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Phosphonate derivatives of nucleosides have been studied

extensively as analogues of biologically important nucleotides.2,3

Blackburn proposed thatR-fluoro andR,R-difluoro substitution
on methylenephosphonates should provide superior phosphate
ester surrogates (closer isosteric and isopolar parallels).3,4 The
bridging oxygen in di- and triphosphates has been replaced with
mono- and difluoromethylene entities,3-5 and the OH function
on phosphates has been replaced with a fluoromethyl group.6

Condensations of O5′-activated nucleosides5a and activated 5′-
monophosphates4a with (fluoromethylene)- and (difluorometh-
ylene)bis(phosphonic acids) have given di- and triphosphate
analogues withR andâ pyrophosphate oxygen replaced with
CHF and CF2 units. Phosphonate homologues of nucleotides
(O5′ replaced with CH2,7 CHF,8 or CF29 ) are of enhanced
interest since they are not substrates for the usual phosphatases.
Established syntheses of homophosphonates with CH2 units
employed Wittig7 or Arbuzov2 chemistry. Recent reports9,10
of their CF2 analogues have utilized coupling of nucleic acid
bases with a previously synthesizedR,R-difluorohomoribose
phosphonate derivative11 or a carbocyclic analogue.10 The
9-(5,5-difluoro-5-phosphonopentyl)guanine congener of acy-
clovir phosphate was found to exert potent inhibition of purine
nucleoside phosphorylase.12

R-Fluoro- andR,R-difluoromethylenephosphonates have been
prepared by Arbuzov reactions with fluorohalomethanes,13

fluorination of phosphonate-stabilized anions,14 alkylation of
[(diethoxyphosphoryl)difluoromethyl]lithium,15 and palladium-
catalyzed addition of diethyl (difluoroiodomethyl)phosphonate
to alkenes.16 Fluorinations of sulfonyl-stabilized phosphonate
carbanions with perchloryl fluoride17 and the new Selectfluor
reagent18 have been described. We employed Barton’s chain-
extension method with diethyl vinylphosphonate and a protected

uridine 5′-thiohydroxamic ester to obtain the 6′-(pyridin-2-yl)
thioether. Its oxidation (m-CPBA) and fluorination of the de-
rived sulfonyl-stabilized carbanion (Selectfluor) were successful.
However, attempted desulfonylation by known procedures
failed. We now have discovered that pyridin-2-yl- and espe-
cially pyrimidin-2-ylsulfonyl groups undergo cleavage from the
R-carbon atoms of carboxylic and phosphonic esters. This new
methodology was employed for the first reported synthesis of
a 6′-deoxy-6′-fluorohomonucleoside phosphonate from uridine.
Treatment of 2′,3′-O-isopropylideneuridine 5′-carboxylic

acid19 (1, Scheme 1) with isobutyl chloroformate/N-methyl-
morpholine/THF and the sodium salt ofN-hydroxypyridine-2-
thione gave theN-hydroxypyridine-2-thioester. Photolysis
(tungsten light) with diethyl vinylphosphonate gave the reported
addition product220a,b(∼60%) plus byproducts.20c,d Attempted
C6′ fluorination of thioether2 with (diethylamino)sulfur tri-
fluoride (DAST)21a or oxidation of 2 and treatment of the
sulfoxides with DAST/SbCl321b failed. Oxidation of2with >2
equiv ofm-CPBA gave the pyridin-2-yl sulfone3a, which was
benzoylated at N3 to give3b.22 Treatment of3bwith potassium
hydride generated a stabilized C6′ carbanion. Several “positive
fluorine” sources failed to give defined products, but Selectfluor
[1-(chloromethyl)-4-fluoro-1,4-diazabicyclo[2.2.2]octane bis-
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(tetrafluoroborate)]18 gave the desiredR-fluoro sulfone phos-
phonate4a, which was debenzoylated and purified to give4b22
(47% from3b).
Standard procedures24 for removal of sulfonyl groups [e.g.,

treatment of4b with Al(Hg) or Na(Hg); or base-promoted
elimination24b-d] failed to give 5a or its 5′,6′-unsaturated
analogue. Although tributylstannane is used routinely for hydro-
genolysis of carbon-halogen, carbon-sulfur, carbon-selenium,
and carbon-nitro bonds,25 it is ineffective for cleavage of typical
saturated sulfones. In contrast, stannodesulfonylations of vinyl
sulfones26 (including nucleoside examples26b,c) are known, and
recent desulfonylations of 2-(alkyl- and -aryl)sulfonylpyrroles27

