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Abstract

4'-Azido- (7), 4-C-fluoromethyl- @) 4-C-ethynyl- ©) and 4-C-cyano- (0)

2'-deoxy-4-thiocytidines have been synthesized. In this stuidwas found that the

isolated yield of 4thiouracil nucleosidd3 in a Lewis acid-promoted Vorbriiggen-type

glycosidation utilizingl2 was better than that of the electrophilic glycasimh reaction

between silylated uracil andtl. This improved result prompted us to perform the

glycosidation utilizing36 and 43 for the synthesis 087 and 44. Introduction of the

azido group was carried out by nucleophilic substh in the 4-benzoyloxy derivative

22a. On the other han® and10 were synthesized by way of the chemical maniputati

of the hydroxymethyl group at thé-gosition of46.

Evaluation of the antineoplastic activity & and 7-10 against human B-cell

(CCRF-SB) and T-cell leukemia (Molt-4) cell linesvealed that "4azido- ) and

4’-C-fluoromethyl- @) derivatives exhibited cytotoxic activity whereas cytotoxicity

was observed in the€-ethynyl- @) and 4-C-cyano- (0) derivatives as well as the

parent compoun®. Compound7 was also found to possess promising antiviral

activity against VZV and HSV-1 without any cytotoxiagainst HEL host cells. It is

noteworthy that 7 exhibited potent inhibitory activities against thymidine

kinase-deficient (TR mutant of VZV and HSV-1.



1. Introduction

Nucleoside analogues are recognized as an impoctass of biologically active
compounds, especially as antiviral and antitumorensgf?* Among their
sugar-modified analogues,-thionucleosides, in which the oxygen atom in tin@fhose
ring is replaced with a sulfur atom, have attractecth attention since the discovery of
the antiviral and antitumor activities of ’-thiothymidine (@) and

2'-deoxy-4-thiocytidine @) (Figure 1)°%24

4'-thiothymidne (1) 2'-deoxy-4'-thiocytidine (2)
Figure 1. Structures of compounds 1 and 2.

Recently, synthesis of’-8ubstituted_derivative8-6 of 2 and their evaluation for

antineoplastic activity has been reported (Figuré>2n this study, 4thioFAC 4 has
emerged as a highly potent antineoplastic agent.rth€&umore, some

2'-deoxy-4-thiocytidine derivatives exhibited antiviral adties.?*"
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Figure 2. Structures of 2'-substituted 2'-deoxy-4'-thiocytidines 3-6.

To expand the structure-activity relationships2pfwe have been interested in the
antineoplastic and antiviral activities of’-gubstituted congener§-10 because
introduction of a substituent into thé@osition of nucleoside has been found to lead to
biologically-active agent® Herein, we describe the results of the syntheis&® and

their evaluation for antineoplastic and antivireliaties.

NH,
| 1
HO ] N0 7:R=Ns
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Figure 3. Structures of the target molecules 7-10.

2. Results and Discussion

2.1. Chemistry

The synthetic plan is outlined in Scheme 1-Adido-2-deoxy-4-thiocytidine 7

would be obtained on the basis of the syntheti¢doga of the respective thymidine



nucleoside (Path AY. Thus, 4-thiofuranoid glycal is subjected to electrophilic
glycosidation and subsequent Pb(OBnediated dibenzoyloxylation to give

4 -benzoyloxy-2-deoxy-4-thiouridine  derivative 1.2

Lewis-acid promoted

nucleophilic substitution ofl with TMSN; and conversion of the uracil moiety to
cytosine base would provide the first target mdieca In the synthesis of the
4’-branched 2deoxy-4-thiocytidines 8-10, glycal I11 might be a suitable glycosyl
donor on the basis of the recently published proeedn which9 has been already

synthesized utilizingV as a glycosyl donor (Path B)The chemical transformation of

the substituent at thé-position ofV would furnish8-10.

nucleophlllc
substltutlon
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Jd 7
X=
B-face se!gctlve TBDMSO'
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Scheme 1. Synthetic plan for the target molecules 7-10.

Initially, preparation of 4benzoyloxy-2-deoxy-4-thiouridine derivativell was



carried out (Scheme 2N-lodosuccimide (NIS)-mediated electrophilic glyatsion
between 3,%9-(tetraisopropyldisiloxane-1,3-diyl)-4-thiofuranoglycal 11 and silylated
uracil gave thg3-anomer of the protected-8eoxy-2-iodo-4-thiouridine 13 as a sole
product, albeit the isolated yield @8 was moderate (57% yield}** To improve the
isolated yield ofl3, Lewis-acid promoted Vorbriiggen-type glycosidataas examined.
Thus, the desired glycosyl dond2 was prepared as single stereoisomer in 93%
isolated yield by reactingl with pivalic acid in the presence of NIS in gEN-CH,Cl..
When 12 was reacted with silylated uracil in the presenae TMSOTf in
CHsCN/CHCl, 13 was isolated in 87% vyield. The isolated yield e ttwo step
sequence for the synthesisi® was superior to that of the electrophilic glycasgidn;
81% (1—12—13) vs. 57% {1—13). BusSnH-Mediated radical reduction &8 using
Etz:B as initiator in toluene at60 °C providedl4 in 98% yield. Compound4 was
converted to d@-acetatel5 in quantitative yield in two steps in one pot mann
2'-Deoxy-4-thiourudinel6 was obtained from5 by treating with methanolic ammonia.
4’ \5'-Unsaturated uracil nucleosid® was prepared in 47% yield in 4 steps fribn 1)
reaction ofl6 with I,/PhsP/pyridine, 2) acetylation of7, 3) elimination of HI ofl8
with DBN. Compoundl9 was converted t80 and subsequent silylation 20 gave21

in 61% yield in two steps from9. When21 was treated with Pb(OBgin PhMe at rt, a



mixture of  two products was  formed. The  target roole
4’-benzoyloxy-2-deoxy-4-thiouracil nucleoside22a was obtained in 63% vyield with
the a-L-configuration as evidenced by HMBC correlation §#¥5’-OCOPh) and NOE
experiment (H-2 (a-H)/CH,-5a, Si-Me/CH,-5'a and Si-tert-Bu/CH,-5'b). The other
product was the ring-expanded compougdb (28%), their thiopyranosyl structures
being evident from the observed HMBC correlationstween C-7H-5a and
C-1/H-5b. By comparing with the result obtained by the ®&h¢),-mediated
di-acetoxylatior?’” in which the respective’-4cetoxynucleoside was obtained in 42%
yield along with the pyranosyl counterpart (34%ld)ethe use of Pb(OBz)gave
improved isolated vyield of the desired’-benzoyloxy-4-thionucleoside. With
4’-benzoyloxy nucleosid@2a in hand, nucleophilic substitution was examinedug,
when 22a was reacted with M&iN; (5 equiv) in the presence of Sp@h CH,CI, at
—-30 °C, the desired’4x-azido derivative23a was obtained in 61% isolated yield along
with the 4-B-azido23b (20% yield) (Scheme 3). The depicted stereocheynigt23a
was assigned on the basis of NOE experiment ofdbpective 50-acetyl derivative
25 (H-6/H-5a and H-6/H-%) derived in two steps froi2B8a via 24. Compound5 was
converted to the respective cytosine nucleogitléScheme 4) through ammonolysis of

the 40-(2,4,6-triisopropylbenzenefulfonyl) (TPS) est@6. Compound 27 was



transformed into the tri-aceta®8, which was subjected to treatment of NH MeOH

to give the target molecule

o
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Scheme 2. Synthesis of 4'-benzoyloxy-2'-deoxy-4'-thiouridine derivative 22a. Reagents and Coditions: (i) 1) uracil, BSA, CH3CN,

2) NIS, CH,Cl, (57%);(ii) NIS, benzoic acid, CH3CN (93%) ;(iii) 1)uracil, BSA, CH3CN, 2) TMSOTf, CH,Cl, (87%), (iv) BuzSnH, Et3B,
toluene (98%); (v) 1) BuyNF then Ac,0 (100%), (vi) NH3/MeOH, (vii) !, PhsP, pyridine, dioxane, (viii) Ac,0, i-Pr,NEt, DMAP, CH3CN;
(ix) 1) DBN, CH3CN (47% in 4 stepsfrom 15), (x) NH3/MeOH, (xi) TBDMSCI, imidazole, DMF (61% in 2 steps from 19); (xii) Pb(OBz),,
toluene, 22a (63%) and 22b (28%)

o) o)
[ RL N" "0 i RO Nige)
S S
22a _— 2\ _— + ...
R RN
S N: N
TBDMSO TBDMSO
23a: Rl = CH,OBz, R2=N 24: R=H
2 3 [ 25 R=AC (83% from 23a)

23b: Rl = N3, R2= CH,0Bz

Scheme 3. Synthesis of 4'-azido-2'-deoxy-4'-thiouridine derivative 25. Reagents and Coditions:
(i) TMSN3, SnCl,, CH,Cl,, 23a (61%) and 23b (20%); (i) NaOMe, MeOH; (iii) Ac,0, i-ProNEt,
DMAP, CH3CN, (83% from 23a)
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Scheme 4. Synthesis of 4'-azido-2'-deoxy-4'-thiocytidine 7. Reagents and Coditions: (i) TPSCI, K,CO3, CH3CN;
(ii) NH4OH, THF; (iii) 1) BuyNF, THF, 2) Ac,0, i-ProNEt, DMAP, CH3CN (75% from 25); (iv) NaOMe, MeOH (88%)

We then turned our attention to the synthesis of-brdnched
2'-deoxy-4-thiocytidines 8-10. Initially, preparation of the glycosyl don@6 for
4’-C-fluoromethyl congene8 was carried out (Scheme 5). The aldehg8eobtained
from o-ribose according to the published proce@lveas converted int81 through30
in three steps. Compourdd was subjected tB-elimination by reacting withert-butyl
lithium to give the 4-thiofuranoid glyca82 in 89% isolated yield. Protection of the
hydroxyl groups of32 with 1,1,3,3-tetraisopropyldisiloxane-1,3-diyl ADS) group
(85% vyield) followed by TsOH-mediated methanolys{88% vyield) of the
dimethoxytrityl ethei33 gave the 42-a-hydroxymethyl glycaB4. Reaction of34 with
DAST in the presence of NaO; at—10 °C gave 4=-fluoromethyl glycal35 in 85%
yield. The desired glycosyl don@6 could be obtained in 97% yield as a single
stereoisomer under the identical conditions as twe synthesis ofl2. Next,
TMSOTf-mediated glycosidation between36 and silylated wuracil gave

2'-deoxy-4-thiouracil nucleoside37 in 72% isolated vyield. Tin-radical mediated

11



reduction of37 gave38 (99% vyield). Cytosine nucleosid® could be obtained frord8
through39 as for the synthesis @7. Transformation ofl0 to the acetatdl (59% yield
in 3 steps fromB38) followed by removal of the protecting group 4 (78% vyield)

gave the target' 4C-fluoromethyl-2-deoxy-4-thiocytidine8.
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Scheme 5. Synthesis of 4'-C-fluoromethyl-2'-deoxy-4'-thiocytidine 8. Reagents and Coditions: (i) 1) NaBH4, MeOH (98%),

(i) DMTTCI, EtzN, CH,Cl,, (iii) BuyNF, THF (95% in 2 steps); (iv) 1) tert-BuLi, THF, 2) AcOH (89%); (v) 1) TIPDSCI, imidazole,
DMF (85%), (vi) 1% TsOH/MeOH, CHCI3 (98%); (vii) DAST, NaHCOj3, CH,Cl, (85%); (viii) pivalic acid, NIS, CH3;CN-CH,Cl,
(97%); (ix) 1) uracil, BSA, CH3CN, 2) TMSOTf (72%), (X) O,, BuzSnH, Et3B,toluene (99%); (xi) 1) TPSCI, K,CO3, CH3CN,
(xii) NH4OH, THF, (xiii) BuyNF thef Ac,0 (59% in 3 steps), (xiv) NaOMe, MeOH (78%)

Finally, synthesis of '4C-ethynyl- @) and 4-C-cyano- (0) 2'-deoxy-4-thiocytidine
was carried out (Schemes 6 and 7-Acetoxymethyl glycak2, which was obtained

from 34 in 96% vyield, was used as starting material. Adcay to the synthetic

12



sequence fo8, 42 was converted to glycosyl dond8 (95% vyield) and the subsequent
glycosidation utilizing43 provided44 in 80% yield. Radical reduction @4 gave45
(99% vyield) and subsequent treatment 4% with methanolic ammonia furnished
4’-C-hydroxymethyl derivativel6 in 81% yield. Oxidation of the primary alcohol 46

with Dess-Martin periodinane provided the aldehyden 94% yield. Reaction o47

with PhsP=CHBr at—40 °C gave_dibromoolefind8 which was subsequently treated
with butyl lithium to give 4C-ethynyl nucleosidel9 in 38% vyield in two step¥.
Compound49 was converted to the cytosine derivatbZas for the synthesis @7.
Compound 52 was transformed into "4C-ethynyl-2-deoxy-4-thiocytidine 9 by
treatment with methanolic ammonia. All spectraladat9 were consisted with that of

the previously synthesized compoufiid.

