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In this pa per, eigh teen aryl sub sti tuted semicarbazide un der went ef fi cient ox i da tion to aryl azo com -
pounds us ing NaNO2/NaHSO4·H2O/SiO2 un der mild con di tions with ex cel lent yields.

IN TRO DUC TION

Azo com pounds have caused great in ter est in or ganic
syn the sis. They are widely used as dyes and an a lyt i cal re -
agents.1 Op ti cal-switching and im age stor age can be made by
azo ben zene liq uid crys tal film.2,3 Re cently, many note wor thy 
stud ies have shown that some azo com pounds pos sess ex cel -
lent op ti cal mem ory and pho to elec tric prop er ties.4,5

Sub sti tuted semicarbazide or carbazide can make many 
re ac tions,6,7 such as ox i da tion, re duc tion, sub sti tu tion, cy -
cliza tion, con den sa tion and ad di tion. The ox i da tion of aryl
sub sti tuted semicarbazide into aryl azo com pounds is an im -
por tant trans for ma tion in or ganic syn the sis. We have been
pay ing par tic u lar and con tin u ous at ten tion to this field. In our 
lab o ra tory, FeCl3·6H2O,8 DMF-NOx,9 KClO3/H2SO4/FeSO4,10

Galvinoxy11 and NBS/pyridine12 have been used as ef fec tive
ox i dants and got ten rel a tively better re sults. But most of the
meth ods are de fi cient be cause of te dious op er a tion,11,12 ex -
pen sive cat a lysts,11 the use of a large amount of sol vent,11,12

or strong acid or ba sic me dia.8,10 These limit their ap pli ca tion
in or ganic syn the sis. There fore, there is much room for im -
prove ment of the ex ist ing meth ods.

RE SULTS AND DIS CUS SION

In con tin u a tion of our stud ies on the syn the sis of azo
com pounds, we de cided to de velop a new re agent or re agent
sys tem to over come the above lim i ta tions. The com bi na tion
of NaNO2 and NaHSO4·H2O in the pres ence of SiO2 has been
used as an ef fec tive ox i diz ing agent for the dehydrogenation
of 4-substituted-1,2,4-triazole-3,5-diones suc cess fully.13 The 
[NO+·crown·H(NO3)2

-] com plex is also re ported as an ef fec -

tive ox i diz ing agent for its dehydrogenation.14 We ra tio nal -
ized that NaNO2/NaHSO4·H2O might be suit able for the ox i -
da tion of aryl sub sti tuted semicarbazide. Af ter our ex per i -
ments, it was dem on strated that this is an ef fec tive re agent.
All re ac tions were per formed smoothly at room tem per a ture
(Scheme I) and com pleted within 30 min with ex cel lent
yields.
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Scheme  I

Table 1. Oxidation of 1a (1 mmol) in the Presence of SiO2 (0.3
g, 60-100 mesh) with Different Molar Ratios of
NaNO2

a:NaHSO4·H2O
a

Entry NaNO2:NaHSO4·H2O Reaction time Yield ( )

1 1:1 30 min 40
2 1.5:1.5 30 min 55
3 2:2 30 min 65
4 2.5:2.5 30 min 80
5 3:3 30 min 98
6 3:3 3 h 95
7 3:3 30 min 40b

8 3:0 24 h a little
a crushed to a fine powder b without SiO2



In the ox i da tion study, we se lected 1a as a model, a rel a -
tively unreactive sub strate. The op ti mum mo lar ra tio was
searched by re ac tion us ing 1a (1 mmol) and SiO2 (0.3 g,
60-100 mesh) with var i ous mo lar ra tios of NaNO2:NaHSO4·
H2O. The re sults are sum ma rized in Ta ble 1. If NaNO2 was
used for the ox i da tion alone, the re ac tion did not oc cur af ter
stir ring 24 h. The ox i da tion of 1a was ef fi ciently achieved
with this ox i da tion sys tem. The pres ence of SiO2 is cru cial.
Al though the re ac tion oc curs with out SiO2, the re ac tion pe -
riod would be much lon ger. There fore, we thought that the
pres ence of SiO2 will act as a me dia and will pro vide a het er o -
ge neous ef fec tive sur face area for the gen er a tion of HNO2.
No ad di tional prod ucts were iden ti fied from this re ac tion.
The pos si ble mech a nism is shown in Scheme II.

