calcul ate
area under the curve (AUC). The iAhdeompoundthayiagy&heabekintyai $ cal cul at ed
by the formul a shown bel ow and is expressed as percent relative

activity. 30 The ar curve (A ) of the plasma TT
time cour®e is determned and & jl{jgﬂgo‘%?’ cﬁe dose: Th| S i ndex of

bi oavai |l abi | iwlyerteid erned "% Rel ative Activity" and is calculated as
%Rel ati ve Activity:[e}Er:.]. 35 1invl ¥§095/2 6091

PCT/ US95/ 02558 S pro.inyl, homoproiinyl, 5pg Conpounds
Compound sol IRToffH A Ns-682r-6d0h resh daily in normal saline and are
injected as a bolus or are infused starting 15 m nutes before and
continuing throughout the experimental 5 perturbation whi cﬁg is 15 mnutes
in the arteriovenous shunt . nodel and 60 m nut es in the{Fed [err] nodel

of arterial inj ury ndoi n Hy) . Bol us
i njection isll /k orf"R'o. and i nfusion
volunme is 3 m_yltq &q@b negsed as neans +/ -

SEM One-way anal ysi s o& ' varl ance d it statiStically
significant

CH -
(CH ) (cHalg o )
R‘ or R9-(CH,),-CH-C-
N B ' I
(CHz)pn R' (CHz) g R®
ll
10 o)
in which

rd is carboxy or methylsulfonyl;
R® is NHRC®, NHCORC or NHCOORC; in which
15 RC is C1-C1p alkyl, C3-Cg cycloalkyl or a (C3-Cg)
cycloalkyl (C3i-Cg)} alkyl radical of 4-10 carbons;
T is C3-Cg cycloalkyl, Ci1-Cg alkyl,

20 ais 0, 1 or 2; and
Q is -OH, C3-C4 alkoxy, or -NH-A;
A is hydrogen, C1-C4 alkyl, R"SO2-, R"OC(O)-,

W



di fferences and then Dunnett's test is applied to determ ne 15 which neans
are different. Significance |evel for rejection of the null hypothesis
of equal woeesnsedes P<0. 05. Ani mal s Mal e dogs ( Beapgirfsosdadsgront hs -
2 years; 12-13 kg, Marshall 20 Farnms, North Rose, New York 14516) are
fasted overnight and fed Purina certified Prescription Diet (Purina
MIls, St. Louis, Mssouri) 240 m nutes after dosing. Water 1s
available ad libilum The room t enper at 448 i s mai nt ai nél‘hlsSheetHStBbaﬂlhﬂlaced

66-74[err]F, 45-50%relative humdity; and lighted from '
hours. Phar macqkinetii c 2an,§J 3 Test conpound i s
o sal1ne a s

i mredi ately prior to d05|n olvin |n sterile
mg/ mL preparati on. (58’ drogeg; \9€n é"g‘l b myl kg dose of test
conpound by oral Ig'a\dage;ydi{oged oanhes, (£116y1L) are taken fromthe

cephalic vei n at and 6 i ng.
Sanpl es are collecte i mcg gf‘ealﬁém%} 2ce‘r Fﬁf%&éméﬁ&lgxg °-qehg del%g
prior t& recnhuo.tnsmbsttatplteﬂnarb;ubsnitute@aarmh witerd| 23410 isaphety1ar e
derivatized, i nigt EEpRenyl yzed HPL Zor bax
SB- C8 col urrn%%}{%%gq 5 E? b Hm{pﬁ%%@%%‘bb%%%ae é’?%%t g sted to
pH 7 with aromabig gxg/tgggggcllc ring, having one or two heteroatoms

PCT/ US95/ Ogﬁ'ﬁ%h are the same or different and which %%7 sele t@aosf%ﬂlri c
acid (60:40, v). Plasma concentratl on of test onpou I'S recorded
u

and used tos‘tlaq | §P¥IeReand NLEXPFER okPRER | &~ psa?%wer@d m nation rate

const anv, Km$ubst1ttﬁ)ﬂt%ﬁ okeauBBEetutdd; fu@é&r&éycﬁcstéf%ﬁ@ VD, tinme Of‘
5 maxi mrum q_b%sma teitf- g oung concent rat| on, - maxi mu
C

concent r at i B BPYE BEnBRYERFnERe Fheso | %fs‘??é’ar%ﬁ“fs v"1'1:'-‘:1"I PFE t.0 5;
area under thwe semevor Aifférentnandrebiichrard dekdcted fram ewlduahsor bed,

F. 10 Cany ary Artery Thronbosis ~Surgical preparation
and mstruma ét}f%%dogﬁt%eggg s, are as descri bed in Jackson, et, al.

Circul ation, 82 930-Rfa4s -CO R8007SO0M Suetfiab rdkyr 1houn893K ageR (@) (ORRIT hs,
ei ther18eX,or tetrazol-5-yl;

R? is -COORP or tetrazol-5-yi;
each RP is independently hydrogen or C;-C4 alkyl;
d is 1, 2, or 3; .
mis 0, 1, or 2;
20 n is 0, 1, or 2; and
' Z is hydrogen, C31-C4 alkyl, C;-Cy4 alkoxy, hydroxy,
halo or RySO2NH-, where Ry is C31-C4 alkyl;

o ‘
. . 0
It | I
Y is -NR9-CH,-C- , =——N—Il_¢ ,
I
N 0
R | c'_ ﬁ) H
or il C=—

’

~

RP
25 in which
RI is C1-C¢ alkyl, C3-Cg cycloalkyl, or - (CH2) p-L-
(CHZ)q’T' . .
' RP is hydrogen, C1-C6 alkyl, C3-Cg cycloalkyl, or

o L




Hazel t on- LRE, Kal anmazoo, M, U.S. A ThiaSiRetdaeBdchRépla¢@d W th 15 sodium .
pent obarbital (30 ng/kg intravenousl | nt ubat ed, and ventil ated
wi t h roomwpes~23eelal vol une and MW.I es are aRFT/ESBH2%58
mai ntain blood P err], PCJerr], normal limts.
Subder mal needl e el ectrodes are inserted for the recording of a lead I
ECG 20 The left jugular vein and co n carotid artery are isol ated
through a | eft nediolateral neck incisiof~"Arterial blood pressure
-(ABP) .i s neasured continuously with a precalibrated M Il ar transducer
(model MPC-500, M || arwhesérpingnts, 1252 ,Haystans;Tx, ikl & Bor)ldi, ns@+| e€s+ nto
the carotid grtegy., Jhes o, 1,Ugullgr svebpgl §..c§gny+,a{.g§jexflor g 139490l i ng
a

during the experlnent I'n‘addition, the fenor vel ns dt h hi ndl egs
are cannul at 6d‘¢mr¢yé‘d-tﬁa19r|ké’t1r' at‘F@ﬁHof - C QN2 ¢ ¥ dtFnd Whersp Ak Iléf t thoracotony

