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ABSTRACT 

  

Described herein is an improved synthesis of 1-(4-nitrophenyl)-3-morpholine-4-yl-5,6-dihydropyridin-2(1H)-

one (1), a key intermediate for the synthesis of Apixaban. The present work provides robust and commercially 

viable manufacturing process for the synthesis of pure 1 with an overall yield of 48% over four steps and purity 

of around ≥ 98% by overcoming the limitations of the literature reported processes. 

 

Keywords: Apixaban, Eliquis, Dihydropyridine, Key Intermediate and Deep Vein Thrombosis 

 

 

INTRODUCTION 

 

Apixaban (8) is an anticoagulant drug chemically 

known as l-(4-methoxyphenyl)-7-oxo-6-[4-(2-

oxopiperidin-l-yl) phenyl]-4,5,6,7-tetrahydro-lH-

pyrazolo[3,4-c]pyridine-3-carboxamide and sold 

under the brand name “Eliquis” to treat the people 

with atrial fibrillation (a heart rhythm disorder) to 

lower the risk of stroke caused by a blood clot. It 

was invented by Aderis pharmaceuticals and 

developed jointly by Pfizer and Bristol-Myers 

Squibb. 

 

The first synthetic method (Scheme 1, Path A) 

reported for apixaban [1] involves the use of two 

key starting materials, namely 1-(4-iodophenyl)-3-

morpholin-4-yl-5,6-dihydropyridin-2(1H)-one (12) 

and ethyl chloro[(4-methoxyphenyl) 

hydrazono]acetate (13).  

 

The reported synthetic method is highly expensive 

and not economic due to the use of expensive 

starting raw materials like iodoaniline (11). 

Moreover the process is not feasible for 

commercial manufacturing due to the use of 

column chromatography purifications at several 

stages of the process. Several other routes reported 

for apixaban are also relying on the use of 

expensive iodoaniline (11) and thus economically 

not feasible [2-3]. 

 

In the recent past we have also reported an 

improved process for preparation of apixaban 

polymorphs and study of their phase transformation 

using iodoaniline (11) as the starting material [4]. 

Though alternate routes for the preparation of 

apixaban (8) are reported in the literature using less 

expensive key starting material p-nitro aniline (2, 

Scheme 1) [5-8] but they have several 

disadvantages with respect to scalability and 

quality. In continuation of our research work on 

this molecule we explored p-nitroaniline (2) as a 

key starting material for the synthesis of apixaban 

(8) via intermediate 1. 

 

Using p-nitroaniline (2) as the key starting 

material, synthesis of three key intermediates viz., 

3-chloro-1-(4-nitrophenyl)-5-6-dihydropyridin-2-

1H-one (6), 1-(4-nitrophenyl)-3-morpholine-4-yl-

5,6-dihydropyridin-2(1H)-one (1) and 3-

morpholino-1-(4-(2-oxopiperidin-1-yl)phenyl)-5,6-

dihydropyridin-2(1H)-one (7) are reported in the 

literature and each of these intermediates are used 

independently for  the preparation of Apixaban as 

shown in Scheme 1 (Path A, B and C). Among the 

three intermediates (1, 6, and 7), we have selected 

the intermediate 1 for the synthesis of Apixaban (8) 

due to the economics of the process. Several 

processes reported for the preparation of 1 starting 

from 2 suffer from major drawbacks [7-14].  
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Scheme 1. Key Intermediates for the synthesis of Apixaban (8) 

 

Few of the drawbacks of the literature procedure 

for synthesis of key intermediate 1 include; column 

chromatography technique used for the purification 

[6], use of huge excess of morpholine for 

conversion of 5 to 1 [8, 10, and 13], and formation 

of mono chloro derivative (9, Scheme 3) which is 

difficult to remove from 5 even after multiple 

crystallizations [10-12]. There also exists a 

synthesis of 1 using 5 via 10, but economics of this 

route is not favorable due to the use of expensive 

reagent like lithium carbonate and also involves 

additional reaction step for the synthesis of 10 

(Scheme 2) [7]. Moreover the reaction involved in 

the conversion of 5 into 1 is found to be very 

critical to deliver desired quality of 1 because of 

the formation of several impurities. 
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Scheme 2. Reported synthesis of 1 by 5 via 10 [7] 

 

To overcome the above disadvantages, we initiated 

the development of an efficient, scalable and 

commercially viable process for the synthesis of 1 

starting from p-nitroaniline (2) with an overall 

yield of around 48% over four steps and the details 

are presented in this article. 

