LITERATURE CITED

1. N. L Er;shov, Huang Ch'ong Yem, and Ya. T. Eidus, Izv. Akad., Nauk SSSR, Ser. Khim., 894 (1974).

2. Ya. T. Eidus, N. L. Ershov, and Huang Ch'ong Yem, Izv. Akad. Nauk SSSR, Ser. Khim., 1876 (1974).

3. Ya. T. Eidus, A. L. Lapidus, and V. I. Mashinskii, Izv, Akad. Nauk SSSR, Ser. Khim,, 1307 (1976),

4, N. M. Popova, L. V. Babenkova, and G. A. Savenkova, The Adsorption and Interaction of Gases on Group
VIII Metals [in Russian], Nauka, Alma-Ata (1979), p. 218.

SYNTHESIS OF ISOCYANATES BY THE CARBONYLA-
TION OF AROMATIC NITRO COMPOUNDS, AZOBENZENE,
AND AZOXYBENZENE ON PALLADIUM CATALYSTS
CONTAINING MOLYBDENUM AND VANADIUM

A. L. Lapidus, V. I, Manov-Yuvenskii, UDC 542.97:547,546:547.556.3
and K. B. Petrovskii

Aryl isocyanates are important intermediates in the industrial production of polyurethanes and pesticides
and may be obtained by the catalytic carbonylation of aromatic nitro compounds by carbon monoxide [ 11.

In the presence of catalytic amounts of Fe (CO); mono~- and polynitro derivatives of benzene are reduced
by carbon monoxide to azo compounds [2], Nitroso complexes [Fe(CO)sRNO], and Fe(CO)3;RNO [3, 4] are
separated during the reduction of nitro compounds by stoichiometric amounts of iron carbonyl upon UV and
gamma irradiation, while nitrene complexes (RN),Fe, (CO)g, (RN)yFe, (CO)y, and (RN),Feg (CO) 4 are formed in
this case upon heating [5, 6].

Nitrenes not bound in complexes formed upon the decomposition of azides react with CO under pressure
to yield azo compounds and isocyanates [7-91. Azo compounds are capable of reacting with CO to form isocy-
anates either without catalyst or with typical catalysts for the carbonylation of nitro and nitroso compounds as
Pd, Rh, Ru on Al,0s, C, BaSO, CaCOs, palladium black, PdCl,, and Co,(CO)s [10-14].

We might cxpect that isocyanates are obtained either upon the reduction of nitro compounds to nitrenes
and its subsequent carbonylation or by the carbonylation of azo compounds which may form by two pathways
(see Scheme 1): by recombination of nitrenes or reduction of azoxy compounds. The aim of the present work
was determination of which of these two pathways is realized under CO carbonylation conditions. Since azo
compounds under the carbonylation conditions are extremely reactive and readily undergo carbonylation into
isocyanate and other nitrogen-containing products, the mechanism may be clarified by using catalyst additives
which slow the conversion of azo compounds and permit their isolation and identification.
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The basis of most of the known catalysts for the synthesis of isocyanates by the earbonylation of nitro
compounds is the PdCl,—pyridine (Py) system, In the presence of this system, isocyanates are readily formed
both from azobenzene (AB) and nitrobenzene (NB) (Tables 1 and 2), We have found that the addition of Ca(VOs),
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TABLE 1. The Effect of Ca(VOs), Added to the PACl,—Py Catalyst
on the Conversion of Nitrobenzene, Azobenzene, and Azoxybenzene
over 1h at 453°K with 10 MPa Initial CO Pressure

. Conversion, %o Yield, %
Starting Addi- ;
compound*® | tivet |mitro- | azo- azoxy- |PHENYUSO~ | oiine |azobenzene -
benzene | benzene | benzéne |cyanate
NB + 57 - - 23 g 8
NB + 83 - -
AB - - 84 - 47 4 -
AB + — 10 - 8 3 -
NB+AB - 30 38 - ?? g -
AB + 99 - —
X(%E - - - 99 27 3 45
AOB + - - 99 21 2 58
NB+. AOB - 19 - 98 37 5 42
NB + AOB + 58 - 92 43 4 65
*AOB) azoxybenzene.
TThe '™+ gign indicates ''with additive,'" while the '*~'' gign indi-

cates ""without additive.'’

