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Abstract: One equivalent of HMPA induces 1,4-addition of the title anions predominantly through 
the a-position to cyclopentenone in THF at -70'. In THF alone irreversible addition takes place 
to give mixtures comprising largely a- and y-l,2 products. 

Vicinal dialkylation of conjugated enones employing conlugate (1,4- or Michael) addition of 

an organocuprate or other "ate" complex and direct alkylation of the resulting enolate has limited 

synthetic utility, due to low reactivity of the latter intermediate towards alkylating agents. 
la 

Although this limitation may be rather unsatisfactorily overcome by trapping the enolate as its 

trimethylsilyl en01 ether, and generating a more reactive lithium enolate therefrom, 
lb 

most 

"conjugate-addition" routes to products containing the 2,3-dialkylcyclopentanone nucleus as a 

consequence of the foregoing require use of 2-cyclopentenones already bearing the appropriate 

substituent it C-2. 
2 

Current developments in the chemistry of u-sulfur and a-selenium stabilized 

carbanions, 
3 
and in particular, a growing appreciation of their reactivity towards conjugated 

4 
enones suggested to us that the synthetically useful alkylthioallyllithium and related reagents 

could be made to function as Michael donors towards 2-cyclopentenones under aprotic conditions, 

and thus directly generate a lithium enolate suitable for further alkylation. 
5 

This reaction in 

yielding products of defined stereochemistry and which are easily converted into the corresponding 

sulfoxides, and thence into the allylically transposed alcohols (see below), would considerably 

expedite syntheses of prostaglandin derivatives. As preliminary work in this area, we have 

examined the reactions of a series of the above reagents with cyclopentenone, and herewith report 

our results. 

Addition of cyclopentenone to the anions lg-1~~ in the THF at -7S0 results in immediate 

disappearance of the orange colour of the anion, and formation of the products indicated in the 

Table, 
7a 

which were isolated by preparative t.1.c. from reaction mixtures quenched with aqueous 

NH4C1 after 5 min. at -78'. 
7b 

While anions 18 and 1% show some propensity towards 5 and y-1,4- 

addition, m most cases, a- and I-1,2-addition predominates. However, generation of the anion in 

the presence of one equivalent of hexamethylphosphoric triamide (HMPA) followed by addition of the 

cyclopentenone results in exclusive (and predominantlycz-) 1,4-addition (Table). The a- and y-1,2- 

products were not formed in detectable amounts, and the corresponding lithium alkoxides did not 

rearrange to the 1,4- products in THF containing HMPA, either at -Ia0 or at 0". All products are 

thus obtained under conditions of kinetic control, which contrasts with previously reported cases 

involving addition of g-sulfur stabilized carbanions to conjugated enones. 4b,8,9 Use of TNEDA or 

hexamethylphosphorus triamide in place of HMPA yielded products of 1,2-addition only. 

The E-1,4-addition product 4 was quantitatively converted by m-chloroperbenzoic acid in 

dichloromethane at -7S" into sulfoxide 2 7b and thence into the allylic alcohol & (75%).l"'11 

An attempt to prepare 2 directly from cyclopentenone and 5 in the THF containing HMPA (l-2.5 eq.) 

at -78' yielded the isomeric sulfoxide g.7b This regiochemistry was also displayed by the anion 

z 
12 

which yielded 2 7b (45%). As the anion l$ undergoes a-1,4-addition in the presence of HNPA, 

it is clear that electronic and steric effects exerted by the tri-n-butylstannyl substituent on the 

regiochemistry of 1; and $ are negligible. The disparity in reactivities of &a and 2 is noteworthy. 
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TABLE. REACTION OF ALKYLTHIOALLYILITHIUM AND RELATED ANIONS WITH CYCLOPENTBNONE 

XR 

Gy Ii ?P / 
A 

rz 
R=C6H5,X=S in THF 

+leqHMPA 

k 

R=(SH5)3 
C,X=S in THF 

+leqHUPA 

Iz 

R=CH3,X=S in THF 

+leqHMPA 

4 

R+-C4H9 ,X=S in TI-IF 

+ 0.2 eq HMPA 

+leqHMPA 

+ 3 eq TMEDA 

+ 1 eq CuI 

E 

Pz=C6H5,X=Se in 'IHF 

+ 1 eq HMPA 

a-1,2 
b 

H 

w / R 

y-1,2 Q:_z) 

XR 
b 

a-1,4 - 
OVERALL 

l-l,4 cg:_z, - 
YIELDa 

60 

0 

t 

18 (1:l.l) 12 

0 95 

8 (1:4.2) 85 

SC 89 

Q30 
d 

S-l0 
d 

90 10 

s30e 

b30e 

64 36 (1:0.6) 0 0 

0 0 95 5= 

87 

89 

42 58 (1:0.25) 0 0 10 

27 35 (1:0.25) 38 0 85 

0 0 95 5= 85 

41 59 0 0 80 

0 0 100 0 75 

58 

0 

20 

0 

12 

95 

F! 

10 (1:1.9) 

5c 

79 

81 

‘+ 

C6H5S&n(C4H9)3 - 

&f in THF + 2 eq HMPA 

0 

Q, Xl? 

Q- SnGpg) 3 

"SH5 

38 

aRatios of products determine4 by 
1 
H nmr spectroscopy. 

b 
Mixtures of diastereomers. 

'g:g ratios not determined. Approx. values (*lo%). eOther unidentifed products 
also formed. 
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The sulfoxide 2 in THF containing HMPA (2.5 eq) and LDA (1.0 eq) at -78 during 10 hr did not 

undergo detectable conversion into $. Quenching reaction mixtures of 2 and cyclopentenone in 

!IHF containing HMPA (2.5 eq) at -7E" after 1, 4 or 18 hr did not yield any other addition product 

apart from 8, which is thus a kinetic product. 

The essentially specific a-1,4-directing effect exerted by HWPA on the reaction of the 

ambident nucleophiles ka-&e with the ambident electrophile, cyclopentenone, has considerable 

synthetic importance. Aa only one equivalent of HMPA is required, it provides a more attractive 

alternative to the use of traditional organocopper reagents, and additionally, it is likely to 

enhance the reactivity of the lithium enolate resulting from the addition. It should be noted 

that HWPA also induces a-addition of related anions to saturated aldehydes and ketones. 3b.13 

Replacement of the Li+ by less electropositive counterions, 
14 

in particular, Cu 
+15 

in the absence 

of HWPA, also results in predominantly a-addition to these substrates. In the present case, 

replacement of Li + in 4 d by C!u+ using one equivalent of cuprous iodide in THF at -400, followed 

by addition of cyclopentenone at 
16 

-78" results in exclusive formation of the corresponding a-1,4- 

product (Table). Current theory on 1,2- and 1,4-additions of anions to conjugated enones 

suggests that efficient solvation of Li 
+ 
by HMPA enables frontier orbital control to operate in 

the 1,4-addition of the anion with conjugated enones. 
8,17 

In the present case insufficient 

literature data does not allow a prediction on the reactivity of an ambident anion, such as ,$, 

to be made, although the pronounced a-regiospecificity would require the larger atomic coefficient 

in the HOBO to be a- _ to the sulfur substituent. 
17 

A rationale for the parallel behaviour exerted 

by Cu+ on the reactivity of alkylthioallyl anions towards both saturated ketones and conjugated 

enones is, however, less obvious. 
18 

Reactions of y-substituted thioallyl anions with substituted cyclopentenones and enolats 

trapping experiments are currently under examination. 
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