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Abstract—Recently we have reported a novel class of tetrahydrofuran phosphonates of which trans guanine nucleotide analog 1a
showed potent antiviral activity as well as antitumor activity. In this paper we describe a stereoselective route where the key step
involves an iodoetherification of a a-hydroxyphosphonate to generate the trans tetrahydrofuran with high stereoselectivity. The
same intermediate 2 was also used to access the key intermediate for the cis analog 1b.

© 2003 Elsevier Ltd. All rights reserved.

Nucleotide phosphonates are widely used therapeutic
agents known to have a broad spectrum of antiviral
activity, with several reported as having antitumor
activity.! Upon intracellular conversion to the active
mono- and diphosphates by cellular kinases, they are
incorporated into DNA during replication, or repair,
leading to termination of DNA chain elongation.
Recently we have reported a novel class of tetra-
hydrofuran phosphonates of which the frans and cis
guanine analogs la and 1b, showed potent HCMV
activity? and antitumor activity (Fig. 1).3

Preliminary work led us to further evaluate the poten-
tial of la as an antitumor agent by examining its in
vivo activity and characterizing its mechanism of
action.* In vivo, phosphonate 1a was active on a broad
panel of human tumor xenografts (Caki-1, HT-29, DU
145, COLO 205, CCRF-CEM). In all tumor models
tested, a significant tumor growth inhibition was noted.
It was shown that phophonate 1a exerts its antitumor
activity by arresting DNA synthesis and blocking cell
division at the S-phase of the cell cycle. In order to
further evaluate 1a, an efficient route for its preparation
was required. In earlier work, 1a and 1b were prepared
by installing the phosphonate moiety via a titanium
chloride catalyzed Arbuzov reaction of anomeric
acetates with a triakylphosphite resulting in a 1:1 mix-
ture of cis and trans phosphonates.? Incidentally, we
observed that using TMSI as a Lewis acid gave a 2:1
ratio, but in favor of the cis isomer.

* Corresponding author. Tel.: 514-286-1336; fax: 514-956-1473;
e-mail: monicabubenik@sympatico.ca

0040-4039/$ - see front matter © 2003 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2003.09.071

An elegant approach towards the stereocontrolled con-
struction of cis-2,5-disubsituted tetrahydrofurans was
described by Bartlett®, who studied the iodoetherifica-
tion of olefinic ethers and how electronic effects influ-
enced the selectivity of the reaction. When R! is H, the
trans tetrahydrofuran is preferentially formed, espe-
cially when the group adjacent to the hydroxy is large
(Scheme 1). The cis isomer is highly favoured when R!
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is a substituted benzyl with the appropriate electronic
characteristics to provide optimal stabilization of the
oxonium transition state. Subsequent work by Marek
and Normant, showed that very high diastereoselectiv-
ity for this reaction can also be obtained with a bulky
t-butyl ether.’ Similarly, we anticipated that a-hydroxy-
phosphonate 2 would be a common intermediate for
the preparation of both 1a and 1b as the phosphonate
group (R?) would provide the bulk to induce the
cyclization to the trans or cis tetrahydrofuran.

The requisite chiral o-hydroxyphosphonate was
obtained according to Scheme 2. Ketophosphonate 4
was prepared in 73% yield by Arbuzov reaction of the
acyl chloride with triisopropylphosphite.® Following the
work done by Meier and Laux, the a-hydroxyphospho-
nate was obtained by an enantioselective reduction of
the ketophosphonate by means of catalytic amounts of
oxazaborolidine’ with catecholborane as the reducing
agent.® By varying the solvent and temperature as
shown in Table 1, the highest enantioselectivity and
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Scheme 2. Reagents and conditions: (a) P(OiPr),, 73%; (b)
catecholborane, 5 (R =Me), toluene, —20°C, 85%; (c) N-iodo-
succinimide, CICH,CH,CI, 0°C, 71% 3a, 8% 3b; (d) 2-amino-
6-chloropurine, Cs,CO5, DMF, 90°C, 50%; (e) (i) TMSBr, rt.
(i1) 10% HCI (aq.), reflux (iii)) NH,OH, 70%.