13
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. 51: R1 = NH,, R2= TIPDS

X[ 52:R!=NHAc, R2 = Ac (68% from 49)

Xi [ 9:R=NH,, R2= H ((97%)

x L

X
X
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H

(99%)

Scheme 6. Synthesis of 4'-C-ethynyl-2'-deoxy-4'-thiocytidine 9. Reagents and Coditions: (i) 1) Ac,0, i-Pr,NEt, DMAP, CH3CN (98%),
(i) DNIS, benzoic acid, CH3CN (95%); (iii) 1) uracil, BSA, CH3CN, 2) TMSOTf, CH,CI, (80%); (iv) BuzSnH, Et3B, toluene (99%); (v)

NH3-MeOH (81%); (vi) Dess-Martin periodinane, CH,Cl, (94%); (vii) BrCH,PPh3*Br~, KOtert-Bu, THF; (viii) BuLi, THF (38% from 47);
(ix) 1) TPSCI, K,COg3, CH3CN, (x) NH40OH, THF, (xi) BusNF thef Ac,0 (68% from 49), (xii) NH3-MeOH (97%)

For the synthesis di0, the aldehyde7 was converted to the oxin by reacting

H>NOH in pyridine and subsequent treatmens®fvith MsCI/EgN in CH,CI, gave the

4’-C-cyano nucleosid®&4 in 77% vyield in two steps (Figure 7). Compoubdl was

converted to cytosine nucleosifié in 91% vyield in 3 stepbd—55—56—57). Finally,

the target 4C-cyano-2-deoxy-4-thiocytidine 10 could be obtained frod7 in 90%

yield by treatment with methanolic ammonia.

14
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Scheme 7. Synthesis of 4'-C-cyano-2'-deoxy-4'-thiocytidine 10. Reagents and Coditions: (i) 1) Ho,NOH,
pyridine;(ii) MsCl, EtzN, CH,Cl, (77% from 47); (iii) 1) TPSCI, K,CO3, CH3CN, (iv) NH4OH, THF, (v)
BuyNF thef Ac,0 (91% from 54), (vi) NH3-MeOH (90%)

2.2. Biological evaluation

The synthesized’4ubstituted 2deoxy-4-thiocytidines 7-10) were evaluated for
their cytotoxic activities in two human cancer datles: B-cell leukemia (CCRF-SB)
and T-cell leukemia (Molt-4) cell lines employingTWl assay. The resulting cytotoxic
activity data of7-10 as well as the positive control doxorubicin weresgnted in Table
1. Although 2 has been reported to show high cytotoxicity adamsman T-cell
leukemia CCRF-CEM _(I6 3.5 pM for a mixture of 3 and a-anomer of2), no
cytotoxicity was observed against both CCRF-SB Miott-4. Similarly, 4-ethynyl- @)
and 4-cyano- (0) 2'-deoxy-4-thiocytidine did not show cytotoxic activity agatrboth
the above cell lines. On the other handaZido-({) exhibitedcytotoxicity (I1Gs 7.14

UM for CCRF-SB and 2.72M for Molt-4). Most potent cytotoxicity was seen tine

15



case of the 4fluoromethyl derivative§); (1Cso 3.19uM for CCRF-SB and 2.24M

for Molt-4) although the potency af and8 was one tenth (for CCRF-SB) and one

hundredth (for Molt-4) of that of reference doxaoiait.

Table 1. Antineoplastic activities of 2 and 7-10

compound 'Cs0 (M) ’
CCRF-sBP Molt-4 ©
7 7.14 2.72
8 3.19 2.24
9 > 100 > 100
10 > 100 100
2 > 100 > 100
doxorubicin 0.28 0.060
a MTT assay

b human B-cell leukemia
¢ human T-cell leukemia

Next, antiviral activities o7 - 10 were also evaluated against the following viruses:

human cytomegalovirus strains AD-169 and Davisicetia-zoster virus (VZV) strain

OKA, VZVITK™ strain 07-1, human cytomegalovirus AD-164 and Bawierpes

simplex virus type-1 (HSV-1) strain KOS, thymidikénase-deficient (TR HSV-1

KOS strain resistance to ACV, HSV-2 strain G. Thessays were based on the

inhibition of virus-induced cytopathicity or plagé@mation (for HCMV and VZV) in

human embryonic lung fibroblasts (HEL).

The parent compou@was found to be highly toxic to host HEL cell-ethynyl- ©)

16



and 4-cyano- (0) 2-deoxy-4-thiocytidines have not possessed remarkable aaltivi

activities. On the other hand, promising antiviegults could be obtained in the case of

4’-azido- {7) and 4-fluoromethyl- 8) 2-deoxy-4-thiocytidine. By comparing the

activities of 7 with that of8, 7 was found to show more potent inhibitory actigtie

against most of the above cell lines and less oxtoity to HEL host cell than that &

It was noteworthy that antiviral activity af against VZV (TK, OKA) (ECso of 0.49
uM), which was ten times more potent than that =& 5.31uM) of Acyclovir. Its
antiviral activity against VZV (TK 07-1) was also potent (0.7 of ECso) while the
inhibitory activity of Acyclovir was less potent3%1 uM of ECsg). Furthermore, the
growth inhibitory activity (EGo of 0.56 uM) of 7 for HSV-1 (TK KOS ACV) was
found not to diminish its activity, by comparing tteat (EGo of 0.75uM) of HSV-1
(KOS) and the activity was three times more potbah that of Ganciclovir (Efg of

1.8uM).

17



Table 2. Antiviral activities of 7-10

Antiviral activities ECgo (uM) 2 Antiviral activities ECsg (M) P CytotoxicityCCsg (UM) ©
compound HCMV Hemv vav vav HSV-1 HSV-L HSV-2 cell growth
(AD-169 strain) (Davis strain)  (TK*, OKA)  (TK", 07-1) (KOS) (TK" KOS ACV") (G)

7 7.64 6.34 0.43 0.76 0.75 0.55 0.70 >100

8 28.1 10.64 2.38 1.65 0.39 1.13 0.71 0.57

9 >100 >100 20.0 38.07 8.28 6.47 2.98 26.75

10 >20 >100 20.0 415 215 285 134 ND

2 <0.42 0.44 <0.42 0.42 ND ND ND <0.16
Gancelovir 3.31 5.89 0.4 18 0.032 >350
Acyclovir 5.31 53.51 0.6 >250 0.9 >250

a: Effective concentration required to reduce virus plaque formation by 50%. Vurus input was 100 plaque forming units(PFU).
b: Required to reduce virus-induced cytopathogenicity by 50%.
c: Cytotoxic concentration required to reduce human enbrryomic lung cell (HEL) growth by 50%.

ND: not determined

3. Conclusions

In this study, 4azido- (), 4-C-fluoromethyl- 8) 4-C-ethynyl- @) and 4-C-cyano-
(10) 2-deoxy-4-thiocytidine have been synthesized. It was fourat tsolated yield of
4’-thiouracil nucleosidel3 in Lewis acid-promoted Vorbriiggen-type glycosidati
utilizing 12 was better than that of electrophilic additionctezn between silylated
uracil and11. This improved result prompted us to perform theasidation utilizing
36 and 43 for the synthesis’4hionucleosides37 and 44. Introduction of the azido
group was carried out by nucleophilic substitutimin4’-benzoyloxy derivative22a
according to the published protocol for the synthes 4-azido-4-thiothymidine. In
the cases 09 and 10, chemical manipulation of the hydroxymethyl groaip46 was

utilized because the susceptibility of the ethygsdup for electrophilic NIS and the

18



inertness of the reactivity of @-cyano-4-thiofuranoid glycal exerted by
electron-withdrawing character of the cyano groliperefore, aralternative route t®
was provided in this study.

Evaluation of the antineoplastic activity & and 7-10 against human B-cell
(CCRF-SB) and T-cell leukemia (Molt-4) cell linesvealed that "4azido- ) and
4’-C-fluoromethyl- 8) derivatives exhibited cytotoxic activity whereas cytotoxicity
was observed in’4C-ethynyl- @) and 4-C-cyano- (0) as well as the parent compound
2’ -deoxy-4-thiocytidine @). Compound7 was also found to possess promising
antiviral activity against VZV and HSV-1 without yacytotoxity against HEL host cell.

It is noteworthy that7 exhibited potent inhibitory activities against mhigine

kinase-deficient (TR mutant of VZV and HSV-1.

4. Methods

4.1. General Methods

Melting points are uncorrectetd and**C NMR spectra were recorded either at 400
MHz or at 500 MHz. Chemical shifts are reportecatige to MgSi. Mass spectra
(MS) were taken in FAB or ESI modex. Column chroogaaphy was carried out on

silica gel. Thin-layer chromatography (TLC) was fpened on silica gel. When
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necessary, analytical samples were purified by higéarformance liquid
chromatography (HPLC). THF was distilled from beplzenone ketyl.

4.2.

1-O-Pivaloyl-2-deoxy-2-iodo-3,5-0-(1,1,3,3-tetr aisopropyldisiloxane-1,3-diyl)-4-thio
-p-D-ribofuranose (12)

To a solution ofl1 (428.3 mg, 1.14 mmol) in G&N (4.0 mL)/CHCI; (3.0 mL)
was added pivalic acid (582.1 mg, 5.70 mmol) an8 [813.0 mg, 2.28 mmol) at 0
°C under Ar atmosphere and the mixture was stifoed h. The reaction mixture
was partitioned between CH{Haturated NaHC£0.2M Na&S;03; and silica gel
column chromatographyhexane/ethyl acetate = 40/bf the organic layer gavi?
(637.4 mg, 93%) as a syrufd NMR (CDCk) & 1.04-1.09 (28H, mSi-i-Pr), 1.18
(9H, s, C(CH)3), 3.50-3.52 (1H, m, H-4), 3.61 (1H, d#}, 3= 4.6 andJ; 4= 9.2 Hz,
H-3), 3.91 (1H, ddJssa= 2.9 andJsasp= 12.9 Hz, H-5a), 4.06 (1H, dd;s, = 2.9
andJsa sp= 12.9 Hz, H-5b), 4.57 (1H, d; 3= 4.6 Hz, H-2), 6.03 (1H, s, H-1); NOE
experiment: H-1/H-4, H-2/H-5p**C NMR (CDCE) &: 12.8, 12.8, 13.2, 13.3, 17.1,
17.2, 17.3, 17.3, 17.4, 17.4, 17.5, 26.8, 38.68,3%2.7, 59.4, 83.6, 176.6.
FAB-MS(m/2): 1027(M" +H); ESI-MS (Wz) 625 (M + Na); ESI-HRMS ivV2):

calcd for GoH4305INaSSh: 625.13066, found: 625.13083 (M- Na).
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4.3.
1-[2-Deoxy-2-iodo-3,5-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-thio-p-D-ribof
uranosyl]uracil (13)

To a suspension of uracil (64.4 mg, 0.57 mmol) ksCN (2.5 mL) was added
BSA (0.28 mL, 1.14 mmol) at rt under Ar atmosphanel the mixture was stirred
for 1 h. To the clear solution was added a solutibh2 (229.0 mg, 0.38 mmoal) in
CH3CN (4.0 mL)/CHCI; (2.0 mL) and TMSOTf (0.27 mL, 1.52 mmol) at 0 °C
under Ar atmosphere and the mixture was stirred The reaction mixture was
partitioned between CHgsaturated NaHC£0.2M N&S,03 and silica gel column
chromatographyhexane/ethyl acetate = 2/df the organic layer gavk8 (202.9 mg,
87%) as a foam'H NMR (CDCk) & 0.87-0.97 and 1.06-1.14 (28H, each as m,
Si-i-Pr), 3.33 (1H, ddJy» 3= 4.6 andls. » = 9.2 Hz, H-3), 3.63-3.65 (1H, m, H,
4.02 (1H, dJsasb = 12.9 Hz, H-5), 4.13 (1H, dd)s 55 = 3.4 andlsasp = 12.9 Hz,
H-5'b), 4.44 (1H, dJo 5 = 4.6 Hz, H-2), 5.70 (1H, ddJs ny= 2.3 andJs, ¢= 8.6 Hz,
H-5), 6.03 (1H, s, H-), 8.44 (1H, dd/Js ¢= 8.6 Hz, H-6), 8.50 (1H, br, NH); NOE
experiment: H-6/H-3 H-6/H-8b, H-2/H-5a, H-2/H-5'b; **C NMR (CDCE) &:
12.5, 13.1, 13.3, 13.5, 16.9, 16.9, 17.1, 17.24,177.5, 38.2, 53.5, 58.0, 67.5, 71.0,

101.6, 141.2, 150.6, 163.5. ESI-M&/%) 635 (M" + Na); ESI-HRMS ifv2): calcd
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for C,1H3705N2INaSSh: 635.08986, found: 635.09042 (M-Na).

