
TetrclhrdronVol.46,No.1,~.163-184.1990 
PrintedinGreatBritain 

oo4o-4020/90 $3.00+.00 
0 1990 Pagamon Ressplc 

OLIGONDCLEOTIDE ~IS~IN~AANOVELEOFPOL~-SUPPORT:A~E 

ACETATE FUNCIIONALIZED WITH 4-(2-HYDRGXYETHYUULFONYL )DIHYDBGCINNAMOYL SUBSTIm 

KAZUO KAMAIKE,lr#) YGSHIHIRG HASEGAWA,') IZUMI MASDDA,2) YCASHIHARU ISHIDO,*,'r#) 

KIMITSDNA WATANABE,3) ICHIBG HIRA0,4) AND KIN-ICHIXCI MItJBA4) 

(ReceivedinCa& 17July 1989) 

')Department of Chemistry, Faculty of Science, Tokyo Institute of Technology, 
O-oakayama, Meguro-ku, Tokyo 152 

2)Dapartment of Applied Chemistry, Faculty of Engineering, Kanagawa University, 
Bokkaku-bashi, Kanagawa-ku, Yokohama 221 

3)De,rtment of Life Chemistry, the Graduate School at Nagatsuta 
Nagatsuta, Midori-ku, Yokohama 221 

4)Department of Engineering Chemistry, Faculty of hgneering, University of Tokyo, 
Eongo, Bunkyou-ku, Tokyo, Japan 113 

Abstract: The title polymer-support was proved to be useful practically in 
oligonucleotide synthesis which is characterized by the points of excel- 
lence involved in both liquid- and solid-phase approaches, i.e., being able 
to perform a nucleotide and/or oligonucleotide unit introduction in pyridine 
in a hanogeneous state and to isolate the resulting polymer-support bearing 
the resulting oligonucleotide chain by pouring the resulting solution into 
an excess volume of ethanol, exemplified by an undecaribonucleotide (300 
A260 Units) and an o&a-2'deoxyribonucleotide (250 A260 UnitS) Sydhe- 
ses. 

INTRGlxcrION 

Since I&singer2 first introduced the solid-phase procedure in the field of oligo- 

nucleotide synthesis, there have been a series of attempts at improving some of the pro- 

blems associated with this technology such as requiring an excess protected nucleotide unit 

and coupling reagents, affording a statistical mioxture of oligomers, and difficulties 

associated with preparative scale synthesis. The liquid-phase approach is also well kno.qn 

to provide oligonucleotides in a preparative scale, but it requires a chrcmatqraphic pur- 

ification for each step of a series of coupling reactions and it is practically feasible 

only up to the synthesis of tri- and/or tetranucleotides. 

Such background gave us an impetus to attempt at developing a methcdolcgy involving 
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both of the merits of liquid- and solid-phase approaches, by the use of a straight chain 

polystyrene which is easily soluble in pyridine but insoluble in water.3r4 If this kind 

of approach were feasible, it would be possible to perform an oliganer-unit-introduction 

(such as a hexamer unit) cn to a polymer-support, which inevitably brings about much more 

simplified HPL chrcsmtcgrams. Hayatsu and Khorana3 and Cramer et al4 were, however, --- 

unsuccessful to extend such a significant methodology to the synthesis of oligo-2'deoxy- 

ribonucleotides beyond a trimer, due to the unexpected difficulty of canplete removal of 

an uncouplsd nucleotidederivative which co-precipitated with polystyrene-polymer-support 

even after repetition of the dissolution-sedimentation procedure. 

(7n the other hand, gene or protein engineering has advanced conspicuously, does not 

necessarily require a highly pure preparation of an oligonucleotide sequence, and it is 

feasible even if it is a statistic mixture of oligonucleotides, prepared by the solid- 

phase polymer-support approach, follckved by the ligation processes leading to an intend& 

gene.5 Recent advance in this area simply require a pure sample of "primer" (ca. 20- 

mers), which makes enzymes to construct an objective entire gene.6f7 In addition to this, 

demands are getting stronger to provide us with highly pure oligonucleotides regardless of 

their structures, RNA- or DNA-type, in an amount enough for the investigation on inter- 

molecular recognition of nucleic acids with proteins by iWR spectroscpy for exaple. 'The 

necessity to develop a more efficient and accurate synthetic approach to further highly 

pure oligonucleotides is therefore evident. 

As recently ccnmunicated,8 we developed a cellulose acetate derivative functionalized 

with 4-(2-hydroxyethylsulfonyl)dihydroci nnamoyl substituent as a novel polymer-support (1) 

for both RNA- and DNA-type oligonucleotides, which is expected to be endowed with the 

merits of the liquid- and solid-phase approaches.3r4 We now report our results pertain- 

ing to the syntheses of an undecamer of oligoribonucleotide AAAAAAUDADG (20) and an octam- 

er of oligo-2'-deoxyribonucleotide dGGAATICC (25). 

RESULTS AND DISCUSSION P- 

Preparation of the 1: -- A cellulose acetate [wee of substitution (D.S.): 1.771g was 

worked up with the sequence of treatments to give 1, i.e., coupling reaction of 2-chloro- 
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ethyl monomethoxytrityether, which was prepared by monomethoxytritylation of 2-chlorcethan- 

01 with monor&_hoxytrityl chloride (MMlYCl) in pyridine, with 4-mercaptcdihydrocinic 

acid10 in ethanol in the presence of N_ethyldiisopropylamine. Next came the coupling 

1-Baction of 4-(2-monomethoxytrityloxyethylthio)dihydrccinnam ic acid with the cellulose 

acetate in the presence of 2,4,6-triisopropylbenzenesulfonyl chloride (TPS) - l-methyl- 

imidazole (l-Maim), cap&ng of unchanged hydroxyl groups with acetic anhydride - pyridine, 

oxidation of the sulfide into the corresponding sulfone with hydrogen peroxide - sodium 

tungstenate (Na2W4), demoncmethoxytritylation with zinc bromide," and, finally, pre- 

cipitation frcm ethanol as shown in Scheme 1.12 

0 
MMTrOCH2CH2 S_CltCH2CHz; OH 

TPS - 1 -Meim 
+ Cellulose acetate 

(D/S. 1.77) 
Pyridine. r.t., 2h 

A+0 - Pyridine ( 13 v/v ) 

r.t., 5h 

HZ&, N@JO, 

Dioxane - CH@OH - H,O 
80-C. 2h 

0.7M ZnBr* 

CHQ - MeOH ( 7:3 v/v ) 
r.t.. 2h 

Precipitated irom EtOH 0 0 

HO-CH2CH2+-C) CH2CH, 6 0-l Cellulose acetate 

0 

j_ 1.65 mm01 S/g 

Scheme 1 

Svnthesis of= &&came r, AAAAAAUUAUS (20): A study of a leader sequence in messen- 

ger RNAs of prokaryotes13 revealed that the leader sequence of prokaryotic and phage mRNA 

interestingly had a clear pattern of GG-rich and pyrimidine-pax character centered at the 

region from -5 to -10 (i.e., the Shine-Dalgamo sequence), which might be deeply assoc- 

ated with the efficiency of biosynthesis of proteins. The assumption led us to synthe- 

size the undecamer 20 corresponding to the AAGGAAAAWAUG sequence built in T4rIIB mRNA.14 - 

