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The mercuric trifluoroacetate promotedl9 allylic carbamate 
equilibrium is notable for the mildness of the reaction con- 
ditions and the high isolated yields. Unwanted skeletal 
isomerizations would appear precluded since allylic carbonium 
ions are not intermediates. The method reported here for 
contrathermodynamic allylic isomer enrichment is limited to 
the conversion of carbamic esters of 2-alken-l-ols, which 
contain a disubstituted double bond, to the correspondinng 
1-alken-3-01 derivatives. Although this method represents a 
general approach for achieving contrathermodynamic allylic 
isomerizations, the reaction conditions we have thus far in- 
vestigated do not specifically afford only the contrathermo- 
dynamic isomer. One can imagine, however, that similar cat- 
alysts, which have even higher selectivities for binding spe- 
cifically the terminal alkene isomer, may overcome this limi- 
tation. 
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Reductive Trapping in the Ozonolysis of 
Diphenylacetylene 

Summary: Evidence is presented that establishes the exis- 
tence of a relatively stable (half-life -35 min, -42 "C) re- 
ducible intermediate in the ozonolysis of diphenylacetyl- 
ene. 

Sir: The reaction of ozone with alkenes has been the subject 
of extensive study.l By comparison the number of mechanistic 
studies of the ozonolysis of alkynes has been relatively small, 
although recently there has been renewed interest.2-10 The 
mechanism suggested by Criegee and Lederer is analogous to 
that for alkenes and a slightly modified version is depicted in 
Scheme I.5 
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The intermediacy of I, an a-carbonyl carbonyl oxide, is 
supported by solvent trapping,6%6 reductive t r a p ~ i n g , ~ , ~  and 
spectroscopic work.7 The stability of I, whether it is a long- 
lived intermediate, and its mode of rearrangement to the an- 
hydride products are open questions. In this work the reaction 
of diphenylacetylene and ozone has been studied in an effort 
to answer some of those questions. 

Previous work has shown the products of the reaction of 
diphenylacetylene and ozone to be b e n d ,  benzoic anhydride, 



Communications J.  Org. Chem., Vol. 41, No. 20, 1976 3341 

Table 11. Ratio of Benzil to Benzoic Anhydride Acid on 
Addition of PhzS 2 Min after Ozonolysis 

'O01 

0 -50 io0 
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Figure 1. Plot of product mixture composition vs. temperature for 
0 3  + DPA with subsequent addition of PhZS: DPA (o), (PhC0)ZO 
+ PhCOzH (@),and (Ph-CO)Z (0). 

and benzoic a ~ i d . ~ - ~ , ~  In addition Yang and Libman have 
shown that ozonolysis of diphenylacetylene in the presence 
of TCNE at low temperature (-78 OC) in ethyl acetate gives 
rise to TCNE epoxide and benzil.8 Our results confirm the 
earlier work with yields of benzoic anhydride/benzoic acid in 
the range of 70--80%. Solvents used include diethyl ether, ac- 
etone, and methycyclohexane. The ozonolyses, whether car- 
ried out a t  ambient temperatures or performed a t  low tem- 
peratures (-93, -42 OC) and then warmed, yield approxi- 
mately the same product mixtures (see Table I). 

Table I. Product Compositions of 0 3  + 
Diphenylacetylene Reaction in Acetone 

Benzoic 
Expt T ,  "C Benzil, % anhydride, %a 

1 20 26 45 
2 -42 18 43 
3 -93 27 35 

a Benzoic acid present but not determined quantitatively. 

In the low temperature reduction experiments using either 
Ph3P or Ph2S a5 reductant (both of which are known to effi- 
ciently reduce peroxides), varying amounts of benzoic anhy- 
dride, benzil, and diphenylacetylene were recovered, de- 
pending on either the temperature of the reaction or the time 
before addition of the reducing agent.11J2 The product mix- 
tures were independent of the amount of reducing agent added 
in excess of molar ratios of 1:l. 

Figure 1 is a plot of the product mixture content vs. tem- 
perature in those experiments in which reducing agent (Ph2S) 
was added after a fixed period of time ( 2  min) after ozone 
addition (-30 min). The plot indicates the production of 
benzil reached a maximum (-85%) a t  -42 O C .  At lower tem- 
peratures increasing amounts of diphenylacetylene were re- 
covered, indicating insufficient time for the completion of 
reaction of ozone with the acetylene, and a t  higher tempera- 
tures increasing amounts of benzoic anhydride are isolated. 
The reactions of  ozone with alkynes are known to be signifi- 
cantly slower than ozone's reactions with alkenes.1° The lack 
of reaction at  the lowest temperature is therefore not sur- 
prising. The increasing benzillbenzoic anhydride ratios with 

Bend/  Benzill 
benzoic anhydride benzoic anhydride 

T,  "C acid T,  "C acid 

+20 0.59 -42 5.7 
0 1.8 -62 8.1 

-23 3.8 -93 16. 

decreasing temperature (see Table 11) can only be explained 
by the trapping (by reduction) of some thermally unstable 
species. Reasonably stable a t  -42 O C ,  it is, on warming or 
carrying out the reaction a t  higher temperatures, converted 
to benzoic anhydride. 

