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PB/st "A PROCESS FOR THE SYNTHESIS OF PACLITAXEL"  In the name of: INDENA
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Commerce, Industry, Trade and Handicraft * * * December 6, 2000 - Milan The
present invention relates to a process for the preparation of Paclitaxel.
Paclitaxel is a molecule of natural origin having wide spectrum antitumor
activity, with the following structural formula: vn \( O NH O `,`,,, OH ~O~
*G000~2* ~ ' I / OH HO ~ H~ Ac0 O \ ~O The compound, first recovered from
Taxus brevifolia bark and from other natural sources, can be prepared
semi-synthetically according to a number of procedures described in both
scientific and patent literature. US 4,924,01l discloses the semi-synthesis
of paclitaxel using R 10-deacetylbaccatine III protected at the C-7
hydroxyl with a trialkylsilyl group and subsequently acetylated at C-10.
The resulting intermediate is reacted with
(2R,3S)-N-benzoyl-2-O-(1-ethoxyethyl)-3-phenyl-isoserine and the resulting
product is deprotected to give paclitaxel. WO-93/06094 discloses the
preparation of paclitaxel by reacting a (3-lactam precursor with
7-O-triethylsilyl-baccatine III, followed by mild acid hydrolysis.
According to US-5,476,954, paclitaxel is prepared starting from
10-deacetylbaccatine III esterified at C-7 with a
2,2,2-trichloroethoxycarbonyl   - 3 - Bianchetti Bracco Minoja S.r.l.
Bianchetti Giuseppe et al group (TROC).  According to US-5,917,062 and US
6,020g07, the C-7 hydroxyl is protected with carbobenzoxy (CBZ) or with
carbo-t-Butoxy (Boc), followed by selective acetylation of C-10 hydroxyl.
It is apparent from literature that a crucial aspect of paclitaxel
semisynthesis is to selectively protect the hydroxyls on the diterpen
moiety ( 10-deacetylbaccatine III skeleton). The C-7 position is the most
reactive and is therefore functionalized with groups which are easy to
remove subsequently. The most commonly used group is triethylsilyl (TES),
which is stable under the conditions used for the esterification of the
other hydroxyls involved in the synthesis, and provides about 85%
conversion yield. Approximately 85% yields are obtained when an acetyl
group is subsequently introduced at the C-10 position. A novel process for
the synthesis of paclitaxel has now been found, which provides higher final
yields as well as other advantages compared with the known processes. 



The process according to the invention comprises the following steps: ) a)
protection of the hydroxyls at the 7- and 10- positions of
10-deacetylbaccatine III (10-DAB III), R O HO~~..C ~ ~ I H HO~~~.(~ II ,OR
HO ; H ~ ~ HO ACO ~ O H r~ O O AcO / ~ / ~O wherein R=R'=trichloroacetyl,
or R'=acetyl and R is selected from t-butoxycarbonyl and trichloroacetyl,
- 4 - Bianchetti Bracco Minoja S.r.l. Bianchetti Giuseppe et al b)
esterification of the hydroxyl at 13 with 3-phenyl-2-epoxypropionic acid
R'O HO ~~~ OR HO O H Ac0 O ~O R'O O O O ...,,., \ 'O HO / O H Ac0 O OR . ~
w ,o / c) removal of the protective groups at the 7- and 10- positions ( 1
) if they are both trichloroacetyl groups, followed by selective
acetylation at the 10- position (2) and opening of the epoxide with sodium
azide (3); ago off 0 O O OH ( 1 ) o~`.,,. HO - H / O OAc~` O ~0 OAc  (2) O
(3) N3 O OH .,,. o~` -_ . I OH HO 0 HO OAc~ O -O or, alternatively, c') if
R'= acetyl and R = trichloroacetyl, opening of the epoxide with sodium
azide and simultaneous deprotection at the 7- position  ~~O /    - 5 -
Bianchetti Bracco Minoja S.r.l. Bianchetti Giuseppe et al 



.- O O O\\~~~,.  RIO 0 OR N3 O ~O HO ~ H~ I ~ OH OA ~~~ 0 ~O d) reduction
of the azido group to amino group N3 O 0\\V,. \. I ~ OH \ ~O I/ OAc O OH
HZN O HO - H ~ \ - O\ O \`~. I / OH ` OAc 0 e) benzoylation to give the
final product i I o ~H \  ~0 I/ I / OH ~ / ~H HO' O H\ OAc~ ~O I The
starting product is 10-deacetyl baccatine III ( 10-DAB III), which is
extracted from the leaves of Taxus baccata. In the first step, 10-DAB III
is quantitatively esterified at the C-7 and C-10 hydroxyls. When
R=R'=trichloroacetyl, 10-DAB III is reacted with trichloroacetyl chloride
in H2~ O methylene chloride in the presence of triethylamine and of
catalytic amounts of 4dimethylaminopyridine (DMAP). When R ~ R', first
10-DAB III is selectively acetylated with acetic anhydride in the presence
of cerium, scandium, ytterbium salts, preferably CeC13.7H20. The resulting
baccatine III is subsequently      - 6 - Bianchetti Bracco Minoja S.r.l.
Bianchetti Giuseppe et al - protected at C-7 with a t-butoxycarbonyl or
trichloroacetyl group. The first can be . . introduced by reacting
baccatine III with t-butoxy-pyrocarbonate in the presence of DMAP and
ethyldiisopropylamine or, alternatively, following the procedure described
in US 5,9l7,062. The trichloracetyl group can be introduced at position 7
by reaction with trichloroacetyl chloride in pyridine. In the subsequent
step (b), the hydroxyl at position 13 is esterified with s
3-phenyl-2-epoxypropionic acid, preferably with its ammonium salt in
toluene in the presence of dicyclohexylcarbodiimide, DMAP and
p-toluenesulfonic acid, thereby obtaining
(2R,3R)-3-phenyl-2,3-epoxy-propionic acid baccatine III ester. When both
protective groups R and R' are trichloroacetyl, they can be removed using
the conditions and reagents described by Zheng et al., Tetrahedron Lett.,
1995, 36, 2001, and by Datta et al., J. Org. Chem., 1995, 60, 761.
Preferably, the two trichloroacetyl groups are removed with two equivalents
of ammonium hydroxide. The deprotected compound is selectively acetylated
at position 10 with acetic anhydride in the presence of cerium, scandium or
ytterbium salts, preferably CeC13.7H20. The resulting compound is reacted
with NaN3 in aqueous methanol in the 



