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Deoxygenative reduction of nitrobenzene by tributylphosphine in the presence of primary or secondary alcohols

gave 2-alkoxy-3H-azepines in good yields.

acetone, in place of the alcohols did not lead to ring enlargement.

The use of acidic hydroxylic compounds, such as phenol or acetyl-

Triphenylphosphine could be used as a reducing

agent, but the yields of the azepines were relatively low. 2-Alkoxy-3H-azepines were converted into 2-amino-3H-

azepine in good yields by the reaction with ammonium carbonate.

2,3-Dihydro-1H-azepin-2-one was prepared

by the hydrolysis of 2-butoxy-3H-azepine or 2-amino-3H-azepine.

Deoxygenation of nitro- and nitrosobenzene by
tervalent phosphorus reagents in the presence of primary
or secondary alkylamines results in the ring enlargement
giving 2-alkylamino-3H-azepines.)) Phenylnitrene is
postulated as an intermediate for this reaction. It is
accepted that nucleophilic attack of amines on 7-
azabicyclo[4.1.0]heptatriene, assumed to be in equilib-
rium with phenylnitrene, leads to ring enlargement.?
Such a ring enlargement is also observed in the thermo-
lysis® or photolysis?) of phenyl azide and in the photolysis
of oxaziridines® or anthranils.®) Although the formation
of 2-methoxy-3H-azepines by photolysis of phenyl
azide”® or anthranils® in methanol is known, no report
has appeared on the ring enlargement of nitro- and
nitrosobenzene in the presence of alcohols as the nucleo-
phile. Sundberg and Smith, Jr. observed the formation
of alkoxyanilines in the deoxygenation of nitrosobenzene
by triethyl phosphite in the presence of alcohols.?-?)

This paper deals with the deoxygenation of nitro-
benzene by tertiary phosphines in the presence of
alcohols, providing a convenient method for the prepara-
tion of 2-alkoxy-3H-azepine, 2,3-dihydro-1H-azepin-2-
one and several other azepine derivatives in good yields.

Results and Discussion

Tervalent phosphorus reagents for the deoxygenation
of nitrobenzene include phosphorus triamide, trialkyl
phosphite and phosphonite. Cadogan and Todd studied
the order of reactivity of the reagents in the deoxygena-
tion of 2-nitrobiaryl, and observed that tributyl- and
triphenylphosphine are not reactive as phosphorus
triamide or diethyl methylphosphonite,'® while Odum
and Brenner reported the deoxygenative ring enlarge-
ment of nitrosobenzene by means of triphenylphosphine
in the presence of alkylamines.’? We have confirmed
that tributylphosphine and tripiperidinophosphine are
most reactive for the deoxygenation of nitrobenzene in
piperidine giving 2-piperidino-3H-azepine.

When nitrobenzene was treated with tributylphos-
phine in refluxing 1-butanol for 1h, 2-butoxy-3H-
azepine (1d) was formed in 899, yield. The structure
of 1d was determined by IR, NMR, and mass spectra as
well as elemental analysis. The IR spectrum exhibited
a strong intensity band at 1615 cm~! and a medium
band at 1515 c¢cm™1, both of which are due to C=C and
C=N stretching vibration. The NMR spectrum shows

peaks at 7 7.43 (d, 2H), 4.85 (q, 1H), 4.20 (m, 1H), 3.88 -

(m, 1H), and 3.21 (d, 1H) other than peaks due to
protons of butyl group. The peak pattern indicates
3H-azepine skelton since it is very close to that reported
for 2-diethylamino-3H-azepine.#®) The mass spectrum
of 1d shows the molecular ion (m/e 165) as the highest
mass feature, which corresponds to the parent peak of
the expected structure.
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The deoxygenative ring enlargement of nitrobenzene
by tributylphosphine was then studied in the presence of
various hydroxylic compounds. The results are sum-
marized in Table 1.

