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Pulse Radiolysis. The pulse radiolysis apparatus, which
makes use of 5-ns electron pulses from Notre Dame ARCO linear
accelerator (8 MeV, ~10'" eV/g per pulse) and allows spectro-
photometric observation of transients on microsecond-to-second
time scales, is described elsewhere.?"?®
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Modification of Photochemical Reactivity by Cyclodextrin Complexation: A
Remarkable Effect on the Photobehavior of a-Alkyldibenzyl Ketones
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The Norrish type I and type II reactions of cyclodextrin-included a-alkyldibenzyl ketones have been investigated
in the aqueous solution and in the solid state. The photolysis of solid cyclodextrin complexes led to a single
product, diphenylethane (AB), and that of complexes in the aqueous solution resulted in a product arising from
the rearrangement of a-alkyldibenzyl ketones. Conformational and super-cage effects are proposed to be responsible
for the dramatic alteration observed in the above photobehavior. The difference in the product distribution
between solid and solution complexes is attributed to the differences in the restriction imposed by the host on

the translational motions of the geminate radical pairs.

During the last few years, our group has been investi-
gating the influence of cyclodextrin cavity on the photo-
chemical reactions in host-guest complexes.!? The goal
is to achieve selectivity in photochemical reactions using
this unusual environment and to understand the features
controlling such selectivity. During one such study a re-
markable effect was observed on the photoreactivity of
benzoin alkyl ethers and alklkyldeoxybenzoins upon cy-
clodextrin complexation.? This was attributed to a com-
bination of the “cage effect” and “conformational control”
afforded by the cyclodextrin.

In order to explore the general utility of the
“conformational control” and the “cage effect” offered by
cyclodextrin in modifying photoreactions, we have inves-
tigated the photobehavior of dibenzyl ketones 1-7 (Scheme
I). The photolysis of dibenzyl ketones has been explored
extensively in several anisotropic environments.* We
envisioned that cyclodextrin encapsulation of 3-7 can im-
pose a conformational control on these substrates and thus

alter the type I and the type II product distributions with’

respect to an isotropic medium. Further, we noted that
the cavity might have an impact on the diffusional sepa-
rartion of the radical pairs resulting from the type I process
and also on the choice of reactions that these radical pairs
might undergo. The results of such a study are presented
below.

Results

Photolysis of dibenzyl ketones 37 in nitrogen-saturated
benzene and methanol gave products resulting from the
Norrish type I and the type II reactions. A statistical

tPresent address: Central Center Research & Development De-
partment, E. I. Du Pont de Nemours & Co., Wilmington, DE 19898.
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mixture of the coupling products AA, AB, and BB (1:2:1)
resulting from the photodecarbonylation were major and
those from the y-hydrogen abstraction minor (~15%).
Expectedly, from 3-7, the products resulting from the
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Table I. Product Distribution upon Irradiation of
a-Alkyldibenzyl Ketones under Various Conditions

Rao et al.

Table II. Product Distribution upon Irradiation of
Dibenzyl Ketone and o-Methyldibenzyl Ketone under
Various Conditions

% of type
% of type I II % of type I
products?® products® products®
medium AA AB BB RP DBK CB medium AA AB BB RP
a-Ethyldibenzyl ketone (3) Dibenzyl Ketone (1)
benzene 21 44 20 13 benzene 100
methanol 22 43 21 13 methanol 100
B-cyclodextrin (aq) 1:10, N, 1 46 1 49 B-cyclodextrin (aq) 1:10; N, 19 81
B-cyclodextrin (solid) H:G = 1:1 100 B-cyclodextrin (aq) 1:10; O, 21 78
a-Propyldibenzyl ketone (4) B-cyclodextrin (aq) 1:10; CuCl, (1:100)® 25 75
benzene 22 45 21 4 7 B-cyclodextrin (solid) 100
methanol 21 39 19 4 8 a-Methyldibenzyl Ketone
8-cyclodextrin (aq) 1:10 1 39 1 59 benzene 24 51 25
B-cyclodextrin (solid) H:G = 1:1 100 methanol 25 52 23
a-Butyldibenzyl ketone (5) B-cyclodextrin (aq) 1:10; N, 2 35 2 61
benzene 16 38 17 4 8 B-cyclodextrin (aq) 1:10; O, 2 37 2 860
methanol 17 38 17 [ 7 B-cyclodextrin (solid) 1 96 1 2
ggg%gg:zgig E:c?l)idl)' 112:(; =11 1 123 163 @ For structures of products, see Scheme I; product yield based
a-Hexyldibenzyl Ketone 6° on GC analysis; error limit £5%. ®CuCl, was used in excess, mole
benzene 24 52 94 - 5 " rgtio_wag 1:100, even at lower mole ratio no variation in product
B-cyclodextrin (ag) 1:10 23 7 distribution was observed.
B-cyclodextrin (solid) 100
a-Octyldibenzyl Ketone 7%¢ Table III. Product Distribution upon Irradiation of
benzene 25 53 21 6 8 B-Cyclodextrin Complex of a-Hexyldibenzyl Ketone in
B-cyclodextrin (solid) 100 Aqueous Solution®

