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Abstract: A number of N-benzylic protecting groups and allylic substituents have been investigated for
the rearrangement, promoted by CuCl-TMEDA, of N-allyl-2,2-dihaioamides to 3, 4-disubstimted ¥-
lactams. An appreciabie chiral induction was observed at the C-4 site when a-phenyl ymmirxe was
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furyl-methyl protection. This rearrangement has been applied to the synthesis of pilolactam, a drug with
muscarinic activity. © 1999 Elsevier Science Ltd. All rights reserved.
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Recently we have reported the use of CuCl-TMEDA as a promoter for halogen atom transfer via radical
rearrangement of N-allyl-N-protected-2,2-dihaloamides to 2-pyrrolidinones (scheme 1)." Cdmpared to the classic
but more expensive combination of CuCl-2,2’-bypyridine,”™ better yields at lower catalyst concentrations were
obtained under similar operating conditions. RuCIy(PPhs);™® is the other traditional catalyst, but its use is

CuCl (‘u(‘lv Ia{ Cqu CUCI R

Wi U Lk Mo ] tyeo
N s N S VA S o

0 HES! { a
Cl

7
>

=

Scheme 1

ypascal.unimo.it; n°.fax: 039/373543

0040-4020/99/% - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
Pil: S0040-4020(99)00247-1



5840 F. Ghelfi et al. / Tetrahedron 55 (1999) 5839-5832

restricted because it is expensive, greater than catalytic amounts are often required for compiete conversion, and
harsh reaction conditions need to be used. Besides, comparing the rearrangement of the same substrates,'”
RuCly(PPhs); afforded worse cis/trans (typically 26:95) ratios than CuCl-TMEDA (typically 80:100).

From a retrosynthetic point of view the application of the “atom transfer transform” on a 2-pyrrolidinone ring
leads to a rearrangement of atoms shown by the bold bonds in scheme 2. This strategy is highly convergent since
the y-lactam is resolved into two simple and easily prepared fragments: a 2.2-dichlorocarboxylic acid A™* and an
allylic amine B’ Previously we have limited our attention to the C-3 appendages (R,) derived from the
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groups have been mvesugatea to show the effect of A-subsiitution on lel(lS and SLereocnemlstry This memoa
was then appned to the S}’ntﬂeSlS of puolactam, an isostere of 1sopllocarpme recently patemed Dy Anergan .

This drug has muscarinic activity, and appears to be selective for the m5 muscarinic receptor subtype.'""

RESULTS AND DISCUSSION

We have previously shown that for the cyclization of N-allyl-2,2-dichloroamides, an N-protecting group is
necessary for excellent yields of halogen atom transfer leading to 2-pyrrolidinones. Protection forces the amides
skeleton to adopt a conformation which has the alkene and haloalkyl groups on the same side.” Benzylic type
protections are useful owing to the number of methods that are available for their removal, this includes

413 The use of benzyl substituents of

hydrolysis, hydrogenolysis, radical halogenation and oxidative cleavages.
varying sizes could effect the efficiency and stereoselectivity of radical cyclization. In addition, there are efficient
procedures for the preparation of optically active benzyl amines,'® and these could be transformed to radical

precursors containing chiral N-protecting groups. As far as we are aware, chiral induction between the C(3) and

C{4) pgsmgn of 2-pvrrnhdmgneg {on atom transfer cyr‘h tion of N-al , 2-haloamides) has o lv been achieved
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for the CuClI-TMEDA promoted cyclization of N-allyl-N-protected-2,2-dichloropropanamides and the results ai

reported in Table 1.

Compared to the reference substrate (1a), the introduction of bulkier benzhydril or methyl-B-naphthyl groups,
in (1b) and (1¢) respectively, produced no marked improvement in the cis-/trans- ratio™ whereas the yields (at
25, 40 and 60°C) were generally worse (Table 1, n° 1-3). Of particular interest was the outcome of the reaction
of the methyl-2-furyl derivative (1d) (n° 4). At room temperature, the main product was derived from an
intramolecular Diels-Alder (IMDA) addition between the N-allyl and N-(methyl-2-furyl) appendages. At higher
temperature (60°C) and in the absence of CuClI-TMEDA the IMDA reaction was found to be exclusive (scheme

3). It is interesting to note that the corresponding N-acetamide derivative was stable and did not undergo
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Table 1. The CuCl-TMEDA promoted cyclization of N-allyl-N-protected-2,2-dichloropropanamide.”

n° Substrate product T conv.? yieldc‘d
°C % % (cis:trans)
0 CH.CI 25 100 99 (51:49)
| Ph N/X’ : R,
I HyC N 40 100 99 (58:42)
1a Clcr i 0 LH~ 2a 60 100 99 (66:34)
O Ii)h Ph 25 83 74 (59:41)
i ; H,C
2 MO S ph p Ny 40 84 74 (58:42)
| e
S A O}—Lquﬁ 2b 60 94 78 (60:40)
0O 25 31 27 (61:39)
T e CHCL
3 H*Y\:/\}/\/\ o~ N 40 50 41 (67:33)
- i ., ~
1o Cler Ly W S I a2 60 68 58 (73:27)
O
4 me ) o e Ot 25 100 34(56:44
5 )
Bg\l,\l | I ( ) }_Z—Cl 25 34 (56:44)
id Allyl 0 ‘CH 2d
(? 1 CHy Ssj\ 25 24 20 (75:25)
5 HyC A A N R 40 32 77(73:97
4 ClCl [‘\J Ph l ll Cl T S 77 \ I o . e l
le Allyl o i 2¢e 60 100 96 (76:24)°
a) 2-10~ mol of substrate, 2-10™ mol of CuCl, 4-10~ mol of TMEDA and 4 ml of acetonitrile (AN) were used; reaction time 20
h. b) GC values. ¢) Yield of isolated produci. d) Ratio deiermined by GC. e) diastereoisomer ratio (d.r.): ¢cis VIl = 54:46 and
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and even at room temperature the IMDA proceeds slowly.

A modest but significant chirai induction was observed for both the cis and #rans diastereomers on
introduction of the (R)-1-phenyl-1-ethyl group (le) (n°3). The insertion of a methyl at the «-position of
the benzyl group was shown to slow down the reaction and the complete conversion of (le) was only observed
at 60°C. A related cyclization of N-allyl-N-(1-phenyl-1-ethyl)-2-iodoacetamide has been reported but this gave
rise to a racemic muxture of y-lac:tams,19 The selectivity we detected was promising, so we tested the

rearrangement of N-allyl-N—(l-phenvl-l-ethyl) 2,2-dichloro-3-methyl-propanamide (1f), which contained a large

alkyl substituent at the site of radical generation (scheme 4). This prodl_c_‘,ed a satisfactory chiral induction and
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alkene double bond. This can be compared with the racemic cyclization of AN-allyl-N-(1-phenyi-i-ethyi)-2,2-
v e ~ . ® « 32 ~ 9 3 r s M : 1 ¥ T . ¥ M .
dichloro-3-methyl-propanamide by Orena,'™** which lacked the bulky 1sopropyl substituent.

