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Photochemistry of N-Alk-4-enyl- and N-Alk-5-enyl-phthalimides: T w o Different
Types of Cyclization Reaction
Kazuhiro Maruyama and Takuji Ogawa
Department of Chemistry, Faculty of Science, Kyoto University, Kyoto 606,Japan
Yasuo Kubo" and Takeo Araki
Department of Chemistry, Faculty of Science, Shimane University, Matsue, Shimane 690, Japan
Photochemical reactions of N-alk-4- and -5-enylphthalimides (1a - e ) have been investigated. In the
photolyses of acetonitrile solutions of (1a - e ) , intramolecular cyclization reactions accompanying
C(=O)-N bond cleavage to give ( 2 a - e ) were generally predominant, together with intramolecular
hydrogen abstraction in some cases. Photolyses of cis- and trans-N-hex-4-enylphthalimides [cis- (1e)
and trans- (1e)] in acetonitrile solutions showed stereospecific cyclization reactions; irradiation of cis(1e) gave cis- (2e) and that of trans- (1e) gave trans- (2e) selectively with low conversion. In methanol
(1d), which has a vinyl ether moiety, gave different types of cyclization product: namely, (8a) and (9a),
methanol-incorporated products probably resulting from an intramolecular electron transfer process.
The photochemistry of imides has been the subject of intensive
investigation. With an interest in the photochemical reactions of
imides with olefins, we found that in the photolysis of alicyclic
imides with olefins, oxetane formation typically occurred, an
example of normal nn* carbonyl photo-reactivity.2 In contrast,
the photo-reactions of phthalimides with olefins are quite
different.Thus, the photo-reactions of N-alk-2-enylphthalimides
in alcohols gave products in which solvent-incorporated
cyclization and elimination had occurred, probably via
intramolecular electron transfer from the olefinic moiety to the
excited phthalimide m ~ i e t y Further,
.~
photolysis of N-alkenylphthalimides having a more remote alkenyl double bond
generally gave solvent-incorporated medium-sized cyclic to
macrocyclic cyclization product^.^ Thus, the solvent-incorporated cyclization reaction seems to represent a more typical
reaction path for N-alkenylphthalimides with electron-donating
olefinic moieties.
Earlier, we reported a further type of photocyclization for Nalk-4-or -5-enylphthalimides;' here we present full details of this
work.
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Results and Discussion
Irradiarion of the fhthalimide (la).-An acetonitrile solution
of N-pent-4-enylphthalimide(la) was irradiated under N,
with a high-pressure mercury-lamp. Chromatography of the
product gave (2a) in a yield of 92% based on starting material
consumed (Scheme 1). The structure of (2a) was assigned as
1,2,3,10,11,11a-hexahydro-5H-pyrrolo[ 1,2-b][2]benzazepine-

5,10-dione on the basis of i.r., 'H and 'jC n.m.r., and mass
spectral evidence, its elemental analysis, and the chemical
manipulations outlined below.
The mass spectrum and elemental analysis of (2a) showed
that it was an isomer of the starting material (la); its i.r.
spectrum showed absorption at 1675 and 1625 cm-'
characteristic of a ketone carbonyl group (phenyl alkyl ketone
type) and amide carbonyl group, respectively. The 13C n.m.r.
spectrum of (2a) also showed the presence of two carbonyl
groups, i.e. two carbonyl carbons at 6 166 (amide CO) and 201
(ketone CO). Further, the 13C n.m.r. spectrum showed four
kinds of methylene carbons (triplet signals) at 6 23, 32, and 47
(COCH,), 52 (NCH,), and a single methine carbon (doublet
signals) at 6 53 (NCH). The 'H n.m.r. spectrum showed the
presence of a methylene group adjacent to the ketone carbonyl
group and methine carbon (COCH,CH) at 6 2.72 (dd, J1,,-3,
J A B 18 Hz) and 2.98 (dd, J,,z 12, J A B 18 Hz), and a methine
group adjacent to two methylene groups and a nitrogen atom
[COCH,CH(N)CH,] at 6 4.18 (m), as could be expected from
the assigned structure.
The presence of the ketone carbonyl group in the structure of
(2a) was further supported by reduction with sodium

