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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: 
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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!- 



I n o  

XO 

fin rc 

40 

20 

n 

1 on 

80 

nn 
co 
c _. -. 

40 
r: 

20 

0 

I no 

so 

RO &e 

/r 40 

0 
0 
- 
I 

?O 

F i g u r e  2 

8 I 

T I 
_- I 

20 40 60 80 inn 120 1.10 1130 isn ZOO 230 240 ZOO 280 

I;ig. I , Toluene di~~~ruportioriation at 80.6" 
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Fig. 2 
Toluene 0 ;  Benzene m; Xyknc  e: Mvsitylene A; Clo .4romatics u 

Fig. 3. Isomerization of m-xylene during rourse of toluene disproportionation at 110' 
m-Xylene 0 ;  p-Xylene E; o-Xylene + 

d a t e d  values and those found b.17 -lirCniilay and 
1,ien.O 

The sole initial formation of 7n-xylene is intcrcst- 
ing and may be rationalized as follon~s: It is well 
established that in hydrogen fluoride-boron tri- 
fhioride media, "cnmplexing" conditions promote 
meta isomer formation, and thiq 19 probably due  to 

(6) A. P. Lien and D. A. McCaulay, J .  Am.. Chem. SOC., 
75, 2407, 2411 (1953). 

stabilization of the sn-xylene u complex.46 At , IIYI-  

plexing conditions, using hydrogen fluoride -lxv oil 

trifluoride, p-uvlcne isomerizw to thcb m-isomer u I t h  
an activation encrgv of 12.7 kml 'molP f O - 3 O 0 i  6 

While the activfition rnrrgy of t o l ~ i n i t ~  diqprifpor- 
tionation in the same systcni 1' iiot kncwrt i t  
must be appreciably highpr s inw tnhienr IS in+ PI at 
temperatures where the xylt~nr c ,-omcrizP Thc 
activation energy of xylene dibi)rc,portior~ation 
has been established in hydropcn fluoride-boron 
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Ref. 6. 

trifluoride as 23 kcal./inole (80-110°), and this 
probably represents a lower limit for the activa- 
tion energy of the toluene disproportionatioii 
reaction. Thiis, iii hydrogen fliioride-boron tri- 
fluoride the difference in the activation energy for 
toluene diqproportionat ion and xylene isomerization 
is about 10 kcal. /molr: ovcr the temperatiire range 

An equation involving the relative rate5 of xylene 
isomerization and disproportionation may be 
simply derivcd (Eq. 1 ) .  Setting E,? - Ea1 equal to  
10 kcal./mole, thii; equation indicates that  at 100' 
the isomerization rcaction will procrcd a t  a rate 
that is 2 IO5 timc.: that  of thc disproportionation 
reaction. 

0-30°.7 

whc rch 

k = rittc of p-xylent: isoiiitbriz:+tioii 
91 = rate of m-xylene disproportionation 
Ea' = activation energy for p-xylene isomerization 
E,L2 = :ictivation energy for m-sylenc~ disproportionation 

At conditions wherc tolurnc disproportionates, 
therefore, the rate of o- or p-xylene isomerization 
to m-isomer might be immeasurably fast.8 Practi- 
cally, this suggests that  a t  the experimental 
conditions used here, the extremely rapid isomeri- 
zation of the xylrnc isomer prccludes the idrntifi- 
cation of any isomer but m-xylrne. 

,Ilso iiitcrpretablc is the isomerization of m- 
xylcne a t  l l O o  to an cqiiilibrium mixture of the 
xylenc isoincrs (Icig. 3). At thc lower temperature, 
the m-xylcnc a-complex is relatively stable and 
little reactioii occiirs tliiriiig the time studies. How- 
ever, a t  the highcr temperature, enough energy is 
available to cause the m-xylcne o-complex to dis- 
proportionate and rcact x i th  toluene forming Cy 
and Clll aromatics. These reactions can be inter- 

( 7 )  I). ti. McCaulay and A.  P. LiPn, J .  .1m. Chain. SOC., 
74,6246 (19.50). 

(8) It is realized that the catalytic systems are different; 
however, thcre is little likelihood that  t'here will be major 
tliffi.rcmccn i n  rc~lativc~ :ic*tiv:rtion clrirrgics over t.he same 
tc,tii1x*r:i t i ir i .  rtLngc'h. 

preted as occurring through the intermediate 
formation of a-complex transition  state^.^^^ This 
a-transition state of xylene, I, however, has two 
rcaction paths to follow. It may form the isomeric 
xylenes or product C9 and Clo aromatics (Equation 
3). 

(2) 

Isomerization Toluene or Xylene 

Cs or C,, aromatic 
+, lii-, 71-xylene 1' I /  L 

Since the Cs aiid Clo aromatic fractions are more 
basic than the xylene fraction, it' is reasonable to 
cxpect that t,he a-complex of these higher molecular 
weight fractions with aluminum bromide-hydro- 
gen bromide is thermodynamically most stable.3 
Therefor?, as the Cs aiid Clo aromatics are produced, 
aluniiiium bromide-hydrogen bromide is removed 
from the xylene fraction and Equation 3 is shifted 
to  the right. 

Due to this removal of aluminum bromide- 
hydrogen bromide the m-xylene o-complex bccomes 
less stable, and increasing amounts of m-xylene 
react to form the higher molecular weight species. 
In  addition, as the complexing decreases, m-xylene 
isomerizes to form the equilibrium mixture of 
o-, m-, and p-xylenes. 

