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DEKIS C. K. LIN, MICHAEL L. THOMPSON, and DON C. DEJONGH. Can. J. Chem. 52, 2359 
(1974). 

The mass spectra of I-phenyl-2-benzimidazolinethione (3) and I-phenyl-2-benzimidazo- 
linone (4) have been compared with their pyrolysis products and similarities have been found. 
In the 70 eV mass spectrum of 3,  the base peak results from the loss of H.: at  low ionizing 
voltages, this path and a competing path, loss of S, are the only ones nhich remain. At 650" in 
a stream of N,, 1-phenylbenzimidazole (8, 20%) formed from the loss of S and benzimidazo- 
[2,1-b]benzothiazole (5, 11%) formed by loss of H,. The major fragmentation paths in the 
mass spectrum of 4 are loss of CHO' and NCO.. At 95OC, phenazine (5, 3573 formed by loss of 
CH,O, and carbazole (7, 14%) formed by loss of HNCO. In each pyrolysis, 65-70% of the 
starting material was recovered or accounted for. 

DLLIS C. K. LIK, M I C H A ~ L  L. THOMPSON el DO> C. DEJUNGH. Can. J. Chern. 52,2359 (1974). 
On rapporte les spectres de masse de la phenyl-1 benzimidazolinethione-2 (3) et de la phenyl-1 

benzimidazolinone-2 (4), tel qu'obtenus par impact-Clectronique. On compare ces spectres 
avec les produits de pyrolyse des compos6s 3 et 4. Dans le spectre de masse du con~pose 3,  pris 
a 70 eV, le pic de base se forme par perte de H.; a basses energies des electrons, ce dernier est 
accompagne de l'ion molCculaire ainsi que d'un pic resultant de I'elimination de S. La pyrolyse 
du compose 3 a 650' dans un courant d'azote conduit a la formation de phenyl-1 benzimidazole 
(8, 2073 par perte de S et a la formation de benzimidazo[2,1-b]benzothiazole (5, 11%) par perte 
de HZ.  Les patrons majeurs de fragmentation trouves dans le spectre de masse du compose 4 
rtsultent de la perte de CHOW et de la perte de NCO'. Les produits de la pyrolyse du compose 
4 a 950" sont la phenazine (6, 35%) forrnee par la perte de CH,O et le carbazole (7,14%) form6 
par la perte de HNCO. Dans chaque cas, les p r o d ~ ~ i t s  t'ormes ainsi clue les produits originaux 
rkcuperes representent de 65 a 70% des produits de depart. 

Introduction 

A considerable number of publications have 
appeared on the subject of pyrolysis at short con- 
tact times in the gas phase (1) and several of 
them have included a comparison of the pyrolysis 
products with those products which would be 
expected from an interpretation of the mass 
spectra of the starting material. We have been 

'To whom correspondence should be addressed. 

working in this area for several years (2) and 
report some of our recent results in this article. 

A project under study in our laboratory is a 
comparison of the mass spectra and pyrolyses 
of molecules related to benzothiazole, benz- 
oxazole, and benzimidazole (2, 3). Results ob- 
tained from 2-benzimidazolinethione (1) and 
2-benzimidazolinone (2) were included in our 
recent reports (2, 3). Now, we have observed 
from the mass spectra of their N-phenyl deriva- 
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tives (3 and 4) that the phenyl group has a major 
influence on fragmentation of the molecular ions 
of these compounds. This observation has led us 
to study the pyrolyses of 3 and 4 in order to see 
if this influence is also important there. 

In this article we report the mass spectrum, 
photolysis, and pyrolysis of 1-phenyl-2-benz- 
imidazolinethione (3) and the mass spectrum 
and pyrolysis of 1-phenyl-2-benzimidazolinone 
(4). The mass spectrum of 4 has been published 
previously (4). High-resolution data and meta- 
stable-ion peaks are discussed in the schemes 
and text, along with certain features of the 
spectra obtained at low ionizing voltages. 