presence of methyl formate, in the conditions reported in literature
(Yamaguchi T., Tetrahedron Letters 39, 5575-78, l998), to provide the
corresponding azide. Alternatively, when R = trichloroacetyl and R' =
acetyl (d), the oxirane reacts with NaN3 to give the corresponding azide
with deprotection at the 7 position, corresponding to the compound obtained
at step (c'). The azide is reduced to amine in the subsequent step (d). The
reduction can be carried out with hydrogen on catalyst or with PPh3. The
product obtained at the last step (e) is benzoylated at the amino group to
give paclitaxel. Benzoylation   - 7 - Bianchetti Bracco Minoja S.r.l. `
Bianchetti Giuseppe et al can be carried out with benzoic anhydride either
simultaneously to reduction or subsequently on the isolated reduced
product, using stoichiometric amounts of benzoyl chloride in the presence
of potassium carbonate. The following examples illustrate the invention in
greater detail. Example I - synthesis of 7-Trichloroacetyl-baccatine III In
a 25 ml round-bottom flask, 0.603 g ( 1.03 mmol, 1.0 eg) of baccatine III
were dissolved under magnetic stirring in 9.7 ml of dry pyridine at 25C
under nitrogen atmosphere. 138 err-l ( 1.23 mmol,1.23 eg) of
trichloroacetyl chloride were dropped into the clear pale yellow solution.
30 min after completion of the addition, a white precipitate formed.
Further 120 err-1 ( 1.07 mmol; 1 eq) of trichloroacetyl chloride were
dropped into the reaction suspension, under the same conditions as above.
After 20 min the solution had yellow-brown color. The almost complete
conversion of the starting baccatine III was observed by TLC (SiO2,
n-hexane/EtOAc, 2:3). The reaction mixture was diluted with CH2Cl2. The
resulting solution was repeatedly washed with a CuSO4 saturated solution,
until pyridine had been completely removed (the solution had no longer blue
color). The organic phase was concentrated under vacuum, dried over MgSO4,
filtered, and the solvent was evaporated, to obtain 0.612 g of a
white-yellowish powder corresponding to 7-trichloroacetyl-baccatine III,
having the following spectroscopic characteristics. 1H NMR (400 MHz,
CDCl3): 8pp~, = 1.08 (s, 3H, Me), 1.13 (s, 3H, Me), 1.86 (s, 3H, Me), 1.97
(ddd, 1H, J~ = 14.4 Hz, Jz = 10.3 Hz, J3 = 1.9 Hz, C6-H), 2.13 (d, 3H, J=
1,2 Hz, Me), 2.1S (s, 3H, Me), 2.30 (s, 3H, Me), 2.32-2.28 (m, 2H, C
14-HZ), 2.68 (ddd, 1H, J~ = 14.4 Hz, J2 = 9.3 Hz, J3 = 7.3 Hz, C6-H), 4.04
(d, 1H, J= 7.0 Hz, C3-H), 4.17 (dd, 1H, J~ = 8.4 Hz, Jz = 1.0 Hz, C20-H),
4.34   - 8 - Bianchetti Bracco Minoja S.r.l. ' ~ Bianchetti Giuseppe et al
(d, 1H, J= 8.4 Hz, C20-H), 4.86 (t, 1H, J= 7.5 Hz, C13-H), 4.98 (dd, 1H, JI
= 9.5 Hz, Jz = 1.7 Hz, CS-H), S.65 (d, 1H, J = 7.0 Hz, C2-H), 5.70 (dd, 1H,
JI = 10.4 Hz, J2 = 7.4 Hz, C7-H), 6.42 (s, 1H, C10-H), 7.52-7.46 (m, 2H,
arom), 7.62 (m, 1H, arom), 8.10 (m, 2H, .arom); 13C NMR (100 MHz, CDCI3):
8pp,= 10.8, 15.5, 20.4, 20.9, 22.8, 26.9, 32.5, 38.6, 43.0, 47.2, S6.2,
68.1, 74.5, 7S.5, 76.5, 77.0, 79.0, 80.5, 83.7, 89.9, 129.0, 129.4, 130.3,
132.0, 134.0, 145.4, 



160.8, 167.2, 169.2, 171.0, 201.9. Example II - synthesis of
(2'R,3'R)-7-Trichloroacetyl-baccatine III-13
(3'-phenyl-2',3'-epoxypropionate) 0.164 g ( 1.00 mmol, 1 eq) of freshly
prepared 3-phenyl-2-epoxypropionic acid were dissolved at 0C in 30 ml of
anhydrous toluene. Subsequently 0.5 g ( 1 mmol, 0.68 eq) of
7-(trichloroacetyl)-baccatine III [7-(TCA)-Baccatine III] were added under
nitrogen atmosphere at 0C. Finally dicyclohexylcarbodiimide (DCC, 0.21 g,
l.00 mmol, 1.0 eq), 4-dimethylamino pyridine (DMAP, 0.084 g, 0.68 mmol,
0.66 eq) and p-toluenesulfonic acid (p-TSA, 0.17 g, 0.10 mmol, 0.1 eq) were
added, in succession. The solution was then heated at 70C under magnetic
stirring and nitrogen flow . The progress of the reaction was controlled by
TLC (SiO2, n-hexane/EtOAc, 3:2). The first spot, having Rf - 0.28,
corresponds to 7-(TCA)-Baccatine III epoxy ester. The second spot, having
Rf = 0.11, corresponds to 7-(TCA)-Baccatine III. After 3 hours, the mixture
was cooled and the suspended solid was filtered. The precipitated
dicylohexylurea (DCU) was washed with CH2C12. The combined organic
fractions were concentrated to dryness. The resulting crude (0.919 g) was
chromatographed by flash chromatography (SiO2, n-hexane/EtOAc, 3:2). 0.100
g (0.14 mmol, 20 %) of unreacted 7-TCA-Baccatine III and 0.435 g (0.49
mmol, 73 %) of (2'R,3'R)-7   - 9 - Bianchetti Bracco Minoja S.r.l. `
Bianchetti Giuseppe et al - Trichloroacetyl-Baccatine
III-13-(3'-phenyl-2',3'-epoxypropionate) having the following spectroscopic
characteristics were obtained: 1 H NMR (400 MHz, CDC13): 8pp~, = 1. I 1
(bs, 6H, 2Me), 1.25 (bs, lei` OH), 1.76 (d, 3H, J = 1.2 Hz, Me), 1.84 (s,
3H, Me), 2.02-1.92 (m, 3H, C 14-H2 + C6-H), 2.13 (s, 3H, Me), 2.39 (s, 3H,
Me), 2.69 (ddd, 1H, Jl = 14.6 Hz, Jz = 9.3 Hz, J3 = 7.3 Hz, C6-H), 3.92 (d,
1H, J = 6.9 Hz, C3-H) +, 3.97 (d, 1H, J = 4.7 Hz, C2'-H), 4. I 5 (dd, 1 H,
J, = 8.4 Hz, J2 = 1.0 Hz, C20-H), 4.31 (d, 1 H, J = 8.3 Hz, C20-H), 4.33
(d, IH, J = 4.7 Hz, C3'-H), 4.97 (dd, 1H, J~ = 9.5 Hz, JZ = 1.8 Hz, CS-H),
5.63 (d, 1H, J= 6.8 Hz, C2-H), 5.65 (dd, 1H, Jl = 10.7 Hz, JZ E = 7.33 Hz,
C7-H), 6.02 (dt, 1H, Jl = 8.8 Hz, Jz = 1.8 Hz, C13-H), 7.45-7.30 (m, SH,
arom), 6.34 (s, 1 H, C 10-H), 7.49 (m, 2H, arom), 7.64 (m, 1 H, arom), 8.00
(m, 2H, arom); ''C NMR ( 100 MHz, CDC13): 8ppm = l 0.8, l4.9, 20.8, 21.0,
22.5, 26.5, 32.4, 35.7, 43.2, 46.7, 56.0, 56.1, 57.9, 70.9, 74.5, 74.8,
76.4, 76.7, 79.0, 80.6, 83.6, 89.8, 126.8, 128.7, 128.9, 129.2, 129.3,
130.2, l32.6, 133.0, 134.1, 141.3, 160.7, 166.3, 167.1, 169.1, 170.1)
201.3. Example III - Synthesis of (2'R,3'R)-Baccatine III-13-(3'-azido-2'
hydroxy-3'-phenyl -propionate. In a 25 ml one-necked round-bottom flask
equipped with magnetic stirrer, 0.397 g (0.45 mmol, 1 eq) of (2'R,
3'R)-7-trichloroacetyl-Baccatine III 13-(3' phenyl-2',3'-epoxypropionate)
were suspended at 25C in 10.0 ml of CH30H. 1.26 ml of H20, 1.26 ml of
HCOOCH3 and 0.73 5 g ( 1 1.3 mmol, 25.0 eq) of sodium azide were added in
succession. Temperature was raised to 50C and the progress of the reaction
was checked by TLC (SiO2, CHC13/EtOAc/MeOH, 12.0:2.0:0.3). Disappearance of
the starting product and simultaneous formation of two products having Rf =
0.22 and 0.29, respectively, were observed. The product having Rf =   - 10
- Bianchetti Bracco Minoja S.r.l. Bianchetti Giuseppe et al - 0.29 was
subsequently identified as the final product, whereas the product with Rf =
0.22 was (2'R,3'R)-baccatine III-13-(3'-phenyl-2',3'-epoxypropionate)
formed as a reaction intermediate. The product having R~ = 0.29 growths in
time to the detriment of the product having Rf = 0.22. The reaction
solution after 46 h had yellow brown color with a white precipitate
(unreacted NaN3). The reaction was quenched after 46 h by addition of
water, two further spots were observed, with Rf 



