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Materials and methods. Anhydrous MeCN (water content <0.001%) was from Burdick and
Jackson (Muskegon, MI). 2—(N-isopropylamino)ethanol was purchased from TCI America (Portland,
OR). Compound 19 was purchased from Maybridge Chemical Company Ltd. (Cornwall, UK).
Protected nucleosides 8 and 61-64 were from Chem-Impex International (Wood Dalve, IL). Standard’
phosphoramidites 77-80 and ancillary reagents for oligonucleotide synthesis were purchased from PE
Biosystems (Foster City, CA). DMT-T derivatized Tentagel N was purchased from Répp Polymere
(Tiibingen, Germany). All other reagents and dry solvents were obtained from Aldrich and used
withdut further purification. Compounds 18 and 20' were synthesized as previously reported.

Melting points were uncorrected. 'H NMR spectra were recorded ét 199.975 or 400 MHz, B
NMR spectra were recorded at 50.289 MHz. Unless otherwise specified, the solvent was CDCl;.
Dioxane was used as an internal standard for recordihg 'H and °C NMR in D,O (5 3.75 and 67.19
ppm, respectively). 3'P NMR spectra were recorded at 80.950 MHz. >'P NMR spectré in gel phase were
recorded using 10 to 15 mg of solid supports 3639 and 51 loaded at 208 pmol g"'gsing liquid phases
specified in Table 2 with the spinning switched off. With the phosphate-unprotected oligonucleotide
51, the best resolution was obtained when the liquid\bhase contained 10% of pyridine. FAB high

resolution MS were acquired for samples dissolved in 4-nitrobénzy1 alcohol in the presence of Nal.

HPLC Techniques. Cmde oligonucleqtides were analyzed and isolated on a DeltaPak C18
column (15 pum; 3004; 3.8 x 300 mm) at a flow rate 1.5 mL min"' eluting with a linear grad_ie_nt‘from 0
to 60% B in 40 min (33 and 69;74) or from 0 to 75% B in 40 min (75 and 76) and using 0.1 M aq
NH4OAc as buffer A, 80% aq MeCN as buffer B. Authentic DMTr—Tj, T}z, and 69—76 synthesized

1 Sicher, J.; Pankova, M.; Jon4s, J.; Svoboda, M. Coll. Czech. Chem. Commun. 1959, 24, 2727
2740. S | |
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from 77-80 by the standard method were used as r_eférence samples. Reverse phase HPLC profiles for
69-76 (crude deprotection mixtures) are presented in Fig.. Sl3—820. Desalting _wés performed on the
same column eluting with a step gradient of 0.1 M aquecb),us NH4OAc (10 min), water (10 min), and
60% aqueoﬁs MeCN- (20 min) at a flow rate 1.5 mL min™'. The olligoriucleotide 75 was isolated on a
DeltaPak C18 column (15 pum; 3004; 25 x 100 mm) eluting with a linear gradient from 0 to 60% B in
60 min (0.1 M aq NH4OACc as buffer A, 80% aq MeCN as buffer B) at a flow-rate 15 mL min™.-
Compounds 47, 54, and 58 were isolated by HPLC on a DeltgPak C18 column (15 um, 3OOA; 7.8
x 300 mm) using 0.1% aq TFA as Buffer A, 0.1% TFA in 80% aq MeCN as buffer B and a .linear
gradient from 0 to 75% B in 30 min at a flow rate 4 mL min~". Collected fractions were evaporated, co-

evaporated twice with MeCN and dried. "

N—(Z—hydroxyethyl)—3—nitrobenzamide (12) ‘was synthesized according to the general method |
from 2—aminoethanol (6.1 Ag, 100 mmol), 3—nitrobenzoyl chloride (3.7 g, 20 mmol) to give, after re- .
crystallization from water, 12 (3.6 g, 86%), mp 133~134 °C. '"H NMR (CDCl;): & 8.63-8.61 '(lH., m);
8.42-8.34 (1H, m); 8.21-8.15 (1H, m); 7.72-7.62 (1H, m); 6.80—6.64 (1H, br. s); 3.93-3.85 (2H, m);
3.75-3.64 (2H, m); 2.18-2.09 (1H, br. 5). °C NMR (CDCl;): & 164.3, 147.8, 136.0, 133.7, 130.0,
125.7, 122.0, 59.6, 42.4. FAB-HRMS: calcd fdr CoHoN,04 (M + HY) 21 1.0719, found 211.0720.

N—(2—hydroxyethyl)—4—(dimethylaniino)benzamide (16): Oe(7fazabeﬁzotﬁazol—1—y1)
-N,N,N’,N ’—tetramethyluronium hexafluorophosphate (HATU' 9.5¢g, 25 mmol) was added in'por.ti'ons
to a solution of 4—d1methylam1noben201c acid (4.1 g, 25 mmol) in DMF (25 mL), and the mixture was
magnetically stirred for 15 min. The obtained solution was added dropw1se to 2— (methylammo)ethanol
(7.2 g, 100 mmol) in CH,Cl, (30 mL) at 4 °C. The m1xtur¢ was addltlonally stirred for 30 min,
evaporated in vacuo, and worked-up as des'cribed'in the general method. Re- crystallization'from a
toluene—hexane mixture gave 16 (5.0 g, 89%), mp 74- 74.5 °C (toluene—hexane) 'H NMR (CDC13) o
7.42 (2H, m); 6.66 (2H, m); 3.84 (2H, t, ] = 4.9 Hz); 364(2H t,]= 49Hz) 3 11 (3H, s) 3.00 (6H, s).
C NMR (CDCLy): & 173.9, 151.6, 129.6, 122.2, 111.16, 60.9, 52.0, 40.2. FAB-HRMS: calcd for
C12H1gN,0, (M + H") 223.1447, found 223.1448. | | '

