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Synthesis and Antiviral Evaluation of Novel Pyrimidine Thioapionucleosides

Rae Sang Lee, Joon Hee Hong and Ok Hyun Ko*
College of Pharmacy, Chosun University, Kwangju 501-759, Republic of Korea

Abstract — Novel 4'-hydroxymethyl branched thioapiosyl nucleosides were synthesized in this study. The introduction of
hydroxymethyl group in the 4'-position was accomplished by a [3,3]-sigmatropic rearrangement. Thioapiosyl sugar moiety
was constructed by sequential ozonolysis, reduction and cyclization. The pyrimidine nucleosidic bases (uracil, 5-fluorouracil,
5-iodouracil, 5-chlorouracil, 5-bromouracil) were efficiently coupled by Vorbruggen glycosyl condensation procedure (per-
silyated base and TMSOTY). The antiviral activities of the synthesized compounds were evaluated against the HIV-1, HSV-
1, HSV-2 and EMCV, 5-lodouracil 18 showed weak antiviral activity against HSV-1 (ECg,=30.7 pM).

Keywords [ 1 antiviral agent, thioapionucleoside, Vorbruggen reaction
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Fig. 1 - Structures of potent 4-branched nucleosides, and target
nucleosides.
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66 ol - §23) - 18
Ay Wy 5t 3 AAS A9 FE8k 1 IAE column chromato-

At & 717

& A¥e] AHER Al2FE-S Aldrich jit, Sigma jit, Tokyo
Kasei jit, 3! Fluka it o4 740 557 dgrleke AMsI)
21 silica gel(230~400 meshyS MerckA} AlE-S AREEIS 11,
gule 2ol wt FASe] A8l Thin layer
chromatography(tlc)<= Kieselgel Fys,(0.25 mm)S v} £-2%
< AT o}L59 oM tlc spote AYAAT UVGL-587}
Anisaldehyde, KMnO, #2A] kS AME-3L9T ¢4 42
Gallen-Kamp melting point apparatusE AFE381$1.0.H, o4 tf
# B kA 23%rh NMR spectra: tetramethylsilane
(TMS)E: Wi BEZE slo] FT-300 MHzES AM8-3151Tt

Ethyl-3,3'-bis-(tert-butyldimethylsiloxymethyl)-4-
oxobutyrate(6)2] &4 - 3}3E 5(10g, 23.9 mmol)E F4
CH,Clell -&3fista -78°CollA] 228 Tzt whg o] oF
58 A% Bl 4 & wrkx] 228 Sk 8 ¥ s
M E FHAA £E 2ES BF AASG T dg o)
dimethylsulfide(8.7 m/, 119 mmol)-< 7}8}1 AF2-ollA 2A]7F
o wHteith s ebEeEsta 1 #ARE column
chromatography(EtOAc/hexane=1 : 30} FA3lo] Qo1xke] g5k
E 68.7¢ 87%)% AT 'H NMR(CDCL, 300 MHz) 5 9.66
(s, 1H), 4.05 (q, /=72 Hz, 2H), 3.84-3.64(m, 4H), 2.36(s, 2H),
1.19(t, /=72 Hz, 3H), 0.83(s, 18H), 0.06(s, 6H), 0.03(s, 6H);
C NMR(CDCl,, 75MHz) & 204.41, 171.06, 65.40, 60.22,
55.11, 25.48, 18.22, 14.10, -5.72.

2,2'-Bis-(tert-butyldimethylsilanyloxymethyl)-butane-
14-diol(7)2| B -E2E4 645g 10.7mmo)e T
CH,Cl, (150 m)°ll &-3l3}3. DIBAL-H(32.1 m/, 1.0 M solution
in hexane}& -20°Collx] 3] 7l&iieh. whgHS 1278 B2t
WRESEIL methanol(30 mYe 3] 718l0) whe-S A%t
d2elM 224zt FRt Wkt &R 1AE o 3 g o

& 8 5%3819 1 S column chromatography(EtOAc/
hexane=1:2)% ZAslo] LU BPE 7(3.52 g, 87%)=F ¢
it} 'H NMR(CDCl,, 300 MHz) & 3.65-3.47(m, 8H), 3.36(t,
J=54Hz, 1H), 3.02(t, /=6.0 Hz, 1H), 1.52(t, J=5.4 Hz, 2H),
0.80(s, 18H), 0.03(s, 12H); *C NMR(CDCl;, 75 MHz) & 66.63,
65.75, 58.38, 43.65, 34.39, 25.81, 18.16, -5.66.

