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Abstract: 
 A new series of Sulfamethoxazole derivatives was prepared and examined for antifibrinolytic and 

antimicrobial activities. Sulfamethoxazole derivatives bear heterocyclic moieties such as 1,3,4-thiadiazine 

{3},  pyrazolidine-3,5-diol {4} 6-hydroxy-1,3,4-thiadiazinane-2-thione {5} and [(3-methyl-5-oxo-4,5-

dihydro-1H-pyrazol-4-yl)diazenyl] {8}. Their structures were elucidated by spectral methods (FT-IR, H
1
-

NMR). Physical properties are also determined for all compound derivatives.  Recently prepared compounds 

were tested for their antimicrobial activity in the laboratory. Each screened compound showed good 

tendency to moderate antimicrobial activity. 
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Introduction:  
Sulfamethoxazole (SMZ or SMX) IUPAC 

is chemically labeled as 4-Amino -N-(5-

methylisoxazol-3-yl) - benzenesulfonamide is a 

wide board antibiotic. It was approved in the United 

States in 1961. At present, it is mostly used in 

combination with trimethoprim (abbreviated SMX-

TMP). It is also referred to as sulfamethalazole, 

sulfisomezole, and sulfamethazole. It is used 

for many bacterial diseases and is effective against 

both germs positive and negative. (1)
  

In the recent 

years, a great number of sulfamethoxazole 

derivatives were synthesized, characterized, tested 

and used for the treatment of many infections. (2)A 

large number of Sulfamethoxazole derivatives are 

currently designed based on heterocyclic moieties, 

they are widely used in clinical medicine exhibits as 

pharmacological agents  with a wide range of 

biological procedures such as anti-cancer treatment, 

(3)antiviral agents, (4)anti-fungal, (5)herbicidal 

activities, (6) antimycobacterial (7) and anti-

tubercular uses (8). In the light of the facts and due 

to the huge development in antimicrobial activities 

of sulfamethoxazole derivatives, a series of 

heterocyclic rings such as
 

1,3,4-thiadiazine, 

pyrazolidine-3,5-diol, 6-hydroxy-1,3,4-

thiadiazinane-2-thione compounds are designed and 

synthesized. 
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The chemical structure of Sulfamethoxazole 

is 4-Amino -N-(5-methylisoxazol-3-yl) – 

benzenesulfonamide. 

 
Figure 1. Structure of Sulfamethoxazole (1) 

 

Materials and Methodologies: 
All the chemicals used in this work were of 

highest purity available and supplied without further 

purification in Layer Chromatography (TLC) was 

checked by pro-coated sheets with silica –gel as 

immobile phase Appropriate solvent(ethanol) as 

mobile phase (Melting points) was specified by 

Stuart melting point SMP10 Spectr (FT-IR) were 

via KBr disk on SHIMADZU FT-IR-8300 

spectrophotometer in Ibn Sina Company and 

College of Sciences for Women in University of 

Baghdad. ¹H-NMR measurements were achieved 

from Moscow University of Russia, operated at 

500MHZ in DMSO-d6 . 
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Synthesis methods 2- chloro- N- [ 4- (2- 

chloroacetamido) phenyl)sulfonyl) - N- (5- 

methylisoxazol- 3- yl]acetamide compound (1) 

preparation (9)
 
 

To a stirred solvent of 4-amino-N-(5-

methylisoxazol-3-yl) benzenesulfonamide (3.27g, 1 

mmol.) in (20 ml) dimethyl formamide, a 

chloroacetyl chloride (3 ml, 3 mmol.) were added 

drop by drop. The reaction carried out by refluxing 

the reaction mixture for (6 hrs.). The resulting solid 

product then has been filtered, dried, and 

recrystallized from ethanol. compound as listed in 

Table (1). 

 Synthesis methods 2-hydrazineyl-N-[(4-(2-

hydrazineylacetamido)phenyl)sulfonyl)-N-(5-

methylisoxazol-3-yl] acetamide compound (2) 

preparation  (10) 

A mixture of a 2-chloro-N-[(4-(2-

chloroacetamido)phenyl)sulfonyl)-N-(5-

methylisoxazol-3-yl] acetamide (1) (4.8g, 1 mmol.) 

and hydrazine hydrate 99% (2 ml, 2 mmol) has been 

refluxed to (3hrs.). Resulting solids were collected, 

washed, and recrystallized from ethanol. compound 

as listed in Table (1). 