-/

Cl
O Cl- e
/)\ )’\_ N \/{/ CuCFTMEDA conv. 100%. vid. 96%
N » //,Q ) cistrns =933
Cl (1 wH AN:60°C: 20 h 0) N d.r. cBVIL = 6139
TN l d.r. transVI1 = 100:0
Ph 1r ol 2f
- Ph
Scheme 4

We then explored some alternative allylic appendages and the results are collected in Table 2. As reported
previously,'” the C-3 chiral centre is configurationally unstable under the reaction conditions. This may result

from nucleophilic substitution by chloride or alternatively radical generation at C-3 followed by chlorine atom

the naual reactinn nonda{:ong\ and the enimarizatinn nhearved an renlacement of CuCl with CuCls cunnn
the usual reaction conditions), and the epimerization observed on replacement of CuCl with CuCl; support
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as for (1g), was found to lead to a 1:1 mixture of isomers (Table 2 n°® 2). It is clear that the C-4 substituent
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radicals (11) (n° 3-5). We observed no competitive 6-endo cyclization even after the introduction of an internal
alkene substituent as in (1m) and (1n) (n° 6-7)." It is interesting that while (1o) efficiently rearranged to the 2-
pyrrolidinone (20), which has a potentially useful latent formy! group, the corresponding alkene isomer (1n) gave
a poor conversion (n° 7-8). The poor yield was attributed to the instability of (2n) under the reaction conditions,
it was thought to react with the TMEDA, and when (2n) was added to other halide precursors (0.3/2
mmoles/mmoles), such as (1a) and (1m), no cyclization was observed. We also found, in agreement with

6.23

observations of other authors that a substituent at the C-5 position forces the C-4 substituent on to the

opposite face of the ring (n° 9), and this preference is in no way influenced by the incorporation of other side
chaine handed ta C-3 (n® 10-111)
Chnains conaeG 1o -2 (1 iv-11)
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formal synthesis of pilolactam. Pilolactam has a similar structure and biological activities to the anatine alkaloids
and pilocarpine (scheme 6).”* The target compound was (4a) which had previously been prepared and converted
to pilocarpine by Allergan® * For the preparation of (4a) we devised a retrosynthetic analysis, shown in Scheme
7, which leads back to the cheap and readily available starting materials (10) and (12). These could be converted

to (7) in an unoptimized 52% vyield (from 10) as a 85:15 trans:cis mixture of diastereomers. Hydro-de-



Table 2. The CuCI-TMEDA promoted cyclization of N-allyl-N-benzyl-2,2-dichloroamide.
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n° Substrate product T conv.” yieldc’d
°C % % (cis:trans)
0 ci
| /
1 N Bel 25 100 99 (51:49)
1 cen i p—&c 22 60 100 99 (66:34)
6} CH;,
O CH, Ci
2 HC A~ NN ot 25 91 90 (50:50)
N cy N T S " O
1g Cich o) O/,——TC\H 2g o0 10U 99 (50:50)
- 3
O CHj Cl
1 1 N
3 B A o~y BTN 25 / /
A iN iy CH
1h Cl Cl ll’,zl }——é Cl 3 2h 60 100 97 (71;29)e
O Et Ci
0
T TR YT e, a0 - o .
1i crer b & ppr 2i 60 100 98 (79:21)°
('i) T Bz [ CH,
5 n-Hc'\\K/[\T P cH N/\/""KCH} 25 / /
; 3 -
1 crer O)—%‘;’{ a1 60 100 98 (76:21)°
n-rie
? Bzl /\%ﬂél
[ 8 o -~ N1 7. A7
6 Hsz]\ CH, N 25 g2 91 (53:47)
Im CICl by ¢, ¢ cw, 2m 60 100 99 (31:69)
o ca ¢
Bzl
7 HiC )J\N,\ _CH, N . 25 20 9 (0:100)
In crci Irlszi Cl O CH, 2n 60 22 0
o Cl
g H3C\’(u\ P B cl 25 100 99 (67:33)
N Cl Cl Fya% A WAYAY TN FON. AN
1° C1 Cl éLl O/ . CH3 20 ou uu 1UU (dU LU)
o CcHy ;\ cl
9 CL A ~CH PANT 25 100 94 (3:97)
: , Cl
1y ac L ™ 2p 60 100 92 (7:.92)
e
o B
10 H3L%LN/K/LHZ h}l’ 25 9%  94(163063)
B crcer ! / \ Cl - 60 100 c e §
1q Bzl O on CH, 2q 98 (1.7:22.70)
O Ph ¢l
. ] I Bzl j ~ f
11 [{JL%N/‘\/CHZ N o 25 56 54 (2:2:43:33)
| N | — f
1r cer b d CH 2r 60 100 98 (2:5:26:67)

a) 2:10” mol of substratc. 2-10™ mol of CuCl, 4-10~ mol of TMEDA and 4 ml of AN were used: reaction time 20 h. b) GC values. ¢) Yicld
of isolated product. d) Ratio determined bv GC. e) Ratio determined by 'H NMR. f) Ratio % 1-4.t-5:c~+.c-3:1-}.c-5:c~+.t-5 1aking r-3-C1.~
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this alternative route (4b) was indeed afforded in slightly better yield (45%), but with a somewhat worse
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Three main resuits have been achieved from this work: /) CuCI-TMEDA has been shown to be a good
promoter for the radical rearrangement of various N-allyl-V-protected-2,2-dihaloamides to y-lactams and the
best yields were obtained with N-benzyl protected precursors, /i) the C-4 asymmetric induction, caused by an N-
exo-chiral centre, is more pronounced with a precursor bearing a large C-3 substituent and /i7) the intramolecular
Diels-Alder reaction, between allylic and furyl groups tethered to the nitrogen of a 2,2-dichloroamide, can be
realized under unusually mild reaction conditions. These promising achievements will be the subject of further
investigations.

