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ABSTRACT

Synthesis and Conformation Study of

Novel Nucleoside Phosphonic Acid Analogues

Lien Kang
Advisor: Prof. Joon Hee Hong, Ph.D.
Department of Pharmacy

Graduate School of Chosun University

Efficient synthetic route to novel 4'—fluorinated 5'—deoxythreosyl phosphonic
acid nucleosides was described from glyceraldehyde using Horner—Emmons
reaction in the presence of triethyl « —fluorophosphonoacetate. Glycosylation
reaction of nucleosidic bases with glycosly donor 14 gave the nucleosides which
were further phosphonated and hydrolyzed to reach desired nucleoside
analogues. Synthesized nucleoside analogues 18, 21, 25 and 28 were tested for
anti—HIV activity as well as cytotoxicity. Adenine derivatives 18 and 21 showed

significant anti—HIV activity up to 100 M.

Key Words: Antiviral agent, 4'—Fluorinated nucleoside, Deoxythreosyl

nucleoside, Phosphonic acid nucleoside
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AIDS: Acquired immunodeficiency syndrome

HIV: Human immunodeficiency virus

DNA: Deoxyribonucleic acid

RNA: Ribonucleic acid

NRTIs: Nucleoside reverse transcriptase inhibitors
TNA: Threose nucleic acids

DIBALH: Diisobutylaluminum hydride

TBDPSCI: tert—Butyl(chloro)diphenylsilane
TMSOTT: Trimethylsilyl trifluoromethanesulfonate
TMSBr: Bromotrimethylsilane

THEF: Tetrahydrofuran

TBAF: Tetra butyl ammonium fluoride

DCE: 1, 2—Dichloroethane

DME: Dimethoxyethane

DMAP: 4— (Dimethylamino) pryidine

Ac: Acetyl
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| 84259 AsAE Myl flste] BE =¥
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HEo Aol A = HIV vpolf a8 AP Fr]oA 5535 A aLE oAl
PR A0 ® AREsto] AIDS AmAE T st gk At EAE e
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A 5 71s°] Ak I % BEF35FaL, ©] &4+ DNA polymerase ©]il

|7} A2 DNA polymerase®l 4@st AAad}E 7FxA] ekofof ghrt,

ookt FEEeAIE FHO Fxe JAAELRGAARZ Fulol Ao {85ttt

)

Z,

>

e =y
Z,

LA

= 9
= 2o THHAL wEFH A =E ATF F440 DNAY RNAS o] F+= d87} 5
v 24R2 T2 9% 7] 9 Qiror FAEST NRTIsAIE S &nfol g AA]E= o
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NRTIs Algel JAAELGAA = A WAy wlolgix HIV, &5 A4
A4y SET(AIDS) S Am:ehe 7]EAR] okEolty. 7|8 NRTIsAIEe
Oﬂwmiﬁ AAE F2AE(FAbs, A89 2 548 F) o st dAs 574

2 Aol IR HIVEA 79 F& ot wie wo sstxow
oyéo}ﬂ A A Aol wom 54 9 UAS YEhA e dEAoln -

FEAE a&dor sted #ilol AFHL

FEE JEhlE NRTIsAY )
t},

1

;O 1%

ATA el oJatd dtA oz FEY A= 490X s IF9 =Y, 579
4'—ethynyl—cpAP ¢} #& purine nucleosides & ZnE¢ AEIAS HQIT?
#AA7tA 4'—fluorinated nucleosides®®] &AJo] Agd Aejel ¥} g8407 4'—
fluorinated threose—type modification®} #2 FEHAIE FAS A
HAXE ds7l2 skt QA E FEEeARele] PR uieldd An g%
Futeld A FoE Jeln vk’ 53] Fupolela A FH-E9 phosphono
methoxy group®} WA3s] AaEo] glo] A¥tAd o7 thE Phosphonate functions ¥}
gupolel s AEEAY Alele] #Alel dis EME #ides A @2 Aotk
PMDTA (1), PMDTT (2) 9} % Threose phosphonate 2 2Ao] =0 &= ojn)
A AFAZEE F499 Aeelth’ (Figure 1)
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Figure 1. Structures of threosyl or 5'—deoxyphosphonic acid nucleosides

as potent antiviral agents.



threose nucleic acids (TNA)+ AF1A<Ql DNA, RNAS fAkst 32 % o
ekgdA4d-&  7FAa2 9ltk.  Phosphono alkoxy groupe threose nucleoside
phosphonate®] 39]x]ell wviIgst Az e st QJIAM]7} primary hydroxyl
group®l WFIY3SE nucleoside phosphonate Xt} <21 o}F©] nucleobase$}
TERACE Y Al H Ao

33E 3°3 4= 7198 5'—deoxynucleoside phosphonic acid© 241 59X 9
Abazh 'AR XSEG T datolyaA e Fast HAYUSES AE delA aie
ko] Qatsl wHo] Atk Al&e] At F4e AFE'Y phosphonylated
nucleobase® g3t dutol A #g2 159 AME U wlo]H A W AX gho
& B4 Ao A3 dupoleh

P—C 7k Afo]lg] Zst FRA3E axel o3t 7hpaol st kol At

eHgateh” Azl webd <l ofEelM F g9 wat dulolga oA
o3 929L FYHAG” aga o] YAEL  phosphonate  FAMAI7L
EAaER g vlY s TV EA ¢ dvtold s adE Yehlu
SR

kst A4y 9shd 4'-modified ¢} threose modification nucleosides %!

5'—deoxynucleoside phosphonic acid &= 3+ A &S Holal Q). o] &
ATelre woh asol Ao AMEE HIV Alsixle]l @457 flste] FxrHow
M2 3¥E  4'—fluorinated 5'—deoxythreosyl nucleoside phosphonic acid
FAHAE tAiQl 9 8= kit
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Scheme 1. Synthesis of lactol intermediate 13

F o 92% J\J:

\7L0 ref 15
\/\¢

o
5 P=TBDPS
79%{ii
PO IR .y BT
HQ/F72%0//F HO 7>
10 9 8
75%Jv
’—>CC02Et vi % vii R OH
70% 0% F \g
13

Reagents: i) TBDPSCI, imidazole, CHsCly; ii) 1,4—dioxane, 2 N HCI solution; iii)
NalO4, MeOH, Hy0; iv) NaBH,, MeOH; v) (EtO)3;CCH;, CH3CH,CO,H; vi) TBAF, THF;
vii) DIBALH, toluene