The strategy for the synthesis of 20 is as shm in Scheme 2. The synthesis of 20 was 

initiated from triethylamnonium diribonucleotides 3'-phosphodiesters (10) by the use of 1 

and trietbylamnonium 5'+CMkxytrityl-2'_0-(tetrahydropyran-2-yl)ribonucleo- 

sides 3'-(2-chlorophenyl)phosphates (2). Thus, introduction of the monomer units (2) 
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DMTrO- B 
0 

w 
0 R 

0%’ o-H+Et, I I I 

O Cl 

0 
Z(R-OThP) 
Q(R=H) 

U A” CA” TB’ 

Phosphodiester 
component 

(recovery) 

Precipitated 
from EtOH 

Phosphodiester 
component 

2, ?2 

r.t 5h CHCI, WH ( 73 v/v) 
O’C, r5mm 

HO 

Precqltated 

from EtOH 

TPS - l-Melm 

Pyridine. r t ,2h 

CH2CH2 C 0 1 C~IIUIOS~ acetate ] 

Et,N Pyndtne ( 1 3 V/V) 

r 1.. 2h 

Precipitated 
from EtOH 

4(R=OThp) Z(R=H) 
$(R=OThp. n=2) @(R=H, n=2) 
fj(R=OThp, n=4) 

DMTrO 

Reversed phase column chromatography 6 R 
Phosphodiester 

+ component 
(recov-v) 

0 0 

H,C=CH- $0 CH2CH2-k-0 .[ Cell”lose acetate o;p O-&E,, 

0 

9 

lg(R=OThp,m=2) 1_3(R=H,m=2) 

11 (R=OThp,m=4) 14(R=H,m-3) 

12 ( R = OThp. m = 6 ) 15(R=H,m=4) 

Scheme 2 
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Table 1. Synthesis of Diribonucleottde 33Phosphodiester Derivatives (1,O) by the Use of l_as a Novel Polymer-support 

Step 1 ; Introduction of Mononucleotide Unit onto j._ 

Polymerslrppcn J_ 2 TPS 1 -Meim 

Entry rnmovg of the loaded 

spacer ( 9. mm1 ) B, (g, mmol) (g ,mmol) (mL, mmol) 

1 1.65 (0.2424 0.4 ) U” (0.3170,0.9) 0.2726,O.g 0.14, 1.8 

2 1.65 (0.2424 , 0.4 ) U” (0.3170, 0.9) 0.2726,O.g 0.14. 1.8 

3 1.65 (0.6061 , 1 .O ) A” (0.7872,0.75) 0.6814,2.25 0.36,4.5 

Yield of 4 

8, g (mmol, %, mmotfga ) 

U” 0.3330 (0.224, 75. 0674) 

W’ 0.3680 (0.255, 85. 0.693) 

A& 0.9166 (0.638, 85, 0.696) 

a Loaded amount of mononucleotides 

Step 2; Syntheses of l,O 

Entry 
2 f? TPS 1 -Meim Yreld of l,O ( m = 2 ) 

6 (g,mmol) B, (g,mmol) ( 9, mm ) (mL,mmol) S, B, g (mmol, %) 

1 Uh (0.2958,0.28) W (0.3330,0.224) 0.2544 0.84 0.13, 1.68 U” tF 0.2926 (0.174.58) 

2 Ar- (0.3359,0.32) W” (0.3680, 0.255) 0.2907,0.96 0.15, 1.92 W’ A@ 0 2978 (0 177, 59) 

3 AB’ (0.8370,0.80) AB’ (0.9166, 0.638) 0.7269, 2.40 0.38. 4 a0 A” ABE 0.7701 (0.458. 61) 

Table 2. Synthesis of Tetraribonucleotide 33Phosphodiester Derivative (12) by the Use of1 

Step 1; Introduction of Dinucleotide Unit, 12 ( n = 2; 5, = S, = ABz ), ontol 

!,o !, TPS 1 -Meim Yield of? 

mmoVg of the loaded (n=2; B, =B,=ABI) 

(g. mm01 ) spacer (g, mmol ) (9, mm01 ) (mL. mmo ) 9 (mmol. %. mmol@ ) 

0.5871.0.35 1.65 (0.3182, 0.525) 0.3180. i .05 0.17,2.10 0.6248 (0289, 82, 0.462) 

Step 2; Synthesis of 1J 

‘0 s TPS 1 -Meim Yield of fi 

(n=2;B,=B,=A@) (m=4;B,=B,=B,= B,=Ae) 

( g, mmot ) ( 9. mmot ) ( 9, mmof ) ( mL, mmol ) 9 ( mmd % ) 

0.6760,0.403 0.6248.0.289 0.3662, 1.21 0.20, 2.42 0.5095 ( 0.175, 50 ) 

a Loaded amount of dinucleotide 
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Table 3. Synthesis 01 Hexaribonucleotide 9’Phosphodiester Derivative (12) by the Use of,t 

Step 1; Introduction of Dinucleotide Unit, 12 ( n = 2 ; 8, = W, B, = A@ ), onto J, 

‘.I! !. TPS 1 -Meim 

mmoVg of lhe loaded 

Y&d erg 

(n=2; B.=uh, S,=Ae) 

(9, mmol ) spacer (g, mmol ) (9, i-mm1 ) (mL, mmol ) 9 (mmol. %. mmo&) 

0.5048, 0.30 1.65 (0.2727,0.45 ) 0.2726, 0.90 0.14,1.60 0.5090 (0.217. 72, 0.427 ) 

Step 2; lntroduclion of Dinucleolide Unil, 12 ( n = 2; 6, = B 2 = U*’ ), onlo)_alter the Slep 1 

‘2 2 TPS l-M&m Yieldof 

(n=2; B,=W, B,=Ae) (n=4; P,=W. B,=A&, &=B,=uL”) 

(9. ~rrmJi 1 (es fmd 1 (9, mmol ) (mL, mrnol ) 9 (mmd, %, mmoVg) 

0.5526,0.326 0.5O90,0.217 0.2962.0.96 0.16, 1.96 0.5173 (0.141,47,0.273) 

Step 3; Synthesis of 12 

!G !? TPS 1 -Meim Yii of 12 

(n=4;B,=~,B,=A~,B,=B,=~) (m=6;B,=~,B,=AR,B,=B,=UL”,~=~=AR) 

(9. mmol ) (9. m-d ) (g, mm01 1 (mL,mmd) 9 b-ml-d, %) 

0.3523,0.21 0.5173,0.141 0.1908.0.63 0.10, 1.26 0.2527 fO.063.21 ) 

m Loaded amounl of dinucleolides 

onto 1 mediated by TPS and 1 -Meim in pyridine, followed by capping with acetic anhydride, 

dedimethoxytritylation, and sedimentation fran ethanol, gave the derivatives of 1 loading 

the monaner units (4), respectively. The conditions used and the results obtained are 

summarized in Step 1 of Table 1. The resulting 4s were subjected to the second step Of 

introducing moncmer units 2 in the same way as above to give the derivatives of 1 loading 

dimer units (5; n = 2). These were then subjected to a splitting-off procedure by treat- 

ment with I:3 triethylamine - pyridine (p-elimination), to give the corresponding dimer 

units (10; m = 2). The conditions used and the results obtained are sunmarized in Step 

2 of Table 1. Tetraribonucleotide unit (11; m = 4; BT= B2 = B3 = B3 = ABZ) and hexamer 

unit (12; m = 6; Bl = f$, B2 = ABZ, B3 = B4 = Fran, BS = Bg = ABz) were similarly syr-rthe- 

sized in the manner of dimer units introduction; the conditions used and the results ob- 

tained are summarized in Table 2 and 3, respectively. 