I's perfor med *éé&ﬂ azntsc%fb@maltea ar§@acﬁhe§9d £ :I:?a%ﬂe ¥1 suspended
cra ef

|naper|car -cms]:g circunfl ex
coronary %rtéﬁ?hthyl( 19~ iaF |5§61e§'336€eér YRE Ft%BuFﬁ‘é ‘P¥r%‘#b$1%}‘6+t%1 agonal

ventricul ar Qf‘@!ﬂ&‘@lc Fhbe9581a8 iReedhng, t haRedgW\ohe 80w ﬁ&@&&@&d@e
(Teflon[err] - 1r';(\réed 30Q- gauge sil ver%I at ed cogpe{MV\%r e% é‘ngflrong IS
i nserted int¥2t &F SEEsnent, an #he '??llt??ﬁﬁ Fhce of
the artery (gsabfureskyder ndendtrogen, Wor9a/ 23669 10-membered
PCT/ US95/ 02558 of the
experinment) glhg'n %’fltu (%lonlb séllbrs(ﬁ}lttutieg ggrerfiePeﬁyﬁhg aro’f‘%%ll%g t he
cat hode Iith ahstieroctyrbbn e Dawinge ongnor twadhetenbavops ashich @xg uder
i s placed areyndside &LXs Pent andGniedl Qgeoée{l@etsaefééﬂd&uﬁr,
precal i brated el ect romagnetl c 5 flow probe (Carolina Medical Electronics,
King, NC, U.S¥¥g$n and &ityog&y around the LCX proxi mal to the anode for
measur enent of coronarbeigodcrﬁj-o,w-(ci-)BF)—s-TheroeNHudeanas adjusted to
produce a 40-50% i nhi biti on of t perem bl.o | ow_re
observed after 10-s ms%%aﬁf’c%lb ‘g‘lf}s/' H’étg’(ﬁg’ tﬁgrrgﬁﬁ?\%mc
and ECG lfeasadgobnisg aterbon atemcy, dé@brmsdaaaatyradew tiarbpd;ad:]ammmncﬁldﬁ on
system ( node 00 r r |va Ver g P U. A)
Thr onbus FOI’%TB.?I o%g%%'d %%%%Jgﬁ@ Osdnqgltﬁlcgtr &I on Régi’mans Por et

r is 1, 2 or 3; and

G is -{CH2)s-R, where s is 0-5, -CH=CH-(CH2)¢-R,

where t is 0-3, or G is

20
SETE
4
\\ ;g\\(CHz)k-R, \\\\(CHz)k-R'
~ o (o <
(CH2)p (CHz)p :
25

-

N=—D
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mai nt ai Reolof/60H0 m n d| sconti nued whet hmrrrodpsorssssel has
occluded or not. Thro proceeds spontaneously until the

LCX is totally occluded 20 (dete nlned as zero CBF and an increase in the

15 Electrolytic i njur e |nth of the LCX is produced by
appl yi ng 100- [err]A%HiﬁE“iﬁ f ) to the anode. The current is

S-T segnent). Conmpound adnlnlstratlon is started after the occl uding
thronbus is allowed to age for 1 hour. 4% hour infusion of t he
conmpounds of the present invention at doses of 0.5 and 1 mg/ kg/ h is

begun sinmul taneously wt infusion of 25 thro
ti ssue plasm nogen acti Hﬂfhre t oki nase,

followed for 3 hours r adrnkstrati & o He) xReaccl usi on
of coronary arteriesNattfer successful thronmbol ye+=+ is.defined as

zero CBF which persi sted®for > 30 ninutes. 30 ‘Hermat ol oav and tenpl ate
bl eedi ng time deter nyAateopsand E e eeé&lﬁ%hdéiiénd‘e@itﬂ&SN leemegl; obi n, and
hemat ocrit val ues are.determned on a 40-{err]l sanple of citrated
(3.8% blood (1 Kaff Qi PFate: 9 parts blood) with a hematol ogy analyzer
(Cell- 35 Dyn 900, Bedqaobae:‘fulner Mount View, CA, U S.A). G ngival
tenplahﬁ bl eeding ti age get %qhged with a Sinplate Il bl eedi ng
time device (Organon nlka burham’N.C., U S.A). WO 95/ 23609

PCT/ US95/ 02558 each W is independently N or CH; 20¢ The device is
used to nmake 2 horizontal incisions in the glnglva of either the upper
or lower left jaw of the dog. NH -Each yomgision is 3 ggn W de x 2 nmm deep.
The incisions are made, andja stopwftch is used tp determ ne how | on
bleeding 5 occurs. A GQf Ly, SWeS-Ng, Used-kim, 08k UﬁHLEENﬁi god as it

oozes fromthe incision. Terrp[ate bl %édi ng time is the tine from
incision to stoppage of bleeding. Bleeding tines are taken just before
adm ni stration of test conpound m nut es) , inutes into infusion,
at conclusion of 10 adm ni st ion QfH thget est—€onpoym (120 m nutes), and
at the end of the er.i me : Al [\ data are anal yzed by

one- wév)analy5|s of P& r?aﬁ (ANOMA) fol |l owed by Student-Neunman-Kuel s
post hoc t test to 15 deternlne the | evel of significance.

Repeat ed- measures ANGMA wherein one to all of the otherwise

tic agent (e.qg.
Reperfusion is

unsubstituted carbon atoms of the aromatic or
hetercaromatic rings of

_D' . - o _
\. E"..\>(CH2));-R _<E_\ JD _<1q:_13>_(CH2)k-R

CH;)x-R ,

15

may bear a fluoro substituent;
or a pharmaceutically acceptable salt thereof;
or a pharmaceutically acceptable solv;te of said compound
20 or salt thereof; '
provided that A is not hydrogen or
t-butyloxycarbonyl when G is -(CHy)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

25 guanidino when r=1 and s=0;

A O O A



are used to deternine skﬁﬁmﬁama laéeﬁerences bet ween tine poi nts

during the experlmentg‘ termned to be statistically
m “aﬁ 0.05. Al val ues aPET/HE%5/02558EM

di fferent WOISB3EP at
Al'l studies are conduc rdance with the guiding principles of

t he Anmerican Physi ol ogi cal Society. Further details regarding the
procedures are described in Jackson, et al,, J. Cardiovasc. Phar macol .,
21, 587-599 (1993). 25 Table 2

Human Pl asma Anti coagul ation 2x Cotting tinme (ng/nm)
%oral/i.v. Exanpl eand proVided furtAB¥Tthat A £F not meddagdry, (Raidy 30
]NT 25&1a1ky1 m’gl;hyﬁulfonw 9r I:T}(ICHZ)%g‘g“ wh;;z{ G Rﬂs 17&1.

NT 4 230 NT lLIT NT I NT 35 5

WD 95/ 23609 PCT/ US95/ 02558

210 8 NT NT NT 9
>91, 000 NT ﬁ\w NT 10 420

NT NT. . ANT 11 .. 8,800 . NT NT
NT 5 §o Y is 1,1‘}00 N[ unsubstityfed prolinyl N 13

660 NRP is hydri§en) or 4-hydPBxyproliny¥ (RP is2bHQQOR' is NT
6 651'6}&”9‘3”8, Zo63 cyclghexy! “end  is Whray, 37 2%
370 400 and pyovided fugther that R¥SO2 is not7@&rylsulfohyd
12 19 58 300 540 NH NT 20 -
62 . 550 600 ' 23 21 | 160 2, 000

1, 000 . when NTik5-(CHZ2s-R in whidH R is WNBOONH2 vl 3;Q00

NT

10 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

Q)b _-C

+ T is C1-Cg alkyl,

\
\ / —~
15 Z , and Q is -NH-A.
2. A compound of Formula I or salt or solvate
thereof as claimed in Claim 1 wherein
X is prolinyl, homoprolinyl,
20
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-

