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AN IMPROVED PROCESS FOR PREPARATION OF (2E)-2-CYANO-3-(3.4-
DIHYDROXY-5-NITROPHENYL)-N.N-DIETHYL-2-PROPENAMIDE POLYMORPHIC
FORM A

TECHNICAL FIELD OF INVENTION

The present invention relates to an improved, cost effective, eco-friendly and easy to

handle process to manufacture substantially pure form of (2E)-2-Cyano-3-(3,4-dihydroxy-5-
nitrophenyl)-N,N-diethyl-2-propenamide or (E)- N,N-diethyl-2-cyano-3-(3,4-dihyroxy-5-
nitrophenyl)-acrylamide polymorphic form A commonly known as (E)-Entacapone represented

by Formula I, using ammonium acetate as a base.

HO N P

HO Il L

Formula I

BACKGROUND OF THE INVENTION
(2E)-2-Cyano-3-(3,4-dihydroxy-5-nitrophenyl)-N,N-diethyl-2-propenamide or

Entacapone is a potent and specific peripheral catechol-O-methyltransferase (COMT) inhibitor
and is used in the treatment of Parkinson’s disease. This compound exists in two isomeric forms
E & Z out of which E isomer being more pharmaceutically active. The Entacapone E isomer
exists in five different polymorphic forms A, B, C, D and E.

The synthesis of entacapone was first described by Orion pharmaceutical in US5963590
which involves conversion of S5-nitrovamillin to 3, 4-dihyroxy-5-nitrobenzaldehyde and
condensation with N, N-diethyl-2-cyano acetamide in presence of piperdine acetate and dry
ethanol to give racemic entacapone with 73% yield wherein the ration of E:Z isomer is 70%:
30%.

SCHEME 1

o)
0 0 (L {\% o
HC H H ll\! o AN N/\Cl'b
2-cyano-NN-diethylacetamide
» I e AP e
NG NG NG, N

S . .
Hhydroxy-3-methaxy-Gnitroberzaldehyde 3 4. iyeroxy-5-ritroberzaldehyde (2B 2-cyano-3{3 A-<ihydroxy-S-itrophenyl)-N Neiethylprop 2eraride

The ‘590 patent discloses racemic entacapone without describing the stereochemistry and

polymorphic forms. Piperdine used as a base in this reaction, forms unwanted side products.
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US5135950 discloses the process for preparation of E-isomer polymorphic form-A of
entacapone by purification of the racemic form of entacapone obtained from ‘590 patent by
treating with lower aliphatic carboxylic acid as acetic acid in presence of catalytic amount of
hydrobromic acid to give the polymorphic form A of the E isomer of Entacapone with less than
0.1% of Z isomer.

The process of condensation disclosed in this invention is time consuming moreover the
reported yield are very low 73% and the final E isomer is contaminated with the Z isomer is to
3%. The purification steps involved increases the prbcess time and make this process
commercially unviable for industrial production of entacapone.

W02005063693 discloses the preparation of entacapone from 3-alkoxy-4-hydroxy-5-
nitrobenzaldehyde described as alkoxy benzaldehyde with the acetamide derivative followed by

dealkylation to give Entacapone.

SCHEME lI

/\
CHy base or acid
2- nyano -N,N-diethylacetamide hydrolys:s k
acid catalyst

organic base

R=methyl or ethy} 3-alkoxy entacapone Entacapone

The process for the preparation of Entacapone, neither the isomerism nor the
polymorphism have been discussed in this patent application, and also requires extra step of
dealkylation of the 3-alkoxy entacapone which may also lead to lower yield and purity.

W02005054950 discloses the preparation of Entacapone which process comprises
condensing hydroxy nitrobenzaldehyde with acetamide derivative followed by extraction and
purification with acid, different halogenated and alcoholic solvents like dichloromethane and

methanol to give E-entacapone with less than 0.02 % of Z isomer.

