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ABSTRACT

Synthesis of novel pyrimidine thioapionucleosides
as potent antiviral agents

Rae Sang Lee
Advisor: Prof. Ok Hyun Ko, Ph.D.
Department of Pharmacy

Graduate School of Chosun University

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, reduc—
tion and cyclization. The pyrimidine nucleosidic bases (uracil, 5-fluorourac-
il, 5-iodouracil, 5-chlorouracil, 5-bromouracil) were efficiently coupled by
Vorbruggen glycosyl condensation procedure (persilyated base and
TMSOTS ). 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 (ECso = 30.7 uM).

Key words - Antiviral agents; Thioapionucleoside; Ozonolysis; Pumerer

reaction; Vorbruggen reaction



A2 ARl A Tbg w2 BAS @ Fopt JATE 1 F st 4

2 49 ARt Ay orw AEst= MER sE] /Mol 7HsatA HA
o oolE ¥E FoA 7 2 vlsE ARG A= Aol 19099 Levene
Jacobs®ld] A& 87 nucleosides] FE Solr}, 1234

Zol mek DNA virus®t RNA virus7} )

o

Virust core’} 7FAl& 34k
om DNA virus7}b % Al7]= ZAW O 2= upper respiratory infections,
herpes’d A3}t chicken pox®t small pox s°] 23, RNA virus7} %
A7 AW O ZEE encephalitis (3 %), gastroenteritis, influenza, measles,
meningitis(3 %$3), mumps, pericarditis (A'd%), pleurodynia, poliomyelitis,
rabies 5°| Ut} Viruse A&3}AHL virion©] host target cellol #3lA
virion capsid®] reactive side”} host cell wall®] receptorol] HZ&}A] =11
viral genomeol host cell wall& %334 virus programel| Wz} A=
virus®] particlerk ¥+ macromoleculesE ABAFHA H . el virus9
copyeo°l Ho® FEH+ AEE ZAA vk 1HEE olg HAo] #H
gt enzyme FE virusoll SolHolgt & 4 low ol g 5o HiE
g virus’ SFQ A Y] 7| %27} Ho] ¢t} viruse host cellFol A qE o 3}
AN ol S & 4 A7 wEel tiF & virusd dES FAAHOR
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virus 545 HFA she AW FANSS BEd Fojopt gt mEbA 3
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virusAd 3tstaAle] HFTEHEE vIE o] AaH AAo vt & 5 3
Q2

CF HESE o] gt FEe T FetEd sl a9 # virusAd FEo] H7

T 2 dIT F7F AA 3] Azt AL o] & ufolg
o] A3 YelHA %o helper-T MEF7F A9 fle
ZEo] o]Fste olEg MER FHO T4 W ZA35 (AIDS) ol#tal T
B 3, A AAHoR F volg A Afuto] AFE AR RFH AL

AIDSE ©]% human immunodeficiency virus (HIV, HTLV-II gta1% 3}
ZH= retrovirus7b 9lo]®®” WS AwrS 2AstE T4+ A E CDat 2
AHE FEAR ] AExUE Fo7F 71t ol& AlEES AT OoRA W
o 7)ol Awrdo R AstE= AWolty. dA dAwrs FEAEY FUF o
S5uink o] ol21 A MAHOE °F 3.500~4.000% ol oz
Hw o5 3~54 olulo] AIDS x=E HHT Aoz Bo HIV 74 ik
=olEtaL stHet= AIDS 2t = AlE F71E Aotk WHO®| H.arA o
mEH d AAFeRE AIDS A7F 36%F ®Hola Syt AR HarHow
ol FA ok

A%Z FDA 592 W& AZTE 19643 Horwitz5ol o8 §4 =glem?
Ao selenium o83 I WHE BuFT'” AIDS A &A AZT7H
HAE ol ZE AMRES 40 O £i1 S0 HE IF=ES 7] A5t o
AAF @4 GAAZA Y nucleoside EZo| B2 TS Eoa Qth o] AZT
7} AIDS 3kzte] AW A% a3E o= Ax

2 A HIV d3A 28, 25 Fof 54" 5o 2480 Edsta =

1=

1>
2

o

uls

&

-

M

g

ol

°

=
—
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FDAS 591 o} dxor Mg Ha gor dT,” AZDU,"” FLT'

S @A clinical trial <o) At} E3] ddl= HIV EAE 7FE3s] A A7)
nucleosidef ZFolA FAo] 7 Aue AE A4 ATFE T3 H3Foh
(Fig. 1)
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| P SN A
HO | J
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AZT ddC dd
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Figure 1. anti-HIV activity® 7}3 2'.3'-dideoxy nucleosides