2026

J. CHEM. SOC. PERKIN TRANS. I

borohydride in ethanol (Scheme 1). The reduction of (2a) gave
an alcohol (3) (71%), the i.r. spectrum of which showed a single
carbonyl absorption band at 1619 cm-' (amide) and an
absorption band at 3 320 cm-' (OH). The ' H n.m.r. spectrum of
(3) showed doublet of doublets signals at 6 3.92 (J1,,8, 10 Hz)
due to the methine hydrogen (HCOH). The methylene signals
observed at 6 2.72 and 2.98 in the 'H n.m.r. spectrum of (2a)
shifted to the higher field at 6 1.5-2.5 in that of (3).
Irradiation of (la)in methanol gave a product identical with
(2a) (70%).
Irradiation of the Phthalimide (1b).-An acetonitrile solution
of N-hex-Senylphthalimide (1b) was irradiated in a similar
manner. Chromatography gave (2b) (32%) and (4) (25%)
(Scheme 2).
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Irradiation of the Pthalimide (Id).-In acetonitrile, irradiation of N-(2-~inyloxyethyl)phthalimide(la) gave (2d) (62%)
(Scheme 4) However, compared with that of (la) the cyclization
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In the 'H n.m.r. spectrum of (2b), the results of spindecoupling experiments were also in complete accord with the
proposed structure and chemical-shift assignments. Irradiation
of multiplet signals (NCH) centred at 6 4.23 caused the two
doublets of doublets (COCH,, J , , , , 2, J A B 19 Hz and J1,,12,
J A B 19 Hz) centred at 6 2.55 and 3.29, respectively, to collapse
into AB quartet (two doublets J A B 19 Hz). Irradiation of
complex signals (CH,CH,CH,CH,N-) centred at 6 1.74 caused
both multiplets (CH,N) centred at 6 3.05 and 4.27 to collapse
into an AB quartet (2 d J A B 12 Hz),and multiplets (NCH)
centred at 6 4.23 to collapse into a doublet of doublets (Jle2
2, 12
Hz). The anisotropic shielding effect of the phenyl ring and the
carbonyl group is probably responsible for a considerable
difference of the chemical shifts due to the two pairs of geminal
methylene hydrogens (6 2.55 and 3.29 for COCH,, 6 3.05 and
4.27 for NCH,). The other spectral data also support structure
of (2b).
The minor product (4) was shown to be identical with the
sample obtained by photoreaction of N-butylphthalimide.6
Formation of (4) may be rationalized on the basis of a two-fold
y-hydrogen abstraction mechanism (Scheme 2);6 i.e. the first yhydrogen abstraction by the imide carbonyl group (lb+(5),
followed by 1,3-hydrogen migration (5)+(6), and the second yhydrogen abstraction by the ketone carbonyl group (6+(4).
Irradiation of the Phthalimide (lc).-An acetonitrile solution
of N-allyloxymethylphthalimide(lc) was irradiated to give (2c)
(15%) (Scheme 3). Major products in the reaction were 6hydrogen abstraction-cyclization products (7) (60%),a mixture
of the two diastereoisomers, probably caused by the presence of
an activated 6-methylene group by the neighbouring -0- and
-CH=CH, groups.
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of (Id) was considerably slower; the rates for disappearance of
(la) and (Id) in acetonitrile (23 mM) were in the ratio of 20: 1.
In contrast, irradiation in alcohol gave solvent-incorporated
cyclization products. Thus, photolysis of (la) in methanol gave
(8a) (47%) and (9a) (2273, and in ethanol (8b) (43%) and (9b)
( 19%).
The structure and stereochemistry of these products were
assigned on the basis of i.r., ' H n.m.r., and mass spectral
evidence, elemental analyses, chemical manipulations, and an
X-ray diffraction analysis. The i.r. spectra of (8a) and (9a)
showed absorption at, respectively, 1 674 and 1 670 cm-' (amide
CO) and 3 300 and 3 280 cm-' (OH). The 'H n.m.r. spectra of
(8a) and (9a) showed singlets at 6 2.92 and 3.44 (OMe),
respectively. The anisotropic shielding effect of the phenyl ring is
probably responsible for the different chemical shifts of the two
methoxy groups.
The products (8a) and (9a) were found to be very sensitive to
acid. On being treated with a drop of hydrochloric acid in
chloroform, (8a) and (9a) were dehydrated to give (1Oa) (73%)
(Scheme 5). The products (8b)and (9b) also gave (lob) (93%) by
the same procedure. On the other hand, (lob) was oxidized by
chromic acid in acetic acid to (11). The imide (11) was also
obtained by an alternative synthesis, i.e. esterification of
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Time dependent yields of the two products in the photolysis
of cis-(le) or trans-(le) were examined by means of h.p.1.c. The
results clearly indicated that the photocyclization was stereospecific; irradiation of cis-(le) gave cis-(&) selectively [cis(2e): trans-(2e) = 95: 31 and that of trans-(le) gave trans-(2e)
selectively [trans-(2e) :cis-(%) = 63 : 13) at the low conversion.

ROCH,

0
( 1 0 a ) R = Me
( l O b ) R = Et
R = Et

Cyclization accompanying Imide C(=O)-N Bond Cleavage.The intermolecular addition reaction to give benzazepinediones
observed in the photolysis of N-methylphthalimide and olefins
also occurred with isobutene and styrene (Scheme 7).5
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ethoxyacetic acid by N-(2-hydroxyethyl)phthalimide, using
dicyclohexylcarbodi-imide(DCC) in acetonitrile.
Finally, the structure and stereochemistry of (8a) was
confirmed by an X-ray diffraction analysis. From the
stereoscopic view shown in the Figure, the structure of (8a) is
seen to possess an endo-methoxymethyl group.
Irradiation of the Phthafimides cis-(le) and trans-( le).Photolysis of cis-(le) and trans-(le) (cis- and trans-N-hex-4enylphthalimide) was examined in order to clarify the
stereochemical course of the photocyclization. The imides were
prepared by the reaction of potassium phthalimide and the
corresponding chlorides.
In acetonitrile, irradiation of cis-(le) for 8 days gave a mixture
of two cyclization products which were separated by h.p.1.c. The
structures of the products were readily assigned by comparison
of their 'H n.m.r. spectra with those of the analogous products
(2a-d); stereochemical assignments were made on the basis of
the results reported by Mazzocchi and his c o - ~ o r k e r s The
.~
cyclization product with the 2 Hz coupling between Ha and H,
(Scheme 6) was assigned to the cis-isomer cis-(2e) and with the

12 Hz coupling to the trans-isomer trans-(2e). The isomer ratio
of cis-(&): trans-(&) in the reaction was 2: 3 after irradiation for
8 days.

