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Abstrsct—A general method has been developed for the rapid, metal-catalysed transfer reduction of nitro

compounds to N-substituted hydroxylamines.

In the course of our work on catalytic transfer reduc-
tion'* we found that, during conversion of aromatic
nitro compounds to anilines, intermediate compounds
could be observed on monitoring the course of the
reduction by thin-layer chromatography. It is known®
that reduction of nitro compounds to amines proceeds
through intermediate stages involving nitroso compounds
and hydroxylamines (1),

RNO,—+»RNO->RNHOH - RNH; ¢))
Examination of individual steps in this sequence (1;
R=Ph) has shown® that the rates of reduction of the
various intermediates are arranged, nitrosobenzene > N-
phenylhydroxylamine > nitrobenzene so that it is not
difficult to comprebend the main reason for the difficulty
in stopping reduction at either the nitroso or hydroxy-
lamine stage. Although catalytic transfer reduction may
proceed via discrete steps (1), it is possible that con-
version into amines could proceed on the catalyst sur-
face without release of intermediates at any stage.
Alternatively, the heterogeneous interaction of catalyst
and intermediates could alter the reduction rates usually
observed in solution. This seems to have been the case in
the successful reduction of nitro compounds to
hydroxylamines using molecular hydrogen and a specially
prepared iridium catalyst® but no other metal was found
which allowed reduction to be stopped at this inter-
mediate stage.

Reduction of nitro compounds to hydroxylamines can
be effected by a wide variety of non-catalytic methods.”
Although none of them seems general, perhaps the most
widely applicable is that using zinc, ammonium chloride
and an aqueous suspension or alcoholic solution of the
nitro compound. Over-reduction occurs frequently and
can be prevented more sucessfully by employing a two-
phase cther-water system® but the method is still exo-
thermic and requires careful temperature control. Of the
other methods known’ for the formation of hydroxy-
lamines from nitro compounds, only one other,” an
isolated instance of the preparation of one hydroxy-
lamine using hydrazine and a palladium metal catalyst,
appears to be catalytic and bears resemblance to the
work described here; in all the other examples des-
cribed,® further reduction to amine occurred. The
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observation by thin-layer chromatography of inter-
mediates in our work prompted an investigation . into
their nature and led to this new general method for the
preparation of aromatic hydroxylamines, many of in-
dustrial interest.

In our work on transfer reduction, the reaction of
m-dinitrobenzene with cyclohexene and palladium-
charcoal catalyst was monitrored by tlc and found to
produce N-3-nitrophenyl hydroxylamine as an inter-
mediate which could not be isolated because of its rapid
further reduction to m-nitroaniline; this procedure did
allow half-reduction of dinitro compounds to nitro,
amino compounds.' Similarly, the vigorous reaction of
m-dinitrobenzene with formic acid in the presence of
palladium® also gave clear evidence by tlc for the inter-
mediate formation of the hydroxylamine.

The vigorous transfer reduction of m-dinitrobenzene
with formic acid and palladium was moderated by
changing the hydrogen-donor to hydrazine and using a
rhodium-charcoal catalyst. Under these conditions, tic
showed that the intermediate observed during the earlier
reductions under more vigorous conditions was only
slowly reduced further to m-nitroaniline and m-phenylene
diamine. The intermediate was isolated and shown to be
N-3-nitrophenylhydroxylamine. Similarly, other aroma-
tic nitro compounds gave hydroxylamines but, although
the reducing conditions had been moderated, in some
instances hydroxylamines were obtained in modest yield
(Table 1). Some formation of azoxybenzenes was
occasionally observed, possibly because of the alkal-
inity™ of the reducing medium.

