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Abstract: Castanospermine-6-phosphate (6) is formed efficiently from 6-chloro-6-deoxycastanospermine (2) by an
unusual nucleophilic displacement of chloride by a (di)hydrogenorthophosphate anion.

Castanospermine (1), a polyhydroxy alkaloid isolated from seeds of the trees Castanospermum
australe and Alexa leiopetala™, is a potent inhibitor of a number of mammalian and insect glycosidases’.
It has anti-viral®, -cancer’, -malaria® and -diabetes® activities which are thought to arise from its
glycosidase inhibitory properties. The diverse array of potentially useful activities has stimulated
considerable interest in the synthesis of castanospermine and its stereoisomers and analogues'.

We have been engaged in the synthesis of castanospermine analogues for structure - activity
studies'?. Having prepared 6-chloro-6-deoxycastanospermine (2), it was noticed that the glycosidase
inhibition constants were changing as a function of time after dissolution. We then observed, by '>C n.m.r.
spectroscopy, that D,0O solutions of (2) decomposed to a small extent after several hours standing at room
temperature. Prolonged standing did not result in further decomposition and we were unable to
unquivocally identify the products by *C or 'H n.m.1. However, we predicted, by analogy with
displacement reactions of mesylates (3) and (4), that the hydrolysis product would be castanospermine (1),
formed via intermediate aziridinium ion (5)'. This reaction would lower the solution pH and we reasoned
that the reaction might proceed to completion if the solution was maintained at neutral pH. We therefore
dissolved chloride (2) in 1M, pH 7 phosphate buffer. After 29 hr at room temperature, 50% of the
chloride had been converted, not to castanospermine as expected, but to castanospermine-6-phosphate (6).
After a further week at room temperature the chloride was almost entirely converted to a mixture of
phosphate ester (6) and castanospermine in 5:1 ratio.

The phosphate ester (6) may be formed through nucleophilic displacement of chloride ion from (2)
by (di)hydrogenorthophosphate, via aziridium ion (5), or through phosphorylation of castanospermine
formed by hydrolysis of chloride (2). This second option was ruled out since castanospermine was inert

under these reaction conditions.
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(1) (2) X=Cl, R=H (5)
(3) X=OMs, R=Ac
(4) X=OMs, R=H

(6) X=OPO(OH),, R=H

Phosphate esters are most usually prepared synthetically through nucleophilic attack by an alcohol on
a substituted phosphoryl chloride. The 'reverse’ reaction, as observed in this case, whereby a nucleophilic
phosphate anion attacks an alkyl chloride has been long known'', but has found only limited synthetic
use. It is exemplified by the formation of glycosyl phosphates from acyl glycosyl halides and silver
dibenzyl phosphate'?, and by the reaction between tetraalkylammonium dialkylphosphates and alkyl halides
in which alkyl phosphate esters are formed in competition with olefins'>. However, the reaction we report
here is unusual in that the nucleophile is unsubstituted phosphate ion and that it competes successfully
with solvent water for the substrate.

The phosphate ester was purified chromatographically. The residue obtained by freeze - drying the
reaction mixture (0.1 g, 0.48 mmol (2) in 5§ ml of 1M pH 7 phosphate buffer) was taken up in water (1.0
ml) and applied to a column (60 x 1.8 cm) of Dowex X-2 cation exchange resin in the sodium form.
Phosphate (6) was eluted with water, whilst residual chloride (2) and castanospermine (1) were retained on
the column. Fractions containing phosphate (6) were lyophilised, redissolved in water (1.0 ml) and
desalted on a column of Biogel P-2 (90 x 1.8 cm). The appropriate fractions (pH 5.4) were freeze dried to
give pure phosphate (6) (0.025g, 0.09 mmol, 19%) as a colourless solid.

The structure of phosphate (6) was supported fully by both its accurate mass and its 'H and '*C
n.m.r. spectra,'® the resonances in which were assigned by 'H 'H- and 'H ">C- COSY experiments. In
particular the equatorial disposition of the phosphate group at C-6 was clearly indicted by the large (9.2
and 11.3 Hz) diaxial coupling between H-6 and both H-7 and H-5,,', and its presence confirmed by *C -
3'P coupling observed in the C-5, 6 and 7 resonances.
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Wong for n.m.r. spectra.
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For (6). Accurate mass (FAB); calc. for C;H,,0,NP (MH") 270.0743; obs. 270.0751. 'H n.m.r.
(500 MHz) (D,0, acetone & 2.217 as int. std) 4.62 (m, H-1) 4.18 (m, H-6) 3.86 (dd, J=10.5, and
9.8, H-8) 3.78 (dd, J=12.0, and 5.4, H-5,;) 3.70 (m, H-3) 3.66 (t, J=9.2, H-7) 3.11 (dd, J=11.2, and
6.6, H-3") 3.06 (dd, J=10.5, and 3.4, H-8a) 2.94 (t, J=11.3, H-5,) 2.49 (m, H-2) 2.02 (m, H-2"). ©*C
nmr. (125 MHz) (D,0, acetone & 33.17 as int. std.) 79.3 (d, J=5.2+ 0.5 Hz, C-7) 74.3 (d, J=5.3+
0.5 Hz, C-6) 73.8 (C-8a); 70.6 (C-1); 69.3 (C-8); 55.0 (d, J=2.8+ 0.5 Hz, C-5) 54.7 (C-3); 34.6 (C-
2).
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