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double bonds. The peak at  6.00 p.p.m. was partly attri- 
buted to the axial ring hydrogens. These would be ex- 
pected to appear about 0.4 p.p.m. upfield from the equatorial 
hydrogens. The ring was assumed to have either slow 
inversion or no inversion at  all due to the mass and steric 
effects of the hydrazine substituent. Dissection of this 
peak into an upper triplet having the correct 1:2:1 ratio 
and a lower segment, indicates that  a peak equivalent to 
four hydrogens is buried beneath the methyl peak. The 
hydrogen distribution by KMR is as follows: 

Theory Found 
OCHl and t-H 5 5 . 5  
CH, and ring CH? 16 15 3 
K-H 1 1 2  

i lnal.  Calcd. for C18H2aN204: C, 55.79; H, 8.59; S, 
10.85; mol. wt., 258; MRD, 65.48. Found: C, 55.67; H, 
8.22; S, 10.95 mol. wt., 251, 246; MRD, 65.51. 

Reaction of Lithium Aluminum Hydride with XII1.-The 
method and apparatus used was the same as in the reaction of 
lithium aluminum hydride with X. To a tetrahydrofuran 
solution of 401.4 mg. (1.40 mmoles) of XI11 containing 107, 
impurity by vapor phase chromatographic'5 analysis was 
added 1.0 ml. of a 1.5 M lithium aluminum hydride solution 
in tetrahydrofuran. The hydrogen evolved equaled 36.4 
ml., corrected for the volume of solution injected, a blank 
for the tetrahydrofuran and STP. Assuming XI11 to 
have one active hydrogen and the 10% impurity to be the 
dimer of XII I  and therefore two active hydrogens the 
amount of hydrogen evolution should have been 35.1 ml. 

Hydrogenation of XI.-Using an apparatus and method 
identical to  that used in the hydrogrnation of X, 580 mg. 
(2.16 mmoles) of XI, 95% pure by vapor phase chromato- 
graphic analysis,lS took up 54.8 ml. of hydrogen or 1.13 
mmoles Hl/mmole XI.  The ultraviolet spectrum of the 
filtered hydrogenated solution showed 0.189 mmole of 
benzene to have been formed during the hydrogenation. 
Vapor phase chromatographic analysislt of the solution 
stripped of solvent showed it to contain 127, ethyl hydrazo- 
dicarboxylate, 737" of a compound corresponding in reten- 
tion time (6.3 min.) to XI11 and 15Yc of a compound with 
26.0-min. retention time. The peak corresponding to XI11 

was isolated on an alumina chromatographic column and 
had infrared and NMR spectra identical to XIII.  

Anal. Calcd. for C12H12S204: C, 55.79; H, 8.59. Found: 
C, 55.94; H, 8.53. 

A hydrogenation of X was carried out in an identical 
manner to the hydrogenations of X and X I  described above 
with the exception that 2.0 mmoles of X dissolved in 4.0 ml. 
of ethanol was placed in the flask with the catalyst before 
saturating the latter with hydrogen. The hydrogen uptake 
was 61.0 ml. or 1.4 mmoles Hz/mmole X. Benzene was 
found by ultraviolet analysis to the extent of 1.24 mmoles, 
and again ethyl hydrazodicarboxylate was formed, although 
the major product was still XIII .  

In  order to determine the reason for the formation of 
benzene and ethyl hydrazodicarboxylate, 1.22 mmoles of X 
was dissolved in 5.0 ml. of ethanol and stirred under nitrogen 
with 0.14 g. of 10% palladiuni-on-charcoal for 23 hr. The 
work-up of the solution was the same as for the hydrogena- 
tions. Ultraviolet analysis showed that 1.00 mrnoles of 
benzene was formed; 837, of the possible amount. Vapor 
phase chromatographic15 analpis showed that 91y0 of the 
original amount of X had disappeared, and that the amount 
of ethyl hydrazodicarboxylate had increased. The same 
experiment was repeated using p-dioxane as the solvent. 
Stirring under nitrogen was continued for 48 hr.; but 
ultraviolet spectrum showed no formation of benzene, and 
vapor phase chromatographic analysis16 shoa ed no change 
in amount of ethyl hydrazodicarboxylate present. Again 
using p-dioxane as solvent, 0.55 g. of 107, palladium on 
charcoal was placed in 4.0 ml. of the p-dioxane, the mixture 
then being saturated with 15.1 ml. of hydrogen. Compound 
9, 5.83 mmoles, was diluted up to 5.0 ml. with p-dioxane 
and was added to the saturated catalyst. The mixture was 
stirred for 49 hr. a t  room temperature under nitrogen. The 
mixture was filtered, and the filtrate was stripped of volatile 
material, which contained 4.59 mmoles of benzene. Ethyl 
hydrazodicarboxylate, 4.25 mmoles, was precipitated from 
the residue by mixing with carbon tetrachloride. 
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A number of 1,2-diaroyI-l-cycloalkenes have been found to undergo isomerization to the corresponding 1,6-diaroyl-l- 
cycloalkenes. The rearrangement ie catalyzed by hydrochloric acid and hy sodium hydroxide. 

