; e3eeOwe- RRS$ar . f *w6 wTw 31 0 CT 2~,g ' ANTI THROVBOTI C AGENTS Thi s
inverition relates to thronbin inhibitors which are useful anticoagulants in
manal s. In particular it relates to peptide derivatives having high
antithronmbotic activity, anticoagulant activity, and oral bidHOOT gipglity.
The process of bl ood coagul ation, thronmbosis, is triggered by a conpl ex
proteol ytic cascade |leading to the formitl on of thronmbin. Thronbin
proteolytically renpves acti vation peptides fromthe Aa-ch

Bpi -chains of fibrinogen, which is soluble in blood pl asmaa”"mmmm "mumm
insoluble fibrin formation. Anticoagulation is currently achieved hy t

adm ni stration of heparins and counmarins. Parenteral pharnacol ogi cal
control of coagulation and thronbosis is based on inhibition of thromnbin

t hrough the use of heparins. Heparins act indirectly on thg‘jmmmm"ﬂmmwlmwﬂ
accelerating the inhibitory effects of endogenous antithro

mai n physi ol ogi cal inhibitor of thronbin). Because antithronbi n+dddoi+l evel s
vary in plasnma and because surface-bound thronbin seens resistant to this
i ndi rect mechani sm heparins %g\ﬂ'ﬂ%gzﬁhﬂdﬁfé Aeist treatment. Because
coagul ati on assays are believed to be associated wth efficacy and with
safety, heparin | evels nust be nonitored with coagul ati on assays

(particularly the a%ny@tl%&&rﬂdnalretﬂaw@% %&yo&btmn&nﬁ/ﬁﬁ)oﬁsw)ch

Coumari ns i npede the generat i on of thronb | ock mg
post t r ans|&hg #faful gntpceagelanss Engmﬂéﬁr bo%?IBPF thﬁa{:hétsynt hesi s

of prothr Ql”ématefsrlctoo&@haéoaerm&aetvébl BatYAg- hBQﬁa&ﬁ€1Qﬁrbﬂ_Bb€18'EC hani sm
of action, the ect of cougar nIy devel og % f £4 hour s
ofter namBRtviEY ontASPERUTAREnBgE VAR ot 08 BERL BL aRYFLLSHREARY S
Coumarins al so requiThe mxudexs f \Wlicod eagighdtaitdongs shyembpalilsi,cdlsar | y
with the n Lntere in_s

synthetic peﬁy %reé? Wafngfé‘ggégoé%§§é81§§§§r %féﬁ’?fi iegﬁivﬁego”ﬁkg manner
similar tdormation oft thaombabst r *hrombas proteocl¥tipeplydeembdesydes such

as D-Phe- Rickifatildn BeptPuelc tPonr Ahe- hb-2hdiRsMaRRCBROCARINE. oBaj usz et
al., J. Med. Chem, 1729-1735 (1990) denonstrate potent direct

i nhi bi ti ofibrineoemhi whichr i spiubiel int biped phashadeinhtiatingt hat

D- MePhe- PrygisigidleS #ikali e ieprMBtdBhi, coagul ant in man have been reported,
see Sinoons et al., circulation, 90, 1-231, Abstr. 1241 (1994). Many

i nvestigators have HHIRCASGURLACR dfs GuFrantds achieyedebyl she

phar maceutadiin izdeatsonl OF ﬁéﬁﬁ&hﬁsshﬁaﬁle«oﬁhaéhns J. Med. Chem, 36,
314-319 (1993). U.S. Patent aﬁ}o , 346, Q78 t%ﬁghes a %erl es of

anti - coagul ant pept i (e °§'(fr9dﬁ CORLZRIN & E4 CHRINLAAGBUL ane)
group. Agnaid nhrdebiosdls des basedr ehatiatiboepetinds cheembif theehehethen the
PCT applicatia rkpgtth Ilntern tional Pubk gx?i.on Elgnber V%) 9%%11152, as wel |
as in Eur &S PATEN 1Ay i EPaSﬁnsPﬂﬁ FERChOXDEP BOT9B8:2 88l i shed 15
June 1994 .actedleradimguntie dnhfibdtbrymefiiecter o€r eadogencus t hat the

agmat i ne GOMMQuNAs,iack 3 %ﬁx@%ﬁkgz”@hﬁﬁoﬁi&ﬁ?gah”n%in%ké‘é cggpounds
containing an Arg group. Al't S and unarrns are effective
ant i coagulthmombiaid n@ema@gehagtyéhremb#geamr devehs kavvninrpbpapmade

al dehydes) ¢ dlGiiid @uirPaceOBobRd BiirBRSThS 8ebRE ]taﬁseéﬁésteft ggpounds,

there exists_a need for anticoagul ants that act selectiv on t ronbl n,
and i ndepeifféiecss mahiamisgnh hEPRFLnSe £aR; bFnPerPFBfﬁeQE%VBnt’jﬁBF-{“F?taf ter

admi ni st r@éd&hsdorc@a@mlalmoby adBa9aareoveticdtd €6 Bet asgbetae&a mth
| ysis of blood clots, t;be%”edt mai nt ain _henost a ~ a_cr 2003
3 The pre 1qarﬁ)’er?ﬂdol‘t‘”1 atetyadPEBariD AeYe §e¥‘95’fh€? FHE%BHﬁGunds of

tEe presemlﬁmw&gwa):b idm ?@lea@vel d(ba&@f l}w):uaaelpotzlnet 3t:btoa’eea pabtbanors

t hat may i.qav abi gllow,ng ara adm ni,str

addi ti on, r@bﬁﬁ’%‘ﬁ’qﬁmﬁd& of"‘?ﬁﬁ"’pfés"& ‘i nTEHPRHANS| éﬂpﬁa gﬁﬁu bi t

i nhi biti oryerte::faxcntmr ofa)thriombin byl blolkckddgi mhtahposoagahauaﬁmona$cade.
Accordingly, it is a primary object of the present invention to provide
novel peptide derivatives that are potent thronbin inhibitors useful as
anticoagul ants. Other objects, features, and advantages will be apparent to
those skilled in the art fromthe foll ow ng description and clains. The

present invention provides a thronbin inhibiting conpound having the
Formula I X-Y-NH ( CHz ) r-G wherein




| Xis prolinyl, honoprolinyl, Rm(CH2)g-NHCH2-C(0)-, R OII T- C CHz )

a-~ CQ (CHz)mI NBR Il O(ClzymNB"' (CHz)n R C(lI 0 in which ~(CHz) m
C-R NBOIl ( CHZz) mCR NB (CHz)n # Oor Ra- ( CH2 ) Zgggugglﬁ Rd
I s carboxy or nethyl sul fonyl; 81 0 CT 200 4 Re is NHRc, NHCOR-"or

NHCOCORc: in which Rc is C1-Cp alkyl, C3-Cg cycloal kyl or a (C3-Cg)

cycloal kyl (C -C6) al kyl radical of 4-10 carbons; T is C3-Cg cycl oal kyl,

Cl-Cg alkyl, / 1 or \ /| Zais 0, 1 or 2. and Qis -OH d-C4 al koxy, or

-NH-A: Ais hydrogen, Cl-C4 alkyl, R'S02-2 R'OC(0)-. R'C(0)-, RnC(0)- or

-(CH2)g-Rm g is 1, 2, or 3; Bis hydrogen or C1-C4 alkyl: R is hydrogen

or Cl-Cd aléﬁ%ﬁa-carboxylation in the synthesis of prothrombin and other
proteins of this type. Because of their mechanism of action,
the effect of coumarins can only develop slowly, 6-24 hours
after administration. Further, they are not selective
anticoagulants. Coumarins also require monitoring with
coagulation assays {(particularly with the prothrombin time
(PT) assay).

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

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

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



R' is Cl-CA alkyl) Cl-CA4 perfluoroalkyl, -(CHZ)d-Rm or unsubstituted or
substltuted aryl, where aryl is phenyl, naphthyl, a 5- or 6-nmenbered
unsubstituted or substituted aromatic heterocycllc ring, having one or two
het er oat ons which are the same or different and which are seBdc0D8d 200% om
sul fur, oxygen and nitrogen, or a 9- or 10-nenbered unsubstituted or
substituted fused bicyclic aromatic heterocyclic group having one or two
het er oat ons which are the sane or different and which are selected from
sul fur, oxygen and nitrogen: Rmis -COORb, -S02(Cl-C4 alkyl), -SO03H)

-P(0) (ORb)2 or tetrazol -5- yI Rn is -COORb or tetrazol-5-yl: each Rb is

|ndependently hydr o is 2; n
is 0 1, or 2: and %‘ﬂés%[ty o\ ]'z'bgﬁ&galh% gﬁréft%é %Pkg'}(‘y, d%sgr o%%g' hal o
or Rasoszatmﬁbeecmppgnéi ﬁypreseatt mtzwn5 8s YdeélnNRQ CH2-C N O

Il ..,unt 4 n Lhs O -C6
al kyI) Cgbgmg’ycagg Eogﬂnt tﬂ‘%‘%@'%n_ %th%rogﬁg d-Co6

al kyl , CgbGQaZ:’?éFLBEF-HF}’ Spllemspm{a cr-exyamrstrmem p I® addition, 3, or
4, L is aceerdin- @ompo&ndsobf Bk pdesénf. 1ﬁven@18ﬁ 5%,\?1@%3}_ ekiBibydrogen)

Cl-C4 al k ,
unsubstal tﬁ‘f‘@&gg'ﬁcgﬂbég SEFééra?‘?r %?elﬁrﬂv?%vﬁe%ﬂlg‘;a‘b{%ﬂlﬁ;}atW% or

6- menber e¢aseadesti t uted or substituted aromatic het erocyclic ring, having

one or two heteroat Qs he sane or different and ich are
sel ected from sul fu% c?m%&?lhd &l tPofeRT *BAYY QEJSFtlegnﬁﬁgepﬁﬁsent

“unsubst it danvéntionubet providef neoeel bpepride derivwdtiveet hacystéc group

having_OnBoBent "PLRGHBLRCL AIERIOLED SLErIN e Rl ghent and vhich are

selected Troms nitroge -S-) or -NH-:
and RZ is a bond or Otmgnobmwm;sw f-BaRyraad ahd aBiventagesi wibdy) ber bon

atoms, { Obppagent! usatads6ashoyEh] fnT L & Stfuf AR pOFa gt of Whi ch

naybe-- S-, or -N re sis
0-5, - CH-BRSCTIPFioR anfcFéaimss 0-3, or Gis

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

X-Y-NH- (CH,) .-G b
wherein

X is prolinyl, homoprolinyl,
R™- (CH2) g-NH-CH2-C(0) -,

R' CH -
IR (CH ). e )ﬁ<§,
T-(Ch;) "(ﬁ— C" N-B N-B ,

Q R'
C-
i
o}
(CHy) u
C-

(CHy)m 2<‘F # 0
| R' or R%-(CH,),-CH-C- i
N-B ' N-B |

(CH2) 5 R' (CHz) g R®

e ,

Il

o}

in which
RA is carboxy or methylsulfonyl;



31 0 CT 20036 -D(CH2)b g ( CHz ) x-R( ~( CH2 ) X RMRNR~ NR (CH)Db
(CH)b WWDE~~~( CH2 ) x-RCHZ) x-R~N_DN-( CH2 ) x-R. or N~ (
CH2 ) x~-R HH where D and E are each independently Nor CH k is O or 1; b
is Oor 1; Mis S, O or NH each Wis independently N or CH 34r6CTN@3NH R
is -NH2, -GNHZ , -CGNHZ , or -NHHGNHZ NHor NHor Gis and wherein one
to all of the otherw se unsubstituted carbon atons of the aromatic or

het eroaromatic rings of 81 0 CT 2003 74- D(CH) x-RE (CH)x-REN D
CHZ ) x-R may bear a fluoro substituent; "or a pharmaceutically acceptable

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

|t thereof; provid tilka S Bydr.0 t,- Qut carbonyl when G
?2 -(C}Z)S-NH-E(NH)Nﬁghgi F?ﬁﬁﬁsﬁggPﬁtuggdgﬁpgp?ﬁ'lQ%Réhgghhydrogen)) and T

is Z and provided fu Aafir atkybt Qe oF° YXi %0 #nEFa1Ge) and
s=0; and pegeldalkilr {0grCENadldy]l Sra®icdly bHoEM 0 PaiBord kY!
met hyl sul fonyl or - (GHE) 0 RMMNED FobPry1, ci-Cp alkyl,

a is 0, 1 or 2; and

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

A is hydrogen, C3-C4 alkyl, R"SOz-, R"0OC(O)-,
R"C(0)-, RRC(O)- or -(CH2)g-RW;

g is 1, 2, or 3;

B is hydrogen or C;-C4 alkyl;

R' is hydrogen or C;-Cq4 alkyl;

R" is C1-C4 alkyl, C3-C¢ perfluoroalkyl, - (CHz)g-R™,
or unsubstituted or substituted aryl, where aryl is phenyl,
naphthyl, a2 5- or 6-membered unsubstituted or substituted
aromatic heterocyclic ring, having one or two heteroatoms
which are the same or different and which are selected from
sulfur, oxygen and nitrogen, or a 9- or 10-membered
unsubstituted or substituted fused bicyclic aromatic
heterocyclic group having one or two heteroatoms which are
the same or different and which are selected from sulfur,
oxygen and nitrogen;

R™ is -COORP, -S02(C1-C4 alkyl), -SOsH, -P(0) (ORP)3
or tetrazol-5-yl;

RP is -COORP or tetrazol-5-yl;

each RP is independently hydrogen or Ci1-C4 alkyl;

d is 1, 2, or 3; |

mis 0, 1, or 2;

n is O, l, or 2; and

2 is hydrogen, C3-C4 alkyl, C3;-Cq alkoxy, hydroxy,
halo or RaSO2NH-, where Ry is C;-Cy4 alkyl;



NH NH -(CHZ)s-Rin which Ris -C~2 or -NHCGNH2 Yis N C unsubstituted
prolinyl (Rpis hydrogen) or 4-hydroxyprolinyl (Rp is OH). R~ is hydrogen,
T is cyclohexyl and Qis -NHA and provided further that R'SOZ S ghé
aryl sul fonyl NH when Gis - (CH2 ) s-Rin which Ris -~C ~2 §190Ts
unsubstituted prolinyl (Rp is hydrogen) or 4-nethy|thioprollnyl (Rp is
-SCH3), and Qis -NH A, and provided further that Ais not R'S02- when Gis
31 0 CT 2~3 N Ror NH (CH)b or ~ (/ ;588" Tis O-Cg alkyl, and Qis
-NH- A A particular group of the above conpounds of Fornmula | consists of

t hose conpounds of Fornula | wherein X is prolinyl, homaprolinyl o1l (
G{Lm~(Gﬂ)~"RT-(GE)aC* NBNB Q| P(' -'OO(GH
C(Ci2)m. Ng. or (CH)n R J| (hdlTis &-q

cycl oal kyl, Cl-Cg al kyl, oX As| 'NRF-QHer's 0 or -i—IQ-lT—(CH-—Ci Cqg al koxy,
or -NH A

@)
] o
. '"“"l C— "

ox -a.l“' c_

’

Ry \\\\h

‘Q
N

RP

in which

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

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, C1-C4 alkyl,

+ C3~Cg cycloalkyl, -COOH, -CONHz, or Ar, where Ar is
unsubstituted or substituted aryl, where aryl is phenyl,
naphthyl, a 5- or 6-membered unsubstituted or substituted
aromatic heterocyclic ring, having one or two 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 heteroatoms which are
the same or different and which are selected from sulfur,
oxygen and nitrogen;

RY is -CH3-, -0-, -S-, or -NH;; and

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

r is 1, 2 or 3; and

G is - (CH2)g-R, where s is 0-5, -CH=CH-(CHj).-R,
where t is 0-3, or G is



A is hydrogen, Cl-Cq alkyl, R'S02-, R'0C(0)-, R'C(0)-, or -(CH2)g-COON;, ¢
is 1, 2, or 3; His hydrogen or Cl1-Cqg alkyl; R is hydrogen or Cl-Cq alkyl;
R' is Cl1-Cq al kyl, Cl1-Cq perfluoroal kyl, -(CH2)d-COCH) or urgsulggT pgos ed or
substituted aryl, where aryl slocT~ 9 is phenyl, naphthyl, a 5- or

6- menbered unsubstituted or substituted aromatic heterocyclic ring, having
one or. two heteroatons which are the sanme or different and which are

sel ected fromsul fur, oxygen and nitrogen, or a 9- or 10nenbered
unsubstituted or substituted fused bicyclic aromatic heterocyclic group

havi ng one or two heteroatons which are the sane or different and which are
sel ected from sul fur, oxyg d nitrogen: d jys(@H2)3, or 3; mis 0, 1) or
2; nis 0) 1, or 2; and_ZzZ/i s hyyrogen, Cl-C4/al kyl\) Cl-C4 al koxy, hydroxy) -
hal o, or RaSO2NH) where i : Y -NRQ CH2-C N O * ...elll
C-i 4Rpinwhich NC N ¢CHs) SR C6 al kyl, C3-Cg
cycloal kyl, or -(CH2)p-L (CH2)g-T'; Rp is hydrogen, d-C6 al kyl, Cg-Cg
cycloal kyl) or -(CH)p-L-(CH2)qg-T'; where pis 0, 1, 2) 3, or 4; Lis a
bond, -0, -S-, or -NH; qis O, 1. 2 or 3, and T is hydrogen, Cl-CQ

al kyl, Cg-Cg cycl oal kyl, -COgH, - CONH2, where Ar ubstituted or
substituted aryl, where_ar i heﬂyl, ht hyl, a 5- / ered
unsubstituted or substitutWd arfpmatic rocyg‘H'B ring, 'rﬁ"o%e or two

het er oat ons which are the r differents (grg)which aresatented f,rom
sul fur, oxygen and nitrogen, or a 9- ‘or 10-nmenbered unsubstituted or
substituted fused bicyclic aromatic 31 0 CT 2009 to heterocyclic group

havi ng one or two heteroato \ch are the sane or different and which are
sel ected fromsul fur, ox e\and i trogen;

E \ 7/ (CH;) x-R
CHz)k-R: N=—D
—O—(Cﬁz)k;n or —Q—(Cﬂz)k-R .
N N '
H H
where D and E are each independently N or CH;
k is 0 oxr 1;

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

NH NOH

NH
| | I

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

O O

and wherein one to all of the otherwise

or G is

unsubstituted carbon atoms of the aromatic or

heteroaromatic rings of



Ry is -CH2-, -O, -S) or -NH; and RZ is a bond or' when taken with Ry and
the three ad10|n|ng car bon atons fornms a saturated carbocyclic ring of 5-8
atons, one atom of which may be -0-' -S-, or -NH; r is 1 or ﬁ§?
-(CHZ)s-R, where s is &5)-Gt0+(GﬂH-R,-D(Cwnbvmme |so ~
(CH)x-R \ (CH2)X-R MR N RoOor v RWV, (CH)b , (CHZ)b where D and E
are each independently Nor CH, kis Oor 1; bis Oor 1; Mis S, O or NH
each Wis independently Nor CH and Il Il ~HII HRis -NH2, -CNH ,
-C-NH= ( or -NHCNH2 or a pharmaceutically acceptable salt thereof; or a
pharmaceutically acceptable solvate of said conmpound or salt thereof;

provi ded that A isépot hydrogen or t; yl oxycar bonyl when Gis

- (CH2) s- NH- C( N2y, Y i's unsubstitdted Rrolinyl (Rp/ ydrogen)) and T is

d furyher that ot apbno or guayi di no mhen%§ éhﬁnd s=0;

~3 ~ 0 CT 2003\ ang_ provided furth® tRAt A is not \ydr | kyl,
met hyl sul f onyl SHgled®H when BTS\- (CHZ)s-R i W=dDNH which Ris

-G ~2 or -NHHGNHZ Y is NC' unsubstitutetHe-Rnyl (Rp is hydrogen) or
4- hydroxyprolinyl (Rp is OH), R- s hydrogen, T is cyclohexyl and Qis
-NH A, andmpy obeared fEFueRe SURSLIPWHILi s not arylsul fonyl when NH Gis

-(CH2)s-Rin which RopSa -m&n@&edtiéamt@éqg&sﬁepéait%dé@f;s
hydrogen) or 4- nethyl-thloprollnyl is - and is -NHA

provi ded f@FtAcPhampceuticably F@O&FB m 5(911%6% qf |sa(1<§42395nPF’%da

al kyl) or érlsalt theréof; and Qis -NHA In addition to the conpounds of
Formula |, the

Z ' and pr

J

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

ws

unsubstituted prolinyl (RP is hydrogen), and T is / B
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
NH NH
Il Il
-(CHz)s-R in which R is =C-NH, or -NH-C-NH;
Y is L -
(RP is hydrogen) or 4-hydroxyprolinyl (RP is OH), R' is

N==0

* unsubstituted prolinyl

hydrogen, T is cyclohexyl and Q is -NH-A;

and provided further that R"S02 is not arylsulfonyl
NH

when G is -(CH2)s-R in which R is -NH-C-NH; vy jg
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"S0O2- when G is




present invention provides pharmaceutical fornulations conprising a
conpound of Formula | in association with a pharnmaceutically acceptable
carrier, diluent or excipient. The present invention also provgdegCh 20 hod
of i nhi biti ng thronbosis in manmal s conprising adm nistering to a mammal in
need of treatnent, an antithronbotic dose of a conpound of Forrmula |I. The
present invention further provides a nethod of inhibiting thronbin
conprising adm nistering to a manunal ingneed of treatnent) a thromnbin

i nhi biting dose of a conpound of Formulal. 3 ~ 0 CT 2003 12 This
invention relates to new inhibitors of thronbin) pharnaceuti cal
conpositions ¢ anni ng the conpg, as active ingredients, and the use of

t he conpoun S aniN-sRagupan
t hr onboenbol i c E a es such as
arterial thronboé

i nfarction
| ocal hyperfcoagNl abl e st
bypass oper\xti

Mphyl axi s and treatment of
thronbosis, pul nonary enbolism
ocardi alpisghefd@y Marar di al

general hyper coagu abI € states and
ns fol |l owi ng angi opl asty and coronary
ssue injury as it relates to the

i nfl ammat or @A kyl" by itself or as part of another
substi tuent ans a straight or branched chal n al kyl radical having the
st at ed nunber of carbon atons such as metﬁ‘ﬂ t’-ﬁyl")NﬂTApropyl i sopropyl)

n-butyl, t-butyl, Isabphrtzeﬂmasegrbupybf the hBovE’ eeﬁ%%auﬁaegbkyl'r‘] O
or brancned chaln

RFAIAE L ORI T PR

hydr ogen avberednrepl aced with a fluorine atom such as trifluoronethyl,
perfl uoroethyl, perflu@po-n- I, rfluotgi sopropyl, perfluoro-n-butyl,
perfl uoro-t- butyI pgr ?Fugggi‘p'gs'gg%t ﬁ‘gﬁﬁﬁrﬁg}?}/gm o-sec-butyl. The term
"C3-Cg cycloalkyl" refers to the saturated alicyclic rings of three to

ei ght carbon atons such as cyclopropyl, nethylcyclopropyl, cyxlobutyl,

cycl opentyl , cycl ohexyl ,r4- et hyl g xyl, cycl octy(lc,H gmdl he |ike. The
term "al koxy" means a stjr aigﬁt nch@ﬂz)q.hal Nea havi ng the
stated nunber oF- caﬂb)cm-cg-t-on‘s bppnded|to t he_pare ety yRan oxygen
atom The term "hal o" ndans chl oG or " Bpr ond Qdo. N¥Be ferm
"acetyl" means CH3-C(O Q The term"t-but R'oxycar bonyl means
(CHg)3CO-C(O - and is abbreviated ' Boc ?‘ The term' benéyl oxycar bonyl " neans
CoH5CH2- O- C( O - and is a iated "Cbz . The t?{;m '5-0or 6-nmenbered

het erocyclic ring" nea 5{CH}),6- menb E-will afford a

stabl e structure contalningjone dr two nitjrogen ato rONe sul fur atom one
~1i o cT ~ 13 oxygen - a NeBogefi*a sul fyug atiom or one
nitrogen and one oxyge B'5- menber @HA)in as one or two double
bonds and the 6-nenbered ring ¢as two or three doubl e bonds. Such
heterocyclic systens include fliryl , thienyl, pyrrolyl) pyrazolyl, oxazolyl,
i soxazolyl, thiazolyl, isothi &ol yI pyr anyI pyridinyl, pyrimdinyl,

pyr azi nyl , oxazi nyl 'anrlstm;;-e(zd a:ﬁclo'ﬂlecyler ml-&E k{0, rrenber ed heter ocycl iC
ring" means any bicyclic group in which any of the above 5- or 6-nmenmbered
rings is fused to a benzene ring or apother 6-nenbered heterocyclic ring as

defi ned above that WAT Xford a stg# eTr¥gf ure. These heterocyclic
systens include indo , ot e of=ty ;) benzoxazol yl ,
benzoi soxazol yl ) benz azol y], qUig A soqui nolinyl, benzimdazolyl

and benzot hi azol yl . be apprecTated that nmany of the above

het erocycl es may exist 4n tautonmeric forms. All such forms are included
within the scope of dhis ary,_erp on. All of the aromatic or heteroaromatic
groups listed for t& .defl tion of Al R' are ‘i ndependently
unsubstituted or subst}d u’f Wriréofd t'va’rsU%‘t‘P‘tvuents that will afford

a stable structure md&p&n&mdg}en,seilemedmqu Ralse), - hyﬁﬁgg%g,& Cl-Cq al kyl,
Cl-Cqg al k ( z;m no (- NE%) éyn?ggﬁ al kyl')am no, - H' nercapto,
-S(0) h(C1- §’|ky| )o)r ¢ Cqg al kyl), -NHC(O)(Cl Cq aI kyl),

- S(0) hNH2~ - S(0) hNH(Cli<Cq alkyloxr or -S(O)hN( Cl-Cq alkyl)2, his 0, 1 or 2,
and j is 0, 1, 2, 3,50 articul ferred such value for the
substi t uent R (C) 0- B %sl%r%%ﬁﬁ%h Cd:‘ g{fl %‘l&Pﬁt'he representation of
Formula I, the car bd’n‘ylla‘ tneinagen idry Qf-Cyr @dfkyX;i s attached to the amine
functional i ty of theay g Qulggﬂngk?_aLr be ﬁggglq ggg‘lalai}éy?f Y is then

attached to the am no group} ' For
—(CHz)d-COOH, or unsubst:xtuted or substituted aryl, where aryl



14 * O\ /riHC I NH A The group Z where Z and A are both hydrogen, is
referred to at tinmes herein as phenyl gl ycyl and abbrevi ated Phg. Conmpounds
wherein Ais, e.g., methyl, are referred to as the N-nethyl -phenyl gl ycyl
group and abbrevi ated MePhg. Substituted conpounds wherein Z Lf gih [ than
hydrogen are referred to by the type and position of the subgt P Hﬁmbroup,
e.g.) 3'-chlorophenyl glycyl or Phg(3-C1). * OCH2- i H C ~-A The group Z ,
where Z and A are both hydrogen, is refeered to at tines herein as
phenyl al anyl and abbrevi ated Phe. Conpounds wherein Ais, e.g., nethyl, are
referred tq as,the Na nethyl -phenyl al anyl group and abbrevi ated MePhe.
Substitute&scBHﬁBMﬁdsnﬁHEFﬁYﬁ'Z?i - oPheb -PeEReFd vRERPSE btueedreed to by |

the type asdbpestuted atokitisUhéteétoeyElOE OHDlg £ Kavirg -che G6LPERSY! al anyl
en R . is hydrogen,

or Phel 3- NHR | JThe groups, ~ and :, O N-H wh
are refer?%étF5°5F°an¥§1 Bt gge1§‘%ﬁd6§t@£$%ﬁ6@ﬁEr4 WRIER i #ERar bony! |
respecti vebgleahddafromespbfur y edyyadarand ahttrdgdn 4 cwda dTigy 103 '| O CT
2003 15 H Py oups nd | - NHH{( when R.is
ydrogen, BeRbEEEY, thfubteififedd WPLaib Attt gl Tuadh sidvelic "atnatac
3per hydr o- hetgqupaptl hecordep yhaving pewe | oxl two dnst eurea t aed adtiiole! are
abbrevi ate - L2 + P} | .ndi the crooked |ine vari ous
ring fusi dgh%sgbn@?sagfé%%e%éeﬁbwt% S %%((? sﬁagcﬁ?‘#sfjﬁ%éﬁﬁi%ﬁ:'
cont enpl at €¥veay #ndi Bitwegenrsoner and conbi nations thereof. -N C-0

d is 1, 2, or 3;

mis 0, 1, or 2;

nis 0, 1, or 2; and

Z is hydrogen, C;-C, alkyl, C1-C, alkoxy,

hydroxy, halo, or Ra,SO;NH-, where R, is C1-Cq alkyl;

0 o)
[ I 1
c

Y is -NRY9-CH,-C- , N—

0
* 'lll“" C— ﬁ

or contl] Comm

’

4

.
&~

RP

in which

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

RP is hydrogen, C;-Cg alkyl, C3-Cg cycloalkyl, or
- (CH2) p~L~(CH2) oq-T"':

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,
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 l0-membered
unsubstituted or substituted fused bicyclic aromatic



The groups and - N C are referred to as prolinyl and azeti di ne-2-carbonyl,
respectively) and are respectively abbreviated Pro and Azt. NO ....,u C3a
The group Ry~~",' represents a saturated bicyclic systemof the 4,5; 5,5;
6,5; 7,5, or 8,5 type. The stereochem stry at 3a is cis to tsel ﬁﬁ?@yl;

t he other bridgehead bond nay be either cis or trans except , 5 and
5.5 systens nust be cis at the bridgehead. The definitions of Ry and RZ
provi de that the variable ring) which incgludes the three carbon atons
shown, is a saturated carbocyclic systemjoof 4-8 atons. All of the ring
atons may be carbon, or one of the ring atons may be a hetero atom sel ected

from-0) -KetexdshclNt .gridup KBHNY tdr) d Glwislafe t exBdXIMD Apn 1én t ,
preferred i ety deri VE%‘I"{\?Om oct ah%dro,l dol e- Zanjg)oxyl ic acl d,_ abbreviatet
"Chi", as ;%?ﬁ AT F 1 Ehexent ang, whish Arg, SeAAGtRR fram sl f¥%ps forns
of this noietygen earcdbmishmoegered by this invention. The asterisks in radical
Y denote a chiral cengersthadyls (lg. The asteri inradical X denotes a
chiral center that is ([3)g o?él'l#l')'; L%h’e ;fi n érlgdi@g'i' }‘ notes a chiral
center that is (L). IR?atsliailond dnstwhernnealsenay iR dapetlté nch@on

br anchi ng Vins Wty T 0 of_ the present. j nvention

i ncl ude ni %%jra%llgylo ét\/\ogoérryerrélgéroznsdi %ﬁ%ﬁé&%ﬁl&fﬁlc WX I AU LA

i soner. Preith ratPnsonpmendtax afhavhicls eay ibesei®- 0 8-nclome-NHose
conpounds of Fornula } ef X 35 O( CH) a- i -CQ2Z, honoprolinyl,
1- or 3-Tig, or 1- or S#q, andi'YiB:"sdprolinyl., and pharmaceutically

accept abl e salts and % at €H2)msFeowWhene $ars QriSar ~CGHe@butH Jwi®nein Q
is NHA and A is hydrogen or a amide (e.g., £CRYBP2-). R is
hydrogen. Z is hydrogen, a i s hydrogen ar preNerred. Al so, those
conpounds Wierein R is a guani § noN especi al | i di no group are

preferred. wiwedar tiiscc@-arly pre Eed (&HHedkmBii on ubsﬂql'i:l)lenl'($ is where
G is R-substituted phenyl (i.e ecially preferred is

where Gis am enyl A preferred of those compounds in
whi ch one to ‘ﬂ(l o;/ t he ot se Bbsoxtu car b,Nn-nthrs of the
aromati c or he romatic ringscef), 9 ~ 0 CT P@H},' DD( CH2 ) x-R (
CHZ ) x-R E ) X-R, bears a fluoro’substituent 1S one in which no

fluoro substituent i sifereD jand E Rr¥ dacMdhdeginderdta NN A0tidier group of
preferred conpounds %f heol_pr e%e.nt i nvention includes those conpounds of
formula | as defined o -°’i ) a-~* C

bis 0 or 1;

M is S, 0, or NH;

each W is independently N or CH; and
l"m NOH NH
I

R is -NH,, -C-NH, , -C~-NH; , or -NH-C-NH, :
or a pharmaceutically acceptable salt thereof;

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

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

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

and provided further that R is not amino or
guanidino when r=1 and s=0;

.
14



above where X is Qin which T is cyclohexyl, ais 1, R is hydrogen and Q
is -NH-A One particular subgroup is one in which Ais hydrogen. A second
particul ar subgroup is one in which Ais R'S02-, especially when R' is "
ethyl. Athird particular subgroup is one i~ which Ais '(CHzgqhﬁfﬁqFB
preferably g is 1. Particular values of Y for a conmpound of Fbr I n
which X, r and G are defined as above include (L)-prolinyl (Pro),
(S)-cis-octahydro-1Hindol e-2-carbonyl (Chi) and N-(2-phenylethyl)glycyl

[ N(PhCH2CH2) J y]. For a conpound of Forndta | in which Ris -NH2, it is
preferred that the values of X and Y be selected fromthose defined above
and the values of r : f oM, < ) L LS,.1 LS =.~AlN

whi ch the anilino ri %ﬁé:@ﬁrgﬁédﬁ%@%};ﬁ&m@hfﬁu%r (:)Lssb%gtlh uer??se;n’- ﬁll\ﬁﬁ b) r
is 1 and G&i&yl._methydsulfpryd 9r(-{(CH2) grCOOHWheni @ Lme- p@H:) stR ain y
preferred group of co nds of Forﬁ?ﬁa | is one in which Y is
(L)-prolinyl,. r is 1 dnd G has ~8 '~ ~ CT 2000 18 - D the value E
(CHZ) x- R i whilehcR ¢8cCoNHD @¥d NH-C-GM2 k is 0 and R is anidino, and which

may be represented | rqyla la' X1 O0O~~1la* ..uUGCG- NHCH ~2
wherein the benzamdine|rijpg i s unsubstituted or nmay bear one or two fluoro
substituen&s"vpLeLqﬁ - to the amidino radical and X has any of the

val ues defi'né§ above. A nore par’t iWRFubstituteq (i?r%ljéaf‘ﬂpound of Formula la
i's one in WRPchsthpdbepen)m ot ne-HiydibsyprolEiist | (RE o1k @Ot her jparticul arly

preferred C und f For nmul ]S ane in which Yis

(L)-proli n%&&?ggé'leg’gg @ﬁ&ﬂ%s‘?‘ﬂeév’aﬁ u'eMSVAWi n which Mis S, each W
is CH and R is anddprovidmd finrthenaphst RESOPsistmot byrybswlionyd whén O S
NHIb* /.~~il CIJHCHZ \ NH2 NH

G is -(CH2)s-R in which R is "NH-C-NH» vy i. 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"SO3- when G is

-—<<j-_§h"R
(CH2)p |, 7 is cy-Cg alkyl,
G \
or —— ]
\l/, .
A

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

The present invention also provides a method of

, and Q is -NH-A.

inhibiting thrombosis in mammals comprising administering to
a mammal in need of treatment, an antithrombotic dose of a
compound of Formula I.

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

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



wherein X has any of the val ues defined above. An additional preferred
group, of conpounds of formula | is one in which Yis (L)-prolinyl, r is 1
and G has 31 0 CT 20p9 19 CH2 ) x-Rthe value N Din which Dis N or CH,
k.is O and Ris amdino, and which nay be represented for F9r1”@*¢'ﬁg@ X 1 N
O~1lc* .,~~~IICNHCH N_ D~z wherein X has any of the val ues defi ned
above and Dis N or CH A preferred value for X for a conpound of formula
R OT-1 CH ) a- i* Cla, Ibor Icis in which R is hydrogen, ais |,
T is cyclohexyl or phenyl and Qis - NH A}2Mor e particularly A is hydrogen)
et hyl sul fonyl or carboxynethyl. One particularly preferred value for X is
\-car boxynet hyl - Doy clatieg d i erbilon ArAldiels RISty ShHEH DI PlofX 1S

N-car boxynet hyl - D- phenyl al anyl iem I ¢ conpounds of  Faqrmul a I of the
i nventi on AtEFRET, | PEATIARCENS iCRANEPAROSAt3PBFe FOBE24pdBBeShehi ch maybe

enpl oyed asompduvdsn@sUaictilley ingeediehlre, saha QheSQls¢abe, they cofpdandst ed
fromthose di sclosed a é) 45, 46, 48 49, 51, 52,

Exampl es 15, .1
56, 65, 662%&Rtd§oa ‘?f,sn'pf?,r Q5,°b§¥,§ , akTedsmeRtBfe preferred
speci es namﬂmamhdembb&dcfﬁdsehhescsuphuadsvéneuboahdohboEXanbeaméﬁnrQG
48, 51, 65, 71 an 72 &91% rrto)f”%)o%%ef erred g_ s base)d ugon it
unexpect ed| F'\ oft ﬁg&'ﬂ' gé" gﬁpf"@ k8 ﬁ‘ér i §ﬁ‘ § Blleferred
species is :.I'scﬂ:qntm,Gixyo&ardnaﬂl dnédrabdon) ahﬁecemebm’aﬂomhrbmbbéés,
har maceuti cal |y .a I n fin above
Formuia I SSEAL BiPArtestuliind Brakdl ARHRHIAL HEpedEdagtibdie®r o .
suf fici ent I%Fm.c smﬁnctalsorfalllgwonps}ngleﬂlasﬁ mGSCBﬁoamtyabwpndsngl y
react wi th i 01 o] UBHE oRhelra503R! €130de: 38 %?pf‘o §td2e1bBebOLM 2

phar maceuti cal |y accept abl e salt I ds commn ormacid
addi ti on s&hes infd W@ﬂf ®reePES-such as hydr ochl oric acid, hydrobromc

aci d, hydrOI odi ¢ aci dﬂhélﬂéﬁlﬁn@'ld thqwarf ora@dd pazitd otfh%ridtIIﬁr and

organlc aci S sych as tquenesu -nmet hanesul fonic acid, oxalic

aci d) Q br EMESHSTERS ﬁ‘?‘é &cF&r‘&HESOHFc byanpgheq chpancaikyd refiFpd

aci d, benzm&mgl theagehitedatufibegndft BarbbkeatbifgnBuen 8t meehyl
phar maceut i ggw y acce ta le,salts tEus are.the suLf atg, g\érosul ate
ph

bi sul f at €, it & pEl DYt at EOPERBY phaPePui¥hohyaPyg¥ pRut¥l and
di hydr ogenpleasphayd,. nThapkesphaperfpusephdkpbat by sbkelifder Bsopage, of

did d f
| sobut yr at SporasFo sABsiEkenc RERAR L 5  SARGHL 8. £RERLhRY hath B1ky1
succi nat e, redicedt bavingathee sthgedr atmbernbéaterbbnt ahemé, dndwhath,
h 1, 6+ |
d?ﬁI??obenS%E???9dr§§%§°%%ﬁ?b%geQEQQEEéaa%EEQSEtQXLQEF§§?Q?°m BFPoRSt e,
xyl enesul fGﬁ'&t éuoﬁﬁwm{éet aeeflpﬁenypbw pi pﬁatféuogmenypbgpyiat e) citrate,
lactate, 1%@6%6?%§w epegﬁﬁetbahebutgtt rg&%hg_s&taa esutgwat e,

pr opanesul %tl al ene- 1-sui f gnat e ene- onat
mandel at e, P& PHE"PFE’?“‘:P’FLeP@Fir B&rﬁﬂr&PﬁﬁcéﬁFI‘P&FV} -accept abl e aci d

addition salts are t!mne deamedwdg asadwaalkyac'l defeieh t35 thedsathiraitied
acid, hydrolr,om CI d_and U%EFI’I c _acid. ounds of the present

Thvention AldCNEdAE 3RS Lec o RionE| EaFBeRAE RS ERED, PB! o
sol vents. Ryefleprepyiol mmhgltgr:1bbeopyepaeyt:uabuei/1$Obyalepéﬁtﬂ i ncl ude

o R Bk eh AR R0 B 310 AR ELST eeradloshoLs are
the size of the sol vélhe rtrﬂmmadkc&ml Imeagis/ ents trEight ex a:mmﬁderred to
faci|itatechagnCanigiPoadied Sabyahe tReMaEn0la Hifnae! X3! BaBholVALahe

typically rmed 1n"the course o gsta I zatron of I e cour
salt for mabioadedOte tbef prreatemoAsYCcBNcannPHYgeDl atons | Theykesm Pet er) A

~~ ~ 0 CT Zﬁmo?»lm%@eea%rbo mts%e' SBrbfo Q&g%as Cgﬁat Ebbp) Qtptgg

1986, John WI
|(ncl udesohn eEI"‘@r ﬁg%%suyﬁw s%ﬁﬁﬁ‘oh§apﬁié’g°§§rﬁglﬁgﬁ9ﬁ at E‘grag;hécgar)rﬁGUnds

of Forrmlaol- 09 -PaeRaied abyredewt cdetBeds  of TRaPtpds coupling. According
to one such,ne d_t he Cld

meani ng as &Sﬁz g&’?’&ﬁr SPYd” amﬁaﬁﬁsl E‘Zaﬁ) ér‘nog( %‘Pgt &6t Fh&rﬁ?’éﬁﬁea .

necessary, “ichzequpl ed vmth a carboxy protected Y conpound to formthe

di peptide (a). Thec rotecting ester groyp of the Y noiety is then
removed (debl ocked or ><‘%l,%""g"erlsfl é?i’)%al’i‘tF“’S?‘Fé' g’@%%-‘/’f%“r%ﬁ Fingle means

di pepti de @ny 5> oxuB-meémbetredt Féngr ehaet wdmeag%&d(d) st‘&MeaIgQ\f%crt%@' on

sequence i s | I I L:I.St:.r at %d b% the fol, I ow ng % X >§
" HN-Y' - C00- & PRGNS K. $WOoRatIPge oms. one sulfur atom, one



(s) O(8) deesterif~r P-X-CGNY -COOH (b) O( b) + YN ( CH2 ) r-G (d)
P-X-CNY-CONH (CH2)=-G ( ¢ ) p-XY-NH ( CH2 ) T-G wherein G is the
same as G except Ris -CN, -NHP, NH NP -CNHP ( or -NH-CNHP ~ each P~
represents an amino protecting group, if necessary, P is Hgn dhT 2§ i S

| ower al kyl or some simlar carboxylic acid protecting group, and -Y - is

the sane as Y with the am no and carboxy functionalities visible, i.e., -Y-
is the sane as -N-Y' -C(0)-. If present, qtshe cyano group in G is el aborated
to a value of R and the protecting groups in (c) are then ~ 1 0 CT 2003

22 renoved by procedures known to those skilled in the art such as

hydr ogenat PEYigeR atemieng witizogean and mne isid fure atemowrdomd Formul a | .
The coupl i RPrLdgén Fand -%,Eg@pl%& it \d - i.s carried out by
first protecti g Lhe .am no group o t"#e rg‘r#jr\lt)s éf‘cél;'%,egjie;é HPS BAR SRS fal
am no pr ot%‘ﬁ?i%%ﬁ%“%ﬂ%l%%%@mwmm ynasr dwec tdrorthxreebl ocki ng

of the am deulgie Words, ey Hbt ebdty@TiR0-5/tlehizl is U ers to
substi tuer% s, of the amqrigdgrou (of0) )ﬁry er?g',lr o%% t;gﬁ:%l%g%k&g: &r'ot ect the
c ‘e [

ani no f uncrtioTR ¢ PXHA eP¥@azdilondiso¥asedylon t he conpound.
Exanpl es dthiamdilydn nicsquinfaeelivly $yeenyl,"ehdde A :graug) the
trityl gr a it}l§,lphtohal i.m ﬂo roggféL t he trichl or%‘g?fet %’%&n&gﬁﬁﬁiﬁe
chl or oacetyl, - Br ondac AT daglﬁld &&HYgroups, uret hane-type bl ocki ng
groups such as benzyTheyo=mmborgH o -IDHmeRd® HEt 1i ing"
4- phenyl bq‘gg&gﬁo Wl,iCZﬁF?I.gen I ?lx car b%n er,ocyc +¢ ring
4- met hoxybenzy oxgcar nyl™,” &- of bgﬁgf oRP¥aP oﬁbﬁ, above 5- or
4- chl or obéiTMamberes rimgis, i3- Easedobenaybenygenebehyil, or another
2- chl or obengydnbered et s di rohe l.axycay bonyl .
4- br ormbe% oxycar bg’n ) °§§§#3%Dgg%§yngéﬁ?%ﬁy?;m’e that will
4-ni trobe °J>§/l€als € sirugsusBenzFhespchebenptyclic systems
2- (4- xeny lincdu@eo Aended g hoBehzothiadiphe - oX onyl
1, 1- di phenyl prop- 1- ¥I ggﬂcagboﬁgl , ;gﬁgﬁengfég?%gyggf o%%%%gﬁﬁ%%?l'
2- (p-tol uﬁ%w&spﬁ 8 y’ﬁar SRYPPYERZPSPEnt EHiNOX§BYL bohgdbguinolinyl,

i- rrei Ey:,cmraﬁmﬂaalybmyaagbaalmzogﬁys!tzﬁm?zan?/I ﬁxycar lbonyl, bony! )

- met hyl cycl ohexanyl.gxycar.bon - net hyl cycl ohexanyl oxycar bony
2- (4-tol uyl sul fonyl )& %’d@cgﬁ%m’fc’é“&ﬁ& fresumasyy Pfethexabaveony! ,
g- E : ri phte ytpposghﬂae) mapoexist lbmﬁyil-,fuleoﬁéyge ggaﬁll,gpt hRXy QL PR ¥ L b s FMOC' ) )

-(trine Sk 0 :bopyl, a oxycar bonyl, |
~1-(tri metsﬁyl g%’%y?"ﬁ%?hé%?%égpg 9eﬁ§?8§y8gr5}6h’§7l invention.
5- benzi soxal yl met hodldacfotple, atomattioxpcheykosyeanken¥! groups listed
2,2,2-tri Qggogggtggﬁﬁg{:g&qy £ ‘ﬁie leyIé{Z- p%ﬁg.) oxyc rb€n ? $1 0 CT 2003
23 cycl opropyl net hoxycarbonyl', 4-(decylo ﬁ?b ?‘I’ Teonyl ,
i sobor ny| BRFERFBSEYFEd10%| Bebs tlituked awbtinydnenot ttveo | sksst iticent s
benzoy! rrethatsuiimnatfs{—aua,sEMQ-éﬁiﬁfa%(Pé]e{%e}k‘é fqeeg{t'[]iygrgsoe;? th -

e Il 1 n e

di phenyl phosphi ne_oxj d roup, and t e amn .

speci es o réﬁ h%-fﬁro#%%fgﬁjfgr%h‘rpéﬁdi%d QJanoﬁglspxm camniso l(eNH2hs the
deri vat i zmdnak€eC graikyJ )il 6 (oM jeooandnbieapet, su§§ﬁgg@e -ggactions)
on ot her ﬁgﬁ?i;onw (Mw ﬁg_lcﬁgul ?‘Xg d cs&gbe renoved at the ap{)r oﬁari ate
poi nt wi t AouT il srupt I Py ¢ RdiNddr SPECHE) HErzCal alkyl b err ed

am'bno- pr oréﬁ@? KRz oSiO) alE (CheC pealdiy iy oarr bag1yd ). )Nl HogX KERLRPDY | 1y .

t - but oxyc nyd , t y ps. mJ ar_amj no-protecting groups use
in the ce|%1 a bs:{bo‘r’?%' pééllﬁclic# I%(r)ld]'aald' ?e'pd 'de°:a;9t' arcg’ealwtérﬁd*h?@d/ by the
gbove_ Legﬁ%b;fmreﬁesu@xavmlt% fdr grlwm.gsaffeweﬁt tg) (lmd-h%hsabove terrrg aree
escri be 1 ' Protective oups in gani c emstry", J.

W MOm e:,L E?je?yg%%im%{beys]éﬂ New York, N.Y., 1973, Chapter 2, and T. W
Greene, "ProtectivelGrthesrepresgnbatiynoficBomtulalahn thd ea'a%d}a)ns, New

York, N Yeunt@8dnall@piSf grould's & agte&‘{l,&qnébort tected am no" defines an

m ec

am no group substitut’ed with an am no-pro i ng oﬁﬂﬁﬁ%xnwsed above. In
carryi ng BeRCEIRNEBHN iy thay igreumn Tha erankonydc tung tdionial iftef of Y
HN-Y' - COQ¥ | she& e oyesshed i ¢ te B i t:l 0 under which the
am no protecting group renaingﬁintact.géﬁgﬁgﬁgﬁggbﬁb §§FFW§angup of the
acylating acid P-X' -COON thus remains in place for protection of the am no
group during the subsequent coupling with amine (d) to form(c). The
carboxy protecting ester group as used in the specification refers to one
of the ester derivatives of the carboxylic acid group comonly enployed to
bl ock or protect the carboxylic acid group while reactions are carried out
~on other functional groups on the compound. Exanples of such carboxylic
acid protecting groups include Cl-C4 al kyl, benzyl, 4-nitrobenzyl,

4- met hoxybenzyl , 3, 4-di met hoxybenzyl) 2, 4-di met hoxybenzyl ,

T T I 1 ~ " ~



J ~ 0 CT 2009 25 protecting group used is renovabl e by hydrogenation or
treatment with mld acid (e.g. trifluoroacetic acid) or a strong acid (e.

g. HCl). Exanples of other suitable am no protecting groups are provided in
"Protective Goups in Organic Synthesis", Second Edition, g ¥§I§b§§ne
and Peter G M Wits, Chapter 7, page 309-405 (1991), John VV éy

Inc., publishers. The Boc, or other suitable protecting group) is renoved
fromthe am no nitrogen of the Y—resichuiﬁynch is then acylated with the
desired am no acid acyl group to afford e di peptide shown bel ow. P-X
-COOH + ~y ~-CONH (CH2 ) r-G ~ P-X -CONY -CONH (CH2 ) =G (C The
cyano group, if present in G, | | abor at®ed and protecting groups on (c)
are renoved as described earli ing of a P-X -COOH conpound is
carried out by first protectin anqno group of the amno acid, if any.
Conventional amino protecting gr s cemanl y used for tenporary protection
or bl ocking of the Qup arg enpl oyed S ting
groups are described ag gé Fhe coupllng reacfﬁﬁgg ?bgdaﬁgogggg

carri ed owtydrogére, cid dreffexfrrditio =t t@nesemdin easbephw&m:l -&3 C and

?ojlo\ljfantwsﬁ as % hﬁ% :)r naénx“lkpoaé&%g %}f%[%' acg} Caitn%'dian q,jle't ﬁ%gf 8?2?!10

met hyl ene E¢ferrert tQM%r@?@rNﬂLwylwmmm vareep oand ni xture of

ch sol I t r ed_ whe t
zlcj)upl ?ngvfge%?c:t.l on, ad';lI tgct R;; ﬂ[ e éa‘%% a drefg vgﬁrae:l%%s:esd tr}h‘eer
i nt er medi atkan (lwdmr( gﬁ)rear!@ﬁnm &b \hya theartdarel &r@tpnspjesomfoi)r@ml c

N K b SRR D | ¢ 0 U RSN G D SN ke

- ~-~ HZN- K- NHP HZN- K- CN -IﬂNKmNHaMNKGMWMHH H2N- K- G- NH2
WhEre -K-Ris -(CH2)r-G Accordj o the *abcﬁ/e sequences, protected

guani di nes can be prepared by doubl Mi-esii®g S-nethylisothiourea. A
preferred bl ocking group is the\t|]gtyl oxyjcarbonyl (Boc) group which can be
i ntroduced by allow ng S-nethyligothi oureai-@ react in the presence of

di-t-butyl dicarbonatige gFé@p anzcid salt form qfy gtgeih%gsgt Qi‘@“%géhi S
enpl oyed y)\gf}qfﬁcan be s rung to the free base formin situ by dissolving
[

the salt 960 aif HRFATTRG HQ [Rtadi@ass herain mse Rienvlakanyl and
di car bonata&:b:sexiﬁmd rmfeodu wm@tﬂrpm |,_rg aéN%t er Mt @l vent,

such as t a do pr,ot e I'i sot h| ourea. The

desi red dolpet# é}prot ect "31? M%’é’ ;ﬁﬁfy Grent with the
appr op[| ataeabitamlmd-m&ﬁﬁd\lHZ Sdbs&l&@ité@%%ﬂﬁ&n‘a%' \W@idredin Czoritg B of
sotvents t-g'}/a[x)x ot c{%gen are referred to by the type and position of the

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

o]
N-H "

C-.
R [ ]
c- R
i CCEH
The groups o and , when

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



m sci bl e sol vents such as di net hyl formam de, or water, or mxtures thereof,
are effectively enployed. Such reaction is generally conplete in about 3-72
hours. The resulting protected guani dine can then be coupled as previ ousl y
described to provide the protected internediates to the comgou ge

Formula | wherein Ris -NH-C NHz. . For conpounds of Forrrula I |n R—
-NH2, the internediate is a singly protected diam ne. |n nost cases this

91 0 CT 2003 27 internedi ate can be prngl%red by, sinply allow ng an
unprotected diamne to react wth one ar equivalent of the protecting
reagent. Qther nethods of introducing the final amne (R= -NHZ) wll be
apparent to organic chem sts: For ex#nple) the am ne may be obtained from

sone ot her precursor functionali g~0.0\a vitro group or a cyano group.
In the case of a vitro group, t gnsforjmation to an amno gjoup is
H I

usual | y acconplished on those s oupcl.s directly
attached to an aromatic ring, partfcé ﬁCh cases,

the nitrophenyl group is reduced to Hhepc ¢ nctionality
by any of a nunber of nethods known in Whe art. One } %{r?’y effective
met hod i s treatment Thetgeoupsro conpou@d WI t largddi um Iiydr osul fi t,ewhena

non-reactiye I c Oor a.mxture thereof, _When
the vitro %on%%u%%g%ga&:géaféwé& t:l&ﬁ at kisS dsrsin as Bt ul®4 3t he
presence wesm&mnmnhnqgarhm:}dt.l arespeatsivalllyy, @amdplaziee Wit hin

several h IR, 190 uce, wh appropriate, in
t he preseg%lée éi(}ﬂc%tg aggﬁbéeucﬁlgé lﬂ}ch{)hl um %I 5%p810% Ybor ane
in a sol veHe s‘EPé‘PP’SSdtJe%!?%ﬁvydﬂtﬁltm rimg tiydsmw:allspmmtst ef Theisem

bor ohydr i dgukeeiieidds évasmea@rmgﬂ%%t%s n,g&%ﬂg,flgt QFGEHO ~2) can

al so be pr 'ﬁ red.froma nitrile precursor. proceddres for
acconpl i shi?t e isamey ARd (Fr?“&’rl@w |t eﬁ'-'l?@fart In particular, the
use of hydrogen sulfide in a mxture of pyridine and triethylam ne,

foll owed by treatnent Wth acetone apd_nethyl iodide) and finally anmmoni um
acetate in nethanol, is a preferred/and™gfficient neans for making this
conversion. Alternatively, heatisagnthe nijtrite wi th hydroxyl am ne

hydrochl ori de and a basic such as N\Nedi ijsopropyl ethylam ne in a hydroxylic
sovent such as ethanol followed by c ytic hydrogenation (e. g.,

hydr ogenol ysi s over palladi umon carBon) can al so be used to effect this
transformation. This process 31 C ~pg~ 28 proyi d@s the hydroxy
amdine (R= -C~2) as an internediaté which can be |i sol pt dd if desired. The
ot her conpounds errpl'ﬂyeob'mupsni tial &arti nghdrater Ned-s—+ Qe sypé hesi s of
the conpounds 1:QN,<ar I e extent not
comerci al'ly ar'\il}fzﬁﬁt becs ésn relrle a%d\é\?ﬁteﬁem fgdabﬁhé’aﬁa rd procedures
comonl y eTrﬁﬂRﬁféfd Whend @freorrasmmlwleﬂwl abbrefréasetl. P¥beadAdsabst it ut ed
prolines (Rp is O-C6 alkyl. C3-Cg cycloal kyl) or -(CHZ)p-L-(CHZ)qg-T"') used
for making the conpounds this invention aie all of the cis configuration
the 4-substituent relative to t bonyl! noiety. Internediates for
introducing this functionality/into ourfds of Fornula | are nade by
standard techni ques. For exa Lagc4L ol ine derivatives in
which the Rp group contains a Nethyle up at the point of attachnent to

the proline ring cang gv" | low ng manner: H Cbz ~ bz N NN
m COOH ~~i | COOEt uﬁﬁgé%éﬁ&ﬁo HOHO H ~ bz ~ bz N NSRTE5§TEE08 -~ul COOE
au COCEt FRfuated) bigysld cReystrECHE fh&n4R§ gbobip 60Btavpbngoa BpShyl ene
group at tfgyeOi Rihedf t%trfe%@w&ﬁtst e3pr r{gg ypLoLine
(both the dé@s and trg s forns ar eEgo%’rlere?cg:lg eggvglgl tgé éap%gﬁ’i the

pr ot ect ed khEF %Q%@&%P@@ﬁ ﬁ\ngPGuﬁlthPﬁeCEBzogrbnprwsepaeptcﬁbarI y

useful intHe ¢,3CRNNEES F t'éﬁx%uhhb'ﬁgbbnh | ter
~31 C CT 2003 29 the(sq t ¥ Bgm al | Qgtng € éielgtigfééggigegépec?%

yl ar
conveni en taRns Y7884 8 BV?'HS EBFFe’éb@nﬁ#ﬁgmbeonmgThI S

oxi dat i on mﬁcaacawmud@sectmmm&eenta%oa BHBRST sRbwRX g8t 500, ﬁ?Qt&éO“S
such as Jone OXI ation %&"h\é{;‘ gf_gl um chl org&hromate especl a useful for

this transSPEOTEYContS §Y8 BFPBENI U EthrBEﬁrEhﬁgeaFﬂma wRy,

non- rﬁact ibee mlbmnt ozuoheanfdichkel ﬁ:ilﬁgl?hbamle mieBeak | H%éréOaESﬁCt nLor
8- 16 hour t r ion is genera onp e rformed at anbi ent
t enper at ufs’e 1%%3 \(;f%%gnat ?’I ¢ k& on&Fn rredl'g%esv% ?ﬁghtéPPomeltléeﬁeact
with an appropriate Wttig reagent to give the desired olefin. Typically
the appropriate Rp-substituted triphenyl phosphonium halide is added to a
.. dry inert solvent (e. g., tetrahydrofuran) which contains a strong base

(e.g., potassiumt-butoxide). The ketone is introduced and after
apprOX| matel y three hours at anbl ent terrperature the de5| red ol ef| n

- . o o, I Y I Y

§ a pheny
.




3 '~ 0 CT 2003 30 Cbz Cbz I I NN ~nl COCEt ~nl COCEt 0 Ra Cbz I N ~n
COCEt . .: Ra The above reaction schene is an alternative to the Wttig
reaction described earlier and is useful for preparing conpounds for which
W.ttig reagents cannot be prepared. Thus, for preparing inter '¢f
Wherein Ra is al kyl, phenyl, and the like, the pyrrolidinone Tnte

is allowed to react with an appropriate Gignard reagent. Typically a
slight nolar excess of the Gignard reagent is enployed, usually at |ow
tenperatures (e.g., -80 to -60 C) in a | &% freezing inert solvent such as

t et r ahydr of ur an. After addition of the reagents, the reaction m xture can
be permtt [ r f prag the reaction is
usual |y coggﬁe é%%F %%’é@@%F lEE%&@%H ?ﬁeﬁrggﬁ thn Qﬁh?%?ﬁe iate is :
dehydratedcat&mxwﬂamphsldbyabb@&VthedmnDhlfnlﬁsuﬁﬁbaééﬁnﬁeécbﬂ The
3,4-dehydro internediate is then reduced to the desired cis internediate
using the stone reductijve conditions as descri bed above for reduction of
the olefin internmediate. Internedi ates wherein the hetero "L"-group is

i Ndi recty to the proline ring (i.e., p=0) can be

| oyi ngjthe t sunbbu reaction (Mtsunobu, , 1 (1981)): ~bz ibz

ate

prepared e

N N ~nl COOE# /HynLC Pr -0~~~ In this reaction, the traps
hydr oxypyrr boXylic ester is treated with trlphenylphosphlne in a
~"i 0 CT 2003¢"sol véht such as t et r.ﬂ{yq;gig@gl éi%]té}?dptf Cfordhs AB£ 0- H.

The mixture is cooled to approxi mately 0 C and di azodi car boxyl ate is

added. Aft &higameiefn aneosontempdrted: by this, é&(‘!ﬁ%ﬁ% worked up to
provide the desired %Ee'iﬁt%fﬂi&é‘tz% féﬂlfaallex”&ém@ ABeME dagitdss the

reaction for conpounds wher e -0-) .p=0=Q), and_T=Ar, this s quence is
useful for ¥adpads rd)ot hé"l"%&?ﬁ&ﬁ'ﬁ&? \?r/ﬁ‘eF-’é‘i@‘:G‘:LaPFddE‘"F’§eSOg nedi at es

}A/nerel n L icentéxf ltr&lxa'tﬂd.dd St ached)di ehet htylzhOrhaecanRa aaaolale:spafapar ed by
i rst convert.ing the r royp.to a tosylate or other simlar |eaving
group and fﬂ@ﬁ' %ﬁ&tﬁ L{R'Hlolate anion (see, e-a., Krapcho, g~
8,1,. , ~ ~ ~01ﬂjdﬂﬁiﬂiﬁh(Zﬂﬁﬁﬁteréﬁm&ﬂa mpy‘exlst-ddﬂznd;ng~upon
875- 855 (1 8 e e i's ched
directly t%égﬁk lm%%%gg%ﬂgghpﬁﬁ%%géghgykﬁlrst % %&ggt g% %ga &%roxy group
to a tosyl gresentotimvengiion dndlude mjxguoes afd twoewrdmogleaci ng with

azi de. The f: ﬁéyﬁéyg i n S hen al kyl ated to

provi de the 3%5|re unctlonaaﬁt%§s %%gF QWBlgﬁgﬂgﬂ 1@%%e& ~. ~. 875-855

(1988)). The conpoundérefexyed ¢qmn9nndﬁmqinﬁh§rnngfentnxnyﬁnﬁxnnnn onal ity

are prepar gAY, gy %&@odﬂ&io'df”%oﬁﬁﬁ‘axw Whed@ & 8ishyl ester fromthe

correspondi ng aC|d seé? Vincent, g~ ~,.) Drug Design ~ Discovery, Vol. 9,

pp 11-28 (1992)), and redu |§9 thls |nterned|ate by hydrogenati on over 5%
C

Pd/ C in ethan o0 give th t ahydr oi ndol e- 2-carboxylic acid ester,
generally referr ﬁﬁy- er as sumari zed below HHHN~ N~~~ ,, N
---~

"'~~ COOH I W\ -- The compounds of this
i nvention con ing atra Chl functionality are prepared by the nethod
of Vincent, g~l!~., 31 0 200 . )

97z : , %omoprollnyl, l1- or 3-Tiqg, or 1- or 3-

Pig, and Y is prolinyl, and pharmaceutically acceptable salts
and solvates thereof. 1In particular, compounds wherein Q is
NHA and A is hydrogen or a sulfonamide (e.g., A = R"S0O2-), 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 group are preferred.

One particularly preferred combination of
substituents is where G is R-substituted phenyl (i.e.,
D=E=CH, k=0); especially preferred is where G is a
4-amidinophenyl group.

A preferred group of those compounds in which one
to all of the otherwise unsubstituted carbon atoms of the

aromatic or hetercaromatic rings of



32 pryQ pesicn ~ Discovery, ~lol. 9) pp 11-28 (1992)). This is

sumari zed

in the schene shown below. CH2=CHCN O ~ 0 CN~ NOHCL N O H Favorsky

Reaction d Cl1 ~"N OH N O H Resol uti on COON several steps "~~~
The conpound of this invention containing a bicyclic system
wi t hout heteroaton) can be prepared by the nmethod of Teet z,
Tetrahedron Letters, ~5, 4479 (1984). Generally: Ov z PN al ky

COOH H ~ H
ith or ‘
0CT) 2003
|ation 0 OR'

or addition deprotection/ring closur reduction OR'" OR'" where Pis a
protecting group and RX is al kyl. - 311® cT 2003 33 The internediates
for introducing the N-substituted glycine functionality (Y) used for making

the conpounds this invention are nmade by standard techni ques.

For exanpl e)

a hal oacetate estetp such as t-butyl acetate, can be converted into
the desired subStitWed upon treatngnt wiX h the appr e primary am ne:
Br CH2C00- t - NH2 ---~ H CD?Z - but yl (CH2) x-R

\(cnz )x-R E \N_ D/

CH2)x-R ,

’

bears a fluoro substituent is one in which no fluoro
- substituent is G- or Y- to D or E when D or E is N.

Another group of preferred compounds of the present

invention includes those compounds of formula I as defined

above where X is Q in which T is cyclohexyl, a

is 1, R' is hydrogen and Q is -NH-A. One particular

subgroup

is one in which A is hydrogen. A second particular subgroup
is one in which A is R"SO2-, especially when R" is ethyl. A
third particular subgroup is one in which A is - (CH2) g-COOH;

preferably g is 1.

Particular values of Y for a compound of Formula I
in which X, r and G are defined as above include (L)-prolinyl
(Pro), (S)-cis-octahydro-lH-indole-2-carbonyl (0Ohi) and

N-(2-phenylethyl)glycyl [N(PhCH2CH2)Gly].

For a compound of Formula I in which R is -NH2, it

is prefe:red that the values of X and Y be selected from
those defined above and the values of r and G be selected

from

=

a) r is 1 and G is in which

the

anilino ring may bear one or two fluoro substituents;

—C}- NH,

\ /'

c) r is 1 or 2 and G is NH;

b) r is 1 and G is ; and

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



The t-butyl brompacetate is allowed to react with the appropriate am ne
either neat or preferably in a nonreactive solvent) such as an al cohol. It
is preferred that a nolar excess of the amine is used to force the reaction
to conpletion. Preferably the reaction m xture also contains a non-reactive
aci d scavenger, such as at |east a nolar equivalent of triethy|COT 0063.
Wiile the reactants are usually conbined cooled (e. g., 0 C) the reaction
is usually allowed to warmto roomtenperature after which the reaction is
usual Iy conplete within 24 hours. Al thoddh the brompacetate is preferred,
ot her hal oacetates, such as iodoacetates and chl oroacetates, can be

enpl oyed for this transfacragption. Qther ester groups can simlarly be

enpl oyed. The t-butyl egter \s preferred bécause it can |ater be easily
removed | ater upon t msm.\/h'eth anisole and trifluoroacetic acid. A

second nmet hod faqr prepar 4 hatarnedi ates i s sumari zed, hy t he

fol | owi ng RMHSHALIR- CHO + HENCI—%GH t-ﬁ- 4%@!&%0@@%@% D jand ¥ is'cH,

R- CH2- NHCHR T asterre iRo-amitirics, athdRavigiichinaia\be ey edemed iyt ed

met hyl ene 8rou acg acent to the point of attachment to the glycine noiety.
In the ab t1%n schene, the appropriate al dehyde is mxed with
glycine ester in a non-reactive solvent, such as nmethanol or ethanol. If a
salt formof the glycin& ester is used, a nolar equivalent of a base, such
as potassi um hydroxi de, jpan begadded to all ow generation of the 31 0 CT
2003 34 free base of e i nodister. The react \ t hg M dehyde 3ad

gl ycine ester formed(the isnt ovh@eoi=tNH -SeHp § Dri can then be reduced
in situ upon treatnen i a reduci ng agent s\ych_As sodiNHxn

cyanobor ohydri de. Foz n of the Schiff base occurs in usually |ess than
an hour; reduction is generally conplete after 10-15 hours. The nmethyl or
ethyl esters are particularly useful as these groups can be renoved

(debl ockedyhensin tthenthanramidine ixtimgir shywhspbats tiut ead) weo usaydiean eone

Enpl oyi ng r | i e 134%:55 20- {540 the
preparati o%no?&?n?g{dn%ji%aﬁésﬁﬁﬁdﬁ tq:%eég rreet y%};ﬁ%%g?out%){icsﬁgﬁ%&t he

gl yci ne afafical ARk hasanyakthe ivadues dafingsabave. for those
compounds wherein Roaifiofé par€iculhiheaiu@nsddiLr¥sabond! &¥! rormlPa- it
is preferred to prepare the internedi ate P-X - CONHAr by standard techni ques
(e.g., red®i¥fy ‘g'f? dcdt vhkcly the henzamidingoving i saugeabstidtuted: reacti ng

this internediate wAfoghea! kattGhDRER) abLe Fér FES CGHHGT SPO¥EMbOuREY e
P- X' - CONHAr - chial k which can her;hlg%%f’urt her t(r:%,nsf ormed, in the_usual
L Wiq

way. Many fhat orunds is 35 vEnRFPIOMY Int & ietli btdE theret o
can be interconverted by standard techni ques. For exanple, aryl conpounds
whi ch are substituted with viM(o can be reduced (e-a., in the presence of
sodi um hydrosul fite in a -re i sol vent, such as ethanol, water, or a

m xture thereof). Wien the \itrg/conpound is heated at reflux in a

wat er/ eth {ﬂévﬁlﬁ‘}é n thheyLRsence %haﬂ%ﬂ hydrasulfijey g_gdy_.ﬁt'iagg i's

usual |y conpl ete n several hours. e resul'ti ng”am ne nay “De present
in the firfalipramidino, fandavhiginansdys he exranesentad byt Fomuila Ibit nay be
desirable to convert it to its final desired form(e-a., acylation to
provi de the acyl atedyam ne) or protected to avoid side reactions during the
subsequent chem stry.l If the free amne is the desired conpound, the Chz
protecting group ispa ticuuprly useful in her

transformati ons a0 PO 045 INHATHAf be appatent to
skilled organic che . ~9 ~ 0 CT 2003\35 Sghappreciated by
those skilled in tNR aft, .the above tran be performed on
the starting materials noted above, or in nost cases can al so be
acconplished on di- or tri-peptide intermedi ates containing the sane
respecti ve;{aincid 00 ad AP of tHdd RidSadhs dddieed, or |ack
thereof, to protect the various groups may_be negated; accordingly, the
order and type of chéﬁiS@@?t%ﬁvbfvﬁﬁeﬁFFFeﬁi3?%?@ ehecompreundd efpe of

prot ect i NOF GFAMAS PSiddne a5n WS e eI (1l pARCRIPL | Shifw 1 hensYathesi s.
As will also be appreciated by skilled artisans, one may choose other
"protecting groups so long as they serve the purpose of protecting the
functional group during subsequent chem stry but can al so be renoved under
appropriate conditions and in an appropriate order to allow for subsequent
transformations. For exanple, in Schene 1 above G includes substituents
wherein Ris -CN;, this nitrile group can be transfornmed into an am di ne or
_reduced to the am ne which can optionally be further elaborated to the
guani dines of this invention. The conpounds of the invention are isolated
best in the formof acid addition salts. Salts of the conpounds of Fornul a

I T . o o g — . M ey A ... _® 1. Y S




It may be preferred to conduct process b) sinmultaneously with process a).
For "a conpound of Fornmula | in which an acid protecting group is the
t-butyl ester and/or an amino protecting groups is t-butyloxycarbonyl) the
protecting groups) may be renoved by treatnment Wth a strong8acQ@T 208h as
trifluoroacetic acid or anhydrous hydrogen chloride in an inert solvent,
such as di oxane or dichloronethane, in the presence of anisole. For a
conpound of. Formula | in which an acid pgotecting group is the benzyl ester
and/ or an am no protecting group is benzyl oxycarbonyl, the protecting
groups) may be renoved by hydrogenolysis, conveniently carried out in

et hanol i ¢ hydrogen chl orp ver a palladiumon carbon catalyst. The . )
preferred nmethod for i fyi HKopPeunds of Formula I, while at the
sanme time preparing a disireff stable salt form is that described in U S

Pat ent 5, 23 6@lueAccordNmgR o the net hodinswhlbER pukEafNesrOtH, k is 0
hydr ochl orgj re_pravided_b eparative purification gver_Cl8

rever sedphdé‘;égic %rs 0 §§P§p ia na&/ﬁEshmﬂ{egﬁqﬁﬁgﬁgsﬁﬁﬁﬁangﬁ? Eorpriaclc

sul furic acid or hydrochloric acid at pH 2.5 and acetonitrile is the

or gani ¢ conponent. 1Ee pH of the acidic eluant is adjusted to between about
pH 4 and about 6 w tgy an ampon exchange resin.in the hydroxyl form e.g.