Synthesis methods N-[5-methylisoxazol-3-yl)-N-

(2-(phenylamino)-4H-1,3,4-thiadiazin-6-yl)-4-

[(2(phenyl amino) -4H-1,3,4-thiadiazin-6-

yl]amino]benzenesulfonamide compound (3) 

preparation (11)   
To a solution of 2-hydrazineyl-N-((4-(2-

hydrazineylacetamido)phenyl)sulfonyl)-N-(5-

methylisoxazol-3-yl)acetamide compound (2) (3.54 

g, 1 mmol) in absolute ethanol (20ml) p-chloro 

phenylisocyanate (5.46g, 2 mmol) has been added 

and refluxed for 4 hrs. and checked by TLC. The 

reaction was cooled and the soluble matter was 

filtered, dried ,and re-crystallized from ethanol. 

compound as listed in Table (1). 
Synthesis methods 2-(3,5-dihydroxypyrazolidin-

1-yl)-N-[(4-(2-(3,5-dihydroxypyrazolidin-1-

yl)acetamide] phenyl)sulfonyl)-N-(5-

methylisoxazol-3-yl)acetamide compound (4) 

preparation.
 
(12) 

Amixtureof2-hydrazineyl-N-[(4-(2-

hydrazineylacetamido)phenyl)sulfonyl)-N-(5-

methylisoxazol-3-yl] acetamide compound (2) (3.54 

g, 1 mmol), ethylacetoacetate (1mmol) respectively 

and absolute ethanol (15ml) was mixed carefully, 

reflexed for (3 hrs.). The reaction mixture is then 

concentrated and cooled with crushed ice to form 

the solid product, which is eventually filtered and 

re-crystallized from ethanol. compound as listed in 

Table (1). 

 

 

Synthesis methods N-(6-hydroxy-2-thioxo-1,3,4-

thiadiazinan-6-yl)-4-[(6-hydroxy-2-thioxo-1,3,4-

thiadiazinan-6-yl)amino]-N-(5-methylisoxazol-3-

yl)benzenesulfonamide compound (5) 

preparation. (13) 

To a stirred ethanolic solution of KOH 

(1.12 g, 2 mmol) in (20 ml), 2-hydrazineyl-N-((4-

(2-hydrazineylacetamido)phenyl)sulfonyl)-N-(5-

methylisoxazol-3-yl)acetamide compound (2) (3.54 

g, 1 mmol), carbon disulfide  (2 ml, 2 mmol) was 

added slowly and refluxed for (3hrs.).  The solid 

precipitate was filtered, washed with ether, and 

dried and crystallized from ethanol. Compound as 

listed in Table (1). 

Synthesis methods 4-(N-(5-methylisoxazol-3-

yl)sulfamoyl)benzene diazonium chloride 

compound (6)  preparation.
 
(14) 

(0.69 g, 1 mmol) Sodium nitrite is gently 

added to (5 mL) of concentrated hydrochloric acid 

at less than 5 ° C. and then (3.27g, 1mmol) of 4-

amino-N-(5-methylisoxazol-3-yl) 

benzenesulfonamide [sulfamethoxazole] it was 

slowly added to the solution over an hour. The 

reaction mixture was stirred for one more time for 

(2 hrs.).The reaction mixture was stirred for more 

time (2 hrs. 0-5 C
0
). compound as listed in Table 

(1). 

Synthesis methods Ethyl 2-[(4-(N-(5-

methylisoxazol-3-yl)sulfamoyl)phenyl)diazenyl]-

3-oxobutanoate compound (7) preparation.
 
(15) 

The clear solution of diazonium salt 

compound (6) (3g, 1mmol. was added to solution of 

ethyl acetoacetate (1.3g, 1mmol.) in sodium 

hydroxide (0.4g. 1mmol.). Mixture of reaction was 

refluxed for (3 hrs.). The solid product is filtered, 

washed with a little hot water, dried ,and purified 

from ethanol. compound as listed in Table (1). 

Synthesis methods 4-[(3-methyl-5-oxo-4,5-

dihydro-1H-pyrazol-4-yl)diazenyl]-N-(5-

methylisoxazol-3-yl) benzene sulfonamide 

compound (8) preparation. (16) 

To (3.9g, mmol.) of ethyl 2-[(4-(N-(5-

methylisoxazol-3-yl)sulfamoyl]phenyl)diazenyl)-3-

oxobutanoate compound (7) hydrazine hydrate99% 

(3.6g, 1mmol.) gently added. The reaction mixture 

was reactivated for (3 hrs.) and then cooled to room 

temperature. The solid precipitate is formed 

washed, dried, and crystalized from ethanol. 

compound as listed in Table (1) 

 

Result and Discussion:  
Artificial pathways of newly prepared 

derivatives sulfamethoxazole are presented in 

Scheme (1) 
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Scheme 1. Prepared derivatives sulfamethoxazole1,2,3-(9) 

