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Claim
A compound having the structure

RJ
o) o
I = = I
RI—8g—N§—C—C—NX Rr!
Il l
0 R (CH)

including all stereocisomers, whereinnis 0, 1 or 2,

G is an amido moiety which is

o=cC
| |
NH o=—=cC
| |
- i
(Clﬂz)- °x . (CR.ip
CH, Q
' 1
b A
| |
A R
HN NE
(cl) (c2)

/2
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R is hydrogen, hydroxyalkyl, aminoalkyl, alkyl, cycloalkyl, arylalkyl, alkenyl,

alkynyl, amidoalkyl, arylalkoxyalkyl or an amino acid side chain, either protected
or unprotected;
R' and R? are independently hydrogen, lower alkyl, cycloalkyl, aryl, hydroxy,
alkoxy, keto, thioketal, thioalkyl, thioaryl, amino or alkylamino; or R' and R?
together with the carbons to which they are attached form a cycloalkyl, aryl or
heteroaryl ring;

R*is alkyl, arylalkyl, aryl, heteroaryl, quinolinyl or tetrahydroquinoliny!;
nis0,1or2,

mis 0, 1,2, or 3,
YisNHorS;
Pis0,1or2;

Q is a single bond or

A is aryl or cycloalkyl or an azacycloalkyl ring of 4 to 8 carbons in the ring or an

azaheteroalky! ring of 4 to 8 carbons in the ring of the structure

where X is CH,, O, S or NH;
qis 0, 1, 2, 3 or 4, provided that
qis 0, 1,2, 30r4if Xis CH,,
qis 2, 3or4if Xis 0, S or NH;
Y' and Y? are independently H, lower alkyl, halo or keto;
R%is guanidino, amidino or aminomethy!;
with the provisos that where A is aryi or cycloalkyl, R* is guanidino, amidino or
aminomethyl,

where A is azacycloalky! or azaheteroalkyl, R* is amidino;
.../3
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where A is azaheteroalkyl, then there must be at least a 2-carbon chain between

X and any N atom in the ring or outside the ring;

including pharmaceutically acceptable salts thereof.
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This is a continuation-in-part of application
5 Serial No. 112,153 filed August 26, 1993, which is a
continuation-in-part of application Serial No.
984,640 filed December 2, 1992.

"% b 10 ' The present invention relates to sulfonamido
[ heterocyclic compounds which are thrombin inhibitors
and thus useful in inhibiting formation of thrombi.

A 15 The sulfonamido héterocyclic thrombin
inhibitors of the invention have the structure I

R3

-

73—
I

L]

R3 — [— R!

L] L] —C—N
LN N lI
s 0 (CHa),,
Q

20 wherein G is an amido moiety which is

5 = 231}
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o=cC
| I
NH o=¢C
i |
P I
(CHj)
| 2’m or (cnz)p
CH, &
| |
’lf A
|
P R¢
HaN NH
(Gl) (G2)

including all sterecisomers thereof; and including
all pharmaceutically acceptable salts thereof;
wherein

R is hydrogen, hydroxyalkyl, aminoalkyl,
amidoalkyl, alkyl, cycloalkyl, aryl, arylalkyl,
alkenyl, alkynyl, arylalkoxyalkyl, or an amino acid
side chain, either protected or unprotected;

Rl and R? are independently hydrogen, lower
alkyl, cycloalkyl, aryl, hydroxy, alkoxy, keto,
thioketal, thioalkyl, thiocaryl, amino or alkylamino;
or Rl and R? together with the carbons to which they
are attached form a cycloalkyl, aryl, or heteroaryl
ring; and

R3 is lower alkyl, aryl, arylalkyl,
heteroaryl, quinolinyl or tetrahydroquinolinyl;
1 or 2;
mis 0, 1, 2 or 3;
Y is NH or S;

is 0, 1 or 2;

n is 0,

p
Q is a single bond or

T:O
A is aryl or cycloalkyl, or an azacycloalkyl

ring
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A of 4 to 8 carbons in the ring or an azaheteroalkyl
ring A of 4 to 8 carbons in the ring;
A

where X is CHz, O, S or NH;

qis 0, 1, 2, 3 or 4 if X is CHjy;

g is 2, 3 or 4 if X is O, S or NH;

Yl and Y2 are independently H, lower alkyl,
halo or keto; and

R4 is guanidine, amidine or aminomethyl;

where A is aryl or cycloalkyl, R% is
guanidine, amidine or aminomethyl;

where A is azacycloalkyl or azaheteroalkyl, R4
is amidine;

provided that where X is a hetero atom (that
is, A is azaheteroalkyl), then there must be at least
a 2-carbon chain between X and any N atom in the ring
A or outside ring A;

and provided that where G is Gl, then if R3 is
alkyl, the alkyl must contain at least 3 carbons.

Examples of the A ring (azacycloalkyl, or
azaheteroalkyl) which may be employed herein include

2%
o
1
|7 —
/
2
o
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() CC
i > |
s = o
:?:ﬁ and the like.
W The term "lower alkyl® or “"alkyl" as employed

herein by itself or as part of another group includes
10 both straight and branched chain radicals of up to 18

i:u: carbons, preferably 1 to 8 carbons, such as methyl,

‘: ethyl, propyl, isopropyl, butyl, t-butyl, isobutyl,

ceendt pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl,

;."; octyl, 2,2,4-trimethylpentyl, nonyl, decyl, undecyl,

ot 15 dodecyl, the various branched chain isomers thereof,
e, and the like as well as such groups including 1, 2 c¢r
| :K:a 3 halo substituents (for example, to form CF3 or

CF3CH3) and/or 1 or 2 of the following substituents:
an aryl substituent (for example, to form benzyl or

20 phenethyl), an alkyl-aryl substituent, a haloaryl
substituent, a cyclo-alkyl substituent, an
alkylcycloalkyl substituent, an alkenyl substituent,
an alkynyl substituent, lydroxy or a carboxy
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substituent. It will be appreciated that the same
*alkyl* group may be substituted with one or niore of
any of the above substituents. .

The term “cycloalkyl* by itself or as part of
another group includes saturated cyclic hydrocarbon
groups containing 3 to 12 carbons, preferably 3 to 8
carbons, which include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclodecyl and cyclododecyl, any of which groups may
be substituted with substituents such as halogen,
lower alkyl, alkoxy and/or hydroxy groups.

The term "aryl*" or "Ar" a. employed herein by
itself or as part of another grour refers to mono-
cyclic or bicyclic aromatic groups containing from 6
to 10 carbons in the ring portion, such as phenyl, or
naphthyl. Aryl (or Ar), phenyl or naphthyl may
include substituted aryl, substituted phenyl or
substituted naphthyl, which may include 1 or 2
substituents on either the Ar, phenyl or naphthyl
such as lower alkyl, cyano, amino, alkylamino,
dialkylamino, nitro, carboxy, carboalkoxy, trifluoro-
methyl, halogen (Cl, Br, I or F), lower alkoxy, aryl-
alkoxy, hydroxy, alkylthio, alkylsulfinyl, alkyl-
sulfonyl, arylthio, arylsulfinyl and/or arylsulfonyl.

The term "aralkyl", "aryl-alkyl" or "aryl-
lower alkyl" as used herein by itself or as part of
another group refers to lower alkyl groups as
discussed above having an aryl substituent, such as
benzyl.

The term “léwer alkoxy"*, "alkoxy" or aralkoxy"
includes any of the above lower alkyl, alkyl or
aralkyl groups linked to an oxygen atom.

The term *"halogen" or *halo" as used herein by
itself or as part of another group refers to
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chlorine, bromine, fluorine or iodine with chlorine
being preferred.

The term "lower alkenyl" or "alkenyl" as
employed herein by itself or as part of another group
includes a carbon chain of up to 16 carbons,
preferably 3 to 10 carbons, containing one double
bond which will be separated from "N" by at least one
saturated carbon moiety such as -(CHz)q- where q can
be 1 to 14, such as 2-propenyl, 2-butenyl, 3-butenyl,
2-pentenyl, 4-penteryl and the like, and may include
a halogen substituent such as I, Cl, or F.

The term "lower alkynyl" or “"alkynyl" as .
employed herein by itself or as part of another group'
includes a carbon chain of up to 16 carbons,
preferably 3 to 10 carbons, containing one triple
bond which will be separated from "N“ by at least one
saturated carbon moiety such as -(CH2)q'- where q'
can be 1 to 14, such as 2-propynyl, 2-butynyl, 3-
butynyl and the like.

The term "heteroaryl" or heteroaromatic by
itself or as part of another group refers to a 5- or
6-membered aromatic ring which includes 1 or 2 hetero
atoms such as nitrogen, oxygen or sulfur, such as
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. P

1y ¢y QO
AN

(I

5 and the like. The heteroaryl rings may optionally
be fused to aryl rings defined previously. The
heteroaryl rings may optionally include 1 or 2
substituents such as halogen (Cl, Br, F or CF3),
lower alkyl, lower alkoxy, carboxy, amino, lower

10 alkylamino and/or dilower alkylamino.

The term “amino acid side chain" refers to any
of the known alpha-amino acids such as arginine,
histidine, alanine, glycine, lysine, glutamine,
leucine, valine, serine, homoserine, allothreonine,

15 naphthylalanine, isoleucine, phenylalanine and the

like.
Preferred are compounds of formula I wherein G
is
o=c
|
I
Q
|
A
1

20
wherein Q is a single bond, A is an azacycloalkyl

ring
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where q is 0 or 1; and

RY is amidino;

R3 is lower alkyl or aryl;

R is aralkyl or hydroxyalkyl;

R! and R2 are each H;

n is 0 or 1.

A more preferred embodiment of the
heterocyclic thrombin inhibitors of the invention has
the structure IA

IA
(o] (o]

, il & v |l
alkyl-—8-—N=-—C—C—N
]

ox
arylalkyl O=C
(e.g. CP3CH, I
oxr NH
CgH5CHj) i
CH,
N
!
B,N" S

where R is aralkyl (preferably benzyl), aryl
(preferably phenyl), or arylalkoxyalkyl (preferably
benzyloxymethyl) and alkyl is preferably methyl,
ethyl or propyl, including all stereoisomers thereof.
Other preferred compounds of formula I are
those wherein G is Gl1, n is 0 or 1; m is 2; R3 is
aryl or alkyl; R is arylalkyl or hydrcxyalkyl such as
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hydroxymethyl; R! is hydrogen or lower alkyl such as
methyl or ethyl; R2 is H; and Y is -NH-; and
compounds of formula IB:

IB
R?
(o] o)
|
RL—-s-—-n—-T--c-N R!
" R (CH,)
., T
O=C
R = HOCH;-, HOCH(alkyl) - I
ﬁ NH
CH:OCH:-' HNCCH,CH, .
(CH,) 4
or l
NH
~-CH, - |
(o]
N
e N

R’-aryl, alkyl or arylalkyl

The compounds of formula I of the invention
wherein G is

WH
g

O=C— NH—CH, ~—(CH;) ,—CH;~Y—C
NH,

and Y is NH may be prepared according to the
following Reaction Sequence I.
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Reaction Sequence I
RZ
o] Coupling
H H " reaction
P——N——=C=—=C~——QH + HN R . Iv
R (CH3) wscC
HOBT
COjalkyl
IXII
II
(P=t-butoxycarbonyl (BOC),
carbobenzyloxy ' (CBz))
R? .
o Sulfonamide
E H " formation
P=—N == C=—C—N R 1) CF;CO0H
CO,alkyl 2) RBIﬁﬁ"’cl
Iv o v
R2
o) (o]
T H H " Hydrolysis
R’—IBI—"“_C_C""N R! — e VII
o ;|1 \-(cx;,)n
CO,alkyl
VI
R?
o Q
I = = |
a’—-ﬁ—x—c—c-—n R
CO,H

VII
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H
HyN-CH;- (CH3) g~CHz-N-p1
(Pl-carbobonzyloxy, t-
butoxycarbonyl, phthalimido)

VIII
VIIXI - 1x
WscC
HOBT
Rz
ﬁ H ﬁ Reduction
H
R’-—ISI——N-——c—c_N R? 1) H;, Pd/C
- IA
o xlz (CH3)n
2) Amidine
O=C sulfonic
acid
NHE
IX L, -
N\
(CH2) m ——S0,0H
Tn, HN .
NH X
1
Rﬂ
(o] o]
i =& = |
33—-ﬁ—m-x———?-c—_u R
o R (CH3)n
O=aC
|
NH
|
I
|
i
(Y = NH) z'm
C
N
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The compounds of formula I of the invention
wherein G is

NH

4

OZ=C —NH = CH, —(CH; )y = CHy =¥ —C
NH,

and Y is NH may also be prepared according to the
following Reaction Sequence II

Reaction Sequence II
H
R? HyN-CHz- (CHy) p~-CH,-N-p1
(P"-carbobonzyloxy, t-
P-N R! butoxycarbenyl, phthalimido)
VIII
(CHa)n » IXA
CO,H wsc
HOBT
IIA
RZ
P—N Rl
(CH3)p
O=C Deprotection:
l TFA (when P=BOC)
*I‘H or
IXa CH H;-Pd/C
2 (when P=CBz)
(CHz) > IXB
CH,
|
NH

pl
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R2
HN R?
O-?
NH
IXB |
N
(TI‘Z)Q
[
NH
L
: o Coupling
H H " raaction
P——N =——(C =——C—-0H + IXB —_—_—— rxc.
R wWscC
HOBT
III
(P=BOC or CBz)
Rﬂ
(o)
H H
P=Ne=——C—C—N R
R (CH;)p
0’? 1) Deprotaction:
IXc NH TPA (when P! is BOC) or
CI:H H3-Pd/C (when p! is CBz)
I 2 - IXD
(t‘iﬂz). 2) Amidine sulfonic acid
cl:u, b4
NH
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Rz
o
B g ||
PN e Qe 0 =N R!
;Ig }(ng)n
0'? 1% Deprotection:
TPA (when P i1a BOC) or
- IXD NH
I Hz-Pd/C (when P is CBz)
CH, » IB
o)
(Cﬂg)n "
) R3S—cC1
CH, Il
@ ' °
NH
(I: v
7N\
H,N NH
v .As seen in the above Reaction Sequence I,
e, compounds of formula I wherein Y is -NH-, are

5 prepared as follows. The ester II is made to undergo
. a carbodiimide coupling reaction with protected amino
acid III in the presence of ethyl 3-(3-dimethyl-
amino)propyl carbodiimide hydrochloride (WSC) or

e o0, dicyclohexylcarbodiimide (DCC), and l-hydroxybenzo-
}-r: 10 triazole monohydrate (HOBT), and N-methylmorpholine
‘b ) (NMM) , and in the presence of an inert organic
eronel solvent such as dimethylformamide (DMF), THF or N-
ceend methylpyrrolidone, to form thg amide IV. Amide IV is
deprotected by treatment with trifluorcacetic acid
ittt 15 with or without the presence of dry inert organic
et solvent such as dichloromethane, chloroform or THF at

temperatures within the range of from about -15° to
about 20°C. Sulfonyl chloride V is added followed by
organic base such as triethylamine, pyridine or N,N-
20 diisopropylethylamine to form the sulfonamide VI.
Sulfonamide VI is hydrolyzed by treatment with alkali
metal base such as NaOH or LiOH in the presence of an
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alcohol solvent such as methanol or ethanol. The
reaction mixture is acidified with HCl, KHSO4 or
H2S04, to form acid VII. The acid VII is then
subjected to a carbodiimide coupling reaction wherein
VII is treated with protected amine VIII in the
presence of WSC or DCC, and HOBT, and NMM, in the
presence of an inert organic solvent such as
dimethylformamide, THF or N-methylpyrrolidone, to
form sulfonamide IX. The sulfonamide IX is then
dissolved in an alcohol solvent such as ethanol or
methanol, to which HCl has been added and the mixture
is hydrogenated over Pd-C or Pd(OH)2-C in the case
where Pl is carbobenzyloxy. The crude material is
separated by conventional procedures and the desired
isomers are treated with amidine sulfonic acid X in
the presence of an alcohol solvent such as ethanol to
form the compound of the invention IB.

As seen in the above Reaction Sequence II,
compounds of formula I wherein Y is -NH-, are
prepared as follows. The protected acid IIA is made
to undergo a carbodiimide coupling reaction with
protected amino acid VIII in the presence of ethyl 3-
(3-dimethylamino) propyl carbodiimide hydrochloride
(WSC) or dicyclohexylcarbodiimide (DCC), and 1-
hydroxybenzotriazole monohydrate (HOBT), and N-
methylmorpholine (NMM), and in the presence of an
inert organic solvent such as dimethylformamide
(DMF), THF or N-methylpyrrolidone, to form the amide
IXA. 2amide IXA is deprotected by treatment with
trifluoroacetic acid (TFA) when P is t-butoxycarbonyl
(BOC) or Hz-Pd/C when P is carbobenzyloxy (CBz), with
or without the presence of dry inert organic solvent
such as dichloromethane, chloroform or THF, at
temperatures within the range of from about -15° to
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about 20°C to form amide IXB. The amide IXB is then
subjected to a carbodiimide coupling reaction wherein
IXB is treated with protected amine III in the
presence of WSC or DCC, and HOBT, and NMM, in the
presence of an inert organic solvent such as
dimethylformamide, THF or N-methylpyrrolidone, to
form amide IXC. The amide IXC is then dissolved in
an alcohol solvent such as ethanol or methanol, to
which HCl has been added and the mixture is
hydrogenated over Pd-C or Pd(OH)3-C in the case where
Pl is CBz or treated with trifluoroacetic acid when
Pl is BOC. The crude material is separated by
conventional procedures and the desired isomers are
treated with amidine sulfonic acid X in the presence
of an alcohol solvent such as ethanol to form IXD.
Compound IXD is then deprotected by treatment with
TFA when P is BOC or by treatment with Hz-Pd/C when P
is CBz, as described above, and sulfonyl chloride Vv
is added followed by organic base such as triethyl-
amine, pyridine or N,N-diisopropylethylamine to form
the sulfonamide IB.

