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Figure 1A Synthesis of Z-Pro-Pro-NH amides and PRCP inhibition data

) &O H,N'R ) & SN’R

@ OH WSC;HOBT;DIEA; OJ
e DCM,RT;18 h’ H
Z Pro’Pro OH
Scheme 1
Table 1.
Compound R Mol. Formula Analyses rPRCP PRCP-
Number dependent PK

H'NMR MS | Ki (uM) activation on
HPAEC Ki (uM)

RS-33-1 CasHagN304 v v 338.4 NE

RS-33-2 /\O:C’ CasH2yCloN3O, v v 80.6 NE

R$-33-3 /\/@C' CaeH30C1iN304 v v 160 NE

RS-33-4 H,CO Ca7H33N304 v v 424.6 NE
RS-33-5 PN Cy5Ha3N30, v v NE NE
3
RS-33-6 oA AnCH, | CotHssN3Og v v 61 141.4
3
R5-33-7 o CHy | Ca3MsaN3O4 v v 61.5 64.2
RS-33-8 i CagHasF3N30s v v NE NE
Hy

RS-33-9 ' CasH2sChN304 v v 203.1 NE

¢l v v NE 192.9

RS-33-10 CrsHa7ClN; 04
/\Qa
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Figure 1B
RS-33-11 CFs CaeH2sF N304 v 135.4 483.6
RS-33-12 /0 CsH25C1HN50, v 264.6 257.1
Cl
I
RS-33-13 F CasHa7F N304 v 5415 835.7
0
RS-33-14 cl CasH2sCliNsO4 v 467.7 900
RS-33-15 OCH, Ca6H31N105 v 289.2 771.4
RS-33-16 /\000”3 Ca6Ha1N30s v 393.8 450
RS-33-17 N@ﬂ' CasH10BrN3Oy v 110.8 282.9
RS-33-18 ~~CH; Cr3H13sN30, v 289.2 565.7
RS-33-19 ~e~CHy CasHasN30, v 80 437.1
RS-33-20 NN, | CaoHarNZOs v 61.5 64.3
RS-33-22 AN on, Co7HaN30; v NE NE
RS-33-23 /\@:‘;> CasH29N;306 v NE NE
RS-33-24 /\/\© Cy7H13aN304 v NE NE
RS-33-25 Q CagH3N30, v NE NE
——
RS-33-27 W CapH31N30, v NE NE
RS-33-28 \CQ CasH2sN304 v NE NE
RS-33-29 /\/EIOH CasH31ChiN3Og v NE NE
OH
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Fig. 2

Synthesis of NH-Pro-Pro-NH amides and PRCP inhibition data

% 1) 10% P/C; H, %,
O—% R - . H R

- - l -
@'J o™X 2) HCI diethylether; HCl = O7°N
iSOpl’Opan0|
Scheme 2
Table 2.
Compound R Mol. Formula Analyses rPRCP PRCP-
Number dependent
H'NMR MS | Ki{uM) | PK activation
on HPAEC
Ki (uM)
RS-33-12a /\QC Cy7H2;,C1hN;0, v NE NE
1
RS-33-13a F C17H21FaN30, v v NE NE
0O
RS-33-21 AN, | CoaHagN2O; v v 431 361
RS-33-23a /\CIZ? C1sH23N:0, v v NE NE
RS-33-26 Q Ca0H31N30; v NE NE
RS-33-27a _Q_Q Cy,HysN10, v v NE NE
RS-33-28a m CaaH2aN30, v v NE NE
N

RS-33-29a /\/QOH C18H2sN304 v NE NE
oH J
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Fig. 3

Synthesis of N-R-Pro-Pro-NH dodecylamides and PRCP inhibition data

Ph(CHz)aBr
H — -
"HCI ;9 DIEA %9

[ e Ve [V Vg WV
N CHs  CH,Cl, o7*N ~ CH,
RS'33721 RS"337201
Scheme 3
Table 3.
Compound R Mol. Formula Analyses rPRCP PRCP-
. dependent
Number H'NMR MS | Ki(uM) | PK activation
on HPAEC
Ki (uM)
RS-33-201 CayHs1N30; v v NE NE
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Fig. 4

Synthesis of N-R-Pro-Pro-NH dodecylamides and PRCP inhibition data

@27 R'CHO %
E NaBH(OAC)3, ;?

g

N’\/\/‘\/\/\/\CH3 N’\/\/\/\/\/\CH3
RS™33721 RS401 10 RS'404
Scheme 4
Table 4.
Compound R Mol. Formula Analyses rPRCP PRCP-
dependent PK
Number H'NMR MS | Ki(uM) | activation on
HPAEC
Ki (uM)
RS-40-1 ©/\ CasHasN30, v v NE NE
RS-40-2 S CasHaeNL0, v v NE NE
N ]
RS-40-3 S CosMasN4O; v v NE NE i
N’ ‘
RS-40-4 C2sMagN40; v v NE NE f
J
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Fig. §

Synthesis of N-Sulfonamide-Pro-Pro-NH dodecylamides and PRCP inhibition data

{j}/ R'SO,CI %
H 9 N(CH,CHz), o;é\b

HCl o) :’\/\/\/\/\/\CHS CH,Clp H/\/\/\/\/\/\CH3
RS'33°21 RS'43701 0 RS"43704
Scheme 5
Table .
R Mol. Formula Analyses rPRCP PRCP-dependent
' PK activation on
HNMR MS | Ki(uM) HPAEC
Kt (uM)
CygH47N3O,S: v NE NE
HSC—Q—‘ 2911471N3321
H3C\€H3 Ca3HssN304S, v NE NE |
G |
¢ C3,HssN3055, Y NE NE
HLC l l
C23Ha3N3045, v NE NE
o |




U.S. Patent Nov. 24, 2015 Sheet 7 of 22 US 9,193,762 B2

Fig. 6
Synthesis of N-Urea-Pro-Pro-NH dodecylamides and PRCP inhibition data

o
N/,\NJ*N/\\N
N ji \) [V S S NA
“N
'HCI u/\/\/\/\/\/\CHJ s ’% N/\/\/\/_\{\/\CH:;
RS™33721 H RS 45700
l CHjl
@?( : e %
R'NH,
- Hie—N=
AL Rl Y'Y
H N ~ CH,
RS'45720 10 RS 4522 RS45™0
Scheme 6
Table 6.
R Mol. Formula Analyses rPRCP PRCP-
. dependent PK
H'NMR MS Ki (uM) activation on
HPAEC
Ki (M)
- CygHa3NsOs v v Not tested Not tested
- Cy7HagIN5O3 v Not tested Not tested
©/‘”’ CagHagN40; v v NE NE
N~ C3oHa7CINGO; v NE NE
H
C|/©/\
/(I\H’ CaoHasCLNLO; v NE NE
Cl Cl
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Synthesis of N-Carbamate-Pro-Pro-NH dodecylamides and PRCP inhibition data
H,CO
QU, o
Q
o CHy % N CH,
RS'45710 RS'45730
Scheme 7
Table 7.
Compound Mol. Analyses rPRCP PRCP-
Formula dependent
Number H'NMR  MS Ki(iM) | PK activation
on HPAEC
Ki (uM)
RS-45-30 C3oHa7N30s v NE NE
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Synthesis of N-Amide-Pro-Pro-NH dodecylamides and PRCP inhibition data
R COOH
— = R’
WSC;HOBT,DIEA
N’\/\/\/\/\/\CH3
H oo OF NN CH,
RS 33 21 H RS61°5
Scheme 8
Table 8.
Compound R Mol. Formula Analyses rPRCP PRCP-
dependent PK
Number H'NMR MS | Ki(uM) | activation on
HPAEC
Ki (uM)
RS-61-5 CbZ CasHsaNgOs v NE NE
HN
N “—
i~ Y

US 9,193,762 B2
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Fig. 9A Synthesis of proline A-ring isosteres and PRCP inhibition data

OH =+ HQN/\/\/\/\/\/\CH H

O& ) N N N VL
WSC; HOBT:DIEA: ’% .
DCM; RT,18HrS RS"47°00

ay Hy; Pd/C(10%); MEOH; Wa{er, THF;HCI
bj Dielhyiether HCI; sopropanol

WSC. HOBT,DIEA; H
N B DCM; RT:18 h’
Boc” Cl 18 Hel
/\/v\/\/\/\
1o, H/WW\/\CHa d N CH3
Boc- e
RS 477062 OH RS 47°01
1y TFA/DCM(1:1 R COOH; WSC; HOBT,DIEA;
l 2; HCI/Dielh)('IEN‘I)er/ {SOpropanoy DCM; RT:18HrS
H o
HCI
ﬁ/\/\/\/\/\/\CHg N/W\/W\CHs

H . -
RS 47706 RS 47702 to RS'47°05
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Scheme 9
Table 9.
Compound R Mol. Formula Analyses rPRCP PRCP-
. dependent
Number H'NMR MS | Ki(uM) | pPK activation
on HPAEC
Ki (M)
RS-47-00 - CasHaoN;03 v v NE NE
RS-47-01 - Cy7H3aN;0 v v 61.5 477
RS-47-02 O CyH3N;0, v v NE NE
H
N T
N
RS-47-03 H o Cy1HaoN30; S v v NE NE
RS-47-04 o SH CyzHaiN305 S v v NE NE
HBC)LN/%,-
H
RS-47-05 (o} Cy7HasN30; v v NE NE
OO
RS-47-06a - Cy6H47N204 v Not Not tested
tested
RS-47-06 - Ca1H3gN30, v v 43.7 17.4
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Fig. 10A Synthesis of proline B-ring isosteres and PRCP inhibition data
/\/\/Wv\ BOC__N ..
Boc-N on HN CHs RS™48700
WSC; HOBT;DIEA; OF SN NN CH,
DCM; RT;18 h’ H

1) TEADCM(1:1y; 3 '
2) HCUDiethylether/ [sopropanol

gzc- N @‘/ HN RS 48701

RS™48702 HC!
[V e N A
NN SN NN, N CHy
H WSC: HOBT.DIEA;
DCM; RT;18 h’
goc~ N
8) Hy; PAIC(10%); MEOH;Water, THFHCI OH

by Dithylether HCL; Isopropano)

WSC; HOBT,DIEA,
DCM; RT:18 h
H
N .- Boc-
RS 48 03
HCl i
O

N oi
N SN CH N N NN
3 N CHj;

RS™48704
HN. N
HC!

[t W e PO et
H 3

1) TEADCM(1:1y; 3 b
2) HCI/Diethylether/ 1sopfopancl

RS 48705
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Fig. 10B
Scheme 10
Table 10,
Compound Mol. Formula Analyses rPRCP PRCP-dependent PK
activation on HPAEC
Number H'NMR Ms Ki (
kKi(t O™
RS-48-00 C1HaoN;0, v Not Tested Not Tested
RS-48-01 CieH3N,0 v v 195.1 50.14
RS-48-02 C9H4sN30, v v Not Tested Not Tested
RS-48-03 C1H3gN30; v v 84.9 60.4
RS-48-04 Cy5HasN30, v Not Tested Not Tested
RS-48-05 CyoH37N;30, v v 108.9 29.6




U.S. Patent Nov. 24, 2015 Sheet 14 of 22 US 9,193,762 B2

Fig. 11

Synthesis of Z-Pro-GABA-NH-amides and PRCP inhibition data

0 o) HO R

MOH N 0_,\5‘:' N oH ro _ :(N;o
2 HNR
o*0 © (o= g NH 2
=0 N AN
O/ DCC 04g

00

Z'Pro oH —
Z Pro"N’succijnjmjge aster o . Lo
Z Pro NH GABA RS 37 01 tORS 37 07
Scheme 11
Table 11.
R Mol. Formula Analyses rPRCP PRCP-dependent
. PK activation on
H'NMR MS Ki (uM) HPAEC
Ki (M)
CE’ C4H26C11N;30, v A 3323 694.3
ct CaqH25CHN3O4 ] 227.7 565.7
/\Q CaaH25C1iN30, v 258.5 668.6
Cl
¢ CaqH27C1,N;04 v 147.7 604.3
ges
/\@Cl CuaH27CI,N;04 v 1108 456.4
Cl
INNNNNNCH, | CogHagN3O, v v NE 58
AN, | CasHaNO; v v 350.8 192.9
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Fig. 12

Synthesis of N-R-Pro-GABA-NH-dodecylamides and PRCP inhibition data

H 0 H o)
(NjEN\/\)LN’\/\/\/W\ 10% Pd/C; H, N N\/\)LN/\/\/\/\/\/\
—— H
Orot H HCVEtersopiopanol .
RS'37°06 Rs'42701
R CHO
NaBH(OAC),;
CHCl;
1hr RT
H (0]
(N\JEN/\)LN/\/\/\/\/\/\
R H
RS42°02t0 RS'42705
and RS 61 01
Scheme 12
Table 12
R Mol. Formula Analyses rPRCP PRCP-dependent
1 PK activation on
H'NMR MS Ki (uM) HPAEC
Kt (uM)
|
CaaHasN30, —| v v 36.9 6.4
@/\ CaaHarN30; v NE ] NE
— ) CarHagNaO; v v NE NE
N
7S Cy7HagN10; v v NE NE
N
-
S Ca7HasN2O; v v NE NE
2N
VAN CasHasNsO v v NE NE
&R:H\ 26Ha7NsO;
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Fig. 13

Synthesis of N-Sulfonamide-Pro-GABA-NH-dodecylamides and PRCP inhibition data

H 0 R 'SO,CI H o
[NjBNNLN/W\/W\ —_— - N N\/\.)LN’\/\/\/\/\/\
H H NCH,CHy; 0,8 H
HCI Ao CH,Cly; - - -

RS 42 01 22
1 RT RS 44 01 tORS 44 04
Scheme 13
Table 13.
Compound R Mol. Formula Analyses rPRCP PRCP-dependent
PK activation on
Number H'NMR MS | Ki(uM) HPAEC
Ki (aM)
RS-44-01 H30'©— CsHaN3045, v NE NE
RS-44-02 Hy C\gHa C35HssN3045; v NE NE
ey
'Rs-aa-03 | O | CyiHssN:0s5: v NE NE
H:,C" g N
|
RS-44-04 C22Ha3N3045, v NE NE
HyC—
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Fig. 14
Synthesis of N-Amide-Pro-GABA-NH-dodecylamides and PRCP inhibition data

H 0 R COCH H 0
%NMHW —_— (N\JEN\/\)LN’\/WW\
e WSCHOBT,DIEA R H

RS™42°01 RS61702t0 RS61°04
Scheme 14
Table 14,
Compound R Mol. Analyses rPRCP PRCP-dependent
Formula PK activation on
Number H'NMR MS | Ki(uM) HPAEC
KI (pM)
RS-61-2 q) CreHasNsO3 v NE NE
NIR)L_
LN,
RS-61-3 [¢] C31HasNsO4 v v NE NE
N
H
RS-61-4 CbZz C35Hs4NgOs v NE NE
NHN’ L
%
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Fig.15
Table 15

Effect of RS-33-21 on recombinant prolylcarboxypeptidase (rPRCP), serine proteases and carboxypeptidases

K {sM)
Blocking agent rPRCP Kallikrein FXila FXla Trypsin CPA CPB CPN cPM
RS-33-21 43 NE NE NE NE NE NE NE NE
SBTI NE 6.15 NT 0.62 0.12 NT NT NT NT
CTl NT NT 0.12 NT NT NT NT NT NT
1,10- Phenanthroline  NE NT NT NT NT 486 7385 615.4 393.85

Inhibitor concentrations required to produce 50% inhibition of recombinant prolylcarboxypeptidase, various abundant serine proteases, and
carboxypeptidases. rPRCP; recombinant prolylicarboxypeptidase, FX[1a; activated factor XIi, FXla; activated factor X1, CPA; carboxypeptidase
A; CPB; carboxypeptidase B, CPN; carboxypeptidase N, CPM; carboxypeptidase M, SBTI; soy bean trypsin inhibitor, CT1; corn trypsin
inhibitor. *NE : denotes no effect

**NT : indicates not tested




U.S. Patent

Nov. 24, 2015

Fig 16

Sheet 19 of 22

US 9,193,762 B2

Table 16. Hepatic and renal toxicity of RS-33-21 in mice

RS-33-21
Metabolic panel Vehicle (400 pMm)
ALB 39 3.9
ALP 80 93
ALT 34 33
AMY 822 1041
TBIL 0.4 0.4
BUN 16 19
ca” 9.9 9.9
PHOS 10 8.0
CRE 0.2 0.3
GLU 195 165
Na+ 152 151
K+ 5.8 5.4
TP 5.4 53
GLOB 1.5 1.5
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Fig. 17 Fig. 17
A B
HK HK+PK+RS-33-21
HK + PK RS-33-21
HK + PK
100 1S8-33-21 * Basal NO
Ql 'L ‘v‘ % ; \Ql Q.Q' Q?; D:.'Q '\?'; ‘.‘:Q
Bradykinin (pmol10° HPAEC) (Nitrate + Nitrite)
Fig. 17 Fig. 17 L)
C D

HK+PK+ RS-33-21 Cell Basal Medium

HK+PK
HK + PK HK+PK + RS-33-21
Basal 6-keto PGF,, LPS

s & & 0 10000 20000 30000 40000
N v > Relative Fluorescence Units (RFUs)

6-keto PGF,, {pg/ml)
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1
SELECTIVE INHIBITORS OF
PROLYLCARBOXYPEPTIDASE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a §371 National Stage Application of International
Application No. PCT/US2011/062889 filed 1 Dec. 2011 (1
Dec. 2010), pending, which claims priority of U.S. Provi-
sional Application No. 61/418,708 filed 1 Dec. 2010 (1 Dec.
2010), the entire contents of which are incorporated herein by
reference in their entirety.