Infrared spectra and dipole moments provide 
evidence for the presence of the keto structure 
of 2 (5). Thus, we will use the keto and thioketo 
forms in our discussion, rather than the tauto- 
meric en01 and thiol forms, even though there 
is no evidence that either form is preferred in the 
molecular ions. 

Pyrolyses were performed by sublimation of 
the samples into a stream of N, which passed 
through an unpacked quartz tube surrounded 
by a 12 in. furnace (3, 6). Generally, a N, flow 
rate of 0.25 l/min and a system pressure of about 
2 Torr were used. The pyrolyses were repeated 
several times at the same and different tempera- 
tures. Where possible, pyrolysis products were 
isolated and identified by physical as well as 
spectroscopic characteristics. 

Results 
1-Phenyl-2-benzimidazoli~et/~ione (3) 

The 70 eV mass spectrum of 3 is summarized 
in Scheme 1. The (M - H) peak is the base peak 

H C N  
m/e 194 (3) - m/e 167 (13) 

C13HloN2 C~zH9N 
m/e 83.5 (7.9) 

C,HsN2S 

also: m/e 91 (10) -HCN t m/e 64 ( 7 )  

C6H~N C5H4 

SCHEME l2  

'The elemental compositions are the result of exactmass measurements. The values in parentheses are relative 
intensities and m* denotes the presence of a metastable-ion peak. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

SO
U

T
H

 C
A

R
O

L
IN

A
 o

n 
11

/1
4/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.
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m/e 225 (M- H) 

at 15 eV as well as at 70 eV. The peaks at ni/e 
224 (M - 2H) and at m/e 194 (M - S) are the 
only other fragment-ion peaks found at 15 eV. 
In fact, the peak at nzle 194 is present at electron 
voltages as low as 12 eV. Minor paths found a t  
70 eV begin by the loss of CS and by the loss of 
C,H,.. An abundant loss of H. is not observed 
in the mass spectrum of 1 ; however in that case 
the loss of S is the lowest-energy path (3). There 
is no  metastable-ion peak for formation of the 
peak at mle 224 either from the peaks at nz/e 226 
or 225. So, it cannot be determined that the peak 
at m/e 224 forms by a one-step and/or a two-step 
path. 

The fragmentations prcposed in Scheme 2 can 
account for the formation of these ions. The 
structure proposed for the ion a t  m/e 225 corre- 
sponds to the protonated form of benzimidazo- 
[2,1-blbenzothiazole (5) and the structure pro- 
posed for the ion at n?/e 18 1 corresponds to pro- 
tonated phenazine (6). The peak a t  mie 194 can 
be represented by the molecular ions of 1- and/or 
2-phenylbenzirnidazole (8 and 9). The loss of 
HCN from mle 194 could give :he molecular ion 
of carbazole (7) at tn/e 167 (eq. 1). 

C o m p o u ~ ~ d  3 was pyrolyzed at 650, 800, and 
950". At 650G, 46.5% of starting compound was 

recovered. In addition, a 20% yield (based on 
unrecovered 3) of 1-phenylbenzimidazole (8) and 
an 1 1 yield of benzimidazo[2, I -b]benzothiazole 
(5) were obtained (eq. 2). 

Compound 8 forms by loss of S from 3 with 
migration of H from N to C. In the formation of 
5, the phenyl ring becomes bonded to the sulfur 
atom and H, is lost. 

At 950°, the recovery of 3 decreased to 23.1 :7, 
and the yield of 5 increased to 24;<. On  the other 
hand, the yield of 8 decreased to <0..5>1, but 
carbazole (7, 3%) and 2-phenylbenzimidazole (9, 
l lz) were now present among the pyrolysis 
products. Trace amounts of phenazine (6), 
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cyanocarbazole, 1 - and 2-cyanonaphthalenes, 
2-cyanoaniline, naphthalene, and benzonitrile 
were identified in addition. 

Also we photolyzed 3 in order to compare its 
behavior with the results obtained upon pyrolysis 
and electron impact. The only product found was 
I-phenylbenzimidazole (8), formed by the loss of 
S, in 5 2 2  yield, t-Butyl alcohol was used as the 
solvent. 