% For details of structures, see Scheme I; product yield based on
GC analysis; error limit £5%. ®Type II products were not char-
acterized °B-Cyclodextrin complex of a-octyldibenzyl ketone and
other higher homologues were not soluble in water. Therefore,
aqueous solution irradiation could not be conducted.

v-hydrogen abstraction were also obtained. Both cycli-
zation and elimination products of the type II 1,4-diradical
were isolated from 4~7, whereas 3 gave only the elimination
product—dibenzyl ketone. The cyclobutanols were char-
acterized on the basis of their spectral properties. No
products resulting from rearrangement of the type I pri-
mary radical pair were isolated. The photobehavior of 1
and 2 have already been reported® and the same were
observed in this study too. Based on the established be-
havior of 1 and 2, we assume that 3-7 also react from their
lowest nr* triplet state.®

The photolysis of solid cyclodextrin complexes of 1-7
gave exclusively the diphenylethane (AB) in quantitative
yield. The presence of oxygen did not influence the re-
action. More remarkably, the cyclodextrin complexes of
1-7 behaved differently in aqueous solution from that in
the solid state. The products under this condition, al-
though resulted from the same primary process—the
Norrish type I as in the solid state—the rearranged product
was the major component in the product mixture.”® The
results of irradiations of 1-7 in various media are sum-
marized in Tables I and II.

The formation of the coupling product AB in aqueous
cyclodextrin solution was most suprising. Initially, we

(5) Engel, P. 8. J. Am. Chem. Soc. 1970, 92, 6074. Robbins, W. K,;
Eastman, R. H. J. Am. Chem. Soc. 1970, 92, 6076, 6077.

(6) Lewis, F. D.; Magyar, J. G. J. Am. Chem. Soc. 1973, 95, 5973.
Heine, H. G.; Hartman, W.; Kory, D. R.; Magyar, J. G.; Hoyle, C. E.; Mc
Vey, J. K.; Lewis, F. D. J. Org. Chem. 1974, 39, 691. Lewis, F. D.;
Lauterbach, R. T.; Heine, H. G.; Hartman, W.; Rudolph, H. J. Am. Chem.
Soc. 1975, 97, 1519, Turro, N. J.; Chow, M. F.; Kraeutler, B. Chem. Phys.
Lett. 1980, 73, 545. Lehr, G. F.; Turro, N. J. Tetrahedron 1981, 37, 3411.
Wagner, P. J. Acc. Chem. Res. 1971, 4, 168. Scaiano, J. C. Acc. Chem.
Res. 1982, 15, 252. Scaiano, J. C. Tetrahedron 1982, 38, 819.

(7) Turro, N. J.; Chow, M. F.; Chung, C. J.; Kraeutler, B. J. Am. Chem.
Soc. 1981, 103, 3886. Turro, N. J.; Anderson, D. R.; Chow, M. F.; Chung,
C. J.; Kraeutler, B. J. Am. Chem. Soc. 1981, 103, 3892.

