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Two new indolocnrhozoles have been prcpsrcd by vapor phase eyclodehydrogenation of N,N’-diphen)rlphenylenc~iamiocs 
over a platinum-on-magnesia catalyst. This method has also been used for the preparation of benzocarbazoles from phcnyl- 
naphthylamines. 

Of the five isomeric indolocarbazolcs, two have 
been synthesized and simple derivatives of two 
others have been reported. Indolo [3,2-a]carbazole 
was first prepared by Tomlinson’ from biscyclo- 
hexanone m-phenylenedihydrazone, and its struc- 
ture was later confirmed by alternate syntheses,2,3 
and indolo[2,3-a]carbazole has been made from 1- 
keto-1,2,3,4-tetrahydrocarbazole and phenylhy- 
drazine.*14 2-Cyanoindolo [2,3-c]carbazoleb and 6- 
methylindolo [2,3-b]carbazole6 have been prepared 
but the corresponding unsubstituted compounds 
have not been described. Indolo [3,2-b]carbazole 
appears to be unknown except possibly as a 5,11- 
spiro derivative (indoxyl brown) prepared from 
indoxyl red.’ 

It has been reported8 that diphenylamine can be 
cyclodehydrogenated to carbazole when passed 
in the vapor phase over a platinum-on-carbon cata- 
lyst. In  attempting to improve on this method and 
particularly to  develop a catalyst capable of re- 
generation by burning off carbonaceous deposits, 
we have found that good conversions of diphenyl- 
amine to carbazole can be obtained over a catalyst 
consisting of platinum supported on silica or 
aluminag or on magnesium oxide. It was also 
found that this method can be used for the prepa- 
ration of condensed ring carbazole derivatives. 
When applied to N, N’-diphenyl-p-phenylenedi- 
amine, indolo [3,2-b]carbazole (I) is obtained in 
about 10% yield. None of the isomeric indolo[2,3-c]- 
carbazole, which might be expected from the al- 
ternative orientation in the cyclization reaction, 
was identified in the reaction product. Fearon and 
Boggus t prepared dehydroindolo [ 3,2-b ]carbazole 
(“urorosein”) (11) by the acid condensation of two 
moles of indole-3-aldehyde. lo This material could 
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be readily hydrogcnated by tin and acid to a com- 
pound identical in its infrared spectrum with the 
indolo[3,2-b]carbazole prepared from N,N’-di- 
phenyl-p-phenylenediamine. Indolo [3,2-b]carbazole 
is virtually insoluble in the customary organic sol- 
vents, but may be deposited from boiling quinoline 
solution as fine, light gellow crystals which darken 
above 470” without apparently melting. 

The vapor phase catalytic dehydrogenation re- 
action was also applied a t  500” to N,N’-diphenyl- 
m-phenylenediamine, prepared from resorcinol and 
aniline.” Two products were isolated from this re- 
action, separated from each other on the basis of 
their solubility difference in methanol, and puri- 
fied by recrystallization from xylene. The methanol 
insoluble material (mp.  358-360”) was identified 
as indolo[2,3-b]carbazole (111) on the basis of ele- 
mental analysis, infrared spectrum, and non- 
identity of melting point with that (299-300’) 
reported for the alternative product, indolo [3,2-a]- 

Infrared absorption a t  1 1 . 3 ~  is in- 
dicative of a 1,2,4,5-substituted benzene ring which 
would not be present in the alternative indolo- 
carbazole structure. The sharpness of the N-H 
band suggests a single type of NH group which 
would not be present in partially dehydrogenated 
products nor in indolo [3,2-a]carbazole. Thc ovcr- 
all structure of the absorption curve appeared 
reasonable for an indolocarbazole and no indica- 
tion of mono-substituted aromatic rings was found. 
Dobeneck and M a a P  have reported the prepara- 
tion of dihydroindolo [2,3-b]carbazole (IV) from 
indole and formaldehyde. It was hoped that this 
material would provide, by dehydrogenation, a 
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second route to 111; however, we, like Swindells 
and Tomlinson,6 were unable to duplicate the prep- 
aration of IV. The fraction of the product more 
soluble in boiling methanol was recrystallized 
from xylene to m.p. 290-291' and may contain 
the isomeric indolo [2,3-a]carbazole or possibly 2- 
anilinocarbazole from partial dehydrogenation, 
although such a high melting point would not be 
expected for the latter compound. Its  ideiitity has 
not been established. 

