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EFFICIENCY FOR SOLID-STATE PHOTOCYCLIZATION OF 2,4,6-TRIISOPROPYLBENZOPHENONES
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Department of Synthetic Chemistry, Faculty of Engineering, Kyoto University, Kyoto 606, Japan
Keiichi Fukuyamat
Faculty of Engineering, Tottori University, Koyama-cho, Tottori 680, Japan

Summary: Quantum yields for photocyclization of 2,4,6-triisopropylbenzophenones in the solid
sta%e were estimated by using an usual merry-go-round apparatus. The results suggest that the
w,m excited state is responsible for the reaction.

Techniques such as sensitization and quenching experiments and quantum yield measurements,
which are normally employed by organic photochemists in an attempt to study photoreaction
mechanisms in solution, are seldom used for investigation of solid-state photoreactions. This
is probably due to difficulties encountered not only in doing these experiments but also in
interpreting the obtained experimental results. Recently Scheffer and Trotter have
demonstrated the utility of triplet sensitization for investigating reaction mechanisms of
organic crysta]s.1 Since quantum yield estimations in solids require special precautions and
apparatus, such attempts were done only sporadica11y.2 We wish to report here and in the
subsequent paper that quantum yields for some solid-state photoreactions can be conveniently
estimated by the usual merry-go-round method and that the results may be used to discuss the
reaction mechanisms.

Photocyclization of 2,4,6-triisopropylbenzophenones 1’1nto the corresponding benzocyclobu-
tanols (CB)jéin solution phase was already studied by us in great details.3 Now we have found
that this transformation occurs also in the solid state. Each sample of crystalline 1a - 15
(100 - 200 mg) was placed between two Pyrex plates and irradiated with a 400-W high pressure
mercury lamp under a nitrogen atmosphere at 0 °C for several hours. As summarized in Table I,
CB EE - 2f were produced in quantitative yields. For 1g no reaction was observed. The color-
less crystals of 13 and lg turned into colorless trans;;rent glass as the reaction proceeded,
whereas those of 1b, 15, and 1f remained to be colorless crystals even after complete

conversions. The crystalline appearance also lasted for 13. but a trace amount of yellow
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Efficiency for CB formation was measured as follows. A weighed sample of 1 (0.05 mmole)

in a 180 x 17 mm Pyrex tube was dissolved by addition of a small amount of ether {V 0.5 mL).
The outside of the tube was heated with a hair dryer to evaporate the solvent. By this
manipulation the interior wall of the tube was coated with a crystalline film, the top of which

was adjusted as precisely as possible to be about 2 cm from the bottom. After complete

tPresent address: Department of Biology, Faculty of Science, Osaka University, Toyonaka, Osaka
560, Japan.

3087



3088

Table I. Photocyclization of l/in the Solid State.

preparatived
reactant R mp, °C @gg(solid}b Pep{soln)c
irrad time,h conv,Z
1a OMe  111-172 z 100 0.56 0.48
b t~-Bu  120-121 2 100 0.20 0.38
e Me 87-87.5 2 100 0.48 0.42
1d H 97-99 4 100 0.13 0.52
e Cl 92-94 8 89 0.072 0.51
A CF3 89-91 8 100 0,011 0.30
g COpMe 142-143 10 no reaction 0, 001 0.13

aYields of CB 2a ~ 2f are 100 Z from NMR and TLC. bQuantum yield for CB formation (1~ 2) in
the solid state. CQuantum yield for (B formation (1 > 2) in benzene solution (ref. 3b). The
values are reestimated by using trans-cis photoisomerization of trans-stilbene as actinometer,

evaporation and degassing at 10-2 mmHg, the film was irradiated on a merry-go-rpund apparatus
at 15 °C through a potassium chromate filter (313 nm). The reactions were stopped at a small
conversion (< 7,5 Z) and CB formed was analyzed by HPLC (silica gel column (Finesil 5), hexane
~ ethyl acetate eluent).