Methanesulfonic acid-2,2-bis-(tert-butyldimethylsilanyl-
oxymethyl)-4-methanesulfonyloxy-butyl ester(8)2] &4 —
7 CHCLell §38 33E 7(4.2 g, 11.09 mmol)2] &9
methanesulfonyl chloride(571 mg, 4.99 mmol)< 0°CellA+] WA
3] 7kek & 3AI7F B wkekd). wkE oS 7ekeEeta 3

AFE EtOA/H,00 52, £715-8 F5 MgS0. 1 7=, o

e
oN
oH

graphy(EtOAc/hexane=1: 1) A A|sto] QAo 33&
5(4.74 g, 80%)% 231k 'H NMR(CDCl,, 300 MHz) & 4.33(t,
J=72Hz, 1H), 4.08 (s, 2H), 3.61(s, 2H), 3.41(s, 4H), 2.95(s,
6H), 1.79(t, /=6.9 Hz, 2H), 0.82(s, 18H), 0.05(s, 12H); °C
NMR(CDCl;, 75MHz) & 64.78, 60.48, 57.34, 34.89, 26.64,
25.62, 18.42, -5.71.

3,3-Bis-(tert-butyldimethylsilanyloxymethyl)-tetrahy-
drothiophene(9)2| &fM- 3}%& 8(2.4g 4.48 mmo)& FF
DMF(10 m))°ll 833k ©17]¢]] Na,S(528 mg, 6.72 mmol)e 7}
3 F Aol 4] Fok F<Hovernight) HIEIGITE HES-olo)] &
< 713lo] WhE-g S48k diethyl ether/H,08 &35t &
718EE brine® E AojFa, = MgS0,2 7%, o713
o} ol 7t H%3kn 21 WAME column chromatography
(EtOAc/hexane=1:40)2 7JAsto] ¢ A o] 3182 9(10g,
60%)5 AUt 'H NMR(CDCl,, 300 MHz) § 3.49(dd, J=12.0,
93 Hz, 4H), 2.79(¢, /=69 Hz, 2H), 2.58(s, 2H), 1.79(t, /=
6.6 Hz, 2H), 0.91(s, 18H), 0.03(s, 12H); “C NMR(CDCl,
75MHz) & 63.80, 54.49, 34.60, 30.07, 29.70, 2556, 18.52,
-5.47.

(£)-Acetic acid-[4,4'-bis-(tert-butyldimethylsilanyloxy-
methyl)-tetrahydrothiophen-2-y1} ester(10)2] £fd - 33+
914 g 3.71mmol)& F< CH,CLel &alstar o] 7)ol 80%
mCPBA(797 mg, 3.71 mmol)& -78°CollA] 7}st1 2o %9
A 1A wnksigict, whg-lell 3} NaHCO, €98 7islo vt
& F438t1 CHClyH,0Z FZ3kit} 4718428 10%
sodium sulfite8% 9 brine® 2 HojF 1 ¥4 MgS0,% 1%
skt o3t & 7 FALE acetic anhydride(12 m)ol 435}
I 110°CollA 24)7F Bt waksla Hkeolg 7ot =Zaln),
FHAFE EtOAC/H,0F F&311 f718ES I3} 23242 4
o}FI F4 MgSO,E 1313tk oi3sla 1 ALE column
chromatography(EtOAc/hexane=1 : 20)2 AAsk] §4ke] 3}t
£ 10871 mg, 54%) ¥t} 'H NMR(CDCl,, 300 MHz) § 557
(s, 1H), 3.82(dd, /=12.4, 10.2 Hz, 2H), 3.70(dd, J=12.0, 8.8
Hz, 2H), 2.74(dd, /=10.8, 8.8 Hz, 2H), 2.18(dd, /=102, 8.2
Hz, 2H), 2.01(s, 3H), 0.89(s, 18H), 0.02(s, 12H); ®C NMR
(CDCl;, 75MHz) & 170.74, 82.45, 63.81, 62.54, 58.72, 45.82,
32.60, 29.07, 25.44, 18.62, 164, -5.57.

