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ones 3. A synthetic application of enamides 3 has been achieved by methylthiolation on the
C5 position to obtain the target methionine-derived pseudopeptides 2. © 1999 Elsevier Science Ltd. All rights

reserved. ) : ) i o
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Introduction
In the context of our studies on the synthesis of conformationally restricted pseudopeptides? presenting

a .3-amm0-2-p|per|dgne backbone.2 and more s
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ration of methionine derivatives as
potentiai inhibitors of the hepatic transport of giutat hione,3 we prepared compound 1 (Scheme 1) and its C3
epimer, derived from methionine and (R)-phenylglycinol.4 We now present the synthesis of protected
pseudopeptides 2, with the double purpose of submitting them to pharmacological testing® and of studying

structure-activity relationships through introduction into longer peptide chains of known activity. 6

1 Prat = Protecting group

Scheme 1
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For the preparation of 1, we chose to introduce the Siie group on the C5 of a AS-piperidein-2-one, and to
perform the C3 amination in the last steps of the synthesis. However, we could not apply the same strategy to

the synthesis of the amino acid derivatives 2 because the C3 amination would be problematic. Thus, the use

n scheme 1, and the need for a

[»]
‘ el

would limit the range of amino acids aa
We therefore envisaged the use of a 3-amino-AS-piperidein-2-one type 3 as our new building block. In

principle, compounds 3 could be easily prepared from commercially available glutamic acid, with the advantage
of presenting the amino group in a prefixed configuration, and with the possibility of functionalising not only the
C5 but also the C4 and C6 positions.

Results and Discussion

We chose to use di-tert-butylserine as the aa, because of its side chain functionality, and, in light of our
previous work,2¢4 we first planned to prepare the corresponding enamide 3 (Prot = Alloc; R = Bu; R =
CH»0Bu) by reduction of imide 6. Imide 6 was prepared by reaction of anhydride 58 with di-tert-butylserine
with final addition of AcCl (Scheme 2). The subsequent reduction of imide 6 with NaBH, in THF yielded alcohol
7 as the only product, derived from the reduction of the intermediate open-chain a_!dc_a.h.\,nie.i9 Alcohol 7 was
identified by the presence of two broad doublets at § 5.80 and 6.98 in its 'H NMR spectrum,
the amide and carbamate NH protons respectively, and by the multiplet centered at & 3.70 due to the
methylene group bearing the alcohol. The 13C NMR spectrum also showed the presence of the C5 methylene

grou p (6 62.1), and the structure was confirmed by mass spectrometry.

L 0 Lo Q9 ALG

CO,Bu
Buo” N2

i
NaBH,, THF O _NH _OH

e i 5
AllocHN" 5 !
CO,'Bu !
A Co,'Bu
BuO/\r ’,Buo/\i’ 2 ,
0. _O_ O NH 0. _N_ _O
Y Y DIBAH, THF, -78°C
_— - 748
AuocHN“‘"\/ 2. AcCl AllocHN"™ NS
6 CO,Bu
5 [
LiEt;BH B“o/\,f’
THF, -78°C Og_N.__-OH
E——
AllocHN*"

Scheme 2



e ARy TATESS T DL P T

M. A. Estiarte et al. / Tetrahedron 55 (1999) 10173—-10186 10175

Treatment of 6 with DIBAH gave an equimoiar mixture of alcohol 7 and 6-hydroxylactams 8, which were
separated by column chromatography. Hydroxylactams 8 were obtained as a mixture of the C6 epimers, as
shown by the presence of split signals in the 13C NMR spectrum. The most relevant signals for assigning the

structure were: i) the methine carbon at 8 83.2, which corresponded to C6 and indicated that the reduction had
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occurred; i) the quaternary carbon of the tert-butoxycarbonyt at d

and 82
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6 81
of the tert-butoxy group at & 72.9. When LiEt;BH was used as the reducing agent we obtained the epimeric
mixture of hydroxylactams 8 as the only isolable products. Unfortunately, all attempts to eliminate the C6
hydroxy! aroup of compound 8 to obtain the desired enamide type 3 were unsuccesstul, and we recovered

A Y

only the starting material or decomposition products when the reaction conditions were forced.10

In view of these results we decided to use aldehyde 911 as the AS-piperidein-2-one precursor, by

condensing it directly with di-tert-butylserine (Scheme 3). The reaction in refluxing CgHg in a Dean-Stark trap in
the presence of Et3N (1 equivalent) gave the expected enamide, 11, but in very low yield (6%}, and as a 4:1

mixture of epimers on C3. The most characteristic specirai data of compounds 11 were the signais at 3 5.21 and
6.50 in the TH NMR spectrum, corresponding to the double bond protons, and the olefinic methine carbons at

$104.2 (C5) and 129.1 (C6) in the 13C NMR.

A sC0:Bu
IBU 1. Eth. CeHeg 'BuO Y
< T CHO K/CO gy 2 Reflux16h 0. N
2 Dean-Stark N
NHa .HCI 6% .’ H
Cbz CbzHN" 7
9 10 11ab
Cbz = benzyloxycarbonyi ab=41

Scheme 3

As an alternative, we coupled the racemic phthaloylthioester 1212 with di-tert-butylserine using the
standard DCC-HOBt conditions, to obtain amides 13a,b in 54% vyield (Scheme 4). The subsequent reduction
of the thioester with Et3SiH and 10% Pd-C13 yielded the corresponding aldehyde that was directly cyclized
using p-TSOH to obtain enamides 19a,b in 45% yield.14.15 The most relevant data for the structural
assignment of the enamides were the doubie bond NMR signals (see Experi
thioester phenyl ring.

In order to establish the validity of the method, we applied the three-step sequence to prepare the {Met-

Val} and {Met-Leu} pseudopeptides. The best results were obtained using a mixture of DMF and CHCl, as
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the corresponding enamides 20 and 21 as equimolar mixtures of the C3 epimers. The two diastereomers of
both 20 and 21 were separated by column chromatography, and all enamides showed the characteristic double

bond signals in the NMR spectra (84 ~ 5.3 and 6.2; 8¢ ~ 105 and 126).15



10176 M. A. Estiarte et al. / Tetrahedron 55 (1999) 1017310186

R.\ ,COER
R’ CO.R
NHz Y H 100

chc CGSPh o NH Et3SIH, 10% Pd-C

| DCC, HOBt ~ " cosph 4A molecular sieves
NN _— il >

Pht=N cHaCh .
Pht=N" ™~
12a,b

13a,bR="Bu;R'= CHZO'Bu (54%)
14abR=Me; R = "Pr (54%)
15a,b R = Me; R' = 'Bu (68%)

COR R.YCOZ,R

Toluene, p-TsOH

e e
D
[e]
]
N
)
e ]
EY
> _{

O NH - O 1A 0 ™
XY CHO Dean-Stark Y \}| . Y ?
| Prt=N #LVJ Pht=N NS sz,\')\/
a ab=1:1 b
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17a,bR=Me;R'= '_Pr 20 R = Me; R' = 'Pr (44%)
i8a,b R = Me; R'=Bu 21 R = Me; R' = 'Bu (80%)

{Met-aa} derivatives 24-26 (Scheme 5). The methyithio group was introduced by treatment of enamides 19a,b,
20a, and 21a with MeSH in the presence of AIBN.4 The resulting type 2 piperidones, 24-26, showed the
characteristic methyl group (84 ~2.2; dc ~ 14), and the loss of the double bond. From the four possible
diastereomers of {Met-Ser} lactams 2475 (Scheme 6), only two were observed in the NMR spectra, in the
_______ P . hat each pair

proportion 3:1. This indicated that each pai

adopts the same ring conformation.

