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known antihistaminic.
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THE PREPARATION OF A HIGHLY PURE

PROCESS = FOR 4(CYCLOPROPYLCARBONYL)-2.a-

PHARMACEUTICAL INTERMEDIATE,
DIMETHYLPHENYLACETIC ACID.

FIELD FOR THE INVENTION

This invention relates to a novel process to obtain highly pure 4-(cyclopropylcarbonyl)-a. -
dimethyiphenylacetic acid of Formula | through crystaiiization from a mixture of para and meta
regioisomers of Formula I and Il in cyclohexane. whereby the amount of undesired meta isomer.

3-(cyclopropylcarbonyl)-at,a~dimethyiphenylacetic acid of Formula il

coon cooit
1,C}-c, me—lcn,

0% o

Formula | Formula 11

is decrcased to below 0.5%. The compound of Formula | is a key intermediate for the preparation
of high purity terfenadine carboxylate. which is a known antihistaminic.

SUBSTITUTE SHEET (RULE 26)
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BACKGROUND OF THE INVENTION

This invention relates to a process for the preparation of highly pure 4-(cyclopropylcarbonyl)-a,a-
dimethylphenylacetic acid of Formula I. a key intermediate useful in the preparation of highly
pure Terfenadine carboxylate. '

coon

Formula |

Terfenadine carboxylate is a non-sedative antihistaminic compound. It is reported to be a specific
[a-receptor antagonist that is also devoid of any anticholinergic. antiserotoninergic, and
antiadrenergic effects. '

Piperidine derivatives related to terfenadine carboxy late are disclosed in US Patent 4,254,129 and
US Patent 4.254.130. In these patents, a.u-dimethyl-4-{1-hydroxy-4-[4-(hydroxydiphenyl
methyl)-1-piperidinyljbutyl]benzeneacetic acid of Formula Il

COOH
HyC CH,

Q ' Formula 111

is prepared by alky lation of a substituted piperidine derivative of Formula IV

HC

na on Formula [V

with an w-haloalky! substituted phenyl ketone of Formula V

COOAK

Formula V

hato

wherein halo is a halogen atom. such as. chlorine, bromine or iodine, and alkyl moiety has
from | to 6 carbon atoms and is straight or branched. folowed by reduction of the ketone group
and subsequent base hydrolysis.

SUBSTITUTE SHEET (RULE 26)
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Preparation of compounds of Formula V is achieved by reacting a.a-dimethylphenylacetic acid
alkyl esters with 4-halobutyryl halide under general conditions of Friedel-Crafis acyiation.
US Patent 4.254.130 describes the preparation of ethyl 4-(4-chioro-i-oxobutyl)-o,o-
dimethylphenylacetate by reaction of 4-chlorobutyryl chioride. aluminum chloride and
ethy! c.a-dimethylphenylacetate in carbon disulfide. However. the described reaction results in
virtually inseparable mixture of monosubstituted aromatic para and meta regioisomers of the
Formula VI where unwanted meta isomer predominates to about 65%.

O e
-ty Formula V1
7z i ‘ ; , ok
¢ (Clts— Mixture of para and meta regioisomers.

x>

CA Patent 2.118.188 discloses a process. which has proved to be more selective in the formation
of para isomer. In this process, Friedel-Crafts acylation has been carried out on the derivative of
Formula VII  with 4-chlorobutyryl chloride as the acvlating agent in carbon disulfide

CHOCOCH;
5550 —— €1

O : Formula Vi}

in the presence of aluminum chloride and the corresponding para acylated product has been
obtained that contains no more than 10% of meta isomer. The presence of meta isomer at this
stage results in an unacceptable levet of meta isomer in terfenadine carboxylate and once again 1t
is difficult to achicve pharmaceutically purce product from such a mixture. This requires time
consuming purification processes which are wasteful of material and costly.

US Patent 5.378.618 provides a procedure wherein the mixture of regioisomers of Formuia Vi
has been transformed to another mixture. of para and meta regioisomers of Formula VIil and

Coon
Ut Clly

Formula Vil
Mixture of para and meta regioisomers

L34

subscquently the substantially pure para regiosiomer is obtained by fractional crystallization of the

“corresponding cinchonidine salt.  This process exhibits several disadvantages such as use of
expensive cinchonidine., its toxicity. low yvield and in addition to that, two isolation steps are
necessan to obtain the desired product of Formula 1.

