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(57) Abrégée/Abstract:
A process of making an aromatase Inhibitor of formula (I) : wherein each of R1, R2, R3, and R4, independently, is hydrogen,

halogen, or C1-C6 alkyl, comprising reacting a compound of formula (ll) : with an acid in the presence of a suitable solvent. A new
crystalline form of exemestane and is also disclosed.
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ABSTRACT

A process of making an aromatase inhibitor of formula (1) : wherein each of R1, R2, R3, and
R4, independently, is hydrogen, halogen, or C1-C6 alkyl, comprising reacting a compound
of formula (1) : with an acid in the presence of a suitable solvent. A new crystalline form of

exemestane and is also disclosed.
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PROCESS FOR PREPARING AROMATASE INHIBITORS

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates to methods of making
aromatase 1nhibitors 6-alkylidenandrosta-1,4-diene-3,17-
dione derivatives, such as exemestane, and new
polymorphs of exemestane.

2. Description of the Related Art

[0002] Estrogens are the hormones 1involved 1in the

pathogenic cellular changes associated with the growth

of some hormone-dependent cancers, such as Dbreast,

endometrial and ovarian carcinomas. Estrogens are also

involved 1n the pathogenesis of Dbenlign prostatic

hyperplasia. Endogenous estrogens are ultimately formed
from elther androstenedione or testosterone as i1mmediate
precursors. The reaction of central importance 1s the
aromatlization of the steroidic ring A, which 1s
performed by the enzyme aromatase. As aromatization 1s a
unique reaction and the last 1n the series of steps 1n
the biosynthesis of estrogens, 1t has been envisaged
that an effective 1inhibition of the aromatase, resulting
from compounds capable ot 1nteracting wilth the
aromatizing steps, may have useful application for
controlling the amount of circulating estrogens,

estrogen-dependent processes 1in reproduction, and
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5 estrogen-dependent  tumors. See U.S. Patent  No.
4,904,650, col. 1, lines 10-30.
[0004] 6-alkylidenandrosta-1,4-diene-3,17-dione
derivatives, such as exemestane, are reported to be
endowed with an aromatase-inhibiting actions. Exemestane
10 (brand name Aromasin®) is chemically described as ©6-
methylenandrosta-1, 4-diene-3,17-dione. Its molecular

formula is C,gH240, and its structural formula 1s as

follows
CH, 7
CH
H
O
CH,
15 [00095] U. S§S. Patent No. 4,876, 045 teaches a method

of preparing 6-methylene derivatives of androsta-1l, 4-
diene-3,17-diones by reacting a 17-hydroxy precursor
with formaldehyde and an amine, and then oxidizing the
resulting compound. U. S. Patent No. 4,990, 635 teaches
20 a process for making 6-methylene derivatives of
androsta-1,4-diene-3, 1l7-diones by reacting androsta-
3,5-diene-17-one with formaldehyde and an amine, and
then dehydrogenating the resulting compound. Published
PCT Patent Application WO 2005/070951 discloses a two-
25 step process of making exemestane. The process
comprises: 1) reacting a 6-hydroxymethyl derivative with

the following formula:
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10

15

OH

with a deprotonating agent (e.g., a trialkylamine) and a
RcS0,X wherein Rg is Ci;-Cs alkyl and X 1s halogen in a
solvent such as dichloromethane to obtain a compound of

mesylate intermediate with the following formula:

O

OSO,R;

and 2) then reacting the mesylate intermediate with a
base in a solvent to produce exemestane.

[0006]) Although  various methods for preparing
aromatase inhibitors, such as exemestane, have been

described in the art, there 1s a continuing need for a
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5 simple and efficient method for preparing aromatase
inhibitors, such as exemestane, in commercial quantities

with high yield and high purity.

SUMMARY OF THE INVENTION

10 [0007] Accordingly, Applicants provide a process of

making an aromatase inhibitor of formula (I)

CH, &
M eh
[N )—r
:H (1)
/
O
Ra
Rz CHZ
wherein each of R}, R?% R’ R% independently, 1is
hydrogen, halogen, or C;-Cg¢ alkyl. In one form, the

15 aromatase inhibitor is exemestane, wherein each of R,

R,, R3, R4 1s hydrogen.