Deoxygenation in the presence of primary or
secondary alcohols led to ring enlargement to give the
corresponding 2-alkoxy-3H-azepines (1) in moderate or
good yields (Eq. 1). Attempted reactions in the presence
of tertiary alcohols (2-methyl-2-propanol and 2-phenyl-
2-propanol) failed to give the azepine, probably owing
to the bulkiness of the nucleophiles. The use of 2,2,2-
trifluoroethanol (pK, 12.3) results in a formation of
2-(2,2,2-trifluoroethoxy)-3H-azepine (1i) but only in
199, yield.®) Phenol (pK, 9.98) and acetylacetone (pK,
8.24) were also examined as a nucleophile in the
deoxygenation, but no ring enlargement product was
obtained.

The results show that hydroxylic compounds whose
pK, value is greater than ca. 12 are available as the
nucleophiles for the ring enlargement.!®)

Solvent and temperature effects on the ring enlarge-
ment reaction were examined by means of deoxygena-
tion in the presence of benzyl alcohol as a nucleophile.
The solvent effect was hardly observed, since the reac-
tions in dioxane, pyridine, 4-methyl-2-pentanone and
toluene at the same temperature led to the formation
of 2-benzyloxy-3H-azepine (1h) in nearly equal yields.
On the other hand, temperature effect was remarkable.
The results of the reactions in xylene at various tempera-
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TaBLE 1. DEOXYGENATION OF NITROBENZENE BY TRIBUTYLPHOSPHINE IN THE
PRESENCE OF HYDROXYLIC coMPOUNDs (ROH)
Reactants, mmol Reaction conditions ° 3 Hj Azepine PhNO,
ROH PhNO, Bu,P Solvent(ml) Temp,°C Time,h Method» (Yield, %) recovered, %

MeOH 624 75 172 110 25 A 1a (60) 0
EtOH 890 25 55 110 30 A 1b (71) 0
i-PrOH 400 50 125 120 25 A 1c (62) 0
n-BuOH 720 120 240 127—139 4 B 1d (89) 6
150 25 50 120 6.5 B 1d (22) 62

t-BuOH 318 50 125 120 25 A (0 0
n-CgH,;;OH 150 25 55  Pyridine ( 50) 124 10 G 1e (66) —
cyclo-Cg H;,;OH 950 50 105 165 6 B 1f (65) 4
n-C,H,;OH 705 50 110 160 2 B 1g (69) 0
PhCH,OH 600 100 250  Pyridine (200) 120 6 G 1h (84) 0
: 485 25 62% 160 6 B 1h (28) 38
PhC(Me),OH 150 25 55 Xylene ( 50) 150 5 G (0) 0
CF,CH,OH 150 25 55 Benzene ( 50) 110 24 A 1i (19) 0
PhOH 150 25 55  Pyridine ( 50) 125 7 C (0) 0
Acetylacetone 487 25 63 110 7.5 B (0) 0

a) Triphenylphosphine was used in place of tributylphosphine. b) See Experimental.

tures are summarized in Table 2. 1h was obtained in
999, yield based on nitrobenzene consumed at 180 °C,
and in 769, yield at 80 °C. Lowering the reaction

