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4-Acetoxy-2a-benzoyloxy-58,20-epoxy-1-hydroxy-7f,10B-dimethoxy-
9-oxotax-11-en-130-y1 (2R,3S)-3-tert-butoxycarbonylamino-2-hydroxy-3-phenyl-
propionate is prepared according to the method which is described more particularly
in PCT International Application WO 96/30355 or PCT International Application
WG 99/25704. According to the method described in these applications, the product
1s not crystallized and is not characterized.

It was found that the acetone solvate of 4-acetoxy-2a-benzoyloxy-58,20-
epoxy-1-hydroxy-7f3,10B-dimethoxy-9-oxotax-11-en-130-yl ~ (2R,3S)-3-tert-butoxy-
carbonylamino-2-hydroxy-3-phenylpropionate (called form A) was completely
determined and characterized according to the patent published under number
WO02005/028462.

The present invention relates to new crystalline forms, with the exclusion of
the acetonate form, the only one known to date.

According to the present invention, it has now been found that certain
anhydrous forms, certain ethanolic solvates or heterosolvates and hydrated forms have

been completely characterized from a physical and chemical structure point of view.

According to the invention, among the anhydrous forms of 4-acetoxy-2a-
benzoyloxy-5f3,20-epoxy-1-hydroxy-7p,10B-dimethoxy-9-oxotax-11-en-13a-yl
(ZR,385)-3-tert-butoxycarbonylamino-2-hydroxy-3-phenylpropionate, five different
forms have been identified, ainong the ethanolic solvates or heterosolvates of
4-acetoxy-2a-benzoyloxy-58,20-epoxy-1-hydroxy-78,10B-dimethoxy-9-oxotax-
11-en-13a-yl  (2R,3 S)-3-tert-butoxycarbonylamino—2~hydroxy—3-phenylpropionate_,
four different forms have been identified and among the hydrates of 4-acetoxy-20.-
benzoyloxy-5f3,20-epoxy-1-hydroxy-7p,10B-dimethoxy-9-oxotax-11-en-13a-yl



The present invention relates to new crystalline forns, with the exclusion
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to a hydrated form.

- The anhydrous form D is obtained according to a first method by
crystallization of the form A in an oil (especially Miglyol), following by
rinsing with an alkane, for example heptane; the second preparation method
consists in leaving a solution of 4-acetoxy-2o-benzoyloxy-5p,20-epoxy-1-
hydroxy-78,10B-dimethoxy-9-oxotax-11-en-13a-yl (2R,35)-3-tert-
butoxycarbonylamino-2-hydroxy-3-phenylpropionate in a mixture of
Polysorbate 80, pH 3.5, ethanol and water (preferably a 25/25/50 mixture) to
crystallize for approximately 48 hours. Its boiling point by DSC is
approximately 175°C (cf. Figure 1) and is found to be the highest of all the

~anhydrous forms isolated. The PXRD diagram of the anhydrous form D (cf.
Figure 2) exhibits characteristic lines located at 3.9, 7.7, 7.8, 7.9, 8.6, 9.7,
10.6, 10.8, 11.1 and 12.3 + 0.2 degrees 2-theta. The FTIR spectrum of the
anhydrous form D exhibits characteristic bands located at 979, 1072, 1096,
1249, 1488, 1716, 1747, 3436 = 1 cm™ (¢f. Figure 3). Among all the forms
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Figure 5) exhibits characteristic lines |located at 7.1, 8.1, 8.8, 10.2,
10.7, 12.5, - The ethanolate form D is obtained at ambient temperature by mamtamlng the

anhydrous form D in an ethanol-vapour-saturated environment. The PXRD
diagram of the ethanolate form D (cf Figure 4) exhibits characteristic lines
located at 3.8, 7.5, 7.7, 8.4, 9.4, 10.3, 10.5, 11.1, 11.5 and 11.9+ 0.2 degrees
2-theta.

