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ABSTRACT: The heart of organic synthesis is designing synthetic routes to a molecule. The simplest 

synthesis of a molecule is one in which the target molecule can be obtained by submitting a readily available 

starting material to a single reaction that converts it to the desired target molecule. However, in most cases 

the synthesis is not that straight forward; in order to convert a chosen starting material to the target 

molecule, numerous steps that add, change, or remove functional groups, and steps that build up the carbon 

atom framework of the target molecule may need to be done.  A synthetic approach for designing a 

synthetic route to a molecule is to subject the target molecule to an intellectual exercise called a retro 

synthetic analysis. This involves an assessment of each functional group in the target molecule and the 

overall carbon atom framework in it; a determination of what known reactions from each of those functional 

groups or that build up the necessary carbon framework as a product; and a determination of what starting 

materials are then subjected to the same retro synthetic analysis, thus working backward from the target 

molecule until starting materials are derived.   A chemical substance that is generated at one stage during a 

synthetic process and used in the next is called an intermediate. 
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INTRODUCTION:  

Bumetanide is chemically designated as 3-(butylamino)-4-phenoxy-5-sulfamoylbenzoic acid and 

used as loop diuretics (sulfamyl category) in the treatment of heart failure, renal insufficiency and hepatic 

cirrhosis cases [1-3]. It is commonly used in the patients with high doses of furosemide (diuretic) that is 

non-effective and more active than the furosemide about 40-60 times on weight basis [4].  Bumetanide also 

acts as an inhibitor of chloride (Cl−) co-transporter NKCC1 (cation-chloride cotransporter) to keep the 

intracellular Cl− levels in the neurons at a definite level [5,6]. 

 

A chemical substance, when administered to a living organism, produces a biological effect. It is 

used to treat, cure, prevent, or diagnose a disease or to prevent, or diagnose a disease or to promote well-

being.  Drug is thought to originate from Old French “drogue”, possibly deriving later into ‘droge-vate’ 

from Middle Dutch meaning ‘dry barrels’, referring to medicinal plants preserved in them. A chemical 

substance that is generated at one stage during a synthetic process and used in the next is called an 

intermediate. 

Active Pharmaceutical Ingredients- Active pharmaceutical ingredients (API) are the active components in 

a pharmaceutical drug that produce the required effect on the body to treat a condition. APIs are produced 

by processing chemical compounds. In a biological drug, the active ingredient is known as a bulk process 
intermediate (BPI).   API are broadly categorized into two types- synthetic and natural. Synthetic APIs are 

further classified into innovative and generic synthetic APIs, based on the type of synthesis used.  Synthetic 

chemical APIs, also known as small molecules, constitute a large part of the pharmaceutical market, with 

many small molecule drugs commercially available in the market.  Finally, we see that the term API will 

remain key in the pharmaceutical industry for the following years or even decades. This we believe will 

http://www.jetir.org/
mailto:kempegowdabk1@gmail.com


© 2022 JETIR November 2022, Volume 9, Issue 11                                                 www.jetir.org (ISSN-2349-5162) 

JETIR2211306 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d45 
 

happen until the API definition is too ambiguous or with such a broad spectrum in which new terms with 

greater specificity are found to describe the technologies used in future. 

Design of synthesis of work plan: Mapping starting materials onto the product recognize the functional 

group in target molecule, identification of key bonds to be made, consider how to make the key bonds and 

Write out the whole synthesis and check it carefully.  The essential knowledge, an organic chemist must 

have to design synthesis effectively are, an understanding of reaction mechanisms, a working knowledge of 

reliable reactions and the understanding of the stereochemistry. 

This is a general routine for synthesizing an organic compound that may be a drug, polymer, dye 

stuffer etc. Many multisteps include intermediates that are very important for the further processes.  Thus, 

synthesis is creative science and there is no right or best synthesis for any molecule. 

