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Photochemical Electron-transfer Reactions of Biphenyl-2,2’-dicarboximide
and Naphthalene-1,8-dicarboximide with Olefin. Dependence of the
Reaction Course on the Structure of the Aromatic Imide
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Photoreactions of N-methylbiphenyl-2,2’-dicarboximide and N-ethylnaphthalene-1,8-dicarboximide (2)
with 1,1-diphenylethylene (3) in methanol gave methanol-incorporated 1 : 1 : 1-adduct (7) and 2,2-diphenylethyl
methyl ether (6), an anti-Markovnikov adduct of methanol to 3. The ratio of the two types of products largely
depends on the structure of the aromatic imides. Probably the spin densities of the radical anions of the aromatic
imides seem to play an important role to determine the reaction courses after the photochemical electron-transfer
process. Similar results were obtained in the photoreaction of N-(2-phenylallyl) aromatic imides; elimination
induced by methanol-incorporation vs. anti-Markovnikov addition of methanol. Photoreactions of N-(trans-3-
phenylallyl) aromatic imides in methanol gave methanol-incorporated O-cyclized products (20 and 27) and
C-cyclized products (21 and 28). A tentative mechanism for the O-cyclization is proposed; i.e., intramolecular
electron transfer followed by anti-Markovnikov addition of methanol to the radical cation of the double bond
moiety, nucleophilic attack of the aromatic imide radical anion moiety, secondary electron-transfer, and then

polar addition of methanol.

Recently, photoreactions involving electron-
transfer process have received much attention from
synthetic and mechanistic aspects in organic photo-
chemistry.? Numerous photo-reactions between
electron-donor (D) and electron-acceptor (A) mole-
cules have been studied in view of ion radical inter-
mediate.? For example, nucleophiles such as meth-
anol can add to photochemically generated cation rad-
icals of olefins. However, factors which control the
reaction courses after the photochemical electron-
transfer between D and A molecules, seem to be not
always clear. Little systematic investigation has been
known in this field.

In the course of studies on the photochemistry of
imides,s’ we and other groups have found in the
photoreactions of phthalimide-olefin systems a va-
riety of alcohol(solvent)-incorporated intermolecular
addition® and intramolecular cyclization products,”
which seem to occur via electron-transfer process.
However, the imides employed in the previous inves-
tigations have been confined to phthalimides, and
little information has been reported on the effects of
arene structures of arenedicarboximides (aromatic
imides).® Our studies have been focused on the ef-
fects of extended m-conjugation system in the arene
structure.”

Here we report the results of intermolecular photo-
reactions of N-methylbiphenyl-2,2’-dicarboximide (1)
and N-ethylnaphthalene-1,8-dicarboximide (2) with
1,1-diphenylethylene (3), and intramolecular photo-
reactions of N-(2- and 3-phenylallyl)biphenyl-2,2’-
and naphthalene-1,8-dicarboximides in methanol, com-
paring with those of the phthalimide derivatives.
The results indicate that the structure of the aromatic
imide play an important role to determine the reaction
courses after the photochemical electron-trans-
fer process.

Results

Intermolecular Photoreactions of Aromatic Imides with
3 in Methanol. Photoreaction of N-methylphthal-
imide (4) (9.9mM, I mM=1X10"3moldm3) with 3
(12mM) under N3 for 5h gave methanol-incorporated
adduct (5) (44%) and 2,2-diphenylethyl methyl ether
(6) (12% based on used 4) together with recovered 4
(36%) (Eq. 1) as previously reported‘ea'd) Irradiation of 1
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and 3 in similar conditions gave 7 (31%) and 6 (44%)
together with recovered 1 (58%) (Eq. 2). The product
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(7) is probably derived from a primary adduct (8) by
1,3-hydrogen migration which is the familiar reaction

in the imide photochemistry (Eq. 3).'® Irradiation
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of 2 and 3 in similar conditions gave 6 (70%) together
with recovered 2 (93%) (Eq. 4). In Eq. 4, 2 acts as a
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typical electron-transfer photosensitizer for the anti-
Markovnikov addition of methanol to 3.¥ The results
of the intermolecular reaction show that the yields
of the methanol-incorporated adducts (5 and 7) de-
creases, and at the same time the yield of 6 increases,
with extension of the conjugated aromatic m-system
of the aromatic imide.