AIDS gk olg} =8 BYHE 5 FHE Fojus FAR Hou A AA
#AaE e Fdolth BE A2 BY Y wloly 2~
(HBV)S] #rgel osf dojvbe wlolg 24 Adoltt. &8 BY 1 w2l
MEE BE 7Hge] ool 7hsstA HAS W S TolAE AAA, nSF F
AR Qs e Wl HFE, BY 1 #Wle] w2 A Al 2 10~20%0
23l non-responders & 3 o3 B #EAVE B Q7] W&
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g e d<le] H= Hpo]l# 2= hepadnaviridaeol &3t FEA HiolY
290 dFOF DNA Hpo]l# 2~ o]t} hepadnaviridaeo] &3t Hiolg| A2 &
hepatitis B virus (HBV)E H|%3}9 woodchuck hepatitis virus (WHV),
ground squirrel hepatitis virus (GSHV), duck hepatitis B virus (DHBV) &
o] A=l olE2 FEHTAH, &Y A, DNA A7], &, vlo]g o] 4
9 hoste] Welstd &4 Fol frAMdel QAL wpolglx EFA|7F RNAE Hi7i=
g dAx AAe AT E TS AL Y

hepatitis B virus (HBV)oll Z#&H <1719 serumolA <= 37FA type? HBV
particleo] WA gt} 819
@ Double walle] +ZE 7} 43nm A7]°9] +9 particle® WH-ol= DNAE
A e &HS vironoZ WA} o] FS wWEl Dane particleo| 2%
F-Et}. Outer wallol hepatitis B surface antigen (HBsAg) core®] hepa-
titis B core antigen (HBcAg)o] =A3tt},
@ 20nm F7]9] 3 particle® W] DNAZ} §lom tfFE-Eo] HBsAg®: &
o Tt
® A 20nm=E Zdolx= o8 7FAQl filamentd particle® G A] Yo DNA
7h glom dfF-iEo] HBsAg®E o3l
o]l 37FA typeol particle & €43 7X2E 71Xl Dane particle?t 7973
o] Qi & F ELHT particlex #EAo] ¢t} T HBsAg, HBcAgQ|ol
serum®] soluble protein?l hepatitis B eantigen (HBeAg)e] <At} HBV
(Dane particle)®] F+%3+= double-wall¢tell double strand®] DNAE 7} 1L

A DNA wHjo]g]2oftt},
Bd 7Fdol:= FA4 79 (acute hepatitis)®} 9HA7FA (chronic hepatitis)o] Q)

o BAREe awdozw HBVe 7Y ¥ pAAdlAN FA7 AdBow <

d Addom ods FEHI, 5 Folk FAVE AE EAET] wiEl
HBVel tigk 119 7155 2t g . 28y g5 o] vsdt froft |a b
ol kg 4]l T2 HBVel #Adel | Fol= FAE vbEo] A X387 o
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Ao m oA "k HxE HBVO o] HAS o who]x
o] HAI7F @] dojut QAle] WA= HBVl #Ed HAlEe] gk &

o Weg a7 @] uEe AR 7 mrel @ ARSL ARon U

gk &, oAl vH A& ) AElR otttk =, A9
3] HBV particleo] #AAZBOEZAM serumelA HBV DNAXE Aol oF Ha1
HBeAg(+) “dejol A HBeAg(-) ElZ WstHA FE7|2 E071A] H=d o
] HBVS] DNA7Z} host cell®] chromosomel ® integrationdtt}, HBVY] &

.

A= ¢ o] dojyA] LX7t integration® HBV genome©] 2]3l HBsAg2
&Aoo 2 qrEoR), ol Fko] 4% A RE YERYE TAHE AAFL

2 Eobm 2 £4E ° o4 dolubd 9 4HE 10~20d0] At

A ofg] A dA] AdE HEHQ F HBV nucleoside fr=AE Lamiv-
udine,?” Famciclovir,?? Adefovir dipiroxil, 22 Lobucavir,”? BMS 200475,2"
L-FMAU,” L-Fd4C*™ %] slth. (Fig. 2)

et okl A el #F FATECl SA $Akgo] @ woles

AZA HZo| o] &7 7F = nucleosideE9] o] EEE AFFA 7L O &

W AIDSDe] X EA ddCe F& HZ8&0FE= mitochondria®l A ¢l DNAZA
AANZ Tx27 Aee FHdvta Rusa ok 53], °]E nucleosides
ddl, ddC, ddAS3} Z& glycosidic bondE 7} nucleosideFrE 3gE 1
AHA 7L & Aol B s, §A e el B Ao EAE=

nucleoside & EEEAZ & AHFole TF7 W7ol AFA|EQ wWH3lout
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Figure 2. Nucleoside derivatives under development for Anti-HBV agents
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T3k HBV A 8A Lamivudine, Famciclovir, Adefovir dipiroxil, Lobucavir,
BMS 200475, L-FMAU, L-Fd4C nucleoside F2AE 2~4F Fol3A 7]
ol 27F HE &7 olst®E "olAu, FoE TAGY virus levelo] Fo{7
IS FEoE HEoRit E olH] lamivudineolA W AZol WA
rdEnt. olgg AMIER v BE Y9 Ame st
B2 T&sloF otH, HIVY X FolA B npep o] B 7pA 9] ke
& 3}+= combination therapy”} 2 7Fg/do] =th
e Bl T2 24 @AV 484 A #F G FaAd A v
3 waHAll=ER/o T2 24 WA= EESE 3 ol o A7 HT
of WA 7|= oy 2 AR AT o9 A Al = (apio—ddNs)oll o}

