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ABSTRACT

Irradiation of homonaphthoquinones with spiro-linked dibenzocycloheptene rings brings about the Norrish type II reaction to give polycyclic
alcohols via a stereospecific 1,7-hydrogen abstraction of the less stable twist-boat conformer.

The intramolecular photochemical hydrogen abstraction
reaction of carbonyl compounds, known as the Norrish type
II reaction, is one of the most important primary photo-
chemical processes, giving the corresponding cyclic alcohols
via hydrogen abstraction of the excited triplet carbonyl
oxygen followed by radical recombination.1 Usually, such a
1,5-hydrogen abstraction occurs preferably via a quasi-six-
membered ring transition state for the intramolecular reac-
tion;2 however, many examples of the skeletally far more
remote hydrogen abstraction are also known.3 Recently,
photochemical hydrogen abstraction reactions in crystalline
states have attracted much attention, especially those dealing
with absolute asymmetric synthesis.4 It is argued that the

relative orientation of a carbonyl group and an abstracted
hydrogen atom are important in view of molecular orbital
considerations.5 However, some caution is required in a
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straightforward application of solid-state results to solution
photochemistry due to an inevitable conformational change.

In our studies on homoquinone compounds, we have found
that homoquinones bearing a spiro-linked dibenzocyclohep-
tene ring have two isolable conformational isomers1R and
1â at room temperature and that when heated (∼100 °C)
the less stable1R isomerizes almost completely to1â via a
conformational inversion of the twist-boat cycloheptene ring
with a transition energy of 127 kJ mol-1 (1aR) (Scheme 1).6

Coupled with the X-ray crystal structure analysis of1cR and
1câ,7 this high-energy isomerization suggests that the con-
formational freedom of the spiro-linked dibenzocycloheptene
ring is considerably restricted, forcing the ethano-bridging
close to the facing carbonyl group. Therefore, we investigated
the photoinduced hydrogen abstraction of these spirohomo-
quinones to identify the structural features governing the
remote hydrogen abstraction.

The photoreaction of methyl-substituted1aR (15 mM) was
carried out at 20°C under argon in benzene-d6 by irradiation
with a high-pressure mercury lamp through a Pyrex filter
(>300 nm). The reaction cleanly proceeded to provide
polycyclic alcohol2a (78% by NMR) as the sole product
along with unreacted1aR (3%) and inverted1aâ (19%) after
5 h (Scheme 2).8 Similar irradiation of chloro- and bromo-

substituted1bR and1cR resulted in the formation of poly-
cyclic alcohols2b (50%, 1 h) and2c (51%, 3 h), respectively.
The structure of2 was deduced from the usual spectral analy-
sis and also confirmed by X-ray crystallography for2a,
indicating a 1,7-hydrogen abstraction9 from theendo-benzylic
methylene by the less substituted carbonyl group (Figure 1).

Figure 2a shows the time course of the photoreaction of
the less stable1aR monitored by1H NMR using an internal
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1.3 Hz), 6.77 (td, 1H,J ) 7.3, 1.3 Hz), 6.65 (dd, 1H,J ) 7.3, 1.3 Hz),
4.08 (d, 1H,J ) 17.8 Hz), 3.47 (d, 1H,J ) 5.6 Hz), 3.19 (dd, 1H,J )
17.8, 5.6 Hz), 3.01 (s, 1H), 2.89 (s, 1H); IR (KBr) 1669 cm-1 (CdO).
Anal. Calcd for C21H17O2Br: C, 69.94; H, 3.99. Found: C, 69.97; H, 4.15.
Crystal data for 2a: C26H20O2, M ) 364.44, orthorhombic, space group
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Scheme 1

Scheme 2

Figure 1. Crystal structure of cage product2a.
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standard. It was found that the rapid consumption of1aR
was accompanied by the growing appearance of2a and an
almost constant amount of inverted1aâ (∼20%). Also of
interest is the fact that the reaction of more stable1aâ
produced the same2a in addition to the inverted conformer
1aR, though the decay of1aâ and the increment of2a were
relatively slow and the inverted1aR gradually disappeared
on progression of the reaction (Figure 2b). In both cases,
the photoisomerization between1aR and1aâ at a reaction
temperature of 20°C may be due to the cyclopropane ring
cleavage enabling the fused cycloheptene ring to regain
conformational freedom,10 since the thermal isomerization
requires high temperatures of∼100°C and leads completely
to the more stable1aâ. Thus, the photoreaction of1aR and
1aâ results in the formation of2a via a Norrish Type II
reaction associated with the 1,7-hydrogen abstraction of the
less stableR-conformer as well as photoisomerization
between the two conformers.