.An attempt t'o prepare 1,2-dimesitoyl-l-cyclo- 
hexene (11) by the action of iodine on the enol salt 
of trans-l,2-dimesitoylcyclohexane (I) produced 
instead the unsymmetrical olefin, 1 ,G-dimesitoyl-1- 
cyclohexene It' has now been found that a 
shorter reaction time gives the symmetrical olefin 
in 74y0 yield. 

(1) This investigation was supported in part by Grant No. ]).I- 
:\RO(D)-31-124-G137 from the Army Research Office, U. S. hrrny,  
Durham, N. C .  

(2) R. C. Fuson ,  W. R .  Hatchard, R. H. Kottke, a n d  J. L. Fedrick, 
.I. Am. Chem. S o c . ,  88, 4330 (1960). 

I t  seemed likely that the symmetrical olefin had 
rearranged to the unsymmetrical isomer when the 
reaction time was prolonged. Confirmatioil of 
this speculation was obtained by treating the sym- 
metrical olefin ivith sodium hydroxide; when the 
solution was allowed to stand for seventy two hours, 
the unsymmetrical olefin was obtained in 93% yield. 

It is possible that the rearrangement is due to 
purely steric factors. To explore this idea, the cor- 
responding diduroyl compound, containing larger 
groups, was studied. r'nder the same conditions 
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I. Ar = Mes 11. Ar = Mes 
Ia. Ar = Dur IIa. Ar = Dur 
Ib. Ar = C& IIb. Ar = C6H5 
IC. Ar = C&(CHJ)2 IIc. Ar = CsH8(CH& 

a:::: 
111. Ar = Mes 
IIIa. Ar = Dur 
IIIb. Ar = C B H ~  
IIIc. Ar = C B H ~ ( C H ~ ) ~  

used for the dimesitoyl olefin, 1,2-diduroyl-l-cyclo- 
hexene (IIa) was isomerized to 1,B-diduroyl-l- 
cyclohexene (IIIa),  also in 93% yield. 

Migration of the double bond occurred with 
smaller aroyl groups as well. The symmetrical di- 
benzoyl olefin, IIb, gave the corresponding unsym- 
metrical olefin, IIIb,  in the form of an oil. Two 
solid derivatives were prepared : the mono-2,4-di- 
nitrophenylhydrazone, IV, and the ethanol addi- 
tion product, V. 

The structures of all three of these compounds (IIIb, 
JV, V) are consistent with spectral data. 

When the benzoyl groups were replaced by 3,4- 
dimethylbenzoyl groups, both of the expected ole- 
finic compounds were obtained as crystalline 
solids ; rearrangement of the symmetrical isomer, 
IIc, to the unsymmetrical derivative IIIc, occurred 
in 42% yield. 

A similar rearrangement mas observed in the 
cyclopentene series; 1,2-dimesitoyl-l-cyclopentene, 
VI, yielded 1,5-dimesitoyl-1-cyclopenteneJ VII. 

That the unsymmetrical olefins are more stable 
than the symmetrical isomers is supported by the 
fact that the rearrangements are catalyzed by 
hydrochloric acid also. A complication arose with 
the unhindered diketones, which were converted 
into isobrnzofurans. The structure assigncd to thc  
isohmsofuran from the dibenzoyl compound is 1,3- 
dipheny1-4,5-dihydroisobenzofuranJ VIII, since the 
other possibility-the 4,7-dihydro compound, IX- 
is known.3 

f 3 )  R. .\dams and 11. H. Gold, J .  Am. Chem. Soc., 62, 56 ,  2038 
(1940). 

VI11 IX 

Catalytic hydrogenation converted the dihydro 
compound, VIII, into the known tetrahydro deriva- 
tive. This compound had proved to be helpful in 
another way. After many failures with other 
methods it was found that the symmetrical diben- 
zoylcyclohexene could be made from the tetrahydro- 
isobenzofuran by oxidation with chromium trioxide. 
This procedure served also to convert 1,3-bis(3, 
4-dime thylphenyl) -4 , 5,6,7-tetrah ydroiso benzof uran 
into 1,2-bis (3,4-dimethylbenzoyl) - 1-c yclohexene and 
appears to be a general synthesis of unsaturated 
diketones of this type. 

