
1160 Journal of the American Chemical Society / 102:3 / January 30, 1980 

Chem. Soc, fol lowing paper in this issue. 
(3) Compound 1a: van Tamelen, E. E.; Shamma, M.; Burgstahler, A. W.; WoI-

insky, J.; Tamm, R.; Aldrich, P. E. J. Am. Chem. Soc 1969, 91, 7315-7333. 
Compound 1b: Mandelbaum, A.; Cais, M. J. Org. Chem., 1962, 27, 
2243-2245. Compound 1c: Scheffer, J. R.; Gayler, R. E.; Zakouras, T.; 
Dzakpasu, A. A. J. Am. Chem. Soc, 1977, 99, 7726-7728. Compound 1d: 
Ansell, M. F.; Nash, B. W.; Wilson, D. A. J. Chem. Soc. 1963, 3 0 1 2 -
3028. 

(4) All new compounds reported had spectral data fully consistent with their 
assigned structures and exhibited satisfactory elemental analyses. 

(5) Baldwin, J. E. J. Chem. Soc, Chem. Commun. 1976, 7 3 8 - 7 4 1 . 
(6) Cookson et al. (Cookson, R. C; Crundwell, E.; HIII, R. R.; Hudec, J. J. Chem. 

Soc. 1964, 3062-3075) have observed similar diketone hydrate forma­
tion. 

(7) (a) Scheffer, J. R.; Bhandari, K. S.; Gayler, R. E.; Wostradowski, R. A. J. Am. 
Chem. Soc. 1975, 97, 2178-2189 . (b) Scheffer, J. R.; Jennings, B. M.; 
Louwerens, J. P. Ibid. 1976, 98, 7040-7048. (C) Scheffer, J. R.; Dzakpasu, 
A. A. Ibid. 1978, 100, 2163-2173. 

(8) Only when all other competing reaction modes are blocked by substituents 
is internal [2 + 2] cycloaddition observed for tetrahydro-1,4-naphthoqui-
nones of general structure 1. See Scheffer, J. R.; Jennings, B. M. J. Chem. 
Soc, Chem. Commun. 1975, 609 -610 . 

(9) Intramolecular excited-state carbonyl (acceptor)-amine (donor) charge-
transfer interactions leading to internal hydrogen abstractions are well es­
tablished. See for example (a) Padwa, A. Ace Chem. Res. 1971, 4, 48 -57 . 
(b) Padwa, A.; Eisenhardt, W.; Gruber, R.; Pashayan, D. J. Am. Chem. Soc. 
1971, 93, 6998-7005. (c) Wagner, P.J.; Kemppainen, A. E.; Jellinek, T. Ibid., 
1972, 94, 7512-7519. (d)Coyle, J. D.; Kingston, D. H. J. Chem. Soc, Perkin 
Trans. 2 1976, 1475-1479. (e) Wagner, P. J. ; Ersfeld, D. A. J. Am. Chem. 
Soc. 1976, 98, 4515-4518. (f) Coyle, J. D.; Kingston, D. H. Tetrahedron Lett. 
1976, 4525-4528. (g) Wagner, P. J.; Scheve, B. J. J. Am. Chem. Soc. 1977, 
99, 1858-1863. (h) Coyle, J. D.; Newport, G. L. Tetrahedron Lett., 1977, 
899-902 . (i) Coyle, J. D.; Newport, G. L. J. Chem. Soc, Perkin II, 1978, 
133-137. The fact that amines and di-, tri-, and tetrasubstituted alkenes have 
similar ionization potentials lends support to the idea that intramolecular 
charge-transfer exciplex formation may be important in the photochemistry 
of 1b and related compounds. 

Wolfgang K. Appel, Trevor J. Greenhough 
John R. Scheffer,* James Trotter,* Leueen Walsh 

Department of Chemistry, University of British Columbia 
Vancouver V6T1W5, Canada 

Received August 27, 1979 

Crystal Lattice Control of Unimolecular 
Photorearrangements. Differences in Cyclohexenone 
Photochemistry in Solution and the Solid State. 
Solid-State Results 

Sir: 

In the preceding communication1 we outlined the solution 
phase photochemistry of 4a/3,5,8,8a/3-tetrahydro-l-naph-
thoquin-4a-ol (1, Scheme I) and five of its substituted an­
alogues. This consisted, in every case, of intramolecular [2 + 
2] photocycloaddition to yield the corresponding tetracycl­
ic.3.0.02'6.04,9]decane derivatives (e.g., 2). In this paper we 
describe the different results obtained when three of these same 
tetrahydronaphthoquinols were irradiated in the solid state. 
In addition, we report the crystal and molecular structure of 
each of the three substrates as determined by single crystal 
X-ray diffraction methods. These studies establish that the 
solid phase photoreactions are crystal lattice-controlled, least 
motion processes and lead to the novel conclusion that the solid 
state/solution reactivity differences are the result of reaction 
from different conformational isomers in the two media. 

