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Abstract - Original proline or y-lactam derivatives bearing either an aryl group such as a phenyl or a 3-indoly!
in position 3 of the proline moiety or on the 3-methyl chain of the y-lactam skeleton were prepared as non-
peptide mimics of Somatostatin / Sandostatin®. © 1999 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

Recently we reported on novel sugar-based ' and on spirocyclic lactam derivatives '* as non-peptide mimics of
Somatostatin / Sandostatin®. Somatostatin-14 (SRIF-14, Figure 1) is a cyclic tetradecapeptide which is not used
in clinical therapy due to its too short plasma half- life.2 Extensive mvestigalions of the structure-activity
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relaiionships of the mur 14 peptide showed that the sequence Phe’ “Trp®-Lys’-Thr'® was the most relevant for

the biological activity. > Chemical derivation of SRIF-14 led to preparation of stable somatostatin analogues 4eb

such as Sandostatin® (Figure 1) which was the first drug to be marketed.® As part of our program based on
conformational studies of Sandostatin® - using 'H-NMR and molecular modeling "* - we focused our efforts on

the synthesis of ambiscalemic ® 3-functionalized-proline ™ and y-lactam ™ derivatives 1-8 (Schemel) as non-

peptide mimics of Somatostatin / Sandostatin®.
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Scheme 1 : Structure of synthesized proline and y-lactam derivatives 1-8.
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Phe¥-D-Trp*-Lys*-Thi&
P-turn sequence of Sandostatin

Sandostatin®

Somatostatin (SRIF-14)

Figure 1: Chemical structure of SRIF-14, Sandostatin® and 1-8.

CHEMISTRY
Synthesis of compounds 1-3 :

Compounds 1a (RS-isomer) and 1b (SS-isomer) were prepared respectively from the commercially available
D- and L-proline (Scheme 2). As outlined in the next following Schemes, we prepared the 3-functionalized-
proline derivatives 18 cis, 18 trans, 33 cis and 33 trans as precursors of compounds 2 and 3 (cis-isomers, form
A and B®and trans-isomers, form A and B®)(Schemes 3-6).

a) Synthesis of la and 1b : the targeted compounds 1a (RS-isomer) and 1b (SS-isomer) were obtained as
outlined in Scheme 2. N-acylation of commercially available D-proline 9 and L-proline 12 with 3,3-
diphenylpropionyl chloride was followed by condensation of H,N-L-Lys(e-Cbz)-CONHCH,Ph  in the
presence of EDCI/HOBT as a coupling agent to provide the requisite intermediates 11 and 14. Then N-Bz
deprotection using Pd/C (10%) with cyclohexene, afforded 1a and 1b.

b) Synthesis of 2c, 2¢’, 2t and 20’ : as shown in Scheme 3, the preparation of the precursors 18 cis and 18
trans started from 3-phenyl-proline methy| ester 15 (cis/trans mixture : 7/3) which was prepared via 3-step
synthesis from ¢rans-cinnamaldehyde and diethyl acetamidomalonate with 59% overall yield based on a literature
route'” (~50g scale). Preferential alkaline saponification of 15 (0.5N NaOH) gave a clean separation into cis-3-
phenyl-proline methyl ester 16 cis and trans-3-phenyl-proline 16 frans. N-Boc deprotection and hydrolysis of 16
cis and 16 trans with 6N HC!| gave cis-3-phenyl-proline 17 cis and trans-3-phenyl-proline 17 trans. Then,
condensation of 3,3-diphenylpropionyl chloride with 17 cis and 17 frans under standard experimental conditions
afforded 18 cis and 18 trans. Note that the action of excess of sodium methylate (1.2 eq.) at reflux with 15, led
to 16 frans.

Compounds 2¢ and 2t were obtained under two isolated forms (A and B) as depicted in Schemes 4 and 5. The
reaction of cis-3-phenyl-proline 18 cis with H:N-L-Lys(s- Cbz)-CO,Me ' in the presence of EDCI/HOBT as a
coupling agent followed by flash chromatography purification furnished 19 (form A) and 19 (form B). Finally,
the desired compounds 2c¢ (form A) and 2¢’ (form B) were obtained by saponification (0.5N NaOH),
condensation of benzylamine under standard experimental reaction conditions, and N-Bz deprotection reaction
(HCO;H, Pd/C).
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9: D -proline 10 : R-enantiomer 11 : RS-isomer 1a : RS-isomer
12: L -proline 13 : S-enanomer 14 SS-somes 1b: SS-isomer

Reagenis and conditions : @) 9 or 12 (1eq.), PhCHCH2COCI (leq.), EtN (~2eq.), CH:Cla, 0°C to rt, 18h, 10 (18%); 13 (35%) ) 10
or 13 (1eq.), HaN-L-Lys(e-Cbe)-CONHCH;Ph (Teq), HOBT (leq.), EDCI (leq.), CH:Cl, 1t 18h, 11 (61%); 14 (79%) ) 11 or 14,

ammea DAY FENO/N Lrad W 41 1. 1100/ 1L o/
cyclohexene, P&/C (10%), EiOH, reflux 2h, 1a (19%); 15 {41%).

Scheme 2 : Synthesis of proline derivatives 1a and 1b.

P £ Vax\
= (§n =— (S —- (3
N7 T"COH N” ~CO,H, HCI ph N7 ~COH
Boc H

Ph o)

16 trans 17 trans 18 trans

O wmms e
- _

—— +
LPco,Me

” ) ) O
15 cisftrans (7/3) I_(—J b I_(-J e

Lyco,me } Se™CoH HEl ph N7 COH
- . LA
Boc H PR N0
16 cis 17 cis 18 cis

Reagents and conditions: a) 0.5N NaOH, THF, rt, 20h, 16 cis (63%), acidification of the aq. phase with citric acid (pH 4) gave 16
trans (21%) b) 6N HCI/AcOH, reflux, 3h, 17 cis (68%), 17 trans (75%) ¢) Ph2CHCH2COCI (1eq.), Na2COs (10%), 0°C to rt, 12h, 18
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Scheme 3: Synthesis of cis- and frans-3-phenyl-proline derivatives 18.

In order to obtain the corresponding frans-isomers 2t and 2¢°, the preceding qvnfhph(‘ nathwav has been

order to obtain the corresponding ners 2t preceding synthetic has beer
lightly modified as illustrated in Scheme 5. The trans-N-Boc-3- phcnyl proline 16 frans was first quantitatively
converted into the amide 22 as with H;N-L-Lys(e-Cbz)-CO,Me ""in the presence of EDCI/HOBT as coupling
agent. Then, N-Boc deprotection in acidic medium (CF,CO,H), condensation of 3,3-diphenylpropionyl chloride
and flash chromatography purification afforded 24 (form A) and 24 (form B). Finally, the desired compounds 2t

i8 s 1Y ¥ al!

(IOl'm A) and 2t’ (rorm B) were obtained as before Dy sapomncauon condensation of nenzylamme and N-Cbz

denrataction reaction
UL UL LIUTT ELaliiUni.

¢) Synthesis of 3¢, 3¢’, 3t and 3t’: original cis- and trans-3-(3-indolyl)-prolines 33 cis and 33 trans were
synthesized in a 7-step synthesis from commercially available indole-3-carboxaldehyde 27 as shown in Scheme
6. According to the procedure described previously by us ' : i) treatment of 27 with benzenesuifonyl chioride,
iij Witiig-oiefination reaction giving 29, iii) [3+2] cycloaddition reaction with N-ethoxycarbonyl-
diethoxycarbonylazomethine  ylide  generated in  situ  from  diethyl  (N-methoxymethyl-N-
ethoxycarbonyl)aminomethyl malonate " iv) decarboxylation reaction with HBr affording 31 as a mixture of
cis and trans isomers in a 7/3 ratio ("H-NMR). Then, esterification of the acidic function of 31 via standard
protocols and separation of each diastereoisomer by flash chromatography on silica gel provided pure 3-(3-
indoly!)-proline derivatives 32 cis and 32 trans. Finally, the desired proline derivatives 33 cis and 33 frans
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Reagents and conditions : @) HoN-L-Lys(s-Cbz)-COxMe (leq.), HOBT (leq.), EDCI (leq.), CHxCl, rt, 0.5h then EGN (leq.), rt,
18h, form A/form B : I/1{'H-NMR, 250MHz, DMSO-d6), then flash chromatography on silica gel (AcOEt/cyclohexane 45:55), 19
(form A): 10%, 19 (form B): 15% &) 0.5N NaOH, THF, rt. 18h, 20 form A : 90%, 20 form B : 95% ¢) EDCI (leq.), HOBT (leq.),
H;N-CH,Ph (leg.), CHxCly, 21 form A : 98%, 21 form B : 93% d) Pd(C) (5%). HCOH/MeOH 96:4, rt. 20h, 2¢ (form A). oxalate salt

28 )8 s )5 WAR2G 12, £8 IOH QL)) LUy

: 24%, 2¢’(form B) oxalate salt: 53%.

Scheme 4 : Synthesis of 3-phenyl-proline derivatives 2¢ and 2¢’ (cis-isomers).
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Reagents and conditions : a) HzN-L Lys(e-Cbz)-CO:Me (leq.), HOBT (leq.), EDCI (leq.), CHxCly, rt, 0.5h then Et;N (leq ), L,
18h, 100%, form A/form B 1/1{('H-NMR, 250MHz, DMSO-d6) 5) CF;CO-H, CHCl, 1t, 5h, 100%, form A/form B 1/1 (‘H-NMR,
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(AcOEt:cyclohexane 45:55), 24 form A : 15%, 24 form B : 23% e) 0.5N NaOH, THF, rt, 18h, 25 form A : 80%, 25 form B : 62% f)
EDC[ (leq ), HOBT (leq ), HzN-CHzPh (Icq ), CHzClz, 26 fon'n A 87%, 26 form B : 97% g) Pd(C) (5%), HCO:H/MeOH 964, rt,

------

Scheme 5 : Synthesis of 3-phenyl—prolme derivatives 2t and 2¢’ (frans-isomers).
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were obtained with guuu overall _ylmun uy condensation of 3 J—uipucnlylplupimliu acia in presence or pur as a
coupling agent followed by saponification reaction using NaOH/MeOH. In order to shorten the synthesis, we have
directly condensed the precursors 33 cis and 33 trans with HzN-L—L_ys(a—Cbz)—CONHCHzPh9 in the presence of
BOP as a coupling agent. Then, separation of the two diastereoisomers (form A and form B) by preparative
HPLC, and finally N-Cbz deprotection provided 3¢ (form A), 3¢’(form B), 3t (form A) and 3t’(form B).

