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sulfuric acid was added dropwise to a stirred solution of 10.3 
g. (0.1 mole) of benzonitrile dissolved in 250 ml. of l.O!V 
hydrazoic acid in benzene. After an elapsed time of 3 hr. 
the reaction mixture was poured over 100 g. of crushed ice. 
The aqueous layer was neutralized with 40y0 sodium hy- 
droxide solution causing the separation of a crude crystal- 
line solid. A single recrystallization from ethanol gave 5.9 
g. (37 %) of 1-phenyl-5-aminotetraxole; m.p. 160.5-1 61.5 O 

(reported' 159.5-160'). 
Anal. Calcd. for C ~ H V K ~ :  N, 43.5. Found: 43.7. 
1-Phenyl-6-aminotetrazole jrom benzaldehyde. Under reac- 

tion conditions similar to those described above, 10.6 g. 
(0.1 mole) of benzaldehyde dissolved in 330 ml. of 1.0 N 
hydrazoic acid in benzene solution was treated dropwise 
with 40 g. of concentrated sulfuric acid. The temperature 
of the reaction mixture was maintained a t  35-40' for 5 hr. 
during which gas evolution ceased. The greenish colored 
reaction mixture was poured over ice and the product was 
isolated as described in the preceding procedure. After a 
single recrystallization from ethanol there was received 4.7 
g. (30%) of 1-phenyl-5-aminotetrazole; m.p. 159.5-160.5'. 

Anal. Calcd. for CiH&": N, 43.5. Found: 43.4. 
Mixtures of 1-phenyl-5-aminotetrazole prepared from 

benzonitrile and benzaldehyde had m.p. 160°-160.5". 
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In  the course of other work in this laboratory 
the conversion of cis-2-hydroxycyclopentaneacetic 
acid to  cis-2-methylcyclopentanol by way of the 
Hunsdiecker silver salt-bromine degradation was 
attempted. No carbon dioxide was evolved. Al- 
though Oldham and ITbbelohde2 have suggested 
that hydroxylic compounds other than water 
might prevent the decarboxylation reaction from 
taking place, no investigation appears to have been 
made of the claim of Hunsdiecker, Hunsdiecker, 
and Vogt3 that the reaction proceeds normally 
with hydroxy acids in which the hydroxyl group is 
not in the a- position to  form hydroxyalkylhalides 
poorer by one C-atom. 

When the reaction of methyl silver adipate with 
b r ~ r n i n e , ~  which in this laboratory gave a 63% yield 
of methyl 5-hromovalerate, was carried out in the 
presence, of an equimolar quantity of cyclopenta- 
nol, little, if any, carbon dioxide was evolved and 
none of the desired product was obtained. The cy- 
clopentanol contained O.OSS~o water; addition of 
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three times this amount of water did not prevent 
decarboxylation although the yield of methyl 5- 
bromovalerate was only 43%. Therefore an alco- 
holic hydroxyl group does indeed prevent decarbox- 
ylation. 

To determine what products are formed by the 
reaction of the silver salt of a hydroxy acid in 
which the hydroxyl group is not in the a- position 
with bromine, the reaction of silver 4-hydroxy- 
valerate, prepared from commercially available 
y-valerolactone, was investigated. By the salt-to- 
bromine addition method a t  0" a 36% yield of 
levulinic acid and a 23% yield of y-valerolactone 
were obtained along with a small amount of a 
volatile organic acid which was not identified. NO 
carbon dioxide mas formed. By the bromine-to- 
salt addition method in refluxing carbon tetra- 
chloride the yield of levulinic acid mas 18% and 
of y-valerolactone 46%. In  addition to the small 
amount of volatile acid, a small quantity of a neu- 
tral material, which decomposed on distillation, 
was formed and a maximum of 2.5% of carbon 
dioxide was evolved. In  both cases the remainder 
of the product was nonvolatile and acidic and may 
well have consisted largely of levulinic acid. 