Intramolecular Photoreactions of N-(2-Phenylallyl)
Aromatic Imides in Methanol. Photoreaction of
N-(2-phenylallyl)phthalimide (9) (0.6 mM) in meth-
anol was reported to give methanol-incorporated
elimination products, phthalimide (10) (30%) and 3-
methoxy-2-phenyl-1-propene (11) (30%) (Eq. 5).®
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Irradiation of N-(2-phenylallyl)biphenyl-2,2’-dicarbox-
imide (12) (0.4mM) in methanol similarly gave
biphenyl-2,2’-dicarboximide (13) (25%) and 11 (25%)

(Eq. 6). Irradiation of N-(2-phenylallyl)naphtha-
o] O
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lene-1,8-dicarboximide (14) (0.5mM) in methanol
gave an anti-Markovnikov adduct of methanol (15)
(27%), naphthalene-1,8-dicarboximide (16) (20%), and
11 (22%) (Eq. 7). Thus, the electron-transfer photo-
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sensitized addition of methanol was observed only
in the reaction of 14 which had the most extended
aromatic m-system.

Intramolecular Photoreactions of N-(trans-3-Phenyl-
allyl) Aromatic Imides in Methanol. Photo-
reaction of N-(trans-3-phenylallyl)phthalimide (17) (5
mM) in methanol was reported to give methanol-
incorporated C-cyclized products [18a (68%) and 18b
(17%)] (Eq. 8).7¢
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Irradiation of N-(trans-3-phenylallyl)biphenyl-2,2’-
dicarboximide (19) (3.3 mM) in methanol gave a mix-
ture of two groups of products; i.e., two stereoisomers
of methanol-incorporated O-cyclized products [20a
(30%) and 20b (5%)], and two stereoisomers of
methanol-incorporated C-cyclized products [21a (21%)
and 21b (17%)] (Eq. 9). The isomers were isolated by

Yasuo Kuso, Takeo Araki, and Kazuhiro MAaRUYAMA

[Vol. 58, No. 10

; MeQ Orf“a*; 0Ph OMe
S P O & O
NNV h reon N 9
@ (o] O 0 O o]
19 20a,b 21ab

chromatography.

The structures of 20a and 20b were assigned on the
basis of the spectral data and chemical manipulations
outlined below. Combination of the 'H and 3 CNMR
multiplicity and chemical shifts, and the IR data gave
rise to at least four characteristic common features
in the structures of 20a and 20b. Namely, (i) one
amide group [20a: IR-1640 cm~!: 3CNMR 6=165.1
(s), 20b: IR-1628cm~!: BCNMR 6=165.1 (s)], but
no hydroxyl group (IR), is present. (ii) The benzyl
moiety is directly bonded to a ring system and
characterized by having the triplet carbon [20a:
8=39.6 (t), 20b: 6=39.3 (1)], and the nonequivalent
methylene protons (H* and H®). (iii) One quater-
nary carbon atom [20a: §=108.8 (s), 20b: §=109.5 (s)]
corresponds reasonably to the acetal carbon [arom-
C(OMe)(O-)N] adjacent to an aromatic system. (iv)
Protons in the methoxyl group [20a: 6=2.83 (s),
20b: §=2.90 (s)] are strongly shielded by the biphenyl
group.

As expected from the acetal structures, 20a and
20b were found to be highly sensitive to acid. Thus,
on treatment with hydrochloric acid in chloroform,
both of pure 20a and 20b were converted to an equi-
librium mixture of 20a:20b=0.63:1, probably via a
stable tertiary carbonium ion intermediate. In addi-
tion, treatment of a mixture of 20a and 20b (6: 1) with
hydrochloric acid in acetonitrile-water (4/1 volume
ratio) followed by acetylation with acetic anhydride
and pyridine gave an imide (22) (70%) (Eq. 10).
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The structures of 2la and 21b were deduced from
the similarity of the spectral data to those of 18a and
18b.”® As expected, an elimination product (23) was
formed quantitatively from each of 21la and 21b upon
treatment with hydrochloric acid in chloroform (Eq.
11).
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Photoreaction of 19 (3.3 mM) in 50 ml of methanol-
d, (>99%) was carried out to examine the deuterium
incorporation in 2la. The 'HNMR spectrum of the
isolated 21a showed that the integration of H* and H®
signals was reduced to 55+ 5% compared with those of
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the other signals, although the ratio of the integration
of H® to that of H® could not be determined because of
the considerable overlapping of these signals. The
result indicates almost quantitative one-deuterium
incorporation at the benzylic position (H* and H?) of
21a.