Synthesis of compounds 4 and 6 :
The proline derivatives 4 and 6 in which the lysme has been replaced by N-methyli-L-lysine or by D-lysine

L Ays
na> UUCll plcpulw umug lllU Saime bylllllcllb DlldlUgIUb as plUVlUUbly.

a) synthesis of 4c, 4c’, 4t and 4¢’ : via the sequence shown in Scheme 7, 35 frans (form A and form B) were
readily prepared from frans-3-phenyl-proline derivative 18 frans by condensation of MeNH-L-Lys-(e-

Ch2}COMe'! in n ioldi i 3 i
Cbz)CO;Me" in presence of bromotris(dimethylamino)phophonium hexafluorophosphate as coupling agent

followed by chromatographic purification affording pure 35 (form A) and 35 (form B). Then, treating 35 (form A
and form B) with aqueous sodium hydroxide, followed by condensation of benzylamine and finally deprotection of
the benzylcarbamate moiety yielded 4t (form A) and 4¢’ (form B). Compounds 4c¢ (form A) and 4¢’ (form B) were
prepared according to a similar synthetic pathway

UTIS o rcic F Lo oand L4 (6 pmd Fe ctartad fro ol
b} Synthesis of 6c, 6c’, 6t and 61’ our synthesis of 6¢ and 6t (form A and form B) startcd from proline
derivatives 18 ric and 18 frans as outlined in Scheme 8. This syﬂgh%is followed the same synth tiC pat hwnv than

the preparation of 2¢ (see Scheme 4) with HoN-D-Lys-(e-Cbz)-CO,Me' in place of H;N-L.-Ly (P—Cbz)-COzMe

Svynthesis of compounds 5 :

As outlined in Scheme 9 (Pathway A), our route to the trans-proline derivative St bearing a methyl group in
the a-position, using frans-2-methyl-3-phenyl-proline derivative 41 trans as a key intermediate. This synthesis
required the condensation of D,L.-N-acetyl-alanine ethyl ester 38 with frans-cinnamaldehyde according to the
procedure previously described ' affording new hydroxylactam 39 as a mixture of two major isomers in a 6/4 ratio

[lu_\]l‘p\ . . . _ - . - - . -
('H-NMR), followed by quantitative acid-catalyzed silane reduction and finally diastereoselective saponification of

40 (1N NaOH) giving pure 41 trans and 42 cis. Conversion of the frans-proline derivative 41 trans to 43 trans
was achieved by acidic hydrolysis with aqueous (6N HCl) at 100°C. Then, condensation of 3,3-diphenylpropionyl
chloride followed by H,N-L-Lys(e-Cbz)-CONHCH,Ph ° gave trans-isomer 45 as a mixture of form A and form B
in a 6/4 ratio (H-NMR). In spite of numerous attempts we were unable to separate both isomers. Finally, N-Bz

- RRF et /hv AIRATY

aeprotecuon reaction furnished 5t as a mixture of diastereoisomers form A and form B in a 6/4 ratio { F-INMK).
Comnound 8¢ (form A and B mivture) was cynthecized f'rnm A8 ac rlpnlr‘ipﬂ m Qeheme O (Pathwav RY Thug

Compound S¢ (form A and B mixture) was synthesized from 46 as n Scheme 9 (Pathway B). Thus,
2-dealkoxycarbonylation of 46 followed by esterification reaction afforded the cis-proline ethyl ester derivative 47
which was then N-protected with ethylchloroformate giving 48. Then alkylation reaction of 48 using lithium
bis(trimethylsilyl)amide as base in presence of a large excess of iodomethane (~20 times) gave 49 as a 8/2 mixture
of cis-, trans-diastereoisomers which was used in the next step without further puriﬁcation Acidic hydrolysis
{HBr) followed by condensation of 3,3-diphenyipropionyl chloride gave pure cis-proline derivative 51. Finally,
condensation of H;N-L-Lys(e-Cbz)-CONHCH,Ph® afforded 52 and deprotection of the benzylcarbamate moiety of
52 yielded Sc as a 6/4 mixture of diastereoisomers ('H-NMR).

The synthesis of 2-methyl-3-phenyl-proline 40 from 38 represent a generalisation of the condensation-
cyclization reaction described by M. W. Holladay et al." and us' and open the way to various 2,3-disubstituted
proline derivatives.

The synthesis of sterecisomers of y-lactams 7 and 8 (form A and form B) was achieved starting from L-
methionine methyl ester hydrochloride 53 as outlined in Scheme 10. Condensation of benzaldehyde, alkylation of
the sodium or the lithium salt of N-benzylidene-methionine methyl esters 54 with benzyl bromide or gramine

followed by an acidic workup gave 57 and 58.
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Reagents and conditions : @) PhSO:C (2 eq.), K2COs, MEC, reflux, 2h, 86% 8) n-Bul.i (1.6M, 2eq.), DME, PhsP"CH3Br (1.2eq.), -
20°C to rt, 18h, 83% ¢} MeOCHAEtOCO)NCH(CO:Me): (leq.), TiCls (Zeq.), TEA (leq.), CHxCly, reflux, 1.5h, 70% d) HBr/AcOH
(47%), reflux, 20h, 100% ) H>S04 (95%), MeOH, reflux, 12h then flash chromatography on silica gel (CH-ClyMeOH 95:5), 32 dis
(40%), 32 trans (13%) f) PhoCHCH2CO-H (leq.), BOP (leq.), TEA (leq.), MeCN, 0°C, 1h then rt, 12h, 53-69% g) 3N NaOH,
MeOH, reflux, 2h, 33 cis (65%), 33 frans (89%) k) H:N-1.-Lys(e-Chz)-CONHCH,Ph (leq.), BOP (leq.), TEA (Zeq.). MeCN, rt, 12h,
s (929%), tframs (84%) i) preparative HPLC (Porasil®/Waters) (AcOEtcyclohexane:DEA:MeOH 30:63:5:2), 3 cis (form A): 30%, 34
cis (form B): 48%, 34 trans (form A): 49%, 34 trans (form B): 47% j) cyclohexcnce, Pd/C (10%), EtOH, reflux, 2h. 3¢ (form A): 71%,
3¢’ (form B): 19%, 3t (form A): 90%, 3¢’ (form B): 90%.

Scheme 6 : Synthesis of 3-(3-indolyl)-3-proline derivatives 3 (cis- and trans-isomers).
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o C

M)

| /1 .
< ) Ni < N
Chz : CO,CH,Ph rh r‘)\rNjA/\_/ H, rh FJYNY\N H,
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4t (trans-isomer, form A} 4t (trans-isomer, form B)

Reagenis and conditions: aj MeNH-1-L.ys(e-Chz)-COxMe (i.ieq.), N, N-diisopropyieihylamine (ieq.), bromoiris-{dimeihylamino)-
phosphonium hexafluorophosphate (leq.), CH2Clz, rt, 1h then flash chromatography on silica gel (toluene/DEA/EAOH
97.5:1.25:1.25), 35 form A: 48%, 35 form B: 52% b) 0.5N NaOH, THF, rt, 18h, 36 form A: 83%, 36 form B: 85% ¢} EDCI (1 eq.),
HOBT (1 eq.), PACH:NH; (leq.), CHCl,, rt, 18h, 37 form A: 98%, 37 form B: 83% d) cyclohexene, Pd/C (10%), EtOH, reflux,
2h, 4t form A: 48%, 4¢’ form B: 52%.

Ny

=~/

o N\
L} (lj i N / )E/
( ad Ph - N 2 Ph NH,
p..j‘ i"j"‘co,n Ph’K/l:o {Nro\/\’ and Ph’K/z 6r r\/\/
N l\Ph

TN

[o)
Ph
18 cis 4c¢ (cis-isomer, form A) 4c’ (cis-isomer, form B)
Reagents and conditions, idem than the preparation of 4t : a) form A: 33%, form B: 44% b) form A: 39%. form B: 44% c¢) form A:
38%, form B: 64% d) 4¢ form A: 35%, 4¢’ form B: 23%.

Scheme 7 ¢ Qvnfhpmc of nrnhnes derivativ
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Ph Ph
18 cis 6¢ (cis-isomer, form A) 8¢’ (cis-isomer, form B)
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I~ I~ 4 H H
Ph (N) o ad Ph (N).TN o _~NH, Ph QN fNr\/\/NHZ
PhMo : Phuo oHNIO and Ph’k/‘-o 0 o
kPh Ph
18 trans 6t (trans-isomer, form A) 6t' (trans-isomer, form B)

Reagents and conditions : a) 1ILN-D-Lys(e-Cbz)-CO:Me (1.1leq.), HOBT (1.1¢q.),EDCI (1.1eq.), EtsN (1.1leq.), CHxCl,, rt, 18h then
flash chromatography on silica gel (CH2Cl::MeOH 99:1), trans series: form A: 23%, form B: 29%; cis series: form A: 43%, form B:
23% b) 0.5N NaOH, rt,12h, trans series: form A: 99%, form B: 70%; cis series: form A: 82%, form B: 55% ¢) EDCI (leq.), HOBT
(leq.), HaN-CH2Ph (leq.), CHxCL,, trans series: form A: 81%, form B: 88%, cis series: form A: 82%, form B: 68% d) cyclohexene,

Pd/C (10%), EtOH, reflux, Zh, 6¢ (form A): 74%, 6¢’ (form u) 73%, 6t (form A): 78%, 6’ (form B): 67%.

Ol sz @ o« Curthocic af N_kycina Aacivntis (ric A freae
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i f group to give 61. Coupling of this acid with H,N-L-Lys(e-
Cbz)—CONHCHzPh oy gave 63, then pure diastereoisomeric methionine derivatives 65 (form A and form B) were
easily separable by flash chromatography. Methylation on the sulphur of 65 (form A and form B) with an excess

of iodomethane followed by action of NaH as base induced ring closure to give the y-lactams 66."

\ o
] a.
hyd_rglyq‘& of the ester group to

AR o

r Atnway A

T

X

“
Ro-

/L"o G N COM, HOl
43 trans

N

|

E

phmo gm\:go -~ phuo gm(ko - Mo‘coy -

5t trans-somer, form A + form B (6/4) 45 trans-isomer, form A + form B (6/4) 44 trans

Reagents and conditions: a) frans-cinnamaldehyde (leq.), NaH (leq.), 20°C, 4fh, two isomers with a ratio 6/4 ( H—NMR 300MHz,

amacenyce L 1eq. ), e, & Bt

DMSO-ds), 44% b) Et;SiH (1eq.), EtN (1.5eq.), HCCls, 20°C, 16h, two isomers with a ratio 6/4 ('H-NMR, 300MHz, DMSO—dg),
used in the next step without other purification ¢) IN NaOH (2eq.), EtOH, reflux, 48h, 41 (52%), 42 (39%) d) 6N HCI, AcOH,

O, oy oy .
100°C, 16h, 92% &) PhyCHCHAOOC! (leq.), EtN (2eq.), CHCly, 1t, 18h, 21% £ HoN-L-Lys(z-Cbz)}-CONHCH:Ph (1eq.), HOBT

(leq.), EDCI (leq.), CH;Clz, rt, 16h, ratio of two forms: 6/4 ("H-NMR), 60% g} cyclohexene, Pd/C (10%), EtOH, reflux, 2h, ratio of
two forms: 6/4 (‘'H-NMR, 200MHz, DMSO-dj), 67%.

