3076 J. Org. Chem., Vol. 39, No. 21, 1974

Anal. Caled for CyoHzq: C, 94.5; H, 5.5. Found: C, 93.1; H, 5.4.

Secondly, exo-1,2,3,4,5-pentaphenylphenanthro[9,10-f]tricyclo-
[3.2.115,024]oct-6-en-8-one (29) crystallized as colorless needles:
mp 270°; vmax (KBr) 1776 cm L.

Anal. Caled for C50Hg4O: C, 92.3; H, 5.3. Found: C, 91.1; H, 5.2.

Registry No.—1a, 479,33-4; 1b, 26307-17-5; l¢, 51932-77-5; 2a,
7654-06-0; 2b, 16205-14-4; 2¢, 16483-98-0; 2d, 52124-00-2; 2e,
18709-44-9; 2f, 32687-32-4; 3a, 33070-61-0; 3b, 33070-63-2; 3c,
33070-66-5; 3d, 52124-01-3; 3e, 33654-83-0; 3f, 33070-60-9; 3g,
33070-62-1; 3h, 33070-65-4; 3i, 52124-02-4; 3j picrate, 51932-79-7;
3k, 52124-03-5; 4a, 52124-04-6; 5b, 52124-05-7; 10, 18709-43-8; 11,
33654-82-9; 12, 33654-81-8; 16, 23414-46-2; 17, 5660-91-3; 18a,
39934-14-0; 18b, 39934-15-1; 18¢, 39934-16-2; 19a, 39934-03-7; 19b,
39934-04-8; 19¢, 52124-06-8; 19d, 52124-07-9; 20a, 52124-08-0; 20b,
52124-09-1; 20¢, 52124-10-4; 20d, 52124-11-5; 22, 16510-49-9; 23,
52124-12-6; 25, 52154-42-4; 26, 52124-13-7; 27, 52124-14-8; 28,
52154-43-5; 29, 52124-15-9; 30, 39934-07-1; 31, 33535-80-7; 32a,
52124-16-0; 32b, 52124-17-1; 32¢, 52124-18-2; 32f, 52124-19-3; 33a,
52124-20-6; 33b, 52124-21-7; 33¢, 52124-22-8; 33f, 52124-23-9.
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Reactions of 3H-azepines 3, available from cycloaddition of 1-azirines with cyclopentadienones, were examined
with a view to producing 1H-azepine derivatives. Treatment of 3 with benzoyl chloride resuited in 2-alkylidine-
N-benzoyl- 2,3-dihydro-1-azepines (7), which failed to isomerize to the antiaromatic system 3. Photolysis of 7 led
to 1,3 (N to C) benzoyl transfer. Attempted base-catalyzed deuterium exchange underlined the difficulty of isolat-
ing an 8-m-electron system. Acid isomerization of 7-unsubstituted azepines 3a—c produced substituted anilines,
presumably via unstable 1-azepines, while the 7-methyl substrate 19 afforded cyclohexadienone products.

Recently we have developed!? a procedure for the prepa-
ration of 3H-azepines 3 by cycloaddition of 1-azirines 1
with cyclopentadienones 2. Such compounds might provide
an entry into the interesting 8-w-electron system,® the 1H-
azepine 5 or 6. For instance, addition of acid chlorides to
the imine double bond of 3 may lead directly or via 4 to the

N-substituted 1H-azepine 5. Removal of RCO from 5 could
give the elusive N-unsubstituted 1H-azepine 6, which in
our case should be stabilized by the multiple substitution
on the ring carbons. Alternatively, 6 might just revert to 3,
since it has been shown that the 3H-azepine is in general
the thermodynamically more stable isomer.
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Results and Discussion

Addition of benzoyl chloride to the azepine 3a in ben-
zene proceeded fairly rapidly to give a new product. The
formation of this product was enhanced by the presence of
1,4-diazabicyclo[2.2.2]octane (Dabco) in the solution. Mass
spectral and elemental analyses showed it to be an HCI
elimination product of an azepine-benzoyl chloride adduct.
Infrared showed an amide absorption at 1640 cm~! while
nmr demonstrated the loss of one methyl group with the
concurrent appearance of a methylene (=CHy) group at ca.
5.0 ppm. These data suggested the exo-methylene structure
7a. The ethylidene derivative 7b likewise showed nmr ab-
sorptions consistent with its structure.