0.38 and 0.l3 (unrecovered decomposition products). The precipitated milky
white solid was filtered, washed with water and then with AcOEt. A diphasic
mixture was obtained, both phases being clear. The two phases were
separated. . a The aqueous phase was extracted three times with AcOEt and
the combined organic phases were concentrated and dried over MgSO~. The
mixture was filtered and the solvent was evaporated off, to obtain 0.335 g
of a white-yellowish powder. The resulting crude was purified by flash
chromatography (Si02, CHC13/EtOAc/MeOH l2:2:0.3), to obtain four fractions:
(i) 0.020 g (0.03 mmol; 6%; Rt=0.29) of (2'R,3'R)-baccatine
III-13-(3-phenyl-2',3'-epoxypropionate); (ii) 0.279 g (0.36 mmol; 80 %;
R~-0.22) of (2'R, 3'R)-baccatine III-13-(3'-azido-2' hydroxy-3'-phenyl
-propionate). The compound has the following spectroscopic characteristics:
'H NMR (400 MHz, CDC13): Sppm = 1.14 (s, 3H, Me), 1.25 (bs, 4H, Me + OH),
1.67 (s, 3H, Me), 1.87 (ddd, 1H, Jl = 13.9 Hz, Jz = 11.1 Hz, J3 = 2.5 Hz,
C6-H), 1.93 (d, 3H, J = 0.8 Hz, Me), 2.08 (d, 2H, J = 8.8 Hz, C 14-HZ),
2.24 (s, 3H, Me), 2.26 (s, 3H, Me), 2.55 (m, 2H, C6-H + C7-OH), 3.28 (d,
1H, J= 8.4 Hz, C2'-OH), 3.77 (d, 1H, J= 7.2 Hz, C3-H), 4.15 (dd, 1H, J~ =
8.2 Hz, J2 = 0.8 Hz, C20-H), 4.28 (d, 1H, J= 8.2 Hz, C20-H), 4.41 (m, 2H,
C7-H + C2'H), 4.93 (dd, 1H, Jl = 9.6 Hz, JZ = 2.0 Hz, CS-H), 4.96 (d, 1H, J
= 4.4 Hz, C3'   . - 11 - Bianchetti Bracco Minoja S.r.l. ' Bianchetti
Giuseppe et al H), 5.64 (d, 1 H, J = 7.2 Hz, C2-H), 6.17 (dt, 1 H, Jl = 7.9
Hz, JZ = 1.2 Hz, C 13 H), 6.30 (s, 1 H, C 10-H), 7.46-7.32 (m, 5H, atom),
7.46-7.32 (m, SH, atom), 7.50 (m, 2H, atom), 7.63 (m, 1 H, atom), 8.06 (m,
2H, atom); 13C NMR ( 100 MHz, CDC13): 8pp", = 9. 8, 15. 3, 21.1, 21.9, 22.
6, 27. 0, 3 5 .6, 3 5. 8, 43 .3, 45.9, 58.8, 68.1, 72.0, 72.4, 75.1, 75.3,
75.8, 76.7, 79.4, 81.3, 84.6, 127.9, 128.9, 129.2, 129.5, 130.3, 133.4,
134.1, 135.3, 142.2, 167.2, 170.5, 171.5, 203.8, C 13-H), 6.23 (s, 1 H, C
10-H), 7.44-7.28 (m, SH, atom), 7.48 (m, 2H, atom), 7.63 (rn, 1H, atom),
7.99 (m, 2H, atom); 13C NMR (100 MHz, CDC13): 8ppm =9 .7, 15 .3, 21.1,
21.7, 22 .7, 26. 8, 29.9, 3 5 .7, 43 .2, 4 5 .9, 5 5 .9, 5 7 .9, 5 8 . 8,
71.1, 72.4, 75.1, 75.7, 76.5, 79.3, 81.1, 84.6, 126.8, 128.7, 128.8, 129.3,
l29.4, 130.2, 132.6, 133.1, 134.0, I42.3, 166.2, 167.1, 170.0, 171.5, 203.8
Example IV - Synthesis of N-debenzoyl-paclitaxel In a 25 ml two-necked
round-bottom flask, 0.I02 g (0.13 mmol, 1.0 eq) of
(2'R,3'R)-7-hydroxy-baccatine
III-13-(3'-azido-2'-hydroxy-3'-phenyl-propionate) were dissolved in 5.2 ml
of freshly distilled CH2C12 and the resulting pale yellow solution was
added with H20 (0.05 ml), then with 0.071 g (0.26 mmol, 2.0 eq) of PPh3.
The mixture was reacted at room temperature under magnetic stirring. After
.i 16 h the reaction was checked by TLC (Si02, CHC13/CH30H 9:1). The
starting product (R0.61) had disappeared and a spot with Rf=0.19 was
observed. The reaction was quenched by diluting the mixture (of pale yellow
color with white precipitate) with CHC13. Afterwards, the mixture was
washed with distilled H20 and then with a sodium chloride saturated
solution (brine). The bright yellow organic phase was dried over MgS04,
then filtered and the solvent was evaporated off. 0.177 g of an ochre
yellow oil were obtained. The crude was subjected to flash chromatography
(Si02, CHC13/CH30H 9:1 ), to obtain 0.074 mg (0.10 mmol;   ' . , - 12 -
Bianchetti Bracco Minoja S.r.l. Bianchetti Giuseppe et al 