4.4,

1-[2-Deoxy-3,5-0-(1,1,3,3-tetr aisopropyldisiloxane-1,3-diyl)-4-thio-p-D-ribofur anos
ylluracil (14)

To a solution ofl3 (229.0 mg, 0.38 mmol) in toluene (8.0 mL) was at8ezSnH
(0.25 mL, 0.92 mmol) and g8 (0.23 mL, 0.23 mmol) at60 °C under Ar atmosphere
and the mixture was stirred undes @mosphere overnight. The reaction mixture was
purified by silica gel column chromatograpligexane/ethyl acetate = 2/bn silica gel
to give 14 (219.9 mg, 98%) as a foartt NMR (CDCk) & 0.92-1.14 (28H, each as m,
Si-i-Pr), 2.26 (1H, ddJ>a 3= 5.2 andlya 2p= 13.5 Hz, H-23), 2.46-2.58 (1H, dddy-
25 = 6.9,J0p, 3= 14.6 andlya 2= 13.5 Hz, H-2b), 3.32-3.34 (1H, m, H2t 3.97 (1H, d,
Jsass = 12.6 Hz, H-5), 4.13 (1H, ddJssp = 3.4 andlsass = 12.6 Hz, H-5), 4.40
(1H, ddd,Jya 3= 5.2,J2p 3= 14.6 andls. »= 8.0 Hz, H-3), 5.70 (1H, ddJs nu= 2.3
andJs 6= 8.0 Hz, H-5), 5.99 (1H, dl > = 6.9 Hz, H-1), 8.31 (1H, dJs¢= 8.0 Hz,
H-6), 8.57 (1H, br, NH)**C NMR (CDC}) &: 12.4, 13.1, 13.2, 16.9, 16.96, 17.01, 17.3,
17.4,17.5, 43.4,54.2, 58.06, 58.11, 70.2, 1Q144,5, 150.8, 163.5. FAB-M3n(2) 509
(M* + Na); ESI-HRMS 1fV2): calcd for GiH3gOsNoNaSSj: 509.19322, found:

509.19326 (M +Na).
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4.5. 1-[3,5-Di-O-acetyl-2-deoxy-4-thio-B-D-ribofuranosyl]uracil (15)

To a solution ofl4 (287.1 mg, 0.59 mmol) in THF (5.0 mL) was addedNgt (1M
THF solution) (1.30 mL, 1.30 mmol) at 0 °C undera@mosphere and the mixture was
stirred under Ar atmosphere 2 h. To the reactiontune was added A©® (0.22 mL,
2.36 mL) at O °C under Ar atmosphere and the reactixture was stirred overnight.
The reaction mixture was partitioned between GH@turated NaHC@®and silica gel
column chromatographd% MeOH in CHCI,) of the organic layer gavis (201.5 mg,
100%) as foamtH NMR (CDCh) & 2.13 and 2.14 (6H, each asAs), 2.21 (1H, ddd,
I 2a= 4.0,3a 3= 9.2 andlya 25= 10.3 Hz, H-23), 2.59 (1H, ddd)y 2= 2.9,dop, 3=
6.3 andJya 2= 10.3 Hz, H-2b), 3.72 (1H, dddJs »= 2.3,Js 5= 6.3 andds, sp=
10.3 Hz, H-4), 4.21 (1H, ddJs sa= 7.5 andJsasp = 11.7 Hz, H-5), 4.34 (1H, dd,
Jusp = 5.8 andlgasp = 11.7 Hz, H-5), 5.38-5.40 (1H, m, HZR 5.87 (1H, dJs 6= 8.0
Hz, H-5), 6.54 (1H, dJy 2a= 4.0 andly »p = 2.9 Hz, H-1), 7.81 (1H, dJs¢= 8.0 Hz,
H-6), 9.49 (1H, br, NH)*C NMR (CDC}) &: 20.8, 21.0, 39.7, 52.5, 61.4, 64.9, 76.4,
103.7, 140.0, 150.7, 162.8, 170.1, 170.5; ESI-M®&)(351 (M" + Na); ESI-HRMS
(mV2): calcd for GaH160sN2NaS: 351.06213, found: 351.06268 (M Na).

4.6. 1-[3-O-Acetyl-2,5-dideoxy-4-thio-B-D-glycero-4-eno-B-D-ribofur anosyl]uracil

(19)
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Compoundl5 (198.5 mg, 0.60 mmol) was treated with metharatenonia (10 mL)
at rt overnight. The reaction mixture was evapardte dryness and drieoh vacuo
overnight. To a solution a6 in dioxane (8.0 mL) was added pyridine (0.12 mi501
mmol), PRP (314.7 mg, 1.20 mmol) and (304.6 mg, 1.20 mmol) at rt under Ar
atmosphere and the reaction mixture was stirreddfér. The reaction mixture was
quenched with MeOH and silica gel column chromaipby (3% MeOH in CHCI,)
of the reaction mixture gavkr (209.1 mg, 98%) as a solid. To a solutioriléf(209.1
mg, 0.61 mmol) in CECN (5.0 mL) was addedPr,NEt (0.53 mL, 3.05 mmol), AO
(0.17 mL, 1.83 mmol) and DMAP (37.9 mg, 0.31 mnailyt under Ar atmosphere and
the reaction mixture was stirred for 5 h. The rigactnixture was partitioned between
CHCly/saturated NaHC@and silica gel column chromatograpliiiexane/ethyl acetate
= 1/2) of the organic layer gavi8 (178.9 mg, 74%) as a foam. To a solutiorl®fin
CH3CN (4.0 mL) was added DBN (0.23 mL, 1.83 mmol)tatnder Ar atmosphere and
the reaction mixture was stirred overnight. Thectiea mixture was neutralized with
AcOH, partitioned between CH{d$aturated NaHC® and silica gel column
chromatography(hexane/ethyl acetate = 1/2f the organic layer gavéd (101.0 mg,
65% from) as a foantH NMR (CDCk) & 2.13 (3H, sAc), 2.21 (1H, dddJy, 2= 8.4,

Jz’a, 3=5.2 andjz'a, »p=14.0 Hz, H-%.), 2.59 (1H, ddCU]_ 2p = 6.3,J2’b| =34 ancUzya,
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»5= 14.0 Hz, H-22), 5.26 (1H, s, H&), 5.51 (1H, s, H’B), 5.84 (1H, ddJya 3= 5.2
andJyp 3= 3.4 Hz, H-3), 5.87 (1H, dJs 6= 8.0 Hz, H-5), 6.73 (1H, ddy »»= 8.4 and
Jiop = 6.3 Hz, H-1), 7.59 (1H, dJss= 8.0 Hz, H-6), 9.73 (1H, br, NH}*C NMR
(CDCls) 6: 21.4, 41.4, 61.9, 77.1, 104.2, 110.3, 140.1, 44451.0, 163.5, 170.3.
FAB-MS(m/2): 291 (M" +Na); ESI-HRMS (/2): calcd for G1H1,04N-NaS: 291.04100,
found: 291.04126 (M-+Na).

4.7.

1-[3-O-(tert-Butyldimethylsilyl)-2,5-dideoxy-4-thio-B-D-glycer o-4-eno-B-D-ribofura
nosyl]uracil (21)

Compoundl9 (259.3 mg, 1.00 mmol) was treated with metharatenonia (25 mL)
at rt for 4 h. The reaction mixture was evaporateddryness and driech vacuo
overnight. To a solution d20 in DMF (15.0 mL) was added imidazole (340.4 m@, 5.
mmol) and TBDMSCI (452.1 mg, 3.0 mmol) at rt underatmosphere and the reaction
mixture was stirred overnight. The reaction mixtuvas partitioned between ethyl
acetate/HO and silica gel column chromatograpligexane/ethyl acetate = 2/bof the
organic layer gav@l (208.7 mg, 61%) as a foani NMR (CDCk) & 0.11 and 0.12
(6H, each as s, Si-Me), 0.91 (9H, Si:tert-Bu), 2.06-2.08 (1H, m, H:a), 2.39-2.44

(1H, m, H-2b), 4.74 (1H, t)ra 3= Jov, 3= 5.2 Hz, H-3), 5.12 (1H, s, H-%), 5.32 (1H,
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s, H-8b), 5.82 (1H, dJs 6= 8.0 Hz, H-5), 6.57 (1H, ddly 2a= Ji-2p = 6.9 Hz, H-1),
7.63 (1H, dJs 6= 8.0 Hz, H-6), 9.42 (1H, br, NH}*C NMR (CDCE) 5 : —4.73,-4.65,
18.1, 25.7, 29.7, 44.4, 61.4, 76.3, 103.2, 106.40.3, 148.7, 150.3, 162.5.
FAB-MS(m/z): 1027(M" +H); ESI-MS (W2) 363 (M + Na); ESI-HRMS ifV2): calcd
for C15H2403N2NaSSi: 363.11691, found: 363.11719(MNa).
4.8. Dibenzoyoxylation of 21 with Pb(OBz),: Formation of 22a and 22b

To a solution o1 (146.8 mg, 0.43 mmol) in toluene (7.0 mL) was atgé(OBz)
(1.34 g, 1.94 mmol) at rt under Ar atmosphere drenixture was stirred overnight.
The reaction mixture was filtered through a cegbéel. The filtrate was neutralized with
EtzN and partitioned between CH@aturated aq NaHGOColumn chromatography
(hexanel/ethyl acetate = 2/1-1/1) of the organielayave22a (158.3 mg, 63%, foam,)
and22b (71.4 mg, 28%, foam).
4.8.1. Physical data of 22a: *H NMR (CDCk) 5 0.06 and 0.18 (6H, each as s), 0.94 (9H,
s, Sitert-Bu), 2.34 (1H, dddJy: 2a= 10.0,Ja 3= 3.4 andJya 2= 12.9 Hz, H-23),
2.57-2.63 (1H, m, H-®), 4.87 (1H, t)oas= Jopz= 3.4 Hz, H-3), 4.90 (1H, dJsa 5=
12.0 Hz, H-5a), 5.34 (1H, dJsasu= 12.0 Hz, H-5), 5.66 (1H, dJs¢ = 8.0 Hz, H-5),
6.73 (1H, ddJ; 25 = 10.0 and); 1, = 5.7 Hz, H-1), 7.35-7.38, 7.47-7.52, 7.58-7.66,

7.89-7.94 and 8.02-8.06 (11H, each as m, Ph and, 19-@8 (1H, br, NH); NOE
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experiment: : H-D (a-H)/CH,-5a, Si-Me/CH,-5a and Si-tert-Bu/CH,-5a; HMBC:
CH.45'/CH3CO-5 and CH,,-5/CHsCO-5; *C NMR (CDCh) 8: -5.1,-4.5, 17.9, 42.2,
61.6, 62.1, 101.1, 103.7, 128.4, 128.7, 129.5,6,2883.2, 133.8, 140.1, 149.9, 150.6,
163.2, 164.5, 165.4; ESI-MSm(z) 605 (M" + Na); ESI-HRMS i{¥2): calcd for
CooH340/N,NaSSj: 605.17482, found: 605.17505 (M-Na).