In summary, the lowest energy fragmentations 
of 3 upon electron impact are loss of JrJ and loss 
of S from the molecular ions. Pyrolysis of 3 at  
650" produces benzimidazo[2,1 -b]benzothiazole 
(5) by a loss of H, and 1-phenylbenzimidazole 
(8) by loss of S. Only coinpou~ld 8 is observed 
upon photolysis of 3 in t-butyl alcohol. 

I-Phenyl-2-betzzinzidazoliti7ot1e (4) 
The 70 eV mass spectrum of 4 is summarized 

in Scheme 3. The major fragmentation paths 
begin with loss of H C O  and with loss of NCO.. 
There are broad metastable-ion peaks present for 
each of these fragmentations. At 12 eV, the rela- 
---1 t 

tive intensities of m/e 18 1 and 168 are 6 and 4%, 
respectively; also, there are very minor peaks 
present a t  nzle 209 and 167. The ions at  nzle 181 
can be represented as protonated phenazine and 
those at  n?/e 168 and 167 as protonated carbazole 
and carbazole (7, respectively. 

Compound 4 was pyrolyzed a t  950" and 16.3% 
was recovered. The major products and their 
yields (based on unrecovered starting material) 
were phenaz~ne (6, 35%) and carbazole (7, 14%) 
(es. 3). 

P h 

A number of mlnor products were obta~ned also, 
1 I :  d~phenylarnine (IT), 1- and 2-cyanonaph- 
thalenes (2 573, naphthalene ( 2 3 ,  ben7on1tr1le 
( 3 ' 3 ,  and phenylisocyanate ( 2 5 )  The last prod- 
uct was ~solated as AT-phenylcarbamate, after 
havlng reacted with ethanol d u r ~ n g  the work-up. 

In summary, compound 4 loses CHO and 
NCO In the mass spectrometer. Pyrolysis of 4 
glves phenaz~ne, after loss of CH,O (probably as 
C O  and H,) and carbazole, after loss of H N C O  

c13HioNzQ 
-H. Discussion 

m/e 210 (100) + m/e 209 ( 5 )  
m/e 105 (7) C 1 3 ~ 9 ~ 2 '  At low ionizing voltages only two decom- 

positions of the molecular ions of 3 are observed : 
-NC0. L mle 168 (9) m/e  167 (6) loss of S and loss of H..  The products formed in 

m* c12H1oN C12HqN the pyrolysis of 3 can be explained by similar 
decompositions. The formation of l-phenyl- 

also: mle 77 (12) and m,'e 91 ( 5 )  
CsWsN 

benzimidazole (8) can arise by a desulfi~rization 
CbH5 of the C=S bond; there is a neighboring hydro- 

SCHEME 3 gen which can rearrange to the developing 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

SO
U

T
H

 C
A

R
O

L
IN

A
 o

n 
11

/1
4/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



LIN ET AL. PYROLYSIS A> JD MASS SPECTROMETRY 

electron-deficient center. Compound 8 is a major 
product isolated from the pyrolysis of 3 and the 
only product isolated from photolysis in t-butyl 
alcohol. 

Precedents can be found for the pyrolytic and 
photolyeic desulfurization of the C=S bond. For 
example, 2,6-diphenyl-4H-pyran-4-thione ($0) 
undergoes photodesulfurization, giving the dimer 
11 in 80% yield, (eq. 4) (7). This dimerization 

with desulfurization was also observed upon the 
heating of 10. Another example, 1-(3-methyl-2- 
thioureid0)pyridinium hydroxide inner salt (12) 
gives, in  practically quantitative yield, pyridine 
and suif~rr, (eq. 5) (8). Methyl cyanamide has 

been proposed as the undetected component. An 
initial loss of sulfur has been proposed as the 
most likely pathway. The molecular ion of 12 
loses sulfur giving an  ion C,H,N, which readily 
forms the pyridinium ions a t  in!r 79 by losing 
the elements of methyl cyanamide. Thus, the 
mass-spectral fragmentation pattern is consistent 
with the photochemical reaction. 