© Alud A AR 72 244 A BRaEdn 53], o] Ade %

(resistance)©]

5 = olgldF=AQ apio-ddA 17} HEZ o)W & anti-HIV @4 & 71A 1
91t} Apioset parsleyold E2]d flavonoid glycoside?! apiin (Figure 3)2]
MR 2 dojd H %9 branched chain sugar®2A4 1955 =1 #+x%71 4

A5 om?” HAo| EA)5= apiose= D-A o] w& A

HO—
JOH

Figure 3. Apiin

acyclic apioseZ%-H furanose forme] 2 w D, L Z}Zte] apiosedlA] 2714
9] stereoisomer?l D-apio—D-furanose®} D-apio-L-furanose % L-apio—

D-furanose®} L-apio-L—-furanose”’} @ o}z t}. (Scheme 1)
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O
CHO HO— O OH
OH OH +
HOH,C CH,OH OH
OH HO OH HO
D-Apiose D-Apio-D-furanose D-Apio-L-furanose
O
CHO HO— O OH
HO , WOH +
HOH,C CH,OH
OH HO HO
D-Apiose D-Apio-D-furanose D-Apio-L-furanose

Scheme 1. Synthesis of acyclic apiose to furanose form

apiose necleoside™ Mol EA8HA] L= setd oz A HE nucleoside
EAZA apiose nucleosideo] tet AF= I8 A BA Zoh AFHEH Hi
¥ apiose nucleoside FXA|olE apiose, 2',3'-dideoxyapiose, 2'-deoxy-
apiose nucleosides©] At} FZol B d 4'-%3 nucleoside =72 ¢
Tg & HIV 24 o0& Qe 4'-X2 nucleoside FX=Al9l 4 9 1 3uto]
Ha g AT v FH] e Eokolut 4'-%3 ribofuranosyl nucleoside
o] Fxo|A & F 2dx°] furane ring® 4FA 9] nonpair®] electron donating

effect WjZoll 4'- Aol =42 = A= X377} F3] #AlstAr}. (Figure 4)



HO Base

(5

HO

Figure 4. 4'-X& riofuranosyl nucleoside

ol 4'-9A 0] A7] =de AFdFS FE 94 E Joled B2 A7

QTFHEL e FIaH Aol = (apio-ddNs)E 4'9 X 2] hydroxylmethyl”]

7} 39X 2 £AA non-classical FA# QAo = o]t} 2 E3], o] Ade] 3}
E% otdldFEAQ apio-ddA 17} iAol o] 3= furanose ©} |

51
]:]
Y nucleoside .o} =& anti-HIVEA S 71231 9t} (Figure 5).°"

rlr

O O

; |NH2 HNJTCHs HNJTcHS
S o =S B

Apio-ddA (1) 4 -cyanothymldlne (2) 4'-a2|dothym|d|ne 3
@] HO B
HN%% jd
S
O&I\N HO
HO 16: B = uracil
O 17: B = 5-fluorouracil
HO 18: B = 5-iodouracil

HO 19: B = 5-chlorouracil
4'-hydroxymethylthymidine (4) 20: B = 5-bromouracil

Figure 5. Structures of potent 4'-branched nucleosides

and target nucleosides
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Apio—ddAT TZH O =2 furanoseTx% adenosineX.th QFASH7] w0l
adenosine deaminase Y phosphorylase® Z& @ 4ol 9lsto] A4 335X
G AAL FHAI Qe ol e TxA FHFL JHAL 7] W o o
Aol g AF7F Bok AA Aol A&H o8 o]RofxivtH Kt} ZHF oF
25 7K ¢k=e] ¥AE & Slvka dddErh

] ol 4'-cyanothymidine 2,20 4'-azidothymidine 3,V
4'-hydroxymethylthymidine 4°?37 & =32 717 FId QAo =0 B
Aol JFEL e o5 Wy =2 Frtoly s B Fdgans vl A

2% AQe] EATEelth a2y o]¢k F2 EFF dael: Estal ey
f

S F+x7 AE HEH = furanose? AU Al F3FAA}
ZAo ZHE 1A RS EAFEe Eoodowad LAl E (branched
thioapionucleoside)& @Adstal o]&9 rtolelx ¢as HAMstaxt d# 9]

Hhe& sk
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AN 2 7)7] - B Ao Algd A
Kasei jil, 2 Fluka jilolA 793 EF3 d3FA S AL 21 silica gel