AIBN i
19a,b m 24a-d R = Bu; R'=CH,0Bu  Og N

20a > 25abR=Me;R'="Pr

N -

27a —_— _ -
26a,b R = Me; R'='Bu Pht=NM

trans:cis = 3:1
Scheme 5

In the TH NMR spectrum of compounds 24 (trans:cis = 3:1), the 3-H proton appeared as a double
doublet (/= 10 and 8 Hz), indicating that it is pseudoaxially disposed in both cis and trans diastereomers. A
sample of only the major trans pair of diastereomers, a and ¢, was obtained by column chromatography. The

roton of these isomers was a double doublet of doublets (J =

(2 i OIS v
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13, 10, and 6 Hz), which, together with the muitipiicity observed for the corresponding 5-H proton (a double
triplet of J = 7 and 6 Hz) indicated that the SMe group is pseudoaxial. Hence, we identified the major pair of
piperidones 24a and 24c¢ as the 3,5-trans diastereomers, and the minor pair as the 3,5-cis.16

H
SMe O

PRIN 7| ~L_y—” O'Bu
oA

Me§” CO,'Bu
24b (S,35"5R"

C0,Bu
24a (¢5,35"58Y

Nt ‘O C)z'ﬁu TN ‘o CO,'Bu
24c (aS,3R*5R" 24d (¢S, 3R"587
Major pair of diastereomers : Minor pair of diastereomers
3,5-trans . o 3,5-cis
frans-cis = 3:1
Scheme 6
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25b in 80% yield, 15 from which the major isomer was obtained pure by column chromatography. As in the case
of compound 20a, the relative disposition of the substituents was inferred from the signal multiplicity of the 3-H,
the axial 4-H, and 5-H protons in the TH NMR spectrum, which clearly indicated that the phthalimido group was
equatorial and that the methylthio substituent was axial in the major trans isomer. Similarly, the methylthiolation
of pure 21a'5 gave a 3:1 proportion of trans-26a and cis-26b. Since the 3:1 proportion is maintained
regardless of the aap, we think that the steric hindrance that the C3 phthalimido group exerts on one side of the
piperideinone ring is responsible for the stereoselection observed.

Compounds 24-26 are currently bein
Enamides of type 3 shouid aiiow us to functionaiise the iactam ring on positions C4, C5, and C6 in the near

future, and therefore provide access to a wide range of 3-aminopiperidin-2-one pseudodipeptides.

General. Melting points were determined in a capillary tube on a Blichi apparatus. Optical rotations were measured
with a Perkin-Eimer 241 polarimeter, at 23°C. TH and 13C NMR spectra were recorded on a Varian Gemini-200
instrument (200 MHz) and 2D NMR COSY experiments were performed on a Varian XL-500 instrument (500 MHz).
Unless otherwise noted, NMR spectra were registered in CDCls, and chemical shifts are expressed in parts per million
(d) relative to internal Me4Si. IR spectra were recorded on a Nicolet FT-IR spectrophotometer. Mass spectra were
determined on a Hewlett-Packard 5988A mass spectrometer, either by chemical ionization (CIMS) or electronic impact
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(EIMS). Flash column chromatography was carried out on SiO» (silica gel 60, 35-70 um, SDS). TLC was performed on
SiOp (silica gel 60 F254, Macherey-Nagel) and developed with the soivent described in each case for flash
chromatography. The spots were located by UV light and KMnOygy. Purification of reagents and solvents was eftected
according to standard methods. Prior to concentration under reduced pressure, all extracts were dried over anhydrous
NapSO4 powder. Microanalyses were performed on a Carlo Erba 1108 analyzer by the Departament de Quimica

QOraanica i Rioldaica CID, Barcelona
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(8,3 8)-3-Allyioxycarbonyiamino-N-[2-feri-buioxy-1i-(feri-butoxycarbonyi)ethyijpiperidin-2,6-

dione (6). To a solution of commercial L-glutamic acid (6 g, 40.3 mmol) in dioxane-H,0 (2:1, 120 ml) at 0°C, 2N
NaOH (40 ml) was added (pH = 10). A solution of allyl chloroformate (5.2 ml, 48.9 mmol) in dioxane (20 ml)
was slowly added, and the pH was readjusted with 2N NaOH. The reaction was stirred at 0°C for 1 h and at
room temperature for 4 days. The reaction mixture was cooled to 0°C, acidified by addition of 1N aqueous
NaHSO,4, and extracted with AcOEt. The organic extracts, dried and evaporated, yielded (S)-N-
w 0il (7.82 g, 84%), which was used without further purification. 1R
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CH=CHp), 5.32 (brd, J= 17 Hz, 1H, CH=CHp), 5.49 (br d, J = 6 Hz, 1H, NH), 5.85-5.98 (m,
13C NMR 26.9 (C-B), 29.6 (C-y), 52.8 (C-a), 66.1 (OCHy), 118.1 (CH=CH,), 132.3 (CH= CH2), 155.4
(NHCOAIloc), 176.0 and 177.9 (CO acids). CIMS m/z 232 (M++1), 260 (M++29).

To a solution of the allyloxycarbonylglutamic acid (10 g, 43.3 mmol) in dry THF (216 ml), cooled at -20°C
and under N» atmosphere, Et3N (6.6 mi, 47.6 mmol) was added. After 15 min at -20°C, a solution of MsCl (3.7
ml, 47.6 mmol) in dry THF (130 ml) and Et3N (13.2 ml, 95.2 mmol) were sequentially added. After stirring for 4 h,
the white precipitate of EtzN-HCI was filtered off, and the solvent was evaporated to give (S)-N-

allyloxycarbonylglutamic anhydride (5)8 as a yellow oil (quantitative). The crude product contained some

E+ AL it tha anhudrida wae niead withainit fiithar Aorificatinn diia ta ite inetahilihy 1L NAMD 2 DRD AL frvm
LRIV, DU W diiiyUnius wds Uotu Wil iVl T iicnl puninib@udii Uuc U o mistauviiity. "1 iivin £.£20°£.99 (i,
ALY R LN N O4 A 0A T O LN A EE AT fam ALL ALY mmad oo LN = AA LA 1 4/ Lle 401 ALI_/MIT\ = AF
<, Pp=n), £.91-£.94 \ill, £, §-1), 4.00-4./7< {11, o, YL allu U-f}, 0.2V (U, J= 1U L, 11, UASLITA), 0.£0,
P ~ s: i mi: N\ oo st i A 40 aiaarm \ 0y oAM= e e m iy
(d, J = 16 Hz, 1H, CH=CHg), 5.80-5.95 (m, 1H, CH=CHy); '3C NMR 22.9 (C-B), 29.7 (C-y), 50.8 (C-a),

66.0 (OCHjy), 117.9 (CH=CHy), 132.3 (CH=CH)), 156.0 (NHCOAIloc), 165.5 and 166.8 (CO anhydride).

