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Synthesis of perhydrodiazepinones as new putative peptidomimetics
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Abstract: New functionalized 7-membered azaheterocycles (perhydrodiazepinones) have been designed as new scaffolds supposed
to mimick peptide y-turns constrained by an ethylene bridge. They were synthesized by either lactam cyclisation on an aminoacid
compound outcoming from a glutamic acid derivative starting material or through an intramolecular Mitsunobu reaction on
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investigated on a soluble polymer support (PEG). © 1999 Elsevier Science Ltd. All rights reserved.
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In attempts to replace peptides by orally available molecules, peptide bonds or fragments have been
substiuted by several structural moieties. Among them, the use of heterocyclic rings as constrained
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[1], oxazoles [2], thiazoles [2,3], oxadiazoles and triazoles [4 and ref. therein], or non-aromatics : umdazohdm
[5], isoxazolines [6] oxazolines and thiazolines [7]. Along these series, the 6-membered cycles, piperazines [8],
morpholines [9] are aiso well represented whereas the 7-membered rings are much iess abundant except some
didehydroazepinones [10] and benzodiazepines [11] or their benzothia(xa)zepines analogs [12]. Despite a
good structural analogy with y-turn which could arise from the replacement of intramolecular hydrogen bond
by a more stable ethylene bridge as shown (Scheme 1), the perhydro-(1,4)-diazepinone series have retained
little attention [13]. We have been involved in their syntheses for the last few years and we would like to
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Scheme 1 : Analogy between Perhydrodiazepinone and y—turn.

Two complementary approaches have been followed for the synthesis of these molecules in solution and one
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Results and discussion

The  first  strategy  (Scheme 2) started from a  chiral pool  derivative.
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Scheme 2 : Synthesis of diazepinone 1.

RBoc-Glu-OMe wag traneformed by a Curting reaction nerformed with DPPA dissolved in toluene followed

AFUVTAIAUTIIAVAY VY 0 USILSAVLIIMLY U) O Ui WUS Aviviiuvi yvl;vllllvu VVAMIE 578 & 4 B WRADRIWA Y A3 JASAN ARG ANSRANS VY wue

by a benzylalcohol solvolysis of the intermediate isocyanate into a diamine ester 3 orthogonaﬂy protected. The
Boc pmtectton was replaoed by a Ts group. In our first approach the Boc pmtecnon was not efficient in
presence of the activated transient acylazide prevailing during the Curtius reaction : undesired pyroGlu-OMe
was obtained (data not shown). The resulting sulfonamide § was sufficiently reactive and was smoothly N-
alkylated by tertiobutyl bromoacetate in the presence of crown ether (18-Crown-6) as catalyst yielding 87% of
compound 6. After quantitative cleavage of both the t-Butyl ester and the Z oup (HBr, in a mixture of
AcOH/TFA as solvent), a t.yumuun of the free amino-acid linear precursor 7 in DMF under diluted condition

(1.33mM) led to the diazepinone 1 in 55% yield of the purified product. The above preparation could be
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indeed easily extended using other a-bromo ester derivatives.
Tn addition to the described route. the (‘V(‘ll\ﬂhﬂn step has been also destened to take nhce at another gyt_:le
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position, namely by the formation of the C-N (sulfonam1de) bond. As the linear precursor contained a
secondary OH-function, it was decided to cyclise by an intramolecular Mitsunobu reaction (Scheme 3).

R,NHOH, (H,CO),

o o, H
B N~ PhCHa, 100°C Boc-HN -~ ON-R1 Ho PAOHISCBOH  goe . f} .
R;= CH,Ph, 86% (8a) —/ R,= H, 100% (9a) N I
R,= CHj, 94% (8b) ga-b R,= CH,Ph, 78% (9b) OH
R;= CHa, 100% () ga-c
TNHCHR,ICO, H Ry R 1)1’1;!11 DEAD. CFaCOH, HN—/
o 11a-f, see table 1
DCC, see table Boc\H/v\,N\n)\m_ Ts Te N?’ \N_Pﬁ
OH o} 2) TFA, CH,Cl,, —
10a-g 100 % R, O
2a-f

Starting from the easily available Boc-allylamine, a 1,3-dipolar cycloaddition of the olefin on the nitrone
generated in-situ from Me- or Bn-hydroxylamine and paraformaldehyde yielded the corresponding

isoxazolidines (8a-b) that were opened smoothly hv hvdroesenolvsis. Bv carefullv r‘nntm"mg the reduction
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process, it was possxble to preserve the N—ben7y1 protectmn The new amines obtained either free, benzylated
or methylated (9a—c) were successfully acylated by N-tOSyl ammo acid anhydrides prefon‘ned at 0°C in the
presence of DCC. This was the best way of activation, dVUlulng both racemization and u-aeytduun
Cyclisation of the linear precursors (10a-f) was achieved in good yield by an intramolecular Mitsunobu
reaction [14] between the free secondary -OH and the sulfonamide group (table 1). Study of the Mitsunobu
cychsauon step has shown that the _presence of a tertlary am1de is necessary to yteld more easily the correct
A 1N
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1) is in agreement with what is known about the ring closure of short peptides : the free-energy barrier between

syn ( fmmnmhlo-\ and anti pcnndn bond conformation is g{*"—‘”y reduced l\y the Nl.guhstitution {1 51.

The sulfonamide group was found to be essential for the cyclisation step : other tested N-substituents (-Z, -
Troc, or -Ac, unpubhslmd resnlts) were inefficient whatever the redox system that was used : DEAD, DIAD,

ADDP/PPh,, PBu,, P(OEt);, P(OPh), or cyanomethyleneirialkylphosphoranes [16]. This confirm the _good
ahility of sulfonamides, highly related to their NH pKa, for the successful preparation of amines via the
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Mitsunobu reaction[17].

Compounds R R, Yield (%) of 10 Yield (%) of
L from 9a-¢ cyclisation (11)
idand il

a PhCH, CH; 65 88
b CH, CH, 75 86
c CH; CH,Ph 70 70
d CH, CH,OCH,Ph 71 72
€ CH, CH2C02CH2Fh 42 65
f CH, H 30 97
£ H CH, 69 0
Table 1 : Synthesis of Perhydro-(1,4)-diazepin-2-ones 11a-f.

Applied to the diastereomeric mixture of linear precursors examined so far, the cyclisation step proceeded
without any significant dlastcreoselecuwty Dur r attempts to separate easﬂy the dnastereomenc diazepinones
were so far unsuccessful. However [)y H-NMR Elﬁ?uyblb in almost all cases, the Lurm&ponumg ratio was
determined on the fully protected heterocycles.

The free exocyclic amines 2a-f easily ‘obtained by TFA cleavage in nearly quantitative yield were subjected
to analytical HPLC for an efficient diastereomeric separauon (See expenmental part)

In a further step, to allow a much easy intracyclic amine recovery, the Tosyl moiety has been efficiently
replaced by the trimethylsilylethylsulfonyl (SES) group [18]. The resulting fully protected diazepinone was
either hydrolysed in acidic medium or treated by F ions [19], yielding respechvely the free amino compounds

15 or 16 (Scheme 4).

Boc-HN
H  1sEs-Aq2), N~ 15

s N (‘ I \
. Y ~ DCC, 58% (13) SES-N. .N-— D LI
OH 2)PPh3, DEAD. Hn \ Mnn_\/\
o LN
60°C, 62
/ o
16

Scheme 4 : Orthogonal deprotection using the SES group.

To have in hands a new tool that could be useful for combinatorial chemistry we have adapted this synthesis
on polymeric support. Since we have shown that to synthesize these perhydro-(1 4)—diazepin—2-ones (11a-),
the linear compound should contam a teruary amide. This posmon was consndered asa good anchor sm.z for the
diazepinone synthesis in the liquid phase {20] using a medium-sized bifunctional poly{ethylenegiycol), (PEG,
M,=3400).
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Scheme 5 : PEG-supported synthesis of perhydrodiazepinones.

The linker was prepared by esterification at both ends of the PEG using BtC}LCOBr (see scheme 5) [21]
Treatment with an excess of 9a followed by acylation of the new supported amine using various anhydrides in
excess yielded compound 18. The Mitsunobu reactmn led to the supported 7- membcrod  heterocycles 20a- b

(see Table 2). Owing to the polymer solubility in usual organic solvenis but cold EiOAc and diethyl ‘tl'iéf, the
Ph,PO could be removed very easily. All the steps were followed by standard solution 'H-NMR. Sum prisingly

and conversely to 10d, for the O-benzyl serine derivative 19¢, no cyclisation occured.

Yield (%) of 19 Yield (%) of the

Compounds R from 18 cyclisation (20)
19 and 20

a CH, 91 89

b CH,CO,CH, 38 80

c CH,0OCILPh 30 0

Table 2 : Synthesis of PEG-supported perhydro-(1,4)-diazepin-2-ones 20a-b.

e b3 o adiorae Y e mafl expecied 7-membered heierocveles -
Finally, ¢ sterification by KCN in refluxing MeOH led to the expected 7-membered heierocycles (21a-

b). To our kn wledge, this is the first synthesis of perhydro-(1,4)-diazepin-2-ones performed on liquid

Commercial solvents (ethyl ether or THF) were dried by redistillation in presence of sodium. All water-
sensitive reactions s were conducted undcr a dry argon atmosphere All reactions were followed by thin layer
chromatography (TLC) using silica gel 60/F;, plastic-backed plaies and revealed by UV light, iodine vapors
or exposition to ninhydrin (5% EtOH solution). Uncorrected melting points were taken on a Bi_j(_:h_! apparatus
and rotatory power [oy,] measured at 20°C using a Perkin-Elmer polanmeter Analytical or semi-preparative
HPLC experiments were conducted with a Waters equipment using nucleosil or Delta Pack C'* columns or

Chiralcel OD for optical resolution. Except when notified a gradiem run of 30 minutes (min) from 10 to 100%

ran amelis ' amalitiaal LIDT 11T A 13 amaliione s ..,._..tm......-..l s a D Lo
CH3\,N was app}wd for mmly"u»a’. HPLC. 'H- and © C-NMR anaiyscs weic periornmnea with a Brucker AC-

250MHz or an Advance DPX-200MHz. Mass spectra (FAB mode) were recorded on Jeol DX 300 or SX102A
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(electrospray ionization mode ESIMS) were taken on Micromass platform equipment using H,O/MeCN/AcOH
g4_9{42/2 in vol.) as solvent. The diastereoisomeric ratio was determined by 'H-NMR and/or by analytical
HPLC.