4.8.2. Physical data of 22b: *H NMR (CDCk) § —0.08 and 0.14 (6H, each as s, Si-Me),
0.88 (9H, s, Stert-Bu), 2.30 (1H, dddJr2a= 2.9,J2a3= 4.6 andlz,, 2= 13.5 Hz,
H-2'a), 2.63 (1H, dddjy o= 12.3,Jp.3= 1.7 andla 2= 13.5 Hz, H-2b), 3.93 (1H,

d, Jsasn= 13.7 Hz, H-5), 4.09 (1H, ddJs. 55 = 1.7 andJsasp= 13.7 Hz, H-5b),
5.38-5.39 (1H, m, H-3, 5.74 (1H, dJss = 8.0 Hz, H-5), 6.33 (1H, ddy »a= 2.9 and
Jy2p=12.3 Hz, H-1), 7.33 (1H, dJs6 = 8.0 Hz, H-6), 7.41-7.45, 7.49-7.51, 7.56-7.57,
7.62-7.64, 8.00-8.01 and 8.10-8.11 (10H, each aBh},8.92 (1H, br, NH}*C NMR
(CDClg) 6: -5.1, 4.4, 17.8, 25.7, 29.5, 39.1, 48.7, 68.5, 100.9,.4,0828.4, 128.7,
130.0, 133.6, 133.8, 140.3, 149.9, 163.2, 163.%4.116HMBC: C-1/H-5a and
C-I/H-5b. FAB-MS (Wz) 605 (M + Na); ESI-HRMS 1fV2): calcd for
CooH340;N>NaSSi: 605.17482, found: 605.17481 (MNa).

4.9. Reaction of 22a with azidotrimethylsilane: formation of 1-[4-Azido-

5-O-benzoyl-3-O-(tert-butyldimethylsilyl)-2-deoxy-4-thio-f-p-ribofur anosyl]uracil
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(23a) and 1-[4-Azido-
5-O-benzoyl-3-O-(tert-butyldimethylsilyl)-2-deoxy-4-thio-a-L-ribofur anosyl]ur acil
(23b)

To a solution oR2a (40.5 mg, 0.069 mmol) in dichloromethane (2.5 mias added
azidotrimethylsilane (46.5L, 0.35 mmol) and Sn¢l(1 M dichloromethane solution)
(0.21 mL, 0.21 mmol) at50 °C under Ar atmosphere and the mixture wasestiat
—-30°C for overnight. The reaction mixture was pemtied between CHghlnd saturated
NaHCG; and preparative TLC (hexane/ethyl acetate = 2{1the organic layer gave
23a (21.3 mg, 61%, syrup) arBb (10.0 mg, 20%, syrup).

4.9.1. Physical data for 23a: IR (neat) 2113 cih (N3); *H NMR (CDCk) & 0.13 and
0.16 (6H, each as s, Si-Me), 0.94 (9H, steBi-Bu), 2.35 (1H, ddd)y 24 = 9.7,J2a3 =
2.9 and Jyazb = 13.5 Hz, H-23), 2.51 (1H, dddy 25 = 6.3,dop.3 = 1.1 andlpaop =
13.5 Hz, H-2b), 4.27 (1H, br, H-3, 4.67 (1H, dJsasp = 11.5 Hz, H-5), 4.86 (1H, d,
Jsasn = 11.5 Hz, H-8b), 5.90 (1H, dJs¢ = 8.6 Hz, H-5), 6.78 (1H, ddy »= = 9.7 and
Juop = 6.3 Hz, H-1), 7.46-7.49, 7.59-7.64 and 8.03-8.05 (5H, each, &h) 7.63 (1H,
d, Jss = 8.6 Hz, H-6), 8.57 (1H, br, NH}*C NMR (CDCE) 5 -4.9,-4.8,118.1, 25.7,
42.6, 59.8, 67.1, 77.4, 84.0, 103.5, 128.6, 12949.8, 133.8, 140.1, 150.3, 162.7,

165.9; FAB-MS (W2) 526 (M" + Na); ESI-HRMS 1{V2): calcd for GoHogOsNsNaSSi:

28



526.15509, found: 526.15570 (M-Na).

4.9.2. Physical data for 23b: IR (neat) 2120 cth (Ns); *H NMR (CDCk) 5 *H NMR
(CDCl) 86 0.15 and 0.19 (6H, each as s, Si-Me), 0.95 (98j-&rt-Bu), 2.27 (1H, ddd,
Ji2a=7.4,Xaz = 4.0 andlyap = 13.5 Hz, H-23), 2.59 (1H, dddjy o1 = 6.3,dop.3 =
5.2 andlya b = 13.5 Hz, H-2), 4.52 (1H, t)ras = Jons = 4.6 Hz, H-3), 4.54 (1H, d,
Jsasp = 11.5 Hz, H-5), 4.58 (1H, dJsasp = 11.5 Hz, H-5), 5.68 (1H, dJs¢ = 8.0
Hz, H-5), 6.60 (1H, ddJy 2= = 7.4 andly o1 = 6.3 Hz, H-1), 7.48-7.52, 7.62-7.65 and
8.05-8.07 (5H, each as s, Ph) 7.64 (1HJsg,= 8.0 Hz, H-6), 8.54 (1H, br, NH}’C
NMR (CDCk) 6 -5.0,-4.5, 17.9, 25.6, 42.8, 61.9, 67.7, 78.6, 87.9,2,0428.6, 129.1,
129.9, 133.6, 140.0, 150.3, 162.3, 165.7; FAB-M%2) 526 (M’ + Na); ESI-HRMS
(mV2): calcd for GoHo900sNsNaSSi: 526.15509, found: 526.15588 (M Na).

4.10. 1-[5-O-Acetyl-4-azido-
3-O-(tert-butyldimethylsilyl)-2-deoxy-4-thio-f-p-ribofur anosyl]uracil (25)

To a solution of23a (60.1 mg, 0.12 mmol) in MeOH (3.5 mL) was addedON&e
(9.7 mg, 0.18 mmol) at 0 °C under Ar atmosphere #aedmixture was stirred at rt
overnight. Silica gel column chromatography (2% M@ CH,CI,) of the reaction
mixture gave24 (42.1 mg, 88%, syrup). To a solution 2f (42.1 mg, 0.11 mmol) in

CHsCN (3.0 mL) was addedPr,NEt (63 uL, 0.36 mmol), AgO (23 mL, 0.24 mmol)
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and DMAP (7.3 mg, 0.06 mmol) at rt under Ar atmamghand the mixture was stirred
overnight. The reaction mixture was partitionedasstn CHCJ and saturated NaHGO
and silica gel column chromatography (hexane/edlogtate = 1/1) of the organic layer
gave25 (45.6 mg, 94%) as a syrup: IR (neat) 2113'dMs); *H NMR (CDCk) 5 0.15
and 0.18 (6H, each as s, Si-Me), 0.96 (9H, $e1$iBu), 2.15 (3H, s, Ac), 2.22 (1H, ddd,
Ji2a = 8.6,Ja3 = 4.0 andlya »p = 13.6 Hz, H-23), 2.54 (1H, dddjy o1 = 6.2,dop.3 =
4.4 anddyaop = 13.6 Hz, H-2), 4.21 (1H, dJsasp = 11.6 Hz, H-5), 4.38 (1H, d,
Jsasn = 11.6 Hz, H-8b), 4.40 (1H, dd)az = 4.0 andlyp s = 4.4 Hz, H-3), 5.83 (1H,
d, Jnus = 2.0 andls s = 8.0 Hz, H-5), 6.61 (1H, ddy »4 = 8.6 andly o1 = 6.2 Hz, H-1),
7.65 (1H, d,Js6 = 8.0 Hz, H-6), 8.55 (1H, br, NH); NOE experimeht:6/H-3 and
H-6/H-5a; *C NMR (CDCk) 6 -5.0, -4.8, 18.2, 20.7, 42.7, 60.0, 67.3, 77.6, 83.9,
103.6, 140.0, 150.2, 162.5, 170.2; FAB-M®4) 464 (M" + Na); ESI-HRMS i(V2):
calcd for G/H270sNsNaSSi: 464.13944, found: 464.14079 (M Na).
4.11. 1-[4-Azido-N* 3 5-tri-O-acetyl-2-deoxy-4-thio-B-D-ribofur anosylcytosine (28)

To a solution of25 (45.6 mg, 0.10 mmol) in GEN (4.0 mL) was added KOs
(55.3 mg, 0.40 mmol) and 2,4,6-triisopropylbenzeifesyl chloride (121.1 mg, 0.40
mmol) under Ar atmosphere at 0 °C and the mixtuas stirred at 60 °C overnight. The

reaction mixture was filtered through a celite @madl washed with CiLl,. Neutral
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silica gel column chromatography (hexane/ethyl ateet 7/1) of the filtrate gave6
(62.4 mg, 0.088 mmol, 88%). To a solution 26 in THF (4.0 mL) was added
ammonium hydroxide (4.0 mL) atl0 °C and the mixture was stirred overnight at rt.
The reaction mixture was evaporated to drynessdaied in vacuo. To a solution oR7
was added tetrabutylammonium fluoride (1M THF sohit (0.22 mL, 0.22 mmol) at
0 °C under Ar atmosphere and the mixture was sdtigert for 2h. To the reaction
mixture was added A© (41.5uL, 0.44 mmol) at 0 °C and the mixture was stirred a
overnight. The reaction mixture was partitionedwsstn chloroform and saturated
NaHCQ; and silica gel column chromatography (2% MeOH k,Cl,) of the organic
layer gave28 (30.7 mg, 85% fron26) as a syrup‘H NMR (CDCk) & 2.15, 2.17 and
2.28 (9H, each as s, Ac), 2.57 (1H, #t,2a= J»a 3= 5.2 andly, 2= 13.7 Hz, H-2a),
2.53 (1H, ddd)Jy 25 = 6.9,Jp 3= 8.0 andlpa »p= 13.7 Hz, H-20), 4.40 (1H, dJsasb

= 11.5 Hz, H-53), 4.42 (1H, dJsar= 1.2 andJsass = 11.5 Hz, H-%), 5.40 (1H, dd,
Joa 3= 5.2 andlpp 3= 8.0 Hz, H-3), 6.52 (1H, ddJy »a= 5.2 andly o1, = 6.9 Hz, H-1),
7.58 (1H, dJs 6= 8.0 Hz, H-5), 8.23 (1H, ds 6 = 8.0 Hz, H-6), 10.37 (1H, br, NH})*C
NMR (CDCk) 6: 20.6, 20.7, 24.9, 38.2, 59.9, 67.4, 75.4, 81800 9144.6, 155,4, 162.8,
169.8, 167.0, 171.1. FAB-MB{(2): 433 (M"+ Na); ESI-HRMS fv2): calcd for

Ci1sH1806NsNaS: 433.09007, found: 433.09062 (M Na).
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4.12. 1-[4-Azido-2-deoxy-4-thio-B-p-ribofuranosyl]cytosine (7)

To a solution 028 (29.9 mg, 0.073 mmol) in MeOH (3.0 mL) was addeaOVMe
(11.9 mg, 0.22 mmol) at 0 °C and the mixture wasest at rt overnight. The reaction
mixture was chromatographed on silica gel (20% Me®@BH,Cl,) to give7 (18.4 mg,
88%) as a solidmp 126-128 °C (dec¢)R (neat) 2107 cih (N3); *H NMR (DMSO-d;) &
2.39 (1H, dddJy 24 = 4.6,Jpa3 = 5.2 anddyarp = 13.7 Hz, H-23), 2.55 (1H, ddd,
Jiob = 7.4, b3 = 8.6 andlyazp = 13.7 Hz, H-2b), 3.78 (1H, dJsass = 11.5 Hz,
H-5'a), 3.83 (1H, dJsass = 11.5 Hz, H-%), 4.43 (1H, dd)as = 5.2 andlp g = 7.4
Hz, H-3), 5.95 (1H, dJs¢ = 7.4 Hz, H-5), 6.38 (1H, ddy 2= = 4.6 and)y o1, = 7.4 Hz,
H-1), 8.10 (1H, dJss = 7.4 Hz, H-6), 8.55"°C NMR (CDC}) 5 41.9, 60.1, 66.9, 76.2,
86.8, 97.0, 143.0, 158.1, 167.0; ESI-M8&4) 285 (M' + H); ESI-HRMS (2): calcd
for CoH1303NeS: 285.07644, found: 285.07653 (M-H).

