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(20 mmHg)]; 4, bp 84—85° (75 mmHg) (lit.,» bp 158—159°); 5, bp 115—116° (40 mmHg) [lit.,” bp 89—91°
(12 mmHg)]; 6, bp 71—72° (80 mmHg) (lit.,” bp 140—142°); 7, bp 100—101° (25 mmHg); 9, bp 124—125°
(5 mmHg); 10, bp 53—54° (70 mmHg) (lit.,” bp 119°); 11, bp 48—52° (46 mmHg) [lit.,” bp 56—62° (75
mmHg)]; 12, bp 77—78° (15 mmHg) [lit.,” bp 75—76° (12 mmHg)]. A new compound, 3-trimethylsilyloxy-
2-p-menthene (8), was prepared from menthone and trimethylsilyl chloride according to the procedure
described in the literature,® and the physical data are as follows: 8, bp 96—97° (15 mmHg), IR 1% cm~1:
1650 (C=C), NMR (CDCl,) d: 4.5—4.7 (1H, m, vinyl CH), 0.17 [9H, s, Si(CHg),l.

N-Alkylamidomethylation General Procedure: A stirred solution of 0.03 mol of a 1,3,5-trialkyl-
hexahydro-1,3,5-triazine (la—c) in 200 ml of dry CH,Cl, was treated dropwise with 7.1 g (0.09 mol) of acetyl
chloride, with cooling, and stirring was continued for 1 hr at room temperature. To this solution, 0.082 mol
of silyl enol ether (2—12) and 0.09 mol of TiCl, were added successively at 0—10°. After being stirred for 1 hr
at 0—10°, the reaction mixture was washed with aqueous KHCO;. The separated organic layer was dried
over anhydrous MgSO,. Removal of the solvent gave an oily residue, which was fractionally distilled under
reduced pressure to give the product (3a—c, 13—21). Physical and analytical data for the products are
listed in Table II.
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Reduction with Sodium Borohydride-Transition Metal Salt Systems. L.
Reduction of Aromatic Nitro Compounds with the Sodium
Borohydride—~Nickelous Chloride System
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The reduction of aromatic nitro compounds with the sodium borohydride-nickelous
chloride system was examined.

Aromatic nitro compounds afforded primary amines in high yield without by-products.
Similarly, nitroso-, azoxy-, azo- and hydroxylaminobenzene were reduced with sodium
borohydride-nickelous chloride to give aniline.

Keywords reduction; aromatic nitro compound; aromatic primary amine;
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benzene; phenylhydroxylamine

In recent years, significant advances have been made in the reduction of a variety of
functional groups with sodium borohydride.?2 However, in general, sodium borohydride
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hardly reduces aromatic nitro compounds under ordinary conditions. In the previous paper,3
it was reported that aromatic nitro compounds afforded the corresponding azoxy, azo and
primary amine derivatives on heating directly with sodium borohydride.

Interestingly, it has recently been reported that aromatic nitro compounds can be reduced
with sodium borohydride—transition metal salt systems, such as NaBH,~CoCl,,*»? NaBH,-
Co(pyridyl),® and NaBH,-palladized charcoal.® In the present work, we investigated the
sodium borohydride-nickelous chloride system in order to improve the yield in the reduction
of aromatic nitro compounds with sodium borohydride-transition metal salt systems.

The reaction of aromatic nitro compounds with sodium borohydride-nickelous chloride
hexahydrate at room temperature gave the corresponding primary amines in good yields.
As shown in Table I, irrespective of the existence of an electron-donating or electron-withdraw-
ing substituent, these reduction proceeded to give the corresponding primary amines without
by-products. It appears that the sodium borohydride-nickelous chloride system is superior
to the cobaltous chloride-sodium borohydride system®® for the reduction of aromatic nitro
compounds.