23 This SE2 tHasBeenRepmai 12 24 1,000
25, 900 25 000 25 . 1,430 34, 600 40, 400
NT WO 9623609 \\m‘“ \“‘“ “\ 750 PUTIUSH02558 27 :
1, 940 27,800 27 28 520 8, 100
8, 300 b 750 9, 800 15, 800
NT 30 1,000 14,000 14 400 NT 31
10, 800 34, 500 30, 000 : qﬁT 25 32 3,100 28, 500
47, 800 NT 33 - 18,900 59, 300 70, 900
NT 34 530 4,900 5, 500 . NT o 35
4, 500 50, 400 78, 4Q0, ' 36 )7 7b0 >91, 000
>91, 000 NT SNQPT2'® , 000
NT 38 —_— R' 39
5,300 69,200 (el (P -C ly 3%-§00, >91,000
>91, 000 NT g >917000 >91, 000 .
NT 35 42 20 o NC2 43
280 1, 100 930 N'lc') 44 ] 4. 100
170 NT h2§3609 (CHa)m C-
PCT/ US95/ 02558 2im ' r'211 45
8 200 3 N-BNC20T N-B i 2, 67
77 NC3 (CHz) n R' 12. (CHz) 1 . 270 NC2
48 2. 33 C- 59 22 5 49 5
130 130 NC2 i 50 35 460 420‘
NT 51 2 o 48 110 NT 52
6 80 71{Q C3- Cg cyclo&iﬁyl C1- C§3alk% 1, 400 33, 800
34, 500 NT 10 140" 2,200
NT 55, 800 >91 000 NT 56
5 160 14 360
340 11, 400
NT 15 5, 500 NT 60
3, 200 22 200 77 700
5 a is 0 or 1;
Q is -OH, C1-C4s alkoxy, or -NH-A;
A is hydrogen, C;-Cy4 alkyl, R"SO3-, R" OC(O)-
R"C(0)-, or -(CHz)g—COOH
g is 1, 2, or 3;
10. B is hydrogen or C;-Cy4 alkyl;
R' is hydrogen or C;-C4 alkyl;
R" is C1-C4 alkyl, C1-C4 perfluoroalkyl,
- (CH3) g~COOH, or unsubstituted or substituted aryl, where aryl
is phenyl, naphthyl, a 5- or 6-membered unsubstituted or
15 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 heterocatoms which are
20 the same or different and which are selected from sulfur,

oxygen and nitrogen;
d is 1, 2, or 3;

m is 0, 1, or 2;

nis 0, 1, or 2; and

"RER VA



r is 1 or 2; and

IIIIIIII IIIIII I|||| lIIlI II |II|

NT

60

4

61 679 NT 62 54
NT heet Has Been Re laced NT 20 6 4
23 0%9 “‘“ ““ “ U“ 65 pciiusoswzsss 48
W 3609
85 Q%MI“\ 180 270
67 1, 800 1, 300 NT 68 4.
49 190 NT 25 5. 110 220
NT 70 2 160 219 180 NT 71
1 89 150 NC[ err] 72 1 1
160 NClerr] . . 34 330
NT 30 74 2,45 hyafdgen, C1-cy Flkydy C1-C dlkoxy, 75
NT 7Gydroxy, ha28, or RySGNM-, where BﬁOls C1-Cy alkyIr 77
53 1, 600 890 NT _ 430
760 NT. 35 79 140- 1, 700 2, 400
NT 80 4 40 130 ! |
95/ 23609 e U 5&%2558
212 81 110 Y if 50B°CH C2 700 ' 82
130 3, 800 3, 000 NT 1, 000
1, 300 NT 84 110 1,500 1,900 NT
5 85 4.9 1¢o 197 86
81 180 NT N 8? 310
NT 4 QQ'"C_ 200 ' 89 H
570 51, 000 37, 000 * NT 16r it} @4+-500
14, 600 NT 4 9 ! 63 , 500
NT 8. 9’ 210 340 RY 15 Notes to
Table 2 NCL i ndlkpat es screening not conpleted; |low or very |ow
5 in which
RY is C1-Cg alkyl, C3-Cg cycloalkyl, or -(CH2)p-L-
(CH2)g-T';
RP is hydrogen, Ci1-Cg alkyl, C3-Cg cycloalkyl, or
- (CHZ)p-L' (CHz)q"T‘ ;
10 where p is 0, 1, 2, 3, or 4; L is a bond, -0-, -S-,
or -NH-; g is 0, 1, 2 or 3, and T' is hydrogen, C3-C; alkyl,
C3-Cg cycloalkyl, -COOH, -CONH2, or Ar, where Ar is
unsubstituted or substituted aryl, where aryl is phenyl,
haphthyl, a 5- or 6-membered unsubstituted or substituted
15 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 l1l0-membered
unsubstituted or substituted fused bicyclic aromatic
heterocyclic group having one or two heterocatoms which are
20 the same or different and which are selected from sulfur,
oxygen and nitrogen;
RY is -CH2-, -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
25 5-8 atoms, one atom of which may be -0-, -S-, or -NH-;



activity obsrved at 20 ny/ kg p.©- 26—NE2—ndicat es screeni ng not

conpleted; low or very |ow ,at 60 mg/ kg p.o. NC3
-1 ndi cat esygeiRge Ny not conpl et g m ljj 8 m act 95 rved at
50 ng/ kg p.o. 25 tested as does a bl ank

entry. WO 95/ 23609 _

PCT/ US95/ 02558 _ Ve claim

1. A compound having the Formula I 320 _ [err]

wher ei n X is prolinyl, honoprolinyl, [err] - [err]
G is -(CH3z)g-R, where s is 0-5, -CH=CH-(CH3z)¢-R,

=D ' (CH2)p

R, N
where t is 0-3, \\ 2 (CH)x-R,

—( ]— R or —<_—\IN—R
W—W (Cﬂz)b , (CH3)p

where D and E are each independently N or CH;

5 k is 0 or 1;
b is 0 or 1; _ | ‘
M is S, O, or NH;

each W is independently N or CH; and
NOH

NH
I | . II

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

(CHz)-R

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

provided that A is not hydfogen or
t-butyloxycarbonyl when G is -(CHy)¢-NH-C(NH)NHz, Y is

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

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-C4
alkyl, methyli;lfonyl or -(CH2)g~COOH when G is -(CHz)g-R in
NH

20 -which R is ~C-NH; or -NH-C-NH; This Sheet Has. Been|||¢ilaced

- AR

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-3;
and provided further that R“%Sﬁ is not arylsulfonyl when
I

25 G is -(CH2)s-R in which R is ~NH-C-NH; 'y ;g unsubstituted




in which Rk i t hyl sul f onyl :
\H %hks%h_ R, babRt hy y

Rlerr] is NHR err], i err]; in which 15

Rlerr] iswdosmos err] al Fl” MM rr] cycloal kyl or pEr/Es95/02558
(derr]-derr]) cycl oak¥ err]) alkyl radical of 4-10

car bons; Tis (Jerr]-Clerr] cycloalkyl, Cferr]-Cferr] alkyl,
20 ais 0, 1 or 2; and Qis -OH (derr]-(err]

al koxy, or -NH A, - A i's hydréden, C[err]-C[err] al kyl ,
R'SJerr]-, ROXO)- R'CO-, Rerr]XO- -(CHerr])gferr];
25295/23609 prollnyl (RP s Eydroggy) or 4-methy1 th?égé&§?§%?§g§§ %ﬁ

g

Clerr]-C errS&HRYY; gnd Q is “NH-A; 'R js hydrogen or Clerr]-Cerr] alkyl:
R' is (Jerr]-Cerr] al kyb, pEbeidéd FertlepaiHdtiy aad e, R*66H2) 4hBM 5 or
unsubstituted or substgrtyted aryl, where aryl is phenyl, napht hyl, a 5-
or 6-nenbered uns I tutpd or substituted aromati c heterocyclic ring,
havi ng one or two heNeroat ons whi ch are the same or different and which
are sel ect edgf tem §GHslor |, oxygencends nalkggen, or a 9- or 10- nenbered
10 wunsubstituted or substituted fused bicyclic aromatic het er ocyclic
group having one or two hetergatong which are the sanme or different and
whi ch are sel gctey from sul & ygen and nitrogen;

Wi

, and Q is -NH-A.

