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Summary

N, N’-Diarylureas were obtained in good yields from nitroarenes and aminoarenes
at 140°C under carbon monoxide (initial 60 kg cm™2) in the presence of a catalytic
amount of dichlorobis(triphenylphosphine)platinum(1I), the yields of N, N’-diphen-
ylurea, N, N’-bis(4-methylphenyl)urea, and N, N’-bis(4-chlorophenyl)urea were 65,
67 and 61%, respectively. Benzimidazole derivatives were obtained by the intramo-
lecular cyclization reaction. An attempted synthesis of unsymmetric ureas resulted in
the formation of a mixture of symmetric and unsymmetric products.

Introduction

The activation of carbon monoxide by transition metal catalysts is of current
interest [1]. Complexes of Group VIII first and second row metals have been used as
catalysts for wide varieties of transformations [2,3]. Compared with these metals,
platinum complexes have had less attention as catalysts for carbonylations with
carbon monoxide. Recently, Knifton and Schwanger [4] and Ogata and co-workers
[5] have reported carbonylation of olefins in the presence of a platinum/ tin(II)
chloride systems. We also reveal that a homogeneous platinum catalyst system is
highly active for a series of the reductive N-carbonylation of nitroarenes under
carbon monoxide pressure affording phenylcarbamates [6], aminoarenes [7], or
arylamides [8] as products.

This paper deals with platinum catalyzed synthesis of urea derivatives from
nitroarenes and amines. Regarding transition metal catalyzed syntheses of urea
derivatives from nitroarenes, only a few precedents are known. Heck et al. [9] have
found that palladium catalysts show high catalytic activity for urea synthesis from
nitroarenes and aminoarenes under carbon monoxide. Igbal [10] obtained urea
derivatives by carbonylation of aromatic azides under carbon monoxide.
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SCHEME 1

Results and discussion

Nitrobenzene reacted with aniline in the presence of a platinum/tin(IV) chloride
catalyst system at 140°C for 4 h under carbon monoxide (60 kg cm ™ 2). N, N’-Di-
phenylurea was the product obtained. Effects of the catalyst components in this
reaction were examined. The results are listed in Table 1. Dichlorobis(triphenylphos-
phine)platinum(Il) combined with tin(IV) chloride and triethylamine showed the
highest catalytic activity (Run 1). If one of these components, tin(IV) chloride or
triethylamine, were removed from the catalyst system, the yield of urea was
dramatically decreased (Runs 2-4). When the amount of triethylamine was reduced
to 0.5 mmol ([Et;N]/[SnCl,]= 0.5; Run 5), the yield of urea decreased to 14%. An
excess of triethylamine over tin(IV) chloride was required for a good yield of urea.
The optimum reaction temperature was 140°C, and the yield of urea decreased at
100°C. Use of aluminum(III) chloride or iron(IIl) chloride as a Lewis acid gave
lower yields (Runs 7 and 8). Heck et al. claimed that tetrabutylammonium chloride
was essential in the palladium catalyzed reaction [9]. Tetrabutylammonium chloride
cannot replace tin(IV) chloride in the present platinum catalyst system. When the
inorganic base, potassium carbonate, 1s used instead of triethylamine, the yield of
urea is low (Run 9).

This procedure was applicable in the preparation of unsymmetric ureas, although
a mixture of symmetric and unsymmetric products was obtained. Both the reaction
of nitrobenzene with p-toluidine and the reaction of p-nitrotoluene with aniline gave