76%) of N-debenzoyl-paclitaxel (pale yellow powder):1H NMR (400 MHz,
CDC13): Sppm = 1.07 (s, 3H, Me), 1.09 (s, 3H, Me), 1.38-1.22 (bs, 2H, 20H),
1.75 (s, 3H, Me), 1.88 (s, 3H, Me), 1.90 (s, 3H, Me), 1.93 (s, 3H, Me),
2.20-1.96 (m, 6H, C14HZ + C6-H, NHZ + OH), 2.52 (ddd, 1H, JI = 15.7 Hz, J2
= 9.5 Hz, J3 = 5.9 Hz, C6-H), 3.88 (d, 1H, J= 7.2 Hz, C3-H), 4.10 (d, 1H,
J= 4.0 Hz, C20-H), 4.17 (d, 1 H, J = 4.0 Hz, C20-H), 4.22 (d, 1 H, J = 8.0
Hz, C2'-H), 4.26 (d, 1 H, J = 8.0 Hz, C3'-H), 4.56 (dd, 1 H, JI = 11.6 Hz,
J2 = 6.9 Hz, C7-H), 4.84 (d, 1 H, J = 8.8 Hz, CS-H), 5.83 (d, 1H, J = 7.2
Hz, C2-H)., 6.25 (t, 1H, J = 8.0 Hz, C13 _ H), 6.51 (s, 1 H, C 10-H),
7.20-7.00 (m, 8H, arom), 8.13 (m, 2H, arom); 13C h NMR (100 MHz, CDC13):
BPpn, =9.8, 1S.2, 21.1, 22.0, 22.7, 27.0, 30.0, 3S.4, 3S.8, 43.3, 4S.9,
S8.7, 7l.3, 72.3, 7S.2, 75.8, 76.6, 79.3, 81.2, 84.6, l27.2, 128.5, 128.9,
129.0, 129.4, l30.3, 133.1, 134.l, l42.6,' 167.1, 170.4, 171.5, 173.2,
203.9. Example V - synthesis of paclitaxel In a 10 ml round-bottom flask,
0.031 g (0.041 mmol, 1.0 eq) of N-debenzoyl-paclitaxel were dissolved in
1.25 m1 of AcOEt. The clear yellow solution was added with 1.25 ml of a
NaHC03 aqueous saturated solution. 7.1 ml (0.064 mmol, 1.5 eq) of benzoyl
chloride were dropped into the resulting diphasic mixture, under strong
magnetic stirring. The progress of the reaction was checked by TLC (Si02,
CHC13/CH30H 9:1 ). After disappearance of the starting product, a single
spot having Rl=-0.50 was observed. The reaction mixture was diluted with
AcOEt. The organic phase was separated from the aqueous one, which was
extracted with AcOEt (three extractions). The combined organic phases were
dried over MgS04, filtered and concentrated. The crude (0.037 g) was
dissolved in a 1:1 mixture of CH2C12/ethyl ether, then n-pentane (0.030 g,
0.035 mmol,   - 13 - Bianchetti Bracco Minoja S.r.l. Bianchetti Giuseppe et
al 86%) was added to precipitate paclitaxel, having the spectroscopic
characteristics reported in literature. Example VI - synthesis of the
(2'R,3'R)-7,10-bis-trichloroacetyl-10 deacetyl-baccatine
III-13-(3'-phenyl-2',3'-epoxypropionate) In a 100 ml round-bottom flask
0.178 g ( 1.09 mmol, 1.0 eq) of freshly prepared 3-phenyl-2-epoxypropionic
acid at 0C were dissolved in 30 ml of anhydrous toluene. In the resulting
solution, under nitrogen atmosphere and at 0C, 0.663 g (0.79 mmol, 0.73 eq)
of 7,10-bis-(trichloroacetyl)-10-deacetyl baccatine III
[7,l0-bis-(TCA)-10-DAB III] were suspended. Finally
dicyclohexylcarbodiimide (DCC, 0.224 g, 1.09 mmol, 1.0 eq), 4-dimethyl
aminopyridine (DMAP, 0.088 g, 0.72 mmol, 0.66 eq) and p-toluenesulfonic
acid (p-TSA, 0.l9 g, 0.11 mmol, 0.1 eq) were added, in succession. The
reaction was carried out in heterogeneous phase at 70C under magnetic
stirring and nitrogen flow. The progress of the reaction was checked by TLC
(Si02, n-hexane/EtOAc, 3:2). The first spot having Rf = 0.28 corresponds to
7,10-bis-(TCA)-10-DAB III epoxy ester. The second spot having Rf = 0.15
corresponds to 7,10-bis-(TCA)-10 ) DAB III. After 3 hours the mixture was
cooled and the suspended solid was filtered. The dark yellow precipitate
was washed with CHZC12: the residual white solid was dicylohexylurea (DCU).
The combined organic fractions were concentrated and the resulting solid
was subjected to flash chromatography (Si02, n-hexane/EtOAc, 3 :2). 0.63 g
of (2'R, 3'R)-7,10-bis-trichloroacetyl-10-deacetyl baccatine
III-13-3'-phenyl-2',3'-epoxypropionate were obtained. 1H NMR (400 MHz,
CDCl3): 8ppm=1.12 (s, 3H, Me) , 1.14 (s, 3H, Me), 



1.76-1.60 (m, 2H, C6-H + OH), 1.81 (s, 3H, Me), 1.88 (s, 3H, Me), 2.04-1.98
(m, 2H, C14-H), 2.41 (s, 3H, Me), 2.69 (ddd, 1H, Jl = 14.5 Hz, JZ = 9.3 Hz,
J3   _ , - 14 - Bianchetti Bracco Minoja S.r.l. Bianchetti Giuseppe et al .
= 7.3 Hz, C6-H), 3 .89 (d, 1 H, J = 7.2 Hz, C3-H), 3.98 (d, 1 H, J = 4.0
Hz, C2' H), 4.14 (d, 1H, J = 8.0 Hz, C20-H), 4.32 (d, 1H, J = 8.0 Hz,
C20-H), 4.34 (d, 1 H, J = 4.0 Hz, C3'-H), 4.97 (d, 1 H, J = 7.6 Hz, CS-H),
5.70-S.62 (m, 2H, C7H + C2-H), 6.05 (dt, 1H, Jl = 8.4 Hz, JZ = l.OHz,
C13-H), 7.S2-7.30 (m, 7H, ArH), 6.39 (s, 1 H, C 10-H) , 7.45 (m, 1 H, ArH)
7.99 (m, 2H, ArH); 13C NMR (100 MHz, CDC13): 8ppi,, = 10.9, 1S.1, 20.8,
22.6, 26.3, 32.5, 3S.6, 43.1, 46.7, ,55.9, 56.S, 58.0, 70.8, 74.2, 76.4,
78.6, 78.9, 80.5, 83.5, 89.5, 89.6, 126.8, l28.8, l29.0, l29.1, l29.4,
l30.2, 131.5, 132.5, l34.2, 143.3, l60.6, 16l.1, 6 ' ~ 166.3, 167.0, 170.3,
l99.5. Example VII - Synthesis of (2'R,3'R)-10-deacetyl-baccatine
III-13-(3'-phenyl 2',3'-epoxypropionate) In a 2S ml round-bottom flask,
0.174 g (0.18 mmol, 1.0 eq) of (2'R,3'R) 7,10-bis(TCA)-10-DAB
III-13-(3'-phenyl-2',3'-epoxypropionate) were suspended in 3 ml of CH30H.
The resulting suspension was cooled to 0C and 0.24 ml (0.36 mmol, 2.0 eq)
of a 1.57 M NH3 aqueous solution were dropped therein, under strong
magnetic stirring. The reaction was carried out for 1 S min at 0C, during
which the suspension became yellow-greenish. After that, the mixture was
warmed to room temperature and reacted for a further S min, to completely
dissolve the precipitate, obtaining a clear yellow-greenish solution. The
complete disappearance of the starting compounds was checked by TLC (Si02,
nhexane/EtOAc, 3:2), which gave a single spot on the baseline. The reaction
mixture was diluted with H20 to obtain a milky white solution, the organic
phase was extracted therefrom (3 extractions) with AcOEt (upon addition of
the organic solvent, an emulsion formed which was broken by dissolving NaCI
therein). The   - 15 - Bianchetti Bracco Minoja S.r.l. Bianchetti Giuseppe
et al combined organic phases were dried over MgS04, filtered, and the
solvent was evapor ated. 0.194 g of white po~~~der of (2'R,
3'R)-10-deacetyl-baccatine III-13-(3' phenyl-2',3'-epoxy-propionate) were
obtained. 1H NMR (400 MHz, CDC13): 8ppm 1.05 (s, 3H, Me), 1.09 (s, 3H, Me),
1.71 (s, 3H, Me), 1.72 (d, 3H, J-- 1.2 Hz, Me), 1.83 {m, 1H, C6-H), 1.95
(2H, d, J-- $ . 8 Hz, C 14-H2), 2.3 4 (s, 3 H, Me), 2. 5 8 (ddd, 1 H, Jl=
14.6 Hz, J2= 9.9 Hz, J3= 6.9 Hz, C6-H), 3.85 (d, 1H, J= 7.3 Hz~ C3-H), 3.95
(d, 1H, J= 4.4 Hz, C2'-H), 4.14 (d, 1 H, J-- 8.4 Hz, C20-H), 4.22 (dd, 1 H,
Jl= 11.3 Hz, J2= 6.6 Hz, C7-H), 4.27 (d, 1 H, J 8.4 Hz, C20-H), 4.31 (d, 1
H, J-- 4.4 Hz, C3'-H), 4.95 1 (d, 1H, J-- 8.8 Hz, CS-H), 5.16 (s, 1 H, C
10-H), 5.59 (d, 1 H, J-- 7.3 Hz, C3-H), 5.99 (dt, 1 H, (d, 1 H, JI= 8.8 Hz,
J2= 1.2 Hz, C7-H), 7.30-7.50 {m, 7H, arom), 7.60-7.70 (m, 1H, arom),
7.90-8.00 (m, 2H, arom). Example VIII - Synthesis of (2'R,3'R)-baccatine
III-13-(3'-phenyl-2',3' epoxypropionate) A solution of
(2'R,3'R)-10-deacetyl-baccatine III-13-(3'-phenyl-2',3' epoxypropionate) (
138 mg) in 3 ml of dry tetrahydrofuran was added with 7.3 mg of CeC13~7H20
and 0.073 ml of acetic anhydride. The reaction mixture was stirred at room
temperature for 5 hours, during which time the reaction mixture became
homogeneous. 1 g of ice was added, keeping under stirring for 1 hour. The
organic solvent was evaporated off under vacuum and the residue was diluted
with 5 m1 of HZO. The formed precipitate was filtered and dried under
vacuum pump for 18 h. The resulting product (white powder, l30 mg) has the
following characteristics: 1H N1VIR (400 MHz, CDC13): 8ppm=1.05 (s, 3H,
Me), 1.09 (s, 3H, Me), 