The reaction may involve formation of intermediate 8, or
benzoylation of the enamine tautomer of the imine 3. Evi-
dence supporting this pathway was found in the easy ex-
change of the protons of the 2-methyl group in 3a with D,O
in analogy with the D exchange reported for 19.5 The acidi-
ty of these protons is also apparent from the ease of forma-
tion of the benzylidene derivative 9 from 3a with benzalde-
hyde.56 When the 2-methyl group of 3 was replaced by a

N

X

+ PhCOCl ~——

Ph
ph, M cHR
,  Ph

I NCOPh —>

RCH,
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phenyl group as in 3¢, there was no reaction with benzoyl
chloride even under forcing conditions.

Several attempts were made to isomerize the exo-methy-
lene azepine 7a to the conjugated 1H isomer 5a. With vari-
ous bases, either no reaction took place (weak bases) or
simple debenzoylation took place (strong bases, e.g., KO-
t-Bu) to regenerate 3a. No exchange of the benzylic 3 pro-
ton in 3a was observed even in the presence of potassium
tert-butoxide in ¢-BuOD, in spite of the fact that the 2-
methyl protons readily exchanged.” This differential be-
havior of the endocyclic vs. the exocyclic protons « to the
C==N in 3 and the failure to achieve isomerization to 5 may
be indicative of the low stability inherent in the anti aro-
matic 8-w-electron 1H- azepines.

Attempted photochemical transformation of 7a to 5 re-
sulted only in a benzoyl transfer to give the amino ketone
10. The strong H bonding of the NH to the C=0 was evi-

a
254 nm

T
VN\ COR _}L
ph” OH

1
R=CH; or Ph

dent by the low-field (r — 3.05) appearance of the NH. Ad-
ditional structure proof came from the fact that the NH
and the vinylic azepine ring proton were coupled (J = 5
Hz). This coupling disappeared on exchange with D,O.
This type of transformation, which corresponds to a no-
naromatic photo-Fries rearrangement,? has also been ob-
served in the photolysis of 11 to 13, presumably via 12. The
proposed mechanism may involve a radical pair.8b

When acetic acid was used as an isomerization catalyst
on 7a, minute quantities of aniline derivatives were detect-
ed together with much polymeric and resinous material. In-
vestigation of the reaction of 3H-azepine 3a with glacial
acetic acid revealed that a very clean and efficient isomer-
ization to 15a took place within 2 hr at reflux temperature.
No side products were detected. The presence of an ~-NH,
group in 15a was clear from both the nmr and ir spectra.
An equally facile reaction was observed with the diethyl-
3H-azepine 3b. The isomerization of the pentaphenyl-3H-
azepine 3¢ required a reflux time of 4 days to achieve com-
plete conversion to pentaphenylaniline 15¢. The reaction
may be interpreted as involving isomerization of the 3H-
azepine to its 1H isomer 14, which then undergoes ring con-
traction® to the azanorcaradiene 16 in acid, to give finally
the aniline 15. N-Substituted 1H-azepines have been
found!© to rearrange to anilines in the presence of acid. Not
too dissimilar ring contractions have been reportedi! for
other 3H-azepines (i.e., 17 — 18). The important criterion
for our observed 3H-azepine — aniline conversions was the
presence of the ring proton at the 7 position of the azepine
nucleus. When this was replaced by a CHjs group as in 19,
the reaction took a different course inasmuch as the mix-
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ture became dark brown and very complex (by tle). How-
ever one homogeneous product was isolated (mp 198°) pos-
sessing the following spectral properties: mol wt 364, em-
pirical formula Cg7H240 (364) by elemental analysis, vmax
1656 cm~!. The nmr spectrum was quite unusual, since be-
sides 15 aromatic protons, there was a nine-proton singlet
at 7 8.66 in CDCls. The nine-proton signal appeared as a
narrowly spaced doublet in CgDg, but addition of Eu(fod)s
caused the doublet to separate into a three-proton singlet
and a six-proton singlet. The six-proton singlet experienced
the greatest downfield shift upon addition of increasing
amounts of Eu(fod)s. The ir absorption at 1656 cm~! is
consistent with an a,8,y,6-unsaturated carbonyl, and the
nmr suggested a gem-dimethyl group in closer proximity to
the carbonyl than the other lone methyl group [Eu(fod)s
shifts].