\N/\C02Et ‘HN"COZ,MG \rlq"CO;Me N coMe \Hl\co;q HBr
Ao Co Co
46 47 48 49 cis/trans (8/2) ‘ 50 cis/trans (8/2)
A o o | .
. o <
L ~ R ~ ] ( -~ n ~ f { a |
Ph Nﬁ - Ph Nﬁ B — Ph N CO. 2H
%M HN\ 0 Ph)\)‘o HNL 0 P’,Mo
TPh ~Ph
8¢ cisisomer, form A + form B (8/4) 82 cis-isomer fam A + foom B 51 cis

Reagents and conditions - @) 1N HCl, MeOH, reflux, 3h then H2804 conc., MeOH, reflux, 12h then IN NaOll, rt, 2h, 67% b)
EtOCOCI (leq.), EtsN (leq.), CHCl, 20°C, 18h, 95% ¢) LiN(SiMe3): (leq.), Mel (22eq.), THF, -30°C, th then rt, 3h, cis- and
trans-isomers with a 8/2 ratio (‘H-NMR, 200MHz, DMSO-ds), used in the next step without other purifications d) HBr (47%),
110°C, 16h, cis- and trans-isomers with a 8/2 ratio (1H NMR, 3OOMHZ, DMSO-ds), 84% e} PhCHCHxCOCI (1eq.), EaN (2eq.),
toluene, rt, 24h, 14.5% fJ HyN-L-Lys(e-Cbz)-CONHCH.Ph (ieq.), HOBT (ieq.), EDCI (ieq.), TEA (2eq.), CHzCla, ri, i6h, 55% g
cyclohexene, Pd/C (10%), EtOH, reflux, 2h, form A/form B: 6/4, 'H-NMR, 200MHz, DMSO-ds, 14%.

Scheme 9 : Synthesis of trans and cis-2-methyl -3-phenyl prolines derivatives S (forms A and B mixture).

Removal of the tert-butyloxy group of 68 (form A and form B) using CF;CO,H followed by the condensation
of 3,3-diphenylpropionyl chloride lead to 68 (form A and form B). The removal of the carbobenzyloxy-protecting
group of 68 was achieved easily by hydrogenolysis (Pd/C) to provide 7a (form A) and 7b (form B).
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Synthesis of 7a (form and 7b (form B): b) PhCHzBr (leq.), LDA (leq.), THF, rt, 18h used in the next step without further
purification ¢) IN HCL, THF, H20, rt, 12h, 40% d) Boc:O (leq.), EtsN (leq.), THF, rt, 6h, 94% &) IN NaOH, dioxane, reflux, Sh, 82%
f) HoN-L-Lys(£-Cbz)-CONHCHoPh (1.2eq.), HOBT (1.4eq.), FDCI (1.2eq.), CHClz, 70% g) flash chromatography on silica gel
(AcOEt:cyclohexane 40:60), 65 form A: 29%, 65 form B: 37% k) Mel (180eq.), rt, 20h, 94-100% then NaH (leq.), DMF, CHyCla, 0°C,
2h, 66 form A: 100%, 66 form B: 86% i) CFyCO.H, HCCls, rt, 18h, 67 (form A): 98%, 67 (form B): 83% j) Ph,CHCH.COCI (2.5¢q.),
TEA (leq.), CHClo, rt, 18h, 68 form A: 68%, 68 form B: 40% k) 2.5N HCUMeOH (1.2¢q.), H: (14.7psi), PA/C (10%), rt, 18h, 7a
(form A): 51%, 7b (form B): 85%.

Synthesis of 8a (form A) and 8b (form B): b’) gramine (leq.), NaOH (0.3eq.), toluene, reflux, 18h, used in the next step without
purification ¢’) IN HCl, Et;O, rt, 3h | 72% d’) PhoCHCH;COCI (2eq.), TEA (2eq.), CH:CL, rt, 3h , 79% ¢’} IN NaOH, dioxane, rt,

18h, 93% £} HoN-L-Lys(e-Cbz)-CONHCI:Ph {1.2¢q.), DPPA (1. 2eq.), DMF, -5°C, 0.5h then TEA (2.2eq.), rt, 18h, two isomers, 1/1

ration (1H-NMR, 300MHz, CDCl3), 48% g’} flash chromatography on silica gel (AcOEt/cyclohexane 50:50), 69 form A: 17%. 69 form
B: 14% &’) 69 form A (leq.), Mel (180eq.), rt, 20h, 100% then NaH (5eq.), DMF, CHxCl,, -5°C to 0°C, 4h, 70 (form A): 15% ; 69 form
B (leq.), Mel (180¢q.), rt, 20h, 100% then K2CO; (Seq.), DMF, CH:CL,. rt, 18h, 70 (form B): 32% &) 2.5N HC/McOH (1.2¢q.). Hz
(14.7psi), Pd/C (10%), rt, 12h, 8a (form A): 99%, 8b (form B): 84%.

Scheme 10 : Synthesis of y-lactam derivatives 7 and 8 (form A and form

>



10144

D. Damour et al. / Tetrahedron 55 (1999) 10135-10154

Mir cynthatic nlan th cunthociza Ba (farm A\ and fh (faorm R) wace ta utilize the hath nure icamerc 0 (form A

Our synthetic plan to synthesize 8a (form A) and 8b (form B) was to utilize the both pure isomers 69 (form A
and form B) as key intermediates. Thus, initially, coupling of the amine 58 with of 3,3-diphenylpropiony! chloride
gave 60 and hydrolysis of this ester gave the corresponding acid 62, which was transformed into the
diastereoisomeric amide mixture 64 as a 1/1 mixture of two isomers. Pure diastereoisomers 69 (form A and form
B) were isolated as single diastereoisomers by flash chromatography. Methylation of the methionine side chain in
69 (form A and form B) with an excess of iodomethane (~2G0 eq.), followed by cyclization using sodium hydride
or potassium carbonate as base yielded the corresponding y-lactams. Finally, 70 (form A and form B) were
deprotected by hyvdrogenolysis and furnished the desired y-lactams 8a (form A) and 8b (form B).

In conclusion, we have accomplished the synthesis of original 3-aryl proline derivatives 1-6 and y-lactam
derivatives 7 and 8. These preparations involved rapid and efficient synthesis of new building blocks derived from
nralina alhalatan Tha cunthacie ~AF ¢has amina anide Anane tha wa Aacion and nramara
pioilic SKCIEI00. 11S YU UL l.umc uuu:pual \«ybllb aiiyiv dblub UpLLn lllC way lU ULDIELE allu lU piyvpalv
peptidomimetics with new architectural motifs. Binding assays'® have shown that the 3-functionalized-proline
derivatives 2-6 and y-lactam derivatives 7-8 showed weak affinity (ICs: 7-64pM) for somatostatin receptors on

membranes of rat cerebral cortex (3-['*’I]-Tyr''-SRIF-14) versus SRIF-14 itself (ICs: 0.002uM).

EXPERIMENTAL

General Methods

Solvents and other reagents were used without further purification, Flash chromatography was carried out on
E.Merck silica gel 60 (0.04-0.063 mm). NMR spectra were recorded on Bruker AC200 , AC250 , AC300 or
AMA400 spectrometers operating at 200.13 , 250.13 , 300.13 or 400.13 MHz for proton observation. Chemical
shifts are reported as & values from internal tetramethylsilane standard. DCI mass spectra were obtained on a
Finnigan SSQ with ammonia as reactant gas . FAB ( glycerol/thioglycerol ) was obtained using a VG-Autospec .
FT-IR spectra were recorded as KBr pellet using a Nicolet 60 SX photospectrometer . Elemental analysis was
carried out on a Fisons EA 1108 micro-analyser while polarimetry was obtained thanks to a Perkin Elmer 341
polarimeter equipped with a 350 microliter cell. Melting points were determined with a Reicher-Kofler apparatus
and are uncorrected.

A / Proline derivatives.

Preparation of 1-(3,3-diphenylpropionyl)-pyrrolidine-2-carboxylic acid precursors 10, 13, 18 cis, 18 trans,
33 cis, 33 trans, 44 trans and 51 cis.

1-(3,3-Diphenylpropionyl)-pyrrolidine-2-(R)-carboxylic acid (10).

To a solution of D-proline 9 (5g, 43.5mmol) in CH,Cl; (200ml) were added NEt; (6.1ml, 43.5mmol) and
Ph,CHCH,COCI (freshly prepared from PhCHCH,COOH (9.8g, 43.4mmol) and SOCl, (20ml) at 0°C, and the
mixture was stirred at room temperature overnight. The reaction mixture was diluted with water (100ml) and the
product was extracted with CHCl; (2x50mi). The combined organic layers were dried (MgSO,), filtered, and

concentrated in vacuo. Purification on silica gel (CH,Cl,/ MeOH : 97.5/2.5) gave 10 (2.5g, 18%)asay

solid; mp 50°C.

et
I

1-(3,3-Diphenylpropionyl)-pyrrolidine-2-(S)-carboxylic acid (13).

n)

k5 YU PR T Py anenlina O give o PRy | PR——— bt — L1y
Prepared as above from L-proline 12 to give 13 (4.9g, 35%) as a yellow solid; mp 60
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cis-1-(3,3-Diphenylpropionyl)- 3—phenyl—pyrrolidine-2~carboxylic acid (18 «cis) and trans-1-(3,3-

diphenyipropionyl)-3-phenyl-pyrrolidine-2-carboxylic acid (18 trans).

To a solution of 15 (cis/trans :7/3) (107g, 0.35mol) in THF (500ml) were added 0.5N NaOH (700ml) and
the mixture was stirred at room temperature overnight. After decantation, extraction with AcOEt (2x200ml), the
combined organic layers were dried over MgSO4. filtered and concentrated in vacuo to afford 16 cis (67g 63%)
as a white solid ; mp 72°C. Acidification of the aqueous phase with citric acid (pH 4), extraction with AcOEt
(3x250 ml), then concentration in vacuo gave 16 trans (21.4g, 21%) as a white solid ; mp 137°C.

A mixture of compound 16 cis (10g, 32mmol), 6N HCI (52ml) and AcOH (12.5ml) was heated at reflux for
3h. Upon cooling to 20°C, the reaction mixture was evaporated in vacuo. The resulting crude solid was washed
with iPr,O (100ml) to give 17 cis.HCI (4.9g, 68%) as a white solid ; mp 188°C.

17 trans was prepared as above from 16 frans to give 17 trans. HCI (7.5g, 75%) as a white solid ; mp 196°C.

To a solution of 17 cis. HCl (10g, 43.95mmol) in 10% aqueous Na,CO; solution (740ml) was added
Ph,CHCH,COCI (prepared from PhCHCH,COOH (11g, 48.67mmol) and SOCI, (18ml) at 0°C and the mixture
was stirred at room temperature overnight. The reaction mixture was diluted with AcOEt (300ml), acidified to
pH 2 with IN HCI and the water layer was extracted with AcOEt (2x300ml). The combined extracts were
washed with water, dried over MgSQ,, filtered and concentrated in vacuo. The crude solid was recrystallized
from 2-propanol to give 18 cis (15.25g, 87%) as a white solid; mp 120°C.

