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Synthesis of Dimeric Oligodeoxyribonucleotide

Jeong-Sup Song'’

2 oF sty 4L VL g Aoz dE&sE dotigd Aoz dAE oligodeoxyribonucleotide S g
st PA0)EE ARE3t Heck-type C-C ZHEFUHE L 53}o] 2'-deoxyuridine?] 5-9}X|o] acetylene 7|85 =3}y,
5’-OHE t-butyldimethylsilyl2 ¥ 33} &, Glaser oxidative coupling ¥F-2-S ©]-835}o] dimerizationg ATt

Abstract  Oligodeoxyribonucleotide bearing the di-acetylenic linkage has been prepared.  Staring from
5-Iodo-2'-deoxyuridine(1), a four-step sequence, consisting of the Pd(0)-catalyzed Heck-type C-C coupling with
acetylenic group, protection of 5-hydroxy group, generation of acetylenic hydrogen, and Glaser oxidative
coupling reaction leads to the dimeric oligodeoxyribonucleotide(5).
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gFel WY W WM NEE Y% ABo) LS BE AJOFS-2 Aldrich chemical co. & v
oligodeoxyribonucleotides 2] 3}3}4] 332 e efidbel W 3t o] B SAIR R E 73t o] 83T, ¥H3- -Gl
e Ak Ees,  Aol:  gNE B EZEYATES Besl HAY T A A
oligodeoxyribonucleotides”} DNA  sequencing ¥ A& B 1 39l.& 'H NMR spectroscopy(Unity-Inova
polymerase A4jyh-29o] Zajojn| 2 de] 2457 gt 300MHz; Varian), FT-IR spectroscopy(FT/IR-460 plus;
E3] unprotected nucleotide, nucleotide, amino acid®} Jasco), Y4E A7) (EA 1108 Elmer CHNS-0)E AR5}
acetylene + A9 A3ES-S 1 Y4B U= 2A T
Al Aejstd g4 ffol B2 55 w1 Qick

ol 7S FEo] =Yt vhge Yuido g 2—1 5-Trimethylsilylethynyl—2'—=deoxyuridine
iodoarene™™ o1} iodoalkenes” o] Cu(T) arylacetylene 3}3H2 (2)e] &AM
=

£ 23| 7]= Stephans-Castro §h-3-0] J ] &85+, vt
S 7o) AHE}IL cuprous acetylideE WHE7|7} 7ith2 9]
AgHd o 2 AMgHr) 2 Aol A= uridine & 71 2 2 3}o]
Ae|ehd B4E A'd AL R ASEHE o|TAA AFESY
32 A =3l¥ek &, anti-viral activityS HojE Ao

dExl= £ e oMYA Aoz dZ=
oligonucleotide-S Al o0, A Q) AR T

3 13 2

N EH7IgtelA 100 mL FF ST
5-Iodo-2'-deoxyuridine(1) 2 g(5.65 mmol),
tetrakis(triphenylphosphine)palladium 340 mg, Cul 128 mg
< ¥tk W 892 dry CHCON 30 mLE HE o
(trimethylsilyl)acetylene 1.6 mL(11.3 mmol), Et:N 1 mLE
B %20°C ol 4] 20417} kA 7] A wS-g o] Hgral o
Z W3t} TLC (-A7]8H CHCls : CH;0H(v:v) = 5/1)5 ©]
|-3}od uhgo] H2 ¥ A& &g ths,, evaporator 2 98-
SuiE AASL, Fot 3l vhe EFES 4% acetone
o} 3o flash column chromatography (230-400mesh.
"HEEt setal/AlaHEta A Hexane/Ethyl  acetate(v:iv) = UDE  3A9]
WAIARE: 44 Ad(jssong@sunmoon.ac.kr)
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5-Trimethylsilylethynyl-2'-deoxyuridine (2)2 22§t} 4
E21.56 g (85%). mp 180°C.

'H NMR (acetone-dq): § 8.35 (s, 1 H, H6), 6.25 (t, 1 H,
H1", 4.51 (q, 1 H, H3"),3.95 (g, 1 H, H4", 3.79 (t, 2 H, H5"),
2.28 (m, 2 H, H2"), 0.16 (s, 9 H, trimethyl on silylethynyl).

IR (KBr pellet): v 2,220 (m) cm™.

Anal. Calcd for C14H2,N;OsSi: C 51.51; H 6.79. Found: C
50.98; H 6.56.

