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Abstract

The investigation of the catalytic activity of [RhA(C&)YHA,; anthranilic acid) and its polymer analogue [Rh(OO4E;
NHCH;-P)(CO}]; P = polystyrene moiety, towards the reductive carbonylation of nitrobenzene in DMF medium has been re-
ported. The maximum yield and selectivity of diphenylurea was achieved using methanol as cosolvent under optimum reaction
conditions. Spectroscopic and kinetic studies showed that the reaction proceeds through a species [RhA{{Hai2ke
isocyanate formed at an intermediate stage is immediately scavenged by excess amindlfiN‘faliphenylurea. A tentative
reaction mechanism based on the identification of reactive intermediates has been proposed for the carbonylation process.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction either in the same phase as the reactants or in dif-
ferent phases. In homogeneous reactions catalyzed
The last lap of the 20th century has been marked by organometallic compounds, the catalyst gets in-
by a rapid development of petrochemicals. Many timately involved with the reactants to form various
industrially important compounds such as ureas, car- distinct intermediates during the course of the reac-
bamates, azo and azoxyarenes, oximes and severalion. Such reactions are often very selective in nature,
heterocyclic compounds can be selectively obtained allowing firm control on the nature of the product ob-
by either reductive carbonylation of nitroaromatics tained and operate under milder reaction conditions.
[1-6] or oxidative carbonylation of aniliner—12]. However, such processes present the difficulty of sep-
N,N'-Diphenylurea (DPU) and methy-phenyl car- arating the product from excess of reactants and the
bamate (MPC) are seeing growing interest in the field catalyst. Here, the heterogeneous catalysts offer the
of chemical technology as evident from numerous advantage of easy separation though they often lack
patents and papers in the literatuE3-21] Most the delicate selectivity of homogeneously catalyzed
of the conversions have been found to be catalyzed reactions. The intermediates in such processes are less
by metal compounds—organometallics and complexes distinctly characterized, but may be rationalized in
terms of the same principles as applicable for the sol-
"+ Corresponding author. uble cgtalysts. The present paper reports the catglytic
E-mail address: debkumarmukherjee@rediffmail.com behavior of soluble and polymer-supported rhodium
(D.K. Mukherjee). catalysts in mild coordinating solvents containing
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methanol to usefuN,N'-diphenylureas and the rela-
tionship this has to the mechanism of the catalytic
carbonylation process.

2. Experimental
2.1. Instrument and chemicals

Analytical grade reagents and freshly distilled sol-
vents were used throughout the investigation. DMF
was purified by drying over CaHunder N for
24 h followed by distillation under reduced pressure.
PhNH, was purified by vacuum distillation in an in-

D.K. Mukherjee, C.R. Saha/Journal of Molecular Catalysis A: Chemical 193 (2003) 41-50

with nitrogen. After pumping out nitrogen, it was im-
mersed in a thermostated silicone oil bath preheated to
the desired reaction temperature. The whole arrange-
ment was then placed on a magnetic stirrer and the
reaction mixture was subjected to the required pres-
sure of pure carbon monoxide which was maintained
constant throughout the run. At the end, the autoclave
was rapidly cooled in an ice salt bath and blown off.
The products were identified and analyzed after sub-
sequent work up by GC and HPLC using authentic
samples for comparison.

2.3. Preparation and isolation of the complexes

ert atmosphere prior to use. CO (99.5%) purchased 231, [RhA(CO),] (1)

from IOL, Mumbai and RhG-3H,O from Arora
Matthey Ltd., India, were used as received. Macrop-
orous polystyrene beads cross linked with 5% DVB

The rhodium(l) complex was prepared according
to the literature methofR2]. The deep red solution
mixture of RhC%-3H,0(0.26 g, 0.98 mmol) and an-

were supplied as hard insoluble 20-50 mesh spheresthranilic acid (0.2 g, 1.46 mmol) in dry, deoxygenated

of average pore diameter 800 A by Aldrich, USA.
The polymer-supported complex [Rh(OOgH;
NHCH,-P)(CO)], where P = polystyrene moi-