General Procedure for the Preparation of 21 — 31. Phosphoramidite 28: A solution of chloro
bis[(N,N,-diisopropyl)amino]phosphite (3.07 g, 11.5 ‘mfnol) in dryﬁ CH,Cl, (25 mL) was added
dropwise to a mixture of 8 (5.45 -g, 10.0 mmol) and N—ethyl—NJV—diisopropylamine (1.55 g, 12.0
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mmol) in dry C_H2C12 (25 mL) under magnetic stin‘ing at —20°C. The reaction mixture was allowgd to
warm up to room temperature, and the stirring was continued for 1 h. Dry 17, (2.78 g, 12 mmol) was
add_ed followed by 1H-tetrazole (0.45 M in MeCN; 13.3 mL, 6.0 Ihmol), and the resulting mixturé was
kept at room temperature for 2 h. Aqueous NaHCO; (5%; 20 mL) was added, the emulsion was diluted
with brine (50 mL), and the 'product was extracted with ethyl acetate (3 x 100 mL). Extracts were
washed with brine (3 x 50 mL), dried over Na,SQO4, and évaporated to dryness. The residue was
dissolved in toluene (50 mL), applied on a silica gel column, and separated eluting with a gradient from
30:65:5 to 90:5:5 ethyl acetate / hexane / triethylamine. Collected fractions were evaporated, co-
evaporated with dry MeCN (2 x 50 mL), and dried on an oil pump to give 28, fast diastereomer (0.48
2), 28, slow diasterecomer (0.58 g), and their mixture (6.96 g) totaled in 8.02 g (88%) of 28, both
diastereomers of which were identical to those obtained from 8 and 60, as described in the

experimental section.

5’—0—(4,4’—Dimethoxytrityl)—35—O—(N,N—diisopropyl'amino)[2—(benzamido)ethoxy]phosph
inyl-2’-deoxythymidine (21) was synthesized as described in the general method from 8 (1089 mg,
2.0 mmol), chloro bis[(N,N,-diisopropyl)amino]phosphite (640 mg, 2.4 mmol), and 10 (413 mg, 2.5
mmol). Column separation gave 21, fast diastereomer (317 mg), 21, slow diastereomer (435 mg), .and
their mixture (516 mg) to total in 1268 mg (75.6%) of 21.

" 21, fast diastereomer: '"H NMR (CDCl3): 6 9.05 (1H, br. s); 7.69 (2ZH, m); 7.65 (1H, d, J¥ 0.9
Hz); 7.50-7.20 (12H, m); 6.9-6.8 (4H, m); 6.50 (1H, br. t); 6.40 (1H, dd, J=7.5, 5.8 HZ); 4.67 (1H, m);
4.16 (1H, m); 3.77 (6H, s);A3.70-3.42 (7H, m); 3.31 (1H, dd, /= 10.4, 2.4 Hz); 2.47 (1H, ddd, J=13.2,
5.8, 2.5 Hz); 2.3~1 (18, ddd, J=13.2, 7.5, 7.5 Hz); 1.42 (3H, s); 1.15 (12H, d, J = 6.5 Hz). °C NMR .
(CDCl): 6 167.4, 163.8, 158.8, 150.4, 144.4, 135.6, 135.4, 134.5, 131.5, 1430.2, 128.6, 128.2, 128.0,
127.8,127.2, 126.8, 113.3, 111.3, 87.0, 85.8, 84.8, 73.4,73.1, 63.0,.62.5, 62.2, 55.3,43.33, 43.1, 41 0,
40.9, 40.1, 24.6 br, 11.8. 3'P NMR (CDCls): & 148.9. FAB-HRMS: caled for CasHssN4OoP (M +Na')
861.3604, found 861.3620. | ’ , ' »

21, slow diastereomer: 'H NMR (CDCl3): & 9.06 (1H, br. s.); 7.79 (IH,V br;s); 7.77 (IH; br. s);
7.60 (1H, br. s); 7.50-7.20 (13H, m); 6.9-6.8 (4H, m); 6.50 (1H, br. t); 6.42 (1H, dd, J = 8.2, 5.9 Hz);
4.65 (1H, m); 4.15 (1H, m); 3.78 (6H, s); 3.70-3.41 (7H, hl); 3.38-3.20 (1H, m); 2.66-2.50 (1H, m);
2.40-2.18 (1H, m); 1.44 (3H, s); 1.13 (6H, d, J = 6.8 Hz); 1.04 (6H, d, J = 6.8 Hz). °C NMR (CDCly):
5 167.6, 163.8, 158.8, 150.5, 144.4, 135.6, 135.4, 134.6, 131.4, 130.1, 128.6, 128.2, 128.0, 127.8,
127.2, 126.8, 113.3, 111.3, 87.0, 85.7, 84.9, 74.4, 74.0, 63.5, 62.4, 62.1, 55.3, 43.3, 43.2, 41.2, 41.0,
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40.1, 24.6 br, 11.8. °'P NMR (CDClL): & 148.2. FAB-HRMS: calcd for C4gHssNsOsP (M + Na)
861.3604, found 861.3621.

5’-0—(4,4-Dimethoxytrityl)-3’-0—(V,N-diisopropylamino)[2—(4—methoxybenzamido)etho
xy|phosphinyl-2’—deoxythymidine (22) was synthesized as described in the geheral method from 8
(1089 mg, 2.0 mmol), chloro bis[(N,N,-diisopropyl)amino]phosphite (587 mg, 2.2 mmol), and. 11 (449
mg, 2.3 mmol). Column separation gave 22, fast diastereomer (295 mg), 22, slow diastereomer (420
mg) and their mixture (481 mg) to total in 1196 mg (68.8%) of 22.

