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ABSTRACT
The synthesis of azo compounds (9-11) has been achieved by reaction of diazonium

salts of substituted 4 -aminosulfonanilides with some aromatic amines or phenols
4-Nitroaniline (1) is served as a synthon for 2,6-dibromo-4-nitroaniline (6). The
compounds (1 and 6) undergo sulfonylation with methane- and 4-toluene sulfonyl chloride
to give the corresponding sulfonanilides (2, 3, 7). The nitro group in these compounds is
reduced to amino group to produce compounds (4, 5, 8). These compounds are diazotised
to the corresponding diazonium salts, which are coupled with different aromatic amines or
phenols to produce the azo compounds (9-11). The structure of the synthesized compounds
has been confirmed on the basis of physical and spectral measurements.
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INTRODUCTION

The azo dye compound (prontosil), (4-sulfonamido-2’,4’-diaminoazobenzene), is the
first sulfonamide that is used in medicine, it can cause remarkable cures of streptococcal
infections of mice and human (Domagk, 1935).

100



101 Mohammad A. Al-Iraqi et al.

More than half of the dyes of commerce fall within the azo dyes (Shreve, 1967).
Because of their color, the azo compounds are of tremendous importance as dyes and they
grow so rapidly that they become the largest and most versatile of all classes of synthetic
dyes. Also azo dyes constitute the largest single class of dyes in use and find broad
application in textiles, paper, leather, gasoline additives, foodstuffs, and cosmetics (Straub
et al., 1993). They may be yellow, orange, red, blue, or even green, depending upon the
exact structure of the molecule. Various substituents on either component lead to a variety
of colors and solubility characteristics (Gorvin, 1951, Orelup, 1974). Also the process of
formation of azo dyes is considered as simple, rapid and sensitive method to assay
microgram amounts of many organic compounds (Hovind, 1975; Bashir and Othman,
2002, 2003). On the other hand, some azo compounds are used as acid-base indicators,
such as methyl red (Carey, 1996).

The azo compounds are commonly prepared by coupling diazotized primary
aromatic amines (diazonium salt) with phenoles or aromatic amines at pH 7-8, (Vogel,
1964; Sandler, 1968). The diazonium ions are weak electrophiles but have sufficient
reactivity to attack strongly activated aromatic rings (Carey, 1996). In the present study,
we synthesized some azo compounds containing a sulfonamido moiety (Scheme 1), which
may be used as dying agents for wool, cotton and synthetic fiber.

EXPERIMENTAL
Melting points were determined on Gallenkamp melting point apparatus and were
uncorrected. IR spectra were recorded on Pye-Unicam SP1100 spectrophotometer using
KBr disc. UV spectra were recorded on Shimadzu (UV-160) UV-visible recording
spectrophotometer.

2, 6-Dibromo-4-nitroaniline (6):

A solution of bromine (10.4g, 0.066 mole) in glacial acetic acid (24 ml) was added
drop- wise to a stirred solution of 4-nitroaniline (1) (4.5g, 0.033 mole) in glacial acetic acid
(40 ml) according to the previously reported method (Shepherd, 1947) to afford (80%)
yield yellow crystals:m.p. 203-205°C (Rep. 204-206 °C). IR (KBr), v= 550 Cm™ (C-Br),
1375 Cm™ (NO,), and 3400 cm™ (N-H).

Preparation of substituted methane- and 4-toluene sulfonanilide (2,3,7):

To a magnetically stirred solution of substituted anilino compounds (1 and 6) (0.02
mole) and N-methylpiperidine (2.05 g, 0.02 mole) in dry THF (10 ml), a solution of
methane- or 4-toluene sulfonylchloride (0.02 mole) in dry THF (20 ml) was added. The
procedure was completed according to the previously reported method (Al-Iraqi, et. al.,
2003) to produce yellow needles. The physical properties and the spectral data of
compounds (2,3,7) were listed in Table (1).
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Table 1: The physical properties and spectral data of the compounds  (2-5 and 8-11).