(0008] In accordance with one embodiment of the
present invention, a compound of formula (II)
CHj
Ry

()

CH
/‘
O 7~

R, ROH

m I 1K
)
e
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wherein each of Rl, R?, R3, R®, independently, 1is
hydrogen, halogen, or C;-Cg alkyl, and R 1s methylene,
is reacted with an acid, such as para-toluenesulfonic
acid, sulfuric acid, camphorsulfonic acid, hydrochloric
acid, agetic acid or trifluoracetic acid, in the
presence of a suitable solvent, such as an organic
solvent toluene, benzene, Xylenes, dichloromethane,
ethyl acetate, dioxane methyl 1sobutyl Kketone (MIBK),
methyl tert -butyl ether (MTBE), or a mixture thereof,

to produce the aromatase inhibitor of formula (I).

[0009] Preferably, the synthesis of the compound of
formula (I) is carried out at a temperature of no less
than 60°C.

(0010] Compared to the prior art process, the process

in accordance with the present 1nvention produces a
higher yield of formula (I). Specifically, according to
the process disclosed in U.S. Patent No. 4,876,045, the
yield of preparing 6-methylene derivatives of androsta-
1, 4-diene-3,17-diones 1s 30.7% (example 1), and the
vield of preparing exemestane from the ©6-methylene
derivatives 1is 79% (example 2). However, according to
the historical data collected f rom Applicants’
production line, the yield of preparing 6-hydroxymethyl-
androsta-1, 4-diene-3,17-dione is about 80%, and the
vield of preparing exemestane from 6-hydroxymethyl-
androsta-1,4-diene~-3,17-dione 1s about 80 to 90% (see

Examples below).

[0011] In addition, the two-step process disclosed in
published PCT Patent Application No. W02005/070951 needs
to use several kinds of reagents and solvents, which may
increase the cost and cause more 1mpurities carried from

those reagents and solvents. On the contrary, 1in

PCT/US2008/005646
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addition to the reactant, the one-step process 1n
accordance with the present invention only requires the
catalyst amount of acid in the presence of a suitable
solvent. The one-step process can be performed by a
simple operation. Therefore, the advantages of the
present invention include simple operation, low cost,
high purity, and high yield.

[0012]) The present application also provides a new
crystalline form of exemestane. The powder X-ray
diffraction pattern and the Infrared spectrum of thais

crystalline form of exemestane are hereln disclosed.

[0013] The crystalline exemestane is characterized by
a powder X-ray powder diffraction pattern having peaks
at 10.9+£0.1, 16.0+0.1, 18.2120.1 2-theta degree.
Preferably, the crystalline exemestane exhibits further
X-ray powder diffraction pattern peaks at 14.6%0.1,
19.8+0.1, 21.5%0.1, 23.5%0.1, 26.3%x0.1, and 29.3x0.1 2-
theta degree. More preferably, the crystalline solid
exemestane exhibit a powder X-ray diffraction pattern as
depicted in Fig. 1.

[0014] Preferably, the crystalline solid exemestane
exhibits an infrared spectrum with bands at 1732 * 2 cm
1 1658 #2 cm™t, 1620 +2cm’t. More preferably, the
crystalline solid exemestané exhibit an infrared

spectrum as depicted in Fig. Z.

[0015] The stability of wvarious <crystalline solid
exemestane samples obtained 1n accordance with the
present invention has been tested under various
conditions., HPLC was used to determine the degree of

degradation of exemestane over time. The samples of

crystalline solid exemestane were respectively held at

25°C/60%RH and 40°C/75%RH for six months. We tested the

PCT/US2008/005646
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purities of these samples by HPLC and observed the
changes of their purities. The total impurities of these
samples collected after 6 months stability test and
before the stability test (Day 0) were all less than
0.05%.

(0016] In accordance with yet another embodiment of
the present invention, exemestane has a purity of at
least 95% as determined based on peak area percentage
obtained by HPLC analysis. In fact, exemestane produced
by the one-step process in accordance with the present
invention can achieve high purity without further re-
crystallizing. Referring to Examples 1-3 below, the
crude exemestane (before re-crystallizing) can achileve

the purity more than 95% HPLC Peak Area.

