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Treatment of 2’-deoxy-3’,5’-dithexyldimethylsilyl-5,6-dihy-
drouridine with Lawesson’s reagent led to the expected C4-
thiolated derivative together with a number of oxathiaphos-
phepane isomers which resulted from the heat reversible
incorporation of an AnPS; unit within the 2’-deoxyribose
moiety explaining the subsequent anomerisation of the
5,6-dihydropyrimidine nucleosides.

5,6-Dihydrouracil (DHU, 1) is a modified nucleobase involved
in several important biological processes. Whereas in RNA,
DHU isbelieved to play astructural role,! it representsin DNA
a major and highly mutagenic cytosine-derived oxidative
lesion.23 Moreover, asafreebase, 1it isanintermediate of the
pyrimidine metabolism.4 Thus, structural analogues of this
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important modified nucleobase are highly desirable molecules
for structure/biological function relationship studies. Fur-
thermore, 5,6-dihydro-4-thiouracil (2) is a useful synthetic
intermediate for the preparation of 5,6-dihydrocytosine prod-
ucts (3)>6 which are representative of the primary ionising
radiation base damage of cytosine.2 For these reasons, great
attention has been paid to the syntheses of 5,6-dihydro-
4-thiouracil which so far have been described in the nucleo-
base>7 and ribonucleoside’ 8 series only. Indeed, to the best of
our knowledge and despite the potentia utility of this class of
compounds in the field of DNA damage, thiation of 5,6-dihy-
drouracil nucleosides has not yet been achieved in the labile
deoxyribonucleoside series.

We herein report our results on the synthesis of the 3',5'-
disilyl derivative of 2’-deoxy-5,6-dihydro-4-thiouridine (4)
together with the formation of products5 and 6 which highlights
the particular reactivity of the 2’-deoxyribose moiety of a
5,6-dihydrouracil nucleoside towards Lawesson’ s reagent.

If thiation of the C4 amide function of DHU, in both the base
or the ribose series, has been successfully achieved using
phosphorus pentasulfide, 58 we noticed that complete decom-
position of 79 occurred in the presence of this reagent upon
heating. This instability towards P,Ss is reminiscent of the
observations made with the purine nucleosides which, com-
pared to their ribo congeners, showed the corresponding 2’-
deoxyribose derivatives to exhibit an increased lability of the
glycosidic linkage.10

Consequently, we turned our attention to Lawesson’ s reagent
(LR) known to be a smoother thiating agent.1! It has aready
been used for thiation of 5,6-dihydrouracils and suggested as a
reagent of choice for compounds with labile glycosidic bonds
such as 5,6-dihydropyrimidine nucleosides.12

When compound 7 was treated with one molar equivalent of
LR13in dioxaneat 85 °C, several compounds were formed after
30 min and found extremely difficult to purify. However, two
groups of compounds could be separated. Thefirst group (4 and
5), isolated in 40% yield, contained four products thiated at C4
among which three of them (5a—c; 36% as estimated by 1H
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NMRT in 53/42/5 ratio respectively) were isomers. The key
structural arguments in favour of structure 5 are the following :
a M+Na* ion at m/z 755, the presence of a 3!P NMR signd
around 90 ppm, the observation of the characteristic signals of
the LR anisole part on the tH and 13C NM R spectra, the splitting
of the Cl’ and C4’ signals attributed to Jep coupling, the
shielding of the C1’ signa (ca. 26 ppm) compared to that of 7
which we consider to be diagnostic of the oxathiaphosphepane
structure and, finally, the presence of both a carbon signal near
202 ppm and of a deshielded singlet proton near 9 ppm which
attested to the C4 thioamide structure. Consequently, these
isomers were C1'—04’ thiophosphine ylide insertion products
(Scheme 1) and we found that they could be prepared in 93%
yield using two molar equiv. of LR (in 60/31/9 ratio re-
spectively).14 The fourth compound of this group was the target
compound 4 (4% as estimated by H NMRT).15 The second
group of compounds (6 and 7), isolated in 42% yield, consisted
of amixture of three inseparable insertion products which had
not undergonethiation at C4 (6) (45/45/10 ratio) (M+Na* at m/z
739, *H NMR spectrasimilar to those of 5 except for the signals
dueto the H5 and N3H protons) and which was contaminated by
the starting material 7 (10% yield as estimated by tH NMRY).
Formation of compounds 4 and 6 clearly indicated a competi-
tion between thiation at C4 and insertion of AnPS, into the
sugar ring.