4.13. 1,4-Anhydro-4-C-(hydroxymethyl)-2,3-O-isopr opylidene-4-thio-D-ribitol
(30)

To a solution of29 (3.50 g, 9.65 mmol) in MeOH (35 mL) was added NaBH
(730.1 mg, 19.30 mmol) at 0 °C under Ar atmosphanel the mixture was stirred
for 1 h at rt. The reaction mixture was neutralixath acetic acid and partitioned

between chloroform/saturated NaHEOSilica gel column chromatography
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(hexane/ethyl acetate = 4/1) of the organic lagaeg0 (3.00 g, 98%) as a foartt
NMR (CDCh) &: 0.12 (6H, s, SiMe), 9.39 (9H, s, ®t-Bu), 1.33 and 1.55 (6H,
each as s, isop-GH 2.63 (1H, tJoncHz = 6.9 Hz, OH), 2.91 (1H, ddh, 2= 2.3
andJia 1o= 12.6 Hz, H-1a), 3.16 (1H, ddy, » = 5.2 anddia 1o= 12.6 Hz, H-1b),
3.68 (1H, dJsa sp= 10.3 Hz, H-5a), 3.81 (1H, dsa 5= 10.3 Hz, H-5b), 3.83 (1H,
dd, Jou, crza= 6.9 and] chzacrz= 11.5 Hz, CHLOH), 3.95 (1H, ddJox, crzp= 6.9
andJ choa cHat= 11.5 Hz, CH,OH), 4.70 (1H, dJ,3 = 5.8 Hz, H-3), 4.88 (1H, d
cH2acH2b= 5.2 Hz, SIOCH.0), 4.89 (1H, d,J ch2acHzb= 5.2 Hz, SiOCH0),
4.96(1H, dddJia 2= 2.3,J1p 2= 5.2 and) 3= 5.8 Hz, H-2):"*C NMR (CDCE) &:
-5.0, 18.1, 24.5, 25.7, 26.4, 36.8, 63.4, 63.8,,784/6, 86.2, 90.3, 111.5; ESI-MS
(m/z) 387 (M" + Na); ESI-HRMS 1fV2): calcd for GgHs,0OsNaSSi: 387.16319,
found: 387.16312 (M-+Na).
4.14.
1,4-Anhydr 0-4-C-(4’,4”-dimethoxytrityloxymethyl)-2,3-O-isopr opylidene-4-thio
-D-ribitol (31)

To a solution of30 in dichloromethane (35.0 mL) was added\e¢4.1 mL, 29.52
mmol) and DMTrCI (7.50 g, 22.14 mmol) at rt and thixture was stirred at 70 °C

for 5 h. The reaction mixture was partitioned betwehloroform/saturated NaHGO
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and silica gel column chromatography (hexane/etiggtate = 7/1-1/1) of the
organic layer gave the respective dimethoxytrigdaproduct. To a THF (30.0 mL)
solution of the crude product was addedNBe (2.89 g, 11.07 mmol) at 0 °C and the
mixture was stirred at rt overnight. The reactioixtare was chromatographed on
silica gel (hexanelethyl acetate = 2/1) to @4€3.77 g, 95%) as a foartt NMR
(CDCl) 6: 1.32 and 1.44 (6H, each as s, isops)E.39 (1H, ddJon cHza= 4.6 and
Jon.chzb = 8.6 Hz, OH), 2.86 (1H, ddha »= 1.2 andlia 1= 13.2 Hz, H-1a), 3.06
(1H, dd,J1p, 2= 4.6 andlia, 1o= 13.2 Hz, H-1b), 3.35 and 3.58 (2H, each dg.d=
9.2 Hz, CHODMTY), 3.55 (1H, dJor,5a= 8.6 andlsa sp= 11.8 Hz, CH-5a), 3.69
(1H, d,Jor s = 5.2 andls, sp= 11.8 Hz, CH-5b), 3.80 (6H, s, OMe), 4.76 (1H, &,
,3 = 5.8 Hz, H-3), 4.98 (1H, dddy, o= 1.2,J1p » = 4.6 andJ ,3=5.8 Hz, H-2),
6.83-6.86, 7.20-7.23, 7.27-7.33, 7.37-7.39 and-7.58 (13H, each as m, PHJC
NMR (CDCk) 6: 24.9, 26.4, 36.3, 55.3, 63.9, 64.7, 65.8, 844163886.7, 111.0,
113.2, 113.3, 126.9, 127.9, 128.2, 130.1, 130.3,81335.9, 144.7, 158.6; ESI-MS
(M/2) 545 (M + Na); ESI-HRMS 1fVz): calcd for GoH340sNaS: 545.19683, found:
545.19684 (M +Na).

4.15.

1,4-Anhydr o-2-deoxy-4-C-(dimethoxytrityloxymethyl)-3,5-O-(1,1,3,3-tetr ai sopr
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opyldisiloxane-1,3-diyl)-D-erythro-pent-1-entiol (33)

To a solution of3l (3.77 g, 7.21 mmol) in THF (65 mL) was added-BulLi
(1.77 M in hexane solution) a70 °C under Ar atmosphere and the mixture was
stirred overnight. The reaction mixture was impagd with neutral silica gel and
chromatographed over silica gel (hexane/ethyl &eeta50/1) to give32 (2.97 g,
89% vyield) as a syrup. To a solution3# (2.97 g, 6.39 mmol) in DMF (20.0 mL)
was added imidazole (1.04 g, 15.34 mmol) and
1,3-dichrolo-1,1,3,3-tetraisopropyldisiloxane (2%, 7.67 mmol) at 0 °C under Ar
atmosphere and the mixture was stirred overniglite Teaction mixture was
partitioned between ethyl acetatgfH and silica gel column chromatography
(hexanel/ethyl acetate = 50/1) of the organic |agare33 (3.84 g, 85%) as a syrup:
'H NMR (CDCk) 6 0.75-1.12 (28H, m, SiPr), 3.46 and 3.57 (2H, each aslg, sp
= 9.2 Hz, CH-5), 3.78 and 3.79 (6H, each as s, OMe), 4.11 a8t @H, each as d,
Jgem = 11.5 Hz, CHODMTY), 5.34 (1H, ddJ); 3 = 2.5 andl, 3 = 1.9 Hz, H-2), 5.41
(1H, dd,J; 5= 1.9 andl, 3= 6.2 Hz, H-3), 6.11 (1H, dd; .= 6.2 and); 3= 2.5 Hz,
H-1), 6.78-6.84, 7.16-7.18, 7.24-7.26, 7.36-7.4@ &81-7.33'°C NMR (CDC}) &:
12.5, 12.6, 13.0, 13.1, 16.9, 17.10, 17.14, 177/23,117.4, 17.5, 17.6, 55.0, 60.2,

66.7, 67.0, 84.0, 85.8, 96.0, 112.8, 112.78, 123.88.0, 126.3, 127.5, 128.6, 130.2,
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130.3, 136.2, 136.7, 145.4, 158.1; ESI-M8Z 729 (M" + Na); ESI-HRMS 1fV2):
calcd for GoHs406NaSSh: 729.30718, found: 729.30945 (M-Na).

4.16.

1,4-Anhydr 0-2-deoxy-4-C-hydr oxymethyl-3,5-O-(1,1,3,3-tetr aisopr opyldisiloxan
e-1,3-diyl)-D-erythro-pent-1-entiol (34)

To a chloroform (30.0 mL) solution &3 (2.74 g, 5.43 mmol) was added 1%
TsOH in MeOH (10 mL) at10 °C and the mixture was stirred for 2 h. The tieac
mixture was partitioned between chloroform/satidatéaHCQ and silica gel
column chromatography (hexane/ethyl acetate = 2fffije organic layer gavé4
(1.54 g, 98%) as a syruf NMR (CDCk) & 1.05-1.16 (28H, m, SiPr), 2.12 (1H,
dd, J = 5.1 and 9.0 Hz, OH), 3.95 (1H, ddpnsa = 9.0 andJsas, = 11.8 Hz,
CH,OH), 4.02 (1H, ddJonsp = 5.1 andJsasp = 11.8 Hz, CH,OH), 4.12 (2H, s,
CH,-5), 5.47 (1H, ddJ; 3 = 2.3 andJ 3 = 1.7 Hz, H-2), 5.44 (1H, dd; 3= 1.7 and
Js. 3= 6.4 Hz, H-3), 6.06 (1H, ddl; » = 6.4 andJ; 3 = 2.3 Hz, H-1);**C NMR
(CDCl) 6:12.8, 13.0, 13.3, 13.4, 17.26, 17.28, 17.36, 171446, 17.65, 17.68,
62.5, 66.3, 67.9, 84.2, 96.3, 123.5, 127.5; ESI{M&) 427 (M" + Na); ESI-HRMS
(mV2): calcd for GgH3sOsNaSS: 427.17650, found: 427.17644 (M-Na).

4.17.
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1,4-Anhydr o-2-deoxy-4-C-fluor omethyl-3,5-O-(1,1,3,3-tetr aisopr opyldisiloxane-
1,3-diyl)-D-erythro-pent-1-entiol (35)

To a solution o34 (523.3 mg, 1.29 mmol) in Gi&l, (12.0 mL) was added NaO;
(410.2 mg, 3.87 mmol) and DAST (0.51 mL, 3.87 mnalp °C under Ar atmosphere
and the mixture was stirred overnight. The reactiirture was partitioned between
chloroform/saturated NaHGQOand silica gel column chromatography (hexane/ethyl
acetate = 40/1) of the organic layer g@8%(447.3 mg, 85%) as a syrufd NMR
(CDCl) 6 1.00-1.17 (28H, m, SHPr), 4.11 and 4.13 (2H, each aslg,sp= 11.5 Hz,
CH,-5), 4.69 (1H, ddJsr = 46.4 andlsa 5p= 9.2 Hz, CHJF), 4.67 (1H, ddJsr = 46.4
andJsasp= 9.2 Hz, CHyF), 5.47 (1H, ddJ1 .= 2.9 andl, 3= 1.7 Hz, H-2), 5.54 (1H, dd,
J1 3= 1.7 andJ, 3= 6.0 Hz, H-3), 6.08 (1H, dd; = 6.0 and); 3= 2.9 Hz, H-1); *C
NMR (CDCk) &: 12.6, 12.8, 13.0, 13.2, 17.0, 17.1, 17.27, 171304, 17.46, 17.49,
64.9, 65.0, 65.96, 66.00, 76.8, 77.1, 77.3, 80293,834.68, 84.72; ESI-MSn(2) 429
(M* + Na); ESI-HRMS 1fV2): calcd for GgH3sOsFNaSSj: 429.17217, found:
429.17219 (M +Na).

4.18.
1-O-Pivaloyl-2-deoxy-4-C-fluoromethyl-2-iodo-3,5-0O-(1,1,3,3-tetr aisopropyldisiloxa

ne-1,3-diyl)-4-thio-p-D-ribofuranose (36)
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To a solution o885 (226.9 mg, 0.56 mmol) in G&N (5.0 mL)/CHCI, (5.0 mL) was
added pivalic acid (630 mg, 2.80 mmol) and NIS (88§ 2.80 mmol) at 0 °C under Ar
atmosphere and the mixture was stirred for 6 h. rBaetion mixture was partitioned
between CHGIsaturated NaHC£0.2M NaS,0; and silica gel column
chromatography(hexane/ethyl acetate = 50/Dbf the organic layer gawéé (346.1 mg,
97%) as a syrupH NMR (CDCh) & 1.04-1.12 (28H, mSi-i-Pr), 1.20 (9H, stert-Bu),
3.77 (1H, ddJ = 1.2 andJsa sp= 11.5 Hz, CHx5), 4.11 (1H, dJsasp= 11.5 Hz, Chky-5),
4.26 (1H, ddJ, ¢= 2.9 and, 3= 5.5 Hz, H-2), 4.77 (1H, dds ¢ = 1.2 andl, 3= 5.5 Hz,
H-3), 5.00 (1H, ddJg 24 = 47.5 andchoachze= 9.2 Hz, CHF), 5.15 (1H, ddJgr2a=
47.5 andJcpzachzn= 9.2 Hz, CHyF), 6.11 (1H, s, H-1); NOE experiment: H-1/¢H4,
H-1/ CHoy-4, H-2/ CH«5, H-2/ CHy-5;°*C NMR (CDC}) &: 12.8, 12.9, 13.0, 13.2,
16.9, 17.1, 17.2, 17.3, 17.4, 17.5, 26.8, 38.26,381.8, 60.4, 60.5, 70.18, 70.22, 79.2,
79.3, 82.7, 83.9, 96.1, 129.5, 176.0, 195.5. ESI{M&) 657 (M + Na); ESI-HRMS
(mV2): calcd for GaHa4OsFINaSS): 657.13689, found: 657.13707 (M-Na).

