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Abstract - The chemical reactivities of 10-deacetyl baccatin
III and of baccatin III, two natural products extracted from
Taxus baccata L., were studied with the aim of synthesizing

taxol analogues having a modified side-chain at C-13, thereby
restoring good binding to tubulin.

In 1971 taxol 1 was isolated from Taxus brevifolia Nutt and was the

first taxane diterpene shown to exhibit cytotoxic activity.1 In vivo, taxol has
antileukemic and tumor inhibiting propertieg’%nuiit is currently in clinical
trials in France and in the USA. The biological activity has been related to
the in vitro interaction with microtubule proteins.'éln contrast with other
spindle poisons such as vinblastine and colchicine which prevent the assembly of
tubulin5'6taxol 1 promotesthe assembly of microtubules and inhibits the depoly-
merisation process of tubulin. In addition to taxol, other taxane derivatives
showing similar biological activity have been isolated from various species of
Yew treej_gﬂecause of its unique mode of action taxol may be the prototype of a
new class of chemotherapeutic drugs. However, one of the disadvantages of taxol
is associated with its limited availability from natural sources : it is ex-
tracted in low yield from the stem bark of the very slow-growing yew tree. To
circumvent this major problem several attempts to synthesize the unusual taxane
skeleton have been described10 but to date no total synthesis of taxol has been
reported. One other way to prepare this compound is to use simpler taxane deri-
vatives which could be used as precursorsin a taxol hemisynthesis.

8

Baccatin III 2 has been isolated from an alcohol extract of heart wood and
10-deacetyl baccatin III 3 was easily extracted from the annual cut of the yew
leaves.9 These two compounds are not as active as taxol 1 both in vitro and in
vivo, but they can be used as raw materials for the preparation of taxol and
derivatives. In this paper we wish to report some chemical properties of these
compounds and the preparation of new taxane diterpenes which could be used as
intermediates in the hemisynthesis of taxol itself.‘ The compounds obtained in
this study have been submitted for in vitro antitubulin evaluation which will

allow establishment of structure-activity relationships in this series.

*)

Some of this work has been the subject of the PhD Thgsis of one of ualz and
has been partly described in a short communication. 1% we thank Professor D.
Kingston for a personal communication concerning his study of baccatin III.
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The unusual taxane skeleton of 2 and 3 has a very folded structure (figure 1)
in which the & hydroxyl group at C-13 is in a hindered position and furthermore,
it can form a hydrogen bohd with the 4x acetyl group. It is also important
to remember that the 78 hydroxyl can easily epimerize into the 7& isomer
gig a retro aldol mechanism. The presence of a hydrogen bond with the 4o acetyl

group stabilizes the ®& isomer during the aldol condensation.11

Figure 1.

The other functionalities of tetraol 2 seem stable enough to our experimental
conditions, except for the 1-hydroxyl group and the oxetan ring which can be

rearranged in acidic media.12'13

I. Reactivity of 10-deacetyl baccatin IIT 3 with acylating agents.

Acetylation of 3 with acetic anhydride yielded three acetylation products
depending on the experimental conditions (Table 1). Structure elucidation of
these compounds was obtained by considering the chemical shifts of the three
protons at C-7, C-10 and C-13 in their proton NMR spectra (see Experimental Part).
These data thus show that there is no selectivity between C-7 and C-10 hydroxyl
groups toward acylating agents and that the C-13 hydroxyl group is the least
reactive, as expected.

Considering these results, we next undertook to protect the two most reactive

hydroxyl groups.

————
Aczo or R3
CICO,CH,CClyin
Py.
1 R,=H R,=Ac R3=COCH0HCHPhNHCOPh 4 R =Ac R2=R3=H
E R1=R2=R3:H 2 R1=R2=AC R3=H
_2 R =R3=H R2=Ac é R1=R2=R3=AC
2 R =R,=C0-0-CH; c-c13, R3=H
Figure 2. 8 R1=coocnzcc13, R,=Ac, R3=H
9 Ri=122=}13=coo<:nzcm3
Table 1.
Time (h) | Temp.(°C)] & 5 []
1 24 20 48% 48% -
2 48 60 - 49% | 49%
3 24 80 - - 95%
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2. Protection and Deprotection.

Taking into consideration the instability of taxol in basic medium1 we
thought that 2,2,2-trichloroethyl chloroformate could be a good protective group,
since it can be removed under very mild conditions. We thus obtained compound 7
in good yield from 10-deacetyl baccatin III 3. With an excess of the acid chlo-
ride compound 9 was also prepared. Alkyl 2,2,2-trichloroethyl carbonate can be
cleaved by f-elimination with zinc dust in methanol or acetic acid.15 Compound 7
was cleaved as expected with zinc dust in acetic acid to give the starting mate-

rial in quantitative yield.

OR
2 0 OR,
Ry-OH ==% Zns/acon
—.
Rgo'“' (o] 3
> o
HO { Oac OR,
OBz
9 R, =R,=R,=CO0CH,CCL, 10 Ry=Me 11 R=Me
12 R,=CH,-CH,0H 13 R=CH,CH,0H
Figure 3.

The same experiments have been done with the 7,10,13-tri(2,2,2-trichloro-
ethyloxycarbonyl)-10-deacetyl baccatin III 9. Treatment of this compound with
zinc dust in methanol yielded a mnew derivative 10. Deprotection of the 7 and 10-
positions by reductive cleavage in acetic acid gave a quantitative yield of 13-
methyloxycarbonyl-10-deacetyl baccatin III 11. This product was also obtained by
direct methanolysis of 9 after deprotection of the 7 and 10-positions. These
results led us to try other nucleophilic agents. Thus preparation of compounds

12 and 13 was achieved by treatment of 9 with ethylene glycol. Unfortunately the

Baccatin III 3} was protected in the same way to give 8.