- The ethanolate form E is obtained at ambient temperature by maturation of the
acetonate form A in ethanol. The PXRD diagram of the ethanolate form E (cf
Figure 5) exhibits characteristic lines located at 7.1, 8.1, 8.8, 10.2, 10.7, 12.5,
13.2,13.4,13.9 and 14.2 + 0.2 degrees 2-theta.

- The ethanol/water heterosolvate form F is obtained by maintaining the form B
in a minimum amount of ethanol at reflux, slow cooling and isolation at
ambient temperature and ambient relative humidity. The PXRD diagram of
the ethanol/water heterosolvate form F exhibits characteristic lines located at
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- The dihydrate form C is obtained at ambient temperature by maintaining the
anhydrous form C in an atmosphere containing at least 60% relative humidity.
The PXRD diagram of the dihydrate form C exhibits characteristic lines located at
4.2,69,75,84,9.9,10.9,11.7, 12.3, 12.6 and 13.2 + 0.2 degrees 2-theta.

Other, nonethanolic, solvates of the form B were prepared, such as in
particular those obtained with the following solvents: dichloromethane, diisopropyl
ether, n-propanol, isopropanol, toluene, methyl isobutyl ketone, tetrahydrofuran,

dimethylformamide, ethyl acetate, etc.

The present invention will be described more fully by means of the following

examples which should not be considered to limit the invention.

Experimental analysis conditions:

Differential Scanning Calorimetry (DSC):

The measurements were carried out on a T.A. Instruments DSC2010 thermal analyser.
The sample is subjected to temperature programming from 25°C to 225°C with a
heating rate of 5°C/min. The product is placed in a crimped aluminium capsule and
the amount of product analysed is between 2 and 5 mg. Constant nitrogen sweeping at

55 mL/min 1s used in the oven chamber.

Powder X-Ray Diffraction (PXRD):




O her, nonethanolic, solvates of the formB were prepared, such as in
particul ar those obtained with the follow ng sol vents: dichloronethane,
di i sopropyl ether, n-propanol, isopropanol, toluene, nethyl isobutyl
ket one, tetrahydrofuran, dinethylformam de, ethyl acetate, etc. The
present invention will be described nore fully by nmeans of the follow ng
exanpl es whi ch should not be considereddo Iimt the invention.
Experimental analysis conditions: Differential Scanning Calorinetry (DSC):
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Kai (A = 1WBighelimt scatipainge dm X Ladeshior datee@r woinplet@othe aiesice] Thes dialgianh
i nprove the | e] | and variable,.slits which Iimt,_scattering. An
X' Cel er at orreg(g{dgl(,gt girlé%(g)pﬁ%ﬁq%f ¢1° e fggwfglg_. SHFEPIHE 2Pt rt82%¢ d‘{e % 2®’
charact eri s¢duggingtignet ffiin f10b LOIV0RomWPRPEBE Withobtep 0. Godegr ees 20,
counting tinme from 100 to 500 seconds per step with a step of 0.017.
Fourier TransformInfraRed (FTIR) spectronetry: The solid sanples were
anal ysed using a Nicol et Nexus spectroneter. The analysis is carried out by
at t enuat ed g a Smart Orbit accessory fromthe
conpany TherHE 3 pRed (I dRysnesipmeltyiy st al  ATR accessory). The
spectral range swept is between 4000 and 400 cm with a resolution of 2
cm' and an accunul ated scan nunber of 20.

The solid samples were analysed using a Nicolet Nexus spectrometer. The analysis is

carried out by attenuated total reflectance (ATR) using a Smart Orbit accessory from
the company Thermo (single reflection diamond crystal ATR accessory). The spectral
range swept is between 4000 and 400 cm™ with a resolution of 2 cm™ and an

accumulated scan number of 20.

Example 1

Two tests of dissolution of approximately 550 mg of 4-acetoxy-20.-
benzoyloxy-5f,20-epoxy-1-hydroxy-78,108-dimethoxy-9-oxotax-11-en-13a-yl
(2R,35)-3-tert-butoxycarbonylamino-2-hydroxy-3-phenylpropionate  in 14g of
Miglyol 812 Neutral oil, Sasol are carried out. Magnetic stirring is carried out at
500 rpm for 24 hours at ambient temperature.