 

MATERIALS AND METHODS 

 

Melting points were determined on Analab melting 

point apparatus, in open capillary tubes and are 

uncorrected. The 1H NMR (400 MHz) spectra were 

recorded on a Varian Gemini 400 MHz FT NMR 

spectrometer. Chemical shifts were reported in 

parts per million (PPM) using tetramethylsilane 
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(TMS) as internal standard and are given in δ units. 

The solvents for NMR spectra were 

deuterochloroform (CDCl3) and 

deuterodimethylsulfoxide (DMSO-d6) unless 

otherwise stated. Infrared spectra were taken on 

Perkin Elmer Spectrum 100 in potassium bromide 

pallets unless otherwise stated. High-resolution 

mass spectra were obtained with a Shimadzu GC-

MS QP mass spectrometer with an ionization 

potential of 70 eV.  Reactions were monitored by 

High performance liquid chromatography (HPLC) 

on Agilent Technologies 1200 series.  

 

Synthesis of 5-Chloro-N-(4-Nitrophenyl) 

pentanamide (3): Tetrahydrofuran (6.0L) and p-

nitroaniline (2, 1.0 kg, 7.24 moles) were charged 

into the reactor and stirred at 25-30 °C to obtain 

clear solution. To the obtained clear solution was 

charged anhydrous potassium carbonate (1.15 kg, 

8.32 moles) and the reaction mixture was cooled to 

0-5 °C. 5-Chlorovaleryl chloride (1.45 kg, 9.35 

moles) was charged to the above mixture at 0-5 °C 

temperature. Temperature of reaction mass was 

then raised to 25-30 °C and mixture was stirred for 

1.5 hr. Completion of reaction was monitored by 

TLC (Mobile phase: 10 ml of toluene with one 

drop of methanol). Upon completion of reaction, 

tetrahydrofuran was distilled under vacuum at 

temperature below 45 °C to obtain the residue. To 

the obtained residue was added purified water (10.0 

L) and suspension was stirred at 25-30 °C for 1 hr. 

The obtained solid product was filtered, washed 

with purified water (1.0 L)  and dried under 

vacuum at temperature 50-55 °C for 6-8 hr to 

obtain 1.85 kg (100%) of 3 as a crystalline solid.  

HPLC purity: 99.83%. Content of 2: 0.02%, 

individual unknown impurity: 0.11%, M.p.:133-

134°C.  FT-IR (KBr): 3290.11, 2908.40, 2938.79, 

1682.47, 1511.36, 1559.25, 1598.29, 691.79, 

750.57, 774.68, 830.80, 857.30 (cm-1). 1H NMR 

(DMSO, δ ppm): 1.70-1.78 (m, 4H), 2.40-2.46 (t, 

2H), 3.63-3.68 (t, 2H), 7.81-7.84 (Ar H, 2H), 8.17-

8.21 (Ar H, 2H), 10.52 (s, 1H). MS (ESI, m/z): 255 

[M - H]. 

 

Synthesis of 1-(4-nitrophenyl) piperidin-2-one 

(4): Tetrahydrofuran (8.0L) and 3 (1.0 kg, 3.89 

moles), were charged into the reactor and stirred 

for 5-10 minutes to obtain a clear solution. Solution 

was then cooled to 0-5 °C and was charged with 

potassium tertiary butoxide (0.570 kg, 5.08 moles). 

Temperature of reaction mass was then raised to 

25-30 °C and mixture was stirred for 3-4 hr. 