3. A compound or salt or solvate thereof as
claimed in Claim 1 or 2 wherein

10 alkyl by itself or as part of another substituent
is methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl,
isobutyl or sec-butyl;

perfluoroalkyl by itself or as part of another
substituent is trifluoromethyl, perfluoroethyl, perfluoro-n-

15 propyl, perfluoroisopropyl, perfluoro-n-butyl, perfluoro-t-
butyl, perfluoroisobutyl or perfluoro-sec-butyl;

C3-Cg cycloalkyl is cyclopropyl, methylcyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, 4-methylcyclohexyl or
cyclooctyl;

20 halo is chloro, fluoroc, 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; )

25 a 9- or l10-membered heterocyclic ring is indolyl,
benzothienyl, benzofuryl, benzoxazolyl, benzoisoxazolyl,
benzopyrazolyl, quinolinyl, isoquinolinyl, benzimidazolyl or
benzothiazolyl;

and further where any of the aromatic or

30 heteroaromatic groups listed for the definition of Ar or R"
is independently unsubstituted or substituted with one or two
substituents that will afford a stable structure

HIIIIII HIIH IIIH Hlll ll lllI



[ COOR] | kyl -S H,
B[P((EE);](OIQ[err])Z ﬁrSr]or tsgigheJt . '}'Lep%e%”] RE R[gr(ra]rr%s -COOR[ err]
II'II %’ l& is i ndepenfjent | ypOprdsesmasssor

or tetr ,?3@@
C[err] gerr al kyl ;

mis O,

1, or 2; 20 nis 0, 1, and Z i s hydrogen,
Cerr]- C[err] al kyl, Cerr]- C[err] al koxy hydr oxy, hal o or
Rlerr]SgJerr]NH, where Rerr] is errf2Zerr] alkyl; [err]
25 i n which R[err] is CJerr]-Clerr] alkyl, C3-C8 cycl oal kyl,

(CHZ)p ) rr err]
aI kyl , C[err eg[eede}iﬁ% P Fﬁt?d from hal? }g;’ﬁ)fyp ia’1C%Fferrﬁfer(]r:iq'[ld
215 alkoxy, amineré- EHE onoqotcz, Q, a3 A)amlng.a-beﬁzi):CQPH' -S-,

or -NH; qg b, 2596 Rl hydm@ B; L 1, al kyl,
C3-C8 cycloaé‘h:Q N N )§&Cﬁ‘t§£ Hﬁ) 2 )h%f &4 -4 bstltuted or

substi tuted ©) (\%ﬁe?e alkyl) g ﬁWZ 5 %&%)rhl‘m/(lcl“g‘%albygél nBHhber ed
unsubst pt ut-e0kNIaPst) talledl) o, hariendti ¢ bet 2 oandl jcisi 0g, 1 hayj iy, asre or

two het er oat ons whi ch are the sane or different and which are sel ected
from sulfur, oxygen and nitrogen, or a 9- or 10-nenbered
4. A compound or salt or solvate thereof as
claimed in Claim 1, 2 or 3 wherein '
Wait e
| .
10 X is 2 . homoprolinyl, 1- or 3-

Tig, or 1- or 3-Piqg; Y is prolinyl; and Q is NHA in which A
is hydrogen or R"S02-, R' is hydrogen, Z is hydrogen, and B

is hydrogen; and R is a guanidino or an amidino group.

15 ‘5. A'compound or salt of sblvate therepf as
claimed in any one of Claims 1-4 wherein

G is a 4-amidinophenyl group.

6. A compound or salt or solvate thereof as
20 claimed in Claim 1, 2 or 3 wherein
o)
| L
T'(CHZ)a'frc'

X is Q in which T is cyclohexyl, a is
1, R' is hydrogen and Q is -NH-A in which A is hydrogen,
R"S02- or -(CHz)g-COOH.

25 7. A compound or salt or solvate thereof as
claimed in Claim 6 in which A is R"S02- and R" is ethyl

B. A compound or salt or solvate thereof as
claimed in Claim 6 in which A is -(CH2)g-COOH and g is 1.
30 _ .

TR



‘unsubstituted or substituted fusedrhl;ysﬁye@mscge@}{ yc 10 heterocyclic group
havi ng one or two heteroatons which "H HI" ﬂm'i ane or different and which

are sel ectwal95/23508 sul f ur, oxyge PCT/USIS/ESS®r] i s
-CHerr]-, -0-, -S-, or and err] Is a bond or, when
taken with RY and the three 15 adj oi ning carbon atons, forns a saturated
carbocyclic ring of 5-8 atons, one atzgr? of which may be -0-, -S, or
- NH-; ris 1, 2 or 3; and Gls-(CH[err])sR
where s is 0-5, -CH=CH (CH err])t-R, where t is 0-3, or Gis 20
[err] 25 9. A compound or salt or solvate theEéﬁf agerr]
'3 x r e

independentI‘f/léfﬂl“?)‘?dCfl—rl;1 an;}_'one of Cla%mlss\flggor ahmhaf $is 0 or 1;

M) spplinylor (§-cis-octahydro- eachnWIe-zmmneht lgr N or CH;
and N-(2-phenylethyl)d¥§cyl. NCH NH

5

10. A compound, or a pharmaceutically acceptable
salt or solvate thereof, which compound is selected from

a) a compound of Formula Ia

x
N 0
i NH Ia
% pritC— NH-CH;
NH,

10
wherein the benzamidine ring is unsubstituted or may bear one
or two fluoro substituents,

15 b) a compound of Formula Ib

NH

8
N ﬁ s
& }C—— NH-CH, Ib
Q ‘@-—(mz

\III\IIl \\Illl III\I \\Ill 1l



Ris -NHerr], -C—NH[err], -C-NH err], or -NHCNHerr];

[err] 10 or Gis and wherein one to all of the

ot her wi swo 9523éemsubsti t ut ed carbon atom; of the aromati c PETIUSYS/02558

het eroaromatic rings of 15 ‘may bear a fl uoro substi tuent;

or a pharmaceutically acceptable salt thereof; a_pha.maee-u{—l—e—acl—l—y—

accept abl e solvate of said conpound 20 _or salt thereof

provided that A is not hydrogen or 22But yl oxycar bonyThi “Rﬁl ed
-(CHerr])s-NHC(NH)NHerr], Y is unsubsti t ut ed p u l b
hydrogen), and T is [err] - and provided f

not am no or(§5 guani di no when r=1 and s=0;

217 and provided further that A is not hydrogen,
Clerr]-derr] al k) , retdotsirid vl FermuQeHrerr])[err]-Rerr] when Gis
NH NH -(CHerr])s-Rin which Ris -G NH2 or -NH G NH2
Il] °
il . Yo NH Ic
Yl C—— NH-CH, \ X
. N—D" NH;
wherein D is N or CH; | ‘
and X has any of the values_claimed in Claims 1-4
and 6-8. '
10
11. A compound, or salt or solvate thereof, as
claimed in Claim 10 which is a compound of Formula Ia in
which the benzamidine ring is unsubstituted.
15 12. A compound, or salt or solvate thereof, as

claimed in Claim 10 or 11 wherein

R' 0
|
T- (CH;) ,-c':*—- c-

X is Q in which R' is hydrogen, a is
-1, T is cyclohexyl or phenyl and Q is -NH-A in which A is
20 hydrogen, ethylsulfonyl or carboxymethyl.

