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HETEROCYCLO-SUBSTITUTED SULFA DRUGS: 
PART X. NOVEL 5-IMINO-A2-PYRAZOLIN-4- 

DITHIOCARBAMYL-AZO DYES AS 
ANTIMICROBIAL AGENTS 
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Department of Chemistry, Faculty of Science, University of Assiut, 

Assiut 71516, Egypt 

(Received November 22, 1995; in final form February 16, 1996) 

Synthesis of a series of novel azo-sulfa drugs as 5-imino-3-methyl- I-phenyl-A2-pyrazolin-4-dithiocar- 
bamy-azo dyes (I-XV) are described via a reaction of 4-sulfamoyl and/or sulfonyl diazonium chloride 
with 5-imino-3-methyl l-l-phenyl-Az-pyrazolin-4-dithiocarbamic acid in acid medium. The correspond- 
ing iron, copper, mercury. cobalt, nickel, and lead chelates were obtained in 1:l  ligand-to-metal cation 
molar ratio at ice temperature as monochelate compounds (Id-Waf). Furthermore, heating in 1:2 molar 
ratio gave di-chelate compounds (I'a-f-XV'a-0. All the synthesized azo-sulfa drugs (ligands) and 
their mono- andor di-chelates were characterized by microanalysis, W, IR and H-NMR spectroscopy 
and were screened in vitro for their antibacterial and antifungal activities. 

Key words: Imino-pyrazolin-, azo-sulfonamido-dithiocarbamate drugs, metal chelates, antimicrobial 
activity. 

INTRODUCTION 

Many pyrazole derivatives are associated with antifungal,' antidiabetic? anti-inflam- 
matory properties3 and antibacterial activities.'-6 Furthermore, sulfonamide and azo- 
sulfonamide derivatives were later found to be biologically versatile drugs having 
anticancer, antimalarial, and antitubercular good chelating agents for 
occupational poisoning by metals," and excellent azo dyes and occupy a good po- 
sition as analytical reagents." Hence, it was thought that a pyrazole ring, if coupled 
with different heterocyclo-substituted sulfamoyl moieties, another pharmacophore, 
the resulting sulfa drugs might have high biological potency. Futhermore, several 
chelating agents are regularly used as antidotes for occupational poisoning by metals 
and for chronic metal intoxication arising from therapy or household contamina- 
tion."-I5 Optimum dosages of these antidotes circulates in the bloodstream without 
much depletion of the body's essential heavy metals." 

D-Penicillamine has been used as an antidote for treatment of poisoning by copper 
in cystinurea and in rheumatoid arthritis.I3 Deferoxamine mesylate is selective for 
iron with little or no affinity for other metals. It" is nontoxic and has been used in 
the treatment of hemochromatosis and as an effective antidote for the treatment of 
acute iron poisoning in children. 

The present paper deals with the synthesis of a number of novel azo-dye sulfa 
drugs containing mainly a pyrazole dithiocarbamate moiety16 with different hetero- 
cyclosubstituted sulfonamid rings ( pyridine, pyrimidine, methyl pyrimidine, dimethyl 
pyrimidine, thiazole, methoxazole, methoxy pyridazine, dimethoxy pyrimidine, mor- 
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TABLE I 
~~ 

Compd. No. 

(L igands)  

~~ 

Compd. No. Compd. No. 

(Chclatcs 1 : l )  (Chr lates 1:21 
R 

1 la-1 ! 'a - f  

1 l a - f  1 I'a-f  1 1  

Nn 
ii 

H C  
'N' 'NH2 1 1 1  11 la-f 11 I ' a - f  

IVa - f  1VIa-f  I V  

Va-f V'a-f  V 

V l  V la- f  Vl'a-f 

v1 t VI Ia-1 Vl I 'a-1 

V l l l  V I  1 I a-f V111'a-f 

H 
N 

D C  H3 1Xa-f I X'a- f I X  

X a-f X 'a- f  X 

-Q 
H,CO OCH, 

X I  X I a - f  X l ' a - f  

-0 X I 1  X I l a - f  X I l ' a - f  

-0 X I 1 1  XI111-f X i  11' a- f  

XlV XIVa-f  X I V '  a -f n 
-NUN- N 

XV'a-f  xv XV8-f  
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TABLE IIa 
Microanalytical data of some representative mono-chelate compounds (Ia-f-Va-f) 

