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Abstract 

The title anion in tetrahydrofuran containing one equivalent of hexamethylphosphoric triamide 
at - 78" undergoes a rapid conjugate addition reaction with cyclopent-2-en-1-one. The sole product 
obtained, in 73 % yield, is (E)-3-[3-(phenylsulfinyl)prop-2-enyl]cyclopentan-l-one. 

Introduction 

The anion (1) derived from allyl phenyl sulfide undergoes a rapid conjugate 
addition reaction with cyclopentenone in the presence of one equivalent of hexa- 
methylphosphoric triamide to yield the a-addition product (2) and a small amount 
of the y-addition product (3).13' Reactions of the corresponding anions of allylic 
sulfoxides, such as that, (4), derived from allyl phenyl sulfoxide, with conjugated 
enones have not been recorded. If (4) were to react with cyclopentenone in the 
same way as (I), the reaction would be of some importance from a synthetic stand- 
point, as the product (5) is structurally similar to intermediates of several highly 
stereospecific syntheses of  prostaglandin^.^ However, we find that the reactivity of 
(4) towards cyclopentenone is markedly different from that of (I), and herewith 
report our results. 

Results and Discussion 

Treatment of allyl phenyl sulfoxide with lithium diisopropylamide in tetrahydro- 
furan containing 1 equiv. of hexamethylphosphoric triamide at -78" produced 
the yellow anion (4), which reacted rapidly with cyclopentenone at the same temper- 
ature. The only product, which was obtained in 73 % yield, was the vinylic sulfoxide 
(6), arising from reaction through the y-position of (4). None of the isomeric, allylic 
sulfoxide (5 ) ,  prepared from the sulfide (2) and m-chloroperbenzoic acid, could be 
detected in the reaction mixture. In addition, (6) was obtained as a single geometric 
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isomer possessing the (E) configuration. This contrasts with the analogous reaction 
of the anion (I), in which case the small amount of reaction which does proceed 
through the y-position produces the vinylic sulfide (3) as a mixture of (E) and (2) 
 isomer^.',^ Treatment of the allylic sulfoxide (5) with an equivalent amount of lithium 
diisopropylamide in tetrahydrofuran in the presence of hexamethylphosphoric 
triamide at  -78" did not induce any detectable conversion into (6). It  thus appears 
that the y-mode of conjugate addition is a kinetic process. 

(4) 
I 

O p ' h  ( 5 )  (6) 

The remarkable difference in the regiochemistries displayed by the anions (1) 
and (4) in their reaction with cyclopentenone is not apparent in reactions with other 
e l e ~ t r o p h i l e s . ~ ~ ~  Both the sulfenyl and sulfinyl substituents are donors according to  
the terminology of Gompper and Wagner; and thus a current theory on the reactivity 
of ambient nucleophiles breaks down in the present case. Solvation of the lithium 
cation by the hexamethylphosphoric triamide will enhance repulsive interactions 
between the occupied orbitals of the allylic anions (1) and (4) and cyclopentenone. 
This may be one factor which leads to conjugate (as opposed to a 1,2) addition to 
cyclopentenone, as has been discussed e l~ewhere .~  The repulsive interaction will be 
more pronounced at the a-carbon atom of (4) than at the corresponding atom of (1). 
Whether this stereoelectronic effect is sufficient to account entirely for the differences 
in regiochemistries of (1) and (4) in their conjugate addition reactions cannot be 
assessed. Finally it should be noted that the anion derived from allyl phenyl sulfone 
reacts in conjugate fashion with cyclohex-2-en-1-one through the y-position.' 

Experimental 

General experimental conditions have been given e l se~here .~  

Preparation of (E)-3-[3'-(Phenylsulfinyl)pvop-2'-enyl]cyclopentan--one (6) 