Scheme 1°A 3XEAl® A¥ Fo] oju] &elxl Horner—Wadsworth—Emmons
WSS st &WE4  D-glyceraldehyde 5% Triethylfluorophosphonoa—
cetate¥} DIBALHZ A 2]3}9] fluoroallylic alcohol 6& Atk A3 33% 6
< TBDPSCl®Z Agste] sh3ts 7S I3 s3E 79 isopropylidene group©]
2N HCIgNANA 7FEiaEwA] 3k3HE diol derivative 8% A48kt /33
32}% 8<% NalO, Z diolE Oxidative cleavage A1# 33%# 95 U3lal NaBH,

oF

33

Al 2 Hgste] 33E alcohol derivative 108 A3ttt g 3& 100 Ak
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triethyl — orthoacetate ¢ W]  propionic acidE  F7}sF]  Claisen
rearrangementib-g& T3t FEHO] 75%% 3= 7,8 —unsaturated tertiary
fluorinated ethylester 11& <ok @AF g2 118 desilylation 9}
et FFgE 128 7
Tolueneoll &3]3 & —78TeA DIBALH F7}at¢] 315%E lactol 13 AUt
st3t= 13 Pyridine&m &ellA opAlEst Ho Fa3

e 148 25 5 otk FA% FFE 145 DCEo| £38 & Fv] TMSOT(9}

T3}t silylated 6-—chloropurines AFg3ste] 7tz slghE
chloropurine derivative 15a ¢} 15b5 U 3lt}. Figure 20419} o] 313E 15b9
H—1'" < CF—-4'(0.8%) *F°]l¢] NOE”} 15a2] H-1' < CF—-4'(0.5%) Rt} 73s}7]
wlZof 15b += 1', 4'—cis F+F°]1L 15a+= 1', 4'—trans T%& 7}ZIt},

Cross—metathesis' *it-5-& 83l7] $lsto] 3% 15b5 Fuj 2" generation
Grubbs'?¢}  diethylphosphonate® A 2]dto] 3}3-%  vinylidene phosphonate
nucleoside analogue 162 33ttt shgts 162 65TCelA NHy/MeOH=E
x2lste] 3}3E adenosine phosphonate derivative 178 Atk dsE 17
CHsCNell &-38atar TMSBre}b 2,6-lutidine & F7bste] 7heel] =5 3=

adenosine phosphonic acid derivative 18< A3ttt 313tE 162 Zuj 9

cyclization® %3 3¥%E lactone derivative 12 &

3t glycosyl donor?l

protected 6-—

2+ gsle] 4 HUrEY IehE 192 A3 3EE 219 $AUHS sEgE 189
A b GAFSE B = ammonolysis$t hydrolysisS 23] 95 4 Qi)
Cl

15a

Figure 2. NOE differences between the proximal hydrogens of 15a and 15b.



Scheme 2. Synthesis of 4'—fluorinated threosyl—5'—deoxyphosphonate adenine

analogues.
cl cl
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Reagents: 1) AcyO, DMAP, pyridine; ii) silylated 6—chloropurine, TMSOT{, DCE; iii)
vinyldiethylphosphonate, Grubbs cat. (II) CHuCls; iv) NHs/MeOH; v) TMSBr, 2,6—

lutidine, CH3CN; vi) Pd/C, cyclohexene, MeOH.



Scheme 3. Synthesis of 4'—fluorinated threosyl—5'—deoxyphosphonate guanine

analogues.

27a: X=NHz, Y=F (11%)
27b: X=Cl, Y=NH2(42%)

iv| 63%
(0]
N
NH
of ST
F (o}

22a(30%)

69%

and

(o]

F 0 2op20%)

i | 62%

le\)j
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—
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24a: X=NHz, Y=F (9%)
24b: X=Cl, Y=NH2(40%)

iv| 64%
o)
N
HO-P N 7
Y~ N" °NH,
HO F\*‘
0 25

Reagents: i) silylated 2—fluoro—6—chloropurine, TMSOT{, DCE; ii) vinyldiethyl
phosphonate, Grubbs cat. (II) CHyCly; iii) NHs, DME, rt; iv) (a) TMSBr, 2, 6—lutidine,
CH;3;CN; (b) NaOMe, HSCH,;CH,;OH,MeOH; v) Pd/C, cyclohexene, MeOH



523 guanine analogues® #$ASH7] 918k Scheme 3 oA 2 A3 o]
go AWy, FerE 29 o A FaEE 159 AT SALE WO G-

chloropurine 4l  2—fluoro—6—chloropurine*’®  33& 145 A s}
Vorbruggen® W32 F3a 2tz 33% 22a (30%) € 22b (29%)< Aot 3=
22b< Cross—metathesisit-g& F33}7] 9ste] diethylvinylphosphonate =
BEES st 23 ARl shete 2385 gRYet  Tta=
W 22 A A (Bubbling ammonia) 27} 2—fluoro—6—aminopurine analogue® ¢ 24a
(9%) ¢} 2—amino—6—chloropurine analogue 24b (40%)-& A%t} 3= 24b &
TMSBr ¥ 2,6—lutidine® g3 = o] =Z3ELS methanold] L3A7]
=42 9% sodium methoxide ¥} 2-—mercaptoethanol & 7}sled =& 64% <l

5}3F% guanine vinylidene phosphonic acid 25 (Scheme 2)%'& a9t} 33tE
232 5E 3}3tE guanine phosphonate 289 A2 3td&E 259 A FAFSH

ol = catalytic hydrogenation, ammonolysis 12|31 hydrolysis < A]38)3&}o]
[e)

RN
[e)
d& T Atk

of

Table 1. The antiviral activities of the synthesized compounds

HIV-1 Cytotoxicity ICsp (M)
compound

ECs0 (M) ECgo (M) PBM CEM Vero

18 18 90 >100 >100 >100

21 10 80 >100 >100 >100

25 42 95 >100 >100 >100

28 53 95 >100 >100 >100
PMEA 4.2 ND >100 40.0 >100
AZT 0.0843 ND >100 15.8 50.0

ND: Not Determined. PMEA: 9—[2— (Phosphonomethoxy) ethylladenine. AZT:
Azidothymidine. EC5q (#M): ECs values are for 50% inhibition of virus production as
indicated by supernatant RT levels. ECgq (#M): ECq values are for 90% inhibition of
virus production as indicated by supernatant RT levels. ICsqg (x£M): ICso values

indicate 50% inhibition of cell growth.



Phosphonate nucleoside 2] #vfolgl A 282 Ot 150] AEudiAbe] 23|
44 3o [ o] nlolg A TS FAA I Zolth? g4E dEE
18, 21, 25, 28%°] HIV-1°] thd WELHY % %743 A7 Adenine derivatives
183 21 st Futolef A G35 7ML Jlom Az5A HAEES 3 43 100
Mm (Table 1)7}#] &3t} HIV strain LAI7]- 7#daE PBM(MOI=0.02) AEE
T SEER AHYsta 37C AEHCA 49 Fb wjFs & 3-(4,5-di—
methylthiazole—2—yl) —2,5—diphenyl—tetrazolium bromide® *]g]s}lo] 2ro}Ql:=
AEFE Aaste] AxsA 2 A4S HAE 350 @4o] AU 53
& 210190 PMDTA(1) 8 furanoses H* (Figure 3) +x& vluwst A3}
Qak719] Aol 7h @719 Apolmu} AsAnt FxA o g u|sdk Ho] wuh