Compd. M.  P. Yield Molecular Formula Calculated I f f  ound 1 
No. f *C 1 *I. fMW) 'I. s '1. c I R 

V 8  

b 

C 

d 

e 

f 

Vlla 

b 

c 

d 

a 

t 

XII. 

b 

C 

d 

a 

t 

300 

300 

250 

-l-(,NJ 315 

215 

165 

'27 1 

2 5 3  

188 

-;GCH3 2 2 0  

CH3 
2 0 5  

1 9 1  

153 

1 3 4  

115 

159 

165 

I 3 6  

7 5  

7 8  

8 1  

6 8  

6 3  

5 9  

7 2  

7 6  

8 0  

6 2  

6 8  

6 6  

8 6  

8 8  

8 2  

7 8  

7 5  

7 6  

15.1 I 
f 15.1 8 I 

1 5 . 8 0  
I 1  5 .85 )  

1 2 . 9 0  
f 12  8 3 )  

1 5 . 9 2  
f 1 5 .  981 

1 5 . 9 3  
f 16. 0 1 )  

1 2 . 3 9  
( I  2 .  431 

1 4 . 4 7  
( 1 4 .  51 I 

1 5 . 1 0  
f 1 5 . 1  6 

1 2 . 4 3  
f 1 2 .  381 

1 5 .  2 1  
( 1 5 . 2 8 1  

1 5 . 2 2  
f I S  . 2 6 )  

I l . . 1 6  

( 1 2 . 0 1 )  

I 5  3 0  
f 1 5 . 3 8 )  

1 6 . 0 1  

116. 0 8 )  

1 3 . 0 3  
( I  3. 0 0 1  

1 6 . 1 3  

( I  6 ,101  

1 6 . 1  4 

( 1  6.  1 0 )  

1 2 . 5 2  
( 1  2 . 5 8 1  

1 1 , l L  

( I  1 . 2 1 1  

5 . 8 2  
f 5 .  8 6 1  

4 - 75 
f 4 . 0 1 1  

5 . 8 6  
f 5 . 9 1 1  

5 . 8 7  
IS. 9 L )  

- 
I 

1 0 . 6 7  
f 1 0 . 6 1 )  

5 . 5 6  
( 5 . 6 1 )  

4 . 5 8  
( 4  6 1 1  

5 .  6 0  
( 5  6 5 1  

5 . 6 1  
( 5 . 5 5 )  - 
1 1 . 2 8  

( 1 1 .  3 2 )  

5 . 9 0  

( 5 . 9 8 )  

4 . 8 0  
( 4 . 7 2 )  

5 . 9 6  

( 5  . 9 8 )  

5 .  9 5  

I 5  . 5 1  - 
- 

* = Pb Cat ion a s :  I C H J C O O ) ~  Pb.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
6
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



ANTIMICROBIAL AGENTS 21 

TABLE IIb 
Microanalytical data of some representative di-chelate compounds (I'a-f-XV'a-f) 

N . P .  Yield Molacular Formula  C a l c u l a t c d / ( f o u n d l  
1 *C I '1. I M W I  -1. s *I. c I R Compd. 

NO. 

V '  a 

b 

C 

d 

c 

t 

V I  la  

b 

C 

d 

c 

t 

X I I a  

b 

C 

d 

c 

t 

2 2 5  

217 

21 2 

2 3  3 

21 0 

198  

2 2 8  

215 

168 

181 

193 

188 

2 4 2  

218 

2 0 2  

2 3 8  

208  

198 

81  

a 7  

8 3  

7 4  

6 8  

6 2  

7 8  

8 0  

8 4  

6 8  

7 3  

7 8  

8 9  

9 1  

8 8  

8 0  

7 8  

8 1  

c2 1 H17 2%. F'2 "5 
I 7 9  8 . 5 0 1  

'21 H17 N8°2s3*Cu2C13 
( 7 4 3 . 0 5 1  

C21H17 N8°2S3 .  H92C13 
1 1 0 1 7 . 1 5 )  

c21 H17N8 O2 '3 "O2 "3 
( 7 3  3 - 8 3  I 

C21H17Ng02 Sj.Ni2C.13 
( 6 0 3 .  7 7 1  

C27H26N808S3' Pb2* 
( 1 1 0 1  - 1 2 )  

