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ABSTRACT 

 

A detail study was undertaken to investigate origin of Lorcaserin drug 

substance related impurities. Theseimpurities were synthetically prepared and 

characterized by IR, NMR and Mass, in order to have proper processcontrol. These 

impurities are 9-Chloro Lorcaserin (15), 7-Chloro Loracserin (14), 6-Chloro 

Lorcaserin (16), deschloro Lorcaserin (23), L-Acetyl Lorcaserin (24), N-Formyl 

Lorcaserin (25). The origin of these impurities were investigated in order to have 

proper process control during Lorcaserin hydrochloride drug substance manufacturing. 
 

Keywords: Lorcaserin, Related substances, Degradation products, Synthesis, 

Characterization. 

 

INTRODUCTION 

 

The literature search revealed the absence of much work on study of Lorcaserin 

impurities profile and possible degradation products. The impurity profile in the present work 

is different from the earlier reported study. In this article we have reported various probable 

process related impurities and degradation products of Lorcaserin. The path way for their 

formation and synthesis of these impurities is also described. Lorcaserin, is marketed under 

the trade name ‘Belviq’ is a weight-loss drug developed by Arena Pharmaceuticals. It 

has serotonergic properties and acts as an anorectic. Lorcaserin is used long term for weight 

loss in those who are obese. 

http://www.chemistry-journal.org/
mailto:Sukumar.nandi@aurobindo.com
https://en.wikipedia.org/wiki/Weight-loss_drug
https://en.wikipedia.org/wiki/Arena_Pharmaceuticals
https://en.wikipedia.org/wiki/Serotonergic
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EXPERIMENTAL SECTION 

 

Melting points are measured in open capillary tubes and are uncorrected. The 1H 

NMR spectra was recorded in CDCl3 on Mercury plus Varian 500 MHz FT NMR 

spectrometer. The chemical shifts were reported in ppm relative to TMS (δ 0.00 ppm) as 

internal standard. IR spectra were recorded on a Perkin-Elmer FT-IR instrument (KBr 

pelletmethod). Mass spectra were recorded using a 4000-Q-trap LC-MS/MS mass 

spectrometer. The solvents andreagents were used without further purification 
 

PREPARATION OF 7-CHLORO-1-METHYL-2,3,4,5-TETRAHYDRO-1H- 

BENZO[d]-AZEPINE (15) 
 

PREPARATION OF 1-[(3-CHLOROPHENETHYL)AMINO]PROPAN-2-OL (12): 
 

1-Aminopropanol (7 g, 0.226 mole) was aadded slowly to 3-Chlorophenyl ethyl 

bromide (10 g, 0.045 mole) at 95°C and stirred at this temperature for completion of reaction, 

which took about 2 hours. Thereafter, the reaction mass was cooled to 70°C and water was 

added to the reaction mass followed by toluene. It was stirred for 15 minute and organic layer 

was separated. The organic layer was washed with DM water and with aqueous sodium 

bicarbonate solution. The washed toluene layer was concentrated to obtain a yellowish which 

solid. 

Yield: 9.2 g; m/z: 214 (M+H)+; 1H NMR (500 MHz, CDCl3):  ppm:1.15(d, J = 6.5 Hz,3H), 

2.38-2.42 (dd, J =12, 9 Hz,1H), 2.69-2.73 (dd, J =12, 3.5 Hz,1H), 2.75-2.78 (m, 2H), 2.82-

2.95 (m, 2H), 3.72-3.75 (m, 1H),7.08 (d, J = 7 Hz,1H), 7.18 -7.24 (m, 3H). 
 

PREPARATION OF 2-CHLORO-N-(3-CHLOROPHENETHYL)PROPAN-1-AMINE (13). 
 

To a suspension of 3-Chlorohydroxy compound 12 (8 g, 0.039 mole) in toluene (50 

ml), thionyl chloride (5.8 g, 0.049 mole) was added at 20-30°C. The resultant mixture was 

heated to 50-60°C and stirred at this temperature for completion of reaction which takes about 

2 hrs. Thereafter, the reaction mass was cooled to 10-20°C, during which product was 

precipitated out.. The product was filtered and washed with toluene (50 ml). The isolated crude 

product (9.8 g) was purified by using isopropyl alcohol and DM water. 