i

Figure 3. Superimpose of PMDTA and 21.
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2 AFo] -+ 4'-branched nucleosides®} threosyl phosphonic acid nucleosides
o] 43 Fuloly~ @@= EUE  4'—fluorinated 5'—deoxyphosphonic acid
nucleoside FAMIE tlAlQlstal ¥4 02 glyceraldehydes ZHFE] /4353t
A T AFEES FEHAE 3 A¥ sgE 212 7P £ ol s a9 E
BAom ECs=100] Z=gste] AZTHG /o] 1008 A%t PMEASH PMDTA
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Alek & 717 — 2 Ao A AleFE2 Aldrich jit, Tokyo Kasei jil, Sigma
it B Fluka jit o4 748 S53 duAebs AHE8E3l o silica gel(230-400
mesh) & Merck jit Al#F& AR, &l FQo wep FA|sto] AFE-F3A T
TLCE Analtech (7558, Newark, DE, USA) jitolA #9938k 31& o] g3kl o TLC
spot< A UVGL-583 Anisaldehyde, KMnO, WA F-& AF-83}51 T}
54 Mel-temp IIE AR&stl o, olo] st BAS &A1 ¢kskth. NMR
spectrai= JEOL 300 Fgle] W% 47| (JEOL, Tokyo, Japan)& ©]§3F3 0w
tetramethylsilane (TMS)E W 3%F=d® ate] FT-300MHzE AHE-3H3lth. UV
AHES L Beckman DU-7 % F% 4 (Beckman, South Pasadena, CA, USA)&
ARGl MS AFER S A7) 5 o]23k (ESD oA A8, 94 B4
Perkin—Elmer 2400 ¥%47] (Perkin—Elmer, Norwalk, CT, USA)E A}-&3}% ).
58 Ad e B e A A B AHAA FdEAT. T
dichloromethane, benzene ¢} pyridine <& CaH.olA 53kl A9 4 THF
A4 A Na 9 benzophenone® T8kl At

t—Butyl—[3—(2,2—dimethyl—1[1,3]dioxolan—4—yl) 2—fluoro—allyloxy]
diphenylsilane (7): 3}3E 6 (1.69 g, 9.6 mmol) ¥ imidazole (0.98 g, 14.4 mol) &
4 CHoCly (40mL)e €3iA]71 & 0TCeoA TBDPSCI (2.90 g, 10.56 mmol) &
A3 7hstal Ad2olA 3AIE F9F wRkekgith. TLCE Whg 18-S &Rlsh & x5}
NaHCO3&< (10mL)S Y1 WS FAAFHTY. H,0 (100mL)S F718H4

g3ttt CH.Cl® 23] A% F&3hal ¥4 MgSO, & Axs § oy},

TEES
7¥et s=slo] 1 ZAFE column chromatography (EtOAc/hexane, 1:15)%
FAete] oilide 343HE 7 (3.66 g, 92%)S ¥tk 'H NMR (CDCls, 300 MHz) &

7.68=7.40 (m, 10H), 5.48 (d, J = 16.8 Hz, 1H), 4.59 (m, 1H), 4.45 (d, J =18.0
Hz, 2H), 3.98 (dd, J = 11.8, 6.8 Hz, 1H), 3.89 (dd, J =11.7, 8.4 Hz, 1H), 1.48 (s,
3H), 1.40 (s, 3H), 1.06 (s, 9H); °C NMR (CDCls, 75 MHz) & 157.6 (d, J =
170.3 Hz), 135.9, 135.8, 133.1, 132.8, 130.2, 128.3, 104,6, 94.3 (d, J =30.5 Hz),
76.2,73.1,68.6 (d, J= 28.5 Hz), 28.3, 27.7, 27.2,19.6.

5— (t—Butyldiphenylsilanyloxy) 4—fluoro—pent—3—ene—1,2—diol (8): 3}s& 7
(4.23 g, 10.2 mmol) & 1,4—dioxane (20 mL)°l| &3|A|7]3Z 2 N aqueous HCI
solution (50 mL) & 3] 7}ste] 0Tl 2417 F<F wsksith. TLCE Wks-

-12 -



AEs GRIgh + 23} NaHCO3&HE Wol vhg& F4s%a, &A5= (100 mL) &
7bsto] A gtth EtOAc (100 mL X 3) & FEs8kal 4 MgSO, & Axs & o7},
4 %3k 1 FAFE column chromatography (EtOAc/hexane, 3:1) % % A3}
diol’d9] 3% 8 (3.01 g 79%)& AUtk 'H NMR (CDCl;, 300 MHz) & 7.68-
7.39(m, 10H), 5.54 (d, /= 17.0 Hz, 1H), 4.51 (dd, J = 17.9, 2.8Hz, 2H), 3.99 (m,
1H), 3.75-3.70 (m, 2H), 1.07 (s, 91D; ""CNMR (CDCl;, 75 MHz) ¢ 158.2 (d, J
= 172.2 Hz), 135.6, 135.4, 133.2, 133.0, 130.6, 128.4, 116.4, 95.2 (d, J =
28.8Hz), 71.2, 68,5 (d, J = 224 Hz), 67.5, 27.9, 19.3; Anal. Calc. for
Co1Ho7FO3Si: C, 67.35; H, 7.27. Found: C, 67.38; H, 7.29.

4— (t—Butyldiphenylsilanyloxy) 3—fluoro—but—2—en—1-01(10): & (15 mL)°l
£3)¥ NalOy (1.12 g, 5 mmol)& 0TCelA MeOH (15 mL)el &3l¥ 33E 8
(1.31 g, 3.5 mmoD el 10 AAH 3] 7}star 0CelA 15 o HESA|ZIT}, o]

EgkEo] NaBH; (397 mg, 10.5 mmoDE 7}ste] 0TCelA 10% &9
Al A 3 AE MeOH (30 mL)Z o343tal 0.5 N HClE 3] 7}sked
s 35S T3 AY FFse] 1 FAFE S column chromatography
(EtOAc/hexane, 1:1) 2 A5t oildt 3% 10 (3.01 g, 79%)= AUtk 'H NMR
(CDCls, 300 MHz) & 7.70—7.41 (m, 10H), 5.58 (d, J = 18.4 Hz, 1H), 4.51 (d, J
= 17.8 Hz, 2H), 4.24 (d, J = 4.8 Hz, 2H), 1.05 (s, 9H); "C NMR (CDCls, 75
MHz) ¢ 157.8 (d, J = 176.0 Hz), 136.0, 135.8, 133.7, 132.9, 131.3, 128.7,
120.1, 119.5, 96.0 (d, J = 28.4 Hz), 68.3 (d, /= 25.3 Hz), 57.1, 28.2, 19.5; Anal.
Calc. for CooHesFO0Si: C, 69.73; H, 7.31. Found: C, 69.68; H, 7.28.