US Patent 6.147.216 provides an alternate technique to obtain enriched para regioisomer by high
vacuum fractionai distiftation of methyi or ethyl ester of the mixture of isomeric acids of
Formula V1H Tollowed by repeated fractional crysiallization at low temperatures. This process is
operationally tedious, inefficient. yields are low and therefore. is not amenable to industrial scale.

The aim of the present invention is 1o provide an efficient method to obtain highly pure
4-(cyclopropyicarbonyl)-c.a-dimethyiphenylacetic acid of Formula 1. which is an useful
intermediate for the preparation of pharmaceutically highly pure antihistaminic piperidine
derivatives.

SUBSTITUTE SHEET (RULE 26)
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“DETAILED DESCRIPTION OF THE INVENTION

The instant invention relates to a novel process to produce highly pure para regioisomer,
4~(cyclopropylcarbonyl)—a,a—dimethylphcnylacctic acid, of Formula I whereby the amount of
meta isomer, 3-(cyclopropylcarbonyl)-o..a-dimethylphenylacetic acid, of Formula 1I is decreased
to below 0.5%.

Specifically the present invention involves treating l-acetoxy-Z-methyl-2-phenylpropane. of
Formula VII in methylene chloride with 4-chlorobutyryl chioride and anhydrous aluminium
chloride to obtain a mixture of regioisomers, of Formula IX that contains greater than 80% of para
isomer.

CH,0COCH;
H,C——Cly Formula IX
o Mixture of para and meta regioisomers
Cm (CHply— (1

This mixture of regioisomers is hydrolyzed under conditions effective to produce a mixture of
regioisomers of Formula X. Typically this reaction is carried out by a base hydrolysis procedure
which is well known in the art. The intermediate hydroxy compound is then oxidized

Cil,0M
(- Clh Formula X
Mixture of para and meta regioisomers

[¢]

to give the corresponding carboxylic acid regioisomers, of Formula VI using. for example.
potassium permanganate. The potassium permanganate oxidation is carried out in a

coon

, Formula VI
Mixture of para and meta regioisomers

4]

suitable acidic medium such as acetic acid / acetone at 2 temperature ranging from room
temperature to 60°C. Other suitable reagents for the oxidation are, chromium (1V) oxide, sodium
perivdate, m-chloroperbcnzoic acid and aitrie acid.

According to she present invention, the above mixture of para and meta regxo:somers of formula
Vill is subjecied to crystallization process to recover highly pure para regioisomer of Formula 1.
Such recovery is carried out by sefective crystalfization from a suitable solvent that include
hexanes, heptane, cyclohexane, diethyl ether, diisopropy! ether and a mixture thereof. However,
one may proceed preferably by using cyclohexane for crystalfization.

Selective crystallization is achieved by dissolving a mixwre of regioisomers of Formula VI
containing up to 20% of meta regioisomer in a solvent at a temperature ranging from 20°C to
reflux temperature of the solvent. The amount of solvent is at least 5 parts by volume per part of
the mixture of regioisomers. Higher amounts of sofvent and generally upto 20 parts by volume

SUBSTITUTE SHEET (RULE 26)
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may be used. The aforesaid solution is then slowly cooled to 20-25°C and the desired
para regioisomer is obtained in highly pure form as a free flowing crystalline material which is
isolated by filtration. 4 :

Major advantages realized in the present invention compared to the prior art are increased process
productivity and product purity. The level of meta regioisomer under present crystallization
conditions is reduced to less than 0.5% that enables the control of isomer purity in terfenadine
carboxylate product. The process of the present invention is feasible commercially and simple on
industrial scale.

Thé afofesaid highly pure para regioisomer of Formula I can be reacted with

COOH

Formula |
piperidine compound of Formula IV
7\
HA ou : Formuia 1V

under the conditions effective to form the piperidine derivative compound of Formula X1

COoYH

1 iy
Formula X]
N OH
L4

having a keto group which is converted to hydroxyl group by reduction to produce
pharmaccutically highly pure terfenadine carboxylate of Formula il

SN
N Formula 11}

that contains less than 0.1% of meta regioisomer.