When the rearrangement was effected with alkali, 
it  was necessary to exclude oxygen, which served as 
an aromatizing agent and led to the formation of the 
corresponding diaroylbenzenes. Thus an easy 
route is provided for aromatization of 1,Zdiaroyl- 
cyclohexanes.4 

Oxygen and sodium hydroxide had a similar 
dehydrogenating effect on 1 ,Zdimesitoyl-1-cyclo- 
pentene; the product was the fulvenol, X.5 

MesCOH 

A C o M e s  

X 

Similar rearrangements in the presence of alkali 
have been reported for A’-tetrahydrophthalic acid6 
and for A1-cyclopentene-l,2-dicarboxylic acid.’ In  
these cases the two carboxylate groups would repel 
each other because they carry like charges. 

Experimental* 
Formation of the Hindered, Symmetrical Olefins. 1,Z- 

Dimesitoyl-l-~yclohexene.~-~4 solution of 11.3 g. (0.0300 
mole) of trans-1,2-dimesitoylcyclohexane in 650 ml. of 
toluene was added dropwise to a Grignard reagent made 
from 8.16 g. (0.336 g.-atom) of magnesium and 31 ml. (0.407 
mole) of ethyl bromide in 300 ml. of anhydrous ether. The 
reaction mixture was stirred a t  room temperature for 10 hr., 
heated under gentle reflux for another 2 hr., then poured 
slowly with stirring into an ice cold solution of 22.5 g. of 
iodine in 900 nil. of 95% ethanol. After 10 min. the iodine 
color was discharged by addition of sodium bisulfite solution, 
and the product isolated by conventional means. After two 
recrystallizations from 85y, aqueous ethanol, the 1,2-di- 
niesitoyl-1-cyclohexene formed slightly yellow crystals melt- 
ing a t  122.5-124.5”, yield 8.24 g. (747,). Recrystallization 
from hexane and 707, ethanol gave an analytical sample, 
111.p. 126.5-127”. 

(4) R. C. Fuson, S. B. Speck, and W. R. Hatchard, J .  O w .  Chem., 
10, RF, (194.5). 

( 5 )  R. C. Fuson, C. L. Fleming, P. F. Warfield, and D. E. Wolf, 
ibid.. io, 121 (1945). 
(6) A. yon Baeyer, Ann., 268, 145 (1890). 
(7) B. L. Na.ndi, J. Indian Chem. Soc., 11, 213 (1934). 
(8) All melting points are corrected. 
(6) This experiment was first performed by Dr. Roger H. Kottke. 
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AnaZ.lO Calcd for C2aGo02: C, 83.38; H, 8.07. Found: 
C, 83.43; H, 8.29. 

The infrared spectrumll has a broad absorption band at 
1645 em.-' (conjugated carbonyl group). The NMR spec- 
trum12 (30%, deuterochloroform) shows no vinyl or tertiary 
proton peaks between the aromatic proton peak a t  3.24 T 
and the allylic and methyl proton peak a t  7.70 T. 
cis-1,2-Diduroyl-l-cyclohexene Oxide.18 The procedure 

was similar to that used for the corresponding dimesityl 
compound.a From 3.6 g. (8.89 mmoles) of trans-1,2-di- 
duroylcyclohexane4 was obtained 1.98 g. (53700) of crude cis- 
1,2-diduroyl-l-cyclohexene oxide. After one recrystalliza- 
tion from acetone, i t  melted a t  153-154.5". 

Anal. Calcd. for C48HNOa: C, 80.34; H, 8.19. Found: 
C, 80.26; H, 8.15. 

The infrared spectrum has carbonyl bands a t  1710 and 
1675 em.-' and bands a t  1240, 1170, and 835 em.-', which 
are characteristic of a symmetrical epoxide. 

1,2-Diduroyl-l-cyclohexene.-When applied to trans-1,2- 
diduroylcyclohexane (4.05 g. ) the dehydrogenation procedure 
gave 4.0 g. of solid product which was purified by repeated 
washing with cold carbon disulfide, yield 2.06 g. (51%) of 
white powdery crystals, m.p. 201-202'. The compound 
decolorizes bromine in carbon tetrachloride. An analytical 
sample, m.p. 201.5-202.5', was prepared by recrystallization 
from high-boiling petroleum ether. 

Anal. Calcd. for C28HN02: C, 83.54; H, 8.51. Found: 
C, 83.70; H, 8.49. 

The infrared spectrum in chloroform shows a single, broad 
conjugated carbonyl band with maximum absorption a t  
1645 cm.-l; in Nujol two carbonyl bands appear (1685- 
1690 and 1665 cm.-l). No peaks are found between 3.10 T 
(duryl, aromatic protons) and 7.74 T (allylic protons) in the 
NMR spectrum (3070, deuterochloroform). 

1,Z-Dimesitoyl-1-cyc1opentene.-By use of the procedure 
just described 3.55 g. (45%) of the cyclopentene was pre- 
pared from 8.01 g. of trans-1,2-dimesitoylcyclopentane.~ 
Recrystallization from ethanol-water gave a pure sample, 
m.p. 120-120.5". 

