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Nitrenes Generated from Nitro-compounds by Various Phosphorus

Reagents in Heterocyclic Synthesis.

3H-Azepines T

A Convenient Route to Substituted

By Frank R. Atherton and Robert W. Lambert,” Roche Products Ltd., Welwyn Garden City, Herts.

Reductions of substituted nitrobenzenes with various trivalent phosphorus reagents in the presence of an excess
of primary or secondary amine lead to substituted azepines by addition to the nitrene intermediate followed by ring

expansion.

Azepines substituted with functional groups are thus readily available for further synthesis.

Where

ring expansion does not occur, typical nitrene reactions such as proton abstraction from the amine solvent, insertion
into the N—H bond., and trapping by the phosphorus reagent are observed.

Ix 1966 Odum and Brenner ! reported the reduction of
nitrosobenzene by triphenyl- and tributyl-phosphines in
the presence of diethylamine to give 2-diethylamino-3H-
azepine (I; R!=H, R?= R3®= Et). Reduction of
nitrobenzene with trivalent phosphorus reagents in
diethylamine under more drastic conditions subsequently
also gave this compound (I; R! = H, R? = R3 = Et).23
To our knowledge only two substituted nitrobenzenes
(2-nitrobiphenyl and o-nitrotoluene) have been similarly
reduced to give substituted 2-diethylamino-3H-azepines
(in low yields). We now report the extension of this
reaction to various substituted nitro-compounds to give
a general synthesis of azepines. Initial results are
shown in Table 1.
TaBLE 1
Reduction of nitrobenzenes by alkylphosphorous triamides
in the presence of amines to give azepines

NR2ZR3
Y
R’@Noz + 2P(NR2R3); + HNR2R3 —»\\ P
R?

(n

R? NR2R? Yield of (I) (%)

H Piperidino 60

Me NMe, 42

Ph NEt, 56
4-Pyridyl NEt, 47

Reaction temperatures were ca. 120°

Tris(monoalkylamino)phosphines gave poor yields of
azepines (I), probably because of their instability under
the reaction conditions.

Reactions with 1-nitronaphthalene did not give the
desired benzazepine but instead 1-naphthylamine (69,)
and the N'-substituted 1-naphthylhydrazine (ca. 109,)
were isolated (NR2R3® = piperidino). These are typical
nitrene proton abstraction and insertion products.
Irradiation of p-cyanophenyl azide in dimethylamine
had given the corresponding hydrazine (709%,) and
p-cyanoaniline (5%,). In the presence of a triplet
sensitiser, product yields were reversed (6 and 709,

t Previously communicated in part at the Joint Annual

Meeting of The Chemical Society and the Royal Institute of
Chemistry, University of Edinburgh, April 1970.

1 R. A, Odum and M. Brenner, J. Amey. Chem. Soc., 1966,
88, 2074.

2 J. I. G. Cadogan and M. J. Todd, Chem. Comm., 1967, 178.

3 F. R. Atherton and R. W. Lambert, unpublished results.

4+ G. M. Kosolapoft, * Organophosphorus Compounds,” Wiley,
New York, 1950, p. 278.

respectively).® The intermediacy of a singlet nitrene in
the absence of a sensitiser was implied.

Reactions with 3- or 4-nitropyridines and with 6-
nitroquinoline gave only intractable tars and not the
desired diazepines. 4-Nitropyridine N-oxide reacted

@N=P(NEtz)3.2(COzH)z

(I

with hexaethylphosphorous triamide in diethylamine
but the only product isolated was the trapped nitrene
(IT), obtained as the oxalate in 109, yield.

Azepines from ortho- and meta-Substituted Nitro-
benzenes.—Previously proposed mechanisms ¢ for
nitrene ring expansions imply that 2- and 3-substituted
nitrobenzenes should form mixtures of isomers, whereas
symmetrically substituted nitrobenzenes (e.g. 3,5- and
3,4,5-) would give a single product. In the case of
3,4-dimethylnitrobenzene, isomeric products were ob-
tained as shown in Scheme 1.

. EtoNH
N [ NEt,
’d
— P
___._> L a
@Me @Me Me N o
Me Me Me
ﬂ (I1T)
N Et,NH
N\ ~ NEt,
Me N
= — \ 22°,
Me Me Me Si=
Me Me (TY)
SCHEME 1

The n.m.r. spectra of compounds (III) and (IV) were
consistent with the 3H-azepine structure.’2%8 Re-
duction of 2,4-dimethylnitrobenzene gave 2-diethyl-
amino-5,7-dimethyl-3H-azepine (7%,) and 2-diethyl-
amino-3,5-dimethyl-3H-azepine (29%,). The lower total

5 R. A. Odum and A. M. Aaronson, J. Amer. Chem. Soc.,
1969, 91, 5680.

¢ R. Huisgen and M. Appl, Chem. Ber., 1958, 91, 12; 1959,
92, 2961.