SUBSTITUTE SHEET (RULE 26)
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Further details of the present invention are to be found in the following examples without limiting
i )
Example 1

PREPARATION OF I-FACETOXY-2-METHYL-2-[4-(4-CHLOROBUTYRYL) PHENYL] PROPANE and
I-ACETOXY-2-METHYL-2-|3-(4-CHLOROBUTYRYL) PHENYL] PROPANE

[-Acetoxy-2-methyl-2-phenylpropane (100 g, 0.52 mol) was dissolved in methylene chloride
(300 ml) at 20-25°C under nitrogen atmosphere. The mass was cooled to -5° to -3°C and
4-chlorobutyryl chloride (88 g, 0.62 mol) was added maintaining the temperature between
-3 10 -3°C. Aluminium chloride (138.5 g, 1.04 mol) was added in smali lots at -5° to -3°C and
continued stirring for 3 hours at -3° to 0°C. Thereafter. second lot of aluminium chioride
(34.62 g. 0.26 mol) was added in small fots at -5” to 0°C. Afier 6 hours stirring. the reaction mass
was slowly added to a mixture of crushed ice (720 g) and conc. hydrochloric acid (100 ml) at a
temperature below 23°C. Methylene chloride layver was separated and aqueous layer was

extracted with methylene chloride (100 ml). The combined methylene chloride extract was
washed with 3% aqueous sedium bicarbonate solution (100 mi). Methylene chloride was removed
under reduced pressure to oblam an oily residue containing a mixture of para- and meta- isomers
(approximately 80:20 ratio, by 'H NMR). Yield: 152 ¢.

'H NMR (300 MHz) in CDCl; : S(ppm) 7.93 (d. 2H. 1 =9.0 Hz. Ar—H) 7.46 (d. 2H. 1 = 9.0 Hz.
Ar-11), 4.15 (s, 2H, CH2-OCOCH;). 3.69 (1. 2H. 1 = 7.5 Hz. CH-CH. 3,17 (4. 2H. 7.5 Hz, COCHa).
2.24 (m. 21, COCHaCHb). 2.0 (s, 3H, COCHjy). 1.38 (. 6H. 2 x CH3). The meta
isomer is recognized by its signals at S(ppm) 7.95 (m. TH. Ar-H). 7.92 (m. 11 Ar-H), 7.48 (m.
TH. Ar-H). 7.26 (m, 1H. Ar-H). 4.14 (5. 2H, CH:-OCOCH3;). 3.62 (¢, 2H. CHXCl), 2.57 (1. 2H,
COCH,). 2.21 (m, 2H COCH:CHy).

Example 2

PREPARATION OF 2-[4-CYCLOPROPYLCARBONYL|PHENYL-2-METHYI. PROPANOL and
2-[3-CYCLOPROPYLCARBONYLIPHENYL-2-METH YL PROPANOL

Sodium hydroxide (61.2 g, 1.53 mol) was dissolved in methanol (600 ml) at 25-30°C and product
obtained in Example 1 (152 g. 0.51 mol) was added slowly at 25-30°C. Reaction mass was stirred
for 2 hours and thereafter. methanol was removed at 40-60°C under reduced pressure. The residue
was cooled 10 23-30°C and DM watér (300 mi) was added.  Product was extracted with toluene
(2x200 ml). The toluene extract was washed with DM water and toluene was removed at 35-70°C
under reduced pressure 10 obtain the title product as an oily residue Yield: 100 g.

Example 3

PREPARATION OF 4-(CYCLOPROPYLCARBONYL)-a,a-DIMETHYLPHENYLACETIC ACID and
3-(CYCLOPROPYLCARBONYL}-a,a-DIMETHYLPHENYLACETIC ACID *

Substrate from the previous example {100 g. 0.45 mol) was dissolved in acetone (300 ml) at
23-30°C. DM water (4530 ml) and acetic acid (60 ml) were added. Potassium permanganate
(133 g. 0.96 mol) was added in small lots in 2 hours maintaining the teperature at 25-30°C.
Stirring was continued for 1 hour at 30-35°C and thereafter. temperature was raised to 40-45°.
After stirring for 2 hours the reaction mass was filtered through hyflo and the residue was washed
with acetone (100 mi). The filtrate was concentrated at 40-43°C under reduced pressure to remove
acetone. To the concentrated mass. hyvdrochloric acid (90 mi) was added followed by sodium

SUBSTITUTE SHEET (RULE 26)
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metabisulfite (21.37 g) and stirring continued at 20-25°C for 30 minutes. The product was
extracted with methylene chloride (2x200 ml). The combined methylene chloride extract was
stirred with 800 m! of 5% w/w sodium hydroxide solution and aqueous layer was separated which
was acidified to pH 1.8-2.0 at 10-12°C by adding conc. hydrochloric acid. The title product
was extracted with methylene chloride (2x150 ml). The methylene chloride extract was washed
with DM water (80 ml) and methylene chloride was distilled at 40-45°C under reduced pressure to
obtain an oily residue (72 g) that contained para- and meta- isomers approximately in the ratio of
80:20 (‘H NMR).

