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Abdmd-A general metbd has heen developed for the rapid, mctal-catalyscd transfer reduction of nitro 
_ compounds to N-substituted hydroxyhmims. 

In the course of our work on catalytic transfer reduc- 
t&V we found that, during conversion of aromatic 
nitro compounds to aniliues, 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 (I), 

RN02+RNO+RNHOH+RNH2 (I) 

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> nitrohnzene so that it is not 
di&ult to comprehend 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 (I), it is possible that con- 
version into am&s 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 moIecular 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 hydroxylantines 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 ether-water system” but the method is still exe- 
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 hydrazinc 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 

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 
mdinitrobenzene with cyclohexene and palladium- 
charcoal catalyst was monitrored by tic 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 
mdinitrobenzene with formic acid in the presence of 
palladium’ also gave clear evidence by tic for the inter- 
mediate formation of the hydroxylamine. 

The vigorous transfer reduction of mdinitrobenzene 
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 azoxybcnzenes 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 saIt 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 difIicul- 
ties in work-up. Some hydroxylamines were tm 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 complementary. 
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Table 1. Nkylhydroxylamines from aryl nitro compounds by reduction with rhodium and hydrazinc 

H+wrylanln (Rja Ylmld % Np” (rol*nt) Analytical mta b 

3-NQ 55 120-121 (EtOH) 
lit., 118-119 (knune)” 

3-k 77 65-67 (kluam) 
IIt., 68 (bnuno/pt.ethor)” 

_ 

4-k 24 81-85 (alIz+ 
lit., 93-94 (~nzm/pt.rthu)~ 

4-Cl 72 W-90 = 
lit., 86’ 

4-tfauCH=clxQMo 52 124-125 dW. (knzenr) a 
r 

193( M+‘); Y 32&3300, 1690, 1630 cm-‘; 
3.72(r,W), 6.31(d,lH,20 Hz), 6.99(d,2H, 

# Hs), 7.52(d,2H,S Hz), 7.59(d,lH,X) Hz), 
7.94(r,lH), 8.16(r,lH). 

2-CI, 5-q 45 M-51 (bmzm) m/o 211( M+’ ); +r 3100-3400 cm”; 5 5.4-6.1 
(broad H), 6.9-7.9( m,4H kunw 3H uftw 
W -1 

2,5-( W)r 33 49-n dW. (bmnzmne) m/o 169(M+*); w34Mcm’t; d3.75(8,6H), 
6.0-7.3(m,SH beam 3H oftu &O Mm) 

&Cl, 4-k 77 101-102 c C, 54.1(53.3); H, 4.8(5.0); N, 8.6(8.8)%. 

a All d typq ClrNHOH, in which Ar = Rakrtitutmd phnyl. 

b Analytical duta for ryw compJ&. Su T&I* 2 for otkr l lanmntal anly# liti us nquld p8fcmn~ in pcinnthaa 
hnmadlotely follawlng iho prcentqpr famd for #ch l lmmt. 

’ SoecommntcinToblo2. 

Table 2. Hydroxylamines from nit10 compounds by reduction with palladium and phosphinitc 

lt&oxyldn~(Ror~)~ Yhld (%) h++ (rolvont) Elmntal mlysir or Rdrrr~ 
b 

34lmm-c~Hph 

3-aO.NHPh 

3-ao. NIKjHM( m) 

3-a0. NH-cycloCfill 

3-NHCOCW 

4-NQ 

4-Waucl+CKQk 

4CI 

2CN, 3cI 

2CI,5-CFJ 

30 011 c 

84 119-120 (knzm) 

m 011 = 

50 6666 (k-1 

52 149-150k. (krruna) 

8s 129-130 = 

74 85-86= 

93 127-128 = 

75 oil c 

78 106-107 (ttenzmm) 

64 181-183 dac. (bawno) 

75 85-86 (bmuWlo) 

90 W-187 = 

90 55-81Bc 

49 55-56 (CWI2) d 

74 97-98 = 

70 222 &c (EtOtl) 

66 115-116 = 

12 

14 

C, 79.9(79.6); H, 6.3(6.2)1 N, 6.4(6.6)% 

C, 6X9(63.9); H, 5.0(4.9); N, 11.5(11.5)% 

C, M.9(65.1); H, 5.5(5.5); N, 10.3( l&S)% 

C,64.1(62.4); H, 7.6(7.2); N, 11.1(11.2)% 

15 

C, 62.0(62.2); H, 5.7(5.7); N, 7.3(7.3)% 

16 

C, 50.3(49.9); H, 2.7(3.0); N, l&3(16.6)% 

C, 39.8(39.7); H, 2.4(2.6); N, 5.4(6.6)% 

C, 36.2; H, 3.11~ N, 6.2. C~IF~NO.&O 
rwqulres C, 36.6; H, 3.1; N, 6.1% 

C, 47.5(47.6); H, 5.8(5.2); N, 17.5(18.3)% 

17 

. C, 41.5(42.4); H, 3.4(3.5); N, 24.5(23.9)% 

C, 43.6(43.1), H, 3.2(3.0); N, 24.7(25.1)% sltltro-2, I ,Ibmxlhladl~*” 44 115-116 (bawnu) 

b M all of typ, ArNHOH, In which k = Raktihnd pknyl aaapt for the U.&m nmud Wlc (-1 e=+n. 
The l+oxylanlma, ArNHOH, w abtaimd from tIu compondfw nltro conpour&, kNQ. 



