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Synthesis of N-[4-({4-[(5-methyl-1, 3, 4-thiadiazol-2-yl)sulfamoyl]
phenyl}sulfamoyl)phenyl]amine: An Impurity in the Antibacterial Drug 
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ABSTRACT
The process for the preparation of antibacterial compound 4-amino-N-(5-methyl-1, 3, 4-thiadiazol-2-yl)benzenesulfonamide 
(Sulfamethizole) 4 involves the reaction of  2-amino-5-methyl-1, 3, 4-thiadiazole 1 with 4-acetamidobenzenesulfonyl 
chloride 2 followed by alkaline hydrolysis of the intermediate N-{4-[(5-methyl-1, 3, 4-thiadiazol-2-
yl)sulfamoyl]phenyl}acetamide 3. The HPLC analysis of sulfamethizole showed the formation of an impurity which was 
isolated and identified as N-[4-({4-[(5-methyl-1, 3, 4-thiadiazol-2-yl) sulfamoyl] phenyl} sulfamoyl) phenyl] amine 6. This 
impurity is the result of the reaction of unreacted sulfonyl chloride 2 with sulfamethizole to form N-[4-({4-[(5-methyl-1, 3,
4-thiadiazol-2-yl)sulfamoyl]phenyl}sulfamoyl)phenyl]acetamide 5 followed by alkaline hydrolysis of the acetamido group. 
The structure was further confirmed by independent synthesis.
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INTRODUCTION
The investigations into the pharmacological activity [1-9] of 
sulfanilamide derivatives of some heterocyclic compounds 
led to the discovery of 4-amino-N-(5-methyl-1, 3, 4-
thiadiazol-2-yl)benzenesulfonamide 4 (sulfamethizole) as an 
antibacterial used for the treatment of urinary tract infection.
[10] There are several literature reports on the synthesis [11-18] 

of sulfamethizole. The widely adapted method involves two 
steps in which 4-acetamidobenzenesulfonyl chloride 2 is 
reacted with 2-amino-5-methyl-1, 3, 4-thiadiazole followed 
by alkaline hydrolysis of the acetamide group (see scheme).
The HPLC analysis of sulfamethizole 4 showed the presence 
of an impurity. The present investigations involve the 
identification of the impurity formed in the process and 
provide a synthetic method for its preparation so as to 
quantify its content in sulfamethizole. 

MATERIALS AND METHODS
Commercially available reagent grade chemicals were used 
as received. The reactions were monitored by TLC on E.
Merck DC Kieselgel 60 F254 coated aluminum sheets. 
Melting points were determined by capillary method on a 
Thermonik melting point apparatus model C PMB-2 and are
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uncorrected. The 1HNMR spectrum was recorded on Bruker 
model av 400 instrument. Chemical shifts are reported in δ 
ppm relative to TMS. The ESI mass spectra were recorded on 
Applied Biosystems model 
API 2000 /MDS sciex spectrometer. 
Analytical HPLC: The HPLC analysis was carried out on 
Jasco model 2089 with a PDA detector.  
Column:  Thermo BDS – C18 (250 mm × 4.6 mm, 5µ) 
Sample preparation: A solvent mixture containing methanol: 
water (85:15) was used in the preparation of the sample for 
injection. 20 mg of sulfamethizole containing 22% of the 
impurity was taken in 10 ml of solvent mixture and sonicated 
to dissolve completely and made up to 25 ml. This solution 
was further diluted by taking 1 ml and diluting to 1000 ml 
with solvent mixture of methanol: water (85:15).  
Injection volume: 20µl
Flow rate: 1.0 ml/min as per the gradient given in the table 
below
Mobile phase A:  water: methanol: acetic acid (8.5:1.4:0.1)
Mobile phase B:  methanol: acetic acid (9.9:0.1)
Table Program: gradient for HPLC analysis
Analytical HPLC

Time (min)
Mobile phase

%A %B
0 100 0

30 100 0
50 30 70
55 30 70
57 100 0
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Preparative HPLC

Time (min)
Mobile phase

%A %B
0 90 10

10 50 50
14 50 50
16 90 10
20 90 10

Preparative HPLC: The prep analytical work was carried 
out on a Jasco-2087 plus model with MD2070 plus detector.
Column: Inertsil Prep. ODS – C18 (250 mm × 20 mm, 10µ)
Sample preparation: 250 mg of sulfamethizole containing 
22% of the impurity was dissolved in 15 ml of methanol and 
sonicated to dissolve completely. The solution is diluted with 
10 ml of water.
Injection volume: 1 ml
Flow rate:  8.0 ml/min as per the gradient given in the table 
above
Mobile phase A: water: methanol: acetic acid (7:3:0.01)
Mobile phase B: methanol
Isolation of impurity
A mixture consisting of 200 g technical grade sulfamethizole 
containing 0.6% of the impurity and 800 ml MeOH was 
refluxed for 1hr cooled to RT and filtered under suction. The 
filtrate was concentrated to dryness to get a solid residue (40 
g). The analysis indicated the enrichment of impurity by 5%. 
The above residue was extracted repeatedly 4 times each 
time with 40 ml methanol. The combined extracts were 
concentrated to dryness to give 5 g of a sulfamethizole 
containing 22% of the impurity. This was further subjected to 
preparative HPLC and the impurity was isolated in 99% pure 
state.
N-[4-({4-[(5-methyl-1,3,4-thiadiazol-2-
yl)sulfamoyl]phenyl}sulfamoyl)phenyl]acetamide 5 
Sulfamethizole 4 (10 g, 0.37 mmol) was suspended in a 
mixture of toluene (28 ml) and pyridine (6.9 ml). The 
mixture was cooled to 0-5°C under stirring. Then 4-
acetamidobenzenesulfonyl chloride 2 (9 g, 0.38 mmol) was 
added portion wise over a period of 10 min. The reaction 
mixture was then refluxed for 3 hours. After cooling to RT 