TABLE 1

PLATINUM CATALYZED SYNTHESIS OF N, N’-DIPHENYLUREA FROM NITROBENZENE
AND ANILINE “

Run Lewis acid Base Temperature (°C) Yield (%) ®
1 SnCl, Et,N 140 65 (61) ©

2 SnCl, - 140 5

3 - Et,N 140 27

4 - - 140 1

54 SnCl, Ei3N 140 14

6 $nCl, Et;N 100 19

7¢ AICL, Et;N 140 27

8 FeCl, Et,N 140 37

9 S$nCl, K,CO,” 140 7

“ A mixture of nitrobenzene (10 mmol), aniline (11 mmol), PtCl,(PPh;), (0.10 mmol; 1.0 mol% based
on nitrobenzene), SnCl, (1.0 mmol), Et;N (1.8 mmol), and dioxane (20 ml) was stirred for 4 h under
carbon monoxide (initial 60 kg cm™2). ® Determined by HPLC based on the amount of nitrobenzene
charged. ¢ Isolated yield in parenthesis. ¢ Et,N (0.5 mmol). ® Et,N (5.0 mmol). benzene (20 ml).
f K,CO, (7.0 mmol).
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SCHEME 2

a mixture of three ureas (see Experimental). The proportions of these ureas could
not be determined by *C NMR spectra. Therefore, these were estimated by
FD-mass spectra (Scheme 2). Figures in parentheses in Scheme 2 show sums of
relative intensities of M* and M H™ for the ureas.

When nitrobenzene alone was treated with triethylamine in the presence of the
platinum / tin(IV) chloride catalyst system, N, N’-diphenylurea was obtained in 64%
yield. Nitrobenzene may be partly hydrogenated to aniline. The hydrogen source in
this reaction is considered to be triethylamine. Several examples of hydrogen transfer
from amines catalyzed by transition metals have been shown in the literature [11].
Molecular hydrogen (30 kg cm™? initial) was not effective as the hydrogen source
for this reaction. The urea was obtained only in 1% yield, but aniline was a major
product (65% yield). When aniline alone was used in the reaction, aniline conversion
was low and the yield of urea was only 9%. In the present reaction, therefore, the
combination of a nitroarene and an aminoarene is indispensable for high yield of the
urea.

The reaction features observed hitherto are consistent with the sequence repre-
sented by eq. 1-5 (Scheme 3). One of the key intermediates in the present reaction

co
arno, LPEl 2€0_  (arn) (Pt] 5 (ArNCO) [Pt] (1)
-2c0,
(ArNCO) [Pt] + ArNH,——> ArNHCONHAr + [Pt] (2)
(ArNCO) [Pt] + Ar'NH,—> AYNHCONHAr' +([Pt] (3)
[Pt]
Ar'NH, ——> Ar'NHCO[Pt]H (4)
2
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L arno
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SCHEME 3
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TABLE 2
PLATINUM CATALYZED SYNTHESES OF UREA DERIVATIVES “

Run Nitroarene Aminoarene Product Yield (%) *
10 p-nitrotoluene p-toluidine N, N’-bis(4-methylphenyl)urea 67
11 o-nitrotoluene o-toluidine N, N’-bis(2-methylphenyl)urea 49
12 p-nitrochlorobenzene p-chloroaniline N, N’-bis(4-chlorophenyljurea 61
13 p-nitroanisole p-methoxyaniline N, N’-bis(4-methoxyphenyljurea 20
14 ¢ o-nitroaniline 1,3-dihydro-2 H-benzimidazol-2-one 56
15 < 2-nitro-p-toluidine 1,3-dihydro-5-methyl-2 H-benzimidazol-2-one 29

¢ Nitroarene (10 mmol), aminoarene (10 mmol), PtCl,(PPh;), (0.10 mmol), SnCl, (1.0 mmol), Et;N (5
mmol), benzene (20 ml) at 140°C for 4 h under carbon monoxide (initial 60 kg em~2). * Isolated yield.
¢ Nitroaminoarene (10 mmol), Et;N (1.8 mmol), dioxane (20 ml). ¥ At 110°C.