The efficiency for CB formation was not dependent on the initial amount of 1 used {either
0.05, 0.1, or 0.2 mmole) and the conversion increased linearly with the irradiation time until
15 %Z. This assures that all the incident light is absorbed by ] under these conditions. The
quantity of photon absorbed by the film was estimated by parallel photolysis of the benzene
solution of 1d (g = 0.523}, i.e., different reflections of light from the crystal and solu-
tion surfaces were neglected. The valuyes for the guantum yield of (B formation in the solid
state Pcp{solid) thus determined are summarized in Table I, together with the previocusly
obtained quantum yields in benzene solution ch(soln).3 The results for ¥cp(solid) were
reproducible to usually *5 7 on repeated runs.4 Table I clearly shows that Pep(solid) tends to
increase with an increased electron-donating ability of the substituent R, while there are no
such trends in 2cp(soln}.

The photocyclization 1 > 2 in solution is believed to occur through n.ﬁ%wtrip¥et—induced
intramolecular hydrogen abstraction, whose sterecelectronic factor requires that the molecule
must undergo significant conformational changes (single-bond rotations around the carbonyl
group) in the course of the reaction.3 In the solid state, however, this mechanism will be
topochemically very unfavorable. It is well established that solid-state reactions proceed
with minimum motion of atoms and molecules.®

For ring-substituted aromatic ketones in their lowest excited triplet state (Tq), the
quantity of n,n* character relative to n, ™ character is known to be increased by increasing
electron—donating ability of substituents, i.e.. the ﬂ.ﬂ% character increases in the order CF3
<H <alkyl <OMe,3b:® Therefore, the observed ¥ g(solid) values rising in the same order
{Table 1) seem to suggest that the W, 7 excited state of 1 is responsible for the solid-state
photocyc]ization.7 Indeed in rigid matrices, several hydrogen abstraction reactions by aroma-
tic carbonyl compounds are thought to occur from excited states other than the Ti(n, ™) state.9

As seen from a stereoview and geometrical parameters ( Figure 1 and Table I11: & v 85° and
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o v 55%), the molecule 1 is severely twisted.12 Under this conformation, the intramolecular
hydrogen abstraction by the ﬂ.ﬂ* excited carbonyl oxygen will be stereoelectronically more
favorable than that by the n,ﬂ* excited carbonyl oxygen.3a~b Furthermore, from examination of
the molecular models, the molecules 1 and g are similar in size and shape, i.e., the reaction
proceeds with small distortion of the reaction cavﬂ:y.]3 From these reasons, the m 1"
photocyclization 1 + 2 is expected to be topochemically feasible. In fact, in the case of 1la
and 1¢, ¥cp(solid) is comparable to or even larger than &g(soln).

In summary, from the consideration of the solid-state quantum yield and the topochemistry,
the photoreaction l‘+‘g in the solid state seems to occur from the m m excited state rather
than the n,m" excited state (Scheme I).

The most attractive topic of recent progresses in synthetic solid-state photochemistry is
obviously absolute asymmetric synthesis.14 However, the present paper as well as Scheffer's
work! will also serve synthetic organic photochemists as a reminder of usefulness of classical
methods such as sensitization, quenching, and quantum yield measurement, when they want to

carry out mechanistic studies of their solid-state photoreactions.

crystal data: monoclinic, P21/c,
a = 9.304(4), b =12,001(4), c =
18.792(5) A, B = 90°, V = 2098
A3, Z =4, D = 1.07 g/cm3

final R = 0,065

Figure 1. Stereoview of 13

Table II. Distances and Angles Relevant to Solid-State Intramolecular Hydrogen
Abstraction for la and 1d.2

d(A)  a®)  B(°) e (°) 6(®)

1a (R = OMe)b  2.88 55 55 82 15
2.97 58 59
1d (R = H)¢ 2.94 52 52 86 4

2.90 55 57

ad: the distance between the carbonyl oxygen (0.) and the ortho isopropyl methine hydrogen
being abstracted (Hy). o: the angle between the O ***H, vector and its projection on the plane
of the carbonyl group. £: the angle C Og+**Hy. 67: the torsion angle between the
triisopropylphenyl ring and the carbonyl plane. 6p: the torsion angle between the unsubstitut-
ed (or p-MeO-substituted) phenyl ring and the carbonyl plane. bNote 10. CRef. 11.
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Scheme 1

,m* H-abstr and cyclization]| B
cyclization: this
path is accompanied by
significant bond rotations D
around bonds a and b (ref. 3b)

Z

Path A -~ B, favorable in the solid phase.
Path C -~ D, favorable in the solution phase.
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