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2'-Deoxy-2'-C-difluoromethylene-4'-thiocytidine (4) as a potential antitumor agent was synthesized starting from L-xylose via 2-deoxy-2-C-
difluoromethylene-4-thiosugar as a key intermediate. An elimination product, 8, was always formed as the major product during removal of the
protecting groups under acidic or basic conditions. However, utilizing neutral reaction conditions to remove the protecting groups afforded
the desired product 4 exclusively.

Promising biological activities such as antiviral and antitumor  Therefore, on the basis of the bioisosteric rationale, it was
are generally exhibited by -2nodified nucleosides, among of interest to design and synthesize compodigigure 1),
which 2-difluoro-modified gemcitabinel}* exhibits potent

antitumor activity and is being clinically used for the _

treatment of various solid tumors. Recently, on the basis of

the antitumor activity ofl, Yoshimura and co-workers NH, NH, NH; NHz
synthesized two of its correspondingthio analogueg and Nﬁ f) f} ofﬁ
3 of which the former was found to be potent against human o o HO OS N hom @ N HO < N
T-cell leukemia CCRF-HSB-2 ceflsand the latter much i%}l % F;# w %F
more potent than compourfiand 18-p-arabinofuranosyl OH F oH F OH OH ¢
cytosine (ara-C) in the same cells. Gemitabine (1) 2 3 4

Figure 1. Rationale for the design of the target nucleoside
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Herein, we report the synthesis of a nowe?'-deoxy-2-C-
difluoromethylene-4thiocytidine and its related chemistry
combined with biological activity.

Our strategy toward the target nucleosideinvolved
preparation of a glycosyl donor, 2-deoxyc2édifluorometh-
ylene-4-thiosugar, and then condensation with silylated
cytosine. The key step for the synthesis of the glycosyl donor
6 (Scheme 1) was to introduce the difluoromethylene group
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at the C2 position. Thus,-xylose was converted to the
known ketone5® according to an efficient procedure
developed in our laboratory. Initial attempts to synthesize
the difluoromethylene compour&ifrom ketoneb, utilizing
dibromodifluoromethane/Zn-dust/triphenylphosphine in vari-
ous solvents such as GEIN, DMF, or CH.CI; either failed

to produce the desired compouldor resulted in disap-
pointing yields (2%}). However, using HMPT instead of
triphenylphosphine under refluxing conditions gave the key
intermediates in 47% yield.

The key intermediatés obtained was oxidized to the
sulfoxide, which was condensed with silylatdd-acetyl-
cytosine to give the protected nucleosidegand7b (Scheme
2). The anomeric configurations @& and7b were readily
assigned by 2D NOESY experiments. Treatmentaivith
boron tribromide in methylene chloride followed by quench-
ing with methanol did not give the desired nucleosidaut
afforded the elimination produ@ exclusively. Employing
boron trichloride in methylene chloride followed by quench-
ing with methanol also gave the same result. Since this
phenomenon never occurred in the case 'efébxy-2-C-
methylene-4thiocytidine? it is believed that strong elec-
tronegative difluoro substituents played a major role in
forming the elimination product under strongly acidic condi-
tions.
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aReagents: (a) iMCPBA, CHCl,, —78 °C; ii. silylated N*-
acetylcytosine, TMSOTf, CICKCH,CI, 0—-50°C, 1 h.

To avoid the formation of the elimination produst
obtained under acidic conditions, we decided to change the
protecting group to a benzoyl group (Scheme 3). Treatment

Scheme 3
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aReagents (a) BBr CH,Cl,, —78 °C, 3 h; (b) BzCl, pyridine,
rt, 1 h; (c) i. mMCPBA, CHCl,, —78 °C; ii. silylated N*-benzoyl
cytosine, TMSOTTf, CICHCH,CI, 0—50°C, 1 h.

of 6 with boron tribromide at-78 °C gave only the diob

in 92% yield. Unlike the case dfg, the elimination product
was not detected, probably due to the absence of an electron-
withdrawing nucleobase. The di@was reacted with benzoyl
chloride in pyridine to give dibenzoat&0, which was
converted to the protected nucleosi@i@ according to a
procedure similar to that used in Scheme 2. However, it is
interesting to note that condensation with dibenzagtenly
afforded thegp-isomer 11, unlike condensation with the
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dibenzyl derivatives. It is likely that these results are related ||| AN

to the stability of condensation products; taésomer might Scheme 4
be thermodynamically unstable under the reaction conditions,

presumably due to the electron-withdrawing benzoyl groups. 85O NHBZ

To remove the benzoyl protecting groupsldf we first used k 2\ E 980/ k > 31 - TBSO

more than 3 equiv of sodium methoxide, in which only ° OTBS E ’ k i

elimination producB was produced in 63% yield after silica oTBS/

gel column chromatography. However, using a catalytic

amount of diluted 0.01 M sodium methoxide gave the desired 95 %¢c

nucleosidet, but elimination producd was still obtained as NH, NH; NH;

a major product. As removal of the protecting groups under N fﬁ deprotection i” i

basic conditions failed to give the desired nucleodids a ho Oo~No * HOT QTN — T8SO QN

major product, we decided to remove the protecting groups ﬁ —QF @F

under neutral or almost neutral conditions (Scheme 4). bl OH ¢ OTBSE
The diol9 was converted ttert-butyldimethylsilyl (TBS) 8 4 deprotaction 1

protected sugarl2 After mCPBA oxidation of 12, the conditions ratio® of 4/8

resulting sulfoxide was condensed with-benzoylcytosine AcOH, mBUNF 99/0

to give 13 (31%) as the main product as in the case of NEt; 3HF .

dibenzoate sugdi0. Treatment ofL3with sodium methoxide CHyClo. 1, 3 d

gave 14 in 95% vyield without forming any elimination 70 % AcOH 0185

product. Since-tetrabutylammonium fluoride as desilylating Tsolated yield

agent was too basic, we used the neutralized (acetic acid
treated) desilylating agent for the removal of the TBS groups n’léPRgzgeCnl—tbSC::I @) 7Tz;3°S(§-)Tiif' s'\iIIEIE;t:el_('jzﬁl“z’bgr:zcc; E’D;Otcr)r]s,iir;l;e(b‘l)'hi/i
in 14, resulting in the exclusive formation of the desired o™ Sieb e o S5l T () 30% NBOM, MeOH, 1t, 3
nucleosidet in 99% yield. Similarly, using neutral triethy-
lamine-trihydrofluoridé as desilylating agent also produced
the same results. However, use of a weak acid, 70% acetic
acid, as desilylating agent yielded the elimination prodict lines. These studies not only helped generate notel 2
as the main product (85%). modified nucleosides for biological evaluation but also show
The final nucleosided and 8 were tested against solid  useful pointers for designing potential anticancer agents.
tumor cell lines such as lung cancer (A549) and colon cancer
(Col2), but they did not exhibit any cytotoxicity in this
system. Biological evaluation against leukemia cells is in
progress in our laboratory and it will be reported elsewhere.
In summary, on the basis of the bioisosteric rationale we
have synthesized a novel@eoxy-2-C-difluoromethylene-
4'-thiocytidine @) along with the unexpected elimination
product8 and evaluated their cytotoxicity against tumor cell
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