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The relative stereochemistry at six contiguous centres in an

analogue of the natural product casuarine, viz. 3,7,7a-tri-epi-

casuarine pentaacetate, C18H25NO10, has been established by

an analysis of a crystalline pentaacetate.

Comment

The structure of casuarine, (1) (see scheme) (Nash et al., 1994),

also isolated as its 6-�-d-glucoside (Wormald et al., 1996), has

been determined by X-ray crystallography. The crystal struc-

ture of 3-epi-casuarine, (2), has also been reported (Newton et

al., 2004). Only two syntheses of casuarine have been

published to date (Denmark & Hurd, 2000; Izquierdo et al.,

2005). Casuarine, with six contiguous stereogenic centres, is a

potent �-glucosidase inhibitor and is the most heavily

oxygenated of the polyhydroxylated alkaloids which can be

viewed as sugar mimics (Asano et al., 2000; Winchester &

Fleet, 1992). Synthetic studies on the epimers of casuarine are

scant, and none of the stereoisomers reported significantly

inhibited any glycosidase (Bell et al., 1997). Nonetheless, some

casuarine analogues have promise as vaccine adjuvants and as

potential candidates for viral disease and non-cytotoxic cancer

therapies (Nash et al., 2004).

As part of a structure–activity investigation of the stereo-

isomers of casuarine, the tri-epi casuarine (3) was prepared by

a route which did not define the relative configuration at two

centres. Although (3) has not been crystallized, peracetylation

by acetic anhydride in pyridine gave the crystalline penta-

acetate, (4), the crystal structure of which is reported in this

paper (Fig. 1 and Table 1).

This study firmly establishes the relative configuration at all

six stereogenic centres. The absolute configuration of (4) is

determined by the use of d-glucose as the starting material in

the synthesis. A combination of crystal structures and NMR

studies have established solid-state and solution conforma-

tions of a number of stereoisomers of the less oxygenated

alexines (Wormald et al., 1998; Kato et al., 2003) which may be

used to rationalize their biological activity. Similar structural

studies on the stereoisomers of casuarine may permit the

development of rationales for their novel biological activities.

The crystal packing, represented in Fig. 2, highlights long-

range interactions between the acetate fragments that are

both non-polar, i.e. between methyl groups, and polar, i.e.

between O atoms.



Experimental

Compound (4) was crystallized by dissolving it in cyclohexane, adding

ethanol (in an approximate ratio of 9:1), and allowing slow compe-

titive evaporation of the two solvents until clear colourless crystals

formed.

Crystal data

C18H25NO10

Mr = 415.40
Monoclinic, P21

a = 9.8357 (3) Å
b = 5.9443 (2) Å
c = 17.2146 (6) Å
� = 97.6513 (12)�

V = 997.51 (6) Å3

Z = 2

Dx = 1.383 Mg m�3

Mo K� radiation
Cell parameters from 2338

reflections
� = 5–30�

� = 0.11 mm�1

T = 120 K
Needle, colourless
0.30 � 0.10 � 0.10 mm

Data collection

Nonius KappaCCD diffractometer
! scans
Absorption correction: multi-scan

(DENZO/SCALEPACK;
Otwinowski & Minor, 1997)
Tmin = 0.99, Tmax = 0.99

5106 measured reflections

3067 independent reflections
2513 reflections with I > 2�(I)
Rint = 0.017
�max = 30.0�

h = �13! 13
k = �8! 7
l = �24! 24

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.039
wR(F 2) = 0.091
S = 0.94
3067 reflections
263 parameters
H-atom parameters constrained

w = 1/[�2(F 2) + (0.04P)2

+ 0.2P],
where P = [max(Fo

2,0) + 2Fc
2]/3

(�/�)max <0.001
��max = 0.33 e Å�3

��min = �0.35 e Å�3

Extinction correction: Larson
(1970), equation 22

Extinction coefficient: 1.8 (4) � 102

Table 1
Selected geometric parameters (Å, �).