Alternative mild transfer reduction to hydroxylamines
was achieved on changing the hydrogen donor to phos-
phinic acid or its sodium salt and using a two-phase
solvent system, frequently tetrahydrofuran-water, with a
palladium-charcoal catalyst. Hydroxylamines produced
in this way are shown in Table 2. Yields quoted in Table
2 are for isolated hydroxylamines but some of these are
extremely labile (other than to further reduction) and any
low yields reported were frequently the result of difficul-
ties in work-up. Some hydroxylamines were too labile
even for isolation in a pure state and were further
characterized by oxidation with ferric chloride to the
corresponding nitroso compounds (Table 3).

The two methods of reduction appear complementaty.
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Table 1. N-Arylhydroxylamines from aryl nitro compounds by reduction with rhodium and hydrazine

Hydroxylamine (R)®  Yield % Mg { solvant) Analytical Dato ®
3-NO; 55 120-121 (EtOH)
lit., 118-119 (banzene)? -
3-Me 77 45-67 {banzene)
i1t., 68 {benzena/pet.ether)?? -
4~Me 4 81-85 ( benzene)
liv., 93-94 (banzens/pet.ather)® -
4~Cl 72 89-90°¢
lir., 86 ¢ -
4~trans-CH=CHC O;Me 52 124-125 dec. (benzane) 0 193( MY ); v 3200-3300, 1690, 1630 com™;
3.72(s,3H), 6.34(d,1H,20 Hz), 6.98(d,2H,
§ He), 7.52(d,2H,8 Hz), 7.59(d, 1H,20 Hz),
7.94(s,1H), 8.16(s,1H).
2-Cl, 5~CFy 45 50-5) (benzene) m/a 211( M+ ); v 3200-3400 cm™; & 5.4-6.1
(broad H), 6.9-7.9(m,4H became 3H after
D;0 shake)
2,5-({ OMe); 3 49-71 dec. (benzens) m/e 169(M**); A 3400 em™; & 3.75(s,6H),
6.0-7.3(m,5H became 2H after DO shake)
3-Cl, 4-Ms 77 101-102 ©

C, 54.1(53.3); H, 4.8(5.0); N, 8.6(8.8)%.

b Analytical dota for new

compounds. Ses Table 2 for other slemantal analyses, listed as required p to

All of typs, ArNHOH, in which Ar = R-substituted phenyl.

Immadiately following the parcentoges found for each element.

€ See comment c in Table 2.

o8
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Table 2. Hydroxylamines from nitro compounds by reduction with palladium and phosphinite

Hydroxylamine {Ror other) ©  Yield (%) ~ Mg® (solvent) Elementol onalysls or Refersnce

2-COCyHs ki) ol © -

3NO B 119-120 (benzena) 12

3-OH 7 ot © -

38 % 64-56 (benzene) 14

3-trone=CH=CHPh 52 149-150 dec. (benzens}  C, 79.9(79.8); H, 6.3(6.2); N, 6.4(6.8)%

3-0CO.NHPh 85 129-130 © C, 63.9(63.9); H, 5.0(4.9); N, 11.5{11.5)%

3-0CO. NHCHMe (m) 7 85-86 © C, 84.9(65.1); H, 5.5(5.5); N, 10.3(10.8)%

3-0CO. NH-cycloCgHy 9 127-128 © C, 64.1(62.4); H, 7.6(7.2); N, N.1(11.2)%

3-NHCOCH(CI 75 oll -

4-NOy 7 106-107 (benzene) 15

A-trorm-CH-CHCOrMe o 181-183 dec. (benzens)  C, 62.0(62.2); H, 5.7(5.7); N, 7.3(7.3)%

4l 75 85-86 (benzens) 1%

2-CN, 3-Cl % 182-187 ¢ C, 50.3(49.9); W, 2.7(3.0); N, 16.3(16.6)%

2Cl, 5-Chy % 55-88 C, 39.8(29.7); H, 2.4(2.6); N, 5.4(6.6)%
4 55-56 (CHCly) ¢ C, 3.2 H,3.11; N, 6.2. CHCIFNO.HO

requires C, 36.6; H, 3.1; N, 6.1%

2-Cl, 5-NHCONMa 74 97-98 © C, 47.5(47.6); H, 5.8(5.2); N, 17.5(18.3)%

4-nitropyridine-N-oxide * 7, 222 dec (E1OH) 17

2-chloro-3-nitropyridine ™ 8 115-116 © | C, 41.5(42.4); H, 3.4(3.5); N, 24.5(23.9)%

