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Photocyclisafion of 1 -Styrylimidazoles. A Novel Route to N-Bridgehead 
Compounds 
By G. Cooper and W. J.  Irwin," Department of Pharmacy, University of Aston in Birmingham, Gosta Green, 

Birmingham B 4  7ET 

The photoisomerisation of trans-1 -styrylimidazole and derivatives to the cis-isomers is described. The cis-com- 
pounds undergo a stereospecific photodehydrocyclisation involving the 2-position of the imidazole ring to give 
imidazo[2.1 -a] isoquinoline, benzimidazo [2,1 -a]isoquinoline, and derivatives. The reverse mode of cyclisation, 
involving 2-styrylbenzimidazoles in C-N bond formation, is also demonstrated : benzirnidazo[l,2-a]quinoline and 
its 2.3.1 O-trimethyl derivative have been obtained from the corresponding 2-styryl compounds. 

THE photodehydrocyclisation of tmm-stilbene t o  yield 
phenanthrene via the intermediate cis-isomer was 
first demonstrated in 1950. It was shown that the 
reaction probably proceeds via oxidation of the primary 
photoproduct, dihydrophenanthrene. Since that time 
the reaction has been widely exploited and many simple 
and condensed derivatives of stilbene, aza-analogues of 
stilbene (e. g. st yrylpyridine~,~ styrylpyrimidines: and 
azobenzene 5), and related compounds such as furyl- 
and thienyl-ethylenes have been found to undergo 
similar photocyclisations. This type of reaction has also 
been the subject of several reviews.' 

N. J. Turro, ' Molecular Photochemistry,' Benjamin, 
New York, 1967, p. 30; D. C. Neckers, 'Mechanistic Organic 
Photochemistry,' Reinhold, New York, 1967. 

C. 0. Parker and P. E. Spoerri, Nature, 1950,168, 603. 
C. E. Loader and C. J. Timmons, J .  Chem. Soc., 1966, 1078. 

* H. H. Perkampus and T. Bluhn, Tetrahedron, 1972,28,2099. 
G. E. Lewis, Tetrahedron Letters, 1960, 12. 
C. E. Loader and C. J. Timmons, J .  Chem. Soc., 1967, 1677; 

R. M. Kellog, M. B. Groen, and H. Wynberg, J .  Chem. Soc., 1967, 
3093. 

This paper describes studies of the photochemical 
behaviour of l-styrylimidazoles available from earlier 
work.* 

Irradiation of trans-l-styrylimidazole (1) with Pyrex- 
filtered light was monitored by U.V. spectroscopy. A 
family of spectra was obtained with an isosbestic point 
at 249 nm. This suggested that a simple process in- 
volving only one product was probably taking place and 
thus indicated that the reaction was an isomerisation, 
with no photodegradation of cis-l-styrylimidazole (15). 
The reaction was repeated on a large scale and a crude 
oil was isolated. The n.m.r. spectrum showed an AB 
quartet for the olefinic protons ( J  9 Hz), thus confirming 
the cis-stereochemistry of the product, in conjunction 
with lower A,, and E,, values. The trans-isomer 
' F. R. Stermitz, Org. Phatochenz., 1967. 1, 247; E. V. Black- 

burn and C. J. Timmons, Quart. Rev., 1969, 23, 482; s. T. Reid, 
Adv. Heterocyclic Chem., 1970, 11, 1. 

* G. Cooper, W. J. Irwin, and D. L. Wheeler, Tetrahedron 
Letters, 1971, 4321; W. J. Irwin and D. L. Wheeler, Tetrahedron, 
1972, 28, 1113; G. Cooper and W. J. Irwin, J .C.S .  Perkin I, 
1973, 911; 1975, 798. 
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measure of the absorptivity of each compound is the area 
under the U.V. absorption spectrum of each trans- 
isomer above 300 nm, i.e. the region that is irradiated 

appeared to be absent (n.m.r. and t.1.c.). The com- 
positions of the isomerisation mixture at intermediate 
times were calculated from measurements of absorbances 
of the mixture and extinction coefficients of the two 

