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1. Calculated geometry and NMR parameters folC3’-endoand C2’-endo

conformations of [6’R] and [6’'S]-epimer of compound9i.

Table 1S Calculated geometry and NMR parameters @8-endo and C2-endo
conformations of [6'R] and [6’S]-epimer of compoufid The observed NMR parameters

and and differences between calculated and obsealads are presented as MAE values.

[6'R] [6'S]
C3’-endo | C2’-endo C3-endo | C2-endo
Phase angle (P) 20 174 36 172
Max.pucker (@nax) 34 37 33 37
Torsion angley -157 -156 -162 -153
Rel. energy [kcal/mol] 0 8.47 0 3.08
Jobs Jcalc Jcalc Jobs Jcalc Jcalc
J(H1',H2) 1.8 1.3 10.4 3.0 2.2 10.5
J(H1',H2") 8.3 8.4 5.6 8.4 9.2 5.7
J(H2',H3) 1.0 11 10.7 1.0 0.9 10.6
J(H2",H3") 49 5.7 7.2 5.4 6.7 7.3
J(H3',H4") 25 3.3 8.4 3.2 34 8.5
J(H4’,H5'a) 12 1.0 7.0 24 0.9 7.8
J(H4’,H5'b) 2.1 3.0 10.7 3.9 3.3 10.2
MAE 0.49 6.23 0.76 5.53
6H (obs) | &H (cal.) | &H (cal) OH (obs) | &H (cal.) | &H (cal.)
H1' 6.12 5.83 5.89 6.16 5.69 5.99
H2' 2.08 2.34 1.76 2.17 2.30 2.28
H2" 2.73 2.60 2.20 2.71 2.68 2.73
H3’ 471 4.61 5.06 4.28 4.39 4.67
H4 4.06 3.94 431 3.85 3.58 4.25
H5'a 421 4.20 3.60 4.22 4.45 4.23
H5'b 4.37 4.70 4.09 4.00 4.08 411
OMe 3.02 3.39 3.46 3.26 3.51 3.10
MAE 0.20 0.38 0.20 0.28
oC (obs) | &C (cal.) | &C (cal.) oC (obs) | &C (cal.) | &C (cal.)
cr 83.97 87.00 82.10 83.64 87.04 81.88
cz 39.36 42.05 35.84 38.47 42.93 37.07
c3 69.48 70.27 74.51 72.89 74.28 72.06
c4 74.08 75.23 65.84 73.81 73.89 64.76
Ccy 59.74 61.00 63.62 62.79 64.39 60.42
>C< 109.58 109.97 111.59 111.31 111.38 110.98
OMe 51.01 50.28 47.80 50.20 48.85 50.58
MAE 1.25 3.97 1.76 2.30
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Figure 1S Geometry optimized conformers C3’-endo and C2'eeofj[6R]- and
[6S]-epimer of compoun@i. The observed characteristic NOE and shieldings

with aromatic ring are indicated with arrows.
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Figure 2S  The 2D-H,H-ROESY spectrum of compou@id The preferred conformations
of 6R- and 6S-epimer are shown in blue and reddsarithe NOE cross-peaks used for the
structural assignment of both epimers are markéid @darresponding color frames.



2. Backbone NMR chemical shift perturbations obtaied for cdN complexes.
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Graphs summarizing the cdN backbon&,(N) minimal shift values obtained
for compoundd.2d (A), 13 (B), 15(C), 31 (D) and32 (E).

3. Calculated distances of metal ion and coordinatg atoms in 3 different structures.



Table 2S.
PDB code
metal atom
Asp4l
Asp43
Aspl76
water
water

phosphate ion

4L6C

Mg
1.99

2.01
2.10
2.11
1.99
2.08

ANFL

Mg
2.10

2.02
2.05
2.00
2.10
2.09

Calculated distances i of metal ion and coordinating atoms

4AMWO

K
2.49

2.28
2.35
2.44
2.37
2.33



4. Selectivity graph of measured compounds
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Figure 4S  Graphs summarizing the range of selectivity indemeasured compounds.
stands for mono-ethyl ester b2d.



5. Crystal Data and Diffraction Data Collection andRefinement Statistics

Table 3S Crystal Data and Diffraction Data Collection &Refinement Statistics

Data collection statistics
Compound 12d 12e 13
PDB code 4L6C ANFL 4AMWO
Space group P452,2 P452,2 P452,2
a=b=7382 a=b=73.65 a=b=73.97
Cell parameters (A, °) c=10549 c=10591 ¢ =105.95
a=B=y=90 a=R=y=90 a=B=y=90
Number of molecules in AU 1 1 1
Wavelength (A) 0.915 0.978 0.918
Resolution (A) 34.84-1.78 46.75-1.36 46.90-1.67
(1.82-1.78)  (1.45-1.36) (1.77-1.67)
Number of unique reflections 21,276 56,940 34,275
(2,751) (6,176) (4991)
Multiplicity 16.1 (16.0) 7.6 (4.3) 7.5(5.1)
Completeness (%) 100.0 (100.0) 90.9 (61.9) 98.3LJ90
Rmeas 7.9 (63.4) 4.3 (75.8) 7.1 (56.1)
Averagel/o(l) 33.3(4.0) 26.1(1.91) 21.0 (3.0)
Wilson B (A)° 30.8 225 26.2
Refinement statistics
Resolution range (A) 34.84-1.80 46.78-1.37 46.9F1.
No. of reflections in working set 26,199 53,953 S0}
No. of reflections in test set 1,382 2,886 1,714
R value (%) 15.1 16.1 16.3
Riree Value (% 17.2 18.8 19.1
RMSD bond length (A) 0.021 0.018 0.019
RMSD angle (°) 2.120 2.120 2.059
Number of atoms in AU 1,949 2142 1,933
Number of protein atoms in AU 1,688 1701 1,634
Number of water molecules in AU 176 305 234
Mean B value (A) 26.8 22.2 20.0
Ramachandran plot statistics
Residues in favored regions (%) 98.5 97.3 97.2
Residues in allowed regions (%) 15 2.7 2.8

The data in parentheses refer to the highest-résolshell.

2 Rmeasdefined in refl. ® Wilson B by Sfcheck program from CCP4 siité® R-value = [fo| - Fdll/Fo|, where
F, andF. are the observed and calculated structure fagegpgctively’ Ry iS equivalent to the R value but is
calculated for 5% of the reflections chosen at cam@nd omitted from the refinement procé&ss determined
by MolProbity?



6. Experimental Section

Preparation of nucleoside orthoesters - general poedures.

Unless otherwise stated, all used solvents wergdaabhs. TLC was performed on TLC
plates precoated with silica gel (silica gel/TLGds UV 254, Merck) using the following
mobile phases: C-1 (chloroform-ethanol 19:1), Telugne-acetone 1:2), IPAV (isopropanol-
25% ammonia-water 7:1:2). Compounds were detecsgty WV light (254 nm), spraying
with a 1% solution of 4-(4-nitrobenzyl) pyridine @thanol followed by heating and treating
with gaseous ammonia (for the detection of alkggtagents, such as mesyl derivatives and
phosphonic acid diesters; blue color). The puritthe final compounds was greater than 95%
as determined by LC-MS using a Waters AutoPurifccatSystem with 2545 Quarternary
Gradient Module and 3100 Single Quadrupole Masg®et using Luna C18 column (100 x
4.6 mm, 3 um, Phenomenex) at a flow rate of 1 nm/fhe A, B, and C mobile phases were
used representing 50 mM NHCOs;, 50 mM NHHCG; in aq. 50% CHCN, and CHCN,
respectively (A-B over 10 min, B> C over 10 min, and C for 5 min). Preparative RP BPL
was performed on an LC5000 Liquid ChromatographG@6-PIKRON, CR) using a Luna
C18 (2) column (Axia 250 x 21.2 mm, 5 um, Phenomg a flow rate of 10 ml/min. A
gradient elution of methanol in 0.1 M TEAB (pH 7(), 0.1 M TEAB; B, 0.1 M TEAB in
ag. 50% methanol; C, methanol) was used. All fc@hpounds were lyophilised. The mass
spectra were collected on an LTQ Orbitrap XL (Therfisher Scientific) using ESI
ionization. The phosphorus content in the compowaas determined using a simultaneous
energy-dispersive X-ray fluorescence spectromefECGIRO iQ Il. NMR spectra were
collected in DMSQds or D,O on a Bruker AVANCE 600'd at 600.13 MHz,”C at 150.9
MHz). Chemical shifts (in ppnd scale) were referenced to the residual DM®ignal (2.5
ppm for'H and 39.7 ppm fol’C) or to the 1,4-dioxane signal (3.75 ppm fidrand 69.3 ppm
for 1*C) as an internal standard in@ Coupling constantsl are given in Hz. The complete
assignment ofH and**C signals was performed by an analysis of the tzige homonuclear

H,H-COSY and heteronuclear H,C-HSQC and H,C-HMBCecs@. The relative



configuration of the compounds was checked usingH2B-ROESY experiments. The
numbering for signal assignment is shown below. WS- spectra were collected on
spectrophotometer CARY 100 Bio UV Spectrophotomgiarian Inc.), samples were
disolved in 50% MeOH. The purity of the final conymals was greater than 95%.

Method A

A solution of xyloT7 (dried by co-evaporation with DMF) and trimethytimbenzoate (2-
3 eq.) in dry DMF (0.1M solution) was carefully dified with the 10M HCI in dry EO
(slightly red color on a wet pH paper), and thetoni& was stirred under an argon atmosphere
at r.t. for 12 h (TLC in H-3). The reaction was gaked by the addition of g4 and then
Amberlyst A21 was added, the suspension was fdteard concentrated under reduced
pressure. The resulting crude nucleoside ortho8steas purified on a silica gel column by
elution with a linear gradient of chloroform in teine (0-100%) followed by ethanol in
chloroform (0-10%).

Method B
A solution of xyloT 7 and trimethyl orthobenzoate (2-3 eq.) dried byegaporation with
DMF in dry DMF (0.1M solution) was treated with inium tosylate (6 eqg.) under an argon
atmosphere and the mixture was stirred at r.t. roght (TLC in H-3). The reaction was
guenched by the addition of solid X2D; and the suspension was concentrated under reduced
pressure. Residue was extracted between ¢l@GH saturated solution of M2Os;. The
organic layer was dried with anhydrousQQ;, filtered and concentrated under reduced
pressure. The resulting crude nucleoside ortho8steas purified on a silica gel column by
elution with a linear gradient of chloroform in tene (0-100%) followed by ethanol in
chloroform (0-10%).

Preparation of nucleoside diethyl phosphonates

Method C

Orthoester 9 dried by co-evaporation with acetonitrile was teela with diethyl
chlorophosphite (2 eq) in dry acetonitrile (0.05Musion) in argon atmosphere at -40 °C. The

heterogenous mixture was stirred under slowly iaseel temperature to 0 °C (TLC in T-1).



When finish, the reaction mixture was cooled to 2@and 1M TEAB in 50% EtOH was
added and the solution was concentratedacuo The obtained crude phosphonatewas
purified by silica gel chromatography (elution wihinear gradient of EtOH in CH$)!

Preparation of nucleoside phosphonic acids

Method D
Diethyl phosphonaté1 dried by co-evaporation with acetonitrile was teglunder an argon
atmosphere with bromotrimethylsilane (10 eq.) ar@l@tidine (4 eq.) in dry MeCN (0.05M
solution) at r.t. overnight (TLC IPAV). When finist, the reaction was concentrated
vacuq the residue was treated shortly with 2M TEAB ahe obtained solution was
evaporated to dryness. The residue was co-evapomsity EtOH and purified by the
preparative HPLC on the C18 column using a lineadignt of methanol in 0.1M TEAB.
buffer. The product was converted into the sodiaihan Dowex 50 in Naform.
(R)-1-[2-Deoxy-3,50-(4-fluoro-methoxybenzylidene)p-p-threo-pentofuranosyl]thymine
(9a)
Compounda was prepared from orthoesta (248 mg, 1.24 mmol) and (0.1 g, 0.4 mmol)
using Method A as colorless oil in a yield of 130y n83%). HRMS (M+Na) for
Ci1H1606N,FNa: calcd.m/z 401.11194, found 401.11176; IR (CHCEmi') 3397, 3087,
2931, 2855, 2839, 1702, 1684, 1612, 1605, 15121 14449, 1435, 1407, 1384, 1360, 1320,
1306, 1297, 1272, 1239, 1194, 1157, 1133, 11114,10078, 1056, 1040, 1016, 996, 981,
956, 945, 916, 844H NMR (dkDMSO0) 5 11.22 (br s, NH), 7.55 (m, 2x ArH), 7.50 &=
1.2 Hz, H6), 7.24 (m, 2x ArH), 6.13 (dd,= 8.4 and 1.8 Hz, H1"), 4.67 (br dii= 4.9, 2.6
and <1 Hz, H3"), 4.33 (dd,= 13.0 and 2.2 Hz, H5"a), 4.17 (dds 13.0 and 1.0 Hz, H5"b),
4.03 (dddJ = 2.6, 2.2 and 1.0 Hz, H4"), 3.00 (s, Of}t2.72 (dddJ = 15.1, 8.4 and 4.9 Hz,
H2"), 2.06 (br ddJ = 15.1, 1.8 and <1 Hz, H2"), 1.17 @3z= 1.2 Hz, 5-CH); °C NMR
(dsDMSO) 6 163.88 (C4), 162.66 (d,= 245.6 Hz, Ar-C), 150.62 (C2), 136.65 (C6), 133.8

(d,J = 3.0 Hz, Ar-C), 128.68 (d] = 8.4 Hz, 2x Ar-CH), 115.17 (d, = 21.6 Hz, 2x Ar-CH),



109.94 (>C<), 108.48 (C5), 83.86 (C1), 74.05 (C&9.38 (C3'), 59.71 (C5'), 50.92

(OCHy), 39.70 (C2), 11.89 (5-Ci)

(R)-1-[2-Deoxy-3,50-(4-chloro-methoxybenzylidene)g-p-threo-

pentofuranosyl]thymine (9b)

Compoundb was prepared from orthoest&y (1.34 g, 6.2 mmol) and nucleosid€0.5 g,
2 mmol) using Method A as colorless oil in a yi@id697 mg (86%). HRMS (M-Na)- for
Ci1sH1606N2CINa : calcd.m/z 417.08239, found 417.08221; IR (CHCtm?) 3397, 3175,
2946, 2930, 2855, 2839, 1684, 1602, 1492, 14709,14434, 1402, 1383, 1360, 1319, 1306,
1298, 1272, 1240, 1194, 1176, 1133, 1112, 10933,11055, 1041, 1016, 996, 981, 956, 950,
917, 840H NMR (dDMS0) 5 11.22 (br s, NH), 7.52 (m, 2x ArH), 7.48 (b= 1.2 Hz, H6),
7.48 (m, 2x ArH), 6.12 (dd) = 8.3 and 1.8 Hz, H1"), 4.67 (br dii= 4.8, 2.6 and <1 Hz,
H3"), 4.34 (dd,J = 13.0 and 2.2 Hz, H5"a), 4.17 (dbk 13.0 and 1.0 Hz, H5'b), 4.03 (ddH,
= 2.6, 2.2 and 1.0 Hz, H4"), 3.00 (s, OfHR.72 (ddd,) = 15.1, 8.3 and 4.8 Hz, H2"), 2.07
(br dd,J = 15.1, 1.8 and <1 Hz, H2"), 1.16 @= 1.2 Hz, 5-CH); **C NMR (&kDMSO) 5
163.86 (C4), 150.59 (C2), 136.59 (C6), 136.38 (Ar-L34.14 (Ar-C), 128.40 (2x Ar-CH),
128.28 (2x Ar-CH), 109.86 (>C<), 108.41 (C5), 83(€3"), 74.08 (C4’), 69.40 (C3'), 59.74
(C5), 50.96 (OCH), 39.70 (C2"), 11.86 (5-Ci)

(R)-1-[2-Deoxy-3,50-(4-bromo-methoxybenzylidene)p-D-threo-

pentofuranosyl]thymine (9c)

Compounddc was prepared from orthoests (1.74 g, 6.6 mmol) and nucleosi@d€0.5 g,
2 mmol) using Method A as colorless oil in a yiefd427 mg (47%). HRMS (M+Na)or
Ci1gH1906N2BrNa: calcd.m/z 461.03187, found 461.03190; IR (CHCbm‘l) 3397, 3174,
2946, 2931, 2931, 2855, 2839, 1684, 1596, 1485014449, 1434, 1397, 1383, 1360, 1319,
1306, 1299, 1272, 1240, 1194, 1177, 1132, 1111510079, 1055, 1040, 1012, 996, 981,
956, 950, 917, 838H NMR (DMS0) 8 11.23 (br s, NH), 7.62 (m, 2x ArH), 7.48 (b= 1.2
Hz, H6), 7.45 (m, 2x ArH), 6.11 (dd,= 8.3 and 1.8 Hz, H1"), 4.67 (br db= 4.8, 2.6 and <1

Hz, H3"), 4.34 (ddJ = 13.0 and 2.2 Hz, H5"a), 4.17 (dd= 13.0 and 1.0 Hz, H5b), 4.03



(ddd,J = 2.6, 2.2 and 1.0 Hz, H4"), 3.00 (s, Of}2.72 (dddJ = 15.1, 8.3 and 4.8 Hz, H2""),
2.06 (br ddJ = 15.1, 1.8 and <1 Hz, H2"), 1.16 (= 1.2 Hz, 5-CH); *C NMR (d:DMSO)
0 163.83 (C4), 150.55 (C2), 136.73 (Ar-C), 136.546),(131.30 (2x Ar-CH), 128.52 (2x Ar-
CH), 122.79 (Ar-C), 109.89 (>C<), 108.35 (C5), 83(€1"), 74.06 (C4"), 69.36 (C3"), 59.69
(C5%), 50.92 (OCH), 39.70 (C27), 11.81 (5-CHl
(R)-1-[2-Deoxy-3,50-(4-iodo-methoxybenzylidene)-D-threo-pentofuranosyljthymine
(9d)
Compoundd was prepared from orthoesta (632 mg, 2.05 mmol) and nucleosid€0.1
g, 0.41 mmol) using Method A as colorless oil iyield of 175 mg (88%). HRMS (M-HJ¥or
Ci1gH2006N2l: calcd m/z 487.03606, found 487.03598; IR (CHCtm™") 3397, 3177, 3089,
2841, 1700, 1684, 1592, 1486, 1470, 1450, 1435,14892, 1382, 1361, 1306, 1300, 1272,
1182, 1133, 1112, 1079, 1060, 1008, 954, BBENMR (dDMSO) d 11.24 (br s, NH), 7.78
(m, 2x ArH), 7.45 (gJ = 1.2 Hz, H6), 7.29 (m, 2x ArH), 6.11 (ddl= 8.3 and 1.8 Hz, H1"),
4.66 (dd,J = 4.8 and 2.6 Hz, H3"), 4.33 (ddi= 13.1 and 2.2 Hz, H5"a), 4.17 (dtF 13.1
and 1.1 Hz, H5b), 4.05 (ddd,= 2.6, 2.2 and 1.1 Hz, H4"), 3.00 (s, OfH.71 (dddJ =
15.0, 8.3 and 4.2 Hz, H2""), 2.06 (dbs 15.0 and 1.8 Hz, H2"), 1.15 @@= 1.2 Hz, 5-CH);
¥C NMR (sDMS0) & 163.84 (C4), 150.55 (C2), 137.17 (2x Ar-CH), 137(8r-C), 136.56
(C6), 128.49 (2x Ar-CH), 110.02 (>C<), 108.35 (C%§,16 (Ar-C), 83.94 (C1"), 74.08 (C4"),
69.33 (C3"), 59.66 (C57), 50.93 (OE)H39.38 (C27), 11.82 (5-Ci
(R)-1-[2-Deoxy-3,50-(4-nitro-methoxybenzylidene)$-D-threo-pentofuranosyl]thymine
(9e)
Compoundde was prepared from orthoestir (469 mg, 2.05 mmol) and nucleosié@i€0.1 g,
0.41 mmol) using Method A as colorless oil in al¢ief 155 mg (93%). HRMS (M-H)for
CiaH20N30g: calcd m/z 406.12449, found 406.12471; IR (CHCEm®) 3396, 3174, 3087,
2841, 1703, 1685, 1610, 1528, 1470, 1450, 14353,14883, 1355, 1318, 1304, 1296, 1273,
1133, 1115, 1108, 1096, 1082, 1016, 964, 955, 6885, 414H NMR (CDCk) & 8.60 (br s,

NH), 7.53 (qJ = 1.2 Hz, H6), 8.24 (m, 2x ArH), 7.76 (m, 2x ArH9,24 (dd,J = 8.0 and 1.7



Hz, H1"), 4.79 (br dd) = 4.8, 2.6 and <1 Hz, H3"), 4.47 (dtk 13.0 and 2.3 Hz, H5"a), 4.34
(dd,J =13.0 and 1.0 Hz, H5'b), 4.02 (ddids 2.6, 2.3 and 1.0 Hz, H4"), 3.08 (s, Of2.70
(ddd,J = 15.4, 8.0 and 4.8 Hz, H2""), 2.28 (br dd; 15.4, 1.7 and <1 Hz, H2"); 1.29 (@F
1.2 Hz, 5-CH); **C NMR (CDCE) & 163.58 (C4), 163.44 (Ar-C), 150.18 (C2), 143.22-(A
C), 136.35 (C6), 127.52 (2x Ar-CH), 123.34 (2x AHC 109.81 (>C<), 109.57 (C5), 84.79

(C1), 74.84 (C4), 69.35 (C3"), 59.96 (C5'), 51(BECHs), 40.20 (C2"), 12.00 (5-CH

(R)-1-[2-Deoxy-3,50-(4-methoxycarbonyl-methoxybenzylideneB-D-threo-

pentofuranosyl]thymine (9f)

Compoundf was prepared from orthoes&fr(469 mg, 2.05 mmol) and (0.1 g, 0.41 mmol)
using Method A as colorless oil in 151 mg (87%). MR (M-H) for C,oH230gN>: calcdm/z
419.14489, found 419.14501; IR (CHCtm") 3397, 3170, 3089, 2955, 2841, 1720, 1701,
1684, 1619, 1581, 1511, 1470, 1449, 1438, 1408318806, 1298, 1282, 1178, 1133, 1115,
1080, 1019, 836, 712, 68"H NMR (dsDMSO) & 11.24 (br s, NH), 8.00 (m, 2x ArH), 7.66
(m, 2x ArH), 7.48 (qJ = 1.2 Hz, H6), 6.12 (dd] = 8.4 and 1.8 Hz, H1"), 4.70 (ddl= 4.8
and 2.6 Hz, H3"), 4.37 (dd,= 13.0 and 2.2 Hz, H5"a), 4.20 (db= 13.0 and 1.1 Hz, H5'b),
4.05 (ddd,J = 2.6, 2.2 and 1.1 Hz, H4"), 3.87 (s, COQEH.00 (s, OCH), 2.73 (dddJ =
15.1, 8.4 and 4.8 Hz, H2""), 2.09 (dbs 15.1 and 1.8 Hz, H2"), 1.10 @z= 1.2 Hz, 5-CH);

%C NMR (sDMSO) 8 166.04 (C=0), 163.83 (C4), 150.56 (C2), 142.0:CAr136.51 (C6),
130.49 (Ar-C), 129.27 (2x Ar-CH), 126.75 (2x Ar-GH)09.81 (>C<), 108.35 (C5), 83.94
(C1"), 74.10 (C4"), 69.45 (C3"), 59.76 (C5"), 52(8&O0H3), 50.98 (OCH), 40.00 (C2),
11.86 (5-CHj).