C23H21 N8 02s3. Fe2c15 
1 8 2 6 . 5 6 1  

C23H21 N8°2S3'Cu2C13 
I 7 7 1  , 1 0 1  

C23H21%02S3'H92C13 
I 1  0 4 5 . 2 0 1  

c23 H21 N8 0 2  s3 *cO2 cI3 

C 2 j H 2 i  Ng O2 S3. N i2 Ci 

C29H3ON8 0 8 S 3 . P b 2 *  

'21 H21 N6 '3 '3. FcZc15 

( 7 6 1 . 8 9 1  

1 7 6 1 .  4 4 1  

( 1  1 2 9 . 1 8 1  

( 7 9  0 . 5 9 1  

c21 H1.l N6 03s3-cu2 c13 
0 3 5 . 0 7  I 

1 2 . 0 4 q  
1 1 2  1 0 )  

t 2 . 9 4  
I1 3.101 

9 . 4 5  
1 9 .  39) 

1 3 . 1 0  
( 1 3 . 0 6 1  

1 5 . 9 3  
1 1 6 . 0 0 )  

8 . 7 3  
[ 8.801 

1 1 . 6 3  
( 1  1 7 0 )  

1 2 . 4 7  
1 1 2  5 1 1  

9. 20 
19. 2 5 )  

1 2 . 6 2  

(12.601 

1 2 . 6 3  

( 1 2  701 

0 .  51 
( 8  571  

1 2 . 1 6  

( 1  2 . 0 8 1  

1 3 . 0 8  
I1 3.1 01 

9.53 
( 9 . 6 0 1  

1 3 . 2 5  
( 1 3 . 3 0 1  

1 3 . 2 6  
( 13.  3 0 )  

1 3 . 2 6  
1 I 3 . 3 0  I 

2 2 . 1 9  
I 2 2  231 

4 . 77 
I 4  711 

1 0 . 4 5  
( 1 0  50) 

1 4 . 4 9  
1 1 4 . 4 2 1  

5 . 8 7  
( 5 . 8 0 1  

- - 
2 1 . 4 4  

( 2 1 .  511  

1 3 . 7 9  
( I  3 .  81 I 
1 0 . 1 7  

( 1  0 . 2 0 )  

1 3 . 9 5  
( 1  4 . O I )  

13.96  
( 1  4 . 0 2 1  

- 
I 4  - 4 6  

( 1 4  . S O 1  

I 4  . 4 6  
( 1 4  , 5 1 1  

1 0 . 5 3  
( t O . 5 0 1  

1 4 . 6 5  
( 1 4 . 6 1 )  

1 4 . 6 6  
( I  4 . 7 0  1 

- - 
* E Pb C a t i o n  a s :  ( C H ~ C 0 0 1 2  Pb.  
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TABLE I11 
IR spectra of some azo dye sulpha drug (ligands) and their metal chelates in cm-' 

C m p d  hino vCH~ ,S VSOZ VSOZ a 3  
vN=N- vMc-S v S O ~ N  V2-W 

No. v C=NH- pyralole ( a w n )  ( g y m )  H d p h a  
g, 

1v 3345 2980 1325 1355 1160 1595 - 1375 755 
IVn 3335 2970 1305 1315 1145 1575 355 1365 750 
I V c  3330 2975 1307 1345 1150 1572 345 1368 750 

V 3340 2975 1320 1350 1155 
Va 3345 2965 1305 1345 1150 
V c  3325 2970 1305 1340 1160 

VI 3345 2973 1330 1355 1160 
VIa 3340 2965 1305 1340 1150 
VI'c 3340 2970 1300 1335 1155 

590 - 1375 750 
575 350 1365 750 
570 340 1370 755 

587 - 1370 755 2995 
560 350 1360 750 2990 
565 345 1360 750 2990 

VII 3340 2970 1335 1360 1165 1596 - 1375 745 2990,3001 
Wn 3342 2965 1300 1335 1155 1565 355 1360 748 2995,3015 
VII'c 3337 2968 1303 1330 1158 1568 348 1362 750 2990,3000 

pholine, piperidine, piperazine) and the evaluation of their antimicrobial (antibacterial 
and antifungal) activities. 