The compounds studied were the tetrahydronaphthoquinols 
3, 6, and 7 prepared via sodium borohydride reduction of the 
corresponding ene-diones.1 Irradiation2 (X >330 nm) of 
polycrystalline samples of these substrates led to the results 
outlined in Scheme I, that is formation of photoproducts 4 and 
9 from 3 and 7 respectively and no reaction in the case of te-
trahydronaphthoquinol 6. Accompanying products 4 and 9 
were traces (<5%) of the corresponding intramolecular [2 + 
2] solution photoproducts.1 We attribute their formation to 
reaction at defect sites and/or regions of local melting. Pho-
toisomer 4 was identified by oxidation (pyridinium chloro-
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chromate, 95%) to the known3 diketone 5. The relative ste­
reochemistry of 4 at the hydroxyl-bearing carbon atom and the 
adjacent center follows from a vicinal coupling constant of 4 
Hz. Photoproduct 9 was identified by a single crystal, direct 
method X-ray structure determination, current R = 0.082.4 

It is undoubtedly formed by cyclization of the keto-alcohol 8 
which could not be isolated. Evidence which indicates that this 
hemiacetal formation occurs even in the solid state comes from 
experiments involving irradiation of potassium bromide pellets 
of 7. Infrared spectra of the irradiated pellet at various intervals 
showed only peaks due to 7 and 9; no absorptions corresponding 
to the cyclobutanone carbonyl stretching frequency (ca. 1780 
cm-1) were observed. 

The X-ray crystal structures4 of starting substrates 3 (R -
0.043), 6(R = 0.041), and 7 (current R = 0.048) showed that 
all three adopt conformations which can be approximately 
described as consisting of a half-chair cyclohexene ring cis-
fused to a second half-chair cyclohexenone moiety. There are 
two non-equivalent ring flipped conformations of this type for 
each substrate, one in which the hydroxyl group is pseudoe-
quatorial and one in which it is pseudoaxial. The crystallo-
graphic results show that the conformation with the hydroxyl 
group pseudoequatorial is present exclusively in each case. 
Figure 1 shows a computer drawn stereodiagram of this con­
formation for substrate 3. 

The result of this conformational preference is that sub­
strates 6 and 7 (hydroxyl group syn to bridgehead methyls) 

Figure 1. Stereodiagram of the conformation of tetrahydro-1,4-naph-
thoquino! 3 in the solid state. The methyl hydrogen atoms are omitted for 
clarity. 
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adopt a conformation different from that adopted by 3 (hy-
droxyl group anti to bridgehead methyls). These differences 
are shown by structures 10 and 12 in Scheme II. With this 
information we are now in a position to understand the solid 
state photochemical results. Photoproduct 9 arises from con-
former 10 via a six-membered transition state allylic hydrogen 
atom transfer from C(8) to C(3) followed by C(2) to C(8) 
bonding of the resulting biradical 13. On the other hand, 
photoproduct 4 is formed through conformer 12 by means of 
a C(5) to C(3) hydrogen atom transfer (five-membered 
transition state!5) and subsequent C(2) to C(5) bonding in 
14. 

These processes are seen, as in our previous unimolecular 
solid state results,6 to be least motion in character, that is, 
relatively little molecular reorganization is required to initiate 
product formation via carbon-carbon bonding following hy­
drogen abstraction. With regard to the abstraction processes 
themselves, the C(3) to H(5) distance in 12 is 2.72 (2) A, and 
the C(3) to H(8) distance in 10 is 2.84(4) A. Both values are 
within the suggested63 van der Waals radii sum limit of 2.90 
A for abstraction of hydrogen by carbon.7 Significantly, sub­
strate 6, which is photochemically unreactive and exists in 
conformation 10 (R" = CH3), has a C(3) to H(8) interatomic 
distance of 2.92 (2) A, just outside the suggested limit. For all 
three substrates the angle rc,

6a the degree to which the ab­
stracted hydrogen atom lies outside the mean plane of the 
C(2)-C(3) double bond, is very close to 50°. Similarly, Ac, the 
C(2)-C(3)—Habs angle, is nearly constant at 75°. The con­
clusion is thus that these geometric factors are not responsible 
for the lack of solid state reactivity of substrate 6. 

Finally we turn to a discussion of the factors which give rise 
to the observed solution/solid state reactivity differences. We 
suggest that internal [2 + 2] photocycloaddition does not occur 
from conformers 10 and 12 owing to the relatively large double 
bond separations involved (^4.37(2) A in every case) as well 
as their nonparallel orientations. Parallel double bond ap­
proach at distances of less than ca. 4.1 A is a well-established 
prerequisite for successful ;«?e/-molecular [2 + 2] photocy-
cloadditions.6a'8 On the other hand, in solution, where con-
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formational equilibration is facile, small amounts of con-
formers which better fulfill these requirements (e.g., 11) will 
be present. It is thus reasonable to suggest that rapid [2 + 2] 
photocycloaddition from these minor, higher energy con-
formers can predominate in solution. Perusal of the photo­
chemical literature reveals a number of additional examples 
of systems which likely react via nonminimum energy con­
formations in solution and which might therefore exhibit dif­
ferent photobehavior in the solid state. We plan to continue our 
investigations along these lines. 
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Hydrolysis of Phenyl Acetates 
with Capped /3-Cyclodextrins: Reversion 
from Meta to Para Selectivity 

Sir: 

Modeling of enzy mic reactions by use of natural' and arti­
ficial2 compounds has been extensively studied in the past 
decade. One notable advantage of the use of artificial com-
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