1.71 (s, 3H, Me), 1.72 (d, 3H, J-- 1.2 Hz, Me), 1.83 (m, 1H, C6-H), 1.95
(2H,   - 16 - Bianchetti Bracco Minoja S.r.l. Bianchetti Giuseppe et al `
d, J-- 8.8 Hz, C 14-H2), 2.34 (s, 3H, Me), 2.5 8 (ddd, 1 H, Jl= 14.6 Hz,
J2= 9.9 Hz, J3= 6.9 Hz, C6-H), 3.85 (d, 1H, J-- 7.3 Hz, C3-H), 3.9S (d, 1H,
J-- 4.4 Hz, C2'-H), 4.14 (d, 1 H, J-- 8.4 Hz, C20-H), 4.22 (dd, 1 H, Jl=
11.3 Hz, J2= 6.6 Hz, C7-H), 4.27 (d, 1 H, J-- 8.4 Hz, C20-H), 4.31 (d, 1 H,
J-- 4.4 Hz, C3'-H), 4.95 (d, 1H, J-- 8.8 Hz, C5-H), 5.59 (d, 1H, J-- 7.3
Hz, C3-H), 5.6S (dd, 1H, J! = 10.7 Hz, JZ = 7.33 Hz, C7-H), 6.34 (s, 1H,
C10-H), 7.30-7.50 (m, 7H, arom), 7.60-7.7U (m, 1H, arom), 7.90-8.00 (m, 2H,
a'rom). Example IX - Synthesis of (2'R,3'R)-baccatine III-13-(3'-azido-2' E
hydroxy-3'-phenyl -propionate. In a 25 ml one-necked round-bottom flask
equipped with magnetic stirring, 0.17 g (0.45 mmol, 1 eq) of (2'R, 3'R)
baccatine III 13-(3'-phenyl-2',3'-epoxypropionate) were suspended at 25C in
5 ml of CH30H. 0.63 ml of H20, 0.23 ml of HCOOCH3 and 0.36 g (5.5 mmol,
12.5 eq) of sodium azide were added in succession. The mixture was heated
to 50C and the progress of the reaction was checked by TLC (Si02, CHCI;
/EtOAc/MeOH, 12.0:2.0:0.3). The reaction mixture after 46 h had yellow
brown color with a white precipitate (unreacted NaN3). H20 ( 10 ml) was
added and the precipitated milky white solid was filtered, washed with
water and then with AcOEt. The two phases were separated, the aqueous phase
was extracted three times with AcOEt and the combined organic phases were
concentrated and dried over anhydrous MgS04, filtered and the solvent was
evaporated off, to obtain 0.20 g of a white-yellowish powder. The resulting
crude was purified by flash chromatography (Si02, CHC13/EtOAc/MeOH
12:2:0.3), to obtain 0.140 g of (2'R,3'R)-baccatine
III-13-(3'-azido-2'-hydroxy-3'-phenyl -propionate). The compound has the
same spectroscopic characteristics as the compound obtained in Example III.
_ -__ ~_-_s __.~-   . - 17 - Bianchetti Bracco Minoja S.r.l. Bianchetti
Giuseppe et al CLAIMS 1. A process for the preparation of paclitaxel, which
comprises the following ' steps: a) protection of the hydroxyls at the 7-
and 10- positions of 10-deacetylbaccatine III ( 10-DAB III), R~ HO ~~~ OH .
HO ~" O R HO o H ~ ~ HO Ha O Ac0 O Ac0 O I w s0 ~ w ~O / / wherein
R=R'=trichloroacetyl, or R'=acetyl and R is selected from t-butoxycarbonyl
and trichloroacetyl, b) esterification of the hydroxyl at the 13- position
with 3-phenyl-2epoxypropionic acid HO ~~ 0 OR O O 0..,,., HO : ~' ---~ ~ HO
AcO~~ , / Ac0 ~O ~ ~ O / ~ / 



c) removal of the protective groups at 7 and 10 ( 1 ) if they are both
trichloroacetyl groups, followed by selective acetylation at the 10-
position (2) and opening of the epoxide with sodium azide (3);     1 g -
Bianchetti Bracco Mino'a S. J r.l. Bianchetti Giuseppe et al Ran 0 0 \
0,,,,,,, HO = F / O Ac0 O OR O O "1~a \ 0..,,,,, w NO F O F Acp ~O (2) OAc
O O -- O OH / HO ~ H OAc~~~, O (3) or, alternatively, ~~R'= acetyl and R =
trichloroacet 1 0 Y ~ penmg of the epoxide with sodium azide OH  a /  /
-20r " v 4. A process as claimed in claim l, wherein the hydroxyl at 13- is
esterified with phenyl-2-epoxypropionic acid ammonium salt in toluene in
the presence of dicyclohexylcarbodiimide (DCC), DMAP and p-toluenesulfonic
acid. 5. A process as claimed in claim 1, wherein the protective groups
R=R'=trichloroacetyl are removed with ammonium hydroxide. 6. A process as
claimed in claim l, wherein the epoxide is opened with NaN3 in aqueous
methanol in the presence of methyl formate. 7. A process as claimed in
claim 1, wherein the azide is reduced to amine with hydrogen on catalyst or
with PPh3. 8. A process as claimed in claim 1, wherein benzoylation at the
last step is carried out with benzoic. anhydride either simultaneously to
reduction or subsequently on the isolated reduced product with benzoyl
chloride in the presence of potassium carbonate. 9. As reaction
intermediates, the following compounds: R' O O O 0 \ _ 