(230-400 mesh)= Merck jil A& AFE359 1 Sl 2

=
o

OFE-2 Aldrich jil, Sigma iil, Tokyo

|:o
=
=
L)
oxl
)
ol
o
2

AR 8199 Th Thin layer chromatography (TLC)E Kieselgel Fe2s4 (0.25 nm)
g vk ¢FuE %S 2 o8 e TLC spots AFe]A@|E UVGL-58
7} Anisaldehyde, KMnO, &4 AlekS ALE 31T 381 542 Gallen-Kamp
melting point apparatus& AH& 8FoloH oo thgk AL oA eFdth. NMR
spectrai= tetramethylsilane (TMS)E Wi EFEZZE 3} FT-300 MHzE
AHE BT
Ethyl-3,3'-bis—(t-butyldimethylsilanyloxymethyl)-4-oxobutyrate (6): 3}3t
= 5 (10 g, 23.9mmoD<& F CHuClol &3lstar -78ColA &5 T34
Hh3- Mol ¢ 5 AE HMo] 14 & w7hA] o.&& Tt T8 5, A
7t~ E FHAA SE LES BT AASAT g el dimethylsulfide (8.7

mL, 119 mmol) 7}sta Ao A 2417+ B wuk 31T}, vkS S 7ok &

off
Ao

-/

filo

1 1 ZHAFE column chromatography (EtOAc/hexane = 1:30)2.2 A A|sle] <
a73e] 3= 6 (8.7 g, 87 %)& ATE 'H NMR (CDCls, 300 MHz) & 9.66 (s,
1H), 4.05 (q, /= 7.2 Hz, 2H), 3.84-3.64 (m, 4H), 2.36 (s, 2H), 1.19 (t, /=7.2
Hz, 3H), 0.83 (s, 18H), 0.06 (s, 61, 0.03 (s, 6H); *°C NMR (CDCls 75 MHz)
6204.41, 171.06, 65.40, 60.22, 55.11, 25.48, 18.22, 14.10, -5.72.
2,2'-Bis—(t-butyldimethylsilanyloxymethyl)-butane—-1,4-diol (7): &% =2
6 (4.5 g, 10.7 mmol)& F5 CHzClz (150 mL)ll §-3ll3tal DIBAL-H (32.1 mL
1.0 M solution in hexane)& -20 °CollA] 3] 7}ttt vES A& 1A17HE
QF 1RFE}IL methanol (30 mL)& 3] 7Fstod wh3& T4 sFAAT. 720l

A 2AZFES wErsta AEE RAE o3 @ e ol g o

_12_



1 ZJAFE column chromatography (EtOAc/hexane = 1:2)2 AAgte] &Y
el BhE 7 (352 g, 87 ®)& A2TH 'H NMR (CDCls, 300 MHz) & 3.65-
3.47 (m, 8H), 3.36 (t, /= 5.4 Hz, 1H), 3.02 (t, /= 6.0 Hz, 1H), 1.52 (t, /=54
Hz, 2H), 0.80 (s, 18H), 0.03 (s, 12H); °C NMR (CDCls, 75 MHz) & 66.63,
65.75, 58.38, 43.65, 34.39, 25.81, 18.16, -5.66.

Methanesulfonic  acid-2.2'-bis—(t-butyldimethylsilanyloxymethyl)-4-m-

ethanesulfonyloxy-butyl ester (8): 3&E&E 7 (4.2 g, 11.09 mmoD= ¥

filo
o

CHoClooll &3l A1 71 & 9%o]] methanesulfonyl chloride (571 mg, 4.99 mmol
Tl A
HoO/ EtOAcolA F=, 7] & 75 MgSOso1 A 1 x, o3}
F=35t9 Tt 1 ZAFE column chromatography (EtOAc/hexane = 1:1)2 A
Aste] 294 FFE 8 (4.74 g, 80 %)= Ak 'H NMR (CDCls, 300
MHz) § 4.33 (t, /= 7.2 Hz, 1H), 4.08 (s, 2H), 3.61 (s, 2H), 3.41 (s, 4H), 2.95
(s, 61D, 1.79 (t, J = 6.9 Hz, 21, 0.82 (s, 18H), 0.05 (s, 12H); °C NMR
(CDCls, 75 MHz) &64.78, 60.48, 57.34, 34.89, 26.64, 25.62, 18.42, -5.71.