The cyclodehydrogenation reaction has also been 
applied to the phenyl naphthylamines for the prep- 
aration of benzocarbazoles. Graebe has reported 
the pyrolytic cyclization of phenyl-2-naphthylamine 
to 2,3-benzocarbazole (V),13 although no yield was 
given. The same reaction conducted a t  500" over 
the platinum-magnesium oxide catalyst proceeded 
to give in 21% yield a product consistent in ap- 
pearaiice,13 and in melting point of its acetyl deriv- 
ative,14 with 2,3-benzocarhazole, although its 
melting point is much higher (347-349") than that 
reported by Graebe (330"), and somewhat higher 
than the value (342") reported by Clemo and 
Fe1t0n.l~ No 3,4-benzocarbazo1e (VI) l6 was found 
in the reaction product. 
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When Graebe pyrolyzed phenyl-l-naphthyl- 
amine, he isolated a product melting a t  165°.13 1,2- 
Benzocarbazole (VII) first synthesized by Kym" 
is reported to have a melting point of 225' and of 
227-228O.Is Phenyl-1-naphthylamine was found 
to cyclodehydrogenate at 500" under the influence 
of the platinum-magnesium oxide catalyst to 
produce 1J2-benzocarbazole (m.p. 229-230') in 
22% yield. Thus, while pyrolytic and catalytic 
dehydrogenation give the same product from 
phenyl-2-naphthylamineJ different products arise 
from phenyl-1-naphthylamine. 
(13) C. Graebe and W. Knecht, Ann., 202, 1 (1880). 
(14) F. Kehrmann, A. Oulevay, and F. Regis, Ber.,  46, 
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Structures of the two benzocarbazoles prepared 
in this work are confirmed by the correspondence 
of the ultraviolet absorption spectra with those 
already reported. The wave lengths of the absorp- 
tion maxima and the values of log emax are given 
in Table I together with the corresponding values 
of Clemo and Felton'5 (in parentheses). 

TABLE I 
ULTRAVIOLET SPECTR.4 OF THE BENZOCARRAZOLES~ 

1,2-Benzocarbazole 2,3-Bcnzoi*arbazole 
l w  log Emax m r  log emax 

243 (246)b 4.55 (4,47) 268 (268) 4.74 (4.81) 
251 (252) 4.60(4.56) 282(283) 4.62(4.69) 
256 (258) 4.55 (4.52) 292 (292) 4.48 (4.56) 
270 (280) 4.62 (4.63) 317 (317) 3.90 (4.03) 
301(302) 4 . 2 8 ( 4 . 2 9 )  331(332) 4.04(4.13) 
305 (306) 4.30 ( 4 , 3 0 )  373 (374) 3.56 (3.70) 
3 2 2 ( 3 2 3 )  3.76(3.76) 391 (394) 3 . 6 0 ( 3 . 7 2 )  
337 (338.5) 3.76 (3,75) 
354(355) 3.81(3.79) 

a Taken in ethanol solution with a Cary Modcl 14 spec- 
Values in parentheses taken in ethanol by trophotometer. 

Clemo and Felton (Ref. 15). 

It may be added that this cyclodehydrogenation 
method failed to produce 3-fluorocarbazole from 
4-fluorodiphenylamine, 9-ethylcarbazole from hi- 
ethyldiphenylamine, 3.6-dimethylcarbazole from 
di-p-tolylamine, or 3-hydroxycarbazole from 4- 
hydroxydiphenylamine. In  each case the only ma- 
terials identified in the products of these reactions 
were starting compound and unsuhstituted carb- 
azole. Details of the development of this synthetic 
procedure for carbazole will he reported clsewherc. 