Bi 0- Rad AG 1X8. Afrer™adj udt ment_of the p/A th on of trigpepti de

sul fate or hydro ’ iy vide the ~ i acT 2~3
37 pure salt in d\y poyder form In an ex / of tHKW, process,. crude

D- Phe- Pr o- p- NHCHZ NH) NH2 sul fate can I ssolved in water and the
solution is | oaded on Wdac g RP HPLC 5 cm X 50 cm col um. A gradi ent of
2-10% B (A = 0.01% HZSQOg; B = acetonitrile) over 10 hours is used. Miltiple
fracti ons WReEedp| Kebagdanrdofhthe vatves ndefineddaisdvesanidtBrig mecoby

anal yti calbyRP HPLC are pool ed. The pH of the pooled fractions is adjusted
to pH4.0 - 4.5 with AG1X8 resin_in hydroxide form (H o-Rad) 3300 Ragatta
Blvd., Richnond, CAPOPEGEpTrreRovadng: o Xsfer| aecempanudt bf formudae is

| yophilized to provide the pure D-,L- diamde in the formof the sulfate
salt. The optically active isonersrofpthe diastereoners at the radical X
are al so considered part of this ijhvdhtion. Such optically active isoners
may be prepared fromthei F-{€8pketGrveCoptically active precursors by the
procedures descri bed above, or by Ir esol vi ng the racemc m xtures. This
resol uti ofiacafibbercieried out by d@rivaghzehien Rt g an 6Bl 6Gen ! EA0EN!

foll oned by &h hy, or_by. repgated crystallization. Renpval of the
chiral au?(l’ I ?a?%”g’?gg{"g%&%} d°’r:re¥lh?ﬂgfa?rl‘ RS e ht | M9BL optical ly pure
i soners oparhécebapbyiniisisfhydrogers eatthy IMENE6rifl Br (hiBoRmRAHyA0T S.
Further d i i i an be tained in Jacques, et al.,
Enant i oma?é.é é&gf:{eﬁ%‘?%g*fgn%f %Ee)és%l#éu@?‘?ﬁg € J%%%e\ﬂsé £ , '1Hve
conpoundsC¥fprhgeyilatanvl ¢ i AAncthex iprefmted ataluen fidre X5\ hesi s of the
conpoundsnoéatbé 'Qwiiﬁl’bﬁé@yﬁin qown and, to the extent not

Iy

commercially avail abl e, ;are rea synt hesi zed by standard procedures
commonl y enpl oyed byPERdEacoFoBPaRAEs yOoEKFermate t heofirthe Timvémtiami ng

Exanpl es are @eswtilosd ton fkié hoxaiered | bay thed isgﬁ]cﬁr& t Qi de
exanples for ﬁ():%)r’r%gr' son.and are not to be cqnstrued a i'm t'at1ons thereof.
tTon

The abbr ¥4 XNER RS 1 P FEY SO h AREeRtabls sadith@nreani ngs.
Ani no aci solesteluasay e sebégiey|frdi thogl Widbllosdd Yas™ Elatpiles 50 =

prolyl, hero & hopprplyl, . Az 2~3 38 - azetidi ne-2-carbonyl, Phg =
phenyl gl ygéll : emi' p%e’ny?saﬂ a#ﬁl'l ;%S% :%%erﬂﬁ'alﬁéﬂylsﬁllﬂirq 0.1, 2, 3, 4-
' tetrahydtoiBdqu0ol 86e-87 cBhamd 92R- TiXymore preferred species may
1,2,3,4-tetr i i i hes 3- VA ., a = -C ohexyl al anyl , "hCha =
OC- ami no-jéc?ﬁi%?f?@lwa %@7%%§e1®;@'@]m4ﬁ%ﬁ§& bfl %qam s 45, 46,
ci s-oct an§8r 3 hdd#5 2-T , 71 -id) 722 perned mosits pyeifeairiede shetdd2oPbalsea3- Pi q =
per hydr oi i 'Lﬁ?engpé&f I = IEI i )él Vet C02) - =€
S, Sdi oxonet ﬂl onyl . Agm = ag isr?é%cofz tq%l'ft(}&l (%?y&f‘r g@ﬁ%ﬂplgn 4§‘benzy| Cbz
= benzyl AFRErBOHAY rrefiernedapedies iedibxamde 6BVF = -
di met hyl f or mam de EBig :mg,gayg,ngysg,?—v%j r@;@yiﬁﬁg%rge%%é% = ethyl acetate
moc = 9- )fl ]t
Fpd e i

Et 20 = diethyl ether Et.OH = et hano uoren %(i/car bonyl

FAB- M5 = PRRYMAASH: bt ARGAPLARIS @f thevBompousids defdngid &y Mass
spectrum tife Mbove Formiily IBSHA TR IHTaFRME mp ind o l.yt .00 _mass
spectrum HQST = l-ﬁh%dr oxybenzotria cg;géh;dr at é“p|°%h§ iorﬁer%glr%dl ;‘)’5& V)
RPHPLC = FRdt S8F ﬁrrgﬁ"qé'éerfsé‘ffﬁ entdyi dasicofanssispml Rircapsheny!

_ TFA = trifluoroacetic acid




THF = tetrahydrofuran TLC = thin |ayer chromatography The foll ow ng
paraneters for RPHPLC were enpl oyed: Solvent A, : 0.05% aqueous hydrochloric
acid (1.5 nL concentrated hydrochloric acid in 3 L water); Solvent B:
acetonitrile; Gadient: as defined in each Exanple; Method B4 0CF 20830 CT
2~3 39 Colum: Wdac g - 2.5 cmx 25 cm Flowrate: 5 nL/mnute; Method
2: Colum: Wdac g - 5cmx 25 cm Flowrate: 10 nL/m nute; Method 3:
Colum: Wdac g - 2.5 cmx 50 cm Flo ate: 10 nmL/m nute. Unless

ot herwi se stated, pH adjustnents and work  up are with aqueous acid or base
solutions. In the exanples, where 1H-NVR is shown, the product afforded by

the reacti QﬁdV\a&cehaiﬁglfrréﬂélt byti € O M&t@mﬁmﬂ 6 {hergani € aard
conpound was obt ai ned 3 hout t he data siml y_indi cat

PO net oPpoRRt L FEHas ks EORiR B b eSt (Al v b BEREREER Bttr m 1 ne
exact massAoidsoopmmonty f emplbyed msﬁmfmi@ryd&ieﬂmts&la@ahyel S was not
obt ai ned f 0 t-he d rocedure; th enent a
conpositiOEES%Qgﬂgéogggéﬁe%u?%ﬁafeﬁ%érg§ﬁ§§E}% i ta?%%rgbr%%lﬁ tﬁl§009 40
Et SO2N- H Chixdsbiodicl adidil shESORe aeihd, Rrhogpindiciic Adcii cpandt the of

nyar ochl or LOBe{ B3 SFORRE effe el ge Fostphdin ey’ ML) oo

N, N-di i sopmepgmeewl pnbe ag¥d, n@}alleoecmmlgz h:oxoommw?emhf@mmet hane
(600 nb) wg addggrﬁoégg ES&@?’ éigé‘ﬁﬁ’{é’pé(éid 8{&’:{%3&%{)&' 'ﬂéxq oic.

hydrochlor| After stirrin our s, e mxture
was dil ut eﬂcwit hal¢6%ﬁy§°e@he4m@ 1the hh‘élevvaslﬁ’e%‘!\Ble%ﬁleﬂfl%\F@}' three times

with 1 N Cphafﬁaaéhd;ézi n&&ee & g4 V8t Efud 2pPe e db£LLé] MBS With
sat ur at ed agueoui sodi rbon 250 nlL) and, once with saturated
f f%‘sb Wef(i

aqueous soBYHRFRHFRFEd B YanPEshhbtee nwRheFPRALE Na2S04)
filtered, ﬂﬁﬁoﬁ?ﬂﬁ@@éﬂpﬁ@dphﬂtdamﬁ@rdgéﬁﬁhéé&xﬂté 9%@8@;}%@1@%6 yel I ow

Loam PO e BhBodage i) AL Dolipar ot S gl el nTEA. To 2
(50 L) aIpﬂoﬁlommSeadﬂedanmaB@Jecéﬁfyllﬁefoi¢tywzh@y foimhate) oacetic acid
(000, 10 LB AL il oINS AR o E S VLS BB o0 1 e
(1.5 L) armalemtgerauedmﬂﬁehamseraﬁhe sdébacatpe ocfyrmdrdtee \asaledtes ed,
Neshed v, skl Slsted Rl A0S L0 o, 4 0 (359 of it
chlorobenzoate, methylbenzoate, dlnltrobenzoate,
hydroxybenzoate, methoxybenzoate, phthalate, sulfonate,
xylenesulfonate, phenylacetate, phenylpropionate,
phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate,
glycollate, tartrate, methanesulfonate, propanesulfonate,
napthalene-l-sulfonate, naphthalene-2-sulfonate, mandelate,
and the like. Preferred pharmaceutically acceptable acid
addition salts are those formed with mineral acids such as
hydrochloric acid, hydrobromic acid and sulfuric acid.
The compounds of the present invention are known to
form hydrates and solvates with appropriate solvents.
Preferred solvents for the preparation of solvate forms
include water, alcohols, tetrahydrofuran, DMF, and DMSO.
Preferred alcohols are methanol and ethanol. Other
appropriate solvents may be selected based on the size of the
solvent molecule. Small solvent molecules are preferred to
facilitate the corresponding solvate formation. The solvate
or hydrate is typically formed in the course of
recrystallization or in the course of salt formation. 6ne
useful reference concerning solvates is Sykes, Peter, A



To a stirring solution of D-Phe-Pro-OBnTFA (12 g, 25.7 mml) and
triethylamne (7 nL, 50.2 nmol) in dichloronmethane (200 nL) at -78 C was
added et hanesul fonyl chloride (2.65 ni, 28.3 nmol) dropwi se via an addition
funnel . The reaction vessel was warmed to 0 C and after sti rg Poct oeyrs.,
water (10 nmL) was added. The organi c phase was Washed three tines with 1 N
hydrochloric acid (100 nL), once with a saturated sodi um chl oride sol ution
(100 nL) and then the solvent was renoved ip vacuo. The product was
purified by flash chromat ography over silicCa gel, eluting with ethyl

acet at e/ hexanes 16:4). The product containing fractions (judged by TLC)
were combi ne(tuaraémkcw MethdntemgineofghRig Chefdsotya gehl Bd ¢LPBYNI ch

solidified. m e 445 nal 8 lc: C,
62.14; H, 6. Nﬁé’ Fgﬁﬁa ew&’%lﬁ‘ XE §§L8I\ng§gﬁ ’\?Rgr epgfr%atl on of
Et S02- D- Phe- Prspl@dtefo iacdudesi hydseket Eormst Equzaaﬂnaolwdr@Bﬂsmné g,
10.1 mmol ) i %y%i %g_%%e 1150 nL) was added a solution of lithium hydroxide
nonohydr at e Eai' 5 mol) in water (75 nlL). After stlrrln%for 16
hours, the vol urre of t he slamricamdga oL é"m;@éldab\} axtef Priepexedo.

sol ution was ydiJid o tplé 3 lger c(aﬁ?@;ﬁb) aﬁgcgrélh'g'\'@g'bﬁéoguah) meEﬁBd 3

"9 D CT 2003 aqueous ase was_then washed tw,ce wth diethyl ether (250

nm), acidifi éfdlﬂ/\/lmds(ﬂ'ixd -€OOH;, cwherg, -EnaCiRen &8t rice eHthFéé BRAPEs with
ethyl acet at grdalaGiglals d&&n@arr&b&ep‘o%hxh qqehaaepextsr aﬁt Sm!!ﬁbe washed

W th saturated aquegus sodi um Q | ori de . 5. g Rggo I t ered
and concentrﬁ%%‘@g\/grg“@ g *EobsFese vtéSSSF’PB eRp¥ 8 XY W)
Anal ysis for &W%&ﬁb@un@ t54.f82'm the aaﬁﬁpthldeﬂa@, FWhédcaﬁboxy

54.40; H, 6.42; N, &fs) aratl 8‘ g gtBoc- - et hyl i so hlourea
To a stirrind® rﬁﬁﬁﬁq:‘&? £ Bh‘PyP dtRs: BoMaie Y168 ,eﬁ‘Sgg'Fr‘ﬁBF
t - but anol ( 30@e¥lockexl aﬂd%-{esseb:dtueﬂ)ohnﬂl the- feekyhcidt fibomr od thbf ate

(32.7 g, 117 I u iu
hydr oxt e (16 PRReiy Hioris EaopTel, vi iy BHB) PRk BeBey, FhRRelt, 107, S me
hours, the niatiawes neestdonc seguence tis dppustirated| WonhehfpdllQWIDae
origi naI vol W, dnil Yacuo and diluted with diethyl ether (500 nL). The
organic phase Wwas washed once with water (250 nlL), three times with 1 N
citric acid (250 nmL) and once again with water (250 nmL). The organi c phase
was then dried (MyS04), filtered and concentrated in v#cuo to give 42 g
(6299 of a white %90 MR« EdobL ration of Ngt- di o Hog- ine. To
a stirring sol lijtl onbgﬁal%z%]%llwan d|§)s§n:p}?1e (23 9) 2%%"%81’&'%@9@9“ k
di et hyl f or mam de: water (300 nL) was added a sol ution of (a)
N, N -di - Hoc- S-net hyl i sot hi ourea (15 g) 52 mmol ) in dinethylformam de (100
m.) via an addition funnel. After stirring for 2 hours, the solvents were
renmoved in vacuo and the residue was @i ssolved in 1 Ncitric acid (250 n),
~31 0 CT 20D3(4 dléégﬂgﬂfgg water (B#50 nL) and washed with et hyl acetate
(250 nL). The'®Bthy asP-XasCbHNe¥'egOOHCted with 1 N citric acid
(100 m.) and the conbi ned agueous phases re basified with sodi um
carbonate, saturated with solid sodium ch ide, and extracted twice with
et hyl acetate (250 nmL). The conbi ned et hyl acet ate extracts were washed
.wWth saturat aqu i um,chl oride (200 m), 9dri ed (NgSO4) filtered
and concentra d Toﬁg‘#vé&%g E' H-S%—ef—&thl ck u.:yru 1H NVR ,
Preparati on of EtS02-D- fhe-Pro- Agn( Hoc) 2. ToPaXstEilNT g %%%ﬂ%brc"
Ng, Ng' -di - Boc-agmatine (2 g, 6 nmmol) in dichl or et haneéBO rrLg was added
Et SO02- D- PhePro-COH (2.1 g) 6 mol)) HOBT. (810 mg 6 Hz) -G'
N, Ndi i sopr op n 87 ) o)
1- (3di et hyl a“r’rﬁé%%%rgpr&yl ;914 Jt}ﬁb%aé%erzbodl i ﬁx(f ro%hl )ngl'deI?[lM g, 73
mol ). After njélrrlng for 20fhours, the sol utlon was diluted with ethyl
acetate(300 ) d sh Al i me N citric acid (150 nl)), once
NEPS oSN CIRE® | it (kP LARARIR b AR

w th water
The organic p@@é@pwaﬁ tm@&amd. (!MJSM)H dv IH eraed: dred 1mmemn@t1ed>ri some

vscuo. The resjd was quer silica a step
gr adi ent of e?W?L'jf%’ée‘E%’E ’ﬁ&%%cﬁél] ?chtr P Iai’getyte oduct
cont ai ni ng freaheéoas ¥ bestd me'l'dxﬂ)ndveami mm.thmqpl mmttnmmmnaisedntntgie/,e
2.4 g (60% of a th|§k o] Ithel-gelu\lnl\/eRanD l\@,ymce(cg% (MHH)

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



3~0CT~03 44 H) Preparation of EtS02-D- Phe-Pro-AgnHCl. A stirring suspension
of Et S02-D-Phe-Pro-Agm(Boc)2 (1.6 g, 2.4 nmol) in anisole (1 nL) was
di ssolved in trifluoroacetic acid (20 nL) and allowed to stir for 1 hour at
room tenperature. The solvent was then renoved in vscuo and 3q$%€f%hﬁue was
partitioned between water (100 nlL) and diethyl ether (50 nl)- e aqueous
phase was washed again with diethyl ether (50 nL) and then partially
concentrated and |yophilized to yield 1.4 gé crude trifluoroacetate salt.
Hal f of this material was then dissolved i ter and purified by RPHPLC
(nmethod 1; 98/2 (A/B); ranmp to 50/50 (A/B), 60 mnutes) to give 490 ng
oy itk bk Baiyatitithe

: C: .41; ; .| 3; . 80; . Found: C
48.01; H, 6.83s Rydiggpaatien %‘.’%.%’P%BQ&?FNE?#‘?L o Preyie she
Et S02- D- Cha- Peompoguné€lof) Férmpbdaali on of Boc-D-Cha-Pro-0OBn. By a nethod
substantially equival en 0 «descri bed in_ le 1- . V-
Boc- D- Cha- Pro- OBn was ptrrg%arcéggﬁﬁ‘gﬁ égch%hg QEEQEECB‘{“%°@%_|8fﬁhn Hgl Yoyi el d
(109 Q). 91CO0€H1R0D8 E&xrdfednbet 468 first ipréyeringr theoamdho group of
D- Cha- Pr o- OBnJEA. od; su ant L val 0, ri LN
Exanpl e 1-B, EEEhEE%Pg-gg%aFA}gagﬁ%Fep%?égg?ﬁggéggfgg%%ér P§§Fg§§élg?8935
g). 1H ~x FD- noBmmahdy369ed Midr CreRpeparvit Poatett fos0oxr Dobhakbng- GBnthey a

met hod subst agt i akl [ 8kl at described in Exanple 1-C,
EtSOZ-D—Cha-P?%é n¥ﬁg§§§?g%a€%% %ébyield, 2.3 9). 1H NW\R FD- M5, nfe 450

(M) Anal ysis for C23H3FRe08Binosprotecting3gropp refgys to substitpentsg);
N, 6.22; 7.59p£Nthé. 28ino group commonly employed to block or protect the
amino functionality while reacting other functional groups on

the compound. Examples of such amino-protecting groups
include the formyl group, the trityl group, the phthalimido
group, the trichloroacetyl group, the chloroacetyl,
bromoacetyl and iodoacetyl groups, urethane-type blocking
groups such as benzyloxycarbonyl, t-butoxycarbonyl,
4-phenylbenzyloxycarbonyl, 2-methylbenzyloxycarbonyl,
4-methoxybenzyloxycarbonyl, 4-fluorobenzyloxycarbonyl,
4-chlorobenzyloxycarbonyl, 3-chlorobenzyloxycarbonyl,
2-chlorobenzyloxycarbonyl, 2,4-dichlorobenzyloxycarbonyl,
4-bromobenzyloxycarbonyl, 3-bromobenzyloxycarbonyl,
4-nitrobenzyloxycarbonyl, 4-cyanobenzyloxycarbonyl,

2~ (4-xenyl) isopropoxycarbonyl, 1,1l-diphenyleth-1-
vloxycarbonyl, 1,1l-diphenylprop-l-yloxycarbonyl,
2-phenylprop-2-yloxycarbonyl, 2-(p-toluyl)prop-2-
yloxycarbonyl, cyclopentanyloxycarbonyl,
l-methylcyclopentanyloxycarbonyl, cyclohexanyloxycarbonyl,
l-methylcyclohexanyloxycarbonyl,
2-methylcyclohexanyldxycarbonyl,
2-(4-toluylsulfonyl)ethoxycarbonyl,

2- (methylsulfonyl)ethoxycarbonyl,

2- (triphenylphosphino)ethoxycarbonyl,
9-fluoroenylmethoxycarbonyl ("FMOC*),
2-(trimethylsilyl)ethoxycarbonyl, allyloxycarbonyl,
‘1-(trimethylsilylmethyl)prop-l-enyloxycarbonyl,
5-benzisoxalylmethoxycarbonyl, 4-acetoxybenzyloxycarbonyl,
2,2,2-trichloroethoxycarbonyl, 2-ethynyl-2-propoxycarbonyl,



D) Preparation of EtS02-D-Cha-Pro-OH By a nethod substantially equival ent
to that described in Exanple 1-D. Et S02- D- Cha- Pro-OH was prepar ed (48%
yield, 0.78 g). 1H NWR FD-M5, nfe 361 (M) E) Preparation of

Et S02- D- Cha- Pro- Agn(Boc) 2. By a nethod substantially equi vaI%ﬂtD&'bMat
described in Exanple 1-G 400 ng (40% of EtS02-D- Cha-Pro-Agn(Boc) 2 31 0
CT 2003 46 were prepared froantSOZ-D—Cha-P,ro-CH and Ng- Ng' -di - BocAgm 1H
NVR FD-M5, nie 674 (MH) ') Preparation of Et'S02-D- Cha-Pro-AgnHCl. By a

met hod substantially equivalent to that 4fescribed in Exanple 1-H,

Et SO02- D- Cha- Pr o- AgnHC1 was: prepared (45% vyield, 100 ng). The product was

TH R FD RS o SRS ol f o AATRbD R S prreaied ¢ °)
47.20; H, 859Bormylexyqar @ylv Jaammdyl@;yawrmyy and &the Nikes: 10 O,
of B 000 D tne b o i Y RO e O B AR el e o1

of Et OCO D- Phe- Pr o- %?net ods s y equlva ose
descri bed PROBRanph %s jpkenyphosphine Pxids | 9%HRy Gt khe 1ike|aminat

et hanesul fﬁfw{:eﬁﬁiﬂgl §eous 59 Thé Fecids B OEMiAINHFI Qe NP g Rlepar ed.

89 ocT 2~ 4Zoyed is not critical so long as the derivatized amino
group is stable to the condition of subsequent reaction(s) on
other positions of the molecule and can be removed at the
appropriate point without disrupting the remainder of the
molecule. Preferred amino-protecting groups are the
benzyloxycarbonyl, allyloxycarbonyl, t-butoxycarbonyl, and
trityl groups. Similar amino-protecting groups used in the
cephalosporin, penicillin and peptide art are also embraced
by the above terms. Further examples of groups referred to
by the above terms are described by J. W. Barton, "Protective
Groups in Organic Chemistry", J. G. W. McOmie, Ed., Plenum
Press, New York, N.Y., 1973, Chapter 2, and T. W. Greene,
"Protective Groups in Organic Synthesis", John Wiley and
Sons, New York, N.Y., 1981, Chapter 7. The related term
"protected amino" defines an amino group substituted with an
amino-protecting group discussed above.

In carrying out the coupling reaction, an ester

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

The carboxy protecting ester group as used in the
specification refers to one of the ester derivatives of the
carboxylic acid group commonly employed to block or protect
the carboxylic acid group while reactions are carried out on
other functional groups on the compound. Examples of such
carboxylic acid protecting groups include C3;-Cg4 alkyl, benzyl,
4-nitrobenzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl,
2,4-dimethoxybenzyl, 2,4, 6-trimethoxybenzyl,
2,4,6-trimethylbenzy1, pentamethylbenzyl,



FD-M5) mle 335 (M+) Analysis for CL7H22N205 Calc: C) 61.07; H, 6.63; N
8.38; Found: C 60.88; H 6.72; N, 8 14. B) Preparation of
Et OCO- D- Phe- Pro- AgnHC1. By a met hod substantially equivalent to that

described in Exanple 1-G 2.1 g (54% of EtOCOhD-Phe-Pro-Agnnggbﬁé%ﬁLe
prepared from Et OCO D- Phe- Pro- OH and Ng- Ng' - di - BocAgm Then d

substantially equivalent to that described in Exanple 1-H) 390 ng (77% of
Et OCO D- Phe- ProAgnHC1 were prepared. The product was purified by RPHPLC

(method 1, 98/2 (A/B), ranp to 50/50 (A/ B)$460 ninutes). 1H NVR FD-MS, nfe
447 (\MH) Analysis for C22H34N604~0. 9HC10. 2TFAH20: Calc: C, 51.70; H, 7.22;

N, 16.15: Cl1 H 16.54; Cl, 6.36. O\ |
~“N-H 'O N N)3~Q #%th?i%%dlgxﬁg%n?ﬁm bﬁz‘ﬁﬁ‘g‘iﬁ% ' AgnHCl
(N-[ (1- net hy 4. BH-idimeitheaybenzhydmyl] - . Bledy mak&syramethoxybenzhydryl.

[4-[ (am noi mn | ka b L- gL ohydrochloride) S 10
CT 2003 48 A %E232¥a?|gh@g] %EXE%}P g-ﬂhkﬂaﬁ&%%lggﬂsolutlon of

N- net hyl i ndole 42 -CameSRPPYETAEVd /(4,4 ' gd " TETImebORYER iy 'tgrPQHFHQGFﬁpan
(1 4?3?) \tf\ﬁsl addad pedimaith! rs@.ﬂbanltgbﬁt g1aitebhyIkyaf, OE&. Th
- i me I ca e
m xture mag %2§9§§5ét| %ggybéfﬁegg#égggggﬁﬁééyg)gﬁgy Hen cooled to room
ainperatrge BzddnHnsbnmyﬂumetra?sadyédeahy&Luprgglubn?eﬁhéo?y?eCEngAf(7 g,
mol ) a iis e : mmol ) i n tetrahydrofuran
(25 nL). Aftgr Eﬁwgya Rnxg§k$§3naF&§Yﬂ0uF§, $ol vent s mgre
:ﬁnnved Lndvaeuaramethwasn?gﬂmeehwas-prsgeuveg-BnyaLhphdad&k?tmgﬁé@?esLé,
en washe re | an
three ¢ nos e Spegay, i, S=spbr-BRHERLT 4B8° pd Qb Hpapeal 82 0pHE), O
phase was dricgdtikalsss) 1ohgl aer she dsﬂ1waﬂaenﬁraaeboxy1130531501g|seablé g
f h d d h
Of anbrphous ¢ %O(lt);h% Q‘%ﬁ@é’%ﬁ&}g gk Egﬁsgﬁagh% BEEQ! hag‘tﬂ@re Wt

pent af | uor ophen ro en h a met hod
subst anti al | Posdtiemseef thet medeguder apddcan Eﬁawpmevgdoatcotgaem d 3.B g

(52% of an réirliate0 1 1 Pakaki@n of
NM - D- Phe- PrgbignlHéat%égkgnﬁe?ﬁgggggggggﬁggggPé %hU|va %?8%8 BE EhQ

descri bed i nMEREFPLE-1 Qﬁﬁtﬁﬁu@EG@616f1RNFmB°PﬁénPrEDAg#PB§§P29ﬁér§he

prepar ed. Theaxbbxyapmtmeauhauaemel 3"} Qﬁ!b}i auelbaphhgacdsasesbeé in
wer e  prepare The crude

[0) -
E?ggELS &a? aﬁéysggg %é%gggéggF ggg P§;39 1HH Yp&FFﬂgéBeéymRPHﬁLC (met hod
1, 90/10 (A Bpralyspst suéh/ @8 RAnBY) nkekelnut gshchlhabyR Fembbalnl e 532
(M) 310 ggngggio%% are also to be avoided when removing amino-
protecting groups discussed below.) Further examples of
these groups are found in E. Haslam, "Protective Groups in
Organic Chemistry", J.G.W. McOmie, Ed., Plenum Press, New
York, N.Y., 1973, Chapter 5, and T.W. Greene, "Protective
Groups in Organic Synthesis", John Wiley and Sons, New York,
N.Y., 1981, Chapter 5.

The compounds of Formula I can also be prepared by
first synthesizing the HN-Y'-CONH(CH3),~-G' amide precursor and
then reacting with a protected X-moiety. According to one
such method, (d) is prepared and coupled with PN-Y'-COOH (g)
as shown below to afford the amide (h).

PN-Y'-COOH + H,N-(CH;);-G' ——3 PN-Y'-CONH- (CHp),-G'
(g) @ (h)

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



Anal ysis for C2gH37N7030. 9HC10. 6TFAQ. 5H20: Calc: C, 56.46; H, 6.29; N,
15.27; Cl) 4.97; Found: C, 56.77; H 6.5B; N, 15.35; Cl, 5.28. HZN Ol NH N
N~ HCI N H2 O D Phe-Pro- NH( CH2) 6NHC( NH) NH2ZHC1 A) Preparati on of :
Boc- D- Phe-Pro-OH. To a solution of Boc-D Phe-Pro-OHn (145 g, 320 mmol) in
p- di oxane (660 nL) was added a sol ution of lithium hydroxi d@ hBEThg at e
(54 g, 1,280 nmmmol) in water (330 nL) with vigorous stirring. After 4 hours,
t he solution Was concentrated in vacuo tﬁ about one-fourth the original
volume and diluted with water (350 nL) a 01N sodi um hydr oxi de (100 niL).
The aqueous phase was Washed three times with diethyl ether (250 ni) and

t hen aci di fpmteaj:zmg Fnwiuph useld dsct'bhio@amledbﬂvhhghr%ggﬁa@l@npbgcl pitate to

form The sgl e tw C and then dried under
hi gh vacuun1 to y|e|&h§%'%8§?83? gfq§ ﬂhl§§1§EPPH°°EﬁtNHR321§)NBr R e 363
(M#) 9 i s@z(gpg(y@udsdeBy PH@ﬂar at Exampfles of other suitable amino

Ng, Ng' - di - u t.hod, su stan Lally equival ent
to that descrlbed in EE ng% Q%E ?Q%V}H&d égEQQSPteC 1ve"Groupk in

Ng, Ng' - di - B @RS SYsdesiglianSerandnBaé tpospabydTt r W Gréehexanddpetipe.

) P epar ala.on obwer Breef o, NHLGEPABVLIELEERE) BEY Boghy By g e} o

subst anti al qU|vaIent 0 thaf Scri 629 of
Boc- D- Phe- rﬁ%ﬁH &as) 6 NPEPRBSBERE BoThenBes, pPEpatbdrfsum:Bbi:eD Phe- Pr oOH

d otlkee
gpepg?a??otdgf D-gﬁgagkaqgﬁg%tgy%ﬁﬁﬁéﬁﬁlN%QHCJ E?ﬁ ne?%gag bé%M%?lally

equi val ent t & SCHEFEGY. &FPbé eExﬁﬁ%FE edwihptbei desited 1@Bing atid

D- Phe- Pr oNielc®a2 pfriip( ko) NEBHEd vhe cappepeias.- sﬁéhﬁ/ﬁ‘befw 389 (M) Analysis
for C21H34N6020. 9HC10. 9TFAQ. 5H20: Calc: C) 49.97: H, 95 N, |5.34;

Found: C, 42x6Qcody 1 2 NQNNN NZ U ~ HO. Q NH
D- Phe- Pr o- NH( CH2) SNHC(@)ﬁHzﬁé%" %CHBZ -G P-x 'CO-N Y -CONH-(CHz)z-G'
(c)

The cyano group, if present in G', is elaborated and
protecting groups on (c) are removed as described earlier.

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

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

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

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



3'1 0 CT 2003 51 A) Preparation of Ng, Ng'-di-Boc-5-am nopentyl guani di ne.
By a nmethod substantially equivalent to that described in Exanple 1-F, 1.73
g (729 of Ng, Ng' -di - Hoc-5-am nopent yl guani di ne were prepared from '

1, 5- pentanediami ne. FD-M5, me 345 (M+) 1H ~g B) Preparation é

Boc- D- Phe- Pr o- NH( CH2) SNHC( NBoc) NH( Hoc) . Hy a nethod substanti a I1y937 203
equi valent to that described in Exanple 1-G 1.9 g (92% of

Boc- D- Phe- Pr oNH( CH2) SNHC( NBoc) NH( Boc) wer e IQ_ﬁepar ed from Boc- D Phe- ProCH
and Ng, Ng' - di - Boc- 5- am nopentyl guani dine. 1H' NVR FD-M5, nie 689 (M+) O
Preparation of D-Phe-Pro- NH( CH2) SNHC( NH) NH2HC . By a method substantially

equi val ent to that Ndescri bed i n Exanpl eNg- H, tely 100 pof
D Phe- ProNH(C?%)!gNE H) NH2HC1 wer e pr epar ed. uct was puflified by
RPHPLC ( net ho - 2( A BT P CHaS 26 BEP( Ar'B)'—ZrU’nﬁaNth)‘lH EBNHE) nf e

389 (M+) Anal ysié for C2pH32N6~2' 0. 9HC10. 9TFAO. 7H20: Calc: C, 48.71; H,

6.79; N, 15.63; Found: C, 48.34; H, 6.6B; N, 16.01. si ocT Zooc~ 52
H2ZN O N NON NH2 ~ Umr ~ . H O NH D Phe- Pr o- NH( CH2) 3NHC( NH) NH2HC1 A)
Preparation of 2{ he- Pr o- NH( CH2) 3NHC( NBoc) NH(Boc). To a sol ution of

1, 3- di ani nopro‘z?iﬁ T8 § 3 Tmol 27K thyl formani de (25 nL) was added

a solution of N.N di-Boc-S nethylisothiourea (2.9 g, 10 nmol) in
di rrethylforrramde (25 mL). After stirring for 1 hour) the m xture was

di luted with dichl oronethane (400 niL) an shed twice with a m xture of
sat urat ed aqueous sodi um bi carbonate and turated aqueous sodi um chl ori de
(200 L)) and WN-KMVEN h -sat-tpi-cd jumchloride (250 nL). The

organi ¢ phase was dried (MyS04), filtered, and partially concentrated in
vacuo to a volune of about 200 nL. To this solution was then added

Boc- D- Phe-Pro-OH (3.6 g, 10 mmol ), HOST (o8 g9, 10 nmol) and

N, N-di i sopropyl. et h Iamnet13g 10 mol}), foll owed by

1- ( 3- di net hyl e??ﬁ%d% T3Py ¢ AN 1 GrideRHC (2.1 g, 11 mmol). After

stirring for Q}%f@UI}@.Rtf@ Spd gnt_% were renoved in vacuo and the residue
was taken up in ethyl acet ate% The organi ¢ phase was washed three

times with 1 Ncit r| C a%FG°¥Qim9nt_9> tbﬁcebmre hseghencéd DOprbtectaice W th
Zgbggﬁgegogﬁum chl orj de The o%}{a&;ﬁ C é%q%e vvasbalgﬂé’(r)fn%ﬁc\% 1%3%%2; at fG|dI tered
and concent r at d¢t Wlﬂaﬁ&?&‘lm@%esww%n@mmm agreagphels aaley silica
gel, el uting suputyl hRfarbohyl Y Eok X WPWdup? which can be introduced by
allowing S-methylisothiourea to react in the presence of
di-t-butyl dicarbonate. Often an acid salt form of
S-methylisothiourea is employed which can be sprung to the free
base form in situ by dissolving the salt in water and treating
with aqueous base. The di-t-butyl dicarbonate is then
introduced to the reaction in a water miscible solvent, such as
t-butanol, to give the doubly protected S-methylisothiourea.
The desired doubly protected guanidine is then formed upon
treatment with the appropriate diamine HoN-K-NH; in a non

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

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

intermediate is a singly protected diamine. In most cases this

.



gradi ent of ethyl acetatel hexanes (1:4) through ethyl acetate. The product
contajning fractions (judged by TLC) were concentrated to yield 2.6 g (40%
of thick colorless oil. 1HNWR FD-M5, nfe 661 (M+) B) Preparation of ‘

D-.Phe- Pr o-
t hat descr

NH( CH2) 3NHC( NH) NH2HO . By a nethod substantially eq8iivBCER003t o
I bed in Exanple 1-H 460 ng (71% of

D- Phe- Pr oNH( CH2) 3NHC( NH) NH2HC1 wer e prepared. The product was purified by
RPHPLC (nmethod 1) 98/2 (A/B), ranp to 40460 (A/B), 40 minutes). 1H NMR

FD-M5, me 361 (Mt) Analysis for C18H28N6O2HC1I .| TFAL. 1H20: Calc: C. 44.66;
H 6.20; N 15.47; Found: C, 44.69; H 6.10; N, 15.19. HZN O N HC N NH2

D- Phe- Pr o- N

Ng, Ng' - di -

B§ECH£GHQH2NH€9NHFNHDHCE1ﬂP1?rab&cwnngnanfunprotected
t | dj
ZPebrRTee0 reatRo i B BAK AUTALERG yardnt! of Elo 208 2d: g2

met hod substantially eqU|va ent tot
(429 of NFERFendi-- BOEh srampﬁboskaﬁg21ngred9cgnanmenémsiea:pmpam:el from

1, 4- di ami ne-NHapwilbubenappBrekt P8 8+ &M €f chemists. e
Pr Q- NHCH2- t r ans CH=CHCH2NHC( NBoc) NHBoc. By a netﬂodxsdﬁstantlally

Boc- D- Phe-
equi val ent
Hoc- D- Phe-

D- Phe- Pro-
equi val ent

D- Phe- Pro-
purified bﬁrRPFlPLCI(lnEtJhdeQytESB/ hé¢ A B roplaeny Ogﬁélﬁzﬁoz.é Pz‘é’duce.@ 6 NtHees) .

R TRYdeScPPERdnPA ExampFeme. efher 7pye¢uEspr ofunctionality,

gs 2- but enyl guani di ne.
group is usually

maeampﬂnahemm&awcgm&%a wiyre thé hedesehsions insd!y

BTy S REERIR, phr pf W RpBEis SaAE) oo ”a%xailrrﬁé BARARL vas

1H NWVR FD- X gEﬁH; 02HC10 5TFA2 5H20 Cal c:
47.01; H, gggfgé oﬁ&§n§“&£ oun%yf%ﬁcégg . E?f 0 CT
2003 methods” known in the art. One partlcularly effectlve method is

treatment of the nitro compound with sodium hydrosulfite in a
non-reactive solvent, such as ethanol, water, or a mixture
thereof. When the nitro compound is heated at reflux in a
water/ethanol mixture in the presence of sodium hydrosulfite,
reduction is usually complete within several hours. A cyano
group can similarly be feduced, when appropriate, in the
presence of a reducing agent such as lithium aluminum hydride,
borane in a solvent such as tetrahydrofuran, or by metal

promoted sodium borohydride reduction.

NH

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

H

I@.@.NH@%aittangﬁHEWZNF@NB@CQ%BQC VB et RE CPREE o f T i tro
Boc-DPhe-Ig'o- O%NE d ’b_lg Ng Boc- 4- am no- 1H NVR
FD-M5) m e SEP3EC ?‘ CF*BP SSF’QPFBH" oFS an ‘anin

c



50 N O2TFA NN~ HNH2 ~ I U~""if O

D- Phe: Pr o- p- NHCH2 C6 HACH2NHC( NH) NH22TFA A) Preparati on of

p- H2NCH2 C6HQCH2NHC( NBoc) NHBoc. By a net hod substantially equivalent to t hat
described in Exanple 1-F, 2.3 g (42% of _ p- H2NCHZCGHqCHZNHC§ 1N%)q') NHBoc
were prepared from p-xyl enedi am ne. 1H NVR B) Preparation of CT 20
Boc- D- Phe- Pr o- p- NHCH2 C6HACH2NHC( NBoc) NHBoc. By a nethod substantially
equi val ent to that described in ExaaneB%-CE 2.8 g (63% of

Boc- D- Phe- Pr 0- p- NHCH2 C6 H4 CH2NHC( NBoc) NH B were prepared from

Boc- D- Phe- Pro- OH and p- H2ZNCH2C6H4CH2NHC( NBoc) NHBoc. 1H NMR FD-Ms, mle 723
(M+) ©C Preparation of D Phe-Pro-p- NHCH2C( HAGIRNHC( NH) NH22TFA. By a net hod
substantially equivalent to that described i Exanple 1-H) 725 ng (81% of

the title A_S ngeWas ~a ur|f| d r [
RPHPLC. %lrg“%gf @§E5 ?%°%§ORB§E>8§/EQ ﬂre 42C3ﬁ%1 ) *End :.E‘é %gdl@ée
023H30N602WZAQHFAHEObeCaIsoJ-aCed48foéesr-lrea 05; N, |2.36; Y Eound: C, 48.06;

H 4.85, N, 12.28. msod&ﬁé%?% enplove ?_a; iNi€®ial starting

D- Phe- Pr o- p- NHCH2C6 remahono
N- Boc- p- (ameterdedyl ipetibel symphesis afst:herpngpggndsu of thip- ipvensdpani ne

(10 g, 73 npul Weh ﬁhﬁﬁhhxhaoresntﬁe/&&&eﬁt(aoé c$ﬂﬂe§%iaﬂ@ Gﬂeiable,

di -t-butyl dicarbgnate ( % After stirrin ours t he
mi xture wasreoﬁeeﬁﬂAXtéunF e§§aee BﬁdsFﬁBdF§§|Bﬁecﬁﬁa§eEaFPWEPBﬁ¥d bet ween

diethyl et aame;%edsy) tRBAelol 6bBihArgChNii209nthe bg.aqueous phase vas

Sodi um bicar bonate. afe dr FPAEEA o @%ﬁ%&%l s T BB a5 ke

phase was tlyedoelkyact ed f-(ocmzli_,-ries(&Hj)th-at'hylusaEtmze naXithgrithe The

combined oL BegBRbeLS: ¢ kh9shas 8! £od id, LHORRE) ol LoREEueiion e
4-substituent relative to the carbonyl moiety. Intermediates
for introducing this functionality into the compounds of
iFormula I are made by standard techniques.

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

H Cbz
| | .
N
mnCOOH 5 7-"uCOOH 5 7uuuCOOEt
HO HO
? ?bz sz
N N N
<t COOEL : il COOEt &:' il COOEt
- / e
N 4
R4 R3HC o/ '

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

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



FD-M5, me 237 (MH) 31 0 CT 2D03 57 Analysis for C13H2pN202 Cal c: C,
66.07; H) 8.53; N) 11.85; Found: C, 66.33; H, 8.44; N, 12.11. 8)
Preparation of 8oc-D- Phe-Pro-p- NHCH2ZC6HACH2NHBoc. By a nethod substantially
equi valent to that described in Exanmple 1-G 1.1 g (63% of t? BP w

Boc- D- Phe- Pr o- p- NHCH2C6HACH2NHBoc wer e prepared from Hoc- D- Phe 0-Of and
N- 8ocp- (am nonet hyl ) benzyl am ne. 1H NVMR FD-MS, nie 581 (M+) Analysis for
C32H44NA6 Cal c: C, 66.19; H, Found: C, .99; H 7.64; N, 9.65; 7.63; N
9.42. C) Preparation of D Phe-Pro-p- NHCHZC6H4ACH2NH2HC1. By a net hod
substantially equivalent to that described in Exanple 1-H about 100 ng of
D- Phe- Pr o- {tNelCri2€Bia Coig Nel@pieitiakly etlkyhrestedéicaye osspéci@blypurified by

RPHPLC 2 r 0/ 60 8 40 m nut es 1H NMR

FD- VS, Eﬂngtcgg%%‘i‘/ﬁ?% ‘1(‘ysu 2 ?o%%?—&él\él‘gﬁé% QI%A% s(%‘?‘&a iR 51.87: H,
5.77; N 10kegsongeun@hig, ogidgeion us. Ssromplisdd unden &ﬂoﬂwmﬁﬂaéﬁl\l O
N .." N\ N 03 0y I on
of N Boc- mbfaggﬁgﬁe {:%eéég %E@&E aén roce?l}rufeléas_gu%gs;%a(n;t1 %f&ﬁ?ﬁﬁ‘
equi val ent € 8°Fﬁ§br6@éé¢ibéﬂpeﬁl€& Atozzﬁh{ﬁ(ﬁxmgsfﬂrmatlon is

equ { SHooFREY | i H NVR
oc- m ( agheouBk Mt)ﬁﬁfﬁis:l@ism?gcrﬂ%%%ﬁgﬂ@é’w Y @Fdﬁﬁ%‘rﬁ N,

E?'gg) ELﬁﬁéEVE£t6 §€n2${dfphﬁprq@eq39@% When allowed to react for
8-16 hours, this reaction is generally complete when
performed at ambient temperature. This versatile ketone
intermediate is then allowed to react with an appropriate
Wittig reagent to give the desired olefin. Typically the
appropriate RP-substituted triphenylphosphonium halide is
added to a dry inert solvent (e.g., tetrahydrofuran) which
contains a strong base (e.g., potassium t-butoxide). The
ketone is introduced and after approximately three hours at
ambient temperature the desired olefin intermediate can be
isolated. 1In order to obtain good vields of the olefin, it

- is preferred that a 0.4-0.6 molar excess of the Wittig
reagent be employed relative to the ketone. The olefin is
then reduced to the desired RP-substituted proline by
standard reduction techniques. Catalytic hydrogenation is

' the most facile method for accomplishing this transformation
in the laboratory. Hydrogenation of the olefin in the
presence of a catalyst (e.g., 5% palladium on carbon) in an
inert solvent such as ethanol will be effective at
atmospheric pressure. In the case of those intermediates in
which the amino-protecting group is Cbz, hydrogenation also
removes the protecting group which provides a compound which
can be used for coupling to P-X'-COOH. As will be
appreciated by those skilled in this art, this process will
rot be effective for preparing compounds where the RP group
is attached to the proline ring through a hetero atom or are
an aromatic riﬂg. Thus, in the above scheme, R3 will be
alkyl, aralkyl (e.g., benzyl), (cycloalkyl)alkyl, etc.

A related method for preparing these 1ntermed1ates
is summarized by the following scheme:



B) Preparation of Boc-D- Phe-Pro-m NHCH2C6HACH2NHBoc. By a net hod
substantially equivalent to that described in Exanple 1-G 1.6 g (95% of
Boc- D- Phe- Pr o- m NHCH2C6HACH2NHBoc wer e prepared from Boc- D- Phe- Pr o- OH snd
N- Bocm (am nonet hyl ) benzyl am ne. i H NVR FD-MS, me 581 (M) 3

2000 59 C) Preparation of D-Phe-Pro-m NHCH2CBHACHZNH2HCL. By a 106T g
substantially equivalent to that described in Exanple 1-H, about 100 ng of
D- Phe- Pro- m NHCH2C6HACH2NH2HCI were prepared. 1H NVR FD-MS, me 38l (M)
Anal ysis for C22H28N402HCLTFAH20: Calc: B8P 52.51; H, 5.87; N 10.2l; Found:
C, 52.13; H 6.21; N 10.48. ZNO....wNHNHZ N HC ~1 U"""if O

D- Phe- Pr o- NHCH2- t r -4- (aninonethyl)é%FlohexaneHG A Pkgparatlon of

N- Boc-traps- 4(an1nonethyl)cyclohexane
traps-4- (am nonet

sol ution of di-
m.). After stirr
the residue wag'partitioned bet
m.). The aqueous phase was washeo

boxylic acid. Toj%ol ution of

| ) cycl ohexanecar baggylic acid (50 g, 3;5 manol) in 1 N

-llgocE nmol

| dicarbo te
for 20 hours,

tmﬁéé@ﬁel (400 Hgg?ﬁg a
g, E I n tetr hydrofuran (350
4—~olven S wer in vacuo and
et water (500 i) an@-dlethyl et her t250
again with diethylR&t her (250 nL) and

then acidified with solid citric acid, which resulted in the formati on of a
white precipitate. gﬁﬁl ‘1.0 2003 0 sol,id was flltered washed
(10012

twice with water

powder .

bovs &8 & &Sy.aa FLeTPAtEIR & te

1HWittig reaction described earller and is useful for preparing
compounds for which Wittig reagents cannot be prepared.
Thus, for preparing intermediates wherein Ra is alkyl,
phenyl, and the like, the pyrrolidinone intermediate is
allowed to react with an appropriate Grignard reagent.
Typically a slight molar excess of the Grignard reagent is
employed, usually at low temperatures (e.g., -80 to -60 °C)
in a low freezing inert solvent such as tetrahydrofuran.
After addition of the reagents, the reaction mixture can be
permitted to warm to room temperature, after which time the
reaction is usually complete within several hours. The
resulting intermediate is dehydrated, for example, by
treatment with trifluoroacetic acid. The 3,4-dehydro
intermediate is then reduced to the desired cis intermediate
using the same reductive conditions as described above fof
reduction of the olefin intermediate. ‘
Intermediates wherein the hetero "L"-group is
oxygen and is attached directly to the proline ring (i.e.,

p=0) can be prepared employing the Mitsunobu reaction
(Mitsunobu, Synthesis, 1 (1981)):

Cbz
MHCOOEt il COOEt
o\\

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



B) Preparation of HOCH2-traps-4-(N Bocan nonethyl)cycl ohexane. To a
stirring solution of N Boc-traps-4(am nonethyl)cycl ohexanecarboxylic aci d
(15 g, 58 mml) in tetrahydrofuran (150 nL) at 0 C was added

N- et hyl nor pholine (5.9 g, 58 mmol ), followed by ethyl chl org Ev

g, 58 mmol ). After stirring for 30 m nutes) sodi um borohydri de ? g, 175
nmol ) was added, and then nethanol (300 nL) was added via an addition
funnel over 5 minutes. The mixture was allowed to stir for 1 hour and then
the solvents were renoved in vacuo. The }esidue was dissolved in ethyl
acetate (500 nL) and washed twice with 1 Ncitric acid (250 nL), once with

water (100 ?Eben&%ﬁéh%&htéé}%%f&m% t;)?&' %&% ?é a4 £-84p0 M)

and once w sat urated aqueous sodi um chlori e organi c phase
was dried ThESBAXture| i&r eqcind EBnEEH??%&%@ﬂt?ngPvec 1and Qm%y f the

title Cormauad;c&fbbmﬁe PLgpaddéd on Rfter warmlng to room _

NH2 CH2- trag %ISI-Bocam ometh¥% cjogzéﬁgg astlrrjn SO|UéIOJ'I 0
HOO - t r apESHPERABBES M FRRERGF5LSR 4 14 0 REOVAAS thy desire

tri phenyl pedsphnterf@digte 30 wnble tmtﬁhﬁwmw mﬁf@@s Nthe Was added

di et hyl azodi cgr boxgl ate (13. 9d 80 1) ol | owed, by a ?,'Pl ut i Ot#}_

di phenyl ph3§pfior§P Qfdﬁc’ ouRc 8@1‘?‘%1 ot BT of AN A0 THYS After
stirring feeghénbeuts, uhééulsofuerp:sew:‘engemﬂvad ¢ompRinds atteddp=esi due
was chrorragg rﬁpggd gver silica gel, eluting with a | 39 0CT 2~3 61

step gradi ent of “ethyl “acet at e/ hexanes (1:3) through ethyl acetate/hexanes
(3:1). The product cdntermeddatescwhenein] Ldgedsblfﬁ"t@ndvmseatbahheéd and

concentr at Ve, 13&1&1; Rf
conmpound) . 8y %eggxdgoaglﬁéegﬁgé %%?g?&; I n %nﬁg%oﬁ&%é a#?ﬂﬁ

sol ution maydaezmdg?eua £0j artosylateoniother simidar gkmmmmo (51
g, 2|12_ mTDhizdaaﬂehraekﬁl&aﬂh@ewiﬂh ]ga ﬂﬂl(mle hé drli oPpt 8, m). The
resulting gixture wa ate ef | ux ours), t tor

t enper aturglraﬁﬁf’?heﬁgo?gem v&gﬁé éﬁﬂ \Pslc‘iﬁ) h% ?Jeng%I)ue siﬁ‘st i I ut ed
with wat eret28D. mlJ. aped acChehi ed3 1y t8175-08551 (g88)x) acid. The aqueous phase

was washed twice wt t hyl tate, (250 nlL), basified with solid sodi
bi car bonate) and sat EPS e&f‘?‘ﬁ%oﬂ‘érgbﬁlBn‘?‘ihﬁ‘b??ﬁ%enmgah%e%

was then edirectty tbrtketrimg can lbetpnedparsl e fi3H: r&eméu&d;;lﬁge tﬂmﬂ)l ned
extracts 4) red and .concentrated to qgive (45%
of a thi c\li\ﬁggfgﬂil—gwse Fﬁe‘tbéi;f a%h o © other Similar leaving gr°upg

N- Boc- D- Phanér bheriGiispl aping - Wi IBoxzideo nm}tqla)z:i;dé X e rdi;uc&émet hod

NSy E;.*éiy"& q’ﬁ*ﬁ%‘ﬁ'é.e'ﬂétﬁ&i* ?ﬁ?%g‘?%{ %@ﬂ@%# AR sfhckiide e hedsiten O

f rom Boc REP OB BV d (RS CHRul s a0 unoI"Fe (ﬁhﬂm)he)adne 1H
NMR FD- VS, 91523557(1%3) F) Prepar atl on of

D- Phe- Pro- NHCH2- t r aps:- 4( am nonet hyl% cl ohexaneHCL. ~~acr~ 62 By a

met hod substantially Q&uFQQPEHP §0°f hERigciRYeREHOR CexeRPRENg - M c5BB ny

(75% of Daﬁhefmwtwﬁwztyame%ﬁpmtwlﬁ%ﬁwawa%hdwﬁeorepared
In this case,, the analé ‘% aF HPLC of _t he internmedi ate TFA salt vvas very
Wtte YT

cl ean, but “FhR® oPTeT &F P HRE GORRESRANGRY, &Fid, (Fee/N Hel
(20 nl), tViénpehtasebdalsi cBru® mmmmmms Voloplsi | ipped 1a@® n to

yield the wh oc r|de 1H.N

(M) Anal ya1 2892 5) MR St Sipd YO AR °é) Ry 3y rl%gef‘l\{'g'-&”l\lm’s?r?s

Found: C, 5%.Rd/CHin7eiRandl Qo@;vﬁmhmmmhydrdznddﬂle-i%arboxﬁh@
acid ester, generally referred to Ohi-ester as summarized

below.

",

il COOH | COOEt oy
. Q COOEt
W

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



D- Phe- Pr o- p- NHCH2C6HANH2HC1L A) ' Preparati on of

Boc- D Phe- Pr o- p- NHCH2C6HANH2. By a net hod substantially equivalent to that
described in Exanple 1-G 8 g of Boc- D Phe- Pro-p- NHCH2C6HANO2 wer e prepared
from Boc- D- Phe- Pro- OH and p- NO2- benzyl am neHC1. The i nt er nedi ateey b@ 2003

di ssolved in ethanol (250 nmL) and heated to reflux. To this stirri 3

sol ution was added a solution of Na2S204 (12.3 g, 70 mmol) in water (125
m.). After stirring at reflux for 2 hourg the solvents were renoved in
vacuo and the residue was partitioned be e\een et hyl acetate (250 nmL) and
wat er (250 ni). The aqueous ~3 'l D CT 2D03 63 phase was extracted agai n

with et hyl msagﬁ.b% cophi. ned gqntgaphqsgz s dmhed i
(MgS04), filtere and concentrated in vscuo ?% gi ve ?\@1% of a Ilght
yel | ow sol iS¢mmamiger Ep khe FCbemecShAWR RBAPYSi s for C26H34N404 Calc: C,

66.93; H Found: C, 66.69; H 7.34; N 12.01; 7.32; N, 12.28. B)
Preparati on of D Phe- Pro- p- NHCH2 CEHAMS k. By a nethod supb
equi valent to thé ds cr iGHeeCH-ENEX of 180 ny (60%

D- Phe- Pr o- p- NHCHI ANH2 HCT wer & priep e product g]
RPHPLC (nethod 1, 98/ 2°QA/B), ranp to 60 0 (A/B)) 60 m nub¥s)
FD-M5, nmle 366 (Mt) Analysis for C21H26N402- HCl 0. 6TFAO. 5H20: cafic: C,
55.5I; H 6.00; N, 11.66; Found: C, 55.16; H, 6.14; N 11. 57J H2ZN O H\ ~
|~~~ N/ ~ HCIl O NH2 D- Phe- Pro- p- NHCHZCHZCG ANHZHCI  A) Prepalation of
Boc- D- Phe- Pr o- Q 003 64 8y a pmw{hog

substantial ly cfEx | e 13 P3%) Sf
RQ Trom Boc-D . an

Boc- D- Phe- Pr o-
p- NO2phenet hyl a 4BOO( M) Anal ysis”f olN COYe36N404:

Calc: C, 67.48 H, F8und: C) 67.30; H 7.%55: N 11.66; 7.54; NEI2.34. B)
Preparati on of D Phe- Pro-p- NHCH2CH2Co6HANH2HCL.
Favorsky
Reaction
m - Resclution . m
}:{ COOH several steps o g COOH

The compound of this invention containing a
bicyclic system (with or without hetercatom) can be prepared

by the method of Teetz, et al., Tetrahedron Letters, 25, 4479
(1984). Generally:

0
O PN x
0 OR
PN )
alkylation
-
y L] .
or ad
z o OR* dlthP ] y
0
OR*
deprotection/ring closure
- N
reduction
Y

Z

where P is a protecting group and RX is alkyl.



By a nethod substantially equivalent to that described in Exanple 1-H, 175
my (58% of D- Phe-Pro-p- NHCH2CH2CBHANH2HC! were prepared. The product was

purified by RPHPLC (nethod 1, 98/2 (A/B)) ranp to 60/40 (A/B)) 60 m nutes).
1H NVMR FD-MS, nie 380 (M) Analysis for C22H28N402HC10. 7TFAQ. 7H20: Calc: O
55.18; H, 6.15; N) 11.00; Found: C, 55.12; H, 6.18; N, 10.9934H3CT 2003 O N .

N~1 "NH2 HC ~1 U'"~f 0 D Phe-Pro-p- NHCH2C6HAC(NH) NH2HC1L 3 ~ 0 CT
2003 65 (D phenyl al anyl - N-[[ 4- (am noi m gatr)#”ret hyl ) phenyl ~net hyl ] - L-
prol i nam de hydrochl oride) A) Preparati of

p- (am nonet hyl ) benzonitril eTFA. To a stirring suspension of sodi um hydride
((21d2d9)4 (SS ol ) : ﬁO%rges Qﬁtéfﬁ\éfihat(:?g | ¥ok nlhei-éab&ﬂﬁgf HﬁénN(-QQthﬁh\.u%\@é
adde r onone enzo ri is mx

added sl owf yﬁﬁeaﬁ“%ﬁﬁf?’i’ rin"‘f’(m %3) % n%lt&le mmouné’s tnfs

i m nodi car hnwghaien(a:eeangdea@mr)daﬁttsécmiquesn.g for 16 hours t he

m xture was dil uted h I 30 and vvash wat er
(150 nL). The organic %hage %/gé ﬁgia??‘éag?%sﬁﬁ erflﬂz eﬁsa gbm:y}f
concent r at buemyacetate) t¢am lse)lmmwensted\emtb sthd Gk iredh .-mhsstmtmta!ﬂ)unt of
di chl orone e¢ fhe sol ution was cooled to
0 C. The s% g?l on vvasggtlﬁe %Wemfﬁyf IF"Mi%?:d (200 m.) and

allowed to stir for 1 hour. The sol vent vvas then renoved i n vacuo and the

oi |y residue WarCHJODDSE -BudS/I0us] y RUNH) diethyl ehI@CHEB0-FLbuaid after a
few m nutes) the product solidified. The precipitate was filtered, washed
with diethyl ether, and dried in vscuo to give 11.3 g t90% of Wmte

powder. IR iH NNR FDI‘NS t%ﬁtﬁ?zbféﬁéagétffépfé 9&1?&«79& to react with
Boc- D- Phe- F{:\ substantial l y equi va?ent to that

t
descri bed %rzlarcg ai“”zf’% ?‘7%%’ dteato @ RIRE 2 NTICHE @SFMCN wer e
pr epar ed freactbue BsdXweerit 0- sﬂd:rﬁmk far{ alidesHel hylﬁtbqrgzgjyéféﬂﬁ'a:&hdtn adhis

ggseD &hgdgéf% %,ﬁg?% %‘t{}&ed re.cr;_;g%m )c;r%neef rom di ettg}él ett her .

Boc- :}u tPlhg @mbewmcamw twgrhedz%ﬁ?zcaumﬁmmw dwiﬁrafig{éntghz gggh
ﬁL)SOand tﬁﬁh@%nﬁl‘?g#r%ﬂé% rﬁ“}ﬁﬂ&g&'fhéq’%gcoﬁ) m?ri\?é’?s/sel was then
seal ed andeqmlmt % ttaricethy Jamime e ny@ridteurhef areaZtdmts. akfee usulalliyon
was then debhtedd ddbVed e (&00 @bb)an@h‘?exgeig:ttﬁgnt \ﬁ‘s %F#aé.g P%@B’e%a ate

(200 mL). The conbi ned organic phase was washe W'CcE™W

aqueous s OtR lﬂﬁ’é’hl‘iﬂl’if&m dremreragysm aftven mivich 4he ceactiomatied i n vacuo
The resi dugsw@bl i s Meck | Houdd™h) , fol]%‘n

added, and,the s Iu n ﬂtqg'ttﬂe?xteo refsl'lﬂéxA(lgE% t%%Tg’e so% %Es wer e
removed i MY W@) m%ﬁ?e afetafiefed ﬁWWhéﬁ@anm%F e4Il$liﬂ40Ac
(712 ny, ScRlomsdgetidtesiddath HNGnipgloyed FHdroRnias thankeddmaeish! ex (12

hours) . sol vent was a al n_remve uo, the reS| due was di ssol ved
in 1 Nci %‘f}éeﬁc? S Cat S q‘&f@é’ g%e R WISged-bHtYd with

et hyl acgtmtee:( 200 pﬂéfeﬂﬁe@ Hb;wxfs;ed.ﬁmdaha S.Qh:le(i' ?a@d'eﬁﬁhll %&ﬁ@%ﬁe)

sat urate | Xt r twice with et
acetate (Z%E%L%Afﬁe CO "@'t ahé‘cg@ﬂgt E@#&%@?%P@eﬁﬂ%&c&%%@
filtered and concentl’sasecbmdw lget&md oy grepdrinfg ttliede didterhedNde d=D- VB)
me 494 (MY summarized by the following scheme:

R°-CHO + H,NCH;COOEt—> R°-CH=NCH2COOEt—'>R°-CH2-NHCH2COOEt

where RC-CH;- is an RY9-group having an unsubstituted methylene
group adjacent to the point of attachment to the glycine
moiety.

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



D) Preparation of D-Phe-Pro-p-NHCH2ZC6HAC( NH) NH2HC1. By a net hod
substantially equivalent to that described in Exanple 1-H) 7.7 ¢ (57@@ of
D- Phe- Pr op- NHCH2C6HAC( NH) NH2ZHC1 wer e prepared. The product was ocr
2003 67 purified by RPHPLC (nethod 3, 98/2 (A/B), ranp to 7(3’{3@(;@@9 300
m nutes). 1H NVR FD-MS5, nmfe 394 (M+) Analysis for

C22H27N502HCL1. 4TFAQ. 5H20: talc: C 49.76; H 5.12; N, 11.70; Found: C
49.75; H, 5.19; N, 11.5B. ZNON ..," N~ I NH2 " i.75 HCO ~ 1 U (f ONH
D- Phe- Pr o- m NHCH2 C6 H4C( NH) NH20. 75HCl A) %ﬂeparatlon of

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

that descri thEX%TpEﬁelamﬁnoEthrg (Qﬁ%)rgﬁctlon of the aldehyde
m (am nomet hyl ) benzonitril eTEA were prepared

m(bromrremﬂ PRYRABS8 ESEEE. fPRmed mtssmeépetfs§ctxmf)f BRss: ¥5ch i on |
of Boc- D- PhamPioreft NdCHeGaHeENinByizumapbad tyeltmenti likh agutieddlcdmy to

thatdescr a0 | DT Sl L2 0 (LB ol foc O Bl b AR
m (am nonetsulififc base beicuesFAn Lsunlily dess, thaa anotoatr ;wreduaotiifoned sby
hnal yai o 1 GERSRAIN FORPLERE agegsigsas, houtH I el ¥ Bl |
11.76; 6. 8ZstrsllarecpatriPndpxiyt usefull BsctbeBleecgPoups: HEGHDES HEOOMEEANH?.
o Sl bRl AUBRERY, WSS S MRt B ks -1
dioxane. Employzng an appropriate ketone 1nstead of aldehyde
RO-CHO results in the preparation of intermediates wherein
the methylene group attached to the glycine amine is
substituted.

Alternatively, and especially for those compounds
wherein RY is Ar (i.e., without an intervening alkyl group),
it is preferred to prepare the intermediate P-X'-CONHAr by
standard techniqueé (e.g., reacting an activated form of P-
X'-COOH with ArNH2) and then reacting this intermediate with
an alkyl haloacetate as described above to give P-X'-CONHAr-
CH2-CO0O-alk which can then be further transformed in the
usual way.

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




FD-M5, mle 494 (Mt) D) Preparation of D Phe-Pro-m NHCH2C6HAC( NH) NH20. 75HCL.
By a nmethod substantially equivalent to that described in Exanple 1-G 0.65
g (63% of D-Phe-Prom NHCH2C6HAC( NH) NH20. 75 HC1 were prepared. The product

was purified by RPHPLC (nethod 2, 98/2 (A/B), ranp to 75/25 (364% k@%
m nutes). FD-MS) mle 394 (Mt) Anal ysis for C22HZ~N5020. 75HC11. 2 1:0 20:

Calc. C, 51.72; H 5.33; H 12.36; Cl, 4.69; Found: C 51.79; H 4.93; N,
11.96; C1, 4.B2. 3 ~ACT 2~3 69 ~NHNHON. N~1 "N "' Ha (~'"'"'"~f O
D- her o- Pr 0- p- NHCH2C6H4C( NH) NH2HC1 5

(D- honoprol ylI - N-[[4- (am noi'm nonet hyl ) phenyl ] methyl]-L prolinam de

hydrochl oride) A) Prearahiiohedfap gﬁét@ahea%?*thgsae&ﬁ;@ﬁe o4} 9h1§8ﬁh,
nmol ) was di ssolved in tetrahydrofuran (100 and_wat er

of the sol f¥€oALRYE &HFB§F@H“‘PB’~9"§ V\H’hb? REX h?@r%‘i?o%t% ’Pﬂanzyl

chl or of or rmiaeeﬁaisrrhotaa &bbVR| ) o¥asn afeeEl EdHPY S&n aisd e PH Mai nt ai ned
rLoxi de. The r ilon was stjrred for anp

at 9.5 with 0 d eac .

addi ti onal afcﬁﬁ‘ﬁilﬁ#‘eE]OBﬁ] BEipeF atti 2 epeﬁT'n’e‘S%rb%FEE“%%}%%?ﬁ Vﬁ%t%’rl%’p‘éﬁ Ry
in vzcuo dmhybspéble&vélﬁﬁnatioﬁﬂﬂ gﬁ?\@ (5ﬂ]3nit.l%]e\l\ﬁt|:ﬁfiﬂ%h§@sﬂ‘@e ed
resi due uegu separ a t he e, sol uti on was adj uste

oo aCmi ¢ Mestl'BR T aERY EheR€RE! TtS hrebRor Hit A Sls T Rip e dia g The
organic | ayleggmd.sepaoaﬁedgwd the edrdéd;;&‘ﬁﬂdf type 6f lm}imlHuﬁs involved .
concent r at t i . 0 Oi e
Son (e 1A alBEHRe End AEed End ()0 pofeciing dxoddh T 1ae
mmol ) was & §s§ﬁ€l§§npﬂ épnyﬂcamhlﬂi{MCtM)SMQMSolAsmmll:(m'llsm bhe 0
C. Added tg | d 3
C 0SS Lot 8 Wty Epd LGN SO, Sponfsdiesrol) 0

was sti rreHrPGPctlﬁSugraPpé €0 ok gng_ apthey seove t"é‘rﬁ)@msﬁe ahe

preci pi t at progectihgctRe eoflcténdi | ¥ SOFGENt &5%5 %t

The oi l vvagrdl scol vbd i n gﬁ ; mgg\él%oéﬁﬁ Pr o- C%—Il% ¢ht/ m':r‘b g]ellsr?f{dd
triethyl anFAB ¢ r B8R oY H G r 2P iatig o whs\/mdsim ed at
roomlterrg_ﬁappnbpriaﬁehondei- t&'helImeduOrb&S& 2 rﬁ_ﬁ/\%da[ h ngaxt mC_’)
an oi i SSO | ter ieth et er

Was added %ﬁ%g pllpagfﬂg?ad Gz{"fé)%%cﬁ‘z}?ﬁ %Ié" enri fieous

| ayer extr ast eGNt Wchesmnibrdletgcydmﬁtd:m bé'hﬂrmd atfio QP andildithe t he
H adj ust t d d eth 150 n)
o 05 e Sudlielt 15, 2ol BEKOVAEO) P T Rl

was added. gFhe organi c hger was~ se e fi Itrate
evapor at edelaboratiedt to abhenguahidines|of fHis éh.rlyerﬁﬂ%n FD- M5 361 (M#):

Analysis for ClO9H24N3Ha’ compounds of the invention are isolated best in
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
addition salts may be prepared and used in the isolation and
purification of the peptides. For example, the salts formed
with the sulfonic acids such as methanesulfonic acid,
n-butanesulfonic acid, p-toluenesulfonic acid and

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

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

(P)X-Y-NH- (CH2) y-G(P) _ II

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



Calc:. C, 63.32; H 6.71; N, 7.77; Found: C) 63.42; H 6.84; N, 7.96. C
Preparati on of Cbz-D- hero-Pro-p- NHCH2ZC6HACN By a net hod substantial ly

equi valent to that described in Exanple 1-G 2.2 g (84% of

Cbz- D- her o- Pr o- p- NHCH2C6H4ACN wer e prepared from Cbz- D her o- P§9-03T 200

p- NH2ZCH2C6HACNTFA. i H NVR FD-MS, mle 474 (M+) Analysis for C27H3pN404 Cal c:
C, 6B.34; H 6.37; N 11.81; Found: C, 68.36; H, . 6.47; N, 11.57. $1 0 CT
2003 71 D) Preparation of D hero-Pro-p- NHCH2C6H4C(NH)NH2HCl By a net hod
substantial |y equivalent to that describé® i n Exanpl e 15-C,

Cbz- her o- Pro- p- NHCH2C6HAC( NH) NH2 (28 mmol , theoretical) was prepared. Thi s

“her o- Pr. : . .
crude materimt1uies sl v dey W 1o ARHbAS Y dHecdti g vas

bubbl ed - through the solution for ut es

addi ti onal BOhJurSOMRRNNG e formis & dndveahieh & dpcdnfiane arhrey was
_(Ij_|hssol ved Iﬂeiﬁﬁ M?@) i étﬁégit%dat\ﬁ.‘délaid@!ilh'@ Heh ﬁ&a@l Hear JcQQe( gﬁ

e aqueous as.e e ad] u e W I On exchange resin 0]
Rad AGL- X8,™ ‘? b’éﬁva?’ﬁirqﬁﬁr{ slfz?&rﬁqu Q PTQLEETANY FHQMRMHiRe Wl i d.
The product was then bbdlssotvedcompm@m&rof2§oﬁﬁdlﬂnﬁ PHrwhieH Ryis

preparative MPHPLC (nmethod 3, 98/2 (A/B)) ranp to 70/30 (A/B), 300 m nutes)
to give 5 ¢ "419@ of her o- Pro- p- NHCH2C6HAC( NH) NH20. 9HC10. 9HBr 0. 5H20. 1H NVR

.36 1175 5o, N T B G e g RIS tagRe it s 5

14.62; Cl, 7.14; Br, 1.4.90. -NHNH Q N . | NH2 , 2 HCl “fir 0
1- Pi g- Pro- p; NHCH2 C6 HAC( NH) NH2 2 HCL

(N-[ [ 4- ( am SRFFH Yo e 4R MHRENR et Y1 T F-1 [reh Sterepdaazhy then (R) - i soqui n
gl i nyl]tcar bmwf ]oiﬁueoldda@am dsfhmA thlzl de) requu%dO @Blr%ﬁ% EgaeA)l
reparatio ro sol uti on I sQqui nol 1 necar boxylic
amg (50 g%a&%% o) PEW(}EPaq ?; a&ﬁ&l’ée%&e arid. q HCl was reducgd
over 5% Rh/ A1203 (14 If redy 35 t;mei(éﬁéd)sud andudl @Ritdds )hi gh pressure
appar at us %ﬁnEQEQn.%hsa Q&Q%§pf§ggﬁge?§tlogﬁg;xéghﬁgggigiégt%yed hrough a

pad of di af OMBCEOUS Sar and ate The
solid was thiimumwhich wnt scid protecitiagedrang dsi edet Q-butgl ester

Toa" (v SBeezd BRlRCOoRAE LG BEblels e e bl Yk arBiomitly i of ur an
(150 nl) aﬂ@5WQF@WeF$5@9wEFOUPHG) mayf behresoveti by tzeasmenst edthoad. 8

i opw se. 200 L he. rr el S ned St g uorphrehil aptd of BrbyBBGR"l ]
stirred fo% i CRRZRGe ABuAR AherSoRPL¥RPSs: asurh. a$hdloxganlorsolvent

was evaporatle@hlbg-omhﬁneandndtﬁEhFSlreQEheE bE58nTkbiand ﬁe&es (50 ni) were
added to the resi }he a Hn E¥ r.was separated, H of the
t 5

sol uti on WESTEERT 1H§1anaﬁ81§tH?PtaééﬁasegFQBB AB) was

added. Thethegbnmyﬂayzsltewaanaeb&r ahedmind gibedctb§Odroapdithe filtrate
Was dlssolved in

ot byl ot BER e 103vERFLERT, DEhE BrbrBRt 1R AEGUPASL A be FeBRVed

tenperaturby(Zydhoqpaplyshs,pcenwpnuane;yaea?rhédredtamﬂ éthadollocyi ve

2 - DRy ERl CRIAYIRG' bORELBEY1ha: BRI €n ERERDK LabRlySY) (32 0

The preferred method for purifying the compounds of

Formula I, while at the same time preparing a desired stable
salt form, is that described in U.S. Patent 5,250, 660.
According to the method, stable sulfates or hydrochlorides
are provided by preparative purification over Cig reversed-

phase chromatography in which the agueous component comprises
sulfuric acid or hydrochloric acid at pH 2.5 and acetonitrile
is the organic component. The pH of the acidic eluant is
adjusted to between about pH 4 and about 6 with an anion
exchange resin in the hydroxyl form, e.g. Bio-Rad AG-1X8.
After adjustment of the pH, the solution of tripeptide |
sulfate or hydrochloride salt is lyophilized to provide the



Cbz-DL-1-Pig-OH (31.8 g, 100 mml) was dissolved in DVF (100 nL) and cool ed
to 0 C. To the reaction was added proline t-butyl ester (17.1 g, 100 nmol),
1- hydr oxybenzotriazole (13.5 g) 100 ~nol), and DCC (20.6 g, 100 nmol). The
reaction was stirred for 3 hours at 0 C and 24 hours at room.tenperature.
The reaction precipitate was filtered ar_d the filtrate conceBtlr B¢ E 2003
vacuo to an oil. The oil was dissolved in EtOAc (200 nL) and water (100
m.). The organic | ayer was separated, and washed sequentially with Ji 0
CT 2003 73 1~ NaHCO03, water, 1.5~ citric acsg, and water. The organic |ayer
was dried (MyS04), and the.filtrate evaporated to an oil which was dried to
gi ve 2-Cbz-DL-perhydro-1-isoquinolinecarbonyl-L-prolyl t-butyl ester

(Cbz- DL- 1- Pi qPRXS- 82LtRan @ry. poydey oboymrABINVAY 7exampie of the process, .

