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ENE REACTIONS OF ALLYLIC TIN COMPOUNDS WITH SINGLET OXYGEN

Hai-Shan Dang and Alwyn G. Davies*
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20 Gordon Street, London WCIH OAJ

Abstract. Allyltin compounds react with singlet oxygen by metalloallylation to give stannyl
peroxides, by hydroallylation to give hydroperoxides, and by rearrangement and cycloaddition

to give 4-stannyldioxolanes.

The mechanisms of the ene reactions of singlet oxygen (equation 1, M = H) have been studied

for many years,' but continue to be a very active field of investigation.?
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The superficially attractive hypothesis that a pericyclic transition state 1 is involved, analogous
to that which is accepted for the corresponding diene (Diels Alder) reaction, appears to be untenable:
it is incompatible with the deuterium isotope effects which are observed with stereospecifically labelled
enes (e.g. cis- and trans-but-2-ene and 2,3-dimethylbut-2-ene)’ and the lack of stereospecificity with
certain enes. An intermediate is required, and most current argument centres around the correct
representation of this intermediate. The diradical 2 and zwitterionic 3 structures are at variance with other
evidence,' and present opinion tends to favour a perepoxide structure 4, or a charge transfer complex
of similar geometry. Recent progress has been slow because of the difficulty of designing suitable
definitive experiments.
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In organic reactions, organometallic substituents often simulate the behaviour of hydrogen,’ and
it seemRT PR, B Wwith Suicdly JigHed nRaD, iymRelin vy oG 1w with SmErh ukygen
by meralfoafiyiation (eapation I:, M = a mefal or orgapomesaific group) rather thap. oy hydroafiyfatinn.,
We report here the first examples of these reactions and of the alternative reactions which can be
obsexrved. 1-Trimethyistanoyiprop-2-ege 3 and I-tiohenvistanayihut-2-ene {6} reacted with "0, {TPP,
CH,(C),, 3DD W Nadamny 2D °C 2 Xp ip pive e poducss showp v pppasipns 2 apd 3

SnMe,
'
A 0, '/\ '/\ (‘ﬁ (€3]
SnMe; 00SnMe, O0H SnMe, 0—0
5 S5a 25% 5b 50% 5S¢ 25%
ﬂPh;
1 3
SnPh, 00SnPh, OH SnPh, 0—0
6 6a 53% 6b 42% 6c <5%

(cis:trans 1:1) (cis:trans 10:1)

Cyclohexene 7 gave the hydroperoxide 7b in 30% yield after 8 h, whereas under the same
conditions 1-triethylsilylcyclohex-2-ene 8 gave the hydroperoxide 8b in 65% yield after 5 h. There was
no evidence for the formation of any sityt peroxide, or dioxetane, or dioxotane; this is in accord with

previous work on the reactions of allylsilanes.®

OH
1
0, )
7 M=H 7b
8 M = SiEt, 8b

Under the same conditions 1-trimethylstannyl-, 1-tributylstannyl-, and 1-triphenylstannyl-cyclohex-
2-ene, 9, 19, and 1) respecnvely, reacied redanvedy rapdy {2 1) 10 give the stanny) peroxides 93, 103,
and 11a and the stannyldioxolanes 9¢, 10c, and 11c respectively; yields are given in equation 5. The
stannyl peroxides do not cyclise to the stannyldioxolanes under the reaction conditions. In
‘methanol/benzene solvent, 10 gave the stannyl peroxide 10a in >95% yield, and <5% of the dioxolane
10c.
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00SnR,
'02 SnR,
5
SnR, ©)
9R = Me 9a 85% 9¢ 15%
10 R = Bu 10a 76% 10c 24%
11R =Ph 11a 64% 11c 36%

Organometallic substituents therefore have a dramatic effect on the course and rate of the ene
reactions of singlet oxygen. The stannylallylation which we expected has been identified, but this can
be accompanied by hydroallylation and/or cycloaddition with migration of the organotin group to give
a 4-stannyldioxolane.

The results can be accommodated by an extension of the model of a perepoxide intermediate
4. Our preliminary conclusions are as follows.

The allylic rearrangement which is observed with 6 confirms that an ene reaction is taking place,
not merely an insertion of dioxygen into the carbon-metal bond. Nor could we find any evidence for a
radical chain reaction involving an Sy2 or Syy2” step, which could in principle give the same products.

The absence of hydrogen transfer from CH, or CH, cis or trans to CH,M in 6 or to CHM in
8-11 suggests that only one of the two possible isomeric perepoxide intermediates is being formed, and
that this is stabilised by association of the oxygen with the metal as shown in 12. This is in contrast
to the effect of deuterium substituents, which have a negligible effect on the initial formation of the two

possible perepoxides, but then can exert an isotope effect on the subsequent transfer of hydrogen.

M 1 +_0.

X //;b\

0~ dcOM H-OH M0
: SN

The reaction can then be completed by transfer of the metallic group or of geminal hydrogen

©)

(equation 6). It is interesting that when hydrogen is transferred to give 6b, the product is predominantly
cis, whereas nonmetallic acyclic enes (M = R) usually give trans products.’

The migration of the metal and formation of the 4-stannyldioxolanes was unexpected. We can
find no example in the literature of the shift of hydrogen and formation of a dioxolane, but there is an

analogy in the reaction of 1-trimethylsilylprop-2-ene with N-phenyltriazolinedione to give a 4-
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trimethylsilylpyrazolidine;® this might be taken to imply that the zwitterionic form 3 makes a substantial
contribution to the structure of the intermediate.

The discovery of these new reactions may be useful in synthesis, and help to elucidate the
mechanism of the ene reaction; with a suitable metallic substituent, it may be possible to identify directly

the intermediate 12.
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