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Abstract

Intramolecular conjugate addition of amide enolates to a,B-unsaturated esters was found to give either of the
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appropriate reaction conditions. The cyclisation performed with NaH in THF afforded mainly 6 and 10,
whereas by using sodium ethoxide in ethanol the major products of the cyclisation were isomers 7 and 11, with

the opposite configuration at both C-3 and C-4. This behaviour was explained by thermodynamic vs. kinetic
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Intreduction
In the last few years we have investigated new procedures for the stereoseiective synthesis of

ol
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pyrrolidin-2-ones'™ which are useful intermediates to a number of bioactive compounds™* and

we report herein the stereodivergent preparation of 1,3 4-trisubstituted pyrrolidin-2-ones 3°
depending on the reaction conditions employed. In fact, we intended that these compounds can
ead to
which is currently being studied in our laboratory. The continued interest for the stereoselective
synthesis of the B-lactam ring stems from the variety of antibiotics featuring a -lactam moiety,
in particular carbapenems’ such as (+)-PS-5," thienamycin’ and its 1B-methyl derivative.'

Thus, we were 1nterested in the stereoselectlve svnthesm of pyrrolidin-2-ones 3, suitable for
.6
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R* = chiral phenylethyl group
R=H, CHs

Resuits and discussion
Ina previous paperj we reported on the stereoselective synthesis of trans-3,4-disubstituted

anion 1o an o B-unsaturated ester the entronic advantaoe acenciated
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cyclisation conditions. Thus, upon treatment of the amino esters 4a-¢ with diketene, the
corresponding amides Sa-c¢ were obtained in good yleld On the other hand, the amides 5b,¢

could be prepared also by treatment of 4b,c with 2.2 6-trimethyl-4H-dioxin-4-one in refluxing
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A surprising result was observed when we treated the amino ester 4a and 2,2,6-trimethyl-4//-
dioxin-4-one in refluxing toluene, with the aim to prepare the amide S$5a; 1 tead a
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reaction probably proceeds through the initial attack o
group of 2,2,6-trimethyl-4H-dioxin-4-one, followed by ring closure via conjugate addition of
the resulting amide enolate anion. It is noteworthy, however, that both 4b and 4c under the
same conditions afforded amides b and 5c¢ exclusively and this behaviour can be ascribed to
steric hindrance of the substituents on the double bond during the cyclisation.
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The cyclisation of the amides 5a,b,d was cammed out first by treating with NaH in THF at -78
°C. Under these condmons the pyrrolidin-2-ones 6a,b,d and 7a,b,d were obtained in high
yield, the products 7 being the major components (Scheme 3). Both 6b and 7b were
mseparable mixture of epimers 70:30 at C-2 of the propanoate chain, but the configuration of
the major 1somer was not assigned. However, the configuration of this centre did not affect the

structural assignment of the centres at the Dvrrolidin-2-one ring."”
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with 6a,b,d the major products in this case.

By treatment at -78 °C with either NaH in THF or sodium ethoxide in ethanol, the amide 5c¢

gave a complex, inseparable mixture of products.
The diastereomeric mixtures of 3,4-rrans-disubstituted pyrrolidin-2-ones were easily

DD'I’\')"‘ l'l 1\‘7 C'I]II\") (YD] {\]’\r(\mqfr\n’rrxr\ L7 ff\ l\’l‘ -~ IL‘{\]"I“'DA ‘ﬂ ’\ I‘ ﬂﬂA 70 '\ ll f)ﬂf‘ ""\D, ﬂ]’\(‘f\]]"’ﬁ,
DUIJ u.»u U_y 2111va E\.d Vil viligauu xapu_y, 8 1V 1IDUuLIAailvul Ua,u,u [«55L8 Y ra,u,u QAU LI QUIVLULY
—~ Pl 31 1 n h ] i M 1 1 lTT A TR AT 1
configuration of all the products were determined by J data supported by molecuiar
mechanics calculations. ™
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Scheme 3. Reagents, conditions and yields: Method A: NaH, THF, -78 °C. a. 77%, d.r. 28:72. b.
76%, d.r. 30:70. d. 82%, d.r. 20:80. Method B: EtONa, EtOH, -78 °C. a. 84%, d.r. 85:15 b. 82%,

d.r. 84:16. 80%, d.r. 70:30.
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Moreover, the configuration of products 6a and 7a could be also proved by n.O.e.
(. S = £ A m o madae Iy T r o £ a ]

1 fact a positive n.0.e. between Hy and CH, of the chain at C-4 was observed for
both 6a and 7a, thus confirming the /rans-configuration. Eventually, structural assignment was
confirmed by positive n.O.e. between Ha and Hy for 6a, and between Hs and CH, of the chain

at C-4 for 7a (Figure 1).
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Figure 1. Selected n.O.e. for compounds 6a and 7a.