 

FTIR spectrum for compound(1) showed 

new band at (3263 cm 
-1

)
 
were assigned to the v(N-

H)sym. stretching symmetry. Besides the 

appearances of v(C=O) stretching band attributable 

to amide group at (1693 cm 
-1

) and stretching  band 

at (2881cm 
-1

) back to v(CH2) and at (1600 cm 
-1

)
 

for (C=N) isoxazole are best proof for the structure 

give to intended compound as listed in Table (2) 

FTIR spectrum of hydrazine carboxamide showed 

remarkable stretching bands in (3321 cm 
-1

) and 

(3267 cm 
-1

) which were assigned to the ν (-

NHNH2) group frequency stretch proved the 

formation of compound (2). On the other hand, 

disappearance of ν(-NHNH2) (CH2) and (C=O) 

group stretching frequency for thiadiazine ring is 

considered a good proof of formation of compound 

(3) FTIR spectrum for pyrazolidine-3,5-diol 

compound (4) gives starching bands for v(O-H) at 

(3365cm
-1

) and v(CH2) at (2835cm
-1

). While 

pyrazolone compound (5) shows starching bands for 

v(C=S) 1165 beside starching bands for v(O-H) at 

(3363cm
-1

) and v(CH2) at (2835cm
-1

). 
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Table 1. Physical properties of prepared compounds (1-8 ) 
Compound no. Mol. Formulas Yield (%) m. p. °C. Color Solv. Recryst. 

1 C14H13Cl2N3O5S 65 184-186 Light yellow Ethanol 

2 C14H19N7O5S 77 118-120 Light brown Ethanol 

3 C28H25N9O3S3 59 150-152 Light brown Ethanol 

4 C20H27N7O9S 88 166-168 Light brown Ethanol 

5 C16H19N7O5S5 81 136-138 Deep brown Ethanol 

6 C10H9ClN4O3S 66 144-146 yellow Ethanol 

7 C16H18N4O6S 70 170-172 Light orange Ethanol 

8 C14H14N6O4S 69 190-192 white Ethanol 

 

Table 2. FTIR v(cm
-1

) spectral data for sulfamethoxazole compounds (1-8) 
Compound 

no. 
ν(N-H) 

ν(C-H) 

Ar. 

ν(C-H) 

Aliph. 

ν(C=N) 

isoxazole 

ν(C=C) 

Ar. 

ν(SO2) 

Asym. 

ν(SO2) 

sym. 
Others 

1 3263 3089 2951 1600 1554 1377 1180 

(CH2) 2881, 

(C=O) 1693, 

(C-Cl) 794. 

2 3267 3059 2943 1597 1566 1334 1180 

(CH2) 2285, 

(C=O) 1708. 

 

3 3283 3071 2954 1600 1519 1377 1165 
(C=N) 1624 

thiadiazine 

4 3267 3093 2943 1604 1519 1334 1180 
(O-H) 3365, 

(CH2) 2835. 

5 3263 3089 2935 1604 1519 1334 1380 

(O-H) 3363, 

(CH2) 2835, 

(C=S) 1165. 

7 3267 3075 2970 1600 1519 1377 1161 
(CH2) 2877, 

(C=O) 1670. 

8 3417 3078 2939 1643 1551 1373 1165 (C=O) 1724. 

 

Other sulfamethoxazole derivatives 

attached with pyrazolidine-3,5-diol rings, 6-

hydroxy-1,3,4-thiadiazinane-2-thione moieties 

compounds (4) and (5) respectively were prepared 

by condensation of compound (2) with 

ethylacetoacetate in absolute ethanol to offered  

compounds (4). On the other hand, intensification 

of the compound (2) with carbon dioxide in the base 

medium of potassium hydroxide gives compound 

(5) as shown in the Scheme (2). 
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Scheme 2. Prepared derivatives sulfamethoxazole 4,5 

