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AIDS : Acquired immunodeficiency syndrome

AZT : 3 —Azido thymidine

DCE : 1,2—dichloroethane

DIBALH : Diisobutylaluminum hydride

DMSO : Dimethyl sulfoxide

DNA : Deoxyribonucleicacid

ECs0 @ Effective concentration of 50%

HIV @ Human immunodeficiency virus

HMDS : Hexamethyldisilazane

HPLC : High perfomanece liquid chromatography
ICsp : Inhibitory concentration of 50%

LiHMDS : Lithium bis (trimethylsilyl) amide ; Lithium hexamethyldisilazide
MS : Molecular sieves

NFSi : N—Fluorodibenzenesulfonimide

NMR : Nuclearmagneticresonance

NRTIs : Nucleoside reverse transcriptase inhibitors
RNA : Ribonucleic acid

RT : Reverse transcriptase

TBAF : Tetra butyl ammonium fluoride

THF : Tetrahydrofuran

TLC : Thin layer chromatography
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ABSTRACT

Synthesis of Novel 5'—Deoxynucleoside Phosphonic

Acid as Antiviral Agents

KIM KYUNG MI
Advisor : Prof. Hong, Joon Hee. Ph.D.
Department of Pharmacy

Graduate School of Chosun University

Novel Fluorinated phosphonic acid analogues were designed and
synthesized to mimic naturally occurring purine monophosphate from
commercially available 1,3—dihydroxyacetone. The discovery of
threosyl phosphonate nucleoside (PMDTA, ECsp = 2.53 M) as a
potent anti—HIV agent has led to the synthesis and biological
evaluation of 2'3'-modified 5'—deoxyversions of the threosyl
phosphonate  nucleosides. The synthesized 2’—fluoro—3'—
hydroxymethyl 5’—deoxythreosyl phosphonic acid nucleoside
analogues 14, 18, 23, and 27 were tested for anti—HIV activity as well
as cytotoxicity. The adenine analogue 18 exhibits weak in vitro anti—

HIV—1 activity (ECs9 = 19.2 M)

Keyword Antiviral agent; fluorinated nucleoside; deoxythreosyl

nucleoside phosphonic acid
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vpolgl AR QIS AL 9 FHolA EohA HHT F glon
271, 2], 7k, AIDSs THE Ao Stk vpold A A S o
AE FHA7E AR Frreta sfivitk gWEkE vfeld A AW ol 9
A Zotaat o] Agakso]l & wpelefAA] A 9 RS ] shar
Utk ol gt o Eteta & ulolg AAe] Jhdo] ol A= Hlel=
oY o7t Al I F sl dE =49, vloldae ST 7] s el
ojEet= A ARl Al Ul MAARE vlolH A FAS AHA o ® A|sh=
kAl & it Zlo] o H b ot
vpolej i~ o]l FAIA wHdRIAle]  wet X EEF ] wEko)
e =d 54 vpold s A Ag, WedETE AAdolvlel AW
AEgl AWEFS Fola ulolgA HAIAE FAAFE Aowm kA
A HEFte] Tt ARl Wk wkg wpely s TS
vpoj 2o gk Fo Wi Are EAAS v Zlo]l FE & uwlolyAa
A5 HAoR ofAlY MY HT= dEeol $AF Aol H=v)
ol WY At A= T owpolelAAe] gso] At o] 7ol ot A
2 g7t o A Hie Aok
AIDSE FHA W9 APFoRE HIV-13 HIV-22 uvy¥ed A
AARoZ FAZ HiE A& HIV-1o] 3tk AIDS A7 oFEe @
HER vlo]y AR V| skt g ER vlo]y i AIDSO fdow
3274 AEYE o] RNA JHE FHAPRE ddsts
Btk 3 HER volg|AE A7 wet wEE Al =
AL &4 A4 (Nucleoside reverse transcriptase inhibitor; NRTI),
a2 9AlA (Nonnucleoside reverse
s (Protease
7T AR =

u 2 el 2 o] =
T

RHE 9] nlo]#H A A
transcriptase inhibitor; NNRTI), w2z 2&] &4 oA
TFEE Aol =
N

o A
inhibitor) &
dideoxynucleosides &} T+F7F F-AFste] HIVZE Q17F2] Al3E oA =2
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] dideoxynucleoside thAl vlo]#fA DNA 7hehell Astste] HIV 9 @A
E42E 94 0’ diEFQ NRTIs FEE: Zidovudine (AZT),
Stavudine, Abacavir, Lamivudine (3TC) & o]&el% o & 7}#]7} §loH,
g ud e FAMHEQ AZTE HIVEEZ AIDSH Fel 2% 718 G744l
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FEo Ao Ee] @iE w= )RR Eia AES i e AL

£ 71 2§ Bavk Wb s Fe et B AR e ool el

of #AS mow Uty EA4vt HrtE wEuEleAtel=g F A
U, FIAC,® FLT, F-ddC,” SFDC}?® 1831
Y Zol glom gR AL o|ALE BT ForgA Mul oy}

e g ool s BYL AT Ak

4
N <AL
1]
HO_Ff\/Oj) HO— P\/o\)
HO HO

CHs
PMPA (3) PMEA (4)

Figure 1 Synthesis rationale of threosyl 5'—deoxyphosphonic acid

nucleosides as potent antiviral agents

FH Lo, PMDTA(1), PMDTT(2) 9 & Ef e =
TP 15 A AFA BEAZEE AT 5 Q) wﬁ—zroﬂu AR s

HIVEA] & BofErh (Figure 1) E#e X ik o b4 RG22

b
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DNASE RNAZ 7H3 31, A<l alabe] 29 §AHgo] ZWE ) & o
j

WEea Dyne Ao tE waxdels Age AU WS
grsig e BAS /]99rth HE oAt 5-¥AmelEL
=4 =

ApAloleh M 1y, AT o
A ARAL /Y o] g o2 <13
At wraxAge] ppRE Bl wiEslx vk Aotk 5'-
triphosphonate2¢] %st= o] Hla&doly HFEASE AAE AXA
il wEH Al E G o E gt 1A A& kel RS 5 &gttt

FEleAtel = 1914 o], wEUAlE EAFUOIEE T
Yo7k AlZ9 nucleotide kinaseol 9§ <QAbstE & £ Quhf

Y Aol = EAZYO]EL NS 3 HIV stk of thst AM&EH &
T &1 &F=t| 285l TETS S gkl 9—(2—
Phosphonylmethoxypropyl)  adenine  (PMPA)Y" ()3 9-(2-
phosphonylmethoxyethyl) adenine (PMEA)'® (4)= HIV 9 AAF &40
s &dAoln Ad FEHAIE IAFUYOIE A& FHS 7R
T =dolnh. Wk 9 WIAYUSES HIV-RTel 93t PMPA
diphosphate PMPApp)©]  Ago]l A9  dATPY  ddATPVWHE
g olel= AS Boerh HZol, %2l o’ T EAEAL FAH ol
P9 =g BEYLS F HIV 738 2Ake] =9 4FQ1ake 9] HIV-RT
oF DNA Feta ol gt Adegd2 A U 545 2434+

2]
F% ootk Aeta Al F HIV 73 @Ate] = AT ES

=

271 98, $8+= 2'—fluoro—3'—hydroxymethyl 5'—deoxythreosyl
o

EAFEA AR TFE 2l A 2o A RE ATE
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da 3l v

Schem 1°f|A4] Kol upsel o] 69 &FHE #87] 172 5Z5EH
desilylation, cyclization, resilylationS %3 5Z5HE oA} 2 22 o2

Ahe A, Ak A7k @AdE e et g9ER N-

fluorodibenzenesulfonimide (NFSi) &= THFeol| #o] &3jA]7]22 —78C=E

231tk LIHMDS (lithium hexamethyldisilazane) = X 3] 7}sphd zhzt
Hd AREe] ol 20%8h 30%Q) 7ash 7b7F AXGE HFE 7ag)
A%, H=2" < 3 (vinyl-H) 2] 73 NOE(0.7%)+ 2(H) ¢} 3(vinyl—
) Akolel]l cis #AIE HATE wbdEe] Td294 3= 7be H-2' <
3" (vinyl-H)2] <Fst NOE(0.4%)+= 27, 3 Atolel] trans ¥
et =78 CellA EF<llo DIDALH (diisobutylaluminum hydride)

T=ARA 9 27 A6 s = 85 v oA -E 3} &3l

P = TBDMS

FIGURE 2 NOE differences between the proximal hydrogens of 7a and 7b.

