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The hypohalite oxidation of methyl ketones to 
carboxylic acids is a well-recognized useful syn- 
thetic procedure.'I2 More recently higher alkylaryl 
and alkylheterocyclic ketones have been converted 
to carboxylic acidsin good yields by the use of alka- 
line hypohalite  solution^.^^^ The present work re- 
ports the hypohalite oxidation of cyclohexanone and 
cyclopentanone. 

Cyclohexanone was smoothly converted to adipic 
acid by three equivalents of sodium hypobromite 
solution at room temperature. The attack of so- 
dium hypobromite on cyclopentanone was consid- 
erably more vigorous however, and when the reac- 
tion was allowed to proceed at 30-35", a very small 
amount of succinic acid was isolated. When con- 
ducted at  5-10' a fair yield of glutaric acid along 
with a smaller amount of succinic acid was iso- 
lated. With cyclopentanone the consumption of so- 
dium hypobromite was more than the three moles 
required according to the stoichiometry as de- 
scribed by Levine and Stephens* as evidenced by 
the disappearance of oxidizing reagent during the 
course of addition of cyclopentanone. 

EXPERIMENTAL 

Oxidation of cyclohexanone. A sodium hypobromite solu- 
tion was prepared according to the directions of Levine and 
Stephens4 from 88.0 g. (2.2 moles) of sodium hydroxide and 
28 ml. (0.55 mole) of bromine in 300 ml. of water. The solu- 
tion was allowed to warm to 20" and was stirred rapidly while 
14.7 g. (0.15 mole) of cyclohexanone was added over a 15- 
min. period with ice-bath cooling to maintain the temper- 
ature at 20-25'. After all the ketone had been added the 
solution was stirred 2 hr. longer at room temperature. The 
mixture was then acidified with concentrated hydrochloric 
acid, whereupon adipic acid precipitated. The slurry was 
cooled to 5" and filtered. The adipic acid was washed with 
ice water and dried a t  75-80'. The yield of adipic acid, m.p. 
150-152", amounted to  17.3 g. (82%). 

Oxzdation of cyclopentanone. Cyclopentanone was added 
dropwise to a sodium hypobromite solution prepared from 
88.0 g. of sodium hydroxide and 28 ml. of bromine in 300 ml. 
of water. In spite of ice-bath cooling, when the addition was 
started at 20°, the temperature rose to 30-35". After 10.6 
g. of cyclopentanone had been added during 15 min., the 
solution became colorless and gave a negative test with 
starch-potassium iodide test paper. The mixture was stirred 
15 min. longer, acidified with hydrochloric acid, and evapo- 
rated to dryness in vacuum. The residue was extracted thor- 
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oughly with ether, and the ether solution was dried and 
evaporated. Trituration with ether-benzene induced cryR- 
tallization, and after recrystallization from water there was 
obtained 2.5 g. of succinic acid, m.p. 186-188'. The mother 
liquor from trituration with ether-benzene was examined for 
glutaric acid but none could be isolated. 

When the reaction mixture was maintained a t  5-10' 
and the cyclopentanone (12.6 g.) added dropwise over a 
0.5-hr. period, 1.7 g. of succinic acid and 8.8 g. of glutaric 
acid were obtained. 
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Recently the preparation of tetrachIorofuIvenes 
was disclosed but no mention was made of their 
being tried in a diene synthesis.l It seemed to us 
that these compounds would be ideal in kinetic 
studies of the Diels-Alder reaction. Therefore, 
1,2,3,4-te trachlor o-6-phenylfulvene (I, R = H) 
and four of its derivatives (I, R = NOz, GI, N(CH&, 
and OCHJ were prepared. 

The fulvenes in preliminary tests gave no evi- 
dence of reaction with maleic anhydride in benzene 
and finally were heated in molten maleic anhydride 
a t  117' for a week. At the end of this time cooling 
gave colored crystals of the fulvenes in the maleic 
anhydride and no adduct could be isolated. 

When 6-(9-anthryl)-l,2,3,4-tetrachlorofulvene 
(11) was prepared, treatment with maleic anhydride 
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lead to only a mono adduct. The product still had 
the color typical of a fulvene and its spectrum indi- 
cated the maleic anhydride had reacted with the 
anthracene moiety. 

The color of 1,2,3,4-tetrachlor0-6-(2-furyl) fulvene 
pentadiene did not fade when heated at  100' with 
maleic anhydride for a week. I n  a,ddition p-[6-(1JI- 
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