13. A compound or salt or solvate thereof és
claimed in Claim 1 which compouhd is selected from

a) D-phenylalanyl-N-[[4-

25 (aminoiminomethyl)phenyl Jmethyl]-L-prolinamide,

b) N—[[4-(aminoiminomethyl)phenyl]methyll—1-
[[(4aS,8asS)-decahydro-1(R)-isoquinolinyl]carbonyl]-L-
pfolinamide, _

c) N- (ethylsulfonyl)-D-phenylalanyl-N-[[4-

30 (éminoiminomethyl)phenyl]methyl]-L-prolinamide,

e+ C L MS w




5 Yis [err] unsu ishdst BH BREHepladl (R[err] is hydrogen) or
4- hydroxyprolinyl (RP is OH),
|d

gen, T is cyclohexyl and Qis
* NH- A, WO 95/23609 and prov ‘ “I llmj mt R'SO err] i PATHESIS/02558
aryl sul f onyl when Gis - which Ris -NHCNHerr], vy
I's 10 unsubstituted prolinyl (RP I's hydrogen) or 4-nethyl-
thioprolinyl (Rlerr] is -SCHerr]), and Sb s -NH A and
provided further that Ais not R'SJerr]- en Gis [err] 15
and Q4is -NH A 2. A conpound of Forrmula | or salt or
sol vate t hereof asdl ai (i) -Q-di (B-1 anliaweminomethyl) - Xis
prolinyl, rK)Igg)é)nrﬁ!]'n@ghyﬁql-m—(ethylsulfonyl)-D—phenylglycyl}—lH- 218

[err]
indole-2-carboxamide,

e) (S-cis}-N-[[4- (aminoiminomethyl) -

5 phenyl]methyl}-1-[N-{ethylsulfonyl)-D-phenylalanyl]-1H-
indole-2-carboxamide,

£) N- {carboxymethyl) -D-phenylalanyl-N-

[[4- (aminoiminomethyl ) phenyllmethyl] -L-prolinamide,
gl N- (carboxymethyl) -D~cyclohexylalanyl-N-
10 [[4- (aminoiminomethyl )phenyl]methyl] -L-prolinamide,

h) {S-cis)-N-[[4-{aminoiminomethyl) -
phenyllmethyl]-1-[N- (carboxymethyl)-D-cyclohexylalanyl]-1H-
indole-2-carboxamide,

i) D-cyclohexylalanyl-N-[[4-

15 (aminoiminomethyl)phenyl]lmethyl] -L-prolinamide,

3) N- {2-carboxyethyl)}-D-cyclohexylalanyl-N-
[[4- (aminoiminomethyl)phenyl]lmethyl]-L-prolinamide,

k) N- {carboxymethyl)}-D-cyclohexylalanyl-N-
[[1- {aminoiminomethyl)-hexahydropyridin-4-yl]lmethyl]-L-

20 prolinamide, ) |

1) N- (carboxymethyl) -D-cyclohexylalanyl-N-

[ [5-(aminoiminomethyl) thiophen-2-yl]lmethyl] -L-prolinamide,

m) N- (carboxymethyl)}-D~cyclohexylalanyl-N-
[[5-(aminoiminomethyl)pyridin-2-yljmethyl}-L-prolinamide,

25 n) N- {carboxymethyl) -D-cyclohexylalanyl-N-
[[5- (aminoiminomethyl)-1,2,3,4~tetrahydropyridin-
2-yl]lmethyl]-L-prolinamide,

o) N- {carboxymethyl) -D-cyclohexylalanyl-N-
[[6- (aminoiminomethyl)pyridazin-3-yllmethyl]-L-prolinamide,

30 p) N- (carboxymethyl) -D-cyclohexylalanyl-N-[[1-~
(aminoiminomethyl)-1, 2,3, 6-tetrahydropyridin-4-ylimethyl] -L~-
prolinamide, '

q) N- (carboxymethyl}-D-cyclohexylalanyl-N-
[[4-(aminoiminomethy1)-2—f1uorophenyl]methyl]-L-pfolinamide,
35 r) N-(carboxymethyl)-D-cyclohexylalanyl-N-
[[4- (amlnolmlnomethyl -2,6- dlfluorophenyllmethyl]-L-

o [ \\\I\\ I




5 ais 0 or 1; Is -OH, (derr]-Cerr] alkoxy, or
-NH-A 'l‘MsShset lace&[err] -Clerr] alkyl, R'SJerr]-
R 0( O) o0 25% or 3;
W0951236§) ! qerr] Al ky! PET/USsh2s or
hydrogen or CJerr]- C[err] aIkyI ;1 R' is (err]-Cerr] aIkyI,
Cerr]-Cerr] perfluoroal kyl, -(CH2) d- COOH, or unsubstituted or
substituted aryl, where aryl is phe?@d, naphthyl, a 5- or 6-nenbered

unsubstituted or 15 substituted aromatic heterocyclic ring, having one or

two het er oat ons yhi ch f h.are
sel ected fron1su|furghoxygg QESE?ggngi)db éé?%?ﬁeégﬁﬁﬁgHéi I\ﬁerrbered
unsubst it utldd- éﬂmsngsmiQOQ%hylkﬂh?ﬁﬁliﬂﬁﬁhyidrén@ﬁpdlnamlﬂsberocycl|c gr oup

having one or two heE?rOahQq&agebﬁgméﬁﬁygp_ﬁh@yéfgﬁéiyléhiéfjjﬁu and mhlch

are selected from sul nitr % dis 1, 2,
or 3; ({4 -(am;nohm}gc@thylkﬁhgpyl]methyl]- -projingmgde; or 2. and

219 4)is Imydba@baxyﬁ{aewh%%é&oﬂ’awlaﬁrﬁfﬂw-q err]’
RN AR N S A P
v) N- (carboxymethyl) -D-homocyclohexylalanyl-N-
[[4- (aminoiminomethyl)phenyllmethyl] -L-prolinamide, and
w)  N-(methylsulfonylacetyl)-L-cyclohexylalanyl-N-
10 [ [4- (aminoiminomethyl)phenyl]lmethyl]-L-prolinamide. ‘

14. A compound or salt or solvate thereof as
claimed in Claim 1 which compound is selected from
i)  (S-cis)-N-[[4- (aminoiminomethyl) -
15 phenylimethyl}-1- [N-(ethylsulfonyl)-D-phenylalanyl] ~1H-
indole-2-carboxamide,
ii) N-(carboxymethyl)-D-phenylalanyl-N-
[[4-(aminoiminomethyl)phenyl]methyl]fL-prollnamlde,
iii) N-(carboxymethyl)-D-cyclohexylalanyl-N-
20 [[4-(aminoiminomethyl)phenyllmethyl]-L-prolinamide,
iv) D-cyclohexylalanyl-N-[[4-
(aminoiminomethyl)phenylimethyl]}- L-prolinahide,
V) N-(carboxymethyl)-D-cyclohexylalanyl -N-
[[5- (aminoiminomethyl) thiophen-2 -yl]methyl]—L—prollnamlde,

25 vi) N-(carboxymethyl)-D-cyclohexylalanyl-N-[[1-
(aminoiminomethyl) -1, 2,3, 6-tetrahydropyridin-4-yl]imethyl]-L-
prolinamide, |

vii) N-(carboxymethyl)-D-cyclohexylalanyl-N-
[ [4- (aminoiminomethyl) -2-fluorophenyl]methyl] -L-prolinamide,
30 and '
vii) N-(carboxymethyl)-D-cyclohexylalanyl-N-
[[4- (aminoiminomethyl-2,6- dlfluorophenyl]methyll-L-
prolinamide.

35 15. A compound or salt or solvate thereof as
claimed in Claim 2 whic¢h compound is N- (carboxymethyl)-D-

A




Terr] 5 1n which IS err err] alk
Jerr]-Cerr] cycloal kyl, or - < hee Be R‘l;la""";][err]c[ J-Qerr] Y
Rierr] is Gl SQ%H Jerr]- C[err 1-Cerr] cycl pairiisbsnass
-(CHerr])p-L-( a?err])q T ere p is 0, 1, 2, 3, or 4; L
Is a bond, - or -NH-, q S 0 1 2 or 3, and T is hydrogen,
C[err] C[err] aIkyI C3-C8 cycloal kyl, -COOH, -CONH err], or Ar, where
is unsubstituted or substituted ar??? where aryl is phenyl,

napht hyl, a 5- or 6- menbered unsubstituted or substituted 15 arorratic

heterocycl ic r Qgr 59.9.1'1?9@ 98 %wamﬂﬁ% yl) ge-n%] %E‘? garre or

di fferent ancfy e sefecte rom n-an rogen, a
9- or 10- nenh?@froéd-namﬁensubstltut ed or substituted fused bi cycl iC arorratlc
het erocyclic group having one or two heteroatons which are 20 the sane or

different and which are selected from sul furg d ni ro en;
Rlerr] is -CHerr]-, -@8- - & copouRd or,sglt or solvdte th T 129 s a bond
or, when bakejlasndd RY gadifhe whicke compdlfhd)l:im ng—(wﬂhmwteaml)f—nr-ns a

saturated CarbO& %exylaiagy —y-?gE (am1 lml%ﬁﬁgihéfyﬁﬁ§%%$%§20”ay be -G,

-S, or - N4 ;S¥¢ 1°0r

PCT/ US95/ 02558 1methyl] ~-L-prolinamide. 220 Gis

-(CHerr])[err]-R where. s is 0-5, -CH=CH (CH2)t-R,

err

[ ] 17. A pharmaceutical formulation comprising in

10 association with a pharmaceutically acceptable carrier,
diluent, or excipient, a compound of Formula I, Ia, Ib or Ic,
or a pharmaceutically acceptable salt or solvate thereof, as

claimed in any one of Claims 1-16.