The reversal of the diastereofacial selection depending on the reaction conditions could be
explained by inspection of the reaction course. First we calculated the energies for

value the expected products ratio for a thermodynamic process must be 10190, in agreement
i PRV TR JY . F U [ S I I R | PN PR -
with the observed results. Then we considered the rotamers A and B of the anion gener u:d
13,

on the basis of AAH” of the steps A - C and B — D. Thus, both A and B give rise to the
conjugate addition, leading to the anions C and D, respectively. However, when the cyclisation
is carried out in THF by using NaH as the base, the conjugate addition is reversible, since a

proton source is missing in the reaction mixture. Equilibration can take place and the major
P U I T T Ao 1l Lo ala Vasiiar amarocs 17 O tha medeoes I T T
product of the cyclisation is 7a, which has the lower energy.”” On the contrary, when the

reaction is carried out in ethanol by using sodium ethoxide as the base, the anions C and D
cannot equilibrate. In fact, they immediately undergo protonation by the solvent and under
these conditions the d.r. of the products 6a and 7a relies on both the rotameric distribution of
the starting acyclic anions A and B and the AAH? of the processes leading to TS-1 and TS-2
respectively. Thus, the major product is 6a, which forms first though it has the higher energy
and the reversal of the diastereoselection of the conjugate addition can be explained in terms of
thermodynamic versus kinetic control. To support this hypothesis, an 85:15 mixture of 6a and
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toluene, the pyrrolidin-2-one 6a was the major product of the cyclisation. In this case the
conjugate addition clearly proceeds under irreversible conditions, and the major product of the
cyclisation, 6a, is the same obtained by cyclisation of 5a with EtONa in EtOH.
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ethoxide in ethanol, we first prepared the amides 9a,b which were then cychsed at -78 °C to

give 10a,11a and 10b,11b, respectively. As before, both 10b and 11b were a mixture of
epimers 70:30 at C-2 of the propanoate chain (Scheme 6).””
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Conclusion
From the above results. we have shown that a stereodiveroent svnthesis of 3.4-disubstituted
1 , we have shown that a stereodivergent synthesis or 3,4-disuostituted
i lidin Y_anae aan o raslica cimnly hy changing the reartinn cenditicong Maranuer
pyrrolidin-2-ones can be realised simply by changing the reaction conditions. Moreover,

starting from the amides 9, in which the configuration at C-1' is R, we obtained with the highest
yield and d.r. the pyrrolidin-2-ones 10, suitable for conversion into 1. Work aimed at this goal
is in progress in our laboratory,'® and will be reported in due course.
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Experimental

IR spectra were recorded in CHCl; on a Nicolet Fourier Transform Infrared 20-SX

spectrophotometer. Diastereomeric ratios were determined by GC analysis using a Chrompack

feYaTa %) ~ NN

9001 instrument equlppea with a L,nrompacx 7720 capiilary column (50 m x 0.25 mm 1.d;
stationary phase CP-Sil-5 CB). 'H and PC NMR spectra were recorded at 200 MHz and 50
MHz, respectively, on a Varian Gemini 200 spectrometer, using CDCl; as a solvent. Chemical
shifts (8) are reported in ppm relative to TMS and Couohng constants (J) in Hz. Assmnments
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were measured on a Perkin Eimer 241 polarimeter. GC-MS analyses were performed with a

Hewlett-Packard spectrometer 5890, series II, using a HP-5 capillary column (30 m x 0.25 mm

1.d.; stationary phase 5% phenyl methyl silicone); mass spectra were obtained by electron

impact at 70 eV. Flash chromatography was performed with silica gel 60 (230-400 mesh).

THF was distilled from sodium benzophenone ketyl under argon before use. (S)- and (R)-1-

Phenylet y lamine were purchased from Aldrich. Compounds 4a and 4d w g
1

according the reported procedures.’

(E,$)-N~( -Ethnxvcarbonyl-Z-butenyl)-j /-(1-phenylethyl)amine (4b). According the
ture method.' compound 4b was obtained in 80% yield as a yellow oil starting from ethyl

[RE10LE ¥ vinidlile 1L dos < 1iv

itera
(E)-4-bromo-2-methyl-2-butenoate and (S)-phenylethylamine. IR: 3340, 1715 cm'l. 'H NMR:
1.27 (t, 3H, J = 7.1), 1.36 (d, 3H, J = 6.6), 1.51 (br s, 1H, NH), 1.71 (s, 3H), 3.23 (d, 2 "",
6.7),379(q, 1H. 1 =6.6),4.17(q,2H,J=7.1),6.77 (t, 1H, J = 6.7), 7.15-7.35 (m, 5 ArH).
NMR: 13.1,14.7, 24 .8, 459,584, 61.0,127.1,127.5, 129.0. 129.3, 140.6, 145.5, 168.3. [OL]D
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-52.5 (¢ 1, CHCL). GC-MS: mz 247 (M"), 232, 167, 115, 105, 91, 77. Anal Calcd for
CisHyING,: C, 72.84, H, 8.56, N, 5.66. Found: C, 72.79; H, 8.50; N, 5.63
(E,S)-N-(3- Methoxycarbonvl 2-methyl-2-butenyl)-N-(1-phenylethyl)amine (4¢).

According the literature method the title compound was obtained in 83% yield as a colorless

o1l starting fmm methyl (£)-4-bromo-3-methyl-2- but noate and (S)=phenjy'letuyiamine. IR:
3348, 1710 cm™. 'H NMR: 1.35 (d, 3H, ] = 6.9), 2 ( 3H), 3.13 (s, 2H), 3.74 (q, 1H, J =

6.9), 3.81 (s, 3H),395 (s, 1H), 7.18 - 7.35 (m, SArH) C NMR: 18.0, 25.0, 51.4, 55.4, 57.9,
1151, 127.0, 127.5, 129.0, 145.7, 158.6, 167.7. [a], - 27.5 (¢ 1, CHC13). GC-MS: mz 234
(MH"), 218, 186, 158, 128, 113, 105, 77. Anal. Calcd for C;4H;oNO>: C, 7207, H, 821, N
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(E,R)-N-(3-Ethoxycarbonyl-2-propenyl)-N-(1-phenylethyl)amine (8a). According to the
literature method,’ the title compound was obtained in 73% yield starting from ethyl (£)-4-

bromo-2-butenoate and (R)-phenylethylamine. [a], 33.1 (¢ 1, CHCL,). Anal. Caled for
CMTTWNOzi C,72.07:H, 821; N, 6.00. Found: C, 72.09; H, 8.18; N, 5.94.

