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Witwatersrand, 

Two methods for the synthesis of the title compounds [3] are presented. 
The firet, and less satisfactory, method uses the sulphide contraction, 
which involves salt formation between alkyl bromoacetates and N-aryl- 
pyrrolidine-2-thiones [2] followed by sulphur extrusion. By-products 
include N-arylpyrrolidin-2-ones Cl] and 3-alkoxycarbonylmethylpyrroli- 
dine-2-thiones [5]. A better route is by way of condensation between 
ethyl 6-chloro-3-oxohexanoate [6] and substituted anilinea, followed by 
intramolecular cyclisation. An unusual Reformatsky reaction with methyl 
bromoacetate and 1-phenylpyrrolidine-2-thione [2a] is aleo reported. 

The 3-carboxylic acids of certain 4-quinolinones and a number of their axa 
analogues are assuming increasing importance as antibacterial agents’. Por some 

model studies relating to the synthesis of 4-quinolinone antibiotics, we needed 
a convenient, general preparation of alkyl (l-aryl-2-pyrrolidinylidene)acetates 

2 [3]. The Eschenmoser sulphide contraction sequence , in which exocyclic enamines 
(vinylogous urethanes) of this sort are prepared by extruding aulphur from the 
salts derived by S-alkylation of thiolactams with alkyla(-haloacetates, was an 
obvious route to investigate. This route was particularly attractive because 
we3 (and others41 had previously used it with success to prepare vinylogous ure- 
thanes as intermediates for alkaloid synthesis. The presence of the N-aryl group 
is, however, a novel feature in the sulphide contraction, since relevant docu- 
mented examples deal with thiolactame bearing hydrogen or alkyl groups on nitro- 
gen. The reaction sequence envisaged is outlined in Scheme 1. 

ScbRmal 

Series: R = (a) C6H5; (b) 3-MeX6H4; 
(c) 4+OC6H4: (d) 2,5-(r%O)2C6H3; 
(e) 4-opc6H4; (f) 2-naphthyl; 
(g) CH2C6H5: (h) 2,4,5-MsO)3C6H2 

Conditions: (i) P2S5, benzene cr ooluane, 
KUfhX: (ii) BrCH2C02R' (R' = Et ce He), 
50°C; (iii) CH2C12, PPh3, base 
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The thiolactams [2] needed as precursors were obtained in good yield (73 - 
96%) from the corresponding lactams [l] and phosphorus pentasulphide in boiling 
benzene OK toluene. The lactams Cl1 were in turn made by slightly modifying a 
published method5 involving reaction between butyrolactone and the appropriate 
aniline. Most of the thiolactams prepared are new compounds, though several of 
them have previously been reported in the patent literature 6 . 

To our dismay, the sulphide contraction of N-arylthiolactams [2] with ethyl 
(OK methyl) bromoacetate did not proceed at all well. We had expected that meso- 
merit interaction between the thioamide group and the N-aryl substituent would 
diminish the nucleophilicity of sulphur in the salt-formation step. The extent 
of the effect, however, surprised us: the only N-aryl thiolactam to form a salt 
satisfactorily at room temperature was [2a]. Other workers have overcome the 
problem of poor nucleophilicity of thiocarbonyl compounds by using special reac- 

tion conditions7 or more reactive alkylating agents8. We did not examine these 
options because we found that salt formation between the reactants, though very 
slow, could be forced essentially to completion (as judged by TLC) if left for 
prolonged periods at SO'C, and preferably in the absence of solvent. 

The problems encountered during the extrusion step of the sulphide conttac- 

tion were of greater consequence. Sequential treatment of the unpurified salts 

in dichloromethane first with triphenylphosphine and then with a tertiary amine 
gave the desired vinylogous urethanes_ [31, but mostly in poor yields (Table 1). 

The distribution of products appeared to be variable. The major by-product was 

the lactam [ll, but this was frequently accompanied by the 3-alkylated thiolac- 
tam [SJ. Rapoport's explanation 4c,8b for similar findings (deprotonation at an 

alternative acidic position, C-3 of the ring, to give a ketene-SIN-acetal c41 

which may either be involved in transalkylation, or undergo hydrolysis during 

workup) seems appropriate in the present case as well. The question of alterna- 
tive sites for deprotonation and the equilibrium distribution of products in the 

sulphide contraction has recently been discussed by Hart 4e , who has optimised 

Table 1. Sulphide contraction with N-aryl thiolactams 

Entry Thio- R' Conditions for Base used in Products(b) 
lactam salt formation contraction(') 

1 2a 
2 2a 

3 2a 
4 2a 
5 2a 
6 2b 
7 2c 
8 2d 
9 2e 
10 2f 
11 29 

Ue 

Me 
(iPrj2NEt la 42%; 

Me 
Ue 

Me 

et 
Me 
Me 
Me 
Et 
et 

Acetone, rt, 24 h 
Acetone/NaI: reMVe 
solvent: rt, 19 h 
Acetone/NaI, rt, 4 h 
CHICLE, et, 80 min 
CH2C12, rt, 25 h 

50°C/ 92 h 
50°C/189 h 
5o°C/ 74 h 
5o°C/ 78 h 
50°C/ 24 h 
rt / 19 h 

(iPr)2NEt la 40%; 
NEt3 la 46%; 
NEt3 la 260; 

CIA~CO(~) la 62%: 
NEt3 lb 470; 
NEt3 lc 339: 
NEt3 
NEt3 le 52%: 
NEt3 If 84%; 
NEt3 

3a 119: 5a 15% 

3a 330 
3a 8% 
3a (c); 5a 310 
3a 5%; te)5a 14%(*) 
3b 370; 5b (3% 
3c 269; 5c 100 
3d 650 
(z)-3e 17% 
3f 14%(e) 
3g 73% 

(a) In CH2Cl2 with PPh3 at room temperature: (b) Yields refer to isolated, 
chromatographically pure products. In most cases, fractions containing mixtures 
of products were also obtained: (c) Contaminated with substantial quantities of 
[la] and [5a, R'=Me]; (d) In boiling chloroform: (e) Determined by NMR 
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conditions for sulphide contraction (refluxing chloroform, triphenylphosphine, 
diazabicycloC2.2.2loctane as base) with quinolixidine-4-thiones. In a solitary 
attempt under these conditions (Table 1, entry 5), we found no improvement. The 

disappointing results described above do appear to be associated with the N-aryl 
substituent, since salt formation between ethyl bromoacetate and N-benzylthio- 
lactam [2g], and the subsequent extrusion of sulphur, proceed smoothly under the 
normal conditions to produce [3g] in 739 yield. 

The structure and stereochemistry of the alkyl (e)-(1-aryl-2-pyrrolidinyl- 
idenelacetates [3] described in this work were established mainly by proton and 
13 C-NMR spectroscopy. The assignment of (e) geometry - and more specifically, 
of trans-a-cis structures - --- to the compounds is on the basis of the chemical 
shifts of the signals for the methylene protons at C-3 of the heterocyclic ring 
(6 approximately 3.3: cf. 6 2.7 for cis-s-cis structures2), -_- a phenomenon whose 
origins and implications we have previously discussed 3 . The only exception seems 
to be the _pnitro compound [3e] (a compound that we were in any case unable to 
characterise entirely satisfactorily owing to its easy decomposition to lactam 
[le]), for which the signal appears at 6 2.7. 

In view of the unsatisfactory yields of [3] from the sulphide contraction, 
we sought alternative methods for the synthesis of N-aryl vinylogous urethanes. 
Carris and co-workers' have recently prepared vinylogous urethanes similar to 

c31, but unsubstituted on nitrogen, by treating ethyl 6-chloro-3-oxohexanoate 
[63 with azide ion followed by cyclisation involving an aza-Wittig reaction. We 
felt that treatment of the same chloro-ester with substituted anilines [7] might 
lead to an acceptable alternative synthesis of [33 (Scheme 2). The sequence of 
events (condensation of the amine with the keto group followed by nucleophilic 
displacement of chloride, or vice versa) was not of great concern, although we 
suspected that the former was more likely in view of the easy condensation of 
anilines with p -ketoesters (such as occursI for example, in the first step of 
the Conrad-Limpach synthesis of 4-quinolinones lo) . It has been reported 11 that 
condensation of anilines at the keto group of p-ketoesters is promoted by mole- 
cular iodine. We accordingly devised a procedure in which reactants [6] and [73 
were heated at 65'C in the presence of a trace of iodine as catalyst, a drying 
agent (Na2S04), and a base (Na2HP04) to facilitate the elimination of hydrochlo- 
ric acid. 

