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Mo(CO)6 Mediated Selective Reduction of
Azides and Nitro Compounds to Amines

Under Neutral Conditions#
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ABSTRACT

Mo(CO)6 selectively reduces various azides and nitro compounds to the

corresponding amines in refluxing ethanol.

Key Words: Mo(CO)6; Azides; Nitro compounds; Selective reduction;

Neutral.

There are several reports on the selective reduction of azides and nitro

compounds. Pd/C-HCOONH4, triphenylphosphine in water, boranes, Zn/
NH4Cl, Sm-AlCl3 . 6H2O, FeCl3/NaI, FeCl3/Zn, LiCl/NaBH4, Sm/TMSCl/
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H2O, Fe/NH4Cl, Zn/HCOONH4, catalytic transfer hydrogenation, catalytic

hydrogenation, Fe porphyrin/NaBH4, Fe Phthalocyanine/NaBH4, In/HCl,
transfer hydrogenation catalyzed by metal oxides in i-C3H7OH, FeS-NH4Cl in

methanol–water mixture are some of the recent and traditional methods of

selective reductions of azides and nitro compounds.[1] Aryl nitro compounds

undergo deoxygenation and reduction in the presence of metal carbonyls.

Phenyl azide reacts with Fe2(CO)9 to form aniline and diphenyl urea in

acetonitrile/water mixture.[2] The reaction of azides with transition metal

complexes in protic solvents has been shown to form various products apart

from reduction of the azide.[3] Aryl nitro compounds undergo deoxygenation

and formation of nitrene complexes with cyclopentadienyl molybdenum

dicarbonyl dimer.[4a,b] We report in this communication the Mo(CO)6
mediated reduction of azides and nitro compounds to amines in ethanol.

Refluxing solutions of the azides and nitro compounds in the presence of

stoichiometric quantity of Mo(CO)6 (1 eq.) in ethanol, produces the amines in

high yields (80–95%). The results of our experiment is shown in Tables 1

and 2.

Table 1. Mo(CO)6 mediated reduction of azides.a

S. No. Azides Time, h Yield %

1 C6H5
. N3 2.5 59

2 4-CH3O . C6H4
. N3 3 84

3 4-Cl . C6H4
. N3 2 88

4 4-NO2
. C6H4

. N3 6.5 74

5 2-COOH .C6H4
.N3 6.5 96

6 1-C10H7
. N3 24 90

7 C6H5
. CH2

. N3 1.5 56

8 C6H5
. CON3 6 43

9 4-CH3
. C6H4

. SO2N3 24 80

10 C6H5
. CH55CH .CH2

. N3 24 nr

11 C6H11
. N3 24 86

12 2-NO2
. C6H4

. N3 6 45

13 4-CH3O . C6H4
. N3 4 12b

14 4-CH3O . C6H4
. N3 24 11c

15 4-CH3O . C6H4
. N3 24 14d

Note: All products were characterized by IR and 1H NMR.
aReaction conditions: ArN3 (1mmol) :Mo(CO)6 (1mmol), ethanol

(10mL), reflux.
bFe(CO)5;
cW(CO)6;
dCr(CO)6.
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The azides could be selectively reduced in the presence of Cl, COOH,

NO2. Cinnamyl azide could not be reduced under these reaction conditions.

Benzoyl azide and 4-toluenesulphonyl azide gave good yields of the reduced

amide. The reductions were complete in 1.5–24 h, with longer reaction times

for the TsN3, cyclohexyl and 1-naphthyl azide. Reductions of 4-methoxy-

phenyl azide in the presence of Fe(CO)5, W(CO)6 and Cr(CO)6 gave low

yields of 4-anisidine.

Aryl nitro compounds could be reduced in the presence of stoichiometric

Mo(CO)6, in refluxing ethanol. 4-Chloro nitro benzene gave 83% yield of the

4-chloro aniline, while the reduction of 4-nitro toluene was incomplete, giving

only 54% yield of 4-toluidine, along with recovered starting material (31%).

The reduction of the nitro group was selective in the presence of Cl, COOEt

and olefin. 4-Nitro stilbene gave selectively 84% yield of the 4-amino stilbene,

while 4-nitro ethyl cinnamate gave very low yields (17.5%) of 4-amino ethyl

cinnamate, without reduction of the olefin. 2-Iodo nitro benzene could

similarly be selectively reduced to 2-iodo aniline.

The Mo(CO)6 reduction of the aryl azides and nitro compounds probably

proceeds by formation of metal nitrenes.[3] Evidence for this is available in the

reaction of cyclopentadienyl Mo dicarbonyl dimer with aryl nitro compounds

to form Mo nitrene complexes, iron carbonyl reaction with azides and nitro

compounds to form iron nitrenes and W(CO)5 . THF reaction with bulky

azides.[4a,b] In the case of the nitro compounds, deoxygenation of the nitro

group occurs by carbonylation with metal carbonyl.[5] The oxygen of the NO2

combines with the metal carbonyl to form CO2 with formation of metal

nitrene, which gets protonolyzed to form the amine. Azides, similarly form

metal nitrenes by loss of nitrogen followed by protonolysis. Photochemical

reduction by irradiating with a Hg coated lamp gave low yields of the

reduction product from both tosylazide and 4-nitrotoluene.

Table 2. Mo(CO)6 mediated reduction of aryl nitro compounds.a

S. No. ArNO2 Time, h Yield, %

1 4-CH3
. C6H5

. NO2 24 54

2 4-Cl . C6H5
.NO2 24 83

3 4-NO2
. C6H4

. CH55CH .C6H4 24 84

4 4-NO2
. C6H4

. CH55CH .COOC2H5 24 17.5

5 2-I . C6H5
. NO2 24 96

Note: All products were characterized by IR and 1H NMR.
aReaction conditions: ArNO2 (1mmol) :Mo(CO)6 (1mmol), ethanol

(10mL), reflux (24 h).
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This is a facile, neutral, cleaner reaction condition and catalyst for the

selective reduction of azides and nitro compounds to amines and amides

compared to the other available reagents and reactions.[1] The yields and

selectivity are comparable to the reported methods and the cost of Mo(CO)6
(Aldrich: $52.50 for 10 g, Strem: $40.00 for 25 g) is reasonable for the

laboratory use of the reagent.

EXPERIMENTAL PROCEDURE

4-Chlorophenyl azide (0.153 g, 1mmol) and Mo(CO)6 (0.264 g, 1mmol)

was refluxed in ethanol (15ml) for 2–24 h and monitored by TLC. After

completion, the reaction mixture was concentrated on a rotary evaporator,

extracted with ethyl acetate, filtered over celite, concentrated and purified by

column chromatography over silica gel (100–200mesh) to give 4-chloro

aniline (0.112 g, 88 %).
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