Completion of reaction was monitored by HPLC. 

Upon completion of reaction, tetrahydrofuran was 

distilled under vacuum at temperature below 45 °C 

to obtain the residue. To the obtained residue was 

added purified water (5.0 L) and desired product 

was extracted in dichloromethane (5.0 L x 2). 

Combined dichloromethane layer was washed with 

water (5.0 L) and dichloromethane was distilled 

under vacuum at below 40 °C to obtain 0.712 kg of 

crude 4 (83%); HPLC purity: 98.78%. M.p.: 96-

98°C. FT-IR (KBr): 2956.95, 1655.21, 1519.76, 

1588.36, 1604.26, 697.42, 718.88, 859.74 (cm-1). 
1H NMR (DMSO, δ ppm):  δ 1.80-1.92 (m, 4H), 

2.44-2.48 (t, 2H), 3.69-3.72 (t, 2H), 7.58-7.63 (Ar 

H, 2H), 8.19-8.24 (Ar H, 2H). MS (ESI, m/z): 221 

[M + H]. 

 

Optional purification of 1-(4-nitrophenyl) 

piperidin-2-one (4): Ethyl acetate (1.5 L) and 

methyl tertiary butyl ether (4.0 L), were charged 

into the reactor containing crude 4 (1.0 kg, 

obtained as per the above mentioned process), and 

suspension was refluxed for 1 hr. Mixture was then 

cooled to 0-5 °C and stirred for 1-2 hr. The solid 

product obtained was filtered and washed with 

methyl tertiary butyl ether (0.5 L). Wet material 

was dried under vacuum at temperature 50-55°C 

for 3-4 hr to obtain 0.83 kg of pure 4 (83% w/w); 

HPLC purity: 99.40% 

 

Synthesis of 3, 3-dichloro-1-(4-nitrophenyl) 

piperidin-2-one (5):  To the reactor containing 

crude 4 (1.0 kg, 4.54 moles, obtained as per the 

process mentioned above having purity 98.78%) 

was charge chlorobenzene (8.0L) and solution was 

chilled to 0-5 °C. To the chilled solution was 

charged phosphorus pentachloride (3.77 kg, 18.10 

moles) in portions at temperature below 10 °C. 

Temperature of reaction mass was then raised to 

50-55 °C and mixture was stirred for 2 hr. 

Completion of reaction was monitored by TLC 

(Mobile phase: toluene: ethyl acetate 7:3). Upon 

completion of the reaction, reaction mass was 

quenched over chilled water (8.0 L) and desired 

product was extracted in dichloromethane (5.0 L X 

3). Combined organic layer was washed with 

aqueous sodium bicarbonate solution (5.0 L X 3, 

prepared by dissolving 1.12 kg sodium bicarbonate 

in 15 L water) and finally with brine solution (5.0 

L, prepared by dissolving 1.0 kg sodium chloride in 

5.0 L purified water). Organic layer was then 

concentrated under vacuum at below 60 °C to 

obtain crude 5 as a residue. To the obtained residue 

was charged isopropyl alcohol (1.2 L), water (1.2 

L) and mixture was refluxed for 1 hr. Suspension 

was then cooled to 0-5 °C, stirred for 1-2 hr and the 

solid product obtained was  filtered. Wet cake was 

dried under vacuum at temperature 50-55° for 6-8 

hr to obtain 1.05 kg (80%) of pure 5 as a crystalline 

solid.  HPLC purity: 99.83%. Content of 3: Not 

detected, Content of 4: Not detected, individual 

unknown impurity: 0.10%, M.p.: 135.1-135.4°C. 

FT-IR (KBr): 2851.54, 1670.16, 1516.94, 1592.90, 

1608.36, 700.11, 754.13, 765.56 (cm-1).  1H NMR 

(DMSO, δ ppm): 2.11-2.17 (m, 2H), 2.94-2.96 (m, 
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2H), 3.82-3.85 (t, 2H), 7.60-7.63 (Ar H, 2H), 8.28-

8.32 (Ar H, 2H). MS (ESI, m/z): 289 [M + H]. 