Irradiation of N-(trans-3-phenylallyl)naphthalene-
1,8-dicarboximide (24) (3.5 mM) in methanol followed
by chromatographic (SiQz) separation gave 25 (58%)
and 26 (trace) (Scheme 1). That the products 25 and
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Scheme 1.

26 were not observed in the reaction mixture imme-
diately after the photolysis suggested the isolated prod-
ucts were derived from primary products during
the separation. The primary products could not be
obtained probably due to their instability. However,
the primary photoproducts are presumed to be meth-
anol-incorporated O-cyclized products (27) for 25,
and methanol-incorporated C-cyclized products (28)
for 26, respectively, in view of the results obtained in
the photolysis of 19.

Triplet Photosensitization of 19. The photocycli-
zation of 19 (styryl moiety, Ep=59.8kcal mol-1)*"
was not sensitized by benzophenone (Er=69.2kcal
mol—1)? as a triplet sensitizer. The benzophenone
sensitization in methanol gave only an equilibrium
mixture of 19 and the cis isomer (0.4:0.6). The result
seems to indicate that the photocyclization of 19 di-
rectly occurs from the singlet excited state of the aro-
matic imide moiety.

Discussion

Mechanism on the Intermolecular Photoreactions of
Aromatic Imides with 3 and Intramolecular Photoreactions
of N-(2-Phenylallyl) Aromatic Imides. Photo-
reaction of N-methylnaphthalene-1,8-dicarboximide and
3 in benzene, a nonpolar solvent, was reported to give
a cyclobutane.® In benzene no photoreaction of 1 and
3 was observed even on the prolonged irradiation. How-
ever, in methanol the distinct mode of photoreactions
was observed as described above.

A reasonable mechanism for the intermolecular
photoreactions of 1, 2, and 4 with 3 is shown in
Scheme 2, where 1, 2, and 4 are denoted as 29. The
singlet excited state of the imides readily undergoes
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one-electron reduction through interaction with the
electron-rich olefin 3 to give 30 and 31. The cation
radicals 31 are captured by methanol to give 32.
Whether the methanol-incorporated addition to the
imide carbonyl group or the anti-Markovnikov addi-
tion of methanol to 3 predominates is controlled at
this stage by the relative rate of bond formation be-
tween 30 and 32 to generate the coupling products 33
(path a) vs. electron-transfer from 30 to 32 to produce
an alkyl anion (34) (path b). The results of photoreac-
tion of 1, 2, and 4 with 3 suggest the path b is more
efficient than the path a in the photoreaction of imide
which has the more extended aromatic w-system.

A mechanism for the intramolecular photoreac-
tions of 9, 12, and 14 is shown in Scheme 3, where 9,
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12, and 14 are denoted as 35. Whether the elimination
induced by methanol-incorporation or the anti-
Markovnikov addition of methanol to the olefinic
moiety predominates is also controlled by the relative
rate of bond cleavage of the 1,4-biradical (37) to gener-
ate the elimination products (11 and 39) (path a) vs. the
intramolecular electron transfer within 37 to produce
an alkyl anion (40). The results suggest that the path b
can compete with the path a only in the photoreaction
of imide 14 which has the most extended aromatic 7-
system.
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The alternative of the path a or the path b in the
both photoreactions might be due to the ability of the
radical anion of the imide moiety to serve as a reducing
agent in reduction of the alkyl radical moiety in path
b.1® The relative reduction potentials of the imide
moiety can be used to estimate the energetics and,
thus, the rate for the electron transfer processes. How-
ever, the one-electron reduction potential of phthal-
imide (10) (E,»=—1.47 V)9 is somewhat lower than
that of naphthalene-1,8-dicarboximide (16) (E,=—1.25
V).  Thus, the electron-transfer from the radical
anion of naphthalene-1,8-dicarboximide moiety to the
alkyl radical moiety (path b) would be expected to be
less competitive with the path a than for the case of
the corresponding phthalimide moiety, inconsistently
with the results.

The alternative of the path a or the path b may be
due to the ability of the radical anion of the imide
moiety to serve as a radical reactant with the alkyl
radical moiety in path a. In the case the relative spin
densities of the radical anion of imide moieties can be
used to estimate the rate for the radical reaction pro-
cesses. In accord with the results, the calculated spin
density (McLachlan method) at the carbonyl carbon
of the radical anion of 10 (0.174) was reported to
be considerably larger than that of 16 (0.067).19
Consequently, whether the reaction proceeds by the
path a or the path b seems to mainly depend on the
ability of the radical anion of the imide moiety to serve
as a radical reactant with the alkyl radical moiety in
path a, which is reflected in the relative spin densities
of the radical anion of the aromatic imide.

