C18

Journal of Organometallic Chemistry, 144 (197_8) C18—C20
© Elsevier Sequoia S.A_, Lausanne — Printed in The Netherlands

Preliminary communication

A CONVENIENT SYNTHESIS OF AZOBENZENES. INTERESTING
SOLVENT EFFECTS

HOWARD ALPER* and HANG-NAM PAIK
Department of Chemistry, University of Ottawa, Ottawa, Ontario K1N 8N5 (Canada)
(Received September 20th, 1977)

Summary

Nitrobenzenes can be converted into azo compounds by either (benzene)-
tetracobalt nonacarbonyl or dicobalt octacarbonyl, superior yields being
realized by use of the latter reagent.

There has been considerable interest in the reactions of nitro compounds
with metal carbonyls [1]. and in the use of cluster complexes in organic syn-
thesis [2]. We now wish to report that dicobalt octacarbonyl (Co.(CO)s)
provides a simple and convenient means for converting nitrobenzenes to azo
compounds. In addition, the solvent has an important influence on the reac-
tion.

Reaction of nitrobenzene, and meta- or para-substituted nitrobenzenes (1),
with half the molar amount of Co,(CO); in refluxing benzene for 5 h affords
azobenzenes (II) in 40—49% yields (II, R = H (41% yield), p-CHj, (44%),
p-OCH,; (40%), p-Cl (49%), m-CHj; (40%); vields are of pure, recrystallized
products). Substantially lower yields of azo compound resulted when ortho-
substituted nitrobenzenes (I, R = 0-CH; (22%), 0-Cl (10%)) were used as
reactants. The azo compounds were identified by comparison of melting
points and spectral results with literature data. A by-product of all reactions
was the known cluster, (benzene)tetracobalt nonacarbonyl (II1) [3—5].

p-Nitrotoluene (I, R = p-CH,) was used to determine the effects of solvent
and reagent ratios on the reaction. Increasing the proportion of Co, (CO)s
decreases the product yields. Use of a 1/1 mole ratio of I (R = p-CH;) to
Co,(CO)s gave IT (R = p-CH,) in 10% yield (I (R = p-OCHj;) similarly afforded
II (R = p-OCHj;) in 11% yield). The reaction is not catalytic with respect to
the metal carbonyl. Only 3.7% of 4,4 -azotoluene was formed when I (R =p-
CH,) was treated with half the molar amount of Co,(CO); in 1,2-dimethoxy-
ethane (DME) for 18 h. Complex I cannot, of course, be formed in the latter
case, raising the possibility that it is the active species in the nitroarene—
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Co0,(CO)g reaction. Treatment of ITI with four equivalents of p-nitrotoluene
for 24 h gave 4,4 '-azoteluene in 11% using DME as the solvent, and in 31%
yield when C.H, was employed as the solvent (<10% azo compound was
formed after reaction for 5 h in benzene). Reaction of equimolar amounts of
I (R = p-CH;) and Co0,(CO)s with half the molar amount of benzene, in hot
DME, afforded IT (R = p-CH,;) in 3.8% yield.

The results indicate that (benzene)tetracobalt nonacarbonyl can reductively
deoxygenate nitroarenes to azo compounds in benzene, but the reaction times
are longer and the yields are lower than the reaction of I with Co,(CO)z. How-
ever, when DME was used as the solvent, the yield of azo compound from III
and I was significantly greater than that obtained from I and Co,(CO)s. The
yield of azo compound did not change appreciably when the latter reaction
was effected in the presence of half the molar quantity of benzene.

The Co,(CO); induced conversion of nitroarenes to azobenzenes probably
occurs via an arene-cobalt complex, but (benzene)tetracobalt nonacarbonyl is
not the principal reducing species since it is a considerably more sluggish
deoxygenating agent than Co,(CO);z. Tetracobalt dodecacarbonyl [5,6] is
another possible reaction intermediate. Reaction of Co4(CO),;, with p-
nitrotoluene in refluxing benzene®* for 5 h does indeed afford If (R = p-CH,,
29% yield), but the cluster III was not isolated from this reaction.

The following general procedure was used: a mixture of nitroarene (10
mmol) and Co,(CO); (5 mmol) in benzene (75—100 ml) was refluxed for 5 h
(N, atmosphere). The solution was cooled to room temperature, filtered, and
the filtrate was concentrated to a small volume (~5 ml) and then chromatog-

*We thank a referee for suggesting this experiment.
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) raphed on smca gel Elutxon w1th 9/1 hexane/benzene gave IH The azo com- i
pound (]1) eluted off the column with 4/1 hexane/benzene was recrystalhzed
from hexane.

Acknowledg:n_ent

* We are grateful to the National Research Council of Canada for support of
this research.

References

H. des Abbayes and H. Alper, J. Amer. Chem. Soc., 99 (1977) 98 and ref. cited therein.

K.M. Nickolas, M.O. Nestle and D. Seyferth, in H. Alper (Ed.). Transition Metal Organometallics in
Organic Synthesis, Vol. 2, Academic Press, New York, N.Y., in press.
P_H. Bird and A.R. Fraser, 3. Organometal. Chem., 73 (1974) 103.

I.G. Khand, G.R. Knox, P.L. Pauson and W.E. Watts, J. Chem. Soc., Perkin I, (1973) 975.

G. Bor, G. Sbrignadello and F. Marcati, J. Organometal. Chem., 46 (1972) 357.

L. Ungvary and L. Marko, Inorg. Chim. Acta, 4 (1970) 324.

AURW N



