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[57] ABSTRACT

Process for preparing taxol by the condensation of a
(2R, 38) acid of general formula (I} with a taxan deriva-
tive of general formula (II), followed by the removal of
the groups R> and K3 protecting the hydroxy groups
and intermediates used therein.
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1
PROCESS FOR PREPARING TAXOL

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

The present n relates to a process for preparing taxol
from a derivative of 10-deacetylbaccatine II1 or bacca-
tine.

Among taxan derivatives which correspond to the
general formula:

(I)

RO

E 6COCH3

OCOCgH;5
taxol is that for which R denotes an acetyl radical and
Ri denotes a (2'R,3'S) —OCO—CHOH—CH(C¢H-
s) —NHCOCgHs radical, 10-deacetylbaccatine III is
that for which R denotes a hydrogen atom and R de-
notes a hydroxy radical and baccatine III is that for
which R denotes an acetyl radical and R; denotes a
hydroxy radical.

Whereas taxol exhibits noteworthy properties in vitro
as a promoter of tubulin polymerization and as an inhib-
itor of tubule depolymerization, and as a result consti-
tutes an especially important antileukaemic and an-
titumour agent, 10-deacetylbaccatine II1 and baccatine
III do not manifest these activities.

Taxol and baccatine 1II are extracted with difficulty
and in generally low yields, of the order of 100 mg/kg
in the case of taxol, from the trunk barks of different
Taxus species.

Baccatine III is found in larger amounts in the wood
of these different plant species. |

In contrast, l0-deacetylbaccatine III 1s extracted
much more readily and in better yields (300 mg/kg of
leaves) from yew leaves.

A process enabling taxol to be prepared from 10-
deacetylbaccatine III, which is readily accessible and
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whose production does not necessitate the total destruc-

tion of the plant species, 1s hence especially advanta-
geous.

In European Patent Apphication EP No. 253,739, the
preparation was described of taxol and 10-deacetyltaxol

from a taxan derivative of general formula:

65

2
RO O (1I)
V4 OH
o
CH—OH
| O
CegHs—CH—NH—COOC(CH3)3 | OCOCH;

OCOCgHs

The preparation of this from baccatine III or from 10-
deacetylbaccatine III, forms the subject of European
Patent Application EP No. 253,738, and necessitates the
intermediate separation of the diastereoisomers. As a
result, it is impossible for all the baccatine 11l or 10-
deacetylbaccatine III introduced to yield taxol having
the appropriate configuration.

The present invention provides a process for prepar-
ing taxol of formula:

CH3COO

ra OH

£00--
CH—OH
OH ' ©
CeHs—CH—NH—COC¢Hs '

; OCOCH;
OCOCgH;

in which a (2R, 3S) 3-phenylisoserine derivative of
general formula:

O—R; (111

CeHsCONH
COOH
CeHs

in which R is a hydroxy-protecting group, is esterified
with a taxan derivative of general formula:

O av)

- CH3000

d

O—R;

HO--

é)OOCGHS

in which Rj is a hydroxy-protecting group, and the
protecting groups R2 and R3 are then both replaced by
hydrogen.

This process may be used to produce taxol in good
yield from a starting material which is easily obtained in
quantity.

In the general formula (III), R2 denotes, more espe-
cially, a methoxymethyl, l-ethoxyethyl, benzylox-
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- 3
ymethyl, (B-trimethylsilylethoxy)methyl, tetrahydro-
pyranyl or 2,2,2-trichloroethoxycarbonyl radical. Pref-
erably, R2is a 1-ethoxyethyl radical.

In the general formula (IV), R3 denotes, more espe-
cially, a trialkylsilyl radical in which each alkyl portion 5
contains 1 to 3 carbon atoms. Preferably, R31is a trimeth-
yisilyl or triethylsilyl radical It is especially advanta-
geous to use a product of general formula (IV) 1n which
R 3 denotes a triethylsily] radical.

In general, the esterification of the taxan derivative of 10
general formula (IV) with the acid of general formula
(I11) is performed in the presence of a condensing agent,
for example a carbodiimide such as dicyclohexylcarbo-
diimide or a reactive carbonate such as di-2-pyndyl
carbonate, and an activating agent, for example a dialk-
ylaminopyridine such as 4-dimethylaminopyrnidine,
working in an aromatic solvent such as benzene, tolu-
ene, a xylene, ethylbenzene, iospropylbenzene or chlo-
robenzene at a temperature of between 60° and 90° C.

