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[57] ABSTRACT 
Process for preparing taxol by the condensation of a 
(2R, 3S) acid of general formula (I) with a taxan deriva 
tive of general formula (II), followed by the removal of 
the groups R; and R3 protecting the hydroxy groups 
and intermediates used therein. 
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PROCESS FOR PREPARING TAXOL 

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

10 
The present :1 relates to a process for preparing taxol 

from a derivative of lO-deacetylbaccatine III or bacca 

tine. 

Among taxan derivatives which correspond to the 
general formula: 

(I) 

20 

25 

i 6COCH3 
OCOCsHs 

. . _ 30 

taxol 15 that for which R denotes an acetyl radical and 

R1 denotes a (2’R,3'S) —OCO—CHOH—CH(C6H 
5)—NHC0C6H5 radical, lO-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 aoetyl radical and R1 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, lO-deacetylbaccatine Ill and baccatine 
III do not manifest these activities. 

Taxol and baccatine III are extracted with difficulty 

and in generally low yields, of the order of lOO 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, lO-deacetylbaccatine III is 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 

deacetylbaocatine III, which is readily accessible and 
whose production does not necessitate the total destruc- ‘ 

tion of the plant species, is hence especially advanta 
geous. 

In European Patent Application HP No. 253,139, the 6’ 
preparation was described of taxol and lO-deacetyltaxol 
from a taxan derivative of general formula: 

35 

45 

55 

(11) 

5 

The preparation of this from baccatine III or from 10 
deacetylbaccatine III, forms the subject of European 
Patent Application E? No. 253,738, and necessitates the 
intermediate separation of the diastereoisorners. As a 
result, it is impossible for all the baocatine III or l0 
deaoetylbaccatine Ill introduced to yield taxol having 
the appropriate con?guration. 
The present invention provides a process for prepare 

ing taxol of formula: 

CH 3COO 
l on 

OH 
Cd'ls-CH-NH-Cms 

OCOCH 3 
600cm, 

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

0.112 (in) 

CdilgCONH 
coon 

l 
I 
l 

Celts 

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

0 (IV) 
I 

in which R3 is a hydroxy-protecting group, and the 
protecting groups R; 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), R; denotes, more espe 
cially, a methoxymethyl, l-ethoxyethyl, benzylox 



Re. 34,277 
- 3 

ymethyl, (B-trimethylsilylethoxy)methyl, tetrahydro 
pyranyl or 2,2,2-trichloroethoxycarbonyl radical. Pref 
erably, R2 is a l-ethoxyethyl radical. 

in the general formula (IV), R3 denotes, more espe 
cially, a triaikylsilyl radical in which each alkyl portion 
contains 1 to 3 carbon atoms. Preferably, R3 is a trimeth 
ylsilyl or triethylsilyl radical It is especially advanta 
geous to use a product of general formula (IV) in which 
R3 denotes a triethylsilyl radical. 

In general, the esteri?cation of the taxan derivative of 
general formula (IV) with the acid of general formula 
(III) is performed in the presence of a condensing agent, 
for example a carbodiimide such as dicyclohexylcarbo 
diimide or a reactive carbonate such as di-Z-pyridyl 
carbonate, and an activating agent, for example a dialk 
ylaminopyridine such as 4-dimethylaminopyridine, 
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 (III) 
and of condensing agent (dicyclohexylcarbodiimide, 
di-Z-pyridyl 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 
of taxan derivative of general formula (IV). 
The removal of the groups protecting the (2'R,3,S) 

ester obtained, of general formula: 

CH C00 0 
3 / 0-113 

in which R; and R3 are de?ned as above, is generally 
accomplished by treatment in an acid medium. It is 
especially advantageous to use an acid such as hydro 
chloric acid, dissolved in an aliphatic alcohol containing 
1 to 3 carbon atoms (methanol, ethanol, propanol, iso 
propanol) at a temperature in the region of 0° C. 
The product of general formula (III) may be obtained 

by the saponification of a (2R, 3S) ester of general for 
mula: 

0-3, (W) 

csl'lscoNPl 
OOUR4 

in which R; is defined as above and R denotes an alkyl 
group containing l to 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 
thanol/water mixture, working at a temperature of 
between 10' and 40' C. and preferably in the region of 
25' C. 