Scheme 2 

Series a - h: see Scheme 1 
Conditions: (i) no solvent, 

Na2S04, Na2HP04, cat I2 

9a - 
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Table 2. Reaction of ethyl 6-chloro-3-oxohexanoate [6] with amines 

Entry Amine 

7a 

7b 
7c 
7d 
7% 
7f 
7g 
7h 

Conditions(') Products(b) Yields by S- 
contraction(') 

ir 65OC, 66 h 3a 52% 3a 33% 
i, 65OC, 96 h 3b 41% 3b 37% 
i, 65OC, 40 h 3c 656 3c 26% 
i, 65'C, 96 h 3d 62% 3d 65% 
i, 65'C, 18 days 3e 0% 30 17% 
i, 65OC, 96 h 3f 80% 3f 14% 
i, 65OC, 96 h 3g 46% 3g 73% 
it 65OC, 36 h 3h 54%; 8h 4% 

9 7c ii (d) 
10 7C iii 3c 20%: Qa 7% 

+ mixtures 
11 7c iv 3c 12%: 9b 47% 

(a) Conditions f: no solvent, 12 (cat), Na2.504, Na2HP04: ii, as for 
i, without Na2HP04, 42OC/7 h, then rt/55 h; 
K2CO3, 70°C/10 h, then rt/60 h; 

iii, I2 (cat), Na2SOqr 
iv, NaI/ acetone, then benxene/NEt3, 

reflux, 11.5 h; (b) In most cases, 161, ['II, C8l and CQI were detec- 
ted by 'H-NMR spectroscopy & TLC, but could not be separated cleanly: 
(c) From 'fable 1; (d) 2:l mixture of [3c] and [Bc] obtained: latter 
cyclisee to former (effective yield 52%) on heating 

Inspection of the results, which are aummariaed in Table 2, shows that, for 
the N-aryl cases, the yields of the vinylogoua urethanes are generally better 

than those obtained by the sulphide contraction. The method thus does constitute 
a useful alternative to the synthesis of N-aryi vinyloqous urethanes. The fail- 
ure with p-nitroaniline is not surprising, since iodine-catalyaed condensation 

11 of nitroanilinea with ethyl acetoacatate is known to be unsuccessful . The de- 
sired products [3] were always accompanied by several by-products, which could 

seldom be obtained pure. The identities of these by-products were tentatively 

assigned from certain diagnostic signals in the 1 H-NUR spectra of mixtures con- 

taining them. In moat cases there was evidence for the presence of the acyclic 

vinylogous urethanes I83 and for the products of the intramolecular cycliaation 
of chloro-ester [6], compounds [Qal and [Qb]. In one case (Table 2, entry 91, we 
intercepted a substantial quantity of [SC] by lowering the reaction temperature 

and omitting the base. Conversion to [3c] was achieved simply by heating l8cl in 
in acetonitrile. Only once - for [Sh] - could the acyclic intermediate be isola- 

ted in a relatively pure state; even so, it rapidly cycliaed to [3h] just on 

standing. Detection of these acyclic vinylogoua urethanes [8] provides Support 
for the pathway depicted in Scheme 2 rather than the alternative displacement of 
halide followed by condensation with the carbonyl group. In all these reactions, 

incidentally, there is no evidence for cycliaation occurring through the nucleo- 
philic carbon atom of [83 rather than through nitrogen. 

Pure samples of [Qa] and [9b] were obtained from reactions performed under 

modified conditions. Thus, conversion of chloride to a better leaving group was 
accomplished by treating [63 with sodium iodide in acetone: intramolecular cyc- 

lisation was promoted, and the 2 isomer [Qb] was isolated in 47% yield (Table 2, 

entry 11). On standing in solution, [9b] isomerised to t9a], which was also iso- 

lated from a reaction performed at 70°C with potassium carbonate as base (Table 
2, entry 10). Confirmation of the identities of [Qa] and [9b] by 'H-NHR spectro- 

scopy was unexceptional in the light of data published for them by Carri6 and 
9 co-workers . 
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One final group of experiments deserves mention. It is known that carbonyl 

groups in imides can undergo alkylidenation by the Reformatsky reaction 12; but 

similar reactions on amidea and lactame, not to mention their thiocarbonyl ana- 

loguee, appear to be unrecorded. It was therefore of considerable interest to 
discover that heating a solution of l-phenylpyrrolidine-2-thione l2al in THF 

with the reagent prepared from a zinc-copper couple 13 and methyl bromoacetate 
gave a 47% isolated yield of vinylogous urethane [3a, R'=Me], together with l- 

phenylpyrrolidin-2-one [la] (43%). It is not yet clear whether this represents a 
genuine Reformatsky reaction of merely a peculiar variation of the sulphide con- 
traction, since the pre-formed salt from [3a] and methyl bromoacetate also gave 
[3ar R'=Me] (269) and [la] (59%) when sonicated in the presence of zinc-copper 
couple: without sonication, only the lactam [la] (84%) was obtained. From the 

p-methoxy and p-nitro thiolactams [Zc] and i2e], however, only the corresponding 
lactams [lc] and [le] were isolated after treatment with the organotinc species, 

Melting points are uncorrected. All solvents were distilled before use. column 
chromatography was on Merck Rieselqel 60 (particle size 0.063 - 0.200 mm). The 
RP values quoted are for thin-layer chromatography (TLC) on pre-coated silica 
gel plates (Merck P254). IR spectra were recorded on a Pye-Unicam SP3-300 spec- 
trometer in chloroform solution: only strong peaks are listed. UY spectra were 
obtained on a Cary model 2300 spectrometer in ethanol solution, and are quoted 
as Ax,, (Em,). NMR spectra were obtained on Varian EM-360~ and Bruker AC200 
PT instruments. Unless otherwise stated, spectra were recorded in CDCl3solution, 
‘H spectra were measured at 200.13 HHz, and 13C spectra at 50.32 MHz. The DEPT 
technique and, if necessary, H-C correlated spectra were used to assign 13C sig- 
nals. Maa8 spectra were recorded on an AEI MS-Q instrument. 

Y-Acyllaccars 
1-Phenylpyrrolidin-&one [la], 1-(3-methoxyphenyl)pyrrolidin-2-one [lb], l-(4- 
methoxyphenylpyrrolidin-2-one [lc], l-(4-nitrophenyllpyrrolidin-2-one [le], and 
l-(2-naphthyl)pyrrolidin-2-one Clf] were prepared by heating the appropriate 
aniline with butyrolactone in a modification of Reppe's procedure5; m.p.s agree 
with those reported, and proton NMR spectra are as expected. The following pro- 
cedure is typical of the method used. 

1-(2,5-Dimethoxylphenyl)pyrrolidin-2-one [ldJ.- 2,5-Dimethoxyaniline (il.58 g, 
75.60 mmol) and butyrolactone (6.20 ml, ca, 81.3 mmol) were stirred together at 
200-210°C (oil bath temperature) for 3 h. The mixture was cooled, and sulphuric 
acid (18 M, 1 ml) was added. Heating was resumed for a further 2 h. The dark 
mixture was cooled to room temperature and dissolved in chloroform (00 ml). The 
solution was washed successively with aqueous hydrochloric acid (2 fi, 80 ml), 
water (80 ml), aqueous ammonia solution (2 M, 50 ml), and saturated sodium 
chloride solution (150 ml). filtered, and 
evaporated 

The organic phase was dried (MgS04)# 
under reduced pressure to give a dark liquid that was purified by 

bulb-to-bulb distillation at 1 mm Hg/210°C (oven temperature), then 1 mm Hg/l85- 
19ooc. The product (9.27 g, 55%) solidified on standing: m.p. 58-59'C (from 
hexane - ethyl acetate): RF (ether) 0.24; IR 1680 (C=O) cm-l; ‘H-NMR 6.9-6.75 

(3H, m, ArHf, 3.78, 3.76 and 3.76 (9H, overlapping s, S, and t, J ca. 7.5 Hz, 2 
x OMe and CH2Nf; 2.55 (2H, t, J 8.1 Hz with further fine coupling 
(2HI quintet, J 7.6 Hz with further fine coupling, CH2CH2CH2): i3 

CH2C=O), 2.17 
C-NMR 174.60 

(C=O), 153.27, 148.68 (arom C-2, C-5), 127.60 (arom C-l), 113.93, 113.23, 112.91 
(remaining arom Cl, 55.99, 55.37 (2 x OHe), 49.58 (CHIN), 30.85 (CH2C=O), 18.58 
(CH2CH2CH2) (Found: C, 64.77: HI 7.15: N, 6.39. Ci2H15N03 requires C, 65.14; H, 
6.83: N, 6.339). 