A solution of anhydride 5 (8.8 g, 41.52 mmol) and di-tert-butyl-L-serine (3.9 g, 18.9 mmoal) in dry CHCI3
(400 ml) was refluxed for 24 h. The CHCIl3 was evaporated, AcCl (110 ml, 1.27 mol) was added, and the
mixture was refluxed for 5 h. The solvent was evaporated, and the residue was dissolved in CH»Cls (75 mi)
and washed with H»O. The organic extracts, dried and evaporated, yielded a yellow oil that was
chromatographed (hexane:AcOEt, 1:1 to 1:9) to obtain N-acetylated di-fert-butylserine (700 mg, 15%) and

Ve e =ML ARG al-t alee L <

IR (CHC
.15 (s, 9 , OC(CH3)3), 1.47 (s, 9H, CO,C(CHa3)3), 2.20-2.30

H 5-Hp), 2.78 (dt, J= 17 and 10 Hz, 1H, 5-Hp), 3.52 (dd, J= 9
and 3 Hz, 1H, B HA) 3.82 (dd, J=9 and 3 Hz, 1H, B-Hg), 4.58-4.65 (m, 2H, 3-H and a-H), 4.73 (d, J = 8 Hz,
2H, OCHy), 5.25 (d, J = 10 Hz, 1H, CH=CHjy), 5.40 (d, J = 10 Hz 1H, CH=CHp), 5.87-6.01 (m, 1H,

CH=CH,), 6.65 (d, J = 8 Hz, 1TH, NH); 13C NMR 22.3 (C-4), 27.5 (OC(CH3)3), 27.9 (CO2C(CH3)3), 31.3

~ PR R R G
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(C-5), 53.0 (C-a), 59.7 (C-3), 61.9 (C-B), 67.2 (OCHy), 73.2 (OC(CH3)3), 82.0 (CO»C(CH3)3), 118.7
(CH=CHjy), 131.2 (CH=CHy3), 151.2 (NHCOAIloc), 169.0 (C-2), 170.0 (C-6), 173.3 (CO»C(CHg)3). CIMS
m/z 413 (M*+1), 441 (M*+29), 453 (M*+41). Anal. Calcd for CogHaoN2O7: C, 58.24; H, 7.82; N, 6.79. Found:
C, 58.29; H, 7.86; N, 6.65.

Reduction of imide 6. Method A (7): To a solution of imide 6 (150 mg, 0.36 mmal) in dry THF (12 mli), at
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saturated aqueous NH,4CI. The solvent was evaporated and the residue, dissolved in CH>Cls (10 ml), was
washed with saturated aqueous NH4Cl (2 x 10 ml). The organic extracts, dried and evaporated, gave a yellow
oil which was chromatographed (hexane:Et20, 1:1 to 3:7) to isolate hydroxyamide 7 (75 mg, 50%). [alp =
+173.5 (¢ = 0.99, CHCl3). IR (CHCl3) 3400-3200 (OH), 1735 and 1657 (CO), 1530 (C=C) c¢cm™!; TH NMR
(CDCl3) 1.15 (s, 9H, OC(CHg3)3), 1.46 (s, 9H, COoC(CH3)3), 1.63-1.73 (m, 2H, 4-H), 1.86 (q, J=7 Hz, 1H,
3-Ha), 1.95 (q, J=7 Hz, 1H, 3-Hp), 3.52 (dd, J= 9 and 3 Hz, 1H, B-Hp), 3.60 (br s, 1H, OH), 3.65-3.74 (m,
2H, 5-H), 3.79 (dd J= 3 Hz, 1H, B-Hg), 4.38 (dd, J= 14 and 6 Hz, 1H, 2-H), 4.54-4.64 (m, 3H, o-H and

J=9and3
OCHp), 5.20 (dd, J = 10 and 1 Hz, 1H, CH=CHp), 5.30 (dd, J = 17 and 1 Hz, 1H, CH=CHg), 5.80 (br d, J =
Y N oY N A TN | 1 o nn. 13~ A AAL Y AT A
|

Fo SN ) 1o ] [ Y f- n ~ [ L] A .
mn, un"unz), DEO \Ul U, J = D n.c ln NM), 'Yu Niviii \bubla) &l e

an
an
8 Hz, 1H, NH), 5.83-5.98
(OC(CH3)3), 27.8 (C-3), 27.9 (CO,C(CH3)3), 30.2 (C-4), 53.1 (C-a), 54.1 (C-2), 61.9 (C-B), 62.1 (C-5),
65.7 (OCHb), 73.1 (OC(CHgz)3), 81.9 (CO»C(CHz3)3), 117.6 (CH=CH5), 132.6 (CH=CH>5), 156.0
(NHCOAIloc), 169.2 (C-1), 171.3 (CO2C(CH3)3). CIMS m/z 417 (M*+1), 445 (M++29), 457 (M++41). Anal.
Calcd. for CogHzgN207: C, 57.67; H, 8.71; N, 6.73. Found: C, 57.46; H, 8.86; N, 6.46.

Method B (7 and 8): To a solution of imide 6 (1 g, 2.42 mmol) in dry THF (12 ml), at -78°C and under N»
atmosphere, DIBAH (7.28 ml, 7.28 mmol) was slowly added and the mixture was stirred for 1 h at this

temperature. The reaction was quenched with saturated agueous NH_4(“ The solvent was evaporated, and
tha racirdhis dicenluad in ArOYEt (BN MmN wae wachad with catiirated anmiieniic NH.CL (2 v 28 m and with
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(hexane:EtoO, 1:1 to 3.7 gradient) to yield a mixture of pure hydroxyamide 7 (lower Rf, 31%) and
hydroxylactams 8a,b (higher Rf, 39%, a:b = 2.3:1)

Method C (8): To a solution of imide 6 (1 g, 2.42 mmol) in dry THF (12 ml), cooled to -78°C and under N,
atmosphere, LiEtzBH (6 ml, 6 mmol) was slowly added and the mixture was stirred for 2 h at the same
temperature. The reaction was quenched by addition of saturated aqueous NaHCO3 and 30% H>O» (2 ml) to
destroy the excess hydride. The solvent was evaporated, and the residue was dissolved in Et;O (50 ml) and

washed with H»O. The organic extracts, dried and evaporated, yielded hydroxylactams 8 as a yellow oil (40-
50%): IR (CHCl3) 3400-3200 (OH), 1750, 1716 and 1656 (CO), 1530 (C=C) cm'!; TH NMR (from the

v Sy g Q2 22U (v 5

Ainataranmarin mivhiira a hY 1 14 le QH OCICH_\_\ 14K (¢ OGH CN-CICH NS 100208 (m 1 E_MY

UIADITITUINHICHL THIAWITG G0 1157 (O, Jil, WVU\WUIHIZ g, .90 (9, I WU DWWwihig Ry, 1.0UTL.vw (il 111, J TI1AJ,

A AA ARA T 411 1 N N A NN {4t A LN N EN D fon ALl DL N DI D ON [ 4L D LE N A DE (e

£.1U-£.£U \m, in, D'”B), £.10-£.0U (M), 1M, 4-1), 3.0U~3.00 (I, 1M, p'nA), 9./070.0U (I, i, p-TR), 4.99 Ul S,

1H, 3-H), 4.55-4.60 (m, 1H, o-H), 4.65 (br s, 2H, OCH>), 5.15-5.30 (m, 2H, CH=CHy), 5.60 and 5.70 (2 br s,
1

1 H each, 6-H), 5.80-6.00 (CH=CHy), 6.95 and 7.20 (2 br s, 1H each, NH); 13C NMR 27.3 (OC(CH3)3), 27.9
(COLC(CHg)3), 28.6 (C-4), 31.7 and 33.8 (C-5), 53.0 and 53.3 (C-), 60.9 and 61.1 (C-3), 61.9 and 62.1
(C-B), 66.4 (OCHy), 72.9 (OC(CHg)s), 81.6 and 82.4 (CO,C(CH3)3), 832 (C-6), 117.7 and 117.9



on as A I .t = = T V&g oM ¥ b o sTNNnY TNYT
au v A. Esnarie el al. /7 1etranedron 20 (Y99} 1U1 /3

(CH=CHy), 132.3 (CH=CH,), 154.5 (NHCOAIloc), 168.9 (C-2), 172.0 (CO5C(CHg)a). CIMS m/z 415
(M*+1), 443 (M++29), 455 (M++41). Anal. Calcd for CogH34N207: C, 57.97; H, 8.21: N, 6.76. Found: C,
58.02; H, 8.43; N, 6.57.