In general, an excess of acid of general formula (11I) 20
and of condensing agent (dicyclohexylcarbodimide,
di-2-pyridy! carbonate) is used, preferably 6 to 10 moles
of each per mole of taxan derivative of general formula
(IV), and at least one mole, and preferably 2 to 4 moles,
of activating agent (4-dimethylaminopyridine) per mole 25
of taxan derivative of general formula (IV).

The removal of the groups protecting the (2'R,3,5)
ester obtained, of general formula:

15

CH3COO

OCOCH:

in which R; and R; are defined as above, is generally
accomplished by treatment in an acid medium. It s
especially advantageous to use an acid such as hydro-
chloric acid, dissolved in an aliphatic alcohol containing
! to 3 carbon atoms (methanol, ethanol, propanol, iso-
propanol) at a temperature in the region of 0° C.

The product of general formula (II11) may be obtained
by the saponification of a (2R, 3S) ester of general for-

45

mula: 30
O—R> (VI
CsHsCONH
\/\coum 55
éeHs

in which R is defined as above and R denotes an alky]
group containing 1 te 4 carbon atoms, and preferably
methyl, by means of an inorganic base such as an alkali
metal hydroxide (lithium hydroxide, sodium hydroxide)
or an alkali metal carbonate or bicarbonate (sodium
bicarbonate, potassium carbonate), in an aqueousal-
coholic medium such as an ethanol/water or me- 65
thanol/water mixture, working at a temperature of
between 10° and 40° C. and preferably in the region of
25° C.

O-—Rj3

4

The product of general formula (VI) may be obtained
under the usual conditions for preparation of ethers, and
more especially according to the processes described by
J. N. Denis et al., J. Org. Chem., 51, 46-50 (1986).

The product of general formula (IV) may be obtained
by the action of a halotrialkylsilane on baccatine I or
on 10-deacetylbaccatine I, followed, in the latter case,
by the acetylation of the intermediate 7-tnalkylsilyl-10-
deacetylbaccatine IIlI obtained. |

In general, the reaction of the halotrialkylsilane with
baccatine III or with 10-deacetylbaccatine IIl is per-
formed at a temperature in the region of 20° C., working
in a basic organic solvent such as pyridine or in an inert
organic solvent such as chloroform or dichloroethane
in the presence of a tertiary amine such as triethylamine,
Hiinig’s base or pyridine.

The acetylation of the 7-trialkylsilyl-10-deacetylbac-
catine III is generally accomplished by means of acetyl
chloride, working at a temperature in the region of 0° C.
in a basic organic solvent such as pyridine or in an inert
organic solvent such as methylene chloride, chloroform
or dichloroethane in the presence of a tertiary amine
such as pyridine or Hiinig’s base.

The example which follows, given without imphed
limitation, shows how the invention can be put mto
practice.

EXAMPLE

(V)

OCOCH;

42.8 mg (0.12 mmol) of N-benzoyl-O-(1-ethoxyethyl)-
3-phenylisoserine in 1 cm? of anhydrous toluene are
introduced under an argon atmosphere into a 5-cm3
round-bottomed flask equipped with a magnetic stirrer.
25.9 mg (0.12 mmol) of di-2-pyridyl carbonate are then
added. The mixture is left to react for 4 to 5§ minutes,
and 4.9 mg (0.04 mmol) of 4-dimethylaminopyrdine
and 14 mg (0.02 mmol) of 7-triethylsilylbaccatine III are
then added in a single portion. The colourless and ho-
mogeneous solution is left for 3 to 4 minutes, and then
heated for 10 hours at 72°-74° C. After being cooled,
the reaction mixture is diluted by adding ethyl acetate.
The organic solution is washed 3 times with saturated
aqueous sodium bicarbonate solution, twice with water
and then twice with aturated sodium chloride solution.
The organic phase is dried over anhydrous sodium
sulphate. After filtration and removal of the solvents
under reduced pressure (20 mm of mercury; 2.7 kPa),
the residue obtained is purified by analytical thin-layer
chromatography on silica, eluting with an ether/methy-
lene chloride (5:95 by volume) mixture, 4 runs being
performed. 8.4 mg (0.0081 mmol) of ester of general
formula (V) in which Rz denotes a 1-ethoxyethyl radical
and R; denotes a triethylsilyl radical is thereby ob-
tained, in a 40% vyield, in the form of a mixture of 2
epimers in the ratio 60:40, melting at 169°-173° C. after
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recrystallization in a methylene chloride/pentane mix-
ture.