SCHEME Ill

HO
R N/\ CH,
k methanof '\
1cux aied
2-cyano-N, No dlelhylm:alnmlde Ho ] l oHy
acetic uud piperdine, ethanol, clhyl acetate N
Fonnic acid, methylene dichloride NO.
cthyl acetate

3 4-dihydroxy-E-nitrobenzaldeh (2E)~2—cyano-3—(3 4-dihydroxy-5-nitropheny!)-N N-diethylprop-2-ena
S aiydroxy-S-nilrobenzaiaeny mide (28 2cyano-3-{3.-Sivycrony-Siropheny N N-dettprop-2-sna

crude mide
The process involves lengthy workup and extra steps of acid and solvent purification
making this process less attractive. Also this process is time consuming and the yield is also very

low.
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WwO02005070881 (US20070004935) discloses the preparation of (E)-Entacapone by
condensing 3, 4-dihyroxy-5-nitro-benzaldehyde with N, N-diethyl-2-cyano acetamide in
presence of piperidine in an alcoholic solvent after which the reaction mixture is quenched in
cold water and ethyl acetate followed by pH adjustment to 3.5-4.0 and the layers are separated

.The organic layer was evaporated to get pure E isomer of entacapone as illustrated in Scheme
IV below

SCHEME IV
(o}
Ho X N~ cH
2-cyano—N N-diethylacetamide HO l l {\CHa
base and alcohol NO, N
3,4-dihydroxy-5-nitrobenzaldehyde (2E)-2-cyano-3-(3,4-dihydroxy-5-nitrophenyl)-N,N-diethylprop-2-enamide

The process is one pot synthesis of pure E isomer of entacapone, which involves lengthy
work up and the product was isolated after evaporation of solvent which is not advisable on
higher manufacturing scale. More over the compound is contaminated with Z isomer being at
least 0.1%.

US200625877 (WO2007113845) discloses the preparation E-entacapone which involves
condensation 3, 4-dihyroxy-5-nitro-benzaldehyde with N, N-diethyl-2-cyano acetamide in
pyridine, acetic acid followed by treatment with halogen such as iodine added in presence of a

phase transfer catalyst to give E-entacapone as illustrated below
SCHEME V

L
N/\CHa N/\(:H3
HO 24 cyanva diethylacetamide md ine
NO, piperidine, acetic mcd acetonitrile PTC

salvent

{2E)-2-cyano-3-(3,4-dihydroxy-5-nitrophenyl}-N,N-diethylprop-2-ena
4-dihydroxy-5-ni i
gé ihydroxy-5-nitrobenzaldehy mide (2F)-2-cyano-3-(34-dihydroxy-5-nitrophenyl)-NN-diethyiprop-2-ena
mide

W02007094007 discloses the preparation E-entacapone which comprises condensation of
3-alkoxy-4-hyroxy-5-nitro-benzaldehyde with N,N-diethyl-2-cyano acetamide in the presence of
glycine acetate and a solvent to give alkoxy Entacapone which is further dealkylated with
aluminium chloride and pyridine to get crude entacapone which is further treated with acetic acid

and catalytic amount of hydrobromic acid to give E-entacapone.
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SCHEME V)

2- cyano -N,N-diethylacetamide
Glycine acetate znd sohent

= N o
HO I LC;H
NO, N

3,4-dihydroxy-5-nitrobenzalde (2E)-2-cyano-3+(3,4-dihydroxy-5-nitrophenyl)-N,N-diethylprop-

hyde 2-enamide
aluminium chloride
pyridine
o]
HO PR
HO A x N oH
A Nk CHs acetic acid '\ 3
HO l l CHy hydrobromic acid Ho INI CH
NH, N NO,
crude
(22?1;25%?0-3~(3,4-dlhydroxy-s-mtrophenyl).N,N.d;ethwprop_ (2E)-2-cyano-3-(3,4-dihydroxy-5-nitropheny!)-N,N-diethylprop-

2-enamide

The invention uses glycine acetate which is expensive and commercially not viable at
manufacturing scale, the invention also involves the extra step of dealkylation which causes extra
time consumption and the yield is low and so the purity.

W02007090923 discloses the preparation E-entacapone which comprises condensing
3,4-dihyroxy-5-nitro-benzaldehyde with N,N-diethyl-2-cyano acetamide in presence of Cig
alcohol and in presence of base selected from methylamine hydrochloride, piperdine, N-methyl
morpholine, pyridine and piperazine at a reduced pressure and at 70°C, cooling and seeding the
reaction with entacapone with 60% of E isomer further cooling and again seeding with
Entacapone with 30% Z isomer further cooling to 5°C during which time the product crystallises
as racemic entacapone which is converted to pure E entacapone by known prior art methods.
This method has significant drawback of cumbersome method of seeding the reaction mixture
which is not possible for higher scale production, the base used in condensation forms unwanted
impurities making the yields lower.