To obtain further insight into the conformationally specific
hydrogen abstraction, we conducted a comparison reaction
for formally ethano-bridge severed di-o-tolyl-substituted
homoquinone3 (Scheme 3).11 The nonbridged aromatic rings

are expected to rotate in such a way that the twoo-methyl
substituents are located in the opposite directions. As a matter
of fact, the X-ray structure of3 revealed the conformation
just as depicted in Scheme 3, although the1H NMR spectrum
showed a 93:7 conformational equilibration with another
inverted conformer in CDCl3. Despite the presence of a
corresponding abstractable hydrogen atom,3 remained
essentially intact even after a 24 h irradiation.

As a prospective criterion of carbonyl hydrogen abstrac-
tion, Scheffer proposed some geometrical parameters for
orientational requirements of intramolecular hydrogen trans-
fer in the crystalline state.5 The parameters involve the
O‚‚‚H distanced, the C-H‚‚‚O angleθ, the CdO‚‚‚H angle
∆, and the dihedral angleω that the O‚‚‚H vector makes
with respect to the mean plane of the carbonyl group (see
Table 1). As summarized in Table 1, we obtained these
parameters for theendo- (Ha) andexo-hydrogen (Hb) of the
ground states of1aR and 1aâ by semiempirical calcula-
tions12,13and applied them to our solution photochemistry.14

The solid-state parameters obtained from the X-ray structures
of 1cR, 1câ, and3 are also shown in Table 1 as well as the
Scheffer’s “ideal” value. Due to the dibenzocycloheptene
ring, three or two possible thermally equilibrating conforma-
tions exist for each of theR- andâ-conformers: TBax, the
twist-boat form with axial Ha and equatorial Hb; TBeq, the
twist-boat form with equatorial Ha and axial Hb; B, the boat
form with both the axial Ha and Hb. As the Norrish type II
reaction allows a somewhat looser transition state with
distanced as long as 3.10 Å,15 all the hydrogens of1a, 1c,
and3 listed in Table 1 would be the candidates for hydrogen
abstraction. However, the shorterd for the TBax Ha hydrogen
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Figure 2. Time course study of the photoreaction of (a)1aR and
(b) 1aâ.

Scheme 3

Org. Lett., Vol. 2, No. 4, 2000 561



of both 1aR (d ) 2.51 Å) and1aâ (2.41 Å) is expected to
be more favored for the hydrogen abstraction. Such a
prerequisite geometry with a relative stability is important
for the present hydrogen abstraction and is virtually derived
from the spiro-linkage to the homoquinone frame.6 The

photoresistance of3 may be ascribed to the increased
flexibility as judged by the probable geometrical parameters.

Then, why does1aâ not give a corresponding H-abstracted
product? The geometrical parameters alone cannot explain
the present negative result. The most conceivable reason for
the quantum inefficiency in theâ-conformer reaction is
reversion of the initially formed biradical to ground state
starting material. Additionally, it is noticed that the calculated
heat of formation of2a (184.5 kJ mol-1) is somewhat smaller
than that of the expected product (196.2 kJ mol-1) from 1aâ,
although1aR (144.6 kJ mol-1) is presumed to be less stable
than1aâ (134.1 kJ mol-1). The larger energy difference of
ca. 62 kJ mol-1 between1aâ and its expected cyclic alcohol
may be one of the reasons for such exclusive deactivation
of the 1aâ biradical.

To conclude, we have found that irradiation of homonaph-
thoquinones bearing a spiro-linked dibenzocycloheptene ring
smoothly brought about a conformationally specific 1,7-
hydrogen abstraction to give the polycyclic alcohols only
from the less stable conformational isomer. Comparable di-
o-tolylhomoquinone did not react due to the loss of the
conformational rigidity. Thus, these results indicate that the
present 1,7-hydrogen abstraction requires the proper spatial
orientation of the relevant hydrogen atom toward the excited
carbonyl oxygen as well as sufficient conformational lifetime.

Supporting Information Available: Crystallographic
data for the compounds studied. This material is available
free of charge via the Internet at http://pubs.acs.org.
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Table 1. Geometrical Parameters for Hydrogen Abstraction

compd d/Å θ/deg ∆/deg ω/deg

1aRa (TBax) Ha 2.51 168.6 74.2 65.8
(TBeq)b Ha 2.94 108.0 110.4 57.0

Hb 2.68 130.6 90.5 10.5
1aâa (TBax)b Ha 2.41 141.5 91.9 37.3

(TBeq) Ha 3.19 103.0 113.5 50.4
Hb 2.89 129.7 91.0 9.6

1cRc (TBeq) Ha 2.84 127.8 82.9 80.0
1câc (B) Ha 2.64 139.9 88.6 75.0
3c Ha

d 2.60 141.1 86.4 56.0
ideal e2.7 180 90-120 0

a Calculated by the MOPAC PM3 method for possible conformations
(TBax, twist-boat with axial Ha; TBeq, twist-boat with equatorial Ha; B, boat).
The data for Hb of TBax of 1aR and1aâ are omitted because of the longer
d > 4 Å. b The more stable conformer in each of theR- andâ-forms. c From
the X-ray crystal structure data.d The nearesto-methyl hydrogen to the
carbonyl oxygen.
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