5.8 mg of 7-tniethylsilylbaccatine IIl are recovered.
The ester obtained has the following characteristics:

optical rotation: [a]?4= —33.7° (¢ =0.41; methanol)

infrared spectrum (film): 3450, 3300, 3060, 3025, 2950,
2930, 2900, 2870, 1740, 1720, 1640, 1600, 1580, 1520,
1480, 1450, 1365, 1310, 1260, 1240, 1175, 1140, 1105,
1090, 1080, 1020, 980, 945, 820 and 710 cm—!

proton nuclear magnetic resonance spectrum (300 10

MHz; deuterated chloroform; chemical shift in ppm;
coupling constants J in Hz):

0.53-0.62 (m, 6H); 0.93 (t, J=8, 9H); 1.00 (t, J=7, less
abundant epimer 3H); 1.04 (t, J=7, preponderant epi-
mer 3H); 1.18 (preponderant epimer) and 1.19 (less
abundant epimer) (2s, 3H); 1.22 (s, 3H); 1.20 and 1.29
(2d, J=35.3, 3H); 1.70 (s, 3H); 1.85-1.95 (m, 1H); 2.00
and 2.01 (2d, J=1.2, 3H); 2.05-2.20 (m, 1H); 2.16 (s,
3H); 2.26-2.40 (m, 1H); 2.40 (preponderant epimer) and
2.33 (less abundant epimer) (2s, 3H); 2.46-2.59 (m, 1H);
3.04-3.44 (m, 2H); 3.81 (preponderant epimer) and 3.83
(less abundant epimer) (2d, J=7, 1H); 4.24 (less abun-
dant epimer) and 4.26 (preponderant epimer) (2ABq,
Jap=8.1, 64—85=34, 2H); 4.47 (dd, J=6.6 and 10.6,
1H); 4.64 (less abundant epimer) and 4.72 (preponderant
eptmer) (2d, J=2.7 and 3.7, 1H); 4.54 (less abundant
epimer) and 4.80 (preponderant epimer) (2q, J=35.3,
1H); 4.94 (ps.-t, J=6.7 and 7.3, 1H); 5.68-5.76 (m, 2H);
6.24 (ps.-t, J=8 and 9, 1H), 6.44 (s, 1H): 7.08 (less abun-
dant epimer) and 7.18 (preponderant epimer) (2d, J=8.6
and 8.1, 1H); 7.28-7.53 (m, 10H); 7.57-7.63 (m, 1H);
1.77-1.80 (m, 2H); 8.10-8.15 (m, 2H)

mass spectrum (FAB; NBA matrix): m/e=1040
(MH+)

elemental analysis: Cs7H7305SiN

elemental analysis: Cs7H230158iN

Calculated 9% C 65.81
Found 65.57

N 1.35
1.62

H .07
7.34

72 mg (0.009 mmol) of the ester obtained above are
introduced at 0° C. under an argon atmosphere into a
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10-cm? round-bottomed flask equipped with a magnetic 45

stirrer. 3.6 cm?3 of a 0.5% strength ethanolic hydrochlo-
ric acid solution, cooled beforehand to 0° C., are added.
The mixture is stirred at 0° C. for 30 hours. When the
reaction is complete, the reaction mixture is diluted by
adding ethylacetate at 0° C., and water is then added.
After settling has taken place, the separated organic
phase 1s washed 5 times with water and twice with
saturated sodium chioride solution and is then dried
over anhydrous sodium sulphate. After filtration, the

solvents are removed under reduced pressure (20 mm of 53

mercury; 2.6 kPa). The residue obtained (72 mg) is
purified by preparative thinlayer chromatography on
silica, eluting with a dichloromethane/methanol (90:10
by volume) mixture. 54 mg (0.063 mmol) of taxol are
thereby obtained.