10 

25 

45 

55 

60 

65 

4 
The product of general formula (V I) 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 Ill or 
on IO-deacetylbaccatine Ill, followed, in the latter case, 
by the acetylation of the intermediate 7-trialkylsilyl-l0 
deacetylbaccatine III obtained. 

In general, the reaction of the halotrialkylsilane with 
baccatine III or with IO-deacetylbaccatine III 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-l0-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 implied 

limitation, shows how the invention can be put into 
practice. 

EXAMPLE 

(V) 

42.8 mg (0. l2 mmol) of N-benzoyl-O-(l-ethoxyethyD 
3-phenylisoserine in 1 cm3 of anhydrous toluene are 
introduced under an argon atmosphere into a 5-cm3 
roundobottomed ?ask equipped with a magnetic stirrer. 
25.9 mg (0.12 mmol) of di-Z-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-dimethylaminopyridine 
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 saturated sodium chloride solution. 
The organic phase is dried over anhydrous sodium 
sulphate. After ?ltration and removal of the solvents 
under reduced pressure (20 mm of mercury; 2.7 kPa), 
the residue obtained is puri?ed 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 R; denotes a l-ethoxyethyl radical 
and R3 denotes a triethylsilyl radical is thereby ob 
tained, in a 40% yield, in the form of a mixture of 2 
epimers in the ratio 60:40, melting at l69'-l73' C. after 
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recrystallization in a methylene chloride/pentane mix 
ture. 

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

optical rotation: [a]“: —33.7’ (c=0.41; methanol) 
infrared spectrum (?lm): 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—1 
proton nuclear magnetic resonance spectrum (300 

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 =5.3, 3H); 1.70 (s, 31-1); 1.85-1.95 (m, 1H); 2.00 
and 2.01 (2d, J =l.2, 3H); 2.05-2.20 (m, 1H); 2.16 (s, 
3H); 2.26-2.40 (m, 1H); 2.40 (preponderant epimer) and 
2.53 (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) (ZABq, 
J43=8.1, 8,|—6B=34, 2H); 4.47 (dd, J=6.6 and 10.6, 
111); 4.64 (less abundant epimer) and 4.72 (preponderant 
epimer) (2d, J =2.7 and 3.7, 1H); 4.54 (less abundant 
epimer) and 4.80 (preponderant epimer) (2q, J=5.3, 
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); 
7.77-7.80 (in, 2H); 8.10-8.15 (m, 2H) 
mass spectrum (FAB; NBA matrix): m/e= 1040 

(Ml-1+) 
elemental analysis: C57H73O|5SiN 

elemental analysis: C57H73O| 5SiN 
Calculated % C 65.81 
Found 65.57 

N 1.35 
1.62 

H 7.07 
7.34 

72 mg (0.009 mmol) of the ester obtained above are 
introduced at 0° C. under an argon atmosphere into a 
l0-cm3 round-bottomed flask equipped with a magnetic 
stirrer. 3.6 cm3 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 is washed 5 times with water and twice with 
saturated sodium chloride solution and is then dried 
over anhydrous sodium sulphate. After ?ltration, the 

10 

15 

25 

30 

35 

45 

solvents are removed under reduced pressure (20 mm of 55 
mercury; 2.6 kPa). The residue obtained (72 mg) is 
puri?ed 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: [01]“: —49.7' (c=0.36; methanol) 
infrared 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 

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, 
1,43=8.4, 8,4—53=32, 2H); 4.37-4.44 (m, 1H); 4.80 (dd, 
J=2.5 and 5, 1H); 4.95 (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); 
7.59-7.64 (m, 1H); 7.72-7.75 (m, 2H); 8.12-8.15 (m, 2H) 

I3C nuclear magnetic resonance spectrum (deuter 
ated chloroform): 

9.57 (CH3); 14.83 (CH3); 20.83 (CH3); 21.62 (CH3); 
22.85 (CH3); 26.69 (CH3); 35.65 (CH;); 35.73 (CH2); 
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 (CH1); 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-(l-ethoxyethyl)-3 
phenylisoserine may be obtained in the following man 
ner: 

380 mg of N-benzoyl-O-(l-ethoxyethyl)-3 
phenylisoserine methyl ester are added into a 100 cm3 
round-bottomed ?ask equipped with a magnetic stirrer 
and containing 30 cm3 of methanol. To the solution 
obtained, 15 cm3 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 acidi?ed with 10% 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 dried over anhydrous magnesium sulphate. After 
?ltration 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 (?lm): 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 
¢m—1 