Yield: 8.1 g; Mass (m/z):232 (M+H)+; 1H NMR (500 MHz, DMSO d6):  ppm:1.55 (d, J = 6.5 

Hz, 3H), 3.07 (m, 2H), 3.18 (m,2H), 3.24 (m, 2H), 3.37 (m, 2H), 4.59 (m, 1H), 7.23 – 7.39 (m, 

4H), 9.33 (brs, 1H), 9.69 (brs, 1H). 
 

PREPARATION OF 7-CHLORO-1-METHYL-2,3,4,5-TETRAHYDRO-1H- 

BENZO[d]AZEPINE [7-CHLORO LORCASERIN] (15). 
 

Chloro compound meta isomer (13, 8 g, 0.03 mole) in 1,2-dichlorobenzene (100 ml) 

was suspended. To this suspension, aluminium chloride (8 g, 0.06 mole) was added  20-30°CC. 

The reaction mass was heated to 120-130°C and stirred at this temperature for 3 hr for 

completion of reaction. Thereafter, it was cooled to 0-5°C and water aws added slowly at          
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0-5°C. 20% aqueous sodium hydroxide solution (80 ml) was added to the above reaction mass 

at 0-5°C. The product was extracted with methylene chloride. The combined methylene 

chloride layer containing product was washed with 10% sodium chloride solution (80 ml) and 

concentrated to obtain the crude product (6 g). The crude product was purified by preparative 

HPLC to obtain the product. 

Light brown liquid; 1H NMR (500 MHz, CDCl3):  ppm: 1.31 (d, 3H, J = 8 Hz), 2.69-

3.06 (m, 7H), 7.07 (d, 1H, J = 8 Hz), 7.08 (s, 1H), 7.11 (dd, 1H, J = 8 & 2 Hz). Mass 

(m/z):196.08 [M+1]+ 
 

PREPARATION OF 6-CHLORO-1-METHYL-2,3,4,5-TETRAHYDRO-1H- 

BENZO[d]AZEPINE [6-CHLORO LORCASERIN] (19). 
 

PREPARATION OF 1-[(2-CHLOROPHENETHYL)AMINO]PROPAN-2-OL (17): 
 

1-Amino-2-propanol (17.16 g) was slowly added to 2-chloro phenethyl bromide (10 

g, 0.045 mole) at 95°C and stirred at this temperature for completion of reaction which takes 

about 7 hours. Thereafter, the reaction mass was cooled to 70°C and DM water was added to 

the reaction mass followed by toluene. The mixture was stirred for 15 min and toluene layer 

was separated and washed with toluene. Finally, toluene layer was concentrated to obtain the 

crude product. This was taken as such for its conversion to Chloro compound ortho isomer (18). 
 

PREPARATION OF 2-CHLORO-N-(2-CHLOROPHENYL)PROPAN-1-AMINE (18). 
 

To the suspension of 2-Chloro hydroxy compound (17, 8g, 0.0374 mol) in toluene (40 

ml) thionyl chloride (5.74 g, 0.048 mole) was added at 20-30°C. The resultant mixture was 

heated to 50-60°CC and stirred at this temperature for 3 hours for completion f reaction. 

Thereafter, the reaction mixture was cooled to 10-20°C and product was filtered, washed with 

toluene (50 ml). The obtained crude product was crystallized using IPA and DM water. 

Yield: 7.1 g; m/z: 232 (M+H)+; 1H NMR (500 MHz, DMSO-d6):  ppm:1.55 (d, J = 6.5Hz, 

3H), 3.18 (m, 4H), 3.27 (dd, J =13.5 Hz & 9 Hz, 1H), 3.41 (dd, J = 14 Hz & 4.5Hz, 1H), 4.56 

(m, 1H), 7.30-7.36 (m,2H), 7.40 (dd, J = 7Hz & 1.5Hz, 1H), 7.47 (dd, J = 7Hz & 1.5Hz, 1H),  

9.21 (brs,1H), 9.60 (brs 1H). 

