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inole) of V. I ) r j  nitrogcii \\:E passed through the hibhler 
until thc. air had been displaced, and this nitrogen stream 
wa3 continued throughout the reaction. The flask was heated 
in an oil bath to a bath temprrature of 140°, a t  which point 
evidence of reaction appwred in bubbling of the reaction 
mixture and in the appc'arance of distillate. Over the course 
of 20 mill., the bath tcinperature was raised from 140" to 
190' and maintained a t  the latter point for 5 min. During 
this period matrrial was collected of b.p. 60-80". Redistilla- 
tion of the liquid product gave 8.2 g. (72%) of I, b.p. i o " ,  
n'," 1.4253, d2z 0.7670. Amax 250 mu, log s 2.32 (hexane). 

Anal. Calcd. for CIII1o: C, 89.25; H, 10.71. Found: C, 
80.50; H, 10.73. 

When 5.1 e. of I was redistilled after having been stored 
a t  0' for 3 months, 4.9 g. (96%) of I, b.p. 69-71.5" was ob- 
tained and 0.1 g. of residue (2%) was left. 

Adduct of I with maleic anhydride. To 0.98 g. (0.01 mole) 
of maleic anhydride dissolved in 20 ml. of ether contained 
in a 125-ml. Erlenmeyer flask was added 0.94 g. (0.01 
mole) of 1. KO heat was evolved and no precipitate formed 
on standing overnight a t  room temperature; however, 
when the solution was cooled in a refrigerator, the adduct 
crystallized as white needles, 1.90 g. (Y9%), m.p. 91-92' 
(petroleum ether, b.p. 30-40'). 

Anal. Calcd. for C11H.zOr: C, 68.73; H, 6.29. Found: 
C, 68.80; H, 6.56. 

1 ,I-Dimethylcyclopentane from I. In  a 500-ml. hydrogena- 
tion bottle were placed 50 ml. of glacial acetic acid, 8.1 g. 
(0.093 mole) of I, and 0.30 g. of platinum oxide. This mixture 
was hydrogwattd at  3 atin. a t  room temperature, and in 
1.5 min. 17 lb. of hydrogen pressure was taken up cor- 
responding to OSTo reaction. The reaction mixture was fil- 
tered, and the solution fractionally distilled using a Precisioii 
Distillation GE-118 concentric tube column. An azeotropic 
mixture, constant boiling a t  83.5-84", was ohtained. The 
azeotrope plus material boiling to 92" was washed with three 
15-ml. portions of water, five 15-ml. portions of saturated 
sodium bicarbonate solution, and three 15-ml. portions of 
water. After drying the hydrocarbon over phosphorus 
pentoxide, distillation gave 5.07 g. of 1,l-dimethylcyclo- 
pentane, b.p. 87-88', n'," 1.4097, d:b 0.7487 (lit.4 ny 1.4001, 
d:5 0.7599). The infrared spectrum of this sample was 
identical in all respects with thatlo reported for authentir 
1, I-dimethylcyclopentaiie. 
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The present investigations have been restricted 
to  a study of the behavior ni scme nitrophenyl- 
hydrazones of ketones's2 in the prese:ice of different 
condensing reagents It has been f t m d  that  cycliza- 
i ion of 3-ititro-, 1-1111 IYJ - ,  ~ - ~ h l n r , ) ~ ~ - i , i ~ r o - ,  4-c.hloro 

2-nitJro-, 2-iodo-4-nitro-, 4-iodo-2-nitro-, 2,4-di- 
nitro-, and 4,Ci-dinitro-3-methylphenylhydrazones 
of methyl ethyl, diethyl, and methyl propyl ketones 
to the corresponding indoles and those of unsub- 
stituted and 4-methylcyclohexanones to the corre- 
sponding tetrahydrocarbazoles takes place whether 
the phenylhydrazone has oiie or two nitro groups. 
But in case of nitrophenylhydrazones of methyl 
isopropyl ketone and 2-methylcyclohexanone 
(where the ring closure yields the corresponding 
indolenines and tetrahydrocarbazolenines, respec- 
tively), cyclization takes place only when one nitro 
group is present. Attempts to  prepare dinitroin- 
dolenines and dinitrotetrahydrocarbazolenines have 
not been successful under similar experimental 
conditions. 