The synthesis of 18 was achieved by the successive introductions of 12 and 11 onto 

(-he derivative of 1, loading @diphenykarbamoyl-~2-isobutyryl-2'_0-(tetrahydrop~an-2- 
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yl)guanoSine 3'-[3-(carboxy)propionatel function (16) in the same way as above described. 

Ihe splitting-off of the undecame r unit frcxn 18 [ca. l/200 of the product (69% yield) was 

used] through 0.5 M ~1,~1,~3,~3-tetramethylguanidium (Z)-2pyridinealdoximate ('IMG*PAO) 

affording ~AtpAtpAtpAtpAtputputpAtpUtpGt (19) (See Fig. I), followed by the treat- 

ment of 19 with hydrochloric acid (pH 2), gave 20 (1.51 A260 units) (See Figs. 2-1, 2-11, 

and Scheme 3). C!unpourxd 20 afforded a clear electrophoretic hand (See Fig. 3) on 20% 

polyacrylamide gel containing 7 M urea after 5'-Q-[32P]-phosphorylation according to the 

method reported by Miura et a1.15 -- After ccmplete degradation of 20 by nucleate Pl the 

HPL chromatcgram (See Fig. 4) proved the composition of ribonuclectides units as expected 

for 20. 

Svnthesis of an Octamer, dGGAAlTX (25): The successful urxdecamer synthesis by the 

above described appraoch prompted us to extend our studies to the synthesis of the title 

octamer knm as one of the typical "linker."16 

The synthesis of 25 was achieved as described for 20 (Schema 3 and 4). Asequence 

of reactions, involving a monomer unit introduction onto 1, capping, and dedimethoxytri- 

Table 4. Synthesis of fX?deoxyribonucleotide 3’-Phosphodiester Derivatives (12) by the Use Of 1 

Step 1; Introduction of MonoZ’-deoxyribonucleotide Unit onto j, 

; 3 TPS I-Maim Yiekf of 7 

Entry mmol/g of the loaded 

spacer ( g. mm01 ) B, kl mml) (9. md) (a mml) B, 9 (mmol. %, mmoVg”) 

1 1.30 (0.4965, 0.6s) TB’(O.4710,065) 0.4550,0.15 0.2330 TOI 0.4725 (0.292, 70, 0.618) 

2 1.65 (0.2424,0.40) W?“‘(O3370,0.30) 02726.0.90 0.14.1.8 DpGlsu 0.4 105 (0 260. 67, 0.635 ) 

3 1.65 (0.6280, 1.04) A- (0.7910,0.86) 07650.2.59 0.4152 A== 1.0490 (0640. 97, 0.801 ) 

* Loaded amount of mono-2’.deoxyribonucleotides 

Step 2; Syntheses of lf 

2 ; TPS 1 -Meim Yieklofl?(m=2) 

Enlry S, (9, mmf 1 B, (s. mml) (9. mmol) (mL. mmol ) 4 5 9 (mmol, %) 

1 Tw (0.3300,0.35) T” (0.4725,0.29) 0.3115,1.03 0.16,2.0 Tw T” 0.4610 (0.315,63) 

2 @GF”(O.3700,0.33) W”(O.4105.0.26) 0.2990.0.99 0.16.2.0 w? Wh 0.2790 (0.153.51) 

3 A- (0.64CQO.70) A== (1.0490,0.80) 0.5820.1.92 0.33,3 9 A- A== 0.5600 (0.40647) 
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ln I’ 
2 0.1 1’ 

Fig. 1. 

Reversed-phsss HPLC of the undecamer bearing 

2’-_O-THP and I’-terminal _O-DMTr Croups [Con- 

dltioni column of MIS PACK Cl8 (4.6 mm ID x 

150 mm I); mobile phase 5% acetonitrile in 0.1 

M TEAA pH 7 (buffer A) and 50% acetonitrile in 

0.1 M TEAA pH 7 (buffer 8); buffer composition 

-1 10 - 100% B, changing the composition by 9% min , 
100% B after the passage of 10 min; flow rate 1 mL 

min 
-1 ; detected by U.Y. at 290 nm,. 

- 

s 10 
Timetmin) 

I 1 

5 10 
Time(min) 

Fig. 2. 

Conditions: column of M&S PACK Cl9 (4.6 mm ID x 150 mm L); 

mobile phase 5% CHJCN In 0.1 M TEAA pH 7 (buffer A) snd 25% 

CHICN in 0.1 M TEAA pH 7 (buffer B): buffer composition 0 - 

70%. composition changing by 4.7% min-I; flow rate 1 mu min -1 : 
detected by U.V. at 254 nm. 

(I) ~cveraed-phase HPLC of the mixture obtalncd by removal of DMTr and THP pr,,tect&,g 
groups at pH 2 (as. HCI). 

(11) Revcreed-phase HPLC of the free undccamer la&ted from the mlxturc of (I). 
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0 0 

DMTr(ApApUpUpApU]pO- + HO[G]C CH,CH,C O-CH,CH, $0 CH,CH, : O-1 Cel~ubse acetate ] 

;; ;; 0 

I_2 (0.1 mmol) 1_6 ( 2.5 mol. eqwv. ) 

TPS ( 4 mol. equiv. ) - I-Melm ( 8 mol. equiv. ) 
Pyridine. r.t.. 2h 

AczO - Pyridine ( 1:3 v/v ) 
r.t.. 5h 

2% p-TsOH.HpO 

CHQ - MeOH ( 7~3 v/v ) 

0 ‘C. 15 min 

t 

I Precipitated from EtOH ( 87% ) 

0 0 

HO[ApApUpUpApUpG]C; CHZCH2f 0-CH,CH, +o CH2CH2 & 0 -[ Cellulose acerate 

0 0 0 

‘_7 

DMTr[ApApApA]pO- 

1J ( 2.5 mol. equw. ) 
TPS ( 7.5 mol. equiv. ) I-Melm (15 mol. equiv. ) 
Pyridine, r.t.. 2h 

IJ (recovery) 
Preclpltated from EtOH ( 79% ) 

0 0 

DMTr[ApApApApApApUpUpApUpG]CCH+HzC 0-CH,CH, $oCHPCHP 2 0-I Cellulose acetate 

6 6 0 

18 (overall yietd 69% ) 

0.5 M TMG - PA0 

Pyridine - H,O ( 9:l v/v ) 

r.t., 1 day 

conc.NH,OH, 55 ‘C, 6h 

Purlficatlon 

I) SEP - PAK Cl 6 Cartrlge (Waters) 

2) HPLC 

DMTrA’pA’pA’pA’pA’pA’pU’pU’A’pU’pG’ 

‘9 

pH 2 HCI , r.t.. 2 days 

HPLC 

APAPAPAPAPAPUPUPAPUPG [ ] = protected except for termn 

p = o-chlorophenyl phosphoryl 
20 

Scheme 3 
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18rner 
Fig. 3. 

