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droxamate, 53229-54-2; hydroxylamine, 7803-49-8; benzenesulfon-
yl chloride, 98-09-9; sodium 3,4-thiophenecarbohydroxamate,
53229-55-3.
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Photochromic Aziridines. On the Photochemical Valence Tautomerization
and Cycloaddition Reactions of a Substituted Indano[1,2-b Jaziridine!
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Heat or ultraviolet light partially converts 1-cyclohexyl-6-(cyclohexylimino)-la-phenylindano[1,2-b)aziridine
to an aromatic valence tautomer, the red isoquinolinium imine. The red color associated with the 1,3 dipole is rap-
idly discharged upon exposure to visible light, oxygen, or acetylenic dipolarophiles. The regiochemistry of the ini-
tial 1,3-dipolar adducts obtained with acetylenic dipolarophiles is discussed in light of some earlier results pub-
lished in the literature. The initial cycloadducts were found to undergo a novel rearrangement to a benzazocine
derivative whose structure was determined by X-ray crystallography. The details of each reaction are described
and evidence is presented demonstrating the existence of transient intermediates in some of the irradiation ex-

periments.

During the past decade, systematic studies of molecules
or complexes which undergo reversible photoinduced color
changes have contributed greatly to the basic under-
standing of the factors which govern the behavior of a pho-
tochromic system.23 Although these systems have been the
subject of valuable and penetrating mechanistic investiga-
tions, there are still many gaps in our understanding of this
phenomenon.? Irradiation of solutions of acyclic5® or bicy
clic’™9 aziridines with ultraviolet light is known to produce
red colors which fade spontaneously in the dark. The col-
ored species produced in these photoinduced reversible
reactions were assigned as 1,3 dipoles (azomethine ylides).?
Reactions involving the thermal and photochemical cleav-
age of aziridines to azomethine ylides and their subsequent
1,3-dipolar additions to reactive carbon-carbon multiple
bonds have been studied by several groups of investiga-
tors.10-14 Huisgen and coworkers have firmly established
that the thermal ring cleavage of aziridines involves stereo-
specific, conrotatory ring opening. A disrotatory course has
been found to occur from the excited state. Lown and Mat-
sumoto'® have recently pointed out that when the aziridine
ring is constrained in a bicyclic structure of medium size,
disrotatory photochemical ring opening is allowed, but
thermal conrotatory ring opening is not permitted by the

geometry of the system.16:17 These workers reported, how-
ever, that 1-cyclohexyl-6-(cyclohexylimino)-la-phenyl-
indano[1,2-b]aziridine (1) undergoes thermal conversion to
the tautomeric isoquinolinium imine (2), despite the geo-
metrical restrictions imposed by the molecule. The driving
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N—CH +
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N——CH, N—CH,.
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force for the thermally disallowed valence tautomerization
in this system was attributed to the relief of ring strain in 1
and to the gain in resonance energy in 2. Our interest in
1,3-dipolar cycloaddition reactions also led us to study in-
dependently the thermal and photochemical behavior of
the phenylindano[1,2-b]aziridine ring system.!8 The pres-
ent paper reports on the photochemical valence tautomeri-
zation and cycloaddition reactions of the indano[1,2-b]azir-
idine ring, as well as some of the interesting ground-state
chemistry encountered with this system which differs, in
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part, from the results described by Lown and Matsumoto.!?

Upon brief irradiation of solutions of 1 with ultraviolet
light, the red isoquinolinium imine 2 was formed. Intensely
colored solutions could also be developed by rapid heating
of 1 in toluene or xylene to 135°. The intense red color
faded upon cooling or on exposure to visible light. The red
color was also sensitive to oxygen and electron deficient
olefins or acetylenes. Addition of trace quantities of acid or
base also resulted in the rapid bleaching of the color. Two
products were obtained when indano[1,2-b]aziridine 1 was
exposed to ultraviolet irradiation in the presence of oxygen.
These were identified as 2-benzoyl-N-cyclohexylbenz-
amide (3) and N-cyclohexylformamide (4) by comparison
with authentic samples. Structure 3 was independently
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synthesized by tredting o- benzoylbenzoic acid with thionyl
chloride and cyclohexylamine. The formation of these
products can be rationalized by assuming that oxygen adds
to the initially generated isoquinolinium imine (2) by anal-
ogy to the known dipolar additions of reactive olefins and
acetylenes to this compound.2?18 Other six-membered, het-
eroaromatic betaines have been found to undergo similar
cycloadditions with oxygen and provide reasonable chemi-
cal precedent for this step.!9-2! The transient peroxide (5)
formed undergoes a subsequent Baeyer—Villiger-like rear-
rangement to a dimine anhydride (6} which readily hydro-
lyses to the observed products on work-up. The conversion
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of the ozonide-like structure 5 into 6 parallels findings in
the reaction of certain oxazoles with singlet oxygen in
which the initial 4 + 2 cycloadduct undergoes a subsequent
rearrangement to produce a triamide.??