EXPERIMENTAL5 

Reaction of silver 4-hudrozyvalerate ,with bromine. A solution 
of 19.8 g. (0.30 mole) of potassium hydroxide in 90 ml. of 
water was refluxed for one hour with 28 ml. (0.30 mole) of 
r-va!erolactone. The solution was then cooled and neu- 
tralized to pH 8 with a few drops of 6 X  nitric acid and a 
solution of 51.0 g. (0.30 mole) of silver nitrate in 60 ml. of 
water  vas added rapidly with stirring and cooling. After 
about 10 min. the silver 4-hydroxyvalerate was collected on 
a Buchner funnel and sucked as dry as possible. I t  was then 
washed thoroughly by trituration first with methyl alcohol 
and then with ether, removing the solvents by suction filtra- 
tion, and dried 24 hr. a t  room temperature6 in a vacuum 
desiccat,or over Drierite at < I  mm. in the dark. A 90% yield 
was obtained. 

The silver salt (0.27 mole) was finely powdered, placed in 
the flask from which it was to be added, and dried another 
24 hr. over phosphorus pentoxide instead of Drierite. I t  was 
then added in small portions to a stirred solution of ca. 
16 ml. (0.31 mole) of dry7 bromine in 150 ml. of dry8 car- 
bon tetrachloride cooling in an ice bath during a period of 
70 min. After addition of the silver salt was complete, the 
reaction mixture was allowed to xvarm to room temperature. 
S o  carbon dioxide was detected when the flask TTas swept 
out with dry, carbon dioxide-free nitrogen, which was then 
passed through a weighed Ascarite tube. The silver bromide 
was isolated b y  filtration, washed thoroiighly first with hot 
carbon tetrachloride and then xith n-ater, and air-dried; 
the yield was 94%. 

The excess bromine was destroyed with sodium bisulfite 
and the carbon tetrachloride solutions viere wished with an 

(5) Melting points were determined in open borosilicate 
glass capillaries using a Hershberg apparatus and are cor- 
rected unless otherwise noted. 

(6) Silver 4-hydroxyvalerate darkens rapidly when heated. 
(7) Bromine was dried by shaking with concentrated 

sulfuric acid followed by distillation from phosphorus 
pentoxide. 

(8) Carbon tetrachloride was dried by distillation and 
stored over phosphorus pentoxide. 
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excess of cold 20% potassium carbonate. The aqueous solu- 
tions, which were kept cold, were saturated with potassium 
carbonate and extracted with carbon tetrachloride. The 
carbon tetrachloride solutions were combined, dried for 1 
hr. over potassium carbonate, and fractionated with a Holz- 
man column a t  atmospheric pressure. After removal of the 
carbon tetrachloride, 0.6 g. of material boiling between 
77.0" and 200" was obtained. The residue was distilled 
from a Claisen flask a t  reduced pressure. A 23% yield of y- 
valerolactone was obtained, b.p. ca. 92.5-94" (19 mm.); 
n g  1.4326. 

Anal. Calcd. for Cs13802: Sapon. equiv., 100. Found: 
Sapon. equiv., 98. 

The phenylhydrazide, prepared according to the procedure 
given by Huntress and Mulliken,g melted a t  76.0-77.0'. The 
phenylhydrazide of an authentic sample of 7-valerolactone, 
b.p. ca. !)6' (21 mm.), n y  1.4319, mas obtained in the same 
yield and melted a t  76.8-77.0'. The melting point of a mix- 
ture of the two derivatives was not depressed. 

Only 0.6 g. OC material remained in the flask at  the end of 
the distillation. 

The wat>er layers were strongly acidified with phoephoric 
acid and steam distilled. The first two liters of steam dis- 
tilhte contained Eulfur dioxide, but gave negative testslo for 
halide, phosphate, and a sulfate and the sodium salt gave 
negative tests for carbonate and nitrate and burned on igni- 
tion. The sulfur dioxide was determined as described by 
Treadwell and Hall11 and the acidity due to it was sub- 
tracted from the total acidity to obtain the amount of or- 
ganic acid. The first liter of st,eam distillate contained 17.2 
meq. of organic acid, the second 1.7, the third 1.3, and the 
fourth 1.1 making a total of 21.3 meq. or an 8% yield of 
volatile acid. Since this acid was undoubtedly contaminated 
with levu!inic acid, which is slightly volatile with steam, m d  
the amount formed was small, i t  was not identified and 
steam distillation wa,s stopped. Water was removed a t  water 
pump pressure and the residue was extracted with boiling 
benzene. Ilistillation of the benzene ext,ract gave 8.1 g. 
(267c) of levulinic acid, b.p. ca. 150-152.5" (20 mm.). 