Over all, we rec om mend this sim ple, clean and eco nom -
i cal pro ce dure for the ox i da tion of aryl sub sti tuted semi car -
bazide with ex cel lent yields un der mild con di tions. In all
cases, clean trans for ma tion could be de tected by TLC. We be -
lieve that the pres ent meth od ol ogy is an im por tant ad di tion to 
ex ist ing meth od ol ogy.

EX PER I MEN TAL SEC TION

Melting points were de ter mined on a Kolfler mi cro
melt ing points ap pa ra tus and mea sured in C with out cor rec -
tion. El e men tal anal y ses were per formed on a Perkin-Elmer
240C an a lyt i cal in stru ment. In fra red spec tra were re corded
on a SP3-300 spec tra pho tom e ter us ing KBr pel lets. 1H NMR
spec tra were mea sured in CDCl3 us ing TMS as in ter nal stan -
dard with a JEOL-90Q NMR spec trom e ter. Mass spec tra
were re corded on a KRATOS-AEI-MS50 (U.K.).

Gen eral Pro ce dure for the Prep a ra tion of Aryl Azo
Com pounds

A mix ture of aryl sub sti tuted semicarbazide (1 mmol),

NaNO2 (0.207 g, 3 mmol) and NaHSO4·H2O (0.324 g, 3
mmol) and SiO2 (0.3 g, 60-100 msh) in ac e tone (15 mL) was
vig or ously stirred at room tem per a ture. Af ter com ple tion of
the re ac tion (TLC), the re ac tion mix ture was fil tered. Then
cool wa ter (30 mL) was poured into the fil trate slowly. Af ter
30 min, the re sult ing pre cip i tate was col lected, washed with
wa ter, recrystallized from EtOH-H2O (3:1) mix ture and dried 
un der vac uum.

2a: red tab u lar; Yield 98%; mp 109-111 C; IR (KBr)

max: 3232, 3060, 1680, 1600, 1500, 1420 (cm-1); 1H NMR
(CDCl3)  (ppm): 7.03-7.80 (m, 10H, Ar-H), 8.90 (s, 1H,
NH); MS (m/z): 225 (M+), 120 (B), 105, 92, 91, 77; Anal.
Calcd. for C13H11N3O: C, 69.31; H, 4.93; N, 18.66. Found: C,
69.07; H, 5.11; N, 18.89.

2b: or ange tab u lar; Yield 94%; mp 103-104 C; IR
(KBr) max: 3240, 3060, 2995, 1682, 1580, 1480, 1402 (cm-1); 
1H NMR (CDCl3)  (ppm): 2.27 (s, 3H, CH3), 7.06-7.98 (m,
9H, Ar-H), 8.90 (s, 1H, NH); Anal. Calcd. for C14H13N3O: C,
70.29; H, 5.44; N, 17.57. Found: C, 70.14; H, 5.38; N, 17.85.

2c: or ange tab u lar; Yield 95%; mp 70-72 C; IR (KBr)

max: 3260, 3030, 2970, 2850, 1685, 1598, 1470, 1425 (cm-1);
1H NMR (CDCl3)  (ppm): 2.26 (s, 3H, CH3), 6.80-8.02 (m,
9H, Ar-H), 8.25 (s, 1H, NH); Anal. Calcd. for C14H13N3O: C,
70.29; H, 5.44; N, 17.57. Found: C, 70.11; H, 5.62; N, 17.81.