Methyl (25) 2-N-tert-butyloxycarbonyl-4-N-benzyloxycarbonyl-(2,4)-diaminobutyrate 3 : A solution
containing (L) Boc-Glu-OMe (0.391g, 1.5mmol), triethylamine (0.303g, 3mmol), diphenylphosphoryl azide

(0.826g, 3mmol) and benzyl alcohol (0.324¢, 3 mmol) in toluene (7mL) was heated at 100°C overnight [22].
The solution was concentrated in vacuo and the residue was chromatographed on silica gel (Hexane/EtOAc :

55/45) to afford a yellow oil (0.28g, 51%). TLC Hexane/EtOAc (50/50) R=0.60. [a], : -17° (c=1, CH,CL,).

HPLC : Tr=24.74 min. ESIMS (C,,H,N,O,) : m/z 367 (M+H)*. 'H-NMR (CDCl,) 8 1.46 (s, 9H), 1.65-
1.80 (m lH), 2 00-2 15 (m, IH) 3 02 3 18 (m IH) 3 44-3 60 (m IH) 3.76 (s, 3H), 4.31-4.50 (m, 1H),
5.12 ¢ 3, Lﬂ}, 5.15-5.25 \m, iH), 5.40-5.50 {m, 11‘1), 7.30-7.42 {im, 5H).

Methyl (25) 4-N-benzyloxycarbonyl-(2,4)-diaminobutyrate 4 : To a solution of 3 (0.361g, 1mmol) in
CH,CL, (2mL) was added at -20°C trifluoroacetic acid (2mL). The mixture was stirred at 20°C for 3h, then the

solution was concentrated in vacuo to afford a yellow oil (0.38g, quantitative). [at], : -12° (c=1, methanol).

HPLC : Tr=16.00min. ESIMS (C,H,N,0,) : m/z 267 (M+H)". 'H-NMR (CD,0D) § 1.97-2.25 (m, 2H),
3.25-3.40 (m, 2H), 3.80 (s, 3H), 4.07 (i, H, J=7H2), 5.11 (s, 2H), 722750(m SH).

AL ak..F /A0 A gy | PRI (S n oonlectina L A (N0
lVle_yl (<) l'l" tu.syt-'r-n-Ueru_yw,tycuruunyt (A,‘f[ murmnuumylaw 3 lU a DUIUUUH UL % (U.00g,

1mmol) in CH,Cl, (7mL) was added at -20°C paratoluenesulfonyl (tosyl) chloride (0.191g, lmmol) and
tricthylamine (é 203 , 2mmol). The solution was stirred at 20°C overnight. The solution was concentrated in
vacuo and the residue was chromatographed on silica gel (Hexane/EtOAc : 1/1) to afford a white powder
(0.37g, 88%). TLC Hexane/EtOAc (50/50) R=0.47. M.P.=84-86°C. [a],” : 27° (c=1, CH,CL,). HPLC :
Tr=25.90min. ESIMS (C,,H,,N,0,S) : m/z 421 (M+H)". 'H-NMR (CDCl,) 6 1.60-1.78 (m, 1H), 2.00-2.18
(m, 1H), 2.44 (s, 3H), 3.20-3.38 (m, 1H), 3.41-3.57 (m, 1H), 3.51 (s, 3H), 3.95 (dt, 1H, J= 4Hz and
OHz), 5.15 (s, 2H), 5.11-5.25 (m, 1H), 5.32 (d, 1H, J=4Hz), 7.30-7.40 (m, 5H), 7.33 (d, 2H, J=9Hz),
7.73 (d, 2H, J=9Hz). _ . I . . 3
Methyl (28) 2-N-tosyl-2-N-tert-butylcarboxymethyl-4-N-benzyloxycarbonyl-(2,4)-diaminobutyrate 6.
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(0.131g, 0.95mmol) and rert-butyl bromoacetate (0.556g, 2.85mmol) in MeCN (8mL) was stirred at 20°C for
24h. The mixture was filtered and concentrated in vacuo. The residue was chromatographed on silica gel

(Hexane/EtOAc : 60/40) to afford a colorless oil (0.441 g, 87%). TLC Hexane/EtOAc (50/50) R=0.73. [a],”

: 32° (c=1, CH,CL). HPLC : Tr=29.54min. ESIMS (C,(H,,N,0,S) : m/z 535 (M+H)*. 'H-NMR (CDCl,) 8
1.50 (s, 9H), 1.65-1.85 (m, 1H), 2.05-2.25 (m, 1H), 2.43 (s, 3H), 3.45 (s, 3H), 3.40-3.57 (m, 2H), 3.82
(d, 1H, J=18Hz), 4.10 (d, 1H, J=18Hz), 4.47 (dd, 1H, J=3Hz and 11Hz), 5.12 (s, 2H), 5.30 (t, 1H,
J=6Hz), 7.29-7.40 (m, TH), 7.75 (d, 2H, J=9Hz).

(28) 2- N—tosyl-2-N-tert-butylcarbmqymethyl—(2 4)-diamino butyric acid 7. To 6 (0.267g,
0. 5mmol) was added at 20°C a soluuon of 33% of hydrobromic acid in acetic acid (10mL) and trifluoroacetic

nnid (& Tha matwh wne otismcnd vrsanennoley ot MM Fre Th and Anncamteatard in vaniin ta affaed o Anlarlace
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oil (0.212g, quantitative). [a],? : -50° (c=1, MeOH). HPLC : Tr=16.50min. ESIMS (C, H,(N,0,S) : m/z

AAA MAALINF LT ATRAD /O™ N § 1 072 40 (m. 2H). 2.47 (5. 3H). 3.15-3.60 ¢ AL 2 A7 /s ALI) 2 QQ
S44 (VIiTH) . OI-INVIR (LU,UU ) O 1.7 7-2.40 \Qil, <01), <.%7 (8, J11), 3.19-3.0V {il, <K1), 3.92 {8, J11), J.60
(d, 1H, J=18Hz), 4.17 (d, 1H, J=18Hz), .;67 (dd, 1H, J=4Hz and 10Hz), 7.41 (d, 2H, J=8Hz), 7.78 (4,

2H, J=8Hz).
(55) 4-Tosyl-5-methoxycarbonyl-perhydro-(1,4)-diazepin-2-one 1. To a solution of compound 7
(0.07g, 0.2mmol) in DMF (150mL) was added dropwise at 20°C triethylamine (0.102g, lmmol) and

s dAn TN Thn sman A erimneniinles MYN £ow 2L b - A An~anteatad
uxpucuyxpuuapuutyl aziac [bb] 11C IUMLUIC was bullUU Viguiuuoly ﬂ.l LU C 10T 5U 11 andg CoONnciniawo l.ll

vacuo. The residue was chromatographed on silica gel (EtOAc) to afford a white powder (0.036g, 55%).
M._P.=130-132°C. TLC MeOH/EtOAc (10/90) R=0.50. [ “].')20 : -40° (c=1, CH,CL). HPLC : Tr=17.85min.
FABMS (GT) m/z (C ,H,;N,O;S) : 327 (M+H)". High-resolution mass spectrum, exact mass calculated :
327.1042 and found : 327.1015. 'H-NMR (CDCl,) 4 2.05-2.27 (m, 1H), 2.31-2.50 (m, 1H), 2.45 (s, 3H),
3.20-3.35 (m, 2H), 3.66 (s, 3H), 3.97 (d, 1H, J=18Hz), 4.32 (d, 1H, J=18Hz), 4.87 (dd, 1H, J=4Hz and
9Hz), 6.25-6.40 (m, 1H), 7.30 (d, 2H, J=8Hz), 7.73 (d, 2H, J=8Hz). RMN °C (CDCL,) & 21.81, 31.67,
39.34, 48.11, J4.7/4, D7.0D, 12/.44, 129.94, 15001, 144.2D, 1710U.84, 112.2D.
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2-Benzyl-5-tert-butyloxycarbonylaminomethyl-(1,2)-isoxazolidine  8a.  Boc-allylamine (1.57g,
10mmol), N-benzylhydroxylamine (1.84g, 15mmol) and paraformaldehyde (2.25g, 7Smmol) in toluenc

(105mL) were heated at 100°C for 20h [23]. The solution was concentrated in vacuo and the residue was
chromatogtaphed on silica gel (CHZCIQIEt()Ac : 70/30) to afford a yellow oil (2.51g, 80%) TLC
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4.00-4.10 (m, 1H), 4.85-5.00 (m, 1H), 7.30-7.50 (m, SH),

= NI TS osE

2~Methyl-5—tert~buty£oxycarbonylamznomethyl-( 1,2)-isoxazolidine 8b. Boc-allylamine (1.57g
1()mmol) N-memylhydroxylamm hydrochlonde . 25g, 15mmol) paraformaldehyde (2 253, 75mmol) md

IS
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was concentrated in vacuo and the triethylamine hydrochloride was precipitated afier addition of EtOAc

(30mL) and filtered. The solution was concentrated in vacuo and the residue was chromatographed on silica

gel (EtOAc/MeOH : 95/5) to afford a yellow oil (2.03g, 94%). TLC EtQOAc/MeOH (75/25) R=0.52. FABMS
(NBA) ((’loulﬂ‘NZU3) mlz 217 (M+H)’ ‘H-NMR (LDL13) & 1.46 (s, 9!‘1) 1.85-2.05 (m IH), 2.30-2.50

A NE A 1IN
{m, 1H), 2.50-2.70 {m, 1H), 2.55 (s, 3H), 3.10-3.50 (m, 3H), 3.85-4.15 (m, 1H), 4.50-5.05 {(m, 1H).

1-N-tert-Butyloxycarbonyl-(1.4)-diaminobutan-2-o0l 9a. To the isoxazolidine 8a (1 A6g, 5mmol) in

95% EtOH (ISmL) ‘was added Pd(OH)ZIC 20% (0.50g). The mixture was stirred wgorously under hydrogen
atmosphere at 2 20°C overmght. The mxxture was ﬁlterod through celite and the solution was comenttawd in

.............. L£Y £A0/N TTANMMIC /ATD AN M LT AT M + o hem WNE
Vacuo io ﬁllUlU a wuuc WWUCI \1 UAB, qu;ulumuvcj [‘ =0L-U4 L. CADIVIO UNDA) \L9ﬂ201V2U3} « VL LT

1LY ATAAD 70T MY 1 £7 fn ATTY N ON £+ ALY T —vu_\ ALY
\xvrrn} H-NMR \L,u,uu) u 1.46 \b, 71’1}, 1.58-1.67 (11, £11), 4£.0U \l, £&&1, J=/K1L}, J UU-J 1.: \lu, Arx},

3.67-3.77 [m IH‘I

1- Nutcrt-Butyloxycarbonyl-A#-N -benzyl-(1,4)-diaminobutan-2-0l 9b. To the isoxazolidine 8a (1.46g,
Smmol) in 95% ethyl alcohol ( IOmL) was added Pd(OH),/C 20% (0.50g). The mlxture was surmd wgomusly
U.HUCI uyulugcﬂ uuuuapnclt: dl LU \.— I‘LllUl UlU umdppccuauu: Ul LllC lb\)z\dwuul!‘ 0- \Luuuuxmu Uy m'lab} IIB
mixture was filtered through Celite and the solution was concentrated in vacuo to afford a colorless oil (1.15g,

78%). HPLC : Tr=7.56 min. FABMS (GT) (C, H,.N.O,) : m/z 295 (M+H)". 'H-NMR (D,0) 8 1.55 (s, 9H),

1.70°1.95 (m, 2H), 3.10-3.30 (m, 4H), 3.80-3.95 (m, 1H), 4.30 (s, 2H), 7.50 (large broad, SH).
1 N-tert Bu!yloxycarbonyl~4 N-methyl (1 4)—d1amzn0butan—2 ol 9c To the isoxazolidine 8b (1. 73g,

OmmOl) m "JW ﬂmyl d!hﬂml \Abmb) was dﬂucﬂ I’u(Uﬂ)yL’ LU /0 (U OU g) lnc ml.xlufe was Suﬂcﬂ Overmgm
\nnnrmm}v under hvdrnaen mmncnhr‘rp at 20°C. The r‘amlvcr wasg filtered thrmxah Celite and the solution was

concentrated in vacuo to afford a colorless oil (1.74 g, quanntauve) FABMS (NBA) (C,oHy,N,0,) : m/z 219

(M+H)". '"H-NMR (CD,0D) 8 1.46 (s, 9H), 1.61-1.66 (m, 2H), 2.41 (s, 3H), 2.69-2.76 (m, 2H), 3.04-
3.11 (m, 2H), 3.64-3.75 (m, 1H).