DMF was refluxed for 2 h. The cold solution diluted
with 20ml of distilled water produced yellow pre-
cipitate on keeping at 8C for 1 h. The precipitate

ety having the same coordination environment as after successive washing with water and acetone was

soluble rhodium complex [Rh(A)(C@) has been

dried under vacuum. The purity of the compound

prepared and characterized as described below. Vibra-yas checked by tic, m.pt, chemical analysis, IR and

tional, electronic and PMR spectra were taken with
Perkin-Elmer 883, Shimadzu MPC-3700 and Bruker
200 MHz instruments, respectively. XPS study and
thermal analyses were made with VG—scientific
ESCA lab mark (E) and Shimadzu DT-400 instru-

UV-Vis spectral studies.

2.3.2. [Rh(OOCCgH4NHCH,-P)(CO)7] (2)
The polymer-supported complex having the same
coordination environment as [Rh(A)(C8) (HA,

ments, respectively. Gas chromatographic analysis CzH4(COOH)NH,) was prepared by refluxing the

was performed with chrompack CP-9000 with 15%
FFAP stainless steel column and flame ionization
detector with temperature programming from 110 to
240°C at the rate of 16C min~'. The progress of
the reaction was monitored by periodic analysis of
the reaction mixture by GC technique. Diphenylurea
was identified and estimated by HPLC using a Ban-
dopack column with mobile phase as 62% methanol
in agueous sodium acetate solution.

2.2. Carbonylation procedure

In atypical experiment, DMF solution (10 ml) of the
catalyst (104 M) and the substrate (1.0 M) was taken

polymer acid ligand with RhGI3H2O in deoxy-
genated DMF under nitroge{23,24] Polystyrene
beads with 5% cross linking of divinyl benzene were
chloromethylated by the procedure adopted by Pepper
et al.[25]. The chloromethylated polymer was treated
with tetrahydrofuran solution of anthranilic acid for
24h to replace 80% of the chlorines with the acid
group. These beads were then refluxed with a twofold
excess of DMF solution of Rh@BH,O for 6h. At

the end of the reflux period the brown colored beads
were washed with water and acetone and dried under
vacuum.

2.3.3. [RhA(CO)(1-CO)]2 (3)

in a 50 ml glass lined stainless steel autoclave provided The yellow solution of [RhA(CG) (0.3g, 1.02

with inlet and outlet and equipped with a magnetic

mmol) in dry deoxygenated DMF (10 ml) changed to

element. The reactor was first evacuated and flusheddeep green on stirring for 24 h under nitrogen. The
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solution was reduced to 1 ml by vacuum evaporation
at 60°C, mixed with dry chloroform (5ml) and kept
at 0°C for 24 h when the green crystalline precipitate
separated out. This was washed with dry chloroform
and dried under vacuuif6].

2.3.4. [RhA(u-CO)(PhNO2)]2 (4)

Dry PhNG, (0.5ml) was added to the deep green
solution obtained by stirring the DMF solution (10 ml)
of [RhA(CO),] (0.3g, 1.02 mmol) for 24 h under ni-
trogen. The stirring was continued for 12 h more, dry
chloroform (5 ml) was added and the mixture was kept
at 0°C for 24 h when the deep green precipitate sep-
arated out. This was washed with chloroform and fi-
nally dried under vacuuri26].

2.3.5. [RhA(C(O)OCH3)2] (5)

A 50ml stainless steel autoclave containing
[Rh(A)(CO),] was purged several times with CO.
o-Nitrotoluene was dissolved in 15 ml of toluene and
injected into the autoclave via an exhaust valve. Af-
ter 5min, 3 ml of methanol was injected in the same
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(s, OCH); 3.77 (s, OCH); 6.17 (m, ArH); 7.41 (m,
ArH); 8.02 (m, ArH); IR (KBr, cnTl) 1628, 1616;
Anal: (Found: C, 36.38; N, 3.88; H, 3.24%; Calcd: C,
36.46; N, 3.98; H, 3.32%).

2.4. Characterization

The compounds [RhA(CGQ), [Rh(OOCGH4NH
CHy-P)(CO}], [RhA(CO)(-CO)]2, [RhA(-CO)(Ph
NOy)]2 and [RhA(C(O)OCH),] were characterized
on the basis of their analytical and vibrational spec-
tral data Table J); electronic, PMR spectral and XPS
data {Table 2.