Convarrion of a-rubmtitotrd pyrrolidin-Z-ones to pprrolidine-2-thibnes 
The lactams [II were dissolved in benzene (ca. 10 ml per g) unless otherwise 
stated, and phosphorus pentasulphide (ca. 2.5-3 eq S per C=O group) was added in 
portions with stirring. The mixture was heated under reflux (ca. 2 - 8 h), after 
which the solvent wae decanted. The residue was boiled with dichloromethane for 
30 min to extract additional product. This extract was decanted, and the resi- 
due was then stirred with concentrated ammonia liquor to dissolve the inorganic 
material. The basic mixture was extracted with dichloromethane: all organic ex- 
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tracts were combined, evaporated under reduced pressure, and chromatographed on 
silica gel with hexane-ethyl acetate mixturea. The following products (isolated 
yields given in brackets) were prepared and characterised: 

l-Phenylpyrrolidine-2-thione C2al (739, together with recovered lactam IlaIr 
25%: reaction carried out with ultrasonic irradiation instead of reflux): col- 
ourless needles, m.p. 76OC (from acetone - hexane); RF (ether) 0.76; IR 1485, 
1432, 1415, 1290r 1255, 1140 cm-l: 'I+NMR 7.55-7.25 (5H, mr ArH), 4.12 (2H, t, 
",HI,~2~~;,'H2~lr_N~,'" (2H, t, J 7.9 Hz, CH2CS), 2.23 (2x1 quintet, J 7.6 Hz, 

(re&ining'arom C), 
202.17 (C=S), 140.f3 (arom C-l), 128-56, 127.15 and 124.50 

58.33 ICH2N)r 45.97 (CH2C=S), 20.18 '"Ha"~Waj): MS 179 
(4), 178 (ll), 177 (M+, 55), 176 (100) (Found: C, 67.99; , . : Nr 7.91. 
CIOHIONS requires C, 67.76: H, 6.25: N, 7.90%). 

l-(3-Methoxyphenyl)pyrrolidine-2-thione [2b] (87%r together with recovered 
lactam [lb], 5%); colourless needles, m.p. t38.5-89°C (from benzene): 
0.62; IR 1605, 

RP (pther) 
1590, 1495, 1488, 1440, 1418, 1300, 1285, 1267, 1135 cm- ; H-NMR 

7.36 (lH, t, J 8.1 Hz, ArH-5), 7.15 (lH, t, J 2.2 HZ, ArH-21, 7.04 (lH, ddd, J 
8.0, 2.0, and 0.9 Hz, ArH-4 or ArH-6), 6.87 (lH, ddd, J 8.3, 2.5, and 0.9 Hz, 
ArH-4 or ArH-6), 4.11 (2H, t, J 7.2 Hz, CH2N), 
J 7.9 Hz, CH2CS), 

3.82 (3H, ~~3;:;;; ,;;~:,'f;&t; 
2.23 f2H, quintet, 3 7.4 Hz, CH2Cli2CH2): 

159.63 carom C-3), 141.32 (arom C-l), 129.45 carom C-S), 116.55, 113.03, and 
110.65 (remaining arom C), 58.49 (CH2N)r 55.13 (One), 46.20 (EH2C=S)t 20.33 
(cH~~H~cH~) (Found: c, 63.75; H, 6.61: N, 6.93. C11H13NOS requires CI 63.74: HI 
6.32: N, 6.76%). 
1-(4-Methoxyphenylfpyrrolidine-2-thione CZcl 177%r together with recovered 
lactam [lc], 13%); colourleee plates, m.p. 90-91°C (from ethyl acetate-hexane): 
RF (ether) 0.63; IR 1515, 1490, 1463, 1450, 1298, 1253, 1147 cm-l; 'H-NMR 7.40 
(2~, d, J 9.1 Hz with further fine coupling, ArH-2 and ArH-61, 6.96 (2fii d, J 
9.1 Hz with further fine coupling, ArH-3 and ArH-S), 4.08 (ZH, t, J 7.2 Hz8 
CH2N), 3.82 (3H, s, OMe), 3.23 (2H, t, J 7.9 HZ, CH2CS), 2.22 (ZH, quintet, J 
7.5 Hz, CH2CH2CH2); 13c-~t4~ 201.71 (C=S), 157.97 (atom C-4), 132.85 (arom C-l), 
125.65 carom c-2, C-6), 113.63 (arom C-3, C-5), 58.42 (CH2N), 54.91 (One), 45.61 
(c_H2CSl, 19.91 (CH2cH2CH21(Found: C, 63.37: H, 6.33: N, 6.77. C11H13NOS requires 
C, 63.74; H, 6.32: NI 6.76%). 

l-(2,5-Dimet~oxyphenyl)pyrrolidine-2-thione [2d] (78%: reaction carried out in 
toluane): colourless needles, m.p. 122.5-123.5"C (from dicbloromethane:acetone); 
RF (ether) 0.65; IR 1510, 1488, 1462, 1440, 1422, 1300, 1275, 1207 cm-l: lH-NKR 
7-O-6.85 (3H, m, ArH), 4.01 (28, t, J 7.3 Hz, CH2N), 3.80 (3H, s, ORe), 3.77 
(3H, s, OMe), 3.21 (2H, tt J 7.9 Hzc CH2C=S1, 2.25 (2H, quintet, J 7.5 Hz8 
CH2Cg2CH2); 13C-NMR 203.48 (C=S), 153.22 and 147.96 carom C-2, C-S), 129.26 
(arom C-l), 114.39, 113.82, 113.31 carom C-3, C-4, C-6)‘ 57.26 (CH2N)r 56.03 and 
55.43 (2 x one), 44.89 (CH2C=S), 20.65 (CH2sH2CH2) (Found: C, 61.06: Ht 6.41: NI 
6.04. C12H15N02S re;;tf;;ifi: ",";',:b,:, 6.37: NI 5.90%). 
1-(4-Nitrophenyl)py __ 
'C (from benzene); 

[2eJ (96%), yellow spare, m.p. 148.5-149.5 
RF (hexane 

1340, 1330, 1295, 1285 cm-'; 
- acetone 1:l) 0.44: IR 
'H-NMR 

1495, 1480, 1455, 1430, 
8.31 (ZH, d, J 9.3 Hz with further fine 

coupling, ArH-3 and ArH-5), 7.89 (2H, d, J 9.3 Hz with further fine coupling, 
ArH-2 and ArH-6), 4.21 (2H, tt J 7.2 Hz, CH2Nlr 3.26 (ZH, t, J 7.8 Hz, CH2C=S), 
2.28 (ZH, quintet, J 7.5 HZ, CH2Cg2CH2); 13c-N~~ 204.18 (c=s), 145.66 and 145.45 
(arom C-l and C-4), 124.72 and 124.12 (arom C-2,C-6 and C3,C5), 57.78 (CH N), 
46.81 (cH2cS), 20.52 (CH2sH2CH2)(Pound: Cr 54.01; H, 4.39: N, 12.69. C10HfON202S 
requires C, 54.04; H, 4.53: NI 12.60%). 

1-(2-Naphthyl)pyrrolidine-2-thione [2f] (94%): colourless needles, m.p. 154 C 
Ifrom ethyl acetate - hexane); RF (ether) 0.74: IR 1480, 1445, 1415, 1290, 1135 
cm-'; lo-NMR 7.9-7.75 (UH, mt ArH-1, -4, -5 and -8), 7.64 flH, dt, J 8.7 and 1.0 
Hz, ArH-31, 7.55-7.2 (2H, mr ArH-6, ArH-71, 4.09 (2H1 t, J 7.2 HZ* CH N), 

s 
3.20 

(2H, t, J 7.9 Hz, CH2C=S), 2.15 (2H, quintet, J 7.6 Hz, CH2Cg2CH2 i 13C-NMR 
202.57 (C=S), 137.86 carom C-21, 132.96 and 132.04 (arom C-5a, C-8a), 128.51, 
127.65, 127.46, 126.27, 122.99, 122.94 (remaining arom C), 58.59 (CH2Nl, 46.14 
(EH2C=S), 20.45 (CH2cH2CH2)(FOund: C, 73.23: H, 5.81: N, 6.10. C14H13NS requires 
C, 73.97; H, 5.76: N, 6.16%). 