S-nitro-2, 1, 3-benzthiadlazole “ 115-116 (benzerw) C, 43.6(43.1); H, 3.2(3.0); N, 24.7(25.1)%

Thees are all of typs, ArNHOH, In which Ar = R-substituted phery| except for the last three named het tic () wh

The hydroxylomines, AFNHOH, were cbtained from the corresponding nitro compounds, ArNC;.

slermant.

These hydroxylamines were lablle and difficult or iImpossible to recrystallize for analysls.

P

For brevity, analyses are p s\
A referance Is given for known compounds.

d with the

L L

diately following the percentoges found for each

Reported analyses in thess casss refer to

materiol isolated from column chromatogrophy by elution and low tempercture evaporation of solvent.
Comment c appiies but this sxample gave recrystallized material in greatly reduced ylekd in which o molecule of water appeared to

be Incorporated.
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Table 3. Ary! nitroso compounds obtained from N-arylhydroxylamines by oxidation with ferric chloride

Nitroso compound (R) ° Yield (%) Mp? Elemental onatys °

3-0CO.NHPh © 9 143144 (1ir. 13-4)""  C, 64.4(64.5); H, 4.1(4.2); N, 11.6(11.6)%.
3-NHCOCHCI 9 75 131-122 C,48.1(48.4); H, 3.6(3.5); N, 14.3(14.1)%.
3-OH ¢ 60 104 (v, 104-105)"

w14 100 88-89 (Iir., 89.5)"

3-0CO. NHC,Hy( m-Me) © 89 4-95 C, 65.8(65.8); H, 4.5(4.7); N, 10.6(10.8)%
2CN, 3CI % 220-222 €, 50.4(50.5); H, 1.7(1.7); N, 16.7(16.8)%
2-C1, 5-NHCONMe 4 T 93-95 C, 46.6(47.4); H, 4.4(4.4); N, 17.2(18.5)%
2Cl, 5-CF, © 25 243-245 C, 39.8(40.1); H, 2.3(1.4); N, 5.0(6.7)%
3Cl, 4-me ¢ 9 6667 C, 55.2(55.0); H, 4.0(3.8); N, 8.8(9.0)%

2 All of typs, ATNO, in which Ar = R-substituted phenyl
b

€ Green monomer

9 Vallow dimer

Thus, 2-chloro-5-trifluoromethyl-nitrobenzene gave only
a 45% vyield of the hydroxylamine using Rh/hydrazine
but with Pd/phosphinite it yielded 90%.

Use of rhodium-charcoal catalyst with phosphinic acid
as a reducing medium proved to be slower than other
reagents.

EXPERIMENTAL

Compounds were identified by three or more of m.p., ms, PMR
and IR. Hydroxylamines have very characteristic mass spectral
fragmentation, showing losses of H,, O and OH from the mole-
cular ion." Further checks on.purity were obtained by tlc on
silica gel using chloroform as mobile phase. Thé course of
reduction was monitored by tlc in the same system.

Reduction with rhodium and hydrazine. To a stirred solution of
m-dinitrobenzene (1.0g) in THF (10 ml) was added 5% rhodium-
charcoal catalyst (15-20 mg) followed by the gradual dropwise
addition of hydrazine (65% w/w aqueous soln); the reaction was
monitored by tic until most of the starting material had dis-
appeared. After 90 min, the mixture was poured into water and
extracted with ether to give N-3-nitrophenylhydroxylamine.