EXPERIMENTAL l8 

Cataly8t preparation. Magnesium oxide (light powder, 
U.S.P., J. T. Baker Go.) was made denser by pelleting in a 
press, the pellets ground, and material of 70-140 mesh 
collected. Fifty-seven grams of the magnesia so treated W R S  
stirred overnight with two ounces of 5v0 chloroplatinic acid 
solution which had been ncutralized with ammonia and di- 
luted with sufficient water to bring all the platinum salt 
into solution. The resulting slurry was centrifuged, thc 
supernatant liquid decanted, and the solid residue dried 
for 20 hr. at 60" under vacuum. This solid was ground to 
-70 mesh and pclleted in a 1/8-inch die to give about 7 0  cc. 
(bulk volume) of catalyst which was heated during 5 hr. 
to 340' under a slow stream of nitrogen and finally during 
20 hr. to 475' under a stream of hydrogen. 

Zndolo[S,I-b]carbazole (I). (a) From X , N ' - d i p h e n y l - p  
phenylenediamine.  To 38 g. (60 ml. bulk volume) of 2% 
platinum-magnesium oxide pelleted catalyst in an elec- 
trically heated stainless steel tube containing a preheat 
section of about 50 ml. packed with glass beads, N,N'-di- 
phenyl-p-phenylenediamine ( 10 g.) dissolved in xylene (45 
ml.) was introduced through a motor-driven screw-impelled 
hypodermic syringe during 255 min. The temperature of the 

(18) hlelting points are uncorrected. .All elemental analy- 
ses wcre by Clark Microanalytica: Laburstory, ?:! ' , L : X I ,  

Ill. Infrared spectra were talccn as dispersions in potassium 
bromide with thc Pcrkin-Elmer LIodcl21 spectrophotometer 
(sodium chloride optics). 
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catalyst bed was maintained at 5ti0 It 5", and hydrogen at 
about 170 ml./min. and water at 6.5 g./hr. were fed con- 
tinuously during t,he run. The contents of the receiver were 
extracted with 100 nil. of boiling xylene and the xylene- 
insoluble residue was recrystallized from boiling quinoline, 
to give 0.05 g. of fine light jwllow crystals which darken with- 
out melting at about 470'. 

Anal. Calcd. for C18HIzNz. C, 84.38; H, 1.69; N, 10.94. 
Found. C, 84.44; €1, 4.72; N, 11.13. 

(b) F r o m  indole-%aldehyde. One gram of u r w m i n  (11) 
prep:tred from iiidole-3-aldehyde according to Fearon and 
Boggustlo was dissolved with warming in 150 ml. of ethanol; 
25 nil. of water, 30 ml. of hydrochloric acid, and 5 g. of tin 
were added, and the mixture was kept for 2 days with occa- 
$ional warming and addition of three 10-ml. increinents of 
acid. The solvent containing suspended solids was decanted 
rrum undissolvcd tin, filtered, and the solid residue extracted 
on the filter with ethanol. Thc ethanol-insoluble residue was 
recrystallized from boiliiig quinoline to give 60 mg. of I 
idcntical in iiifrared spectrum with the material prepared 
i i i  (a) above. 

/Innl. F O U I I ~ .  C, 84.37; 11, 4.93; K, 10.96. 
Infrarcd spectrum ( p ) .  2.93 (N-H); 3.28 (C-11); 

G.10 (N-H bend aiid arom:~tic C-C stretch); 6.56; 6.8G; 
6.91; 7.57; 7.89; 8.10; 8.48; 8.76; 9.05; and, 11.67, 11.78, 
13.12, 13.27, 13.47, 2nd 14.18 (C-II out of p1:ine deforma- 
tion). 