Mechanism on the Intramolecular Photoreactions of
N-(trans-3-Phenylallyl) Aromatic Imides. The two
types of products, O-cyclized and C-cyclized products,
were obtained in the photoreaction of 19 and 24.
Especially, the O-cyclization seems to be novel in the
photochemistry of the carbonyl compounds.

A possible mechanistic scheme for the intra-
molecular photo-reaction of 17, 19, and 24 is shown
in Scheme 4, where 17, 19, and 24 are denoted as
42. The initial step is photoinduced intramolecular
electron-transfer from the electron-donating double
bond to the excited imide moiety to form an inter-
mediate (43), in analogy with the cases of the other
systems. Successive anti-Markovnikov addition of meth-
anol to the radical cation moiety results in the forma-
tion of 44. The divergent behavior of these systems
stems from the variable reactivity of the intermediate
(44). From the intermediate, intramolecular coupl-
ing (cyclization) of the aromatic imide radical anion
moiety and alkyl radical. moiety (44—45), followed
by protonation (45—46), gives C-cyclized products
(46)." Alternatively, intramolecular nucleophilic at-
tack of the aromatic imide radical anion moiety accom-
panying elimination of methoxide ion (44—47), fol-
lowed by intramolecular electron transfer (47-—48)
and polar addition of methanol (48—49), results in
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the formation of the O-cyclized products (49). One
deuterium incorporation at the benzylic position
of 2la in the photoreaction in methanol-di sup-
ports the presence of the zwitter-ionic precursor (48).
Whether the intramolecular coupling (radical reac-
tion) (44—45) or the nucleophilic attack (44—47)
predominates seems to depend on the ability of the
radical anion of the imide moiety to serve as a radical
reactant with the alkyl radical moiety, which is reflect-
ed in the relative spin densities of the radical anion of
the aromatic imide, in analogy with the cases of the
intermolecular photoreaction and the intramolecular
photo-reaction of N-(2-phenylallyl) aromatic imides.

Another mechanism for the O-cyclization of 42,
involving intramolecular oxetane formation might be
considered, as the oxetane formation was sometimes
reported in photoreactions of aromatic imides and
olefins.®*1® However, heterolytic cleavage of the ox-
etane (50) derived from 43 or 47 was expected to occur
at the C-O bond to give the more stable zwitter ion
(51), rather than at the C-C bond of the oxetane ring
to give 48. Thus, the mechanism involving the ox-
etane formation could not rationalize the observed
structures of the products. Furthermore, the expected
methanol-adduct (52) from 51 was not observed in
the photoreaction.

In conclusion, this work demonstrates that the
structure of the aromatic imide (electron acceptor) play
an important role to determine the reaction course
after the photochemical electron transfer between the
aromatic imide and the olefin (electron donor). These
results are also of interest in terms of the effect of the
geometrical situation between the acceptor and the
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donor on the reaction course after the electron-transfer
process.

Experimental

The mps were measured by a Yanagimoto micromelting
point apparatus, and are uncorrected. 'H NMR spectra were
determined on a JEOL JNM-MH-100 spectrometer in CDCl3
solution. IR spectra were obtained with a Hitachi 260-50
spectrophotometer. Mass spectra were measured on a JEOL
JMS-DX-300 apparatus. Microanalyses were performed on a
Yanagimoto CHN corder MT-2. UV irradiation was carried
out with an Eikosha PIH 300-W high-pressure Hg-lamp
through Pyrex filter under N2 at ambient temperature.
Column chromatography was done on Wakogel C-200 (silica
gel, 74—149 p). HPLC analyses were performed on a Hitachi
635 A apparatus.

Materials. N-Methylbiphenyl-2,2’-dicarboximide (1) and
N-ethylnaphthalene-1,8-dicarboximide (2)!6 were prepared
by the reaction of the corresponding anhydride and amine.

1: Mp 167—169°C; H NMR 6=3.51 (s, 3H, NMe), 7.4—
8.0 (m, 8H, Arom H); IR (KBr) 1695 (imide), 1658 (imide),
1606, 1352, 1322, 740cm~!. Found: C, 75.89; H, 4.82; N,
5.96%. Calcd for C1sH11NOa: C, 75.93; H, 4.67; N, 5.90%.