(£) —3— (t—Butyldiphenylsilanyloxymethyl) 3—Fluoro—pent—4—enoic Acid Ethyl
Ester (11): 3}g&E 10 (1.17 g, 3.41 mmol) < triethyl orthoacetate (15mL) ©I
H3| A7) 2 AF2o| A propionic acid(0.1 mL)& 7}g+ %, Claisen apparatus®@ &
AAs 135-140 TolA overnight ZHFwHE SO ZH  ethanols A7t}
TLCZ ¥h& Y& 2lst & 74k 5%3F0] 339 triethyl orthoacetates ]74 s
< column chromatography (EtOAc/hexane, 1:30) 2 ZgAstod oilde] 3t&E 1
(1.06 g, 75%) & 4tk 'H NMR (CDCls, 300 MHz) & 7.67-7.38 (m, IOH),
5.86 (m, 1H), 5.22-5.15 (m, 2H), 4.08(q, J = 7.2 Hz, 2H), 3.72 (m, 2H), 2.82
(dd, J = 18.4, 15.2Hz, 1H), 2.73 (dd, J = 15.2, 15.0 Hz, 1H), 1.17 (t, J = 7.2 Hz,
3H), 1.07 (s, 9H); "’C NMR (CDCls, 75 MHz) ¢ 170.2, 141.2(d, J = 19.2 Hz),
135.8,135.1, 133.6, 133.0, 132.2, 128.4, 123.3, 119.2, 112.5, 94.7 (d, J = 178.4

mlo
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Hz), 67.8 (d, J = 26.4 Hz), 60.4, 40.3 (d, J = 26.0 Hz), 28.2, 20.1, 14.5; Anal.
Calc. for Cy4H3FO3Si: C, 69.53; H, 7.54. Found: C, 69.49; H, 7.56; MS m/z 415
(M+H) ",

(x)—4—Fluoro—4—vinyl—dihydrofuran—2—one (12): 33% 11 (550 mg, 1.32
mmol) & THF (10 mL)e] €3jA]7]22 0TCeA TBAF(1.58 mL, 1.0M solution in
THF) & A3 Frlstar A2oA4 overnight wRFSIQITE TLCZ WES-ZI &S
st o #AsHstar 1 ™AME column  chromatography (Hexane/EtOAc,
12:1D) & AAske] 3}gHE 12 (120 mg, 70%) = ¥t "HNMR (CDCls, 300 MHz)
J 5.88-5.81 (m, 1H), 5.25—-5.14 (m, 2H), 4.48 (dd, J = 18.6, 10.2 Hz, 1H),
4.30 (dd, J = 19.0,10.2 Hz, 1H), 2.68 (dd, J = 18.4, 8.2 Hz, 1H), 2.44 (dd, J
=17.8, 8.2 Hz, 1H); "°C NMR (CDCls, 75 MHz) ¢ 171.1,142.6 (d, J = 19.4 Hz),
93.8 (d, J=172.8 Hz), 79.7 (d, J =24.2 Hz), 49.5 (d, J = 21.3 Hz); MS m/z 131
(M+H) "

() —4—Fluoro—4—vinyl—tetrahydrofuran—2—ol (13): 3}3t& 12 (250 mg, 1.92
mmol)& ¥ toluene (7 mL)el| &alsttt. -78C7k=# W7 Azl = 1.0 M2
DIBALH (2.1mL, 2.1 mmol)& 3] F7pstar 1523 wrksiglty. TLCE REg
FAS A T -78TClA methanol (2.0 mL) ¥} ethyl acetate (30 mL)S ¥l
A0 7 HAHs] BAEte] nAE AESAIAT dolA 1AIE EF wRksE $ A&
A5 st o3 AS A FFska 1 FAFE column chromatography
(EtOAc/hexane, 1:8) 0% FAste] & 13 (228 mg, 90%)S& Ltk 'H NMR
(CDCl3, 300MHz) ¢ 5.81-5.70 (m, 1H), 5.51 (m, 1H), 5.18-5.10 (m, 2H),
3.89-3.72 (m, 2H), 2.35—2.22 (m, 2H).

(x)—Acetic Acid 4—Fluoro—4—vinyl—tetrahydrofuran—2—yl Ester (14): 3} &
13 (233 mg, 1.76 mmol) & 5 pyridine (10 mL) | £-3lA17]32 DMAP (10 mg),
Acy0 (267 mg, 2.62 mmol)& HH3s] F7Fgk F AF&olA overnight WRFSFITE
TLCE Wk F45 &Rl F Y w53t &WE 949 F Toluenes 7}sfe]
oAl e sFAIT H0 (100 mL)Z 348kl EtOAc (2 X 100 mL)Z
FEot F4 MgSO, = AxsE & oy, A9} 55383 column chromatography
(EtOAc/hexane, 1:20)2 A&+l 33E 14 (245 mg, 80 %)& A3tk 'HNMR
(CDCl3, 300 MHz) ¢ 6.21—-6.17 (m, 1H), 5.90-5.78 (m, 1H), 5.24-5.11 (m,
2H), 3.94-3.80 (m, 2H), 2.31-2.19 (m, 2H), 2.02 (s, s, 3H).

(re) —(2'R,4'S) —9— (4 —Fluoro—4—vinyl—tetrahydrofuran—2—yl) 6—chloropurine
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(15a) and (red)—(2'S,4'S)—9—(4—Fluoro—4—vinyl—tetrahydrofuran—2—yl) 6—
Chloropurine (15b): H43}A]71 6—Chloropurine (188 mg, 1.22 mmol) &}
ammonium  sulfate (10 mg)s FF HMDS (11mL)&aA A refluxed
overnight¥tth, FF2dHelA 9 EF= &wis ARl - T FF 12—
dichloroethane (11 mL)el &AZTE. 918 & ¥4 DCE (11 mL) 9
39 3= 14 (106 mg, 0.61 mmol) ¢ TMSOTf (271 mg, 1.22 mmol) =
18] 7hsk & A2ofA 5A17F 53t whkstglth. TLCE Whg 245 gQlstal RbE
=% 2.0 mL ¥3} NaHCO3= 7}ste] 1A FoF wwteldich £3&ES Celite
pad® AIAIA o3 HS H,0 (80 mL)E 3As & CHoCl, (2 X 80 mL)=
FE3tt, {715E 9 MgSOE dxst & o3, A st 1 AE
(EtOAc/hexane/MeOH, 3:1:0.01)% A A st 3tg= 15a (47 mg, 29%) I} 15b
(50 mg, 31%)& ¥t} 15a: 'H NMR (CDCI3, 300 MHz) ¢ 8.70 (s, 1H), 8.21
(s, 1H), 6.02 (dd, J = 5.4, 1.8 Hz, 1H), 5.91-5.78 (m, 1H), 5.25—5.14 (m, 2H),
3.93 (dd, J = 17.5, 10.6 Hz, 1H), 3.81 (dd, J = 18.2, 10.5 Hz, 1H), 2.58 (dd, J =
17.4, 8.2 Hz, 1H), 2.39 (dd, J = 16.8, 8.2 Hz, 1H); '’C NMR (CDCl3, 75MHz) &
151.8, 151.3, 150.6, 144.1, 142.6 (d, /= 19.4 Hz), 141.2, 132.8, 113.1, 101.9 (d,
J=175.2 Hz), 80.3, 73.7(d, J = 27.6 Hz), 42.2 (d, J = 23.3 Hz); Anal. Calc. for
C11H1oCIFN,O (+1.0 MeOH): C, 47.93; H, 4.69; N, 18.63.Found: C, 47.90; H,
4.71; N, 18.65; MS m/z 269 (M+H) *.15b: 'H NMR (CDCls, 300 MHz) & 8.69 (s,
1H),8.24 (s, 1H), 5.99 (t, J = 5.2 Hz, 1H), 5.90-5.77 (m, 1H),5.27-5.16 (m,
2H), 3.98 (dd, J = 16.8, 8.6 Hz, 1H), 3.81 (dd, J = 17.2, 8.6 Hz, 1H), 2.60 (dd, J
= 17.6, 8.4 Hz, 1H), 2.41(dd, J = 18.2, 8.4 Hz, 1H); "°C NMR (CDCl;, 75 MHz)
2 152.0, 151.5, 150.8, 144.5, 142.8 (d, /= 21.0 Hz), 140.8, 133.5, 112.6, 102.3
(d, /= 176.2 Hz), 81.2, 73.5 (d, J = 26.8Hz), 41.8 (d, J = 22.7 Hz); Anal. Calc.
for C11H10CIFN,O: C, 49.17; H, 3.75; N, 20.85. Found: C, 49.21; H, 3.72; N,
20.83; MS m/z 269 (M+H)".