Indolo[Z,~--b]caiDazolr (111). T~venty-two gr:iins of N , N ' -  
diiihciiyl-,ri-~~heriylenedioiiiiiic W:LP i)iisxd ovcr the 2%, plati- 
num-ni:igncaium oxide eat:ily.st duriiig 283 inin. \Vater and 
hydrogcn w('rc nclded contiiiii~~isly :LS :~ I )ovc~  while the tein- 
iJ( '1 ' :Lt i lW of the catalyst \va:: iii:iiiit:Liii('d :it 500". The re- 
;tctioii  product was extracted with incth:tiiol Icnving a resi- 
due which was r(~erystnlliz(:d five iirncs f r o n i  boiliiig xylene 
(about OW nil. for c:irh rccrystuIlix:~tioii) t u  givc0.7 g. of 111, 

Anal .  Calcct. for  Clr;HI,S,. C, 84.38; 3, 4.W; N, 10.94. 
1n.p. 358-3G0°. 

F ~ ~ u i i d .  C, 84:Iti; €I, 4.99; N, 11.01. 

Infrared spectrum (,.I). 2.93 (N-H) ; 3.28 '( C-H) ; 6.08 
and 6.19 (N-H bend and aromatic C=C stretch).i 6.85; 
6.89; 7.56; 7.93; 8.20; 8.65; 9.00; and 11.30, 12.11, 13.01, 
13.32, 13.75, and 14.56 (C-H out of plane deformation). 

I,??-Benzocarbazole (V). Twenty grams of molten phenyl-2- 
naphthylamine was vaporized and passed over the platinum- 
magnesium oxide catalyst duriiig 107 min. at 500-505' while 
hydrogen at about 170 ml./min. and water a t  2.1 g./hr. were 
fed concurrcntJy. The contents of the receiver were slurrird 
with 300 ml. of hot benzene and filtered to give 3.49 g. of insol- 
uble material, m.p. 344-348". Concentration of the filtrate 
provided an atlditional 0.62 g. of product, m.p. 335-344'. 
Ilecrystallizatiori of the conibined products from boiling 
toluene produced glistening white plates, m.p. 347-349". 
Warming a I-g. portion of the product with 5 ml. of acetic 
anhydride containing a small lump of fused ainc chloride, 
provided the :icctyl derivative, light tan needles from etha- 
nol m.p. 117-118' (lit. n1.p. 117' or 123'l4). 

f $-Benzocarba2oLe (VII). Twenty grams of phenyl-l- 
naphthylamine was catalytically dehydrogenated under 
conditions identical with those used for V above. The 
benzene solution of the reaction product was treated with 
anhydrous hydrogen chloride to precipitate 13.56 g. of phen- 
yl-1-naphthylamine hydrochloride and from the filtrate 
4.38 g. of VI1 (m.p. 229-230') was obtained on evaporation 
of most of the solvent. Iiecrystallization from aqueou 
ethanol provided glistening white plates of the same melt- 
ing point. The reported value is 227-228".15 
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8cvcr:il 2- :mtl 2 ,  -suhtitutod 1,2,3,4-tctruhyciropyrnzino [ 1,2-a] benzimidazoles have been synthesized. 3-Carbethoxy-3- 
iihcnj 1-1,2,3,-~-tctruhyclrop? ridu-[1,2-a] henzimitloxole, a Deincrol-like compound, has also been synthesized. 

The syntheses of the compounds mentioned in 
the title were of interest for several reasons. In 
1957, Gross and Turian reported the syntheqis of 
a series of benzimidazole derivatives which were 
active arinlgecics. The most active compound in 
the series was 1- (dieth ylaminoet hyl) -2- (4-et hoxy- 
l~cnzyl)-5-nitrobcnzimidazole. It occurred to  us 
that the lJ2,3,4-tetra hydropyrazino [lJ2-n]I~cnzimid- 
azoles (,I) , heiiig 1,2-disuljstitutcd bcnzimidazolc~s, 
might have similar propcrties. l'wo methods were 
used for the syntlicsi.: of thii ring iysteni. The 

( 1 )  Smith Kliric. nncl Frctiich E'cllo~r, 1958-59; Eastman 
Kod:di I"ellon, 1'35% (in. 

first involved the reaction of a primary amine 
with l-(2-chloroethyl)-2-chloromethylbenzi~nida- 
d e .  The other involved the cyclization of 2-his- 
(2-chloroethyl)aminom~thylbenzimidnzole with a 
base. 

h 
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