30 ml D.M water was added. The resulting sticky 
heterogeneous mass was stirred for 30 min, filtered, washed 
with D.M water (30 ml) and dried to get crude product (8 g).  
The compound was purified by recrystallization from a 
mixture of ethyl acetate: methanol (9:1) to give a white solid. 
m.p. 284°C. Yield: 5.3 g, (30.6%) 1HNMR (DMSO-d6) δppm

2.2 (s, 3H), 2.4 (s, 3H), 7.18-7.2 (d, 2H), 7.61-7.63 (d, 2H), 
7.69-7.75 (m, 4H), 10.31 (d, 1H), 10.75 (s, 1H), 13.83 (s, 
1H). MS-ESI: 468.0 [M + 1] + (75), 425.8 (80), 353.3 (100), 
310.9 (21), 225.0 (14), 156.0 (20), 116.0 (27).
N-[4-({4-[(5-methyl-1,3,4-thiadiazol-2-
yl)sulfamoyl]phenyl}sulfamoyl)phenyl]amine 6
N-[4-({4-[(5-methyl-1,3,4-thiadiazol-2-
yl)sulfamoyl]phenyl}sulfamoyl)phenyl]acetamide 5 (5 g) 
was dissolved in 5% NaOH (50 ml). The solution was heated 
and maintained at 100°C for 4 hours under stirring. The 
solution was cooled to RT and the pH was adjusted to 6 using 
30% H2SO4. The white solid formed was filtered, washed 
free from acid and dried. Yield 4 g (92%). This was further 
purified by preparative HPLC to get white crystalline 
powder. m.p. 160-161°C. 1HNMR (DMSO-d6: ) δppm 2.36 (s, 
3H), 6.52-6.54 (d, 2H), 7.15-7.17 (d, 2H), 7.42-7.44 (d, 2H), 
7.59-7.61 (d, 2H), three D2O exchangeable broad singlets at   

6.04 (s, 2H) 10.44 (s, 1H ), 13.84 (s, 1H)   Mass spectrum 
exhibited highest mass peak corresponding to M+1 at m/e 
426.1 (15), and the fragment ions appear at m/e 311.0 (100), 
247.1 (76), 156.0 (89), 116.0 (10).Elemental analysis. Found: 
C, 40.62; H, 3.86; N, 15.79; O, 18.04; S, 21.69.Calcd.for 
C15H15N5O4S3 H2O: C, 40.53; H, 3.85; N, 15.55; S, 21.39.

RESULTS AND DISCUSSION
The HPLC analysis of technical grade sulfamethizole showed 
the presence of an impurity eluting at Rt 43.0 min with an 
area % 0.6. Under preparative HPLC conditions this impurity 
elutes at Rt 14 min. The mass spectrum of the impurity 
isolated from sulfamethizole gave highest mass peak at m/e 
426.1 corresponding to the molecular formula C15H15N5O4S3 

indicating the presence of an extra sulfamide function as
compared to sulfamethizole. The 1HNMR spectrum showed 8
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signals total integrating for 15 protons. Of these a singlet at 
ppm 2.36 integrating for 3 protons is assignable to the methyl 
group in the thiadiazole moiety present in this compound. A 
more diagnostic feature is the appearance of three D2O 
exchangeable broad singlets at 6.04 (s, 2H) 10.44 (s, 1H), 
13.84 (s, 1H) assignable to the protons on the free amino and 
amide functions. There are 4 doublets each integrating for 2 
protons and their multiplicity is typical due to the presence of 
para disubstituted benzene rings in the compound. Based on 
this data the compound was identified as (N-[4-({4-[(5-
methyl-1, 3, 4-thiadiazol-+2-yl) sulfamoyl] phenyl} 
sulfamoyl) phenyl] amine 6. Unambiguous proof for the 
structure was provided by independent synthesis as depicted 
in scheme above.
In the first step sulfamethizole 4 was reacted with 4-
acetamidobenzenesulphonyl chloride 2 to give N-[4-({4-[(5-
methyl-1,3,4-thiadiazol-2-
yl)sulfamoyl]phenyl}sulfamoyl)phenyl]acetamide 5 which 
was isolated in pure state and structure established based on  
spectral data. Compound 5 was then hydrolysed to give 6 and 
was isolated as monohydrate. The 1HNMR spectrum of the 
independently synthesized compound was superimposable on 
that of the impurity isolated from sulfamethizole by 
preparative HPLC.
The most widely adapted process for the production of 
sulfamethizole involves reaction of 4-
acetamidobenzenesulfonyl chloride 2 with 2-amino-5-
methyl-1, 3, 4-thiadiazole 1.  This step however does not 
result in quantitative yields resulting in the availability of 
unreacted 2 for side reactions to occur. This gives rise to the 
formation of process impurities which need to be identified 
to meet the regulatory prescriptions. Using HPLC methods 
the process impurity in sulfamethizole was isolated and 
identified as N-[4-({4-[(5-methyl-1, 3, 4-thiadiazol-2-
yl)sulfamoyl]phenyl}sulfamoyl)phenyl] amine 6. The 
structure assigned was confirmed by independent synthesis 
thus providing a route to get the pure compound necessary 
for the purpose of quantification of its content in the drug.
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