(re) —(2'S,4'S) —Diethyl[9— (4 —fluoro—4—vinyl—tetrahydrofuran—2—yl) 6 —
Chloropurine] Phosphonate (16): 3}3% 15b (110 mg, 0.412 mmol) & <
CH,Cly (10 mL) ol &&&t1 diethyl vinylphosphonate (338 mg, 2.06mmol), 2"—
generation Grubbs catalyst (17.4 mg, 0.0206mmol) = 7}5}01 of= 3+
ZFAE el A 48417 &<t refluxed $tth. £ ES #Y %3 $ column

chromatography (EtOAc/n—Hexane/MeOH, 4:1:0.04) 2 A A|3}o] 3FIE 16 (98

2

f e

=9
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mg, 59%)< 243tk '"H NMR (CDCl;, 300 MHz) 4 8.70 (s, 1H), 8.22 (s, 1H),
6.68 (dd, /= 17.2, 21.4 Hz, 1H), 6.21-6.10 (m, 1H), 5.97 (dd, J = 5.4, 1.8 Hz,
1H), 4.08—4.04 (m, 4H), 3.94 (dd, / = 17.0, 8.6 Hz, 1H), 3.79 (dd, J = 17.2, 8.7
Hz, 1H), 2.56 (dd, J = 17.4, 9.2 Hz, 1H), 2.40 (dd, J =18.0, 9.2 Hz, 1H), 1.28—
1.23 (m, 6H); "C NMR (CDCI3, 75MHz) ¢ 151.9, 151.3, 150.5, 148.8 (d, J =
20.8 Hz), 143.5,141.5, 133.6, 111.3, 99.5 (d, J = 177.1 Hz), 80.7, 74.5 (d, J
=26.5 Hz), 63.7, 63.1, 42.2 (d, J = 23.4 Hz), 14.6; Anal. Calc. for
Cy15H19CIFN,O4P (+1.0 MeOH): C, 43.99; H, 5.31; N, 12.83. Found: C, 44.02; H,
5.29; N, 12.85; MS m/z 405(M+H) ™.

(re) —(2'S,4'S) —Diethyl{9— (4 —Fluoro—4—vinyl—tetrahydrofuran—2—
yl) Adenine} Phosphonate (17): 3}&+% 16 (125 mg, 0.309 mmol) & < MeOHo]
SAIA 72719 %71 § X3} methanolic ammonia (8mL) S Awz] Y11
7p2b-S- 8715 W& 3tal 65T A overnight wREEFITH TLC 2 WHs 4S5
Shlsh & 7hAWMrSR7]e EdES Zdaadd &4 Y 551 1 IAHE
column chromatography (MeOH/CH,Cly, 1:10) 2 FA st WA solid’d 9
5} otE17 (64.3 mg, 54%)S AUk mp 176-178 C; UV(MeOH) Amax 261.5
nm; 'H NMR (DMSO—ds, 300 MHz) ¢ 8.33 (s, 1H), 8.16 (s, 1H), 6.70 (dd, J =
17.3, 21.2 Hz, 1H), 6.24—6.12 (m, 2H), 4.09—4.04 (m, 4H), 3.96 (dd, J = 16.8,
8.8Hz, 1H), 3.79 (dd, J = 17.8, 8.7 Hz, 1H), 2.58 (dd, J = 17.8, 9.0 Hz, 1H),
2.42 (dd, J = 17.2, 9.0 Hz, 1H), 1.29-1.25 (m,6H); "°C NMR (DMSO—-ds, 75
MHz) ¢ 155.3, 152.7, 151.9(d, J = 20.8 Hz), 150.5, 141.5, 120.3, 112.6, 98.8
(d, /=176.8 Hz), 81.4, 74.5 (d, /= 25.8 Hz), 63.9, 63.4, 41.8 (d, J = 24.4 Hz),
14.6; Anal. Calc. for C15H2FNsO4P (+1.0 MeOH): C, 46.04; H, 6.04; N, 16.78;
Found: C, 46.08; H, 6.02; N, 16.80; MS m/z 386 (M+H) ™.

(reD)—(2'S,4'S) —{9— (4—Fluoro—4—vinyl—tetrahydrofuran—2—yl) Adenine}
Phosphonic Acid (18): 33% 17 (185 mg, 0.482 mmol) & F4 CHsCN (15 mL)
of gty +AHOZE 26-lutidine (1.124 mL, 9.6 mmol) I} trimethylsilyl
bromide (0.538 mg, 4.82 mmol) & 7}sto] 75 T A overnight W HESFSITH
2355 CHoCly (130 mL)/H,0(130 mL) & 2W1 F=3sta 54 A X3} yellowish
foam 3gE 18 (122 mg, 77%)& ¥k UV (H:0) Amax 261.0 nm: 'H NMR
(DMSO—ds, 300 MHz) & 8.31 (s, 1H), 8.13 (s, 1H), 6.69 (dd, J = 17.8, 21.4 Hz,
1H), 6.21-6.10 (m, 1H), 5.99 (dd, / = 5.5,1.8 Hz, 1H), 3.94 (dd, J = 17.1, 8.8
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Hz, 1H), 3.80 (dd, J =17.6, 8.8 Hz, 1H), 2.52 (dd, J = 17.2, 9.0 Hz, 1H), 2.42
(dd, J= 16.8, 9.0 Hz, 1H); °C NMR (DMSO—ds, 75 MHz) ¢ 154.7,152.2, 150.4
(d, J = 19.8 Hz), 149.8, 142.2, 122.6, 111.3,99.4 (d, J = 177.2 Hz), 81.7, 75.6
(d, J = 27.2 Hz), 42.2 (d, J = 25.4 Hz); Anal. Calc. for C;1H;3sFN;0,P (+2.0
H,0): C, 36.17; H, 4.69; N, 19.17; Found: C, 36.21; H, 4.71; N, 19.15; MS m/z
330 (M+ID) ™.