might involve successive stannodesulfonylation/protiodestan-
nylation at the “vinylic” C2-C3 bond of the pyrrole ring.
Desulfonylations of allylic sulfones28 with tributylstannane are
known, and sulfonyl radicals are versatile intermediates in
organic synthesis.29 Therefore, we began an investigation of
radical-mediated cleavage ofπ-deficient aryl sulfones.
Ethyl hexanoate was chosen as a model for diethyl alkyl-

phosphonates in which C2 would simulate the phosphonate
R-carbon. Treatment of ethyl 2-bromohexanoate (7, Scheme
2) with pyridine-2-thione, pyrimidine-2-thione, and benzenethiol
in solutions of NaH/THF/DMF gave the respective ethyl
2-(arylthio)hexanoates in excellent yields. Oxidation gave the
corresponding sulfones8a,b22 and 8c.23a Treatment of ethyl
2-(phenylsulfonyl)hexanoate (8c) with Bu3SnH/AIBN/benzene

at reflux for 48 h caused no observed change in the starting
material. However, parallel treatment of ethyl 2-(pyridin-2-yl-
sulfonyl)hexanoate (8a) for 36 h gave ethyl hexanoate (10a,
60%) plus unchanged8a and minor decomposition products.
Analogous treatment of ethyl 2-(pyrimidin-2-ylsulfonyl)hex-
anoate (8b) gave complete conversion to10a within 1 h.
Substitution of Bu3SnD for Bu3SnH gave ethyl 2-deuteriohex-
anoate (10b).
Carbanion-mediated fluorinations proceeded smoothly in the

model series. The 2-(pyridin-2-ylsulfonyl)8aand 2-(pyrimidin-
2-ylsulfonyl) 8b esters were treated with potassium hydride,
and the enolates were quenched with Selectfluor to give ethyl
2-fluoro-2-(pyridin-2-ylsulfonyl)hexanoate22 (9a) and ethyl 2-flu-
oro-2-(pyrimidin-2-ylsulfonyl)hexanoate22 (9b) in high yields.
Tributylstannane-mediated desulfonylation of9a (28 h) and9b
(1 h) gave ethyl 2-fluorohexanoate23b (10c; 60% and 95%,
respectively). Treatment of9bwith Bu3SnD gave 2-[2H]-10c.22
These reactions30 provide convenient access to biologically
important R-fluorocarbonyl compounds31 and their isotope-
labeled derivatives.π-Deficient heterocyclic sulfones could be
especially advantageous in reactions that involve generation of
sulfonyl carbanions since acidifying effects of these pyridin-
and pyrimidin-2-ylsulfonyl groups onR-carbon are greater than
that of the phenylsulfonyl group.
This methodology for sulfone removal was successful for the

synthesis of our target nucleoside phosphonate. Treatment of
4bwith Bu3SnH/AIBN/benzene/∆/48 h caused cleavage of the
sulfonyl linkage (5a, 61%), and removal of the isopropylidene
group and RP-HPLC (H2O/CH3CN; 19:1) gave pooled fractions
of 5b22 enriched in each of the two 6′-fluoro diastereomers
(∼12:1 Vs ∼1:6). Independent treatment of the enriched
diastereomer mixtures with trimethylsilyl bromide and purifica-
tion (DEAE Sephadex A-25; 0.01f 0.20 M TEAB/H2O)
followed by conversion to the sodium salts [Dowex 50× 8(H+)
and then (Na+); H2O] gave 6′-deoxy-6′-fluoro-6′-(phosphonato)-
homouridine disodium salt22 (6).
In summary, we have developed convenient and efficient

methodologies for synthesis of carboxylate and phosphonate
heterocyclicR-sulfones, theirR-fluorination with Selectfluor,
and their desulfonylation with tributylstannane. This provides
a facile new route for the preparation ofR-[2/3H] andR-fluoro-
R-[2/3H] carbonyl compounds and phosphonates. Barton thio-
hydroxamic ester chemistry was used to prepare a protected
6′-(pyridin-2-ylthio)homouridine phosphonate that was oxidized
(m-CPBA) to the sulfone, fluorinated (Selectfluor), desulfony-
lated (Bu3SnH/AIBN), and deprotected to give the first reported
6′-deoxy-6′-fluorohomonucleoside 6′-phosphonate.
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Scheme 1a

a (a) (i) Isobutyl chloroformate/N-methylmorpholine/THF; (ii) sodium
salt ofN-hydroxypyridine-2-thione; (iii) diethyl vinylphosphonate/hν.
(b) m-CPBA. (c) BzCl/EtN(i-Pr)2/pyridine. (d) KH/THF/Selectfluor/
DMF. (e) NH3/MeOH. (f) Bu3SnH/AIBN/benzene/∆. (g) TFA/H2O. (h)
(i) Me3SiBr/DMF; (ii) DEAE Sephadex; (iii) Dowex 50× 8(H+) then
(Na+).

Scheme 2
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