The other product (5) formed in the pyrolysis 
of 3 results from the addition of the thermally 
excited thioketo group to  the aromatic ring 
(eq. 6). The photoaddition of thiocarbonyl com- 

pounds to olefins is well known (9). Also, 8 
could be formed photolytically from 3 in t-butyl 
alcohol by the photoexcitation of the thiocar- 
boxyl group, (eq. 7) .  A similar scheme has been 
proposed to  explain the photoreduction reac- 
tions of thiobenzophenones in solvents which 
have easily extractable hydrogens (10). In the 

photodimerization with elimination of sulfur of 
4H-pyran-4-thiones, the presence of H,S was 
detected (7b). 

In comparison, pyrolysis of 1 at 950" gave a 
70% yield of products resulting from the loss of 
S (3). The loss of S from the molecular ions and 
from the (M + H) ions in the chemical-io~~iza- 
tion mass spectrum is the lowest-energy fragmen- 
tation. The major pyrolysis product is benzi- 
midazole (8, NH In place of N-Ph) (62.5'7,); t h ~ s  
isomerizes to  2-cyanoaniline (7.573 under the 
pyrolytic conditions. There is no pathway for P 
which is simiiar to the loss of H. from the molec- 
ular ions of 3 or to the formation of 5 from 3. 

At 100O0, 2-benzimidazolinone (2) gave a 14% 
yield of C,H,W, isomers, resulting from the loss 
of CO and H,. The Intermediate shown In eq. 8 

was invoked to explain these results (2). The 
major product isolated from the pyroiysis of 4 
can be explained by the same type of interme- 
diate. However, in this case an internal cycliza- 
tion occurs before the H, is lost (eq. 9). The loss 
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of C H O  is one of the two major fragmentation 
pathways in the mass spectrum of 4. Decar- 
bonylation under pyrolytic conditions has fre- 
quently been observed. (1, 2). 

The other product, carbazole (7), formed in 
14% yield in the pyrolysis of 4 is the result of the 
loss of HNCO. Also, a major fragmentation in 
the mass spectrum of 4 is the loss of NCO.. To  
explain the formation of 7, the initial cleavage 
of the carbonyl carbon - N-phenyl bond can be 
proposed (eq. 10). If the phenyl group partici- 

pates in the loss of HNCO, 7 can be formed. On 
the other hand, decarbonylation leads to the 
reactions shown in eq. 9. 

The compounds 3 and 4 therefore join the list 
of compounds (1-3) whose pyrolytic and elec- 
tron-impact fragmentations are similar. The 
lowest-energy paths in their mass spectra can be 
compared with the pyrolysis products. The reac- 
tions seem to be governed by the elimination of 
small, neutral species such as CO, S, H,, and 
HNCO. The N-phenyl group intramolecularly 
traps reactive intermediates to give stable poly- 
cyclic products in relatively high yields, a path 
which is not available to compound 1 and 2. In 
each pyrolysis, 65-70x of the starting material 
was accounted for 

These and other similarities ?mong high- 
energy processes provide possibilities of finding 
useful synthetic applications and evidence for 
novel reaction intermediates, as well as the 
possibility of studying interesting decomposition 
pathways. 

Experimental Section 
Melting points were determined by the open capillary 

method using a MEL-TEMP apparatus and were cor- 
rected. Infrared spectra were recorded with a Beckman 
IR8 spectrometer and a Perkin-Elmer Infracord. Nuclear 
magnetic resonance spectra were taken on a Varian T-60 
spectrometer using 1% TMS as an internal standard. 
Ultraviolet spectra (I cm path) were determined on a 

Bausch and Lamb Spectronic 505. Low-resolution mass 
spectra were obtained from a Hitachi RMCT-6D mass 
spectrometer. Electron voltage readings were taken 
directly from the dial since more precise values were not 
needed. Combined g.c.-nl.s, data were determined with a 
LKB 9000 instrument. 