22, fast diastereomer: '"H NMR (CDCl3): 6 9.35 (1H, br. s); 7.70-7.60 (3H, m); 7.44-7.16 (10H,
m); 6.90-6.76 (6H, m); 6.46-6.35 (2H, m); 4.67 (1H, m); 4.16 (1H, m); 3.81 (3H, s); 3.80 (6H, s); 3.70-
3.42 (TH, m); 3.31 (1H, dd, J = 10.6, 2.7 Hz); 2.50 (1H, ddd, J = 13.7, 5.8, 2.9); 2.33 (1H, ddd, J = E
13.7, 6.8, 6.8); 1.42 (3H, s); 1.14(12H, d, /= 6.7 Hz). >C NMR (CDCLy):  166.9, 163.9, 162.2, 158.8,
150.4, 144.3, 135.6, 135.3, 130.1, 128.6, 128.2, 128.0, 127.2, 126.7, >113.7, 113.3, 111.2, A86.9',_85.8,
85.7, 84.8, 73.4, 73.1, 63.0, 62. 6, 62.2, 55.4, 55.3, 43.3, 43.0, 41.0, 40.8, 40.2, 24.7, 24.6, 11.8. *'p
NMR (CDCI5): & 148.8. FAB-HRMS: calcd for C47Hs7N4010P (M + Na+) 891.3710, found 891.3689.

22, slow diastereomer: 'H NMR (CDCl3): 6 9.20 (1H, br. s); 7.74 (2H, d, J = 8.7 Hz); 7.59 (1H,
s); 7.43-7.20 (10H, m); 6.91-6.78 (6H, m); 6.71 (1H, br. t); 6.41 (1H, dd, J = 7.6, 5.5 Hz); 4.63 (1H,
m); 4.14 (1H, m); 3.80 (3H, s); 3.78 (6H, s); 3.92-3.20 (8H, m); 2.56 (1H, dd, J = 13.2, 5.5 Hz); 2.24
(1H, ddd, J = 13.2, 7.6, 6.2 Hz); 1.42 (3H, s); 1.12 (6H, d, J = 6.3 Hz); 1.04 (6H, d, J = 6.8 Hz). °C
NMR (CDCl): 8 167.1, 163.9, 162.1, 1I58.‘8, 150.5,‘ 144.3, 135.6, 135.4, 135.3, 130.1, 128.8, 128.2,
128.0, 127.7, 127.2, 126.9’, 113:7, 113.3, 111.3, 87.0, 85.7, 85.6, 84.8, 74.4, 74.0, 63.5, 62.4, 62.1, 55.3,
432, 429, 41.1, 41.0, 40.0, 24.6, 24.5,'11.8. *'P NMR (CDCly): & 148.1. FAB-HRMS: calcd for
C47Hs7N4010P (M + Na*) 891.3710, found 891.3688. | '

5’—0—(4,4’;Dimethoxytrityl)—3’—0—(N,N—diisopropylamino)[2—(3—11itrobénzamido)ethoxy],
phosphinyl-2°-deoxythymidine (23) was synthesized as described in the general method from 8
(1089 mg, 2.0 mmol), chloro bis[(N,N,-diisopr_opyl)amino]phosphite (587 mg, 2.2 mmol), and 12 (483
mg, 2.3 mmol). Column separation gave 23, fast diastereomer (404 mg), 23, slow diastereomer (379
mg) and their mixture (294 mg) to total in 1077 mg (61.0%) of 23.

23, fast diastereomer: '"H NMR (CDCl3): 6 9.17 (1H, br. s); 8.56 (1H, t, J“ 1 9 Hz) 8.33-8.27
(1H, m); 8.08-7.99 (1H, m); 7.65-7.50 (2H, m); 7.42-7.20 (10H, m); 6.90-6.75 (4H, m); 6.36 (1H, dd J
=17.3, 6.0 Hz); 4.67 (1H, m); 4.18 (1H, m); 377(6H s); 3.85-3.26 (8H, m); 246(1H ddd, 13.6, 6.0,

2.8 Hz); 2.33 (1H, ddd, J = 13.6, 7.3, 7.3 Hz); 1.41 (3H, s); 1.16 (6H, d, J = 6.6 Hz); 1.15 (6H, d, J =
- S4
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6.4 Hz). °C NMR (CDCl;): 6 165.0, 163.9, 158.8, 150.5, 148.2, 144.3, 136.1, 135.6, 135.3, 133.1,
130.1, 129.8, 128.1, 128.0, 127.2, 126.0, 121.9, 113.3, 111.3, 86.9, 85.6, 85.5, 849 73.5, 73.2, 63.1,
62.2, 61.8, 55.3, 43.3, 43.1, 41.4, 41.2, 40.0, 24.8, 24.6, 24.5, 11.8. *'P NMR (CDC13) 5 148.3.
FAB-HRMS: calcd for C46H54N5011P (M+Na ) 906.3455, found 906.3435. ,
23, slow diastereomer: 'H NMR (CDCl3): 8 9.25 (1H br. s); 8.65 (1H,t,J=1.8 Hz) 8.33-8.18
~ (2H, m); 7.68-7.55 (2H, m); 7.45-7.20 (10H, m) 6.90-6.75 (4H, m); 6.37 (1H, dd, J = 8.6, 5.1 Hz); .
4.63 (1H, m); 4.16 (1H, m); 3.78 (6H, ); 3.90-3.20 (8H, m); 2:64 (1H, dd, 13.6, 5.1 Hz); 2.27 (1K,
ddd, J=13.6, 8.6, 5.7 Hz); 1.45 (3H, s); 1.14 (6H, d, J = 6.6 Hz); 106(6H d, J=5.5 Hz). 13CNMR
(CDCl3): 6 165.3, 1638 158.8, 150.7, 148.1, 144.2, 136.2, 135.6, 135.4, 135.3, 1335 1301, 1298
128.1, 128.0,127.2, 125.9, 122.0, 113.3, 111.5; 871 859 858 85.1, 74.8, 74.5, 63.6, 62.0, 61.7,55.3,
43.2, 430 41.5, 41.3, 40.0, 24.6, 24.5, 118 3p NMR (CDCL): & 147.7. FAB—HRMS caled for
Ca6Hs4NsOy P (M + Na*) 906.3455, found 906.3437.