Rapid catalytic transfer reduction 

Table 3. Aryl nitroso compounds obtained from N-arylhydroxylamines by oxidation with ferric chloride 
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Nimm caqaud (R) ’ Ylald (%) /+a Elanmtal onalyaln b 

3-OCO. NHPh ’ 93 M-144 (lit. 133-4)” C, MA(64.5); H, 4.1(4.2); N, 11.6(11.6)%. 

3-NHCOCk&CI d 75 131-132 C,48.1(48.4); H, 3.6(3.5); N, 14.3(14.1)%. 

3-OH= 60 104 (II,. lo+105)” 

4x1 d 100 86-89 (lit., 89.5)” 

3-CXIO. NHC&&( m-h) 
c 89 94-95 C, 65.8(65.6); H,4.5(4.7); N, 10.6(10.8)% 

2_CN, 3-CI 36 220-221 C,50.4(50.5); Ii, 1.7(1.7); N, l&7(16.8)% 

2x1, CNHCONA~J d 70 93-95 C, 46.6(47.4); H, 4.4(4.4); N, 17.2(18.5)% 

2x1, 5-CFs ’ 25 243-245 C, 39.8(40.1); H, 2.3(1.4); N, 5.0(6.7)% 

3<l, 4-k d 91 6&67 C, 55.2(55.0); Ii, 4.0(3.8); N, 8.8(9.0)% 

a All d typ, &NO, in which Ar 1 Rwktitvtmd phenyl 

b EJrr*nbl owls glwn QI prcentugll of l lmnta found with qufrrd wlua in pannthae~. 

c GlMnmolnmlM 

d Yellow dlmw 

Thus, 2chloro-Mrifluoromethyl-nitrobenzene gave only 
a 45% yield of the hydroxyIamine using Rhlhydrazine 
but with Pdjphosphinite it yielded 90%. 

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

Compounds were identifkd by three or more of m.p., ms, PMR 
and IR. Hydroxykmines have very characteristic mass spectral 
fragmentation, showing losses of H,, 0 and OH from the mok- 
cular ion,” Further cheeks on .purity were obtained by tic on 
silica gel using chloroform as mobile phase. Tbt course of 
reduction was monitored by tk in the same system. 

RedHction wi?h rfrodium and hydmrinc. To a stirred solution of 
mdinitrobcnzem (l.C+g) in THF (1Oml) was added 5% rhodium- 
charcoal catalyst (lS-2Omg) followed by tbc gradual dropwise 
addition of hydra& (65% w/w aqueous soln); the reaction was 
monitored by UC until most of the starting material had dis- 
appeared. After 9Omin. the mixture was poured into water and 
extracted with ether to give N-3nitrophenyIhydroxykmine. 

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

R&&on with palladium ond phosphinic acid or sodium 
phosphinik To a stirred mixture of sodium phosphinite (4s) in 
water (25 ml) with THF (25 ml) containing Ibromonitrobenxenc 
(38) was added 5% PdC catalyst (commercial grade; 0.3g). The 
reduction was monitored by tic and continued until amost all the 
nitro compound had reacted. ‘Ibc upper layer was separated, 
diluted with ether washed with water, and dried (&SO,) to give 
N-3-bromophenylhydroxylaminc. 

The other hydroxylamincs in Table 2 were obtained similarly. 
The following compounds, ArNO,, gave only anilincs, ArNH*, 
rind not hydroxykmincs: Ar = 4-isopropyl-lmethylphcnyl, 4 
methylphenyl, 4mcthoxyphcnyl. 2$dimctboxyphenyl. 

Pnpnrution of nitroso compounds from hydroxylamines. To a 

stirred soln Fe& (9g) in water (4ooml) was added N-~-U- 
chloroacetamidophcnylhydroxylaminc(2g) in EtOH (80 ml) over a 
period of 10 min. After stirring for a further 30 min, the product was 
extracted with dkthyl ether and chromatographcd on silica gel, 
cluting with methykne chloride to give N-3-a-chloroacetamidoni- 
trosobcnzne (1.5g; 75% yield), m.p. l31-13T. The otbcr nitros- 
hcnxenes listed in Tabk 3 were obtain4 similarly. 
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