The compounds of formula I of the invention

wherein G is

NH
4
O==C— NH—CHy = (CHy ) g CH =¥ =—C_
NR,

and Y is S may be prepared according to the following
Reaction Sequence III.
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Reaction Sequence III

vVII + H,NCH; (CHz) oCH,0H

XI

wscC
HOBT

R2

0
i B = | XII

(cuz)n

CO,NHCH, (CH; ) o.CH,OH

TsCl
pyridine

K‘\r XIII

R3 so,mxcac —N (cn2 )a

R
cormca, (CH,) .CH,OTs
8
/JL\ DMPF
H,N NH,
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RZ
(o} o)
|
R}ie=—g—N==C==C~~N Rl
Il |
o (CH;)p
O=C
I
Ic CH;
( H:)n
[
]
c
N
e L

Referring to the above Reaction Seguence III,
compounds of formula I wherein Y=S can be prepared as
follows. The acid VII is subjected to a carbodiimide
coupling reaction wherein VII is treated with an
aminoalcohol XI in the preszence of WSC or DCC, HOBT,
and NMM, in the presence of an inert organic solvent
such as dimethylformamide, THF or N-methylpyrroli-
doﬁe, to form sulfonamide alcohol XII. The
sulfonamide alcohol XII is reacted with p-toluene-
sulfonyl chloride (TsCl) in pyridine, or in a solvent
such as methylene chloride or chloroform, with N,N-
dimethylaminopyridine to provide toluenesulfonate
XIII. The compound IC (¥=S) is prepared by treating
XIII with thiourea in a solvent such as DMF or DMSO
at temperatures within the range of from about 25°C
to about 100°C.-

The compounds of formulae I and IA of the
invention wherein G is
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wherein A is azacycloalkyl or azaheteroalkyl, and R¢

is amidine, may be prepared according to the
following Reaction Sequence IV:
5
Reaction Sequence IV
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’ 5 As seen in the above Reaction Sequence IV,

compounds of formula I wherein G is

=C-—NH—(CH;) ,—Q-—A—R!
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and A is azacycloalkyl or azaheteroalkyl, are
prepared as follows. The protected acid XV is made
to undergo a carbodiimide coupling reactior with
amine XVI in the presence of ethyl 3-(3-dimethyl-

5 amino)propyl carbodiimide hydrochloride (WSC) or
dicyclohexylcarbodiimide (DCC), and l-hydroxybenzo-
triazole monohydrate (HOBT), and N-mcthylmorpholine
(NMM)., and in the presence of an inert organic
solvent such as dimethylformamide (DMF), THF or N-

10 methylpyrrolidone, to form the amide XVII. Amide
XVII is deprotected by treatment with, for example,
Hy/Pd-C, if Pl is CBz, to form amine XVIII. Amine
XVIII is treated with amidinesulfonic acid X in the
presence 0f alcohol solvent, such as ethanol to form

15 amine XIX. BAmine XIX is deprotected by treatment
with trifluoroacetic acid (if P=BOC), with or without
the presence of dry inert organic solvent such as
dichloromethane, chloroform or THF, at temperatures
within the range of from about -15° to about 20°C.

20 Sulfonyl chloride V is added followed by organic base
e, o0 such as triethylamine, pyridine or N,N-diisopropyl-
ethylamine to form the sulfonamide ID of the

0 invention.
The starting materials of formula XVI are
25 known in the art or may be prepared by those skilled
in che art employing conventional techniques.
0000 The compounds of formulae I and IA of the

5%’} invention where G is

30 0==C—N—(CH;) ,—~Q—A~—R*

where A is aryl or cycloalkyl and R¢ is amidine or
guanidine may be prepared according to the following
Reaction Sequence V:
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Reaction Sequence V
Coupling
, Reaction
XV + HN=—(CH,),~—Q=—Al=R¢ ~——————we  XVIIA
XVIA ' WSC or DCC
HOBT
(A is aryl or NMM
cycloalkyl'
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or guanidinae)
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As seen in Reaction Sequence V, compounds of

formulae I and IA where G is

O:C—Nﬂ_(CHg)D—Q-—AI—R“

are prepared as follows. The protected acid XV is
subjected to a carbodiimide coupling reaction wherein
XV is treated with protected amine XVIA in the
presence of WSC or DCC, and HOBT, and NMM, in the

0 10 presence of an inert organic solvent such as
dimethylformamide, THF or N-methylpyrrolidone, to
form amide XVIIA. The amide XVIIA is then dissolved
in an alcohol solvent such as ethanol or methanol, to

which HC1l has been added and the mixture is

sgeeet 15 hydrogenated over Pd-C or Pd(OH)2-C in the case where
T P is carbobenzyloxy. The amide XVIIIA is treated
Teeed? with sulfonyl chloride V followed by base to form the
compound of the invention IE.
T The starting compound XVIA is known in the art
20 or may be prepared employing conventional procedures.

The compounds of formulae I and IA of the

invention wherein G is

0=C=—¥H~—(CH,) ;=—Q—A1=R¢'
e 25

where A is aryl or cycloalkyl (that is Al) and R? is
TN aminomethyl (that is R4'') may be prepared according
L to the following Reaction Sequence VI:
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Reaction Sequence VI
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As seen in the above Reaction Sequence VI,
compounds of formulae I and IA wherein G is

O==C—NH-—(CH;) ,~—Q~—Al=—CH,NH,
are prepared as follows. The protected acid XV is
made to undergo a carbodiimide coupling reaction with
protected amino acid XVIB in the presence ci ethyl 3-
(3-dimethylamino)propyl carbodiimide hydrochloride
(WSC) or dicyclohexylcarbodiimide (DCC), and 1-
hydroxybenzotriazole monohydrate (HOBT), and N-
methylmorpholine (NMM), and in the presence of an
inert organic solvent such as dimethylformamide
(DMF), THF or N-methylpyrrolidone, to form the amide
XVIIB. Amide XVIIB is deprotected by treatment with
trifluoroacetic acid (TFA) when P is t-butoxycarbonyl
(BOC) or Hz-Pd/C when P is carbobenzyloxy (CBz), with
or without the presence of dry inert organic solvent
such as dichloromethane, chloroform or THF, at
temperatures within the range of from about -15° to
about 20°C to form amide XVIIIB. The amide XVIIIB is
then subjected to a sulfonation reaction wherein
amide XVIIIB is reacted with sulfonyl chloride V in
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the presence of organic base such as triethylamine,
pyridine or N,N-diisopropylethylamine to form the
sulfonamide IF of tha invention.

The starting compounds XVIB are known in the
art or may be prepared employing conventional
procedures.

The starting acid XV may be prepared from
ester IV by hydrolyzing ester IV by treating with a
base such as NaOH, KOH or LiOH and then neutralizing
the resulting alkali metal salt with strong acid such
as HCl or oxalic acid.

The compounds of formula I of the invention
can be obtained as pharmaceutically acceptable acid
addition salts by reacting a free base with an acid,
such as hydrochloric, hydrobromic, h;Aroiodic,
nitric, sulfuric, phosphoric, acetic, citric, maleic,
succinic, lactic, tartaric, gluconic, benzoic,
methanesulfonic, ethanesulfonic, benzenesulfonic, p-
toluenesulfonic acid or the like.

The compounds of the present invention are
serine protease inhibitors, and in particular may
inhibit thrombin, Factor Xa, and/or trypsin. The
compounds of the present invention are useful for the
treatment or prophylaxis of those processes which
involve the production and/or action of thrombin.
This includes a number of thrombotic and
prothrombotic states in which the coagulation cascade
is activated which include, but are not limited to,
deep vein.thrombosis (DVT), disseminated
intravascular coagulopathy (DIC), Kasabach-Merritt
syndrome, pulmonary embolism, myocardial infarction,
stroke, thromboembolic complications of surgery (such
as hip replacement and endarterectomy) and peripheral
arterial occlusion. In addition to its effects on
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the coagulation process, thrombin has been shown to
activate a large number of cells (such as
neutrophils, fibroblasts, endothelial cells, smooth
muscle cells). Therefore, the compounds of the
present invention may also be useful for the
treatment or prophylaxis of adult respiratory
distress syndrome, septic shock, septicemia,
inflammatory responses which include, but are not
limited to, edema, acute or chronic atherosclerosis,
and reperfusion damage.

The compounds of the invention may also be
useful in treating neoplasia/metastasis (in
particular those which utilize fibrin) and
neurodegenerative diseases such as Alzheimer's
disease and Parkinson's disease. In addition, the
compounds of the present invention may be useful to
prevent restenosis following arterial injury induced
by endogenous (rupture of an atherosclerotic plaque)
or exogenous (invasive cardiological procedure)
events.

The compounds of the present invention may
also be used as an anticoagulant in extracorpeal
blood circuits, such as those necessary in dialysis
and surgery (such as coronary artery bypass surgery).

The compounds of the present invention may
also be used in combination withvthrombolytic agents,
such as tissue plasminogen activator (natural or
recombinant), streptokinse, urokinase, prourokinase,
anisolated streptokinase plasminogen activator
complex (ASPAC), animal salivary gland plasminogen
activators, and the like. The compounds of the
present invention may act in a synergistic fashion to
prevent reocclusion following a successful
thrombolytic therapy and/or reduce the time to
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reperfusion. The compounds of the present invention
may also allow for reduced doses of the thrombolytic
agent to be used and therefore minimize potenﬁial
hemorrhagic side-effects.

The compounds of the present invention may
also be used in combination with other antithrombotic
or anticoagulant drugs such as thromboxane receptor
antagonists, prostacyclin mimetics, phosphodiesterase
inhibitors, fibrinogen antagonists, and the like.

Compounds of the present invention that
inhibit trypsin may also be useful for the treatment
of pancreatitis.

The compounds of the invention can be
administered orally or parenterally to various
mammalian species known to be subject to such
maladies, e.g., humans, cats, dogs and the like n an
effective amount within the dosage'range of about 0.1
to about 100 mg/kg, preferably about 0.2 to about 50
mg/kg and more preferably about 0.5 to about 25 mg/kg
(or from about 1 to about 2500 mg, preferably from
about 5 to about 2000 mg) on a regimen in single or 2
to 4 divided daily doses.

The active substance can be utilized in a
compos! tion such as tablet, capsule, solution or
suspension containing about 5 to about 500 mg per
unit of dosage of a compound or mixture of compounds
of formula I. They may be compounded in conventional
matter with a physiologically acceptable vehicle or
carrier, excipient, binder, preservative, stabilizer,
flavor, etc., as called for by accepted
pharmaceutical practice.
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The following Examples represent preferred
embodiments of the present invention. Unless
otherwise indicated, all temperatures are expressed
in degrees Centigrade.

Example 1
[1(S),2a,4B]-N-[4-[ (Aminoiminomethyl)amino]butyl]-1-
[3-hydroxy-2-[(2-naphthalenylsulfonyl)amino]-1-oxo-
propyl]-4-methyl-2-piperidinecarboxamide, trifluor-

cacetate (l:1) salt

A. (2R-trans)-1-[ (Phenylmethoxy)carbonyl]-
4-methyl-2-piperidinecarboxylic acid, ethyl
ester

A(l). - i-2-

To 500 g of sodium hypochlorite solution (5%
in Cl, Aldrich) cooled in an ice bath was added
dropwise 33.6 g (340 mmol, Aldrich) of 4-methyl-
piperidine, over 40 minutes. The reaction mixture
was stirred for 20 minutes then poured into a
separatory funnel and extracted with two-400 mL
portions of ether. The extracts were combined, dried
(sodium sulfate) and concentrated in vacuo to give
~44 g of N-chloro intermediate as a yellow liquid.

To a solution of 19.1 g (340 mmol) of
potassium hydroxide in 140 mL of 95% ethanol heated
to 80° was added dropwise over 40 minutes the
solution of crude N-chloroviperidine from above in 20
mL of 95% ethanol. The addition was mildly
exothermic and a precipitate formed. The reaction
mixture was stirred for 10 minutes, cooled to room
temperature, concentrated jn yacuo, and to the
residue was added 85 mL of 2N aqueous NaOH solution.
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The resulting mixture was extracted with three 75 mL
portions of ether. The ether extracts were combined,
dried (sodium sulfate) and concentrated in wvacuo to
give the crude imine as a viscous yellow oil.

To a solution of 110 g (1.7 mol, Mallinckrodt)
of potassium cyanide in 400 mL of water cooled in an
ice-bath was added over ~1 h 183 mL (2.20 mol) of
concentrated HCl, followed by the crude imine from
above. The reaction mixture was stirred between 1.0-
20°C for 4 h then cooled in an ice-bath and basified
to pH 12 by addition of ~80 g of potassium hydroxide
pellets. the resulting solution was poured into a
separatory funnel and extracted with three-300 mL
portions of ether. The ether layers were combined,
dried (sodium sulfate) and concentrated jin vacuo to
give a yellow oil. The crude material was purified
by simple distillation at reduced pressure to afford
13.2 g (106 mmol, 31%) of title nitrile as a clear
liquid, bp 72-74° (3mm).

A(2). 4-Methyl-2-piperidinecarboxylic acid,

ethvl ester

To 250 mL of 6N aqueous HCl solution was added
15.0 g (105 mmol) of Part A(l) nitrile at room
temperature. The reaction mixture was heated to
reflux (bath temp 145°) for 6 h then cooled to room
temperature and concentrated jn yacuo to give the
crude acid hydrochloride as a solid.

To 250 mL of absolute ethanol cooled in an
ice-bath was added dropwise 40 mL (550 mmol) of
thionyl chloride over 30 minutes. The solution was
stirred for an additional 15 minutes then added to
the crude acid hydrochloride from above. The
resulting slurry was heated to reflux for 4 h then




10

15

20

25

30

HA61%b
- 32 -

cooled to room temperature and filtered to remove
solids. The filtrate was concentrated in yacuo to
give the crude ester amine hydrochloride as brown
oil. The oil was partition&d between 150 mlL of
saturated aqueous potassium carbonate solution and
150 mL of chloroform. The agqueous layer was
separated and extracted with two-100 mL portions of
chloroform. The organic extracts were combined,
dried (sodium sulfate) and concentrated to give crude
title ester as a brown oil. The crude material was
purified by distillation through a 10 cm packed
column (glass helices, 3mm) at reduced pressure to
afford 11.0 g (64.3 mmol, 61%) of title amine as a
colorless liquid, bp 37-38° (0.4mm). The trans/cis
ratio was determined as ~6:1 by 270 MHz lH NMR.

A(3). (2R-tramns)-1-[ (Phenylmethoxy) -
carbonyl] -4-methyl-2-piperidinecarboxylic
acid, ethvl ester

To a solution of 10.0 g (58.5 mmol) of Part
A(2) amine in 100 mL of methylene chloride cooled to
0° was added 9.8 mL (70 mmol, distilled from calcium
hydride) of triethylamine in one portion then
dropwise 11.9 g (70 mmol, Aldrich) of benzyl
chloroformate over 20 minutes. The reaction mixture
was stirred for 30 minutes then washed with 100 mL of
1IN aqueous HC1l, 100 mL of saturated aqueous sodium
bicarbonate solution, 50 mL of brine, dried
(magnesium sulfate) and then concentrated in vacuo to
give an oil. The crude o0il was purified by flash
chromatography (Merck silica, 30x10cm, 600 g, 1:9
EtOAc/hexane) to afford 12.7 g (41.6 mmol, 71%) of
title compound (trans isomer) as a colorless oil. 1In
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addition 2.95 g (9.67 mmol, 17%) of a ~l:1 mixture of
trans/cis isomers was obtained as a colorless oil.

B. (2R-trans)-4-Methylpiperidinecarboxylic
5 acid, ethvl ester

Part A racemic CBZ ester (2.36 g, 7.73 mmol)
was dissolved in absolute ethanol (50 mL) and
hydrogenated over Pd-C (10%, 250 mg) at RT and 1 atm.
After 6 hrs additional catalyst (50 mg) was added,

10 the reaction continued for 2 hours, filtered, and
Q§ evaporated in yacuo to provide the title free amine
(1.22 g, 7.13 mmol, 92%).

C. (2R-trans)-1-[N-[(1,1-Dimethylethoxy) -

15 carbonyl]-0- (phenylmethyl) -L-seryl] -4-methyl-
et Part B pipecolic ester (1.22 g, 7.13 mmol) and
“eens’ BOC-Sexr (OBn)-OH (2.36 g, 8.0 mmol) were dissolved in
e tet DMF (15 mL) at RT. HOBT (1.08 g, 8.0 mmol), WSC
et 8 20 (1.54 g, 8.0 mmol) and N-methyl morpholine (NMM)

(0.88 mL, 8.0 mmol) were added. The pH was ca 8.5.
The reaction was stirred for 90 min, partitioned
: f between ethyl acetate and 10% KHSO4, the aqueous
O: layer back-extracted, and the organic layers
25 combined. The combined organic layers were washed
with saturated NaHCO3 (2 X), saturated NaCl, dried
over magnesium sulfate and stripped in vacuo to
provide title ester as an oil (2.99 g, 6.67 mmol,
93%) .
H H 30
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D. (2R-trans)-1-[N-(2-Naphthalenylsulfonyl)-

0- (phenylmethyl) -L-seryl] -4-methyl-2-

Part C BOC-Ser-pipecolic eccer (2.80 g, 6.25
mmol) was dissolved in trifluoroacetic acid (TFA) at
0°c, and allowed to warm to RT over 60 min. The TFA
was evaporated in vacuo for two hours to provide the
TFA salt as an oil (4.2 g). The crude TFA salt was
dissolved in dichloromethane (15 mL) and 2-naphthyl-
sulfonyl chloride (Aldrich, 1.58 g, 7.0 mmol) was
added, followed by triethylamine (3.5 mL, 25 mmol).
A vigorous exotherm developed, and the reaction was
put into an ice bath for 10 min, then warmed to RT.
After 6 hr the dichloromethane was evaporated, the
reaction mixture partitioned between ethyl acetate
and 10% KHSO4 (2 X), washed with saturated NaHCO3 (2
X), dried over magnesium sulfate and evaporated to
provide crude title ester (3.18 g). The crude
product was chromatographed on silica gel
(1:3 ==> 1:2 ethyl acetate (EtOAc):hexanes to provide
the two diastereomers as an oil (2.29 g, 4.25 mmol,
68% over two steps).