Introduction and mechanism action of drug intermediate:  

Bumetanide (Figure-1), commonly sold under the brand name Bumex, Burinex which is commonly 

known as ‘water pill’ whose IUPAC name is 3-butylamino-4-phenoxy-5-sulfamoyl benzoic acid.  

Bumetanide (BMT) is a potent loop diuretic in its pharmalogical action. It is indicated for the treatment of 

edema associated with congestive heart failure and hepatic and renal diseases. 

 
Figure-1: Chemical structure of Bumetanide 

Bumetanide is an odorless, white crystalline powder with a slightly bitter taste. The reported melting 

point range is 230-231oC.  The pK1 and pK2 values of BMT are reported to be 3.6 and 7.7 respectively.  

Synthesis of Drug Intermediate has a good scope in India, by which imports can be made minimum and 

health security of Indian people can be made assured. 

4-Chloro-3-nitro-5-sulfamoylbenzoic acid is also named as 5-Aminosulfonyl 4-chloro 3-nitrobenzoic 

acid, where it is used as intermediate in the production of Bumetanide.  It falls under the category of Active 

Pharmaceutical Ingredient, the present work entitled synthesis of Bumetanide Drug Intermediate– 4-

Chloro3-nitro 5-sulfamoylbenzoic acid, which is the Active Pharmaceutical Ingredient of the drug 

bumetanide.  It has a molecular formula – C7H5ClN2O6S with a molecular weight of 280.64g/mol. 

When blood is filtered at the glomerulus, the fluid which enters the proximal tubule is really the 

developing urine. As the tubular fluid passes down the tubule, solutes ( Na+, K+, Cl-) are removed from the 

fluid and returned to the blood(reabsorption). Diuretics inhibits the reabsorption of Na+ ions, thereby 

reduces the quantity of the water in body fluids. 

As bumetanide is a potential sulfonamide high-ceiling loop diuretics, it inhibits reabsorption of NaCl 

and KCl by inhibiting the Na+, K+, 2Cl- symport in the luminal membrane of thick ascending limb (TAL) of 

loop of Henle. As TAL is responsible for the reabsorption of 35% of filtered sodium, and loop diuretics are 

highly efficacious and are thus called high ceiling diuretics. The Na+- K+ - 2Cl- symport and sodium pump 

together generate a positive lumen potential that drives the reabsorption of Ca++ and Mg++, inhibitors of the 

Na+- K+- 2Cl- symport also inhibit reabsorption of Ca++ and Mg++.  Loop diuretics also have direct effects 

on vasculature including increase in renal blood flow, and increase in systemic venous capacitance. 

Bumetanide interferes with renal Camp and inhibits the sodium-potassium ATPase pump. Thus Bumetanide 

block the active reabsorption of chloride and possibly sodium in the ascending loop of Henle, altering 

electrolyte transfer in the proximal tubule. This results in excretion of sodium, chloride and water and 

hence, diuresis. 

Respiratory systems- Bumetanide has been implicated in the development of pulmonary fibrosis [7], 

but causality could not be determined with certainty.  Sensory systems- One advantage of bumetanide is that 

it is less ototoxic than furosemide [8–10].  It is sensible to prefer bumetanide to furosemide in patients with 

hearing problems or who concurrently need ototoxic drugs, such as an aminoglycoside antibiotic.  

Metabolism-It has been suggested that bumetanide has a smaller effect on blood glucose than furosemide 

does, but that is not at all clear.  Gastrointestinal-Very high doses of bumetanide used for renal insufficiency 

have sometimes produced colic.  Pancreas-A patient in whom pancreatitis was induced by both furosemide 

and bumetanide has been documented [11].  Skin- Bullous pemphigoid induced by bumetanide has been 

reported [12]. 
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MATERIAL AND METHODS: 

Chemicals required: Chlorosulfonic acid, Concentrated Sulfuric acid, Concentrated Nitric acid, Methanol, 

Ammonia all are LR and AR grade chemicals and were purchased from Merck. 