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, .1 =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 (in, 
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-plienylisoserine 
methyl ester, 10 cm3 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 ?ask 
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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 dried over an 
hydrous sodium sulphate. After ?ltration and removal 
of the solvents under reduced pressure, 380 mg of N 
benzoyl-O-(l-ethoxy- ethyl)-3-phenylisoserine methyl 
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]23= -25.9' (c=0.54; methanol) 
infrared spectrum (?lm): 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‘1 

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= 5.4, 
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 =24, 11-1); 4.50 and 4.78 
(2q, J =5.4, 1H); 5.64 and 5.68 (Zdd, J :24 and 

8.2, 1H); 7.18 and 7.19 (2d, J=8.2, 1H); 7.23-7.55 (m, 
8H); 7.80-7.84 (m, 2H) ‘ 
mass spectrum (FAB, NBA matrix): m/e=372 

(MI-1+) 
elemental analysis: CHI-1250514 

elemental analysis: (3111-1150519 
Calculated % C 67.90 
Found ' 67.98 

N 3.77 
3.75 

H 6. 78 
6.94 

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

7-Triethy1silylbaccatine 111 may be repeated in one of 
the following ways: 

(a) 544 mg (1 mmol) of 10-deacety1baccatine 111, 
dissolved in 50 cm3 of anhydrous pyridine, are intro 
duced under an argon atmosphere into a 100-cm3 round 
bottomed ?ask equipped with a magnetic stirrer. 3.36 
cm3 (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 pyridine 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 ?ltration and evaporation of the 
solvents under reduced pressure, 2.73 g of a product are 
obtained, and this is puri?ed 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 111 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]Z3= -23.6' (c=0.4l; methanol) 
infrared spectrum (?lm): 3450, 2950, 2875, 1735, 1705, 

1600, 1580, 1450, 1380, 1275, 1242, 1180, 1140, 1115, 

30 

35 

40 

45 

55 
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1100, 1075, 1060, 1030, 1020, 1000, 990, 950, 925, 885, 
860,822,740 and 715 cm-I 

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=5, 
1H); 2.09 (d, J = 1.1, 3H); 2.25-2.35 (m, 2H); 2.28 (s, 3H); 
2.42-2.52 (m, 1H); 3.95 (d, J=7, 1H); 4.24 (ABq, 
J43=8.2, 8,4—83=42, 2H); 4.24 (d, J=2, 1H); 4.41 (dd, 
J :66 and 10.6, 1H); 4.85-4.90 (m, 1H); 4.95 (dd, J = 1.9 
and 9.6, 1H); 5.17 (d, 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, 2H) 

l3C nuclear magnetic resonance spectrum (deuter 
ated chloroform): 

5.16 (CH2); 6.72 (CH3); 9.92 (CH3); 15.13 (CH3); 
19.50 (CH3); 22.60 (CH3); 26.86 (CH3); 37.26 (CH1); 
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 (CH1); 
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: C35H50010Si 

elemental analysis: (135115001051 

Calculated % C 63.80 
Found 63.57 

H 7.65 
7.72 

Si 4.26 
4.04 

43.9 mg (0.075 mmol) of l0-deacetyl-7-triethylsilyl~ 
baccatine III, dissolved in 1.87 cm3 of anhydrous pyri 
dine, are introduced under an argon atmosphere into a 
10-cm3 round-bottomed ?ask equipped with a magnetic 
stirrer. The solution is cooled to 0' C. and 26.6 11.1 (29.4 
mg; 0.375 mmol) of acetyl chloride are then added 
dropwise. The mixture, which becomes heterogeneous, 
is stirred for 20 hours at 0' C. A further 26.6 pl of acetyl 
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 ?ltration 
and removal of the solvents under reduced pressure, the 
residue obtained (65 mg) is puri?ed by chromatography 
on a silica gel column, eluting with a dichloromethanel 
methanol (99:1 by volume) mixture. 45 mg (0.0643 
mmol) of 7-triethy1si1y1baccatine 111 are thereby ob 
tained in an 86% yield, the characteristics of which are 
as follows: 

melting point: 253'-254' C. (alter recrystallization in 
a dichloromethane/pentane mixture) 

optical rotation: [a]23= —48.6° (c=0.36; methanol) 
infrared spectrum (?lm): 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-I 
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, 1:8, 911); 1.05 (s, 3H); 1.20 
(s, 3H); 1.61 (s, 1H); 1.68 (s, 3H); 1.83-1.92 (m, 1H); 2.01 
(a, J=5, 1H); 2.17 (s, 3H); 2.19 (11, .1= 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, JAb=8.1, §A—53=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) 

i3C nuclear magnetic resonance spectrum (deuter- 5 
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; 