TABLE 2. TEMPERATURE EFFECT ON THE FORMATION -
OF 2-BENZYLOXY-3H-AZEPINE (1h) IN XYLENE

Reaction conditions

—_—— Yield of 1h, % reccl;i I:Ieodz(y temperature decreases the yield of 1h based on nitro-
Temp, °C Time, h e benzene consumed. This might be related to the fact
80 20 51 33 that the deoxygenation of nitrosobenzene in the presence
100 20 70 16 of methanol at 0 °C gives o- and p-anisidine.”
120 7 76 12 Triphenylphosphine could also be used in place of
150 3 93 4 tributylphosphine for the deoxygenation of nitrobenzene
180 1 94 5 in the presence of 1-butanol or benzyl alcohol, but the
TABLE 3. ANALYTICAL AND SPECTRAL DATA OF 2-ALKOXY-3H-AZEPINE 1)
Bp Found Calcd IR NMR® MS
°C/Torr % % cm-! T mfe
: C, 68.00 68.27 1620, 1525, 7.41(d, 2H), 4.81(q, 1H), 123(M+),
a  74—6/32 H, 7.12 7.37 1320, 1250,  4.14(m, 1H), 3.85(m, 1H),  108(M—Me)
N, 11.40 11.37 1160 3.14(d, 1H)
C, 69.98 70.04 1610, 1525,  7.45(d, 2H), 4.86(q, 1H),  137(M+), 122(M—Me),
b 10578  H, 8.11  8.08 1310, 1245,  4.20(m, 1H), 3.90(m, 1H),  109(M—CH,=CH,),
N, 10.10 10.21 1205, 1160 3.20(d, 1H) 108(M—Et)
G, 71.64 71.49 1610, 1515, 7.44(d, 2H), 4.81(m, 1H), 151(Mt),
c 89/31 H, 8.65 8.67 1310, 1245,  4.15(m, 1H), 3.83(m, 1H),  109(M—CH,CH=CH,)
N, 9.56 9.26 1205, 1160 3.15(d, 1H)
C, 72.69 72.69 1615, 1515,  7.43(d, 2H), 4.85(q, 1H),  165(M+), 150(M—Me),
d 126/49 H, 9.16 9.15 1325, 1250, 4.20(m, 1H), 3.88(m, 1H), 136(M—Et),
N, 8.62 8.48 1210, 1165 3.21(d, 1H) 109(M— CH,=CHEt)
C, 74.56 74.57 1610, 1525,  7.43(d, 2H), 4.85(m, 1H),  193(M+), 164(M—Et),
e 98/3.5 H, 10.06 9.91 1310, 1245, 4.19(m, 1H), 3.89(m, 1H), 150(M—Pr), :
N, 7.21 7.25 1205, 1160 3.20(d, 1H) 109(M— CH,=CHBu)
C, 75.53 75.32 1610, 1525,  7.42(d, 2H), 4.83(q, 1H),  207(M+),
£ 104—6/5.5 H, 10.40 10.21 1320, 1245, 4.19(m, 1H), 3.88(m, 1H), 109(M—CH,=CHPe)
N, 6.70 6.76 1205, 1160 3.19(d, 1H)
C, 75.49 75.35 1605, 1525, 7.47(d, 2H), 4.90(q, 1H),
g 86/1 H, 9.18 8.96 1325, 1245, 4.21(m, 1H), 3.90(m, 1H),
N, 7.43 7.32 1205, 1160 3.21(d, 1H)
C, 78.10 78.36 1610, 1525, 7.38(d, 2H), 4.84(q, 1H), 199(M+),
h 173/27 H, 6.86 6.58 1315, 1245,  4.16(m, 1H), 3.88(m, 1H),  108(M—PhCH,)
N, 7.02 7.03 1205, 1160  3.15(d, 1H)
C, 50.57 50.27 1615, 1415,  7.34(d, 2H), 4.78(q, 1H),  191(MH+),
i 69/27 H, 4.44 4.22 1330, 1245,  4.08(m, 1H), 3.85(m, 1H), 172(M—F),
N, 7.48 7.33 1205, 1160, 3.18(d, 1H), 108(M — CF,CH,)

a) The peaks due to alkoxy group in 2-position are omitted.
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yield of the azepine (1d or 1h) was relatively low.

Deoxygenation of 4- and 2-nitrotoluene was also
carried out in the presence of 1-hexanol, 5-methyl-
(589%,), and 7-methyl-2-hexyloxy-3H-azepine (5, 30%,),
respectively, being isolated. The position of the methyl
group was determined by NMR spectroscopic examina-
tion. Although two isomeric products were possible in
the deoxygenation of 2-nitrotoluene, no formation of
2-hexyloxy-3-methyl-3H-azepine took place. The
deoxygenation of 2-nitrotoluene in the presence of
diethylamine has been reported to give 2-diethylamino-
3-methyl-3H-azepine (4, 36%,) by de Boer ef al., who
explained the predominant formation of 3-methyl
isomer by an attack of a relatively small nucleophile,
diethylamine, on 5-methyl-7-azabicyclo[4.1.0]hepta-
2,4,6-triene (2) which is expected to predominate in the
equilibrium with l-methyl isomer (3) of the azabicycle
on steric grounds. The formation of 5 is due to the
nucleophilic attack of l-hexanol on the I-methyl
azabicyclic intermediate 3 (Scheme 1) as in the case
where the nucleophile is triethyl phosphite.1!)