O ~-O wherein R and R' are as defined above or hydrogen. Milan, December 6,
2000 OR The Agent (Banff Paolo) of Bianchetti Bracco Minoja S.r.l.
(Signature) .A@ .A3n.An
.A5.AY.A.A.A.A2.A3.A2.A.A32.AYnl.A3?.An?.A.AFh:gXW45 WC
(#.#.??????8?|||||?|||||???>>>>><<<>>>><?|?|||||???><xxxxp8?<<<??<p<p<??p|x
xx?|?>?????~>>>||>|<?><>>8~8|8x<8?xp>|8p~<p<????~?~??>??x?|?~x~|x~|x??8x|?|
<?<?~>???>>??>?????>?>?<~<~<~<|<?|||??>?>>?>>>~|||?|||`>><<?<??x|x><x?>><><
><0|8|8?|8x<x<>?>?|x?????8?>????>>?|>?x>~p|?|?x??x???~~x9?~????????8<|~????
|?>>?~>>~>??>???<???|??0x?8x??xx?x???~????|??`|??p~??~??~>??>|?~??~???|?|p?
|?|p??????>?<~?<>??<??x??|?>>?>?????>~~0~?<?~<?>??<<???<??|>?|>|`|??<><><|?
><||~x???~>?>~?`~????~~>|<~|??|?|?`?f????>??>|?~|??|<<<<|?xxxx>x~x|x<<?><??
?>||???>>??????:yFvFh45 vFC
hh(h#.#.?>~|8x<<<<?<<<p<x|??x||xx~<p|~?>>?px|>q??y???????>????||~>|??|>>>??
???????~?0?~|x~<~~<>~~>>|x|>|>?|>|?>?<?>?<|?<|>|?>|?8|x?x<xxx|x|<|<?|?<|<x<
|???|?|||||>?x|>|>~?<|xx>??>>?><|||?x??x??????>0>x>|?p|?|~<x~?<x<0?????????
?>??~??>??>|>|?>|~|??????8|||?<~??0>?|||?~???x?>?xx?<|?>~>|~?????8????~?>|?
?>|<>???????~???????~??~??~??~?~|?~~?~????p??p?x??xx>?x<?x|??p?p??x0??x~?|?
??||~??x?|x???xpx??xx?xx`>?8x>??x>?>~?<>>?<>??<|>??8x>>?xx>>?xpx<?~x|?x|?xx
?x?x>?x????????????>>|???~??????><????>~|??????????<><<xx88>>x>x?~~~><0V:fY
)+*45 *C
(#.#.?|~~?><<xxxxxx?xx||>>?p>xx||~|<??<x?x<x??x?p?~?||<>?>?>>|||?~>>?|x|8|<
<>>?p??|?xx<<?>|>~|?>~<>|<>8>>>>?<??<x~?????>>?<>|<<||`xx||?|>~x|<??>>>~|<x
<x<xx||~????0??>>?><<???><?<?<|||??|~????||>|<~>>?<||??????x??>|||>?>>??>><
?8?>?~?~?|??x|?>??????>>>??<|>x>x`|?~>????<?<?<~~|<~<<~<<?`???>?<|???pp?ppp
p>p>p|x??~|??`>?~~|??>?<|?p8?`?????0xpxxxxxxxxxx|xpxpxp0xp8x8x8<8?8?8???9??
?x:;;45 ;C
(#.#.???????????<?<~~??~>??????>?>?>?~>~>|>|>|>>~||||~????????~xx???????x|<
>>8xxx?~<~>8x?x?|||?|<??><>`><>??<~?<?|?px?p?~>x>|?>~>>??>>?>????????8?x<|~
~~>????p?|?x?????~~~~|8|||??8????p?xxxxx0xpxxxx?x??>?><><><>??||||pxx?`?p??
?>~?~?|??||??0??>>~<>`~||||||||?~?~>???0>xx?x>~|??8?<?`?<|||>1>><>|???????>
>~???|?>~|<?||?x??x?|?~|~|?|~|?|<||?||||~|~?~?>~?>?~?|||?<p??????|?????????
?~`????????|???>?>||????????>>>>~>>>>>>>~>~>~~~>>>?~????y:e<&<45 &<C
(#.#.????p????~?????>>~~~~|~?????????~?~?~>~>|>~~>~>~~~~|~~~?????????>??><<
<|<?<?<??<<<<???~||???~>8?>x>x|0<<??~?|?<`<<<|<||??~????||<<>??x?||>?>????8
|x?x~x?|x?s8||?|?<>>???p?p??p??p?>?>>3>|||x``x8<?xppx~x>?x<?x8??xx?xxx?xxx?
?x?x<xx|x?xpx>>xpxxxxx|>x>|???x???xx|>x8?>0p><>|>|?|>||x??????~?????>?<||??
?|?||<~>??~?>~>>?>~>~>||>????~????~~~????|?|~~>x?>>??????~?>?>??|?>|x><<?<<
<<|x<>?8<>>?>>?>>?|~???????~~x??`??>>~|?~????>?~?????>~><|>?|||x|xxxxx|>??|
~~????>:@v45 vC
(#.#.~>?<??<??>|??????>~|||<0<?<<<<?|?>?||?????>|?????>~>~<p|p|p|p|||<<>`:T
) }745 C
}7}7(7}#.#.???>?~?||?~9|0??????>?>?~||~?x|<~<?>?>>><||???|?~|??>???????????
???????>><?|?xxp???:tZ9PO945 OC
99(9#.#.<|~???????~||?<?<??<<?<pp??pp?x?xx<x|~??88?~?8|~8><>|~?<>~?<?~<><><
x<x<~<>|x~??||||?????|?||?<>???|?~|<?~~>~>?????|||?|?|?||>>>>>|?|~|?|||0q>>
???x?>>>~?~?|?|?|>p|?8>??????????????<??<~<<<8<|`p|c||>||>>?<<????<?<><>|?<
|??<|<|?>|>|~||x|x????x?xxxx??~?????x?xxx??x??~~??>~??>?~?|>?|>~>>~?>???>??
~>???>?????px|??xx|~?xx?|~~xx?||xx?~xx??x8xx`<8<xpxp>?0<x|?????<??<<?<?><<~
8><<<?<<x<<<?>x8<<>|x~?x`?>>><>`|>~?<??<??>>>>?>>><><>|?~|?~|?|??|>x>>~~?>>
?>~?>???~~?~~??p~?>?>??>????>?>>x~xx~x~x??xx?xx?xxx??xxxx?xxxxxxxx???~???>?
?>||?????>>?|x?~<<<<<<<??:`YOO445 OC
44(4#.#.>?<?|<||??????8?|??x?xxx??????p???80xp?|>x|><?|<8>|8>?x?|x0~><<???<
?|xxxxx?|{0?<?x>?|>?|>?||?>~||>~?>?|??>?>8~>?p???~~~>??x??x?`?||?~>|80p8?xx
xx<x?<x<x<x<x<x><x<?>|?|~~?||?<|<??<?<?>??<>??<>?>>><?||<|?????????>?<x|??x
<?<<<<?<<||||~>|>?x>|x|>xx|>xx?~~xx??>>|xx|xxxxx??xxx088?????????????>?~?>>
?>?>???>?|>p|?>|><?><??><x????>>???>?>?>8><x~x~?<x||?????>||~|>?|>?????????
??>?|??><>>??>???~~????>~???????~?x??~p?~p?~p?~p??~0??~?>?~??~~~?~~~???????
??????????~???????>~~<<|~|?????s??30p????`x<<<<x<?<?<~x?~x?x~x?xx|??x<xx<x<
>|<<~>|<~~~|?~><?||>????>|||?>>|xx~x88>8>x<x<x<<?<|?D:`&cFc445 FcC
44(4#.#.??p?????|????xxx?>>>????>>>>>??>>>>>>>>>>~~~|||~~~~~||||||>|?|??|<<
<?<?<<<<>>>???>????0?~?<<?<<<?<|?x0??8?<?|~???|?88xxxxx|||<~<8>x>|x~~<~>>>>
>>?????p??p??||?~|?>8????c??~|p~?p?~?>x~?8?~~>?<<>><><||||?>>?>>>>~~~~|p?`?
p???p?xx???0xx??|xx|?xx>xx>?xx`>?<<x?><<xx?????|<<xx>|?>x|<8xp8???|<8xpx?>?
<<xpp?<?xp?|?xp?|?xp|<x|><x|x>|x?`???>?x>??<><x||>x><x?~><x??~?><p?>><>><~>
<p|>?p>???9?????????0????x||?`????>?>???p?~`|?<~|?~|~?|?????~??~?????~???>?
~0<|~???<x~|?~???>>>>>~??~~?|~?>?~?|??<??>?>>?|~?~??>|>??|x|8||xx0??????8??
>>>>?~>?>~?~|>?||x?~?>??0?0?0p?0?x?x??<?>?<?||><x>?<x>??8x<x<<x<xx?<px><px|
<||?<||??<|??<~?<~>?<>|?<??<?<??x>?>?|||??????>>~|????>?>?|<<8x8>x~>xx?Z#&.
7IRZe9wyf/o{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caU]ca
U]ca]caU]ca]caU]caU]ca]ca]ca]ca]caU]ca]ca]c<a]ca PU  C'1{]
@{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
!+.237ENPTak~PW`azumhc^YTlgb]]ca]ca]ca]ca]caDB]ca]ca]caD]ca]ca]ca]ca]ca]caU
]ca]ca]ca]ca]ca]caU]caU]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca
agu~9?BDFILNPUW^`ztnic^XSlg]caU]ca]caU]ca]caU]caU]ca]ca]caU]ca]ca]ca]ca]caU
]ca]ca]caU]c"aU]ca]caU]ca]caU]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca `hmk
_5hK{vqlgb]XSlg]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
D]ca]caD&]ca]caD$]ca]ca]ca]caV]ca]caU]caU]ca S9xkquKMN>* w
!d!!F"e"""|wrmhc^Yca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!"J###1$Y$`$z$$$$$$$$%c%%%&(&
p&&&,'}''(_((({**|wrmhc^Ymhc^Yca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
V]ca]ca]ca]caV]ca]caV]ca]caV]ca]caV]ca]caV]ca]ca]ca]ca]ca]ca *+W+++
,g,,,,-u-z-~---6.;
.@.G.I.i.n.r.{.//0S0r001Z1~ytoje`[Vmhc^Yc]ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]c
a]caU]caV]ca]caV]ca]ca]caV]ca]caV]ca]caV]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca
Z111A222&3{334j445W5555=666
7n777808n88888889|wrlga\VcV]ca]caV]ca]caV]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!9D:I::::;
;l;;<`<<<B==8>i>>?U???D@@@,AzAABjBBTCC{vqlgb]XcV]]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]caV]ca]ca
!CCCCDDDDDEEE*ExEzEEFcFqFFF
GoGGHcHHHEIII%JxJ{vqlgb]Xlgb]XcV]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]caU]ca]ca]caV]ca]caV]ca]caV]ca]caV]ca]caV]ca]caV]ca
xJJJKXKKK=LLLMcMMNONNN<OOO%PePPP%Q*QFQQQRRSTT|wrmgb]XcV]]ca]ca]caV]ca]ca]ca
]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca!T%TsTTT UoUUVUVW#XtXXYYYYYZZZZ [[\2\{\\\#]t]]
^Y^{vqlgb]XcV]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Y^^^_I___.`~``
anaaa0b2bQbbbLcccIdddAeee<ffffgg}xsnid_YcV]]]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!g
gPgWghh#h&h4h8h@hDhLhPhUhWhZhh
i&i(i+i7i?iDi`ifi1j2j3j4j8j{vqid\W}xsnid_YcV]caDl7]ca]caD]ca]ca]ca]caU]ca]c
a]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]c^a]ca]ca8j
{jjjjjjjjjjjjjjjk-kXk[k\k]kakbkckekfkjkpkvkklm{snic^YTnid_]ca]ca]caU]ca]ca]
caD]ca]ca]caD]ca]ca]caDK]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]c
a]ca]ca]ca mmn[nnnnoo
ooooEo]o`oo]kakbkckekfkjkpkvkklm{snic^YTnid_]ca]ca]caU]ca]ca]caD]ca]ca]caD]
ca]ca]caDK]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caD;
Z}[9!& 10% c c&'()-M!`& 10%  &'()-M! @ @)10%[[&'()-@ @)10%&'()-@
@)10%&'()-!h@ @)10%XX&'()-Z#&>Z^<!! 9@Z%10%N<N<&'()-,!k9@Z%10%A A
&'()-,!9@Z%10%l l &'()-,10%&'()- 10%&'()-  10%&'()-Ze9y}[9!9 (Z%10%&'()-&!9
(Z%10%&'()-&%10%&'()-##10%&'()-!@9@Z%10%\\&'()-,!E9@Z%10%dCdC&'()-,f/odE!9
7 10%&'()-f5Z"10%&'()-&3 10%&'()- 



