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A PROCESS FOR THE PREPARATION OF HIGHLY PURE AMBRISENTAN

Field of the invention:

The present invention relateé to an improved and novel process for the preparation of
highly pure (>99.8%) (+)-2(S)-(4,6-Dimethylpyrimidin—2-yloxy)-3-methoxy-3,3-
5  diphenylpropionic acid (Ambrisentan) of formula-I |

Formula-I

10
Back ground of the invention A _
Ambrisentan  which s (9)-2(S)-(4,6-Dimethylpyrimidin-2-yloxy)-3-methoxy-3,3-
diphenylpropionic acid having the forrhula ~1is épproved under the trademark “Letairis”
by the US Food and Drug Administration for the treatment of Pulmonary artery

15  hypertension(PAH). "

Formula-I
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The  preparation of  (+)-2(S)-(4,6-Dimethylpyrimidin-2-yloxy)-3-methoxy-3,3-
diphenylpropionic aéid(Ambrisentan) baving the formula — I is described in WO
9611914; US 5932730(1996, 1998 both to BASF) and J. Med. Chem., 1996, vol.39,
No.11, p.no. 2123-2128 -

In WO 9611914 and in its equivalent US 5932730 the following route is described
(Scheme-1) for related molecules. The route shown below is adapted for ambrisentan for

our study.

Step-1

dioxane/KOH .

£

hydrolysis

v | B
In this process methyl 2-hydroxy-3-methoxy-3,3-dipheny1propionate (Il) is dissolved in
DMF and sodium hydride is added. The mixture is stirred for a hour and then 4,6-
dimethyl-2-(methylsulfonyl)pyrimidine is added. After Stin’ing at room temperature for
24hours cautious hydrolysis is carried out with water , the pH is adjusted to 5 with acetic

acid. , and the solvent is removed under high vacuum. The residue is taken up in ethyl
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acetate, washed with water and the solvent is distilled out. The residue is mixed with

‘ether and the resulting precipitate is filtered off.

In step-2 the step-1 product is hydrolyzed in 1IN KOH solution in dioxane medium at
reflux temperature. After reaction completion the reaction mass is washed with ethyl
acetate to remove unreacted ester. The pH of the aqueous layer is adjusted with concd.
HCl pH 1-2 and extracted with ethyl acetate. After water washing, ethyl acetate is
distilled off and the product was liberated by the addition of ether/hexane mixture.

The above process adds two more steps to the Route of synthesis viz., esterification

and hydrolysis

1. racemic 2-hydroxy-3-methoxy-3,3-diphenylpropionic acid resolution followed by
esterification

2. Condensation of the ester with 4,6- dimethyl-2-(methylsulfonyl)pyrimidine to
yield Ambrisentan ester followed by hydrolysis to give Ambrisentan |

3. When this process is repeated in our laboratory the overall realized yield of final
broduct is less than 15% |

4. The purity of the final product obtained is only 95%

In J. Med. Chem., 1996, vol.39, No.‘l 1, p.no. 2123-2128 same chemical route is

described using potassium carbonate base in place of sodium hydride at 90°C for step-1.
The overall realized yield of final product is less than 10% with a purity of about 92%

Further the preparation of (+)-2(S)-(4,6-Dimethylpyrimidin-2-yloxy)-3 -mefhoxy—3,3-

diphenylpropionic acid(Ambrisentan) having the formula — I is described in WO
01/05771(2001 to BASF)
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In WO 9611914 the following route is described (Scheme-2) for molecules structurally -

related to ambrisentan .

Scheme -2 :

CH,
+ N™ NaH
Osg " CH
~ 3
HC™ I
$-2-hydroxy-3-methoxy gﬁmtgyl-z(methylsulfonyl) (+)2(S)-(4,6-dimethylpyrimidin-2-
3,3-dipheny! propionic acid yloxy)-3-methoxy-3,3-diphenyl propionic

V) () acid ()
In this process S- 2-hydroxy-3-methoxy-3,3-diphenylpropionic acid(V) is dissolved in

 DMF is added dropwise to a suspension of sodium hydride in DMF. The mixture is

stirred for an hour and then 4,6-dimethyl-2-methylsulfonylpyrimidine in DMF is added.
After étifring at room tempefaulfé‘ for 24f10urs it is poured into ice-water , the pH was
adjusted to 1 with 2N HCI , and extracted with diethyl ether. The ether phase is extracted -
with 1IN KOH, and the alkaline aqueous phase is readjusted to pH 1 with 2N HCI and
extracted with ether. The solvent is stripped off in vacuum. The residue is stirred in
diethyl ether overnight, filtered and dried. The solid obtained in this way is

chromatogréphed on silica gel , allowing isolation of the desired product.