Heating a degassed solution of 1 with an equimolar
quantity of dimethyl acetylenedicarboxylate in xylene for
36 hr afforded a crystalline adduct (7), mp 177-179°, in
71% yield, whose structure is assigned as dimethyl 10-cy-
clohexyl-8,9-dihydro-9-(eyclohexylimino)-5-phenyl-5H-
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benzocyclohepten-5,8-imine-6,7-dicarboxylate on the basis
of the physical and chemical data outlined below. This
structure corresponds to the 1,3-dipolar cycloaddition of
dimethyl acetylenedicarboxylate across the azomethine
ylide system. The elemental analysis obtained for this ad-
duct was consistent with the empirical formula
C33H3sN2O4. The nmr spectrum showed multiplets at §
0.6-2.20 (21 H) and 3.8-4.10 (1 H), singlets at 3.70 (6 H)
and 5.50 (1 H) in addition to the aromatic protons at 6.6—
8.3 (9 H). The adduct that we have obtained differs from
that isolated by Lown and Matsumoto in its melting point
(reported!® mp 68-70°) and nmr spectrum. The nmr spec-
trum reported by these authors had two distinct singlets
for the bridgehead protons at § 4.90 and 5.55 and two sets
of signals for the ester methyl groups at § 3.57 and 3.78.
These authors rationalized their nmr spectrum by assum-
ing the existence of syn-anti stereoisomerism about the 6-
cyclohexylimino group. In our hands, the above cycloaddi-
tion reaction produced a homogeneous adduct which dis-
played single absorptions for the carbomethoxy and bridge-
head protons in the crude reaction mixture. It is conceiv-
able that under our reaction conditions we have isolated
the more stable anti isomer.

Mild acid hydrolysis of cycloadduct 7 using Lown’s con-
ditions gave a sharp melting keto compound (8), mp 143-
145°, The nmr spectrum showed singlets at 6 3.76 (6 H)
and 4.84 (1 H). This compound was assigned the structure
of dimethyl 10-cyclohexyl-8,9-dihydro-9-oxo-5-phenyl-
5H-benzocyclohepten-5,8-imine-6,7-dicarboxylate (8).
This same compound could also be obtained by passing the
initial cycloadduct (7) through an acid-washed alumina col-
umn. It is interesting to note the similarity of the nmr spec-
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tra of our hydrolyzed product with that reported by Lown
but the difference in melting point (1it.15 mp 134-135°). We
are unable to account for this discrepancy.

Ketone 8 was found to undergo a novel rearrangement to
dimethyl 2-cyclohexyl-1,2-dihydro-1-0x0-6-phenyl-2-ben-
zazocine-4,5-dicarboxylate (9) when heated in toluene or
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irradiated with a 450-W Hanovia lamp through a Pyrex fil-
ter. The mass spectrum of 9 showed the molecular ion at
m/e 445 and had an elemental analysis consistent with the
empirical formula Cg7Hg7NO;. The infrared spectrum
showed two different ester carbonyls at 5.80 and 5.85 u and
an amide band at 6.00 u. The nmr spectrum contained two
sets of carbomethoxy protons at ¢ 3.46 and 3.7 in addition
to the cyclohexyl and aromatic protons.

The structure of 9 was unequivocably established by an
X-ray single-crystal structure analysis. The three-dimen-
sional intensity data were measured by the stationary—
counter-stationary crystal method, using Cu K radiation
and balanced filters (Ni vs. Co) on a GE-XRD-6 diffracto-
meter equipped with single-crystal orientators. In the
range of intensity measurements (0 to 100 in 26) 1721
unique reflections of the 2418 unique ones examined for
the space group P2;/C had peak counts significantly great-
er than their respective background. The structure was de-
rived from Patterson and Fourier synthesis and refined by
least squares to an R value of 0.0514, for all the data. The
overall geometry of the molecule is shown in Figure 1.

The formation of benzazocine 9 can be postulated to
arise by attack of the lone pair of electrons on nitrogen
onto the carbonyl group followed by Cg-Cy and Cs-Njg
bond cleavage. Alternatively, the thermolysis could proceed
via diradical intermediates formed by homolytic rupture of
the benzoyl carbon—carbon bond. The fact that the thermal
rearrangement proceeds at a much faster rate when n-amyl
alcohol was used as the solvent would tend to support a
mechanism where ionic charges are being developed along
the reaction coordinate.

The rearranged benzazocine adduct 9 was also found to
exhibit interesting photochemistry. Irradiation of a solu-
tion of 9 in benzene through a Corex filter for 4 hr gave a
mixture of N-cyclohexylformamide (4, 14%), 1-hydroxy-
2,3-dicarbomethoxy-4-phenylnaphthalene (10, 23%), and
dimethyl-1-cyclohept{1,2-b]azirine-8,8a-(1H)-dicarboxy-
late (11, 43%). The structure of naphthol 10 was based on a

Ph CO,CH,

CO.CH,
L, CH,NHCHO +
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CO,CH, CO,CH,
OO + O‘ N—C.H,,
CO,CH,
OH .
10 11

parent peak at m/e 336 in the mass spectrum: infrared ab-
sorptions at 5.73 and 6.00 u; nmr singlets at § 3.48 (3 H),
3.90 (3.H), 12.18 (1 H-D20 exchanged), aromatic multiplet
at 6.80-8.48 (9 H); elemental analysis (Co0H;605); and its
characteristic ultraviolet absorption spectrum which
showed bands at 230 (e 30,400), 240 (¢ 36,100), and 345 nm
(e 6200). Structure 11 showed a parent peak at m/e 445 in
the mass spectrum, infrared bands at 5.75 and 5.88 u, nmr
singlets at § 3.16 (3 H), 3.80 (3 H), 4.58 (1 H), multiplets at
0.6-2.0 (10 H), 3.4-3.76 (1 H), 7.0-7.9 (9 H), and an ele-
mental analysis which revealed that structure 11 was iso-
meric with starting material. Treatment of 11 with hydro-
chloric acid transformed it into anhydride 12. The struc-
ture of 12 was based on its mass spectrum M* 431 and M+
— CO; at 387 (base); anhydride and ester absorptions at
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Figure 1. A general view of dimethyl 2-cyclohexyl-1,2-dihydro-1-
0x0-6-phenyl-2-benzazocine-4,5-dicarboxylate (9).
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Ph CO,CH, NN\ CO,CH,
o A
N—=CH,,
0 H 0
1 12

5.60, 5.75, and 5.85 u in the infrared; nmr singlets at 6 3.04
(3 H), 4.76 (1 H), 6.25 (1 H) in addition to the cyclohexyl
and aromatic protons, and an elemental analysis which in-
dicated the molecular formula CogHosNOs.

