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ABSTRACT 

Heterocvclic compounds, including benzimidazo- 
lones, naphthimidazolone, benzoxazolones, benzo- 
thiazolone, quinazolinone, benzoxazinone, quinazo- 
linedione, and imidazopyridinone were synthesized 
in good yields by sulfur-assisted carbonylation of ar- 
omatic amines with carbon monoxide (1 atm) at room 
temperature, with subsequent oxidation using rnolec- 
ular oxygen (1 atm, RT). The present method is char- 
acterized as a simple procedure carried out under quite 
mild conditions. 

INTRODUCTION 
Elemental sulfur promotes carbonylation of amines 
with carbon monoxide to form urea derivatives [l- 
31 and thiocarbamates [4]. However, these reac- 
tions have been carried out under drastic con- 
ditions (high pressure and temperature). Very 
recently, we developed a convenient synthesis of 
urea derivatives by the combination of the sulfur- 
assisted carbonylation of primary amines using 
carbon monoxide, with a subsequent oxidation of 
formed ammonium salts of thiocarbamates using 
molecular oxygen under mild conditions such as 
ordinary pressure and room temperature [ 5 ] .  

Herein, we wish to report a facile synthesis of 
a variety of nitrogen-containing heterocycles [6,8] 
from aromatic amines using sulfur-assisted car- 
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bonylation with carbon monoxide at atmospheric 
pressure and subsequent oxidation with molecular 
oxygen (1 atm) at room temperature (Equation 1). 
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RESULTS AND DISCUSSION 
At the outset, the effects of several bases were ex- 
amined on the synthesis of benzimidazolone (2a) 
from 1,2-diaminobenzene (la) (Table 1). It was 
found that the use of a base is essential for this 
sulfur-assisted carbonylation and that the char- 
acter of the base has a remarkable influence on the 
yield of 2a. Among the bases, the use of potassium 
carbonate (72%) or of N-methylpyrrolidine (75%) 
gave relatively good results. 

A variety of heterocyclic compounds (benzi- 
midazolones, naphthimidazolone, benzoxazolones, 
benzothiazolone, quinazolinone, benzoxazinone, 
quinazolinedione, and imidazopyridinone) (2a-1) 
were prepared by the herein described sulfur-as- 
sisted carbonylation of aromatic amines with car- 
bon monoxide in the presence of potassium car- 
bonate (which is easily available and manipulable) 
for 3 hours at ordinary pressure and temperature, 
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TABLE 1 
lone (2a) 

Effect of Bases for Synthesis of Benzimidazo- 

Base Yield. Yoa Base Yield. Yoa 

K2C03 72 DBU 57 
K2C03' 0 DABCO 32 
NaOH 52 C N-CH? 75 
None 0 Et3N 51 

s + co i s=c=o 

3 

0 
II 

l a  4a 
"Isolated yields based on 1,2-diaminobenzene used. 
"Carbonylation was performed under a nitrogen atmosphere 

i 0 ', 

TABLE 2 Synthesis of Heterocycles (2a-1) 

Entty R' I? X Y Yield, 

1 H  H 
2 CH3 H 
3 CH3 CH3 
4 CI H 
5 -(CH=CH)2- 
6 H  H 
7 CH3 H. 
a~ H 
9 H  H 

10 H H 
11 H H 
12 H H 

NH 
NH 
NH 
NH 
NH 
0 
0 
S 
CH2NH 
CH20 
C(0)NH 
NH 

CH 2a 
CH 2b 
CH 2c 
CH 2d 
CH 2e 
CH 2f 
CH 29 
CH 2h 
CH 2i 
CH 2j 
CH 2k 
N 21 

72 

93 
100 
76 

67 
99 
34 
44 
51 
37 

78 

a4 

"Yield of pure isolated product 
'In place of K,CO,. DBU was used as a base 

with subsequent oxidation Lvith molecular oxygen 
for 1 hour under similar mild conditions (Table 2). 

Generally, benzimidazolones, naphthimidazo- 
lone, benzoxazolones, and benzothiazolone (2a-h) 
were easily isolated as pure products by simple 
purification (short column chromatography or re- 
crystallization) in good to excellent yields (entries 
1-8). Quinazolinone, benzoxazinone, and imida- 
zopyridinone (2i, 2j, and 21) were also successfully 
obtained, although the yields of these products were 
unsatisfactory (entries 9, 10, and 12). Synthesis of 
quinazolinedione (2k) from 2-aminobenzamide (lk) 
in moderate yield could be effected in the presence 
of DBU instead of potassium carbonate (entry 11). 

The following scheme shows a plausible path- 
way for the present synthesis of heterocycles 2 un- 
der mild conditions. Elemental sulfur reacts with 
carbon monoxide to give carbonyl sulfide (3) in situ 
[18]. Generated 3 reacts with the aromatic amines 
to form the salts of thiocarbamates 4. Oxidation of 
4 with molecular oxygen may lead to formation of 
biscarbamoyl disulfides 5 as intermediates [20,2 I],  
which are subjected to aminolysis to give hetero- 
cycles 2 .  