!
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Scheme 2. Synthesis of 2'—fluoro—3'—hydroxymethyl—5'—deoxythreosyl

acid guanine analogues.

HO ref.21 o i,
o e

HO PO
5 6
P=TBDMS

e i

POo— F 10a(31%)

and
Cl Cl

N SN V] N N N
4 —_—

PO— F 10b(30%) PO— 44 F
eo%kvi
NH,
N
<IN
N ~
Q o N
EtO—P._~
EtO B
PO—" F
12: P=TBDMS
vii (131 p= H (83%)
75%\ viii NH,
N
<IN
—
Q o NN
o rn
OH :
HO— F
14

84%

—LIE?
ST
PO— Y
7a: X=H, Y=F (20%)
7b: X=F, Y=H (32%)
49%jii
o
{YA‘OH
PO— F
8
cl
ix N B
N
< Py
67% o N N/
EtO-P
EtO
PO— o F
58%
NH,
N
N
</N \ )
Q o N
EtO—P
EtO
po— F
16: P=TBDMS
vii (47: P=H (80%)
NH,
73%| i
Ne
N
</N \ )
Q o N
HO*F"VQ
OH 3
Ho— F
18

Reagents: (i) NFSi, LIHMDS, THF; (ii) DIBALH, toluene; (iii) Ac20, pyridine; (v)

silylated 6—chloropurine, TMSOTf, DCE;

(v) vinyldiethyl phosphonate, Grubbs

cat.(ID CHoCly; (vi) NHjz, MeOH, 65.C; (vii) TBAF, CH3CN; (viii)) TMSBr, 2,6—

lutidine, CH3CN; (ix) Pd/C, cyclohexene, MeOH.

1
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otdld FEe 2Ate] =9 @4 DCE(1,2-dichloroethane) ol ZwjA|2l
TMSOT{ (trimethylsily trifluoromethanesulfonate) & A3 224
A2 3te 6-chloropurine® 7 3}gHE 99 Hitol oal F3yste] zhzt
B33 6-chloropurine %A 10a & 10bS <gitt. A3 NOEA =
oA dAstere getst A4S s 8AT e 10al] B¢, H-17
vinyl H=3" ¢ 2% NOE(0.6%)= 17 ,3" Alole] cis #AYNS Hole
Aoz |AHRUY. o] Ao =, 37 —vinyl¥} 10a® 1° —purine
A717F e A YA} v 3kgHE 10be A9, H-1" < vinyl H—
3" °] o3 NOE(0.4%)+= 1" ,3" Abole] trans #7A2 At 12i2=
10b¢] 3" —vinyl#} 1" —purine @7]:= B xHel $1X gt} (Figure 3)

Cl
/N =N
<NfN/)

)

P =TBDMS

Figure 3 NOE differences between the proximal hydrogens of 10a and 10b.

Grubbs (II) Zuj*'Z A}£3}9] diehtylphosphonate$} 10b2] Cross—
metathesis™+= vinylidene EAZUO|E 7 2Alo]= FAR 11S
AT, amineo 2 A 9kete] = ofrld EAZYCIE fEA] 125
DAL, F5F 83% 1 135 ¢7] 9l 12F desilylation Fvh. CH3CN
Bromotrimethylsilane ¥} 2,6—lutidine®] H7}= g3t 139 diethyl

T
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phosphonate Z44-7] 189 7}pEa2 oAl EAEA S 54 14202
A3tk Vinylidene phosphonate ©]&shs Ful Fa3t A
EstEo] F5FE 67%R oY IAZUOIE FEH A= fAA 165
ATt otdld EAEA FARA 182 1474 7ASH FdREEAIA,
A st hrEa g 2 AR REE 2 S SEl A ]l

Tobd FAHA g4 2 A9, 2—fluoro—6—chloropurine® = 6—chloro
purine ] Fgrol AFEH A oA glycosyl donor®} &FEH AT}, 2—
fluoro—6—chloropurine® 7 acetate 9¢] Vorbruggen coupling”-&
AR 19a(29%) 9+ 19b(B1%)E 22+ AA sto}.  diethylvinyl
phosphonate®} 19b cross—metathesisi= 52% $5&< 54 205 47
gt shghe 209 hRYols WERSHH Ee7bsd 2—fluoro—6-—
aminopurine A 21a(21%) 9} 2—amino—6—chloropurine §A}]
21b(41%)7F 242zt FojZtt. 2—amino—6—chloropurine %% 21bi=
TEE 3% 225 @47] Sla 2 AEs siglin. =AEAS 4] S8l
22 TMSBr& 7}sta 9145202 wgg9] sodium methoxide ¢} 2-—
mercaptoethanol< 7}ell @atd Frobd wideE|dl XA 235 At
(Scheme 2)% Frobd FAFYE 278 239 Aol AT A3}
AR WS ARR o] Sl FARTE AW, R EEAIA, A Es, a8
Zhriel T2 ol 20027 FA AT FAFYOIE 728 @A =9
@ vfolel A A S FE vlold A Al AMESA ] Aitel % 159
oIt s EWal= AlE W AxItiAbel oS ’é”é%ﬁ}.gl e shekE
14,18, 23, Z12]aL 27 HIV-1°] st HAES o, tep7AE ofdld
FARA 18> & HIV—1el thgh ok5k 3 vlo] e 2~ &4 a1 (Table 1), ©]

vhol gl A7) o]Q1AFS) = wlolej A Fra Aol o] Q1A ] oksh ZI kA o

& & FEo] 854 oS YHEE AS HoFEY. & HIVEAY S
QIZFe] WX o wa (PBM) Aol LAl F5HIAES I 7= Aoz

n
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Scheme 2. Synthesis of 2'—fluoro—3'—hydroxymethyl—5'—deoxythreosyl

acid guanine analogues.

cl cl
NN N N
o) . % N 4 j\)\N
- Ohe| —— <Nj|\)N\/)\F and <N lN/)\F
oF o
F — —
9

po_s O 19a(29%) po—S ¢ 19b(31%)

P= TBDMS i
52% |ii
ol ol
N X N X
-y ap
N N/*F N N/*F

o o vi 0 o
EtO-P ~—— EO-P_~
EtO \ 67% Et(!) \
3 24 TN 20

po—  F PO—
i
| .
N
N
4
&
o o I 0 Ny
Et0-P EtO—P._~
EtO & BlO ¢

iii
X
NfN
2
<N | N/*Y (0]

po— F Po— F
25a: X= NH,, Y=F, P = TBDMS (10%) 21a: X=NHy, Y=F, P =TBDMS (11%)
25b: X=Cl, Y= NH,, P= TBDMS (42%) .  21b: X=Cl, Y=NH,, P= TBDMS (41%)
iv,26: X=Cl, Y=NH,, P=H (77%) V. 22: X=Cl, Y=NH,, P=H (73%)
o | v 61%| v
63/0J o ‘ o
N N
¢ fJ\NH ¢ :“\)‘\NH
N /)\ N —
C N~ "NH, o N N~ “NH,
HO-P. HO-P._~
HO HO
HO—  F HO—  F
27 23

Reagents: (i) silylated 2—fluoro—6—chloropurine, TMSOTf, DCE; (i)
vinyldiethylphosphonate, Grubbs cat.(Il) CHyCly; (iii) NHs, DME, rt; (iv) TBAF,
CH3CN; (v) (a) TMSBr, 2,6 -lutidine, CH3CN; (b) NaOMe, HSCH2CH20H, MeOH;
(vi) Pd/C, cyclohexene, MeOH.
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|

PBM (1 X105 cell /mL)HIEEL 0.029 799 thaA (MOD ol A HIV-
19} 3 Az, AlE sl tdd sRE Rk 37 CelA
443F kst ol A MEE F+= 3—(4,5—di—methylthiazole—2—
yl) —2,5—diphenyltetrazolium bromide WHE A}&3te] AAEH A}
Mol AxEsAde 059 & btelels &3 visstA Hr7hE

Az AESH 7Hhe i Fohae

1o

b
o

e

o] 7+

[an
N
2

TABLE 1 The antiviral activities of the synthesized compounds.