(E,R)-N-(3- Ethoxvcarbonvl 2-butenyl)-N-(1-phenylethyl)amine (8b). According to the

literature mel‘hgd the title ggmp(_,l_nd was prepare ed 1n 73% \qeld Stg“rpng from etl ‘yl (5*)-4..

bromo-2-methyl-2-butenoate and (R)-phenylethylamine. [y 53.1 (¢ 1, CHCL). Anal. Caled
for CysHy NO,: C, 72.84, H, 8.56, N, 5.66. Found: C, 72.78; H, 8.52: N, 5.62.

Preparation of 3-oxobutanamides (5a-c) and (9a-b). Method A. A solution containing
|
]

4?-=C or 83=h /’)O mimo l} an 1d JAV,,AAVI=d uetu am‘mﬂpyr ne { 3 g in ar i11 ) al “1J
°C was slowly added to a solution containing diketene (1.8 g; 22 mmol) in dry THF (20 mi).

After 1 h the solvent was removed under reduced pressure at 20 °C and the residue was purified
by silica gel chromatography (cyclohexane: ethyl acetate 7:3) to give the amides Sa-c or 9a-b
(rotameric mixtures) as colorless oils.

Preparation of 3-oxobutanamides (5b-c). Method B. A solution containing 4b-c (20
mmol) and 2,2,6-trimethyi-4H-dioxin-4-one (3.2 g; 23 mmol) in toluene (100 ml) was refluxed
for 1 h. After removal of the solvent under reduced pressure, the residue was purified by silica
gel chromatography ( cyclohexane:ethyi acetate 7:3) to give the amides 5b-¢ (rotameric
mixtures) as colorless olk

(E,S)-N-(3-Ethoxycarbonyi-2-propenyi)-N-(1-phenyiethyi)-3-oxobutanamide (5a).
Following Method A, the title compound was obtained i 77% yield starting from 4a IR:
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1725, 1665 cm™. 'H NMR: 1.24 (t, 3H, 40%, J = 7.1), 1.27 (t, 3H, 60%, J = 7.1), 1.50 (d, 3H,
60% JT=60 160(d4 3 400, T=60Y 29 ¢c I ANOLY D 21 /g I ANO/Y 2 AR _ 2 QA (v
VG, 7 Jy LUV (M, JEE, TV 0, U V.F ]y &0 (D, JI11, VU/D), L.J1% D, JiX, FU/0), J.90 J.75% (1L,
DNMYIN Y 2N . NYIY /N YT L NLY AND/ N A 1Y [+ 74 Y MmN R Wals AYTY s ¥
2H), 3.50 (s, 2H, 60%), 3.71 (s, 2H, 40 70, J = 7.1), 4.106 (q, ZH, 6U%, J =
1.6),

3. . 40%), 4.14 (q, 2

7.1),5.05(q, 1H, 40%, ] = 6.9), 5.77 (ddd, 1H, J=15.8,1=1.7,]
6.9), 6.65 (dt, 1H, 60%, J = 15.8, T = 4.8), 6.73 (dt, 1H, 40%, J = 158, ] = 4,8), 7.18 - 7‘42 (m,
5 ArH). PC NMR: 14.7, 16.7 (40%), 17.1 (60%) 30.3 (40%), 30.9 (60%), 44.1 (40%), 452
(60%), 50.7 (60%), 51.9 (40%), 56.8 (60%), 60.8 (40%), 61.2 (60%), 61.9 (40%), 122.7 (40%),

172 'l (£NG/N 1777 1 197 12 ANO/ N 170 N 7£ND/N ol
123.1 (60%), 127.1 (60%), 127.3 (40%), 128.0 (60%), 128.3 (40%), 128.5 (40%), 129.2 (60%),

140.0 (40%), 140.3 (60%), 144.2 (40%), 144.6 (60%), 166.1 (60%), 166.5 (40%), 167.1 (40%),
167 8 (60%), 172.1 (40%), 172.7 (60%). [a],, -111.9 (¢ 1, CHCL). GC-MS: mz 317 (M), 302,
274, 260, 246, 230, 188, 166, 155, 132, 105, 91, 77. Anal. Caled for C H,;NO,: C, 68.12; H,

a

Ed >
NLORT A AN 1Dy 1. M LSO N0O XYY ™M 10 NT A DO
0;N,4.41. Found: C, 63.08; H, 7.18, N, 4.38.

>
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(E,S)-N-(3-Ethoxycarbonyl-2-butenyl)-N-(1-phenylethyl)-3-0xobutanamide (5b).
Starting from (£.S)-N-[3-ethoxycarbonyl-2-butenyl]-N-(1-phenylethyl)amine 4b, the title
mnound was cbtained in 77% wu:-lr] followine 1\/[ ethod A and in 839% \IIP‘{“ followine Method

n
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B.IR: 1715, 1701, 1663, 1630 cm 1H NMR. 122 (t, 3H, J = 7.2, 30%), 1.23 (1, 3H, J = 7.2,
70%), 1.49 (d, 3H, J = 7.0, 70%), 1.57 (d, 3H, J = 7.0, 30%), 1.66 (s, 3H, 70%), 1.92 (s, 3H,
30%). 2.25 (s, 3H, 70%), 2.28 (s, 3H, 30%), 3.46 (s, 2H, 70%), 3.55 - 3.84 (m, 2H), 3.68 (s, 2H,

30%), 4.10 (q, 2H, J = 7.2, 30%), 4.12 (q, 2H, J = 7.2, 70%), 5.05 (q, 1H, J = 7.2, 30%), 6.05