In this process mole ratio of S- 2-hydroxy-3-methoxy-3,3-diphenylpropionic acid , 4,6-
dimethyl-2-methylsulfonylpyrimidine and sodium hydride is 1:1.3:3.0 .
By following this method in our laboratory, our observations are :

¢ the reaction is not going to completion.

. .Chemical'purity of only 95% is realized

e chiral pufity 6f the 'product is less than 95%

e column chromatography is necessary to isolate the pure product

There is therefore an unfulfilled need to provide an industrially feasible process for the

preparation Ambrisentan. devoid of above shortcomings.

4
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The objective of this invention is to prepare highly pure Ambrisentan through acid
addition salts (1:1)of Ambrisentan. When the base is liberated from the acid addition
salts, Ambrisentan of higher purity results.

It is surprisingly found by the inventors that when the less pure Ambrisentan is reacted
with | '

S(-)4-nitro phenyl ethylamine or S(-)-phenyl ethyl amine it selectively forms the
corresponding acid addition salt,- leaving behind the other related substances and
impurities which are otherwise difficult to remove by the conventional methods.. The S(-
)4-nitropheny! ethyl amine or S(-)-phenyl ethyl amine salt of Ambrisentan is further
converted to highly pure Ambrisentan which  in turn is converted into other
pharmaceutically acceptable salts with higher purity.

Summary of the invention

The main object of the present invention is to provide an improved process for the

preparation of - highly pure (>99.8%) -~ Ambrisentan

Another object of the invention is to provide a process for preparation of salts of 8
Ambrisentan with  S(-)4-nitro phenyl ethy! amine or S(-)-phenyl ethyl amine in high
purity(>99.8%).

Accordingly in the present invention highly pure Ambrisentan is prepared by

i. Preparing Ambrisentan by the condensation of S(+)2-Hydroxy-3-methoxy-3,3-
diphenylpropionic acid with 2-(methylsulfonyl)-4,6-dimethylpyrimidine in presence of
sodium hydride base in polar aprotic solvents like DMF or THF

ii. Treating Ambrisentan with S(-)4-nitro phenyl ethylamine or S(-)-phenyl ethyl amine

yielding - the corresponding addition salt of Ambrisentan
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iii. Acidifying Ambrisentan S(-)4-nitro phenyl ethylamine or S(-)-phenyl ethyl amine
salt and isolating Ambrisentan of purity 99.9%

Detailed description of the invention :

Thus in accordance with the present invention preparation of Ambrisentan comprises of

the following steps

i, preparing Ambrisentan by the condensation of S(+)2-Hydroxy-3-methoxy-3,3-
diphenylpropionic acid with 2-(methylsulfonyl)-4,6-dimethylpyrimidine in presence of
sodium hydride base in DMF/THF medium in 1:1.4:4.3 mole ratio

ii. Treating Ambrisentan with S(-)4-nitro phenyl ethylamine or S(-)-phenyl ethyl
amine yielding corresponding addition salts of Ambrisentan

iii. Acidifying Ambrisentan S(-)4-nitrophenylethylamine or S(-)-phenyl ethyl amine salt

and isolating Ambrisentan of purity 99.85%

In a typical embodiment, the present invention provides the following process for the:

preparation of Ambrisentan

1. S(+) 2-hydroxy-3-methoxy-3,3-diphenylpropionic acid (HIP-III) is dissolved in
DMF/THF under nitrogen atmosphere at 20-25°C

2. Sodium hydride is added slowly to the reaction mass during lhour at 25-30°C

3. The mixture is stirred for a hour and then 4,6-dimethyl-2-(methylsulfonyl)pyrimidine

_in DMF/THF is added drop wise |

4. The reaction mass is maintained at 25-30°C for 16-17hours

5. After maintenance it is quenched with methanol and poured into ice-water .

6. aqueous layelf pH is adjusted with IN hydrochloride solution to 2-3 during 30-45 |
minutes

