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Abstract

A series of unsymmetric ureas containing substituted groups have been synthesized via selenium-catalyzed selective
oxidative—reductive carbonylation of amines and nitro compounds with CO instead of phosgene in one-pot reaction. These
catalytic reactions are important from both synthetic and industrial points of view, because not only the reactions can be
proceeded with high selectivity of higher than 99% towards desired unsymmetric ureas, but also there exists a phase-transfer
process of the selenium catalyst in the reaction, so that the after-treatment of the catalysts and products from the reaction
systems can be easily separated by simple phase separation.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction oxidative carbonylation of anilines catalyzed by noble
metals, including rhodium, ruthenium and palladium
Symmetric, unsymmetric, substituted ureas that [5-8]. However, oxidative carbonylation of amines
contain the peptide bond (-CONH-), many of which or reductive carbonylation of nitro-compounds by
possess biological activities, are widely used as her- selenium catalysts instead of noble metals has been
bicides, agrochemicals and pharmaceuticgls?]. reported to give symmetric ure§s, 10].
The methods for their industrial synthesis have to  Recently, our studies have been extended to syn-
use phosgene as one of the reagents, but phosgene ighesis of unsymmetric ureas by using of selenium
highly toxic and produces a lot of corrosive contam- catalyzed system. Remarkably high chemoselec-
inants[3,4]. In recent years, attention has been paid tivity was simultaneously observed for selective
to a very promising non-phosgene process for the oxidative—reductive carbonization of nitro-compounds
synthesis of various unsymmetric ureas, namely, the and anilines as reagents with GOL—15]
reductive carbonylation of nitro-compounds or the In this work, we report a series of unsymmetric
ureas synthesized in one-pot reaction by combining
B selenium-catalyzed oxidative carbonylation of anilines
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which plays an important role in the formation of a cat- Table 1
alytic cycle. The products can thus be easily obtained Carbonylation of aromatic nitro-compounds with piperidine as

by simple phase separation. Hence, a simple, effective °"¢39eM

and new method, in which the oxidative carbonylation Substrate Product Yield (%)
of amines is combined with reductive carbonylation

of nitro-compounds and the selenium is used as cata-<;>'\‘O2 CN'CONHQ 80.0

lyst for the synthesis of unsymmetric ureas, has been
developed. Me-@-NOZ € N-CONH@-Me 64.0

2. Experimental Br_Q CN'CONHQ 55.3

NO, Br
The carbonylation reaction was carried out in a C|—©—N02 < :N_CONP,@.Q 40.6
70 ml stainless steel autoclave, which was placed in
a thermostatic oil bath. The stirring rates were kept NO, < :N_CONHQ
constant for all the experiments. Reaction materials Mé 24.5

including aromatic nitro-compound, amine, organic
solvent, catalyst Se and co-catalysitwere in- NO, CN-CONHQ
troduced into the autoclave. The reactor was sealed, Cl Cl
flushed three times with 2.0 MPa of CO, and,CheCk?d Reaction conditions: substrate 10 mmol; ArNG = 10 mmol;
for leaks. Then the autoclave was pressurized with se—_ 9.5mmol; EgN = 10 mmol; CO= 3.0MPa; PhMe= 10g;
CO, and placed in the oil bath preheated to reaction 150-160°C; 1.5h.
temperature.

The purity of the products was determined by aWa- ¢4rhonylation of aromatic nitro-compounds except
ters HPLC, with MeOH-HO mixed solvent as eluent.  5_cic,H,NO,, with secondary amines as coreagents
Selectivities of desired unsymmetric ureas are higher give simple unsymmetric ureas. The selectivity of

unsymmetric urea is about 99.1%.

7 NN C Se ] A
RQ Or 4 (_NH+3C0 ——>—n | NCONH@R +2C0,

R=H,CH,.Br,Cl 1)

When the nitro-compounds are fatty nitro-com-
than 99%. Melting points were determined on a Taike pounds, oxidative carbonylation of amines can only
X-4 apparatus (Beijing, China) and were uncorrected. give symmetric ureas containing some amine group,
13C and'H NMR spectra were recorded on a Bruker as shown inTable 2 The yields of symmetric ureas
DRX 400 spectrometer with CDglas solvent and  increase in the presence of fatty nitro-compounds.
Me4Si as internal standard.

3.2. Selective oxidative—reductive carbonylation of
heterocyclic amines and nitro compounds
3. Results and discussion
Selenium catalyzed selective oxidative—reductive
3.1. Selective oxidative—reductive carbonylation of carbonylation of heterocyclic amines, such as
amines and aromatic nitro-compounds 2-aminopyridine, 3-aminopyridine or 4-aminopyridine
and nitro compound to form simple unsymmetric
Selenium-catalyzed reductive carbonylation of aro- heterocycle urea, with BN as cocatalysts, has been
matic nitro-compounds, with piperidine as coreagents conductedEq. (2) The vyields are from moderate to
and forming unsymmetric phenylureas, has been good and the selectivity of the desired urea is 70—-80%
conducted inTable 1 Eqg. (1) Oxidative—reductive (Table 3. Although, the heterocyclic amines are pri-
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Table 2
The results of the carbonylation of MeN@nd amines with Co
Amine Product Yield (%)
Without MeNG With MeNO,
n-BuNH, (n-BuNH),CO 33.5 56.1
i-PrNH, (i-PrNH),CO 55.4 91.2
PhCHNH,? (PhCHNH),CO 30.0 64.0
<:>—NH2 (<:>—NH)2CO 55.8 90.0
NH
@NHZC @( =0 40.2 76.1
NHz NH
CHs(CHz)13NH> (CH3(CHz)13NH),CO 82.7 90.9
CHs(CHz)17NH> (CH3(CHz)17NH),CO 83.7 92.1

aReaction conditions: substrate0.02 mol; Se= 0.5 mmol; MePh= 10g; CO= 2.0 MPa; 140C; 2h.

b Reaction conditions: 0.1 mmol Se was used.
¢Reaction conditions: 0.01 mol £ was used.

mary amines, the selectivity of the desired urea is
not low [11]. When the nitro-compounds are fatty

nitro-compounds, unsymmetric heterocycle urea is
not obtained.