A--Benzylovrrolidine-2-thione CZqJ (82% yield), colourleas cr stdls, m.p. 70-71 C 
(lit.14 m.p. 71°C); RF (ether) 0.83; IR 1500, 1450, 1305 cm -1 ; 'ii-NMR 7.33 (5Ht 
a, ArHI, 4.99 (ZH, s1 ArCH2Nlr 
7.9 Hz, CH2C=S), 

3.59 (2H, tt J 7.3 Hst ~~~~~~~~~~~~~~~~~~~~~~~~ 
2.02 (2H, quintet, J 7.6 Hz, CH2CY2CH2): 

134.71 carom C-l), 128.38, 127.81, and 127. 56 (remaining aromatic Cl, 53.62 
(CH2sH2N), 51.09 (ArsH2N)I 44.51 (cH2CS)t 19.04 (CH2CH2CH2). 
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General procdare for the awlphi& COntractiOn 
N-Arylpyrrolidine-2-thione (O-5-15 maul scale) uas dissolved in a small quantity 
of dichloromethane (2-20 ml) and the appropriate alkyl bromoacetate (1.1 eq) was 
added. Solvent was removed by evaporation at atmospheric pressure on an oil 
bath. The mixture was kept at 50°C for the times indicated in Table 1. The salt 
thus formed was dissolved in dfchloromethane (10 - 50 ml, depending on solubili- 
ty), and triphenylphosphfne (1.1-1.2 eq) was added, followed by triethylamine 
(1.1-2.0 eq). The ensuing reaction was usually exothermic, and the colour tended 
to darken. The solution was stirred at room temperature for no longer than 2h, 
after which the solvent was removed under reduced preesure. Trituration of the 
residue with ether left the bulk of the triethylammonium bromide undissolved. 
Evaporation of the filtrate followed by chromatography on silica gel with hexane 
- ethyl acetate mixtures gave the following (isolated yields in brackets): 

From l-(3-methoxyphenyl)pyrrolidine-2-thione [2b3 (0.443 qr 2.13 mmol) and ethyl 
bromoacetate (0.25 ml, 2.3 mmol) were obtained ethyl 03)-(l-(3-methoxyphenyl)- 
2- pyrrolidinylidene)acetate [3br R'=Etl (207 mg, 379), 1-(3-methoxyphenyl)pyrro- 
lidin-2-one [lb] (190 mg, 47%), and an impure sample of 3-ethoxycarbonylmet.hVl- 
l-(3-methoxyphenyl)pyrrolidine-2-thione [Etb, R'=Et] (20 mg, <3%)_ 
Compound [3bt R'=Et]: colourleas prisms, m.p_ 63.5~64OC if ram dichloromethane 
- hexane): RF (hexane - ethyl acetate 2:l) 0.41; UV 300(16110), 245(8350) run; 
IR 1675, 1668, 1608, 1575, 1488, 1135, 1043 cm-l: 'H-NRR 7.29 (lH, td, 3 7.9 and 
0.8 Hz, ArH-S), 6.84 (lH, ddd, J 7.9, 1.9 and 1.1 Hz, ArH-4 or ArH-6), 6.80-6.72 
(2H, m, ArH-2 and ArH-4 or ArH-6), 4.96 (lH, t, J 1.4 Hz, C=CH), 4.07 (2H, q, J 
7.1 Hz, 0cX2CH3), 3.80 (3H, 8, One), 3.71 (2H, tr J 7.0 Hzr CH N), 3.31 (2HI td, 
J 7.7, 1.4 Hz, CH C=C), 2.07 (2H, quintet, J 7.4 Hz, ? , 1.21 (3H, t, J 
',;f His OCH2Cg3) t* 

CH2Cti2CH2 
Irradiation at 4.96 causes collapse of 3.31 signal to t, J 7.8 

C-NMR 169.44 fNg=CH), 
130104 farom C-S), 

163.58 (C=O), 160.32 (arom C-3), 142.54 (arom C-l), 
116.74, 111.24, and 110.46 (remaining aromatic C), 81.59 

(NC=~H), 58.38 (OC_H2CH3), 55.30 (One), 54.45 (CH2N), 32.53 (cH2C=Cf, 21.45 
(CH2CH2CH2), 14.59 (OCH2C_H3) (Found: Ct 68.58: H, 7.45: N, 5.38. C15H1QN03 re- 
quires C, 68.94: HI 7.33: NI 5.369). 

d c5b, R'=Etl: RF (ether) 0.79: IR 1730, 1603, 1490, 1298, 1263 cm-l; 
H-NMR 7.34 (LH, t, J 8.1 Hz, ArH-5)‘ 7.10 (lH, t, 3 2.2 Hz, ArH-2), 7.01 (lH, 

dddr 3 7.9, 1.9 and 0.9 Hz, ArH-4 or ArH-6). 6.86 flH, ddd, J 8.2, 2.5 and 0.8 
HZ1 ArH-4 or ArH-6), 4.3-3.9 , 4.17 and 4.16 (4Ht superimposed m and 2 x q, J 7.2 
Hz, CH2N and OCg2CH3)r 3.80 (3Hr 6, One), 3.5-3.25 and 3.36 (2H, superimposed m 
and dd, J 17.5 and 3.6 Hz, CHC=S and Ci,HbCO2Et), 2.7-2.45 and 2.60 (2H, super- 
imposed m and dd, J 17.5 and 10.0 Hz, CH2ClicHdCH and CHaubC02Et), 1.95 (lH, ddd, 
J ld.4, 12.7 and 9.1 Hz, CH2CH,HdCH)r 1.27 (3H, t, J 7.1 Hz, OCH+i3). 

From 1-(4-methoxyphenyl)pyrrolidine-2-thione C2cJ (1.143 9, 5.52 mmol) and 
methyl bromoacetate (0.57 ml, 6.0 mmol) were obtained methyl (E)-(l-(4-methoxy- 
phenyl)-2-pyrrolidinylidene)acetate) c3c, R'=He] (0.361 9, 26%)‘ 1-(4-methoxy- 
phenyl)pyrrolidin-2-one tic] (0.354 g, 33%), and 3-methoxycarbonylmethyl-l-(4- 
methoxyphenyl)pyrrolidine-Z-thione [SC, R'=He] (0.155 CJ, 10%). 
Comoound [3c, R*=Hel: COlOUrfes8 platea, m-p. 114-115% (from dichloromethane - 
hexane); RP (ether) 0.76; UV 288(20080), 247(sh, 5060), 226(8980) nm; 
1618, 1595, 1515, 1300, 1250, 1190, 1150, 1045 cm-l; 

IR 1680, 
'H-NMR 7.14 (2H, d, J 9.1 

Hz with further fine coupling, ArH-2 and ArH-6), 6.91 (2H, d, J 9.1 HZ with 
further fine coupiing, ArH-3 and ArH-5), 4.71 (1H, t, J 1.2 Hz, C=CH), 3.80 f3H, 
s, ArOMe), 3.68 (ZH, t, J 7.0 Hz, CH2N), 3.58 (3H, 81 CO2Me), 3.30 (2H, td, J 
7.8 and 1.2 Hz, CH2C=C), 2.08 (2H, quintet, J 7.5 Hz 
4.71 causes collapse Of 3.30 signal to t, 

, CH2Cii2CH2) (irradiation at 
J 7.8 Hz: irradiation at 3.30 causes 

collapse of 4.71 signal to 8): 13c-~M~ 169.75 (N~=CH), 164.88 (C=O), 157.81 
(arom C-4)‘ 134.07 (arom C-l), 126.31 (arom C-2, C6), 114.69 (arom C-3, C5), 
80.07 (NC=C_), 55.42 (ArOMe), 54.98 tCH2N), 49.88 (CO2He), 32.41 (gH2C=C), 21.49 
fCH2CH2CH2) (Found: C, 67.52: H, 6.74; N, 5.73. 
6.93; N, 5.66%). 