(ii) 
0-113 

170.76 and 202.12 10 ,‘ 
mass s trum AB; NBA matrix : e=70l i 6COCH3 (MHJF) Pee (F ) m/ s 

elemental analysis: C37H51O11Si 
in which R3 is a hydroxy-protecting group, and the 

15 protecting groups R; and R3 are then both replaced by 
elemental analysis: C37H52O||Si hydrogen. 
Calculated % C 63.40 N 7.48 Si 4.01 2. A process according to claim 1, in which R; is 
F°“"d 63-” 7-59 3-94 chosen from methoxymethyl, l-ethoxyethyl, benzylox 

ymethyl, (B-trimethy1silylethoxy)methyl, tetrahydro 
(b) 250 mg (0.4266 mmol) of baccatine m, dissolved 20 Pyranyl and 2.2.2-trichlomthoxycarbonyl. and R3 is 

in 8.5 cm3 of anhydrous pyridine, are introduced under chosen from iriaikyisiiyi groups in which “ch aikyi 
an argon atmosphere into a 25 cm3 round-bottomed Portion contains 1 i0 3 carbon atoms- I 
?ask equipped with a magnetic stirrer, 1,43 “13 (1,236 3: A process according to claim 2, in which the esten 
g; 3.53 mmol) of triethylsilyl chloride are then added. ?cation is performed in the presence of :1 wndensmg 
The mixture is stirred for 28 hours at 20° C. Ethyl ace- 25 ‘18cm and an activating agem- I 
tate is added, followed by water. After settling has 4 Pi’°¢°5$_a°¢°rdih8 to Claim 3, if} "f’hich the coil‘ 
occurred, the aqueous phase is extracted with ethyl deli-5mg agem is chosen from carbodlllmdes and mac 
acetate, the combined organic phases are washed with iive Cari-what“, and the aCiivatihS agent is chosen from 
saturated aqueous copper sulphate solution until the diaikyiamihopyfidine5~ _ 
pyridine has been completely removed, then with water 30 5~ A Dims “minding 1° claim 4, in which ih? c9" 
and ?nally with saturated aqueous sodium chloride dehsihg 3861'" is Chosen from dicyciohexyic?l’hodiimlde 
solution. The organic phases are dried over anhydrous ahii di'z'pyi’iciyi cai'hqhaie and ihe activating agent is 
sodium sulphate. After ?ltration and evaporation of the 4'dimcihyiamihopy?dihe- _ ' . 
solvents under reduced pressure, a residue (1.35 g) is _ 6 Process acFoi'dmg ‘0 cialih 1, ii} which the reac 
obtained, and this is puri?ed by ?ltration on a silica gel 35 “on is Pei'ibi'ihed "1 an ‘immune Organic s‘oivcht Fhoseh 
column, eluting with dichloromethane/methanol (99:1 from benzenev ioiiieiie, niches, eihyibeiilehev impro 
by volume) mixture. 248 mg (0.354 mmol) of 7-triethyl- pylbenzene and chlor0b=nzene._ _ . 
silyl baccatine III are thereby obtained, in an 83% yield, . 7' P709955 according i0 claim 1» in which the {eac 
in the form of a white solid, melting at 253°~254° C. "0:1 i5 perform“ at a t""Pciaiiiie of between 60 and 
after recrystallization in a dichloromethane/pentane ‘0 90 C‘ _ . . . 
mixwm 8. A process according to claim 1, in which the re 
we claim; placement of the protecting groups with hydrogen in 
1_ A process for preparing mm} of formula: the intermediate (Z'R, 3'S) ester obtained, of general 

formula: 
0 45 

CHgCOO I 0-K: 

C6H5CONH 

(‘300" 50 
CH-OH 

OH ; o 
C6H5—Cl-l—N1-l—COC6I-l5 5 

: OOOCH; 
000cm, 55 

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

can 65 

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

in which R; and R3 are as de?ned in claim 1. is per 
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 1 to 3 carbon atoms. 
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10. A process according to claim 9, in which the ymethyl, (Ii-trimethylsibrlethoxy)methyh tetrahydropyra 
inorganic acid is hydrochloric acid. nyl and 2,2.Z-trichIoeIhoxycarbonyi 

11. A process according to claim 8, in which the 16. A process for preparing taxol of the formula.‘ 

um mu m 

reaction is performed at a temperature in the region of 
0' C. 