EXPERIMENTAL PART

z

standard grade commerctal products and used without further purification, except that was dried over three
batches of 3A sieves (5% w/v, 12 h). CuCl was purchased from Fiuka. The following amines were prepared by
N-alkylation with organic halides, adapting the procedure of Shipman®: N-benzyl-allylamine, N-(R-1-
phenylethyl)-allylamine, N-benzyi-prenylamine, N-benzyl-3-Cl-allylamine, N-benzyl-2-Cl-allylamine, N-benzyl-2-
Cl-allylamine, N-benzyl-methallylamine and N-(diphenylmethyl)-allylamine. The Guy’s reductive amination’® and
the Overman approach® were used for the synthesis of N-(B-napthyl-methyl)-allylamine, N-(2-furyl-methyl)-
allylamine,  N-benzyl-cinnamylamine  (9),  N-(4-methoxyphenyl)-cinnamylamine,  N-benzyl-1-phenyl-2-
propenylamine and N-benzyl-1-methyl-2- propenvlamme Methyl 2, 2-dichloro-3-methyl-butanoate was prepared

by oxidation-chlorination of 2-(2-methyl-propyl)-4,5-dimethyl-1,3-dioxolane with trichloroisocyanuric acid, 7

whereas 2,2 -dichlorobutancic. 2.2-dichlorchexanoic and 2.2-dichlorooctanocic acids were obtained by
vhereas 2 <-dichiorobu tanoic, 2Z,2-dichi nexanoic and Z,Z-dichlorooctanoic acids erc obtained oy
~hlarnation (C1) af narent alenhala in the cvetom NME_CHCL MoCL fallauine the Ne Rivel e mathad 8
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The (2m) and (20) stereochemistry was assigned by NOE between th tyl or hydrogen on C(4) and the

C(3)CH; respectively. For the other compounds the bulkier substituent at C(3) preferentially occurs mrans to the
C(4)-(2-chloroalkyl) group_ .

2,2-Di¢:hlor()-propanoylchloride.:‘i In a three-necked round bottom flask (500 ml) fitted with a CaCl, tube, a
dropping funnel and a thermometer, sodium 2,2-dichloropropanoate (660 mmol) was suspended in a solution of

n
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The stirred solution was thermostated at 25 °C and the oxalyi chioride (770
of

— 1 eI I M 1 s
pyriaine (t mij in Criplip {
11
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1 IR} —

mmol) added dropwise (bubbies, due to the formation of CO, CO, and HCi). Addition compieted, the mixture
was stirred for an additional 2 hours, and then the by-product NaCl filtered off. The 2 2-dichloro-
propanoylchloride was isolated by distillation at 260 mmHg, collecting the fraction between 70-80°C; vyield
~70%.

2,2-Dichloro-3-methyl-butanoic acid. In a round bottom flask (100 mi) methyl 2,2-dihalocarboxylate (20
mmol), isopropyl alcohol (20 ml) and 1 5 M aq. LiOH (20 ml) were added. The stirred mixture was thermostated
at -7°C, acidified with 1.0 M aq. HCI (80 ml), after 30 minutes, and then extracted with CHyCl> (2 x 20 ml). The

oreanic haqeg were collected and dried over Maqo The 2 7-dwhlnrn-'% methvl-butanoic acid. recovered after

iy 3D Lol Ein RS Lty LLLE P veig aid
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LCHTIal pivttuure vl i proeparauivoll ui [y-anyriv-ocuiuLyi- A,A-unuamdmluca HUHL 4,.~UIHAI0CATDUOX YU
acids.” The 2,2-dihalo-carboxylic acid (20 mmol) was weighed in a round bottom Schlenk tube fitted with a

rubber seal, then dry CH,Cl; (10 ml) and 5 drops of DMF were added under argon. The stirred mixture was
thermostated at 20-40°C, and oxalyl chloride (40 mmol) injected with a syringe. The side arm was then fitted
with a CaCl; tube, and the stopcock opened to vent out the gases (CO, CO; and HCI) produced during the
reaction. After 1-3 h, solvent and excess oxalyl chloride were removed under reduced pressure. The crude acyl
chloride was then diluted with CH,Cl, (40 ml), thermostated at 20-30°C and quenched with N-allyl-V-
benzylamine (60 mmol). The reaction mixture was stirred for 1-5 h and then washed with 2.5% aq. HCI (2 x 25
ml). The organic phase was dried over MgSQO,, and evaporated. The crude N-allyl-N-benzyl-2,2-dihaloamides
were purified by silica gel chromatography, using a petroleum ether (b.p. 40-60°C)/diethyl ether gradient; yields

85- QRQ/.. ;\Jl dnr‘fc gave concictent MS enectra
Ll 424 bu"f WASARDADLVWILL iVE W QP\IV“ .
(Namamal meanadsima Faw ¢ha acalicadinnas M0 /AN A3 Al and N alll 2 9 _dinhlaraomide (Ta_ =Y and /@)
UrllcI 81 pl ULEUUIC Ul W !,yt,lll.d.llull Ui \U &~ 1V lllUl} i lV'aL\yl"L,[—‘ul\.«luUl Udliluco \ld"l } aliu \0}
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mol) were weighted in a Schlenk tube; then AN (4 mi) and TMEDA (0.4-107 mol) .
argon. The mixture was stirred at the temperature reported in table 1-3, and after 20 h diluted with 2.5% HCI
(20 ml) and extracted with CH,Cl, (2 x 6 ml). The organic layer was dried over Na,CO; and evaporated.
Chromatographic separation by silica gel chromatography, using a petroleum ether (b.p. 40-60°C)/diethyl ether
gradient, gave the y-lactam (2a-r) and (7), generally as a mixture of inseparable diastereomers.

Hydro-de-chlorination of (7). To a stirred solution of (7) (10 mmol) in glacial acetic acid (40 ml) was added
Zn dust (110 mmol) . The mixture was thermostated to 80°C, monitored by TLC (1-2 h) and filtered to remove
the metal. The acetic solution was diluted with water (200 ml) and extracted with diethyl ether (2 x 20 ml). The
organic phase was washed with 5% Na,CO; to remove residual acetic acid, dried over MgSQ, and evaporated.

TL‘IQ f\ﬂll‘ﬁ nraMint {K\ rac '\ll""ﬁﬂr‘ k‘! i‘l]!r"} ﬂl)] ~rhramatnoranhuyu II(‘;H(“ r\nfrr\]nnm othar {}\ ™ An,ﬁr\or‘\/rﬁnthv‘
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Ll — it AT Aol el el RTo AANTET tn (2N ovmmerd i bm Bt sem- 1] aciarn W oenald L8007 . frrzac mie ratinm
tn DENZyiation witn IN&/iNIr13 10 (9) aCCOrding 1o micratuic, Ooverau Yi€il Oo7e, IFdGHSICIS T4atio,

Ozonization of (5) . Ozone/O; (7.5 %) was bubbled (10 I/h) into a solution of (5) (1.42 mmol) in formic
acid/H,O (12 ml; 5:1) for 20 h. H,O; (15%, 8 ml) was then added and the mixture stirred for further 48 h. The
solvent was removed under vacuum and the crude pyrrolidinone (4a) dissolved in diethyl ether/CH:OH (3 ml,
5:1). Finally, reaction with diazomethane gave methyl ester (4b), which, after concentration, was purified by
silica gel chromatography (diethy! ether/CH;OH gradient; yield 42%; frans.cis ratio, 82:18).