(R)-1-[2-Deoxy-3,50-(4-methylthio-methoxybenzylidene)p-D-threo-
pentofuranosyljthymine (99)

Compound9g was prepared from orthoestég (282 mg, 1.24 mmol) and (0.1 g, 0.41
mmol) using Method A as colorless oil in a yield @ mg (54%). HRMS (M+Na)for
Ci19H2206N2NaS: calcd.m/z 429.10908, found 429.10881; IR (CHCbm‘l) 3396, 3178,

3087; 2956, 2946, 2927, 2899, 2855, 2838, 1684316494, 1470, 1449, 1435, 1401, 1383,



1360, 1319, 1307, 1302, 1273, 1240, 1194, 11843,11813, 1099, 1078, 1036, 1022, 1015,
995, 981, 956, 948, 916, 83'H NMR (dkDMS0) & 11.22 (br s, NH), 7.52 (g} = 1.2 Hz,
H6), 7.43 (m, 2x ArH), 7.28 (m, 2x ArH), 6.12 (db>= 8.3 and 1.8 Hz, H1"), 4.66 (d#i= 4.9
and 2.6 Hz, H3"), 4.32 (dd,= 13.0 and 2.2 Hz, H5"a), 4.16 (dbs 13.0 and 1.1 Hz, H5'b),
4.02 (dddJ = 2.6, 2.2 and 1.1 Hz, H4"), 3.00 (s, Oft2.71 (dddJ = 15.2, 8.3 and 4.9 Hz,
H2"), 2.47 (s, SCHJ, 2.05 (br ddJ = 15.2, 1.8 and <1 Hz, H2"), 1.18 (@ 1.2 Hz, 5-CH);

¥C NMR (sDMSO0) 5 163.83 (C4), 150.55 (C2), 139.70 (Ar-C), 136.66)133.86 (Ar-C),
126.80 (2x Ar-CH), 125.43 (2x Ar-CH), 110.16 (>C4}8.43 (C5), 83.84 (C1), 74.08 (C4"),
69.23 (C37), 59.59 (C5"), 50.84 (O)}H39.38 (C27), 14.70 (SGH 11.87 (5-CH).
(R)-1-[2-Deoxy-3,50-(4-cyano-methoxybenzylidene B-b-threo-pentofuranosyl]thymine

(9h)

Compounddh was prepared from orthoesn (1 g, 4.8 mmol) and (0.5 g, 2 mmol) using
Method A as colorless oil in 423 mg (53%). HRMS (N&) for C;gH1006N3Na: calcd.m/z
406.12449, found 406.12471; IR (CHCEtm") 3396, 3180, 2931, 2855, 2840; 2233, 1685
1605, 1509, 1504, 1470, 1441, 1406, 1383, 13606,18319, 1303, 1273, 1239, 1194, 1133,
1097, 1055, 1042, 848H NMR (dkDMSO0) & 11.23 (br s, NH), 7.91 (m, 2x ArH), 7.69 (m,
2x ArH), 7.43 (qJ = 1.2 Hz, H6), 6.11 (ddl = 8.3 and 1.8 Hz, H1"), 4.70 (di#l= 4.8 and 2.6
Hz, H3"), 4.36 (ddJ = 13.1 and 2.2 Hz, H5"a), 4.21 (ddF 13.1 and 1.0 Hz, H5"b), 4.05
(ddd,J = 2.6, 2.2 and 1.0 Hz, H4"), 2.73 (ddd; 15.1, 8.3 and 4.8 Hz, H2""), 2.09 (br dd;
15.1, 1.8 and <1 Hz, H2"), 1.12 @z 1.2 Hz, 5-CH); *C NMR (sDMSO) 5 163.80 (C4),
150.53 (C2), 142.12 (Ar-C), 136.36 (C6), 132.52 @xCH), 127.30 (2x Ar-CH), 118.62
(CN), 112.28 (Ar-C), 109.48 (>C<), 108.33 (C5), 88.(C1"), 74.02 (C4’), 69.54 (C3"),
59.83 (C57), 51.02 (OC#), 39.70 (C27), 11.85 (5-CHl
(R,9-1-[2-Deoxy-3,50-(4-trifluoromethyl-methoxybenzylidene)$-D-threo-
pentofuranosyl]thymine (9i)

Compound9i was prepared from orthoestér (0.715 g, 2 mmol) and (0.25 g, 1 mmol)

using Method B as colorless oil in a yield of 104 (23%). Ratio ofR/S epimers is 58:42.



HRMS (M+Na) for CigH190sN2FsNa: calcd.m/z451,10874, found 451,10838; IR (CHCI
cm?) 3172, 3041, 2925, 2853, 1688, 1519, 1469, 1428011364, 1328, 1299, 1196, 1169,
1133, 1105, 1065, 846H NMR (dkDMSO) 5 11.23 (br s, NH), 7.80 (m, 2x ArH), 7.74 (m,
2x ArH), 7.44 (qJ = 1.2 Hz, H6), 6.12 (ddl = 8.3 and 1.8 Hz, H1"), 4.71 (br dbiF 4.9, 2.5
and <1 Hz, H3"), 4.37 (dd,= 13.1 and 2.1 Hz, H5"a), 4.21 (dds 13.1 and 1.2 Hz, H5'b),
4.06 (dddJ = 2.5, 2.1 and 1.2 Hz, H4"), 3.02 (s, Of}H2.73 (dddJ = 15.1, 8.3 and 4.9 Hz,
H2"), 2.08 (br ddJ = 15.1, 1.8 and <1 Hz, H2"), 1.05 @z= 1.2 Hz, 5-CH); *C NMR
(dsDMSO) 6 163.79 (C4), 150.54 (C2), 141.59 (Ar-C), 136.446),129.89 (qJ = 31.8 Hz,
Ar-C), 127.25 (2x Ar-CH), 125.37 (d,= 3.6 Hz, 2x Ar-CH), 124.24 (g, = 272.2 Hz, CB),
109.58 (>C<), 108.26 (C5), 83.97 (C1"), 74.08 (C4%.48 (C3"), 59.74 (C5), 51.01

(OCHy), 39.36 (C2), 11.59 (5-Ci!

(R)-1-[2-Deoxy-3,50-(4-methoxy-methoxybenzylidene B-p-threo-

pentofuranosyl]thymine (9j)

Compound9j was prepared from orthoesté (180 mg, 0.52 mmol) and (50 mg, 0.21
mmol) using Method B as colorless oil in a yield 38 mg (70%). HRMS (M+Na)for
CioH2:0;N,Na: calcd.m/z413.13192, found 413.13186; IR (CHCEm™") 3397, 3177, 2840;
1703, 1684, 1614, 1587, 1515, 1468, 1407, 13833,18362, 1307, 1302, 1197, 1181, 1133,
1097, 1077, 1045, 843 NMR (dsDMS0) 3 11.22 (br s, NH), 7.55 (§,= 1.2 Hz, H6), 7.43
(m, 2x ArH), 6.94 (m, 2x ArH), 6.13 (dd,= 8.4 and 1.9 Hz, H1"), 4.65 (br dii= 5.0, 2.6
and <1 Hz, H3"), 4.31 (dd,= 13.0 and 2.2 Hz, H5"a), 4.14 (dds 13.0 and 1.0 Hz, H5"b),
4.00 (dddJ = 2.6, 2.2 and 1.0 Hz, H4"), 3.76 (s, Of-2.99 (s, OCh), 2.71 (ddd,J = 15.2,
8.4 and 5.0 Hz, H2"), 2.03 (br dii= 15.2, 1.9 and <1 Hz, H2"), 1.20 (b= 1.2 Hz, 5-CH);
*C NMR (sDMSO0) & 163.87 (C4), 159.90 (Ar-C), 150.60 (C2), 136.78)(129.58 (Ar-C),
127.70 (2x Ar-CH), 113.50 (2x Ar-CH), 110.35 (>C4J8.53 (C5), 83.78 (C1°), 74.08 (C4"),

69.19 (C3"), 59.55 (C5), 55.40 (OGH50.79 (OCH), 39.39 (C2"), 11.93 (5-C



(R,9-1-[2-Deoxy-3,50-(4-vinyl-methoxybenzylidene)g-D-threo-pentofuranosyl]thymine
(9K)

Compound9k was prepared from orthoesi@r(1.95 g, 6.19 mmol) and (0.5 g, 2 mmol)
using Method B as colorless oil in a yield of 51§ (65%). Ratio ofR/S epimers is 77:23.
HRMS (M+Na) for CyH2:0N,Na: calcd.m/z409.13701, found 409.13699; IR (KBr, ¢n
3436, 3089, 3045, 2837, 1684, 1571, 1511, 147221362, 1276, 1195, 1134, 9P NMR
(dsDMS0) 8 11.12 (br s, NH), 7.53 (d,= 1.2 Hz, H6), 7.50 (m, 2x ArH), 7.49 (m, 2x ArH),
6.75 (dd,J = 17.7 and 10.9 Hz, -CH=), 6.12 (db= 8.4 and 1.8 Hz, H1"), 5.87 (d#i= 17.7
and 1.0 Hz, =CHadb), 5.30 (ddJ = 10.9 and 1.0 Hz, =CHahi.67 (br dd,J = 4.9, 2.6 and
<1 Hz, H3"), 4.35 (dd) = 13.1 and 2.3 Hz, H5"a), 4.16 (dbs 13.1 and 1.0 Hz, H5'b), 4.03
(ddd,J = 2.6, 2.3 and 1.0 Hz, H4"), 3.01 (s, OfF2.72 (dddJ = 15.1, 8.4 and 4.9 Hz, H2""),
2.08 (br ddJ = 15.1, 1.8 and <1 Hz, H2"), 1.14 (i 1.2 Hz, 5-CH); **C NMR (:DMSO)

5 164.64 (C4), 151.09 (C2), 138.68 (Ar-C), 138.79-(, 137.56 (C6), 136.72 (-CH=),
127.10 (2x Ar-CH), 126.53 (2x Ar-CH), 116.17 (=@H110.69 (>C<), 109.07 (C5), 84.65

(C1), 74.90 (C4), 69.76 (C3"), 60.15 (C5'), 51(@LHs), 39.91 (C2"), 12.27 (5-CH

(R,9-1-[2-Deoxy-3,50-(4-phenyl-methoxybenzylidene)-D-threo-
pentofuranosyl]thymine (9I)
Compound9l was prepared from orthoestér (756 mg, 2 mmol) and (0.25 g, 1 mmol)
using Method B as colorless oil in a yield of 219 (48%). Ratio ofR/S epimers is 72:28.
HRMS (M+Na) for C;4H2406N2Na: calcd.m/z459.15266, found 459.15244; IR (CHCEtm-
1) 3397, 3173, 3080, 3060, 2955, 2946, 2929, 28855, 2840, 1684, 1615, 1601, 1567,
1486, 1470, 1449, 1434, 1401, 1383, 1362, 1347518972, 1254, 1241, 1194, 1133, 1117,
1097, 1078, 1048, 1037, 1025, 1020, 1009, 995, 987, 916, 846'H NMR (DMSO) &
11.23 (br s, NH), 7.70 (m, 2x ArH), 7.66 (m, 2x ArH.60 (m, 2x ArH), 7.55 (q] = 1.2 Hz,
H6), 7.48 (m, 2x ArH), 7.39 (m, ArH), 6.14 (ddl= 8.5 and 1.8 Hz, H1"), 4.70 (br dbs 4.9,
2.6 and <1 Hz, H3"), 4.36 (dd,= 13.0 and 2.3 Hz, H5"a), 4.19 (dbz 13.0 and 1.0 Hz,

H5b), 4.04 (dddJ = 2.6, 2.3 and 1.0 Hz, H4"), 3.06 (s, Ofi2.74 (dddJ = 15.2, 8.5 and



4.9 Hz, H2""), 2.08 (br dd] = 15.2, 1.8 and <1 Hz, H2"), 1.16 @z 1.2 Hz, 5-CH); B¢
NMR (dsDMSO) & 163.84 (C4), 150.58 (C2), 141.15 (Ar-C), 139.78-@), 136.67 (C6),
136.45 (Ar-C), 129.22 (2x Ar-CH), 127.00 (Ar-CHRA.96 (2x Ar-CH), 126.89 (2x Ar-CH),
126.60 (2x Ar-CH), 110.22 (>C<), 108.49 (C5), 83(84."), 74.11 (C4"), 69.30 (C3"), 59.62

(C5), 50.96 (OCH), 39.20 (C27), 11.81 (5-C

(R,9-1-[2-Deoxy-3,50-(3-phenyl-methoxybenzylidene)g-D-threo-

pentofuranosyl]thymine (9m)

Compoundm was prepared from orthoestm (635 mg, 1.74 mmol) and (235 mg, 0.97
mmol) using Method B as colorless oil in a yield25%7 mg (61%). Ratio dR/S epimers is
75:25. HRMS (M+Na) for Cy4H2406N2Na: calcd. m/z 459,15266, found 459,15256; IR
(CHCI3;, cm-1) 3397, 3175, 3066, 2963, 2947, 2930, 2883822839, 1685, 1597, 1576,
1470, 1454, 1434, 1419, 1408, 1383, 1366, 1346),18P71, 1233, 1194, 1133, 1120, 1077,
1060, 1037, 995, 982, 957, 917, 884.NMR (dsDMS0) 5 11.18 (br s, NH), 7.75 (m, ArH),
7.72 (m, 2x ArH), 7.68 (m, ArH), 7.61 (m, 2x ArHJ,55 (q,J = 1.2 Hz, H6), 7.47 (m, 2x
ArH), 7.38 (m, ArH), 6.15 (ddj = 8.4 and 1.9 Hz, H1"), 4.71 (br dil= 4.9, 2.6 and <1 Hz,
H3"), 4.37 (dd,J = 13.0 and 2.3 Hz, H5"a), 4.20 (dbk 13.0 and 1.0 Hz, H5'b), 4.04 (ddH,
= 2.6, 2.3 and 1.0 Hz, H4"), 3.06 (s, Of2.73 (dddJ = 15.2, 8.4 and 4.9 Hz, H2""), 2.10
(br dd,J = 15.2, 1.9 and <1 Hz, H2"), 1.02 @= 1.2 Hz, 5-CH); **C NMR (&kDMSO) 3
163.78 (C4), 150.59 (C2), 140.28 (Ar-C), 140.00-@)r 138.10 (Ar-C), 136.72 (C6), 129.22
(2x Ar-CH), 129.11 (Ar-CH), 127.85 (Ar-CH), 127.78r-CH), 127.08 (Ar-CH), 126.88 (2x
Ar-CH), 124.38 (Ar-CH), 110.19 (>C<), 108.48 (CBR.77 (C1), 74.04 (C4’), 69.37 (C3),

59.64 (C5'), 51.00 (OC#), 39.00 (C2), 11.61 (5-Ci\

(R,9-1-[2-Deoxy-3,50-(3-iodo-methoxybenzylidene B-D-threo pentofuranosyl]thymine
(9n)
Compound9n was prepared from orthoest@n (226 mg, 0.93 mmol) and (664 mg, 1.6

mmol) using Method B as colorless oil in a yield1#6 mg (30%). Ratio d®/S epimers is



57:43. HRMS (M+Na)for CygH140sN2l: calcd. m/z509,01800, found 509,01780; IR (KBr,
cm?) 3176, 3062, 3042, 2835, 1687, 1568, 1470, 1488011361, 1303, 1289, 1276, 1240,
1078, 1043, 999, 983,83%4 NMR (sDMS0) 5 11.10 (br s, NH), 7.82 (f = 1.2 Hz, ArH),
7.80 (dddJ=7.8, 1.2 and 1.0 Hz, ArH), 7.52 (ddt 7.8, 1.2 and 1.0 Hz, ArH), 7.48 @
1.2 Hz, H6), 7.24 () = 7.8 Hz, ArH), 6.13 (dd] = 8.4 and 1.8 Hz, H1"), 4.67 (br dbi= 4.8,
2.6 and <1 Hz, H3"), 4.33 (dd,= 13.0 and 2.2 Hz, H5"a), 4.17 (di= 13.0 and 1.0 Hz,
H5'b), 4.02 (ddd) = 2.6, 2.2 and 1.0 Hz, H4"), 3.00 (s, Of2.72 (dddJ = 15.2, 8.4 and
4.8 Hz, H2""), 2.09 (br dd] = 15.2, 1.8 and <1 Hz, H2"); 1.22 @ = 1.2 Hz, 5-CH); °C
NMR (dsDMSO) & 163.79 (C4), 150.58 (C2), 139.66 (Ar-C), 138.17-QH), 136.55 (C6),
134.68 (Ar-CH), 130.69 (Ar-CH), 125.77 (Ar-CH), 189 (>C<), 108.49 (C5), 94.72 (Ar-C),
83.79 (C1"), 73.96 (C4"), 69.46 (C3"), 59.71 (C%),01 (OCH), 39.22 (C2"), 12.03 (5-

CHy).

(R,9-1-[2-Deoxy-3,50-(3-bromo-5-iodo-methoxybenzylidene B-D-threo-
pentofuranosyl]thymine (90)

Compounddo was prepared from orthoestw (390 mg, 0.8 mmol) and (0.1 g, 0.41 mmol)
using Method B as colorless oil in a yield of 70 (39%). Ratio ofR/S epimers is 65:35.
HRMS (M+Na) for C;gH180sN2BrINa: calcd.m/z586,92851, found 586,92828 IR (KBr, cm-
1) 3171, 3066, 3040, 2955, 2922, 2852, 1687, 13834, 1461, 1410, 1363, 1291, 1275,
1237, 1193, 1133,1109, 1080, 1045, 861, 8B5NMR (dDMSO) & 11.27 (br s, NH), 8.06
(t, J= 1.7 Hz, ArH), 7.79 () = 1.7 Hz, ArH), 7.62 (tJ = 1.7 Hz, ArH), 7.44 (¢) = 1.2 Hz,
H6), 6.11 (ddJ = 8.4 and 1.8 Hz, H1"), 4.66 (br dilF 4.8, 2.6 and <1 Hz, H3"), 4.33 (dH,
=13.1and 2.2 Hz, H5"a), 4.18 (dds 13.1 and 1.0 Hz, H5'b), 4.03 (ddids 2.6, 2.2 and 1.0
Hz, H4"), 3.02 (s, OC}H}, 2.72 (ddd) = 15.2, 8.4 and 4.8 Hz, H2""), 2.14 (br dd; 15.2, 1.8
and <1 Hz, H2); 1.27 (d] = 1.2 Hz, 5-CH); **C NMR (:DMSO) 5 163.77 (C4), 150.57
(C2), 141.43 (Ar-C), 139.95 (Ar-CH), 136.45 (C633196 (Ar-CH), 128.58 (Ar-CH), 122.67
(Ar-C), 108.76 (>C<), 108.39 (C5), 96.09 (Ar-C),.83 (C1"), 73.91 (C4"), 69.65 (C3"),

59.89 (C57), 51.16 (OCH), 38.53 (C2"), 12.07 (5-CHi



(R)-1-[2-Deoxy-3,50-(4-iodo-methoxybenzylidene)-D-threo-pentofuranosyljuracil (9p)
Compound9p was prepared from orthoestéd (407 mg, 1.32 mmol) anél (0.2 g, 0.88
mmol) using Method A as colorless oil in a yield 36 mg (84%). HRMS (M+Na)or
Ci17H1706N2INa: calcd.m/z495.00235, found 495.00241 IR (CHGEm-1) 3394, 3170, 3065,
2962, 2928, 2855, 2840, 1709, 1690, 1587, 148314441, 1433, 1394, 1318, 1306, 1300,
1272, 1179, 1122, 1103, 1099, 1079, 1060, 1009, 869, 683, 627, 573, 55iH NMR
(dsDMSO) & 11.26 (br s, NH), 7.79 (m, 2x ArH), 7.70 @z 8.2 Hz, H6), 7.26 (m, 2x ArH),
6.04 (dd,J = 8.0 and 1.6 Hz, H1"), 5.18 (d= 8.2 Hz, H5), 4.67 (br dd, = 4.8, 2.6 and <1
Hz, H3"), 4.32 (ddJ = 13.2 and 2.2 Hz, H5"a), 4.18 (dd= 13.2 and 1.1 Hz, H5'b), 4.07
(ddd,J = 2.6, 2.2 and 1.1 Hz, H4"), 3.01 (s, OfF2.70 (dddJ = 15.1, 8.0 and 4.8 Hz, H2""),
2.06 (br ddJ = 15.1, 1.6 and <1 Hz, H2)*C NMR (DMSO) 5 163.26 (C4), 150.47 (C2),
140.53 (C6), 137.281 (2x Ar-CH), 137.00 (Ar-C), 128 (2x Ar-CH), 110.29 (>C<), 100.52
(C5), 96.25 (Ar-C), 84.55 (C1"), 74.39 (C4"), 69(&=R"), 59.77 (C57), 51.05 (OGH 39.70

(C2).

(R)-1-[2-Deoxy-3,50-(4-methoxycarbonyl-methoxybenzylideneB-D-threo-
pentofuranosyl]uracil (9q)

Compoundq was prepared from orthoes&fr(274 mg, 1.14 mmol) arl(0.2 g, 0.88 mmol)
using Method A as colorless oil in a yield of 155 n44%). HRMS (M+Na) for
C19H2008N2Na: calcdm/z427.11119, found 427.11100; IR (CHGEm-1) 3395, 3168, 2954,
2894, 1725, 1708, 1686, 1615, 1581, 1511, 14623,144808, 1399, 1319, 1306, 1298, 1282,
1275, 1194, 1177, 1123, 1079, 1018, 999, 836, 802,’H NMR (kDMS0) 5 11.24 (br s,
NH), 8.01 (m, 2x ArH), 7.70 (d] = 8.1 Hz, H6), 7.62 (m, 2x ArH), 6.04 (ddi= 8.0 and 1.6
Hz, H1"), 5.13 (dJ = 8.1 Hz, H5), 4.70 (br dd} = 4.8, 2.6 and <1 Hz, H3"), 4.35 (di=
13.2 and 2.2 Hz, H5"a), 4.22 (diz= 13.2 and 1.1 Hz, H5'b), 4.10 (ddbs 2.6, 2.2 and 1.1
Hz, H4"), 3.87 (s, COOCH) 3.02 (s, OCh), 2.71 (dddJ = 15.1, 8.0 and 4.8 Hz, H2""), 2.09
(br dd,J = 15.1, 1.6 and <1 Hz, H2'J°C NMR (:DMSO) & 166.04 (C=0), 163.29 (C4),

150.49 (C2), 141.91 (Ar-C), 140.52 (C6), 130.54-@ 129.34 (2x Ar-CH), 126.80 (2x Ar-



CH), 110.04 (>C<), 100.46 (C5), 84.66 (C1), 74(@%"), 69.46 (C3"), 59.84 (C5'), 52.47

(OCHy), 51.11 (OCH), 39.70 (C2).