Because of the usefulness of the products, mild 
conditions (no need of an autoclave and heating or 
cooling), good yields, practical simplicity, and the 
use of easily available reagents, the present method 

H 
0 2  

H 

sa 2a 

SCHEME 1 

ma!. provide a useful route for synthesis of ben- 
zoheterocyclic compounds 2 .  even on a large scale, 
starting from aromatic amines, carbon monoxide, 
elemental sulfur, and molecular ox\.gen. 

EXPERIMENTAL 
General 
Melting points were determined on a Mettler FP 5 
apparatus and were uncorrected. Infrared (IR) 
spectra were recorded on a Shimadzu IR-435 spec- 
trometer 'H and ''C NMR spectra were obtained 
on a JEOL JNM-EX270 (270 MHz) instrument. 
Chemical shifts were reported as 6 values relative 
to tetramethylsilane. Mass and exact mass spectra 
were recorded on a JEOL JMS-DX303HF spec- 
trometer. DMF was purified by distillation. Aro- 
matic amines, powdered sulfur (99.5%), potassium 
carbonate (99.5%), carbon monoxide (99.9%), and 
oxygen (99.5%) were used as purchased. 

Typical Procedure for Synthesis of 
Benzoxazolone (20 
Elemental sulfur (0.64 g, 20 mmol) and potassium 
carbonate (4.15 g, 30 mmol) were added to a DMF 
solution (20 mL) of 2-hydroxyaniline (10 (1.09 g, 
10 mmol), and the solution was vigorously stirred 
at 20°C for 3 hours under atmospheric pressure of 
one atmosphere of carbon monoxide. After evacu- 
ation of carbon monoxide, oxidation of the result- 
ing mixture with molecular oxygen (1 atm) was 
performed at  20°C with stirring for 1 hour [23]. 
Then, the resulting solution was poured into cooled 
1N HCI (200 mL) and extracted with CHzClz (3 x 
100 mL). The extract was dried over MgSO4 and 
the solvent was removed. Purification by short-col- 
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umn chromatography (silica gel, AcOEt) gave ben- 
zoxazolone (20 in 84% yield (1.13 g), based on If .  

Benzimidazolone (2a). Mp >3OO0C (Ref. [12], 
311°C); IR (KBr) 3100, 3000, 1720, 730 cm-'; 'H 
NMR (d, DMSO) 6 6.93 (s, 4H), 10.58 (brs, 2H); l3C 
NMR (d, DMSO) 6 108.4, 120.3, 129.5, 155.2; MS, 
m/z ,  134 (M-); exact MS calcd. for CiH,N20 
134.0480: found: 134.0486. 

5Methvlbeneiinzdazolone (2b). Mp >300"C (Ref. 
[12], 293-295"C); IR (KBr) 3100, 1740, 780 cm-'; 
'H NMR (d, DMSO) 6 2.27 (s, 3H), 6.71-6.82 (m, 
3H), 10.44 (brs, lH), 10.47 (brs, 1H); I3C NMR (d, 
DMSO) 6 21.0, 108.1, 109.0, 120.8, 127.4, 129.3, 
129.8, 155.4; MS, m / z ,  148 (M-); exact M S  calcd. 
for CsH8N20 148.0637; found: 148.0664. 

5.6-0 inze t l z~ lbe i i~ i~z ida~o~one  ( 2 ~ )  [ 2 4 ] .  Mp 
>300"C (Ref. [13], 384-386°C); IR (KBr) 3100, 2950, 
1680, 1490 cm-'; MS, m/z,  162 ( M l  exact MS calcd. 
for C9H,oN20 162.0793; found: 162.0792. 

j-Chlorobel.z,iirzidaeolone (2d). Mp >300"C (Ref. 
[13], 324-326°C); IR (KBr) 3150, 3000, 1750, 790 
cm-' ;  'H NMR (d, IIMSO) 6 6.90-6.97 (m, 3H), 10.78 
(brs, 2H); "C NMR (do DMSO) 6 108.4, 109.5, 120.0, 
124.5, 128.6, 130.8 135.2; MS, m / z ,  168 (M-); exact 
MS calcd. for C,HXlN,O 168.0090; found: 168.0100. 

Naphtlzimida;olone (ZH-naphth[2,3-d]iinidazol- 
2(3H)-one) (2e) .  Mp >300"C (Ref. [12], >320"C); 
IR (KBr) 3100,3050, 1750,840,730 cm-'; 'H NMR 
(d, DMSO) 6 7.28-7.33 (m, 4H), 7.79-7.84 (m, 2H), 
10.82 (brs, ZH); 13C: NMR (d, DMSO) 6 103.6, 123.2, 
126.8, 129.2, 131.1, 156.2; MS, m / z ,  184 (M+); exact 
MS calcd. for C I I H B N 2 0  184.0637; found: 184.0658. 

