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Cyclopropanone dithioketals are available from a variety of routes but many of these suffer 

from lack of generality, excessive length, and/or low yields. 
1 

We now describe a new high-yield 

procedure of some generality. The key feature is the elimination of thiophenol from a 

1,1,3_tris(phenylthio)alkane induced by one molar equivalent of methyllithium in tetrahydrofuran 

(THF) containing two molar equivalents of tetramethylethylenediamine (TMEDA). The yields in 

this ring closure are not only high and in many cases quantitative as indicated by eq l-5, but 
n 

the reactions are remarkably clean; the pure product‘ is frequently obtained by evaporation of 

the ether extract after aqueous work-up. Furthermore, the method is rather flexible in that the 

substrates for the ring closures can be obtained by the treatment of a variety of compound types 

with benzenethiol and dry HCl; several examples are given. 

(1) CH2=CHCHO + PhSH HC1'9;7hry 250 > 3 MeLi, TMEDA, THF , 
0 

PhSCH2CH2CH(SPh)2 
0", 3 hr, 99% 

(2) CH3CH=CHCH0 + PhSH w 
SPh 

CH3bHCH2CH(SPh)24 
MeLi, TMEDA, THF 

D Do, 3 hr, 100% 

(3) PhSCH2!::HSPh5 + PhSH 
HCl, 5 hr, 25' CH3 MeLi, TMEDA, THF 

100% ' PhSCH2CHCH(SPh)2 O', 3 hr, 100% ' 

1. c-BuLi, TMEDA, 

(4) PhSCH2CH=CHSPh5 
THF, -20°, 30 min Ph 

2. EtI, -20°, 1 hr' C2H5 b CH2CH(SPh)2 y$'OyErt 
2S", 3 hr '80%' ) 

Me 

Me 

SPh 

SPh 

Et 

3. PhSH, HCl 
74% 
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Me SPh 
MeLi 

(5) CH3COCH2CH(OMe)26 + PhSH "";;%' ;:; 250 > (PhS)2gi?2CH(SPh)2 TzO ) b 

SPh 

, , 9 SPh 
3hr,90% _ 

It 

The simplest mechanistic picture is the formation of the anion '& followed by an intramolecu- 

lar nucleophilic displacement of thiophenoxide ion. However, the behavior of thiophenoxide ion 

as a leaving group in an SN2 displacement is apparently unprecedented. Furthermore, the pro- 

duction of k (eq 5) proceeds in quite satisfactory yield despite the necessity for attack by a 

bulky nucleophile on 

involves the loss of 

(2) by the thioether 

would be expected to 

a highly congested carbon atom. An alternative and quite credible mechanism 

thiophenoxide from x and intramolecualr capture of the resulting carbene 

group to yield the 4-member ring ylide $, which by Stevens rearrangement 

yield the cyclopropane 2 (eq 6)7. There is ample precedent' for the loss of 

thiophenoxide from sulfur stabilized anions, including thioacetal anions 
8b , to produce carbenes. 

Furthermore, it has been shown 
9 
that 3-(phenylthio)carbenes do indeed yield cyclopropanes, 

apparently by way of 4-member-ring ylides. 

PhS 

(6) R1-;-CH2-c(SPh)2-=+ 

A* 

Pht-C-SPh SPh 
> SPh 

I 5 

The SN2 mechanism predicts the loss of the 3-phenylthio group whereas the carbene mechanism 

predicts the loss of one of the 1-phenylthio groups. l,l-bis(Phenylthio)-3-(p-tolylthio)butane 

(@ was prepared by the B-addition of p-thiocresol to crotonaldehyde, in the presence of tri- 

ethylamine (yield 71%), and treatment of the 3-(E-tolylthio)butanal with PhSH and HCl (95% 

yield). When & was treated under the standard ring closure conditions, the cyclopropane, pro- 

duced in quantitative yield, was identical to that formed in eq 2 and 3. Thus, the tolylthio 

group is cleanly lost and the ring closure is revealed as an apparently unique example of an 

SN2 reaction in which thiophenoxide is the leaving group. 

Me 

To1 h MeLi, TMHDA 
SPh 

CH3 CH2CH(SPh)2 
THF, 100% SPh 
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No more than trace amounts of 4- and S-member rings were formed when the appropriate 

substrates" were submitted to the ring-closure conditions. 

The synthetic methods reported here nicely complement those' in which one of the cyclo- 

propyl carbon atoms is added during the construction of the 3-member ring. It may very well 

supplant those 
11 

more cumbersome and lower yield methods which proceed from u,B-unsaturated 

aldehydes, provided that phenylthioacetals are desired. It is doubtful if the product (4) 

of eq 5 could be prepared satisfactorily from any of the extant procedures. The finding 

that thiophenoxide can be efficiently displaced during 3-member ring formation may have 

implications with regard to cyclopropane construction in which anions other than those of 

thioacetals may behave as the nucleophile; this concept is under exploration. 

Braun and Seebach' have demonstrated a number of interesting ring-opening reactions of 

cyclopropanone dithioketals and other uses for these compounds as synthetic intermediates can 

be envisioned. Perhaps the most important of these is the conversion of these products to the 

lithio derivatives of cyclopropyl phenyl sulfides, a class of intermediates with great actual 
12 

and potential 
13 

synthetic utility; this conversion has been brought to practice and will be 

reported shortly. Given the ease with which phenylthio groups are reductively removed, the 

present procedure may also be a considerably more satisfactory method of converting enals to 

cyclopropanes, via connection of the l- and 3-carbon atoms, than the recently reported, lengthier 

procedures which result in an inseparable mixture of the cyclopropane with its open-chain re- 

duction product. 
14 
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