HIV-1 Cytotoxicity 1Cso( 2 M)

Compound ECs0( 2 M) PBM CEM Vero

14 56.6 >100 >100 >100
18 19.2 57.5 44.0 >100
23 73 >100 >100 >100
27 88 >100 >100 >100
PMDTA 4.3 >100 40.5 >100
AZT 0.88 >100 12.5 50.0

PMEA: 9—[2— (Phosphonomethoxy)ethylladenine; AZT:  Azidothymidine;
ECs0(M): ECsp values are for 50% inhibition of virus production as indicated by
supernatant RT levels. ICs50(z M): ICso values indicate 50% inhibition of cell

growth.

)
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4 &

E oA IAEA FEE QA= FARA ¥t ol 2} 2 7 —fluorinated
nucleosides®  FAA & HIV @4 7]xs&, $ele 1,3-
dihydroxyacetoneZFE A2 2’ —fluoro—3'—hydroxymethyl 5'—
deoxythreosyl ZAEAL FEH QA AIE FAME Aoz FA A
2’,3’—modified adenine ¥X~E2F FEA4 182 okt & nfoly{ A A4S
HERllt (EC50 = 19.2 M), Z2u, v F2A<1 14, 23, 71811 27
" Tt & npole A A AESAS UElA Skt PMDTA
(Do} sidets FAHA 189 Bd A oA BZol (Figure 4), EAEAT
ogool 717 159 9r|RE wr uy Frgxc a8y, PMDTA
(DY & daade otdd fAkA 183 wj-g- 7Hgth olyA] HAs=
Spartan R AZEO|R WiFgolEe] AAE HAsbeta, 6-
31Gxo] 7] o2 4% BILYP7] 5 0] AFS-H ATk 2 AR o] Al
55 E97] $8l, bis—SATE phosphonodiester H-FE9] 7ljuto]
Aeigolm, o]l AFeA dojxl AHE MEE FEHAIE
AR S e {83 Zlolt to® fAbsh EFeEseE EYes

FEAFEAL SARIA ATE Y3 T HojA Ao

|

Figure 4 Superimpose of monophosphate of PMDTA (1) and 18.
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Alef d 717]— B Ag e Alg-E AleFELS Aldrich iit, Tokyo Kasei jil,
Sigma jitt ¥ Fluka jit oA 743 S53 dFA%Fs AFE 2 silica
gel (230—400 mesh) Merck jit Al%-& ARSI AL, Sl 2 Qo bt
A A8ko] AF&8FQth. TLC &= Analtech (7558, Newark, DE, USA) kol A
7Y S ol gelem TLC spot & A& §1= UVGL-58 3
Anisaldehyde, KMnO, 228

=
>,
12
filjo
S
>,
oo
ol
ok,
2
s
0:10
X
|\
oX
flo
=
®
o
8
S}

II & ARgatgl o, oo theh B a4 43ttt NMR spectra &= JEOL
300 Fel WE  WFI|(JEOL, Tokyo, Japan)E ©]§3llL,
tetramethylsilane (TMS)E W& XEFEd=E ste] FT-300MHz &
AHEEATh UV AFERS Beckman DU-7 #3 354 (Beckman,
South Pasadena, CA, USA)E AF&38F31a, M

wn

A AAEYR AV &5
ol&3t (ESD R=elA SR8tk 94 ¥4 Perkin—Elmer 2400
A7) (Perkin—Elmer,Norwalk, CT, USA) & AH&-stlth. A1 Q3] =

o

ot e HHE2 A4 1A skel F¥Ekgltt. ¥ dichloromethane,
benzene, ¥ pyridine <& CaH, Z4E FHFst] AUt ¥ THF +
AHg-8E7] A7 el Na ¢} benzophenone 258 54| F738ko] A i
(rel) = (2R,3R) —2—Fluoro—dihydro—3— (tbutyldimethylsilanyloxyme—
thyl) —3—vinylfuran—1—one (7a) and (rel)—(2S,3R)—2—fluoro—dihy
dro—3— (tbutyldimethylsilanyloxymethyl) —3—vinylfuran—1—one (7b):
4 THF 25mL ° =& f24 6(1.44 g, 5.64 mmoD = £3A7]1
o] 7)o N—Fluorodibenzenesulfonimide (NFSi, 1.78 g, 5.64 mmol) &
H7bek 5 —78.C =& ¥Z+stty, THF o LiHMDS (6.8 mL, 1.0 M) &

1 Al ZF o] H#3] dropwise 3Fal, 71 NS —78C oA F7} 3 A|ZF &<t

:H
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WHRAZL 3 1 AIRE FRE Aol AEF At WeEs E3hd
NH,Cl 1.0 mL & ©3}aL, diethyl ether (75 mL) 2 3AA17] H, U3t
oko] ¥3t¥ NaHCO; & FZo=zH WS FAANNY. {7152 %3}

A

NaHCO3; & F ¥, AFE2 3 Aol ¥ MgSO, & AFXAZIH 1
A3, FFAAL FAE

(hexane/EtOAc, 40:1) % HAste] 7a (309 mg, 20%) 2+ 7b (495 mg,

S  silica gel column chromatography

32%) 2 9=t} data for 7a: '"H NMR (CDCls, 300 MHz) & 5.70 (dd, J
= 74,54 Hz 1H), 5.02-4.95 (m, 2H), 4.41 (d, J = 8.2 Hz, 1H), 4.16
(d, J = 25.8 Hz, 1H), 4.13 (d, J = 8.1 Hz, 1H), 3.89 (d, J = 10.2 Hz,
1H), 3.61 (d, J = 10.2 Hz, 1H), 0.85 (s, 9H), 0.02 (s, 6H); 'C NMR
(CDCls, 75 MHz) ¢ 171.5 (d, J = 22.2 Hz), 155.3, 110.4, 102.2 (d, J
= 176.4 Hz), 65.6, 63.2, 43.7 (d, J = 20.8 Hz), 25.2, 18.3, —5.5; data
for 7b: 'H NMR (CDCls, 300 MHz) ¢ 5.72 (dd, J = 7.6, 5.5 Hz, 1H),
5.05-4.97 (m, 2H), 4.39 (d, J = 8.4 Hz, 1H), 4.18 (d, J = 24.6 Hz,
1H), 4.12 (d, J = 8.0 Hz, 1H), 3.87 (d, /= 10.1 Hz, 1H), 3.63 (d, J =
10.0 Hz, 1H), 0.87 (s, 9H), 0.01 (s, 6H); '"C NMR (CDCl;, 75 MHz)

2 171.2 (d, J= 21.8 Hz), 154.5, 109.6, 103.2 (d, J = 178.4 Hz), 64.7,
62.8,44.4 (d, J= 21.4 Hz), 25.6, 18.5, —5.3.