The imides (12, 14, 19, and 24) were prepared by the reac-
tion of the corresponding imide and halide in an analog-
ous manner as described in the preparation of N-alkenyl-
phthalimides.”™

N-(2-Phenylallyl)biphenyl-2,2’-dicarboximide (12): From
the reaction of 13 and 3-bromo-2-phenyl-1-propene,!”? 60%
based on the bromide; mp 95—97°C (from ethanol): 'H
NMR8=5.01 (s, 1H, C=CH3), 5.11 (s, 2H, NCHz3), 5.29 (s, 1H,
C=CHgy), 7.2—8.0 (m, 13H, arom H); IR (KBr) 1688 (imide),
1640 (imide), 1358, 1238, 736 cm~!. Found: C, 81.50; H, 5.20;
N, 4.08%. Calcd for C2sH17NOg2: C, 81.39; H, 5.05; N, 4.13%.

N-(2-Phenylallyl)naphthalene-1,8-dicarboximide (14): From
the reaction of 16 and 3-bromo-2-phenyl-1-propene, 53%
based on the bromide; mp 181—183°C (from ethanol); 'H
NMR 6=4.97 (s, 1H, C=CHy), 5.19 (s, 2H, NCH3y), 5.32 (s, 1H,
C=CHzy), 7.2—17.7 (m, 5H, Ph), 7.74 (t, 2H, arom H), 8.23 (d,
2H, arom H), 8.63 (d, 2H, arom H); IR (KBr) 1698 (imide),
1658 (imide), 1348, 1236, 782cm™1. Found: C 80.58; H, 4.96;
N, 4.50%. Calcd for C2iH1sNOs: C, 80.49; H, 4.83; N, 4.47%.

N-(trans-3-Phenylallyl)biphenyl-2,2'-dicarboximide (19): From
the reaction of 13 and cinnamyl chloride,® 80% based
on the chloride; mp 155—157°C (from ethanol); tH NMR
6=4.81 (d, J=6Hz, 2H, NCHy), 6.28 (dt, J=6, 16 Hz, 1H,
CH.CH=C), 6.66 (d, J=16 Hz, 1H, PhCH=C), 7.1—8.0 (m,
13H, arom H); IR (KBr) 1702 (imide), 1662 (imide), 1340,
1328, 746cm—!. Found: C, 81.63; H, 5.26; N, 4.16%. Calcd
for CosH17NO2: C, 81.39; H, 5.05; N, 4.13%.

N-(trans-3-Phenylally)naphthalene-1,8-dicarboximide  (24):
From the reaction of 16 and cinnamyl chloride, 75% based
on the chloride; mp 149—151°C (from ethanol); tH NMR
6=4.93 (d, J=6Hz, 2H, NCH32), 6.37 (dt, J=6, 16 Hz, 1H,
CH:CH=C), 6.76 (d, J=16 Hz, 1H, PhCH=C), 7.0—7.5 (m,
5H, Ph), 7.72 (t, 2H, arom H), 8.18 (d, 2H, arom H), 8.58
(d, 2H, arom H); IR (KBr) 1704 (imide), 1670 (imide), 1388,
1340, 1242, 786cm=1. Found: C, 80.27; H, 5.02; N, 4.41%.
Calcd for Ca1HisNO2: C, 80.49; H, 4.83; N, 4.47%.

1,1-Diphenylethylene (3) was a commercial sample from
Tokyo Chemical Industry.

Intermolecular Photoreactions of Aromatic Imides with 3.
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Solutions of aromatic imide (1 and 2) (9.9mM) and 3 (12
mM) in 20cm3 of methanol were irradiated for 5h. After
evaporation of the solvent, the residue was subjected to
chromatography to give the products. 2,2-Diphenylethyl
methyl ether (6) was identical with a sample prepared by
irradiation of p-dicyanobenzene, 3, and phenanthrene
(sensitizer) in methanol.*® On the other hand, the irradiated
methanol solutions were analyzed by HPLC and H NMR
measurements with an internal standard to determine the
yields of the products.

N-Methyl-2’ -(2,2-diphenyl-3-methoxy-1-oxopropyl)biphenyl-
2-carboxamide (7): Mp 156—158°C; 1HNMR 6=2.49 (d, J=
4Hz, 3H, NHMe, these signals were changed to s by shaking
with D20), 3.14 (s, 3H, OMe), 4.23 and 4.37 (ABq, J=19Hz,
2H, CH;OMe), 6.9—7.9 (m, 19H, arom H+NH); IR (KBr) 3370
(NH), 1672 (amide and ketone), 1542, 1232, 758, 702cm™.
Found: C, 80.31; H, 6.00; N, 3.15%; M*, 449. Calcd for
C30H27NOs: C, 80.15; H, 6.05; N, 3.12%; M, 449.