(8) Frederick, B.; Johnston, L. J.; de Mayo, P.; Wong, S. K. Can. J.
Chem. 1984, 62, 403. For a high yield of RP in zeolite, see: Turro, N.
d. Pure Appl. Chem, 1986, 58, 1219.

condition AA AB BB RP
Variation of H:G Ratio®

H:G 1:1 45 55

2:1 38 82

4:1 29 71

10:1 23 Vi)

Dilution Experiments®
amount of water

200 mL 95 5
450 mL 76 24
550 mL 56 44
650 mL 38 62

@ For structures of products, see Scheme I; product yield based
on GC analysis; error limit £5%. °Amount of cyclodextrin was
increased by maintaining the amount of the guest and water con-
stant. °Amount of water was increased by keeping the host/guest
ratio constant (1:5); o-hexyldibenzyl ketone, 20 mg; 8-cyclodextrin,
300 mg.

suspected that AB resulted from the undissolved sus-
pended solid complexes in aqueous solution. To verify this,
dilution experiments were carried out. As seen in Table
III, the amount of water used for the reaction had an
important influence on the product distribution. The ratio
of AB to RP remained unaltered after a particular volume
of water, indicating that above a certain volume AB ori-
ginates only from the dissolved complexes, although with
smaller volumes of water solid-suspended complexes con-
tribute significantly toward the high yield of AB. Both
cupric chloride and oxygen, established quenchers of
radicals, did not have any effect on the product distribu-
tion (Table II).

It was also noted that the ratio of AB to RP in aqueous
media was slightly dependent on the amount of excess
cyclodextrin used (T'able III) and on the percent conversion
(duration of photolysis). The latter was identified to be
due to the disappearance of RP through secondary pho-
toreactions while the former have its origin on the for-
mation of multiple complexes.

The complexes of B-cyclodextrin with dibenzyl ketone
and a-ethyldibenzyl ketone (3) were chosen as model
systems for the structural analyses in aqueous solution.
The 270-MHz 'H NMR spectra of aqueous solutions of
B-cyclodextrin and solutions containing various ratios of
the host to the guest were recorded. The chemical shifts
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Table IV. 270-MHz 'H NMR Chemical Shifts of 8-Cyclodextrin Protons in Complexes®

compound H-1 H-2 H-3 H-4 H-5 H-6
B-cyclodextrin 1359.6 975.7 1059.6 958.4 1030.0 1039.1
B-cyclodextrin complex with dibenzyl ketone 1356.2 976.4 1049.9 960.3 993.3 1029.3
B-cyclodextrin complex with a-ethyldibenzyl ketone 1357.5 976.0 1049.8 960.2 1006.3 1031.2

¢ Chemical shifts are expressed in hertz with reference to Me,Si; solvent, D,0.

Scheme 11
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of B-cyclodextrin protons in the uncomplexed and in the
complexed forms were utilized for analysis and are tabu-
lated in Table IV. From Table IV it is evident that the
cyclodextrin protons H-1, H-2, and H-4 are virtually
unaffected while the inner protons H-3, H-5, and H-6 are
shifted upfield to various extents. These upfield shift of
protons provide evidence for the inclusion of the guest
molecule into the hydrophobic cavity of 8-cyclodextrin in
aqueous solution. Further support for the inclusion phe-
nomena in the aqueous solution was obtained through the
fluorescence emission studies of dibenzyl ketone and a-
butyldibenzyl ketone (5). Addition of 8-cyclodextrin to
aqueous solutions of 1 and 5 brought a shift on the
fluorescence maxima to shorter wavelength to the extent
of 15~25 nm with enhancement of fluorescence intensity.
The dissociation constants (Kj) for the complexes of 1 and
5 with 8-cyclodextrin in aqueous solution were estimated
by making use of the difference in emission intensities in
the presence and absence of 8-cyclodextrin. The K4 values
were quite low (1, 8 X 10* M1 L, and 5; 1.4 X 105 M1
L), suggesting that $-cyclodextrin forms strong complexes
with 1-7. Evidence for the formation of complexes in the
solid state came from the X-ray powder photographs and
measurement of host—-guest ratios.

Discussion

Although the photobehavior of dibenzyl ketones has
attracted a great deal of attention over the last decade,5’
no dibenzyl ketones with an a-alkyl chain capable of un-
dergoing both the Norrish type I and type 1I reactions have
been investigated. Following the studies on 1,2-diaryl
systems® (benzoin ethers and deoxybenzoins), our interest
turned to exploring the possible conformational control
exerted by cyclodextrin on 1,3-diaryl systems. In this
context, a-alkyl dibenzyl ketones 3-7 appeared as suitable
substrates.