Independently, similar intermolecular addition reactions have
been found by other groups: thus, N-methylphthalimide has
been reported to react with dieneq8 alkenes,' vinyl ethers,1°
vinyl esters,' and allenes." In addition, Mazzocchi and his coworkers have reported that the addition reaction with cis- and
trans-but-2-ene was ~tereospecific,~
and that of 4-methoxy-Nmethylphthalimide with olefins was regioselective.''
For the intramolecular photoreaction, it is interesting to
consider how the position of the double bond affects the
reaction. Thus, in the photolysis of simple carbonyl compounds
the most favourable double bond for intramolecular oxetane is
in the y,6-position;I3 this corresponds to unsaturation at the 2position in N-alkenylimide systems. Thus, photolysis of Nallylsuccinimide in methanol gave mainly oxetanes via
intramolecular cyclization,2" whereas irradiation of N-but-3enyl- and N-pent-4-enyl-succinimidein methanol afforded
mainly y-hydrogen abstraction products. Preference of the Nalk-2-enyl double bond for oxetane formation was explained in
terms of attack of the nn* excited carbonyl oxygen onto the
double bond via a six-membered transition state.
In the intramolecular cyclizations of (la-) to give ( 2 a - e )
which accompanied imide C(=O)-N bond cleavage, the former
reactions occurred for only a limited number of the Nalkenylphthalimides; the N-alk-4-enyl double bond, which
corresponds to the &,<-position was highly favoured for the
reaction. Photolysis of N-(alk-2-enyl)phthalimides in acetonitrile gave none of the cyclization p r o d ~ c t . Photoreaction
~"
of
N-but-3-enylphthalimide in acetonitrile to give (12) (27%) was
slow compared with that of (la).

In compounds of the type A-(CH,),-D, in which A and D are
different n-systems, the efficiency of the intramolecular reaction
is known to be a function of n. Often, for n = 3, an optimal
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situation is attained as a result of steric factors.14In our study,
N-pent-4-enylphthalimide (la) corresponds to an A-(CH2),-D
I
1
system, in which D is -CH=CH, and A is CO*C6H,CO-N-.
Thus, (la) may most efficiently form the intramolecular
cyclization product (2a). The regiochemistry of the intermolecular addition reaction (Scheme 7) is different from that of
the intramolecular reaction. The observed regiochemistry of the
cyclization may indicate that steric factors play a more
important role than electronic factors in the intramolecular
reaction. Stereospecificityof the reaction may provide evidence
that the cyclization arises directly from the singlet excited state
of N-alkenylphthalimides.
Two Different Types of Cyclization Reaction of the
Phthalimide (ld).-In
acetonitrile, the efficiency of the
cyclization reactions of (Id) with the vinyl ether moiety was
much lower than that of (la) with the simple ethylene moiety.
This result can be interpreted in terms of apparent difficulties of
electron transfer from the double bond to the excited imide
(Scheme 8). Initial electron transfer may regenerate the starting

\

/

Scheme 8.

material uia back electron transfer, which competes with the
cyclization in cases where the ionization potential of the double
bond is low enough. Thus, in methanol (14) can be trapped to
give different types of cyclization product; the methanolincorporated cyclization products (&) and (9a). The structural

1985

and stereochemical features of (8a) and (9a) are nicely
rationalized on the basis of an electron transfer mechanism
(Scheme 5); here radical (15) is involved which is more stable
than that formed by addition of methanol to the non-terminal
alkene carbon.