(q, 1H, 1 =7.2,70%), 629 (t, 1H, J = 6.0, 70%), 6.43 (t, 1H, J = 6.0, 30%), 7.15 - 7.41 (m, 5
ArH). °C NMR: 12.8 (30%), 12.9 (70%), 14.7 (70%), 16.8 (30%), 18.8 (30%), 22.6 (70%),
30.9, 41.6 (30%), 42.7 (70%), 50.7 (70%), 51.7 (30%), 56.6 (70%), 61.0 (30%), 61.2 (70%),
61.3 (30%), 127.2, 127.3,127.5, 127.8, 128.0, 128.2, 128.4, 128.7, 129.0, 129.1, 129.3 (70%)
129.8 (30%), 138.6 (70%), 139.0 (30%), 140.0 (30%), 140.3 (70%), 167.1 (30%), 167.4 (70%),
176 3 lal, -93.1 (c 1, CHCL,). GC-MS: m'z 331 (M"), 316, 288, 230, 202, 180, 152, 126, 105,

77. Anal. Caled for C¢HysNOy: C, 68.86; H, 7.60; N, 423 Found: C, 68.81; H, 7.55; N, 4.18.

(E,S)-N-(3-Methoxycarbonyi-2-butenyl)-N-(1-phenylethyl)-3-oxobutanamide (5¢).
Starting from 4c¢, the title compound was obtained in 78% yield following Method A and in

83% yield following Method B. IR: 1715, 1710, 1655, 1625 cn v 'TH NMR: 147 (d,3H, ] =

7.0, 60%), 1.58(d, 3H, J = 70 409 ) 1.93 (s, 3H, 40%), 2.00 (s, 3H, 60%), 2.06 (s, 3H, 40 “/)
2.28 (s, 3H, 60%), 3.30 - 3.75 H), 3.64 (s, 3H, 40%), 3.68 (s, 3H, 60%), 4.78 (s, 1H, 40%),
5.05 (q, 1H, J = 7.0, 40%), 5.69 (s, 1H, 60%), 6.06 (q, 1H, J = 7.0, 60%), 7.16 - 7.44 (m 5

ArH). C NMR: 17.1 (60%), 17 2 (40%), 19.1 (60%), 22.6 (40%), 27.4, 30.9 (40%), 31.0
(60%), 50.9 (60%), 51.1 (40%), 51.7 (40%), 52.2 (60%),57.1, 114.9 (40%), 115.6 (60%), 126.9

(40%), 127.9 (60%), 128.1, 128.2, 128.5 (60%), 129.1 (60%), 129.3 (40%), 129.4 (40%),
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140.4, 154.9 (40%), 155.0 (60%), 166.8 (60%), 166.9 (40%), 167.3 (40%), 168.3 (60%) 205.
foel 21218 4(c 1 CHCILY GOMS: m7 317 (MY 207 274 244 217 201 174 140 122 104K
i“ID 1452 1y NrRaNIq ). SINTIVIL, JIE A e 7 AV 3 VL, LT, LT, LT, LV, 1T, 1YY, MDD, 1V,

3 J :
98, 77. Anal. Calcd for CisH,3NO,: C, 68.12; H, 7.30; N, 4.41. Found: C, 68.09; H, 7.25; N,
4.38.

Preparation of (E,5)-N-(3-ethoxycarbonyl-2-pr openyl)-N—( phenylethyl)methoxy-

10nometi lyl malon

nd £ 1A nnn.-.r-.',-..-. AF e mbmoas i ~t

noa . 154 Su })C IDIOLL UL PUlde 1M dat
1 1 -

hi at .

oride (3 6 g, 30 mmol) was added

in dichloromethane (30 ml) was added at 20 °C and stirred for 3 h. Water (50 ml) was addcd
and the mixture was extracted with ethyl a (3 x 150 ml). The organic layer was dried

{NIQ Q(\ \ Q“A thpy C‘{\]‘!P‘l\f Iac fﬁllﬂf\‘lﬂfl llﬂl“ﬂf‘ Y‘QI“I]I"Q(‘ nroagccnrn T Yal I‘ﬁQI-I'IIID AY ¥4 T nnrl‘ 1Df" "\‘I
L‘uruuz;, €31A0E L1iWw JUVA VWil YYAQOD TVl VLGUL Ulliuwil 1 vuuivevu }JIUDDUIU 11w 1waluuw ¥yvao IJI.LIIJ.IUU UJ
silica gel chromatography (cyclohexane:ethyl acetate 70:30) to give the amide 5d in 87% yield
as colorless oil
(E,R)-N-(3-Ethoxycarbonyl-2-propenyl)-V-(1-phenylethyl)-3-oxobutanamide (9a).
Following Method A, the title compound was obtained in 77% yield as a colorless oil starting
Lo e L 117 74 1 ) B Vo) BN e, | M1 3 £ . M TIY WIsy . £ 179 Y T AN AT A A1
mrom da. {aj, 112.3 (¢ 1, CHCIL;). Anal. Caica tor U 1,,NU, €, 65.12; R, 7.50; N, 4.41

{FA R\-N—l_’LFt nvvrarbgp \ 1)
Following Method A, the title compound was obtained in 81% yield as

from 8b. [a], 93.6 (¢ I, CHCI;). Anal. Caled for Ci9HysNOg4: C, 68.
Found: C, 68.83; H, 7.56; N, 4 .33.