The formation of anhydride 12 is envisaged to occur by
protonation of the aziridine ring followed by addition of
water to the carbonyl group to produce intermediate 13
which undergoes subsequent ring closure and cyclization.

H\ /CGH“
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ko CO,CH,

O CO,CH;
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¢

HO0
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A possible mechanistic rationalization of the photochem-
istry of benzazocine 9 would involve a photoinduced ring
opening to ketene 14 followed by ring cyclization and hy-
drolysis to N- cyclohexylformamide and naphthol 10. Alter-
natively, the reaction may be rationalized by a 1,3-acyl
shift to generate intermediate 15 which is subsequently
converted to 4 and 10 on work-up. This latter process
would be analogous to that involved in the photochemical
rearrangment of a humber of N-vinylamides,23-25 for which
evidence has been presented in support of a Norrish Type I
cleavage and recombination path. ‘
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The formation of aziridine 11 may be considered to be
derived from a competing 1,2-acyl shift. This latter process
is reminiscent of the formation of substituted cyclopro-
panes from the irradiation of a 8,v-unsaturated ketones
(i.e., oxadi-m-methane rearrangement).26

Ph CO,CH, Ph CO.CH;4

9
Ph o,cm,
CO,CH,
O N—CGHn
J w
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When the irradiation of indano[1,2-b]aziridine (1) was
carried out for 5 hr in a benzene solution containing an
equimolar quantity of dimethyl acetylenedicarboxylate,
only a trace amount of cycloadduct 7 was isolated. Instead,
the major product obtained was identified as dimethyl 2-
cyclohexyl-1,2-dihydro-1-(cyclohexylimino)-6-phenyl-2-

benzazocine-4,5-dicarboxylate (16). The structure of 16 .

was based on the similarity of its spectral properties with
that of benzazocine 9 (see Experimental Section).
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A study of product distribution vs. extent of irradiation
established that the ratio of 7:16 varied as a function of
time. With short exposures, significant quantities of cy-
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cloadduct 7 were found in the reaction mixture by nmr
analysis. At longer exposures, owing to a secondary photo-
reaction of 7, the amount of 16 increased. This was inde-
pendently demonstrated by the quantitative conversion of
an authentic sample of 7 to 16 in benzene under compara-
ble photolytic conditions.

A similar set of cycloaddition reactions was carried out
with indano[1,2-b]aziridine (1) and methyl propiolate. Irra-
diation of an equimolar mixture of 1 and methyl propiolate
in benzene for 4 hr produced a mixture of two adducts (17
and 18) which were readily separated by column chroma-
tography. Examination of the photoreaction as a function
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hy
H HC=C—CO,CH,
N—CsHu
1
hV
N—=C,H,, 7N pn coch,
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H
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.\ -
CeH;;—N H H N\ CeHy,
17 CSHH
18

of time clearly showed that 18 was a secondary photoprod-
uct derived from 17. The structure of 17 was based on its
elemental analysis (C3;H32N202), mass spectrum (M* 468),
infrared (5.80 and 6.10u), and nmr spectrum which showed
a singlet at & 3.60 (3 H) and doublets at 5.16 (1 H, J = 2.5
Hz) and 6.07 (1 H, J = 2.5 Hz) in addition to the cyclohexyl
and aromatic protons. This same adduct, mp 147-149°,
could ailso be independently prepared by refluxing a mix-
ture of 1 and methyl propiolate in xylene for 2 days.

It should be noted that our assignment for structure 17
differs from that made by Lown and Matsumoto.!® These
authors claimed that the reaction of 1 with methyl propio-
late produced a different stereoisomer in which the bridge-
head and vinyl protons were separated by the carbome-
thoxy group. Moreover, these workers claim that their ad-
duct (mp 73°) exists as a syn—-anti stereoisomeric mixture.
This was postulated in order to rationalize the set of dou-
blets (6 4.46 (0.5 H) and 5.08 (0.5 H)) for the bridgehead
protons in the nmr. We were unable to detect these signals
in our crude reaction mixture. The magnitude of the vicinal
coupling constant corresponds to that reported for norbor-
nadiene in which Jap = 2.9 Hz.27 Allylic coupling in the
model compound has been reported to have a value less
than 1.0 Hz (i.e., Jac = 0.95 Hz).27 Consequently, we be-
lieve that the nmr data support our assignment and ex-
clude the alternate structure (which was previously postu-
lated!5) in which the dipolarophile added to the azometh-
ine ylide in the alternative orientation. We are unable to
account for the discrepancy in the melting points and nmr
data. It should be pointed out that treatment of cycload-
duct 17 with sodium methoxide in methanol resulted in
Michael addition of methanol across the double bond and
gave a product (19), the structure of which is perfectly con-
sistent with our new assignment (see Experimental Sec-
tion).