Ph 
R' R2 R 3  

(11  H H H 
121 C02Me C02H H 
131 C0,Me CqMe H 
14) COzMe H H 
( 5 )  Ph Ph H 
16) H H Me 
(71 H H Ph 
( 8 )  C02Me H M e  

isomers at two wavelengths. Similar data were obtained 
from isomerisation experiments with the trans-l- 
styrylimidazoles (4), (6)-(€9, and (18). Plots of log 

Rates of isomerisation of trans- l-styrylimidazoles 
ham-Olefin (1) (5 )  (6) (7) (8) (18) 
103k/s-l 7.74 21.2 25.6 20.4 54.1 81.6 

by light transmitted through Pyrex. In general the 
compound with the greatest area of absorption (from 
frequency scan) above 300 nm also had the greater rate 
of isomerisation. A correlation coefficient calculated for 
all the points (Y 0.89) indicates that there is a linear 
relationship. 

The families of U.V. spectra from the irradiation of 4- 
met hox ycarb on yl-trans- 1-s t yr ylimidazole-5-carbox ylic 
acid (2) and the dimethyl ester (3) under identical condi- 
tions did not, however, produce similar results. An 
isosbestic point was not observed although similar reduc- 
tions in A,, and E,, were seen. 

In the hope of devising a simple synthetic route to  
N-bridgehead systems, we extended our study to the 
photoreactions of cis-1-styrylimidazoles. A metlianolic 
0.03m~-solution of the trans-isomer containing iodine 
(0.02mM), in a quartz cuvette, was irradiated with a 

L I I I  

heat / 

C l C H i  CHO T 

[trans-isomer] us. time yielded straight lines and demon- 
strated the first-order dependence of the isomerisation. 
The differences in rates of isomerisation of the six com- 
pounds (Table) could be due to inherent structural 
differences or to differing absorption characteristics. A 

Hanovia 100 W medium-pressure mercury lamp, a t  a 
constant distance, and the reaction was monitored by U.V. 
spectroscopy. The family of spectra obtained during 
irradiation of the half ester (2) through Pyrex show the 
development of intense absorption at 246 nm, indicating 
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the formation of a cyclic compound similar to phenan- 
threne ( A similar increase in the peak at 
246 nm can be generated with 1 or 0.1 mol equiv. of 
iodine. This peak also appears, although much less 
efficiently, if the experiment is conducted in the absence 
of iodine, oxygen being the oxidant. Methanol as 
solvent gave better results than ether or cyclohexane. 
A reaction on a preparative scale with Pyrex-filtered 
light (20 h) gave the imidazo[2,1-a]isoquinoline (12) in 
55% yield. 

The i.r. spectrum of the product indicated the presence 
of an ester (vc0 1720 cm-l) and a carboxy-group (VCO 

1 640 ; VOH 2 650 cm-l) and the mass spectrum showed a 
niolecular ion at  rn/e 270, confirming that dehydro- 
cyclisation had occurred. Hydrolysis with refluxing 
concentrated hydrochloric acid gave the corresponding 
diacid, which on heating in diethylene glycol afforded 
the parent imidazo[2,1-a]isoquinoline (16). The m.p. 
and i.r. and U.V. spectra of this compound were identical 
with those reported for the product of condensation of 
l-aminoisoquinoline with chloroacetaldehyde. The acid 
(12) was esterified with diazomethane to give the 
diester (1 I) and decarboxylated, in refluxing dimethyl- 
formaniide, to  give the monoester (14). 

The U.V. spectra of the imidazo[2,l-a]isoquinolines 
were all similar: 245-256 nm (E 55 000-62 000). 
The n.m.r. spectra all showed a low-field multiplet, a t  
7 ca. 1.3, assigned to the 10-proton (close to the basic 1- 
nitrogen atom and on a x-deficient ring). This is useful 
in analysis of mixtures of the olefin [T ca. 2.0 (s, H-2 of 
imidazole)] and the cyclic product. The absorptions 
assigned to the 5- and 6-protons were observed as an 
AB quartet (J  7 Hz), showing deshielding by a 3-car- 
boxy- or ester-group. 