18 rrans was prepared as above from 17 trans.HCI to give 18 frans (5.5g, 89%) as a white solid; mp
106°C.
cis-1-(3,3-Diphenyipropionyi)-3-(3-indoiyi)-pyrroiidine-Z-carboxylic acid (33 cis) and frans-i-(3.3
diphenylpropionyl)-3-(3-indolyl)-pyrrolidine-2-carboxylic acid (33 trans).

To a suspension of 27 (14.5g, 0.1mol), KoCO; (55.3g, 0.4mol) and CH;COC,Hs (500ml) was added
dropwise PhSO,Cl (25.6ml, 0.2mol) and the mixture was heated at reflux for 2h. Upon cooling to 20°C, the
reaction was fiitered and the filirate was concentrated in vacuo. The resulting residue was washed with iPr,O
(250ml) to provide, after filtration, 28 (24.5g, 86%) as a cream solid; mp 156°C.

To a suspension of Pth Me, Br (21 .36g, 0.06mol) in DME (750ml) was added dropwise at -20°C n-BuLi
(75.5ml of 1.6M in hexane, 0.12mol). The reaction mixture was stirred at room temperature for 2 h and cooled
at -10°C to introduce 28 (14.25g, 0.05mol). The reaction mixture was then stirred at room temperature
overnight, poured into water (21) and extracted with AcOEt (3x200ml). The combined organic layers were dried
over MgSQy, filtered and concentrated in vacuo. Purification on silica gel (CH,Cly) gave 29 (11.7g, 83%) as a
yellow solid; mp 67°C.

To a solution of MeOCH,(EtOCO)NCH(CO,Me), (4.36g, 15mmol) in CH,Cl; (150ml) was added TiCl,
(3.29ml, 30mmol). The reaction mixture was heated at reflux and a solution of TEA (2.1ml, 15mmol), 29
(8.49g, 30mmol) and CH,Cl, (100mi) was added. After 1h at reflux, the reaction mixture was cooled at 20°C,
diluted with water (750ml) and extracted with CH,Cl, (3x190ml). The combined organic layers were dried
(MgSOy), filtered, and concentrated in vacuo. Purification on silica gel (AcOEt/cyclohexane : 1/2) gave 30
(5.7g, 70%) as a yellow solid; mp 104°C.

A mixture of 30 (5.4g, 0.01mol), AcOH (50ml) and HBr 47% (50ml) was heated at reflux for 20h. Upon
cooling to 20°C, the reaction mixture was evaporated in vacuo and the resulting residue was washed
successively with toluene, CH,Cl,, iPr,O and MeOH to afford 31.HBr as a brown solid (3.2g, 100%) ; mp
180°C

A solution of 31.HBr (12g, 0.03mol), MeOH (300ml) and H,SO, (3ml) was heated at reflux for 12h then
the reaction mixture was concentrated in vacuo. The resulting crude oil was diluted with water (300ml) and
treated with NH; aq.. After extraction with CH,Cl,, the combined organics were dried (MgSQ,), filtered, and
concentrated in vacuo. Purification on silica gel (CH,Cl,/ MeOH : 95/5) gave 32 trans (1.5g, 13%) as a brown
oil; Rf[CH,Cl,:MeOH (95: <\’I 027 and 32 cis (A (\a 40%) as a vellnw oil; Rf(FH«Fl«/Me()H 95: ﬂ() 2.

Ully 3y [TVl iia (2. Ll Js LS /2,83 aQ

Toa solutlon of PhZCHCHgCOZH (3.3g, 0. OISmol) in CH;CN (150m]) were added at 0°C a solution of 32
cis (5.5g, 0.015mol) in CH;CN (150ml), BOP (6.5g, 0.015mol) and TEA (2.1ml, 0.015mol).The reaction
mixture was stirred at 0°C for 1h and finally at room temperature for 12h. After concentration in vacuo, the

resulting residue was diluted with CH,Cl, (300ml) and washed with water (2x50ml). The combined organic
lavers were dried (MeSQO,). filtered. and concentrated in vacuo. Purification on silica ael nqna CH,Cl,/MeOH

1AYUIS Weiv Uil ivagJirg s, 1t v, anl Lonvuinaawle sre Lt el Iuaiiatass LyAN
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MeOH (80ml) at reflux overnight. After concentratlon in vacuo, the resulting residue was diluted with water
and treated with a aqueous solution of KHSO,. The resulting solid was filtrate and washed with CH,Cl,
(2x50ml) to afford 33 cis (2.1g, 65%) as a white solid ; mp254°C.

trans-1-(3,3-Diphenylpropionyl)-2-methyl-3-phenyl-pyrrolidine-2-carboxylic acid (44 rrans).
To a solution of 38 (15.9g, 0.1mol) in DMF (400ml) was added NaH (50%) (4.8g, 0.1mol) and the reaction
vty wung atiread ot smmos famisarabiara far b Tlnan amabia N_ROM n emhitimm Af furna ~At;mnanan 1 2 S SR P
llll)\lulc wWad SLLICU al | 11 (¢ l pvn.uulc U1 o1k UPUll UUUI IIE al UsJ oy, a SOiuUtion o1 uun.) \..nuu:uualucu_yuc
(13.2ml, 0.105mol) in DMF was added and the mixture was stirred at room temperature for 48h. The reaction
mixture was poured into water (500ml) , CH,Cl; (200ml) and IN HCI (150ml). After decantation, the organic
layer was dried over MgSQ,, filtered and concentrated in vacuo to provide 39 (12.8g, 44%) as an oil; Rf
(AcOE)0.43.
a an ~£20 7110 &, AY e 1V S LAY 71D I s P | lY(O Tl LA O IV T T T2
IU d bUluuUll OrL a7 (<. Jg "PJllllllUl) [11ID g LW W% &1 \lL i 1§ was dUUCU Dl]Olﬂ {o. /111, J‘f.ollllllUl} UPUII LUUllllg
at 0-5°C, Et;N (8.3g, 11.5ml, 82.8mmol), CF;COOH (27ml) was added dropwise. The reaction mixture was
stirred at room temperature overnight and concentrated in vacuo to provide 40 used in the next step without
further purification.
This intermediate was treated with IN NaOH (74ml) in EtOH (100ml). The stirred reaction mixture was
heated at reflux for 48h. Upon cooling to 20°C, the reaction mixture was concentrated in vacuo. The residue
was diluted in water, extracted with AcOFEt (3x100ml), then acidified to pH 1 with IN HCI. The water layer

was extracted with CH,Cl, (2x75ml) and the combined organics was dr:ed over Na,SQ,, filtered, concentrated
in vacuo to provide 41 trans (4.7g, 51.5%) as a white solid; mp 218°C.
A solution of 41 trans (4.5g, 18.2mmol), AcOH (7ml) and 6N HCI (28ml) was heated at reflux overnight.

Upon cooling to room temperature, the reaction mixture was evaporated and the crude solid obtained was
wached with acstane (2% 30m to affard AR franc 1An 029%) ac a white ecaolid- mn 260°C

washed with acetone (2x30ml) to afford 43 frans (4g, 92%) as a white solid; mp 260°C,
Compound 44 trans was prepared in the same manner as compound 10 as a white solid (1.2g, 21%); mp
230°C.

cis-1-(3,3-Diphenylpropionyl)-2-methyl-3-phenyl-pyrrolidine-2-carboxylic acid (51 trans).

To a solution of 47 (51.25g, 0.25mol) in CH,Cl, (800ml) was added Et;:N (35ml, 0.25mol) then CICO,Et
(24ml, 0.25mol) at 10°C. The reaction mixture was stirred at room temperature overnight. After filtration, the
filtrate was washed with water (3x100ml), dried over Na,SO, and concentrated in vacuo to provide 48 (66g,
95%) as an oil which was used directly in the next step without further purification.

Ta a gahitian Af lithinhavamathuldicilagnna fnranarad f0 cife at 2800 fenma TINICiNa, 711 95 N 17T
10 a sorution o1 lluuchAaulvul_ylulauamuv \picpailu in SiU at -5357 0 oM ruNSiviCs (1 1. LB, Vo1l lllUl} iil

THF (200ml) and n-BuLi (44ml of 1.6M in hexane, 0.07mol)) was added at -30°C in one portion the methyl

ester 48 (15g, 0.054mol) in THF (100ml). The reaction mixture was then stirred at -30°C for 1h and at 0°C for
1h and IMe (100ml, 1.59mol) was added. The reaction mixture was then stirred at room temperature for 3h,
poured into saturated aqueous NH4CI (400m]) The water layer was extracted with CH,Cl, (3x150ml) and the

achad with catiiratad aciianie Nal'l calitinn /‘J 100mD tha
ith saturatea aucous 1vavi SO1tlioN {(JXi1vviti) i

combined UlB‘ullb m_»/cm WeIre wasnea witi ein al
(3x100ml), dried (NaSO,), filtered and concentrated in vacuo to afford 49 as an oil which was used directly in

the next step without further purification.
A mixture of 49 (2g, 6.87mmol) and 6N HBr/AcOH (20ml) was heated at 110°C and stirred for 16h. Upon

cooling to 20°C, the reaction mixture was concentrated in vacuo, and the residue was washed with CH,Cl,

/Ao L‘u.._.g e BN AEWD o f1 L L QAQ/ N mm = o o b . AYNON
(JXDUml) to prOVl(lc dllcr THIraton, Ju.npr (1.008, 0470) 45 4 gICY 50114, NP L5V L.
Compound 581 cis was prenared in the same manner as compound 10 as a white merineue (0.12¢ ,14.5%); Rf
pound 31 czs was prepared 1n the same manner as compound 10 as a white meringue (U.172¢g 14.5% ), K/

(AcOEt/cyclohexane 1:1)0.2,
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The compounds 1, 3 and S were symheszzed accordtng to Schemes 2,6 and 9 recpecnvely Tiiustrative
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N-Benzyl-6-amino-2-[1-(3,3-diphenylpropionyl)-2-(R)-perhydro-2-pyrrolylcarboxamido]-2-(S)-
hexanamide (1a).

-~ Py ~e L1 ‘\ t A f\:__—-n. ooy turama A o 1o -
solution of 19 {1 95minol) in CH,Cly (65mi) were added HZN-L—L_ya(E-CbL)CONHCHgPh 2g,

D
5.42mmol), HOBT (0 7g, 5 2mmol), EDCI (1g, 5.2mmol) at 0°C and the reaction mixture was stirred at room
temperature overnight. Then, the reaction mixture was diluted with water (70ml) and the product was
extracted with CH,Cl, (2x50ml). The combined organics were dried over MgSQOy, filtered and concentrated in
vacuo. Purification on silica gel (CH,Cl, / MeOH : 97.5 / 2.5) to provide 11 (2g, 61%); Rf (CH,Cl,/MeOH
Z7.2.4.9).0.