Material required: Round Bottomed flask (Borosilicate Glass Round Bottom Flasks - 250ml), Heating 

Mantle (500ML in 220 Volt Suitable for laboratory) particularly useful for Heating..., Magnetic Stirrer 

(Magnetic Stirrer With Hot Plate Remi Make- 2 MLH, Condenser, Reflux Condenser and Distillation 

Condenser. 

Stages involved in synthesis of 4-Chloro 3-Nitro 5-Sulfamoyl Benzoic Acid: Bumetanide, (3-

butylamino-4-phenoxy-5-sulfamoylbenzoic acid) is synthesized from 4-chlorobenzoic acid. In the first stage 

of synthesis, it undergoes sulfonylchlorination by chlorosulfonic acid, forming 4-chloro-3-

chlorosulfonylbenzoic acid, which is further nitrated with nitric acid to 4-chloro-3-chlorosulfonyl-5-

nitrobenzoic acid.  Reacting this with ammonia gives 5-aminosulfonyl-4-chloro-3-nitrobenzoic acid).  

STAGE-1: 

Sulfonyl chlorination- Aromatic sulfonation is an organic reaction in which a hydrogen atom on an arene is 

replaced by a sulfonic acid functional group in an electrophilic aromatic substitution. Here, Chlorosulfonic 

acid is used as a sulfonating agent. 

Procedure:  4-Chlorobenzoic acid undergoes sulfonyl chlorination by the help of Chlorosulfonic acid in the 

first stage of synthesis, it undergoes sulfonylchlorination. 

25grams of 4-Chlorobenzoic acid was added to 62.5ml in 250ml round bottom flask lot wise to 

avoid vigorous reaction. The reaction should be carried out at 10 ̊C -15 C̊, so which round bottom flask 

should be kept in ice bath / ice water bath. The reflux should be done for 7 hours continuously.  

4-Chloro 3-chlorosulfonyl benzoic acid is synthesized. It has the molecular formula as C7H4Cl2O4S 

with the molecular weight 255.07g/mol.  Its melting point was around 170 ̊C- 172 ̊C and its boiling point 

was found to be in the range of 60 ̊C – 80 ̊C.   The first stage of synthesis gives an yield of, Wet weight – 

45.5grams, Dry weight – 29grams.   

 

 

Reaction: 

 
          4-chloro benzoic acid                                  4-chloro 3-chloro sulfonyl benzoic acid 

Mechanism of sulfonyl chlorination: 

STEP 1: 

 
                                 Strong electrophile 

STEP 2: 

 Cl activates ring by +R effect. 

 Electrophilic substitution reaction goes with respect to Cl 
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STAGE- 2: 

Nitration- Nitration is the class of chemical processes that introduces the nitro group into an organic 

chemical compound. In this reaction, there is replacement of a hydrogen atom of 4-Chloro 3chloro sulfonyl 

benzoic acid with one or more nitro groups.  This reaction is exothermic, one should be careful about 

multiple nitration. Therefore nitration reaction is usually controlled by some sort of systematic cooling 

which helps to take away excess generated energy. 

Nitrating mixture – a mixture of concentrated nitric acid and sulfuric acid is applied. The reaction 

between the mixtures results in the formation of the nitronium ion(NO2
+) which is the active species. 

Interestingly, this active species also affects nitration without the need for mixed acid. On the other hand, 

during mixed acid synthesis, sulfuric acid is not consumed. It rather acts as a catalyst and water absorbent. 

The process is one example of electrophilic aromatic substitution. 

Procedure:  20grams of Stage 1 product i.e, 4-Chloro 3-chlorosulfonyl benzoic acid is taken in 250ml 

round bottom flask. To which 45ml of concentrated H2SO4 should be added.  By maintaining temperature at 

5 ̊C nitrating mixture should be added dropwise. After completion of addition the round bottom flask was 

shifted on heating mantle, thus temperature is maintained at 60 ̊C for 4-5hour.  