Due to insolubility of the polymer-supported cat-
alyst in common organic or inorganic solvents, its
characterization was limited to IR spectra, XPS
and DTA studies. IR peaks at 1580ct (vCOO,
as), 1360cm! (vCOO, s) and in the region 3000
3200cnt! (VNH,) are present in the spectra of all
the complexes indicating the presence of coordinated
anthranilate in all of them. Compared to IR spectra of
1, the spectra 08 show the appearance of a new peak

manner and the system was pressurized with CO at 1810cm?! (vCO, bridged) at the cost of one&CO

(60atm) and heated to 8C. After 24 h, the reactor

(terminal) peak at 2085 cmt. The othenCO peak at

was cooled, the pressure was released and the solutior2005 cnt? remains almost unchanged. [RhA(GD)

transferred to a two-necked 100 ml rb flask. Solvent
was removed under vacuum and resulting brown oil
was washed with 20 ml portions of diethyl ether and

evacuated again. Light brown solid obtained was sub-

jected to'H NMR and IR studies for characterization
[27,28] Brown solid, 'H NMR (ppm, GDg) 3.03

in DMF medium dimerises through CO bridging to
form a penta-coordinated rhodium(l) complex con-
taining both terminal and bridged carbonyl groups.
The spectra oft exhibits two new peaks at 1510 and
1345 cnt! due to coordinated PhNG29] and only
the bridged carbonyl peak at 1810this present. In

Table 1
Analytical and vibrational data of the compounds
Compounds vCO vNH> vOCO vCOOCH; vNOy C% H% N% Rh%
[RhA(CO)Y] (D) 2085 3175 (a) 1580 (a) 36.04 2.02 4.47 20.7
2005 3075 (s) 1360 (s)
[Rh(OOCGH4NHCH,-P)(CO}] (2) 2082 3165 (a) 1575 (a) 1.38
2008 3070 (s) 1350 (s)
[RhA(CO)(-CO)]2 (3) 2005 3175 1580 36.44 2.01 4.72 20.2
1810 3075 1360
[RhA(.CO)(PhNQ)]2 (4) 1810 3172 1582 1510 40.92 3.81 6.29 18.8
3072 1358 1345
[RhA(C(O)OCH)2] (5) 3172 (a) 1585 (a) 1628 36.38 3.24 3.88 19.2
3072 (s) 1362 (s) 1616

All v values are given in cm; P = polystyrene.
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Table 2
XPS and NMR data of the complexes
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Compounds ESCA DATA (eV) NMR spectral data (ppnsDg)
3052 3032 Aromatic —H -NhR —COOCH;
1) [RhA(CO)] 308.2 312 6.7-7.8 (m) 7.38 (s)
2 [Rh(OOCGH4NHCH;-P)(COY] 308.6 312.8
3 [RhA(CO)(-CO)L2 308.4 312.2 6.7-8.0 (m) 6.58 (s)
(4) [RhA(1.-CO)(PhNQ)]2 308.4 312.6 6.7-8.0 (m) 6.36 (s)
(5 [RhA(C(O)OCH;)2] 311.2 314.6 6.9-8.02 (m) 7.36 (s) 3.03 (s)/3.76 (s)

P = polystyrene.

case of comple% all peaks at theCO region disap-
pear and the peak of 1616 (w) and 1628 in ti&O
region is characteristic of methoxy carbonyl! ligand
[30-32]

The rhodium content in each of the complexes was
determined by refluxing them with concentration of
HCI for 24 h and then estimating the metal concentra-
tion in the solution by atomic absorption spectrome-
try at wavelength 255.6 nm using air-acetylene flame.
Analysis of the compleg after five catalytic runs indi-
cated Rh content (1.19%) to be reduced by 13% com-
pared to the original catalyst (1.38%). This modest

loss does not appear to be metal elution as the com-

plex showed similar catalytic activity and the beads
showed no visible color change even after five cat-
alytic runs under identical reaction conditions. The

metal loss may be a consequence of changes in the

bead structures as evident from slight shift in CO ab-
sorption peaksKig. 1). The structure and orientation
of the beads in the polymer matrix shield the metal
ion effectively reducing their loss during the process
of leaching and estimatioj27].