(£)—-(2S,3R) —2—Fluoro—dihydro—3— (thutyldimethylsilanyloxymeth
y1) —3—vinylfuran—1—ol (8): —78-C & 213]7] ¢J&ll, &% 7b (691 mg,
2.52 mmol) & dry toluene (12 mL)°l| €3]A]7]22 1.0 M
diisobutylaluminium hydride (DIBALH) (2.76 mL, 2.76 mmol) £ 3H-2

drop wise 3} 3713t} HES-2 —78-C oA 25 & F<F wwHkA 7]

4n

’

methanol (2.76 mL) £ dropwise 3} #7}3}1 ethyl acetate &

AT e ERES A0 R e 1 AIZHE S WRA T

lﬁ
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=< Celite =5 53l o HA|A A ASEL, ethyl acetate = 2ot}
Ao} A EHE HFAE A FF5A 7|3l 7ho] &2 silica gel column
chromatography (EtOAc/hexane, 1:15)& ©]-&3] FAIAIA FA4] 22Ul
8 (571 mg, 82%) <5 ¥+=7v}.: 'H NMR (CDCls, 300 MHz) & 5.75-5.71
(m, 1H), 5.62-5.59 (m, 1H), 5.02-4.95 (m, 2H), 3.85-3.81 (m, 1.5H),
3.62-3.56 (m, 1.5H), 2.89-2.85 (m, 1H), 2.65-2.57 (m, 1H), 0.84 (s,
9H), 0.02 (s, 6H).

(£) —Acetic acid 2—fluoro—3— (¢t—butyldimethylsilanyloxymethyl) —3—
vinyl—tetrahydro—furan—1-yl ester (9): 33%%&E 8 (685 mg, 2.478
mmol) S ¥ pyridine (14mL)el £3fA]7]112, Ac,0(0.371 g, 3.668
SHl obeiA RRAIES

k

B>

mmol) & A3 {FIHA FH, £3ES A

WREAIZITE, Pyridine & toluene ¥ @7 & &1 JHlolA 5FA1A
THAIT A ES H0 (110 mL) & 34 A171aL,  EtOAc (2 X 110

mL) & FEstth A3 7715 MgS0, 2 XA 7]aL o] 33 5 of 9ol &
EHAY. Fo]ELS silica gel  column  chromatography
(EtOAc/hexane, 1:30) 5 &3l A8t T2 24l 358E 9 (663 mg,
84%)2 ¥+rh: 'H NMR(CDCl;, 300 MHz) ¢ 6.51-6.49 (m, 1H),
5.72-5.68 (m, 1H), 5.03-4.96 (m, 2H), 4.31-4.29 (m, 0.5H), 4.10-
4.08 (m, 0.5H), 3.86-3.84 (m, 2H), 3.63-3.58 (m, 2H), 2.02 (s, 3H),
0.86 (s, 9H), 0.02 (s, 6H).
(reD—(1'S,2'S,3'R) —9— (3'—t—Butyldimethylsilanyloxymethyl—3'—
vinyl—2'—fluoro—tetrahydrofuran—1'—yl) 6—chloropurine (10a) and
(re) —(1'R,2'S,3'R) —9— (3'—t—butyldimethylsilanyloxymethyl—3'—vinyl

—2'—fluoro—tetrahydrofuran—1'—yl) 6—chloropurine (10b): 6—Chloro

7
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purine (283 mg, 1.845 mmol)& 5 HMDS(15 mL)el &3r7],
Fu1z 8-S & IutFe] b dRE (21 me)S U F FFAA LWE
of ZRFaA. T ES F4 1,2— dichloroethane (15 mL) ]
AT} o] EgEo] F4= DCE (15 mL) ol 9 (344 mg, 1.08 mmol) &
g, 1.845 mmol) & F7tst &d& 41 A

m
EaES A2oA 4 A S WA BEEES 3.0 mL o *E3)

Z,
Q

s
O
£
il
of\
i
>
)
fd
—
>
=
off
r o
=
rll
>
Y
T
ihd

W& AE Celite

Z 3 X A7 F CHyCly (2 X
90 mL)Z FEsith. AFS {715S ¥ MgSO, 2 Uz, o,
et sEsitt,. JojELS silica gel  column  chromatography
(EtOAc/hexane, 3:1) & &3l J#3te] &3+ 10a (138 mg, 31%) 2} 10b
(133 mg, 30%) 5 9=t} data for 10a: '"H NMR (CDCls, 300 MHz) &
8.58 (s, 1H), 8.22 (s, 1H), 6.11 (dd, J = 5.8, 2.0Hz, 1H), 5.72-5.68
(m, 1H), 5.02-4.97 (m, 2H), 3.87-3.79 (m, 2.5H), 3.64-3.58 (m,
2.5H), 0.83 (s, 9H), 0.02 (s, 6H); '"C NMR (CDCls, 75 MHz) ¢ 154.2,
151.8, 151.2, 150.8, 144.5, 131.8, 109.6, 98.4 (d, J = 180.6Hz), 87.2
(d, J = 21.2 Hz), 69.7, 58.4, 46.6 (d, J = 20.3 Hz), 25.5, 18.4, —4.9;
Anal. Calc. for CigHysCIFN,0,Si: C, 52.35; H, 6.35: N, 13.57. Found: C,
52.46; H, 6.52; N, 13.43; MS m/z 414 (M+H)+. data for 10b: '"H NMR
(CDCl3, 300 MHz) ¢ 8.72 (s, 1H), 8.23 (s, 1H), 6.09 (dd, J = 6.6, 1.9
Hz, 1H), 5.74-5.70 (m, 1H), 5.03-4.98 (m, 2H), 3.84-3.79 (m, 2.5H),
3.62-3.98 (m, 2.5H), 0.84 (s, 9H), 0.02 (s, 6H); '°C NMR (CDCls, 75
MHz) & 155.1, 151.8, 151.4, 151.0, 146.1, 141.4, 132.5, 110.2, 96.9
(d, J=176.2 Hz), 86.8 (d, J = 22.6 Hz), 70.8, 56.2, 46.9 (d, J = 20.8
Hz), 25.6, 18.7, —5.5; Anal. Calc. for C;gHzsCIFN,0,Si: C, 52.35; H,

1
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6.35; N, 13.57. Found: C, 52.26; H, 6.27; N, 13.67; MS m/z 414
(M+H) +.

(reD)—(1'R,2'S,3'R) —Diethyl{9— (3'—t—Butyldimethylsilanyloxymeth
yl—3'—vinyl—2'—fluoro—tetrahydrofuran—1'—yl) 6 —chloropurine} phos
phornate (11): 6—chloropurine F+5%A] 10b (239.7 mg, 0.576 mmol) 2}
diethyl vinylphosphonate (473 mg, 2.884 mmol) Z CHyCly, (15 mL) el
43 A171aL , Grubbs(II) vl (24.49 mg, 0.02884 mmol) & 37}ttt
Hhe THES 24 AR FRF X3 of = Tk b ot SHRAI7IAL ZEE
EEHA T ko] &S silica gel column chromatography (EtOAc/n—
hexane/MeOH, 4:1:0.03)2 “gAlsto] 3tgt= 11 (157.9 mg, 59%)<
A=t 'H NMR (CDCl3, 300 MHz) & 8.70 (s, 1H), 8.24 (s, 1H), 6.63
(dd, J = 14.6, 21.8 Hz, 1H), 6.18 (dd, J = 5.8, 1.8 Hz, 1H), 6.08 (dd,
J = 15.4, 20.6. Hz, 1H), 4.16-4.12 (m, 4H), 3.83-3.78 (m, 2.5H),
3.61-3.57 (m, 2.5H), 1.12-1.10 (m, 6H), 0.86 (s, 9H), 0.02 (s, 6H);
"C NMR (CDCl3, 75 MHz) 6 151.7, 151.2 143.5, 141.6, 138.3, 132.5,
112.9, 98.0 (d, J = 182.2 Hz), 85.7 (d, J = 22.6 Hz), 70.2, 59.4, 63.2,
62.6, 46.9 (d, J = 20.5 Hz), 25.4, 18.2, 15.6, —5.2; Anal. Calc. for
CooHssCIFN4O5PSi: C, 48.13; H, 6.43; N, 10.20; Found: C, 48.27; H,
6.33; N, 10.32; MS m/z 550 (M+H) +.