 

PREPARATION OF 6-CHLORO-1-METHYL-2,3,4,5-TETRAHYDRO-1H- 

BENZO[d]AZEPINE [6-CHLORO LORCASERIN] (19): 
 

Alluminium chloride (1.49 g, 0.011 mole) was added to 18 (2 g, 0.007 mole) and the 

mixture was heated to 120-130°C. The mixture was stirred at 120-130°C for 4 hour for 

completion of reaction. Thereafter, the reaction mixture was cooled to 0-5°C and water was 

added slowly and pH was adjusted to 11-12 at 0-5°C. The product was extracted using 

methylene chloride. The methylene chloride extract was washed with DM water and 10% 

aqueous sodium chloride solution (20 ml) at 20-30°C. The methylene chloride layer was 

concentrated to obtain the crude product which was purified by column chromatography using 

hexane - ethyl acetate.   
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Yield: 11.1 g m/z: 196 (M+H)+; 1H NMR (500 MHz, CDCl3):  ppm: 1.44 (d, J – 7.5 

Hz, 6H), 2.77 (m, 1H), 2.90 (m, 1H), 3.28 (m, 1H), 3.33 (m, 1H), 3.42 (m, 1H), 3.62 (m, 1H), 

3.53 (m, 1H), 7.2 (d, J = 6.5 Hz, 1H), 7.16 (dd. J = 7.5 Hz &1 Hz, 1H), 7.29 (dd, J = 7.5 Hz,1 

Hz ,1H), 8.52 (brs, 1H). 

 

PREPARATION OF 1-METHYL-2,3,4,5-TETRAHYDRO-1H-BENZO[d]AZEPINE 

[DES CHLORO LORCASERIN] (23): 

 

PREPARATION OF (2-CHLOROETHYL)BENZENE (20):  
 

Phenylethyl alcohol (50 g, 0.409 mole) was dissolved in toluene (100 ml) and DMF  

(5 g) was added at 20-30°C. The temperature was raised to 60°C. To this reaction mass, thinly 

chloride (53.6 g, 0.450 mole) was added at 60°C. Th reaction mass was stirred at 60°C for 1 

hour for completion of reaction. Thereafter, the reaction mass was concentrated under reduced 

pressure. To the concentrated mass, toluene (50 ml) and water (85 ml) was added at 20-30°C. 

The organic layer was separated and washed with saturated sodium bicarbonate solution. The 

washed organic layer was concentrated to obtain the product. 

Yield: 53 g; Mass (m/z): 140.5; 1H NMR (300 MHz, CDCl3):  ppm:3.07 (t, J = 3.9 Hz, 

2H),3.72 (t, J =7.5 Hz,2H), 7.16-7.34 (m,5H). 

 

PREPARATION OF 1-(PHENETHYLAMINO)PROPAN-2-OL [DESCHLORO  

HYDROXY COMPOUND] (21): 

 

1-Amino-2-propanol (131.67 g, 1.77 mole) was added slowly to (2-chloroethyl)benzene 

(20, 0.155 mole) at 90°C and the reaction mass was stirred at this temperature for about 12 

hour. Thereafter, the reaction mass was stirred was cooled to 20-30°C. To this cooled reaction 

mass, methylene chloride (250 ml) and DM water (250 ml) was added at 20-30°C. The reaction 

mass was stirred for 30 minute and methylene chloride layer was separated and concentrated 

to obtain the product as yellow mass. 

Yield: 60 g;  

 

PREPARATION OF 2-CHLORO-N-PHENETHYLPROPAN-1-AMINE  

[DES CHLOROCHLORO COMPOUND] (22): 
 

To a suspension of Deschloro hydroxy compound (21, 50 g, 0.279 mole) in toluene 

(250 ml), thionyl chloride (43.2 g, 0.363 mole) was added at 20-30°C. The reaction mixture 

was heated to 55-60°C nd stirred for 3 hour for completion of reaction. Thereafter, the reaction 

mass was cooled to 10-20°C. The product was filtered and washed with toluene (250 ml). The 

isolated crude product was purified by crystallization using isopropyl alcohol and water. 

Yield: 40 g; Mass (m/z): 198 (M+H)+; 1H NMR (500 MHz, DMSO d6):  ppm: 1.55 (d, J = 7 

Hz, 3H), 3.03 (m, 2H), 3.17 (m, 2H), 3.22 (m, 1H), 3.37 (m, 1H), 4.58 (m, 1H), 7.24 - 7.35 

(m, 5H), 9.22 (brs (1H), 9.68 (brs, 1H). 
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PREPARTION OF 1-METHYL-2,3,4,5-TETRAHYDRO-1H-BENZO[d]AZEPINE 

[DES CHLORO LORCASERIN] (23). 
 