2—2 5—Trimethyisilylethyny|—5'-0O—f
butyldimethylsilyl-2'-deoxyuridine(3)
ol
N EfI7IstlA 50 mL 2 Eeke3d|
5-Trimethylsilylethynyl-2'-deoxy- uridine(2) 500 mg(1.54
mmol), #butyldimethylsilyl chloride 400 mg(2.65 mmol),
4-(dimethylamino)pyridine 200 mg(1.64 mmol), Et;N 400 p
LE Y&t WS-8l E dry CH;CN 20 mL S i3t the,
20°C of|A] 124]7F REA] 7| A4 0 2 wgich TLC (A
7189 CHCL: : CH:OH(v:v) = 5/1) o]-§-3}o] ¥h-5-0} 2k
" AL g b, CH:0H 2 mLE 7}3te] of£9)
+butyldimethylsilyl chloride S 28} A7} 11, evaporatorE At
83to] Wh3-8ulE AAT dolgls whE ERES &
2ol CHCLo| xoiA] flash  column(230-400mesh.
Hexane/Ethyl  acetate(viv) = I/1)OZE  3]49]
5-trimethylsilylethynyl-5'-O- £-butyldimethylsityl-2'-deoxyur
idine (3y& w23t

55 483 mg (72%). mp 84°C.

'HNMR (CDCls): § 8.00 (s, | H, H6), 6.34 (m, 1 H, HI",
448 (d, 1H,H3",4.13 (m, 1 H, H4"), 3.87 (m, 2 H, H5"), 2.47
(m, 1 H, H2'), 2.09 (m, 1 H, H2"), 0.91 (s, 10 H, 5'-O-t-butyl
onsilyl), 0.21 (s, 9 H, trimethyl on silylethynyt), 0.14 (d, 6 H,
5'-O-dimethyl on silyl).

IR (KBr pellet): v 2,174 (w) cm™.

Anal. Calcd for Co0H36N,05Si2: C 54.51; H 8.23. Found: C
54.02; H 8.07.

2-3 5'-0O—t—-butyldimethylsilyl-5—ethynyl—2'
—deoxyuridine(4)2] &4,

N, E7)8tol4 50 mL 2 EgtAdo|
S5-trimethylsilylethynyl-5'"-0-1¢-
butyldimethylsilyl-2'-deoxyuridine(3) 320 mg(0.73 mmol)E
Hyek2-2o2 CH;0H 16 mL, 0.1 N NaOH in CH;OH 3.9
mLE T&to] 60°CollA] 19417t RkAIITE. TLC (}7H-8
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£ 3015k o2, methanolic HCl & AME-8lo] ¥h3- 32
pH7 2 2A3%t F evaporatorS AMHE-3}Ho] HE-S Lol & A A
it} of 7]o)) A8Fe] CHCLE 718k th2 Celite filtrationd}
o] RAHEQ NaClg AjA%E ZYstolA ol g A A
il A0 3| 5"-0- tbutyldimethylsilyl-5-
ethynyl-2'-deoxyuridine ()2 ¢-& 5 It} 58 266 mg
(99%). mp 178-180°C.

'H NMR (CDCL): § 8.05 (s. 1 H, H6), 6.33 (¢, 1 H, H1",
441 (d, 1 H, H3), 4.07 (s, 1 H, H4"), 3.83 (g, 2 H, 15, 3.15
(s, 1 H, 5-acethylene), 2.43 (m, 1 H, H2"), 2.00 (m, 1 H, H2"),
0.91 (s, 9 H, 5-O-butyl onssilyl), 0.11 (d, 6 H, 5'-O-dimethyl
on silyl).

IR (KBr pellet): v 2,175(w) cm’™.

Anal. Calcd for C17H2sN20sSi: C 55.41 ; H7.66. Found: C
55.87; H7.35.