7. Reaction mass is extracted with Ethyl acetate
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8. Ethyl acetate layer is extracted with diluted sodium hydroxide solution
9. Sodium hydroxide layer is acidified with diluted hydrochloric acid

10. reaction mass is maintained under stirring for 2hours at RT

11. The product is Filtered and dried to yield Ambrisentan

Further reacting the resultant base of Ambnsentan with S-(-)4-nitro phenylethylamme
or S(-)-phenyl ethyl amine as follows :

1. Ambrisentan is dissolved in acetone and S-(-)4-nitro phenylethylamine/ S-(-)-
phenyl ethyl amine is added directly or as a solution in acetone
ii. reaction mass temperature is raised to reflux
iii. reaction mass is maintained at reflux temperature for 1hours
iv. reaction mass is brought to room temperature and maintained at the same
temperature for ‘ |
16 -18 hours
iv. The product after filtration and drying at 60-70 °C afforded pure Ambrisentan as-
corresponding acid addition salt of S-(-)4-nitro phenyl ethylamine or S(-)- phenyl

ethylamine

The prepared Ambrisentan ~ S-(-)4-nitro phenyl ethyl amine /S(-)-phenyl ethyl amine

acid addition salts(1:1) are novel and are identified and characterized by chemical

analysis, IR, NMR & Mass spectral. Ambrisentan acid addition salts are further

converted to Ambrisentan as follows

i.  Ambrisentan S-(-)4-nitro phenyl ethyl amine or.S(-)-phenyl ethyl amine addition
salt is acidified with diluted hydrochloric acid _
ii. The reaction mass is maintained at room temperature for 2-3hours

iii. The product is filtered and washed with purified water
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The solid state properties of Ambrisentan thus prepared are illustrated by the
following figures :

Fig- 1 — XRPD spectrum of the Ambrisentan prepared by the method disclosed in
example -1

Fig-2 — DSC curve of the Ambrisentan prepared by the method disclosed in example-
: |

Fig-3 — IR spectrum 6f the Ambrisentan prepared by the method disclosed in

example-1

Fig- 4 — XRPD spectrum of the Ambrisentan prepared by the method disclosed in
example -2 } }

Fig-5 — DSC curve of the Ambrisentan prepared by thc; method disclosed in example-
) , :
Fig- 6 — IR spectrum of the Ambrisentan prepared by the method disclosed in

example-2

The required S- 2-hydroxy-3-methoxy-3,3-diphenylpropionic acid and 4,6-dimethyl-2- -
(methylsulfonyl)pyrimidine can be prepared by the pﬁ_or art processes

' The details of the inventions are given in the Examples which are provided for~

illustration only and therefore the Examples should not be construed to limit the scope of -

the invention.

EXAMPLES

. Example-1 : Process for the preparation highly pure Ambrisenfan of the formula -I

Step-1 : Condensation of S(+) 2-hydroxy-3-methoxy-3,3-diphenylpropionic acid and
4,6-dimethyl-2-(- (methylsulfonyl)pynmldlne in DMF medium
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Into a 1L round bottomed flask a mixture of DMF(400ml) and S-2-Hydroxy-3-mehoxy-
3,3-diphenyl propionic acid(50g) were charged and stirred for 30 minutes.  sodium
hydride(18.9g) was added slowly for 1hour and reaction mass was maintained at room
te1i1perature for one hours. 2-(methylsulfonyl)-4,6-dimethyl pyrimidine(47.8g) was
dissolved in -‘DMF(100ml) and added to the reaction mass at room temperature during
45-60 minutes and reaction mass was maintained overnight under stirring. After reaction
conipletion methanol(SOml)l was added slowly to the reactién mass during 30 minutes.
Reaction mass was quenched into DM water (S5L) and acidified with diluted
hydrochloric acid(600ml). Aqueous layer was extracted with ethjl acetate(2x500ml) and
combined ethyl acetate layer was extracted with 1N sodium hydroxide solution. Sodium
hydroxide layer was separated and acidified with 1N hydrochloride solutioh . Reaction
mass was maintained unde?r stirring for 2hours . The product of the formula-I was