Experimental
M.p.s were measured on a Yanagimoto micromelting point
apparatus and are uncorrected. 'H N.m.r. spectra were recorded
on a JEOL PS-100 spectrometer (100 MHz). Chemical shifts are
reported in p.p.m. (6) relative to internal SiMe,. 1.r. spectra were
obtained with a JASCO IR-G spectrophotometer calibrated
against the 1 601 cm-' peak of polystyrene. Mass spectra were
taken with a Hitachi M-52 mass spectrometer. Microanalyses
were carried out by the Microanalytical Laboratory of Kyoto
University, Kyoto, Japan.
Preparation of A lkenylph t halimides (1a+).N- Pent-4enylphthalimide (la), m.p. 4 0 - 4 1 "C (lit.,15 34-35 "C), was
prepared by the method of Kirmse and Grassmann."
Analogously, N-hex-5-enylphthalimide (1b) was prepared by
the reaction of 1-chlorohex-5-ene' and potassium phthalimide
in 65% yield (based can 1-chlorohex-Sene): b.p. 165-167 "C/2
Torr; G,(CDCl,) 1.3-1.9 (4 H, m), 2.12 (2 H, q, J1,27 Hz), 3.67
(2H,t,Jl,,7Hz),4.8-5.1(2H,m),and5.5-6.1 (1 H,m),7.68.0 (4 H, m); v,,,.(neat) 1 765, 1 712 (imide), 1 390, 1 365, 1 038,
913,and715~m-~;m/z(20eV)229(29,M+),
161 (go), 160(100),
148 (88),and 82 (51) (Found: C, 73.1; H, 6.6; N, 6.1. Cl,H15N02
requires C, 73.3; H, 6.6; N, 6.1%).
N-Allyloxymethylphthalimide (lc) was prepared as follows.
N-Bromomethylphthalimide (12 g) was added to a solution of
sodium (1.2 g) in allyl alcohol (50 ml) with stirring" and the
stirring continued for 1 h at room temperature; the solution was
subsequently refluxed for 1 h. The excess of allyl alcohol was
removed under reduced pressure and the residue extracted with
chloroform (20 ml). The extract was washed with water (10 ml)
and dried (Na,SO,). Distillation of the solution gave (lc) (7.6
g), b-p. 141-144 "C/2 Torr, which crystallized with time; m.p.
4 5 4 7 "C; G,(CDCl,) 4.1 1 (2 H, d, Jl,2 6 Hz), 5.16 (2 H, s),
5.0-5.5 (2 H, m), 5.6-6.1 (1 H, m), and 7.6-8.0 (4 H, m);
v,,,.(KBr) 1 771, 1 720 (imide), 1 355, 1 330, 1 200, 1070, 725,
and 705 cm-'; m/z (20 eV) 217 (1, M + ) , 162 (13), 161 (88),and
160 (100) (Found: C, 66.1; H, 5.4; N, 6.5.C12H,,N03requires
C, 66.4; H, 5.1; N, 6.5%).
Analogously to (la), N-(2-~inyloxyethyl)phthalimide (la)
was prepared by the reaction of 2-chloroethyl vinyl ether and
potassium phthalimide in 58% yield (based on 2-chloroethyl
vinyl ether): m.p. 1 15-1 15.5 "C (from ethanol); G,(CDCl,)
3 . 8 4 . 4 (6 H, m), 6.42 (1 H, dd, J1,,7 Hz, JAB14 Hz), and 7 . 6
8.0 (4 H, m); vmax.(KBr)1 765, 1 712 (imide), 1 613, 1 419, 1 385,
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1 317, 1 190,996, and 825 cm-'; m/z (20 eV) 217 (3, M+),175
(12), 174 (loo), 171 (17), 161 (6), 160 (34), 147 (12), and 130 (17)
(Found: C, 66.5; H, 5.4; N, 6.5. C12H1,NO3 requires C, 66.4; H,
5.1; N, 6.5%).
trans-N-Hex-4-enylphthalimidetrans-(le) was prepared by
the reaction of trans-1-chlorohex-4-ene1 and potassium
phthalimide in 65% yield (based on trans- 1-chlorohex4-ene):
m.p. 55.0-57.0 "C, b.p. 105 " c / l Torr; &,(CDCl,) 1.59 (3 H, d,
J1.,4 Hz), 1 . 6 2 . 2 (4 H, m), 3.56 (2 H, t, J1,,8 Hz), 5.32 (2 H,
m), and 7.5-7.8 (4 H, m); v,,,.(KBr) 1 715 (imide) and 960
cm-'; m/z (20 eV) 229 (60, M'), 161 (loo), and 160 (100)
(Found: C, 73.5; H, 6.5; N, 6.1. C,,H,,NO, requires C, 73.3; H,
6.6; N, 6.1%).
cis-N-Hex-4-enylphthalimidecis-(le) was prepared by the
reaction of cis-1-chlorohex4-ene and potassium phthalimide.
cis- 1-Chlorohex-4-ene was prepared as follows. n-Butyl-lithium
