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Synthesis of Thymidine Dimer Containing Novel (N-Acetyl)imino Link age

Te-Fang Yang* (#5{#7 ), Fang-Chi Chien (#5754 ) and Fen-Yu Chung ( 24 )
Depart ment of Ap plied Chemistry, Chaoyang Uni ver sity of Tech nol ogy, Wufeng 413, Taichung, Tai wan, R.O.C.

By start ing with 3'-keto-5"-O-protected thymidine, 3'-O-amino-5'-t-butyl-diphenylsilyl thymidine (9)
was pre pared and cou pled with 3'-O-t-butyl-diphenylsilyl-5'-formyl thymidine to form a nucleoside dimer
(11) containing oximelink age. Theback bone of thisdimer, then, un der went reductionfol lowed by acetyl &
tion to give an (N-acetyl)imino link age, and anovel dinucleotide (13) wasobtained.

INTRODUCTION

Remark ableprogressonthesearchfor promisingoligo
nucleotidesaspotential antisenseagentshasbeen madeinthe
last decade.™® Especially, some prob lemssuch aschirality,”
nucleolyticdegradation’ andlow binding af finity found with
oligonucleotidescontaining phosphoruslink ageshaveal-
most been over comeby adopt ing thosecontainingvari ous
non-ionic, hy drolyti cal ly stableand non-chiral back bones.
Forexample, amide-linkedoli gomershaveprovedtobefully
resistanttocleav ageby ribozyme® or have shown good bind-
ing af finity tocom plementary RNA.” On the other hand,
methy lene(methylimino) (MM1) linked tetramer® was found
to be ex tremely stablein the presence of nu cleases. These
phe nom enaseemtoim ply that aninternucleosidic link age
con tain ing both imino and am ide groups might be auseful
modi fi cation of theback bonein anti sense oligonucl eotides.
Al though most of the re ported non-natural back bones con-
tained in dinucleotides, so far, are four-atom moi eties, afew
nucleoside dimers such as 1,° 2,° 3% and 4, in which the
link ages are com posed of athree-atom chain (Schemel),
havealso beeninvesti gated. Itisnotewaor thy that the oligo-
nucleotide into which the oxyamide-linked dimer™ had been
incorporated was shown to affiliate with complementary
DNA aswell asthesequencewhichpossessesnat ural link age
only. This promising result attracted our attention and
prompted usto study the syn the sis of some oxyamide-like
linkednucleotidedimers.

Thus, we are interested in (N-acetyl)imino linkage
since it is achiral, non-ionic'? and nearly isosteric to the
oxyamidegroup. Fur ther more, itisreasonabletoantici pate
that the (N-acetyl)imino group would also projectit self away
from the im peding ef fects of the sugar moi ety,!! and the
conformational ri gidity® of the group could bein favor of the
duplex helix. Hereinwereport the synthesisof thymidine
dimer analogwhich contains3*-(2)-O-N(Ac)-5"link age (5).
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Compound 5isex pectedtoin cor porateinto anoligo nuclec
tide, and thenew strand could beap pliedto antisensether apy.

RESULTS AND DISCUSSION

Ini tially, 5*-O-protected keto thymidine 6 wassimply
re duced with NaBH4 to predominantly provide (3'-B- hy
droxy)thymidine (7) (Schemell) asthe major prod uct. A
Mitsunobu reactionof 7 with N-hydroxyphthalimide® gave
3'-O-phthalimidothymidine (8), which was then treated with
methyl hydrazineto af ford 3"-O-aminothymidine (9). Cow
plingreactionof 9with 5*-formyl thymidine (10)” proceeded
smoothly at roomtem per atureinaceticacidsolution(Scheme
[11), and the oximelinked thymidine dimer ( 11) wasobtained
in85%yield. Very recently, Gotor and cowork ers'? have just
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reported the cou pling reaction of 3'-carbazoyl thymidine
with 5'-formyl-3'-O-t-butyl-dimethyl thymidine at 40~C us-
ing meth anol asthe sol vent and for mic acid asthecat alyst.
Wedid adopt these con di tionsfor there ac tion com pound9
withcom pound 10. How ever, prod uct11 wasobtainedinlow
yield. It isaso note wor thy that the tert-butyl-diphenyl-silyl
(TBDPS) group was a better one, com pared with the trityl
group or tert-butyl-dimethyl-silyl (TBDMS) group, for the
protection of both5°-O on com pound 7 and 3°-O on com-
pound 10, sincethefor mer (TBDPS) iscom pat i blewith ace-
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ticacidatroomtemper ature.

