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EFFICIENT SOLID STATE PHOTOCYCLIZATION OF STERICALLY CONGESTED «-
o-TOLYL KETONES DESPITE "POOR" GEOMETRIES FOR HYDROGEN ABSTRACTION
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Abstract: Several a-mesityl and a-(o-tolyl)acetophenones undergo photocyclization to 2-indanols almost
quantitatively when irradiated as crystals, even those that undergo significant compeling a-cleavage or 1,3-
aryl shift in solution. The requisite tripiet -hydrogen abstraction apparently can occur at what appears to be
a "bad” geometry. One ketone, w-(o-tolyl)propiophencone, partially rearranges to the p-isomer, which arises
from disproportionation of the radicals formed by initial a-cleavage.

Recently we reported that the efficiency with which a-{o-tolyl}- and «-mesityl-acetophenones
photocyclize to 2-indanols! is significantly reduced by other a-substituents.2 The cyclization involves 1,5-
biradicals formed by 8-hydrogen atom abstraction by the n. ketone triplets. Scheme 1 summarizes the
competing photoreactions of a-mesityl and o-(o-tolyl) acetophenones in benzene solution. We have how
performed these reactions in the solid state and find high chemical yields of cyclization in all cases, together
with one example of a novel rearrangement. The solid environment impedes the several reactions that compete
in solution and strongly enhances the synthetic potential of this reaction. The rate constants measured for
these sterically congested ketones in solution provide the first quantitative picture of the angular dependence of
hydrogen atom abstraction and indicate that such reaction can occur at geometries far from “ideal".
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Table 1 contains photokinetic data for several ketones in benzene; its last column lists indanol yields
obtained in the solid state. These were measured by irradiation of crystals of the reactants held in melting
point tubes inside sealed, argon-saturated test tubes. High yields of indanol were found at both high and low
conversion. For example, product ratios from 5 were the same at 23% and 70% conversion and the crystals
had not "melted" during irradiation.

a-Substitution on 1 or 3 sharply reduces both the rate constant for triplet state 8-hydrogen
abstraction and the overall quantum efficiency of cyclization jn_solution. We have already suggested without
further elaboration that steric congestion impedes 3-hydrogen abstraction and thus facilitates the competing
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Table 1. Photokinetics of Ar-CH{R)-CO-Ph in benzene.

Ketone Ar R 1/8.b Deye ks.HD:C Dotherd % eyc (solid)
1 o-tolyl H 1.6 1.0 1.6 0 100
2 o-tolyl CHa 0.5 0.05 0.025 0.28° 67
3 mesityl H 11.0 0.55 5.8 0
4 mesityl CHs 2.9 0.24 0.7 0.03e+f 100
5 mesityl n-Pr 10.0 0.12 1.2 0.025@+f 94
6 mesityl Ph 50.0 0.03 0.6 0.0248+f 100

a from Stern-Volmer quenching with conjugated dienes, kq = 6 x 109 M1 5. D units of 108 s-1.
Sk = Deye/t. 9 total of competing reactions. @ yield of trapped benzaldehyde from o-cleavage. f enol ether.
Y

enol ether formation and radical cleavage reactions.2 Both of these reactions are inhibited in the solid state.
The former probably requires too much molecular motion within the crystal lattice. The latter occurs, but
immobility forces the radicals to recombine, as observed for ketones adsorbed on silica.3

In the case of crystalline ketone 2, benzaldehyde and B-(o-tolyl)propiophenone were formed in ylelds
of 22% and 10%, respectively. In solution, the yield of the former is very small unless a good radical trap
such as a thiol is present, and none of the latter is formed. The most likely mechanism for formation of these
extra products involves disproportionation of the initial radical pair formed by triplel o-cleavage.4
Presumably a later a-cleavage of a neighboring ketone produces a benzoyl radical that can then add to the
styrene. Observation of these disproportionation products confirms that o-cleavage still occurs in the solid.
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The fact that high yields of indanol are obtained in the solid means that the molecules exist in
geometries that permit formation by &-hydrogen abstraction of biradicals that can easily attain the geometry
required for cyclization.5 Scheme 2 shows for each ketone the lowest energy conformation that has a hydrogen
within bonding distance of oxygen, as determined by MMPMI calculations.® The x-ray crystal structure of 57
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reveals a molecular geometry nearly identical to that calculated as having the lowest energy. This fact makes
us confident that the calculations validly predict the most populated conformations of these melecules. The key
conclusion is that the presence of a second substituent on the a-carbon forces the a-aryl group to twist away
from the carbonyl, in contrast to the more eclipsed orientation in the simple a-aryl acetophenones 1 and 3.