E. (2R-trans)-1-[N-(2-Nephthalenylsulfonyl) -

O- (phenylmethyl) -L-seryl)]-4-methyl-2-piper-

The Part D ester was dissolved in methanol
(MeOH) (30 mL) and treated with 1N NaOH (10 mL, 10
mmol). The reaction was stirred for 12 hr, and
additional NaOH (5 mL) was added. After 24 hr the
reaction was acidified with HC1l (50 mL, 1N),
extracted with ethyl acetate (2 X), and dried in
vacuo to give title free acid (1.99 g, 3.90 mmel,
99%) .




HA619b
- 35 -

F. . {(4-Aminobutyl) carbamic acid, phenylmethyl
ester '
1,4-butanediamine dihydrochloride (5.96 g, 37
S mmol) was dissolved in water (15 mL), and DMF (50 mL)
was added. With rapid stirring, CBZ-Cl (1.0 mL, 7.0
mmol) was added dropwise over 2 minutes. The cloudy
solution had pH ~ 2.8. The pH was adjusted to 9.0
with 5 § NaOH, (clear solution) and stirred for 2 hr.

10 The reaction mixture was acidified to pH = 1.25,
QD extracted with ether (2 X), made basic (pH > 10) with
5 N NaOH, and extracted with dichloromethane (2 X).
The dichloromethane fractions were combined and
washed with water (2 X), dried and evaporated in
15 wvacuo to provide the crude mono-CBZ amine (0.72 g,

egeeed 3.24 mmol, 46%) which was used as is in the next
...‘O. Step.

e ted G. (2R-trans)-1-[N-(2-Naphthalenylsulfonyl) -
tes 3 20 O- (phenylmethyl) -L-seryl]-N-[4-[[ (phenyl-

methoxy) carbonyl]amino)butyl]-4-methyl-2-
@': To a solution of Part E mono-CBZ amine {400
: mg, 1.8 mmol) and Part E acid (640 mg, 1.25 mmol) in
25 DMF (5 mL) was added HOBT (170 mg, 1.25 mmol), WSC

- (0.25 g, 1.3 mmol), and NMM (138 pL, 1.3 mmol). The
K pH was ~ 8.5. The reaction was stirred for two hr
csae (complete by HPLC), partitioned between ethyl acetate
k‘ﬁ. and 10% KHSO4, back-extracted, and the combined

2l 30 organic layers washed with 10% KHSO4, saturated

NaHCO3 (2 X), saturated NaCl, and evapcrated to
provide the crude product in quantitative yield. The
crude product was chromatographed on silica gel
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(2:1::EtOAc:hexanes) to provide a mixture of the
title two diastereomers (671 mg, 0.94 mmol, 75%).

H. [1(S),2a,4B)-N-[4-[(Aminoiminomethyl) -
amino]butyl]-1-[3-hydroxy-2-[(2-naphthalen-
ylsulfonyl)amino]-l-oxopropyl]-4-methyl-2-
piperidinecarboxamide, trifluoroacetate

(1:1) salt ‘

The Part G O-benzyl CBZ derivative was
dissolved in ethanol (20 mL) to which acetyl chloride
had been added (0.71 mL, 10 mmol, gives a 0.5 M
solution of HCl), and the mixture hydrogenated over
Pd-C (10%, 150 mg) at 1 atm and reflux teinperature.
After 5 hr the reaction mixture was filtered,
stripped and fresh ethanol and catalyst added. The
reaction was determined to be ca 80% complete after
an additional 2 hr, whereupon it was filtered and

stripped to provide the crude amine (412 mg). The
crude material was purified by preparative HPLC
(80:20 => 50:50) to provide the des-benzyl, des-CBZ
diastereomers (281 mg, 0.57 mmol, 71%) and the O-
benzyl, des-CBZ compounds (69 mg, 0.12 mmol, 15%).

The des-benzyl, des-CBZ material above (208
mg, 0.46 mmol) was dissolved in ethanol (5 mL), to
which amidinesulfonic acid (78 mg, 0.65 mmol) and
triethyl amine (176 ML, 1.26 mmol) were added. After
20 hr the solvent was evaporated and the material
purified by preparative HPLC (80:20=>50:50).
Fractions ccntaining the two major components were
combined and lyophilized to provide title compound as
a 40:60 mixture of isomers A:B (255 mg, 78%). Purity
> 98%.

[alp (c = 1.0, MeOH) = -11.7°.
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Analysis calc'd for 1.30 TFA + 0.80 H20:
Cc, 47.68; H, 5.64; N, 12.09; F, 10.66.
Found: c, 47.68; H, 5.34;, N, 11.97; F, 10.83.

Example 2
[1(S),2a,4B]-N-[4-[ (Aminoiminomethyl)amino]lbutyl]-4-
methyl-1-[2-[ (2-naphthalenylsulfonyl)amino]-1l~oxo-3-
(phenylmethoxy)propyl] -2-piperidinecarboxamide, tri-
10 fluoroacetate (1:1) salt

The N-benzyl, des-CiZ compound described in
Example 1 Part H (69 mg, 0.099%9 mmol) was dissolved
in ethanol (2 mL), to which amidinesulfonic acid (22
15 mg, 0,18 mmol, prepared as described in Synthesis

IR (1986) 777-779), and triethyl amine (50 pL, 0.36
e mmol) were added. After 20 hr the solvent was

';::: evaporated and the material purified by preparative
:::f HPLC (80:20=>50:50). Fractions containing the two
Sed 8 20 major comporients were combirnied and lyophilized to

provide titlz compound as a 1:3 mixture of isomers
A:B (76 mg, 100%). Purity > 98%.

%': {alp (c = 1.0, MeOH) = -5.6°.
. 25
':".E Analysis calc‘d for 1.10 TF2 + 0.30 H20:
w3ered c, 54.51; H, 5.84; N, 11.15; F, 8.32.

cees Tound: Cc, 54.19; H, 5 84;, N, 11.04; F, 8.29.
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Example 3
[2R-[1(S*),2a,4B])-N-[4-[ (Aminoiminomethyl)amino]but-
yv1l]-1-[3-hydroxy-2-[(2-naphthalenylsulfonyl)amino]-1-
oxopropyl] -4-methyl-2-piperidinecarboxamide, tri-

fluoroacetate (l:1) salt

Example 1 compound (ca 220 mg) was dissolved
in water (15 mL) and chromatographed on a YMC S-10
20mm X 500 mm ODS column, using an 80:20 ==> 50:50
gradient. After lyophilization, the first peak to
elute (isomer A) comprised 95 mg. The stereochem-
istry (2R, 4R) was assigned by comparison to a sample
prepared form non-racemic starting material.

[@]D (c = 1.00, MeOH) + 11.0°.

Analysis calc'd for 1.16 H20 + 1.07 TFA:
C, 48.25; H, 5.88; N, 12.44; F, 9.03; s, 4.75.
Found: C, 48.2>; H, 5.61; N, 12.25; F, 9.25; S, 5.19.

Example 4
[25-[1(R*),20a,4B])-N-[4-[ (Aminoiminomethyl)amino]but-
y1l]-1-[3-hydroxy-2-[(2-naphthalenylsulfonyl)amino]-1-
oxopropyl]-4-methyl-2-piperidinecarboxamide, triflu-
oroacetate (l:1) salt

Example 1 compound (ca 220'mg) was dissolved
in water (15 mL) and chromatographed on a YMC S-10
20mm X 500 mm ODS column, using an 80:20 ==> 50:50
gradient (acetonitrile:water). After lyophilization,
the second peak to elute (isomer B) comprised 103 mg.
The stereochemistry (2S, 4S) was assigned by
comparison of t'ie two isomers.
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[¢]D (c = 1.00, MeOH) -29.0°.

Analysis calc'd for 1.39 H20 + 1.17 TFA:
c, 47.52; H, 5.83; N, 12.16; F, 9.65; S, 4.64.
Found: C, 47.52; H, 5.49; N, 11.96; F, 9.60; S, 5.25.

High resolution MS shows (M+H)* = 533.2546
(C25H3705NgS) .

Example 5
(2S5-trans)-N-[4-[ (Aminoiminomethyl)amino}butyl]-4-
methyl-1-[[[(1,2,3,4-tetrahydro-3-methyl-8-quinolin-
vl)sulfonyllaminolacetyl]-2-piperidinecarboxamide,
trifluorocacetate salt

A. (2S-trans)-4-Methyl-2-piperidinecarboxylic

acid, ethyl ester

To a solution of dry EtOH (65 mL) and acetyl
chloride (6.52 mL added dropwisé at 0°C) was added
(28, 4S)-4-methyl pipecolic acid (2.8 g, 19.6 mmol)
at room temperature. The reaction was stirred at
room temperature for 16 hrs and then concentrated in

vacuo to give the title compound, (3.01 g, 90%).

B. (2S-trans)-1-[[[(l,1-Dimethylethoxy)-

carbonyl]amino]acetyl] -4-methyl-2-

To a solution of L-Boc-Glycine (0.4 g, 2.25
mmol) and HOBT (0.31 g, 2.25 mmol) in 7 mL DMF was
added WSC ( 0.44 g, 2.25 mmol) and Part A ethyl ester
(0.35. g, 2.04 mmol), followed by NMM (240 ul, 2.25
mmol) to adjust the pH of the solution to 8. The
reaction was stirred at room temperature for 16 hrs
and worked up by washing with a saturated solution of
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NaHCO;, a saturated solution of KHSO4, brine, dried
over Na;SO, and evaporated to give the title compound
(0.60 g, 89%).

(M+H)* @329

C. (28-trans)-1-[[[(l,1-Dimethylethoxy)-

carbonyl]aminojacetyl]-4-methyl-2-piper-

idinecarboxvlic acid

To a solution of Part B (560 mg, 1.71 mmol) in
6.5 mL EtOH was added 1IN NaOH (6.5 mL) at 0°C. The
reaction was stirred at room temperature for 16 hrs
and concentrated in vacug. The reaction was
acidified with 1N HCl to pH 2 and extracted with
EtOAc. Then the EtOAc was washed with a saturated
solution of KHSO4, brine, dried over Na,SO4 and

concentrated to give the title compound (512 mg,
quantitative).
(M+H)* @ 301

D. (4-Aminobutyl)carbamic acid, phenylmethyl
ester

To a solution of 1,4-diaminopentane (25 g, 155
mmol) in 100 mL DMF/H,0 (1:1) was added 5N NaOH to
adjust the pH to 9. CBZ-Cl (3.7 mL, 26 mmol) was
added as one portion and stirred at room temperature
for 16 hrs. The reaction was acidified to pH 1.25
and washed with diethyl ether. The pH of the
reaction was then adjusted to 9.5 and the reactiosn
extracted with EtOAc. . The organic layer was washed
with H,0, brine, dried over Na,SO; and evaporated to
give title compound (1.57 g, 30%).
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E. (2S-trans)-1-[([(l,1-Dimethylethoxy)-

carbonyl]amino]acetyl]-4-methyl-N-[4-

[[(phenylmethoxy)carbonyl]amino]butyl];2-

To a solution of Part C compound (516 mg, 1.72
mmol) and HOBT (256 mg, 1.89 mmol) in 10mL. DMF was
added WSC (363 mg, 1.89 mmol) and Part D CBZ amine,
(381 mg, 1.72 mmol), followed by NMM (198ul, 1.89
mmol) to adjust the pH of the solution to 8. The
reaction was stirred at room temperature for 16 hrs.
The reaction was worked up by pouring into a
saturated solution of NaHf03 and extracting with
EtOAc. The EtOAc layer was washed with a saturated
solution of KHSO4, brine, dried over Na2S04 and
concentrated jin wvacuo to give the title compound (900
mg, quantitative).

F. (2S-trans)-1l-(Aminoacetyl)-4-methyl-N-[4-

[ [ (phenylmethoxy) carbonyl]amino]lbutyl]-2-

To a solution of Part E compound (0.76 g, 1.51
mmol) in 5 mL MeOH was added 4.5 mL of 4N HCl/dioxane
at 0°C. After 2 hrs at room temperature, the
reaction was worked up by adding Et;0 to precipitate
the title compound (0.70 g, quantitative).

G. (2s-trans)-4-Methyl-1-[[[(3-methyl-8-

quinolinyl)sulfonyl]amino]acetyl]-N-[4-

[ [ (phenylmethoxy)carbonyl]amino}lbutyl] -2-

To a solution of Part F compound (500 mg, 1.13
mmol) in 11 mL CHCl; was added EtiN (475ml, 3.39 mmol)
at 0°C. After 5 minutes, 6-methyl-8-quinoline-
sulfonyl chloride, (273 mg, 1.13 mmol) was added.
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The reaction was stirred at 0°C for another 5 minutes
then stirred at room temperature for 3 hrs. The
reaction was washed with a saturated solution of
NaHCO3, a saturated solution of KHSO,, brine, dried
over Na;SO4 and evapcrated to give the crude product
which was purified by a silica gel column, using
CH,Cl, : MeOH eluting solvent to give the title
compound (150 mg, 22%).

H. (2S-trans)-N-(4-Aminobutyl)-4-methyl-1-

[[[(1,2,3,4-tetrahydro-3-methyl-8-

quinolinyl)sulfonyl]amino]acetyl]-2-piper- ,

L di ] ide, hvdrochlorid

A solution of Part G compound (140 mg, 0.23
mmol) and 230 ul 1IN HCl in 5 mL EtOH was
hydrogenated at 1 atm over 10% Pd / C (40 mg). After
16 hrs, the suspension was filtered through Celite
and concentrated in vacuo to give the title free

amine, (130 mg, gquantitative).

I. (2S-trans)-N-[4-[(Aminoiminomethyl)amino]-
butyl]-4-methyl-1-[{[[(1,2,3,4-tetrahydro-3-
methyl-8-quinolinyl)sulfonyl]amino]acetyl]-2-
piperidinecarboxamide

To a solution of Part H compound (80 mg, 0.145
mmol) in 0.8 mL EtOH was added Et3N ( 60 ml, 0.43
mmol), followed by amidinesulfonic acid (27 mg, 0.22
mmol). After 16 hrs at room temperature, the reaction
was concentrated in vacuo and was subjected to
preparative HPLC using an 80:20 to 50:50 gradient
(H,0: CH3CN) over 50 minutes to give the title
compound (40 mg, 50%).
(M+H)+ @ 522
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Anal Calc'd for Cy4H3gN7;04S ¢ 1.2TFA « 1.1 H,0
C, 43.54; H, 6.04; N, 13.46; F, 9.39
Found c, 43.87; H, 5.72; N, 13.09; F, 9.33.

[a]lp=-6.7 (c=0.51, methanol)

Example ©
trans-N-[4-[ (Aminoiminomethyl)amino]butyl]-4- (methyl-
thio)-1-[[(2-naphthalenylsulfonyl)amino]acetyl]-L-

prolinamide, trifluoroacetate salt === ===

A. cis-4-Hydroxy-1-[ (phenylmethoxy)carbonyl]-

L-proline. methyl ester

N-CBZ-L-keto proline was dissolved in methanol
( 150 mL), cooled to 0 to 5°C and treated dropwise
with a solution of NaBH4 (2.875 g) in water (10 mL).
The mixture was kept at 0 to 5°C for 19 h. The
nmethanol was removed in vacuo and the residue was
treated with 75 mL of 3N ‘NaOH and stirred at room
temperature for 40 min. After cooling in an ice
bath, the mixture was acidified with conc HCl. The
product was extracted into ethyl acetate (3x50 mL).
The combined extracts were washed with brine (2x40
mL), dried (MgSO4 ) and freed of solvent in vacuo to
give the cis-hydroxy acid. This was converted to tiie
methyl ester by dissolving in methanol (75 mL),
treating with acetyl chloride (7.5 mL), and stirring
overnight at room temperature. The solvent was
removed. The residue was dissolved in ethyl acetate
(75 mL), washed with sodium bicarbonate solution
(2x25mL), dried (MgSO4 ) and freed of solvent in
vacuo to give title compound as a viscous oil (4.315

g, 81%).
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B. cis-4-[[(4-Methylphenyl)sulfonyl]oxy]-1-

[ (phenylmethoxy)carbonyl]-L-proline, methyl

ester

The Part A alcohol (4.315g, 16.84 mmol) was
dissolved in dry pyridine (23mL), cooled in an ice
bath and treated with tosyl chloride (6.8g). The
mixture was allowed to warm slowly to room
temperature and left stirring 60 h. After cooling,
cold 2N HCl1l was added and the mixture was left at 0O
to 5°C for 4 h. The solid was collected by
filtration and dissolved in dichloromethane. This
solution was washed with 1N HCl soln and brine, dried
(MgSO4 ) and freed of solvent jin vacugo leaving title
compound as a crystalline material.

C. 4-(Methylthio)-1-[(phenylmethoxy) -

carbonyl]l-L-proline. methyl ester

Part B tosylate (2.09g, 4.8mmol) was dissolved
in absolute ethanol (20mL) and acetone (20mL), under
an atmosphere of argon, and treated with sodium
thiomethoxide (1.39g, 19.9mmol). The mixture was
heated under reflux 1lh, cooled and most of the
solvent was removed in vacuo. The residue was
partitioned between 1N HCl and ethyl acetate. The
ethyl acetate layer was washed with water, dried
(MgSO4 ), and freed of solvent in vacuo. NMR and TLC
indicated the material was mainly the free acid. It
was converted to the methyl ester by dissolving in
methanol (20 mL), adding acetyl chloride (2mL) and
stirring at room temperature for two hours. After
removal of the solvent, the product was purified by
chromatography on silica gel, eluting with ethyl
acetate:hexane (1:2) to give the title thiomethyl

compound (1.364g, 99%).
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D. 4-(Methylthio)-L-proline, methyl ester,

hvdrobromide

Part C compound (945 mg, 3.3mmol) was treated
with 30% HBr in HOAc (8mL) for 1 h and then
concentrated in vacuo. Trituration of the residue
with ether gave a solid which was harvested by
filtration and washed with more ether leaving the
title deprotected amine (749 mg, 89%).