(R)-1-[2-Deoxy-3,50-(ethoxybenzylidene)p-D-threo-pentofuranosyl]uracil (9r)
Compound9r was prepared from orthoest&d (462 mg, 2.04 mmol) anél (0.31 g, 1.36
mmol) using Method A as colorless oil in a yield 3f0 mg (76%). HRMS (M+Na)or
CisH2006N2Na: calcdm/z383.12136, found 383.12158; IR (CHGtm-1) 3396, 3174, 3063,
3027, 2981, 1709, 1686, 1630, 1605, 1580, 14953148452, 1433, 1395, 1360, 1355, 1299,
1274, 1124, 1105, 1080, 1062, 1031, 915, 702, 622,"H NMR (dsDMS0) 5 11.24 (br s,
NH), 7.75 (dJ = 8.1 Hz, H6), 7.49 (m, 2x ArH), 7.41 (m, 2x ArH).40 (m, ArH), 6.05 (dd]

= 8.1 and 1.6 Hz, H1"), 5.07 (d,= 8.1 Hz, H5), 4.68 (br dd, = 4.8, 2.6 and <1 Hz, H3"),
4.35 (ddJ =13.1 and 2.3 Hz, H5"a), 4.18 (br dds 13.1, 1.0 and <1 Hz, H5'b), 4.08 (ddd,
= 2.6, 2.3 and 1.0 Hz, H4"), 3.21 (digs 9.6 and 7.0 Hz, O-CHtb), 3.16 (dg,) = 9.6 and 7.0
Hz, O-CHaHb, 2.69 (dddJ = 15.1, 8.1 and 4.8 Hz, H2""), 2.06 (br dd; 15.1, 1.6 and <1
Hz, H2), 1.10 (tJ = 7.0 Hz, CH); **C NMR (sDMSO) 5 163.28 (C4), 150.52 (C2), 140.81
(C6), 137.86 (Ar-C), 129.34 (Ar-CH), 128.28 (2x &), 126.18 (2x Ar-CH), 110.00 (>C<),
100.40 (C5), 84.61 (C1°), 74.56 (C4’), 69.27 (C39.74 (C5), 58.92 (O-CH 39.66 (C2),

14.79 (CH).

(9)-1-[2-Deoxy-3,50-(4-fluoro-diethylphosphonobenzylidene)-b-threo-
pentofuranosyljthymine (11a)

Compoundllawas prepared from orthoest@a (100 mg, 0.26 mmol) using Method C as
colorless oil in a yield of 118 mg (92%). HRMS (MaN for CH,c0sN-FNaP calcd.
507.13030m/z found 507.12999; IR (CHgI cmi') 3397, 3176, 2965, 2930, 2855, 1684,
1608, 1509, 1471, 1434, 1410, 1392, 1369, 13854,18199, 1269, 1237, 1193, 1160, 1133,
1083, 1064, 1041, 1017, 973, 948, 917, 842, 687, 483."H NMR (dsDMS0) 5 11.20 (br s,
NH), 7.55 (m, 2x ArH), 7.29 (q] = 1.2 Hz, H6), 7.21 (m, 2x ArH), 6.10 (ddi= 8.3 and 1.9
Hz, H1"), 5.18 (ddd) = 5.1, 2.7 and 2.1 Hz, H3"), 4.87 (ddds 12.9, 2.7 and 2.1 Hz, H5"a),

4.26 (br ddJ = 12.9, 1.6 and <1 Hz, H5'b), 4.11 (7 2.7, 2.7 and 1.6 Hz, H4"), 4.04 —



3.95 (m, 2x P-O-Ch), 2.80 (dddJ = 15.2, 8.3 and 5.1 Hz, H2""), 2.15 (br dds 15.2, 1.9
and <1 Hz, H2"); 1.18 (] = 7.0 Hz, CH), 1.15 (t,J = 7.0 Hz, CH), 0.92 (d,J = 1.2 Hz, 5-
CHs); °C NMR (ckDMSO0) 5 163.71 (C4), 162.51 (dd,= 245.4 and 2.2 Hz, Ar-C), 150.48
(C2), 136.41 (C6), 134.36 (dd,= 8.5 and 2.8 Hz, Ar-C), 128.89 (d#i= 8.8 and 1.3 Hz, 2x
Ar-CH), 114.58 (ddJ = 21.5 and 0.9 Hz, 2x Ar-CH), 108.48 (C5), 96.d0J = 190.8 Hz,
>C<), 83.84 (C1"), 74.55 (C4"), 72.02 (C3"), 63(dQJ = 6.9 Hz, P-O-Ch), 63.02 (dJ=7.2
Hz, P-O-CH), 62.99 (C5"), 39.45 (C2"), 16.38 (@~ 5.2 Hz, CH), 16.36 (d,J = 5.2 Hz,

CHs), 11.18 (5-CH).

(9)-1-[2-Deoxy-3,50-(4-chloro-diethylphosphonobenzylidene B-b-threo-
pentofuranosyl]thymine (11b)

Compoundl1b was prepared from orthoest@p (100 mg, 0.25 mmol) using Method C as
colorless oil in a quantitative yield of 130 mg. MB (M+Na)" for C1H,60sN,CINaP calcd.
523.10075m/z found 523.10076; IR (CHgI cmi’) 3396, 3173, 3089, 2929, 2961, 2855,
1683, 1598, 1576, 1490, 1470, 1434, 1402, 13939,1B885, 1364, 1314, 1300, 1269, 1241,
1192, 1179, 1163, 1133, 1115, 1094, 1083, 10641,10a29, 1017, 987, 973, 949, 935, 917,
835, 829, 686, 633, 625, 486, 414.NMR (dsDMS0) 5 11.20 (br s, NH), 7.52 (m, 2x ArH),
7.45 (m, 2x ArH), 7.26 (q) = 1.2 Hz, H6), 6.08 (dd] = 8.3 and 1.9 Hz, H1"), 5.18 (ddti=
5.0, 2.5 and 2.1 Hz, H3"), 4.88 (ddds 12.8, 2.6 and 2.1 Hz, H5"a), 4.27 (br d¢;, 12.8, 1.6
and <1 Hz, H5'b), 4.12 (ddd,= 2.6, 2.5 and 1.6 Hz, H4"), 4.06 — 3.95 (m, 20¥&H,), 2.80
(ddd,J = 15.3, 8.3 and 5.0 Hz, H2""), 2.15 (br dds 15.3, 1.9 and <1 Hz, H2"); 1.18 Jt=
7.1 Hz, CH), 1.16 (t,J = 7.1 Hz, CH), 0.90 (d,J = 1.2 Hz, 5-CH); **C NMR (:DMSO) 5
163.71 (C4), 150.46 (C2), 137.37 @5 8.5 Hz, Ar-C), 136.32 (C6), 133.81 @z= 2.3 Hz,
Ar-C), 128.53 (2x Ar-CH), 127.89 (2x Ar-CH), 108.385), 96.63 (dJ = 190.4 Hz, >C<),
83.98 (C1"), 74.60 (C4"), 72.06 (C3"), 63.16J¢; 6.9 Hz, P-O-CH), 63.07 (dJ = 7.1 Hz,
P-O-CH,), 63.03 (C57), 40.00 (C2'), 16.38 @= 5.0 Hz, CH), 16.36 (dJ = 5.1 Hz, CH),

11.09 (5-CH).



(9)-1-[2-Deoxy-3,50-(4-bromo-diethylphosphonobenzylidene B-p-threo-
pentofuranosyljthymine (11c)

Compoundllcwas prepared from orthoest@s (100 mg, 0.23 mmol) using Method C as
colorless oil in a quantitative yield of 131 mg. MB (M+Na)" for C,;H,60sN-BrNaP calcd.
567.05024m/zfound 567.05024; IR (KBr, cif) 3397, 3173, 3089, 2961, 2929, 2856, 1684,
1591, 1575, 1485, 1470, 1434, 1395, 1385, 13693,18814, 1300, 1269, 1241, 1192, 1181,
1163, 1133, 1094, 1083, 1074, 1064, 1041, 10303,1987, 973, 949, 917, 827, 686, 630,
623, 486, 413'H NMR (dsDMS0) 3 11.20 (br s, NH), 7.58 (m, 2x ArH), 7.45 (m, 2xHdr
7.25 (9,J = 1.2 Hz, H6), 6.07 (dd] = 8.3 and 1.9 Hz, H1"), 5.18 (dd#l= 5.0, 2.5 and 2.1
Hz, H3"), 4.87 (dddJ = 12.8, 2.5 and 2.1 Hz, H5"a), 4.27 (br d&; 12.8 and 1.6 Hz, H5'b),
4.12 (td,J = 2.5, 2.5 and 1.6 Hz, H4"), 4.663.96 (m, 2x P-O-Ch), 2.79 (ddd,) = 15.2, 8.3
and 5.0 Hz, H2"), 2.14 (br dd,= 15.2 and 1.9 Hz, H2"), 1.18 {t= 7.0 Hz, CH), 1.16 (t,J
= 7.0 Hz, CH), 0.89 (d,J = 1.2 Hz, 5-CH); *C NMR (d:DMSO) 5 163.74 (C4), 150.47
(C2), 137.80 (dJ = 8.4 Hz, Ar-C), 136.32 (C6), 130.73 (2x Ar-CHR8182 (2x Ar-CH),
122.53 (d,J = 2.4 Hz, Ar-C),108.39 (C5), 96.67 (@= 190.4 Hz, >C<), 84.03 (C1"), 74.65
(C4’), 72.06 (C3"), 63.20 (d, = 6.9 Hz, P-O-Ch), 63.11 (d,J = 7.0 Hz, P-O-Ck), 63.05
(C57), 40.09 (C2), 16.41 (d,= 5.1 Hz, CH)), 16.38 (d,J = 4.9 Hz, CH)), 11.08 (5-CH)).
(9)-1-[2-Deoxy-3,50-(4-iodo-diethylphosphonobenzylidenep-D-threo-
pentofuranosyljthymine (11d)

Compoundlld was prepared from orthoes®a (155 mg, 0.32 mmol) using Method C as
colorless oil in a yield of 118 mg (62%). HRMS (M-Hor C,;H,70sN2IP: calcd m/z
593.05442, found 593.05471; IR (CHCtm™") 3397, 3170, 3089, 2988, 1700, 1683, 1587,
1484, 1471, 1434, 1406, 1392, 1385, 1369, 1299,1Ph42, 1185, 1163, 1133, 1116, 1097,
1084, 1064, 1041, 1029, 1009, 973, 949, 685NMR (dsDMSO) & 11.18 (br s, NH), 7.75
(m, 2x ArH), 7.29 (m, 2x ArH), 7.24 (¢, = 1.2 Hz, H6), 6.07 (dd] = 8.3 and 1.9 Hz, H1"),
5.17 (ddJ=5.0 and 2.6 Hz, H3"), 4.87 (ddbl= 13.0, 2.6 and 2.0 Hz, H5"a), 4.26 (br dd,

13.0 and 1.6 Hz, H5'b), 4.12 (t#l= 2.6, 2.6 and 1.6 Hz, H4"), 4.853.96 (m, 2x P-O-Cb),



2.79 (dddJ = 15.2, 8.3 and 5.0 Hz, H2""), 2.14 (br dd; 15.2 and 1.9 Hz, H2"), 1.19 {~
7.1 Hz, CH), 1.16 (t,J = 7.1 Hz, CH), 0.89 (d,J = 1.2 Hz, 5-CH); **C NMR (:DMSO) 5
163.64 (C4), 150.39 (C2), 138.16 = 8.6 Hz, Ar-C), 136.52 (2x Ar-CH), 136.22 (C6),
128.72 (2x Ar-CH), 108.35 (C5), 96.70 @ 190.4 Hz, >C<), 95.66 (d,= 2.0 Hz, Ar-C),
83.97 (C1"), 74.61 (C4"), 71.96 (C3"), 63.08J¢; 6.7 Hz, P-O-CH), 62.99 (dJ = 7.1 Hz,
P-O-CH,), 62.94 (C5"), 40.00 (C2'), 16.32 @= 5.2 Hz, CH), 16.30 (dJ = 5.2 Hz, CH),
10.98 (5-CHj).

(9)-1-[2-Deoxy-3,50-(4-nitro-diethylphosphonobenzylidene)g-D-threo-
pentofuranosyljthymine (11e)

Compoundlle was prepared from orthoest@e (120 mg, 0.3 mmol) using Method C as
colorless oil in a yield of 106 mg (70%). HRMS (M-Hor C,;H,70,0N3P: calcd m/z
512.14286, found 512.14300; IR (CHCtm") 3396, 3175, 3089, 2987, 1703, 1685, 1610,
1603, 1527, 1492, 1470, 1435, 1407, 1392, 13849,1B853, 1314, 1299, 1269, 1245, 1164,
1133, 1111, 1095, 1083, 1064, 1043, 1029, 1018, 948, 850, 691, 413'H NMR
(dsDMSO) & 11.23 (br s, NH), 8.25 (m, 2x ArH), 7.79 (m, 2xHAr 7.21 (g,J = 1.2 Hz, H6),
6.07 (dd,J = 8.3 and 1.9 Hz, H1"), 5.23 (ddl= 5.0 and 2.5 Hz, H3"), 4.92 (ddi= 12.8 and
2.6 Hz, H5"a), 4.33 (ddl = 12.8 and 1.6 Hz, H5'b), 4.16 (ddbs 2.6, 2.5 and 1.6 Hz, H4"),
4.10-3.98 (m, 2x P-O-Ch), 2.82 (dddJ = 15.2, 8.3 and 5.0 Hz, H2""), 2.20 (dds 15.2
and 1.9 Hz, H2"), 1.19 (8 = 7.1 Hz, CH), 1.16 (t,J = 7.1 Hz, CH), 0.82 (d,J = 1.2 Hz, 5-
CHs); **C NMR (sDMSO0) 3 163.69 (C4), 150.46 (C2), 147.87 (Ar-C), 145.23)(d 8.4 Hz,
Ar-C), 136.09 (C6), 128.25 (2x Ar-CH), 122.96 (2x-8H), 108.35 (C5), 96.64 (d,= 189.0
Hz, >C<), 84.11 (C1"), 74.59 (C4"), 72.37 (C33,4 (d,J = 6.9 Hz, P-O-Ch), 63.36 (dJ
= 7.2 Hz, P-O-CH), 63.32 (C5"), 40.06 (C27), 16.40 @@= 5.0 Hz, CH), 16.37 (dJ =5.0
Hz, CHg), 11.22 (5-CH).
(9)-1-[2-Deoxy-3,50-(4-methoxycarbonyl-diethylphosphonobenzylidenep-p-threo-

pentofuranosyl]thymine (11f)



Compound11f was prepared from orthoest@f (142 mg, 0.34 mmol) using Method C as
colorless oil in a yield of 96 mg (54%). HRMS (M-Hijpor Cy3H300:0N2P: calcd m/z
525.16326, found 525.16334; IR (CHCEtni") 3397, 3091, 1722, 1703, 1683, 1655, 1613,
1578, 1509, 1470, 1438, 1392, 1385, 1369, 13123,1P343, 1197, 1164, 1133, 1114, 1097,
1083, 1065, 1020, 714, 624, 556 NMR (dsDMS0) & 11.23 (br s, 1 H), 7.96 (m, 2x ArH),
7.66 (m, 2x ArH), 7.25 (¢) = 1.2 Hz, H6), 6.08 (dd] = 8.3 and 2.0 Hz, H1"), 5.21 (ddi~
5.0 and 2.6 Hz, H3"), 4.90 (dd,= 12.8 and 2.6 Hz, H5"a), 4.30 (di= 12.8 and 1.5 Hz,
H5b), 4.14 (tdJ = 2.6, 2.6 and 1.5 Hz, H4"), 4.03 — 3.96 (m, 2®0#H,), 3.86 (s, OCH),
2.80 (dddJ = 15.2, 8.3 and 5.0 Hz, H2""), 2.17 (dd; 15.2 and 2.0 Hz, H2"), 1.17 §t= 7.0
Hz, 3 H), 1.14 (t) = 7.0 Hz, 3 H), 0.78 (dl = 1.2 Hz, 5-CH); *C NMR (sDMS0) 5 166.11
(C=0), 163.71 (C4), 150.46 (C2), 143.18 Jd&; 8.2 Hz, Ar-C), 136.27 (C6), 130.03 (Ar-C),
128.62 (2x Ar-CH), 127.06 (2x Ar-CH), 108.33 (C95.86 (d,J = 188.8 Hz, >C<), 84.02
(C1"), 74.66 (C4), 72.17 (C3), 63.28 ®F 6.0 Hz, P-O-Ch), 63.18 (d,J = 6.0 Hz, P-O-
CH,), 63.16 (C57), 52.50 (OCH 40.02 (C2"), 16.38 (dl = 4.8 Hz, CH), 16.35 (dJ = 4.9

Hz, CHy), 11.12 (5-CH).

(9)-1-[2-Deoxy-3,50-(4-methylthio-diethylphosphonobenzylideneB-Db-threo-
pentofuranosyl]thymine (119)

Compoundl1lg was prepared from orthoest®g (81 mg, 0.2 mmol) using Method C as
colorless oil in a yield of 73 mg (71%). HRMS (M+Nafor C,H290sN2NaPS calcd.
535.12744m/zfound 535.12766; IR (KBr, cif) 3428, 3165, 3063, 2987, 2956, 2922, 1697,
1685, 1597, 1468, 1444, 1400, 1363, 1313, 12706,1P487, 1162, 1128, 1095, 1082, 1078,
1038, 1027, 972, 724H NMR (dsDMS0) 5 11.23 (br s, NH), 7.44 (m, 2x ArH), 7.29 (=

1.2 Hz, H6), 7.26 (m, 2x ArH), 6.10 (ddi= 8.4 and 2.0 Hz, H1"), 5.17 (dddi= 5.1, 2.6 and
2.1 Hz, H3"), 4.86 (ddd] = 13.0, 2.6 and 2.1 Hz, H5"a), 4.22 (br dd; 13.0, 1.8 and <1 Hz,
H5'b), 4.11 (tdJ = 2.6, 2.6 and 1.8 Hz, H4"), 4.04 — 3.95 (m, 204&H,), 2.79 (dddJ =
15.1, 8.4 and 5.1 Hz, H2""), 2.47 (s, S{H2.13 (bddJ = 15.1, 2.0 and <1 Hz, H2"); 1.19 (t,

J=7.1Hz, CH), 1.17 (tJ = 7.1 Hz, CH), 0.92 (d,J = 1.2 Hz, 5-CH); *C NMR (csDMSO)



0 163.63 (C4), 150.42 (C2), 139.20 {ds 2.2 Hz, Ar-C), 136.33 (C6), 134.84 (I 8.4 Hz,
Ar-C), 127.01 (d,J = 1.8 Hz, 2x Ar-CH), 125.08 (2x Ar-CH), 108.53 (¢9®6.83 (d,J =
191.2 Hz, >C<), 83.85 (C1"), 74.66 (C4"), 71.84°(C82.95 (dJ = 6.9 Hz, P-O-Ch), 62.87
(d,J = 7.1 Hz, P-O-Ch), 62.80 (C5"), 39.88 (C2"), 16.32 @= 5.3 Hz, CH), 16.31 (dJ =

5.3 Hz, CH), 14.79 (SCH), 11.03 (5-CH).

(9)-1-[2-Deoxy-3,50-(4-cyano-diethylphosphonobenzylidenep-p-threo-
pentofuranosyl]thymine (11h)

Compoundllh was prepared from orthoestén (100 mg, 0.26 mmol) using Method C as
colorless oil in a quantitative yield of 131 mg. MR (M+Na)" for CxH»¢0sNsNaP calcd.
514.13497m/z found 514.13508; IR (CHG|l cmi?) 3396, 3173, 2960, 2929, 2856, 2233,
1685, 1470, 1434, 1405, 1392, 1369, 1300, 12452,11980, 1162, 1133, 1120, 1096, 1083,
1063, 1043, 1029, 972, 958, 947, 916, 840, 687, 628, 552, 486, 413H NMR (dsDMSO)

0 11.21 (br s, NH), 7.88 (m, 2x ArH), 7.69 (m, 2xtAr 7.21 (gq,J = 1.2 Hz, H6), 6.07 (dd
=8.2 and 1.9 Hz, H1"), 5.21 (dd#l= 5.0, 2.5 and 2.1 Hz, H3"), 4.89 (ddds 12.9, 2.5 and
2.1 Hz, H5"a), 4.30 (br dd,= 12.9, 1.6 and <1 Hz, H5"b), 4.14 (fs 2.5, 2.5 and 1.6 Hz,
H47), 4.08 — 3.97 (m, 2x P-O-GH 2.80 (dddJ = 15.3, 8.2 and 5.0 Hz, H2""), 2.18 (bdd;
15.3, 1.9 and <1 Hz, H2); 1.18 §t= 7.1 Hz, CH), 1.15 (tJ = 7.1 Hz, CH)), 0.85 (dJ = 1.2
Hz, 5-CHy); *C NMR (sDMSO) & 163.69 (C4), 150.45 (C2), 143.42 (= 8.4 Hz, Ar-C),
136.15 (C6), 131.84 (2x Ar-C), 127.66 (2x Ar-CH)}8167 (CN), 111.76 (d] = 1.6 Hz, Ar-
C), 108.30 (C5), 96.54 (d,= 189.1 Hz, >C<), 84.04 (C1"), 74.57 (C4"), 72(€8"), 63.37
(d,J = 6.9 Hz, P-O-Ch), 63.28 (dJ = 7.1 Hz, P-O-CH), 63.25 (dJ = 1.8 Hz, C5"), 40.02

(C2’), 16.38 (dJ = 5.2 Hz, CH)), 16.34 (d,J = 5.3 Hz, CH), 11.16 (5-CH).

(9)-1-[2-Deoxy-3,50-(4-trifluoromethyl-diethylphosphonobenzylidene)$-D-threo-
pentofuranosyl]thymine (11i)

Compoundl11li was prepared from orthoest@r (91 mg, 0.21 mmol) using Method C as
colorless oil in a yield of 78 mg (69%). HRMS (M+Nafor C,oH260sN2FsNaP calcd.