A3 71 T, 3AAFA WA U AL PPEEFn AAE
1

o
o
&
12
o
u\l
zl

3,3'-Bis—(t-butyldimethylsilanyloxymethyl)-tetrahydrothiophene (9): 3}3t
5 8 (2.4 g, 4.48 mmol)S DMF (10 mL)el] &&)3}a2 o 7]o] Na.S (528 mmg,
6.72 mmol= 7}g &, Aol A Hokset (overnight) nlwFeRi T REg o &
S 7hste WHE-& TASEAL diethyl ether/H.0Z FZ 3k3lth #7189 S&
brineo. & A o5, ¥4 MgSO.2 A%, o3 a3it. AR S 7S 555t 1
ZAFE column chromatography (EtOAc/hexane = 1:40)2 AA|ste] .U}
o] 3FE 9 (1.0 g, 60 %)= VAT 'H NMR (CDCls, 300 MHz) & 3.49 (dd, /
=12.0, 9.3 Hz, 4H), 2.79 (t, /= 6.9 Hz, 2H), 2.58 (s, 2H), 1.79 (t, /= 6.6 Hz,
2H), 0.91 (s, 18H), 0.03 (s, 12H); *C NMR (CDCls, 75 MHz) & 63.80, 54.49,
34.60, 30.07, 29.70, 25.56, 18.52, -5.47.

(£)-Acetic  acid-[4,4'-bis-(t-butyldimethylsilanyloxymethyl)-tetrahyd-

_13_



rothiophen-2-yl] ester (10): 3}= 9 (1.4 g, 3.71 mmol)S ¥ CHyClyol &
dl5ta o 7)ol 80 % mCPBA (797 mg, 3.71 mmol)& -78°CollA] 7}&ta &
ZEo A 1AIF Rt A Th BEg Ao £33} NaHCO3 &4 7hste] wbg-& 524
&t CHoClo/Ho0% F=3H T 7181 55 10% sodium sulfite 89 3 brine
o2 AoFa T MgSO.2 AZx3FA T o 738 & 71 ZJAME acetic anhydride
(12 mL)oll g-38kaL 110CoANA 24135t wwkslar W3- -3 2+ 5530t
™AE BtOAc/H02 FE3taL #1718 S+ E3sxTE AFi MegSO,
2 & S5 AxsAT JF3sta FAE column chromatography (EtOAc/
hexane = 1:2002 BAgt] #4329 3= 10 (871 mg, 54 %)= LU
'"H NMR (CDCls, 300 MHz) & 5.57 (s, 1H), 3.82 (dd, /= 12.4, 10.2 Hz, 2H),
3.70 (dd, /= 12.0, 8.8 Hz, 2H), 2.74 (dd, /= 10.8, 8.8 Hz, 2H), 2.18 (dd, /=
10.2, 8.2 Hz, 210), 2.01 (s, 3H), 0.89 (s, 18I, 0.02 (s, 12H); *C NMR (CDCls
75 MHz) 6 170.74, 82.45, 63.81, 62.54, 58.72, 45.82, 32.60, 29.07, 25.44,
18.52, 16.4, -5.57.

(£)-1-1[3,3'-Bis—(t-butyldimethylsilanyloxymethyl)-2,3-dideoxy—glycero—t
-etrothiophenyl] wuracil (11): uracil (150 mg, 1.33mmol), ammonium
sulfate(20 mg)g ¥ HMDS (10 mL)ol] &3k Fo gMo] ErslA = uj71X
(5-6A1%D) reflux aFATH Whg NS 27HA B24s =, 55 S E FAsHHA
& FFste] Yol persilylated uracilE 931 I FAE FF
,2—-dichloroethane (10 mL, DCE)ol| &afjgtt}t. = < DCE (5 mL)ol| &%
=UEZ 10 (289 mg, 0.667 mmol)S 0ColA ¥k3-7]o] 7}5}it). whe-7]o) =

o

!

—

=19l trimethylsilyl-trifluoromethane sulfonate (0.24 mL, 1.33 mmol)&
0CellA 73] 7FabaL ol A 4A13F wik a43ivh ¥3k5 2 (3 mL)E 7hsto]
W& AL 10%3F o wrksiit. A= 1AL celiteE F3sto] 27138}
NE CHoCly HoOR F3, F57 MgSOs0ll A A xshal o7} shglt), o A&