J»-\
b
[T
~

rs

removed under reduced prebsure and the remdue was purified by sﬂ:ca gel chromatography, to

give 6a and 7a in 80% overall yield and 70:30 d.r. Isomer (3R,4S,1'S)-6a: 56% vield. IR:
1735, 1668 cm’. "I NMR: 1.19 (t, 3H, = 6.5), 1.52 (d, 3H, J =7.1),2.23 (dd, 1H, J = 16.2. J
=84),235(dd, 1H, J =162, =72), 244 (s, 3H), 2.538 (dd, 1H, H,, J,5 = 9.7, J,x = 6.1),
3.14 (m, 1H, H,), 3.39 (d, 1H, H,, J = 7.2), 3.58 (dd, lH Hg, J.5 = 9.7, J5x = 8.1), 4.06 (q, 2H,
5),545(q, 1H,J=7.1),721 -742 (m, 5 A, NMR: 14.6, 16.6, 30.2, 30.8, 38.0,
0 1,127.6,128.2,129.1, 140.0, 168.9, 171.7. [a], -106.3 (¢ 1, CHCI,). GC-
MS: m =z 317 (M"), 302, 274, 272, 230, 214, 188, 166, 132, 105, 91, 77. Anal. Calcd for
CH,;NO,: C, 68.12; H, 7.30; N, 4 41. Found: C, 68.07, H, 7.27: N, 437 Isomer (35,4R,1'S)-

L—
Ul

1 1™

1,01.2.0

wh
%
[0S

46.5,

SN

U.
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7a: 24% yield. IR: 1735, 1670 cm™. 'NMR: 123 (t, 3H, J = 6.5), 1.54 (d, 3H, J = 7.2), 2.38
(dd, 1H, J = 8.5, ] =28),2.45 (s 3H) 247 (dd, 1H, J = 8.5,J=22),295(dd, 1H, H,, I, -
8.8,J,,=63),3.07 (m, 1H, Hy), 3.25 (dd, 11, H,, szs.s, Jux =7.5),3.46 (d, 1H, H, J,, =
7.4).542(q, 1H,J=172),7.22-7.41 {m, 5 ArH). "C NMR: 14.6, 16.7, 30.3, 30.8, 38.1, 46.5
50.0, 61.2, 61.9, 127.3, 128.1, 129.1, 139.9, 169.0, 171.7. [a],, -129.4 (¢ 1, CHCL,). GC-MS
mz 317 (M), 302, 274, 272, 230, 214, 188, 166, 132, 105, 91, 77. Anal. Caled for C jH,,NO,

C,68.12; H,7.30; N,4.41. Found: C, 68.09; H, 7.33; N, 4.43.

Cyclisation of the 3-Oxobutanamides (5a-d) with NaH in THF (Method A). General
Procedure. A solution containing amides 5a, Sb, or 5d (10 mmol) in dry THF (30 ml) was
slowly added at -78 °C to a suspension of NaH (0.48 g; 10 mmol; 50% dispersion in mineral
oil) in dry THF (20 ml). After 1 h solid NH;Cl (5g) was added and the temperature raised to 20

°C. The mixture was poured in water (50 ml) and after extraction with ethyl acetate (2 x 100

ml) and drymg (Na,SOy), the organic layer was evaporated under reduced pressure. u

11720 nhramant Aoenaalaa < o ~nm ooyal Al aemaa o P P P <) srotata R PO S =

was chromatographed by silica gel chromatography (cyclohexane ethyl acetate 7:3) to give 6a,
6b, 6d and 7a, 7b, 7d as colorless oils.

Ethyl (3R, 4S 1'S)-[3-acetyl- -oxo-l-(l'-phen_ylethyl)p_yrrolidin-4—yl]acetate (6a) and its

compounds 63 and 7a were thamed in 77% overall yield as colorless oils. D.r. (3R,45,1'S)-
6a:(35,4R,1'S)-7a 28:72. 1'8)-6a: 23% yield. [a],, -106.5 (c 1, CHCI,). Anal.

5
. Found: C, 68.14; H, 7.25: N, 4.46. Isomer
/\nal_ Cn]cd fgrc H NO - 6821)-H

1811231‘\/4. g UU.IL; L1,

-1'-(1"- henvlethvl)pvrrohdm- '-yl]pro-
e cy clisation method A and

TAROL all 14 al
G770 OVeian _yx%uu as Coio

oils. D.r. 2RS,3'R,4'S "S‘)—6b (2Rs 3'541\‘ ,1"8)-7b 30:70. (2RS) ratio (unassigned): 70 3
IR: 1725, 1710, 1668 cm’'. Isomer (2RS,3'R,4'S,1"S)-6b: 23% yield. 'H NMR: 1.09 (d, 3

70%, J=71) 1.10 (d, 3H, 30%, ] = 7.0}, 1.22 (t, 3H, 70%, J = 7.1), 1.23 (t, 3H, 30%, J=71)
151( H. 70%, J = 7.1), 1.52 (d, 3H. 30%. 1—71) 238 - 2.52 (m, 1H), 2.42 (s, 3H, 30%).