Exact-mass data were obtained from an AEI MS-902 
mass spectrometer linked to a PDP-8 computer. All 
experimental values agreed with the calculated values 
within +0.0015 mass units. Metastable ions were ob- 
served in the low-resolution spectra and, in certain cases, 
sought with the AEI MS-902 spectrometer ~perat ing in 
the defocused mode. 

The ion source of the RMU-6D was maintained at  
250" and the MS-902, at  150". Since pyrolysis of the com- 
pounds studied does not begin until approximately 600°, 
pyrolysis in the source cannot account for the fragmenta- 
tions observed. 

The gas-chromatographic (g.c.) work was carried out 
using a Hewlett-Packard 5752B Research Chromatograph 
with a thermal conductivity detector. Columns were pre- 
pared with 0.25 in. copper tubing and 60180 mesh 
Chromosorb W as a solid support, unless otherwise 
stated. A total of 10 g.c. columns was used; during the 
initial stages of analysis of the pyrolysis mixtures, most 
of the columns were tried. However, only the column that 
gave the best separations is reported for each analysis. 
Comparison of the areas under the peaks of the pyrolysis 
products with the areas under the peaks of solutions of 
known concentrations of the samc compound was used 
to determine yields. Analysis were performed by Midwest 
Microlab, Inc., Indianapolis, Indiana. 

Chemicals 
2-Aminodiphenylamine, benzotriarole, 2-phenylbenz- 

imidazole (9), phenazine (6), 1-cyanoaniline, and benzo- 
nitrile were purchased from Aldrich; I- and 2-cyanonaph- 

- ihalene were purchased from Eastman Kodak; carbazole 
(7), diphenylamine, and naphthalene were purchased 
from Fisher. 

I-Phenyl-2-henzirniduzolit~~~thione (3 )  
C o m p o u ~ d  3 was prepared by modifying a procedure 

published by Allen and Deacon (I I ) .  A mixture of 18.8 g 
of 2-aminodiphenylamine, 18.4 g of potassium ethyl 
xanthate, 100 ml of ethanol, and 20 ml of H,O was re- 
fluxed with stirring for 3 h. After the first 10 min of 
refluxing, 4 g of carbon was added cautiously to the 
ethanol solution. The hot reaction mixture was filtered by 
gravity to remove the carbon. Approxinlately 500 ml of 
warm H,O and 10 ml of glacial acetic acid were added to 
the ethanolic solution. The off-white crystals were recrys- 
tallized from ethanol, yielding 12 g of 1-phenql-2-benz- 
imidazolinethione (3): m.p. 196-197' (lit. (12) 194'); yield 
52%. The i.r. spectrum (HCC1,) contains absorption 
bands at  3475, 2350, and 1217 cm-'. The mass spectrum 
is summarized in Scheme 1 and discussed in the text. 

Anal. Calcd. for C13HloN2S: C, 69.03; H ,  4.42. 
Found: C, 69.32; H ,  4.47. 

I-Phenyl-2-benzimidnzolinone ( 4 )  
Compound 4 was prepared from 2-aminodiphenyl- 

amine by the procedure of Simonov and Pozhanskii (1 3). 
Toluene was used for recrystallization; yield: 5.0 g, 
(34%); m.p. 202-203' (lit. (13, 14) m.p. 202-203'); i.r. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

SO
U

T
H

 C
A

R
O

L
IN

A
 o

n 
11

/1
4/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



LIN ET AL.: PYROLYSIS AND MASS SPECTROMETRY 2365 

TABLE 1 Pyrolyses of l-phenyl-2-benz1m1dazol1neth1one (3)" 
- -- - - 

-- -- - - - 

recovered a t  

l-Phenyl-2-benz1m1dazol1neth1one (3) 46 5 
(Start~ng amount of 3, g) (0 80 and 1 27) 

Benz1m1dazo[2,1-b]benzoth1azole (5) 6 0 
2-Phenylbenz~m~dazole (9) - 

Cyanocarbazole - 

1-Phenylbenz~m~dazole (8) 10 8 
Carbazole (7) - 

Phenazme (6) - 

I-Cyanonaphthalene - 

2-Cyanonaphthalene - 

2-Cyanoan~lme - 

Naphthalene - 
B e n z o n ~ t r ~ l e  - 
Total  

- -- - ---  

63 3 

*A \, flow rate of 0 20-0 25 I mln  dnd ?)stern pressure of 0 7 2 0 Torr ueie used 

