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THE Hg SENSITIZED VAPOR FHASE PHOTOLYSIS OF CYCLIC ANHYDRIDES
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We have reported the mercury sensitized vapor phase photolysis of cyclic lactones
and butenolides leading to the extrusion of carbon dioxide and formation of cyclic hydro-
ca.rbons.:L The course of this reaction is formally analogous to the well studied extrusion
of carbon monoxide from cyclic ke’cones.2 This study has now been extended to cyclic an-

hydrides, where both decarbonylation and decarboxylation occur. 3,k

Table
Anhydride Percent Conversion Products (Percent Yieldsl*
succinic 33.0 CH,=CH,, (15.4); HO=CH (38.2)
glutaric kh. 0 CH,=CH, (4.7); HC=CH (23.5);V(53. 8);
AN (0.14); CHy=C=0 (Trece)
adipic 30.0 CH,=CH,, (23.3); HC=CH (5h.3) ;V(Tra.ce);
AN (1.9); [0 (5.0); CHy=C=0 (Trace)
cis-cyclobutene - 20.0 7.5); HC=CH (30.0); [ (3.8);
Tcarboxylic CH&#(:'I?S ) I )
meleic 20.0 HC=CH (83.1)
dimethylmeleic 26.0 CH,CxCCH, (33.0); CHy=CH, (1.7); HO=CH

(1.1); cn3c=cu (0.7); [ (0.6);
HC;CCH20H3 (0.6); cae=c=cncn3 (0.6)

*
Sane polymer formed on the walls of the irradiation vessel in all cases.

*Union Carbide Corporation Post-doctoral Fellow, 1968-69.
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The results are summarized in the Table. All photolyses were carried out on a
one gram scale; however, the apparatus and flow technique are such that larger amounts of
the anhydride could easily have been used. The starting materials were available commercially,
and were purified by recrystallization or column chromatography when necessary. Gaseous
photoproducts were identified by standard analytical procedures and compared with authentic
materials, Percent yields were determined by mmr utilizing an internal standard.

The major hydrocarbon products can be accounted for by the extrusion of carbon
dioxide and carbon monoxide yg:ith formation of the diradical II, followed by bonding,

fragmentation, or hydrogen migration. 5 Campounds resulting from secondery reactions of the
0

cn2~< . —CH,
(C{Ia)n 0 —2}%—» co, + CO + (C}{)I:
\CH2 vapor CH2-

I II

initial products are also formed. Secondary reaction may oecur either before vibrational
deactivation, or upon further photolysis (e.g. , acetylene fram succinic anhydride; 1,3-
butaediene fram cis-cyclobutanedicarboxylic anhydride).

The formation of ketene fram glutaric and adipic anhydrides was unexpected, since
it cannot be accounted for by the above mechanism, Additional proof for its presence in addi-
tion to the ir, was formation of acetanilide (ir, mass spectrum, mp) upon addition of aniline
to the gaseous photoproducts. One possible mechanism for the formation of ketene is frag-
mentation of the acyl diradical (III), which would result from initial acyl-oxygen clee.vage.6
This fragmentation is believed to occur with the 1 Jh-acyl ailwl diradical formed as an inter-

mediate in the photolysis of cyclobuta.none.7-9 However, diradical III is a proposed

co + [( ] —> [0 + 2cn,=cn,

W :
v:;_ﬂng co, + [(J]
11 & CHy=C=0 + [/‘\,]

ATA

(trace)
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intermediate in the vapor phase photolysis of cyclopentanone ,2’10’11 where ketene has not

been observed among the products.

Attempts at characterizing products which might have arisen via a stepwise extru-
sion process have not been suc:cessﬁ.l.'l..l2 This is not unexpected, however, since decarbony-
lation, decarboxylation, or cleavage of the intermediate acyl or acyloxy diradical should be
rapid relative to closure. 3,13-15

The mercury sensitized vapor phase photolysis of cyclic anhydrides provides a
novel example of extrusion reactions. The simplicity of the apparatus and technique, and
the ready availability of anhydrides, make this a promising synthetic method for cyeclic

hydrocarbons.
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