A mixture of 11 (2g, 3.03mmol), Pd/C (10%) (2g), cyclohexene (38.5ml) and MeOH (77ml) was heated at
reflux and stirred for 2h. Upon cooling to 20°C, the catalyst was removed by filtration. The filtrate was
evaporated in vacuo. Purification on silica gel (toluene/DEA/MeOH 90:5:5) gave 1a (0.5g, 19%) as a white
solid; IR (KBr) 3410, 3300, 1650, 1545 cm™ . "H NMR (DMSO-d,, 300 MHz) T=413°K: § 7.4 to 7.1 (m, 15H,
3xCeHs), 4.5 (1, 1H, CH diphenylpropionyl), 4.1 (m, 4H, H,, H, and CH, benzyl), 3.5 (m, 2H, Hs"), 3 (m, 2H,
CH, diphenylpropionyl), 2.8 (t, 2H, H¢), 2 to 1.3 (m complex, 10H, H,, H,, Hs, Hy., Hy)). MS (DCI/NH;) m/z
541 (M + H"). Anal. calcd for C33HyN4O;5: C, 73.30; H, 7.46; N, 10.36; O, 8.88; found: C, 73.3; H, 8.0; N, 9.9;

0, 8.3. [a]p™-38° +/-0.9 (c 0.853; MeOH).

Compounds 1b, 3¢, 3¢’, 3t, 3t’, 5S¢ and 5t were prepared in the same manner. Their physical data are
summarized as follows.

N-Benzyl-6-amino-2-{1-(3,3-diphenylpropionyl)-2-(S)-perhydro-2-pyrrolylcarboxamido]-2-(S)-
hexanamide (1b) :

IR, NMR and MS identical to that of 1a. Anal. calcd for C33HgeN,O5: C, 73.30; H, 7.46; N, 10.36; O, 8.88;
found: C, 73.2; H, 7.9; N, 10.0; O, 9.1. [«]p™* -81.9° +/-1 (¢ 1.011; MeOH).

cis-N-Benzyl-6- amino—2-[1 (3,3-(]iphenyipropionyi)—S-(3-indoiyi)-perhydro—2-pyrroiyicarboxamido]—2—

(a)—nexanamlue l'l.\/l y lUl'lll [‘\ \ Jt )

IR (KBr) 3410, 3300, 3000-2500, 1635, 1535 em”. 'H NMR (DMSO0-d6, 250 MHz) T=413°K: & 7.7 (d, 1H,
indole), 7.3 (d, 1H, indole), 7.1 (s, 1H, indole), 7.3 to 6.9 (m, 17H, C¢H;s + indole), 4.7 (d, 1H, H;"), 4.45 (bt,
1H, CH d!nhgn\/lnrnntnnv]‘l 42 (AB, 2H, CH, bg_n7vn 3.9 to 3.6 (m complex, 4H, H,, Hs’, and Hy"), 3.2 and
2.9 (dd, 2H, CH, dlphenylpropnonyl) 2.7 (m, 3H, Hg and Hy’), 2.2 (m, 1H, Hy’), 1. 5 to 1 (m complex, 6H, Hj,
H, and H;s). MS (DCUNH;) m/z 656 (M + H"). Anal. caled for CyjHyeCINsO;5: C, 71,13; H, 6,70; Cl, 5,12; N,

10,12; found: C, 71,9; H, 7.2; Cl, 5,5; N, 10,1; [OL]D20 -99,9° +/- 1,9 (¢ 0.5; MeOH).

cis-N-Benzyl-6-amino-2-[1-(3,3-diphenylpropionyl)-3-(3-indolyl)-perhydro-2-pyrrolylcarboxamido]-2-
(S)-hexanamide . HCI, form B (3¢’ ):

IR (KBr) 3410, 3300, 3000-2500, 1640, 1525 cm’. '"H NMR (DMSO-d6, 250 MHz) T=413°K: & 7.6 (d, 1H,
indole), 7.3 to 7 (m, C¢H;s + indole), 4.7 (bs, 1H, H;’), 4.6 (bt, 1H, CH diphenylpropionyl), 4.1 (AB, 2H, CH,
benzyl), 4 to 3.7 (m, 4H, Hy, Hy’, and Hy’), 3.2 and 3.05 (vbs, 2H, CH, diphenylpropionyl), 2.7 (bm, 3H, Hs and
H, ’} 272 (vhe 1TH H. ’\ 16tol.1 (m r-nmnh-w 6H. H.. H; and ]—L\ MS (DFT/NH \ m/z 656 (M + W\ Anal.

lmrde \FUS, Li1y 51§ 1.9 W1 QI7, 133, 124 R0 115 A0 §

calcd for cumﬁcmso}. C, 71,13; H, 6.70; Cl, 5,12; N, 10,12; found: C, 71,8; H, 7,1; Cl, 5,7; N, 9,9; [a]DZ" +
25,2° +/- 1 (¢ 0.4; MeOH).

trans-N-Benzyl-6-amino-2-[1-(3,3-diphenylpropionyl)-3-(3-indolyl)-perhydro-2-pyrrolylcarboxamido]-2-
(S)-hexanamide . HCI1, form A (3t):

IR (KBr) 3415, 3300, 3000-2500, 1640, 1540 cm’. '"H NMR (DMSO-d6, 250 MHz) T=413°K: & 7.5 (d, 1H,
indole), 7.4 (d, 1H, indole), 7.3 to 7.1 (m, 16H, CcH; + indole), 7.05 (s, 1H, indole), 7 (t, 1H, indole), 4.5 (bt,
1H, CH diphenylpropionyl), 4.4 (vbs, 1H, H;"), 4.25 (AB, 2H, CH, benzyl), 3.8 (bm, 3H, Hs’, and H;), 3.2 and
3 (bm, 2H, CH, diphenylpropionyl), 2.7 (bt, 2H, Hg), 2.4 and 2 (bs, 2H, Hy’), 1.8 to 1.1 (m complex, 6H, H;, Hy
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and Hs). MS (DCI/NH;) m/z 656 (M + H"). Anal. caled for C4HeCINsO;, 2,89 H,O: C, 71,13; H, 6,70; CI,
5,12; N, 10,12; found: C, 71,2; H, 6,5; Cl, 6,0; N, 9,9; [alp™’ - 8,9° +/- 0,8 (¢ 0.4; MeOH).

trans-N-Benzyl-6-amino-2-[1-(3,3-diphenylpropionyl)-3-(3-indolyl)-perhydro-2-pyrrolylcarboxamido]-
2-(S)-hexanamide . HCl, form B (3¢’ ):

IR (KBr) 3410, 3000-2500, 1640, 1525 cm™. "H NMR (DMSO-d6, 250 MHz) T=413°K: & 7.5 (d, 1H, indole),
7.4 (d, 1H, indole), 7.3 to 7.1 (m, 15H, 3xC¢Hs), 7.1 (t, 1H, indole), 7 (t, 1H, indole), 6.9 (s, 1H, indole), 4.6 (t,
1H, CH diphenylpropionyl), 4.5 (vbs, 1H, H,’), 4.25 (bs, 2H, CH; benzyl), 3.7 (bm, 4H, Hs’, H;’ and H,), 3.3

and 3 (bm, 2H, CH,; diphenylpropionyl), 2.8 (bt, 2H, H¢), 2.4 and 2 (bm, 2H, H;*), 1.8 t0 1.3 (m complex, 6H,

Hs, Hq and Hs). MS (DCUNH;) m/z 656 (M + H'). Anal. caled for CyHyCINsO5: C, 71,13; H, 6,70; CI, 5,12;
N, 10,12; found: C, 71,1; H, 6,6; Cl, 5,5; N, 9,9; [a]p® - 13,9° +/- 0,8 (¢ 0.3; MeOH).The relative
stereochemistry of the proline moiety of 3c to 3t” was obtained by comparison of nOe results observed on
compounds 32 cis and trans.

cis-N-benzyl-6-amino-2-[1-(3,3-diphenylpropionyl)-2-methyl-3-phenyl-perhydro-2-pyrrolylcarboxa-
mide]-2-(S)-hexanamide (5¢).

IR (KBr) 3420, 3320, 1635 1540, 1515 cm™. '"H NMR (DMSO-d6, 200 MHz) T=413°K (2 isomers 60/40): &
7.4 to 7.1 (m, 20H, 4xC¢Hs), 4.5 (bt, 1H, CH diphenylpropionyl),4.3 and 4.2 (2s, 2H, two CH, benzyl), 4.1 to

3.7 (m complex, 4H, Hs’, H; and Hy’), 3.2 (im, 2H, CH, diphenylpropionyl), 2.75 and 2.65 (bt, 2H, H), 2.5 and
2 (m, 2H, Hy"), 1.7 to 0.8 (m complex, 9H, Hy, H,, Hs and Me,’ (1.5 and 1.4 ppm)). MS (DCI/NH;) m/z 631 (M
+H").

trans-N-benzyl-6-amino-2-[1-(3,3-diphenylpropionyl)-2-methyl-3-phenyl-perhydro-2-pyrrolylearboxa-
mido]-2-(S)-hexanamide (5t).

IR (KBr) 3425, 3305, 1630, 1540, 1515 cm™. "TH NMR (DMS0-d6, 300 M H ) T=413°K (2 isomers 60/40): &
T4t07. 1 (m, 20H 4xC6H5), 4.5 (bt 1H, CH diphenylpropionyl), 4.2 (bm, 2H, CH; benzyl), 4.1 to 3 7 (m, 4H,
Hs’, H, and Hy’), 3.2 and 2.8 (m, 2H, CH, diphenylpropionyl), 2.7 (bt, 2H, H ) 2.3 and 2.1 (m, 2H, H4 ), 1.9 to

1.4 (m complex, 6H, Hy, Hy and Hs), 0.9 and 0.8 (25, 3H, CH, in 2). MS (DCINH;) m/z 631 (M
2

1£. 1T 772€. Al ©000. M T L£t. fFrivwnds M 7L LY 7 A. NI © 7\ RN P
calcd for L,4or1461‘44U3 \,, IO,IO, n, /,J27;, IN, 0,00, U, /,01, IOUiQ: L, /0 1, 7,4, N, 0,7). i€ u:railvc
stereochemistry of the proline moiety was secured by nOe experiments performed on 43 and 50 .

The compounds 2, 4 and 6 were synthesized according to Schemes 4-5,7 and 8 respectively. Illustrative
synthetic procedure is given for the proline derivatives 2c as representative example of this series.

hexanamide . C;H,0,, form A(2c):

To a solution of 18 cis (9.1g, 23mmol) in THF (255ml) were added H,N-L-Lys(e-Cbz)-CO,Me-HCI (7.54g,
23mmol), TEA (3.2ml, 23mmol), HOBT (3. 84g, 25mmol) and EDCI (4.8g, 25mmol). The reaction mixture
was stirred at room temperature overnight, and then washed with water (150ml). The water layer was extracted

with \/HZC!Z (159rn!) The extracts were dried over MHQ('\4 f;l{erprl and concentrated in vacuo. The rpm:un:ng

residue was purified by chromatography on silica gel (CH,Cl,/MeOH 99 : 1) to afford 19 cis, form A (1.5g,
10%) as a white solid ; Rf [CH,Cl,/MeOH 95:5]0.48. The chromatography was pursued using CH,Cl:MeOH
(95 :5) as eluent to afford 19 cis, form B (2.25g, 14.5%) as a white solid ; Rf (CH,Cl,/MeOH 95:5)0.41.