(£)-1-[3,3"-Bis-(i-butyldimethylsilyloxymethyl)-2,3-dide-
oxy-glycero-tetrothiophenyl] uracil(11)2] &3 — Uracil(150
mg, 1.33 mmol), ammonium sulfate(20 mgye =5+ HMDS(10 m))
off Fetgh Fofl gdlo] FHakA 2 gy 5~6417) reflux
STk Whehg ARV W7 & B EIE SXeEA
sEstel 294 persilylated uracile A3 7 S T
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1,2-dichloroethane(10 mi, DCE)*ll &38]3tt}. &1 x] B4 DCE
(Gmhell faE 3484 10289 mg, 0.667 mmol)S 0°CollA]
HEg7]el| 7heliet. Bhg-71el FEmi) trimethylsilyltrifluoro-
methane sulfonate(0.24 ml, 1.33 mmol) 0°CollA} 3] 7lst
T ARl AR IRkt 3@ m)E T1eke] vhe
& F4sta 1080 5 witetfth &8 IAE celites F
sl AAsEL SJ¥e CH,Cl/H,0E 52, T MgSOl4
Azsta A3ttt o dg AtsE F 1 FAHE column
chromatography(EtOAc/hexane=2 : = #lslo] 313HE 11(446
mg, 69%)% <ith 'H NMR(CDCl,, 300 MHz) & 8.11(br s,
1H), 7.72(d, /=8.1 Hz, 1H), 6.04(s, 1H), 3.63(dd, /=13.8, 6.8
Hz, 2H), 3.57(d, J=9.9 Hz, 1H), 3.50(d, /=9.9 Hz, 1H), 3.21
(m, 1H), 2.88(m, 1H), 2.16(dd, /=13.5, 6.9 Hz, 1H), 1.96(dd,
J=12.8, 88Hz, 1H), 0.85(s, 18 H), 0.02(s, 12H); *C NMR
(CDCl;, 75MHz) & 165.62, 153.62, 143.96, 101.32, 63.00,
62.44, 59.39, 32.05, 29.92, 25.74, 18.13, -5.62.

( £ )-1-[3,3-Bis-(t-butyldimethylsilyloxymethyl)-2,3-dide-
oxy-glycero-tetrothiophenyl] 5-fluorouracil(12)9] & — 3}
e 1A fARE S0 o]&slto] sihE 128 34
&ttt yield 60%; 'H NMR(CDCl,, 300 MHz) & 8.23(br s,
1H), 7.75(d, J=6.1Hz, 1H), 6.01(s, 1H), 3.58(dd, /=13.2,
8.2 Hz, 2H), 3.51(d, /=9.0 Hz, 1H), 3.40(d, /=9.0Hz, 1H),
3.18(d, J=4.6 Hz, 1H), 2.79(m, 1H), 2.20(dd, /=12.2, 6.6 Hz,
1H), 1.93(ad, /=12.2, 8.4 Hz, 1H), 0.89(s, 18 H), 0.03(s,
12H); *C NMR(CDCl,, 75MHz) 8 159.74, 150.70, 141.66,
138.25, 126.48, 62.89, 6223, 58.45, 32.11, 29.97, 25.34,
18.67, -5.54.