One could visualize several structures for the cyclo-
dextrin complexes of 1-7 (Schemes II and III). Of these,
one class involves inclusion of only one phenyl ring into
the cavity, similar to C, and the other similar to A involves
inclusion of both the phenyl rings. In addition, inclusion
could occur either from the narrower or broader opening

Scheme III

of the cavity. Although the results of *H NMR studies in
aqueous solution could be utilized to support either of
these classes of structures, we only point out that the 'H
NMR results are not inconsistent with the structure B.3°
Additional support for structure B comes from the lu-
minescence studies on closely related systems.!®!l 1-
Phenyl-3-naphthylpropan-2-one upon complexation to 3-
and y-cyclodextrins was found to yield enhanced excimer
emission and the emission was not quenchable by oxygen.!®
This observation and others on related systems!! suggest
that the equilibrium concentration of the eclipsed con-
formations of 1,3-bichromophoric propanes can be greatly
enhanced by inclusion in a cyclodextrin cavity.

Photolysis of Cyclodextrin Complexes in the Solid
State. Examination of Tables I and II reveals that the
distribution of products of photolysis of cyclodextrin
complexes of 1-7 in the solid state is unique and different
from that of these complexes in an aqueous solution and
from 1-7 in organic solvents. This is remarkable since the
photolysis of 3-7 in organic solvents yields products re-
sulting from both the Norrish type I and the type II re-
actions. In an aqueous cyclodextrin solution, while se-
lectivity is achieved, the major product is different from
that in the solid state. The importance of the present
observation becomes evident when the results are analyzed
in light of the photobehavior of the 8-cyclodextrin com-
plexes of benzoin alkyl ethers and alkyldeoxybenzoins. In
these two series, the photolysis of cyclodextrin complexes
selectively gave products resulting from the Norrish type
IT hydrogen abstraction,® although the Norrish type I
products are obtained as major products in organic sol-
vents.

Generally, intramolecular hydrogen abstraction by a
carbonyl chromophore is governed by conformational
factors, which limit the accessibility of abstractable hy-

(9) Demarco, P. V.; Thakkar, A. L. J. Chem. Soc. D 1970, 2. Wood,
D. J.; Hruska, E. E.; Saenger, W. J. Am. Chem. Soc. 1977, 99, 1735. Behr,
J. P.; Lehn, J. M. J. Am. Chem. Soc. 1976, 98, 1743. Mac Nicol, D. D.
Tetrahedron Lett. 1975, 3325. Gelb, R. L; Schwartz, L. M.; Laufer, D.
A. J. Am. Chem. Soc. 1978, 100, 5875.

(10) Turro, N. J.; Okubo, T.; Weed, G. C. Photochem. Photobiol. 1982,
35, 325.

(11) Yellin, R. A.; Eaton, D. F. J. Phys. Chem. 1983, 87, 5051. Emert,
J.; Kodal, D.; Catena, R. J. Chem. Soc., Chem. Commun. 1981, 758.
Hamai, S. Bull. Chem. Soc. Jpn. 1988, 59, 2979. Itoh, M.; Fujiwara, Y.
Bull. Chem. Soc. Jpn. 1984, 57, 2261.
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drogens in a given molecule.>'? It has been established
that the extent of the type II reaction depends upon the
probability that the excited triplet can reach a confor-
mation which brings the hydrogen within the bonding
distance to the carbonyl oxygen. We propose that cyclo-
dextrin imposes a conformation on a-alkyldibenzyl ketones
upon inclusion that is not suitable for y-hydrogen ab-
straction. The formation of the coupling product AB in
quantitative yield in the solid state is not totally unex-
pected. The unit cage effect can be the result of either the
cavity or the intermolecular packing in the solid state. The
translational motion of the benzyl radical pairs (after de-
carbonylation) would be restricted in the solid state, thus
favoring the geminate recombination. Since the formation
of RP is facilitated in the aqueous solution (see below) and
is not favored in the solid state, we believe that absence
of RP in the solid complexes is due to restriction of the
rotational motion of the geminate radical pair.

Photolysis of Cyclodextrin Complexes in Aqueous
Solution. The most remarkable alteration in the photo-
behavior of 1-7 was observed upon photolysis of cyclo-
dextrin complexes of 1-7 in the aqueous solution. Among
the type I and the type II processes that occur in isotropic
solvents, products derived exclusively from the type I
a-cleavage were obtained in aqueous cyclodextrin solutions.
Most unexpectedly, the rearranged product (RP, Scheme
I) constituted a major portion of the product mixture.