(0.15 mol) and then methyl iodide (0.15 mol) were added to a
solution of 1-chloropent-4-yne in dry ether. The mixture was
stirred overnight at room temperature after which it was
quenched with saturated aqueous sodium chloride and
extracted with ether (5 x 50 ml). Distillation of the extract gave
1-chlorohex-4-yne. To 1-chlorohex4-yne (1 g) was a 1MBH,*THF solution (5 ml) and trimethylethylene(2.12 ml). The
mixture was stirred for 2 h after which acetic acid (1 ml) was
added; the mixture was then stirred overnight. The solution was
extracted with ether and the extract was washed with saturated
aqueous sodium hydrogen carbonate and dried (MgSO,). The
solvent, was evaporated and the residue chromatographed over
basic alumina with light petroleum as eluant to give cis-1chlorohex-4-ene in 42% yield (based on 1-chloropent-4-yne):
b.p. 105 "C/l Torr; G,(CDCl,) 1.59 (3 H, d, J1,,4 Hz), 1.6-2.2
(4 H, m), 3.64 (2 H, t, J , , , 7 Hz), 5.34 (2 H, m), and 7.5-7.9 (4 H,
m); v,,,.(neat) 1 715 (imide) cm-'; m / z (20 eV) 229 (60, M'), 161
(loo), and 160 (100).
Irradiation of Compound (la).-A solution of (la) (3.00 g,
0.014 mol) in acetonitrile (400ml) was placed in a photolysis cell
equipped with a gas inlet tube, reflux condenser, and a watercooled immersion well. The solution was deoxygenated by
passing a stream of nitrogen through it for 30 min, the flow
being decreased. The solution was irradiated with a 300-W
high-pressure Eikosha Hg-arc lamp. After 12 h t.1.c. (Merk Silica
gel HFzs4-Type 60) analysis with ether as developer showed
that the starting material had nearly disappeared and a product
(2g), RF 0.4, was present. This was isolated by column
chromatography over silica gel (20 g; 2 cm x 10 cm) (Wakogel
C-200) with ether as eluant; yield of 2.73 g (91%).
Recrystallization of the product from ethyl acetate-hexane gave
white crystals of 1,2,3,10,11,1la-hexahydro-5H-pyrroio[l,2-bJ[2]benzazepine-5,1O-dione (h),
m.p. 129.5-130.5 "C; 6H(cc14)
1.6-2.5 (4 H, m), 2.72 (1 H, dd, J1,,3 Hz, J A B 18 Hz), 2.98 (1 H,
dd, Jle212 Hz, JAB18 Hz, COCH,), 3.6-3.8 (2 H, m, NCH,),
4.18 (1 H, m, NCH), and 7.4-8.0 (4 H, m, ArH); G&CDCl,) 23
(t), 32 (t),47 (t), 51 (t), 53 (d), 128, 130, 131, 132, 134, 136 (arom
C), 166 (amide), and 201 (ketone); v,,.(KBr)
1675 (ketone),
1 625 (amide), 1 448,1422, and 1 280 cm-'; m / z (20 eV) 215 (95,
M'), and 146 (100) (Found: C, 72.3; H, 6.0; N, 6.6. C13H13N02
requires C, 72.5; H, 6.1; N, 6.5%).
Reduction of (2a) with Sodium Borohydride.-Sodium
borohydride ( 5 mg) was added to a solution of (2a) (200 mg) in
ethanol (20 ml) and the solution was left overnight at room
temperature. The solution was poured into 0.1M-hydrochloric
acid (50 ml) and extracted with chloroform (2 x 20 ml). The
combined extracts were washed with water (20 ml) and dried
(MgSO,). After evaporation, chromatography over silica gel
with dichloromethane as eluant gave 1,2,3,10,11,1la-hexahydro-1O-hydroxy-5H-pyrrolo[1,2-b][2]benzazepine-5-one (3)
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(143 mg, 71%); a minor product, presumably a stereoisomer of
(3), was detectable but not isolated: (3), m.p. 151-153 "C (from
ethanol); G,(CDCl,) 1.5-2.5 (6 H, m),3.2-3.7 (3 H, m), 3.92 (1
H, dd, J1,,8, 10 Hz, HCOH), 4.48 (1 H, s, OH), and 7.2-7.8 (4
H, m, ArH); v,,,.(KBr) 3 320 (OH), 1 619 (amide), 1 595,1432,
and 1 068 cm-'; m/z (20 eV) 217 (51, M'), 199 (34), 83 (15), 70