15 18. A process for preparing a compound having the
Formula I
X-Y-NH- (CH;) -G I
as claimed in any one of Claims 1-9 which comprises
a) removing simultaneously or sequentially the
20 protecting group{s) P of a corresponding compound of
Formula II
{P)X-Y-NH- (CH2) r-G(P) II
wherein (P)X represents a radical X which may bear one or
more protecting groups P independently selected from an amino
25 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 carboxy
residue and G(P) represents a radical G which may bear one or
more independently selected amino protecting groups P; or
30 - b) for a compound of Formula I in which R is
|
'L'NHZ, by hydrogenolysis ggHa corresponding compound of

Formula I in which R is ~C~NHz,

N



Ty

where t is 0 3, [err1]h where D and E are each independently
1S

N or CH; ﬁ“iiﬂ m laced bis 0 or 1; M
is S, 1s independently Nor[ﬁ%

[err] 18"(%5&%9 or H aI Iy acceptable salt ereo or a
pharmaceutical ly acceptabl e sol vate of said conpound or salt thereof;
provided that A is not hydrogen or t - but yl oxycarbonyl when Gis
-(CI—I[err])s-NI—I-C(NH)NH[err], Yis 22% unsubstituted prolinyl (RP is
hydrogen), and T is and provided further that Ris not am no
or guani di no V\,hen r=1_and ovi ded further that A
i s -not hydrogen, wéﬁgegfter, RS arﬁ%@lgﬂlq}&tﬁm‘tﬂo“ ferr])g COCH

when G i s rormbiar n‘.] ig-féq\m:.red forming the\ldalt with AH 20 which Ris

[ELLLroxy& SETRSTUEERRIYY sectiR R PUA T 1 1S oyel ohexyl and O
s -NH A and provi ded further that R'SJerr] is not aryl sul fonyl
when 525 G is -(Cgberrh) feBhbB Wi SAhfotBing| GAFdmyid SiAInS Wikt ed
comprising administering an effective dose of a compound,
or a pharmaceutically acceptable salt or solvate thereof,
as claimed in any one of Claims 1-16 to a mammal requiring
thrombin inhibition.

10 _ | . _ | «
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222 i ndependently selected from halo, hydroxyl, (err]-Cerr] alkyl,
Cerr]-Cerr] al koxy, amino (-NHerr]), nono(Cerr]-Cerr] alkyl)am no,
-(CH err])[err] COOH, mercapto, -S(Of[err](Cerr]-Cerr] alkyl),
-NHS(O)[err](Cerr]-Cerr]. al kyl), -NHC(Oy(Cferr]-Cerr] aIkyI)

-S(OQ[err]NHerr], -S(O[err]NH(err]- C[err] ‘alkyl), or 5
-S(O)[err]N(C[err] C[err] alkyl)2, his 0, 1 or 2, and j is 0, 1, 2, 3, or
4, A conpound or salt or solvate thereof as

clainmed in Claim1l, 20r 3 wherein [err] 10 '
honoprol i nyl, 1- or 3- Tiq, or 1- or 3 qu, Yis prollnyl, and Qis NHA
in which A i s hydrogen or R'S(ferr]- ~is hydrogen, Z is hydrogen, '
and B i s hydrogen; and R is a guani di no or an am di no group. 15

5. ° A conpound or salt or solvate thereof as- clainmed in any one of
Clainms 1-4 wherein Gis a 4-amdi nophenyl group.

6. A conmpound or salt or solvate thereof as 20 clainmed in daim 1, 2 or
3 wherein [err]- X is [err]
Q in which T is cyclohexyl, ais 1, R is hydrogen and Qis -NHA
in which A is hydrogen, R'SOerr]- or -(CH[err])g-COO—l. 25

7. A conmpound or salt or solvate thereof as claimed in daim6 in
which Ais R'SJerr]- and R' is ethyl. ) 8. A conpound or

salt or solvate thereof as cl ai med in daim6 in which A|s
-(CHerr])g-COOH and g is 1. 30 :

FOR THE PURPOSES OF INFORMATION ONLY
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT.
AT Austria GB United Kingdom MR Mauritania
AU Australia GE Georgia MW  Malawi
BB Barbados GN Guinea NE Niger
BE Belgium GR Greece NL Netherlands
BF Burkina Faso HU Hungary NO Norway
BG Bulgaria 1IE Ireland NZ  New Zealand
BJ Benin IT Ttaly . PL Poland
BR. Brazil P Japan PT Portugal
BY Belarus KE Kenya RO Romania .
CA Canada KG Kyrgystan RU Russian Federation
CF Central Aftican Republic KP Democratic People's Republic Sudan
cG Congo of Korea SE Sweden
CH Switzerland KR Republic of Korea st Slovenia
Ci Cote d'Ivoire KZ Kazakhstan . SK Slovakia
CcM Cameroon L1 Liechtenstein SN Senegal
CN China LK Sri Lanka ™ Chad
Cs Czechoslovakia LU Luxembourg TG Togo
cz Czech Republic LV Latvia ) _ T Tajikistan
DE Germany MC Monaco ] T Trinidad and Tobago
DK Denmark MD Republic of Moldova UA Ukraine
ES + Spain MG Madagascar Us United States of America
. H Finland ML Mali Uz Uzbekistan
FR France MN Mongolia VN Viet Nam
GA Gabon
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$ 223 . 9. A conpound or salt or sol vat%gr?ll'é‘éj@"ﬁ%w Sﬂﬁbﬁﬁrred‘smn
any one of dains 1-3 or 6-8sin Whieh ~Yesiaf; Ticn : paged T to phiad
(L)-prolinyl, (S)-cis-octahydro-1Hindol e-2-carQ i*"’é‘. ) pagad Ato pred, 7
N- (2- phenyl et hyl ) gl ycyl. 5 10. A conpduRbiDaoving/sphpeeceto g@g gy
accept abl e salt or solvate thereof, ~Wich cgd nﬁbﬁn&imcs sepeetield fof 8Bad —
a) a corrpOlth(L of Fgrmjl a Iab. [err] 10 wherein the benzgnégdl]éé'?
rorng 1's umsu itmt ed or na ear one or twg ent
b) a conmpound of Formul a be [err] DA @ﬁg@i@;ﬁ """""
95/ 23609 PCT/ US95/ 02558
224 1. A compound having the Formula I,

5 X-Y-NH- (CHz} r"G’ I

or a pharmaceutically acceptable salt or solvate thereof,

wherein
X is prolinyl, homoprolinyl,

R' (CHz) c-
| K ‘CHsz “J
T- (caz)a-%;— c-

Q
c- o
' !> (CHp)
(C!%z)m Z*C_
R |
N-B 7 oxr N-B /
(CHZ)Q R‘ (C.Hz)n
i
10 o]