A mixture of 19 cts, form A (1.5g, 2.2mmoi), 0.5N NaOH (5mi) and THF (8.2mi) was stirred at room

L"“"pci’alunc Overn lllslll and LhUll, concentrated in vacuo. The wmammg residue was diluted with AcOEt (40!‘1’}!;,

water (30ml) then acidified (pH 1) with N HCI . The water layer was extracted with AcOEt (3x20ml) and the

extracts were dried over MgSQO,, filtered and concentrated in vacuo to give 20 cis, form A (1.33g, 90%) as a
white solid ; mp ~70°C.

To a solution of 20 cis (1. 33g, meol) in CH,Cl, (30mli) were added PhC" NH

2

/r\ b 4 mNOoY N "I‘I..,. P H Qtirra .
u.o4g, 2. AllllIlUl) dllu LioC1 (V. ‘n‘.g, 2. LllllllUl} ine lcabuun mixture was stirred at 1
T

tulC UVCIIIIB]I(,
diluted with water (20ml) and finally acidified (pH 1) with N HCI. The water laye

,_

011
diluted v ater (20ml) and finally acidified (pH was extracted with CH,Cl,
(3x15ml) and the extracts were drned over MgSO,, filtered and concentrated in vacuo. Purmcatxon by
chromatography on silica gel (CH,Cl,/MeOH 98:2) gave 21 cis, form A (1.48g, 98%) as a white solid; mp
~70°C.
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A mixture of r‘-nmpnund 21 cie, form (ﬂ Rdn 1 Immnl\ ((0/..\ Pd/C fﬂ an\ in HCO;H-MeQOH (94:4)

Sy AV B2 :1 31 KRN/ JOL VA (18} \78.57)
(66.2m!) was stirred overnight. Then, the catalyst was removed by ﬁltranon and the filtrate was eva orated in
vacuo. The remaining residue was diluted with CH,Cl, (30ml), water (20ml), and then basified (pH 11) with IN
NaOH. The water layer was extracted with CH,Cl, (3x10ml) and the extracts were dried over MgSO,, filtered

NTY T

and concenirated in vacuo. The residue was treaied with oxaiic acid (34mg) in CH3CN (9ml) to glVC 2c
form A f]ﬂﬂmn ')AQA.\ ag a white solid : mn...ﬂ‘:"f“ R n{n,-\ ‘ZAI{'I '1’17( 3000- ’)(ﬂl\ 1640. 1530 emy’

C‘E‘O’, AU was v, 1JI5u Cill

' 'TH NMR (DMSO-d6, 250 MHz) T=413°K: § 7.4 to 7.1, (m, 20H, 4xC6H5), 4.7 (bs, 1H, Hy ), 4.6 (t, IH,CH
diphenylpropionyl), 4.15 (d, 2H, CH, benzyl), 4 (bs, 1H, H;) 3.8 and 3.5 (bm, 3H, Hs’ and Hy’), 3.10 (vbs, 2H,
CH; diphenylpropionyl), 2.65 (bt, 2H, He), 2.5 and 2.1 (bm, 2H, H,"), 1.7 to 1.2 (m complex, 6H, Hs, H; and
Hs). MS (DCI/NH3) m/z 617 (M + H'). Anal. caicd for C,,H,N,0;,C;H,04 : C, 69,67; H, 6,56; N, 7,93; found:

OO0 U £0N Q1. Tyl 20 11,9°+/-0,5(c 1; njnnux
oy UTL 7, 1A, U, T, 1Y, 0,0, l J - Y= UJ\(( l,, l'lc\lll}.

Compounds 2¢’, 2t, 2t’, 4c¢, 4¢’, 6¢, 6¢°, 6t and 6t’ were prepared in the same manner. Their physical data
are summarized as follows.

cis-N-Benzyl-6-amino-2-[1-(3,3-diphenylpropionyl)-3-phenyl-perhydro-2-pyrrolylcarboxamido}-2-(S)-
hexanamide . C;H,0,, form B ( 2¢’):

IR (KBr) 3400, 3300, 3000-2500, 1640, 1540 cm™ . '"H NMR (DMSO-d6, 250 MHz) T=413°K: § 7.4 to 7.1, (m,
20H, 4xCglis), 4.7 (bd, 1H, Hy’), 4.55 (t, iH, CH diphenyipropionyi), 4.2 (dd, 2H, CH; benzyi), 3.9 and 3.6
(bm, 4H, H,, Hs’ and H3’), 3.1 (bm, 2H, CH, diphenylpropionyl), 2.7 (t, 2H, He), 2.6 and 2.1 (bm, 2H, Hy’), 1.6
to 0.8 (m complex, 6H, Hy; H, and Hs). MS (DCUNH;) m/z 617 (M + H). Anal. calcd for CiHyN,Os,

C,H,04: C, 69,67; H, 6,56; N, 7,93; found: C, 69,6; H, 7,0; N, 7,8; [a]p®° - 39° +/- 0,8 (¢ 1,13; McOH).

trans-N-Benzyl-6-amino-2-{1-(3,3-diphenylpropionyl)-3-phenyl-perhydro-2-pyrrolylcarboxamido]-2-

aeyr i

(S)-hexanamide . C,H,0, , form A (2t ):

IR (KBr) 3410, 3300, 3000-2500, 1640, 1540 cm™. '"H NMR (DMSO-d6, 250 MHz) T=413°K: § 7.4 to 7.1,
(m, 20H, 4xCsHs), 4.6 (t, 1H, CH diphenylpropionyl), 4.45 (bs, 1H, H,), 4.30 (bt, 2H, CH, benzyl), 4.25 (bm,
1H, Hy), 3.7 and 3.5 (bm, 3H, Hs’ and H3’), 3.1 (vbs, 2H, CH, diphenylpropionyl), 2,75 (bt, 2H, Hs), 2.4 and
1.9 (bm, 2H, H,*), 1.3 to 1.9 (m complex, 6H, H;, H, and Hs). MS (DCI/NH;) m/z 617 (M + H'). Anal. caled
for C3oHasN4Os, C:H,04: C, 69,67; H, 6,56; N, 7,93; O, 15,84; found: C, 69,4; H, 7,0; N, 7,9; O, 15,5; [a]p? =

- 8,3°+/- 0,5 (¢c; MeOH),

v j 2 Jpn— ] 117 42 2 il cvew:loceen onsonma sl 1 Y ‘l - Lo . ORI Iy PRPREE, SRy B pRpR. gy -..\.._. 1.1
lrun.\-lv-Danyl 6-amino-2-{1-(3,3-di ph cnylpruplunyl O-pRERYI-pernyaro-L-pyrroryicarooxamiaoj-4-
orm B (2¢°

(S)-hexanamide . C.H,Q, . for

L L) L 2RRre Yy 5 EOSERR

-

IR (KBr) 3410, 3300, 3000-2500, 1640, 1540 cm™. 'H NMR (DMSO-d6, 250 MHz) T=413°K: § 7.4 to 7.1,
(m, 20H, 4xCsHs), 4.55 (bt, 1H, CH dmhenv!nmmnnv!\ 4.4 10 4.2 (m, 4H, H;, Hy’ and CH;, benzyl), 3.7 and
3.5 (m, 3H, Hs’ and Hy’), 3.2 and 3 (bm 2H CH; dlphenylproplonyl) 2.7 (bt, 2H, Hg), 2.4 and 2.1 (bm, 2H,
H,), 1.8 and 1.6 (bm, 2H, H;), 1.5 to 1.2 (m complex, 4H, H, and Hs). MS (DCI/NH;) m/z 617 (M + H").
Anal. caled for C30HuN,Os, C;H,04: C, 69,67; H, 6,56; N, 7,93; O, 15,84; found: C, 69,5; H, 7,0; N, 82; O,
15,7; [o)p™ - 31,9° +/- 0,6 (c 1; MeOH).

cis-N-Benzyl—6—amino-2—[l (3,3-diphenylpropionyl)—S-phenyi-perhydro—2-pyrrolyl-N-methylcarboxa-

mido]-2-(S)-hexanamide , form A (4¢ ):

IR (KBr) 3300, 1635, 1540 cm™. '"H NMR (DMSO-d6 250 MHz) T=413°K: § 7.4 to 7.

Iy » Iy RVl s g LI N . Y Al ATY MYIT Lo I ’!'r____ls

4.8 to 4.4 (bm, 3H, H,’, H, and CH diphenylpropionyt), 4.3 (bs, 2H, CH, benzyl), 3.7 and 3.
H;M), 32 and 3 (hm 2H, CH, rhnhenylnrnn on vl\ 2.7 {hm SH. NCH. and Hy),

APV iay ARy ANII3 GBS

to 1 (m complex 6H H;, H; and Hs). MS (DCI/NH3) m/z 631 (M + H+). Anal calcd for C40H45N403 C,
76,16; H, 7,35: N, 8,88; O, 7,61; found: C, 75,8; H, 7,5; N, 8,6; O, 7,3; [a]p™ - 13,1° +/- 1 (¢ 0.521; MeOH).
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cis-N-Benzyl-6-amino-2-[1-(3,3-diphenylpropionyl)-3-phenyl-perhydro-2-pyrrolyl-N-methylcarboxa-
mido]-2-(S)-hexanamide , form B (4¢’) :

IR (KBr) 3300, 1640, 1525 cm™'. '"H NMR (DMSO-d6, 300 MHz) T=413°K: § 7.4 to 7.1 (m, 20H, 4xC4Hs),
4.8 to 4.4 (bm, 3H, Hy’, H, and CH diphenylpropionyl), 4.3 (bs, 2H, CH, benzyl), 3.8 (bm, 3H, Hs’), 3.4 (m,



—
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1H, H;*), 3.2 and 3 (bm, 2H, CH;, diphenylpropionyl), 2.7 (m, 5H, NCH; and Hs), 2.4 and 2 (bm, 2H, H,*), 1.9
to 1.2 (m complex, 6H, Hi, Hy and Hs). MS (DCI/NH;) m/z 631 (M + H"). Anal. calcd for CsHsN,O5: C,
76,16; H, 7,35; N, 8,88; O, 7,61; found: C, 76,.8; H, 7.7; N, 8,9; 0, 6,7; [a]p™ - 35,2° +/- 1,3 (¢ 0.563; MeOH).

trans-N-Benzyl-6-amino-2-[1-(3,3-diphenylpropionyl)-3-phenyl-perhydro-2-pyrrolyl-N-methylcarboxa-
mido]-2-(S)-hexanamide , form A (4t) :