EXPERIMENTAL 

All chemicals used were reagent grade and purified prior to use. All melting points were determined on 
a Kofler melting point apparatus and are uncorrected. Microanalysis were performed on a Perkin-Elmer 
240 E microanalyser. IR spectra were run on a Pye Unicum SP 200 G spectrophotometer in KBr discs. 
U V  spectra were recorded on a Shimadzu UV-200 S spectrophotometer in DMF. H NMR spectra were 
done on a JEOL-R 270 MHz NMR instrument using TMS as an internal standard. 

5-lmino-3-methyl-1 -phenyl-A'-pyrazolin-4-dithiocarbamic acid 
ported previously.'6 

4-[(4'-Heterocyclo-substituted) sulfamoyl andor surfonyl] benzenediazonium chlorides: These com- 
pounds were prepared by diazotization of 4'-(aminosulfonyl)-aniline, 4'-(acetylaminosulfonyl)aniline, 
4'-(guanidinosulfonyl)-aniline, "-(2"-pyridylaminosulfonyl)anilin, 4'-(2"-pyrimidylaminosulfonyl)ani- 
line, 4-(2"-(4-methyl)-pyrimidylaminosulfonyl)aniline, 4'-(2"-(4,6-dimethyl)pyrimidyl-aminosulfonyl)- 
aniline, 4'-(2"-thiazolylaminosulfonyl)aniline, 4'-(2"-methoxazolylamino-sulfonyl)-aniline, 4'-(6"-(3- 
methoxy)pyridazylamino-sulfony1)aniline. 4'-(6"-(2,4-dimethoxy)-pyrimidylaminosulfonyl)aniline, 4'- 
(piperidinosulfonyl)aniline, 4'-(morpholino-sulfonyI)aniline, 4-((mono)-piperazinosulfonyl)aniline, and 
4'-[(bis)-piperazino-disulfonyl]aniline, (0.01 mol) dissolved in a mixture of acetone (30 ml) and 60 ml 
of 70% pure hydrochloric acid with sodium nitrite (0.7 g. 0.01 mol) at 0-5°C. 

Synthesis of 4-[(4'-l~eterocyclo-substituted)-5-i1nino-3-tnethyl-l-phenyl-A~-pyrazolin-]phenylazo-dithio- 
carbnte dyes (I-XV): To an ice cold solution of 5-imino-3-methyl- 1-phenyl-A-pyrazolin-4-dithiocar- 
bamic acid (2.50 g, 0.01 mol) in 40 ml of 50% sodium hydroxide solution, a cold hydrochloric acid 
solution of the diazonium salt was added dropwise with stirring. The reaction mixture was further stirred 
and kept at 0-2°C for a 5 h followed by addition of 5% aqueous sodium hydroxide to pH 8. The product 
was collected, washed well with water, and recrystallized from ethanol (Table I). 

This compound was prepared as re- 
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TABLE IV 
‘H-Nh4R spectra of some azo dye ligands and their chelates in CDCI, (chemical 

shifts in Sppm) 

compd Aronlntic Ininno -C-ll -CAB -SOzNII- CH3- I 
protom >C=NH (pyrazole) pyrnzole sulpha 

(m) (S) (S) (S) (S) (S) 
No. 

IV 6.9s-8.35 (13 H) 5.50 (1 H) 6.80-7.00 (1 H) 2.45 (3 H) 8.SO (1 €1) 
IVE 7.10-8.30 (13 H) 5.80 (1 H) 2.35 (3 H) 8.45 (1 H) 
I V C  7.00-8.35 (13 H) 5.95 (1 11) 2.40 (3 H) 8.40 (1 H) 

V 7.00-8.20 (12 H) 5.55 (1 H) 6.80-7.00 (I  H) 2.40 (3 H) 8.4s (1 H) 
Va 7.05-8.10 (12 H) 5.75 (1 H) 2.35 (3 €1) 8.50 (1 H) 
V C  6.95-8.00 (12 €1) 6.05 (1 H) 2.45 (3 H) 8.40 (1 H) 