4.19.
1-[2-Deoxy-4-fluoromethyl-2-iodo-3,5-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-
4-thio-g-D-ribofuranosyl]uracil (37)

To a suspension of uracil (19.1 mg, 0.17 mmol) HsCN (2.0 mL) was added BSA
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(82 pL, 0.33 mmol) at rt under Ar atmosphere and thetanexwas stirred for 1 h. To
the solution was added a solution 8 (71.7 mg, 0.11 mmol) in GI€N (2.0
mL)/CH,Cl, (1.0 mL) and TMSOTf (99.4uL, 1.53 mmol) at-10 °C under Ar
atmosphere. After being stirred for 1 h, the migtwas stirred at 0 °C for 1h and then at
rt overnight. The reaction mixture was partitiorteetween CHGlsaturated NaHC®
and silica gel column chromatograpliiexane/ethyl acetate = 2/1-1/bf the organic
layer gave37 (50.9 mg, 72%,) as a syrupd NMR (CDCk) & 0.96-1.18 (28H, m,
Si-i-Pr), 4.04 (1H, ddJsar= 1.7 and Jsass = 12.6 Hz, CH5), 4.09 (1H, dJsass =
12.6 Hz, CHy'5), 4.13 (1H, ddJs = 3.5 andly. 3 = 6.9 Hz, H-3), 4.65 (1H, dJ» 3=
6.9 Hz, H-2), 4.95 (1H, ddJer2a= 47.6 andlchzachzo= 9.8 Hz, CHJF), 5.35 (1H, dd,
Jehzb = 47.6 andchoa chzo= 9.8 Hz, CHWF), 5.78 (1H, dJs ¢ = 8.6 Hz, H-5), 6.17 (1H,
s, H-1), 8.14 (1H, dJs6 = 8.6 Hz, H-6), 9.90 (1H, br, NH); NOE experimehi6/
CHay5', H-6/H-2, H-1/CHay4’, H-2/ CHy5, H-2/CHy:5'; °C NMR (CDCB) o:
12.8, 13.0, 13.2, 13.5, 17.0, 17.2, 17.3, 17.441,717.49, 63.6, 63.7, 64.3, 64.4, 68.2,
74.09, 74.14, 85.0, 86.3, 102.5, 140.7, 150.3, 3L6BAB-MS([(2): 667 (M"+Na);
ESI-HRMS (W2): calcd for GoH3g0sN.FINaSS): 667.09609, found: 667.09656 (M-
Na).

4.20.
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1-[2-Deoxy-4-C-fluoromethyl-3,5-0-(1,1,3,3-tetr aisopropyldisiloxane-1,3-diyl)-4-thi
o-B-D-ribofuranosyl]uracil (38)

To a solution 087 (91.5 mg, 0.14 mmol) in toluene (4.0 mL) was adBegSnH (75
uL, 0.42 mmol) and EB (70 uL, 0.07 mmol) at-70 °C under Ar atmosphere and the
mixture was stirred under JOatmosphere overnight. The reaction mixture was
chromatographed on silica gélexane/ethyl acetate = 2/tb give38 (72.0 mg, 99%) as
a syrup;*H NMR (CDCk) § 0.92-1.16 (28H, mSi-i-Pr), 2.25 (1H, ddJ>, 3= 6.3 and
Joazp = 14.4 Hz, H-2a), 2.69-2.76 (1H, m, HB), 3.95 (1H, dJsass = 12.0 Hz,
CHp5), 4.00 (1H, d,Jsass = 12.0 Hz, Ch5), 4.56 (1H, ddJrma = 47.0 and
Jerzachzp= 9.8 Hz, CHJF), 4.60-4.65 (1H, m, H-B 4.68 (1H, ddJenz = 47.0 and
Jerzachzn= 9.8 Hz, CHyF), 5.76 (1H, dJss = 8.0 Hz, H-5), 6.05 (1H, s, H3l 8.23
(1H, d,Js6 = 8.0 Hz, H-6), 9.81 (1H, br, NH}’C NMR (CDCk) &: 12.5, 13.1, 13.2,
13.3,17.05, 17.08, 17.2, 17.3, 17.4, 17.46, 14311, 57.3, 61.8, 61.9, 62.0, 72.4, 83.8,
85.2, 96.2, 102.1, 141.1, 150.8, 163.6. FAB-M% 541 (M" + Na); ESI-HRMS 1(V2):
calcd for GoHz90sN,FNaSS;: 541.19945, found: 541.19965 (M-Na).

4.21.
1—[N4,3,5-Tri-O—acetyI-Z-deoxy-4—C-fIuoromethyl-4—thio-|3-D-ribofuranosyl]cytosine

(41)
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To a solution 0f38 (45.8 mg, 0.088 mmol) in GEN (5.0 mL) was added KOs
(96.7 mg, 0.70 mmol) and 2,4,6-triisopropylbenzeifesyl chloride (212.0 mg, 0.70
mmol) under Ar atmosphere at 0 °C and the mixtuas stirred at 70 °C overnight. The
reaction mixture was filtered through a celite padl washed with C4€l,. The filtrate
was chromatographed on neutral silica gel (hexémg/acetate = 7/1) to giva9. To
the solution o889 in THF (1.0 mL) was added ammonium hydroxide (810 at-10 °C
and the mixture was stirred overnight at rt. Thact®en mixture was evaporated to
dryness and silica gel column chromatography (5%0Mean CH,Cl,) of the residue
gave40. To a solution o#i0 (27.5 mg, 0.053 mmol) in THF (2.0 mL) was addedNgu
(1M THF solution) (0.13 mL, 0.13 mmol) at 0 °C unde atmosphere and the mixture
was stirred for 2h. To the reaction mixture waseatdldcO (25uL, 0.27 mmol) at 0 °C
and the mixture was stirred at rt overnight. Thact®en mixture was partitioned
between chloroform and saturated NaR@@d silica gel column chromatography (2%
MeOH in CHCIl,) of the organic layer gav&l (18.5 mg, 59% in 3 steps) as a syrtp:
NMR (CDCk) 6 2.14, 2.15 and 2.29 (9H, each as s, Ac), 2.46 (bd,Jy 24= 7.2,
3= 4.6 andlya 2u= 14.3 Hz, CH;2), 2.53 (1H, dddJ; »5= 5.8, 31, 3= 4.6 andly,
2p= 14.3 Hz, CH2), 4.36 (1H, ddJsar= 1.2 andJsass, = 11.5 Hz, CHy5), 4.50

(1H, dd,Jspr = 1.2, andlsass = 11.5 Hz, Chiy5), 4.55 (1H, ddJusar = 46.5 and
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Jehza,.cHzp= 9.8 Hz, CHF), 4.73 (1H, ddJuab r = 46.5 andlcyza,cHzo= 9.8 Hz, CHWF),
5.47 (1H, t,Joa 3= Job 3= 4.6 Hz, H-3), 6.52 (1H, ddJy »a= 7.2 andly o, = 5.8 Hz,
H-1), 7.55 (1H, dJs¢ = 8.0 Hz, H-5), 8.34 (1H, dls = 8.0 Hz, H-6), 9.64 (1H, br,
NH); *C NMR (CDC}) &: 13.2, 17.15, 17.17, 20.8, 24.9, 41.0, 61.3, 68189, 64.75,
64.78, 74.8, 81.3, 82.8, 97.9, 145.1, 155.6, 16P268,7, 170.3, 170.9. ESI-M32):
424 (M"+Na); ESI-HRMS (W2): calcd for GeHo0OsN3sFNaS: 424.09491, found:
424.09556 (M +Na).

4.22. 1-[2-deoxy-4-C-fluoromethyl-4-thio-p-D-ribofuranosyl]cytosine (8)

To a solution of41 ( 18.7mg, 0.047 mmol) in MeOH (2.5 mL) was addeaOVe
(7.6 mg, 0.14 mmol) at 0 °C under Ar atmosphere #u@dmixture was stirred at rt
overnight. Silica gel column chromatography (20%Q#ein CHCI,) of the reaction
mixture gave8 (10.1 mg, 78%) as a solithp 129-131 °C'*H NMR (CD;OD) & 2.36
(1H, ddd,J; 2a= 8.0,Jpa 3= 4.6 andJya 2p= 12.9 Hz, CH+2), 2.46-2.51 (1H, m,
CHa-2), 3.79 (1H, ddJsar= 1.2 andsasp = 11.8 Hz, CHx5'), 3.82 (1H, ddJsp e =
1.2, andJsasp = 11.8 Hz, Chiy'5'), 4.43-4.44 (1H, m, H-3, 4.60 (1H, ddJhsar = 47.5
and Jerzachzo= 9.2 Hz, CH4F), 4.81 (1H, ddJane = 47.5 andlchzachze= 9.2 Hz,
CHauF), 5.97 (1H, dJsg = 7.5 Hz, H-5), 6.50 (1H, fl;: 2= Ji- 21 = 8.0 Hz, H-1), 8.20

(1H, d,Js6 = 8.0 Hz, H-6)*C NMR (CD;OD) &: 44.2, 62.1, 65.0, 67.2, 67.4, 75.0, 83.9,
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85.3, 97.2, 143.6, 158.4, 167.1; ESI-M84) 298 (M" + Na); ESI-HRMS 1fvz): calcd
for C1oH1403N3sFNaS: 298.06321, found: 298.06324 (MNa).

4.23.

1,4-Anhydr 0-2-deoxy-4-C-acetoxymethyl-3,5-O-(1,1,3,3-tetr aisopr opyldisiloxan
e-1,3-diyl)-D-erythro-pent-1-entiol (42)

To a solution 0of34 (293.6 mg, 0.73 mmol) in GEN (7.0 mL) was added
I-PrLNEt (0.38 mL, 2.19 mmol), A© (0.14 mL, 1.46 mmol) and DMAP (45.2 mg,
0.37 mmol) at 0 °C under Ar atmosphere and theurextvas stirred at rt overnight.
The reaction mixture was partitioned between chitoro/saturated NaHC and
silica gel column chromatography (hexane/ethylateet 70/1) of the organic layer
gave 42 (313.2 mg, 96%) as a syrupd NMR (CDCk) & 0.98-1.15 (28H, m,
Si-i-Pr), 2.08 (3H, s, Ac), 4.08 (1H, & sp= 12.0 Hz, CHy5) 4.12 (1H, dJsa 5b=
12.0 Hz, CHy-5), 4.50 (1H, dJgem = 11.5 Hz, CH.OAC), 4.56 (1H, dJgem = 11.5
Hz, CHx,OAC), 5.41 (1H, ddJy 3 = 2.9 andl, 3 = 2.3 Hz, H-3), 5.51 (1H, ddy =
6.2 andJ,, 3 = 2.6 Hz, H-2), 6.04 (1H, dd} , = 6.2 andJ; 3 = 2.9 Hz, H-1):"*C
NMR (CDCk) &: 12.6, 12.86, 12.94, 13.2, 17.0, 17.2, 17.3, 1713644, 17.47,
17.49, 62.5, 64.8, 66.5, 84.6, 123.2, 126.8, 17BS:-MS (W2) 469 (M + Na);

ESI-HRMS (W2): calcd for GoHzs0sNaSSh: 469.18707, found: 469.18704 (M-
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Na).