1 -N-tert-Butyloxycarbonyl—4-N benzyl 4-N-( a-N-tosylalanyl) -(1,4)- -df'a’r_r}inobutan-z -ol 10a (typical

procedure). To a soiution of (L) N-tosyl alanine (0.61g, 2.5mmol) in CH,C, (30mL) was added at 0FC
Air'yr‘lnbnxvlmr}\ndumiﬂn fn f"g 1 PFA8mmall  Tha mivhws was atirrad at nO(‘ f‘nr 1 h thon

Lokt ILIML ). 4580 IMIALULIY  WAD OUIIUAE i 1 iR U

dicyclohexylurea was removed by filtration. To the filtrate were added at 20°C the comoound 9b (0.37g.
1.25mmol) and triethylamine (0. 126g, 1.25mmol). The solution was stirred overnight then the mixture was
concentrated in vacuo. The residue was cnromatograpnea on silica gel (LH lelbtUAc "IUIJU) to afford a
ﬂrﬂnr‘pcc nql In A’)n A‘W\ TL{‘ F‘-I?(‘I mtﬁAn FSNIKM D «J\ ;] LIDI’ [ : ‘rzlg 0’7 F"“ RARNMC /NR AN

S IU) gy . A1RAE. L OMEPIVIL QI VAFIN)

0.8 :m/-, 520 (M+H)*, 'H.NMR (CDC1) § 1.25-1.58 (m, 14H), 2.34 (5, 3H), 2.78-2.90 (m

A T A‘ u > ) J‘LVAVAL\ \\isvig) U \lidy ATRLJy & JT \3y JLLJy & FUTL.ITU 1L,

1H), 295 3.05 (m, 1H), 3.20-3.40 (m, 2H), 3.65-3.85 (m IH) 4.05-4.15 (m, 2H), 4.20-4.40 (m, 1H),

4.50-4.70 (m, 1H), 4.95-5.05 (m, 1H), 5.85-5.60 (m, 1H), 7.00-7.80 (m, 9H).
1-N-tert-Butyloxycarbonyl-4-N-methyl-4-N-( o-N-tosylalanyl)-(1,4)-diaminobutan-2-ol 10b. The

synthesis of 10b was camed out in the same manner as for the lmear compound 10a by coupling this time 9¢

nnr‘ LT Y N tnoe:]l alanmioms ™A shaien £ TT M THNVA~ D _N AN any m .
1§ woyi mazuilc. ine lJlUuuLl. lb a wnuw 10ain \U Us, IJ /0 _ylcu.u LL)L, LAVIAW DNe—=U. %40, 1L .

ail Ly i

M1 V& rinm E‘AD‘IC (NTDAY /Y LT AT £ Q) o endre AAA (MALSTIIV ILT ATAMAD /0T R 1 M8 1 LN\ (vn 1TALIN
LTtk MR, CADIVID UND A (Lggllggd W) L T Z 9 (U ViTL1) . K1-INIVIRG (L) U 1.2075.0U (i, i%11),
2.43 (s, 3H 2.89 (s, 3H), 2.90-3.05 (m, 2H), 3.10-3.30 (m, 2H), 4.05-4.12 (m, 1H), 4.13-4.30 (m  1H),

5.00-5.1 3 (m, 1H), 5.85-5.97 (m, lH) 7.23-7.32 (m, 2H), 7.68-7.77 (m, 2H)

1-N-tert-Buryloxycarbonyl-4- N-methyl -4-N-( o-N-tosyl-phenylalanyl)-(1,4)-diaminobutan-2-ol 10c.
The symhesm of 10c was carried out in the same manner as for linear compound 10a by couphng 9¢ and (L)
N-iosyl phenyiaianine. The produci is a whiie powder {(0.40 g, 70% yieid). TLC (EtOAc/hexane : 70/30)

AL TITY ne Ix Y avall

Rt——-U.AO. HPLC : Tr=24.47min. FABMS UVDA) [Lmrl37l\l3UGD) :m/z 520 (M'I"l"l) . "H-NMR \LL)L, 3

Nem?
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o
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(s. 9H), 1.65-1.75 (m, 1H), 1.90-2.00 (m, 1H), 2.39 (s, 3H), 2.47 (s, 3H), 2.65-3.00 (m, 4H), 3.05-3.30
(m 2H) 3.70-3.90 (m lH), 4.05-4.20 (m IH) 4.30-4.50 (m, 1H), 5.03-5.09 (m, 1H), 5.80-5.93 (m,
iH), 7.05-7 .40 (m, 7TH), 7.69 (d, ZH, J=8Hz).

1-N-tert-Butyloxycarbonyl-4- N-methyl—4 -N-(a-N-tosyl-3-O-benzylseryl)-(1,4)-diaminobutan-2-ol

evnthacio nf TAA wwne cnmand n tha cama mannar ne far linass cnmnannnd 10ae hy connline @ s

Th.

1{""}. llle o]’nul\«am Wi AWWNE YOO wallinaag Uut hl UiV Oduliv IU@ILIVE QO 1VLI JUIVEGE \d.uuyuuuu Ave Uy wuywls ra s
and (T N _tnex l_ln_n hanaow oo orina Tha neadnot hita fanm M 0L T10L "-nlll\ 'T'I' (& EﬂAn D = m
QI (L) LYNTWIO YR P U_IMILJll R RENL,. AANW yluuuut m a wluw ivdlll \V. Uk, /L1 NV J f“'\l
HPLC : Te=24.73 min. FABMS (GT) (C, H,N,C,S) : mv/z 550 (M+H)". 'H-NMR (CDC1) § 1.49 (s, OH),
1.65-1.75 (m, 1H), 1.90-2.00 (m, 1H), 2.42 (s, 3H), 2.82 (s, 3H), 2.80-3.00 (m, 2H), 3.00-3.30 (m, 2H),
3.80-3.90 (m, 3H, H), 4.40 (s, 2H), 4.37-4.50 (m, 1H), 4.90-5.00 (m, 1H), 5.70-5.80 (d, 1H, J=9Hz),
7.18-7.28 (m, 2H), 7.30-7.40 (m, 5H), 7.65-7.78 (m, 2H).

I-N- tert-l:iutyloxycarbonyl-4-N—methyl—4 N-( - N-tosyl—[}benzylaspartyi)-( 1,4)-diaminobutan-2-ol
10e. Th synthesis of 10e was camried out in the same manner as for linear u\')f'i‘lrn’.‘niuil‘ 18a by coupling ¢

and (L) N-tosyl-(B-O-benzyl)aspartic acid.The product is a white foam (0.40g, 42% yield). TLC EtOAc
’!

TIDT M . T 4 0N ADIAC /AATD AN m o s fe ATV 11T ANIAAD 70TW™ ) R
KL LA . LE—L9.0U llll.ll FADLVIO uNon) \\4231_1391‘3\.18\)} « 1V L JIO \IVJTH] I-INUVIN. (Lol v

QH\ 1.65-1.75 (m, 1H), 1.90-2.00 (m, 1H), 2.40-2.50 (m, 1H), 2.70-2.95 (m, 3H), 2.39 (s, 3H),

asAUTL ARG (1A, L3R £ UL 00 A48, R3] L AU A 888 QAL £0F (D PER)

(s,
91 (s 3H), 3.20-3.45 (m ZH) 3.75-3.85 (m IH) 4.60-4.70 (m lH) 4.95-5.05 (m 2H) 5.10-5.20 (m,
), 6.40-6.60 (m, 1H), 7.10-7.40 (m, 7H), 7.75 (d, 2H, J=8Hz).

1-N- terr—Butyloxycarbonyl 4-N-methyl-4-N-( a—N-tosyl-glycyl) (1 4) dtandnobumn 2-0l 10f. The

ynithesis of 10f was carried oui in the same manner as for linear compound 10a by coupling ¢ and V-wsyl

glycine. The product is a colorless oil (0.17g; 30% yield). TLC EtOAc R=0.42, HPLC : Tr=20.67 min.

[=nt A

FABMS (GT) (C,;H;,N,O,S) : m/z 430 (M+H)*. 'H-NMR (CDCl,) 5 1.45 (s, 9H), 1.45- 1,75 (m, 2H), 2.44
(s, 3H), 2.88 (s, 3H), 2.90-3.05 (m, 2H), 3.17-3.39 (m, 2H), 3.78 (d, 2H, J=5Hz), 3.82-4.05 (m, 2H),
5.01-5.16 (m, 1H), 5.70-5.85 (m, 1H), 7.30 (d,2H, J=8Hz),7.78 (d,2H, J=8Hz).

1- N—tert—Butylaxycarbonyl-4-N—( a—N-tosylalanyl) -(1,4)-diaminobutan-2-ol 10g. The synmesns of

RS IR

was Ldrﬂcu out m LﬂC Same mannger as IUI' lmcdf compounu lua Dy Luupung 7‘ ang i) h'“)syl al.anlnc
prgdnm is a colorless oil (0. ﬁﬂo 69% vu=l{ﬂ TLC EtQAc R:ﬂ 40, HPIC : Tr=19.10 min. FARMS

(NBA) (C,,H4N,O(S) : m/z 430 (M+H)". 1H NMR (CDCL,) & 1.17 (d, 3H, I-.7Hz) 1.45 (s, 9H), 1.50-1.65
(m, 2H), 2.45 (s, 3H) 3.05-3.20 (m, 2H), 3.40-3.60 (m, 2H), 3.62-3.70 (m, 1H), 3.75-3.85 (m, 1H),
4.15-4.25 (m, 1H), 5.10-5.15 (m, 1H), 5.95-6.10 (m, 1H), 7.10-7.20 (m, 1H), 7.30 (d, 2H, J=8Hz), 7.80

£4 NIY T__OFT_\
(a, 2, J=onz).