? W. von E. Doering and R. A. Odum, Tetrakedron, 1966,
22, 81.

8 (a) J. 1. G. Cadogan and M. J. Todd, J. Chem. Soc. (C), 1969,
2808; (b) J. I. G. Cadogan, D. J. Sears, D. M. Smith, and M. J.
Todd, ibid., p. 2813; (¢) J. I. G. Cadogan and R. K. Mackie,
ibid., p. 2819.
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yield may be due to insertion of the nitrene into the C-H
bond of the ortho-methyl group,® or proton abstraction
therefrom.8#1¢ Rearrangement to a substituted pyridine
may be a competing reaction; Sundberg ! and his co-
workers have reported the isolation of no less than 379%,
of N-(o-tolyl)-2-acetimidoylpyridine from the nitrene
formed on irradiation of o-nitrotoluene in triethyl
phosphite. Reduction of 3,5-dimethylnitrobenzene gave
2-diethylamino-4,6-dimethyl-3H-azepine in 469, yield.
The results shown in Table 2 suggest that electron-
withdrawing groups in the mefa-position of nitrobenzenes
favour the production of 6-substituted 3H-azepines (VII)
and electron-releasing groups favour formation of the
4-isomers (VI). The results for diethylcarbamoyl and

TABLE 2

Reduction of m-nitrobenzenes to 4- and 6-substituted
3H-azepines

NO2 N Et 2
P{NE ‘2 )3
R EtNA s/
(¥ (VT ( m )
R 4-Isomer (%) 6-Isomer (%)
Cl 5 28
Ph 18 31
4-Pyridyl 19 30
Me 28 19
OMe 30
Et,NCO 17 3a
Ac 14 32

s Jsolated as amides (XI). ? Isolated as methiodides.

acetyl substituents are then anomalous, but the low
total yield of isomers suggests that these 6-isomers may
have reacted further to give products which were not
isolated.

Isomers were usually readily separated by crystallis-
ation as oxalates (prepared as described in the Experi-
mental section) and yields quoted are those of pure
isolated isomer. In two cases [(III) + (IV) and (VI) +
(VII) (R = Me)] separation was difficult and the amount
of each isomer was calculated from the n.m.r. spectrum
of the total oxalate fraction. Occasionally (VII;
R = Ph or 4-pyridyl) most of the 6-isomer (VII) could
be crystallised as the free base prior to oxalate separation.

N.m.r. Spectra.—The structure of 2-diethylamino-3H-
azepines is now firmly established on the basis of spectral
evidence including detailed n.m.r. studies.”8¢ Chemical
shifts and coupling constants for substituted 2-dialkyl-
amino-3H-azepines prepared during the present work
were consistent with these studies.* N.m.r. data for
derivatives of substituted 3H-azepines, described below,
were consistent with the proposed structures; details
are given in the Experimental section.

* These n.m.r. data are available as Supplementary Public-
ation No. SUP 20674 (7 pp.). For details of Supplementary

Publications see Notice to Authors No. 7 in J. Chem. Soc. (4),
1970, Issue No. 20.

? R. J. Sundberg, Tetrahedron Letters, 1966, 477,
and B. I. Feuer, J. Org. Chem., 1966, 31, 3882.
10 G. Smolinsky, J. Org. Chem., 1961, 28, 4108.

G. Smolinsky

J.C.S. Perkifgvpriine

Hydrolysis of 2-Diethylamino-3H-azepines—Hydro-
lysis of 2-diethylamino-3H-azepines in water, aqueous
2-methoxyethanol, or aqueous 2-ethoxyethanol to 1,3-
dihydro-2H-azepin-2-ones was slow. Yields of com-
pounds (VIIT; R = H, Ph, or 4-pyridyl) were 52, 41, and
539, respectively. The unsubstituted azepinone (VIIT;

O

NH
\/

vaT)

R = H) had the same m.p. and u.v. and n.m.r. spectra as
material previously described.?”12
Quaternisation of 2-Diethylamino-3H-azepines.—The
quaternisation of the 2-diethylamino-3H-azepines (IX)
with methyl iodide followed by hydrolysis was a con-
venlent route to 1,3-dihydro-1-methyl-2H-azepin-2-ones
I) (Scheme 2). Yields varied between 14 and 839%,
but were usually greater than 509%,. In two cases (X;
= MeO, R2=R3=H; R!= AcO, R?=R3 = H)
crystallme quaternary salts were isolated in high yield
and fully characterised.