557.12711m/zfound 557.12691; IR (KBr, cf) 3396, 3177, 1701, 1684, 1621, 1469, 1434,



1393, 1326, 1313, 1300, 1269, 1188, 1134, 1038),10742, 1029, 1020, 842, 6051 NMR
(dsDMSO) & 11.20 (br s, NH), 7.76 (m, 2x ArH), 7.73 (m, 2xHr 7.20 (gJ = 1.2 Hz, H6),
6.08 (dd,J = 8.3 and 1.9 Hz, H1"), 5.21 (dddl= 5.0, 2.6 and 2.1 Hz, H3"), 4.92 (ddds
13.0, 2.5 and 2.1 Hz, H5"a), 4.32 (br dds 13.0, 1.5 and <1 Hz, H5'b), 4.14 (ddds 2.6,
2.5and 1.5 Hz, H4"), 4.08 — 3.99 (m, 2x P-O,£12.81 (dddJ = 15.2, 8.3 and 5.0 Hz, H2""),
2.17 (bddJ = 15.2, 1.9 and <1 Hz, H2"); 1.19 Jt= 7.1 Hz, CH), 1.16 (t,J = 7.1 Hz, CH),
0.77 (d,J = 1.2 Hz, 5-CH); *C NMR (:DMSO) 5 163.69 (C4), 150.46 (C2), 142.84 (&=
8.3 Hz, Ar-C), 136.18 (C6), 129.44 (@= 30.4 Hz, Ar-C), 127.57 (2x Ar-CH), 124.76 (b=
2.8 Hz, 2x Ar-CH), 124.31 (g} = 272.2 Hz, Cf), 108.27 (C5), 96.57 (d,= 189.4 Hz, >C<),
84.06 (C1°), 74.61 (C4"), 72.21 (C3’), 63.31Jd; 6.8 Hz, P-O-Ch), 63.22 (dJ = 7.1 Hz,
P-O-CH,), 63.18 (C5"), 40.15 (C2"), 16.39 @= 4.4 Hz, CH), 16.36 (dJ = 4.8 Hz, CH),

10.90 (5-CH).

(9)-1-[2-Deoxy-3,50-(4-methoxy-diethylphosphonobenzylidenep-b-threo-
pentofuranosyl]thymine (11))

Compoundllj was prepared from orthoest@jr (100 mg, 0.26 mmol) using Method C as
colorless oil in a yield of 89 mg (69%). HRMS (M+Né&or C,, Hog Og N, Na P calcd.
519.15029m/z found 519.14998; IR (CHgI cm?) 3397, 3177, 2855, 2840, 1699, 1684,
1612, 1585, 1512, 1468, 1406, 1392, 1304, 1269),1P¥92, 1176, 1096, 1065, 973, 8.
NMR (dsDMSQO) 6 11.19 (br s, NH), 7.43 (m, 2x ArH), 7.33 = 1.2 Hz, H6), 6.92 (m, 2x
ArH), 6.11 (dd,J = 8.4 and 2.0 Hz, H1"), 5.15 (dd#i= 5.1, 2.7 and 2.1 Hz, H3"), 4.84 (ddd,
J=12.9, 2.7 and 2.1 Hz, H5"a), 4.20 (br d& 12.9, 1.7 and <1 Hz, H5'b), 4.09 (& 2.7,
2.7 and 1.7 Hz, H4"), 4.01 — 3.92 (m, 2x P-OJ%1.75 (s, OCH), 2.79 (dddJ = 15.2, 8.4
and 5.1 Hz, H27"), 2.12 (bdd,= 15.2, 2.0 and <1 Hz, H2"); 1.17 Jt= 7.1 Hz, CH), 1.15 (t,

J = 7.1 Hz, CH), 0.91 (d,J = 1.2 Hz, 5-CH); **C NMR (sDMSO) & 163.77 (C4), 159.77
(Ar-C), 150.53 (C2), 136.60 (C6), 130.33 @5 8.4 Hz, Ar-C), 127.96 (2x Ar-CH), 113.10

(2x Ar-CH), 108.69 (C5), 96.98 (d = 191.6 Hz, >C<), 83.78 (C1'), 74.68 (C4), 71.84



(C3"), 62.96 (d,) = 6.9 Hz, P-O-Ch), 62.88 (d,J = 7.0 Hz, P-O-Ck), 62.80 (C5), 55.41

(OCHs), 40.00 (C2), 16.45 (d, = 5.2 Hz, CH), 16.43 (d,) = 5.2 Hz, CH), 11.25 (5-CH).

(9)-1-[2-Deoxy-3,50-(4-vinyl-diethylphosphonobenzylidene)p-D-threo-
pentofuranosyl]thymine (11k)

Compoundl11k was prepared from orthoest8k (400 mg, 1 mmol) using Method C as
colorless oil in a yield of 245 mg (48%). HRMS (MajN for CHogOsN-NaP calcd.
515.15537m/zfound 515.15535; IR (KBr, Cﬁ) 3173, 1687, 1470, 1435, 1369, 1315, 1271,
1245, 1132, 1094, 1083, 1065, 1030, 989, 972, ‘#6AMR (dDMSO) 4 11.05 (br s, NH),
7.49 — 7.46 (m, 4x ArH), 7.30 (d,= 1.2 Hz, H6), 6.75 (dd) = 17.6 and 11.0 Hz, -CH=),
6.10 (dd,J = 8.4 and 2.0 Hz, H1"), 5.86 (dd,= 17.6 and 1.1 Hz, =CHHb), 5.29 (ddJ =
11.0 and 1.1 Hz, =CHabIp5.18 (ddd, = 5.1, 2.7 and 1.9 Hz, H3"), 4.87 (ddds 13.0, 2.8
and 1.9 Hz, H5'a), 4.24 (br dd= 13.0, 1.6 and <1 Hz, H5'b), 4.11 (ddd; 2.8, 2.7 and 1.6
Hz, H4'), 4.05 — 3.93 (m, 2x P-O-GH2.80 (ddd, = 15.1, 8.4 and 5.1 Hz, H2"), 2.14 (bdd,
J=15.1, 2.0 and <1 Hz, H2'); 1.18 Jt= 7.1 Hz, CH), 1.15 (t,J = 7.1 Hz, CH), 0.84 (dJ =

1.2 Hz, 5-CH); *C NMR (sDMSO) 3 163.74 (C4), 150.49 (C2), 137.76 (= 8.2 Hz, Ar-
C), 137.70 (Ar-C), 136.45 (C6), 136.30 (-CH=), B25.(2x Ar-CH), 125.44 (2x Ar-CH),
115.30 (=CH), 108.56 (C5), 96.98 (d} = 190.1 Hz, >C<), 83.89 (C1"), 74.00 (C4"), 71.94
(C3"), 63.07 (dJ = 6.9 Hz, P-O-Ch), 62.97 (d,J = 7.0 Hz, P-O-Ch), 62.92 (C5’), 40.00

(C2"), 16.41 (dJ = 5.2 Hz, CH), 16.39 (d,J = 5.3 Hz, CH), 11.05 (5-CHj).

(9)-1-[2-Deoxy-3,50-(4-phenyl-diethylphosphonobenzylideneB-b-threo-
pentofuranosyl]thymine (111)

Compoundlll was prepared from orthoest@r (100 mg, 0.23 mmol) using Method C as
colorless oil in a quantitative yield of 122 mg. MB (M+Na)" for C27H31N2NaO8P calcd.
565,17102m/zfound 565.17074; IR (KBr, CiJf) 3177, 3061, 2979, 2958, 2923, 2853, 1687,
1565, 1517, 1487, 1469, 1402, 1368, 1314, 127151P492, 1162, 1133, 1082, 1039, 972,
766, 699, 617, 417H NMR (dsDMSO) & 11.14 (br s, NH), 7.66 (m, 2x ArH), 7.64 (m, 2x

ArH), 7.60 (m, 2x ArH), 7.48 (m, 2x ArH), 7.39 (rAyH), 7.32 (q,J = 1.2 Hz, H6), 6.11 (dd,



J=8.4and 1.9 Hz, H1"), 5.20 (ddb= 5.1, 2.6 and 2.0 Hz, H3"), 4.90 (ddd; 12.8, 2.6 and
2.0 Hz, H5"a), 4.28 (br dd,= 12.8, 1.6 and <1 Hz, H5'b), 4.13 (&= 2.6, 2.6 and 1.6 Hz,
H47), 4.08 — 3.99 (m, 2x P-O-GH 2.81 (dddJ = 15.2, 8.4 and 5.1 Hz, H2""), 2.17 (bdd;
15.2, 1.9 and <1 Hz, H2"); 1.20 {t= 7.1 Hz, CH), 1.18 (t,J = 7.1 Hz, CH), 0.84 (dJ=1.2
Hz, 5-CH); *C NMR (sDMSO) 3 163.74 (C4), 150.51 (C2), 140.79 (d= 1.8 Hz, Ar-C),
139.88 (Ar-C), 137.48 (d] = 8.2 Hz, Ar-C), 136.46 (C6), 129.21 (2x Ar-CHR7190 (Ar-
CH), 127.18 (2x Ar-CH), 126.93 (2x Ar-CH), 126.@X(Ar-CH), 108.60 (C5), 96.92 (d,=
190.2 Hz, >C<), 83.92 (C1"), 74.69 (C4"), 71.96(83.11 (dJ = 6.9 Hz, P-O-Ch), 63.02
(d,J =6.9 Hz, P-O-Ch), 62.95 (C5"), 39.10 (C2"), 16.46 = 5.1 Hz, CH), 16.43 (dJ =

5.1 Hz, CH), 11.06 (5-CH).

(9)-1-[2-Deoxy-3,50-(3-phenyl-diethylphosphonobenzylideneB-b-threo-
pentofuranosyljthymine (11m)

Compoundllm was prepared from orthoes®@m (119 mg, 0.27 mmol) using Method C as
colorless oil in a yield of 124 mg (85%). HRMS (M-Hor C,7H3,0gN2P calcd. 543.18908
m/zfound 543.18909; IR (KBr, cif) 3171, 3061, 3035, 2981, 2928, 2854, 1687, 168051
1477, 1454, 1393, 1368, 1314, 1298, 1273, 1245511963, 1133, 1082, 1038, 974, 761,
701, 616, 555, 417H NMR (dDMSO) 3 11.20 (br s, NH), 7.75 (d} = 1.7 Hz, ArH), 7.66
(ddt,J=7.6, 1.7, 1.1 and 1.1 Hz, ArH), 7.57 (m, 2x ArlA)48 (ddJ = 7.9 and 7.6 Hz, ArH),
7.54 (dtdJ=7.9, 1.7, 1.7 and 1.1 Hz, ArH), 7.48 (m, 2x Arf)38 (m, ArH), 7.34 (qJ =
1.2 Hz, H6), 6.13 (dd] = 8.5 and 2.0 Hz, H1"), 5.22 (ddilz 5.0, 2.8 and 2.2 Hz, H3"), 4.90
(ddd,J =12.8, 2.4 and 2.2 Hz, H5a), 4.28 (br did; 12.8, 1.6 and <1 Hz, H5'b), 4.13 (ddd,
=2.8,2.4and 1.6 Hz, H4"), 4.07 — 3.97 (m, 2x&a), 2.81 (ddd,) = 15.3, 8.5 and 5.0 Hz,
H2), 2.20 (bdd,) = 15.3, 2.0 and <1 Hz, H2"); 1.18 Jt= 7.1 Hz, CH), 1.16 (tJ = 7.1 Hz,
CHs), 0.79 (d,J = 1.2 Hz, 5-CH); *C NMR (sDMSO) 3 163.69 (C4), 150.52 (C2), 140.32
(Ar-C), 139.88 (Ar-C), 139.00 (d, = 8.6 Hz, Ar-C), 136.56 (C6), 129.27 (2x Ar-CHR8L47
(Ar-CH), 127.79 (Ar-CH), 127.37 (Ar-CH), 126.84 (&-CH), 125.74 (Ar-CH), 124.86 (Ar-

CH), 108.61 (C5), 96.97 (d,= 189.8 Hz, >C<), 83.77 (C1'), 74.59 (C4’), 72(08’), 63.12



(d,J = 6.9 Hz, P-O-Ch), 63.04 (dJ = 7.0 Hz, P-O-Ch), 63.00 (C5"), 39.70 (C2"), 16.43 (d,

J=5.2 Hz, 2x CH), 11.03 (5-CHj).

(9)-1-[2-Deoxy-3,50-(3-iodo-diethylphosphonobenzylidenep-D-threo-
pentofuranosyl]thymine (11n)

Compoundlln was prepared from orthoestén (116 mg, 0.24 mmol) using Method C as
colorless oil in a yield of 98 mg (84%). HRMS (M-+Ndor C,;H,70gN,IP calcd. 593.05442
m/zfound 593.05444; IR (KBr, CiJr) 3175, 3064, 2980, 2927, 2854, 1687, 1590, 156691
1408, 1368, 1314, 1270, 1246, 1194, 1163, 1133,10882, 1040, 1028, 975, 892, 826, 789,
765, 697, 688, 554, 417H NMR (dsDMS0) & 11.20 (br s, NH), 7.82 (¢, = 1.7 Hz, ArH),
7.75 (ddt,J = 7.9, 1.7, 1.1 and 1.1 Hz, ArH), 7.53 (did= 7.9, 1.7, 1.7 and 1.1 Hz, ArH),
7.28 (9,d = 1.2 Hz, H6), 7.20 (t) = 7.9 Hz, ArH), 6.10 (ddJ = 8.5 and 2.0 Hz, H1"), 5.18
(ddd,J = 5.0, 2.7 and 2.2 Hz, H3"), 4.85 (ddct 13.0, 2.4 and 2.2 Hz, H5'a), 4.26 (br dd;
13.0, 1.5 and <1 Hz, H5b), 4.10 (ddds 2.7, 2.4 and 1.5 Hz, H4"), 4.06 — 3.96 (m, 20P-
CH,), 2.79 (dddJ = 15.3, 8.5 and 5.0 Hz, H2™"), 2.19 (bdds 15.3, 2.0 and <1 Hz, H2);
1.18 (t,J = 7.1 Hz, CH)), 1.16 (t,J = 7.1 Hz, CH), 0.94 (d,J = 1.2 Hz, 5-CH); *°C NMR
(dsDMS0) & 163.71 (C4), 150.52 (C2), 140.57 {d= 8.7 Hz, Ar-C), 137.57 (Ar-CH), 136.40
(C6), 135.11 (Ar-CH), 130.01 (Ar-CH), 126.03 (Ar-G;H.08.60 (C5), 96.20 (d,= 190.0 Hz,
>C<), 94.04 (dyJ = 1.7 Hz, Ar-C), 83.79 (C1), 74.47 (C4"), 72.183(), 63.25 (dJ) = 6.9 Hz,
P-O-CH), 63.15 (d,J = 7.1 Hz, P-O-Ch), 63.15 (C5°), 39.70 (C2"), 16.35 (@~ 5.4 Hz,

CHs), 16.32 (d,J = 5.4 Hz, CH), 11.30 (5-CH).

(9)-1-[2-Deoxy-3,50-(3-bromo-5-iodo-diethylphosphonobenzylidenep-p-threo-
pentofuranosyl]thymine (110)

Compoundllo was prepared from orthoest®o (59 mg, 0.1 mmol) using Method C as
colorless oil in a yield of 30 mg (43%). HRMS (M+Nafor C,1H,50gN,-BriNaP calcd.
692.94688m/z found 692.94684; IR (CHG| Cm'l) 3396, 3172, 2983, 2959, 2928, 2855,
1685, 1580, 1552, 1469, 1434, 1411, 1393, 1369418864, 1314, 1299, 1268, 1244, 1192,

1163, 1134, 1113, 1095, 1082, 1063, 1043, 1032, 898, 862, 833, 554, 414H NMR



(dsDMS0) 8 11.22 (br s, NH), 8.01 (¢, = 1.5 Hz, ArH), 7.80 (¢J = 1.5 Hz, ArH), 7.62 (¢
= 1.5 Hz, ArH), 7.26 (gJ) = 1.2 Hz, H6), 6.09 (dd] = 8.4 and 2.0 Hz, H1"), 5.16 (dd#i=
5.0, 2.6 and 2.0 Hz, H3"), 4.83 (ddds 12.8, 2.6 and 2.0 Hz, H5"a), 4.28 (br dd&, 12.8, 1.5
and <1 Hz, H5'b), 4.11 (td, = 2.6, 2.6 and 2.0 Hz, H4’), 4.09 — 3.99 (m, 20&H,), 2.77
(ddd,J = 15.3, 8.4 and 5.0 Hz, H2"), 2.27 (bdd; 15.3, 2.0 and <1 Hz, H2"), 1.20Jt= 7.1
Hz, CHy), 1.17 (t,J = 7.1 Hz, CH), 1.03 (d,J = 1.2 Hz, 5-CH); ®*C NMR (&DMSO) &
163.68 (C4), 150.50 (C2), 142.32 (= 8.9 Hz, Ar-C), 139.24 (Ar-CH), 136.32 (C6), 13@.
(Ar-CH), 128.82 (Ar-CH), 121.96 (d = 1.5 Hz, Ar-C), 108.42 (C5), 95.63 (@= 190.5 Hz,
>C<), 95.18 (Ar-C), 83.88 (C1'), 74.38 (C4'), 72(&R’), 63.44 (d,) = 6.8 Hz, P-O-Ch),
63.31 (d,J = 7.0 Hz, P-O-Ch), 63.15 (C5'), 39.28 (C2'), 16.30 @z 5.4 Hz, CH), 16.27

(d,J = 5.4 Hz, CH), 11.37 (5-CH).

(9)-1-[2-Deoxy-3,50-(4-iodo-diethylphosphonobenzylidenep-D-threo-

pentofuranosyl]uracil (11p)

Compoundl1p was prepared from orthoest@p (260 mg, 0.55 mmol) using Method C as
colorless oil in a yield of 200 mg (63%). HRMS (MaNfor CyH.4OsN2INaP: calcdm/z
601.02072, obs. 601.02045; IR (CHCtm') 3395, 3164, 3060, 1708, 1688, 1587, 1568,
1484, 1462, 1432, 1393, 1369, 1313, 1299, 1242411826, 1110, 1096, 1084, 1063, 1058,
1040, 1026, 1009, 990, 972, 951, 935, 810, 689, 631, 416 H NMR (&DMSO) 5 7.76
(m, 2x ArH), 7.46 (dJ = 8.1 Hz, H6), 7.26 (m, 2x ArH), 6.05 (d@l= 8.2 and 1.9 Hz, H1"),
5.13 (dddJ =5.0, 2.8 and 2.1 Hz, H3"), 4.80 (ddd; 12.8, 3.1 and 2.1 Hz, H5"a), 4.69 {d,

= 8.1 Hz, H5), 4.17 (ddd] = 3.1, 2.8 and 2.2 Hz, H4"), 4.12 (br dck 12.8, 2.2 and <1 Hz,
H5'b), 4.06 — 3.97 (m, 2x P-O-GH 2.78 (ddd, = 15.2, 8.2 and 5.0 Hz, H2""), 2.19 (bdd:
15.2, 1.9 and <1 Hz, H2'); 1.18 @,= 7.0 Hz, CH), 1.16 (t,J = 7.0 Hz, CH); ©°C NMR
(dsDMSO0) & 163.09 (C4), 150.51 (C2), 140.64 (C6), 137.941@ 9.1 Hz, Ar-C), 126.52 (2x
Ar-CH), 128.78 (2x Ar-CH), 100.18 (C5), 96.86 (b= 193.1 Hz, >C<), 95.77 (d,= 2.1 Hz,

Ar-C), 84.47 (C1'), 75.15 (C4"), 72.03 (C3"), 63(@#J = 6.8 Hz, P-O-Ch), 63.12 (d,J =



7.0 Hz, P-O-Chj), 62.85 (C5), 39.70 (C2'), 16.42 (@l= 5.1 Hz, CH)), 16.41 (dJ = 5.1 Hz,

CHb).

(9)-1-[2-Deoxy-3,50-(4-methoxymethyl-diethylphosphonobenzylidenep-p-threo-

pentofuranosyl]uracil (11q)

Compoundllq was prepared from orthoesteq (140 mg, 0.35 mmol) using Method C as
colorless oil in a yield of 149 mg (84%). HRMS (MaNfor C,,H,70:0N2NaP: calcdm/z
533.12955, obs. 533.12940; IR (CHCtm") 3395, 3170, 2955, 1725, 1707, 1687, 1613,
1578, 1507, 1462, 1438, 1408, 1393, 1393, 13702,18312, 1302, 1283, 1270, 1243, 1195,
1181, 1164, 1126, 1113, 1099, 1099, 1084, 1041810221, 972, 833, 809, 713, 552, 415.
'H NMR (kDMSO0) 5 11.20 (d,J = 2.2 Hz, NH), 7.97 (m, 2x ArH), 7.65 (m, 2x ArH),46
(d,J = 8.1 Hz, H6), 6.05 (dd] = 8.1 and 1.9 Hz, H1"), 5.17 (dd#i= 5.0, 2.8 and 2.0 Hz,
H3"), 4.85 (ddd,J = 13.2, 3.3 and 2.0 Hz, H5"a), 4.59 (dd&; 8.1 and 2.2 Hz, H5), 4.19 (ddd,
J=3.3,2.8and 2.0 Hz, H4"), 4.19 (br dds 13.2, 2.0 and <1 Hz, H5"b), 4.06 — 3.96 (m, 2x
P-O-CH), 3.87 (s, COOCEH), 2.79 (dddJ = 15.3, 8.1 and 5.0 Hz, H2""), 2.23 (bdd; 15.3,
1.9 and <1 Hz, H2'); 1.17 @,= 7.1 Hz, CH)), 1.15 (t,J = 7.1 Hz, CH); **C NMR (:DMSO)

0 166.12 (C=0), 163.07 (C4), 150.49 (C2), 142.99« 8.7 Hz, Ar-C), 140.58 (C6), 129.99
(Ar-C), 128.53 (2x Ar-CH), 127.01 (2x Ar-CH), 10@@C5), 96.87 (dJ = 191.6 Hz, >C<),
84.54 (C1%), 75.12 (C4’), 72.11 (C3"), 63.32Jd¢; 6.7 Hz, P-O-Ch), 63.21 (dJ = 7.0 Hz,

P-O-CH), 62.99 (C5), 52.44 (OCH| 39.70 (C2), 16.36 (d, = 5.1 Hz, 2x Ch).