I1-Benzyl-3-methyvi-4-tosvl- 5—tﬂt»butvlnxvrarbnnvlammompthvl-m:rhwlm—/ 1,4)-dinzepin-2-one 11a
(typical procedure) To asolution of tri géxenylphosphme (131mg, 0.5mmol) in THF (3mL) under an argon
atmosphere was added dropwise at 0 dlethylazodlcarboxylate (87 4mg, OSmmol) dls.solved in THF

N & ¥ Ml n cace wmrmn atimand ae NOOY Lo N nerlenbanda 172N Eoonin ~1V 2aa 2 Ce¥
\u. JlllL;} G uu)uuu: Was Suica at v L 10f Jviniiii. lllU UdUHAS IUd \IJUIUE U LJluluUl} il xnr \J.J11i )

was added dropwise at 0°C during 2 h. The mixture was stirred at 20°C for 36h. The solution was
concentrated in vacuo and the residue was chromatographed on silica gel (hexane/EtOAc : 50/50) to afford a
white powder (110mg, 88%) as a mixture of two diastercoisomers in a 40/60 ratio established by HPLC
analysis: Tr=26.93min and 27.11min. TLC hexane/EtOAc (30/70) R=0.59. FABMS (GT) (C,H,,N,O,S) :

m/z 502 (M+H)*. High-resolution mass spectrum, exact mass calculated : 502.2376. Found : 5262 3359, 'H-

NMR (CDCl,) 8 1.21-1.90 (m, 14H), 2.46 (s, 3H), 3.15-3.30 (m, 2H), 3.35-3.55 (m, 2H), 4.05-4.40 (m,
3H), 4.57-4.85 (m, 1H), 5.00-5.17 (m, 1H), 7.00-7.80 (m, SH).
I-Methyi-3-methyi-4-tosyl-5-tert-butyloxycarbonylaminomethyi-perhydro-(1,4)-diazepin-2-one
11b. The synthesis of 11b was carried out in the same manner as for 11a using the linear compound 10b
(110mg, 0.25mmol). The product is a white foam (91mg, 86% yield) as a mixture of two diastereoisomers in
a 55/45 ratio, HPLC : Tr=23.71min and 23.95min. TLC EtOAc R=0.48 FABMS (GT) (C,,H,,N,0,S) : m/z

426 (M+H)*. '"H-NMR (CDCL,) of the main diastereoisomer & 1.47 (s, 9H), 1.65 (d, 3H, J=8Hz), 1.80-2.15
(m, 3H), 2.44 (s, 3H), 2.57 (s, 3H), 2.80-2.96 (m, iH), 3.20-3.55 (m, zul) 3.90-4.05 (m, iH), 5.00 (q,
1H, J=8Hz), 5.12-5.25 (m, 1H), 7.29 (d, 2H, J=7Hz), 7.70 (d, 2H, J=7THz). 'H-NMR (CDCl,) of the minor
diactarenicnmer & 1 42 (¢ QOHN\ 1 87 (d 2 T—qu;\ 1 'm 7 0N {m THN 2 A8 (¢ THY 2 Q85 (e AHY 2 ML

LIRS WA WUASURLIVE U 1T D \Jy SAL), Lo i \My JaAky v URAL) TUT&UY (il Lil)y LTS Dy JARJy eaUT \Oy JALJy .UV

3.20 (m, H), 3.40-3.60 (m, 1H), 3.28 (t, 2H, J—7H7) 3.96-4.11 (m, 1H), 4.17 (q, 1H, J=8Hz), 4.50-4.70

(m, 1H), 7.31 (4, 2H, J-8Hz) 7.75 (d, 2H, J=8Hz).
I-Methyi-3-benzyi-4-tosyi-5-tert-butyioxycarbonyiaminomethyi-perhydro-(1,4)-diazepin-2-one 1ic.

The synthesis of 11c¢ was carried out in the same manner as for 11a using the linear compound 10¢ (130mg,
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0.25mmol). The product is a white powder (87mg, 70% yield) as a mixture of two diastereoisomers in a 65/35
ratio, HPLC : Tr=26.98min and 27.53min. TLC EtOAc R =0.56. FABMS (NBA) m/z (C,H,N,O,S) : 502

(M+H)*. '"H-NMR (CDCl,) § 1.41 (s, 9H), 1.50-1.70 (m, 2H), 2.42 (s, 3H), 2.65 (s, 3H), 2.80-3.00 (m,

2H), 3.05-3.15 (m, 2H), 3.40-3.60 (m, 2H), 3.88-4.05 (m, 1H), 4.20-4.40 (m, 1H), 5.40-5.50 (m, 1H),
7.25-7.80 (m_ 9H)

\razy Faiy

-Methyl—.?.(bmzyloxymemyl )-4-tosyl-5-tert-butyloxycarbonylaminomethyl-perhydro-(1,4)-diazepin-
2 -one lld The synthcsxs of 11d was carried out in the same manner as for 11a usmg the linear compound
ivd \13 Img, 0. LDHHIIOI} The pl'O(lllCl is a Wﬂl[e powaer womg, TZ% m} as a mumm: of iwo
diasterecisomers in a 70/30 ratio, HPLC : Tr=27.72min and 28.0lmin . TLC EtOAc R=0.50. FABMS

(NBA) (C..H_N. ﬂ S) : mfz 5§32 (M+H)*, 'H-NMR (CDCI. 2 of the main diasterenisomer 8 1. 48§ (s, 9H),

=SSR NWFT537 3 AR L LU SaYaAs ANl Vi Wi diadmanl e s SR s seswin e

2.00-2.25 (m, 3H), 243 (s, 3H), 2.68 (s, 3H), 2.75-2.90 (m, 1H), 3.00-3.15 (m, 1H), 3.32-3.55 (m. 1H),
3.92-4.20 (m, 3H), 4.45-4.68 (m, 2H), 5.20-5.35 (m, 2H), 7.20-7.70 (m, 9H). 'H-NMR (CDCl,) of the

minor diastereoisomer & 1.41 (s, 9H), 1.80-1.90 (m, 1H), 1.95-2.05 (m, 1H), 2.20-2.35 (m, 2H), 2.42 (s,

3H), 2.88 (s, 3H), 3.28-3.45 (m, 2H), 4.00-4.35 (m, 6H), 5.20-5.35 (m, 1H), 7.05-7.80 (m, 9H).
1-AMethvul. 2-/h'nmlnwnnrhnnvlmn!hv’Ld-tnc\xl. Q-fprr."nlf\ylnv\mnrﬁnn\'lamtmm‘th\)l-mrﬁudm.fl lL

Ll A B A L A TR T TR s T gy p e e Tty r" Feyvee s 4y

diazepin-2-one 11e. The synthesis of 1le was camed out in the same manner as for 11a using the linear
compmmd 10e (144mg, 0 25mmol) The product isa (.ol()rless 011 (91mg, 65% yield) as a n:uxmm of two

e al T A

maxswwux.wmcm ina OJJJ rauo, I'll"]../\_, l'—LI _)Jmm d.ﬂu LI o.)mm ‘IA/ EIUAC Rr'-‘ll 41 l‘f\DMD UNDI\)

(C,H;N,0,8) : m/z 560 (M+H)*. 'H-NMR (CDCL,) of the main diastereoisomer & 1.42 (s, 9H), 1.75-1.90
(m, 1H), 1 95.2 05 (m, 1H), 2.20-2.30 (m, 1H), 242 (g, 3H), 2.68 (s, 3H), 2.62-2 (U }] (m 3H) 3 00-3.20

..... el Cwenar \mRiy ARR/y &CEUTLON \2ii, 231/ - SRAfy EAAETLS.TN (\FRey JRsgy LNV TS &EY

(m 2H) 4.05-4.13 (m lH) 5.02-5.25 (m 3H), 5.40-5.55 (m 1H), '7.20-7.80 (m, 9H) 'H-NMR (CDCl,)

of the minor diastereoisomer 8 1.42 (s, 9H), 1.75-1.90 (m, 1H), 1.95-2.05 (m, 1H), 2.20-2.30 (m, 1H),
2.36 (s, 3H), 2.78 (S, 3H), 2.62-2.90 (m, 3H), 3.00-3.20 (m, 2H), 4.20-4.35 (m, 1H), 4.40-4.50 (m, 1H),
5.02-5.25 {m, 3H), 7.20-7.80 (m, SH).

1- Mﬁthvl—dcgnwl- T-tprf-hutvlnrw-nrhnnvlnmmnmpthvl-nprhwlrn-/ 1.4)-diazepin-2-one 11f The

Ry LT LA (il b e o

synthesis of 111 was carried out in the same manner as for 11a using the linear compound 10f (107mg,
0.25mmol). The product is a colorless oil (100mg, 97% yield). TLC EtOAc R=0.35. HPLC : Tr=23.05 min.

FABMS (NBA) (C,DHZ,N,OSS) :mfz 412 (M+H)*. '"H-NMR (CDCI,) 5 1.47 (s, 9H), 1.70-1.90 (m, 2H)
1.51-2.05 (m, 1H), 2.43 (s, 3H), 2.55 (s, 3H), 2.95-3.30 (m, 3H), 3.85 (d, 1H, J=18Hz), 4.50 (d, 1H,
J=18Hz), 3.90-4.09 (m, 1H), 5.00-5.10 (m, 1H), 7.30 (d, 2H, J=8Hz), 7.70 (d, 2H, J=RHz).

