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The poor quality of the crystals of (2) and their weak 
diffraction power are probably responsible for the relatively 
high value for R. In this case, DIFABS (Walker & Stuart, 
1983) was used for an absorption correction as the appropriate 
number of strong reflections with useful setting angles was not 
found. 

For both compounds, data collection: P2] software; cell re- 
finement: P2j software; data reduction: PRADIR (Jask61ski, 
1990); program(s) used to solve structures: SHELXS86 
(Sheldrick, 1990); program(s) used to refine structures: 
SHELXL93 (Sheldrick, 1993); molecular graphics: Stereo- 
chemical Workstation (Siemens, 1989); software used to pre- 
pare material for publication: SHELXL93. 

This study was supported jointly by projects 
2 0759 91 01 KBN and S/II. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates, bond distances and angles involving non-H atoms 
for compound (1), bond distances and angles involving H atoms 
for compound (2), and torsion angles have been deposited with the 
IUCr (Reference: AB1206). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract  

The title compound,  3,4,6,8,11-pentahydroxy-4- 
demethyl - 1 -triethyl s i loxy-5,4-epoxymethanotaxen- 12- 
one (C26H4408Si), has been prepared in the search 
for new semi-synthetic analogues of  taxol. It has 
been obtained from 2-debenzoyl-4,10-bisdeacetyl-7- 
triethylsilyl-baccatin III when treated in an alkaline or 
acidic medium. The structure was established as part 
of a contribution to the knowledge of  structure-activity 
relationships. An intramolecular hydrogen bond is es- 
tablished between the hydroxyl groups HO13 and HO4. 
In addition, a hydrogen-bond network engaging all the 
hydroxyl  groups of  the molecule links the different 
molecules in the crystal. 

C o m m e n t  

Taxol paclitaxel, a diterpene isolated in only low yield 
from the bark of several species of  the Taxus genus 
(Wani, Taylor, Wall, Coggon & McPhail ,  1971) and 
taxotere, a semi-synthetic analogue, are two of the 
most promising new drugs studied in the field of  
cancer chemotherapy (Gu6nard, Gu6ritte-Voegelein & 
Potier, 1993; Rose, 1992; Horwitz,  1992; Therre, 1993). 
They act by a unique mechanism: both promoting the 
assembly of  tubulin into microtubules and stabiliz- 
ing the microtubule assembly against depolymerization. 
The knowledge of the three-dimensional structure of  
either active or inactive compounds in this series is 
important in order to establish structure-activity rela- 
tionships. The title compound,  (1), has been obtained 
by rearrangement  of  2-debenzoyl-4,10-bisdeacetyl-7- 
triethylsilyl-baccatin III (2) in an alkaline or acidic 
medium (Wahl, Gu6ritte-Voegelein, Gu6nard, Le Gof f  
& Potier, 1992; Farina & Huang, 1992), 10-deacetyl- 
baccatin III being a natural precursor of  taxol isolated 
from yew leaves (Chauvi6re, Gu6nard, Picot, Senilh & 
Potier, 1981). After introduction of  the taxotere-O13- 
side-chain in compound (1), the product thus obtained 
shows no inhibition of  the rate of  diassembly (IC50 = 0) 
of  tubulin. 
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The structure of (1) with atomic labelling is shown in 
Fig. 1. The absolute configuration is that of the taxane 
tricyclic (A, B, C) ring system (Wani, Taylor, Wall, 
Coggon & McPhail, 1971). 

o'0 1 

Fig. 1. Perspective view of  the molecule. 

The cycloctane ring (B) adopts the most stable 
boat-chair conformation, as shown by the torsion 
angles with atoms C1 and C9 as the ends. This ring 
is t rans- fused along the C3---C8 bond to the six- 
membered ring C, which exibits a chair conforma- 
tion flattened in C4 [atoms C7 and C4 deviated by 
0.76 (2) and -0 .34  (1)2~, respectively, from the mean 
plane of the other four atoms]. The adjacent tetrahy- 
drofuran ring, fused at C2, C3 and C4, is envelope- 
shaped with C20 as the flap at -0 .52  (1),~ from the 
mean plane formed by atoms C2, C3, C4 and 02. 
Ring A, 'double-bridged' to the central ring, exhibits the 
1,3-diplanar boat conformation with C l l  only 0.36 (1) 

and C15 0.98 (1)A fully above the mean plane of the 
atoms C13, C12, C14 and C1 [maximum deviation: 
0.01 (1)A]. These conformations are more or less iden- 
tical for all the baccatin derivatives resolved by X- 
ray analysis: baccatin V (Castellano & Hodder, 1973), 
O-cinnamoyltaxicin-I triacetate (Begley, Frecknall & 
Pattenden, 1984), 14/3-hydroxy- 10-deacetylbaccatin III 
(Appendino et al., 1992), N-ter t -bu toxycarbony l - lO-  
deacetyl-N-debenzoyltaxol (Gurritte-Voegelein et al., 
1990), 9-dihydro-13-acetyl-baccatin III (Gunawardana 
et al., 1992). 