5’—0—(4,4’—Dimethoxytrityl)—3’-—0’—-(N,N—diisopropylaminb)[2—(belizamido)—2—methylpro

poxy]phosphinyl;Z’—deoxythymidine (24) was synthesized as described in the general m'etﬁod from .
8 (1089 mg, 2.0 mmol), chloro bis[(N,N,-diisopropyl)amino]phosphite (640 mg; 2.4 mmol), and 13
(483 mg, 2.5 mmol). Column separation gave 24 as a mixture of Rp and Sp diasteréomers (1396 .mg,
80.5%). | o | |
24, fast diastereomer: 'H NMR (CDCls): 6 8.79 (1H, br. s); 7.77-7.61 (2H, m); 7.53 (1H, s); 7.45-
7.22 (12H, m); 6.88-6.76 (4H, m); 6.39 (1H, br. t); 6.36 (1H, dd, J= 7.5, 6.5 Hz); 4.71 (1H, m); 4.13
.(lH in):’3 79 (6H, s); 3.90-3.38 (5H, m); 3.36-3.22 (1H, rri)‘ 2.6-2.1 (2H, m); 1.47 (3H, s); 1.43 (3H,
s); 1.39 (3H, s); 1.14(6H, d, /= 6.5 Hz); 1.04 (6H, d, J = 66HZ) C NMR (CDCl3): 8 167.0, 163. 7,
158.8, 150.3, 144.3, 135.9, 135.6, 135.3, 131.2, 131. 0 130.5, 128.4, 128.2, 128. 0, 127. 7 127.2, 126.7,
113.3,111.3, 87.0, 85.6, 84.7, 73.4,73.0, 70.4, 70.2, 63.2, 55.3, 54.4, 54.3, 43.4, 43.2, 40.0, 25.5, 24.9,
23.8, 23.6, 11.7. °'P NMR (CDCl;): & 149.2. FAB-HRMS: calcd for CusHsoNsOsP (M + Na')
889.3917, found 889.3944. '

24, slow diastereomer: 'H NMR (CDCl3): & 8.79 (1H, br. s); 7.77-7.61 (2H, m); 7.53 (1H, s);
7.45-7.22 (12H, m); 6.88-6.76 (4H, m); 6.39 (1H, br. t); 6.36 (1H, dd, J = 7.2, 5.5 Hz); 4.63 (1H, m);
4.11 (1H, m); 3.78 (6H, s); 3.92-3.40 (SH, m); 3.36-3.22 (1H, m); 2.6-2.1 (2H, m); 1.49 (3H, s); 1.40
(6H, s); 1.17 (6H, d, J = 6.7 Hz); 1.14 (6H, d, J = 6.6 Hz). '°C NMR (CDC13): 8 167.2, 163.7, 158.8,
150.3, 144.3, 135.9, 135.6, 135.3, 131.2, 131.0, 130.5, 128.4, 128.2, 128.0, 127.7, 127.2,126.8, 113.3, .
111.3, 87.0, 85.6, 84.7, 74.4, 74.0, 69.5, 69.2, 63.5, 55.3, 54.6, 54.4, 43.3, 43.0, 40.0, 24.6, 24.4, 242,
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23.8, 11.7. *'P NMR (CDCl;): & 148.8. FAB-HRMS: calcd for C4sHsoN4OsP (M + Na*) 889.3917,
found 889.3944. '

5’—0—(4,4’—Dimethothrityl)—3’—0—(N,N—diisopro.pylami-no)[2—(N-—methylbenzaﬁlido)ethox
ylphosphinyl-2’-deoxythymidine (25) was synthesized as described in the general method from 8
(1089 mg, 2.0 mmol), chloro bist(N,N,-diisopropyl)amino]phosphite (640 mg, 2.3 mmol), and 14 (412
mg, 2.3 mmol). Column separation gave 25, fast diastereomer (282 mg) 25, slow diastereomer (518
mg) and their mixture (546 mg) to total in 1346 mg (78.9%) of 25.

25, fast diastereomer: 'H NMR (CDCL3): 6 8.94 (1H, br. 5);-7.64 (1H,> my); 7.45-7.20 (14H, m);
6.85-6.75 (4H, m); 6.41 (1H, dd, J = 7.3, 7.3 Hz); 4.65 (1H, m); 4.16 (IH, m); 3.81 (6H, ,s)’;: 3.90-3.20
(8H, m); 3.04 and 2.97 (total 3H, br. s); 2.56-2.39 (1H, m); 2.39-2.21 (1H, m); 1.41 (3H, s); 1.15 (12H,
m). °C NMR (CDCly): & 163.9, 158.8, 150.4, 144.3, 136.5, 135.7, 135.5, 135:3, 130.2,129.5, 128.4,
128.2,128.0, 127.2, 127.0, 113.3, 1112 87.0, 85.8, 84.8, 73.64, 73.3, 63.3, 61.7, 61.4, 55.3, 50.0, 489
43.3, 43.0, 40.1, 39.4, 24.7, 11.8. *'P NMR (CDC13) S 148.6, 148.3. FAB-HRMS: calcd for
C47H57N400P (M + Na*) 875.3761, found 875.3753. o _

25, slow diastereomer: 'H NMR (CDCl;): & 8.92 (1H; br. s); 7.59 (1H, m); 7.45-7.20 (14H, m),
6.87-6.77 (4H, m); 6.41 (1H, dd, J = 7.4, 7.4 Hz); 4.62 (1H, m); 4.14 (1H, m); 3.78 (6H, s); 3.90-3.20
(8H, m); 3.12 and 3.06 (total 3H, br. s); 2.60-2.38 (1H, m); 2.38-2.18 (1H, m); 1.41 (3H, s); 1.18-1.0
(12H, m). *C NMR (CDCls): & 171.5, 163.8, 158.8, 150.4, 144.3, 136.5, 135.7, 135.4, 135.3, 130.1,
129.5, 128.4, 128.2, 128.0,127.2, 127.0, 113.3, 111.3, 87.0, 85.6, 85.5, 84.7, 74.0, 73.7, 63.4, 61.5, -
61.3, 55.3, 49.1, 49.0, 43.2, 43.0, 40.2, 39.3, 24.7, 24.5, 11. 8. ¥'P NMR (CDC13) o 148.4.
FAB-HRMS: calcd for C47Hs7N4OgP (M +Na* ) 875.3761, found 875 3754. |