[0017] The  various features of novelty which
characterize the invention are polinted out with
particularity in the claims annexed to and forming a
part of the disclosure. For a better understanding ot
the invention, its operating advantages, and specific
objects attained by its use, reference should be had to
the drawings and descriptive matter 1n which there are
i1llustrated and described preferred embodiments of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

(0018] Fig. 1 1s a representative powder x-ray
diffraction pattern of crystalline so0lid exemestane 1n

accordance with one embodiment of the present invention.

[0019] Fig. 2 1is a representative IR spectrum of
crystalline solid exemestane 1n accordance with 1in

accordance with one embodiment of the present invention.

PCT/US2008/005646
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS

[0020]} In accordance with one embodiment of the
present invention, exemestane can be prepared from a 6-
hydroxymethyl 1ntermediate 1in a one step process as

shown in the following scheme:

o
0
7
H;,CAQ—’S'—OH
o
————————————.-
O toluene
OH O
3 5
C20H2605 C 0
V1442 e 356 40
[0021] The general conditions of the above synthetic

process are preferably 80-90°C, about 330 torr, about 10

vol. parts toluene, and 5-15 wt.% para-toluenesulfonic

acid (p-TsOH) as the reagent and compound 3 as the

reactant.

[0022] In comparison, in the process of WO
2005/070951, to make exemestane from a 6-hydroxymethyl
intermediate, there must be two steps as shown in the

following reaction scheme:

O
jji! :4./ O o
MsCl, Et;N
NaOH, KOH
O DCM e
OH o MeOH o

0SO,Me
3 4 .
CaoH260) Cy1H240sS
MW:314.42 MW:392.5 C20H240;

MW:296.40

PCT/US2008/005646
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5 [0023] The 1intermediates involved 1in the present
invention may be prepared by any suitable method, e.g., a
method described i1in the literature. For example, U. S.

Patent No. 3,274,176, discloses a process for making
1,B—dipyrrolidyl—ﬂa5—androstadiene~l7—one (compound  2)

10 in which-A'"*-androstadiene-3, 17-dione (compound 1) 1is

refluxed with pyrrolidine and the residue 1S

crystallized 1in methanol to obtain 1,3-dipyrrolidyl--
AP °—--androstadiene-17-one (compound 2). In German patent
DD 258820, o—-hydroxymethyl-androsta-1, 4-diene-3,17-
[5 dione (compound 3) is prepared from androsta-1, 4-diene-
3,17-dione (compound 1) wvia 1, 3-dipyrrolidinoandrosta-

3,5- dien-17-one (compound 2) . See the followiling

O O
O
N
NH  HOAC

scheme.

- formalin
-
THF DCM
. FtOH, THF N .
l LS 3974176 DD 258820 O
2
Ci&)H}_L()"} . 3
..._- ﬁ»‘ L?}'E'{_“}N)O )
2 0 2 2 :
MW 2845 MW:308.62 C20H2,0:
MW 314 42
20
25 [0024] The following examples are presented to

further 11llustrate the present 1nvention and not

intended to limit the invention 1n any way. Examples 1-
4 i1llustrate the synthesis of exemestane 1in accordance

wlth some embodiments of the present invention.

30 Comparative Examples 1-2 are provided to 1illustrate the

two-step synthetic process similar to the process
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disclosed in WO 2005/070951. Examples 5-16¢ 1llustrate

the recrystallization of crude exemestane.

Example 1

[0025] 6-hydroxymethyl-androsta-1, 4-diene-3, 17-dione
(10.00g), p-toluenesulfonic acid (0.50g) and toluene (60
mL) was added to a sultable reactor. The mixture was

heated under reduced pressure at about 315 torr to

boiling (the boiling point of toluene is about 80-90C at

315 torr) to remove water by dean-stark for not 1less

than 4 hours. After the reaction was complete, the

mixture was cooled down to 60°C or below. Then 2.5%

sodium bicarbonate (50 mL) was added to wash the
mixture. The reaction mixture was filtered through pre-
coat celite® bed before phase separated. The aqueous

phase was back-extracted by toluene (20 mL).