The U.V. spectra obtained by monitoring the photo- 
dehydrocyclisation of the trans-l-styrylimidazole di- 
ester (3) with Pyrex-filtered light, by comparison with 
the spectrum of the expected product, indicated that 
photodehydrocyclisation was the major reaction. This 
was confirmed by the isolation of the imidazoisoquino- 
line (11) in 44% yield from a preparative-scale experi- 
ment. These photodehydrocyclisations could, without 
the occurrence of rearrangements, only involve the 
vacant 2-position of the imidazole ring. However both 
the monoester (4) and trans-l-styrylimidazole (1) itself 
have unsubstituted 2- and 5-positions at which photo- 
dehydrocyclisation could occur. 

Pyrex-filtered light, as mentioned previously, iso- 
merises the olefins (1) and (4), but to cyclise the cis- 
olefins it was necessary to use unfiltered light (i.e. a 
quartz vessel). Irradiation of the cis-olefins with 
unfiltered light caused some cis - trans isomerisation 
before cyclisation; thus the proportions of cis- and trans- 
isomers constituting the photostationary state produced 
by unfiltered light were different from those produced 
under Pyrex-filtered light. Comparison with the U.V. 
spectra of the imidazo[2,l-a]isoquinolines indicated that 
the major reaction was at  the 2-position. Analysis of 
the crude reaction mixture from preparative scale 

247 nm). 
experiments by n.ni.r. spectroscopy and t.1.c. showed 
the presence of only one product in each case. The low 
yield of imidazo[2,l-a]isoquinoline (16) in the prepara- 
tive experiment was thought to be due to the fact that 
the product absorbed light a t  254 nm very intensely, 
and this happened to be the major wavelength of radia- 
tion below 300 nm emitted by the lamp. Extensive 
photolysis of the product occurred as a result. Attempts 
to obtain rate constants from the U.V. spectra were un- 
successful owing to difficulties in determining concentra- 
tions accurately. Analysis on the assumption that only 
cis- and trans-olefins, imidazo[2,l-a]isoquinoline, and 
iodine were present did not produce a self-consistent 
picture and suggests that a more complex sequence is 
involved. 
trans-l-Styrylbenzimidazole (1 8) was isomerised under 

Pyrex-filtered light in the presence of 1 mol. equiv. of 

b R 

(18) R = H  
(23) R =  Me 

8 7  

( 2 0 )  R =  H 
t 2 5 ) R = M e  

H 

(21 1 

hV>300 nm 

'2 

( 2 2 )  

iodine. The resulting cis-isomer was then irradiated 
through quartz. Cyclisation was observed, and benzimi- 
dazo[2,1-a]isoquinoline (20) was subsequently isolated 
from a preparative-scale experiment in 53% yield. 
The properties of the product (20) were identical with 
those reported for the product of condensation of 1- 
fluoro-2,4-dinitrobenzene with l-aminoisoquinoline with 
subsequent reduction and deamination,1° and also the 
product of photolysis or thermolysis of 1-( l-isoquinoly1)- 
benzot riazole .I1 Benzimidazo [ 2 , 1 -a] isoquinoline showed 
a similar pattern of n.m.r. absorption t o  that described 

A. J.  Hubert and H. Reimlinger, Chem. Ber., 1970,103, 3811. 
lo G. Morganand J. Stewart, J. Chem. SOC., 1939, 1057. 
l1 A. J.  Hubert, J .  Chem. SOC., 1969, 1334 
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for the imidazo[2,l-a]isoquinolines. A low-field multi- 
plet at ?: 1.35 was assigned to the l-proton, and an AB 
quartet (J  7 Hz) to the 5- and 6-protons. 