3. Hemisynthesis of taxol derivatives from 7 and g.

Various Taxus species contain a mixture of alkaloids named "taxine".16 The
basic property of these compounds is due to the Winterstein's acid (3-
dimethyl amino-3-phenyl propanoic acid). Biosynthetic study of this acid has
shown that it arises from phenylalamine by a B-amination of cinnamic acid.17 It
is also well known that cinnamic esters of taxane diterpenes have been isolated
from different species of yew trees. Cinnamic acid is thus an attractive candi-

date for esterification of the free C-13 hydroxyl group of compound 7.

H o OH
7 R(COCI o JIILLY Zn 1 AcOH O ==
AgCN./OLo(I:u'om O ; ,"
R, HO A OH &g,
14 R,= CH,4 15 R,=CH,4
16 R, =-CH=CH=Ph 17 R,=-CH=CH-Ph

Figure 4.



4454 F. GUERITTE-VOEGELEIN et al.

In contrast to the relatively easy acetylation of 7 leading to 14 and 15
after deprotection, acylation with cinnamoyl chloride has proved to be a diffi-
cult reaction under the usual experimental conditions. Preparation of 13-
cinnamoyl-10-deacetyl baccatin III 17 was finally achieved by the coupling of
cinnamoyl chloride and 7 in the presence of silver cyanide at 110°C in toluene,
followed by the deprotection of the 10 and 7 positions of 16 by treatment with
zinc in acetic acid. The use of more complex acid chlorides such as B phenyl
isoserine (Threo and Erythro) to prepare taxol 1 was not successful in our hands.
Therefore, our next approach was to investigate some addition reactions on the

double bond of the cinnamoyl ester 16.

(o T O reers
16 Os Oy Pb (OAc)
- Toluene OH AcOH o In7AcOH
H H
Ph
18 20 21
In/ AcOH
OH
OH
laaddd ao0e Qe
(o) D
P ‘.‘. Pb{OAc), NH,OH
OH i OAc “acom 0 —_—— NH-OH
HO OBz
H H
Ph
19 22 23
Figure 5.

configuration of the cinnamate ester ié require a cis addition on the 2°',3'
double bond. The reaction of 1§ with osmium tetroxide in pyridine led to the
rapid formation of the 2's 3'-dihydroxy derivative 1§ as a mixture of diastereo-
igomers (2'S, 3'R and 2'R, 3'S) which could be purified by HPLC of the deprotec-
ted mixture 19 (19a and 19b). The 1y »r spectrum of 19a and 19b showed two new
doublets (J = 2) corresponding to the C-3' and C-2' protons. The FAB mass spec-
trum gave peaks at m/z 709 (MH+) corresponding to the addition of two hydroxyl
groups.

Oxidation of iﬁ with lead tetraacetate followed by deprotection of the resul-
ting aldehyde 20 with zinc in acetic acid gave 13-hydroxyacetyl-10-deacetyl
baccatin III 21. In a similar manner oxidation of the mixture 19 gave the alde-
hyde intermediate 22 which was characterized as its oxime 23.

We also tried acylation of baccatin III with crotonyl chloride in order to
Treatment of 7-(2,2,2-trichloroethyloxycarbonyl) baccatin III—é with crotonyl
chloride gave the C-13 ester 24 which yielded 25 after deprotection of the C-7
position.

Hydroxylation of g& with osmium tetroxide followed by deprotection of the

resulting dihydroxy derivative gé with zinc in acetic acid gave the ester 27



Chemical studies of 10-deacetyl baccatin 111 4455

resulting dihydroxy derivative gﬁ with zinc in acetic acid gave the ester 27

c-3'.
/ 23
Zn /ACOH
Cl 0""'
o \\\Q:f/P,

24 26

{o®

which is less active on tubulin than the esters 19 containing a phenyl group at
CHy-CHaCH-CO
———t
Py.

ln/ﬂ

HO

Figure 6.
Structure-activity relationships of these new taxol derivatives will be dis-

cussed in a subsequent publication but it is already interesting to note that, in

activity and that hydroxyl groups at the 2' and 3' positions 19 increase the

activity in comparison to the cinnamate ester 17.

Conclusion.

The results obtained in our work show that it is possible to carry out este-
rification of the extremely hindered C 13-hydroxy group of baccatin III and 10-
deacetyl baccatin III. In particular, hemisynthesis of cinnamate ester 16 allowed
us to prepare some taxol derivatives. This compound would seem to be a good pre-
cursor of taxol itself using Sharpless hydroxyamination18 as described pre-

viously.lq
EXPERIMENTAL SECTION

Due to the complexity of the molecules and the small size of the samples
available, no elemental analysis is given. Purity of the samples was determined
by chromatographic homogeneity amnd careful analysis of NMR spectra (200 MHz or
400 MHz). Preparative T.L.C. was performed on Merck Silica Gel PF-254 plates.
Melting points were observed on a Kofler apparatus, optical rotations measured
(c, g/100 ml1) on a Perkin-Elmer 141 MC, infrared spectra (vem=1, CHCl,) on a
Perkin-Elmer 257, ultraviolet spectra [EtOH, Amax nm (:)] on a Jobin-gvon duospac
203. ig NMR spectra were obtained at 200 MHz or at 400 MHz (Bruker AM 200 or AM
400) using TS as internal standard (coupling constants (J) are given in Hertz
(Hz) ; s, d, t, dd and m indicates singlet, doublet, triplet, doublet of doublets
and multiplet, respectively). Mass spectra were measured on an AEI MS 9 (CI) or
a Kratos MS 80 (FAB). C13 NMR Spectra of taxol derivatives will be presented and
discussed in a further publication.

