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AIDS : Acquired Immune Deficiency Syndrome
AZT : Azidothymidine

CC50 : Cytotoxic concentration of 50%

DCE : Dichloroethane

DIBAL-H : Diisobutylaluminum hydride

DME : Distance Measurement Equipment
DMSO : Dimethyl sulfoxide

DNA : Deoxyribonucleicacid

EC50 : Median effective concentration of 50%
GCV : Ganciclovir

HCMYV : Human cytomegalovirus

HIV : Human immunodeficiency virus

HPLC : High perfomanece liquid chromatography
HSV : Herpes simplex virus

LiHMDS : Lithium hexamethyldisilazane

MC : methylene chloride

NFSI : N-fluorodibenzenesulfonimide

NMR : Nuclear magnetic resonance

NOE : Nuclear overhauser effect
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TBSCI : organic compounds containing carbon—silicon bonds
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ABSTRACT
Synthesis and Antiviral Activity of Fluorinated Apiosyl

Nucleoside Phosphonic Acids

Kim Se Yeon
Advisor : Prof. Hong Joon Hee, Ph.D.
Department of Pharmacy

Graduate School of Chosun University

Drug candidate substances with one or more fluorines are becoming commonplace.
As antiviral nucleosides containing a fluorine atom at 2’-position are endowed with
increased stabilization of the glycosyl bond. It was of interest to investigate the
influence of the three fluorine atoms at the 2'- and 5’-position of apiosyl nucleoside
phosphonate analogues. Various pyrimidine and purine 2',5',5'-trifluoro-3’-hydroxy-
apiose nucleoside phosphonic acid analogues were synthesized from 1,3-
dihydroxyacetone. Electrophilic fluorination of lactone was performed using NFSI.
Condensation successfully proceeded from a glycosyl donor with persilylated bases to
yield the nucleoside phosphonate analogues. Deprotection of diethyl phosphonates
provided the final phosphonic acid sodium salts. The synthesized nucleoside

analogues were subjected to antiviral screening against various viruses.

Keywords : antiviral agents; Vorbriiggen reaction; 2',5',5-trifluoro-3'-hydroxy-apiose

nucleoside phosphonic acid analogues;
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T FEd Aol = IAZ-GOA|(PNP) = 9 72 d Aol =9 53}
Aok olst Arel AN g A7) f2 997]¢ Ribose- Ei= 2-
deoxyribose-a-1-phosphate®]  ©] 421, 2'-deoxyinosine, T-oFxAl 18|31 2'-
deoxyguanosine 7} Z& FEH QA EE 7FA A O % JRIARE S H £ 5 F v

eSS FAH o2 PNP7F AFE AR ES 259 A AAR TAHE

= &
PNP SJA|A|7F e oA A 9k of e} T Al Mgy} 22 T AE 5
Age] vd Anel% W {82 sojgka AGHTES 9-(5,5-Difluoro-5-
phosphonopentyl)guanine> PNP2] 714 -F % 4] o | A & AF-& % 9l th(Figure 1).”

HO
1 2
NH; NH,
N N
a4 am
i ° HO E;') o.°
i e
Oo=P N
; 6\0 OH
3 4 (PMDTA)

Figure 1: Synthesis rationale of 2',5',5'-trifluoro-3'-hydroxy-apiose nucleoside
phosphonic acids as potent antiviral agents
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9]

o ofN o
to

=

A7) 3L -78°C ol A WZHAl 7 th? LiHMDS(Lithium hexamethyldisilazane)S
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o

0.7%) ©1d A A o)1, aWd ZF 2 23}+= 9a(NOE : H3/H5B, 1.0%; H3/H5a,
1.2%) o1 A Al gk= A& B0 =TH(Figure 2). F% 9bi= 1A 7F &k -78°C | A]
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Figure 2. NOE differences between the proximal diastereotropic hydrogens of 9a and 9b
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Scheme 1: Synthesis of 2',5,5-trifluorinated-3'-hydroxy-apiose intermediate 16

ref.17 o i © 0
a 2 o~ T° ~
1,3-dihydroxyacetone \ 89% \
HO RO

5 6
i 7"R=H
8: R = CHPh, (82%)
ii
OSamom ONon v TBSO&O
e TBSO
POQ 89% @ 87% =X
Ph,CHO F Ph,CHO F Ph,CHO Y
10
Vi(llzP:TBS 9a: X=H, Y =F (33%)
12: P = H (92%) 9b: X :, = H (30%)
98%
0O o) 0 o)
o) I
OMe _ EO—P OMe " Eo-P OAc
TfO viii Eté \ X ]
: rvve FF & 85% EOFE ¢
Ph,CHO F 59% RO T ’ A T
13 16

. C14: R = Ph,CH
15: R = H (84%)

Reagents: 1) TBSCI, imidazole, CH,Cl,; ii) Ph,CN,, CH5CN; iii) NFSI, LIHMDS, THF;
iv) DIBALH, toluene, -78 °C; v) CH(OMe);, BF5/OEt,, Et,0, 4 A molecular sieve; vi)
TBAF, THF; vii) T1,0, pyridine, CH,Cl,; viii) LiCF,P(O)(OEt),, HMPA, THF; ix) H,,
10%Pd/C, EtOH; x) Ac,0, AcOH, H,SO,, EtOAc.
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of-w Q]| 9] W EA|s}= &Y S TBS protection 172 AHd 271 3}l
% 71[CH(OMe)3, BF3/E20] 0. 2 M 89% &9 Z8 AA = 112 9 8¢l th?
TBAF(Tetra butyl ammonium fluoride)el] &3t =2 FA|= 119 TBS 1w9Y
AAE 2% T8 3L 125 A 3F3rh Berkowitz®] A7-ell wE
Triflate =] &+l 2]t Triflation© %2 12+= Difluorophosphonate %A 1302
@%F%E‘r.ﬂ Age SEizAdgeld e 159 FHlE 30% olshe] w

S A 1,3-O-diacetyl-furanoside 162] o} =™ Z3-&E& A 337 Y A
EEZﬂ(ACZO, AcOH, H2S04, EtOAc, 0°C)** slell 3}3tE 139 A A
oA EAMENE Fd s wEbd TheEsiel oAl EARR S ol A
7M. & 162 271 H3l 2 stepell AA WESES Akt sHEE
14E25H dadd e 159 Al A= 158 @A sk 7Frisi o S 270 stell
FHATS 22 2 stepol]l AA 74.4% F& FelzAU Y FTE 16
DA = oFAEAF E3l RESS doZt) otdld wEHAlE IS
DCE(Dichloroethane)ll vl #| 24 TMSOTH(Trimethylsilyltriflate) 2} 2 =3}
6-chloropurine2 37| 385 169 Vorbriggen % &S F3ato] 2+2He] 6-
chloropurine -2 170 ¢+ 1785 @A s}, €H4J $F NOE(Nuclear overhauser
effect) A2 8 A JAF 25 4 &sAl UEFATth(Figure 3).