I- Benzyl-3-methyl—4—tosyl -5- ammomethyl—perhydro (1,4)- dzazepm-z-one 2a (typical prooedure) Toa
solution of perhydro-(1,4)-diazepin-2-one 11a (100mg, 0.2mmol) in CH,Cl, (2mL) was added at -20°C
trifluroacetic acid (2 mL). The mixture was stirred at 20°C for 4 h, then the solution was concentrated in
vacuo. The oil was purified by preparative HPLC to afford a white foam (103mg, quantitative yield) as a

mixture of two diastereoisomers in a 40/60 ratio. HPLC Tr=8.84min and 9.73min (1-120 65%/MeCN 35%TFA

0.1%). FABMS (NBA) (C,,H,;N,0,S) : m/z 402 (M+H)". LC/MS : Water/MeCN (30 — 40% MeCN in
20minutes). Tr,=12.33min. ESIMS= m/z 402.0 (M+H)". Tr,=13.55min. ESIMS= m/z 402.0 (M+H)". ‘H-

NMR (CD,0OD) of the main diastereoisomer § 1.79 (d, 3H, J=8Hz), 1.88-2.20 (m, 3H), 2.50 (s, 3H), 2.89-
~ foae ATIN 1N £ 7.3 1YY T_LTT_ N\ A 1N A AN . ITI\ A £0 3 1YY Y__ZLYX N\ £ AE 7 1YY ¥__QII_\ T N~
-<U i, 1), 2.5£ (4, in1, J=oris), 4.1u-4.0u \m, 1ri}, 4.06¢ \4, in, J=onsj, IJ.£3 {4, in, J=ornz), /.Ui-

A& fom LLIN 120 /A LY QYT "7 7€ 71 ALY T_OTT1..\ 13/ Amaan i A ot e &
J.00 \Ikk, JR1}), 1.7 \U, X1, J—-ODL} 1.1 \U, £I1, J—OI14). ‘_~-INIVIIN \L,IJ3UU} Ul Ulc maul umawlcuxmwr (V)

20.16, 20.55, 29.85, 43.36, 45.25, 5223, 56.17, 57.69, (127.28, 127.56, 127.73, 12781, 127.90,

LU 20 &AL L7005 LT AN SELESy, UL ALl Iy A&V

128.08, 128.65, 128.77, 129.32, 129.49, 129.74, 130.01, 130.22, 131. 15, 136.58, 136.93, 145.35):

benzenic carbons of both diastereoisomers, 172.39."H-NMR (CD,OD) of the minor diastereoisomer & 1.78
(d, 3H, J=7Hz), 1.80-1,90 (m, 2H), 2.51 (s, 3H), 2.55-2.70 (m, IH), 2.98 (d 1H, J-SHz) 3 08 (d 1H,
J=5Hz), 3.22-3.35 {m, iH), 3.47 (d, 1H, J=10Hz), 4.20-4.38 (m, 1H), 4.50 {q, 1H, J=THz), 4.80 (d, 1n,
J=10Hz), 7.08-7.30 (m, 5H), 7.47 (d, 2H J=8Hz), 7.78 (d, 2H, J=8Hz).""C-NMR (CD,0D) of the minor
diasterecisomer & 17.38, 20.16, 28.67, 40.71, 44.66, 51.42, 5228 55.29, (127.28, 127.56, 127.73,
127.81, 127.90, 128.08, 128.65, 128.77, 129.32, 129.49, 129.74, 130.01, 130.22, 131.15, 136.58,
136,93, 145.35) : benzenic ca.rbons of both dlastereoxsomerc; 171 24

{ -xlvz'einyt-.}-mcmyl—q-w.syt J—ammumemyz-perayaru {1,4)-diazepin-2-one 2b. The synihesis of Zb
was carried out in the same manner as for 2a by action of trifluoroacetic acid on 11b (106mg, 0.25mmol).
The mixture was concentrated in vacuo. To the residue 10mL of 1IN HCI was added and this phase was
extracted three umes with EtOAc (3x10mL). The aqueous phase was concentrated in vacuo to afford an oil.

Thna ~il . s £3 2 ant M «. A ~lacla (274 Vo8 ~F
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two diastereoisomers in a 55/45 ratio. HPLC Tr=8.54min and 9.36 min (H,O 80%/MeCN 20%/TFA 0.1%).
FABMS (NBA) (C,;H,,N,0,S) : m/z 326 (M+H)*. High-resolution mass spectrum, exact mass calculated :

326.1538. Found : 326.1504. LC/MS : Water/MeCN 10% during 15 minutes then MeCN % (10 — 15) in
15minutes. Tr,=21.36min. ESIMS=326.0 (M+H)". Tr2—22 16 min. ESIMS=326.1 (M+H)*. 'H-NMR

(LU,()U) of the main diastereoisomer 8 1.60 (d, 3H, J=7Hz), 1.90-2.10 (m, 3H), 2.36 (s, 3H), 2.39 (s,
1
1

AN I eNn 118 ¢ AN 209 A 1N f+n 1IN £ NN [
ILR)y &oOU~J, LT \lu, JLlfy, J.FO™F. LU I, 111), J.UV \{,
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(127.31, 130.09, 136 10 145.35) : benzenic carbons of both diastereoisomers, 172.05. lH—NMR (CD,0D)

of the minor diastereoisomer 8 1.59 (d, 3H, J=8Hz), 1.90-2.10 (m, 2H), 2.30-2.40 (m, 1H), 2.35 (s, 3H),
2.42 (s, 3H), 2.90-3.10 (m, 2H), 3.15-3.25 (m, 1H), 3.98-4.10 (m, 1H), 4.28 (q, 1H, J=8Hz), 7.25-7.34

(m, 2H), 7.54-7.63 (m, 2H). “C-NMR (CD,0OD) of minor diastereoisomer § 17.53, 20.48, 28.58, 35.52,
?{7)(?;9 47.37, 56.37, 52.00, (127.87, 129.90, 137.00, 144.99) : benzenic carbons of the 2 diastereoisomers,

'I-Mgthyl-3-benzyl—4—t0syl-5-aminamethyl-perhydro—(1,4 )-diazepin-2-one 2¢c. The synthesis of 2¢ was
carried out in the same manner as for 2a by action of trifluoroacetic acid on 11c (100mg, 0.2 mmol). The
mixture was concentrated m vacuo and the resultmg oil was purified by preparative HPLC to afford an

oo il (10Y20n ot ~F Alactaranion K128 wmiinn

laels LDy N
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Tr=16.79min and 17.67min. FABMS (GT) (C, H,N,O,S) : m/z 402 (M+H)". High-resolution mass
spectrum, exact mass calculated : 402.1851. Found : 402.1801. LC/MS : MeCN 32% Tr,=14.19 min.

ESIMS=m/z 402. 1 (M+H)'; Tr,=16.29 min. ESIMS=m/z 402.1 (M+H). NMR (CD,0D) of the main
diastereoisomer : ‘H-NMR, 8 1.95-2.12 (m, 2H), 2.15-2.30 (m, iH), 2.36 (s, 3H), 2.43 (s, 3H), 2.80-2.95
(m, 3H), 3.10-3.42 (m, 2H), 3.92-4.05 (m, 1H), 5.38-5.47 (m, 1H), 7.15-7.62 (m, 9H). ’C-NMR, &
20.51, 29.23, 36.45, 38.91, 43.66, 47.99, 55.31, 62.13, (124.23, 126.88, 127.17, 127.36, 127.49,

128.22, 128.36, 128.70, 128.98, 129.34, 129.63, 129.68, 130.03, 130.13, 130.19, 135.73. 136.25,
136.89, 139.55, 145.50, 145.53 : benzenic carbons of both diastereoisomers), 171.04. NMR (CD,0D) of the

minor diastereoisomer : 'H-NMR, 8 1.43-1.52 (m, 1H), 1.70-1.80 (m, 1H), 1.95-2.12 (m, 1H), 2.15-2.30
(m, 1H), 2.36 (s, 3H), 2.46 (s, 3H), 2.60-2.66 (m, 1H), 3.10-3.22 (m, 2H), 3.75-3.85 (m, 1H), 3.92-4.05
(m, 1H), 4.21-4.28 (m, 1H), 7.15-7.62 (2m, 9H). °C-NMR, & 20.51, 27.67, 35.21, 35.73, 40.75, 47.37,

g N1 z20 N[y 1M A N”D 17 O0 14" I"l lﬂ"! NL 1" AN 190 "N 110 Ns 1’\() ~n 120 NO 1AN 2 4 1N £
35.21, IY¥.U), (144.43, 120.00, 141 l 127.30, 12/7.4 20.22, 128.30, 146.7/U, 1£0.Y0, 1.7.54, 129.0),

, 1 9, 1

129. 68 130.03, 130.13, 130.19, 135.73, 136.25, 136.89, 139.55, 145.50), 145.53 : benzenic carhons of
both dxastereowomers) 169. 52).

1-Methyl-3-(benzyloxymethyl)-4-tosyl-5-aminomethyl-perhydro-(1,4)-diazepin-2-one  2d. The

synthesis of 2d was carried out in the same manner as for 2a by action of trifluoroacetic acid on 11d (58mg,

0.11mmol). The mixture was concentrated in vacuo. The oil was purified by preparative HPLC to afford a

whllc powder (60mg, quantitative yield) as a mixture of two diastereoisomers in a 70/30 ratio. HPLC analysis

Tr=18.64 min and 18.85 min. FABMS (GT) (L22H29N3U4b) m/z 432 (M+H)". ﬂlgh-resoluﬂon mass
cr\%h'n exact mass ncﬂnnl'xfor‘ . A’lﬂ 10‘7 En n\ﬂ . '2') ’)nl') TF’K}'Q . Mep ’l’)gr, Tr ——')n ﬁ(mlh

™
U UEEly WAL I3X AILLWRAS . . Nrd R ke /U R R TTAw\F USRI,

ESIMS=m/z 432.0 (M+H) Tr,=24. 37m1n ESIMS_m/z 432 1 (M+H)*. lH NMR (CD,0D) of the main

diastereoisomer 6 1.95-2.35 (m, 3H), 2.48 (s, 3H), 2.58 (s, 3H), 2.82-2.97 (m, 1H), 3.00-3.20 (m, 2H),
3.85-4.18 (m, 2H), 4.20-4.30 (m, 1H), 4.62 (d, 2H, J=5Hz), 5.30-5.42 (m, 1H), 7.30-7.40 (m, 5H), 7.45

(d, 2H, J=8Hz), 7.72 (d, 2H, J=8Hz). "C-NMR (CD,0D) of the main diastereoisomer § 20.51, 29.13,
36.55, 42.45, 47.37, 54.87, 61.58, 69.96, 73.12, (127.26, 127.88, 128.28, 128.39, 128.43, 128.52,
128.71, 128.80, 130.06, 130.18, 136.25, 137.02, 137.33, 137.71, 145.26, 145.50) : benzenic carbons of

knl’h Aiactaranicnmare 162 Q4 LI NMB (/D NN ~f tha minnr dinctaronicnmar & 1 £1_ 1 T8 o Y D AR
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(s, 3H), 2.63 (s, 3H), 2.70-2.85 (m, 1H), 3.00-3.30 (m, 2H), 3.50-3.70 (m, 1H), 3.72-3.80 (m, 2H), 3.90-
4.00 (m, 1H), 4.45-4.55 (m, 1H), 4.25-4.40 (m, 1H), 4.60 (s, 2H), 7.32-7.40 (m, 5H), 7.45 (d, 2H,

J=8Hz), 7.75 (d, 2H, J=8Hz). "C-NMR (CD,0D) of the minor diastereoisomer 8 20.51, 27.32, 34.75,
38.90, 46.66, 47.58, 54.50, 68.68, 73.81, (127.26, 127.88, 128.28, 128.39, 128.43, 128.52, 128.71;

1M eNn 12INNK 12N 19 124178 127 0) 12722 12771 1A YA 1AR &N\ + hanzanin aarhnane nf hoth
140.0V, 1IV,UU, LIV.10, 1IU.LJd, 1J71.U&y, 1J],J30y 1J1.i1, 197,40, 195.JV) ., UNIAALRG VALUVIR UL Lol

diastereoisomers, 169.32.