(loo), and 49 (25) (Found: C, 71.7; H, 6.9; N, 6.2. C13Hl,N0,
requires C, 71.9; H, 7.0; N, 6.5%).
Irradiation of Compound ( I b).-A solution of (1b) (300 mg) in
acetonitrile (20 ml) was irradiated for ca. 2 days. Column
chromatography of the product over silica gel with ether as
eluant gave (2b) and (4) in yields of 38 mg (32%) and 23 mg
(25%), respectively.
1,2,3,4,6,11,12,12a-Octahydropyrido[
1,2-b][2Jbenzazepine6,ll-dione (2b), m.p. 126-128 " c (from hexane); ti,(CDCl,)
1.4-2.1 (6 H, m), 2.55 (1 H, dd, J1,,2 Hz, J A B 19 Hz, COCH,),
3.05 (1 H, m, NCH,), 3.29 (1 H, dd, J1,,12 Hz, J A B 19 Hz,
COCH,),4.23 (1 H, m,NCH),4.27 (1 H,m,NCH,),and 7.48.0 (4 H, m, ArH); v,,,.(KBr) 2 950 and 1 680 (ketone), 1 626
(amide), 1 596, 1414, 1 276, 1 252, 796, 763, and 711 cm-'; m/z
(20 eV) 229 (55,M'), 146 (20), 83 (loo), and 43 (35) (Found: C,
73.2; H, 6.6; N, 6.3. C,,H,,NO, requires C, 73.3; H, 6.6; N,
6.1%).
6,7-Dihydro-3,4-benzazepine-2,5-dione
(4), m.p. 165.0-166 "C
(from ethyl acetate); G,(CDCl,) 2.98 (2 H, t, Jl,25 Hz, COCH,),
3.56 (2 H, q, these signals changed to a triplet by shaking with
D,O, NHCH,), 7.5-8.2 (4 H, m, ArH), and 8.10 (1 H, br s, this
signal disappeared by shaking with D,O, NH); v,,,.(KBr) 3 160
(NH), 1 673 (ketone), 1 653 (amide), 1 593,l 408,l 358,900, and
760 cm-'; m/z (20 eV) 175 (85, M+),104 (loo), and 76 (60)
(Found: C, 68.6; H, 5.3; N, 8.1. Cl,H9N0, requires C, 68.6; H,
5.2; N, 8.0%).
Irradiation of Compound (lc).-A solution of (lc) (300 mg) in
acetonitrile (20 ml) was irradiated for ca. 2 days. Column
chromatography over silica gel with ether as eluant gave (2c) (35
mg, 15%), (7) (140 mg, 60%), and starting material (68 mg).
1,10,11,1la-Tetrahydro-5H-2-benzazepino[2,3-c][1,3]oxazole-5,lO-dione (k),
m.p. 126125.5 "C (from hexane);
GH(CDC13) 2.98 (1 H, dd, J1.2 2 Hz, J A B 19 Hz, COCH,), 3.26 (1
H, dd, J1,,10 Hz, J A B 19 Hz, COCH,), 3.9-4.1 (1 H, m), 4.24.5 (2 H, m), 5.29 and 5.38 (2 H, ABq, J A B 10 Hz, NCH,O), and
7.4-8.1 (4 H, m, ArH); v,,,.(KBr) 2 860, 1 669 (ketone), 1 624
(amide), 1 594, 1 430, 1 280,950,759, and 692 cm-'; m/z (20 eV)
217(26,M+), 162(12), 161 (loo), 160(26),and 146(40)(Found:
C, 66.4; H, 5.0; N, 6.4. C12H11N03
requires C, 66.4; H, 5.1; N,
6.5%).
1,9b-Dihydro-9b-hydroxyl-vinyl-5H-isoindolo[2,l-c][ 1,3]oxazol-5-one (7) was further purified by recrystallization from
the mixture of diastereoisomers: the main diastereoisomer had
m.p. 154-156.5 "C (from ethanol); G,(CDCl,) 3.60 (1 H, s,
OH), 4.6-4.8 (2 H, m), 5.0-5.5 (4 H, m), and 7.4-7.8 (4 H, m,
ArH); v,,,.(KBr) 3 320 (HO), 1 676 (amide), 1 358,l 269,1084,
1 078,952,772, and 724 cm-'; m/z (20 eV) 162 (loo), 161 (loo),
160 (18), 133 (15), and 117 (15) (Found: C, 66.2; H, 5.1; N, 6.5.
C12H1'NO, requires C, 66.4; H, 5.1; N, 6.5%).
Irradiation of Compound (Id) in Acetonitrile.-A solution of
(la) (300 mg) in acetonitrile (20 ml) was irradiated for ca. 2 days.
Column chromatography over silica gel with ether as eluant
gave 2,3,5,10,11a-hexahydro-2-benzazepino[3,2-b][1,3]oxazoie5,lO-dione (2d) [18 mg, 60% based on consumed (la)]; and
starting material (270 mg) (a),
m.p. 100.0-100.5 "C (from
hexane); G,(CDCl,) 3.07 (1 H, dd, J,., 8 Hz, JAB 20 Hz,
COCH,), 3.22 (1 H, dd, J1.2 6 Hz, J A B 20 Hz, COCH,), 3 . U . 4
(4 H, m), 5.51 (1 H, dd, J1,*6,8 Hz, NCHO), and 7.4-8.1 (4 H,
m, ArH); v,,,.(KBr) 2 890, 1 684 (ketone), 1 630 (amide), 1 592,