Acetylation of 10-Deacetyl baccatin III 2

Exp. 1 : Acetic anhydride (0.1 ml) was added to a solution of 2 (17 mg) in
pyridine (1 ml) with stirring at room temperature for 21 h. Work ;b by standard
methods and purification by preparative TLC (solvent : CHgClp-MeQH, 93-7) yielded
7-acetyl-10-deacetyl baccatin III 4 (10 mg) and 7-acetyl baccatin III 5 (8.4 mg).

Exp. 2 : Acetic anhydride (0.18 ml) was added to a solution of 2 (30 mg) in
pyridine (1 ml) with stirring at 60°C for 48 h. Usual work-up and isolation of
the products by preparative TLC (solvent : CH2Cl,-MeOH, 97-3) gave 5 (17 mg) and
7,13-diacetyl baccatin 6 (18 mg). -

Exp. 3 : Acetic anhydride (0.25 ml) was added to a solution of 2 (25.5 mg) in
pyridine (1 ml) with stirring at 80°C for 24 h. Usual work up yielded 7,13-
diacetyl baccatin III 6 (30 mg).

7-Acetyl-10-deacetyl baccatin III 4

Mp 265-266°C (MeOH-H30) ; a]§3 = =56° (¢ = 0.53, CHCl3) ; UV : 231(16100),
275(1090), 280(920) ; IR : 34007 1730, 1710 ; 1H NMR(CDC1,) & : 1.04 (3H, s, C17l~13)
1.09 (3H, s, CygH3), 1.83 (3H, s, CigH;), 1.97 (3H, s, CigH3), 2.08 and 2.32
(2 x 3H, 28, 2 x “OAc), 4.06 (1H, d, J°= 7, C,-H), 4.20 and 4.30 (2H, 24, J = 9,
CooHp), 4.80 (1H, t, J = 9, Cy3-H), 4.95 (1H,”d, J = 9, Cg-H), 5.33 (1H, s,
Ci0-H)y 5.59 (1H, m, C,-H), 5.81 (1H, d, J = 7, Co-H , 7.25, 7.58 and 8.08 (5H,
082) ;'MS(C.1. , 'm/z : 587(Mi%), 569, 551, 509, 387, 327, 309, 123.
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Z-Acetyl baccatin III 5.

Mp 249-251°C (MeOH-H30) ; @qu = -79° (c = 0.6, CHCl,) ; UV : 230(19500),
276(1150), 282(1040) ; IR : 3400, 1730, 1710 ; 1H NMR(CD&lB) 6 : 1,08 (3H, =,

cy H3), 1.13 (3H, s, CygH3), 1.79 (3H, s, Cyq9H,), 2.03 (3H] s, cégﬂ3), 2.10,
216 and 2.29 (3 x 3H, 3s; 3 OAc), 2.60 and ?.go (2H, CgHz), 2.28 (m, Cq4H2),
4,00 (1H, 4, J = 7, C3-H), 4.14 and 4.31 (2H, 2d, J = 9, CpoHp2), 4.86 (1H, t,

J =9, Ci3-H), 4.97 (1H, d, J = 9, C5-H), 5.59 (1H, m, C5-H), 5.62 (1H, d, J =7,
Cp-H), 6.36 (1H, s, C1o-H), 7.46, 7.28 and 8.08 (5H, OBz), MS(CI), m/z : 629
(MH*), 611, 569, 551, 509, 491, 387, 327, 309, 123.

7,13-Diacetyl baccatin III 6.

Mp 236-237°C (MeOH-HZ0) ; [6J§3 = -80° (c = 0.52, CHCl43) ; UV : 232(19500),
275(1380), 282(1250) ; IR : 3400, 1730, 1710 ; 1H NMR (c0813) 6 : 1.17 (3H, s,
Cq7H3), 1.22 (3H, s, Cy6H4), 1.81 (3H, s, CygH3), 1.97 (3H, s, Clgﬂg), 1.80 and
2.%0 (m, 2H, CgHz), 2.03,72.17, 2.21 and 2.32 ?4 x 3H, 4s, 4 OAc), 2.25 (m, 2H,
Ci4Hp), 3.97 (1H, d, J = 7, C,-H), 4.16 and 4.33 (2H, 2d, J = 9, C OHE), 4,98
(1H, 4, J = 9, Cs-H), 5.59 (1H, m, Cy-H), 5.66 (1H, d, J = 7, CZ-H?, .18 (1H, ¢t
J =9, C43-H), 6,26 (1H, s, Cy4-H), 7.48, 7.61 and 8.08 (5H, OBz) ; MS(CI) m/z
671 (MH*)7 653, 611, 593, 551, 491, 489, 429, 369, 309, 123.

7,10-di(2,2,2 Trichloroethyloxycarbonyl)-10-deacetyl baccatin III 2.

2,2,2-Trichloroethylchloroformate (0.085 ml) was added to a solution of 10-

deacetyl baccatin III 2 (100 mg) in pyridine (2 ml) with stirring at 80°C. After
5 min the reaction mixture was treated with Hy0 and extracted with CHyClgy. Usual
work-up and purification by preparative TLC (solvent : CHClp-MeOH, 95-5) yYielded
7 (153 mg). mp 233-234°C (MeOH-HZ0) ; pqu : -58° (¢ = 0.465, CHCl,3) ; UV : 232
T19000), 276(990), 283(810) ; IR : 3420, 1765, 1730, 1720 ; H NM& (CDC13) 1)
1.12 (3H, s, Cq7H3), 1.16 (3H, s, C16H3), 1.85 (3H, s, 019Hg), 2,16 (3H, s,
C18H3), 2.30 (3&, 8, OAc), 2.30 (m, Cy3Hp), 2.05 and 2.65 (2m, CgHz), 4,00 (1H,
d, J°= 7, C3-H), 4.18 and 4.35 (2H, 24, J = 9, CooHg), 4.63 and %.92 (2H, 24,
J = 12, CHp of the protecting group),4.76 and 4.80 (%H, 2d, J = 12, CH, of the
protecting group), 4.92 (1H, t, J = 9, C 3-H), 5.00 (1H, 4, J = 9, Cs-ﬁ), 5.61
(1H, m, C,-H), 5.66 (1H, 4, J = 7, C2-H}, 6.30 (1H, s, Cy0-H), 7.507 7.64 and
8.13 (2H," 1H and 2H, 2t and 1d, J = 7, OBz) 3 MS(CI), m}z 893(MH*), 875, 701,
683, 579, 387, 327, 309, 123.