The yield is 91%.

The taxol thereby obtained has the following charac-
teristics:

optical rotation: [a]?*= —49.7° (¢ =0.36; methanol)

mfrared spectrum (film): 3400, 3060, 3025, 3000, 2950,
2900, 1740, 1720, 1650, 1600, 1580, 1520, 1480, 1450,
1370, 1315, 1260, 1240, 1180, 1110, 1070, 1030, 980, 950,
905, 800 and 710 cm—1

60

65

6

proton nuclear magnetic resonance spectrum (300
MHz; deuterated chloroform; chemical shifts in ppm;
coupling constants in Hz):

1.15 (s, 3H); 1.24 (s, 3H); 1.69 (s, 3H); 1.80 (s, 3H);

1.83 (s, 1H); 1.83~1.93 (m, 1H; 2.24 (s, 3H); 2.28-2.39

(m, 2H); 2.39 (s, 3H); 2.47 (d, J=4, 1H); 2.48-2.57 (m,
1H); 3.55 (d, J=5, 1H); 3.80 (d, J=7, 1H); 4.25 (ABq,
Jap=8.4, 64— 6p=32, 2H); 4.37-4.44 (m, 1H); 4.80 (dd,
J=2.5and 5, 1H); 495 (d, J=7.7, 1H); 5.68 (d, J=7,
1H);, 5.79 (dd, J=2.5 and 8.8, 1H); 6.23 (t, J=9, 1H);
6.27 (s, 1H); 6.98 (d, J=8.8, 1H); 7.33-7.54 (m, 10H);
1.59-7.64 (m, 1H); 7.72-7.75 (m, 2H); 8.12-8.15 (m, 2H)

3C nuclear magnetic resonance spectrum (deuter-
ated chloroform):

9.57 (CHj); 14.83 (CH3); 20.83 (CH3); 21.62 (CHj);
22.85 (CHa3); 26.69 (CH3); 35.65 (CH)); 35.73 (CHy);
43.20 (C); 45.86 (CH); 55.05 (CH), 58.67 (C); 72.20
(CH); 72.41 (CH); 73.23 (CH); 75.00 (CH); 75.58 (CH);
76.58 (CH3); 79.10 (C); 81.21 (C),; 84.42 (CH); 127.06
(CH), 128.38 (CH); 128.72 (CH); 129.04 (CH); 129.21
(C); 130.22 (CH); 131.97 (CH); 133.26 (C); 133.71 (CH):
138.03 (C); 141.98 (C); 167.04 (C); 170.37 (C); 171.22
(C); 172.73 (C); 203.62 (C)

mass- spectrum (FAB; NBA matrix): m/e=854
{MH+).

(2R, 3S)-N-Benzoyl-O-(1-ethoxyethyl)-3-
phenylisoserine may be obtained in the following man-
ner:

380 mg of N-benzoyl-O-(1-ethoxyethyl)-3-
phenylisoserine methyl ester are added into a 100 cm3
round-bottomed flask equipped with a magnetic stirrer
and containing 30 cm? of methanol. To the solution
obtained, 15 cm? of distilled water and 414 mg (3 mmol)
of solid potassium carbonate are added. The mixture is
stirred for 40 hours at 25° C. and the methanol is then
evaporated off under reduced pressure. The residual
aqueous phase is extracted several times with ether. The
aqueous phase is acidified with 109% strength (w/v)
aqueous hydrochloric acid solution and then extracted
with dichloromethane. The combined organic phases
are washed several times with water and then with
saturated sodium chloride solution. The organic phases
are dned over anhydrous magnesium sulphate. After
filtration and removal of the solvent under reduced
pressure, 254 mg (0.711 mmol) of N-benzoyl-O-(1-
ethoxyethyl)-3-phenylisoserine are obtained, the char-
acteristics of which are as follows:

melting point: 93°-94° C.