3 7 . 0  
(1.41 and 1.46) 

1 5 . 0  
< 0 . 5  
< 0 . 5  

5 . 9  
1 . o  

Trace 
Trace 
Trace 
~ 0 . 5  
Trace 
< 0 . 5  
60 .9  

23 .1  
(1.01, 1.14,  and 1.82) 

1 8 . 7  

spectrum (HCCI,) contains absorp t~on  bands at  3390, 
3060, 1705, 1600, 1500, and 1380 cnl-I .  

Anal. Calcd. for C I 3 H l o N 2 0 :  C ,  74.29; H, 4.76. 
Found:  C, 74.12; 1-1, 5.01. 

I -  (2-Ber~zorhiazolyl) benzof~.iazole 
1-(2-Ben~o~hia~oly1)benrotriazole was prepared from 

benzotriazole by the method used by Orth and Soedigdo 
(15); yield 4.3 g (34%); n1.p. 174- (lit. (15) n1.p. 174'); 
h ,,,, (EtOH) 322, 275 sh, 268, 245, and 228.5 nm. 

Anal. Calcd. for C,;H,N,S: C ,  61.89; H ,  3.19; N ,  
22.21; S, 12.71. Found:  C,  61.68; H ,  3.33; N ,  22.36; S, 
13.05. 

Renzirnidazo(2, I-bbeizzotl~iaiole ( 5 )  
Benzimidazo[2,1-bjbenzothiazole (5) was prepared 

photolytically from I-(2-benzothiazolyl)benzotriazole 
(1 g) according to the method of H ~ l b e r t ~ ( l 6 )  using a 
450 M' high-pressure Hg lamp; yield, 0.17 g (18%); ?,,,, 
(EtOH) 300, 291, 283, 263 sh, 242, and 222 n m ;  mass 
spectrum, nl/e 223 (Cl ,H8N2S,  loo), 223 (C,;H,N2S, 
16), 198 (C12H8NS,  81, 192 (Cl,H,h'z, 3), 180(C,2H,N,, 
3), 179 ( C ,  ,H,N,. 5 ) ,  166 (C, ,H,N, 3), 134 (C,H,NS, 3), 
122 (C,H,NS, 6), 1 12 (C, ,H,N,S (doub!y charged), 30), 
96 (C,H,S, lo), and 90 (C,H,N, 8):  mol:cular ion, /?l,e 

224.0405. Calcd. for Cl ,H8N2S,  m r. 224.0308. 

P.~rolj,.ii.i .Apl~n/,ntrr~ nr~d Pi.oc,eri~rrc~ 
The pyrolysis apparatus and procedi~re have been 

described prcbiously (3, 6). Thc sample (approximately 
1 g) in a stream of nitrogen passed through a quartz tube 
heated by an elect~ic furnace 12 in. long. The flow rate 
was 0.25 I'miri at 2.5 Torr .  A series of traps was placed 
between the qiiartz t ~ i b e  and the pump. Approximately 
1 h was required for the passage of each $ g of sample 
throiigh the tube. A solution was made of the material in 
the traps in a volumetric flask: g.1.p.c. and t.1.c. were used 
to separate the compounds in this solution. 

500 rnl reaction-vessel jacket. The compounds were dis- 
solved in appropriate solvents and placed in the reaction 
vessel. During photolysis the apparatus was cooled by 
running water through the immersion well. The reactions 
were followed by the 11.v. spectrum of the reaction solu- 
tions. The photolysis was stopped uhen  no more changes 
in the U.V. spectrum were observed. Then the solvent of a 
measured amount of reaction s o l ~ ~ t i o n  was evaporated off 
in vacuum and the residue was made into a solution in a 
volumetric flasl: for analysis. 