Alluminium chloride (39.9 g, 0.298 mole) was added to Des chlorochloro compound 

(22, 35 g, 0.149 mole) and the mixture was heated to 120-130°C. The reaction mass was stirred 

at this temperature for 8 hours for completion of the reaction. Thereafter, the reaction mass 

was cooled to 0-5°C and quenched with water. The pH was adjusted to 11-12 with sodium 

hydroxide solution. The product was extracted with methylene chloride and washed with 

saturated sodium chloride solution. The washed methylene chloride layer was concentrated to 

obtain the product. Finally, it was purified by column chromatography. 

Yield: 4 g; Mass (m/z):162.14[M+H]+ ;1H NMR (500 MHz, CDCl3):  ppm:1.38(d, J 

=7Hz,3H), 2.79-3.15 (m,6H), 3.23 (m,1H), 3.91(br s ,1H),7.08-7.19 (m,4H). 

 

PREPARATION OF (R)-1-(8-CHLORO-1-METHYL-1,2,4,5-TETRAHYDRO-3H-

BENZO[d]AZEPIN-3-YL)ETHAN-1-ONE [N-ACETYL LORCASERIN] (24): 
 

To Lorcaserin base (3g, 0.015 mole) acetic anhydride (7.85 g, 0.077 mole) was added 

at 20-30°C. The resultant mixture was heated to 50-60°C and stirred at this temperature for 1 

hour for completion of reaction. Thereafter, it was cooled t 20-30°C and water (30 ml) 

followed by ethyl acetate (30 ml) was added to it. It was stirred for 30 min and organic layer 

was separated and the aqueous layer was reextracted with ethyl acetate (30 ml). The combined 

ethyl acetate extract was washed with 20% aqueous sodium chloride solution. The washed 

ethyl acetate layer was concentrated to obtain the crude product which was further purified by 

column chromatography. 

Yield: 2  g; Mass (m/z): 238[M+H]+ ;  1H NMR (500 MHz, CDCl3):  ppm: 1.29 & 1.33 (2d, 

J = 7.5 Hz, 3H,), 2.12 & 2.14 (2s, 3H), 2.82-3.68 (m, 7H), 7.02 & 7.04 (2d, J = 8 Hz ,1H), 

7.10 & 7.12 (2 dd, J = 8 Hz & 2 Hz ,1H), 7.13 & 7.16 (2d, J = 2Hz ,1H).  

 

PREPARATION OF (R)-1-(8-CHLORO-1-METHYL-1,2,4,5-TETRAHYDRO-3H-

BENZO[d]AZEPIN-3-CARBALDEHYDE [N-FORMYL LORCASERIN] (25): 

 

To a suspension of lorcaserin base (1.8 g) in acetic anhydride (9.5 g, 0.093 mole)at 

20-30°C, formic acid (5.14 g, 0.111 mole) was added at 20-30°C. The resultant mixture was 

heated to 40-50°C and the reaction mixture was stirred at this temperature for 1 h for 

completion of reaction. Thereafter, the reaction mixture was cooled to 10-15°c and DM water 

(30 ml) was added to it. The product was extracted using ethyl acetate (2x 25 ml) and washed 

with 20% aqueous sodium chloride solution. The washed ethyl acetate layer was concentrated 

to obtain the crude product which was further purified by column chromatography. 
 

Mass (m/z):224 [M+H]+; 1H NMR (500 MHz, CDCl3):  ppm: 1.31 & 1.33 (2d, J = 7 Hz ,3H), 

2.81-3.63 (m, 6H), 3.65 & 3.96 (2m, 1H), 7.04 & 7.06 (2d, J = 8 Hz, 1H), 7.13 (m, 1H), 7.16 

& 7.18 (2d, J = 2Hz, 1H), 8.08 & 8.07 (2s, 1H). 
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PREPARATION OF 1-(4-CHLOROPHENETHYL)-2-METHYLAZIRIDINE 

[METHYL AZIRIDINE IMPURITY (26)]: 

 

To a suspension of Choro compound (20 g, 0.0744 mole) in dimethyl sulfoxide (200 

ml), powdered sodium hydroxide (10g, 0.25 mole) was added at 20-30°C. The resultant 

reaction mixture was heated to 80-90°C and stirred at this temperature for 1hour for 

completion of reaction. Thereafter,  the reaction mixture was coold to 0-5°C. To this cooled 

reaction mass, water (200 ml) was added. Product was extracted using methylene chloride. 