infrared spectrum (film): 3425, 3600-2100, 3060, 3025,
2950, 2925, 1740, 1640, 1600, 1580, 1520, 1480, 1440,
1300, 1140, 1075, 1020, 950, 920, 865, 800, 770 and 700
cm— |

proton nuclear magnetic resonance spectrum (300
MHz; deuterated chloroform; chemical shifts in ppm;
coupling constants J in Hz): 0.90 and 1.07 (2t, J=7, 3H);
1.24 (d, J=5.3, 3H); 2.88-2.99 and 3.24-3.45 (2m, 2H):
4.50 and 4.63 (2d, J=2.4, 1H); 4.60 and 4.81 (2q, J=5.3,
1H); 5.74-5.80 (m, 1H); 7.26-7.52 (m, 4H); 7.48-7.83 (m,
2H); 7.0-7.8 (broad s, 1H).

(2R, 3S)-N-Benzoyl-O-(1-ethoxyethyl)-3-
phenylisoserine methyl ester may be prepared in the
following manner:

2.99 mg (1 mmol) of N-benzoyl-3-phenylisoserine
methyl ester, 10 cm? of dry dichloromethane, 25.1 mg
(0.1 mmol) of pyridinium p-toluenesulphonate and 956.4
pl (721 mg; 10 mmol) of ethyl vinyl ether are intro-
duced successively into a 25-cm3 round-bottomed flask
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equipped with a magnetic stirrer. The reaction mixture
is stirred for 3 hours at 25° C. When the reaction is
complete, 1 drop of pyridine is added and the reaction
mixture is then diluted by adding dichloromethane. The
organic phase is washed twice with water and then with
saturated sodium chloride solution, and dned over an-
hydrous sodium sulphate. After filtration and removal
of the solvents under reduced pressure, 380 mg of N-
benzoyl-O-(l-cthoxy— ethyl)-3-phenylisoserine methy]
ester are obtained in the form of an equimolecular mix-
ture of 2 epimers, the characteristics of which are as
follows:

melting point: 124°-125° C. (after recrystallization in
a dichloromethane/pentane mixture)

optical rotation: [a]?3= —~25.9° (c=0.54; methanol)

infrared spectrum (film): 3350, 3060, 3025, 2980, 2940,
1740, 1635, 1600, 1580, 1530, 1490, 1435, 1380, 1340,
1320, 1275, 1242, 1198, 1175, 1150, 1080, 1030, 990, 955
900, 800, 702 and 698 cm—!

proton nuclear magnetic resonance spectrum (300
MHz; deuterated chloroform; chemical shifts in ppm;
coupling constants J in Hz):

0.87 and 0.98 (2t, J=7, 3H); 1.13 and 1.22 (2d, J=35.4,
3H); 2.82 and 2.89 and 3.22-3.36 (m, 2H); 3.755 and 3.76
(2s, 3H); 4.48 and 4.60 (2d, J=2.4, 1H); 4.50 and 4.78
(2g, J=5.4, 1H); 5.64 and 5.68 (2dd, J=2.4 and

8.2, 1H); 7.18 and 7.19 (2d, J=8.2, I1H); 7.23-7.55 (m,
8H); 7.80-7.84 (m, 2H)

mass spectrum (FAB, NBA matrix): m/e=372
(MH+)

elemental analysis: C31H2sOsIN

elemental analysis: Ca1HsOsN

Calculated % C 67.90
Found : 67.08

H 6.78
6.94

N 377
3.75

N-Benzoyl-3-phenylisoserine methyl ester may be
prepared according to J. N. Denis et al., J. Org. Chem.,
51. 46-50 (1986).

7-Triethylsilylbaccatine 111 may be repeated in one of ¥
the following ways:

(a) 544 mg (1 mmol) of 10-deacetylbaccatine IlI,
dissolved in 50 cm3 of anhydrous pyridine, are intro-
duced under an argon atmosphere into a 100-cm3 round-
bottomed flask equipped with a magnetic stirrer. 3.36
cm? (3.014 g; 20 mmol) of triethylsilyl chloride are then
added. The homogeneous, yellow reaction mixture is
then stirred for 24 hours at 0° C. Ethyl acetate and
water are then added. After settling has taken place, the
separated aqueous phase is extracted with ethyl acetate.
The combined organic phases are treated with saturated
aqueous copper sulphate solution until the pynidine has
been completely removed. The organic phases are
washed with water and then with saturated sodium
chloride solution, and then dried over anhydrous so-
dium sulphate. After filtration and evaporation of the
solvents under reduced pressure, 2.73 g of a product are
obtained, and this is purified on a silica column, eluting
with a dichloromethane/methanol (99:1 by volume)
mixture. 512 mg (0.778 mmol) of 10-deacetyl-7-triethyl-
silylbaccatine III are thereby obtained, in a 78% yield,
in the form of a white solid, the characteristics of which
are as follows:

melting point: 256°-257° C. (after recrystallization in
a dichloromethane/pentane mixture)

optical rotation: [a}$¥= —23.6° (c=0.41; methanol)

infrared spectrum (film): 3450, 2950, 2875, 1735, 1705,
1600, 1580, 1450, 1380, 1275, 1242, 1180, 1140, 1115,

8
1100, 1075, 1060, 1030, 1020, 1000, 990, 950, 925, 885,

860, 822, 740 and 715 cmn—!
proton nuclear magnetic resonance spectrum (300
MHz; deuterated chloroform; chemical shifts in ppm;

coupling constants J in Hz):
0.48-0.70 (m, 6H); 0.94 (t, J =8, 9H); 1.08 (s, 6H); 1.57
(s, 1H); 1.74 (s, 3H); 1.86-1.95 (m, 1H); 2.02 (d, J=3,
1H); 2.09 (d, J=1.1, 3H); 2.25-2.35 (m, 2H); 2.28 (s, 3H);
2.42-2.52 (m, 1H); 395 (d, J=7, 1H); 4.24 (ABq,

10 3 ,p=8.2, §,~55=42, 2H); 4.24 (d, J=2, 1H); 4.41 (dd,

13
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J=6.6 and 10.6, 1H); 4.85-4.90 (m, 1H); 4.95(dd, J=1.9
and 9.6, 1H); 5.17 (48, J=2, 1H); 5.60 (d, L, J=7, 1H);
7.44-7.50 (m, 2H); 7.57-7.62 (m, 1H); 8.08-8.11 (m, ZH)

13C nuclear magnetic resonance spectrum (deuter-
ated chloroform);

5.16 (CH3); 6.72 (CH3); 9.92 (CH3); 15.13 (CHas),
19.50 (CH3); 22.60 (CH3); 26.86 (CH3); 37.26 (CH3);
38.64 (CH2); 42.70 (C); 46.99 (CH); 57.96 (C); 67.95
(CH); 72.95 (CH); 74.68 (CH); 74.83 (CH); 76.57 (CH3),
78.78 (C); 80.75 (C); 84.25 (CH); 128.57 (CH); 129.44
(C); 130.07 (CH); 133.57 (CH); 135.20 (C); 141.78 (C);
167.04 (C); 170.76 (C); 210.31 (C)

mass spectrum (FAB; NBA matrix): m/e=659 (MH)

elemental analysis: C3sHs0O1051

elemental analysis: C3sHsoO10%

Calculated % C 63.80
Found 63.57

S1 4.26
4.04

H 7.65
7.72

43.9 mg (0.075 mmol) of 10-deacetyl-7-triethylsilyl-
baccatine IIl, dissolved in 1.87 cm3 of anhydrous pyri-
dine, are introduced under an argon atmosphere 1mnto a
10-cm3 round-bottomed flask equipped with a magnetic
stirrer. The solution is cooled to 0° C. and 26.6 ul (29.4
mg; 0.375 mmol) of acetyl chlonide are then added
dropwise. The mixture, which becomes heterogeneous,
is stirred for 20 hours at 0° C. A further 26.6 ul of acetyl
40 chloride are added and the mixture is then stirred for 20
hours at 0° C. Ethyl acetate is added, followed by wa-
ter, at 0° C. After settling has taken place, the separated
aqueous phase is extracted twice with ethyl acetate. The
combined organic phases are washed with saturated
aqueous copper sulphate solution until the pyridine has
been completely removed, then with water and then
with saturated sodium chloride solution, and are finally
dried over anhydrous sodium sulphate. After filtration
and removal of the solvents under reduced pressure, the
residue obtained (65 mg) is purified by chromatography
on a silica gel column, eluting with a dichloromethane/-
methanol (99:1 by volume) mixture. 45 mg (0.0643
mmol) of 7-triethylsilylbaccatine III are thereby ob-
tained in an 86% vyield, the characteristics of which are
as follows:

melting point: 253°-254° C. (after recrystalhzat:on in
a dichloromethane/pentane mixture)

optical rotation: [a]?3= —48.6° (c=0.36; methanol)

infrared spectrum (film): 3500, 2950, 2875, 1720, 1600,
1580, 1450, 1370, 1270, 1240, 1180, 1140, 1110, 1100,
1075, 1050, 1020, 990, 970, 950, 820 740 and 710 cm—!

proton nuclear magnetic resonance spectrum (300
MHz; deuterated chloroform; chemical shifts in ppm;
coupling constants J in Hz):

0.52-0.65 (m, 6H); 0.93 (t, J=8, 9H); 1.05 (s, 3H); 1.20
(s, 3H); 1.61 (5, 1H); 1.68 (s, 3H); 1.83-1.92 (m, 1H); 2.01
(d,J=5, 1H); 2.17 (s, 3H); 2.19(d, J=1.1, 3H); 2.24-2.28
(m, 2H); 2.28 (s, 3H); 2.41-2.58 (m, 1H); 3.88 (d, J=7,
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1H); 4.23 (ABq, J4p=8.1, 54—8p=45, 2H); 4.45 (dd,
J=6.6 and 10.5, 1H); 4.83 (m, 1H); 4.96 (d, J=9.6, 1H):
5.63 (d, J=7, 1H); 6.46 (s, 1H); 7.45-7.50 (m, 2H).
7.57-7.63 (m, 1H); 8.09-8.12 (m, 2H)

13C nuclear magnetic resonance spectrum (deuter- S
ated chloroform): 5.28, 6.72; 9.93; 14.93; 20.06: 20.93;
22.68; 26.83; 37.24; 38.24; 42.79; 47.24; 58.67: 68.00;
72.35; 74.35; 75.77; 76.57; 78.73: 80.89; 84.22: 128.57;
129.38; 130.09; 132.78; 133.61; 143.83; 167.12; 169.33;
170.76 and 202.12

mass spectrum (FAB; NBA matrix): m/e=701
(MH+)

elemental analysis: C37Hs;011Si

10

elemental analysis: C37H<201Si

Calculated % C 63.40 N 7.48 Si 4.0]

Found 63.50 1.59 3.94
M

(b) 250 mg (0.4266 mmol) of baccatine 111, dissolved 20
in 8.5 cm? of anhydrous pyridine, are introduced under
an argon atmosphere into a 25 cm3 round-bottomed
flask equipped with a magnetic stirrer. 1.43 cm3 (1.286
g; 8.53 mmol) of triethylsilyl chloride are then added.
The mixture is stirred for 28 hours at 20° C. Ethyl ace-
tate 1s added, followed by water. After settling has
occurred, the aqueous phase is extracted with ethyl
acetate, the combined organic phases are washed with
saturated aqueous copper sulphate solution until the
pyridine has been completely removed, then with water
and finally with saturated agueous sodium chloride
solution. The organic phases are dried over anhydrous
sodium sulphate. After filtration and evaporation of the
solvents under reduced pressure, a residue (1.35 g) 1s
obtained, and this is purified by filtration on a silica gel
column, eluting with dichloromethane/methanol (99:1
by volume) mixture. 248 mg (0.354 mmol) of 7-triethyl-
silyl baccatine III are thereby obtained, in an 839 vyield,
in the form of a white solid, melting at 253°~254° C.
after recrystallization in a dichloromethane/pentane 40
mixture.

We claim:

1. A process for preparing taxol of formula:

23

30

35

o 45
CHCOO
; /
4:':00-- 50
CH--OH
I OH O
CeHs—CH—NH—COC4zHj5
! OCOOCH 3
OCOCgH 535

in which a (2R, 3S) 3-.phenylisoserine derivative of
general formula:

in which R; is a hydroxy-protecting group, is esterified
with a taxan derivative of general formula:

1)

: OCOCH;

OCOCgH:s

in which Rj is a hydroxy-protecting group, and the
protecting groups Rz and R are then both replaced by
hydrogen.