 
1
H-NMR spectrum of sulfamethoxazole 

compounds (1-3), shows the important 

characteristics of chemical shifts (DMSO-d6, ppm) 

as listed in Table (3) .It displayed signals attributed 

to sulfamethoxazole attached to thiadiazine moiety 

compound (3), methyl group attached to isoxazole 

ring, for 2-CH- groups of thiadiazine ring, (CH) 

isoxazole ring, fourteen aromatic ring protons, one 

proton of secondary amine (NH), two protons of 

amines attached to phenyl group, two proton for 

amine group of thiadiazine respectively as shown in 

Table (3) 
1
H-NMR spectrum of pyrazolidine-3,5-

diol compound (4) displayed the basic characteristic 

signals(1.19) due to three protons of the methyl 

group connected to isoxazole ring, four protons of –

CH- pyrazolidine rings, four protons of methylene 

CO-CH2-N, two protons of  NH pyrazolidine, four 

protons  metheylen  pyrazolidine rings, one proton 

of CH isoxazole ring, four protns of hydroxyl 

groups –OH, four protons of aromatic ring and one 

protone of Ph-NH-CO respectively as shown in 

Table-3. 
1
H-NMR spectrum of pyrazolone 

compound (5) detected significant characteristics of 

chemical shifts and showed suggested signals, the 

attribution of the( CH3)linked to isoxazole ring, four 

protons for methylene groups of thiadiazinane rings, 

two protons of hydroxyl groups –OH, one proton of 

CH isoxazole, four aromatic ring protons, four 

proton of NH thiadiazinane, and one proton of Ph-

NH-C thiadiazinane ring respectively as shown in 

the Table 3.(17) 
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Table 3. 
1
H-NMR spectral data (δppm) for selected prepared compounds 

Comp. No. Compound   structure 
1
H-NMR parameters (δppm) 

 

 

1 

 
 

1.19 (s, 3H, CH3), 4.67 (s, 4H, CO-CH2 -Cl), 6.07 (s, 

1H, C-H), 

6.92-7.96 (m, 4H, Ar-H), 12.39 (s, 1H, NH-CO). 

 

 

 

2 

 
 

1.18 (s, 3H, CH3 isoxazole), 3.83 (s, 4H, NH2), 4.65 (s, 

2H, CO-CH2 -NH), 4.96 (s, 2H, NH), 6.22 (s, 1H, C-

H), 6.85-7.38 (m, 4H, Ar-H), 12.22 (s, 1H, NH-CO). 

 

 

 

3 

 

1.19 (s, 3H, CH3), 4.67 (s, 2H, C-H thiadiazine), 5.39 

(s, 1H, C-H), 6.92-7.93 (m, 10H, Ar-H), 8.26 (s, 2H, 

NH-Ph), 8.40(s, 1H, Ph-NH-C thiadiazine), 8.88(s, 2H 

NH thiadiazine). 

 

 

 

4 

 

  

1.22 (s, 3H, CH3), 1.87 (t, 4H, C-H pyrazolidine), 3.35 

(s, 4H, CO-CH2-N), 4.11 (s, 2H, N-H pyrazolidine), 

4.67 (s, 4H, CH2 pyrazolidine), 

5.44 (s, 1H, C-H ), 5.81 (s,4H, OH), 6.92-7.46 (m, 4H, 

Ar-H), 7.93 (s,1H,Ph-NH-CO). 

 

5 

 

 

1.19 (s, 3H, CH3 i, 

4.67 (s, 4H, CH2 thiadiazinane), 

5.52 (s, 2H, OH), 6.34 (s, 1H, C-H isoxazole), 6.46 -

7.83 (m, 4H, Ar-H), 7.99 (s,4H, NH thiadiazinane), 

8.21  (s, 1H, Ph-NH-C thiadiazinane). 

 

 

7 

 

 

1.62 (s, 3H, CH3), 

1.93 (t, 3H, CH3 isoxazole), 3.52 (q, 2H, CH2), 

4.30 (s, 1H, C-H), 5.25 (s, 1H, CH), 6.96-7.97 (m, 4H, 

Ar-H), 9.32 (s, 1H, SO2-NH-C), 

 

 

8 

 

 

1.24 (s, 3H, CH3), 1.88 (s, 3H, CH3 pyrazole), 2.08 (s, 

1H, CH, pyrazole), 5.52 (s, 1H, C-H), 6.92-7.65 (m, 

4H, Ar-H), 9.26 (s, 1H, SO2-NH-C), 12.16 (s, 1H, NH 

pyrazole). 

 

Diazotization reaction of start 

sulfamethoxazole with sodium nitrite with 

hydrochloric acid yield the diazonium chloride 

derivative of sulfamethoxazole compound (6). 