SUPPORT FOR THE INVENTION

This invention was made with Government support under
NCRR/NIH/P20RR021929 awarded by the National Insti-
tutes of Health. The United States Government has certain
rights in this invention.

FIELD OF THE INVENTION

The present invention relates to the preparation of and the
evaluation of serine protease prolylcarboxypeptidase (PRCP)
inhibitors especially in their use in the field of weight man-
agement and in the preparation of medications for the treat-
ment and management of obesity. Further, the present inven-
tion relates to new anorexigenic and anti-inflammatory drugs,
acting through PRCP-mediated mechanisms.

BACKGROUND OF THE INVENTION

Obesity is a major risk factor for type 2 diabetes mellitus.':
2 The proopiomelanocortin (POMC)-derived peptide, ci-mel-
anocyte-stimulating hormone (c.-MSH) is involved in the
regulation of food intake and energy homeostasis in mam-
mals® and the reduction of inflammatory reactions.*° Evi-
dence indicates that the expression of a-MSH mRNA is
increased in the pituitary of genetically obese mice (ob/ob)’
and that a-MSH suppresses feeding behavior in mice and
fish.® ® On the basis of evolutionary conservation theory,
studies suggest that o-MSH has a species-dependent regula-
tory function in energy homeostasis and has two tissue-de-
pendant and opposing roles. In the central nervous system
(CNS), a.-MSH increases sensitivity to insulin,'® while in the
periphery, a-MSH seems to play a pivotal role in insulin
resistance.'°a-MSH is a potent agonist of melanocortin 1
receptors (MC1R) and melanocortin 4 receptors (MC4R).!*
MCA4R knockout mice have been shown to develop a maturity
onset obesity syndrome characterized by hyperphagia, hyper-
glycemia and hyperinsulinemia.'? It is shown that MC4R
mutations are linked to severe obesity in French children with
variable expression and penetrance.® Additionally, MTII (a
specific synthetic MC3R/MCA4R agonist) inhibits food intake
in rats.'* Notably, studies indicate that analogs of a-MSH
influence blood glucose in mouse models of obesity.'°

Recent studies have shown that the serine protease prolyl-
carboxypeptidase (PRCP) inactivates a-MSH by catalyzing
the cleavage of the carboxyl terminus Pro-Val, suggesting
that PRCP may have orexigenic action.'> PRCP activates
three distinct and seemingly unrelated (Ang II, Ang 1-8) to
angiotensin 1-7 (Ang 1-7), and angiotensin III (Ang III, Ang
2-8) to angiotensin 2-7 (Ang 2-7); ii. PRCP potentiates
vasodilation via activation of the plasma kallikrein-kinin sys-
tem (KKS), resulting in the release of bradykinin (BK) from
high molecular weight kininogen (HK).'® BK is an important
vascular mediator, causing vasodilation and is a leading
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inducer of edema; iii. PRCP mediates cell growth and
inflammation via inactivation of a-MSH.

Current medications for obesity are limited in effective-
ness, suggesting the existence of a novel, uncharacterized
mechanism that contributes to this condition. Since mutations
in the MC4R gene can cause monogenic obesity,'? applicants
proposed that selective inhibitors of PRCP might be a prom-
ising therapeutic option for some people with elevated PRCP-
induced a-MSH, ,, production, especially those for whom
other anti-obesity therapy has failed. The advantages of this
approach are three-fold. First, PRCP inhibitors decrease
inflammation through reducing the synthesis of BK and Ang
1-7. Secondly, PRCP inhibitors may promote the activation of
anti-inflammatory mediators via MCI1R-dependent and
MCI1R-independent pathways, acting through an o-MSH/
NF-kB and/or o-MSH/IL.10-mediated mechanisms.®> 2% !
Thirdly, PRCP inhibitors reduce food-intake in patients via
MCA4R, acting through an o-MSH-mediated mechanism.
PRCP inhibitors may represent a new class of dual-acting
anorexigenic and anti-inflammatory agents, which may
reduce the risk of heart disease in obese patients. Recently,
researchers have disclosed the identification of a potent and
selective small molecule PRCP inhibitor to validate PRCP as
a valid target for the development of anti-obesity drugs.**

SUMMARY OF THE INVENTION

Recent studies suggest that the PRCP plays a critical role in
weight maintenance via the rapid inactivation of the anorexi-
genic peptide alpha-melanocyte-stimulating hormone
(a-MSH). The present application describes on-going inves-
tigations that have demonstrated that over-activation of PRCP
is linked to the inflammatory response, and PRCP inhibitors
may reduce inflammation. Applicants have synthesized and
evaluated a library of proline-based analogs as prospective
recombinant PRCP (rPRCP) inhibitors and inhibitors of
PRCP-dependent prekallikrein (PK) activation on human
pulmonary artery endothelial cells (HPAEC). (S)—N-dode-
cyl-1-((S)-pyrrolidine-2-carbonyl) pyrrolidine-2-carboxam-
ide (RS-33-21) was selected for further evaluation from the
initial assessment of its PRCP inhibitory action (Ki=43.1 uM)
coupled with its ability to block PRCP-dependent PK activa-
tion on HPAEC (Ki=34.1 uM). Furthermore, RS-33-21 dem-
onstrated excellent selectivity against a panel of carboxypep-
tidases and serine proteases, and also blocked BK generation
and BK-induced permeability by 100%, suggesting that
RS-33-21 may be useful in preventing the local production of
large amounts of BK. The anorexigenic effect of RS-33-21
was established by evaluating the PRCP-induced augmenta-
tion of feeding behavior in mice. RS-33-21 reduced food
intake in a dose- and time-dependent manner. Collectively,
these results suggest that RS-33-21 may represent a new
anorexigenic and anti-inflammatory drug, acting through
PRCP-mediated mechanisms.

The present invention relates to compounds of the formu-
lae:

or
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and isosteres and salts thereof.

The present invention further relates to pharmaceutical
compositions comprising at least one compound of the for-
mulae given above and a pharmaceutically acceptable carrier.

Additionally, this invention encompasses a method of
treating a subject in need of anorexigenic and/or anti-inflam-
matory treatment comprising administering to the subject in
need of the treatment an effective amount of at least one
compound of the formulae shown above or a method which
employs the pharmaceutical composition containing the

9" compounds of the above formulae.

A still yet further aspect of the present invention are anor-
exigenic and/or anti-inflammatory compositions comprising
at least one compound of the formulae shown above or phar-
maceutical compositions containing the compounds of the
above formulae.

Another aspect of the present invention relates to a method
of treating obesity comprising administering to a subject in
need of the treatment an effective amount of at least one
compound of the formulae shown above or this same method
in which a pharmaceutical composition containing at least
one compound of the formulae given above is administered to
a subject.

An embodiment of the present invention is the embodiment
in which the alkyl group R of the formulae is C,,H,.

Compounds of interest include:

RS-48-03

QU
N
O

o N/\/\/\/\/\/\CH3;
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or isosteres or salts thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and form a part of the specification, illustrate the preferred
embodiments of the present invention, and together with the
description serve to explain the principles of the invention:

FIG. 1A (Scheme 1A and Table 1 A)—Synthesis of Z-Pro-
Pro-NH amides and PRCP inhibition data;

FIG. 1B (Scheme 1B and Table 1B)—Synthesis of Z-Pro-
Pro-NH amides and PRCP inhibition data;

FIG. 2 (Scheme 2 and Table 2)—Synthesis of NH-Pro-Pro-
NH amides and PRCP inhibition data;

FIG. 3 (Scheme 3 and Table 3)—Synthesis of N—R-Pro-
Pro-NH dodecylamides and PRCP inhibition data;

FIG. 4 (Scheme 4 and Table 4)—Synthesis of N—R-Pro-
Pro-NH dodecylamides and PRCP inhibition data;

FIG. 5 (Scheme 5 and Table 5)—Synthesis of N-Sulfona-
mide-Pro-Pro-NH dodecylamides and PRCP inhibition data;

FIG. 6 (Scheme 6 and Table 6)—Synthesis of N-Urea-Pro-
Pro-NH dodecylamides and PRCP inhibition data;

FIG. 7 (Scheme 7 and Table 7)—Synthesis of N-Carbam-
ate-Pro-Pro-NH dodecylamides and PRCP inhibition data;

FIG. 8 (Scheme 8 and Table 8)—Synthesis of N-Amide-
Pro-Pro-NH dodecylamides and PRCP inhibition data;

FIG. 9A—Synthesis of proline A-ring isosteres and PRCP
inhibition data;

FIG. 9B (Scheme 9 and Table 9)—Synthesis of proline
A-ring isosteres and PRCP inhibition data;

FIG. 10A—Synthesis of proline B-ring isosteres and
PRCP inhibition 5 data;

FIG. 10B (Scheme 10 and Table 10)—Synthesis of proline
B-ring isosteres and PRCP inhibition 5 data;

FIG. 11 (Scheme 11 and Table 11)—Synthesis of Z-Pro-
GABA-NH-amides and PRCP inhibition data;

FIG. 12 (Scheme 12 and Table 12)—Synthesis of N—R-
Pro-GABA-NH-dodecylamides and PRCP inhibition data;

FIG. 13 (Scheme 13 and Table 13)—Synthesis of N-Sul-
fonamide-Pro-GABA-NH-dodecylamides and PRCP inhibi-
tion data;

FIG. 14 (Scheme 14 and Table 14)—Synthesis of
N-Amide-Pro-GABA-NH-dodecylamides and PRCP inhibi-
tion data;

FIG. 15—Table 15—Effect of RS-33-21 on recombinant
prolylcarboxypeptidase (rPRCP), serine proteases and car-
boxypeptidases;

FIG. 16—Table 16—Hepatic and renal toxicity of RS-33-
21 in mice;

FIG. 16 A Effects of RS-33-21 on recombinant PRCP;

FIG. 16B Effects 0of RS-33-21 on PRCP-dependent prekal-
likrein activation in human pulmonary vein artery endothelial
cells (HPAEC);

FIG. 16C RS-33-21 inhibits the metabolism of BK, ; to
BK, , by rPRCP;
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o N/\/\/\/\/\/\CH3
H

FIG. 16D RS-33-21 blocks the metabolism of Ang III
(angiotensin 2-8) to Ang, , by rPRCP;

FIG. 16E RS-33-21 is a competitive inhibitor of PRCP;

FIG. 17A RS-33-21 blocks bradykinin generation on
HPAEC,

FIG. 17B RS-33-21 blocks bradykinin-induced nitric
oxide generation on HPAEC;

FIG. 17C RS-33-21 blocks bradykinin-induced prostacy-
clin generation on HPAEC;

FIG. 17D RS-33-21 blocks bradykinin-induced HPAEC
permeability; and

FIG. 18 Effect of RS-33-21 on food intake of mice.

DETAILED DESCRIPTION OF THE INVENTION

Asused herein, the term “comprising” means various com-
ponents can be conjointly employed in the pharmaceutical
composition of this invention. Accordingly, the terms “con-
sisting essentially of” and “consisting of”” are embodied in the
term comprising.

As used herein, a “pharmaceutically acceptable” compo-
nent is one that is suitable for use with humans and/or animals
without undue adverse side effects (such as toxicity, irritation,
and allergic response) commensurate with a reasonable ben-
efit/risk ratio.

As used herein, the term “safe and effective amount” refers
to the quantity of a component which is sufficient to yield a
desired therapeutic response without undue adverse side
effects (such as toxicity, irritation, or allergic response) com-
mensurate with a reasonable benefit/risk ratio when used in
the manner of this invention. The specific “safe and effective
amount” will, obviously, vary with such factors as the par-
ticular condition being treated, the physical condition of the
patient, the type of mammal being treated, the duration of'the
treatment, the nature of concurrent therapy (if any), and the
specific formulations employed and the structure of the com-
pounds or its derivatives.

As used herein, a “pharmaceutical addition salts” includes
a pharmaceutically acceptable salt of the anti-cancer com-
pound. These include acid salts of the amines.

As used herein, a “pharmaceutical carrier” is a pharmaceu-
tically acceptable solvent, suspending agent or vehicle for
delivering the anti-obesity agents of this invention to the
animal or human. The carrier may be liquid or solid and is
selected with the planned manner of administration in mind.

As used herein useful acids for salt formation include, for
example, acetic acid, adipic acid, L-ascorbic acid, L-, capric,
carbonic, citric, fumaric, galactaric, D-glucoheptanoic,
D-gluconic, D-glucuronic, glutamic, glutaric, glycerophos-
phoric, hippuric, hydrochloric, DL-lactic, lauric, maleic, (-)-
L-malic, phosphoric, sebacic, succinic, sulphuric, (+)L-tar-
taric, and thiocyanic. Glycolic aspartic, palmitic, stearic
alginic, benzenesulfonic, benzoic, (+)camphoric, caprylic,
cyclamic, dodecylsulfuric, ethane-1,2-disulfonic, methane-
sulfonic, ethanesulfonic, 2-hydroxy-, gentisic, 2-oxo glu-
taric, isobutyric, lactobionic, malonic, methanesulfonic,
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naphthalene-1,5-disulfonic, naphthalene-2-sulfonic,
2-napthoic 1-hydroxy, nicotinic, oleic, orotic, oxalic, pamoic,
propionic, (-)-L-pyroglutamic and p-toluenesulfonic acids.

The invention is further illustrated by the following non-
limited examples. All scientific and technical terms have the
meanings as understood by one with ordinary skill in the art.
The specific examples which follow illustrate the synthesis of
representative compounds of the instant invention and are not
to be construed as limiting the invention in sphere or scope.
The methods may be adapted to variation in order to produce
compounds embraced by this invention but not specifically
disclosed. Further, variations of the methods to produce the
same compounds in somewhat different fashion will be evi-
dent to one skilled in the art. The synthetic descriptions and
specific examples that follow are only intended for the pur-
poses of illustration, and are not to be construed as limiting in
any manner to make compounds of the present invention by
other methods.

Several laboratories including applicants have shown that
1-[1-(benzyloxycarbonyl)-L-prolyl]prolinal (Z-Pro-Pro-
OH) inhibits PRCP with an IC;,>1 mM. Using Z-Pro-Pro-
OH as a lead, applicants initially synthesized a number of
proline B-ring amide analogs (Z-Pro-Pro-NH amides) by
condensing Z-Pro-Pro-OH with various primary amines
under standard conditions to yield analogs RS-33-1 to RS-33-
29 (FIG. 1A, Scheme 1A and FIG. 1B, Scheme 1B). PRCP
assay-guided evaluation resulted in the selection of RS-33-20
(containing the dodecyl group) for further optimization. The
N-benzyloxycarbonyl group of lead inhibitor RS-33-20 was
removed under standard catalytic hydrogenation conditions
(H,, Pd/C) and the amine product RS-33-21 was converted to
its corresponding HCI salt. Other select N-benzyloxycarbo-
nyl derivatives were also subjected to the catalytic hydroge-
nation reaction and converted to their corresponding hydro-
chloride salts (FIG. 2, Scheme 2). RS-33-21 was reacted with
(3-bromopropyl)benzene in diisopropylethylamine to yield
RS-33-201 (FIG. 3, Scheme 3) or with various aldehydes
under reductive amination reaction conditions (RCHO, NaB-
H(OAc),) affording analogs RS-40-1 to RS-40-4 (FIG. 4,
Scheme 4). Proline A-ring sulfonamide derivatives (RS-43-
01 to RS-43-04) were prepared from RS-33-21 by reaction
with their respective sulfonyl chlorides (FIG. 5, Scheme 5).
Proline A-ring urea derivatives (RS-45-20to RS-45-22) were
synthesized from intermediate RS-45-10 by reaction with
benzylamine reagents (FIG. 6, Scheme 6). A proline A-ring
carbamate (RS-45-30) was prepared from reaction of inter-
mediate RS-45-10 with 4-methoxyphenol (FIG. 7, Scheme
7). Condensation of RS-33-21 with a suitably protected
amino acid under the standard condensation reaction yielded
RS-61-5 (FIG. 8, Scheme 8). FIG. 9B, Scheme 9 depicts the
reaction sequence used for the synthesis of proline A-ring
bioisosteres. Reaction of Z-Pro-OH with dodecylamine
under standard condensation reactions yielded RS-47-00,
which was deprotected using catalytic hydrogenation to
afford amine RS-47-01. RS-47-01 was condensed with vari-
ous carboxylic acids to yield analogs RS-47-02 to RS-47-05,
or condensed with (S)-1-(tert-butoxycarbonyl)azetidine-2-
carboxylic acid to afford RS-47-06a, which was subsequently
5 subjected to treatment with trifluoroacetic acid in dichlo-
rmethane yielding RS-47-06. FIG. 10B, Scheme 10 depicts
the synthesis of azetidine bioisosteres, serving as a surrogate
to the proline B-ring. (S)-1-(tert-butoxycarbonyl)azetidine-
2-carboxylic acid was reacted with dodecylamine under the
standard condensation reaction to afford RS-48-00, which
was treated with trifluoroacetic acid in dichloromethane to
yield RS-48-01. RS-48-01 was reacted with either (S)-1-(tert-
butoxycarbonyl)azetidine-2-carboxylic acid or (S)-1-(benzy-
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loxycarbonyl)pyrrolidine-2-carboxylic acid under standard
condensation reaction conditions to yield RS-48-04 and
RS-48-02 respectively. Standard methods of deprotection
yielded RS-48-05 and RS-48-03, characterized and tested as
their respective hydrochloride salts.

