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o-Nitroaniline reacts with carbon monoxide under pressure in the presence of sodvgnésokane,
tetrahydrofuran N,N-dimethylformamide) and a catalytic system (sulfur or a low molecular sul
compound — a basic medium — and optionally a vanadium(V) compound) at 370-445 K to
2(3H)-benzimidazolone by intramolecular reductive carbonylation. Similarly to intermolecular ca
nylation of nitroaromatic compounds also in the title reaction the efficiency of the sulfur compo
decreases in the order: COS 334> CS > S. The promotor action of NMO3 and \,Ogis, how-
ever, less pronounced. The rate of the carbonylation increases with temperature, with optimal
tivity to the 2(3H)-benzimidazolone (>82%) at 390-425 K. The basicity-afitroaniline was found
to be insufficient, and inorganic or organic bases had to be added to effect the reaction. The abo
(or three-) component systems catalyze also the intramolecular oxidative carbonylatipheoifylene-
diamine to 2(8l)-benzimidazolone.

Key words: o-Nitroaniline; Benzimidazol-2-one; 2kB-Benzimidazolone; Intramolecular reductive
carbonylation;o-Phenylenediamine; Catalytic reductive carbonylation.

2(3H)-Benzimidazolonel (2-benzimidazolone or |,3-dihydrobenzimidazol-2-one) at
derivatives thereof, mainly as intermediates in production of pesticides and pharm
ticals, can be prepared by several procedures. Of them, much attention has been
synthesis based on reactionsoedichlorobenzene*or o-phenylenediamine, especially
with ure&, phenyl acetoacetatesor with carbon monoxide Previously reportéd
was the preparation df from o-phenylenediamine and carbonyl sulfide. Benzimidaz
lone 1 can also be prepared by reductive carbonylatiom-oftroaniline at elevated
temperatures and pressures catalyzed by platinum-phosphine complexes in the pr
of SnC}, or Se and an inorganic or organic F&seThe same product is formed by
oxidation carbonylation of-phenylenediamine by carbon monoxide catalyzed by se
nium in a basic medium in the presence of oxygén
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Our previous promising results achie¥&d®in the intramolecular reductive carbo
nylation of nitroaromatic compounds with carbon monoxide carried out in the pres
of substances containing active hydrogen and of a catalytic system consisting of -
or a low molecular sulfur compound, a basic medium and optionally a vanadiur
compound prompted us to continue these studies. If with alkanols the reaction
alkyl N-arylcarbamaté$13(e.g. nitrobenzene reacts with carbon monoxide and metha
to yield methylN-phenylcarbamaté'd, the use of aniline or water in place of methan
results in the formation of,N'-diphenylure&’, and diethylamine givebl,N-diethyl-N'-
phenylurea. In this case the amine becomes also a component of the ‘eatalyst

Aniline, carbon monoxide and oxygen react in the presence of methanol and ¢
same catalytic system to give metiNdphenylcarbamaté as the product of oxidative
carbonylation.

In all of the above examples we deal with either intermolecular reductive or ox
tion carbonylation. In this respect it seemed of interest to ascertain whether the
lytic system used there would be effective also for the intramolecular reduc
carbonylation ofo-nitroaniline to benzimidazolong the part of which could occur in
the enol form2 (i.e. as 2-hydroxybenzimidazol), as shown in B&). (

NH» NH
cat. AN
@ + 3CO —> @ /co + 2CO2
NO2 NH
1

|

EXPERIMENTAL

o-Nitroaniline was of 99.7% purity. Triethylamine and dioxane contained 0.71 and 0.55 ma:
water, respectively. The other inorganic and organic chemicals were analytically pure samples.
on monoxide contained the following impurities (in vol.%): hydrogen 1.2, nitrogen 0.4, oxygen
and carbon dioxide 0.1.

The reductive carbonylation was carried out in a stirred 5G0stainless steel autoclave (180 rpm)
Temperature and pressure were recorded in 5-10 min intervals.

Reaction products were analyzed by GLC and HPLC methods described in detail%Htlier
Benzimidazolonel, o-nitroaniline ando-phenylenediamine were determined by HPLC (Pye—Unica
PU 4100 with UV-VIS detector, the wavelength 254 nm, ax31B0 mm column packed with Sepa-
ron SGX C18, particle size pm). The mobile phase was 70 : 30 (v/v) methanol-water, the fl
rate F = 0.35 ml/min, the injected volume 30. Under these conditions the elution times (in min
were as follows: benzimidazolorte 3.62, o-phenylenediamine 4.1, ammnitroaniline 4.5. The
method of direct calibration was used in analyses.
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RESULTS AND DISCUSSION

The results of the study of the effect of catalyst components on the intramole
reductive carbonylation by carbon monoxide to give benzimidazdlcare presented
in Table I. Inspection of the Table reveals that in accordance with intermolecular re
tive carbonylations of nitroaromatic compounds with carbon monoxide toNdagylcar-
bamate¥'3 N,N'-diphenylure&* or N,N-diethyl-N'-phenylure& (see above), the most
efficient sulfur components are carbonyl sulfide and hydrogen sulfide. The order o
effectiveness thus parallels that found in intermolecular reductive carbonytéti@ns
COS > HS >> CS > S.o-Nitroaniline, because of its low basicity, does not act a:
basic component of the catalyst system. To ensure fast reaction, the basicity
reaction mixture must be increased.by adding triethylamine, as is evident from dat
given in Table I.