Diazonium salt (4) then it was treated with ethyl 

acetoacetate in the presence of sodium hydroxide to 

give derivative (7). Final product of rings attached 

with sulfamethoxazole compound (8) were obtained 

in good yield from condensation of compound (7) 

with hydrazine hydrate.  The synthetic routes for 

preparation of mentioned compounds (6-8) are 

shown in Scheme (3). 
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Scheme 3. Prepared derivatives sulfamethoxazole 6,7,8 

 

FTIR spectrum for compounds (7) showed 

the characteristic starching band for v(N-H) at 

3267cm
-1

 beside v(CH2) at 2877cm
-1

 and ester 

group at (1670 cm
-1

). While pyrazole compound (8) 

showed starching band for v(N-H) at 3217cm-1 

beside v(C=O) at (1724cm
-1

). 
1
H-NMR spectrum of sulfamethoxazole 

derivatives (7 and 8), showed the characteristic 

chemical shifts (DMSO-d6, ppm) as listed in Table 

(3).It displayed signals attributed for 

sulfamethoxazole linked to pyrazole moiety 

compound (8), CH3 isoxazole ring, pyrazole ring, 

one proton of –CH- pyrazole ring, one proton of –

CH- isoxazole ring, four aromatic ring protons, one 

proton of SO2-NH-C and one proton of NH 

pyrazole ring respectively as shown in Table 3. 

 

The Antimicrobial Activity: 

The inhibition zone of the newly 

synthesized sulfamethoxazole derivatives (1-5) 

were observed and measured. The biological 

activates of some prepared compounds (C1, C2, C3, 

C4, C5, C6) were tested against bacterial strains and 

fungi. Escherichia coli, staphylococcus aureus and 

candida alb(1icans were well diffused using ager 

method. The results of this study are summarized in 

Table 4 and shown in Figs 1, 2 and 3 respectively. 

                       

Table 4. Biological measurements for some tested compounds 
No. inhibition zone Compound No.1000 ppm E.coli Staphylococcus aureus Candida albicans 

A1 C1 Nil 12 Nil 

A2 C2 Nil 12 10 

A3 C3 10 14 20 

A4 C4 18 20 25 

A5 C5 10 Nil 10 

Control- (A6) 0 0 0 0 
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Figure 2. Action of prepared compounds on(E.coli)           

 

 
Figure  3. Action of prepared compounds on 

Staphylococcus aureus   

 
Figure 4. Action of prepared compounds on 

(Candida albicans) 

 

Table 4 shows anti- bacterial and anti-

fungal results which were interpreted in terms of the 

diameter of inhibition zone for antibacterial activity 

showed medium biological effect against 

Staphylococcus aureus and against E.coli, although 

it showed high effect forward Candida albicans. 

 

Conclusion: 
This paper reports the changes in various 

physical properties associated with the 

derivatization of sulfamethoxazole. The properties 

studied include by FTIR, and 
1
H-NMR 

spectroscopies that derivatization substantially 

changed the pharmaceutical properties antibacterial 

activities of these compounds against Gram-positive 

bacteria (Staphylococcus aureus,), Gram-negative 

bacteria (Escherichia coli,) and yeast-like fungi 

(Candida albicans) 

 
 

 
Figure 5.  FT-IR ,

1
H NMR spectrum of compound 2 
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Figure 6. FT-IR , 

1
H NMR spectrum of compound 4 

 

 
Figure 7. FT-IR, 

1
H NMR spectrum of compound 8 
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 تشخيص ودراسه الفعاليه البايلوجيه  لبعض المشتقات الجديدة لدواء سلفاميثوكسازولو تحضير

 
   سناء عبد الصاحب 

 

 قسم الكيمياء, كلية العلوم للبنات, جامعة بغداد, بغداد, العراق

 

 :الخلاصة
لبكترياومضادات الميكروبات تم في هذا البحث سلسلة جديدة من مشتقات السلفاميثوكسازول وفحصها من أجل الأنشطة المضادة  

-6} 4دايول{-3,5},بايروزولدين_3ثايوزين{1,3,4تحضيرمشتقات جديده لدواء سلفاميثوكسازول تحتوي علئ حلقات غير متجانسه مثل 

ذا } تم تحضيرها في ه8يل( دايازينيل( {-4--بايروزول –داي هايدروا -4,5-اوكسي -5-مثيل-3}5ثايون{-2-ثايودازين-1,3,4-هيدروكسي 

البحث. تم تشخيص المشتقات الناتجه بواسطه القياسات الطيفيه)الاشعه تحت الحمراء,الرنين النووي المغناطيسي للبروتون( وتم تحديد 

الخصائص الفيزيائية أيضا لكل مشتقات .اخيرا تم دراسه فعاليه المركبات المحضره  لنشاطها المضاد للميكروبات في المختبر. تم استخدام 

ن البكتيريا المسببة للأمراض ونوع واحد من الفطريات في التقييم. أظهرت كل من المركبات التي تم فحصها وجود نشاط مضاد نوعين م

 .للميكروبات جيد إلى معتدل

 

    تحضير,تشخيص, الفعاليه البيولوجيه, سلفاميثوكسازول الكلمات المفتاحية:

 