B= 6-chloropurine-9-yl|

Figure 3. NOE differences between the proximal diastereotropic hydrogens of 17a and 17b
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T S}3HE°] NOE A2 oW & =8l Z A8k 17a(NOE : HIB/H4B, 1.1%;
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cheFst g Aol o3l ks Al 57 59Utk : IHNMR, 13C NMR, 31P NMR,

4 FoJ A 163} 2-fluoro-6-chloropurine 2] % & 17 2} 17p 31829

=¢
ST AL 24 sholl D3 I 27 33%9)F 32% 2 2000 £ 2085
AA AT 170 2k 178 3350l AFE-3 NOE 2 g2 &3l ¢ =4 200 2
2088 izl AT EE SAHsIH. DMEl s 208 7HEA
ow Yol BE3EY] 2-fluoro-6-aminopurine®” XA 21(13%)¥ 2-amino-6-
chloropurine A 22(41%)E 272+ A At} 2-amino-6-chloropurine % | 22+=

TMSBr 3} 2,6-lutidine S #] 2] 3} EAEAF & A7 3FaL, Dowex-Nat+ 54| 9]
olwd W EA St UEF wWEA =% 2-mercaptoethanol S
Aglate] FolAl A|FER EEAEAVER ¢ 23 S 9 E=tKScheme 3).
=8 374 T 167 Ny-benzoyl A/ EALS] 532 obuld 24 9] 34 o}
FrALE 27 holl A3 ZH2E 35%9) 34% &9 240 & 24pE A
sttt Held xAFdo]ES] Zhialof o3t 2482 7FFE Yol w3l
AEA A Z2R-EAFEA YEF A 265 A7 eFth(Scheme 4). F=8F Uracil
7} Thymine WA= HFEAQJ 3137 32& 1622HEH ZH33
=

Deprotection®] WA S 714 /3 3} 31 Th(Scheme 5).
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Scheme 2. Synthesis of 2',5',5'-trifluoro-3'-hydroxy-apiosyl adenosine phosphonic
acid analogues

Cl Cl
N BN N AN
N N
% y
< 1) <
. N~ °N N~ N
[ (“3 4o OF 9 o)
16 —> Eto—l?Mr EtO—P
EtO 3% EtO :
= F =
FRaco F FPacd F
17a (30%) and 17B (31%)
iil 66%
NH, NH,
N AN N BN
N N
y %
C I <
N N o N N
F o} C 0
0 Ny
o=p—0 F EtOFFHé =
|
Na*O"
19 18

Reagents: 1) Silylated 6-chloropurine, TMSOT{, DCE; ii) NH;/MeOH, 64 °C;
iii) (a) TMSBr, 2,6-lutidine, CH;CN; (b) C;3 HPLC, Dowex-Na".
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Scheme 3. Synthesis of 2',5',5'-trifluoro-3'-hydroxy-apiosyl guanosine phosphonic
acid analogues

200, (33%) and 20 (32%)

@] X
/N NH /N XN
<Nﬁx LA,

|
N~ °N

c <— EtO-P

R 34% EtO :
O=P—0 F FF.5 F
Na*Cl)‘

23

21: X = NH,, Y = F (13%)
22: X =Cl, Y = NH, (41%)

Reagents: 1) Silylated 2-fluoro-6-chloropurine, TMSOTT, DCE,; ii) NH;, DME; iii)

(a) TMSBE, 2,6-lutidine, CH3CN; (b) NaOMe, HSCH,CH,OH, MeOH; (c) Cig
HPLC, Dowex-Na™.
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Scheme 4. Synthesis of 2',5',5'-trifluoro-3'-hydroxy-apiosyl cytosine phosphonic
acid analogues

NHBz NHBz
P Y
i 1 NG Q o
16 — > EtO—F,’M Et0-P
EtO FF = E EtO FF =
AcO AcO
240, (35%) and 24P (34%)
ii‘ 85%
NH,
O)\N
? o}
EtO—P
EtO :
F =
F'no F

Reagents: 1) N4-Benzoyl cytosine, TMSOTY, DCE; ii) NH;/MeOH, rt;
iii) (a) TMSB, 2,6-lutidine, CH;CN; (b) C;¢ HPLC, Dowex-Na.
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Scheme 5. Synthesis of 2',5',5'-trifluoro-3'-hydroxy-apiosyl uracil and thymine
phosphonic acid analogues

) 0
X X
(\)\ (@) ;\\ O (@)
16 —— EtO—E’M EtO—IID
EtO : EtO
F = =
Facc F FRcd F
27a: X = H (36%) and 27B: X = H (33%)
28a.: X = CH3 (32%) 28B: x = CHs (33%)

31: X = H (34%) 29: X = H (78%)
32: X = CHs (30%) 30: X = CHj (79%)

Reagents: 1) silylated uracil and silylated thymine, TMSOTT, DCE; ii) NH;,
MeOH; iii) (a) TMSBT, 2,6-lutidine, CH;CN; (b) C;3 HPLC, Dowex-Na".
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g ¥ shehE o] dufol# A4 H7F= HIV-1 (PBM cells), HSV-1 (CCL-81
cells), HSV-2 (CCL-81 cells) Z18]37 HCMV (AD-169) ¢ #& oJz{7}A
wholg] e tlal =33tk Table 1 o] Hol whgl Zo] dAdE FFES
obf Al Fufol g Aol tfgt E/golut M EZEA S YERUA] Skottt. o 9] 2.4
FFEH Aol = FEAY 4 YA 9 3 1A 18] 3l 2'-fluorine 1F O H-F
S|=EAME 1F0 Ao gRFehes A Bs ¢H A §1HA

Z37] Wil Q14ks} DNA B8 RNAQ] 7 A s & £33 uo] g~ oA
HAYZo] o] FEF Al 7155 A ZatA & 5 vk 2d Feud
=4 299} 30> Ganciclovir(EC50 = 1.58 uM, in AD-169)¢} B] w gl -S-wj kst
& 7FAAIRE HeMVel disiA] 43k 102 et th(Table 1). 523
Helgd FATYOIE FEAE dWACs ANSFEREIAEA YEF ¢

oy S gupold A A4S e A o YEs T

i
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Table 1: Median effective (EC50) and cytotoxic (CC50) concentrations of the

synthesized nucleoside analogues

Compound | Anti-HIV-1 HSV-1 HSV-2 HCMV | Cytotoxicity
No. ECso(uM) | ECso(uM) | ECso(uM) | ECso (uM) | CCso (M)
18 >100 >100 >100 >100 >100
19 90 >100 >100 >100 >100
21 >100 80 >100 >100 >100
22 >100 85 >100 >100 >100
23 >100 >100 >100 >100 >100
25 38 >100 >100 >100 >100
26 63 >100 >100 >100 >100
29 >100 >100 >100 11.7 90
30 >100 >100 >100 13.2 90
31 >100 >100 >100 473 98
32 >100 >100 >100 29.9 98
AZT 0.0029 ND ND ND >100
GCV ND ND ND 1.3 >10
ACV ND 0.18 ND ND >100
PMEA 1.58 ND ND ND >100

AZT: azidothymidine; GCV: Ganciclovir; ACV: Acyclovir

PMEA: 9-[2-(phosphonomethoxy)ethyl]adenine

CCso (uM): CCs values indicate 50% cytotoxic concentration.

ECso (uM): ECs values are for 50% inhibition of virus production as indicated by supernatant

RT levels.
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QokRY B HYo|A = 2-electronegative T | LA =9 Apiosyl

Y AtolE FEAES s Futolels S VWO R SFof 13-
dihydroxyacetone ©. =B A Z-2- 2,5",5'-trifluoro-3"-hydroxy-apiose 7= &l .2
olt EAEM FEAS AA%T ATdew fAAD. gHR oF

S} 3+E-2 HIV-1, HSV-1, HSV-2 18|31 HCMV$} 22 of 2] vfo] g 2o o st
gfole A~ A S A A}, Uracil ¥ Thymine 5491 29¢} 300]
HCMV el thal st 2495 Jeh Sl

ol# gt A+ A} = 2'-fluoro-3'-hydroxy =2l & 713 o9 @A EAFYo|E
2ol AMER & HCMV A9 7S 919 At FEA = vl -8
Zolgkal ot 2 A57F 71E7F Ho] @ upole e tidh 2hdkdh

AT7F G H L -3k kB S 7P B2 A S8A7H T EA V8 2

il
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V. A U

A1k A 7]17] - & A A AFE-%E Al eF5-2 Aldrich jil, Tokyo Kasei jil;, Sigma
it % Fluka itoll Al 7+ 8k 5553 A5 Aok AFEsdler 3 5742 Mel-
temp IIE AF-&-3F31 0., o]ef st B2 3}=] ¢F3ktd. NMR(Nuclear magnetic
resonance) Spectrat= JEOL 300 Fourier ®13¥ 33 7](JEOL, Tokyo, Japan)&
AFE-3FSITE. UV(Ultraviolet) Spectrai= Beckman DU-7 &% ¥ 57| (Beckman,
South Pasadena, CA, USA)E AF-8-31%] 31, MS (Mass spectra)= %1 7] 5 o] 23}
(ESI) =0 A =3 akgith 4 412 Perkin-Elmer 2400 4] 7] (Perkin-Elmer,
Norwalk, CT, USA)E AF-&3}%1 T} Silica gel (230-400 mesh)<> Merck jit: A%<
AREsE AL, A BulE2 oo wet A Alske] ARg-eFal vk TLC(Thin
layer chromatography)i= Analtech (7558, Newark, DE, USA) jil-oll A )3t A&
o] &3l © ™ TLC spot = AF2]A X UVGL-58 ¥} Anisaldehyde, KMnO,