Anal. Calcd. for C Z ~ H ~ ~ O ~ :  C, 83.29; H, 7.83. Found: 
C, 83.12; HI 7.90. 

The infrared spectrum has a broad carbonyl band with a 
maximum a t  1638 cm.-l; the NMR spectrum (15%, carbon 
disulfide) shows no peaks between 3.41 T (singlet), assigned 
to the aromatic hydrogen atoms, and 7.38 T (triplet), aa- 
signed to the allylic hydrogen atoms on the cyclopentene 
ring. 

Aromatization of the 0leiins.-Treatment of the sym- 
metrical diketo olefins with base in the presence of air 
brought about aromatization. o-Dimesitoylbenzene was 
produced by allowing a solution of 1,2-dimesitoyl-l-cyclo- 
hexene (938 mg., 2.50 mmoles) in 450 ml. of ethanol to 
stand a t  room temperature in contact with the air after 
1.65 ml. of 10% sodium hydroxide (4.13 mmoles) had been 
added. The solution soon developed a yellow color which 
slowly turned to orange and a t  the end of 24 hr. was orange- 
red. At the end of 72 hr. the crystalline precipitate that had 
formed was collected on a filter. An additional quantity of 
the solid precipitated when 450 ml. of water was added to 
the filtrate and the solution was cooled to 0"; total yield 712 
mg. (770/0), m.p. 236.5-237'. Determination of a mixture 
melting point and comparison of infrared spectra showed the 
product to be 1,2-dimesitoylbenzene.' 

o-Diduroy1benzene.-When the dehydrogenation proce- 
dure was applied to 1,2-diduroyl-l-cyclohexene (1.01 g., 2.50 
mmoles), the reaction mixture slowly acquired a red color; 
after 72 hr. 0.5 g. of crystals melting at 274-275" and a less 

(10) MicroanaIyses were performed by Mr. G .  D .  Callahan, Miss 
M.  A. Weatherford, Mrs. A. 5. Bay, and Miss J. Liu. 

(11) The infrared spectra were determined by Mr. P. E. McMahon, 
Mr. W. Dalton, Mr. D. Fugii, Mr. D. H. Johnson, Miss D. Wood, 
Mrs. M. Verkade, and Miss C. Leubke. 

(12) The NMR spectra were determined by R .  0. W. Norton. 
(131 Thia compound was first prepared by Dr. James L. Fedrick. 

pure sample (0.23 g., m.p. 269-272') were collected. The 
infrared spectrum wm identical with that of o-diduroyl- 
benzene,' and a mixture melting point with an  authentic 
sample showed no depression. 

o-Dibenzoy1benzene.-A solution of 0.29 g. (1.00 mmole) 
of 1,Zdibenzoyl-1-cyclohexene in 120 ml. of absolute ethanol, 
to which 0.66 ml. of a lOyo sodium hydroxide solution had 
been added, was allowed to stand in the usual way. Addition 
of water to the red solution did not precipitate the product, 
so the volume was reduced to  100 ml. by distillation under 
reduced pressure, and the solution extracted with ether. 
Evaporation of the ether left an oil, which was chromato- 
graphed on acid-washed alumina. Elution with cyclohexane- 
ether gave 97 mg. (34%) of o-dibenzoylbenzene, m.p. 144- 
146'. The product was identified by comparison of in- 
frared spectra and a mixture melting point determination. 

Isomerization of the Symmetrical Olefins with Base.- 
The procedure was the same as that for aromatization except 
that oxygen was excluded by operating under nitrogen. 
From 1.40 g. (3.74 mmoles) of 1,2-dimesitoyl-l-cyclohexene 
was obtained 1.30 g. (93%) of 1,6-dimesitoyl-l-cyclohexene, 
m.p. 202-205'. Purification was effected by recrystalliza- 
tion from ethanol-water, m.p. 203.5-205'. The product, 
colorless crystals, was identified by comparison of ita infrared 
spectrum with that of an authentic specimen.l Also, a mix- 
ture melting point determination showed no depression. 
The NMR spectrum (30%, deuterochloroform) has a terti- 
ary hydrogen atom peak a t  5.70 T (multiplet), and an olefinic 
proton absorption peak a t  3.25 T (partially masked). 

In  a similar way 1.50 g. (3.73 mmoles) of 1,2-diduroyl-l- 
cyclohexene gave 1.40 g. (93%) of 1,6-diduroyl-l-cyclohex- 
ene as colorless crystals, m.p. 178-181'. After three re- 
crystallizations of the compound from ethanol-water, the 
melting point was 181-182". 

Anal. Calcd. for C28HarO2: C, 83.54; H, 8.51. Found: 
C, 83.84; H, 8.58. 