o
7t 5= & 1 TAME column chromatography (EtOAc/hexane = 2:1)& A
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Alstel & 11 (446 mg, 69 %<& ATh 'H NMR (CDCls, 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, /= 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, /= 12.8, 8.8 Hz, 1H), 0.85
(s, 18H), 0.02 (s, 12H); '*C NMR (CDCls, 75 MHz) & 165.62, 153.62, 143.96,
101.32, 63.00, 62.44, 59.39, 32.05, 39.92, 25.74, 18.13, -5.62.
(£)-1-3,3'-Bis—(t-butyldimethylsilanyloxymethyl)-2,3-dideoxy—-glycero—te
- trothiophenyl] 5-fluorouracil (12)): 3}3& 11AH ¥ A8 =1L o] &
dto] 31gtE 128 4 sAh yield 60 % 'H NMR (CDCls, 300 MHz) & 8.23
(br s, 1H), 7.75 (d, /= 6.1 Hz, 1H), 6.01 (s, 1H), 3.58 (dd, /= 13.2, 8.2 Hz,
2H), 3.51 (d, /= 9.0 Hz, 1H), 3.40 (d, /= 9.0 Hz, 1H), 3.18 (dd, /= 4.6 Hz,
1H), 2.79 (m, 1H), 2.20 (dd, /= 12.2, 6.6 Hz, 1H), 1.93 (dd, /= 12.2, 8.4 Hz,
1H), 0.89 (s, 18H), 0.03 (s, 12H); C NMR (CDCls, 75 MHz) & 159.74,
150.70, 141.66, 138.25, 126.48, 62.89, 62.23, 58.45, 32.11, 29.97, 25.34,
18.67, -5.54.
(£)-1-1[3,3'-Bis—(t—-butyldimethylsilanyloxymethyl)-2,3-dideoxy—-glycero—t
- etrothiophenyl] 5-iodouracil (13): 3t&E 1148 7 A SFE2AE ol &
ato] 3385 132 4 &t yield 70 %; '"H NMR (CDCls, 300 MHz) & 8.56
(br, s, 1H), 7.85 (s, 1H), 5.96 (s, 1H), 3.55 (dd, /= 13.4, 6.8 Hz, 2H), 3.44
(dd, /= 12.8, 6.6 Hz, 1H), 3.32 (d, /= 8.8 Hz, 1H), 3.20 (d, /= 6.8 Hz, 1H),
2.64 (d, /= 6.4 Hz, 1H), 2.20 (dd, /= 13.0, 6.2 Hz, 1H), 1.92 (d, /= 8.4 Hz,
1H), 0.87 (s, 18I, 0.04 (s, 12H); C NMR (CDCls, 75 MHz) & 161.11,
151.21,

146.85, 67.32, 63.43, 61.26, 57.76, 32.76, 29.45, 25.67, 18.77, -5.62.
(£)-1-1[3,3'-Bis—(t—-butyldimethylsilanyloxymethyl)-2,3-dideoxy—-glycero—t