On the basis of the experiments outlined in the Results
section, the products RP and AB (Scheme I) obtained
upon photolysis of 1-7 in aqueous solution containing an
excess of cyclodextrin are thought to derive from those
inclusion complexes dissolved in water. The absence of
the type II products in aqueous solution is believed to be
due to the inclusion of 3-7 in a conformation that is un-
suitable for the y-hydrogen abstraction into the hydro-
phobic cavity of the cyclodextrin. The preference for the
formation of products resulting from the “cage effect” (AB
and RP, Scheme I) is found to be general in this series.
We believe that the selective formation of AB provides an
important clue to the nature of modification imposed by
cyclodextrin on the photobehavior of 1-7.

Had the structure of the inclusion complex been C
(Scheme III) with only one phenyl ring included in the
cavity of the cyclodextrin, the photolysis would result in
diffusion of one fragment of the molecule into the aqueous
phase following a-cleavage leading to a statistical distri-
bution of the radical coupling products AA, AB, and BB.
Moreover, complex C would not be expected to yield RP,
as the formation of such a product requires a “super-cage
effect” which cannot be provided by C. The absence of
quenching by O, and cupric chloride further rule out the
structure C for the inclusion complex of 3-cyclodextrin
with 1-7.

However, the selective formation of AB and RP can be
understood on the basis of structure A and/or B (Scheme
II). The proposed mechanism for formation of the isomeric
1-7 (RP) is illustrated in Scheme II. The primary gemi-
nate triplet radical pair (before decarbonylation) is com-
pelled to undergo self-reaction rather than diffusion and
decarbonylation. Radical coupling may occur to regenerate
a-alkyldibenzyl ketones themselves. Since this would re-
generate the starting material, it would not be observed
in normal product analysis. Coupling of the acyl radical
to the benzene ring of the benzyl radical would lead to an
isomeric 1-7. Further, decarbonylation results in the

Chem. Soc.

(12) Lewis, F. D.; Johnson, R. W.; Johnson, D. E. J. Am.
.J. Am. Chem.

1974, 96, 6090. Lewis, F. D.; Johnson, R. W.; Kory, D.
Soc. 1974, 96, 6100.
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benzyl radical fragments A° and B trapped in the cavity
of cyclodextrin. Combination of these, before diffusion,
results selectively in AB. The absence of any cupric
chloride trapped products (even at very high concentra-
tions of cupric chloride) suggests that both the primary
and secondary radical pairs do not escape into the aqueous
phase and that they spend their entire lifetime within the
hydrophobic cavity of the cyclodextrin.

The results on dibenzyl ketones presented here clearly
establish that the cyclodextrin cavity can impose unique
restrictions and bring about remarkable alterations on the
photobehavior of the molecules included. It is important
to note that the photobehavior of dibenzyl ketones have
been extensively studied in various ordered and/or con-
strained media. Such a dramatic alteration especially in
the primary step has hitherto not been reported in any
media. This clearly calls for further extensive study on
the utilization of cyclodextrin as a reaction medium.

Experimental Section

B-cyclodextrin obtained from Aldrich was used as received.
Dibenzyl ketone (Aldrich) was twice distilled prior to use. The
a-alkyldibenzyl ketones 2-7 were prepared by following the lit-
erature procedures!® and purified by column and thin layer
chromatography (silica gel, hexane/chloroform) prior to use.
Doubly distilled water and distilled solvents were used.

'H NMR spectra were recorded on a Bruker WH 270-MHz
NMR spectrometer. Powder diffractograms were recorded on
a Phillips X-ray powder diffractometer equipped with Cu Ka
radiation. Vapor chromatographic analyses were carried out on
a Chemito gas chromatograph (Model 3800) using a 5% SE-30
column (8 ft X !/4 in.). Absorption and emission spectra were
recorded on a Shimadzu UV-180 spectrometer and Shimadzu
spectrofluorometer (Model RF 540), respectively.