Electrophoresis Of the Undecamer 

(32pApApApApApApUpUpApUpG~ 

on 20\ Polyacrylamide Gel Containing 

7 M Urea after 5’-~Phosphorylatlos 

Using (r-32p)ATP and TI Polynucleotlda 

Klnnse 

t 
xc 

Reversed-phase HPLC Analysis of Products Obtained 

by Digestion of the Completely Unmasked Undecamer with 

Nucleasc Pl (I). and of Standard Samples (II) 

APAPAPAPAPAPUPUPAPUPG 

*_o 

I 

Nucl ease P 1 

A + pG + 3pU -t 6pA 

ydJ L pA,’ 

I PG /a 

- 
Ti me(min) 

Conditions: column of M&S PACK Cl8 (4.6 mm ID x 

150 mm L); mobile phase 2% CH3CN in 0.05 M NH4- 

H2PO4 pH 5.2 (buffer A) and 25% CH3CN in 0.05 M 

NH4H2PO4 pH 5.2; buffer composition 0 - 50% B, 

2% B up to 4 mm, changing the composition by 8.3% 

min 
-1 

from 4 to 10 min, 25% B after the passage of 

10 min; flow i-ate 1 mL min 
-1 ; detected by U.V. at 

260 nm. 

Fig. 4 
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tylation affording 7, introduction of the second monaxr unit affording 8, and splitting- 

off of a dimer unit loaded on 13 (m = 2), gave the results as summarized in Steps 1 and 2 

of Table 4. !lXe trimer (14; m = 3; BI = $, B2 = B3 = TBZ) was synthesized by the in- 

troduction of the dimer unit (13; m = 2; BI = B2 = TBz) onto 7 (BI = $1 as shown Scheme 

2; the conditions used and the results obtained are summarized in Steps 1 and 2 of Table 5. 

Table 5. Synthesis of TrW-deoxyribonucleotide 3’-Phosphodiester Derivative (iA) by the Use ofJ 

Step 1; Introduction of Mono-2’.deoxyribonucleotide Unit, x( Et, = CM ), onto 1 

2 L TPS 1 -Meim Yfftd 017 

mmoVg of the Loaded (B,=@) 

(9, mm71 ) spacer (g, mmol ) (9, mm01 1 (mL, mm01 ) 9 (mmol, %, mmot@ ) 

0.9550, 1 .o 1.61 (0.8150, 1.39) 0.8800, 2 90 0.48,6.0 0.9370 (0.64, 64, 0.682) 

Steo 2: Snthesis 01 l-4 

‘2 
(n=2;B, =E,=p) 

;I TPS 1 -Meim Yiekl of u 

(m-3; B,=W,B,=B,=p) 

(9, md ) (9, mm01 ) (9. mm01 1 (mL, mmol ) 9 (mmol, %) 

0.7560,0.52 0.9370, 0 64 0.4840, 1.60 0.26,3 2 0.5180 (0.25,47) 

n Loaded amount of mono-2’.deoxyribonucleotide 

Table 6. Synthesis of Tetra-2’.deoxyribonucleotide 3’-Phosphodiester Derivative (12) by the Use of L 

Step 1; Introduction of DiG?deoxyribonucleotide Unit, 13 ( n = 2; B, = B, = A- ), onto 1. 

a L TPS 1 -Meim Yidd of 8 

mmoVg of loaded (n=2; B,=B,=A- ) 

(9, mmol ) spacer (9, mmol ) 

0.6140. 0.40 1.61 (0.3750, 0.61 ) 

Step 2; Synthesis of 1,5 

‘3 I? 

(n=2;B,=B,= W+) 

(9, mmot ) (9, mm01 ) 

0.6710.0.36 0.7720,0.31 

(g, mmol ) 

0.3660, 1.21 

TPS 

(9, mm01 ) 

0.3330, 1.10 

(mL, mmol ) 9 (mmol, %. mmoVg ) 

0.20, 2.40 0.7720 (0.306, 76, 0.396 ) 

1 -Meim Yield of 12 

(m=4; B,=S2= A-, B,=B,=W) 

(mL, mmol ) 9 (mmol, % ) 

0.182.2 0.6000 (0.21,69) 

a Loaded amount of di-?-deoxyribonucleotide 
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DMTr d[TpTpC]pO i 

Y 

0 0 

HOd[C]C CH,CH,C; 0-CH,CH, ;o CH,CH, L 0-j Cellulose acetate 

6 0 0 

lT’S (3 mol. equiv. ) . l-M&-n ( 6 mol. equiv. ) 
Pyridine. r.l., 2h 

AC20 - Pyridine ( 1:3 v/v ) 
r.t., 5h 

2% p-TsOH.H*O 

CHCI, - MeOH ( 73 vhr ) 

0 ‘C. 15 min 

Precipitated from EtOH ( 86% ) 

0 0 

HOdrpTpCpC]‘$ CH2CH2f 0-CHzCH, $0 CHpCH? 6 0 -1 Cellulose acetate 

0 2; 0 

DMTr d[GpGpApA]pO TPS (4 mol. equiv. ) -l-Meim ( 8 mol. equiv. ) 
12 ( 1.35 mol. equiv. ) Pyridine. r.t.. 2h 

Precipitated from EtOH 

0 0 

DMTr d[GpGpApApTpTpCpC]C CH2CH2C 0-CH2CH2 ic) CHzCH2 k 0 j Cellulose acetate 
6 6 6 

2_3 (overall yield 78% ) 

0.5 M TMG - PA0 

Pyrbne Hz0 ( 9:l v/v ) 
r.1.. 1 day 

conc.NH,OH. 55 ‘C, 12h 

Purification 

1) SEP - PAK Cl8 Cartrlge (Waters) 

2) HPLC 

DMTr dGpGpApApTpTpCpC 

80% AcOH. r.t.. 30 nun 

I HPLC 

dGpGpApAPTPTpcPc 

2_5 
Scheme 4 

[ ] = protected except for termmi 

p = o-chlorophenyl phospholyl 



A novel type of polymer support 175 

5 10 

Time (min) 

I I 

5 10 

Time (min) 

Fig. 5 

Reversed-phase HPLC of the octamer bearing 

5’-terminal Q-DMTr Group 

[Conditions; column of LiChrosorb RP-18 (4.0 mm 

ID x 250 mm L); mobile phase 25% CH&N in 

0.1 M TEAA pH 7; flow rate 1 mL min.” detected 

by U.V. at 254 nm]. 

I) 

I 

5 10 

Time (min) 

Fig. 6 

Conditions; column of LiChrosorb RP-18 (4.0mm ID x 250 mm L); 

mobile phase 10% CHsCN in 0.1 M TEAA pH 7; flow rate 1 mL min.’ 

:detected by U.V. at 254 nm. 

( I ) Reversed-phase HPLC of mixture obtained by removal of DMTr 

protecting group at 80% acetic acid. 

(I I ) Reversed-phase HPLC of the free octamer from the mixture of ( I ). 
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Reversed-phase HPLC Analysis of Products Obtained 
by Digestion of Completely Unmasked Octamer with 
Snake venom phosphodiesterase and Alkaline phosphatase 

dGpGpApApTpTpCpC 

25 
Snake venom phosphodiesterase 

! Alkaline phosphatase 

dG + dA + T + dC 

I I 

10 20 

Time (min) 

Cnditions; column of LiChrosorb RP-18 ( 4.0 mm ID x 250 mm L); 

mobile phase 3% CHsCN in 0.1 M NaHaPO& flow rate 1 mL min“; 

detected by U.V. at 254 nm. 