Reduction of theoximelink agein 11 by dimethyl phen
ylsilane'** led to theimino link age con tained in thymidine
dimer 12. Wethenintendedtocar ried out acetyl ationreaction
of theimino link agewith acetyl chloridebut failed. Thereac
tionwasfi nally achieved by usingaceticanhy drideasthere
source of acetyl moi ety, and thisre sulted in thefor mation of
dimeranaloguel3(81%). Removal of TBDPSgroupinl3 by
TBAFfurnishedthetar getproduct (5). The N-O bond in com-
pound 5 isstableintrifluoroacetic acid and isex pected to be
asstableasthe N-O bond in com pound 4.

Inconclusion, wehavesynthesized aseriesof thymidine
dimeranalogues(11, 12, 5) containing 3-atomlink ages. The
method isfacileand ef fi cient, and the re agents adopted are
inex pensiveandreadily avail able. Incor porationof theti tle
dinucleotideinto DNA sequencesisbeinginvesti gated and
theduplex meltingtem per atureswill bemeasured.

EXPERIMENTAL SECTION

General

Melting points were determined on a Fargo MP-10
melting point ap paratusand areun cor rected. *H- and **C-
NMR spec trawerere corded with aVarian-200 MHz in stru-
ment, usingtetramethylsilaneasinter nal standard. Chemi cal
shifts are given in fival ues/ppm and cou pling con stants (J)
aregivenin hertz (Hz). TLC was per formed on pre-coated
glassplatesof Sil icaGel 60 F254 (0.25 mm, E. Merck). Col-
umn chromatog raphy wasper formedusingMerck sil icagel
60 (230-400 mesh). High-resol ution mass spec tra(HRM S)
were deter mined on aJEOL JMX-SX/SX 102 A mass spec-
trometer at National Chung-HsingUni ver sity. El emental
anal y seswereper formedintheMicroanalytical Laboratory
atNational Tai wanUni versity.

1-[5-O-(tert-Butyldiphenylsilyl)-2-deoxy-P-D-erythro-
pentofuranosyl]thy mine(7)

Toasolutionof6 (3.00g, 6.27 mmol) inmethanol (100
mL), NaBH. (316 mg, 20.71 mmol) was added. Thereaction
mix turewasstirred at roomtemper aturefor 10 min. Af terthe
sol ventwasremoved under reduced pressure, theresi duewas
ex tracted with ethyl ac etate (30 mL < 3). The ex tracts were
com bined and washed withwater (50 mL). Theor ganiclayer
was further washed with 20% acetic acid (50 mL), 5%
NaHCQO: (50 mL), dried (MgSOs) and concentrated. Theresi
due was purified with silica gel columnchromatography
(19:1, CH:Cl>/MeOH) to give a4:1 mix ture of 7 (2.18 g,
72%) and its stereoisomer, 5-O-tert-butyldiphenylsilyl
thymidine (0.55 g, 18%). Prop erties of 7: [t]o® +10.6 (c
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0.35, CHCl3), mp 73-74°C; IR: 3396 (br), 2932, 1691, 1470,
1280, 1109, 1070 cm*; Ry 0.67 (19:1, CH,Cl./MeOH);
'H-NMR (CDCls, 200 MHZ) & 1.08 (s, 9H), 1.75 (s, 3H), 2.24
(dd, J = 14.8 Hz, 1.8 Hz), 2.55 (m, 1H), 3.59 (bs, 1H), 3.92
(dd, J = 7.6 Hz, 4.8 Hz), 4.04-4.13 (m, 2H), 4.51 (m, 1H),
6.20 (dd, J= 8.0 Hz, 2.4 Hz), 7.25-7.73 (m, 11H), 9.86 (bs,
1H); "*C-NMR (CDCls, 50 MHz) & 12.39, 19.06, 26.71,
40.88, 62.48, 70.88, 83.37, 84.79, 110.01, 127.83, 130.00,
132.47, 135.47, 137.29, 150.91, 164.24.