SAoke Abgatelth AgeA g § BE WSS Ax 714 skl

=

%ttt F< Dichloromethane, Benzene, % Pyridine < CaH, Z4F
Fol ATt 5 THF + AF&-317] 2 ¢ Na £} Benzophenone © = 5-F
| 2R ato] At

N rtﬂI
577

O/
=
O

i

IN
>~
Ol

=
T

(1)-(S)-4-[(t-Butyldimethylsilyloxy)methyl]-dihydro-4-hydroxyfuran-2(3H)-one
(7): TBDMSCI (7.67g, 50.9mmol)= CH,Cl, (100mL)°l] €3|3}a1 3}5= 6 (5.6g,
42.4 mmol)¥} Imidazole (5.77g, 84.82mmol)S 0°Coll A H 3] 3 7}ale] FU 3
S0 TAIZE FRF wkgtth wbg Bl E ZhF el al 4ol =S Diethyl
ether®} == 23] FZ3t} A3t {7152 79 MgSO4=2 AX38kal o &
743t 5 %38ko] ZFoJ & Silica gel column chromatography (EtOAc/hexane, 1:5)=
A EFo] A @ o AFe] 3FeHE 7 (9.29g, 89%)S 9 =T} 'H NMR (CDCls, 300
MHz) ¢ 4.51 (d, ] = 9.6 Hz, 1H), 4.27 (d, ] = 9.6 Hz, 1H), 4.05 (d, J = 6.2 Hz, 1H),
3.76 (d, J = 6.2 Hz, 1H), 2.54 (d, J = 7.4 Hz, 1H), 2.29 (d, J = 7.4 Hz, 1H), 0.89 (s,

-18 -
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9H), 0.01 (s, 6H); *C NMR (CDCl; 75 MHz) & 174.2, 77.3, 73.9, 71.3, 42.0, 25.6,
18.7, -4.3.

(1)-(S)-4-[(t-Butyldimethylsilyloxy)methyl]-dihydro-4-(benzhydryloxy)furan-
2(3H)-one (8): T|E F=Al 7 (2.26g, 9.18mmol)= 70°Cel Al Acetonitrile
(36mL)°l €3l 3} 2L Diazo(diphenyl)methane (2.67g, 13.77mmol)= 3 7}stt}, WE-&-
=S 18AIRE F)F S wRESTE 1 AIRE FRF E3E EepAoA
@A o g Wstth PhyCN, (1.94g, 10.0mmol)S F7F2 H7bstal HE-§-HS
T WHEETE TLCE o] &-3to] & 4ol e8] ka3t 2=
1%t 5 Jb-g &ul & 7St S ek al ol =& Silica gel column chromatography
(EtOAc/hexane, 1:25)% A3t 33HE 8 (3.10g, 82%)S L+t 'H NMR
(CDCls, 300 MHz) & 7.43-7.18 (m, 10H), 5.78 (s, 1H), 4.53 (d, J = 9.4 Hz, 1H), 4.24
(d,7=9.3 Hz, 1H), 3.99 (d, ] = 6.4 Hz, 1H), 3.73 (d, ] = 6.4 Hz, 1H), 2.56 (d, ] = 7.6
Hz, 1H), 2.25 (d, ] = 7.5 Hz, 1H), 0.88 (s, 9H), 0.02 (s, 6H); °C NMR (CDCl;, 75
MHz) 6 175.3, 129.2, 128.5, 128.2, 127.4, 82.9, 75.1, 71.7, 71.4, 41.0, 25.3, 18.5, -5.2;

Anal. Calcd. for Cy4H3,04Si: C, 69.86; H, 7.82. Found: C, 69.72; H, 7.73; MS m/z
413 (M +H)".

(rel)-(3R,4S)-4-[(t-Butyldimethylsilyloxy)methyl]-dihydro-3-fluoro-4-
(benzhydryloxy)furan-2(3H)-one (9a) and (rel)-(3S,4S)-4-[(t-
butyldimethylsilyloxy)methyl]-dihydro-3-fluoro-4-(benzhydryloxy)furan-2(3H)-
one (9b): NFSI (0.763g, 2.43mmol)= 5 THF (10mL)°l| &3l sl1 & {4
8 (1.0g, 2.43mmol)S H7}3t & -78°CE Y7z}3tc} LiHMDS (2.93mL, 1.0M
solution in THF)= 1.2A]3F 5<F X3 3] Dropwise 8l HE-g 29S8 -78°Co]| A
F7FE SAIZE TRF wksh $ 2AI%F Rk Ad2el A a

Z3} NH4Cl (1.0mL)9} Diethyl ether (80mL)E 3|Aalx A3+ <k *3}
NaHCO; & H#7Ho 22X whgs FHTY fF7]55 X3} NaHCO;E 23],
brine . 2 13] Aol ¥ 4 MgSO,& 7 %38ta o33 5 79 H=3h),
7+l &S Silica gel column chromatography (Hexane/EtOAc, 25:1)2 7 A &}

- 19 -
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5}3H5 9a (345mg, 33%) %} 9b (313mg, 30%)= ¢+=T}. Data for compound 9a: 'H

NMR (CDCls, 300 MHz) 6 7.40-7.19 (m, 10H), 5.69 (s, 1H), 4.55 (d, J = 7.6 Hz,
1.0H), 4.34 (d, J = 48.0 Hz, 1H), 4.28 (d, J = 7.7 Hz, 1.0H), 4.04 (d, ] = 7.4 Hz, 1H),
3.75 (d, J = 7.4 Hz, 1H), 0.90 (s, 9H), 0.01 (s, 6H); Anal. Calcd. for C,4H3,FO,4Si: C,
66.95; H, 7.26; found: C, 66.83; H, 7.36; MS m/z 431 (M+H)+. Data for compound 9b:
'H NMR (CDCls, 300 MHz) & 7.39-7.17 (m, 10H), 5.72 (s, 1H), 4.50 (d, J = 7.8 Hz,
1.0H), 4.32 (d, J = 46.2 Hz, 1.0H), 4.20 (d, J = 7.8 Hz, 1.0H), 4.08 (d, J = 7.2 Hz, 1H),
3.73 (d, J = 7.2 Hz, 1H), 0.89 (s, 9H), 0.03 (s, 6H); Anal. Calcd. for C,4H;,FO,4Si: C,
66.95; H, 7.26; found: C, 67.07; H, 7.20; MS m/z 431 (M+H)+.

(rel)-(1S/1R,2S,3S)-3-[(t-Butyldimethylsilyloxy)methyl]-3-(benzhydryloxy)-2-
fluoro-tetrahydrofuran-1-ol  (10): Toluene (26mL)°ll 3}3t& 9 (946mg,
2.2mmol)E &3l 8F3L -78 °Cel|A] 1A%t &<t DIBAL-H (1.0M solution in hexane
3.3mL)E 2] g} WS- fo]l MeOH (1.5mL)S 3 7}8F0] 241 7F 5-oF A-&-of| A

Wkt 25 & EtOAc (80mL)E H-7}3F o = 4] w88 F7 st} wh-s
=S A F A8 FF35kaL Joj=S Silica gel column chromatography
(EtOAc/hexane, 1:10)% FAalo] o)A A A Feje] 313HE 10 (827mg, 87%)<
1=t} 'H NMR (CDCls, 300 MHz) 8 7.42-7.19 (m, 10H), 5.78 (d, J = 16.8 Hz,
0.5H), 5.65 (d, J = 13.6 Hz, 0.5H), 5.40 (s, 1H), 4.08-3.98 (m, 2.5H), 3.86-3.79 (m,
2.5H), 0.89 (m, 9H), 0.02 (m, 6H); Anal. Calcd. for C4H33FO,4Si: C, 66.63; H, 7.69.
Found: C, 66.56; H, 7.71; MS m/z 433(M + H)".