The other hydroxylamines listed in Table 1 were obtained
similarly. In some instances, azoxy compounds were produced
through reaction of the intermediate hydroxylamine with inter-
mediate nitroso compound, a known reaction.”®

Reduction with palladium and phosphinic acid or sodium
phosphinite. To a stirred mixture of sodium phosphinite (4g) in
water (25 ml) with THF (25 ml) containing 3-bromenitrobenzene
{3g) was added 5% Pd-C catalyst (commercial grade; 0.3g). The
reduction was monitored by tlc and continued until amost all the
nitro compound had- reacted. The upper layer was separated,
diluted with ether washed with water, and dried (MgSO,) to give
N-3-bromophenylhydroxylamine.

The other hydroxylamines in Table 2 were obtained similarly.
The following compounds, ArNO,, gave only anilines, ArNH,,
and not hydroxylamines: Ar = 4-isopropyl-3-methylphenyl, 4-
methylphenyl, 4methoxyphenyl, 2,5-dimethoxyphenyl.

Preparation of nitroso compounds from hydroxylamines, To a

Elementa] anclyses given as parcentages of elements found with recquired volues in porentheses.

stirred soln FeCl; (9g) in water (400 ml) was added N-3-a-
chloroacetamidophenylthydroxylamine(2g) in EtOH (80 m!) over a
period of 10 min. After stirring for a further 30 min, the product was
extracted with diethyl ether and chromatographed on silica gel,
cluting with methylene chloride to give N-3-a-chloroacetamidoni-
trosobenzene (1.5g; 75% yield), m.p. 131-132°, The other nitros-
benzenes listed in Table 3 were obtained similarly.

REFERENCES

' D. Entwistle, R. A. W. Johnstone and T. J. Povall, J. Chem.
Soc. Perkin 1, 1300; (1975), Ibid. 1424 (1975).

2A, E. Jackson and R. A. W. Johnstone, Synthesis 685 (1976).
3L D. Entwistle, A. E. Jackson, R. A. W. Johnstone and R. P.
Telford, J. Chem. Soc. Perkin 1, 443 (1977).

‘1. D. Entwistle, R. A. W. Johnstone and R. P. Teiford, J. Chem.
Research (M), 1382 (1977).

*H. Goldschmidt and H. Larsen, Z. Phys. Chem. 71, 437 (1910);
and earlier refs. cited.

K. Taya, Ckem. Comm. 464 (1966).

'B. Zeeh and H. Metzger, Methoden der Organischen Chemie.
Houben-Weyl, (Edited by E. Miller) pp. 1138-1161. Thieme,
Stuttgart (1977).

*E. Banberger and F. L. Pyman, Ber. Disch. Chem. Gis. 42, 3217
*p. M. G. Bavin, Can. J. Chem. 36, 238 (1958).

19See for example, S. E. Jolles, Chemistry of Carbon compounds
(Edited by E. H. Rodd), Vol. Il A, p. 314, Elsevier, Amster- .
dam chap. VI, (1954).

YR. T. Coutts and G. Mukherjee, Org. Mass Spectry. 3, 63 (1970).

K. Brand and J. Steiner, Ber. Dtsch, Chem. Ges. 55, 875 (1911).

E. Bamberger and A. Rising, Liebigs Ann. 316 279 {1901).

“R. D, Haworth and A. Lapworth, J. Chem. Soc. 119, 768 (1901).

“R. Kuhnand F. Weygand, Ber. Dtsch. Chem. Ges. 69, 1969 (1936).

K. Brand, Chem. Zentral. 1, 2008 (1930).

E. Ochiai and H. Mitarashi, Chem. Pharm. bull. 11, 1085 (1963).

L. Alfonso and D. N. Kravtsov, Dokl. Akad. Nauk SSSR, 179,
336 (1968); Chem. Abstr., 69, 67030c (1968).

R. E. Lutz and M. R. Lytton, J. Org. Chem. 2, 68 (1938).