( £ )-1-[3,3-Bis-(¢-butyldimethylsilyloxymethyl)-2,3-dide-
oxy-glycero-tetrothiophenyl] 5-iodouracil(13)2] &4 - 3}5t
E 114 Ak £8208 o838k %8s 132 st
Atk yield 70%; 'H NMR(CDCl, 300 MHz) & 856(br s,
1H), 7.85(s, 1H), 5.96(s, 1H), 3.55(dd, /=134, 6.8 Hz, 2H),
3.44(dd, J=12.8, 6.6 Hz, 1H), 3.32(d, /=88 Hz, 1H), 3.20(d,
J=68Hz, 1H), 2.64(d, J=6.4 Hz, 1H), 2.20(dd, /=13.0, 6.2
Hz, 1H), 1.92(d, /=8.4 Hz, 1H), 0.87(s, 18 H), 0.04(s, 12H);
BC NMR(CDCl;, 75MHz) & 161.11, 151.21, 146.85, 67.32,
63.43, 61.26, 57.76, 32.76, 29.45, 25.67, 18.77, -5.62.

( £ )-1-[3,3-Bis-(¢t-butyldimethylsilyloxymethyl)-2,3-dide-
oxy-glycero-tetrothiophenyl] 5-chlorouracil(14)2} g4 - 3}
TE 1A AR FE20E ol 83l 3EE 142 84
3+90ch. yield 68%; 'H NMR(CDCl,, 300 MHz) & 9.82(br s,
1H), 7.84(s, 1H), 6.04(s, 1H), 3.56(dd, /=13.2, 6.6 Hz, 2H),
3.48(dd, J=124, 6.6Hz, 1H), 3.37(d, /=6.8 Hz, 1H), 3.24(d,
J=68Hz, 1H), 2.72(d, /=6.8 Hz, 1H), 2.42(dd, /=12.2, 6.8
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Hz, 1H), 1.90(d, J=6.6 Hz, 1H), 0.89(s, 18 H), 0.03(s, 12H);
B¢ NMR(CDCl,, 75 MHz) & 160.11, 151.21, 139.85, 107.32,
63.87, 61.67, 58.32, 32.41, 29.63, 25.58, 18.38, -5.70.

( £ )-1-[3,3-Bis-(t-butyldimethylsilyloxymethyl)-2,3-dide-
oxy-glycero-tetrothiophenyl] 5-bromouracil(15)2| g — 3}
TE 1A AR 8271 o] &3] e 158 4
atoith. yield 72%; 'H NMR(CDCl,, 300 MHz) & 9.72(br s,
1H), 7.84(s, 1H), 6.01(s, 1H), 3.65(d, J=12.4 Hz, 2H), 3.52
(dd, J=12.4, 8.8 Hz, 1H), 3.40(d, /=8.8 Hz, 1H), 3.32(dd, /=
120, 64Hz, 1H), 2.72(d, /=12.0Hz, 1H), 2.35(dd, /=132,
6.8 Hz, 1H), 1.90(dd, /=132, 8.6 Hz, 1H), 0.88(s, 18 H), 0.02
(s, 12H); *C NMR(CDCl,, 75MHz) & 160.61, 151.67, 142.45,
97.32, 63.43, 62.76, 58.82, 32.12, 29.81, 25.66, 18.51, -5.56.

( £)-1-(3,3-Bis-hydroxymethyl-2,3-dideoxy-glycero-tetro-
thiophenyl) uracil(16)2] &4 - &&= 11(92.08 mg, 0.191
mmol)$ ¥4 THFG m)oll €381 TBAF(0.573m/, 1.OM
solution in THF)E 715t ARl A Holset wHisisitt. Hhg
BE 749} =35 Fof TARE column chromatography(MeOH/
CH,Cl,=1: 7= A5l 35k 16(37.5mg, 76%)y2 Lt
mp 162~165°C; UV(H,0) A, 261.5nm; 'H NMR(DMSO-
ds, 300 MHz) & 11.20(br s, 1H), 7.58(d, /=7.2 Hz, 1H), 6.03
(s, 1H), 499, J=5.4Hz, 1H), 4.78(t, J=5.6 Hz, 1H), 3.80(d,
J=9.3Hz, 1H), 3.67(d, J=9.3 Hz, 1H), 3.42(m, 2H), 3.21(dd,
J=12.4, 58Hz, 1H), 2.88(m, 1H), 2.03(m, 2H); C NMR
(DMSO-dg, 75 MHz) & 165.65, 152.81, 141.67, 101.36, 64.12,
62.83, 58.43, 33.21, 30.65.

