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The two symmetry-independent molecules of the title

compound, cevane-3�,6�,20-triol ethanol hydrate (2/1/1),

2C27H45NO3�C2H6O�H2O, have the same stereochemical

assignments. The six-membered rings A, B, E and F are in

the chair conformation, while ring D is in a boat conformation.

The ring fusions are A/B trans, B/C trans, C/D cis, D/E trans

and E/F trans. The verticine molecules are bridged by water

and ethanol molecules via hydrogen bonds to form two-

dimensional layers, and the crystal structure is built up by

stacking of these layers.

Comment

`Beimu' (Bulbs fritillaria), derived from the dried bulbs of

numerous species of the genus Fritillaria (Liliaceae), is most

commonly used in mainland China, Hong Kong and other

Chinese communities throughout the world, and has been for

centuries (Xu & Xu, 1991). The main biologically active

members of the various Fritillaria species are steroidal alka-

loids, and include verticine, verticinone and imperialine,

among which verticine is one of the major active alkaloids (Li

et al., 1988, 1990, 1992, 1993; Ji et al., 1993). The structure of

verticine has been characterized previously by NMR and MS

spectrometric analyses (Ito et al., 1961, 1963; ShoÃ et al., 1968).

In the present study, the single-crystal X-ray crystallographic
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Figure 1
A perspective view of (I) with 35% displacement ellipsoids, showing the molecular conformation and the atomic
labelling. H atoms are drawn as spheres of arbitrary radii.

analysis of verticine ethanol

hydrate (2/1/1), (I), is

reported.

All bond distances in the

molecule of (I) are within

the normal range (Allen et

al., 1987). As illustrated in

Fig. 1, the two independent

verticine molecules in the

asymmetric unit have the

same stereochemical assign-

ments. The six-membered

rings A, B, E and F are in the

chair conformation, whereas

ring D is in a boat confor-

mation, and the ring fusions

are A/B trans, B/C trans, C/D

cis, D/E trans and E/F trans.

While our analysis estab-

lishes the relative stereo-

chemistry, it does not allow

us to establish the absolute

con®guration. The con®g-

uration shown in Fig. 1 and

the scheme is chosen to be in

accord with that established

previously for other verti-



organic compounds
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cine salt derivatives, such as the chloride (Kettmann et al.,

1982, 1990) and perchlorate (Codding, 1983).

In the crystal structure of (I), pairs of verticine molecules

are parallel and arranged in a head-to-tail manner, interlinked

by intermolecular hydrogen bonds (Fig. 2). Hydrogen bonding

(see Table 1 for full details of all hydrogen-bond parameters)

involving the independent water molecule and three hydroxy

groups from three neighbouring verticine molecules gives rise

to a nearly coplanar square ring; such rings are further

connected with two other adjacent rings by hydrogen bonds to

generate an in®nite chain extending in the y direction, as

shown in Fig. 3. In addition, verticine molecules are bridged by

the ethanol hydroxy group to form a one-dimensional ribbon

running parallel to the y direction. The packing of the mol-

ecules in the crystal structure is characterized by a two-

dimensional network approximately parallel to the (101)

plane (Fig. 2). The crystal structure is built up by a stacking of

these layers such that the interlayer interactions are mainly of

the van der Waals type.

Experimental

The dried and ground bulbs of Fritillaria cirrhosa were extracted with

50% aqueous acetone. After removal of the acetone under reduced

pressure, the aqueous extracts were passed through a Diaion HP-20

column, eluting ®rst with water, followed by 50% aqueous methanol

and ®nally methanol. The combined methanol fractions were

alkalinized with 13% ammonia and extracted with chloroform. A

crude alkaloid extract was obtained after removal of the chloroform

solvent and it was separated by silica-gel column chromatography

with a gradient elution of petroleum ether±EtOAc±Et2NH

(120:1:1!6:1:1). The fractions containing verticine were combined

and further puri®ed by silica-gel column chromatography, eluting

with chloroform±EtOH (60:1). The solvents of the collected fractions

containing verticine were removed under reduced pressure.