Cbz- DL- 1- Pi - Rrade- b-BueéézoCJpgnnéﬁgcgnqd 2p|s%qeﬂté kad Heukd skehien
fl ask containi;ng. t etic,actd ( anisole (5

fl
m) and stirréB a'PgPﬁo#g{iggﬁﬁrﬁ?H‘E"?’i hﬁu}?‘&?ﬂemt‘e‘é)f@?%nc%\&sg%mt 3 fred

ya vacuo W t h@uS0henmt cofjumand Hi gtafiest hef 2106% nb) mnﬂ v es KJEW, B =
wer e added. The was adjusted_to 9. %t?h ~ NaOH. The

t
aqueous | ayer i °§é§5?gﬁéd°"€ﬁ'ef§m8‘ﬁrfh S SoPeti orP“d\%&l agticns axe
with 59 HCl, andlethed andt ahesezeenmunmg ﬁﬂd&@ct Tae Qégthined)sy Was
ted d : i trated t

o ve o o ear SARIFTAENESRE HBOC, LG SORILA T HER SO GEIAS o0t and
(L)-(-)-a-net ﬁyagengysansmdmddeeldtmtm tomu-tlbns Wmmmxmrrmaiﬂ owed
hnd vashed i [RO5PETRE] E0bC (B04: Rag ™I P30d Ko EPUL milh |0 nicHiSh, oF >
acid, and wat 8#80%he oTlgenselwayem imsfifl texed wsmzn;he anfmﬂ.t:l'wtélisrate

evaporated t0198pRilizd8etQi brd@sad éigéyﬁ‘dehrs) Stayln %1?# (tﬁgmfoé)mwas

allowed to stagd at_room tenperature The T esu
filtered, washB8 fPth2beeSALt - ether, and dried to give

2- Cbz- D- per hydr o- 1- |soquheobpaeeawgnx&tkver9&&1&:&% &%P ﬂaEEQré%'&eéé 86

369 FAB- 4 t

RI? Boc/()p (ami n%ﬁe#ﬁ?l %%ﬁ%‘(h%]rﬁ'% a]ﬁP ac%‘ﬁi\"}?’@d QPs'ife J(rﬁe plg{iéI{I?ﬁ%no
hydri de (3d6d§uCh15pﬂmltﬁ0&&ﬁwa§du&frs rmay IBe igt :‘é-fﬂYﬁfd?K ltflﬁ{]lx( 150
m.) was adde zonitrile . To_ thi

i iturz was ad%e%g%ewgeép %bg‘p?'a%%tr{‘f%@ "’Lﬁﬁfe?‘)g’sa %I‘ihq é%F%eéﬂﬁrecssbutyl
|h m no;th ;:ﬁr box§escrikbed. gbomt&B omTby rescrlm—b“ the &f&dﬁ(x)nfd Inhrxﬁci{ﬁ'é‘é)[] h@:;s

ours e m er an she WI ce
Wih et or ( oEerSTytign coal e i BN onf Qi ety Kb it G A

concentr at ed ¥e2gene fl@lho\ge@fbxrqhtmmﬂogtaﬁme oredy triepeatedd d (28 3 g, 85

Sodi U nydr ot e L34 e S e S it o T e iy Yhepigera
stirring overMEgHR 4&%’6@%5 WS tant isshor mptdaed Ivo m&wummaldf \thleune

and wat er wascama@ F O Eﬁ@&wl friterity o &:hech%ré%dab%@g%%

precipitate fllte ed ied jn vacuqg to give of a white
solid. IR 1H q\ﬁl)n%ﬁﬁ%%lﬂsﬂfqas @psHb@\lpbz:a@led ig,

67 22, H 6 914‘:@95.2 élﬁ a.].:DU rarnt i 11;,11; Aana ‘\,_x_. A ons .,
Preparation ( NH coH4 NHCbz By a met hod sustantl ally

equi val ent toj?)%ét"‘?#%%?ﬁ%??ﬁ n l e 15-C)

N- Boc- p- (ami nonet hyl )be’l‘lhencbmpbm@§2eﬂp];pyéd}&srtnh)ti/ﬂ§ Slanoimyg ed to

Boc NHCH2 di | ved
i ot hy! 1 or el S it 57 e SRuet e T ons Sipiiiiine ofrhss Sayemeaep
was added. Toaltqruvselshknmwg ansl utticortheaesxtued rmtommrlaﬂﬂz.)lb available,
chi or f OF 0 € #5 g a P80 STl s A byp Wdldllel YrolBAIQULS ot et (100 10)

was added and t nts were rmve BeYwas
partitioned HRREREd R thoss Qﬁ_)OrairidlaéNnyﬂklddeu@t ¢he5@tnl). The phases

were separated and the @ﬁgaﬂbﬂ&pm&once %%\;ﬁ% g;zeoefzit%%?%_wituh g{aturat ed

agueous amméipum chl or| de (250 ml) ce
with saturat he, MFANICT Bashite Provide) exmlesgémrc cphpacisan

then dried (M}ﬁ’@re fﬂdﬁ &I beA bridReRH 22t admaRdtlikfs E.ﬁer %CT 2003 75
product was recrystall |@ed fromdj ethé?%et her to ive f % of white

solid. 1H NVR FD- M5, nf tP8gPRREY2 3y is speczflcatlon have
p- H2NCH2 C6 H4 G{HdH) A Idandiigl meanings .

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



To a solution of p-(BocNHCH2) C6HAC(NH) NHCbz (11 g, 28.7 mmmol) in

di chl or onet hane (125 m) at 0 C© was added anisole (10 nm.) foll owed by
trifluoroacetic acid (125 nlL). After stirring for 2 hours, the solvents
were renoved in vacuo and the residue was dissolved in 1 N hy’it €T 203 C
acid (50 nL) and washed twice with diethyl ether (50 nL). The pH was
adjusted to 3 with ion exchange resin (Bio Rad AGL-X8, in basic form and
the solution was |yophilized to give 9.2 %(90% of white powder. 1H NWR
FD-MS, mle 2B4 (M+) ) Preparation of Cbz-71-Pig- Pro-p- NHCH2C6HAC( NH) NHCbz.
Hy a nethod substantially equivalent to that descri bed in Exanmple 1-G 4.4

g (79% of f:bezgtmqn@r&mmmmgﬂ W&y YEIecpl epphéed=f rom

Cbz 1-Pi H HC his case,_the reaction
was perfgr %geﬁhﬁ?%‘eﬁyl or mam d&‘%ﬂ%@g 1|fy$’p?o’bl e di én

p- H2NCH2 Co Hae FaxdxpiodmiinaHine sl REaN®nyd £ HaMig M) Anal ysis for
C3gH45N506: 1(2]3:,4.Qe@‘_8& scfhxﬁ? ]tl\Qné.(b 3@&:‘1!»: n..p &a6=8 71; H) 6.93; N,

10. 38 20 ), ghar
hi g Pro- g ﬁ%&%ﬁ@’&pﬁ% 2 o %'memmlohexylbutml NMI =

Coz- 1 Pi q- Rr-amexh RSN Ntz o o 00 ni),

was added 1 Nrgyoéirochl oric (]éga ZL:J'?s'gbl% ﬂ%Rd (]1 HF. To

this stirrify Sotf |’(ﬁ?%€i‘§" q"d?%‘l(l: @'Pm(# h:;&irh)@am-gas vvas

bubbl ed thrm;g:u:tﬁmlm-tﬁ-lmﬁmyla PRIt ad metfhidiAl sMetT@Jm)(t was then
ad o

flushed wt nd then filtered through a p i at orfaceous
earth. The %ﬂ%ﬁ‘*ﬁﬁéﬁ ‘hen concentrated in vacuo. redissolved in water
(25 nmL) and purlfledkngPI-&ﬂxfat(iﬁhod 2, 98/2 (A/B), ramp to 60/40 (A B),
300 m nutes), to gi va‘.);c ? of 1-Pi g- Pro- p- NHCH2C6HAC( NH) NH22HC1. 1H
NVR FD-MS, nle 412 ( yS| B RO 2 10HCLD. BHR0: Cal ¢ C. 52, 53:
H 7.65, N, 13.32; CBn 1‘2 m;z}ﬂound C, 52.63; H 7.36; N 13.47; C1,

12.95. -NH NH ON N ‘o, cl{_"'flro
D- 3- Pi g- Pro- p- NHCHZCGH4C(N @ [}aratlon of Cbz-D- 3-Pi g- Pro- CH.
D- Phenyl al ani ne (50 FCRBE GHmMolohexylemxtbediidintidea 37% sol ution of.

f or mal dehyde (120 nmi)pMnd GEReR %ﬁgﬁ 380 nL) at refl ux. After 30
m nut es an additional_ 50 m_ of rmal de gee(vvas added and reaction

continued for 3 hour &t = €tbyl O CT 2D00 77
DMSO = dimethylsulfoxide

EtOAc = ethyl acetate

Et20 = diethyl ether

EtOH = ethanol

Fmoc = 9-fluorenylmethoxycarbonyl

FAB-MS = fast atom bombardment mass spectrum

FD-MS = field desorption mass spectrum

IS-MS = ion spray mass spectrum

HRMS = high resolution mass spectrum

HOBT = l-hydroxybenzotriazole hydrate

IR = infrared spectrum

RPHPLC = Reversed Phase High Performace Liquid

Chromatography

Ph = phenyl

TFA = trifluorocacetic acid

THF = tetrahydrofuran

TLC = thin layer chromatography

The following parameters for RPHPLC were employed:
Solvent A: 0.05% agueous hydrochloric acid (1.5 mL
concentrated hydrochloric acid in 3 L water); Solvent é:
acetonitrile; Gradient: as defined in each Example; Method 1:



The reaction cooled to -10 .C and the precipitate was filtered. The solid
was dried ~ vacuo to give D1, 2, 3,4= tetrahydro-3-isoqui nolinecarboxylic
acid (24.2 g, 45% FD-M5 17 8 ( MFi+ ) . A solution of ,

D-1, 2, 3, 4-tetrahydr o- 3-i soqui nol i necarboxylic acid (17 g, 96 %p‘ﬁi%at er
(200 nL) and 20 nL of 5~ HC1l was hydrogenated over 5% Rh/ A1203 (8.5 g) at
138 bar (2000 psi) in a high pressure apparatus at 120 C for 16 hours. The
reaction mxture was filtered through a ngad of di at omaceous earth and the
filtrate was freeze-dried to give D perhydro-3-isoquinolinecarboxylic acid
(D-3-Pig-OH) (21 g, 100%9 FD-MS 184 (M+). D-3-Pig-OH (21.0 g, 95.8 mmol)
was di ssol Ceduinn:t ¥ydabyCrof-urars (Gb x1ids amt Wllow ria®@ :Ms) muVRE nidedl the

sol ution hust e 0. i 5~ NaOH, _ and benzyl chloroformate (16.4
m., 115 m@?fﬂ%sﬁédg‘é ‘Q’t'i"r}bp‘9 %%‘E le;bn]cP tﬁé S ﬁaigﬁt fMied 1oV sakei 40 2~ NaOH.
The reacti Bh/MéBute; r¥ethsdr3 arCelitinti dialad tyeur 2t 5r emmxt SOPeREt Tew The
organi c so t f@%gE ed ~ vacuo, and diethyl ether (100 nL) and
wat er (50 %{gegmﬁ%g%ye %é’the resi due. The aqueous | ayer was separ at ed,
the pH of the sol uti BRleas ethetvisetst&8tedniph &3jusiFiente cand hworiacgs at e
(250 M) vaseadden adliods WS dAMHsAH1RRYA ed and dried (MySO4). The
filtrate was concentrated yg vacuo to give clear oil of :
2- CbzD- per hydr o- 3- i s6RuFR8| eremRl e9x Where ctB-NNB zi O shdimy, Gle (foduap
B0 I NeaBiordddiny 0 astdich Qid \chat ol ¥ ), WSS sghed [0 DV
ed pr -bu

(50 m) and cppled to 0 G To the reaction was ad ine ester
(9.2 g, 54°%€+’5'? the, I RGGARES, SOMPeHR WeB DhtainedmdR) wiszhdubCEhell. 1 g,

54 ol ). diea rehnl 1 yandilddudl d Fard STAEterd! AeCa300 ShPANS Fasl OO
terrperaturgbtglee%eagi%@ﬁprem ifate was ,flltere& anat e Tiltrate
concentrated ~ Vacuo At (usefh &0 qonfdsmyitheorxagti magsoaé (200 nl) and
W@E er ( 100=mqurﬁf fmgavhg‘ccﬂ _ay@am_mwdba@meaﬂq%\ﬁaﬁaws&gqu{aet hat! v

Wi g : ~.cifric Ld, and wat er.. e qQrgani c_layer was
dried (MyS04), naérllé% t I)et%ﬁ lprr%tdge'lcetvgggt;g?e EISSré&?egi PrefeEHTe: the ocT 2003
78 was dr i tkFReRtdl €ompgsithonpefhileo obsiesved tohi necar hompuk)y Lpsol i ne
t-butyl esimiidddes.D-3-Pig-Pro-OBu) (23.8 g, 94~% FAB-MS 471 (MH).
Cbz-D-3-Pig-Pro-Ot-Bu (31.2.g, 66.3 mmol) was placed in s round bottom
flask containing trifluoroacetic acid t100 nL), anisole (5 nL)) and stirred
at roomtenperature (1 hour). The reaction Was concentrated ~ vacuo w t hout
heating, and diethyl ether (150 nL), and water (100 nL.) were added. The pH
of the solution was adjusted to 9.8 with 5~ ~NaOH. The aqueous | ayer was
separated, the pH of the solution was adjusted to 2.8 with 3~ HCl) and
ethyl acetate (200 nL) was added. The organic |ayer was separated, dried
(MgS04), and filtered. The filtrate was concentrated ~ vacuo to give a
clear oil. The oil was dissolved in diethyl ether (300 nL) and the sol ution
was allowed to stand at roomtenperature (24 hours). The resulting solid
was filtered, washed with diethyl ether, and dried to give

2- Cbz- per hydr 03-i soqui nol i necar bonyl -L-proline (Cbz-D-3-Pig-Pro-OH) (13.5

g, 49% FAB-Ms 415 (MH). Analysis for C23H3pN205 Calc: C, 66.65; H 7.29;
N) 6.76; Found: C, 66.90, H 7.33, N) 6.8/. B) Preparation of

Cbz- D 3- Pi g- Pr o- p- NHCH2C6HAC( NH) NHCbz. By a met hod substantial ly equi val ent
to that described in Exanple 18-E) 1.6 g (49% of

Cbz- D 3- Pi g- Pr o- p- NHCH2C6HAC( NH) NHCbz were prepared from Cbz- D 3-Pi g- Pro- CH
and p- H2ZNCH2C6HAC( NH) NHCbz2HCL. FD-MS, me 680 (Mt) C) Preparation of

D 3- Pi g- Pro- p- NHCH2C6HAC( NH) NH23HC1. By a net hod substantial |y equival ent
to that described in Exanple 17-C, 150 ng of

D 3- Pi g- Pro- pNHCH2C6HAC( NH) NH2- 3HC1 wer e prepared. The product was 8 ~ a
CT 2003 79 purified by RPHPLC (nethod 2, 9B/2 (A/B), ranp to 60/40 (A/ B))
240 mnutes). 1H NWVR FD-MS5, nmfe 412 (M) Analysis for C23H33N5023HC10. 5H20:
Calc: C 52.13; H, 7.04; N, 13.22; Found: C, 52.35; H 7.23; N, 12.95. ~NH
NH O




NH(~N2 3HA ,.... U..."if N, (o]

D- her o- Ohi - p- NHCI—|206H4C( NH) NH23HCL

((S-ci s) N-[ [ 4- (am noi m nonet hyl ) phenyl ] net hyl | - oct ahydr o1- D- honopr ol yl -

i ndol e- 2- car boxani de trihydrochloride) A) Preparation of Cb23l} bg-rcmﬁn -
HCl gas was bubbl ed through a stirring suspension of
(.S)-indoline-2-carboxylic acid (20 g, 110 nmol) in ethanol (500 nL). Wien
the acid was conpl etely dissolved, the sowtl on was brought to refl ux.
After 16 hours, the solution was cool ed ahd t he solvent renoved in vacuo.
The residue was triturated-with diethyl ether and the resulting off-white
solid was collected by filtration, wixbmgleilh hexanes and dried overni ght
in a vacuumoven at 30 Cto give (S)indoline-2-carboxylic acid ethyl
esterHCL (25.7 g, 78% Et%@e _E id was dissolved in ethanol (800-nmL), 5%
Pd/ C (25 g) was added, 2 resul ti ng suspensi on was hydrogenated on a
Parr shaker for 8 hours (4 QO 60 psi). The soI ution was filtered and
the solvent was renoved ip vsclo. The 3 i 4943 80 resi due was

di ssolved triturated £ dieN1yI etl'rbr and 188 (73%, jan off white

solid (cis-Oni-CEtHCL) ol thod
d scrlbed |n E%rrpl% 2- A 13.5 g (93% of
D

substantially equi val

Cbz-D-hero-cis-Ohi -CEt Veére prepar@d from Cbz- ero-OH and ci s- Chl - OEt HC1.
1H NMR FD-M5, mie 442 (M+) Analysis for C25H34N205 Calc: C, 67.85; H,

Found: C 67.59; H 7.74; N, 6 33; 7.72; N, b.48. Hy a nethod substantially
equival eht to that described FtS@azRPRe-BIo-AamHGL (1029 of
Cbz-D-hero-cis-Chi-OH were prepared. 1H NVR FD-M5, nie 414 (M+) Anal ysis
for CZBHBpI\KgS 66. 65; H, Found: C, 66.46; H, 7.29; N 6.76; 7.30;
N) 6.86. B) e‘%?%&#%l% %zﬂvwﬂimrvmzcamq NH) NHCbz. By a

nmet hod substantially equivalent to that described in Exanple 18-E, 3.3 ¢

(67% of Cbz-D hgro- Om- - NHCH2C6HAC( NH) NHCbz wer e prepared from
Cbz- D- her o- Ohi - OFP ahd® P 2‘2§6 %ﬂﬁ’il—!@ﬁ 11+9:N|\#36:m®,)m2r®-81

(Ml;H% c% Plr@ﬁ;arlatdmltﬂfoﬁdee:?i'In - 9¥eH : Ex I 18|J_g ?‘70’3‘"“, 2)0 f
st i o i S0 16 D ot i B ©
1n dichloromethane (600 mL) was added 1- (3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (71
g, 370 mmol). After stirring for 18 hours, the mixture was
diluted with diethyl ether (1 L) and washed sequentially
three times with 1 N citric acid (250 mL), once with water
(250 mL), three times with saturated agqueous sodium

ry

bicarbonate (250 mL) and once with saturated acqueous sodium
chloride (250 mL). The organic phase was dried (Na2S04),

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

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

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

To a stirring solution of Boc-D-Phe-Pro-0OBn (68 g, 150
mmol) in dichloromethane (50 mL) at 0 °C, was added anisole
(20 mL) followed by 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



C6HAC( NH) NH23HC1 were prepared. The product was purified by RPHPLC (et hod
2. 98/2 (A/B), ranp to 60/40 (A/B),.3000 mnutes). 1H NVR FD-M5, me 412

A M) Analysis for C23H33N5023HC10. 5H20: Calc: C, 52.13; H 7.04; N, 13.22;
Found: C) 51.98; H) 7.04; N 13.35. -NHNH ON N\ | ~ NH2 23 H@L1O200

D her o- N( PhCH2CH2) d y- p- NHCH2 C6 HAC( NH) NH22HC1

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

(am noi m nonet hyl ) phenyl ] net hyl ] gl yci nanmj.de di hydrochl oride) A) Preparation
of Cbz-D- hero- N(PhCH2CH2) d y-OH. To a sélution of phenet hyl am ne (58 ni,
461 mmol ) and triethylamne (21 nm, 154 mmol) in ethanol (200 m.) at 0 C

was added 159!y i&fd Ofefriyéydtdd oMmAGHhAs (30rHe wiBk ecigi titeanol
(50 nmL) over 1_hour. The c %3&%\/@5 l.eft unatte do(e5€ and the sol ufion was

al | owed t o%@r it teeTedmY /L 85885 i A FRES ol vent s
were renoved vieldcs®. singl (888 ) et delel e paowdol ved in IN citric acid. The
aqueous solution was washed twice with diethyl ether, basified with solid
sodi um bi carbonate, and then extracted three tines with ethyl acetate (200
nL). The IH-NMRocr 2~s 82 conbined ethyl acetate extracts were dried
(MyS04), filtered and allowed to stand for 24 hours. The resulting
precipitate was filtered, washed with diethyl ether, and dried to give 10.5

g of whiteCkol Preraration ek B4SReoD-Bhe-@nec®dBmated to a vol ume of about
100 nL and then diluted with diethyl ether (400 nL). After standing for

30" mnutes, the solution was filtered to yield an additional 23.5 g of
white solid forT@ 2oFbiFeing cstupionrl ﬁlm-momh@m%z;g/ﬁ 0-t - Bu.

1H NVR FD- 3, 7 i 23 SaridMr e 1y il @uigl,anig .3 moqquiigl ent to that
described {n E?a le 1-A 10, 8(5%‘(56% of Cbz-D hero- N(PhCH2CH2) A y- Ot - Bu
were pr epa‘%’e‘a‘ FTREHANE her P Ak ot N(Hh SR was) edied. ethangsulifionyd.- Vo)

7 e N B e e Hoedon S ent Lo
. 55; . 83; : . 77. met hod subst ant | equi val ent to
t hat descrl\#‘b’gbeafh BT gGision ‘f?ﬁls?a]hé“cfe ith Q);‘%C 2nd 'after

Cbz- DL- 1- Bupfrindt4 Bours 2 wat(ek00Z0 oiL ) CasDaldded. N ineHaedandcy - OH were
B7obn i Al P LSt (e MR o Bar IO ae B St on
of Chz- D h&¥@P MIPhCHEE vWE th @ Mathiz@edCEIdiMMCehl oride solution
(100 mL) and then the solvent was removed in vacuo. The
. product was purified by flash chromatography over silic&
gel, eluting with ethyl acetate/hexanes (6:4). The product
containing fractions (judged by TLC) were combined and

concentrated to give 6.62 g (58%) of a yellow o0il which
- solidified.

. 1H NMR

FD-MS, m/e 445 (M*)

Analysis for C23H28N205S: _
Calc: C, 62.14; H, 6.35; N,6.30;
Found: C, 61.87; H, 6.37; N 6.18.

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

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



~3 9 OCT 2003 83 . By a nethod substantially equivalent to that described
in Exanple 18-E, 3.2 g (55% of

Cbz- D hero- N PhCHZCHZ)G yp- NHCH2C6HAC( NH) NHCbz wer e prepared from ‘
Cbz- D- hPr oN( PhCH2CH2) G y- OH and p- H2NCH2C6HAC( NH) NHCbz2HC1.  8H BIBR 2@ VS,

me 690 (M+) Analysis for CApHA3N506 Calc: C, 69.65; H, 6.28; N) 10.15;
Found: C, 69.80; H 6.46; N) 10.14. C) Preparation of

D- her o- N( PhCH2CH2) d y- p- NHCH2C6HAC( NH) NH%%HCl By a nethod substantially
equi val ent to that described in Exanple F) 770 ng (54% of

D her o- N( PhCH2CH2) A y- pNHCH2C6HAC( NH) NH22HC1 wer e prepared. The product was
purified byaguedRisCphasiehowms? thes/ waghel) twia:lepwﬁ.ahSEIiﬂ:WN B)theLQDZSO

i nut N : | C,
T i Y Sl el AT s s G RO
| “NH2 2 m@re@ times with gthyl asegagep (@15020@6 .84The combined
D- her o- Pr o(gffy SaEQQkx@ NH@H%Q@H4GEN@)NH%%H@;Wlth saturated aqueous

(cis- Dhom)r | -N-[[4 i m nongt hyl enyl ] met

4- phenoxy- L °Ef dgﬁ oE\In’or Q)‘%ﬁ@é&waéﬁﬁ%ﬁd and

Cbz- D- her o-¥ritleghtiiated Vo gii-v_eTg. §0|<t9m9noqf whidzePise04d.raps- OH) - Et (58.8
g, 200 mmol ), triphenyl phosphine (65.6 g, 250 mmol ), and phenol (23.5 g,

250 mmol ) in tetrahydrofuran (500 nm.) at 0 C, was added (dropw se over 1
hour) a solrp-M¥) &f/elizsshyiM+azodi car boxyl ate (40 ni, 250 mmol) in

t et r ahydr ofur 0 bath was then renoved and the sol ution
was al | owe g‘vxé‘%m &émrg&tz% Pat ur e (16 hours). The solvent was then

renoved i n vacudsdnzt the renBStm:mg, dbes . 241 up, vwofi turated with diethyl
et her. The V\hltepogﬂldd wasa fé {% ,g the filtrate was
concentrated. The Tesidue V\Ia hen chf onat'ographed over silica gel (1 Kg))
eluting with a step gradient from hexanes through 1:1 et hyl

acet at e/ hexggnes, fels G 1@ ntsal d cRUL % judged by TLC)
wer e conbi )r‘?'ee}d an B&%ﬁce%&r a?ecsf IWI’)I égc%ggtg H‘f\%&%éQ&%“ ?z%%a'of
Cbz- Pro(4-cis-phenoxy)-COEt as a colorless syrup. 1H NVR FD-Ms, nmfe 369 (M)

Anal ysi s for C2Hd&23INQR ;6HiGig Qol@ﬁ‘.l%% ot dQ-%Brbdﬁyl?’dz.L% r'fﬁiﬂm:e QIOQ)B 38;
H, 6.30; N, 3.4%% To_.a sol ution of -Pr;)réa)(m s-p enoxa) Ottt .. 67.7

mol) in efha FEed )P radukaned 48P8q wag) adﬂPﬁeP EGQb‘Fllﬁ@ I?fdr ogen
t hr ough theusomme&m;ynars&mw&%a shg fackut(zenwas bt aied )t Ahowdkez pad

o TR T o e by 8T 2 e Lo & acug varg gdded
di et hyl etlggr 480t famailgorieliwatiexr (150 fLJ .t hafter stirring for 48
hours, the mixture was concentrated to approximately one-
third of the original volume in vacuo and diluted with:
diethyl ether (500 mL). The organic phase was washed once
with water (250 mL), three times with_ 1 N citric acid (250
mL) and once again with water (250 mL). The organic phase
was then dried (MgS0O4), filtered and concentrated in vacuo
to give 42 g (62%) of a white solid.

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

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



31 CCT 2003 85 filtered and dried to give 14.2 g (77% of

Pro(4-ci sphenoxy)-OEtHCL as a white solid. 1H NVR FD-M5, me 235 (M)

Anal ysis for CL3HL8NO3Cl: Calc: C, 57.46; H, Found: C, 57.68; H 6.68; N,
8.15; 6.78; N, 5.18. By a nethod substantially equivalent to gyapprepgy i bed
in Exanple 1-A, 19.4 g 1100% of Cbz-D hero-Pro(4-cisphenoxy)-OEt were
prepared from Cbhz-D hero-OH and Pro(4-ci sphenoxy)-CEtHC1. 1H NV\R FD-MS, nie
4B0 (M+) Analysis for C27H32N206: Calc:4 , 67.48; H, Found: C) 67.71; H,
6.71; N, 5.83; 6.79; N, 5.89. By a nethod substantially equivalent to that
described in Exanple 1-D, 16 g (100% of Cbz-D- hero-Pro(4-cis-phenoxy)CH
were prepatidditetHwivR Wated, (250 #52 @hi) wAshkysivithoethgiHagweageCal c: C,

of Cou- D o BRYa- 2FS SEVT, ackell Bhnel pRpcackogRbrafE ARy with o

subst ant i & N cdgFidFaesid ﬂéODth)desdrtbsdcpmbEnadphquéBuE phaSkésg (75% of

Cbz- D- her%&@%ﬁ'ﬁe@%ﬂﬂé@ﬂ%ﬁﬁ“&%&%@‘ﬁ% ﬁ&?kﬁ@ﬁp@gﬂ E62%k 0 CT

Cbz- D hero- Pr.o(4ci s-PhQ)-CH and p-H
2003 86 i AT ShNcrife. ard exkracrepd §par:at wbhhoethyl acetate

D- her o- Pr a0 PNOlrvie- Mok GEHIEEMA NeBebiie B 2amel hod-stbiabagh o/ |y

equi val ent to that descgri bed in Exanple 18-
D- her o- Pré{i4 |%WGF9§NHW2%H4€PWFEEM1@E%2B ephi eddrigd product was

purified biMgRRPLCEidtelred And08bAceAtBh}edatp §9v85ii55(§g$i3% 129¢

m nut es) . 1H NN%NFD-NB me 451 (M+) Analysis for C25H31N5032HCL: Calc C,
57. 47; H) SY¥38P10: Found: C, 57.22; H 6.29; N, 13.47. Et SO2N H NH O
N. N\ | ~N2 HO ~ U~ ~~~f ‘

1y NMR
G) Preparation of EtS02-D-Phe-Pro-Agm(Boc) 2.

To a stirring solution of NY,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
(1.4 g, 73 mmol). After stirring for 20 hours, the
solution was diluted with ethyl acetate (300 mL) and washed
three times with 1 N citric acid (150 mL), once with water
(150 mL), and twice with saturated agqueous sodium
bicarbonate. The organic phase was then dried (MgsS0y4) .,

filtered and concentrated in vacuo. The residue was
chromatographed over silica gel, eluting with a step
gradient of ethyl acetate:hexanes (1:4). through ethyl
acetate. The product containing fractions (based on TLC)
were combined and concentrated to give 2.4 g (60%) of a
thick oil.

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



O Et S02- D- Phe- Pr o- p- NHCH2C6HAC( NH) NH2HC1

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

(-am noi m nonet hyl ) phenyl ] net hyl ] - L- prol i nam de hydrochl ori de) A) v
Preparati on of p-NH2CH2- C6HqCNHC1. HC1 gas was bubbl ed through @ 00T 2009
sol ution of NBoc-p-am nonet hyl benzonitrile (15 g, 64.6 nntol) in ethyl 3
"~ fl CT 2003 87 acetate (400 nL) at O Cfor. 10 mnutes. The cold bath was
renmoved and after stirring for 1.5 hours, tﬂg sol vent was removed ~ vacuo
and the residue was suspended in diethyl ether, filtered, washed with

di ethyl ether and dried to give 10.1 g (93% of white solid. IR 1H NWR

FD- M5, me 13H)( MPrepauatios 66rEE5OpebDRPhe-Fabcagmy 6. 98; H, 5.38; N)
16.61; Cl1, 21.02: Found: C, 56.36; H, 5.46; N 16.22; Cl1, 21.31. B)
Preparation of EtS02-D-Phe-Pro-p-NHCHZ- CGHACN. By a nethod substantially
equi val ent to thatAdEsérrbag Fusperaipheof- BLS025DgPh8cPFoohgm (Boc) 2

e DO CoH RS | B A PR P MR8 BE noif Ve, H¥aselYER W oiognacus:
Calc: C) 61.5brifjuprosceniciachd; (ZQumld) A cAlDSyed t6. 481ir NEod 11 SRour)
Preparati on ot E - Eefhér - N -SOHPEA & Cl. To a.sol ution of
Et S02- D- Phe- Prg-%ﬁmz- wﬁ%‘%"(’i g@% T ranor %%%lﬁ’g%ﬂa%l VAGHO 1
was added N, NBRR| &BPr 5951 e \WasiPAY L it imed betweemuiatém| | DO dnby and

hydr oxyl anm nediweipr heohése (5 8RLD. Fhe AWidUs @%é@%{f&l&g%?%]%?%sﬁn

brought to ref|lux.  After 16 hours, the solution cooled an vent s
were renoved El%c ethyh ether (30 Mnniand dhew mantiehlio concentr ated

step and the amdnlysuty Itded e YPAOWI{ i@ bONRRPUE (IRIDAUIL A 10

(AVH); ram to, /4(}%16#8&01:\5?& 200 m.n tg&% ~ 310CT2~3 88 | R I

FD-MS, mie 50 fﬁ%k) nal ysi s Jb%’?fﬁﬂ%’ﬂ% - thap-gdissolyed imwaten 7; H)

6.12; N, 12. 4md Gurifis] HoRRHPIE Gdethbd H: B8k /B2 3%mSlo 50,50
(A/B), 60 minutes) to give 490 mg (81%) of white powder.

1y NMR
FD-MS, m/e 467 (M*) _
Analysis for C21H34NE04S-HC1-H20:

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

E‘SOzN'H
O
NH
NG ~~ JL e HC
'"’ N™ "NH,
0 H

EtS02-D-Cha-Pro-Agm-HC1l
A) Preparation of Boc-D-Cha-Pro-OBn.

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



D) Preparation of EtS02-D Phe-Pro-p-NHCH2- C6HAC( =NH) NHZHC1. To a sol ution
of Et SQZ- D- Phe- Pr o- p- NHCHZC6HQC( =NOH) NH2HC1 (250 ng, 0.52 mmol) in et hanol
(40 m.) and water (19 nlL) was added 1 N HC1 (1 niL) followed by 5% Pd on
carbon (250 ng). The stirring suspension was placed under an at3tb®6Tepoe3 of
hydrogen for 18 hours and was then filtered, concentrated and purified by
RPHPLC (nmethod 1, 90/10 (A/B), ranp to 60/40 (A/B) over 200 mnutes) to
give 140 nmg (52% of Et S02- D Phe- Pro- p- - C6HAC( =NH) NH2HC . i H NWR
FD-MS, nmle 486 (M-) Analysis for C24H31N504SHC11.5H20: Calc: C, 52.50; H,
6.42; N, 12.75; Found: C, 52.56; H, 6.19; N, 12.59. Another 5 g of product
wer e preparRid-Msy mhie ddBhdld)descri bed in Exanple 15 and purified by RPHPLC
(method 3; 98/2 (A/B), 60 mnutes, ranmp to 60/40 (A/B) 300 m nutes).
EtSO2ZNHOHN.." \' I NH2' HJ vi ~~fNONH '
Et S02- D- Ph@)Pr &reprik&r o066 bif CD=Chh NPROKDBn - TFA-31 OCT 2~3 89 A) Preparation
of Et S02- D- Phe- Pr o- m NHCH2- C6HqC( =NOH) NH2. By net hods substantially
equi val ent to those described in Exanple 23,
Et S02- D- Phe- Pr o Bt RHMaEhodHsubskerk ir2lvaeqpivplentl tei tham BeSERPiBB&CN in
pl ace of p+4Br EXampPEq 140N - 9 f i r ] I i ate was
hel d back apd the,resghgf ?hgﬁﬁnfééf%?ﬂmgéﬂtai%ﬂg%%3+%ggtggi§§qgﬂlNNR
FD-MB, ni & BB89TEMiFaANdEeLAs 18P ThgH3INSO5S: Calc: C, 57.47; H) 6.23; N,
13.96; Found: C, 57.28; H, 6.21; N, 13.66. B) Preparation of
Et802-D-Phg-Pkgﬁn}NHCHZ-C6H4C(:NH)NH2HC1. By a nethod substantially
equi val ent o at described in Exanples 23-C and 23-D) 0.27 g (28% 2
steps) of EDSHE,DOmie- PBH- (MNHCHZ- C6HqC( =NH) NHZHC1 were prepared. i H NWVR
FD-MS, nmle 486 (M) Analysis for C24H31N504S1. 1HC12H20: Calc: C, 51.32; H,
6.48; N, 12.47; Cl, 6.94; Found: C, 51.33; H 6.09; N 12.20; Cl1, 6.66. H
" N~ 1 SN2 Preppration of EtSO2-D-Cha-Pro-0OBn.

By a method substantially equivalent to that described
in Example 1-C, EtS02-D-Cha-Pro-OBn was prepared (20%
yield, 2.3 g). '

1r NMR

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

Analysis for C23H3¢N20sS:
Calc: C, 61.31; H, 7.61; N, 6.22;
Found: C, 61.55; H, 7.59; N, 6.28.

D) Preparation of EtS0O2-D-Cha-Pro-OH.

By a method substantially equivalent to that described
in Example 1-D, EtS03-D-Cha-Pro-0OH was prepared (48% yield,
0.78 g).

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

E) Preparation of EtS02-D-Cha-Pro-Agm(Boc) 3.

By a method substantially equivalent to that described
in Example 1-G, 400 mg (40%) of EtS502-D-Cha-Pro-Agm(Boc) 3



0 NH D 1-Pi g- Pr o- m NHCH2- C6HqC( =NH) NH2HC1 ~3 9 DCT 2003 90 By a
met hod substantially equivalent to that described in Exanple 23, 0.86 g of
D- 1- Pi g- Pr o- m NHCH2- C6HAC( =NH) NH2HC1 wer e prepared from Cbz-D- 1- Pi g- Pro- CH
and m NH2CH2- C6HACNHCL. . 1H NMR FD-M5, mle 4|12 (Mr) Analysis f@1 0CT 2003
C23H33N5022. 5HC10. 5H20: Calc: C) 53.99; H 7.19; N, 13.69; Found: C, 54.19;
H 7.02; N, 13.8/. EtSO2NHOH ~ .."~~ NO~ NH2 HC NH
Et SO02- D- Phe- Pr o- p- NHCHZCHZ- C6HaC( =NH) NH2HC1 A) Preparati on of nethyl
p- cyano-traps-cinnamate. To a stirring sﬁgpension of NaH (6.1 g of 60% oi
suspensi on, 153 mmol ) and p-cyanobenzal dehyde (20 g, 153 mmol) in
t et r ahydr ofkgtenprepras) £ ASgedn vl anaddi ti nel a solution of
trimet hyl ghosgﬂoﬁgacetatgé?gggggﬁ1%3 nng$¥$?%ﬁt%? éﬁ@ﬁ&%?ﬁ&%ﬁB?gb m) .
After stirflg for 48 hours, the solvent was renoved yn vacuo and the crude
resi due was dissolved in ethyl acetate (500 nmL). The ethyl acetate sol ution
was washed; with water, three times with saturated saueous NaHS03 and
once with briTie. The organic ~3 '~ fl CT 2003 base was then dried with
MyS04, fi|FR+NS|, ande c8NEeHgt e p vacuo to give 28 g (98% of a white
solid. IR1IHFD M5 me 187 (M+) B) Preparation of nethyl
p- cyano- di hydr oci nnamat e.

F) Preparation of EtSO2-D-Cha-Pro-Agm-HCl.

By a method substantially equivalent to that described
in Example 1-H, EtS02-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).

1n NMR
FD-MS, m/e 473 (M*)
Analysis for C21H40Ng04S-1.2HC1 - Hy0:

Calc: C, 47.20; H, 8.15; N, 15.73; €1, 7.96;
Found: C, 47.47; H, 7.84; N, 16.10; C1, 7.80.
Example 3

EtOCON-H
o]
NH
N H
g NN /u\ * HCI
&7;,)]’ ”NHZ

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

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



To a solution of nethyl p-cyano-trans-cinnamate (13.6 g, 73 mmol) in
toluene (485 nlL) was added 5% Pd/ BaS04 (2.7 g). After 9 hours under
hydrogen gas at 4 bar (60 psi), the solution was filtered) concentrated ~
vacuo and chronat ographed over silica gel) eluting with a st &1 @Cadjpgnt of
hexanes t hrough 30% et hyl acet ate/ hexanes. The product containing fractions

wer e conbi ned and concentrated to give 10.6 g (77% of colorless oil. IR 1H
NVR FD-M5, nie 1B9 ~(M) C) Preparation 9f p- cyano-di hydroci nnam ¢ acid. '
' tothose descri bed ~~~~~~~ ~A ltilll u~ 1~ ~tt s s: Il 1 ~~ ~~~r|=~~= ~~

S .. in~Exsnple 1-D, using 1.1 equivalent of LiOH-H20) 5.1 ¢
(58% O pkrWMPR- di hydroci nnamic acid were prepared from nethyl

pcyano- di in 91 ~ ~i a CT 2003 phase was then dried with
MySO-, Ik%gr"g{! é’f&n%é%ce‘m Pated ~ vacuo to give 28 g (98% of a white

sol i d. IRmNdats FﬁberEaneNh&B (IVF) B) Preparation of nethyl

p- cysno- di hydr amat e iQ t cyano-trans-ci nnamat e
(13.6 g. 73 q:%n(pn Iu%'n 3?4@2 ;‘H_') %@a% (r)bysafﬁoPd/BaSO4(2.7 g). After
9 hours under tﬁpjntdg,gn g, 60 BoarH( 6. 15 )N, tthd4sol ution was filtered,
concentrated ~ vacuo and chromat ographed over silica gel, eluting wth a
step gradi ent of hexanes through 30% ethyl acetate/hexanes. The product
cont ai ni n@) r FRERAFR LAORe of o BEPFOdDaRbecBroeAomalEl.t o give 10.6 g (77% of
colorless oil. IR1H ~ FD-M5, mle 189 (M) C) Preparation of

p- cyano- di hydroci nnani ¢ acid. By nethods substantially equivalent to those
descri bed i n~BE# &ethod sybsgantiaddyi eguivalent toHehBor 8egcyibedy) of

p- cyano- diilty dxesipleani-¢, aQId §9W54ﬂ6eeﬁrEéoéboﬁlﬁﬁétho-Agm(Bc
pcyano- di hydr oci nnanat_e. (M) D) repar%tl on of
031}26#21’6&%6%

Hoc- p- NH d f6°5 EGPGPuBnPBF Breyaﬁoaadh§%ru%in@an$QCacud (6.7
g, 38.2 magmn). amtenr bet Aymeahsae sobBtahtid210MBNivAL1EnOUEENGhat

described in Example 1-H, 390 mg (77%) of EtOCO-D-Phe-Pro-
Agm-HCl were prepared. The product was purified by RPHPLC
(method 1, 98/2 (A/B), ramp to 50/50 (A/B), 60 minutes).

1y NMR
FD-MS, m/e 447 (M*Y)
Analysis for C22H34NgO4-0.9HC1-0.2TFA- H0:

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
@CMN-H
"{ o)
N H ‘ j’]\H H
N e HCI
< 7-..' NN NH,
0 H

NMI-D-Phe-Pro-Agm-HCl
(N-[ (1-methyl-1H-indol-2-yl)carbonyl] -D-phenylalanyl-N-
[4- [ (aminoiminomethyl)amino)butyl]-L-prolinamide
monohydrochloride)



~ 1 0 CT 2003 92 (150 nL) was added di phenyl phosphoryl azide (11.6 g, 42
mol’) and the solution Was brought to reflux. After stirring overnight, the
solution was cool ed and the sol vent was renoved in vacuo. The nfahigﬁqxas
'dlssolved in ethyl acetate and washed three tines with 1 N C|§r

once with brine, twice with saturated aqueous NaHC03, and then dried
(MySQg), filtered and concentrated in yacuo, The residue was then
chromat ogr aphed over silica gel, eluting with 10% et hyl acet at e/ hexanes

t hrough 50% et hyl acet at e/ hexanes. The prod4®t containing fractions as
judged by TLC were conbined and concentrated to give 5.4 g (57% of white

solid. IR 1H 246 ) \% d qugN202 Calc: C,
68.27; H, 7. 3$WR EEE%QE%Eiégu ﬁ%& %Apgé ﬁtﬁ égso N, 11.40. E) : :
Preparation of p- NHZCHZCHZ CGHqCNHCl By net hods substantially equival ent
to those describedphngExg 3 Y P\ =" C
were prepared. 1H NI\/Ra ﬁﬁ{:§03 of: NST%IE& 1%%%%%% %2%?“480\5 é
59.18; H, 6.09: A#- &5““32 )Cﬂn qgmtetm@yzrotyrss 045 mm owds; adiied5. 20;
d) 19.30. F)péheaiaséiophéhott 892 D-Dhes F%FaﬂoPrN &%@W.(ﬁy met hods

substantially.equival enf to those descrlbed In e
Et S02- D- Phe- PR B'E‘Bﬂm’d@?mﬁb@v@ !Mn&n E‘isbzgnmeS Pr o- OH
S Fre NHZW“‘?“‘%QS“‘%%’E"&" “”‘ﬂ%mmzmﬁ%%%% %fﬁz% £ 3 (M)
repar at i t e P- 0, a
stirring sol u ?‘n%tg(‘ﬁn [9?‘?1% b2 WW&]—FH‘?%-HG\F( 1 TP thig qu%nd
N, N-di i soprom&et#@deﬁnmecémzﬁomtof m-@aéﬁml'c) -0B¥s- Frkled? hy drngyd amde)
hydrochl ori degg t.he s ut i was ro ht to reflux
After 18 hours, ?ﬁe so:fg? é%‘{sg%}% 3&11‘"\‘)%‘& ved y~ vacuo
and t he resi dwm#%@ma.tedﬁ.‘h raleket | d\m:d s(tihErﬁlﬁg Aok mH I&dﬁtilbhﬁPHPLC
(Method 2, 902 B4 B) ver, 200 m nut e The
fractions cont ai n| ng ptu}}éeaégi‘;%‘%)%@%%e%q Cé%‘?—ifdds- &s
det er mi ned by¥afh ’sﬁﬁ‘b]éfeﬁ?PHPLQ}’Mélr eaqanatie)e® & dlpH ad;erstvmhmaﬂ cdmree bed
above and |yopitdd aRtH @ di e fy
£t S02- D PhePrg. o NGO C NHZH%'"E PHTNR D G50 A% 2R ()
Anal ysi s for qpqus @WSM Gazdongtel A 250 ndl)).

6.22; Found: The E&'gw;:.d—l,prfasm,wd% drieth; (Nabsdy )51 il e aradlg on of
Et S02- D- Phe- I%r chI\éHCI-lz ZC6H4 NHZHCl B a method substantially
equi val ent tag ¥ a cfeaé %Tﬂ %#99“@@3@4}5 folid (a

Et SO02- D- Phe- MrigttadH@HD Wrdmmd@t R A Rt R kiR

Et SQZ- D- Phe- %eqf%%%%‘g%e%%w s Nc'&'%'éce:l product was then hydrolyzed

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

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

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

By a method substantially equivalent to that described
in Example 1-G, 900 mg (20%) of NMI-D-Phe-Pro~Agm(Boc) 2
were prepared. Then, by a method substantially equivalent
to that described in Example 1-H, 144 mg (31%) of NMI-D-
Phe-Pro-Agm- 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).

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



1H NV\R FD- M5, nie 500 (M) r. 8 ) 0 CT 2003 94 Analysis for
C25H33N504S2. 6HCLH20: Calc: C, 49.03; H, 6.19; N, 11.44; Found: C, 48.87;
H 5.79; N, 11.15. \" OHNH ~....~~N/ NH2 HC
Et S02- D- Phe- Pr 0- m NHCHZCH2- C6HAC({ =NH) NH2HCL A) Preparation of 31 0CT 208
Et S02- D- Phe- Pr o- m NHCH2CH2- C6HAC( =NOH) NH2. By a net hod substantial ly
equi val ent to that described in Exanples 26-A through 26-E and 24-A) 0.15 g
of Et SO02- DPhe- Pr o- m NHCHZCH2- C6HAC( =NCH) NH2 wer e prepared from
ncyanobenzal dehyde. 1H NVR FD-MS, me 5189(M+) Anal ysis for C25H33N505S:
Calc: C 58.23; H Found: C, 57.99: H 6.45; N, 13.50; 6.57; N, 13.28. B)
Preparatio N 2 By a net hod
e 1y 30 2 d2 R HRA B3 NICHReH ?Iﬁﬁén 'UH%PIg‘Bz AB

substantially eqﬁ;valent to that descri be 0.21 g (20%) of
Et S02- D- Phe- Pr o-$A3HCH2 CHZO6 H-EG( 40H) IH-6HE0 maY e e‘ip'b;r@ﬂ.,f rdm7;

Et SO2- D- Phe- Pr o-peeHZ CH2 - &6 Hlé(-#NOH NI-EZ 58 ?NHA2]'0§§ ?&%;3 %%%H NVR FD- M5,

me 500 (M) Analysis for C25H33N50452. 1HCL0. 7! '0: H 6.25:
N, 11.89: Found: C, 50.79: H 5.86: N 11.54. H"''~f '~ O\ NH2 2 HCl
NH Example 5
H.N
(0]
N H JNLH HCI
. NM/\ ¢
Q 1 H NH,
(0]

D-Phe-Pro-NH (CH2) gNHC (NH) NH2 - HC1
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
hydroxide monohydrate (54 g, 1,280 mmol) in water (330 mL)
with vigorous stirring. After 4 hours, the solution was
concentrated in vacuo to about one-fourth the original
volume and diluted with water (350 mL) and 0.1 N sodium
hydroxide (100 mL). The aqueous phase was washed three
times with diethyl ether (250 mL) and then acidified to pH
3 with s0lid 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.

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



-NH O CU D 1-Pi g- Pro=p NHCH2 CH2- C6HQC( =NH) NH22HC1 By a mnet hod substantially
equivalent to that described in Exanple 23, 0.85 g of

1- Pi g- Pro- p- NHC~: 2CH2C6HAC( =NH) NH22HC1 were prepared from ‘
Chz- D-1- Pi g- Pro- OH and p- NH2CHZCH2- C6HACNHC1. 1H NWR FD- M5, @ £p4% )

Anal ysis for C24H35N5022HC12H20: Calc: C, 53. 93; H 7.73; N) 13.10; Found:
C, 53.94; H 7.60; N 1306. -NH OHNH NHR ~ ~""~f NO~ 2 HC
D- 1- Pi g- Pr o- m NHCH2CH2- C6HAC( =NH) NH22HCl ¢ ‘1 0 CT 2003 96 By a nethod

substantially equivalent to that descri beg in Exanple 23, 0.8 g of
1- Pi g- Pr o- m NHCHZCH2C6HQC( =NH) NH22HC1 wer e prepared from Cbz- D 1-Pi g- Pro- OH

and m NH2 CHCHP pdaHeh olfH NSIYRIFD-AYE Bot-& Azl rid¥ebaAtadarsid rienr
C24H35N5022HC12H20: Calc: C, 53.93; H, 7.73; N, 13.10; Found: C, 53.62; H,
7.57; N, 13.18. EtSO-N~-1 NHO ~ NH2 , HCO ~ ~-"'"~f O

Et SO02- D- Phe- Pr 0-By NMHGEXGGE U HsHdant(i=ld\ddhiGvalert Et;tﬂrt'c‘ﬁdw rde¥cribed

B m%gﬂﬁﬁamte (1(§Sr7| rgg Olo%t W@ﬁ a[a)a}d':y&cura m_) was

added Li BHhexylthmanidihemwere mmlmdsilnm dn ewhextaretdantime.ef | ux. After
2 hours, the solution was cool ed, and sodi um phosphate buffer (pH 7) was
added dropvm se. After gas evolution was conplete, ethyl acetate and water
were. adde®lanPreRANahians qfe BocsOrEher&ao-Nid Cia) (MResd NEHBast-r act ed
once with ethyl acetate and the conbi ned ethyl acetate phases were washed
with brine, then dried with SCa, filtered and concentrated to give B.1 g
(95% of a thiclBXd Methed Fubstantialdyr empiyalent to that described

in Example 1-G, 1.3 g (62%) of Boc-D-Phe-Pro-
NH (CH2) gNHC (NBoc)NH (Boc) were prepared from Boc-D-Phe-Pro-
OH and NY9,N9'-di-Boc-6-aminochexylguanidine.

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

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

By & method substantially equivalent to that described
in Example 1-H, approximately 100 mg of D-Phe-Pro-
NH (CH2) gNHC (NH)NH2 -HC1l were prepared.

FD-MS, m/e 389 (M*)
Analysis for C231H34Ng02:0.9HC1-0.9TFA.0.5H0:

Calc: C, 49.97; H, 6.95; N, 15.34;
Found: C, 45.60; H, 7.13; N, 15.23.
Example 6
HoN
O

N H
N NH
(_] er \/\/\/ Ier 2 ¢ HCI

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



97 IR IXx NVR FD-M5, nie 161 (M) B) Preparation of p-BrCH2CH2CH2- C6HQCN. To
a stirring solution of p-HOCHZCHZCHZ- C6HQCN (8.1 g, 50 mmol) in

tetrahydrofuran (100 nL) was added tri phenyl phosphi ne (14. 4 g &E ).
foll owed by carbon tetrabrom de (18.2 g, 55 nanol). After s?irQ' ﬁgr 18

hours, the solvent was renoved ~ vacuo and the residue was chromat ographed
over silica gel eluting wwth a step gradi ent of hexanes through 20% et hyl
acet at e/ hexanes. The product containing § ractions as judged by TLC were
conbi ned and concentrated to give 7.3 ¢ (165% of a thick colorless oil. IR
1H NV\R FD-M5, mle 223 (M) Analysis for A COH pBrN. Calc: C, 53.60; H 4.50;
N, 6.25; Found: C, 53.90; H 4.67; N, 6.24. C) Preparation of

- Boc2NCH2H2 - T tobek 1 ' A f 60% oi |
G sper si onfl) sa ReBRsEEpomyt (S SRR e b etk of
di -t-butyl imnodicarboxylate (7.4 g) 34 mol) in DVF (20 nL) via an

dditi f I t j , ' .

P Br G2CH20 - OBtaPN T7o0a SYBrEAselatiy, JOURVE Bl B¢ e Ueflnined L nne
and the soRfot Esampde hekit ell- 1d g0(@ ¥ el NENG ridig-Bag-Staning—s, the
sol ution \A@anwg{;ﬁgﬁu@amhﬁeé@'gffé&m £LR VL Pl aliihd 1 due was

dissolved In die et her and washed three times w he organic
phase was dried with MgS04) filtered and. concentrated and the residue was
chromat ogr gphgd, omee s46iqar)y ~3 ~ D CT 2~3 98 gel, eluting wth hexanes
t hrough 20% eﬁgﬁl acet at e/ hexanes. The product containing fractions were
conbi ned an(g centrated to give 9.38 g (84% of white solid. IR 1H NWR
FD-M5, me 361 (M) Analysis for C2pH2gN204 calc: c, ss.s4; H, Found: C

66. 40; H, 83; a7 ; 7, : '

o Nzoro B PEERATRHSR ‘o Rt TRRn A (D S iacae Bp9hose
described in Exanple 23-A) 4.3 g (84% of p-NHZCHZCHZCH2- C6HgCNHC1 wer e
d. IR1 ti f .

E‘[ ggﬂ ?} Phe- Pr ?—B g%&%%&%%@{ E%—EEH&%%’ Iré‘? h r s%‘fraarﬁ?dal |y
equi val ent ipoExample dbs@ri bkd® i B2kplaf BodSRiRhe2®r@- 0. 32 g of

Et S02- D- Phrn PeR; poliit BB BdeCludid) edVonD HRAURSHd -PHo -
Et S02- D- PhePr 0- OH - NHCH2CHZCH2- CBHGONHCL.  1H NVR FD- VB, 'l € "530 ( M)

nd
Anal ysis f8R E‘Q@I—%@f\ﬁ% i-Bggt+praminopentylguanidine.

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

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

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

FD-MS, m/e 389 (M*)
‘ Analysis for C20H32Ng02:0.9HC1-0.9TFA-0.7H20:
Calc: C, 48.71; H, 6.79; N, 15.63;
Found: C, 48.34; H, 6.68; N, 16.01.



Calc:, C, 52.88; H 6.51; N) 11.84; Found: C, 52.71; H 6.26; N |1.76. F)
Preparati on of Et S02-D Phe- Pro- p- NHCH2CHZCH2 C6HgC( =NH) NHZHCL. 3 ~0CT
2003 99 By a nethod substantially equivalent to that described in Exanple
23-D, 0.13 g (67% of EtS02-D- Phe- Pro- pNHCHZCH2CH2- C6HAC( =NH) BH2BICT 2089 €

pr epar ed~f r om Et SO02- D- PhePr 0- p- NHCHZCHZCHZ- C6HAC( =NOH) NH2HC1. 1H NMR FD- VS,
me 514 (M) Analysis for C26H35N504S1. 5HC12H20: Calc: C, 51.67; H, 6.75;
N, 11.59; Found: C, 51.36; H 6.46; N, 11,28. EtSO2N+I ~ON ..,) N\ | NH2
" HCI U ~r O NH Et S02- D- Phe- Pr o- m NHCHZCH2 CH2- C6HAC( =NH) NH2HC1 A)
Preparati on of EtS02- D Phe- Pro- m NHCH2CH2CH2C6HAC( =NOH) NHZHC1. By net hods
substantially equivalent to those dgxamphedzi n Exanples 1-G and 26-G 0. 32
g of Et S02- D- Phe- Pr o- nNHCHZCHZCH2- C6HAC( =NOH) NHZHCI wer e prepared from

m cyanodi hydr oci nnam ¢ a iqq 1H NVR FD- M5, me 530 (Mt) Anal ysi's for
C26H35N505SHC 1. 1H20: Cal'cey C, 53.30; H, 6.57; N, 11.95; Cl1, 6.05; Found:
C., 52.97; H 6.19; N, 11 95, 6. 13. 31 OCT 2pl oo B) Preparation of
Et SO02- D- Phe- Pr o- m NHCH2CH2CH26HAC( =NH) NH2HC1. By a net hod substantial ly
equi val ent to that descekbed Nn Exardl e 23-DHO0.12 g (629 of

Et SO2- D- Phe- Pr o- mNHCH o %}NH)NHZHQIN NH e from
g;ggng :NCH)NHZHC1$ﬁiH NNRPEBSQB, me 514 (M)
(o] NH

Et S02- D- PhePr o- m NH

D-Phe-Pro-NH (CH2 ) 3NHC (NH) NH2 - HC1
A) Preparation of Boc-D-Phe-Pro-NH(CH2)3NHC (NBoc)NH (Boc) .

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

To this solution was then added Boc-D-Phe-Pro-OH (3.6
g, 10 mmol), HOBT (1.3 g, 10 mmol) and
N,N-diisopropylethylamine (1.3 g, 10 mmol), followed by
1~ (3~dimethylaminopropyl)-3-ethylcarbodiimide-HC1l (2.1 g,
11 mmol). After stirring for 16 hours, the solvents were
removed in vacuo and the residue was taken up in ethyl
acetate (250 mL). The organic phase was washed three times
with 1 N citric acid (200 mL), once with water (100 mL),
twice with saturated agqueous sodium bicarbonate (200 mL)
and once with saturated agueous sodium chloride. The

- organic phase was then dried (MgSO4), filtered and
- concentrated in vacuo. The residue was then

chromatographed over silica gel, eluting with a step



Anal ysi s for C26H35N5 ~4S~1. 5HC1H20: Calc: C, 53.26; H, 6.62; N, 11.94;
Found: C, 53.19; H, 6.25; N, 12.00. -NHNHNH , 2 HO ~ ~"''"'~f 0

1- Pi g- Pr o- p- NHCHZCHZCH2- C6HAC( =NH) NHZ2HCL By a method substantially
'eqU|vaIent to that described in Exanple 23, 0.66 g (48% of

1- Pi g- Pr 0- p- NHCH2 CH2 CH2 C6 HQC( =NH) NHZHC1 wer e prepared from 13Fi §CPr2830H and
p- NHZCH2CH2CH2- C6HQCNHCL. 1H NVR FD-MS) me 440 (M+) Anal ysis for
C25H37N502~2. 1HC1H20: Calc: C, 56.21; Ho.75; N, 13.11; Found: C) 56. 36;

H 7.44; N, 12.709. 9~DCT20113 101 -NH H. ~.~~N~1 N 2HA ~~f O
NH 1- Pi g- Pro- m NHCH2CH2CH2- C6HqC( =NH) NH22HC1 By a net hod substantial ly

equi val ent gradibat desethprdacetiesipérarss Clﬁﬂ)(éﬁ%??gﬁ ethyl 4
1-Pi g- Pro- m.N CH CoH4 HC1, wer are r 0- OH an
N OO OERSSER i RREE GRE R PRy FEAGEEans g £ i)
C25H37I\l502m=lﬁe|-|26ncé)at:catéﬁ 66.¥leld 2.76 %9; (40% naoﬂoghii:iumblc&l&ﬁs 92; H,
7.55 N 13,26, HN S02Et ONNHH/ | ~2 HCA .",~If N~NHO

Et S02- D- Phe="Pr 0- p- NHCH2C6HANHC( NH) NH2HC1 A) Prepar ati on of

Boc- p- NHCH2C6HgNO2.

1y NMR
FD-MS, m/e 661 (M*)

B) Preparation of D-Phe-Pro-NH(CH2)3NHC (NH)NH2-HCl.

By a method substantially equivalent to that described
in Example 1-H, 460 mg (71%) of D-Phe-Pro-
NH(CH2) 3NHC (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).

1y MR
FD-MS, m/e 361 (M*)
Analysis for C1gH28Ng02°-HC1l-1.1TFA-1.1H0:

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
H
N oy N\/\/\ )L * HCl
( ; | N NH
o)

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

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



~ 1 Q CT 2003 102 To a stirring solution of 4-nitrobenzyl am ne
hydrochloride (15 g) 79 nmml) and N, N-diisopropylethylamne (14 ni. 79
mmol ) in dichl oromethane (200 nL) was added di-tbutyl dicarbonate (17 g, 79
mrol ). After 4.8 h) the solvent was renoved in vacuo and the g ¢gictuggyeas

di ssolved in ethyl acetate (500 nL) and washed twice with 1 Mcitric acid,
once with water, and once with saturated agqueous NaHC03. The organic phase
was dried with l\/gSOq, filtered and concentrated in vacuo to give an off
white solid which was recrystallized frod$chl orof ormi hexanes. Three crops
wer e conbi ned, washed w th hexanes and dried in vacuo to gi ve 11.5 g (5B%

of a white soli 5 | ysi r .C12H1 04
Calc: C 57.13; ﬁﬁ Lg'“%gw%&ﬁ} {}’g&t]i_% é égﬂ@,l 3 fgi ghﬁg dgse ﬁgfé B)
Prepar at i ohnoﬁxﬁml%e I\ﬂ-ICFIQC%}-ﬁI\MZMZ%)) a°§tlﬂ$rNﬂg—ém-awe&—duno-trans-

p- Boc NHCH2£6 p@% gg@e 04( & TT ) in
met hanol ( SEG%yiau&g%lﬁs‘z%dded}e BHq (él%ﬁg? & Za.x%:.ﬁg%) Zé man?lo
portions oYBFeRB-in. After conplete addition of NaBHg and 15 mn, the
sol vent was evaporated in vacuo and the residue was dissolved in cone.
anmoni um hﬁjro i de and, extr cé\?ed_hévm ce with _dichl oronet hane. The conbi ned
organi c exttact SeRRYRCHRR 2 ‘b?l??lepr?i'WWFMSOq filtered and
concent r at €d=CHCNZNHO (NBogI N¥Bdc 4 g (97%9 of a white solid. IR 1H NWR
FD-MS, nle 222 (M) 3 i 0 CT 2003 103 Analysis for C2H BN2~2 Calc: C,
64.84; H, 8.16; N, 12.60; Found: C, 65.10; H, 8.42; N, 12.76. O

Preparation of ByNa-metkhd- &mmism;himmléﬁ@tatsttut NgdesespBedi on of
bi s- S-met hy4h i Pr£ag su fat I onet hane (200
n)) was added 5 N sodi Um drfem&'c?;(":b 1‘76“';.ﬁ3:l Ei %}‘%(r)# %?as LRt ed to 0
~C and berﬁ%cww B%(Bac merezaarem:re)d viExsors citexeh- D Ripev Baso-OH  t he
same time, arka Ny ety LA L Q4 aq!g,ﬁ,ld & V\/m.c kept the pH of
the solution at approxi natel yd%l%él'he cOo Oji ’rreem)ved and after
warmng to roomtenperature, the phases were separat ed and the aqueous
phase was Jxtymet ed wi th di chl oronet hane (250 nlL). The conbi ned organic
phases vvere then washed tw ce with 0.1 N HC1 (250 nL) and once with brine
(250 ni). rd%{rﬁc,s%a%)was then dried with MgSQq, filtered and
concentr at ed in vacuo to give 41 g (79% of s thick, colorless syrup. 1H
NVR D) Prepar af.i f, .p-Bo NH NCbz)NHCbz To a stirring solution
of p- HocN 2%%@%) C*Jz\l;m '%ﬁ" tHARFof uran (50 nL) was added
N, N - di - CEH=CHIHpNHGOWHINHY - #CY.8. 9 g, 24.7 rrm)l) After 48 h, the sol vent
was renmoved in vacuo and the residue was dissolved in chloroform Silica
gel was added and the solvent was renoved in vacuo to give an off white
powder whi ch way téhewethod | sutshecarmnitard 1o &icjdmmlt Q) WHat Qescealpedm vwas
then el ut g WxahA ety 93l fe he ane hy ough 30%
et hyl acetat e/ hexanes. The rre%z co:ﬂ arni n %t 27ed by TLC)
wer e conb.%@wmmw “HEdu were g:r\e@aie@ g (Iﬁ@/gbz@fd@tv\hl te

SC(ZjlgII—Ig2N40§rds Burh £ piPRPHBLET RIBHGE 5 9¥/8 337 E)M L anpd S s% /69

(A/B), 40 minutes).

13 NMR

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

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



Calc: C, 65.40; H 6.06; N, 10.52; Found: C, 65.66; H 6.35; N, 10.59. E)
Preparation of HClp NHZCHZCGHqNHC( NCbz) NHCbz By a net hod substantially
equi valent to that described in exanple 23-A, 4.7 g (89% of .

"HO p- NH2CH2CBHgNHC( NCbz) NHCbz, a white solid, was prepared {3 $@CT 2003

p- Boc NHCH2C6HgNHC( NCbz) NHCbz. IR 1H NVMR FD-MS, mie 433 (MH) F) Preparation
of Et S02- D- Phe- Pr o- p- NHCHZC6HQNHC( NH) NH2HCl . By net hods substantially

equi val ent to those described in exanplez4-G and exanple 18-F, 1.1 g of

Et SO02- D- Phe- Pr op- NHCH2 C6 HgNHC( NH) NHZHC1 s prepared from Et SO2- D- Phe- Pr oOH
and HClp- NH2ZCH2C6HANHC( NCbz) NHCbz. IR 1H NMR FD-Ms5, mle 501 (M) Anal ysis
for C2qH3yN60gSHC - HZO. cal c: C, 5i Ex3mplle 8. 36; N, 15.i4; Found: C, 52.32;
H 5.99; N 14.79. 3 ~0CT 200;i 105 HN SO2Et ONH U~ ~~fNo ~/ ~ .
HC. -H NH2 Et S02- D-Pheﬁf - p- NHCHZCH2 C6HANHC( NH) NH2HC1 By net hods
substantial |y equival-erlt?2g o those described in exggl e 34, 1.8 g of

Et S02- D- Phe- Pr op- NHCH2 H( NH) NH2HC1 vvas pr par ede b

4-ni trophenet hyl am neHZ1. IR 1H NVR FD ) HRNB (FAB), nfe
cal cd. for C25H35N60 515N 2441 *?und 248 N SO2E ~t O HN NH H
~ HC N

™
o)

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

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

1y NMR

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

By a method substantially equivalent to that described
in Example 1-G, 2.8 g (63%) of Boc-D-Phe-Pro-p-NHCH2-
CeH4CH2NHC (NBoc) NHBoc were prepared from Boc-D-Phe-Pro-OH
and p-H2NCH2CgH4CH2NHC (NBoc) NHBoc.
1K NMR
FD-MS, m/e 723 (M%)

C) Preparation of D-Phe-Pro-p-NHCH2-
CeH4CHoNHC (NH)NH2 - 2TFA.

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



u""'"if N/ 0 EtS02-D Phe-Pro-m NHCH2C6HANHC( NH) NH2ZHC1 By net hods
substantially equivalent to those described in. exanples 30-C and 34-B

t hrough 34-F, 1.8 g of EtS02-D Phe S 10 CT 2003 106 . 310CT 2003

Pr 0- m NHCH2C6HANHC( NH) NH2HC1 was prepared from 3-nitrobenzyl brom de. IR 1H
NVR FD-M5, mle 501 (WvH) HRVS (FAB), nfe calcd. for C2gH33N60gS: 501. 2284
Found: 501.2280 HN SO2Et ON ."" N~ NNH2 U~f ~~ . Hci O/ NH

Et S02- D- Phe- Pr o- m NHCH2 CH2 C6 HANHC( NH) NH2 lggl By net hods substantially

equi val ent to those described in exanples 26-D. 26-B (using 5% Pd/C in

pl ace of Pd/ BaS04 and ethyl acetate in place of toluene), and 34-D through
34F, 0.85 g of Et S02- D- Phe- Pro- m NHCH2CH2 C6 HANHC( NH) NH2HC1 was pr epar ed
fron13-nitn§$9ﬂ%§nic acid. 1HNWR FD-M5, mle 5I5 (M#) Analysis for
C25H3gN604SZ. 0.5H20: Calc: C, 49.73; H 6.21; N, 13.92; Found: C
49.45; H FBMSN®/EBES (MY ~ o0 20a~ 107 ~NH ONNH2 2HCO NN/ | NH

0 D 1- Pi g- RXrQe 13, SNECHZ0 Iddly 2218k 2By.aet hods substantial ly equi val ent

to those described in exanple 34 0.93@§ 0
D- 1- Pi g- Pr o-pNH@@&MNHC("&H_)MQ%ﬁ -OFephr 2385 purified by RPHPLC
(method 2, 98/ 2 fMri®: 180cmigg.dét WWR 4.85; N, 12.28.

Example 10

HoN
0
Ny n\/@ANHz « HCI
65 s

D-Phe-Pro-p-NHCH2CgH4CHaNH7 - HC1
A) Preparation of N-Boc-p-(aminomethyl)benzylamine.

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). After stirring for

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

1H NMR
FD-MS, m/e 237 (MHY)



The final product (A/B), ranp to 70/30 FD-M5, mle 427 (M) Analysis for
C23H34N602~2HCL: Calc: C, 55.3l; H, 7.26; N, 16.B2; Cl, |4.20; Found: C,
55.05; H 7.23; N, 16.55; C1, 14.24. -NHONHI~-N~NHO~ /.~ 2HCI H NH2
‘D 1- Pi g- Pr o- p- NHCH2CH2 C6HANHC( NH) NH22HC1 By net hods subst ant i Al 937 2003

equi val ent to those described in exanple 35, 1.03 g of

D- 1- Pi g- Pr o- pNHCH2CH2C6 HANHC( NH) NH22HC1 was prepared. The fi nal 3 ~0CT
2003 108 product was purified by RPHPLC (nethod 2, 98/2 (A/B), ranp to
70/30 (A/B)) 180 nmin. 1H NVR FD-M5, me #41 (M+) Analysis for
C2gH36N6~2~2HC11. 5H20: Calc: C, 53.33; H, 7.65; N, |5.55; C1, 13.12; Found:

C, 53.41, %Zﬁ%ﬁ&ﬁww 3.48. NH2 ~N~H HN NH 2HC1L U ""'~f O

D-1-Pig-Pro-m 'HC1 By met hods substantially equival ent
to those descri b€8l¢n exanfle686074.B4 §.53; N, 11.85;

D- 1- Pi g- Pr o- mMNHGRGHEY NHC( AH) pE2241C1 epdr The final prbduct was
purified by RPHPLC (nethodyz,ggbfgt(%fﬁgjpéaﬁg'f§27b?30 (A/B), 180 min. 1H
NVR FD-MS, mle 427 (M+) Analysis for C23H34N6OR2~2HC1H20:

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-
CeH4CH2NHBoc were prepared from Boc-D-Phe-Pro-OH and N-Boc-
p- (aminomethyl)benzyl amine.

1y NMR

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

Analysis for C32H44N40g:
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-HC1.

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).

1H NMR

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

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



Calc:, C 53.38; H 7.40; N, 16.24; d, 13.70; Found: C, 53.25; H 7.50; N,
16. 23;. C1, 13.88. 3'f O0CT 2003 1D9 ~NHON2 N~ NNHI ~ 2HCL O/ NH
D- 1- Pi g- Pr o- m NHCHZCH2C6HANHC( NH) NH22HC1 By net hods substantial |y

equi valent to those described in exanple 37, 0.96 g 3100T 2003

D- 1- Pi g- Pr o- "NHCH2CH2C6HANHC( NH) NH22HC1 of was prepared. The final product
was purified by RPHPLC (nethod 2, 98/2 (A/B), ranp to 70/30 (A/B), 180 m n.
1H NV\R FD- M5, nie 441 (M+) Analysis for %qHSGNGOZZ 1HC11. 5H20: Calc: C,
52.97; H 7.61; N, 15.44; d, 13.68; Fou C, 52.80; H 7.57; N, 15.46;

Cl, 13.35. ~NHNHON. N\ I NH2 , 2 HQO C """~f . ... o
D 1- Pi g- ci s- Ohi - p- NHCH2C6H4 C( NH) NH r epar ation of
Cbz-DL- 1-Pi g-ci s-Ohi - CEt. 81 O CT 20 Hy a met hod substantlally

equi val ent to that descrli_lb
Cbz- DL- 1- Pi g- ci s- Ohi - OEt
cis-Ohi-CEtHA . 1H NVR FD-AS

d in Exanple 1-A 16.6 g (100% of
@Rs prepared from Cbz-DL-1-Pi g-OH and

e 496 (M+) Anal ysis for C2gH4pN205: Cal c:
C, 70.13; H 8.12; N, 5. : Ao H 8.23; N, 5.73. B)
Preparation of Cbz-D- 1_Ri g- cjs- Oni -||aNH 1 C(NH) NHCbz, i-@/l met hods

substantial Iy equi val t Mps, ﬁ;ﬁ R pl e 1 ™'and 18- E,

Cbz-D 1-Pig-cis-Chi - S\HC 2 ﬁl NHCbz and

Cbz- L-1-Pi g-ci s- Chi - pNHCH2C6HAC( i) NHCbz were prepared from

Cbz- D, L-1- Pi g- Pro- OH and p- H2ZNCH2C6HAC( NH) NHCbz2HC1. These di ast ereoners
were separated by silica gel chromatography using an ethyl acetate/hexanes
gradient. The fractions RoPhert ProrgntNHCHZCgHCHANRS igepoer (Rf = 0. 31,
ethyl acetate) were pooled and concentrated to give 1.3 g of

Cbz- L-1-Pi g-ci s- Chi - pNHCH2C6HAC( NH) NHCbz. The fractions containi ng t he
trailing dthstRrepamati®i of W-Bhc-ot-hidmirnmiet!a)] MadrezFRehak and
concentrated to give 1.5 g of Cbz-D 1-Pi g-cis-Ohi - pNHCH2C6HAC( NH) NHCbz as a
white foam

By a procedure substantially equivaleht to that
described in Example 10-A, 2.6 g (30%) of

N-Boc-m-(a.minomethyl)benzyla.mine were prepared from
m-xXylenediamine.