Evidence has been presented 'y12 for the intermediary 
dihydrophenanthrenes in the photocyclisation of stil- 
benes. A possible pathway for the photocyclisation of 
l-styrylimidazoles is shown in the Scheme. cis-l- 
Styrylimidazole (15) must undergo polarisation of the 
imidazole ring in order to form a dihydro-intermediate 
[(26),(27)]. Polar species of this type have been sug- 
gested as the products of irradiation of imidaz01es.l~ 
The selectivity of the photocyclisation may be due to the 

the 4-ester (8) was irradiated. Cuvette experiments re- 
vealed that trans + cis isomerisation occurred readily 
under Pyrex-filtered light; however, no new absorption 
bands appeared on irradiation in the presence of iodine 
with unfiltered light. Only gradual destruction of the 
olefin was observed. 

The isomerisation and photodehydrocyclisation of 
trans-l-styrylimidazoles has thus been shown to occur 
readily and with complete specificity, in the examples 
described, for the 2-position of the imidazole ring. An 
inverse process, the isomerisation and photodehydro- 
cyclisation of trans-2-styrylimidazoles, involving a novel 

1 
J. 

[ 27) 
SCHEME 

relative stabilities or ease of formation of the dihydro- 
intermediates [(26),(27)]. Compound (27), in which the 
negative charge is delocalised over carbon and nitrogen 
atoms, would be expected to be more stable than com- 
pound (26), in which delocalisation can only occur over 
carbon atoms. Hence a preponderance of imidazo[Z,l-a]- 
isoquinoline (16) would be expected rather than its isomer 
(28). The photodehydrocyclisation of 2-methyl- (6) 
and 2-phenyl- (7) trans-l-styrylimidazoles could only 
afford 3-methyl- and 3-phenyl-imidazo[5,1-a]isoquino- 
line. Although both compounds, in cuvette experi- 
ments, underwent isomerisation, in the presence of 
iodine, with Pyrex-filtered light, no evidence of photo- 
dehydrocyclisation was observed on irradiation with 
unfiltered light. Only tars were recovered from pro- 
longed irradiation in preparative experiments. The 
failure of these reactions may be due to the instability 
of the polar intermediates similar to structure (26). We 
considered that these intermediates might be stabilised 
by an electron-wit hdrawing substituent at the 4-position 
of the imidazole ring [e.g. (S)]. To test this possibility, 

l2 Th. J.  H. M. Cuppen and W. H. Laarhoven, J .  Amer. 
Chem. SOL, 1972, 94, 5914; F. B. Mallory and C. W. Mallory, 
ibid. ,  p. 6041. 

bond formation between the ortho-position of the phenyl 
ring and a nitrogen atom of the imidazole ring, was also 
considered to be feasible. The U.V. spectrum of trans- 
imidazole, A,, 322 nm, obtained from o-phenylene- 
diamine and cinnamic acid l4 showed a loss of intensity 
even under normal illumination and this, presumed to be 
due to isomerisation, occurred very rapidly when a solu- 
tion was irradiated under Pyrex-filtered light to give a 
photostationary state. Irradiation of the cis-olefin (21) 
with Pyrex-filtered light in the presence of iodine caused 
the slow appearance of absorptions at 249, 257, and 
267 nm and also in the region 345-370 nm. This 
change was monitored in a preparative-scale experiment 
and the development of intense fluorescence was also 
observed. A photostationary state was reached after 
88 h and the solution yielded a product with the prop- 
erties reported 15 for benzirnidazo[l,2--a]quinoline (22). 

In an attempt to obtain more data for the analysis 
of the n.m.r. spectrum of this system, 2,9,10-trimethyl- 
benzimidazo [ 1 ,Za]quinoline (25) was synthesized 

l3 G. Leandri, A. Mangini, F. Montanari. and R. Passerini, 
Gazetta, 1965, 85, 769. 

l4 T. R. Govindachari and K. Nagerajan, Indian J .  Chem., 
1964, 2, 169. 