—Methyl-3-( benzyloxycarbonylmethyl)-4-tosyl-5-aminomethyl-perhydro-(1,4)-diazepin-2-one  2e.
The synthesis of Ze was carried out in the same manner as for 2a by action of trifluoroacetic acid on ile
(56mg, 0.1 mmol). The mixture was concentrated in vacuo and the resulting oil was purified by preparative
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ratio. HPLC Tr"l9 30 min d 006 min. FABMS (GT) (C,,H,\N,OS) : mfz 460 (M+H)* High
resolution mass spectrum, exact mass calculated : 460.1906. Found : 460. 1917. LCMS : MeCN 33%
Tr,=11.80 min. ESIMS=m/z 460.1 )’ Tr2—15 25 min. ESIMS-—mIz 460.2 (M+H)". 'H NMR (CD,0D)

cinﬂn ATIN A

of ihe main diasiereoisomer 6 1.50-2.02 (m, 3H), 2.35 (s, 3H), 2.40 (s, 3H), 2.70-3.30 (m, 5H), 4.02-4.12
(m, 1H), 5.12 (5, 2H), 5.32-5.40 (m 1n\ 7.20-7.38 (m, 7H), 7.57 (d, 2H, I=THz). B NMR (CD,OD) of

\ixig szxay 2y 2aRJy T A VAVARW

the main diagtereoisomer 8 20, 52, 29, 70 26 3R 18 9’7 43 30, 48, ﬂ'7 54, 36, 50, ‘)S £7. (l {l')d 22

IO LT PO L4 PRI L+ BV E TFear sy N Lo Tedurany

127.00, 127.46, 127.57, 12799 12803 128.13, 12825 12836 12846 12861 12866 130.03,
130.11, 130.22, 135.76, 136.00, 136.30, 136.35, 145.38, 145.66) : benzenic carbons of both

P W e Ta ~n A ey mrn wws

diasiereoisomers, (168.80, 169.62, 170.42, 170.82) : carboxylic carbons of both diasiereoisomers. "H-NMK

{CD,0D) of ihe minor diastereoisomer 6 1.58-1.68 (m, iH), 1.72-1.82 (m, 1H), 2.33 (s, 3H), 2.38 (s, 3H),
2.35-2.45 (m, 1H), 2.90-3.40 (m  4H), 3.50-3.60 (m, 1H), 420-428 (m, 1H), 460-4 68 (m, 1H), 5.05 (s

LET A% e Vs | AKEJy “Fe \Ilxy AKZJy TeUT Dy

2H), 7.20-7.38 (m, 7H), 7.57 (d, 2H, J=THz). 13C NMR (CD,0D) of the minor diastereoisomer 6 20.52,
28.20, 35.35, 35.48, 40.18, 47.81, 52.13, 56.36, 66.82, (124.22, 127.00, 127.46, 127.57, 127.99,
128.03, 128.13, 128.25, 128.36, 128.46, 128.61, 128.66, 130.03, 130.11, 130.22, 135.76, 136.00,
136.30, 136.35, 145.38, 145.66) : benzenic carbon of boih diasiereoisomers, (168.80, 169.62, 170.4Z,
170.82) : carhoxylic carhon of both diasterecisomers,
1-Methyl-4-tosyl-5-aminomethyl-perhydro-(1,4)-diazepin-2-one 2f. The synthesis of 2f was carried
out in the same manner as for 2a by acuon of mﬂuoroaceuc acid on llf (123mg, 0. 3mmol) The rmxtme

PRSP S | — R Uy R, P

was concentrated i vacuo and the resulung oil was purified by preparaiive HPLC io afford a coloriess oil
(]27mg auanmanve \nel(n HPLC : Tr=13.24 min. FARMS (GT) {(‘ H-_N‘(‘) S) : mfz 312 (M+H)*, Hwh-

LY S CL Ay

resolution mass spectrum, exact mass calculated : 312.1382. Found : ’%12 1407 ‘H -NMR ((‘D (0 ))] & 1.65-

1.75 (m, 2H), 1. 88-1.98 (m, 1H), 2.23 (s, 3H), 2.24 (s, 3H), 2.69- 2.90 (m, 3H), 3.82-3. 92 (m, lH) 3.95
(d, 1H, J=18Hz), 4.15 (d, 1H, J=18Hz), 7.20 (d, 2H, J=8Hz), 7.48 (d, 2H, J=8Hz). *C-NMR (CD,0D) 3
20.49, 29.29, 35.44, 40.43, 46.26, 47.36, 54.83, (127.46, 130.04, 136.26, 145.25) : benzenic carbons,

165.17.

(L) N~f?JTrlmpthvlclfv!)g!hvlculf'nnvl]-nlnmnn 12, To a cncnencmn of L-alanine (0, ‘770 2.5mmol) in
SmL of CH ,Cl, was added trimethylsilylchloride (0. 27g, 2. Smmol) at room tcmperatum’l‘he mixture was
heated under reflux for 2h then tuethylamme (0. 51 g Smmol) was added followed by addition of a solution of
2-(trimeihylisilyeihylsulfonyl chiloride (0.50g, 2.5mmol) in CH,Cl, (2.5mL). The resuliing mixtuic was
vigorously stirred for 1h at room temperature then MeOH (10 mmol) was added. Evaporation was followed by
addition of aqueous K,CO, in order t0 obtain pH=8 and extraction with diethyl ether. The aqueous layer was
acidified to pH=1 with 1IN HCI and extracted with EtOAc. The combined organic phases were dried over
}v159u4 and concentrated to afford a ycuuw Ul} of SES-Ala }2 \9 405, 63%) ESIMS \CsﬂlgL‘IO4oox} : InfZ

KA ML TT TR =2771 am ! fom) 97082 ~rml fm) 1720 ~ml 7o) 1980 amcl £y I NMD (OTW™ Y SN NS
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(s, 9H), 1.05-1.10 (m, 2H), 1.50-1.55 (d, 3H, J=7.2 Hz), 2.95-3.05 (m, 2H), 4.20-4.30 (m, 1H), 5.14 (d,
1H, J=8 Hz), 5.70-5.90 (m,1H).
1- N-tert-Butyloxycarbonyl-4—N—methyl-4-N-[N—(2 trtmethylszlylethylsulf'onyl)alanyl] -(1,4)-

A Abiitrem Y Al 1A Th o enln AfF CQEC_Ala MNIa NQTe rac addad o MM
WWIHIGWHHHI'L Ci ao. 10 & SCiulioh O So5-Asd Vel g, U. Juuuxun} in \,11 \Ullu.:} Wa&S aGGed at v

dicyclohexylcarbodiimide (0.10g, 0.20mmol). The mixture was stirred at C for 1 h then the formed
dlcyclohexyl urea was removed by filration. To the filtrate were added at 20°C the compound 9¢ (83mg,
thsmmol) and tnethylamme (jISmg, 0.38mmol). The soiution was stirred for 8 h, then the mixture was
concentrated in vacuo. The residue was chromatographed on silica gel (CH,CL/EtOAc : 15/85) to afford a
colorless oil (0.10g, 58%) as a mixture of two diastereomers. TLC EtOAc R,=0.58. ESIMS (C,,H,,N,0.S88i)

: m/z 454 (M+H)*. 'H-NMR (CDCl,) § 0.10 (s, 9H), 1.00-1.10 (m, 2H), 1.35-1.40 (d, 3H, J=6.9 Hz), 1.45
(s, SH), 1.65-1.85 (m, 2H), 2.80-2.90 (m, 2H), 2.90-3.05 (m, 2H), 3.10 (s, 3H), 3.20-3.45 (m, 2H) 3.50-
3.60 (m, iH), 4.15-4.35 (m, iH), 4.35-4.55 (m, iH), 4.90-3.15 (m, iH), 3.20-5.40 (m, 1H). "C-NMRK
(CDCl,) 4 0.01, 12.40, 21.73, 22.10, 30.35, 33.65, 33.78, 37.15, 50.84, 50.90, 52.20, 68.60, 69.05,
£9.20, 8175, 158.45, 17429, 175.70.

-Methvl-j’—methyl 4-N- (2- tnmethvtwlyl)ethvlsulfanyl-5~tert-butyloxycarbonylanunomethyl—
perhydro-(1 4)-dtazepm-2-ane 14. To a solution of tnphenylphosphme (463mg, 1 76mmol) in THF (lOmL)
under an argon atmospnere was added dropwise at °C diethyiazodicarboxyiate (0.3ig, i.76mmoi) dissoived
in THF (3.5mL). The mixture was stirred at 0°C for 30min. Compound 13 (398mg, 0.88mmol) in THF
(10mL) was added dropwise at 0°C during 4h. The mixture was stirred at 20°C for 36h. The solution was
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concentrated in vacuo and the residue was (‘hmmamomnhed on silica gel (hexane/EtQAc : 25/75) to afford a
yellow oil (0.19g, 50%) as a mixture of two diastereoisomers in a 65/35 ratio. TLC E1OAc R,==O 43 and 0.33.
ESIMS (C,,H,,N (),SSl) m/z 436 (M+H)“ 'H-NMR (CDCI,) of the main diastereoisomer & 0.05 (s, 9H),
0.90-0.95 (m, 2H), 1.40 (s, 9H), 1.60 (d, 3H, J=7.6 Hz), 1.80-2.30 (m, 2H), 2.90-2.95 (m, ZH), 2.95 (s,
3H), 3.20-3.25 (m, 2H), 3.40-3.45 (m, 1H), 3.50-3.55 (m, 1H), 3.95-4.05 (m, 1H), 4.75 (g, 1H, J=7.6
Hz), 5.00-5.10 (m, 1H). C-NMR (CDCl,) of the major diastereoisomer & 0.01, 10.10, 21.40, 28.80,
30.75, 37.75, 46.10, 49.10, 49.60, 57.05, 57.75, 66.30, 156.30, 171.90. 'H-NMR (CDCl,) of the minor
diastereoisomer 6 005 (s 9H), 1.00-1.05 (m 2H) 1.40 (s, 9H) 1.55 (d, 3H, 1=71.0 Hz) 1.80-2.30 (m,

(o3 8 AN BN SV s WO I 4 7 4 A NE 7 AT TTAN ~ L0
2H), 2.50-2.95 (m, 2H), 2.95 (s, 3H), 3.10-3.15 (m, 1H), 3.30-3.35 (m, 1H), 3.50-3.55 (m, 2H), 3.95-