After one week, the samples are vacuum-filtered and rinsed with heptane.
Each sample is analysed by PXRD for confirmation of the form obtained. After
filtration, between 300 and 350 mg of anhydrous form D are obtained.

Example 2

Approximately 3 g of 4-acetoxy-2a-benzoyloxy-5p,20-epoxy-1-hydroxy-
78,10B-dimethoxy-9-oxotax-11-en-13a-yl (2R ,3S)-3-tert-butoxycarbonylamino-
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(2R, 3S)-3-tert-but oxycar bonyl am no- 24hydr oxy- 3- phenyl propi onate in 14 g of
M gl yol 812 Neutral oil, Sasol are carried out. Magnetic stirring is
carried out at 500 rpmfor 24 hours at i ent tenperature. After one
week, the sanples are vacuumfiltered and rinsed with heptane. Each sanple
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A conparative stabillty stu was carried out between the acetone solvate

form A and the anhydrous fowl D. The conparison of the FXRD anal yses
carried out on tHeCHURHAUYS SEPHEY SHEE IV eariediouk peiesa ke petonmepludteer
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results: Form A rtial desolvation resulting ) |
acetone sol \?gttge ?‘]o% ‘ﬁ%’ﬁ%ﬂ lfﬂm?‘ﬁ%te]g HP@GECQO&%%B@%@%GH%HPH}WQ Isaid  Form
D: no changdomisstad0¥d fafone manth ptvas thi figlleting 8ESuftar one nont h.

- Form A: partial desolvation resulting in a mixture of the acetone solvate
form A and of the anhydrous form B being obtained.

- Form D: no change detected after maintaining at 40°C for one month.



7 CLAI M5 1. - Cystalline forns of

4- acet oxy- 2a- benzoyl oxy-513, 20- epoxy- 1- hydroxy713, 10j 3- di

nmet hoxy- 9- oxot ax- 11- en- 13a-y1( 2R, 35) - 3-t ert - but oxycar bonyl am no-

2- hydr oxy- 3- phenyl propi onate, characteri -ged in that they are anhydrous
forns. 2. - Anhydrous form B of

4- acet oxy- 2a- benzoyl oxy-513, 20- epoxy- 1- hydroxy713, 1013- di net hoxy- 9- oxot ax- 1
1-en-13a-y1(2R 3S)-3-tert-but ntcar bonylGmimMs- 2- hydr m 3- phenyl propi onat e
according to Caim1, characterized by a PXRD di agram exhi biting
characteristic lines |ocated at 7.3, 8.1, 9.8, 10.4, 11.1, 12.7, 13.1,

14.3, 15.4 and 15.91. 8.Qydeljnedsn®- phdtagetoxy-2a-bergzoyloxyapfhdQieraxy-1fhydiexC of

4- acet oxy- 2a- beg@%%em&;gg%‘;o@pwn%aaw0XV<§§%§%@»%§1 HuBRLABMpatRKO! ax- 1

1-en-13a-y1(2R tert-but ncar bonyl am no- f oxy- 3- phenyl propi onat e
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characteristic lines located at 4.3, 6.8, 7.4, 8.7, 10.1, 11. 1 11 9, 12.3,
12.6 and 13.1 0.2 degrees 2-t dro;sl 6

4- acet wr y- 2a- benzoy# o&f‘”é&%o%foé’ﬁo@fffq‘?ﬁm%‘ﬁ%m}é @2 SR A- hydroxy‘

i met hm 9- oxot ax 73 1o@8mkdxy-b(ckRaR 3} ed-13a%41 - bUt(QRyisa-Bbémwhtamcamonylammo—

2-hydroxy-3-phenylpropionate according to Claim 1, characterized by a PXRD
diagram exhibiting characteristic lines located at 7.3, 8.1, 9.8, 10.4, 11.1, 12.7, 13.1,
14.3, 15.4 and 15.9 £ 0.2 degrees 2-theta.