5-O-tert-Butyldiphenylsilyl-3-O-phthalimido-thymidine
(8

Diethyl azodicarboxylate (0.79 g, 4.54 mmol) was
added dropwise to amix ture of 7 (1.9 g, 3.95 mmol), tri-
phenylphosphine (1.2 g, 4.58 mmol) and N-hydroxy phth-
alimide (0.74 g, 4.54 mmol) in THF at 0 *C. Thereaction
mix turewas stirred for 3 hoursand then con cen trated un der
reduced pressure. Theyel low ish syrup wasex tracted with
CH,Cl; (50 mL x 3), washed with brine, dried (MgSO4) and
concentrated. Theresi duewaspuri fiedwithsil icagel col umn
chromatography (3:2:2, EtOAc/n-hexane/CHCl.) to give 8
as awhite solid (2.18 g, 88%). [ix] o> +102.1 (¢ 1.0, CHCl3),
mp 69-70 “C; IR: 3387 (br), 2937, 1733, 1690, 1466, 1366,
1276, 1180, 1109, 1080 cm'; Rr 0.53 (3:2:2, EtOAc/n-
hexane/CH.Cl,); *H-NMR (CDCls, 200 MHz) f 1.05 (s, 9H),
1.63(s, 3H), 2.25 (m, 1H), 2.85 (dd, J = 12.6 Hz, 5.2 Hz, 1H),
3.90 (dd, J = 12 Hz, 3Hz, 1H), 4.02 (dd, J = 12 Hz, 3Hz, 1H),
4.47 (m, 1H), 5.05 (d, J = 6 Hz, 1H), 6.58 (dd, J=9.0 Hz, 5.2
Hz, 1H), 7.32-7.65 (m, 11H), 7.76-7.89 (m, 4H), 9.19 (br s,
1H); "*C-NMR (CDCls, 50 MHz) & 12.00, 19.20, 26.85,
37.18, 64.08, 76.36, 76.99, 77.63, 83.15, 84.58, 88.02,
111.17, 123.75, 127.91, 128.70, 130.08, 132.01, 132.56,
134.72,135.03,135.17, 135.39, 150.11, 163.7; HRM S (FAB,
MH") caled for CasHzsNsO7Si: 626.2322; found: 626.2328.

3"-0-Amino-5"-O-tert-butyldiphenylsilyl-thymidine (9)
Toasolutionof8 (2.0g, 3.20 mmol) in CH2Cl> (30mL)
at -10 *C was added methyl hydrazine (0.18 g, 3.84 mmol).
Thereactionmix turewasstirredat-10*C for 30 min. and at 0
=C for 1.5 hours. Sat u rated brine (30 mL) was then added to
washthereaction mix ture. Theor ganiclayer wascol lected,
dried (MgSO4), and con cen trated to give awhite solid. The
crude prod uct was recrystallized (CH :Cl./cyclohexane)to
provide9 (1.38 g, 87%). [t:]o® +5.1 (¢ 0.73, CHCl3), mp
85-86 “C; IR: 3387 (br), 2937, 1690, 1466, 1276, 1109, 1080
cm™; R 0.53 (2:1, EtOAc/n-hexane); *H-NMR (CDCls, 200
MHz) & 1.10 (s, 9H), 1.57 (s, 3H), 2.06 (ddd,J = 13.8 Hz, 9.2
Hz, 6.0 Hz, 1H), 2.58 (dd, J = 13.8 Hz, 5.2 Hz, 1H), 3.85 (dd,
J=11.4Hz, 2.2 Hz, 1H), 4.04 (dd, J= 11.4 Hz, 2.2 Hz, 1H),
4.16 (m, 1H), 4.46 (m, 1H), 6.36 (dd, J = 9.2 Hz, 5.2 Hz, 1H),
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7.36-7.69 (m, 11H), 9.08 (bs, 1H); *C-NMR (CDCl3, 50
MHz) & 11.93, 19.36, 26.90, 38.67, 64.84, 83.68, 84.22,
84.68, 111.20, 127.95, 130.01, 132.27, 135.22, 135.54,
150.42, 163.80; HRMS (FAB, MH™) calcd for CosHasNaOsSi:
496.2267; found: 496.2272.