Fig. 7 
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The tetr- unit (15; m = 4; BI = B2 = Aa=, B3 = B4 = DPCGiBu) was synthesized similarly 

by the introduction of a dimer unit, (13; n = 2; BI = B2 = Dwwl) onto 8 (n = 2; E+ = B2 

= Aaca) as shawn in Scheme 2. 

zed in Steps 1 and 2 of Table 

The synthesis of 25 (See 

trimerunit14and, then, the 

The conditions used and the results obtained are sunmari- 

6. 

Scheme 4) was performed by the successive reactions of the 

tetramer unit 15 onto the derivative of 1, loading E4-anis- 

oyl_2'-deoxycytidine 3'-[3-(carboxy)propionatel function (21), followed by a sequence of 

treatments with 'IMG*PAO in 9:l pyridine - water, aqueous cont. ammoniacal solution, and 

the subsequent purification, gave LKl?cdGpGpApApQTpCpC (24), whose HPLC profile is shown 

in Fig. 5. The main peak of the mixture, after separation, dedimethoxytritylation with 

80% aqueous acetic acid, and HPL chrcmatcgraphic purification, gave a sample affording the 

HPL chr~tcqram of which is shawn in Fig. 6-I. The main peak was separated and further 

purified to give a pure sample of 25, with the HPL chraratcgram shm in Fig. 6-11. 

Canplete degradation of 25 to each ccmponent of 2'-deoxyribonucleosides was also conducted 

by the successive treatments with snake vencm phosphodiesterase and alkaline phosphatase. 

The HPL chraMtcgram of such an experiment is shown in Fig. 7. 

Melting points were determined by a Yanagimoto Micro-Melting-Point apparatus, and are 
uncorrected. T.1.c. was conducted on Merck silica gel F254 by developing with 9:l chloro- 
form - methanol (Solvent A), 95:5 chloroform - methanol (Solvent B), or 6:4 benzene - ace- 
tone (Solvent C), and reversed phase t.1.c. was on Merck silanized gel RP18 F254S with 6:4 
acetone - water (Solvent D) or 7:3 acetone - water (Solvent E). Column chromatography was 
performed on silica gel (Wakogel C-300), purchased from Wako Pure Chemicals, Co. Ltd.) by 
the use of chloroform - methanol or methylene chloride - methanol, and reversed-phase col- 
umn chrcmatography was on silanized silica gel (Kieselgel 60 silanisiert, 70 - 230 mesh, 
purchased from Merck) by the use of acetone - 0.05 M triethylammonium hydrcgencarbonate 
(bicarbonate)(TEAB). High performance liquid chromatography (HPLC) was perform4 on M & 
S PACK C-18 (4.6 mn ID x 150 mn L) for purification of the RNA-type urdecamer and on Li- 
Chrosorb RP-18 (4 m ID x 250 mn L) for that of the JXA-type octamer by the use of aceto- 
nitrile - 0.1 M triethylanmonium acetate (TEZA; pH 7) as the eluant. IH-N.m.r. spectra 
were recorded on a JEOL JNM FX-200 apparatus with tetramethylsilane (TMS) as the internal 
standard. Elemental analyses were achieved with a Perkin-Elmer 240-002 apparatus. 

2-chloroethyl monmthoxytrityl ether: MnaTiethoxytrityl chloride (9.2643 g, 30 nmol) 
was treated with 2-chlorcethanol (4.02 n&, 60 ml) in pyridine (150 mL) at rccm temperature 
for 2 h, with stirring. The resulting mixture was gu&&hed with chilled-water (15 mL) 
with stirring for 30 min. The mixture was extracted with chloroform (200 x 2 and 100 mL), 
and the organic layer was dried over anhydrous magnesium sulfate after washing with water 
(200 x 2 mL). 'Ihe desiccant was filtered off and the filtrate was evaporated to give a 
residue, which was crystallized from hexane (100 ti) to give the ether i9.6307 g, 51% 
yield), m-p. 87 - 88“C (from hexane), 'H-n.m.r.(chlorofont+d - 'IMS): b 3.30 - 3.50 (4H, m, 
C-CHH x 2), 3.60 (3H, s, OCHH,, 6.70 (2H, d, J 9 Hz, Ph proton x 2), 6.97 - 7.53 (12H, m, Ph 
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proton x 12). 
m. Calcd for C22H2102Cl: C, 74.89; H, 6.00. Found: C, 75.00; H, 5.98. 

4-(2-Monomethoxytritvlothylthio)dihydrocinnamic acid: A solution of 2-chloroethyl 
moncmethoxytrityl ether (2.1172 g, 6 amol) and 4-mercapt~ydrocinnamic acid10(0.9112 g, 
5 mnol) in ethanol (15 mL) was heated at reflux for 12 h after the addition of fi-ethyldi- 
isoproylamine (2.45 mL, 15 maol). After evaporation, the residue was chrcmatographed on 
a column (4.5 an ID x 10 an L) of silica gel by the use of chloroform - methanol system to 
give a glass of the acid (1.9945 g, 80% yield), 'H-n.m.r. (chloroform-d - 'I&IS): 5 2.56 (2H, 
t, J 7.6 Hz, C-CHH), 2.83 (2H, t, J 7.6 Hz, C-CHH), 3.01 (2H, t, J 6.8 Hz, C-CHH), 3.32 (2H, 
t, J 6.8 Hz, C-Cd), 3.64 (3H, s, CZHH), 6.75 (2H, d, J 8.8 Hz, Ph proton x 2), 6.98 - 7.45 
(16H, m, Ph proton x 16). 

m. Cal&i for C31H3004S: C, 74.67; H, 6.06; S, 6.43. Found: C, 74.76; H, 6.15; S, 
6.40. 