W02007077572 discloses the preparation E-entacapone which comprises condensing
3,4-dihyroxy-5-nitro-benzaldehyde with N,N-diethyl-2-cyano acetamide in presence of
piperdine, pyrolidine, diisopropyl amine and like and mixture of solvent selected from ether and
hydrocarbon to give crude entacapone which is further purified in halogenated and further
crystallised using suitable solvent. This process requires consequent purification and
crystallisation which is time consuming and yields are also low, the base used in condensation
forms unwanted impurities making the yields lower.

W02005066117 discloses the preparation of different polymorphic forms C and D of E-
Entacapone by condensing 3, 4-dihyroxy-5-nitro-benzaldehyde with N, N-diethyl-2-cyano
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acetamide in presence of piperdine, N-methyl morpholine, pyridine and piperazine in an
alcoholic solvent and further treating with proper acid or mixture of solvent to get the desired
forms.

WO02005063696 by Cilag discloses the preparation of Entacapone by heating 3, 4-
Dihyroxy-5-nitrobenzaldehyde with raw N,N-diethyl-2-cyano acetamide in presence of acetic
acid and diethyl amine and toluene and by removing the water formed during reaction through
azeotropic distillation. A significant drawback is large amount of solvent has to be used which is
not feasible for a large scale production.

Most of the above disclosed invention utilizes piperdine as a base for the condensation
which yields to unwanted impurity (2E)-3-(3, 4-dihydroxyphenyl)-2-(piperidin-1-
ylcarbonyl)prop-2-enenitrile of Formula II and high cost of production

0

HO
S
HO il
NO, N
Formula II
so there is a continuing need for making a process which avoids the use of hazardous and

expensive base as piperidine and a process that is easy to handle, eco-friendly, economical and

yield gives better purity and good yield of the product.

SUMMARY OF THE INVENTION

The objective of the invention is to provide an improved process for the preparation of

(2E)-2-Cyano-3-(3, 4-dihydroxy-5-nitrophenyl)-N, N-diethyl-2-propenamide or (E) Entacapone
polymorphic form A of formula I which is substantially free from the (2E)-3-(3, 4-
dihydroxyphenyl)-2-(piperidin-1-ylcarbonyl-) prop-2-enenitrile of formula IL
Another aspect of the present invention relates to the synthesis of E-entacapone which is
simple, cost effective easy to handle and feasible at commercial or production scale with high
purity and good yield.
Yet another object of the present invention relates to a process comprising
a) Reacting 3,4-dihyroxy-5-nitro-benzaldehyde with N,N-diethyl-2-cyano acetamide in the
presence of anhydrous ammonium acetate and a suitable solvent to form racemic
entacapone
b) Treating racemic entacapone with hydrogen bromide gas dissolved in suitable

aliphatic carboxylic acid in to give crude (E)-entacapone polymorphic form A
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c) Treating (E)-entacapone polymorphic form A first with an alcoholic solvent isolation of
the product and further purification with a suitable ester to give pure polymorphic form
A of E entacapone which is substaintially free from the compound of formula II.
In yet another embodiment of the present invention is to provide a process for preparation
of E-entacapone free from the (2E)-3-(3,4-dihydroxyphenyl)-2-(piperidin-1-ylcarbonyl)prop-2-

enenitrile impurity.

DETAILED DESCRIPTION OF THE FIGURES
Figure I: XRD for polymorphic form A of E entacapone
Figure II: DSC for polymorphic form A of E entacapone
Figure III: IR Spectrum for polymorphic form A of E entacapone

DETAILED DESCRIPTION OF THE INVENTION

Accordingly the present invention relates to an improved process for the preparation of

(2E)-2-Cyano-3-(3, 4-dihydroxy-5-nitrophenyl)-N, N-diethyl-2-propenamide of formula I

0

"o N N/\CH3

HO l ‘ l\CHs
o"Ngo "

Formula I
which comprises
a) reacting 3,4-dihyroxy-5-nitrobenzaldehyde with N,N-diethyl-2-cyano acetamide in the
presence of ammonium acetate and a suitable solvent selected from methanol, ethanol
and isopropanol, most preferably ethanol to form racemic entacapone
b) treating racemic entacapone with hydrogen bromide gas dissolved in suitable aliphatic
carboxylic acid in to give crude (E)-entacapone polymorphic form A
¢) treating (E)-entacapone polymorphic form A first with an alcoholic solvent isolation of
the product and further purification with a suitable ester to give pure polymorphic form
A of E entacapone which is substantially free (means less than 0.1%) from compound
of formula II.
The alcoholic solvent used in step ¢, are selected from isopropanol, ethanol or methanol

most preferably isopropanol.
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The ester solvent used for purification in the step c is selected from methyl acetate, ethyl
acetate, isopropyl acetate, isobutyl acetate, butyl acetate, propylacetate; most preferably ethyl
acetate.