The methylene chloride layer was washed with water and concentrated to obtain the crude 

product. This crude product was dissolved in toluene, washed with water and concentrated to 

obtain the product. Finally, it was purified by column chromatography. 

Mass (m/z):196 [M+H]+; 1H NMR (500 MHz, CDCl3):  ppm: 1.11 (d, J =5.5Hz,3H), 1.15 (d, 

J = 6.5Hz,1H), 1.25 (m,1H),1.45 (d, J = 3.5Hz,1H), 2.39 & 2.51 (2m, 2H), 2.83 (t, J 

=14.5Hz,2H), 7.13 (m,2H), 7.24 (m, 2H). 

 

RESULTS AND DISCUSSION 

 

Lorcaserin is a selective 5-HT2C receptor agonist1. Many synthetic routes have been 

reported in literature for Lorcaserin hydrochloride2-6. The most efficient method of Lorcaserin 

hydrochloride synthesis involves the following route of synthesis. 

 

Cl
OH

Chlorination

Cl
Cl

H2N

OH

CH3

Cl

NH

HO

CH3

Cl

NH

Cl

CH3

Chlorination

Cyclization

Cl

CH3

NH

Racemic Lorcaserin

2-(4-Chlorophenyl)ethanol 2-(4-Chlorophenyl)ethyl chloride
Hydroxy compound

Chloro compound

Resolution

Cl

CH3

NH
(R)

Lorcaserin
1

2 3
4

56

7

 
 

Scheme-1: Synthetic scheme for Lorcaserin 
 

2-(4-Chlorophenyl)ethanol (2) raw material can have following isomeric impurities. 2-(4-

Chlorophenyl)ethanol raw material (2) may contain 2-(3-Chlorophenyl)ethanol (8, meta 

isomer) and 2-(2-Chlorophenyl)ethanol (9, ortho isomer) along with 2-Phenylethanol (10, 

deschloro impurity) of following Chemical structures. 

https://en.wikipedia.org/wiki/5-HT2C_receptor
https://en.wikipedia.org/wiki/Agonist
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OH

2-Phenylethanol

(Deschloro impurity)(meta-isomer) (ortho-isomer)

OH

Cl

2-(3-Chlorophenyl)ethanol

OH

Cl

2-(2-Chlorophenyl)ethanol

8 9 10

 
 

The carryover of the following impurities of 2-(4-Chlorophenyl)ethanol (2) raw 

material can carry forward during Lorcaserin synthesis. 

 

1. 2-(3-Chlorophenyl)ethanol (8, meta-isomer)     

2. 2-(2-Chlorophenyl)ethanol (9, ortho-isomer)     

3. 2-Phenylethanol (10, Deschloro impurity)     

        

CARRY OVER OF IMPURITIES 

 

1.   2-(3-Chlorophenyl)ethanol (8, meta-isomer): 

 

Pure sample of 2-(3-Chlorophenyl)ethanol (8, meta-isomer) was reacted with thionyl 

chloride in toluene in presence of N,N-Dimethylformamide to obtain 2-(3-Chlorophenyl)ethyl 

chloride (11). Subsequently, 2-(3-Chlorophenyl)ethyl chloride (11) was reacted with (±)-1-

Amino-2-propanol which resulted in formation of 1-[(3-chlorophenethyl)amino]propan-2-ol 

(hydroxy compound meta isomer, 12), as depicted in below synthetic scheme 1. 

 

*

Cl

Cl

H2N

OH

CH3 NH

HO

CH3

Cl

NH

Cl

CH3

Cl

Chlorination

Cyclization

2-(3-Chlorophenyl)ethyl chloride Hydroxy compound meta isomer

Chloro compound meta isomer

SOCl2

Toluene / DMF

+

CH3

NH

Cl

1
2

3

4
56

7

7- Chloro Lorcaserin

(~70%)

CH3

NH

Cl

9-Chloro Lorcaserin

(~30%)

1
2

3

4
56

7

OH

Cl

2-(3-Chlorophenyl)ethanol

1
2

(±)-1-Amino-2-propanol

8

9

*

*Assymetric centre

8 11
12

13
1415

7

 
Scheme 1: Carry over reaction of 2-(3-Chlorophenyl)ethanol (8, meta-isomer) 
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The above hydroxy compound meta isomer (12) on chlorination using thionyl chloride 

resulted in the formation of 2-chloro-N-(3-chlorophenethyl)propan-1-amine (Chloro compound 

meta isomer, 13). Chloro compound meta isomer on cyclization, resulted in a mixture of 7-

Chloro Lorcaserin (15) in about 70% yield and 9-Chloro Lorcaserin (14) in about 30% yield.  