IR (KBr) 3325, 1645, 1635, 1525 cm”. '"H NMR (DMSO-d6, 300 MHz) T=353°K: & 7.4 to 7.1 (m, 20H,
4xCqHs), 5 (bdd, 1H, H,), 4.6 (bd, 1H, H’), 4.4 (bt, 1H, CH diphenylpropionyl), 4.3 and 4.1 (d, 2H, CH,
benzyi), 3.9 and 3.7 (bm, ZH, H;’), 3.4 (bm, 1H, Hy’), 3.2 and 3 (bdd, 2H, CH, diphenyipropionyi), 2.7 (bt, ZH,

I\ 78 fe T NOCHUAN 22and?2 1 /hm 2H HY 104 N0 (m eomnley AH H. H. and H.Y AMC (MCI/NH.Y
lléh 4.3 \S, I, INUIA3), £.5 Al 4.1 (O, 41, 134 ), 1.7 10 V.7 (U5 COMPICX, U1, i3, 114 atil 115). VS (LA 1INy

m/z 631 (M + H"). Anal. caled for C4HaN,Os: C, 76,16; H, 7,35; N, 8,88; O, 7,61; found: C, 75,8; H, 7.7; N,
8,8; 0, 8,3; [a]p™ - 4,7° +/- 0.5 (c 0.927; MeOH).

trans-N-Benzyl-6-amino-2-[1-(3,3-diphenylpropionyl)-3-phenyl-perhydro-2-pyrrolyl-N-methylcarboxa-
mido]-2-(S)-hexanamide , form B (4¢’) :

IR (KBr) 3300, 1660, 1630, 1540 cm’. '"H NMR (DMSO-d6, 300 MHz) T=413°K: 6 7.4 to 7.1 (m, 20H,
4xCeHs), 5 (bd, 1H, H,), 4.7 (bd, 1H, Hy), 4.35 (bt, 1H, CH diphenylpropionyl), 4.3 and 4.1 (bm, 2H, CH,
benzyl), 3.9 and 3.7 (bm, 2H, Hs’), 3.5 (bm, 1H, H3’), 3.3 and 3 (m, 2H, CH; diphenylpropionyl), 2.7 (m, 5H,
Hg and NCHj3), 2.3 and 2.1 (m 2H, H,’), 1.9 to 0.9 (m complex, 6H, Hi;, Hy and Hs). MS (DCI/NH;) m/z 631

AL L LI'Y Anal nnlad for 0 NN - 7614 1 '7’1( N Q2. MN TAT: faund- 0 74010 7Q. N QAN
UVl T 11 j. Adial. Lailld 1oy \,40114(,114\/3 L, 10,10, K1, /,J3J, 1%, 0,00, W, /,U01, 10Ouiid. «, /9,7, i1, /7,0, i¥, 0,4, U,

7,0; [a]o® - 72,8° +/- 1,7 (¢ 0.38; MeOH).

ate A Dncaree:] £ memafuan B 7Y 22 At bneme, e 2wy | A BN N R, ey ML ST ey N DRI IR s DR B T4 © 3 Y

Ll&'lV'Dcl!l,.yl‘\l'dllllll“"&‘ll‘\J,—?’“lp“UﬂylplUpiuﬂyl"J pll\: yl"Pcl uyur -A-pyuuqluu uuxumluu;-l.—\r&)—

hexanamide , form A (6¢)

ID NRAD aend MQ idantinal 4~ that ~AF P4 Anal Anlad Faere O I NN .M 280 IT 7 1Q. N O NQ. Y 77710

1R\, INIVRIN U iY1O IUCIILIVAL LU ULal U1 &b Adldl. Lalvld (U U330 1441473 U, 72,70, T, 7,17, 1N, 7,U0, \J, /,/0,
; . . 20 .

found: C, 75,4; H, 7,6; N, 8,9; O, 7,3; [a]p” + 12,8° +/- 0,7 (¢ 0,5; MeOH)

afe AT Pae el £ nmenlenn 1 12 A bnmes i fne b B 2 e b ] bl P el B L 22T A ST\
13- ¥=~DCIk yl"“ dlllllll}-b (1-\Jp-ulpncuylpl plUllyl"J‘pllUll"l"Pel l.lyul -&-pyuunyn.al uuumluur‘—u\)—
hexanamide ; form B ( 6c’):
ID NRARAD and AMQ (dantinal ¢t~ that AFf Va? Anal Anlad Fae . IT N .0 M 2808 1 7T10.0N ONne. N 770
IR, INVER diTG VIS 1GCTIRICAr 10 tidl O &0, Alfldl. Cailh 10T Liaonmgqivgiss. L, /3,73, 11, /7,17, IN, 7,U0, U, /,/0,
20 .
found: C, 75,9; H, 7,4; N, 8,7; [a]p” + 48,0° +/- 1 (¢ 0,5; MeOH)
ez A Dl £ ncaa o ™ 11 (2 P I R . PR n eebhnen.l b T Y DL L. 211 4
runy-;iy-pD l.lLyl‘U"u iy} IU‘L'II-\J ulpucuylpluplunyl;— pucnyl-pvl l.lyl.ll 'A'l.lyll lylLdl uuxamluu]-&-
R)-hexanamide ; form A ( 6t)
Ra=y wm H Ly s
ID ARMD awd AMCQ dawsinal ¢4 thot ~ L% Al 1.4 FAn M LT NI N M T 0L 1T 710N O NOQ. Y 770
IR, INVIRN ENd viS iaChitiCdr 0 uidtl 01 &% ALdL. CAICa 101 CialiggiNg I3 U, /3,0, 11, /7,17, IN, Y,U0; \J, /,/0;
20
found: C, 75,7; H, 7,7; N, 8,9; O, 7,6; [a]p~ + 8,1° +/- 0,7 (¢ 0,5; MeOH).
IS ¥ g » Pupennn DY SEUNN IR I £ TV & S TP 115N MU ey g -l e L. B .0 . A_ B _ L . g |
H ﬂ'-lV-DCllL)’l-D—Hmlll Cad F S O ulpucnylprupluuylrJ-p yi- pernyuru~t-pyrr lylLarUUXamlﬂO]-L-
(R)-hexanamide ; form B ( 61’ ): IR, NMR and MS identic l o that of 2¢’. Anal. calcd for C3oHyN,Os: C,
5

3 | a a .
75,95, H,7,19; N, 9,08; O, 7,78; found: C, 75,6; H, 7,6; N, 8.9; O, 7.9, [a]D2 +31,0° +/- 0,9 (¢ 0,5; MeOH).

re added TEA (1304m! 0 1mall PRh(CHN
€ aGdh (e LU

VW X0y (LS., VL LAVL ), il

(10.16ml, 0. lmol) and MgSO4 (12g, 0 lmol) The mlxture was stirred at room temperature overnight, filtered
and the filtrate was concentrated in vacuo. The residue was diluted with toluene (250ml), filtered and heated at
reﬂux for 4h with a7eotropic: removal using a Dean Stark trap Removal of the solvent and puriﬁcation of the

N-Benzyl-6-amino-2-(S)-{3-(3-indolylmethyl)-2-0x0-3-[(3,3-diphenylpropionyl) aminoe]-pyrrolidin-1-yl}-
hexanamide (8a and 8b).

A solution of 54 (10g, 40mmol), gramine (7g, 40mmol), NaOH (0.5g ; 12.5mmol) and toluene (200ml) was
heated at reflux overnight, filtered and evaporated in vacuo to give 56 as a solid (Rf (AcOEt/cyclohexane
30:70)0.36) which was used in the next step without further purification.



To a solution of 56 (15,2g, 40mmol) in Et;O (150ml) was added N HCI (1 50ml) and the reaction mixture
was stirred at room temperature for 3h. After decantation, the aqueous layer was washed with Et;0 (4x150ml),
basified with NH,OH and extracted with AcOEt (3x150ml).The combined organic layers were washed with

water (4x150ml), dried and filtered. Removal of solvent in vacuo gave 538 (Rf (CH,Cl/MeOH 95:5)0.30) which

o mowt otam orith o rernd s nen

was UWU lll UIU next StCp witnout u.u uwx Pul lllLuLlUll

Compound 60 was prepared in the same manner as compound 10 as a white solid (6.2g, 79%), (Rf
(CH,C1,)0.17).

A -t ol LML Vo 1Drwman]) ned TAT NMLIY FAN IV :.. ....... eam IY vurnn atimund nd madliin FAan. Ll TL
A SOIUtion O1 OV (0.2, 1 LMIMOIL) and 1IN INaUIn {4V iil dioxane UUU 11j Was SUTTea at reéfiux 10r on. ine
reaction mixture was cooled , diluted with water (1 SOml) ind acidified with IN HCI (45ml). The mixture was
then extracted with AcOEt (3x150ml) and the combined extracts were washed with water (3x150ml), dried over

MgSQ,, filtered and evapored in vacuo to give 62 (5.6g, 93%) as a white solid.
A solution of 62 (8g, 16.5mmol) and H,N- L—Lys(8~Cbz)-CONHCH2Ph (7.4g, 20mmol) in DMF (200ml) was

Il LNDDA /2 7 TR AT Iy

Cooied at -5~ C, [neﬂ a SOlutlon OI UrrAa (<. _)ml LummOI) m ivir (/.)ml) was aOGCO aropwrse Aner Sm‘rmg at
-5°C for 0.5h, TEA {A 93ml, 0 n‘Zanl\ was added and the reaction mixture was stirred for 3h at the same

temperature and 42h at room temperature. After concentration in vacuo, the residue was diluted in AcOEt

(250ml). This organic layer was washed with 0.5N citric acid (2x100ml), aqueous NaHCO; (2x100ml) and
queous saturated NaCl solution (2x100ml), dried over MgSQ,, filtered and then concentrated in vacuo. The

B NN e ko e real £ A AT TN Lony

rebluue was purmeu oy cnromatog‘rdpny on smca gﬁl \Acunucyuonexane 2U DV) {0 arIOfﬂ 07, IOl'm A (Z Bg,
1 7°A\ (P{ [ Annpf_rvrlnhpvnnpfm_dn“ﬂ.nﬁ\ and 60 formRBR (1 _Qo, le//.\ {Pf(Annpf/r\mlnhAvnnp A(\'Aﬁ\(\'nd\‘
A mixture of 69, form A (2.3g, 2.7mmol) and IMe ( 30ml, 0.48mol) was stirred at room temperature for 20h
and then concentrated in vacuo. The resulting residue was washed with CH,Cl, (3x100ml) and concentrated in
vacuo to give a solid which was dissolved with DMF (80ml) and CH,Cl, (80ml). Then, NaH 50% (0.7g,

o s

3. Jmmol) was added by pomons at -5°C and the reactlon mixture was stirred at 0°C for 4h. lhen water

100mM I wac nouhnucl\: addad and the ctirring wa ntainad avernicht at to aty Tha ranction
\lUUllll} was Cautious:y aGGea anG Iné StTing was mainiainesa vauuéut at 1o0m inperaure. 1ne reaction

mixture was concentrated in vacuo and the residue was washed with CH,Cl, (250ml) and water (100ml). The
aqueous layer was extracted with CH,Cl, (3x100ml) and the combined extracts were washed with water
(3x100ml), dried over MgSQ,, filtered and then concentrated in vacuo. The resulting residue was purified by

A

chromatography on silica gei (AcOEt/cyciohexane :60/40) to afford 70, form A (0.3ig, 15%) (Rf
/MeOH 95:5)0.30).