{0026} The two organic phases were combined together.
Water (25 mL) was then added to the organic phase to
wash. After the wash, toluene was removed under reduced
pressure and at a temperature not more than 80°C until
the volume was reduced to about 25 mL. N-heptane was

added to the reaction mixture (25 mlL) to produce a

solid. It was held at the cloudy point for not less than

(NLT) 0.5 hr. Then, 1t was cooled to room temperature

and held for more than 2 hrs. The slurry was filtered
and washed with toluene/n-heptane(l10 mL/15mL) to give
8§.75 g wet cake. The cake was dried under vacuum at
below 70 °C to give 7.85 g crude exemestane. The purity
of the crude exemestane was about 98% as determined
based on peak area percentage obtained by HPLC analysis.
All reported purity of exemestane 1in the present

disclosure 1s based on HPLC unless indicated otherwise.
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[0028] The alternative way to isolate exemestane from
the slurry 1is described as follows. The slurry 1s
filtered without washed and dried under wvacuum ¢to
provide the wet cake. The wet cake and acetonitrile are

charged into a suitable reactor with heating to

dissolve. The resulting mixture is cooled to about 5°C

and then filtered to provide purified exemestane.

Example 2
[0029] To a suitable reactor was added 2.00 g of 6-
hydroxymethyl-androsta-1, 4-diene-3,17-dione, 0.10 g

camphorsulfonic acid, and 20 mL toluene to mix well. The
mixture was heated up to about 90°C and held at that
temperature for about 7 hours. After the reaction was
complete, 10 mL 2.5 % sodium bicarbonate solution was
added to wash. The aqua phase was back-extracted with 5
mL toluene. The two organic phases were combined
together and distilled until dry. 20 mL isopropanol was
added to the resulting solid and heated to reflux to
dissolve. The solution was cooled down to 0°C. After
cooling, the slurry was filtered and washed with 4 mL
cold 1sopropancl. The solid was dried under vacuum to
give 1.21 g exemestane with a purity of 97% as

determined based on peak area percentage obtained by

HPLC analysis.

Example 3

[0030] To a suitable reactor was added 2.00 g 6-
hydroxymethyl-androsta-1, 4-diene-3,17-dione, 0.10 g p-
toluenesulfonic acid monohydrate, and 20 mL toluene to
mix well. The mixture was heated up to about 90°C and

held at that temperature for about 3 hours. After the

PCT/US2008/005646
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reaction was complete, 20 mL 2.5 % sodium bicarbonate
solution was added to wash. The organic phase was
distilled to almost dry. 20 mL methanol and 2 mL 5%
sodium bicarbonate solution was added to the resulting
solid. The slurry was distilled to about 22 mlL residue.
25 mL water was added to the solution. The solution was
cooled down to ambient temperature. After cooling, the
slurry was filtered and washed with 4 mL 50 % (v/v)

methanol aqua solution. The solid was dried under vacuum

- to give 1.27 g exemestane with a purity of 96% as

determined based on peak area percentage obtained by

HPLC analysis.

Example 4

[0031] 6-hydroxymethyl-androsta-1, 4-diene-3, 17-dione
(2.0 g), (D) (+)-10-camphorsulfonic acid (0.1g) and ethyl
acetate (30 ml) were added into a suiltable reactor. The

resulting mixture was reacted under reflux (about 70 to

80°C) for 32 hours. After reaction was complete, the

resulting mixture was dried under vacuum, and toluene
(30 ml) was added. The resulting solution was extracted
by sodium bicarbonate solution (10 ml) and water (5 ml).
The organic layer was dried under vacuum, and then

methanol (20 ml) was added. Water (20 ml) was added to

the resulting mixture, and then the mixture was cooled
down to room temperature. The slurry was filtered, and
then the wet cake was dried to give exemestane.
Comparative Example 1

[0032] 5.00 g 6-hydroxymethyl-androsta-1, 4-diene-
3,17-dione and 80 mL pyridine were added to a suitable
reactor to mix well. The mixture was cooled to 0°C.

6.20 g toluenesulfonic chloride was added and held at

PCT/US2008/005646
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0°C for 2 days. After the reaction was complete, 135 mL
water was added to quench the reaction. 20 mL methylene
chloride was added to extraction. The aqua phase was
back-extracted by 20 mL methylene chloride. The two
organic phases were combined and washed with 40 mL
Brine/water (v/v=1/1). The organic phase was distilled
until 30 mL residue was remained. 60 mL
water/methanol (v/v=1/1l) and 1.32 g potassium hydroxide
were added to the mixture and heated to 65°C. The
mixture was held at 65°C for about 2 hours. After the
reaction was completed, 130 mL water was added and
cooled to ambient temperature. The slurry was filtered
and washed with 30 mL methanol/water (v/v=1/1). The cake
was dried under vacuum below 50°C to give 2.35 g
exemestane with a purity of about 87 % as determined

based on peak area percentage obtained by HPLC analysis.