The identity of the compound was confirmed by ita 
properties. It decolorizes a solution of bromine in carbon 
tetrachloride. The infrared spectrum contains an olefinic 
peak a t  1635 cm.-1 and two carbonyl bands-one a t  1645- 
1650 cm.-l, assignable to a conjugated carbonyl group, and 
the other, a t  1685-1690 em.-', assignable to an unconjugated 
carbonyl group. Peaks a t  3.27 T (triplet) and 5.78 T (multi- 
plet) in the NMR spectrum (300/,, deuterochloroform) show 
the presence of olefinic and tertiary hydrogen atoms, re- 
spectively. There is a 1 : 1 ratio of the areas under the peaks. 

1,5-Dimesitoyl-l-cyclopentene, m.p. 136-140' (31 yo) was 
obtained from 1,2-dimesitoyl-l-cyclopentene (1.34 g.) in a 
similar way. It was purified by chromatography on acid- 
washed alumina followed by five recrystallizations from 
methanol, m.p. 149-150'. 

Anal. Calcd. for C26H2s02: C, 83.29; HI 7.83. Found: 
83.09; H, 7.89. 

The infrared spectrum has two carbonyl peaks (1650-1655 
and 1692 cm.-l) and a carbon-hydrogen deformation band 
a t  800 em.-', characteristic of a trisubstituted double bond. 
The NMR spectrum (15%, carbon disulfide) has an olefinic 
proton ,absorption peak a t  3.70 T (triplet) and a tertiary 
proton absorption peak at  5.65 T (triplet) in a 1 : 1 area ratio. 

The ethanol-water filtrate, after being allowed to stand 
open to the air for 12 hr., was reduced to one-half its original 
volume by distillation under reduced pressure and filtered. 
An orange-yellow solid was collected, yield 0.260 g. (no%), 
m.p. 223-236'. A pure sample (m.p. 248-248.5') was ob- 
tained by recrystallization successively from ethanol, 
ethanol-chloroform, n-hexane, and acetone. The product 
was shown by a mixture melting point determination and by 
comparison of infrared spectra to be l-mesitoyl-6-hydroxy-6- 
mesitylfulvene.6 It gives a gelatinous, orange precipitate 
with ferric chloride solution. The infrared spectrum has a 
hydrogen-bonded carbonyl absorption band at 1620 cm. -1. 

The ultraviolet spectrum14 (ethanol) has a maximum a t  254 
mp (log E 4.19) and one a t  335 mp (log 6 3.98). 
(14) The ultraviolet spectra were obtained by Ping-Kay Hon. 
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1,2-Dibenzoyl-1-cyclohexene yielded an oil which appeared 
to contain the expected unsymmetrical olefin. Evidence for 
its presence was obtained from the NMR spectrum (15y0, 
carbon disulfide) which showed peaks a t  3.44 7 (triplet, rela- 
tive area 1) and a t  5.38 T (triplet, relative area 1). These 
peaks are assignable, respectively, to olefinic and tertiary 
hydrogen atoms. 

A mono-2,4-dinitrophenrlhvdraaone. meoared from the 
I ^  - 

oil, separated from absolutk ethanol as red crystals melting 
a t  208-209". 

Anal. Calcd. for C26H22N405: C, 66.37; HI 4.71; N, 
11.91. Found: C, 66.29; H, 4.86; N, 12.02. 

The infrared spectrum has one carbonyl band a t  1678 
cni.-l. The peak for a conjugated carbonyl group (1643 
cm.-l) of the parent diketone is absent. The ultraviolet 
spectrum (ethanol) has a maximum a t  379 mp (log E 4.44). 

For purposes of comparison the mono-2,4-dinitrophenyl- 
hydrazone of trans-1,2-dibenzoylcyclohexane was prepared; 
i t  separated from ethanol as orange crystals, m.p. 138.5- 
140.5 '. 

Anal. Calcd. for CZ6HzrN4O,: C, 66.09; H, 5.12; N, 
11.86. Found: C, 66.37; H, 5.34; S, 11.88. 

The ultraviolet spectrum (ethanol) shows a maximum a t  
364 mp (log E 4.35). 

1,2-Dibenzoyl-3-ethoxycyclohexane.-This derivative 
~5 as made in an attempt to prepare 1,6-dibenzoyl-l-cyclo- 
hexene oxide. To a solution of 0.570 g. of the oil from the 
previous section in 150 ml. of absolute ethanol was added 4 
ml. of 307, hydrogen peroxide and 4.5 ml. of 107, sodium 
hydroxide solution. The reaction mixture was stirred 48 hr., 
2 ml. of 307, hydrogen peroxide being added every 12 hr. 
The product crystallized from ethanol, m.p. 120-123 O, yield 
90 mg. (147,). After three additional recrystallizations from 
ethanol and one from acetone-water, the compound melted 
at  124-125.5'. 

Anal. Calcd. for C22H2403: C, 78.54; H, 7.19; mol. wt., 
336.4. Found: C, 78.66; H, 7.24; mol. wt., 332.6. 