Synthesis of 1-(4-nitrophenyl)-3-morpholine-4yl-

5,6-dihydropyridin-2(1H)-one (1): Dimethyl 

formamide (5.0L) and 5 (1.0 kg, 3.45 moles) were 

charged to the reactor and contents were stirred at 

25-30 °C to achieve clear solution. To the obtained 

clear solution was charged triethylamine (1.047 kg, 

10.35 moles) and morpholine (1.6 kg, 18.36 

moles). Mixture was heated to 95-100 °C for 5-6 

hr. Completion of reaction was monitored by TLC 

(Mobile phase: toluene: ethyl acetate 7:3). Upon 

completion of reaction, reaction mass was cooled 

to 85-90 °C and purified water (10.0 L) was added 

at temperature between 50-90°C. Precipitated 

product was cooled to 0-5 °C and stirred for 1-2 hr. 

The product precipitated out was filtered and 

washed with purified water (0.5 L). Wet material 

was dried under vacuum at temperature 50-55°C 

for 8-10 hr to obtain 0.755 kg of pure 1 (72%); 

HPLC purity: 98.67%. Content of 3: Not detected, 

Content of 4: Not detected, Content of 5: Not 

detected, individual unknown impurity: 0.45%, 

M.p.: 165.4-167.0°C. FT-IR (KBr): 3081.75, 

2928.53, 2960.20, 1672.78, 1620.88, 1508.11, 

1589.96, 1605.23, 1118.68 (cm-1). 1H NMR 

(DMSO, δ ppm): 2.52-2.56 (m, 2H), 2.87-2.89 (t, 

4H), 3.80-3.88 (m, 6H), 5.72-5.75 (s, 1H) 7.51-7.55 

(Ar H, 2H), 8.21-8.25 (Ar H, 2H). MS (ESI, m/z): 

304 [M + H]. 

 

Optional purification of 1-(4-nitrophenyl)-3-

morpholine-4yl-5,6-dihydropyridin-2(1H)-one 

(1): Ethyl acetate (3.0 L),  methyl tertiary butyl 

ether (3.0 L) and crude 1 (1.0 kg, obtained as per 

the above mentioned process) were charged to the 

reactor and suspension was heated to reflux 

temperature for 1 hr. Mixture was then cooled to 0-

5 °C and stirred for 1-2 hr. The crystalline product 

obtained was filtered and washed with methyl 

tertiary butyl ether (0.5 L). Wet material was dried 

under vacuum at temperature 50-55 °C for 3-4 hr to 

obtain 0.92 kg of pure 1 (92%); HPLC purity: 

99.40% 

 

RESULTS AND DISCUSSION 

 

Synthesis of key intermediate 1 was explored from 

a basic key starting material p-nitroaniline (2) by 

systematic understanding of reaction parameters 

contributing to the yield and quality and then a 

systematic optimization study was conducted to 

establish the scalable, economic and production 

friendly process (Scheme 3).  

 

N-acylation of 2 with 5-chlorovaleryl chloride was 

explored using bases like sodium hydride, 

triethylamine, potassium tertiary butoxide, 

potassium carbonate, potassium hydroxide and 

sodium hydroxide in solvents like 2-methyl 

tetrahydrofuran, tetrahydrofuran, dimethoxyethane, 

and dimethyl formamide. Among the explored 

combinations of solvent and base, use of potassium 

carbonate as a base and tetrahydrofuran as a solvent 

furnished desired yield and quality of 3. During the 

initial exploration reaction was also attempted 

using 5-chlorovaleryl chloride and 5-bromovaleryl 

chloride to understand the rate of the reaction, yield 

and quality of the product 3.  However, 5-

chlorovaleryl chloride was selected due to its cost 

advantage over 5-bromovaleryl chloride as the 

yield and quality of the product obtained were 

almost similar in both the cases. Further, volume of 

tetrahydrofuran and mole ratio of potassium 

carbonate required for reaction were optimized and 

as per the optimized process six volumes of 

tetrahydrofuran and 1.15 moles of potassium 

carbonate were found to be optimum for the 

reaction. Since the purity of the isolated material 

was over 99%, we proceeded to next step without 

further purification of 3. 
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Scheme 3.  Improved process for the preparation 1 