G. Morgan and J. Stewart, J .  Chem. SOC., 1939, 1057. 
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by the same route. Condensation of the hydrochloride 
of 4,5-dimethyl-o-phenylenediamine with p-methyl- 
cinnamic acid gave the trans-olefin (23) in 50% yield. 
The U.V. spectrum of this product is similar to that of 
trans-2-styrylbenzimidazole, and the trans-olefin (23) 
also behaved similarly upon irradiation, first giving 
the cis-olefin (24), then the cyclic product (25) in 27% 
yield. Because of the symmetrical structure of the 
olefin, only one product of photodehydrocyclisation 
could be produced. The U.V. spectra of the benziinidazo- 
[1,2-a]quinolines (22) and (25) are similar as are the 
n.m.r. spectra although the complexity in the latter case 
is greatly reduced. 

EXPERIMENTAL 

1.r. spectra were determined for Nujol mulls, unless other- 
wise stated, with a Unicam SP 200 spectrophotometer. 
N.m.r. spectra were determined for solutions in deuterio- 
chloroform, unless otherwise stated, with tetramethylsilane 
as internal standard, on a Varian A60-A spectrometer, or 
on a Varian HR220 spectrometer by the Physico-Chemical 
Measurements Unit, Harwell. Mass spectra were deter- 
mined on an A.E.I. MS9 spectrometer, operating a t  100 pA 
and 70 eV. U.V. spectra were determined for solutions in 
methanol on a Beckmann Acta V spectrophotometer. 
Reaction temperatures quoted are those of an external oil 
bath. Light petroleum refers to the fraction of boiling 
range 60-80". Photochemical reactions were performed 
in a Hanovia 1 1 reactor, with a 100 Watt medium-pressure 
mercury arc. 

Photoisomerisation Reactions . T h e  photoisomerisations of 
the trans- l-styryIimidazoles were carried out on methanolic 
30 pM-solutions in a quartz cuvettes 10 cm from the lamp, 
fitted with a Pyrex filter. U.V. spectra were determined a t  
intervals and the curves were analysed by a least-squares 
technique. 

cis-l-Styrylimidazole (15) .-trans- l-Styrylimidazole (1  .O 
g )  was irradiated in methanol (1 1) through Pyrex until U.V. 

spectroscopy indicated no further reaction (24 h). The 
solvent was evaporated off and the residue was extracted 
with boiling light petroleum. The extract was evaporated 
to yield the cis-olefin as a mobile yellow oil, v,, 1 650 cm-l 
(C=C); T (CDC1,) 2.58 (1 H, s, 2-H), 2.88 (5 H, m, Ph), 3.0 
(1 H, d, J 1 Hz, 4-M), and 3.2 (1 H, d, J Hz,=CHPh); 
A,, 250 nm (c 9 000). 

2-Methoxycarbonylimidazo[ 2,l-a]isoquinoli~ze-3-car~oxylic 
Acid (1 2) .-A stirred solution of 4-methoxycarbonyl-trans- 
l-styrylimidazole-5-carboxylic acid (2) (2.0 g) and iodine 
(0.17 g) was irradiated in methanol (1 1) through Pyrex. 
When U.V. spectroscopy indicated complete reaction (20 h) 
any free iodine was neutralised with sodium thiosulphate 
solution and the solution was evaporated to low bulk to 
precipitate the imidazoisoquinoline (1.1 g, 55y0), m.p. 202- 
203" (with decarboxylation) , as feathery white needles (from 
methanol) (Found: C,  61.95; H, 3.65; N, 10.15. C14H1,- 
N,O, requires C, 62.35; H, 3.7; N, 10.35%); v,, 1640 
( G O ) ,  1720 ( G O ) ,  and 2 650 cm-l (0-H); T (CDCl,; 
220 MHz) 0.5 (1 H, d, J 7.5 Hz, 5-H), 1.23 (1 H, m, 10-H), 
2.25 (3 H, m, 7-,8-, and 9-H), 2.63 (1 H, d. J 7.5 Hz, 6-H), 
and 5.8 (3 H, s, CH,); A,, 318 (E 4420) and 256 nm 
(61 440). 