1,10,13—tri(2,2,2-Trichloroethyloxycarbonyl)-10-deacetyl baccatin III 9.

2,2,2-Trichloroethylchloroformate (0.13 ml) was added to a solution of 2
(100 mg) in pyridine (1.4 ml) with stirring at 80°C. After 30 min, water was
added and the reaction mixture was extracted with CHpClg. Work-up by usualmethods
and gurification by preparative TLC gave 9 (185 mg). mp 229-231°C (MeOH-H,0) ;
[q]% : =55° (c = 0,56, CHCl3) ; UV : 232 nm (19800), 275(1600), 282(1280? 3
IR : 3400, 1765, 1730, 1720 ; 1§ NMR (CDC13) 5 : 1.19 (3H, s, Cy7H3), 1.21 (3H,
s, C16H3), 1.85 (3H, s, CiqH3), 2.12 (3H, =, C18H3), 2.42 (3H, s, 8Ac), 2.40 (m,
CyyHo), 2.06 and 2.65 (m, 8662), 4.00 (1H, d, J =77, C,-H), 4.15 and 4.36 (2H,
2d, 3 = 9, CgoHg), 4.61 and 4.92 (24, J = 12), 4,77 ang 4,80 (2d, J = 12) and
4.88 (s) (3 x CHy of the protecting groups), 4.98 (1H, d, J = 9, Ces-H), 5.69 (1H,
d, J = 7, Co-H), 5.64 (1H, m, Co-H), 6.03 (1H, t, J = 9, C44-H), 2.29 (1H, s,
Ci0-H), 7.51, 7.63 and 8.10 (2H, 1H and 2H, 2t and 1d, J = 9, OBz) ; MS (CI),
m}z 1067 (MH*), 875, 683, 491, 431, 309, 123.

z,1O—di(2,2L2-Trichloroethyloxycarbonyl)-13-methylogycarbony1-10-deacety1
baccatin III 10.

Zinc dust (20 mg) was added to a solution of 9 (30 mg) in methanol (2 ml) with
stirring at 60°C. After ih 30, the reaction mixture was filtered and concen-
trated to dryness. Purification by preparative TLC (solvent = CHyCl,-MeOH, 98-2)
gave 10 (23 mg). 1H NMR (CDCl,) 6 : 1.18 (3H, s, C17H3), 1.21 (3H, s, CygH3),
1.85 (3H, s, CygH4), 2.08 (3H, s, CygHsy), 2.36 (3H, s; OAc), 2.36 (m, Cy4H3),
2,06 and 2.65 ("2m, CgHy), 3.88 (3H,”s, CH,0), 3.96 (1H, d, J = 7, c3-ﬁ), 4,15
and 4.35 (2H, 2d, J = 9, CpgHp), 4.60 and 4.90 (2H, 2d, J = 12), 4.75 and 4.78
(2H, 2d, J = 12) (2 x CHy of the protecting groups), 4.98 (1H, d, J = 9, C5-H),
5.62 (1H, m, C,-H), 5.68°(1H, 4, J = 7, Co-H), 5.95 (1H, t, J = 9, Cy3-H)] 6.26
(1H, s, C,p-H), 7.50, 7.63, 8.08 (2H, 1H and 2H, 2t and id, J = 7, OBz) ; MS (CI)
m/z 951 (ﬁg*), 933, 759, 683, 491, 369, 309, 123,

13-Methyloxycarbonyl-10-deacetyl baccatin III 11,

Zinc dust (20 mg) was added to a solution of 10 (23 mg) in acetic acid (1 ml)
with stirring at 40°C for 2 h. The reaction mixture was filtered, concentrated and
extracted with ethyl acetate. The rganic layer was washed with water, brine and
dried (MgSOq). Filtration and concentration gave a quantitative yield of 11. mp
208-210°C (MeOH-H30) ; [aJ&3 = -70°C (c = 0.38, CHCl,) ; UV : 231(16600),~ 375
(1130), 282(955, EtOH) ; IR : 3450, 1740, 1720, 1705°; iy om (cbC1,) 6 : 1.08
(BH’ 8, C17H ), 1.11 (3“1 8, ci Hi), 1,70 (3“9 s, C 9H3)1 1.95 (3“7 8, c18H ),
2.27 (3H, s,70Ac), 2.27 (m, C4 ﬁz?, 1.94 and 2.46 (2m, CgHp), 3.81 (3H, s, 8CH3),
3.88 (1H, 4, J = 7, C4-H), 4.1 (14, m, C5-H), 4.13 and 4.26 (2H, 2d, J = 9,
CogHg), 4.92 (1H, 4, 3 =9, C5-H), 5.19 (1H, s, Cy5-H), 5.56 (1H, d, J = 7, Cy-H)
5.84 (1H, t, J = 9, ¢C 3-H) 741, 7.54 and 7.98 (2H, 1H and 2H, 2t and 14, J = 7,
0Bz) ; MS(CI), m/z 603> (Mut), 585, 509, 387, 345, 327, 309. 123.
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Compound 12.