Compound 11

Toasolutionof9 (0.45¢g, 0.91 mmol) inaceticacid (15
mL) was added 10(0.45 g, 0.95 mmol). Af ter being stirred for
3 hoursat roomtem per ature, there ac tion mix turewascort
centratedunder reduced pressure. Theresi duewasex tracted
with CH,CI, (30 mL). Theor ganiclayer waswashed with sat
uratedNaHCO; so lution (30 mL), dried (MgS0O,), and con-
centrated. Thecrudeprod uct wasthenpuri fiedwithsil icagel
col umnchromatography (24:1, CH,Cl,/MeOH) to give 11
(0.73 g, 85%) as awhite solid. [] 5> +47.8 (c 0.46, CHCIy),
mp 98-99°C; IR: 3377 (br), 2937, 1690, 1471, 1109 cm™; R;
0.57 (24:1, CH.Cl,/MeOH); *H-NMR (CDCl5;, 200 MHz)
1.10 (s, 18H), 1.86 (s, 6H), 1.96 (m, 1H), 2.08-2.25 (m, 2H),
2.48 (m, 1H), 3.20-4.08 (m, 4H), 4.44-4.88 (m, 2H), 6.20-
6.41 (m, 2H), 7.19 (s, 1H), 7.30 (s, 1H), 7.34-7.68 (m, 21H),
8.82 (bs, 1H), 8.91 (bs, 1H); Anal. Calcd for CsHeNsOoSi o
0.5H,0: C,64.71; H,7.30; N, 7.26; Found: C, 64.71; H, 7.05;
N, 7.17.

Compound 12

Dimethylphenylsilane (0.13 g, 0.95 mmol) was added
dropwise to a solution of 11 (0.60 g, 0.52 mmol) in tri-
fluoroacetic acid (5 mL) at 0%C. Thereaction mix turewas
stirred for 3 hours, then con centrated un der reduced pressure.
Theresi duewasex tractedwithCH ,Cl, (20mL). Theor ganic
layer was washed with sat u rated NaHCO; solution (50mL),
dried (MgSO,), and concentrated. Thecrudeprod uct waspu
ri fiedwithsilicagel col umnchromatography (3:2:1, EtOAc/
n-hexane/CH,Cl,) to give 12 as a white solid (0.35 g, 55%).
[] p2° +84.5 (c 0.47, CHCIl3), mp 93-94=C; IR: 3377 (br),
2928, 1690, 1466, 1428, 1109 cm'®; R; 0.64 (3:2:1, EtOAc/n-
hexane/CH,Cl,); *H-NMR (CDCl;, 200 MHz) & 1.09 (s,
18H), 1.56 (s, 3H), 1.86 (s, 3H), 2.02-2.13 (m, 2H), 2.33 (ddd,
J=13.6 Hz, 6.0 Hz, 3.0 Hz, 1H), 2.50 (dd, J = 13.6 Hz, 5.0
Hz, 1H), 2.64-2.83 (m, 2H), 3.75 (dd, J = 12 Hz, 3 Hz, 1H),
3.95-4.0 (m, 2H), 4.08 (m, 1H), 4.50 (m, 1H), 6.17-6.34 (m,
2H), 6.99 (bs, 1H), 7.34-7.67 (m, 22H), 9.05 (bs, 1H), 9.07
(bs, 1H); C-NMR (CDCl;, 50 MHz) & 11.94, 12.52, 19.00,
19.36, 26.85, 26.99, 37.33, 39.39, 53.39, 64.76, 74.32, 83.20,
83.71, 84.63, 111.28, 127.95, 127.99, 130.06, 130.18,
132.18, 132.84, 132.88, 132.97, 135.20, 135.54, 135.66,
135.72, 136.11, 150.27, 150.36, 163.52, 163.76; HRMS
(FAB, MH") calcd for G;HgsNsOgSi,: 957.4164, found:
957.4181; Anal. Calcd for Cs,Hg3sNsOgSi,-1.5 H,O: C, 63.40;
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H,6.71; N, 7.11. Found: C, 63.17; H, 6.31; N, 6.99.