The rearrangement of cycloadduct 17 to benzazocine 18
is completely analogous to that observed with the related
cycloadduct 7 (i.e., 7 — 16). It is especially interesting to
note that benzazocine 18 contains two doublets in the nmr
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for the two vinyl protons (6 5.52 and 6.00). These hydro-
gens show a coupling constant of 8.0 Hz. This observation
adds further support to our assignment for cycloadduct 17
and strongly argues against the stereochemical assignment
made by Lown and Matsumoto.1®> Moreover, hydrolysis of
cycloadduct 17 gave the analogous methyl 10-cyclohexyl-
8,9-dihydro-9-oxo-5-phenyl-5H- benzocyclohepten-5,8-
imine-6-carboxylate (20) which was smoothly converted to
benzazocine 21 on thermolysis or photolysis. The AB quar-
tet observed in the nmr spectrum of 21 (5 6.0-6.20 (J = 8.0
Hz)) also demands that the bridgehead and vinyl protons
of adduct 20 be adjacent to each other.
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If the irradiation of 20 was carried out for an extended
period of time, aziridine 22 was obtained as the major pho-
toproduct. The formation of 22 was shown to arise from a
subsequent photoreaction of benzazocine 21 and probably
proceeded via a 1,2-acyl shift as had been previously ob-
served with benzazocine 9. Treatment of 20 with sodium
methoxide in methanol gave a product (23) which also cor-
responds to Michael addition across the carbon-—carbon
double bond.

In summary, these experiments demonstrate that heat or
ultraviolet light partially converts the indano[1,2-b]laziri-
dine ring system into the red isoquinolinium imine. This
reactive 1,3 dipole can be trapped with oxygen or with ac-
etylenic dipolarophiles to give cycloadducts which undergo
mechanistically intriguing transformations on further exci-
tation.

Experimental Section

All melting points are corrected and boiling points uncorrected.
Elemental analyses were performed by Scandinavian Microanalyt-
ical Laboratory, Herlev, Denmark, and Alfred Bernhardt Labora-
tories, Hohenweg, Germany. The infrared absorption spectra were
determined on a Perkin-Elmer Infracord spectrophotometer,
Model 137. The ultraviolet absorption spectra were measured with
a Cary recording spectrophotometer, using l-em matched cells.
The nuclear magnetic resonance spectra were determined at 100
MHz using a Jeolco-MH-100 spectrometer.

Irradiation of 1-Cyclohexyl-6-(cyclohexylimino)-1,1a,6,6a-
tetrahydro-la-phenylindeno[1,2-5 Jazirine (1). A solution con-
taining 500 mg of 128 in 500 ml of cyclohexane was irradiated
through a Vycor filter sleeve under a nitrogen atmosphere for 20
min. At the end of this time an intense bright red color had devel-
oped. The red solution faded when exposed to visible light. Re-
moval of the solvent under reduced pressure led to the recovery of
unreacted starting material.

Different results were obtained when aziridine 1 was irradiated
under an oxygen atmosphere. A solution containing 183 mg of 1 in
200 ml of benzene was irradiated with a Hanovia 450-W lamp
through a Vycor filter for 3 hr. The solvent was removed under re-
duced pressure and the residue was subjected to preparative thick
layer chromatography. The plate was developed using a 1:1 pen-
tane-ether mixture. Extraction of the lower band with methylene

‘
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chloride followed by evaporation of the solvent gave 9.0 mg (15%)
of N-cyclohexylformamide (4). This structure was verified by com-
parison with an authentic sample.

The second band isolated from the thick layer plate amounted
to 15 mg (10%) of a compound whose structure is assigned as 2-
benzoyl-N- cyclohexylbenzamide (3): mp 203-205°; ir (KBr) 3.10,
6.02, and 8.30 u; nmr (CDClg) 6 0.7-2.80 (m, 10 H), 3.2-3.5 (m, 1
H), 6.8-7.7 (m, 9 H), and 8.50 (s, 1 H); uv {(methanol) Apmax 285 (e
1560) and 258 nm (e 4230); m/e 307 (parent), 209 (base), 105, and
98. The structure of this compound was verified by an indepen-
dent synthesis described below.

A solution containing 2.26 g of 2-benzoylbenzoic acid and 4 ml of
thionyl chloride was heated for 30 min at 50°. Removal of the ex-
cess thionyl chloride under reduced pressure gave a crystalline
compound which was characterized by a major band at 5.60 r in its
infrared spectrum. This material was dissolved in 5 ml of benzene
and the above solution was added dropwise to a stirred solution of
2 g of cyclohexylamine in 5 m! of benzene. The mixture was al-
lowed to stand at room temperature overnight. The cyclohexyl-
amine hydrochloride that formed was filtered and the solvent re-
moved under reduced pressure to leave a solid, mp 203-205°,
whose infrared and nmr spectra were identical with 2-benzoyl-N-
cyclohexylbenzamide prepared from the irradiation of 1. No other
characterizable compounds could be obtained from the thick layer
plate.

Thermal Cycloaddition of 1-Cyclohexyl-6-(cyclohexyl-
imino)-la-phenylindano[1,2-b Jaziridine with Dimethyl
Acetylenedicarboxylate. A solution of 0.5 g of 1 and 0.2 g of di-
methyl acetylenedicarboxylate was refluxed in 100 ml of xylene for
36 hr. The solvent was removed under reduced pressure and the
residue was triturated with hexane to give 500 mg of a crystalline
product which was recrystallized from hexane to give a white solid,
mp 177-179°. This material was characterized as dimethyl 10-cy-
clohexyl-8,9-dihydro-9-(cyclohexylimino)-5H- benzocyclohepten-
5,8-imine-6,7-dicarboxylate (7) on the basis of the following data:
ir (KBr) 5.80, 6.10, 8.00, 8.83, 10.21, 10.70, 11.20, 13.02, 13.47, and
14.17 u; uv (95% ethanol) 245 nm (e 19,400); nmr (CDCls) 6 0.6~
2.20 (m, 21 H), 8.70 (s, 6 H), 3.8-4.10 (m, 1 H), 5.50 (s, 1 H), 6.6
8.30 (m, 9 H); m/e 526 (parent) and 344 (base).

