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Synthesis of the enantiomer of nelarabine
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Abstract—A synthesis of the enantiomer of nelarabine is described. Subtle changes in the protecting group strategy allow for an

efficient inversion of the C-2’ stereocentre.
© 2005 Elsevier Ltd. All rights reserved.

The nucleoside nelarabine 1 is a novel water soluble pro-
drug of arabinosylguanine 2, which is currently being
developed for the treatment of acute lymphoblastic
leukaemia. !

The synthesis of nelarabine is depicted in Scheme 1.3
The key step in the synthesis is an enzyme catalysed
trans-glycosylation reaction between 2-amino-6-meth-
oxy-9H-purine 4 and 1-B-p-arabinosyl uracil 5 using a
combination of purine nucleoside phosphorylase and
uridine phosphorylase.> This enzymatic process is to-
tally regio- and stereoselective as none of the alpha ano-
mer or the N-7 regioisomer are observed. Furthermore,
this transformation is totally stercospecific as the 1-B-L-
arabinosyl uracil does not react.

To support the development program of nelarabine, the
enantiomer 3 was required. Clearly the enzymatic
approach used in the synthesis of nelarabine was
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unsuitable and therefore an alternative procedure was
pursued.

One preferred method for the construction of nucleoside
derivatives is via the use of the Vorbriiggen reaction.* In
this case, however, a Vorbriiggen reaction on 1,2,3,5-
tetra-O-acetyl-L-arabinose derivative 6 would lead
predominantly to the undesired o-anomer 7 of the
protected nucleoside derivative and not the desired
B-substituted nucleoside® (Scheme 2).

Our preferred strategy was to invert the C-2’ stereocen-
tre of a nucleoside, which in turn would be prepared via
a Vorbriiggen reaction between a suitably functionalised
L-ribose derivative and a purine as depicted in Scheme 3.

Hence, commercially available L-ribose 8 was acetylated
to give the 1,2,3,5-tetra-O-acetyl-L-ribofuranoside 9
according to the method reported by Guthrie and
Smith.® Vorbriiggen reaction of 9 and 2-amino-6-meth-
oxy-9H-purine 4 under standard conditions predomi-
nantly gave the N-7 adduct.” However, replacing
2-amino-6-methoxy-9 H-purine 4 with 2-amino-6-chlo-
ropurine 10 gave exclusively the desired N-9 adduct
11.8 Tandem chloride displacement and deprotection
of the ester functionalities was carried out using excess
sodium methoxide in methanol and this afforded the
desired nucleoside 12 (Scheme 4).°

Selective protection of the C-3’ and C-5' alcohol func-
tionalities was achieved using di-zerz-butyldichlorosilane
to give the silyl ether'® 13, which was reacted with triflic
anhydride to give the desired triflate 14. Surprisingly,
attempts to invert the C-2’ stereocentre with a range
of nucleophiles proved unsuccessful as the C-2’ triflate
did not react (Scheme 5).
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Scheme 1. Reagents and conditions: (i) NaOMe, MeOH; (ii) (EtO),CO, NaHCOs; (iii) NaOH (aq); (iv) purine nucleoside phosphorylase, uridine

phosphorylase, K,HPO,4, KH,PO,.
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Scheme 4. Reagents and conditions: (i) MeOH, HCI; (ii) Ac,0, pyridine; (iii) AcOH, Ac,0, H,SOy; (iv) BSA, TMSOTf, MeCN, 75 °C; X = Cl, N-9
adduct 90%; X = OMe, N-7:N-9 1:1, 90%; (v) X = Cl, NaOMe, MeOH, N-7 adduct 60%; X = OMe, Na,CO3;, MeOH-H,O, N-9 adduct 97%.
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Scheme 5. Reagents and conditions: (i) ‘Bu,SiCl,, AgNOs;, Et;N, DMF, 92%; (ii) Tf,O, DMAP, pyridine, DCM, 80%.
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Scheme 6. Reagents and conditions: (i) TIBDSCl,,
(iv) Na,CO;, MeOH, 97%; (v) TBAF, AcOH, THF, 51%.

Protection of the C-3’ and C-5’ functionalities of 12 by
reaction with 1,3-dichloro-1,1,3,3-tetraisopropyldisilox-
ane (TIPDSCIl,), however, gave the disilyloxyl ether!!
15, which was reacted with triflic anhydride under stan-
dard conditions to gave the C-2’ triflate 16. Exposure of
the triflate 16 to tetrabutylammonium acetate in toluene
led to complete inversion of the C-2’ stereocentre and
the desired acetate 17 was isolated in 83% yield. Quanti-
tative removal of the acetate protecting group with
catalytic sodium carbonate in methanol and water,
followed by desilylation of the 1,3-diol moiety with
TBAF afforded the desired enantiomer 3 of nelarabine
(Scheme 6).

A possible explanation for the lack of reactivity of the
silyl ether 14 may be that the fused trans 6,5-ring system
is highly constrained, so much so that a C-2’ triflate is so
sterically encumbered that it will not react with a nucleo-
phile. The 8,5 ring system of the disilyloxy ether 15 is
much more flexible and steric effects may not play such
an important role.

pyridine, 98%; (ii) Tf,O0, DMAP, pyridine, DCM, 82%; (iii) BuyNOAc, toluene, 83%;

In conclusion, an efficient synthesis of the enantiomer of
nelarabine is reported whereby subtle changes in the
protecting group strategy allowed for a highly effective
inversion of the C-2’ stereocentre.
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