- etrothiophenyl] 5-chlorouracil (14): 3&5 114 3 F-AF8F 3 245 9]
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43l P8 145 P4 M) yield 68 %; 'H NMR (CDCls, 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, /= 12.4, 6.6 Hz, 1H), 3.37 (d, /= 6.8 Hz, 1H), 3.24 (d, /= 6.8 Hz, 1H),
2.72 (d, J= 6.8 Hz, 1H), 2.42 (dd, /= 12.2, 6.8 Hz, 1H), 1.90 (d, /= 6.6 Hz,
1H), 0.89 (s, 18I, 0.03 (s, 12H); C NMR (CDCls, 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—-dideoxy—glycero—t-
etrothiophenyl] 5-bromouracil (15): 3}3t& 1143} F-A13 3 271 ol &
gto] 33E 152 skt vield 72 %; 'H NMR (CDCls, 300 MHz ) 6 9.72
(br s, 1H), 9.72 (br s, 1H), 7.84 (s, 1H), 6.01 (s, 1H), 3.65 (d, = 12.4 Hz,
2H), 3.52 (dd, /= 12.4, 8.8 Hz, 1H), 3.40 (d, /= 8.8 Hz, 1H), 3.32 (dd, /=
12.0, 6.4 Hz,1H), 2.72 (d, /= 12.0 Hz, 1H), 2.35 (dd, /= 13.2, 6.8 Hz, 1H ),
1.90 (dd, /= 13.2, 8.6 Hz, 1H), 0.88 (s, 18 H), 0.02 (s,12H);"°C NMR (CDCls,
75 MHz) 6 160.61, 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—tetrothiophenyl)
uracil (16): 33HE 11 (92.08 mg, 0.191 mmol)S THF (5 mL)el] &A1 3,
TBAF (0.573 mL, 1.0 M solution in THF)& 7}stal AFolx] Hokgeh gt
AT WhS NS 7AES Fo TAME column chromatography (MeOH/
CHeClz = 1:)E BAst] 3185 16 (37.5 mg, 76%)5 F3Ath mp 162-165
C; UV (H20) Amax 261.5 nm; "H NMR (DMSO-ds, 300 MHz) & 11.20 (br s,
1H), 7.58 (d, /= 7.2 Hz, 1H), 6.03 (s, 1H), 4.99 (t, /= 5.4 Hz, 1H), 4.78 (t, J
= 5.6 Hz, 1H), 3.80 (d, /= 9.3 Hz, 1H), 3.67 (d, /= 9.3 Hz, 1H), 3.42 (m,
2H), 3.21 (dd, J= 12.4, 5.8 Hz, 1H), 2.88 (m, 1), 2.03 (m, 2H);"°C NMR
(DMSO-ds, 75 MHz) § 165.65, 152.81, 141.67, 101.36, 64.12, 62.83, 58.43,
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33.21, 30.65.
(+)-1-(3,3'-Bis—hydroxymethyl-2,3-dideoxy—glycero—tetrothiophenyl) 5-
fluorouracil (17): 33+ 167 A Wi o0 2 3138 175 /3330 th yield
78 %; mp 167-169C; UV (H20) Amax 269.5 nm;'H NMR (DMSO-dbs, 300 MHz)
& 11.56 (br s, 1H), 7.84 (d, /= 6.4 Hz, 1H), 6.03 (s, 1H), 4.97 (t, /= 5.4 Hz,
1H), 4.80 (t, /= 5.2 Hz, 1H), 3.67 (d, /= 12.8 Hz, 2H), 3.54 (dd, /= 12.8,
6.0 Hz, 1H), 3.47 (dd, /= 13.4, 6.0 Hz, 1H), 3.25 (d, /= 5.8 Hz, 1H), 2.65
(dd, /= 12.2, 5.4 Hz, 1H ), 2.20 (d, /= 10.8 Hz, 1H), 1.87 (d, /= 8.4 Hz,
1H), 0.89 (s, 18 H); '*C NMR (DMSO-ds, 75 MHz) & 158.98, 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—tetrothiophenyl) 5-
iodouracil (18): #gt= 163 A W o= 33h&E 185 T4 3s3lt). vield
81 %; mp 165-167C; UV (H20) Amax 285 nm; 'H NMR (DMSO-ds, 300 MHz)
611.56 (br s, 1H), 7.81 (s, 1H), 5.99 (s, 1H), 4.95 (br s, 1H), 4.80 (t, /= 5.4
Hz, 1H), 3.62 (d, /= 13.2 Hz, 2H), 3.48 (dd, /= 12.6, 6.8 Hz, 1H), 3.38 (d, J
= 12.6 Hz, 1H), 3.24 (dd, /= 12.8, 6.0 Hz, 1H), 2.73 (d, /= 12.6 Hz, 1H),
2.25 (dd, /= 13.2, 6.2 Hz, 1H), 1.98 (d, /= 13.2, 8.0 Hz, 1H); '°C NMR
(DMSO-ds, 75 MHz) 6 161.87, 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—tetrothiophenyl) 5-
chlorouracil (19): 3t¢H& 163 A Wi o & 3etE 195 &4 sFltt. yield
80 %; mp 161-163C; UV (H20) Amax 277 nm; 'H NMR (DMSO-ds, 300 MHz)
§11.34 (br s, 1H), 7.92 (s, 1H), 6.01 (s, 1H), 5.01 (t, /= 5.2 Hz, 1H), 4.82
(br s, 1H), 3.66 (d, /= 12.8 Hz, 2H), 3.50 (dd, /= 12.8 Hz, 1H), 3.27 (dd, J
= 12.8, 6.2 Hz, 1H ), 3.20 (d, /= 10.8 Hz, 1H ), 2.69 (dd, /= 10.8, 4.8 Hz,
1H), 2.40 (m, 1H), 1.96 (dd, J = 12.4, 4.6 Hz, 1H); *C NMR (DMSO-ds,
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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—tetrothiophenyl) 5-
bromouracil (20): 3&& 163 FAH WO & 313= 205 T4 okt yield
79 %; mp 165-167°C; UV (H20) Amax 278 nm; 'H NMR (DMSO-ds, 300 MHz)
§11.76 (br's, 1H ), 7.82 (s, 1H), 5.94 (s, 1H), 4.88 (br s, 1H), 4.75 (t, /= 4.8
Hz, 1H), 3.66 (dd, /= 12.4, 6.0 Hz, 2H), 3.51 (d, /= 12.4 Hz, 1H), 3.46 (dd,
J=12.4, 6.8 Hz, 1H), 3.56 (dd, /= 12.4, 6.0 Hz, 1H), 2.65 (d, /= 12.2 Hz,
1H), 2.23 (dd, J=12.2, 6.2 Hz, 1H), 1.9 (dd, J=12.2, 8.2 Hz, 1H); *C NMR
(DMSO-ds, 75 MHz) &6 160.23, 151.76, 142.43, 96.87, 62.56, 61.34, 57.77,
32.43, 29.76.
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49 2% 2 13

EA3tE waU oAl =5 A5 YA a,B-unsaturated esterrEA 5

ol

2)
HEAZ A ZFsR oy 335 55 1,3-dihydroxyacetoneZ5-§8 Z &&=
h=]

Moz A FEL F AALT AFE 52 -78 °ColA oEwsEA
(0O3/DMS)o. 2 85t aldehyde 6 <=
o] DIBALHE 7}sle] diolfr&=a] 7€ 4=

e

%

ophene+E=AE FA37] ¥l WA diolol methanesulfonyl chloride (MsCl)

S A5t dimesylate 82 TAFIP oM A L5 sodium sulfide (NasS)<S
]

z2]8te] EA = thiophene =4 92 T435}9 . (Scheme 2)

@) 0]
HO ref. 7 TBDMSO i TBDMSO
:>:O — OEt — > OEt
HO TBDMSO — TBDMSO =0
1,3-Dihydroxy 5
acetone

TBDMSO i 1BDMSO i TBDMSO
- OMS -=— OH
TBDMSO OMs 3 C

S TBDMSO OH
TBDMSO 5 8

#Reagents: i) O3, dimethylsulfide, CH,Cl,, -78 °C; ii) Dibal-H, toluene,
-78 °C: iii) MsCl, TEA, CH,Cly; iv) Na,S, DMF.