Benzoxazolone (20. Mp 140.0"C (Ref. [9], 139- 
140°C); IR (KBr) 3250, 1770, 1730, 1480 cm-'; 'H 

lH), 11.61 (brs, 1H); 13C NMR (d, DMSO) 6 109.5, 
109.7, 121.8, 123.7, 130.3, 143.3, 154.4; MS m / z ,  135 
(M+); exact MS calcd. for C7H5N02 135.0320; found: 
135.0292. 

NMR (d6 DMSO) S 7.05-7.18 (m, 3H), 7.26-7.29 (m, 

5-Methylbenzoxazolone (2g). Mp 128.4"C (Ref. 
[9], 128-129°C); IR (KBr) 3250, 1780, 1730, 1260 
cm-'; 'H NMR (d6 DMSO) 6 2.31 ( s ,  3H), 6.87 (d, 
lH,  J = 8), 6.89 (s, lH), 7.13 (d, l H ,  J = 8), 11.49 
(brs, 1H); I3C NMR (db DMSO) 6 109.0, 110.0, 122.0, 
130.2, 133.1, 141.3, 154.6; MS, m/z,  149 (M+); exact 
MS calcd. for CsHiN02 149.0477; found: 149.0495. 

Benzothiazolone (2h). Mp -1355°C (Ref. [25] ,  
138°C); IR (KBr) 3100, 3050, 1650, 1460 cm-I; 'H 

lH), 7.54-7.57 (m, lH), 11.86 (brs, 1H); I3C NMR 
NMR (d, DMSO) tS 7.10-7.15 (m, 2H), 7.25-7.31 (m, 

(d, DMSO) 6 111.4, 122.5, 122.6, 123.3, 126.3, 136.6, 

170.0; MS, m/z,  151 (M-); exact MS calcd. for 
CiH jNOS 15 1.0092; found: 15 1.008 1. 

Quinazolinone (3,4-dihydr0-2(ZH)-quinazoli- 
none) (2i). Mp 232.8"C (Ref. [26], 229-231°C); IR 
(KBr) 3250, 1720, 1490, 740 cm-'; 'H NMR (d6 
DMSO) 6 4.30 (s, 2H), 6.75-6.87 (m, 3H), 7.04-7.12 
(m, 2H), 8.99 (brs, 1H); I3C NMR (d, DMSO) 6 42.8, 
113.8, 118.4, 121.2, 125.9, 127.8, 138.4, 154.9; MS, 
m/z, 148 (M-); exact MS calcd. for CsH8N20 
148.0637; found: 148.0658. 

Benzoxazinone (Z,4-dihydro-(2H)-3,l-benzoxa- 
zin-2-one) (2j). Mp 118.2"C (Ref. [7], 118.5-1 19°C); 

6 5.27 (s, 2H), 6.87-7.03 (m, 2H), 7.18-7.27 (m, 2H), 
10.13 (brs, 1H); I3C NMR (d, DMSO) 6 67.4, 113.5, 
118.5, 122.2, 124.3, 128.2, 136.4, 151.7; MS, m/z,  
149 (M-1; exact MS calcd. for C8H7NO2 149.0477; 
found: 149.0502. 

IR (KBr) 3100, 1710,1600 cm-'; IH NMR (d, DMSO) 

Qu iiza:olinedione (2,4( 1 H,3H )-qu inazoline- 
dione) (2k). Mp >300"C (Ref. [27], >300"C); IR 
(KBr) 3250, 3050, 1700, 1660, 1440 cm-' ;  'H NMR 
(d6 DMSO) 6 7.16-7.21 (m, ZH), 7.61-7.67 (m, lH), 
7.88-7.91 (m, lH),  11.13 (brs, 1H). 11.26 (brs, 1H); 
"C KMR (d, DMSO) 6 114.3, 115.3, 122.3, 126.9, 
133.9, 140.8, 150.2, 162.8; MS, rn /c ,  162 (Ma); exact 
MS calcd. for C,H,K,O, 162.0429; found: 162.0451. 

Imidazopyridiizone (1 H-imidazo[4,5- blpyridin- 
2(3H)-one) (21). Mp 273.0"C (Ref. [7], 272-273°C); 
IR (KBr) 3450, 2950, 2800, 1670, 1415, 760 cm-'; 
'H NMR (d, DMSO) 6 6.94 (dd, lH, J = 5, 7), 7.22 
(d, lH, J = 7), 7.87 (d, lH,  J = 5 ) ,  10.81 (brs, lH), 
11.28 (brs, 1H); l3C NMR (d, DMSO) 6 114.2, 116.5, 
123.6, 139.5, 144.7, 154.4; MS, m / z ,  135 (M*); exact 
MS calcd. for C6HjN30 135.0433; found: 135.04 17. 
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