Consideration of a possible mechanistic pathway and of
the spectral data suggests structures 21 or 22. Formation of
the protonated azanorcaradiene 20 may be postulated in
analogy to 8 — 14 — 16 — 15, 20 can then open by either
pathway A or pathway B, both of which involve a [1,2]-
methyl shift followed by deprotonation and hydrolysis. In
order to distinguish between regioisomers 21 and 22 we
compared the LiAlH, reduction product with that!? from
hexamethylcyclohexadienone 23 (vyax 1647 ¢cm™1). In the
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latter the intermediate allylic alcohol was exceedingly un-
stable and readily underwent a 1,4-elimination of H;O to
give the hydrocarbon 25. We could reasonably expect that
if our isolated ketone had structure 21, than a similar re-
duction might lead to the hydrocarbon 27 via the allylic al-
cohol 26. On the other hand reduction of 22 should lead to
the alcohol 28 with little tendency to eliminate H,0.

Reduction with LiAlH, of the dienone, followed by an
acidic work-up, gave an alcohol stable to dilute HCI and as-
signed structure 28, This was further confirmed by the de-
hydration-rearrangement of 28 to 29 in acetic acid-sulfuric
acid. As expected, the methyl protons between the two
phenyl groups are shielded (= 8.28)!3 compared with the
other two methyl groups (7 7.98). Consequently we have as-
signed the cyclohexadienone structure 22 to the product
isolated from 3H-azepine 19 and acetic acid. It is possible
that 21 may also be present in the reaction mixture but
that, owing to the complex nature of the reaction, it was
not isolated.

Experimental Section

Reaction of 2,5-Dimethyl-3,4,6-triphenyl-3H-azepine (3a)
with Benzoyl Chloride in the Presence of Dabco. The aze-
pine? (5.0 g, 14.3 mmol) was dissolved in benzene (50 ml) and
Dabco (1.65 g, 14.7 mmol) was added. The mixture was stirred at
25° and benzoyl chloride (2.5 g, 17.7 mmol) dissolved in benzene
(10 ml) was added dropwise. The mixture was stirred overnight
and then poured into water (400 ml). The organic layer was sepa-
rated and dried (MgSOy). Removal of the solvent gave a pale yel-
low solid. Recrystallization from hexane gave pale yellow plates
(5.4 g, 83%) of 1-benzoyl-1H-5-methyl-2-methylene-3,4,6-tripheny
1-3H-azepine (7a): mp 160°; nmr (CDCls) r 8.38 (s, CHj), 5.06 (br
s, =CHH), 4.97 (br s, =CHH), 4.76 (s, CH), 3.73 (s, =CH), 3.10-
2.30 (m, 20 H); vmax (KBr) 1690, 1640, 1597, 1325, 1250, 870, and
695 cm™1; mass spectrum m/e 453, 377, 362, 349, 348, 334, 308, 258,
257, 215, 105, 91, 78, 71.

Anal. Caled for C33Ho1NO: C, 87.4; H, 6.0. Found: C, 87.5; H, 6.1.

Reaction of Phenylazirine with 2,5-Diethyl-3,4-diphenyl-
cyclopenta-2,4-dienone. o-Styryl azide (1.45 g, 10 mmol) was
heated under reflux in toluene (25 ml) for 2 hr. The dienone (2.3 g,
8 mmol) was then added and the mixture was refluxed for 17 hr.
Removal of the solvent gave a reddish oil. Purification was
achieved by chromatography over alumina to afford 2,5-diethyl-
3,4,6-triphenyl-3H -azepine (3b) as a colorless oil (3.0 g, 99%):
nmr (CDCl3) 7 9.28 (t, J = 7.5 Hz, 3 H), 8.05-7.25 (m, 4 H), 4.70 (s,
1 H), 3.00-2.40 (m, 16 H) (possible 1 H singlet at 7 2.85). The pic-
rate was obtained as yellow microneedles from ethanol, mp 169°.