Ethylene glycol (1.2 ml) was added to a solution of 9 (43 mg) in DMF (0.6 ml)
with stirring at 80°C for 22 h. The reaction mixture was concentrated and puri-
ficated by preparative TLC (solvent : CH,5Cl -MeOH, 97.5-2.5) to give 12 (27.5 mg).
14 NMR (CDC1l,) : 1.19 (3H, s, Cq7H3), 1.21 %BH, s, Cq6H3), 1.84 (3H, s, CygH3),
2.08 (3H, s,’CygHq), 2.36 (3H, s, 8Ac), 2.36 (m, Cq4Hp)7 2.04 and 2.62 (m, CgH2),
3.91 and 4.36 (°2'x 2H, m, HOCHaCH20), 3.94 (1H, d, J = 7, C5-H), &.14 and
4.33 (2H, 2d, J = 9, CggHy), 4,60 and 4.90 (2H, 2d, J = 12), 4777 and 4,79 (2H,
2d, J = 12) (2 x CHp of the protecting groups), 4,98 (1H, a4, J = 9, C5-H), 5.60
(1H, m, Co-H), 5.66 (1H, d, J = 7, Ca-H), 5.94 (1H, t, J = 9, Cq3-H), 6.27 (1H,
s, Cio-H), 7.50, 7.62 and 8.08 (2H, 1H, 2H, 2t and 1d, J = 7, OBz) ; MS(CI), m/z
981 %MH+), 963.

13- (2-Hydroxyethyloxycarbonyl)-10-deacetyl baccatin III 13.

Zinc dust (30 mg) was added to a solution of 12 in acetic acid (1 m1) at 40°C
for 4 h, with stirring. Filtration, concentration and purification of the crude
mixture by preparative TLC (solvent : CHpCl,-MeOH, 90-10) gave 12 mg of 13 (68%) ;
Ced 3 - -72° (¢ = 0.33, CHCl,) ; UV : 231(13200), 275(1620), 282(1360) ; IR :
3450, 1740, 1720, 1705 ; 1H RMR (CDC1,) & : 1.14 (3H, s, C17H3), 1.19 (3H, s,
CygH3), 1.76 (3H, s, CygH,), 2.02 (3H, s, CygH ), 2.36 (3H, s, OAc), 2.02 and
2.22 (2m, CgHp), 2.34 (m, Cq4Hp), 3.93 and &.33 (2 x 2, m, HOCH2-CH20), 3.99
(1H, d, J = 7, Cqa-H), 4.18 and 4.30 (2H, 2d, J = 9, CyoHa), 4.30 (1H, m, Cp-H),
4,99 (1H, 4, J =79, Cg-H), 5.27 (1H, s, Cy0-H), 5.67 (1H, d, J = 7, Cz-H), 5.93
(iH, t, J = 9, Cy3-H); 7.50, 7.63 and 8.09 (2H, 1H and 2H, 2t and 1d, J = 7,
0Bz) ; Ms(cI}, m/3 633 (MH*), 615, 597, 527, 509, 405, 345, 123, 89.

7,10-di(2,2,2-Trichloroethyloxycarbonyl)-13-acetyl-10-deacetyl baccatin II1 14.

A solution of 7 (65 mg) in toluene was stirred at 80°C. Acetyl chloride
(0.055 ml) and silver cyanide (42 mg) were added to the reaction mixture. After
3 h, water was added and the reaction was extracted with CH2C1 . Usual work-up
and purification by preparative TLC (solvent : CHyClp-MeOH) gave 14 (46 mg)
[x]p = -48° (¢ = 0.35, CHCl3) ; UV : 232(16200), 275%1320), 282(1210) ; IR :
3450, 1765, 1730, 1715 cm-17; 1 R (CDC14) & : 1.17 (3H, s, CyoH4), 1.24 (3H,
s, Ci6H3), 1.84 (3H, s, CygH3), 2.03 (3H, 3, C,gH3), 2.21 and 2.36 (2 x 3H, 2s,
2 x OAc?, 3.94 (1H, 4, J =777 C4-H), 4.16 and 4%33 (eH, 24, J = 9, CpoHa), &.61
and 4.91 (2H, 24, J = 12), 4.797(2H, s) (2 x CHy of the protecting groups) ; 4.99
(1H, d, J = 9, C5-H), 5.59 (1H, m, C,-H), 5.70 (1H, d, J = 7, Cp-H), 6.21 (1H,
t, J =9, Cyq-H)7 6.27 (1H, s, C49-H), 7.50, 7.62 and 8.08 (2H, 1H and 2H, 2t
and 1d, J = 7, OBz) : MS(CI), m/z 935 (MH*), 743, 683, 623, 561, 369, 309, 291,
123,
13-Acetyl-10-deacetyl baccatin IIT 15.

Zinc dust (20 mg) was added to a solution of 14 (46 mg) in acetic acid (1.5
ml) at 40°C with stirring. After 2h 30, the reaction was filtered and extracted
with ethyl acetate. Purification by preparative TLC (solvent : CHyCl,-MeOH,
95-5) gave 20 mg of 15. Ca123 = -69° (¢ = 0,67, CHCl,) ; UV : 232?16100), 276
(1290), 282(1200) ; IR : 3 Bo, 1730, 1715 ; 1H NMR ?CDCl ) & : 1.11 (3H, s,
CyoHg), 1.21 (3H, s, CygH3), 1.74 (3H, s, CygH3), 1.94 (3H, s, CygHj), 1.86 and
2.%9 (2, CgH,), 2.23 and”2.32 (2 x 3H, 2s, 3 X OAc), 2.23 (m, C,uH3), 3.95 (1H,
d, J = 7, c3-§), 4.18 and 4.32 (2H, 2d, J = 9, CpoHy), 4.26 (m, 57-H), 4,98 (1H,
d, J = 9, Cz-H), 5.22 (1H, s, C;o-H), 5.67 (1H, d, J = 7, Cy-H), 6.16 (1H, t,
J=9,C 3-3), 7.48, 7.60 and 8.87 (2H, 1H and 2H, 2t and 1d, J = 7, 0Bz) ; MS
(c1 ), m}z : 587 (MH%), 569, 551, 527, 509, 405, 387, 345, 327, 123.