12. A taxan derivative of the formula: 20 
comprising the following steps: 

A. reacting a compound of the following formula: 
coo <"3 

CH3 
25 

HO 

: o 

800cm 30 
W5 

wherein R3 is a trialkylsilyl group in which each alkyl 
portion contains 1 t0 3 carbon atoms. _ 

13_ ,4 wxan derivan've of the formula; 35 with a halotrialkylsilane wherein each alkyl portion con 
tains I to 3 carbon atoms, to form a compound of the_ 
following formula: 

40 

45 

wherein R 3 is a trialkylsilyl group in which each portion 
contains 1 to 3 carbon atoms. 

)4_ A MM” derivative ofthe formula; 50 in which R 3 is chosen ?om tn'alkylsilyl groups in which 
each alkyl portion contains 1 to 3 carbon atoms; 

B. acetylating the compound so obtained with acetyl 
chloride to give a compound of the following formula: 

wherein R2 is a hydroxy-protecting group and R3 is a 
trialkylsilyl group in which each portion contains 1 to 3 65 
carbon atoms. 

15. A taxan derivative according to claim 14 wherein R 1 C. esten?ring the compound so obtained with a (2R. 35) 
is chosen from methoxymethyl, I-ethoxyethyl, benzylox- 3-phenylisoserine derivative of the general formula: 
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in which R; is a hydroxy-protecting group; and 
D. replacing both of the protecting groups R; and R 3 by 

hydrogen. 
17. A process according to claim 16 in which R; is me 

OOOH thoxymerhyl, I -ethaxyethy1, benzyloxymethyl. (B-trime 
thylsibrlerhox?methyl, tetrahydropyranyl or 2,2,24ri 

s chloroethoxycarbonyl. 
i 

g um 

‘ Q t i 

20 

25 

30 

35 

45 

50 

55 

65 
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"Ii-phenylisoserine". 
Column 3 , line 18 , delete "iospropylbenzene" and insert therefor 

--ieopropylbenzene——: 
Line 64, delete "aqueousal-" and insert therefor 

--aqueous-al--. 
Column 5 , line 57, delete "thinlayer" and insert therefor 
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HO-w 

600cm écocws 
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HO 

_ "0 boom: 

and insert therefor: W’ 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENTNO. : Re_ 34, 277 Page 6 of DATED : June 8, 1993 

INVENTDMS): DENIS, et a1. 

It is uni?ed that war appear: in the above-identified patent and that said Letters Patent is hereby 
Madnmbeluw: 

Column 12, claim 16, section "8.", delete the formula: 

cmcoo ‘I’ 
0-!) 

no 

no ocodu 

and insert therefor: 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
Page 7 of 7 

PATENTNO. : Re. 34, 277 

DATED I June 8, 1993 

|NVENTOR(S)I Denis, et- al 

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 12, line 67, insert ‘a dash ("-") after "(2R,3S)". 

Signed and Sealed this 

Ninth Day of November, 1993 

Am" 60%! W 
BRUCE LEHMAN 

Anesn'ng O?icer Commissioner of Patents and Trademarks 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
PATENTNO. : 34,277 

DATED : June I), 1993 

'NVENTOMS)‘ DENIS at £11.. 
It is certified that error appears in the above-identi?ed patent and that said Letters Patent is hereby 

corrected as shown below: 

On thui cover page, Column 1, imt-tudiately beioru 
"Refntcd U.S. PatenL Documents", iltSu-l't 
-— Fureign Applwzitlon Priority IJi-LLLR 

Apr. 6, l9€'8[FR] Frauce..... 8801512 - 

Signed and Sealed this 

Third Day of October, 1995 

Arte“: % i z 4 n I 
BRUCE LEHMAN 

Arresting of?Cer Commissioner of Parents and Trademark: 