(re) —(2'S,4'S) —Diethyl {9— (4—Fluoro—4—ethyl—tetrahydrofuran—2-yl) 6—
Chloropurine} Phosphonate (19): 33& 16 (202 mg, 0.5mmol)< ¥ methanol
(10 mL)el &8stz 10% Pd/C (10 mg) ¢ cyclohexene (5 mL) & ¥+t
HES-8-7]ef of=2 7|AE SHAIZIL 36A1FF F<F refluxed 3FITE WES
Celite pad & o3}3sFaL oS 7QF 53k column chromatography (EtOAc/n—
Hexane/MeOH, 3:1:0.1) = ZAsto] A solidd 33dE 19 (160 mg, 79%)=
A9tk mp 178—180 C; 'H NMR (CDCly, 300MHz) & 8.68 (s, 1H), 8.20 (s, 1H),
5.99 (dd, /= 5.6, 1.8 Hz, 1H), 4.11-4.07 (m, 4H), 3.89 (dd, J = 17.4, 10.0 Hz,
1H), 3.72 (dd, /= 17.0, 9.9 Hz, 1H), 2.51 (dd, J = 16.8, 9.0 Hz, 1H), 2.40 (dd, J
= 17.8, 9.1 Hz, 1H), 2.14-1.77 (m, 4H), 1.26—1.22 (m, 6H); '°C NMR (CDCI3,
75 MHz) ¢ 151.5, 151.0, 150.4, 144.1, 132.7, 102.5 (d, J = 174.8 Hz),
82.2,73.2 (d, J = 25.8 Hz), 64.2, 63.6, 62.0, 41.7 (d, J = 25.6Hz), 26.8 (d, J =
23.2 Hz), 19.9, 15.1; Anal. Calc. for Cy5H2CIFN,O4P (+1.0 MeOH): C, 43.79; H,
5.74; N, 12.76;Found: C, 43.83; H, 5.76; N, 12.79; MS m/z 407 (M+H) "

(reD) —(2'S,4'S) —Diethyl {9—(4—Fluoro—4—ethyl—tetrahydrofuran—2-yl)
Adenine} Phosphonate (20): 338 %&E 209 A4 3tg&E 179 A3 FAFSH
ammonolysis®H o2 3 4= 9t} yield 60%; mp 180—182 C; UV (MeOH)
Amax 261.5 nm; 'H NMR (DMSO—dgs, 300 MHz) & 8.33 (s, 1H), 8.16 (s,
1H),6.00 (dd, /= 5.5, 1.8 Hz, 1H), 4.12—4.07 (m, 4H), 3.86 (dd, J= 17.5, 10.0
Hz, 1H), 3.70 (dd, J = 16.8, 10.0 Hz, 1H), 2.55(dd, J = 16.8, 8.8 Hz, 1H), 2.42
(dd, J = 17.2, 8.8 Hz, 1H),2.12-1.87 (m, 41, 1.24-1.19 (m, 6H); 'C NMR
(DMSO—ds,75 MHz) & 155.5, 152.5, 150.7, 141.5, 120.2, 98.8 (d, / =177.2 Hz),
81.6, 75.5 (d, /= 24.5 Hz), 63.6, 62.5, 40.9 (d, J = 22.7 Hz), 28.6, 21.4 (d, J =
21.8 Hz), 14.7; Anal. Calc. for C;5Ho3FN5sO4P (+1.0 MeOH): C, 45.82; H, 6.49; N,
16.70; Found: C, 45.78; H, 6.51; N, 16.73; MS m/z388 (M+H)".

(re)—(2'S, 4'S)—{9— (4—Fluoro—4—ethyl—tetrahydrofuran—2—yl) Adenine}

S & (o]
=S
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Phosphonic Acid (21): 3tg&E 219 4L 3s-E 189 I FAFSH
TR o F8d = gtk yield 79%; UV(H,0) Amax 262.5 nm; "H NMR
(DMSO—ds, 300 MHz) & 8.36 (s, 1H), 8.17 (s, 1H), 5.98 (dd, J = 5.4, 1.8 Hz,
1H), 3.83 (dd, J =17.2, 9.6 Hz, 1H), 3.68 (dd, J = 17.2, 9.7 Hz, 1H), 2.58 (dd, J
= 16.7, 9.6 Hz, 1H), 2.45 (dd, J = 17.4, 9.8 Hz, 1H), 2.12-1.87 (m, 4H); °C
NMR (DMSO—-ds, 75 MHz) & 154.9,152.5, 150.7, 141.5, 120.2, 100.3 (d, J =
177.2 Hz), 81.6,75.5 (d, J = 24.5 Hz), 40.9 (d, J = 22.7 Hz), 28.6, 18.4 (d, J =
21.8 Hz); Anal. Calc. for C;;H5FNsO4P (+1.0 H20): C, 37.83; H, 4.90; N, 20.05;
Found: C, 37.79; H, 4.91; N, 20.07; MS m/z 332 (M+H) ",

(re) —(2'R,4'S) —9— (4 —Fluoro—4—vinyl—tetrahydrofuran—2—-yl) 2—fluoro—6—
chloropurine (22a) and (rel) —(2'S,4'S) —9— (4 —fluoro—4—vinyl—tetrahydrofuran—
2—yl) 2—Fluoro—6—chloropurine (22b): 3}3t&E 145 2—fluoro—6—chloropurine=
sty 3gE 159 A3 FAFSE condensation WS F3sle] 3FetE 22a 9
22b% 45 & 9t} yield 30%; UV (MeOH) Amax 268.0 nm; 'H NMR (CDCls,
300MHz) ¢ 8.41 (s, 1H), 5.98 (dd, J = 5.2, 2.0 Hz, 1H), 5.90-5.79 (m, 1H),
5.24-5.13 (m, 2H), 3.95 (dd, J = 6, 9.8 Hz, 1H), 3.79 (dd, J = 18.0, 9.8 Hz, 1H),
2.54 (dd, J = 17.2, 8.6Hz, 11, 2.39 (dd, J = 16.9, 8.6 Hz, 1H); "’C NMR
(CDCl3,75 MHz) & 158.8 (d, J = 228.4 Hz), 153.6, 145.7, 142.6 (d, J = 19.4
Hz), 136.6, 122.9, 110.5, 100.4 (d, J = 174.8 Hz), 79.3, 73.3 (d, J = 26.6 Hz),
41.2 (d, J = 24.4 Hz); Anal. Calc. for C;;HgCIF.N,O: C, 46.09; H, 3.16; N, 19.54.
Found: C, 46.13; H, 3.17; N, 19.56; MS m/z 287 (M+H)". data for 22b: yield
29%; UV (MeOH) Amax 268.5 nm; 'H NMR (CDCls, 300 MHz) & 8.39 (s, 1H),
6.01 (dd, J = 5.3, 1.8 Hz, 1H), 5.89-5.76 (m, 1H), 5.22-5.13 (m, 2H), 3.91 (dd,
J=17.2,9.8Hz, 1H), 3.75 (dd, /= 18.1, 9.9 Hz, 1H), 2.49 (dd, J = 17.6, 8.2 Hz,
1H), 2.34 (dd, J = 16.8, 8.2 Hz, 1H); °C NMR(CDCl3, 75 MHz) J 157.8 (d, J =
238.4 Hz), 153.6, 146.9,144.8, 141.6 (d, /= 19.6 Hz), 137.2, 122.8, 111.4, 99.6
(d, /= 175.2 Hz), 81.2, 73.7 (d, J = 27.6 Hz), 42.2 (d, J = 23.3Hz); Anal. Calc.
for C11HoCIF3N4O: C, 46.09; H, 3.16; N, 19.54. Found: C, 46.12; H, 3.18; N,
19.55; MS m/z 287 (M+H) "