(9)-1-[2-Deoxy-3,50-(diethylphosphonobenzylidene)g-D-threo-pentofuranosyljuracil

(11r)

Compoundl1r was prepared from orthoestér (356 mg, 0.99 mmol) using Method C as
colorless oil in a yield of 347 mg (78%). HRMS (MaNfor CyoHs0sN,NaP: calcdm/z

475.12407, obs. 475.12468; IR (CHCtmi') 3396, 3171, 3062, 3029, 1705, 1686, 1631,
1605, 1580, 1495, 1462, 1451, 1432, 1393, 13703,18299, 1270, 1241, 1164, 1127, 1109,

1095, 1084, 1060, 1060, 1036, 1025, 971, 914, 693, 528."H NMR (kDMS0) & 11.20 br



s, NH), 7.50 (dJ = 8.1 Hz, H6), 7.49 (m, 2x ArH), 7.38 (m, 3x ArH§.,06 (dd,J = 8.2 and
1.9 Hz, H1"), 5.14 (ddd] = 5.0, 2.7 and 2.1 Hz, H3"), 4.82 (ddd= 12.8, 3.0 and 2.1 Hz,
H5"a), 4.55 (ddJ = 8.1 and 1.4 Hz, H5), 4.17 (ddilF 3.0, 2.7 and 2.2 Hz, H4"), 4.13 (br dd,
J =128, 2.2 and <1 Hz, H5b), 2.78 (ddd+ 15.3, 8.2 and 5.0 Hz, H2""), 2.20 (bdds
15.3, 1.9 and <1 Hz, H2'}?*C NMR (sDMSO) & 163.08 (C4), 150.53 (C2), 140.83 (C6),
138.08 (d,J = 9.0 Hz, Ar-C), 128.91 (Ar-CH), 127.63 (2x Ar-CH)26.57 (2x Ar-CH),
100.04 (C5), 96.97 (dl = 192.8 Hz, >C<), 84.47 (C1"), 75.23 (C4"), 71(88"), 63.13 (d)

= 6.8 Hz, P-O-Ch), 63.02 (dJ = 7.0 Hz, P-O-CH), 62.77 (C5), 39.50 (C2"), 16.42 @r

5.0 Hz, 2x CH).

(9)-1-[2-Deoxy-3,50-(4-fluoro-phosphonobenzylidene)-D-threo-

pentofuranosyl]thymine (12a)

Compoundl12a was prepared from diethyl phosphondtea (52 mg, 0.11 mmol) using
Method D as colorless oil in a yield of 26 mg (49¥WRMS (M-H) for C,7H;70sN,FP calcd.
427.07120m/zfound 427.07132; IR (KBr, Cﬁ) 3071, 1692, 1606, 1507, 1479, 1441, 1313,
1278, 1260, 1199, 1136, 1075, 973, 841. Elem. analcd P 6.88% found P 6.43% (MW
481.80).e260 = 8442 L.mof.cm™. 'H NMR (D,O) & 7.67 (q,J = 1.2 Hz, H6), 7.56 (m, 2x
ArH), 7.07 (m, 2x ArH), 6.13 (dd] = 8.0 and 1.5 Hz, H1"), 5.35 (dd#i= 4.7, 2.5 and 1.1
Hz, H3"), 5.02 (dddJ = 13.2, 2.5 and 1.1 Hz, H5"a), 4.22 (br d&; 13.2 and 1.5 Hz, H5'b),
4.20 (tdJ = 2.5, 2.5 and 1.5 Hz, H4"), 2.77 (ddds 15.3, 8.0 and 4.7 Hz, H2""), 2.44 (br dd,
J=15.3, 1.5 and <1 Hz, H2"), 1.07 (= 1.2 Hz, 5-CH); *C NMR (D,0) & 169.29 (C4),
165.08 (d,J = 245.3 Hz, Ar-C),154.30 (C2), 141.58 (C6), 13%d@8,J = 7.7 and 2.8 Hz, Ar-
C), 131.07 (dJ = 7.1 Hz, 2x Ar-CH), 116.98 (d] = 21.4 Hz, 2x Ar-CH), 112.58 (C5),
101.71 (d,J = 176.2 Hz, >C<), 88.33 (C1), 79.55 (C4’), 73(68’), 65.30 (C5’), 42.61

(C2), 13.35 (5-Ch).

(9)-1-[2-Deoxy-3,50-(4-chloro-phosphonobenzylidene B-pb-threo-

pentofuranosyl]thymine (12b)



Compoundl2b was prepared from diethyl phosphonatd (30 mg, 60umol) using Method
D as colorless oil in a yield of 10 mg (35%). HRM®-H)" for C;7H170sN,CIP calcd.
443.04165m/zfound 443.04198; IR (KBr, cif) 1690, 1596, 1488, 1437, 1313, 1277, 1256,
1199, 1136, 1076. Elem. anal.: calcd P 6.64% foBn@.48% (MW 478.26)c,70 = 8274
L.molt.cm®. *H NMR (D,0) 8 7.63 (q,J = 1.2 Hz, H6), 7.52 (m, 2x ArH), 7.35 (m, 2x ArH),
6.11 (dd,J = 8.0 and 1.4 Hz, H1"), 5.33 (dddl= 4.7, 2.7 and 1.1 Hz, H3"), 5.01 (ddds
13.2, 2.5 and 1.1 Hz, H5"a), 4.23 (br dds 13.2 and 1.0 Hz, H5'b), 4.21 (ddd= 2.7, 2.5
and 1.0 Hz, H4"), 2.76 (ddd,= 15.2, 8.0 and 4.7 Hz, H2""), 2.45 (br dck 15.2, 1.4 and <1
Hz, H2"), 1.06 (dJ = 1.2 Hz, 5-CH); *C NMR (D;0) & 169.24 (C4), 154.27 (C2), 143.36 (d,
J=7.5 Hz, Ar-C), 141.48 (C6), 136.05 (= 1.9 Hz, Ar-C), 130.74 (2x Ar-CH), 130.33 (2x
Ar-CH), 112.53 (C5), 101.53 (d,= 176.2 Hz, >C<), 88.47 (C1"), 79.59 (C4"), 73(68"),

65.32 (C5'), 42.65 (C2"), 13.30 (5-gH

(9)-1-[2-Deoxy-3,50-(4-bromo-phosphonobenzylideneB-b-threo-

pentofuranosyl]thymine (12c)

Compoundl2cwas prepared from diethyl phosphonafe (30 mg, 60umol) using Method
D as colorless oil in a yield of 10 mg (29%). HRMM&-H)" for C,;7H;70sN,BrP calcd.
486.99114m/zfound 486.99096; IR (KBr, ci) 3068, 1690, 1589, 1484, 1312, 1277, 1259,
1198, 1136, 1075, 1011, 814. Elem. anal.: calcddB% found P 5.44% (MW 569.4%)70 =
8063 L.mot".cm™. *H NMR (kDMSO) & 7.64 (q,J = 1.2 Hz, H5), 7.50 (m, 2x ArH), 7.46
(m, 2x ArH), 6.10 (ddJ = 7.9 and 1.5 Hz, H1"), 5.35 (ddb= 4.7, 2.6 and 1.1 Hz, H3"), 5.03
(ddd,J =13.2, 2.4 and 1.1 Hz, H5"a), 4.22 (br dd¢, 13.2, 1.5 and <1 Hz, H5"b), 4.20 (ddd,
= 2.6, 2.4 and 1.5 Hz, H4"), 2.76 (ddds 15.3, 7.9 and 4.7 Hz, H2""), 2.45 (bdds 15.3,
1.5 and <1 Hz, H2), 1.06 (d,= 1.2 Hz, 5-CH); **C NMR (ckDMSO) 5 169.26 (C4), 154.28
(C2), 143.22 (dJ = 7.5 Hz, Ar-C), 141.53 (C6), 133.24 (2x Ar-CHB1110 (2x Ar-CH),
124.22 (dJ = 2.0 Hz, Ar-C), 112.53 (C5), 101.76 (tz 174.4 Hz, >C<), 88.49 (C1"), 79.69

(C4"), 73.57 (C3), 65.28 (C5'), 42.68 (C2'), 13(BLH;).



(9)-1-[2-Deoxy-3,50-(4-iodo-phosphonobenzylidenep-D-threo-pentofuranosyl]thymine

(12d)

Compoundl2d was prepared from diethyl phosphonaiel (23 mg, 40umol) using Method

D as colorless oil in a yield of 14 mg (61%). HRNI8-H)™ for Cy7H170sN2IP: calcdm/z
534.97727, found 534.97782; IR (KBr, ¢n3065, 1695, 1658, 1586, 1482, 1437, 1386,
1312, 1278, 1219, 1136, 1117, 1080, 1051, 1007, 9%0, 814, 767, 691, 628. Elem. anal.:
calcd P 5.56%; found P 5.26% (MW 588.73)s = 7896 L.mof.cm* *H NMR (D,0) 8 7.71
(m, 2x ArH), 7.61 (gJ = 1.2 Hz, H6), 7.32 (m, 2x ArH), 6.10 (d@l= 7.9 and 1.4 Hz, H1"),
5.32 (dddJ = 4.7, 2.7 and 1.2 Hz, H3"), 4.99 (ddds 13.2, 2.5 and 1.2 Hz, H5a), 4.23 (br
dd,J = 13.2 and 1.7 Hz, H5'b), 4.21 (ddbs 2.7, 2.5 and 1.7 Hz, H4"), 2.76 (ddds 15.3,
7.9 and 4.7 Hz, H2""), 2.45 (dddl= 15.3, 1.4 and 1.2 Hz, H2"), 1.06 (&= 1.2 Hz, 5-CH);
*C NMR (D;0) 5 169.24 (C4), 154.26 (C2), 143.43 (M= 7.6 Hz, Ar-C), 141.44 (C6),
139.40 (dJ = 1.1 Hz, 2x Ar-CH), 131.18 (d, = 1.6 Hz, 2x Ar-CH), 112.55 (C5), 101.50 (d,
J=176.4 Hz, >C<), 96.39 (d,= 2.3 Hz, Ar-C), 88.56 (C1°), 79.62 (C4"), 73.€3(), 65.30

(C5"), 42.69 (C27), 13.35 (5-GH

(9)-1-[2-Deoxy-3,50-(4-nitro-phosphonobenzylidene)B-p-threo-

pentofuranosyljthymine (12¢)

Compoundl2ewas prepared from diethyl phosphonaife (20 mg, 40umol) using Method

D as colorless oil in a yield of 9 mg (48%). HRMB-H)™ for C;7H190:0N3P: calcdm/z
456.08026, found 456.08029; IR (KBr, ¢n3075, 1691, 1656, 1608, 1600, 1520, 1477,
1438, 1384, 1351, 1315, 1276, 1177, 1136, 11085,10015, 973, 954, 856, 822, 769, 753,
693, 517. Elem. anal.: calcd P 6.50%; found P 6.4M 480.49).e060 = 14255 L.mof.cm*

'H NMR (D,0) 5 8.20 (m, 2x ArH), 7.79 (m, 2x ArH), 7.60 (@= 1.2 Hz, H6), 6.10 (ddl =

7.8 and 1.4 Hz, H1"), 5.36 (dddl= 4.6, 2.6 and 1.2 Hz, H3"), 5.04 (ddds 13.3, 2.6 and 1.2
Hz, H5"a), 4.30 (br dd] = 13.3 and 1.5 Hz, H5'b), 4.24 (iii= 2.6, 2.6 and 1.5 Hz, H4"),

2.78 (ddd,) = 15.4, 7.8 and 4.6 Hz, H2""), 2.50 (ddds 15.4, 1.4 and 1.2 Hz, H2"), 0.98 {d,



= 1.2 Hz, 5-CH)); *C NMR (D,0) 5 169.16 (C4), 154.22 (C2), 150.86 (& 7.7 Hz, Ar-C),
149.98 (d,J = 1.9 Hz, Ar-C), 141.30 (C6), 130.37 (2x Ar-CHR5L60 (2x Ar-CH), 112.21
(C5), 101.40 (dJ = 173.9 Hz, >C<), 88.61 (C1"), 79.55 (C4"), 73(@8"), 65.58 (C5),

42.64 (C27), 13.37 (5-CHil

(9)-1-[2-Deoxy-3,50-(4-methoxycarbonyl-phosphonobenzylidenep-b-threo-

pentofuranosyljthymine (12f)

Compoundl2f was prepared from diethyl phosphonaié (20 mg, 4Qumol) using Method D
as colorless oil in a yield of 12 mg (58%). HRMS - for C;oH20010N2P: calcdm/z
467.08610, obs. 467.08650; IR (KBr, ¢ml720, 1698, 1655, 1612, 1578, 1508, 1476, 1437,
1407, 1386, 1281, 1197, 1118, 1076, 1035, 1020, 872, 700, 623. Elem. anal.: calcd P
6.33%; found P 5.83% (MW 525.6@}43 = 16879 L.mot.cm* 'H NMR (D,0) 5 7.97 (m, 2x
ArH), 7.69 (m, 2x ArH), 7.60 (q) = 1.2 Hz, H6), 6.11 (dd] = 7.9 and 1.4 Hz, H1"), 5.36
(ddd,J=4.7, 2.8 and 1.2 Hz, H3"), 5.04 (ddd; 13.2, 2.5 and 1.2 Hz, H5"a), 4.27 (br did,
13.2 and 1.6 Hz, H5'b), 4.22 (ddb= 2.8, 2.5 and 1.6 Hz, H4"), 3.92 (s, Of2.78 (ddd,]
=15.3, 7.9 and 4.7 Hz, H2""), 2.47 (ddds 15.3, 1.4 and 1.2 Hz, H2"), 0.92 (b= 1.2 Hz,
5-CH); *C NMR (D,0) & 172.06 (C=0), 169.18 (C4), 154.24 (C2), 149.02)(¢, 7.5 Hz,
Ar-C), 141.38 (C6), 131.68 (d,= 1.7 Hz, Ar-C), 131.50 (d] = 1.0 Hz, 2x Ar-CH), 129.44
(d, J = 1.6 Hz, 2x Ar-CH), 112.42 (C5), 101.63 (H= 174.4 Hz, >C<), 88.50 (C1°), 79.58

(C4'), 73.78 (C3), 65.45 (C5’), 55.37 (OgH42.67 (C27), 13.24 (5-CH

(S)-1-[2-Deoxy-3,50-(4-methylthio-phosphonobenzylidene p-D-threo-

pentofuranosyljthymine (129)

Compoundl2gwas prepared from diethyl phosphonaig (52 mg, 0.1 mmol) using Method
D as colorless oil in a yield of 25 mg (49%). HRMB-H)" for CigH200sN2PS calcd.
455.06835m/zfound 455.06832; IR (KBr, C'rJr) 1690, 1597, 1490, 1478, 1438, 1313, 1276,
1256, 1197, 1135, 1076, 971, 707. Elem. anal..dcRI6.47% found P 6.07% (MW 509.91).

€250 = 21798 L.mof.cmi’. *H NMR (D;0) & 7.65 (g,J = 1.2 Hz, H6), 7.50 (m, 2x ArH), 7.26



(m, 2x ArH), 6.12 (ddJ = 7.9 and 1.5 Hz, H1"), 5.35 (ddbiz 4.7, 2.4 and 1.1 Hz, H3"), 5.03
(ddd,J =13.1, 2.7 and 1.1 Hz, H5"a), 4.21 (br d&; 13.1 and 1.6 Hz, H5"b), 4.19 (ddbk-
2.7,2.4 and 1.6 Hz, H4"), 2.76 (ddids 15.2, 7.9 and 4.7 Hz, H2""), 2.50 (s, S&2.43 (br
dd,J = 15.2, 1.5 and <1 Hz, H2"), 1.02 @= 1.2 Hz, 5-CH); *C NMR (D;0) & 169.24
(C4), 154.29 (C2), 141.60 (C6), 141.21 Jd5 7.4 Hz, Ar-C), 139.65 (d] = 1.7 Hz, Ar-C),
129.82 (dJ = 1.4 Hz, 2x Ar-CH), 128.27 (2x Ar-CH), 112.59 (¢%01.88 (dJ = 175.2 Hz,
>C<), 88.42 (C1"), 79.71 (C4"), 73.51 (C3"), 65(€5"), 42.70 (C2"), 17.43 (S-GH 13.27

(5-Ch).

(9)-1-[2-Deoxy-3,50-(4-cyano-phosphonobenzylidene}-D-threo-

pentofuranosyl]thymine (12h)

Compound12h was prepared from diethyl phosphondteh (150 mg, 0.31 mmol) using
Method D as colorless oil in a yield of 65 mg (45HWRMS (M-H) for C;gH170sN3P calcd.
434.07587m/zfound 434.07576; IR (KBr, C'rJr) 3077, 2955, 2229, 1691, 1477, 1437, 1405,
1383, 1313, 1275, 1199, 1180, 1137, 1075, 1020, 83Q, 769, 432. Elem. anal.: calcd P
6.77% found P 6.52% (MW 474.84}s0 = 9975 L.mof.cm*. *H NMR (D.0) & 7.75 (m, 2x
ArH), 7.72 (m, 2x ArH), 7.57 () = 1.2 Hz, H6), 6.09 (dd] = 7.8 and 1.9 Hz, H1'), 5.32
(ddd,J=4.8, 2.8 and 1.3 Hz, H3"), 4.99 (ddd; 13.4, 2.6 and 1.3 Hz, H5a), 4.30 (br did,
13.2 and 1.6 Hz, H5"b), 4.24 (ddblz 2.8, 2.6 and 1.6 Hz, H4"), 2.78 (ddds 15.5, 7.8 and
4.8 Hz, H2""), 2.49 (br dd] = 15.5, 1.9 and <1 Hz, H2"), 1.00 @z 1.2 Hz, 5-CH); B¢
NMR (D;0) 3 169.15 (C4), 154.20 (C2), 148.48 (U= 7.9 Hz, Ar-C), 141.22 (C6), 134.63
(d,J = 1.3 Hz, 2x Ar-CH), 129.94 (d,= 1.7 Hz, 2x Ar-CH), 122.26 (-CN), 113.52 (t= 1.9
Hz, Ar-C), 112.31 (C5), 101.00 (d,= 176.8 Hz, >C<), 88.59 (C1"), 79.45 (C4’), 73(88"),

65.57 (dJ = 1.0 Hz, C5), 42.63 (C2), 13.32 (5-9H

(9)-1-[2-Deoxy-3,50-(4-trifluoromethyl-phosphonobenzylidene)$-b-threo-

pentofuranosyl]thymine (12i)



Compoundl2i was prepared from diethyl phosphonaie (60 mg, 1/ 'mol) using Method D
as colorless oil in a yield of 24 mg (43%). HRMS -8 for C;gH170sN2FsP calcd.
439.09119m/zfound 439.09126; IR (KBr, cif) 3070, 2965, 2884, 1691, 1620, 1477, 1409,
1327, 1276, 1198, 1165, 1128, 1019, 973, 842, 889, 606. Elem. anal.: calcd P 6.19%
found P 5.52% (MW 561.02},70 = 8768 L.mof-.cmi. *H NMR (D;0) & 7.73 (m, 2x ArH),
7.66 (m, 2x ArH), 7.60 (¢J = 1.2 Hz, H6), 6.10 (ddl = 7.9 and 1.4 Hz, H1"), 5.37 (ddils
4.7,2.7 and 1.2 Hz, H3"), 5.04 (ddds 13.2, 2.5 and 1.2 Hz, H5"a), 4.26 (br dé;, 13.2 and
1.5 Hz, H5'b), 4.22 (ddd] = 2.7, 2.5 and 1.5 Hz, H4"), 2.77 (ddds 15.3, 7.9 and 4.7 Hz,
H2™), 2.47 (br ddJ = 15.3, 1.4 and <1 Hz, H2"), 0.95 @@= 1.2 Hz, 5-CH); *C NMR
(D;0) 8 169.16 (C4), 154.25 (C2), 147.86 (= 7.7 Hz, Ar-C), 141.40 (C6), 131.96 (=
32.0 Hz, Ar-C), 129.66 (2x Ar-CH), 127.24 &= 3.2 Hz, 2x Ar-CH), 127.04 (g} = 271.5
Hz, -CR), 112.40 (C5), 101.60 (d,= 173.7 Hz, >C<), 88.58 (C1"), 79.67 (C4"), 73(69"),

65.40 (C5°), 42.74 (C2'), 13.16 (5-GH

(9)-1-[2-Deoxy-3,50-(4-methoxy-phosphonobenzylidenep-p-threo-

pentofuranosyl]thymine (12j)

Compoundl2j was prepared from diethyl phosphonaig (50 mg, 1 mmol) using Method D
as colorless oil in a yield of 17 mg (33%). HRMS-B for C;gH2009N2P calcd. 439.09119
m/zfound 439.09126; IR (KBr, C'rJr) 1691, 1610, 1584, 1476, 1301, 1277, 1249, 113%6,1
1037, 827. Elem. anal.: calcd P 6.70% found P 5.@W% 518.85).6271 = 8136 L.mof.cm™.
'H NMR (D0) 6 7.68 (q,J = 1.2 Hz, H6), 7.50 (m, 2x ArH), 6.93 (m, 2x ArH§.13 (dd,J =
8.0 and 1.5 Hz, H1"), 5.35 (dddl= 4.7, 2.5 and 1.0 Hz, H3"), 5.03 (ddds 13.2, 2.5 and 1.0
Hz, H5a), 4.20 (br dd] = 13.2 and 1.6 Hz, H5'b), 4.18 (tii= 2.5, 2.5 and 1.6 Hz, H4"),
3.84 (s, OCH), 2.77 (dddJ = 15.3, 8.0 and 4.7 Hz, H2""), 2.43 (br dds 15.3, 1.5 and <1
Hz, H2"), 1.04 (d)) = 1.2 Hz, 5-CH); **C NMR (D,0) 5 169.29 (C4), 161.12 (d,= 1.5 Hz,
Ar-C), 154.31 (C2), 141.70 (C6), 136.85 {d= 7.3 Hz, Ar-C), 130.57 (d] = 1.4 Hz, 2x Ar-
CH), 115.76 (2x Ar-CH), 112.63 (C5), 101.95 = 176.3 Hz, >C<), 88.32 (C1"), 79.65

(C4"), 73.49 (C3), 65.17 (C5’), 58.14 (OH42.68 (C27), 13.31 (5-Ci|



(9)-1-[2-Deoxy-3,50-(4-vinyl-phosphonobenzylidene B-D-threo-

pentofuranosyl]thymine (12k)

Compound12k was prepared from diethyl phosphondtek (100 mg, 210umol) using
Method D as colorless oil in a yield of 52 mg (60HRMS (M-H) for C;oH200sN2P: calcd
m/z435.09628, obs. 435.09644; IR (KBr, {8427, 3159, 3064, 3040, 1691, 1633, 1509,
1477, 1407, 1384, 1349, 1312, 1278, 1198, 11825,11376, 1076, 990, 974, 909, 827, 768,
569.'"H NMR (D,0) & 7.67 (q,J = 1.2 Hz, H6), 7.53 (m, 2x ArH), 7.43 (m, 2x ArH,80
(dd,J = 17.8 and 10.9 Hz, -CH=), 6.13 (db= 8.0 and 1.5 Hz, H1"), 5.84 (d#i= 17.8 and
1.0 Hz, =CH&ib), 5.37 (ddd,J = 4.8, 2.7 and 1.0 Hz, H3"), 5.29 (dbz 10.9 and 1.0 Hz,
=CHaHb), 5.03 (ddd,) = 13.2, 2.9 and 1.0 Hz, H5"a), 4.20 (br d& 13.5 and 1.8 Hz, H5'b),
4.20 (dddJ = 2.9, 2.7 and 1.8 Hz, H4"), 2.77 (ddds 15.3, 8.0 and 4.8 Hz, H2""), 2.44 (br
dd,J = 15.3, 1.5 and <1 Hz, H2"), 1.00 @= 1.2 Hz, 5-CH); *C NMR (D:0) & 169.25
(C4), 154.32 (C2), 143.62 (d,= 7.2 Hz, Ar-C), 141.58 (C6), 139.63 @ 1.8 Hz, Ar-C),
139.32 (-CH=), 129.45 (d,= 1.5 Hz, 2x Ar-CH), 128.05 (2x Ar-CH), 116.96 (Hg), 112.72
(C5), 102.13 (dJ = 174.4 Hz, >C<), 88.36 (C1"), 79.73 (C4"), 73(88"), 65.22 (C5"),