{0 S,3RS)-N-[2-tert-Butoxy-1 -(terr-butoxycarbonyl)ethyl]-3-benzyonycarbonyl-amino-As-
piperidein-2-ones (11a,b). To a solution of di-tert-buty! serine-hydrochloride (183 mg, 0.72 mmol) and EtsN

v e

(0.1 mi, 0.72 mmol) in dry CgHg (2 ml), at 10°C and under Np atmosphere, a solution of aldehyde 912 (200 mg,

n 7') mmrnall in Amy O L (A m)wne adAad Tha m s was rafliivad far A0 h in A Naan_ Qtarly 4ram MNraa AslA
V.i & "llul’ iy V6| 16 \r i) Vvaa QUUTUJ. 11T lllll\{ 1T Wad ITHUATU TVl 0O 11 I a Wodlirgldin tiap,. Wiive LU,
the mixture was fiitered and the soivent was evaporated. The resuiting oil was a complex mixiure from which

enamides 11 (6%) were the oniy isolabie product by column chromatography (hexane:Et0, 8:2 to 7:3), as a
1:4 C3 epimeric mixture. IR (CHCl3) 3400 (NH), 1731 and 1678 (CO) cm"1; TH NMR (CDCl3) 1.16 and 1.28"
(2s, OC(CHjz)3), 1.45 and 1.58* (2s, CO,C(CHg)g), 2.25 (tt, J = 15 and 3 Hz, 1H, 4-Hp), 2.32* (td, J = 15
and 7 Hz, 1H, 4-Hp), 2.84 (dt, J= 15 and 7 Hz, 4-Hg), 3.64 (dd, J= 10 and 3 Hz, 1H, B-Hp), 3.70" (brt, J= 6
Hz, 1H, B-Hpa), 3.91 (dd, J = 10 and 6 Hz, 2H, B-Hg), 4.23* (m, 1H, 3-H), 4.34 (dt, J = 14 and 7 Hz, 1H, 3-H),
5.12 (br s, o-H and CHoCgHg), 5.21 (brt, J = 6 Hz, 5-H), 5.79 (br d, J = 4 Hz, NH), 6.50 (dd, J = 8 and 3 Hz,

6-H), 7.35 (br s, CgHs); 13C NMR (CDCl3) 27.3 and 27.7* (OC(CHag)3), 27.8 and 27.9* (CO,C(CH3)3)

Mt ~ e 24 AN 3/ \ AN 3737 AW 2\ R73)
Q72 (AN ENQ IC_~) QIR B1A IR RAQINK N W _\ 7268 (NMACH_ A\ Q25 (OO N{OLI_\_\
£3.9 (W=7}, JV.T (U, JU Y \WwT9), TS \tp), VU0 \UiNipgiiig ), (9.9 \WLuiwinig)g), 0c.2 (Vo uiwinig)3),
104.2 (C-5), 128.0 (CgHg-0), 128.5 (CgHs-m), 129.1 (CgHg-p and C-6), 136.4 (CgH5-1), 168.3 (C-2), 179.0
( AS m/z

/Z (%) 446 (M+, 0.1), 373 (7), 317 (4), 96 (40), 5

4-Phenylthiocarbonyl-2-(N-phthaloyl)-N-[1-(tert-butoxycarbonyl)-2-tert-butoxyethyli]butanamides

(13a,b). To a solution of thioester 1213 (500 mg, 1.35 mmol) in dry CH,Cly (7 ml) at 0°C and in No
atmosphere, HOBt (183 mg, 1.35 mmol) and DCC (335 mg, 1.62 mmol) were added at a 5 min interval. After 15
min, di-tert-butyl serine hydrochloride (343 mg, 1.35 mmol) and EtaN (0.37 ml, 2.71 mmol) were added. The
intense yellow suspension was stirred for 2 h at room temperature. The mixture was filtered, and washed with

1N HCL The organic phase, dred and evaporated, gave a vellow oil which was chromatographed

i INAL. L RAYS \Jlsul i MHIAIr, AR ALY V'U’JU! A WAy 3uvv A ’Ul A2 4 A AAARILIVIE ) “uo Wi uuulu\vslupl o

Ihovoma: ANTE Q0 3~ 4.4\ 3~ vinld amida 49 as a wshita fanm (EA0/Y 10 (LML) 22NA /AILIY 4700 4700 40an

{nexane: AcOE 1, 02 10 1.1) 10 Yi€iG amiGe 19 ds a Wnite i0am (o4 7). in {Lnlig) 99UV (NM), 179U, 1720, 1000
PPN -1 P AL\ 4 A 4 4 o AL A~ 2 and 1.43 (2s. GH

and 1530 (CO)em™ ', 'l“1 NMR (bUbls) 1.03ana 1.11 (S, ¥yn eacn Ub(bﬁ3)3), 1.42 and 1.43 (£8, ¥n eacn,

CO5C(CH3)3), 2.60-2.72 (m, 4H, 3-H), 2.73-2.82 (m, 4H, 4-H), 3.49 and 3.53 (2dd, J= 8 and 3 Hz, 1H each,
B-Ha), 3.73 and 3.75 (2dd, J = 6 and 3 Hz, 1H each, B-Hg), 4.55 and 4.60 (2dt, J = 8 and 3 Hz, 1H each, o-
H), 4.91 (brt, J= 8 Hz, 2H, 2-H), 6.73 and 6.85 (2br d, J = 8 Hz, 1H each, NH), 7.30-7.45 (m, CgH5g), 7.72-
7.80 (m, 4H, Pht-t), 7.85-7.92 (m, 4H, Pht-B); 13C NMR (CDCl3) 24.3 (C-3), 27.2 (OC(CH3)3), 27.8
(COoC(CH3)a), 40.0 (C-4), 529 (C-2), 53.5 (C-a), 61.8 (C-B), 72.8 and 72.9 (OC(CHg)3), 81.9
C(CHa3)3), 123.5 (Pht-a), 129.0 (CgHz-0), 129.3 (CgH5-m and -p), 132.2 (Pht-quaternary), 134.3 (Pht-
Hgs-/), 167.3 and 167.4 (C-1), 167.6 and 167.7 (CO5C(CH3)3), 195.9 and 196.0 (C-5). EIMS

Py
‘o’ TIV.T Q LA S B

M+, ), 495 (2), 459 (3), 403 (2), 329 (46), 301 (21), 186 (48), 57 (100). Anal. Calcd for

Y al Q3 Do Ll D D0, AL A Au P T - . A A N4.
v, 02.90; N, 0.590, N, 4.83; o, 5.64. Found: C, 63.28; H, 6.34; N, 4.9

" The star indicates the signals corresponding to the minor isomer.
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4-Phenylthiocarbonyl-2-(N-phthaloyl)-N-[1-(methoxycarbonyl)-2-methyipropyl]butanamides (14a,b).
To a solution of thicester 12 (1 g, 2.7 mmol) in dry DMF-CH5Cl5 (5:100) at room temperature, a solution of
HOBt (0.43 g, 3.25 mmol) in dry DMF (5 ml) was added at room temperature. After 5 min DCC (0.82 g, 3.95
mmol) was added and the resulting yellow solution was stirred for 10 min before the addition of L-valine methyl
ester (0.42 g, 3.2 mmol). The white suspension was stirred for 12 h at room temperature. The precipitated
ureas were filtered off, the solvent was evaporated, and the residue was redissolved in EtO. The organic

enhidinn wae wachad with H_ ritrne acid (nH = 4 and 1N HCO than driad and avannratad tn niva an ail
SGiIUUON was wasnel Wit migy, Gl atil (P = 4y, alil v ris, 1S el anld evapliaiel O give all Gi
Lt _ [ R 1 S, A L PR VR D I T J -0 ¥ < 7 Y i [ L. S U T e I
a (nexane.Acorcy, /7 1Ue aimniges 14 (047¢), ds d 1.1 epimeric mixture. IR