Anal. Caled for Cg3HggN2Oy: C, 75.25; H, 7.27; N, 5.32. Found:
C, 75.26; H, 7.25; N, 5.26.

Photochemical Cycloaddition of 1-Cyclohexyl-6-(cyclohex-
ylimino)-la-phenylindanof1,2-bJaziridine with Dimethyl
Acetylenedicarboxylate. A solution containing 0.5 g of 1 and 0.2
g of dimethyl acetylenedicarboxylate in 500 ml of benzene was ir-
radiated for 5 hr using a 450-W Hanovia Mercury arc fitted with a
Corex filter sleeve. Removal of the solvent under reduced pressure
followed by trituration of the residue with hexane gave 470 mg
(73%) of dimethyl 2-cyclohexyl-1,2-dihydro-1-(cyclohexylimino)-
6-phenyl-2-benzazocine-4,5-dicarboxylate (16): mp 222-224°; ir
(KBr) 5.73, 5.90, 6.00, 6.35 (s), 6.92, 7.02, 7.50, 8.12, 8.25, 8.90, 9.45,
9.55, 11.12, 11.90, 12.65, 13.00, 13.75, and 14.15 u; uv (95% ethanol)
245 (e 14,500) and 310 nm (e 9600); nmr (CDCl3) 6 1.8-2.3 (m, 21
H), 2.87 (s, 3 H), 3.60 (s, 3 H), 3.82-4.20 (m, 1 H), 7.0-8.2 (m, 10
H); m/e 526 (parent) and 344 (base).

Anal. Caled for C33H3sN2Oy: C, 75.25; H, 7.27; N, 5.32. Found:
C,75.27; H, 7.29; N, 5.30.

This same product could be obtained in quantitative yield from
the irradiation of 7 in benzene for 1 hr using a 450-W Hanovia
lamp equipped with a Corex filter.

Acid Hydrolysis of Dimethyl 10-Cyclohexyl-8,9-dihydro-9-
(cyclohexylimino)-5-phenyl-5H-benzocyclohepten-5,8-imine-
6,7-dicarboxylate (7). A solution containing 550 mg of 7 in 2 ml
of benzene was chromatographed through a column containing 30
g of alumina (acid washed, Merck) using benzene as the eluent.
The main fraction was collected, the solvent was removed under
reduced pressure, and the residue was triturated with pentane to
give 300 mg (68%) of dimethyl 10-cyclohexyl-8,9-dihydro-9-oxo-5-
phenyl-5H- benzocyclohepten-5,8-imine-6,7-dicarboxylate (8): mp
143-145°; ir (KBr) 38.45, 5.80, 5.85, 6.07, 7.57, 7.70, 7.93, 8.02, 8.20,
12.50, 12.70, 12.90, and 14.00 g; uv (methanol) 240 (e 15,100) and
305 nm (e 1600); nmr (CDCl;) 6 0.6-2.20 (m, 11 H), 3.76 (s, 6 H),
4.84 (s, 1 H), and 6.80~-8.00 (m, 9 H); m/e 445 (parent), 414, 320,
304, 289, and 276 (base).

Anal. Caled for CorHo7NOs: C, 72.79; H, 6.11; N, 3.14. Found: C,
72.58; H, 6.03; N, 3.11.

This same product could also be formed by treating 7 with aque-
ous hydrochloric acid (2 N) in 10 ml of methanol at room tempera-
ture for 5 hr.

Thermal Rearrangement of Dimethyl 10-Cyclohexyl-8,9-
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dihydro-9-oxo-5-phenyl-5H -benzocyclohepten-5,8-imine-6,7-

dicarboxylate (8). A solution containing 70 mg of 8 in 15 ml of
toluene was heated at reflux for 4 hr. Removal of the solvent under
reduced pressure gave 66 mg (93%) of a crystalline solid, mp 189~
191°, whose structure is assigned as dimethyl 2-cyclohexyl-1,2-di-
hydro-1-oxo-6-phenyl-2-benzazocine-4,5-dicarboxylate (9) on the
basis of the following data: ir (KBr) 5.80, 5.85, 6.00, 7.80, and 8.20
w; uv (methanol) 245 nm (e 14,500); nmr (CDCl3) § 1.0-2.0 (m, 10
H), 3.46 (s, 3 H), 3.70 (s, 3 H), 4.4-4.80 (m, 1 H), 6.8-7.4 (m, 10 H);
m/e 445 (parent), 320, 305, 288, and 276 (base).

Anal. Caled for Co7Ho7NOs: C, 72.79; H, 6.11; N, 3.14. Found: C,
72.69; H, 6.10; N, 3.16.

This same compound could also be formed (73%) by irradiating
81in 100 ml of benzene through a Pyrex filter sleeve for 1 hr.