Product trapping by reduction as a function of time at  a 
fixed temperature was performed. Addition of ozone to a so- 
lution of diphenylacetylene in acetone kept at -42 f: 2OC, with 
subsequent periodic withdrawals of aliquots of solution, was 
carried out. The aliquots were added to individual solutions 
of diphenyl sulfide in acetone a t  -42 "C. Workup and analysis 
of the quenched (by reduction) aliquots showed decreasing 
amounts of benzil and increasing amounts of benzoic anhy- 
dride as shown in Table 111. If it is assumed that at  -42 O C  the 

Table 111. Percent Yield of Benzil on Addition of PhnS 
after Varying Periods of Time after Ozonolysis 

Time. min % vield of benzil (-42 "C) 

0 
15 
30 
45 
60 

79 
59 
55 
31 
25 

ozone and diphenylacetylene reacted rapidly to give a ther- 
mally unstable species, and that the yield of benzil produced 
by reduction represents the concentration of that thermally 
unstable species, then the rate constant for disappearance of 
the unstable precursor can be obtained from a plot of the log 
of the benzil yield vs. time. Such a plot is linear (see supple- 
mentary material) and the slope gives a rate constant of 3.3 
f 0.8 X s-l and a half-life of ~ 3 5  f 10 min a t  -42 OC. .  

The nature of the transformation of this precursor species 
to benzoic anhydride has been further probed using energy 
acceptors capable of fluorescence. A solution of the precursor 
was prepared in acetone at  -42 "C; excess or unreacted ozone 
was swept out by passing a stream of dry cooled nitrogen 
through the solution. To  these solutions was added 9,lO-di- 
phenylanthracene, a known singlet energy acceptor.13 On 
warming, the solutions were observed to chemiluminesce with 
the characteristic yellow-green color of the 9,lO-diphenylan- 
thracene fluorescence. Control experiments indicated the 
necessary presence of the benzoic anhydride precursor and 
the fluorescer to observe chemiluminescence. 

Scheme I1 summarizes the suggested mechanism for the 
reaction. I t  is constructed in analogy with the well-studied 
reactions of alkenes, as well as solvent trapping and product 
study work done by others (already mentioned) on alkyne- 
ozone reactions. Species 11, a 1,2,3-trioxolene, is just the 
1,3-dipolar cycloaddition product of ozone and the alkyne and 
is analogous to the 1,2,3-trioxolane product from the addition 
of ozone to an alkene. Species I11 is an or-carbonyl carbonyl 
oxide. I t  is not clear whether I1 and 111 are in fact in equilib- 
rium as suggested by Keay and Hamilton, and are the pre- 
cursor to the benzoic anhydride.9 
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Scheme I1 

Ph-CZC-Ph -+ 0 3  y0y 
Ph-CSC-Ph 

I1 

IV 

It is also possible species IV is the relatively stable benzoic 
anhydride precursor. Its formation is analogous to the addition 
of the carbonyl oxide to ketones and aldehydes in alkene 
ozonolyses to produce 1,2,4-trioxolanes (secondary ozonides) 
as shown below. Also the rate constant for transformation of 

a species like IV to products would be relatively insensitive 
to polar substituent and solvent effects, a characteristic found 
for simple alkynes.l0 The exceptional stability (considering 
their strain and peroxidic nature) of dioxetanes (for cis-di- 
ethoxydioxetane tll2 = 10 min at 50 OC) also lends support for 
the possible existence of IV.13 In addition, the observation of 
chemiluminescence on decomposition of the precursor in the 

presence of fluorescers serves as a direct indication of the 
presence of IV, even if only as a fleeting species. 

It should be noted that the scheme presented in speculative. 
Other possibilities also present themselves. As noted by a 
referee species I11 may be a direct precursor to the chemilu- 
minescence and the benzoic anhydride, although there is little 
precedent for the reaction. Also homolytic cleavage of species 
I1 to give a diradical is a possibility. This type of cleavage is 
suggested in gas phase ozone reacti0ns.1~ 

In conclusion the evidence presented lends supports for the 
existence of the relatively stable precursor t1/2 = 35 min, -42 
"C) to the isolable products from the ozonolysis of diphe- 
nylacetylene. 
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