Me
—_— N
y = G
2
l + Et,NH +N-CgH;30H
Me Me
o o
N 0-CeHs
A 5

Scheme 1.

Transformation of 2-alkoxy-3H-azepines into some
azepine derivatives was examined (Scheme 2).

Hydrogenation of 2-butoxy-3H-azepine (Id) on
palladium~carbon gave 7-butoxy-3,4,5,6-tetrahydro-2H-
azepine in 809, yield, and the hydrogenation of 2-
benzyloxy-3H-azepine (1h) on the same catalyst gave
hexahydro-2H-azepin-2-one in 779%, yield. 2-Amino-3H-

(on

+2H;
——— >
R=n-Bu

+3H,
R=PhCH;

@OR T

+(NH.),CO,
—
R=n-Bu

cyclo-CgHyy l

+H.0
—
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Scheme 2.
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azepine was obtained in 90 and 759, yields by the
reactions of 2-butoxy (1d) and 2-cyclohexyloxy-3H-
azepine (1f), respectively, with ammonium carbonate in
methanol, while the reactions of 2-cyclohexyloxy-3H-
azepine (1f) with ammonium acetate and ammonium
chloride'® gave 2-amino-3H-azepine in 55 and 59,
yields, respectively. Hydrolysis of 2-amino-3H-azepine
afforded 2,3-dihydro-1H-azepin-2-one in 979, yield,
which was alternatively obtained in 839, yield by the
hydrolysis of 2-butoxy-3H-azepine (1d) under neutral
conditions at 150 °C. The hydrolysis of 2-butoxy-3H-
azepine hardly proceeds below 100 °C under neutral
or alkaline conditions. Mineral acids promote the
hydrolysis remarkably but subsequent hydrolysis of the
product takes place. Paquette observed that 3,7-
dimethyl- or 3,5,7-trimethyl-2,3-dihydro-1H-azepin-2-
one is readily hydrolyzed under acidic condltlons to
give dihydro-2(3H)-furanones.*®

Experimental

All the organic reagents and solvents were purified by
distillation or recrystallization before use, while commercial
inorganic materials were used without further purification.
All the melting and boiling points were uncorrected. The
GLPC analyses were carried out on a Shimadzu GC-4APT
instrument with a thermal conductivity detector, using a 209,
PEG 20 M on Celite 545 column (2 m; Temp: 180 °C; Car-
rier gas: He 30 ml/min; Internal standard: biphenyl). IR
spectra were measured on a Hitachi G-2 instrument, NMR
spectra on a JEOL C-60HL instrument in CCl, solution using
TMS as an internal standard, and mass spectra on a Hitachi
RMU-6E instrument.

Deoxygenation of Nitrobenzene by Tervalent Phosphorus Reagents
in the Presence of Piperidine. A solution of nitrobenzene
(3.08 g, 25 mmol) in piperidine (10 ml) was added drop by
drop to a solution of tripiperidinophosphine'® (bp 125 °C/0.5
Torr, 14.17 g, 50 mmol) and biphenyl (3.86 g, 25 mmol) in
piperidine (40 ml) under reflux in nitrogen atmosphere. After
being refluxed for 30 h, the mixture was analyzed by GLPC.
2-Piperidino-3H-azepine'® was formed in 88%, yield.

When tributylphosphine (10.2 g, 50 mmol), triphenylphos-
phine (13.2 g, 50 mmol), and triethyl phosphite (8.35g, 50
mmol) were used in place of tripiperidinophosphine, the yields
of 2-piperidino-3 H-azepine were 94, 16, and 249, respectively.