The electronic spectra of all the complexes in DMF
medium except the polymer-supported one, show two

common absorption bands at 280 nm (sh) and 336 nm.

The former was assigned to intramolecular charge
transfer of coordinated anthranilate anj@z2], while

the latter may be due te—* transition of the ligand.
Both the compound$ and5 exhibit peaks at 380 nm
indicating them to be square planar in natiz2]. The

low intensity peaks at 620 and 510 nm observed in the
spectra o8 and4 may be due to d—d transition in these
five coordinated rhodium(l) complexes. The NMR
spectra (ppm, €Dg) of complex1, exhibit multiple
signals in the region 6.7-8.0 (phenyl protons) and a
broad signal at 7.38 (N§) (Table 9. For complexes

3 and 4, the NH, proton signals show upfield shift
at 6.58 and 6.36 ppm, respectively, though the signal
for the phenyl protons remain unchanged. This upfield
shift may be due to increased electron density at the
NH> group caused by the lowered number of terminal
CO groups in these molecules or due to influence of
metal d-orbitals in the changed coordination environ-
ment of the metal. Compoun®)(exhibits new PMR
signals at 3.03 and 3.76 ppm due to £ptotons of
C(O)OCH; groups[27,33] 'H NMR signals in the
methoxide and aromatic methyl regions of compex
are masked at higher concentrations of aromatic amine
and CHOH.

Transmittance

2000 1800 1600
Wavenumber (cm“l)

2200 1400

Fig. 1. IR spectra showingCO peaks of (a) complex; (b)
complex 2; (c) used catalyst 2 after 3 runs; (d) used catalyst 2
after 5 runs; (e) comples.
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Binding energy, eV
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Fig. 2. XPS spectra of 3gh and 3@,. levels of Rh in the catalysts:
(a) complex1; (b) complex2; (c) used catalyst 2 after 5 runs; (d)
complex5.

XPS study of the compounds were carried out in
the range 290-320 eV using AlcKas target material
in order to determine the oxidation state of rhodium
in them. The 3¢/»> and 3d,, levels of the metal in
the complexedl, 2, 3 and 4 have binding energies
in the vicinity of ~308 and~312 eV, respectively.
The energies are comparable witti oxidation state
of rhodium[34]. The binding energy for the isolated

Table 3
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complex5was found to be 311.2 (3@) and 314.6 eV
(3dk/2) which suggests the presence of Rh(lll) in the
specieskig. 2). To avoid possible X-ray induced metal
reduction in the polymer host, measurements were
made with a reduced power of the X-ray source of
10kV, 10 mA. Survey spectra were recorded for all
samples in the binding energy range 0-1400 eV with
a step of 0.5eV.

3. Results and discussion

The catalyst [RhA(CQ) was found to be highly
efficient for the reductive carbonylation of nitroben-
zene in mild coordinating solvents and in presence
of methanol. In absence of methanol, low conver-
sion of nitrobenzene (15%) to aniline mainly, was
recorded even when the carbon monoxide pressure was
increased to 80 atm and temperature raised t6°C00
Reaction at room temperature and low carbon monox-
ide pressure (20 atm) even in presence of methanol
did not yield any product. Effect of carbon monoxide
pressure and temperature on the carbonylation of ni-
trobenzene was therefore studied to optimize the yield
of products. Highest conversion of PhiN®100%)
to diphenylurea (DPU) was achieved at 60atm and
80°C and at a methanol concentration of 6 M. Higher
methanol concentration increased the yield of aniline
at the cost of DPU. Comparable results were obtained
with both the soluble and polymer-anchored rhodium
complex ([able 3.