E. trans-1-[[[(1l,1-Dimethylethoxy)carbonyl] -
aminolacetyl]-4- (methylthio)-L-proline, methyl
ester

and
F. cis-1-[N-[(l,1-Dimethylethoxy)carbonyl) -

Part D L-proline derivative (1.012 g, 3.95
mmol) and BOC-glycine (900mg, 5.1 mmol) were
dissolved in DMF (20 mL) at RT. HOBT (688mg, 5.1
mmol), WSC (974mg, 5.lmmol) and NMM (1.0 mL, 9.1
mmol) were added. The reaction was stirred for 16 h,
partitioned Tetween ethyl acetate(50 mL) and 10%
KHSO4 (100 mL). The aqueous layer was extracted with
ethyl acetate (2x50mL), and the organic layers were
combined. The combined organic layers were washed
with saturated NaHCO3 , saturated NaCl, dried over
magnesium sulfate and concentrated in vacuo to
provide an oil. TLC indicated this was two major
products.. The crude material was purified by
chromatography on silica gel. Elution with ethyl
acetate:hexanes(1:2 followed by 1:1) gave the major
product (tentatively assigned the trans configuration
of the title compound, 603mg, 46%) and the minor
product (tentatively assigned the cis configuration
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of the title compound, 204mg, 16%) as well as some
mixed fractions (438mg, 33%).

G. trans-4-(Methylthio)-1-([(2-naphthalenyl-

sulfonvl)aminolacatyll-L-proline. methvl ester

The Part E BOC derivative (600 mg, 1.8 mmol)
was dissolved in trifluoroacetic acid (TFAa) (15 mL)
and stirred at RT 1 h. The TFA was removed by
distillation under reduced pressure and by
coevaporation with toluene. The crude TFA salt was
dissolved in dichloromethane (20 mL), cooled in an
ice bath, and 2-napthylsulfonyl chloride (Aldrich,
450mg, 2.0 mmol) was added, followed by triethylamine
(1.5 mL). The solution was warmed to RT and stirred
1.5 h before diluting with dichloromethane (75 mL).
This solution was washed with potassium hydrogen
sulfate solution(2x40mL) and saturated NaHCO3 (2
x40mL), dried over magnesium sulfate, and evaporated
to provide crude title compound. The crude product
was chromatographed on silica gel and eluted with 50%
EtOAc in hexanes to provide title sulfonamide as a
foam (700mg, 92% overall in two steps).

H. trans-4-(Methylthio)-1-[[(2-naphthalenyl-

sulfonvl)aminolacetyll-L-proline

A solution of Part G methyl ester (700mg, 1.65
mmol) in methanol (20 mL) was treated with 1 N NaOH

solution (8mL) and stirred at room temperature for
three h. After acidification with 1N HCl solution,
the product was extracted into dichloromethane (2x50
mL), dried over magnesium sulfate and freed of
solvent in vacuo to give title compound as a white

foam (687mg, 100%).
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I. trans-4-(Methylthio)-1-[[(2-naphthalenyl-

sulfonyl)amino]acetyl] -N-[4-[[ (phenyl-

To a solution of mono-CBZ butyl diamine (484
mg, 2.18 mmol) and Part H acid (687 mg, 1.65 mmol) in
DMF (25 mL) was added HOBT (230 mg, 1.7 mmol), WSC
(325 mg, 1.7 mmol), and NMM (373 uL, 3.4 mmol). The
reaction was stirred at RT for 20 h, partitioned
between ethyl acetate (50 mL) and KHSO4 solution (50
mL), back-extracted with ethyl acetate (2x50 mL), and
the combined organic layers were washed with
saturated NaHCO3 and brine, dried (MgsSO4), filtered
and concentrated. The crude product was chromato-
graphed on silica gel and eluting with 50-67% EtOAc
in hexanes followed by EtOAc to provide title
compound (577mg, 58%).

J. trans-N-(4-Aminobutyl)-4-(methylthio)-l-

[[(2-naphthalenylsulfonyl)amino]acetyl]-L-

prolinamide. hvdrobromide

The CBZ groupr was removed from Part I compound
(577 mg, 0.96mmol) by treacing with 30%HBr in HOAc
(10mL) for 1.5 h and then concentrated in vaguo.
Trituration of the residue with ether gave a solid
which was harvested by filtration and washed with
more ether leaving the title deprotected amine
(100%) .

K. trans-N-[4-[(Aminoiminomethyl)amino] -

butyl]-4- (methylthic)-1-[[ (2-naphthalenyl-

sulfonyl)amino]acetyl]-L-prolinamide,

tfifluoroacette gsalt

The Part J compound (0.96 mmol) was dissolved
in ethanol (20 mL), to which amidinesulfonic acid




10

15

20

25

30

HA619b
- 48 -

(173 mg, 1.4 mmol) and triethyl amine (375 uL, 2.7
mmol) were added. After 4 h the mixture was filtered
through a pad of Celite, washed with ethanol and the
filtrate was concentrated to dryness. The crude
material was purified by preparative HPLC (YMC S-10
ODS 50 x 500 mm column, eluting with 54% methanol in
water, containing 0.1% TFA). Fractions containing
pure title compuond were combined and lyophilized to
provide a white solid (279 mg, 44%), Purity > 98%.

[alp = -12.7°, (c = 0.7, MeOH).

Analysis calcd for 1.10 TFA + 0.90 Hx0:
c, 45.70; H, 5.31; N, 12.69; F, 9.68; S, 9.47.
Found: C, 45.65; H, 5.09; N, 12.51; F, 9.74; S, 9.37.

Example 7
N-[4-[ (Aminoiminomethyl)aminolbutyl]-1-[N- (2~
naphthalenylsulfonyl)-D-phenylalanyl]-L-prolinamide,

A. N-[4-[[(1l,l-Dimethylethoxy)carbonyl]-

aminolbutyll-L-prolinamide. hyxochloride

A(l). (4-Aminobutyl)carbamic acid, 1,1-

dimethvlethvl ester

To a stirred solution of 1,4-diaminobutane (50
g, 567 mmol) in 195 mL of dioxane under argon at roocm
temperature was added dropwise a solution of Di-t-
butyl dicarbonate (15.7 g, 71.9 mmol) in 195 mL of
dioxane over 3.5 h. Some white precipitate appeared
during the addition. The mixture was stirred at room
temperature for 22 h and concentratad in vacuo. The
residue was diluted with 320 mL of water and the
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precipitate was filtered off. The aqueous filtrate
was extracted with methylene chloride (3x300 mL) .
The combined methylene chloride extracts were washed
with water (2x200 mL) and brine (1x200 mL). The
organic layer was dried (MgSoO4), filtered and
concentrated in vacuo to give 9.79 g (72%) of title
nono-BOCeamine.,

TLC: silica gel, 2%NH4O0H in 10%CH30H/CH2Cl2, Rf 0.30,
Ninhydrin.

A(2). N-[4-[[(1,1-Dimethylethoxy)carbonyl]-
amino]butyl]-1-[ (phenylmethoxy)carbonyl] -L-
prolinamide

To a stirred solution of N-CBZ-L-proline (12.7
g, 50.9 mmol), l-hydroxybenzotriazole monohydrate
(6.49 g, 50.9 mmol) and Part A(l) BOC amine (9.57 g,
50.9 mmol) in 250 mL of DMF was added in order 4-
methylmorpholine (11.2 mL, 102 mmol) and etbyl-3-(3-
dimethylamino)propyl carbodiimide hydrochloride (9.76
g, 50.9 mmol). The reaction solution was stirred at
room temperature for 22 h and concentrated under pump
vacuum at 50°C. The residue was diluted with 600 mL
of EtOAc and washed with 1N HCl solution (2x250 mL),
saturated NaHCO3 solution (2x250 mL) and brine (1x250
mL). The EtOAc layer was dried (MgSO4), filtered and
concentrated in vacuo to give 20.7 g (97%) of title
CBZ amine.

TLC: silica gel, 4%CH30H/CH2Cl2, Rf 0.44, UV,
Ce(S04)2.
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A{3). N-[4-[[(1,1-Dimethylethoxy)carbonyl]-

aminolbutyll-L-prolinamide. hvdrochloride

To a stirred solution of Part A(2) CBZ amine
(20.2 g, 48.2 mmol) in 250 mL of methanol under argon
was added 20%Pd(OH)2/C (4.04 g, 20% based on the
weight of Part A(2) compcund). The atmosphere was
replaced by hydrogen with several vacuum-fill cycles.
The reaction mixture was stirred at room temperature
for 21 h. The catalyst was filtered off through a 4
UM polycarbonate film and rinsed with methanol (3x50
mL). The filtrate was concentrated in wvacuo. The
oily residue was dissolved in 200 mL of ether and
treated with 1N HCl solution in ether (53.0 mL, 53.0
mmol). The solution was concentrated in vacuo. The
residue was mixed with 200 mL of toluene and 30 mL of
methanol and concentrated in vacuo to give title
amine hydrochloride in quantitative yield (15.5 g) as
an oil.

B. N-[4-[[(1l,1-Dimethylethoxy)carbonyl]-

amino]butyl]-1-[N-[ (phenylmethoxy)carbonyl]-

A stirred solution of N-®-CBZ-D-phenylalanine
(0.56 g, 1.9 mmol) in 6.5 mL of DMF at room
temperature under argon was treated with l-hydroxy-
benzotriazole (0.29 g, 1.9 mmol) and ethyl-3-(3-
dimethylamino)propyl carbodiimide hydrochloride (0.36
g, 1.9 mmol). After 20 minutes, Part A compound was
added (0.50 g, 1.6 mmol) and stirring was carried out
for 16 hours. The reaction was quenched by the
addition of 75 mL of 0.25M KHSO4 solution. The
suspension was washed with EtOAc (2 x 40 mL), the
combined EtOAc layers were washed with 0.25M KHSO4
solution (2 x 40 mL), saturated agqueous KHCO3
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solution (2 x 40 mL), brine, dried (NaxSO4)., and
concentrated to yield 1.07 g of a white taffy, which
by TLC analysis appeared to contain unreacted N-o-
CBZ-D-phenylalanine. The crude product was
redissolved in 60 mL of EtOAc, washed with saturated
aqueous KHCO3 solution (3 x 40 mL), brine, dried
(NazS0O4), concentrated, co-evaporated several times
with ether and hexane and triturated w*th 50 mL of
hexane to yvield of title compound (0.78 g, 88%) as a
white solid.

C. N-[4-[[(1,1-Dimethylethoxy)carbonyl]-

aminolbutyll-1-D-phenvlalanyl-T,-prolinamide

A soluiion of Part B compound (0.58 g, 1.0
mmol) with 0.12 g of Pd(OH)z/carbon in 5.0 mL of
methanol was hydrogenated at 1 atm for 3.75 hours.
The catalyst was removed by filtration through a
poroﬁs membrane (Whatman 0.2Q Nylon Autovial), and
the filtrate was concentrated to yield title compound
(0.39 g, 88%) as a white, hygroscopic solid.

. N-[{4-[[(l,1-Dimethylethoxy)carbonyl]-

aminc]butyl]-1-[N-(2-naphthalenylsulfonyl) -

Triethylamine (0.25 mL, 1.8 mmol) was added
dropwise to a stirred 0°C solution of Part C compound
(0.3 g, 0.90 mmol) and 2-naphthalenesulfonyl
chloride (0.21 g, 0.95 mmol) in 7.0 mL of CH2Clz. The
reaction was carried out et room temperature for 45
minutes. Dichloromethane was removed under vacuum,
the residue was partitioned between EtOAc (50 mL) and
aqueous 0.25M KHSO4 solution (15 mL), the EtOAc layer
was washed with 0.25M KHSO4 solution (3 x 15 mL),
brine, dried (NazSO4), and concentrated to yield 0.61
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g of a colorless glass. Trituration with 50 mL of
hexane yielded title compound (0.52 g, 93%) as a
white solid.

E. N-(4-Aminobutyl)-1-[N- (2-naphthalenyl-
sulfonyl) -D-phenylalanyl] -L-prolinamide,
trifluoroacetate salt

Tiifluoroacetic acid (5.0 mL) was added to
ice-cooled Part D compound (0.48 g, 0.77 mmol). The
reaction solution was stirred at room temperature for
45 minutes. Trifluoroacetic acid was removed under
vacuum and co-evaporated several times with ether and
hexane until title compound was obtained as a white
solid (0.51 g, ca. 100%).

F. N-[4-[ (Aminoiminomethyl)amino]butyl]-
1-[N-(2-naphthalenylsulfonyl) -D-phenyl-
alanyl]-L-prolinamide, trifluoroacetate
salt. hemihvdrate

A solution of Part E compound (0.49 g, 0.77
mmol) in 6.0 mL of absolute ethanol was treated with
amidine sulfonic acid (0.14 g, 1.2 mmol) followed by
triethylamine (3.2 mL, 2.3 mmol). Within several
minutes reaction time, a precipitate appeared. After
5 hours reaction time, TLC analysis of the reaction
mixture (silica, 3:1:1 nBuOH:HOAcC:H20) indicated a
small amount of unconsumed Part E compound. An
additional portion of amidine sulfonic acid (0.05 g)
and triethylamine (0.53 mL) were introduced, and the
reaction was continued for 16 hours. TLC analysis as
above indicated complete consumption of Part E
compound. The reaction mixture was concentrated,
dissolved in 25 mL of CH30H, and filtered through a
porous membrane (Gelman Acrodisc CR PFTE, 0.45 Q).
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Preparative HPLC of the filtered solution (25%B to
100%B, 30 mirute gradient) and subsequent
lyophilization of the pooled fractions yielded title
compound, (258 mg,48%) as a colorless solid. mp 100-
120°C with foaming.

[alp = +19.4° (c = 0.5, CH3OH).
TLC: Rf = 0.70 (silica, 3:1:1 nBuOH ; HOAcC;H20).

Anal. Calc'd for C33H37NgOgF3Se1.l1 CoHF302¢0.50 HyO:
C, 53.60; H, 5.49; N, 12.02; F, 8.97; S, 4.59
Found: C, 53.61; H, 5.50; N, 11.81; F, 9.03; S, 4.36

Example 8
N-[4-[ (Aminoiminomethyl)amino]butyl] -1-[N-(2-

naphthalenvlsulfenyl) -D-glutaminyl] -L-prolin&ide

A. N-[4-[[(l,1-Dimethylethoxy)carbonyl]-

amino]lbutyl]-1-[N-[ (phenylmethoxy)carbonyl] -

To a stirred solution of Example 7 Part A
amine hydrochloride (0.56 g, 1.74 mmol), l-hydroxy-
benzotriazole monohydrate (0.29 g, 1.74 mmol) and N-
CBZ-D-glutamine (0.49 g, 1.74 mmol) in 15 mL of DMF
was added 4-methylmorpholine (0.57 mL, 5.23 mmol)
followed by ethyl-3-(3-dimethylamino)propy1
carbodiimide hydrochloride (0.33 g, 1.74 mmol). The
solution was stirred at room temperature for 19 h and
concentrated under pump vacuum at 45°C. The oily
residue was diluted with 160 mL of EtOAc and washed
with 1IN HCl solution (2x60 mL), saturated NaHCO3
solution (2x60 mL) and brine (1x60 mL). The EtOAc
layer was dried (MgSO4), filtered and concentrated in
yvacuo to give 0.75 g (77%) of title CBZ amine.
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TLC: silica gel, 6%CH30H/CH2Clz, Rf 0.22, Ce(S04)2.

B. N-[4-[[(l,l1-Dimethyletnoxy)carbonyl] -

aminolbutyl]-1l-[N-(2-naphthalenylsulfonyl) -

To a stirred solution of Part A CBZ amine
(0.73 g, 1.33 mmol) in 12 mL of methanol under argon
waz added PA(OH}2/C (146 mg, 20% based on the weight
of Part A compound). The atmosphere was replaced by
hydrogen with several vacuum-£fill cycles. The
reaction solution was stirred at room temperature for
22 h and the catalyst was filtered off through a 4uM
polycarbonate film. The solid was rinsed with
methanol (2x20 mL). The filtrate was concentrated jin
vaguo to give 0.54 g of the intermediate amine. To a
stirred solution of this amine (0.44 g, 1.07 mmol)
and 2-naphthalenesulfonyl chloride (0.27 g, 1.18
mmol, in 10 mL of dry methylene chiloride under argon
at 0°C was added Et3N (0.33 mL, 2.34 mmol). The
reaction solution was stirred at room temperature for
2 h and diluted with 180 mL of EtOAc. This solution
was washed with 1N HCl solution (2x60 mL), saturated
NaHCO3 solution (1x60 mL) and brine (1x60 mL). The
organic layer was dried (MgSO4), filtered and
concentrated in wvacuo. Purification was effected by
flash chromatography on 30 g of Merck silica gel 60
using 240 mL of 4%CH30H/CH2Cl2 and 480 mL of
6%CH30H/CH2Cl2 as eluants to give pure title
sulfonamide (310 mg, 48%).

TLC: silica gel, 4%CH30H/CH2Cl2, Rf 0.20, UV, I2.
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C. N-[4-[(Aminoiminomethyl)amino]butyl]-1-
[N- (2-naphthalenylsulfonyl)-D-glutaminyl]-L-
prolinamide

To a stirred solution of Part B sulfonamide
(310 mg, 0.51 mmol) in 5 mL of dry methylene chloride
was added 0°C 4N HCl in dioxane (6.00 mL, 24.0 mmol).
The solution was stirred at room temperature for 2 h
and diluted with 120 mL of ether. The golid was
filtered off and rinsed with ether (2x30 mL). The
solid was dissolved in 60 mL of methanol and
concentrated in vacuo to give the intermediate amine
hydrochloride. To a stirred mixture of this amine
hydrochloride and Et3N (0.39 mL, 2.31 mmol) in 5 mL
of absolute EtOH under argon was added aminoimino-
methanesulfonic acid (204 mg, 1.64 mmol). The
mixture was stirred at rocm temperature for 5 h and
concentrated in vacuo. The reaction mixture was
purified by preparative HPLC, eluting isocratically
with a 37% composition of water:methanol (90:10 and
10:90) containing 0.2% H3PO4. The fractions were
concentrated jin vacuo and lyophilized to give 260 mg
(93%) of title compound.

m.p. 72-74°C
[a]p=+5.80 (c=0.69, methanol).

