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PHOTOINITIATED INTRAMOLECULAR YLIDE-ALKENE CYCLOADDITION REACTIONS
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Abstract: The intramolecular olefin addition reactions of phototransient species were investigated. Photolysis of aryl
vinyl sulfides which incorporate the ethyl butenoate functional group provide ene-like products and or (3+2) adducts.
Product formation is governed by both structural features and reaction conditions.

We recently reported a novel intramolecular olefin addition reaction which occurs during photolysis of aryl vinyl
sulfides and aryl viny] ethers.1.2 Herein we detail some of our more recent studies in this area and report on an unusual
substrate dependent cycloaddition reaction.

In our previous work we examined photocyclizations of systems which incorporated a simple unsubstituted olefin
in the side chain. The results of these studies are exemplified by the photocyclization of aryl vinyl sulfide 1. Thus, pyrex
filtered irradiation of a solution of the aryl vinyl sulfide 1 (10-3 M, toluene) at temperatures ranging from 25 to -70 °C
provided the dihydrothiophene 2 in 78 to 100% yield.2 Conversely, irradiation of a solution of 1 at 110 °C (103 M,
toluene) provided the intramolecular addition product 3 in 78 % isolated yield. Control experiments were conducted
which demonstrated that both light and heat are required to effect the transformation 1 — 3. The photolyses of several
similar systems were examined over a range of temperatures. In every case, the ratio of intramolecular addition products
to photocyclized untrapped products (e.g. 3: 2) increased with increasing temperature. Furthermore the optimum
temperature for formation of the intramolecular addition products (such as 3) was found to be substrate dependent. In this
report we examine the effect of an electron withdrawing substituent in the side chain.
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The preparation of 10 illustrates the general method which was used in the synthesis of photoprecursors. This
procedure is adaptable for the preparation of several different photoprecursors for the present and future studies via the
key intermediates 7 and 9. The yields shown are typical for each step.3
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Incorporation of the butenoate side chain markedly influences the facility and outcome of the intramolecular
addition reaction. Thus, pyrex filtered irradiation of a solution of 10 in toluene (4.7 x 10 -3 M) at room temperature
provided 11 as the major product (84 % isolated yield). Indeed, formation of intramolecular addition product 11 can even
observed at -70 °C (60 % isolated yield).# These results contrast those obtained for the low temperature photolysis of 1
(70 °C, toluene) where formation of 2 was observed to the exclusion of any intramolecular addition product 3. In
general, the incorporation of the butenoate function in all systems which we have examined leads to reduction in reaction
temperatures and increased yields relative to the corresponding unsubstituted butenyl systems.

Two additional products were isolated from the room temperature photolysis of 10. Formation of 12 is consistent
with a six-electron cyclization from 10 to provide a thiocarbony! ylide intermediate which undergoes an intramolecular
hydrogen shift.5 Formation of 13 on the other hand could arise via intramolecular dipolar cycloaddition to an intermediate
thiocarbonyl ylide. The observation of 13 in the reaction mixture is significant since it represents the first reported
example of an intramolecular-dipolar cycloaddition during the heteroatom directed photoarylation reaction.5 A temperature
profile for the photolysis of 10 is given in Table I. It is of interest to note that the ratio of intramolecular addition
products 11 and 13 to photocyclized untrapped product 12 increases with increasing temperature.’.8
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Reaction Temperature
-0°C 12.8 1 1.3
25°C 18 1 0.7
110°C 61 1 -

Labelling experiments were conducted to determine the origin of the hydrogen abstraction which is required for
the formation of 3 and 11. These experiments demonstrate that hydrogen abstraction does not involve the solvent. Thus,
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photolysis of a solution of 1 in toluene-dg (12 x 10 -3 M, 110 °C) provided 3 which did not show any detectable
deuterium incorporation. Likewise, irradiation of a solution of 10 in toluene-dg (2.4 x 10-3 M, 25 °C) provided 11 which
was also free of deuterium.? These data support a mechanism for formation of 3 and 11 which involves intramolecular
hydrogen abstraction. Possible pathways to 3 and 11 could involve intermediates such as 2a, 12a, 14 or 15. Control
experiments, however, eliminate 2 as a possible intermediate. Thus, on resubjection to the photolysis conditions used in
formation of 3, compound 2 remains unchanged.!
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Consistent with our earlier studies, the intramolecular addition reaction is less favorable for systems which
incorporate a phenyl group as the aromatic component. Thus low temperature photolysis of a solution of phenyl vinyl
sulfide 16 (2.29 x 10-3 M, -70 °C) provides predominantly ring closed product 17 with less than 8 % of the
intramolecular addition product 18. As can be seen from Table II, an increase in the reaction temperature for the
photolysis provides increased yields of intramolecular addition products. The temperature required for the conversion of
16 — 18 is significantly higher than that observed for the conversion 10 — 11 This difference may reflect the
difference in resonance stabilization afforded the intermediate thiocarbonyl ylide derived from 10 and 16. With 10
aromatic character is retained in the intermediate ylide whereas aromaticity is lost in the intermediate derived from 16,
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% Yicld
-70°C >42 % 3%
room temp 485 % 13.5%
110°C 53% 104 %
160 °C 47% 335%

‘We are currently examining the temperature and wavelength dependence for these reaction in an effort to further
clucidate the mechanism for these interesting reactions.
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