(rel)-(1S/1R,2S,3S)-3-[(t-Butyldimethylsilyloxy)methyl]-3-(benzhydryloxy)-2-

fluoro-tetrahydro-1-methoxyfuran (11): =% 10 (1.68g, 3.9mmol)= 7~ Diethyl
ether (12.6mL)ol|l £33t <= w3ty x4 4A, 9omg)E 7k}
W HHSFH A Trimethyl orthoformate (0.81mL, 7.2mmol) ¥} BF;-OEt, (112.2uL)E
A7ksta so% Feb wurdch Wgele] EGN 3 Brined SR W7
RAAgo M WSS SAUT WS EEES Diethyl cther FETT 4

MgSO,% AZx3ta ¢t 5=t} o] &5 Silica gel column chromatography
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(EtOAc/hexane, 1:20)= g A|3to] o] & A el s}eh& 11 (1.55g, 0.89%)=
9=t} 'H NMR (CDCls, 300 MHz) & 7.39-7.17 (m, 10H), 5.65 (s, 1H), 5.40 (dd, J =
13.6, 8.0 Hz, 1H), 5.32 (m, 0.5 H), 5.27 (dd, J = 46.0, 12.6 Hz, 0.5H), 4.03-3.95 (m,
2H), 3.77-3.68 (m, 2H), 3.26 (s, s, 3H), 0.89 (m, 9H), 0.02 (m, 6H); Anal. Calcd. for
C,sH3sFO,Si: C, 67.23; H, 7.90. Found: C, 67.36; H, 7.84; MS m/z 447 (M + H)".

(rel)-(1S/1R,2S,3R)-3-(Benzhydryloxy)-2-fluoro-tetrahydro-1-methoxyfuran-3-
yl)methanol (12): 385 11 (506mg, 1.13mmol)S THF (14mL)ol &3f3}1
0°CollA] TBAF (1.54mL, 1.0M solution in THF)Z 3 7}3tc} Wh$ ZetES
oA 8AIZE )b wwkstal 7k s5%t) ttol& S Silica gel column
chromatography (EtOAc/hexane, 1:5)% 7 A|3}o] o] A A Hele] s}gt=E 12
(345mg, 92%)= ¢ =1}, '"H NMR (CDCls, 300 MHz) & 7.41-7.20 (m, 10H), 5.69 (s,
1H), 5.39 (d, J = 12.4 Hz, 0.5H), 5.32 (d, J = 13.2 Hz, 0.5H), 5.30 (dd, ] = 48.4, 13.3
Hz, 0.5 H), 5.24 (m, 0.5H), 4.05-3.98 (m, 2H), 3.79-3.71 (m, 2H), 3.24 (s, s, 3H);
Anal. Calcd. for CoH,1FOy4: C, 68.66; H, 6.37. Found: C, 68.54; H, 6.29; MS m/z 333
(M +H)".

(reD)-(1S/1R,2S,3S)-(3-(Benzhydryloxy)-2-fluoro-tetrahydro-1-methoxyfuran-3-
yl) methyl trifluoromethanesulfonate (13): Pyridine (0.65mL, 7.56mmol)<
CH,Cl, (25mL)°ll &3liatal -78°CellA] =2 ZAIE 12 (501mg, 1.51mmol)E
78k & Triflic anhydride (510mg, 1.81mmol)E 3] F-7}stc}. 3A17F &9t
HEsk $of Hbg S3HES Ice @F Sodium hydrogen carbonate®] 23t o]
HolFErh £35S CHCL (3 x 50mL)E F%3t1 A3¥ CHClL, §98 5
MgS0,% %38ty 7k PyridineS A A3H7] 38l Toluene & = 214314 o &
2+ &3S th fkel&-& Light petroleum (3 x 50mL)%® F%3FaL o] 73k &
Wztgtth whg- Sl S A YA S et IR JolES 3 E 13

(693mg, ~99%) S = 3}l =7} F A glo] ths Hh-&-of] AF-&-ghrt
-21 -
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(1S/1R,2S,3R)-(Diethyl 5,5-difluoro-3-(benzhydryloxy)-2-fluoro-tetrahydro-1-

methoxyfuran-3-yl) ethylphosphonate (14): Diisopropylamine (262uL, 1.87mmol)
3} HMPA (325uL, 1.87mmol)E —78°Co| A o} 2 7} el &Fof] THF (SmL)ell
433t aL n-butyllithium (1.17mL of a 1.6M solution in hexane, 3.12mmol)E
7 erch vEg- 98 0°C ol A 30 5 9F wHkskaL —78°CE WY ZFEkt), —78°C o) A
LDA €4S CannulaZs ©]€38]4 78l THF (2.0mL)°ll Diethyl (o,o-
difluoromethyl) Phosphonate (351mg, 1.87mmol)E &3l 5} 11 33 ¢ Eg| Z ol E
13 (248mg, 0.536mmol)S THF (2.0mL)°] Cannulas ©]&3|4 Dropwise 3tc}.
10 $-of] —78°CellA HE&Hof 48 NH,Cl (12.0mL)¥} EtO (12.0mL)<
Frtsto 24 wh-g-S FAIE 35S EtOAc (2 x S0mL)E FE3F1L 7]
FEES T MgSO,E Adxste] o 3k & 7t S st 4o =& Silica gel
column chromatography (EtOAc/hexane, 1:2)= A3t 274 FH o 3}5HE 14
(158mg, 59%)= =t} '"H NMR (CDCls, 300 MHz) & 7.40-7.21 (m, 10H), 5.70 (s,
1H), 5.39 (d, J = 12.6 Hz, 0.5H), 5.36 (d, J = 13.4 Hz, 0.5H), 4.29 (dd, ] = 47.8, 12.6
Hz, 0.5H), 4.24 (dd, J = 46.6, 13.4 Hz, 0.5H), 4.17 (m, 4H), 3.97-3.79 (m, 2H), 3.25,

3.24 (s, s, 3H), 2.42-2.37 (m, 2H), 1.18-1.17 (m, 6H); Anal. Calcd. for Cy4H30F504P:
C, 57.37; H, 6.02. Found: C, 57.44; H, 5.97; MS m/z 503 (M + H)+.

(rel)-Diethyl 4-[(1S/1R,2S,3R)-3-hydroxy-2-fluoro-tetrahydro-1-methoxyfuran-3-
yl]-5,5-difluoroethylphosphonate (15): "l¥ =] ZA]1= 14 (201mg, 0.6mmol)E
Ethanol (72mL)°ll &3falal 1 7]+ =4 71A Aeistel] 5413 &3F 10%
Palladium-on carbon (72mg)S < 33stt}, of 35to] FHull & #| A kil WEg- £l &
e St} kol &5 Silica gel column chromatography (EtOAc/hexane, 1:1)=
AAske] Ay FEle 335 15 (169mg, 84%)= ¢ =t}t. 'H NMR (CDCls, 300
MHz) 6 5.39 (d, J = 13.6 Hz, 0.5H), 5.31 (d, ] = 14.0 Hz, 0.5H), 4.28-4.23 (m, 4.5H),
3.95 (dd, J =14.0, 7.8 Hz, 1.5H), 3.75-3.69 (dd, J = 8.0, 6.6 Hz, 1H), 3.25, 3.24 (s, s,
3H), 2.67-2.56 (m, 2H), 1.26-1.24 (m, 6H); Anal. Calcd. for C{1H,F304P: C, 39.29;
H, 6.00. Found: C, 39.40; H, 6.06; MS m/z 337 (M + H)".
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(rel)-Diethyl 4-[(1S/1R,2S,3R)-1,3-diacetoxy-2-fluoro-tetrahydrofuran-3-yl]-5,5-
difluoroethylphosphonate (16): =2 ZAI=15 (580mg, 1.728mmol)E EtOAc
(14.4mL)°ll 33FaL -10°Col 4] EtOAc (28mL), Acetic anhydride (16mL), Acetic
acid (12.0mL) 28] 22 213+ H,S04(0.072mL)ZE 3 713+ 3 AF-&o] A 224 7F &<
WRESTE {E-3-4 5 CHCLy (100mL)ell & A ekal 27k 5%2] -89 NaHCO;
(180mL)S ¥-o]Ft}h #7155 8l 53 CHCl (3 x 36mL) & =% 3t}
A3E 77155 Brine® Ao aL 75 MgSO,= dx3sto] 79t skl
ZFod &5 Silica gel column chromatography (EtOAc/hexane, 1:4)% 7 A slo] 24
S ef 2 319 16 (596mg, 85%)= ¥} 'H NMR (CDCls, 300 MHz) & 6.52 (d, J
= 13.6 Hz, 0.5H), 6.45 (d, J = 11.8 Hz, 0.5H), 4.26-4.20 (m, 4H), 4.82 (dd, J = 46.8,
13.6 Hz, 0.5H), 4.70 (dd, J = 50.2, 11.8 Hz, 0.5H), 4.16-4.12 (dd, J = 10.8, 9.4 Hz,
1H), 3.80 (dd, J = 11.6, 8.4 Hz, 1.0Hz), 2.76-2.63 (m, 2H), 2.02-2.00 (s.s,s,s, 6H),
1.24-1.19(m, 6H); Anal. Calcd. for C4H,,F304P: C, 41.39; H, 5.46. Found: C, 41.43;
H, 5.53; MS m/z 407 (M + H)".