'5’—0—(4,4"—Dimethoxytrityl)—3’—0—(N,]V—diisopropylamino)[2—(N—méthyl—4—methoxybenz
amido)ethoxy]phosphinyl-2’—deoxythymidine (26) " was synthesized as described in the general "
method from 8 (1089 mé, 2.0 mmol),v chloro bis[(N,N,-diisopropyl)amino]phosphite (640 mg, 2.4
mmol) and 15, (523 mg, 2.5 mmol). Column separation gave 26, fast diastereomer (529 mg), 26, slow
diastereomer (398 mg), and their mixture (523 mg) totaled in 1450 mg (82.1%) of 26.

26, fast diastereomcr: 'H NMR (CDCl;): ‘8 9.01 (1H, br. s.); 7.64 (1H, s); 7.45-7.18 (11H, m);
6.9-6.7 (6H, m); 6.40 (1H, dd, J=7.5, 5.9 Hz); 4.65 (1H, m); 4.16 (1H, m); 3.79 (3H, s); 3.77 (6H, s);
3.90-3.24 (8H, m); 3.01 (3H, s); 2.55-2.38 (lH, m); 2.38-2.20 (1H, m); 1.41 (3H;,s); 1.15(12H, d, J =
6.5 Hz). *C NMR (CDCLy): 8 163.9, 160.6, 158.8, 150.4, 144.3, 135.7, 135.4, 135.3, 130.2, 129.0,

128.2,128.0, 127.2, 113.6, 1133 111.2, 87.0, 85.9, 85.8, 84.8, 736 73.3,63.3,61.2, 55.3, 45.3, 43.2,
S6




© 2000 American Chemical Society, J. Am. Chem. Soc., Guzaev ja0016396 Supporting Info Page 7

43.0, 40.1, 24.7, 11.8. >'P NMR (CDCL): § 148.4. FAB-HRMS: calcd for Cy4sHsoN4OyP (M + Na»)
905.3867, found 905.3845.

26, slow diastereomer: '"H NMR (CDChy): 8 9.13 (1H; br. s.); 7.58 (1H, s); 7.45-7.18 (11H, m);
6.9-6.7 (6H, m); 6.41 (1H, dd, J = 7.9, 6.0 Hz); 4.62 (1H, m); 4.12 (1H, m); 3.79 (3H, s); 3.77 (6H, s);
3.90-3.20 (8H, m); 3.01 (3H, s); 2.60-2.41 (1H, m); 2.38-2.18 (1H, m); 1.41 (3H, s); 1.12 (6H, d,J=
7.1 Hz); 1.02 (6H, d, J = 6.7 Hz). '3CNMR(CDCI3) 8 163.9, 160.6, 158.8, 150.4, 144.3, 135.7, 135.4,
135.3, 130.1, 129.1, 128.6, 128.2, 128.0, 127.2, 113.6, 113.3, 111.3, 86.9, 85.6, 85.5, 84.7, 74.0, 73.6,
63.4, 613, 61.1, 55.3, 45.3, 432, 42.9, 402, 24.6, 24.5, | 11.8. P NMR (CDCly): & 148.4.
FAB-HRMS: caled for CasHsoN4O1oP (M + Na') 905.3867, found 905.3844. '

5’—0—(4,4’—Dimethoxytrityl)—3’—0—(N,N—diisopropylamino)[2—[N—methyl—4—(diniethyla_mi
no)benzamido]ethoxy]phosphinyl-2’—deoxythymidine (27) was synthesized as described in the
general method from 8 (2178 mg, 4.0 mmol), chloro bis[(N,N,-diisopropyl)amino]phosphite (1280 mg,
4.8 mmol) and 16, (1111 mg, 5.0 mmol). Column separation gave 27, fast diastereomer (1068 mg), 27,
slow diastereomer (987 mg), and their mixture (1038 mg) totaled in 3093 mg (86.3%) of 27.
| 27, fast diastereomer: '"H NMR (CDCl3): 6 8.90 (1H, br. s.); 7.64 (1H, s); 7.45-7.18 (11H, m)‘;
6.90-6.78 (4H, m); 6.68-6.58 (2H, m); 6.40 (1H, br. t); 4.65 (1H, m); 4.16 (1H, m); 3.77 (6H, s); 3.80-
3.40 (8H, m); 3.03 (3H, s); 2.95 (6.H, s); 2.53-2.38 (1H, m); 2.38-2.20 (1H, m); 1.41 (3H, é); 1.15 (12H,
d, J = 6.8 Hz). °C NMR (CDCL): & 172.2, 163.9, 158.7, 151.3, 150.4, 144.3, 135.7, 135.4, 135.3,
130.2, 129.1, 128.2, 128.0, 127.7, 127.4, 127.2, 123.2, 113.3, 111.2, 86.9, 85.9, 84.8, 73.6, 73.2, 63.3,
61.6, 61.3, 55.3, 43.3, 43.0, 40:3, 40.1, 24.7, 24.6, 11.8. *'P NMR (CDCL;): & 148.5. FAB-HRMS:
calcd for Ca9HerNsOgP (M + Na™) 918.4183, found _918.4164. ‘ ‘

27, slow diastereomer: '"H NMR (CDCl): 8 8.75 (1H, br. s.); 7.57 (1H, s); 7.44-7.16 (11H, m);
6.88-6.75 (4H, m); 6.67-6.58 (2H, m); 6.41 (IH, dd, J=17.9, 6.1 Hz); 4.62 (1H, m); 4.11 (1H, m); 3.78
(6H, s); 3.84-3.20 (8H, m); 3.12 (3H, s); 2.96 (6H, s); 2.50 (1H, ddd, J = 13.3, 5.4, =1 Hz); 2.38-2.18
(1H, m); 1.42 (3H, s); 1.14 (6H, d, J = 6.7 Hz); 1.04 (6H, d, J = 6.8 Hz). °C NMR (CDCI3): 0-172.3,
163.8, 158.8, 151.3, 150.3, 144.3, 135.8, 135.4, 135.3, 130.1, 129.1, 128.2, 1'28.0,' 127.7,127.2, 123.2,.
113.3,111.3, 86.9, 85.6, 85.5, 84.7, 84.5, 74.0, 73.6, 63.4, 61.4, 61.1, 55.3, 43.2, 42.9, 40.3, 40.1, 24.6,
24.5, 11.7. *'P NMR (CDClLs): § 148.4. FAB—HRMS caled for CaoHgNsOoP ™M + Na) 918.4183,
found 918.4165.