'H NMR (300 MHz) in CDCls: & (ppm) 12.6 (1H, COOH), 8.0 (d 2H, Ar-H), 7.5 (d, 2H,
Ar-H), 2.66 (m, 1H. -COCH-), 1.66 (s. 6H. 2 x CHs). 1.25 (m. 2ZH. CH). 1.0 (m. 2H, CH>).
The meta isomer is recognized by its signals at & (ppm) 8.1 {m. 1H. Ar-H}. 7.92 {(m. IH.
Ar-H), 7.63 (m. 1H. Ar-H). 7.46 (m. TH. Ar-H).

The regioisomers mixture thus obtained was subjected 10 crystallization to obtain highly pure
4-(cyclopropylcarbonyl)-o,a-dimethylphenylacetic acid as described in the follow ing examples:

Example 4

The mixture of regioisomers (100 g. 0.43 mol) obtained in accordance with Examplc 3 was
dissolved in cyclohexane (1300 ml) at 60-65°C. The solution was seeded with 0.5 g of pure
para regioisomer at 30-55°C and was cooled to 15-18°C slowly in 2 hours and during this period,
the product crystailizes out. Stirring was continued at 15-18°C for 1 hour to complete
crystallization. The product was filtered. washed with cyveiohexane (2x25 ml) and dried under
reduced pressure at 35-40°C to yield 72 g of highly purce. crystalline para regioisomer,
4-(cyclopropylcarbonyl)-c,u-dimethylphenylacetic acid.  mp: 84-88°C. 'H NMR (300 MHz)
CDCls: & (ppm)  12.6 (11l COOH). 8.0 (4 2H. Ar-l). 7.5 (. 2H, Ar-H). 2.66 (m. 1H,
. ~COCH-). 1.66 (s, 611 2 x CH3), 1.25 (m. 2H. CHz). 1.0 (. 21 CH:). The product contained
. 0.48% of meta isomer by HPLC,

HPLC CONDITIONS:

Column: 25 cm long, 4.0 mm internal diameter packed with f3-cyclodextrin bonded to silica
through amide linkage; particle size: 5 um: column temperature: ambient

Derection wavelength: 254 nm

Moaobile Phase: Mixture of acetate buffer pH 4.0 and acctonitrile in the ratio of 50:50 viv.
Acctate bufter pH 4.0 was prepared by adding 1.2 mi of acetic acid to 1000 mi
water and pH adjusted to 4.0 with dilute aqueous ammonia.

Example §

The mixture of regioisomers approximately para:meta 80:20 (70 g, 0.30 mol) obtained from
Example 3 was dissolved in cyclohexane (350 ml) at 60-65°C. Solution was cooled to 28-30°C
slowly in 2 hours. The product was collected by filtration and was suspended in cyciohexane (280
ml) and heated to 63-68°C to obtain a clear solution. The solution was cooled to 25-28°C to
crystallize out the product which was filtered and washed with cyclohexane (2x20 ml) and dried
under reduced pressure at 35-40°C. The product comained 0.27% meta isomer by HPLC. Yield:
S5tt e
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Example 6

Substrate of Example 3 (50 g, 0.21 mol) was dissolved in diisopropy! ether (60 ml) and diluted
with cyclohexane (280 ml) at 15-20°C. The crystallized material was filtered and washed with
cyclohexane (2x20 ml) to obtain para regioisomer. Yieid: 30.7 g.

Example 7

PREPRATION OF a.a-DIMETHYL-4-[4-[4-(HYDROXYDIPHENYLMETHYL)-1-PIPERIDINYL/-1-
" OXOBUTYLJPHENYLACETIC ACID, METHYL ESTER

+-(cy clopropyicarbony f)-c.a-dimethylphenylacetic acid (100 g. 0.43 mol) prepared in accordance
with the Example 4 was added to 23% methanolic hydrochloric acid (325 ml) at

20-23°C. The solution was stirred at 40-45°C for 4 hours and methanot was removed under
reduced pressure.  The concentrated mass was diluted with water (320 ml) and product was
extracted with toluene (2x1350 mi). Toluene extract was washed with sodium bicarbonate solution
and solvent was removed in vacuo to obtain 120 g of methyl 4-(4-chloro-1-oxobutyl)-a.u-
dimethylphenylacetate which was dissolved in methyl isobuty! ketone (480 ml) and treated with 4-
(a.a-diphenyl)piperidinemethanol (81 g. 0.30 mol). potassium bicarbonate (196 g. 1.96
mol) and potassium iodide (3.56 g. 0.02 mol) at 96-98°C for 30 hours. Thereafter, reaction mass
was filtered to remove inorganics and the filtrate was concentrated under reduced pressure at 635-,
70°C. The concentrated mass was dissolved in ethyl acetate (400 ml) and treated with dry
hyvdrochloric acid at 10-15°C to precipitate the title product as a hydrochloride salt which was,
isolated by filtration, washed with ethyl acetate (2x80 ml) and dried at 40-45°C under reduced
pressurc. Yield: 154 g. mp: 175-181°C.