Table 1. Reductions of ketophosphonate 4 with catechol-
borane and oxazaborolidine 5

Catalyst 5 (R)  Solvent Temp. (°C) Ratio (R:S)?
Me Toluene -20 14:1
Me Toluene 0 14:1
Me Toluene -78 2:1
Me Toluene -40 7:1
Me THF =20 14:1
Me THF 0 14:1
Me Diethyl ether  -20 7:1
Me DME =20 14:1
Ph Toluene =20 2:1

4 Determined by chiral GC.

most reproducible yields were observed when 4 was
reacted with catecholborane in toluene at —20°C in the
presence of 10 mol% of (R)-5,5-diphenyl-2-methyl-3,4-
propano-1.3.2-oxazaborolidine 5 (R = Me).? The stereo-
chemical outcome of the reduction is consistent with
Corey’s model, where the phosphonyl group represents
the large group and the hydride of the reducing agent
attacks the carbonyl from the si-face leading to the
(R)-configuration at the new stereogenic center.!® Using
oxazaborolidine catalyst 5, where (R =Ph), no enhance-
ment in the enantioselectivity of the reduction was
observed.

The iodoetherification* reaction was performed by reac-
tion with N-iodosuccinimide!" in various solvents
(Table 2).'> This is, to the best of our knowledge, the
first example of an iodoetherification of a y-hydroxy-
alkene having a heteroatom directly substituted on the
carbon bearing the hydroxy group. lodoetherification
proceeded in 1,2-dichloroethane with the highest selec-
tivity. Use of other solvents resulted in poorer selectivi-
ties. As shown in Scheme 1, electrophilic addition gives
rise to an oxonium ion transition state where the bulky
phosphonate prefers to be anti to the iodoalkyl moiety
s0 as to minimize steric interaction. lodide 3a was then
converted to the 6-chloro-purine 6a and ultimately
phosphonate 1a according to procedures described pre-
viously (Scheme 2).3* Compound 1a was identical in all
respects to authentic material synthesized previously.?®

In order to access the cis tetrahydrofuran 3b, alcohol 2
was converted to the corresponding z-butyl ether 7 by
reaction with 7-butyl 2,2,2-trichloroacetimidate in the
presence of a catalytic amount of boron trifluoride

Table 2. Todoetherifications of a-hydroxyphosphonate 2

Solvent trans (3a)/cis (3b) ratio®
THF 4.5:1
EtOAc 4:1
NMP 2.8:1
CH;CN 2.8:1
Benzene 1.9:1
AcOH 2.2:1
CH,Cl, 6.2:1
CHCl4 2:1
CICH,CH,Cl 11.4:1

2 Determined by 3'P NMR recorded at 400 MHz in CDCl,.
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Scheme 3. Reagents and conditions: (a) t-Butyl 2,2,2-
trichloroacetimidate, BF;-Et,O, cyclohexane, rt, 67%; (b) I,
CH,;CN, -20°C, 41%.
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etherate (Scheme 3).!* In accordance with the Normant
procedure®, reaction of compound 7 with iodine in
acetonitrile gave exclusively the cis isomer as deter-
mined by *'P NMR.!* Electrophilic addition of iodine
gives an oxonium transition state where the large ¢-
butyl group adopts an anti orientation to both the
phosphonate and the iodoalkyl moiety (Scheme 1).

In summary, we have demonstrated simple access to the
trans nucleotide phosphonate and a formal synthesis of
the cis isomer through a common a-hydroxyphospho-
nate intermediate in a diastereoselective manner. The
intermediate is easily obtained from an enantioselective
catecholborane reduction of the corresponding
ketophosphonate under oxazaborolidine catalysis. The
key iodoetherification step represents the first reported
for this type of y-hydroxyalkene.
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