NEt, NEt2
R'I\ \N __’ii_) R! \ \N"’_Mel_
RZ = RZ =

3 (Dm0 R3  {Xa)

.

0 NEt, I™
RK\ ;NMe PELLLE R \ NMe
RINZ RIS

R3 (XT) R (Xb)
SCHEME 2
+
NEt?
NEt; NEt, -
+ -
\ N Mel \ NMel > \ NMe
~ ~ ~
R R
R =Cl or Ph / Mell
+
NEt, [~
NEtHI ™~ NEt
2 i, Mel 2 y—Me
NHMQ——’;i,oq. NMe; «— \ P Me
R KOH-MeOH R B 1~
(XIT)
SCHEME 3

Ring contraction had occurred in by-products isolated
from two C-6 substituted azepines (IX; Rl=RZ=
R¥=Cl; R'=R?=H, R®=Ph), their aromatic
nature (XII) being revealed by the changed n.m.r.

1 R. J. Sundberg, W. G. Adams, R. H. Smith, and D. E.
Blackburn, Tetrahedron Letters, 1968, 777.

12 E. Vogel, R. Erb, G. Lenz, and A. A. Bothner-By, Annalen,
1965, 682, 1
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spectrum. The formation of (XII) may be rationalised
as shown in Scheme 3. Similar ring contractions of un-
substituted azepines (Equation 1) have been reported.”13

Further transformations of some of the foregoing
azepinones are outlined in Schemes 4 and 5. Photo-

NRIR?2 NRIR?
\N ArCOCL
\ —_— NH-COAr (1)
.

isomerisations similar to (XIII} —» (XV) have been
described previously.1#1? Simple 5-substituted 2-aza-
bicyclo[3.2.0]hept-6-enes (XVIII) shown in Scheme 5,
have been synthesised for the first time; carbocyclic
analogues such as (XX) and (XXI) are known.!® The
chemical shifts of the vinyl protons of various com-
pounds (XVIII) (v 3-28—3-5) are close both to those
found for the vinyl protons of (XXII) (= 3-6—3-89) 19
and to those for the cyclobutene protons of other similar
compounds [e.g. (XXT}, v 3-40—3-92].121416.20  Coupling
constants were 2:8—2-9 Hz, further supporting the

0 S
Me P2Sg NMe
\ — 59°, \ —
Ph Ph
(X111) (XTV)
h?lLQ *le
Me Me
7—q 2’3 Hy-Pd N
P?') 5, 0] 807 \,J’EE>:O
Ph
(X)) (XVTI)
SCHEME 4
Y Me
R NMe hv N
\ P —— EL):O
~ heat
(XVII) R (xvIrm)
R: Ph Et,NCO OMe
Yield (%) 65 63 —

SCHEME b

cyclobutene structure for which values of 2-5—3-7 Hz
have been reported. 1%

That photoisomerisation of (XVII; R = OMe) gave
two products was shown by analytical g.l.c. A small
amount of one product was isolated by preparative g.l.c.
and its n.m.r. spectrum was consistent with structure
(XVIIL; R = OMe).

The chemical shifts of the olefinic protons of (XVIII;

13 R. Huisgen, D. Vossius, and M. Appl, Chem. Ber., 1958,
91,1, 12.

14 (g) O. L. Chapman and E. D. Hoganson, J. Amer. Chem. Soc.,
1964, 86, 498; (b) L. A. Paquette, ibid., p. 500.

18 L. A. Paquette and W. C. Farley, J. Org. Chem.,
32, 2725.

16 1. A. Paquette, J. Amer. Chem. Soc., 1964, 86, 4092.

17 G. V. Smith and H. Kriloff, J. Amer. Chem. Soc., 1963, 85,
2016.

1967,

Vi%qm ine

R =OMe) and (XXI)18 are very similar (complex
multiplets at ~ 3-49 and 3-85, respectively). Attempted
separation on a larger scale partly isomerised
(XVIII; R = OMe) back to {XVII; R = OMe). The
instability of (XVIII; R = OMe) may be compared to
that found for (XX), which underwent ring expansion
back to (XIX) on warming to 50° in ethanoll® In
contrast, ring expansion of the parent azabicyclo-
compound (XXIII) to (VIII; R = H) required a
temperature of 500°.12

¢

OMe OMe
DCD() (XX (XXT)
H
N,
() EYS
N
(XXII) (XXTIIT)

X = NMez, NH;, or OEt

EXPERIMENTAL

Spectrophotometers used were the Perkin-Elmer 137
(u.v.) and the Unicam SP 200 (i.r.). N.m.r. spectra were
measured for solutions in deuteriochloroform (unless
otherwise stated) with a Varian A60 instrument (tetra-
methylsilane as internal standard). Mass spectra were
determined with an A.E.I. MS9 spectrometer.