Influence of PhN@:PhNH, molar ratio on the reductive carbonylation of Phj#On the presence of methanol

Run Molar ratio Conversiofl (%) DPU Selectivity (%)
(PhNG:PhNF) MPCH PhNH, NPF®

1 1:0 100 59 (53) 16 (20) 9 (13) 10 (10)
2 0.5:1 40 74 (68) 4 (16) - 17 (15)
3 1:0.5 100 69 (60) 9 (15) 7 (10) 12 (10)
4 1:1 100 70 (64) 9 (14) 8 (10) 13 (10)
5 1:2 100 71 (67) 13 (15) (08) 14 (10)
6 1:4 100 70 (64) 13 (16) (08) 14 (12)

Values in parentheses are those for the soluble rhodium catalyst.

acConditions: PhN + PhNH, = 0.5mol, CHOH = 2ml, Catal= Rh content= 2 x 10~*mol, medium= DMF, T = 80°C, = 4h,

Pco = 60 atm.

b Calculated to the conversion of Phi@uns 1, 3-6) and PhNH(run 2).

¢N,N’-Diphenylurea.
d Methyl-N-phenyl carbamate.
€ N-Phenylformamide.
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Fig. 3. Effect of Pco on reductive carbonylation of PhNO
T = 80°C, solvent= DMF, t = 4h, @) = PhNH,, (©) = DPU,
(a) = PhNGQ.

At carbon monoxide pressure of 20 atm or below,
no carbonylation reaction takes place as nitroben-

zene concentration remain unchanged and no reaction
products were observed even after 16 h exposure to

catalytic run Fig. 3). Both the group of catalysts in

homogeneous and heterogeneous phase exhibit simi-

lar behavior though with slightly different rates. The
DMF solution of the isolated complex8sand4 were

also subjected to carbonylation of nitrobenzene under

identical set of conditions as employed for rhodium
complexesl and 2. No product formation occurred

even with these complexes at low temperature (less

than 20°C) and at carbon monoxide pressure main-
tained below 20 atm.
The DMF solution of the starting complek was
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80°C for 6 h and intermittent IR analysis of the with-
drawn samples show the presence of both terminal and
bridged carbonyl groups. These sets of reactions sug-
gest that the starting catalyst [RhA(CP)must un-
dergo transformation into its bridged dimer and this
transformation is not feasible at room temperature and
low pressure of carbon monoxide. In order to find
out any transformation of [RhA(PhNQ(.-CO)], that

may occur in solution at higher temperature, IR spec-
tra of the DMF solution of the compound at 80 was
taken. The spectra exhibit a new peak at 2008tm
(vCO terminal) in addition to the peak at 1810th
suggesting the existence of the following equilibria in
DMF solution Scheme 1

[RhA(CO)PhNQ] is believed to be the catalytically
active species formed under the given set of conditions
though all attempts to isolate it in the pure state were
unsuccessful.

With regard to the formation of aniline as the
by-product during reductive carbonylation of ni-
trobenzene in presence of methanol to carbamate (run
1, Table 3, the influence of PhN@to PhNH molar
ratio in the reductive carbonylation process was also
the subject of study. It is clear from the result that
though the molar ratio (PhNCPhNH,) decreased,
the percentage conversion to DPU and MPC remains
unaltered. When no aniline was added to the sys-
tem, conversion of PhNOto DPU and formation

of PhNH, (~15%) suggests the role of methanol as
hydrogen provider (the system was degassed to free
it from air and moisture). With PhNHas substrate,

the product distribution changed substantially with
the highest recorded yield of DPU (70%). Presence

of moisture in the system greatly hinders the cat-
alytic conversion to DPU and almost 90% aniline

was recorded. High aniline formation may be due to

hydrolysis of any DPU formed (reaction (1)):

next kept at a carbon monoxide pressure of 60 atm and (PhNHCONHPh 4+ H,0O — 2PhNH + CO; Q)
PhNGy
~C / \ ~—\ PhNOy (\th O g
/Rh\co / \CO/ lh\ \ 0o lh\
co PhNO,
A /th02

Scheme 1.
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High alcohol content in the system greatly reduced of nitrobenzene was conducted in DMF containing

the extent of DPU formation with simultaneous rise
in the percentage of MPC and PhNIHReactions (2)

either 1-hexene or phenylacetylene under optimum
reaction conditions. The alkene and the alkyne re-

and (3) seem to be the most probable reason for low mained unchanged during the entire carbonylation

conversion to DPU:

PhNHCOPhNH+ CH3OH

— PhNHCOOCH + PhNH, )
@)

Formation of NPF in the system (detected in all
the six runs:Table 3 is believed to be due to direct
interaction of CO and PhNH

PhNH + CO — PhNHCHO

PhNCO+ CH30H — PhNHCOOCH

(4)

Increase in aniline concentration however results in
no significant change in NPF formation (runs 3-6).