N-(B-Napthyl-methyl)-3-chloro-4-chloromethyl-3-methyl-pyrrolidin-2-one (2¢)
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TR (£1a) - 170N (=M Ly amAD /ALY S 1 a4 N 41,70 I 052N pe e T 1 QA IN £0.7LY LY SN

LN V= 1700 U0, i INVIR (LD ) 6 & 1.00 (U405, S, LnisU() ), frais], 1.60 (U.595r1, §, Uns(2), CiS|

LIS EIAN Y NS} = L ANTT T A N A 1ITT AT Y .l ~ 0N AATLYTY HIENT T A Y DS rATTY IS ENY Y

251 10.591H, m, C()H, cis], 2.88 [0.41-1H, m, C(4)H, n(nmj,usauun,m C(5) J 2-3.85 [3H, m, C(5)H and
7

(M +1)-Cl,
35. 01l

Z .‘\‘!
N
DJ

5%] 252 (58) 141 (100) Found; C, 63.3, H, 5. 2 N, 42. C7H, 7C11N0 requxresC 63. 37 H,5

N-(Diphenyimethyl)-3-chloro-4-chloromethyl-3-methyl-pyrrolidin-2-one (2b)

IR (film): v = 1700 (C=0). 'H NMR (CDCL): & = 1.68 [0.40-3 H, s, CH;C(3), trans], 1.89 [0.60-3 H, s, CH~C(3)

cis}, 2.60 [0.60-1H, m, C(4)H, cis], 2.99 [0.40-1H, m, C(4)H, trams], 2.9-3.15 [1H, m, C(5)H], 3.3-3.95 [3H,

C(5)H and C(4)CH,CI}, 6.62 (1H, s, CH-benzhydryl), 7.15-7.5 (10H, m, aromatic H). MS (EL, 70 eV) m-z: 347 (1%);
2 (60), 252 (58), 262 (30, 167 (100); 165 (60). Found: C, 653, H, 55, N, 3.9. CoH;sCLNO requires C, 6553, H

. W), L& L4 OV (SRR ALY _...

5.50; N 4.02, Oil.
A

7 £ ) > ) MpR— 1 aébhc,dd 2 LB 4 L0 ... S T [, IS Fan [y g LN T, il VS
e e P48 ucu_yl-culyl}-.)-uuur o uuurumctny: - llclllyl-p]ll“llul I~&2=0IIC (4K)
rR(ﬁim); v = 1700 (C=0). 'H NMR (CDCl;): diastereoisomer frans I (oil), 8 9 (3H, d, ] = 7.1 Hz, CH:CHN),
1.71 [3H, s, CH:C(3)], 2.85 [1H, m, C(4)H), 3.16 [1H, dd, J = 4.5, 104 Hz, (,(S)H] 2 [ ,dd, J=6.8,10.4 Hz,

C(5)H], 3.45[1H,dd, J=9.9, 112 Hz, C(4)CH,CI], 3.76 [1H, dd, J=4.5, 11 2 Hz, C(4)CH7_C1], 551(1H,q, J=7.1
Hz, CH;CHN), 7.25-7.50 (5 H, m, aromatic H), diastereoisomer frams II (oil), = 1.61 (3H, d, J = 7.1 Hz, CH;CHN),
1.61 [3H, s, CH:C(3)], 2.75-3.0 [2H, m, C(4)H and C(5)H], 3.22 [1H, dd, C(5)H], 3.55-3.75 [2H, m, C(4)CH,CI],
551 (1H, q,J = 7.1 Hz, CH;CHN), 7.25-7.50 (5 H, m, aromatic H); diastereoisomer cis I (oil), 8 =1.59 3H, d, J =
7.1 Hz, CH;CHN), 1.83 [3H, 5, CH:C(3)], 2.43 [1H, m, C(4)H], 3.05-3.30 [2H, m, C(5)H], 3.65 [1H, dd, ] = 8.9,

\¥ /1

1.2 Hz, C(4)CH,C1], 3.85 [1H, dd, J= 5.6, 11.2 Hz, C(4)CH,Cl), 5.49 (1H, q, ] = 7.1 Hz, CH;CHN), 7.25-7.50 (5
H, m, aromatic H), diastereoisomer cis 11 (oii), d=161(GH, d,J=7.1 Hz, CH;CHN), 1.84 [3H, 5, CH:C(3)], 2.55
FTITY e AANTITT N 7Y FITY 30 T O™ NANNTIT ENTIYTT D A FIYY 11 T . £ ONTT. MN/7ENL LY TIIT A3 T 0nn
[TH, m C@H], 271 {1H,dd, J =92, 99 Hz, C(5)H], 343 [1H, dd, J=6.7, 99 Hz, C(5)H], 3.62 {1, dd, J =95,
11.2 Hz, C(4)CH,CI], 3.82 {iH, dd, =52, 112 Hz, C(4)CH2C1}, .54 (iH, q, J = 7.1 Hz, CH;CHN), 7.25-7.50 (

A 5 7. 50 (

H, m, aromatic H). MS (EL 70 eV) m/z: 285 (2%), 270 (6); 250 (42); 105 (100). Found: C, 58.5; H, 6.1, N, 5.0.
CiH 1 7CLNO requires C, 58.75; H, 5.99; N 4.89.

cis N-(KR-1-Phenyl-ethyl)-3-chloro-4-chloromethyl-3-(1-methyl-ethyl)-pyrrolidin-2-one (2f)

IR (film): v = 1695 (C=0). 'H NMR (CDCL;): & = 1.06 (0.61-3H, d, J = 7.0 Hz, (CH;),CH, diastereoisomer I), 1.09

[0.393H, d, ] = 7.2 Hz, (CH;),CH, diastereoisomer 11], 1.19 [0.61-3H, d, J=2.8 Hz, (CH;),CH, diastereoisomer ],

1.22 [0.39-3H, d, ] = 2.8 Hz, (CH;,CH, diastereoisomer II], 1.61 (3H, d, ] = 7.1 Hz, CH;CHN), 2.5-2.9 [2H, m,
CH;),CH and C(4)H], 3.05-3.35 [1H, m, C(5)H], 3.5-3.95 [3H, m, C(4)CH;Cl and C(5)H], 5.53 (0.61'1H, q,J = 7.1

- Ta3 YT e AN R et s 17

Hz, CH;CHN, diastereoisomer I, 557 (039-1H. a. I =71 Hz CH; FHN diastereoisomer ). 7.25-750 (S H m
e 2 22D AV, 4y v R e & /s (GEE RIS
aromatic H). MS (EL 70 eV) m’z: 313 (2%): 298 (3); 278 (26); 228 (13); 105 (100). Found: C, 61.2; H, 6.6; N, 4