(re)—(2'S, 4'S)—-Diethyl {9—(4—Fluoro—4—vinyl—tetrahydrofuran—2-yl) 2-—
Fluoro—6—chloropurine} Phosphonate (23): 3}3& 22bZFE 3}shE 239 42>

= 169 Y T2 cross—metathesis®WH-S T3t TSIt} yield 62%:;
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'H NMR (CDCls, 300 MHz) & 8.43 (s, 1H), 6.62 (dd, J = 16.8, 20.4 Hz, 1H),
6.25—6.13 (m, 1H), 5.99(dd, J = 5.2, 1.8 Hz, 1H), 4.10—4.06 (m, 4H), 3.87 (dd,
J=17.4, 8.8 Hz, 1H), 3.74 (dd, J = 17.8, 8.8 Hz, 1H), 2.53 (dd, J = 17.4, 9.4 Hz,
1H), 2.39 (dd, J = 18.0, 9.4 Hz, 1H), 1.25-1.20 (m, 6H); "’C NMR (CDCl;, 75
MHz) & 158.6 (d, J =235 Hz), 153.6, 152.8 (d, J = 20.6 Hz), 146.6, 145.2,
138.5,122.4, 111.6, 98.8 (d, J = 176.6 Hz), 79.4, 73.5 (d, J = 24.6Hz), 63.7,
63.1, 62.5, 41.4 (d, J = 25.4 Hz), 14.1; Anal. Calc. for Cy5H;3CIFoN,O4P (+1.0
MeOH): C, 42.25; H, 4.87; N, 12.32; Found: C, 42.20; H, 4.89; N, 12.30; MS m/z
423 (M+H) ",

(re) —(2'S,4'S) —Diethyl {9—(4—Fluoro—4—vinyl—tetrahydrofuran—2—-yl) 2-—
Fluoro—6—aminopurine} phosphonate (24a) and (rel) —(2'S,4'S) —Diethyl {9—(4—
fluoro—4—vinyl—tetrahydrofuran—2—yl) 2—Amino—6—chloropurine} Phosphonate
(24b): gh3tE 23(250 mg, 0.59 mmol) & DME (15 mL)el| &3listal ¥-g§-7]9
Fskst bEYol 7lAlE Fstel A 2olA overnight wHEgkoh o] #pgh of S
ek 553t ¢ column chromatography (MeOH/CHyCly, 1:12) 2 HA|sto] 3}5&
24a (21 mg, 9%) ¥ 24b (99 mg, 40%) & VAT 24a; UV (MeOH) Amax 260.5
nm; 'H NMR (DMSO—ds, 300 MHz) ¢ 8.40 (s, 1H), 6.71 (dd, J =17.6, 21.6 Hz,
1H), 6.29-6.13 (m, 1H), 6.03 (dd, J = 5.4, 2.0Hz, 1H), 4.11-4.06 (m, 4H), 3.92
(dd, J=17.6, 10.2 Hz, 1H), 3.72 (dd, J = 17.0, 10.1 Hz, 1H), 2.49 (dd, J = 16.4,
9.2 Hz,1H), 2.34 (dd, J = 18.2, 92 Hz, 1H), 1.22-1.17 (m, 6H); '"C NMR
(DMSO—ds, 75 MHz) £6160.3 (d, J = 226.4 Hz), 154.6,152.8 (d, J = 20.2 Hz),
149.2, 142.1, 119.4, 114.6, 99.3 (d, J = 172.8 Hz), 81.2, 75.0 (d, J = 22.8 Hz),
63.7, 62.9, 42.2 (d, J = 22.6 Hz), 14.6; Anal. Calc. for Ci5H20F2N50,P
(+1.0MeOH): C, 44.67; H, 5.00; N, 17.36; Found: C, 44.14; H,5.55; N, 16.08; MS
m/z 404 (M+H) ™. Data for 24b; UV (MeOH) Amax 308.0 nm; '"H NMR(DMSO—
ds, 300 MHz) ¢ 8.19 (s, 1H), 6.69 (dd, J = 17.0,22.2 Hz, 1H), 6.19-6.09 (m,
1H), 5.98 (dd, J = 5.3, 1.8 Hz,1H), 4.10—4.05 (m, 4H), 3.86 (dd, J = 18.2, 10.0
Hz, 1H),3.72 (dd, J = 17.8, 10.0 Hz, 1H), 2.47 (dd, J = 18.0, 9.2 Hz,1H), 2.32
(dd, J = 17.4, 9.2 Hz, 1H), 1.23-1.16 (m, 6H); ""CNMR (DMSO—ds, 75 MHz) &
160.7, 155.1, 151.7, 148.2 (d, J = 22.7 Hz), 143.6, 125.6, 116.3, 94.8 (d, J =
169.7 Hz),78.8, 73.0 (d, J = 24.0 Hz), 62.8, 62.3, 40.8 (d, J = 21.2 Hz),13.8;
Anal. Calc. for Ci5Hg0CIFNsO4P (+1.0 MeOH): C, 42.53; H, 5.35; N, 15.50;
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Found: C, 42.49; H, 5.37; N,15.53; MS m/z 420 (M+H) .

(re)—(2'S, 4'S)—9—{(4—Fluoro—4—vinyl—tetrahydrofuran—2—yl) Guanine}
Phosphonic Acid (25): 38%&E 24b(148 mg, 0.353 mmoDE ¥4 CHs;CN (10
mL)ol]l a3t A2 2,6—lutidine(0.94 mL, 12.32 mmol) &} trimethylsilyl
bromide (0.945 g, 6.18 mmoDE 7}gt ¥ ®bE E3F=S 1641%F &b wRbst},
=39t sFoto] §vlE EElal MeOHE ol &3ste] 55 39 1 sttt 99
= MeOH (10.0 mL)el £€3l8t32 2-mercaptoethanol (110mg, 1.417
mmol) 2t NaOMe (75.26 mg, 1.417 mmoDE 7}8ta WHSE7]o] HATVIAE
SHA7IE 1041 E7t 57 wHkeRgith whE EdE-s W¥ZAAI7]1 AL glacial AcOHE
Fstet & g EelA Axsth. Axsk HAFE reversed—phase C18 silicagel®
A BHEE 25 (79 mg, 64%)< ¥ATh UV (H,0) Amax 253.5 nm; 'H NMR
(DMSO—ds, 300MHz) & 8.47 (s, 1H), 6.72 (dd, J = 17.2, 22.0 Hz, 1H), 6.21—
6.12 (m, 1H), 5.97 (dd, J = 5.2, 2.0 Hz, 1H), 3.90 (dd, J =16.8, 9.8 Hz, 1H),
3.71 (dd, J = 17.5, 9.8 Hz, 1H), 2.51 (dd, J = 17.6, 9.4 Hz, 1H), 2.34 (dd, J =
17.8, 9.4 Hz, 1H); ""CNMR (DMSO—ds, 75 MHz) ¢ 157.9, 154.8, 152.6, 149.2
(d, J=20.7 Hz), 137.9, 119.2, 113.6, 99.1 (d, J = 176.2 Hz), 79.9, 73.2 d, J =
23.4 Hz), 64.4, 63.3, 62.8, 42.0 (d, J = 19.9Hz); Anal. Calc. for C;;H;3FN505P
(+1.0 H,0): C, 36.37; H, 4.16; N, 20.19; Found: C, 36.35; H, 4.18; N, 20.21; MS
m/z 346 (M+H)".