In view of the above experiment, it is clear that 2-(3-Chlorophenylethyl)alcohol 

impurity (8), if present in 2-(4-Chlorophenyl)ethanol (2) raw material, would result in 

formation of mixture of 7-Chloro Lorcaserin(15) and 9-Chloro Lorcaserin (14) isomeric 

impurities.  

 

2.   2-(2-Chlorophenyl)ethanol (9, ortho isomer): 

 

2-(2-Chlorophenyl)ethanol (9, ortho isomer) when reacted with thionyl chloride in 

toluene in presence of N,N-Dimethylformamide resulted in the formation of 2-(2-

Chlorophenyl)ethyl chloride (16). Subsequently, 2-(2-Chlorophenyl)ethyl chloride (16) on 

reaction with (±)-1-Amino-2-propanol (7) resulted in the formation of 1-[(2-chlorophenethyl) 

amino]propan-2-ol (hydroxy compound ortho isomer, 17), as depicted in below synthetic 

scheme 2. 

Cl

Cl
H2N

OH

CH3 NH

HO

CH3

Cl

NH

Cl

CH3

Cl

Chlorination

Cyclization

2-(2-Chlorophenyl)ethyl chloride Hydroxy compound ortho isomer

Chloro compound ortho isomer

SOCl2

Toluene / DMF

CH3

NH

Cl

6-Chloro Lorcaserin

1
2

3

4
56

7

OH

Cl

2-(2-Chlorophenyl)ethanol

(ortho isomer)

1
2

(±)-1-Aminopropan-2-ol

SOCl2

AlCl3

*

*

*
*

*Assymetric centre

9 16
17

18
19

 
Scheme 2: Carry over reaction of 2-(2-Chlorophenyl)ethanol (9, ortho isomer) 

 

The above Hydroxy compound ortho isomer (17) on chlorination using thionyl 

chloride resulted in 2-chloro-n-(2-chlorophenyl)propan-1-amine (Chloro compound ortho 

isomer, 18). Chloro compound ortho isomer (18) on cyclization in the presence of aluminium 

chloride, resulted in the formation of 6-Chloro Lorcaserin (19).  

In view of the above experiment, it is clear that 2-(2-Chlorophenyl)ethanol impurity 

(9), if present in 4-Chlorophenylethyl alcohol  (2) raw material, would result in formation of                

6-Chloro Lorcaserin (19).  
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3.  2-Phenylethanol (10, Deschloro impurity) 
 

2-Phenylethanol (10) was reacted with thionyl chloride in toluene in presence of N,N-

Dimethylformamide to obtain 2-Phenylethyl chloride. Subsequently, 2-Phenylethyl chloride 

(20) was reacted with (±)-1-Amino-2-propanol (7) which resulted in formation of 

corresponding Deschloro hydroxy compound (21), as depicted in below synthetic scheme 4. 

The Deschloro Hydroxy compound (21) was subjected to further chlorination using 

thionyl chloride, which resulted in formation of Deschloro Chloro compound (22). Deschloro 

Chloro compound (22) on cyclization resulted in the formation of Deschloro Lorcaserin (23).  
 

Cl

H2N

OH

CH3
NH

HO

CH3

NH

Cl

CH3

Chlorination

Cyclization

2-Phenylethyl chloride Deschloro Hydroxy compound 

Deschloro Chloro Compound 

SOCl2

Toluene / DMF

CH3

NH

Deschloro Lorcaserin

OH

2-Phenylethanol

(Deschloro impurity)

(±)-1-Amino-2-propanol

SOCl2

AlCl3

*

*

**

*Assymetric centre

10 20
21

22
23

7

 
Scheme 3: Carry over reaction of 2-Phenylethanol (10, Deschloro impurity) 

 

In view of the above experiment, it is clear that 2-Phenylethanol impurity (10), if 

present in 2-(4-Chlorophenyl)ethanol (2) raw material, would result in formation of 

DeschloroLorcaserin (23).  

 

DEGRADATION PRODUCTS 

 

Apart from the above, two major degradation impurities which were observed in 

Lorcaserin drug product were N-Acetyl Lorcaserin(2)and N-Formyl Lorcaserin (3), having 

following chemical structures. 
 