:3) to obtai
(CHCIg) 3376 (NH), 1777, 1718, 1696 and 1532 (CO) cm -1. 1H NMR (CDCi3) 0.84 and 0.89 (2d, J=7 Hz, y-
H), 2.15-2.19 (m, B-H), 2.61-2.68 (m, 3-H), 2.76 (1, J = 4 Hz, 4-H), 3.68 and 3.69 (2s, 3H each, CO,CHg),
4.50 and 4.53 (2dd, J =5 and 3 Hz, 1H each, a-H), 4.85 (t, J = 7 Hz, 2-H), 6.60 (br d, J = 8 Hz, NH), 7.30-
7.45 (m, CgHs), 7.72-7.80 (m, Pht-o), 7.85-7.92 (m, Pht-B); 13C NMR (CDCl3) 17.6 and 18.9 (C-y), 24.5 (C-
3), 31.1 (C-B), 40.0 (C-4), 52.2 (CO,CH3), 53.5 (C-2), 57.5 (C-n), 123.5 (Pht-a), 129.0 (CgH5-0), 129.3
(CgHs-m and -p), 132.2 (Pht-quaternary), 134.3 (Pht-B), 134.4 (CgHj5-7), 168.0 (C-1), 172.0 (CO2CH3y),
196.4 (C-5). EIMS m/z (%) 483 (M*+1, 0.1), 373 (24), 313 (100), 186 (71), 138 (61). Anal. Cald for

Co5HogNo2OgS: C, 62.23; H, 5.43, N, 5.81; S, 6.65. Found: C, 62.08; H, 5.61; N, 5.88; S, 6.35.

4-Phenyithiocarbonyi-2-(N-phthaioyi)-N-[1-(methoxycarbonyi)-3-methyibutyi]Jbutanamides (i5a,b).

Operating as above, from thioester 12 (1 g, 2.7 mmol), HOBt (0.36 g, 2.7 mmol), DCC (0.66 g, 3.24 mmol), and
L-leucine methyl ester (0.32 g, 3.2 mmol) in DMF-CH5Clo (105 ml), compounds 15 (68%) were obtained, as a
1:1 epimeric mixture, after column chromatography (hexane:AcOEt, 7:3): IR (CHCI3) 3369 (NH), 1776, 1719
and 1533 (CO) cm™1; TH NMR (CDCl3) 0.87-0.92 (m, 8-H), 1.48-1.67 (m, B-H and y-H), 2.64-2.80 (m, 3-H and
4-H), 3.64 and 3.67 (2s, 3H each, CO,CHg), 4.57-4.67 (m, o-H), 4.82-4.96 (m, 2-H), 6.61 and 6.65 (2d, J=8
Hz, NH), 7.30-7.45 (m, CgHs), 7.72-7.80 (m, Pht-a), 7.85-7.92 (m, Pht-B); 13C NMR (CDCl3) 21.7 and 22.6

ts T3 ’

)~
8
av]
9]
oeI,

(0 S,3RS)-N-[1 -(tert-ButoxycarbonyI)-z-tert-butoxyethyl]-a-phthaloyl-As-piperidein-z-ones
(19a,b). To a solution of amide 13 (1.3 g, 2.28 mmoal) in dry CH,Cl>-CH3CN (1:1, 23 ml), in the presence of
4A molecular sieves and 10% Pd-C (130 mg) Et3SiH (1.27 ml, 8.01 mmol) was slowly added. After 30 min, the

reaction mixture was filtered and the solvent evaporated. The resuiting aldehyde was dissolved in toluene (230
ml), p-TsOH (87 mg, 0.45 mmol) was added, and the mixture was refluxed in a Dean-Stark trap for 1 h. The

eaction mixture was filtered, the solvent evaporated, and ulting oil was chromatographed
T AAMCE 0.0} 4~ ~bdni; Anamidas 40n h as o wiiita fanma (411 amimacis maiviiirs Ao\ 1D /OUMILY 4700
{fiexdiie. RACULI, 0.£) W Oulai Sridanliucy 19a,b as a wille ivaiii (1. 1 Upuncuu num.unc, Fo/0). I \wMwig) 170V,
1750 and 1680 (CO), 1650 (C=C); TH NMR (CDCl3) 1.19 (s, OC(CHg)3), 1.46 and 1.47* (2s, 9H each

CO,C(CHg)z), 2.30-2.45 (m, 4-Hp), 3.29 and 3.37 (2, J = 16 and 2 Hz, 1H each, 4-Hp), 3.68 (dt, J = 10
and 3 Hz, B-Hp), 3.92 (dd, J= 10 and 6 Hz, B-Hp), 5.02 (dd, J = 6 and 3 Hz, a-H), 5.06-5.15 (m, 3-H), 5.15-
5.23 (m, 5-H), 6.52 and 6.56 (2dd, J = 8 and 3 Hz, 6-H), 7.70-7.75 (m, Pht-ct), 7.85-7.90 (m, Pht-B); 13C NMR
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(CDCl3) 24.1 and 24.2 (C-4), 27.2 and 27.3 (OC(CHg3)3), 27.7 and 27.9 (CO>C(CH3g)3), 49.4 and 49.5 (C-
3), 56.8 and 57.7 (C-a), 61.4 and 61.6 (C-B), 73.4 (OC(CH3)3), 82.0 (CO2C(CH3)3), 102.7 and 102.8 (C-
5), 123.5 (Pht-a), 129.5 and 129.9 (C-6), 132.0 (Pht-quaternary), 134.0 (Pht-B), 165.5 (Pht-CO), 167.7 (C-2).
EIMS mvz (%) 442 (M*, 2), 386 (4), 369 (2), 331 (8), 313 (13), 183 (17), 96 (43), 57 (100). Anal. calcd for
Co4H3gN20g: C, 65.14; H, 6.83; N, 6.33. Found: C. 65.03; H, 6.97; N, 6.18.

{aS,3RS)- N-[1-(Methoxycarbony!)-2-methylpropyl]-3-phthaloyl-AS-piperidein-2-ones (20a,b). To a
solution of amid 00 mg, 1.45 mmai) in dry i mi) and in the presence of 4A molecular sieves and

b Pa
n
=2

=
c
~
[+ 7]
o
©
—
o
)
—~
[¢%]
[&]

10% Pd-C (60 mg), Et3SiH (0.8 mi, 6.6 mmol) was slowly added. The resuiting mixture was stirred at room
temperature for 20 min, the sclvent was evaporated, and the residue was dissolved in toluene (100 mi). p-
TsOH (55 mg, 0.29 mmol) was added and the reaction was refluxed for 3 h. The reaction mixture was filtered,
and the solvent evaporated to yield an oil, which was carefully chromatographed (hexane:AcOEt, 8:2) to afford
the pure isomers of the enamides, as colorless oils. Enamide («S,35%)-20a (lower Rf, 22%): [o]p = -158 (¢ =
1.00, CHCI3). IR (CHCI3) 1779, 1720 and 1689 (CO), 1389 (C=C) cm'!; TH NMR (CDCl3) 0.90 and 1.01
ach, y-H), 2.25-2.33 (m, 2H, B-H), 2.36 (ddd, J= 16, 8 and 7 Hz, 1H, 4-H,), 3.25 (dddd, J