Anal. Calc'd for Cz5H35N705501.60 TFA«1l.,0 H20:
C, 45.40; H, 5.21; N, 13.14; s, 4.30; F, 12.22
Found: C, 45.45; H, 4.98; N, 12.95; s, 4.32; F, 11.90
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Following the procedures of Examples 1 to 8
and those outlined above, the following additional
examples may be prepared.

Melting Point °cC,
Optical Rotation
and/or

Elemental Analysis

J{where available)

9. [2R-[1(S5*),2a,4B)]-N-[3-

[ (Aminoiminomethyl)amino]propyl]l- [alp=+11.0 (c=1.09

1-[4-hydroxy-3-[ (2-naphthalenyl- MeOH)
sulfonyl)amino)-1,2-dioxobutyl] -
2-piperidinecarboxamide,
trifluoroacetate (1l:1) salt
Anal. Calc'd for Cz4H34NgOs5Sel.1TFA«1.34 H0:
C, 47.10; H, 5.70; N, 12.58; S, 4.80; F, 9.38
Found: C, 47.39; H, 5.41; N, 12.29; s, 5.21; F, 9.56

10. N-[4-[(Aminoiminomethyl) -

amino]butyl]-1-[N-(2-naphthalenyl- [a]lp=-70.2 (c=0.5,

sulfonyl) -L-seryl]-L-prolinamide MeOH)
Anal. Calc'd for C33H32NgO5Sel.15 TFA«(0.5 Hy0:

C, 47.13; H, 5.34; N, 13.03; s, 4.37; F, 10.17
Found: C, 46.83; H, 5.28; N, 12.84; s, 5.14; F, 10.43

11. N-[4-[(Aminoiminomethyl) -

amino]butyl]-1-([N-(2-naphthalenyl- [alp=-14.8 (c=0.5,

sulfonyl) -L-sexyl] -D-prolin- MeOH)
amide, trifluoroacetate (1l:1)
salt
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Anal. Calc'd for C33H32NgOsSel.15 TFAe¢l.6 H0:
c, 45.73; H, 5.51; N, 12.65; S, 4.82; F, 9.86
Found: C, 45.58; N, 5.19; N, 12.41; s, 5.14; F, 10.01

12. (2R-trans)-N-[4-[ (Aminoimino-
methyl)amino]butyl] -4-methyl-1- [@]p=+33.0 (c=1.08
[[(2-naphthalenylsulfonyl)amino]- = MeOH)
acetyl]-2-piperidinecarboxamide,
trifluoroacetate salt, hydrate
Anal. Calc'd for C24H34Ng04S+1.35TFA«0.85 H0:
c, 47.73; H, 5.56; N, 12.51; s, 4.77; F, 11.45
Found: C, 47.73; H, 5.51; N, 12.13; S, 4.95; F, 11.42

13. [2R-[1(S*)2ax,4B]]-N-[4-
[ (Aminoiminomethyl)amino]butyl]- [d]p=+18.8 (c=1.06
1-[3-hydroxy-2-[ (2-naphthalenyl- MeOH)
sulfonyl)amino]-1l-oxopropyl]-4-
methyl-2-piperidinecarboxamide,
trifluoroacetate salt, hydrate

Anal. Calc'd for CzgH3gNgO5S+1.36TFA«1.00 H0:

C, 47.93; H, 5.79; N, 11.68; S, 4.45; F, 10.77
Found: C, 47.92; H, 5.66; N, 11.53; s, 4.89%; F, 10.75

14. [1(S)]-N-[4-[ (Aminoimino-
methyl)amino]lbutyll-1,2,3,4- [¢]p=-30.9 (c=0.5,
tetrahydro-z-[3-hydroxy-2-[(24 MeOH)
naphthalenylsulfonyl)amino] -
l-oxopropyl]-3-isoquinoline-
carboxamide, isomer A,
trifluorocacetate salt, hydrate
Anal. Calc'd for C3gH34NgO5Se1.25 TFAel.0 H20:
C, 50.37; H, 5.16; N, 11.56; S, 4.41; F, 9.80
Found: C, 50.31; H, 5.05; N, 11.58; S, 4.44; F, 9.65
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15. [1(S)]-N-[4-[ (Aminoimino-
methyl)amino]lbutyl]-1,2,3,4-
tetrahydro-2-[3-hydroxy-2-[(2-
nephthalenylsulfonyl)amino]-1-
oxopropyl] -3-isoquinolinecarbox-
amide, isomer B, trifluoro-
acetate salt, hydrate

H2.619b

[®]p=-22.8 (c=0.6,
MeOH)

Anal. Calc'd for CgH34NgO5Se¢1.25 TFA«1l.0 H30:
¢, 50.15; H, 5.13; N, 11.47; s, 4.37; F, 10.11
Found: C, 50.04; H, 4.95; N, 11.36; s, 4.51; F, 10.17

16. (4S*)-N-[4-[ (Aminoimino-
methyl)aminolbutyl]-4-hydroxy-1-
[N- (2-naphthalenylsulfonyl) -L-
seryl]-L-prolinamide,
trifluoroacetate (1l:1) salt

[®]p=-29.0 (c=0.6,
MeOH)

Anal. Calc'd for C23H32Ng0gS+1.15 TIA«l.0 H20:
Cc, 45.25; H, 5.31; N, 12.51; s, 4.77; F, 9.76
Found: C, 45.28; H, 4.98; N, 12.52; s, 4.86; F, 9.86

17. (48*)-N-[4-[ (Aminoimino-
methyl)amino]butyl]-4-methoxy-1-
[N- (2-naphthalenylsulfonyl) -L-
seryl] -L-prolinamide,
trifluoroacetate (1:1) salt

[a]lp=-24.5 (c=0.6,
MeOH)

Anal. Calc'd for C24H34NgOgSel.1l TFAe«l.3 HyO:
C, 46.04; H, 5.56; N, 12.30; S, 4.69; F, 9.17
Found: C, 46.04; H, 5.48; N, 12.16; S, 4.78; F, 9.22

18. N-[4-[ (Aminoiminomethyl) -
amino]butyl]-1-[N-(2-naphthalen-
vlsulfonyl) -L-phenylalanyl]-L-
prolinamide, trifluoroacetate
(1:1) salt

m.p. 172-178°C

with foaming
[@]p=-27.0 (c=0.5,

CH30H)
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Anal. Calc'd for C31H37NgOgF3Sel.2 C2HF302¢0.80 H30:
C, 52.68; H, 5.46; N, 11.74; F, 9.55; s, 4.48
Found: C, 52.71; H, 5.35; N, 11.50; F, 9.33; s, 4.26

19. (2S-trans)-N-[4-[ (Aminoimino-
methyl)aminolbutyl]-4-methyl-1- []lp=-36.4
[[ (2-naphthalenylsulfonyl)amino]l- (c=0.98, MeOH)
acetyl]-2-piperidinecarboxamide
Anal. Cald'd for C3gH3s5Ng0gS*0.25TFA«1.20 H20:

c, 47.74; H, 5.69; N, 12.60; F, 10.68; S, 4.81
Found: C, 47.75; H, 5.51; N, 12.62; F, 10.86; S, 4.95

20. N-[4-[(Aminoiminomethyl) -
amino]butyl] -1-[N-(2-naphthalen- []p=-48.1

ylsulfonyl) -L-glutaminyl]-L- (c=0.68, methanol)
prolinamide, trifluoroacetate
(1:1) salt

Anal. Calc'd for Cz5H3sN70s5Se1.27 TFAel.57 H0:
C, 46.02; H, 5.53; N, 13.64; S, 4.46; F, 10.07
Found: C, 46.02; H, 5.18; N, 13.33; S, 4.86; F, 10.06

21. N-[4-[(Aminoiminomethyl) - m.p. 68-78°C
amino]butyl]-1-([N-(2-naphthalen- [a]lp=-72.6
vlsulfonyl)-L-threonyl] -L-prolin- (c=0.69, methanol)
amide, trifluoroacetate (l:1) salt
Anal. Calc'd for Cy4H34NgO5S+1.25 TFA.1.20 H0:
C, 46.62; H, 5.56; N, 12.31; s, 4.70; F, 10.43
Found: C, 46.75; H, 5.50; N, 12.08; S, 4.82; F, 10.40

22. N-[4-[ (Aminoiminomethyl) - m.p. 85-96°C
amino]lbutyl]-1-[N-(2-naphthalen- [at]p=-70.8
ylsulfonyl)-L-allothreonyl]-L- (c=0.76, methanol)

prolinamide, trifluoroacetate
(l:1) salt
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Anal. Calc'd for Cz4H34NgO5Se1.16 TFA«0.97 Hy0:
c, 47.30; H, 5.59; N, 12.57; s, 4.80; F, 9.89
Found: C, 47.30; H, 5.16; N, 12.39; s, 5.19; F, 9.48

23. (S)-N-[4-[(Aminoiminomethyl) -
amino]lbutyl]-4- (methylthio)-1-[N- f)p=+13.4 (c=0.6,
(2-naphthalenylsulfonyl)glycyl]- MeOH)
L-prolinamide, trifluorocacetate
(1:1) salt
Anal. Calc'd for C3H3aNgO5S2+1.10 TFA~1.0 H20:
C, 45.58; H, 5.33; N, 12.65; S, 9.44; F, 9.66
Found: C, 45.52; H, 5.11; N, 12.46; S, 9.49; F, 9.65

24. (R)-N-[4-[(Aminoiminomethyl)-
amino)butyl]-4-(methylthio)-1-[N- [a]p=-12.7 (c=0.7,
(2-naphthalenylsulfonyl)glycyll- MeCH)
L—prolinamide, trifluoroacetate
(1:1) salt _
Anal. Calc'd for C33H33Ng04S2¢1.10 TFA.0.9 HO:
c, 45.70; H, 5.31; N, 12.69; S, 9.47; F, 9.68
Found: C, 45.65; H, 5.09; N, 12.51; S, 9.37; F, 9.74

25. N-[4-[ (Aminoimincmethyl) -
amino]butyl]-l-[[(2—naphthalenyl-
sulfonyl)aminolacetyl]-2-piperi-
dinecarboxamide

High Resolution Mass Spectrum: (M+H)*=489.2287.
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26. N-[4-[(Aminoiminomethyl) - m.p.100-160°C
aminolbutyl] -1-[N-(2-naphthalen- foam/dec
ylsulfonyl)-D-tryptophyl]-L- [a]p=+44.4 (c=0.5,
prolinamide, trifluoroacetate CH30H)

(1:1) salt
Anal. Calc'd for C31H37N704Ss1.06 C3HF303¢1.35 Hp0:

Cc, 53.12; H, 5.49; N, 13.09; F, 8.07; S, 4.28
Found: C, 53.51; H, 5.35; N, 12.73; F, 8.10; S, 4.28

27. (2S-trans)-N-[4-[ (Aminoimino-
methyl)aminolbutyl]-4-methyl-1- '[a]D=—24.l (c=0.99
[[[(3-methyl-8-quinolinyl)- MeOH)
sulfonyl]amino]acetyl]-2-piperi-

dinecarboxamide, trifluoroacetate

salt
Anal. Calc'd for Cp4H35N704S¢1.37TFA-1.00 H0:

C, 46.42; H, 5.59; N, 14.17; F, 11.29; S, 4.63
Found: C, 46.51; H, 5.32; N, 14.06; F, 11.28; S, 4.55

28. N-[4-[ (Aminoiminomethyl) -
amino]butyl]-1-[[(8-quinolinyl-
sulfonyl)amino]acetyl]-2-piper-
idinecarboxamide, trifluoroacetate
salt '
Anal. Calc'd for C32H31N706S+2C2HF302¢2.20 H20:
Cc, 41.21; H, 5.04; N, 12.84; F, 14.93; S, 4.20
Found: C, 41.34; H, 4.69; N, 12.39; F, 14.91; s, 4.55
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29, N-[4-[(Aminoiminomethyl) -
aminolbutyl]-1-[N-(2-naphthalen- = [alp= (c=0.60,
ylsulfonyl)-D-a-glutamyl]-L- methanol)

prolinamide, trifluoroacetate
5 (1:1) salt ' _
Ana_l. Calc'd for 025H34N505'S-l..35 TFA«l.13 H0:
C, 46.42; H, 5.31; N, 12.16; S, 4.35; F, 10.43
Found: C, 46.42; H, 5.33; N, 11.84; s, 4.66; F, 10.50

10 Exauple 29
Q N-[4-[ (Aminoiminomethyl)amino] butylj -1-[N- (methyl-
sulfonyl)-D-phenylalanyl]-L-prolinamide, trifluoro-
acetate (l:1) salt

15 A. N-[4-[(Aminoiminomethyl)amino]lbutyl]-1-
D-phenylalanyl-L-prclinamide, trifluoroacetate

e, salt
.x:} A(l). N-[4-(Aminobutyl)]-1-([N-[ (phenyl-
;.J, 20 ' methoxy) carbonyl] -D-phenylalanyl-L-
The title compound o£ Example 7, Part B (0.78
w'. g, 1.38 mmol) was dissolved in trifluoroacetic acid
A (3.2 mL)). After 3 hours the solvent was evaporated

25 and then co-evaporated with hexane/ether five times,
and dried 16 hours in vacuo to provide a colorless

eseeed taffy which was used in the next step.
. A(2). N-[4-[(Aminoiminomethyl)amino]butyl]-
FA 30 1-[N-[ (phenylmethoxy) carbonyl]-D-phenylalanyl-

L-prolinamide, trifluoroacetate =

The Part A(l) compound (0.80 g, 1.38 mmol) was
dissolved in absolute ethanol (10.9 mL) and treated
with amidinesulfonic acid (0.26 g, 1.5 eq), followed
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by triethylamine (0.58 mL, 3 eq). After stirring for
two hours the solvent was evaporated and the crude
product purified on reverse phase HPLC to provide a
colorless solid (414 mg, 45%).

A(3). N-[4-[(Aminoiminomethyl)amino]butyl]-
1-D-phenylalanyl-L-prolinamide, trifluorc-
acetate salt
The title compound of Part A(2) (0.20 g, 0.30
10 mmol) was dissolved in methanol (1.5 mL) and
hydrogenated at 1 atmosphere and room temperature for
3 hours with PA(OH)2 (40 mg of 20% catalyst). The
catalyst was removed by filtration, and the solvent
stripped to provide an oil. The oil was dissolved in
15 methanol, acidified with trifluoroacetic acid (0.2
mL) and evaporated to dryness, then dissolved in

.3.{ water and lyophilized tc provide the title compouhd
Jcese, (152 mg) .
;.J: 20 oOptical rotation: = -75.8° (c=0.5, CH3 OH).

Anal. Calc'd for C19H3gNgO2¢2.07 CoHF202:0.90 H0):

Q:-: C, 44.35; H, 5.45; N, 13.41; F, 18.82

e, Found: C, 44.52; H, 5.01; N, 13.26; F, 18.52.

ot $ ’s

cseesl B. N-[4-[(Aminoiminomethyl)amino]butyl]-1-

vseees [N- (methylsulfonyl)-D-phenylalanyl]-L-prolin-
amide, trifluoroacetate (l:1) salt =

e To a stirred solution of Part A amine (550 mg,

P 30 0.80 mmol) in 15 mL of dry CH2Clz and 15 mL of dry

THF under argon was added in order triethylamine
(Et3N) (0.44 mL, 3.20 :»@nl) and methanesulfonyl
chloride (68.0 ML, 0.83 mmol). This turbid mixture

was stirred at room temperature for 3 h and diluted




10

15

20

25

30

HA619Db
- 64 -

with 0.50 mL of water. The mixture was stirred at
room temperature for 10 min and concentrated jin
vacuo. The residue was diluted with 30 mL of
methanol, concentrated in vacug and purified by
preparative HPLC. The fractions were concentrated in
vacuo and lyophilized to give 300 mg (75%) of title

compound.

Opt. rot.: [a]p= -68.7° (C=1.00, methanol).

Elemental Analysis (%) Calc'd:
C, 43.59; H, 5.31; N, 13.09; S, 4.99; F, 14.65
Found: C, 43.59; H, 5.33; N, 13.08; S, 4.80; F, 14.69

Example 30
N-[[1-(Aminoiminomethyl) -4-piperidinyl]methyl]-1-[N-

A. 4-(Aminomethyl)-N,N'-bis[(1l,1l-dimethyl-
] ] ] 11-1-pi i di boximidamid

To a stirred solution of 4-aminomethyl-
piperidine (0.72 g, 6.31 mmol) in 40 mL of toluene
was added benzaldehyde (0.78 mL, 6.94 mmol). The
reaction solution was refluxed for 18 h and water was
removed by a Dean Stark trap. The reaction solution
was cooled to room temperature at which time bis-Boc
amidinopyrazole (1.96 g, 6.31 mnol) was added. The
reaction solution was stirred at room temperature for
48 h and concentrated jin vacuo. The oily residue was
diluted with 15 mi of 1M (ag) KHSO4 solution and
stirred at room temperature for 5 h. This aqueous
solution was washed with ether (2x20 mL) and basified
to pH 12 by the addition of 1N NaCH solution. This
basic solution was then satwurated with NaCl and
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extracted with dichloromethane (3x60 mL). The
combined dichloromethane extracts were dried (MgSO4),
filtered and concentrated in vacuo to give 2.10 g
(93%) of title amine which was used for the next
transformation without further purification.