Compound (I) was obtained by crystallization from an ethanol±water

(50:1) solution.

Crystal data

2C27H45NO3�C2H6O�H2O
Mr = 927.36
Monoclinic, P21

a = 16.146 (3) AÊ

b = 8.660 (2) AÊ

c = 19.096 (4) AÊ

� = 93.74 (3)�

V = 2664.4 (10) AÊ 3

Z = 2

Dx = 1.156 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 5.0±12.5�

� = 0.075 mmÿ1

T = 293 (2) K
Plate, colourless
0.32 � 0.22 � 0.10 mm

Data collection

Siemens P4 diffractometer
! scans (Sparks, 1976)
Absorption correction: empirical

(Kopfmann & Huber, 1968)
Tmin = 0.967, Tmax = 1.000

9866 measured re¯ections
5611 independent re¯ections
5425 re¯ections with I > 2�(I)

Rint = 0.037
�max = 26.75�

h = 0! 19
k = ÿ10! 10
l = ÿ24! 24
3 standard re¯ections

every 97 re¯ections
intensity decay: 98%

Re®nement

Re®nement on F 2

R(F ) = 0.050
wR(F 2) = 0.120
S = 1.124
5611 re¯ections
616 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0550P)2

+ 0.5886P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.002
��max = 0.28 e AÊ ÿ3

��min = ÿ0.18 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.023 (2)

Figure 2
A perspective view of the crystal structure of (I), showing the packing of
the two-dimensional layers corresponding to the (101) plane. Hydrogen
bonds are indicated by broken lines.

Figure 3
The mode of hydrogen bonding and molecular packing indicated by the
water and hydroxy O atoms involved in the hydrogen-bonding network in
the crystal structure of (I). Hydrogen bonds are indicated by broken lines
[symmetry codes: (i) ÿx, y + 1

2, 1 ÿ z; (ii) 1 ÿ x, y ÿ 1
2, ÿz; (iv) x, y ÿ 1, z;

(v) x, 1 + y, z; (vi) ÿx, y ÿ 1
2, 1 ÿ z].



All H atoms except those of the water molecule were treated as

riding atoms (CÐH 0.96±0.98 AÊ and OÐH 0.82 AÊ ). The H atoms of

the water molecule were visible in difference maps and were allowed

to re®ne with a ®xed isotropic vibration parameter subject to a DFIX

restraint that the OÐH distance be 0.86 (2) AÊ . A complete Friedel

data set was collected, but initial re®nement led to an indeterminate

Flack value of 0.7 (10) for this all-light-atom structure. For the ®nal

re®nement, the Friedel re¯ection data were merged.

Data collection: XSCANS (Siemens, 1996); cell re®nement:

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

structure: SHELXS86 (Sheldrick, 1990); program(s) used to re®ne

structure: SHELXL93 (Sheldrick, 1993); molecular graphics:

SHELXTL/PC (Siemens, 1990); software used to prepare material

for publication: SHELXTL93.
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Table 1
Hydrogen-bonding geometry (AÊ , �).

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

O1ÐH1� � �O30 i 0.82 1.99 2.777 (3) 160
O2ÐH2� � �O1ii 0.82 1.94 2.746 (3) 168
O3ÐH3� � �O10 iii 0.82 2.16 2.950 (3) 163
O10ÐH10� � �O1W 0.82 1.94 2.743 (4) 165
O20ÐH20� � �O3 0.82 2.36 3.097 (3) 151
O30ÐH30� � �O4 0.82 2.06 2.785 (4) 147
O4ÐH4� � �O2i 0.82 1.94 2.758 (3) 174
O1WÐH51� � �O10 iv 0.86 (2) 2.18 (2) 3.025 (4) 167 (4)
O1WÐH52� � �O20v 0.86 (2) 1.96 (2) 2.802 (4) 166 (5)

Symmetry codes: (i) ÿx; 1
2� y; 1ÿ z; (ii) ÿx; yÿ 1

2; 1ÿ z; (iii) x; yÿ 1; z; (iv)
1ÿ x; yÿ 1

2;ÿz; (v) 1ÿ x; 1
2� y;ÿz.