C14H17N03 requires C, 68.00; H, 

Compound [SC, R'=Me]: colourless prisms, m-p. 99-99.!j°C (from dichloromethane - 
hexane); ~~ (ether) 0.73; IR 1725, 1510, 1440, 1292, 1250 cm-l; 'H-NHR 7.37 (2H, 
d, J 9.1 Hz with further fine coupling, ArH-2 and Ar-HS), 6.95 (ZH, d, J 9.1 HZ 
with further fine coupling, ArH-3 and ArH-5), 4.08 and 3.97 (2Hr 2 x dddd by 
JRES technique; J 10.9, 9_Ot 7.3 and 0.7 Hz; and 3 11.1, 9.1, 3.4 and 0.6 Hz 
respectively: CgxH N and CHxffyN), 3.81(3Ht sr ArOMe), 3.72 f3Ht 8, CO2Me), 3.4% 
3.25 and 3.35 (SH, superimposed m and dd, 3 17.6 and 3.7 Hz, CHC=S and 
CgaHbC02Me), 2.75-2.5 and 2.63 (ZH, superimposed m and dd, J 17.4 and 9.8 Hz, 
CH2C&HdCH and CHagbCO2Me), 1.94 (lH, ddd, J 18.4, 12.7, and 9.1 Hz, 
CH2CH,HdCH): 13C-NHR 203.67 (C=S), 172.30 (C=O), 158.54 (arom C-4), 133.46 (arom 
C-l), 126.16 (arom C-2, C-6), 114.18 (arom C-3, C-5), 
(ArOp?_e), 51.57 (C02Me), 50.63 (CHC=S), 

56.42 (CH2N), 55.28 

(Found: C, 60.01; H, 5.95; N, 5.11. 
38.42 (CH2C02fle), 26.98 (CH2EH2CH 1 

5.01$1. 
C14H17N03S requires C, 60.19; H, 6.13; N, 
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Prom 1-(2,5-dimethoxylphenyl)pyrrolidine-2-thione [2dl (3.712 g, 15.64 mmol) and 
methyl bromoacetate (1.63 ml, ca. 17.2 mmol) wad obtained methyl (a)-(l-(2,5- 
dimethoxyphenyl)-2-pyrrolidinylidene)acetate [3d, R'=Me] (2.808 gr 65%): colour- 
leas needles, m-p. 126-127°C (from hexane - ethyl acetate): RP (ether 

I 
0.72; UV 

283(18960), 262(ah, 12530), 224(10210) nm: IR 1575, 1505, 1045 cm-': H-NM 6.95 
-6.7 (3H, m, ArH), 4.45 (lH, t, J 1.3 Hz, C=CH), 3.9-3.55, 3.76, and 3.58 (llH, 
overlapping m and 2 x a, CH2N, 2 x ArOMe and C02Me), 3.29 (2H, td, J 7.8 and 1.2 
Hz, CH2C=C), 2.11 (2H, quintet, J 7.4 Hz, CH2C&2CH2) (irradiation at 4.45 cauf3e.s 
collapse of 3.29 signal to t, J 7.8 HZ): 13C-NHR 169.73 (NC-CH), 165.70 (C=O), 
153.88, 149.44 (arom C-2, C-5), 129.85 (arom C-l), 114.43, 113.77, 113.64 (re- 
maining arom C), 79.96 (NC-CH), 56.31, 55.74 (2 x ArOy?_), 53.69 (CH2N), 49.81 
(C02Me)r 31.99 (S;H2C=C), 21.93 (CH2EH2CH2) (Found: C, 65.30; H, 6.91: N, 5.10. 
Cl5HlQN04 requires C, 64.97: H, 6.91; N, 5.05%). 

Prom 1-(4-nitrophenyl)pyrrolidine-2-thione [Ze] (0.563 g, 2.53 mmol) and methyl 
bromoacetate (0.30 ml, ca. 3.2 mmol) were obtained 1-(4-nftrophenyl)pyrrolidin- 
2-one [la] (273 mg, 52%), methyl (Z)-(l-(4-nitrophenyl)-2-pyrrolidinylidene)- 
acetate [Z-3e, R'=Me] (113 mg, 17%), and a fraction (110 mg) containing a 2:l 
mixture of lactam [le] and vfnylogoua urethane [Z-3e]. Compound f3e] hydrolysed 
to the lactam [la] on standing and on attempted purification: 
'H-NHR 8.03 (2H, d, J 9.2 Hz, 

RF (ether) 0.60; 
ArH-3 and ArH-5), 6.54 (2H, d, J 9.2 Hz, ArH-2 and 

ArH-6), 3.75 and 3.73 (4H, 2 x s, superimposed C02He and C=CH), 3.30 (2H, tr J 
6.9 Hz, CH2N), 2.77 (2H, t, J 7.0 Hz, CH2C=C), 2.04 (2H, quintet, J 7.0 Hz, 
CH2CH2CH2). 

From 1-(2-naphthyl)pyrrolidine-2-thione [2f] (0.108 g, 0.473 mmol) and ethyl 
bromoacetate (0.06 ml, ca.. 0.5 mmol) were obtained 1-(2-naphthyl)pyrrolidin-2- 
one [lf] (84 mg, 84%) and impure ethyl (E)-(1-(2-naphthyl)-2_pyrrolidinylidene)- 
acetate [3f, R'=Et] (23 mg: 83% pure by NMR, (14%). Data for the latter compound 
are given below. 

Hethyl (S)-(l-phenyl-2-pyrrolidinylid%ne)acetate [3at R'-Mea.- 
(i) Methyl bromoacetate (0.15 ml, ca. 1.6 mmol) was added to a solution of l- 
phenylpyrrolidine-2-thione [2a] (250 mg, 1.41 mnkol) in acetone (0.5 ml). Solvent 
was removed in a stream of compressed air , and the mixture was kept at room tem- 
perature for 23.5 h, after which it was dissoved in dichloromethane (10 ml). 
Triphenylphoephine (415 mg, 1.58 mmol) was added, followed by diisopropyl- 
ethylamine (0.27 ml, ca. 1.6 mmol). After 1 h the mixture was worked up accor- 
ding to the general procedure to give methyl (E)-(1-phenyl-2_pyrrolidinylidene)- 
acetate [3a, R'=Mel (33 mg, ll%), 1-phenylpyrrolidin-2-one (la] (96 mg, 42%) and 
3-methoxycarbonylmethyl-l-phenylpyrrolidine-2-thione [5a, R'=Me] (54 mg, 15%). 
Compound C3al was sublimed at l10°C/23 mm Hg to give colourlese needles, m.p. 
82.5-83.5°C; RP (ether) 0.77; UV 296(15720), 244(6990) nm: IR 1680, 1607, 1580, 
1497, 1310, 1153 cm-l; ]-H-NHR 7.4-7.3 (2H, m, ArH), 7.25-7.1 (3H, ml ArH), 4.92 
(1H, t, J 1.3 Hz, C=CH), 3.71 (2H, t, J 7.0 HZ, CH2N), 3.58 (PHI 6, C02He), 3.31 
(ZH, td, J 7.7 and 1.2 Hz, CH2C=C), 2.06 (2H, quintet, J 7.4 Hzr CIiiCg2CR2) (ir- 
radiation at 4.92 causes collapse of 3.31 signal to tt J 7.8 Hz): C-NXR 169.59 
(N~=cH), 163.72 (C=O), 141.19 (arom C-l), 129.20 (arom C-3, C-5), 125.75 (arom 
C-4)* 124.29 (arom C-2, C-6), 80.66 (NC-CR), 54.31 (CH2N)s 49.83 (CO2a)r 32.40 
(~H~c=c), 21.27 (cH~$_H~cH~) (Found: c, 71.73: HI 6.93; NI 6.38. C13H15N02 re- 
quires CI 71.87: H, 6.96; NI 6.450). 
Comoound c5al R'=Mel: m-p. 74-75'C: Rp (ether) 0.74; IR 1730, 1496, 1438, 1295, 
1265 cm-'; 'H-NMR 7.55-7.25 (5H, m, ArH), 4.2-3.9 (2H, m, CH2N), 3.73 (3H, s, 
C02Me), 3.5-3.3 and 3.38 (2H, euperimposed m and dd, J 17.6 and 3.7 Hz, CHCS and 
C{aRbC02he)r 2.75-2.5 and 2.65 (ZH, superimpoaed m and dd, J 17.5 and 9.9 Hz, 
CH2C&HdCH and CHagbC02He), 1.97 (lH, ddd, J 18.4, 12.7, and 9.1 Hz, 
CH2CHcYdCH); 13C-NMR 204.08 (C=S), 172.50 (PO), 140.79 (arom C-l), 129.18 
(arom C-3 and C-5), 127.85 (arom C-4), 125.05 (arom c-2 and c-6), 56.31 
(CH2N), 51.77 (C02&), SO.96 (EHC=S), 38.55 (S;H2C02He), 27.24 (CH2J;H2CH f 
(Found, H+r 249.0785. C13H15N02S requires 249.0802). 
(ii) Hethyl bromacetate (0.15 ml, ca. 1.6 mmol) was added to a solution of 
sodium iodide (283 mg, 1.89 mmol) in acetone (1 ml). The precipitate formed was 
filtered off after 100 min at room temperature I) and 1-phenylpyrrolidine-2-thione 
[2aJ (250 mg, 1.41 mmol) was added to the filtrate. Solvent was removed in a 
stream of compressed ait! and the mixture wa8 kept at room temperature for 19 h 
prior to the addition of dichloromethane (10 ml), triphenylphosphine (411 mg, 
1.57 mrool) and diiaopropylethylamine (0.27 ml, ca. 1.55 mmol). After 70 min the 
mixture was worked up as above to give methyl (E)-(1-phenyl-2_pyrrolidinylidene)_ 
acetate [,a, R'=He](lOl mg, 339) and 1-phenylpyrrolidin-2-one [la] (92 mg, 40%). 
(iii) A solution of 1-phenylpyrrolidine-2-thione [2a] (267 mg, 1.51 mmol) and 
methyl bromoacetate (0.16 ml, 1.7 mmol) in dry dichloromethane (0.4 ml) was kept 
at room temperature under nitrogen for 80 min. The solution was diluted with 
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dichloromethane (10 ml), then triphenylphoaphine (438 mgr 1.67 mmol) was added 
over 3 min. After 8 mint dry triethylamine (0.23 ml, 1.7 mmoi) was added. After 
45 min, work-up and column chromatography according to the general procedure 
yielded 1-phenylpyrrolidin-2-one [la] (63 mg, 269), 3-methoxycarbonylmethyl-l- 
phenyipytrolidine-2-thione [5a, R'=Re] (116 mg, 3101, and mixed fractions (173 
mg) containing [la]* [3a, R'=Me] and [5ar R*=Me]. 
(iv) Methyl bromoacetata (0.15 ml, ca. 1.6 mmol) and i-phenylpyrrolidfne-2-thi- 
one [2a] (248 mg, 1.40 mmoi) were kept in dichloromethane (0.25 ml) at room tem- 
perature for 25 h. Chloroform (10 ml) was added, followed by triphenylphosphine 
(372 mg, 1.42 mmol) and 1,4-diazabicycio[2.2.2]octane (162 mg, 1.42 mmol). The 
solution was heated under reflux for 1 h under a blanket of nitrogen. Workup and 
chromatography according to the genera1 procedure gave 1-phenylpyrrolidin-2-one 
[la3 (143 mg, 6391 and a mixture of methyl (El-(1-phenyl-2-pyrrolidinylidenef- 
acetate [3a, R'=He] and ~-methoxycarbonylmethyl-l-phenylpyrrolidine-2-thione 
1;5a, R'=Me] (62 mg, 7:2 ratio by NHR). 