The amount of hydrogen bromide used for the isomerisation of E & Z isomer to E-isomer
of entacapone is 0.15-0.22 mole equivalent to that of the compound. This is to avoid the
coloration of the final API which is caused because of less than 0.15 mole equivalent of
hydrogen bromide and also to avoid the formation of decomposition of the compound which is
caused due to use of more than 0.22 mole equivalent of hydrogen bromide.

The advantages of the present invention are
A process which is economical, eco-friendly, cost effective and industrially applicable
A process which does not employ hazardorus or corrosive reagents

Simple and easy handling process not extra care for temperature conditions required

El o

Avoid the formation of impurity of Formula II obtained by using piperdine as base.
The process of the present invention is described by the following examples, which are
illustrative only and should not be construed so as to limit the scope of the invention in any

manncr.

EXAMPLES

1: Preparation of racemic 2-cvano-3-(3,4-diltydroxy-5-nitrophenyl)-N,N-diethylprop-2-

enamide

3,4-dihydroxy-5-nitro-benzaldehyde (50g) and N,N-diethyl-2-cyano acetamide (99.4g) were
taken together in dry ethanol (1000mL) and refluxed at 75-80°C for 15-20min. followed by the
addition of ammonium acetate (27g) lot-wise over a period of 24hrs at every 2 hours of interval.
After completion of reaction the content was cooled to room temperature and the ethanol was
distilled off under vacuum. The residue was taken in dichloromethane (1000mL) and stirred for
15min at 25-30°C followed by the addition of purified water (1000mL) and stirred at 25-30°C for
1 hr. The layer if not cleared was filtered through hyflobed and washed with methylene chioride.
The organic layer was separated and the aqueous layer was washed with dichloromethane twice.
The organic layer were combined and treated with dilute hydrochloric acid 300mL (1:1 ratio of
HC1 and water). The organic layer was separated and treated with purified water to remove any
undissolved impurities, the water treatment was repeated two to three times and further the
organic layer was treated with activated carbon at 25-30 ° C and filtered. The filtrate distilled off
under vacuum at 60°C and the residue was taken in ethyl alcohol at 25-30°C, stirred for 15-

20min. and distilled off under vacuum at 35°C. To the residue was added purified water and the
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stirred for 2 hrs at 25-30°C, filtered and washed with water and dried to obtain racemic 2-cyano-
3-(3,4-dihydroxy-5-nitrophenyl)-N,N-diethylprop-2-enamide.(Dry Weight : 60g (72.20%),
HPLC purity : 98.32%, E isomer (69.80%) and Z isomer (28.52%)

2:  Preparation of Crude (2E)-cyano-3-(3,4-dihydroxy-5-nitrophenyl)-N,N-diethylprop-2-~

enamide polymorphic form A

The compound (50 g) obtained from the example 1 above was taken in acetic acid (500 mL) at
25-30°C and heated to 70-75°C for complete dissolution. The reaction mass was treated with
activated carbon (2.5 g) at 70-75°C for 15-30min and filtered. The filtrate was cooled to 25-30°C
and to it was added hydrogen bromide dissolved in acetic acid (7.14 g). The reaction mass was
heated to 70-75°C for complete dissolution and cooled to 20°C during which time the compound
starts to crystallize, the reaction contents were further stirred for 20hrs for complete
crystallization of the compound, filtered and dried at 55-60°C to get (2E)-cyano-3-(3,4-
dihydroxy-5-nitrophenyl)-N,N-diethylprop-2-enamide polymorphic form A.(Dry weight : 40.5 g
(81%), HPLC purity: 99.52% single individual impurity : 0.14%)

3:  Purification__of Crude (2E)-cyano-3-(3.4-dihydroxy-5-nitrophenyl)-N,N-diethylprop-2-
enamide polymorphic form A

The compound (40g) obtained from the example 2 above was taken in isopropyl alcohol
(200mL) and heated to reflux at 80-85°C for 2 hrs. The reaction contents was cooled to 25-30°C
and stirred for 1 hr at 25-30°C, filtered and washed with isopropanol and dried. To this dried
compound (38g) was charged ethyl acetate (115mL) and the content were refluxed at 72-78°C

for 2 hrs, cooled and stirred at 25-30°C for 1 hr, filtered and dried under vacuum at 50-55°C to
give 30 g of pure (2E)-cyano-3-(3,4-dihydroxy-5-nitrophenyl)-N,N-diethylprop-2-enamide
polymorphic form A or (E) Entacapone polymorphic form A. Dry Weight : 36g (90.0%) and
single individual impurity of 0.04%.