seems to be a phenylisocyanate complex generated by carbonylation of a nitrene-
platinum complex as shown by eq. 1. There have been several precedents for a
nitrene intermediate from a nitroarene and carbon monoxide [12], and also for the
carbonylation of a nitrene intermediate into an isocyanate [13]. The phenyliso-
cyanate intermediate can react with an amine to give the corresponding urea
derivatives (eq. 2 and 3). Another key intermediate would be a carbamoyl complex
from the amine and carbon monoxide (eq. 4). Such a carbamoyl intermediate is
presumed in urea synthesis from amines and carbon monoxide [14]. The carbamoyl
intermediate reacts with the amine in the presence of the nitro compound to give the
urea (eq. 5). Here, the nitro compound works as an oxidizing reagent by removing
hydrogen from the carbamoyl intermediate. Yield of the urea is low without the
nitro compound (vide supra). Oxidative N-carbonylation of aminoarenes has been
reported recently [15].

An aliphatic amine such as n-butylamine reacted similarly with nitrobenzene. A
mixture of three ureas was obtained and the proportion of each urea was estimated
by '*C NMR spectra; N, N’-dibutylurea/N-butyl-N'-phenylurea /N, N’-diphenyl-
urea: 46,/46 /8. Generally the formation of the carbamoyl complex is favored with
an aliphatic amine [16]. This may lead to the considerable formation of the
N, N’-dialkylurea.

Several symmetric aromatic ureas were obtained by the present catalytic system.
Results are listed in Table 2. Methyl and chloro substituents at the para position did
not affect the reaction. However, the methoxy substituent reduced the yield consid-
erably (Run 13). Benzimidazole derivatives were also produced intramolecularly,
although yields were rather moderate (Runs 14 and 15).

Experimental

Materials

The reagents employed in this study were purified before use. Carbon monoxide
(>99.9%) was used without further purification. The platinum complex was pre-
pared by the literature method [17). '"H NMR spectra are given in §(ppm), 100
MHz; *C NMR in 8(ppm), 25.05 MHz in DMSO-d,.

General procedure
A 100 ml stainless steel autoclave (Nitto Koatsu) equipped with a magnetic stirrer
was used. A glass liner was set in the autoclave and the inside of it was heated with a
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heat gun (400 W) for 2 min. After the reactor was cooled under argon, the reagents
were charged in the following order: solvent (20 ml), nitroarene (10 mmol),
aminoarene (10 mmol), triethylamine (0.25 ml, 1.8 mmol), PtCl,(PPh,), (79 mg,
0.10 mmol; 1.0 mol% based on the nitroarene), and SnCl, (0.12 mi, 1.0 mmol). After
being sealed and flushed with carbon monoxide, the reactor was pressurized with
carbon monoxide to 60 kg cm™2. The autoclave was heated to 140°C in 15 min and
then held at this temperature for 4 h. The reaction was terminated by rapid cooling
and the autoclave was discharged. The resulting brown solution was analyzed by
HPLC. The products were isolated by recrystallization from ethanol. The products
were identified by elemental analysis, IR, '"H NMR, *C NMR, and mass spectra.

Analytical procedure

The »C NMR and 'H NMR spectra were recorded at 25.05 and 100 MHz
respectively with a JEOL JNM FX 100 spectrometer. Samples were dissolved in
DMSO-d,, and the chemical shift values were expressed relative to Me, Si as internal
standard. The HPLC analysis was performed on a Shimadzu LC-5A equipped with
Merck Hibar RP-18 (5 pm). A mixture of methanol and water (6 /4 v /v) was used as
an eluant. The product yields were determined by HPLC with phenetole as the
internal standard. The IR spectra were measured on a Nicolet 5SMX Fourier
transform infrared spectrophotometer. The FD-mass spectra were measured on a
Hitachi M-80. Elemental analyses were performed at the Microanalytical Center of
Kyoto University.

N,N’-Diphenylurea from nitrobenzene (in the absence of aniline). A mixture of
nitrobenzene (1.2 g, 10 mmol), PtCl,(PPh,), (79 mg, 0.10 mmol), SnCl, (0.12 ml,
1.0 mmol), Et;N (0.7 ml, 5 mmol), and benzene (20 ml) was stirred under the same
conditions described in the general procedure. N, N’-Diphenylurea was obtained in
64% yield.