filtered and washed with purified water. It was dried in oven at 60-65°C

Dry weight : 60g

+ Purity by HPLC : related : 99.5%

Chiral :99.5%
Step — II : Preparation of Ambrisentan S(-)4-nitro phenyl ethylamine addition salt(‘lzl).:
Ambrisentan  (60g, purity 99.5%) was dissblved in acetone (900ml) and S-(-)4-nitro
phenyl ethyl amine(26.2g) was added to the s$olution over 30 mm Reaction ‘mass ™
température was raised to reflux and maintained for about 1-2hrs. Reaction _maés was -
slowly cooled to room temperature and maintained for about 16-18 hr at the same
temperature. The precipitated material was filtered and waéhed with 200mlof acetone.
The product was dried at 60-70°C under vacuum till constant weight.
ny weight : 60g )
Melting point : 156-160-deg C ‘
Purity by HPLC : related : 99.95% (Smgle impurity less than 0.1%)

Chiral : 99.85% ( single impurity less than 0.1%)

Step — III : Preparation of highly pure Ambrisentan from Ambrisentan S(-)P-nitro
phenyl ethylamine addition salt (1:1): '
Ambrisentan .S(-)4-nitro phenyl ethyl amine addition salt(60g) was suspended in DM



WO 2011/114338

10 .

15

20

25

30

PCT/IN2010/000153

water(3L)and stirred for 15minutes. Aqueous IN hydrochloric acid solution(500) was
added over a period of 30 min to a pH of 1-2 and maintained at the same temperature

for 2-3hours.The i)recipitated product was filtered and washed with purified water. The

- product was dried at temperature of 60-70°C till constant weight.

Dry weight of Ambrisentan : 42g
Purity by HPLC : related : 99.95% (Single impurity less than 0.1%) -
~ Chiral purity :  99.85% (Single impurity less than 0.1%)

Example-2 : Process for the preparation highly pure Ambrisentan of the formula -]

Step-1 : Condensation of S(+) 2-hydroxy-3-methoxy-3,3-diphenylpropionic acid and
4,6-dimethyl-2-(-(methylsulfonyl)pyrimidine in THF medium

Into a 1L round bottomed flask a mixture of THF(IL) and S-2-Hydroxy-3-mehoxy-3,3-
diphenyl propionic acid(50g) were charged and stirred for 30 minutes. - sodium
hydride(18.9g) was added slowly for l1hour and reaction mass was maintained at room
temperature for one hours. 2-(methylsulfonyl)-4,6-dimethyl pyrimidine(47.8g) was ‘-
dissolved in THF(500ml) and added to the reaction mass at room temperature during 45- -

_ 60 minutes and reaction mass was maintained overnight under stirring. After reaction

completion methanol(50ml) was added slowly to the reaction mass during 30 minutes. -
Reaction mass was quenched into DM water (I5L) and acidified with diluted
hydrochloric acid(600ml). Reaction mass was maintained under stirring for 3hours at
room temperature. Filtered compound was dissolved in Ethyl_ acetate and ethyl acetate
layer was extracted with 1N sodium hydroxide solution(2L) Sodium hydroxide layer was
separated and acidified with IN hydrochloride solution(1.25L) . Reaction mass was
maintained under stirring for 2hours . The product of the formula-I was filtered and
washed with purified water. It was dried in oven at 60-65°C
Dry weight : 50g
Purity by HPLC : related : 99.4%

Chiral : 99.36%

10
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Step — II : Preparation of Ambrisentan S(-) phenyl ethylamine addition salt(1:1) :
Ambrisentan  (50g, purity 99.5%) was dissolved in acetone (500ml) and S-(-) phenyl
ethyl amine(16.0g) was dissolved in acetone(32ml)added to the solution over 30 min .
Reaction mass temperature was raised to reflux and maintained for about 1-2hrs.
Reaction mass was slowly cooled to room temperature and maintained for about 16-18 |

hr at the same temperature. The precipitated material was filtered and washed with

© 200mlof acetone. The product was dried at 60-70°C under vacuum till constant weight.