ethyl (E)-(l-benzyl-2-pyrroiidinylidene)acetate [3gr R'=Et].- Ethyl bromoacetate 
(0.50 ml, ea. 4.5 mmol) was added to a solution of 1-benzylpyrrolidine-2-thione 
[2g] (794 mg, 4.15 mmol) in dichloromethane (1.5 ml). The mixture was kept at 
room temperature for 19 ht after which it was diluted with more dichloromethane 
(10 ml). Trfphenylphosphine ( 1.178 gr 4.49 mmol) was added, followed by tri- 
ethylamine (0.60 ml, cit. 4.3 mmol). The mixture was worked up according to the 
general procedure after 25 min. The sole product isolated was ethyl (E)-(l-ben- 
zyl-2-pyrrolidinylidenejacetate [3g, R'=Et] (745 mg, 73%) ae. colourleaa needles, 
m.p. 61-63oC (after sublimation at 70%/0.5 mm Hg): 
(3i;loL 279(31430), 227(ah, 2630), 205(10620) nm; 

RP (ether ) 0.81: UV 282 

IH-NMR 7.4 
IR 1665, 1580, 1135, 1055 

cm : - 7.15 (5H, m, AM), 4.69 (lH, a with further fine coupling, 
C-CH), 4.36 (ZH, 81 PhCa2N), 
Hz, CH2CB2N), 3.24 (2Ht 

4.08 (2H, q, J 7.1 Hz, 0Cg2CH31, 3.35 (2H, t, J 7.1 
td, J 7.8 and 1.2 Hz, CH2C=C), 1.97 (2H, quintet, J 7.4 

Hz, CH2C&2CH2), 1.24 (38, t, J 7.1 Hzr OCH2Cq3) (irradiation at 3.24 cauaea col- 
lapse of 4.69 signal to t, J 7.8 Hz); 13c-~~R 169.50 (RC=CH), 165.15 (C=O), 
136.04 (arom C-l), 
58.25 (OsH2CH3), 

128.69, 127.43 and 127.16 (remaining arom C), 78.43 (NC=sH), 

52.37 (CH2CH2N), 49.99 (PhsH2N), 32.57 (cH2C=C), 21.07 
CH2EH2CH2)' 14.68 (oCH~~H~) (Pound: C, 73.62; H, 8.12; N, 8.72. 
quirea C, 73.44; HI 7.81; Nt 5.71%). 

C15H1gN02 re- 

General procedure for the ayntheris of ethyl (R)-(l-aryl-2-pyrrolid~n~~i~ne)- 
acetates 13) from ethyl 6-chloro-3-oxohexanoate 161 
The chloro-ester C619 and the appropriate amine or aniline [7] (approximately 
equimoiar quantities) were heated together gently until the latter had disaol- 
ved. If the amine failed to dissolve, dichloromethane was added to ensure dis- 
solution. A small crystal of iodine was added, followed by solid diaodium 
hydrogen phosphate (1 eq) and anhydroue sodium aulphate (1 eq). The resulting 
heterogeneous mixture was stirred in an oil bath at ea. 65OC for 40-96 h. Once 
it had cooled, dichloromethane (100-150 ml) was added and the mixture was washed 
with water (100-150 ml). The aqueoue phase was extracted with dichloromethane, 
after which the combined organic phases were washed with saturated aodium chlo- 
ride solution, dried (MgS04), and evaporated under reduced pressure. The solid 
obtained was chromatographed on silica gel with ethyl acetate - hexane mixtures. 
Numerous by-products were noted, but generally not obtained sufficiently pure 
for characterisation. The following products were prepared in this way: 
Ethyl (E)-(l-phenyl-Z-pyrrolidinylidene)acetate [3a, R'=Et] 
aniline (0.16 ml, 

(225 mg, 52%), from 
l-76 mmol) and the chloro-eater [6] (337 mg, 1.75 mmol); 

Colourleaa needles, m-p. 59-60°C (from hexane - dichloromethane); 
ethyl acetate 2:l) 0.52; UV 296(17070), 

RP (hexane - 

1305, 1140 cm-l; 
245(7490) nm: IR 1673, 1605, 1580, 1498, 

'H-NNR 7.45-7.10 (5H, m, ArH), 4.90 (1Hr t, J 1.5 Hz, C=CH), 
4.07 (2Hr qr J 7.1 Hz, OCii2CH3), 3.32 (28, td, J 
7.8 and 1.5 Hz, CH2C=C), 

3.73 (2H, tr J 7.0 Hz8 CH2N), 
2.09 (2H, quintet, J 7.4 HZ, CH2C~2C~2), 1.21 (3H, t, 

J 7-l HZ, OCH2Cti3) (irradiation at 3.32 causes collapse of 4.90 signal to 8); 
13C-NMR 169.36 (N~=cH), 163.70 (c=o), 
125.81 (arom C-4), 

141.29 (arom C-l), 129.28 (arom C-3, c-5), 
124.43 (arom C-2, C-6), 81.10 (NC=gH), 58.29 (oc_~cH~), 54.36 

(CH2N)r 32.47 (CH2CnC), 21.39 (CH2C_H2CH2), 14.52 (OCH2C_H3) (Found: C, 72.03; H, 
7.46: N, 6.01. C14Hl~N02 requires C, 72.70; H, 7.41; Nt 6.06%). 

Ethyl (E1-(1-(3-methoxyphenyl)-2-pyrrolidinylidene)acetate [3b, R'=Et] 
41%) , from m-aniaidine (220 mg, 1.78 mmol) 

(171 mg, 
and the chloro-eater [6] (310 mg, 

1.61 mnol). Data are quoted above. 