Example 8

PREPARATION OF a.a-DIMETHYL-4-14-{4-(HYDROXYDIPHENYLMETHYL)-1-PIPERIDINYL[-
1-HYDROXYBUTYLIPHENYLACETIC ACID HYDROCHLORIDE
(TERFENADINE CARBOXNYLATE HYDROCHLORIDE)

To a solution of 134 ¢ of methyl a.u-dimethyl-4-[4-[4-(hydroxydiphenyimethyl)-1-piperidinyl]-
I-oxobutyljphenylacetate hydrochloride prepared in accordance with Example 7 in methanol (460
~ml) waxs added sodium hydroxide (11.21 g, 0.28 mol) at 25-30°C followed by sodium borohydride
{15.8 2042 mol) in small tots and stirring was continued for 3 hours. The reaction mass was
cooled to 10-13°C and water (390 ml) was added slowly followed by acetic acid (3 mi).
Contents were heated 1o 40-45°C for 30 min.  Thereafier. the product slurry was cooled to 18-
20°C. filtered and washed with water (2x100 ml). The product thus obtained was suspended in
ethanol (630 ml) and sodium hydroxide (28.8 g, 0.72 mol) dissolved in 120 ml of water was
added. Reaction mass was heated at 75-80°C for 5 hours and thereafter cooled 1o 15-20°C
and was dituted with water (1260 m}). Concentrated hydrochlioric acid was-added siowiy to lower
the pH to 1.8-2.0 to afford the title product which was filtered and washed with water (2x125 ml).
It was dried and crystallized from acetone to provide white crystalline tesfenadine carboxylate
hydrochloride. Yield: 113.67 ¢. mp: 196-197°C. The product was 99.93% pure and contained
0.03% of meta isomer by HPLC.
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HPLC CONDITIONS:

Column: 25 cm long, 4.6 mm internal diameter comprising particles of silica, the surface of
which has been modified by chemically bonded octadecylsilyl groups:
particle size: 5 um; column temperature: ambient

Detection wavelength: 215 nm

Mobile Phase: Mixture of buffer pH 2.5 and methanol in the ratio of 40:60 v/v.
Buffer of pH 2.5 was prepared by dissolving 1.17 g of 1-octanesulphonic acid
sodium salt and 1 ml of tricthylamine in 1000 m! water and pH adjusted to
2.3 with orthophosphoric acid. '
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We claim:

(1) A Process to obtain highly pure 4-(cyclopropylcarbonyl)-«,a~dimethylphenylacetic acid of
Formula | ‘

CO0On

HyC—-on,
Formula 1
o

which comprises heating a mixture of para and meta regioisomers of Formula V1]

coon

Oy Oy Mixture of para and meta regioisomers

of Formula VI

(]

in a suitable solvent such as a hydrocarbon or an ether to obtain a clear solution. and
cooling such that compound of Formula 1 selectively crystallizes out whereby the amount
of the by-product 3-(cyclopropyicarbonyl)-w.c-dimethyiphenylacetic acid of Formula [1

COOH

HyC—— CHy
Formula
4]
is reduced to below 0.5%.
(2) The process according to claim | wherein a suitable solvent for crystallization is selected
from the group consisting of hexane. heptane. cyclohexane, diethyl ether, diisopropyl cther
and mixtures thereof,

(3) The process according to claim 1 wherein the said crystallization solvent is cyclohexane.

(4) A process to obtain highly pure para regioisomer of Formula | and reacting the said highly
pure regioisomer with piperidine compound of Formula IV

Formula IV

SUBSTITUTE SHEET (RULE 26)
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under the conditions effective to form the piperidine derivative compound of Formula X[

CooH
;¢ CH;y

Formula XI

having a keto group which is converted to hydroxyi group by reduction to produce
pharmaceutically highly pure terfenadine carboxylate of Formula 111

COOH

Q Formula i1l

o

that contains less than 0.1% of meta regioisomer.

Dated this the 25" day of June 2001

Aurobindo Pharma Limited

Nieneles - pha - fena
Ms. Nanda Bhaskara
LEGAL OFFICER

FOR THE APPLICANTS
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