B. (S*)-N-[[1-[[[(1l,1-Dimethylethoxy) -

carbonyl]amino] [[ (1, 1-dimethylethoxy) -

carbonyl]imino)methyl] -4-piperidinyl] -

methyl]-1-{1-[[(1l,1-dimethylethoxy)caruvon-

vllaminol-2-phenvlethyll-l,-prolinamide

To a stirred solution of N-Boc-D-Phe-L-Pro-OH
(0.73 g, 2.02 mmol), Part A amine (0.72 g, 2.02 mmol)
and l-hydroxybenzotriazole monohydrate (0.34 g, 2.02
mmol) in 30 mL of DMF was added in order 4-methyl-
morpholine (0.66 mL, 6.05 mmol) and ethyl-3-(3-
dimethylamino)propyl carbodiimide hydrochloride (0.39
g, 2.02 mmol). The reaction solution was stirred at
room temperature for 19 h and concentrated under pump
vacuum at 45°C. The residue was diluted with 100 mL
of saturated NaHCO3 solution and extracted with
dichloromethane (4x100 mL). The combined dichloro-
methane extracts were dried (MgSO4), filtered and
concentrated in vacuo. This was chromatographed on
silica gel to give 0.70 g (50%) of title bis-Boc
guanidine.

C. N-[[l-(Aminoiminomethyl)-4-piperidinyl]-

To a stirred solution of Part B bis-Boc
guanidine (0.68 g, 0.97 mmol) in 6.0 mL of dichloro-
methane was added trifluoroacetic acid (TFA) (6.00
nL, 77.9 mmol). The reaction solution was stirred at
room temperature for 3 h and concentrated in vacuo.
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This was purified by prep HPLC to give 310 mg (45%)
of title compound.

D. N-[[l1-(Aminoiminomethyl)-4-piperidinyl]-
methyl]-1-IN-(methylsulfonyl)-D-phenylalanyl]-
L-prolinamide

To a stirred solution of Part C guanidine (275
mg, 0.68 mmol) in 4.0 mL of dichloromethane and 2.0
mL of THF under argon at 0°C was added Et3N (0.38 mL,
2.74 mmol) and methanesulfonyl chloride (69 ML) in
order. The reaction mixture was stirred at room
temperature for 2.5 h and diluted with 2.0 mL of
water. The mixture was concentrated in vacuo, and
purified by prep HPLC to give 160 mg (37%) of title
ccmpound.

Example 31
N-[[1l-(Aminoiminomethyl)-3-piperidinyl]methyl]-1-[N-

A. = -3=

To & stirred solution of 3-hydroxymethyl-
piperidine (15.1 g, 131 mmol) and Et3N (21.9 mL, 158
mmol) in 100 mL of dichloromethane was added dropwise
a solution of di-t-butyl dicarbonate (31.5 g, 144
mmol) in 100 mL of dichloromethane over 1 h. The
reaction was stirred at room temperature for 18 h and
then diluted with 200 mL of dichloromethane. The
resulting solution was washed with 1N HCl solution
(3x100 mL), saturated NaHCO3 solution (2x100 mL) and
brine (1x100 mL). The organic layer was dried
(MgSO4), filtered and concentrated in vacuo to give
N-Boc-3-hydroxymethylpiperidine (27.0 g, 96%).
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B. 3-(Azidomethyl)-l-piperidinecarboxylic
acid, l.l-dimethvlethvl ester

To a stirred solution of Part A N-Boc-3-
hydroxymethylpiperidine (27.0 g, 126 mmol) in 150 mL
of dry dichloromethane under argon at 0°C was added
in order triethylamine (22.7 mL, 163 mmol) and
methanesulfonyl chloride (11.7 mL, 151 mmol). The
reaction was stirred at room temperature for 1.5 h
and diluted with 450 mL of dichloromethane. The
reaction was washed with 0°C 1N HCl solution (2x100
mL) and brine (1x100 mL). The dichloromethane layer
was dried (Na2S804), filtered and concentrated in
vacuo. The residue was dissolved in 200 mL of DMF
and combined with sodium azide (24.5 g, 377 mmol).
The mixture was stirred at room temperature for 33 h
and the solid was filtered off. The filtrate was
concentrated under pump vacuum at 45°C. The residue
was partitioned between 400 mL of EtOAc and 10%
sodium thiosulfate solution (2x100 mL) and brine
(1x100 mL). The EtOAc layer was dried (MgSO4),
filtered and concentrated in vacuo. Purification was
effected by a flash column chromatography on silica

gel to give 19.5 g (65%) of title azide.

C. 3-(Aminomethyl)-l-piperidinecarboxylic

To a stirred solution of Part B azide (19.0g,
79.2 mmol) in 250 mL of methanol under argon was
added 10%Pd/C (3.80 g, 20% based on the weight of
Part B azide). The atmosphere was replaced with
hydrogen by several vacuum-£fill cycles. The mixture
was stirred at room temperature for 15 h. The
catalyst was filtered through a 4uM polycarbonate

film and rinsed with methanol (4x30 mL). The
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filtrate was concentrated in vacuo to give 16.3 g
(96%) of title amine.

D. N-[[1-[(1,1-Dimethylethoxy)carbonyl]-3-

piperidinyl]methyl]-1-[N-[ (phenylmethoxy) -

To a stirred solution of Part C amine (2.00 g,
9,35 mmol), N-Cbz-D-Phe-L-Pro (3.70 g, 9.35 mmol), 1-
hydroxybenzotriazole monohydrate (1.58 g, 9.35 mmol)
and 4-methylmorpholine (3.07 mL, 28.0 mmol) was added
ethyl-3-(3-dimethylamino)propyl carbodiimide
hydrochloride (1.79 g, 9.35 mmol). The reaction
solution was stirred at room temperature for 17 h and
concentrated under pump vacuum at 45°C. The residue
was dissolved in 360 mL of EtOAc and washed with 1N
HCl solution (2x120 mL), saturated NaHCO3 solution
(1x120 mL) and brine (1x120 mL). The EtOAc layer was
dried (MgSO4), filtered, concentrated in vacuo and
chromatographed on silica gel to give 1.30g (23%) of
title carbamate.

E. N-[[l-(Aminoiminomethyl)-3-piperidinyl]-

methyl]-1-[N-[(phenylmethoxy)carbonyl]-D-

] lal 11-L- 1 i

To a stirred solution of Part D carbamate
(2.30 g, 3.89 mmol) in 10 mL of dry dichloromethane
was added 0°C 4N HCl in dioxane (15.0 mL, 60.0 mmol).
The solution was stirred at room temperature for 3 h
and diluted with 300 mL of ether. The precipitate
was filtered off and rinsed with ether (3x30 mL).
The precipitate was dried under pump vacuum at room
temperature and purified by prep HPLC to give 1.39 g
(59%) of intermediate amineeTFA salt. To a stirred
solution of the intermediate amine«TFA salt (500 mg,
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0.83 mmol) and diisopropylethyl amine (0.35 mL, 1.98
mmol) in 2.0 mL of DMF was added 1H-pyrazole-1-
carboxamidine (133 mg, 0.91 mmol). The reaction
solution was stirred at room temperature for 6 h and
diluted with 100 mL of ether. The desired oily
precipitate was separated from the ether solution and
purified by prep HPLC to give 250 mg (47%) of title
Cbz-carbamate.

F. N-[[l-(Aminoiminomethyl)-3-piperidinyl]-

To a stirred solution of Part E Cbz-carbamate
(240 mg, 0.37 mmol) in 10 mL of methanol under argon
was added 20%Pd(OH)2/C (48 mg, 20% based on the
weight of Part E Cbz-carbamate). The atmosphere was
replaced with hydrogen by several vacuum-£fill cycles.
The reaction mixture was stirred at room temperatﬁre
for 24 h. The catalyst was filtered off and rinsed
with methanol (4x20 mL). The filtrate was
concentrated ip vacuo. The residue was dissolved in
50 mL of a solution of 0.1%TFA in water and
lyophilized to give 220 mg (82%) of title compound.

G. N-[[l-(Aminoiminomethyl)-3-piperidinyl]-

methyl]-1-[N-(methylsulfonyl)-D-phenylalanyl]-

L-prolinamide i

Following the procedure of Example 30 Part D
except substituting the Part F amidine for the
Example 30 Part C amidine, the title compound is

obtained.
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Example 32
N-[[1l-(Aminoiminomethyl)-4-piperidinyl]methyl]-1-[N-
[ (phenylmethyl)sulfonyl]-D-alanyl]-L-prolinamide,
trifluoroacetate (1:1) salt

A. N-[[(Phenylmethoxy)-carbonyl]-D-alanyl]-L-

proline methyvl ester ,

To a solution of N-CBz-D-alanine (28.1 g,
0.149 mol) in DMF (250 mL) at 0°C, was added L-
proline-methylester.HCl (24.6 g, 0.149 mmol), 1-
hydroxybenzotriazole hydrate (22.2 g, 0.164 mmol),
ethyl-3-(3-dimethylamino)-propyl carbodiimide.HC1l
(31.4 g, 0.164 mmol) and 4-methylmorpholine ( 22.6 g,
0.224 mmol). The reaction mixture was stirred for 12
h while allowing the reaction to warm to room
temperature. The reaction mixture was poured in
water (750 mL) and extracted with ethyl acetate
(2x150 mll). The combined organic extracts were
washed as follows: KHSO4 (0.25 M, 2x50 mL), water
(1x50 mL), saturated agqueous NaHCO3 (2x50 mL) and
saturated NaCl (1x5C mL). The organic layer was
dried over MgSO4, filtered and the solvent removed in
vacuo to give the title compound, 41.16 g (92%), as

an oil. MS (M+H)+= 301t.

B. N-[[[(Phenylmethyl)sulfonyl]carbonyl]-D-
=L- ] S

A solution of Part A compound (1.56 g, 5.2
mmol) in trifluoroacetic acid (3 mL) was stirred at
0°C for 1.5 hr and and concentrated in vacuo to give
the corresponding TFA salt. This salt was dissolved
in chloroform (10 mL), and triethylamine (2.2 mL,
15.6 mmol) and benzylsulfonyl chloride (1.48, 7.8
mmol) at 0°C were added to it. The reaction mixture
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was stirred to room temperature overnight. After 25
h, the reaction mixture was poured into EtOAc (50
mi), washed with 0.25 M aqueous KHSO; (2x20 mL), H,0
(1x20 mL) and saturated aqueous NaHCO; (2x20 mL),
successively; dried over MgSO,, filtered and
concentrated in yacuo to give title compound as an
oil (1.56 g, 85%): MS (M + H)*+ = 355*,

C. N-[[[(Phenylmethyl)sulfonyl;carbonyl]-D-

alanvll-L-proline

To a solution of Part B compound (1.33 g, 3.75
mmole) in THF (10 mL) at 0°C was added aqueods NaOH
(1.0 N, 9.5 mL). After 30 min the reaction mixture

was warmed to room temperature and stirring continued
for an additional 4 h. The organic. solvent was
removed in vacuo. The aqueous ~ ver was acidified to
pH of 2-3 and extracted with e .. acetate (3x10 mL).
The combined extracts were dried over MgSO4, filtered
and the solvent removed in vacuo to give title
compound, 1.21 g (94%), as a white solid.

MS (M+E)*= 341+.

D. N-[[[1-(1l,1-Dimethylethoxy)carbonyl]-
4-piperidinyllmethyl]-1-[N-[ (phenylmethyl) -
sulfonyll-D-alanvll-L-prolinamide =
To a solution of Part C compound (.09 g, 3.2
mmol) in DMF (15 mL) at 0°C were added N-1,1-
[ (dimethylethoxy) carboxyl]-4-methylaminopiperidine
(prepared in Example 33 Part A) (0.685 g, 3.2 mmol),
1l-hydroxybenzotriazole hydrate (0.476 g, 3.5 mmol),
ethyl-3-(3-dimethylamino) -propyl carbodiimide.HCl
(0.675 g, 3.5 mmol) and 4-methylmorpholine untill
basic by pH paper. The reaction mixture was stirred
for 12 h while allowing the reaction to warm to room
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temperature. The reaction mixture was poured into
0.25 M aqueous KHSO4 (50 mL) and extracted with EtOAc
(2x20 mL). The organic layers were combined and
washed with 0.25 M aqueous KHSO4 (1x30 mL), water
(1x25 mL), saturated aqueous NaHCO3 (2x25 mL) and
water (1x20 mL). The organic layer was dried over
MgSO,, filtered and the solvent removed in wvacuo to
give title compound, 1.67 g (9%), as an oil.

MS (M+ H) *= 537+,

E. N-[[1l-(Aminoiminomethyl)-4-piperidinyl]-

methyl]-1-[N-[ (phenylmethyl)sulfonyl]-D-

alanyl]-L-prolinamide, trifluoroacetate

(1:1) salt

A solution of Part D compound (1.17 g, 2. 2
mmol) in trifluoroacetic acid (10.0 mL) was stirred
at 0°C for 5 h. The reaction mixture was
concentrated jin vacuo to give the corresponding TFA
galt. To a solution of this salt (2.2 mmol), 1H-
pyrazole-lfcarboxamidine hydrochloride (0.474 g, 3.3
mmol) and N,N-diisopropylethylamine (1.1 mL, 6.5
mmol) in DMF (3.0 mL) were added and stirred for 3
days. The reaction mixture was concentrated in vacuo
and purified by preparative HPLC (CH3CN/H20 with TFA
buffer using a C-18 silica gel column). The
appropriate fractions were combined, concentrated in
vacuo, dissolved in Hy0 and lyophilized to yield
title compound (0.486 g, 38 %) as a white solid:

[alp = +1.4 (c 1.0, MeOH)

MS (M + H)* = 479%
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Anal. Calc'd for CyH3gNgO4S o 1 3 TFA « 0.7 H,0:
C, 46.21; H, 5.78; N, 13.14; s, 5.01; F, 11.59
Found: C, 46.42; H, 5.83; N, 12.88; s, 4.97; F, 11.82

Example 33
N-[[1- (Aminoiminomethyl)-4-piperidinyl]methyl]-1-[N-
[(2,2,2-trifluoroethyl) sulfonyl]-D-phenylalanyl] -L-

1 4 £ 1:1) sal

A. N-1,1-[(Dimethylethoxy)carbonyl]-4-

methvlamino piperidine

Benzaldehyde (14.6 g, 0.138 mmol), 4-
(aminomethyl) -piperdine (14.29 g, 0.125 mmol) and
toluene (250 mL) were combined and heated at reflux
for 4.5 h with removal of water. The reaction
mixture was cooled to -25°C and di-t-butyl
dicarbonate (28.7 g, 0.131) was added. The reaction
mixture was allowed to warm to room temperature and
stirred an additional 8 h. To this reaction mixture
was added aqueous KHSO4 (1.0 M, 120 mL) and stirred
for 3 h. The organic layer was removed and the
remaining aqueous layer was extracted with ether
(3x75 mL). The aqueous layer was made basic through
the addition cf aqueous NaOH (1.0 M, 130 mL) and
extracted with ether (3x75 mL). The combined organic
extracts were dried over NaSO4 filtered, and the
solvent removed in vacuo to give title compound, 24.4
g (9 %), as a white solid.

B. N-[[(Phenylmethoxy)-carbonyl]-D-phenyl-

alanvll-L-proline methvl ester =

To a solution of N-CBZ-D-phenylalanine (47.3
g, 0.158 mmol) in DMF (300 mL) at 0°C, was added L-
proline-methylester.HCl (25.0 g, 0.151 mmol), 1-
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hydroxybenzotriazole hydrate (20.28 g, 0.166 mmol),
ethyl-3-(3-dimethylamino) -propyl carbodiimide.HCl
(31.8 g, 0.166 mmol) and 4-methylmorphcline (16.0 g,
0.159 mmol). The reaction mixture was stirred for 8
5 h while allowing the reaction to warm tc rocm
temperature. The reaction mixture was poured in
water (1.2 L) and extracted with ethyl acetate (3x300
mL). The combined organic extracts were washed as
foliows: KHSO4 (0.25 M, 2x200 mL), water (1x200 mL),
10 saturated aqueous NaHCO3 (2x200 mL) and saturated
Q NaCl (1x200 mL). The organic layer was dried over
MgSO4, filtered and the solvent removed in vacuo to
give title compound, 60.9 a (98%), as an oil.
MS (M+ H) *= 411+*.

15
C. N-[[(Phenylmethoxy)-carbonyl]-D-phenyl-
alanvll-L-proline

et To a solution of Part B compound (57.8 g,

; 0.141 mol) in MeOH (180 mL) and THF (60 mL) at 0°C

: 20 was added aqueous NaOH (1.0 N, 183 mL). After 30 min

) the reaction mixture was warmed to room temperature
and stirring continued for an additional 4 h.