Anal. Caled for C34H3oN4O7: C, 67.3; H, 5.0; N, 9.2, Found: C,
67.3; H, 5.0; N, 9.2.

Reaction of the Diethyl-3H -azepine 3b with Benzoyl Chlo-
ride in the Presence of Dabco. The azepine (400.mg, 1.06 mmol)
was dissolved in benzene (25 ml) and Dabco (120 mg, 1.07 mmol)
was added. Benzoy! chloride (160 mg, 1.14 mmol) was added and
the mixture was heated under reflux for 6 hr. After cooling, the
mixture was poured into water (50 ml) and the bright yellow ben-
zene layer was separated and dried (MgS0,4). Removal of the sol-
vent gave a yellow-brown oil (450 mg) which crystallized on pro-
longed trituration. Recrystallization from hexane gave 1-benzoyl-
1H-2-ethylidene-5-ethyl-3,4,6-triphenyl-3H- azepine  (7b)  as
bright yellow crystals: mp 68°; nmr (CDClg) 7 9.25 (t, J = 7.5 Hz,
CH3CHy), 847 (d, J = 7.25 Hz, CH3CH), 8.22-7.62 (m, CH3CH,),
4.63 (br s, CH), 4.32 {q, J = 7.25 Hz, CHCH3y), 3.56 (s, =CH),
3.10-2.20 (m, 20 H); vmax (KBr) 1682, 1594, 1276, 1245, 895, and
707 em~L

Anal. Caled for C35H331NO: C, 87.3; H, 6.5; N, 2.9. Found: C, 87.4;
H, 6.6; N, 3.0.

Photolysis of the exo-Methylene Azepine 7a. The azepine
(500 mg, 1.1 mmol) was dissolved with difficulty in dioxane (50 ml)
in a quartz vessel and irradiated at 254 nm in a Rayonet reactor.
After 60 hr the solvent was removed to give a brown oil. Chroma-
tography (neutral Al,O3) with graduate elution from hexane to
methylene chloride afforded the major fraction in the more polar
fractions. Recrystallization from chloroform-hexane gave dark yel-
low crystals (145 mg, 29%) of the amino ketone 10: mp 201-205°;
nmr (CDCls) 78.35 (s, 3 H), 5.17 (brs, 1 H), 4.14 (s, 1 H), 3.73 (d, J
= 5 Hz, 1 H), 3.10-2.40 (m, 18 H), 2.20-1.95 (m, 2 H), —3.05 (v br
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d, J = 5 Hz, 1 H) (addition of D3O caused the  —3.05 signal to dis-
appear and the doublet at = 3.73 to collapse to a singlet); vmax
(KBr) 1560 (vs), 1423, 1395, 1374, 760, and 709 cm™!; mass spec-
trum m/e 453, 436, 376, 348, 337, 308, 270, 215.

Anal. Caled for Cs3Hg7NO: C, 87.4; H, 6.0. Found: C, 87.4; H, 6.0.
"Reaction of 2,5-Dimethyl-3,4,6-triphenyl-3H-azepine (3a)
with Acetic Acid. The azepine (200 mg, 0.575 mmol) was heated
under reflux in glacial acetic acid (5 ml) for 2 hr. Removal of the
solvent gave a buff-colored solid (140 mg, 70%). Recrystallization
from ethanol gave pale yellow plates of 2,5-dimethyl-3,4,6-tri-
phenylaniline (15a): mp 241°; nmr (CDCls) 7 8.26 (s, 3 H), 8.07
(s, 3 H), 6.12 (br s, 2 H, NHy), 8.20-2.80 (m, 10 H), 2.70-2.40 (m, 5
H); vmax (KBr) 3460, 3380, 1607, 750, and 701 cm™1; mass spectrum.

m/e 349 (100%), 333, 261, 215.

Anal. Caled for CogHasN: C, 89.5; H, 6.6, Found: C, 89.2; H, 6.5.

