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THE Hg s2NsITIm VApaR HiAm FHuromsIs OF CYCUC ANHYDRIDES 

I. S. KniU* and D. R. Arnold 

Union Carbide Research Institute, P. 0. Box ~78, Tarrytown, N. Y. 10591 

(Beceired in usli 22 hgust 1969; rbceived in 1H tar mrblioafi)n 23 Septabor 1969) 

We have reported the mercury sensitized vapor phase photolysis of cyclic la&ones 

and butenolides leading to the extrusion of carbon dioxide and formation of cyclic hydro- 

carbons. 1 The course of this reaction is formally anslogous to the well studied extrusion 

of carbon monoxide fran cyclic ketones. 2 Tbis study has now been extended to cyclic an- 

hydrides, where both decarbonylation ati decarboxylation occur. 3i4 

Table 

Anbydride 

succinic 

gluteric 

adipic 

cis-cyclobutane- 
narboxylic 

maleic 

dimetlqlmaleic 

Percent Conversion 

33.0 

44.0 

30.0 

20.0 

20.0 

26.0 

Products (Percent Yields) 
* 

c%+=~ (15.4); w.wx (38.2) 

CR2=CH2 (4.7); Hcdi (23.5);v(53.8); 
b (0.4); CIQ=C=O (Trace) 

CIQ=CH2 (23.3); I-E&H (54.3);V(Tmce); 
A (l.9);0( 5.0); CH2=C=0 (Trace) 

c=2q (7.5); H(;~CH (30.0); (3.8); 

@I (7.5) 
J 

HCnCH (83.1) 

cH3CrCCH3 (33.0); CH2=CH2 (1.7); HCaCH 
(1.1); CH3CxCH (0.7);[(0.6); 
HC&H2CH3 (0.6); CH2=C=CHCH3 (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 sxe sununarized in the Table. All photolyses were carried out on a 

one grsm scale; however, the apparatus and flow technique sre such that larger smounts of 

the anhydride could easily have been used. The starting materials were available ccnnmercially, 

No.50 

and were purified by recrystallization or cohrmn chrcauatcgrapby when necessary. Gaseous 

photoproducts were identified by standard analytical procedures and cunpsxed with authentic 

materials. Wrcent yield6 were determined by rmr utilizing au internal standard. 

The major bydrocarbbn products can be accounted for by the extrusion of carbon 

dioxide and carbon monoxide $th foormation of the diradical II, followed by bonding, 

frwentation, or wdrogen migration 5 Compounds resulting fran secondary reactions of the 

initisJ_ products are also formed. secon&uy 

II 

reaction may occur either before vibrational 

deactivation, or upon further ppotolysis (e.g., acetylene frun succinic anhydride; 1,3- 

butsdiene frau cis-cyclobutanedicarbowlic anhydride). - 

The formation of ketene fran glutaric and adipic -ides 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 spectnrm, mp) upon .%Mition of aniline 

to the gaseous photoproducts. One possible mechanism for the formation of ketene is frsg- 

mentation of the acyl &radical (III), which would result frcan initial acyl-oxygen cleavsge. 
6 

This fragmentation is believed to occur with the l,h-acyl a&l diradical formed as an inter- 

mediate in the photolysis of cyclobutanone. 7-9 However, dirsdical III is a proposed 

v z3> 
vapor 

/- 

,* 
co + K l- . n + 2CH2=CH2 
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intermediate in the vapor phase photolysis of cyclopentanone, 2,lOJ.l where ketene has not 

been observed emong the products. 

Attempts at characterizing products which might have arisen via a stepwise extrur - 

sion process have not been successful. I2 This is not unexpected, however, since decarbony- 

lation, decarboxylation, or cleavege 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 exsmple of extrusion reactions. The simplicity of the apparatus and technique, snd 

the ready availability of anbydrides, make this a premising synthetic method for cyclic 

t@rocarbons. 
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