Of the different condensing agents used3+ con- 
centrated hydrochloric acid functions best for 
cyclizing the mononitrophenylhydrazones to in- 
doles, tetrahydrocarbazoles, indolenines, and tet'ra- 
hydrocarbazolenines while a mixture of coricen- 
trated sulfuric acid and acetic acid is preferable for 
preparing the dinitroindoles and dinitrotetrahydro- 
carbazoles from the corresponding phenylhydra- 
zones. 

Two differently substituted indoles can be ob- 
tained from the phenylhydrazones of unsymmetrical 
ketones of the type RCH+2H&OCI&, as one or the 
other a-carbon atom is linked with the benzene 
ring. Only one isomer, however, could be isolated in 
each case. The structure of such compounds has 
been assigned by methylating6%' t'hem. Thus. the 
product of methylation of t'he indole from 4-nitro- 
phenylhydrazone I of methyl ethyl ketone is either 
IF' or V as its structure is I1 or 111. It has been 
found to  be identical mit'h IV obtained from the 
cyclization of VI and different from the isomeric 
product TT, the cyclization product of VII. The 
indole formed from I is, therefore, 11. 

Similar studies, carried out with the indoles ob- 
tained from %nitro-, 4-chloro-2-nitro-, 2-chloro-4- 
nitro-, 4-iodo-2-nitro-, and 2-iodo-4-nitrophengl- 
hydrazones of methyl ethyl ketone, confirm the pre- 
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vious o h s e r v a t i ~ n ~ ~ ~ ~ ~ ~  that in unsynmietrical 
ketones it is the met'hylene group of t8he longer 
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c h i m  ital., 56,903 (1026). 
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chain that part,icipates in the indole cyclization in 
preference to the methyl group. 

The moiionitroindoles and mononitrotetrahydro- 
carbazoles are neutral crystalline substances vary- 
ing in color from yellow to brownish red. Their 
solubility also varies. Those from simple phenyl- 
hydrazines are soluble in alcohol and acetic acid. 
With an increase in t'he number of electronegativc 
substit,uents, the solubility decreases so much that 
the dinitro derivatives are very slightly soluble in 
these solvents. 

The nitroindolenines and nitrotetrahydrocarb- 
azolenines are basic crystalline compounds. Thc 
former are brownish yellow t80 red while the lat,ter 
vary from silvery whit'e to orange in color. Those 
having a nitro group in position 7 in the formcr and 
iu posit,ion 8 iii t8he h t t w  arc red aiid orange rc- 
spectivelg. They are soluble in alcohol, ac:et>ic :icid 
and benzene. 

EXPERIMENTAL 

Aitroi.r~cto/es: 7-chloio-5-nitro-b,,Y-di,llt.lhylilLt. .Metliurl 
d. A mixture of 4.8 g. (0.02 mole) of methyl ethyl ketone 
2-chloro-4-nitrophenylhydrazori~~, :\rid 48 nd. of roncd. 
hydrochloric wid ( d .  1.18) \vas hrwtrd on n-ntw bath. 
.liter half an hoiir thc hytirazniir: dissolvrd foriiiing a. d i~r l c  
red solution. Snhsequrntly, thv soliition herame turhid and 
:t brown sand-like componnd startcd settling down. After 
heating for 4 hr., the product \vm fillrred, washed with 
concentrated hydrochloric :wid. :inti r r ~ ~ a t : d l i z ~ d  froin s l ro-  
Iinl in I)ro\vn ?.(~11~1\v I ) l : i tw .  
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1 H  H H KO2 90 82  84 
2 H  H XOz H 89 86 82 
3 H H YO? c1 83 78 74 
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Rl 
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.llelhod i3. Hcs:iting :t inistrlrc of 48 ml. of phosphoric 
acid (85%) and 4.8 g. (0.02 mole) of the above hydrazone 
for 4 hr. on rr:tt,cr hath, follo\ved I)> ,  tlilutioii with rscess 
\rater g:ivo a product th:it cr~~st: t l l izrd from :tlcohol to afford 
t l i c a  1 1 1 1 r i ~  tiitlointloli~. 