(re) —(1'R,2'S,3'R) —Diethyl{9— (3'—t—butyldimethylsilanyloxymethy
—3'—vinyl—2'—fluoro—tetrahydrofuran—1'—yl) adenine} phosphonate
(12): 3Z 3} methanolic ammonia (10 mL)°] 11 (205 mg, 0.375 mmol) =
23| A1 71 2L steel bomb oA 60°C 2 YA =5 WA H, 3Hd E24&
Z A 71t} 2+ &S silica gel column chromatography (MeOH/CH,Cl,

1:10) =2 AFAste] skk 1AQ! 12 (138 mg, 67%)E A=TH mp 167-

19
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169°C; UV (MeOH) /max 262.0 nm; '"H NMR (DMSO-d6, 300 MHz)
J 8.41 (s, 1H), 8.19 (s, 1H), 6.67 (dd, J =19.8, 14.5Hz, 1H), 6.19
(dd, J =19.8, 18.2 Hz, 1H), 6.06 (dd, J = 6.0, 1.8 Hz, 1H), 4.14-4.10
(m, 4H), 3.81-3.76 (m, 2.5H), 3.63-3.58 (m, 2.5H), 1.18-1.14 (m,
9H), 0.83 (m, 9H), 0.02 (s, 6H); "C NMR (DMSO—-d6, 75MHz) &
154.5, 153.3, 148.7, 145.5, 137.2, 121.4, 114.1, 98.2 (d, J = 178.4
Hz), 87.2 (d, J = 20.4 Hz), 69.5, 62.9, 62.2, 58.6, 47.3 (d, J = 21.2
Hz), 25.3, 18.6, 16.2, —5.2; Anal. Calc. for CyH3;FN505PSi: C, 49.89;
H, 7.04; N, 13.22; Found: C, 50.06; H, 7.13; N, 13.11; MS m/z 530
(M+H) +.

(reD)—(1'R,2'S,3'R) —Diethyl{9— (3_—hydroxymethy—3'—vinyl—2'—
fluoro—tetrahydrofuran—1'—yl) adenine} phosphonate (13): THF o]
CH3CN (10 mL) ¢} 12 (201 mg, 0.380 mmol) & €8A17]3 0-C A
TBAF (0.456 mL, 1.0M solution in THF)Z 7}3tt}, EHE-S AL oA
WA wHEA 7| DA E oA EFAIZIYE Fhod =2 silica gel column
chromatography (MeOH/CH,Cly, 1:10) 2 g #|3}o] 13 (131 mg, 83%) =
o=t} 'H NMR (DMSO—d6, 300 MHz) ¢ 8.37 (s, 1H), 8.14 (s, 1H),
6.60 (dd, J = 20.3, 17.6 Hz, 1H), 6.16 (dd, J = 20.4, 16.2 Hz, 1H),
6.07 (dd, J = 5.8, 1.8Hz, 1H), 5.04 (t, J =1.8Hz, 1H), 4.17-4.12 (m,
4H), 3.79-3.72 (m, 2.5H), 3.63-3.59 (m, 2.5H), 1.18-1.15 (m, 6H);
C NMR (DMSO—-d6, 75 MHz) & 154.8, 153.7, 151.7, 148.3, 143.3,
118.6, 112.7, 96.7 (d, J = 182.4 Hz), 87.2 (d, J = 20.4Hz), 69.7, 62.9,
62.2, 60.3, 47.5 (d, J = 19.8Hz), 15.2; Anal. Calc. for Ci5Hz3FN505P:
C, 46.27; H, 5.58; N, 16.86; Found: C, 46.35; H, 5.44; N, 16.72; MS
m/z416 (M+H)+.

TH
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(re) —(1'R,2'S,3'R) —9— (3'-Hydroxsymethy—3'—vinyl—2'—fluorotetra
hydrofuran—1'—yl) adenine} phosphonic acid (14): XXX UYo]E 13
(288.5 mg, 0.695 mmol) & <4 CH3CN (15 mL) ¢} 2,6—lutidine (1.62
mL, 13.92 mmol) ol €3]A]7] 1 trimethylsilyl bromide (1.06 mg, 6.948
mmol) & H7tett. EES AavbA ofy 24 AIRF &<k A H
webE skl A dAEs A HY, s58 =9 22 NH,O0H (2 < 40
mL) 278 SEANT Ao wA= obE (2 X 12 mL) &% dAnfafal

9 azviEadE YARG AFE TR FAARE S

2
_&
rlo

A EAEAF ¢ 14 (196 mg, 75%) & A&ttt (4EF 9): UV (H0)

Amax 262.5 nm; 'H NMR (D0, 300 MHz) & 8.25 (s, 1H), 8.14 (s,
1H), 6.59 (dd, J = 20.6, 18.2 Hz, 1H), 6.21 (dd, J = 20.5, 17.5 Hz,
1H), 6.02 (dd, J = 5.4, 1.8 Hz, 1H), 3.82-3.77 (m, 2.5H), 3.65-3.59
(m, 2.5H); "C NMR (D;0, 75 MHz) ¢ 154.5, 152.5, 150.3, 145.7,
140.6, 119.7, 112.3, 98.3 (d, J = 172.8 Hz), 87.2 (d, J = 20.2 Hz),
70.5, 61.5, 45,5 (d, J = 19.6 Hz); HPLC R = 10.51 min HRMS
[M—H]+ req. 358.0684, found 358.0686.

(re)—(1'R,2'S,3'R) —Diethyl{9— (3'—¢t—butyldimethylsilanyloxymeth
y—3'—ethyl—2'—fluoro—tetrahydrofuran—1'—yl) 6—chloropurine} phos
phonate  (15): &2 mb)el &3iAz1 Hd  EANYOE

Y 2Ate]= AR 11(314 mg, 0.574 mmol) &9 ol o} =% 714 3o

10% Pd/C (8 mg)9 cyclohexene (6 mL)S 7}t whe &3E

o

36 A7 ot SFAIZILE HES E8ES Celite =5 B3l o7, 553 5,
Wersy wygd  ZF2go]l= (EtOAc/n—hexane/MeOH:4/1/0.01) =
AFE-3}9 silica gel column chromatography = A A&l 3F¢F 14|21 ethyl

phosphonate &4 15 (211 mg, 67%) S Y=t} mp 170-172°C; 'H

nﬁ
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NMR (CDCls, 300 MHz) ¢ 8.69 (s, 1H), 8.22 (s, 1H), 6.07 (dd, J =
5.8, 2.2 Hz, 1H), 4.16-4.10 (m, 4H), 3.70-3.65 (m, 2.5H), 3.56-3.52
(m, 2.5H), 2.23-2.20 (m, 6H), 1.56-1.48 (m, 4H), 0.85 (s, 9H), 0.02
(s, 6HD); '"C NMR (CDCls, 75 MHz) ¢ 151.8, 151.4, 150.6, 142.4,
121.5,96.5 (d, /= 172.4 Hz), 85.2 (d, /= 19.8 Hz), 72.1, 63.5, 62.0,
43.6 (d, J = 20.2 Hz), 29.4, 25.6, 18.9, 18.3, 14.6, —4.8; Anal. Calc.
for CooH37CIFN,O5PSI: C, 47.95; H, 6.77; N, 10.17; Found: C, 47.83; H,
6.64; N, 10.09; MS m/z 552 (M+H) +.