Preparation and Characterization of 8-Cyclodextrin
Complexes. To an aqueous solution of 3-cyclodextrin (0.05 M,
10 mL) were added equimolar amounts of the guest ketones 1-7,
and the solutions were magnetically stirred for 24 h at room
temperature. The white precipitate thus obtained was filtered,
washed with cold water several times, and dried at 50 °C for 4-5
h. Aqueous solutions of 8-cyclodextrin complexes were prepared
by dissolving the above microcrystalline complexes in sufficient
amount of water (200 mL). Generally, these complexes were less
soluble in water compared to the cyclodextrin complexes of
benzoin ethers, phenyl esters, and aryl alkyl ketones. Vigorous
stirring and slight warming were required to obtain transparent
solutions suitable for photolysis. For solid irradiations the mi-
crocrystalline materials were used as such.

The X-ray powder diffractograms of 8-cyclodextrin and com-
plexes of 8-cyclodextrin and ketones 1-7 were recorded. The guest
ketones were liquids. The powder photographs of the complexes
were different from that of 8-cyclodextrin. On this basis it was
concluded that inclusion complexes between cyclodextrin and the
guest ketones 1-7 have been formed.

'H NMR spectra of D,0 solutions containing 10 equiv of ketone
(1.1 X 102 M of 1 and 8) and 1 equiv of 8-cyclodextrin (1.0 X 107
M) were recorded on a Bruker WH 270-MHz FT NMR spec-
trometer. The guest-induced shift in the cyclodextrin protons
were computed by comparing the above spectra with that of pure
cyclodextrin. Spectra were also recorded for solutions containing
varying ratios of the guest and the host.

The host/guest ratios of solid inclusion complexes were de-
termined by gravimetry and by GC analysis. The amount of guest
ketones 1-7 present in a known amount of the complex were
determined by GC integration of the guest peak with respect to
the added internal standard (diphenylethane) and by weighing
the extracted ketone. The measured host/guest ratios are
presented in Tables I and II.

The stability constants for the complexes of 1 and 5 were
determined by spectrofluorometry. Since there was no observable
change in the absorption spectra of the guest molecules after

(13) Fischer, E. Chem. Ber. 1893, 26, 2412.
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inclusion, the variation in the fluorescence intensity was moni-
tored. Stock solutions of 1.1 X 102 M of 1 and 5 were prepared
in methanol. Small portions (30 pL) of the stock solution were
added to 10-mL standard flasks containing varying amounts of
B-cyclodextrin solution (4-8 mL of 108 M stock solution). These
solutions were made up to 10 mL and magnetically stirred well
for 24 h. Fluorescence emission spectra (A iation = 310 nm) were
recorded and emission intensity at 390 nm was used for the
stability constant calculations. A plot of [guest]/AI vs. 1/[host]
was linear with the slope and intercept being equal to 1/K4ATl
and 1/AI, respectively (Al = increment of the fluorescence in-
tensity of guest molecule on addition of cyclodextrin). The value
of K was obtained from these linear plots. K values for dibenzyl
ketone and a-ethyldibenzyl ketones were 8.6 X 10 and 1.4 X 107,
respectively.

Photolysis. (a) Homogeneous Solution. Preparative-scale
irradiations of 1-7 in benzene and methanol were carried out in
Pyrex vessels at room temperature by using a 450-W medium
pressure mercury arc lamp. The samples were deaerated before
irradiation by passing dry nitrogen gas for 30 min. After about
40% conversion (12 h), the solvent was evaporated and the
products were separated by repetitive column and preparative
thin layer chromatography (silica gel, hexane/chloroform). The
products were identified on the basis of their spectral properties.
The products formed from 3-7 were the diphenylalkanes AA, AB,
and BB, cyclobutanols, and dibenzyl ketone and from 1 and 2
decarbonylated coupling products were the only products. Since
the spectral data for products derived from 1-7 were closely
similar, the spectral data of products from a-propyldibenzyl ketone
alone are presented below as an example.

1,2-Diphenylpentane: IR (neat) cm™ 2980, 2920, 1600, 1490,
1450, 1260; 'H NMR (CDCl,) 0.78 (t, 3 H), 0.85-1.33 (m, 6 H),
2.75-2.86 (m, 3 H), 7.0-7.38 (m, 10 H).

1-Phenyl-4’-butylacetophenone: IR (neat) cm™ 3020, 2940,
1680, 1600, 1220; 'H NMR (CDCly) 0.93 (t, 3 H), 1.25-1.42 (m,
4 H), 2.65 (t, 2 H), 4.26 (s, 2 H), 7.0-7.36 (m, 7 H), 7.94 (d, 2 H).