 

Base catalyzed cyclization of 3 to provide 4 was 

explored in 2-methyltetrahydrofuran and 

tetrahydrofuran as solvents and sodium hydride, 

potassium carbonate, potassium tertiary butoxide, 

and potassium hydroxide as bases. Among the 

explored combinations of solvents and bases, use 

of tetrahydrofuran as a solvent and potassium 

tertiary butoxide as a base furnished appreciable 

results and hence were chosen for further 

optimization. Reaction using potassium carbonate 

as a base was not initiated even at reflux 

temperature. As per the optimized process, eight 

volumes of tetrahydrofuran and 1.3 moles of 

potassium tertiary butoxide furnished acceptable 

results. Reaction temperature of 25-30°C was 

found to be sufficient to bring complete conversion 

of 3 to 4 within 5 to 6 hours. Further the 

chlorination of 4 using PCl5 was explored in 

chloroform, dichloromethane and chlorobenzene. 

Formation of mono-chloro impurity 9 was 

observed when dichloromethane and chloroform 

were used as a solvents thus chlorobenzene was 

finalized as a solvent for this reaction. The obtained 

crude product 5 after usual work-up procedure was 

subjected for purification using mixture of 

isopropyl alcohol and water to achieve purity of 

around 99% by HPLC. Based on the exploration of 

reactions and subsequent HPLC analysis it was 

confirmed that to have better quality of 1, it was 

necessary to have intermediate 5 with minimum of 

98% purity by HPLC.  

 

Finally, a base catalyzed N-alkylation and dehydro-

halogenation of 5 was a critical step to achieve 

highly pure 1. Exploration of reported process 

using morpholine alone as a reagent, base and 

solvent furnished 1 with purity of about 83 to 89% 

by HPLC along with many unknown impurities. 

Surprisingly use of morpholine as a reagent, DMF 

as a solvent and triethylamine as a co-base 

provided substantial improvements in the rate of 

reaction and reduced the formation of impurities. 

We then optimized the mole ratio of morpholine 

and triethylamine to achieve the optimum yield and 

purity of 1 (Table-1).  

 

The experimental data indicates that use of Et3N as 

a co-base is advantageous probably because of its 

ability to trap the liberated HCl than the 

morpholine which helps to maintain the reaction in 

basic condition and maintain the rate of reaction. 

Once the reaction was completed, water was added 

to the reaction mass and obtained solid was stirred, 

filtered and washed with additional quantity of 

water to provide 1. 

 

CONCLUSIONS 

 

In conclusion, the present work provides an 

efficient manufacturing process for synthesis of 1 

which has sufficient purity to be used as a key 

starting material for the synthesis of apixaban. The 

work also describes purification process for the 

purification of 4, 5 and 1 which is additional 

advantage of the process. We believe that this 

process will provide better scope and more 

practical alternative to the existing method for the 

synthesis of 1. 
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          Table 1: Impact of varied mole ratio of triethylamine on the yield and quality of 1. 

 

Sr. 

No 
5 

(gm) 

DMF 

(mL) 

Et3N 

(Moles) 

Temp. 

(°C) 

Yield 

(%) 

HPLC Analysis 

Purity 

of 1 

Content 

of 5 

Largest 

Unknown 

impurity 

(%) 

1 10 50 Not Used 95-100 57.25 59.17 ND 37 

2 10 50 1.0 95-100 49.57 55.50 0.38 10.94 

3 10 50 2.0 95-100 51.76 84.31 ND 3.51 

4 10 50 3.0 95-100 72 98.74 ND 0.50 

5 50 250 3.0 95-100 71.8 98.56 0.03 0.20 

6 100 500 3.0 95-100 72.1 98.73 ND 0.21 
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