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ABSTRACT. The study was done with a focus on making the optimum condition on phosph-
orylation of deoxyribonucleoside with o-chlorophenylphasphoroditriazole as a phosphorylating agent.
The result showed that the addition of 5 volume % pyridine to the dioxane solution accelerated
the rate of reaction to a great extent and turned out to nearly quantitative yields on phosphoryl-
ation. On the basis of this improvement of optimum reaction conditions, a more efficient method
to synthesize all-protected dideoxyribonucleotide from N, 5-O-blocked deoxyribonucleoside was
developed. The dodecamer with a Hind I recognition site was readily synthesized from five
different dimers which were prepared through the newly improved method.
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Fig.1. Yields vs time profiles of N,5’-O-blocked deoxyribonuc leoside phosphorylation in various
combinations of reaction temperature and medium ; —[J—= 10°C-dioxane, —A~~=10°C-5% pyridine/
dioxane, —O—=0°C-5% pyridine/dioxane, —@—=0°C-50% pyridine/dioxane, Yields were quantified
with hple (Radial Pak ODS, 280nm, 2mi/min., 55% CH;CN/0.2M aq NHOAc, a.b,¢ and d represent
N, 5"-O-blocked deoxyribonucleoside, product, CPPDT, and solvent respectively).
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28 35 853 o gA7ANE o 44 ¥4E
9 L w5 Jdgrh oI #EHAFA
of F2 olgdty dE WY FEHeR BT
¥l deoxyribonucleoside o) o1 4b3} A< 713+
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Vol. 31, No.1, 1987

e #4539 AFAE 43 gy 3
2 AE o &3l o|FAE FANE Wheoem
A Bz A4 918 4§ phosphodiester nucle-
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Fig.2. Synthetic routes of all-protected dideoxyri-
bonucleotides. B’ is thymine(T), N-benzoyladenosine
(A”), N-benzoylcytine(C’) or Nisobutyrylguanine (G*).
DMTr and Ar are abbreviations for di-p-methoxytrityl
and o-chlorophenyl respectively.
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Table 1. Yields of the activated monodeoxyribonucleotides and the all-protected dideoxyribonucleotides

in various reaction routes

Routes® wp Sompounds mole ratioh® Productst Yield(%)
AG,v) 0.1 0.1 DMTrdT-CP >90
A 0.1 0.1 DMTdA-CP >80
A 0.1 0.1 DMTrdC-CP 87
A 0.1 0.1 DMTrdG-CP 85
B (i, vi) 0.1 0.14 dT+CE 90
B 0.1 0. 14 dAFCE >00
B 0.1 0.14 dCFCE >0
B 0.1 0.14 dGFCE 90
C G, ii, i, viii) 0.1 0.1 0.11 DMTrdTFTFCE 73
C G, v, viii) 0.1 0.1 0.11 DMTrdTITECE 86(75)
E{, vi, vii, ix) 0.1 0.1 0.11 DMTrdTFTFCE 35
E 0.15 0.1 0.11 DMTrdTFTFCE 47
E .2 0.1 0.11 DMTrdTF¥TFCE 55
D 0.1 0.1 0.11 DMTrdTFAFCE 81(74)
D 0.1 0.1 0.11 DMTrdAFGFCE 65(51)
D 0.1 0.1 0.11 DMTrdCFTFCE 76(68)
D 0.1 0.1 0.11 DMTrdAFAFCE 72(64)

%% Abbreviated letters refer to Fig.2. and Cis CPPCT. Abbreviations are as suggested hy IUPAC-IBU.% - ;

phosphodiester linkage,
di-p-methoxytrityl group.
values in parenthesis are isolated ones.

F ; phosphtriester linkage, CP ; chlorophenyl,
4Yields are quantified with hplc(some conditions were as those of Figz.1) and

CE ; 2-cyanoethyl group, DMTr :