7,10-di(2,2,2-Trichloroethyloxycarbonyl)-13 cinnamoyl-10 deacetyl baccatin III}Q.

.
r

Oxalyl chloride (0.057 ml) was added to a solution of cinnamic acid (50 mg) in
dry toluene (1 ml) with stirring at 60°C for 30 min. After distillation of
oxalyl chloride, 2 ml of dry toluene, compound 7 (60 mg) and silver cyanide

(40 mg) were added and the reaction mixture was heated at 110°C for 20h. After
filtration, extraction with ethyl acetate and usual work-up, the product 16 (42
mg) was isolated by preparative TLC (solvent : CHpClpa-MeOH, 99.5-0.5). 16 :

«]23 - -56° (c = 0.57, CHCl,) ; UV : 217(26800Q), 222(26900), 232(16100), 276
24800) ; IR : 3420, 1760, 1725, 1710, 1635 ; 14 NMR (CDC1l,) & : 1.29 (3H, s,
Cy7Hq), 1.29 (3H, s, CygH3), 1.88 (34, s, CygH3), 2.16 (3H7 s, CygH3), 2.31 (3H,

Ogc). 3.99 (1H, d, J =77, C4-H), 4.20 and 4734 (2H, 2d, J = 9, CpoHp), 4.62
and 4.93 (2H, 2d, J = 12), 4.79 (2H, s) (2 x CHy of the protecting groups), 5.02
(14, 4, J = 9, Cs-H), 5.62 (1H, m, Cy-H), 5.73 (1H, d, J = 7, Cz-H), 6.21 (1H, t,
J =8, Cy3-H), 630 (1H, s, C,,-H), 6.53 and 7.89 (2H, 2d, J = 16, Co,-H and
Cg,-H) s “7.45 and 7.60 (5H, ﬁg) ; 7.45, 7.60 and 8.07 (5H, OBz) ; MS (C.I), m/z
1623 (MHY), 1005, 831, 813, 683, 665, 491, 431, 369, 309, 291, 149, 131, 123.

13-Cinnamoyl-10 deacetyl baccatin III 17.

Zinc dust (15 mg) was added to a solution of 16 (30mg) in acetic acid (1.5ml) at
40°C for 2 h, Filtration, concentration, extraction with ethyl acetate and puri-
fication by preparativg TLC (solvent : CH,Cl,-MeOH, 93-7) gave 14 mg of 17. mp =
229-231°C (MeOH) : [x]83 = -104° (c = o.hg, 8Hc1 ) ; UV : 217(26200), 221(26100),
232(16400), 276(24600) ; IR : 3440, 1725, 1710, ?635 ;+ 'H NMR (cDC1,) & : 1.15

(s, 3H, C17H3), 1.25 (3H, s, C16H3), 1.78 (3H, s, C19H3), 2.06 (3H, s, C,gH4) .
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2.28 (34, s, OAc), 4.00 (iH, d, J = 7, C.-H), 4.31 (m, Co-H), 4.20 and 4.31 (2H,
2d, J = 9, CgoH2), 4.99 (1H, d, J = 9, Cg-H), 5.28 (1H, 's, Cyo-H), 5.70 (1H, d,
J =7, C,-H), 6,18 (1H, t, J = 8, cig-u), 6.51 and 7.85 (2H, 53, J = 16, Cy,-H
and C .-ﬁ); 7.45 and 7.58 (5H, Cq:- “Ph), 7.45, 7.58 and 8.07 (5H, OBz) ; MS
(c.I); m/z 675 (MH*), 657, 639, 527, 509, 491, 405, 387, 345, 327, 149, 131,
123,

Compound 18.

Osmium tetroxide (54 mg) was added to a solution of 16 (140 mg) in pyridine
(3.6 ml) at room temperature with stirring. After 1ih, sodium bisulfite (245 mg)
in water (3.6 ml) was added. The reaction mixture was left at room temperature
for 2h and extracted with ethyl acetate. Usual work-up and purification by pre-
parative TLC (solvent : CH,Cl,-MeOH, 94-6) gave 18 (115 mg) (mixture of two
diastereoisomers). IR : 3580, 1760, 1730 and 1715 cm-1 ; 1y NMR (CDC1l.,) &
1.19 (s, CyoH4), 1.26 (s, CygH,), 1.84 (s, CygH3), 2.02 (s, C,4gH3), 2.34 (s,
OAc), 3.88 (4, J =7, ¢C —H}, .17 and &4.31 (3d, J = 9, CgoHp), 4,40 and 4.46
(1d, J = 3 and brs, C .-3), 4,96 (a, J = 9, C5-H), 5.09 and 5.21 (1d, J = 3 and
brs, Cq:+-H), 4.61, 4.%2 and 4.79 (2d, J = 12 "and 1s, CH,; of protectinggroups),
5.56 (m, C--H), 5.69 (d, J = 7, Cy-H), 6.22 (t, J =9, C 3-H), 6.26 (s, C4yg-H),
7.44 and 7.53 (5H, C,4,-Ph)}, 7.53, 7.66 and 8.07 (5H, OBz} ;+ MS (¢.I), m/z : 875
(MH* - side chain), 383, 491, 369, 309, 165, 137, 123.

