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The title compound, C29H36O10�2C2H6OS, forms a monoclinic

crystal containing two hydrogen-bonded dimethyl sulfoxide

molecules per 10-deacetyl baccatin III. The lattice is further

stabilized by two additional hydrogen bonds and a dipole±

dipole interaction. A comparison of 10-deacetyl baccatin III

with the structurally similar docetaxel reveals differences

primarily in the benzoyl moiety, while comparisons to baccatin

III identify relative differences principally in the cyclooctane-

and cyclohexane-ring conformations.

Comment

The success of paclitaxel and docetaxel (also known as taxol

and taxotere, respectively) as anticancer drugs has prompted

the study of the crystal structures of these and related taxanes.

These studies have revealed the structures of both paclitaxel

(Mastropaolo et al., 1995) and docetaxel (Gueritte-Voegelein

et al., 1990), as well as 2-carbamate taxol (Gao & Golik, 1995),

baccatin V (Castellano & Hodder, 1973), 7-mesylpaclitaxel

(Gao & Chen, 1996), baccatin III (Gabetta et al., 1995) and 10-

deacetyl-7-epitaxol (Gao & Parker, 1996), which share a

common tetracyclic ring structure and substitution pattern

with paclitaxcel and docetaxel. However, no studies have yet

appeared describing the crystal structure of 10-deacetyl

baccatin III used in the semi-synthetic production of both

paclitaxel and docetaxel. In addition, baccatin III derivatives

display unusual reactivity as a result of a congested tertiary

structure. A description of the structure of 10-deacetyl

baccatin III, (I), is therefore of interest.

A crystal of (I) serendipitously appeared upon evaporation

of a dimethyl sulfoxide (DMSO) solution under vacuum. The

crystal was of suf®cient quality to be subjected to X-ray

analysis. The solid obtained contains two DMSO molecules

acting as hydrogen-bond acceptors to the hydroxy H atoms at

O1 and O7 (Fig. 1). Hydrogen-bonding data are given in

Table 2. Disorder is observed in the DMSO molecule which is

hydrogen bonded to O1 and consists primarily of inversion

about the S atom. Re®nement of this DMSO molecule found

an approximate 2:1 occupancy of the B and C forms, respec-

tively. This disorder is expected to cause a corresponding

change in the H1ÐO1ÐC1ÐC2 dihedral angle due to H1

following the oxygen of DMSO from one form to another.

This subtle change is not discernible in the position of the O1

atom and is not expected for the H1 atom as the present study

would be insensitive to the motion of an H atom. However,

previous work (Harper & Grant, 2000) suggests that the

difference may be important in solid-state NMR analyses

currently being pursued in our laboratory. The OH at position

C13 serves as a hydrogen-bond donor to the C9 carbonyl of a

neighboring molecule. The C9 carbonyl additionally forms a

weak intramolecular hydrogen bond with the OH at C10. The

carbonyl of the benzoyl moiety in an adjacent molecule

and the S1A sulfur of the DMSO appear to interact via an

intermolecular electrostatic dipole±dipole interaction

[S1A� � �O21 = 3.265 (5) AÊ (2 ÿ x, 1
2 + y, 1 ÿ z) and O1AÐ

S1A� � �O21 = 170.3 (4)�]. This type of electrostatic interaction

suggests an additional possible role for the benzoyl group in

the bioactivity of taxanes.

The present analysis also identi®es differences in (I) relative

to the related compounds docetaxel and baccatin III. Doce-

taxel differs most signi®cantly from (I) in the relative orien-

tation of the carboxyl and benzene groups of benzoyl.

Deviations from coplanarity, as found in docetaxel, are likely

to be costly in terms of �-electron delocalization. This study, in
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Figure 1
The asymmetric unit of the title compound showing the atom-numbering
scheme and 40% probability displacement ellipsoids. The disordered
DMSO molecule with lower occupancy is not shown.



conjunction with the earlier studies on related derivatives,

establishes that the benzoyl group exhibits an unexpected

conformational ¯exibility that may be relevant to the bioac-

tivity of taxanes.

The structure of (I) also differs from the most closely

related analog, baccatin III, primarily in the cyclooctane and

cyclohexane rings. Most signi®cantly, eight corresponding

dihedral angles differ by more than 7� [with three of these

(C3ÐC2ÐC1ÐO1, C5ÐC6ÐC7ÐC8, and C7ÐC6ÐC5Ð

O5) differing by nearly 10�]. Accompanying these differences

are signi®cantly shorter bond lengths at C6ÐC7 and C9ÐC10

of (I). The observation of a shorter C9ÐC10 bond length in (I)

(1.523 AÊ versus 1.580 AÊ in baccatin III) supports Gabetta's

contention (Gabetta et al., 1995) that ` . . . linear strain in

baccatin III derivatives is affected by acylation . . . '.

Experimental

Crystals of (I) were obtained by vacuum evaporation (200 mm Hg;

1 mm Hg = 133.322 Pa) of a dimethyl sulfoxide solution.