Reaction of 2,5-Diethyl-3,4,6-triphenyl-3H-azepine (3b)
with Acetic Acid. The azepine (450 mg, 1.19 mmol) was heated
under reflux in glacial acetic acid (5 ml) for 2.5 hr. Removal of the
solvent and passage of the residue in ether through a short, dry
packed column of Merck alumina gave an orange oil which rapidly
solidified. Recrystallization from chloroform—ethanol gave pale or-
ange flakes of 2,5-diethyl-3,4,6-triphenylaniline (15b): mp 191°;
nmr (CDClg) 79.35 (t, J = 7.5 Hz, 3 H), 8.97 (t, J = 7.5 Hz, 3 H),
7.80 (q, J = 7.5 Hz, 2 H), 7.64 (q, J = 7.5 Hz, 2 H), 6.50 (br s, 2 H,
NHy), 2.90 (s, 5 H), 2.88 (s, 5 H), 2.50 (s, 5 H); rmay (KBr) 34865,
3380, 1602, 1421, 754, and 710 ecm L

Anal. Caled for CogHg7N: C, 89.1; H, 7.2. Found: C, 88.9; H, 7.3.

Reaction of 2,3,4,5,6-Pentaphenyl-3H-azepine (14) with
Acetic Acid. The azepine? (226 mg, 0.48 mmol) and acetic acid (8
ml) were heated under reflux for 4 days, after which time solid
began to precipitate out of solution. Removal of the solvent and
washing of the residue with ether gave a pinkish solid (168 mg,
75%) which was recrystallized from chloroform-ethanol te give col-
orless crystals of pentaphenylaniline (15¢): mp 263--265°; nmr
(CDCl3) 7 6.85-6.30 (br, 2 H, NHy), 3.22 (s, 5 H), 3.17 (s, 10 H),
2.82 (s, 10 H); vpax (KBr) 3465, 3375, 1598, 1410, 750, and 704
cm™1; mass spectrum m/e 473, 395, and 378.

Anal. Caled for CzgHorN: C, 91.8; H, 5.75. Found: C, 81.3; H,
5.85.

Reaction of 2,5,7-Trimethyl-3,4,6-triphenyl-3H-azepine
(19) with Acetic Acid. The azepine? (3.63 g, 10 mmol) was heated
under reflux in glacial acetic acid (30 ml) for 4 hr, during which
time the mixture turned dark brown. Removal of the solvent gave
a brown oil which was dissolved in chloroform (150 ml) and washed
with NasCOj3 solution. After drying (MgSQ,), the solvent was re-
moved to give a brown, frothy oil (3.6 g). Trituration with ether—
pentane gave a yellow solid (1.1 g). Chromatography (Al;O3) of the
residue did not yield any homogenous fractions. Two recrystalliza-
tions cf the solid gave very fine, pale yellow needles (436 mg, 12%)
of 4,6,6-trimethyl-2,3,5-triphenylcyclohexa-2,4-dienone (22):
mp 198°; nmr (CDClg) 7 8.66 (s, 9 H), 3.10-2.50 (m, 15 H); vmax
(KBr) 1656, 1335, 1127, 750, 741, and 700 cm~!; mass spectrum
m/e 364, 349, 336, 321, 306, 291, 243, 229, and 228.

Anal. Caled for Co7H240: C, 89.0; H, 6.6. Found: C, 89.2; H, 6.5.

Reduction of the Cyclohexadienone 22 with LiAlH,4. The di-
enone (200 mg, 0.55 mmol) in anhydrous ether (10 ml) was treated
with LiAlH4 (25 mg, 0.66 mmol). The mixture was stirred at 25°
for 2 hr and then dilute HCI (15 ml) was added dropwise. Extrac-
tion of the organic layer and drying over MgSO4 gave a colorless
foam after removal of the solvent. The foam crystallized on tritu-
ration with pentane to give a colorless solid (147 mg, 73%). Recrys-
tallization from hexane gave colorless crystals of 4,6,6-trimethyl-
2,3,5-triphenylcyclohexa-2,4-dienol(28): mp 137°; nmr (CDCl3)
7 9.00 (s, 3 H), 870 (s, 6 H), 7.98 (br s, OH), 6.00 (s, 1 H),
3.00-2.50 (m, 15 H); vmax (KBr) 3550, 3450, 767, and 709 cm ™1,

Anal. Caled for Co7HoO: C, 88.5; H, 7.15. Found: C, 88.4; H, 6.9.