010%&'()-.#10%&'()-y,z#10%&'()-oP~_@!@#10%&'()- 3s'10%&'()- S310%&'()-
!10%&'()- 10 10 109g#10%&'()- U
CaB~_@!S#10%&'()-S`#10%&'()-S#10%&'()-9S#10%&'()- !S3 #10%&'()-9S 10%&'()-
'1{ dB~_@!!9'%10%&'()-'S%m10%&'()-S##10%&'()-L! 10%&'()-S
10%&'()-S#10%&'()- ]      a@~_@! fS2#10%]]&'()-9) L010%&'()-
yf/10%&'()-f-s10%&'()-yf,10%&'()-!,9'%10%&'()-'   =>?@~sh];!!,$10%HH&'()-
10 10 10f9 10%&'()-fS2#10%&'()-9 |fS2#10%IY I&'()-9!fS2#10%&'()-9}[9h];
!8f10%))&'()-l!,Y 10%&'()-!C,Y 10%CC&'()- 10%H&'()-L10%H&'()-!f
,$10%ff&'()- zX9h];
,,#10%H&'()-!&&,,#10%&&&'()-&'10%H&'()-!0f10%&'()-l!)of10%)0)0&'()-l!Nf10%N
N&'()-l+.23wX9h];(L10%H&'()-%$
10%H&'()-!i&10%ii&'()-S!"&10%&'()-S!`&10%HH&'()-S!0,,#10%ii&'()-37ENak~zX9h
];. 10%H&'()- !0$10%~~&'()-z!$10%&'()-z!4$10%44&'()-z!$10%&'()-zS'10%&'()-~
PugY7!10%\\&'()- 10FF 10FF
10FFs9$y10%FF&'()-4!Fs*y10%FF&'()-@f910%H&'()-g0#10%H&'()-9PW`agu~\:gY7!!@l
z10%((&'()- !l z10%@[@[&'()-  l z10% &'()- ,,410%@&'()-!010%A 



A &'()- 10%@&'()-}\:gY7!!0l 10%@@&'()-  l 10%&'()-
!`310%@@&'()-T0@Y10%@#&'()-!T@Y10%00&'()-@10%@&'()-9BFLhm}[9gY7!!@`$#10%&'(
)- !@`$#10%&'()- L! 10%@&'()-S!&10%  &'()-!u&10%N0N0&'()-@10%@&'()-mdH=2
10@
10@Y10%@&'()-lL10%@&'()-!f10%@&'()-Y@93#10%@&'()-!!10%AA&'()-z!P@`$#10%@@&'
()- k _uV72 10  S10%&'()- #10%&'()-#10%&'()-YLM'10%&'()-
&'10%&'()-!!10%&'()- 10@5dE72 10  S9 10%&'()- "10%&'()-#10%&'()- #10%&'()-
`@&10%&'()-L 10%&'()-hKdE72 10  S%S10%&'()-f##10%&'()-
,9!z#10%&'()-#10%&'()- z#10%&'()- y#10%&'()- S9xdE72 10
S,310%&'()-,0z#10%&'()- . 10%&'()-,S,4"10%&'()-*#10%&'()- ' 10%&'()-
xhijk_@ 10, #10% U&'()-! @!10% U U&'()- 10 10 10,9#10%&'()- ,37#10%&'()- @5
10%&'()-KMNaB_@ 10`,&10% U&'()-` 10% 



U&'()-  10% U&'()- 10% U&'()-@`10% U&'()-!HL&10%UUUU&'()- N>* dE_@ 10@#10%
U&'()- @y#10% U&'()- @`#10% U&'()-@ #10% U&'()-@y#10% U&'()-@#10% U&'()-* w
!d!!F"aB_@ 10S&*y#10% U&'()-M!L'm%10%UU&'()-@%y#10% U&'()- @#y#10%
U&'()-@9!#10% U&'()- @y#10% U&'()-F"e"""J#####dE:/ 10 U 10 U9"10% U&'()-
7"10% U&'()- y5"10% U&'()-93!10% U&'()- 0F10% U&'()-FS.10% U&'()-
##1$$$%c%%rS4/ 100@"10% h&'()-,  "10% h&'()-Z!dY%10%hh&'()- ,` "10% h&'()-,
"10% h&'()- !q @s!10% h h&'()- 10 U%&(&p&&&,'dE4/ 100@"10f#10% h&'()-` 10%
h&'()-3M10% h&'()-  10% h&'()- 