A cellulose acetate derivative functionalized w 4-(2-hvdroxyethylsulfonyl)dihydro- 
cinnamate (I): A solution of 4-(2-n-oncmethoxytrityloxyethylthio)dihydrocinnamic acid 
(2.7924 g, 5.6 nmol) and a cellulose acetate (D.S. = l.77)10(l.1794 g) in pyridine (28 
mL) was, after the removal of moisture through azeotropic distillation from pyridine (5 
mL) three times in vacua, treated in the presence of 2,4,6triisopropylbenzenesulfonyl -- 
chloride (TPS; 4.0231 g, 14 mnol) and l-methylimidazole (1-Mei.m; 2.24 mL, 28 mnol) at roan 
temperature for 2 h. 'Ihe resulting mixture was guenched with chilled water (5 mL) urder 
stirring for 30 min. The mixture was extracted with chloroform (100 mL x 2) and the sol- 
vent was evaporated after washing with water (50 I&). The residue was dried through the 
azeotropic distillation fran pyridine (5 mL) three times in vacua, and was dissolved in 
pyridine (14 mL) to treat with acetic anhydride (4.7 mL) at rccm temperature for 5 h with 
stirring. The resulting solution was concentrated in vacua and evaporation of the tol- 
uene (a small volume for each operation) solution of the residue was repeated until no 
smell of pyridine was detected. The residue thus obtained was dissolved in a mixture of 
1,4-dioxane (130 I&) - acetic acid (9 mL), to which was added a solution of sodium tung- 
stenate monohydrate (0.1868 g) in water (19 a&), and 30% aqueous hydrogen peroxide solu- 
tion (28 mL) drop&se at 80°C taking 1 h, follcwed by further stirring for 1 h. After 
cooling down to rocm temperature, the mixture was extracted with chloroform (150 mL) - 
pyridine (20 I&), and the organic layer was washed with water (100 I&). After evapo- 
ration of the organic layer, the residue was dissolved in chloroform (30 mL), and the 
solution was added dropvise into ethanol (500 mL) with vigorous stirring. The resultant 
precipitates was gathered by filtration, and washed with ethanol (200 mL) to give mono- 
methoxytrityl ether of 1 (2.9573 g) as a white powder after drying over anhydrous mag- 
nesium sulfate in vacua. The white pokier (2.6316 g) thus obtained was dissolved into 
a solution of 0.7 M zinc bromide in 7:3 chloroform - methanolI (30 mL), and the solution 
was stirred at rccm temperature for 2 h. The resulting solution was, after concentrating 
in vacua to a volume of ca. l/2, added droprrise into ethanol (400 mL). The precipitates 
thus obtained were qathered bv filtration, and were washed with ethanol (100 mL) to give a 
white pawder of 1 (1.8160 g) after drying-over anhydrous magnesium sulfate in vacua.- The 
loaded amount of 4-(2-hydroxyethylsulfony1)dihydrocinnama te function was estimated 1.65 m- 
mol/g on the basis of analytical data for sulfur content, i.e., 5.30%, 1.65 nmol S/g. 

Triethylammonium 5'-O~imethoxvtrityl-2'-0-(tetrahydropyran-2-yl)ribonucleosides 3'-(2- 
chlorophenvl)phosphates(2) and triethylmnium ~-O-dimethoxyt -- rityl-2'deoxyribonucleo- 
sides 3'-(2-chlorophenyl)phosphates(3): NJ-Aniso l-2'-0-(tetrahydropyran-2-yl)uridine," 
Gisoyl-2'-C-(tetrahydropyran-2- l)cq?idine, 
adenosine I7 06-diphen lcarbamoyl-N 
~3-benzoy~th~idine,11y 4- 

s 
ly N6-benzoyl-2'-0-(tetrahydropyran-2- l)- 

-isobutyryl-2'&(tetrahydrofiran2Lyl)guanosine, Y7 

N anisoyl-?'deoxycytidine ~g~20 N6-(N,N-dimethylacetamidine)-2'- 
deoxyadenosine,21 and 06-diphenylcarbamoyl-N2-isobutyryl-?'deoxyguanosine22 were subjected 
to 3'-(2-chlorophenyl)phosphorylation23 after introducing dimethoxytrityl protecting 
group24 at their 5'position to give the corresponding 2 and 3. 

Syntheses of Diribonucleotides 3'-Phosphcdiester Derivatives (10) by the Use of 1 
as the Polymer-support; I) compound 10 (Bl = $n, B2 = DAn): A solution of 1 (0.2424 g, -- 
0.4 nmol) and 2 (B = OAn; 0.3170 g, 0.3 mmol) in pyridine (3 mL) was concentrated in vacua, 
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ard this operation was repeated twice after the addition of pyridine (3 mL), respectively. 
The residue thus obtained was dissolved in pyridine (3 I&), to which was added TPS (0.2726 
g, 0.9 ml) and I-Meim (0.14 mL, 1.8 nmol), and the mixture was stirred for 1 h at roan 
temperature. The resulting mixture was quenched with chilled water (0.5 mL) with stir- 
ring for 30 min, and the soluticn was extracted with methylene chloride (25 mL x 2). 'Ihe 
organic solution was evaporated after washing with water (30 mL). Moisture involved in 
the residue was azeotropically removed by distillation frcan pyridine (3 mL x 3) in the 
manner as described in the first place. The residue thus obtained was treated with a- 
cetic anhydride (2.5 mL) in pyridine (7.5 mL) at room temperature for 5 h, and the resul- 
ting mixture was repeatedly distilled from toluene (a small volume) until no smell of 
pyridine was detected. A trace amount of the residue was taken out, and was dissolved 
in methylene chloride. The solution was poured into ethanol to give a Her of the 
cellulose acetate derivative bearing the unit of 2 (3.1 mg). The derivative was then 
treated with 2% solution of TsOH*H20 in 7:3 chloroform - methanol (1 mL), and the color 
arising from the moncmethoxytrityl function was developed by treating with a 3:2 mixture 
of 60% perchloric acid - ethanol. The resulting solution was subjected to determination 
of the amount of 2 loaded on 1 in the manner reported by Gait et a1.24 [Amax 498 nm (6 -- 
72,000)) and the amount was found to be 0.56 mnol/g, or 99% yield for the loading proce- 
dure. All the above residue was dissolved in 7:3 chloroform - methanol (10 mL) and the 
solution was treated with a solution of TsOHeH20 (0.3954 g) in 7:3 chloroform - methanol 
(5 mL) at O'C for 15 min with stirring. The resulting solution was, after neutralizing by 
the addition of 5% aqueous sodium hydrcgencarbonate solution, extracted with chloroform, 
and the organic solution was concentrated in vacua. The residue was poured into ethanol 
(200 mL) with vigorous stirring, after dissolving into chloroform (IO mL). The precipi- 
tates thus obtained was gathered by filtration to give a powder of 4 (0.3330 g, 0.674 m- 
mol, 75% yield)(Step 1 up to here). 

Subsequently, a solution of 2 (B = DAn; 0.3330 g) and 4 (0.2958 g, 0.28 rmol) in 
pyridine (3 mL) was concentrated in vacua and this procedure was then repeated twice to 
remove moisture after the additioTo=idine (3 mL x 21, respectively. A solution of 
the residue in pyridine (2.8 mL) was treated with TPS (0.2544 g, 0.84 mn01) and I-Meim 
(0.13 I&, 0.168 nmol) at rcom temperature for 1 h with stirring. The resulting solution 
was quenched by stirring with chilled water (0.5 mL) for 30 min, and extracted with 
methylene chloride (25 mL x 2). The extracts were canbined to concentrate in vacua after -- 
washing with water (20 mL). A trace amount of this residue was dissolved into methylene 
chloride and added dropise into ethanol similarly as has been described in Step 1. The 
precipitates thus obtained were gathered by filtration to give a powder (2.9 mg), which 
was then subjected to the DMTr-determination in the same way as described in Step 1. The 
amount of loaded diribonucleotide was thus found to be 0.401 rrmol/g, or 97% yield for the 
second loading procedure (Step 2 up to here). 