Pyvolysi,~ of I-Pileni I--7-ber1zi/nidtr~olir1et~1i~~i1e (3) 
The conditions and results for the pyrolyses of l-phe- 

nyl-2-benzimidazolinethione (3) are summarized in Table 
1. The percentages shown are averages of dift'erent trials 
at  the same temperature; good agreement was obtained 
among the ditt'er-nt runs. 

In each case, three traps were employed: the first was 
air cooled and the next two were cooled with liquid 
nitrogen. The traps mere washed with acetone and chloro- 
form. The g.c. column used was 6 ft, 10% SE 54 on  
Chromosorb G 60 GO. The cyanonaphthalenes were 
better separated on a 6 ft column of 3 z  OV 225 on 
Chromosorb W 80; 100. The temperature was program- 
med between 100' (1 min) and 260' (hold) at  10-,'min. 
The column used for g.c., m.s. was a 6 ft glass column of 
3% OVI Chrom H P  8 0  100. The starting material did not  
elute from the g.c. columns well and was recovered by 
extracting all the other compounds using heptane from 
the residue of a k n o n n  amount of the pyrolysis solution. 
The concentration of I-phenylbenzin~idazole (8) was 
estimated from 11.u. data (17). The exact position of the 
cyano group on  the cyanocarbazole ring was not deter- 
mined; analysis by g.c. showed that it had a different 
retention time from 9-cyanocarbazole, which was syn- 
thesized for comparison (1 8). The concentration of cyano- 
carbazole was estimated using carbazole (7) as a standard. 
All other uroducts were identified bv comwarison with 

The a p p a r a t ~ ~ s  (Hanovia) used for photolysis consisted authentic materials. 2-Cyanoaniline had a .tendency to  
of a quartzimniersion well, a 450 W high-pressure mercury react o n  standing with acetone to form an anil, o-cyano- 
lamp, an appropriate power supply, various filters, and a l~isopropylideneaniline. 
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Pliotoly~ i ~ .  of I -Pl1en~~/-2-ber~ziniid~~zoIi11efI2ione (3)  
I-Phenyl-2-benzimidazolinethione (0.2 g) in 400 ml of 

t-butyl alcohol was used for photoiysis. A Vycor filter 
was used. The reaction was stopped after a n  irradiation 
time of 1 h.  A quantity of 300 1111 of reaction solution was 
evaporated to  make up a 25 mi solution using chloro- 
form. Analysis by g.c. was made using a 6 ft r o l u n ~ n ,  10% 
S E  54. The only product was I-phenylbenzimidazole (8). 
The yield was estimated to  be 5 i . 8 z  from its u.v. ab- 
sorption. 

P,v~.o/ysis ofl-Pher1yI-2-berzzitnid~zolir1one ( 4 )  
The temperature used in the pyrolyses of l-phenyl-2- 

benzimidazolinone (4) was 950 . The N2 flow rate was 
0.20-0.25 1,min. The system pressure was 0.5-2.5 Torr. 
The columns used for g.c. analysis were the same as those 
used in the analysis of the pyrolyses of 3. The average 
percentages of the products recovered from the two runs 
(0.94 and 1.26 g of starting material (4)) were: I-phenyl- 
2-benziniidazolinone (4), 16.3%; phenazine (6),  29.6%; 
carbazole (7), 12.0%; diphenylamine, 0 . 7 z ;  I-cyanonaph- 
thalene, 1 . 1 z ;  2-cyanonaphthalene, 0.9%: ethyl N-phe- 
nylcarbaniate, 2.07,; naphthalene, 1.8% and benzonitrile, 
2.4%. The total percentage recovered was 66.87;. Agree- 
ment between the two runs was good. Ethyl N-phenylcar- 
bamate was synthesized for comparison by mixing 
phenylisocyanate (Matheson, Colenian and Bell) with 
excess absolute ethanol which then was left to evaporate 
a t  room telnperature. The ethyl A'-phenylcarbamate was 
recrystallized in hexane (n1.p. 53 , (lit. (19) m.p. 53')). All 
the other products were identified by comparison with 
authentic materials and their concentrations, including 
starting mate-rial (4), were estimated by g.c. 
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