J=71),54 | : 147 (30%),
14.9 (70%), 15. 2 (30%) E6 6, 30 9 30%) 31.0 (70%), 35.6 (30%), 36.1 (70%) 42.4 (30%),
43.0 (70%), 44.5 (30%), 44.8 (70%), 49.9 (70%), 50.0 (30%), 60.2 (30%), 60.5 (70%), 61.2



R. Galeazzi et al. / Tetrahedron 55 (1999) 40294042 4039

7

(30%), 61.3 (70%), 127.3, 128.1, 129.1, 139.9, 169.2 (30%), 169.3 (70%), 174.7, 203.7 (30%),
M0 Q {TNOLN U NAC: 132> 221 /AT 210 219 Y74 Y20 AIND 17237 192 1AN INE 01 A A1
LU3.0 \/V70). TU~IVLDY. /2 501 (IVL ), D210, DUL, 214, 20U, LUL 133, 120, 12U, 1U], Y], //. Anai
Calcd for C9H,sNO4: C, 68.86; H, 7.60; N, 4.23. Found: C, 68.83; H, 7.57; N, 4.20. Isomer

(2RS,3'S,4'R,1"S)-Tb: 53% yield. 'H NMR: 0.97 (d, 311, J = 7.0), 1.13 (t, 3H, 70%, J = 7.1),
1.15 (t, 3H, 30%, J = 7.1), 1.48 (d, 3H, 70%, J = 7.2), 1.49 (d, 3H, 30%, J = 7.2), 2.34 (dq, 1H,
J=71,1=7.5),2.42 (s, 3H, 30%), 2.45 (s, 3H, 70%). 2.63 (dd, 1H, Ha, 70%., Jax = 6.3, Jap =

99 264 (dd 1 H, 30% T.. =681 = Q) ")Q’7_1“)ﬁlm 1T 11 QAT /AL 1L LI
7.7 ], \uu, a1k, J1A, JU /0, JAYX V.0, JAR 7.0}, £.0/ <LV, a1, 11){}, 2.0 (ud, i, 1R,
o ¥2Y1Y4 T o 7 Y T D/ T — o T -\

30%, J = 3.0 /o, Jux =8.6,Jag=9. /), 3.47 (Cl(l IH, Hg, 70%, Jpx

,J=98), 434 (dd, 1H, Hg, 30
= 8.8, Jap = 9.8), 3.51 (d, 1H, Hy, 70%, J = 7.2), 3.55 (d, 1H, Hy, 30%, ] = 7.2), 3.98 (q, 2H.
30%, J=7.1),4.00 (q, 2H, 70%, J = 7.1), 5.41 (q, 1H, 70%, J = 7.2), 5.42 (q, 1H, ] = 7.2), 7.19
- 7.38 (m, 5 ArH). "C NMR: 14.6, 14.8 (30%), 14.9 (70%), 16.6, 31.0, 35.4 (70%), 36.0 (30%),
42.5 (70%), 42.8 (30%), 44.5 (30%), 44.9 (70%), 50.1 (30%), 50.2 (70%), 60.0 (70%), 60.7

L\I\IIU} v.v \IU Uj AT AV N

(30%), 61.1 (30%), 61.2 (70%), 127.6, 128.2, 179 1, 139.9, 168.9 (70%), 169.2 (30%), 174.7,

203.7. GC-MS: mz 331 (M) 318,302,274, 230, 202, 133, 126, 120, 105,91, 77. Anal. Caled
for CioHysNO4: C, 68.86; H, 7.60; N, 4.23. Found: C, 68.79; H, 7.55: N, 4.19.

Ethvl (35.45.1'S)-3-13-methoxvcarhaonvl-2-0xo-1-(1'-nhenvlethv\nvrrolidin-d-vllacetate

- o 1 rTS [ ] A_-, R l—d AEE W wERR lJ -~ a vv-l‘, A s N LA - \ kS r’.-v.lJ IVQIIJ l,r‘y A R ARG AEA . J .l“\““."
(LAY amd st (TD AD 'l’ sonman (TAY TAllawvinas +h wrnlicntinm manthad A nnnd qtacbisna fns 20
(64G) and its (SK,4n,1 D )-Isomer \ aj. rouowiig 1 yCiisation metnoda A anda starting 1roim >a

c
the diastereomers 6d and 7d were obtamned in 80% overall yield as coloriess oils. Dur.
(35,45,1'S)-6d : (3R,4R,1'S)-7d 20:80. Isomer (35,45,1'S)-6d: 16% yield. IR: 1744, 1665
cm’. '"HNMR: !. 23(t,3H,J=7.1),1.53(d,3H,7=7.1),243(dd, IH,J=72,J=16.2), 255
(dd, 1H,J=6.1,J=16.2), 2.84 - 3.09 (m, 2H), 3.23 - 3.32 (m, 2H), 3.79 (s, 3H), 4.11 (q. 2H, J

=7.1),547 (q, IH, J =7.1), 7.18 - 738 (m, 5 ArH). 11(,NMR 14.6, 16.6, 33.0, 38.1, 46 8.

-~y ~ «tmA D

61.4, 1274, 128.1, 129.1, 1398, 1689, 1703, 171.4. [a], -129.8 (c I,

n

50.0, 53
CHCL,). GC-MS: m'z 333 (M"), 318, 288, 274, 242, 214, 188, 132, 120, 105, 91, 77. Anal.

551

i\)

3

Caled for CsH»3NOs: C, 64.85; H, 6.95; N, 420 Found: C, 64.88; H, 6.93; N, 4.24. Isomer
(3R,4R,1'8)-7d: 64% yield. IR: 1742, 1665 cm™. '"HNMR: 1.16 (t, 3H, J=17.2), 1.51 (d, 3H, J
=7.0),226(dd, 1H,J=7.7,1=16.1), 242 (dd. 1H, J=6.6, 1 =16.1),2.57 (dd, 1H, =64, ] =
9.6),2.91 -3.14 (m, 1H), 3.19 (d, 1H, ] = 7.7), 3.66 (dd, 1H, ] = 8.9, ] = 9.6), 3.76 (s, 3H), 4.03
(q,2H, 1 =72), 5.44 (q, 11, T =7.0), 7.18 - 7.39 (m, 5 ArH). *C NMR: 14.6, 16.5, 32.9, 37.9,
46.7,50.1,53.2,55.1,61.3, 127.6, 128.1, 128.2, 129.0, 129.1, 139.9, 168.7, 170.3, 171.4. [a],
-87.1 (¢ 0.5, CHCL,)). GC-MS: mz 333 (M"), 318, 288, 274, 242, 214, 3 ,