T t“l‘h - 1C. I £ “TA. NT A AL Ml
\416“’71\. V Cququ \ UI 12,0, 0./9, IN 4.40. UL

trans N-(R-1-Phenyi-ethyl)-3-chioro-4-chioromethyi-3-(i-methyi-ethyi)-pyrrolidin-2-one (2f)
IR (film): v = 1695 (C=0). '"H NMR (CDCl:): 6 = 1.09 [3H, d, ] = 6.8 Hz, (CH:),CH], 1.21 [3H, d, J = 7.0 Hz,
(CH:):CH], 1.60 [3H, d, J = 7.1 Hz, CH;CHN], 2.58 [1H, m, (CH:);CH], 2.7-2.9 [2H, m, C(4)H and C(5)H], 3.40-
3.65 [2H, m, C(5)H and C(4)CH,Cl], 382 [IH, dd, J = 3.6, 11.1 Hz, C(4)CH,Cl], 557 (IH, q, J = 7.1 Hz,
CH:CHN), 7.25-7 50 (5H, m, aromatic H). MS (EI, 70 eV) mz 313 (2%); 298 (3); 278 (26), 228 (13), 105 (100).
Found: C,61.3; H, 6.7, N, 4.6 CisHyCLNO requires C, 61.15;, H, 6.74; N 4.46. Oil.

N-(2-Furyl-methyl)-3-chloro-4-chloromethyl-3-methyl-pyrrolidin-2-one (2d)

IR (film). v = 1693 (C=0). M NMR (( DCLY: diastereoisomer frans, & = 1.67 fyH s, CH:C(3),

LEANR Qe (S Eeh i w AW b 19 L4 9, LALZL

C(4)H], 3.22 [1H, dd, T= 4.8, 103 Hz, C(S)H], 3.42 [IH, dd. J = 9.7, 11.1 Hz, C(4)CHCl], 3.68 [1

£
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H dd,J=45111H !
15.4 Hz, furyl-CH,N), 6.25-6.40 and 7.41 (3H, m, aromatic H); diastereoisomer cis, & = 1.83 [3H, s, CH:C(3)], 2.58
[1H, m, C(4)H], 3.17 [1H, dd, ] = 9.0, 10.0 Hz, C(5)H], 3.53 [1H, dd, J =30, 10.1 Hz, C(5)H], 3.71 [1H, dd, J =
9.0, 11.3 Hz, C(4)CH:CI], 3.86 [1H, dd, J = 5.5, 11.4 Hz, C(4)CH;Cl], 4.54 (2H, s, furyl-CH:N), 6.25-6.40 and 7.41
(3H, m, aromatic H). MS (EI, 70 eV) mz: 261 (2%), 226 (85); 176 (30), 81 (100). Found: C, 50.2, H, 5.1; N, 5.5.
C1H:CLNO; requires C, 50.40; H, 5.00; N 5.34. Oil.
N-(2,2-Dichloro-propionyl)-8-aza-10-oxa-tricyclo[4.3.1"*.0]dec-2-ene (3)

IR (nujol): v = 1645 (C=0). 'H NMR (CDCl;): diastereoisomer I, § = 1.53 [1H, m, C(5)H], 1.84 [1H, m, C(5)H],

[ans R S

225 [IH, m, C(6)H], 236 [3H, s, CH;CCL], 344 [TH dd, J =108 110 Hz C(7)H], 393 [1H d, J = 146 Hz
S 225 A E] LY E Sy Oy SR RIRAT )N [t T > . e A VAR H LAt M5 v LY AL,
CIOHL 416 MH d I=146Hz CIOH] 472 T1H dd I=70 11 0Hz C(NHT S 14T1H m. C(AH] 645 [DH
N JLA), ANV | KRRy 4y, J LW R RL, N F LY, T IO | L, U, T Fo7y DL L0y AT JiL], 07T |0, T AT L), VY (LX) L
C(2)H and C(3)H]; diastereoisomer II, & = 1 54 [1H, m, C(5)H], 1.89 [1H, m, C(5)H], 2.11 [1H, m, C(6)H], 2.36
[3H, s, CH;CCL], 3.27 [1H, dd, ] = 9.6, 12.2 Hz, C(T)H], 4 15 [1H, m, ] = 9.0, 122 Hz, C(7)H], 441 [1H, d, ] =
(9)F Hz, C YH and C(3)H]. MS (EI,

13.1 Hz, C(9)H], 4.72 [1H, d, J = 13.1 Hz, C(9)H], 5.14 [1H, m, C(4)H], 6.45 [2H, m, C(2
70 eV) mz: 261 (2%, 226 (28); 190 (27); 81 (100). Found: C, 50.3; H, 5.2; N, 5.2. C;1H;:CLNO; requires C, 50.40;
H, 5.00; N 5.34. Solid, mixture of endo and exo diastereoisomers.
N-Benzyl-3-chloro-4-(1-chloro-1-methyl-ethyl)-3-methyl-pyrrolidin-2-one (2g)

IR (film): v = 1710 (C=0). '"H NMR (CDCL): diastereoisomer frans, § = 1.63 [3H, s, CH:C(3)], 1.84 [3H, s,
(CH:)CCIC(4)], 1.86 [3H, s, (CH;CCIC(4)], 2.71 [1H, dd, J =72, 9.3 Hz, C(4)H], 3.33-3.53 [2H, m, C(5)H], 4.50
(1H,d, J=14.7 Hz, benzyl H), 4.60 (1H,d, J=147Hz hen?vl H), 7.25-7.50 (5H, m, aromatic H); diastereoisomer

Liddy &5 4 L LI AL,

3 I3
S22 R~

cis. §=1 H s (CHYLCCICAY 188 MIH s (CHLCCICHAN 196 RH s 3H s CH.CMY. 293 11H dd. 1=
5 . L 3y VNARIFRACRAT ], .00 [ IRy Oy \VARIIUAATT Y, 17U [ IER, 3y J11, Oy VIR AI f], L. 7T 1L, U, U

QN QQ LI, M/AVLTT 222 VT &YXTIAOLY . MNIENIT] A AL FTEY 1 7T - 1A QLY. Lo TN A ZLZO /1LY 1 T - 140 TY, Lo
0.U, 0.0 NZ, LA{A)I1], 5.05-5.0) [4r1, M, C{o)nj, 4.40 (i, 4, J = 14.0 HZ, 0DENizyl ), 4.0Y (1, 4, J = 14.0 I1Z, DENZyL
H), 7.25-7.50 (SH, m, aromatic H). MS (EL 70 eV) m/z: 264 (M'-CL, 48%); 228 (18); 186 (19); 91 (100). Found: C,

60.2; H, 6.3; N, 4.6. C;sHoCi,NO requires C, 60.01; H, 6.38; N 4.67. Oil.
N-Benzyl-3-chloro-4-(1-chloro-1-methyl-ethyl)-3-ethyl-pyrrolidin-2-one (2h)