1-Benzyl-2-phenyl-4-methylcyclobutanol (two isomers): IR
(neat) cm™ 3520-3200 (b), 2940, 1600, 1500, 1460, 1060; 'H NMR

(CDCly) (i) 0.84 (d, 3 H), 1.25-1.44 (m, 3 H), 2.92 (s, 2 H), 3.41
(dd, 1 H), 7.14-7.44 (m, 10 H); (ii) 1.21 (d, 3 H), 1.98-2.4 (m, 3
H), 2.58 (s, 2 H), 3.6 (dd, 1 H), 7.14-7.44 (m, 10 H).

The small-scale analytical irradiations were carried out either
in NMR tubes or in small Pyrex test tubes. Conversions were
kept below ~15% and the products were analyzed by GC. The
product distribution was calculated on the basis of the area of
the peak corresponding to each product on the GC trace. No
correction for detector response was made.

(b) Solid Cyclodextrin Complexes. Photolysis of micro-
crystalline complexes was carried out by using a Hanovia 450-W
medium pressure mercury arc lamp. Samples were degassed,
sealed, and irradiated for 24 h. In order to obtain a uniform
exposure, the sample tubes were rotated periodically. The irra-
diated cyclodextrin complexes were dissolved in warm water and
extracted with chloroform. The products were analysed by GC
and !H NMR.

(c) Cyclodextrin Complexes in Aqueous Solution. Aqueous
solutions of the complexes prepared by dissolving the micro-
crystalline complex (50 mg) and an excess of 8-cyclodextrin in
250 mL of water were irradiated in Pyrex tubes, using a 450-W
medium pressure mercury arc lamp after purging with dry nitrogen
for about 45 min. After irradiation (3 h) the products were
extracted by using warm chloroform and analyzed by GC.

Experiments with varying ratios of host/guest were also carried
out as above. Irradiations under an oxygen atmosphere were
carried out by photolyzing as described above while oxygen was
continuously bubbled through the solution. Photolysis of dibenzyl
ketone complex in the presence of excess cupric chloride (3 M)
was conducted in Pyrex vessels using a 450-W medium pressure
mercury lamp with a potassium chromate solution filter.

Registry No. 1, 102-04-5; 1.8-cyclodextrin complex, 99765-87-4;
2, 13363-25-2; 3, 6363-21-9; 3-3-cyclodextrin complex, 110826-48-7;
4, 110826-44-3; 5, 110826-45-4; 6, 110826-46-5; 7, 110826-47-6;
B-cyclodextrin, 7585-39-9; 1,2-diphenylpentane, 110826-49-8;
1-phenyl-4’-butylacetophenone, 69383-34-2; 1-benzyl-2-phenyl-
4-methylcyclobutanol, 110826-50-1.
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The photochemical behavior of alkyldeoxybenzoins has been investigated in isotropic organie solvents, in aqueous
cyclodextrin solutions, and when they are bound to cyclodextrin in the solid state. Norrish type I and type II
reactions occur in these media and the product distributions resulting from these primary processes are dependent
on the medium. While in organic solvents the type I and the type II products are obtained in equal amounts,
in the aqueous cyclodextrin solution the type II products are formed in large excess. In the solid state the type
II products constitute more than 90% of the product distribution. Ratios of products resulting via elimination
and cyclization from the type II 1,4-diradical are also altered hy the host cyclodextrin. Conformational and
super-cage effects have been invoked to rationalize the dramatic alteration of the photobehavior of alkyl-

deoxybenzoins by the cyclodextrin.

The continuing strive of chemists for selectivity in
chemical reactions has led to the alteration of chemical
properties through host-guest complexation.! The
chemistry of cyclodextrins has occupied a central interest

tPresent address: Central Research and Development Depart-
ment, E. I. Du Pont de Nemours & Co., Wilmington, DE 19898.

in host—guest phenomenon for the last 2 decades.? The
facility with which cyclodextrins form inclusion compounds

(1) Inclusion Compounds; Atwood, J. L., Davies, J. E. D., Mac Nicol,
D. D., Eds.; Academic: London, 1984; Vol. 1-3. Hagen, M. Clathrate
Inclusion Compounds; Reinhold: New York, 1962. Non-stoichiometric
Compounds; Mandelcorn, L., Ed.; Chemical Publishing Company: 1970.
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