The infrared spectrum has a carbonyl band a t  1682 cm.-l 
and bands a t  1255, 1110, 1095, and 838 cm.-l which are 
characteristic of an ether. The NMR spectrum (7%, carbon 
disulfide) shows the presence of an ethyl group (6.94 and 
9.11 T )  and of three methinyl hydrogen atoms (6.09 7 ) .  

1,2-Bis(3,4-dimethylbenzoyl)-l-cyclohexene was iso- 
merized to the corresponding unsymmetrical olefin under the 
usual conditions. 1,6-Bis(3,4-dimethylbenzoyl)-l-cyclo- 
hexene was crystallized from absolute ethanol, m.p. 91-93", 
yield 4ZCc. hfter another recr-stallization from ethanol 
followed by two from high-boiling petroleum ether, the com- 
pound melted a t  92.5-93.5'. 

Anal. Calcd. for C24H2602: C, 83.20; H, 7.56. Found: 
C, 83.28; H, 7.76. 

Peaks for two carbonyl groups (1670-1675 and 1640 cm.-l) 
are present in the infrared spectrum. An olefinic proton 
peak occurs a t  3.44 7 (triplet, relative area 1) in the NMR 
spectrum (15y0, carbon disulfide) along with a tertiary pro- 
ton resonance peak a t  5.36 7 (triplet, relative area 1). 

Isomerization of the Symmetrical Olefins with Acid.-To 
a solution of 0.915 g. (2.18 mmoles) of 1,2-dimesitoyl-l- 
cyclohexene in 15 ml. of chloroform was added 2 ml. of con- 
centrated hydrochloric acid. After the mixture had been 
kept under nitrogen for 72 hr., the chloroform layer was re- 
moved and to i t  was added 10 ml. of fresh chloroform. The 
solution \\-as washed with four 10-ml. portions of water, and 
the chloroform was evaporated. The solid residue, when 
recrystallized from ethanol, gave 0.620 g. (7676) of 1,6-di- 
mesitoh I-1-cyclohexrne, r11.p. 200.5-202". After another 
recrystallization it melted a t  201-203'. A mixture with an 
authentic sample showed no lowering of the melting point, 
and the infrared spectra of the two samples are superimpos- 
nble. When this olefin V ~ Y  subjected to the treatmelit des- 
cribed for the symmetrical isomer, no change was observed. 

Application of this procedure to 0.439 g. (1.09 mmoles) of 
I ,2-diduroyl-l-ryclohexene produced 0.406 g. (92%) of the 
unsymn~etrical isomer, m.p. 176-178". After recrystalliza- 

tion from ethanol it melted a t  179-181". It was identified 
by a mixture melting point determination with an authentic 
specimen and by a comparison of the infrared spectra. 

In a similar way 0.786 g. (2.18 mmoles) of 1,Z-dimesitoyl-l- 
cyclopentene was changed to the 1,5-isomer. The product 
was crystallized from methanol, yield 0.598 g. (76%), m.p. 
146-148". It was identified by its infrared spectrum and by 
a mixture melting point. 

1,3-Diphenyl-4,5-dihydroisobenzofuran.-.4 solution of 
1.90 g. (6.55 mmoles) of 1,2-dibenzoyl-l-cyclohexene in 45 
ml. of chloroform was treated with 6 ml. of concentrated 
hydrochloric acid in the manner used for the isomerization 
experiments. The oil obtained was subjected to chroma- 
tography on 75 g. of acid-washed alumina. Elution with 
cyclohexane gave a fluorescent oil which was taken up in 
hot ethanol. When the solution was cooled to room tem- 
perature, a small amount of oil separated. The ethanol 
solution was decanted from this oil and cooled in a refrigera- 
tor; i t  gave 0.620 g. of 1,3-diphenyl-4,5-dihydroisobenzo- 
furan, m.p. 67.5-69", yield 35%. After repeated recrystal- 
lization from methanol, the compound melted at  71-72'. 

Anal. Calcd. for C&H160: C, 88.20; H, 5.92. Found: 
C, 87.94; H, 5.91. 

The ultraviolet spectrum (ethanol) shous maxima at  233 
nip (log 6 4.20), 239 mp (log e 4.20), 264 mp (log E 4.29), and 
326 mp (log E 4.44). 

When treated with hydrogen in the presence of Adams' 
catalyst, the compound absorbed 1 mole of hydrogen to 
form 1,3-diphenyl-4,5,6,7-tetrahydroisobenzofuran; i t  was 
recrystallized from ethanol, m.p. 93.5-95'. Its infrared 
spectrum is superimposable on that of the known compound. 
A mixture melting point showed no depression. 