The terms light petroleum and petroleum refer to the
fractions of b.p. 40—60 and 60—80°, respectively.

2-Piperidino-3H-azepine (I; R! = H, NR2R?® = piperi-
dino).—Hexamethylphosphorous triamide 22 (HMPT) (8-2 g,
50 mmol) and piperidine (42 g, 500 mmol) were heated
under nitrogen until the reflux temperature rose to 107°.
Nitrobenzene (3-1 g, 25 mmol) was added and the mixture
was refluxed for 29 h. Piperidine was evaporated off and
the residue was distilled; yield 3-25 g (74%), b.p. 114—
116° at 0-7 mmHg. Gl.c. (QF1; 125° showed a single
peak (>97%). Spectra (ir.,, u.v.,, n.m.r.) were in agree-
ment with literature precedents»? and the material was
converted into the crystalline oxalate, m.p. 155° (decomp.)
(from propan-2-ol) (609, yield from nitrobenzene) (Found:
C, 58-6; H, 6-9; N, 10-55. C.;H,,N,O, requires C, 58-6;
H, 6-8; N, 10-5%).

2-Dimethylamino-5-methyl-3H-azepine (I; Rl = R?=

= Me).—p-Nitrotoluene (21 g, 150 mmol), HMPT (49 g,
300 mmol), and dimethylamine were heated in an autoclave
at 125° for 18 h. Work-up as above gave the base, b.p.
68° at 0-9 mmHg, #,%° 1-5573, which was converted into the

18 (@) O. L. Chapman and D. J. Pasto, Chem. and Ind., 1961,
53; () O. L. Chapman, D. J. Pasto, A. A. Griswold, J. Amer.
Chem. Soc., 1962, 84, 1213; (¢) O. L. Chapman, D. J. Pasto,
G. W. Borden, and A. A. Griswold, ibid., p. 1220.

1% R. A, Odum and B. Schmall, Ckem. Comm., 1969, 1299.

20 G. 'W. Borden, O. L. Chapman, R. Swindell, and T. Tzeuka,
J. Amer. Chem. Soc., 1967, 89, 2979.

21 O. L. Chapman, J. Amer. Chem. Soc., 1963, 85, 2014.

22 A, Michaelis, Annalen, 1903, 826, 129; Org. Synth., 1966,
46, 42.
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oxalate (15°3 g, 42%), m.p. 158—160° (Found: C, 54-6;
H, 6:7; N, 11-7. C;;H;(N,O, requires C, 55-0; H, 6:7; N,
11-7%).

2-Diethylamino-3H-azepines.—General method. A mix-
ture of the nitrobenzene, hexaethylphosphorous triamide
(HEPT) (2 mol. proportions), and diethylamine (10 mol.
proportions) was heated in an autoclave at 120° for 18 h.
Work-up involved distillation, precipitation of oxalate,
basification, extraction, and redistillation; then purification
by recrystallisation of the oxalate or chromatography of the
base on alumina. Azepine-containing fractions were
monitored by w.v. and ir. spectroscopy. Details of
products are shown in Table 3. N.m.r. data concerning
products in Table 3 and earlier examples support the
proposed structures.*

2-Isopropylamino-3H-azepine (I; R'=R*=H, R® =
CHMe,).—Phosphorus trichloride (16 mil, 180 mmol) in
light petroleum (300 ml) was treated with isopropylamine
(69 g, 1-2 mol) at 20°. Base hydrochloride was filtered off
and the filtrate was evaporated in vacuo. The residue was
treated with isopropylamine (250 ml) and nitrobenzene
(11 g, 90 mmol) and heated in an autoclave at 115° for 18 h.
Distillation gave two fractions: (A), 52 g, b.p. 58° at
16 mmHg, a ca. 1: 1 mixture of nitrobenzene and aniline
from which the latter was isolated as oxalate, m.p. 165—
166° (99, based on PCly); (B), 13-7 g, b.p. 126—142° at
1-4 mmHg containing an ether-insoluble product, NN'N"'-
tri-isopropylphosphoramide (6-8 g, 17%), m.p. 123—124°
(lit.,”8 124.5—125°). The filtrate on treatment with oxalic
acid yielded the desired azepine (1-2 g, 5:5%), m.p. 96—97°
(decomp.) (from propan-2-ol-ethyl acetate) (Found: C,
55:0; H, 6-6; N, 11-6. C,,H,;N,O, requires C, 55-0; H,
6-7; N, 11-7%).