IR (film): v = 1710 (C=0). 'H NMR (CDCl;): diastereoisomer #rans (solid, m.p. 65°C), 8 = 1.20 3H, t, J = 7.3 Hz,
CH;CHy), 1.66 [3H, s, (CH3)CCIC(4)], 1.86 [3H, s, (CH:):CCIC(4)], 2.21 (2H, q, J =7.3 Hz, CH:CH), 2.95 [1H,
dd, I =7.7,9.8 Hz, C(4)H], 3.30-3.53 [2H, m, C(5)H], 4.50 (1H, d, J = 14.7 Hz, benzyl H), 4.61 (1H, d, = 147 Hz,
benzyl H), 7.25-7.50 (5H, m, aromatic H); diastereoisomer cis (oil), 8 = 1.02 (3H, t, ] = 6.4 Hz, CH;CH,), 1.82 [3H,
s, (CH3),CCIC(4)], 1.86 [3H, s, (CH3).CCIC(4)], 2.26 (1H, m, CH;CHy), 2.55 (1H, m, CH:CH>), 2.94 [1H, dd, J =

72.92Hz C(AYH] 330-3532H m C(5\HL. 451 (IH 4. J=147 hon—n/]m Aﬁﬁ(]nd T—ld'7I—I7 benzvl
72,920z C4)H], 330-303 [ZH m C(O)HL 451 {14, ¢, ) 1.7 Hz, benzyl H), 4.65 (11 1,d,] benzyl
HY 7287 SO (KL m aramatia I AAC (T 7N a1 e TR AT M1 A0/ 247 D7V ONN 20 Q1 /1100 Taninmd O
ll}) L= Y \Jllj 1, arulialiv ll}. VLo \LL’ IAYS GV} s, L1710 \lvl ‘\/1, LD /0}, —ta \L!}’ LI \JUI, 71 \IUU} LOUULIU, Uy
L£7 N0 L O.NT AL M T /YONTOY M 1 L. 1Y £ ™MA. T A AL
613; H, 6.8 N, 4.6. C;¢Hx»ChLNO requires C, 61.15; H, 6.74; N 4 46

N-Benzyl-3-chloro-4-(1-chloro-1-methyl-ethyl)-3-propyl-pyrrolidin-2-one (2i)

IR (nujol): v = 1710 (C=0). 'H NMR (CDCl;): diastereoisomer trans (solid, m.p. 59°C), 6 =0.96 (3H, t, J=7.3 Hz,
CH;CH,CHy), 1.55-1.80 (2H, m, CH;CH.CH,), 1.65 [3H, s, (CH;)CCIC(4)], 1.87 [3H, s, (CH;)CCIC(4)], 2.05-2.18
(2H, m, CH;CH,CH,), 2.92 [1H, dd, J = 7.7, 10.3 Hz, C(4)H], 3.29-3.53 [2H, m, C(5)H], 4.55 (2H, s, benzyl H),
7.25-7.50 (5H, m, aromatic H), diastereocisomer cis (solid, m.p. 39°C), § = 1.03 GH, t, J = 7.1 Hz, CH;CH-CH,),
1.15-1.55 (2H, m, CH:CHxCH;), 1.82 [3H, s, (CH;),CCIC(4)], 1.86 [3H, s, (CH3),CCIC(4)], 2.22 (1H, m,
CH;CH;CH,), 2.46 (1H, m, CH:CH,CHy), 2.93 [1H, dd, J = 7.1, 92 Hz, C(4)H], 3.31-3.51 [2H, m, C(5)H], 4.51

(lH d,J=14.8 Hz, benzyl H), 4.64 (1H, d, J = 14.8 Hz, benzyl H), 7.25-7.50 (5H, m, aromatic H). MS (EI, 70 eV)
- 291 (M'-HCI, 2%); 256 (20); 214 (53); 91 (100). Found: C, 62.2, H, 7.1; N, 4.1. C;3H»CLNO requires C, 62.20,

PR S ) ’/l LIV LU, S, Vala, KR, Ty, s Vo 1 TAAY
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H 706 N427
11 i ,.\J\J7 4 T - d
\ | » P I-3-chilo el PR S (25
(V=DENZY1-3-Ciidro- ""\l uuoro-x memy:—eluyl)ua-uexyl-pyrrouum-z one (£1)

IR (film): v = 1710 (C=0). '"H NMR (CDCl): diasterecisomer rans (oil), 5 = 0.92 [3H, t, CH:(CH,),CH,], 1.31 [8H,
bs, CH; (CHZ)ACHZ] 1.66 [3H, s, (CH;)CCIC(4)), 1.87 [3H, s, (CH;)CCIC(4)), 213 [2H, t, CH3(CH,),CH,], 2.93
[1H, dd, ] =7.7, 9.8 Hz, C(4)H], 3.28-3.52 [2H, m, C(5)H], 4.49 (1H, d, ] = 14.6 Hz, benzyl H), 4.63 (1H, d, J = 14.6
Hz, benzyl H), 7.25-7.50 (5H, m, aromatic H); diasterecisomer cis {oil), 8 = 0.93 [3H, t, CH:(CH,),CH>], 1 20-1.55
[8H, bs, CH:(CH,).CH:], 1.82 [3H, s, (CH;)CCIC(4)], 1.86 [3H, s, (CH:)CCIC(4)], 2.22 [1H, m, CH;(CH,)sCH,]},
2.47 [1H, m, CH3(CH;)sCH:], 2.94 [1H, dd, J = 7.2, 9.2 Hz, C(4)H], 3.30-3.53 [2H, m, C(5)H], 449 (1H, d, ] = 14.8
Hz, benzyl H), 4.66 (1H, d, J = 14.8 Hz, benzyl H), 7.20-7.50 (5H, m, aromatic H). MS (EL, 70 eV) m:z: 298 (M -

HCI-CI, 30%); 249 (34); 214 (62), 91 (100). Found: C, 64.9; H, 8.0; N, 3.7. CoHCLLNO requires C, 64.86; H, 7.89;

N 3.78.

1.20 [0.66-3 H, s, CH:C(4), cis], 1.34 [0.34-3 H, s, CH;C(4),

trans], 1.65 [0343 H, s, CH;C(3), tram] 1. 73 [0.66:3 H, s, CH:C(3), cis], 2.86 [0.66:1H, d, ] = 10.2 Hz, C(5)H,

cis], 3.13 [0.34-1H, d, J = 10.2 Hz, C(5)H, #rans], 3.30 [1H, d, J = 10.2 Hz, C(5)H], 3.41 [0.34:2H, m, C(4)CH,Cl,

trans}, 3.73 [0.66:1H, d, J = 11.2 Hz, C(4)CH,C], cis], 3.85 [0.66-1H, d, ] = 11.2 Hz, C(4)CH:Cl, cis], 4.30-4.70

(2H, m, benzyl H), 7.20-7 45 (5H, m, aromatic H). MS (EI, 70 eV) m=z: 285 (1%); 250 (87); 200 (23); 91 (100).