(re) —(1'R,2'S,3'R) —Diethyl{9— (3'—t—butyldimethylsilanyloxymethy —
3'—ethyl—2'—fluoro—tetrahydrofuran—1'—yl) adenine} phosphonate

(16): 12 ol 7]t vpe} o] ofdld A 156 = FAFSE R EgAl A
Aol ]3] 6—chloropurine A 16 S =ZFE FH]ET}: yield 58%;
mp 167-169°C; UV (MeOH) /max 262.5 nm; 'H NMR (DMSO—d6,
300 MHz) ¢ 8.38 (s, 1H), 8.18 (s, 1H), 6.12 (dd, J = 5.9, 1.8 Hz,
1H), 4.20-4.16 (m, 4H), 3.74-3.68 (m, 2.5H), 3.59-3.55 (m, 2.5H),
2.16-2.08 (m, 41, 1.70-1.63 (m, 61, 0.83 (s, 9H), 0.01 (s, 61D); '°C
NMR (DMSO—-d6, 76MHz) ¢ 154.6, 152.7, 151.4, 144.7, 121.5, 96.4
(d, J = 184.4 Hz), 86.4 (d, J = 20.2 Hz), 72.5, 62.4, 61.1, 43.5 (d, J
= 19.8 Hz), 30.4, 25.5, 20.2, 18.5, 14.5, —5.4; Anal. Calc. for
CooH3oFNsOsPSi: C, 49.70; H, 7.39; N, 13.17; Found: C, 49.59; H,
7.47; N, 13.28; MS m/z 532 (M+H) +.

(re) —(1'R,2'S,3'R) —Diethyl{9— (3'-hydroxymethy—3'—ethyl—2'—

fluoro—tetrahydrofuran—1'—yl) adenine} phosphonate (17): ¢ XXX
HlolE FA 16 2] desilylation & 13 ¢l tfst f-AF8E 27102 =35}

17 & 43ith: yield 80%; 'H NMR (DMSO—d6, 300 MHz) & 8.42 (s,

UH
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1H), 8.21 (s, 1H), 6.12 (dd, J = 6.1, 2.0 Hz, 1H), 4.18-4.12 (m, 4H),
3.77-3.71 (m, 2.5H), 3.57-3.53 (m, 2.5H), 2.23-2.13 (m, 4H), 1.48-
1.41 (m, 6H); "C NMR (DMSO-d6, 75 MHz) J 154.4, 152.5, 151.2,
143.4, 121.5, 98.2 (d, J = 179.8 Hz), 86.2 (d, J = 18.8 Hz), 70.8,
62.8, 60.2, 44.6 (d, J = 19.8 Hz), 29.6, 28.8, 19.3, 18.4, 15.2; Anal.
Calc. for C16H2sFN505P: C, 46.04; H, 6.04; N, 16.78; Found: C, 46.15;
H, 5.95; N, 16.65; MS m/z 418 (M+H) +.

(reD—(1'R,2'S,3'R) — {9— (3'-Hydroxymethyl—3'—ethyl—2'—fluoro—
tetrahydrofuran— 1'—yl) adenine} phosphonic acid (18): o}dl\d EA~FE At
18 = 14 oM 7] fAMSE Zheiel] A9 RS ARSst] 17 =
HE g eto] A ¢191 18 & deth (¥R E ¢! yield 73%, UV (H:0)
Amax 262.5 nm; '"H NMR (D50, 300 MHz) & 8.28 (s, 1H), 8.17 (s,
1H), 6.10 (dd, J = 5.8, 2.0 Hz, 1H), 3.79-3.73 (m, 2.5H), 3.63-3.58
(m, 2.5H), 2.23-2.13 (m, 4H); '"C NMR (D;0, 75 MHz) ¢ 154.6,
152.4, 144.5, 142.6, 120.7, 98.3 (d, J = 177.2 Hz), 86.2 (d, J = 20.5
Hz), 60.2, 44.5 (d, J = 19.2 Hz), 28.4, 19.7; HPLC (R = 10.62 min
HRMS [M—H]+ req. 360.0773, found 360.0775.

(reD)—(1'S,2'S,3'R) — (3'—t—Butyldimethylsilanyloxymethy—3'—vinyl—
2'—fluoro—tetrahydrofuran—1'—yl) 2—fluoro—6—chloropurine (19a) and
(re) —(1'R,2'S,3'R) — (3'—t-butyldimethylsilanyloxymethy —3'—vinyl—
2'—fluoro—tetrahydrofuran—1'—yl) 2—fluoro—6—chloropurine (19p):
10 ol 71 A3t At =38 ZA38)e] 2—fluoro—6—chloropurine £ 9 9]
HAZH2> Z17) 19a 9 19b & @A strt: data for 19a: yield 29%; UV
(MeOH) 4max 270.0 nm; '"H NMR (CDCls, 300 MHz) & 8.47 (s, 1H),
6.07 (dd, J = 5.8, 2.1Hz, 1H), 5.74-5.69 (m, 1H), 5.01-4.94 (m, 2H),

D
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3.78-3.72 (m, 2.5H), 3.63-3.58 (m, 2.5H), 0.86 (s, 9H), 0.02 (s, 6H);
C NMR (CDCls, 75 MHz) & 158.5 (d, J = 253.6 Hz), 153.4, 147.7,
144.8, 138.4, 120.3, 108.6, 96.6 (d, J = 176.4 Hz), 87.4 (d, J = 21.0
Hz), 70.7, 58.5, 47.2 (d, J = 19.8 Hz), 25.5, 18.7, —5.2; Anal. Calc.
for C1sHa5CIFoN,0,Si: C, 50.17; H, 5.85; N, 13.00; Found: C, 50.23; H,
5.76; N, 13.12; MS m/z 431 (M+H)+. data for 19b: yield 31%; UV
(MeOH) /max 269.0 nm; '"H NMR (CDCl3, 300 MHz) & 8.48 (s, 1H),
6.06 (dd, J= 6.1, 2.0 Hz, 1H), 5.72-5.68 (m, 1H), 5.00-4.97 (m, 2H),
3.77-3.70 (m, 2.5H), 3.60-3.55 (m, 2.5H), 0.85 (s, 9H), 0.01 (s, 6H);
C NMR (CDCls, 75 MHz) & 156.6 (d, J = 250.3 Hz), 153.3, 146.6,
142.5, 136.2, 120.6, 109.4, 96.5 (d, J = 172.4 Hz), 87.6 (d, J = 18.9
Hz), 69.7, 60.2, 45.6, 253, 18.5, — 5.6; Anal. Calc. for
C1gHy6CIFN,0,Si: C, 50.17; H, 5.85; N, 13.00; Found: C, 50.08; H,
5.96; N, 12.92; MS m/z 431 (M+H) +.

(re) —(1'R,2'S,3'R) —Diethyl{9— (3'—t—butyldimethylsilanyloxymethy —
3'—vinyl—2'—fluoro—tetrahydrofuran—1'—yl) 2—fluoro—6—
chloropurine} phosphonate (20): ¥:A¥Y|o|E F& Ao = F-AFA 20
2 12 oA 7] 22 cross—metathesis WHES AFE35lo] 19b ZH-E
FH)EQth: yield 52%; '"H NMR (CDCls, 300 MHz) & 8.46 (s, 1H),
6.61 (dd, J = 18.4, 20.4 Hz, 1H), 6.17 (dd, J = 18.5, 21.8 Hz, 1H),
6.06 (dd, J = 6.0, 2.0 Hz, 1H), 4.20-4.16 (m, 4H), 3.72-3.67 (m,
2.5H), 3.58-3.53 (m, 2.5H), 1.46-1.41 (m, 6H), 0.84 (s, 9H), 0.02 (s,
6H); "C NMR (CDCl3 , 75 MHz) & 159.2 (d, J = 249.6 Hz), 153.6,
148.2, 145.4, 138.6, 128.3, 111.4, 96.8 (d, J = 176.8 Hz), 86.9 (d, J
= 22.0 Hz), 70.2, 63.8, 59.6, 48.2 (d, J = 20.8 Hz), 25.6, 18.2, —4.6;

XD
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Anal. Calc. for CgoH3,CIFoN,O5PSI: C, 46.60; H, 6.04; N, 9.88; Found:
C, 46.49; H, 5.98; N, 9.78; MS m/z 567 (M+H) +.