( £)-1-(3,3-Bis-hydroxymethyl-2,3-dideoxy-glycero-tetro-
thiophenyl) 5-fluorouracil(17)2} &M — 3}3+& 163 FAHE
o FME 178 $YsHitt. yield 78%; mp 167~169°C;
UVH,0) Ay, 269.5nm; *H NMR(DMSO-dg, 300 MHz) & 11.25
(br s, 1H), 7.84(d, J=6.4 Hz, 1H), 6.03(s, 1H), 4.97(t, J=5.4
Hz, 1H), 4.80(t, /=5.2 Hz, 1H), 3.67(d, J=12.8 Hz, 2H), 3.54
(dd, /=12.8, 6.0Hz, 1H), 3.47(dd, J=13.4, 6.0 Hz, 1H), 3.25
(d, J=5.8Hz, 1H), 2.65(dd, /=122, 54 Hz, 1H), 2.20(d, J=
10.8 Hz, 1H), 1.87(d, /=84 Hz, 1H), 0.89(s, 18H); C NMR
(DMSO-dg, 75MHz) 6 15898, 157.45, 150.75, 141.28, 138.32,
125.56, 124.76, 63.27, 61.76, 54.78, 32.37, 29.72.

( +)-1-(3,3-Bis-hydroxymethyl-2,3-dideoxy-glycero-tetro-
thiophenyl) 5-iodouracil(18)2] &4 - 352 163} FASH
Ho7 3EE 188 FAlstth vield 81%; mp 165~167°C;
UVH,0) Ay 285 nm; "H NMR(DMSO-d;, 300 MHz) & 11.56
(br s, 1H), 7.81(s, 1H), 5.99(s, 1H), 4.95(0br s, 1H), 4.80(,
J=54Hz, 1H), 3.62(d, /=13.2Hz, 2H), 3.48(dd, J=12.6, 6.8
Hz, 1H), 3.38(d, J=12.6 Hz, 1H), 3.24(dd, J=12.8, 6.0 Hz,
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1H), 2.73(d, /=12.6 Hz, 1H), 2.25(dd, /=13.2, 6.2 Hz, 1H),
1.98(d, /=132, 8.0Hz, 1H); C NMR(DMSO-d, 75MHz)
8 161.87, 151.67, 146.45, 68.72, 63.81, 61.96, 56.34, 33.01,
30.11.

( £)-1-(3,3-Bis-hydroxymethyl-2,3-dideoxy-glycero-tetro-
thiophenyl) 5-chlorouracil(19) — 31&& 167} AN Wi o
2 33E 193 493 tt. yield 80%; mp 161~163°C; UV
(H,0) Ay 277 nm; 'H NMR(DMSO-dg, 300 MHz) & 11.34
(br s, 1H), 7.92(s, 1H), 6.01(s, 1H), 5.01(t, /=52 Hz, 1H),
4.82(br s, 1H), 3.66(d, J=12.8 Hz, 2H), 3.50(dd, /=128, 6.2
Hz, 1H), 3.27(dd, /=128, 62Hz, 1H), 3.20(d, /=10.8 Hz,
1H), 2.69(dd, J=10.8, 4.8Hz, 1H), 2.40(m, 1H), 1.96(dd, /=
124, 46Hz, 1H); ®C NMR(DMSO-d;, 75MHz) & 160.72,
151.43, 138.76, 107.45, 63.67, 62.34, 57.78, 31.81, 30.12.