£.20 (LR,

oy v ™~

(2d, J=6Hz, < 2
1 H

a
o

R- 6

8

0,CH=), 4.96 (d, J= 12 Hz, 1H, ¢-H)
A4 i , ¥ — LN \hll’

L]

(3
w
W

, o Q m

2 {

.25 (ddd, J=9, 7 and 2 Hz, 1H, 5-H), 6.34 (dd, J = 9 and 3 Hz, 1H
Pht-a), 7.85-7.90 (m, 2H, Pht-B); 13C NMR (CDCl3) 18.5 and 19.7 (C-y), 24.5 (C-4), 28.7 ( ;’3) 492 (
52.2 (CO,CH3), 61.4 (C-a), 104.4 (C-5), 123.5 (Pht-0), 126.5 (C-6), 132.0 (Pht-quaternary), 134.0 (Ph p‘

165.5 (Pht-CQ), 167.6 (C-2), 170.7 (CO2CHg). EIMS m/z. 357 (M*+1), 385 (M++28), 398 (M*+41). Anal.
Cald for C1gH2gN2Og: C, 64.04; H, 5.62; N, 7.86. Found: C, 63.98; H, 5.87; N, 7.78. Enamide (0 S,3R")-20b
(higher Rf, 22%): [a]p = + 34 (¢ = 1.00, CHClj3). TH NMR (CDCl3) 1.00 and 1.02 (2d, J = 6 Hz, 3H each, y-
H), 2.15-2.27 (m, 2H, B-H), 2.41 (ddd, J= 16, 8 and 7 Hz, 1H, 4-Hp), 3.29 (dddd, J = 16, 15, 3 and 2 Hz, 1H,

4-Hg), 3.73 (s, 3H, CO,CH3g), 4.96 (d, J = 10 Hz, 1H, a-H), 5.12 (dd, J= 15 and 7 Hz, 1H, 3-H), 5.32 (ddd,

) D

.

\-/

J=9,7and2Hz, 1H, 5-H), 6.43 (dd, J = 9 and 3 Hz, 1H, 6-H), 7.70-7.75 (m, 2H, Pht-o), 7.85-7.90 (m, 2H,
Pht-B); 13C NMR (CDCl3) 18.4 and 19.4 (C-y), 24.1 (C-4), 29.4 (C-B), 48.1 (C-3}, 52.1 {CO;CHg), 60.5 (C-
a), 105.2 (C-5), 123.5 (Pht-0), 126.6 (C-6), 132.0 (Pht-quaternary), 134.0 (Pht-8), 165.5 (Pht-CQO), 167.6 (C-
2), 171.0 (CO5CH3j).

(0.S,3RS)-N-[1-(Methoxycarbonyl)-3-methylbutyl]-3-phthaloyl-A5-piperidein-2-ones (21a,b).

Operating as above, from compound 15 (800 mg, 1.61 mmol), 4A molecular sieves, 10% Pd-C (60 mg), Et3SiH
(0.8 ml, 6.6 mmol), in acetone (30 ml), and p-TsOH (60 mg, 0.3 mmol) in toluene (100 ml), an equimolar mixture
of enamides 21a,b was obtained, as a colorless oil. After repeated column chromatography (hexane:AcOEt,

8:2), diastereomers 21a (32%) and 21b (9%) were isolated pure, and a mixture fraction (39%, a:b = 1:3) was
also obtained. Enamxde( S,35")-21a (higher Rf): [a]p = -96 (¢ = 0.5, CHCI3). TH NMR (CDCl3) 0.98 (d, J =
6 Hz, 6H, 5-H), 1.68-1.81 (m, 3H, p-H and y-H), 2.41 (dt, J = 16 and 7 Hz, 1H, 4-Hp), 3.27 (i, J= 16 and 3
Hz, 1H, 4-Hg), 3.72 (s, 3H, CO,CHg), 5.12 {dd, J = 15 and 7 Hz, 1H, 3-H), 5.32 {br t, J = 13 Hz, 1H, a-H),
5.29-5.37 (m, 1H, 5-H), 6.19 (dd, J= 8 and 3 Hz,1H, 6-H), 7.70-7.75 (m, 2H, Pht-at), 7.85-7.90 (m, 2H, Pht-B);

13C NMR (CDClg) 21.0 and 23.1 (C-5), 24.1 (C-4), 24.6 (C-y), 38.6 (C-), 49.1 (C-3), 52.4 (CO,CHg), 53.1
(C-0), 105.3 (C-5), 123.4 (Pht-0), 126.5 (C-6), 131.9 (Pht-quaternary), 134.0 (Pht-), 165.7 (Pht-CO), 167.5
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(C-2), 171.7 (CO2CH3). EIMS m/z (%) 370 (M*, 2), 339 (1), 311 (4), 223 (25), 167 (100). Anal. Calcd for
CogH22N205: C, 64.85; H, 5.94; N, 7.56. Found: C, 64.50; H, 5.97; N, 7.36. Enamide (0.S,3R*)-21b (lower
Rf): IR (CHCl3) 1779, 1743 and 1686 (CO), 1350 cm™1; TH NMR (CDCl3) 0.88 (d, J = 6 Hz, 6H, 5-H), 1.44-
1.82 (m, 3H, B-H and y-H), 2.36-2.50 (m, 1H, 4-Hp), 3.16-3.34 (m, 1H, 4-Hg), 3.74 (s, 3H, CO5CHj), 5.03-
5.17 (m, 1H, 3-H), 5.24-5.36 (m, 2H, o-H and 5-H), 6.13-6.21 (m, 1H, 6-H), 7.71-7.77 (m, 2H, Pht-o), 7.85-7.88

(m, 2H, Pht-B); 13C NMR (CDClg) 21.3 and 22.3 (C-5), 24.4 (C-4), 24.5 (C-y), 37.9 (C-B), 48.9 (C-3), 52.2
IO MU BEADIC ~\ 1NA S BN 122 5 IDht ) 1268 2 108 120 N (Dht_Aiatnrnan 124 N IDhe N\ 108 E
(LUsliig), o4.2 (L0, 1U4.0 (U0}, 1£5.0 (FN=0j, 1£0.0 (U0}, 102.U yrhit-Guaiernaryj, 154.u \ri-pj, 109.9
(Pht-CO), 167.5 (C-2), 171.2 (CO,CHg).

(¢ S,3RS,5RS)-N-[1-(tert-Butoxycarbonyl)-2-tert-butoxyethyl]-3-phthaloyl-5-methylthiopiperidin-2-
one (24a-d). To a solution of enamides 19a,b (160 mg, 0.36 mmol), in dry THF (1.6 ml) cooled to -78°C, AIBN
(catalytic amount) and CH3SH (4 ml, 280 mmol), were added. The mixture was refluxed for 5 h. Once cooled
(0°C), the reaction mixture was filtered and the solvent evaporated. The resulting foam was chromatographed
(hexane:AcOEt, 8:2) to yield compounds 24a-d (70%; trans:cis = 3:1) as a white solid. A sample of trans-24
diastereomers was obtained by repeating the chromatography (a and ¢, higher Rf, 47%): IR (CHCl3) 1790,