2030
1 452,l 433, 1 282,972,798,769, and 709 cm-'; m/z (20 eV) 21 7
(23, M'), 147 (13), 146 (loo), 118 (13), and 104 (13) (Found: C,
66.5; H, 4.9; N, 6.4. C I 2 H l l N O 3requires C, 66.4; H, 5.1; N,
6.5%).
Irradiation of Compound (Id) in Methanol.-A solution of
(la) (500 mg, 2.3 mmol) in methanol (400 ml) was irradiated for
ca. 5 h. T.1.c. analysis with ether as developer showed that
almost all the starting material had disappeared and products
(RF ca. 0.3 as a broad spot) were present. The latter were
separated by column chromatography over silica gel with ether
eluant and purified by repeated recrystallization from ethanolether to give the following.
10bp-Hydroxy-1r-methoxymethyf-l,3,4,1Ob-tetrahydro-6Hisoindofo[ 1,2-c][ 1,4Joxazin-6-one(8a) (4773, m.p. 131-133 "C;
6,2.90 (1 H, dd, J,,2 5 Hz, J A B 12 Hz, these signals changed to d,
J A B 12 Hz on irradiation at 6 4.41, MeOCH,), 2.92 (3 H, s,
OCH,), 3.16 (1 H, dd, Jl,28 Hz, J A B 12 Hz, these signals
changed to d, JAB 12 Hz on irradiation at 6 4.41, MeOCH,),
3.1-4.1 (4 H, m, NCH,CH,O), 4.41 (1 H, dd, J l S 25, 8 Hz,
OCHCH,), 4.50 (1 H, s, OH), and 7.4-7.7 (4 H, m, ArH);
v,,,.(KBr) 3 300 (OH), 2 960,l 674 (amide), 1 426, 1 284, 1 078,
1 01 1,782, and 763 cm-'; mlz (20 eV) 231 (22), 217 (1 l), 200 (22),
175 ( 19), 174 ( 1OO), 173 (22), and 160 (19) (Found: C, 62.9; H, 6.1;
N, 5.6. C 1 3 H l s N 0 , requires C, 62.6; H, 6.1; N, 5.6%). The
precise description on the X-ray diffraction analysis of (8a) will
be presented by Keiichi Fukuyama (Tottori University) in the
near future.
1Obp-Hydroxy-1P-methoxymethyf-1,3,4,1Ob-retraliydro-6Hisoindolo[ 1,2-c][ 1,4]oxazin-6-one (9a) (22%), m.p. 19&192 "C;
&(CDCI,) 3.1-3.6 (4 H, m), 3.44 (3 H, S, OCH,), 3 . 8 4 . 1 (3 H,
m), 4.90 (1 H, s, OH), and 7.3-7.8 (4 H, m); v,,,.(KBr) 3 280
(OH), 2 910, 1 670 (amide), 1 474, 1 420, 1 288, 1 102,764, and
702cm-';m/'z(20eV) 231 (4,M+ - H,O),217(11),200(3), 175
(1 l), 174 (loo), 173 (16), and 160(15) (Found: C, 62.6; H, 6.0; N,
5.6. C,,H,,NO, requires C, 62.6; H, 6.1; N, 5.6%).
Acid Dehydration of Compounds (8a) and (9a).-A few drops
of hydrochloric acid were added to a solution of (8a) (300 mg) in
chloroform (20 ml) and the solution was left overnight at room
temperature. The solution was washed successively with
saturated aqueous sodium hydrogen carbonate (10 ml) and
water (10 ml), and dried (MgSO,) and evaporated. Column
chromatography of the residue over silica gel with dichloromethane as eluant to give (10a) (260 mg, 93%). Analogously,
starting from (9a) (1 00 mg), (10a) was obtained in a yield of 73%.
3,4-Dihydro-1-methoxymethyf-6H-isoindofo[
1,2-c][ 1,4]oxazin6-one (10a); m.p. 114-1 16 "C (from hexane); G,(CDCl,) 3.44 (3
H, s, OCH,), 3 . 9 4 . 1 (2 H, m), 4.2-4.4 (2 H, m), 4.40 (2 H, s,
CH,OMe), and 7.3-8.0 (4 H, m, ArH); v,,,.(KBr) 1 708
(amide), 1 680, 1 664, 1 354, 1 226, 1 168, 1 091, 1 050, and 761
cm-1;m/z(20eV)231(85,M+),200(100,M+
- OMe),and 186
(22, M + - CH,OMe) (Found: C, 67.8; H, 5.9; N, 6.1.
C,,H,,NO, requires C, 67.5; H, 5.7; N, 6.1%).
Irradiation oj' Compound (Id) in Ethanol.-A solution of (la)
(500 mg) in ethanol (400 ml) was irradiated and the product
subjected to column chromatography over silica gel with ether
as eluant to give (8b) (43%) and (9b) (19%).
1r-Ethoxymethyf- 1Obp-hydroxy-1,3,4,1Ob-tetrahydro-6Hisoindofo[ 1,2-c][ 1,4]oxazin-6-one (8b), m.p. 162-1 63.5 "C
(from ethanol); S,(CDCI,) 0.89 (3 H, t, J1,,7 Hz, OCH,CH,),
2.95 (2 H, q, J1,27 Hz, OCH,Me), 2.8-3.0 (1 H, m), 4.19 (1 H,
dd, J l , 26 Hz, J A B 11 Hz, CH20Et), 3.5-5.0 (4 H, m), 4.39 (1 H,
t, J1.,6 Hz, OCHCH,OEt), 4.71 ( 1 H, s, OH), and 7.2-7.7 (4 H,
m, ArH); v,,,,(KBr) 3 240 (OH), 1 688 (amide), 1 418, 1 096,
1 054,994,769,700 cm-I ;mlz (20 eV) 245 (1 1 ), 2 17 ( 15), 200 ( 1 1 ),
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175 (13), 174 (loo), 173 (18), and 160 (18) (Found: C, 64.1; H, 6.4;
N, 5.3. Cl,H1,NO, requires C, 63.9; H, 6.5; N, 5.304).
1P-Ethoxymethyl-1Op-hydroxy-1,3,4,10b-tetruhydro-6H-isoindofo[1,2-c][1,4]oxazin-6-one(9b), m.p. 133-135 "C (from
ethanol); G,(CDCI,) 0.92 (3 H, t, Jl,27 Hz, OCH,CH,), 2.74.4 (10 H, m), and 7.3-7.9 (4 H, m, ArH); m/z (20 eV) 245 (5),
217 (lo), 200 (lo), 175 (15), 174 (loo), 173 (15), and 160 (20)
(Found: C, 63.8; H, 6.6; N, 5.3. C14H ,NO4 requires C, 63.9; H,
6.5; N, 5.3%).