1y NMR

FD-MS, m/e 237 (MH*)

Analysis for C13H20N202:
Calc: C, 66.07; H, 8.53; N, 11.85;
Found: C, 65.81; H, 8.48; N, 11.98.

B) Preparation of Boc-D-Phe-Pro-m-NHCH2CgH4CHoNHBoC .

By a method substantially equivalent to that described
in Example 1-G, 1.6 g (95%) of Boc-D-Phe-Pro-m-NHCH2 -
CeH{CH2NHBoc were prepared from Boc-D-Phe-Pro-OH and N-Boc~-
m- (aminomethyl)benzylamine.

1y NMR
FD-MS, m/e 581 (M%)



1H NVR FD-M5) mie 735 (M) AnaIyS|s for CA3H51IN506 Calc: C, 70.37; H)
7.00;, N, 9.54; Found: C, 70.20;" H 7.22; N, 9a36. C) Preparation of

D 1- qu ci s- Chi - pNHCH2C6HAC( NH) NH22HCL1. By a net hod substantial ly

equivalent to that described in Exanple 18-F, 0.61 g (63% ofg4 gCT 2008
D-1-Pig-cis-Chi-p 3 ~ 0 CT 2003 111 NHCH2€6HqC(NH)NH22HC1 were prepared
from Cbz-D 1- Pi g- ci sOhi - p- NHCH2C6HgC( NH) NHCbz. The HPLC gradi ent used in
this case was a ranp of 98/2 A/8 to 70/ A/ B over 120 minutes. 1H NWR
FAB-M5, me 466.4 (MH+) Analysis for C2 gN5022HC11H20: Calc: C, 58.27; H,
7.79. N, 12.58. Found: C, 58.66; H 7.56; N, 12.78. NH NHp 2 HC ~NH2 ,,
N ( N U "id) OPpepPaPafionsefnD-phelEHRaarNETRET MPCRENHAICPT epar ati on of
D 3- Pi g- ci s- Chi - p- NHCH2C6HqC( NH) NH22HC1 By mnet hods substanti al | y equi val ent
to those described in Example 1-A, 1-D. 18-E) and 18-F) 1.3 g of

3- Pi g- ci sOhi - p- NMCHZﬁﬁH%Gﬁhbmhbﬁﬂhﬁiammy pgepeabent The tiAE geserebédused

in this cagg of nutes. 1H NWVR
FAB-M5) nie 4%% )HAn=$y5|sf¢ %ﬁg%%%% C, 60.22; H
7.67; N, 186H9CHpNHadHCL, wsae%reparedn N, 12.89. 3 ~0 CT 2003 112
HNS-2Et NH, HCIl H... N~ NH~ ....~~ NO

.1 NMR

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

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

Example 12

HoN
0 \\
““SNH
O
(o]

D-Phe-Pro-NHCH2-trans-4- (aminomethyl) cyclohexane - HC1

A) Preparation of N-Boc-trans-4-
(aminomethyl)cyclohexanecarboxylic acid.

To a solution of trans-4-(aminomethyl)cyclohexane-
carboxylic acid (50 g, 318 mmol) in 1 N sodium hydroxide
(334 mL, 334 mmol) and t-butanol (400 mL) was added a
solution of di-t-butyl dicarbonate (73 g, 334 mmol) in
tetrahydrofuran (50 mL). After stirring for 20 hours, the
solvents were removed in vacuo and the residue wasl
partitioned between water (500 mL) and diethyl ether (250
mL). The agueous 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



Et S02- Phg- ci s- Chi - p- NHCH2C6H4 C( NH) NH2HC
((S-ci.s)-N-[[ 4- (am noi m nonet hyl ) phenyl ] nethyl ]-1

[ [N- (et hyl sul fonyl)-D- phenyl gl ycyl ]-1Hi ndol e- 2- car boxam de hydrochl oride)
A). Preparation of Boc-D- Phg-cis-Chi-OEt By a nethod subst ant ba,l bET 2003

equi valent to that described in Exanple 1-A, 14.9 g (58% of

Boc- D- Phg-ci s- Chi - OEt was prepared from Boc- D- Phg- OH and

(S)-ci s-octahydroi ndol e-2car boxylic aci ggethyl esterHClL. 1H NVR FD-M5, nle
430 (M+) Analysis for C24H34N205: Calc: C, 66.95; H, 796; N, 6.51; Found:
C, 66.69; H, 8.02; N, 6.40. H) Preparation of D Phg-cis-Chi-OEtHCL. To a
col d (00Q) ,scltiid miasg fiditeriedn~wasbed PwRicg- eiishOwaber (106t mll) angt at e was
bubbl ed HGL. . £or, LN, ALbar .t irri far L rmng to room

t enper atu%lﬁézng&a\jfg'r?{nt\%aﬁreégo\%dgi r%s\ggcz,ug.f %ﬁgt\rgg Sﬁ’td:g%g' sol id was
suspended in diethyl ether and subsequently isolated by filtration to give
10.7 g (92% wMr D- Phg-ci s- Chi - CEt HCL. 3 ~0 CT 2003 113 1H NWR FD-M5, nie
331 (M+) Analysis for CLgH27N203Cl: Calc: C, 62.20; H, 7.41; N, 7.64;
Found: C) 62.42; H 7.36; N, 7.85. C) Preparation of

Et SO02- D- Pi)- cirrepairation 6F #ot®butransel-PNRPBgeci s- Chi - OBt HC1 t10 g, 27
nmol ) and N, N-diisopropylethylamne (10.7 nL, 61 mmol) in THF (200 nm.) at
-78 C, wa§mﬁdﬁﬁﬁtgﬁgﬁ SdoleXan® -additi on funnel a sol ution of

et hanesul fonyl chloride (3.9 g, 30 mmol) in THF (20 nmL). The cold bath was

then left unatgﬁpded and .t he sql ut,ion 2@h€EF slowy to room tenperature.

After about 18 %P & BF3Z5RG 59 T REe N PRCS T BRSTACuU0. The resi due was

?gggolv$d(hmdmkhwkh&ﬂetat&oh&&ﬁn!?hr?bggb&? hwgae(QGCb(ggghmth)thric acid
m.), 0 H ° an Ll ne m.). The organic

phase was ﬁ%&%&ﬁd&gﬁ%ﬁh%%ﬁﬁf iai(tt regj'L YRa Bgﬂsgntrat ed in vscuo to

gi ve 11.2NgmesryimotrphotdhnieoWSt.8am, 5B MvBR1FD- EBllowed4B2 ekhylAnal ysi s~for

C21H30N20 ; 9.,89: | & 6. 83+ EO ' 592.94,.H 7.08; N

6.78. D) %?é%??gffgﬁ%f ‘%‘%o?’pﬁa.,?‘f“gfw -i-§.§ﬁﬁ54§?:§ﬁﬁ%ﬁ§ﬁ§23ﬂc1 By

net hods siBIUEES: asPRivgubezpbrdridet K6sE desdbbamoln wasnptdedl- Bndl18- E

and 18-F) 2 S h i ' H e ai ned.

thed? mat8hnbl SQ3 06 HLS %a@hhaaUHCUZEBEﬁ$£§%9%%%ﬁégansgofggk

The HPLC gradient used in this case was_a ranp o A B
over 120 %iﬂBP€§§s' $Thegmixture was allowed to stir for

then the solvents were removed in vacuoc. 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
saturated agqueous sodium bicarbonate (250 mL) and once with
saturated agueous sodium chloride (250 mL). The organic
phase was dried (MgSO4), filtered and concentrated to give 13

g (91%) of the title compound.

hour and

1y NMR

C) Preparation of NHzCHz-trans-4-(N-Boc;
aminomethyl)cyclohexane.

To a stirring solution of HOCH2-trans-4- (N-Boc-
aminomethyl)cyclohexane (13 g, 53 mmol) and
triphenylphosphine (21 g, 80 mmol) in tetrahydrofuran (300
mL) was added diethyl azodicarboxylate (13.9 g, 80 mmol),
followed by a solution of diphenylphosphoryl azide (22 g,
80 'mmol) in tetrahydrofuran (100 mL). After stirring for
16 hours, the solvents were removed in vacuo and the
residue was chromatographed over silica gel, eluting with a



1H NVR FAB-M5, me 526.3 (MH) Analysis for C27H35N504SHC1: Calc: C, 57.69;
H, 6..45; N, 12.46; Found: C, 57.47; H, 6.48; N, 12.20. HN~SO2Et ( O NH HCl
NH/ I ~NH2 N~""'"~f 0 EtS02-Phe-cis-Chi-p-NHCH2C6H4C( NH) NH2HC1
((S-cis)-N[[4-(am noi mi nonet hyl ) phenyl ] methyl]-1-[N 310CT 2003

(et hyl sul fonyl ) - D- phenyl al anyl ] - 1H-i ndol e- 2- car boxam de hydrochl ori de) A)
Preparati on of Et S02-Phe-cis-0Ohi-pNHCH2C6HAC( NH) NH22HCL By net hods
substantial ly equivalent to those descriged in Exanple 44, 1.5 g

Et SO02- Phe- ci s- Chi - pNHCH2C6HAC( NH) NH2HCI wer e prepared from Boc- D- Phe-OH.  1H
NVR FAB- M5, me 540.3 (MH) Analysis for C28H37N504SHC1H20: Calc: C, 56.5l;
H 6.94; Nstep. gradientdof Gethyl 2acetates/exanes 101 73). thiiugh GtdD3 115 O

OH / Izl-lg 8ﬁ§@ﬁ}‘§| e%éc&?—mv\@(_% F&m%%@ct containing fractions

( N- ( car boxytaudaed) by Bhehy| wereycompined and concentrated to give

[[4-(am _nohm'.nogeabyéwae%w@ébyk&oﬁcaﬁmw@aﬂmmmw ot de) A
Preparati on N-(t-BuOOCCH2)- N Boc-D- Phe-Pro-OBn. To a sol ution of

D- Phe- Pr o- €PfiPRnd)e gThe1crugde )azidonwas 1@bssrivemd sindurtchanglt (400
?rlgnzafrﬁt afngi(anal thd§6s817@£ioﬁ Nw&d CadiPed '%‘@@Ei\i{ﬂxﬁ i%clétli%’i&.{dh%’f amt ne
: : =no r QP S e m n. i S ure was wed~to stir
for 18 It s SametBowtoRRRCNass; S5, 141 i At And (ke aiing o)
and N, N-di ifgog; opy| sihby) afh neetHan@l M1 00 GuD| )T rfeddl L il dekk turene
portion and thﬁsrga&t%on al L,_p doto )stir an a%oﬁtéo_nal 24 h. The
sol vent wa¥2PeftBBEE%i h°vht n YR g PSR INET (1D RPDet ween et hyl
acet ate (ltéekpendtird/ andethe solvemtsioverd ddénoted ihevaayer s The e
separ at ed : an} S,E: e W thy 1 M £0 Mric
acid, tw cgg\g\nléﬁgs‘g%gr%%ﬁpgéu‘g%%@%%%%&%%oﬂ%)‘%%%%%ﬁt}% bri ne
(500, m. eash}idThetoigantid phabhe veguebus diae® a8 washed rtodi cearwith
concentral gl h EELRce ThESGRET, HdsBPed Ui EbiVa Udd Sy 9°
chromat ogr aphy elufrng wth a ethy acet at e/ hexanes gradient (hexanes to
30% et hyl BeEREPenat®antlg  serurated widntsehidEotivuushlerideontfheed and

concent r at gguébusi ¥Radd Kad £REY) edtractdd WNLSS CinedMiith LAWY
crystallize upon ?ﬁggdlng. .~ .~ 0 CT 2003 116 1H NWR .
acetate mL) and the combined extracts were dried
(Mgs04), filtered and concentrated to give 6.4 g (45%) of a
thick oil. ' '

1y NMR

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

aminomethyl)cyclohexane.

By a method substantially equivalent to that described
in Example 1-G, 4.5 g (74%) of N-Boc-D-Phe-Pro-NHCH3-trans-
4-(N-Boc-aminomethyl)cyclohéxane were prepared from Boc-D-
Phe-Pro-OH and NH2CHz-trans-4- (N-Boc-

aminomethyl) cyclohexane.

1y NMR
FD-MS, m/e 587 (M*)

E) Preparation of D-Phe-Pro-NHCH2-trans-4-

(aminomethyl) cyclohexane-HCl.



FD-M5, mle 566 (Mt) Analysis for C32H42N207: Calc: C, 67.82; H, 7.47; N,
4.94; Found: C, 68.06; H 7.33; N) 5.17. B) Preparation of

N- (t - BuOOCCH2) - N- Hoc- D- Phe-Pro-OH. To a sol ution of

N- (t-BuOOCCH2) - N- Boc- D- Phe-Pro-OBn (1B.5 g, 33 m-nol) in ethi w% (250
m.) was added 5% Pd/ C catalyst (5 g). This solution was degas g cu
several tinmes and placed under an atnosphere of hydrogen for 2 h with
stirring. The balloon was renoved, diat ceous earth was added and the
slurry was filtered over a pad of diatonfceous earth. The filtrate was
concentrated in vscuo to give 13.2 g ( 84%) of a white foam 1H NVR FD- M5,

Efe 3760(Ngé AE@'&ﬁh&t&gﬁ G&SH&?NEQKlE?léqu@baﬁ%n@ltochZtGHestlﬁe&8;
oun i 0

(1~ BuoodE BRARPES. 15ph 28, B RrREd BE BT RBFRPE R 25tRepRs4

subst ant i dlaminemethgleryclohiExanptHCl8weye2p¥epat@f?) oh this case,

N- (t - HUOOQCH? P.

N (1 - Bu0O GRS PRI b AP BPRC B L FHe SHERERBRA e, REReRhS IREL e i

FD- M5, nl eleas, (bH%)theab;&tswasrhﬁgtbscuﬁmg. Cabcth€, sébt3wasH, 6.93; N
9.44; F . 82; 9 : 1 0 t

of HOOCCC):IH@q Bsga'gggr o- RIMC@%&C%&)Né(gHC&bnggggéogha&%geg tgr 5? |r gnl 81?
N- (t - BuoO&8&a2 rhe- Bemplbphvapr dypprhiiCized Haga ik teiChield. ghe, ss:hikal) in

di oxane ({8Q¢elkotaa, bﬂgaggghtgglggsﬁggg_lo mnutes. After stirring for 3 h

while warmng to roon1tenperature e di oxane was renoved in vecuo. The
resi due was dissolved in a mxture of absolute ethanol (150 nlL), water (75
nm) and 11N Nk (6 nl). To this was added 5% Pd/C (1 g). After degassing

usi ng vac this s placed under a hydrogen atnosphere for 16 h
whi | e sti%ﬁghﬁ'aW/ng§1 éﬁpgaature. Di at omaceous earth was added and the
resul ti ngAskidysyswiisrf CopHRaN40yeKCa - PEA- RPH20t at omaceous earth. The
filtrate was ¢ entrate uo.f o residue and this was i nmediately
purified by PR hod g: 3930 ﬁf I Fadb a9 n&rrp over 2 hrs).

Fracti ons cont &oarndg pur@,plﬁmmmt Wer g .20q! e ared d2y.ophilized to give 1.1 g
t72% of a white solid. 1H NWVR FAB-M5, me 452.3 (M#+) Analysis for
C24H29N504~2HC1: Calc: C, 54.97; H 5.96; N, 13.35; Found: C, 55.21; H)

6.11; N, 13.39. OOHHN\ ONH Hxample N3 | \ N (~ ''"'"'~f O
HOOCCHZ D- Phe-ci s- Chl-p NHCH2C6H4C(NH)NH2HC1 31 0 CT 2003 11le

Q "'n’ I

D-Phe-Pro-p-NHCH2CgH4NH2 - HC1
A) 'Preparation of Boc-D-Phe-Pro-p-NHCH2CgH4NH>.

By a method substantially equivalent to that described
in Example 1-G, 8 g of Boc-D-Phe-Pro-p-NHCH2CgH4NO2 were
prepared from Boc-D-Phe-Pro-OH and p-NO2-benzylamine-HCl.
The intermediate was dissolved in ethanol (250 mL) and
heated to reflux. To this stirring solution was added a
solution of Na25204 (12.3 g, 70 mmol) in water (125 mL).

 After stirring at reflux for 2 hours, the solvents were
removed in vacuo and the residue was partitioned between
ethyl acetate (250 mL) and water (250 mL). The aqueous



A) Preparation t-BuOOCCH2-D Phe-cis-Onhi-CEt. To a solution of

D- Phe-cis-Chi-CEt HC1 (30 g) 79 hmol) in acetonitrile (400 nL) was added

N, N-di i sopropyl ethyl smne (41 nL, 236 mmol) and t-butyl bronpacetate (14
m., 87 mml). This solution was warned to 50 C and mai nt ai ned t A8Me208Hr 3
h. After cooling to roomtenperature, the solution Was concentrated in
vacuo. The residue was dissolved in ethyl acetate (300 nL) and this

sol ution was washed twi ce with saturatedgqueous amoni um chl ori de (200
m.), twice with saturated aqueous sodi um bi carbonate (200 nmL), and tw ce
with brine (200 nL). The organic | ayer was dried (MyS0O4), filtered, and
concent r at eehage s eextragtes agadmangehoidthyli arevatepuisio ad)bwnd | ica
gel chronat gge agdibEiad | f 4 j f to i, .l . hexanes/ et hyl
acetate. Fractions coén{% aﬁ&r%légr%‘cﬁfq} gt‘ij’(&&ﬁ@ﬁﬁq fé\%rteerce itbined and
concent r at €SPRELRERALER In ya@my/tooigivec @-dr ieed218i)| ofle LNBhEDyEElom e 458
(Mt) Anal ysgs1i®r C26H38N205 Calc: C, 68.10; H, 8.35;. N, 6.11; Found: C,
68.37; H 8.47; N, 5.90. B) . Preparation of

N- (t-BuOOCCH2) - N- Boc- D- Phe-ci s-Chi-OH. To a sol ution of

t - BuOOCCH2-13 MR ci s-Ohi -OFt (30 g, 65 mmol) in THF (200 mL) was added

N, N- di i sopr t hy) ami ne 7 m) 98 mmol) and di-t-butyl dicarbonate (15.7
g, 72 mol )&%ﬁe’s ’g)(ﬂ [R#orf%ds brought to gentle reflex and naintai ned for
16 hrs. Hednakysiss fbirs @peHaaady ::and once cool, the sol ution was
concentrated in 0. The.res; ' was Jfdissolved in ethyl acetate (400 nl)
and washed twi cecya'\?\nlc#h 1. 0%\4 cﬁ‘?ﬁ?’ |d‘F'(%O l$VYL):",2'tq}3i7ce with saturated
aqueous sodi um Fewmdronat eC( 288. 68;) H,arm 324 g wZ.lpgari ne (200 nlL). The
organi c solution was dried (MyS04), filtered) and 31 0 CT 2003 119
concentrab&;} isP vecuo to give a yellow oil. A portion of this oil (24.8 g,
44 mmol ) difSEHRFEE PR 960 PnPhef PaporaNECHIGsHANE2 vii6l added a sol ution
consisting of 2.05 g Li OHH20 (49 mmol) in 150 nL water. This m xture was
allowed to stir for 5 hrs at roomtenp_at which tinme 100 nL of saturated
aqueous anmoni ufPcid B8 d\/\/&é‘b&&&é&?ggéh’veﬂvévﬂéeetr toovkati deseribednd t he
resi due wasnp&eampilenddHhell@demngsabospt 8¢ BAPReLPy SOPL it Car bonat e and

di et hyl et ' e re separated and the aqueous |ayer was

aci di 1¥i ed ?%kaﬁﬁg'ﬁkﬁﬁ‘%%?f?‘ﬁsegerga-Th he pye “%ﬁdg%ﬂsp%’biigﬁF@rbmas

extracted BPHPEEs (methodi &{ hgB/2t (&RYB{ Zogmaﬁ)t@n@b;,{@spﬁ‘y%r'e E@Nbi ned,
o)

dried (Ngg%éght%gt'ered and concentrated to give 24.3 ¢
N- (t-BuOO - 0c-D-Phe-cis-Chi-OH as a white foam 1H NVR FD-MS, nfe

530 (M+) Analysis for C2gH42N207: Calc: C, 65.64; H) 7.98; N, 5.28; Found:
C, 65.39; By fMmR4:; N, 5.39. C) Preparation of

HOOCCH2- D- Phe- ci s- Ohi - pNHCH2C6HAC( NH) NH2HC1 By net hods substantially

equi val ent FPO"’Fho@éed%gérM'éU in Exanple 1B-E arid 46-D, 1.2 g (67% of

HOOCCI—IZ-DFH&&iyES@fo?-Wﬁ@ i) Nri2ddeda verg, ot ai ned. 1H NVR FAB- M5)
me 506.3 (MH) Agal ysis tor ng%SI\ISOMHClHZO:%c: C, 57.24; H, 6.52; N
11.92: Found: CS2%8:20: HC.653051N H116600; N, 31i66;CT 2~3 120 O COH

Found: C, 55.16; H, 6.14; N, 11.57.

Example 14

HoN
0

NG N
S 7 g/ \/\O\NH e HCI
2

D-Phe-Pro-p-NHCH2CH2CgH4NH2 « HC1

A) Preparation of Boc-D-Phe-Pro-p-NHCHzCH2C6H4NH2.



HNNHp HCO NH/ I .~NH (~~""if N O

HOOCGCH2- D- Cha- Pr o- p- NHCH2C6H4 C( NH) NH2HA

(N- (carboxynet hyl ) - D- cycl ohexyl al anyl - N-[ [ 4(ami noi mi nonet hyl ) phenyl ] net hyl ]
-L-prolinam de) A) Preparation of HOOCCH2- D- Cha- Pro- p- NHCI—!EXQGUBT‘,(W NH2 HC1
By nmet hods substantially equivalent to those described in anple 46, 0.92
g of HOOCCH2- D- Cha- Pr o- pNHCH2C6HAC( NH) NH2HCL wer e prepared. 1H NMR FD- M5,
me 458 (M) Analysis for C24H35N504- HCl§45H20: Calc: C, 57.30; H 7.41; N,
1 3.92; Found: C, 57.52; H 7.29; N, 13.83. OOHHN. NHO HC NH/ | ~
NH ,,,.. ~..~~f N,.: o 390 CT 2003 121

HOOCCH2- D- Cha- ci s- Chi - p- NHCH2C6HAC( NH) NH2HCI

((S-cis)-N([4 t hvl.)-Dcyclo
hexyl al anyl,] - 1H-é?nhoﬁkq§ecar Egégrlhﬁg&lg%hg J‘é#ﬁ“? g\? E’Rgg 5%?%}3;%8?
HOOCCH2- D- PReEXRRPER| 13-NHCGRREG HEE NHp I-EPBIDFEhﬁEPHOdB'HH&IBQHRraI |y

equi val ent cgRsNR9SRedesSELE &f‘eanfﬁ&ﬁnﬂ:@-ﬁ- 2

47- A(usi ng Eeﬁzg rom)gce?at e) and 18-F, Oﬁ%énﬂr% Sh éﬁaEp ﬁéz

HOOCCH2- D- PReneFbyEaminerBEd c6HAC( NH) NH2HO  wer e obt ai ned starting from
BocD- Cha and ci s-Ohi-OEt HCL. HPLC Method 2 was used in the purification of
this materh_%l using a gradient of 98/2 A/B to 70/30 A/B over 3 h. 1H NMWR
FAH MBS, i &H5i¥R3 (MH) Analysis for C28H41N504HCL: Calc: C, 61.36; H,
7.72; N) IE‘DZﬁs Faped4se, (1) 0B; H 7.47; N, 12.53. HNH NH/ ( wNH2 U

=N OAnalysis for C27H3gN404:
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-NHCH2CH2CgH4NH2-HC1.

By a method substantially equivalent to that described
in Example 1-H, 175 mg (58%) of D-Phe-Pro-p-NHCH2CH2-
CeH4NH2-HCl were prepared. The product was purified by
RPHPLC (method 1, 98/2 (A/B), ramp to 60/40 (A/B), 60
minutes).

1y NMR
FD-MS, m/e 380 (M%)
-Analysis for C22H28N402:HC1-0.7TFA-0.7H20:

Calc: C, 55.18; H, 6.15; N, 11.00;
Found: C, 55.12; H, 6.18; N, 10.99.
Exanmple 15

H,N NH
o)
N '&' NH, * HCI
O
o)

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



HCl HOOCCH2- D- Phe- Pro( 4-ci s- |soarryl) p- NHCH2C6HAC( NH) NH2ZHC1 A) Preparati on
of Cbz-Pro(4-traps-OH)- CEt . ~1 OCT 20D3 122 To a sol ution of ‘
Cbz-Pro(4-traps-OH)-.0OH (33 g, 124 mmol) in ethanol (500 nL) was added
p-tol uenesul fonic acid (1 g) and the solution was heated to rﬁ} @\%@t er
16 h, the solution was cooled to roomtenperature, and the sofve

rem)ved i n vacuo. The residue was dissolved in ethyl acetate (400 nL) and
washed twice with saturated agueous NaH®3, and twice with a saturated
aqueous sodi um chl oride solution. The ethyl acetate solution was dried with

My S04, flltered andc nceptra in_vecuo.to 4.5 959 _A_

col orl ess oi4P~ S/s& ﬁg égxgz?mx}uxm %715 %’O’P%?ngigfiﬂé'{;?{iﬁgj %al ¢: C
61.42; H, 6.53; N 4 77; Fourolir@micle 2y drdcticdbideN, 4. 73. B) Preparation
of Cbz-Pro(4-oxo)-CEt. Cbz- Pro(4-traps-OH)-CEt (32.7 g, 111 nmol) was

di ssol ved in dichloronethane (500 m.) with mechanical stirring inallL
round bott &h f Preparfsiohi ofsprdaminomathydieengoni kpideuTBRA. si eves (100 Q)
and pyridi nium chl orochronmate (60 g, 278 mml ), in portions small enough to
mai ntain efficient stirring. After stirring for 12 h _at roomterrperature

di ethyl ether (200 amnstixadngdqugrengirneot aeRivmUPYFrids décdnfed3Prom a

tarry resi %pnggf%' aaaf,@rk%aumh alw yﬁnteér %afafﬁfan(?i)@o%ﬂhe

resi due was wash twce wth dichl oronet hane and t he conbi ned
washi ngs was &I@G%ésé@&%‘ﬁ%ﬁbﬂlfhﬁ%??i‘-%ﬁlbfiu@lome $117Pad k- wakOf | ushed

]Ehr oggh a %Hﬂscaula:fehr'éolwuanawbb é%éwf&hviaaﬁﬁtaaéib%ﬁnﬁ?nﬁéll—& gndd580 L
ractions were colle actions,confain rodu udge

e were EHRGIER BESasheBREYL: SHARSSRRBOIUL sn (28°5 & (380 of a
col orl ess Gmloll) 3Aft@rC§tR@GSn§2£oiH1&ll\BoEf)sl\/SthednzﬁeﬁréIWasAnal ygizs :‘\Ior
C15H17NO5: :
4.71. Q Pr z‘a“(rizftdi gﬁgéf gggtﬁp_; fgﬁ 5063?0 h%ﬁd‘gﬁg’ &Fézf’%t q8&Tum

t - but oxi de wed#xg, (1293 minn| ) Thesosgapiade aﬁﬁ Wé&rhh?t!r@rycdnﬂ(lm}rt) in an
oven dri ed g4R06la2 Fhﬁlr %Bﬁéeg%égghf | agKe eﬂH%Ri’ﬁ?n%&Ql%d%&é Og&én

inlet,, gnetl c sti Itiron tunne I'S suUuspensit on was
added, in sdssodivedoin enmmmmpnnpheﬁydpnb%pngmenm«eom Amigabe g, 288

ol ). Al t%os&ruf)ruagr gfaﬁaregg ?ih'a tﬁesglo‘ih‘tggge%' gbége%é e¥0h- &t (70 g,

240 mmol ) |ntetrahy ropw se via an addition
funnel oveThe sojusdenowasathen §F~P~PFPﬁgW#§h ﬁﬁlﬁmptpeﬁatuz acidat ur at ed

aqueous NHAGHo( 20 @kl WAlokddcdo £Bis se&uvﬁauwas $hé UsSthvaht hwes hyl

acetate (750 nL) and the | ayers were ge par, he organlc | ayer was
washed two HSTeSeHoOVed 17 VacHe: and; ghet i ¥ ﬁFth‘ésm 8t 88L5EEous NaHO03,
and twi ce wﬂdbmxﬁatyumithddaéuﬁWSeshdruﬂflOblﬁLDd&ndohﬁteﬁna filew organic

sol ution vvas dr| ed t h ncentrate ive a yellow
oil. This p% Pél\%éb‘ftf éﬁ%‘&%?s toggﬁpﬁﬁefﬁ@?g%{:ﬁg gel el uting
with 2:1 héoamesn’ed,hwashedt stich Biathydnetbentaandngrpeddint véasojtldged by
TLC) were i ngd qa enler ah to give 37 g (45% of a
col orl ess éq'lw rli%ﬁl\/lrédl‘—(g%%g %tf ggg ?m\ﬁ?EXnaI ysis for C20H27NO4: Calc: C
69.54; H, 7.88; N) 4.05; Found C 69.74; H 7.B5; N, 3.99. D) Preparation
of Pro(4-ciggisoanyl)- Ot HCL.

1 NMR

FD-MS, m/e 132 (M%)

B) Preparation of Boc-D-Phe-Pro-p-NHCH2CgH4CN.

By a method substantially equivalent to that described
in Example 1-G, 7.4 g (78%) of Boc-D-Phe-Pro-p-NHCH2CgH4CN
were prepared from Boc-D-Phe-Pro-OH and
p- (aminomethyl)benzonitrile-TFA. In this case, the product
was purified by recrystallization from diethyl ether.



31 D CT 2003 124:'To a solution of Cbz-Pro(4-isobutylnethylidene)-Oet (37 g,
107 mmol ) in ethanol (500 nL) was added 5% Pd/C (5 g). N trogen gas was
bubbl ed through this solution for 5 mn and then hydrogen gas was bubbl ed
through for 3 h. The solution was filtered through a pad of-giaﬁgnaceous
earth. Hydrogen chloride gas was then bubbled through the so JeO6h 208 i |
saturation, and then the solution was cozﬁpntrated In v~cuo to give 26 ¢
(97% of anber oil. 1H NVR FD-M5, me 21 4° (M) Analysis for Cl2H24C1NO2
Calc: © 57.70; H 9.68; N, 5.61; Found: C, 57.46; H, 9.50; N, 5.82. E)

Pr epar ati ort®f HOOCCH2- D- Phe- Pro( 4- ci s-i soamnyl ) - pNHCH2C6H4C( NH) NH2HC1 By
nmet hods subﬁ; jally equivalent to those described in Exanple 1-A and 1-D,
18-E, 44-B, 4§@ﬁiusing benzyl bronmpacetate) and 18-F, 0.27 g of

HOOCCH2- D- FRe-MSt 0 ¥-ec i45h s o)l ) - p- NHCH2C6HAC( NH) NH2HCI  wer e obt ai ned
starting from Hoc-D Cha and Pro(4-cis-isoanyl)-OEtHC . HPLC Met hod 2 was
used in the purification of this material using a gradient of 9B/2 A/B to
50/ 50 A/ B &Ver B¥eparaliqur ofaBoosD-Rhe -Pro-p-NUGHD CaliC/(1H NHy.
C2gH4A5N5041. 9HC1: Calc: C, 5B.34; H, 7.92; N 11.73; C1, 1l.28; Found: C,
58.30; H, 7.B5; N, 11.83; C1, 11.27. ~ ~ 0 CT 2003 125 ZN NH O 2HC N
H/ | wNR ~ ~Hydgogen syldiserans, waschubiied wineumiHel solution of

( D- cycl oheBdcape Pine-Pio-pA-NHDHo g HECRO TRt &Y | Rbe ol HEYE%T& he i(Bam de
di hydr ochl ori.de Pr.epar gti qn of _Boc- D- Cha- Pr o- p- NHCH2C6 C(ﬁﬁ)NHéE% By
met hods sufta Ity ﬁ\?ﬁ\’-@ﬁt (205t Abde £98sS0; pdputesExafees 1- A 46-,
and 18-, 3%eacyibdHeselelBuasDrHenPeeadeliHaaCahdciild) MdCatals afr epar ed
starting fE%%%F%P_D C%g—ProECH. 1g NVR FE—NB, me 634 (M) Analysis for
C35H47N506 emperature for 2 gaysy) Fhepsolpgien was ghegodijuteds7; N,
11.26. B) Mi¢hawatiean (A00DmCHaaRa0 ert MaEHREE BGTebHED22HGL Bretatit hod
subst anti al equiyval h described in Exanple 23-A 9.6 g (101% of
D-Cha-Pro-éaﬁgH%%éH4C?§h)h&@%%géeloﬁgganeﬁbFéﬁ VggnVBﬁggé-EW&gPrUlﬁh
NHCH2 C6 HA CERFpPRAESE. agqueous sodium chloride, dried (MgSO4), filtered

and concentrated in vacuo.

| The residue was dissolved in acetone (50 mL), methyl

iodide (10 mL) was added, and the solution was heated to

reflux (2 hours). The solvents were removed in vacuo, the

residue was dissolved in methanol (20 mL), NH4OAc (712 mg,

9.2 mmol) was added, and the solution was heated to reflux

(12 hours). The solvent was again removed in vacuo, the

residue was dissolved in 1 N citric acid (100 mL) .and the

aqueous phase was washed twice with ethyl acetate (200 mL),

then basified with solid sodium bicarbonate, saturated with

solid sodium chloride, and extracted twice with ethyl

acetate (200 mL). The combined ethyl acetate extracts were

dried (MgsSO4), filtered and concentrated to give 1.4 g

(67%) of thick oil. '

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

D) Preparation of D-Phe~Pro-p-NHCH2CgH4C (NH)NH2 - HC1.
By a method substantially equivalent to that described

'in Example 1-H, 7.7 g (57%) of D-Phe-Pro-
P-NHCH2CgH4C (NH)NH2 -HC1 were prepared. The product was



1H NVR FD- M5, nie 534 (M) ~ ~ 0 CT 2003 126 Analysis for C3pH41N504C12:
Calc:.C, 59.40; H 6.81; N, 11.54; C1, 11.69; Found: C, 59.54; H 6.80; N,
11.77; Cl1) 11.21. C Preparation of D Cha-Pro-p- NHCH2C6HAC( NH) NH22HC1L Hy a
met hod substantially equivalent to that described in Exanple 18-F, 0.74 g
(62% of D-Cha- Pro- pNHCH2C6HAC( NH) NH22HC1 was prepared. HPLC Nbf T 2003as
used in the purification of this material using a gradient of 98/2 AIB to
75/25 A/B over 2.5 hrs. 1H NVR FAH M5, nkg 400.3 (Mt) Analysis for
C22H33N5022. 1HC1: Calc: C) 55.50; H, 7.43; N 14.71; C1, |5.64; Found: Q)

55.64; H 7.50,,, 4.65. C , 15.81. amble 52 ~OH HN NH O _HCL N, N\ |
\ N H2 U~ "?‘F’Of%%ﬂﬂﬁ éﬁ'&-"—gPé-ngﬁgﬁgcéMé(’ NHF RFPHEP 76750

(N- (2- car bogayas)hy 1I30Dndywitelzexyl al anyl - N[ [ 4- (ami noi m nonet hyl ) phenyl ] net hyl
]-L-prolinam de hydrochloride) A) Preparation of

HOOCCH2CH2- D- Cha- Pr o- pNHCH2 C6 H4 C( NH) NH2HC1 3 ~ 0 cr 2003 127

D- Cha- Pr o- &I-NIMIQCGI—MC( NH) NHCbz2HCL (2.5 g, 4.1 mmol) was suspended in

Et OAc (100 i taighal 1 G+ A solution of 1 M KHCO3 (100 nL) was added to
t he suspenspi%o)ryégny]/teﬁggr% MM as stirred until all solid had dissol ved.
The mi xt ur ANy s fore G228 2085825 BEar 3t 4TFAF GrAHROand the | ayers

separated. The q& i C Iay@'r W.S,éj'}i 'd E(I\QZS%OQQWT{J{ l4red and concentrated
[

in vscuo to give 1.24 g of the fre ase as a ‘e solid. This solid was
di ssol ved in Et &Feyd0 ni)C. BEhz3g: dtr VB &% ®D. 42.P8.2. 6 Mol ) was added
and the solution was stirred for 2 days at roomtenperature. Then) to this
sol ution was added water (50 ni), N HGCL (4,6 nL) and 5% Pd/C (0.5 g) and
the stirring suspensi on was degasséﬂ“ﬁﬁ%ﬂa@ed under an at nosphere of
hydrogen. After 16 h, diatonmaceous earth was added and the slurry was
filtered over a pad of }-Qi\tatorraceous earth. The filtrate Was concentrated to
a volune of 25 nL in vacjo a purified by preparative RPHPLC net hod 2,
using a gradi ent of 98/ &to 75/25 ALR over 2.5 h. Fractions containing

pure product (as judged by lanal yt wer e pool ed, concentrated and

| yophi l'i zed to giverZFR7 gNw3% N * 0.75 HCI

HOOCCH2CH2- D- Cha- Pr 2 NR/R FAH- VS, mle 472.4 (M)
Anal ysi s for C25H37NSQ4 : ' ., H 7.25; N) 12.94; (1,

12.45; Found: C, 55.26; H 7.269 N, 13.21; clH|2.85. Exanble 53 O OH HN O

NH' NH HC U.."~f N
D-Phe-Pro-m-NHCH2CgH4C (NH)NH2 - 0.75HC1

A) Preparation of m- (aminomethyl)benzonitrile-TFA.

By a method substantially equivalent to that described
in Example 15-A, 10.8 g (86%) of m-(aminomethyl)-
benzonitrile:-TFA were prepared from m- (bromomethyl) -
benzonitrile.

IR
1y NMR
FD-MS, m/e 132 (M*)

B) Preparation of Boc-D-Phe-Pro-m-NHCH2CgH4CN.
By a method substantially equivalent to that described

in Example 1-G, 7.5 g (79%) of Boc-D-Phe-Pro-m-NHCH2CgH4CN
were prepared from Boc-D-Phe-Pro-OH and



0 HO2CCH2- D- Cha- Pr 0- 4- NHCH2- pi peri di neHC1 3 ~ OCT 2003 128 A

Preparati on of Boc-4-(am nonethyl)pyridine. By a nethod substantially

equi valent to that described in exanple 34-A, 19 g (87% of

Boc- 4- (am nonet hyl ) pyri di ne was prepared from 4-(am nonet hyl ) pyri di ne. 1H
NVR B) Preparation of 4-BocNHCHZ- N-Cbz- pi peri di ne. 4-BocNHCH2- pyrécji %@8
g, 48 mmol) was dissolved in ethanol (280 nL) and 5% Rh/C (10 g) was .
The suspensi on was shaken under an atnosggere of hydrogen (4.1 bar, 60 psi)
at 60 ~C overnight. The catalyst was then filtered off and the sol ution was
concentrated in vacuo to give 9.0 g of a gray solid. A 3.2 g portion of the
solid was @s&HinomethyidbenspnisradenTFAS nln shdsacasguedhe poloduicen (75
m.) of potaay Filan 3S A o] is stirring

sol uti on was added benz? g%f:g%g?g}?fgztﬁg‘i% gg.%{‘ ﬁ%g@%l )eft%ﬁ?t'er 15 mn)

t he solution was concentrated in vacuo to about 1/2 the original volunme and
then dilut@k with ethyl acetate. The organi c phase was separated and washed
with bri ne,lﬂtgﬁg dried (MgS04), filtered and concentrated in vacuo to give
4.6 g (7699 "0 white solid. 1H NVR FD-MS5, me 349 (Mt) C) Preparation of
4- NHZCHZ- NFOMSpi pei dP6eki@t*y By a nethod substantially equivalent to that
descri bed i I 3 49 of 4-NHZCHZ- N- Cbz- pi peri di neHCL was

pr epar ed ffg‘%qﬁggc%ﬁ%é?@%ﬁgﬂ%?pen di ne. 390CT 2~3 129 IR 1H NWR
FD-MS, nie 249 QCeifc: D) Prapd&&atGsgn Haf 6V77;- Bu02aQCHe);- N- Boc- D- Cha- Pr o- OH.

N (t-BuQ2CCH2) - -.D- Phes Prg; ( 7 1) di ssol ved in et hanol
(750 nL) and Ptg-fﬁ%‘%?, g) \%@[s %d' ed. E’hg‘s Sp sild'n\%s shaken under an

at nosphere of hydrogen at 4.1 bar (60 psi) at 40 C for 16 h. The catal yst
was then fichtepedpatheabd bRepbblbLphe-PRS-f9 ' uo to give
11. 7 g ( 90%) o? a. white foam IR EH%@R‘EE’E‘?%&&%@E@@’W) Anal ysi s
for C25H42N20?: Calc: C, 62.22; H 8.77; N, 5.80; Found: C, 62.99; H 8.96;

N, 5.48. E) P ti SRR - 143 2:Ri Ldi
ot hods. SUBst ARt LaLL Y. BN Vel hC L g.t hode Aoicniban 10 SyakybaEFE el
_a.@pgeo.} Féch}&

exanpl e 46D, -9 P34 br of-ReerD-PrecPrermeHd was prepared
from N-(t-BHORSCERIC NBDKE, Ghear &r préphped. HC14- NH2CH2- N- Cbz- pi peri di ne. The
product was purified by RPHPLC nethod 2, tanping from 98/ 2 (A/ B) through
70/30 (A/B) over 2 h. IR 1H NWR

FD-MS, m/e 494 (M%)

D) Preparation of D-Phe-Pro-m-NHCH2CgH4C (NH) NH2-0.75HC1.

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 HCl were prepared. The product

was purified by RPHPLC (method 2, 98/2 (A/B), ramp to 75/25
(A/B), 120 minutes).

FD-MS, m/e 394 (M*)
Analysis for C22H27N502-0.75HC1-1.2TFA-0.5H20:

Calc. C, 51.72; H, 5.33; H, 12.36; Cl, 4.69;
Found: C, 51.79; H, 4.93; N, 11.96; Cl, 4.82.



FD-M5, me 423 (M) Analysis for C22H3gNqO042HC11. SH20: Calc: C, 50.57; H,
B.29;. N, 10.72; Found: C, 50.31; H, 8.46; N, 10.93. 8 ~ OCT 2003 130 QJ
HHN O HC N ~NH HO2CCH2- D- Cha- Pr o- 4- NHCHy CH2- pi peri di neHC1 Preparati on of
HO2CCH2- D- Cha- Pr 0- 4- NHCHZCH2- pi peri di neHC1. By met hods subsg qrﬁd-,alzbog

equi val ent to those described in exanple 52, 0.59 g of

HO2CCH2- D- Cha- Pr 0- 4- NHCH2CH2pi peri di neHCl was prepared from )

4- am noet hyl pyri di ne. The product was pﬁ?ified by RPHPLC net hod 2, ranping
from98/2 (A/B) through 70/30 (A/B) over 2 h. IR 1H NVR FD-M5, nie 437 (M)
Anal ysi s for C23quNqu2.5HC11.5H§Q9E§QE£FJp, 49.80; H, 8.27; N, 10.10;
Found: C. 49.95; H 8.D8; N, 10.34. ample 55 OOHHN OH ~ NH NN HC U
"" i f 0 HO2CCH2- D- Cha- Pr 0- 4- NHCH2CH2CH2- pi peri di neHC1 3 ~COCT 2~3 131 A
Preparation of 4-hydroxypQpyl - N-Cbz-pi peridine. By nethods substantially
equi val ent to those (esc |beqain exanpl e 53- H2s g (679 of

4- hydr oxypr opyl - N- Ch2wy \Giie was prepared{rom 4-hydroxypropyl pyri di ne.

1H NMR NH2 o HOI

N

H
QI rN
0

D-hPro-Pro-p-NHCH2CgH4C (NH)NH2 - HC1
(D-homoprolyl-N-[[4- (aminoiminomethyl)phenyl]lmethyl]-L-
prolinamide hydrochloride)

A) Preparation of Cbz-D-hPro-OH.

D-hPro-OH (5.0 g, 38.7 mmol) was dissolved in
tetrahydrofuran (100 mL) and water (30 mL). The pH of the
solution was adjusted to 9.5 with 2 N sodium hydroxide and
benzyl chloroformate (5.5 mL, 38.7 mmol) was added dropwise
and the pH maintained at 9.5 with 2 N sodium hydroxide.

The reaction was stirred for an additional 1 hour at room
temperature. The organic solvent was evaporated in vacuo,
diethyl ether (100 mL) and water (50 mL) was added to the
residue. The aqueous layer separated, the pH of the
solution was adjusted to 2.8 with 3 N hydrochloric acid and
ethyl acetate (150 mL) was added. The organic layer was
separated and dried (MgSO4):; the filtrate was concentrated
in vacuo to give 9.6 g (95%) of a clear oil.

1 NMR
FD-MS, m/e 264 (MHY)

B) Preparation of Cbz-D-hPro-Pro-OH.
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 mmel) and



B) Preparation of 4-(NHZCHZCHZCHZ) - N- Cbz- pi peri di neHC . By net hods
substantially equivalent t6 those described in exanples 30-B, 30-C and
30-D, 7.3 g of 4-(NH2CH2CH2CH2) - NCbz- pi peri di neHCL were prepared from
4-hydr oxypropyl - N-Cbzpi peridine. 1H NVR FD-M5, nfe 276 (M+) C) Preparation
of HO2CCH2- D- Cha- Pr 0- 4- NHCHZCHZCHZpi peri.di neHCL. By met hods $1i0€Tagys al | y
equi val ent to those described in exanple 53-D.and 53-E, 0.39 g of

HO2CCH2- D- Cha- Pr 0- ANHCH2CH2CH2- pi peri di nptHCl was prepared from

N (t-Bu02CCH2) - NBoc- D- Cha- Pro- OH and 4- aninopropyl N Cbz- pi peri di neHCl . The

product was purified by RPHPLC ing from98/2 A/B) t hr ough
70/ 30 (A B} SVQPCZCE°hFﬁW}FP Zgi gs n}?Ana? Sis for

CZ4H42N404%@§&H28n GasztﬁSrrEa 28: i, h8u56atND 10 854 Fobour & S6om3; H,

8.63; N, 10.19. 009 132 OH HN N=NE2 H N O
O HO2CCHBSTPERRLBF: 4. %&HE’TC&B%EFHS VBer i Phiberes ahE”thelebltrace”
(N- (car boxyohteykyabedy dholraxybatengh- bh@[l The oil was dissolved in

(an1n0|n1ng§§§gépé gﬁgph§ﬂ50p¥gbdbﬂ %4y5]get§glkmbg olaﬂanlde

hydr ochl or
HO2CCH2- D-Gh&eEhQiAmNh@HZSlanmﬁbnaﬁlpaoidlweH@ladéydnetﬁbésr§§§§ﬂ§ﬁt|aIIy

equi val entw%%tg%gegeggh&g bgysé%geksé figaDhoa?es&) 1mﬁe( v&hBYion

N- ('t - Bu02
HO2CCH2- D- Godvens- waNH@Hm?V&Fh drnypcper tei HéHeazlwasTbPeﬁﬁﬁéé“Pr Yas

4- Boc NHCH?2 L hod 2
oS ST B At s R

e 465 (N~i *
Anal ysi s f@uddszlanéN 1ad@ar='éedct°52 Sowigh i-‘oHna°d€ hygg e7(88 )
N, 15.63; @he hdubdus’189erNext2a8ledCiwitd ¢8th d3etfyd GIh&QO3 The

aqueous 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 (MgSO4), and the )
filtrate evaporated in vacuo to an amorphous solid (11.4 g,
88%) .

FD-MS 361 (M*);

Analysis for C19H24N20s5: _
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-NHCH2CgH4CN.

By a method substantially equivalent to that described
in Example 1-G, 2.2 g (84%) of Cbz-D-hPro-Pro-p-NHCH2CgH4CN
were prepared from Cbz-D-hPro-Pro-OH and
p-NH2CH2CeH4CN-TFA.

iy NMR

FD-MS, m/e 474 (M%)

Analysis for C27H30N404: ,
Calc: C, 68.34; H, 6.37; N, 11.81;
Found: cC, 68.36; H, 6.47; N, 11.57.



O OHHNONHU::...,~f NONNH2 1f HC NH

HO2CCH2- D- Cha- Pr 0- 4- NHCH2CH2- 1- @m di nopi peri di neHC1 Preparati on of

HO2CCH2- D- Cha- Pr 0- 4- NHCH2CH2- 1am di nopi peri di neHC1. By net hgqs T
substantially equivalent to those described in exanples 34-D, % K,mal G
(using N-(t-BuO2CCH2)-N-Boc-D-ChaPro-OH), 18-E, and 1-H, 0.34 g of
HO2CCH2- D- Cha- Pr 0- 4NHCH2CH2- 1- am di nopi-peri di neHCL were prepared from
4BoCNHCH2CH2- pi peri di ne. The final produgt was purified by RPHPLC net hod 2
(98/2 (A/B) ranp to 75/25 (A/B)) 150 min). IR 1H NVMR FAB-MS, nfe 479.4
(MH) Analysis for C24H42N604~2HCL: Calc: C 52.26; H 8.07; N, 15.24; d,
|2.86; FouBd: Prepacatien ¢f B-hBronPraspdHCHACEHES (NH)NHZ HCh. CT 2003 | 34
OOHHNONH' HJO NNI U~"~f 0

HO2CCH2- D- Cha- Pr 0- 4- NHCH2- 3, 4- dehydr o- pi peri dineHCl A) Preparation of

4- BocNHCH2- N- me By B- BeEhadnsuhsraatelly cequivalent ta obhat sesfribe

4- BocNHm21ayEk¢r@§ef29-g. G5z FHPFo - pfbap‘avmmjagrk (mmm)(wmmﬁd

i odonmet hane_(8.9 nlL, 144 mol ). After 16, the solutip vvas cqncentrat ed

in vscuo t Sh§PTEtagaB) wagepreraTedy hi "rl’l‘@ﬂf ?/él‘?‘iﬁf N e 223.1
(M) B) Prepgeaived 9h dc@etdlkerd N IIOOmD) darte B oas lws dbmua a

t t CHZ N- di i d 7.7 34 I
Tn 1 20 i CRPEPUBRNERE PIBETHEY 86 TOMHPRLEE o AEHTRRNASFATO) b hal onc
(1.5 g, 6.3addiebipnadl nohedrbytlie cédbverst hwas dﬂmwé&rimtm:ﬁﬁo&:gi t3e nl) .

Th | uti h . t t | ed t
foom t enpe FAESRRS oA, AiLEe TEA rinRedn  FAof b, s MHated e TS Vas
qui ckl'y fl wikbdethydugbetate! (190 afiLki | |'I§begsdzuwu$1 ;ﬂwset\#a,s then

tate/h h d
nas. di ssol adERseduEn bARE HAER f‘“ RS (i Wt Apfagie resi due
Sat ur at ed dnubasicNAPODB m@olm mzeﬁetpm arkluffy shitats were

renmoved in 0. s (et L mashed
twce wt hsﬁgggnes&rﬂs %ﬁ Eggﬁrg@% %éﬁoi-g&gﬁ&?%%%ei%S W th ?szoslalr}‘gd NaCl and

extracted 8BHePHFififgsPYPRERAFRTI e RBHRLC THee Rl e P BtTy (ARt at e
Fxt L?ctsl}Neaﬁapdtb\t/a\zofws@ﬂ)s)fliwrﬁﬂnueegl) Cw%éﬁs 47!1%/)9061153 tTO 1gllhve a
ig ye i iC in 0] is
stirring sggﬁg %ﬁomgs“?ﬁgicg%ﬁém %g%&gip ¢‘e§% e%&i? 1 nm, 12.2
rrrml) foll owed by 9-fluorenyl methyl chloroformate t3.2 g, 12.2 nmol ). After
the sq P% was renoved in vacuo and the residue was di ssolved in
5

ethyl acet a 0 nmL) and washed twice with 1 Ncitric acid, once with
brine, tw FB-M5t, hmgeat BB7t ¢M* hqueous NaHC03 and finally once W|th brine. The

organi ¢ ph t 0d) F Y centrat ed in vacuo
and the reg‘? ugg\%gs‘h;gﬁrg?‘r%ﬁ%?ﬁ%@ﬁeg %lil/é% 8 é@% gtgd%}? colum, eluting with
a step gradient Coflesos eChyI‘SaéétaHe/ﬁeiéneg thé o8Yh LYo €L MGt Br, 15.23;

acet at e/ hexanes pr edu ntgi ngnggl rRct i ongs (| T r
conbi ned and coﬁgggtar at gd tqg Slgveﬁ4 6 ?6’7/§ o é%/\,h ?ieigggl :l% ﬁl#Nf?R

FD-MS, mie 435 (M) |
Example 18

NH NH
o)
! NH,

H « 2 HCI
O’ |
o

1-Pig-Pro-p-NHCH2CgH4C (NH)NH2 - 2HC1
(N-[[4- (aminoiminomethyl)phenyl]lmethyl)-1-[[ (4aS, 8aS)-
decahydro-1(R)-isoquinolinyl])carbonyl]-L-prolinamide
dihydrochloride)



C) Preparation of

N- (t -.-BuO2CCH2) - N- Boc- D- Cha- Pr 0- 4- NHCH2- NFnoc- 3, 4- dehydr o- pi peri di ne. By

ret hods subtantially equivalent to those described in exanples 23-A and 1-G
(using N-(t-Bu02CCH2)-N-Boc-D- Cha-ProOH)) 2.5 g of v

N- ( t - BuUO2CCHR) - N- Boc- D- Cha- Pr 0- 4- NHCHZ- N- Frroe3, 4- dehydr o- pi por i HiTh@Ras
prepared from 4- BocNHCH2- N- Fnoc 3, 4- dehydr o- pi peridine. IR 1H NVR FD-M5, m e
799 (Mr) D) Preparation of N (t-Bu02CCH2)7& Hoc- D- Cha- Pr o- 4- NHCH2- 3, 4
dehydr o- pi peri di ne. 31 O CT 2003 136

\- (1~ Bu02COHY) - MrbiprBeeha- BEOCK: MHCHZphEppE: gyrddehy dr o-pi per idine (1.5 o,
1.9 mol) was dissolved in. norpholine (25 nl) and after stirring for 5 h,
t he sol vent was evaporated in vacuo. The residue was dissolved in ethyl

?plet at edand washad sblutéoni bl iﬁﬁbé%@ﬁoﬁlﬂé@ﬁ?bb’ﬁb‘ﬂi% aggi;]eqSFjNggoﬁ).zgg
iltered an ngen e vacuo, resi gue _was. t hen di ssol v&d in“a
smal | vol urrg‘og? gﬁl %?'g o?%qggn’af‘lgh?Bﬂa?gg?‘gpﬂgdggvﬁ?l sVafcregeredepuerngt
with a gradRBABlpP3593¢0g)l0at ABB Hdr=(950 peiasp! hparsgehHdAHh Bigh
chl or of orm 0 nt ai pi fractio as judged by TLC were

conbi ned anﬁrcggg‘ég%t géﬁ%’dg? Sy guggtoégf% PONFS 820Fhefrepctionol i d. 1H
NVR FD- M5, mistsre vastjiBRefedpchrdugh &fpad of diatomaceous earth, and
H02CCH2- D ChePr 91 drdbEHRas: doleliyes £e 04 PR JARHT -mbl o 975555, PUbDT €d

through a sol ution of
N- (t Bu02CCHPY 3 RupRted. whth water NHOHA &reld derd dniend pes igiwve (820 ng, 1.4

nol ) and apispéenydréiil-{iso %ﬁiﬁé By e G d o QI& '_n§.Af r | rring
for 12 h, the g&%vent was re%ove_b I'n %%(-:uo a%'oc t%éelée [Be 'éf?)ssa&/ed in
wat er (50 nf) ) ERTIER 184 BRI X h diethyl ether. The aqueous phase was
then concentr at epLtD-pi yobpMe3 ©f 2 oui3-gqgg%1' CAIO, rified by
RPHPLC ( Met hod )6%8/ ééA/ Béeéohroﬁ%)h 37 L) rB%,gsa Z&fﬁé}gf‘ﬁggd%duct
cont ai ni ng T AREIYHOLTEn ¢ L a kg tater RS Olver e Thoeriphasf the
partial |y combutiommtveak iadjested awsl 9 yORRiYH 29¢ Nadpg \ﬁzd‘lg,%,-%# 68% of
white sollmmqg, m_e 4&%%4*) ~81 D CT 2003 Anal ysi s
for CZZH36 ICLT. A& Mo, . mol) wasmyedded fycopwisemanl the
E|82:(33(1:H 2Hb- %&@:Wtfm%;@zbﬁ rhdﬂﬂt:lm N4QH.N _*I‘Cli'l_e gl_elgdl ﬂHFl)on was _stin}ed
- = RIp- CH2-3,4- dehydr o- pi peri di ne reparation o
HO2CCHy- D- Cha- Pr o-%-‘ﬁﬁgg’zv 23 P déh Jﬂ%ﬂgr"i%ﬁéﬂre- The organic
solvent was evaporated in vacuo, and diethyl ether (150 mL)
and water (50 mL) were added to the residue. The aqueous
layer was separated, the PH of the solution was adjusted to
2.5 with 5N HCl, and ethyl acetate (200 mL) was added. The
organic layer was separated and dried (MgS04) and the
filtrate was concentrated in vacuo to give a clear oil. The
oil was dissolved in diethyl ether (150 mL) and the solution
allowed to stand at room temperature (24 hours). The
precipitate was filtered and dried to give 2-Cbz-DL-perhydro-
l-isoquinolinecarboxylic acid (Cbz-DL-1~Piq-OH) (32 g, 75%)
FD-MS 318 (MHY).
Cbz-DL-1-Piq-OH (31.8 g, 100 mmol) was dissolved in DMF
(100 mL) and cooled to 0 °C. To the reaction was added
proline t-butyl ester (17.1 g, 100 mmol),
l-hydroxybenzotriazole (13.5 g, 100 mmol), and DCC (20.6 g,
100 mmol). The reaction was stirred for 3 hours at 0 °C ang

24 hours at room temperature. The reaction 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 layer was separated, and washed sequentially with



By nethods substantially equivalent to those described in exanple 58, 73 ng
of HO2CCH2- D- Cha- Pr o- 4- NHCHZCH2- 3, 4dehydr o- pi peri di neHC1 was prepared from
4- BocNHCH2CH2pyri di ne. The final product was purified by RPHPLC net hod 2
(98/2 (A/B) through 70/30 (A/B), 2 h). IR1IHNWR IS M, nfe ﬂ%ﬁBEngﬁr)

Anal ysis for C23H3gN4042. 3HC13H20: Calc: C, 48.26; H, 8.15; N~ 97, 79" CI1,
14. 24; Found: C 48.31; H, 7.93; N, 9. 66 Cl, 14.56. 31 0 CT 2003 138 O

OHHN ON ( - ~"ttt~f Hel O

HO2CCH2- D- Cha- Pro 4- NHCHZCHzZCH2- 3, 4- dehydro pi peri di neHC Preparaalgn of
HO2CCH2- D- Cha- Pr o- 4- NHCHZCH2CH2- 3, 4- dehydr o pi peri di neHC1. By met hods
subst ant | ot NalifR3saMaten o 1tk Sifadesr asdd i anék wasiex .58 The)Brigandic

HO2 CCH2- E>EhﬁaPh@nﬂ1ﬁhﬁﬁzqma@H%ﬁ3 4%@h1%@0fauﬁgatéle%ﬂ braRadorepaned from
4- BocNHCHZ 2%| cii; ne, R 1H NVR I%’ M m e 2 ( o ), A”a|1y3'li for
C24HQNIOf* ¥ Scéar&edct%?s'r RCP3- 9% pﬁrhyérps -EsgAuinelive-64;
H 7.72: Marﬁbr&l-@bro]l&lﬁQ-bEk@leb%tel' '(NHZ:-DL @-Ig; YHpNoNo3 tHBl ) N-NH2  C~
— H O (IR AAR §ARohf! Gl 8 05 Q)3 © O CT 20037139
Cbz-DL-1-Piq-Pro-0O-t-Bu (47.0 g, 100 mmol) was placed

.in a round bottom flask containing trifluoroacetic acid

(100 mL), CH2Cl2 (35 mL), anisole (5 mL) and stirred at

room temperature (1 hour). The reaction was concentrated

in yvacuo without heating, and diethyl ether (100 mL) and

water (100 mL) were added. The pH of the solution was

adjusted to 9.8 with 5N NaOH. The aqueous layer was

separated, the pH of the solution was adjusted to 2.5 with

SN HCl, and ethyl acetate (200 mL) was added. The organic

layer was separatéd and dried (MgSO4) and the filtrate was

concentrated in yvacuo to give a clear oil. The oil was

dissolved in diethyl ether (700 mL) and

(L) - (-) -0a-methylbenzylamine added to the solution. The

solution was allowed to stand at room temperature for 5

days. The resulting solid was filtered and washed with

diethyl ether. The filtrate was washed with 1.5N citric

acid, and water. The organic layer was dried (MgS04), and

the filtrate evaporated to an oil. The o0il was dissolved

in diethyl ether (400 mL) and allowed to stand at room

temperature (48 hours). The resulting solid was filtered,

washed with diethyl ether, and dried to give

2-Cbz-D-perhydro-l-isoquinolinecarbonyl-L-proline (Cbz-D-1-

Pig-Pro-OH) (5.86 g, 36%) FAB-MS 415 (MHY); [a)p = -34.2°

(C= 0.5, MeOH).

B) Preparation of N-Boc-p-(aminomethyl)benzonitrile.

To a stirring suspension of sodium hydride (4.6 g, 115
mmol, 60% dispersion in o0il) in tetrahydrofuran (150 mL)
was added 4-(bromomethyl)benzonitrile (20.5 g, 105 mmol).
To this mixture was added (slowly via an addition funnel) a
solution of di-t-butyl iminodicarboxylate (25.g, 115 mmol) .



(N-[4-[(am noi m'nonet hyl ) am no] butyl ]-1-[[ (4aR, 8aR) decahydro-1(R)-i soqui nol
i nyl ] carbonyl]-1-prolinam de tri'hydrochloride) The Rf values in this

exanpl e were determned by silica gel thin | ayer chronotography (Kieselgel
60 F-254) in the follow ng systens (v/v): (A) Chloroform I\il’itﬁgo na ACet i C
Acid 135:15:1 (B) Ethyl acetate: Acetic Acid: Absolute Ethanol 210 (O
Et hyl acetate: Hexane (70:30) (D) Chl oroformA)

N- Met hoxycar bonyl phenet hyl am ne To a sthgred sol ution of phenethyl am ne
(75.2 m, 0.6 nol) and triethylamne (83 nL, 0.6 nol) in THF (500 nL) was
added slowy nmethyl chloroformate 46.2 nL, 0.6 nol) dissolved in THF (50
m). Afterfitier sédowiiog Gos 36i houa sf, o thgn maxgnzeo was €idused wikh

tenperat urf ey t@ﬁlhe‘i't Q%roo(ﬁa. adesNeHC%wﬁ%QOwM wat;eractcies@ The

organlcla er svvase ter, 04), filtered, the
filtrate t"t‘&@é’&q phpse yas,t &‘ﬁ‘edgwggea}" o504 ) ot £ 5 tel
conmpound (g} atd to give 40.2 g of crude solid.

2- Met hoxycarbon -DL-1, tet.r.ahy i ne- carbo c aC|d To a
sol ution of N—rrét ﬁﬁé’aﬁdﬂﬂ t‘%&l Z’m%herbgl

tr 11 fl Eor 0¥ IAvad dx mdﬁihbdmf lu&detectlgloymyl lamaifw doﬂ&&l@n Q;f6]§| nol ), ]
and the mxture eated to re t enperature t reflex the
reacti on ReSR¥Tb (Sﬁirt"d‘ ténﬁérgéumc’ soIWthetpéﬁ’(? edgo& \7%‘3 yas fand

di et hyl etdéded.80Nfitley sﬂtx&m.n@laﬁ)verh)zg\lm atdxéed:otlutulma wasi due. The

Cepar af oo CORS PR AR 5% SERE, ofeshadt.dodollel 3 SR BaaRen, DVE

sol uti on was pramoke) rﬂ’écﬁ@ii&arA@naolfd|thee@rt°dum 2. The pregipit@te The
organic | I . A, | ened, ate Was
concentrat%é? |£r$vae§%?t%tdeﬁrc}r an ol f)tt?u elk'tel tl%(eisc rrpouﬁ (dléot7alr g, 80%;
FAH M5 23@1'(%)501@)6

2- Met hoxycar bonyl - DL-1, 2, 3, 4-t et rahydoi soqui nol i ne- 1csrboxylic acid t-butyl
ester To a stirred, cool ed (0 0C)) solution of

2- met hoxy & bonyl - DL- 1, 2, 3, 4-t et r ahydoi soqui nol i ne- 1carboxylic acid (2)
(105 g) OM4PpNmR ) i N CI—|2C12 (200 nm.) was added t-butanol (52 nL, 0.54 nol)
and DCC (92 0. 45 After 2 h at 0 oC and 24 h at room tenperature

t he sol verf‘tbags o i (M \)acuo and ethyl acetate (800nmL) / 1 N NaHC03
(300 ni) \vemlacded fiox theHigNadze. The or gani C Iayer was separ at ed) washed
wth water, 1. citric gaci d ter 0, c layer was dried
(MgS04), filter “Cand th 'fﬁtﬁteﬁ\at/vag %ﬁhc htigalgé in vacuo to afford an
oi | of pure titFeumbipound, (6V619; BL1% ,16AINMIL2OR2 (MH); TLC Rf (A) 0.61;
el emental analysis (calcd) C16H21NO4 C, 65.96; H, 7.27; N, 4.81; Found: C
66.24, H 7.28, N, 4.73. D

2- Met hoxy(%ir bmpa(rmem'asi SerdBegiEii ) & eHafLNFDINHERZ1.car boxyl i ¢ aci d
t-butyl ester A solution of

2- et hyl carbonyl -DL- 1, 2, 3, 4t et r ahydoi soqui nol i ne- 1-carboxylic acid t-butyl
ester (105 g, (Bw@ methed qummal(laoceqm)thr etemctéw%\ﬂﬁsce%m A1203

50 oe Ph i, Palild HELOF N R i Aaitine thl | et ivaSe T Foop
di at omacectf? &Bel) waR ?]tfga‘?’ﬁtt P Vst B&Fﬁ‘?&d@&té&é‘wg‘@ﬁd %ﬁ?
EE/SHT) ti _?Egéé;(d@oﬂ%xgctﬁis Provdivre wdd diEEmawd iP6.5 g, 909 FD- M5 298
2- Met hoxyMLth’a@&, GRS ARA 3 St ARARTARYESTYIAMIRE aci d
(Zet hyl hest e(72 g, %mlgnﬁpp&whgaecs saatilis Gtirring solgltlcix} was g

met hoxyca y 0i sqqui i ne- ar y i c aci
t - butyl s‘t‘i‘? ‘{]{é ‘%"’é"é %ﬁ’}ﬁ?as)é*ﬁf’ﬁ%ﬂ%%o {ﬁ 5218 odi um et hoxi de
(21% i n etipret )stHfir ingrlfo2 716 rhmids arwatdre (I mlon was<ta.ﬁdaed/\mzd ef | uxed

24 h nic i uo, e (400nL

gand \M)it er Iﬁﬁl qﬁi‘_ ﬁéﬁ'&%ﬁcﬁ%ﬁ ﬁ%e resi dﬂ" l'gé:or Ta*ﬁé. rcly%saiaééfé \%aas( :

separ at ed pawts:he:cbmwd ceetween \watex (:25%@1()!\/@@1)!21:11)(1 tm@dﬁt%ntﬁﬂme

‘E%t (rgate Vﬁ) mt%§%£@‘~”§%§§h@é O&r?da{hé)'érﬂnﬁ”&iéélv?a§°”p°“”d

2- Met hoxymmmtltxtmmmm %Eﬁmms mmmmmrmed To a
| ut 7 |

aigdgdI gnNOL%%j{%ggdﬁﬁée %ﬁﬁmﬁéén%ﬁe@gaﬁo%wﬁgmﬁ g%%'ﬂ%t at room

t enper at ur ATESENH ) SOGHAM BLEAFRORAN & off 5 il by afHha RETARL G Jphase (was hy |

et her (400chén a@rfled@alMgsddPd filtewed adksiedodicéierdesd daed dhe aqueous

| ayer separated and ethyl acetate (400 nL) was added. The pH of the

sol ution was adjusted to 2.0 with 5 N HCl. The organic |ayer was dried
(NgSO4) f||tered and the f||trate was concentrated |n vscuo to gl ve a

. - - o o o L NN v Y B



142 iodotrinethylsilsne (62.4 nm., 440 mmol) in CH3CN (60 nlL). The reaction
m xture was stirred at 55 oC for 30 mn and cooled to roomtenperature.. The
reaction was quenched with water (100 m.) foll owed by sodi um netabisulfite
(2 g). The pH of the reaction was raised to 10.0 with 5 N NaO4,, and benzyl
chloroformate (27.3 L) 191 mmol) was added dropwi se while th® HbRCT 2003

mai ntained at 10 with 2 N NaOH. After the reaction was stirred for an
additional 30 mn at room tenperature, tbﬁ,} organi ¢ sol vent Was evapor at ed
in vacuo, and diethyl ether (200 nL) was ‘added. The reaction was allowed to
stand at roomtenperature (2. h) and ethyl acetate (200 nL) was added. The
aqueous sol Breducheascrelysmhlilazad Zromidifethyll WEhert ke @iganilg lgayer
was separ at gslgg Ard £ NS4 ;i1 tered, and the filtrate was concentrated’
in vacuo to give pure title conpound as an oil (39.5 g, 65%; FAB-MS 318
(MH); elenental analysis (calcd) C18H23N04: C, 68.12; H 7.30; N, 4.41;
Found: C, 6B 3MRH 7.52, N, 4.37. H) .

2- Cbz- (1RS, 4aRS, 8aRS -zoerhégoi soqui nol i ne- 1- carbonyl Pro-O-t-8u To a
stirred, c ‘e"c'xs'(d“/ ) &b @%on of the product of step G (39 g, 123 nmol)
in DM (200 nL) was added proline t-butyl ester (21.1 g, 123 mol),

1- hydr oxyb otriazale .(16. , .J123 mol), and DCC t25.3 g, 123 mmol ). The
reaction m'eé:)tzurﬁer%%ﬁ(q”f é’% %GFZQICHZ’%%C&?H&NHCPZ'HH@-room t emper at ure.
The reaction precipitate was filtered and the filtrate concentrated in
vacuo to an oil .mJ 4 issol yved. J 200 ni) and water (100
nL). The organi &9 geﬁlﬁ\%%?‘s‘éﬁﬁﬁé@?@% t(NHiNﬁ%R&H@Q, Gwater) 1.5
N citric adi&7 ampatier ifbd crogethaneayaeswas)dated bMIS4Y. agibger ed,
and the fildds v tye agor pho solid of the title_ conpound as
a mxture ﬁlﬁgé?g%r)squg.o§gg, §1£/51gi\ﬁ9ﬁ/@aﬁ?ilfl\kﬁ}§ (325 mL) .

2- Cbz- (4aRAFRYr- s&imydons §eui Rohpnesl( Bhecavboests Rver&remSvdd O 2~3 143

To a stirreahdc@ @nidorRnef oglyet H. (52. o1l l% in CH2C12
(20 m) wag added 1 PR reBgale gugcfiggf%sg?) 1o ér&méegé% . The
reaction ni d3RaBldt ARdcHaghedotwicenyitht diethyl dthennseaarent rat ed
in vacuo wrheopH kast mAgustBa £8St i ith diethyl her (400
n), Water (_ég% m')slh gng_t he pﬁso?d?ﬁgﬂgg?ﬂt%%ﬁg\n/a%\é a’fﬁfl’s?egy’f%%ﬂso with 5
N NaOH. Th&SAget8oudh) BpsicsEpamit eadakbe csnjut tonteas IBathiljzedstadded.
The pH of theeslat gonves adj waicd powdes. Wth 5 N HCL; the organic |ayer
was separated, dried (MyS04)) filtered) and the filtrate was concentrated
in vacuo tgQ give a clear oil. The oil Was dissolved in diethyl ether (500
m.) and (LyH(NMRal phanet hyl benzyl ami ne was added to the solution. The

sol ution -fkl O S at roomtenperature i24 h). The resulting
solid vvasm?igl ?gr'e}da?gwggﬁetc(iﬁ?\}jth diethyl ether and dried. The solid was
suspended in ethyl acetate, Washed with 1.5 N citric acid, and water. The

ic | ' -1l 11 1 f.i | ted t
i ve the (Tle coppeneihe o ey (ST P - R O SRR oD 1

3.2 (C=0.5 M®™); elenental analysis (calcd) C23H30N205 C. 66.65; H,

7. 30; 6.76. B dg 6 ; .