X-Ray Crystal Structure Analysis of Dimethyl 2-Cyclo-
hexyl-1,2-dihydro-1-0xo0-6-phenyl-2-benzazocine-4,5-dicar-
boxylate (9). The molecular structure of dimethyl 2-cyclohexyl-
1,2-dihydro-1-0x0-6-phenyl-2-benzazocine-4,5-dicarboxylate  (9)
was unequivocally determined by an X-ray crystal structure analy-
sis. The crystals used in the structure determination were obtained
from methanol as needles. The crystal data obtained are @ = 7.855
£ 0.002, b = 18.816 + 0.002 &, and ¢ = 17.629 + 0.002 A, space
group Po;/C, dmy = 1.268 g/cm3, d, = 1.252 g/em?®, and Z = 4 mole-
cules. The intensities were measured by the stationary technique
using balanced Ni Co filters. A General Electric XRD diffracto-
meter was utilized for this purpose. In the range of measurement
(0-100 in 26), 1721 unique reflections out of a possible number of
2413 had intensities significantly greater than their background
counts. These data were corrected for Lorentz and polarization
factors of oi-crp splitting. An adjustment for the anisotropy of
transmission of X-rays as a function of the angle ¢ was made as a

" means of correcting for absorption. The crystal used to collect the
data was approximately 0.5 mm along ¢ (which in turn was parallel
to the ¢ axis) and with a 0.1 mm i.d. The | F’s| were put on an abso-
lute scale by use of Wilson statistics?® and then converted to their
respective normalized structure facfors, |E’s|. The phases of 286
normalized structure factors, all having values of E greater than
1.6, were determined using the Sayre equation3® which is the same
as the £, formula of Hauptman and Karle.3! A program written by
Long was utilized for this purpose.?? An E-Fourier map was calcu-
lated from the solution with the highest consistency index (0.69).
The whole molecule was recognized from this map. The positional
and thermal parameters were refined by least squares using a
block-diagonal approximation to the thermal equations. After an-
isotropic temperature factors were introduced, the usual reliability
index (R value) was found to be 0.149. The positions of the hydro-
gen atoms were found from a three-dimensional Fourier difference
synthesis. These atoms were included in the final cycles of least s
quares and were refined to a final R value of 0.0514. The positional
and thermal parameters obtained from the least-squares refine-
ment are given in Tables I and II. (See paragraph at end of paper
regarding supplementary material.) A view of the molecule along
with the atomic labeling used is shown in Figure 1. There are no
intermolecular contacts that suggest forces stronger than normal
van der Waals are operative in the crystal.

Irradiation of Dimethyl 2-Cyclohexyl-1,2-dihydro-i-oxo-
6-phenyl-2-benzazocine-4,5-dicarboxylate (9). A solution con-
taining 580 mg of 9 in 500 ml of benzene was irradiated through a
450-W Hanovia lamp fitted with a Corex filter sleeve for 4 hr. The
solvent was removed under reduced pressure and the residue was
subjected to preparative thick layer chromatography using a 1:1
pentane—ether mixture as the eluent. The slowest moving band
was identified as N-cyclohexylformamide (14%) by comparison
with an authentic sample. The band with the second lowest Ry
contained 247 mg (43%) of a crystalline solid, mp 155-157°, whose
structure is assigned as dimethyl 1-cyclohexyl-1a-2-dihydro-2-oxo-
7-phenylbenzo[4,5]cyclohept|1,2-b]azirine-8,8a (1H )-dicarboxy-
late (11) on the basis of the following data: ir (KBr) 3.43, 5.75, 5.88,
6.98, 7.50, 8.20, 8.60, 8.90, 9.40, 9.70, 11.20, 11.90, 12.40, 13.10,
14.00, and 14.35; uv (methanol) 235 nm (e 3500); m/e 445 (parent),
387, 386, 292, and 276 (base); nmr (CDCly) 6 0.6-2.0 (m, 10 H), 3.16
(s, 3 H), 3.4-3.76 (m, 1 H), 3.8 (s, 3 H), 4.58 (s, 1 H), and 7.0-7.9
(m, 9 H). ) :

Anal. Caled for Co7Ho7NOs: C, 72.79; H, 6.11; N, 3.40. Found: C,
72.54; H, 6.21; N, 3.40.

The fastest moving band on the thick layer plate contained 100
mg (23%) of a crystalline solid, mp 146-148°, whose structure is as-
signed as dimethyl 4-phenyl-1-naphthol-2,3-dicarboxylate (10) on
the basis of the following data: ir (KBr) 5.73, 6.00, 6.93, 7.13, 7.28,
7.43, 8.03, 9.08, 9.63, 10.16, 12.80, 13.83, and 14.26 u; uv (methanol)
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230 (e 30,400), 240 (36,100) and 345 nm (¢ 8200); m/e 305 (base),
218, and 189; nmr (CDCl3) § 3.48 (s, 3 H), 3.90 (s, 3 H), 6.8~8.5 (m,
9 H), and 12.18 (s, 1 H).

Anal. Caled for CooH1605: C, 71.42; H, 4.80. Found: C, 71.26; H,
4.86.

Acid-Induced Rearrangement of Dimethyl 1-cyclohexyl-
1a,2-dihydro-2-oxo0-7-phenylbenzo{4.5]cyclohept[1,2-b Jazir-
ine-8,8qa (1H)-dicarboxylate (11). A solution containing 208 mg
of 11, 25 ml of a 2 N hydrochloric acid solution, and 25 ml of meth-
anol was refluxed for 2 days. After removal of the solvent under re-
duced pressure, the crude reaction mixture was extracted with
ether and washed with water. Removal of the solvent gave 168 mg
(84%) of a colorless solid, mp 206-208°, which was assigned as an-
hydride 12 on the basis of the following data: ir (KBr) 5.60, 5.75,
5.85, 7.08, 8.02, 8.60, 8.72, 9.20, 9.63, 10.10, 10.43, 10.90, 11.13,
13.43, and 14.35 u; uv (methanol) 273 nm (e 540); m/e 431, 400, 387
(base), 350, 262, 250, and 218; nmr (CDCls) 6 1.0-2.0 (m, 10 H),
3.04 (s, 3 H), 8.76-4.20 (m, 1 H), 4.76 (s, 1 H), 6.25 (s, 1 H), and
6.80-7.60 (m, 9 H).