1727 and 1662 (CO) cm™1; TH NMR (CDCl3) 1.18 (s, OC(CHg)3), 1.45 (s, CO5C(CHg)3), 2.15-2.20 (m, 4-
n4-} {1 ohl_l n'w: {AAA 1= 42 A0 AamA O Lle A LI\ 2 A28 (Ad I — 7 and o Us o LI\ 200 0 70 (mn O
nA), A7 \3 r13), SO \UNULL J = 1Y, TVaAliU TS IIB}, D.00 UL, v = 7 dlild U TIL, O7), V.U0°V.79 {1, O
Ha i B-Hp), 3.86-3.95 (m, -Hg), 4.00-4.15 (m, 8-Hp), 4.99 (dd, J=6 and 3 Hz, o-H), 5.17 (dd, J = 10 and 8
8 13C ) 27.4 (OC(CH3)3),

Hz, 3-H), 7.62-7.65 (m, Pht-a), 7.75-7.80 (m, Pht-B);
27.9 (CO>C(CH3)3), 30.5 (C-4), 39.3 (C-5), 47.0 (C-3), 50.7 (C-6), 58.3 (C-a), 61.4 (C-B), 73.3
(OC(CHg)3), 81.8 (CO,C(CHg)3), 123.3 (Pht-a), 132.0 (Pht-quaternary), 133.9 (Pht-B), 165.4 (Pht-CO),
167.7 (C-2), 168.0 (CO5C(CH3)3). Lactams cis-24 (b and d, from a 3:1 trans:cis mixture): TH NMR (CDCl3)
1.18 (s, OC(CH3)3), 1.46 (s, COoC(CHz)3), 2.17 (s, SCH3), 2.15-2.20 (m, 4-Hp), 2.75-2.80 (m, 4-Hp),
3.35-3.41 (m, 5-H), 3.63-3.75 (m, 6-Hp i B-Hpa), 3.86-3.95 (m, 2H, B-Hp), 4.00-4,15 (m, 6-Hg), 4.92 (dd, J= 6

J = 10 and 8 Hz, 3-H), 7.62-7.65 (m, Pht-0), 7.75-7.80 (m, Pht-B); 13C NMR

TivA O Fore ’Al | 2]

\ 202 IC.E\ A741 (.2 BONER (M
Jy 930 \U=T), &/.1 {(L-9), JU.G (UL

), 58.8 (C-a), 61.4 (C-B), 73.3 (OC(CH 3)3) 81.7 (COQC(CH3)3) 123.3 (Pht-a), 132.0 (Pht-quaternary),
9 (Pht-B), 166.5 (Pht-CO), 167.7 (C-2), 168.0 (CO,C(CHz)3). EIMS m/z (%) 490 (M, 1), 361 (10), 313
(12), 291 (17), 246 (22), 57 (100). Anal. Calcd for CosH33No0gS: C, 61.35; H, 6.74; N, 5.72; S, 6.54. Found:

C,61.31;H,7.18; N, 5.59; S, 6.21.

(0.8,35*,5RS)-N-[1-(Methoxycarbonyl)-2-methylpropyl]-3-phthaloyl-5-methyithiopiperidin-2-ones
(25). To a solution of enamide 20a (0.2 g, 0.56 mmol) in dry toluene (5 ml), AIBN (catalytic amount) and
CH,SH (excess) were added at 0°C. The reaction mixture was heated in a sealed tube at 80°C. The reaction

3 S e
was cooled to 0°C, and a tic wn*m' was done e.le.ry 5 h. If there was any startin
CH3SH and the toluene were evaporated to obtain a yellow oil that was flash chromatographed
(hexane:AcQEt, 1:1) to yield a 3:1 mixture of methyithio derivatives frans-25a and cis-25b (80%) Lactam
trans-25a (higher Rf, 60%): [o]p = -107.2 (¢ = 1.00, CHCl3). TH NMR (CDCl3) 0.95 and 0.96 (2d, J = 7 Hz,
3H each, y-H), 2.15-2.20 (m, 2H, 4-Hp and B-H), 2.18 (s, 3H, SCH3), 2.69 (ddd, J = 13, 10 and 4 Hz, 1H, 4-
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Hg), 3.29-3.33 (m, 1H, 5-H), 3.35 (dd, J= 12 and 3 Hz, 1H, 6-Hp), 3.74 (s, 3H, CO,CH3y), 3.86 (dd, J = 12
and 3 Hz, 1H, 6-Hg), 4.80 (d, J = 10 Hz, 1H, o-H), 5.08 (dd, J = 10 and 8 Hz, 1H, 3-H), 7.70-7.77 (m, 2H, Pht-
a), 7.82-7.88 (m, 2H, Pht-B); 13C NMR (CDCI3) 14.6 (SCH3), 18.9 and 19.6 (C-y), 27.6 (C-B), 30.5 (C-4),
39.5 (C-5), 47.0 (C-3), 47.9 (C-6), 51.9 (CO5CH3), 61.7 (C-0), 123.4 (Pht-at), 132.0 (Pht-quaternary), 134.0
(Pht-B), 165.4 (Pht-CO), 167.6 (C-2), 171.0 (COoCHa). EIMS m/z (%) 404 (M*, 5), 357 (96), 345 (60), 297

L
{ {from a diastereomeric mixture a:b, 3:1) 0.95 and 0.96 (2d, J= 7 Hz, 3H each, y-H), 2.15-2.25 (m, 2H,
4-Hp and B-H), 2.16 (s, 3H, SCHg), 2.48 (g, J= 11 Hz, 1H, 4-Hg), 3.07 (&, J = 11 and 3 Hz, 1H, 5-H), 3.33-
3.45 (m, 1H, 6-Hp), 3.58 (dd, J = 12 and 3 Hz, iH, 6-Hp), 3.78 (s, 3H, CO,CHj3), 4.70 (d, J = 10 Hz, 1H, o-

H), 5.08 (dd, J = 10 and 8 Hz, 1H, 3-H), 7.70-7.79 (m, 2H, Pht-a), 7.80-7.90 (m, 2H, Pht-B); 13C NMR
(CDCl3) 14.0 (SCHg), 22.9 and 23.6 (C-y), 28.8 (C-B), 30.3 (C-4), 38.6 (C-5), 46.9 (C-3), 47.9 (C-6), 51.9
(CO,CH3), 61.6 (C-a), 123.4 (Pht-0), 132.0 (Pht-quaternary), 134.0 (Pht-B), 165.4 (Pht-CO), 167.6 (C-2),
171.0 (CO2CHa).

0.S,38*5RS)-N-[1-(Methoxycarbonyl)-3-methylbutyl]-3-phthaloyl-5-methyithiopiperidin-2-ones

A
as above, from enamide 21a (0.2 g, 0.54 mmol) ("HAQH (excess), and AIBN (catalytic

el o Esigy \wALTOS) G

amount), in dry toluene (5 ml), compounds 26 were obtained (95%), as a 3:1 C-5 epimeric mixture of lactams
frans-26a and cis-26b. Pure sampies were obtained by repeating the chr-r—afog aphy (hexane: AcOEt, 6:4).
Lactam trans-26a (lower Rf, major isomer, 61%): [a]p = -68.0 (c = 0.3, CHCI3). iR (CHCig) 1774, 1720, 1717
and 1656 (CO) ¢cm-1; TH NMR (CDCl3) 0.84 and 0.89 (2d, J = 7 Hz, 3H each, -H), 1.50-1.70 (m, 3H, B-H and
y-H), 2.13 (s, 3H, SCH3), 2.12-2.24 (m, 1H, 4-Hp), 2.73 (ddd, J= 13, 10 and 5 Hz, 1H, 4-Hg), 3.26 (ddd, J =
12, 6 and 1 Hz, 1H, 6-Hp), 3.35-3.45 (m, 1H, 5-H), 3.69 (s, 3H, CO2CHg), 3.80 (dd, J = 12 and 4 Hz, 1H, 6-
Hg), 5.08 (dd, J = 10 and 8 Hz, 1H, 3-H), 5.26 (t, J= 8 Hz, 1H, o-H), 7.65-7.70 (m, 2H, Pht-a), 7.75-7.80 (m,