Imidazo[2, l-alisoquinoline (1 6) .-(a) A stirred solution 
of tram-l-styrylimidazole (1.0 g) and iodine (0.15 g) in 
methanol ( 1  1) was irradiated through quartz. When U.V. 

spectroscopy indicated complete reaction (7 h) any free 
iodine was neutralised with sodium thiosulphate solution 
and the solvent was evaporated off. The residue was ex- 
tracted with boiling light petroleum and the solution was 
refrigerated to yield imidazo[2,l-a]isoquinoline (0.12 g ,  
12y0), identical with that synthesized by hydrolysis and 
decarboxylation of the half ester (12). 

(b)  The half ester (12) (0.2 g) was heated under reflux in 
concentrated hydrochloric acid (10 cm3) for 2 h. The solu- 
tion was cooled to  precipitate imidazo[2,l-a]isoquinoline- 
2,3-dicarboxylic acid (0.19 g, loo%), m.p. 240" (with de- 
carboxylation); w- E 1 600br cm-l (CO,-) M+. 256. The 
diacid (0.18 g) was heated under reflux in diethylene glycol 
(5  cm3) for 1 min. The cooled solution was poured into 
water (50 cm3) and extracted with chloroform. The extract 
was washed with water and dried (MgSO,). Evaporation 
gave imidazo[2,l-a]isoquinoline (0.08 g, 64%), m.p. 93-94" 
(lit.,15 94-96"), as needles (from light petroleum) (Found: 
C ,  78.15; H, 4.85; N, 16.5. Calc. for C,,H,N,: C, 78.55; 
H, 4.75; N, 16.65%); 7 (CDCl,) 1.3 (1 H, m, 10-H), 2.2 

(3 H, m, 7-, 8-, and 9-H), 2.43 (1 H, d, J 1 Hz, 2-H), and 

252 (54 480), and 243 nm (38 700) {lit.,I5 A,, 294 (4 700), 
280 (7 300), 252 (55 000), 243 (38 000), and 214 nm (8 O O O ) ] ;  
m/e 169 (13%), 168 (loo), 167 (5 ) ,  141 (7), 140 (5) ,  128 (7), 
115 (5) ,  114 (20), 113 (5 ) ,  84 (6), and 43 (8),m* 118.3 
(168 I_) 141), 97.52 (168 ---t 128), and 92.17 (141 ----t 
114). 

Dimethyl Imidazo[2,l-a]isoquinoline-2,3-dicarboxylate ( 11). 
-(a) A stirred solution of the trans-olefin (3) (0.25 g) and 
iodine (0.03 g) in methanol (1 1) was irradiated through Pyrex. 
When U.V. spectroscopy indicated complete reaction (15 h) 
any free iodine was neutralised with sodium thiosulphate 
solution and the solvent was evaporated off. The residue 
was triturated with ether to yield the cycZised diester (0.11 g, 
44%) , identical with that synthesized by esterification of 
the half ester (12). 

(b) The half ester (12) (0.5 g) was added in small amounts 
to ethereal diazomethane (0.5 g) and the solution was al- 
lowed to evaporate with stirring, The residue was filtered 
from the minimum of ether to yield the diester (11) (0.48 g, 
91%), m.p. 165-166", as needles (from benzene-light 
petroleum) (Found: C, 63.2; H, 4.2; N, 9.7. C15H1,N,0, 
requires C, 63.4; H, 4.25; N, 9.85%); v,, 1 710 (GO)  and 
1 730 cm-l (GO) ;  7 (CDCl,) 1.25 (1 H, d, J 7.5 Hz, 5-H), 
1.35 (1 H, m, 10-H), 2.4 (3 H, m, 7-, 8-, and 9-H), 2.85 (1 H, 
d, J 7.5 Hz, 6-H), 5.96 (3 H, s, 2-OCH,), and 6.04 (3 H, s, 

(33 SOO), and 245 nm (62 600); M+- 284 (42%). 
Methyl Imidazo[2,l-a]isoquinoZine-2-carboxyZate (14) .- 

(a)  A stirred solution of the monoester (4) (1.14 g) and iodine 
(0.127 g) in methanol (1 1) was irradiated through quartz. 
When U.V. spectroscopy indicated complete reaction (14 h) 
any free iodine was neutralised with sodium thiosulphate 
solution and the solvent was evaporated off. The residue 
was dissolved in chloroform and washed with water. The 
dried (MgSO,) solution was evaporated and the residue 
triturated with ether to yield the ester (14) (0.48 g, 44y0), 
identical with that synthesized by decarboxylation of the 
half ester (12). 