Comparative Example 2

[0033] 5.00 g 6-hydroxymethyl-androsta-1, 4-diene-
3,17-dione and 80 mL pyridine were added to a suitable
reactor. The mixture was cooled to 0°C. 6.20 g p-
toluenesulconic chloride was added and held at 0°C for 2
days. After the reaction was complete, 135 mL water and
20 mL methylene chloride were added to extraction. The
aqua phase was Dback-extracted by 20 mL methylene
chloride. The two organic phases were combined and
washed with 40 mL brine/water(v/v=1/1) (brine is a
saturated sodium chloride aqueous solution). The organic
phase was distilled until 30 mL residue remained. 30 mL

water and 30 mL methanol and 1.32 g potassium hydroxide
were added to the mixture and heated to 65 °C. The
mixture ‘was held at 65°C for about 2 hours. After the

PCT/US2008/005646
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reaction was completed, 80 mL water was added and cooled
to ambient temperature. The slurry was filtered and
washed with 20 mL methanol/water (v/v=1/1l). The cake was
dried under vacuum below 50°C to give 1.16 g exemestane
with a purity of 85 % as determined based on peak area

percentage obtained by HPLC analysis.

Example 5
[0034] To a suit reactor was charged crude exemestane
(3.0 g) and acetone (15 mL). The resulting mixture was

stirred and warmed up to 50-60°C until the so0lid was
almost dissolved. Water (9 mL) was charged at 50-60°C
and stirred at that temperature for 0.5 hour. The
resulting slurry was cooled to 20-30°C at a rate of 15°C
/hr and kept at 20-30°C for NLT 1 hour. The slurry 1is
filtered, and then the wet cake was dried at 50°C to get
about 2.72 g of pure exemestane 1in an expected yield of

85-95%, based on weight.

Example 6
[0035] To a suitable reactor was charged crude
exemestane (3.0 g) toluene (9 mL). The resulting

mixture was stirred and warmed up to 90-100°C until the
solid was almost dissolved. Heptane (9 mL) was charged
at 90-100°C and stirred at that temperature for 0.5
hour. The resulting slurry was cooled to 20-30°C at a
rate of 15°C /hr and kept at 20-30°C for at least 1
hour. The slurry was filtered, then the wet cake was
dried at 50°C to get about 2.81 g of pure exemestane in

an expected vyield of 85-95%

PCT/US2008/005646
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> Example 7
[0036] To a suitable reactor was charged crude

10

15

20

25

30

35

exemestane (3.0 g) and ACN (acetonitrile) (12 mL). The
resulting mixture was stirred and warmed up to 70-80°C
until the solid was almost dissolved. Water (15 mL) was
charged at 70-80°C and stirred at that temperature for
0.5 hour. The resulting slurry was cooled to 20-30°C at
a rate of 15°C /hr and kept at 20-30°C for NLT 1 hour.
The slurry was filtered, then the wet cake was dried at

50°C to get 2.79 g of pure exemestane in an expected

vield of 85-95%.

Example 3

{0037] To a suitable reactor was charged crude
exemestane (20 g) and CHyCl, (106 g). The resulting
mixture was stirred and warmed up to 40-50°C until the
solid was almost dissolved. Heptane (41.0 g) was charged
at 40-50°C and stirred at that temperature for 0.5 hour.
The resulting slurry was cooled to 20-30°C at a rate of
15°C /hr and kept at 20-30°C for NLT 1 hour. The slurry
was filtered, and then the wet cake was dried at 50°C to

get about 16.5 g of pure exemestane 1in an expected vyield

of 80-90%.

Example 9

[0038] To a suitable reactor was charged crude
exemestane (5.0 g), and CH;Cl, (20 mL). The resulting
mixture was stirred and warmed up to 40-50°C until the
solid was substantially dissolved. MTBE (13 mL) was
charged at 40-50°C and stirred at that temperature for
0.5 hour. The resulting slurry was cooled to 20-30°C at

a rate of 15°C /hr and kept at 20-30°C for NLT 1 hour.
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The slurry was filtered, and then the wet cake was dried
at 50°C to get about 4.7 g of pure exemestane 1in an

expected yield of 85-95%.