EXPERIMEKTAL 

The experiments were performed in a 500-cc. therinostated 
reaction flask. The flask had three necks and was fitted with 
a stirrer, a reflux condenser, and a self-sealing neoprene 
diaphragm. A typical experiment was carried out in the 
following manner. One hundred and eighty-four grams of 
fractionated and dried toluene and 300 g. of redistilled 
aliiniiniun bromide was placed into the reaction flask in a 
iiitrogcw :ttmosphere. Forty gr:tine of c l r ; \ r  h\,drogeii bromide 



was then 1)ul)bled into this inistiire and the amount added 
wa8 controlled by weighing the total assembly. After hydro- 
gen bromide addition, the solution was visibly homogeneous. 
This mixture was then brought t o  reaction temperature, and 
the contents sampled as a function of time, hy means of a 
hypodermic syringe inserted through the neoprene dia- 
phr:tgm. The sample was injected into ice water, worked up, 
and anslyzed by a combination of infmred, mass spectro- 
metric, and gas liquid partition chromatographic tech- 
nicl\ies. T h e  analyt8ic:tl technique was estimated to lie ac- 
(*urate to within +5%b at, C,O aromatic values lielow about 
15!,;. Aliove 157&, higher nlolecular weight niaterials were 
formed and these are included in the Clcl aromatic values. 

The outlet of the reflux condenser was connected to a gas 
rollccting device. Only traces of gas were evolved during 
the csperinients reported in this paper. 

PROCESS RESEARCH DIVISION 
Esso RESEARCH ASD ENGINEERING Go. 
LISDEN, S. J. 

Heterocyclic Compounds. I. Synthesis of 
Some Isoquinoline Derivatives 

R. J .  SHAH, D. D. VAGHAXI, A X D  J. R. ~ I E R C H A X T  

Rewived .L'ozxnibei 17, 1960 

In cwinection with the synthesis of isoquiiioline 
derivatives, n-e investigated the conditions of the 
Pictet-Spengler reaction1 involviiig the condensa- 
tioii of p-phenethylamine derivatives with different 
a-keto acids and aldehyde\. 

acid, and the sodium salt of oxalacetic ester under 
diflerent conditions proved unsuccessful. 

The condensation of 2,3-dihydroxy-,R-phe1iethyl- 
amine (B) with phenylpyruvic acid, a-keto-n-va- 
leric acid and 3,4-dimethoxyphenylpyruvic acid in 
dioxane medium afforded the corresponding iso- 
quiiioline derivatives. With pyruvic acid or a-keto- 
Kliitaric ; ic*i t l ,  €3 failed to g i v  any definite productq. 

The (midensat ion of 3,4-dihydroxyphenylala- 
nine (DOPA) with pyruvic, phenylpyruvic, or CY- 

keto-n-valeric acid did not seem to occur. 
With a view to  6ynthesize the alkaloid caly- 

rotomine, isolated from the Australian plant Caly- 
cotome Spinosa J ink  (Leguminosae) by E. P. 
White,? the condensation of A with glycollic alde- 
hyde was attempted under different conditions of 
pH and time. However, 110 pure product could be 
isolated in any case. 

IVhen the reaction of 3-hydroxy-4-methoxy-P- 
phencthylaniint~3 \\-ith glycolic aldehyde was car- 

The midensation of :',,l-dihydlor;y-P-pheiiethyl- 
amine iA4) with a-keto-n-valeric arid in aqueous 
solution :it pH 5-6 nff'ordcd l-c.Nrboxy-(i,~-dihS-- 
droxy- 1 -propyl- 1,2,3,4-t et r.ahydroi~ociuii-ioliiir (I). 
Bemuse of thc lower solubility of 3,klimethoxy- 
phenylpyruvic arid in water, the reaction with ,1 
\\-as carried out i l l  dioxane medium n-hcn the iso- 
quinoline (11) nas  formed. In gcneral, wheii the 
vondensations \\-ere run in a dioxane medium, the 
isoquiiiolirie dcrivativcs separated from solution 
more rapidly and in purer form. Attempts to (mi- 
dense X with dimcthylpyriivic wid,  oxalawt ic ,  

( 1) \Y. 11. \\-haley and T. Ii. (:ovindach:iri, Org. Rrcw 

( 2 )  E. P. White, A'ew Zealand J .  Sci. Tech., 25B, 15'2 

( 3 )  K. b;. Hnmlin :tnd I:. I<;. F'iwhc*r. $1. . A t ! ? ,  ('hem. S o  c... 

( ions ,  VI ,  p. 151 (1951). 

(1954); 33B, ?18 (1951). 

75, 5111, ( l : l : i ~ l .  

ricd out in aqueous medium a t  pH 5 for seventy 
hours 1 -hydroxymet hyl-6-hydroxy-7-methoxy-1 ,2 , -  
:3,4-tetr,zhydroisoqluiiioline \\-as obtained in poor 
yield. The latter on methylation with diazomethane 
afforded the dimethyl ether, dl-Calycotomine. 

The latter has been synthesized also by A. 
Chatterjce4 and by Battersby and c o - ~ o r k e r s . ~  

With DOPA the condensation of glycolic alde- 
hyde waq uiisuccessful. I t  was, therefore, thought of 
lilterest to investigate the reaction of formalde- 
hyde, acetaldehyde, and anisaldehyde with DOPA 
iinder different conditions. Only with formalde- 
hyde, the desired 3 - carhoxy - 6,7 - dihydrosy - 
I ,2,3,4 - trtrahvdroiqoriiiiiiolinc. (TI) was obtained 
-_ ___ 

(4) A. Chntterjee and N ,  A Chaudhiiry, Scz. and CuG 

( 5 )  -1. R Battersby and T. P. Edwards, J .  Chem. SOC., 
1909 (1959). 

/ ? ( r e .  2 5 ,  389 (1959). 