It can be noted that all the hydroxyl groups are 
engaged in hydrogen bonds. A strong intramolecular 
hydrogen bond (2.78 A) appears between HO13 and 
the O atom of HO4 with the following characteris- 
tics: O 1 3 - - H - . . 0 4  = 2.78 (2), H(O13)- . .04 = 1.82,~; 
O 1 3 - - H . . . 0 4  = 160.2 °. 

In the crystal (Fig. 2), the molecules are linked 
together in the direction of the a axis through two 
hydrogen bonds of 2.82 and 2.94 ,~,. These hydrogen 
bonds are established between the hydroxyl groups 
HO4 and HO5 of one molecule and the carbonyl 09  
atom of the next molecule according to the following 
scheme: O4-- -H. . .09  (x - 1, y, z) = 2.82 (2), HO4- . -09  
= 1.84/~,, O4---H.. .O9 = 164.4°; O 5 - - H . . . O 9 ( x -  
1, y, z) = 2.94 (2), H O 5 . . . 0 9  = 2.01,4,, O 5 - - H - . - 0 9  
= 153.1 °. 

These chains of molecules are bound to chains of 
1 identical molecules of symmetry (1 - x, i + y, 

2 - z) by means of two other hydrogen bonds, O10--- 
H. . .O1 and O1- -H. . .O13 ,  according to the following 

1 scheme: Ol(k- -H. . .O1H(2 - x, i + y, 2 - z) = 2.88 (2), 
H(O10).. .O1 = 2.04/~, O10---H...O1 = 139.5°; O 1 - -  
H.. .O13(1 - x, y - ½, 2 - z) = 2.66(2), H(O1)..-O13 
= 1.71 ,~, O I ~ H . . . O 1 3  = 155.7 °. 

° I ~ ; , - 1 . ~ . 7 8 A  ~K- % 
~-"~ ~ z ~ ~ 2 " "  2.8 2 ~ - ~ . ' 6  

0 

Fig. 2. Packing of  the molecules showing the hydrogen-bond network. 

Exper imenta l  

(1) was obtained as described in the literature (Wahl, Gu6ritte- 
Voegelein, Gu6nard, Le Goff & Potier, 1992; Farina & 
Huang, 1992). (1) has m.p. 401-403 K (CH2C12) and [a]o = 
-42 (EtOH, c = 1.04). Peaks at m/z 535 [M + Na] ÷, 
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513 [M + H] + and 495 [M + H - H20] can be found in 
the FAB mass spectrum. The IR spectrum shows absorption 
at u = 3430, 2960, 1695, 1600 cm -1.  The chemical shifts, 6 
p.p.m., of  the protons in the IH NMR spectrum (CDCI3 + 10% 
CsDsN) are: 0.37 (6H, q, J = 8, CH2Si), 0.78 (9H, t, J = 8, 
CH3CH2Si), 0.85 (3H, s, C16H3), 0.98 (3H, s, C17H3), 1.23 
(3H, s, C19H3), 1.75 (1H, m, C6H/3), 1.91 (3H, s, C18H3), 
2.13 (1H, m, C6Ha),  2.41 (1H, dd, J = 9, J' = 15, C14H), 
2.58 (1H, dd, J = 1, J' = 15, C14H), 3.49 (1H, d, J = 7, 
C3H), 3.70 and 3.85 (2H, 2d, J = 10, C20H2), 3.76 (1H, dd, 
J = 11, J' = 5, C7H), 4.04 (1H, d, J = 7, C2H), 4.26 (1H, t, 
J -- 9, C5H), 4.34 (1H, d large, J = 9, C13H), 4.93 (1H, s, 
C10H). The chemical shifts, 6 p.p.m., of  the C atoms in the 13C 
NMR spectrum (CDCI3) are: 4.87 (CH2Si), 6.71 (CH3CH2Si), 
14.83 (C19), 16.89 (C18), 18.65 (C16), 28.26 (C17), 38.07 
(C6), 38.07 (C14), 42.41 (C15), 52.47 (C3), 56.60 (C8), 68.59 
(C13), 73.61 (C5), 71.86 (C7), 74.46 (C20), 75.84 (C1), 76.48 
(C10), 84.51 (C4), 84.92 (C2), 139.32 (C l l ) ,  141.12 (C12), 
211.49 (C9). 