Method C. To a solution of 12 ml. of sulfuric acid in 36 
mi. of glacial acetic acid n'iis added 4.8 g. (0.02 mole) of the 
:tl)ove hydrazonr. The roaction niixturc was refluxed for 3 
hr .  It was then diluted and the product thitt separated was 
crystnllizcd frnni  nlcnhol.  
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Nitrotefrahydrocarbazoles: 8-chloro-6-nilro-S-niethyl-telra- 
hydrocarbazole. Method A .  A mixture of 5.6 g. (0.02 mole) 
of 4-methylcyclohexanone 2-chloro-4nitrophenylhydrazone 
and 56 ml. of concd. hydrochloric acid ( d .  1.18) was heated 
on water bath. The hydrazone dissolved to give a dark red 
solution. After a few minutes the solution attained turbidity 
and the nitrotetrahydrocarbazole started separating. -4fter 
being heated for 3 hr. the product was filtered and crystal- 
lized from alcohol. 

Method B. h mixture of 5.6 g. (0.02 mole) of the 2-chloro- 
4-nitrophenylhydrs,zone and 56 ml. of phosphoric acid (85y0) 
was heated on water bath for an hour. The mixture was 
diluted and the product that  separated was crystallized from 
alcohol. 

Method C. A solution of 14 ml. of concd. sulfuric acid in 
42 ml. of glacial acetic acid was mixed with 5.6 g. (0.02 mole) 
of the above hydrazone. The mixture was refluxed for 2 hr. 
After dilution the product was crystallized from alcohol. 

7 - nitro - 2,Y - 3 - trimethylindolenine. 
Mefhod A. A mixture of 2.2 g. (0.01 mole) of 2-nitrophenyl- 
hydrazone of methyl isopropyl ketone and 22 ml. of concd. 
hydrochloric acid ( d .  1.18) was heated for 3 hr. The nitro- 
indolenine, being basic, remained in solution. Any suspended 
matter in the solution was removed by filtration. The filtrate 
was made basic and the nitroindolenine was extracted with 
benzene. The benzene layer was separated and dried. On 
evaporating the solvent, the residue was crystallized from 
dilute alcohol to afford the pure indoleninc. 

Method B: methylation of 7 - nitro - 2,s - dinieth~!indole. 
A solution of 3.5 g. (0.02 mole) of 7-nitro-2,3-dimethylintlole 
in 30 nil. of methyl alcohol sild 2.8 g. (0.02 molc) of methyl 
iodide wits refluxed in the presence of 2.1 g. (0.02 mole) 
sodium acetate for 12 hr. The solvent was removed and the 
residue on cr)~stsllization from dilute alcohol gave the purc 
7-nitro-2,3,3-triniethylindolenine. 

iVilrotetrahydrocarbazolenines: 8-nitro-11-methyltetrahydro- 
carbazolenine. A mixture of 4.9 g. (0.02 mole) of 2-nitro- 
phenylhydrazone of 2-methylcyclohexanone and either 49 
ml. of concd. hydrochloric acid ( d .  1.18) or 49 g. of sulfuric 
acid (20%) was heated on water bath. After some time the 
mixture became almost clear. The solution was filtered and 
t,he filtrate made basic. The nitro-ll-methyltetrahydrocar- 
bazolenine was extracted with ether. After removing ether 
the residue was crystallized from alcohol. 

Xitroindoles, nitrotetrahydrocarbazoles, nitroindolenines, 
and nitrotetrahydrocarbazolcnines prepared by one or more 
of the methods described above toget,her with their charsc- 
teristics are described in Table I, 11, 111, and IV. 