(rel)-Diethyl 4-[(1S,2S,3R)-1-(6-chloro-9H-purin-9-yl)-3-acetoxy-2-fluoro-
tetrahydrofuran-3-yl]-5,5-difluoroethylphosphonate(17c) and (rel)-diethyl 4-
[(1R,2S,3R)-1-(6-chloro-9H-purin-9-yl)-3-acetoxy-2-fluoro-tetrahydrofuran-3-
yl]-5,5-difluoroethylphosphonate (17B): 6-Chloropurine (315mg, 2.04mmol)E
= HMDS (18mL)°l £33}3 %l Ammonium sulfate (20mg)E 3 7}3}¢
M3 A W 7EA 15A13F F9E et wbg Sl E o AdEietel SRSkl
o &5 F4° 1,2-dichloroethane (15mL)°ll &3 3tc}. wHs &35 3 313= 16
(414mg, 1.02mm01)% < DCE (15mL)°ll &3lfstal TMSOTf (453mg,
2.04mmol)E 34 7}3F & Ao A 6417t FF wRESTE WS- of] 3} NaHCO;
(15mL)S F7}8FaL 2413 b wwHkek 3 Celite padS o] &3 o st}
o35S CH,CL, 2x140mL) 2 23] F%38ta. A¢ 155 T MgSO,&
Azt ofyst & AFAFE oA et s skt}, o &5 Silica gel column

chromatography (EtOAc/hexane/MeOH, 4:1:0.02)= “J A|s}o] 2}2}o] 313t = 17a

(‘?Ll
i
Ho
N
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(153mg, 30%) <}t 17B (158mg, 31%)E @ =T}, Data for 17a: IH NMR (CDCls, 300
MHz) & 8.68 (s, 1H), 8.20 (s, 1H), 6.20 (dd, J = 13.7, 8.6 Hz, 1H), 4.37 (dd, ] = 48.4,
8.6 Hz, 1H), 4.28-4.25 (m, 4H), 4.10 (d, ] = 7.8 Hz, 1H), 3.82 (d, ] = 7.8 Hz, 1H),
2.78 (ddd, J = 8.2, 12.8, 14.6 Hz, 1H), 2.62 (ddd, J = 8.2, 13.4, 14.0 Hz, 1H), 2.02 (s,
3H), 1.27-1.26 (m, 6H); *'P (121.5 MHz, CDCl;) & 7.81 (t, Jpr = 105.6 Hz); Anal.
Calc. for C;7H,CIF3N4OgP: C, 40.77; H, 4.23; N, 11.19. Found: C, 40.64; H, 4.35; N,
11.28; MS m/z 501 (M + H)"; Data for 178: '"H NMR (CDCls, 300 MHz) & 8.71 (s,
1H), 8.23 (s, 1H), 6.17 (dd, J = 15.8, 7.8 Hz, 1H), 4.32 (dd, J = 51.2, 7.8 Hz, 1H),
4.27-425 (m, 4H), 4.08 (d, ] = 8.0 Hz, 1H), 3.86 (d, J = 8.0 Hz, 1H), 2.81 (ddd, J =
8.0, 11.8, 13.8 Hz, 1H), 2.69 (ddd, J = 8.0, 12.0, 14.2 Hz, 1H), 2.03 (s, 3H), 1.27-1.25
(m, 6H); *'P (121.5 MHz, CDCl3) & 7.84 (t, Jpr = 104.8 Hz); Anal. Calc. for
C17H,,CIFsN4O6P: C, 40.77; H, 4.23; N, 11.19. Found: C, 40.86; H, 4.19; N, 11.12;
MS m/z 501 (M + H)".

(rel)-Diethyl 4-[(1R,2S,3R)-1-(6-amino-9H-purin-9-yl)-3-hydroxy-2-fluoro-
tetrahydrofuran-3-yl]-5,5-difluoroethyl phosphonate (18): 3}3t%& 178 (379mg,
0.758mmol)E 64°Coll 4] 33} Methanolic ammonia (10mL)°l &3l &} 37 YA =%
WRESE & 3A fule gy Stk FelES Silica gel column
chromatography (MeOH/CH,Cl,, 1:10)= Z#|s}o] w2 w4l 313 18
(219mg, 66%)S PE=Th UV (MeOH) Amax 261.0 nm; '"H NMR (DMSO-dg, 300
MHz) & 8.40 (s, 1H), 8.17 (s, 1H), 7.41 (br s, 2H, D,0 exchangeable), 6.19 (dd, J =
15.2, 7.6 Hz, 1H), 5.10 (s, 1H, D,O exchangeable), 4.29-4.27 (m, 4H), 3.97-3.94 (m,
1.5H), 3.76-3.72 (dd, J = 12.8, 10.2 Hz, 1.5H), 2.76-2.58 (m, 2H), 1.31-1.28 (m, 6H);
'P (121.5 MHz, DMSO-d¢) & 7.67 (app t, Jpr = 101.8 Hz); Anal. Calc. for
Cy5H,1F3NsOsP (+1.0 MeOH): C, 40.78; H, 5.35; N, 14.86; Found: C, 40.92; H, 5.27;
N, 14.78; MS m/z 440 (M + H)".

(reD)-4-[(1R,2S,3R)-1-(6-Amino-9H-purin-9-yl)-2-fluoro-tetrahydrofuran-3-yl]-

5,5-difluoroethyl-3,6-cyclomonophosphonic acid sodium salt (19): 3}3= 18

=24 -
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(140mg, 0.32mmol)} 2,6-lutidine (2.3mL, 19.2mmol)E <= CH;CN (22mL)°]l
fal|akar A2 A4 7] Al A Sell Bromotrimethylsilane (979mg, 6.4mmol)E
A7 etk vbg ERE2 3041 Bk e - A2 XFAdE el et
E53kal o] &2 MeOHY} 0.5M TEAB £ © 2 7}9t 54H3kc}, Reverse phase
Cis?} Dowex-Na™ 54| ] o] 21w 3-8 o] &3 HPLCE At 54 7133819
A A4S YEF 9 19 (42mg, 34%)S A=} 'H NMR (D,0, 300 MHz) &
8.39 (s, 1H), 8.18 (s, 1H), 6.21 (dd, J = 14.6, 6.8 Hz, 1H), 4.19 (d, ] = 9.8 Hz, 1H),
3.92-3.81 (m, 2H), 2.66-2.52 (m, 2H); °C NMR (D,O, 75 MHz) & 156.7, 153.0,
149.7, 140.5, 129.3 (dt, ] = 217.2, 265.6 Hz), 119.6, 101.4 (d, ] = 212.6 Hz), 82.9 (d,
J =20.8 Hz), 76.4, 72.5 (d, J = 19.7 Hz), 33.2 (dd, J = 25.4, 19.2 Hz); *'P (121.5
MHz, D,0) & 4.21 (dd, Jpr = 101.8, 90.4 Hz); HPLC tg = 10.56; HRMS [M-H]" req.
364.0753, found 364.0751.