13-(2',3'-dihydroxy-3' phenyl propanoyl)-10-deacetyl baccatin III 19a and 19b
(2'R, 3'S and 2'S, 3'R) :

Zinc dust (20 mg) was added to a solution of 18 (51 mg) in acetic acid (2 ml)
at 40°C for 5 h, After filtration and concentration, the reaction mixture was
extracted with ethyl acetate. Purification by preparative TLC (solvent : CHgClo-
MeOH, 92.5-7.5) gave 21 mg of 19a and 4 mg of 19b.

19a : @qu = -59° (c = O.44, CHCl3) ; UV : 219(14400), 230(15700), 275(1210),
282(1100); IR : 3450, 1735, 1720 7 1H NMR (CDCl,) & : 1.12 (3H, s, C17H3), 1.23
(34, s, C16H3), 1.74 (3H, s, CygH3), 1.89 (3H, s7 CygH3), 2.20 (3H, s, OAc),
3.87 (1H, 4, J = 7, C4-H), 4.1% and 4.19 (2H, 24, J = 3, CooHz), 4.22 (1H, m,
Cp-H), 4.38 (1H, d, J°= 2, C2.-H), 4.93 (1H, 4, J = 9, C -H?, 5.05 (1H, 4, J =2,
C3:-H), 5.21 (1H, s, Cy9-H), 5.66 (1H, d, J = 7, Co-H), 6.19 (1H, t, J = 9,

c 3-H), 7.43 and 7.53 (5H, C3.-Ph), 7.53, 7.66 and 8.08 (5H, 0Bz) ; MS (FAB),
m}z 709 (MHY).

19b : &ggB = -73° (c = 0.33, CHCl,) ; UV : 220(15000), 230(17400), 275(1650),
282(1400) ; IR : 3450, 1735, 1715.° 1H NMR (CDCl,) 6 : 1.12 (3H, s, Cy7Hj3), 1.22
(3H, s, c16n3), 1.76 (3H, s, CqgH3), 1.88 (3H, s; CqgH3), 2.27 (3H, s, OAc) ;
3.94 (1H, m, C4-H), 4.18 and 4.317(2H, 2d, J = 9, CgoH3), 4.24 (1H, m, Co-H),
4.43 (1H, 4, J°= 2, Cy,-H), 4.96 (1H, d, J = 9, Cs-H), 5.17 (1H, d, J = Z, Coy-
5.23 (1H, s, C409-H), 5.68 (1H, d, J = 7, Cyp-H), 6726 (1H, t, J = 9, C,,-H),
z.qg and 7.48 (5H, C3:-Ph}, 7.48, 7.62 and 8.05 (5H, OBz) ; MS(FAB), m/z 709
MHY).
13-Hydroxy acetyl-10-deacetyl baccatin III 21%.

Lead tetraacetate (230 mg) was added to a solution of 18 (360 mg) in acetic
acid (5 ml) with stirring at room temperature for 30 min. Usual work-up and
purification by preparative TLC (solvent : CH2Cl,;-MeOH, 95-5) gave 20 (309 mg).
Compound 20 (30 mg) was treated with zinc dust (15 mg) in acetic acid (1 ml) at
60°C for 1 h. Filtration, usual work-up and purification by preparative TLC
(solvent : CHpClp~MeOH, 90-10) yielded 21 (20 mg) : mp = 188-}90°C (MeOH)

[x]23 = -48° %c = 0.4, MeOH) ; IR : 3560, 3450, 1730, 1715 ; "H NMR (CDCl;-
CD,0D) & : 1.12 (3H, s, Cy7H3), 1.19 (3H, s, Cy16H3), 1.72 (34, s, C19H3), 1.92
(38, s, Cy8H3), 2.23 (2H, Cy4Hp), 2.29 (3H, s, OAc), 2.5 (1H, Cg-H), 3.88 (1H, d,
J =7, Ca-H), 4.18-4.28 (5H, CpoHy , Co-H and C2:Hp), 4.18 and 4.28 (2H, 2d, J =
8, Czoﬂz?, 4,18 (1H, m, C,-H), g.aq (25, d, J = 7.5, Ca:H3), 4.95 (1H, 4, J = 9,
C5-HY, 5.21 (1H, s, Cyo-Hf, 5.63 (1H, 4, J = 7, Cp-H), 6.23 (1H, t, J = 9, Cli-H)
7-45, 7.58 and 8.01 (5H, OBz) ; MS (C.I), m/z 603 (MHV), 585, 567, 527, 509, %05,
387, 345, 327, 123, 105, 77.

Compound 23.

Lead tetraacetate (28 mg) was added to a solution of 19 (a + b) (30 mg) in
acetic acid (1 ml) with stirring at room temperature for 30 min. Usual work-up
and purification by preparative TLC (solvent : CH3Clp-MeOH, 90-10) gave 22 (19
mg). Refluxing a mixture of 22 (9 mg) and hydroxylamine hydrochloride (4 mg) in
pyridine (1 ml) for 20 min. yielded 23 in quantitative yield after usual work-upj

a]23 = -51° (c = 0,14, MeOH) ; 14 NMR (CDC1,-CD,0D) & : 1.13
(3H, s, Cq7Hq), 1.21 " "(3H, s, CyeH3), 1.76 (3H, s, CygH3), 2.00 (3H, s, CygH3),
2,31 (3H, s, OAc), 3.93 (1H, 4, J =77, C,-H), 4.26 (1H, m, C,-H), 4.28 (2H, d,
J =9, CagHp), 5.01 (1H, d, J = 9, C-H) 5.29 (1H, s, C O-H?, 5.69 (1H, d, J =
7, Co-H), 6728 (1H, t, J = 9, Cq44-H)7 7.66 (1H, s, c2.-H}, 7.52, 7.64 and 8.11
(5H, OBz) ; MS (FAB), m/z 616 (MA*), 598, 580, 527, 509.

7-(2,2,2-Trichloroethyloxy carbonyl)-13-crotomoyl baccatin III 24.