Intramolecular Photoreactions of N-(2-Phenylallyl) Aromatic
Imades. Solutions of N-(2-phenylallyl) aromatic imides
(12 and 14) in 400cm3 of methanol were irradiated for 5h.
After evaporation of the solvent, the residue was subjected to
chromatography to give the products. 3-Methoxy-2-phenyl-
1-propene (11) was identical with an authentic sample.!?
Biphenyl-2,2’-dicarboximide (13) was identical with an
authentic sample.2? Naphthalene-1,8-dicarboximide (16)
was also identical with a commercial sample from Nakarai
Chemical Industry. On the other hand, the irradiated meth-
anol solutions were analyzed by HPL.C and 'H NMR mea-
surements with an internal standard to determine the yields
of the products.

N-(3-Methoxy-2-phenylpropylnaphthalene-1,8-dicarboximide
(15): Mp 115—117°C; 'H NMR 6=3.21 (s, 3H, OMe), 3.5—3.8
[m, 3H, PhC(H)CH20Me], 4.36 (dd, J=7, 12 Hz, 1H, NCHb»),
4.58 (dd, J=6, 12Hz, 1H, NCH3), 7.1—7.5 (m, 5H, Ph), 7.71
(t, 2H, arom H), 8.17 (d, 2H, arom H), 8.57 (d, 2H, arom H);
IR (KBr) 1709 (imide), 1678 (imide), 1602, 1354, 1248, 802
cm~!. Found: C, 76.41; H, 5.81; N, 3.97% M+, 345. Calcd for
C22H19NOs: C, 76.50; H, 5.55; N, 4.06%; M, 345.

Intramolecular Photo-reaction of 19. A solution of 19in
400 cm3 of methanol was irradiated for 5h. After evaporation
of the solvent, the residue was subjected to chromatography to
give the products. On the other hand, the irradiated methanol
solution was analyzed by HPLC and 'H NMR measurement
with an internal standard to determine the yields of the
products.

6-Benzyl-4b-methoxy-6,7-dihydro-4bH,9H-dibenz-[3',4':5",6" }
azepino[2,1-b Joxazol-9-one Isomer A (20a): Mp 156—158°C; 'H
NMR 6=2.83 (s, 3H, OMe), 2.95 (dd, J=6.1, 13.5Hz, 1H, H®),
3.27(dd, J=6.4, 13.5 Hz, 1H, H"), 3.42(dd, J=9.6,11.2Hz, 1H,
H°), 4.19 (dd, J=5.9, 11.2Hz, 1H, HY), 45—5.0 (m, 1H, H°),
7.1—8.1 (m, 13H, arom H); BCNMR 6=39.6 (t, CH2Ph),
50.8 (q, OMe), 50.9 (t, NCHs), 76.1 (d, OCH), 108.8 [s,
PhC(OMe)(O-)N], 125.1, 126.9, 127.7, 128.2, 128.4, 128.6,
129.2, 129.5, 129.7, 129.8, 129.9, 130.3, 130.9, 132.9, 135.7,
136.4, 137.3, 137.6 (18C, arom C), 165.1 (amide); IR (KBr)
1640 (amide), 1455, 1408, 1079, 1045, 742cm~1. Found: C,
77.62; H, 5.97; N, 3.68% M+, 371. Calcd for C24H21NOs: C,
77.60; H, 5.70; N, 3.77%; M, 371.

Isomer B (20b): Mp 150—152°C; THNMR 6=2.90 (s, 3H,
OMe), 3.06 (dd, J=6.6, 13.9Hz, 1H, H®), 3.27 (dd, J=6.0,
13.9Hz, 1H, HY), 3.57 (dd, J=9.2, 11.0 Hz, 1H, H°), 4.03 (dd,
J=5.9, 11.0Hz, 1H, HY), 4.3—4.7 (m, 1H, H°), 7.1—8.1 (m,