2d: or ange tab u lar; Yield 94%; mp 103-105 C; IR
(KBr) max: 3320, 3050, 2990, 2850, 1685, 1600, 1580, 1442
(cm-1); 1H NMR (CDCl3)  (ppm): 2.27 (s, 3H, CH3), 7.10-
 8.05 (m, 9H, Ar-H), 8.26 (s, 1H, NH); Anal. Calcd. for
C14H13N3O: C, 70.29; H, 5.44; N, 17.57. Found: C, 70.15; H,
5.31; N, 17.84.

2e: or ange nee dle; Yield 96%; mp 125-126 C; IR
(KBr) max: 3320, 3050, 2995, 2880, 1675, 1580, 1490, 1433
(cm-1); 1H NMR (CDCl3)  (ppm): 1.27 (t, 3H, CH3), 3.90 (q,
2H, CH2), 6.81-8.00 (m, 9H, Ar-H), 8.25 (s, 1H, NH); Anal.
Calcd. for C15H11N3O: C, 66.91; H, 5.58; N, 15.61. Found: C,
67.01; H, 5.30; N, 15.42.

2f: brown tab u lar; Yield 92%; mp 122-124 C; IR
(KBr) max: 3220, 3020, 2965, 2900, 1695, 1580, 1495, 1430
(cm-1); 1H NMR (CDCl3)  (ppm): 2.20 (s, 6H, 2CH3), 7.02-
 8.02 (m, 8H, Ar-H), 8.21 (s, 1H, NH); Anal. Calcd. for
C15H15N3O: C, 71.15; H, 5.93; N, 16.60. Found: C, 70.94; H,
5.65; N, 16.79.

2g: yel low tab u lar; Yield 91%; mp 120-122 C; IR
(KBr) max: 3225, 3040, 2960, 2850, 1680, 1580, 1490, 1450
(cm-1); 1H NMR (CDCl3)  (ppm): 2.25 (s, 6H, 2CH3), 7.80-
 8.02 (m, 8H, Ar-H), 8.20 (s, 1H, NH); Anal. Calcd. for
C15H15N3O: C, 71.15; H, 5.93; N, 16.60. Found: C, 71.10; H,
5.75; N, 16.80.
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Scheme  II



2h: or ange tab u lar; Yield 97%; mp 118-120 C; IR

(KBr) max: 3300, 3010, 2950, 2840, 1685, 1580, 1485, 1435

(cm-1); 1H NMR (CDCl3)  (ppm): 2.24 (s, 6H, 2CH3), 7.42-

 8.02 (m, 8H, Ar-H), 8.77 (s, 1H, NH); Anal. Calcd. for

C15H15N3O: C, 71.15; H, 5.93; N, 16.60. Found: C, 71.05; H,

5.73; N, 16.50.

2i: or ange tab u lar; Yield 96%; mp 126-128 C; IR

(KBr) max: 3250, 3060, 2965, 2900, 1690, 1590, 1445, 920

(cm-1); 1H NMR (CDCl3)  (ppm): 2.20 (s, 6H, 2CH3), 7.05-

 8.02 (m, 8H, Ar-H), 8.22 (s, 1H, NH); Anal. Calcd. for

C15H15N3O: C, 71.15; H, 5.93; N, 16.60. Found: C, 71.01; H,

5.76; N, 16.88.

2j: or ange nee dle; Yield 96%; mp 134-136 C; IR

(KBr) max: 3260, 3040, 1685, 1590, 1478, 1440, 923 (cm-1);
1H NMR (CDCl3)  (ppm): 7.04-8.24 (m, 12H, Ar-H), 8.83 (s, 

1H, NH); Anal. Calcd. for C17H13N3O: C, 74.18; H, 4.73; N,

15.27. Found: C, 74.42; H, 4.53; N, 15.50.

2k: yel low nee dle; Yield 95%; mp 106-108 C; IR

(KBr) max: 3340, 3020, 1710, 1600, 1500, 1420 (cm-1); 1H

NMR (CDCl3)  (ppm): 7.09-8.03 (m, 9H, Ar-H), 8.45 (s, 1H, 

NH); MS (m/z): 243 (M+), 138, 110 (B), 105, 90, 77; Anal.