On the other hand, the promotor action of ammonium metavanadate or vanadiu
oxide is less distinct compared to that observed for the intermolecular reductive ¢
nylation of nitroaromatic compountfs!®

As shown for the intramolecular reductive carbonylationogfitroaniline in the
presence of S or COS in Table Il and ofSHn Fig. 1, the rate of the reaction increast
with temperature. As to the selectivity to benzimidazolan& shows a distinct de-
crease starting from 430 K. It should be mentioned thalhenylenediamine has nof
been found as by-product, in spite of the presence of water in the starting compa
especially in dioxane and triethylamine. However, this finding cannot be taken a:
cluding its transient formation in minute amounts, for example by the carbonyls
reduction ofo-nitroaniline (Eq. B).

NH, NH2
@ + HO + 3CO —> @ + 3CO, (B)
NO, NH3

The basicity ofo-phenylenediamine results likely in the fast, in situ intermolecu
reductive carbonylation of this compound, as shewgnin Eq. C).

NH» HoN NH> HoN
Q2 v — ISR
NHy  OoN NHCOHN
This is indicated by incomplete selectivity of the intramolecular reductive carbon

tion of o-nitroaniline to benzimidazolong which compound can exist partially in the
enol form2 (Eq. (A)).
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Furthermore, as the air had not been removed before introducing carbon mon
into an autoclave, the oxidative carbonylationogfhenylenediamine to benzimidazo
lone 1 could not be excluded (EdD)).

NH, NH_
@: + CO + 120, —> @ CO + H0 (D)
NH

NH2

For the above catalytic system one can thus find analogy in the oxidation carbony!
of aniline with carbon monoxide in the presence of methanol to WeN&-diphenyl-
urea as the reaction intermediate and methphenylcarbamate as the final prodfct

TaBLE |
Effect of catalyst components on intramolecular reductive carbonylatianndfoaniline to benz-
imidazolonel (50 go-nitroaniline, 100 g solvent, 12 MPa at 298 K, reaction temperaturet 22K,
reaction time 4 h)

Catalyst components (mass %6)

Solvent X°, % L %
S compound base MWD,
Dioxane S (10) CtkDNa (1.8) 0.1 57 84
Dioxane S (10) BN (9.0) 0.1 100 85
Dioxane S (1) EN (9.0) 0.1 17 85
Toluene S (10) BN (9.0) 0.1 81 82
Dioxane HS (2) EtN (6.0) 0.1 99 82
THF® H2S (2) EtN (6.0) 0.2 99 81
DMF° CS (16) CHCOONa (12.5) + 1.0 100 80
+ CH3ONa (1.25)

Dioxane COSs (1) BN (6.0) 0.1 100 83
Dioxane HS (2) EtN (6.0) 0.1 99 81
Dioxane S (10) - 0.2 3 72
Dioxane S (10) BN (6.0) 0.0 99 80
Dioxane S (1) EN (6.0) 0.0 32 -
Dioxane S (20) - 0.0 65 -

2 Related too-nitroaniline; ® X o-nitroaniline conversionS selectivity to compound; © THF tetra-
hydrofuran, DMFN,N'-dimethylformamide? V,05in place of NHVO,.
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TasLE Il
Effects of temperature and S component on intramolecular reductive carbonylatemtafaniline
to benzimidazolond (50 g o-nitroaniline, 200 g dioxane, 3 g triethylamine, 0.01 g,MB;, X g S
compound, 12 MPa at 298 K, reaction time 4 h)

Temperature, K 2 S component (mass %) X2, % L %
379 S (12) 32 77
379 S (10) 30 78
389 S (10) 55 83
415 S (10) 82 82
423 S (10) 99 83
423 S (10) 95 84
423 COS (2) 100 86
423 COsS (1) 100 86
436 S (10) 100 62
438 S (10) 100 59

abgee the same notes in Table I.

100

X, S

50 -

251

375 400 425 1y 450

Fic. 1
Effect of temperature on the conversi¥n%) and selectivitys (%) of intramolecular reductive car-
bonylation ofo-nitroaniline, using hydrogen sulfide as an S component of the catalytic system (for i
CO pressure, reaction time and charge see Table |l, except for the use of {52i.g.18.2 mass %
with respect to the charge ofnitroaniline). 1 conversion,2 selectivity to benzimidazolong
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This was proved also by two experiments carried out under conditions specifie
Table | using COS and J3, except that 1.8 vol.% of oxygen was added to cark
monoxide and-phenylenediamine was used in placeodfitroaniline. The overall 76
and 82% conversion af-phenylenediamine and 73 and 68% selectivity to benzimi
zolonel was obtained at 428 1 K after 4 h reaction.

The results also show that the catalytic system containing a sulfur compound, a
component and optionally a vanadium(V) compound is effective both in the intran
cular reductive carbonylation afnitroaniline according to EqAJ and in the intra-
molecular oxidation carbonylation afphenylenediamine according to Ed)(
yielding benzimidazoloné& in both cases.

The highest effectiveness of COS as a sulfur component (observed also in inter
cular reductive carbonylatiohs'9 indicates that carbonyl sulfide acts as the trans
agent for CO in the elemental step of the catalysis and, in other words, in the re:
mechanism of the intramolecular reductive carbonylatior-aoftroaniline. It seems
likely that a basic medium facilitates formation of carbonyl sulfide.
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