Reduction of 1-Nitronaphthalene by Tripiperidinophos-
phine—HMPT (8-15 g, 50 mmol) and piperidine (425 g,
500 mmol) were heated at 107° for 15 min. 1-Nitro-
naphthalene (4-3 g, 25 mmol) was added and the mixture
was refluxed for 23 h. Distillation, then precipitation from
ether with dry hydrogen chloride, yielded a mixture of two
salts which was separated by fractional crystallisation.
Salt A was l-naphthylamine hydrochloride (69,). Salt B
was N-naphthyl-N'N’-pentamethylenchydrazine (ca. 10%),
m.p. 219—224° (from ethanol-ethyl acetate) (Found: C,
68-4; H, 7-5; Cl, 13-5; N, 10-4. C,H,,CIN, requires C,
68:6; H, 7-3; Cl, 13-5; N, 10-79%,). The n.m.r. spectrum
(D,0) showed only aromatic and piperidine protons.

Reduction of 4-Nitropyridine N-Oxide by HEPT.—4-
Nitropyridine N-oxide (59 g, 42 mmol), HEPT (34 g,
140 mmol), and diethylamine (61 g, 840 mmol) were heated
in an autoclave at 120° for 18 h. Evaporation, followed by
chromatography on alumina, first with benzene-chloroform
as eluant then with chloroform-methanol, gave a base which
was characterised as trisdiethylamino-(4-pyridylimino)-
phosphorvane dioxalate (2-3 g, 10%), m.p. 115—116° (from
propan-2-ol-ethyl acetate) (Found: C, 48-4; H, 7-4; N,
13:6; P, 5:7. CyHyN;O4P requires C, 48-55; H, 7-4; N,
13-5; P. 6:0%), A, (EtOH) 295 (¢ 24,600). The n.m.r.
spectrum (D,0O) was consistent with structure (II).

Aqueous Hydrolysis of 2-Diethylamino-3H-azepines.—
(a) 1,3-Dihkydro-2H-azepin-2-one (VIII; R = H). 2-Di-
ethylamino-3H-azepine (16 g, 100 mmol) in a mixture of
2-methoxyethanol (80 ml) and water (20 ml) was refluxed

* See footnote, p. 1080.

28 A, B. Foster, E. F. Martlew, M. Stacey, P. J. M. Taylor,
and J. M. Webber, J. Chem. Soc., 1961, 1204.

J.C.S. Perkigypriine

for 22 h. Solvents were evaporated off and the residue was
acidified and extracted with chloroform. Combined ex-
tracts were dried (Na,SO,), evaporated, and distilled; yield
6-3 g, b.p. 90—92° at 0-7 mmHg, m.p. 44—48°. The
product (VIII; R = H) was sublimed to give material
(57 g, 52%) of m.p. 48—50° (lit.,'»2¢ 48—50°) (Found: C,
65-9; H, 6-6; N, 12-75. Calc. for CH,NO: C, 66-0; H,
6-5; N, 12-89,). Spectral values agreed with the liter-
ature.?12 24

(b) 1,3-Dihydro-5-phenyl-2H-azepin-2-one (VIII; R =
Ph). Similarly, 2-diethylamino-5-phenyl-3H-azepine (12 g,
50 mmol), after being refluxed for 36 h in aqueous 2-ethoxy-
ethanol gave, after purification by chromatography on
alumina in benzene—-chloroform and recrystallisation from
benzene—petroleum, then from ethyl acetate, the product
(VIII; R = Ph) (3-8 g, 419%,), m.p. 141—142° (Found: C,
77-8; H, 6-1; N, 7-5. C.,H,;NO requires C, 77-8; H, 6-0;
N, 7°6%), Ayay, (EtOH) 240 nm (e 22,500).

(c) 1,3-Dihydro-5-(4-pyridyl)-2H-azepin-2-one (VIIIL;
R = 4-pyridyl).—Similarly, 2-diethylamino-5-(4-pyridyl)-
3H-azepine (10 g, 41 mmol) after being refluxed for 50 h
as above gave, after chromatography, the product (VIII;
R = 4-pyridyl) (4-1 g, 53%), m.p. 163—165° (from ethyl
acetate-light petroleum) (Found: C, 71-0; H, 56; N,
15-1. C,;,H,(N,O requires C, 71-0; H, 5-4; N, 15-0%),
Ymax, (Nujol) 1670 cm™ (amide), A, (EtOH 244 nm (e
20,600).