Example 10

[0039] To a suitable reactor was charged crude
exemestane (3.0 g) and ethyl acetate (EtOAc) (15 mL).
The resulting mixture was stirred and warmed up to 65-
75°C until the solid was almost dissolved. Heptane (12
mL) was charged at 65-75°C and stirred at that
temperature for 0.5 hour. The resulting slurry was
cooled to 20-30°C at a rate of 15°C /hr and kept at 20-
30°C for NLT 1 hour. The slurry was filtered, and then
the wet cake was dried at 50°C to get about 2.25 g of

pure exemestane 1n an expected vyield of 70-80%.

Example 11

[0040] To a suitable reactor was charged crude
exemestane (3.0 g) and 95% ethyl alcohol EtOH (12 mlL).
The resulting mixture was stirred and warmed up to 75-
85°C until the solid was substantially dissolved. Water
(9 mL) was charged at 75-85°C and stirred at that
temperature for 0.5 hour. The resulting slurry was

cooled to 20-30°C at a rate of 15°C /hr and kept at 20-
30°C for at least 1 hour. The slurry was filtered, and

then the wet cake was dried at 50°C to get about 2.82 g

of pure exemestane in an expected yield of 85-95%.

Example 12

(004 1] To a suitable reactor was charged crude
exemestane (2.0 g) and acetic acid (6 mL). The resulting

mixture was stirred and warmed up to 40-50°C until the

PCT/US2008/005646
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solid was almost dissolved. Water (6 mL) was charged at
40-50°C and stirred at that temperature for 0.5 hour.
The resulting slurry was cooled to 20-30°C at a rate of
15°C /hr and kept at 20-30°C for at least 1 hour. The
slurry was filtered, and then the wet cake was dried at
50°C to get about 1.73 g of pure exemestane in an

expected yield of 80-90%.

Example 13

[0042] To a suitable reactor was <charged crude
exemestane (2.0 g), IPA (isopropyl alcohol) (10 mL). The
resulting mixture was stirred and warmed up to 75-85°C
until the solid 1s almost dissolved. The resulting
siurry was cooled to 20-30°C at a rate of 15°C/hr and
kept at 20-30°C for at least 1 hour. The slurry was
filtered, and then the wet cake was dried at 50°C to get

about 1.82 g of pure exemestane in an expected yield of

85-95%.

Example 14
[0043] To a suitable reactor was charged crude
exemestane (3.0 g), MeOH (1B mL). The resulting mixture

was stirred and warmed up to 55-65°C until the solid was
almost dissolved. Water (6 mL) was charged at 55-65°C
and stirred at that temperature for 0.5 hour. The
resulting slurry was cooled to 20-30°C at a rate of 15°C
/hr and kept at 20-30°C for NLT 1 hour. The slurry was
filtered, and then the wet cake was dried at 50°C to get

about 2.68 g of pure exemestane 1n an expected yield of

85-95%.

PCT/US2008/005646
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Example 15

[0044] To a suitable reactor was charged crude
exemestane (2.0 g) and n-butanol (6 mL). The resulting
mixture was stirred and warmed up to 90-100°C until the
solid was almost dissolved. The resulting slurry was
cooled to 20-30°C at a rate of 15°C /hr and kept at 20-
30°C for at least 1 hour. The slurry was filtered, and
then the wet cake was dried at 50°C to get about 1.67 g

of pure exemestane in an expected yield of 80-90%.

Example 16

[0045] To a suitable reactor was charged crude
exemestane (3.0 g) and THF (tetrahydrofuran) (9 mL).
The resulting mixture was stlirred and warmed up to 40-
50°C until the solid was almost dissolved. Water (6 mL)
was charged at 40-70°C and stirred 'at that temperature
for 0.5 hour. The resulting slurry was cooled to 20-30°C
at a rate of 15°C /hr and kept at 20-30°C for at least 1
hour. The slurry was filtered, and then the wet cake
was dried at 50°C to get about 2.54 g of pure exemestane

in an expected yield of 80-90%.