Scheme 2-Synthesis of thiophene structure 9

=32 271419l thioglycosyl donor 105 A3 HsiA 3FEE 99l

mCPBAE 7}sto] sulfoxider =4S @A 8l em AAIA glo] A% st
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acetic anhydrideg ©]€3F Pummererdt3298 483l 332 10 A5
Attt 97)1=dS Vorbruggen (persilylated base/TMSOT)¥FS-S o] &3}

T35t HA =3 AF 3 nucleosidic pyrimidine bases (uracil, 5-flu-
orouracil, 5-iodouracil, 5-chlorouracil, 5-bromouraci)< HMDS/(NH4)2SO,4
o| Al persilylationst3l o™ o 7|0 =3=n2l trimethylsilyl trifluorometha-
nesulfonate (TMSOTD< 7Fste] wa#H ALol= XA 11-168 Akl th
(Scheme 3)
TBDMSO _ TBDMSOdeAC
|
—
TBDMSOJ? TBOMSO 0

lii
HO B TBDMSO B
) I =
S TBDMSO S

HO

16: B = uracil 11: B = uracil

17: B = 5-fluorouracil 12: B = 5-fluorouracil
18: B = 5-iodouracil 13: B = 5-iodouracil
19: B = 5-chlorouracil 14: B = 5-chlorouracil
20: B = 5-bromouracil 15: B = 5-bromouracil

®Reagents: i) (a) mMCPBA, CH,Cl,; (b) Ac,0, 110 °C; ii) (a) Bases, HMDS,
(NH,4),S0Oy, reflux, overnight; (b) persilylated pyrimidine bases, TMSOTF; iii)
TBAF, THF

Scheme 3. Synthesis of target thioapiosyl nucleosides

HAZLIFEES A5 YA tetrabutyl ammonium fluoride (TBAF)S
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A g)ste] El LT o FaH LA E 16-20S T4

S

Folct.

el

1—}\6] 3

SEe

olg] 7}A] wlole] A: HIV-1, HSV-1, HSV-2, EMCVel tj3t dujo]e] ~

GEE AAFTE el AFEo] GE L YL LehhA

5-iodouracil F+%A 187} HSV-19l thdlo] w]eksk

30.7 uM)E H.o]Ft}. (Table 1)

3}H

ok o

]'O] E1i O—}:ﬁ (EC50 =

Table 1. The antiviral activities of the synthesized compounds

Compounds HIV-1 HSV-1 HSV-2 EMCV cytotoxicity
ECso(nM) ECso(uM) ECso(nM) ECso(uM) CCso(nM)
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 1.8 1.8 ND >10
Ribavirin ND ND ND 20.1 300.00

ND: Not Determined
ECs0(uM): Concentration required to inhibit 50% of virus induced

cytopathicity

CCso(uM): Concentration required to reduce cell viability by 50%
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a4 &

M ZE gulo]H A S 7Ea EZH O =2 pyrimidine thioapionucleosidef=
A (£)-1-(3,3"-bis—hydroxymethyl-2,3-dideoxy-glycero-tetrathiophenyl)
uracil(16),(£)-1-(3,3'-bis—hydroxymethyl-2,3-dideoxy-glycero-
tetrathiophenyl) 5-fluorouracil (17), (£)-1-(3,3'-bis—hydroxymethyl-2,3-
dideoxy-glycero-tetrathiophenyl)5-iodouracil(18),(£)-1-(3,3'-bis—
hydroxymethyl-2,3-dideoxy—glycero—tetrathiophenyl) 5-chlorouracil (19),
(£)-1-(3,3'-bis-hydroxymethyl-2,3-dideoxy-glycero-tetrathiophenyl)
5-bromouracil (2008 77 48kt ol& uracil FEAES EF 24F &
E9e £ ZAIA & = Aoy 4 d sEEES oY A Htely
5, HIV-1, HSV-1 HSV-2, EMCVel tig gujole]x~ kg s AAMsqich
o] oA 5-iodouracil = 18°] HSV-1o] thdle] dnlolzd)~ Fa (ECso
= 30.7 uUM)E HoAFAh HF £2 485 7 FFES TAsHA oA
T ol A JhdE I 2 wle m& Aol E3 387bs

dol w2t & 5 3l

et

[>
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