Crystal data

C29H36O10�2C2H6OS
Mr = 700.83
Monoclinic, P21

a = 9.3677 (10) AÊ

b = 21.991 (4) AÊ

c = 9.4564 (11) AÊ

� = 115.827 (9)�

V = 1753.5 (4) AÊ 3

Z = 2

Dx = 1.327 Mg mÿ3

Mo K� radiation
Cell parameters from 35

re¯ections
� = 7±17�

� = 0.213 mmÿ1

T = 293 (2) K
Block, colorless
0.5 � 0.4 � 0.3 mm

Data collection

Bruker P4 diffractometer
�±2� scans
4342 measured re¯ections
4103 independent re¯ections
3005 re¯ections with I > 2�(I)
Rint = 0.025
�max = 27.49�

h = 0! 12
k = 0! 28
l = ÿ11! 11
3 standard re¯ections

every 97 re¯ections
intensity decay: <2.0%

Re®nement

Re®nement on F 2

R(F ) = 0.056
wR(F 2) = 0.136
4100 re¯ections
436 parameters
H-atom re®nement: see text

w = 1/[�2(Fo
2) + (0.0775P)2

+ 0.4816P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.34 e AÊ ÿ3

��min = ÿ0.26 e AÊ ÿ3

Absolute structure: Flack (1983)
Flack parameter: 0.08 (15)

All non-H atoms were re®ned anisotropically except for S1C, O1C

and C2C. These disordered atoms were assigned to the disordered

DMSO of lower occupancy. Hydroxy H atoms were located in a

difference map and their isotropic displacement parameters were

re®ned. All other H atoms were re®ned using a riding model and

equivalent isotropic displacement parameters selected to correspond

with their adjacent C atoms (1.5Ueq for methyl H atoms and 1.2Ueq

for the remaining H atoms). H atoms of the disordered DMSO

molecule were not included in the re®nement.

Data collection: XSCANS (Bruker, 1997); cell re®nement:

XSCANS; data reduction: XSCANS; program(s) used to solve

structure: SHELXTL/PC (Sheldrick, 1994); program(s) used to

re®ne structure: SHELXTL/PC; molecular graphics: SHELXTL/PC;

software used to prepare material for publication: SHELXTL/PC.

The National Institutes of Health of the Department of

Health and Human Services supported this work under grant

GM08521±38. Bristol±Myers Squibb provided the 10-deacetyl

baccatin III used in this study as a gift to FGW.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: DA1143). Services for accessing these data are
described at the back of the journal.
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Table 1
Selected geometric parameters (AÊ , �).

C1ÐC14 1.539 (7)
C1ÐC15 1.561 (6)
C1ÐC2 1.566 (6)
C2ÐC3 1.561 (6)
C3ÐC4 1.551 (5)
C3ÐC8 1.579 (5)
C4ÐC20 1.529 (6)
C5ÐO5 1.456 (6)
C5ÐC6 1.523 (7)
O5ÐC20 1.444 (6)

C6ÐC7 1.515 (7)
C7ÐC8 1.567 (7)
C8ÐC9 1.551 (6)
C9ÐC10 1.522 (7)
C10ÐC11 1.509 (6)
C11ÐC12 1.343 (7)
C11ÐC15 1.530 (7)
C12ÐC13 1.524 (7)
C13ÐC14 1.548 (7)

C14ÐC1ÐC15 111.1 (4)
C14ÐC1ÐC2 111.6 (4)
C15ÐC1ÐC2 111.3 (4)
C3ÐC2ÐC1 118.8 (3)
C4ÐC3ÐC2 111.7 (3)
C4ÐC3ÐC8 110.3 (3)
C2ÐC3ÐC8 116.0 (3)
C20ÐC4ÐC5 85.8 (3)
C20ÐC4ÐC3 120.4 (3)
C5ÐC4ÐC3 120.8 (3)
O5ÐC5ÐC6 113.7 (4)
O5ÐC5ÐC4 90.8 (4)
C6ÐC5ÐC4 119.2 (4)
C20ÐO5ÐC5 91.8 (3)
C7ÐC6ÐC5 113.5 (4)

C6ÐC7ÐC8 111.4 (4)
C9ÐC8ÐC7 102.2 (3)
C19ÐC8ÐC3 113.8 (3)
C9ÐC8ÐC3 115.8 (3)
C7ÐC8ÐC3 105.4 (3)
C10ÐC9ÐC8 122.9 (4)
C11ÐC10ÐC9 113.2 (3)
C12ÐC11ÐC10 120.5 (4)
C12ÐC11ÐC15 120.0 (4)
C10ÐC11ÐC15 119.2 (4)
C11ÐC12ÐC13 119.5 (4)
C12ÐC13ÐC14 111.5 (4)
C1ÐC14ÐC13 118.1 (4)
C11ÐC15ÐC1 106.2 (4)
O5ÐC20ÐC4 91.4 (3)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O1ÐH1� � �O1B 0.90 1.98 2.865 (10) 166
O1ÐH1� � �O1C 0.90 1.75 2.631 (16) 165
O7ÐH7� � �O1A 0.96 1.73 2.678 (8) 169
O13ÐH13� � �O9i 0.99 2.19 3.128 (7) 156
O10ÐH10� � �O9 0.76 2.10 2.581 (5) 122

Symmetry code: (i) xÿ 1; y; z.