C1—N2 1.486 (2)
C1—C5 1.540 (3)
C1—C21 1.517 (3)
N2—C3 1.466 (2)
N2—C19 1.477 (2)
C3—C4 1.528 (3)
C3—C14 1.508 (3)
C4—C5 1.525 (3)
C4—O10 1.448 (2)
C5—O6 1.453 (2)
O6—C7 1.357 (3)
C7—O8 1.197 (3)
C7—C9 1.493 (4)
O10—C11 1.355 (2)
C11—O12 1.200 (3)

C11—C13 1.491 (3)
C14—O15 1.448 (2)
O15—C16 1.351 (2)
C16—O17 1.208 (3)
C16—C18 1.483 (3)
C19—C20 1.513 (3)
C20—C21 1.523 (3)
C20—O26 1.456 (2)
C21—O22 1.432 (2)
O22—C23 1.363 (2)
C23—O24 1.197 (3)
C23—C25 1.490 (3)
O26—C27 1.355 (2)
C27—O28 1.193 (3)
C27—C29 1.482 (3)

N2—C1—C5 106.11 (15)
N2—C1—C21 104.58 (15)
C5—C1—C21 118.30 (16)
C1—N2—C3 108.97 (14)
C1—N2—C19 108.76 (15)
C3—N2—C19 116.67 (16)
N2—C3—C4 103.27 (16)
N2—C3—C14 113.92 (16)
C4—C3—C14 112.75 (15)
C3—C4—C5 103.33 (15)
C3—C4—O10 111.18 (15)
C5—C4—O10 106.33 (16)
C1—C5—C4 103.08 (15)
C1—C5—O6 111.65 (15)
C4—C5—O6 104.60 (16)
C5—O6—C7 116.67 (17)
O6—C7—O8 123.5 (2)
O6—C7—C9 110.9 (2)
O8—C7—C9 125.6 (2)
C4—O10—C11 116.98 (16)
O10—C11—O12 122.9 (2)
O10—C11—C13 110.71 (19)

O12—C11—C13 126.35 (19)
C3—C14—O15 107.24 (15)
C14—O15—C16 114.62 (16)
O15—C16—O17 122.2 (2)
O15—C16—C18 112.17 (18)
O17—C16—C18 125.6 (2)
N2—C19—C20 105.06 (17)
C19—C20—C21 101.52 (15)
C19—C20—O26 108.48 (16)
C21—C20—O26 109.03 (16)
C20—C21—C1 103.69 (16)
C20—C21—O22 114.18 (16)
C1—C21—O22 110.11 (16)
C21—O22—C23 117.04 (16)
O22—C23—O24 122.9 (2)
O22—C23—C25 110.27 (19)
O24—C23—C25 126.8 (2)
C20—O26—C27 117.07 (16)
O26—C27—O28 122.8 (2)
O26—C27—C29 112.16 (18)
O28—C27—C29 125.1 (2)

In the absence of significant anomalous scattering effects, Friedel

pairs were merged, and the absolute configuration was assigned from

the known configuration of the starting material. H atoms were seen

in a difference density synthesis. Those attached to C atoms were

repositioned geometrically. The H atoms were initially refined with

soft restraints on the bond lengths and angles to regularize their

geometry, after which they were included with riding constraints, with

C—H = 0.93–0.98 Å and with Uiso(H) values in the range 1.2–1.5Ueq

of the carrier atom.
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Figure 1
The molecular structure of (4), showing displacement ellipsoids drawn at
the 50% probability level.

Figure 2
Packing diagram of (4), viewed down the b axis.



Data collection: COLLECT (Nonius, 2001); cell refinement and

data reduction: DENZO/SCALEPACK (Otwinowski & Minor,

1997); program(s) used to solve structure: SIR92 (Altomare et al.,

1994); program(s) used to refine structure: CRYSTALS (Betteridge et

al., 2003); molecular graphics: CAMERON (Watkin et al., 1996);

software used to prepare material for publication: CRYSTALS.
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