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of m.p. when admixed with cis-IV isolated from t,he mixture 
of isomers. 

The pbronlophenacyl ester was crystallized from hexatlie, 
m.p. 90.2-90.5". I t  showed no deprcssion in m.p. with t,he 
p-bromophenaoyl ester prepared above. 

cis-S-.l.lelhosycycIopmtaaPcarborUlic acid (&-VI). In a 
300-ml. flaxk, equipped with stirrer, reflux condenser, and 
drying tube, were placed 10 g. of glass beads, 20 g. of 
Drierite, 50 g. of freshly precipitated anhydrous silver 
oxide, 150 ml. of methyl iodide, and 4.0 g. of cis-IV. The 
mixture was heated under reflux with stirring for 3 d a y  
with the addition of methyl iodide when necessary to kcctp 
the volume constant. The crude isolated matcri:il still 
showed :t slight hydroxyl hand in the infrared spectrum, so 
the inet.hylstion was continued for an addiCional2 days with 
fresh silver oxide and addit,ional methyl iodide. 

The crude product, isolated by filtration, washing, and 
evapor:ttion of the low boiling fraction, was treated with 100 
ml. of standardixcd 0.8N sodium hydroxide and heated on 
t,he steam bath. After 45 niin. the theoretical amount of 
kmse had been used, as determined by titration of an aliquot. 
Tho solution was cooled, acidified, and extracted with five 
100-nil. portions of ether. The dricd ether solut.ion ww 
distilled to  afford 4.1 g. (93y0) of cis-3-methoxycyclo- 
r)orit~~tnecarboxylic acid, b.p. 136-139" (10 mm.), ny 1.4587. 

Anal. Calcd. for C7H12O3: C, 58.34; H, 8.34; OCH3, 21.52; 
neut. equiv., 144. Found: C, 58.16; H, 8.32; OCH3, 21.58; 
neut. equiv., 145. 

The ptoluidide was prepared by t,he method of Cheionis 
and ISiitrikcn10 and crystallized from aqueous methmol, 
n1.p. 81.9'. 

Anal. Calcd. for Ct4HlS02N: C, 72.05; E-I, 8.22; N, 6.00. 
Found: C, 72.36; H, 8.04; N, 6.58. 

The p-phenylphenacyl estei was crystallized from aqueous 
ethanol, m.p. 79.5-79.7'. 

An.ul. Calcd. for C?jHsuOa: C, 74.53; EI, 6.57. Found: C, 
74.36; IT, 6.63. 
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Tn an attempt to establish the structure of the 
conjugate acids of substituted azobenzenes, we 
have prepared the perchlorates of the conjugate 
acids of azobenzene, arid of its 4-methoxy and 
4,4'-dimethoxy derivatives. 
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Fig. 1. Comparison of infrarrti spcctrs of ( A )  4metlioxy:tsobc~nzene; (D) its salt with pcrchloric acid; (C) NaC104, all 
in KBr pcllets. 

EXPTCRIMENTAL 

Azo1)enzenc ( I  g.) W ~ L S  dissolved in 20 mi. of dioxane to 
which 50 ml. of 70(/0 11CI04 was added. Light yellow crystals 
precipitated arid were collected on a sintered-glass filter. 
The perchlorate obtained was recrystallized from 70y0 
HCIOa (below G O " ) .  The salt was highly hygroscopic, and 
decomposed slowly at 198". The preliniinary identification 
of the perchlorate was carricd out hy determining its neu- 
tralization eqiiivalent, i.e. after hydrolysis in water the 
HCIO, was titratcci potentiometrically with standard 
XaOH. Thc results showed that exactly one eqiiivalent of 
proton is :tssooiatcd with each mole of azolmizenc. The 
identity of the compound was confirmed by elemental 
analysis, the results of which are summarized in T:tble I. 

Thc pcrch1or:tte of the conjugate acid of Cmcthoxyazo- 
berizcnc was prepared in the same manner rn that  of azo- 
t)enzcnc. After recrystallization from 70Oj, HC104, the rctl 
crystals of the perchlorate of the conjugate acid of 4- 
n~ethoxyr~zobcnsene, decomposed slomly at 200". 

Tt is interesting to note the difference in the preparation 
of the perchlorate of thc conjugate acid of 4,4'-dimethoxy- 

azohenzcne. Treatment of this compound iindcr exactly the 
conditions described al)ovc, yirldctl very dark purple crystitls 
which dcromposed sloirly at 152'. The neutralization 
equivalent and the elemental analysis suggested that, this 
material was a single compound of the formula 

[ C " ~ N = N ~ O C H ~  a [HC101] 3. 

When the perchlorate of the conjugate acid of 44'- 
dimcthoxyazobenzene W:LS prepared and recrystallized from 
a solution of lower acidity the monoperchlorutc was oh- 
tained. 4,4'-Dimethoxyazohenzene ( 1 g.) was dissolved in 
30 ml. of dioxane, and 10 mi. of 70% HC104 was added. 
The crude crystals were collectcd and recrystallized from 
35y0 HC104. Coldcn purple crystals which deconiposcd at 
205' were obtained. Thc analyses of the compounds are 
summarized in Table I. 