0. Aqueous HCl (1.0 N, 42 mL) was added and the organic

cove solvents removed in vacuo. The resulting aqueous

25 layer was acidified to pH of 2-3 and extracted with

. ethyl acetate (2x300 mL). The combined extracts were

. dried over MgsSO4, filtered and the solvent removed in

vacuo to give title compound, 45.53 g (97 %), as a

white solid. MS (M+H)*= 397+. '

e 30
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D. N-[[[1-(1,1-Dimethylethoxy)carbonyl]-4-

piperidinyl]methyl]-1-[N-[ (phenylmethoxy) -

corbonyl-D-phenylalanvl]-L-prolinamide

To a solution of Part C compound (19.39 g,
48.90 mmol) in DMF (120 mL) at 0°C, was added Part A
compound (9.98 g, 46.57 mmol), l-hydroxybenzotriazole
hydrate (6.26 g, 51.23 mmol) and ethyl-3-(3-
dimethylamino) -propyl carbodiimide.HCl (9.32 g, 51.23
mmol). The reaction mixture was stirred for 12 h
while allowing the reaction to warm to room
temperature. The reaction mixture was poured in
water (500 mL) and extracted with ethyl acetate
(3x100 mL). The combined organic extracts were
washed as follows: KHSO4 (0.25 M, 2x50 mL), water
(1x75 mL), saturated aqueous NaHCO3 (2x75 mL) and
saturated NaCl (1x50 mL). The organic layer was
dried over MgS0O4, filtered and the solvent removed in
vacuo to give title compound, 23.4 g (85 %), as an
oil. MS (M+ H) *= 593+,

E. N-[[[[1-(1,1-Dimethylethoxy)carbonyl]-
4-piperidinyllmethyl]-1-D-phenylalanyl]-L-
prolinamide

To a stirred solution of Part D compound
(15.00 g, 25.3 mmol) in MeOH (150 mL) was added Pd4d/C
(1.50 g) and the reaction mixture was placed under 1
atmosphere of hydrogen. An additional Pd4d/C (2.5 g)
was added after stirring for 2 h. The reaction was
complete after stirring 8 more hours. The reaction
mixture was filtered and the solvent removed in vacuo
to give title compound, 11.41 g (91%), as a white
solid. MS (M+H)* = 459+,
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F. N-[[[1-(1,1-Dimethylethoxy)carbonyl]-4-

piperidinyl]methyl]-1-([N-[(2,2,2~trifluoro-

To a solution of Part E compound (1.71 g, 3.5
mmol) and triethylamine (2.5 mL, 17.9 mmol) in
chlorororm (10 mL) at §°C under argon was added
triflucroethylsulfonyl chloride (0.5 mL, 4.5 mmol).
The reaction mixture was stirred to room temperature
overnight. After 24 hr, triethylamine (2.0 mL, 14.3
mmol) ard trifluoroethylsulfonyl chloride (0.5 mL,
4.5 mmol) were added at 0°C. The ice-water bath was
removed, and the reaction was stirred for 6 h. The
mixture was diluted with 0.25 M aqueous KHSO, and
EtOAc. After separaton of the two layers, the
organic layer was washed with 0.25 M aqueous KHSOy,
H,0, saturated aqueous NaHCO;, and H;0, successively;
dried over NaSO,, filtered and concentrated in vacuo
to give title compound, (1.60 g, 75 %):
MS (M + H)* = 605*%.

G. N-[[1-(Aminoimincmethyl)-4-piperidinyl]-

methyl]-1-[N-[(2,2,2-trifluoroethyl)sulfonyl] -

D-phenylalanyl] -L-prolinamide, trifluoro-

acetate (1:1) salt

To a solution of Part F compound (1.60 g, 2.6
mmol) in dichloromef:hane (4.4 mL) at 0°C under argon
was added trifluoroacetic acid (3.0 mL, 38.9 mmol).
After 5.5 h, the reaction mixture was concentrated in

vacuo to give the corresponding TFA salt. To a
solution of this salt (1.3 mmol) and 1lH-pyrazole-1l-
carboxamidine hydrochloride (0.311 g, 2.1 mmol) in
DMF (1.3 mL) under argon was added N,N-diisopropyl-
ethylamine (0.7 mL, 4.0 mmol). After 2 days, 1H-
pyrazole-l-carboxamidine hydrochloride (0.150 g, 1.0
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mmol) and N,N-diisopropylethylamine (0.5 mL, 2.9
mmol) were added. After 1 day, 1lH-pyrazole-1-
carboxamidine hydrochloride (0.150 g, 1.0 mmol) and
N,N-diisopropylethylamine (0.5 mL, 2.9 mmol) were
added. After 2 days., the reaction mixture was
concentrated in vacuo and purified by preparative
HPLC (CH3CN/H20 with TFA buffer using a C-18 silica
gel column). The appropriate fractions were
combined, concentrated in vacuo, dissolwved in H0 and
lyophilized to yield title compound (0.256 g, 29 %)
as a white solid:

[alp = -56.0 (c 0.50, MeOH)

MS (M + H)t = 547+

Anal. Calc'd for Cy3H33NgO4SF3  1.22 TFA « 1.14 H,0:
C, 43.26; H, 5.21; N, 11.90; ¢, 4.54; F, 17.92
Found: C, 42.82; H, 4.87; N, 11.48; S, 4.98; F, 17.52

Example 34
N-[[1-(Aminoiminomethyl)-4-piperidinyl)lmethyl]-1-[N-
[ (phenylmethyl)sulfonyl]-L-alanyl]-L-prolinamide,
trifluoroacetate (l:1) salt

A. N-[[(t-Butoxy)-carbonyl]-L-alanyl]-L-

proline methyl ester

To a solution of N-BOC-L-alanine (150 mmol) in
DMF (250 mL) at 0°C, is added proline methyl
ester.HCl (150 mmol), l-hydroxybenzotriazole hydrate
(22.2 g, 0.164 mmol), ethyl-3-(3-dimethylamino)-
propyl carbodiimide.HCl (31.4 g, 0.164 mmol) and 4-
methylmorpholine ( 22.6 g, 0.224 mmol). The reaction
mixture is stirred for 12 h while allowing the
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reacticn to warm to room temperature. The reaction
mixture is poured in water (750 mL) and extracted
with ethyl acetate (2x150 mL). The combined 6rganic
extracts are washed as follows: KHSO4 (0.25 M, 2x50
mL), water (1x50 mL), saturated aqueous NzHCO3 (2x50
mL) and saturated NaCl (1x50 mL). The organic layer
is dried over MgSO4, filtered and the solvent removed
in vacuo to give title compound.

B. N-[[(Phenylmethyl)sulfonyl]carbconyl]-L-

alanvll-L-proline methvl ester =

A solution of Part A compound (5.2 mmol) in
trifluoroacetic acid (3 mL) is stirred at 0°C for 1.5
hr and and concentrated in vacuo to give the
corresponding TFA salt. This salt is dissolved in
chloroform (10 mL), and triethylamine (2.2 mL, 15.6
mmol) and benzylsulfonyl chloride (1.48, 7.8 mmol) at
0°C are added to it. The reaction mixture is stirred
to room temperature overnight. After 25 h, the
reaction mixture is poured into EtOAc (50 mL), washed
with 0.25 M aqueous KHSO4 (2x20 mL), Hy0 (1x20 mL) and
saturated aqueous NaHCO; (2x20 mL), successively;
dried over MgSO,, filtered and concentrated in vacuo

to give title compound.

C. N-[[(Phenylmethyl)sulfonyl]carbonyl]-L-
alanvll-L-proline

To a solution of Part B compound (3.75 mmole)
in THF (10 mL) at 0°C is added aqueous NaOH (1.0 N,
9.5 mL). After 30 min the reaction mixture is warmed
to room temperature and stirring continued for an
additional 4 h. The organic solvent is removed in
vacuo, the aqueous layer acidified to pH of 2-3 and
extracted with ethyl acetate (3xi0 mL). The combined
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extracts are dried over MgSO4, filtered and the
solvent removed in vacuo to give title compound.

D. N-[[[1-(1,1-Dimethylethoxy)carbonyl]-4-

pipéridinyl]methyl]-1-[N—[(phenylmethyl)-

To a solution of Part C compound (3.2 mmol) in
DMF (15 mL) at 0°C is added N1-BOC-4-methylamino
piperidine (3.2 mmol), l-hydroxybenzotriazole hydrate
(0.476 g, 3.5 mmol), ethyl-3-(3-dimethylamino)-propyl
carbodiimide.HCl (0.675 g, 3.5 mmol) and 4-methyl-
morpholine until basic by pH paper. The reaction
mixture is stirred fbr 12 h while allowing the

reaction to warm to room temperature. The reaction

mixture is poured into 0.25 M aqueous KHSO4 (50 mL)
and extracted with EtOAc (2x20 mL). The organic
layers are combined and washed with 0.25 M aqueous
KHSO4 (1x30 mL), water (1x25 mL), saturated aqueous
NaHCO3 (2x25 mL) and water (1x20 mL), the organic
layer dried over MgSO;, filtered and the solvent
removed in vacuo to give title.compound.

E. N-[[l1-(Aminoiminomethyl)-4-piperidinyl]-
'methyl]—l-[N—[(phenylmethyl)sulfonyl]-L-
alanyl] -L-prolinamide, trifluoroacetate (1:1)
salt '
A solution of Pért D compound (2. 2 mmol) in
trifluoroacetic acid (10.0 mL) is stirred at 0°C for
5 h. The reaction mixture is concentrated in vacuo

to give the corresponding TFA salt. To a solution of
this salt (2.2 .mmol), 1lH-pyrazole-l-carboxamidine
hydrochloride (0.474 g, 3.3 mmol) and N,N-
diisopropylethylamine (1.1 mL, 6.5 mmol) in DMF (3.0
mL) are added and stirred for 3 days. The reaction
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mixture is concentrated in vacuo and purified by
preparative HPLC (CH3CN/H20 with TFA buffer using a
C-18 silica gel column). The appropriate fractions
are combined, concentrated in vacuo, dissolved in H20
and lyophilized to yield title compound.

Example 35
N-[[1l- (Aminoiminomethyl)-4-piperidinyl]methyl]-1-[N-
[ (phenylmethyl)sulfonyl]-glycyl]-L-prolinamide,
trifluoroacetate (1:1) salt ==

A. N-[[(t-Butoxy)-carbonyl]-glycyl]-L-proline
methyl ester

To a solution of N-BOC-glycine (150 mmol) in
DMF (250 mL) at 0°C, is added proline methyl
ester.HC1 (150 mmol), l-hydroxybenzotriazole hydrate
(22.2 g, 0.164 mmol), ethyl-3-(3-dimethylamino) -
propyl carbodiimide.HCl (31.4 g, 0.164 mmol) and 4-
methylmorpholine ( 22.6 g, 0.224 mmol). The reaction
mixture is stirred for 12 h while allowing the
reaction to warm to room temperature. The reaction
mixture is poured in water (750 mL) and extracted
with ethyl acetate (2x150 mL). The combined organic
extracts are washed as follows: KHSO4 (0.25 M, 2x50
mL), water (1x50 mL), saturated aqueous NaHCO3 (2x50
mL) and saturated NaCl (1x50 mL). The organic layexr
is dried over MgSO4, filtered and the solvent removed
in vacuo to give title compound.

B. N-[[[(Phenylmethyl)sulfonyl]carbonyl]-

A solution of Part A compound (5.2 mmol) in
trifluoroacetic acid (3 mL) is stirred ac 0°C for 1.5
hr and and concentrated in vacuo to give the
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corresponding TFA salt. This salt is dissolved in
chloroform (10 mL), and triethylamine (2.2 mL, 15.6
mmol) and benzylsulfonyl chloride (1.48, 7.8 mmol) at
0°C are added to it. The reaction mixture is stirred
to room temperature overnight. After 25 h, the
reaction mixture is poured into EtOAc (50 mL), washed
with 0.25 M aqueous KHSO4 (2x20 mL), H;O (1x20 mL) and
saturated aqueous NaHCO; (2x20 mL), successively:;
dried over MgSO,, filtered and concentrated in vacuo

to give title compound.

C. N-[[[(Phenylmethyl)sulfonyl]carbonyl]-
alvevll-L-proline

To a solution of Part B compound (3.75 mmole)
in THF (10 mL) at 0°C is added aqueous NaOH (1.0 N,
9.5 mL).  After 30 min the reaction mixture is warmed
to room temperature and stirring continued for an
additional 4 h. The organic solvent is removed in
vacuo, the aqueous layer acidified to pH of 2-3 and
extracted with ethyl acetate (3x10 mL). The combined
extracts are dried over MgSO4, filtered and the
solvent removed in vacuo to give title compound.

D. N-[[[1-(1,1-Dimethylethoxy)carbonyl]-4-

piperidinyl]methyl]-1-[N-[ (phenylmethyl) -

To a solution of Part C compound (3.2 mmol) in
DMF (15 mL) at 0°C is added N1-BOC-4-methylamino
piperidine (3.2 mmol), l-hydroxybenzotriazole hydrate
(0.476 g, 3.5 mmol), ethyl-3-(3-dimethylamino)-propyl
carbodiimide.HCl (0.675 g, 3.5 mmol) and 4-methyl-
morpholine until basic by pH paper. The reaction
mixture is stirred for 12 h while allowing the
reaction to warm to room temperature. The reaction
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mixture is poured into 0.25 M agqueous KHSO4 (50 mL)
and extracted with EtOAc (2x20 mL). The organic
layers are combined and washed with 0.25 M aqueous
KHSO4 (1x30 mL), water (1x25 mL), saturated aqueous

5 NaHCO3 (2x25 mL) and water (1x20 mL), the organic
layer dried over MgSO,, filtered and the solvent
removed in vacuo to give title compound.

E. N-[[1-(Aminoiminomethyl]-4-piperidinyl]-

10 methyl]-1-[N-[ (phenylmethyl)sulfonyl]-
‘I' glycyl]-L-prolinamide, trifluoroacetate (1:1)
salt

A solution of Part D compound (2. 2 mmol) in
trifluoroacetic acid (10.0 mL) is stirred at 0°C for

speeed 15 5 h. The reaction mixture is concentrated in vacuo
.Eig. to give the corresponding TFA salt. To a solution of
'x'f this salt (2.2 mmol), lH-pyrazole-l-carboxamidine

S k: hydrochloride (0.474 g, 3.3 mmol) and N,N-

el i diisopropylethylamine (1.1 mL, 6.5 mmol) in DMF (3.0

20 mL) are added and stirred for 3 days. The reaction
mixture is concentrated in vacuo and purified by
preparative HPLC (CH3CN/H20 with TFA buffer using a
C-18 silica gel column). The appropriate fractions
are combined, concentrated in vacuo, dissolved in H20

' 25 and lyophilized to yield title compound.

Following the procedures of Example 30 to 33,

0o oo the following examples of compounds of the invention

may be prepared.
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Example 49
N-[[1l-(Aminoiminomethyl)-4-piperidinyl]methyl]-1-[N-
(ethylsulfonyl)-D-phenylalanyl]-L-prolinamide,

trifluorocacetate (1:1) salt =~
[]lp= -49.2 (c 1.08, MeOH)

MS (M + H)+=493+

10 Anal. Calc'd for C23H3gNgO4S 1.4 TFA « 1.0 Hy0:
D C, 46.23; H, 5.92; N, 12.54; s, 4.78; F, 11 30
Foudn: C, 46.23; H, 6.08; N, 12.39; s, 4.71; F, 11.98

Example 50
R 15 N-[[1-(Aminoiminomethyl)-4-piperidinyl)methyl]-1-[N-
_L:a (propylsulfonyl)-D-phenylalanyl] -L-prolinamide,
. trifluoroacetate (1:1) salt

[a]lp= -47.0 (c 1.02, MeOH)

20
:.t..o MS (M + H)+=507+
6° Anal. Calc'd for C24H3gNgO4S ¢ 1.15 TFA . 1.2 H30:
coeeet c, 47.91; H, 6.35; N, 12.74; S, 4.86; F, 9.94
cseeed 25 Found: C, 47.90; H, 6.21; N, 12.50; S, 4.82; F, 10.06
feeedt Exarple 51
. N- [ [1- (Aminoiminomethyl)-4-piperidinyl]methyl]-1-[N-

[ (phenylmethyl)sulfonyl]-D-phenylalanyl]-L-

30 prolinamide, trifluoroacetate (1:1) salt

[alp= -44.6 (c 0.8, MeOH)

MS (M + H)*+=555+%
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Anal. Calc'd for C2gH3gNg04S ¢ 1.55 TFA « 0.67 H0:
c, 50.31; H, 5.42; N, 11.32; s, 4.32; F, 11.90
Found: C, 50.31; H, 5.69; N, 11.24; S, 4.26; F, 11.97

Example 52
N-[[1l-(Aminoiminomethyl)-4-piperidinyl]methyl]-1-[N-
(phenylsulfonyl)-D-phenylalanyl]-L-prolinamide,
trifluoroacetate (1:1) salt

[alp= +10.1 (c 1.0, MeOH)

MS (M + H)*=541%

Anal. Calc'd for C37H3gNgO4S » 1.3 TFA » 0.83 HO0:
c, 50,51; H, 5.58; N, 11.94; s, 4.55; F, 10.53
Found: ¢, 50.51; H, 5.47; N, 11.83; s, 4.71]; F, 10.52

Example 53
N-[[1l-(Aminoiminomethyl -4-piperidinyl]methyl]-1-[N-
[ (l-methylethyl)sulfonyl]-D-phenylalanyl]-L-

prolinamide, trifluorocacetate (2:3) salt =
[alp= -43.1 (c 1.10, MeOH)
MS (M + H)*+=507+

Anal. Calc'd for Cp4H38NgO4S ¢ 1.5 TFA « 1.35 HyO:
C, 46.20; H, 6.06; N, 11.97; s, 4.57; F, 12.18
Found: C, 46.61; H, 5.86; N, 11.95; S, 4.44; F, 12.02
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Throughout the description and claims of this specification, the word "comprise"
and variations of the word, such as "comprising and "comprises", is not intended

to exclude other additives, components or process steps.

L]
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The claims defining the invention are as follows:

1. A compound having the structure
RZ
5 o) o
R
R} ~—g—~N=—C—C—K R?
Il I \_
) R (CH3) o
aQ

10  including all sterecisomers, wherein nis 0, 1 or 2;

G is an amido moiety wh'zh is

o] |
veeceo 15 TB 0=?
= Tg
:::“f (Ciﬂz)n orxr ‘ (cnz)p
Dot CH, a
: .(.. l I
I ’I‘ A
c l,
L 20 n,u/ “x R
R (G1) (G2)
R is hydrogen, hydroxyalkyl, aminoalkyl, alkyl, cycloalkyl, arylalkyl, alkenyl,
alkynyl, amidoalkyl, arylalkoxyalky! or an amino acid side chain, either protected
et 25  or unprotected;
R' and R? are independently hydrogen, lower alkyl, cycloalkyl, aryl, hydroxy,

alkoxy, keto, thioketal, thioalkyl, thioaryl, amino or alkylamino; or R' and R?

together with the carbons to which they are attached form a cycloalkyl, aryl or

heteroary! ring;
30 R3is alkyl, arylalkyl, aryl, heteroaryl, quinolinyl or tetrahydroquinolinyl;

C.\WINVWORD\KARCGN\SPECIE\S2081-93 DOC




LE ]

10

15

20

25

30

88a
nis0, 1or2;
mis 0, 1,2, or3;
YisNHorS;
Pis 0, 1or2;

Q is a single bond or

l:ﬁ
|

.
’

A is aryl or cycloalkyl or an azacycloalkyl ring of 4 to 8 carbons in the ring or an

azaheteroalkyl ring of 4 to 8 carbons in the ring of the structure

X

=\

[ (CH;) ¢
/7
Y g2 }L‘

where X is CH,, O, S or NH;

qis 0, 1, 2, 3 or 4, provided that

qis0,1,2,3o0r4if Xis CHy;

gis2,3o0r4ifXis 0, S or NH;

Y' and Y? are independently H, lower alkyl, halo or keto;
R*is guanidino, amidino or aminomethy!;
with the provisos that where A is aryl or cycloalkyl, R is guanidino, amidino or
aminomethyl,
where A is azacycloalky! or azaheteroalkyl, R* is amidino;
where A is azaheteroalkyl, then there must be at least a 2-carbon chain between

X and any N atom in the ring or outside the ring;

including pharmaceutically acceptable salts thereof.