1 ,3-Bis( 3,4-dimethylphenyl)-4,5,6,7-tetrahydroisobenzo- 
furan was made from trans-1,2-bis(3,4-dimethylbenzoyl)- 
cyclohexane (6.97 g., 0.020 mole).4 The product was re- 
crystallized from absolute ethanol-chloroform, m.p. 144- 
146.5', yield 4.37 g. (667,). After another recrystallization 
the compound melted at  146.5-147.5'. 

Anal. Calcd. for C24H260: C, 87.23; H, 7.93. Found: 
C. 86.89: C. 8.07. 

Oxidation of the Tetrahydroisobenzofurans. 1,Z-Diben- 
zoyl-1-cyc1ohexene.-The procedure is similar to that of 
Clar, John, and Hawran.ls A solution of 1.54 g. (0.0154 
mole) of chromium trioxide in 30 ml. of water and 30 ml. of 
glacial acetic acid R as poured slomly into a solution of 6.33 g. 
(0.0234 mole) of 1,3-diphenyl-4,5,6,7-tetrahydroisobenzo- 
furan4 in 200 nil. of glacial acetic acid. After the mixture 
had stood at  room temperature for 15 min. 650 ml. of water 
was added, and the milky solution was heated on a steam 
bath for 2 hr., the temperature not being allowed to rise 
above 60". Crystals appeared during the heating. The 
reaction mixture was stored overnight in a refrigerator, and 
the light yellow precipitate collected by filtration, m.p. 72- 
74O, yield 5.47 g. (827,). The analytical eample was ob- 
tained by three recrystallizations from a mixture of low- 
and high-boiling petroleum ether, m.p. 77-78'. 

Anal. Calcd. for CZOHI8O2: C, 82.73; H, 6.25. Found: 
C, 82.90; H, 6.46. 

The compound takes up bromine in carbon tetrachloride 
and slowly decolorizes potassiuni permanganate solution. 
The infrared spectrum has a broad carbonyl absorption 
band (1665 cm.-l), and bands at  695 and 760 cm.-', as- 
signable to a monosubstituted phenyl group. The KMR 
spectrum (157,, carbon disulfide) contains aromatic peaks 
at  2.71 and 2.82 7 (relative area lo), an allylic proton band 
nt 7.57 T (multiplet, relative area 4), and a peak at  8.18 T 

(multiplet, relative area 4) assignable to the homoallylic 
cyclohexene hydrogen atoms. 

Catalytic dehydrogenation converted the compound into 
o-dibenzoylbenze~le. A mixture of 0.340 g. (1.17 mmoles) of 
the dibenzoylcyclohexene and 34 mg. of 1OY0 palladium-on- 
charcoal was heated a t  275-295" for 1.5 hr. under nitrogen. 

(15) E. Clar, F. John, and B. Hawran, Ber . ,  62B, 940 (1929) 
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Chromatographic separation on acid-washed alumina gave 
trans-1,2-dibenzoylcyclohexane and o-dibenzoylbenzene, m.p. 
144.5-146', yield 44 mg. (137,). The aromatized compound 
was identified by a mixture melting point with an authentic 
specimen. 

1,2-Bis(3,4-dimethylbenzoyl)-l-cyclohexene, made in a 
similar way in 877, yield, was purified by successive re- 
crystallization from high-boiling petroleum ether-chloro- 
form, ethanol, and methanol, m.p. 137-138". 

Anal. Calcd. for CzaH2eOz: C, 83.20; H, 7.56. Found: 
C, 83.28; H, 7.74. 

The infrared spectrum shows one carbonyl group a t  1655 
em.-' and a peak a t  829 em.-', assignable to  the tmo adja- 
cent hydrogen atoms of the 3,4-dimethylphenyl radical. 
The XMR spectrum is consistent only with a 1,2-diaroyl-1- 
cyclohexene structure. 

trans-1 ,2-Bis( 3,4-dimethylbenzoyl)cyclohexane.-To an 
ice-cold mixture of trans hexahydrophthaloyl chloride (86.2 
g., 0.412 mole), 200 ml. of o-xylene, and 500 ml. of methylene 
chloride was added over a 50-min. period 137.4 g. (1.030 
moles) of aluminum chloride. The mixture was stirred for 1 
hr. in an ice-salt bath, then warmed slowly and heated under 
reflux for 3 hr. By conventional procedures two products 
were isolated one of which separated from ethanol as color- 
less crystals, m.p. 166.5-167.5'. 

Anal. Calcd. for C24H2802: C, 82.72; H, 8.10. Found: 
C, 82.51; H, 8.13. 

That this compound is 2,2-bis(3,4-dimethylphenyl)hexa- 

hydrophthalide is indicated by its infrared spectrum, which 
has a carbonyl band a t  1775-1785 cni.-'. 

The second product, also recrystallized from ethanol, \!as 
identified as trans-1,2-bis(3,4-dimethylbenzoyl)cyclohexane, 
m.p. 107.5-109". 