Crystal data 

C 2 6 H 4 4 0 8 5 i  
Mr = 5 1 2 . 7 2  

Monoclinic 
P21 
a = 8.323 (4) .~, 
b = 10.569 (5) 
c = 17.022 (10) 
/3 = 100.15 (2) ° 
V = 1473.9 (13) ~3 
Z = 2  
Dx = 1.16 Mg m -3 

Data collection 
Nonius CAD-4 diffractom- 

eter 
0/20 scans 
Absorption correction: 

none 
2766 measured reflections 
2674 independent reflections 
1630 observed reflections 

[I > 2.5a(/)1 

Refinement 
Refinement on F 
R = 0.105 
wR = 0.145 
S = 1.25 
1615 reflections 
285 parameters 
H-atom parameters not 

refined 
W = 1/ [cr2(F)  + 0 . 1 6 3 2 3 0 F  2] 

Cu Ka radiation 
A = 1.5418/~, 
Cell parameters from 25 

reflections 
0 = 13.4-22.2 ° 
# = 1.03 mm -I 
T = 293 K 
Prism 
0 . 3 0  x 0 . 2 0  x 0 .13  mm 
Colourless 

Rim -- 0 . 0 7 9  

0m,x = 6 5 . 6 8  ° 

h = - 9  ---~ 9 
k = 0 ---~ 12 

l = 0 --~ 20  

3 standard reflections 
frequency: 166 min 
intensity decay: none 

(A/cx)max = 0 . 0 4  
mpmax = 0 . 5 3  e A, -3  
mpmin = - 0 . 5 6  e A, - s  

Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol IV, Table 2.2B) 

Table 1. Fractional atomic coordinates and isotropic or 
equivalent isotropic displacement parameters (~2 )  

Uis o for  C 2 1 - C 2 6 ;  Ueq = ( 1/3)~i ~ j  Uija~ aj* ai .a)  for other atoms. 

x y z Uiso/Ueq 
CI 0.7446 (12) -0 .0157 (13) 0.9630 (7) 0.044 (11) 
C2 0.6801 (12) -0.0723 (14) 0.8826(6) 0.041 (11) 
C3 0.6388 (11) 0.0138 (12) 0.8073 (6) 0.037 (10) 

C4 0.4554 (13) 
C5 0.3929 (13) 
C6 0.5218 (13) 
C7 0.6778 (13) 
C8 0.7618 (13) 
C9 0.9228 (11 ) 
C10 0.9349 (11) 
CI I  0.8630 (11) 
C12 0.7356 (12) 
C13 0.6175 (14) 
C14 0.6232 (14) 
C15 0.9073 (!1) 
C16 1.0429 (13) 
C17 0.9750 (15) 
C 18 0.6803 (I 7) 
C19 0.8045 (14) 
C20 0.4331 (14) 
O 1 0.7820 (9) 
O2 0.5346 (11) 
O4 0.3753 (9) 
05 0.2616 (10) 
O7 0.7870 (9) 
09  1.0440 (8) 
010 1.0986 (9) 
013 0.4630 (10) 
Si 0.8044 (6) 
C21 !.0141 (12) 
C22 1.0581 (17) 
C23 0.761 (2) 
C24 0.885 (4) 
C25 0.6503 (19) 
C26 0.661 (4) 

--0.0163 (14) 0.7747 (7) 0.047 (11) 
0.0032 (14) 0.6865 (9) 0.054 (13) 

--0.0052 (17) 0.6354 (8) 0.056 (14) 
0.0625 (15) 0.6691 (7) 0.053 (12) 

--0.0040 (13) 0.7481 (7) 0.045 (11) 
0.0660 (11 ) 0.7784 (6) 0.036 (9) 
0.1860 (12) 0.8330 (6) 0.036 (9) 
0.1721 (12) 0.9086 (6) 0.035 (9) 
0.2423 (12) 0.9166 (7) 0.040 (10) 
0.2139 (17) 0.9723 (8) 0.060 (14) 
0.0724 (16) 0.9955 (8) 0.058 (13) 
0.0581 (12) 0.9659 (6) 0.036 (9) 

--0.0259 (12) 0.9452 (8) 0.051 (12) 
0.1107 (14) 1.0475 (7) 0.054 (13) 
0.3622 (15) 0.8631 (10) 0.068 (15) 