N,N’-Diphenylurea from aniline (in the absence of nitrobenzene). Aniline (0.95 g,
10 mmol), PtCl,(PPh,), (79 mg, 0.10 mmol), SnCl, (0.12 ml, 1.0 mmol), Et;N (0.25
ml, 1.8 mmol), and benzene (20 ml) were stirred under the same reaction conditions
as described in the general procedure. N, N'-Diphenylurea was obtained in 9% yield.

Reaction with molecular hydrogen. Nitrobenzene (1.2 g, 10 mmol), PtCl,(PPh,),
(79 mg, 0.10 mmol), SnCl, (0.12 ml, 1.0 mmol), Et;N (0.25 ml, 1.8 mmol), benzene
(20 ml) were charged in the autoclave. The autoclave was then pressurized with
carbon monoxide (60 kg cm™?2) and hydrogen (30 kg cm ™ 2), the reactor was heated
to 140°C and held at this temperature for 4 h. N, N’-Diphenylurea was obtained in
1% yield as well as aniline in 65% yield.

Synthesis of unsymmetric urea

A mixture of nitroarene (10 mmol), amine (10 mmol), triethylamine (0.25 ml, 1.8
mmol), PtCl,(PPh,), (79 mg, 0.1 mmol), SnCl, (0.12 ml, 1.0 mmol), dioxane (20
ml) was stirred under the same conditions as described in the general procedure.
From nitrobenzene (1.3 g, 10 mmol), and p-toluidine (1.1 g, 10 mmol), 1.78 g of a
mixture of three ureas (N,N’-diphenylurea, N-(4-methylphenyl)-N’-phenylurea,
N, N'-bis(4-methylphenyl)urea) was isolated by recrystallization from ethanol. From
p-nitrotoluene (1.4 g, 10 mmol), and aniline (1.0 g, 10 mmol), 1.86 g of a similar
mixture of the three ureas was isolated. The proportion of each urea was estimated
by the FD-mass spectra (see Scheme 2). From nitrobenzene (1.3 g, 10 mmol) and
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n-butylamine (0.73 g, 10 mmol), 1.06 g of a mixture of three ureas (N, N’-diphenyl-
urea, N-butyl-N’-phenylurea, N, N'-dibutylurea) was isolated by Kugelrohr distilla-
tion. The proportion of each urea was estimated by '"C NMR spectra (gated
decoupling method).

The analytical data of the products are described below. The phenyl carbon
resonance in the *C NMR spectra were tentatively assigned by calculating their
chemical shifts with additive parameters [18].

N,N’-Diphenylurea. White crystals. '"H NMR: 8 6.89-7.50 (m, 12H, phenyl and
NH). *C NMR: 8 139.6 (s, phenyl, 1,1°), 118.0 (d, phenyl 2,6,2°,6"), 128.6 (d, phenyl
3,5,3,5"), 121.6 (d, phenyl 4,4’y 152.4 (s, C=0). IR (KBr): 3330 cm ' (»(N-H)),
1650 cm ! (»(C=0)). MS (m/e): 212 (M"). Found: C, 73.19; H, 5.63: N, 12.74.
C,3H;N,O caled.: C, 73.57; H, 5.70; N, 13.20%.

N, N'-Bis(4-methylphenyljurea. White crystals. '"H NMR: § 2.23 (s, 3H, -CH,),
7.06 (d, 4H, phenyl, J 8.07 Hz), 7.32 (d, 4H, phenyl, J 8.07 Hz), 8.49 (s, 2H, NH).
13C NMR: 8 20.4 (q, -CH,), 137.3 (s, phenyl, 1,1), 118.3 (d, phenyl, 2,6,2,6"), 129.2
(d, phenyl, 3,5,3",5"), 130.6 (s, phenyl, 4,4), 152.7 (s, C=0). IR (KBr): »(N-H) 3300
cm” ! »(C=0) 1635 cm . Found: C, 75.15; H, 6.62; N, 11.62. C,H,;(N,O caled.:
C, 74.97; H, 6.71; N, 11.66%.