Deoxygenation of Nitrobenzene by Tervalent Phosphorus Reagents
in the Presence of Hydroxylic Compounds. The following three
typical procedures are employed depending on the kind of
hydroxylic compound or the reaction temperature. The results
are summarized in Table 1, the analytical and spectral data
of 2-alkoxy-3H-azepines (1) being given in Table 3.

Method A. A mixture’of nitrobenzene (9.23 g. 75 mmol),
tributylphosphine (34.89 g, 172 mmol), and methanol (20 g,
624 mmol) was heated in a sealed tube at 110 °C for 25 h and
then evaporated by using a rotary evaporator under reduced
pressure. Distillation of the residue afforded 2-methoxy-3H-
azepine (la, 5.5 g, 60%,).

Method B. A mixture of nitrobenzene (14.77 g, 120 mmol),
tributylphosphine (48.56 g, 240 mmol), and 1-butanol (57 g,
720 mmol) was heated under reflux (127—139 °C) for 4h. The
resulting mixture was stripped of 1-butanol and the product
was distilled under reduced pressure. 2-Butoxy-3H-azepine
(1d) was obtained 17.69 g (89%).

Method C. A solution of nitrobenzene (3.08 g, 25 mmol),
tributylphosphine (11.13 g, 55 mmol), and 1-hexanol (15.33 g,
150 mmol) in pyridine (50 ml) was refluxed for 7h. The
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mixture was fractionated under reduced pressure and the frac-
tion (bp 65.5—146 °C/3.5 Torr, 7.32 g) was subjected to redis-
tillation to yield 2-hexyloxy-3H-azepine (le, 3.19 g, 66%,).

2-Hexyloxy-7-methyl-3H-azepine (5). A mixture of 2-nitro-
toluene (6.86 g, 50 mmol), tributylphosphine (22.26 g, 110
mmol) and 1-hexanol (100 ml) was heated under reflux for
3.5 h. The resulting mixture was fractionated under reduced
pressure. and the fraction (bp 53—141.5 °C/4.5 Torr, 21.4 g)
was subjected to redistillation to give 5 (3.13 g, 30%): bp
81.5—82.5 °C/1.5 Torr; IR 1610, 1545, 1310, 1260, 1195, and
1150 cm=1; NMR® 7=7.94 (s, 3H), 7.45 (d, 2H), 4.95 (m,
1H), 4.31 (d, 1H), and 3.98 (q, 1H). Found: C, 74.71; H,
10.28; N, 6.97%. Calcd for C,;;H,,NO: C, 75.36; H, 10.14;
N, 6.76%.

2-Hexyloxy- 5-methyl-3H-azepine. A solution of 4-nitro-
toluene (6.86 g, 50 mmol) and tributylphosphine (22.35 g. 60
mmol) in hexanol (100 ml) was heated under reflux for 6.5
h. The resulting mixture was distilled and the fraction (bp
117.5—148.5 °C/4.5 Torr, 7.92 g) was subjected to redistilla-
tion to give 2-hexyloxy-5-methyl-3H-azepine (6.05 g, 58%,):
bp 97—100 °C/3 Torr; IR 1610, 1535, 1325, 1250, 1195, and
1160 cm—1; NMR® ¢=8.13 (s, 3H), 7.51 (d, 2H), 5.05 (q,
1H), 4.29 (d, 1H), and 3.28 (d, 1H). Found: G, 75.62; H,
10.40; N, 6.80%. Calcd for G ,;H,NO: C, 75.32; H, 10.41;
N, 6.76%.

Hpydrogenation of 2-Butoxy-3H-azepine (1d). 2-Butoxy-3H-
azepine (1d, 6.73.g, 41 mmol) was hydrogenated at room tem-
perature in l-butanol (40 ml) with palladium catalyst (10%
on carbon, 1.6 g) at an initial hydrogen pressure of 65 kg/cm?.
Hydrogenation was completed in 15 min. The catalyst and
solvent were removed and the product was distilled to give
7-butoxy-3,4,5,6-tetrahydro-2 H-azepine (3.8 g, 809%,): bp 128
—128.5 °C/48 Torr (lit, 214—216 °C;¥» 80 °C/3.5 Torr,%?
Found: C, 71.19; H, 11.25; N, 8.31%).