42.62 (C2°), 13.21 (5-Ci)

(9)-1-[2-Deoxy-3,50-(4-phenyl-phosphonobenzylidenep-p-threo-

pentofuranosyl]thymine (12I)

Compoundl2| was prepared from diethyl phosphonaté (172 mg, 31Qumol) using Method

D as colorless oil in a yield of 59 mg (31%). HRMBI-H)" for Cy3H,,OgN,P calcd.
485.11193m/zfound 485.11188; IR (KBr, C'rjr) 3059, 3030, 2954, 1689, 1563, 1516, 1486,
1446, 1438, 1403, 1384, 1312, 1275, 1197, 11365,10008, 841, 766, 731, 698, 618, 553,
416. Elem. anal.: calcd P 6.09% found P 5.11% (MW.89).£256 = 30672 L.mof.cm™*. *H
NMR (D2O) & 7.66 (m, 4x ArH), 7.59 (m, 2x ArH), 7.59 (4,= 1.2 Hz, H6), 7.48 (m, 2x
ArH), 7.40 (m, ArH), 6.15 (ddJ = 8.1 and 1.6 Hz, H1"), 5.35 (dd#l= 4.8, 2.7 and 1.1 Hz,

H3"), 5.03 (dddJ = 13.2, 2.7 and 1.1 Hz, H5a), 4.26 (br d& 13.2 and 1.7 Hz, H5'b), 4.23



(td,J=2.7, 2.7 and 1.7 Hz, H4"), 2.80 (ddds 15.4, 8.1 and 4.8 Hz, H2""), 2.40 (br dd;
15.4, 1.6 and <1 Hz, H2"), 0.89 (@,= 1.2 Hz, 5-CH); *C NMR (D,0) 5 168.99 (C4),
154.27 (C2), 143.01 (Ar-C), 142.88 (d,= 1.6 Hz, Ar-C), 142.65 (d) = 7.7 Hz, Ar-C),
141.40 (C6), 131.84 (2x Ar-CH), 130.43 (Ar-CH), 12D (2x Ar-CH), 129.62 (2x Ar-CH),
128.83 (2x Ar-CH), 112.74 (C5), 101.72 @ 177.8 Hz, >C<), 88.20 (C1"), 79.52 (C4"),

73.74 (C3'), 65.30 (C5), 42.61 (C2'), 13.26 (55LH

(9)-1-[2-Deoxy-3,50-(3-phenyl-phosphonobenzylidenep-D-threo-

pentofuranosyl]thymine (12m)

Compoundl2mwas prepared from diethyl phosphonalen (114 mg, 21Qmol) using
Method D as colorless oil in a yield of 73 mg (60HRMS (M-H) for C,3H»,08N,P calcd.
485.11193m/zfound 485.11198; IR (KBr, ct) 3060, 3029, 2955, 1689, 1572, 1478, 1451,
1413, 1313, 1277, 1201, 1136, 1075, 1002, 860, B84, 702, 554. Elem. anal.: calcd P
6.09% found P 5.39% (MW 574.4%ps3 = 21289 L.mof.cm*. *H NMR (D,0) 5 7.82 (m,
ArH), 7.63 (m, 2x ArH), 7.62 (m, ArH), 7.61 (4,= 1.2 Hz, H6), 7.58 (m, ArH), 7.49 (m, 2x
ArH), 7.45 (m, ArH), 7.39 (m, ArH), 6.09 (dd,= 7.9 and 1.4 Hz, H1"), 5.36 (ddb;= 4.7,

2.6 and 1.2 Hz, H3"), 5.03 (dd#i= 13.2, 2.5 and 1.2 Hz, H5"a), 4.30 (br di¢; 13.2 and 1.6
Hz, H5'b), 4.24 (ddd] = 2.6, 2.5 and 1.2 Hz, H4"), 2.79 (ddd; 15.3, 7.9 and 4.7 Hz,
H2""), 2.45 (br ddJ = 15.3, 1.4 and <1 Hz, H2"), 0.87 (b 1.2 Hz, 5-CH); °C NMR

(D;0) 5 168.95 (C4), 154.17 (C2), 143.80 {ck 7.7 Hz, Ar-C), 143.31 (Ar-C), 142.44 (Ar-
C), 141.42 (C6), 131.81 (2x Ar-CH), 131.13 (Ar-CHR0.36 (Ar-CH), 129.58 (2x Ar-CH),
129.38 (Ar-CH), 128.39 (Ar-CH), 127.46 (Ar-CH), 142 (C5), 101.44 (d] = 178.3 Hz,
>C<), 88.57 (C1"), 79.58 (C4"), 73.71 (C3), 65(@B"), 42.93 (C2"), 13.19 (5-CH
(9)-1-[2-Deoxy-3,50-(3-iodo-phosphonobenzylidenep-p-threo-pentofuranosyl]thymine
(12n)

Compoundl2n was prepared from diethyl phosphonata (88 mg, 15Qumol) using Method
D as colorless oil in a yield of 48 mg (54%). HRMB-H)" for C;7H170sNIP calcd.

534.97727m/zfound 534.97752; IR (KBr, cif) 3064, 2953, 1689, 1590, 1564, 1470, 1436,



1409, 1383, 1312, 1276, 1255, 1200, 1137, 1075,983, 894, 878, 781, 689, 648, 557, 522,
427, 421. Elem. anal.: calcd P 5.55% found P 5.2V 587.84).060 = 7200 L.mot".cmi™.

14 NMR (D,0) 5 7.87 (q,J = 1.9, 1.6 and 1.6 Hz, ArH), 7.71 (ddt= 7.9, 1.9, 1.0 and 1.0
Hz, ArH), 7.59 (q.J = 1.2 Hz, H6), 7.57 (dtdl = 7.9, 1.6, 1.6 and 1.0 Hz, ArH), 7.131t
7.9 Hz, ArH), 6.07 (ddJ = 7.7 and 1.3 Hz, H1'), 5.33 (dd#i= 4.6, 2.7 and 1.2 Hz, H3"),
4.99 (ddd,J = 13.3, 2.4 and 1.2 Hz, H5"a), 4.27 (ddd; 13.3, 1.5 and 0.5 Hz, H5'b), 4.22
(ddd,J = 2.7, 2.4 and 1.5 Hz, H4"), 2.76 (ddd 15.2, 7.7 and 4.6 Hz, H2""), 2.49 (br d&
15.2, 1.3 and <1 Hz, H2'), 1.05 (@= 1.2 Hz, 5-CH); C NMR (D,0) & 169.25 (C4),
154.19 (C2), 145.78 (d} = 7.9 Hz, Ar-C), 141.52 (C6), 139.72 (Ar-CH), 187.(Ar-CH),
132.33 (Ar-CH), 128.60 (Ar-CH), 112.33 (C5), 100(2BJ = 149.6 Hz, >C<), 95.95 (d,=
1.3 Hz, Ar-C), 88.83 (C1), 79.69 (C4’), 73.62 (5F5.39 (C5'), 42.93 (C2'), 13.54 (5-

CHy).

(9)-1-[2-Deoxy-3,50-(3-bromo-5-iodo-phosphonobenzylidenep-p-threo-

pentofuranosyl]thymine (120)

Compoundl2owas prepared from diethyl phosphonat® (84 mg, 125umol) using Method

D as colorless oil in a yield of 45 mg (50%). HRNN8-H)™ for C;7 His Ogs N2 | Br P calcd.
612.88778m/zfound 612.88750; IR (KBr, C'rJr) 3077, 2975, 2954, 1689, 1577, 1549, 1477,
1407, 1382, 1312, 1276, 1199, 1137, 1110, 10771,1980, 857, 832, 768, 725, 678, 556,
524. Elem. anal.: calcd P 4.86% found P 4.32% (MI8.73).£270 = 8734 L.mof.cm™. *H
NMR (D,0) & 7.92 (td,J = 1.6, 1.6 and 0.9 Hz, ArH), 7.85 (@)= 1.6 Hz, ArH), 7.69 (qJ =
1.6 Hz, ArH), 7.59 (gJ = 1.2 Hz, H6), 6.03 (ddl = 7.6 and 1.2 Hz, H1"), 5.32 (dddi= 4.4,
2.7 and 1.1 Hz, H3"), 4.98 (ddd#i= 13.3, 2.4 and 1.1 Hz, H5"a), 4.27 (br d&; 13.3 and 1.5
Hz, H5'b), 4.23 (ddd) = 2.7, 2.4 and 1.5 Hz, H4"), 2.73 (dddF= 15.3, 7.6 and 4.4 Hz,
H2"), 2.51 (br ddJ = 15.3, 1.2 and <1 Hz, H2"), 1.14 @z= 1.2 Hz, 5-CH); °C NMR
(D20) & 169.34 (C4), 154.15 (C2), 147.80 M= 8.0 Hz, Ar-C), 141.55 (C6), 141.45 (Ar-

CH), 137.04 (Ar-CH), 131.75 (Ar-CH), 124.42 (Ar-Q1)11.97 (C5), 100.39 (d,= 174.5 Hz,



>C<), 95.99 (Ar-C), 89.13 (C1"), 79.86 (C4’), 73.68B"), 65.42 (C5), 43.02 (C2), 13.64

(5-Ch).

(9)-1-[2-Deoxy-3,50-(4-iodo-phosphonobenzylidenep-p-threo-pentofuranosyl]uracil

(12p)

Compoundl2p was prepared from diethyl phosphonaig (40 mg, 69umol) using Method
D as colorless oil in a yield of 11 mg (31%). HRNI8-H)™ for CigH1s0sN2IP: calcdm/z
520.96162, obs. 520.96167; IR (KBr, thB065, 1690, 1583, 1522, 1481, 1467, 1389, 1389,
1310, 1257, 1177, 1131, 1078, 1006, 971, 932, 889, 628. Elem. anal.: calcd P 5.69%;
found P 4.96% (MW 624.013p, = 9103 L.mof.cm™ *H NMR (D,0) & 7.89 (d,J = 8.2 Hz,
H6), 7.70 (m, 2x ArH), 7.32 (m, 2x ArH), 6.10 (d#i= 7.8 and 1.3 Hz, H1"), 5.33 (dd#i=
4.6, 2.6 and 0.9 Hz, H3"), 5.01 (ddi= 13.1, 2.7 and 0.9 Hz, H5"a), 4.96 J& 8.2 Hz, H5),
4.21 (dddJ = 2.7, 2.6 and 2.0 Hz, H4"), 4.13 (br dds 13.1 and 2.0 Hz, H5'b), 2.72 (ddd,
= 15.3, 7.8 and 4.6 Hz, H2"), 2.48 (br dck 15.3, 1.3 and <1 Hz, H2°C NMR (D,0) 3
169.11 (C4), 154.34 (C2), 146.01 (C6), 144.66)(d; 7.5 Hz, Ar-C), 138.98 (2x Ar-CH),
131.31 (2x Ar-CH), 102.68 (C5), 102.09 (t= 171.9 Hz, >C<), 95.63 (d,= 2.0 Hz, Ar-C),

88.90 (C1"), 80.18 (C4'), 73.36 (C3"), 65.03 (C82.,43 (C2).

(9)-1-[2-Deoxy-3,50-(4-methoxycarbonyl-phosphonobenzylidenep-b-threo-

pentofuranosyl]uracil (12q)

Compoundl2q was prepared from diethyl phosphonaie (40 mg, 78umol) using Method

D as colorless oil in a yield of 17 mg (47%). HRNI8-H)™ for CigH180:10N2P: calcdm/z
453.07045, obs. 453.07020; IR (KBr, '&)‘r12955, 1725, 1698, 1609, 1580, 1523, 1475, 1436,
1412, 1311, 1283, 1260, 1179, 1123, 1080, 1019, 938, 769, 704'H NMR (D,0) 5 7.94

(m, 2x ArH), 7.90 (dJ = 8.1 Hz, H6), 7.68 (m, 2x ArH), 6.10 (d#l= 7.8 and 1.3 Hz, H1"),
5.39 (dddJ = 4.6, 2.8 and 0.9 Hz, H3"), 5.08 (ddd; 13.1, 2.6 and 0.9 Hz, H5"a), 4.82 {d,

= 8.1 Hz, H5), 4.20 (ddd] = 2.8, 2.6 and 1.8 Hz, H4"), 4.14 (br dd+ 13.1 and 1.8 Hz,

H5'b), 3.93 (s, COOCH), 2.73 (ddd,J = 15.3, 7.8 and 4.6 Hz, H2"), 2.48 (br dds 15.3,



1.3 and <1 Hz, H2")**C NMR (D;0) 5 172.35 (C=0), 169.31 (C4), 154.49 (C2), 151.0Q(d,
= 7.2 Hz, Ar-C), 146.10 (C6), 131.01 (2x Ar-CH),0184 (Ar-C), 129.55 (2x Ar-CH), 102.61
(d, J = 166.9 Hz, >C<), 102.54 (C5), 88.89 (C1°), 80(84"), 73.35 (C3’), 65.06 (C5),

55.28 (OCH), 42.52 (C2").
(9)-1-[2-Deoxy-3,50-(phosphonobenzylidene B-D-threo-pentofuranosyljuracil (12r)

Compound12r was prepared from diethyl phosphondter (200 mg, 440umol) using
Method D as colorless oil in a yield of 87 mg (50HRMS (M-H) for C;6H160sN2P: calcd
m/z395.06498, obs. 395.06480; IR (KBr, 3099, 3060, 3026, 1688, 1628, 1492, 1472,
1448, 1397, 1311, 1276, 1132, 1071, 1033, 968, B@8, 759, 701, 535. Elem. anal.: calcd P
7.41%; found P 6.91% (MW 447.23)64 = 8641 L.mof-.cmi* *H NMR (D20) & 7.85 (d,J =
8.2 Hz, H6), 7.55 (m, 2x ArH), 7.37 (m, 3x ArH),18.(dd,J = 7.9 and 1.4 Hz, H1"), 5.28
(ddd,J=4.7, 2.8 and 1.4 Hz, H3"), 4.93 (ddd; 13.2, 3.0 and 1.4 Hz, H5"a), 4.92 Jd&; 8.2
Hz, H5), 4.26 (ddd) = 3.0, 2.8 and 2.2 Hz, H4"), 4.18 (ddd; 13.2, 2.2 and 1.4 Hz, H5'b),
2.77 (ddd,J = 15.4, 7.9 and 4.7 Hz, H2""), 2.51 (br dd= 15.4, 1.4 and <1 Hz, H2'}°C
NMR (D;0) 5 169.12 (C4), 154.31 (C2), 145.84 (C6), 142.91J(d,8.2 Hz, Ar-C), 130.99
(Ar-CH), 130.31 (dJ = 1.2 Hz, 2x Ar-CH), 129.12 (d} = 1.8 Hz, 2x Ar-CH), 102.85 (C5),
101.53 (d,J = 166.2 Hz, >C<), 88.84 (C1"), 79.85 (C4"), 73(68"), 65.15 (dJ = 1.8 Hz,

C5), 42.29 (C2).

(9)-1-[2-Deoxy-3,50-(4-carboxy-phosphonobenzylidenep-p-threo-
pentofuranosyl]thymine (13)

A solution of methyl estet2f (13 mg, 30umol) in 0.05 M NaOH (5 mL) was set aside at rt
overnight (TLC IPAV). The pH value of the reactionxture was adjusted to 7.2 by a careful
addition of Dowex in H form. Filtration and evaporatidn vacuoyielded13 12 mg (65%).
HRMS (M-H) for CigH180:0N2P: calcdm/z 453.07045, found 453.06996; IR (KBr, '&Dn
1698, 1683, 1556, 1508, 1473, 1437, 1396, 13137,11936, 1081, 976, 939, 770, 698.

Elem. anal.: calcd P 6.23%; found P 4.63% (MW 689.%35 = 14720 L.mof.cm™ *H NMR



(D20) 8 7.77 (m, 2x ArH), 7.67 (q) = 1.2 Hz, H6), 7.63 (m, 2x ArH), 6.16 (d#i~ 8.2 and
1.6 Hz, H1"), 5.44 (ddd] = 4.8, 2.7 and 0.9 Hz, H3"), 5.15 (ddd= 13.0, 2.4 and 0.9 Hz,
H5"a), 4.16 (dddJ = 13.0, 1.5 and 0.6 Hz, H5'b), 4.14 (ddds 2.7, 2.4 and 1.5 Hz, H4"),
2.75 (dddJ =15.2, 8.2 and 4.8 Hz, H2""), 2.38 (ddd; 15.2, 1.6 and 0.9 Hz, H2"), 0.91 {d,
= 1.2 Hz, 5-CH)); **C NMR (D,0) 5 178.56 (C=0), 172.24 (C4), 156.55 (C2), 148.41(d,
6.8 Hz, Ar-C), 141.50 (C6), 137.63 (@ = 1.4 Hz, Ar-C), 130.64 (2x Ar-CH), 129.10 @z
1.3 Hz, 2x Ar-CH), 112.84 (C5), 103.02 @@= 166.2 Hz, >C<), 88.17 (C1"), 79.74 (C4"),

73.44 (C3'), 65.16 (C5), 42.86 (C27), 13.49 (55LH

(9)-1-[2-Deoxy-3,50-(4-carbamoyl-phosphonobenzylidenep-b-threo-
pentofuranosyl]thymine (14)

Compoundl2f (13 mg, 30umol) was heated with 33% aqueous ammonia (5 mlg) finick
wall tube to 100 °C for 24 h (TLC IPAV) yielded aldmixture of amidel4 and carboxylic
acid 13. The separation of both compounds was accomplibyeithe preparative HPLC on
the C18 column using a linear gradient of methanoD.1M TEAB. The product was
converted into the sodium salt on Dowex 50 i kam. Yield of 14 11 mg (67%). HRMS
(M-H)- for C18H2109N3P: calcd m/z 454.10099, found 454.10102; IR (Kijl):3418, 3193,
2818, 1676, 1616, 1567, 1477, 1435, 1411, 13863,1B499, 1275, 1224, 1198, 1137, 1116,
1087, 1075, 1018, 973, 827, 770, 686, 570. Eleml.:atalcd P 6.53%; found P 5.21% (MW
594.18).e243 = 14829 L.mot.cm* 'H NMR (D;0O) 3 7.76 (m, 2x ArH), 7.68 (m, 2x ArH),
7.61 (q,J = 1.2 Hz, 5-CH)), 6.11 (ddJ = 7.9 and 1.4 Hz, H1"), 5.35 (ddil= 4.6, 2.8 and 1.2
Hz, H3'), 5.04 (dddj = 13.3, 2.5 and 1.2 Hz, H5'a), 4.28 (br dd&; 13.3 and 1.6 Hz, H5'b),
4.23 (dddJ = 2.8, 2.5 and 1.6 Hz, H4"), 2.77 (ddds 15.4, 7.9 and 4.6 Hz, H2""), 2.48 (ddd,
J =154, 1.4 and 1.2 Hz, H2), 0.92 @= 1.2 Hz, 5-CH); *C NMR (D,0) & 175.67
(CONH,), 169.25 (C4), 154.24 (C2), 147.89 = 7.3 Hz, Ar-C), 141.45 (C6), 134.92 (Ar-
C), 129.55 (2x Ar-CH), 129.49 (2x Ar-CH), 112.395)C 101.55 (dJ = 174.7 Hz, >C<),

88.56 (C1), 79.60 (C4°), 73.74 (C3’), 65.43 (CB2,77 (C2°), 13.14 (5-Ci



(9)-1-[2-Deoxy-3,50-(4-carboxy-phosphonobenzylidenep-p-threo-

pentofuranosyl]uracil (15)

A solution of methyl estet2q (17 mg, 37umol) in 0.05 M NaOH (5 mL) was set aside at rt
overnight (TLC IPAV). The pH value of the reactionixture was adjusted to 7.2 by a careful
addition of Dowex in A form. Filtration and evaporatian vacuoyielded15 9 mg (56%).
HRMS (M-H) for Ci7H:1¢010NoP: calcdm/z 439.05480, found 439.05501; IR (KBr, ¢n
3428, 1698, 1552, 1471, 1394, 1312, 1278, 12600,11377, 970. Elem. anal.: calcd P 6.4%;
found P 5.1% (MW 607.41)40 = 15740 L.mof.cm®. NMR (D,0) & 7.92 (d,J = 8.1 Hz,
H6), 7.78 (m, 2x ArH), 7.61 (m, 2x ArH), 6.14 (d#l= 7.9 and 1.4 Hz, H1"), 5.38 (ddii=
4.7, 2.8 and 1.0 Hz, H3"), 5.04 (ddids 13.1, 2.8 and 1.0 Hz, H5a), 4.93 {& 8.1 Hz, H5),
4.21 (td,J=2.8, 2.8 and 1.9 Hz, H4"), 4.13 (br dds 13.1 and 1.9 Hz, H5"b), 2.75 (ddds
15.4, 7.9 and 4.7 Hz, H2""), 2.47 (bddz 15.4, 1.4 and <1 Hz, H2'J3C NMR (D,0) 5
178.59 (COOH), 169.11 (C4), 154.42 (C2), 147.63(d7.7 Hz, Ar-C), 146.11 (C6), 137.97
(Ar-C), 130.45 (2x Ar-CH), 129.10 (2x Ar-CH), 102.9C5), 102.50 (dJ = 170.9 Hz, >C<),

88.65 (C1), 80.12 (C4), 73.47 (C3'), 65.06 (CB2,36 (C2).