5’—0—'(4,4’—Dimethoxytrityl)—3’—0—(N,N—diisopropylamino)[2—[[thioxo(phenyl)methyl]ami

no]ethoxy]phosphmyl—Z’ deoxythymldme (29) was synthesized as described in the general method'
'S7
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from 8 (5446 mg, 10.0 rﬁmol) chloro bi's[(N,N ;diisopropyl)amino]phosphite-(3068 m;g, 11.5 mmolj
and 18 (2139 mg, 11.8 mmol) Column separation gave 29, fast diastereomer (460 mg), 29, slow
diastereomer (420 mg) and thelr mixture (4550 mg) to total in 5430 mg (63. 5%) of 29.

29, fast diastereomer: 'H NMR (CDCl): 6 9.3 (1H, br.s); 8.01 (1H, br.t); 7.76-7.54 (2H, m);
7.46-7.20 (13H, m); 6.86-6.76 (4H, m); 6.32 (1H, dd, J = 65 65Hz) 4.65 (1H, m) 404(1H m); 4.0-
3.85 (2H, m); 3.76 (6H, s); 3.71-3.36 (SH, m); 3.28 (1H, dd, J= 2, 10.5 Hz); 2.39 (1H, m); 2.31 (1H,
m); 1.41 (3H, s); 1.14 (12H, d, J = 6.8 Hz). °C NMR (CDClL): & 199.3, 164.0, 158.8, 150.5, 144.3,
141.8, 135.6, 135.3, 131.1, 130.2, 128.5, 128.2, 128.0, 127.2, 126.6, 113.3, 111.3, 87.0, 85.5, 84.8,
73.3,72.9,62.9,61.1, 60.8, 55.3, 47.5, 47.4, 43.4, 43.2, 40.0, 24.8, 24.7, 24.5, 11.8..31P NMR ,(CDC134)Y:
0 149.3. FAB-HRMS: célcd for C46HssN4OgPS (M + Na*) 877.3376, found 877.3351.

29, slow diastercomer: 'H NMR (CDCls): § 9.4 (1H, br.s); 8.32 (1H, br.t); 7.76-7.68 (2H, m);
7.56 (1H, 5); 7.44-7.20 (12H, m); 6.86-6.76 (4H, m); 6.36 (1H, dd, J=8.3, 5.5 Hz); 4.60 (1H, m); 4.14-
4.0 (3H, m); 4.0-3.85 (1H, m); 3.77 (6H, s); 3.66-3.38 (3H, m); 3.28 (1H, dd, J= 10.6, 2.4 Hz); 2.54
(1H, m); 2.21 (1H, m); 1.42 3H, s); 1.13 (6H, d, J = 6.6 Hz); 1.03 (6H, d, J=6.7 Hz). 13C NMR
(CDC13) 8 199.5, 164.0, 158.8, 150.6, 144.3, 135 6, 135.3, 131.0, 1301 128.4, 128.2, 1280 127.7,
127.2, 126.7, 113.3, 111. 5, 87.0, 85.7, 85.6, 84.9, 74.5, 74.1, 63.5, 60.8, 60.5, 55.3, 47.6, 47.5, 43.3,
43.0,40.1, 24.6, 11.8. >'P NMR (CDCL,): § 148.2. FAB-HRMS: caled for CagHssN;OgPS (M + Na*)
877.3376, found 877.3351. | | |

5’—0—(4,4’—Dimethoxytrityl)—3’—O—(N,N—diisopropylamino)[2—[[(phenylamino)thibxometh
yl]amino]ethoxy]phosphinyl-2’—deoxythymidine (30) was synthesized as described in the general
method from 8 (1089 mg, 2.0 mmol), chloro bis[(N,N,-diisopropyl)amino]phosphite.'(587' mg, 2.2
mmol), and 19 (451 mg, 2.3 mmol). Column separation gave 30, fast diastéreqmer (134" mg), 30, slow
diastereqmer (395 mg) and their mixture (697 mg) to total in 1226 mg (70.5%) of 30. |

30, fast diastereomer: 'H NMR (CDCl;): & 8.10 (1H, br. s); 7.64 (1H, s); 7.42-7.14 (15H, m);
6.88-6.78 (4H, m); 6.42-6.32 (2H, m); 4.55 (1H, m); 4.02 (1H, m); 3.79 (6H, s); 3.90-3.64 (2H, m); .
3.63-3.53 (2H, m); 3.50-3.30 (3H, m); 3.22 (1H, dd, J= 1'0.6, 2.4 Hz); 240 (1H, ddd, J=13.7, 6.1, 2.5
Hz); 2.25 (1H, ddd, J = 13.7, 7.3, 6.4 Hz); 1.40 (3H,’s); 1.09 (6H, d, J = 6.8 Hz); 1.03 (6H, d, J = 6.8
Hz). °C NMR (CDCl): & 180.6, 163.9, 158.8, 150.4, 144.2, 136.2,135.6, 135.3, 130.1, 128.2, 128.0,
127.3, 125.1, 113.3, 111.3, 87.0, 85.8, 85.7, 84.8, 73.6, 73.2, 63.2, 61.9, 6.16 55.3, 46.4, 46.2, 43.3,
43.0, 40.0, 24.7, 24.6, 24.4, 11.8. *'P NMR (CDCl): 6 148.7. FAB-HRMS: calcd for C46H56N508PS

M + Na") 892.3485, found 892.3469.