(b) The half ester (12) (0.2 g) was heated under reflux in 
diurethylformamide (5 cm3) for 15 min. Water was added 
(to 20 cm3) and the solution was refrigerated to yield the 
ester (0.13 g, Sly0), m.p. 193-194", as pale yellow needles 

(1 H, d, J 7.5 Hz, 5-H), 3.07 (1 H, d, J 7.5 Hz, 6-H), 2.4 

2.5 (1 H, d, J 1 Hz, 3-H); Lz 294 (C 4 700), 280 (7 130), 

3-OCHa); 333 (E 4 310), 318 (4 540), 304 (3 630), 259sh 
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(from benzene) (Found: C, 69.2; H, 4.35; N, 12.15. 
Cl,HloN202 requires C, 69.0; H ,  4.45; N, 12.4%); v,, 
1720 cm-l (GO);  7 (CDCl,) 1.2 (1 H, ni, 10-H), 1.84 (1 H ,  

6-H), 2.35 (3 H, m, 7-, 8-, and 9-H), and 6.0 (3 H, s, CH,); 
A,, 248 (E 55 680), 251sh (44 240), and 256sh nm (40 880); 
M+- 226 (98%). 
Benzimidazo[2,1-a]isoquinoZine (20) .-A stirred solution 

of trans-l-styrylbenzimidazole (0.8 g) and iodine (0.09 g) 
in methanol (1 1) was irradiated through quartz. When 
U.V. spectroscopy indicated complete reaction (15 11) any 
free iodine was neutralised with sodium thiosulphate solu- 
tion and the solvent was evaporated off. The residue was 
extracted with boiling light petroleum to yield benzimidazo- 
[2,l-a]isoquinoline (0.42 g ,  53%), m.p. 129-130" (1it.,I6 
129-130"), as pale yellow prisms (from light petroleum) 
(Found: C, 82.45; H ,  4.8; N, 12.65. Calc. for Cl,Hl0N,: 
C, 82.55; H, 4.6; N, 12.85%); T (CDCl,) 1.35 (1 H ,  m, 
11-H), 2.1 (1 €3, m, 1-H), 2.55 (1 H, d, J 7 Hz, 6-H), 2.7 
(6 H, m, 2-, 3-, 4-, 8-, 9-, and 10-H), and 3.5 (1 H, d, J 7 Hz, 

(49 440), 268 (35 800), and 257.5 nm (23 750); mle 219 
(17%), 218 (loo), 217 (8) ,  109 (12), and 77 ( 5 ) ,  m * 166 
(218 ----t 190). 

Benzimidazo[ 1,2-a]quinoZine (22) .-A stirred solution of 
trans-2-styrylbenzimidazole (0.5 g) and iodine (0.06 g) in 
methanol (1 1) was irradiated through Pyrex. When U.V. 

spectroscopy indicated complete reaction (88 h) any free 
iodine was neutralised with sodium thiosulphate solution 
and the solvent was evaporated off. The residue was 
extracted with boiling light petroleum and the solution 
was clarified and evaporated a t  room temperature to yield 
a white solid. Recrystallisation gave the benzimidazo- 
quinoline (0.32 g,  64%), m.p. 101-102" (sintering a t  75") 
(lit.,15 102-103") as needles [from ethanol-water (1 : l)] 
of the hemihydrate [Found: C, 79.3; H ,  4.65; N, 12.1. 
Calc. for (Cl,HloN,)2H20: C, 79.3; H, 4.85; N, 12.35%]; 
A,,,, 366 (E 6 000), 350 (10 300), 330 (12 ZOO), 266 (24 700), 
257 (28,400), 248.5 (32 700), and 236 nm (28 500);  fluores- 
cence: absorption A,= 350 nm, emission La, 396 nm; -r 