Anal .  Calcd. for C14H2802: C, 82.72; H, 8.10. Found: 
C, 82.87; H, 8.13. 

The assigned structure is supported by a peak in the in- 
frared spectrum for a carbonyl group (1670 cm.-l) and peaks 
for a 1,2,4-trisubstituted aryl group (900, 834, and 823 
em.?). 

2-Duroylcyclohexane-1-carboxylic Acid.-A solution of 
16.2 g. (0.105 mole) of czs hexahydrophthalic anhydride and 
14.1 g. (0.105 mole) of durene in 200 ml. of dry methylene 
chloride was stirred at 0" while 33.4 g. (0.250 mole) of alu- 
minum chloride was added during a 15-min. period. The 
reaction mixture, after being allowed to come to room tem- 
perature, \$as heated under reflux for 4 hr. with continued 
stirring and poured into a mixture of ice and 10 nil. of con- 
centrated hydrochloric acid. 2-I~uroylcyclohexane-I-car- 
boxylic acid, recrystallized from ethyl acetate, melted at 
194-19501 yield 19.5 g. (65%). 

Anal. Calcd. for C18Hg403: C, 74.97; H, 8.39. Found; 
C. 74.84; H, 8.42. 

The infrared spectrum shows adsorption in the 2500-3400- 
em.-' region (hydroxyl group), a t  1705-1710 em.-' (ali- 
phatic acid carbonyl group), at 1690 em.-' (hindered ketone 
carbonyl group), and a t  865 em.-' (carbon-hydrogen de- 
formation characteristic of the duryl group). 

The yield of crude product was 21%. 

Beckmann Rearrangements in  Alicyclic Systems. 
I. Spiro[5.6]dodecan-7-one Oxime1 

ROBERT T. COSLEY AXD ~ I Y I ~ O N  C. h s s ~ s  

Seton Hall C'niverszty, South Orange, .V. J. ,  and Canisitis College, Buffalo, S. Y. 

Keccived October 19, 1961 

The Beckmann rearrangement of spiro [5.6 Idodecan-7-one oxime under a varicty of ratalyic conditions is reported. 
Using polyphosphoric acid, 6-cyclohexylcaproamide was isolated as the only product. af the rearrangement. Phosphorus 
pentachloride rearrangement yielded 64  1 '-cyclohexenyl)capronitrile, while concentrated sulfuric arid gave the correspond- 
ing amide, 6-( 1 '-cyclohexeny1)caproamide as the major reaction product. Benzenesulfonyl chloride and sodium hydroxide 
treatment of the oxime resulted in the formation of 7-azaspiro [5.7]tridccan-8-one rather t,han the expected nitrilc from 
abnormal cleavage. Attempted Ritter reaction of the unsaturated nitrile using either concentrated sulfuric acid or poly- 
phosphoric acid resulted in amide formation rather than cyclization to the lactani or a,p-unsaturated ketone as observed 
in other spiroketoxime systems. 

Recently, the Beckmanii rearrangement of 
several spiroketoximes in polyphosphoric acid 
leading to unusual products has been reported.2 
With the oximino group in a five-membered ring, 
rearrangement usually proceeded in high yield 
to  an a,b-unsaturated ketone. However, with the 
oximino group in a six-membered ring, the yield 
of the unsaturated ketone sharply decreascd and a 
second product, a saturated amide w a h  albo iso- 
lated in reasonable yield from the reaction niixturcs. 

(1) This work was supported by a Frederick Gardner Cottrell Grant 
f rom the Research Corporation and grants #B-2239 and R-3628 from 
the  Department of Health, Education, and Welfare, I'uhlic Healtll 
Service. 

(2) (a) R. K. Hill and R. T. Conley, Chem. Ind. (London), 1314 
(1956): (b) R. E;. Hill and R. T. Conley, J .  Am. Chetn. Soc., 82, 
645 (1960). 

The mechanism proposed for this reaction wab 
initially identical t o  the course of rearrangement 
followed by a large number of a,a-disubstituted 
ketoximes3 in that it was proposed that bond 
cleavage took place to produce an unsaturated 
nitrile. Such reactions have been observed in 
various nonprotonating media and in certain 
~'a5es in protonating media to yield amides instead 
of the nitrile group through hydration. Indeed, 
this mirse  for the rearrangement has been re- 
p o r t d  for surh systems as thc. Bcckmann rearrange- 
ineiit of a-keto and a-hydroxy ketoximes4 and also 
reported in the low temperature Schmidt reactions 

(3) For review see: L. G .  Donarunla and W. Z. Heldt,  O r g .  Reaclions. 

(4) (a) R. T. Conley and F. .4. l l ikulski,  Tetrahedron. 3 ,  00 (1958); 
11, l ( 1 9 6 0 ) .  

(b) R .  T.  Conley and 1. A .  hlikiilski, J .  0 ~ g .  C h e m . ,  24, 97 (1959). 