Dry weight : 40g

Melting point : 88-90-deg C

Purity by HPLC : related : 99.90%(Single impurity less than 0.1%)
Chiral : 99.82% (Single impurity less than 0.1%)

Step — III : Preparation of highly pure Ambrisentan from Ambrisentan S(-) phenyl
ethylamine addition-salt(1 :1)' c

Ambrisentan .S(-) phenyl ethyl amine addition sali(40g) was suspended in DM
water(2L)and stirred for ISminutes. Aqueous IN hydrochloric acid solution(330ml) was

added over a period of 30 min to a pH of 1-2 and maintained at the same temperature

" for 2-3hours.The precipitated product was filtered and washed with purified water. The

product was dried at temperature of

60-70°C till constant weight.

Dry weight of Ambrisentan : 30g

Purity by HPLC : related : 99.90% (Single impurity less than 0.1%)
~ Chiral purity :  99.80% (Single impurity less than 0.1%)

Advantages of the invention

1) Ambrisentan produced in more than 99.8% chemical purity.
2) The chiral purity of Ambrisentan by the process of the present invention 1s about
99.8%

11
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We Claim:
1. Novel process for the preparation of Ambrisentan comprising

a) Dissolving S(+) 2-hydroxy-3-methoxy-3,3-diphenylpropionic acid in DMF under
nitrogen atmosphere at 20-25°C '

b) Adding Sodium hydride slowly to the reaction mass during lhour at 25-30°C

c)  stirring reaction mixture for one hour

d) adding 4,6-dimethyl-2-(methylsulfonyl)pyrimidine solﬁtion in DMF drop wise

¢) Maintaining reaction mass at 25-30°C for 16-17hours

f) quenching reaction mass with methanol and pouring into ice-water .

g) aqueous layer pH adjustmént with 1N hydrochloride solution

h) extraction of reaction mass with ethyl acetate

i) extraction of ethyl acetate layer with IN sodimh hydroxide solution

j) Acidification of ethyl acetate layer with IN hydrochloric acid slution

k) Maintenance of reaction mass under stirring for 2hours

1) Filtering to yield Ambrisentan .

2. Novel process for the preparétion of highly pure (>99.8%) Ambrisentan comprising
the following steps
L Dissolving Ambrisentan  in acetone and addition of S-(-)4-nitro phenyl
ethyl amine directly or as a solution in acetone
1L Raising reaction mass temperature to reflux -
IIl. Maintenance of reaction mass at reflux temperature for 1hour
IV. Cobling reaction mass to room temperature and maintajping at the same
temperature for 16 -18 hours
V. Filtering and to yield pure Ambrisentan as an acid addition salt of S-(-
)4-nitro phenylethylamine |
VI. Acidification of Ambrisentan S-(-)4-nitro phenyl ethyl amine with diluted
hydrochloric acid
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Maintenance at room temperature for 2-3hours
Filtering to yield Ambrisentan of high purity(>99.8%)

3. Novel process for the preparation of Ambrisentan comprising

a) Dissolving S(+) 2-hydroxy-3-methoxy-3,3-diphenylpropionic acid in THF under

b)
c)
d)
€)
1Y)
g)
h)
i)
J)
k)

nitrogen atmosphere at 20-25°C

Adding Sodium hydride slowly to the reaction mass during 1hour at 25-30°C

stirring reaction mixture for one hour

adding 4,6-dimethyl-2-(methylsulfonyl)pyrimidine solution in THF drop wise

Maintaining reaction mass at 25-30°C for 16-17hours

quenching reaction mass with methanol and pouring into ice-water .