- S8




© 2000 American Chemical Society, J. Am. Chem. Sbc., Guzaev ja0016396 Supporting Info Page 9

30, slow diastereomer: '"H NMR (CDCl): 6 8.51 (1H, br. s); 7.60 (1H, d, J =1 HZ); 7.42-7.16
(15H, m); 6.88-6.78 (4H, m); 6.60 (1H, br. t); 6.37 (1H, dd, J = 8.3, 5.6 Hz); 4.57 (1H, m); 4.05 (1H,
m); 3.78 (6H, s); 3.90-3.20 (8H, m); 2.48 (1H, dd, J = 13.3, 5.6 Hz); 2.22 (1H, ddd, J = 13.3, 8.3, 5.9
Hz); 1.42 (3H, s); 1.03 (6H, d, J = 6.7 Hz); 0.98 (6H, d, J= 6.7 Hz). ’C NMR (CDCly): 5180.9, 163.9,
158.8 150.6, 144.2, 136.7, 135.6, 135.4, 130.1, 129.9, 128.2, 128.0, 127.2, 126.9, 125.1, 113.3, 111.5,
87.0, 85.7, 85.6, 84.9, 74.4, 74.0, 63.5, 61.9, 61.6, 55.3, 46.4, 46.2, 432, 43.0, 40.0, 24.6, 24.5, 11.8.
P NMR (CDCly): & 148.3. FAB-HRMS: caled for CisHsgNsOsPS (M + Na) 892.3485, found
892.3469. | | |

5’—0—(4,4"—Dimethoxytrityl)—S’—0—(N,N—diisopropyl§mino) [2—[[thioxo(phenyl)méthyl]ami
no]propoxy|phosphinyl-2’—deoxythymidine (31) was synthesized as described in thé general method
from 8 (1089 mg, 2.0 mmol), chloro bis[(N,N,-diisopropyl)amino]phosphite (587 mg, 2.2 mmol), and
20 (449 mg, 2.3 mmol); Column separation gave 31, fast diastereomer (276 mg), 31, slow diastereomer
(296 mg) and their mixture (653 mg) to fotal in 1225 mg (70.5%) of 31.

31, fast diastereomer: 'H NMR (CDCL): 3 8.36 (1H, br. t); 7.71-7.65 (2H, m); 7.61 (1H,d,J=1
Hz); 7.45-7.20 (13H, m); 6.86-6.78 (4H, m); 6.34 (1H, dd, J = 7.3; 5.7 Hz); 4L62 (1H, m); 4.01 (1H,
m); 3.78 (6H, s); 3.94-3.37 (7H, m); 3.23 (1H, dd, J = 10.5, 2.6 Hz); 2.39 (IH; ddd, J=13.8,5.7, 2.9
Hz); 2.26 (1H, ddd, J=13.8, 7.3, 6.9 Hz); 1.93 (2H, p, J = 5.9); 141 (3H, s); 1.11 (6H, d, J = 6.6 Hz);
1.08 (6H, d, J = 6.6 Hz). ’C NMR (CDCL): § 198.9, 163.8, 158.8, 150.3, 144.3, 142.0, 135.6, 135.3,
131.0, 130.2,.128.4, 128.2, 128.0, l127.7, 127.2,126.7, 113.3, 111.3, 86.9, 85.6, 85.5, 84.8, 73.6, 73.2, '
63.2, 63.0, 62.8, 55.3, 45.9, 43.3, 43.1, 40.1, 28.9, 28.8, 24.7, 24.6, 24.5, 11.8. *'P NMR (CDClg): )

‘ 148.7. FAB-HRMS: caled for C47Hs7N4OgPS (M + Na®) 891.3532, found 891.351 1. ‘

31, slow diastereomer: 'H NMR (CDCl5): 8 8.61 ‘(lH, br. t); 7.8-7.7 (2H, m); 7.59 (1H, s); 7.45-
7.20 (13H, m); 6.88-6.78 (4H, m); 6.37 (1H, dd, J = 7.9; 5.5 Hz); 4.57 (1H, m); 4.06 (1H, m); 4.02-
3.65 (4H, m); 3.56-3.34 (3H, m); 3.27 (1H, dd, J = 10.3, 2.3 Hz); 2.48 (1H, dd, J=13.4, 5.5 Hz); 2.23
(1H, ddd, J = 13.4, 7.9, 5.6 Hz); 2.08 (2H, m); 1.42 (3H, s); 1.09 (6H, d, J = 6.8 Hz); 0.99 (6H, d, J =
6.5 Hz). °C NMR (CDCl): & 198.9, 163.8, 158.8, 150.5, 144'.3‘, 142.0, _135.-6, 1354, 130.8, 130.1,
128.3,128.2,128.0, 127.2, 126.8, 113.3, 111.4,87.0, 85.6, 84.8, 74.2, 73.8,63.5, 63.1, 62.7, 55.3, 45.7,
432, 43.0, 40.1, 29.1, 29.0, 24.6, 24.5, 11.8. *'P NMR (CDCl;): & 147.7. FAB-HRMS: calcd for
CHs;N,O5PS (M + Na*) 891.3532, found 891.3511. -