—\ _R
X ~ Se/Et;N
(\' NH2 * NO2O +3C0 —3>
N/) \ 7 toluene

R=CI,CH;,COCH;,COOH etc
3.3. Slective formation of monuron

The effect of various reaction conditions on the se-
lective formation of the monuron that is the herbicide
by selenium-catalyzed oxidative-reductive carbony-
lation of p-CICgH4NO2 and HN(CH)2 (33%)/HO
(67%) are showrtq. (3)in Table 4 It can be seen
that the carbonylation yield increases with the in-
crease of the reaction temperature (10030 the

CO pressure (1-3 MPa) and the reaction time (1-4 h).

From the results of entries 3-5 it is found that the
yield of selective oxidative—-reductive carbonylation
decreases as temperature increases to aboveCl35

because monuron is hydrolysised. Under the condi-

tion of 135°C, P¢, = 3.0MPa and 4 h, the vyield of
monuron was 54.5% (according @CICgH4NOy).
The selectivity of monuron is 99.7%.

CI—@-NOQ + HN(CHj),

+3C0 Se/EsN

CI—@-NH@N(CHM +2C0,

3.4. Phase-transfer function of selenium-catalyzed
system

It is interesting that the selenium catalyst and
the organic layer can be recycled for use, after the

't R
S —X
| JNHONHY\ /) +2C0,
N

2

monuron was separated. Nearly no loss in the re-
activity has been detected (entries 6—9Tible 4.
Before the reaction, the selenium catalyst was in
the solid state in this selenium-catalyzed system,
which is different in phase with the reagents. Dur-
ing the reaction process, selenium reacts with carbon
monoxide to form SeCO, which can then dissolve
in the solvent to form a homogeneous catalytic sys-
tem. After the reaction, the solid selenium catalyst
is reappeared and can been separated from the so-
lution of the product. Therefore, an special oxidant
is not necessary to be added in the reaction system,
and the intermediate hydroselenium can be oxidized
to selenium. The nitro-compound, which is one of
the reagents, can impel the recycling of the catalyst

3
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Table 3
Carbonylation of different substituted nitrobenzene with aminopyridine
Substrate Product Yield (%)
HeC NO, HoN=/ N 3 50.6
3 2 MR\ H3C—©—NHCONH—</;\N
7\
H30-©-N02 H2N‘Q " C—@-NHCONH—@ 59.7
B N ¢ =N
H3C—©-N02 HoN (j B ol Hrrconnd 53.8
, N=
Cl—QNo H N@N 45.4
2 TR N\ CI—@-NHCONH@N '
7\
C|—©—No HoN 72\ 421
2 =N m—@—wcom@
7 N\
C|—©—No HoN 7\ 335
2 \= CI—@—NHCON o
f 7B % 90.7
nd Do, wn-{ N 2 WA
7 N f 84.7
CHJf—@-NOz. HzNQ CHacQ—NHCONHQ
E H2N-(/t\> f 7 N\ 56.1
CHa '@'NOQ’ - CHac—@NHCONH@
HOOC
HOOC
@NOZ HzN‘QN @-NHCOM—QN 47
HOOC HOOC
7 N\ @ H@ 56.7
HaN
@-Noz’ 2 Q NHCON Ly
HOOC HOOC
7\ 48.7
@'NO{HQN@ DNHCON (j_\
HoN 7\ B ~
RNO,, N=

Reaction conditions: substrate 10 mmol; Se= 0.5 mmol; EgN = 10 mmol; PhMe= 10g; CO= 3.0 MPa; 130°C; 4h.
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Table 4
Selective redox carbonylation of p-G84NO, and HN(CH), catalyzed by seleniufn
Entry Cycl& Temperature °C) Pco (MPa) Time (h) Yield (%) Selectivity (%)
1 0 100 3 4 34 99.7
2 0 125 3 4 21.8 99.7
3 0 135 3 4 54.5 99.7
4 0 145 3 4 45.9 99.7
5 0 150 3 4 36.9 99.7
6 1 135 3 4 67.9 99.6
7 2 135 3 4 79.9 99.6
8 3 135 3 4 112.7 99.5
9 4 135 3 4 104.4 99.5
10 0 135 1 4 32.6 99.7
11 0 135 2 4 43.6 99.7
12 0 135 4 4 54.7 99.7
13 0 135 3 8 44.3 99.8
14 0 135 3 6 47.9 99.8
15 0 135 3 2 29.2 99.8
16 0 135 3 1 17.4 99.8

aReaction conditions: Se- 0.5 mmol,p-CICsH4NO, = 10 mmol), HN(CH)2 (33%)/H,O (67%) (20 mmol), (CH)2CO (10 ml), EgN
(2.4ml).
b Number of catalyst and organic layer recycles.
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