,

Acid Dehydration of Compounds (8b) and (9b).-A few drops
of hydrochloric acid were added to a solution of (8b) (250 mg) in
chloroform (20 ml) and the solution was left overnight at room
temperature. The solution was washed successively with
saturated aqueous hydrogen carbonate (10 ml) and water (10
ml), dried (MgSO,), and then evaporated. Column chromatography of the residue over silica gel with dichloromethane as
eluant gave (lob) (216 mg, 93%).
In an n.m.r. tube, a drop of [2H]hydrochloric acid was added
to a solution of (9b) in [2H]chloroform. The reaction was
followed by 'H n.m.r. spectroscopy. The production of (lob)
was observed in a similar fashion.
3,4-Dihydro- 1-ethoxymethyf-6H-isoindofo[
1,2-c] [1,410xazin6-one (lob), m.p. 105.5-106.5 "C (from hexane); G,(CDCI,)
1.26 (3 H, t, J1,28 Hz, OCH,CH,), 3.66 (2 H, q, J1,,8 Hz,
OCH,Me), 3.9-4.1 (2 H, m), 4.2-4.4 (2 H, m), 4.48 (2 H, s,
CH,OEt), and 7.2-8.0
(4 H, m, ArH); v,,,,(KBr)
1 706
(amide), 1 354,l 288,l 216,1091, and 761 cm-'; m/z (20eV) 245
(73, M + ) , and 200 (100, M + - OEt) (Found: C, 68.5; H, 6.1; N,
5.7. C,,H,,NO, requires C, 68.6; H, 6.2; N, 5.7%).
Oxidation of Compound (lob).-Chromium trioxide (300 mg)
was added to a solution of (lob) (200 mg) in acetic acid (20 ml)
and the mixture refluxed for 2 h. After cooling the solution was
poured into water (50 ml) and extracted with chloroform (3 x
200 ml). The combined extracts were washed several times with
saturated aqueous sodium hydrogen carbonate and finally with
water, dried (MgSO,), and evaporated. The residue was purified
by column chromatography over silica gel with etherdichloromethane as eluant to give N-(2-ethoxyacetoxyethyl)phthalimide (11) (148 mg, 65%), m.p. 52-53 "C (from hexane);
6,(CDCI,) 1.20 (3 H, t, OCH2CH3) 3.54 (2 H, 9, OCH,Me),
3.94 (2 H, t, NCH,), 4.36 (2 H, t, CH,OCO), and 7.5-7.9 (4 H,
m, ArH); v,,,.(KBr) 1 770, 1 715 (imide), 1 742 (ester), 1 428,
1 392,l 302,l 195,980, and 7 18 cm-'; m/z (20 eV) 233 (39), 175
(17), 174 (loo), 173 (42), 160 (29), and 59 (36) (Found: C, 60.8; H,
5.5; N, 5.3. C 1 4 H 1 5 N 0 5requires C, 60.6; H, 5.5; N, 5.1%).
Alternative Synthesis of Compound (1l).-A solution of N-(2hydroxyethy1)phthalimide (177 mg),I9 of ethoxyacetic acid (104
mg), and dicyclohexylcarbodi-imide (DCC) (240 mg) in
acetonitrile (20 ml) was refluxed for 12 h. After evaporation of
the solvent, column chromatography of the residue over silica
gel with ether4ichloromethane (1 : 1) as eluant gave (11) (131
mg, 47%).
Irradiation of cis-(le) and trans-(le) in Acetonitrife.-A
solution of cis-(le) (220 mg) in acetonitrile (25 ml) was
irradiated for ca. 8 days. Column chromatography of the residue
over silica gel with ether as eluant gave the unchanged imides
cis-(le) and trans-(Ie) (100 mg) and a mixture of cis-(te) and
trans-(2e) (54 mg, 45%). The mixture of the products was
separated by h.p.1.c. (p-Porasil preparative) with chloroform-nhexane (3: 1) as eluant.
Solutions of cis-(le) and trans-(le)(50 mg) in acetonitrile (25
ml) were irradiated. The reactions were followed by the h.p.1.c.
(p-Porasil). The results are shown in the text.
1,2,3,10,11,11a-Hexahydro- 1 1-exo-methyf-5H-pyrrofo-
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[1,2-b][2]benzazepine-5,1O-dione, cis-(2e), G,(CDCI,)
1.29
(3 H, d, J 1 , 28 Hz, Me), 2.0 (4 H, m), 2.70(1 H, dq, J l , 22, 8 Hz),
3.6 (3 H, m), and 7.4-8.0 (4 H, m,ArH).
1,2,3,10,11,11a-Hexahydro- 1 1 -exo-rnethy/-5H-pyrrolo[ 1,2-b][2]benzazepine-5,1O-dione, trans-(2e), G,(CDCl,) 1.14
(3 H, d, J l , 28 Hz, Me), 1.93(4H, m),2.75 (1 H,dq,J , , 28,12 Hz),
3.6 (3 H, m), and 7.4-8.0 (4 H, m,ArH).
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