4.24.
1-O-Pivaloyl-2-deoxy-4-C-acetoxymethyl-2-iodo-3,5-0O-(1,1,3,3-tetraisopr opyldis
iloxane-1,3-diyl)-4-thio-p-D-ribofuranose (43)

To a solution o2 (313.2 mg, 0.70 mmol) in G&N (5.0 mL)/CHCI, (5.0 mL) was
added pivalic acid (787.5 mg, 3.50 mmol) and NIS7(3 mg, 3.50 mmol) at 0 °C
under Ar atmosphere and the mixture was stirred8fdr. The reaction mixture was
partitioned between CHgséaturated NaHC{0.2M NaS,0; and silica gel column
chromatography(hexane/ethyl acetate = 40/Dbf the organic layer gaw8 (448.3 mg,
95%) as a syrugH NMR (CDCk) 5 0.96-1.17 (28H, mSi-i-Pr), 1.21 (9H, stert-Bu),
2.07 (3H, s, Ac), 3.76 (1H, dsasp= 11.5 Hz, CHx5), 4.06 (1H, dJsasp= 11.5 Hz,
CHay-5), 4.23 (1H, dJ, 3= 5.2 Hz, H-2), 4.62 (1H, dlcrzacrze= 10.9 Hz, CHLOAC),
4.78 (1H, dJo 3= 5.7 Hz, H-3), 4.85 (1H, ddcza crzp= 10.9 Hz, CH,OAC), 6.07 (1H,
s, H-1); NOE experiment: H-1/CHDAc, H-1/CHwOAc, H-2/H-5, H-2/H-%; °C
NMR (CDClk) &: 12.8, 13.1, 13.2, 16.9, 17.15, 17.21, 17.3, 17745, 20.8, 26.8, 37.9,
38.6, 59.8, 64.4, 71.1, 79.1, 83.8, 170.4, 176AB-MS (m/2) 697 (M" + Na);
ESI-HRMS (W2): calcd for GsH470/INaSSp: 697.15179, found: 697.15183 (M-

Na).
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4.25.
1-[4-C-Acetoxymethyl-2-deoxy-2-iodo-3,5-0O-(1,1,3,3-tetr aisopropyldisiloxane-1,3-d
iyl)-4-thio-p-D-ribofuranosyl]uracil (44)

To a suspension of uracil (77.3 mg, 0.69 mmol) HsCN (2.0 mL) was added BSA
(0.34 mL, 1.38 mmol) at rt under Ar atmosphere tredmixture was stirred for 1 h. To
the mixture was added a solution 48 (154.4 mg, 0.23 mmol) in GEN (3.0
mL)/CH,CI, (1.0 mL) and TMSOTTf (0.42 mL, 2.30 mmol) at O °Gder Ar atmosphere
and the mixture was stirred at rt overnight. Thact®en mixture was partitioned
between CHGIsaturated NaHC§and silica gel column chromatograpthexane/ethyl
acetate = 2/l of the organic layer gavé4 (126.7 mg, 80%) as a foartd NMR
(CDCl) 6 0.89-1.17 (28H, each as 18i-i-Pr), 2.14 (3H, s, Ac), 3.69 (1H, dsasb =
12.0 Hz, CH<5'a), 4.02 (1H, dJsass = 12.0 Hz, Ch-5'b), 4.11 (1H, ddJy »= 1.7
Jo 3= 7.1 Hz, H-2), 4.45 (1H, dJchzacrzb= 11.5 Hz, CHLOAC), 4.68 (1H, dJy 5=
7.1 Hz, H-3), 5.13 (1H, ddJcrzacrze= 11.5 Hz, CHOAC), 5.77 (1H, dJns = 1.2
andJs = 8.0 Hz, H-5), 6.20 (1H, ddy » = 1.7 Hz, H-1), 8.04 (1H, dJs¢ = 8.0 Hz,
H-6), 9.53 (1H, br, NH); NOE experiment: H-6/g}%, H-6/H-2, H-1/CHyy4,
H-2'/CHx,5; °C NMR (CDCh) 6:13.0, 13.1, 13.3, 135, 17.2, 17.30, 17.32, 17.38,

17.42, 17.5, 17.6, 21.1, 35.1, 63.4, 65.4, 66.54,684.2, 96.3, 102.8, 140.8, 150.3,
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163.0, 170.7; ESI-MS nfz) 707 (M" + Na); ESI-HRMS 1fVz): calcd for
C24H4107N2INaSSh: 707.11099, found: 707.11155 (M-Na).

4.26.

1-[4-Acetoxymethyl-2-deoxy-3,5-0-(1,1,3,3-tetr aisopropyldisiloxane-1,3-diyl)-4-thi
o-B-D-ribofuranosyl]uracil (45)

To a solution o#4 (113.5 mg, 0.17 mmol) in toluene (5.0 mL) was atl8esSnH
(92 uL, 0.34 mmol) and EB (85 pL, 0.085 mmol) at70 °C under Ar atmosphere and
the mixture was stirred under, @mosphere overnight. The reaction mixture wasasil
gel column chromatographyhexane/ethyl acetate = 1/Jon silica gel to givet5 (94.4
mg, 99%) as a syrujdf NMR (CDCk) & 0.92-1.18 (28H, each as i-i-Pr), 2.16 (3H,
s, Ac), 2.26 (1H, ddJya 3= 6.3 anddya 2p= 13.8 Hz, CHx2), 2.78 (1H, dtJy o=
75,30, 3= Jra 2= 13.8 Hz, CH2), 3.89 (1H, dJsasp = 12.6 Hz, H-5), 4.03 (1H,
d, Jyasp = 12.6 Hz, H-5), 4.25 (1H, dJchzachzo= 12.5 Hz, CHOAC), 4.41 (1H, d,
Jerzachzn= 12.5 Hz, CHyOAC), 4.63 (1H, ddJra 3= 6.3 andlyy 3= 13.8 Hz, H-3),
5.76 (1H, dJwns = 1.7 andls s = 8.0 Hz, H-5), 6.00 (1H, dy b = 7.5 Hz, H-1), 8.27
(1H, d,Js = 8.0 Hz, H-6), 9.51 (1H, br, NHY®*C NMR (CDC}) &: 12.6, 13.2, 13.46,
13.49, 17.25, 17.32, 17.48, 17.54, 17.6, 17.7,,42((®, 61.7, 62.9, 65.9, 72.4, 102.1,

141.3, 150.9, 163.5, 170.8. ESI-M&V%) 581 (M" + Na); ESI-HRMS fv2): calcd for
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Co4H420;N,NaSSj: 581.21435, found: 581.21484 (M-Na).

4.27.

1-[2-Deoxy-4-hydroxymethyl-3,5-O-(1,1,3,3-tetr aisoproryldisiloxane-1,3-diyl)-4-thi
o-B-D-ribofuranosyl]uracil (46)

Compound45 (249.8 mg, 0.45 mmol) was treated with metharatenonia (30 mL)
at 3 °C for 2 days. The reaction mixture was evaporaded silica gel column
chromatographyhexane/ethyl acetate = 2/af the residue gav46 (188.0 mg, 81%) as
a syrup:*H NMR (CDCk) & 0.97-1.18 (28H, each as ®i-i-Pr), 2.22 (1H, ddJoa 3=
6.3 anddya 2u= 12.6 Hz, CHx2), 2.62 (1H, ddJon,chza = 7.5 andop cron = 4.6 Hz,
CH,0H), 2.81 (1H, dtJi 25 = 7.5, Jon, 3= Jra 26= 12.6 Hz, CHy2), 3.74 (1H, dd,
Jorhchza = 7.5 anddcrzacrzn = 12.0 Hz, CHOH), 3.86 (1H, dJom,chzn = 4.6 and
Jerzachzn= 12.0 Hz, CHyOH), 3.98 (1H, dJsasp = 12.6 Hz, CH.5), 4.11 (1H, d,
Jsasn = 12.6 Hz, Chy5), 4.69 (1H, ddJoa 3= 6.3 andlp, 3= 12.6 Hz, H-3), 5.75
(1H, d,Js 6= 8.0 Hz, H-5), 6.03 (1H, dy' 21 = 7.5 Hz, H-1), 8.26 (1H, dJs 6= 8.0 Hz,
H-6), 9.66 (1H, br, NH)}C NMR (CDCE) &: 12.3, 12.9, 13.10, 13.13, 16.90, 16.93,
16,96, 17.03, 17.19, 17.23, 17.3, 41.0, 56.7, €@3342, 64.7, 72.1, 102.0, 140.9, 150.6,
163.1, ; ESI-MS1fV2) 539 (M" + Na); ESI-HRMS 1{V2): calcd for GoH400sNoNaSSs:

539.20378, found: 539.20441 (M-Na).
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4.28.
1-[2-Deoxy-4-C-for myl-3,5-O-(1,1,3,3-tetr aisopropyldisiloxane-1,3-diyl)-4-thio-p-D-
ribofuranosyl]uracil (47)

To a solution of46 (147.6 mg, 0.29 mmol) in GiEl, (7.0 mL) was added
Dess-Martin periodinane (123.2 mg, 0.44 mmol) 4COunder Ar atmosphere and the
mixture was stirred for 5 h. The reaction mixtureasw partitioned between
dichloromethane/saturated NaHgOand silica gel column chromatography

(hexane/ethyl acetate = 24f the organic layer gav (140.1 mg, 94%) as a syrup:
0.98-1.02 (28H, each as 18j-i-Pr), 2.41 (1H, ddJ»4 3= 6.3 andJy,, 2p= 13.8 Hz,
CHpx2), 2.93 (1H, dtJy 25 = 7.5, dp, 3= Joa 26= 13.8 Hz, CHy-2), 4.06 (1H, d,
Jsasn = 13.8 Hz, CH.5), 4.38 (1H, dJsasp = 13.8 Hz, Chi5), 4.85 (1H, ddJra 3
= 6.3 andlpp 3= 13.8 Hz, H-3), 5.79 (1H, dJs¢ = 8.0 Hz, H-5), 6.22 (1H, diy »p =
7.5 Hz, H-1), 8.34 (1H, dJs6 = 8.0 Hz, H-6), 9.71 (1H, s, CHO), 9.82 (1H, bi)\
13C NMR (CDCE) &: 12.3, 13.0, 13.3, 13.5, 16.7, 16.8, 16.9, 167023, 17.32, 17.4,
17.5, 41.9, 58.0, 58.1, 65.7, 71.9, 96.1, 102.2.84150.5, 162.8. ESI-MSn(z) 515
(M* + H); ESI-HRMS (2): calcd for GoHz906N2SSh: 515.20619, found: 515.20726
(M*+H).

4.29.
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1-[2-Deoxy-4-C-ethynyl-3,5-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-thio-p-D
-ribofuranosyl]uracil (49)

To a suspension of bromomethyltriphenylphosphoninomide (148.3 mg, 0.34
mmol) in THF (2 mL) was added potassitet-butoxide (1 M THF solution) (0.34 mL,
0.34 mmol) at-40 °C under Ar atmosphere and the mixture wasestifor 2 h. To the
ylide solution was added a solution 4f (29.5 mg, 0.057 mmol) in THF (2 mL) at
-40 °C and the reaction mixture was stirred at @0Gdr 2 h. The reaction mixture was
partitioned between chloroform/saturated J8&Hand silica gel column chromatography

(hexanel/ethyl acetate = 2/1of the organic layer gave a mixture4d (17.6 mg, 46%
yield). To a solution o#8 (17.6 mg, 0.026 mmol) in THF (2 mL) was added buty
lithium (1.55 M hexane solution) (0.14 mL, 0.21 mjrat —10 °C under Ar atmosphere
and the mixture was stirred for 16 h. The reactimrture was partitioned between
chloroform/saturated NI and and silica gel column chromatograpthexane/ethyl
acetate = 2/ of the organic layer gaw9 (10.9 mg, 82%) as a syrup: IR (neat) : 2111
cm }(C=CH); § 0.98-1.16 (28H, each as ®i-i-Pr), 2.21 (1H, ddJya 3= 5.2 andlyy,
2b=13.5 Hz, CH+2), 2.63 (1H, s, €CH), 2.93 (1H, dddJy’ 2= 7.5,J21, 3= J2a, 2b=
13.5 Hz, CH-2), 4.02 (1H, dJsasb = 12.6 Hz, CH<5), 4.05 (1H, dJsasn = 12.6 Hz,

CHay5), 4.45 (1H, ddJoa 3= 5.2 andlyp, 3= 13.5 Hz, H-3), 5.71 (1H, ddJus = 2.3
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andJs = 8.6 Hz, H-5), 6.22 (1H, dly »p = 7.5 Hz, H-1), 8.22 (1H, dJs¢ = 8.6 Hz,
H-6), 8.75 (1H, br, NH)**C NMR (CDCE) &: 12.3, 13.1, 13.3, 13.4, 16.8, 16.90, 16.97,
16.99, 17.2, 17.3, 17.4, 17.5, 40.7, 57.0, 57.2,600.8, 76.3, 81.4, 101.9, 141.1, 150.5,
162.9. FAB-MS(V2): 533 (M" + Na); ESI-HRMS (iv2): calcd for GsHsgOsNo.NaSSh:
533.19322, found: 533.19434(M-H).