Monitoring the IR andH NMR spectra of the solu-
tions during catalytic run did not show the formation
of intermediate metal hydride species. Carbonylation

process. Formation of metal hydride species has
therefore been ruled out as its formation should re-
duce alkene or alkyne to the corresponding saturated
products.

Several authors restored to nitrene mechanism in
rationalizing the products such as isocyanates, carba-
mates, urea, etc. formed during reductive carbonyla-
tion of nitrobenzen¢35-37] Attempts were therefore
made to trap any phenyl nitrene if formed at the inter-
mediate stage using diphenylacetylene in the reaction
medium. The phenylnitrene derivatives could not be
detected under the optimum reaction conditions using
both the soluble and the polymer-supported complex.
Spectroscopic studies however showed that the reac-
tion proceeds through a species [RhA(C(O)QEGH
and the isocyanate formed at an intermediate stage
is immediately scavenged by excess amine to

PHNG) ( Rh CH30H
/ \co
PhNCO
OCH3 PhNHy
Rn_c
/ \N02ph
€O OCHg
co; \Rh/CO M PhNHC ONHPh
<4 N
6 Ph on
CH30H
Q
PhNHo PhNHC-OCHg

Scheme 2.
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N,N’-diphenylurea. The complexwas isolated (refer ~ Table 4
Section 2 and the isolated complex was subjected Rate constant for the reaction of [RhA(C(O)OGH with
to carbonylation reaction under identical reaction Ptoluidine

conditions as maintained for the starting catalyst 1. GC Temperature  [ArNH_] [R] k(M~tmin™t)
analysis showed >50% DPU formation within 1h of (€ M) (mM)
catalytic run. Several runs were conducted in DMF us- 80 0.20 30.2 0.24

80 0.44 30.2 0.21

ing PhNO as substrate and the similar product distribu- 80 056 202 0.3
tion suggests that PhNQvas deoxygenated to PhNO ¢, ' ' '

. : 0.15 30.2 0.23
at some earlier stage of the catalytic cy@eljeme 2 80 0.15 14.4 0.20
IH NMR spectra of a CBOH/CgDg solution of5 80 0.15 44.2 0.21

and p-toluidine were monitored for a period of 24 h.
After 12 h, the spectrum collected revealed resonances
from 5, CH3OH, p-toluidine and three new signals.
There was a singlet at 10.72 ppm, similar in chemical 3-1. Kinetic analysis of the reaction of
shift to the hydrogen bonded amide prof68], asin-  [RRA(C(O)OCHz);] with p-toluidine at 80 °C
glet at 2.55 ppm, characteristic of a methoxy carbonyl
proton[27], and a singlet at 2.04 ppm, a shift similar These reactions were carried out in high pressure
to methyl resonance from thetolyl moiety. The in- cell designed for spectroscopic studies under high gas
tregation of these three signals was 1:3:3, respectively. pressurel40] in order to simulate the conditions of
1H NMR signals are masked at higher concentration of the actual catalytic process. Various volumes of the
aromatic amine and methanol. The result describes theisolated complex and p-toluidine in toluene-g and
formation of the methoxy carbonyl-carbamoyl species CD3OD were taken in a 5mm NMR tube to give
6 in the reaction medium and all attempts were made a total volume of 0.5ml. The initial concentrations
to isolate the solid sample but without success. Dur- of 5 and p-toluidine in these solutions are listed in
ing the experiments described above, the concentra-Table 4 The valve of the high pressure tube was
tion of 6increased to a constant ratio whisuggesting ~ connected to the pressure line and the cell was pres-
that an equilibrium was achieved. The reaction quo- surized with carbon monoxide (60 atm). The solution
tient [6])/[5] decreased in a linear fashion as §H in the cell was shaken to insure that a reasonable
concentration was increased from 1.0 to 8.0 M at con- amount of CO dissolved in solution. The pressure
stant concentration op-toluidine. Formation of the =~ was released and the tube was placed in an NMR
intermediate specie8 by the reaction op-toluidine ~ spectrometer with the probe warmed to the desired
with 5 and simultaneous liberation of one equivalent temperature. The organic product observed from the
of methyl alcohol as predicted in the catalytic cycle reaction of5 andp-toluidine under all conditions was
has therefore been establish&tifeme 2 N,N'-di-p-tolylurea €q. (5).