All the residue was treated with I:3 mixture of triethylamine - pyridine (8 mL) at ro- 
om temperature for 2 h with stirring, and the resulting solution was concentrated in va- 
cue. The residue was dissolved in pyridine (10 mL), and the solution was added drop&se 
into ethanol (200 mt) with vigorous stirring. The resulting precipitates of vinyl sulfone 
derivative (9) arising from g-elimination reaction was filtered off, and the filtrate was 
concentrated in vacua. The residue was purified by reversed-phase silica gel column (2.5 
cm ID x 10 cm L) chromatography by the use of acetone (40 - 60%) - 0.05 M TEAB solution to 
give the title 10 (0.2926 g, 58% yield). Incidentally, 0.0526 g (0.05 nmol) of uncoupled 
2 was recovered in this case. 
Conpound 10 (BI = B2 = VA"): Rf 0.28 (Solvent D) and 0.65 (Solvent E); 'H-n.m.r. (chloro- 

form-d - 'IMS): E 1.21 (9H, t, J 7.3 Hz, N-CH2-CHH x 3), 1.27 - 1.75 (12H, m, C-CHH-C x 
6), 2.95 (6H, q, N-CHH-Me x 3), 3.41 - 3.68 (6H, m, H-5', 5", and O-C&C x 2), 3.796, 3.80, 
3.83, and 3.85 (12H, s x 4, CCHH x 4), 4.16 - 5.75 (12H, m, H-5 x 2, H-2' x 2, H-3' x 2, 
H-4' x 2, 5', 5", and O-m_-0 x 2), 6.05, 6.11, 6.15, and 6.27 [2H, d x 4 (probably arising 
fran diastereaners of phosphoryl functions involved therein), JI 1 21 6.4 Hz, 6.4 Hz, 7.1 
Hz, and 7.1 Hz, H-l' x 2) and 6.83 - 7.92 (31H, m, Ph proton x 29 and H-6 x 2). 

Similarly, 10 (Bl = &, B2 = ABz) and 10 (BJ = B2 = ABz) were synthesized and the 
conditions used as well as the results obtained are sumnarized in Entries 2 and 3 in ad- 
dition to those with respect to 10 (Bl = B2 = DAn) in Table 1. 

Compound 18 (BI = DAn, B2 = ABz): Rf 0.30 (Solvent D), 0.67 (Solvent E); lH-n.m.r.(chloro- 
form-d - TMS): $ 1.19 - 1.66 (12H, m, C-C&-Cx 6), 1.22 (9H, t, J 7.3 Hz, N-CH2-C& 
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x 3), 2.96 (6~, q, N-cJ-M~ x 3), 3.04 - 3.78 (6H, m, H-5', 5", and 0-CHI-C x 2), 3.75 
(6H, s, C-CHI x 2), 3.83 (3H, s, O-U&,), 4.28 - 5.84 (IIH, m, H-5, H-2' x 2, H-3' x 2, H- 
4' x 2, H-5', 5" and O-m_-0 x 2), 6.15, 6.17, 6.34, 6.39 (2H, d x 4, JI' 2' 7.1 Hz, 7.8 Hz, 
8.1 Hz, and 7.3 Hz, respectively, H-l'x 2), 6.76 - 8.67 (33H, m, Ph pro&x 30, H-2, 8 
on adenyl, and H-6 of uracil moiety), and 9.28 (lH, br. s, N-g). 
Qmpound 10 (BI = B2 = ABz): Rf 0.29 and 0.32 (Solvent D), 0.66 and 0.69 (Solvent E); 'H- 

n.m.r.(chloroform-d - TMS):b 1.22 - 1.62 (12H, m, C-CHH-a3 x 6), 1.25 (9H,t, J 7.3 Hz, 
N-CH2-CHI x 3), 2.60 - 3.85 (6H, m, H-5', 5", and O-C&-C x 2), 3.00 (6H, q, N-C&-Me x 3), 
3.74 and 3.75 (6H, s x 2, 0-CHH x 2), 4.53 - 5.51 (lOH, m, H-2' x 2, H-3' x 2, H-4' x 2, 
H-5', 5", and 0-CIj-Cx 2), 6.26, 6.31, 6.36, and 6.39 (2H, d x 4, JI' 2' 5.5 Hz, 5.9 Hz, 
7.6 Hz, and 7.4 Hz, respectively, H-l'x 2), 6.74 - 8.79 (35H, m, Ph photon x 31, H-2 x 2, 
and H-8 x 2), and 9.20 - 9.44 (2H, m, N-gx 2). 

Synthesis of Riethvlamnonium Tetraribonucleotide 3'-Phosphodiester Derivative (11; Bl 
= B2 = B3 = B4 = ABz): The title xmpo~~I was synthesized by condensation of 5 ( 
ABz) onto 1, follmed by dedimethoxytritylation, condensation with 5 (BI = B2 = Bzs '2 
finally, its splittingoff from the polymer-support, in the similar manner as above descri- 
bed with respect to 10s. The conditions used and the results are summarized in Table 2. 
The product gave Rf 0.10 (Solvent D), 0.45 (Solvent E); IH-n.m.r. (chloroform-d - TMS): 5 
1.12 - 1.76 (24H, m, C-CHH-C x 12), 1.23 (9H, t, J 7.3 Hz, N-CH2-CHH x 3), 2.90 - 3.56 
(8H, m, 0-C&-Cx 4), 2.97 (6H, q, N-C%-Me x 3), 3.68 - 3.92 (2H, m, H-5' and 5"), 3.72 
(6H, s, 0-CHH x 2), 4.12 - 5.72 (22H, m, H-2' x 4, H-3' x 4, H-4' x 4, H-5' x 3, H-5" x 
3, and 0-Cg-Ox 4), 6.10 - 6.35 (4H, m, H-l'x 4), 6.73 - 8.81 (57H, m, Ph proton x 49, H- 
2 x 4, and H-8 x 4), and 9.20 - 9.76 (4H, m, N-gx 4). 

thesis of Tr?ethylanmonium Hexaribonucleotide 3'-Phosphodiester Derivative (12; BI 
+-z-B3 = B4 = DAn and B5 = Bg = ABz): The title compourd was synthesized by 

~ondekation of'10 (Bl = DAn, !32 = ABz) onto 1, followed by dedimethoxytritylation, con- 
densation with 10 (q = B2 = I.@), dedimethoxytritylation, ccndensation with 10 (q = B2 = 
ABZ), and, finally, its splitting-off from the polymer-support, in the similar manner as 
above described with respect to 10s. The conditions used and the results are sumrarized 
in Table 3. The product gave Rf 0.05 (Solvent D) and 0.27 (Solvent E). 

Synthesis of the Undecaribonucleotide AAAAAWUALG (20): 1)(3-G1rboxv)propionvlation~~ 
of 5'-O-dimethoxvt_rityl-Ob-diphenylcarbamovl-N~-isobutvrv -- l-2'-0-(tetrahvdropyran-2-yl)- 
ouanosine: A solution of the guanosine derivative (1.6670 g, 1.78 maol) in methylene 
chloride (8.9 mu) was treated with succinic anhydride (0.3568 g, 3.57 mnol) and 4-dime- 
thylaminopyridine (r&V@; 0.4362 g, 3.57 smol) at rocm temperature for 30 min with stirring. 
The resulting mixture was guenched by treating with chilled water (5 mL) at roan tempera- 
ture for 30 min with stirring, and extracted with methylene chloride (25 mL x 2). The ex- 
tracts were canbined to wash with 0.1 M aqueous TEAB solution (20 mL x 3). After drying 
over anhydrous magnesium sulfate, the organic layer was concentrated in vacua. The re- -- 
sidue was purified by chraratography on a column (2.5 an ID x 10 an L) of silica gel by 
the use of methanol - methylene chloride system, to give a glass of 3'+[3-(carboxy)pro- 
pionyl]-5'-O_dimethoxytrityl-O6-diphenylcarbamoyl-N2-isobut~l-2'~-(te~~~o~~-2- 
yl)guanosine (1.7370 g, 94% yyeld): Rf 0.42 (Sol&% A); lH-n.m.r.(-dhloroform-d - 'lMS):s 
1.12 - 1.19 [6H, m, C(CHH)21, 1.24 - 1.70 (6H, m, C-C&C x 3), 2.51 - 2.84 (3H, m, CH&2 
and CHH-CII2H), 2.96 - 3.23 (2H, m, 0-CHH-C), 3.29 - 3.49 (2H, m, Q&032-), 3.67 - 3.82 
(2H, m, H-5' and 5"), 3.74 and 3.79 (6~, s x 2, CCHH x 2), 4.30 - 4.35 (IH, m, H-4'), 4.68 
- 4.74 (IH, m, O-q-O), 5.25 (IH, dd, J2',3' 4.88 Hz, H-2'), 5.50 - 5.56 (lH, m, H-3'), 
6.27 (IH, d, JI' 21 7.81 Hz, H-l'), 6.77 - 7.76 (23H, m, Ph proton x 23), 8.18 (lH, s, H- 
8), 8.31 (IH, s,'N2-g), and 8.54 - 8.62 (IH, m, -CDS). 