4.30. 1-[N*3,5-Tri-O-acetyl-2-deoxy-4-C-ethynyl-4-thio-B-D-ribofur anosyl]cytosine
(52)

To a solution 049 (10.5 mg, 0.021 mmol) in GEN (2.0 mL) was added KO3
(18.0 mg, 0.13 mmol) and 2,4,6-triisopropylbenzelfesyl chloride (39.4 mg, 0.13
mmol) under Ar atmosphere at rt and the mixture atased at 80 °C for 6 h. The
reaction mixture was filtered through a celite padshed with CEHCI, and the filtrate
was evaporated to dryness. Silica gel column chrognaphy over neutral silica gel
(hexanel/ethyl acetate = 10/1) of the residue &&M@4.6 mg, 90%). To a solution 60
in THF (0.5 mL) was added ammonium hydroxide (2 ratp °C and the mixture was
stirred overnight at rt. The reaction mixture wasmorated to dryness and silica gel
column chromatography (4% MeOH in gEl,) of the residue gave cruéé. To a THF
(1.5 mL) solution of crudél was added BINF (1M THF solution) (53uL, 0.053

mmol) at 0 °C under Ar atmosphere and the mixtuas stirred for 2h. To the reaction
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mixture was added A© (10.4pL, 0.11 mmol) at 0 °C and the mixture was stirred a
overnight. The reaction mixture was partitionedwsstn chloroform and saturated
NaHCQ; and silica gel column chromatography (2% MeOH k,Cl,) of the organic
layer gave52 (6.3 mg, 76%) as a syrupR (neat): 2116 cm’(C=CH); 'H NMR
(CDCl) 6 2.15, 2.16 and 2.27 (9H, each as s, Ac), 2.46 (tH;’, 2a= J»a 3= 5.2 and
Joa 20= 14.3 Hz, CHz2), 2.53 (1H, dtJi 26 = Jop 3= 6.9 anddya »p= 14.3 Hz,
CHa-2), 2.63 (1H, s, ECH), 4.37 (1H, dJsass = 11.5 Hz, CH:5), 4.41 (1H, d,
Jsasp = 11.5 Hz, CHy5'), 5.42 (1H, ddJya 3= 5.2 anddp, 3= 6.9 Hz, H-3), 6.51
(1H, dd,Jy 2= 5.2 andly o1 = 6.9 Hz, H-1), 7.50 (1H, dJs6 = 8.0 Hz, H-5), 8.34 (1H,
d, Js6 = 8.0 Hz, H-6), 9.08 (1H, br, NH}*C NMR (CDCEk) &: 20.8, 20.9, 25.0, 39.6,
55.7, 63.4, 66.6, 74.4, 76.3, 79.4, 97.3, 144.9,4.5162.3, 169.9, 170.0. ESI-M86):
416 (M" + Na); ESI-HRMS (W2): calcd for G/H190sN3NaS: 416.08868, found:
416.08899 (M +Na).
4.31. 1-[2-deoxy-4-C-ethynyl-4-thio-p-D-ribofuranosyl]cytosine (9)

Compounds2 (13.4 mg, 0.034 mg) was treated with methanolicnama (3.0 mL)
at 0 °C overnight. The reaction mixture was evajgar#o dryness and silica gel column
chromatography (20% MeOH in GEl,) of the residue gave (8.8 mg, 97%) as a

solid: mp 203-206 °CIR (neat): 2110cni*(C=CH); ‘H NMR (CD:;OD) & 2.25 (1H, dt,
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I 2a= Joa 3= 4.6 anddya 2= 13.2 Hz, CH+2), 2.54 (1H, dddJy 25= 6.7,Jop, 3=
8.6 anddya 2u= 13.2 Hz, CHy-2), 2.86 (1H, s, ECH), 3.68 (1H, dJsasn = 12.1 Hz,
CHy5), 3.75 (1H, d, 1H, dJsasp = 12.1 Hz, CH<5), 4.25 (1H,Jya 3= 4.6 andlyp, 5
= 8.6 Hz,, H-3), 5.84 (1H, dJs = 7.5 Hz, H-5), 6.20 (1H, ddy 22= 4.6 andly o1 =
6.9 Hz, H-1), 8.23 (1H, dJs = 7.5 Hz, H-6);:°C NMR (CDCE) &: 42.9, 61.03, 61.10,
66.6, 74.7, 77.3, 83.1, 97.4, 143.9, 158.6, 16E8|-MS (M2 290 (M' + Na);
ESI-HRMS (W2): calcd for GiH130sN3NaS: 290.05698, found: 290.05711 (M Na).
4.32.

1-[4-C-Cyano-2-deoxy-3,5-0-(1,1,3,3-tetr aisopropyldisiloxane-1,3-diyl)-4-thio-p-D-r
ibofuranosyl]uracil (54)

To a solution of47 (87.7 mg, 0.17 mmol) in pyridine (4.0 mL) was adde
HONH.HCI (35.4 mg, 0.51 mmol) at rt under Ar atmospharal the mixture was
stirred overnight. The reaction mixture was quedchdth EtOH and evaporated to
dryness. The residue was partitioned between ettstate/HO and silica gel column
chromatograph¢hexane/ethyl acetate = 14f the organic layer gava8 (86.7 mg, 96%
yield). To a solution 063 (86.7 mg, 0.16 mmol) in Ci€l, (4.0 mL) was added g
(0.122 mL, 0.85 mmol) and MsCl (66.0 mL, 0.85 mmat)0 °C under Ar atmosphere

and the mixture was stirred at rt overnight. Thact®en mixture was partitioned
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between chloroform/saturated NaHEQnd silica gel column chromatography
(hexane/ethyl acetate = 2/Dof the organic layer gave4 (65.9 mg, 80%) as a syrup;
IR (CHCL): 2237 (C=N); 'H NMR (CDCk) & 0.95-1.15 (28H, each as 18i-i-Pr),
2.37 (1H, ddJaz = 5.8 andJiarzs = 14.1 Hz, CHy2), 2.89 (1H, dddJy »p = 7.5,
Jobs = 5.2 andlyazp = 14.1 Hz, Chiyr?), 4.14 (1H, dJsass = 12.1 Hz, CHLS), 4.18
(1H, d,Jsasp = 12.1 Hz, CHy5'), 4.56 (1H, ddJra 3= 5.8 andlyp 3= 5.2 Hz, H-3),
5.74 (1H, ddJsnn = 2.3 andls g = 8.6 Hz, H-5), 6.17 (1H, dy o1 = 7.5 Hz, H-1), 8.01
(1H, d, Js6 = 8.6 Hz, H-6); **C NMR (CDC}) &: 12.4, 13.0, 13.3, 16.8, 16.9, 16.9,
17.1, 17.2, 17.3, 17.5, 31.6, 41.0, 56.5, 57.31,601.5, 102.6, 117.6, 140.4, 150.6,
163.3. ESI-MS({V2): 534 (M" +Na); ESI-HRMS (V2): calcd for GoH3;0sNsNaSS):
534.18847, found: 534.18942(M-Na).
4.33. 1-[N*35-Tri-O-acetyl-4-C-cyano-2-deoxy-4-thio-B-D-ribofur anosyl]cytosine
(57)

To a solution 054 (50.9 mg, 0.099 mmol) in GEN (5.0 mL) was added KO3
(81.5 mg, 0.59 mmol) and 2,4,6-triisopropylbenzeifesyl chloride (178.7 mg, 0.59
mmol) under Ar atmosphere at rt and the mixture stased at 80 °C for 6 h. The
reaction mixture was chromatographed over neutliahgel (hexane/ethyl acetate =

5/1) to giveb5 (72.1 mg, 94% vyield). To a solution 65 in THF (1.0 mL) was added
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ammonium hydroxide (3.0 mL) atl0 °C and the mixture was stirred overnight at rt.
The reaction mixture was partitioned between clitoro and HO and silica gel
column chromatography (4-8% MeOH in &) of the organic layer gave cru@é.

To a solution o6 in THF (4 mL) was added BNF (1 M THF solution) (0.25 mL,
0.25 mmol) at 0 °C under Ar atmosphere and the urextvas stirred for 2 h. To the
reaction mixture wad added A2 (47 uL, 0.50 mmol) and the mixture was stirred 2 h.
The reaction mixture was partitioned between chlitoro/saturated NaHC£and silica
gel column chromatography2% MeOH in CHCI,) of the organic layer gav&? (41.7
mg, 97% from55) as a syrup.: IR (neat) 2242 éniC=N); ‘H NMR (CDCk) & 2.18,
2.23 and 2.29 (9H, eacha a®\s), 2.72 (1H, dtJ; 23 = Jra3= 5.2 andlya 21 = 14.3 Hz,
CHp2), 2.85 (1H, dtJy o = Jops = 7.5 andlyan = 14.3 Hz, Chi-2), 4.43 (1H, d,
Jsasn = 11.5 Hz, CH:5), 4.55 (1H, dJsasp = 11.5 Hz, CHy5), 5.51 (1H, ddJra 3

= 5.2 andJyp, 3= 7.5 Hz, H-3), 6.45 (1H, ddJi 2a= 5.2, J1 25 = 7.5Hz, H-1), 7.60
(1H, d,Js 6= 7.5 Hz, H-5), 8.12 (1H, ds 6 = 7.5 Hz, H-6), 9.64 (1H, br, NH}*C NMR
(CDCl) &: 27.5, 31.7, 38.0, 51.0, 52.1, 54.0, 61.7, 65446,798.2, 116.5, 144.5, 155.5,
162.8, 169.7, 169.9, 208.4. ESI-M$%): 417 (M" +Na); ESI-HRMS (W2): calcd for
C16H1806N4NaS: 268.0756, found: 417.08444 (Nt Na).

4.34. 1-[2-deoxy-4-C-cyano-4-thio-p-D-ribofuranosyl]cytosine (10)
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Compound57 (22.5 mg, 0.057 mmol) was treated with methanatitmonia (5.0
mL) at 0 °C overnight. The reaction mixture waspevwated to dryness and purified by
silica gel column chromatography (20% MeOH in £LH) to give purelO (13.8 mg,
90%) as a solidnp 252-253 °C (dec)R (neat) 2235 cif (C=N); *H NMR (CD;OD) &
2.44-2.48 (1H, m, Ck2), 2.55-2.61 (1H, m, Ch-2), 3.88 (1H, dJsasp = 11.5 Hz,
CHy5), 3.94 (1H, dJsasp = 11.5 Hz, Chy5), 4.51 (1H, ddJyas = 4.6 andlp s =
7.5 Hz,, H-3), 5.93 (1H, dJs = 7.5 Hz, H-5), 6.38 (1H, fly 2= J1-25 = 5.8 Hz, H-1),
8.03 (1H, dJs6 = 7.5 Hz, H-6);*C NMR (CDCE) &: 42.0, 60.8, 61.8, 65.9, 74.9, 97.2,
119.9, 143.1, 158.3, 167.3; ESI-M8/%) 291 (M" + Na); ESI-HRMS 1fv2): calcd for

Ci0H1203N4NaS: 291.05223, found: 291.05226 (M Na).

4.35. Cytotoxicity test®

A cell suspension of human B-cell aclgenphoblastic leukemia cells, CCRF-SB or
human T-cell acuteymphoblastic leukemia cells, Molt-4, containing 1.0 x1€ells/mL,
was prepared in RPMI 1640 medium supplemented %&b fetal bovine serum; 100
uL of the cell suspension was seeded in a 96-weallepland 10QuL of medium or
phosphate-buffered saline (PBS) containing testpmamd in serial 2-fold dilution was

added. Cells were incubated in a 5% @@@ubator at 37 °C. After 3 days, [iQ of Cell
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Count Reagent SF (Nacalai Tesque, Kyoto, Japan)added to each well. After 4 h
incubation at 37 °C, absorbance at 570 nm (testelgagth) and 690 nm (reference
wavelength) were measured using a microplate redddark, Bio-Rad). The
percentage of cell growth inhibition was calculabgdhe following formula:

Inhibition (%) = [1 - x — Co/Cx —Cp)] x 100

WhereT, is absorbance at the end of incubation with test),drk is absorbance at the
end of incubation without test drug, a@g is absorbance at beginning of incubation.

IC5p of the test compound was determined graphicatipnfa dose-inhibition curve.

4.36. Antiviral assays*

HEL cells and the following virus strain were uségkrpes simplex virus type-1
(HSV-1) strain KOS, thymidine kinase-deficient (JKISV-1 KOS strain resistant to
ACV, HSV type-2 strain G, varicella-zoster virus4V) strain Oka, VZV/TK- strain
07-1, human cytomegarovirus (HCMV) strain Daviscaiaia virus Lederle strain.
These assays were based on the inhibition of wrdiseed cytopathicity or plaque
formation (for VZV) in human embryonic lung fibradts, African green monkey cells,
human epithelial cells, Crandell feline kidney sall median-darby canine kidney cells.

Briefly, confluent cell cultures in microtitre 96elN plates were inoculated with 100
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50% cell culture infectious doses (CCID 50) of i CCID 50 being the virus dose to

infect 50% of the cell cultures) or with 20 pladgeeming units (PFU; for VZV). After

1-2 h adsorption period, residual virus was remauedi the cell cultures were incubated

in the presence of varying concentrations of tls¢ ¢empounds. Viral cytopathicity of

plaque formation (VZV) was recorded as soon agatlhed completion in the control

virus-infected cell cultures that were not treateith the test compounds. Antiviral

activity was expressed as the 50% effective comatomh, that is, effective

concentration required to reduce virus-induced matioogenecity or viral plaque

formation (VZV) by 50%.
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