( £)-1-(3,3-Bis-hydroxymethyl-2,3-dideoxy-glycero-tetro-
thiophenyl) 5-bromouracil(20) — 335 163} A HHH o
2 3E 202 g se) vield 79%; mp 165~167°C; UV
(H,0) Ay 278 nm; 'H NMR(DMSO-dg, 300 MHz) & 11.76
(br s, 1H), 7.82(s, 1H), 5.94(s, 1H), 4.88(br s, 1H), 4.75(t,
J=4.8Hz, 1H), 3.66(dd, J=12.4, 6.0 Hz, 2H), 3.51(d, /=124
Hz, 1H), 3.46(dd, /=12.4, 6.8 Hz, 1H), 3.56(dd, /=124, 6.0
Hz, 1H), 2.65(d, /=122 Hz, 1H), 2.23(dd, /=122, 62 Hz,
1H), 1.96(dd, /=12.2, 8.2 Hz, 1H); ®C NMR(DMSO-d, 75
MHz) & 160.23, 151.76, 142.43, 96.87, 62.56, 61.34, 57.77,
32.43, 29.76.

MYz Y D

EHEH= R ARI=E B8] $8IM o,B-unsaturated
ester w54 58 SUEAE AL oH ITE 5+ 13-
dihydroxyacetone= 6] z+ deizl ¥ oz HA e 4= 3)
Ack” B 58 -78°Colr] 2ER-HZ(0/DMS)OE Az
ato] aldehyde 6= 22 & AT ALst 33E 60

Table I - The antiviral activities of the synthesized compounds

o)
HO ref.7  TBDMSO i
0 OEt — ™
HO TBDMSO— \==
5

1,3-Dihydroxy
acetone

TBDMST}O .
—-—————
TBOMSO S

9

TBDMSO

TBDMSO

0
TBDMSO: :—4
OFt
TBDMSO— =0
6

I

iii TBDMSO}C—\
OMs -—— OH
TBOMSO OH

7

®Reagents: i) O3, dimethylsulfide, CH,Cly, -78 °C; ii) Dibal-H, toluene,
-78°C; iil) MsC), TEA, CH,Cly; iv) Na,S, DMF.

Scheme 1 - Synthesis of thiophene structure 9.

TBDMSO ;

— -
TBDMSO §

TBDMSO S

HO B
=
HO S T

16: B = uracil

17: B = 5-fluorouracil
18: B = 5-iodouracil
19: B = 5-chlorouracil
20: B = 5-bromouracil

TBDMSO OAc

TBDMSO B
=

BDMSO

11: B = uracil

12: B = 5-fluorouracil
13: B = 5-iodouracil
14: B = 5-chlorouracil
15: B = 5-bromouracil

@Reagents: i) (a) mCPBA, CH,Cly; (b) Ac,0, 110 °C; ii) (a) Bases, HMDS,
(NH,4),S0,, reflux, overnight; (b) persilylated pyrimidine bases, TMSOTF;
iit) TBAF, THF

Scheme 2 - Synthesis of target thioapiosyl nucleosides.

DIBALHE: 71510 diol 54 72 92 5 I Fe8ks 3
7M1 thiophene -F-EAE FA817] 28 WA diololl methane-
sulfonyl chlorideMsCl)S *]2]3}o] dimesylate 82 43313
o A%slo] sodium sulfide(Na,S)S | @sle] £2 3k
thiophene =4 92 3819t HScheme 1). EFHEE7HAIR)
thioglycosyl donor 105 ¥43}7] HiA &= 9o mCPBA
£ 711 sulfoxide Hr=AE Ao A glo] Al

a0 acetic anhydride ©]-8-3F Pummerer ¥+-388 $83}0]

Compounds HIV-1 ECsy (uM) HSV-1 ECsy (uM) HSV-2 EC5y (uM) EMCV ECy, (uM) cytotoxicity CCyy (M)

16 >100 >100 >100 >100 . >100

17 >100 >100 >100 >100 >100

18 >100 30.7 >100 78.6 >100

19 >100 >100 >100 >100 >100

20 >100 >100 >100 >100 >100
AZT 0.0018 ND ND ND 5.50
ACV . ND 18 1.8 ND >10

Ribavirin ND ND ND 20.1 300.00

ND : Not Determined.

ECs, (uM) : Concentration required to inhibit 50% of virus induced cytopathicity.

CCsp (uM) : Concentration required to reduce cell viability by 50%.
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33LE 102 FAdskgict. 971& 32 Vorbruggen(persilylated
base/TMSOTH) H14-& ol-g-alo] Sajsairt. WA Fgatunte
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