2- Cbz-.(N)4aR 83%-93&;1’{,‘;%?2% ﬁ?ﬁgtlziﬂ#ézal -%&%?Q%Zto%#%ﬁ%ﬁm% I'n
flask 1 th&Pp ﬁﬁ%#eo "%teg'? q 1{td )y, 0D Bz riaRiie)Preep-di ssol ved in DVF
(10 m), CcBECERCEB4C USHUTIChz dvdire ipndpifet) dirde abiy-48 Plig- p2-oR

dded, " f ol ' 33 m, 2.55 |%)'{na%de) "
eact| on vt Ere HoeRE P AT o SHeE, o f ther rpaction

N-Boc- 1, 4-Waarpent dumed eirf 0 e thy L dfmaiiid e )auen s oisa@hygd ¢yt DVF (10 i),
cooled to t { . n, 55 mmol e) Wwas added to
t he sol uti%@ﬁ?%ﬁi%ﬁ%ﬂ?@%@@t@k@dz l0 oC for 2 mn. 8 ~0

CT 2003 144 The contents of flask 2 was added to flask 1) and the reaction
m xture wabysipgred for 4 h (-15 oC) and 24 h at~ roomtenperature. To the
reaction was added 1 N NaHCO3 (1 ml) and the reaction solvent was renoved
in vacuo tBPzMS oimm/e T r@8idue was di ssolved in EtOAc (200 m) and washed
sequent i al Ayalwdis lfdxr M::,Cg’ﬁigl\gso%qi d, Water, 1 N NaHC03 (100 m ), and water.
The organic solutjon was drie éNgSO4), filtered, and concentrated to
dryness in vacePt®: gi ve €ruf®-931t 18, conbdull, a0 BG&olid (1.47 g, 99%:
FA8- M5 585 (MtigourddC Rf €A 68, 79, .93;
(4aR, 8aR) - Per hydoi soqui nol i ne- 1(% -ﬂg)ar%ogn3y1 -NP'r OJ:%:gBr‘%'HCl To a stirred
solution of the product of step J (1.4 g) 2.4 mmol) in CH2Cl12 (2 nlL) was
added trifluoroacetic acid t25 m) and anisole (2.5 m). The reaction
. mxture was stirred at roomtenperature for 30 mn and concentrated in
vscuo W t hout heating. The reaction Was diluted with diethyl ether (100 m)
and the supernatant decanted. The resulting oil was triturated twice Wth

L ey ™= O NN



Preparation of HO2CCH2- D- Cha- Pr 0- 4- NHCH2C6HgNH2HC1. By net hods
substantially equivalent to those described in exanples 1-G (using

N- (t-Bu02CCH2) - N- Boc- D- Cha- ProOH), 23-D) and 58-E) 0.17 g of ‘
HO2CCHZ- D- Cha- Pr 0- 4- NHCH2C6HgQNH2HC1 was prepared from 4- nltrob%p; ggngﬂf
hydr ochl ori de. The final product was purified by RPHPLC net hod "2 ?

(A/B) through 70/3D (A/B), 2 h). IR1IHNWR 3 ~ 0 CT 2003 146 FAB-M5) me
431.3 (MH) Analysis for C23H34N4042.2 H@Z$1.5 H20: Calc: C, 51.37; H, 7.35;
N, 10.42: Cl, 14.50; Found: C, 50.87; H 6.72; N, 10.41; Cl) 14.18. O OH HN

RN R T

substantially equivalent to those described in exanple 62, 0.19 g of

H02CCH2- D- Cha- Priey 4NHGHARHRA0 ANKRIO 1 MRSy 1203y gff&%%ur. HEE by

4- nltrophenet Ian1ne hydrochlorlde The Ti nal
RPHPLC net Héd £ o3 Fimes)y ﬂﬁrsﬁgﬁn@é/SQOQAme») wals) addrdl B NNR FAB-NB)

9120442 31§Pﬁ§;°“”@&%%'j°3ar‘%%CBB§&H94§ EHG%86$HZQdC§ﬁE%Z g}o% EEQ

~ ~ ocT 2~3°4P SR ERABENAIUEEPT\Was, added PYUP/CO(R g), and
;hydrogen gas was bubbled through the solution for a period
of 2 hours. The mixture was then flushed with nitrogen,
and then filtered through a pad of diatomaceous earth. The
filtrate was then concentrated in vacuo, redissolved in
water (25 mL) and purified by RPHPLC (method 2, 98/2 (A/B),
ramp to 60/40 (A/B), 300 minutes), to give 1.3 g (53%) of
1-Pig-Pro-p-NHCH2CEH4C (NH) NHZ - 2HC1.

14. 33.

1y NMR
FD-MS, m/e 412 (M%)
Analysis for C23H33N502-1.9HC1-2.5H20:

Calc: C, 52.53; H, 7.65; N, 13.32; Cl1, 12.81;
Found: C, 52.63; H, 7.36; N, 13.47; C1l, 12.95.
Example 19

(_7 "'1r

D-3—Piq—Pro-p-NHCHzC5H4C(NH)NHz-BHCl
A) Preparation of Cbz-D-3-Piqg-Pro-OH.

D-Phenylalanine (50 g, 302 mmol) was reacted with a 37%
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.



HO2CCH2- D- Cha- Pr 0- 4- NHCH2- 3- F- C6H3NH2HC1 A) Preparati on of

4- Boc2NCH2- 3- F- C6H3NO2. To 'a stirring solution of 2-fluoro-4-nitrotol uene
(5-g) 32 nmmol) in carbon tetrachloride (160 nL) was added
N-bronosuccinimde (5.7 g, 32 mol) foll owed by benzoyl per ﬂ)z_r( 78 g,
3.2 mol) and the solution was heated to reflux. After 12 h,

renoved and the m xture was diluted with carbon tetrachloride (100 m.) and
washed with water. The organic phase was7fhen diluted with ethyl acetate
(300 nL), dried (MyS04), filtered and concentrated in vacuo. The residue
was dissolved in tetrahydrofuran (50 nL) and added to a stirring solution
of NaH (609Ehf FRASEiAR iGeodied to 310, ézaﬁﬁnweaaaeewf-tee@ywas

i m nodi car tﬁ)(lydetted (6'I‘heg,s032dnwals) drietiefhakydnef abagl(;aOﬁ o p, 3Akter
stirring overn| so vent s re ved i,n vagyo and the resi due was

chr omat ogr it PFES“QQF’;QQEPEP FREXWAER 8Cifep2fridfent 81 RBxHAes

t hrough 20%7& HMH*acet at e/ hexanes. The product containing fractions (judged
by TLC) were co c@n trated in, va gi.ve 33% of a
Wi e sol . | RIS B Bole 23309, Her FRRYRrb 2 i SPatinedihBte, Cal o

C, 55.13; maanxyluu at;ﬁﬁ(lﬂognd96cmm55)22n whtérzszoolmﬂ)4énd 20 ﬂLO CcT
20p3 148 B) t iR +P 37

nmet hods sugsfiaﬁ?gcﬁl ya%q&?\c/iglgént tg@{ ose ggs%W?n gxgn%?[\"&ggge 1-G
(usi ng N- (2Bu0200%0 psiH3D- B- Bagkr DOEEsuZe- Bppada8sEat0120 §Cofor 16
HO2CCH2- D- @laReyf®r0 H S uct was
purified usj s‘RPHI‘II;I{% %?ﬁggogﬁﬁg%‘fflwég fﬁégggﬁg 6}/‘;\%@?&/ ga{aag ﬁ? IR 1H
NVR FAB- VB W?@W%S( m:thﬁaﬂy§h§ 1t€23mmoﬁr§eaemﬂ€ﬁl te a@ives. 70;
H 6.97, -bh:\?@drsla-953&u158§ﬂﬁec§rb§§y§§c Ecif PB-30pidloflp: (82.g9- 3

O' OH HN\- Nd.~. HCl uo

HO2CCH2- D- z?g‘li gDJMﬁHéﬁé SN i not hi opheneHC1

(N- (car boxynet h)u—)B-—Dﬂ.eyolr-zoheayba ngkE- Bl 1

[[5-(am noi_m.n %;t hio ? f\gbs gmg ik w?(s)l ?Jr'lgﬁfjd\emd dr ochl oride) A

Preparati o S5F %ﬁﬁﬁ g ﬁy h ﬂ%ﬁe & 5$I% dr T8 %gn‘éék the ound

bott om f | asklukd onduesd adouspedmbalm ne (rgtmsu nsommm)a apenyiE (150 )

o npor at GraeEpeSbHRRLTAE ¢ HE, LTS ST CURR Radda Hropedig cand e

stirring s@ﬁuﬂ‘ﬁéﬁtﬂa§e§d9§d9n5b\ﬂ§rhl2Nhﬂuﬁﬁ(1 Bhey raahExemasas AdtBrred 66. 1

nmol ) via i gge t for mn. To this

sol ution V\Eé&'aﬁﬂegﬁg@ggpﬁta?ﬁo% 1#85“?% %enecaé%%%it"lt'rl 1 e %e S%I%anﬁ) nmol )

in THF (3os@yewewa§oewa°rﬁedrwmm m@mlmm%oemmn(m k) owed

to stir at andSwatker (46 LY. wateRa&bat gerRi NE 1& afOr MR de, ”L 300
a

nmmol ) was added via syringe. _This m xture was owed to s hat
78 C and LR¥RTsHRFISEPRFAEedci Bhe BB UPE 1thg) SOkt tericers cﬁcﬂmcbytcvvater

(60 ni). valat whehseuvnon.sl uﬂdﬁetmvedetﬂtd?gﬂ%o ayfrchy t\mﬁs) rESdEHe Ve
artitione en_di et et her eac Layers were
gepar at ed gﬁgg%‘\ég gagg’éu‘é'xﬁhﬁgﬁaﬁﬁ e&a éo&é WQ%O‘& etthe EtHeraterhe
conbi ned owganconpkeatrated insheduonte gité arélesr Birdf IR filtered
and concenty vac SO s, purified by
silica gel o %Eggg?gorg 280 81 naY%\’he%%(ﬁR}?xﬁt? a?%?%hm'?g} FRERE) hexanes
to 50% et hyR5a8egat Sﬁhéxaﬁe!w 3B atMEdhs cont ai n| ng pure product were
ool ed and concesraledpig-BacyeLa gl veeCuod) (Bdafleotved in uF

2- cyanoSforrryI-thlo Pepara on-of

2- cyano- 5- (ﬁ9dmb>kyﬁﬁtihyppiﬁﬂo§heﬁe°qo fecthe ixeaatfion was added

2- 5- t 04 Nt &9l t dded
cyano. 5 bopirhal ELBQE?@%&&P 2 0920589 Amd 1) FL A hdHcdn 0 adde

sodi um bor ohydrid n& ortions. stirring,
the sol ventr#@3olembyed gn 5&@%0%1 d PCGi thie hvem, thmob)ned Thet ween

ethyl acet &bacemenbwhaesti’bﬁehafsf S3 V‘ﬁé@r§ epar gt gd égaﬂ z%h% zp
was washed once. I\%m tric and, once wth brine,
(MyS04) , PF‘BFEBtH‘n’a co'ﬁ %ﬁ?aff%%m‘ rpmml%t@%s Gflllt'gﬁr(@%nd)fthe

2- cyano- 5( Iﬁydltnayafetb;lb?nhrmpéénm vacuo to an oil. The oil was
dissolved in EtOAc (200 mL) and water (100 mL). The organic
layer was separated, and washed sequentially with 1N NaHCO3,
water, 1.5N citric acid, and water. The organic layer was
dried (MgsSO4), and the filtrate evaporated to an oil which



1H NVR FD-M5) m'e 140 (M) 3 ~ 0 CT 2009 150 Analysis for C6H5NOS: Cal c:
C, 51.78; H 3.62; N 1D.06; Found: C, 51.54; H, 3.62; N, 9.86. QO
Preparati on of 2-cyano-5-(brononethyl)thi ophene To a sol ution of

2-.cyano- 5- (hydr oxynet hyl ) t hi ophene (6.0 g, 43 mol) in THF (5@ {rigrTV#03
added tri phenyl phosphine t15.7 g, 47 mml) and carbon tetrabromde (12.3 g,
47 nmol). After stirring overnight under Rigtrogen atnosphere at room
tenperature) the solvent was renoved in vacuo and the residue was dissolved
in chloroform then adsorbed onto silica gel and | oaded onto a silica gel

col unm. The afsktieghdeigived 2rfbzg DapeshvAr cadetisoguliscdrngws qpratinyit-L- *

Fractions coR1iineg B Qi4Er ((%d-wge§1@p%cb-%f)e P3PlLY 2y
concentrated j.n vac e 6.5 g (75%
2- cyano- 5( br Jﬁré’{sn?i Mg’pﬁene 1H NVR FD-MS) mie 203 (M) Anal ysis for

C6HANSBr: Cal c: ch;?i»:ﬁfs, Fiq-lPrQQwO-l’li B 931 EOlgld 6653 dmncdl W %alcb%ed\'z
6.95. D) Preparat af_.2-cyano nlnoneth th|o heneHC1 To a cold (00
sol ution of 2+ & éﬁgpgfﬁfﬁﬁbﬁéfﬁ§I % &°QQGQﬁﬁ%9 gaidrHR 4050 i)
under nltrogam)waanaéddé NéHnQbO%aﬂﬂspeﬁ&rQa af beﬁ tetpiratd 5 h% in
ortions. To %E&% (] n n olution o i-t-bu
Pnlnodlcarboxylate ( Q@a%%ﬁ@% F?giﬁw$aﬁ%?g§%ﬁ%)igvgﬁg§@ Wik RoRE: o Y
stlrrlng forhEAN)nsatandtéde&hu&oe:heWWﬂnEOWmﬁhloandewﬁtgg o ovas, ) adeed.
Vol ati | I t d

ol atile sol wepled,Verfe! BAN o &e%&egﬁgﬂt\iéﬁu%a$ dﬁgg(g;gs' »: ?ﬁ’éﬁ‘&[ 5N ang

partitioned. between éthyl acétate wat er
t he organi c Pag¥e wabenagnegus layerQwes Béﬁariﬁédtmthe pHt bfbthee) dried

(Ng804) fileenadisndwaena@qhisek@debnavac 03fi #8110,349
-, cyano- 5- Boc2NCH2th|ophen2 whi ch crys?a ?F%e ugg% s?gndfgh99¢EF§E§8

was di ssol ved<PR BEbawas28ddrg) aﬁ‘becesgealt:oleye:ruwaagsaparae.bdat dnhdth

Anhydr ous chngse,;wasahabbhederraaougmhéhh§e£-uEéOQa£0&o£9th9aE%ﬁ she
to roomte erature ol vent s

t f
wer o1 omoadtPRUBCEROBARE AnEiPBE PEing ThFi Bifowas GpeRaHernin BiRphy1

ether and i setheed (B9of k) r ahdothe TB61uBLLA Gabi 81 YBRed” 160sURRNRENERCCT
vacuumto gi yano- 5- (am nomet hyl )t hi opheneHC ﬁ

1
FD-MB, me 1 m’(’ﬁ/ﬁ?gﬁ%ﬁ 83/% RPBFS H~'R?ZSC{GSE§FERQCS° Jtdz\vaSHflltenedN
ﬁ?(?45 ggundwigh341Wieh @iethi?; ebhei). 81a E&léae@ﬁréib@”ZDébz-?ergydro-
u02CCHR anot hi ophene
substantial | ¥ egélvaPen%ﬁESafﬁa?yglg FBg £9§ﬁBT%'§1€?Fﬁ§r9§) (13.5
N- (t - BUO2CCHR) - A8 BbCFRBEMS- msom)x*n 6 g (93% of

N-(t- BuO2CCHRya Ny 896 - gbgh@ %ﬁ CH2- 2cyanot hi ophene Was prepared from
2- cyano- 5(am nonet h I)thlop ene IR 1H NVMR FD- M5, nie 602 (M) F)

Preparation of Ca C, 66.65; H, 7.29; N, 6. 76;
N-(t- BuO2CCH2) - N- Bgan&: Cha- | 0¢%. NgCHr 26( M) NHBO% 1'8I1| ophene. Hydrogen

sul fide gas was bubbl ed throtgh a sdl ut'i on~of
N-(t-Bu02CCH2) - N- Boc- D- Cha- Pr 0o- 4- NHCHZ- 2- cyanot hi ophene (1.5

B) Preparation of Cbz-D-3-Piqg-Pro-p-NHCH2CgH4C (NH)NHCbz.

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-H2NCH2CgH4C (NH) NHCbz - 2HC1 .

FD-MS, m/e 680 (M*)
C) Preparation of D-3-Pig-Pro-p-NHCH2CgH4C (NH) NH3 - 3HC1.
By a method substantially equivalent to that described

in Example 17-C, 150 mg of D-3-Pig-Pro-p-
NHCH2CEH4C (NH)NH2 - 3HC1 were prepared. The product was



g, 2.5 mol) and triethylamne (4.5 nL) in pyridine (45 nL) 3'1t 0CT
2003 152 for 5 mn and then the'vessel was seal ed and allowed to stand
overni ght. The next norning, nitrogen was bubbl ed through the solution for
5.min and the solvent was renoved in vacuo. The residue was S1<B0Y 2804 in

et hyl acetate and washed once with water and once with brine, then dried
(MygS0O4), filtered and concentrated in vacuo. The residue was then dissol ved
in toluene and concentrated in vacuo two tinmes. The residue was then

di ssolved in acetone (100 nL) and i odonet h@Be (5 nl) was added. After
stirring overnight at room-tenperature, the solvents mere renoved in vacuo.

The resultln I ed OQAc
(0300 5 MR e o HeLCa ey o8 2 I Bl e ot P/ Bt er 1
h, the sol ven(A s rR4fomiautesiacuo and the resi due was dissol ved in
tetrahydrofuran (10 nL). To this stirring solution was added a sol ution of
K2C03 (1.73 95{12 5 mol) in water (10 nL) followed by di-t-butyl

di carbonate ( , 10 mmol ). After stirring for 1 h, the suspension was
diluted withro-Md, aved ale ((ﬂG(y m.) and washed with water followed by
brine. The o i h C a i n vacuo and chr onat ogr aphed
over silica gpgfb ygﬁl[)ﬁ ﬁg &59#5&%593 ggﬁgdbehﬁ Bt 10% et hyl acet at e/ hexanes
t hrough 75% et hyl Cadad:at e/ hexargs. 13T-heH,pmct1)pt NOMtAIFE;Ng fractions, as

j udged by TLC) wer. i ne tr d i ‘to give 1.1 g (61%
of a white f osm FE C‘ﬁg d‘fvsrg%ﬂ%g]'?% m%m&y&? or C36H5~N50gS:
Calc: C 60.06; H 7.98; N, 9..73; Found: C, 59.76; H 8.07; N 9.52. Q
Preparati on of HOZCCHZ- D- Cha- Pr o- 4- N?ﬁﬁég%ﬂgkﬂ%nothlopheneHCl By a net hod
substantially equivalent to that des xanmpl e 58-E, 500, ng of
HO2CCH2- D- Cha- Pr 0- 4- NHCH2- 2 $ ~ 0 CT 2003 153 ami di not hi opheneHCL were
prepared. The product ified by RPHPLC nethod 2 (98/2 (A/ B) through
70/30 (A/B). 2 h). IR FAB- M5, e 464.2 NWH+) Anal ysis for

C22H33N504S2HC1H20: Cals 465; H, 6.73; NJ12.63; Cl, 12.79; Found: O
47.53; H, 6.57; N, 12.59; Ci 12 67. .1 Nk .NL'N | U~f NO HC

HRGMZD&h&PH)ZNMH%ﬁ e 3 HCI

(N-(car boxynet hyl ) - D- cygf oOfi

[[5-(am noi m nomet hyl ) p ridi nethyl] L- prol i nam de hydrochl oride) A)
Preparati on of N-(t-BuO ) - N—B - D- Cha- Pr o- 2- NHCHZ- 5cyanopyri di ne. ey

nmet hods substantially equivalent to those described in exanple 64-A, 23-A
and 1-G (using N-(t-Bu02CCH2) - N- Boc- DCha-ProCH), 4.4 g of :
N- (t- BuO2CCH2) - N- Boc- D- ChahPro-Qh N-OHIHOR YOS50 (WK Mo VBRcPr epared from

Z'nﬁthyl'5'Cyaﬂgg¥{éfuﬁmﬁ[4-(aminoiminomethyl)phenyl]methyl]-octahydro-
1-D-homoprolyl-1H-indole-2-carboxamide trihydrochloride)

A) Preparation of Cbz-D-hPro-Ohi-OH.

HCl gas was bubbled through a stirring suspension of
(S)-indoline-2-carboxylic acid (20 g, 110 mmol) in ethanol
(500 mL). When the acid was completely dissolved, the
solution was brought to reflux. After 16 hours, the solution
was cooled and the solvent removed in vacuo. The residue was
triturated with diethyl ether and the resulting off-white
solid was collected by filtration, washed with hexanes and .
dried overnight in a vacuum oven at 30 °C to give (S)-
indoline-2-carboxylic acid ethyl ester-HCl (25.7 g, 78%).

The solid was dissolved in ethanol (800 mL), 5% PA/C (25
g) was added, and the resulting suspension was hydrogenated
on a Parr shaker for 8 hours (4.1 bar, 60 psi). The solution
was filtered and the solvent was removed in vacuo. The



31 0 .CT 2003 154 IR 1H NWR FD-MS, nie 597 (M+) B) Preparation of

HO2CCH2- D- Cha- Pr 0- 2- NHCH2- 5amni di'nopyri di neHC1. By net hods substantially

equi val ent to those described in exanple 65-F and 65-G 130 ng of

HO2CCHZ- D- Cha- Pr o- 2- NHCHZ5- ami di nopyri di neHC1 was prepared frorg4 ger 2003

N (t-Bu02CCH2) - N- BocD- Cha- Pr o- 2- NHCH2- 5- cyanopyri di ne. The product was
purified by RPHPLC nethod 2 (98/2 (A/B) through 70/30 (A/B), 2 h). IR 1H
NVR FAB- M5, me 459.3 (M+) HRMS (FAB), gg e cal cd. for C23H35N604: 459. 2720
Found: 459.2707 HNHH~ _NH2NNU-~"""~f NOH HC

HO2CCH2- D- Cha;%o- 2- NHCH2- 5- ami di nopi peri di neHCL_Preparati on of
HO2CCH2- D- ERS #1B- 2R selyed Wolryrated ikl diethyl ether and 18.8

N- (t - BuO2GgHRY 38 Bot - &h BEf Rior e &I 5 L gkl - 2 mol) was
antjally 3&&%%0%%% J}’g:Si%q‘guel:"\g}:’;ll ent to those

el abor at ed bi’ et hﬁ(’)? gygst
descri bed Th %?(%% Y3t t?\‘s‘?’@nand 1-B. The product was purified by
RPHPLC met hod 2By 98/ BetHo®) siibs cashi 401 BlediiVllerk o Il fd@SEEPBSa
cont ai ni ngi!rlkgé%h?ngr Jg_flgr)duﬁ c%ls j@%%d by anal ytical RPHPLC were conbi ned,
partial ly €onc f eti tn Vecu® d v iRz RrREF s PhinPRbwexg a
pal e greerpsepaxed | frdh Cbd-DMBrovol 44 TidMohi TS HAAB)) me calcd. for
C23H41N604 465. 3189 Found: 465.3191 O CH
i mR
FD-MS, m/e 442 (M%)
Analysis for C25H3¢4N205:
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
in Example 1-D, 12.5 g (102%) of Cbz-D-hPro-cis-0Ohi-OH were
prepared.

1H NMR

FD-MS, m/e 414 (M*)

‘Analysis 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-NHCH2CgH4C (NH) NHCbz .

By a method substantially equivalent to that described
in Example 18-E, 3.3 g (67%) of Cbz-D-hPro-0Ohi-p-NHCH~
CeH4C (NH)NHCbz were prepared from Cbz-D-hPro-Ohi-OH and

P-H2NCH2CgH4C (NH)NHCbz - 2HC1.

1y NMR
FD-MS, m/e 681 (MH™)

C) Preparation of D-hPro-Ohi-p-NHCHzC5H4C(NH)NHz-BHCI.

By a method substantially egquivalent to that described
in Example 18-F, 2.2 g (66%) of D-hPro-0Ohi-p-NHCH3-



HNNHO HCl N. ~ -NH2 U ~~~~~~ r NOH

HO2CCH2- D- Cha- Pr 0- 2- NHCH2- 5- am di no- 5, 6- dehydroplperldlneHO

(N- (car boxynet hyl ) - D- cycl ohexyl al anyl - N[ [ 5- (am noi mi nonet hyl )-1,2,3,4-tetra
hydr opyri di n2-yl ] met hyl ] - L- prol i nam de hydrochl ori de) Preparabion of
HO2CCH2- D- Cha- Pr 0- 2- NHCH2- 5- am di no- 5, 6dehydr o- pi peri di neHCL. OCT 2003

N- (t-8u02CCH2) - N- Boc- D- Cha- Pr o- 2- NHCH2- 5- cyanopyridine (1.2 g, 2 nanol) was
el aborat ed by net hods substantially equival ent to those described in
exanpl e 23-A) 23-B, and 1-B. The produc?lmas purified by RPHPLC net hod 2
(98/2 (A B) 31 O CT 2~3 156 through 70/30 (A/B), 2 h). The fractions

cont ai ni Ngodiee (TBHAHARHC wed® iprdgadel am@%&e&hc?webcpmaheanbl ned,

partially concentrated and |yophilized to give 399 of a Wite
solid. | RHHWH% (methece 246§812( W)B)Ana’law §of §P/ 3HBERG043 080C12H20:
Calc: C Apiridsed). 7-49; N, 13.9.1; Cl, 17.01; Found: C, 45.51; H 6.83; N
13.66; Cl, 16.83. O OH HN ~ NH 3HCL N ( ~N, NH2 ...,, O
H02CCH2-D-Cha-Pro-3-NHCH2-6-anidino-pyridazineSHCl

(N-(car boxduratMmy| ) - D- cycl ohexyl al anyl -

[[6-(smn zi n- 3- yI]nethyI] L-prolinanm de trihydrochloride
A) Prepar %&#’of’“@r&é‘%ﬁﬂg cyanopyridazine. To a stirring solution of

3- nethylpyknu&usxzaﬂQtLQ23H33msmuoﬁﬂdln0dﬁﬁhboronethane (200 m.) was added
Al1C13 (0.05 g) owed b SI Y, ( , 211 mmol ). After 20
mn, a SO|UU(N#%§AD tolu hé% ony #ﬂé§¥§£ %;;%?_201 mml) in

di chl or onet haneFgw®E L) Was ."aljcﬁaﬁj Ha Bdik £ idn X¥awdtel and the sol ution
continued to stir overnight. The next norning, the solvent was renoved in
vacuo and the 31 OCT 2~3 157 residue was suspended in ethanol.wth
stirring for 15 min and then filtchdAMREe gl e a white solid. The solid was
di ssolved in tetrahydrofuran (200 nL) and to this stirring solution was
added 1, 8-di azabi cycl .4.0]undec-7-ene (16 nL, 105 mml). After 1 h, the
sol vent was renoved ifn v o0 and the residue N#$ partitioned between
hexanes and saturate fles were separated and the
aqueous phase was basi th solid Ng e} extracted three tines

with ethyl acetate. The conrbi ned efhyl 7 dées ngqcfried (MgSQq) ,
filtered and concentrated e solid.

D-hPro-N(PhCH2CH2 ) Gly-p~NHCH2CgH4C (NH)NH2 - 2HC1
(D-homoprolyl-N(a) - (2-phenylethyl)-N-[[4~
(aminoiminomethyl)phenyl])methyl)glycinamide
dihydrochloride)

A) Preparation of Cbz-D-hPro-N(PhCH2CH>)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)
in ethanol (50 mL) over 1 hour. The cold bath was'left
unattended and the solution was allowed to warm to room
temperature. After stirring overnight, the solvents were
removed in vacuo and the residue was dissolved in 1IN citric
acid. The aqueous solution was washed twice with diethyl -
ether, basified with solid sodium bicarbonate, and then
extracted three times with ethyl acetate (200 mL). The



IR 1H NVR FD- M5, nife'119. 1(M+) B) Preparation of

HO2CCH2- D- Cha- Pr 0- 3- NHCHZ- 6- am di nopyri dazi neHCl. By net hods substantially
equi val ent to those described in exanple 66, 90 ng of

HO2CCH2- D- Cha- Pr 0- 3- NHCH2- 6am di nopyri dazi neHCL was prepared from
3- et hyl - 6cyanopyri dazi ne. The product was purified by RPHPLCgmuym
(98/2 (A/B) through 70/30 (A1B), 2 h). IR 1H ~ FAB-M5, me 460. 3

Anal ysi s for C22H33N7043HC12H20: Calc: ®2 43.68; H, 6.66; N, 16.21; Found:
C, 44.04; H, 6.45; N, 15.57. ~9 DCT 2003 158 Hn HN, NH~ ~ ~ O~ HC

|(-lplil-l\l( y 2? ngyme iﬂ;% [%Cixjc %ﬁ%%ﬂg%‘%%% %%émsdfggﬁe Eégﬁra i F’)e r%%;n%k%lt etra

hydr opyri damd 4al1dwed Hyd |dramd| forard derdusks oc Moy i eegu )ity qpeecad pota tod

N, N - Hoc2-t hi T (L1 10 [.0 f NaH (60%.0il di spersion,
04 g oaib o iTtered tndd ki CRRIN L b e RAq HRRA, o VS e
(4.0 g, 5220mplg .ofAwhite3Godiid. tThe awthemtligurs e \ahaemnt tdteed axet | on

Il i i i,q t |
was cool e 1 ome fof Ueoltt Wb B ey ey (INGE ARl dhgpese
mol ) in t 40« of Biey mndingyfer dfmirut esiditieorsdlutian wes er
stirring fo11eddn rt&%%r&é{lcacmﬁ%ﬂéﬂ ¥ls 5 b ALHQUNSIRE FLLE

saturated agueous HCQ3 added.. . The sqlution was then concentrated to
about hal fEPHEARE] FIERL E G 9 n&ﬁa%t’uc? M ERGHaCHRY Gl X r@-%aBuadded. The
organi ¢ phase was then washed with saturated agueous NaHC03, followed by
brine and %Wen dried with MyS04, filtered and concentrated to give 11.9
g (83% of te solid. IR 1H NWVR FD-M5) nie 276 (W) 31 0 CT 2003 159
Anal ysi s fRD-MSL1HRQN2BES tH)c: C, 47.81; H, 7.30; N, 10.14; Found: O
47.69; H, 7.28; N, 10.34. B) Preparation of

N- (t-Bu0O2CCH2) - N- Boc- D- Cha- Pro- 4- NHCH2- 1( N, N - Boc2- am di no) - 3, 4- dehydr o- pi p
eridine. To a SBY ra imetlsnd fubetaitially equivalent to that described

N-(t-Hu02 e Ch - - ehydr a. pi perd di : L
mol ) andqtqr_'i%iext hyl g'fnlﬁg’( 8@%??Nga};m%fﬁ)&?rﬁ?‘%el{éh%#&g&%@%OM) was
added N, Nt Bt 2818 fyeprres fyap ChzmrhPriogiOHowad N PHPHIZH0 Gy -9-t+
nmol ). Aftgy. 4 h, the solvent was renoved in v8cuo, and the residue was
di ssolved in ethyl acetate and washed twice with brine. The organi c phase
was then dried with MgS04, filtered and concentrated in vacuo. The product
was puri filgd NMR chr omat ogr aphy over silica gel, eluting with 20% et hyl
acet at e/ hgganes thro %75% et hyl acetate' hexanes. The product cont ai ning
fractions "'ﬁid&hﬁ? L™ Wer e” conbi ned and concentrated in vacuo to gi ve
800 ny (94¢falyfsim \floirt €2fgMREN20s :

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
in Example 18-A, for the deprotection of Cbz-DL-1-Pig-Pro-0-
t-Bu, 9.2 g (100%) of Cbz-D-hPro-N(PhCH2CH2)Gly-OH were
prepared.

1y NMR

FD-MS, m/e 425 (M*)

Analysis for C24H28N205:
Calc: C, 67.91; H, 6.65; N, 6.60;
Found: C, 68.19; H, 6.68; N, 6.71.

B) Preparation of Cbz-D-hPro-N(PhCH2CH2)Gly-p-NHCH2-
CeH4C (NH)NHCDbz .



IR 1H NVR FD-MS) nie' 820 (M#) Analysis for C42H-pN6010: . Calc: C, 61.59;
H 8.6l; N, 10.26; Found: C, 61.81; H B.79; N, 10.45. C) Preparation of
HO2CCH2- D- Cha- Pr 0- 4- NHCH2- 1- ami di no- 3, 4dehydr o- pi peri di neHC1. By net hods
substantially equivalent to those described in exanple 58-E, @.LBCY H5H%
of HO2CCH2- D- Cha- Pr 0- 4- NHCH2- 1am di no- 3, 4- dehydr o- pi peri di neHC1 was
prepared from N-(t BuO2CCH2) - N- Boc- D- Cha- Pr 0- 4- NHCH2- 1- (N,

N - Boc2- ami di no) - 3, 4dehydr o- pi peri di ne. &he product was purified by RPHPLC
method 2 t98/2 (A/B) through 70/30 (A/B), 2 h). $ 9 0 CT 2003 160 IR 1H
NVR FA8- MS, nie H

47.73; H, 7.70; 8%6 Z“eg@ f%@’%%%hé%’ gaag@q;'ggﬁg £y rhats ges%'t‘%ﬁd

Cl, 13.48. io E¥eMRIRH18-EWCR-R ® ((55%) RE1EberD-hRrocNEPhCH2CH2) Gly-
HO2CCHZ- D'@h@mEM?f%HNUQNﬁjﬁHEbEeGé§§1ﬁkéﬁkE&d from Cbz-D-hPro-

(N-(car boxm h’#@ cl ghex

[ [ 4- (ami nofhHE Fﬁ?PFXZ'Pﬁu gpﬁeﬁ5NFﬁ§F5§ﬂfjﬂnbwﬁppﬁaﬁﬁgé hydr ochl ori de)
Preparati on of HO2CCH2- D- Cha- Pr 0- 4- NHCH2- 3- F- benzam di neHC1. By net hods
substantiaéﬂg EU|vaIent to those described in exanple 66) 0.27 g of
HO2CCH2- D- 4- NHCH2- 3- Fbenzam di neHC1 was prepared from

3- F- 4- Me- by, t ki/lee 69DhgMpPnoduct was purified by RPHPLC nmethod 2 (98/2
(A B) thro 70/.30 . IR 1H NV\R FAHH M5, me 476.3 (M+)

Anal ysis f a&?ﬁﬁéqﬁéﬁ4§ HEf%Nghéo Calc: C 50.09; H, 6.83; N, 12.17; Cl,
12.3' 2; Found: @©al42. B9; K, 66%6FE5:NH,15.28; ©,, 102.143. 31 D CT 2003 161

OH HN NH Found: C, 69.80; H, 6.46; N, 10.14.

C) Preparation of D-hPro-N(PhCH2CH2)Gly-p-NHCH2-
CeH4C(NH)NH2-2HC1.

By a method substantially equivalent to that described
in Example 19-F, 770 mg (54%) of D-hPro-N(PhCH2CH2)Gly-p-
NHCH2CgH4C (NH)NH2 - 2HC1 were prepared. The product was
purified by RPHPLC (method 2, 98/2 (A/B), ramp to 85/15
(A/B), 120 minutes).

1y NMR
FD-MS, m/e 423 (MH")
Analysis for C24H31N502:2HCl:

Calc: C, 58.30; H, 6.73; N, 14.16;
Found: C, 58.05; H, 6.60; N, 14.28.
Example 22
NH
0]
NH,

: : * 2 HCI
o,,l



OF HO NNI Y _ NH2 (-~ ~""if OF

HO2CCH2- D- Cha- Pr 0- 4- NHCHZ- 3, 5- F2- benzanmi di neHC

('N- (car boxynet hyl ) - D- cycl ohexyl al anyl -

[ [*4- (am noi m nonet hyl - 2, 6-di fl uor ophenyl ] met hyl ] - Lprol i nam de

hydr ochl ori de) Preparation of 31 0CT 2003
HO2CCH2- D- Cha- Pr 0- 4- NHCH2- 3, 5- FZbenzam di neHCl . By net hods substantial ly
equi val ent to those described in exanpl egsd5, 0.28 g of

HO2CCHZ- D- Cha- Pr 0- 4- NHCH2- 3, 5- FZbenzam di neHC1 was prepared from

3, 5-FZ-benzonitrile. The product was purified by RPHPLC nethod 2 (98/2
(AH) through 70/30 (A/B), 150 min). IR 1H NVR FAB-M5, me 494.2 (MH)
Analysis for CZqFBShBﬁdFEﬁbKAicS&EEhO[ab€NHCH2G§HEGINﬁﬁNﬁz4EHCID | 1. 80;

;CL%Z o) Q_| HN(EII?é %hﬁa?éngfﬁh\ﬁ [?4 Kflé.\lﬁ?%%léogxhe&yl} phenyl]methy]c.rr —20|

HO2CCH2- D- Cha- Pr o- 4- Aﬂ-mnm'l"rlaﬂquhmm:e&ﬂ dihy®rerhl otide) of

4-met hyl - 2-pht hal i m dopyridine. To a stirring solution of

4-met hyl - 2- am nopyridine (50 g, 460 nmol) in acetic acid (1 L) was added
pht hal i ¢ aftlydPreparesigpn ¢€0waUDrh§mo-Pw9(Aeaaﬁr@homagﬂheated to refl ux.
After 12 h, acetic anhydride (43 nm., 460 nmol) was added and the sol ution

continued to stir at reflux for an additional 48 h. The solvent Was then
renoved in vacudFakd aRdtdem @fr EhzdRrolds transcOBddBtn (58.8cmo 200

concent r at ggholn , v&gqghgqughoggglﬁglqgsmgsgthggosHﬁggndegnanﬁﬁgggh acetate

w th vigor gg tirring and filtered. After repeatin his et yI acetate
washi ng pr déédar 8+ tl?e" gmod ndd Getgahydeofugion ($0Psald ot § V6. 4wa6 g

e B g ol b o
11. 70p B) azg?éﬁgfgpfgﬂ gp (40 mL, 25%Dmmol) in gggrahydrofuran (50 N

N- (t - BuO2CBH2). - NTBec cBl6hhaPhowédsNtBER- 2phbkreli ahdopyei §bDation3wasOCT

201)3 163 allowed to warm to room temperature (16 hours). The solvent
was then removed in vacuo and the remaining amber syrup was
triturated with diethyl ether. The white solid was removed
by filtration and the filtrate was concentrated. The residue
was then chromatographed over silica gel (1 Kg), eluting with
a step gradient from hexanes through 1:1 ethyl
acetate/hexanes. The fractions containing pure product (as
judged by TLC) were combined and concentrated in vacuo to
give 36.3 g (50%) of Cbz-Pro(4-cis-phenoxy)-OEt as a
colorless syrup.

1H NMR

FD-MS, m/e 369 (M*)

Analysis for C21H23NOs:
Calc: C, 68.28; H, 6.28; N, 3.79;
Found: C, 68.38; H, 6.30; N, 3.89.

To a solution of Cbz-Pro(4-cis-phenoxy)-OEt (25 g, 67.7
mmol) in ethanol (400 mL) was added 5% PA/C (5 g). After
bubbling hydrogen through the solution for 3 hours, the
solution was filtered through a pad of diatomaceous earth, 3
mL of concentrated hydrochloric acid were added, and the
solution was concentrated in vacuo. The residue was

suspended in diethyl ether with vigorous stirring and then



By net hods substantially equivalent to those described in exanple 64-A)
23-A and 1-G (using N (t-Bu02CCH2)- N Boc-DCha-ProOH), 2.4 g of

N (t-Bu02CCH2) - N- Boc- D- Cha- Pr 0- 4- NHCH2- 2pht hal i mi doopyri di ne WAas prepared
from 4-met hyl - 2pht hal i m dopyridine. IR 1H NMR FD-M5, nmle 717.4/4 )2
Preparati on of HO2CCH2- D- Cha- Pr 0- 4- NHCHZ- 2am nopyri di neHCL. To a stirring
solution of N-(t-Bu02CCH2)- N-Boc- D- ChaPr o- 4- NHCHZ- 2- pht hal i m doopyri di ne
(1.6 g, 2.2 mol) in ethanol (25 nl) vvagsadded hydrazi ne hydrate (0.52 ni,
10.4 , mml). After 1 h, the solvents wefe renoved in vacuo and the residue
was di ssolved in ethyl acetate and concentrated in vacuo tw ce. The residue
was el aborﬁindeigd ard aheidd e gisteantdi.2l gy (9q8i)valfe®rot(d-iclist- described in

exanpl e 58 E to (37 ite solid. The product was
purified b5 #ettﬁ'&c}n% l@’%ﬁ/%)\y@ frough 70/30 (A/B), 150 nmin). IR
1H NVR FAB-MS, me 432.3 (M—|+) Anal ysis for C22H33N5042.1 HC1H20: Calc: C
50.23; H 1l N, 13.31; Found: C) 50.05; H, 7.08; N, 13.54. 3 ~ CCT
20ai 164 O . ONNH2 HCI N.." NI / U~f O

HO2CCH2- D-EBrM$r g/ AGHAM)ani nopyr i di neHCL Prepar ati on of

HO2CCH2- D- AW ¥ 05 £ d¥HE@i4 14 -g03eaRryri di neHCl. By met hods substantially
equi val ent to those descrlbed |n exanpl e 73,

HO2CCH2- D- Cha- FFaL S NHCHZC 29 by ril di hef ol I\?\46135 &%«‘par ed from

5- et hyl - 2- am negwd di ne. ¢ They psedug! gers pug) f4 exg by RPHPLC net hod 2 (98/2
(A/B) through 70/30 (A/B), 150 mn) IR 1H FAH-M5, me 432. 3(VH*) Anal ysis

for C22H33N5042HC1H20: Calc: C, 50.58; H) 7.14; N, 13.40; Found: C 50. 79;
H 7.20; N 13.58.a Ghéthdd\ substdntiallyNequivaientoto MHat described

H02CCH2- D'ChaExPrO % NH%Z%Z 429ar}11|6%@‘r I%%'ilgi)-hPro-ProM-cis-
phenoxy) -OEt were prepared from Cbz-D-hPro-OH and Pro(4-cis-
phenoxy) -OEt -HC1.

1z NMR
FD-MS, m/e 480 (M*)
- Analysis for C27H32N20¢:
Calc: C, 67.48; H, 6.71; N, 5.83;
Found: C, 67.71; B, 6.79; N, 5.89.

By a method substantially equivalent to that described
in Example 1-D, 16 g (100%) of Cbz-D-hPro-Pro(4-cis-phenoxy)-
OH were prepared.

1y 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.

B) Preparation of Cbz-D-hPro-Pro(4-cis-PhO)-p-NHCH2-
CgH4C (NH) NHCbz .

By a method substantially equivalent to that described
in Example 18-E, 4.55 g (75%) of Cbz-D-hPro-Pro(4-cis-Pho)-
p-NHCH2CgH4C (NH)NHCbz were prepared from Cbz-D-hPro-Pro(4-
cis-PhO)-0OH and p-H2NCH2CgH4C(NH)NHCbz-2HC].



31 0.CT 2003 165 A) 'Preparation of 5-Me-2-Boc2N-pyridine. To a stirring
sol ution of 5-nethyl-2-am nopyridine i10.5 g, 100 mol ) in dichl oronet hane
(200 nmL) at O ~C was added N, N-di i sopropyl et hyl am ne (25.8 g, 200 nmol ),
followed by di-t-butyl dicarbonate (55 g, 250 nmol) and final3y 0CT 2003

4- (N, Ndi met hyl am no) pyridine (12.2 g, 100 mmol ). The col d bath was renoved
and the solution was allowed to continue stirring overnight. The m xture
was then diluted with ethyl acetate (600ggl) and washed three tines with
saturated agqueous NHACLl, once with brine, twice with saturated agueous
NaHC03, and once again with brine. The organic phase was then dried
(MySQg), filtered, concentrated in vacuo and chronmat ographed over silica
gel eluti néHV\.NMR 10% et hyl acet at e/ hexanes t hrough 75% et hyl

acet at e/ hexangs. ;pg g?gct(&ops cont ai ni ng product) as judged by TLC, were
conmbi ned and cohcenfrated in vacuo to give 12.8 g (42% of~ a white solid.
IR 1H NVR FD- M5, nie 308 (M) Analysis for Cl6H24N204 Calc: C) 62.32; H,

7.84; N, 9¢08; pFevnda 6 - raNe: 9. B)_ aration of

5- Br CH2- 2- H2c2|\l-eﬂri dti:!'r%gx.1 88{'/515}'%1%1 o%?é%g%kﬁ%gﬂ?b%ﬁ@g?em to those
descri bed FAR&&ANPIMEZ22HBCL approxi mately 11.6 g of 5- Br CH2- 2- Boc2Npyri di ne
(which was contam nated with starting material) was prepared from

5- Me- 2- Boc2N-pyridine. 1H NVR FD-M5) nmfe 386.3 (M+) Analysis for

C16H23N204Br: CAYc® ®ethodesubstapbially Gqubvabent] t&. €Rat Ndegc2Bbed. 00;

N, 7.07. iglekafdleODgir 1667 )mdr 6K ptd e N 7 2-80c¢ ridine. To
a stirri ng‘“ﬁeﬁﬁéﬁﬁwr%%@ ur e)aSé%:bcggggoBd%ﬁpﬁ%%icﬁi%’?&7 g, 25
mol ) in di methy?P T ( MST SR SRAKRE 18-Thewrsiyat 3sag, 5 mol )
foll oned purdhidd. .9 RPHRUC nttidthod\(3 erosid 1 (A /1) f Yankh bo L4/ 59! vent was
removed in %;)g)uo f’ﬁﬁrﬁﬂﬁn—f es)i due was chromat ographed over silica gel,
eluting w a 'st€p gra 1'eht’ of hexanes thr ough 40% et hyl acet at e/ hexanes.
The product containing fractions as judged by TLC, were conbi ned and
concentratBg ypi Vacuo to give a 2.6 g (31%over 2 steps) of a white solid.
IR 1H NWR FD-M5, nfe 333.4 (Mt) Analysis for C17H23N304: Calc: C, 61.25; H,
6.95; N, FDBE, mierdk51C (MH)09; H, 6.92; N, 12.53. D) Preparation of

HO2 CCH2 - D-AR e i &w@w r:i di neHC1. To a stirring solution of
5- NCCH2- 2- Boc2N- pyri di ne .59, 7.5 mol) in nmethanol (150 nL) was added
CoCl 2 (0.97 g, @B ol ) @ndSheder ¥0.81371) N5 mmi); After 5 min, NaBHQ
(2.B4 g, 75 mMmupgunds added g4 ld poOrdd o ver,15 mn. After an
additional 15 mn, the sol vefr’ll'%ﬂ g\gg l]r!'engilﬁe%' iq?]' \%%U%.}and t he residue was

di ssolved in concentrated aqueous NH40H and extracted several tinmes with
et hyl acetate. The conbi ned et hyl wuacts were dried with MySQOQ)
filtered and concentrated in vacuo. Then, by nethods substantially

equi val ent to those Egé ripgd in exanple 1-A and 73-C, the residue was
el aborated to give 1° éz

HO2CCH2- D- Cha- Pr 0o- 5- NH
RPHPLC net hod 2 (98/2 (
167 IR 1H NMR

EtS02-D-Phe-Pro-p-NHCH2CgH4C (NH) NH> -HC1
(N- (ethylsulfonyl) -D-phenylalanyl-N-{[4-
(aminoiminomethyl)phenyl Imethyl] -L-prolinamide
hydrochloride)

A) Preparation of p-NH;CH;-CgH4CN-HC1.

HCl gas was bubbled through a stirring solution of N-
Boc-p-aminomethylbenzonitrile (15 g, 64.6 mmol) in ethyl



FAH- VB, me 446.3 (M) HRVB (FAB) calc. for C23H36N504: 446.2767 Found:
446. 2769 Exanmple 76 OOHHN ON'..., N\ NH2 HC Ol ~N

HO2CCH2- D- Cha- Pr 0- 4- NHCH2CH2- 2- ami nopyri di neHC1 A) Preparation of _
4--BocNHCH2CH2- 2- CN- pyri dine. To a sol ution of 4-HocNHCHZCH2- /1 i0DTe00d 2. 22
g, 10 mmol) in acetone (50 nL) was added a sol ution of mchl oroperbenzoic
acid (5.2 g, 30 mol) in acetone (50 nL) via an addition funnel over 10
mn. After stirring overnight, the solv WAas renoved in vacuo and the
residue was partitioned between water (100 nL) and diethyl ether (100 niL).
The organi c phase was separated and extracted three tines with water. The
conbi ned agoevateplése mhs ateh *atfinratldd miridtesal | THdadolandbat max ed

three tine i dj.chl t { ). eThe. combined dichl qQr onet hane
extracts V\g??e%’\%\g% h#e‘?igo#cée)gvgvi %ﬁ%%%i%& \%Cf%s’f\’la 4,5911‘1?& &#%and
concent r at EEMPYeR SREYACUR|an the rasiclumrashavushended igt idethasd added.

The white L i 0 i ; d ' j . S CT
200 165 CoER Ll 12 o The SfS wigH GHEPY dHeE il R co HiR

di chl or onethahed (13 )ohwhite t3%i&t i rring sol uti on was added
trinmethylsilyl cyanide (0.84 nL, 6.3 mvl) foll owed by

N, N- di net h¥l car banoyl chloride (0.58 nL, 6.3 mml). After stirring

over ni ght R M aq. KFiCO03 (1 nL) was added slowy and the m xture was
partitionety hmreen ethyl acetate and water. The organi c phase Was then

washed tw L th bri drj Wth MyS04, filtered and concentraed in
vacuo to g éﬁ\%{ 6 ’b;? g@)ﬁ o#’g n anber oil which crystalized uopn standi ng.
| R 1H NVR BB is 8o AgHoMeF1ANal ysis for CL3HLI7N302: Calc: C, 63.31; H,

7.02; N, 16.99; nd: C, 633100 H ., 7. 02, N, 16 71 !3) r epar _ion of
4- Boc NHCH2 CH2- Zgg‘gNH- pyrlcdi %g.’gq'b 5 sgtz‘ﬁi nlg;' s’o%uﬂoncﬁf f’f‘@f'
4- BocNHCH2CH2- 2F @y ri di Ge $6,36¢g, H2 b)) Nn het2@anatl (24¥.31), was added

5 NNaOH (1.6 inL, 8 nmmol) and the solution was heated to reflux. After 24
h, the soléltion was cooled to roomtenperature and allowed to stir for an
addi ti onalB4B BrePara PRt BtsP2aB-Ehec8roorTNHCHR-GsKu®S and t he

sol vents Were renoved in vscuo. The residue was suspended in toluene (50
m.) and heated to reflux._ To this stirring solution was sequentially added,

triethylanine (B3 MEthod csubmrantiaddy eqivedent( ¢.othat, deseriber) and
OVer i Gt i SR Lo MBS A lar Lo conh 2na-{pen G| by ooz (Folde
over ni ght, 0 S we cQo en diluted w et hy
acetate ( ntgslpézénh(}l ?ésérl\#god“ ﬁkns@’@’%‘ %ﬁ‘%gi‘ 8r'§?'eﬁn oReBHaChprftet iy HCli-ce
with brine. The organi c phase was then dried with MgS04) filtered and
concentr at in vecuo. The residue was then chromatographed over silica gel

eluting with a step gradi ent of hexanes through 50% et hyl acet at e/ hexanes.
The produc‘tH NMR 1 0 CT 2003 169 containing fractions as determined by TLC

wer e conbigigand (CQANGRY T d in vscuo to give 0.37 g (50%9 of a white
solid. 1HN Ng@rﬂe 3 132 (M) Analysis for C2pH25N304 Calc: C, 64.67,

H, Found: A8alysigy-fax Co4¥geNeQeSr1. 31: 2.07; N, 11.06. C) Preparation of
HO2CCH2- D- Cha- Rgr s NHCHZEHZg 2aap napy ré el -11.90;

Found: C, 61.23; H, 6.13; N, 11.80.
C) Preparation of EtS0O2-D-Phe-Pro-p-NHCH,~CgH4C (=NOH) NH; - HC1.

To a solution of EtSO2-D-Phe-Pro-p-NHCH-CgH4CN (1 g, 2.1
mmol) in absolute ethanol (35 mL) was added
N,N-diisopropylethylamine (0.47 mL, 2.7 mmol) followed by
hydroxylamine hydrochloride (185 mg, 2.7 mmol) and the
solution was brought to reflux. After 16 hours, the solution
was cooled and the solvents were removed in vacuo. 250 mg of
this material were taken on to the next step and the
remaining material was purified by RPHPLC (method 1, 90/10
(A/B); ramp to 60/40 (A/B) over 200 minutes).



By nethods substanti'ally equivalent to those described in exanple 23-A, 1-G
(using N-(t-BuQ2CCH2)- N Boc- D- Cha- ProQH), 23-D and 58-E, 48 ng of

HO2CCH2- D- Cha- Pr 0- 4- NHCHZCHZ- 2am nopyri di neHC1 was prepared from
4-BocNHCH2CH2- 2- CbzNHpyri di ne. The product was purified by RPHPLC net hod 2
(98/2 (A/B) through 70/30 (A/B)) 150 min). 1H NVR FAB-MS, m&108T 2008V )
Anal ysis for C23H35N5041. 5HC1H20: Calc: C, 53.30; H, 7.49; N | 3.51; Found:
C, 53.64; H 7.27; N, 13.80. Exanble 77g@ OH HN O NH2 HC ,~) N~1 O
HO2CCH2- D- Cha- Pr 0- 4- NHCHZ- 2- F- ani | i neHC1 3 ~ 0 CT 2003 170 Pr epar ation of
HO2CCH2- D- Cha- Pr 0- 4- NHCHZ- 2- F-ani | i neHC1. By net hods substantially

equi val entIR 0 those described in exanpl e 64, 0.55 g of

HO2CCH2- Dl@ﬁ 0- 4- NHCH2- 2- Fani | i aeHC1 WAs prepared from

3-F-4-NO2-toluéne. The product was purified by RPHPLC net hod 2 (98/2 (A B)
t hrough 6GTDHMS,A/ B)/e B283 niMt). IR 1H NVR FAB-MS, nfe 449.3 (MH+) Anal ysis

for C23H33HA RkH 5 .25 N, 11.22; Cl1, 6. 39;

Found: C, 55. §qu H 6. 9%%4@&“%]95?51 %{l@ Hl;? OHHN ONH~1 NH2 HA -~

.., ~f N0 HO2@3E D Cha-®r 054- NHCHROBHXH 2 NI HA . &Eep@lat?oﬁsm

HO2CCHZ- D- Cha- Sty NHCHZEE HCHNHAH gt ang | y equival ent
& usi ng %/( 'Bh%fs?é&bé#\!- Boc~- I thar [

to those described in exanple 10, Cha-ProOH in
pl ace of Boc-D- Phe-ProOH, 0.53 g of H02CCH2- D- Cha- Pr 0- 4NHCH2 CSHqCH2NH2 HC1

was prepamgd. Phepapeaedest dﬂai:tlsw’zl-bLPHebPrB gEiwﬁcﬁSLb&’m@(:‘-I@@fﬁH{M@
t hrough 70/30 (A/B), 150 mn). 31 0 CT 200
To a solution of EtSO;-D-Phe-Pro-p-NHCH3-
CeH4C(=NOH)NH2-HCl (250 mg, 0.52 mmol) in ethanol (40 mL) and
water (19 mL) was added 1 N HCl1l (1 mL) followed by 5% Pd on
carbon (250 mg). The stirring suspension was placed under an
atmosphere of hydrogen for 18 hours and was then filtered,
concentrated and purified by RPHPLC (method 1, 90/10 (A/B),

ramp to 60/40 (A/B) over 200 minutes) to give 140 mg (52%) of
- EtS02-D-Phe-Pro-p-NHCH2-CgH4C (=NH) NH, - HC1.

11 NMR

FD-MS, m/e 486 (M*)

Analysis for Cy4H31N504S-HCl-1.5H,0:
Calc: C, 52.50; H, 6.42; N, 12.75;
Found: C, 52.56; H, 6.19; N, 12.59.

Another 5 g of product were prepared by the methods described
in Example 15 and purified by RPHPLC (method 3; 98/2 (aA/B),
60 minutes, ramp to 60/40 (A/B) 300 minutes).

Example 24

EtSO,N-H

e F L -

EtSO0, —D-Phe-Pro-m—NHCHz-Csl-14C (=NH) NH5 - HC1



IR 1H NVR FD-MS, ni € 445.4 (MH#) Analysis for C24H36N4042. 2HC10. 5H20: Cal c:
C, 54:00; H, 7.40; N) 10.50; Cl1, 14.61; Found: C, 54.18; H, 7.54; N, 10.31;
Cl, 14.86. OOCHHN O _NHNH2 HA U...,If NO 31 0CT 2m8
HO2CCH2- D- Cha- Pr 0- 4- NHCH2CSH1pCH2NH2HCI  Pr epar ati on of

HO2CCH2- D- Cha- Pr 0- 4- NHCH2C6HLpCH2NH2HCL1. By net hods substantial ly

equi val ent to those described in exanple 12, using

N (t-Hu02CCH2) - N- Boc- D- Cha- ProOH i n pl acgg of Boc-D- Phe-ProCH, 0.04 g of
HO2CCH2- D- Cha- Pr 0- ANHCH2C6H1pCH2NH2HC1 was prepared. The product was
purified by RPHPLC nethod 2 _(98/2(A/B). through 70/30 (A/B), 150 min.). 1H
NMVR FD- VB, ¥Arhe Preparpid pnaRs| BESQ2 TR PhezProNatiHC 4CHEOHCNH, - C,
51.65; H, 8.25; N, 10.04; Found: C 51 47, H, 7.87; N, 9.97. 31 0 CT 2003
172 HN~Sp2Et NH éh gEHZ N | O

Et SO2- D- Cha- Pro S H&EPﬁFFRFEF%&Y equivalent to those described

(N- (et hyl sdakf @xmaa 2ycl Eb3®y+la+mm+PﬂHxﬁ-Nmnmgn4aqE&bhym;@hﬁayI ] met hyI ]

-E{_88r20|[>| ?:ﬁgltg? Q%Q %&%@Rﬁﬁm nygr}&cﬁo&; PoBECER FaP AP equi 491 ent

to those degcrlilB&Y oA thaspteydBalimse ninteSoediatdavdd HEld bidRcendf

Cbz- D 1Pi g3Rro 3 f r.0- 4- NHCHZC6HAC( NH) NH2HC  was
pr epar ed. :T'E% pgré%aug? gmllég ’Bﬁl’?g%f}‘%gdfﬁﬁ (i‘zosfzep( 0/10 (A/B) through
50/50 (A/B), 180 min). IR 1H NWVR FAH- M5, nfe 492.3 (M#) Analysis for
C24H37TN5048iGlhqg Cal ¢ C, 5A.58; H, 7.25; N, 13.26; Cl) 6.71;, Found: C,

54.31;, H 7.31;, N 13.37, Cl, 6.71. HN ~ Sp2Et O HC / _ NH2
FD-MS, 'm/e 502 (M*)

Analysis for C24H31N505S
Calc: C, 57.47; H, 6.23; N, 13.96;
Found: C, 57.28; H, 6.21; N, 13.66.

B) Preparation of EtS02-D-Phe-Pro-m-NHCH2-CgH4C (=NH) NHy - HC1.

By a method substantially equivalent to that described
in Examples 23-C and 23-D, 0.27 g (28%, 2 steps) of EtSO;-D-
Phe-Pro-m~NHCH2-CgH4C (=NH) NH3 - HC1 were prepared.

1y NMR
FD-MS, m/e 486 (M*)
Analysis for C24H331N504S-1.1HC1-2H20:

Calc: C, 51.32; H, 6.48; N, 12.47; C1, 6.94;
Found: C, 51.33; H, 6.09; N, 12.20; Cl, 6.66.
Example 25
NH

o}
N H
wu N NH., °2HCI
> : Yo
o NH

D-1-Piq-Pro-m-NHCH-CgH,C (=NH) NH3 -HC1



N.,,~I N~1 (=~ if '0 EtS02-D Cha-Pro-4- NHCH2C6HACH2NH2HC1 31 0 CT 2003
173 Preparation of EtS02-D Cha-Pro-4- NHCH2C6H4CHZNH2HCL. Hy net hods
substantial ly equivalent to those described in exanple 10, using

Et.S02- D- Cha- ProOH i n pl ace of Boc- D PheProQH) 310CT 2003

Et SO02- D- Cha- Pr 0- 4- NHCHZC6HqQCH2NH2HCI was prepared. The product was purified
by RPHPLC net hod 2, (90/10 (A/H) through 50/50 (A/B), 180 min). IR iH NW
FAB-M5, mie 479.4 (M+) Analysis for C24488N4A04SHC1IH20: Calc: C) 54.07; H,
7.75; N, 10.51; Cl1, 6.65; Found: C) 54.13; H 7.44; N, 10.51; Cl, 6.78. H
N SO02Et ONH2 HCl N...~ N\ I OF EtS02-D Cha- Pro-4- NHCHZ- 3- F- C6H3NH2HC1
Preparati on of Et S02-D Cha- Pro-4- NHCHZ- 3. - F- C6H3NH2HC1. By net hods

i 500D Cna Py ogh “""*“@9%8?" ?ﬂgﬁﬁnggégc&%&“ki’gmgp%ﬁ '@é“oﬁbg%ré?ed
Et SO02- D- ChaPPEY amp#\ﬂcfé F8 esFi3RH 2%&‘%3'3?@1%’&!

purified bWeFEI'Pi;GpH?EBOﬂer ow-)m-i%iéﬂpféiﬁm aﬁa%gﬁ}i%@ﬁéﬂcéﬂc@ )HC1180 I R
i H ~ 31 0 CT 2~9 174 FAB-M5) me 483.3 (MH) Analysis for :

C23H35N404SF1. 1HC10. 5H20:

1 NMR
FD-MS, m/e 412 (M%)
Analysis for C23H33N502:2.5HC1-0.5H20:

Calc: C, 53.99; H, 7.19; N, 13.69;
Found: C, 54.19; H, 7.02; N, 13.81.
Example 26
EtSOzN-H

EtSO2-D-Phe-Pro-p-NHCH2CH2-CgH4C (=NH) NH3 - HC1

NH2 e HCI

NH

A) Preparation of methyl p-cyano-trans-cinnamate.

To a stirring suspension of NaH (6.1 g of 60% oil
suspension, 153 mmol) and p-cyanobenzaldehyde (20 g, 153
mmol) in tetrahydrofuran (250 mL) at 0 °C was added via
addition funnel a solution of trimethyl phosphonoacetate (28
g, 153 mmol) in tetrahydrofuran (50 mL). After stirring for
48 hours, the solvent was removed in wvacuo and the crude
residue was dissolved in ethyl acetate (500 mL). The ethyl
acetate solution was washed once with water, three times with
saturated agueous NaHSO3 and once with brine. The organic



Calc; C, 51.95 H 7.03; N 10.54; Cl, 7.33; Found: C, 52.09; H 6.94; N
10.3°9; C1, 7.24. HN SO2Et ONY ° N HC NH2 O

Et S02- D- Cha- Pr 0- 4- NHCH2- 2- am nopyri di neHCL Preparation of , :
Et.S02- D- Cha- Pr 0- 4- NHCHZ- 2- ani nopyri di neHCL. By met hods subst a8th 8FT 2008

equi val ent to those described in exanple 73, using EtS02-D Cha-ProCH in

pl ace of N-(tBu0O2CCH2)-N- Boc-D- Cha-ProOH) 0.22 g of

Et SO02- D- Cha- Pr o- 4NHCHZ- 2- ami nopyr i di neHgl was prepared from

4- et hyl - 2am nopyri di ne. The product was purified by RPHPLC nmet hod 2,
(90/10 (A/B) through 50/50 (A/B), 180 mn.). 1H°-NVR FAB-M5, me 466.4 (M)
Anal ysi s fpha§228sNIet| dr i¢d ‘witH MgSDy¢,5Zi2%eridd Anto coNceRtmadtedCin

% o Oae Shfpe @i gf thalachin 10 T aons

Et SO02- D- Cha- Pr 0- 5- NHCHZ- 2- am nopyri di neHO Preparation of

Et SO2- D- Chgg Pr 0- 5- NHCH2- 2- ami nopyri di neHC . By net hods substantially

equi val ent _to those described in exanple 73, using EtS02-D Cha-ProCH in
place of NHtMMRYCCH2)- N-Boc- D- Cha- ProCH, 0.24 g of

Et SOZ- D- Ch - SNhkEZy g7 apnopyri di neHCL was prepared from
5-nethy|-2§%f%gbyrldl&g?7T énproduct was purified by RPHPLC net hod 2,
(90/1D (A/B) through 50/50 (A/B), 180 min). 1H NVR FAB-MS;, ma 466.4 (MH)

Anal ysi s foj CRRERANBOAS - dfhheknydal cyandidi®fidride ihnkiath), 13.80; O,
8.03; Found: C, 52.38; H, 6.97; N, 14.20; Cl) .46. OOHHN NHO HC NH/

| ~NH2 U ~""if NO
To a solution of methyl p-cyano-trans-cinnamate (13.6 ¢.

73 mmol) in toluene (485 mL) was added 5% Pd/BasSOy (2.7 g).
After 9 hours under hydrogen gas at 4 bar (60 psi), the
solution was filtered, concentrated in wvacuo and
chromatographed over silica gel, eluting with a step gradient
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
1y NMR
FD-MS, m/e 189 .(M*)

C) Preparation of p-cyano-dihydrocinnamic acid.

By methods substantially equivalent to those described
in ‘Example 1-D, using 1.1 equivalent of LiOH-H30, 5.1 g (58%)
of p-cyano-dihydrocinnamic acid were prepared from methyl p-
cyano-dihydrocinnamate.

IR
1y NMR
FD-MS, m/e 175 (M%)

D) Preparation of Boc-p-NHCH2CH2-CgH4CN.

To a solution of p-cyano-dihydrocinnamic acid (6.7 g,
38.2 mmol) and triethylamine (5.9 mL, 42 mmol) in t-butanol



3 ~ O CT 2003 | 76 HOOCCH2CH2CH2- D- Cha- Pr o- p- NHCH2 C6H4C( NH) NH2HC1

(N- (3-~car boxypropyl ) -D cycl'ohexyl al anyl - N

[<(4- (am noi m nonet hyl ) phenyl ] met hyl ] - L-prol i nam de hydrochl oride) A
Preparati on of Cbz- MeOOCCH=CHCH2- D- Cha- Pr o- pNHCH2 C6 H4AC( NH) NHCI®1 08 Ta2003

sol ution of D- Cha-Pro-p- NHCH2C6H4AC( NH) NHCbz2HC1 (2.5 g, 4.1 mmol ) in DW
(50 nm.) was added N, Ndi i sopropylethylamne (2.2 nL, 12.2 mmol) and net hyl
3-bronocrotonate (0.95 g, 4.5 mmol ). Aftee stirring for 48 h, Cbz-Cl (0.7
m., 5 mmol) and additional N, Ndiisopropylethylamne (0.85 nL, 5 nmol) were

added. Aft dideleOnas k6 0 _of stirring, the volatiles were renoved in
vacuo. Thee(;les?ing%g \A'vJ/gSs %grdtel%t fi&ﬁg’ﬁn@f P&@éﬁgeﬂf}l agiddeatldl( 600, nkP mmdl)

saturated &ffedhe sedvtiom waksobrdeghtOBontpfllhe | A¥ens g@ggrﬁ;%ar ated and

the organi @viRRasgheas S G Lth_saturated agueous ammoni um chl ori de
(50 ni), t\g'Fce ngt \gasgpgr gtg ggeggﬁe%% ‘s’§8f‘ﬁﬁ1 Bp aFgEnﬁPEVFBQ W&F and twice

with brine*EBOVAE) i0THBSHRyanTREpHastduaswasi Gilss0G8d) inf btk legcefAfe
concent r at efldi waghedoth¥ee e£imde hd urified by flas .

chr omat ogr @Qt‘;g‘e(%gﬁl %et%&e/ hexgﬁgié g?ﬁ‘&@%ﬁctﬁ% elé“%ﬁowﬁbh&?%‘eof a
whi t e foamg_I N DERBUTAFEA78QuUeRNS NalCOs, sandrthees N (Mg ) .C,
67.43; H @6iltereéd &nd4cohoentirated 6¥n A2a 6.4y 2.98. B) Preparation
of H%g Cha]-aPéo- \ENHuﬂzcg%nq%ﬁ%zHﬁero%sg% %t‘r'%% glre:?

Cbz- Me00 OFF TRASPr Y ERHRI DB ae NH) #HObing Ovithy, 1 0% 65ty ) i N

et hanol (5afefabeshexsied fHr: S0V etdaed j dr oxi,ge (0.65 nl).
After sti r%i. é@r%gn{u ﬂ% roo‘é%ate erature, %%ﬁ'g}@%ﬁﬁ 109%8%d/ C (0.5
g), H20 (1 % and- erhanor? ( ‘fﬁ_r%g%r’egmdml&q werrs) cambpiared on was
degassed uUMRRreqreentratéditel g Sgley @VHL B rtfe foyglr ogen for 18
h. Di atonaceous earth was added and the slurry was filtered. The filtrate
was (conce];]érat ed in vacuo and purified by RPHPLC (nethod 2, 98/2 (A B),
ranp to 75725 (A/B) over 150 m nutes). Fractions containing pure product
wer e pool éd amk | yophilized to give 46 ng (13%. iH NVR FAB-MS, nie 486.3

(MH) Analﬁbsi};scfor C26H3gN5042. 1HC1: Calc: C, 55.15; H, 7.35; N, 12.19; d,

| 3. 24; Found: B e&xdq (M/)37: N) 12.19; Cl, 13.58. OCHHNNH O HO NH

[ 1 ~NH2 Analysifs Mcdx I8Q@ECER;03:Chg- Pr o- p- NHCH2C6HAC( NH) NH2HCI
xvl

N- (car boxynet hyl.) - D- cycl ghe | ycyl - N
E(4E(am' no%/m' n?r?@%crfyl )%heﬁylﬁ%ezq?‘r’yquo- 23D iNariXds Tydr ochl ori de) A)
Preparati on of Foungdl ohexy) g G39e H, 37;56)'. Q‘T' ?1(5_0.?“.

E) Preparation of P-NH2CHoCH2-CgH4CN-HCL .

. By methods substantially equivalent to those described
in Example 23-A, 3.6 g (98%) of P-NH2CH2CH2~CgH4CN-HC1 were
Prepared.

1 NMR

FD-MS, m/e 147 (MH*)

Analysis for CgH;jN»>Cl: .
Calc: C, 59.18; H, 6.07; N, 15.34; Cl, 19.41;
Found: C, 58.90; H, 6.16; N, 15.20; Cl, 19.30.

F) Preparation of Etsoz-D-Phe-Pro-p-NHCH2CH2-C5H4CN

. By methods substantially equivalent to those described
in Example 1-G, 1.5 g of Etsoz-D-Phe-Pro—p-NHCH2CH2-C5H4CN~
were prepared from EtSO,-D-Phe-Pro-0OH and p-NH2CHCHp-
CeH4CN-HC1.




178 By a method subStantially equivalent to that described in Exanple 53-B,
16.1 g (16% of D cycl ohexyl gl ycine was prepared starting from

D phenyl gl ycine. 1H NMR FD-M5, mle 117 (M) Analysis for C8HIL w&& Calc: C,
61.12: H, 9.62; N, 8 91; Found: C, 6l.23: H 9.56: N, 8.73. ; Eh200% i on
of Boc-D-cycl ohexyl gl ycine By a nethod substantially equivalent to that
described in Exanple 17-A (using di-tert-butyl dicarbonate), 22 g 190% of
Boc- D-cycl ohexyl gl yci ne was prepared. 1HNVR FD-M5, me 258 (M) Analysis
for C13H23N04: Calc: C) 60.68; H, 9.01; N, 5.44; Found: C) 60.91; H 09.18;
N, 5.38. C) Preparation of -Boc- Pro-p- NHCH2C6HAC( NH) NHCbz By a met hod
substantially equivalent to that described in Exanple 1-G 20.5 g (76% of
Boc- Pro- p- quCHZCGH46( NH) NHCbz was prepared from Boc-Pro-OH and

NH2 CH2 C6 H4 NHCbz2HC1. 1H NVMR FD-M5, mle 481 (M+) Anal ysis for
C26H32N405 * C, 64.98;, H 6.71; N 11.66; Found: C, 64.76; H, 6.78; N,
11.62. D) Ppemsy athpoe o2 Pr@e9- NHCH2C6HAC( NH) NHCbz2HC1L 3 ~ 0 CT 2-3 179
By a nethod substantially equivalent to that described in Exanple 23-A,
18.4 g (100% of Pro-pNHCH2C6HAC( NH) NHCbz2HC1L was prepared. 1H NVR FD- M5,
nme 381 (Mg) APceperstion R BEXRNAO3Che-Poal-p-NHCHIEHE3;, H 5.78; N, 12. 36;

Eggng>c§§ é%hée%ﬁdiaHgaéHgsﬁkH§ﬁHégz E& Zrﬁgﬁagélgﬂbgzantially equi val ent to

that described in Exanple 1-G 3.6 g (97% of

() DAS;?yEIS P*SWW“&%*@%@?P#e?f@”-ﬁp%@@cﬁ’aﬁuﬁé? c

67.59: H @¢HsEN N1 86. §907Fpmpiépap§tN@N dilsopropylethylamlne (0.45

Coz-t - BUOQ@:,"QZ .%%cﬁr )0 W‘i‘é%‘é@*ﬂ%%ne 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)
and purified by RPHPLC (Method 2, 90/10 (A/B); ramp to 60/40
(A/B) over 200 minutes). The fractions containing pure
EtSOz-D-Phe-Pro—p-NHCH2CH2-C534C(=NOH)NH2-HC1 as determined by
analytical RPHPLC were combined and pH adjusted as described
above and lyophilized to give 0.35 g (31%) of EtSO;-D-Phe-
Pro~-p-NHCH2CH2-CgH4C (=NOH) NH3 - HC1.

14 NMR

FD-MS, m/e 516 (M*)

Analysis for C25H33N505S5-HC1-H20:
Calc: C, 52.67; H, 6.36; N, 12.28; Cl1l, 6.22;
Found: C, 52.40; H, 6.10; N, 12.25; Cl, 6.51.