(CH.CI
\\.d [ SANS BN LAV @ Oy

Compound 70, form B was prepared in the same manner as compound 70, form A but using K,COs as base
in place of NaH ; Rf(CH,Cl,/MeOH 98:2)0.25.
A suspension of 70, form A (0.3g, 0. 38mmoi) in 2.5N HC

A NAAMLY (1N 1Y 1200 rexoarnatad (1A 7 At e Fasnevasrnd e, P -I'»"

dlllU IVECUJTT  1TULLHE ) wad uyuxugcuatcu \l‘f ! }JD(] dl UV U i 1CIn 11 Cl (=184 dllU LUHL-C“U au:u l’l

vacuo. The resulting residue was washed with iPr;O to e 8a grl_n A_ (0.27g, 99%) as a white solid ; mp
-

195°C.IR (KBr) 3410, 3300, 3000-2500, 1655, 1545, 1525 cm
NH indole), 8.2 (t, 1H, NH), 8.1 (s, 1H, NH), 7.8 (bs, 3H, NH; ), 7.5 (d, 1H, mdole), 7.35(, IH, mdole), 7.3
to 7.1 (m, 17H, 3xCe¢Hs + indole) 7 (t, 1H, indole), 4.4 (dd, |H, CH diphenylpropionyl) 4.25 (dd, 1H, Hy’),

4.15 (m, 2H, CH, benzylamino), 3.1 to 2.7 (m, 8H, He,H;", CH, indole and CH, diphenylpropionyl), 2 to 1.2
(m co...n!ex 8H, Hy', H;, H; and Hs). MS (FAB) m/z 656 (M + H'). Anal. caled for C;;HiCINSQ; : C, 71,13;
A i of 9 ARy 24g s 3y 224 37 7 142465348583 s [ ig1dy
H, 6,70; Cl, 5,12; N, 10,12; found: C, 71,1; H, 6,7; Cl, 5,4; N, 10,2; [a]p® - 42,2° +/- 1.2 (¢ 0,5; MeOH).

Compound 8b form B was prepared as above as a white solid ; mp 250°C. IR (KBr) 3405, 3290, 3000-
2500, 1655, 1550 cm™. 'H NMR (DMSO-d6, 400 MHz) : & 11.1 (s, 1H, NH indole), 8.7 (s, 1H, NH), 8.6 (t, 1H,
NH), 7.6 (vbs, 3H, NH,"), 7.5 (d, 1H, indole), 7.4 (d, 1H, indole), 7.35 to 7.2 (m, 16H, 3xC¢Hs + indoie) 7.1 (t

1y AslaY 7 6t TH indsla) A A 7 dd TH CH dinhonulneanianuiy 42 and 41 {dd 2H O hoanoulaminn
1K, luuunc; 7 AL, 1, inaoiey, 4.4 ( GG, 111, LN unpucu_yllnupluu_ylh 4.0 alld 2.1 (U4, 21, L ri ucua_ylauuu&)),

4.08 (dd, 1H, Hy’), 3.1 and 2.8 (m, 2H, CH, diphenylpropionyl), 3.07 and 3 (AB, 2H, CH, indole), 2.8 and 2.2
(m, 2H, Hs%), 2.5 (bt, 2H, He), 2.2 and 1.8 (m, 2H, H,’), 1.6 and 0.8 (m, 2H, H;), 1.2 (bq, 2H, Hs), 0.4 and 0.1
(m, 2H, H,). MS (FAB) m/z 656 (M + H"). Anal. calcd for C4HyeCINsO;: C, 71,13; H, 6,70; CI, 5,12; N, 10,12;
0, 6,93; found: C, 70,7; H, 7,0; C, 5,3; N, 10,1; O, 6,9; [a]p™ + 11,3° +/- 0.6 (¢ 0,5; MeOH).



To a solution of n-BuLi (12ml, 24mmol) (1.6M solution in hexane) in THF (20ml) was added dropwise at -
70°C a solution of 54 (5.9g, 23. Smmol) in THF (30ml). After 1h at -70°C, a solution of PhCHZBr (2.8ml,
I 10 s ekt nim e ards Aallacsrnd $n smcee $nseacanamdriren oz

23. )mmou in THF Uuml} was added and the reaction mixture was allowed to room temperatire and stirred
overnight. The reaction mixture was poured into water and extracted with AcOEt(3x50ml). The combined

extracts were dried over MgSO4, filtered and concentrated in vacuo to give 55 as a viscous onl which was used
in the next step without further purification.

(2.4g, 40%) was obtained in a similar manner as 56 as a yellow oil, (R
,,,,,,,

To a solution of 57 (9.5g, 37.5mmol) in THF (50ml) was added Boc,0 (8.3g, 38mmol) and the reaction
mixture was stirred at room temperature overnight. Then, TEA (5.4ml, 37.4mmol) was added and the stirring
was maintained for 10h. The reaction mixture was concentrated in vacuo. Then AcOEt (100ml) added, and the
organic layer was washed with water (2x20mli), dried over MgSO,, filtered and concentrated in vacuo.
Purification hv nbrnmutnmnhv ((‘nml /r'vvlnhmmne R0 :20) gave 50 (]’) §0 94%) as a co

[
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(CHZClz/cyclohexane 80.20)0.54).
A mixture of 59 (12.4g, 35mmol), IN NaOH (120ml, 0.12mol) in dioxane (240ml) was heated at reflux for
5h. The reaction mixture was allowed to cool and then cvaporated in vacuo. The residue was diluted with water

IS TS 7ol B Z s V2 TR 2

( 300m U and acidified with IN HCI (1Zumi). The resultmg preClpna[e was collected Dy rlltratlon and
redis alved in AcOFEt (200mI. This oroanic laver was dried over MnQﬂ fil hsrprl and con

SG1ISSCIVEG 1N AL \&VUTELEJ. LIS Ul mAillv WAS UIIVG UYL IVIRJSg, LHIWUEVU dnu coneen

give 61 (10.1g, 82%) as a yellow solid ; mp 137°C.

Compound 63 (3.57g, 70%) was obtained in the same manner as la from 61 (2.5g, 7.4mmol). Pure

diastereoisomers 65 form A (1.6g) (Rf (AcUl:t/cyclonexane 40:60)0.15) and 65 form B (i.24g) ) (Rf

TA~NEt-~runlaho a (AN-ENIN nO\ were nurifiad hu chramatagranhv on cilica aal
LACU S uy\.«luuwaauu [RAVR UV LV RS € puriii€a oy vuluxua‘vs&al’u] Ol 51:1Ca goi.

Compounds 66 form A (0.88g, 61%) (Rf [AcOEt:cyclohexane (40:60)]0.28) and 66 form B (0.8g, 74%) (Rf
(CH,Cl,/MeOH 95:5)0.31) were obtained in the same manner as 70 form A from 65 form A (1.6g, 2.3mmol)
and from 65 form B (1g, 1.45mmol) respectively.

To a solution of 66 form A (0.8g, 1.2mmol) in HCCl; (15ml) was added CF;CO,H (Sml) at 0°C. The
reaction mixture was allowed at room temperature and stirred overnight. After concentration in vacuo, the
residual oil was diluted with water, basicified with aqueous 28% NH; and extracted with CH,Cl, (3x50ml). The
combined extracts were washed with water (2x25ml), dried over MgSQ,, filtered and concantrated in vacuo to
give 67 form A (640mg, 98%) as a colorless oil (Rf (CH,Cl,/MeOH 65:5)0.28).

Compound 67 .e.n.n B (540mg, 83%) (Rf (CH,Cl,/MeOH/TEA 90:8:2)0.57) was obtained in the same
manner as above from 65 form B (0.78g, 1.2mmol).

Compounds 68 form A (0.6g, 68%) and 68 form B (0.3g, 40%) were obtained in the same manner as 10
from 67 form A (0.6g, 1.18mmol) and from 67 form B (0.54g, 1mmol) respectively.

Compound 7a.HCI form A (267mg, 51%) was obtained in the same manner as 8a from 68 form A (0.6g,
0.8mmol) as a white solid ; mp 118°C. IR (Kbr) 3410, 3300, 3000-2500, 1660, 1545 em™, 'TH NMR (DMSO-d6,
300 MHz) : & 8.5 (t, 1H, NH benzyl), 8.2 (s, IH, NH), 8 (bs, 3H, NH;"), 7.4 to 7.1 (m, 20H, 4xC¢Hs), 4.5 (t, 1H,
CH dxphenylproplonyl) 4.4 (t, 1H, Hy), 4.3 (m, 2H, CH, benzylammo), 3.1to 2.7 (m, 8H, Hg, Hs’, CH, benzyl

1 s 1 foesv omemnlas QLT LT ° RAC MY OT/NILE Y saa/mw £177 /AL L LT A
Lng u1pucnylplupluuyl}, [ L8] 1..7 (i, COIMpieX, or, ry , 1y, 114, 115; V1Y (LAC/INTI) A2 01/ (i ™ 11 j. Al al.
caled for C3HysCIN,Oy: C, 71,715 H, 6,94; Cl, 5,43; N, 8,58; found: C, 72,0; H, 7,4; CL, 6,0, N, 8,7; [a]p- 37°

+/- 0.8 (¢ 1; MeOH).

Compound 7b.HCI1 form B (1g, 85%) was obtained in the same manner as 8a from 68 form B (1.35g,
o 1 &m0 T At ] I T NRNAD (TNAA i
1.8mmol) as a white solid ; mp 150° C. IR (Kbr) 3420, 3360, 30600-2500, 1650, 1545 cm™. 'H NMR (DMSO-d6,
00 MHA - & 87 (s 1TH NHY 865 (¢ IH NH)Y 74 to 7.1 (m 20H 4xC.HN 44 (dd 1H C1
Suvu vunaZy O 8.7 (S, iri, iNI1y, G.00 (3, ax, anxay, 705 W0 7o (UM, Ludi, SRC4ras), .59 (GG, ang, orn



dmhp_nvlnrnmnnvl\ 4.35 (dd, |H bg__zylamin_o) 4.25 (dd 1H, H,), 4.10 (dd, 1H, benzvlammo\ .1(dd, 1H, CH
, 2.8 (dd, 1H, CH diphenylpropionyl), 2.6 (bt, 2H Hs), 2.9 and

diphenylpropionyl), 2.9 (AB, 2H, CH, benzyl)

2.3 (m,2H, Hs’), 2.2 and | 9( , 2H, Hy'), l.4(q 2H, Hs), 1.8 and 1.1 (m, 2H, H;), 0.8 and 0.4 (m, 2H, H,). MS
iN4Os: C, 71,715 H, 6,94, Ci, 5,43; N, 8,58; found: C,
-1 AY
/ )

(DCUNH;) m/z 617 (M + H). Anal. calcd

9 r-.1 11 20 v/
71,7; H, 7,0; Cl, 5,3; N, 8,4; [a]p - 11,3° +/-
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