T is Cz-Cg cycloalkyl, C1-Cg alkyl,

a is 0 or 1;
15 Q is -OH, C;-C4 alkoxy, or —NH-A;
A is hydrogen, C;-C4 alkyl, R"SOz-, R™OC(O)-,
R"C(0)—, or -{(CHz)g—COCH;
g is 1, 2, or 3;
B is hydrogen or C3;-C4 alkyl;
20 R' is hydrogen or C1—C4 alkyl;
R" is C3-C4 alkyl, C1-C4 perfluoroalkyl,
- {CH3) q—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
25 heteroatoms which are the same or different and which are

This is the replacement sheet
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and

c) a compound of Fornula Ic [err]
wherein Dis N or CH and X has any of the values clained in
Clainms 1-4 and 6-8. 10 11. A conpound, or salt or solvate
t hereof, as claimed in Caim210 which is a conpound of Formula la in
whi ch the benzam dine ring i s unsubstituted. 15 12. A conpound,
or salt or solvate thereof, as claimed in daim210 or 11 wherein [err]
X is [err] in which R is hydrogém, a is 1, T is cyclohexyl or
phenyl and Qis -NHA in which Ais 20 hydrogen, ethylsulfonyl or

carboxynet lsdlected from sulfdsS, dxypgemoamt mitsaidnorosd at eoat hHBeof as

clainmed in
D phenyl al an

y@%ﬁ%%ﬁgﬁ?ﬁ%&%ﬁoﬂﬁ%eny mecé h Jﬁyci_l pr oI [ ham de,

b) N-[[4- (zrdmatihd nogtehgtyphbaygiowp jating one or two heteroatoms
Eg (4as, 8??,,',%9?%9% ;Jc%{, R%a:héo&k“aﬁf&‘éﬂ[zﬁaé#i’@%icﬁ are sdHYLIRMELSm
(ani noi 31 5 otet H9%) %%Y@?’? %yﬂ- E°§?Bf| nam de,
dis 1, 2, or 3;
mis 0, 1, or 2;
n is 0, 1, or 2; and
2 is hydrogen, C3;-C4 alkyl, Ci-C4 alkoxy,
10 hydroxy, halo, or RaSOz;NH-, where R, is 3-C4 alkyl;
t [
Y is -NR-CH,-C- , —nN—3l-¢c— ,
l
0
N l -
* ~or anl C—
4 -
Rp\\‘:‘ R
in which
RY is C3-Cg alkyl, C3-Cg cycloalkyl, or —(CH2)p-L~-
15 (CH2}gT';
RP is hydrogen, C;-Cg alkyl, C3-Cg cycloalkyl, or
- (CH2) p=L~ (CH2) g~T "5
where p is 0, 1, 2, 3, or 4; L is a bond, -0O-,
-S-, or -NH~; g is 0, 1, 2 or 3, and T' is hydrogen, C;-Cy4
20 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
25 sulfur, oxygen and nitrogen, or a 9- or l1l0-membered

unsubstituted or substituted fused bicyclic aromatic
heterocyclic group having one or two heterxocatoms which are
the same or different and which are selected from sulfur,
oxygen and nitrogen;

This is the replacement sheet
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225 - d) {S-cis)-N-[[4-(am noi m nonet hyl ) -
phenyl ] met hyl ]-1-[ N- (et hyl sul fonyl) - D phenyl gl ycyl ]-1H

i ndol e- 2- car boxani de, e) (S-cis)-N-[[4-(am noi mi nonet hyl ) -
5 phenyl ] nethyl]-1-[ N-(ethyl sul fonyl ) D- phenyl al anyl ] - 1H

i ndol e- 2- car boxani de, f)

N- (car boxymet hyl ) - D- phenyl al anyl -

[[ 4- (am noi m nonet hyl ) phenyl ] net hyI ] - L- pol i nani de, g)

N- (car boxynet hyl ) - D- cycl ohexyl al anyl - N- 10

[ [4- (am noi m nomet hyl Bphemy+qiget hytQ—L-18-0l ioxanie;; and h)

(S-cis)-N-[[4-(am noi v .
phenyl [ methyl ] - 1- [N—(gpﬁox ma‘%%d I'D%Iilecrf %aeﬁey ich lﬁ fnd the three

i ndol e- 2- cAbERE S, carbon atoms, forms aD%W%ﬁ%Qﬁﬁ/YcNT[HlHSS
(ananIn1nQﬂEt$W®)£@@ﬂ§l]Bﬁéh¥£$mLoﬁrﬁhi6BﬁhQ§‘be -0-, -$-, or +MH-;
N ( 2- cmrsboxyet hyl)-D-cyg¢l ng;u I an - N
[ [ 4- (anPnoi mi nonet hyl ¥ ph&n ’f"|y1’=l L- prol i nani de, k)
N- (car boxynet hyl ) - Dc@cishexgﬂglaﬂw Where s is 0- 5 ~CH=CH- {CH2} R,
1- (am noi m nonet hyl ) - hexahydr di n-4-yl ] net hyt {CH 20 prol i nam de,
N- (car boxynet hyl ) - D- cycl olfexyl & anyl -
thyl]-L-pr ina«g\de, m

T
1\’

5- (am noi m nomet hyl ) t hi ophen
N- (car boxyngt hwl ) ; D§y5| ghexyl a CHz) xR, (CH2) x-R
[[5(amn0|mno )pyFidin-2-yl]nmethyl]-L-prolinam de, 25 n)
N- ( car boxynmet hy¥) cycl ohexyl | - N-
[[5-(am noi m mat%?t, 2, -t et NebRdrepyr+efn- N—R ;
2-yl ] et hyl ] - LYpr ol{ nami de, CH.) (CHy)
N- ( car boxymet h T-H cycl ehexyl al an§/ 2’k

6- (am noi m nonet hyl %ﬁé&bdézhﬁd?’sﬂai@ééﬁhlxﬁd@ﬁé&dé‘t@@lﬁw 8P CH;

ar boxynmet hyl )-D-c cI ohexyl al anyl [[1-
nlnoﬁﬁnnonethyl) % 356 t8Frzhydropyr|d|n 4-ylnethyl]-L-
ol i nam de, b is 0 gx 1;N-(carboxynethyl)-D cycl ohexyl al anyl -
4- (am noi m nonet hyl f Lkuorophenyl.] met hyl ] - L- prol i nam de, 35
N- (car boxymet hyl 3\( l% cb(:l gﬁeggl iqtlémyl
4-

[

)

a

r

)

[ 4- (am noi mi nonet hyl 28<B- #ﬁuéﬂéﬁﬁéﬁ#il'ﬁ%!’hlyl?r LCH; andprol i nam de,
NH

|
R is -Ni, -C-Ni; , -C-NH: , or -NE-C-Ni: ;
15 or a pharmaceutically acceptable salt thereof;

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

provided that A is not hydrogen, C;-C4 alkyl or
t-butyloxycarbonyl when G is -{(CH2)s~R or -CH=CH- (CH2)+-R

L

20 and R is ~C(NH)NH» or -NH-C(NH)NHz, Y is N c or
unsubstituted prolinyl (RP is hydrogen), and T is

ot

guanidino when r=1 and s=0;

r

and provided further that R is not amino or

This is the reptacement sheet
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226 S) N: (et hyl sul fonyl ) - D- cycl ohexyl al anyl -

[[ 4- (am noi m nonet hyl ) phenyl ] met hyl ] - L- prol i nam de, t)

N- (car boxymet hyl ) - D- cycl ohexyl gl ycyl -

[[4- (am noi m nonet hyl ) phenyl ] met hyl ]-L-prolinam de, 5 U)

N- (car boxynet hyl ) - D- honophenyl al anyl -

[[ 4- (am noi m nonet hyl ) phenyl ] met hyl ] - L- prol i nam de, V)

N- (car boxynet hyl ) - D- honocycl ohexyl al anyl -

[ [ 4- (ami noi mi nonet hyl ) phenyl met hyl ] - L-p#ol i nanmi de, and W)
N- (et hyl sul f onyl acetyl ) -L-cycl ohexyl al anyl -N- 10