2. A process according to claim 1, in which R is
chosen from methoxymethyl, 1-ethoxyethyl, benzylox-
ymethyl, (B-trimethylsilylethoxy)methyl, tetrahydro-
pyranyl and 2,2,2-trichloroethoxycarbonyl, and R; is
chosen from trialkylsilyl groups in which each alkyl
portion contains 1 to 3 carbon atoms.

3. A process according to claim 2, in which the esten-
fication is performed in the presence of a condensing
agent and an activating agent.

4. A process according to claim 3, in which the con-
densing agent is chosen from carbodiimides and reac-
tive carbonates, and the activating agent is chosen from
dialkylaminopyridines.

5. A process according to claim 4, in which the con-
densing agent is chosen from dicyclohexylcarbodiimide
and di-2-pyridyl carbonate and the activating agent is
4-dimethylaminopyridine.

6. A process according to claim 1, in which the reac-
tion is performed in an aromatic organic solvent chosen
from benzene, toluene, xylenes, ethylbenzene, isopro-
pylbenzene and chlorobenzene.

1. A process according to claim 1, in which the reac-
tion is performed at a temperature of between 60° and
50° C.

8. A process according to claim 1, in which the re-
placement of the protecting groups with hydrogen in
the intermediate (2'R, 3'S) ester obtained, of general
formula:

O—R>z

CeHsCONH
CeHss

O

CH3;COO

O~R3

'

d:)COCH 3

600(:6"5

in which R and R are as defined in claim 1, is per-

65 formed in an acid medium.

9. A process according to claim 8, in which the acid
medium comprises and inorganic acid dissolved in an
aliphatic alcohol containing | to 3 carbon atoms.
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ymethyl, (ﬂ-tﬁmeth yisilylethoxy)methyl, tetrahydropyra-
nyl! and 2,2, 2-trichloethoxycarbonyl.
16. A process for preparing taxo!l of the formula:

11

10. A process according to claim 9, in which the

morganic acid i1s hydrochloric acid.
11. A process according to claim 8, in which the

OH
CeHs
E’CDCﬁHS
reaction is performed at a temperature in the region of
0 C.
12. A 1axan derivative of the formula: 20
comprising the following steps:

A. reacting a compound of the following formula:

HO O

CH;
I

25
HO «-
O HO »
OCOCH; 30 o
OCOCsHs . OCOCH;3;
wherein R3 is a trialkyisilyl group in which each alkyl! OCOCeH;s
portion contains 1 to 3 carbon atoms. _ _
13. A taxan derivative of the formula: 15 with a halotrialkylsilane wherein each alkyl portion con-
tains 1 to 3 carbon atoms, to form a compound of the
Jollowing formula:
HO O
40 I
HO
: CE)COCH 3 43 O
OCOCsH; : OCOCH;
wherein R3 is a trialkylisilyl group in which each portion OCOCsH:
contains 1 to 3 carbon atoms. _ ' _ _ _ ‘ '

14. A taxan derivative of the formula: s0 in which R is chosen from trialkylsilyl groups in which

each alkyl portion contains 1 to 3 carbon atoms;
O B. acetylating the compound so obtained with acety!
Coo chloride to give a compound of the following formula:

55

&

OCOCeH s

wherein Ry is a hydroxy-protecting group and R3 Is a
trialkylsilyl group in which each portion contains 1 to 3 65 OCOC¢Hs

carbon atoms.
15. A taxan derivative according to claim 14 wherein R C. esterifying the compound so obtained with a (2R, 35)
is chosen from methoxymethyl l-ethoxyethyl, benzylox- 3-phenylisoserine derivative of the general formula:
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in which Rj is a hydroxy-protecting group; and
D. replacing both of the protecting groups R» and R3 by

O—R, hydrogen. |
17. A process according to claim 16 in which R3 is me-
Ce.HSCONH\/Y\ COOH 5 thoxymethyl, I-ethoxyethyl, benzyloxymethyl (B-trime-
thylsilylethoxy)methyl, tetrahydropyrany! or 2,2, 2-tri-
CeHs chloroethoxycarbony!

x £ 2 * %

10

|

20

25

30

kB!

45

30

35

635
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