(re) —(1'R,2'S,3'R) —Diethyl{9— (3'—t—butyldimethylsilanyloxymethy —
3'—vinyl—2'—fluoro—tetrahydrofuran—1'—yl) 2—fluoro—6 —aminopurine}
phosphonate (21a) and (re)—(1'R2'S,3'R)—diethyl {9—(3'—¢t—
butyldimethylsilanyloxymethy—3'—vinyl—2'—fluorotetrahydrofuran—
1'—=yl) 2—amino—6—chloropurine} phosphonate (21b): AZX I=&
7k2~% DME (10 mL)el wHEAIZI 20(250 mg, 0.455 mmol) &S
2ol Al HERART. 92 ARE AAstL oA At 5
A7}, ko] &S silica gel column chromatography (MeOH/CH.Cl,
1:10) 2 gAste] 7242k 21a (31 mg, 11%) ¢ 21b (104 mg, 41%) &
Altt.: data for 21a; UV (MeOH) J4max 260.0 nm; '"H NMR (DMSO—
d6, 300 MHz) ¢ 8.20 (s, 1H), 7.75 (br s, NHy, 2H), 6.68 (dd, J =
20.1, 17.6 Hz, 1H), 6.16 (dd, J = 20.2, 17.5 Hz, 1H), 6.06 (dd, J =
6.0, 2.0 Hz, 1H), 4.16-4.11 (m, 4H), 3.75-3.67 (m, 2.5H), 3.60-3.56
(m, 2.5H), 1.26-1.23 (m, 6H), 0.84 (s, 9H), 0.01 (s, 6H); '"C NMR
(DMSO—-d6, 75 MHz) ¢ 158.6 (d, J = 243.2 Hz), 154.7, 151.7, 147.4,
138.5, 120.3, 112.4, 96.8 (d, J = 182.4 Hz), 88.1 (d, J = 18.8 Hz),
70.7, 69.4, 62.4, 58.7, 46.8 (d, J = 19.5 Hz), 25.6, 18.4, 15.1, —4.3;
Anal. Calc. for CyoHssFoN505PSi: C, 48.25; H, 6.63; N, 12.79; Found: C,
49.93; H, 7.06; N, 13.19; MS m/z 548 (M+H)+. Data for 21b; UV
(MeOH) /max 310.0 nm; '"H NMR (DMSO-d6, 300 MHz) ¢ 8.21 (s,
1H), 7.74 (br s, NHy, 2H), 6.68 (dd, J = 21.0, 18.4 Hz, 1H), 6.17 (dd,
J=21.1,17.7 Hz, 1H), 6.05 (dd, J = 5.8, 1.8 Hz, 1H), 4.15-4.11 (m,
4H), 3.81-3.72 (m, 2.5H), 3.61-3.58 (m, 2.5H), 1.22-1.20 (m, 6H),
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0.84 (s, 9H), 0.02 (s, 6H); C NMR (DMSO—-d6, 75MHz) & 158.2,
154.8, 152.5, 148.6, 142.8, 122.7,112.3,98.1 (d, J = 182.4 Hz), 86.7
(d, J = 18.8 Hz), 71.2, 61.8, 58.5, 46.2 (d, J = 21.3 Hz), 25.5, 18.3,
15.7, —5.2; Anal. Calc. for CyoH36CIFNsO5PSi: C, 46.85; H, 6.63; N,
12.42; Found: C, 46.77; H, 6.57; N, 12.34; MS m/z 564 (M+H)+.

(re) —(1'R,2'S,3'R) —Diethyl{9— (3'-hydroxymethy—3'—vinyl—2'—
fluoro—tetrahydrofuran—1'—yl) 2—amino—6—chloropurine}phosphonate
(22): XAXYOlE 21b 9 desilylation & 13 °f tjgt U3 =702
A&kt yield 73%;UV (MeOH) 4max 309.0 nm; "H NMR(DMSO—
d6, 300 MHz) & 8.19 (s, 1H), 7.70 (br s, NHy, 2H), 6.68 (dd, J =
20.2, 17.7 Hz, 1H), 6.20 (dd, J = 20.3, 16.8Hz, 1H), 6.07 (dd, J = 5.8,
2.0Hz, 1H), 5.06 (t, /= 1.8Hz, 1H), 4.22-4.17 (m, 4H), 3.71-3.65 (m,
2.5H), 3.58-3.54 (m, 2.5H), 1.20-1.16 (m, 6H); "°C NMR (DMSO-d6,
75 MHz) ¢ 157.8, 154.3, 151.6, 148.7, 142.4, 122.7, 112.5, 97 (d, J
= 182 Hz), 88.2 (d, J = 19.9 Hz), 70.2, 62.8, 58.7, 47.6 (d, J = 21.4
Hz), 15.3; Anal. Calc. for CigH2oCIFN;O5P: C, 42.72; H, 4.93; N,
15.57; Found: C, 42.61; H, 4.87; N, 15.68; MS m/z 450 (M+H) +.

(re)—(1'R2'S,3'R) —9— {(3'-Hydromethyl—3'—vinyl—2'—fluorotetra
hydrofuran—1'—yl) guanine} phosphonic acid (23): 3&E&E 22 (142.0

A} of| A

mg, 0.316 mmoD< ¥ CH3CN (15 mL)el &3A7]aL e
trimethylsilyl bromide (0.0728 mL, 5.52 mmol) & 7}ttt &3&ES
24 AZF FQF wHkAIL 5 GujE AAst HEER A W

oy &S MeOH (12.0 mL) o €38 A17]13 2—mercaptoethanol (86.4 «L,
1.266 mmol) & NaOMe (67.2 mg, 1.266 mmol) & =& H7}stc}.

Fes da7A ofdl 16 AF &7A7IL A7 F A7Ee AcOH =

ot

bl
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ZT3A 7131, As St ol Fo 52 F5E NHOH (2 X 20 mL) =
BE S2A A doj oy 5 Ay 1A= ofAlE (2 X 10 mL) 3 &
Sl

et oMlES SEAR -, A=

ftlo

sH]3t 94+ C18 silica gel 3}
52 £%2 AFE3 column chromatography ZAAgCh dd FE9
SAAZE FA 9l 23 (75.58 mg, 61%)& AF3ch (YEF 9). UV
(H,0) J4max 252.0 nm: '"H NMR (DMSO—-d6, 300 MHz) & 10.07 (br
s, NH, 1H), 8.19 (s, 1H), 7.08 (br s, NHy, 2H), 6.68 (dd, J = 20.4,
17.4 Hz, 1H), 6.18 (dd, J = 19.8, 17.4 Hz, 1H), 6.07 (dd, J = 6.0, 2.1
Hz, 1H), 3.78-3.71 (m, 2.5H), 3.63-3.58 (m, 2.5H): C NMR

(DMSO—d6, 75 MHz) ¢ 158.2, 154.8, 152.6, 148.7, 123.6, 112.4,
97.6 (d, /= 175.8 Hz), 86.5 (d, J = 19.8 Hz), 70.6, 62.8, 58.3, 47.3
(d, J = 20.4 Hz); HPLC (R = 9.78 min; HRMS [M—H]+ req. 374.0754,
found 374.0756.