WO 2009/084031 PCT/IN2008/000806

We Claim

An improved process for preparation of (2E)-cyano-3-(3,4-dihydroxy-5-nitrophenyl)-
N,N-diethylprop-2-enamide polymorphic form A, which is substantially free from
compounds of formula Il and other impurities which comprises;

(a) reacting 3,4-dihyroxy-5-nitrobenzaldehyde with N,N-diethyl-2-cyano acetamide in the
presence of ammonium acetate and a suitable solvent to form racemic entacapone
(b) treating racemic entacapone with catalytic amount of hydrogen bromide dissolved in a

suitable aliphatic carboxylic acid in to give crude (E)-entacapone polymorphic form A
(c) treating (E)-entacapone polymorphic form A first with an alcoholic solvent, isolating the

product and further purifying with a suitable ester solvent to give pure polymorphic form

A of E entacapone which is substantially free from compound of formula II.

An improved process for the preparation of racemic 2-cyano-3-(3,4-dihydroxy-5-
nitrophenyl)-N,N-diethylprop-2-enamide or entacapone wherein the condensation of 3,4-
dihyroxy-5-nitrobenzaldehyde with N,N-diethyl-2-cyano acetamide is carried out in the
presence of ammonium acetate.

An improved process for the preparation of racemic 2-cyano-3-(3,4-dihydroxy-5-
nitrophenyl)-N,N-diethylprop-2-enamide or entacapone wherein the isomerisation of E & Z
isomer of Entacapone to E- isomer of Entacapone is done in the presence of 0.15-0.22 mole
equivalent hydrogen bromide dissolved in suitable aliphatic carboxylic acid.

An improved process for the preparation of (E)-Entacapone polymorphic Form A
wherein the crude polymorphic form A of (2E)-cyano-3-(3, 4-dihydroxy-5-nitrophenyl)-N,N-
diethylprop-2-enamide is treated with an alcoholic solvent selected from isopropanol, ethanol
or methanol most preferably isopropanol.

An improved process for the preparation of (E)-Entacapone polymorphic Form A
wherein the crude polymorphic form A is purified using an ester selected from ethyl acetate
and methyl acetate most preferably being ethyl acetate.

(B)-Entacapone polymorphic form A is substantially free from (2E)-3-(3.4-
dihydroxyphenyl)-2-(piperidin-1-ylcarbonyl)prop-2-enenitrile of formula II

Q
JT O
HO Il
NO, N

Formula IT
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Pos. [°21h.]  d-spacing [A] _ Rel. Int, [%] _ Area [ops*°21h.]

- 9,0082 9.772009 160.00 90,03
11.7057 7.56016 1.89 1.71
11.9547 740321 6.39 4,60
13,6659 647984 6.96 6.27
142023 6.23628 12.31 13.29
15.9466 5.55785 943 3.49
16.4383 5.39268 1.71 2.46
18,2485 4.86136 4.07 439
18.8284 471294 10.19 14,68
19,1109 464413 3.83 4.14
204809 4.33648 8.16 14.69
21.2553 4.18020 1.85 3.34
22,0210 403655 41.90 60,36
22.6674 352289 4.61 4.15
230792 385382 12.16 13.07
23.5269 378148 40.89 51.54
24.0407 310181 210 2.27
26.2083 340036 1.31 142
269577 3.30752 16.52 23.80
27.5088 3.24249 2395 32.71
28.0537 3.17631 1.24 2.68
28.3936 3.12189 2.06 296
29,1860 303987 16.93 1524
30.2500 2095462 14,48 10.43
30.7839 290459 5.60 4.04
31.1334 2802 L.§7 .69
321367 278365 1.00 2,16
32,6007 274675 1.64 2.36
334023 268264 1.56 2.23
34.0037 2.63656 0.48 1.38
359738 2.49656 568 8.12
36.3260 247316 3.05 440
36,7827 2.44349 2.98 321
369739 243130 4.60 331
38.1642 235816 2.96 1.60
39.8401 2.26275 344 8.67
40.6249 222083 032 0.68
44,2075 2.04881 147 3.30
46,3849 1.95758 081 3.52

479192 189686 052 3.08
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