S, 3-H), 2.13 (1 H ,  d, J 7 Hz, 5-H), 3.05 (1 H, d, J 7 Hz, 

7-H); Am,. 349 (E 6 loo), 332.5 (7 500), 316 (8 560), 279 

(CDCl,; 220 MHz) 1.65 (1 H, d, J 8.5 Hz, 11-H), 1.78 (1 H ,  
d, J 8.5 Hz, 1-H), 2.02 (1 H ,  d, J 7 Hz, 4-H), 2.33 (1 H ,  q 

J8,9 8, J8,lO 1.5 Hz,  8-H), 2.48 (2 H, s, 6- and 7-H), and 2.39- 
2.72 (4 H, m, 2-, 3-, 9-, and 10-H). 

5,6-DirnethyZ- 1 -(trans-p-methyZstyryl)benzzwzidazoZe (23) .- 
The hydrochloride of 4,5-dimethyl-o-phenylenediamine 
(3.44 g, 0.02 mol) was finely ground with trans-p-methyl- 
cinnamic acid (3.2 g, 0.02 mol). The resultant powder 
was heated a t  180 "C for 1 h. A melt formed which solidi- 
fied. The solid was washed with chloroform and dissolved 
in methanol. The solution was added to an excess of 
potassium hydrogen carbonate solution (200 cm3) to precipi- 
tate the olefin (2.5 g, 50%), m.p. 234-235", as needles (from 
ethylacetate) (Found: C, 82.65; H ,  6.8; N, 10.6. C18H18NZ 
requires: C, 82.45; H, 6.85; N.10.7%); T (CDCI,) 2.5- 
3.1 (8 H ,  m, aromatic and olefinic), 6.67 (6 H ,  s, 6- and 6- 
CH,), and 7.7 (3 H ,  s, $-CH,); A,,, 360sh (E 24 000), 344 
(39 000), 268 (12 700), 259sh (10 300), 238sh (10 300), and 
208 nm (36 300) ; m/e 263 (5%), 262 (40), 261 (loo), 260 ( 5 ) ,  
246 (5 ) ,  245 (8),  132 (lo), 131 (8) ,  124 (9), 118 (14), 117 (16), 
116 (7), 92 (5 ) ,  65 (5 ) ,  and 39 ( 5 ) ,  .In* 260 (262 -261). 
2,3,10-TrimethyZbenzimidazo[ l,Z-a]quinoZine (25) .-A stir- 

red solution of 5,6-dimethyl- 1- (trans-p-methylstyry1)benzimi- 
dazole (23) (1.0 g )  and iodine (0.05 g) in methanol (1 1) was 
irradiated through Pyrex. When u .v. spectroscopy indi- 
cated complete reaction (1 week) any free iodine was neutral- 
ised with sodium thiosulphate solution and the solvent was 
evaporated off. The residue was extracted with chloroform 
and the extract washed with water, dried (MgSO,), and 
evaporated to an oil which was purified by elution through 
a column of neutral alumina with chloroform. The fast- 
running yellow band was collected and the solvent was 
evaporated off to  yield the benziulzidazo[ 1, 2-alquinoline 
(0.27 g, 27%), m.p. 177-178", as pale yellow needles (from 
ether) (Found: C, 82.85; H, 6.2; N, 10.7. Cl,Hl,N, 
requires C, 83.1; H ,  6.15; N, 10.75%); z (CDCl,; 220 

4-H), 2.54 (1 H, d, J 8 Hz, 8-H), 7.5 (3 H ,  s. lO-CH,), 7.6 
(3 H ,  s, 3-CH3), and 7.65 (3 H, s, 2-CH3) ; A,,,. 373 (E 7 400), 
354.5 (12 900), 338 (14 650), 283sh (6 300), 253 (34 YOO), and 
244.5 nm (36 200). 
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MHz) 2.02 (1 H ,  S, 11-H), 2.19 (1 H, S, 1-H), 2.37 (1 H ,  S, 