(re)—(2'S, 4'S)—Diethyl {9—(4—Fluoro—4—ethyl—tetrahydrofuran—2—yl) 2-—
Fluoro—6—chloropurine} Phosphonate (26): 3}3t% 262 44 71 WS 33&
199 FAH fFAbst How #3E F Qth yield 69%; UV (MeOH) Amax
270.0 nm; '"H NMR (CDCls, 300MHz) & 8.47 (s, 1H), 6.01 (dd, J = 5.0, 2.2 Hz,
1H), 4.16—4.09 (m, 4H), 3.86 (dd, J = 17.6, 8.6 Hz, 1H), 3.72 (dd, J =17.0, 8.7
Hz, 1H), 2.57 (dd, J = 18.0, 10.0 Hz, 1H), 2.42 (dd, J = 17.4, 10.0 Hz, 1H),
2.13-1.78 (m, 41, 1.22—1.17 (m, 6H); "°C NMR (CDCl;, 75 MHz) 4157.8 (d, J
= 248.2 Hz), 152.8, 146.6, 138.5, 121.7, 102.2 (d, J = 168.4 Hz), 78.6, 71.2 (d,
J=23.4Hz),63.1,62.7,43.1 (d, J= 23.6 Hz), 22.6(d, J = 22.6 Hz), 20.2, 14.6;
Anal. Calc. for Ci5HooClF2N,O4P: C, 42.415 H, 4.75; N, 13.19; Found: C, 42.37; H,
4.76; N, 13.22; MS m/z 425 (M+H) ",

(re) —(2'S,4'S) —Diethyl {9— (4—Fluoro—4—ethyl—tetrahydrofuran—2—-yl) 2-—
Fluoro—6—aminopurine} Phosphonate (27a) and (rel) —(2'S,4'S) —Diethyl {9—(4—

off ot
o

2o
==
<)} =N
=
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Fluoro—4—ethyl—tetrahydrofuran—2—yl) 2—Amino—6—chloropurine} Phosphonate
(27b): 3}3HE 26°] AmmonolysisHhe2 242 A3 fFAFSH WS Faste] 27a
4 27bS 99Tt Data for 27a; yield 11%; UV (MeOH) Amax 261.0 nm; '"H NMR
(DMSO—-ds, 300MHz) ¢ 8.21 (s, 1H), 6.00 (t, J = 2.4 Hz, 1H), 4.18—4.09
(m,4H), 3.88 (dd, J = 18.2, 8.8 Hz, 1H), 3.74 (dd, J = 17.4, 8.9Hz, 1H), 2.58—
2.48 (m, 1H), 2.37 (dd, J = 17.4, 10.1 Hz, 1H),2.16—1.85 (m, 4H), 1.25-1.20
(m, 6H); "°C NMR (DMSO—ds,75 MHz) ¢ 159.6 (d, J = 252.4 Hz), 154.7, 152.5,
142.2,120.2, 94.2 (d, /= 173.6 Hz), 79.6, 70.7 (d, J = 22.4 Hz),63.9, 62.9, 41.3
(d, /= 21.8 Hz), 27.6 (d, J = 20.5 Hz), 21.2, 14.1; Anal. Calc. for C;5H22F2N50,P
(+1.0 MeOH): C, 43.94; H, 5.99; N, 16.01; Found: C, 43.96; H, 6.02; N, 15.97;
MS m/z 406 (M+H)". Data for 27b; yield 42%; UV (MeOH) Amax 308.5 nm;
'HNMR (DMSO—ds, 300 MHz) & 8.19 (s, 1H), 5.90 (dd, J =5.4, 2.0 Hz, 1H),
4.21-4.14 (m, 4H), 3.90 (dd, J = 18.0, 9.8Hz, 1H), 3.72 (dd, J = 17.8, 9.8 Hz,
1H), 2.54-2.43 (dd, J =17.2, 8.8 Hz, 1H), 2.37 (m, 1H), 2.21-1.90 (m, 4H),
1.21-1.17 (m, 6H); ?C NMR (DMSO—ds, 75 MHz) & 158.4, 154.3,151.2, 144.2,
125.6, 98.8 (d, J = 178.6 Hz), 80.2, 71.2 (d, J =24.7 Hz), 63.2, 62.5, 61.9, 40.6
(d, J = 24.1 Hz), 29.7 (d, J =24.6 Hz), 22.6, 15.1; Anal. Calc. for
C15H22CIFN504P (+1.0 MeOH): C, 42.34; H, 5.77; N, 15.43; Found: C, 42.29; H,
5.78; N, 15.40; MS m/z 422 (M+H)".

(re)—(2'S, 4'S)—9—{(4—Fluoro—4—ethyl—tetrahydrofuran—2—yl) Guanine}
Phosphonic Acid (28): 3}3H& 27b=H-E 3HHE 28(F& 656%) 98 2 73l
Z71 shellA ggE 259 P fAFSIe UV (H,0) Amax 253.5 nm; 'H NMR
(DMSO—ds, 300 MHz) & 7.89 (s, 1H), 5.97 (dd, J = 5.2, 2.0 Hz, 1H), 3.89 (dd,
J =17.6, 9.6Hz, 1H), 3.69 (dd, J = 18.0, 9.6 Hz, 1H), 2.54-2.43 (dd, J =17.6,
9.2 Hz, 1H), 2.37 (dd, J = 16.8, 9.2 Hz, 1H), 2.26-1.95 (m, 4H); "C NMR
(DMSO—ds, 75 MHz) & 157.6, 154.4,152.7, 138.6, 119.5, 955 (d, J = 176.8
Hz), 79.8, 72.6 (d, J =22.8 Hz), 63.0, 62.3, 42.2 (d, J = 23.8 Hz), 29.5 (d,J =
22.8 Hz), 20.2; Anal. Calc. for C11H5FN5O5P (+2.0 H20): C, 34.47; H, 4.99; N,
18.27; Found: C, 34.51; H, 5.02; N, 18.25; MS m/z 348 (M+H) *.
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