After quenched with ice cubes allowed to undergo precipitation for 1hour.  Filter, wash with chilled 

water, dried and melting point should be determined for the conformation of the complete synthesis of 4-

Chloro 5-nitro 3-chlorosulfonyl benzoic acid.  The yield of the product obtained at stage 2 is, Wet weight – 

21.5grams, Dry weight – 16.5 grams.  The obtained dried product is taken in thin capillary tube to determine 

its melting point and it was found to be 176 ̊C. 

Reaction: 

 
                              4-chloro 3-chloro sulfonyl benzoic acid          4-chloro 3-chloro sulfonyl 5-nitro benzoic acid 

Mechanism of nitration:  In this step, a strong electrophile, the nitronium ion is formed. Because the 

nitronium ion is a good electrophile, it is attacked by aromatic ring. 

 

 

STEP 1:   
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STEP 2: 

 With respect to Cl, it’s ortho directing. 

 With respect to COOH & SO2Cl, it’s meta directing. 

 
STAGE-3: 

Amination- Amination is the process by which an amine group is introduced into an organic molecule. 

Amination process requires Ammoniated methanol, which has to be prepared as follows.  

300ml Ammonia is taken in a round bottom flask kept under heating mantle, thus the formed vapors 

were passed to the 150ml of methanol taken in another round bottom flask connected to it. This is how 

ammoniated methanol is formed, which will be used in amination step. 

Procedure-  100ml of methanolic ammonia should be taken in 250ml round bottom flask , and should be 

kept in chilled water bath , to which   8 grams of product obtained at stage 2 i.e, 4-Chloro 3-chlorosulfonyl 

5-nitrobenzoic acid is added lot wise at temperature less than 20 ̊C.  After addition it has to be continuously 

stirrerd at room temperature for 24hours.  

The pH of the mixture in the round bottom flask is noted, dilute HCl was added if the mixture is 

neutral/basic to bring it to the pH 5-6, then kept in ice cold water, till precipitation completes. Filtered, the 

obtained solid residue i.e, 4-Chloro 3-nitro 5-sulfamoyl benzoic acid was weighed and melting point was 

determined.  Thus obtained 4-Chloro 3-nitro 5-sulfamoyl benzoic acid has the molecular formula 

C7H5ClN2O6S with the molecular weight 280.64g/mol which has a appearance of off-white to light beige 

solid, which is slightly soluble in DMSO and even slightly in methanol. It has to be stored at -20 ̊C in 

freezer.  The yield obtained at stage 3 i.e, 3.5grams. The obtained product was taken in capillary tube and 

checked for melting point it was found to be 228 ̊C-229 ̊C.  It has greater applications in pharmaceutical 

industries, where it has been used as building blocks in the preparation of drugs and metabolites. 

Reactions:  

 
4-chloro 3-chloro sulfonyl 5-nitro benzoic acid               4-chloro 3-nitro 5-sulfamoyl benzoic acid 
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Mechanism of Amination: 

 
Conclusion:  India enjoys an important position in the global pharmaceutical sector, despite being a leading 

supplier of high quality medicines to several countries; Indian pharmaceutical industry is highly dependent 

on China for the active pharmaceutical ingredients, where they import 70% of their drug intermediates from 

China. Synthesis of Drug Intermediate has a good scope in India, by which imports can be made minimum 

and health security of Indian people can be made assured.  Skilled man power has a major role, hence one 

should get proper guidance, knowledge and insights in synthesis of drug intermediate.  This drug 

intermediate has very vital applications. It has its very own role in synthesis of bumetanide. Availability of 

this dug is quite lesser in comparision with other drugs. The raw materials used in the reaction were a bit 

dangerous, where it requires careful handling.  The way for the synthesis of this drug intermediate was not 

tedious, as it is a simple process, where the drug has many applications in short term or long term treatment, 

where if not taken as prescribed swelling may go worse, either it may worsen the symptoms of heart failure 

or other conditions, its availability should be made in each pharmacy by increasing its productions. 
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