Nitroindolenines: 

SCHOOL OF CHEMISTRY 
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Toluene Disproportionation' 

A. SCHHIESIltIRl 

lieceaLed August 25, I!iti'O 

Aromatic disproportionation reactions :are \!ell- 
k ~ i o w n . ? ~ ~  However, the kinetics :md inechanisrn 
of these disproportionation reactions have been 

(1) t'resrnted at, the 138th Mwting of the American 

12) n. V, Nightingale, Chem. Reus., 2 5 ,  329 (1939). 
( 3 )  K. I,. Nclson and H. C .  Brown, Chapter on Aromat,ie 

Slibstitu:.ion in Volume 111 of the ChemistrU of Petroleum 
H rlt lwnrhons edited by Brooks, et (11. Ileinho!d Pub. CK;-.: 
sic;\\ Y<)r.k, N I', 1%5. 

i'hemirn! Societv, Yew York, September, 1960. 

only recently investigated in detaiL3 These 
studies are mainly concerned with the dispropor- 
tionat'ion reactions of the higher alkyl benzenes, 
and little work is reported on toluene disproportion- 
ation. Recent, literature indicates that  at 0 to 20' 
tolueiie is relatively inert toward aluminum bro- 
mide-hydrogen bromide arid may be used as a 
reaction medium for react'ions of tJhe higher alkyl 
 benzene^.^ At 50*, and over relatively long time 
periods, toluene forms benzene, and higher niolec- 
ular weight materials over aluminum bromide 
hydrogen br0mide.j 

The present investigation esplored the possi- 
bility of selectively converting toluene into ben- 
zene and xylenes a t  moderate temperatures over 
an aluminum bromide-hydrogen bromide catalyst. 
During the course of these studies, the sole produc- 
tion of sn-xylene in the Cs benzene fraction was 
noted. It was also found that  the m-xylene iso- 
merized to an equilibrium mixture of o-, p- ,  and 
m-isomers on prolonged heating a t  110'. The pur- 
pose of this note is to present these data and to 
offer an explanation for the observations. 

Product distributions for the toluene dispropor- 
tionation reaction over aluminum broniidc-hydro- 
geii bromide are depicted in Fig. 1 and 2 .  At 80.G0, 
a selective reaction occurs and xylene and benzene 
are produced. At this temperature, m-xylene corn- 
prises the entire xylene fractioii. After about GOYo 
toluene conversion, a small amount of Cg and Clo 
aromatics appears. The Cs fraction is, within es- 
perimeiital error, essentially all mesitylene. If i t  is 
assumed that the reaction is approaching equilib- 
rium, then this apparent Pqiiiljbriiim may bo 
compared with that calculated by assuming a 
ni~ilt~iple series of reactions :uid is sho\vn in Column 
A of Table I. 

In  E'igure 2 ,  thc results of the experiments a t  
110' are shown. Again? a rapid reaction occurs; 
however, this remtion produces Clo aromatics in 
higher amounts than found a t  80.6'. I t  is also 
apparent from P'igiire 2 that  both the xylenes and 
the Cg aromatics have mn.uima in their concentra- 
tion values. In additioil, the benzene values appear 
l o  go through n. inusirniun. At this tempcmt'ure, 
only tlie C.,? !:romat,ic fraction continuously in- 
creases, ni;d . ~ t  tire eiid of 240 minutes, this fruc- 
tiou is f;ir :tho<-!: i t s  c;ilc~kitctl cquilibriurn valtic.. 

.Is in th(.) ex1)fmnents at  80.(io, ihe xylene frac- 
tion at I 1O0 :tt iiritially pwc ni-xylene. Howcvcr. 

'lip isomer iiiidorgocs an isoiwrizatioii 

re:imoii ~)rogresscs, I'ig. 3. The isoiiiei 
react,ion rciachw :in apparmt cyuilibriuii: and 
viilues :'or ,>'-, p- ,  and o-syli.;ic a t  this equilibriuni 
are co rnpa rd  in  Column I3 of Tablc I irit,h ca!- 