A CHCl/CH;0H(v:v) = 5/1)2 0] 85} uh-g-0) A2 H 2}
[}
=

2—-4 Di—5—ethynyl—bis—5'-0O—t-butyldimethylsilyl
~2'-deoxyuridine(5)2] &M,

N E7[5tflA 100 mL & ETAI|
5'-0O-t-butyldimethylsilyl-5-ethynyl-2'-deoxyuridine(4)
1.778 mg(4.86 mmotl), Cu(OAc), - H>O 1.16 g(5.83 mmol)
&gt B2 2ul 2 dry pyridine S0 mLE T to] 50°Coj)
A 16A17F WHEA 7| WES-E-Ho] HA o = Wigtch TLC
(%7} CHCI/CH;OH(v:v) = 5/1)& ©]-8-3}o] Ht-g-o] &
2 A& I3 b, evaporators 5-3}od HH-g-§-0lE 4|
AL, g2 kg TIHES AT ethyl acetateo]] =0q.4]
flash column (230-400 mesh SiO; 10 cm + ALOs3 3 cm,
Hexane/Ethyl /Hez Lol
di-5-ethynyl-bis- 5'-O-t-butyldimethylsilyl-2'-deoxyuridine
5)& Bajslty. 58 920 mg (52%). mp 146-150°C.

'HNMR (CDCl; + CD;0OD): & 8.08 (s. | H, H6), 6.13 (m,
1 H, H6), 4.26 (m, 1 H, H3"), 3.95 (q, | H, H4"),3.73 (m, 2 H,
H5", 2.29 (m, 1 H, H2"), 1.97 (m, 1 H, H2"), 0.81 (s, 9 H,
5'-O-tbutyl on silyl), 0.20 (d, 6 H, 5'-O-dimethyl on silyl).

IR (KBr pellet): v 2,172(w) cm’.

Anal. Calcd for C34Hs4N4O10S13: C 55.56; H 7.41. Found:
C 56.12 ; H7.29.

acetate(viv) =

3. 2% 3 v

3—1 5-Trimethylsilylethynyl—2'—deoxyuridine(2)
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Tetrakis(iriphenylphosphine)palladium ¥ Cu(DZ Zuj
2 zzoE A3 500do-2-deoxyuridine(1)T}
(trimethylsilyl)acetylene-2 WHSAlA £ £E8(85%)2
S-Trimethylsilylethynyl-2'-deoxyuridine(2)2 29It} (eq. 1)

(ea. 1)

FoiQl PdT} Culs 4% AMEEQ 20 alkynesS 8RS
£ 2 gFo] AMEE|QT) 5-lodo-2'-deoxyuridine2] 7
£ 9k Bl acetonitrileo]] ZF4 G A Hh-go]
AP e, 204 Qhgo] AFPElmz Hukgo] Aol A
ofLtR] grot AE9] Helrt goldtitt Bk g3=r}
£2 dimethylformamideS ¥hg- grj2 AMR3}51, 60°C
oAl 1A1ZE B 9hEA 7] Aol w32 wExut &
o] HjFe] 1 Hykge] ot RAEo] AJAdE]of
Uit ARE9] E27 72 YA T, £3] iodide] 2
ol o3t Ao AR = A 2o BB 93}
o Eajd AA4Eo] Je 2L oA ot

3-2 Protection of 5—Trimethylsilylethynyl
—2'=deoxyuridine(2)

Trimethylsilyl group& hydrogen® 2 X]%}3}7]of QA
deoxynucleoside2] hydroxyl group& protectiond}od T}
GAA 9] Hyke-Z Xaloith S-hydroxyl groupg]
protectiond $J3te] oja] 7[x|5 AREE 4= QiR|uh, o
oA ] Ll Mierkls
tbutyldimethylsilyl(TBDMS) group& A3}ttt

TBDMS-ClE ©]43F §h3-2 TMS-CI9] 3t EFojlA
gk}, TBDMS ether= TMS ether®2 T} hydrolysiso])
st 10%) o eHdEttn ¥EA ik TBDMS
group®] hydrolytic Q+4A-2 W& silicone S EF3H= B
A9} isolationg ¢l - 58314 AbgEOIAL) EFH
TBDMS-Cl ¥ 4-Dimethylaminopyridine (DMAP)E o}-&
3t alcohol protection HF3-S solvent®] ZEFof ulelA
secondary alcohols9] ZA3}o] primary alcoholZt A1e]Z]
oz BE% 4 Qltk o3 TBDMS-C19] HH3-EAE
0]2-3}0] primary alcohol®] protectiond A 33t ch =,
S-trimethylsilyl-ethynyl-2'-deoxyuridineof| &= thg oA 9]
gl 3 F= 5-HA1 3-91X19] hydroxyl group
o] &A|3l=d), HA] primary alcohol?) 5-hydroxyl group
£ TBDMS-CIE ARE3}o] MelA 07 protectionA| ZT}.
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(eq. 2)

UutZ 0 Z 5-hydroxy group?] protectionof ‘da] AR&
Ej& 4,4'-dimethoxy- trityl chloride (DMT-C)E ©|-8-8t
protection®] 7-2-olli= thg TAI] ¥hgollA H3E AL,
flash column chromatographyA]o]| deprotection®] Yoirt
= A& & 71 A%k

(eq.2)

3—3 Deprotection of 5—Trimethylsilyl group.