--0.1407 (14) 0.7299 (8) 0.055 (13) 
--0.1443 (14) 0.8085 (6) 0.046 (11) 
--0.1210 (10) 1.0167 (5) 0.056 (9) 
--0.1429 (11) 0.8863 (5) 0.065 (10) 

0.0781 (12) 0.8168 (6) 0.064 (10) 
--0.0798 (12) 0.6550 (5) 0.064 (10) 

0.0609 (9) 0.6145 (5) 0.062 (9) 
0.0325 (10) 0.7546 (5) 0.052 (8) 
0.2254 (9) 0.8459 (5) 0.053 (9) 
0.2522 (12) 0.9393 (6) 0.069 (11) 
0.1623 0.5424 (3) 0.099 (6) 
0.1475 (15) 0.5218 (8) 0.083 (5) 
0.221 (2) 0.4567 (10) 0.097 (6) 
0.3239 (9) 0.5752 (12) 0.216 (18) 
0.383 (2) 0.634 (2) 0.200 (16) 
0.1201 (18) 0.4530 (8) 0.23 (2) 

-0 .0049 (26) 0.4196 (18) 0.201 (16) 

Table 2. Selected 
C 1----C2 1.50 
C1----C14 1.55 
C1---C15 1.56 
C 1----O1 1.44 
C2--C3 1.56 
C2--O2 i .43 
C3---C4 1.56 
C3---C8 1.57 
C4---C5 1.5 ! 
C4---C20 1.49 
C4-----&)4 1.46 
C5---C6 1.50 
C5----O5 1.43 
C6----C7 1.50 
C7---C8 1.57 
C7---O7 1.41 
C8---C9 1.54 
C8---C19 1.53 
C9----C 10 1.56 

C2---C I---C 14 
C2---C 1----C 15 
C2--C 1---O 1 
C 14---C 1------C 15 
C 14----C 1---O i 
C15----C 1--O1 
C 1--C2---C3 
C 1 ---C2---O2 
C3---C2--O2 
C2---C3--C4 
C2--C3---C8 
C4---C3--C8 
C3---C4---C5 
C3--C4---C20 
C3---C4--O4 
C5--C4---C20 
C5---C4---O4 
C20---C4--(M 
C4--C5----C6 
C4---C5--O5 
C6---C5--O5 
C5---C6----C7 
C6----C7--C8 

geometric parameters (A,  o) 

(2) c 9 - 0 9  1.20 (1) 
(2) C 1 0 ~ C I  1 1.52 (!) 
(1) C10~O10 1.40(1) 
(2) C11~C12 1.32(2) 
(2) c11-c15 1.55 (2) 
(2) CI 2---CI3 1.51 (2) 
(1) C12---C18 1.58 (2) 
(2) Cl 3---C14 i.55 (2) 
(2) C13--013 1.37 (2) 
(2) C15- -Cl6  1.53 (2) 
(2) C15---C! 7 1.51 (2) 
(2) C20----O2 1.44 (1) 
(2) O7--Si  1.66 ( 1 ) 
(2) Si----C21 1.85 (i) 
(2) Si---C23 1.85 ( 1 ) 
(1) Si---C25 1.86 (1) 
(2) C21---C22 1.45 (2) 
(2) C23---C24 1.45 (4) 
(2) C25---C26 1.45 (3) 

114.4 (10) C10--C'9---O9 117.9 (9) 
113.4 (10) C9---CI0--CI  ! 115.5 (9) 
105.9 (9) C9---C10--OI0 107.0 (8) 
107.9(10) C 11--C 10---O10 114.4(9) 
108.7(10) C 10---CI i - -C12  118.4(10) 
106.2 (9) CI0---CI 1--C15 121.5 (9) 
120.5 (10) C12--C11---C15 118.5 (10) 
109.6(10) CI I---CI 2------C 13 125.1 (11) 
105.9 (9) C! 1--C12--C18 123.2 (I i) 
103.5 (9) C13--C12---C18 111.4 (11) 
! i2.5(9) C! 2--C13----C14 111.0(11) 
117.1 (9) C12--C 13---O13 110.6(!1) 
!17.9 (10) C14---C13---O13 112.0 (12) 
103.2(10) C1---C14--<213 119.0(11) 
100.9(9) CI - -C15- -C1  ! 105.1 (9) 
117.5 (11) C1------C15---C16 112.1 (9) 
106.7(10) C I---CI 5---C ! 7 113.2(10) 
109.4 (10) C11---C15---C16 114.2 (9) 
114.3(11) C 11---C 15-----C 17 107.5(9) 
113.3(11) CI 6---C i 5---C17 104.8(9) 
108.9 (11) C4---C20---O2 104.6 (10) 
114.1 (11) C2---O2---C20 109.1 (9) 
109.8 (11) C7----O7--Si 129.2 (8) 
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C6---C7---O7 110.9 (11) 
C8----C7----O7 108.6 (10) 
C3---C8----C7 104.7 (9) 
C3----C8---C9 110.9 (9) 
C3--C8---C 19 116.4 (10) 
C7----C8---C'9 107.6 (10) 
C7---C8----C19 109.4 (10) 
C9----C8----C 19 107.6 (10) 
C8----C9---C 10 123.4 (9) 
C8----Ok---O9 118.5 (10) 