Compound 13

Toasolutionof 12 (0.33 g, 0.35 mmol) in pyridine (5
mL) was added acetic an hy dride (0.1 g, 1.05 mmol). There-
actionmix turewasstirred at room tem per aturefor 2 hours
andthen con centrated under reduced pressure. Theresi due
wasex tracted with CH,CI, (20 mL), washed with sat u rated
NaHCO;solution (20 mL), dried (MgSO,, and concentrated.
Thecrudeprod uct waspuri fiedwithsil icagel col umn chro-
matography (3:2:1, EtOAc/n-hexane/CH,Cl,) to give 13
(0.28 g, 81%) as awhite solid. [iz] p° +54.8 (¢ 0.98, CHCl5),
mp 89-90°C; IR: 3377, 2937, 1690, 1466, 1109, 1071 cm™™;
Rr 0.65 (3:2:1, EtOAc/n-hexane/CH,Cl,); *H-NMR (CDCl ,
200 MHz) §1.08 (s, 18H), 1.67 (s, 3H), 1.90 (s, 3H), 1.98 (s,
3H), 1.95-2.55 (m, 4H), 3.23 (m, 1H), 3.53-3.72 (m, 2H),
3.90-4.48 (m, 5H), 6.31 (m, 2H), 7.38-7.63 (m, 21H), 9.33
(bs, 1H), 9.55 (bs, 1H). **C-NMR (DM SO-dg, 50 MHz) &
12.08, 12.19, 18.93, 19.22, 20.91, 26.74, 26.91, 37.03, 39.25,
64.40, 74.39, 82.59, 83.07, 84.26, 84.87, 85.64, 112.90,
127.92, 127.98, 128.05, 130.13, 130.20, 130.34, 131.94,
132.35, 132.59, 132.88, 134.70, 135.20, 135.39, 135.61,
150.21, 150.27, 163.85. Anal. Calcd for Cs4HgsNsO10S 2: C,
64.84; H, 6.55; N, 7.00; Found: C, 64.73; H, 6.89; N, 6.73.

Com pound5

A mix tureof 13(0.20 g, 0.20 mmol) and tetrabutyl am-
mo nium flu o ride (78 mg, 0.30 mmol) in THF (10 mL) was
stirred at roomtem per aturefor 6 hours. Thereactionmix ture
wasthen con centrated under reduced pressure. Theresi due
waspuri fiedwithsil icagel col umnchromatography (14:1,
CH,CI,/MeOH) to give 5 (86 mg, 82%) as a white solid.
[]2° +65.0 (¢ 0.26, MeOH), mp 128-129=C; IR: 3396 (br),
2930, 1718, 1473, 1276, 1200, 1132 cm™; R; 0.64 (14:1,
CH,Cl,/MeOH); *H-NMR (DM SO-d;, 200 MHz) & 1.76 (s,
3H), 1.77 (s, 3H), 2.04 (s, 3H), 2.10-2.34 (m, 4H), 3.59 (m,
2H), 3.82-4.16 (m, 5H), 4.70 (m, 1H), 5.17 (t, J= 5 Hz, 1H,
5-0OH), 5.35 (d, J =4 Hz, 1H, 3'-OH), 6.15 (m, 2H), 7.46 (s,
1H), 7.69 (s, 1H), 11.26 (bs, NH), 11.30 (bs, NH); *C-NMR
(DMSO-dg, 50 MHz) & 12.17, 12.45, 20.99, 35.47, 48.79,
55.02, 61.67, 71.64, 82.51, 82.87, 83.53, 84.18, 84.28,
109.88, 109.95, 136.08, 136.40, 150.63, 150.66, 163.98,
164.01, 172.33; HRMS (FAB, MH") calcd for CyH Ns0; o:
523.1914; found: 523.1922.
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