2868

13H, arom H); BCNMR 6=39.3 (1, CHzPh), 49.7 (q, OMe),
50.5 (1, NCHy), 75.6 (d, OCH), 109.5 [s, PhC(OMe)(O-)N],
123.0, 125.2, 127.0, 127.5, 128.0, 128.5, 128.7, 128.9, 129.2,
129.5, 129.9, 130.7, 131.4, 131.8, 136.0, 136.2, 138.0, 138.4 (18C,
arom C), 165.1 (amide); IR (KBr) 1628 (amide), 1458, 1419,
1122, 742cm~1. Found: C, 77.86; H, 5.91; N, 3.82%; M+, 371.
Calcd for C2sH21NOs: C, 77.60; H, 5.70; N, 3.77% M, 371.
4b-Hydroxy-6-methoxy-5-phenyl-4b,5,6,7-tetrahydro-9H-dibenzo-
[c.epyrrolo[1,2-afazepin-9-one Isomer A (2la): Mp 191—
192.5°C; 'H NMR 6=3.51 (s, 3H, OMe), 3.86 (dd, J=4, 13 Hz,
1H), 4.2 (br s, 1H, OH), 4.24 (dd, J=7, 13 Hz, 1H), 4.28 (d,
J=3Hz, 1H), 4.2—4.5 (m, 1H), 6.9—7.0 (m, 2H, arom H),
7.1—7.6 (m, 9H, arom H), 7.9—8.1 (m, 1H, arom H); IR
(KBr) 3280 (OH), 1640 (amide), 1460, 1420, 1130, 755, 713 cm 1.
Found: C, 77.46; H, 5.62; N, 3.80%; M+, 371. Calcd for
C2aH21NOs: C, 77.60; H, 5.70; N, 3.77%; M, 371.

Isomer B (21b): Mp 213—215°C; 'H NMR 6=2.8 (brs, 1H,
OH), 3.26 (s, 3H, OMe), 3.34 (d, J=10Hz, 1H), 4.2—4.4 (m,
1H), 4.5—4.7 (m, 1H), 7.1—8.0 (m, 13H, arom H); IR (KBr)
3280 (OH), 1610 (amide), 1455, 1416, 1108, 743, 708 cm™!.
Found: C, 77.87; H, 5.50; N, 3.85%; M+, 371. Calcd for
C24H21NOs: C, 77.60; H, 5.70; N, 3.77%; M, 371.

Acid Isomerization and Degradation of 20a and 20b. To
a solution of 30mg of 20a in 10cm? of chloroform was
added a few drops of hydrochloric acid. After 1d, the solu-
tion was washed with water and dried. Then, after evapora-
tion of the solvent, the residue was examined by measure-
ment of 'HNMR spectrum with an internal standard to
contain a mixture of 20a and 20b (the isomer ratio was
0.63:1, the total yield was 78%). A similar result was ob-
tained starting from 15mg of 20b.

To a solution of 30 mg of a mixture of 20a and 20b (6:1)
in 30cm3 of acetonitrile-water (4/1 volume ratio) added a
few drops of hydrochloric acid. After 1d, the solvent was
evaporated and the residue was subjected to chromatog-
raphy to give an alcohol. 'H NMR spectrum of the alcohol
could not be obtained due to the low solubility in CDCls.
Thus, the alcohol was converted to its acetate (22) (70%
based on 20a+20b) by acetic anhydride and pyridine.

N-(2-Acetoxy-3-phenylpropyl)biphenyl-2,2’-dicarboximide
(22): Mp 117—120°C; 'HNMR 6=2.44 (s, 3H, OAc), 2.7—2.8
(m, 2H, CHsPh), 3.51 (dd, J=6, 14 Hz, 1H, NCH3), 4.34 (dd,
J=3, 14Hz, 1H, NCH3), 5.5—5.7 (m, 1H, CHOAC), 6.9—7.7
(m, 12H, arom H), 8.2 (dd, J=2, 7Hz, 1H, arom H); IR (KBr)
1740 (ester), 1700 (imide), 1655 (imide), 1338, 1242, 1035,
744cm~!. Found: C, 74.91; H, 5.59; N, 3.48%; M+, 399. Calcd
for C2sH21NOy: C, 75.17; H, 5.30; N, 3.51%; M, 399.

Acid Degradation of 21a and 21b. Toasolution of 30 mg
of 2la in 10cm?® of chloroform was added a few drops of
hydrochloric acid. After 1d, the solution was washed with
water and dried. Then, after evaporation of the solvent,
chromatography of the residue gave 22mg (85%) of 23. A
similar result was obtained starting from 30mg of 21b
(yield 76%).