Anal. Caled for CogHasNOs: C, 72.37; H, 5.84; N, 3.25. Found: C,
72.08; H, 5.88; N, 3.29.

Thermal Cycloaddition of !-Cyclohexyl-6-(cyclohexyl-
imino)-la-phenylindano[1,2-b Jaziridine with Methyl Propio-
late. A solution of 0.5 g of 1 and 1.0 g of methyl propiolate was re-
fluxed in 100 ml of xylene for 2 days. The solvent was removed
under reduced pressure and the residue was triturated with cold
methanol to give 400 mg (67%) of methyl 10-cyclohexyl-8,9-dihy-
dro-9-(cyclohexylimino)-5-phenyl-5H- benzocyclohepten-5,8-im-
ine-6-carboxylate (17) on the basis of the following data: mp 147-
149°; ir (KBr) 3.43, 3.55, 5.80, 6.10, 7.70, 8.20, 9.10, 10.40, 11.62,
12.70, 12,98, 13.10, 13.40, and 14.20 u; uv (methanol) 240 nm (e
17,400); nmr (CDClg) é 0.6-2.2 (m, 21 H), 3.60 (s, 3 H), 3.60-3.80
(m,1H),518(d, 1 H,J =25 Hz),6.06 (d, 1 H, J = 2.5 Hz), 7.0-
8.20 (m, 9 H); m/e 468 (parent), 435, 371, and 359 (base).

Anal. Caled for C31H3aN9O9: C, 79.45; H, 7.74; N, 5.98. Found:
C, 79.25; H, 7.76; N, 5.98.

Photochemical Cycloaddition of 1-Cyclohexyl-6-(cyclohex-
ylimino)-la-phenylindano[1,2-b Jaziridine with Methyl Pro-
piolate. A solution containing 500 mg of 1 and 2 ml of methyl pro-
piolate in 500 ml of benzene was irradiated through a Corex filter
sleeve for 4 hr. The solvent was removed under reduced pressure
and the crude product was chromatographed over 30 g of neutral
alumina. The column was eluted with 100 ml of dry hexane fol-
lowed by a mixture of 5% ethyl acetate-benzene. The first 100-ml
fraction contained 100 mg of methyl 10-cyclohexyl-8,9-dihydro-9-
(cyclohexylimino)-5-phenyl-5H- benzocyclohepten-5,8-imine-6-
carboxylate (17), mp 147-149°. The later fractions contained 50
mg (9%) of a solid material, mp 164-166°, whose structure is as-
signed as methyl 2-cyclohexyl-1,2-dihydro-1-(cyclohexylimino)-6-
phenyl-2-benzazocine-5-carboxylate (18) on the basis of the fol-
lowing data: ir (KBr) 3.50, 3.55, 5.85, 6.15, 6.96, 9,15, 11.22, 13.40,
and 14.30 y; uv (methanol) 235 nm (e 22,200); nmr (CDClg) § 0.8
2,10 (m, 20 H), 2.4-2.7 (m, 1 H), 3.44 (s, 3 H), 4.16-4.50 (m, 1 H),
552(d,1H,J =80Hz),60(d,1H,J = 8.0 Hz), 6.70-7.30 (m, 9
H); m/e 468 (parent), 359 (base), 284, 245, and 217.

Anal. Caled for C3iH3iN2Og: C, 79.45; H, 7.74; N, 5.98. Found:
C, 79.41; H, 7.86; N, 6.00.

This same product could be obtained in high yield (62%) from
the irradiation of 17 in benzene for 1.5 hr using a 450-W Hanovia
lamp equipped with a Corex filter sleeve. )

Reaction of Methyl 10-Cyclohexyl-8,9-dihydro-9-(cyclo-
hexylimino)-5-phenyl-5H-benzocyclohepten-5,8-imine-6-car-
boxylate with Sodium Methoxide. A solution containing 218 mg
of 17 and 100 mg of sodium in 20 ml of anhydrous methanol was
stirred at room temperature for 17 hr. The solvent was removed
under reduced pressure and the residue was dissolved in ether and
washed with water. Removal of the ethereal layer followed by trit-
uration of the residue with pentane gave 154 mg (66%) of a white
crystalline solid, mp 136-138°, whose structure is assigned as the
Michael adduct 19: ir (KBr) 5.80, 6.10, 6.90, 7.50, 10.80, 11.20,
12.70, 13.23, 14.15 p; uv (cyclohexane) 247 nm (¢ 17,300); nmr
(CDCl3) 6 0.6~2.40 (m, 21 H), 3.30 (s, 3 H), 3.36 (s, 3 H), 3.88 (d, 1
H,J = 4.0Hz),4.22 (d, 1 H,J = 4.0 Hz), 3.6-4.0 (m, 1 H), 4.68 (s,
1 H), and 6.44-8.24 (m, 9 H); m/e 468, 372, 302, 116, and 85 (base).

Anal. Caled for CaoHygN5O3: C, 76.76; H, 8.05; N, 5.60. Found:
C, 76.63; H, 8.03; N, 5.65.