3. — Anhydrous form C of 4-acetoxy-2a-benzoyloxy-58,20-epoxy-1-hydroxy-
7B,10B-dimethoxy-9-oxotax-11-en-130-yl (2R, 3S)-3-tert-butoxycarbonylamino-
2-hydroxy-3-phenylpropionate according to Claim 1, characterized by a PXRD
diagram exhibiting characteristic lines located at 4.3, 6.8, 7.4, 8.7, 10.1, 11.1, 11.9,
12.3, 12.6 and 13.1 £ 0.2 degrees 2-theta.

4. — Anhydrous form D of 4-acetoxy-2a-benzoyloxy-58,20-epoxy-1-hydroxy-
78,1 OB-dimethoXy-g-oxotaxJ 1-en-13a-yl (2R, 3S)-3-tert-butoxycarbonylamino-
2-hydroxy-3-phenylpropionate according to Claim 1, characterized by a PXRD
diagram exhibiting characteristic lines located at 3.9, 7.7, 7.8, 7.9, 8.6, 9.7, 10.6,
10.8, 11.1 and 12.3 = 0.2 degrees 2-theta.

5. — Anhydrous form E of 4-acetoxy-2a-benzoyloxy-58,20-epoxy-1-hydroxy-
7B,10B-dimethoxy-9-oxotax-11-en-13a-yl (2R, 3S)-3-tert-butoxycarbonylamino-
2-hydroxy-3-phenylpropionate according to Claim 1, characterized by a PXRD
diagram exhibiting characteristic lines located at 7.1, 8.1, 8.9, 10.2, 10.8, 12.5, 12.7,
13.2, 13.4 and 13.9 £ 0.2 degrees 2-theta.

6. — Anhydrous form F of 4-acetoxy-2a-benzoyloxy-58,20-epoxy-1-hydroxy-
7B,10B-dimethoxy-9-oxotax-11-en-13a-yl (2R,3S)-3-tert-butoxycarbonylamino-
2-hydroxy-3-phenylpropionate according to Claim 1, characterized by a PXRD
diagram exhibiting characteristic lines located at 4.4, 7.2, 8.2, 8.8, 9.6, 10.2, 10.9,



2- hydr oxy- 3- phenyl propi onate according to Claim1, characterized by a PXRD
di agram exhi biting characteristic lines |ocated at 3.9, 7.7, 7.8, 7.9, 8.6,
9.7, 10.6, 10.8, 11.1 and 12.3 0.2 deg&;es 24het a. 5. - Anhydrous
form E of 4-acetoxy-2a-benzoyl oxy-513, 20% epoxy- 1- hydroxy713, 10j 3-di

met hoxy- 9- oxotax- 11-en-133-y1 35)-3-tert-butoxycarbonyl am no-
2-hydroxy-3-pheﬁ}%prﬂ?%ﬁg%%iéé@%@ﬁ%ﬁg*?ﬁaC]ain11, characterized by a PXRD
di agram exhi biting characteristic lines |located at 7.1, 8.1, 8.9, 10.2,

10.8, 12.5, 12.7, 173'—2Met11§d?‘or ﬁ %e hdrg f 36&1%{9% Clajm 2, which™
qg fb y-@%éﬁggi y 15,

Anhydrous form F of 4-acetwy- enzoyl o epoxy-1- hydr ox
100- di met hoxy- 9censisisai- hdating -tha acstare polgaty farm &y beterrotYe #pe I P1@nndrs-

2- hydroxy-3_-p_hepxéularnqpin%?é@$ﬁ€e99§@h@%ehqetgnmg% &mb%hﬂreag&@fdrezed by a PXRD
di agram exhi biting characteristic lines |located at 4.4, 7.2, 8.2, 8.8, 9.6,
10.2, 10.9, 8 11.2, 12.1 and 12.3 0.2 degrees 2-theta. 7. - Method

for preparing the aghyns eiethoti@f @labh Acensreinnige beetdleaida® fowhiAC heatagifat s in
heati ng t he acetope so%ﬁatg form A between 100 and 110C under vacuum or

ni trogen sweepi N aBA" PARYSr et urning to anbient tenperat ure. 8.- The
met hod of claim 7, wherein the acetone solvate formA is heated for nore
than 9 hours. 9. — Method for preparing the anhydrous form C according to Claim 3, by
maturation of the acetone solvate form A, or of the anhydrous form B, in water,
followed by drying up to 50°C and then maintaining at ambient temperature at a

relative humidity of less than 5%.