IR. (KBr), v (cm’

uv
Compd. | M. | Yield | (o (CH;0H)
Ny c | % A(nm) $-0 c=C N=N C-Br N-H NO, O-H
2 221146' 91 YF:HELV 265*, 391 1340(sh) | 6010(m) 33300) | 138069
3 11221' 81 yz*lll‘(‘)’; 2385%0*’ 1325(sh) 1585(s) (338(38) 1385(s)
T [ S [ [
5 1178% 86 yz‘i‘fé‘vtv 2383’287*’ 1370(vs.) | 1570(s) 3555(b)
7 2201%' 83 yz*l‘f(r)‘vtv 2723’3;’2*’ 1333(s) | 1600(s) 550(m) | 3340(b) 1(35)5
T e | | e | e |
%a RO Silvery 2;’;‘6?3390; ’ 1330m) | 1510(s) | 1570(vs) é‘gg)
9b 117736' 76 0?:;;’6 2356?323; s 1325(m) | 1500(s) | 1575(vs) (ﬁ)tf)
9c 117713' 75 0?:;; 233996?3297; ’ 1360(vs) 1525(s) | 1575(s) (35‘;335)
9d ] s bFri‘)‘v‘;L 33392033395; ; 13006s) | 1500(s) | 1575(s) 34200b),
9 ] 88 | Dakgry | P00 * 13106s) | 1515(s) | 1578(s) 3400(b) 3580(b)
of 1189% 2 | Z;‘ge 3203* éj3 3 13206s) | 1510Gs) | 1570(s) 3380(b) 3550(b)
9 116637' 82 Purple 305;é9339’ 1315(vs) | 1520(s) | 1600(s) 3370(b) 3600(b)
on | | 77| slivery 320;233’ 13106s) | 1520(m) | 1595(vs) 3365(b) 3595(b)
10a 11’;%' 92 0?;;;’6 2403’250*’ 1362(vs) 1585(s) | 1600(s) 3350(b)
o | | s Purple 2;;;;8; ; 1370(vs) | 1570s) | 1610(sh) 3470(b)
e | M| 83 %)er‘(i)‘jjflh 2;’8593582 ; 1325(m) | 1580(s) | 1590(s) 3350(b)
1od | M| 84 | Deeppink | 24125 13000w) | P8O 1 i6106s) 3480(b)
10e 1199(;' 81 Yegli‘;;“h 321?;2,3399’1 1350(m) | 1530(m) | 1585(s) 3320(b) 3530(b)
10f 116603‘ 64 0‘?;;;’6 2;;: 432105’ 1310(vs) | 1530(s) | 1580(m) 3460(b) 3650(b)
10g 1177(;' 84 gfﬁ 3033’335*’ 1360(vs) | 1560(s) | 1590(sh) 3480(b) 3600(b)
on | M%) go | Reddsh 22;‘62;?223 1315(vs) | 1565(s) | 1600(s) 3275(b) 3600(b)
1la 117768' 81 lifr‘(iiiflh 227390,;’233’1 1350(s) 1530(s) | 1590(s) 340(s) 3350(b)
11b 1189%' 81 b?(j‘;f‘n 2;’855 jg; ’ 1335(s) 15006s) | 1570(vs) | P | 3300)
e 119957 85 gg‘lr; 2323’380*’ 1325(s) | 1520(m) | 1590(vs) | %) | 3480(b)
11d 2212% 85 Purple 2453* éf 88, 1350(s5) | 1510(m) | 1595vs) | >0V | 3250(b)
e | 12| g0 Purple 2263 1%32512*3, 1330¢s) | 1500em) | 1573 S12m) 1 3450(b) 3600(b)
198 390 (s&b)
1f dl fc(l 78 0?:;;’6 23336’§i L 13656s) | 1545s) | 15876s) | >F® | 33700) 3540(b)
g | | & bFri‘)‘v‘;; MBI * 13456) | 1530(m) | 15906) | °F® | 33450) 3535(b)
11h 1111(;' 80 iii‘j;flh 2363* égso, 13406s) | 1520(s) | 1600(s) | 20U | 3350(0) 3530(b)

* UV band at A max.
** Ref. Al-Iraqi, 2003.