FIG. 11, Scheme 11 depicts the synthesis of proline B-ring
acyclic bioisosteres. Reaction of an activated ester (N-hy-
droxysuccinimide ester of Z-Pro-OH) with 4-aminobutanoic
acid yielded the Z-Pro-GABA intermediate, that was con-
densed with a series of amines to yield analogs RS-37-01 to
RS-37-07. The Z-Pro-GABA analog with a dodecylamine
substituent (RS-37-06) was subjected to catalytic hydrogena-
tion yielding RS-42-01 (converted to its corresponding
hydrochloride salt). RS-42-01 was reacted with aldehydes
under standard reductive amination reaction conditions yield-
ing compounds RS-42-02 to RS-42-05 and RS-61-01 (FIG.
12, Scheme 12). RS-42-01 was reacted with either sulfonyl
chlorides or carboxylic acids to yield sulfonamides (RS-44-
01 to RS-44-04; FIG. 13, Scheme 13) and amide analogs
(RS-61-02 to RS-61-04; FIG. 14, Scheme 14) respectively.

Applicants utilized two assays to evaluate the putative
PRCP inhibitors; 1.) a chromogenic enzyme assay, that
involved the continual monitoring [60 min] for the production
of p-nitroaniline derived from rPRCP-catalyzed conversion
of Ala-Pro-p-nitroaniline (APpNA) in the presence of inhibi-
tor and; 2.) a cell-based assay measuring the PRCP-depen-
dent PK activation on human pulmonary artery endothelial
cells (HPAEC). An initial set of simple Z-Pro-Pro-NH-amide
derivatives were evaluated, and it was determined that the
most dramatic PRCP inhibitory effects were observed in the
homologous NH-alkyl series of compounds with RS-33-20
inhibiting both rPRCP (Ki=61.5 uM) and the activation of PK
to kallikrein by PRCP on HPAEC (Ki=64.3 uM). The length
of the carbon group was optimal for C12 substitution (dode-
cyl), but the requirement for a saturated hydrocarbon was not
apparent. To test this hypothesis, applicants substituted an
ethoxy-3-propyl repeating unit (RS-33-22) for the dodecane
group in RS-33-20. Analog RS-33-22 was ineffective in
inhibiting rPRCP or blocking PK activation suggesting a key
role for the hydrocarbon dodecane moiety. Aqueous solubil-
ity was limited for a number of analogs, particularly those
with logP values greater than 3.5. Since the rPRCP inhibitory
effects of compound RS-33-20 were modest, further struc-
tural optimization commenced with replacing the N-CBz
group with a series of heterocyclic groups to generate proline
A-ring N-benzyl amines, suitable precursors for making HCI
salts. None of these derivatives inhibited PRCP in either the
enzyme or cell-based assay (Scheme 4, Table 4). However,
the compound lacking a proline A-ring substituent (RS-33-
21) proved to be an effective inhibitor of PRCP (Ki=43.1 uM)
and furthermore blocked PRCP-dependent PK activation on
HPAEC’s (Ki=34.1 uM) Further insight was realized with the
replacement of proline ring-B with a flexible GABA spacer
group (Scheme 11, Table 11). The dodecyl analog RS-37-06
was most effective in its ability to block the conversion of PK
to kallikrein on HPAEC with an K, of 37 uM (Scheme 11,
Table 11), but failed to block rPRCP in the enzyme assay (due
largely to limited solubility in PRCP assay media). Further
modification of the Z-Pro-GABA-NH amide series optimized
with the docecyl amide group resulted in similar SAR pro-
files, with the compound lacking the proline A-ring N-sub-
stituent (RS-42-01) demonstrating potent rPRCP inhibition
(K,=37 uM) and PK activation blockade (K,=6.4 uM)
(Scheme 12, Table 12).

Replacement of the proline ring-A with a number of het-
erocyclic isosteres afforded analogs RS-47-02 to RS-47-05,
among which, only the azetidine analog RS-47-06 exhibiting
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potent rPRCP inhibition (See Scheme 9, Table 9). The con-
struction of proline-B ring azetidine isosteres (compounds
RS-48-01, RS-48-03, RS-48-05) further established the
requirement for an unsubstituted N-group (See Scheme 10,
Table 10).

RS-33-21 is a Selective PRCP Inhibitor

Applicants chose RS-33-21 from the library of analogs
based on the initial enzyme- and cell-based assay inhibition
results against rPRCP, and further evaluated the effect of
RS-33-21 on the most abundant plasma serine proteases.
Compounds RS-33-21 and RS-42-01 inhibited rPRCP in a
dose-dependent manner with an K, value of 43.1 uM (FIG.
16A). These compounds also blocked PK activation induced
by PRCP on HPAEC (FIG. 16B). Since blocking activity of
RS-42-01 was not better than compound RS-33-21, appli-
cants initially characterized and investigated the mechanism
of action of RS-33-21 in vitro and in vivo. Further, kinetic
studies showed that RS-33-21 is a competitive inhibitor of
rPRCP at a concentration ranging from 3-100 uM (FI1G. 16C).

RS-33-21 failed to inhibit kallikrein, FXIla, FXIa, or
trypsin at concentrations >1.0 mM. Furthermore, soybean
trypsin inhibitor (SBTI) inhibited kallikrein, FXla, and
trypsin with IC,, values of 10, 1.0, and 0.2 uM, respectively
(FIG. 15, Table 15), while corn trypsin inhibitor blocked
FXIlawith an IC,, 0f 0.2 uM. Unlike PRCP, the carboxypep-
tidases CPN?* and CPM** regulate kinins and are mainly
involved in the chronic phase of the inflammatory response.
While BK exerts its vasodilatory effect through the bradyki-
nin B2 receptors (BKB2R), des-Arg9-BK (a substrate of
PRCP) mediates its effect via the selective bradykinin B1
receptors (BKBIR). Given the weak internalization of
BKBIR and its over expression during inflammation,* appli-
cants hypothesized that the two serine carboxypeptidases
(CPM and CPN) upstream of PRCP might have affinity for
RS-33-21 during the chronic phase of inflammation. Appli-
cants determined the effect of RS-33-21 on CPN (hCPN,
partially purified from plasma®') and CPM. RS-33-21 did not
inhibit the metabolism of hippuryl-lysine,®® 27 while 1,10-
phenanthroline blocked both CPN and CPM with 1C,, values
of'1.0 and 0.64 mM respectively (FIG. 15, Table 15). Carbox-
ypeptidase A (CPA) is a highly conserved protease, which is
present in pancreas and the secretory granules of mast cells.
Although its substrate selectivity is different than that of
PRCP, both CPA and PRCP can cleave the C-terminal aro-
matic or aliphatic amino acids of proteins or peptides. The
effect of RS-33-21 on carboxypeptidase A [CPA, EC
3.4.17.1] and carboxypeptidase B [CPB, EC 3.4.17.2] was
determined. CPA and CPB were not inhibited by RS-33-21.
However, 1,10-phenanthroline inhibited CPA and CPB with
1C,, values 0f 0.79 and 1.2 mM, respectively (FIG. 15, Table
15). The data demonstrate that RS-33-21 is a selective inhibi-
tor of PRCP.

Effects of RS-33-21 on Angiotensin II and Bradykinin
Metabolism.

Applicants previously reported a LC/MS-based method
that allowed for the characterization of angiotensin metabo-
lism by rPRCP.2° Applicants used this LC/MS method for
evaluating the PRCP-catalyzed cleavage of Ang Il to Ang 1-7
and BK 1-8to BK 1-7 in the presence or absence of RS-33-21.
RS-33-21 blocked the conversion of Ang 11 to Ang 1-7 (data
not shown) in addition to the conversion of BK 1-8 to BK 1-7
by rPRCP (FIG. 17A). These results provide further evidence
that RS-33-21 is a specific inhibitor of PRCP.

The Effect of RS-33-21 on the PRCP-Induced Production
of Nitric Oxide (NO) and Prostacyclin (PGL,).

PRCP-dependent PK activation results in generation of NO
and PGI, in endothelial cells. Applicants determined the
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10
influences 0of RS-33-21 on formation of NO and PGI, after the
assembly and activation of the complex of HK/PK. RS-33-21
(100 uM) prevented the production of both NO and PGI, by
80% (F1G. 17B, 17C).

Determination of the Effect of RS-33-21 on Cell Perme-
ability.

Since RS-33-21 significantly blocked PK activation on
endothelial cells, additional experiments were performed to
determine its effects on the generation of bradykinin (BK)
and cell permeability. The treatment of human pulmonary
artery endothelial cell monolayer (HPAEC) with 0.1 uM of
HK did not alter the endothelial permeability, whereas addi-
tion of the complex of HK/PK (0.1 uM each) resulted in a
significant increase in endothelial permeability (FIG. 17D).
These data suggest that the activation of PK can influence
endothelial permeability, confirming a previously described
report.>® RS-33-21 (100 uM) reduced cell permeability by
90% (FIG. 17D)

Determination of the Toxicity of RS-33-21.

The effect of RS-33-21 on 14 metabolic markers was deter-
mined in mice (FIG. 16. Table 16) and it was shown that
RS-33-21 failed to cause any significant change in electrolyte
levels, body water, or the markers of kidneys and liver within
8 h. However, RS-33-21 caused a slight increase (20%) in
blood amylase compared to the sham animals (n=3). The
blood glucose level was decreased in drug-treated mice (n=3)
by 15%.

Investigation of RS-33-21 on Food-Intake.

Applicants investigated the effect of intaperitoneal (i.p.)
administration of RS-33-21 on food intake in mice. Injection
of mice (randomized based on body weight) with RS-33-21
(i.p.; 1, 10, or 100 mg/kg) significantly (p=<0.05) inhibited
food intake (n=6) in a dose-dependent manner (FIG. 18). A
single i.p. injection of RS-33-21 (100 mg/kg) significantly
(p=0.05) reduced food intake in mice (n=6) for 24 h (FIG. 18).
Discussion

The goal of applicants’ research and invention was to syn-
thesize and evaluate compounds with inhibitory activity
against human PRCP for evaluation as antiobesity agents.
Applicants’ data indicate that RS-33-21 is a selective inhibi-
tor of PRCP and PRCP-dependent pathways. In addition,
RS-33-21 reduced food-intake in mice in a dose- and time-
dependent fashion. There is strong evidence suggesting that
PRCP is involved both in inflammation and obesity."> PRCP
is a proteolytic enzyme that promotes inflammation by gen-
erating kallikrein, BK, and Ang 1-7 at the site of injury.*
Notably, there is evidence that the plasma kallikrein kinin
system may be involved in obesity and the ethiopathogenesis
of the metabolic syndrome.>*

The role of the melanocortin system in food intake is estab-
lished, and prevention of the rapid inactivation of a-MSH by
PRCP may prove to be a better alternative pathway to poten-
tial obesity treatments. While a-MSH has both anti-inflam-
matory>® and anorexigenic properties, PRCP has proinflam-
matory and orexigenic actions.> In theory, PRCP inhibitors
are anorexigenic and anti-inflammatory agents.> Considering
the central role of PRCP in obesity and inflammation, appli-
cants synthesized and characterized the hypophagic effects of
PRCP inhibitor. Applicants’ data demonstrated that RS-33-
21 inhibited PRCP-induced NO formation. The administra-
tion of RS-33-21 reduced food intake in mice in a dose-
dependent and time-dependent manner. These findings
suggest that RS-33-21 may represent a new anorectic drug
and an anti-inflammatory agent.

Administration of the present anorectic drugs and an anti-
inflammatory agents may be by any of the conventional routes
of' administration, for example, oral, subcutaneous, intraperi-
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toneal, intramuscular, intravenous or rectally. In an embodi-
ment of the invention, the compound can be administered in
combination with a pharmaceutically acceptable carrier
which may be solid or liquid, dependent upon choice and
route of administration. Examples of acceptable carriers
include, but are not limited to, starch, dextrose, sucrose, lac-
tose, gelatin, agar, stearic acid, magnesium stearate, acacia,
and similar carriers. Examples of liquids include saline,
water, edible oils, e.g. peanut and corn oils.

When administered in solid form, the compound and dilu-
ent carrier may be in the form of tablets, capsules, powders,
lozenges, suppositories prepared by any of the well known
methods. When given as a liquid preparation, the mixture of
active compound and liquid diluent carrier may be in the form
of'a suspension administered as such. The instant compounds
can be administered in a non-toxic dosage concentration suf-
ficient to produce an anorexigenic and anti-inflammatory
effect. The actual dosage unit can be determined by the well
recognized factors such as the body weight of a patient and/or
the severity and type of pathological condition the patient
might be suffering with. With these considerations in mind,
the dosage unit for a particular patient can be readily deter-
mined by the medical practitioner in accordance with the
techniques known in the medical arts.

EXPERIMENTAL SECTION

General Procedure for Synthesis of Z-Pro-Pro-NH-Amide
Derivatives (FIG. 1A, Scheme 1A and FIG. 1B, Scheme 1B:
RS-33-1 to RS-33-29).

1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydro-
chloride (WSC; 435 mg; 2.26 mmol; 1.3 eq), 1-hydroxyben-
zotriazole hydrate (HOBT; 353 mg; 2.61 15 mmol; 1.5 eq),
N,N-diisopropylethylamine (Hunigs base; 249 mg; 357 uL)
and a primary amine (1.92 mmol; 1.1 eq) were added to a
stirring solution of Z-Pro-Pro-OH (600 mg; 1.74 mmol; 1 eq)
in CH,Cl, (20 mL). The reaction mixture was stirred at 25° C.
for 18 h, then diluted with CH,Cl, (20 mL), washed with 1M
hydrochloric acid (1x20 mL), water (2x20 mL) and the com-
bined aqueous washings were extracted with CH,Cl, (2x20
ml). Combined organic fractions were dried over anhydrous
Na,SO,, filtered, and the filtrate was evaporated under
reduced pressure. The crude residue was purified by silica gel
column chromatography using a mobile phase consisting of
5% methanol-95% ethyl acetate to afford the final coupled
products (RS-33-1 to RS-33-29) in yields ranging from
31-92%. The ;HMR spectra reveal mixtures of amide/car-
bamate cis/trans rotamers (4 distinct rotational isomers) in
approximately 2:1 to 4:1 ratios for the Z-Pro-Pro-amides and
related analogs, as measured by the differences in the chemi-
cal shifts in CDCl; observed for the amide-NH proton of each
conformer for benzylic amine substituents: [ASx~0.7 ppm
(8~7.6 and 8.2 ppm)] and for aliphatic amine substitutents
[A8~0.7 ppm (8~7.7 and 7.0 ppm). When discernable, the
chemical shifts of the major rotamer are listed.