Calcd. for C13H10N3OF: C, 64.19; H, 4.14; N, 17.28. Found:

C, 64.28; H, 4.18; N, 17.20.

2l: or ange tab u lar; Yield 92%; mp 82-84 C; IR (KBr)

max: 3340, 3020, 1710, 1600, 1500, 1420 (cm-1); 1H NMR

(CDCl3)  (ppm): 7.09-8.03 (m, 9H, Ar-H), 8.45 (s, 1H, NH);

Anal. Calcd. for C13H10N3OCl: C, 60.13; H, 3.88; N, 16.18.

Found: C, 60.21; H, 3.90; N, 16.15.

2m: red tab u lar; Yield 98%; mp 84-86 C; IR (KBr)

max: 3260, 3030, 1680, 1600, 1480, 1430 (cm-1); 1H NMR

(CDCl3)  (ppm): 7.10-8.60 (m, 9H, Ar-H), 9.06 (s, 1H, NH);

Anal. Calcd. for C13H10N3OCl: C, 60.13; H, 3.88; N, 16.18.

Found: C, 60.34; H, 3.92; N, 16.10.

2n: red tab u lar; Yield 95%; mp 139-141 C; IR (KBr)

max: 3320, 3050, 1680, 1600, 1585, 1440 (cm-1); 1H NMR

(CDCl3)  (ppm): 7.20-8.05 (m, 9H, Ar-H), 8.60 (s, 1H, NH);

MS (m/z): 259 (M+), 154, 126 (B), 105, 90, 77; Anal. Calcd.

for C13H10N3OCl: C, 60.13; H, 3.88; N, 16.18. Found: C,

60.42; H, 3.99; N, 15.91.

2o: red tab u lar; Yield 93%; mp 70-72 C; IR (KBr) max: 

3280, 3040, 1680, 1580, 1500, 1435 (cm-1); 1H NMR (CDCl3) 

 (ppm): 7.10-8.60 (m, 9H, Ar-H), 9.04 (s, 1H, NH); Anal.

Calcd. for C13H10N3OBr: C, 51.49; H, 3.33; N, 13.86. Found:

C, 51.79; H, 3.36; N, 13.94.

2p: or ange nee dle; Yield 98%; mp 94-96 C; IR (KBr)

max: 3320, 3030, 1700, 1580, 1500, 1430 (cm-1); 1H NMR

(CDCl3)  (ppm): 7.08-8.57 (m, 9H, Ar-H), 9.05 (s, 1H, NH);

Anal. Calcd. for C13H10N3OBr: C, 51.49; H, 3.33; N, 13.86.

Found: C, 51.60; H, 3.41; N, 13.71.

2q: red tab u lar; Yield 96%; mp 138-140 C; IR (KBr)

max: 3325, 3040, 1680, 1580, 1490, 1450 (cm-1); 1H NMR

(CDCl3)  (ppm): 7.08-8.57 (m, 9H, Ar-H), 9.05 (s, 1H, NH);

MS (m/z): 305 (M+2), 303 (M+), 200, 198, 172, 170 (B), 105,

90, 77; Anal. Calcd. for C13H10N3OBr: C, 51.49; H, 3.33; N,

13.86. Found: C, 51.63; H, 3.44; N, 13.87.

2r: or ange tab u lar; Yield 97%; mp 133-135 C; IR

(KBr) max: 3300, 3020, 1680, 1580, 1485, 1440 (cm-1); 1H

NMR (CDCl3)  (ppm): 7.26-8.00 (m, 9H, Ar-H), 8.57 (s, 1H, 

NH); MS (m/z): 351 (M+), 246, 218 (B), 105, 90, 77; Anal.

Calcd. for C13H10N3OBr: C, 51.49; H, 3.33; N, 13.86. Found:

C, 51.63; H, 3.44; N, 13.87.
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