H) Preparation of EtSO2-D-Phe-Pro-p-NHCHyCH;-
CeH4C (sNH) NH2 -HC1.

By a method substantially equivalent to that described
in Example 23-D, 0.098 g (50%) of EtSOz-D-Phe-Pro-p-NHCH2CH2-
CgH4C (=NH)NH2-HC1l were prepared from EtSO2-D-Phe-Pro-p-
NHCH2CH2-CgH4C (=NOH) NH; - HC1.

14 NMR
FD-MS, m/e 500 (M*)



Hy nmethods substantially equivalent to those described in Exanples 23-A and
85-A (using t-butyl bronpacetate and benzyl chloroformate), 1.6 g (45% of
N-Cbz- N (t-BuOOCCH2) - DChg- Pr o- p- NHCH2C6HAC( NH) NHCbz wer e pregar d. 1H NWR
FD-MS, me 769 (M+) Analysis for C43H53N50g: Calc: C, 67.26; 914 06T 2803 N,
9.12; Found: C) 67.50; H) 6.97; N, 9.11. 31 0 CT 2000 180 G Preparation
of HOOCCH2- D- Chg- Pr o- p- NHCH2C6HAC( NH) NH2ZHCI ~By net hods substantially

equi val ent to those described in Exanpl esg 23- A (using di oxane as sol vent)
and 18-F, 411 ng (61% of HOOCCH2- D- Chg- Pro- p- NHCH2C6HAC( NH) NH2HCL wer e
prepared. 1H NVMR FAB-M5, nie 444.3 £N+HE Anal ysis for C23H33N5042. 5HCL:

Cal c: C, 5SAng¥ysip $0poC23H33R5Q0S - Foblel -H2051.84; H, 6.50; N, 13.15. O OH
HN ONH HC T T N H2~ . o3k, 0 . .

HOG:CI—IZ-DhPhe-%Ira(h):i-Cb- NHCHO (BT EH) ﬁﬁzﬁc‘:iw' N, 11.44;

( N- ( car boxynet h§Pyraeé: honofhedPl-&7and.- R-79:; N, 11.15.

[ [ 4- (am noi m nonet hyl ) phenyl ] met hyl ] -L-prol i nam de hydrochl ori de) A)
Preparati on of HOOCCH2- D- hPhe- Pro- pﬁSCHZ%E% NH) NH2ZHCI By net hods
substantially equivalent to those d Exanpl e 86, 335 ng of
HOOCCH2- D- hPhe- Pr o- pNHCH2C6HAC( NH) ?~H2HC1 were prepared starting from

Hoc- DhPhe- OH. 39 0 CT 2003 181 1H NWR FAB-M5, me 466.3 (MH) Anal ysis
for C25H31N5042. 1HCIHZXSO,N-H

0
d‘\f y NH
(b'""er NH;
o .

EtSO3-D-Phe-Pro-m-NHCH2CHo~CgHaC (=NH) NH5 - HC1

e HCI

A) Preparation of EtSOz-DQPhe-Pro—m-NHCHz;CHz-C5H4C(=NOH)NH2,

By a method substantially equivalent to that described
in Examples 26-A through 26-E and 24-A, 0.15 g of EtSO3-D-

Phe-Pro-m-NHCH2CH,~-CgH4C (=NOH) NH2 were prepared from m-
cyanobenzaldehyde.

1H NMR

FD-MS, m/e 516 (M*)

Analysis for Cy5H33Ns50s5S:
Calc: C, 58.23; H, 6.45; N, 13.50;
Found: C, 57.99; H, 6.57; N, 13.28.

B) Preparation of EtSO;-D-Phe-Pro-m-NHCH,CH;-
CeH4C (=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;CHp-
CgH4C (=NH)NH> -HCl were prepared from EtSO;-D-Phe-Pro-m-
NHCH2CHp-CgH4C (=NOH) NH3 . '



Calc: .C, 53.61; H, 6.32; N, 12.50; C1, 13.29; Found: C, 53.58; H 6.08; N,
12.59; Cl, 13.67. OCHHNNH O HQI NH/ | ~NH2 U-~~~~~ r NO

HOOCCH2- D- hCha- Pr o- p- NHCH2 C6 H4C( NH) NH2HC1 31 0CT 2003

(N- (car boxynet hyl ) - D- honocycl ohexyl al anyl - N

([ 4- (am noi m nonet hyl ) phenyl ] nmet hyl ] -L-prolinsm de hydrochl oride) A)
Preparation of Boc-D hCha-OH By a nethod substantially equivalent to that
described in Exanple 53-D, 5.1 g (100% &% Boc-D-hCha-OH was prepared from
Hoc- D- hPhe-OH. 1H NVR FD-MS, nmfe 240 (M+) Analysis for CL5H27N04: Calc: Q)
63.13; H, 91541!@ 4.91; Found: C, 63.38; H 9.39; N, 5.12. B) Preparation
of HOOCCH2- D- hCha- Pr o- pNHCH2C6HAC( NH) NH2HC1 31 D CT 2003 182 By net hods
subst ant i al FR-¥guimée 90 t Mt)hose descri bed in Exanple 86, 135 ng of

HOOCCH2- D- hghat ¥ s W—@%&%& : . pared. 1H NVR FAH- M5, me
472.3 (MH) Anal ysis for %ﬁ%ﬂ%&ﬁ gﬁgg)e Calc: C, 53.54; H 7.22;
N, 12.49; C1, 13¥ €: Found®€. CP158020H, 16.2501N, NL118946; Cl, 14.30. O OH HN
NH HCl | \' N N pohnaiNH2 , .79 .B6: .

HOOCCH2- A y- N- CGHSCHZCHZGIQ);- p§R|Hz:|’1|?c%H45c:(?\|6m N%#&'E’Aﬁ' Preparation of
HOOCCH2- @ y- N- C6H5CH2CH2A y- pNHCH2C6HAC( NH) NH2HCI By net hods substantial ly
equi val ent to those described in Exam_g-a@ 1-D 1-G 23-A, 85-A and
18-F, 365 ng of N HOOCCH2-d y-N C6HS5CH2CH2- G y- p- NHCH2C6HAC( NH) NH2HCL wer e
prepared. 1H NVR FAB- M5, RIH426' 2 (M#) Analysis for :

C22H27N5042. 2HC11. 5H20:

NH2 e 2 HCI

NH

D-1-Piq-Pro-p-NHCH2CH2-C5H4C(=NH)NH2’2HC1

By a method substantially equivalent to that described
in Example 23, 0.85 g of 1-Pig-Pro-p-NHCH;CHy -
CeH4C (=NH)NH2-2HC1 were prepared from Cbz-D-1-Piqg-Pro-OH and
P-NH2CHoCH2-CgH4CN-HC1.

1§ NMR
FD-MS, m/e 426 (M*)
Analysis for C24H35N502-:2HC1-2H,0:

Calc: C, 53.93; H, 7.73; N, 13.10;
Found: C, 53.94; H, 7.60; N, 13.06.
Example 29
NH
(0]
NH

N
G'""Il/ NH,
0]

D-1-Pig-Pro-m-NHCH2CH,-CgHyC (=NH) NH; - 2HC]

* 2 HCI



Calc:,C, 49.60; H, 6.09; N, 13.15; Cl1, 14.64; Found: C, 49.79; H 5.71; N,

13.31; C1, 14. 0. 39 DCT 2003 183 OOHONHNO HJO HNN~1 ~NH U
.~f 0 (C2H5) 2CHCO- d u- Pr o- p- NHCH2C6HAC( NH) NH2HC1 A) Preparail on of

Boc (y-0Bn) - d u- Pro- pNHCH2C6HAC( NH) NHCbz By a net hod subst antd

equi val ent to that described in Exanmple 1-G 2.7 g (64% of

Boc- (y-0Bn) - G u- Pr o- pNHCH2C6HAC( NH) NHCbz were prepared starting from

Boc- (yOBn) - d u- OH and Pr o- p- NHCH2C6HAC( NElkNHCbz2HC1. 1H NVR FD-MS) me 700

(MF) Analysis for C38H45N50g: Calc: C, 65.22; H Found: C, 65.00; H 6.48;

N, 10.01; 6.56; N, 10.06. B) Preparation of

(y-OBn) - A u- Pro- pNHCH2C6HAC( NH) NHCbz2HC1 By a net hod substantial ly

equi valent to t a0 gt g.(9

(y-OBn) -G 4P o?ﬁi aggHﬁggﬁﬁ%ﬁH %§§Eg¥%w§§1”§;%§t % gfét fesesihed e
600 (M+) ARH %&P@P 3P3gNg0BEL2Piq3Rrp- O82CH34 Calc: C) 58.93; H,
5.84; N, 1C@gHIC (FXBINH,; QHEB weke prépdid '
(CZH5)2CI—Iq?1 1&% E%y : CI—IZ|Ib06H46( NFl)[\fNI-(Il&z&iIo?o I?lsﬁr nlgé n@gtﬁde of
(y-OHn)-d u- 6€ M%NH@ZZHCl (1.3 g, 2 mol) in THF/ H20 (50 nL
each) was added K2C03 i1.38 g, 10 nmol) and 2-ethyl butyryl chloride (0.3 g,
2.2 mol) .4 f#ﬁ% stirring 10 mn, volatiles were renoved in vacuo. The

resulting res e was partitioned between water and ethyl acetate (100 niL
each). LayEPsMBerm/eepaéai(mt) and t he organi c phase was washed twice with

each saturm;,gg ague @ggﬁ i I dgu d brine, dried (MyS04), filtered
and concentrat ed #neggc tgéggbvgﬁgél% {aC?'OO%. 1H NVR FD- M5, me 698 ( Mt)
Anal ysis for C3GmA®M507: Cal 63.€3;6R,13,.78; &,793.hlp;10. 04; Found: C,
67.11; H 6.70 rbund: 74 ¢, 53.62; H, 7.57; N, 13.18.

Example 30

EtSO,N-H

NH
NH
& Gt

EtS0O2-D- Phe-Pro-p-NHCHzCHzCHz-CsH,;C (=NH)NH;3 - HC1
A) Preparation of P-HOCH2CH2CH,2~CgH4CN.

To a stirring solution of methyl pP-cyano-
dihydrocinnamate (10 g, 53 mmol) in tetrahydrofuran (150 mL)
was added LiBHg (1.15 g, 53 mmol) and the solution was heated
to reflux. After 2 hours, the solution was cooled, and
sodium phosphate buffer (pH 7) was added dropwise.  After gas
evolution was complete, ethyl acetate and water were added
and the layers were separated. The agqueous phase was
extracted once with ethyl acetate and the combined ethyl
acetate phases were washed with brine, then dried with MgSO0y,

filtered and concentrated to give 8.1 g (95%) of a thick
colorless oil.



D) Preparation of (C2H5)2CHCO- A u- Pro- pNHCH2C6HAC( NH) NH2HC1 By a net hod
substantially equivalent to that described in exanple 18-F, 425 ng (47% of
( C2H5) 2CHCO- d u- Pr o- pNHCH2C6HAC( NH) NH2HC1L wer e prepar ed. HPLCﬁ\pbb?d%@‘
(Ranp 98/2 A/B to 75/25 A/B over 150 min) was used to purify the prodtct
1H NVR FAB-MS, me 474.3 (MH) Analysis for C24H35N505~1. 5HC11. 1H20: Cal c:
C) 51.10; H 6.91; N, 12.41; Cl) 9.43; Found: C, 51.10; H 6.B1; N, 12.41;
Cl, 9.62. 390 CT 2003 185 O=SSFOONHg7 NO HCO HNH~" ~NH2 ~ .., , ~f
N 0 (C2H5) 2CHCO- Met (02) - Pr o- p- NHCH2C6HAC( NH) NH2HC1 A) Preparati on of
(C2H5) 2CHCO- Met (02) - Pr o- pNHCH2C6HACI NH) NH2ZHCI By net hods substantial ly
equi val ent to those described in Exanple 90) 530 ng of
(C2H5) 2CHCOTHEL (02) - Pr o- pNHCH2C6HqC( NH) NH2ZHC1 wer e prepared. 1H NVR FAB- Mb)
nie 508. 2 gﬁy+ nal ysis for C24H37N505S~1. 1HC1: Calc: C, 52.63; H, 7.01;

| 2. 79; k 2; Found: C, 52.42; H 7.03; N) 12.80; Cl, 6.99. - Exanple
92 OS O l\FDQdNH Gn/eiCl1I6N HM?*)~ ~ N H2 ~ ~""if NO 3 'i 0 CT 2003 186
MeS02CH2CO0- D- Cha- Pr 0- p- NHCH2C6H4 C( NH) NH2HC1
(N-(net hyl sul fonyl acetyl)-L-cycl ohexyl al anyl -N

B) Preparation of p-BrCHaCHaCH;-CgH4CN.

To a stirring solution of p-HOCH;CH2CH-CgH4CN (8.1 g, S50
mmol) in tetrahydrofuran (100 mL) was added
triphenylphosphine (14.4 g, 55 mmol) followed by carbon
tetrabromide (18.2 g, 55 mmol). After stirring for 18 hours,
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 as judged by TLC were combined and
concentrated to give 7.3 g (65%) of a thick colorless oil.

IR

1H NMR

FD-MS, m/e 223 (M*)

Analysis for CjpH3oBrN:
Calc: C, 53.60; H, 4.50; N, 6.25;
Found: @ C, 53.90; H, 4.67; N, 6.24.

C) Preparation of p-BocaNCH2CH2CH2-CgHyCN.

To a stirring suspension of NaH (1.4 g of 60% oil
dispersion, 34 mmol) in DMF (100 mL) was added dropwise a
solution of di-t-butyl iminodicarboxqute (7.4 g, 34 mmol) in
DMF (20 mL) via an addition funnel. After gas evolution was
complete, a solution of p-BrCH2CH2CH2-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
was dissolved in diethyl ether and washed three times with
water. The organic phase was dried with MgSOs, filtered and

concentrated and the residue was chromatographed over silica



[ [ 4- (am noi m nonet hyl ) phenyl ] met hyl ] - L- prol i nam de hydrochl ori de)

Preparati on of MeS02CH2C0- D- Cha- Pr o- p- NHCH2C6HAC( NH) NH2HC1 By net hods
substantially equival ent those described in Exanples 1-G and 18-F, 550 ngy
of MeS02CH2CO- D- Cha- Pr o- pNHCH2C6HAC( NH) NH2ZHC1 wer e pr epar ed. él—.} WQ%B VS,
me 520.5 (MH) Analysis for C25H37N505S1. 2HC1H20: Cal c: C) 51.647" H™6. 97,
N, 12.04; Cl1, 7.32; Found: C) 51.58; H 6.84; N, 12.18; d, 7.61. The
conmpounds of the invention are believed t98 sel ectively inhibit thronbin
over other proteinases and nonenzyne proteins involved in blood coagul ation
wi t hout ap i b, & 4 ference wth. the hody's natural clot |ysing
ability (tF}Heéfc'orarép%ﬁ:nl ﬁ‘é‘vtg‘ PG HRRS @thydn saetrdtehesianes.
Further, sUhf Resuqtyiqoptissintislg drettionewire Eembiidds ey Mol yti ¢
agents W t ety i IsQperf grence wi.th thronbol ysis and fibrinolysis.
Further, the conpounds c');?)l tdﬁg}eprgéggmg i(ﬁygﬁt i°<§nw§‘|1éeoélq1é-\¢ed to be orally
active. The invention in one of its aspects provides a nethod of inhibiting
t hrombi n i TRmamMmual s conpri sing adm nistering to s mammal in need of

t r eat ment qﬁbﬁ#&ective (thronbin inhibiting) dose of a conpound of Formula
. The thro i nhibition contenplated by the present nethod includes both
nmedi cal th&DapMsyt i m/endker (MFpphyl actic treatment as appropriate. In a
further e hRR lnven nrelates to treatnment, in a human or

ani mal , ophggl%g??%ogggmhé? §Y?Y¥4bi ti on of thrombin is required. The
conmpounds of th€ale: ~ O CT FINI4LBH, V3L, &p, & g-expected to be useful in
ani mal s, . i ncl ud'b. dnaan, i g: tr%atA{Bient or. prophyl axi’'s ‘of thronbosis and

hyper coagul abi I Tty Th bl ood &b 40is Bued - 83 s@.SffTates in which the
conmpounds have a potential utility are in treatnment or prophylaxis of

t hr onbosi spandp | api Li i nd tissues. Disease states in
whi ch the cgnpoﬁlgffﬁgggﬂaé%oéeﬁ?%ﬁzcﬁ{ﬁgﬁg’t’gﬁgﬂg\’ﬁ@at nment and/ or

prophyl axi s, include venous thronbosis and pul nonary enbolism arterial

t hronbosi s) sucByaget 0 ' [ em a . nyocardial infarction) unstable
angi na, th%rg'?:g?" -b%iegys%% {éﬂé%%gg&.%%’r lept e‘F‘i’a‘Fh??@oﬂ%Gﬁ)sbed
Further, t . %@oﬁ "?'rav‘%--’e@ebﬁw g |PtNHIOHoHO RHY e X HSCRIHC1 were

at her oscl epxépareti seases such as coronary arterial disease, cerebral
arterial disease and peripheral arterial disease. Further, the
conpounds. are expected to be useful together with thronbolytics in

nmyocardi alIR nfarction. Further, the conpounds have expected utility in the
treat ment x ophyl axi s for reocclusion after thronbolysis, percutaneous
transl um nal “angi opl asty (PTCA) and coronary bypass operations. Further,

t he conpod@iMShaven/exadd gir*ytility in prevention of rethronbosis after

m crosurgery. Further, the conpounds are expected to be useful in

anti coagul ant treatnent in connection with artificial organs and cardiac
val ves. Fdnt h@FPPPh’étGQNp@tin@&S%vb-?hpepfedpuﬁkbgwﬂ'éhfmti coagul ant

treat ment d634be9ndﬁpﬁy?i§cf\_r\d di ssem nated intravascul ar” coagul ation. A
further expected utiliTy 1s in rinsing of catheters and nechani cal devices
used in patients in vivo, and as an anticoagul ant for preservation of

bl ood, pl bl in vitro. Still further, th
TRoundS pave I pes ca oL Ly SN PR KBI8E "therboBrodessEabetat i on

corrpoundsiga e_ex ect?d util 1t

could be a fii &gﬁgﬁfa ~EoftPAi Bgt’ﬁngop?@cgsgfoEtSO§ﬂu-FmeeoPr§elgondary

pat hol ogyNHEHgOHzCH 5 IC, ( =INOH) e, 1 ' gnfl appafory di seases,
e ST B gen TR

i ncl udi ngpakt At L ngd. dj tes. The antl 0 Phe-
admi ni st e?gé Qﬁa%‘;,sgﬁﬂgiﬁg‘ﬁaﬁ@%ﬁw@:gc;-by i ntravenous infusion (iv),

i ntranmuscul ar injection (im or subcutaneous injection (sc). ~~0CT
2003 188 il'l? ecific dose of a conpound adm ni stered according to this
i nvention oil%gt ain therapeutic and/or prophylactic effects will, of

course, bEDeMSer mhedSdy {Me) particul ar circunstances surrounding the case,

i ncl udi ngan fg(af(P’L \ i.ni stered, the rate of

admi ni st rat%%r;ls, an t?&%ﬁ?ﬁﬁ%%@?‘?@%@% ed. Atypical daily dose for
each of the abe®EcutilitCesS5Rs8bet ﬂeee.amgunlolg.l?gg/ kg and about 1000

ng/ kg. The dosgyis8i Me y 'Y, .€:.0. r prophylactic use a single daily
dose may be a(S:Ilﬁ’nSl.J ni st er egabrgram?%i’pﬁe éoégs gucglagss or 5tinmes daily may
be appropriate. In critical care situations a conmpound of the invention is
adm ni st efjed Edepgardtifdss i @isc, -tRighel 3 Eﬁ’%% ut._0.01 ng/ kg/ h and about
20 my/ kgg}}ggcz_ﬁﬁf er apl i bet we n%%’&? %%i% g"ﬁhﬂaﬁHZabout 5 mgy/ kg/ h.
The neth FHHdNHa G on also i s practiced in conjunction with a cl ot

.~ lysing agent, e.g., tissue plasm nogen activator (t-PA), nodified t-PA
strept oki nase or urokinase. In cases when clot formation has occurred and
an artery or vein is blocked, either partially or totally, a clot lysing

o - - -,




189 is adm nistered in conjunction with a clot |ysing agent and aspirin.
This invention al so provides pharmaceutical fornulations for use in the
above descri bed therapeutic nmethod. Pharmaceutical fornulations of the

i nvention conprise an effective thrombin inhibiting amount ofg apggen@pynd of
Formula | in association'with a pharmaceutically acceptable carrier,

exci pient or diluent. For oral adm nistration the sntithronbotic conpound
is fornulated in gelatin capsules or tabdets which may contain excipients
such as binders, lubricants) disintegration agents and the |ike. For
parenteral admnistration the antithronbotic is fornulated in a

phar maceutical ly acceptable diluent, e.g., physiological saline (0.9%, 5%

dextrose. R ngeBys asRehban suBdahbbelifCeqliGaf OPOLDY, AL (He, 21 SoE8!

i nvention can_be fﬂ%ng%ated In_unit_dosage T ornu i ONns dose
d

bet ween abgti 5P PabBut3 19066 1Y) T BB RhierResmmound is in the
form of a NHEHPEHEIHI-CHH.T (ANHENHAPHEL Swéte SpEdpased Ofr&KaﬁPég‘:.tﬂlep}gu fate

salt, acet _sa r 0 _ An_exanpl e of a unit dosage -
formul ati ogggo%%gg%c%%'ﬁgz&gﬁﬁ%mﬁz bﬁcfhe present invention as a
pharmaceutically acceptable salt in a 10 nL sterile glass anmpoul e. Anot her
exanpl e oflg it dosage fornulation conprises about 10 ng of a conpound of
the presentinventi on as a pharnmaceutically acceptable salt in 20 nL of

i sotoni c sEPrM&, cone a5 d(MY) a steril e anmpoul e. The conpounds can be

adm ni ster VAL [ udy oral, rectal, transdermal,
subcutaneoﬁg??yﬁ??a@%ﬁ§%%§ﬁ$?§$égﬁﬁ;ijzﬂ%ﬁgﬂg§ﬁ ntranasal. The conpounds of
the present inveal€on areCpr&lefdbl B, f6r MBI} alediprsof to administration.
Ther ef ore) anot pbodi penkq 0kt hg pgegent,.i ion is a pharmaceuti cal
formul ati on con%??ggng anazf?éé§F0eﬁén%U§€'d?'gfib bund of Formula | or a
phar maceutical ly acceptable salt or solvate thereof in association with a
pharmaceutically acceptabl e carriergmghhﬁggslpr exci pi ent therefor. 390
CT 2003 190 The active ingredient in suc ormul ati ons conprises fromO0. 1%
to 99.9% by weight of the formulation. By "pharmaceutically acceptable” it
is meant the carrier) E%ﬁ or excipient nust be conpatible with the

ot her ingredients of ﬁt ity | ation and not deleterious to the recipient

t hereof. The present~phargeceyQ cal formnul ati ons are prepared by known
procedures using well gnd readily avai Lgble ingredients. In nmaking

the conpositions of/THE presgnt inwgnti tive ingredgﬁ?t w1
usual Iy be adm xed P2 arry<y, C aﬂméer,' lencl osed
within a carrier Y may n1 he form of capful e, sachet) paper or

ot her container. Wien the carrieDserves as a dilugpf, it may be a solid)
sem-solid or liquid raterial which acts as a vehicle, excipient or nedium
for the active ingredient. Thus) the conpositions can be in the form of
tablets, pills, powders, |ozenges, sachets, cachets) elixirs, suspensions,
emul si ons) sol uti 8%§02sPrBhey PrernsBHGH, CHyCHy -©gHi;d (8NH) RHS- B¢ Ui d nedi um),
soft and hard gelatin capsul es, suppositories, sterile injectable

sol utions, sterile packaged powders, and the |ike. The conpositions of this
i nvent i onAtay F5ePegatica: 6f $5SR3-PoPhe ol demeNHCK,CHCHoai ned, or del ayed
rel ease ofceHie (aNDHYRH, Ngeedi ent after administration to the patient by
enpl oyi ng procedures well known in the art. The follow ng formulation
exanples are illustrative only and are not intended to limt the scope of

the invention By aigtheds subsitaneinndyedigiial u ¢conpound

accordingikgf§§&g¥gg é_&r adﬂggrgac$u§'cgﬁl aaggép?gbfégggr§g%§r§%?€ate

t her eof . 003°18% d°gel atf ng cQpshF 82 D Phe-Bra-wt using t he

f ol | owi ng NHEHREHp Clig <CeHYX (=NOH) Myl e HC R nWe £é ap Edpafiéd eghr-dRgNesi um st ear at e

Total CQuapgti =/ga~sk~e) 250 20Q 460 ng A tablet is prepared using the

i ngr edi en scgépéaﬁhﬁéﬁﬂF?P§Aﬂ&Fi9818ngredient 250 Cel | ul ose,

m crocrystalline 400 Silicon dioxide, fumed 10 Stearic acid Total 665 ng

The conpomﬁnﬁﬁRare bl ended and conpressed to formtabl ets each wei ghing 665
0

ng. An aeros solution is prepared containing the follow ng conponents:
Wei ght AcFPv¥Si ngmédi BaP OM2b Et hanol 25.75 Propel |l ant 22

(Cnl or odi pheeyenst baret, H98N5386 Hicl P 1950,
Calc: C, 53.30; H, 6.57; N, 11.95; Cl, 6.05;
Found: C. 52.97; H, 6.19; N, 11.96; Cl, 6.13.



3 ~ OCT 2003 192 The active conmpound is m xed with ethanol.and the m xture
added to s portion of the 'propellant 22, cooled to -30 C and transferred to
a‘filling device. The required anount is then fed to a stainless steel
container and diluted with the remai nder of the propellant. 'B1‘boca1m3uni ts
are then fitted to the container. Tablets) each containing 60 ng of active
ingredient, are nade as follows: Active ingredient60 ngStarch45

mgM crocrystal line cel |l ul ose35 ngPol yvi n§PPyrrol i done (as 10% sol ution in
wat er ) 4 ngSodi um car boxynet hyl starch4.5 ngMagnesi um stearate0.5 ngTal cl
nQlot al 15D ng The active ingredient, starch and cellul ose are passed

t hrough a 45 mesh U, S. sieve and m xed thoroughly. The aqueous sol ution
cont ai ni ng’\%bl ﬁ%ﬁﬂ%%@ﬁ@wﬁmwmmmcwzmp powder, and the
m xture theQgH & ENFHNHL-MoQugh a No. 14 nesh U S. sieve. The granules so
produced are dried at 50 C and passed through a No. 18 nesh U S. Sieve. The
sodi um car boxynet hyl starch, nagnesium stearate and talc, previously passed

through a No. 60Byesimétiod %@@aaﬂﬁii}e%@ﬂﬂ?ﬁ%& the %[fpu+€§s%%%c€ '
el ghi ng 158 SRR E3 % R, AL EX Daci-shecmemy 80 g of

act i vg_ i n?rw*lnﬁﬂzcﬁaecwd@(anﬁ)‘muﬂm whixid \@Q.IeparSegd fl\:/:aom EtSOr%-D-Phe-
i ngredi en 8@@%}( L ¥ C ul ose59ngMagnesi u
st earate2maTot a %%%c?&véﬂ%&@%ﬁé%el | ul ose, starch, and
magnesi um st earate are bl ended, passed through a No. 45 nmesh U. S. sieve,
and filledigygghard gelatin capsules in 200 ng quantities. Suppositories,
each containing 225 of active ingredient, are made as follows: Active
i ngredi ent e dldt dM*atty acid glycerides 2.000 ma Total 2,225 ny
The acti ve anagnediseFor © r,qu . .60 nesh U. S. sieve and
suspended in t%?dsaturat é?%@?%t gkgc?dgglcgcggf)des previously nelted using
the mini mum heatC&&Cessar &+ e 3 xthir 6 162 ¢ en JMougsd i nto a suppository
nol d of nom nal Fhughdrapacidy snd ol I,.p'vvegj_ztso; q\p'oll.z. 03.1 0 CT 2003 194
Suspensi ons, each containing 50 ng of active i ndgredient per 5 nL dose, are
made as follows: Active ingredient 50 ng Sodi um carboxynmet hyl cellul ose 50
ng SY~p 1. 2 5 nL Benzoic acid sol uttwlgt Fl avor q,v, Color q,v,
Purified water to total 5 ~, The active ingredient is passed through a No.
45 mesh U. S. sieve and m xed with the sodi um carboxynet hyl cell ul ose and
syrup to forma snoot 3 . The benzoic acid solution, flavor and col or
are diluted with a po f the water and added '}r‘vith stirring.

e

Sufficient water is ® to produce the req d volune. An
i ntravenous formul g Active ingredi ent

NH,
*2 HCI-

1-Pig-Pro-p-NHCH2CH2CH-CgHyC (=NH) NH, - 2HC1

By a method substantially equivalent to that described
in Example 23, 0.66 g (48%) of 1-Pig-Pro-p~NHCH,CH,CHa -
CeHgC(=NH)NH> -HCl were prepared from 1-Pig-Pro-OH and
P-NH2CH2CH2CHo~CgHyCN - HC1.

1H NMR

FD-MS, m/e 440 (M*)

Analysis for C25H37N503:2.1HC1 *H30:
Calc: C, 56.21; H, 7.75; N, 13.11;
Found: C, 56.36; H, 7.44; N, 12.79.



The solution of the above ingredients generally is adm nistered
intravenously to a subject at & rate of 1 nL per m nute. The. conpounds
provi ded by the invention (Formula |) are orally active and Sl gg?ii@y
inhibit the action of thronmbin in mammals. The ability of the conpounds of
the present invention to be an effective and orally actiye thronbin 3 ~
DCT 2~3 195 inhibitor is evaluated in one_ oz nore of the foll ow ng assays.
The inhibition of thronbin is denonstrat&d by yN vitro inhibition of the
am dase activity of thronbin as nmeasured in an assay in which thronbin
hydrol yzes the chronogeni c substrate)

N- benzoyl - L- phenyl al anyl -L-val yl -Largi nyl-p-pnitroanilide. The assay is
carried out by mxing 50 E1L buffer é%ﬁ%éﬂégiﬁs, 0.15M NaCl, pH 7.4) with
25 ~tL of bovine thronmbin or human thronbin solution (0.21 ng/nL of

t hr ombost at bovi ne thronbi n, Parke-Davis, or purified human thronbin,
Enzyme Research Laborakoxi.es, South Bend, Indiana, at about 8 NI H units/nlL)
in the sane buffer) ahd 2§"™tL of test conpound in a solvent (in 50%
aqueous net hanol, v 4 . ® ~L of an aqueous solution of the
chronogeni ¢ substra At 0.J25 ng/ nlL) are agged and the rates of hydrolysis

reactions g%&ﬁgi nm for the
rel ease of p-nitroaniYine.¢ St n.m;fd QQsiNMst ed otting free
t hronbi n concentrati on aga\n drol ysi THE hydrol ysis rates
observed with test conpounds ardthen converted t §§Hfree thronbin" val ues
in the respective assays by use of the standard curves. The bound thronbin
(bound to test compound) is calculated by subtracting the anmount of free

t hronbi n observed in_each assay fromthe known initial anpbunt of thronbin
used in the assay. TRePafoBre-Bf NHEBeCH2PHLiQedbCi(RNEANH2a8HQY i s cal cul at ed
by subtracting the nunber of noles of bound thronmbin fromthe nunber of

nol es of added inhibitor étest conpound) . The Kass value is the

hypot heti cal eqB¥I RbPPERPE ofdbPsRaNt Hrlincequivalent e vikhat tdesamhiedind t he

test conpoindEkahpldh2dnbd n64 (4% obi 1= dasse i -Mii@iHL i, -( ( Thronbi n) X
()] 31 éﬁ%égﬁﬁgsaﬁgﬁﬁgé.is cal cul ateq for a_range of concéntrations of
test conpoufd Gi n“eACuBTERParefofEem 1nPiRrPEooPH| AREr per nol e.
By subst anm+BHGHICQHICHp-CgH MR- BCDcedur es descri bed above for human

t hronbi n, and using ot her human bl ood coagul ati on system seri ne proteases
and proteases of the fibrinolytic systemw th the appropriate chronogenic
substrat es*HiMMmtified bel ow, selectivity of the conpounds of the present

i nvention *biﬁsrqﬁpgcz 6()ﬁiyecoagulation factor serine proteases and with
respect to the fibrinolyti'c 'system serine proteases are eval uated as wel |
as their stpaivsis ofor R 7INSQ2rZHGleH®:wi t h serine proteases of the
fibrinolytic sy 1 Thropgbi ggi phi bjst ok s, g1 eferably, shoul d spare
fibrinolysis ingﬁggh by u?gk?géggf %fszugngQSnf%b%%h activator (t-PA) and
strept oki nase. HP¥RAwoul dCheS5rBes t Bnt 7t 55t 8, t hdr2Peuti c use of such
agents as an adjunct to streptokinase, t-PA or urokinase thronbolytic

t herapy and to the use of such agents as _an_endogenous fi brinolysis-sparing
(wth respect to t-PA and uroki nase otic agent. In addition to
the lack of interference with the am dase activity of the fibrinolytic

pr ot eases, such fibri -a yti CNS,)SQm sparing can be studied by the use of

human pl asma clots a ei HNysis by the respective fibrinolytic
pl asm nogen activato umeyl faggors X, Xa, I XaH Xla, and Xlila are

pur chased from Enzyne “Resedf chffaboratori e 0 bhagéﬂﬂg 4 RHi@lana; human

ur oki nase from Leo Pharnmaceuti gqal s, Dppmar d rgronbi nant activated
Protein C (aPC) is prepared agf%VLmL'N siNKHtantially according to
U S. Patent 4,9B1, 952. Chronoyenic ﬂtbstrates:

N- Benzoyl -1l e-d u-G3 yArg-p-nitroanii de (for factor Xa);
N-Cbz-D-Arg-dy-Arg-pnitroanilide (for factor | Xa assay as the factor Xa
substrate); Pyroglutamyl-Pro-Arg-p-nitroanilide (for Factor Xla and for
aPC); H D- Pro- Phe- /BtsQp-D-RheaiFrlo~ghs- NHOH: Ce®gINBIC (XH) R}, - i

Pyrogl utanyl -3 y-Arg-p-nitroanilide (for urokinase); are purchased from
Kabi Vitrum Stockhol m Sweden, 31 0 CT 2003 197 or from M dwest Bi otech
Fi shers, |1&i Brepamatinn tofy Biorpi-dHOMLCHERO, f r om Wor t hi ngt on

Bi ochem cal s, Freehol d) New Jersey, and hunman plasma kallikrein from Kab
Vitrum Stockholm Sweden. Chronpgenic substrate

H D- Pro- Phe- Arg-pnitroanilide for plasma kallikrein is purchased from Kabi
Vitrum Stockholm Sweden. N-Benzoyl-Phe-Val-Arg-pnitroanilide, the
substrate for human thronbin and for trypsin, is synthesized according to
procedures descri bed above for the conpounds of the present invention,

T T T Y L Y o - o - 7 o ' T



Table-1 which follows lists the Kass val ues obtained with the indicated

conpound represented by the Formula I. 3 9 OCT 2~3 198 Tabs Inhibition
Properties Kass X 106 _ '
(L/ mohe) - Human~t - PA1330. 00170. 380. 0100. 082314@0J02003.. 00. 04

50. 0233210. 00210. 240. 00460. 0334130. 00570. 0760. 00330. 07450. 0350. 000390. 00015
0. 00022<0. 001 6230. 0D0240. 00160. 00023<0. 0017190. 0041 0. 00810. 000220. 00378530.
000380. 0220. 000800. 00120. 0330. 00D580. 00QDb2<0. 001<0. 00! 101. 40. 0000240. 0770. 0
0450. 00055110. 0640. 00006B0. 00360. 0060<0. 00l 120. 440. 0000420. 00220. 000870. 000

042130. 490. 0009&4Q. Q0 11<D. 001140..0210,000] 40. 0000560. 000046<0. 001152
200.00702.60;0170.gog?gg?ggg.58@%8?8?0960%75?55992?33@?@499.80.0240.0034181

800" 21 140. P¥Spycchdarbde0(18440. 196 0mA65H 2AAAON 1191895 zgéﬁyggmggg- 960. 0
310. 002223 (99. A 38 . 004 _14210. 440, 31240, 78<0. 0010° 03<0. 001<0. 0
0l 250. 43<0 (ggfg#' ;ng.oxt')“géi%?o%ga g‘.z%fg’i%‘?‘%*]fb‘?%‘loi % mbhowas 0added. d910- 02280
950. 010. 11PBEVH18ECaTRONAYTE. (1D 2D, (PXOWSSIKD. WHEHL. 56 0n 020n 83591 PP 0. 001

8 ~ 0 CT 29as d&foved i : . \
310. 070: 140. 05<0. ov%qo’f%o‘l'%cz%c.’ B R P te v Steerdved oinethvb1<0. 00

1340. 65<0. 8032 490! N Bk nd geastoed hwies Wi QL 00 15 16 <€k 19,1 Corde0. 001

<0. 001370. VR WDOSB,] . sirsd) . SHEO . vEASD - AU <0. 001400. 03<0. 0010
ﬂ%i‘% .'o#}tﬁa.o.soo. D14

.0l <o.00|‘43,g%3if%.&%<0.001< . 0014238. 0, 0743. 0. |
46300. 662635. S8t UAA50TTL BRI/ Wi MeRSumodidresed p3@ @bttt vt 0. 18
0. 01484, 10U5. &5 (ol I 40 UEE 434G 40 4 00..1. 80..04511, 3D00.
8427. 0. 130%;%5 47, .|1o.01530.365%ﬁ%£§”§’%8‘. Efg‘%éeﬁ}%s}?‘gé& 10. 52
0. 01<D. 001550. 01< .}6@&.’?}?‘53‘."6’6&0.G‘éifﬁﬁamszo&r@o.c@nm:mmmmo. 240.
(1)1) <8_3(<)818wf60<1&mm. “""“"mw"Wwﬂwnggﬁo90%?%)08»3;2%8' 24<0. 00
: : %ﬁ(ﬁé)(gbg_(])i 0. 031. 00. 0040. 008627. 6630. 3164150.701654,'5 . 661204.
66711 31 0 CT 2 200
686006934070430711 , 400722, 30073287429750. 45761277117811792. 0801, 700. 815. 382
5. 0832. 484% 98526586200873088410890. | 4900. 61913. 69213 0 3.7 9.8 240. 280
0.36 8.6 Q,24 90. 2.1 0.03 0.07 30.8 0.63 2.5 3.9 0.071 0.002 0.007 7.7 It
is noted tﬁa ,runexpect edl y, conpounds in which X contains a

D- cycl oheFp-Misanyin/eoReby Qe i nproved potency with respect to inhibition
k pecial ly surprisingly enhanced potency with

of thromb .digplay e
respect tgﬂPEgg%%h?EFt%éﬁﬁ%ﬁNﬂqaétor Xa when conpared with, for exanple, the
correspondi ng~Cadpounds ig) Wy gl ,Xx.p'o%t_@igr}sNa I}lptl%r]yl sl anyl noiety. $ ' (

0 CT 2003
Found: C, 57.27; H, 6.60; N, 11.13.

B) Preparation of P-BocNHCH2CgHyNH; .

To a stirring solution of P-BocNHCHCgH4NO2 (7.5 g, 29.7

mmol) and NiClp-6H20 (17.7 g, 74.3 mmol) in methanol (150 mL)

at 0 °C was added NaBH; (5.6 g, 149 mmol) in small portions

over 30 min. After complete addition of NaBHy and 15 min,
the solvent was evaporated in vacuo and the residue was
dissolved in conc. ammonium hydroxide and extracted twice
with dichloromethane. The combined organic extracts were
washed with brine, dried with MgSO4, filtered and

concentrated in vacuo to give 6.4 g (97%) of a white solig

IR
18 NMR
FD-MS, m/e 222 (M*)



201 1IMAt Ar; s~ | Dog plasma is obtained from consci ous m xed- breed
hounds (elther sex Hazel ton-LRE, Kal amazoo, M chigan, U.S.A ) by

veni puncture into 3.8 percent citrate. Fibrinogen is prepared fromfresh
dog plasma and human fibrinogen is prepared fromin-date ACIH figpnaiyood at
the fraction |-2 according to previous procedures and specifications.
Smith, 8 ochem ~., ~ 1-11 (1980); and Smth, et al., Ei ochemstrv, y-~,
2958- 2967, (1972). Human fibrinogen (9B1p&rcent pure/plasmn free) is from
Anerican Diagnostica, G eenw ch, Connecticut. Radiol abeling of fibrinogen
-2 prepar S s.previously reported. Smth, et al.)

Ei ochem St?zbh?{}?.;b §§g éﬁ% ?@72) Ur oki nase i s purchased form Leo

Phar maceut i cal sCabemmar k, Cas 6228@;PHoug.w6i;t N, vial 609t r ept oki nase is

pur chased from $t- Royssel Rhar gacguli,ca rville) New Jersey.

MX hods - Effect?‘gﬁgﬁ VC; lds ? Huﬁénﬁgl E?ra go?g gg ‘'t - PA Human pl asma
clots are formed in mcro test tubes by adding 50 ~1L thronbin (73 NH
unit/nmL) tgy10 125 i odi ne

| abel ed flggl ngﬁgfr’n&r%w&q %?gri?sy%% ?by 10 %@’%‘ng f&clots with 50
~,tL of urokinase or streptokinase (50, 100) or 1000 unit/nL) and

|ncubat| ng for {;\Q goyfg o @ﬁ@ﬁ; t ¥ }gfﬂ)&g tubes are
rﬁin%rgun%ﬁe- R ot ~t L oﬁﬁfs%'g@?% 'S )ﬁ(}’d} Into 1.0

centrifuged ig ﬁ

nL vol une 8P+6288 r9s/PP4FMPNacdn tﬁi‘fcfl’@iozfcme thanes GAthmlng. “@@untl ng
control s 1Qadaersmtsd>d'§m W&'&E&tcﬂ n(elct g, Jom e G daeArEY Ryale?nd
substituti n fgr) CE ronbl b tors are evaluated for EiOSSi bl e
i nterferens he®i®rS &‘gi ofermadec dgoihds 288 mReldver| ay

sol uti ons. was 1adc5ed admbﬁ:ﬁh.s@/ MA&WW itCiJiﬁ?e @WEWW% of

| C50 valu r te near extr olatlosfromdata points to a
val ue whi ﬁﬁagoﬁ?%ér eép?ese ?bé/es }b‘tﬁab eyﬁ"% °&ortl'{enz§t° @tar
concent ratﬁmwlmmlmoliy.tl d‘lﬁgemld ba&.lr u&ﬁt@ﬁ&e&%s@h&x@o&@db&m

Activity | MerRihg | asma i s obtained from
consci ous m xedbr gie%l ngs l'l?Jel t her s’ex %I_‘g?,&st SSnWERE S I?E’I‘é'ﬁgfgo‘nﬁ chi gan)

, U S A) be f?‘mﬁ%\%sﬂhﬁ-ﬂﬁ MBS RNt aghedy wi thadich loatomet Haniear( 250

Spr ague- Daml ey, THE - combbic e 33y YeS ture into
3.8 percent, Itc&'alas% Fi brinogen d|n§'cplrﬁg‘gllar ed fer omﬁﬁr?}’dg't\éShngEE’g%%n bl ood as
the fracti®BH St 3B Mrle Bl ongeo Wity brined (256c i cat Thes.

Smith, iocheganic pha,selwla]s (0 )dr iddd Wit Mysel;, ks 2 £ BbeangRRstrv, -
2958- 2967 197%% ueﬁ]n fibri nogi_ﬁn i,s also purchase as 98 percent

pur e/ pl as ¥ &Y Si¥&s¥ilcq, (@O&nwifch, thdmkecticut .

Coagul at i cwpToexdgess syAAP.N, Thronbopl astin. and Human plasma are from
Baxt er Heal thcare Corp., Dade Division, Mam, Florida. Bovine thronbin
from Parke-Davis (Ann Detr0|t M chigan) is used for coagul ati on assays in
pl asna. ArH @B8r ul ati on Det erm' nati ons Coagul ati on assay procedures are as
previously described. Smth, et al.) Thronbosis Research, ~) 163-174
(198B). A _CoAScreener coagul ation instrunent (American LABor, Inc.) is used
for all cHgul® &‘tqwm moeh@ﬁﬁscwmwmmmmml me (PT) is
measured by adding 0.05 nL saline and 0.05 nL Thronbopl astin-C reagent to
0.05 nL test pI(flPorra The activated partlal t hronbopl astin tine (APTT) is
measured by i-ncifbdt iTHIRE @R INt4o8s © I PR NHCHACEH M L (A n"-'Zr.éagent

f 120 seewlds ifroltledwagh uan 0 TT
|grrreasu?ed qsf;.ddl o 0. 35&& ﬁzlgmg?%g (st ad%ﬁrgngl %1§len Lg?t g/ rr%.)
orfpgun

to 0.05 nt"&TEeEi5C urfde ( d “‘F‘SMUI aAﬁta%’e‘l&dhedthe hunman or

ani mal pl ammm:emazs wettovedngn @acuonanat ERki 98§1aﬁedﬁ£§f51§§oi’6850 ation
effects on, and TT.assays.,.Li.near eétrago ations are perfornmed

P
to esti mat é‘]{!‘% (ﬁﬂcen FACEn 9ot HAFr BH9ES ABHLFRe: ARlveREVAY TeReved,
each assayin varud tO© ﬂwm%fmetSppagderDawﬁ.eu wasstherOadgS> gm

Har | an Spr. |IS are anest hetized with |

xyl azi ne %ﬁ%gd?%%t%ya hcé %e? WFZO%/ Rgiumn  was jthenge ukeded on
a heat ed Wittér abistepegredieay. ofhé%j aghyaar avetate/hexanesutnt6dghozag | ow
for infusi L i S's t The eft gyl ar yeln and right
carotid areftizl';@:/l ér ek%%égxegﬁggg Eﬂg p §L59F32 anb% ygfﬁﬁt’aﬂ’és PE 60

t ubi ng. A (Gegeradines bé’e@iﬂpcbnwsf-'el aol})bn.nedbang ¢BhEceAbyaveihin eathen
thread (5t@nyikie the Lunenk)i ssf Li & d between the | onger sections
to conplete the arterlbo venc))us shun%ig?r%hli%g Bl ood circul ated through the
shunt for 15 mnutes before the thread is carefully renoved and wei ghed.

. The weight of a wet thread is subtracted fromthe total weight of the

thread and thronbus (see J.R Smth, ~ ~ ., 1,29 (1982)). Wen the
corrpound of Exarrpl e 48 was comnpar ed W|th DI\/EPhe Pr o- Arg H (d| scussed above

o ~\ N 2 = o o o - o, = e g e



S~ont aneoLS thronmh~lvc;s nodel ~ vitro data suggested that the peptide
thronmbin inhibitors inhibi't thronbin and other serine proteases, such as
plasm n and tissue plasm nogen activator. To assess if the ¢ 2@
inhibited fibrinolysis yn vivo, the rate of spontaneous thro@gwn IS
determ ned by inplanting a | abel ed whole blood clot into the pul nonary
circulation. Rat blood (1 nL) is mxed rapidly with bovine thronmbin (4 IU,
Par ke Davis) and 1251 human fibrogen (5164C, ICN), immediately drawn into
silastic tubing and incubated at 37 C for 1 hour. The aged thrombus is
expel l ed fggmthe tubing, cut into 1 cmsegnments, washed 3X in normal
sal i ne and each segnent is counted in a gamma counter. A segnment w th .known
counts is AHpNMAt ed into a catheter that is subsequently inplanted into the
jugul ar vein. . The o is advanced to the vicinity of the right
atrium andbghlégm of“ gég éfdl d to float into the pul nonary circul ation.
One hour aPknslysapl dot, C2953jan4105 and lungs are harvested and counted
separ ately. Thr lLysis i pr percent age where: %l hronbol ysis
(~ni ected cfl %g?gl una cr?rsf) %;% %ﬂj gctogd ﬁ%é fibrinolytic
d| ssol ution of Fhandapl anttgd 6<5I.<5t6 ;0BG UIBS 365i; nm-dqmews@qnt ly (see J.P. Cozel,
~ardi ovas. Pharma o~,, 520 (| 988)) 3" 0 CT 2003 205 CoaQUl ati on
par anet ers PI asma thrombin tinme (TT) and activated partial thronboplastin
time (APTTF) ar Brapasatien vpf HHGL b 1NEgGHAT6HBHOANCbs ) Naapked from a j ugul ar
catheter and collected in syringe containing sodiumcitrate (3.8% 1 part
to 9 parts blood). To neasure TT, rat plasma (0.1 nL) is mxed with saline
(0.1 nL) and boB¥n® MREBAS| substantially efuivaled R o bthiderdesiorse®avi s)
at 37 C. Fim éi&ipl@lmm (9.1 8 Or ganon
Tekni ka) apg Lngubaed for, 5 o e?]’((js"?ocffﬁé% (584H§Em_) 0.025 M is
added to Gtz %at? d'ﬂ‘lsf% &r e Rreprerd|fon e and aver aged.
| ndex of mmmmpegmmmeb&wﬁc% bi oactivity, plasma thronmbin tine
(TT), served as a substitute for the assay of parent conpound on the
assunption that increments in TT resulted fromthronbin inhibition by
parent onlIR The tine course of the effect of the thronbin inhibitor upon
TT is deteayrypgd after i.v. bolus adm nistration to anesthetized rats and
after oral treatnment of fasted conscious rats. Due to limtations of bl ood
vol ume andRME numtseerd3d @BiMts required to determine the time course from
time of treatrrent to the tinme when the response returned to pretreatnent
val ues, popul ations of rats are used. ach sanple popul ation represented
al ternati \r,@ Fraanahion af F8iS02s D-Phe -Rrer pgHTR , Oy RNHAO ENK ) NW, Qe Se i s
used to calculate area under the curve (AUC). The index of bioavailability
is calculated %/ t he for mul a shown bel ow and i s expressed as percent
relative acti vid¥ mefhe timdd v eqrd vededt dfo tthesel dustribdd e

course i s igetestampled 1almdm &Sdamgh10n gLiFe QOge T itlsB P'% —Pro-
bloavallalmﬁpﬂﬁﬁ%g@%lve Act|V|ty and alcu tgﬁ

%Rel ati ve G Wﬁ)@#@%%sfer% E@Spm-m& PJrc{(DI-CT 2~3
206 Conpo@nds HCInpeiilg CHoC sl § NHS (NOtez YN €d fresh daily in normal saline
and are injected as a bolus or are infused starting 15 m nutes before and
continuing throughout the experinental perturbation which is 15 mnutes in
the arterd®8venous shunt nodel and 60 minutes in the Fed 3 nodel of arterial
injury andygi gmkhe spontaneous thonbosis nodel. Bolus injection volume is 1
m./kg for 1.v., and 5 nL/kg for p.o. and infusion volune is 3 nl/hr.
Statisti cEPRMSU| mdeab@leXMPbssed as neans +/- Sue. One-way anal ysis of
variance phalgedst Qogetggﬁ ﬂ@agshbgahw SI gnificant differences and then
Dunnett~s test is applied % term ne ch neans are different.

Si gni fi cance | £8&€:f or ré}'vecﬁtll 813 jofH.t tﬁeBrﬁuI IN,hyiSatldesi s of equal neans is
P<0.05. Mal e degan@Beagl €s; sb8 3mnghs A g, -13 kg, Marshall Farns,
North Rose, New York 14516) are fasteg- ovér ni‘ght” "and fed Purina certified
Prescription Diet (Purina MIls,~St. Louis, Mssouri) 240 m nutes after
dosing. Water is available ~ ~"~, ~ The roomtenperature i s naintained

bet ween 66-74F; 45-50%rel ative humdity; and |ighted from 0600-1800 hours.
Phar macoki netic nodel Test conpound is fornulated inmediately prior to
dosing by dissolving in sterile 0.9% saline to a 5 ng/nL preparation. Dogs
are given a single 2 ng/ kg dose of test conpound by oral gavage. Bl ood
sanples (4.5 nL) are taken fromthe cephalic vein at 0.25) 0.5, 0.75, 1, 2,
3, 4 and 6 hours after dosing. Sanples are collected in citrated Vacutai ner
- tubes and kept on ice prior to reduction to plasma by centrifugation.

Pl asma sanpl es are derivatized with dinitrophenyl hydrazi ne and anal yzed by
HPLC ( Zor bax SB— C8 col urm) eI uti ting wi t h net hanol /500 mM sodi um acet at e
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phosphoric acid (60:40, v/v). Plasma concentration of test compound is

recorded and used to cal cul ate the pharnacokinetic paraneters: elimnation
rate constant, Ke; total clearance, Ct; volume of distribution, VD, tine
of maxi mum pl asma test conpound concentration, Tnmax; naxi num c®AGLT 2808 on

~of test conpound at Tmax, Cmax; plasma halflife, to.5; area under the

curve, A U.C.; and fraction of test co nd absorbed, F. Cani ne Mdel of
Coronary Arte_rv Thronbosis Surgical preéparation and instrunmentation of the
dogs are as described in Jackson, et al., Crculation, (~, 930-940 (1990).
M xed- breed hounds (aged 6-7 nont hs, Egafbke 38X, Hazel ton-LRE, Kal amazoo,
M) U S A) are anesthetized Wth sodi'um pentobarbital (30 ng/kg :
intravenously, i.v.), intubate agf ventilated with roomair. Tidal vol une
and respiratory rate agyNis g@ o mai ntain blood P2, PCOZ, and pH
wWithin normal limts der npl qsedle el ectrodes are inserted for the
recording of a lead ft jugular vein and common carotid artery
are isolated through a left ned olategil neck incision. Arterial blood

pressure (ABP) is measured congNguousliy with a precalibrated M1l ar
transducer (nodel MPC-500) N1£Iarf'm€ Bust oy TX, U. S A)
inserted into the carotid art : Téﬁ j ugul a n i sj|icannui4aied for bl ood
sanpling during the experinment. In dition, G 2

hi ndl egs are cannul ated for adm nistration of test A left
thoracotony is perforned at the fifth intercostal space, and the heart is
suspended in a pericardial cradle. A 1l- to 2-cm segnent of the left

ci rcunfl ex coronargtg03-D-+PHd-Bfjo-rs-NHOHTHOC sy NNCTRE) Rt Reaf i rst maj or

di agonal ventricular branch. A 26-gauge needl e-tipped wire anodal el ectrode
(Tefl on-coat ed, 30-gauge silverplated copper wire) 3-4 mmlong is inserted
into the LCX an®yphetbddsnsobatantiallit bqhibealeht b chesac@eséribegartery
(confirnmed;at d ~q ~ - _of e, experiment). The stinulating
circuit i slgoesclhgfgg %4' f'ésc%ofh%téc)gfh%d%ﬁ?ﬁplé"'gubcut aneous (s.c.) site.
An adj ust aBr¥EpgHaSH2€6 Ol ) NH2 1HCL awvas mnephrtdde fx@9 over the region of
the el ectrgdgs 1 tromagnetic flow probe (Carolina Medica
Electronicg,ﬁkfﬁggﬁﬁégtﬁfg.k.;e?éeglaced around the LCX proximal to the
anode for neasurenent of coronary blood flow (CBF). The occluder is

adj usted t grproduce a 40-50% i nhibition of the hyperem c bl ood fl ow
response ogﬁerved after 10-s nechani cal occlusion of the LCX All
henodynami ¢ ECG neasurenents are recorded and anal yzed with a data
acqui si ti orDsMs| ety € npUs| (MBO00, Mdul ar Instrunents) Malvern, PA. U S A).
Thronbus F ti nd n mnjstration ReaimElectrolytic injury of
the intim O tlﬁgﬂf& e g?%g‘ffg‘eg*d‘iﬁ/ é@%‘-”?&ﬁ%ﬁ'ﬂo-ﬁ;@ *4%kt current (DO to
t he anode. The Eounédnt 53502483 ai ned for 60 m nutes and then discontinued
whi t her the vessel has occluded or not. Thronbus formation proceeds
spontaneously until the LCX is totally occluded (determ ned as zero CBF and
an increase in the S-T segnent). CoBxdammplead® nistration is started after
the occluding thronbus is allowed to age for 1 hour. A 2-hour infusion of

t he conpounds of the present invention at doses 0.5 and 1 ng/kg/h is
begun sinmul taneously w £c agent (e. g. tissue

thaan i nf USEJEPF thronbol
pl asmi nogen activator, fftreptddNnase] APSAC). Repanf usion is fol lowed for 3
hours after adm nistrat gyrmpound. HNoccINBi on of coronary

arteries after successfu ' ’ ded as zero C38F which
persisted for 2 30 m nutes. Hematg| ogy apd t ¢ Adte bl & 'hg tinme

determ nation 4~| hol e bl ood cell ount s, Nheniigl gbi n, and hematocrit val ues
are determ ned on a 40-)tl sanplge o cﬂ?rated .B% blood (1 part
citrate:9 parts blood) with a hematol ogy anal yzer (Cell Dyn 900,
Sequoi a- Turner. Munt View, CA U S A). Gngival tenplate bleeding tines
are determned with a Sinplate Il bleeding tinme device (Organon Tekni ka
Durham N.C., U S. AE§S02-IHPKe - 2G0-INHEE, CHMg NHeMNGS Nk - weqd to make 2
horizontal incisions in the gingiva of either the upper or lower left jaw
of the dog. Each incision is 3 mfmmwi de x 2 nm deep. The incisions are made,

and a st opwat chBy Smetstiests @Mﬁﬁﬂi@lﬁp\@dxﬁ%l@r&e@&&h%%@rd%sd%jff;%‘é on
swab i s usgd the d it 0ozes fromthe 1 ncision” "Tenplate
bl eedi ng t:i%jrnsé’lgisuiﬁ%e'E ?‘alcb rreéfarn?m%%ﬁaa %hgr?utg §t46 page 8of BEe&4iSAg-DePEEdi ng

times are taken just before admi nistration of test conpound (0O m nutes), 60
m nutes into infusion, at conclusion of adm nistration of the test conpound

. (120 m nutes), and at the end of the experinent. All data are anal yzed by

one-way anal ysis of variance (ANOVA) foll owed by Student-Neuman- Kuel s post
hoc t test to determne the level of significance. Repeated-nmeasures ANOVA

e I D T T TN D S o T . .



458200330NC2462. 6777NC34712. 140270NC2482. 335922495130130NC25035460420NT5124
8110NT52680170NT531, 40033, 80034, 500NT541403, 3002, 200NT5555, 800>91, 000>91, 00
ONT565160200NT5714360340NT5B71014, 30011, 400NT594205, 5007, 00 ggﬁ%g 2,200
. 77, TO0NT6145679756NT6254636806423900650NC36514885NT667. 91802 Y1, 800
1, 300NT684. 49190NT695. 110220NT~702160180NT71189150NC1721160160NC17321340330
NT7420420350NT757629490560NT77531, 6D0890NT7846430760791401, 7002, 40080440130
3 ~ OCT 2003 212 106

811101, 5002, 700NT821303, 8003, 000ONT83911, 0001, 300NT841101, 5001, 900NT854. 9100

197NT8648 QNF8957Q5 0 9Q3 1600NT
91633, 0003 Z0ONIBT8 252 A O R 2, Bic Aege PZ P ez erng Bt Sehst SEea  ow or
very | ow dxdmiider obsrved at 20 ng/ kg p.o. NC2 indicates screening not
conpleted; low or very low activity observed at 60 ng/kg p.o. NC3 indicates
screening not conpleted; lowor very low activity observed at 50 ng/ kg p.o.
NT i ndi catl®s not tested, as does a blank entry. 3 ~ 0 CT 2003 213 W
claim 1. 1 emgpound having the Formula I. X-Y-NH (CHI) r-a |l or a
pharmaceutically acceptable salt or solvate thexeof, wherein X is prolinyl,
honopr ol i RRA-M%" Ae BE)ME*L-2) mRm, T_(~2)a~* C ~/ NB. . / NB
(=" R' KNS )(FAR)C hv)e waidd., for €383 iNg04SCI | 50122284 CHs) n T i.s

3Gy oyel oal kil G Cyy gy O

Example 37

ny-SO2E!
o)

N N N NH
C ™ D
I \¢/~\[:::I, ™ e

EtS02-D-Phe-Pro-m-NHCH2CH2CgH¢NHC (NH) NH2 - HC1

By methods substantially equivalent to those described
in examples 26-D, 26-B (using 5% Pd/C in place of Pd/BaSOy

and ethyl acetate in place of toluene), and 34-D through 34-
F, 0.85 g of EtSO2-D-Phe-Pro-m-NHCH;CH2CgH4NHC (NH)NH2-HC1 was
prepared from 3-nitrocinnamic acid.

1H NMR

FD-MS, m/e 515 (MH*)

Analysis for C35H34Ng04S-2.2HC1-0.5H20:
Calc: C, 49.73; H, 6.21; N, 13.92;
Found: C, 49.45; H, 5.82; N, 13.55.