N,N'-Bis(4-chlorophenyljurea. White crystals. '"H NMR: § 7.31 (d, 4H, phenyl,
J 9.0 Hz), 7.51 (d, 4H, phenyl, J 9.0 Hz), 8.84 (s, 2H, NH). 3C NMR: § 138.6 (s,
phenyl, 1,1), 120.0 (d, phenyl, 2,6,2",6"), 128.7 (d, phenyl, 3,5,3".5"), 125.7 (s, phenyl,
4,4, 152.5 (s, C=0). IR (KBr): »(N-H) 3300 cm ™!, »(C=0) 1630 cm !, Found: C,
55.43; H, 3.42; N, 10.01; Cl, 24.97. C,,H,,N,OCl caled.: C, 55.54; H, 3.59; N. 9.96;
Cl, 25.22%.

N,N'-Bis(4-methoxyphenylurea. White crystals, '"H NMR: § 3.38 (s, 6H, CH,0),
6.85 (d, 4H, phenyl, J 9.0 Hz), 7.35 (d, 4H, phenyl, J 9.0 Hz), 8.37 (s, 2H, NH). '*C
NMR: § 55.8 (q, —OCH,;), 133.0. (s, phenyl, 1,1), 120.1 (d, phenyl, 2,6,2",6'), 114.1
(d, phenyl, 3,5,3",5"), 153.1 (s, phenyl, 4,4), 154.4 (s, C=0). IR (KBr): »(N-H) 3270
cm™ ', »(C=0) 1630 cm~'. Found: C, 66.38; H, 5.73; N, 10.34. C,sH,(N,O; calcd.:
C, 66.16; H, 5.92; N, 10.29%.

N,N'-Bis(2-methylphenyljurea. White crystals. '"H NMR: 8§ 2.26 (s, 6H, ~CH,),
6.92-7.85 (m, 8H, phenyl) 8.22 (s, 2H, NH). °C NMR: § 17.9 (g, ~CH,). 137.3 (s,
phenyl, 1,1°), 127.6 (s, phenyl, 2,2"), 130.0 (d, phenyl, 3,3"), 122.5 (d, phenyl, 4.4"),
125.9 (d, phenyl, 5,5"), 121.4 (d, phenyl, 6,6"), 152.8 (s, C=0). IR (KBr): »(N-H)
3300 cm™', »(C=0) 1635 cm ! Found: C, 74.38; H, 6.76; N, 11.60. C,sH, N0
caled.: C, 74.97; H, 6.71; N, 11.66%.

1,3-Dihydro-2H-benzimidazol-2-one. Brown crystals. 'H NMR: § 6.94 (s, 6H,
phenyl, NH). '*C NMR: § 129.6 (s, phenyl, 1), 108.4 (d, phenyl, 4,7), 120.3 (d.
phenyl, 5,6), 155.3 (s, C=0). IR (KBr): »(N-H) 3180 cm ™!, »(N-H) 3140 cm ™',
y(C=0) 1740 cm ™.

1,3-Dihydro-5-methyl-2 H-benzimidazoi-Z-one. Brown crystals. '"H NMR: 8§ 2.28
(s, 3H, -CH,), 6.76-6.79 (m, 3H, phenyl). *C NMR; & 21.0 (g, -CH,), 108.0 (d,
phenyl, 7), 108.9 (d, phenyl, 4), 120.7 (d, phenyl, 6), 127.3 (s, phenyl, 8), 129.2 (s,
phenyl, 5), 129.8 (s, phenyl, 9), 155.3 (s, C=0). IR (KBr): »(N-H) 3132 cm ',
»(C=0) 1749 cm ™.
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