4.05 (m, 1H), 4.10 (g, 1H, J=7 Hz), 4.85-4.95 (m, 1H). *C-NMR (CDCIl,) of the minor diastereoisomer &
0.01, 10.10, 17.60, 28.80, 30.75, 37.75, 42.70, 48.15, 53.20, 53.30, 57.55, 66.30, 156.40, 172.20.
-Meﬂ:yl~3~methyl~4 N-{Z-tnmethyLszlyl)ethylsulfonyl-5-ammomethyl—perhydro-{ 1 4}-d1azepm-2—one
15. To a soluiion of the perhydro-(i,4)-diazepin-2-one 14 (i00mg, 0.23mmoi) in CH,Ci, (3mL) was added
at -20°C trifluroacetic acid (3ml)) The mixture wag stirred at 20°C for 4h, then the mixture wae concantrated in

N VR A A STE A e AeA o3 AAKmei ] W AR ARBASRLVEA W TV AL W A Awvs s SRR RIS WP A

vacuo. To the residue 10mL of IN HCI was added and this phase was s extracted three times with EtOAC
(3x10mL). Thc ‘agueous phase was concentrated in vacuo to afford a translucem oxl (77mg, quautttanve yield)
'aV e s i "’ TR ITY

as a lll.l.KU.ﬂU Ul twu um‘“ﬂm m a DJIJD rduU DDI]VID \lenzgl‘:,USDDIJ TWL JJD \1“"““] n-m
f(‘n nn\ of the mn}nr diastereaicomer 5 010 (c QH\ 0.75-0.85 (rn ')n\ 1.60-1 65 Id kisH J=7.7 Hz2)

'l d

200 240 (m, 2H), 2.90 (s, 3H), 2.95-3.05 (m, 2H) 305 3.15 (m 2H) 3 50-3.55 (m, 2H) 4 15-4.25 (m,
1H), 4.75 (q, 1H, J=7.7 Hz). "C-NMR (CD,0D) of the major diastereoisomer 3 0.01, 12.20, 22.25, 32.50,
39.00, 46.15, 50.15, 54.60, 57.50, 59.70, 175.25. 'H-NMR (CD OD) of the minor diastereoisomer & 0.10

{(s, 9H), 0.90-0.95 (m, 2H), 1.50-1.55 (d, 3H, §=06.9 Hz), 2.00-2.40 (m, 2H), 2.90 (s, 3H), 2.95-3.05 (m,
’)H\ 3.05-3.15 {m 7]—“ 3.40-3 45 {m ll—n 1§53 A0 (m 1m 4.15-4135 (m 7“\ 13(‘ NMR {r‘n nm of

ewres SRS \A4ay aAxa

the minor dlastewowomcr 3 0.01, 12. 10 18 70, 32.00, 38 35, 43 20, 49. 90 50 35 54.80, 57. (X) 17550
1-Methyl-3-methyl-3-tert-butyloxycarbonylaminomethyl-perhydro-(1,4)-diazepin-2-one 16. To a
solution of Perhydro-(1,4)-diazepin-2-one 14 (100 mg, 023 mmol) in THF (13 mL) was added

h:-tfol-\nhﬂ ammaninm fluneida FIM in THE N 22l 0122 m Tha vty was hnu&nﬂ mAdoe eaflise fae 7
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h The solution was concentrated in vacuo and the residue was chromatographed on silica gel (EtOAc/MeOH :
90/10) to afford a yellow oil (’%8 mg, 62%) as a mixture of two dlastercomomcrs in a 65/35 ratio. TLC
Et0Ac¢MeOH R=0.55 and 0.4i. ESIMS m/z (C,H,N,0,) : 272 (M+H)'. 'H-NMK (CDCi,) of major
diastereoisomer 3 1.15 (d, 3H, J=7.2 Hz), 1.40 (s, 9H) 1 45 1.55 (m, 1H), 1.80-1.90 (m, 1H), 2.90-3.00
(m, 1H), 2.95 (s, 3H), 3.15-3.20 (m, 1H), 3.20-3.25 (m, 2H), 3.65-3.70 (m, 1H), 4.05 (q. 1H, J=7.2 Hz),
4.90-5.00 (m, 1H). *C-NMR (CDCl) of major diastereoisomer & 19.25, 28.80, 31.15, 36.65, 49.35,
51.30, 59.35, 60.70, 79.90, 156.60, 175.35. '"H-NMR (CDCls) of minor diastereoisomer & 1.25 (d, 3H,
J=7.2 l-iz), 1.25-1.30 {m, iH), 1.65-1.75 (m iH), 1.40 (S, 91'1), 2.95 (S jl‘i), 3.00-3.05 (m, IH), 3.10-
3.15 (m, 2H), 3.65-3.70 (m, 2H), 3.70-3.75 (g, 1H, J=7.2 Hz), 4.90-5.00 (m, 1H). *C-NMR (CDCl,) of
minor diastereoisomer & 18.70, 28.80, 32.85, 36.50, 43.15, 47.00, 51.30, 53.25, 79.90, 156.60, 175.55.
Poly(ethyleneglycol-3400) bis( bromocarbonylmethyl ) ether 17. To a solution of PEG,,,, (1g, 2.94

10*moles) in SmL of dry CH,Cl, was added at - 0°C BrCH,COBr (0.39 g, 1.94 mmoles) and triethylamine

(AN ma D 04 1N %malac) Tha sacnltine enls nh«mr‘ at MO fre Ana dowv  than tha cnlvant wume
WV ilig, &% IV HMIURS/. LK IWSuliilg 8C1uliOn Was Ssuriea al 2U'C Ior one Uay, uiudi Ui sUiviain ‘was

evaporated under reduced pressure to give an oil, after precipitation of Et,N.HBr in EtOAc, the polymer 1 7
was precxpxtated in cold EtOAc to give a white powder (1.02 g, 95%). FI‘-IR—3600 3150 cm™ (m), 2882 cm™

(s), 1738 cm™ (s). '"H-NMR (CDCl,) 8 3.50-3.85 (m, 306 H), 3.90 (s, 4H), 4.30-4.40 (m, 4H).
Poly(ethylenegiycol-3400) di-6-hydroxy-7-tert-butyloxycarbonylamino-3-azaheptanoate 18. To
nA

a
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(0.75g, 0.2mmol). The mixture was vigorously stirred for one day and then concentrated in vacuo. To the
resulting oil was added EtOAc (20mL) for precipitating triethylamine hydrochloride which was discarded by

fiitration. The pr oduct was punned Dy prec1p1l:at10n in EtOAc (ZUl'nL) at DUL, and fiitraton. This punncauon
wag mppntpd three times. The nrr\dnr\t was dissolved in PH2P12 (10mMT ) nmr\nnlfnfﬁ(‘ in dmﬂnﬂ other (7mmT )

ANRAEES Sy T A

to afford a white powder (0. 68g, 87%) F'T -IR=3500-3200 cm’ (m) 2880 cm™ (s), 1745 cm (s), 17 13 cm{

(s), 1276 cm™ (s), 1248 c¢m (s). '"H-NMR (CD,0D) 8 1.47 (s, 9H), 1.52-1.80 (m, 2H), 2.80-2.95 (m, 2H),
3.00-3.20 (m, 2H), 3.50-3.80 (m, 309H),4.28-4.38(m, 2H).

Poly(ethyienegiycoi-3400)  di-3-(N'-tosyialanyl}-6-hydroxy-7-iert-
butyloxycarbonylamine-3-azoheptanoate 192, To a solution of (L) N-Tosy! alanine (0.29g, 1.2mmol) in

CH,CI, (15mL) was added at 0°C dicyclohexylcarbodiimide (0.12g, 0.6mmol). The mixture was stirred at 0°C
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18 (0.80g., 0.2mmol) and triethylamine (0.06g, 0.6mmol). The solution was stirred overnight then the
mixture was concentrated in vacuo. To the resulung oil was added EtOAc (20mL) and the solution was
filtrated. The pmduct was purified by precipitation in EtOAc (20 mL) at -5°C and filtration. This purification

wae mntod theraa tima as Tho nrnrlnni wag A-onnlnad in O 1 M1N0NmT \ nracinstatad i thatl\nl ad\af (Y &N T
WIALAY WAIES A REW LFEUG VIOOULVLAL AL \oRig\dy \LVIMALJ, IVAAPIWGIAL 1R UBULYLE CURA &SV

and ﬁltcred to afford a whm Dowder (0 ’792. 91%) as a mixture of two diastereoisomers. FT-IR=(3550-3200)
cm™ (m), 2877 cm™ (s), 1750 cm™ (s), 1718 cm (s), 1684 cm™ (s), 1289 cm™ (s), 1252 cm™ (s). '"H-NMR
(CDC,) & 1.38-1.55 (m, 12H), 1.60-1.80 (m, 1H), 1.85-2.00 (m, 1H), 2.42 (s, 3H); 2.60-2.85 (m, 1H),
2.90-3.15 (m, iH), 3.37-3.50 (m, 2H), 3.52-3.85 (m, 309 H), 4. us-4 20 (m, iH), 4.22-4.38 (m, 2H),

SMMNM_EM (m 111V SANKTE (e 1LY ‘I’)”’I’l')l ALIN T AS T T7Q LI
VU T b \LKBy kKR Jy J.UVTJ T (L, BXX), L=l Tk \Illy LX)y 1.UJ"F7.70 \lu, aA.l}.
Dalif athuvlamonhinal 24NN As_ 2_TAI_sncvlaons 111 ] K Leasdensms T _bn
£ uw_nl:u;;wrwst_ynu» JTUYY) [ 27 % P A 4 IUOJ’OU\)‘JU’ ‘yl‘ }ru’nmmys”'u-ujw U-Iry' 'Wl’ [

butyloxycarbonylamino-3-azaheptanoate 19h. The synthesis of 19b was carried out in the same manner as for

19a by coupling 18 (0.80g, 0.2mmol) and (L) N-tosyl aspartic acid(3-O-methyl) (0.36 g, 1.2 mmnl\ The
product is a ‘white powder (0 78 g, 88%) as a mixture of two dlastcremsomets FT-[R==(3550-3 100) cm ! (m),
2889 cm (s), 1748 cm™ (s), 1745 cm™ (s), 1704 cm™ (s), 1694 cm™ (s), 1278 cm™ (s), 1248 cm™ (s). 'H-

NMR (CDC13) 5 1.42 (s, 9H) 1.60-1.90 (m ZH) 241 (s, 3H), 2.80-3.40 (m, 6H) 3.58-3.80 (m. 312 H),

10-4.35 {m, 3H), 5.00-5.20 (m, 1H), 5.42-5.60 (m, iH), 7.30 (d, 2H, J=8Hz), 7.78 (d, 2H, J=8Hz).