[[4-(am;jnoi m nomet hylgmh epotiredd yidrdhey adHaaR des not hydrogen, Ci1-Ik A
conpound or t v, r a m iC

o ing Db, e %ha&ff&m X0 «%Hz;g LEoisthdd P M Y Sk 1n
(S-cis)- I\I—[[4(amn0|mn')rrethyl) _

phenyl ] et hyl ] - 1# N (et hédﬁﬂ” fgpyll‘mlllb%ﬁznyl al anyl ]-1H

i ndol e- 2- cafbigty

N- (car boxynet hyl ) - D{ pherjyl gl anyl -

[[ 4- (am noi m nomnet h I)p en],]l]rrethyl] L- prol i nam de, i)
N-(car boxynety| y—ENeycHoh Syt al anﬁhs{}bsggtuted prollnyl .
[[4- (am_noi m nomeslhyl henylg nmet hy IJ roI i ham d y . 1V)
(am noi m ncmsedfwéérphenyia} "@’dfwéﬂe}tvpriﬂd @i $le-NH-A; v)

oo e e S %ty@"i%rom:p%tmadfe’%fmﬂ

vi) N (car boxyrret hyI ) D cycl ohexyl al anyl - N-[[ 1-
(am noi m nonet hyl ) 6-t et rahydr opyri dji n-4- 1% - L-
prol i nani de¥hen G 15 ‘(CH ) sTR i 3n Nhkeh foxdret hy 1oRekyl al anyl -

[ [4) ( &m nOltﬁﬁé\%@&Mﬁe@ hb?i‘ oyl em{? ]mtﬂwaioge@r obi NewthéleryBO  and
VII car Cl one a
[[4- (ah n0| %2’32 6% +¥ uo?%%asehy%/ %?h-m"ﬂﬂ A; prol i nanmide. 35

15. A corrpound or saandoprovided efvihchenitlhst A is|mpreR"$Op-€<lwhen2 which

conmpound is N-(carb thyl)-D
2217 —(MN—R
/’
% (CI‘Iz)b

G is T is Ci1-Cg alkyl,

F

, and O is -NH-A;

NH
|
15 and further provided that R is not -NE-C-NIS yhen
X is
R'O
|
. {CHp) a-f'c‘
R
2

in which 2 is hydrogen, a is 1, R’ is hydrogen and Q is -NHA
20 in which A is hydrogen, Y is unsubstituted prolinyl
{(RP is hydrogen), r is 1 or 2, and G is

Hllllll I lllH Hlll | llll
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cycl ohiexyl al anyl -N- [[4-* (am‘noi mi nonet hyl ) phenyl ] methyl] -L-

prol i nam de. 16. A conpound or salt or solvate thereof as 5
claimed in daim2 which conpound is N-(carboxynethyl)-D

cycl ohexyl al anyl -N- [[5- (am noi mi nonet hyl) thiophen-2- yl ] met hyl ]

- L- prolinam de. 17. A pharmaceutical fornulation conprising
in 10 association with a pharnaceutically acceptable carrier, di | uent,
or excipient, a conmpound of Formula I, la, Ib or Ic, or a
pharmaceutically acceptable salt or solvate thereof, as clainmed in any
one of Clains 1-16. 15 18. A process for preparing a conpound
havi ng t he Formul a | =D . [err] as clainmed in any
one of Clainms 1-9 which conprises a) renovi ng

si mul taneously or sequentially the R0 ~gfotecting group(s) P of a
correspondi ng conpound of - Fornmul £ (CHy)x-R [err]

wherein (P)X represents a radical X which nmay bear one or nor e
protecting groups P independently selected froman amno 25 acid

prot ecti ng gihere D fand & cargpmach &H,For{@H2A xH-Ri Aswpach and X iscOides a
basic NH noiety and a carboxy protecting group P for a conpound of
Formula | in which X includes a carboxy residue and G P) represents a
radi cal G whi ch may bear dhecHrpound qaf s3)hidPFemrditate ddia@d & no

protecting @ Puksd Bn 1308 1 wherein D) for a conpound of Fornula | in
which Ris NH rr]. by hydrogenol ysis of a correspondi.n
conpound of alkyJI. By 'itsel? ‘or 43 Pﬁé;ft of a’ﬁ#’rﬁ.ﬁ f‘ﬁ’?%%?ﬁ’b‘ﬁ Ris

[err] is methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl,
isobutyl or sec-butyl;
10 perfluorocalkyl by itself or as part of another

substituent is trifluoromethvl, perfluorcethyvl, perflucro-n-
propyl, perfluorcisopropvl, perfluoro-n-butyl, perfluoro-t-
butyl, perfluoroisobutyl or perfluoro-sec-butyvl;

C3~-Cg cycloalkyl is cyclopropyl,

15 methylcyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
4-methyvlcyclochexyl or cyclooctyl;

halo is chloro, fluoro, bromo or iodo;

a 5- or 6-membered heterocyclic ring is furyl,
thienyl, pyrrolyl, pyrazolyl, oxazolyl, isoxazolyl,

20 thiazolyl, isothiazolyl, pyranyl, pyridinyl, pyrimidinyl,
pyrazinyl, oxazinyl or thiazinyl;

a 9- or 10-membered heterocyclic ring is indolyl,
benzothienyl, benzofuryl, benzoxazolyl, benzoisoxazolyl,
benzopyrazolyl, quinolinyl, isoquinolinyl, benzimidazolyl or

25 benzothiazolyl:

and further where any of the aromatic or
hetercaromatic groups listed for the definition of Ar or R"
is independently unsubstituted or substituted with one or
two substituents that will afford a stable structure

30 independently selected from halo, hydroxyl, C1-C4 alkyl, Ci-
C4 alkoxy, amino (-NHz)}, mono{(C3~C4 alkyl)amino, - (CHz)3COOH,
mercapto, =-S{0O)p{C1-C4 alkyl), -NHS(O)n{C;-C4 alkyl),

-NHC (O) (C1-C4 alkyl), ~S(O)pnNHp, -S{O)pNH(C;-C4 alkyl), or

I
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228 - and whereafter, when a salt of the conpound of

Formula | is required, formng the salt with a phar maceutical |y
accept abl e aci d. 5 19. A nethod of inhibiting thrombin in a
manmal conprising adm nistering an effective dose of a conpound, or
a pharmaceutically acceptable salt or solvate thereof, as claimed in
any one of Clains 1-16 to a mammal requiring thronmbin inhibition. 10

REPLACED SHEETS  SG
-6—

-S{(0O)yN(Ci-C4 alkyl)z, h is 0, 1 or 2, and j is 0, 1, 2, 3.

or 4.
3. A compound or salt or solvate thereof as
5 claimed in Claim 1 oxr 2 wherein
R'O |
. | ¥
(CHz) a‘lc"c-
| 0
X is Z , homoprolinyl, 1- oxr 3-

Tiqg, or 1- or 3-Pig; 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 grocup.
10 '
4. 2 compound or salt or solvate thereof as
claimed in any one of Claims 1-3 wherein
G is a 4-amidinophenyl group.

15 ' 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.

20 _

6. A process for preparing a compound having the
Formula I
X-Y-NH- (CK) -G I
as claimed in any one of Claims 1-4 which comprises

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

(P)X-Y-NE- (CH2) r—G(P) II
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
- This is the replacement sheet
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10

15

-] -

carboxy residue and G(P) represents a radical G which may
bear one or more independently selected amino protecting
groups P; or

b) for a compound of Formula I in which R is
NH

-C-NEz |, py hydrogenolysis of a corresponding compound of
NOH

Formula I in which R is ~C-¥Niz;

and whercafter, when a salt of the compound of
Formula I is required, 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 pharmaceutically acceptable salt or
solvate thereof, as claimed in any one of Claims 1-4 to a
mammal requiring thrombin inhibition.

BT —
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