Ethyl (S)-(1-(2,5-dimethoxyphenyl)-2-pyrrolidinylidene)acetate [3d, R'=Etj[ (300 
mg, 6281, together with recovered amine (82 mg, 32%), 
(253 mg, 1.65 mmol) 

from 2,5_dimethoxyaniline 
and the chloro-eater C6] (318 mg, 1.65 mmol). Colourless 

needles, m-p. 103.5 - lO4'C (from hexane - ethyl acetate); RP (hexane - ethyl 
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acetate 2:l) 0.35: uv 283(18800) 262(sh, 123401, 223(10260) nm: 
(sh), 1575, 1505, 1135, 1040 cmwi: 'H-NMR 7.0-6.7 (3H, m, ArH), 

IR 1673, 1665 
4.45 (lli, a, 

C=CH)t 4.04 f2H1 qz J 7.1 HZ* OCfi2CH3)' 3.9-3.55 and 3.74 (8H, superimposed m 
and 8, CH2N and 2 x OMe), 3.28 (2H, td, J 7.7 and 0.8 Hz, CH2C=C), 2.09 (2H, 
quintet, J 7.4 Hz, CH2C&2CH2), 1.19 (3H, t; ; ;.;.~;ZI ~~;2;C.;' (irradiation at 
4.45 causes collapse of 3.28 eignai to tr . : 169.14 (NC=CH), 
165.38 (C=Ojt 153.53, 149.15 (arom C-2, C-51, 129.47 (arom C-11, 114.25, 113.29 
113.22 (remaining arom Cl, 79.95 (NC=sH), 57.88 (OGH2CH3), 55.91, 55.39 (AtO&), 
53.35 (CHIN), 31.76 &H2C=C), 
65.76; H, 7.26: N, 4.78. 

21.67 (CH2f;H2CH2), 14.36 (OCH~(;~,) (Pound: c, 
C16H21N04 requires Ct 65.96: Hr 7.26: NI 4.81%). 

Ethyl (e)-(l-(2-naphthylj-2-pyrrolidinylidene)acetate [3fl R'=Et] (840 mgt 80%), 

from 2-naphthylamine (531 mg, 3.71 mmol) and the chloro-ester C6] (715 mg, 3.71 
mmol): colourless plates, m.p. 107-108°C (from ethyl acetate - hewane); RR (2:l 
hexane - ethyl acetate) 0.47: Dv 312(15960), 281 19830)r 
9415) nm; IR 1670, 1578, 1400, 1297, 1130 cm"; I 

272(sh, 167251, 252(sh 
H-NMR 7.85-7.7 (3H, m, ArH-4, 

ArH-5, ArH-8)) 7.59 (lH, d, J 2.1 Hz, Arti-11, 7.5-7.35 (3H, mt ArH-3, ArH-6, 
ArH-7)‘ 5.02 (PHI st C=CH)r 4.06 (2H, qr Jt 7.1 Hz~ OCH2CH3), 3.75 (2H, t# J 7.0 
Hzt CH2N), 3.35 f2H, td, J 7.7 and 1.0 Hz, CH2C=C), 2.07 (2H, quintet, 3. 7.3 
Hz, CH2Cfi2CH2), 1.20 (3H, t, J 7.1 HZ, OCH2:93 ) (irradiation at 5.02 causes col- 
collapse of 3.35 signal to t, J 7.7 Hz); C-NHR 169.27 (N~=CM), 163.52 (C=0), 
138.73 (arom C-21, 133.56, 131.21 (atom C-4a, C-8a>, 129.03~ 127.51, 127.31 
(arom C-4, C-5, C-81, 126.41, 125,70, 123.07 carom C-3, C-6, C-71, 121.84 carom 
C-l), 81.45 (NC=~H), 58.29 (O~H2CH3), 54.36 (CH2N), 32.44 (I;H2C=C), 21.35 
(CH2B2CH2), 14.48 (OcH2@3n,) (Pound: Ct 76.16: Ht 6.79; NI 4.82. C18H19N02 
requires CI 76.84; HI 6.81; NI 4.98%). 

Ethyl (El-(l-benzyl-2-pyrrolidinylfdena)acetate [3gr R'=Et] (18d mg, 46%), from 
benzylamine (0.20 ml, 1.8 mmol) and the chloro-ester [6] (321 mg, 1.67 mmol). 
Data are quoted above. 

Ethyl (E)-(1-(2,4,5-trimethoxypheny~)-2-pyrro1idiny1idene)acetate [3hr R'=Et] 
7475 mg, 54%), together with ethyl 6-chloro-3-(2,4,5-trimethoxyphenylamino)hex- 

f8hr R Et] 
m 

I= (36 mgt 4%), were obtained from 2,4,5-trimethoxyaniline 
(499 mg, 2.72 mmolf and the chloro-ester C6](542 mg, 2.81 mmol). Compound 

[3h, R'=Et]: colourless prisms, m-p. 138-138.5'C (from hexane-dichloromethane): 
RR (ethyl acetate) 0.76; UV 282(23805), 231(9700) nm: IR 1662, 1612, 1582, 1512, 
1465, 1457, 1232, 1202, 1142, 1040 cm-l: ‘H-NtiR 6.70 (lH, 8, ArH-61, 6.58 (1X, 
9, ArH-3)‘ 4.39 (lH, t, J 1.2 Hz, C=CH), 4.05 (ZH, q, J 7.1 Hzl 0Cki2CH3), 4.0.. 
3.5, 3.90, 3.82 and 3.78 (llH, superimposed m and 3 x s, CH2N and 3 x OM8)r 3.28 
(2H, t, Y 7.6 Hz, CH2C=C) 
J 7.1 Hz 0CH2Cfi3) 

, 2.10 (2H, quintet, J 7.4 Hz, CH2CY2CH2)‘ 1.20 f3Ht tt 
(irradiation at 3.28 causes collapse of 4.39 signal to a): 

13C-N8~ 168.99 (NE=CH), 165.70 (C=O), 149.30, 148.73, 142.90 farom C-2, C-4, 
C-51, 120.53 (arom C-l), 112.00 (arom C-6), 98.61 (arom C-31, 79.50 (NC=~H), 

57.69 (OC_H2CH3)r 56.22, 56.14, 55.80 (3 x OMe), 53.41 (CH2N), 31.58 (sH2C=C), 
21.46 (CH2cH2CH2), 14.24 (OCH2F,H3) (Found: C, 63.60; H, 7.24: N, 4.38. CL~H~~NO~ 

requires C, 63.54: HI 7.21; N, 4.36%). 
Compound [8h, R'=Et : obtained as an oil, and not purified: RR (hexane - ethyl 
acetate 2:l) 0.35; H-NMR (60 t4Hz) 9.78 flH, br s, NH), 6.60 (lH, 8, ArH-61, 
6.45 (lH, s, ArH-31, 4.53 (lH, 9, C=CH)r 4.07 (~HP qr J 7 HZ, OCg2CH3)r 3.78, 
3.75, 3.72 (9H, 3 X s., 3 x OMe), 3.42 (2H, t, J 6 Hz, CH PC), 2.5 - 1.7 (4H, ml 
CH2Cl and CH2Ca2CH2), 1.23 (3H, t, Y 7 Hz, 0CH2C!j3); 23 C-NMR 170.56 (NC=CH) , 
163.02 (c=o), 148.78, 148.02, 142.75 (arom C-2, C-4, C-5), 119.65 carom C-l), 
112.25 (arom C-61, 98.25 (arom C-31, 84.27 (NC=C;H), 58.66 (OgH2CH3), 56.60, 
56.55, 56.22 (3 x Ofief, 43.98 (CH2Cl), 30.36 (C_H,C=C), 29.49 (CH2cH2CH2)r 14.52 
(OCH2cH31. 
Ethyl (E)-(l-(4-methoxyphenyl)-2-pyrrolidinylidene~acetate [3c, R'=Et].- 
(i) When the general procedure described above was followed with p-anisfdine 
(610 mg, 4.95 mmol ) and the ehloro-ester [6] (993 mg, 5.16 mmol) for 20 h, corn-- 
ound [3cr R*=Et] 

gC (from h8Xane - 
(845 mgr 65%) was produced: colourless needles, m.p. 72-S-73,5 
dichloromethane); RF (hexane - ethyl acetate 2:1) 0.39: UV 