Anal. Calcd. for CsHs03: Neut. equiv., 116. Found: 
Neiit. equiv., 118. 

The 2,4-dinitroph,enylhydrazone, which was prepared ac- 
cording to t,he procedure of Cowley and Schiiette,l2 melted 
at  206.6" (uncorr.). The 2,4-dinitrophenylhydrazone of an 
aut,hentic sample of levulinic acid, b.p. ca. 150-151' (20 
mm.), melted a t  206.6' (uncorr.). The melting point of a 
mixture of the two derivatives showed no depression. 

Only 0.7 6. of material remained in the pot a t  the end of 
the distillation. 

An additional 1Oyo of leviilinic acid was obtained from 
the residue by extraction with alcohol. 

Khen t,he reaction was carried out by adding bromine to a 
st,irred suspension of 0.27 mole of silver salt in 150 ml. of 
carbon tetrachloiide without cooling, a mildly exothermic 
reaction occurred. Ahout 8 ml. (0.16 mole) of bromine was 
required to give a permanent yellow color; it was added over 
a period of 42 min. The reaction mixture was then refluxed 
for 30 min. Three tenths of a gram of material was absorbed 
on t,he Rscarite which corresponds to a 2.5y0 yield of carbon 
dioxide. However, some of this material was probably bro- 
mine as a little bromine vapor was swept through the absorp- 
tion t,ube. (Some carbon dioxide was formed as in a similar 
experiment where the vapors were passed through lime 
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Pure Ornanic Compounds Order I .  John Wiley and Sons, 
Inc., Ne& York, 1641, p. 353. 
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A&&, Psentice-Hill, Inc., New York, 1949, pp. 152-161. 

(11) F. P. Treadwell and W. T. Hal!, Arialytical Chemistry, 
9th Endish ed.. John Wilev and Sons. Inc.. New York, 
1942, p.B22. ' 

55, 3463 (1933). 
(12) M. A. Cowley and H. A. Sohuette, J. Am. Chem. Sac., 

water, the lime water turned milky.) The reaction mixture 
Tvas worked up as desrribed above; a 94Yo yield of silver bro- 
mide was obtained. The following fractions were ohtained 
from the carbon tetrachloride solutions: 0.9 g. b.p. 80-90"; 
1.8 g., b.p. 90-110" (decomp.); 0.4 g., b.p. 110-193'. Dis- 
tillation of the refiidue gave a 46% yield of y-valerolactone, 
b.p. ca. 95-105" (20 mm.). A 77" yield of volatile acid \vas 
obtained. Distillation of the benzene extract gave 5.7 g. 
(18%) of impure levulinic acid, b.p. cn. 148-158" (20 mm.); 
2.0 g. of material remained in the pot. An attempt to isolate 
more levulinic acid from the residue by extraction n d h  
alcohol was unsuccessful. 
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The self-condensation of ketones to Ly,p-un- 
saturated ketones has been carried out using nu- 
merous catalysts. Wayne and Adkinsl list (with 
references) 14 different reagents used to  catalyze 
this type of condensation. The first to use cation 
exchange resin as a condensation catalyst was 

He used Amberlite IR 120 and reported the 
condensation of cyclohexanone to 2-cyclohexyli- 
denecyclohexanone in 20% yield. Reese3 showed 
t,hat the acid catalyzed condensation of cyclohex- 
anone gave 2-(l-cyclohexenyl)cyclohexanone. This 
m7as found to  be the main product of the Dowex 
50 catalyzed condensation of cyclohexanone and 
was probably what Durr had rather than 2-cyclo- 
hexylidenecyclohexanone. Klein and Banchero4 
determined the reaction rate for the condensation 
of acetone directly to mesityl oxide using a sul- 
fonic acid cation exchange resin (Dowex 50) as the 
catalyst. 

Additional work has been carried out using the 
above two ketones and three other ketones. With 
the exception of cyclohexanone, the following 
general equation illustrates the condensation : 

0 
I /  

R-C-C-R' + HzO 
I1 

R-CHg-C-R ' 
2 R-CHr- 8 -R' .-t 

The reaction rates are low and long periods of time 
are required. However, this is counterbalanced by 
the simplicity of the technique and by the good 
yields obtained. 
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