TABLE 2. Effect of Additives on the Conversions of Azobenzene,
Nitrobenzene, and Nitrotoluenes (10 MPa initial CO pressure,

453°K) .
Conversion, % Yield, %
o .
o . i 1 @ LN~y 1 e '
g | Startin ios o8 | o9 = BEE [ gen g e
&5 | compownds| Addittve | B5 |85 | 181, §18F = (T8 |BE
gg P2 |R2 1B5 | g5 |Fege FRde kgt
2 8 |o8 | EL | S2 REAH 0T 8 8|8
60 NB - A e - | 6
60 » CdMo0, - - 94 - - - 21
60 » (NH.) :MoO, - - 97 - - - 27
30 » HzMOOA - - 29 - —_ - 59
80 » HyoMoO, - - 100 - — — 25
80 » PA(VO,), - - lwol - - - a2
60 » Al (VOa) 3 - - 81 - - — 61
60 » Ca(VOs)2 - - 83 - - - 62
30 | &4 MNT+AB - 25 - - 42 13 - 15
30 » MoO; 79 - 8 45 — 5
30 » H.Mo00, 100 - — 17 48 - 9
30 » (NH):MoO, | 981 - -] 31| 3 9
30 » CdMoO; 57 - - 0 18 - 0
30 | 3-MNT+AB - - 30 - 39 - 13 14
30 » V.05 - 48 - 18 - 35 8
30 » Ph(VO;)s - 58 - 2 - 32 1
30 » Ca(VOg)a — 53 — 10 - 34 3

*4-MNT) 4-mononitrotoluene; 3-MNT) 3-mononitrotoluene,

to the PdCl,— Py system leads to an increase in the conversion of NB from 57 to 83% and of the yield of phenyl
isocyanate (PI) from 36 to 62% but to a decrease in the conversion of AB by a factor of 8 relative to the experi-
ment without additive. In the carbonylation of a 2:1 mixture of NB and AB in the presence of added Ca(VGQ;),,
the conversion of NB increases from 30 to 99%, while the conversion of AB is reduced from 30 to 0% (see
Table 1), The addition of Ca(VOy), does not affect the extent of reduction of azoxybenzenebutblocks the sub-
sequent conversions of AB. We also studied the effect of addition of V,0;, A{VO;);, Pb(VOy),, M0O;, H.M0O,,
(NH,),Mo0O,, and CdMoO,, which are inactive in the absence of palladium compounds on the carbonylation
of nitro compounds and AB, These additives lead to an increase in the conversion of NB from 57 to 81-100%
(see Table 2). The addition of MoO;, H,MoO,, (NH},MoO,, and CdMoO, preduce an increase in the conversion
of 4 -nitrotoluene from 25 to 57-100% and concurrent decrease in the AB conversion from 42 to 0-31%. Addi-
tives of V,0; and Pb{(VOy), increase the conversion of 3-nitrotoluene from 30 to 48~58% and decrease in the
conversion of AB from 39 to 2-18%, Thus, vanadium and molybdenum compounds increase the carbonylation
of nitro compounds and hinder the carbonylation of AB on palladium catalysts to a different extent,

Azo compounds were not found in the reaction products of any of the carbonylation reactions of NB and
2-, 3-, and 4-mononitrotoluenes in the presence of the PACl,—Py system either with or without the vanadium
and molybdenum compounds studied.

Hence, nitro compounds are converted to isocyanates on palladium catalysts containing vanadium and
molybdenum compounds bypassing the formation and carbonylation of azo compounds, apparently as a result of
the direct carbonylation of nitrenes. The carbonylation of azoxybenzene is accompanied by its reduction to AB.
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EXPERIMENTAL

The carbonylation was carried out in a 0,15-liter steel autoclave, in which 2 ml (19.5- 10”2 mole) nitro-

benzene and/or an equivalent amount of nitrotoluene, azobenzene, and azoxybenzene (see Tables 1 and 2), 10
ml chlorobenzene, 50 mg PdCl, (2.8 107 mole), 200 mg (2.5 10" % mole) pyridine, and an additive containing
4,7 +10~* g-atom molybdenum or vanadium were charged, CO was bubbled into the autoclave and heated up to
453°K and 10 MPa CO pressure over 0,5-1,0 h, then cooled, and the solution was analyzed by gas—liquid chro~
matography using our previous procedure [1],

CONCLUSIONS

1. Nitro compounds are converted by the action of CO into isocyanates on palladium catalysts containing

vanadium and molybdenum compounds bypassing the formation and carbonylation azo compounds, apparently
as a result of the direct carbonylation of nitrenes.

2. The addition of Ca (VOjy),, Al(VOjs)s Pb(VOy),, H,MoO, (NH,),MoOy and CdMoO, to the PACl,—pyri-

dine catalytic system promote the carbonylation of nitro compounds and inhibit the conversions of azo com-
pounds by the action of CO,
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