(re) —(1'R,2'S,3'R) —Diethyl{9— (3'—¢t—butyldimethylsilanyloxymethy
—3'—ethyl—2'—fluoro—tetrahydrofuran—1'—yl) 2—fluoro—6—chloropur—
ine} phosphonate (24): 3}3%& 24 = 15 o] 71AE ¥y} FAS =)
Fa3t gl o) 20 oz ¥E g E Ak vield 67%; '"H NMR (CDCls,
300 MHz) & 8.54 (s, 1H), 6.10 (dd, J = 6.0, 1.8 Hz, 1H), 4.19-4.13
(m, 4H), 3.71-3.65 (m, 2.5H), 3.59-3.53 (m, 2.5H), 2.23-2.17 (m,
4H), 1.37-1.29 (m, 6H), 0.83 (s, 9H), 0.02 (s, 6H); '°C NMR (CDCls,
75 MHz) ¢ 157.4 (d, J= 247.4 Hz), 153.2, 146.2, 141.2, 121.4, 96.8
(d, J=176.4 Hz), 84.6 (d, J = 21.6 Hz), 70.4, 62.9, 46.2 (d, J = 20.4
Hz), 29.5, 25.6, 19.3, 18.4, —5.0: Anal. Calc. for CysH35CIFoN,0O5PSi: C,
46.43; H, 6.38: N, 9.85; Found: C, 46.56; H, 6.49; N, 9.76: MS m/z
569 (M+H) +.
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(re) —(1'R,2'S,3'R) —Diethyl{9— (3'—t—butyldimethylsilanyloxymethy —

3'—ethyl—2'—fluoro—tetrahydrofuran—1'—yl) 2—fluoro—6—
aminopurine} phosphonate (25a) and (re) —(1'R,2'S,3'R) —diethyl {9—
(3'=t—butyl dimethylsilanyloxymethy—3'—ethyl—2'—
fluorotetrahydrofuran—1'—yl) 2—amino—6—chloropurine} phosphonate
(26b): 24 o AR =EYAAE 17 oM A F npe} Zo] FASE S
A8l A AI8FAA T data for 25a; yield 10%; UV (MeOH) Jmax 260.5
nm; '"H NMR (DMSO—d6, 300 MHz) ¢ 8.26 (s, 1H), 7.63 (br s, NHy,
2H), 6.05 (d, J = 6.0, 1.8 Hz, 1H), 4.21-4.17 (m, 4H), 3.78-3.72 (m,
2.5H), 3.62-3.57 (m, 2.5H), 2.29-2.19 (m, 4H), 1.23-1.18 (m, 6H),
0.82 (s, 9H), 0.02 (s, 61D; '"C NMR (DMSO—d6, 75 MHz) ¢ 157.1 (d,
J=253.6 Hz), 153.6, 147.4, 141.3, 123.7, 96.4 (d, J =176.8Hz), 89.4
(d, J=19.4Hz), 70.8, 61.5, 47.8 (d, J =20.7Hz), 28.6, 25.6, 19.3, 18.5,
14.6, —5.3; Anal. Calc. for CgHssFaN5O05PSi: C, 48.08; H, 6.97; N,
12.74; Found: C, 48.16; H, 7.04; N, 12.83; MS m/z 550 (M+H)+. Data
for 25b; yield 42%; UV (MeOH) /max 308.0 nm; 'H NMR (DMSO-
d6, 300 MHz) & 8.21 (s, 1H), 7.68 (br s,NHy, 2H), 6.06 (dd, J =5.9,
2.0, Hz, 1H), 4.23-4.19 (m, 4H), 3.69-3.63 (m, 2.5H), 3.56-3.51 (m,
2.5H), 2.21-2.14 (m, 4H), 1.22-1.16 (m, 6H), 0.82 (s, 9H), 0.02 (s,
6H); '"C NMR (DMSO—d6, 75 MHz) ¢ 157.7, 153.5, 151.2, 143.7,
123.6,97.5 (d, J = 176.8 Hz), 86.6 (d, J = 20.4 Hz), 70.5, 61.6, 47.2
(d, /7 = 19.6 Hz), 28.4, 25.7, 19.6, 18.3, 15.5, —5.1; Anal. Calc. for
Ca2H3sCIFN505PSi: C, 46.68; H, 6.77; N, 12.37; Found: C, 46.76; H,
6.69; N, 12.45; MS m/z566 (M+H) +.
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(reD)—(1'R,2'S,3'R) —Diethyl{9— (3'-hydroxymethy—3'—ethyl—2'—
fluoro—tetrahydrofuran—1'—yl) 2—amino—6—chloropurine}phosphonate
(26): 25b 2] deprotection = 22 °f tfdll L3t desilylation 7O =2
T3t yield 77%;UV (MeOH) 4max 309.0 nm; 'H NMR(DMSO—
d6, 300 MHz) ¢ 8.25 (s, 1H), 7.71 (br s, NHy, 2H), 6.07 (dd, J = 6.0,
1.8, Hz, 1H), 4.19-4.15 (m, 4H), 3.77-3.70 (m, 2.5H), 3.60-3.56 (m,
2.5H), 2.20-2.15 (m, 41, 1.20-1.15 (m, 6H); "°C NMR (DMSO-d6,
75 MHz) ¢ 157.7, 154.8, 152.5, 145.7, 122.7, 96.8 (d, J = 176.8 Hz),
88.7 (d, J = 19.4 Hz), 71.2, 60.1, 44.9 (d, J = 20.2 Hz), 30.2, 19.3,
15.3; Anal. Calc. for CigH24CIFN505P: C, 42.53; H, 5.35; N, 15.50;
Found: C, 42.43; H, 5.26; N, 15.42; MS m/z 452 (M+H) +.
(reD—(1'R,2'S,3'R) —9— {(3'-Hydroxymethyl—3'—ethyl—2'—fluorotet—
rahydrofuran—1'—yl) guanine} phosphonic acid (27): “old FZFd<
AbolE EAE AR 27 & 33HE 23 o] AMEE AN B2 bR 209
AR 9T FehE 26 S 2HEH ot yield 63%; UV (H:0) A
max 253.5 nm; '"H NMR (DMSO—d6, 300 MHz) & 10.6 (br s, NH, 1H),
8.03 (s, 1H), 7.06 (br s, NHy, 2H), 6.04 (dd, J = 6.0, 1.9 Hz, 1H),
3.76-3.69 (m, 2.5H), 3.58-3.54 (m, 2.5H), 2.19-2.10 (m, 4H); °C
NMR (DMSO—-d6, 75 MHz) ¢ 156.8, 153.7, 151.9, 134.6, 119.3, 97.3
(d, J=174.8 Hz), 88.4 (d, /= 19.6 Hz), 69.8, 58.4, 46.2 (d, J = 19.2
Hz), 28.6, 19.0; HPLC (R = 9.68 minutes; HRMS [M-H]+ req.
376.0684, found 376.0686.
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EA47F HAUbE M2 EXAEA A= 1,3—dihydroxyacetone ©.&
FE AdFoz WA= Fd dJANE S EEE o ZR fApIE
syt 243 3 HIV EdEA Ty 9a IATYOE FEoAtol=
(PMDTA, EC5p=2.53)9 AL EF A IATYOE FAMASY 27

F1

fluoro—3" —hydroxymethyl 5'—deoxyversion #&4¥ AEsHE H71E
olZojylltt #AdwE 2° —fluoro—3" —hydroxymethyl 5'—deoxythreosyl
EAEN FEHLAIE FAFA 14, 18, 23, 1813l 272 MESAFEY
ofvel & HIV &/ disll HIAE ) ofvld FARA 182 kst A 9]
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