Synthesis of some Azo Compounds Derived from ...... 104

Preparation of substituted amino compounds (4,5,8):( Wang, et al., 1998):

The nitro compound (2,3 or 7) (0.006 mole) was dissolved in ethanol (10 ml)
followed by the addition of (18%) hydrochloric acid (0.4 ml) and iron powder (2 g, 0.036
mole). The mixture was heated under reflux for 1.5 hrs. The black powder in the reaction
mixture was removed by hot filtration and the filtrate was diluted with cold water (~20 ml)
at which a yellow precipitate was formed. The precipitate was separated by filtration,
washed with water, dried and recrystallized from ethanol. The physical properties and the
spectral data were listed in Table (1).

Preparation of azo compounds (9- 11):
General procedure:

To a cold and stirred solution containing concentrated HCI (5 ml) and crushed ice (5
g), compound (4,5 or 8) (0.0057 mole) was slowly added. The mixture was cooled to 0 °C
in an ice bath and a cold solution of sodium nitrite (0.44 g, 0.0063 mole) in water (4 ml)
was added drop-wise with stirring while the temperature was maintained between 0 and 5
°C. The resulting solution was stirred at 0 to 5 °C for another 15 min.. Urea (0.1 g) was
added to decompose excess sodium nitrite, consequently an aromatic amine or phenol (the
phenol was dissolved in 5 ml. of 10% sodium hydroxide solution before addition) (0.012
mole) was added at 0 °C with stirring, at which a brilliant colored precipitate was formed
immediately after the addition of the first drop of amine or phenol solution. After stirring at
0 °C for 1 hr., the mixture was filtered off and the precipitate washed with cold water, dried
and recrystallized from ethanol-water. The physical properties and the spectral data of
compounds (9-11) were listed in Table (1).

RESULTS AND DISCUSSION

The typical way of synthesizing aromatic azo compounds is by coupling of aromatic
diazonium salts with phenols or aromatic amines, according to the route shown in Scheme
1. The 2,6-dibromo-4-nitroaniline (6) is prepared by bromination of 4-nitroaniline using a
solution of bromine in acetic acid, through electrophilic aromatic substitution. The
bromination process is performed before sulfonylation to ensure that the bromination takes
place at two ortho positions. The sulfonylation of amino compounds (1 and 6) is performed
by treatment of these compounds with methanesulfonyl chloride and 4-toluenesulfonyl
chloride in dry THF in presence of N-methylpiperidine. The structure of compounds (2,3)
1s elucidated through the physical properties and the spectral data (Table 1). The IR spectra
of these compounds show strong absorption bands at 1325-1340 cm™, which are attributed
to the S=0 stretching frequency, in addition to the general absorption bands at 1380-1385
cm’” for the unsymmetrical stretching of NO, group, 3300 cm™ due to N-H bond stretching
(Parikh, 1974). The ultraviolet absorptions of these compounds occur at 238-391 nm. Then
the nitro group in these compounds is reduced, by iron in acidic medium, to amino group to
synthesize the compounds (4, 5, 8). The structure of these compounds is supported by the
infrared spectroscopy, which revealed the absence of the characteristic frequency of NO,
group and the appearance of the absorption bands at 3355-3420 Cm™ which to the N-H
stretching. The ultraviolet absorptions of these compounds occur at 232-392 nm which are
attributed to the 1 — n* and n — =* transitions.

The amino compounds (4,5,8) are converted to diazonium salts by the reaction with
sodium nitrite in acidic medium (HCI solution). These diazonium salts are coupled with
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different aromatic amines and phenols to give the azo compounds (9-11). The amino and
hydroxy groups are considered as strong electron donating groups that increase the
electronic density at the para-positions of the aromatic amines and phenols, and
consequently give good positions for the electrophilic attack of the diazonium ion
(Scheme 2). The structure of these compounds is supported by the infrared spectra, which
show a characteristic frequency at 1570-1610 Cm™ for the N=N bond stretching, in
addition to the general absorption bands at 1300-1370 cm™ for S=O stretching frequency
and 3250-3480 and 3530-3600 Cm™' due to N-H and O-H bond stretching respectively. The
UV absorption spectra of these compounds show absorption bands at 230-450 nm, which
are attributed to the 1 — n* and n — =w* transitions. The suggested mechanism of
diazotization and the coupling reaction (Saunders and Allen, 1985) are shown in Scheme 2.

NaNO, + HCl —— HNO, + NaCl

HNO, + H H,NO,

+
N=0 + HO

H,NO}

Ar-i\imf(}:o  » ArNH,N=O
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