To date there are some precedents reporting the insertion of
LR during thionation of some substrates leading to the
formation of an O-P-S heterocyclel? However, to our
knowledge, such an insertion of AnPS, within an heterocycleis
rare and only one example leading to an oxathiaphosphorinane
8 has been reported.16 Since the LR thiation reaction mecha-
nism involves an oxygen nucleophilic attack on phospho-
rus,11.17 it is reasonable to propose that both the O4’ ethereal
oxygen and the C4 carbonyl oxygen compete to interact with the
electrophilic phosphorus. Thus, the formation of 5 or 6 would
occur following an O4' nucleophilic attack onto the phosphorus
ylide which isbelieved to be the reactive species of Lawesson’'s
reagent.11.17 This would produce an oxonium intermediate
which opens to give an acyclic Schiff base that subsequently
cyclisestoyield 5 or 6 asamixture of o and § isomers (Scheme
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2). The saturation of the base and the deoxyribose nature of the
sugar are both crucial to explain the O1'-C4’ ring opening.
Indeed, thiation of 2’-deoxyuridine at C4 using LR is nearly
guantitative.18 Hence, compared to the corresponding dihydro
series, the difference in reactivity may be due to the s-electron
delocalisation at the glycosylated nitrogen atom. This might
increase the affinity of the O4 atom for the electrophilic
phosphorus species and concomitantly decreases the nucleophi-
licity of O4 atom in direction of the phosphorus ylide.
Interestingly, thiation of thetrisilyl derivative of 5,6-dihydrour-
idine using one molar equivalent of LR led to 16% of insertion
products and 67% of the expected thiated compound (estimated
by *H NMR).29 Increasing the amount of LR (2 eguiv.) led to
65% of insertion products and 9% of the expected thiated
derivative. Thus, compared to the deoxy series, the insertion
reaction is less favoured in the ribose series. This result can be
explained by the electron-withdrawing inductive effect of the
2’-oxygen substituent which reduces the electron density at the
anomeric carbon and hence the nucleophilicity of the O4’
atom.

Surprisingly, if the thiation reaction time was extended to 16
h, the insertion products 5 and 6 were not detected. However,
under these conditions, the C4 thiated nucleoside 4 (20% yield)
wasisolated asamixture of inseparable C1’ anomerswhose o/
ratio was estimated by proton NMR to be 1/5. Anticipating that
oxathiaphosphepane compounds could eliminate the AnPS,
species, we studied the thermal stability of 5. When amixture of
insertion products 5a—c was heated to 85 °C for 9 h in neat
dioxane, complete conversion to dihydro-4-thionucleosides (4)
occurred providing a mixture of «/f3 anomers. In addition, if a
pure 3 insertion product 5 was used as substrate, a mixture of o/
f anomers of 4 was recovered, proving the occurrence of
epimerisation during the elimination of the AnPS, moiety. This
elimination reaction was aso observed in the ribo series,
although therate was slower (53% of conversion after 9 h). Here
again, we hypothesised a participation of the glycosylated
nitrogen in the process leading to the regeneration of the Schiff
base intermediate. Finaly, expulsion of the AnPS, unit
followed by recyclisation of the sugar would explain the
epimerisation at C1’. Indeed, as for the insertion reaction, the
electronegativity of the 2’-substituent in the ribose series may
destabilise the Schiff base intermediate explaining the slower
reaction rate. The thermal stability of Lawesson’s adducts has
been addressed in the past but heterocyclessimilar to 5 were not
found reactivel6.20 even to temperatures up to 140 °C. In our
case, milder conditions enabled efficient departure of the AnPS,
moiety; thisresult might be explained by theintrinsic instability
of a seven-membered ring.

In conclusion, although thiation of nucleosides and related
compounds has been extensively studied in the past, the mild
Lawesson’ sreagent has never been applied to the morelabile 2’-
deoxy-5,6-dihydrouridines. We found that the thiation at C4
competed with an unexpected insertion of an AnPS, moiety into
the furane ring giving rise to oxathiaphosphepane nucleosides.
These compounds could be converted to the target 2’-deoxy-
5,6-dihydro-4-thiouridine derivative as a mixture of « and f§
anomers by thermal treatment. Further work is in progress to
control the ring-closure stereoselectivity consecutive to the

AnPS,; departure. Considering the sugar insertion reaction, this
isthefirst time that such areaction is reported in the nucleoside
series. In addition, these oxathiaphosphepane nucleosides,
which can be obtained in excellent yields, are representatives of
a new class of potentialy biologicaly active nucleoside
derivatives.
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