T A A G T A A
¢ je. I Q 0 [ &
OMTrO, (G20 [c-e,—o M3, FCEO| OPO’LCN OMTO oPo  HO OPO‘LCN
oacN oA N dan e N Oar \I
L J L
1) MSNT 1) MSNT
2) 2% BBA 2) 2% BSA
T A' T ‘: A’
| O 9 e S B
0, foPo, oso B0 1 CN HO fo.o oPo\;o C, rOPOLCN
¢ 0ar\ OAr OAr QoA oA G\ Oar
1) OMTrd ToTpe ™/ 1) TMTreCpTpo=/
MSNT MENT
DEIN 12) 29 BSA
T T T & & G T A Y A
e 0 | o Lo 0 !9 O 0 {0 0
OMTrO, ILOPO\ 020, ORO, 0RO, $ORD, 0207+ GO, HORO, FORO, HORO, -O"O’LCN
A u’\, A\ OAf\j Car Qf\i\: Qary OAN QArs
L 3
1)MSNT
2) 2%, BSA
3)NH, OH

dYpTpTPAPAPGPLPIRIpARARAD
Fig. 3. Synthetic routes of dodecadeoxyribonucleotide.
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Oligodeoxyribonucleotide 2} 3} 84 34 ; Deoxyribonucloside 8] <1 443+9} o] k5] 4 W o AA o

Eoll4 £uwE34ql deoxynucleoside DE &
AL FHkgd AF ol&E g ez
o) FA A7} FAE 2A Fd  IA+h
2} o] AH{EX ()9 5P AHFAH
T @Al A e QA B9} triazoled] 47 o
g8 5032 g3ty deoxynucleoside (I)9] 2'-
Ax9 #AHYFHol 2 HE AA) Sk F
WeEE 22 Eu R w3 E oA} 35
% A% ) AAHA Fg ¥ ok} deoxy-
nucleoside(E o|QA-FEH 0t 24 & I
AL APk 55%AE Wl AYEA kgt
™}, ®3} ul8-E (deoxynucleoside, I})3} A&
(1A, VIDZHY =ZEmtzfSAq 430
vl edez e B o8 go] sk,

o] g & 47 FA3e Bzl ¥ F Reese
%o wh8e. olatgl A|eFoE arylphosphorod-
ichloride & A}-23}+ nucleoside &} 3-44% 9l
Zs}eta o] 8 Folsle] 5-OH nucleotide 9}
A71e AA & ARG, 2o A%
WhgAdel v Aoz oA e|zkAe A4

van Boom 3-o] H.z2% uhsh & F3pA G4
A 5-4kae] SEIGF] ol SHA Px
glet, o] Sl = N,5~0O-blocked deoxyribonuc-
leoside 2%-8 °]FAE JF A= W=
B2 nE 3w 9o} nucleoside 8] QA3 A &)
ol g el HA ol 8HA &= A2 ot
A ol FAMhE T A LA FAo
bedte AA wAE F9 4 Ae 4® DU
B 244 diez veEyd g4 2 4
T ol MHABEE D)E 7 F9 oA ¥4
of o] &3t

&% A A4 =94 A= DY iy
22 §4F 559 oBAE TEAET
ol A o} A 49 FTEEE EH8A Hind
I QA4A4EE Ad Aol FAE I
(Fig.39) Table 9). ¥3596j48) DMTrs}
Aotioldr|e] AYAALYg FFFALS & v
QA o] APHRE,®

Guanine base & Z 3844 %2 deoxynucleo-
tide 7+9] EF¥2o A tle-UV 24 2SARE

Table 2. Spectral and chromatograpic properties of protected oligodexyribonucleotides

Compounds? _ agout Apaent i%! Iilnlﬂgd } '{1%({) ISDlat(E(;é gfieldsf
DPMTrdT+TFCE 265. 237 251 0.75(0. 75)° 1.78 0.60
DMTwdTFAFCE 276, 234 254 1.10(1. 37) 1.86 0.58
DMTrdAFGFCE 281, 277, 234 266,256 1.14(1.13) 2.12 0.50, 044
DMTrdC+T+CE 260. 237, 304 247,292 0.45(0.52) 1.72 0.61
DMTrdATAFCE 281,234 257 1. 55(1.68) 1.90 0.59
dAFGTFCE 281, 274, 260 256 1.13(1.14) 0.31,0.37 >90
dAFAFCE 281,275 258 1.32(1.69) 0.46 >90
DMTWdTFAFAFGFCE 275, 256 252 1.14(1.22) 2.18 0.31,0.38 73
DMTrdTFATAFATCE 280~275 256 1.40(1.52) 1.93 0.46 78
dTFAFAFGECE 281sh, 276, 261 250 1.14(1.19) 0.24,0.31 >9%0
dTFATFAFAFCE 276~281 248 1.41(1. 49) 0.24 >90
DMTrdTFTFTFAFAFTGTFCE 274, 262sh 245 1.01(1.09) 2.4 0.30,0.37 >70
DMTrdCFTFTFAFAFATCE 273, 260sh 248 1.00(1. 13) 1.83 0.44 75
dCFTFTFATAFATCE 281sh, 273, 266 253 0.98(1. 08) 0.41 >0
all prot. 12mer 272, 261, 256 267,240 0.94(1.07) 1.80 ~0.31 63