Rearrangement of 28 to 29. To 2 m! of glacial acetic acid was
added 21 mg of 28 and 1 drop of concentrated sulfuric acid. The
mixture was stirred for 24 hr at room temperature, 10 ml of CHCl3
was added, and the mixture was neutralized to pH 8 with 10%
K3CO3s. The organic layer was dried (NaySOy), the solvent was
evaporated to dryness, and the residue (18 mg) was recrystallized
from CHClz-pentane to afford 13.5 mg (66%) of 28 as a white solid,
mp 224-226° (lit. mp 223°).13

Deuterium Exchange Studies. A solution of 3a or 3b (100 mg)
in 1 ml of CDCl; was shaken with 2 drops of D3O (99.8% ds) at
room temperature and let stand for 1 hr. Nmr indicated a 70%
diminution of the CHg (or CHy, respectively) absorption at = 7.7
with no change in the intensity of the singlet near r 4.7. Similar re-
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sults were found in the presence of potassium tert-butoxide in
tert-butyl alcohol or if 3a was stirred in dioxane-D50 (30:1) at 82°
for 24 hr.
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Treatment of N-(trans-styrylsulfonyl)amidines (1) with base affords 5-aryl-5,6-dihydro-4H-1,2,4-thiadiazine
1,1-dioxides (2) and/or N-(trans-styryl)amidines (3). Formation of 3 is favored by electron-withdrawing substitu-
ents in the styryl aromatic ring and by polar reaction solvents. Possible mechanisms for the formation of 2 and 3
are discussed. With electron-rich aromatic rings, intramolecular Michael addition occurs predominantly at the
carbon atom £ to the sulfonyl group to afford the expected product 2. However, with electron-withdrawing sub-
stituents in the aromatic ring, we propose that addition occurs « to the sulfonyl group to afford an unstable
thiadiazoline intermediate, which gives 3 by loss of SOs. This rearrangement of 1 to 3 is analogous to a Smiles
rearrangement in which intramolecular nucleophilic attack occurs on a vinylic rather than an aromatic carbon.

We recently reported the synthesis of 5-aryl-4H-1,2,4-
thiadiazine 1,1-dioxides by base-catalyzed, intramolecular
cyclization of N-(a-bromostyrylsulfonyl)amidines.? As an
approach to the synthesis of 5-aryl-5,6-dihydro-4H-1,2,4-

thiadiazine 1,1-dioxides (2), we treated N-(trans-styrylsul-
fonyl)amidines (1) with base and obtained dihydrothiadia-
zines 2 and/or N-(trans-styryl)amidines 3. This paper ex-
amines some of the parameters which determine the types

Table I
N-(trans-Styrylsulfonyl)amidines (1)@

H

X

o NH,
Yield,

Compd X R Mp, ‘C Crystn solvent % Formula
1a H Me 134.5- 137 i-PrOAc 76 CyoH1aN,0,8
1b 5 Ph 192.5-194.5 Me,CO 90 Cy5H14N,0,8
1c 4-Cl Me 166.5-169.5 EtOAc 93 Cy,H;CIN,0,S
1d 3,4-Cl, Me 197.5-198.5 Me,CO—i -Pr,0 83 C1oHy,CLN,0,8
le 3,4-Cl, Ph 147-150 MeOH 88 C45H1,CL,N,0,8
1f 3,4-Cl, PhCH, 159-161 i-PrOH 81 C1eHy;,CLN,0,8
1g 4-NO, Me 203-203.5 MeCN 92 C1oHN;0,8
1h 4-NO, Ph 171-173 i-PrOH 87 Cy5HsNgO,S
1 2 -NO, Me 175-1178 Me,CO—i-Pr,0 85 CypH11N;0,8

o Satisfactory analytical data (£0.3% for C, H, N) were reported for compounds 1a-i, 2a-f, and 3a-j: Ed.