77. Anal. Calcd for C3sHy;NOs: C, 64.85; H, 6.95; N, 4.20. Found: C, 64.87; H, 6.91; N, 4.23

B). General Procedure. To a solution containing the amide Sa-c and 9a,b (20 mmol) in dry
ethanol (30 ml) was slowly added at -78° a solution containing sodium ethoxide {20 mmoli;
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prepared bv dissolving Na (480 me: 20 mmol) in drv ethanol (20 m1 After 1 h solid NH.C1

2 Y 4 L £, o) Cly €lano: (LU miz. ARCT 1 11 SOIQ INFsLl
FE N o) wag addad and tha tamnaratiies raion A 4a N O Afae A dA el O /en b
(J.U EJ) wad auulu qaiila Uic Lcuxpcxauuc raised to 20 Lo AR aauition 01 wdllr (Ju Iﬂl), uic

mixture was extracted with ethyl acetate (3 x 100 mi) and dried (Na,SO,). The solvent was
evaporated under reduced pressure and the residue was purified by silica gel chromatography,
to give the pyrrolidin-2-ones 6a, 6b and 6d. 7a, 7b and 7d, 10a,b and 11a,b as colorless oils.

Ethyl (3R,48,1'S)-[3-acetyl-2-0x0-1-(1'-phenylethyl)pyrrolidin-4-yljacetate (6a) and its
isomer (35,4R,1'S) (7a). Following the cyclisation Method B and starting from 35a the
compounds 6a and 7a were obtained in 84% overall yield as colorless oils. D.r. (3R,45,1'S)-
6a:(35,4R,1'S)-7a 85:15. Isomer (3R,45,1'S)-6a: 71% yield. [a], -106.7 (¢ 1. CHCL,). Anal.
Caled for C, H,;NO,: C, 68.12; 7.30; N, 441. Found: C, 68.08; H, 7.34; N, 437 lIsomer

Givie AVl 18+ 4234 ., vO.1 4, ; iy . N . . A AL Ny i1

(38,4R,1'S)-7a: 13% yield. [a]}, -129.2 (c 1, CHCI). Anal. Caled for C,(H,,NO,: C, 68.12; H,
7.30; N, 4.41. Found: C, 68.15; H, 7.27; N, 4.43.

F"‘I‘)l NIRPCIDP A'C 1M ="=[2'ﬁq l‘ﬂh7|=1'___l\vl\= 1 '=l 1 "anl'lnn!rlnf‘-‘yl\“‘ivtﬂl\“l‘;n_A’_tr‘ln-n_
Ltll‘y \&l\u,d AN y"F 1Py K u’ et !J a\—Cl..yl - TUAUT R \ X pucu_y ll?llly I’pyl rv1Iuiu=-s Jlj Pl w
panoate (6b) and its isomer (2RS,3'3,4'R,1"S) (7b). Following the cyclisation Method B and

starting from Sb the compounds 6b and 7b were obtained in 82% overall yield as colorless oils.
Dr. (2RS,3'R,4'S,1"S)-6b : (2RS,3'S,4'R,1""'S)-7b 84:16. Isomer (2RS,3'R,4'S,1""S)-6b: 69%
yield. GC-MS: m'z 331 (M"), 318, 302, 274, 230, 202, 133, 126, 120, 105, 91, 77. Anal. Calcd

for C;sHysNOy4: C, 68.86; H, 7.60; N, 4.23. Found' C, 68.80 H, 7.54; N, 4.18. Isomer
MADOC V0 AYD 110N ™ML . 1~11 . _‘) /\l+\ ‘)10 AN YA AN YN 1717 1NL
(2RS,3'5,4'R. 1" 5)-Tb: 13% yield. GC-MS: m'z 331 (M }, Y18, UL, 274, L3U, ZUZ, 133, 120,
120, 1(5 9] 77 Anal. Calcd for (,19H25N()4 C 8 76), N, 4.23. Found: C, 68.82: H,
7.55;N,422

Ethvl (35,45,1'S)-3-[3-methoxvcarbonyl-2-0x0-1-(1'-phenylethyl)nvrrolidin-4-yl]aceta-

k4 7 7 1 & o o \ I o JTINJ J 1

$n (LAY arnd 340 IID AD 1'C\ 2cnmanee 7A EallAawvrin o tha Arvunlicatinn MathAaAd T3 and ctartinag fram
1 \Uu’ anuu I \Jl\,"'l\ i L))'lbUlllCl \ iuj. 1 UllUWlllK (S §1iw) b_y\wll AlliVUll IVEICLIIVUU D QiU dlal Lllls 11Ul
5d the diastereomers 6d and 7d were obtained in 80% overall yield as colorless oils. D.r. 70:30.

Isomer (35,45,1'S)-6d: 56% yield. [a], -129.7 (¢ 1, CHCL,). GC-MS: m/z 333 (M"), 318, 288,
274,242 214, 188, 132, 120, 105, 91, 77. Anal. Calcd for C1gH3NOs: C, 64 .85; H, 6.95; N,
420. Found: C, 64.81; H,697; N, 4.18. Isomer (3R,4R,1'S)-7d: 24% yield. [a], -87.1 (c

0.5, CHCL,). GC-MS: m z 333 (M"), 318, 288, 274, 242 214, 188, 132, 120, 105, 91, 77. Anal.
Calced for C;gH,3NOs: C, 64 .85; H, 6.95; N, 4.20. Found: C, 64 .87 H, 6.91; N, 4 23.