289(21070), 247(sh, 53701, 226(8580) nm; IR 1675, 1610, 1582, 1507, 1294, 1242, 

1142, 1132, 1044 cm”: 'H-NMR 7.15 (2H, d, J 9.1 Hz with further fine coupling, 
ArH-2 and ArH-61, 6.91 (2H, d, J 9.1 Hz with further fine coupling, ArH-3 and 
ArH-5), 4.70 (lH, t, J 1.4 Hz, C=CH), 4.05 (2H, q, Y 7.1 Hz, OC$2CH3)r 3.81 (3H, 
ar OMe), 3.67 f2H, tr J 7.0 Hxt CH2N), 3.30 (2H, td, J 7.8 and 1.3 Hz, CH%C=C)r 
2.08 (2H, quintet, J 7.4 Hz, CH2C~2CH21, 1.20 (3Hr t; JJ7;18Hs; OCH2CH3) firra- 
diation at 4.70 causes collapse of 3.30 ei nal to irradiation at 
3.30 causes collapse of 4.70 signal to a); 93 

. 
C-NMR 16i.32 (NC=& 164.67 (C=0), 

157.66 (arom C-4), 133.95 carom C-l), 126.25 (arom C-2, C-617 114.54 farom C-3, 

C-S), 80.26 (NC=sHH), 58.11 (oc_~cH~), 55.26 (One), 54.82 tCH2Nlr 32.30 (CH2C=C)t 

21.38 (CH2sH2CH2)r 14.48 (ocH~~H~) (Found: C, 68.63: Ht 7.58; Nt 5.40. C16HlQNO3 
requires C, 68.94: H, 7.33; NI 5.36%). 
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(ii) The above reaction waa repeated with _panisidine (720 mg, 5.84 mmol) and 
chloro-ester [63 (1.124 g, 5.84 mmol) in the absence of disodium hydrogen phos- 
phate at 42OC for 7.3 h followed by room temperature for 55 h. Work-up by the 
general procedure led to the isolation of an oily solid (1.581 g) consisting of 
a 2:l mixture of the vinylogous urethane [3cr R'=Et] and the acyclic compound 
ethyl 6-chioro-3-(4-methoxyphenyl)hex-2-enoate [SC, R'=Et], the following lH-NMR 
(60 RHz, CC14) signals for which were clearly assignable: 10.11 (lh, br at NH), 
7.00 (2tlr d, J 9 Hz with further fine coupling, ArH-2 and ArH-6), 6.74 (2H, d, J 
9 Hz with further fine coupling, ArH-3 and ArH-5), 4.58 (lH, 8, C=CH), 3.97 (2H, 
q, J 7 Hz, OC!j2CH3), 3.72 (3H, s, OMe), 3.7-3.1 (2H, m, CH2C=C), 2.8-1.6 (4H, m, 
CH2Cl and Cti2C&2CH2)' 1.23 f3Hr tr J 7 HZ, OCH2Cfi3). A portion of the above mix- 
ture (1.226 g) was heated under reflux in acetonitrile (25 ml) for 80 min. The 
solvent was removed under reduced pressure, the residue was dissolved in dichlo- 
romethane (100 ml), and the solution was washed with aqueoua saturated sodium 
hydrogencarbonate (100 ml). The aqueous phase waa extracted with dichlorome- 
thane (50 ml); the organic layers were combined, dried (RgS04), and evaporated 
to a dark soiid (1.031 g) which was chromatographed on silica gel with hexane - 
ethyl acetate mixtures to yield the vinyloqoue urethane [3c, R'=Etj (0.626 g, 
effective yield 52%), ethyl Gchloro-3-oxohexanoate t.61 (96 mgr 
anisidine (7 mg, 1%). 

ll%), and p 

(iii) The general procedure was repeated with p-anisidine (475 mgr 3.86 mmol) 
and chloro-ester [6] (737 mg, 3.82 mmol), but &bstituting potassium carbonate 
(342 mg, 2.47 mmol) for disodium hydrogen phosphate. The mixture was atirred at 
?!i°C for 10 h, and at room temperature for 60 h. Workup and chromatography as 
usual gave vinylogous urethane [3c, R'=.Et) (200 mg, 20%), p-anisidine (31 mg, 
6.5%), ethyl (E)-(2-tetrahydrofuranylidene)acetate [9a] (41 mg, 7%), and a mixed 
fraction (446 mg) containing approximately 4:l:l of [gal, [SC] and p-anisidine 
(by NMR). 
SHZ, CC14) 

Comoound [gal: yellou liquid, RF (hexane - ether 1:l) 0.41: 'H-NHR (60 
5.13 (lh, t, J 2 Hz, C=CH), 4.15 and 4.02 (4H, superimposed t and q, 

3 7 Hz and 7 Hz, ring-CH20 and OCIi2CH3), 
2.05 (2H, quintet, J 7 iiz, CH2C~2CH2), 

3.05 (2H, td, J 7 and 2 Hz, CH2C=C), 

data in reference'. 
1.22 (3H, tr J 7 Hz, 0CH2CIi3); compare 

(iv) A solution of sodium iodide (107 mq, 0.71 mmol) and the chloro-ester [6] 
(112 mg, 0.58 mmol) in acetone (0.5 ml) was stirred in the dark for 70 min. 
Benzene (10 ml) and p-anfaidine (70 mg , 0.57 mmol) were added, and a heavy white 
precipitate formed. -Triethylamine (0.09 ml, 0.6 mmol) was added, after which 
the mixture was heated under reflux for 5.5 h. Additional ester [6] (41 mg, 0.21 
mmol) waa added, heating waa continued for 6 h, and then kept at room tempera- 
ture for 15 h. The solvent was removed under reduced pressure, and the residue 
was partitioned between water (10 ml) and dichloromethane (25 ml). Evaporation 
of the organic phase gave a crude product (260 mg) that waa separated by column 
chromatography on silica gel with hexane - ethyl acetate mixtures to give the 
vinylogous urethane [3c, R'=Et] (18 mg, 12%). p-anisidine (10 mg, 14%) and ethyl 
(Z)-(2-tetrahydrofuranvlidene)acetate [9b] (59 mg , 47% based on [63) as an oil, 
RF (ether) 0.43: l H-NHR (60 MHz, CC14) 4.67 (lH, t, J 1.5 Hz, C=(X), 4.30 (2H, 
t_ J 6.5 Hz, ring-CH20), 4.00 (ZH, q, J 7 Hz* OC$2CH3)1 2.65 (2Hr t, 3 7 Hz with 
further fine coupling, CH2C=C), 2.3-1.7 (ZH, m, 
OCH2Cg3): compare data in referenceg. 

CH2CH2CH2), 1.20 f3H1 tr J 7 Hz, 

Refor-etaky reactiona on 1-phenylpyrrolfdine-2-thione [2a] 
(i) Methyl bromoacetate (0.07 yf, 0.7 mmol) waa added to a vigorouely stirred 
suspension of zinc-copper couple (89 mg) in dry THP (1 ml). After 45 min, a 
solution of l-phenylpyrrolidine-2-thione [2a] (100 mg, 0.56 mmol) in dry THF 
(1.5 ml) wae added. The mixture was heated under reflux for 45 min, then 
stirred at room temperature for 15 h. Sulphuric acid (10 M, 2 ml) and water (20 
ml) were added, and the solution was neutraliaed with ammonia liquor. Extraction 
with ether (3 x 40 ml), followed by drying (XgS04) and evaporation of the ex- 
tracta under reduced pressure yielded an oil 1139 mg), which was separated by 
column chromatography on silica gel with hexane - ethyl acetate mixtures_ Methyl 
(E)-(l-phenyl-2-pyrrolidinylidene)acetate [3a, R'=Mej (57 mg, 47%) and l-phenyl- 
pyrrolfdin-2-one [la] (39 mg t 43%) were obtained ae pale yellow solids. 

(ii) l-Phenylpyrrolidine-2-thione C2a.j (100 mg , 0.56 mmol) and methyl bromoace- 
tate 10.07 ml, 0.7 mmol) were dissolved in dry THP (1 ml). Salt formation was 
allowed to proceed at room temperature for 130 min. The reaction vessel was im- 
mersed in a laboratory ultrasonic cleaning bath. 
copper couple13 (68 mg) were added, 

More THP (5 ml) and the zinc- 
after which the mixture was sonicated for 

5.75 h. The bath temperature rode to 55oc during the reaction. Work-up and 
chromatography as described above yielded methyl (E)-(l-phenyl-2-pyrrolidinyl- 
idene)acetate [3ar R'=Me] (32 mg , 26%) and 1-phenylpyrrolidin-2-one [la] (54 mg, 
59%). 
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