Found: C, 59.0,H, 5.9; N, 4.8. C4H;,C,NO requires C, 58.75, H, 5.9; N 4.89. Oil.

trans N-Benzyl-3,4-dichloro-4-chloromethyl-3-methyl-pyrrolidin-2-one (2n)

IR (film). v = 1720 (C=0). 'H NMR (CDCL): o =1 975 H 5, CH:C(3)], 346 [1H H, d, ]
2.3

L—q

—llSHZ C(5)H], 3.68

1, 2.00

Hz, C(4)CH2C1] 4.51 (1H,

[1H, d,J = 11.6 Hz, C(5)H], 4.00 [1H, d, J = 12.3 Hz, C(4)CH,Cl], 424 [1H, d, J =
~A

=140 H, hanyl IN A&L (1L A4 T= 140 x> hanxd IN 7957 45 (SH m aromatic Y MC (BT 70 aW s
a1, J 1= .7 214, WllLyl ll}, T AR \ll J’ u’ J i=. 7 llL, Uclhbyl. ll), LRV-I ogt B 194 \\Jll, lll’ al vllialiv lL}. J. 10 \1_4‘.’ v © V) i o
s Wa Ve AND/ N AIA I AN 1. N C1ANY I d. M 211 ITY A L. NT AT M TY AT e Cnm s ral NN, 1Y
270 (M -Cl, 30%, 234 (37);, 200 (17); 91 (100). Found: C, 51.1, H, 4.6; N, 4.7. C;st1aChNG requires C, 50.52; H,

N-Benzyl -chloro-4-d1chloromethyl-3—methyl—pyrrohdm -2-one (20)

IR (film): v = 1710 (C=0). 'H NMR (CDCL): diastereoisomer frans (solid, m p. 107°C), & = 1.85 [3H, s, CH:C(3)],
3.27-3.38 [2H, m, C(4)H and C(5)H], 3.65 [1H, dd, J = 8.4, 11.8 Hz, C(5)H], 4.41 (1H, d, J = 14.6 Hz, benzyl H),
472 (1H, d, I = 14.6 Hz, benzyt H), 591 (1H, d, J = 4.5 Hz, CHC}y), 7.25-7.50 (5H, m, aromatic H); diastereoisomer
cis (oil), & = 2.00 [3H, s, CH;C(3)], 2.85-3.00 [1H, m, C(4)H], 3.11 {1H, dd, J = 9.2, 10.2 Hz, C(5)H], 3.42 [1H, dd,
J=72 102 Hz C(5)H], 441 [IH, d, J= 147 Hz, benzyt H], 469 (1H, d, J = 14.7 Hz, benzyl H), 6.01 (1H, d, J =
9.5 Hz, CHCL), 7.25-7.50 (SH, m, aromatic H). MS (EL 70 eV) mvz: 305 (1%); 270 (57); 186 (16); 91 (100). Found:

...... RS T2 B N CE e e e C LY A e C ALY PR A TR PR

C,51.1; H,47; N, 4.5. C;3H4CENO requires C, 50.92;, H, 4.60; N 4.57.

farsaee A Doaveare:] 2 2 dlahlawea A allorce nédbed] & wandhol neammalidice Y ana 79:)

1 Ly (Y= <Cii JI'J,J'UI‘.III U= LC1IUX Ulll‘lll’l‘ﬂ"lll lllyl'p’l TUIAIH~4=U1IC \&p]

IR (film): v = 1700 (C=0). '"H NMR (CDCL): 6 = 1.85 [3H, s, CH;C(3)], 2.76 [1H, m, C(4)H], 3.36 [1H, m, C(5)H],

370 [1H, dd, J = 7.5, 11.8 Hz, C(4)CH,CI], 4.03 [IH, dd, T = 5.3, 11.8 Hz, C(4)CHCI], 4.08 (1H, d, ] = 15.1 Hz,
benzyl H), 5.15 (1H, d, J = 15.1 Hz, benzyl H), 7.20-7.45 (5H, m, aromatic H). MS (EI, 70 eV) mz: 305 (1%), 270
(55); 202 (3), 91 (100). Found: C, 50.8; H, 4.7, N, 4.4. C;3HsCLNO requires C, 50.92; H, 4.60; N 4.57. O1l.
N-Benzyl-r-3-chloro-4-chloromethyl-3,5-dimethyl-pyrrolidin-2-one (2q)

IR (film): v = 1700 (C=0). 'H NMR (CDCL;): diastereoisomer c-4-t-5 (oil), & = 1.35 [3H, d, J = 6.3 Hz, CH;C(5)H],
193 [3H, s, CH:C(3)], 2.17 [1H, m, C(4)H], 3.24 [1H, m, C(5)H], 3.66 [1H, dd, J - 5.8, 11.7 Hz, C($)CH.Cl], 3.91
[1H, dd, ] = 7.3, 11.7 Hz, C4)CH,CI], 3.99 (1H, d, J = 15.1 Hz, benzyl H), 5.17 (1H, d, J = 15.1 Hz, benzyl H),
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/.20-7.45 (on1, m, aromatic r), aiastereoisomer {-4-C-5 (0il), 0 = 1.42 |51, 4, J — 0.4 Nz, LrsLiojny, 1.71 [3H, s,
CH;C(3)], 2.65 [1H, m, C(4)H], 3.36 {1+, m, C(5)H], 3.48 {1H, dd, J = 7.1, 11.6 Hz, C{(4)CHC1]}, 5.76 {1H, dd, T =
5.5, 11.6 Hz, C(4)CH,CI], 4.12 (1H, d, J - 14.9 Hz, benzyl H), 5.04 (1H, d, ] = 14.9 Hz, benzyl H), 7.20-7.45 (SH,

m, aromatic H); diastereoisomer t-4-t-5 (oil), 8 = 1.27 [3H, d, J = 6.8 Hz, CH:C(5)H], 1.78 [3H, s, CH:C(3)], 3.01
[IH, m, C(4)H], 3.64 [1H, dd, J = 9.4, 11.5 Hz, C(4)CH,Cl], 3.76-3.90 [2H, m, C(5)H and C(4)CHCl}, 4.46 (1H, d,
J=15.0 Hz, benzyl H), 5.10 (1H, d, J = 15.0 Hz, benzyl H), 7.20-7.45 (5H, m, aromatic H). MS (EL 70 eV) mz: 285
(3%); 250 (76); 200 (25); 91 (100). Found: C, 58.6; H, 6.1, N, 4.9. C14H,;7Cl,NO requires C, 58.75; H, 599, N 4.89.
N-Benzyl-r-3-chloro-c-4-chioromethyl-3-methyl-t-5-phenyl-pyrrolidin-2-one (2r)