J
.

11 21 1

ok I
isomer (3R,45,1'R) (i1a). Following the cyclisation Method B and starting from 9a the
compounds 10a and 11a were obtained as colorless oils, in 80% overall yield. D.r. (35,4R,1'R)-
10a : (3R,45,1'R)-11a 85:15. Isomer (35,4R,1'R)-10a: 68% vield. [a]p 107.2 (¢ 1, CHCI;).
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GC-MS: mz 317 (M"), 302, 274, 272, 230, 214, 188, 166, 132, 105, 91, 77. Anal. Calcd for
C¢H,;NO,: C,68.12; H,7.3 Fou

1sHs3 8.12; H 0; N, 4.41. Found: C, 68.09; H, 7.32; N, 4.42_ Isomer (3R,45,1'R)-
11a: [a]p 130.6 (¢ 1, CHCL). GC-MS: m'z 317 (M), 302, 274, 272, 230, 214, 188, 166, 132,
105, 91, 77. Anal. Calcd for (,ISHBN()4: C: 68.12; H, 7.30; N, 4.41. Found: C, 68.06; H, 7.26;
N, 4.37.

_____ f.l04, AN B8 3 1 1 L v

y A_—} (YD C2TC AVD 11 DN\ [ e L IFNPREPERS Nie L JIPOUDEE R AVA LIS Syl A.l.. -I — l a__ AV _ BV_____
nyi (2RS,3'S,4'R,1" R)-2-|3"-acetyl-2"-0x0-1'-(1"-phenylethyl)pyrrolidin-4'-yljpro-

panoate (10b) and its isomer (2RS8,3'R,4'S,1"R) (11b). Following the cyclisation Method B
and starting from 9b, the compounds 10b and 11b were obrained in 80% overall yield. D.r.
(ZRS,3'S.4'R,1"R)-10b : 2RS,3'R,4'S,1"R)-11b 85:15. Isomer (2RS,3'S,4'R,1"R)-10b: 68%
vield. GC-MS: m z 331 (M"), 318, 302, 274, 230, 202, 133, 126, 120, 105, 91, 77. Anal. Calcd

- 72

1(
fAr II..NO .- AR Q4
101 \,191 125NV, U, U6.00]

(2RS,3'R,4'S,1"R)-11b: 12% yield. GC-MS: mz 331 (M), 318, 302, 274, 230, 202, 133, 126,
120, 105, 91, 77. Anal. Caled for C,9HysNO,: C, 68.86; H, 7.60; N, 4.23. Found: C, 68.82: H,
7.55; N, 4.22.
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Terrahedr(m i,en 1990, 3/, 4917-4920. b) Barco, A.; Benetti, S.; Spalluto, G.; Casolari, A.; Pollini, G

Zanirato, V. J. ()rg_ Chem 1992,_ 37, 6279-6285. ¢) Hiral, Y., Terada, T, Yamazakl, T.J Am. C hem. Soc_‘
1988, 770, 958-960. d) Hirai, Y ; Terada, T.; Yamazaki, T.; Momose, T. J. Chem. Soc., Perkin Trans. !,
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The search for the low energy conformations was run using BATCHMIN program implemented in
MacroModel, software package Version 5.5 and MM2* force field. All the calculations were carried out on
a Silicon Graphics Indigo 2 R10000 workstation. a) Mohamadi, F.; Richards, N.G.J.; Guida, W.C.;
Liskamp, R ; Lipton, M.; Canfield, C.; Chang, G ; Hendrickson, T ; Still, W.C. J. Comput. Chem, 1990, /1.
440-448. b) Allmger NL /' 4m Chem. Soc 1977, 99, 8127-8134, and subsequent Versions, eg MM2-

Callinn anAdar . ot rein . Tinagar IO v
87. MM2- 89 MM2-91. x,} x_,u }., G&H.luu., S,, Bcudcx, C., ‘v‘v’l}\btxuux, H nuulgcg N.L., Flur uuu& K. M .

Teeter, MM .J Comput. (hpm , 1989 /0, 503-511.

The relative energies of the two diastereomers were calculated by using the AMI1 Hamiltonian As
references see’ Dewar, M J.S ; Zoebisch, E G Healy, E F ; Stewart, JJP. J Am. Chem. Soc., 1985, 107,
3902-3909. The program is enclosed in Hyperchem package, release 501, available from Hypercube.
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e easily converted into the 1f-methyl derivative,

he reversibility of the cor jugafe addition allows for the formation of wer energy product. See, for
example: Chan, S.; Braish, TF. Tetrahedron, 1994 30 9943-9950.

The functionalisation at C-5 of the pvrrolidin-2-one ring is currently studied: a) Murahashi, S1; Naota, T
Kuwabara, T.; Saite, T., Kumobayashi, H.; Akutagawa, S..J. Am. Chem. Soc., 1990, 112, 7820 7822 b)
Cainelli, G ; Da Col, M.; Galletti, P.; Giacomini, D. Synlers, 1997, 923-924.

The quadratic synchronous transit method (QST) was employed, which searches for a maximum along a
parabola connecting reactants and products, and for a minimum in all directions perpendicular to the
parabola. Stationary points on the potential energy surface (PES) were localised by minimising the energy
gradient and evaluation of the transition states was achieved from the Hessian matrix. The nature of these
stationary points was established by analytical calculations and diagonalisation of the matrix of the energy
second derivatives, in order to identify the unique imaginay frequence The normal mode analysis allowed
to determine the normal mode of vibration corresponding to the coordinate of reaction, which consists in a
svnchronous motion of the two reaction centres. The frequency values are, for TS-1 and for TS-2, -312.0
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