~ aqueous layer pH adjustment with 1N hydrochloride solution

Maintaining reaction under stirring for 3hours

Filtration and dissolution of filtered solid in ethyl acetate

extraction of ethyl acetate layer with IN sodium hydroxide solution

Acidification of ethyl acetate layer with 1N hydrochloric acid solution

) Maintenance of reaction mass under stirring for 2hours

m) Filtering to yield Ambrisentan

4. Novel process for the preparation of highly pure (>99.8) Ambrisent

an comprising the

following steps

L

II.
1.
IV.

Dissolving Ambrisentan in acetone and addition of S-(-) phenyl ethyl
amine directly or as a solution in acetone

Raising reaction mass temperature to reflux -

Maintenance of reaction mass at reflux temperature for 1hour

Cooliﬁg reaction mass to room temperature and maintaining at the same
temperature for 16 -18 hours

Filtering and to yield pure Ambrisentan as an acid addition salt of S-(-)

phenyl ethylamine
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VI. Acidification of Ambrisentan S-(-) phenyl ethyl amine addition salt with
diluted hydrochloric acid
VII. Maintenance at room temperature for 2-3hours
VIIL. Filtering to yield Ambrisentan of high purity(>99.8%)

5. A (1:1) addition salt of ambrisentan and S-(-)4-nitro phenyl ethyl amine as a novel

ﬁharmaceutically acceptable salt of Ambrisentan

6. A (1:1) addition salt of ambrisentan and S-(-) phenyl ethyl amine as a novel
10  pharmaceutically acceptable salt of Ambrisentan

- 7. A novel meihod of preparing highly pure (> 99.8%) Ambrisentan essentially as herein

described with reference to example- 1 and example-2
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Peak List:
Pos.[°2Th.] Height [cts] FWHM [°2Th.] _ d-spacing [A] _ Rel. Int. [%]
7.5656 13.10 0.2362 11.68534 1.33
© 8.9101 985.07 _0.1378 9.92488 100.00
12.3265 271.67 0.1378 7.18074 27.58
13.1094 - 113.93 0.1378 6.75363 _ 1157
14,1831 67.06 0.1574 6.24468 6.81
15.2017 137.19 0.1378 5.82847 13.93
15.5779 37.79 0.1574 5.68855 384
16.6327 3.78 04723 5.33008 0.38
17.8489 28891 0.1378 4.96955 29.33
18.2000 105.26 0.1574 4.87448 10.69
18.8937 133.62 0.1378 4.69703 13.56
19.5266 15.02 0.1574 4.54621 1.33
20.5849 123.96 0.1378 4.31481 12.58
23.2054 76.64 0.1181 3.83314 7.78
24.2797 72.43 0.1574 3.66591 7.35
25.5897 57.81 0.1181 3.48114 5.87
26.8936 385.91 0.1574 3.31525 39.18
27.6163 173.98 0.1574 3.23012 17.66
30.5104 7.93 0.2362 - 2.93000 0.81
32.1008 1798 0.2362 2.78837 1.83
32.8624 T 1132 0.2362 . 272547 1.15
33.8738 8.75 0.2362 2.64638 0.89
34.6796 27.13 0.1574 2.58671 2.75
36.6857 61.84 0.1574 2.44974 628
38.6120 4.02 0.9446 233184 0.41
42.9033 . 9.44 0.4723 2.10802 0.96

46.0473 43.15 0.2880 196952 438
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Peak List:

Pos. [°2Th.] _ Height [ets] FWHM [°2Th.) _ d-spacing [A]  Rel. Int. [%)
75728 17.03 0.2362 11.67435 4.22
89341 403.58 0.1378 9.89835 100.00

12.3537 358.98 6.1378 7.16499 8895
13.1279 . 158.62 0.1378 6.74415 39.30
14.2038 242.90 0.1378 6.23560 60.19
15.2317 14]1.87 0.1574 5.81703 35.15
[5.6083 81.10 - 0.1378 567753 - 2010
16.7754 38.16 0.1574 5.28509 9.45
17.8594 119.05 0.1378 4.96667 29.50
- 18.2856 166.33 0.1968 4.85183 4121
20.6144 158.63 0.1574 430871 3931
23.0035 84.35 0.2362 3.86632 20.90
24.3053 12827 - 0.1574 3.66211 31.78
252667 33.65 0.1771 3.52491 8.34
25.6859 23.14 0.2362 . 3.46832 5.73
26.9057 167.22 0.1574 331379 . 4143
27.6404 79.27 0.1771 322735 19.64
28.9476 29.47 0.1574 3.08452 730
36.7368 34.92 0.1968 244644 8.65
40.5455 7.69 0.9446 222499 191
43.0881 13.20 ' 0.3936 2.0994] 3.27

46.1210 1893 0.2880 1.96654 4.69
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