RS-33-1:

(S)-benzyl 2-((S)-2-(benzylcarbamoyl)pyrrolidine-1-carbo-
nyl)pyrrolidine-1-carboxylate. From benzylamine. (87%);
'HNMR (400 MHz, CDCl,) 8 7.55 (bd, J=6.3 Hz, 1H), 7.31
(m, 4H), 7.28-7.14 (m, 6H), 5.21-5.07 (m, 1H), 5.07-4.88 (m,
1H), 4.71-4.48 (m, 1H), 4.48-4.14 (m, 3H), 3.71 (dd, J=16.5,
8.6 Hz, 1H), 3.66-3.43 (m, 3H), 3.43-3.22 (m, 1H), 2.62-1.96
(m, 4H), 1.96-1.33 (m, 4H). MS (ESI+) m/z 458.1; caled for
C,sH,,N;O,Na (MNa™): 458.21.
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RS-33-2:
(S)-benzyl 2-((S)-2-((3,4-dichlorobenzyl)carbamoyl)pyrro-
lidine-1-carbonyl) pyrrolidine-1-carboxylate. From 3.4-
dichlorobenzylamine. (69%); ‘H NMR (400 MHz, CDCl,) §
7.87 (t,J=5.9 Hz, 1H), 7.53-7.18 (m, 7H), 7.18-6.82 (m, 1H),
5.20-5.06 (m, 1H), 5.06-4.91 (m, 1H), 4.67-4.48 (m, 1H),
4.48-4.28 (m, 2H), 4.28-4.13 (m, 1H), 3.78-3.23 (m, 4H),
2.58-2.05 (m, 3H), 2.05-1.41 (m, 5H). MS (ESI+) m/z
526.08, 528.08; caled for C,sH,,Cl,N;O,Na (MNa*):
526.13, 528.13.
RS-33-3:
(S)-benzyl 2-((S)-2-((4-chlorophenethyl)carbamoyl)pyrroli-
dine-1-carbonyl)pyrrolidine-1-carboxylate. From 4-chlo-
rophenethylamine. (75%); 'H NMR (500 MHz, CDCl,) &
7.86 (bs, 1H), 7.39-7.03 (m, 9H), 5.25-4.91 (m, 2H), 4.63-
4.27 (m, 1H), 4.27-3.90 (m, 1H), 3.77-3.19 (m, 6H), 2.94-
2.66 (m, 2H), 2.56-1.94 (m, 4H), 1.94-1.21 (m, 4H). MS
(ESI+) m/z 506.0; caled for C,,H;,CIN;O,Na (MNa*):
506.18.
RS-33-4:
(S)-benzyl 2-((S)-2-((2-methoxyphenethyl)carbamoyl)pyr-
rolidine-1-carbonyl)  pyrrolidine-1-carboxylate. ~ From
2-methoxyphenethylamine. (84%); '"H NMR (500 MHz,
CDCl;) 8 7.36-7.29 (m, SH), 7.20-7.09 (m, 2H), 6.94 (bs,
1H), 6.88-6.80 (m, 2H), 5.41-4.85 (m, 2H), 4.67-3.93 (m,
2H), 3.81 (s, 3H), 3.74-3.22 (m, 6H), 3.11-2.70 (m, 2H),
2.53-122 (m, 8H). MS (ESI+) m/z 502.1; calcd for
C,,H,,N,ONa (MNa™): 502.23.
RS-33-5:
(S)-benzyl 2-((S)-2-(decylcarbamoyl)pyrrolidine-1-carbo-
nyl)pyrrolidine-1-carboxylate. From n-decylamine. (66%);
'H NMR (400 MHz, CDCL,) § 7.70 (s, 1H), 7.29 (m, SH),
5.29-4.89 (m, 2H), 4.68-4.15 (m, 2H), 3.82-3.03 (m, 6H),
2.61-1.63 (m, 8H), 1.60-1.14 (m, 16H), 0.87 (dd, J=7.9, 4.5
Hz, 3H). MS (ESI+) m/z 508.2; calcd for C,,H,;N;O,Na
(MNa*): 508.31.
RS-33-6:
(S)-benzyl 2-((S)-2-(hexadecylcarbamoyl)pyrrolidine-1-car-
bonyl) pyrrolidine-1-carboxylate. From hexadecylamine
(68%) 'H NMR (400 MHz, CDCl,) 8 7.40 (bs, SH), 7.08 (bs,
1H), 5.27-4.84 (m, 2H), 4.73-4.07 (m, 2H), 3.81-3.00 (m,
6H), 2.57-1.60 (m, 8H), 1.25 (bs, 28H), 0.85 (t, J=5.8 Hz,
3H). MS (ESI+) m/z 592.69; caled for C,,HssN;O,Na
(MNa*): 592.41.
RS-33-7:
(S)-benzyl-2-((S)-2-(pentadecylcarbamoyl)pyrrolidine-1-
carbonyl)pyrrolidine-1-carboxylate. From pentadecylamine
(66%) "H NMR (400 MHz, CDCl,) 8 7.36-7.30 (bs, 5H), 7.10
(bs, 1H),5.25-4.91 (m, 2H), 4.65-4.13 (m, 2H), 3.78-3.03 (m,
6H), 2.58-1.81 (m, 8H), 1.25 (bs, 26H), 0.88 (t, J=6.7 Hz,
3H). MS (ESI+) nv/z 578.3; caled for C,3;H53N;O,Na
(MNa*): 578.39.
RS-33-8:
(S)-benzyl 2-((S)-2-((2-methoxy-5-(triftuoromethyl)phenyl)
carbamoyl)pyrrolidine-1-carbonyl)pyrrolidine-1-carboxy-
late. From 2-methoxy-5-(trifluoromethyl)aniline. (35%); ‘H
NMR (400 MHz, CDCl;) 3 9.22 (bd, 1H), 8.66 (dd, J=12.8,
1.4 Hz, 1H), 7.87-7.03 (m, 6H), 6.87 (dd, J=8.5, 3.1 Hz, 1H),
5.09 (m, 3H), 4.90-4.37 (m, 2H), 4.02-3.80 (m, 3H), 3.76-
3.22 (m, 3H), 2.53-0.77 (m, 8H).

MS (ESI+) m/z 542.24; caled for C, H,;F.N;O.Na
(MNa*): 542.19.
RS-33-9:
(S)-benzyl  2-((S)-2-((2-chlorobenzyl)carbamoyl)pyrroli-
dine-1-carbonyl)pyrrolidine-1-carboxylate. From 2-chlo-
robenzylamine. (35%); 'H NMR (400 MHz, CDCl,) 8 7.65
(bs, 1H),7.36-7.10 (m, 9H), 5.25-4.88 (m, 2H), 4.78-4.22 (m,
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4H), 3.75-3.45 (m, 4H), 2.25-1.75 (m, 8H). MS (ESI+) n/z
492.1; caled for C, H, CIN;O,Na (MNa*): 492.16.
RS-33-10:
(S)-benzyl 2-((S)-2-((2,4-dichlorobenzyl)carbamoyl)pyrro-
lidine-1-carbonyl) pyrrolidine-1-carboxylate. From 2.4-
dichlorobenzylamine. (69%); ‘H NMR (400 MHz, CDCL,) §
7.52 (bs, 1H), 7.38-7.17 (m, 8H), 5.26-4.88 (m, 2H), 4.75-
430 (m, 4H), 3.84-3.17 (m, 4H), 2.26-1.74 (m, 8H). MS
(ESI+) m/z 526.26; caled for C,sH,,CI,N;0,Na (MNa*):
526.12.
RS-33-11:
(S)-benzyl 2-((S)-2-((2-(triftuoromethyl)benzyl)carbamoyl)
pyrrolidine-1-carbonyl) pyrrolidine-1-carboxylate. From
2-(trifluoromethyl)benzylamine. (73%); 'HNMR (400 MHz,
CDCl,) 8 7.76-7.07 (m, NH & ArH, 10H), 5.26-4.82 (m, 2H),
4.72-4.25 (m, 4H),3.79-3.50 (m, 4H), 2.23-1.70 (m, 8H). MS
(ESI+) m/z 526.26; caled for C,H, F.N;O,Na (MNa*):
526.19.
RS-33-12:
(S)-benzyl  2-((S)-2-((4-chlorobenzyl)carbamoyl)pyrroli-
dine-1-carbonyl)pyrrolidine-1-carboxylate. From 4-chlo-
robenzylamine (58%); "H NMR (400 MHz, CDCl,) d 7.46-
7.09 (m, 5H), 6.88 (dd, J=16.3, 8.5 Hz, 4H), 5.27-4.23 (m,
4H), 4.10-2.97 (m, 7H), 2.75-1.74 (m, 9H), 1.64-1.07 (m,
3H). MS (ESI+) m/z 492.2; caled for C,;H,,CIN,O,Na
(MNa*): 492.16.
RS-33-13:
(S)-benzyl 2-((S)-2-((2,6-difluorobenzyl)carbamoyl)pyrroli-
dine-1-carbonyl) pyrrolidine-1-carboxylate. From 2,6-dif-
luorobenzylamine. (38%); 'H NMR (400 MHz, CDCl,) 8 7.6
(s, 1H), 7.50-7.08 (m, 6H), 6.87-6.80 (m, 2H), 5.39-4.84 (m,
2H), 4.77-4.40 (m, 4H), 3.90-3.50 (m, 4H), 2.25-1.75 (m,
8H). MS (ESI+) m/z 494.2; caled for C,5H,,F,N;O,Na
(MNa*): 494.19.
RS-33-14:
(S)-benzyl  2-((S)-2-((3-chlorobenzyl)carbamoyl)pyrroli-
dine-1-carbonyl)pyrrolidine-1-carboxylate. From 3-chlo-
robenzylamine. (37%); 'H NMR (400 MHz, CDCl,) § 7.61
(bs, 1H),7.34-7.02 (m, 9H), 5.25-4.80 (m, 2H), 4.74-4.08 (m,
4H), 3.83-3.17 (m, 4H), 2.65-1.15 (m, 8H). MS (ESI+) n/z
492.2; caled for C,sH,4CIN;O,Na (MNa*): 492.17.
RS-33-15:
(S)-benzyl 2-((S)-2-((2-methoxybenzyl)carbamoyl)pyrroli-
dine-1-carbonyl) pyrrolidine-1-carboxylate. From 2-meth-
oxybenzylamine. (60%); 'H NMR (400 MHz, CDCl,) § 7.5-
7.10 (m, NH & ArH, 8H), 6.80-6.9 (m, 2H), 5.37-4.89 (m,
2H), 4.77-4.21 (m, 4H), 3.83 (s, 3H), 3.8-3.19 (m, 4H), 2.40-

175 (m, 8H). MS (ESI+) m/z 488.3; caled for
C,6H; N;O5Na (MNa™): 488.21.
RS-33-16:

(S)-benzyl 2-((S)-2-((3-methoxybenzyl)carbamoyl)pyrroli-
dine-1-carbonyl) pyrrolidine-1-carboxylate. From 3-meth-
oxybenzylamine. (69%); '"H NMR (400 MHz, CDCl,) 8 7.4
(bs, 1H),7.35-7.00 (m, 6H), 6.85-6.75 (m, 3H), 5.22-4.78 (m,
2H), 4.73-4.05 (m, 4H), 3.86-3.12 (m, 7H), 2.62-1.31 (m,
8H). MS (ESI+) m/z 488.3; caled for C,;H;;N;ONa
(MNa*): 488.22.

RS-33-17:

(S)-benzyl 2-((S)-2-((4-bromophenethyl)carbamoyl)pyrroli-
dine-1-carbonyl) pyrrolidine-1-carboxylate. From 4-bro-
mophenethylamine. (74%); 'H NMR (400 MHz, CDCL,) &
7.70 (bs, 1H), 7.48-7.25 (m, 7H), 7.20-7.10 (m, 2H), 5.27-
4.86 (m, 2H), 4.55-4.20 (m, 2H), 3.69-3.30 (m, 4H), 2.77-
2.70 (m, 2H), 2.5 (m, 2H), 2.21-1.75 (m, 8H). MS (ESI+) n/z
552.2; caled for C,H;oBrN,O,Na (MNa*): 550.13.
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RS-33-18:
(S)-benzyl 2-((S)-2-(pentylcarbamoyl)pyrrolidine-1-carbo-
nyl)pyrrolidine-1-carboxylate. From n-pentylamine. (oil,
92%); "HNMR (400 MHz, CDCl,) 8 7.36-7.28 (bs, 5H), 7.10
(bs, 1H), 5.30-4.90 (m, 2H), 4.65-4.20 (m, 2H), 3.79-3.50 (m,
4H), 3.45-3.10 (m, 4H), 2.5-1.70 (m, 8H), 1.5 (m, 2H), 1.3
(bs, 2H) 0.87 (t, J=6.8 Hz, 3H). MS (ESI+) m/z 438.3; caled
for C,3H;;N,0,Na (MNa™): 438.24.
RS-33-19:
(S)-benzyl 2-((S)-2-(heptylcarbamoyl)pyrrolidine-1-carbo-
nyl)pyrrolidine-1-carboxylate. From n-heptylamine. (oil,
86%); 'H NMR (400 MHz, CDCl;) & 7.27 (bs, SH), 7.05 (bs,
1H), 5.22-4.86 (m, 2H), 4.50-4.05 (m, 2H), 3.78-3.01 (m,
6H), 2.20-1.75 (m, 8H), 1.40 (m, 2H), 1.21 (m, 8H), 0.82 (d,
J=6.8 Hz, 3H). MS (ESI+) m/z 466.4; calcd for
C,sH;,N,O,Na (MNa™): 466.27.
RS-33-20:
(S)-benzyl 2-((S)-2-(dodecylcarbamoyl)pyrrolidine-1-car-
bonyl)pyrrolidine-1-carboxylate. From n-dodecylamine.
(white solid, 81%); m.p. 56-58° C. "H NMR (400 MHz,
CDCl,) 8 7.41-7.28 (m, SH), 7.02 (bs, 1H), 5.31-4.87 (m,
2H), 4.72-4.08 (m, 2H), 3.80-3.42 (m, 3H), 3.44-3.00 (m,
3H), 2.35-1.80 (m, 8H), 1.45 (m, 2H), 1.24 (bs, 18H), 0.87 (t,
J=6.0 Hz, 3H). MS (ESI+) m/z 536.4; calcd for
C,oH,,N;O,Na (MNa*): 536.35. CHN analysis calculated
for C;oH,,N;0,. C,70.14; H, 9.22; N, 8.18. Found C, 70.50;
H, 9.26; N, 8.32.
RS-33-22:
(S)-benzyl-2-((S)-2-((3-(2-(2-ethoxyethoxy)ethoxy )propyl)
carbamoyl)pyrrolidine-1-carbonyl) pyrrolidine-1-carboxy-
late. From 3-(2-(2-ethoxyethoxy)ethoxy)propan-1-amine.
(69%) "H NMR (500 MHz, CDC15) 8 7.28-7.19 (m, 5H), 7.00
(bs, 1H),5.12-4.89 (m, 2H), 4.50-4.13 (m, 2H), 3.56-3.34 (m,
18H), 2.19-1.60 (m, 10H), 1.13 (t, J=7 Hz, 3H). MS (ESI+)
n/z 542.2; caled for C,,H,,;N;O,Na (MNa*): 542.28.
RS-33-23:
(S)-benzyl 2-((S)-2-((benzo[d][1,3]dioxol-5-ylmethyl)car-
bamoyl)pyrrolidine-1-carbonyl)pyrrolidine-1-carboxylate.
From benzo[d][1,3]dioxol-5-ylmethanamine. (48%); 'H
NMR (400 MHz, CDCl,) § 8.35-7.59 (m, 1H), 7.59-7.05 (m,
6H), 6.97-6.50 (m, 2H), 5.89 (s, 2H), 5.34-4.86 (m, 2H),
4.78-3.99 (m, 4H), 3.94-3.13 (m, 5H), 2.64-1.15 (m, 7H). MS
(ESI+) m/z 502.17; caled for C,sH,oN;ONa (MNa*):
502.19.
RS-33-24:
(S)-benzyl  2-((S)-2-((3-phenylpropyl)carbamoyl)pyrroli-
dine-1-carbonyl)pyrrolidine-1-carboxylate. From 3-phenyl-
propylamine. (32%); MS (ESI+) m/z 486.20; caled for
C,,H,,N,O,Na (MNa™): 486.23.
RS-33-25:
(S)-benzyl 2-((S)-2-(adamantan-1-ylcarbamoyl)pyrrolidine-
1-carbonyl)pyrrolidine-1-carboxylate. From adamantan-1-
amine. (31%); 'H NMR (400 MHz, CDCl,) 8 7.46-7.17 (m,
5H), 6.72 (d, J=13.5 Hz, 1H), 5.36-4.90 (m, 2H), 4.54 (d,
J=7.9 Hz, 1H), 4.41 (m, 1H), 3.81-3.19 (m, 3H), 2.52-1.72
(m, 18H), 1.66 (bs, 6H). MS (ESI+) m/z 502.37; calcd for
C,sH3,N;O,Na (MNa™): 502.26.
RS-33-27:
(S)-benzyl 2-((S)-2-([1,1'-biphenyl]-4-ylcarbamoyl)pyrroli-
dine-1-carbonyl) pyrrolidine-1-carboxylate. From [1,1'-bi-
phenyl]-4-amine. (40%); MS (ESI+) m/z 520.22; calcd for
C;0H;,N;O,Na (MNa™): 520.22.
RS-33-28:
(S)-benzyl 2-((S)-2-(naphthalen-2-ylcarbamoyl)pyrrolidine-
1-carbonyl)pyrrolidine-1-carboxylate. From naphthalen-2-
amine. (45%); MS (ESI+) m/z 494.12; caled for
C,gH,oN;O Na (MNa™): 494.21.
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RS-33-29:
(S)-benzyl 2-((S)-2-((3,4-dihydroxyphenethyl)carbamoyl)
pyrrolidine-1-carbonyl)pyrrolidine-1-carboxylate. From
4-(2-aminoethyl)benzene-1,2-diol. (35%). MS (ESI+) m/z
504.21; caled for C,H, N;OGNa (MNa*): 504.21.
General Catalytic Hydrogenation Procedure for Synthesis of
NH-Pro-Pro-NH-Amide Derivatives (FIG. 2, Scheme 2).
RS-33-21:
(S)—N-dodecyl-1-((S)-pyrrolidine-2-carbonyl)pyrrolidine-
2-carboxamide hydrochloride. Compound RS-33-20 (200
mg) was dissolved in CH,OH (5 mL). THF (2 mL), water (1
mL) and 0.5 N aqueous HCI (200 pl) were added succes-
sively followed by addition of Pd—C (10% Pd/C; 40 mg).
The reaction was purged under vaccum, and a balloon of H,
gas was used to blanket the reaction while stirring at RT. After
3 hrs the reaction was complete by TL.C and MS monitoring.
The Pd—C suspension was filtered and the resulting filtrate
was evaporated under vacuum. The residue was dissolved in
a minimum amount of isopropanol, and a few drops of dieth-
ylether bubbled with HCI gas was added dropwise. The pre-
cipitate that formed was washed with diethylether, filtered,
and subjected to high vaccum to yield RS-33-21 as the hydro-
chloride salt. (white powder, 80%); mp. 141-144° C.; 'H
NMR (400 MHz, MeOD) 8 4.58 (dd, J=8.6, 6.5 Hz, 1H), 4.41
(dd, J=8.2, 5.8 Hz, 1H), 3.71 (dt, J=9.6, 6.9 Hz, 1H), 3.58 (dt,
J=9.7, 7.0 Hz, 1H), 3.46-3.32 (m, 2H), 3.26-3.08 (m, 2H),
2.60-2.45 (m, 1H), 2.27 (dt, J=15.1, 6.6 Hz, 1H), 2.20-1.83
(m, 6H), 1.59-1.43 (m, 2H), 1.29 (s, 18H), 0.90 (t, J=6.8 Hz,
3H). 1*C NMR (100 MHz, CD,0D) § 172.39, 166.80, 60.49,
59.05,47.12,46.16,39.02,31.67,29.53,29.39, 29.36, 29.34,
29.31, 29.08,29.02, 28.96, 28.05, 26.52, 24.63, 23.70, 22.34,
13.05. MS (ESI+) n/z380.44; caled for C,,H,,N,0, (MH*):
380.32. CHN analysis cald for C,,H,,CIN;O,C, 63.51; H,
10.18; N, 10.10 found: C, 63.85; H, 10.26; N, 10.07.
RS-33-12a:
(S)—N-(4-chlorobenzyl)-1-((S)-pyrrolidine-2-carbonyl)
pyrrolidine-2-carboxamide hydrochloride (60%); MS (ESI+)
m/z 336.3; caled for C,,H,,CIN;0, (MH"): 336.15.
RS-33-13a:
(S)—N-(2,6-difluorobenzyl)-1-((S)-pyrrolidine-2-carbonyl)
pyrrolidine-2-carboxamide hydrochloride (64%); "H NMR
(500 MHz, D,0) 8 7.24 (m, 1H), 6.88 (t, J=7.6 Hz, 2H), 4.49
(m, 2H), 4.28 (m, 2H), 3.70-3.10 (m, SH), 2.20-1.72 (m, 6H),
1.18 (m, 2H). MS (ESI+) m/z 338.2; caled for C, ;H,,F,N;0,
(MH™): 338.17.
RS-33-23a:
(S)—N-(benzo[d][1,3]dioxol-5-ylmethy])-1-((S)-pyrroli-
dine-2-carbonyl)pyrrolidine-2-carboxamide hydrochloride
(50%); 'H NMR (400 MHz, MeOD) 8 6.82 (s, 1H), 6.81-6.74
(m, 2H), 5.92 (s, 2H), 4.63 (dd, J=8.6, 6.2 Hz, 1H), 4.49 (dd,
J=8.1,5.9 Hz, 1H), 4.32 (m, 2H), 3.74 (m, 1H), 3.61 (m, 1H),
3.40 (m, 2H), 2.53 (m, 1H), 2.30 (m, 1H), 2.20-1.90 (m, 6H).
RS-33-26:
(S)—N-(adamantan-1-y1)-1-((S)-pyrrolidine-2-carbonyl)
pyrrolidine-2-carboxamide hydrochloride. (76%); MS
(ESI+) m/z 346.33; calcd for C, H;,N;0, (MH*): 346.25.
RS-33-27a:
(S)—N-([1,1'-biphenyl]-4-y1)-1-((S)-pyrrolidine-2-carbo-
nyl)pyrrolidine-2-carboxamide hydrochloride. (42%); 'H
NMR (400 MHz, D,0O) 8 7.40 (d, J=8.4 Hz, 2H), 7.12 (dd,
J=13.5,8.1 Hz, 4H), 6.90 (t, J=7.5 Hz, 2H), 6.80 (t, J=7.2 Hz,
1H), 4.51 (dd, J=11.7, 6.4 Hz, 2H), 3.57 (m, 1H), 3.38 (m,
1H), 3.18 (m, 2H), 2.32 (m, 1H), 2.18 (dd, J=12.1, 7.3 Hz,
1H), 1.82 (m, 4H), 1.71 (m, 2H). MS (ESI+) m/z 364.1; calcd
for C,,H,N;0, (MH™Y): 346.20.
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RS-33-28a:
(S)—N-(naphthalen-2-y1)-1-((S)-pyrrolidine-2-carbonyl)
pyrrolidine-2-carboxamide hydrochloride (55%); "H NMR
(400 MHz, D,0O) d 7.88 (s, 1H), 7.71 (t, J=10.5 Hz, 3H),
7.46-7.28 (m, 3H), 4.54 (m, 2H), 3.62 (m, 1H), 3.49 (m, 1H),
3.32 (bs, 2H), 2.46 (m, 1H), 2.33 (m, 1H), 1.96 (m, 6H). MS
(ESI+) m/z 338.27; caled for C,, H,,N,;0, (MH*): 338.19.
RS-33-29a:
(S)—N-(3,4-dihydroxyphenethyl)-1-((S)-pyrrolidine-2-car-
bonyl)pyrrolidine-2-carboxamide hydrochloride. (35%); 'H
NMR (400 MHz, MeOD) d 6.86-6.47 (m, 3H), 4.49 (m, 2H),
3.95-3.20 (m, 10H), 2.79-1.75 (m, 11H).
RS-33-201:
(S)—N-dodecyl-1-((S)-1-(3-phenylpropyl)pyrrolidine-2-
carbonyl)pyrrolidine-2-carboxamide hydrochloride. (FIG. 3,
Scheme 3). At ambient temperature, a solution of RS-33-21
(15 mg; 0.04 mmol) in dichloromethane (4 mL) and phenyl-
propyl bromide (8.8 mg; 6.7 ul; 0.044 mmol; 1.1 eq) were
mixed and N,N-diisopropylethylamine (Hunigs base; 7.74
mg; 10.43 ul; 0.06 mmol; 1.5 eq) was added. The reaction
mixture was stirred for one hour and evaporated under
reduced pressure to afford the crude residue which was fur-
ther purified by silica gel column chromatography to afford
RS-33-201 (12 mg, 61%). '"H NMR (400 MHz, CD,0D) &
7.26-7.13 (m, 5H), 4.37 (m, 1H), 3.62 (m, 2H), 3.50 (m, 1H),
3.16 (m, 3H), 2.75-2.35 (m, 4H), 2.30-2.00 (m, 4H), 1.90-
1.80 (m, 7H), 1.50 (bs, 2H), 1.28 (bs, 18H), 0.90 (m, 3H). MS
(ESI+) m/z 498.27; caled for C,;,H,N;O, (MH*): 498.41.
General Procedure for Synthesis of RS-40-1 to RS-40-4:
Reductive Amination Reactions. (FIG. 4, Scheme 4).
At ambient temperature, a solution of RS-33-21 (free base;
0.082 mmol) in CHCl; (4 mL) and the respective aldehyde
(0.098 mmol) were mixed and solid NaBH(OAc), (0.197
mmol) was added. The mixture was stirred for 1 hour and then
partitioned between CHCI; and saturated aqueous sodium
bicarbonate. The organic layer was dried over anhydrous
sodium sulfate, filtered, and concentrated in vacuo. The resi-
due was purified by silica gel column chromatography afford-
ing compounds RS-40-1 to RS-40-4 in 65-78% yield. Several
were characterized as their hydrochloride salts.
RS-40-1:
(S)-1-((S)-1-benzylpyrrolidine-2-carbonyl)-N-dodecylpyr-
rolidine-2-carboxamide hydrochloride. From benzaldehyde.
(62%) "H NMR (400 MHz, MeOD) 8 7.56 (d, ]=6.6 Hz, 2H),
7.46 (m, 3H), 4.64 (bs, 1H), 4.44 (ABq, J,;=13 Hz, 2H),
4.18-3.97 (m, 1H), 3.69 (bs, 1H), 3.56-3.35 (m, 3H), 3.13 (m,
2H), 2.66 (bs, 1H), 2.34-1.94 (m, 5H), 1.94-1.74 (m, 2H),
1.46 (m, 2H), 1.28 (bs, 18H), 0.89 (t, J=6.7 Hz, 3H). MS
(ESI+) m/z 470.28; calcd for C,oH, N,O, (MH+): 470.37.
RS-40-2:
(S)—N-dodecyl-1-((S)-1-(pyridin-4-ylmethyl)pyrrolidine-
2-carbonyl)pyrrolidine-2-carboxamide hydrochloride. From
isonicotinaldehyde. (62%) 'H NMR (400 MHz, MeOD) §
9.03 (d, I=6.5 Hz, 2H), 8.39 (d, J=6.5 Hz, 2H), 5.0-4.82 (m,
3H), 4.30 (m, 1H), 3.75 (m, 2H), 3.66-3.44 (m, 2H), 3.14 (m,
2H), 2.95-2.66 (m, 1H), 2.48-2.15 (m, 3H), 2.15-1.94 (m,
3H), 1.87 (m, 1H), 1.49 (m, 2H), 1.28 (bs, 18H), 0.89 (t, ]=6.8
Hz, 3H). MS (ESI+) m/z 471.29; caled for C,H,,N,O,
(MH+): 471.36.
RS-40-3:
(S)—N-dodecyl-1-((S)-1-(pyridin-3-ylmethyl)pyrrolidine-
2-carbonyl)pyrrolidine-2-carboxamide. From nicotinalde-
hyde. (60%) 'H NMR (400 MHz, CDCl,) § 8.50 (bs, 2H),
7.77 (d, I=7.6 Hz, 1H), 7.28 (m, 1H), 7.15 (bs, 1H), 4.53 (d,
J=7.8 Hz, 1H), 3.90 (d, J=13 Hz, 1H), 3.57 (d, J=13 Hz, 1H),
3.46 (m, 1H),3.31 (m, 2H), 3.15 (m, 2H), 2.42 (m, 2H), 2.13
(m, 3H), 2.0-1.74 (m, 4H), 1.69 (bs, 1H), 1.44 (m, 2H), 1.24
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(bs, 18H), 0.88 (t, J=6.5 Hz, 3H). MS (ESI+) m/z 471.31;
caled for C, H,,N,O, (MH+): 471.36.
RS-40-4:
(S)—N-dodecyl-1-((S)-1-(pyridin-2-ylmethyl)pyrrolidine-
2-carbonyl)pyrrolidine-2-carboxamide. From picolinalde-
hyde. (59%); '"H NMR (400 MHz, CDCl,) 8 8.51 (bd, J=5.0
Hz, 1H), 7.65 (t, J=7.0 Hz, 1H), 7.48 (t, J=8.0 Hz, 1H), 7.31
(m, 1H),7.16 (bt, J=7 Hz, 1H), 4.51 (d,J=8.0 Hz, 1H), 3.95 (d,
J=13 Hz, 1H), 3.75 (d, J=13 Hz, 1H), 3.49 (m, 2H), 3.41 (m,
1H), 3.16 (m, 3H), 2.52 (m, 1H), 2.39 (m, 1H), 2.21-1.60 (m,
8H), 1.45 (m, 1H), 1.24 (bs, 18H), 0.88 (t, J=7 Hz, 3H). MS
(ESI+) m/z 471.33; caled for C,H,,N,O, (MH+): 471.36.
General Procedure for the Synthesis of N-Sulfonamides
(FIG. 5, Scheme 5) General Procedure for RS-43-01 to
RS-43-04:
Triethylamine (5.1 mg; 7 pL; 0.05 mmol; 1 eq) and substi-
tuted sulfonyl chloride (0.055 mmol; 1.1 eq) were added to a
solution of RS-33-21 (19 mg; 0.05 mmol; 1 eq) in dichlo-
romethane (2 mL) at 0° C. The reaction mixture was stirred
for one hour while slowly warming the contents to ambient
temperature. Then, the solvent was removed under reduced
pressure while keeping the temperature of the water-bath
between 30-32° C. The residue was purified by silica gel
column chromatography (using a mixture of methanol:ethyl
acetate varying between 5% to 25%) to afford the final com-
pounds in yields ranging from 50% to 75%.
RS-43-01:
(S)—N-dodecyl-1-((S)-1-tosylpyrrolidine-2-carbonyl )pyr-
rolidine-2-carboxamide. From p-toluenesulfonylchloride.
(75%); MS (ESI+) m/z 556.3; caled for C,oH,,N;0,S,;Na
(MNa*): 556.32.
RS-43-02:
(S)—N-dodecyl-1-((S)-1-((4-(tert-pentyl)phenyl)sulfonyl)
pyrrolidine-2-carbonyl) pyrrolidine-2-carboxamide. From
4-(tent-pentyl)benzene-1-sulfonyl chloride. (70%); MS
(ESI+) m/z 612.5; caled for C;3H5N;0,S8,Na (MNa*):
612.38.
RS-43-03:
(25)-1-((2S)-1-(((7,7-dimethyl-2-oxobicyclo[2.2.1 [heptan-
1-yDmethyl)sulfonyl) pyrrolidine-2-carbonyl)-N-dode-
cylpyrrolidine-2-carboxamide. From camphorsulfonylchlo-
ride. (50%); MS (ESI+) m/z 616.6; caled for
C;,HssN;05S, Na (MNa*): 616.38.
RS-43-04:
(S)—N-dodecyl-1-((S)-1-(methylsulfonyl)pyrrolidine-2-
carbonyl)pyrrolidine-2-carboxamide. From methanesulfo-
nylchloride. (61%); MS (ESI+) m/z 480.4; calcd for
C,;H,5N;0,S,Na (MNa*): 480.29.
General Procedure for Synthesis of Urea Derivatives (FIG. 6,
Scheme 6)
A solution of RS-33-21 (200 mg; 0.527 mmol; 1 eq) and
triethylamine (60 mg; 82 pl.; 0.58 mmol; 1.1 eq) in dichlo-
romethane (4 ml.) was added to a suspension of N,N'-carbo-
nyldiimidazole (CDI, 94 mg, 0.58 mmol; 1.1 eq) in dichlo-
romethane (6 mL) affording a slightly yellow clear solution.
The mixture was stirred for 24 hours. Then, the reaction was
diluted with dichloromethane (5 mL) and quenched with
water (10 mL). The aqueous layer was extracted with dichlo-
romethane (5 mL.x3). The combined organic layers were
dried using anhydrous sodium sulfate, filtered and concen-
trated in vacuo to yield the product RS-45-00 ((S)-1-((S)-1-
(1H-imidazole-1-carbonyl)pyrrolidine-2-carbonyl)-N-dode-
cylpyrrolidine-2-carboxamide) as a crystalline white solid
(195 mg; 78%). MS (ESI+) m/z 496.11; caled for
C,6H,43N;O;Na (MNa™): 496.33.
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Synthesis of RS-45-10:
Methyl iodide (180 mg; 79 ul; 1.3 mmol; 4 eq) was added to
a solution of RS-45-00 (150 mg; 0.32 mmol; 1 eq) in anhy-
drous acetonitrile (8 mL). The mixture was stirred at RT for
30 hrs. The solvent was removed under vacuum to yield
corresponding carbamoyl imidazolium salt (RS-45-10) as
yellow viscous oil (160 mg; 82%). MS (ESI+) m/z 488.14;
caled for C,,H,(NsO, (MNa™): 488.36.
General Procedure for the Synthesis of RS-45-20 to RS-45-
22 (FIG. 6, Scheme 6):
The appropriate primary amine (0.03 mmol; 1 eq) and triethy-
lamine (3.3 mg; 5 pl; 0.03 mmol; 1 eq) was added to a
solution of RS-45-10 (20 mg; 0.03 mmol; 1 eq) in dichlo-
romethane (4 mL.). The mixture was stirred at RT for 24 hours,
then washed with 1.0 N HCI (4 m[.x2) and brine (4 mL)
respectively. The organic layer was dried under anhydrous
sodium sulfate, filtered and concentrated in vacuo to yield
corresponding ureas RS-45-20 to RS-45-22 in yields ranging
58% to 62%.
RS-45-20:
(S)—N-benzyl-2-((S)-2-(dodecylcarbamoyl)pyrrolidine-1-
carbonyl)pyrrolidine-1-carboxamide. From benzylamine.
(62%); "HNMR (500 MHz, CDCl,) 8 8.26 (bs, 1H), 7.32 (bs,
SH), 4.81-4.13 (m, 4H), 3.89-3.02 (m, 6H), 2.64-1.62 (m,
8H), 1.60-1.42 (m, 2H), 1.27 (s, 18H), 0.90 (t, J=6.2 Hz, 3H).
MS (ESI+) m/z 535.17; caled for C;H,4N,O;Na (MNa™):
535.36.
RS-45-21:
(S)—N-(4-chlorobenzyl)-2-((S)-2-(dodecylcarbamoyl)pyr-
rolidine-1-carbonyl)  pyrrolidine-1-carboxamide. From
4-chlorobenzylamine. (58%); MS (ESI+) m/z 569.09; calcd
for C;,H,,CIN;O;Na (MNa*): 569.32.
RS-45-22:
(S)—N-(2,4-dichlorobenzyl)-2-((S)-2-(dodecylcarbamoyl)
pyrrolidine-1-carbonyl) pyrrolidine-1-carboxamide. From
2,4-dichlorobenzylamine. (60%); 'H NMR (500 MHz,
CDCl;)87.29-7.12 (m, 3H), 6.94 (bs, 1H), 4.85 (bs, 1H), 4.51
(m, 2H), 4.26 (m, 2H), 3.69-3.43 (m, 3H), 3.31-3.03 (m, 3H),
2.48-2.28 (m, 2H), 2.12-1.65 (m, 6H), 1.38 (m, 2H), 1.24 (bs,
18H), 0.81 (t,J=6.7 Hz, 3H). MS (ESI+) m/z 603.08; calcd for
C;30H46CLN,O;Na (MNa*): 603.28.
RS-45-30:
(S)-4-methoxyphenyl 2-((S)-2-(dodecylcarbamoyl)pyrroli-
dine-1-carbonyl) pyrrolidine-1-carboxylate. (FIG. 7, Scheme
7) 4-Methoxyphenol (3.3 mg; 0.0264 mmol; 1.1 eq) and
triethylamine (2.5 mg; 2.4 pl.; 0.024 mmol; 1 eq) were added
to a solution of carbamoylimidazolium salt RS-45-10 (15 mg;
0.024 mmol; 1 eq) in anhydrous acetonitrile (4 mL). The
reaction was stirred for 30 hours. The solvent was removed
under vacuum and the residue was dissolved in dichlo-
romethane (10 mL) and 0.5 N HCI (5 mL) was added. The
aqueous layer was extracted with dichloromethane (5 mL.x3).
The combined organic layers were washed with water (10
ml) and brine (10 mL) respectively. The organic layer was
dried using anhydrous sodium sulfate, filtered, and concen-
trated under reduced pressure to yield carbamate RS-45-30 (8
mg; 54%). MS (ESI+) m/z 552.54; caled for C;,H,,N;O;Na
(MNa*): 552.34.
RS-61-5:
benzyl((S)-1-((S)-2-(S)-2-(dodecylcarbamoyl)pyrrolidine-
1-carbonyl)pyrrolidin-1-y1)-3-(1H-imidazol-4-y1)-1-0xo0-
propan-2-yl)carbamate. (FIG. 8, Scheme 8): Synthesized
from RS-33-21 and (S)-2-(benzyloxycarbonylamino)-3-(1H-
20 imidazol-4-yl)propanoic acid using the same condensa-
tion reaction conditions listed in FIG. 1A, Scheme 1A and
FIG. 1B, Scheme 1B. (50%); MS (ESI+) m/z 651.88; calcd
for C36H55N60O5 (MH+): 651.42.
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Synthesis of Proline A-Ring Isosteres (FIG. 9B, Scheme 9):
RS-47-00:
(S)-benzyl 2-(dodecylcarbamoyl)pyrrolidine-1-carboxylate.
Commercially available Z-Pro-OH was condensed with
n-dodecylamine (Scheme 1 reaction conditions). (96%); m.p.
71-73° C.; "HNMR (400 MHz, CDCl,) 8 7.35 (bs, SH), 6.69
(bs, 1H), 5.19 (bs, 2H), 4.32 (bs, 1H), 3.51 (bs, 2H), 3.19 (bs,
2H), 2.38 (bs, 1H), 2.17 (bs, 1H), 1.90 (bs, 2H), 1.45 (bs, 2H),
1.25 (bs, 18H), 0.88 (t,J=6.7 Hz, 3H). MS (ESI+) m/z 439.43;
caled for C,5H, o N,O;Na (MNa*): 439.29. CHN analysis
calculated for C,H,,N,O; C,72.08;H,9.68; N, 6.72. Found
C,72.39; H,9.83; N, 6.71.
RS-47-01:
(S)—N-dodecylpyrrolidine-2-carboxamide hydrochloride.
Compound RS-47-00 was deprotected using catalytic hydro-
genation (Scheme 2 reaction conditions) to yield RS-47-01.
(80%); m.p. 53-55° C.; "H NMR (400 MHz, CD,0D) 3 4.19
(dd, J=8.3, 7.0 Hz, 1H), 3.38 (m, 2H), 3.24 (td, J=7.0,3.1 Hz,
2H),2.42 (m, 1H), 2.10-1.93 (m, 3H), 1.51-1.48 (m, 2H), 1.30
(bs, 18H), 0.90 (t, J=6.8 Hz, 3H). MS (ESI+) m/z 283.34;
caled for C,,H; N,O (MH"): 283.27. CHN analysis calcu-
lated for C, ,H;sCIN,O.C, 64.02; H, 11.06; N, 8.78. Found C,
64.23; H, 11.26; N, 8.71.
RS-47-02:
(S)—N-dodecyl-1-(1H-pyrrole-2-carbonyl)pyrrolidine-2-
carboxamide. Synthesized from the condensation reaction of
RS-47-01 with pyrrole-2 carboxylic acid (Scheme 1 reaction
conditions). (85%) 'H NMR (400 MHz, CDCl,) & 9.85 (bs,
1H), 7.08 (bs, 1H), 6.98 (s, 1H), 6.69 (s, 1H), 6.30 (bs, 1H),
4.80 (d, I=6.3 Hz, 1H), 3.80 (m, 2H), 3.22 (m, 2H), 2.43 (m,
1H), 2.3-1.9 (m, 3H), 1.45 (m, 2H), 1.23 (bs, 18H), 0.86 (t,
J=6.5Hz,3H); MS (ESI+) m/z376.26; calcd for C,,H;N;O,
(MH™): 376.29.
RS-47-03:
(S)—N-dodecyl-1-((S)-thiazolidine-4-carbonyl)pyrrolidine-
2-carboxamide hydrochloride. Synthesized from the conden-
sation reaction of RS-47-01 with S-thiazoline-2 carboxylic
acid. (50%); m.p. 77-79° C.; "HNMR (400 MHz, CD,0D) &
439 (dd, J=8.3,4.7 Hz, 1H), 4.33 (d, J=9.5 Hz, 1H), 4.00 (m,
2H), 3.79 (m, 1H), 3.68 (m, 1H), 3.25-3.08 (m, 3H), 2.82 (dd,
J=10.2, 8.1 Hz, 1H), 2.22-1.92 (m, 4H), 1.49 (m, 2H), 1.29
(bs, 18H), 0.90 (t, J=6.8 Hz, 3H); MS (ESI+) m/z 398.28;
caled for C,,H,; N;0,S; (MH*): 398.28.
RS-47-04:
(S)-1-((R)-2-acetamido-3-mercaptopropanoyl)-N-dode-
cylpyrrolidine-2-carboxamide Synthesized from the conden-
sation reaction of RS-47-01 with (R)-2-acetamido-3-mercap-
topropanoic acid (52%); 'H NMR (400 MHz, MeOD) 4.74 (t,
J=6.9 Hz, 1H), 4.37 (dd, J=8.2, 4.6 Hz, 1H), 3.84 (m, 2H),
3.17 (m, 2H), 2.90 (dd, J=13.6, 7.3 Hz, 1H), 2.71 (dd, J=13.6,
6.8 Hz, 1H), 2.19 (m, 1H), 2.01 (m, 1H), 1.97 (s, 3H), 1.73 (m,
1H), 1.49 (m, 2H), 1.29 (m, 18H), 0.90 (t, J=6.8 Hz, 3H). MS
(ESI+) m/z 450.43; caled for C,,H,;N;O;SNa (MNa*):
450.28.
RS-47-05:
(S)—N-dodecyl-1-((S)-1,2,3,4-tetrahydroisoquinoline-3-
carbonyl)pyrrolidine-2-carboxamide hydrochloride. Synthe-
sized from the condensation reaction of RS-47-01 with (S)-
1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (53%); MS
(ESI+) m/z 442.24; calced for C,,H, N0, (MH"): 442.34.
RS-47-06:
(S)-1-((S)-azetidine-2-carbonyl)-N-dodecylpyrrolidine-2-
carboxamide hydrochloride. Synthesized from the condensa-
tion reaction of RS-47-01 with (S)-1-(tert-butoxycarbonyl)
azetidine-2-carboxylic acid and subsequent deprotection
with trifluoroacetic acid in dichloromethane (1:1). Conver-
sion to the hydrochloride salt was accomplished by treatment
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with a solution of HCl/diethylether to a solution of the prod-
uct amine in isopropanol. Subsequent evaporation of the sol-
vent followed by triturating with isopropanol/diethylether
afforded the product RS-47-06 (54%); m.p. 150-152° C.; 'H
NMR (400 MHz, CD,0D) 8 5.27 (t, J=8.7 Hz, 1H), 4.41 (dd,
J=8.2,5.1 Hz, 1H), 4.12 (m, 1H), 3.92 (m, 1H), 3.51 (m, 1H),
3.40 (m, 1H), 3.25 (m, 2H), 2.90 (m, 1H), 2.72 (m, 1H), 2.24
(m, 1H), 2.08 (m, 1H), 1.92 (m, 2H), 1.52 (m, 2H), 1.29 (bs,
18H), 0.90(t, J=6.8 Hz, 3H). MS (ESI+) m/z 366.45; calcd for
C,,H, N0, (MH"): 366.31. CHN analysis calculated for
C,,H,,CIN;O, C, 62.74; H, 10.03; N, 10.45. Found C,
62.60; H, 10.17; N, 10.38.