10. — Method for preparing the anhydrous form D according to Claim 4, by
maturation, at ambient temperature, of the acetone solvate form A in ethanol and

drying under nitrogen or under vacuum.

11. — Method for preparing the anhydrous form D according to Claim 4, by
crystallization, at ambient temperature, of the acetone solvate form A from an oil,

followed by rinsing with an alkane.

12. — Method for preparing the anhydrous form D according to Claim 4, by
crystallization of a solution of 4-acetoxy-2a-benzoyloxy-58,20-epoxy-1-hydroxy-
78,10B-dimethoxy-9-oxotax-11-en-13a-yl (2R, 3S)-3-tert-butoxycarbonylamino-
2-hydroxy-3-phenylpropionate in a mixture of Polysorbate 80, pH 3.5, ethanol and

water (preferably, a 25/25/50 mixture) for 48 hours at ambient temperature.

13. — The method of claim 12, wherein the mixture of Polysorbate 80, pH 3.5,
ethanol and water is a 25/25/50 mixture.

14. — Method for preparing the anhydrous form E according to Claim 5, by
maturation of the acetone solvate form A in ethanol so as to intermediately form an
ethanolic form which is subsequently desolvated under nitrogen sweeping or by

heating at 100°C for 2 hours and then returning to ambient temperature.



9. - Method for preparing the anhydrous form C according to Claim3, by
mat uration of the acetone solvate formA, or of the anhydrous formB, in
wat er, followed by drying up to 50C and t hen mai ntai ning at anbient
tenperature at a relative humdity of |ess than 5% 10. - Method for
preparing the anhydrous form D according to Claim4, by maturation, at
anbi ent tenperature, of the acetone solvate formA in ethanol and drying
under nitrogen or utder Mgthodidion preparing thel anhydimisHowh Forccprdinpde i Hgmithey
anhydrous form Qe%%djfh@getﬁa‘ﬂolg/a'{’érrﬂeéero@(/ag asiogtd hﬁﬁ'aanog@ﬁ afRRpREE
tenperature, of the acetone solvate formA from an ol owed b rinsing
with an al kane. for 24 houg and 10BR HBANPBINIp Pl Fareidityet W&“‘@%?Hrodﬂsatf%‘%'?
according to O gnipefatuBy crystallization of a solution of

4- acet oxy- 2a- benzoyl oxy- 58, 20- epoxy- 1- hydr oxy78 , 10f 3-di

met hoxy- 9- oxot ax- 11- en-13a-y1( 2R, 38) - 3-tert - but oxycar bonyl am no-

2- hydr oxy- 3- phenyl propi onate in a m xture of Polysorbate 80, pH 3.5,

et hanol and water (preferably, a 25/25/50 m xture) for 48 hours at anbi ent
t enper at ur e. 13. - The nmethod of claim 12, wherein the m xture of
Pol ysorbate 80, pH 3.5, ethanol and water is a 25/25/50 m xture. 14.
- Method for preparing the anhydrous formE according to Caimb5, by

mat uration of the acetone solvate formA in ethanol so as to internediately
forman ethanolic formwhich is subsequently desol vated under nitrogen
sweepi ng or by heating at 100C for 2 hours and then returning to amnbient
tenperature. 9 15. - Method for preparing the anhydrous formF
according to Claim6, by desolvating the ethanol/water heterosol vate at
120C under a nitrogen atnosphere for 24 hours and then maintaining at a
relative humdity of 0% at anbient tenperature.