According to the method described above, nitrosobenzene (21), azoxybenzene (22), azo-
benzene (23) and phenylhydroxylamine (24) were reduced to aniline. It was reported that
azoxybenzene and azobenzene were reduced to hydrazobenzene with sodium borohydride—

R ,— NaBH:-NiCl: R ,—
TasLE I, %ﬁ >—N02 : X >—NH2

N=
Nitro compound® NiCl,-6H,0 NaBH,? Product (Prim. amine)

No. R (mmol) (mmol) g R Yield (%)
1 H 16 64 11 H 76.3
2 p-CH, 16 32 12 p-CH, 95.0
3 m-CHs 16 32 13 m-CHj 94.6
4 0-CH, 16 32 14 0-CH, 80.5
5 p-CH;O 16 32 15 »-CH,;0O 88.9
6 p-Cl 16 32 16 p-Cl 89.1
7 »-OH 16 32 17 $-OH 88.2
8 »-COOH 16 32 18 »-COOH 77.6
9 0-COOH 8 32 19 0-COOH 85.6

10  1-Nitronaphthalene® 16 32 20 1-Naphthylamine® 85.5
a) The amount of nitro compound was 8 mmol.
b) The reaction time was 30 min, and the reaction temperature was 20°.
¢) The chemical name.
TasLe II. Reduction of Nitroso-, Azoxy-, Azo- and Hydroxylaminobenzene
with the NaBH,—NiCl, System®
Compound (No.)» NiCL,-6H,0 NaBH, Product  Yield (%)

(mmol) (mmol)

N 1) 8 16 <;>—NH2 70.7

“NO
<;§“If: "<:_> (22) 16 32 <;>—NH2 77.6
0

Ol a6 m o (O o
<;>_NHOH (24) 8 16 <;>—NH2 67.9

a) The reaction time was 30 min. and the reaction temperature was 20°.
b) The amount of starting material was 8 mmoi.
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cobaltous chloride hexahydrate.”? Thus, it appears that the reducing power of the sodium
borohydride-nickelous chloride system is greater than that of the sodium borohydride—
cobaltous chloride system.

It can be presumed that the sodium borohydride-nickelous chloride system provides an

useful and simple synthetic route under mild conditions for the preparation of aromatic
primary amines from nitro compounds.

Experimental

Commercially available nickelous chloride hexahydrate and sodium borohydride were used throughout
this work. Melting points were determined on a Yanagimoto micro-melting point apparatus, model MP-S3,
and are uncorrected. Infrared (IR) spectra were measured in Nujol mulls or as liquid films with a Nihonbunko
IRA-1 infrared spectrometer.

The procedures for the reduction of 2 and 7 with sodium borohydride—nickelous chloride system will
be described in detail as typical examples. The other aromatic nitro compounds, 21, 22, 23 and 24 were
reduced similarly, and the reaction conditions are listed in Tables I and II. All spectral data of products
were identical with those of the corresponding authentic samples.

Reduction of 2——Compound 2 (1.10 g, 8 mmol) and nickelous chloride hexahydrate (3.80 g, 16 mmol)
were dissolved in 99% methanol (30 ml) and sodium borohydride (1.21 g, 32 mmol) was added in portions
with stirring under cooling for 30 minutes, then the stirring was continued for 30 minutes at room temperature
{20°). After the removal of methanol by distillation, the black precipitate was dissolved in 109, hydrochloric
acid (7, 8 and 9 were dissolved in conc. hydrochloric acid), then the acidic solution was basified by the addition
of conc. ammonium hydroxide and extracted with ethyl acetate and the solution was dried over magnesium
sulfate. After evaporating off the ethyl acetate, the residue was distilled under reduced pressure to give 813
mg (95.0%) of 12, bp 103—104° (30 mmHg) (lit.®» bp 200.35°), mp 44—45° (lit.®) mp 43.5°). All spectral
data of 12 were identical with those of an authentic sample.

Reduction of 7 Compound 7 (873 mg, 8 mmol) and nickelous chloride hexahydrate (3.80 g, 16 mmol)
were dissolved in 999, methanol (30 ml) and sodium borohydride (1.21 g, 32 mmol) was added in portions
‘with stirring under cooling for 30 minutes, then the stirring was continued for 30 minutes at room temperature
(20°). After usual work-up as described above, the residue was crystallized from water to give 770 mg
(88.29,) of 17, colorless plates, mp 188—190° (lit.® mp 189—190°). This was identical with an authentic
sample on the basis of mixed mp determination, and comparison of IR and UV spectra.
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