Synthesis of Proline B-Ring Isosteres (FIG. 10B, Scheme
10):

Compound RS-48-00 (Synthesized from the standard con-
densation reaction between n-dodecylamine and (S)-1-(tert-
butoxycarbonyl)azetidine-2-carboxylic acid) was treated
with a 1:1 solution of CF;COOH and CH,Cl, (10.0 mL.) and
stirred at ambient temperature for 2 hours. The solution was
evaporated to dryness, the residue dissolved in CH,Cl,, and
basified with an aqueous solution of sodium carbonate.
Extraction followed by drying over sodium sulfate and evapo-
ration of the solvent yielded the crude residue, which was
dissolved in methanol and subjected to treatment with HCI-
diethyl ether to yield RS-48-01 as the hydrochloride salt.
Treatment of RS-48-01 in separate condensation reactions
with Z-Pro-OH or (S)-1-(tert-butoxycarbonyl)azetidine-2-
carboxylic acid yielded RS-48-02 and RS-48-04 respectively,
which were purified and directly subjected to deprotection
reactions. Deprotection of the N-CBz group of RS-48-02 was
accomplished using standard catalytic hydrogenation condi-
tions and conversion to the HCI salt yielded the final product
RS-48-03. Similarly, removal of the N-Boc group of RS-48-
04 was accomplished with trifluoroacetic acid in dichlo-
romethane (1:1), and conversion to the HCI salt yielded the
final product RS-48-05.

RS-48-01:

(S)—N-dodecylazetidine-2-carboxamide  hydrochloride.
(78%); m.p. 103-106° C.; 'H NMR (400 MHz, CD,0D) 8
4.98(t,J=10.1Hz, 1H),4.12(dd,J=18.1,9.0Hz 1H),3.94 (1d,
J=10.1,6.1 Hz, 1H),3.25(t,J=7.1 Hz, 2H), 2.81 (m, 1H), 2.51
(m, 1H), 1.53 (m, 2H), 1.30 (bs, 18H), 0.89 (t, J=6.8 Hz, 3H).
MS (ESI+) m/z 269.42; caled for C, (H;3N,O (MH™): 269.26.
CHN analysis calculated for C,;H;;CIN,O: C, 63.03; H,
10.91; N, 9.19. Found C, 63.85; H, 11.23; N, 9.24.
RS-48-02:

(S)-benzyl 2-((S)-2-(dodecylcarbamoyl)azetidine-1-carbo-
nyl)pyrrolidine-1-carboxylate. (68%); MS (ESI+) m/z
522.64; calced for C,oH,sN;O,Na (MNa*): 522.33.
RS-48-03:

(S)—N-dodecyl-1-((S)-pyrrolidine-2-carbonyl azetidine-2-
carboxamide hydrochloride. (54%); major rotamer: *HNMR
(400 MHz, CD,0D) 8 4.79 (dd, J=9.2, 5.6 Hz, 1H), 4.39 (dd,
J=7.8,7.3 Hz, 1H), 4.25 (m, 2H), 3.35 (m, 2H), 3.20 (m, 2H),
2.64 (m, 1H), 2.43 (m, 1H), 2.30 (m, 1H), 2.08 (m, 3H), 1.51
(m, 2H), 1.29 (bs, 18H), 0.89 (t, J=6.7 Hz, 3H). MS (ESI+)
m/z 366.60; calcd for C,;H, N3O, (MH*): 366.31.
RS-48-04:

(S)-tent-butyl 2-((S)-2-(dodecylcarbamoyl)azetidine-1-car-
bonyl)azetidine-1-carboxylate. MS (ESI+) m/z366.60; calcd
for C,,H,,N;O,(MH*): 366.31.

RS-48-05:
(S)-1-((S)-azetidine-2-carbonyl)-N-dodecylazetidine-2-car-
boxamide hydrochloride. (52%); m.p. 109-111° C.; 'HNMR
(400 MHz, CD,0D) § 5.14 (t, J=8.7 Hz, 1H), 4.91 (m, 1H),
4.79(dd,J=9.2,5.6 Hz, 1H),4.17-4.00 (m, 3H), 3.94 (m, 1H),
3.22 (m, 2H), 2.85-2.60 (m, 3H), 2.27 (m, 1H), 1.54 (m, 2H),
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1.31 (bs, 18H), 0.90 (t, J=6.8 Hz, 3H). MS (ESI+) m/z 352.58;
caled for C, H, N,O,(MH™): 352.30.
Synthesis of Z-Pro-GABA-NH amides (FIG. 11, Scheme
11):
Z-Pro-OH (3 g; 12 mmol; 1 eq) and N-hydroxysuccinimide
(1.38 g; 12 mmol; 1 eq) were dissolved in 1,4-dioxane (25
mL) and dicyclohexylcarbodiimide (2.47 g; 12 mmol; 1 eq)
was added with rapid stirring. The mixture was stirred over-
night at room temperature and the solid urea biproduct was
filtered off. The solvent was removed and the oily residue was
recrystallized from isopropanol. Crystals of Z-Pro-N-succin-
imide ester [(S)-1-benzyl 2-(2,5-dioxopyrrolidin-1-yl) pyrro-
lidine-1,2-dicarboxylate] formed with scratching weighing
3.6 g (yield: 86%; mp. 87-89° C.). Z-Pro-N-succinimide ester
(2 g; 5.78 mmol; 1 eq) in acetonitrile (30 mL) was added to a
solution of y-Amino butyric acid (GABA; 600 mg; 5.78
mmol; 1 eq) and triethylamine (750 mg) in a water-acetoni-
trile mixture (10 mL.:10 mL) at RT. After stirring for 20 hours,
the solvent was removed under reduced pressure, and the
residue was dissolved in a mixed solvent system of 1N HCl
(20 mL) and ethyl acetate (50 mL). The organic layer was
separated, washed with brine and extracted with 5% aqueous
NaHCO; (30 mLx3). The extract was washed with ethyl
acetate (30 m[.x3) and the organic portion was washed with
brine (30 mL), dried over anhydrous sodium sulfate and the
solvent evaporated under reduced pressure. The oily residue
thus obtained was triturated with petroleum ether. The crys-
talline white powder was recrystallized from solvent mixture
of ethyl acetate:diethyl ether (60:40) to give pure Z-Pro-NH-
GABA [(S)-4-(1-(benzyloxycarbonyl)pyrrolidine-2-car-
boxamido)butanoic acid] in an yield of 1.82 g (94%); mp:
70-75° C. "H NMR (500 MHz, CDCl,) 8 9.18 (s, 1H), 7.26
(m, 5H), 5.14 (m, 2H), 4.53-4.01 (m, 1H), 3.67-2.99 (m, 4H),
2.53-1.54 (m, 7H), 1.24 (m, 2H). MS (ESI+) m/z 357.2; caled
for C;,H,,N,OsNa (MNa*): 357.14.
Z-Pro-NH-GABA was reacted under standard condensation
reactions with appropriate amines as described in Scheme 1
conditions to yield RS-37-01 to RS-37-07 (FIG. 11):
dRS-37-01:
(S)-benzyl 2-((4-((2-chlorobenzyl)amino)-4-oxobutyl)car-
bamoyl)pyrrolidine-1-carboxylate. From 2-chlorobenzy-
lamine. (55%); "H NMR (500 MHz, CDCl,) 8 7.40-7.20 (m,
8H), 7.10-6.85 (m, 2H), 5.09 (m, 2H), 4.49 (m, 2H), 4.27 (bs,
1H), 3.74-3.08 (m, 5H), 2.38-1.55 (m, 8H). MS (ESI+) m/z
480.3; calcd for C, ,H,,CI,N;O,Na (MNa*): 480.16.
RS-37-02:

(S)-benzyl 2-((4-((3-chlorobenzyl)amino)-4-oxobutyl)car-

bamoyl)pyrrolidine-1-carboxylate. From 3-chlorobenzy-
lamine. (54%); MS (ESI+) m/z 480.3; caled for
C,,H,;Cl,N;0, Na (MNa*): 480.16.