Ethyl 2—(4-Methoxybenzamido)-N—(isopropyl)ethyl ) 5'—0;(4,4’—Dimethoxytrityl)—3'—0¥

thymidylate (49). 1H-tetrazole (28 mg, 0.4 mmol) was added to a solution of 28 (274 mg, 0.3 mmol)
S9
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and ethanol (28 rrig, 0.6 mmol) in ar}hydrous CH,Cl, (3 mL), and the mixture was stirred for 30 min.
Pyridine (56 mg, 0.7 mmol) and 3—chloroperbenzoic acid (86 mg, 0.5 mmol) were added, aﬁd the
stirring was continued for 15 min. The reaction mixture was diluted with toluene (45 mL) and applied
on a silica gel column. The column was eluted with CH,Cl, / ethanol / pyridine 96.9:3:0.1. Collected
fractions were diluted with toluene, evaporated, and dried on an oil pump to give 255 mg (97.5%) of 49
as a white solid foam. 'H NMR (CDCl3): & 7.57 (0.5H, d, J = 1.2 Hz); 7.55 (0.5H, d, J = 1.6 Hz);
7.39-7.22 (7H, m); 7.20-7.12 (4H, m); 6.93-6.88 (2H, m); 6.86-6.81 (4H, m); 6.48-6.41 (1H, m);
5.15 (1H, m); 4.34-4.02 (6H, m); 3.82 (3H, s); 3.78 (6H, s); 359 (1H, t, J= 6.2 Hz); 3.54 (1H, t, J =
6.4 Hz); 3.52-3.48 (1H, m); 3.39 (1H, dd, /= 10.8, 2.4 Hz); 2.66-2.59 (1H, rn); 2.47-2.37 (1H, m);
1.37 (3H, 5); 1.32 (1.5 H, dt, /= 6.8, 0.8 Hz); 1.26 (1.5H, dt, /= 7.2, 0.8 Hz); 1.16 (3H, d, J = 6.4 Hz);
1.13 and 1.12 (3H, d, J = 6.8 Hz and d, J = 6.4 Hz). BC NMR (CDCl): 0 172.4, 164.1, 160.8, 159.0,
144.3, 138.0, 135.6, 135.4, 135.3, 130.3, 129.2, 129.0, 128.5, 128.4, 128.3, 128.2, 127.5, 125.5, 114.1,
113.5,111.8, 87.4,84.9, 84.8, 84.5, 78.9, 78.5, 65.3, 65.1, 64.7, 64.6, 64.5, 63.6, 63.5, 55.5, 55.4, 50.4,
46.3, 41.1, 39.4, 21.7, 21.4, 16.4, 16.3, 11.9. *'P NMR (CDCl,): & -0.8 (OSP s), —0.9 (0.5P, s).
FAB-HRMS: calcd for C46HsaN3O1,P (M + Na*) 894.3343, found 894.3332.

2—(4—Methoxybenzamido)——N—(isopropyl)ethanaminium trifluoroacetate (58): A solution of

anisoyl chloride (171 mg, 1 mmol) in THF (10 mL) was‘added dropwise to magnetically sﬁrred
N-isopropylethanediamine >(511 mg, 5 mmol) in THF (10 mL). The resulting solution was stirred for 2
days, evaporated, and dissolved in water (10 mL). The mixture. was brought to pH 2 by adding 25%
aqueous TFA and filtered. The filtrate was separated by preparative HPLC. The fractions were
evaporated, and the solid residue was re-crystallized from toluene to give 58 (291 mg, 83%), m.p.
80-81 °C. H NMR (DMSO-d): & 8.53 (1H, t, J = 5.4 Hz); 8.44 (2H, br. s); 7.85-7.82 (2H, m);
7.05-6.98 (2H m), 352 (2H, dt, /=54 Hz) 3.34 (1H, sept., J = - 6.4 Hz); 3.11-3.03 (2H, m); 1.21
(6H, d, J= 6.4 Hz). °C NMR (DMSO-dy): s 166.4, 161.8, 129.1, 126.2, 113.5, 55.3, 49.6, 43.6, 36.0,
18.5. Anal. Calcd for CisH,F3N,O4: C, 51.43; H, 6.04; N, 8.00. Found: C, 51.27; H, 5.82; N, 7.85.

S10
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Table S1. ESMS Data for oligonucleotides 69-76.

Compound | Sequence (5; —37) ) Backbone | Observed | Expected
| o ; | | ‘Mass | Mass
"DMT—69 T DMI-T» P=0 | 63239 | 63243
DMT-70 DMT-GC3A,GCTG,CATC,GTCA P=0 | 63649 | 63652
70 GC>A,GCTG,CATC,GICA | P=O | 6063.1 | 60628
DMT-71 | DMT-TC;GCy(TG),ACATGCAT, P=0 | 63455 | 63462
7 T TC;GCA(TG),ACATGCAT, P=0 | 60425 | 60438
DMT-72 DMT-GC;A,GCTG,CATC,GTCA. | P=S | 6669.9 | 6670.5
72  GC:AGCTG,CATC,GTICA | P=S | 63676 | 6368.1
DMT-73 DMT-TC;GC,(TG),ACATGCAT, | P=S | 66508 | 6651.5
73 TC:GCATG,ACATGCAT, | P=S | 63485 | 6349.1
DMT-74 DMT-ATGCAT,CTGCsA;G,A | P=S | 6668.6 | 66695
74 ATGATGCAT,CTGCA,G,A T P=S | 63669 | 6367.1
DMT-75 DMT-AGCT;CT:G(CA),TGTA; P=S | 66982 | 66986
75 AGCT,CT,G(CA),TGTA, I P=S | 63956 | 63962
DMTr—76 DMT_T%¢ T P=s | 81100 | siI1
76 T P=S | 78084 | 78087

a. T* stands for 2’—0—(2—methquethy1)—5—methy1ﬁridi’ne residue.
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| Figure S5. *'P NMR Spectrum of Compound 43 (5% pyridine in CD3CN as a liquid phase).
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Figure S6. >'P NMR Spectrum of Compound 45 (5% pyridine in CD;CN as a liquid phase).
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Figure S7. lp ZZW Spectrum of _OoEﬁoE& 51 recorded in 31&3\0902 (1:9) WEE_m&ma_v\ after the synthesis was complete. |
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Figure S10. '*C NMR (APT) Spectrum of HPLC-purified Compound 47 trifluoroacetate in 1% TFA-D,O.
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Figure S17. Reverse Phase HPLC Profile for O:moszoﬁoozmw DMT-73 (Crude Deprotection Mixture).
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