(nnmh v = 1710 (C=0). 1H NMR (CDCLY & =2.06 [3H CI—L(‘{‘{\] 254 [1H, m, C(4 F—ﬂ 348 (IH, d, )=

baae At W13 | R TA38A 7 L9 PR L 4

14.5 Hz, benzyl H), 3.51 [1H,dd, J=44, 115 Hz, C(4)CH2C 92[1H,dd,J = 9.1, 11.5 Hz, C(4)CH2CI] 3.95
- I

l——d (ﬂ

{(53), 262 (
4.02. Solid, m.p. 90°C.
N-Benzyl-3-chloro-3-ethyl-4-[(a-chloro)-benzyl]-pyrrolidin-2-one (7)

IR (film): v = 1710 (C=0). 'H NMR (CDCL): diastereoisomer trans, 5 = 1.18 (3H, t, CH:CH,), 2.03 (1H, m,
CH;CH,), 2.14 (1H, m, CH;CH,), 3.20 [1H, dd, J = 6.2, 10.4 Hz, C(5)H], 3.34 [1H, m, C(4)H], 3.54 [1H, dd, ]
=7.4,10.4 Hz, C(5)H], 4.50 (1H, d, J = 15.6 Hz, benzyl H), 460 (1H, d, J = 15.6 Hz, benzyl H), 5.13 [1H, d, J
= 7.3 Hz, C(4)CHCl], 7.20-7.50 (10H, m, aromatic H); diastereoisomer cis, 6 = 0.68 (3H, t, CH;CH,), 1.97
(IH, m, CH;CH,), 2.58 (1H, m, CH;CH,), 3.11 [TH, m, C(dﬂ-ﬂ 328 HH dd, J=91,102 Hz ('(‘S“—ﬂ 3.58

LN = =55

EATIMILT A4 T — 1N £ LI, MIANCLION AN T LA FINLT  n armsmantica LIV AMAC /TT 70 aYUY g Q1 £100/0\. 29K

J.zl (i, 4, W0 iz, Lig)lnily, 7.2U-/.0U (1un, m, aromatic nj. vids (&1, /U 8V ) M2 251 (1VUY0); 520

Vol AY et B e T X s TaTa N F Y Fa'l} P WaVaty ™ 1 ) £ 4 YTY £ MNONT -~ O ral Trr rallh RYay PR & LL IN. IT £ OA. T

{67), 208 (30); 200 (66); 91 (100). Found: C, 66.4; H, 5.9; N, 3.8. CaHnCILNG requires C, 66.30; H, 5.34; N
87

trans N-Benzyl-3-ethyl-4-benzyl-pyrrolidin-2-one (6)

IR (film): v = 1665 (C=0). '"H NMR (CDCL): 8 = 0.96 (3H, t, CH;CH,), 1.50-1.80 (2H, m, CH;CH>), 2.22
[1H, m, C(4)H], 232 [1H, m, C(3)H], 2.56 [1H, dd, J = 9.3, 13.6 Hz, C(4)CH,(CsHs)], 2.85 [1H, dd, J = 6.0
13.6 Hz, C(4)CHx(CsHs)], 2.88 [1H, dd, J = 6.0, 9.9 Hz, C(5)H], 3.16 [1H, dd, J = 7.8, 9.9 Hz, C(5)H], 4.39
(1H, d, J = 14.7 Hz, benzyl H), 4.45 (1H, d, J = 14.7 Hz, benzyl H), 7.00-7.40 (10H, m, aromatic H). MS (EL,
70 eV) mvz: 293 (47%), 264 (7), 202 (13); 174 (90); 91 (100). Found: C, 81.9; H, 7.8; N, 4.7. CyHxNO
wes C, 81 87; H, 7.90: N 477 Qil.

reqam
AORRRS

trans 3-Ethyl-4-benzyl-pyrrolidin-2-one (5)

T FOIaNe os — 1£0E fO—ry iy \ AT rr‘«nrﬂ VS8 =NQE MIT ¢ CITOAITY 188 1758 MY o CLYOCTTNY 911 TTHE s

L {(THM) V = 10Y5 (L=U). it NIVIR (LU O T UYD (10 i, Calrip), 1.00-1. /0 {2, i, LKLL)), <. 11 [ 1K1, i1,

C(4)H], 2.48 [1H, m, C(3)H], 2.68 [1H, dd, J = 9.1, 13.6 Hz, C(4)CHx(C:Hs)], 2.91 [1H, dd, J = 6.1, 13.6 Hz,
C(H)CHXCsHs)], 3.02 [1H, dd, J = 6.6, 9.3 Hz, C(5)H], 3.30 [1H, dd, J = 7.8, 9.8 Hz, C(5)H}, 7.10-7.35 (5H,

7 3

aromatic H). MS (EL 70 eV) m/z: 203 (10%); 175 (75); 112 (15); 91 (61); 84 (100). Found: C, 76.7, H, 8.3, N, 7
C:H7NO requires C, 76 81; H, 8 43; N 6.89. Solid m.p. 61-3°C (uncorrected).
3-Ethyl-4-methylcarboxymethyl-pyrrolidin-2-one (4b)

IR (film): v = 1680 and 1720 (C=0). 'H NMR (CDCl;): § = 0.98 [3H-0.82, t, J = 7.5 Hz, CH:CHo,, rrans], 1.00
[3H-0.18,t,J - 7.5 Hz, CH:CH,, ¢is], 1.39 [1H-0.18, m, C(4)H, cis], 1.56-1.76 [211, m, CH;CH.], 2.02 [1H-0.82, m,
C(HH, trans], 2.15-2.50 [3H-0.18, m, C(4)CH,CO and C(3)H, cis], 2.41 [IH082, dd, J = 105, 17.1 Hz,
C(4)CH-CO, frans), 2.56 [1H-0.82, m, C(3)H-C(4)H, rrans], 2.58 [1H-0.82, dd, J = 5.1, 17.1 Hz, C(4)CHCO,
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rans], 2.98 [1H0.82, dd, J = 6.2, 99 Hz, C(S)H, rrans], 3.07 [IH0.18, dd, J = 4.1, 10.0 He, C(S)H, cis], 3.46
[1H0.18, dd, J = 7.7, 10.0 Hz, C(5)H, cis], 3.56 [1H-0.82,dd, J = 7. 7, 9.9 Hz, C(5)H, trans], 3.70 (3H, s, COOCH;),
6.53 (1H0.82, bs, NH, rrans), 6.77 (1H0.18, bs, NH, cis). MS (EL 70 eV) m/z: 185 (10%); 157 (47); 112 (43%); 84

(100). Found: C, 58.3; H, 8.1; N, 7.5. CsH;sNOs requires C, 58.36; H, 8.16; N 7.56. Oil.
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