RS-37-03:

(S)-benzyl 2-((4-((4-chlorobenzyl)amino)-4-oxobutyl)car-
bamoyl)pyrrolidine-1-carboxylate. From 4-chlorobenzy-
lamine. (56%); MS (ESI+) m/z 480.2; calcd for
C,,H,;Cl,N;0 Na (MNa"): 480.16.

RS-37-04:

(S)-benzyl 2-((4-((2,4-dichlorobenzyl)amino)-4-oxobutyl)

carbamoyl)pyrrolidine-1-carboxylate. From 2,4-dichlo-
robenzylamine. (61%); MS (ESI+) m/z 514.2; calcd for
C,,H,,CI,N;O Na (MNa"): 514.12.

RS-37-05:

(S)-benzyl 2-((4-((3,4-dichlorobenzyl)amino)-4-oxobutyl)
carbamoyl)pyrrolidine-1-carboxylate. From 3,4-dichlo-
robenzylamine. (53%); MS (ESI+) m/z 514.2; calcd for
C,,H,,CI,N;O Na (MNa"): 514.13.
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RS-37-06:
(S)-benzyl  2-((4-(dodecylamino)-4-oxobutyl)carbamoyl)
pyrrolidine-1-carboxylate. From n-dodecylamine. (80%); "H
NMR (400 MHz, CDCl;) 8 7.35 (bs, 5SH), 6.78 (bs, 1H), 6.24
(bs, 1H), 5.17 (bs, 2H), 4.30 (bs, 1H), 3.52 (m, 2H), 3.22 (m,
4H), 2.35-1.86 (m, 4H), 1.74 (m, 4H), 1.48 (bs, 2H), 1.28 (bs,
18H), 0.88 (t, J=6.7 Hz, 3H). MS (ESI+) m/z 524.54; calcd for
C,oH,,N,O,Na (MNa™): 524.35.
RS-37-07:
(S)-benzyl 2-((14-0x0-3,6,9-trioxa-13-azaheptadecan-17-yl)
carbamoyl)pyrrolidine-1-carboxylate. From 3-(2-(2-ethoxy-
ethoxy)ethoxy)propan-1-amine. (70%); "H NMR (500 MHz,
CDCl,) 6 7.34 (bs, SH), 7.08 (bs, 1H), 6.92 (bs, 1H), 5.14 (m,
2H), 4.29 (d, J=5.1 Hz, 1H), 3.64-3.48 (m, 14H), 3.35-3.19
(m, 4H), 2.08 (m, 4H), 1.99-1.60 (m, 6H), 1.19 (t, J=7.0 Hz,
3H). MS (ESI+) nv/z 530.3; caled for C,cH, N;O,Na
(MNa*): 530.28.
RS-42-01:
(S)—N-(4-(dodecylamino)-4-oxobutyl)pyrrolidine-2-car-
boxamide hydrochloride (FIG. 12, Scheme 12): Compound
RS-37-06 was reacted under standard catalytic hydrogena-
tion conditions (H,—Pd/C) to afford the product character-
ized as the hydrochloride salt (88%); 'H NMR (400 MHz,
D,0)d4.34 (t,J=7.2 Hz, 1H), 3.38 (t, ]=6.0 Hz, 2H), 3.19 (1,
J=6.8Hz, 2H), 3.08 (t,J=6.9 Hz, 2H), 2.55-2.33 (m, 1H), 2.21
(t,J=7.3 Hz, 2H), 2.10-1.87 (m, 3H), 1.85-1.65 (m, 2H), 1.43
(s, 2H), 1.19 (s, 18H), 0.78 (t, J=6.0 Hz, 3H). MS (ESI+) m/z
368.55 caled for C,,H,,N,0, (MH+): 368.32.
Standard reductive amination reaction conditions were used
to prepare N—R-Pro-GABA-NH-Dodecylamides from
RS-42-01 and their respective aldehydes.
RS-42-02:
(S)-1-benzyl-N-(4-(dodecylamino)-4-oxobutyl)pyrrolidine-
2-carboxamide. From benzaldehyde. (71%); MS (ESI+) m/z
458.4; calcd for C,4H, N0, (MH*): 458.37.
RS-42-03:
(S)—N-(4-(dodecylamino)-4-oxobutyl)-1-(pyridin-4-ylm-
ethyl)pyrrolidine-2-carboxamide hydrochloride. From isoni-
cotinaldehyde. '"H NMR (400 MHz, MeOD) 8 9.05 (d, J=6.6
Hz, 2H), 8.41(d, J=6.6 Hz, 2H), 4.89 (m, 2H), 4.53 (dd, J=8.7,
7.6 Hz, 1H), 3.85 (m, 1H), 3.55 (m, 1H), 3.20 (dt, J=21.1,7.0
Hz, 4H), 2.70 (dd, J=15.5, 8.9 Hz, 1H), 2.31 (m, 3H), 2.10 (m,
2H), 1.74 (m, 2H), 1.54 (m, 2H), 1.29 (m, 18H), 0.89 (t, J=6.8
Hz,3H).MS (ESI+) m/z459.4; caled for C,,H,,N,O, (MH+)
459.37.
RS-42-04:
(S)—N-(4-(dodecylamino)-4-oxobutyl)-1-(pyridin-3-ylm-
ethyl)pyrrolidine-2-carboxamide hydrochloride. From nico-
tinaldehyde. 'HNMR (400 MHz, MeOD) 8 8.55 (d, J=1.5 Hz,
1H), 8.43 (dd,J=4.9, 1.3 Hz, 1H),7.90 (d,]=7.9 Hz, 1H), 7.40
(dd, J=7.7, 4.9 Hz, 1H), 3.84 (d, J=13.1 Hz, 1H), 3.68 (d,
J=13.1 Hz, 1H), 3.13 (m, 6H), 2.45 (m, 1H), 2.21 (m, 1H),
2.14 (t, 7.4 Hz, 2H), 1.91-1.61 (m, 5H), 1.48 (m, 2H), 1.28
(bs, 18H), 0.89 (t,J=6.8 Hz, 3H); MS (ESI+) m/z 459.3; caled
for C,,H,,N,O, (MH+) 459.37.
RS-42-05:
(S)—N-(4-(dodecylamino)-4-oxobutyl)-1-(pyridin-2-ylm-
ethyl)pyrrolidine-2-carboxamide  hydrochloride.  From
picolinaldehyde. 'H NMR (400 MHz, MeOD) & 8.54 (d,
J=4.3Hz, 1H),7.82(dd,J=7.7,1.7Hz, 1H), 7.50(d, J=7.8 Hz,
1H), 7.34 (dd, J=7.0, 5.4 Hz, 1H), 4.06 (d, I=13.4 Hz, 1H),
3.85(d, I=13.4 Hz, 1H), 3.43 (bs, 1H),3.30 (m, SH), 2.61 (m,
1H), 2.28 (m, 1H), 2.16 (t, J=7.5 Hz, 2H), 1.89-1.73 (m, 5H),
1.48 (m, 2H), 1.28 (bs, 18H), 0.89 (t, J=6.8 Hz, 3H). MS
(ESI+) m/z 459.4; caled for C,,H,,N,O, (MH+) 459.37.
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RS-61-01:
(S)—N-(4-(dodecylamino)-4-oxobutyl)-1-((1-methyl-1H-
imidazol-2-yl)methyl) pyrrolidine-2-carboxamide hydro-
chloride. From 1-methyl-1H-imidazole-2-carbaldehyde. 'H
NMR (400 MHz, MeOD) 8 7.73 (d, J=2.0 Hz, 1H), 7.70 (d,
J=2.0 Hz, 1H), 4.34 (t, J=8.2 Hz, 1H), 4.06 (s, 3H), 3.66 (m,
1H), 3.40 (m, 1H), 3.19 (m, 4H), 2.62 (m, 1H), 2.22 (m, 3H),
2.01 (m, 2H), 1.78 (m, 2H), 1.50 (bs, 2H), 1.29 (bs, 20H), 0.89
(t, J=6.7 Hz, 3H). MS (ESI+) m/z 462.58; calcd for
C,sH, s N;O,(MH™): 434.37.
Synthesis of N-Sulfonamide-Pro-GABA-NH-dodecyla-
mides (FIG. 13, Scheme 13):
Same reaction conditions used as in FIG. 1A, Scheme 1A and
FIG. 1B, Scheme 1B.
RS-44-01:
(S)—N-(4-(dodecylamino)-4-oxobutyl)-1-tosylpyrrolidine-
2-carboxamide. From 4-methylbenzene-1-sulfonyl chloride.
(52%); 'HNMR (500 MHz, CDC15) 8 7.70 (d, ]=8.0 Hz, 2H),
7.30 (d, I=8.0 Hz, 2H), 5.70 (bs, 2H), 4.03 (m, 1H), 3.56 (m,
1H), 3.40 (m, 1H), 3.25-3.07 (m, 4H), 2.36 (m, 6H), 2.10-1.69
(m, SH), 1.49 (m, 2H), 1.28 (m, 18H), 0.83 (t, J=6.9 Hz, 3H).
MS (ESI+) nvz 544.3; calced for C,4H,,N;0,SNa (MNa*):
544.32.
RS-44-02:
(S)—N-(4-(dodecylamino)-4-oxobutyl)-1-((4-(tert-pentyl)
phenyl)sulfonyl)pyrrolidine-2-carboxamide. From 4-tert-
pentylbenzene-1-sulfonyl chloride. (78%); MS (ESI+) m/z
600.5; calcd for C,,HssN;O,S;Na (MNa*): 600.38.
RS-44-03:
(28)-1-(((7,7-dimethyl-2-oxobicyclo[2.2.1]heptan-1-yl)me-
thyl)sulfonyl)-N-(4-(dodecylamino)-4-oxobutyl)pyrroli-
dine-2-carboxamide. From camphorsulfonyl chloride.
(53%); MS (ESI+) m/z 604.5; calcd for C;,H,N;O,S Na
(MNa*): 604.38.
RS-44-04:
(S)—N-(4-(dodecylamino)-4-oxobutyl)-1-(methylsulfonyl)
pyrrolidine-2-carboxamide. From methylsulfonyl chloride.
(60%); MS (ESI+) m/z 468.3; caled for C,,H,5N;0,S,Na
(MNa*): 468.29.
Synthesis of N-Amide-Pro-GABA-NH-dodecylamides
(FIG. 14, Scheme 14):
Same reaction conditions used in FIG. 1A, Scheme 1.
RS-61-2:
(S)—N-(4-(dodecylamino)-4-oxobutyl)-1-(1-methyl-1H-
imidazole-2-carbonyl) pyrrolidine-2-carboxamide. From
1-methyl-1H-imidazole-2-carboxylic acid. MS (ESI+) m/z
498.65; caled for C,,H,;N;O;Na (MNa*): 498.34.
RS-61-3:
(S)-1-(3-(1H-benzo[ d]imidazol-2-yl)propanoyl)-N-(4-
(dodecylamino)-4-oxobutyl)  pyrrolidine-2-carboxamide.
From 3-(1H-benzo[d]imidazol-2-yl)propanoic acid. (53%);
'H NMR (400 MHz, MeOD) 8 7.90 (d, 1=8.4 Hz, 1H), 7.75
(m, 2H), 4.33 (m, 1H), 3.72 (m, 1H), 3.44 (m, 2H), 3.25-3.11
(m, 4H), 2.25-2.00 (m, 6H), 1.85-1.70 (m, 2H), 1.48 (m, 2H),
1.39 (m, 4H), 1.29 (m, 18H), 0.91 (t, J=6.0 Hz, 3H). MS
(ESI+) m/z 540.78,; calced for C,;,H N O, (MH*): 540.39.
RS-61-4:
benzyl((S)-1-(S)-2-((4-(dodecylamino)-4-oxobutyl)carbam-
oyl)pyrrolidin-1-y1)-3-(1H-imidazol-4-y1)-1-oxopropan-2-
yDcarbamate. From (S)-2-(benzyloxycarbonylamino)-3-
(1H-imidazol-4-yl)propanoic acid. MS (ESI+) m/z 639.88;
caled for C;sHgsNO5 (MHY): 639.42.

The Effect of PRCP Inhibitors on PK Activation on
HPAEC.

Human pulmonary artery endothelial cells (HPAEC) were
purchased from Invitrogen (Carlsbad, Calif.) and were cul-
tured as previously described.*® The cells were grown in
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Dulbecco’s Modified Eagle’s Medium (DMEM) overnight in
96 well plates (Costar). Cells were washed gently three times
with HEPES-carbonated buffer (137 mM NaCl, 3 mM KCI,
12 mM NaHCO;, 14.7 mM HEPES, 5.5 mM Glucose, 0.1%
Gelatin, 2 mM CaCl,, 1 mM MgCl,, 7.1 pH, 37° C.) between
each incubation step. Gelatin blocking buffer (1% Gelatin)
was prepared by adding appropriate amount of 5% gelatin
stock to HEPES-carbonated buffer as described above. In the
first step, gelatin blocking buffer was used to reduce the non
specific binding. As part of this step, the cells were incubated
with 1% gelatin buffer for 1 hour. In second and third steps,
the cells were incubated with 20 nM high molecular weight
kininogen (HK), and with 20 nM of PK and different concen-
trations of PRCP inhibitors (1 uM to 3 mM), respectively.

The Effect of PRCP Inhibitors on Recombinant Prolylcar-
boxypeptidase (rPRCP) Activity.

The effects of the inhibitors of PRCP were determined
using a previously published method®'. Briefly, rPRCP was
incubated in the presence or absence of various PRCP inhibi-
tors in HEPES-carbonated bufter containing 1 mM Ala-Pro-
paranitroaniline (APpNA, a PRCP chromogenic substrate).
The final volume was 100 ul. and the time of incubation was
60 min. Negative control had only 1 mM APpNA in HEPES-
Carbonated buffer. Generation of free p-nitroaniline from
APpNA was determined by monitoring changes in absor-
bance at 405 nm. Assays were done a minimum of 3 times.

Determination of the Specificity of Compound RS-33-21.

After finding the optimal concentration of a-kallikrein,
FXIla, FXIa, or trypsin to produce a high signal-to-noise
ratio, the effects of various concentrations of RS-33-21 on
these serine proteases were determined according to pub-
lished methods. All values were calculated as percentage of
positive control after subtraction of background. Briefly, puri-
fied human serum was added to 200 pl. of substrate buffer
solution containing hippuryl-L-arginin in triplicated test
tubes. Commercially available pooled normal human serum
was used. The tubes were tightly covered, vortexed for 15
seconds and incubated for 60 min at 37° C. in a shaker water
bath. The enzymatic reaction was stopped by addition of 250
pul of 1 M HCI solution and vortexed for 15 seconds. The
blanks were stopped immediately after the addition of serum
by 250 uL. of 1M HCI before incubation. All samples were
incubated on ice for 5 min. 1500 L. ethyl acetate was added,
vortexed for 30 s and centrifuged for 10 min at 4000 g. 1 mL
of'the upper layer (ethyl acetate) was transferred into a S mL
test tube and placed in a boiling water bath for 45-60 min to
evaporate the ethyl acetate thoroughly, 3 mL of 1M NaCl
solution was added to each tube and vortexed for 30 s. All
samples were placed in water bath at 70° C. for 5 min to
redissolve all the residual hippuric acid, then vortexed for 30
s. After 15 min of incubation at room temperature, the absor-
bance of hippuric acid was read at A=228 nm.

The effect of RS-33-21 on the major membrane and plasma
carboxypeptidases was determined. The effect of RS-33-21
on subtilisin activity in the reaction was examined with the
specific substrate ZAALpNA composed of 0.1 mM
ZAALpNA in the 50 mM Tris-HCl/10 mM CaCl, buffer, pH
8.5. The reaction mixture was incubated at 37° C. for 1 h. The
reaction was stopped by the addition of 0.5 M HCL.

Determination of the Effect of RS-33-21 on PRCP-In-
duced Bradykinin Generation on HPAEC.

HPAEC were incubated with 100 nM HK for 1 hat37° C.,
as previously described®®. After incubation, cells were
washed and treated with 100 nM PK in the absence or pres-
ence of RS-33-21. Supernatants were collected and either
frozen at —70° C. or immediately deproteinized with trichlo-
roacetic acid. BK in the samples was determined using a
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commercial kit (MARKIT BK, Dainippon Pharmaceutical;
Osaka, Japan), performed according to the manufacturer
instructions. The metabolites of BK were determined by LC-
MS.

The Effect of RS-33-21 on PRCP-Induced Nitric Oxide
NO Formation on HPAEC.