(9)-1-[2-Deoxy-3,50-(4-amino-phosphonobenzylidenep-b-threo-

pentofuranosyl]thymine (16)

Phosphonic acid2e (37 mg, 8lumol) was dissolved in #D (10 mL) and 10% Palladium on
activated Charcoal (15 mg) was added. Reactionstuaied in H atmosphere overnight (TLC
IPAV). Filtration through Celite and evaporationvacuoyielded16 17 mg (50%). HRMS
(M-H)" for C17H160gN3P: calcdm/z424.09152, found 424.09124; IR (KBr, ¢jr3430, 3367,
3229, 3066, 1690, 1585, 1515, 1475, 1410, 13830,18310, 1276, 1178, 1135, 1076, 975.
Elem. anal.: calcd P 6.92%; found P 6.04% (MW 52P.2¢; = 9029 L.mof.cm. *H NMR
(D20) 6 7.77 (9,J = 1.2 Hz, H5), 7.37 (m, 2x ArH), 6.75 (m, 2x ArH9,14 (ddJ = 8.1 and
1.5 Hz, H1"), 5.40 (ddd] = 4.8, 2.6 and 0.9 Hz, H3"), 5.08 (ddd= 13.4, 2.8 and 0.9 Hz,
H5"a), 4.14 (ddd) = 2.8, 2.6 and 1.5 Hz, H4"), 4.13 (br ddk 13.4 and 1.5 Hz, H5'b), 2.74

(ddd,J = 15.3, 8.1 and 4.8 Hz, H2""), 2.38 (bdds 15.3, 1.5 and <1 Hz, H2"), 1.10 @z



1.2 Hz, 5-CH); **C NMR (D;0) 3 169.46 (C4), 154.41 (C2), 147.84 (Ar-C), 142.08)C
136.40 (dJ = 7.0 Hz, Ar-C), 130.22 (d] = 1.3 Hz, 2x Ar-CH), 118.11 (2x Ar-CH), 112.77
(C5), 102.86 (dJ = 171.7 Hz, >C<), 88.19 (C1"), 79.94 (C4"), 73(EB"), 64.98 (C5),

42.72 (C2°), 13.27 (5-Ci)

(9)-1-[2-Deoxy-3,50-(4-amino-diethylphosphonobenzylidenep-p-threo-

pentofuranosyl]thymine (17)

The diethyl aminobenzylidenephosphonate derivat/é was prepared by catalytic
hydrogenation of nitro derivativéle (2.57 g, 5 mmol) with palladium on activated cluaic
(310 mg) in EtOH (60 mL). Reaction was stirred ¥ohours at rt. The purification of crude
product by silica gel chromatography (elution wihlinear gradient of EtOH in CHg}I
afforded a quantitative yield of7 (2.4 g). HRMS (M+Na) for C;H2g0sNsNaP calcd.
504.15062m/zfound 504.15048; IR (KBr, cif) 3446, 3364, 3230, 3180, 3066, 3042, 2982,
2930, 1688, 1658, 1630, 1613, 1580, 1517, 1470514807, 1391, 1369, 1314, 1298, 1271,
1234, 1194, 1179, 1163, 1133, 1117, 1097, 10825,10852, 1035, 971, 946, 840, 811, 746.
'H NMR (kDMSO0) & 7.42 (q,J = 1.2 Hz, H5), 7.15 (m, 2x ArH), 6.50 (m, 2x ArtH,12
(dd,J = 8.5 and 2.1 Hz, H1"), 5.20 (br s, NH5.11 (ddd,J = 5.2, 2.8 and 2.0 Hz, H3"), 4.78
(ddd,J = 12.9, 2.8 and 2.0 Hz, H5'a), 4.13 (dd; 12.9 and 1.8 Hz, H5"b), 4.07 (ttl= 2.8,
2.8 and 1.8 Hz, H4"), 3.98 — 3.86 (m, 2x P-OL12.77 (dddJ = 15.3, 8.5 and 5.2 Hz, H2""),
2.08 (bddJ = 15.3, 2.1 and <1 Hz, H2"), 1.16 Jt= 7.0 Hz, CH), 1.15 (t,J = 7.0 Hz, CH),
1.04 (d,J = 1.2 Hz, 5-CH)); *C NMR (&sDMSO0) 5 163.80 (C4), 150.55 (C2), 149.27 (&=
1.3 Hz, Ar-C), 136.83 (C6), 127.33 (2x Ar-CH), 124.(d,J = 12.3 Hz, Ar-C), 112.67 (2x
Ar-CH), 108.84 (C5), 97.38 (dl = 192.7 Hz, >C<), 83.68 (C1), 74.83 (C4"), 71(8®"),
63.76 (d,J = 7.0 Hz, P-O-Ch), 62.70 (d,J = 7.0 Hz, P-O-Ch), 62.51 (C5’), 40.00 (C2"),

16.44 (dJ = 5.3 Hz, CH), 16.43 (dJ = 5.3 Hz, CH), 11.31 (5-CH)).

(9)-1-[2-Deoxy-3,50-(4-formamido-diethylphosphonobenzylidene B-b-threo-

pentofuranosyljthymine (18)



The compoundl8 was prepared froml7 (135 mg, 0.28 mmol) treating with ammonium
formate (35 mg ,0.56 mmol) in GBN (1 mL) overnight heated to 90°C in pressure gjlas
tube under anhydrous conditions in a quantitatiiedyof 144 mg. HRMS (M-H) for
CooH2000N3P caled. 510.163581/zfound 510.16371; IR (KBr, cif) 3263, 3193, 3063, 2982,
2929, 1690, 1611, 1523, 1471, 1408, 1369, 13130,1BD71, 1243, 1183, 1163, 1133, 1083,
1040, 1031, 972, 949, 826, 766, 628, 557, 4HINMR (dDMSO), mixture of two isomers
around —NH-CH=0, ratio 76 : 24, some signals angoterld 10.26 and 10.22 (2x bd,= 1.9
and 11.0 Hz, NH), 8.27 and 8.80 (2xJds 1.9 and 11.0 Hz, -CH=0), 7.57 (m, 2x ArH), 7.45
(m, 2x ArH), 7.32 (g, = 1.2 Hz, H5), 6.10 (dd] = 8.4 and 2.0 Hz, H1"), 5.17 (dd#l= 5.1,
3.0 and 2.1 Hz, H3"), 4.85 (dddl= 13.0, 2.6 and 2.1 Hz, H5"a), 4.22 (br dd&, 13.0, 1.6 and
<1 Hz, H5'b), 4.10 (ddd] = 3.0, 2.6 and 1.6 Hz, H4"), 4.03 - 3.93 (m, 20fEH,), 2.79
(ddd,J = 15.3, 8.4 and 5.1 Hz, H2""), 2.13 (bdds 15.3, 2.0 and <1 Hz, H2"), 1.18 Jt=
7.0, CHy), 1.15 (t,J = 7.0, CHy), 0.90 (d,J = 1.2 Hz, 5-CH); **C NMR (&sDMSO0) 5 163.74
(C4), 159.90 and 162.65 (-CH=0), 150.50 (C2), 13&iid 138.95 (2x d} = 1.8 and 1.6 Hz,
Ar-C), 136.51 (C6), 133.27 and 133.45 (2xJd; 8.3 Hz, Ar-C), 127.22 and 127.75 (2x Ar-
CH), 118.23 and 116.46 (2x Ar-CH), 108.57 (C5),926(d,J = 191.0 Hz, >C<), 83.86 (C1"),
74.71 and 74.68 (C4"), 71.88 (C3"), 63.02)d, 6.9 Hz, P-O-Ch), 62.92 (dJ = 7.0 Hz, P-
O-CH,), 62.84 (C5"), 39.92 (C2"), 16.42 (@ = 5.2 Hz, CH), 16.40 (d,J = 5.1 Hz, CH),

11.20 (5-CH).

(9)-1-[2-Deoxy-3,50-(4-isocyano-diethylphosphonobenzylidend)-bp-threo-

pentofuranosyl]thymine (19)

The isocyano derivativé9 was prepared by dehydration 8 (140 mg, 0.275 mmol). The
reaction was performed in GEN/EtN (6 mL, 1:1) by POGI (63 mg, 0.41 mmol). The
reaction mixture was extracted in CH(EI,O and the crude product was purified by silica gel
chromatography (elution with a linear gradient o®H in CHCE) yielding 96 mg (71%) of
19. HRMS (M+NaJ for CyHo60sNsNaP calcd. 514.1349/z found 514.13514; IR (KBr,

cm') 3175, 3056, 2981, 2928, 2856, 2124, 1686, 1582211471, 1399, 1369, 1315, 1272,



1249, 1194, 1168, 1133, 1083, 1043, 973, 792, 685, 641, 628, 417H NMR (dsDMSO)

0 7.62 (m, 2x ArH), 7.59 (m, 2x ArH), 7.22 (= 1.2 Hz, H6), 6.07 (dd] = 8.3 and 1.9 Hz,
H1"), 5.19 (dddJ = 5.0, 2.5 and 2.0 Hz, H3"), 4.88 (ddd; 12.8, 2.6 and 2.0 Hz, H5a), 4.29
(br dd,J = 12.8, 1.5 and <1 Hz, H5'b), 4.13 (ddds 2.6, 2.5 and 1.5 Hz, H4"), 4.07 - 3.96
(m, 2x P-O-CH)), 2.80 (dddJ = 15.2, 8.3 and 5.0 Hz, H2""), 2.17 (bdd; 15.2, 1.9 and <1
Hz, H2), 1.18 (tJ = 7.1, CH), 1.15 (t,J = 7.1, CH), 0.88 (d,J = 1.2 Hz, 5-CH)); *C NMR
(dsDMSO) 6 164.92 (-NC), 163.69 (C4), 150.44 (C2), 140.02)(, 8.4 Hz, Ar-C), 136.20
(C6), 128.12 (dJ = 1.3 Hz, 2x Ar-CH), 126.06 (Ar-C), 125.85 (2x &), 108.29 (C5),
96.52 (d,J = 189.8 Hz, >C<), 84.02 (C1"), 74.58 (C4"), 72(€8"), 63.27 (dJ = 6.9 Hz, P-
O-CH,), 63.18 (dJ = 6.9 Hz, P-O-CH), 63.16 (C5"), 39.70 (C2"), 16.37 5 5.0 Hz, CH),

16.34 (dJ = 5.1 Hz, CH), 11.14 (5-CHj).

(9)-1-[2-Deoxy-3,50-(4-formamido-phosphonobenzylidenep-D-threo-

pentofuranosyl]thymine (20)

Compound20 was prepared from diethyl phosphona8(100 mg, 0.2 mmol) using Method
D as colorless oil in a yield of 65 mg (65%). HRM®-H)" for C;gH,00sN3sNaP calcd.
476.08294m/zfound 476.08302; IR (KBr, ci) 3077, 2955, 2229, 1691, 1477, 1437, 1405,
1383, 1313, 1275, 1199, 1180, 1137, 1075, 1020, 83Q, 769, 432. Elem. anal.: calcd P
6.52% found P 6.20% (MW 499.85)s; = 23022 L.mof.cm™. *H NMR (D,0) mixture of
isomers around —NH-CH=0, ratio 64 : 36, many sig@aé doubled 8.66 and 8.25 (2x s, N-
CH=0), 7.64 and 7.63 (2x d,= 1.2 Hz, H6), 7.56 (m, 2x ArH), 7.44 and 7.16 {&x 2x
ArH), 6.12 and 6.11 (2x dd,= 8.0 and 1.4 Hz, H1"), 5.32 (m, H3"), 5.01 arab52x dddJ
=13.2, 2.6 and 1.1 Hz, H5 a), 4.25 and 4.24 (2ddyd = 13.2 and 1.5 Hz, H5'b), 4.21 (m,
H4"), 2.78 and 2.77 (2x ddd,= 15.4, 8.0 and 4.8 Hz, H2""), 2.46 and 2.45 (@d,0 = 15.4,
1.4 and <1 Hz, H2"), 1.02 (d,= 1.2 Hz, 5-CH); *C NMR (D:0) & 169.24 (C4), 165.14 and
168.10 (-N-CH=0), 154.27 and 154.25 (C2), 141.48 &41.53 (C6), 140.54 and 140.71 (2x
d,J = 7.6 Hz, Ar-C), 138.55 and 139.00 (2xJds 1.9 and 1.6 Hz, Ar-C), 129.94 and 130.46

(2x d,J = 1.7 Hz, 2x Ar-CH), 123.06 and 120.82 (2xJds 1.1 Hz, 2x Ar-CH), 112.58 and



112.46 (C5), 101.49 and 101.44 (2xJds 178.0 Hz, >C<), 88.43 and 88.52 (C1°), 79.54 and
79.59 (C4), 73.67 and 73.63 (C3’), 65.31 (C5')pA2nd 42.72 (C2’), 13.29 and 13.24 (5-

CHy).

(9)-1-[2-Deoxy-3,50-(4-isocyano-phosphonobenzylandidend}-D-threo-

pentofuranosyl]thymine (21)

Compound21 was prepared from diethyl phosphon&®(84 mg, 0.17 mmol) using Method
D as colorless oil in a yield of 8 mg (9%). HRMS-f)" for C;gH;703N3P calcd. 434.07587
m/zfound 434.07593; IR (KBr, cif) 3071, 2123, 1691, 1612, 1501, 1478, 1438, 132361
1259, 1198, 1136, 1076, 1019, 973, 949, 771. Elmal.: calcd P 6.77% found P 5.97%
(MW 518.59).€265 = 8941 L.mof.cmi®. *H NMR (D:0) 5 7.64 (m, 2x ArH), 7.61 (q] = 1.2
Hz, H6), 7.44 (m, 2x ArH), 6.10 (dd,= 7.9 and 1.4 Hz, H1"), 5.35 (ddb= 4.7, 2.7 and 1.1
Hz, H3"), 5.02 (ddd) = 13.3, 2.6 and 1.1 Hz, H5"a), 4.25 (br dd&; 13.3 and 1.6 Hz, H5'b),
4.23 (dddJ =2.7, 2.6 and 1.6 Hz, H4"), 2.77 (ddd; 15.2, 7.9 and 4.7 Hz, H2""), 2.46 (bdd,
J =153, 1.4 and <1 Hz, H2"), 1.04 ®z= 1.2 Hz, 5-CH); **C NMR (D,0) & 169.20 (C4),
162.49 (-NC), 154.24 (C2), 145.52 @= 7.5 Hz, Ar-C), 141.41 (C6), 130.32 (2x Ar-CH),
128.51 (2x Ar-CH), 128.10 (Ar-C), 112.36 (C5), 1®81.(d,J = 174.4 Hz, >C<), 88.50 (C1"),

79.59 (C4'), 73.76 (C3), 65.43 (C5), 42.65 (C23,30 (5-CH).

(9)-1-[2-Deoxy-3,50-(4-formyl-phosphonobenzylidene)g-D-threo-

pentofuranosyl]thymine (22)

Phosphonic acid2k (10 mg, 23umol) was dissolved in #D (0.5 mL) and Nal®(10 mg, 46
umol) and Os@ (31 L of 2.5% wt solution irt-BuOH, 2.3umol) was added and the reaction
mixture was stirred for 1 h. Progress of reacti@swonitored by LCMS. When finished, the
reaction was diluted by 0.1M TEAB and purified Hyetpreparative HPLC on the C18
column using a linear gradient of methanol in 0.IKAB. The produc22 (7 mg, 67%) was
converted into the sodium salt on Dowex 50 in” k&am. HRMS (M-H) for CigH1509N,P:

calcdm/z437.07554, found 437.07544; IR (KBr, ¢)r3432, 3165, 2817, 1701, 1695, 1605,



1576, 1476, 1402, 1303, 1277, 1200, 1134, 1079, 8F3. Elem. anal.: calcd P 6.73%; found
P 5.71% (MW 516.34%2; = 19504 L.mot.cmi*. '"H NMR (D,0) § 9.92 (s, CH=0), 7.87 (m,
2x ArH), 7.79 (m, 2x ArH), 7.67 (gl = 1.2 Hz, H6), 6.12 (dd] = 8.0 and 1.5 Hz, H1"), 5.45
(ddd,J = 4.8, 2.2 and 0.8 Hz, H3"), 5.14 (ddds 13.1, 2.4 and 0.8 Hz, H5'a), 4.22 (br dd,
13.1 and 1.5 Hz, H5'b), 4.18 (ddi= 2.4, 2.2 and 1.5 Hz, H4"), 2.76 (ddd; 15.2, 8.0 and
4.8 Hz, H2"), 2.45 (bdd) = 15.2, 1.5 and <1 Hz, H2"), 0.91 @= 1.2 Hz, 5-CH); **C
NMR (D;O) & 199.26 (CH=0), 169.25 (C4), 154.30 (C2), 152.47)& 6.7 Hz, Ar-C),
141.64 (C6), 137.48 (Ar-C), 132.04 (2x Ar-CH), 1BD(2x Ar-CH), 112.38 (C5), 102.76 (d,
J=168.2 Hz, >C<), 88.42 (C1"), 79.93 (C4"), 73(63"), 65.34 (C5°), 42.73 (C2"), 13.19 (5-

CH).

(9)-1-[2-Deoxy-3,50-(4-methylsulfinyl-phosphonobenzylideneB-b-threo-

pentofuranosyl]thymine (23)

Phosphonic acid2g (5 mg, 11umol) was dissolved in 0 (1 mL), NalQ (7 mg, 33umol)
was added, and the reaction mixture was stirred2fdr. Progress of the reaction was
monitored by LCMS. When finished, the reaction w#sted by 0.1M TEAB and purified by
the preparative HPLC on the C18 column using alimgadient of methanol in 0.1M TEAB.
The produc®3, 5 mg (96%), was converted into the sodium salDowex 50 in N& form.
HRMS (M-H) for CigH2009N2PS: calcdm/z 471.06326, found 471.06298; IR (KBr, '&)n
3430, 1691, 1659 ,1474, 1438, 1354, 1313, 13006,12734, 1085, 1047, 989, 975, 542.
Elem. anal.: calcd P 6.27%; found P 4.92% (MW 629 .6&¢s = 8913 L.mof.cm*. *H NMR
(D,0) 6 7.80 (m, 2x ArH), 7.70 (q) = 1.2 Hz, H6), 7.66 (m, 2x ArH), 6.13 (d#i= 8.0 and
1.4 Hz, H1"), 5.45 (ddd] = 4.6, 2.6 and 0.8 Hz, H3"), 5.15 (ddd7 13.3, 2.6 and 0.8 Hz,
H5"a), 4.22 (br dd) = 13.3 and 1.5 Hz, H5'b), 4.18 (tt= 2.6, 2.6 and 1.5 Hz, H4"), 2.89 (s,
CHsz-SO-), 2.76 (dddJ = 15.3, 8.0 and 4.6 Hz, H2""), 2.44 (bdds 15.3, 1.4 and <1 Hz,
H2'); *C NMR (D,O) some signals are doubled due to a chiraj-SE0)- groupd 169.24
(C4), 154.32 (C2), 149.53 and 149.46 (2dd; 7.0 Hz, Ar-C), 143.71 and 143.63 (2xJdk

1.7 Hz, Ar-C), 141.75 (C6), 130.60 (2x Ar-CH), 128.(d,J = 9.2 Hz, 2x Ar-CH), 112.30



and 112.29 (C5), 102.54 (d,= 166.2 Hz, >C<), 88.36 and 88.35 (C1'), 79.54 CA3.51

(C3"), 65.33 (C5), 44.02 (GFB0-), 42.77 (C2°), 17.31 and 17.29 (5-FH

(9)-1-[2-Deoxy-3,50-(phosphonobenzylidene B-p-threo-pentofuranosyl]-5-chloro-uracil

(24)

A solution of phosphonic acitr (20 mg; 50umol) dried by co-evaporation with pyridine, in
dry pyridine (1.5 mL) was treated witirchlorosuccinimide (9 mg, 6@mol) at 90 °C. After
30 min there was still starting material (TLC IPAWWnother portion oN-chlorosuccinimide
(9 mg, 65umol) was added. After next 30 min the reaction wifsted by 0.1M TEAB and
purified by the preparative HPLC on the C18 colunsing a linear gradient of methanol in
0.1M TEAB. The produc4 (14 mg; 64%) was converted into the sodium salbowex 50
in Na” form. HRMS (M-H) for C;¢H150sN>CIP: calcdm/z429.02600, found 429.02591; IR
(KBr, Cm'l) 3064, 1695, 1644, 1622, 1562, 1537, 1491, 1448911309, 1296, 1272, 1194,
1143, 1080, 1060, 1035, 977, 945, 781, 758, 70&nEhnal.: calcd P 6.84%:; found P 5.63%
(MW 549.17).€279 = 7684 L.mof.cmi*. *H NMR (D,0) 5 8.09 (s, H6), 7.56 (m, 2x ArH),
7.30 (m, 3x ArH), 6.10 (dd] = 7.8 and 1.4 Hz, H1"), 5.44 (ddb= 4.7, 2.7 and 0.9 Hz, H3"),
5.07 (ddd,J = 13.1, 2.7 and 0.9 Hz, H5"a), 4.14 (br dd&; 13.1 and 1.8 Hz, H5'b), 4.20 (i1,
=2.7,2.7 and 1.8 Hz, H4"), 2.75 (dddz 15.3, 7.8 and 4.7 Hz, H2""), 2.49 (bdds 15.3,
1.4 and <1 Hz, H2')**C NMR (D,0) 5 167.00 (C4), 155.09 (C2), 144.58 (& 7.1 Hz, Ar-
C), 142.41 (C6), 130.23 (2x Ar-CH), 130.19 (Ar-CHR9.06 (d,J = 1.3 Hz, 2x Ar-CH),
110.86 (C5), 102.90 (d,= 169.6 Hz, >C<), 89.14 (C1"), 80.40 (C4"), 73(33"), 65.21 (d,)

= 11.5 Hz, C5’), 42.55 (C2).

(9)-1-[2-Deoxy-3,50-(4-azido-phosphonobenzylidenep-b-threo-

pentofuranosyl]thymine (26)

A mixture of diethyl iodobenzylidenephosphonatad (50 mg, 85umol), CuSQ-5H,0 (2.2
mg, 8.5umol), NaN; (11 mg, 17Qumol), Na&CGO; (2 mg, 17umol), ascorbic acid (3 mg, 17

pmol), andL-proline (2 mg, 1umol) in ag. 90% DMSO (0.5 mL) was heated to 60 6C%4



h. Since, according to the LCMS still some startimagerial was presented, another portion of
NaN; (11 mg, 17Qumol), N&COs (2 mg, 17umol), and ascorbic acid (3 mg, prol) was
added and the heating was continued for furtheh2¥hen finish, reaction mixture was
evaporatedn vacuq the residue dissolved in 0.1M TEAB and purified the preparative
HPLC on the C18 column using a linear gradient efiranol in 0.1M TEAB. The monoethyl
azido phosphonate25 (29 mg; 64%) was converted directly, without aiddial
characterization, by Method D to the correspondian@sphonic acid26 (11 mg; 41%).
HRMS (M-H) for C;7H170gNsP: calcdm/z 450.08202, found 450.08192; IR (KBr, '&)n
3434, 2125, 2089, 1690, 1606, 1503, 1473, 14112,18857, 1310, 1282, 1133, 1080, 977.
Elem. anal.: calcd P 5.39% found P 5.17% (MW 4932} = 18347 L.mof.cm™*. 'H NMR
(D20) 8 7.73 (q,J = 1.2 Hz, H5), 7.57 (m, 2x ArH), 7.02 (m, 2x Art§,13 (dd,J = 8.1 and
1.5 Hz, H1"), 5.43 (ddd] = 4.8, 2.7 and 0.9 Hz, H3"), 5.12 (ddd7 13.3, 2.8 and 0.9 Hz,
H5"a), 4.16 (br ddJ = 13.3 and 1.5 Hz, H5'b), 4.16 (ddbi= 2.8, 2.7 and 1.5 Hz, H4"), 2.74
(ddd,J = 15.3, 8.1 and 4.8 Hz, H2"), 2.41 (bdds 15.3, 1.5 and <1 Hz, H2), 1.05 (=
1.2 Hz, 5-CH); *C NMR (D:;0) & 169.44 (C4), 154.42 (C2), 142.16 (b= 6.8 Hz, Ar-C),
141.87 (C6), 141.40 (Ar-C), 130.75 (2x Ar-CH), 188 (2x Ar-CH), 112.55 (C5), 102.76 (d,
J=168.2 Hz, >C<), 88.30 (C1"), 79.96 (C4"), 73(88"), 65.13 (C5’), 42.74 (C2'), 13.32 (5-

CHs).

