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Reversed diastereoselectivity in the Yang photocyclization upon
introducing a cyclopropyl group at the alpha position to

carbonyls†
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Abstract—1-Benzoy1-1-(o-ethylphenyl)cyclopropane favors the E-indanol formation in its photochemical reaction and the
selectivity is maximized in methanol. These are exactly opposite to the photochemical behavior of �-(ortho-ethylphenyl)-
acetophenone. Our computational studies suggest that the different stereochemical outcome of the two systems originates from the
geometric difference of initially formed biradical intermediates. © 2002 Elsevier Science Ltd. All rights reserved.

For the last decade there has been much interest in
asymmetric induction in reactions of electronically
excited molecules. Most studies have focused on reac-
tions in rigid environments such as in solid state,1 but
analogous studies in solution phase have also produced
many interesting examples in recent years, which cover
several different reaction types.2 Among them photo-
chemical reactions involving triplet 1,4-biradical interme-
diates have drawn much attention in view of discussing
the mechanistic origin of their stereochemical outcome.3

A few years ago Wagner addressed several important
factors to determine stereoselectivities of photochemical
reactions involving triplet 1,5-biradicals using the Yang
photocyclization of �-(ortho-ethylphenyl)acetophenone
(1) and its derivatives.4 Several analogues with an extra
�-substituent were also tested in their studies, but the
data analysis became complicated by competing �-cleav-
age and by the difficulty in evaluating pre-existing

conformational preference and molecular dynamics at
the biradical stage at the same time. We have recently
found that photolysis of 1-benzoyl-1-(o-tolyl)cyclo-
propane results in an efficient formation of an indanol
with no �-cleavage products,5 which would solve both
problems mentioned above. Accordingly 1-benzoy1-1-
(o-ethylphenyl)cyclopropane (2), a structural analogue
of 1, was prepared and diastereoselectivity of its photo-
cyclization was investigated. Interestingly the selectivity
was completely reversed where the E isomer became the
major product, the exact opposite of 1. Furthermore, 2
showed completely different solvent and temperature
effects from 1. Here we would like to communicate the
unique photochemical behavior of 2 and the origin of the
reversal (Scheme 1).

The compound 26 was prepared by �-methylenation of
1, followed by cyclopropanation using the Corey–

Scheme 1.
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Chaykovsky protocol.7 The ketone 2 in several different
solvents (typically 0.01–0.02 M) was irradiated in an
immersion well using Pyrex-filtered light of a 450 W
Hanovia medium pressure mercury arc lamp until all
the starting material had disappeared. After evaporat-
ing all the volatiles and chromatographing over silica
gel, two isomeric products were isolated, which were
assigned to be spiroindanols 3E and 3Z on the basis of
their spectroscopic properties.8 For stereochemical
assignment, methyl doublets at higher field were partic-
ularly useful because it has been generally accepted that
a methyl cis to a phenyl is significantly shielded relative
to the one trans to phenyl.9 The assignment was con-
firmed further by two other NMR experiments.10 No
other products were detected and the chemical yield of
the sum of two isomers approached 100% within exper-
imental errors. Table 1 summarizes the product ratios
in several different reaction media and temperature,
which are taken from NMR integration of methyl
doublets or methine quartets in NMR scale photolysis

in the corresponding deuterated solvents. The E/Z
ratios increase with decreasing temperature and there is
a linear relationship of ln(E/Z) versus 1/T at the
observed temperature range. The Arrhenius plot of the
data gives �Ea, EaZ

−EaE
, of 1.81 kcal/mol and AE/AZ of

0.21.11

The above results show that 2 favors the E-indanol
formation in its photochemical reaction and the selec-
tivity is maximized in methanol. These are exactly
opposite to photochemical behavior of 1. What causes
such a difference of 1 and 2? It is possible to postulate
that putting cyclopropyls at � position to carbonyl
groups changes preferred conformation, so that geome-
try of the initially formed biradical intermediate from 2
is quite different from that of the parent system with no
cyclopropyls. In fact, it is known that extra �-sub-
stituents of �-arylacetophenones perturb their geometry
by twisting �-aryl away from the carbonyl.12 We have
tested this idea by searching energy minimized struc-
tures of both starting compounds and their biradical
intermediates. The ground state geometry were calcu-
lated with semiempirical AM1 method and the biradical
models were calculated with UHF/AM1.13 As shown in
Fig. 1, the bond between carbonyl carbon and its
�-carbon of 1 is rotated such that the carbonyl group
becomes almost eclipsed with one cyclopropyl C�C
bond in 2.

Energy minimization of the biradical from 2 gives two
low-energy conformers with one of them being a global
minimum (Fig. 2). BR2e lies 1.46 kcal/mol below BR2z.
The former is most likely the predominant initial birad-
ical geometry right after hydrogen atom transfer by
judging from its geometric resemblance to the global

Table 1. Product ratios of photocyclization of 2 at various
reaction conditions

3E/3ZConditions

4/1 (80:20)Benzene, 298 K
Methanol, 298 K 99/1 (99:1)

32.3/1 (97:3)Acetonitrile, 298 K
THF, 298 K 15.7/1 (94:6)

19/1 (95:5)Toluene, 200 K
Toluene, 273 K 6.5/1 (86.7:13.3)
Toluene, 298 K 4/1 (80:20)
Toluene, 365 K 2.5/1 (71.8:28.2)

In parentheses are normalized values to 100%.

Figure 1. Energy minimized structures of 1 and 2.

Figure 2. Energy minimized structures of biradical intermediates in the photocyclization of 2.
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minimum of the starting ketone. BR2e and BR2z can
form the E- and Z-indanol, respectively, with minimal
bond rotations. However, our calculation suggests that
the barrier for bond rotation from BR2e to BR2z is
enormous, so the formation of BR2z under the reac-
tion condition is unlikely. With only one methyl at the
alpha position to the carbonyl group, the barrier is
reported to be ca. 5 kcal/mol,4a which becomes an
important factor deciding diastereoselectivity of photo-
products from �-(o-ethylphenyl)propiophenone. Hav-
ing extra alkyl group as in 2, it becomes almost
impossible to rotate bond a in BR2e to form precur-
sors of Z-indanol because steric hindrance caused by
the cyclopropyl ring does not allow the phenyl group
nearby.

Therefore, the remaining rotation to determine the
diastereoselectivity is around bond b of BR2e. In
BR2e, two singly occupied p orbitals are almost
orthogonal and can become pointed at each other with
slight rotation of bond b clockwise to produce efficient
T1�S0 intersystem crossing before bond formation.14

It is, however, necessary to twist the bond b counter-
clockwise about 90° in order to give Z-isomer. Our
calculation suggests that this motion from BR2e to
BR2e90 is ca. 7 kcal/mol uphill energetically. The
rotation would be more hindered if the hydroxy group
is solvated by hydrogen bonding acceptors such as
methanol, acetonitrile or THF. The fact that lowering
reaction temperature and using H-bonding acceptor
solvents increase the E/Z ratio support the above
mechanistic scheme.

In summary, 2 shows the opposite diastereoselectivity
to 1 in its Yang photocyclization, whose different
behavior originated from the geometric change of ini-
tially formed biradical intermediates. At low tempera-
ture or in methanol the selectivity is maximized where
the E-indanol becomes almost a sole product. Cur-
rently we are investigating stereoselectivities in the
Yang reaction of other �-substituted ketones in order
to see how general the reversal in diastereoselectivities
is upon introducing extra �-substituents to carbonyl
groups.
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