VI 7.10-8.15 (11 H) S.45 (1 H) 6.85-7.05 (1 H) 2.12 (3 H) 8.55 (1 H) 2.55 (3 H) 
VIn 7.20-8.10(11H) S.SS(1H) 2.30 (2 H) 8.45 (1 H) 2.50 (3 H) 
WC 7.15-8.15(11H) 5.90(1H) 2.10 (3 11) 8.40 (1 H) 2.52 (3 H) 

VII 7.20-8.10 (I0 H) 5.55 ( I  H) 6.80-7.10 (3 H) 2.42 (3 H) 8.3s (1 H) 2.50(3 II),2.S8(3 H) 
VIla 7.15-8.15 (10 H) 5.90 (1 H) 2.35 (3 H) 8.40 (1 H) 2.48(3 H),2.S5(3 H) 
W‘c 7.10-8.05 (10 H) 5.85 (I H) 2.40 (3 H) 8.42 (1 H) 2.55(3 H),2.60(3 H) 

Synthesis of iron, copper, mercury, cobalt, nickel and lead azopyrazolin-4-yl dithiocarbamate mono- 
chelates (Ia-f-XVa-f): A solution of the appropriate azo-(heterocyclo-substituted) pyrazolin-4-yl 
dithiocarbamate dyes (ligands I-XV) (0.01 mol) in a mixture of ethanol and dilute acetic acid (5:l) 
was added dropwise with stirring to a solution of the given metal salt (0.01 mol) [ferric chloride, copper 
chloride, mercuric chloride, cobalt chloride, nickel chloride, lead acetate] in ethanol (30 ml). Stirring 
was continued for 30 min at room temperature. The precipitated products were filtered, washed throughly 
with distilled water, dried, and recrystallized from ethanol (Table It). 

Synthesis of iron. copper, mercury, cobalt, nickel and lead azo-pymzolin-4-yl dithiocarbamate di-chelates 
(I‘a-f-XV’a-f): A boiling solution of the appropriate azo-(heterocyclo-substituted)pyrazolin-4-yl di- 
thiocarbamate dye Iigands (I-XV) (0.01 mol) in a mixture of ethanol and dilute acetic acid (8:l) was 
added dropwise with stirring to a solution of the given metal salt (0.02 mol) [ferric chloride, copper 
chloride, mercuric chloride, cobalt chloride, nickel chloride, lead acetate] in ethanol (50 ml). Stirring 
was continued for 1 h at 70°C. The reaction mixture was cooled and the precipitate was filtered. washed 
thoroughly with distilled water, dried and recrystallized from ethanol (Table In). 

Antimicrobial activity: Antibacterial and antifungal activities: The disc-diffusion method was used to 
measure the antimicrobial a~ t iv i ty .~”  The azo dye ligands and their metal chelates were dissolved in 
sterile dimethylformamide and added at a concentration of 0.5 mg/disc (Whatman No. 3 filter paper, 0.5 
cm diameter). Antibacterial spectrum was tested with six strains of bacteria namely: Staphylococcus 
aureus (DSM 346). Klebsiella pneumoniae (DSM 681). Micrococcus ruseus (DSM 348). Bacillus cereus 
(DSM 345). Bacillus anthracis (DSM 344), and Serratia marcmacecens (DSM 1608). Antifungal activity 
of the same compounds was tested with three species of fungi namely: Alternaria alternufa (Fries) 
Keissler (AUCC-11 lo), Penicillium chrysogenum (Thorn AUCC-530) and Asperogillus terreus (Wilhelm 
AUCC - 230). The culture medium for bacteria was nutrient agar (NA) (composed of beef extract, 3 g 
peptone, 5 g. agar, 15 g/L and adjusted to pH 7 before sterilization at 121°C for 30 min). Glucose- 
Czapek’s agar medium (NaNO,, 2 g; KHZPO,, I g; MgSO,, 7Hz0, 0.5 g; KCI. 0.5 g; glucose. 10 g; 
agar, 15 g/L of distilled water) was used for fungi. The inoculated plates were incubated at 37 + 1°C 
for 24-48 h in the case of bacteria and at 28°C for 7-8 days in the case of fungi. The inhibition zones 
of microbial growth produced by different compounds were measured.% 
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RESULTS AND DISCUSSION 