Quaternisation of 2-Diethylamino-3H-azepines and Hydro-
lysis of Salts so formed to Azepinones (XI). (a) 1,3-Dihydro-
1-methyl-2H-azepin-2-one (XI; R! = =R*=H). A
mixture of 2-diethylamino-3H-azepine (16 g, 100 mmol),
methyl iodide, and acetonitrile (100 ml) was refluxed for
2 h. Volatile materials were evaporated off; the residue
was treated with 2N-potassium hydroxide (50 ml) and
methanol (35 ml) and kept at 20° for 72 h. The mixture
was evaporated and the residue was partitioned between
dilute acid and chloroform; the solvent extract was dried
(Na,S0O,), evaporated, and distilled; yield 7-2 g (58%,), b.p
50—54° at 0-6 mmHg (lit.,*2 94—95° at 12 mmHg) g.l.c.
(LAC IR 296; 145°) showed this product to be >999%, pure
(Found: C, 67-9; H, 7-3; N, 11-1. Calc. for C;H,NO:
C, 68:3; H, 7-4; N, 11-49%,). Spectral values agreed with
the literature.!?

(b) Other 1,3-dihydro-1-methyl-2H-azepin-2-ones were
similarly prepared. Details are summarised in Table 4.
N.m.r. data supported the proposed structures.*

2-Diethylamino-4-methoxy-1-methyl-3H-azepinium
(X; R! = MeO, R? = R?® = H).——Quaternisation of (IX;
R! = MeO, R2 = R3® = H) with methyl iodide in aceto-
nitrile gave the salt (93%), m.p. 146—148° (from acetone—
ethyl acetate) (Found: C, 43-0; H, 5-9; I, 37-8; N, 8-3.
CmHmIN O requires C, 42-9; H, 6-3; I, 37-8; N, 839%),

Amax, (EtOH) 227 (¢ 23,500) and 309 nm (6950).
4-Acetyl-2-diethylamino-1-methyl-3H-azepinium Todide
(X; R!= Ac, R? = R?® == H).—Similarly, quaternisation
of (IX; R! = Ac, R? == R?® = H) gave the salf (568%), m.p.
154—156° (Found: C, 44'9; H, 59; I, 36-9; N, 8-.0.
C13H211N20 requires C, 44-8; H, 6-1; I, 36-5; N, 8-05%,),
Amax. 237 (e 18,900) and 368 nm (6790).

3-Chloro-N1 N1-diethyl-N2, N2-dimethyl-o-phenylenediamine

Hydrochloride (XII; R = Cl).—The azepine (IX; R! =
= H, R3®=Cl) was quaternised and hydrolysed as
above. Extraction from acid gave the azepinone (XI;

2 E. Vogel and R. Erb, Angew. Chem. Internat. Edn., 1962,
1, 53.

ITodide
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R! = R?=H, R® = Cl). The acid layer slowly deposited
a crystalline solid (8%), m.p. 205—206° (Found: C, 54'5;
H, 7:7; C], 26-9; CI-, 13-4; N, 10-6. C,,H,,Cl,N, requires
C, 54-8; H,77; Cl, 26-9; Cl,13-5; N, 10-6%), A, (EtOH)

\iiafégnl ine

acetone—ether) (Found: C, 70-5; H, 8:5; Cl, 11-6; N, 9-4.

C,sH,;CIN, requires C, 70-9; H, 8:3; Cl, 11:6; N, 9:2%),

Aing. (EtOH) 230 nm (¢ 8110), ~ 2-57 (8H, m, Ar).
1,3-Dihydvo-1-methyl-5-phenyl-2H-azepine-2-thione (XIV).

253 nm (s 680), v 2-1 (1H, 2d, Ar) and 2-52 (2H, m, Ar). —The azepinone (XIII) (4 g, 20 mmol) in pyridine (30 ml)