\' / Z.ais O0Oor 1; Qis -CH Cl1-C9 alkoxy. or -NH A, Ais hydrogen, Cl-C4
al kyl, R'502-, RROC(O-, RC (O --, or - (CHz) g-COOH;, gis 1, 2, or 3; B
i s hydxogen or Cl-C4 alkyl; R is hydrogen or Cl--C- alkyl: &4 pgprs -CA
al kyl, d-C4 pexfluoroal kyl, -(CH2)d-COON, or unsubstituted or substltuted
aryl, where aryl is phenyl, naphthyl, a 5- or 6-nenbered unsubstituted or
substituted aromatic heterocyclic ring, having one or two heteroatons which
are the sane or different and which axel073 ~ 0 CT 2003 214 sel ected from
sul fur, oxygen and nitrogen, or a 9- or 10menbered unsubstituted or
substituted fused bicyclic aromatic 4 y£d i ¢ group having one or two
het er oat ons which are the sanme or diTfre d which are selected from
sul fur, oxygen and nitrogen; dis 1, 2, or 3; mis 0,~ 1, or 2;, nis 0, 1,
or 2; and Z is hydrogen "Ngf aIkyI a-Cq alkoxy, hydroxy, hal o, or
RaSO2NH, where Ra is ~|-C4 Ky IIY|s-NRg , INOO *
~~~ "' 3a .... RY in wgi 'CClCGaIkyI Ioabéﬂ' or -(CH2)p-L
'g’/l

(CH2)q T.; RP is hydrfo ClCGaIkI

-(CH2) p-L-(CH2) Q- T'; ; Nso 1 2 |sabond -0, -S, or

-NH; qgis 0, 1, 2 or 3] Qhrh Cl IkyI C3- CEcycIoaIkyI,
n

-COOH, -CONH2, or Ar, mhere substituted or substltuted aryl, where
aryl is phenyl, naphthyl, a 5- or @- menbered unsubstituted or substituted
aromatic heterocyclic ring, having one or two heteroatons which are the
same or di Fferent and qglch are selected fromsul fur, éﬁgen and nitrogen,

or a 9- or 10- nenber AT A RrEmo R HCH2 Coti NHC NHA NHR 286 1| cyclic aromatic

het er ocycli ¢ group having one or two heteroatons which are the sanme or
different and ich FEE ted fromsulfur, en and nitrogen; 390
CT 2003 215 Ry ¢ & Egé 6’1%5“%“ 1817 \pulvateds to thoge AefcT iR t aken
with Ry andnt hnamplee3adj 0l 94 ng @ﬂer-mq)m:o-fp-rrrs a saturat ed car boeyclie
ring of 5 f .r is 1 or 2
and Gis -M?&%ﬁﬁmﬁére S ‘]‘9 z#ﬂscwm@%ﬁya(tﬁ%) ~- é t(CHZ)

k-R, ' (~Z)wasRowhified by RPBPLC (method 2, 98/2 (A/B), ramp to 70/30

(A/B), 180 min.

1y NMR
FD-MS, m/e 427 (MH*)
Analysis for Cp3H3¢NgO2-2HCl:

Calc: C, 55.31; H, 7.26; N, 16.82; Cl, 14.20;
Found: C, 55.05; H, 7.23; N, 16.55; €1, 14.24.
Exanmple 39

NH
(0]

AN
N” NH,

D-1-Pig-Pro~-p~-NHCH;CH2CgH4NHC (NH) NH2 - 2HC1

By methods substantially equivalent to those described
in example 35, 1.03 g of D-1-Pig-Pro-p-
NHCH,CH2CeH4NHC (NH)NH2 - 2HC1 was prepared. The final



Mv NNRor ' NR; W-w, (C82) b ~ (CHz) b where D and E are each

i ndependently Nor CH kis Oor 7.: bis Oor 1. Mis S, O or NH each W
i s independently Nor CH and ~oHRis -NFL. -C.-NHZ , -C-NHz , or '
-NI'i -CG-NHx or a pharmaceutically acceptable salt thereof; or 89 OCT 2003
phazmaeeutically acceptabl e solvate of said conmpound or salt thereof;
provided that A is not hydrogen, Cl-C9 al kyl or t-butyl oxycarbonyl when G
is -(CH2)5R or -CH=CH- (CHZ)t-R and R isi (NH) NH2 or -NH-C (NH) NH2, Y is
N C' ar unsubstituted prolinyl (Rp is hydrogen). and T is Z ; and provided
further thairdduct Nels BUrITiRE BY2RPHDD, lod 22N@6530" (a5~ L RnGT 2003
216 and prQui d,%d fur%h@rﬁltggt A!#g not Ey rogtlélr?jél gﬁk%ls?znéﬁ{)ﬂ)éulr%yl or
-(Gﬂﬂy&éﬁcﬂ@ﬁé”’b( A ®iR-in f which Ris -C ~~ or -NHCGNA ~ v ~)
--- is N~ " unsubstituted prolinyl (Rp is hydrogen) ox d-hydroxyprolinyl
(RPis OH), R-is hydrogen, T is cyclohexyl and Qis -NH A and provided -
further thqt R'SQZ is not arylsultonyl when Gis -- (CH2) s-Rin which Ris
-~'C~, Y*HsNMRsubstituted prolinyl (Rp is hydrogen) ox
4-nethy|th@@pﬁgli@¥g 477 %ﬂf SCH3), and Qis -NH A and provided further
that A is not_R'S02- whén Gis (~2)b ( Tis Cl-Cg alkyl, or / and Qis
-NH A NH 2R8VEienéPTpFastiapdtsOpnaHCR: 1s5HQO:' ~- ' ~ Hhen X is R O (CHZ) a-

f -CQZ'in WieRié:is hy@gogana4g iis lu, R, i 31 rQgen and Qis -NHA ire
Wi ch A is hydrogen, Y isqﬁngﬁkgPrtu'eJ'§5§|#ﬁn Béﬂ( i§§hyaggééﬁ), ris 1

or 2. and Gis Found: C, 53.41; H, 7.45; N, 15.37; 1, 13.48.
Example 40
NH,
NH H
o N™ "NH
N H e 2HCI
g N
L
0

D-1-Piq-Pro-m-NHCH2C5H4NHC(NH)NHz-2HC1

By methods substantially equivalent to those described
in example 36, 1.04 g of D-1-Pig-Pro-m-
NHCH2CEgH4NHC (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.

1y NMR

FD-MS, m/e 427 (M*)

Analysis for C3H34NgOz-2HC1-H30:
Calc: C, 53.38; H, 7.40; N, 16.24; €1, 13.70;
Found: ¢, 53.25; H, 7.50; N, 16.23; cC1, 13.88.



3'~DCT 2(103 217 -~D E (~2) k'R (uhere D and E are each CH, -(GH2)k-Ris
pare and k is 0). and iurtber provided that when: 'Y represents

azcddi ac- 2-carhnuyi, prolinyl (Itp is |~ or 4 hydroxyprollnylg{gpy W-“-;
and Grepresents NH Hx NH ~~H 2 CH2~, H CHx~, N ~ ~~ti k'R H, . or in which
|l atter group R represcnis -C(I~NH~ whcn k is O or 1, or R represents
NHC(NknT~i = when k is 0; then: (a) when ~f represents T-(CH-i
CR)(Q-C(03-: R represents H Qis -N@3. and A represents H C -C4
alkyl) R'SG - (in which group R' reprcseuts C -C, ~.lkyl or phenyl
substiuned by ouc carboxy group), R'w whi ch group R' represents

C -4 alkyl), RRC(O- (in which group xcprescnts C-C~ allyl oc

. (CH~~-CO0H) wherein dis 1 or 2)) or -(CH-~ CO01-1; . then the.gtoup

T-(C .Fi'~, flocs not rop Rt G1l L~ 8~yli (ii) -~(CH~ Cs-C6

cycl oal kyl; (>u~ -(CH-~|Phenyl') which phenyl group is optipnally substiaued
w t h-a~C - C~ al kyl gr gy A1 O(CHI,-phenyI) whi ch phenyl group is
subsdtuced with oi che ydr oxy or ngs-& al koxy group; or (v) -(CH,

naphthyl ; and (b) ~ deg ot re~sgnt prolinyl) m\onnﬁwl inyl, NNB N--B a~
, R "R OOwherciu R repfes rrt.fr \n/ 2

D-1-Pig-Pro-m-NHCH2CH2CgH4NHC (NH) NH3 - 2HC1

By methods substantially equivalent to those described
in example 37, 0.96 g D-1-Pig-Pro-m-
NHCH2CH2CgH4NHC (NH)NH2-2HC1 of was prepared. The final
product was purified by RPHPLC (method 2, 98/2 (A/B), ramp
to 70/30 (A/B), 180 min.

1H NMR
FD-MS, m/e 441 (M*)
Analysis for Ca¢HigNgO2:2.1HCl-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

NH NH
(@)
H,

* 2 HCI

ly,, N n
Oy

D-1-Pig~cis-Ohi-p-NHCH2CgH4C (NH)NH2 - 2HC1

A) Preparation of Cbz-DL-1-Pig-cis-Ohi-OEt.



3 ~ 0.CT 2003 provided that when: Y represents -N 218 or wherein RP
represents H OP OH and G'represents NHH 2 NH H2 (CH2)b H N NH2.(CHz)b
(CHz)x-R or in which latter group R represents -C(NH) NH2 when k is 0 or 1,
or Rrepresents -NH C(NH) NHz when k is 0; then: (a) when X re@rle86Tt2003
T-(CH2); C(R)(Q-C(O-; R represents H and Qrepresents -NHA in which A
represents H C ~ alkyl, R'S02- (in which group R'.represents'Ct.~ al kyl
substituted by one carboxy group), R'OCAQ@0 (in which group R' represents
C.~alkyl), RRC(O- (in which group R' represents Cl.~ al kyl CCCH) wherein

?I;sc} graﬁiylor |%?H%%%ﬁgsogEgkherNﬁgng§rougP1P¥t FEHigpes not prezﬁnt

phenyl grodp Exaspieodahlyléithga(h9akdxpf Ccbz-BLkY+Pog- th Oﬁhk9§£~ggog$
ggog'v) - (59 prBRRPEAY krofiNEp2L Bhfn¥LqOBH £§Ezé§s§8g —b&g-ﬁgl. .
1y NMR
FD-MS, m/e 496 (M%)
Analysis for C29H40N20s5:
Calc: C, 70.13; H, B.12; N, 5.64;
Found: C, 69.96; H, 8.23; N, 5.73.

B) Preparation of Cbz-D-1-Pig-cis-Ohi-p-
NHCH2CgH4C (NH)NHCDbzZ .

By methods substantially equivalent to those described
in Example 1-D and 18-E, Cbz-D-1-Pig~cis-Ohi-p-
NHCH2CgH4C (NH)NHCbz and Cbz-L-1-Piqg-cis-Ohi-p-
NHCH2C6H4C (NH) NHCbz were prepared from Cbz-D,L-1-Piqg-Pro-0OH
and p¥HzNCH2C5H4C(NH)NHCbz-zHCI. These diastereomers were
separated by silica gel chromatography using an ethyl
acetate/hexanes gradient. The fractions containing the
leading diastereomer (Rf = 0.31, ethyl acetate) 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-
NHCH2CgH4C (NH)NHCbz as a white foam.

1y NMR

FD-MS, m/e 735 (MH*)

Analysis for C43H51N50¢:
Calc: C, 70.37; H, 7.00; N, 9.54;
Found: C, 70.20; H, 7.22; N, 9.36.

C) Preparation of D-1-Pig-cis-Ohi-p-
NHCH2CgH4C (NH) NH2 - 2HC1,

By a method substantially equivalent to that described
in Example 18-F, 0.61 g (63%) of D-1-Pig-cis-Ohi-p-



219 (b) X does not represent prolinyl, homoprolinyl, -B~-Bor ~R "R OO
wherein R represents H and further provided that: (a) when Y represents
azet i di ne-2-carbonyl, unsubstituted prolinyl (Rp is H or 4-hydrox proIrnyI
(Rpis OH); Xrepresents T-(CH2); (R XQ-C(O-; T representsa %

R represents H Grepresents -(CH)S R R represents -C(NH) - NH2 or

-NH C(NH)-NH2; and the chain -(CHz)r (CH2)s- represents &-C6 al kyl ene;

then Q does not represent -NH A in whi &1lA represents: (i) H G -C4 al kyl,
or nethylsulfonyl; or (ii) -(CH2)8 COOH, and (b) mhen Y represents

azeti di ne- 2- carbonyl unsub {] uted prolrn ( L14phydEoxyprolinyl
(Rp i s OH)NHGH éfg QQOT represen g&cgg%ohexyl

R represesfS-giNHeH: mmnﬁm-ltﬁHZ) STRB RPLepgeadest Nsie@(D.H)tNP-E and

the chain -(CHz)~-{CH2)s r y e
represent Ca#f Ads AHATR Rffé(ér/gs PC%°C§)°9IIQBO§?%) vaQ \%ﬁg %Qaﬁ r epr esent s
tent-butyl; or (ii) R'C(O- in which R' represents trrfluoronethyl 3 ~D
CT 2~3 220, 2.._A conpound or salt or solvate thereof as claimed in Claim1l
wherein al ﬁnﬁ§ itself or as part of another substituent is ~aethyl,
et hyl, n- (RKBANS, instepraf@Bld MHIOtyl, t-butyl, isobutyl or sec-butyl
perfl uoro I f f, her substituent is

i ﬁ%%géx§§%xnéﬁaéﬁjgiq?%diaﬂhda 109

trifluoro per fl uoro-npro perfluororsopxopyl
per f | uor o- n- butqalcperfl u@rosgb&'t'ylﬁl 'ér'f?u()‘r?orﬁ%biﬁ

per fl uoro-sec- bfé . G3-Cg, chlgglel 7556yt OPIPPYS . nethylcyclopropyl,
cyel obutyl, cye opentyl eyc ohexyl 4- met hyl cycl ohexyl or cyclooctyl; halo
is chloro, fluoro, brono or iodo; a 5- or 6-nenbered heterocyclic ring is
furyl, thiet~yl, pyrrolyl, pyrazol gkampXezg8yl, isoxazolyl, thiazolyl,

i sot hiazolyl, pyranyl, pyridinyl, pyriiaidinyl, pyrazinyl) oxazinyl or
thiazinyl: a 9- or 10.-nenbered heterocyclic zing is iadolyl) benzothienyl,
benzoturyl, benzoxaze DePi soxazol yl , benZOﬁ razol yl, quinolinyl,
|soqurnoI|nyI benzi benzot hi azol yl nd Bg?kﬂer where any of
the aromatic or het oups I|st-- f gl _t he ition of Ar or R

i s independently unsubstrtuted or sub titye thhﬂﬁf or two substituents
Q\e |y selected txom hal o,
_)1

that ulll afford a stable ure i dep
hydroxyl, d-C4 al kyl, nono( C1- C~ al kyl ) am no)
- (CH2) j COOH, tnercapto) aIkyI) -NHS(0) h(C1- Ca al kyl),

D-3-Pig-cis-Ohi-p-NHCH2CgH4C (NH)NH2 - 2HC1
A) Preparation of D-3-Pig-cis-Ohi-p-NHCH2CgH4C (NH)NH2-2HC1

By methods substantially equivalent to those described
in Example 1-A, 1-D, 18-E, and 18-F, 1.3 g of 3-Pig-cis-
Ohi-p-NHCH2CgH4C (NH)NH2 - 2HC1 was prepared. The HPLC
gradient used in this case was a ramp of 98/2 A/B to 70/30

A/B over 120 minutes.

1 NMR

FAB-MS, m/e 466.4 (MHY)

Analysis for C27H39N502-2HCl:
Calc: c, 60.22; H, 7.67; N, 13.00;
Found: C, 59.95; H, 7.73; N, 12.89.



-NHC (0) (Cl-Cd a~, kyl) , -S (0) ht3H2, -S (0) hNH (C1-C4 al kyl) , ox 3 ~
O CT 2003 2~1 -S (O hN (C -C4 alkyl) 2, his O, 1or 2, and j is 0, 1, 2,
3,. ox 4. 3. A conpound or salt or solvate thereof as claimed in daim1 or
2 wherein (CH2) ~- i -C_ QX is Z, honoprolinyl, 1- or 3Tiq,'o{sgé- %
3-piq; Yis prolinyl; and Qis NHA in which A ~s hydrogen or §' I,

i s~hydrogen, Z is hydrogen, and B is hydrogen: and Ris a guanidino or an
am di no group. 4. A conpound or salt or B vate thereof as clainmed in any
one of Clains 1-3 wherein Gis a 4-amdinophenyl group. S. A pharnmaceuti cal
formul ation conprising in a5500|ailﬁﬁhmé%g_%#pharnaceutlcaIIy accept abl e
carrier, diluent, or excipient, a conpo . Formula I, or a
pharnaceutically acceptabl e salt or solvate thereof, as clained in any one
of Clains 1-4. 6. A proces oschﬁﬁparing a compound having the Formul a |
7CGY-NH (CEOQ) r-G 1 as claiyed in any one of C gjys 7.-4 which conprises
a) renoving sinultaneoysiy s-dhentlally the pyjot ecté M|gr oups) P of a
correspondi ng conpouno a I (P) N CH2) r-G (P) I X wherein
(P)X represents a radl ¢ N e protecting groups

P~i ndependent | y sel ect ed bqéf§7aﬁtn Notecting group P for a
conpound of Forrmula | in\whic udes a basic NH noiety and a carboxy

protecting group P for a sound @ Fornula | in which Xincludes a 3 ~
O CT 2003 222 caxbo:xy xts.-~aue a~iii G (:P) .r,~p.re~erits .a radical G
~Yiiv'h ina~y bear ~a.n.e or nb.re ind~pe-iiiitntl~! se.lect~e.d am ~no

drote~cting gxoups Etsoz bhgiGXSaohlqﬁpﬁH@ﬂ égﬂf@ ﬁﬂ}ﬁﬂ% k#f zrrchh |f |$
~ oxnul ~

z . lay h:y~iross (éh %E Fé? a COXrespv: ndln oun
in Wiich Ris anl = ‘WWRQF@#QQW@thwl)nhnnx&ﬁmgthu&ﬂ{ﬁ Formul a
is r~g~, ~ reﬂu-feEhymmmanwpﬂéhﬂdiwyr?ﬁﬁﬁizﬁa&fe'zb’ca%&?a‘iﬁféea' ~e

ac~xci. 7. A net'h~od of irihi~i:it ~vng hi coni bin 1n a manun

~onPr ~i ~~. ny a.~m ~n~. ~~. era~. ~9. &) ~te ~~i c~se of a compound,
or a F~a|~|naceut|~ca~IXy acceptable salt or ~s~ol vate t~he~~of, ~,s

ovl, ~ i ~ieflyi. Npr@ByrQPERf ~a |~nTtaI requi : xwxng
talxonb|x~ {nhl é?¥ g n2 8°fAP§% ﬁﬂ% % s§ }-0% solvate t hereof as

claimed in Claim1, wherein Ris -C(=NOH) - NHy.

By a method substantially eguivalent to that described
in Example 1-A, 14.9 g (58%) of Boc-D-Phg-cis-Ohi-OEt was
prepared from Boc-D-Phg-OH and (8) -cis-octahydroindole-2-
carboxylic acid ethyl ester-HCl1.

14 NMR

FD-MS, m/e 430 (M%)

Analysis for C24H34N20s5:
Calc: C, 66.95; H, 7.96; N, 6.51;
Found: C, 66.69; H, 8.02; N, 6.40.

B) Preparation of D-Phg-cis-Ohi-OEt-HCl.

To a cold (0°C), stirring solution of Boc-D-Phg-cis-Ohi-
OEt in ethyl acetate was bubbled HC1 gas for 10 min. After
stirring for 2 h while warming to room temperature, the
solvent was removed in vacuo. The resulting solid was
suspended in diethyl ether and subsequently isolated by
filtration to give 10.7 g (97%) of D-Phg-cis-Ohi-OEt -HC].



~ 1 p-pT 2003 223 A conpound of Formula I or salt or solvate thereof as

claimed in Claim31 wherein X is prolinyl, honoprolinyl, OR O~ (CHz) mdC
11 ~ (CH2~m~ R T- (CH2) a-C* C | /MB~~/PLBQ~R(MG¥®m Ci?2)
MR NB, or (CH2) n ~Ri (CH2) n COT is C3-Cg cycloal kyl, T I,

or / \'/ Zais Oor 1, Qis -NHA Ais -(CH)g-COON, gis 1, 2, or 3; B
is hydrogen or Cl-C4 alkyl; R is hydrogen or C1-CQalkyl; dis 1, 2, or 3;
mis O, 1, or 2, nis 0, 1, or 2; and Z |% hydrogen Cl-C4 al kyl, C1-C4

al koxy, hydroxy, halo, or RaSO2NH, wherd®Ra is O-C4 alkyl: 8 ~ 0 CT 2-3
in which 224 Yis -NFL-CH2-C .,.. Py RN O Il * ...,~~i| C4NCNOII'

or Z * .. » 18 NMR
FD-MS, m/e 331 (M%)
Analysis for Cj1g9H27N203Cl:
Calc: C, 62.20; H, 7.41; N, 7.64;
Found: C, 62.42; H, 7.36; N, 7.85.

C) Preparation of EtSO2-D-Phg-~cis-Ohi-OEt.

To a solution of D-Phg-cis-Ohi-OEt-HCl1l (10 g, 27 mmol)
and N,N-diisopropylethylamine (10.7 mL, 61 mmol) in THF (200
mL) at -78 °C, was added dropwise via an addition funnel a
solution of ethanesulfonyl chloride (3.9 g, 30 mmol) in THF
(20 mL) . The cold bath was then left unattended and the
solution warmed slowly to room temperature. After about 18
h, the solution was concentrated in vacuo. The residue was
dissolved in ethyl acetate (200 mL), washed twice each with 1
N citric acid (200 mL), saturated aqueous NaHCO3 (200 mL) and
brine (200 mL). The organic phase was then dried with MgS04.,
filtered, and concentrated in vacuo to give 11.2 g (97%) of a
yvyellow foam.

1y NMR

FD-MS, m/e 422 (M*)

Analysis for C21H30N205S:
Calc: C, 59.69; 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)NH3 -
HCl

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—NHCH2C5H4C(NH)NH2-2HC1 were obtained. The HPLC gradient
used in this case was a ramp of 90/10 A/B to 60/40 A/B over
120 minutes.



3a RY~~,,.. RO is Cl1-C6 al kyl, C3-Cg cycloal kyl, or -( 2) L-(CH2)g-T'; Rp
i s hydrogen, Cl1-C6 al kyl, 'C3-Cg cycloal kyl, or -(CH2)p-L ( 2)g-T'; where p
is 0, 1, 2, 3, or 4, Lis a bond, -O, -S-, or -NH; gis 0, 1, 2 or 3, and
T is hydrogen, Cl-C4 al kyl, C3-Cg cycl oal kyl, COOH CCNH231oo-ﬁ2mehere
Ar is unsubstituted or substituted aryl, where aryl is phenyl, napht

5- or 6-nenbered unsubstituted or substituted aromatic heterocyclic ring,
havi ng one or two heteroatons which are 1hé sane or different and which are
selected fromsul fur, oxygen and nitrogen, or a 9- or |O-nenbered
unsubstitutgd or substituted fused bicyclic aromatic heterocyclic group
havi ng one het eroat ons which are the sane or different and which are
sel ected frrenB-Ngf wi)e GO @u+)nitrogen; RY is -CH2-, -O, -S-, or -NH;
and RZ is Y and the three ad10|n|ng carbon

at ons, Hw%#asaLwa%?%m%ﬁggég ng of 5-8 atons, one atom of which

V\mlﬁy be 'Oa -S- ,caltc: NH; €,i57169F B, andsE Ns 1D, EsR E 0 CT 2003I I225

ere D and E ar ] CH an a pharmaceutically

accept abl e saltzﬁﬂgﬁg' o? QBNEYLS% §r65r|$l %%egbable solvate of said
conpound or salt thereof CAGH Al A AA A3 A A CAL.A3. . AIT.A . 3. AsHF. AA3. A
. A3. AFF. A. As. Ah r.A;.ASaF.AIaF.A .Atxgégiﬁf%§3!2.A[9.AA3.A3L.A33I.AFF.A
.AY3. A3. A L. AaR A ;e. AUL". A32. A; . AFAS. Ase. A(R A AFUR. AYE. ANY . A

E. A3Y. A3. Al Y. A aY. Al . ANF A3{S. A{f. AF% A. A3. A3. Aur. A3. AFh9. A

S. AN3. AFL. AL . AY[r. A{ 'S!(DQEN | L. ABE. AyFL. AL. A{ F. AUY. AF{ F. AF3_. A{ F%
AL A 3% AU. A3r . Ay3. A . . A Al 9E. Ah. A" . Al .NH

. AhY. AL. Ash. A{3, . As. N ‘m A& A 9. A . AU|| A3. . AHCI

: : : AsL. AF[ . AY . AF&2

A 2. AAL A9{F AhL . A AhYL. A{ A{$M)A3F A 2An. A . AL. A . A A

. A AY[ . AFr. A As. A{L A3. A3§::(~ %ﬁA {.AY.AFY.A.A3y.AY;.A{2.A
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AT LAY, AF% Al ANY. An. Al M A AN O
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EtSOz-Phe—cis-Ohi-p-NHCH2C5H4C(NH)NHz-HCl
((S-cis)-N-[[4-(aminoiminomethyl)phenyl]methyl]-1-[N-
(ethylsulfonyl)-D-phenylalanyl)-1H-indole-2-carboxamide
hydrochloride)

A) Preparation of EtSO2-Phe-cis-Ohi-p-
NHCH2CgH4C (NH)NH2 - 2HC1

By methods substantially equivalent to those described
in Example 44, 1.5 g EtSO2-Phe-cis-Ohi-p-
NHCH2CgH4C (NH)NH2 -HCl were prepared from Boc-D-Phe-OH.

11 NMR

FAB-MS, m/e 540.3 (MHY)

Analysis for C28H37N504S-HCl-H0:
Calc: C, 56.51; H, 6.94; N, 11.77;
Found: C, 56.24; H, 6.55; N, 11.72.
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and the re51due was partltloned 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
agueous citric acid, twice with saturated acueous sodium
bicarbonate, and once with brine (500 mL each). The organic
phase was dried (Na2S04), filtered, and concentrated in
vacuo. The amber oil was purified by silica gel
chromatography eluting with a ethyl acetate/hexanes gradient
(hexanes to 30% ethyl acetate/hexanes). Fractions containing
product were combined and concentrated to give 19.0 g (66%)
as a colorless oil which slowly crystallized upon standing.
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Analysis for Cp9H42N207:
Calc: C, 65.64; H, 7.98; N, 5.28;
Found: C, 65.39; H, 8.04; N, 5.39.

')

C) Preparation of HOOCCH2-D-Phe-cis-Ohi -p-
NHCH2CgH4C (NH)NH2 -HC1

By methods substantially equivalent to those described
in Example 18-E and 46-D, 1.2 g (67%) of HOOCCH2-D-Phe-cis-
Ohi-p-NHCH2CgH4C (NH)NH2 -HC1 were obtained.

iy NMR

FAB-MS, m/e 506.3 (MH*)

Analysis for C2gH35N504-2HC1-H20:
Calc: C, 57.24; H, 6.52; N, 11.92;
Found: C, 57.40; H, 6.30; N, 11.69.
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Analysis for C28H41Ns504-HC1:

Calc: C, 61.36; H, 7.72; N, 12.78;
Found: C, 61.08; H, 7.47; N, 12.53.
Example S50

Oj,OH
HN NH
O * HCI
H NH,
NG.. N
L '
\(\s’ @)

HOOCCH2-D-Phe-Pro (4-cis-isoamyl) ~p-NHCH2CgH4C (NH) NH5 - HC1

A) Preparation of Cbz-Pro(4-trans-OH)-OEt.
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C) Preparation of Cbz-Pro(4-isobutylmethylidene)-OEt.

Potassium t-butoxide (34 g, 288 mmol) was suspended in
tetrahydrofuran (800 mL) in an oven dried 2-neck 2 L round
bottom flask equipped with a nitrogen inlet, magnetic stir
bar, and addition funnel. To this suspension was added, in
several portions, isoamyltriphenylphosphonium bromide (120 g,
288 mmol). After stirring for 30 min, a solution of Cbz-
Pro(4-oxo0)-0Et (70 g, 240 mmol) in tetrahydrofuran (150 mL)
was added dropwise via an addition funnel over a 1 h period.
After stirring for an additional 2 h, saturated agqueous NH4Cl
(100 mL) was added. This solution was diluted with ethyl
acetate (750 mL) and the layers were separated. The organic
layer was washed two times with 1 N citric acid, twice with
saturated aqueous NaHCO3, and twice with a saturated agqueous
sodium chloride solution. The organic solution was dried
with MgsSO4, filtered and concentrated to give a yellow oil.
This oil was purified by flash chromatography over silida
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.

1 NMR
FD-MS, m/e 345 (M*)
Analysis for C20pH27NO4:
Calc: C, 69.54; H, 7.88; N, 4.05;

Found: C, 69.74; H, 7.85; N, 3.99,.

D) Preparation of Pro(4{-cis-isoamyl)-OEt-HCl.
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FD-MS, m/e 214 (M*)

Analysis for C)2H24C1NO3:
Calc: C, 57.70; H, 9.68; N, 5.61;
Found: C, 57.46; H, 9.50; N, 5.82.

E) Preparation of HOOCCH2-D-Phe-Pro (4-cis-isoamyl) -p-
NHCH2CgH4C (NH) NH2 - HC1

By methods substantially equivalent to those described
in Example 1-A and 1-D, 18-E, 44-B, 47-A(using benzyl
bromoacetate) and 18-F, 0.27 g of HOOCCH2-D-Phe-Pro(4-cis~
isoamyl)-p-NHCH2C5H4C(NH)NH2-HC1 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
98/2 A/B to 50/50 A/B over 3 h.

1y NMR

FAB-MS, m/e 528B.4 (MH*)

Analysis for C29H45N504-1.9HC1:
calc: C, 58.34; H, 7.92; N, 11.73; C1, 11.28;
Found: C, 58.30; H, 7.85; N, 11.83; Cl1, 11.27.
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A) Preparation of Boc-D-Cha-Pro—p-NHCH2C5H4C(NH)NHCbz-

By methods substantially equivalent to those described
in Examples 1-A, 46-E, and 1B-E, 32.5 g (94%) of Boc-D-Cha-
Pro-p-NHCH2CgH4C (NH)NHCbz was prepared starting from Boc-D-
Cha-Pro-OH.

1 NMR

FD-MS, m/e 634 (M%)

Analysis for C3sH47N50¢:
Calc: C, 66.33; H, 7.47; N, 11.05;
Found: C, 66.30; H, 7.47; N, 11.26.

B) Preparation of D-Cha-Pro-p-NHCH2CgH4C (NH)NHCbz - 2HC1

By a method substantially equivalent to that described
in Example 23-A, 9.6 g (101%) of D-Cha-Pro-p-
NHCH2CgH4C (NH) NHCbz - 2HC1 was prepared from Boc-D-Cha-Pro-p-
'NHCH2CgH4C (NH) NHCbz .

1y NMR
FD-MS, m/e 534 (M*)
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a( Found: C, 59.54; H, 6.80; N, 11.77; Cl, 11.21.

C) Preparation of D-Cha-Pro-p-NHCH2CgH4C (NH) NH3 - 2HC1

By a method substantially equivalent to that described

in Example 18-F, 0.74 g (62%) of D-Cha~Pro-p-

NHCH2CgH4C (NH)NH2 - 2HC1 was prepared. HPLC Method 2 was used

4:9.%& 1Y €9 ;3 +3

Y
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OFS

in the purification of this material using a gradient of 98/2

A/B to 75/25 A/B over 2.5 hrs.

iy NMR
FAB-MS, m/e 400.3 (M*)
Analysis for C22H33N502-2.1HC1:

Calc: C, 55.50; H, 7.43; N, 14.71; Cl, 15.64;
Found: C, 55.64; H, 7.50; N, 14.65; Cl, 15.81.
Example 52
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HOOCCHzCHz-D-Cha-Pro—p-NHCH2C5H4C(NH)NHz-HCl
(N-(2-carboxyethy1)-D-cyclohexylalanyl-N-
[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide
hydrochloride)

A) Preparation of HOOCCH2CH2-D-Cha- Pro-p-
NHCH2CgH4C (NH)NH2 - HC1

g
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of 1 M KHCO3 (100 mL) was added to the suspension and the
mixture was stirred until all solid had dissolved. The
mixture was transferred to a separatory funnel and the
‘layers separated. The organic layer was dried (MgSO04),

- filtered and concentrated in vacuo to give 1.24 g of the
free base as a white so0lid. This solid was dissolved in
EtOH (100 mL). Benzyl acrylate (0.41 g, 2.6 mmol) was
added and the solution was stirred for 2 days at room
temperature. Then, to this solution was added water (50
mL), 1 N HC1l (4.6 mL) and 5% P&/C (0.5 g) and the stirring
suspension was degassed and placed under an atmosphere of
hydrogen. After 16 h, diatomaceous earth was added and the
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,
concentrated and lyophilized to give 0.27 g (23%) of
HOOCCHzCHz-D-Cha-Pro-p-NHCHzCsH4C(NH)NHz-Hcl.

14 NMR
FAB-MS, m/e 472.4 (MH*)
Analysis for C25H37N504-1.9HC1:

Calc: C, 55.50; H, 7.25; N, 12.94; C1, 12.45;
Found: C, 55.26; H, 7.26; N, 13.21; Cl, 12.85.
Example 53
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HO2CCH2~D-Cha-Pro-4-NHCH2-piperidine-HC]
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A) Preparation of Boc-4-(aminomethyl)pyridine.

By a method substantially equivalent to that described
in example 34-A, 19 g (87%) of Boc-4-(aminomethyl)pyridine
was prepared from 4-(aminomethyl)pyridine.

1H NMR
B) Preparation of 4-BocNHCH;-N-Cbz-piperidine.

4-BocNHCH2-pyridine (10 g, 48 mmol) 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
bar, 60 psi) at 60 °C overnight. The catalyst was then
filtered off and the solution was concentrated in vacuo to
give 9.0 g of a gray solid. & 3.2 g portion of the solid was
dissolved in tetrahydrofuran (75 mL) and an agqueous solution
(75 mL) of potassium carbonate (4.2 g, 30 mmol) was added.
To this stirring solution was added benzyl chloroformate (2.3
mL, 16 mmol). After 15 min, the solution was concentrated in
vacuo to about 1/2 the original volume and then diluted with
ethyl acetate. The organic phase was separated and washed
with brine, then dried (MgSO4), filtered and concentrated in
vacuo to give 4.6 g (76%) of a white solid.

1y NMR
FD-MS, m/e 349 (M*)

C) Preparation of 4-NH;CH;-N-Cbz-piperidine-HCl.
By a method substantially equivalent to that described

in example 23-A, 3 g (84%) of 4-NHCHz-N-Cbz-piperidine-HC1
was prepared from 4-BocNHCH;~-N-Cbz-piperidine.
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IR

1 NMR

FD-MS, m/e 249 (MH*Y)
D) Preparation of N-(t-BuO,CCHjz)~-N-Boc-D-Cha-Pro-OH.

N- (t-BuOCCHy ) -N-Boc-D-Phe-Pro-OH (13 g, 27 mmol) was
'dissolved in ethanol (750 mL) and PtO3 (13 g) was added. The
suspension was shaken under an atmosphere of hydrogen at 4.1
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

1H NMR

FD-MS, m/e 483 (M*)

Analysis for CagHgaN207:
Calc: C, 62.22; H, B.77; N, 5.80;
Found: C, 62.99; H, B.96; N, 5.48.

E) Preparation of HO2CCH2-D-Cha-Pro-4-NHCH>-piperidine-HC1.

By methods substantially equivalent to those described
in example 1-G and example 46-D, 1.1 g of HO2CCH;~-D-Cha-Pro-
4-NHCH2-piperidine-HCl was prepared from N- (t-Bu0O2CCH3 ) ~-N-Boc-
D-Cha-Pro-OH and HCl-:4-NH2CHy-N-Cbz-piperidine. The product
was purified by RPHPLC method 2, ramping from 98/2 (A/B)
through 70/30 (A/B) over 2 h.

IR

1H NMR

FD-MS, m/e 423 (M*)

Analysis for C2H3gNg0O4:2HC1l-1.5H20:
Calc: C, 50.57; H, 8.29; N, 10.72;
Found: C, 50.31; H, B.46; N, 10.93.

A |
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HO2CCH2~-D-Cha-Pro-4-NHCH2CH2-piperidine-HC1
Preparation of HO2CCH2-D-Cha-Pro-4-NHCH2CH2-piperidine-HCl.

By methods substantially equivalent to those described
in example 52, 0.59 g of HO2CCH2-D~-Cha-Pro-4-NHCH2CH2 -
piperidine-HCl was prepared from 4-aminoethylpyridine. The
product was purified by RPHPLC method 2, ramping from 98/2
(A/B) through 70/30 (A/B) over 2 h.

IR

1H NMR

FD-MS, m/e 437 (M*)

Analysis for C23HgoN4O4°2.5HCl-1.5H50:

Calc: C, 459.80; H, 8.27; N, 10.10;
Found: C, 49.95; H, 8.08; N, 10.34.
Example 55
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HO2CCH2-D-Cha-Pro-4-NHCH2CH,CH2-piperidine -HC1
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piperidine was prepared from 4-hydroxypropylpyridine.

1y NMR

B) Preparation of 4-(NH2CH2CH2CH;)-N-Cbz-piperidine-HCl.

By methods substantially equivalent to those described
in examples 30-B, 30-C and 30-D, 7.3 g of 4-(NH2CH2CH2CH3) -N-
Cbz-piperidine-HCl were prepared from 4-hydroxypropyl-N-Cbz-
piperidine.

1y NMR
FD-MS, m/e 276 (M*)

C) Preparation of HO2CCHz-D-Cha-Pro-4-NHCH3CH2CH2-
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-
NHCH2CHCH2-piperidine-HCl was prepared from N- (t-BuO,CCHj)-N-
Boc-D-Cha~-Pro~OH and 4-aminopropyl-N-Cbz-piperidine-HCl. The
product was purified by RPHPLC method 2, ramping from 98/2
(A/B) through 70/30 (A/B) over 2 h.

IR

1H NMR

IS-MS, m/e 451.4 (MHY)

Analysis for CogHgoNgO4<2HCL-H20:
Calc: C, 53.23; H, 8.56; N, 10.35;
Found: C, 53.43; H, 8.63; N, 10.19.
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HO2CCHy-D-Cha-Pro-4-NHCH2-1-amidinopiperidine-HC1l
(N- (carboxymethyl)~-D-cyclohexylalanyl-N-[[1-
(aminoiminomethyl)-hexahydropyridin-4-yllmethyl}-L-

* HCI

prolinamide hydrochloride)

Preparation of HO2CCH;-D-Cha-Pro-4-NHCH2-1-
amidinopiperidine-HCl.

By methods substantially egquivalent to those described
in examples 34-D, 23-A, 1-G (using N- (t-BuO2CCH2)-N-Boc-D-Cha-
Pro-OH), 18-E, and 1-H, 0.35 g of HO2CCHz-D-Cha-Pro-4-NHCH2-
l-amidinopiperidine-HCl was prepared from
4-BocNHCHapiperidine. The final product was purified by
RPHPLC method 2 (98/2 (A/B) ramp to 75/25 (A/B), 150 min).

IR

i1H NMR

FAB-MS, m/e 465 (MH")

Analysis for C23Hg0oNgO4-2HCl:
Calc: C, 51.39; H, 7.88; N, 15.63; Cl, 13.19;
Found: C, 51.66; H, 7.98; N, 15.80; C1, 13.48.
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HOzCCHz-D-Cha-Pro-4-NHCH2CH2-l-amidinopiperidine~HCl

* HCI

Preparation of HO2CCH2~D-Cha-Pro-4-NHCH;CH -1~
amidinopiperidine-HCl.

By methods substantially equivalent to those described
in examples 34-D, 23-a, 1-G (using N- (t-Bu0O;CCH3) -N-Boc-D-Cha-
Pro-OH), 18-E, and 1-H, 0.34 g of HO2CCHy-D-Cha-Pro-4-
NHCH2CH2-1-amidinopiperidine-HCl were prepared from 4-
BocNHCH2CHz-piperidine. The final product was purified by
RPHPLC method 2 (98/2 (A/B) ramp to 75/25 (A/B), 150 min).

IR

i1 NMR

FAB-MS, m/e 479.4 (MH*)

Analysis for Cp4HgaNgOg4-2HC1:
Calc: C, 52.26; H, 8.07; N, 15.24; Cl, 12.86;
Found: "C, 52.56; H, 8.15; N, 15.37; C1, 13.07.
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HO2CCH2-D-Cha-Pro-4-NHCH2-3, 4-dehydro-piperidine-HC1
A) Preparation of 4-BocNHCHy-N-methyl-pyridinium iodide.

To a stirring solution of 4-BocNHCH2-pyridine (20 g, 96
mmol) in acetonitrile (200 mL) was added iodomethane (8.9 mL,
144 mmol). After 16 h, the solution was concentrated in
vacuo to give 33.8 g (96%) of a thick light yellow oil.

FD-MS, m/e 223.1 (M+)
B) Preparation of 4-BocNHCH2-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
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 solvent was removed in
vacuo and the residue was quickly flushed through a column of
silica gel with 20% ethyl acetate/hexanes. The organic
solvents were removed in vacuo and the residue was dissolved
in methanol (300 mL) and heated to reflux for 20 min.
Saturated aqueous NaHCO3 (100 mlL) was then added and the
solvents were removed in vacuo. The residue was dissolved in
water (200 mL) and washed twice with hexanes, then saturated
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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
citric acid, once with brine, twice with saturated agueous
NaHCO3 and finally once with brine. The organic phase was
then dried (MgSO4), filtered and concentrated in vacuo and
the residue was chromatographed over a silica gel column,
eluting with a step gradient of 5% ethyl acetate/hexanes )
through 50% ethyl acetate/hexanes. The product containing
fractions (judged by TLC) were combined and concentrated to
give 4 g (27%) of a white solid.

IR
1y NMR
FD-MS, m/e 435 (M*)

C) Preparation of N-(t-Bu02CCH2)-N-Boc-D-Cha-Pro—4-NHCHz-N-
Fmoc-3,4-dehydro-piperidine.

By methods subtantially equivalent to those described in
examples 23-A and 1-G (using N- (t-BuO2CCH3) -N-Boc-D-Cha-Pro-
OH), 2.5 g of N-(t-Bu02CCH2)-N-Boc-D-Cha-Pro-4-NHCHZ-N-Fmoc-
3,4-dehydro-piperidine was prepared from 4-BocNHCH;-N-Fmoc -
3,4-dehydro-piperidine.

IR
1y NMR
FD-MS, m/e 799 (M*)

D) Preparation of N-(t-Bu02CCH2)-N-Boc-D-Cha-Pro-4-NHCH2-3,4-
dehydro-piperidine.
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N- (£t-Bu0O2CCHy) ~-N-Boc-D~-Cha-Pro-4-NHCH;-N-Fmoc-3, 4~
dehydro-piperidine (1.5 g, 1.9 mmol) was dissolved in.
morpholine (25 mL) and after stirring for 5 h, the solvent
was evaporated in vacuo. The residue was dissolved in ethyl
acetate and washed twice with saturated agqueous NaHCO3, dried
"(MgS0O4), filtered and 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. NH4OH; B = chloroform).
The product containing fractions as judged by TLC were
combined and concentrated in vacuo to give 890 mg (82%) of
white solid.

1y NMR
FD-MS, m/e 576 (MH*)

E) Preparation of HO2CCH-D-Cha-Pro-4-NHCH2-3,4-dehydro-
piperidine-HCl.

HCl gas was bubbled through a solution of N-(t-
BuO2CCH2) -N-Boc-D-Cha-Pro-4-NHCH,-3, 4-dehydro-piperidine (820
mg, 1.4 mmol) and anisole (1 mlL) in dioxane (25 mL) at 0 °C
for 10 min. After stirring for 12 h, the solvent was removed
in vacuo and the residue was dissolved in water (50 mL) and
washed twice with diethyl ether. The aqueous phase was then
concentrated to & volume of about 20 mL in vacuo and purified
by RPHPLC (Method 2, 98/2 (A/B) through 70/30 (A/B), 2 h).
The product containing fractions as judged by analytical
RPHPLC were combined, partially concentrated in vacuo and
lyophilized to give 442 mg (68%) of white solid.

IR
1 NMR
FD-MS, m/e 423 (MH*)
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HO2CCH2-D-Cha~Pro-4-NHCH2CH2-3, 4-dehydro-piperidine-HC1

Preparation of HO2CCH,-D-Cha-Pro-4-NHCH;CH2-3,4-dehydro-
piperidine-HCl.

By methods substantially equivalent to those described
in example 58, 73 mg of HO2CCH,-D-Cha-Pro-4-NHCH;CH2-3,4-
dehydro-piperidine-HCl was prepared from 4-BocNHCH;CHa-
pyridine. The final product was purified by RPHPLC method 2
(98/2 (A/B) through 70/30 (A/B), 2 h).

IR

1H NMR

IS-MS, m/e 435.2 (MHY)

Analysis for C3H3gNgO4-2.3HC1l-3H30:
Calc: C, 48.26; H, 8.15; N, 5.79; Cl, 14.24;
Found: C, 48.31; H, 7.93; N, 9.66; Cl, 14.56.
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HOzCCHz-D-Cha-Pro-4-NHCH2CH2CH2-3,4-dehydro-piperidine-HCl

Preparation of HO2CCH2-D-Cha-Pro-4-NHCH2CHaCH2 -3, 4 -dehydro-
piperidine-HCl.

By methods substantially equivalent to those described
in example 58, 205 mg of HO2CCH2-D-Cha-Pro-4~NHCH2CHaCH2 -3, 4~
dehydro-piperidine-HCl was prepared from 4-BocNHCH2CH2CH, -
pyridine.

IR

1H NMR

IS-MS, m/e 449.2 (MH*)

Analysis for Cz¢HqoNg04°2.3 HC1-H20:

Calc: C, 52.37; H, 3.11; N, 10.18;
Found: C, 51.64; H, 7.72; N, 10.31; Cl, 14.69.
Example 61
NH
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(1R, 4aR, 8aR) ~1-Pig-Pro-Agme3HC1
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(N-[4-[ (aminoiminomethyl)amino)butyl]~-1-[[ (4aR, 8aR) -
decahydro-l(R)-isoquinolinyl]carbonyl]-1—prolinamide
trihydrochloride)

The Rf values in this example were determined by silica
gel thin’layer chromotography (Kieselgel 60 F-254) in the
following systems (v/v):

(A) Chloroform:Methanol:Acetic Acid 135:15:1

(B) Ethyl acetate:Acetic Acid:Absolute Ethanol
90:10:10

(C) Ethyl acetate:Hexane (70:30)

(D) Chloroform

A) N-Methoxycarbonylphenethylamine

To a stirred solution of phenethylamine (75.2 mL, 0.6
mol) and triethylamine (83 mL, 0.6 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
an additional 1 h at room temperature, diethyl ether (2 L)
and 1 N HCl (800 mL) were added. The organic layer was
washed with water, dried (MgSO4), filtered, and the filtrate
was concentrated in vacuo to give a clear oil of pure title
compound (102 g, 95%).

B) 2-Methoxycarbonyl-DL-1,2,3,4-tetrahydoisoquinoline-1-
carboxylic acid

To a solution of N-methoxycarbonyl phenethylamine (102
g, 0.57 mol) in trifluorocacetic acid (300 mlL) was added
glyoxylic acid (63 g, 0.68 mol), and the mixture was heated
to reflux temperature. After 4 h at reflux the reaction was
cooled to room temperature, solvent removed in vacuo, and
diethyl ether (800mL) / water (100 mL) was added to the
residue. The reaction mixture pH was raised to 12 with 5 N
NaOH hﬁd the aqueous layer separated. To the aqueous layer
was added diethyl ether (500 mL), and the solution was
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separated, dried (MgSO4), flltered, and the filtrate was

concentrated in vacuo to afford an oil of pure title
compound (107 g, 80%); FAB-MS 236 (MHY).

C) 2—Methoxycarbonyl-DL-1,2,3.4-tetrahydoisoquinoline-l-
carboxylic acid t-butyl ester

To a stirred, cooled (0 ©C), solution of
2-methoxycarbonyl-DL-1, 2,3, 4-tetrahydoisoquinoline-1-
carboxylic acid (2) (105 g, 0.45 mol) in CH2Cl3 (200 ml) was
added t-butanol (52 mL, 0.54 mol) and DCC (92 g, 0.45 mol).
After 2 h at 0 ©C and 24 h at room temperature the solvent
was removed in vacuo, and ethyl acetate (800mL) / 1 N NaHCO3
(300 mL) was added to the residue. The organic layer was
separated, washed with water, 1.5 N citric acid, and water.
The organic layer was dried (MgsS0O4), filtered, and the
filtrate was concentrated in vacuo to afford an oil of pure
title compound (106 g, 81%); FAB-MS 292 (MH*); TLC Rf (&)
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)~perhydo;soqu1nollne-1-
carboxylic acid t-butyl ester

A solution of 2-methylcarbonyl-DL-1,2,3,4-
tetrahydoisoquinolihe-l-carboxylic acid t-butyl ester (105 g,
0.36 mol) in t-butancl (800 mL) was reduced over 5% Rh/Al203
(52.5 g) at 55 bar (800 psi) of hydrogen in a high pressure
apparatus at 50 ©C for 24 hours. The reaction mixture was
filtered through a pad of diatomaceous earth, and the
filtrate was concentrated in vacuo. The resulting o0il was
dried to give pure title compound (96.5 g, 90%) FD-MS 298
(MH*); TLC Rf (C) 0.63.

E) 2-Methoxycarbony1-(1RS,4aRS,BaRS)-perhydoisoquinoline-l—
carboxylic acid ethyl ester
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To a solution of 2-methoxycarbonyl-(1RS,4aSR, 8aSR)-
perhydoisoquinoline-l-carboxylic acid t-butyl ester (81.2 g,
273 mmol) in EtOH (500 mlL) was added sodium ethoxide (21% in
ethanol) (88.4 mL, 273 mmol) and the reaction mixture was
refluxed (24 h). The organic solvent was evaporated in
vacuo, ethyl acetate (400mL) and water (100 mL) was added to
the residue. The organic layer was separated, washed twice
with water, dried (MgSO4), filtered, and the filtrate was

concentrated in vacuo to afford an oil of pure title compound
(70 g, .95%); FAB-MS 270 (MH*); TLC Rf (A) 0.61.

F) 2-Methoxycarbonyl- (1RS, 4aRS, 8aRS) ~perhydoisoquinoline-1-
carboxylic acid

To a solution of the product of step E (70 g, 260 mmol)
in THF (250 mL) was added 2 N NaOH (156 mL, 312 mmol) and the
reaction mixture stirred at room temperature (30 h). The
organic solvent was evaporated in vacuo, diethyl ether (400
mL) and water (100 mL) was added to the residue. The agueous
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
crystallized from hexane (200 mL) to afford pure title
compound (46.4 g,.74%); FAB-MS 242 (MH*); TLC Rf (A) 0.36;
elemental analysis (calcd) Ci2H19NO4: C, 59.74; H, 7.94; N,
5.81; Found: C, 59.95, H, 7.88, N, 5.54. NMR assignments
were made by homonuclear decoupling, COSY, HMQC, and DEPT
experiments.

G) 2-Cbz-(1RS, 4aRS, BaRS) -perhydoisoquinoline-1-carboxylic
acid

To a stirred solution of the product of step F (46 g,
191 mmol), at room temperature, in anhydrous CH3CN (200 mL)

under an inert atmosphere was added a solution of
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*bCP 1 10! Ype reaction mixture was stirred at 55 ©C for 30 min and
cooled to room temperature. The reaction was quenched with
water (100 mL) followed by sodium metabisulfite (1 g). The
PH of the reaction was raised to 10.0 with 5 N NaOH, and
benzyl chloroformate (27.3 mL, 191 mmol) was added dropwise
while the pH maintained at 10 with 2 N NaOH. After the
reaction was stirred for an additional 30 min at room
temperature, the organic solvent was evaporated in vacuo, and
diethyl ether (200 mL) was added. The reaction was allowed
to stand at room temperature (2 h) and ethyl acetate (200 mL)
was added. The aqueous solution was acidified to pH 2.5 with
5 N HCl; the organic layer was separated, dried (MgS0y4) ,
filtered, and the filtrate was concentrated in vacuo to give
pure title compound as an oil (39.5 g, 65%); FAB-MS 318
(ME*) ; elemental analysis (caled) C18H23NO4: C, 68.12; H,
7.30; N, 4.41; Found: C, 66.37, H, 7.52, N, 4.37.

H) 2-Cbz-(1RS,4aRS,8aRS)-perhydoisoquinoline-1-carbony1-
Pro-0O-t-Bu

To a stirred, cooled (0 ©C) solution of the product of
step G (39 g, 123 mmol) in DMF (200 mL) was added proline
t-butyl ester (21.1 g, 123 mmol), l-hydroxybenzotriazole
(16.6 g, 123 mmol), and DCC (25.3 g, 123 mmol). The reaction
mixture was stirred for 2 h at 0 ©°C and 24 h at room
temperature. The reaction precipitate was filtered and the
filtrate concentrated in vacuo to an ©il. The o0il was
dissolved in EtOAc (200 mlL) and water (100 mL). The organic
layer was washed sequentially with 1 N NaHCO3, water, 1.5 N
citric acid, and water. The organic layer was dried (Mgsoyg) ,
filtered, and the filtrate evaporated to an amorphous solid
of the title compound as a mixture of diastereomers (52.7 g,
91%) FAB-MS 471 (MHY).

I) 2-Cbz-(4aR,BaR)-perhydoisoquinoline-l(R)-cﬁrbonyl-Pro—OH'
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111 mmol) in CH2Clz (20 mL) was added trifluoroacetic acid
(70 ml) and anisole (5 ml). The reaction mixture was stirred

at room temperature for 1 h and concentrated in vacuoc without
heating. The residue was diluted with diethyl ether (400
ml), water (100 mL), and the pH of the solution was adjusted
to 10.0 with 5 N NaOH. The agueous layer separated and ethyl
acetate (300 mL) was added. The pH of the solution was
adjusted to 2.5 with 5 N HCl; the organic layer was
separated, dried (MgSO4), filtered, and the filtrate was
concentrated in vacuo to give 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
resulting solid was filtered, washed with diethyl ether and
dried. The solid was suspended in ethyl acetate, washed with
1.5 N citric acid, and water. The organic layer was dried
(MgsO4), filtered, and the filtrate evaporated to give the
title compound as an oil (20.2 g, 44%) FAB-MS 415 (MH*); [alp
= 3.2° (C = 0.5, MeOH); elemental analysis (calcd)
C23H30N205: C, 66.65; H, 7.30; N, 6.76. Found: C, 66.38, H,
7.36, N, 6.63.

J) 2-Cbz- (4aR, 8aR) -perhydoisoquinoline-1(R) -carbonyl-Pro-
NH- (CH2) 4-NH-Boc

In flask 1 the product of step I (1.06 g, 2.55 mmole)
was dissolved in DMF (10 ml), cooled to -15 ©C, and N-
methylmorpholine (0.28 ml, 2.55 mmole) was added, followed by
isobutyl chloroformate (0.33 ml, 2.55 mmole). The reaction
mixture was stirred at ~15 ©C for 2 min.

In flask 2 N-Boc-1,4-diamino-butane (0.48 g, 2.55 mmole)
was dissolved in DMF (10 ml), cooled to 0 ©C, and N-
methylmorpholine (0.28 ml, 2.55 mmole) was added to the
solution. The reaction mixture was stirred at 0 ©°C for 2
min.
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The contents of flask 2 was added to flask 1, and the

reaction mixture was stirred for 4 h (-15 ©C) and 24 h at

room temperature. To the reaction was added 1 N NaHCO3 (1

ml) and the reaction solvent was removed in vacuo to an oil.

The residue was dissolved in EtOAc (200 ml) and washed

sequentially with 1.5 N citric acid, water, 1 N NaHCO3 (100

ml), and water. The organic solution was dried (MgS0y4) ,

filtered, and concentrated to dryness in vacuo to give crude

title compound as a solid (1.47 g, 99%): FAB-MS 585 (MH*):

TLC Rf (A) 0.70.

K) (4aR,BaR)-Perhydoisoquinoline—l(R)-carbonyl-Pro—Agm-BHCl

To a stirred solution of the product of step J (1.4 g,
2.4 mmol) in CH2Clz (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
triturated twice with diethyl ether and dried. The dried oil
was dissolved in THF (20 mL), triethylamine (0.66 mL, 4.8
mmol), and bis-Cbz-S-methylisothiourea (0.859 g, 2.4 mmol)
was added to the mixture. The reaction mixture was stirred
at room temperature for 48 h. The organic solvent was
evaporated in vacuo and the residue was dissolved in EtOAc
(200 ml) and washed sequentially with 1 N NaHCO3 (100 ml),
and water. The organic solution was dried (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
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 o0il was dissolved in
trifluoroacetic acid (10 mL), thioanisole (1.0 mL) and
trifluoromethanesulfonic acid (1.0 mL) were added to the
mixture. The reaction mixture was stirred at room
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give a crude solid (1.3 g). The solid (1.3 g) was dissolved
in 0.05% HCl and applied to a 5 X 25 cm column of Vydac C318
resin. A gradient of increasing concentrations of CH3CN (2%
to 25%) was used to elute the peptide from the column.
Fractions were collected and pooled on the basis of
analytical RPHPLC profile and lyophilized to afford the pure
title compound (0.139 g, 15%): FAB-MS 393 (MH*); elemental
analysis (caled) C20H3gNgO2-5HC1- *3H20: C, 38.28. Found: C,

38B.34.
Example 62
o OH
HN
© NH, * HCI
H
N ) N\Q/
)
0

HO2CCH2-D-Cha-Pro-4-NHCH2CgHNH; - HC1
Preparation of HO2CCH2~D-Cha-Pro-4-NHCHCgH4NH, - HC1.

By methods substantially equivalent to those described
in examples 1-G (using N- (t-BuO2CCH3) -N-Boc-D-Cha-ProOH) ,
23-D, and 58-E, 0.17 g of HO2CCH2-D-Cha-Pro~4-NHCH2CgH4NH5 - HC1
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
1y NMR
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FAB-MS, m/e 431.3 (MH*)

Analysis for C23H3¢gNgO4:2.2 HCl-1.5 H30:

Calc: C, 51.37; H, 7.35; N, 10.42; C1, 14.50;
Found: C, 50.87; H, 6.72; N, 10.41; Cl1, 14.18.
Example 63
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HO2CCH2-D-Cha-Pro-4-NHCH2CH2CgH¢NH7 - HC1
Preparation of HO2CCH2-D-Cha-Pro-4-NHCH2CH2CgH4NH; -HC1.

By methods substantially equivalent to those described
in example 62, 0.19 g of HO2CCH;-D-Cha-Pro-4-
NHCHCH2CgH¢NH2 - HC1l was prepared from 4-nitrophenethylamine
hydrochloride. The final product was purified by RPHPLC
method 2 (98/2 (A/B) through 70/30 (A/B), 2 h).

IR

1y NMR

FAB-MS, m/e 445.3 (ME*)

Analysis for Cy4H3gNgO4:2.2HCl-0.5H20:
Calc: C, 54.00; H, 7.40; N, 10.50; Cl, 14.61;
Found: C, 53.65; H, 7.59; N, 10.24; C1, 14.33.
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HO2CCHz-D-Cha-Pro-4-NHCH2 -3~F-CgH3NH3 - HC1
A) Preparation of 4-BocoNCHz-3-F-CgH3NO;.

To a stirring solution of 2-fluoro-4-nitrotoluene (5 g,
32 mmol) in carbon tetrachloride (160 mlL) was added
N-bromosuccinimide (5.7 g, 32 mmol) followed by benzoyl
peroxide (0.78 g, 3.2 mmol) and the solution was heated to
reflux. After 12 h, the heat was removed and the mixture was
diluted with carbon tetrachloride (100 mL) and washed with
water. The organic phase was then diluted with ethyl acetate
(300 mL), dried (MgSO4), filtered and concentrated in vacuo.
The residue was dissolved in tetrahydrofuran (50 mL) and
added to a stirring solution of NaH (60% dispersion in oil;
1.3 g, 32 mmol) and di-t-butyl iminodicarboxylate (6.9 g, 32
mmol) in tetrahydrofuran (100 mL). After stirring overnight
the solvent was removed in vacuo and the residue was
chromatographed over silica gel, eluting with a step gradient
of hexanes through 20% ethyl acetate/hexanes. The product
containing fractions (judged by TLC) were combined and
concentrated in vacuo to give 3.9 g (33%) of a white solid.

IR

1H NMR

FD-MS, m/e 370 (M*)

Analysis for C17H23N20¢:
Calc: C, 55.13; H, 6.26; N, 7.56;
Found: C, 55.27; H, 6.23; N, 7.44.
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B) Preparation of HOzCCHz-D-Cha-Pro—4-NHCH;-B-F-C5H3NH2-HCl.

By methods substantially equivalent to those described
in example 23-2, 1-G (using N- (t-BuO2CCH>) -N-Boc-D-Cha-
ProOH), 23-D and 58-E, 0.44 g of HO2CCH2-D-Cha-Pro-4-NHCHy-3~
F-CgH3iNH,-HCl was prepared. The final product was purified
using RPHPLC method 2, 98/2 (A/RB) through 70/30 (A/B), 2 h).

IR

1H NMR

FAB-MS, m/e 449.3 (MH*)
Analysis for Cy3H33NgO4F-1.3HCl:

Calc: C, 55.70; H, 6.97; N, 11.30; c1, 9.29;
Found: C, 55.38; H, 6.97; N, 11.05; €1, 9.31.
Example 65
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HOgCCHz-D-Cha-Pro-4-NHCH2-2-amidinothiophene-HCl
(N-(carboxymethyl)-D-cyclohexylalanyl-N-
[[5-(aminoiminomethyl)thiophen-2-yl]methyl]-L-prolinamide
hydrochloride)
A) Preparation of 2-cyano-5-formylthiophene

" To a flame-dried 3 neck 1L round bottom flask was
added diisopropylamine (9 mL, 66 mmol) and THF (150 mL)
under a nitrogen atmosphere. The flask was cooled to an
internal temperature of -78 °C (dry ice/acetone). To this
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a solution of 2-thiophenecarbonitrile (6.55 g, 60 mmol) in
THF (30 mL) over 10 min. The resulting bright red solution
was allowed to stir at -78 °C for 45 min, at which time
dimethylformamide (23.3 mL, 300 mmol) was added via
syringe. This mixture was allowed to stir for 2 h at

-78 °C and then so0lid citric acid (about 10 g) was added
followed by water (60 mL). Volatile solvents were removed
in vacuo and the residue was partitioned between diethyl
ether and brine (200 mL each). Layers were separated and
the aqueous phase was washed once with diethyl ether. The _
combined organic phase was washed once with brine, dried
(MgSO4), filtered and concentrated in vacuo to give a
yellow solid which was purified by silica gel
chromatography using an ethyl acetate/hexanes gradient
(hexanes to 50% ethyl acetate/hexanes). Fractions
containing pure product were pooled and concentrated in
vacuo to give 6.9 g (84%) of 2-cyano-5-formyl-thiophene.

1y NMR
B) Preparation of 2-cyano-5-(hydroxymethyl)thiophene

To a solution of 2-cyano-5-formyl-thiophene (6.9 g, 50
mmol) in EtOH (100 mL) was added sodium borohydride (1.9 g,
50 mmol) in portions. After 5 min of stirring, the solvent
was removed in vacuo and the residue was partitioned
between ethyl acetate and brine. The layers were separated
and the organic phase was washed once -with 1 M citric acid
and once with brine, then dried (MgSO4), filtered and
concentrated in vacuo to give 6.1 g (88%) of 2-cyano-5-
(hydroxymethyl) thiophene.

14 NMR
FD-MS, m/e 140 (M*)
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C) Preparation of 2-cyano-5-(bromomethyl)thiophene

To a solution of 2-Cyano-5-(hydroxymethyl)thiophene
(6.0 g, 43 mmol) in THF (50 mL) was added
triphenylphosphine (15.7 g, 47 mmol) and carbon
tetrabromide (12.3 g, 47 mmol). After stirring overnight
under nitrogen atmosphere at room temperature, the solvent
was removed in vacuo and the residue was dissolved in
chloroform, then adsorbed onto silica gel and loaded onto a
silica gel column. The product was eluted using an ethyl
acetate/hexanes gradient. Fractions containing pure
product (as judged by TLC) were pooled and concentrated in
vacuo to give 6.5 g (75%) of 2-cyano-5-
(bromomethyl) thiophene.

1y NMR

FD-MS, m/e 203 (M%)

Analysis for CgH4NSBr:
Calc: C, 35.66; H, 1.99; N, 6.93;
Found: C, 35.71; H, 2.03; N, 6.95.

D) Preparation of 2-cyano-5-(aminomethyl)thiophene-HCl

To a cold (0°C) solution of 2-cyano-5-
(bromomethyl)thiophene (6.0 g, 30 mmol) in THF (50 mL)
under nitrogen was added NaH (60% dispersion in oil, 1.3 g,
33 mmol) in portions. To this stirring suspension was
added a solution of di-t-butyl iminodicarboxylate (7.1 g,
33 mmol) in THF (50 mL) over 30 min. After stirring for 3
h, saturated agueous ammonium chloride (100 mL) was added.
Volatile solvents were then removed in vacuo and the
residue was partitioned between ethyl acetate and water.
The layers were separated and the organic phase was washed
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thiophene which crystallized upon standing. This solid was
dissolved in EtOAc (200 mL) and cooled to 0 °C using an
ice/water bath. Anhydrous HCl gas was bubbled through the
solution for 10 min and the mixture was stirred for 2 h
while warming to room temperature. Solvents were removed
in vacuo and the resulting solid was suspended in diethyl
ether and isolated by filtration. The white solid was
dried overnight under vacuum to give 5.2 g (100%) of
2-cyano-5- (aminomethyl) thiophene-HC1.

1y NMR

FD-MS, m/e 139 (M%)

Analysis for CgH7N2SCl:
Calc: C, 41.26; H, 4.04; N, 16.04;
Found: C, 41.19; H, 4.12; N, 15.82.

E) Preparation of N- (t-BuO2CCH3z) -N-Boc-D-Cha-Pro-4-NHCHy-2-
cyanothiophene.

By a method substantially equivalent to that described
in example 1-G (using N- (t-BuO2CCH2) -N-Boc-D-Cha-ProOH), 4.6 g
(93%) of N-(t-BquCCHz)—N-BOC-D-Cha-Pro-4-NHCH2-2-
cyanothiophene was prepared from 2-cyano-5-
(aminomethyl)thiophene-HCl.

IR
14 NMR
FD-MS, m/e 602 (M*)

F) Preparation of N-(t-Bu02CCH2)-N-Boc-D-Cha-Pro—4-NHCH2-2-
C(NH) NHBoc-thiophene.

Hydrogen sulfide gas was bubbled through a solution of
N-(t-BuOZCCHz)-N-Boch-Cha-Pro-4-NHCHz-Z-cyanothiophene (1.5
g, 2.5 mmol) and triethylamine (4.5 mL) in pyridine (45 mlL)
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and concentrated in vacuo. The residue was then dissolved in
toluene and concentrated in vacuo two times.

The residue was then dissolved in acetone (100 mL) and
iodomethane (5 mL) was added. After stirring overnight at
room temperature, the solvents were removed in vacuo. The
resulting gold foam was then dissolved in methanol (20 mL),
NH4OAc (0.39 g, 5 mmol) was added, and the solution was
heated to reflux. After 1 h, the solvent was removed in
vacuo and the residue was dissolved in tetrahydrofuran (10
mL). To this stirring solution was added a solution of K2CO3
(1.73 g, 12.5 mmol) in water (10 mL) followed by di-t-butyl
dicarbonate (2.2 g, 10 mmol). After stirring for 1 h, the
suspension was diluted with ethyl acetate (400 mL) and washed
with water followed by brine. The organic phase was then
concentrated in vacuo and chromatographed over silica gel,
eluting with a step gradient of 10% ethyl acetate/hexanes
through 75% ethyl acetate/hexanes. The product containing
fractions, as judged by TLC, were combined and concentrated
in vacuo to give 1.1 g (61%) of a white foam.

1y NMR

FD-MS, m/e 720 (M%)

Analysis for C3gHs59Ns50gS:
Calc: C, 60.06; H, 7.98; N, 9.73;
Found: C, 59.76; H, 8.07; N, 9.52.

G) Preparation of HO2CCH-D-Cha-Pro-4~NHCHy-2-
amidinothiophene-HCl.

By a method substantially equivalent to that described
in example 58-E, 500 mg of HO2CCH-D-Cha-Pro-4-NHCH,-2-
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FAB-MS, m/e 464.2 (MH*)
Analysis for C32H33N504S-2HC1-H,0:

Calc: C, 47.65; H, 6.73; N, 12.63; Cl, 12.79;
Found: C, 47.53; H, 6.57; N, 12.59; Cl, 12.67.
Example 66
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HOzCCHz-D-Cha-Pro-Z-NHCHz-5-amidinopyridine-HCl
(N-(carboxymethyl)-D-cyclohexylalanyl-N-
[[5—(aminoiminomethyl)pyridin-Z-lemethyl]-L-prolinamide
hydrochloride)

A) Preparation of N-(t-BquCCHz)—N-Boc-D-Cha-Pro-Z-NHCHz-S-
cyanopyridine.

By methods substantially equivalenﬁ to those described
in example 64-A, 23-A and 1-G (using N-(t-BuO2CCH;)-N-Boc-D-
Cha-ProOH), 4.4 g of N-(t-BquCCHz)-N-Boc-D-Cha-Pro-2-NHCHz-5-
cyanopyridine was prepared from 2-methyl-5-cyanopyridine.
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FD-MS, m/e 587 (M*)

B) Preparation of HO2CCH2-D-Cha-Pro-2-NHCH;-5~
amidinopyridine-HCl.

By methods substantially equivalent to those described
in example 65-F and 65-G, 130 mg of HO2CCHz-D-Cha-Pro-2-NHCH3-
S5-amidinopyridine-HCl was prepared from N- (t-BuO2CCH;) -N-Boc-
D-Cha-Pro-2-NHCH,-5-cyanopyridine. The product was purified
by RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 2 h).

IR

1H NMR

FAB-MS, m/e 459.3 (MH*)

HRMS (FAB), m/e calcd. for C23H35NgO4: 459.2720
Found: 459.2707

Example 67
o) j/OH
HN NH
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HOzCCH2-D—Cha-Pro—Z-NHCHg-S-amidinopiperidine-HCl»

Preparation of HO2CCH2-D-Cha-Pro-2-NHCHy-5~

amidinopiperidine-HCl.

N-(t-BquCCHg)-N-Boc—D-Cha-Pro-2-NHCH2—5-cyanopyridine
(1.2 g, 2 mmol) was elaborated by methods substantially
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through 70/30 (A/B), 2 h). The fractions containing the
minor product as judged by analytical RPHPLC were combined,
partially concentrated in vacuc and lyophilized to give 93 mg

(9%) of a pale green solid.

IR

1H NMR

IS-MS, m/e 465.5 (MH*)

HRMS (FAB), m/e calcd. for C23H41NgO4: 465.3189
Found: 465.3191

Example 68
oj/OH
HN NH
(o) e HCI
N n ' NH,
o)

HO2CCH2~D-Cha-Pro-2-NHCH;-5-amidino-5, 6-dehydro-
pPiperidine-HCl
(N- (carboxymethyl) ~-D-cyclohexylalanyl-N-
[[5- (aminoiminomethyl)-1,2,3,4-tetrahydropyridin-
2-yl]lmethyl]-L-prolinamide hydrochloride)

Preparation of HO2CCHz-D-Cha-Pro-2-NHCHs-S5-amidino-5, 6-
dehydro-piperidine-HCl.

N-(t—BquCCHz)-N-Boc-D-Cha-Pro-2-NﬁCHz-S-cyanopyridine
(1.2 g, 2 mmol) was elaborated by methods substantially
equivalent to those described in example 23-A, 23-B, and 1-B.
The product was purified by RPHPLC method 2 (98/2 (A/B) '
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| 10°s6 10%& Yy analytical RPHPLC were combzned
partially concentrated and lyophilized to give 422 mg (39%)
of a white solid.

IR

1H NMR

IS-MS, m/e 463.3 (MH*)

| Analysis for C23H38Ng042.9HC1+2H20:

Calc: C, 45.71; H, 7.49; N, 13.91; €1, 17.01;
Found: C., 45.51; H, 6.83; N, 13.66; Cl, 16.83.
Example 69

O OH

O\/'\( « 3HCI

(;;7u"ﬂ, N&N
O

j HOzCCHz-D-Cha-Pro-B-NHCH;-G-amidino-pyridazine~3HC1
| (N-(carboxymethyl)-D-cyclohexylalanyl-N-
[[6-(aminoiminomethyl)pyridazin—B-yl]methyl]-L-prolinamide
trihydrochloride

A) Preparation of 3-methyl-6-cyanopyridazine.

To a stirring solution of 3-methylpyridazine (11 g, 118
mmol) in dichloromethane (200 mL) was added AlClj3 (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
next morning, the solvent was removed in vacuo and the
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&10%&-() ngmgwguﬁyegfd\to give a white sol;d The solid was dlssolve
in tetrahydrofuran (200 mL) and to this stirring solution was
added 1,8-diazabicyclo[5.4.0]Jundec-7-ene (16 mL, 105 mmol).
After 1 h, the solvent was removed in vacuo and the residue
was partitioned between hexanes and saturated agqueous NH4Cl.

" The phases were separated and the agqueous phase was basified
with solid Naj3C0O3, then extracted three times with ethyl
acetate. The combined ethyl acetate phases were dried
(MgS0O4), filtered and concentrated in vacuo to give 9 g (64%)

of white solid.

IR
1y NMR
FD-MS, m/e 119.1(M*%)

B) Preparation of HO2CCH2-D-Cha-Pro-3-NHCH;-6-amidino-
pyridazine-HCl.

By methods substantially equivalent to those described
in example 66, 90 mg of HO2CCH;-D-Cha-Pro-3-NHCHy-6-
émidinopyridazine-HCl was prepared from 3-methyl-6-
cyanopyridazine. The product was purified by RPHPLC method 2
(98/2 (A/B) through 70/30 (A/B), 2 h).

IR

1 NMR

FAB-MS, m/e 460.3 (MH*)

Analysis for C22H33N704¢3HCle2H20:
Calc: C, 43.68; H, 6.66; N, 16.21;
Found: C, 44.04; H, 6.45; N, 15.57.
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Example 70
o) 7,OH
HN NH
(o) e HCI
Bt
o e N
i
O

HO2CCH-D-Cha-Pro-4-NHCH2-1-amidino-3, 4-dehydro-
piperidine-HC1l
(N- (carboxymethyl) -D-cyclohexylalanyl-N-{[1-
(aminoiminomethyl)-1,2,3,6-tetrahydropyridin-4-yl]methyl];
L-prolinamide hydrochloride)

A) Preparation of N,N'-Bocs-thiourea.

To a stirring suspension of NaH (60% oil dispersion, 9.4
g, 234 mmol) in tetrahydrofuran (500 mL) at 0 °C was added
thiourea (4.0 g, 52 mmol). After 30 min, the cold bath was
removed and the reaction was allowed to stir for 30 min at
room temperature. Once again, the vessel was cooled to 0 ©°C
and a solution of di-t-butyl dicarbonate (25 g, 115 mmol) in
tetrahydrofuran (100 mL) was added via addition funnel.
Aftef stirring for 30 min at 0 °C and an additional 2 h at
room temperature, saturated agueous NaHCO3 was added. The
solution was then concentrated to about half the original
volume in vacuo and ethyl acetate was added. The organic
phase was then washed with saturated aqueous NaHCO3, followed
by brine and was then dried with MgSO4, filtered and

concentrated to give 11.9 g (83%) of a white solid.

IR
1y NMR
FD-MS, m/e 276 (M*)



10bb!. 3" 10%&' () - 10%&f()-yleO%&f()-F s 109K () - 3109%&' () -

s10%' ()-.]cgpzX6B7 10'R ,,10%& ()-!1" ,,109@VIOV& ()-! ,, 109&' ()-!00

5,5 109 () - &L109%&R () -!3"10%&' ()-ABCDRVLC 10!'R ,, 109 () - #- 1@%&'0@}-WOV 10V

10VF; 10%/& ()-T  :&10% ()- 3710% ()-VGR~-\:bC 10!'!U

, MOYB3& ()-2! Y10% & ()-2z! "Y10%p& ()-z Y109 ()-zY:10%& ()- Y&

109%&' () - SRXgi szzX9bC 10!/10%&f()-!"!10%&T()-S$;10%&T()-

18, mMO%kk& ()-z!, ml0%n& ()-z! X, mM0%n&lpP-zz UJ_@?lp!y#&lo%&'()- 10 10

10510%&'()-!/10%&f()-‘/109$&f()-‘/10@&&]()-#)6Her[91_@?10!!!19%&]()-

' ' B ' B 0 ' - 100 .

109& ()-!<Xn%g%§ig)EErngfﬁggﬁgosgz!OOY 10% Y & ()-10%& () X s™h<sj_@
Calc: C, 47.81; H, 7.30; N, 10.14;
Found: C, 47.69; H, 7.28; N, 10.34.

B) Preparation of N-(t-BuO2CCH;)-N-Boc-D-Cha-Pro-4-NHCHz-1-
(N,N'-Boca-amidino) -3, 4-dehydro-piperidine.

To a stirring solution of N-(t-BuO2CCH;)~-N-Boc-D-Cha-
Pro-4-NHCH2-3,4~-dehydro-piperidine (0.6 g, 1 mmol) and
triethylamine (0.35 g, 3.4 mmol) in dimethylformamide (10 mL)
was added N,N'-Bocp-thiocurea (0.28 g, 1 mmol) followed by
HgCly (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
with MgSO4, filtered and concentrated in vacuo. The product
was purified by chromatography over silica gel, eluting with
20% ethyl acetate/hexanes through 75% ethyl acetate hexanes.
The product containing fractions as judged by TLC were
combined and concentrated in vacuo to give 800 mg (94%) of a
white foam.

IR

1H NMR

FD-MS, m/e 820 (MH*)

Analysis for Cg2H70NgOi1p:
Calc: C, 61.59; H, 8.61; N, 10.26;
Found: C, 61.81; H, 8.79; N, 10.45.

C) Preparation of HO2CCHz-D-Cha-Pro-4-NHCH;~1-amidino-3,4-
dehydro-piperidine-HCl.

By methods substantially equivalent to those described
in example 58-E, 0.22 g (55%) of HO2CCH2-D-Cha-Pro-4-NHCH;-1~
amidino-3, 4-dehydro-piperidine-HCl was prepared from N-(t-
BquCCHz)-N-Boc-D—Cha-Pro-4—NHCHz-l-(N,N'-Bocz-amidino)f3,4—
dehydro-piberidine. The product was purified by RPHPLC
method 2 (98/2 (A/B) through 70/30 (A/B), 2 h).
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FAB-MS, m/e 463.3 (MHY)
Analysis for Cy3H3gNgOg¢:2.2HCl:-2H0:

Calc: C, 47.73; H, 7.70; N, 14.52; Cl, 13.47;
‘ Found: C, 47.49; H, 7.64; N, 14.55; Cl, 13.48.
Example 71
o OH
HN NH
O e HCI

NH,

N
Q""gr

HO2CCH2-D-Cha-Pro-4-NHCH;~3-F-benzamidine-HC1
(N- (carboxymethyl) -D-cyclohexylalanyl-N~-
! [[4-(aminoiminomethyl)-2-fluorophenyllmethyl]-L-prolinamide
hydrochloride)

F

Preparation of HO2CCH2-D-Cha-Pro-4-NHCHs-3-F-benzamidine-HCl.

By methods substantially equivalent to those described
in example 66, 0.27 g of HO2CCH2-D-Cha-Pro-4-NHCH;-3-F-
benzamidine-HCl was prepared from 3-F-4-Me-benzonitrile. The
product was purified by RPHPLC method 2 (98/2 (A/B) through
70/30 (A/B), 2 h).

IR
1§ NMR
FAB-MS, m/e 476.3 (MH*)
Analysis for C4H34NsO4F-2HCl-1.5H30:
Calc: Cc, 50.09; H, 6.83; N, 12.17; Cl, 12.32;
Found: C, 49.89; H, 6.65; N, 12.17; Cl, 12.42.
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Example 72
o) OH
HN NH
(0] E e HCI
N H NH,

g N
L

HO2CCH2-D-Cha-Pro-4-NHCH;-3,5-Fs-benzamidine-HC1
(N~ (carboxymethyl) -D-cyclohexylalanyl-N-
[[4- (aminoiminomethyl-2, 6-difluorophenyl)methyl)-L-
prolinamide hydrochloride)

F

Preparation of HO2CCHz-D-Cha-Pro-4-NHCHz-3,5-Fa-
benzamidine-HCl.

By methods substantially equivalent to those described
in example 65, 0.28 g of HO2CCH2-D-Cha-Pro-4-NHCH3-3,5-Fp~
benzamidine-HCl was prepared from 3,5-Fy-benzonitrile. The
product was purified by RPHPLC method 2 (98/2 (A/B) through
70/30 (A/B), 150 min).

IR

1H NMR

FAB-MS, m/e 494.2 (MHY)

Analysis for C24H33NsO4F2:2HC1-1.5H70:
Calc: C, 48.57; H, 6.45; N, 11.80; Cl, 11.95;
Found: C, 48.26; H, 6.17; N, 11.89; cCl1, 11.90.
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Example 73
o j/OH
HN NH,
o * HCI

H
(Ny.,,"l N ~
o)
HOzCCHz-D-Cha—Pro-4-NHCH2-2-aminopyridine-HCl

A) Preparation of 4-methyl-2-phthalimidopyridine.

}[9E7 10!3

To a stirring solution of 4-methyl-2-aminopyridine (50

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
the solid residue was suspended in toluene and concentrated

in vacuo twice. The solid was then suspended in ethyl

acetate with vigorous stirring and filtered. After repeating
this ethyl acetate washing procedure the solid was dried
overnight in vacuo to give 46.6 g (42%) of a white solid.

IR

1H NMR

FD-MS, m/e 238 (M*)

Analysis for CjgHjpN203:
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-Bu02CCH;)-N-Boc-D-Cha- -Pro-4-NHCHp-2~

phthallmldopyrldlne
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in example 64-A, 23-A and 1-G (using N- (t-Bu0O2CCH;)-N-Boc-D-
Cha-ProOH), 2.4 g of N-(t-BuO2CCH;)-N-Boc-D-Cha-Pro-4-NHCHz-2-
phthalimidoopyridine was prepared from 4-methyl-2-
phthalimidopyridine.

IR
1H NMR
FD-MS, m/e 717.7 (M%)

C) Preparation of HO2CCH;-D-Cha-Pro-4-NHCH;-2-
aminopyridine-HCl.

To a stirring solution of N-(t-BuO2CCHz)~-N-Boc-D-Cha-
Pro-4-NHCHz-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
substantially equivalent to that described in example 58-E to
give 380 mg (37%) of a white solid. The product was purified
by RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 150 min) .

IR

1H NMR

FAB-MS, m/e 432.3 (MHY)

Analysis for C22H33N504¢2.1 HCleH20:
Calc: C, 50.23; H, 7.11; N, 13.31;
Found: C, 50.05; H, 7.08; N, 13.54.
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HO2CCH2-D-Cha-Pro-5-NHCHz-2-aminopyridine-HC1
Preparation of HO2CCH2-D-Cha-Pro~-5-NHCHz~-2-aminopyridine-HCl.

By methods substantially equivalent to those described
in example 73, 0.88 g of HO2CCH2-D-Cha-Pro-5-NHCH;-2~
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

1H NMR

FAB-MS, m/e 432.3 (MH*)

Analysis for C22H33N504¢2HCl+H20:

Calc: C, 50.58; H, 7.14; N, 13.40;
Found: C, 50.79; H, 7.20; N, 13.58.
Example 75
0 OH
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HO2CCH2-D-Cha-Pro-5-NHCH2CHz-2~-aminopyridine - HC1
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A) Preparation of 5-Me-2-BocaN-pyridine.

To a stirring solution of 5-methyl-2-aminopyridine (10.5
g, 100 mmol) in dichloromethane (200 mL) at 0 °C was added
N,N-diisopropylethylamine (25.8 g, 200 mmol), followed by
di-t-butyl dicarbonate (55 g, 250 mmol) and finally 4-(N,N-
dimethylamino)pyridine (12.2 g, 100 mmol). The cold bath was
removed and the solution was allowed to continue stirring
overnight. The mixture was then diluted with ethyl acetate
(600 mL) and washed three times with saturated agqueous NH4Cl,
once with brine, twice with saturated aqueous NaHCO3;, and
once égain with brine. The organic phase was then dried
(MgSO4), filtered, concentrated in vacuo and chromatographed
over silica gel eluting with 10% ethyl acetate/hexanes
through 75% ethyl acetate/hexanes. The fractions containing
product, as judged by TLC, were combined and concentrated in
vacuo to give 12.8 g (42%) of a white solid.

IR

1H NMR

FD-MS, m/e 308 (M*)

Analysis for Cj3gH24N204:
Calc: C, 62.32; H, 7.84; N, 9.08;
Found: C, 62.51; KB, 8.11; N, 9.37.

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-BocyN-
pyridine (which was contaminated with starting material) was
prepared from 5-Me-2-BocyN-pyridine.

1H NMR

FD-MS, m/e 386.3 (M*)

Analysis for C3gH23N204Br:
Calc: C, 49.62; H, 5.99; N, 7.23;
Found: C, 45.86; H, 6.00; N, 7.07.
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C) Preparation of 5-NCCH;-2-BocyN-pyridine.

To a stirring solution of slightly impure 5-BrCHy-2-
BocaN-pyridine (9.7 g, 25 mmol) in dimethylformamide (150 mL)
was added 18-crown-6 (1.32 g, 5 mmol) followed by KCN (1.95
g, 30 mmol). After stirring for 6 h, the solvent was removed
in vacuo and the residue was chromatographed over silica gel,
eluting with a step gradient of hexanes through 40% ethyl
acetate/hexanes. The product containing fractions as judged
by TLC, were combined and concentrated in vacuo to give a 2.6
g (31% over 2 steps) of a white solid.

IR

1H NMR

FD-MS, m/e 333.4 (M*)

Analysis for C317H23N304:
Calc: C, 61.25; H, 6.95; N, 12.60;
Found: C, 61.09; H, 6.92; N, 12.53.

D) Preparation of HO2CCH-D-Cha-Pro-5-NHCH3CHy-2-
aminopyridine-HCl.

To a stirring solution of 5-NCCHz-2-BocyN-pyridine (2.5
g, 7.5 mmol) in methanol (150 mL) was added CoCls (0.97 g,
7.5 mmol) and water (0.81 g, 45 mmol). After 5 min, NaBH4
