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Stilbenes1, diphenylamines2 and schiff bases” undergo photochemical

cyclodehydrogenation in organic solvents. But azobenzene did not cyclize under
these conditions4. The failure of azobenzene to photocyclize in organic solvents
was attributed to the fact that the lowest excited state is of the n—v* type.
But if the nitrogen atom is protonated5 or is complexed with a Lewis acids, a

M -—»T* gtate becomes the lowest photoexcited state and cyclodehydrogenation
occurs. The observation that hydrogen-bonding increases the energy of the n--ow*
level above that of the w->¥* lelve17, prompted an examination of the photo-
chemical reactions of azobenzene-carboxylic acids in organic solvents. Here we
report instances in which intramolecular hydrogen-bonding between a carboxyl
group in the ortho position and the azonitrogen in azo compounds raises the
energy of the n—»w* transition above that of the w—a* transition and thereby

assgists photochemical cyclodehydrogenation.

Irradiation of a solution of azobenzene-2,2'-dicarboxylic acid (I: R =

COOH, 200 mg.) in 1,2-dichloroethane (850 ml.) in an Engelbard Hanovia one litre
photochemical reactor with a Philips HPK 125 W mercury-quartz lamp for 200 hrs.
followed by working-up and chromatography on a colunn of silica gel yielded benzo=
(¢]cinnoline~-4,7-dicarboxylic acid (IV: R=COOH, 25 mg.) and berzo (g]cinnoline~4~
carboxylic acid (IV: R=11, 10 mg.). Similar irradiation of azobenzene-2-carboxy-
lic acid (I: R=H, 200 mg.) for 200 hrs. followed by working-up and chromatography
on silica gel column gave azobenzene8 (15 mg.) and benzo [cjcinnoline-4~-carboxylic

acid (IVv: R=1, 20 mg.).
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Dimethyl azobenzene-2,2'-dicarboxylate (100 mg.) was irradiated for 300
hours under the same conditions as in the above cases. During irradiation a
slight intensification of the colour of the solution was observed9; but chromato-
graphy of the reaction mixture on an alumina column resulted in only one band
due to the starting compound. Similarly, diethyl azobenzene-2,2'-dicarboxylate,
methyl azobenzene-2-carboxylate and ethyl azobenzene-2-carboxylate did not under-
go any change on prolonged irradiation. But all these esters underwent photo-
chemical ecyclodehydrogenation in 98% sulphuric acid yielding the corresponding
benzo [g)cinnoline-carboxylates along with some hydrolysed products. In the cases
of the dimethyl- and diethyl esters of azobenzene-2,2!'-dicarboxylic acid, besides
the cyclodehydrogenation products, small quantities of indazolo[2,1§]indazole-

10

6,12~dione =~ were also formed.

Azobenzene-3-carboxylic acid, azobenzene-3,3'-dicarboxylic acid, azobenzene-
4-carboxylic aclid and azobenzene-4,4'~-dicarboxylic acid were also irradiated in
1,2~dichloroethane, They also did not undergo any change even when the irradi-
ation was extended for much longer periods.

The above observations clearly show that the carboxyl group in the ortho

position has some special role in the cyclization. That this effect is not

steric in origin was indicated by the lack of photochemical reactivity of azo
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compounds having a non-hydrogen-bonding group such as a carbcalkoxy group in the
ortho position. Thus, it must be the intramolecular hydrogen-bonding between
the orthocarboxyl group and the azo nitrs
Infra red spectral measurements lent further support to this view: in the

IR spectra of azobenzene-2-carboxylic acid and azobenzene-2,2'-dicarboxylic acid
in 1,2-dichloroethane solutions, the only significant absorption in the 38 region
was broad bands with maxima near 3060 c:n"1 and 3075 cm_1 respectively (bonded OH);
and no marked change in the spectra occured with dilution, confirming intramnole-
cular hydrogen-bonding.

The absence of any reduction product10 in these reactions indicates that

the photochemical disproportionation mechanismS’s,which was found {o operate in
acidic solutions and in presence of TLewis acids, does not operate here. ‘Therefore
it may be reasonably assumed that the oxidation of 10a,10b-dihydrobenzog£]cinnoline-
4,7-dicarvoxylic acid (II) formed as a result of cyclization and/or 5,6-dihydro-
benzo [¢)cinnoline~4,7-dicarboxylic acid (III) formed from II by subsequent proto-
tropic sbii‘ts11 is effected by the dissolved oxygen present. This was confirmed

by the observation that traces of dissolved iodine slightly accelerates the

reaction.
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