(9)-1-[2-Deoxy-3,50-(4-diethylphosphono-diethylphosphonobenzylidenef}-p-threo-

pentofuranosyljthymine (27)

Diethyl iodobenzylidenephosphonatéd (50 mg, 85umol) was dissolved in THF (0.4 mL)
and Pd(dppf)Gl(2 mg, 2.1umol), OP(Et) (17 uL, 128 umol), KOAc (1 mg, 8.5umol), EgN
(18 uL, 128 umol) were added. The mixture was heated to 70 t{Q4oh and progress of
reaction was monitored by LCMS. After this, theraswstill presented unreacted starting
material. Another portion of Pd(dppf)2 mg, 2.1umol), OP(Et) (17 uL, 128 umol), EEN

(18 pL, 128 umol) was added and the heating was continued foindu 24 h. When finish,



reaction was evaporatemh vacuo and dissolved in 0.1M TEAB and purified by the
preparative HPLC on the C18 column using a lineadignt of methanol in 0.1M TEAB. The
tetraethyl diphosphona was obtained as colourless oil in a yield of 26 (8tf0). HRMS
(M-H)* for CpsHs7011N2P»: caledm/z603.18671, found 603.18681; IR (CHCEni") 2931,
2870, 2856, 1685, 1471, 1434, 1369, 1349, 13149,1PP43, 1164, 1131, 1097, 1042, 1029,
972."H NMR (dsDMS0) 5 11.20 (br s, NH), 7.73 (m, 2x ArH), 7.68 (m, 2xHr 7.25 (q,J =
1.2 Hz, H6), 6.10 (dd] = 8.4 and 2.0 Hz, H1"), 5.19 (ddd= 5.1, 2.5 and 2.1 Hz, H3"), 4.90
(ddd,J = 13.0, 2.6 and 2.1 Hz, H5a), 4.29 (br did;, 13.0, 1.5 and <1 Hz, H5'b), 4.13 (ddd,
= 2.6, 2.5 and 2.1 Hz, H4"), 4.07 - 3.97 (m, 4x #&K), 2.81 (ddd,J = 15.3, 8.4 and 5.1 Hz,
H2"), 2.16 (bdd,) = 15.3, 2.0 and <1 Hz, H2"), 1.24 Jt= 7.0, CH), 1.23 (t,J = 7.0, CH),
1.17 (tJ = 7.0, CH), 1.15 (tJ = 7.0, CH), 0.82 (d,J = 1.2 Hz, 5-CH); **C NMR (d:DMSO)

0 163.67 (C4), 150.47 (C2), 142.48 (dds 8.4 and 3.1 Hz, Ar-C), 136.46 (C6), 130.80d,
= 10.1 Hz, 2x Ar-CH), 129.12 (d, = 186.4 Hz, Ar-C), 126.88 (d, = 14.9 Hz, 2x Ar-CH),
108.44 (C5), 96.75 (dl = 189.0 Hz, >C<), 83.84 (C1"), 74.51 (C4"), 72(€8"), 63.23 (d)

= 6.9 Hz, P-O-Ch), 63.15 (dJ = 7.1 Hz, P-O-CH), 63.11 (C5"), 61.90 (dl = 5.5 Hz, P-O-
CH,), 61.89 (dJ = 5.5 Hz, P-O-Ch), 39.93 (C2"), 16.35 (dl = 5.6 Hz, 4x CH), 11.11 (5-

CHs).

(9)-1-[2-Deoxy-3,50-(4-phosphono-phosphonobenzylidend)-p-threo-

pentofuranosyl]thymine (28)

Compound28 was prepared from tetraethyl diphosphon2i (16 mg, 28umol) using
Method D as colorless oil in a yield of 6 mg (49HRMS (M-H) for C;7H14011N2P2: calcd
m/z489.04696, obs. 489.04721; IR (KBr, ¢B433, 3246, 1692, 1481, 1384, 1357, 1313,
1278, 1129, 1078, 973. Elem. anal.: calcd P 11&%d P 8.95% (MW 692.14y,70= 10314
L.molt.cm®. *H NMR (D,0) 8 7.72 (9,J = 1.2 Hz, H5), 7.63 (m, 2x ArH), 7.59 (m, 2x ArH),
6.16 (dd,J = 8.1 and 1.6 Hz, H1"), 5.43 (dd#i= 4.8, 2.6 and 0.9 Hz, H3"), 5.12 (ddd=
13.1, 2.5 and 0.9 Hz, H5"a), 4.19 (br dd; 13.1 and 1.6, H5'b), 4.16 (ddiz= 2.6, 2.5 and

1.6 Hz, H4"), 2.76 (ddd] = 15.3, 8.1 and 4.8 Hz, H2""), 2.42 (bdds 15.3, 1.6 and <1 Hz,



H27), 0.99 (dJ = 1.2 Hz, 5-CH); *C NMR (D,0) 5 169.39 (C4), 154.38 (C2), 145.80 (dd,
= 6.9 and 2.8 Hz, Ar-C), 141.76 (C6), 139.82Jd; 173.2 Hz, Ar-C), 132.05 (d,= 9.6 Hz,
2x Ar-CH), 128.66 (dJ = 13.0 Hz, 2x Ar-CH), 112.92 (C5), 102.68 {d= 169.2 Hz, >C<),

88.13 (C1), 79.78 (C4"), 73.50 (C3’), 65.24 (CB,64 (C2"), 13.41 (5-CHi

(9)-1-[2-Deoxy-3,50-(4-borono-diethylphosphonobenzylidenep-D-threo-

pentofuranosyl]thymine (29)

Diethyl iodobenzylidenephosphonatéd (100 mg, 17Qumol) was dissolved in dioxane (1
mL) and Pg(dba} (1.2 mg, 1.7umol), XPhos (3.2 mg, 6.@mol), bis(pinacolato)diboron
(128 mg, 510umol), and KOAc (50 mg, 51imol) were added. The reaction mixture was
heated to 110 °C for 8 h. Progress of reaction masitored by LCMS. When finish, the
reaction mixture was concentrated vacuoand the crude compound was purified by the
preparative HPLC on the C18 column using a lineadignt of methanol in 0.1M TEAB. The
borono diphosphonat29 was obtained as colourless oil in a yield of 42 @#%8%). HRMS
(M-H)* for CyH27010N-BP: calcdm/z509.15019, found 509.15027; IR (CHCtm*) 3397,
2932, 2826, 1684, 1473, 1473, 1385, 1372, 13691,12739, 1192, 1163, 1083, 1000, 652,
572."H NMR (dDMSO) 3 11.20 (br s, NH), 7.77 (m, 2x ArH), 7.48 (m, 2xHdr 7.30 (g,J

= 1.2 Hz, H6), 6.11 (dd] = 8.5 and 2.0 Hz, H1"), 5.19 (dd#i= 5.1, 2.7 and 2.1 Hz, H3"),
4.87 (dddJ = 13.0, 2.6 and 2.1 Hz, H5"a), 4.22 (br dd&; 13.0, 1.7 and <1 Hz, H5'b), 4.11
(ddd,J =2.7, 2.6 and 1.7 Hz, H4"), 4.02 - 3.90 (m, 20#H,), 2.80 (dddJ = 15.2, 8.5 and
5.1 Hz, H2"), 2.15 (bdd] = 15.2, 2.0 and <1 Hz, H2"), 1.17 Jt= 7.0 Hz, CH), 1.14 (tJ =
7.0 Hz, CH), 0.81 (d,J = 1.2 Hz, 5-CH)); *C NMR (:DMSO0) 5 163.74 (C4), 150.50 (C2),
139.76 (dJ = 8.4 Hz, Ar-C), 136.46 (C6), 135.00 (Ar-C), 133.2x Ar-CH), 125.48 (2x Ar-
CH), 108.68 (C5), 97.18 (d,= 167.3 Hz, >C<), 83.81 (C1"), 74.72 (C4"), 71(@3"), 63.04
(d,J=6.8 Hz, P-O-Ch), 62.92 (dJ = 7.1 Hz, P-O-Ch), 62.92 (C5"), 39.70 (C2"), 16.40 (d,

J=4.8 Hz, CH), 16.38 (dJ = 5.1 Hz, CH), 11.11 (5-CH).



(9)-1-[2-Deoxy-3,50-(4-borono-phosphonobenzylidenep-p-threo-

pentofuranosyl]thymine (30)

Compound30 was prepared from tetraethyl diphosphon2®& (22 mg, 43umol) using
Method D as colorless oil in a yield of 9 mg (49HWRMS (M-H) for C;7H190:0N2BP: calcd
m/z453.08758, obs. 453.08776; IR (KBr, ¢mB434, 3183, 3070, 1691, 1610, 1516, 1475,
1437, 1402, 1314, 1277, 1196, 1134, 1080, 977, 83%, 428. Elem. anal.: calcd P 6.22%
found P 5.67% (MW 546.373,70 = 8122 L.mof.cm™. *H NMR (D;0) 5 7.72 (q,J = 1.2 Hz,
H6), 7.64 (m, 2x ArH), 7.60 (m, 2x ArH), 6.14 (d#i= 8.1 and 1.5 Hz, H1"), 5.44 (ddii=
4.8, 2.6 and 0.7 Hz, H3"), 5.13 (ddds 13.4, 2.7 and 0.7 Hz, H5a), 4.17 (br dd;, 13.4, 1.6
and <1 Hz, H5'b), 4.16 (ddd,= 2.7, 2.6 and 1.6 Hz, H4"), 2.76 (ddds 15.2, 8.1 and 4.8
Hz, H2""), 2.42 (bdd) = 15.2, 1.5 and <1 Hz, H2"), 0.92 = 1.2 Hz, 5-CH); *C NMR
(D;0) 5 169.40 (C4), 154.41 (C2), 147.46 (Ar-C), 141.86)C135.29 (2x Ar-CH), 134.37
(Ar-C), 128.73 (2x Ar-CH), 112.72 (C5), 103.00 (07 167.3 Hz, >C<), 88.25 (C1"), 79.98

(C4), 73.35 (C3), 65.15 (C5), 42.72 (C2"), 13(RECH,).

(9)-1-[2-Deoxy-3,50-(4-iodoxy-phosphonobenzylidenep-b-threo-

pentofuranosyl]thymine (31)

lodobenzylidenephosphonic aci@d (10 mg, 18umol) was dissolved in ¥ (0.5 mL) and
MCPBA (18 mg, 72umol) was added. Then GBN was added dropwise under stirring until
clear solution was obtained. Reaction mixture wases at rt overnight. When finish (TLC
IPAV), reaction mixture was evaporatedvacuoand crude compound was purified by the
preparative HPLC on the C18 column using a lineadignt of methanol in 0.1M TEAB. The
iodoxy diphosphonat81 was obtained as colourless oil in a yield of 6 (). HRMS (M-
H)* for Ci7H17010N2IP: calcdm/z566.96710, found 566.96687; IR (KBr, ¢m3420, 3238,
1690, 1578, 1479, 1410, 1389, 1313, 1276, 12655,11377, 1005, 973, 813. Elem. anal.:
calcd P 5.39% found P 4.32% (MW 546,3@)%o = 12722 L.mof.cm’. *H NMR (D:0) &

7.91 (m, 2x ArH), 7.87 (m, 2x ArH), 7.69 (4,= 1.2 Hz, H6), 6.13 (dd] = 8.0 and 1.4 Hz,



H1'), 5.47 (ddd,) = 4.8, 2.6 and 0.8 Hz, H3"), 5.17 (ddds 13.1, 2.4 and 0.8 Hz, H5'a), 4.22
(br dd,J = 13.1, 1.4 and <1 Hz, H5'b), 4.17 (ddd; 2.6, 2.4 and 1.4 Hz, H4'), 2.75 (ddds
15.3, 8.0 and 4.8 Hz, H2""), 2.43 (bdds 15.3, 1.4 and <1 Hz, H2"), 0.97 @z 1.2 Hz, 5-
CHs): *C NMR (D,0) & 170.00 (C4), 154.81 (C2), 151.14 (o5 6.8 Hz, Ar-C), 150.36 (Ar-
C), 141.67 (C6), 131.26 (2x Ar-CH), 128.19 (2x AH 112.41 (C5), 102.69 (d,= 163.6

Hz, >C<), 88.38 (C1'), 79.92 (C4’), 73.56 (C3"),386(C5"), 42.79 (C2"), 13.55 (5-GH

(9)-1-[2-Deoxy-3,50-(4-iodoxy-phosphonobenzylidenep-b-threo-pentofuranosyljuracil

(32)

lodobenzylidenephosphonic aci@p (7 mg, 13umol) was converted to iodoxy derivati@2

by same procedure as compoufidl in a yield of 3 mg (41%). HRMS (M-H)for
CieH15010N2IP: calcdm/z 552.95145, found 552.95129; IR (KBr, ¢n3435, 3198, 1683,
1632, 1620, 1464, 1443, 1385, 1314, 1277, 12569,11@81, 1005, 985, 970, 932, 817, 582.
'H NMR (D,0) & 7.89 (m, 4x ArH), 7.89 (d) = 8.0 Hz, H6), 6.11 (dd] = 7.8 and 1.3 Hz,
H1"), 5.41 (dddJ = 4.6, 2.6 and 0.8 Hz, H3"), 5.12 (ddds 13.0, 2.5 and 0.8 Hz, H5"a), 4.89
(d, J = 8.0 Hz, H5), 4.18 (br ddJ = 13.0 and 1.7 Hz, H5'b), 4.21 (ddbz 2.6, 2.5 and 1.7
Hz, H4"), 2.74 (ddd) = 15.2, 7.8 and 4.6 Hz, H2""), 2.48 (bdd; 15.2, 1.3 and <1 Hz, H2");
¥C NMR (D,0) 5 170.16 (C4), 154.99 (C2), 151.22 (= 7.2 Hz, Ar-C), 150.19 (Ar-C),
145.99 (C6), 131.37 (2x Ar-CH), 129.85 (2x Ar-CHJ2.58 (C5), 102.45 (d, = 165.3 Hz,

>C<), 88.90 (C1), 80.24 (C4), 73.48 (C3'), 65(C8"), 42.59 (C2).

Biochemical equipment. Cultivated cells were disrupted with an EmulsifFl&3
(Avestin). For protein purification AKTA FPLC (GE edlthcare) was used together with
HisTrap HP column (GE Healthcare). Samples fromefktnmeasurements were separated
and measured using Agilent 1100 HPLC system.

Protein preparation. Both enzymes were prepared according to publishetbgol$,
already modified ihfor the production of cdN. Unlabelled proteins eg@repared using LB

broth growth media (Sigma) supplemented with 0.8%¢) (glycerol and 2Qug/mL ampicillin



and in a final buffer containing 20 mM Tris.HCI, 20M MgCkL, 2 mM EDTA and 2 mM
DTT, pH 7.5, and 10% (v/v) glycerol in case of cdN.

Both proteins contained N-terminal hexahistidines{Htag followed by the tobacco etch
virus (TEV) protease recognition sequence. Thevelga with TEV protease yields products
where mature proteins contain a cloning artifacjuemce Ser Asn Ala Ala Ser at the N-
terminus.

The yield of protein from 1L of bacterial cultureagv4.16 mg and 4.29 mg for mdN and
cdN, respectively. Purity was > 98%, as judged IDSFAGE. The protein solutions at
concentration around 1 mg/mL were stored at -20F2. crystallization, the proteins were
further concentrated to a final concentration usudgafiltration in Centricon YM-10

(Millipore).

Activity assay. Enzyme activity was determined by high-performandquid
chromatography with spectrophotometric detectiodldMP substrate and dU product at 262
nm. Typically, 2-4 nM enzyme in 20 mM Tris.HCI, 20M MgCl,, 2 mM EDTA and 2 mM
DTT, pH 7.5, was reacted with dUMP at a concerdraiomparable to enzym&, value (1
mM and 100uM for cdN and mdN, respectively) for 6 min at 37 itCa final volume of 100
uL. The reaction was stopped by the addition gil3of 30% (v/v) TCA and 5uL of a
reaction mixture was applied to a Zorbax C18 coly@s0 mnx3 mm, 2.5um particle size,
Agilent) mounted to an Agilent 1100 system. Theasapon was done using isocratic elution
in 75 mM KH,PO, buffer. After each run, the column was washed Wi€®©% methanol
supplemented with 0.05% (v/v) TFA. None of the taars reached more than 10% of the

substrate conversion.

Enzymatic constants determination.To determine th&y, value of mdN and cdN, a series
of activity assays were performed at different &uadte concentrations. For mdN, eleven

measurements were performed in triplicates withsgabe concentration varying fromps1



to 10 mM. For cdN, nine measurements were perfornmediuplicates with substrate
concentration varying from 10@M to 10 mM. All data were fitted using non-linear

regression with classical Michaelis-Menten equation

Inhibition assay. The inhibition effect on mdN and cdN activity wasreened for all
synthesized compounds by the determination of étative activity of the enzyme in the
absence and in the presence of the inhibit@vdv The substrate concentration in the activity
reaction was 1 mM for cdN and 1@®1 for mdN, with the values corresponding to enzymes
Km. The compound concentration in the reaction wastim@s lower than the substrate
concentration. For the compounds withvyvalue for either enzyme below 0.6, the inhibition
constantK;) was determined.

To determine thé& values, a series of activity assays were perforimeioe presence of the
selected compounds. The concentration of inhibitorhe reaction mixture was adjusted to
fit a range of relative enzyme activity between30ahd 1. For each compound, the reaction
mixtures with 11 different inhibitor concentrationgere analyzed in triplicates. To estimate
the apparenkK; value, the initial velocities of the inhibited odimns at varying inhibitor
concentrations were fitted using the Williams-Msom equatiofi’ The trueK; value was then
calculated presuming the competitive type of iriobi. This presumption was based on the
high structural similarity of the tested compoumdth the lead structur®.

To explore the mode of inhibition for compousd the inhibition measurements were
performed at four different substrate concentratiGeorresponding to 0.1 —2 Ky value).
The data were fitted simultaneously by the Willialarrison equation for the specific 3
different inhibition types (competitive, noncompie®, and uncompetitive) using a non-linear
regression. The best model was selected using Kagké information criterion’® ** This
analysis proved that the competitive model carstgatiorily be used to describe the inhibition

mode of mdN and cdN by this type of compound.



Crystallization. For crystallization of mdN, the conditions succalgfused by others
were utilized"® The crystals of mdN were obtained using the hangdiop vapour diffusion
technique with a precipitating solution containid¢ mM KH,PO,, PEG 8000 9.6% (w/v),
and glycerol 12% (v/v). Small protein crystals groin the drop made by mixing 1.3@& of
the protein solution (8.4 mg/mL at 20 mM Tris.HGH 7.5, 20 mM MgCJ, 2 mM DTT, 2
mM EDTA) and 0.66uL of the precipitating solution at 18 °C. The cajstuclei from this
drop were seeded into a new drop containing 20 nH4RQO,, PEG 8000 8% (w/v), glycerol
10% (v/v) using a treak seeding technique withaiewhisker:* The crystals grew to a final
size of 250 x 160 x 16@m within three days. The crystals were soaked fbr With with 5
mM compoundsl2d, 12e and 13, respectively,in 1 pL crystallization drop supplemented
with 45 mM MgC} solution. For cryoprotection, the crystals wereksa for 10s in a
reservoir solution supplemented with 30% (v/v) gial. Crystals were flash-cooled by
plunging into liquid nitrogen and were stored imuiid nitrogen until used for X-ray

diffraction experiments.

Data collection and structure determination.The diffraction data for crystal soaked with
compound12d were collected at 100 K at the MX14.1 beamlinetted BESSY, Berlin,
Germany* at a wavelength of 0.915A. The diffraction data 1.78 A resolution were
integrated and reduced using MOSFI®M%nd scaled using SCAL*Afrom the CCP4 suite.

The diffraction data for crystal soaked with compdsil2eand13 were collected at 100 K
at the MX14.2 beamline of the BESSY, Berlin, Gersnan a wavelength of 0.919 A and
0.978 A,, respectively . The diffraction data to resolutioares integrated and reduced using
XDS'® and its graphical interface XDSAPP

All crystals exhibited the symmetry of space gré4p2;2 and contained one molecule in
the asymmetric unit with a solvent content of ab6086. Crystal parameters and data

collection statistics are summarized in Table 2.



The structure of mdN was determined by the diffeeeRourier method using coordinates
from the isomorphous structure of the identicalt@iro (PDB code 4L6A). Refinement was
carried out using the program REFMAC %.8rogram Codt was used for model building.
The final refinement steps included translatiomaton-screw (TLS) refinemefit 2 using 3
(12d) or 4 (L2eand13) TLS groups. The refinement statistics are givemable 2.

The quality of the final model was validated witholdrobity’. All figures showing
structural representations were prepared with tbgram PyMOE. The atomic coordinates
and experimental structure factors have been degbwiith the Protein Data Bank under the

accession codes 4L6C, 4NFL, and 4MWO.

NMR spectroscopy.Uniformly N labelled cdN protein was prepared on minimal medi
containing'®N-ammonium sulfate as the sole nitrogen sourceeasribed recently All NMR
data were acquired at %5 on a 600 MHz Bruker Avance spectrometer equippéd a
triple-resonance X{N/**C/*H) cryoprobe. The binding of selected inhibitors ddN was
monitored in 2D**N/*H TROSY spectra of 100M **N labelled cdN using comprehensive
backbone resonance assignments (BioMagResBank adataéccession code 19490
particular, minimal shift values were calculdted®to assess the changes in the positions of
cdN backbone signals {H N) induced by inhibitor binding. Resulting grapbf minimal
shifts were used to identify the regions within caiplicated in small molecule binding. All
>N/*H TROSY experiments were collected with 128 tramisi@nd acquisition times of 80 ms
in F, (*H) and 50ms inF; (**N). The 3D NMR data were processed using Topspln 2

(Bruker) and analyzed using the Sparky (UCSF).



7.'H and **C-NMR spectra of final compounds tested for theirmhibition activities
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