1 A ann A rars

Poly(ethyienegiycoi-3400) di-3-[N -tosyiseryi{ p—u~0enzy¢} j-6-hydroxy-7-ieri-

u'ay_‘gxyvarhnﬂulnmrnn- Q-nvnhonfnnnnra 100, The Synthegds of 18c wag ¢ carried out in the came manner ac for
192 hv a counlino hetween 18 (ﬂ ﬂnn 02mmal) and (TY N tncul cpnnpfﬂ_ﬂ_hnnvv“ (ﬂ A’)a 1 2mmol), The
Fa 0y acoup:ing o< .2MmoL) ang i) N-108 ) Atk

roduct m a white Dowder (0. 732 80%) as a mixture of two dxastereoxsomers. FI‘-IR=( 35(!)»3000) cm" (m),

2893 cm! (s), 1752 em™ (s), 1718 c™ (s), 1695 cm™ (s), 1284 cm (s), 1248 cm™ (s). 'H-NMR (CDCL,) §
1.45 (s, 9H), 1.60-1.75 (m, 1H), 1.80-1.95 (m, 1H), 2.39 (s, 3H), 2.85-3.20 (m, 4H), 3.55-3.75 (m, 309
H), 3.75-3.85 (m, 2H), 4.18-4.40 (m, 3H), 4.42 (s, 2H), 5.00-5.10 (m, IH), 5.60-5.80 (m, 1H), 7.10-7.30

(£ LI TN F3 LT
{m, 7H), 7.70 {4, 2H, J=8Hz).

Poly(ethyleneglycol)yl-bis1-carboxymethyl-3-methyl-4-tosyl-5-tert-butyloxycarbonylaminomethyl-
perhydro-(1 4)- dtazepm-l’ one 20a. To a solution of mphenylphosphme (121mg, O%mmol) in THF (1mL)

under an argnn atmosphere was added dropwxse at 0°C dlethylazodlcarboxylate (81 mg, 0. 46mmol) dmssolved

i wrao otisead ot N Fhre AN mn Cilaotrntn 1

o THE (N & onT )Y Tha o 0o (& Ve NN T™™ID
Hoiors W, u.lu; 10T MIXMIT was Stifrtta at uv L I0f JU miifl. Suostiaic 1 5a \L.u—lus, . UJouuuux) ux g ety

(1.7mL) was added dropwise at 0°C during 2h. The mixture was stirred at 20°C for 36h then the solution was
concentrated in vacuo. The product was purified by precipitation in EtOAc (15mL) at -5°C and ﬁltrauan This

purmcanon was repeaﬁed three times. The product was dlSSOlVCd in LHZLI (1UTI’IL) and tated in dn:thyl

ai‘\ar RN T “‘tnmﬂ tn affaed n whit rnavoda O\ nco tenrn ‘nntnmgnnmnm
{*19 \LJUIIIL‘}, LESAA w a-ll\}l.u a wuu.u UWU\.{I \LLLI!IP 0.7 IU ads a ll.llAtl-l-lU Ul ‘"U EEWAL e l F o
(s

IR-2880 cm (s), 1734 cm™ (s), 1713 cm™ (s), 1706 cm™ (s), 1287 cm™ (s), 1251 cm™ (s). lH NMR (CDCl,)

d 1.40-1.55 (m, 12H), 1.75-1.95 (m, 2H), 2.10-2.30 (m, 1H), 2.46 (s, 3H), 2.55-2.75 (m, 1H), 3.20-3.40
(m, 2H), 3.42-3.80 (m, 309 H), 4.20-4.35 (m, 2H), 5.02 (g, 1H, J=6Hz), 5.08-5.20 (m, 1H), 7.30 (d, 2H,

J=9Hz), 7.72 (d, 2H, J=9Hz).
PUI)'( Clll_ylcl“slybul/)’b'lljln)I'Lul UU.&)'"’“!I-IL)’L‘J lucm_yu.ul b‘v&ynw;uyr-r-;ua_yr.;-w: [ o
butyloxycarbonylaminomethyl-perhydro-(1.4)-diazepin-2-one 20b. The synthesis of 20b was carried out in
the same manner as for 20a using ‘the linear compound 19b (258mg, O. OSSmmol) The product is a white

powder (204mg, 80%) as a mixture of two diastereoisomers. FT-IR=2885 cm™ (s), (1750-1700) cm™ (s),
1278 cm™ (s), 1242 cm™ (s). ‘H-NMR (CDCl,) 8 1.42 (s, 9H), 1.80-1.95 (m, 2H), 2.30-2.45 (m, iH), 2.45

9
(e ALIN A LN 1 10} fon ALTY 22 2 EN fom ALY 2 £ 2 0N (w211 1TV fwa AITY A ON_& NN
3, oK1, «.0U-3.1uU i, Jr1j, J.34-3.0U \{li, <I11j, 3.J04-3.0VU (ill, J11 1) i, orij, 4.5u-J.uu Uu,

1H), 5.00-5.20 (m, 1H), 7.25-7.35 (m, 2H), 7.70-7.82 (m, 2H).
-Methylcarboxymethyl—3 methyl-4 tosyl-5 tert-butyloxycarbonylamuwmethyl—perhydro -(1,4)-
dtazepm—Z-one 21a. To a solutlon of 20a (ZOUmg 0.0465mmol) in MeOH (8mL.) was added potassium

Amm wrensvy

n noa T~ hantad wsremAda Nflive Fre A h sha ad 3 Tha
\.yaluuc \U IIIE, U AS 3o | lul“ul} 91 v lllh\lu.lU ‘Was ucau;;u VNS ICuX 10 &4 n ulcu wxwuuauuu ifi ¥alul. 1

polyethylene glycol was precipitated at -5°C in EtOAc (10mL) and filtrated. The filtrate was concentrated in
vacuo and the residue was chromatographed on silica gel (hexane/EtOAc 20/80) to afford a white powder

(15.2mg, 34%) as a mixture of two diastereoisomers. TLC EtOAc R=0.67. HPLC : Tr=22.80min. ESIMS

A
y .

(C,,H;;N,O,S) : m/z 5()(3 (M+Na)*. 'H-NMR ((.,D(,IS) d 1.42 (d, 3H, J=6Hz), 1.49 (s., 9H), 1.60-1.75 (m,
ALY N 1N DY MK N ONn_ 2 NK 11IN 9 A7 ALIN 2 7Q_ 2 AN (v LI 12 TN 2IIY 2 OT_A 28 (e
akl)y o AU L e \lu, 111}, LTI I UD Uu, 1X1), &9/ \b, IXLJy JO=J.7U (1l L1 )y T IV \o, TELJy T TITH.TJ 1,

3H), 5.04 (q, 1H, J=6Hz), 5.08-5.15 (m, 1H), 7.30 (d, 2H, J=8Hz), 7.73 (d, 2H, J=8Hz).



A. Nouvet et al. / Tetrahedron 55 (1999) 4685-4698 4697
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one 21b. To a solution of 20b (205mg, 0.0465mmol) in methanol (8mL) was added potassium cyanide
(6mg, 0.093mmol). The mixture was heated under reflux for 4 h then concentrated in vacuo. The polyethylcne
glycol was precipitated at -5°C in EtOAc (10mL) and filtrated. The filtrate was concentrated in vacuo and the

rocidna wae rhenmatnaranhad nn cilica aal (Thavana/BEH YA~ - 70VRMN) affardad an M‘a‘nce cﬂ (77 Tma SSA) ae
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a mixture of two diasterecisomers. TLC EtOAc R=0.70. HPLC : Tr=24.31 min. ESIMS (C, H«N,O,S) : m/z

564 (M+Na)'. 'H-NMR (CDCL) & 1.47 (s, 9H), 1.65-1.90 (m, 2H), 2.32-2.48 (m, 1H), 2.70-2.85 (m,
1H), 2.43 (s, 3H), 2.92-3.17 (m, 2H), 3.20-3.40 (m, 2H), 3.70 (broad s, 6H), 3.90-4.00 (m, 1H), 4.10-

4.25°(m, 1H), 4.30-4.50 (m, 1H), 4.70-4.85 (m, 1H), 4.90-5.10 (m, 1H), 7.30-7.40 (m, 2H), 7.70-7.80
(m. 2H)

\Zidy deiije

1-Methylcarboxymethyl-3-methyl-4- osvl-5-ammomethvl-perhvdro—(l 4)-diazepin-2-one 22a. To a
solution of compound 21a (9 6mg, 002mmol) in CH2C1 (lmL) was added at -20°C trifluroacetic acid
{(imL). The mixiure was siirred at 20°C for 3h, then the soiution was concentrated in vacuo ito afford a
colorless oil (9.9mg, quantitative) as a mixture of two diastereoisomers in a 550 ratio. HPLC : Tr,=13.80
min, Tr,=14.00 min. FABMS (GT) (C,,H,N,0,S) : m/z 384 (M+H)"*. High-resolution mass spectrum, exact
mass calculated : 384.1590. Found : 384.1593. LCMS : Tr,=12.60 min. ESIMS=m/z 384.0 (M+H)".

Tr,=13.15 min. ESIMS= m/z 383.9 (M+H)*. 'H-NMR (CD,0D) & 1.68 (d 3H, J—7Hz) 1.90-2.02 (m, ]H)

2.11-2.27 (m, 20), 2.48 (s, 3H), 2.60-2.75 {m, iH), 3.00-3.20 (m, 2H), 3.67 (s, 3H), 3.50-4.12 (m, ZH),

4.20-4.30 (m, 1H), 5.12 (q, 1H, J=7Hz), 7.35-7.45 (m, 2H), 7.67-7.77 (m, 2H).
(1,3)-Dimethylcarboxymethyl-4-tosyl-5-aminomethyl-perhydro-(1,4)-diazepin-2-one 22b. To a

soluuon of compound 21b (10 Smg, OOmeol) m CH Cl, (lmL) was added at 20°C trifluroacetic acid

PR . .S
\llllhj .lﬂC muuurc was SLHIUU at .dU L IUI Jll l-llt:ll UIC bUlUuUIl was bmlucnumt:u lﬂ vacuo  anora a

colorless oil (11. Ilmg, mmnmatlve\ as a mixture of two diastereoisomers in a 6(V40 ratio. FABMS (GT)

(CIQHZ,NJO,S) m/z 442 M+H)". ngh resolution mass spectrum, exact mass calculated : 442.1648. Found :
2.1590. LC/MS : Tr;=15.95 min. ESIMS= m/z 442.0 (M+H)". Tr,=16.70 min. ESIMS= m/z 442.1

(M+H)' ‘H-NMR (CD OD) 6 1.82-2.00 (m, 2H), 247 (s, 3H) 2.40-2.50 (m, IH) 2.72-2.95 (m, 3H),
3.00-3.20 (xu, &ﬂ), 3.8G \S, 3}11) 3.90 (S, 3H}, 3.90-4.05 \i‘i‘l, 1n1, 4.15-4.30 (i'ﬁ., u‘x}, 4.52-4.70 (ﬁ‘l, 1{”11),
5.00-5.10 (m, 1H), 7.35-7.45 (m, 2H), 7.75-7.85 (m, 2H).
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