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Abstract

An efficient, three-step preparation of the new 2-phenylselanyl-[1,2,3]-dithiaphosphinane-2-oxide (8)
from PCl3 is described. The reagent is shown to behave as a precursor of the corresponding phospho-
nodithioyl radical, when placed in the presence of tin or silyl radicals. A novel synthesis of S,S-dialkyl
phosphonodithioates is described based on these results. Application of this methodology to exocyclic
3-methylene-3-deoxofuranosides leads to the highly diastereoselective formation of 3-phospho-
nodithiomethyl-3-deoxofuranosides. © 2000 Elsevier Science Ltd. All rights reserved.

The implications of the phosphate group in biological processes and molecules have been the
driving force of the decades-long search for isosters of that function. Thus, many analogs such
as the phosphonates, the difluorophosphonates and the phosphinates, for instance, have been
incorporated into molecules, with resultant potent bioactivities.1 Phosphonothioates, dithioates
and trithioates in particular have long been the focus of interest, due to their activities against
various pest, or fungi, as well as antiwear additives in lubricating oils, and as material for resins
with high refractive indexes.2 Thus, for example S,S-diamyl phenylphosphonodithioate 1 was
shown to be toxic in boll weevils, through inhibition of both acetylcholinesterase and aliesterase

Figure 1.
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(Fig. 1).3 In addition, the replacement of oxygen atom(s) with sulfur one(s) may induce changes
in the chelating properties of these functional groups on various metal ions, thereby allowing to
target more efficiently biological molecules.4

Previous work by us and others on the addition of phosphonyl radicals 2 onto alkenes led us
to consider the reaction between phosphonodithioyl radicals 3 and alkenes as a way to
developing a novel and useful access to phosphonodithioates.5

These compounds have been traditionally prepared by oxidation of trivalent S,S-dialkyl
dithiophosphites, reaction of phosphonyl mono- or dichlorides with thiols under basic condi-
tions and alkylation of O-silyl-S-alkyl phosphonodithioates (Scheme 1, paths A, B and C).6 We
reasoned that the presence of two sulfur atoms on the phosphorus would help stabilize the
phosphorus-centered radical (when compared to the phosphonyl radical), which could result in
an efficient addition reaction, when placed in the presence of an alkene (path D). To the best of
our knowledge, these phosphonodithioyl radicals have not been generated or described in
literature.

Scheme 1.

An approach relying on hydrogen abstraction from dithiophosphites (4) (Fig. 2) seemed
thwarted by the physical properties of these potential radical precursors: indeed dithiophosphites
are known to rapidly hydrolyze or react with nucleophiles, thus rendering their preparation
difficult.7 This is due to the weakness of the P�S bond.7a Even the more stable [1,2,3]-dithiaphos-
phinane-2-oxide (5) has been described as ‘difficulty soluble in organic solvents’.8

Figure 2.

2-Phenylselanyl-[1,2,3]-dithiaphosphinane-2-oxide (8) was envisioned as being a potentially
efficient radical precursor, especially in view of the higher propensity of the selanyl group to
undergo homolytic substitution reactions than the sulfides. This compound was readily prepared
in multigram scale through a Mathis/Arbuzov sequence of reactions (Scheme 2), and was found
to be stable at room temperature for months.9,10

Slow addition (10 hours) of a mixture of tri-n-butyltin hydride and AIBN (3 and 0.5
equivalents, respectively) in benzene to a benzene solution of precursor 3 (3 equivalents) and
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Scheme 2.

1-octene induced the formation of phosphonodithioate 10 in good yields (Table 1, entry 1).11

Several aryl and alkyl substituted alkenes behaved in a similar fashion, affording the adducts in
yields ranging from 50 to 75%. No trace of the regioisomer could be detected and total
consumption of the starting alkene was observed in each case. Decreasing the ratio precursor/
alkene or the addition time resulted in a lower yield in desired product (entries 2 and 3). Alkenes
substituted by mesomeric electron-donating or electron-withdrawing substituents showed a
different behavior, as revealed by experiments conducted in the presence of n-butyl vinyl ether
or phenyl acrylate, respectively (entries 7 and 8). Thus, no addition product could be isolated
with n-butyl vinyl ether, while phenyl acrylate afforded a 48% yield of the desired adduct12

(Scheme 3) (Table 1).

Table 1
Yields and 31P NMR chemical shifts of adducts 10

Entry R2R1 Yield (%)13 d 31P (ppm)c

62.360H1 n-C6H13

n-C6H132 H 50a 62.3
3 62.320bHn-C6H13

60 59.1�CH2�CH2�CH2�CH2�CH2�4
CH3 705 59.7n-C8H17

6 75CH3C6H5 59.1
COOC6H57 61.748H

–08 O-n-C4H9 H

a Addition of the n-Bu3SnH/AIBN solution was carried out over a period of 0.4 hours.
b A 10/1 ratio of 1-octene:radical precursor 8 was used.
c Reference: H3PO4.

Scheme 3.

We next turned our attention to the addition of such radicals onto exocyclic 3-methylene
furanoses. The resultant furanosides bearing a phosphonodithiomethyl moiety in position 3 are
useful in the context of modified oligonucleotides.14,15 Scheme 4 depicts the first results obtained
from such radical addition.
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Scheme 4.

The expected adducts are isolated in fair to good yields. The use of tris(trimethylsilyl)silane in
place of the more toxic tri-n-butyltin hydride bears the additional advantage of a much simpler
purification procedure.16 The lower yields in adduct 12 presumably result from a competitive
desilylation reaction. Very high diastereoselectivities were observed in favor of the 2,3 cis
stereoisomer. This can be attributed to the well-known shielding effect of the 1,2 isopropylidene
group on the a-face, thus inducing stereoselective hydrogen quenching from the less congested
face of the furanosyl radical-adduct 15a.17 The fact that the phosphonodithioyl group itself does
not play any role in this stereoselectivity was demonstrated by the addition of decyl radical
(generated from iododecane, n-Bu3SnH and AIBN) onto methylene furanoside 13 to give radical
15b: here again a diastereoselectivity of 95% was observed in the products. Interestingly, the
literature reports the generation of a secondary radical 16 (from the corresponding haloderiva-
tive) on the same position 3 and its trapping with acrylonitile: a 1:4 mixture of a/b stereoisomers
is produced18 (Fig. 3).

Figure 3.
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In summary, we have prepared a new reagent 8 and shown that it is a substitute for the
unstable dithiophosphite. This reagent can be used to generate the hitherto undescribed
phosphonodithioyl radicals 3, which add onto alkenes via a chain process, thereby establishing
a new synthesis of phosphonodithioates. In particular, exocyclic 3-methylene furanoses fur-
nished the expected adducts with a very high diastereoselectivity in favor of the a isomer.
Application of this methodology to the preparation of modified oligonucleotides is currently
under investigation and will be reported in due course.
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