(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
and extracted several times with ethyl acetate. The combined
ethyl acetate extracts were dried with MgSOs, filtered and
concentrated in vacuo.

Then, by methods substantially equivalent to those
described in example 1-A and 73-C, the residue was elaborated
to give 1.2 g (33%) of HO2CCHz-D-Cha-Pro-5-NHCH;CH;-2-
aminopyridine-HCl. The product was purified by RPHPLC method.
2 (98/2 (A/B) through 60/40 (A/B), 150 min).
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FAB-MS, m/e 446.3 (MH*)
HRMS (FAB) calc. for C23H3gN504: 446.2767
Found: 446.2769

A)

Example 76
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HN
0
N H
N NH,
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0 ZN

HOzCCHz-D-Cha-Pro-4-NHCH2CH2-2-aminopyridine-HCl
Preparation of 4-BocNHCH;CH2-2-CN-pyridine.

To a solution of 4-BocNHCH;CHs-pyridine (2.22 g, 10

mmol) in acetone (50 mL) was added a solution of m-chloro-
perbenzoic acid (5.2 g, 30 mmol) in acetone (50 mL) via an
addition funnel over 10 min. After stirring overnight, the
solvent was removed in vacuo and the residue was partitioned
between water (100 mL) and diethyl ether (100 mL). The
organic phase was separated and extracted three times with
water. The combined agueous phase was then saturated with
solid NaCl and extracted three times with dichloromethane
(100 mL). The combined dichloromethane extracts were washed
once with brine, dried with Na;S0O4, filtered and concentrated

to a small volume in vacuo and then diethyl ether was added.

The white precipitate (2.0 g) was filtered and dried in
vacuo.
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in dichloromethane (10 mL) and to this stirring solution was
added trimethylsilyl cyanide (0.84 mL, 6.3 mmol) followed by
N,N- dlmethylcarbamoyl chloride (0.58 mL, 6.3 mmol). After
stirring overnight, 1 M ag. KHCO3 (1 mL) was added slowly and
the mixture was partitioned between ethyl acetate and water.
The organic phase was then washed twice with brine, dried
with MgSO4, filtered and concentraed in vacuo to give 0.6 g
(58%) of an amber oil which crystalized uopn standing.

IR

i1H NMR

FD-MS, m/e 247 (M*)

Analysis for C)3H17N303:
Calc: C, 63.31; H, 7.02; N, 16.99;
Found: C, 63.31; H, 7.02; N, 16.71.

B) Preparation of 4-BocNHCH2CH2—2-CszH-pyridine.

To a stirring solution of 4- -BOCNHCHCH~-2-CN-pyridine
(0.5 g, 2 mmol) in methanol (2.4 mL), was added 5 N NaOH (1.6
mL, 8 mmol) and the solution was heated to reflux. After 24
h, the solution was cooled to room temperature and allowed to
stir for an additional 48 h. The PH was then adjusted to 7
with 1 N HCl and the solvents were removed in vacuo.

The residue was suspended in toluene (50 mL) and heated
to reflux. To this stirring solution was sequentially added,
triethylamine (0.36 mL, 2.6 mmol), benzyl alcohol (0.27 mlL,
2.6 mmol) and diphenylphosphoryl azide (0.72 g, 2.6 mmol).
After stirring at reflux overnight, the solution was allowed
to cool and then diluted with ethyl acetate (200 mL) and
washed twice with saturated aqueous NH4Cl and twice with
brine. -The organic phase was then dried with MgSO4, filtered
and concentrated in vacuo. The residue was then
chromatographed over silica gel eluting with a step gradient
of hexanes through 50% ethyl acetate/hexanes. The product
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containing fractions as determined by TLC were combined and

concentrated in vacuo to give 0.37 g (50%) of a white solid.

1H NMR

FD-MS, m/e 371.2 (M*)

Analysis for C2pH25N304:
Calc: C, 64.67; H, 6.78; N, 11.31;
Found: C, 64.9%0; H, 7.07; N, 11.06.

C) 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-Bu0O3CCH3)-N-Boc-D-Cha-ProOH),
23-D and 58-E, 48 mg of HO2CCH2-D-Cha-Pro-4-NHCHsCHp-2-

~ aminopyridine-HCl was prepared from 4-BocNHCH;CH;-2-CbzNH-
pyridine. The product was purified by RPHPLC method 2 (98/2
(A/B) through 70/30 (A/B), 150 min).

1H NMR
FAB-MS, m/e 446.4 (MHY)
Analysis for C23H35N504¢1.5HCleH20:

calc: C, 53.30; H, 7.49; N, 13.51;
Found: C, 53.64; H, 7.27; N, 13.80.
Example 77
OTOH
HN F
H
N . N
i
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HO2CCH2~-D-Cha~-Pro-4-NHCH;-2-F-aniline-HCl
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By methods substantially equivalent to those described
in example 64, 0.55 g of HO2CCH;-D-Cha-Pro-4-NHCH;-2-F-
aniline+-HCl was prepared from 3-F-4-NOjz-toluene. The product
was purified by RPHPLC method 2 (98/2 (A/B) through 60/40
(A/B), 180 min). .

IR

1H NMR

FAB-MS, m/e 449.3 (MH*)

Analysis for C23H33N404F«0.9HC1l+H20:

Calc: C, 55.32; H, 7.25; N, 11.22; Cl, 6.39;
Found: C. 55.49; H, 6.93; N, 11.15; Cl1l, 6.23.
Example 78
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HO2CCH2-D-Cha-Pro~-4-NHCH2CgH4CHoNH, - HC1
Preparation of HO2CCHz-D-Cha-Pro-4-NHCH;CgH4CHoNH>-HC1.

By methods substantially equivalent to those described
in example 10, using N-(t-BuO2CCH;)-N-Boc-D-Cha-ProOH in place
of Boc-D-Phe-ProOH, 0.53 g of HO2CCH;-D-Cha-Pro-4-
NHCH2CgH4CHoNH2 - HC1l was prepared. The product was purified by
RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 150 min).
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IR

1H NMR

FD-MS, m/e 445.4 (MH*)

Analysis for C24H3gNg04+*2.2HCle0.5H20:

Calc: C, 54.00; H, 7.40; N, 10.50; €1, 14.61;
Found: C, 54.18; H, 7.54; N, 10.31; Cl, 14.86.
Example 79
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HO2CCH2-D-Cha-Pro-4-NHCH2CgH; gCHoNH, - HC1
Preparation of HO2CCH2-D-Cha-Pro-4-NHCH,CgH; gCHoNH, - HC1.

By methods substantially equivalent to those described
in example 12, using N- (t-Bu0OsCCHj3)-N-Boc-D-Cha-ProOH in place
of Boc-D-Phe-ProOH, 0.04 g of HO2CCH;-D-Cha-Pro-4-
NHCH2CgH10CH2NH2 - HC1 was prepared. The product was purified
by RPHPLC method 2 (98/2(A/B) through 70/30 (A/B), 150 min.).

1H NMR

FD-MS, m/e 451 (MH*)

Analysis for C24H42N404+2.7HC1+0.5H20:
Calc: C, 51.65; H, B.25; N, 10.04;
Found: C, 51.47; H, 7.87; N, 9.97,
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EtSO2~D-Cha-Pro-4-NHCH2CgH4C (NH) NH, - HC1
(N- (ethylsulfonyl)-D-cyclohexylalanyl-N-
[[4- (aminoiminomethyl)phenyl Imethyl) -L-prolinamide
hydrochloride)

Preparation of EtSO;-D-Cha-Pro-4-NHCH2CgH4C (NH)NH;-HC1.

By methods substantially equivalent to those described
in example 18, using EtSO2-D-Cha-ProOH in place of Cbz-D-1-
Pig-ProOH, 3.6 g of EtSOz-D-Cha-Pro-4-NHCH5CgHC (NH)NH;-HC1
was prepared. The product was purified by RPHPLC method 2,
(90/10 (A/B) through 50/50 (A/B), 180 min).

IR

1H NMR

FAB-MS, m/e 492.3 (MH")
Analysis for C24H37N504SeHCl:

Calc: C, 54.58; H, 7.25; N, 13.26; Cl, 6.71;
Found: C, 54.31; H, 7.31; N, 13.37; €1, 6.71.
Example 81
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EtS02-D-Cha~-Pro-4-NHCH2CgH4CHoNH, - HC1
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Preparation of EtSO;-D-Cha-Pro-4-NHCH;CgH¢CHaNH2-HC1.

By methods substantially egquivalent to those described
in example 10, using EtS02-D-Cha-ProOH in place of Boc-D-Phe- _
ProOH, EtSO2-D-Cha-Pro-4-NHCH2CgH4CH2NH2-HCl was prepared.
The product was purified by RPHPLC method 2, (90/10 (A/B)
through 50/50 (A/B), 180 min).

IR

18 NMR

FAB-MS, m/e 479.4 (MH")

Analysis for C24H3gN404S+HCleH20:

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.
Example 82
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EtSO,-D-Cha-Pro-4-NHCH;~3-F-CgH3NH; - HC1
Preparation of EtSO;-D-Cha-Pro-4-NHCH;-3-F-CgH3NH; HC1.

By methods substantially equivalent to those described
in example 64, using EtSO;-D-Cha-ProOH in place of N-(t-
BuO3CCHy) ~-N-Boc-D-Cha-ProOH, 0.53 g of EtSO;-D-Cha-Pro-4-
NHCH2-3-F-CgH3NHz -HCl was prepared. The product was purified
by RPHPLC method 2, (90/10 (A/B) through 50/50 (A/B), 180
min) .

IR
1 NMR
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Analysis for C23H35N404SFe¢1.1HC1+0.5H20:

Calc: C, 51.95; H, 7.03; N, 10.54; €1, 7.33;
Found: ~ C, 52.09; H, 6.94; N, 10.39; C1, 7.24.
Example 83
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EtSOz-D-Cha-Pro~4-NHCHZ-Z-aminopyridine-HCl
Preparation of EtSO2-D-Cha-Pro-4-NHCH,-2-aminopyridine-HC1.

By methods substantially equivalent to those described
in example 73, using EtSO,-D-Cha-ProOH in prlace of N-(t-
BuO2CCH3 ) ~-N-Boc-D-Cha-ProOH, 0.22 g of EtSOz-D-Cha-Pro-4-
NHCHz-2~-aminopyridine-HCl was Prepared from 4-methyl-2-
aminopyridine. The product was purified by RPHPLC method 2
(90/10 (A/B) through 50/50 (A/B), 180 min.).

!

ig NMR

FAB-MS, m/e 466.4 (MH*)

Analysis for C22H35N504Se1.1HCl:
Calc: C, 52.25; H, 7.19; N, 13.85; C1, 7.71;
Found: C, 52.49; H, 6.96; N, 13.96; C1, 7.76.
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- SO2E
0 _~_NH, +HCl
N H |
oy N x N
)
o

EtS02-D-Cha-Pro-5-NHCH,;-2-aminopyridine-HC1
Preparation of EtSO2-D-Cha-Pro-5-NHCH;-2-aminopyridine-HC1.

By methods substantially equivalent to those described
in example 73, using EtSO;-D-Cha-ProOH in place of N-(t-
BuO2CCHz) ~N-Boc-D-Cha-ProOH, 0.24 g of EtSO2-D-Cha-Pro-5-
NHCHz-2-aminopyridine-HCl was prepared from 5-methyl-2- _
aminopyridine. The product was purified by RPHPLC method 2,
(80/10 (A/B) through 50/50 (A/B), 180 min).

1p NMR
FAB-MS, m/e 466.4 (MH*)
Analysis for C22H35N504S+1.15HC]:

Calc: C, 52.06; H, 7.18; N, 13.80; Cl, 8.03;
Found: C, 52.38; H, 6.97; N, 14.20; Cl, 8.46.
Example 85

o) OH
(@] * HCI
; H "NH,
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; HOOCCHzCHzCHQ-D-Cha-Pro-p-NHCH2C5H4C(NH)NHz-HCl
(N- (3-carboxypropyl) -D-cyclohexylalanyl-N-
[[4- (aminoiminomethyl)phenyl lmethyl)-L-prolinamide
hydrochloride)

A)  Preparation of Cbz-MeOOCCH=CHCH2-D-Cha-Pro-p-
1 NHCH2CgH4C (NH) NHCbz

To a solution of D-Cha-Pro-p-NHCH2CgH4C (NH)NHCbz - 2HC1
(2.5 g, 4.1 mmol) in DMF (50 mL) was added N,N-
diisopropylethylamine (2.2 mL, 12.2 mmol) and methyl
3-bromocrotonate (0.95 g, 4.5 mmol). After stirring for 48
h, Cbz-Cl (0.7 mL, 5 mmol) and additional N,N-
diisopropylethylamine (0.85 mL, 5 mmol) were added. After an
additional 16 h of stirring, the volatiles were removed in
vacuo. The residue was partitioned between ethyl acetate
(100 mL) and saturated agqueous ammonium chloride (100 mL).
The layers were separated and the organic phase was washed
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 was dried (MgS04) ,
filtered, and concentrated in vacuo. The crude residue was
purified by flash chromatography (ethyl acetate/hexanes
gradient) to yield 660 mg (22%) of a white foam.

| 1 NMR

FD-MS, m/e 766 (M%)

Analysis for C43H51N50g:
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

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
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added 1 N sodium hydroxide (0.65 mL). After stirring for 5 h
at room temperature, 1 N HCl (3 mL), 10% Pd/C (0.5 g), H20
(15 mL) and ethanol (25 mL) were added. The stirring
suspension was degassed under vacuum, then placed under an
atmosphere of hydrogen for 18 h. Diatomaceous earth was
added and the slurry was filtered. The filtrate was

. concentrated in vacuo and purified by RPHPLC (method 2, 98/2

(A/B), ramp to 75/25 (A/B) over 150 minutes). Fractions
containing pure product were pooled and lyophilized to give
46 mg (13%). '

1y NMR

~ FAB-MS, m/e 486.3 (MH')

Analysis for C2gH39N504-2.1HC1:

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

O OH

HOOCCH2-D-Chg-Pro-p-NHCH2CgH4C (NH) NH2 - HC1
(N- (carboxymethyl) -D-cyclohexylglycyl-N-
[[4- (aminoiminomethyl)phenyl)methyl]-L~prolinamide
hydrochloride) ‘

A) Preparation of D-cyclohexylglycine

_@
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By a method substantially equivalent to that described
in Example 53-B, 16.1 g (16%) of D-cyclohexylglycine was

prepared starting from D-phenylglycine.

1 NMR

FD-MS, m/e 117 (M¥)

Analysis for CgH1s5NO2:
Calc: C, 61.12; H, 9.62; N, 8.91;
Found: C, 61.23; H, 9.56; N, 8.73.

B) Preparation of Boc-D-cyclohexylglycine

By a method substantially equivalent to that described
in Example 17-A (using di-tert-butyl dicarbonate), 22 g (90%)
of Boc-D-cyclohexylglycine was prepared.

iy NMR

FD-MS, m/e 258 (M*)

Analysis for C313H23NO4:
Calc: C, 60.68; H, 9.01; N, 5.44;
Found: C, 60.91; H, 5.18; N, 5.38.

C) Preparation of Boc-Pro-p~-NHCH2CeH4C (NH)NHCbz

By a method substantially equivalent to that described
in Example 1-G, 20.5 g (76%) of Boc-Pro-p~-NHCH2CgH4C (NH)NHCbz
was prepared from Boc-Pro-OH and NH2CH2CgH4C (NH)NHCbz-2HC1.

1y NMR

FD-MS, m/e 481 (M%)

Analysis for C2eH32N40s:
Calc: C, 64.98; H, 6.71; N, 11.66;
Found: C, 64.76; H, 6.78; N, 11.62.

D) Prepgration of Pro-p-NHCH2CgH4C (NH)NHCbz - 2HC1
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By a method substantially equivalent to that described
in Example 23-2, 18.4 g (100%) of Pro-p-
NHCH2CgH4C (NH) NHCbz - 2HC1 was prepared.

1n NMR

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

Analysis for C21H2gN403Clao:
Calc: C, 55.63; H, 5.78; N, 12.36;
Found: C, 54.19; H, 6.27; N, 12.15.

E) Preparation of Boc-D-Chg-Pro-p-NHCH2CgH4C (NH) NHCbz

By a method substantially equivalent to that described
in Example 1-G, 3.6 g (97%) of Boc-D-Chg-~Pro-p-
NHCH2CgH4C (NH) NHCbz were prepared.

1y NMR

FD-MS, m/e 619 (M%)

Analysis for C34H45N506:
Calc: C, 65.89; H, 7.32; N, 11.30;
Found: C, 67.59; H, 8.07; N, 10.99.

F)  Preparation of Cbz-t-BuOOCCH2-D-Chg-Pro-p-
NHCH2CgH4C (NH) NHCbz

By methods substantially equivalent to those described
in Examples 23-A and B5-A (using t-butyl bromoacetate and
benzyl chloroformate), 1.6 g (45%) of N-Cbz-N- (t-BuOOCCH3) -D-
Chg-Pro-p~NHCH2CgH4C (NH) NHCbz were prepared.

1y NMR

FD-MS, m/e 769 (M*)

Analysis for C43H53Ns50g:
Calc: C, 67.26; H, 6.96; N, 9.12;
Found: C, 67.50; KB, 6.97; N, 9.11.
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G) Preparation of HOOCCH2-D-Chg-Pro-p-NHCH2CgH4C (NH)NH2 - HC1

'By methods substantially equivalent to those described
in Examples 23-A (using dioxane as solvent) and 18-F, 411 mg
(61%) of HOOCCHz-D-Chg-Pro-p-NHCHzC5H4C(NH)NHz-HCl were
prepared.

g NMR
FAB-MS, m/e 444.3 (MHY)
Analysis for C23H33N504-2.5HC1:

Calc: C, 51.67; H, 6.69; N, 13.10;
Found: C, 51.84; H, 6.50; N, 13.15.
Example 87
O OH
HN

@/\/kfo \/‘:jrw' * HCI
N H NH,
et

o

HOOCCH2 -D-hPhe~Pro-p-NHCH2CgH4C (NH) NH2 - HC1
(N-(carboxymethyl)-D-homophenylalanyl-N-
[[4-(aminoiminomethyl)phenyl]methyl]-L—prolinamide
hydrochloride)

A) Preparation of HOOCCH2-D-hPhe-Pro-p-
NHCH2CgH4C (NH) NH2 -HC1

By methods substantially equivalent to those described
in Example 86, 335 mg of HOOCCH2-D-hPhe-Pro-p-
NHCH2CgH4C (NH)NH2 - HC1 were prepared starting from Boc-D-
hPhe-0OH.
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Analysis for C25 31N504 +2.1HC1-H30:
Calc: C, 53.61; H, 6.32; N, 12.50; C1, 13.29;
Found: C, 53.58; H, 6.08; N, 12.59; Cl1l, 13.67.
Example 88
OOH
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HOOCCH2~-D-hCha-Pro-p-NHCH2CgH4C (NH) NH2 -HC1
(N- (carboxymethyl) -D-homocyclohexylalanyl-N-
[[4- (aminoiminomethyl)phenyllmethyl]-L-prolinamide
hydrochloride)

A) Preparation of Boc-D-hCha-OH

By a method substantially equivalent to that described
in Example 53-D, 5.1 g (100%) of Boc-D-hCha-OH was prepared
from Boc-D-hPhe-OH.

1y NMR

FD-MS, m/e 240 (M*)

Analysis for C)15H27NO4:
Calc: C, 63.13; H, 9.54; N, 4.91;
Found: C, 63.38; H, 9.39; N, 5.12.

B) Preparation of HOOCCH2-D-hCha-Pro-p-
NHCH2CgH4C (NH)NH2 - HC1
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in Example 86, 135 mg of HOOCCH2-D-hCha-Pro-p-

NHCH2CgH4C (NH)NH2 -HC1 were prepared{

1y NMR |
FAB-MS, m/e 472.3 (MH*)
Analysis for C25H37N504 +2.2HC1+0.5H50:

Calc: C, 53.54; H, 7.22; N, 12.49; Cc1, 13.91;
Found: C, 53.29; H, 7.01; N, 12.46; C1, 14.30.
Example 89
Oj,OH
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HOOCCH2-Gly-N-C5H5CH2CH2G1y-p-NHCH2C5H4C(NH)NHz-HCl

A) Preparation of HOOCCHz-Gly-N-CsHSCH2CH2G1y-p-'
NHCH2CgH4C (NH) NH2 - HC1

By methods substantially equivalent to those described
in Examples 1-G, 1-D, 1-G, 23-a, 85-A, and 18-F, 365 mg of
N-HOOCCH2-Gly-N-CsHsCHzCHz-Gly-p-NHCH2C5H4C(NH)NHz-HCl were
DPrepared.

18 NMR

FAB-MS, m/e 426.2 (MHY)

Analysis for C22H27N504-2.2HC1-1,5H50:
Calc: C, 459.60; H, 6.09; N, 13.15; c1, 14.64;
Found: C, 49.79; H, 5.71; N, 13.31; c1, 14.49.
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Example 90

(o) OH
0
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Ho oy NH,
s N
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(o)
(C2H5) 2CHCO-Glu-Pro~-p-NHCH2CgH4C (NH) NH2 - HC1

A) Preparation of Boc- (y-0Bn) -Glu-Pro-p-
NHCH2CgH4C (NH) NHCbz

By a method substantially equivalent to that described
in Example 1-G, 2.7 g (64%) of Boc- (Y-0Bn) -Glu-Pro-p-
NHCH2CgH4C (NH) NHCbz were prepared starting from Boc- (Y-
OBn)-Glu-OH and Pro-p-NHCH2CgH4C (NH)NHCbz - 2HC1.

1y NMR

FD-MS, m/e 700 (M%)

Analysis for C3gH45N50g:
Calc: C, 65.22; H, 6.48; N, 10.01;
Found: C, 65.00; H, 6.56; N, 10.06.

B) Preparation of (y-OBn)-Glu-Pro-p-
NHCH2CgH4C (NH) NHCbz - 2HC1

By a method substantially equivalent to that described
in Example 23-A, 2.38 g (98%) of (Y-OBn) -Glu-Pro-p-

NHCH2CgH4C (NH) NHCbz - 2HC1 were prepared.

1y NMR
FD-MS, m/e 600 (M%)
Analysis for C33H39N506Cl3:
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Calc: C, 58.93; H, 5.84; N, 10.41;

Found: C, 58.64; H, 6.00; N, 10.63.

C) Preparation of (C2H5) 2CHCO~ (Y-OBn) -Glu-Pro-p-
NHCH2CgH4C (NH) NHCbz

To a stirring mixture of (y-OBn)-Glu-Pro-p-
NHCH2CgH4C (NH)NHCbz-2HC1 (1.3 g, 2 mmol) in THF/H20 (50 mL
each) was added K2C03 (1.38 g, 10 mmol) and 2-ethylbutyryl
chloride (0.3 g, 2.2 mmol). After stirring 10 min,
volatiles were removed in vacuo. The resulting residue was
partitioned between water and ethyl acetate (100 mlL each).
Layers were separated and the organic phase was washed
twice with each saturated agqueous ammonium chloride and
brine, dried (MgSO4), filtered and concentrated in vacuo to
give 1.45 g (100%).

1y NMR

FD-MS, m/e 698 (M*)

Analysis for C39Hg7N507:
Calc: C, 67.13; H, 6.79; N, 10.04;
Found: C, 67.11; H, 6.70; N, 19.74.

D) Preparation of (C2H5) 2CHCO-Glu-Pro-p-
NHCH2CgH4C (NH)NH2 - HC1

By a method substantially equivalent to that described
in example 18-F, 425 mg (47%) of (C2Hs5) 2CHCO-Glu-Pro-p-
NHCH2CgH4C (NH)NH2 -HC1 were prepared. HPLC Method 2 (Ramp
98/2 A/B to 75/25 A/B over 150 min) was used to purify the
product.

1y NMR

FAB-MS, m/e 474.3 (MH*)

Analysis for C24H35N505-1.5HC1-1.1H50:
Calc: C, 51.10:; H, 6.91; N, 12.41; Cl, 9.43;
Found: C, 51.10; H, 6.81; N, 12.41; Cl, 9.62.
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Example 91
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(C2H5) 2CHCO-Met (02) -Pro-p-NHCH2CgH4C (NH)NH2 - HC1

A) Preparation of (C2H5)2CHCO-Met (02)~-Pro-p-
NHCH2CgH4C (NH)NH2 - HC1

By methods substantially equivalent to those described
in Example 90, 530 mg of (CgHs)2CHCO-Met (02)-Pro-p-
NHCH2CgH4C (NH)NH2 -HC1l were prepared.

18 NMR
FAB-MS, m/e 508.2 (MH*)
Analysis for C24H37Ns0s5S-1.1HC1:

Calc: C, 52.63; H, 7.01; N, 12.79; Cl1, 7.12;
Found: C, 52.42; H, 7.03; N, 12.80; Cl1l, 6.99.
- Example 92
C%~/’
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N\
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H NH,
N N
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MeSO2CH2C0O-D-Cha-Pro-p-NHCH2CgH4C (NH) NH2 - HC1
(N~ (methylsulfonylacetyl)-L-cyclohexylalanyl-N-
[[4- (aminoiminomethyl)phenyllmethyl) ~-L-prolinamide

hydrochloride)
Preparation of MeSO2CH2CO-D-Cha-Pro-p-NHCH2CgH4C (NH)NH2 - HC1

By methods substantially equivalent those described in
Examples 1-G and 18-F, 550 mg of MeSO2CH2C0O-D-Cha-Pro-p-
NHCH2CgH4C (NH)NH2 -HCl were prepared.

1y NMR

FAB-MS, m/e 520.5 (MH*)

Analysis for C25H37N505S:1.2HC1-H30:
Calc: C, 51.64; H, 6.97; N, 12.04; Cl1, 7.32;
Found: C, 51.58; H, 6.84; N, 12.18; Cl1, 7.61.

The compounds of the invention are believed to
selectively inhibit thrombin over other proteinases and
nonenzyme proteins involved in blood coagulation without
appreciable interference with the body's natural clot lysing
ébility (the compounds have a low inhibitory effect on
fibrinolysis). Further, such selectivity is believed to
permit use with thrombolytic agents without substantial
interference with thrombolysis and fibrinolysis. Further,
the compounds of the present invention are believed to be
orally active.

The invention in one of its aspects provides a
method of inhibiting thrombin in mammals comprising
administering to a mammal in need of treatment an effective
(thrombin inhibiting) dose of a compound of Formula I.

The thrombin inhibition contemplated by the present
method includes both medical therapeutic and/or prophylactic
treatment as appropriate.

In a further embodiment the invention relates to
treathent, in a human or animal, of conditions where
inhibition of thrombin is required. The compounds of the
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hypercoagulability in blood and tlssues Disease states in
which the compounds have a potential utility are in treatment
or prophylaxis of thrombosis and hypercoagulability in blood
and tissues. Disease states in which the compounds have a
potential utility, in treatment and/or prophylaxis, include
venous thrombosis and pulmonary embolism, arterial
thrombosis, such as in myocardial ischemia, myocardial
infarction, unstable angina, thrombosis-based stroke and
peripheral arterial thrombosis. Further, the compounds have
expected utility in prophylaxis of atherosclerotic diseases
such as coronary arterial disease, cerebral arterial disease
and peripheral arterial disease. Further, the compounds are
expected to be useful together with thrombolytics in
myocardial infarction. Further, the compounds have expected
utility in the treatment or prophylaxis for reocclusion after
thrombolysis, percutaneous transluminal angioplasty (PTCA)
and coronary bypass operations. Further, the compounds have
expected utility in prevention of rethrombosis after
microsurgery. Further, the compounds are expected to be
useful in anticoagulant treatment in connection with
artificial organs and cardiac valves. Further, the compounds
have expected utility in anticoagulant treatment in
hemodialysis and disseminated intravascular coagulation. A
further expected utility is in rinsing of catheters and
mechanical devices used in patients in vivo, and as an
anticoagulant for preservation of blood, plasma and other
blood products in vitro. Still further, the compounds have
expected utility in other diseases where blood coagulation
could be a fundamental contributing process or a source of
secondary pathology, such as cancer, including metastasis,
and inflammatory diseases, including arthritis and diabetes.
The anti-coagulant compound is administered orally, or
parenterally, e.g., by intravenous infusion (iv),
intramuscular injection (im) or subcutaneous injectioﬂ (sc).
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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
ut;lztles is between about 0.01 mg/kg and about 1000 mg/kg.
The dose regime may vary, e. g., for prophylactic use a single
daily dose may be administered or multiple doses such as 3 or
5 times daily may be appropriate. In critical care
situations a compound of the invention is administered by iv
infusion at a rate between about 0.01 mg/kg/h and about 20
mg/kg/h and preferably between about 0.1 mg/kg/h and about 5
mg/kg/h.

The method of this invention also is practiced in
conjunction with a clot lysing agent, e.g., tissue
pPlasminogen activator (t-PA), modified t-Pa, streptokinase or
urokinase. 1In cases when clot formation has occurred and an
artery or vein is blocked, either partially or totally, a
clot lysing agent is usually employed. A compound 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 glycoprote;n receptor (IIb/IIIla)
antagonist, that inhibits platelet aggregation. A compound
of the invention can be administered prior to or along with
the IIb/IIIa antagonist or subsequent to its use to prevent
the reoccurrence of clot formation.

The method of this invention is also practiced in
conjunction with aspirin. a compound of the invention can be
administered prior to or along with aspirin or subsequent to
its use to prevent the reoccurrence of clot formation. As
stated above, preferably a compound of the pPresent invention
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is administered in conjunction with a clot lysing agent and

aspirin.

This invention also provides pharmaceutical
formulations for use in the above described therapeutic
method. Pharmaceutical formulations of the invention
comprise an effective thrombin inhibiting amount of a
compound of Formula I in association with a pharmaceutically
acceptable carrier, excipient or diluent. For oral
administration the antithrombotic compound is formulated in
gelatin capsules or tablets which may contain excipients such
as binders, lubricants, disintegration agents and the like.
For parenteral administration the antithrombotic is
formulated in a pharmaceutically acceptable diluent, e.g.,
physiological saline (0.9%), 5% dextrose, Ringer’s solution,
and the like.

The compound of the present invention can be
formulated in unit dosage formulations comprising a dose
between about 0.1 mg and about 1000 mg. Preferably the
compound is in the form of a pharmaceutically acceptable salt
such as for example the sulfate salt, acetate salt or a
phosphate salt. An example of a unit dosage formulation
comprises 5 mg of a compound of the present invention as a
pharmaceutically acceptable salt in a 10 mL sterile glass
ampoule. Another example of a unit dosage formulation
comprises about 10 mg of a compound of the present invention
as a pharmaceutically acceptable salt in 20 mL of isotonic
saline contained in a sterile ampoule.

The compounds can be administered by a variety of
routes including oral, rectal, transdermal, subcutaneous,
intravenous, intramuscular, and intranasal. The compounds of
the present invention are preferably formulated prior to
administration. Therefore, another embodiment of the present
invention is a pharmaceutical formulation comprising an
effective amount of a compound of Formula I or a
pharmaceutically acceptable salt or solvate thereof in
association with a pharmaceutically acceptable carrier,
diluent or excipient therefor.
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By “pharmaceutically acceptable" it is meant the carrier,
diluent or excipient must be compatible with the other
ingredients of the formulation and not deleterious to the
recipient thereof.

The present pharmaceutical formulations are
prepared by known procedures using well known and readily
available ingredients. 1In 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.
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Hard gelatin capsules are prepared using the
following ingredients:

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:

Quantity
{mg/capsule)
Active ingredient 250
Cellulose, microcrystalline 400
Silicon dioxide, fumed 10
Stearic acid —
Total 665 mg

The components are blended and compressed to form
tablets each weighing 665 mg.

Formulation 3

An aerosol solution is prepared containing the
following components:

Weight
Active ingredient 0.25
Ethanol 25.75
Propellant 22 (Chloredifluoromethane) ~10.00

Total 100.00
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then fitted to the container.
Formulation 4

Tablets, each containing 60 mg of active
ingredient, are made as follows:

Active ingredient 60 mg
Starch 45 mg
Microcrystalline cellulose 35 mg
Polyvinylpyrrolidone (as 10% solution in water) 4 mg
Sodium carboxymethyl starch 4.5 mg
Magnesium stearate 0.5 mg
Talc -1 _mg
Total 150 mg

The active ingredient, starch and cellulose are
passed through a No. 45 mesh U.S. sieve and mixed thoroughly.
The agqueous solution containing polyvinylpyrrolidone is mixed
with'the resultant powder, and the mixture then is passed
through a No. 14 mesh U.S. sieve. The granules so produced
are dried at 50 °C and passed through a No. 18 mesh U.S.
Sieve. The sodium carboxymethyl starch, magnesium stearate
and talc, previously passed through a No. 60 mesh U.S. sieve,
are then added to the granules which, after mixing, are
compressed on a tablet machine to yield tablets each weighing
150 mg.
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Formulation 5

Capsules, each containing 80 mg of active
ingredient, are made as follows:

Active ingredient 80 mg
Starch 59 mg
Microcrystalline cellulose 59 mg
Magnesium stearate — g
Total 200 mg

The active ingredient, cellulose, starch, and
magnesium stearate are blended, passed through a No. 45 mesh
U.S. sieve, and filled into hard gelatin capsules in 200 mg
quantities.

Formulation 6

Suppositories, each containing 225 mg of active
ingredient, are made as follows:

Active ingredient 225 mg
Saturated fatty acid glycerides 2.000 mg
Total 2,225 mg

The active ingredient is passed through a No. 60
mesh U.S. sieve and suspended in the saturated fatty acid
glycerides previbusly melted using the minimum heat
necessary. The mixture is then poured into a suppository mold
of nominal 2 g capacity and allowed to cool.
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Formulation 7

Suspensions, each containing 50 mg of active
ingredient per 5 mL dose, are made as follows:

Active ingredient 50 mg
Sodium carboxymethyl cellulose 50 mg
Syrup 1.25 mL
Benzoic acid solution 0.10 mL
Flavor | qg.v.
Color qg.v.
Purified water to total 5 mL

The active ingredient is passed through a No. 45
mesh U.S. sieve and mixed with the sodium carboxymethyl
cellulose and syrup to form a smooth paste. The benzoic acid
solution, flavor and color are diluted with a portion of the
water and added, with stirring. Sufficient water is then
added to produce the required volume.

Formulati ]
An intravenous formulation may be prepared as

follows:

Active ingredient 100 mg

Isotonic saline 1,000 mL

The solution of the above ingredients generally is
administered intravenously to a subject at a rate of 1 mL per
minute.

The compounds provided by the invention (Formula I)
are orally active and selectively inhibit the action of
thrombin in mammals.

The ability of the compounds of the present
invention to be an effective and orally active thrombin
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inhibitor is evaluated in one or more of the following
assays.

The inhibition of thrombin is demonstrated by in
vitro inhibition of the amidase activity of thrombin as
measured in an assay in which thrombin hydrolyzes the
chromogenic substrate, N-benzoyl-L-phenylalanyl-L-valyl-L-
arginyl-p-nitroanilide.

The assay is carried out by mixing 50 ML buffer
(0.03M Tris, 0.15M NaCl, pH 7.4) with 25 uL of bovine
thrombin or human thrombin solution (0.21 mg/mL of
thrombostat bovine thrombin, Parke-Davis, or purified human
thrombin, Enzyme Research Laboratories, South Bend, Indiana,
at about 8 NIH units/mL, in the same buffer) and 25 ML of
test compound in a solvent (in 50% agueous methanol, v:v).
The 150 UL of an aqueous solution of the chromogenic
substrate (at 0.25 mg/mL) are added and the rates of
hydrolysis of the substrate are measured by monitoring the
reactions at 405 nm for the release of p-nitroaniline.
Standard curves are constructed by plotting free thrombin
concentration against hydrolysis rate. The hydrolysis rates
observed with test compounds are then converted to “free

‘thrombin® values in the respective assays by use of the
standard curves. The bound thrombin (bound to test compound)
is calculated by subtracting the amount of free thrombin
observed in each assay from the known initial amount of
thrombin used in the assay. The amount of free inhibitor in
each assay is calculated by subtracting the number of moles
of bound thrombin from the number of moles of added inhibitor
(test compound).

The Kass value is the hypothetical equilibrium
constant for the reaction between thrombin and the test
compound (I).

Thrombin + I ™ Thrombin-I
—

Kass= [Thrombin-I)
[ (Thrombin) x (I)]
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Kass is calculated for a range of concentrations of
test compounds and the mean value is reported in units of
liter per mole.

By substantially following the procedures described
above for human thrombin, and using other human blood
coagulation system serine proteases and proteases of the
fibrinolytic system with the appropriate chromogenic
substrates, identified below, selectivity of the compounds of
the present invention with respect to the coagulation factor
serine proteases and with respect to the fibrinolytic system
serine proteases are evaluated as well as their substantial
lack of interference with serine proteases of the
fibrinolytic system. Thrombin inhibitors preferably should
spare fibrinolysis induced by urokinase, tissue plasminogen
activator (t-PA) and streptokinase. This would be important
to the therapeutic use of such agents as an adjunct to
streptokinase, t-PA or urokinase thrombolytic therapy and to
the use of such agents as an endogenous fibrinolysis-sparing
(with respect to t-PA and urokinase) antithrombotic agent.

In addition to the lack of interference with the amidase

" activity of the fibrinolytic proteases, such fibrinolytic

system sparing can be studied by the use of human plasma
clots and their lysis by the respective fibrinolytic
plasminogen activators.

Human factors X, Xa, IXa, XIa, and XIIa are
purchased from Enzyme Research Laboratories, South Bend,
Indiané; human urokinase from Leoc Pharmaceuticals, Denmark;
and recombinant activated Protein C (aPC) is prepared at Eli
Lilly and Co. substantially according to U.S. Patent
4,981,952. Chromogenic substrates: N-Benzoyl-Ile-Glu-Gly-
Arg-p-nitroanilide (for factor Xa); N-Cbz-D-Arg-Gly-Arg-p-
nitroanilide (for factor IXa assay as the factor Xa

- substrate); Pyroglutamyl-Pro-Arg-p-nitroanilide (for Factor

XIa and for aPC); H-D-Pro-Phe-Arg-p-nitroanilide (for factor
XIIa); and Pyroglutamyl-Gly-Arg-p-nitroanilide (for
urokinase); are purchased from KabiVitrum, Stockholm, Sweden,
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or from Midwest Biotech, Fishers, Indiana. Bovine trypsin is
purchased from Worthington Biochemicals, Freehold, New
Jersey, and human plasma kallikrein from Kabi Vitrum,
Stockholm, Sweden. Chromogenic substrate H-D-Pro-Phe-Arg-p-
nitroanilide for plasma kallikrein is purchased from Kabi
Vitrum, Stockholm, Sweden. N-Benzoyl-Phe-Val-Arg-p-
nitroanilide, the substrate for human thrombin and for
trypsin, is synthesized according to procedures described
above for the compounds of the present invention, using known
methods of peptide coupling from commercially available |
reactants or purchased from Midwest Biotech, Fishers,
Indiana.

Human plasmin is purchased from Boehringer
Mannheim, Indianapolis, Indiana; nt-PA is purchased as single
chain activity reference from American Diagnostica,
Greenwich, Connecticut; modified-t-PA6 (mt-PA6) is prepared
at Eli Lilly and Company by procedure known in the art (See,
Burck, et al., J. Biol. Chem., 265, 5120-5177 (1990).

Plasmin chromogenic substrate H-D-Val-Leu-~-Lys-p-nitroanilide
and tissue plasminogen activator (t-PA) substrate H-D-Ile-
Pro-Arg-p-nitroanilide are purchased from Kabi Vitrum,
Stockholm, Sweden.

In the chromogenic substrates described above the
three-letter symbols Ile, Glu, Gly, Pro, Arg, Phe, Val, Leu
and Lys are used to indicate the corresponding amino acid
group isoleucine, glutamic acid, glycine, proline, arginine,
phenylalanine, valine, leucine and lyéine, respectively.

Table 1 which follows lists the Kass values
obtained with the indicated compound represented by the
Formula I.
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Iable 1

Inhibition Properties

Human
Example Ihrombin Xa Ixrvpsin Plasmin t-pa
1 3.3 0.0017 0.38 0.010 0.082
2 4.4 0.0092 1.0 0.045 0.023
3 2.1 0.0021 0.24 0.0046 0.033
4 13. 0.0057 0.076 0.0033 0.074
5 0.035 0.00039  0.00015 0.00022 <0.001
6 2.3 0.00024  0.0016 0.00023 <0.001
7 1.9 0.0041 0.0081 0.00022 0.0037
8 5.3 0.00038  0.022 0.00080 0.0012
9 0.033 0.00058  0.00017 <0.001 <0.001
10 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
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
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
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
28 0.95 0.01 0.11 <0.001 <0.001
29 0.76. 0.02 0.02 <0.001 <0.001
30 0.55 0.02 0.03 <0.001 <0.001
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31 0.07 0.:14 0.05 <0.001  <0.001
32 0.13 0.03 0.04 <0.001 0.01
33 0.04 0.04 0.02 <0.001  <0.001
34 0.65 <0.001 0.49 0.01 0.01
35 0.09 <0.001 0.04 <0.001  <0.001
36 0.06 <0.001 0.01 <0.001  <0.001
37 0.02 <0.009

38 1.1 <0.001 0.07 <0.001

39 0.12 <0.001  <0.02 <0.001

40 0.03 <0.001 0.01 <0.001

a1 0.01 <0.001  <0.001  <0.001

a2 3g, 0.07 a3. 0.12 0.01
a3 1.4 0.05  100. 0.30 0.01
4 630 0.66 2,600. 1.8 0.04
a5 610 1.5 110. 1.1 0.77
46 240 0.07 4s. 0.13 0.01
47 45 0.04 82. 0.18 0.01
48 4,100 5.5 250. 0.43 0.05
a9 400 3.4 940. 0.84 0.04
50 40 4.3 2,200. 1.8 0.04
51 1,300 0.84 27. 0.13 0.01
52 700 0.46 a7. 0.11 0.01
53 0.36 <0.001 0.1 <0.001  <0.001
54 2.8 <0.001 0.52 0.01 <0.001
55 0.01 <0.001 0.01 <0.001  <0.001
56 490 0.20 3.6 0.01 <0.001
57 39 0.01 0.24 0.01 <0.001
58 0.60 <0.001 0.40 <0.001  <0.001
59 1.10 <0.001 0.21 <0.001  <0.001
60 0.24 <0.001 0.03 <0.001  <0.001
61 63 0.03 1.0 0.004 0.008
62 7.6

€3 0.31

64 15 0.01
. 65 4,500 570.

66 120 4.6

67 11
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68 600 .
69 340 3.7
70 430 9.8
71 1,400 240.
72 2,300 280

73 28

74 29

75 0.45

76 12 0.36
77 11

78 11 8.6
79 2.0 0.24
80 1,700. 90.
81 5.3 2.1
82 5.0

83 2.4 0.03
84 2.9 0.07
85 265 30.8
86 200 0.63

87 30 2.5

88 410 3.9

89 0.14 0.071

90 0.61 0.002

91 3.6 0.007

92 130 7.7

It is noted that, unexpectedly, compounds in which
X contains a D-cyclohexylalanyl moiety have improved potency
with respect to inhibition of thrombin and display especially
surprisingly enhanced potency with respect to the inhibition
of factor Xa when compared with, for example, the
corresponding compounds in which X contains a D-phenylalanyl
moiety.
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- Dog plasma is obtained from conscious mixed-breed hounds

(either sex Hazelton-LRE, Kalamazoo, Michigan, U.S.A.) by
venipuncture into 3.8 percent citrate. Fibrinogen is
prepared from fresh dog plasma and human fibrinogen is
prepared from in-date ACD human blood at the fraction I-2
according to previous procedures and specifications. Smith,
Biochem. J., 185, 1-11 (1980); and Smith, et al.,
Biochemistxry, 11, 2958-2967, (1972). Human fibrinogen (98
percent pure/plasmin free) is from American Diagnostica,
Greenwich, Connecticut. Radiolabeling of fibrinogen I-2
preparations is performed as previously reported. Smith, et
1., Biochemistry, 11, 2958-2967, (1972). Urokinase is
purchased form Leo Pharmaceuticals, Denmark, as 2200 Ploug
units/vial. Streptokinase is purchased from Hoechst-Roussel
Pharmaceuticals, Somerville, New Jersey.

Methods - Effects on Lvsis of Human Plasma Clots by t-PA
Human plasma clots are formed in micro test tubes by adding
50 ML thrombin (73 NIE unit/mL) to 100 ML human plasma which
contains 0.0229 uCi 125-iodine labeled fibrinogen. Clot
lysis is studied by overlaying the clots with 50 ML of
urokinase or streptokinase (50, 100, or 1000 unit/mL) and
incubating for 20 hours at room temperature. After
incubation the tubes are centrifuged in a Beckman Microfuge.
25 pL of supernate is added into 1.0 mL volume of 0.03 M
tris/0.15 M NaCl buffer for gamma counting. Counting
controls 100 percent lysis are obtained by omitting thrombin
(and substituting buffer). The thrombin inhibitors are
evaluated for possible interference with fibrinolysis by
including the compounds in the overlay solutions.at 1, 5, and
10 ug/mL concentrations. Rough approximations of IC5p values
are estimated by linear extrapolations from data points to a
value which would represent 50 percent of lysis for that
particular concentration of fibrinolytic agent.
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Matexials

Dog plasma and rat plasma is obtained from conscious mixed-
breed hounds (either sex, Hazelton-LRE, Kalamazoo, Michigan, .
U.S.A.) or from anesthetized male Sprague-Dawley rats (Harlan
Sprague-Dawley, Inc., Indianapolis, Indiana, U.S.A.) by
- venipuncture into 3.8 percent citrate. Fibrinogen is
prepared from in-date ACD human blood as the fraction I-2
according to previous procedures and specifications. Smith,
Biochem. J., 185, 1-11 (1980); and Smith, et al.,
Biochemistryv, 11, 2958-2967 (1972). Human fibrinogen is also
purchased as 98 percent pure/plasmin free from American
Diagnostica, Greenwich, Connecticut. Coagulation reagents
ACTIN, Thromboplastin, and Human plasma are from Baxter -
Healthcare Corp., Dade Division, Miami, Florida. Bovine
thrombin from Parke-Davis (Ann Detroit, Michigan) is used for

coagulation assays in plasma.

Methods

Anticoagulation Determinations

Coagulation assay procedures are as previously described.
Smith, et al., Thrombosis Research, 50, 163-174 (1988). A
CoAScreener coagulation instrument (American LABor, Inc.) is
used for all coagulation assay measurements. The prothrombin
time (PT) is measured by adding 0.05 mL saline and 0.05 mL
Thromboplastin-C reagent to 0.05 mlL test plasma. The
activated partial thromboplastin time (APTT) is measured by
incubation of 0.05 mL test plasma with 0.05 mL Actin reagent
for 120 seconds followed by 0.05 mL CaClz (0.02 M). The
thrombin time (TT) is measured by adding 0.05 mL saline and
0.05 mL thrombin (10 NIH units/mL) to 0.05 mL test plasma.
The compounds of Formula I are added to human or animal
plasma over a wide range of concentrations to determine.
prolongation effects on the APTT, PT, and TT assays. Linear
extrapolations are performed to estimate the concentrations
required to dou?le the clotting time for each assay.
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Animals

Male Sprague Dawley rats (350-425 gm, Harlan Sprague Dawley
Inc., Indianapolis, IN) are anesthetized with xylazine (20
mg/kg, s.c.) and ketamine (120 mg/kg, s.c.) and maintained on
a heated water blanket (37 °C). The jugular vein(s) is
cannulated to allow for infusions.

Arterio-Venous shunt model
The left jugular vein and right carotid artery are cannulated
with 20 cm lengths of polyethylene PE 60 tubing. A 6 cm
center section of larger tubing (PE 190) with a cotton thread
(5 em) in the lumen, is friction fitted between the longer
sections to complete the arterio-venous shunt circuit. Blood
circulated through the shunt for 15 minutes before the thread
is carefully removed and weighed. The weight of a wet thread
is subtracted from the total weight of the thread and
thrombus (see J.R. Smith, Br. J. Pharmacol., 77,29 (1982)).
When the compound of Example 48 was compared with
D-MePhe-Pro-Arg-H (discussed above at page 2) in the Arterio-
Venous shunt model, the antithrombotic potency was found to
be 9-fold greater during continuous intravenous infusion. To
reduce thrombus weight to the same extent (to approximately
20% of control), the compound of Example 48 prolonged plasma
thrombin time about 3-fo6ld, whereas plasma thrombin time was
prolonged greater than 20-fold during infusion of the
standard compound. Prothrombin time and APTT were extended
only to about 120% of control (a few seconds) during infusion
of the compound of Example 48.

FeCl3 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 recorder. A cuff of tubing (0.058 ID x 0.077 OD
X 4 mm, Baxter Med. Grade Silicone), cut longitudinally, is
placed around each carotid directly above the thermocouple.
FeCl3 hexahydrate is dissolved in water and the concentration
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) 1s expressed in terms of the actual weight of FeCl;

only.

To injure the artery and induce thrombosis, 2.85 pl is

pipetted into the cuff to bathe the artery above the

thermocouple probe.
rapid drop in temperature.

Arterial occlusion is indicated by a
The time to occlusion is reported

in minutes and represented the elapsed time between
application of FeCl; and the rapid drop in vessel temperature
(see K.D. Kurz, Thromb. Res., 60, 269 (1990)).

Spontaneous thrombolvsis model .
dn vitro data suggested that the peptide thrombin inhibitors
inhibit thrombin and other serine proteases, such as plasmin

and tissue plasminogen activator.

To assess if the compounds

inhibited fibrinolysis in vivo, the rate of spontaneous
thrombolysis is determined by implanting a labeled whole

blood clot into the pulmeonary circulation.

Rat blood (1 mlL)

is mixed rapidly with 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

thrombus is expelled from the tubing, cut into 1 cm segments,

washed 3X in normal saline and each segment is
A segment with known counts is
a catheter that is subsequently implanted into

gamma counter.

vein.

counted in a
aspirated into
the jugular

The catheter tip is advanced to the vicinity of the

right atrium and the clot is expelled to float into the

pulmonary circulation.
lungs are harvested and counted separately.

One hour after implant, the heart and
Thrombolysis is

expressed as a percentage where:

$Thrombolysis =

{injected cpm - Jung cpm) x 100

injected cpm

The fibrinolytic dissolution of the implanted clot occurs

- time-dependently (see J.P. Clozel, Cardiovas. Pharmacol., 12,

520 (1988)).
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Coagulation parameters ‘

Plasma thrombin time (TT) and activated partial
thromboplastin time (APTT) are measured with a fibrometer.
Blood is sampled from a jugular catheter and collected in
syringe containing sodium citrate (3.8%, 1 part to 9 parts
blood). To measure TT, rat plasma (0.1 mL) is mixed with
saline (0.1 mL) and bovine thrombin (0.1 mL, 30 U/mL in TRIS
buffer; Parke Davis) at 37 °C. For APTT, plasma (0.1 mL) and
APTT solution (0.1 mL, Organon Teknika) are incubated for 5
minutes (37 °C) and CaClz (0.01 mL, 0.025 M) is added to
start coagulation. Assays are done in duplicate and
averaged.

A measure of biocactivity, plasma thrombin time (TT), served
as a substitute for the assay of parent compound on the
assumption that increments in TT resulted from thrombin
inhibition by parent only. The time course of the effect of
the thrombin inhibitor upon TT is determined after i.v. bolus
administration to anesthetized rats and after oral treatment
of fasted conscious rats. Due to limitations of blood volume
and the number of points required to determine the time
course from time of treatment to the time when the response
returned to pretreatment values, two populations of rats are
used. Each sample population represented alternating
sequential time points. The average TT over the time course
is used to calculate area under the curve (AUC). The index
of biocavailability is calculated by the formula shown below
and is expressed as percent relative activity.

The area under the curve (AUC) of the plasma TT
time course is determined and adjusted for the dose. This
index of biocavailability is termed "% Relative Activity" and
is calculated as

$Relative Activity = AUC_po Dose iv X 100
: AUC iv Dose po '
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Compounds

Compound solutions are prepared fresh daily in normal saline
and are injected as a bolus or are infused starting 15
minutes before and continuing throughout the experimental
perturbation which is 15 minutes in the arteriovenous shunt
model and 60 minutes in the FeCl3 model of arterial injury
and in the spontaneous thombosis model. Bolus injection
volume is 1 mL/kg for i.v., and 5 mL/kg for p.o. and infusion
volume is 3 mL/hr.

Statisti
Results are expressed as means +/- SEM. One-way analysis of
variance is used to detect statistically significant
differences and then Dunnett's test is applied to determine
which means are different. Significance level for rejection
of the null hypothesis of equal means is P<0.0S.

Animals

Male dogs (Beagles; 18 months - 2 years; 12-13 kg, Marshall
Farms, North Rose, New York 14516) 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
0600-1800 hours.

P} kineti jel
Test compound is formulated immediately prior to dosing by
dissolving in sterile 0.9% saline to a 5 mg/mL preparation.
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 € hours after dosing.
Samples are collected in citrated Vacutainer tubes and kept

~on ice prior to reduction to plasma by centrifugation.
Plasma samples are derzvatlzed with dlnltrophenylhydrazlne
and analyzed by HPLC (Zorbax SB-C8 column) eluting with
methanol/500 mM sodium acetate adjusted to pH 7 with
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phosphoric acid (60:40, v/v). Plasma concentration of test
compound is recorded and used to calculate the
pharmacokinetic parameters: elimination rate constant, Ke;
total cléarance, Clt; volume of distribution, Vp; time of
maximum plasma test compound concentration, Tmax; maximum
concentration of test compound at Tmax, Cmax; plasma half-
life, t0.5; area under the curve, A.U.C.; and fraction of test
compound absorbed, F. |

cani Model of C 2 7} bos;
Surgical preparation and instrumentation of the dogs are as
described in Jackson, et al., Circulation, 82, 930-940
(1990). Mixed-breed hounds (aged 6-7 months, either sex,
Hazelton-LRE, Kalamazoo, MI, U.S.A.) are anesthetized with
sodium pentobarbital (30 mg/kg intravenously, i.v.),
intubated, and ventilated with room air. Tidal volume and
respiratory rates are adjusted to maintain blood POz, PCO3,
and pH within normal limits. Subdermal needle electrodes are
inserted for the recording of a lead II ECG.

The left jugular vein and common carotid artery are isolated
through a left mediolateral neck incision. Arterial blood
pressure (ABP) is measured continuously with a precalibrated
Millar transducer (model MPC-500, Millar Instruments,
Houston, TX, U.S.A.) inserted into the carotid artery. The
jugular vein is cannulated for blood sampling during the
experiment. In addition, the femoral veins of both hindlegs
are cannulated for administration of test compound.

A left thoracotomy is performed at the fifth intercostal
space, and the heart is suspended in a pericardial cradle. A
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
electrode (Teflon®-coated, 30-gauge silverplated copper wire)
3-4 mm long is inserted into the LCX and placed in contact
with the intimal surface of the artery (confirmed at the end
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of the experiment). The stimulating circuit is completed by

placing the cathode in a subcutaneous (s.c.) site. An
adjustable plastic occluder is placed around the LCX, over
the region of the electrode. A precalibrated electromagnetic
flow probe (Carolina Medical Electronics, King, NC, U.S.A.)
is placed around the LCX proximal to the anode for
measurement of corqnary'blood flow (CBF). The occluder is
adjusted to produce a 40-50% inhibition of the hyperemic
blood flow response observed after 10-s mechanical occlusion

of the LCX. All hemodynamic and ECG measurements are
recorded and analyzed with a data acquisition system (model
M3000, Modular Instruments, Malvern, PA. U.S.A.).

Electrolytic injury of the intima of the LCX is produced by
applying 100-pA direct current (DC) to the anode. The
current is maintained for 60 minutes and then discontinued
whether the vessel has occluded or not. Thrombus formation
proceeds spontaneously until the LCX is totally occiuded
(determined as zero CBF and an increase in the S-T segment) .
Compound administration is started after the occluding '
thrombus is allowed to age for 1 hour. A 2-hour infusion of
the compounds of the present invention at doses of 0.5 and 1
mg/kg/h is begun simultaneously with an infusion of
thrombolytic agent (e.g. tissue plasminogen activator,
streptokinase, APSAC). Reperfusion is followed for 3 hours
after administration of test compound. Reocclusion of
coronary arteries after successful thrombolysis is defined as

zero CBF which persisted for 2 30 minutes.

Whole blood cell counts, hemoglobin, and hematocrit values
are determined on a 40-pl sample of citrated (3.8%) blood (1

. part citrate:9 parts blood) with a hematology analyzer (Cell-

Dyn 900, Sequoia-Turner. Mount View, CA, U.S.A.). Gingival
template bleeding times are determined with a Simplate II
bleeding time device (Organon Teknika Durham, N.C., U.s.a.).
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The device is used to make 2 horizontal incisions in the
gingiva of either the upper or lower left jaw of the dog.
Each incision is 3 mm wide x 2 mm deep. The incisions are
made, and a stopwatch is used to determine how long bleeding
occurs. A cotton swab is used to soak up the blood as it
oozes from the incision. Template bleeding time is the time
from incision to stoppage of bleeding. Bleeding times are
taken just before administration of test compound (0
minutes), 60 minutes into infusion, at conclusion of
administration of the test compound (120 minutes), and at the
end of the experiment.

All data are analyzed by one-way analysis of variance
(ANOVA) followed by Student-Neuman-Kuels post hoc t test to
determine the level of significance. Repeated-measures ANOVA
are used to determine significant differences between time
points during the experiments. Values are determined to be
statistically different at least at the level of p<0.05. All
values are mean * SEM. All studies are conducted in
accordance with the guiding principles of the American
Physiological Society. Further details regarding the
procedures are described in Jackson, et al., J. Cardiovasc.

Pharmacol., 21, 587-599 (1993).
Iable 2

Human Plasma Anticoagulation

—2% Clotting time (no/mL) % oral/i.v.

1 250 NT NT B
2 170 NT NT NT
3 590 NT NT NT
4 230 NT NT NT
5 30,000 NT NT NT
6 390 NT NT NT
Vi 490 NT NT NT
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NT NT NT
11 8,800 NT NT NT
; 12 1,700 NT NT NT
13 660 NT NT NT
14 21,000 NT NT NT
15 9 89 200 4
16 650 8,600 8,500 NT
17 26 370 400 15
18 7 79 170 12
19 58 300 540 NT
20 62 550 600 23
21 160 2,000 1,000 NT
22 170 2,300 1,000 NT
23 7 86 120 12
24 1,000 25,900 25,000 NT
25 1,430 34,600 40,400 NT
26 37 870 750 ncl
27 1,940 27,800 27,000 NT
28 520 8,100 8,300 NT
29 750 9,800 15,800 NT
30 1,000 14,000 14,400 NT
31 10,800 34,500 30,000 NT
32 3,100 28,500 47,800 NT
33 18,900 59,300 70,900 NT
34 530 4,900 5,500 NT
35 4,500 50,400 78,400 NT
36 7,700  >91,000 >91,000
37 >9,000 >9,000 >9,000 NT
38 540 6,100 11,100 NT
39 5,300 69,200 78,600 NT
40 35,100 >91,000 91,000 NT
41 82,200 >91,000 >91,000 NT
42 20 270 320 NC2
43 ' 280 1,100 930 NT

44 4. 100 170 NT
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NT
84 110 1,500 1,900 NT
85 4.9 100 197 NT
86 4 81 180 NT
87 9 260 310 NT
88 4 100 200 NT
89 570 51,000 37,000 NT
90 330 14,500 14,600 NT
91 63 3,000 3,500 NT
92 8.9 210 340 NT

Notes to Table 2

Ncl indicates screening not completed; low or very low
activity obsrved at 20 mg/kg p.o.

NC2 indicates screening not completed; low or very low
activity observed at 60 mg/kg p.o.

NC3 indicates screening not completed; low or very low
activity observed at 50 mg/kg p.o.

NT indicates not tested, as does a blank entry.
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We claim:
1. A compound having the Formula I,
X-Y-NH~ (CH,) .-G I
or a pharmaceutically acceptable salt or solvate thereof,
wherein

X is prolinyl, homoprolinyl,

0
R CH .
‘ 8 CH;) (CH2) C
T‘ (Cﬂz)a‘lC;'—c- ,
Q f
0
; (Ciy) o C
| (Cﬂz)n (\/Lz/"
N-B - OF N-B

C-
i
0

T is C3~Cg cycloalkyl, Ci1-Cg alkyl,

a is 0 or 1;

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

A is hydrogen, C3-C4 alkyl, R"SOz-, R"OC(O)-,
R"C(0)-, or —(CHz)g—COOH;

g is 1, 2, or 3;

B is hydrogen or C3-Cy alkyl;

R' is hydrogen or Ci~Cy4 alkyl;

R" is C3-C4 alkyl, C;-C4 perfluoroalkyl,
- (CHz) 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
heteroatoms which are the same or different and which are
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nmembered unsubstituted or substituted fused bicyclic
aromatic heterocyclic group having one or two heteroatoms
which are the same or different and which are selected from
sulfur, oxygen and nitrogen;

d is 1, 2, or 3;

mis 0, 1, or 2;

n is 0, 1, or 2; and

Z is hydrocgen, C3-C4 alkyl, Cy-Cyq alkoxy,
hydroxy, halo, or R,SO;NH-, where R, is C31-C4 alkyl;

N 0 |
(] 0 .
- ) WHC— { ‘
oxr ottt Qo
¢ ’ B
& el
RE R
in which
RY is C3-Cg alkyl, C3-Cg cycloalkyl, or —(CH2)p-L~-
(CH2) ~T"':

RP is hydrogen, C;-Cg alkyl, C3-Cg cycloalkyl, or
- (CH2) p~L~-(CH2) o=T';

" where p is 0, 1, 2, 3, or 4; L is a bond, -O-,
-S-, or -NH~; q is 0, 1, 2 or 3, and T' is hydrogen, C1-C4
alkyl, C3-Cg cycloalkyl, -COOH, -CONHz, or Ar, where Ar is
unsubstituted or substituted aryl, where aryl is phenyl,
naphthyl, a 5- or 6-membered unsubstituted or substituted
aromatic heterocyclic ring, having one or two hetercatoms
which are the same or different and which are selected from
sulfur, oxygen and nitrogen, or a 9- or l0-membered
unsubstituted or substituted fused bicyclic aromatic
heterocyclic group having one or two heteroatoms which are
the same oxr different and which are selected from sulfur,
oxygen and nitrogen;
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RY is -CH3-, -0-, -~S-, or -NH-; and

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

r is 1 or 2; and

G is -(CH2)s~R, where s is 0-5, -CH=CH- (CH2) +-R,

—CD\ (CHa)p
A X
where t is 0-3, E (CHa)x°R, (CHZ) x

M 8
W—W s (CH2)p , (CHa)p
where D and E are each independently N or CH;
kK is 0 or 1;
bis 0 or 1;
M is S, O, ox NH;
each W is independently N or CH; and
NH NOH NH
| i | |
’ R is -NIb, -C-NH; , -C-Niz , or -NH-C-Nk ;
or a pharmaceutically acceptable salt thereof;
| or a pharmaceutically acceptable solvate of said compound
or salt thereof;
provided that A is not hydrogen, C3-C4 alkyl or
t-butyloxycarbonyl when G is -(CH2)s~R or -CH=CH-(CH2)¢-R
o
l—; I
and R is -C(NH)NHz or -NH-C(NH)NHp, Y is N c oxr
unsubstituted prolinyl (RP is hydrogen), and T is

oS

| and provided furthexr that R is not amino or
guanidino when r=1 and s=0;
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which R is ~-C-NH; or -NH-C'NHz'

e
Y is n—=—c * unsubstituted prolinyl
(RP is hydrogen) or 4-hydroxyprolinyl (RP is OH}, R is
hydrogen, T is cyclohexyl and Q is -NH-A;

and provided further that R"SO2 is not arylsulfonyl
NH .

wvhen G is -(CH2)s-R in which R is ~NH-C-NB; vy jq
unsubstituted prolinyl (RP is hydrogen) ox 4-methyl-
thioprolinyl (RP is -SCH3), and @ is -NH-A;
and provided further that A is not R“SO2- when
~<\N~R '
/
G (C1,)
or
’

-

>

, and O is -NH-A;

NH
1
and further provided that R is not “NH-C-NE; yhen
X is
R'O
Ol
(CHa) a.-(':"C-
l b

./

in which 2 is hydrogen, a is 1, R' is hydrogen and Q is -NHA
in which A is hydrogen, Y is unsubstituted prolinyl
(RP is hydrogen), r is 1 or 2, and G is
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in which Jatter group R represents -CONH)NH,; when k is 0 or 1, or R
represents -NH-CINH)NH, when kis0;
then:
(a) when X represents T-(CH,),-C(R'XQ)-C(0)-:
R' represents H;
-Q is -NH-A; and
A represents
H, C,-C, alkyl,
R"SQ,- (in which group R" represents C,—C4 alkyl or phenyl
substituted by one carboxy group),
R"OC(0)- (in which group R" represents C~C, alkyl),
R"C(0)- (in which group R" represents C,-C, alkyl or
~(CH)+~COOH, whereind is 1 or 2),
or {CHp-COOH;
. then the group T-(CH,), does not represent:
0 CrCyalgyl;
() ~(CHa),Cs-C, cycloalkyl;
(D) -(CH,)phenyl, which phenyl group is optionally substituted
with-a2-Cy-C alkyl -group;
(iv) ~(CH)),-phenyl, which phenyl group is substituted with eithor 2
hydroxy or a C,-C, alkoxy group; or
(v) <(CH,),-vaphthyl; and
(b) X does not represent prolinyl, homoprolinyl,

- O

wherein R' represents H.,

NH :
-4/ 0123456789: ;
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in which latter group R represents -C(NH)NH, when k is 0 or 1, or R
represents -NH-C(NH)NH, when k is 0;
then:
(a) when X represents T-(CH,),-C(R)(Q)-C(O)-;
R' represents H; and
Q represents -NH-A in which A represents
H, C1.4 alkyl,
R"SO,- (in which group R" represents C,4 alkyl or phenyl
substituted by one carboxy group),
R"OC(0)- (in which group R" represents C,4 alkyl),
R"C(0)- (in which group R" represents C,4 alkyl or -(CHy)s
COOH, whereind is 1 or 2),
or (CH,),-COOH;
then the group T-(CH.), does not represent:
() Cisalkyl;
(i) ~(CH,),-Cs.¢ cycloalkyl;
(iii) -(CH,),-phenyl, which phenyl group is optionally substituted
with a hydroxy, C;4 alkyl or C4 alkoxy group; or
(iv) -(CHj),-naphthyl; and
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X does not represent prolinyl, homoprolinyl,

N—B or N—B '
R R
o o
wherein R' represents H,
and further provided that:
(a) when Y represents azetidine-2-carbonyl, unsubstxtuted prolinyl (RP is

®)

H) or 4-hydroxyprolinyl (R is OH);

X represents T-(CH,).-C(R"XQ)-C(0O)-;

T represents cyclohexyl;

R’ represents H;

G represents -(CHp)sR;

R represents -C(NH)-NH, or -NH-C(INH)-NH; and

the chain -(CH,)-(CHy),~ represents C,-Cy alkylene;
then Q does not represent -NH-A in which A represents:
(i) H, C;-Cq4 alkyl, or methylsulfonyl; or

(i) -(CH,),-COOH; and

when Y represents azetidine-2-carbonyl, unsubstituted prolinyl (RP is
H) or 4-hydroxyprolinyl (R? is OH);

X represents T-(CH,),-C(R')(Q)-C(O)-;

T represents cyclohexyl;

R' represents H;

G represents -(CHj)sR;

R represents -NH-C(NH)-NH; and

the chain -(CH,),-(CH,),- represents C,-Cs alkylene;
then Q does not represent -NH-A in which A represents:
(i) R"OC(O0)- in which R" represents tert-butyl; or
(i) R"C(O)- in which R" represents trifluoromethyl.
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2. A compound or salt or solvate thereof as
claimed in Claim 1 wherein

alkyl by itself or as part of another substituent

is methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl,
isobutyl or sec~butyl;

pexfluoroalkyl by itself or as part of another
substituent is trifluoromethyl, perfluoroethyl, perfluoro-n~
propyl, perxfluoroisopropyl, perfluoro-n~butyl, perfluoro-t-
butyl, perfluoroisobutyl or perfluoro-sec=-butyl:

C3-Cg cycloalkyl is cyclopropyl,
methyleyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
4-methylcyclohexyl or cyclooctyl;

halo is chloro, fluoro, bromo or iodo;

a 5- or 6~membered heterocyclic ring is furyl,
thienyl, pyrrolyl, pyrazolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, pyranyl, pyridinyl, pyrimidinyl,
pyrazinyl, oxazinyl or thiazinyl;

a 9- or 10-membered heterocyclic ring is indolyl,
benzothienyl, benzofuryl, benzoxazolyl, benzoisoxazolyl,

benzopyrazolyl, quinolinyl, isoquinolinyl, benzimidazolyl or
benzothiazolyl;

and further where any of the aromatic or
hetercaromatic groups listed for the definition of Ax or R"
is independently unsubstituted or substituted with one ox
two substituents that will afford a stable structure
independently selected from halo, hydroxyl, C1-C4 alkyl, Ci~
C4 alkoxy, amino (~NH2), mono(Cy~Cq alkyl)amino, -(CH2)¢COOH,
mercapto, -S(0)y(Cy—C¢ alkyl), -NHS(0)j(C1-Cq alkyl),
=NHC(0) (C1~C4 alkyl), =S(O)pNH2, -S(O)pNH(C1-C4 alkyl), or
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~S(O)pN(C1-Cq alkyl)y, h 35 0, 1 or 2, and j is 0, 1, 2, 3.
or 4.

3. A compoun& or salt or solvate thereof as
claimed in Clajim 1 ox 2 wherein
R'O

- (1
l (CH,) .—<l:—c-

Q
X is 2 . homoprolinyl, 1- or 3-
Tiq, or 1l- ox 3-Piqg; Y is prolinyl; and Q is NHA in which A
is hydrogen or R"SOz-, R' is hydrogen, Z is hydrogen, and B

is hydrogen; and R is a guanidino or an amidino group.

4. A compound or salt or solvate thereof as
claimed in any one of Claims 1-3 wherein

G is a 4~amidinophenyl group.

5. A pharmaceutical formulation comprising in
association with a pharmaceutically acceptable carrier,
diluent, or excipient, a compound of Formula I, or a '
pharmaceutically acceptable salt or solvate thereof, as
claimed in any one of Claims 1-4.

6. A process for preparing a compound having the

Formula I
X-Y-NH- (CK) .-G I
as claimed in any one of Claims l1-4 which comprises
a) removing simultaneously or sequentially
the protecting group(s) P of a corresponding compound of
Formula IX
(P)X~Y~-NH- (CH2) v~G (P) 11
wherein (P)X represents a radical X which may bear one or

more protecting groups P-independeéently selected from an
amino acid protecting group P for a compound of Formula I in

which X includes a basic NH moiety and a carboxy protecting
group P for a compound of Formula I in which X includes a
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carboxy reésjdue and G(P) represents a radical G which may
bear one or mére independently selected amino protecting
groups P; or

N b)  for a gempoond of Formula I in which R is
|
_"C""Nﬂi! . by hydrogenolysis of a corresponding compound of
NOH
1
Formula I in which R is ~C-Ni,
and whereafter, when a salt of the compound of
Formula I is required, forming the salt with a
pharmaceutically acceptable acid.

7. A merhod of inhihiting thiombin in a
memmal comprising administering an effective dose of a
compound, or a pharmiceutically acceptable salt or _
solvate thepreof, as claimed in any one of Claims 1-4 to a
mammal requitring thrombin inhibition,

8. A compound or salt or solvate

thereof as claimed 4in Claim 1, wherein R is

~C (=NOH) -NH, .
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- 9. A compound of Formula I or salt or
solvate thereof as claimed in Claim 1 wherein

X is prolinyl, homoprolinyl,

CHy) c\
‘ | (Cﬂz)m (CHy)
T~ (CHp) a- ?,;——C-

0
?
0 CH- -
(CI'}z)m ( 2){!!F§l
N-B ¢ or N-B i
(CHy) n R! (CHy)
C_
Il
e}

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

T
YA

a is 0 or 1;

Q is -NH-A;

A is -(CH2)g-COOH;

g is 1, 2, or 3;

B is hydrogen or C1-C4 alkyl;
R' is hydrogen oxr C3-C4 alkyl;
d is 1, 2, or 3;

mis 0, 1, or 2;

nis 0, 1, or 2; and

Z is hydrogen, C3-C4 alkyl, Cy1-Cz alkoxy,
hydroxy, halo, or RaSOsNH-, where Ry is C31-Csq alkyl;
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Y is -NRS-CH,-C-

|
" .--.||||C...._
or
4 !
&

RP

in which

R9 is C1-Cg alkyl, C3-Cg cycloalkyl, or
-(CH2)p-L-(CH2) g-T"';

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

where p is 0, 1, 2, 3, or 4; L is a bond,
-0-, -8-, or -NH-; q is 0, 1, 2 or 3, and T' is
hydrogen, C3-C4 alkyl, C3-Cg cycloalkyl, -COOH, -CONH2,
or Ar, where Ar is unsubstituted or substituted aryl,
where aryl is phenyl, naphthyl, a 5- or 6-membered
unsubstituted or substituted aromatic heterocyclic
ring, having one or two heteroatoms which are the same
or different and which are selected from sulfur, oxygen
and nitrogen, or a 9~ or 10-membered unsubstituted or
substituted fused bicyclic aromatic heterocyclic group
having one or two heterocatomz which are the same or

different and which are selected from sulfur, oxygen
and nitrogen;

RY is -CH3-, -0O-, -S-, or -NH-; and

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

r is 1 or 2; and

G is

—D
—

.
1
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where D and E are each CH;
and
NOH
.
Ris -—C—NH, ;

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

said compound or salt thereof.