TaBrLE 3
Substituted 2-diethylamino-3H-azepines (XXIV; R! = R? = Et)}
NR'R2
RB
R4 \'N
RENZRT
RS
(XXTV)
U.v. (0-1x-NaO
M.p. (°C) Found (%) Reqd. (%) U.v. (EtOH) EtOH)
[B.p. (°C) Oxalate — A S A _ —A—— —— A,
R R¢ RS R¢ R? /mmHg m.p. (°C) Formula C H N Hal C H N Hal Amax./nm € Amax./nm €
H H Pn H H 17819 CyeHyoN, 802 &5 116 800 84 1165 252 20-200
H H 4Py*H H 6263 CyisHyuNg 749 82 1725 47 79 174 268 16,900
H Me Me H H 119—120 G, HpN,0, 593 77 100 596 79 99
H Me H Me 140—141 G, H,,N,0, 594 7-8 9-9 596 79 9-9 263 7460 294 7440
Me H Me H H 85—86  C;;HuN,0p 551 70 89 550 71 86 281 6640 303 7510
H Me H Me H [9(‘;——:;3)9/ Cy2HoN, 743 107 145 750 105 146 285 8560
H ¢ H H H 108—110 C,H,,CIN,O, 498 60 96 117 499 59 97 123 280 6630 300 8510
H H H ¢ H 119—120 C,,H,,CIN,0, 50-1 61 97 117 499 59 97 123 270 7300 269 6850
309 7700
H Prh H H H 171—172  C;H,N,0, 656 67 87 654 67 85 240 18,300
310 8700
H H H Ph H 137—138  C,3H,,N,0O( 65-3  6-7 85 654 67 85 293 12,900
H H H Ph H 7376 16H 20N, 799 83 116 80-0 84 11-65 318 17,100
H 4Py H H H 7678 165—172  CyH;oN, 746 79 171 47 79 174 253 20,600
378 7900
H H H 4Py H 97—99 CysH Ny 44 TT 172 %779 174 228 12,800
340 21,600
H Me H H H 139 CpsHyoN,0, 583 78 1065 582 75 104
H H H Me H 120—1255 CpH,oN,0, 587 76 104 582 75 104 266 8800 296 7180
H OMe H H H 125—127  CpHy,N.O5 553 7-2 9-8 549 71 9-85 257 4940 288 9210
289 4850
H Ac H H H 115—117  C,,H,;,N,O¢ 565 69 95 568 68 9-45 227 22,500 ¢ 241 25,000
320 5840 398 7790
H H H Ac H 1341374 CyHyIN,O 449 62 81 368 448 61 805 365 301 15,100

@ 3,6-Isomer was identified and estimated by n.m.r. b Base obtained by preparative g.l.c. (APL; 185°) was converted into oxalate. ¢ Values in 0-1n-HCI-EtOH.
@ Methiodide.
* For the preparation of 4-p-nitrophenylpyridine, see A.R. Katritzky and P. Simmons, J. Ckem. Soc., 1960, 1511.

Py = Pyridyl.
TABLE 4
Substituted 1,3-dihydro-1-methyl-2H-azepin-2-ones
0O
R! \ NMe
RIS
R3
(XT)
M.p. (°C) Found (%) Required (9%;) U.v. (EtOH)
[(B.p. CC)/ ~ 2 —~ - A -~ ——t—
R R? R3 mmHg] Formula C H N Hal C H N Hal Jp,/nm €
Me H Me [69—71/1-1] C,H;NO 71-0 87 9-15 715 87 93 256 5070
H H « [68—72/0-2] C,H, CINO 536 55 88 223 534 51 90 225 274 3850
Ph H H 42— 44 C,H;NO 780 67 69 784 66 7-0 228 14,100
301 10,900
H Ph H 92—93 C,3H;3NO 78-2 68 71 78-4 66 70 242 23,100
H H Ph 75—176 CysH sNO 785 6-7 71 784 6:6 70 282 9660
MeO H H [82-3/0-3] CH,NO, 630 73 95 627 7.2 91 263 5310
Ac H H 54—56 C,H,,NO, 653 68 82 654 67 85 220 15,500
322 6140
Et,N-~CO H H 71—173 C.,H,N,0, 647 82 125 648 82 12:6 284 5270
H H  Et,N-CO 87—89 C,,H,N,0, 648 83 125 648 82 12:6 274 5410

N3 ,N3-Diethyl-N2 N2-dimethylbiphenyl-2,3-diamine Hydro-
chloride (XII; R = Ph).—The azepine (IX; R! = R? = H,
R?® = Ph) similarly afforded the azepinone (XI; R! =
R? = H, R3®= Ph). An impurity isolated during chro-
matographic purification was converted into the hydro-
chloride (XII; R = Ph) (8%), m.p. 208—210° (from

was treated in portions with phosphorus pentasulphide
(5-2 g, 23 mmol). After being refluxed for 3 h the mixture
was poured into water and the product extracted with
chloroform and purified by chromatography on alumina
to give the thione (XIV) (2:5 g, 59%), m.p. 115° (from
petroleum) (Found: C, 72-4; H, 6:1; N, 6-4; S, 14:0.
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C,3H,3NS requires C, 72:5; H, 6-1; N, 6-5; S, 14-9%),
Amax. (EtOH) 242 (s 12,800), 266 (15,800), and 313 nm
(9860).