¢ Abbreviations refer to the Table 1. * All the positive peaks are regarded as a maximum peak. ¢ The
values in parenthesis are calculated ones, 4 Hple was carried out using Radial Pak-ODS column and CH;OH

eluent with a flow rate of 2m{/min., The eluate was detected with a UV-detector at 280nm.

¢ The solvent

and adsorbent used for tle were 10% CHsOH/CHCls and silica-gel 5553 respectively. / The yields shown are

those for individual steps.
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FHEY - TR - SEX

Table 3. Base composition of intermediate nucleotides and dodecamer

c d Observed peak areas® Corrected relative peak areas Ties
ompounds T A c T C G (R
dApGyp 2360 892 1.00(1) 0.96(1) 0.74
dTpApApGp 2322 5340 1062 1.03(1)  2.00(2) 1.01(1)  0.61
dTpApApAp 1874 6934 ¢.96(1) 3.003) 0.74
dTpTpTpApApGp 3521 3462 647  3.08(3) 2.00(2) 0.95(1) 0.26
dCpTpTpApApAp 1181 2163 269 1.94(2) 3.00(3) 1.05(1) 0.51
Dodecamer 1704 2530 19 193 5.10(5) 5.00(5) LOG) 0.97(1) 0.20
« Hplc was carried out using Radial Rak-0DS and 1.5% acetonitrile/0. IM aq NHOAc(1m!/min., 280nm,

C, G, T, A=5.39, 9.30, 10.12, 15 32min.).
0.692, and 0.767 respectively.

¢ Correction factors of T, A, C, and G and 1. 645, 1.947,
Parentheses are theoretical ratios of bases. ¢ The solvent and absorbent used

for tlc were n—propanol : conc-NHOH : H3(55 : 10 : 35, v/v) and avicel,

EAY A7, 243 AR ¥hgeA dHeE B
wkgglo)l hEE & & 4 At zEu A
FANA HAEo] FReFA R AHEF Fat
EFAY F29 dedd) F 23Q00% wHE/
2222 3)AYE FA4AY F 5 4 10
9% o} 9] £Ao] Ak, ¥4, F £

A9 #4e 200% AP AU AR 2
@ & 99 YdFes # 2zt
FPIREE LIS ug-Taes

F, =44 ARt glov, o el
A lge nEg o] &3 AotwolRre B2
23 o)) Futslcky S r}, tleel £& A
AEe 28 F gL % azcieadgan -F’r%
A71e FANAE Aot d )7} o|2d S
23 4 dsivh, olgh 22 $4A4AHAANY &
Ag Fo171 S8t 10% AldE/F22EE o
A FEE5E g 10% JAE/EEREEL
2 ¢ A5 2egd & 9 o A+
£ A7 724 2 3= DMTr-nucleotide 9] <
oz & F glgnt, AolgA FAFA A9
7z 2259 tledkgol A Adeo] Sl vie
ARG AF22 REgel A48 & & 5 AU
HAojgrAe grAEL, E4£=ZM phospho-
diester 28-¢ QX Actdlz Awsl deoxyaucl-
eotide TFEFE F A4 FEAA dL2 04 L 3
A3z a3 20% ofAPolvl=E o] &3t A
219E FolF AEaH st W] F
2 o] gz gl
2 aFlA =

19,
£AL

agka FAF R AP

A gl FulEe] glemz 7 Ado)
ot A S 971249 Haas Ad

gy, zEPes 23 971734 N-
glycoside A FS 752322 Avy 97 &
hple 2 &% & A3 EIAcE vyy 3
AAFEE A d4rzAE 9929, o) F
A2 o] 23q A7lz4v 9 wladty A9
& AARsct, = ARE Table 30 el
v}, adenine & J1Fo2 3 FHA 479 =
FLERE FL 2 Ao dXTS
@& T 3ot Avicel F4A o] A tle A o] A

=
,_L.|__
=

.Q_

T Ao Zrhde] whe} Rfgho] AAFA 7
2 ALE & = AT
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