Observations on the antimicrobial importance of azo sulfa drugs and their metal 
~ h e l a t e s ’ ~ - ~ ’  prompted us to synthesize a novel series of drugs related to 5-imino- 
A2-pyrazolin-4-dithiocarbamic acid moietyi6 as 4-[(4’-heterocyclo-~ubstituted)- 
phenyl-azo-3-methyl-1-phenyl-A2-pyrazolin-]dithioc~bamate azo dyes (I-XV). 
Their iron (Fe’3), copper (Cu”)), mercury (Hg’,) cobalt (Co”), nickel (Ni’,), and 
lead (Pb’*) chelates (la-f-XVa-f) and or (I’a-f-XV‘a-f) were synthesized to 
examine and study their antimicrobial activities. Heterocyclo-substituents of the sul- 
famoyl and/or sulfonyl moiety were chosen so as to ensure a wide variation in their 
size, electronegativity, chemical activity, solubility, antitubercular properties and their 
biological activities. Analytical data and melting points of the novel azo-dye sulfa 
drugs (ligands) and their metal chelates are recorded in Tables I, IIa, and IIb. The 
IR spectra of the synthesized sulfa drugs confirmed the presence in the azo precursor 
compounds of the imino group (C=NH) band at 3325 cm-’ and for sulfonamide 
group (S0,NH.) band at 1365 cm-’ and for the azo group (-N=N-) band at 
1582 cm-‘. These absorptions shifted to the lower frequency on chelation. In case 
of 1:l molar ratio of reactants, chelation formed in the cold involving an azo group 

i (-N=N-) and a dithiocarbamyl group = =C through thiole group form- 

ing six membered ring. In the case of the 1:2 molar ratio of ligand to metal cation, 
chelation formed in a hot solution with the imino (C=NH) group and dithiocar- 

ring (Table 111). The H NMR spectrum of compound (V) in CDCl, showed signals 
at 6 = 8.80 (S, 1 H, -SO, NH-) at 6 = 2.15 (s, 3H, -CH,) at S = 7.00-8.15 
(m, 12 H, aromatic protons) and at 6 = 6.85-7.05 (s, 1H) of the pyrazole ring which 
disappeared during the formation of the first chelated six membered ring with metal 
cation 1:l molar ratio (Table IV). 

BIOLOGICAL EVALUATION 

Antibacterial Activity 

The results for the inhibition zones of various isolates of bacteria indicated that, the 
ligand compounds 5-imino-pyrazolindithiocarbamate azo dyes I-XV and most of 
their metal chelates in 1:l (Ia-f-XVa-f) and/or 1:2 (I’a-f-XV’a-f) molar ratio 
of FeC3, Cuc2, Hg+,, Co”, Ni+*, Pb’, cations exhibited clear activities against all 
bacteria isolates (inhibition zones ranged from 2.0 to 19.5 mm). Azo dye derivatives 
I, 11, IV, V, VIII, X, and XI, have remarkable effects (inhibition zones 4.0-9.5 
mm), and also complexes Va-f, Va-f, VIIa-f, VIII’a-f, and XII’a-f (inhibition 
zones ranged from 7.0 to 16.0 mm) against Serrutia rhadenii and Bacillus cereus 
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(Table V). Interestingly, iron, copper and lead complexes VII’a, VII’b, and VII’f 
exhibit particularly strongly effects (inhibition zones 16.0- 19.5 mm). 

Antifungal Activity 

The synthesized compounds also possessed variable and attractive antifungal activ- 
ities (inhibition zones ranged from 1.5 to 16.5 mm). Ligand azo dye dithiocarbamate 
V, VIII, and X, derivatives showed strong effects against Penicillium chrysogenum 
and Aspergillus terreus (inhibition zones 1.5-9.0 mm), but IV, and XII, compounds 
exhibited pronounced activities and are more potent effect (inhibition zones 7.5- 
12.0 mm). Furthermore, chelated compounds VII’a-b, XII’e are highly active (in- 
hibition zones ranged from 3.0 to 16.0 mm), against Aspergi1lu.s terreus and Peni- 
cillium chrysugenum. On the other hand, V’a and XII‘a-f have potent effects (in- 
hibition zones 3.9-9.0 mm) only against Penicillium chrysogenum (Table V). 
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