CHAPTER 12 REDUCTIONS 1815

1944 The Reduction of Mitriles to Aldchydes
Hydro.oxy-de-nitrilo-tersubstitution

R—C=N i Ii[.'l.&u[.'llg RCH=0)

2. hydralyzas

There are two principal methods for the reduction of nitriles to aldehydes.''™ In

ome of these, known as the Stephen reduction, the nitrile is treated with HC to form
an iminium salt, 47.

RCCI = NH.  CI
47

Iminium salt 47 is reduced with anhydrous SnCl to RCH=NH, which precipitates
as a complex with SnCly and is then hydrolyzed (16-2) to the aldehyde. The
Stephen reduction is most successful when R is aromatic, but it can be done for
aliphatic B up to about six carbons.'"™ It is also possible to prepare 47 in a different
way, by treating ArCONHPh with PCls, which can then be converted to the alde-
hyde. This is known as the Sonn=Miiller method. Aqueous formic acid in the pre-
sence of PO,, followed by treatment with agueous acid, converts aryl nitrikes to
aryl aldehydes. i

The other way of reducing nitriles t© aldehydes involves using a metal hydride
reducing agent toadd | equivalent of hydrogen and hydrolysis, in sitne, of the result-
ing imine (which is undoubtedly coordinated to the metal). This has been carried
out with LiATH,, LIAIH(OEL), '™ LiAIH(NR);,' '™ and DIBALH.''™ The metal
hydride method is useful for aliphatic and aromatic nitriles.
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1945 Reduction of Nitro Compounds to Amines

#n

RNO; — RNH;
H{l

Both aliphatic''® and aromatic nitro compounds can be reduced to amines,

although the reaction has been applied much more often to aromatic nitro
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compounds, owing to their greater availability. Many reducing agents have been
used to reduce aromatic nitro compounds, the most common being Zn, Sn, or Fe
(or sometimes other metals) and acid, and catalytic h}-'dmgmatinn_' "* Indium metal
in agqueous ethanol with ammoniom chloride'"™ or with water in aq. THF''**
also reduces aromatic nitro compounds to the comesponding aniline derivative.
Indium metal in methanol, with acetic anhydride and acetic acid, converts aromatic
nitro compounds to the acetanilide.' "™ Samarium and a catalytic amount of iodine
also accomplishes this reduction,'"™ as does Sm with a bipyridinium dibromide in
methanol.''®! Samarium metal in methanol with ultrasound also reduces aryl nitro
1:1.':n'up{:ﬂ.lnds._'”"‘2 Sodium sulfide (NaHS3) on alumina with microwave irradiation
reduces aryl nitro compounds to aniline derivatives.!'™ A mild reduction uses
AllHg) in ag. THF with ulrasound. '™ An AUVNICl. reagent was used to reduced
the nitro group of a polymer-bound CH2OCH2C HyNOS mnicty.“g'q Some other
reagents used' '™ were ELSiHRhCHPPh)s, '™ AIH;—AICH;, Mn with CrCl,,''™*
nanoparticulate iron in water at 210°C,"™ formic acid and Pd—C"™ for formic
acid with Raney nickel in methanol, '™ and sulfides, such as NaHS5, (NH, 15, or
polysulfides. The reaction with sulfides or polysulfides is called the Zinin reduc-
rion."™™ Amines are also the products when nitro compounds, both alkyl and
aryl, are reduced with HCOONH,—Pd—C."*" Many other functonal groups
(e.g., COOH, COOR, CN, amide} are not affected by this reagent (although ketones
are reduced, see 19-33). With optically active alkyl substrates this method gives
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retention of 1:{::|:|I"Jgur.'alinm.':mL Ammonium formate in methanol reduces aromatic
nitro compounds. 1205 Lithium aluminum hydride reduces aliphatic nitro compounds
to amines, but with aromatic nitro compounds the products with this reagent are azo
compounds (19-80). Most metal hydrides, including NaBH, and BH;, do not reduce
nitror groups at all, although both aliphatic and aromatic nitro compounds have been
reduced o amines with NMaBH,y and vanous catalysts, such as NiCls or C{flg'ﬂﬁ
phthalocyanine iron (I0,"*" and ZrCl,. " Borohydride exchange resin in the pre-
sence of NilOAc)h, however, gives the amine.'™™ Treatment of aromatic nitro com-
pounds with MaBH, alone has resulted in reduction of the ring to a cyclohexane
ring with the nitro group stll intact'*"" or in cleavage of the nitro group from
the ring_':II With (NH, -5 or other sulfides or polysulfides it is often possible o
reduce just one of two or three nitro groups on an aromatic fing or on two different
rings in one molecule.'*'* The nitro groups of Nenitro compounds can also be
reduced to amino groups, for example, nitrourea NH2CONHNOL gives semicarbazide
NH,COMNHMNH,. Bakers yeast reduces aromatic nitro compounds to aniline deriva-
tives.'*'? A combination of NaH-P(0,/FeS0), with microwave irradiation reduces aro-
matic nitro compounds to aniline derivatives, = Hydrazine on alumina, with FeCly
and microwave rradiation accomplishes this reduction.'*"* Hydrazine-formic acid
with Rancy mickel in methanol reduces aromatic nitro cnmpnunds.'lm Heating aro-
matic nitro compounds with 57% HI reduces the nitro group to the amino group. s

With some reducing agents, especially with aromatic nitro compounds, the
reduction can be stopped at an intermediate stage, and hydroxylamines (19-46),
hydrazobenzencs, azobenzenes (19-80), and aroxybenzenes (19-79) can be
obtained in this manner. However, nitroso compounds, which are often postulated
as intermediates, are too reactive to be isolated, if indeed they are intermediates.
Reduction by metals in mineral acids cannot be stopped, but always produces the
amine.
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The mechanisms of these reductions have not been studied much, although it is
usually presumed that, at keast with some reducing agents, nitroso compounds and
hydroxvlamines are intermediates. Both of these types of compounds give amines
when cxposed to most of these reducing agents (19-47), and hydroxvlamines can be
isolated (19-46). With metals and acid the following path has been suggcxtcd:':m

@, v 02 il
M‘“N“‘{j meml "’”"“N’ TS Ar-,,N,('.I.‘H meml  Ar., GH
[ —— \ B {I_'I@ e : —_—
e
Og {J;}
weal =] . op el L=
Ar—N=0 —— Ar—N-0 —We - '-.".J.-H —=  _N_ _.H
L : Ar L8]
H H
o | el 111
—_— I .-H —— e -
A0 0 ar” H

Certain aromatic nitroso compounds ( Ar—MN0) can be obtamed in good vields by
irradiation of the corresponding nitro compounds im 0.1 M ag. KCN with ov
light."*'" The reaction has also been performed electrochemically. ™" When nitro
compounds are treated with most reducing agents, nitroso compounds are either not
formed or react further under the reaction conditions and cannot be isolated.

Reductive alkylation of aromatic nitro compounds is possible. The reaction of
nitrobenzene with allylic or benzyl halides in the presence of an excess of tin metal
in methanol, leads to the N,N-diallyl or dibenzyl aniline.'™' A similar reaction
occurs with nitrobenzene, allyl bromide, and indium metal in aq. acetonitrile.'*
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19-46 Reduction of Nitro Compounds to Hydrmoxylamines

il

ArMNO 4 == ArNHOH

When aromatic nitro compounds are reduced with zinc and water under neutral
conditions,' ™ hydroxylamines are formed. Among other reagents used for this
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