HPAEC were treated with 100 1M HK and incubated for 1
h at 37° C. After washing three times with HEPES buffer,
cells were then incubated with 100 nM PK in the absence and
presence of 100 uM of RS-33-21 for 1 hat37° C. The solution
was collected to measure the amount of nitrate+nitrite (the
final products of nitric oxide metabolism) in each sample
using a fluorometric assay (Cayman Chemicals, Ann Arbor,
Mich.) according to the manufacturer’s protocol. The fluo-
rescence was read at an excitation wavelength of 360 nm and
an emission wavelength of 460 nm using BioTek Synergy HT
Multi-Mode Microplate Reader. Nitrate+nitrite levels in each
sample were normalized to that for the buffer alone.

The Effect of RS-33-21 on PRCP-Induced 6-Keto Prostag-
landin F |, Release from HPAEC.

HPAEC were treated with 100 1M HK and incubated for 1
hat37°C. Cells were then incubated with 100 nM PK+30 uM
of compound RS-33-21 for 1 h at 37° C. The solution was
collected to measure the amount of 6-keto prostaglandin F,
(a stable analog of prostacyclin) in each sample using a com-
petitive acetylcholinesterase (AChE) enzyme immunoassay
(Cayman Chemicals, Ann Arbor, Mich.) according to the
manufacturer’s protocol. The absorbance was measured
spectrophotometrically at 405 nm. The data was analyzed
using a computer spreadsheet provided on the manufacturer’s
website. 6-keto prostaglandin F,, level in each sample was
normalized to that for the buffer alone.

The Effect of RS-33-21 on HPAEC Permeability Via
PRCP-Dependent PK Activation.

The effect of the inhibitors of PRCP on vascular perme-
ability was assessed using an in vitro vascular permeability
assay kit (Chemicon/Millipore, Mass.) according to the
manufacturer’s protocol. Briefly, collagen coating solution in
0.2xPBS, pH 7.1 was added to the inserts. After incubating
for 1 h at room temperature, the inserts were hydrated with
cell growth medium for 15 min and seeded with 200 pul, of cell
suspension (1.0x10° HPAEC/mL). The plate was incubated at
37°C. for 24 h until a cell monolayer was formed. The inserts
were then treated with cell basal medium (negative control);
1 ug/mL LPS (positive control); 0.1 uM HK/PK complex in
the absence or presence of HOE-140 (1 uM) and lisinopril (1
M, an angiotensin converting enzyme) and incubated at 37°
C. for 18 h. The effect of the RS-33-21 (100 pM) alone and in
combination with HK/PK complex (0.1 uM) on endothelial
permeability was also studied. The fluorescence was read at
an excitation wavelength of 485 nm and an emission wave-
length of 528 nm using BioTek Synergy 2 Multi-Mode
Microplate Reader.

Effects of RS-33-21 on the Metabolism of Angiotensin 11
and Bradykinin by rPRCP.

The specificity of RS-33-21 was assessed by LC/MS
analysis of the metabolism of angiotensin 111 (Ang III, Ang,_
8) to angiotensin 2-7 (Ang, ) and des-Arg”bradykinin (BK, _
8) to BK,_, by rPRCP, as previously described?.

Effect of RS-33-21 on Food Intake.

Mice were single housed one week before the experiment.
Male mice (n=6 per group; 4 months old) were then food
deprived for 24 hours. Thirty minutes before food was re-
introduced, mice were injected ip (100 pl total volume) with
either saline (vehicle control) or 1, 10, or 100 mg/kg of
RS-33-21. Food intake was measured at 1 hour, 2 hours, 4
hours 8 hours and 24 hours.
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Mouse Carotid Artery Thrombosis Models.

C57B1/6 WT mice and C57Bl/6 mice deficient in factor
fXII (FXII™"), were used in these studies. The procedures
were approved by the Institutional Animal Care and Use
Committee of Vanderbilt University. After anesthesia with
pentobarbital (50 mg/kg IP), the right common carotid artery
was exposed and fitted with a Doppler flow probe (Model 0.5
VB, Transonic System, Ithaca, N.Y.). PBS with or without
Compound RS-33-21 (0.8 mg/kg) was infused into the inter-
nal jugular vein 15 min before vascular injury in 50 ul volume.
Thrombus formation was induced by applying two 1x1.5 mm
filter papers (GB003, Schleicher & Schuell, Keene, N.H.)
saturated with FeCl; (3.5% for wild type mice, 12.5% for
FXII~~ mice) to opposite sides of the artery for three min.
Flow was monitored for 30 min. Mice were sacrificed by
pentobarbital overdose after conclusion of the experiment,
while under anesthesia.

Statistical Analysis.

Results are expressed as meanzstandard error of mean
(SEM) of at least three independent experiments each per-
formed in triplicates. Data was analyzed using ANOVA or the
X2 test to assess statistical significance of observed differ-
ences between drug treated and corresponding control
groups. The Tukey-Kramer test was used to adjust for post
hoc pairwise comparisons. Two representative concentra-
tions (IC5, and absolute inhibition) of RS-33-21 were chosen
for statistical analysis of the inhibition studies. RS-33-21 was
compared with z-Pro-Pro. For all comparisons, statistical
significance was defined as p<0.05.

Results

Compound RS-33-21 is a Selective PRCP Inhibitor.

Applicants chose compound RS-33-21 from the library of
analogs based on results with the initial chromogenic- and
cell-based screening assays, and evaluated its effect on other
plasma serine proteases. Compound RS-33-21 inhibited
rPRCP in a dose-dependent manner with a K, value of 43 uM
(FIG. 16A), but failed to inhibit a-kallikrein, factor XIla
(FXIIa), factor Xla (FXIa) or trypsin at concentrations >1.0
mM. z-Pro-Prolinal (our lead compound) had a little effect on
rPRCP activity at the tested concentrations, FIG. 16A. This
finding is consistent with a previously described observation
and suggests that z-Pro-Prolinal is a very weak inhibitor of
PRCP?'. For comparison, soybean trypsin inhibitor (SBTI)
inhibited a-kallikrein, FXIa, and trypsin with K, values of
6.15, 0.62, and 0.12 respectively (Table 15), while corn
trypsin inhibitor blocked FXIla with a K, of 0.12 uM under
our experimental conditions. Next, investigations were per-
formed to determine whether RS-33-21 inhibited PRCP-de-
pendent PK activation on endothelium. As shown in FIG.
16B, compound RS-33-21 inhibited the activation of PK to
kallikrein in a dose-dependent manner. While z-Pro-Prolinal
had a little effect on the production of kallikrein, RS-33-21
markedly reduced the hydrolysis of S2302 by kallikrein pro-
duced on HPAEC with K, values of 34 uM.

Since PRCP is a serine carboxypeptidase, applicants tested
the effect of RS-33-21 on other carboxypeptidases. The
serine carboxypeptidases CPN** and CPM>* regulate kinin
activity through proteolysis of BK, and are mainly involved in
regulating chronic inflammation. Compound RS-33-21 did
not inhibit metabolism of hippuryl-lysine by CPN (hCPN,
partially purified from plasma) or CPM>"" **, while 1,10-
phenanthroline blocked CPN and CPM with K, values of
615.4 and 393.8 uM respectively (Table 15). Carboxypepti-
dase A (CPA) is a highly conserved protease found in pan-
creas and mast cell granules. Although its substrate selectivity
is different from that of PRCP, both CPA and PRCP cleave the
C-terminal aromatic or aliphatic amino acids of proteins or



US 9,193,762 B2

27
peptides. Carboxypeptidase A [CPA, EC 3.4.17.1] and car-
boxypeptidase B [CPB, EC 3.4.17.2] were not inhibited by
RS-33-21. 1,10-phenanthroline inhibited CPA and CPB with
K, values of 486 and 738.5 nM, respectively (Table 15).

Ang I1*° and BK?? are well-established proteolytic targets
of PRCP. Previously, applicants described a LC/MS-based
method for characterizing Ang II metabolism by rPRCP. This
method was used to evaluate the effects of RS-33-21 on
PRCP-catalyzed cleavage of Ang II to Ang, , and BK, ; to
BK, ,. Compound RS-33-21 (100 uM) effectively blocked
both enzymatic reactions (FIGS. 16C and 16D). Further stud-
ies with purified rPRCP determined that RS-33-21 was a
competitive inhibitor of PRCP (FIG. 16E). These findings
suggested that RS-33-21 is a selective inhibitor of PRCP.

Effects of Compound RS-33-21 on PRCP-Mediated Pro-
cesses In Vitro.

PRCP-dependent PK activation stimulates vascular endot-
helial cells to produce NO and PGI, via bradykinin-mediated
B, receptor activation.”® Applicants initially determined the
generation of bradykinin (BK) in the absence or presence of
RS-33-21 using a previously described method®>. PRCP-
induced increases in kallikrein and kallikrein-dependent
bradykinin were measured in HPAECs. Incubation of
HPAECs with the complex of HK/PK caused an increase in
BK generation (FIG. 17A). Conversely, RS-33-21 (100 uM)
reduced PK activation by PRCP and subsequent BK genera-
tion downstream (FIG. 17A). Next, the effect of UM8190 on
BK-induced release of NO and PGI, was determined. Com-
pound RS-33-21 (100 uM) reduced NO and PGI, production
by 80% (FIG. 17B, 17C) for cells on which HK/PK com-
plexes were allowed to assemble. PK activated by PRCP also
facilitates BK generation on endothelial cells, with a subse-
quent increase in cell permeability.”® Consistent with this,
treatment of HPAEC with 0.1 uM alone did not alter cell
permeability, while addition of the HK/PK complex (0.1 uM
each) resulted in significantly increase permeability (FIG.
17D). In the presence of HK/PK, compound RS-33-21 (100
uM) reduced cell permeability by 90% (FIG. 17D). These
results demonstrate the efficacy of RS-33-21 in inhibiting
known PRCP-mediated reactions.

Effects of Compound RS-33-21 on Food Intake in Mice.

Investigations were performed to assess the effectiveness
and minimum time required for RS-33-21 to reduce food
intake. Mice were deprived of food for 24 h prior to being
randomly assigned to receive intraperitoneal infusions of
RS-33-21at 1, 10, or 100 mg/kg. Food intake was determined
at fixed intervals (1, 2, 4, 8, or 24 h) after drug administration.
As shown in FIG. 18, Panel A, administration of RS-33-21
started to attenuate food intake within 1 h. Significant
declines in food intake were observed when mice were treated
with RS-33-21 at 10 (6 mice per group, P<0.05 vs saline) or
100 mg/kg (6 mice/grop, P<0.05 vs saline, P<0.05 vs 10
mg/kg RS-33-21) at all time intervals (FIG. 18, Panels A
through E), with a dose effect clearly apparent. Mice treated
with the lowest RS-33-21 dose (1 mg/kg) also had lower food
intake, although the reduction was not significant at 2, 4, 8, or
24 h. Zhou and colleagues>? recently reported on the orixo-
genic effect of a substituted prolyl-2-benzimidazole PRCP
inhibitor in mice. Although the affinity of RS-33-21 for
rPRCP is significantly lower than that of the prolyl-2-benz-
imidazole inhibitor, Compound RS-33-21 (100 mg/kg) was
five times more potent at decreasing food intake at a similar
dose. Our results are consistent with published studies show-
ing that PRCP inhibition or disruption of the PRCP gene
results in reduced food intake and decreased body weight in
mice®. Cumulatively, the in vitro and in vivo studies demon-
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strate that RS-33-21 is a potent anorexigenic agent that inhib-
its PRCP-dependent pathways.

The Antithrombotic Effect of Compound RS-33-21 in Nor-
motensive Mice.

Previously, applicants proposed that PRCP could contrib-
ute to thrombin generation and blood clot formation by con-
verting PK to a-kallikrein, promoting the sequential conver-
sion of the protease zymogens factor XII (FXII), factor XI
(FX1I), and factor IX (FIX) of the intrinsic pathway of blood
coagulation to their active forms (FXIla, FXIa, and FIXa,
respectively). As FXII-deficient (FXII~'~) mice are resistant
to thrombus formation in arterial injury and cerebral
ischemia-reperfusion models,>” *® applicants postulated that
RS-33-21 might have an antithrombotic effect. Compound
RS-33-21 was tested in mice with a model in which carotid
artery thrombosis is induced by exposing the vessel to vary-
ing concentrations of ferric chloride (FeCl,). In wild type
C57BL/6 mice (n=5), RS-33-21 (10 mg/kg IV) did not pre-
vent vessel occlusion, nor prolong the time to arterial occlu-
sion, compared to vehicle (PBS) when thrombosis was
induced with 3.5% FeCl; (the lowest concentration that
reproducibly causes arterial occlusion in wild type mice).>”
39 Thrombus formation in this model is dependent on FXII,
and it is possible that PK activation through FXIIa, or PK-
independent activation of FXII could have overwhelmed any
effect of UM8190 on PK activation. To address this concern,
applicants tested RS-33-21 on thrombus formation in FXII~~
mice, using 12.5% FeCl,, which causes a high rate of vessel
occlusion in these animals.>” While all FXII~~ control mice
treated with PBS (n=5) experienced rapid vessel occlusion
with 12.5% FeCl,, 4 of 6 FXII™"~ mice treated with RS-33-21
(10 mg/kg IV) did not develop occlusion. These results sug-
gest RS-33-21 has an antithrombotic effect, although the
potency is difficult to determine at this point.

DISCUSSION AND CONCLUSIONS

Previous studies on the effects of PRCP inhibition used
inhibitors that were either modified peptides® or small mol-
ecules (aryl imidazoles or benzimidazoles)**. These drugs
did not penetrate the blood-brain barrier well. Applicants
synthesized a class of reversible, potent and selective PRCP
inhibitors to address this limitation. Several laboratories,
including ours, previously showed that 1-[1-(benzyloxycar-
bonyl)-L-prolyl|prolinal (Z-Pro-Pro-OH) inhibits PRCP,
albeit with a high IC,, (>2 mM)*!. Applicants synthesized a
series of Pro-Pro B-ring amide analogs (Z-Pro-Pro-NH
amides) and explored several classical isosteric replacements
for the proline ring. Applicants discovered the importance of
an unsubstituted nitrogen proline Ring A and that activity is
enhanced with a dodecyl amide group on proline ring B.

Applicants found that the administration of RS-33-21
induced suppression of appetite, indicating appetite is par-
tially dependent on PRCP in fasted mice. Compound RS-33-
21 induced appetite loss that was dose- and time-dependent.
Applicants founds that that glucose levels in compound
RS-33-21-treated mice were relatively low but not statisti-
cally significant compared with control mice (Table 16).
Applicants did not observe shortening of carotid artery occlu-
sion times in wild type C57Bl/6 mice treated with RS-33-21,
and observed evidence for an antithrombotic effect in FXII
deficient mice.

Compound RS-33-21 is a novel synthetic PRCP inhibitor,
which has anti-inflammatory, antithrombotic, and food sup-
pressant properties. Compound RS-33-21, and similar com-
pounds discussed in this application may be of great impor-
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tance in addressing the human epidemic of obesity and
diabetes, and associated chronic inflammation.

It is noted that the foregoing examples of the present inven-
tion have been provided merely for the purpose of illustration
and explanation and are in no way to be construed as limiting
of'the present invention. While the present invention has been
described with reference to an exemplary embodiment, it is
understood that the words that have been used herein are
words of description and illustration, rather than words of
limitation. Changes may be made, within the purview of the
appended claims, as presently stated and as amended, without
departing from the scope and spirit of the present invention in
its aspects. Although the present invention has been described
herein with reference to particular embodiments, the present
invention is not intended to be limited to the particulars dis-
closed herein; rather, the present invention extends to all
functionally equivalent structures, methods and uses, such as
are within the scope of the appended claims.

It is noted that all references, patents and citations which
are cited in this document are expressly incorporated herein in
their entirety by reference thereto.
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-continued
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H
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RS-48-05

RS-42-01

RS-47-06

or isosteres or salts thereof and a pharmaceutically accept- 2 the subject in need of the treatment an effective amount of at

able carrier.
3. A method of treating a subject in need of anorexigenic

least one compound or an isostere or salt thereof according to

and anti-inflammatory treatment comprising administering to claim 1, wherein the compound is:

RS-48-03
RS-33-21
HN N
N N.
H (6]
(6] AN N NN AN NN
O N CHs; [9) N CHs;
H H

RS-48-05

HN

N,
(6]
(o) N/\/\/\/\/\/\ CHj;
H
RS-42-01
(€]
H\/\)j\
N /\/\/\/\/\/\
N CHj;
%/ N  or
(6]

RS-47-06

HN/%/ N
(6]
(6]

N/\/\/\/\/\/\CH3
H

or isosteres or salts thereof.
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4. An anorexigenic and anti-inflammatory composition
comprising at least one compound according to claim 1 or an
isostere or salt thereof, wherein the compound is:

N N
H
O AN NN NN
0 N CHs;
H
HN
N
(@]
(@) N
H

RS-33-21

38

RS-48-03

O
/\/\/\/\/\/\
N N CHjs;
OW/ N o
O

HN/%/ N,
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or isosteres or salts thereof.

5. A method of treating obesity comprising administering
to a subject in need of the treatment an effective amount of at
least one compound according to claim 1 or an isostere or salt
thereof, wherein the compound is:
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