Cyp-Csp coupling ¥+-§-Z ©]8510] Uridine dimerS Tt
E7] 9dlM = protected® acetylene groupollA] TMS
groupZ A|Astort ghct. grof|lA] g3 Hiel ol
hydrolysis 7] tfsled TBDMS group Et} TMS
groupo] ¢ FIZELA RRGIFEE 0|23t WY ApolE
o1 8510] 447 TMS growpS HE AP 4 Ssionl™,
STBDMSE s Wsbh §8€ 442 NMR
spectrum F8to] I = QIUch (eq. 3)

o H

Jj/< A~

N |

| N

i 0)\ §FC, 190 i N

% iy 0.1N NeOH %_/ (eq.3)
i H

o CHyOH
3 4

Z, A4E9] 'H NMR spectrume 28] £ A} 6
0219 Uehte trimethylsilyl groupo] AFRA]|LL th4lo]
§ 3.159) ¢JxJo] A3 AQI acetylenic proton®] RoJZ-S
o 2~ gl9lon, § 0.81 & § 0.200] L}ElLH= TBDMS
groupe] 9179} HEgre AR o WA Ystch

3—-4 Dimerization of 5'-0—t—butyldimethyisilyl
—5—ethynyl—2'—deoxyuridine (4).
Acetylene group2) dimerizationS =35
di-5-ethynyl-bis-5'-O-t-butyl- dimethylsilyl-2'-deoxyuridine
(5)9] g2 Glaser oxidative coupling ¥H-3-8- o]-83}

¥ (eq. 4)

0 H

)j/
N
Cu(OAc)yHO,
%—\Si— N Pyridine
/ 50°C, 161
H

4 5

(eq-4)




ofFAY &elT LAl HaAL]

5 9718 2AFIA CuDol 23kl  acetylened)
protono]| A|A=HA couplingo] AolLt diatkyneo] ABA
7 "o AYE B2A) ZM9 Cunol2o]| AAs})
18} flash column chromatographyl| aluminaZ 7}5}
of AHgstgom, HHES] 'H NMR spectrumg 491
H § 3.159] =)o Uehtd acetylenic protono] AlEbz
2 ¢ 5 9lglonl, Begle DMFE Agehd w3
29| opHPH 7]9} o]23H= C=07} WS BHol furan T
= TEA =] dimerizationo] ZIE|x] ko,

Az

&2 < 7RI & AL R o EEHE f-of
AL Z23er dZ2E e ugSAgR il SjES
5-lodo-2'-deoxyuridineS> HWEAT 3t 32%9] HA|
TEE YT AATAARE T 10A9} 2o
2°-deoxyuridine®] 5-$z]ofl acetylene 7|8 =¢J5ln
5’-OHE t-butyldimethylsilyl2 H3Z3F 3,
oxidative coupling ¥H-5-& ©]-23}o] dimerization2 AR
t}. Dimerized uridineg $A4Jst= & o}2 Az g 19
20| 4)¢} Zro] WA acetylene?] silyl groupg hydrogen.
B |23, oxidative couplingA|7|E WS A=SHgITh

HA 5-hydroxy group®] protectiono] Ho] 9)z] ¢ke
FEllA FERS-S Aaskslr] 9jste]  trimethylsilyl
group®] deprotecting reagent® A daA 9=
tetrabutylammonium fluoride (TBAF)E AMR&}e] 313H=
29} AF2o)A 15A17F Bob ukgAzith wkg Az}
trimethylsilyl groupo] 44 hydrogen® 2 x]3}%|g} o
FAHER] tetrabutylammonium salt®] oJg|7}2] Lufjof o
3t 3% 9 silica gel (reversed phase E3H)3}e] ZabA
ol BHE 73t vt Belrt ©d ghgron], o]E salt
7} XY= hygroscopicdt 4} w o] 5-hydroxy group2)
protectionfh-g-of| FFE Fof Ysh= FFHEL FAY 4
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a8 3. Di-5-ethynyl-bis-5’-O-t-butyldimethylsilyl-2’-deoxyuridine(5)] 1H NMR AHEH.
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