5-Phenyl-9H-dibenzo[c,e Jpyrrolo[1,2-ajazepin-9-one (23):
Mp 169—171.5°C; tHNMR 6=6.58 (d, J=3 Hz, 1H), 7.0—7.9
(m, 13H, arom H), 8.07 (d, 1H, arom H); IR (KBr) 1708
(amide), 1364, 1340, 704, 753 cm~!. Found: C, 86.13; H, 4.62;
N, 4.36%; M+, 321. Calcd for C2sH1sNO: C, 85.96; H, 4.71;
N, 4.36%; M, 321.

Intramolecular Photoreaction of 24. A solution of 24 in
400 cm? of methanol was irradiated for 5h. After evaporation
of the solvent, the residue was subjected to chromatography to
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give 25 and 26. The primary photoproducts could not be
obtained probably due to the instability on the separation.
Chromatography on aluminium oxide also gave 25 and 26.
The 'H NMR spectrum of the irradiation mixture revealed
that the 25 and 26 were not the primary products, and the
primary products showed mainly two methoxy singlets at
6=2.84 and 3.02 (intensity ratio 4:1).

N-(2-Hydroxy-3-phenylpropyl)naphthalene-1,8-dicarbox-
imide (25): Mp 148—150°C; tTHNMR 6=2.5—2.7 (br s, 1H,
OH), 2.8—3.0 (m, 2H, CH2Ph), 4.2—4.4 (m, 3H, NCHCH
OH), 7.1—7.4 (m, 5H, Ph), 7.67 (t, 2H, arom H), 8.14 (d, 2H,
arom H), 8.51 (d, 2H, arom H); IR (KBr) 3500 (OH), 1702
(imide), 1644 (imide), 1592, 1236, 782 cm~!. Found: C76.10; H,
4.99; N, 4.31%; M+, 331. Calcd for C21H17NOs: C, 76.12; H,
5.17; N, 4.23%; M, 331. Its acetate: mp 117—120°C; 'H NMR
6=1.81 (s, 3H, OAc), 3.02 (d, J=7Hz, 2H, CH:2Ph), 4.23 (dd,
J=3, 13Hz, 1H, NCH32), 4.59 (dd, J=9, 13 Hz, 1H, NCH2),
5.6—5.8 (m, 1H, CHOAC), 7.0—7.4 (m, 5H, Ph), 7.67 (t, 2H,
arom H), 8.14 (d, 2H, arom H), 8.53 (d, 2H, arom H); IR
(KBr) 1732 (ester), 1703 (imide), 1672 (imide), 1596, 1341, 1243,
786cm~!. Found: C, 73.84; H, 5.29; N, 3.72%; M+, 373. Calcd
for C2sH1sNOs: G, 73.98; H, 5.13; N, 3.75%; M, 373.

11-Phenyl-7H-benzo[de Jpyrrolo[ 2,1-a Jisoquinolin-7-one (26):
Mp 171—173°C; 'H NMR 6=6.49 (d, J=4Hz, 1H), 7.1—8.0
(m, 10H, arom H), 8.13 (d, J=7Hz, 1H, arom H), 8.69 (d,
J=7Hz, 1H, arom H); IR (KBr) 1715 (amide), 1590, 1321,
785 cm~1. Found: C, 85.47; H, 4.30; N, 4.77%; M+, 295. Calcd
for C2iH1sNO: C, 85.40; H, 4.44; N, 4.74%; M, 295.

Triplet Photosensitization of 19. The photoreaction
of 19 (3.3mM) in the presence of benzophenone (30 mM)
was carried out with light of >340nm (filter: Pyrex and
aq 5,7-dimethyl-1,4-diazacyclohepta-4,7-dienium perchlo-
rate2D) in methanol. The irradiated methanol solution was
analyzed by HPLC with an internal standard to determine
the yields of the products. The cis isomer of 19 was obtain-
ed by the repeated recrystallization (ethanol) of the irradiated
mixture.

N-(cis-3-Phenylallyl)biphenyl-2,2’-dicarboximide: Mp
136—138°C; 'THNMR 6=4.98 (dd, J=2, 7Hz, 2H, NCHy),
5.65 (dt, J=7, 12Hz, 1H, NCH2:CH=C), 6.58 (dt, J=2, 12 Hz,
1H, C=CHPh), 7.2—8.0 (m, 13H, arom H); IR (KBr) 1692
(imide), 1658 (imide), 1360, 1342, 1318, 738 cm~!. Found: C,
81.11; H, 5.10; N, 4.05%. Calcd for Ce3H17NOs: C, 81.39; H,
5.05; N, 4.13%.
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