2H, Pht-); 13C NMR (CDCI3) 14.6 (SCHg), 21.4 and 23.1 (C-3), 24.9 (C-y), 30.7 (C-4), 37.4 (C-B), 39.6
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H NMR (CDCl3) 0.91 and 0.97 (2d, J=7 Hz, 3H e
2.19 (s, 3H, SCH3), 2.28-2.42 (m, 1H, 4-Hp), 3.01-3.12 (m, 1H, 4-HB), 3.46-3.52 (m, 2H, 6-Hp and 5-H),
3.66-3.76 (m, 1H, 6-Hg), 3.77 (s, 3H, CO2CHg), 4.88 (dd, J= 12 and 6 Hz, 1H, 3-H), 5.14 (dd, J = 10 and 4
Hz, 1H, o-H), 7.62-7.65 (m, 2H, Pht-a), 7.75-7.80 (m, 2H, Pht-B); 13C NMR (CDCl3) 14.2 (SCH3), 21.3 and
23.3 (C-3), 24.7 (C-y), 32.6 (C-4), 36.6 (C-B), 38.6 (C-5), 48.6 (C-3), 49.2 (C-6), 52.3 (CO5CHgy), 55.0 (C-
), 123.4 (Pht-o), 132.0 (Pht-quaternary), 134.0 (Pht-B), 165.4 (Pht-CO), 167.5 (C-2), 170.0 (CO»CHg).
EIMS m/z (%) 418 (M*, 4), 371 (M+-SMe, 22), 359 (93), 311 (53), 246 (42), 167 (100).

inis r

QFN95-4703, 19955GR-00429, and 1997SGR-00075, and by the DGICYT (Ministerio de Educacion y
Cultura, Spain) through grants PB97-0976 and 2FD97-0293. We also thank the Ministerio de Educacién y
Cultura for a fellowship given to M.A. Estiarte.

)



AL A Tt P st o A T £ INONY INT 1n7 1n1Qg
M. A. LLstlarie et ai. 7 1eiraneqron 55 (1¥¥¥) U1 /3—1U1060 tUiod

REFERENCES AND NOTES

#

w

o

o

©

10.

—
—

Tl nsmrman [« 3 o U B er. inihima atrabhacfea
. TURuUyaitia, i. l..lU, 3., L,IIII.UI y .U, LI, O, INISTHHY, 1. TCirarnicuiuii,

To whom the correspondence should be addressed. Phone: 34-93-4024540. FAX: 34-93-4021896. E-mail:
adiez@farmacia.far.ub.es
a. For a general review, see: Giannis, A.; Kolter, T. Angew. Chem. Int. Ed. Engl., 1993, 32, 1244-1267. b.

Luthman, K.; Hacksell, U. "Peptides and Peptidomimetics" in "A Textbook of Dru

bt b LAY NS

((2

Development®, 2nd Ed. Krogsgaard-Larsen, P. and Madsen U. Eds., Overseas Publishers Association.
Amsterdam, 1996.

a. Freidinger, R.M.; Perlow, D.S.; Veber, D.F. J. Org. Chem., 1982, 47, 104-109. b. For a phenylalanine
analogue, see: Wyss, C.; Batra, R.; Lehmann, C.; Sauer, S.; Giese, B. Angew. Chem. Int. Ed. Engl.,
1996, 35, 2529-2531. c. For tryptophan analogues, see: Rodriguez, R.; Diez, A.; Rubiralta, M.; Giralt, E.
Heterocycles, 1996, 43, 513-517.

HY anns CavemArm s

For a review, see: Fernandez- Che a, J.C.;
Liver Dis., 1996, 16, 147-158.

Rodriguez, R.; Estiarte, M.A_; Diez, A.; Rubiralta, M. Tetrahedron, 19986, 52, 7727-7736.

The biological assays of the {Met-aa} compounds as potential inhibitors of the hepatic transport of
glutathione are performed by Dr. J.-C. Fernandez-Checa and his group at the Hospital Clinic Provincial de

evaluated as conformation inducers. b. Pons, M.; Royo, M. “Disefioc de estructuras peptidicas” in
“Péptidos en biologia y biomedicina”, Andreu, D.; Rivas, L. Eds., CSIC. Madrid, 1997. Pp. 198-200, and
references cited therein.

a. Romo, D.; Meyers, A.l. Tetrahedron, 1991, 47, 9503-9569. b. Micouin, L.; Varea, T.; Riche, C.; Chiaroni,
A.: Quirion, J.-C.; Husson, H.-P. Tetrahedron Lett,, 1994, 35 2529-2532.

reported: Vassel, B. U.8. Patent 2806859, Sept.
Chem. Abstr., 1957, 3855a. However, it was not isoiated nor characterized. We prepared anhydride 5 by
allyloxycarbonylation8P of glutamic acid, followed by ring closure with Et3N and MsCI.8¢ Anhydride 5 was
observed to be unstable, and was used without purification. b. For a general method for
allyloxycarbonylation of amino acids , see: Fox, S.W.; Wax, H. J. Am. Chem. Soc., 1950, 72, 5087-5090.
c. Chandrasekaran, S.; Nangia, A. J. Chem. Res., 1984, 100.

______ . .n-—.’\ ..n LY TAhdenbhnrde i~ 4
Dpebmmp, I‘I I_II folid, M. reudii UUI, 1

985, 4
The foliowing assays were performed: a. TFA, see reference 4. b. p-TsOH, see: Utermoehien, C.M;
Singh, M.; Lehr, R.E. J. Org. Chem., 1987, 52, 5574-5582. c. MsCI/EtgN and DBU, see: Williams, R.M.;
Maruyama, L.K. J. Org. Chem., 1987, 52, 4044-4047. d. POCls/pyridine, see: Menha, G.; Murthy, A.N.;
Reddy, D.S.; Reddy, A.V. J. Am. Chem. Soc., 1986, 108, 3443-3452. d. NH4Br, see: Nyberg, K.

Synthesis, 1976, 545-546.

~ T . £ 0] tmdm i

12. Nagai, U.; Sato, K. Tetrahedron Leit., 1985, 26, 647-650.
13.

Fukuyama, T.; Lin, S.C.; Li, L. J. Am. Chem. Soc., 1990, 112, 7050-7051.



u—y
o

16.

e PPN R R TP E T I N o N TS NP4

M. A. Estiarte et al. / Tetrahedron 55 (1999) 10173-10186

i i o ot MM faOBI\ Iy sab st

On one occasion enamides 19 (16%) were obtained together with oxazoiidones 22 (29 %) and 23 (12 %),
resulting from the loss of the fert-butyl protecting groups in the acid medium and cyclisation with the
intermediate acyliminium sait. This explains the moderate yield of the reaction. In the absence of p-TsOH
the reaction did not improve.

oy = 1.31and 1.41(s)
8¢ =750
61 =1.14 and 1.23 (s)
3¢ = 73.8 and 73.9 0 \ P
. N gy
BuO BuO /_,_\
N, O N, O
O 7" QoI
H %4 =459and 4.75 (br s) T"‘H 8y =5.04 and 5.70 (br s)
R DO .. 0N 4 R _ 040 and OA N
VL =D0./ Allu b UC =0i.9aliu 0a.V
Pht=N*" " Pht=N
22 23
The absolute stereochemistry of the 3-position has not been determined. However, for the sake of clarity,

This assignment was consistent with the major isomer observed in the phenylglycinol series,4 whose
stereochemistry has now been confirmed by X-ray crystallography.