Acid Hydrolysis of Methyl 10-Cyclohexyl-8,9-dihydro-9-
(cyclohexylimino)-5-phenyl-5H-benzocyclohept-5,8-imine-
6-carboxylate. A solution containing 312 mg of 17 in 2 ml of ben-
zene was chromatographed through a column containing 30 g of
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alumina (acid-washed Merck) using benzene as the eluent. The
main fraction contained 200 mg (78%) of methyl 10-cyclohexyl-
8,9-dihydro-9-oxo-5-phenyl-5H- benzocyclohepten-5,8-imine-6-
carboxylate (20) as white needles: mp 129-131°; ir (KBr) 3.45,
3.583, 5.80, 5.88, 6.20, 6.92, 7.75, 8.03, 8.28, and 9.12 u; uv (metha-
nol) 235 nm (e 14,500); nmr (CDCl3) 6 0.6-2.0 (m, 11 H), 3.64 (s, 3
H),456(d, 1 H,J = 2.5 Hz), 7.08 (d, 1 H, J = 2.5 Hz), and 7.10-
8.0 (m, 9 H); m/e 387 (parent), 328, 305, 278, and 246 (base).

Anal. Caled for CosHosNOg: C, 77.49; H, 6.50; N, 3.62. Found: C,
77.40; H, 6.56; N, 3.59.

This same product could also be formed by treating 17 with
aqueous hydrochloric acid in methanol.

Reaction of Methyl 10-Cyclohexyl-8,9-dihydro-9-oxo0-5-
phenyl-5H -benzocyclohepten-5,8-imine-6-carboxylate with
Sodium Methoxide. A solution containing 178 mg of 20 and 60 mg
of sodium in 100 ml of anhydrous methanol was stirred at room
temperature for 4.5 hr. The solution was diluted with water and
extracted with ether. After removal of the dried ethereal solution,
the residue was triturated with pentane to give 137 mg (71%) of a
yellow crystalline solid, mp 123-125°, whose structure is assigned
as Michael adduct 23 on the basis of the following data: ir (KBr)
5.75, 5.85, 6.25, 7.95, 8.50, 9.90, 10.40, 12.55, and 14.10 u; uv (meth-
anol) 245 (e 13,400) and 290 nm (e 200); nmr (CDCls) § 0.64-1.68
(m, 10 H), 2.04-2.24 (m, 1 H), 3.32 (s, 3H), 3.36 (s, 3 H), 3.92 (d, 1
H, J = 5.0 Hz), 4.08 (s, 1 H), 4.27 (d, 1 H, J = 5.0 Hz) and 6.52~
8.04 (m, 9 H); m/e 116, 101, 87, and 85.

Anal. Caled for CogHgooNOy: C, 74.44; H, 6.97; N, 3.34. Found: C,
74.24; H, 6.96; N, 3.29,

Thermal Rearrangement of Methyl 10-Cyclohexyl-8,9-di-
hydro-9-oxo-5-phenyl-5H -benzocyclohepten-5,8-imine-6-
carboxylate. A solution containing 170 mg of 20 in 40 ml of tolu-
ene was refluxed for 3.5 hr, The solvent was removed under re-
duced pressure and the residue was triturated with pentane to give
a nearly quantitative yield of methyl 2-cyclohexyl-1,2-dihydro-1-
oxo-6-phenyl-2-benzazocine-5-carboxylate (21): mp 146-149°; ir
(KBr) 5.85, 6.10, 6.95, 7.10, 7.55, 8.65, 9.20, 11.15, 13.32, and 14.15
u; uv (95% ethanol) 275 nm (e 8500); nmr (CDCl3) 6 0.7-2.00 (m, 10
H), 3.44 (s, 3 H), 4.3-4.6 (m, 1 H), 6.0-6.2 (AB q, 2 H, J = 8.0 Hz),
and 7.0-7.3 (m, 9 H); m/e 387, 328, 305, 278, 250, and 246 (base).

Anal. Caled for CosHypsNO4: C, 77.49; H, 6.50; N, 3.62. Found: C,
77.62; H, 6.56; N, 3.45.

This same product was also formed in high yield (73%) by irra-
diating a benzene solution of 20 through a Pyrex filter sleeve with
a 450-W Hanovia lamp.

Irradiation of Methyl 2-Cyclohexyl-1,2-dihydro-1-oxo-6-
phenyl-2-benzazocine-5-carboxylate. A solution containing 95
mg of 21 in 120 m! of benzene was irradiated through a Corex filter
using a 450-W Hanovia lamp for 1.5 hr. The solvent was removed
under reduced pressure and the residue was subjected to thick
layer chromatography. The plate was developed using a 1:1 mix-
ture of pentane and ether. The slowest moving band on the thick
layer plate was extracted with ether to give 57 mg (61%) of a white
crystalline solid, mp 161-163°. The structure of this material is as-
signed as methyl 1-cyclohexyl-1a,2-dihydro-2-oxo0-7-phenylbenzo-
[4.5]cyclohept[1,2-b]azirine-8(1H )-carboxylate (22) on the basis of
the following information: ir (KBr) 3.40, 5.73, 5.93, 6.90, 7.12, 8.05,
9.80, 10.65, 12.55, 12.85, 13.12, and 14.25; uv (methanol) 275 nm (¢
570); nmr (CDCls) 6 0.6-2.0 (m, 10 H), 3.24 (s, 3 H), 3.40-3.76 {m, 1
H),342(d, 1 H,J = 6.0 Hz), 3.98 (d, 1 H, J = 6.0 Hz), 6.8-7.6 (m,
9 H); m/e 387 (parent), 328, 262 (base), and 250.

Anal. Caled for CosHosNO3: C, 77.49; H, 6.50; N, 3.62. Found: C,
77.19; H, 6.58; N, 3.65.
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