Hpydrogenation of 2-Benzyloxy-3H-azepine (1h). Hydro-
genation of 1h (4.96 g, 25 mmol) was performed in toluene
(40 ml) with palladium catalyst (109, on carbon, 1.33 g) at
80 °C for 2.5 h, the initial hydrogen pressure being 70 kg/
cm? Removal of the catalyst and solvent gave crude hexa-
hydro-2H-azepin-2-one (2.61 g, 92%). The crude substance
was dissolved in diisopropyl ether (60 ml) and extracted with
water (50 mlx 10). The combined extracts were concentrated
to ca. 45 ml and extracted with chloroform (40 ml1x 7). The
combined extracts were dried over anhydrous sodium sulfate
and evaporated to give hexahydro-2H-azepin-2-one (mp 67
—69.5 °C, 2.18 g, 77%,), which was identified by comparing
its retention time in GLPC and its IR spectrum with those
of an authentic sample.

6-Amino-3H-azepine. A solution of 2-butoxy-3H-azepine
(1d, 3.3 g, 20 mmol) and commercial ammonium carbonate
(2.3 g) in methanol (50 ml) was kept at 40 °C for 3 days. The
mixture was concentrated under reduced pressure and the
residue was treated with benzene (100 ml) and the precipitate
was removed by filtration. The filtrate was evaporated to
give crude 2-amino-3H-azepine (1.94 g, 90%,). Sublimation
at 90 °C and 1 Torr yielded 1.74 g (81%) of 2-amino-3H-
azepine: mp 90—91 °C (lit,*> 90—91 °C, Found: C, 66.40;
H, 7.25; N, 25.69%).

2-Amino-3H-azepine was isolated by treatment of 2-cyclo-
hexyloxy-3H-azepine (1f, 3.3 g, 17 mmol) with commercial
ammonium carbonate (1.95 g) in methanol (50 ml) at room
temperature for 4 days, treatment of 1f (3.83 g, 20 mmol)
with ammonium acetate (3.09 g, 40 mmol) in methanol (50
ml) at room temperature for 6 days, and treatment of If (2.92
g, 15 mmol) with ammonium chloride (1.63 g, 30 mmol) in
methanol (50 ml) at room temperature for 9 days in 75,
55, and 59, yields, respectively.

Mitsuo Masaki, Kiyoshi Fukul, and Junichird Kira
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2,3-Dihydro- IH-azepin-2-one. a) Hydrolysis of 2-Amino-3H-
azepine: A solution of 2-amino-3H-azepine (1.5 g, 14 mmol)
in water (40 ml) was refluxed for 5 h, treated with aqueous
hydrochloric acid (3 drops of a 3M solution), and extracted
with chloroform (30 mlx 10). The combined extracts were
concentrated to give 2,3-dihydro-1H-azepin-2-one (1.47 g, 97
%): mp 48—49 °C. Recrystallization from hexane afforded
colorless crystals: mp 49—50 °C (lit, 48—50 °C;1» 47.5—48.5
°C,% Found: C, 66.06; H, 6.38; N, 12.919,).

b) Hydrolysis of 2-Butoxy-3H-azepine (1d): A mixture of 1d
(4.6 g, 28 mmol), ethanol (36 ml), and water (10 ml) was heat-
ed at 150 °C in a stainless steel autoclave for 3.5 h. The mix-
ture was stripped of ethanol, water, and 1-butanol and the oily
residue was dissolved in diethyl ether (50 ml). The solution
was extracted with water (40 ml X 7) and the combined extracts
were concentrated to give crude 2,3-dihydro-1H-azepin-2-one
(2.52 g, 83%). Recrystallization from cyclohexane afforded
colorless crystals of mp 48—>50 °C, which showed no depression
on admixture with the sample obtained above.
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