2. The compound as defined in Claim 1 wherein G is

C\WINWORDWKA 1E\52081.93 DOC
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POy O S
m A
9

Y e
[

wherein p is 0, 1 or 2;
Q is a single bond or
T:O
A is aryl or cycloalkyl or an azacycloalkyl
ring of 4 to 8 carbons in the ring or an

azaheteroalkyl ring of 4 to 8 carbons in the ring of
the structure

where X is CHy, O, S or NH;

q is 0, 1, 2, 3 or 4, provided that

q is 0, 1, 2, 3 or 4 if X is CHjy;

qis 2, 3 or 4 if X is O, S or NH;

Yl and Y2 are independently H, lower alkyl,
halo or keto;

R¢ is guanidino, amidino or aminomethyl;
with the provisos that where A is aryl or cycloalkyl,
R4 is guanidino, amidino or aminomethyl,

where A is azacycloalkyl or azaheteroalkyl,
R¢is amidino;
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where A is azaheteroalkyl, then there must be
at least a 2-carbon chain between X and any N atom in
the ring or outside the ring. '

3. The compound as defined in Claimslgxﬁtrein
A is aryl or cycloalkyl, Q is a single bond and q is
0 or 1.

4. The :ompound as defined in Claim 1 wherein
A is

5. The compound as defined in Claim 4 wherein
X is CHz or NH and Y! and Y2 are each H.

6. The compound as defined in Claim 4 wherein

O0=C

NH

(ng)p

(CH:)Q
N

ngr/L§Na

X is CHz, g is 0 or 1,

Rl and R? are each H, R3 is alkyl, arylalkyl
or aryl, n is 0 or 1 and R is aralkyl or
hydrexyalkyl.
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7. The compund as defined in Claim 1 which is
N-[[1- (aminoiminomethyl) -4-piperidinyl]methyl]-1-[N-
(methylsulfonyl) -D-phenylalanyl]-L-prolinamide or a
salt thereof;

N-[[l-(aminoiminomethyl)-3-piperidinyl]-
methyl]-1-[N-(methylsulfonyl)-D-phenylalanyl]-L-
prolinamide or a salt thereof;

N-[[1-(aminoiminomethyl)-4-piperidinyl]-
methyl] -1-[N-[ (phenylmethyl)sulfonyl]-D-alanyl]-L-
prolinamide, or salt thereof or its trifluoroacetate
(l:1) salt;

N-[[1l-(aminoiminomethyl)-4-piperidinyl]-
methyll-1-[N-([(2,2,2-trifluoroethyl)sulfonyl]-D-
phenylalanyl]-L-prolinamide, or salt thereof or its
trifluoroacetate (l:1) salt;

N-[[1l-(aminoiminomethyl)-4-piperidinyl]-
methyl]-1-[N-[ (phenylmethyl)sulfonyl]-L-alanyl]-L-
prolinamide, or salt thereof or its trifluoroacetate
(1:1) salt;

N-[[1l- (aminoiminomethyl)-4-piperidinyl]-
methyl] -1-[N-[ (phenylmethyl)sulfonyl]glycyl]-L-
prolinamide, or salt thereof or its trifluoroacetate
(1:1) salt;

N-[[1l-(aminoiminomethyl) -4-piperidinyl]-
methyl] -1-[N-(ethylsulfonyl)-D-phenylalanyl]-L-
prolinamide, or salt thereof or its trifluoroacetate
(1:1) salt;

N-[[l-(aminoiminomethyl)-4-piperidinyl] -
methyl] -1-[N-(propylsulfonyl)-D-phenylalanyl] -L-
prolinamide, or salt thereof or its trifluoroacetate
(1:1) salt;

N-[[1l- (aminoiminomethyl)-4-piperidinyl]-
methyl] -1~ [N-[ (phenylmethyl)sulfonyl]-D-phenyl-
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alanyl]-L-prolinamide, or salt thereof or its
trifluoroacetate (1l:1) salt;

N-[[1l-(aminoiminomethyl)-4-piperidinyl] -
methyl] -1-[N-(phenylsulfonyl)-D-phenylalanyl]-L-
prolinamide, or salt thereof or its trifluoroacetate
(1:1) salt;

N-[[1l-(aminoiminomethyl) -4-piperidinyl]-
methyl]-1-[N-{ (1l-methylethyl)sulfonyl]-D-phenyl-
alanyl]-L-prolinamide, or salt thereof or its
trifluoroacetate (2:3) salt.

8. A compound having the structure

RQ
) o
,_ i ' m I
R.—-ﬁ-N-?-C—-N Rl
o R \chxﬁn

including all stereoisomers, wherein n is 0, 1 or 2;
G is an amido moiety of the structure

wherein m is 0, 1, 2 or 3; and

Y is NH or S;

R is hydrogen, hydroxyalkyl, aminoalkyl,
alkyl, cycloalkyl, arylalkyl, alkenyl, alkynyl,
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amidoalkyl, arylalkoxyalkyl or an amino acid side
chain, either protected or unprotected;

R! and R? are independently hydrogen, lower
alkyl, cycloalkyl, aryl, hydroxy, alkoxy, keto,
thioketal, thioalkyl, thioaryl, amino or alkylamino;
or R! and R? together with the carbons to which they
are attached form a cycloalkyl, aryl or heteroaryl
ring;

R3 is alkyl, arylalkyl, aryl, heteroaryl,
quinolinyl or tetrahydroquinolinyl;

‘ provided that where R3 is alkyl, the alkyl has
at least 3 carbons;

including pharmaceutically acceptable salts

..ll.: thereof.
et 9. The compound 2as defined in Claim 8 having
AL the structure
‘et B2
e Q o]
il & 58 |l
R}3=—=8§==N=—C=—C—N R?
i ]
(o) R (cx-xa)n
*0ec o=cC
* |
NH
9. |
] 00: ?Ha
n.-cq: (clnz)n
CH,
‘-ll' l
Y
- g
2N
H,N \NB

B or
10. The compound as defined in Claim&@

wherein n is 1 and m is 2, R3 is 2-ncvohthyl, lower
alkyl having at least 3 carbons, or benzyl, R is
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hydroxyalkyl or aralkyl, Rl is H or alkyl, R2 is H
and Y is -NH-. anv one of 3-\0
11. The compound as defined 1qAClaim92Nhaving

the structure
RZ
o o
I = = |l
R~ § v ] == C e C e )y R!

Il |
o R \\-(cn,)n

12. The compound as defined in Claim 9 which
is [1(S),2a,4B)-N-[4-[ (aminoiminomethyl)amino]butyl] -
1-[3-hydroxy-2-[(2-naphthalenylsulfonyl)amino]-1-
oxopropyl]—4—methyl—z-pipéridinecarboxamide, or a
q' . salt thereof or its trifluoroacetate (1l:1) salt;

e (1(S),2a,4B)-N-[4-[ (aminoiminomethyl)amino] -
butyl]-4-methyl-1-[2[ (2-naphthalenylsulfonyl)amino] -
1-0ox0-3- (phenylmethoxy)propyl]-2-piperidinecarbox-
R amide, or a salt thereof or its trifluoroacetate

¢t (1:1) salt;
[2R-[1(S*),20,4B])-N-[4-[ (aminoimino-

methyl)aminolbutyl]-1-[3-hydroxy-2-[ (2-naphthalenyl-
sulfonyl)amino] -1-oxopropyl] -4-methyl-2-piperidine-
carboxamide, or a salt thereof or its

trifluoroacetate (l:1) salt;
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[2S-[1(R*),2c, 4B]-N-[4-[ (aminoiminomethyl) -
amino]butyl]-1-[3-hydroxy-2-[ (2-naphthalenyl-
sulfonyl)amino] -1-oxopropyl] -4-methyl-2-piperidine-
carboxamide, or a salt thereof or its
trifluoroacetate (l:1) salt;

(2S-txans)-N-[4-[ (aminoimincmethyl)amino] -
butyl [-4-methyl-1-[[[(1,2,3,4-tetrahydro-3-methyl-8-
quinolin-yl)sulfonyl]amino]acetyl]-2-piperidine-
carboxamide, or a salt thereof or its
trifluoroacetate salt;

trans-N-[4-[ (aminoiminomethyl)amino]butyl]-4-
(methylthio)-1-[[ (2-naphthalenylsulfonyl)amino]-
acetyl]-L-prolinamide, or a salt thereof or its
trifluoroacetate salt;

N-[4-[ (aminoiminomethyl)amino]lbutyl]-1-[N-(2-
naphthalenylsulfonyl) ~-D-phenylalanyl]-L-prolinamide,
or a salt thereof or its trifluoroacetate salt,
hemihydrate;

N-[4-[ (aminoiminomethyl)aminolbutyl]-1-[N-(2-
naphthalenylsulfonyl)-D-glutaminyl] -L-prolinamide or
a salt thereof or its trifluoroacetate salt;

[2R-[1(S*),20a,4B) 1-N-[3-[ (aminoiminomethyl) -
amino] -propyl] -1-[4-hydroxy-3-[ (2-naphthalenyl-
sulfonyl)amino)-1,2-dioxobutyl] -2-piperidine-
carboxamide, or a salt thereof, or its trifluoro-
acetate (l:1) salt;

N-[4-[ (aminoiminomethyl)amino]lbutyl]-1-[N-(2-
naphthalenylsulfonyl)-L-seryl] -L-prolinamide or a
salt thereof, or its trifluoroacetate (l:1) salt;

N-[4-[ (aminoiminomethyl)amino]butyl]-1-[N-(2-
naphthalenylsulfonyl)-L-seryl]-D-prolinamide, or a
salt thereof, or its trifluoroacetate (1:1)
salt;
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(2R-trans) -N-[4-[ (aminoiminomethyl)amino] -
butyl]-4-methyl-1-[[ {2-naphthalenylsulfonyl)amino] -
acetyl]-2-piperidinecarboxamide, or a salt thereof,
or its trifluoroacetate salt, hydrate;

[2R-[1(S*)2, 4B)]-N-[4-[ (aminoiminomethyl) -
amino]butyl]-1-[3-hydroxy-2-[ (2-naphthalenyl-
sulfonyl)amino]-1-oxopropyl]-4-methyl-2-piperidine-
carboxamide, or a salt thereof, or its
trifluoroacetate salt, hydrate;

[1(S)]-N-[4-[ (aminoiminomethyl)amino]butyl]-
1,2,3,4-tetrahydro-2-(3-hydroxy-2-[(2-naphthalenyl-
sulfonyl)amino]-1l-oxopropyl]-3-isoquinoline-
carboxamide, isomer A, or a salt thereof, or its
trifluoroacetate salt, hydrate; )

[1(S)]-N-[4-[ (aminoiminomethyl)amino]lbutyl]-
1l,2,3,4-tetrahydro-2-[3-hydroxy-2-[ (2-naphthalenyl-
sulfonyl)amino] -1l-oxopropyl] -3-isoquinoline-
carboxamide, isomer B, or a salt thereof, or its
trifluoroacetate salt, hydrate;

(4S*)-N-[4-[ (aminoiminomethyl)amino]butyl] -4-
hydroxy-1-[N-(2-naphthalenylsulfonyl)-L-seryl]-L-
prolinamide, or a salt thereof, or its trifluoro-
acetate (1l:1) salt;

(4S*) -N-[4-[ (aminoiminomethyl)amino]lbutyl] -4-
methoxy-1-[N-(2-naphthalenylsulfonyl)-L-seryl]-L-
prolinamide, or a salt thereof, or its trifluoro-
acetate (1l:1) salt;

N-[4-[ (aminoiminomethyl)amino]lbutyl]-1-[N-(2-
naphthalenylsulfonyl)-L-phenylalanyl]-L-prolinamide,
or a salt thereof, or its trifluoroacetate (l:1)
salt; |

(28-trans)-N-[4-[ (aminoiminomethyl)amino] -
butyl]-4-methyl-1-[[ (2-naphthalenylsulfonyl)amino] -




HA619a
- 97 -

acetyl]-2-piperidinecarboxamide or a salt thereof, or
its trifluoroacetate (1l:1)salt;

N-[4-[ (aminoiminomethyl)amino]lbutyl]-1-[N-(2-
naphthalenylsulfonyl)-L-glutaminyl)-L-prolinamide, or
a salt thereof, or its trifluorocacetate (1l:1) salt;

N-[4-[ (aminoiminomethyl)amino]butyl]-1-[N-(2-
naphthalenylsulfeonyl)-L-threonyl] -L-prolinamide, or a
salt thereof, or its trifluoroacetate (1l:1) salt;

N-[4-[ (aminoiminomethyl)amins]butyl]-1-[N-(2-
naphthalenylsulfonyl)-L-allothreonyl]-L-prolinamide,
or a salt thereof, or its trifluoroacetate (1l:1)
salt;

(S)-N-[4-[ (aminoiminomethyl)amino]lbutyl] -4-
(methylthio)-1-([N-(2-naphthalenylsulfonyl)glycyl]-L-

L prolinamide, or a salt thereof, or its trifluoro-
J.:e acetate (l:1) salt;

3::5 (R)-N-[4-[ (aminoiminomethyl)amino]butyl]-4-
HE (methylthio) -1-[N-(2-naphthalenylsulfonyl)glycyl]-L-

prolinamide, or a salt thereof, or its trifluoro-
acetate (1l:1) salt;
e N-[4-[ (aminoiminomethyl)aminolbutyl]l-1-[[(2-
. naphthalenylsulfonyl)amino]acetyl]-2-piperidine-
carboxamide, or a salt thereof, or its trifluoro-
acetate (1l:1) salt;

N-[4-( (aminoiminomethyl)amino]lbutyl]-1-[N-(2-
naphthalenylsulfonyl)-D-tryptophyl]-L-prolinamide, or
a salt thereof, or its trifluoroacetate (1l:1) salt;
2 (2S-trans)-N-[4-[ (aminoiminomethyl)amino] -

butyl]-4-methyl-1-[[[ (3-methyl-8-quinolinyl) -
sulfonyl]amino)acetyl] -2-piperidinecarboxamide, or a
salt thereof, or its trifluoroacetate salt;

N-[4-[ (aminoiminomethyl)aminolbutyl]-1-[[ (8-
quinolinylsulfonyl)amino]acetyl]-2-piperidinecarbox-
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amide, or a salt thereof, or its trifluorocacetate salt;

N-[4- [ (aminoiminomethyl) amino]butyl] -1- [N- (2-naphthalenyl-
sulfonyl) -D-a-glutamyl] -L-prolinamide, or a salt thereof, or
its trifluoroacetate (1:1) salt; or

N- [4- [ (aminoiminomethyl) amino] butyl] -1- [N- (methyl-
sulfonyl) -D-phenylalanyl] -L-prolinamide or a salt thereof or
its trifluoroacetate (1:1) salt.

13. A method of inhibiting or preventing formation of blood
clots, which comprises administering to a patient in need of
treatment a therapeutically effective amount of a compound as
defined in any one of claims 1 to 12.

14. The use of a sulfonamido heterocyclic compound or a
pharmaceutical composition containing a sulfonamido
heterocyclic compound for inhibiting or preventing blood
clots, which comprises employing a compound as defined in

claim 1 or claim 8.
15. A compound according to claim 1 or claim 8 substantially

as hereinbefore described with reference to any one of the
examples.

DATED: 16th November, 1993

PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:

BRISTOL-MYERS SQUIBB COMPANY Oovee . .
Jovincl /5 -?W
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SULFONAMIDO HEETEROCYCLIC THROMBIN INHIBITORS

Sulfonamido heterocyclic thrombin inhibitors
are provided which have the structure

RQ
o) 0
, s g |l
Rie—gem N Cmm Qe R!
I i
R (CH3)p
G
wherein G is
o==c
i |
?H o=c
fa, iu
CH, I
| i
H A
) |
7\ R¢
H;N NH

including all stereoisomers thereof and csalts
thereof, wherein n is 0, 1l or 2 or 3; m is 0, 1, 2
or 3; Yis NH or S; p is 0, 1 or 2, Q is a single
bond or




q
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A is aryl, cycloalkyl, azacycloalkyl or
azaheteroalkyl;

R is hydrogen, hydroxyalkyl, aminoalkyl,
alkyl, cycloalkyl, amidoalkyl, arylalkyl, alkenyl,
aryl, alkynyl, arylalkoxyalkyl, or an amino acid side
chain;

Rl and R? are independently hydrogen, lower
alkyl, cycloalkyl, aryl, hydroxy, alkoxy, keto,
thioketal, thioalkyl, thioaryl, amino or alkylamino;
or R! and R2 can be taken together with the carbons
to which they are attached to form a cycloalkyl, aryl
or heteroaryl ring; .

R3 is lower alkyl, aryl, arylalkyl, hetero-
aryl, quinolinyl or tetrahydroquinolinyl; and

R4 can be guanidine, amidine or aminomethyl;
where 2 includes a hetero atom, R? is amidino;
otherwise it may be any of the R4 moieties set out
above.