(rel)-Diethyl 4-[(1S,2S,3R)-1-(2-fluoro-6-chloro-9H-purin-9-yl)-3-acetoxy-2-
fluoro-tetrahydrofuran-3-yl]-5,5-difluoroethylphosphonate (20a) and (rel)-
diethyl 4-[(1R,2S,3R)-1-(2-fluoro-6-chloro-9H-purin-9-yl)-3-acetoxy-2-fluoro-
tetrahydrofuran-3-yl]-5,5-difluoroethylphosphonate (20B): 33& 17a.%} 17p¢l
tf3ll 71AsE A3} o] Vorbriiggen &3 271 dhell 2-fluoro-6-chloropurine 2}
3hehE 165 S A FAFSE 3 02 Z42F2] 200092} 2085 A =T} Data for
200: yield 33%; UV (MeOH) Amax 268.5 nm; 'H NMR (CDCls, 300 MHz) & 8.31 (s,
1H), 6.16 (dd, J = 13.6, 7.2 Hz, 1H), 4.30 (m, 4H), 4.22 (dd, J = 48.2, 7.2 Hz, 1H),
4.07 (d, ] = 10.4 Hz, 1H), 3.81 (d, ] = 10.4 Hz, 1H), 2.73-2.61 (m, 2H), 2.03 (s, 3H),
1.25 (m, 6H); *'P (121.5 MHz, CDCl3) & 7.47 (t, Jpr = 103.6 Hz); Anal. Calc. for
C17H,0CIF4N4O6P: C, 39.36; H, 3.89; N, 10.80; Found: C, 39.47; H, 3.75; N, 10.73;
MS m/z 519 (M + H)". Data for 20B: yield 32%; UV (MeOH) Apax 269.0 nm; 'H
NMR (CDCl;, 300 MHz) ¢ 8.27 (s, 1H), 6.08 (dd, J = 12.5, 8.6 Hz, 1H), 4.31 (m,
4H), 4.21 (dd, J = 45.8, 8.6 Hz, 1H), 4.05 (d, ] = 10.0 Hz, 1H), 3.82 (d, J = 10.1 Hz,
1H), 2.77-2.63 (m, 2H), 2.01 (s, 3H), 1.28-1.27 (m, 6H); *'P (121.5 MHz, CDCl;) &
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7.49 (t, Jpr = 104.7 Hz); Anal. Calc. for Ci7H,oCIFsN4OgP: C, 39.36; H, 3.89; N
10.80; Found: C, 39.24; H, 3.82; N, 10.86; MS m/z 519 (M + H)+.

(rel)-Diethyl 4-[(1R,2S,3R)-1-(2-fluoro-6-amino-9H-purin-9-yl)-3-hydroxy-2-
fluoro-tetrahydrofuran-3-yl]-5,5-difluoroethylphosphonate (21) and (rel)-diethyl
4-[(1R,2S,3R)-1-(2-amino-6-chloro-9H-purin-9-yl)-3-hydroxy-2-fluoro-
tetrahydrofuran-3-yl]-5,5-difluoroethylphosphonate (22): 5 & uo} 7}A
Aejste] AF&o)A 208 (544mg, 1.05mmol)S DME (15.0mL)ell &3l
WA =5 wRkeheh of wpske] A5 Al skaL of pel g At s FH A TE o E=s
Silica gel column chromatography (MeOH/CH,Cl,, 1:10)2 “ A3l 3}3= 21
(62mg, 13%)Z} 22 (203mg, 41%)E L=t} Data for 21; UV (MeOH) Apax 260.5
nm; 'H NMR (DMSO-ds, 300 MHz) 8.30 (s, 1H), 7.74 (br s, NH,, 2H, D,0
exchangeable), 6.13 (dd, J = 14.2, 7.8 Hz, 1H), 5.11 (s, H, D,O exchangeable), 4.30
(m, 4H), 3.98-3.96 (m, 1.5H), 3.78-3.76 (m, 1.5H), 2.75-2.64 (m, 2H), 1.32 (m, 6H);
3p (121.5 MHz, DMSO-d¢) & 7.36 (t, Jpr = 105.8 Hz); Anal. Calc. for
C15sHz0F4NsOsP (+1.0 MeOH): C, 39.28; H, 4.94; N, 14.31; Found: C, 39.24; H, 4.85;
N, 14.30; MS m/z 458 (M + H)". Data for 22; UV (MeOH) Apax 308.0 nm; 'H NMR
(DMSO-dg, 300 MHz) 8.16 (s, 1H), 7.67 (br s, NH,, 2H, D,0 exchangeable), 6.09
(dd, J = 14.5, 8.8 Hz, 1H), 5.14 (s, 1H, D,O exchangeable), 4.32 (m, 4H), 3.95-3.91
(m, 1.5H), 3.79-3.75 (m, 1.5H), 2.80-2.66 (m, 2H), 1.30 (m, 6H); >'P (121.5 MHz,
DMSO-dg) & 7.32 (t, Jpp = 107.2 Hz); Anal. Calc. for C;sHyCIF3NsOsP (+1.0
MeOH): C, 38.04; H, 4.79; N, 13.86; Found: C, 37.97; H, 4.69; N, 13.80; MS m/z 474
M +H)".

(reD-4-[(1R,2S,3R)-1-(2-Amino-6-0x0-9H-purin-9-yl)-2-fluoro-tetrahydrofuran-

3-yl]-5,5-difluoroethyl-3,6-cyclomonophosphonic acid sodium salt(23): 3} &= 22
(274mg, 0.58mmol) 2} 2,6-lutidine (4.05mL, 34.8mmol)E <= CH;CN (23.2mL)°]l
g5t Ao A Trimethylsilyl bromide (1.77g, 11.6mmol)E 7 7}3tc}. Wk-S-

Flot

=

o

30A17F TQF wHbeaL WES £ulE MeOH=E 33 7QF Sibslod
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AAsH ko] &S MeOH (23.2mL)°ll §-3l3F3L 2-mercaptoethanol (181mg,
2.32mmol)¥} NaOMe (125mg, 2.32mmol)> H7}3t 5 Ak 7)A] Ae)s}o|
18A13F &<t gFsitt wbg E3rES W7bstal A7k AcOHE F3hsh 5
g eol Al S A3 Methanol> ©]83A4 7 53t} Reverse
phase C;3¥} Dowex-Na' <+#]2] o] 2 w33 o] §3+ HPLCZ AAsta 2
Azxsto] A A4 YEF 9 23 (79mg, 34%)= =1} 'H NMR (D,0, 300
MHz), 7.97 (s, 1H), 6.18 (dd, J = 13.6, 8.8 Hz, 1H), 4.19 (d, J = 10.2 Hz, 1H), 3.96 (d,
J=10.2 Hz, 1H), 3.76 (dd, J = 49.4, 8.8 Hz, 1H), 2.78-2.61 (m, 2H); °C NMR (D,0,
75 MHz) & 157.6, 154.4, 152.1, 136.4, 131.4 (dt, ] = 214.8, 262.6, Hz), 103.5 (d, ] =
208 Hz), 77.2, 73.6 (d, J = 20.6 Hz), 70.9 (d, J = 19.2 Hz), 32.1 (dd, J = 23,2, 18.8
Hz); *'P (121.5 MHz, D,0) & 3.58 (dd, Jpf = 107.4, 82.2 Hz); HPLC tg = 10.35 min;
HRMS [M-H]" req. 380.0563, found 380.0561.

