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A SIMPLE SYNTHESIS OF SOME CYCLIC AND ACYCLIC CYCLOBUTENEDIONES 
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Summary Cyclobutenediones can be prepared from cyclic and acyclic ketones by a simple four 

step procedure. 

Having previously demonstrated that benzocyclobutenediones and alkynes could be converted 

to naphthoquinones through the intermediacy of phthaloylmetal complexes, 
2-5 

we sought to estab- 

lish the same reaction sequence using cyclobutenediones and alkynes as a means of synthesizing 

benzoquinones. A search of the literature 
6-14 

showed that only certain types of cyclobutene- 

diones were readily prepared (aryl substituted cyclobutenediones and derivatives of squaric 

acid and semisquaric acid). If cyclobutenediones could serve as precursors to benzoquinones, 

tnen a valid synthetic method would require a convenient source of cyclobutenediones with a 

variety of substitution patterns. To that end we have developed a new route to cyclobutene- 

diones which takes cyclic or acyclic ketones to the desired products in four steps (eq 1). 

$Ph 

Our results are listed in Table 1. Phenylthioenol ethers 2a-d, easily prepared in large 

quantity and good yield from ketones la_d, 
15 

underwent a regiospecific [2 + 21 cycloaddition 

with dichloroketene (generated from C13CCOC1 and Zn-Cu according to Krepski and Hassner16) to 

provide the dichlorocyclobutanones 3a-d in good yield." The regiochemistry shown for the 

cycloaddition is that expected on polarization arguments. To confirm this expectation, the 

cyclohexanone system 3 was dechlorinated (Zn, NH4C1, MeOH-THF, 0') to the cyclobutanone (97% 

yield) which showed the expected decouplings in the 270 MHz 'H NMR at -40°C. 

Treatment of the dichlorocyclobutanones 3a-d with Et3N/CH3CN was expected to eliminate 

thiophenol and produce the corresponding dichlorocyclobutenones which we had planned to 

1747 
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hydrolyze to the cyclobutenediones. 
18 

Unexpectedly a facile, high-yield elimination of HCl 

occurred to give the "rearranged" products 4a_d in excellent yields. 
19 

While literature pre- 

cedent would suggest the reaction might occur via an oxyallyl cation intermediate, 
20 

we have 

shown that dichlorocyclobutanone 3 undergoes a rapid elimination of thiophenol to the di- 

chlorobutenone which is followed by readdition of PhSe in an S,,,Z' fashion to give the observed 

product, 4a (eq 2).21 - 

SPhCl 

x 
c’= 

0 0 * x 

Cl 

(4 
0 

SPh 
3a !!a 

Cl 
Cl PhS- - 

The "rearranged" products 4a_dturned out to be excellent precursors to the desired cyclo- 

butenediones. Treatment of 4a-d with m-chloroperbenzoic acid led directly to cyclobutenediones 

5a-d in yields ranging from 93%-99%.22 We presume that peracid converts the sulfides to y- 

chloroallyl sulfoxides which have previously been shown by Lansbury 
23 

to spontaneously fragment 

to carbonyl compounds and PhSCl via a [2,3] sigmatropic rearrangement (eq 3). 

Cl 0 
OSPh 

(3) 

0 0 
+ 

PhSCl 

The simple reaction conditions and good overall yields from cyclic and acyclic ketones 

should make this route to cyclobutenediones a practical addition to the previously known 

methods of synthesis. 
24 

Also, as anticipated at the outset of this project, cyclobutenediones 

have proven to be valuable precursors to benzoquinones using our previously described organo- 

transition metal method. 
25,26 
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Table I. Synthesis of Cyclobutenediones from Ketonesa 

ketones 
t hioenol 
ethers [2+2] products 

rearranged 
products cyclobutenediones 

la 

L 

0” 
0 

0 
SPh 

Ic 

0 
0 

0 
SPh 

!!I 

Phk 

1 ‘0 L 

SPh 

‘u \ 
H 

75 % 

Z!L 

75 % 

93 % 

ai 
SPh 

I, Ph ’ 

56 % 

30 
SPh Cl 

Cl 

not purified 

E 
SPh Cl 

a 

Cl 

0 
H 

63 % 
mp 70 - 72O 

(pentone) 

3c SPh Cl 

a 

Cl 

0 
H 

Cl 
- CR 0 

SPh 

94 % 
mp 44-45’ 

(pentone) 

?!? 

a 

Cl 

0 
SPh 

63 % 87 % 
mp 61-62” mp 59-61’ 

(pentone) (pentone) 

3d 4d 
SPh Cl 

Ph 
Cl 

62 % 
mp 111-l12° 

(Et20) 

krl 
Cl 

- 

0 
SPh 

56 % from& 

9.k 

Ph 

PhS 0 

95 % 
mp59-60’ 

(ether-Dentone) 

D 
0 

0 

93 % 

9 9 % 
mp39-41’ 

(after dist.) 
jd 

Ph 

97 % 
mp 152-153O 

(CH2Cl2- Et201 

0) All new compounds were chorocterized by IR, 270MHz ‘H NMR ond low resolution 
moss spectra ond gove sotisfoctory elemental onolyses. 
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