To a solution of 8 (200 mg) in dry toluene (8 ml) was added silver cyanide
(455 mg) and crotonyl chloride (0.76 ml). The reaction mixture was stirred at
110°C for 24 h. Filtration, extraction with CH2Clz and concentration gave a

H)
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mixture which was purified by preparative TLC (solvent : CHpCl,-MeOH, 99-1) to
give 24 (120 mg). IH NMR (CDC13) 6 : 1.17 (3H, s, Cy7H,), 1.722 (3H, s, CycH,),
1.88 (3H, s, C Hy), 1.98 (3H, da, 3 - 7 et J = 2, cg.-33 , 2.04 (3H, s, 0188 3
2.18 and 2.30 }3 x 3H, 2s, 2 OAc), 4.00 (1H, d, J = 7, C3-H), 4.19 and 4.33

(2H, 2d, J = 9, CgoHy), 4.99 (1H, d, J = 9, Cg-H), 4.65 and 5.41 (2H, 24, J = 12
CHp of the protecting group), 5.61 (1H, m, C7H), 5.69 (1H, d, J = 7, Cp-H),

5.96 (1H, dd, J = 15 and J = 2, Cy,-H), 6.13 (H, t, J = 9, Cy3-H), 6.40 (1H, s,
Ci0-H), 7.18 (1H, dd, J = 15 and J = 7, C3.-H), 7.48, 7.60 and”8.06 (5H, OBz).

13-Crotonoyl baccatin III 25.

Zinc dust (50 mg) was added to a solution of 24 (50 mg) in acetic acid with
stirring at 40°C for 3 h. Filtration, concentration of the solution and puri£§-
cation by preparative TLC (solvent : CH3Cl,-MeOH, 97-3) gave 25 (25 mg). o ;7 =
- 62° (c = 0,56, EtQH) ; UV : 226(20200?, 374(1750), 282(1510, EtOH) ; IR :
3500, 1730, 1650 ; IH NMR (CDC14) & : 1.13 (3H, s, Cy7H3), 1.25 (3H, s, CygHq),
1.68 (3H, s, C19H3), 1.95 (3H, s, CygH3), 1.97 (3H, dd,”J = 7 and J = 2, cqv& )
2.25 and 2.28 (2 x 3H, 2s, 2 0Ac§. 3.83 (1H, 4, J = 7, C3-H), 4.18 and 4.31
(2H, 2d, J = 9, CgoHp), 4.45 (1H, m, C,-H), 5.00 (1H, 4, J =79, Cg-H), 5.68 (1H,
d, J =7, Ca-H), 5.95 (1H, dd, J = 15 and J = 2, Cg.-H), 6.15 (1H7 t, J = 9,
Cy3-H), 6.33 (14, s, Cy9-H), 7.16 (1H, dd, J = 15 and J = 7, C3:-H), 7.50, 7.61
and 8.07 (5H, 0Bz). MS ?FAB) m/z 655 (MH*), 637, 595, 577, 509, 491, 449, 349,
327, 309.

Compound 26 (2'S, 3'R and 2'R, 3'S).

Osmium tetroxide (47 mg) was added to a solution of 24 (100 mg) in pyridine
(3 ml) at room temperature with stirring for 1 h. Sodium bisulfite in water was
added. Extraction with ethyl acetate and purification by preparative TLC (solvent
Hexane-EtOAc, 40-60) gave 26 (43 mg, mixture of diastereoisomers). IR : 3500,
1765, 1730 ; 1H NMR (cnc157 6 : 1.18 (s, CqoHy), 1.26 (s, CygH,), 1.40 and 1.36
(2d, J = 6, cQ.H3), 1.85 “(s, CigHa), 2.06 ana 2.01 (2s, clggB?, 2.17 (s, OAc),
2.30 (s, OAc), 3298 (4, J = 7, c3-a), 4.12 (m, Cg,-H), 4.33 and 4.18 (4, J = 9,
CooHz), 4.65 (s, CHy of the protected group), 4.96 (d, J = 9, Cg5-H), 5.58 (m,
C7-H§, 5.68 (d, J = 7, Cp-H), 6.33 and 6.23 (t, J = 9, Cy3-H), 3.50 (s, Cqg9-H),
8.06, 7.65 and 7.51 (0Bz) ; MS(I.C) m/z : 863 (Mu*), 803,7785, 743, 683, 621,
123, 121 (CH3CH0H-CHOH-COOH + HY).

Compound 27 (2'S, 3'R and 2'R, 3'S).

Zinc dust (20 mg) was added to a solution of 26 in acetic acid (2 ml) at 40°C
for 2 h. Filtration, concentration, extraction with ethyl acetate and purifica-
tion by preparative TLC (solvent : CHyClp-MeOH, 97-3) gave_ 10 mg of 27. UV(EtOH)
231(13360), 276(1410), 283(1420). IR : 3300, 3500, 1700. H NMR (CDCL,) &

1.18 (s, C4 H3), 1.25 (s, CygH,), 1.41 and 1.36 (24, J = 6, C4H,y), 1.868 (s,
CigHj), 1.95 and 1.93 (2s, Cy;g"H,), 2.23 (s, OAc), 2.30 (s, OAc); 3.83 (4, J = 7,
C4-HJ, 4.08 (m, Cp.-H), 4.30 and” 4.16 (d, J = 9, C, Hy), 4.47 (m, Co-H), 4.95
(3, J =9, Cs-H), 5.66 (d, J = 7, Ca-H), 6.33 and 6.26 (2t, J = 9, Cy3-H), 6.32
(s, Cqio-H), 5.05, 7.61, 7.48 (0Bz). MS (FAB) m/z : 689 (Mu%), 671, 625, 611, 569,
551, 527, 509, 449, 121 (CH3-CHOH-CHOH~COOH + HY).
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