(rel)-Diethyl 4-[(1S,2S,3R)-1-(N4-benzoylamino-2-oxo-3,4-dihydropyrimidin-
1(2H)-yI)-3-acetoxy-2-fluoro-tetrahydrofuran-3-yl]-5,5-
difluoroethylphosphonate (24a) and (rel)-diethyl 4-[(1R,2S,3R)-1-(Ng4-
benzoylamino-2-o0xo0-3,4-dihydropyrimidin-1(2H)-yl)-3-acetoxy-2-fluoro-
tetrahydrofuran-3-yl]-5,5-difluoroethylphosphonate (24B): 3}3& 1702 17p°]
3l 71 A g A 3} 7o Vorbriiggen 557 71 3Foll Ny-benzoyl cytosine @} 3} 3=
165 F§eh A7 fApgk FAom uALe s A7 24a9 24pE
o1 =t} Data for 24a: yield 35%; 'H NMR (CDCls, 300 MHz) & 8.18 (d, J = 7.0 Hz,
1H), 8.02-7.98 (m, 2H), 7.63-7.51 (m, 4H), 6.10 (dd, J = 13.6, 9.0 Hz), 4.74 (dd, J =
47.8,9.0 Hz, 1H), 4.30 (m, 4H), 4.03 (d, J = 10.8 Hz, 1H), 3.84 (d, ] = 10.8 Hz), 2.77-
2.63 (m, 2H), 2.04 (s, 3H), 1.31 (m, 6H); *'P (121.5 MHz, CDCl3) & 7.42 (t, Jpr =
105.6 Hz); Anal. Calc. for Cy3H,7F3N308P: C, 49.20; H, 4.85; N, 7.48; Found: C,
49.11; H, 4.79; N, 7.53; MS m/z 562 (M + H)". Data for 24p: yield 34%; 'H NMR
(CDCls, 300 MHz) & 8.20 (d, J = 7.0 Hz, 1H), 8.02-7.97 (m, 2H), 7.64-7.53 (m, 4H),
6.13 (dd, J = 14.4, 8.4 Hz), 4.65 (dd, J = 46.6, 8.4 Hz, 1H), 4.29-4.27 (m, 4H), 4.07
(d, J = 9.6 Hz, 1H), 3.88 (d, J = 9.6 Hz), 2.74-2.60 (m, 2H), 2.02 (s, 3H), 1.28-1.27
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(m, 6H); *'P (121.5 MHz, CDCLy) & 7.44 (t, Jpr = 107.0 Hz); Anal. Calc. for
Cy3Hy,F3N30gP: C, 49.20; H, 4.85; N, 7.48; Found: C, 49.28; H, 4.91; N, 7.43; MS
m/z 562 (M + H)".

(rel)-Diethyl 4-[(1R,2S,3R)-1-(4-amino-2-0xo0-3,4-dihydropyrimidin-1(2H)-yl)-3-
hydroxy-2-fluoro-tetrahydrofuran-3-yl]-5,5-difluoroethylphosphonate (25): 3= 3}
Methanolic ammonia (20mL)®l| 3}3= 24B (594mg, 1.06mmol)E &3l 3}l
oA WA =S wRketh REg Sl E 7 SEst & hol &< Silica gel
column chromatography (MeOH/CH,Cl,, 1:10)% A 3}o] w2 31 34} 3}sh&
25 (374 mg, 85%)= =T} UV (MeOH) Apax 271.0 nm; '"H NMR (DMSO-de, 300
MHz) 8 7.85 (d, J = 7.0 Hz, 1H), 7.26 (br d, 2H, D,0 exchangeable), 6.09 (d, J =
13.6, 8.4 Hz, 1H), 5.74 (d, J = 7.0 Hz, 1H), 5.14 (s, 1H, D,0 exchangeable), 4.39 (dd,
J =48.6, 8.4 Hz), 4.22 (m, 4H), 3.97 (d, ] = 10.4 Hz, 1H), 3.76 (d, J = 10.5 Hz, 1H),
2.79-2.65 (m, 2H), 1.29-1.28 (m, 6H); *'P (121.5 MHz, DMSO-dg) & 3.63 (t, Jpy =
89.2 Hz); Anal. Calc. for C4H, F3N304P (+1.0 MeOH): C, 40.29; H, 5.63; N, 9.39;
Found: C, 40.37; H, 5.53; N, 9.27; MS m/z 416 (M + H)".

(reD-4-[(1R,2S,3R)-1-(4-Amino-2-0x0-3,4-dihydropyrimidin-1(2H)-yl)-2-fluoro-
tetrahydrofuran-3-yl]-5,5-difluoroethyl-3,6-cyclomonophosphonic acid sodium
salt(26): 3tok= 199 AWl el 71Ae Zap FARE g ow shgte
252 F-E] FF Cytosine 52 265 34 8k} Yield 37%; UV (H20) Amax 272.0
nm; 1H NMR (D;0, 300 MHz), 7.68 (d, ] = 7.0 Hz, 1H), 6.07 (dd, J = 14.4, 8.6 Hz,
1H), 5.71 (d, J = 7.0 Hz, 1H), 4.39 (dd, J = 46.6, 8.6 Hz), 4.12 (d, ] = 10.2 Hz, 1H),
3.93 (d, J = 10.2 Hz, 1H), 2.76-2.59 (m, 3H); °C NMR (D,0, 75 MHz) & 165.6,
155.5, 141.5, 130.7 (dt, J = 210.8, 264.0 Hz), 102.7 (d, J = 208.5 Hz), 93.9, 80.6 (d, J
=20.8 Hz), 76.3, 72.2 (d, ] = 18.6 Hz), 30.4 (dd, J = 23.6, 19.7 Hz); *'P (121.5 MHz,
D,0) & 4.13 (t, Jpr = 89.4 Hz); HPLC tg = 10.38 min; HRMS [M-H]" req. 340.0732,
found 340.0730.
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(rel)-Diethyl 4-[(1S,2S,3R)-1-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-3-
acetoxy-2-fluoro-tetrahydrofuran-3-yl]-5,5-difluoroethylphosphonate (27a) and
(rel)-diethyl 4-[(1R,2S,3R)-1-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-3-
acetoxy-2-fluoro-tetrahydrofuran-3-yl]-5,5-difluoroethylphosphonate  (278): 6-
chloropurine -+ 54 1702 1782] /"ol thsl 71 A& 2 3} Zo] Vorbriiggen
=3 21 Sl fAFSE B S & Uracil 525 37d Sttt Data for 27a: yield
36%; "H NMR (DMSO-dg, 300 MHz) & 11.24 (br s, 1H, D,0 exchangeable), 7.76 (d,
J=7.4 Hz, 1H), 6.09 (dd, J = 14.8, 8.0 Hz, 1H), 5.63 (d, J =7.5 Hz, 1H), 4.75 (dd, J =
50.2, 8.0 Hz), 4.26-4.25 (m, 4H), 4.10 (dd, J = 9.8 Hz, 1H), 3.86 (d, J = 9.8 Hz, 1H),
2.80-2.68 (m, 2H), 2.04 (s, 3H), 1.30-1.29 (m, 6H); *'P (121.5 MHz, DMSO-dq) &
7.76 (t, Jpr = 103.5 Hz); Anal. Calc. for C;¢H»F3N,OgP: C, 41.93; H, 4.84; N, 6.11;
Found: C, 41.86; H, 4.75; N, 6.20; MS m/z 459 (M + H)". Data for 27f: yield 33%;
'H NMR (DMSO0-dg, 300 MHz) 6 11.26 (br s, 1H, D,O exchangeable), 7.78 (d, J =
7.4 Hz, 1H), 6.12 (dd, J = 13.2, 8.4 Hz, 1H), 5.67 (d, J = 7.4 Hz, 1H), 4.71 (dd, J =
47.6, 8.4 Hz), 4.28 (m, 4H), 4.07 (dd, J = 9.2 Hz, 1H), 3.82 (d, ] = 9.2 Hz, 1H), 2.78-
2.59 (m, 2H), 2.01 (s, 3H), 1.30 (m, 6H); *'P (121.5 MHz, DMSO-dg) 5 7.79 (t, Jpy =
104.7 Hz); Anal. Calc. for Ci¢HF3N,OgP: C, 41.93; H, 4.84; N, 6.11; Found: C,
41.81; H, 4.92; N, 6.04; MS m/z 459 (M + H)".