Infrared spectra of the perchlorates were obtnined b y  a 
Rnird Model KM1 I.R. spectrophotometer. An example of 
thcb infrared spectrum is shown in Fig. I .  

DISCUSSION 

We had hoped to find an NH stretching fre- 
quency, and to use this frequency to obtain infor- 



mation coricerning the nature of the NH bond. N o  
NH frequency was fouiid below 3000 cm -' 
Unfortunately, however, the spectrum of sodium 
perchlorate had a wide band a t  about 3200-3300 
cm.-', which persisted in all the salts investigated 
here; this band was probably an overtone of a strong 
band a t  about 1600 cm.-I Consequently we were 
unable to observe any XI1 frequency in the con- 
jugate acids of the azo compounds in the 3000- 
3400 cm.-l range, where we had anticipated that 

\ + /  
the absorption of the N=N group2 would lie. 

\ /  
13 

The infrared spectra of the compounds invcsti- 
gated are strikingly similar to  the spectra of the 
free bases. Unfortunately, however, the spectra of 
cis- and trans-azobenzenes are so similar, that no 
decision can be made on the basis of these spectra 
concerning the stereochemistry of the conjugate 
acids. 
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(2) H. 11. Jaff6 and R. W. Gardrier, J. Am. Chem. Soc., 
80, 319 (1958). 

The Oxidation of 3,S,S-Trimethyl-1,2-eyclo- 
hexanedione by Hydrogen Peroxide 

a-Diketoiies, on oxidation by hydrogen peroxide, 
are reported' to undergo cleavage according to the 
equation 

0 0  
11101 

Ii-(!!-~-R' + RCOOI-I + 11'COOH 

We have observed, however, that with the cyclic 
a-di ketone, 3,5,5-trime thyl- 1,2-cyclohexanedioue 
(11), which, by spectroscopic evidence,2 must exist 
mainly in an enolic form such as 111, the product 
obtained with hydrogen peroxide depeiids on the 
pI1. 

Under mildly alkaline coiiditions (pIi ca. Y), 
using excess hydrogen peroxide and adding alkali 
coiitinuously to neutralize the acidic product, 
there was obtained a 26y0 yield of crude a,y,y-  
trimethyladipic acid (VII) and a 55% yield of 5- 
keto-3,3-dimethylhcxanoic acid (V) . This uiiex- 
pected product was probably formed by way of the 

0-keto acid, IV, sirice carbon dioxide was evolved 
on acidification of the reactioii m i x t u r ~ . ~  Its struc- 
ture was indicated by physical coristarits and 
suitable aualyses, arid confirmed by its k1iown4 
cyclization to dimedone (VIII). 

(JOH 
C-CHB EI3C 

I 

When one molar equivalent of hydrogen per- 
oxide was added dropwise to the enolate anion, 
VI (formed by charging equivalent amounts of 
I1 and alkali), a mixture resulted. Esterification of 
the material provided a 2370 yield of diethyl a, y, y- 
trimcthyl-adipate. This yield was based on unre- 
covered ketone. 

The starting material used in this brief investi- 
gation was prepared in 65% yield from isophorone 
oxide (I) by treatment with cold concentrated 
hydrochloric acid. The oxide was prepared from 
isophorone in 8470 yield by the action of alkaline 
peroxide in ethanol at 30-35'. 

EXPERIMMPNTAL' 

Zsophorone oxide. A solution of 138 g. (1.0 mole) of iso- 
phorone (redistilled, b.p. 100-102"/20 mm.) in 1300 nil. of 
ethanol waa charged to a 3-liter, round-bottom flask anti 
trented with stirring Tvith a sollition of 15 g. of sodium 
hydroxide in 150 ml of water. \I'ith stirring arid cooling a t  
30-:35" was added 165 g. (1.5 moles) of 30°/, hydrogen 
pcroxide over a period of 20 min. Aftcr :in additional hour, 
the mixture was diluted with 2 1 .  of water arid rxtrarteti 
with three 300-nil. portions of chloroform. The combined 
chloroform extracts were witshed with water, dried over 
niagnesium sulfate, and distilled through B 1 X 50 cm. glass 
helices-paclced column to give 129 g. (84Oj, yield) of is+ 
phorone oxide, h.p. 68-60' (5 mm.), n'," 1.45339 [lit.aa 
values: b.p. 7 0 - 7 3 O  (5 mm.); n;P 1.45101. 

~,6,,~--Trimelhyl-l,2-cyclohexa~~edione. To 500 ml. of ron- 
centrateti hvdrochloric acid stirrrd at, 0-5" IVW :tdded 100 __ -- 
g. (0.65 moie) of isophorone oxide. The mixture was stirred 

(3) a-Keto acids arc readily rlr:ived by hydrogen per- 
oxidr; see ref. I .  
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