2-Methyl-6-phenyl-2-azabicyclo[3.2.0)hept-6-en-3-one (XV).
—The azepinone (XIII) (24 g, 120 mmol) in dry methanol
(800 ml) was irradiated with a Hanovia medium-pressure
lamp for 168 h. The solution was evaporated and the
residue was chromatographed on alumina with benzene-
chloroform as eluant [starting material (10-5 g) was re-
covered]. The product (XV) was recrystallised from
benzene; yield 6-7 g (499 based on material consumed),
m.p. 147—148° (Found: C, 785; H, 67; N, T7-0.
C,3H3,NO requires C, 78-4; H, 6:6; N, 7-0%), 2, (EtOH)
217 (e 11,500), 257 (16,000), and 291 nm (4450), = 2:65 (5H,
m, Ph), 3-35 (s, 1H on C-7), 565 (d, 1H on C-1), 626 (m,
1H on C-5), 7-08 (3H, s, NMe), 7-38 (d, 1H on C-4), 7-48
(s, \TH on C-4), J,5 42, J15 44, J1,7 <2 Hz, mfe 199 (M),
198 (M — 1), 170 (M — CO — H), 157 (M — CH,0), and
97 (M — PhC=CH).

2-Methyl-5-phenyl-2-azabicyclo[3.2.0) hept-6-en-3-one
(XVIII; R = Ph).—The azepinone (XVII; R = Ph) was
irradiated as above for 28 h. After chromatography on
alumina the product (XVIII; R = Ph) was crystallised
from petroleum; yield 4-8 g (659%,), m.p. 71-5—73° (Found:
C, 787; H, 6-7; N, 7'1. C3H,3NO requires C, 78-4; H,
6:6; N, 7-0%), 2., 260 nm (¢ 217) (benzene tail peaks),
T 2-70 (6H, m, Ph), 3-27 (2d, 1H on C-7), 3-46 (d, 1H on
C-6), 575 (d, 1H on C-1), 7-05 (3H, s, NMe), and 7-19 (s,
2H on C-4), J,., 1'8, J¢., 2°9 Hz.

NN-Diethyl-2-methyl-3-ox0-2-azabicyclo[3.2.0)hept-6-ene-
5-carboxamide (XVIII; R = Et,N-CO).—The azepinone
(XVII; R = Et,N‘CO) was irradiated as above for 24 h
and the product (XVIII; R = Et,N-CO) was purified by
chromatography; yield 5-3 g (63%), m.p. 79—81-5° (from
cyclohexane—petroleum (Found: C, 64-5; H, 8-0; N, 12-85.
C,oH,gN,0, requires C, 64-8; H, 8-2; N, 12-6%,), + 3-37

J.C.S. Perkigy pnine

(d, 1H on C-6), 3-50 (2d, 1H on C-7), 5-19 (d, 1H on C-1),
6-66 (4H, 2q, NEt,), 7-08 (3H, s, NMe), 7-37 (s, 2H on C-4),
and 8-83 (6H, 2t, NEt,), J,; 18, Je7 29 Hz; no u.v.
maximum above 206 nm.
5-Methoxy-2-methyl-2-azabicyclo(3.2.0)hepi-6-en-3-one
(XVIII; R = MeO).—The azepinone (XVII; R = MeO)
was irradiated as above for 3 h and the product was partially
purified by chromatography on silica gel. Analytical g.l.c.
(Triton X-100; 180°) showed the presence of starting
material and two other compounds. A small amount of
pure product (XVIII; R = MeO) was isolated by pre-
parative g.l.c. (APL; 165°; v, 1680 cm™ (C=0), v 3:48
(m, 2H on C-6 and C-7), 568 (s, 1H on C-1), 6-64 (3H, s,
OMe), 7-02 (3H, s, NMe), and 7-36 (s, 2H on C-3), m/e 153
(M™*) but fragmentation pattern identical with that of
starting material, rearrangement probably taking place in
the spectrometer; no u.v. maximum above 210 nm. The
olefinic protons of carbocyclic analogue (XXI) (multiplet
at 7 3-85) are comparable to those of (XVIII; R = MeO)
(multiplet at v 3:48).
2-Methyl-6-phenyl-2-azabicyclo[3.2.0lheptan-3-one (XVI).
—The bicycloheptene (XV) (1-0 g, 5 mmol) in dry ethanol
(25 ml) was hydrogenated over 59, palladium—charcoal
(0-1 g). Catalyst and solvent were removed and the
residue was crystallised from light petroleum to give the
bicycloheptanone (0-8 g, 809%,), m.p. 47—48° (Found: C,
77-3; H, 7-5; N, 71. C;3H;;NO requires C, 77-6; H,
7:5; N, 7:0%), A,y 260 nm (e 207) (benzene tail peaks).

‘We thank Dr. A. Dirscherl (F. Hoffmann-La Roche & Co.
Ltd., Basle) for microanalyses, Dr. A. A. Wagland (Process
Research Department, Roche Products Ltd., Welwyn) for
60 MHz n.m.r. spectra, Mrs. O. A. Malsher and Mrs. S. M.
Merrett for u.v. spectra, and Messrs. M. S. Pratt and A.
Plomer for technical assistance.
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