Butyllithium ( 1 . 4 ~  in hexane, 12.6 ml, 0.018 mol) was added to a stirred solution of 
hexamethylphosphoric triamide (2.7 ml, 0.015 mol) and diisopropylamine (2.5 ml, 0.018 mol) 
in tetrahydrofuran (40 ml) at -70" under nitrogen. Freshly distilled allyl phenyl sulfoxide (2.5 g, 
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0.015 mol) was then added dropwise to the solution, which acquired a yellow colour as formation 
of the anion (4) took place. After 15 min, the solution was treated carefully with neat cyclopentenone 
(1.23 g, 0.015 mol). The reaction is exothermic, and addition of the cyclopentenone was maintained 
a t  such a rate as to keep the solution temperature below - 65". After addition of the cyclopentenone, 
the reaction mixture was stirred for 5 min and then quenched with aqueous ammonium chloride 
(7 g in water, 30 ml) at - 70'. The mixture was treated with water (30 ml) and extracted with ether 
(3 x 50 ml). The ether extracts were washed successively with dilute sulfuric acid (1 M, 20 ml), water 
(20 ml), saturated aqueous sodium bicarbonate (20 ml), brine (20 ml) and then dried (Na2S04). 
Removal of ether under reduced pressure left a pale yellow oil (3.1 g), a 'H n.m.r, and t.1.c. examin- 
ation of which indicated that it consisted entirely of the one product. Purification by preparative 
t.1.c. over silica gel with dichloromethane as eluent afforded (E)-3-[3'-(phenylsulfiny1)prop-2'-enyll- 
cyclopentan-1-one (6) (2.72 g, 73%) as an unstable, light yellow oil (Found: C, 67.8; H, 6.6. 
C14H1602S requires C, 67.8; H, 6.5%). v,,, (thin film) 3065w, 2975m, 2942m, 2905m, 1736s 
(C=O), 1478w, 1445m, 1401m, 1246w, 1164m, 1084m, 1044s (S=O), 998, 968m, 748m, 688, cm-I. 
'H n.m.r. spectrum: 6 1.42-258, 9H, m, HI' ,  H2, H3 ,  H4 ,  H 5 ;  6.31, lH ,  dt, J3,,2, 15.2, J3,,1, 
c. 0 .6Hz,  H3'; 6.64, lH ,  dt, J2,,3, 15.0, J2,,lc 6.2Hz,  H 2 ;  7.3-7.8, 5H, m, C6H5. Irradiation 
a t  6 2 .3  caused collapse of the signals at 6.31 and 6.64 to an AB quartet with J c .  15 Hz. l3C n.m.r. 
6 29.1, C 4 ;  36.1, C 5 ;  37.5, C 3 ;  38.1, C 2 ;  44.5, C l ' ;  124.5, Cpara, C6H5; 129.5, Cmeta, 
C6H5; 131.1 Cortho, C,H,; 136.7, C2'; 137.4, C3'; 144.0, Cipso, C6H5; 218.2, C1. Absorp- 
tions due to diastereotopic protons or carbon atoms were absent in the foregoing spectra, recorded 
from CDC1, solutions. Mass spectrum: mle 248 (M, 17%), 200 (85), 150 (20), 126 (66), 123 (97), 
112 (loo), 109 (71), 95 (43). 

Preparation of 3-[l'-(PhenylsulJiny1)prop-2'-enyllcy-e (5) 

m-Chloroperbenzoic acid (1.63 g, 9 mmol) in dichloromethane (20 ml) was added slowly 
dropwise to a stirred solution of 3-/1'-(pheny1thio)prop-2'-enyllcyclopentan-1-one (1) (2.0 g, 
8 . 6  mmol) (prepared as a 7 : 6 mixture of diastereomers as described elsewhere2) in dichloromethane 
(30 ml) under dry nitrogen at - 78". After 30 min, the mixture was quenched with aqueous sodium 
hydrogen carbonate (4 g in water, 30 ml) and the organic phase was separated, washed with water, 
dried (Na2S04) and evaporated to give a pale yellow oil (2.0 g). This was purified by preparative layer 
t.1.c. on silica gel with light petroleum/ethyl acetate (7 : 3) to yield 3-[I/-(phenylsulJiny1)prop-2'-enyll- 
cyclopentan-1-one (5) (1 .73 g, 81 %) as an inseparable mixture of diastereomers (Found : C,  67.7 ; 
H, 6.4. CI4Hl6O2S requires C, 67.75; H, 6.5%). v,,, (thin film) 3060w, 2978m, 1741s (C=O), 
1630w, 1582w, 1476m, 1441s, 1399m, 1161m, 1039s (S=O), 935m, 7453, 688s. 'H n.m.r. spectrum 
6 1.73-258, 7H, m, H2 ,  H3,  H4,  H 5 ;  3.47, lH, m, H I ' ;  4.71, lH,  dt, J3,(E),Z1 17.0, J3,(E),3,(Z) 
1.5, J38(E),1, 1.5  HZ, H3'(E); 5.17and 5.19, lH,  dd(?), J3r(Z),2t 10.0, J3r(Z),3r(E) C. 1 .5Hz ,H3 ' (Z) ;  
c. 5.2-5.9, lH,  m, H2';  7.3-7.74, 5H, m, C6H5. 13C n.m.r. 6 28.0, C 4 ;  36.7, C 5 ;  38.2 and 
43.1, C 3 ;  53.6, C 2 ;  73.6 and 73.9, C 1'; 122.2 and 122.4, Cmeta, C6H5; 124.4, Cpava, C6H5; 
127.4 and 127.6, C3'; 128.8 and 129.2, Cortho, C6H5; 130.8 and 131.5, Cipso, C6H5; 136.4, 
C2'; 216.5, C1. Mass spectrum: mle 248 (M, 33%), 126 (93), 123 (loo), 109 (36), 95 (70), 81 (53), 
79 (46), 77 (43), 69 (83), 67 (77). 
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