N-ACETYL LORCASERIN N-FORMYL LORCASERIN

24 25

N

Cl

CH3

O

CH3(R)

N

Cl

CH3

O

H(R)
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N-Acetyl Lorcaserin (24): Many often a time, acetic acid is generated due to degradation of 

excipient used during formulation process of APIs. Acetic acid, which generates due to 

degradation of excipient, may undergo nucleophilic attack by reactive primary amino group 

present in Lorcaserin, resulting in the formation of N-Acetyl Lorcaserin impurity (24). 

To prepare authentic N-Acetyl Lorcaserin impurity, an independent synthesis was 

carried out by reacting Lorcaserin drug substance with acetyl chloride in the presence of 

triethyl amine as base(scheme 4). This reaction yielded N-Acetyl Lorcaserin almost 

quantitatively. N-Acetyl Lorcaserin (24) prepared through above process is characterized by 
1H NMR, IR and Mass spectroscopy. The detail of these characterization data for N-Acetyl 

Lorcaserin (24) has been given in the experimental section. 
 

1

O

ClH3C

LORCASERIN

Acetyl chloride

Triethylamine /

Methylene chloride

N-ACETYL LORCASERIN

24

N

Cl

CH3

O

CH3(R)NH

Cl

CH3

(R)

 
Scheme 4: Synthesis of N-Acetyl Lorcaserin 

 

N-Formyl Lorcaserin (25): Formaldehyde is a known degradant of many excipients 

like polyethylene glycol and polysorbates. Formaldehyde is susceptible to air oxidation and 

could be partially converted to formic acid. Therefore, excipients having residual 

formaldehyde are expected to contain some formic acid impurity as well.  

Formic acid, which generates due to degradation of excipient, may undergo 

nucleophilic attack by amino group present in Lorcaserin, resulting in the formation of N-

FormylLorcaserin impurity (25), as shown below.N-Formyl Lorcaserin (25) was prepared 

synthetically by reacting Lorcaserin with a mixture of acetic anhydride and formic acid, as 

shown in the below synthetic scheme 5.  
 

Formic acid / acetic anhydride

40-45°C

N-FORMYL LORCASERIN

25

N

Cl

CH3

O

H(R)

LORCASERIN

NH

Cl

CH3

(R)

1

 
 

Scheme 5: Synthesis of N-Formyl Lorcaserin 

 

N-Formyl Linagliptin (25) prepared through above process is characterized by 1H NMR, IR 

and Mass spectroscopy. The detail of these characterization data for N-Formyl Linagliptin has 

been given in the experimental section. 

HPLC purity method was developed specific to the above isomeric impurities and 

degradation products of Lorcaserin hydrochloride. 
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GENOTOXIC IMPURITIES 

 

Further, Lorcaserin methyl aziridine impurity (26) of following chemical structure 

shows structural alert by DEREK for genotoxicity. This impurity arises in the process due to 

internal cyclization of amino group as depicted below: 

 

Cl

N

H3C

Methyl Aziridine impurity

Cl

NH

CH3

Cl

Chloro Compound

Stage-II intermediate

- HCl

 
Scheme 6: Synthesis of Lorcaserin Methyl aziridine impurity 

 

The above methyl aziridine impurity is controlled at NMT 75 ppm in Lorcaserin 

hydrochloride hemihydrate. 

In addition to the above, ethyl chloride and isopropyl chloride by products generate 

during the process have been tested in TTC level with a limit of ‘together NMT 75 ppm’ using 

validated GC procedure in three laboratory validation batches and they are found to be ‘Not 

Detected’ in Lorcaserin hydrochloride hemihydrate. 
 

ETHYL CHLORIDE CONTENT 

[LOD: 2.6 µg/g]; [LOQ: 8 µg/g] 

ISOPROPYL CHLORIDE CONTENT 

[LOD: 2.3 µg/g]; [LOQ: 7 µg/g] 

Not Detected Not Detected 

Not Detected Not Detected 

Not Detected Not Detected 

 

CONCLUSION 

 

In view of the present regulatory requirements, appropriate control of impurities in 

raw materials, intermediates and in the final drug substance is required while preparing 

Lorcaserin Hydrochloride drug substance. Individual synthesis of all these Lorcaserin 

impurities have been described in the experimental section along with their characterization data.   
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