An effort was also made to identify the reaction
pathway by treating a solution gi-toluidine and  [5] + 2ArNHz — 2CH;OH + ArNHCONHAr + [1]
methanol in a septum sealed vial wiprtolylisocya- (5)
nate. Visible amounts oN,N'-ditolylurea were no-
ticed within 5min at ambient temperature. After The rate was followed by the study of the 3.03
30 min the solution in the vial was analyzed using and 3.76 signals characteristic of gHprotons of
gas chromatography. The belief that the isocyanate C(O)OCH; group of5 and the peak areas were evalu-
formed at an intermediate stage is immediately taken ated with the integration for all species normalized to
up by the amine resulting in the formation of urea the initial concentration 0. The reaction was com-
is therefore substantial and no trace of carbamate plete within 90 min at 80C and upon standing for an
could be detected at any stage of the reacfi8y. additional 24 h, crystals oN,N’-di-p-tolylurea were
Reaction (3) leading to the formation of carbamate visible in the reaction tube andwas the major metal
seemed unlikely due to lower basicity of gBIH than species present in the reaction solution. It was imper-
PhNH,. ative that the kinetic reaction was strictly performed
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Fig. 4. Initial rate of urea formation from the reaction Bfwith Fig. 5. A first order rate dependence is shown with respect to the
p-toluidine at 80°C. First order rate dependence is shown with —concentration op-toluidine from the reaction db with p-toluidine
respect to metal-complex concentration. at 80°C and Pco = 60 atm.

steps were involved in the conversion of nitrobenzene

under dry conditions as smallest measurable concen-to useful diarylurea in presence of alcohol.
tration of water caused an erroneous result due to the
hydrolysis of complexs with liberation of the start- )
ing catalyst 1, CQ, and two equivalents of C3OH 4. Conclusion
(Eq. (6): . . y
The reaction conducted under catalytic conditions
[5] + H20 + CO — [1] + COz + 2CH;OH (6) produced either diarylurea or the carbamate depend-

The kinetics outlined in the paper was conducted ing upon the conditions. Even in. those runs that pro-
in different temperature regimes. Although the final fjuced ca}rbamates, urea was ‘?’tll! prc_)posed to l:_)e the
products were identical, the kinetic work in the low mtermed'late. Intramolepular gl|m|nat|on of aryl iso- .
temperature region was complicated by the appearanceCyanate Is the mechanism Wh'Ch releases t_he_organlc
of peaks corresponding to the intermediét&he ef- product _from the (_:atalyst and_ n all of t_he stoichiomet-
fects of the varying concentration 6fandp-toluidine ric reactions, the isocyanate is |mmed|ate_ly trapped by
on the initial rate of urea formation are showtrtigs. 4 ArNH; to form the observed product, diarylurea. A

and 5 respectively. The observed rate constants shown sample of the polymer-supported catalyst even after

in Table 4were determined by the rate law: five cataly.tic runs'behaved very much Iik.e.the unused
catalyst with no sign of metal decomposition or bead
Rate= k[ArNH][RhA(C(O)OCHg)2] fragmentation.

Based on the above observations and identification
of the reactive intermediates, the mechanism shown Acknowledgements
in Scheme zhas been proposed for the carbonylation
process using both the soluble and polymer-supported One of the authors D.K.M., would like to thank the
rhodium catalyst. The in situ spectroscopic stud- department of Chemistry, Indian Institute of Technol-
ies of the high pressure catalysis established that ogy for providing the instrumental support. Financial
the principal species observed in solution was support of this project by the University Grants Com-
[RhA(C(O)OCH)2] and that several intermediate mission, India, is gratefully acknowledged.
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