[0046] As shown above, the purity of the exemestane
obtained 1in the two-step process of comparative Examples
1-2 1s much lower than that obtained in accordance with
the present 1invention (e.g. Examples 1-4). Therefore,
the side products or 1impurities formed 1n the one-step
process disclosed 1in the present invention would be much
lower than the two-step process. Especially, Example 1
recltes a preferable process to prepare exemestane. The
higher yield can be obtained when applying toluene as
the reaction solvent and n-heptane as the anti-solvent

for precipitating. And using acetonitrile to 1solate

PCT/US2008/005646
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exemestane from the resulting mixture can achieve higher

purity and help to decolor.

[0047] The crude exemestane produced by the processes
recited in examples 1-4 can be re-crystallized by the
processes recited in examples 5-16 to give the
crystalline form exhibiting the XRD pattern and IR

spectrum shown in Figs. 1-2.

[004 8] The procedure of XRD test used for obtaining
Fig.1 is as follows. The test sample was milled and
homogenously put on the tray of the X-ray machine,
Scintag X2 Advance Diffraction, tested at continuous
scan rate of 2.00 Deg/min, with range 5.00-40.00 (Deg.)
and at a wavelength of 1.540562.

[0049] The procedure of IR test used for obtaining
Fig. 2 1s as follows. We weighed about 3 mg of sample
and disperse the sample homogenously 1in 300 mg dry KBr,
and then, immediately recorded the spectrum between 400
to 4000 cm-1 by diffuse reflectance. We performed a
single test on the sample. The IR machine was Nicolet,
Magna-IR 560 Spectrometer. The number of sample scans
was 32. The number of background scans was 32. The
resolution was 4. The sample gain was 8. The mirror
velocity was 0.6329. The aperture was 100.

[0050] Thus, while there have shown and described and
pointed out fundamental novel features of the invention
as applied to a preferred embodiment thereof, it will be
understood that various omissions and substitutions and
changes 1n  the form and details of the method
illustrated, and in their operation, may be made by
those skilled in the art without departing from the
spirit of the invention. For example, 1t 1s expressly

intended that all combinations of those elements and/or

PCT/US2008/005646
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5 method steps which perform substantially the same
function in substantially the same way to achieve the
same results are within the scope of the invention.
Moreover, it should be recognized that structures and/or
elements and/or method steps shown and/or described 1in

10 connection with any disclosed form or embodiment of the

invention may be incorporated in any other disclosed or

described or suggested form or embodiment as a general
matter of design choice. It is the intention,
therefore, to be limited only as indicated by the scope

15 of the claims appended hereto.
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> We claim:
. A process of making an aromatase inhibitor of
formula (1)
CH, ?
M oH
3 . R4
| : [ )
H H (
///
O
R3
Rz CH?.

wherein each of Ry, R, R3y, Ry, independently, 15
10 hydrogen, halogen, or C;-Cgs alkyl, comprising: reacting a

compound of formula (II)

CH; ?

(H)

.......................................................................................................................................................................................................................................................................................................................

wherein R;, R;, Rs, Ry are as defined above and R 1S
methylene, with an acid 1n the presence of a solvent at
15 a temperature of 60- 90°C to produce the aromatase
inhibitor of formula (I), wherein the solvent 1s an
organic solvent selected from the group consisting of
toluene, benzene, xylenes, ethyl acetate, methyl

1sobutyl ketone, and mixtures thereof.
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2 . The process o©of claim 1 wherein the acid 1is
selected from the group consisting of para-
toluenesulfonic acid, sulfuric acid, camphorsulfonic
acid, hydrochloric acid, acetic acid, trifluoracetic
acid, and mixtures thereof.

3. The process of claim 1 wherein each of R;, Ry,
R3, and Ry 1s hydrogen.

4, The process of claim 1 wherein the acid 1is
para-toluenesulfanic acid.

J. The process of claim 1 wherein the solvent 1is
toluene.

0. The process of claim 1 further comprising a

step of adding an antilisovlent to the mixture formed
atter the reaction of the compound of formula (II) and
the acid to precipitate the aromatase 1nhibitor of

formula (I).

7. The process of <c¢laim 6 wherein the anti-

solvent 1s n—-heptane.

8. The process of claim 6 further comprising the

steps of:

(a) collecting the precipitates of aromatase
inhibitor of formula (I);

(b) dissolving the collected precipitates with
acetonitrile under an elevated temperature; and

(c) cooling the resulting mixture of step (b)

to precipltate the aromatase inhibitor of formula (I).
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9. The process of claim 1 wherein the reacting 1is

carried out at a temperature of 80-90°C.
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