(rel)-Diethyl 4-[(1S,2S,3R)-1-(2,4-dioxo-5-methyl-3,4-dihydropyrimidin-1(2H)-
yl)-3-acetoxy-2-fluoro-tetrahydrofuran-3-yl]-5,5-difluoroethylphosphonate (28a)
and (rel)-diethyl 4-[(1R,2S,3R)-1-(2,4-dioxo-5-methyl-3,4-dihydropyrimidin-
1(2H)-yl)-3-acetoxy-2-fluoro-tetrahydrofuran-3-yl]-5,5-
difluoroethylphosphonate (28B): 6-chloropurine - 1702 1782 AW ol
tjal 71 A st 23 o] Vorbriggen 53 2271 3tell f-AFgE 244 © % Thymine
FEAZ A3t} Data for 28a: yield 32%; '"H NMR (DMSO-dg, 300 MHz) &
11.17 (br s, 1H, D,O exchangeable), 7.70 (s, 1H), 6.10 (dd, J = 13.5, 8.6 Hz, 1H),
4.75 (dd, J = 47.6, 8.6 Hz), 4.26 (m, 4H), 4.05 (d, J = 9.0 Hz, 1H), 3.87 (d, ] = 9.0 Hz,
1H), 2.83-2.70 (m, 2H), 2.02 (s, 3H), 1.82 (s, 3H), 1.29-1.28 (m, 6H); *'P (121.5
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MHz, DMSO-dg) 8 7.52 (t, Jpr = 108.3 Hz); Anal. Calc. for Ci;H,4F3N,OgP: C,
43.23; H, 5.12; N, 5.93; Found: C, 43.17; H, 5.17; N, 5.83; MS m/z 473 (M + H)+.
Data for 28f: yield 33%; 'H NMR (DMSO-ds, 300 MHz) & 11.19 (br s, 1H, D,O
exchangeable), 7.73 (s, 1H), 6.07 (dd, J = 13.0, 9.2 Hz, 1H), 4.81 (dd, J = 48.4, 9.2
Hz), 4.29-4.28 (m, 4H), 4.09 (d, ] = 9.2 Hz, 1H), 3.85 (d, J = 9.2 Hz, 1H), 2.79-2.63
(m, 2H), 2.05 (s, 3H), 1.79 (s, 3H), 1.31-1.30 (m, 6H); >'P (121.5 MHz, DMSO-dy) &
7.55 (t, Jpr = 106.7 Hz); Anal. Calc. for C 7H,4F3N,05P: C, 43.23; H, 5.12; N, 5.93;
Found: C, 43.36; H, 5.06; N, 6.02; MS m/z 473 (M + H)".

(rel)-Diethyl 4-[(1R,2S,3R)-1-(2,4-diox0-3,4-dihydropyrimidin-1(2H)-yl)-3-
hydroxy-2-fluoro-tetrahydrofuran-3-yl]-5,5-difluoroethylphosphonate (29):
shehe 242 Mol sl 71 A S 29} fFARSE 3 © = 27B2] Methanolysis &
sttt Yield 78%; 1H NMR (DMSO-ds, 300 MHz) § 11.24 (br s, 1H, D,O
exchangeable), 7.80 (d, J = 7.2 Hz, 1H), 6.13 (dd, J = 14.6, 8.4 Hz, 1H), 5.73 (d, J =
7.2 Hz, 1H), 5.16 (s, 1H, D,0O exchangeable), 4.46 (dd, J = 46.8, 8.4 Hz), 4.21 (m,
4H), 4.00 (d, J = 8.8 Hz, 1H), 3.75 (d, ] = 8.8 Hz, 1H), 2.77-2.61 (m, 2H), 1.28-1.27
(m, 6H); *'P (121.5 MHz, DMSO-dg) & 7.56 (t, Jpr = 109.1 Hz); Anal. Calc. for
C14Hz0F5N,O7P (+1.0 MeOH): C, 40.20; H, 5.39; N, 6.25; Found: C, 40.22; H, 4.25;
N, 6.28; MS m/z 417 (M + H)".

(rel)-Diethyl 4-[(1R,2S,3R)-1-(2,4-dioxo-5-methyl-3,4-dihydropyrimidin-1(2H)-

yl)-3-hydroxy-2-fluoro-tetrahydrofuran-3-yl]-5,5-difluoroethylphosphonate (30):
St 299] el el 7S A SAI 30 3HehE 28R
Thymine 54 302 ¢4 3t} Yield 79%; 'H NMR (DMSO-dg, 300 MHz) &
11.15 (br s, 1H, D,O exchangeable), 7.71 (s, 1H), 6.08 (dd, J = 14.6, 8.0 Hz, 1H),
4.41 (dd, J = 46.4, 8.0 Hz), 4.23-4.22 (m, 4H), 3.98 (d, ] = 8.8 Hz, 1H), 3.73 (d, J =
8.7 Hz, 1H), 2.75-2.61 (m, 2H), 1.80 (s, 3H), 1.29-1.28 (m, 6H); *'P (121.5 MHz,
DMSO-dg) 6 7.49 (t, Jpr = 105.4 Hz); Anal. Calc. for C;sHyF3N,O7P (+1.0 MeOH):
C, 41.58; H, 5.67; N, 6.06; Found: C, 41.67; H, 5.74; N, 5.98; MS m/z 431 (M + H)".
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(reD-4-[(1R,2S,3R)-1-(2,4-Dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2-fluoro-
tetrahydrofuran-3-yl]-5,5-difluoroethyl-3,6-cyclomonophosphonic acid sodium
salt (31): 3HehE 199 eHd el tisll 71 A g 23 [FARSE 7hpis 2o %
3}ghE 292 K-¥ Uracil cyclomonophosphonic acid 7%= 4| 312 &4 st} Yield
34%; UV (H;0) Apax 261.5 nm; 'H NMR (D,0, 300 MHz), 7.75 (d, ] = 7.2 Hz, 1H),
6.06 (dd, J = 13.8, 8.6 Hz, 1H), 5.75 (d, J = 7.2 Hz, 1H), 4.39 (dd, J = 46.5, 8.6 Hz),
4.09 (d, J = 8.8 Hz, 1H), 3.82 (d, J = 8.8 Hz, 1H), 2.81-2.69 (m, 2H); °C NMR (D-0,
75 MHz) 6 166.7, 152.2, 142.5, 130.7 (dt, J = 209.2, 265.2 Hz), 102.9 (d, J = 209.4
Hz), 80.3 (d, J = 21.4 Hz), 76.1, 72.5 (d, J = 18.7 Hz), 30.3 (dd, J = 21.4, 19.2 Hz);
3'P (121.5 MHz, D,0) & 4.12 (t, Jpr = 88.4 Hz); HPLC tz = 10.61 min; HRMS [M-
H]" req. 341.0534, found 341.0532.

(reD-4-[(1R,2S,3R)-1-(2,4-Dioxo-5-methyl-3,4-dihydropyrimidin-1(2H)-yl)-2-
fluoro-tetrahydrofuran-3-yl]-5,5-difluoroethyl-3,6-cyclomonophosphonic acid
sodium salt (32): 3t 199 Sl el 714 23 FAREE 7l
ZAo 7 3}8E 302 5FE] Thymine 54 325 43t} Yield 30%; UV
(H,0) Amax 267.0 nm; '"H NMR (D0, 300 MHz), 7.70 (s, 1H), 6.11 (dd, J = 14.2, 8.4
Hz, 1H), 4.39 (dd, ] = 49.4, 8.4 Hz), 4.12 (d, J = 9.8 Hz, 1H), 3.93 (d, ] = 9.8 Hz, 1H),
2.86-2.71 (m, 2H), 1.79 (s, 3H); *C NMR (D,O, 75 MHz) & 164.2, 150.8, 136.7,
131.6 (dt, J = 210.4, 262.6 Hz), 109.7, 102.5 (d, ] = 216.8 Hz), 80.4 (d, ] = 22.5 Hz),
76.3,72.8 (d, = 20.4 Hz), 31.7 (dd, J = 21.6, 19.2 Hz), 12.8; *'P (121.5 MHz, D,0)
8 4.32 (t, Jpy = 83.8 Hz); HPLC tg = 10.72 min; HRMS [M-H]" req. 355.0753, found
355.0750.
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