C 15----C 1---C2---C3 -59.3 (I1) 
C 1---C'2---C3---C8 109.7 (12) 
C2---C3---C8--C~ -77.7 (11) 
C3----C8---C9--~ 10 -27.4 (9) 
C8----C9---C 10---C 11 53.4(10) 
C9---C 10--C 11---C 15 49.8 (10) 
C10---Cll---CI5--C1 -115.7 (11) 
C11---C 15--C 1---C2 65.1 (10) 
C 14---C I---C 15---C 11 -62.8 (11) 
C1--CI5---C11---C12 49.7 (10) 
C 15---C 11-----C 12----C 13 -6.3 (11) 
C11---C12---C13---C14 -20.9 (12) 
C 12--C 13----C 14---C 1 1.7(11) 
C 13----C 14---C 1----C 15 39.9 (11) 

O7---Si---C21 107.2 (5) 
O7---Si----C23 109. I (6) 
O7--Si----C25 108.2 (6) 
C21---Si---C23 112.1 (7) 
C21---Si---C25 1 ! !.3 (7) 
C23---Si---C25 109.0 (8) 
Si----C21--C22 118.3 (11) 
Si--C23---C24 117.1 (16) 
Si---C25---C26 117.2 (15) 

C3---C2---O2---C20 21.0 (10) 
C2---O2---C20---C4 - 36.5 ( 11 ) 
O2---C20----C4---C3 35.8 (11) 
C20----C4---C3---C2 -22.7 (10) 
C4----C3----C2----O2 2.0 (10) 
C8----C3---C4---C5 -29.7 (10) 
C3---C4---C5---C6 25.1 ( 1 i ) 
C4----C5---C6----C7 -43.4 (12) 
C5----C6---C7---C8 65.7 (12) 
C6----C7---C8---C3 -63.8 (11) 
C7----C8---C3----C4 46.9 (10) 
C20---C4----C5---O5 26.2 (11) 
(M------C4---C 5 ------O5 -96.9 (12) 

Because of the large thermal motion of the triethylsilyl group, 
the three ethyl chains have been refined with constraints on 
bond distances and angles, and have been kept isotropic, 
conferring to the high R factor and consequently a lack of 
precision in the results. However, all the H atoms of the 
hydroxyl groups were located in successive difference Fourier 
maps, allowing the building of the hydrogen-bond network. 
Their positional parameters were fixed (C--H = 1.00/~,). 
Isotropic temperature factors of the H atoms were assigned 
as 1. I0 x U~q of the bonded atom. 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Data reduction: NONIUS (Riche, 1989). Program(s) used 
to solve structure: SHELXS86 (Sheldrick, 1985). Program(s) 
used to refine structure: SHELX76 (Sheldrick, 1976). Molec- 
ular graphics: R3M (Riche, 1983), ORTEP (Johnson, 1965). 
Software used to prepare material for publication: ACTACIF 
(Riche, 1992). 

Lists of structure factors, anisotropic displacement parameters and 
H-atom coordinates have been deposited with the IUCr (Reference: 
PAll26). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 
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Abstract 

In the title compound, endo-endo-syn-l,7,8,9,10,16,17,- 
18-octachloro- 19,19,20,20-tetramethoxy-4,13-dioxa- 
pentacyclo[ 14.2.1.17,10.02,15.06, !1 ]icosa-8,17-diene, C22- 
H24C1806, the ten-membered ring adopts a chair-chair 
conformation. The near-zero endocyclic torsion angles 
of this ring at the ring fusion bonds have values of 
0.0 (6) and - 0 . 8  (4) °. The norbomene C==C bonds have 
lengths 1.320 (4) and 1.311 (5) A. The four dioxolane 
O---C bonds have an average length of 1.413 (2)~,. 

Comment  

The crystal structures of a number of Diels-Alder- 
substituted cycloocta(e)nes and cyclohexa(e)nes have 
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