@f10% h&'()-,L "10% h&'()- ,'}''(_(((dB4/ 100@"!@'S&10%hh&'()-%#10% h&'()-
#f#10% h&'()- L!z#10% h&'()-  z#10% h&'()-z#10% h&'()-({**+T+U+V+W++xmb@
100@!< SM!10%&'()- 10 h 10 h 10 h9#10% h&'()- 7#10% h&'()- f5z#10% h&'()-
9*#10% h&'()-++ ,g,-I./aBmb@ 100@!sY"10%&'()-!3$10%&'()-0 Y"10%&'()-
10%&'()-FLT10%&'()-  &10%&'()- //0S0r001dEmb@ 100@!S,#10%&'()-* 10%&'()-
'S10%&'()- % 10%&'()-#,10%&'()-`! "10%&'()-1Z111A22222dE:/ 10
109#10%&'()-l7#10%&'()-
@5#10%&'()-3#10%&'()-0#10%&'()-.#10%&'()-22&3{334j44rS4/ 10 z#10%&'()-
z#10%&'()-!&10%&'()- `z#10%&'()- &'10%&'()-!@!10%&'()- 1045W5555=6dE4/ 10
z#109z#10%&'()-,SZ10%&'()-f#10%&'()- z#10%&'()- z#10%&'()- L#10%&'()- =666
7n778dE4/ 10 z#10%z#10%&'()-S#f#10%&'()- !z#10%&'()-
z#10%&'()-z#10%&'()-yz#10%&'()- 808n88:::::xmb@ 10!S`&10%  &'()- 10 10
103.3"10%&'()-`,10%&'()-3*10%&'()-' 10%&'()-:;l;;<`<<aBmb@ 10! "10%&'()- yF



3"10%&'()- y "10%&'()- y
"10%&'()-G!<3sf&10%&'()-3f33"10%&'()-<<B==8>i>>aBmb@ 10! 10%&'()-F10%&'()-
S10%&'()- !3%10%uu&'()-4"10%&'()-Gy3"10%&'()- >?U???D@@bCmb@ 10!+#10%&'()-
+,(T&10%5$&'()-L'#10%&'()-  %#10%&'()-"#10%&'()- #10%&'()-
@@,AzAABgBhBiBdE:/ 10 10&9y#10%&'()-6#10%&'()-
4#10%&'()-f2#10%&'()-90#10%&'()--#10%&'()- iBjBBTC*EzEEFlJ+/yy!10%/&'()-
!d`m%10%K/K/&'()-!m%10%//&'()-! @3`'10%&'()-!E@3`'10%//&'()-!'10%//&'()-
10FcFqFFF GoGdB+/yy!10%/!&'&10% / /&'()-,%#10%/&'()- f# 10%/&'()-
9!10%/&'()-10%/&'()-!10%/&'()-
oGGHcHHHEIdE+/yy!10%/!@,5y#10%/&'()-,2#10%/&'()-
@0y#10%/&'()-,.#10%/&'()-,@,#10%/&'()-@*y#10%/&'()-EIIIIII%JxJJ~\:yy!1!`10%
66&'()-! '10%&'()-!'10%ss&'()- 10/ 10/ 10/@9y#10%/&'()-@Y7y#10%/&'()-
JJKXKKK=LdE~\:yy!1!@y#10%&'()-@y#10%&'()- ,9#10%&'()-  10%&'()- , '10%&'()-
10%&'()-=LLLMcMMNaB~\:yy!1!@!y#10%&'()-@#10%&'()- @y#10%&'()-
@f#10%&'()-@&y#10%&'()-!Lm%10%xx&'()-NONNN<OOOdE~\:yy!1!SF.y#10%&'()-
S,y#10%&'()- S)y#10%&'()-9'%10%&'()-@l%#10%&'()-
@@#y#10%&'()-O%PePPPCQDQEQFQaVK@yy!1! 10 10 109
"10%&'()-!&6$10%$$&'()-z,510%&'()-GS2`10%&'()- S0y#10%&'()-
FQQQSTT%T_@VK@yy!1!@10%&'()- @10%&'()-s!10%&'()-F3m"10%&'()-`3&10%&'()-
!U,'10%&'()-%TsTTT UoUUdEVK@yy!1!@%#10%&'()-@S#y#10%&'()- @!y#10%&'()-
10%&'()-@Y 10%&'()- @fy#10%&'()- UVUVW#XqXrXsXtXaVK@yy!1! 10 10 



10fs9z#10%&'()- SF7#10%&'()- @,,#10%&'()-@)#10%&'()- !9'%10%&'()-tXXYYYYY
[z[<VK@yy!1!ysm"10%&'()-3 10%&'()-F@f10%&'()-!Y&'10%&'()-
!n'10%&'()-!`,'10%&'()- [][[\2\{\\}^?VK@yy!1!@ 10%&'()- 10%&'()-
10%&'()-G"10%&'()-Z![@9l%10%&'()-!I@9l%10%&'()-\\#]t]] ^Y^aBVK@yy!1!@
.#10%&'()-@+#10%&'()- @)#10%&'()-!#&'%10%&'()-@F%#10%&'()- # 10%&'()-
Y^^^_I_____dYNCyy!1! 10 10
108!10%&'()-m610%&'()-m@4s10%&'()-@2#10%&'()-@`0y#10%&'()-__.`~``
ana}^?YNCyy!1!9F G"10%&'()- 93"10%&'()- 93"10%&'()- !39'10%&'()- 3&10%&'()-
!'10%&'()-naaa0b2bQbbdEYNCyy!1!L 10%&'()- S10%&'()-9@:10%&'()-
10%&'()-Ly10%&'()- L "10%&'()- bbLcccIdddEYNCyy!1!%#10%&'()-
,f##10%&'()-&!#10%&'()- #10%&'()-#10%&'()-y#10%&'()-
ddAeee<ffaBYNCyy!1!2"10%&'()- 0#10%&'()-
.#10%&'()-@,#10%&'()-*#10%&'()-!9'%10%&'()-fff ggg gWgguS1!Fn g)10%&'()-
!Sg)10%&'()-  10-- 10-- 10--!`Pl7#10%--&'()-l7#10%[&'()-,5 10%&'()-
ghh>hZhh izX6uS1!! @&10%EE&'()-3!]`@&10%EE&'()-3!^ @&10%&'()-3!D@&10% *
*&'()-310%T&'()-! g)10%&'()-  i&i+i7i`ifi1jzY:uS1!! (#10%T&'()-f ;0
(#10%&'()-f!F (#10%&'()-f!`%
10%88&'()-T!l$10%&'()-Z@f&l10%T&'()-1j3j5j6j7j8jZj{jjcB!! VP (10%&'()-!
(10%&'()-!dP (10%&'()- 10T 10T 10T
%10%T&'()-T9,#@10%T&'()-jjjjjjjwU6cB!f10%M&'()-!}Sf910%VV&'()-!I0Sf910% M
M&'()-!3 10%&'()--!03 



10%KK&'()--!&3 10%s>s>&'()--jjjjjk-kzY8cB! L6"10% &'()-
L6"10%CUC&'()-L-10%M&'()-!L@,)`10%ee&'()-:!m
0@,)`10%YY&'()-:!0@,)`10%}}&'()-:-kXk[k]kakckeka?cB! !`f
`10%F1F1&'()-f`10%YY&'()-Y!t10%YY&'()-Ft10%M&'()-ZL* 10%M&'()-!`L6"10%
&'()-ekgkhkikjkvkklSlvW5!!F'10%&'()-Z6L#10%&'()-![ &10%&'()-,10%&'()-,
10F1F1 10F1F1
10F1F1F+`10%F1F1&'()-&SllmRmmn[n}[<vW5!!@@#10%&'()-!0`f&10%&'()-
@S#10%&'()-S@S#10% &'()-S!F'10%&'()-Z! F'10%&'()-Z[nnnnooo^<vW5!!!9#m10%
&'()-z! 9#m10%&'()-z!&9#m10%((&'()-z@ 10%&'()-
@@10%&'()-@#10%&'()-ooEo]o`oxoo}[9vW5!!!h @110%""&'()-!@110%  &'()-y&
10%&'()-N0 10%&'()-!p9#m10%""&'()-z!a 9#m10%&'()-z Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font?j
V(/7i?FENsU\d7gihlprtvxz|~a`"*Z19CxJTY^g8jmoZZo  3~PmxN*
F"#%,'(+/124=68:<>@iBFoGEIJ=LNOFQ%TUtX [\Y^_nabdfg i1jjj-kekSl[noo6Times
New RomanArialCourier New"h Root EntryWordDocumentd
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