Scheme 2
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There has been much interest in defining the "ideal® geometry for hydrogen atom abstraction by n,z*
ketone triplets, as described by the parameters in Scheme 3.5:8-12 |t has been suggested that hydrogen atom
abstraction by triplet ketones may depend strongly on the location of the hydrogen with respect to the long axis
of the half-occupied n-orbital on oxygen.8 Recent calculations!2 do suggest that the rate constant for hydrogen
abstraction is maximum when the reacting C-H bond lies along the axis of the n orbital (A = 0°). One of us has
suggestad? that the actual rate constant for hydrogen abstraction should be proportional to cos? A. Ketones 1
and 3 exist in geometries that are nearly ideal for &-hydrogen abstraction. The lowered rate constants
measured for those ketones containing an o-alkyl group must reflect the nonideal geometry that characterizes
these ketones' stablest conformations: A is 61°in 5; the other geometric parameters are less than ideal; and 2
also exists in an unreactive conformation with the benzylic methy! twisted 180° away from the carbonyl. We
originally thought that the low solution rate constants reflected reaction arising from low equilibrium popula-
tions of “ideal* conformations.2 However, we now know that 5 reacts efficiently in the solid from a quite
nonideal geometry.13 Reaction from this gecmetry produces a biradical almost ideally positioned for cycliza-
tion. These results strongly suggest that the low rate constants for &-hydrogen abstraction by the sterically
congested ketones in solution represent reaction occurring from the lowest energy "nonideal” conformations.

There have been a large number of experimental reports of efficient hydrogen atom abstraction in
crystalline ketones with A values around 30°.3 There have been a few positiveS and a few negative? reports of
ketones undergoing intramolecular triplet hydrogen abstraction with A ~90°. The differences may reflect
variations in the range of A values that the flexibilities of the various molecular systems allow. The ky value
for 5 is 20% that for 3. This factor compares well with cos?2 61° = 0.23 Since the other key geometric
parameters of Scheme 3 are quite similar for the two systems, these results provide the first quantitative
confirmation that this basic excited state reaction displays the theoretical geometric dependence'# on the
electron density in the n orbital.
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Scheme 3

d
Pl
6

4"H
G

> S
=

ideal: n=90° 6=180° A=0° d<25A
5: 76° 119° 61° 2.7
3: 99° 125° 23° 2.8

Acknowledgement. This work was supported by NSF grants No. 85-06703 and 88-15052.

REFERENCES

(6)
(7)

(8)
{(9)
(10)

(11)

(12)

(13)

(14)

M. A. Meador, P. J. Wagner, J, Am, Chem. Soc., 105, 4484 (1983).

P. J. Wagner, B. Zhou, J, Am. Chem. Soc., 110, 661, (1988).

(a) P. deMayo, A. Nakamura, P. W. K. Tsang, S. K. Wong, J. Am. Chem. Soc., 104, 6824, (1982).

(b) N. J. Turro, Ietrahedron, 43, 1589, (1987).

() N. J. Turro, J. Mattay, J,_ Am. Chem. Soc,, 103, 4200, (1981). (b) H. G. Heine, W. Hartmann,
D. R. Kory, J. G. Magyar, C. E. Hoyle, J. K. McVey, F. D. Lewis, J. Org, Chem,, 39, 691, (1974).

(a) J. Ounsworth, J. R. Scheffer, J. Chem, Soc, Chem. Commun., 232, (1986). (b) J. R. Scheffer, A.
A. Dzakpasu, J. Am, Chem, Soc,, 100, 2163, (1978). (¢) S. Ariel, S. V. Evans, M. Garcia-Garibay, B.
R. Harkness, N. Omkaram, J. R. Scheffer, J. Trotter, J, Am, Chem, Soc., 110, 5591 ,“(1988).

Serena Software, Bloomington, Indiana.

Complete details will be provided in the full writeup. Schemes 2 and 3 include relevant geometric
features. Excited state geometries undoubtedly differ slightly, but not so much as to change re/ative
conformational energies significantly.

N. J. Turro, D. S. Weiss, J, Am, Chem, Soc,, 90, 2185, (1968).

P. J. Wagner, Top, Curr, Chem,, 66, 1, (1976).

(a) J. P. Colpa, D. Stehlik, J, Chem, Phys,, 81, 163, (1983). (b) N. Suyiyama, K. Yamada, H.
Hoyama, Chem, Commun., 1254, {1968).

(a} H. C. Chang, R. Popovitz-Biro, M. Lehav, L. Leiserowitz, J, Am. Chem, Soc¢,, 109, 3883, (1987).
(b) Y. to, T. Matsuura, Tetrahedron Lett,, 3067, (1988}. (c) L. A. Paquette, D. W. Balogh, J_Am,
Chem, Soc,, 104, 774, (1982).

(a) D. Severance, B. Pandey, H. Morrison, J, Am, Chem, Soc,, 109, 3231, (1987). (b) A. E. Dorigo,
R. J. Loucharick, K. N. Houk, J, Am, Chem, Soc,, in press.

Even if reaction occurs along crystal defects, we consider it unlikely for individual molecules to exist
in high energy conformations, although methyl rotation may allow some variation in reaction geometry.
C. T. Rettner, R. N. Zare, J, Chem, Phys,, 77, 2416, (1982).

(Received in USA 9 June 1989)