s. Qlcd for C, 65.01; H, 5.74; N, 7.98. Found: C, 64.74; H, 5.62; N, 7.92. 
2)Icadinq of the Guanosine 3'-@(3-Carboxy)propionyl Function with a Free Hydroxvl Group 

& 5'-Posit&-%&o 1: A mix=e of 1 (0.3636 g, 0.6 nmol) and the 3'-(3-carboxy)propiona- 
te (0.4140 g, 0.4 nmol) was azeotropically demoistured by distilling fran pyridine (5 mL x 
3) three times. A solution of the residue in pyridine (6 mL) was treated with 'IRS (0.3634 
g, 1.2 nmol) and 1-Meim (0.20 mL, 2.4 ml) at rocm temperature for 2 h with stirring. 
After quenching the mixture with chilled water (2 mL) at room temperature for 30 min with 
stirring, it was extracted with methylene chloride (10 mL x 3), the organic solution was 
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washed with water (20 a&), and, then, concentrated in vacua; the residue was similarly 
subjected to azeotropic demoisture procedure using pyridine (5 mL x 3). It was then trea- 
ted with I:3 acetic anhydride - pyridine (15 a&) at room temperature for 5 h with stirring. 
The solution was concentrated in vacua, and the residue was distilled fran a small volume 
of toluene repeatedly until no smell of pyridine was detected. A trace amount of the re- 
sidue was dissolved in methylene chloride, and the solution was added drop&se into excess 
amount of ethanol with vigorous stirring, to give a white powder of the cellulose acetate 
derivative bearing the objective 2yosine function (4.3 mg). The product was then sub- 
jected to the IXTr-detennination , and was found to load the function 0.5 ml/g, or 96% 
yield for this loading procedure. A solution of all the residue in 7:3 chloroform - me- 
thanol was treated with TsOH*H20 (0.3954 g) dissolved in 7:3 chloroform - methanol (5 I&) 
at O'C for 15 min with stirring. The mixture was extracted with chloroform (50, 30, and 
then 20 mu), after neutralizing it with 5% aqueous sodium hydrogen carbonate solution, and 
the organic layer was concentrated in vacua. The residue was dissolved in chloroform (10 
mL), and was added drop&se into ethanol (200 mL) with vigorous stirring. The resulting 
precipitates were gathered by filtration to give the title polymer-support bearing the gu- 
anosine function with free 5'-hydroxyl group (0.4511 g, 66% yield, 0.589 mnol/g). 
3)Successive Condensations of the Hexamer (12) and the Tetramer (11) Units onto the 

Cellulose Derivative Obtain~~2):~llulose derivative (0.4244 g, 0.25 mmol) and 12 
(0.4208 g, 0.1 mnol) was azeotropically demoisturd by distilling frun pyridine (5 mL x 3) 
three times, and the residue was dissolved in pyridine (5 mL). The solution was treated 
with TPS (0.1211 g, 0.4 mmol) and I-Meim (0.065 mL, 0.8 mmol) at rcom temperature for 2 h 
with stirring. The resulting mixture was extracted with methylene chloride (20 mL x 3), 
after quenching it with chilled water (2 mL) at room temperature for 30 min, and the or- 
ganic solution was washed with water (20 mL). After concentration of the organic solu- 
tion in vacua, the residue was again demoistured similarly as above described with pyri- 
dine (5 mL x 3). The dried residue was treated with I:3 acetic anhydride - pyridine (10 
mL) at roan temperature for 5 h with stirring. The resulting mixture was concentrated h 
vacua, and the residue was repeatedly dissolved in a small volume of toluene and concen- 
trated until no smell of pyridine was detected. Yield of this loading procedure was de- 
termined similarly by the method reported by Gait et a1.25 to be 98%, or 0.117 mnol/g. -- 
A solution of all the residue in 7:3 chloroform - methanol (IO mL) was worked up similarly 
as above by the use of TsOHmH20 (0.3945 g) in 7;3 chloroform - methanol (5 mL)[dedimeth- 
oxytritylation; Yield of the cellulose acetate derivative bearing the corresponding hep- 
tamer was 87% (0.7210 g, 0.121 maol/g)]. The yield of the subsequent introduction of 11 
(0.6424 g, 0.219 ml) onto 17 (0.087 amol) by the use of TPS (0.1990 g, 0.657 ~11 and 
I-Meim (0.107 mL, 1.314 mnol) in the similar manner, giving the cellulose derivative bear- 
ing the objective undecame r (181, was 79% (0.7911 g, 0.087 ranol/g). The overall yield 
was thus 69%. Incidentally, was recovered the tetramer 11 (0.2180 g, 0.074 mol) in this 
case. 
4)Splittinq-off and Purification of 20: The cellulose derivative 18 (44.8 mg, 3.97 mol) 

was dissolved in Glution of 0.5M N1,N1,N3,N3-tetramethylguanidium (&)-2_pyridinealdo- --- 
ximate ('IMG*PAO) in 9:l pyridine - waFer (0.6 mL), and the solution wasallowed to stand 
at room temperature for 1 day. To the resulting mixture, was added ethanol (30 mL), and 
the vinyl sulfone derivative of cellulose acetate precipitated out was removed by centri- 
fugation (3,000 r/m) at 4'C for 10 min. The supernatant was concentrated in vacua, and -- 
the residue was dissolved in 28% aqueous anmoniacal solution (20 mL), which was then al- 
lowed to stand at 55'C for 6 h. The residue obtained by concentration in vacua was dis- -- 
solved in aqueous 50 mM TSAH solution, which was then poured onto SEP-PAK (C-18; Waters 
Co.) column [The column was treated in advance with 9:l acetonitrile - water (IO mL) for 3 
h, and washed with aqueous 5OmM TFAH solution]. Elution of the column was performed suc- 
cessively with 18% acetonitrile - aqueous 50 mM THAH (10 mL) for the removal of ?MG*PAO 
etc., and with 35% acetonitrile - aqueous 50 mM TFB solution (10 mL), gave a fraction 
containing the objective undecamer (191, whose 5'-terminus and all the 2'-hydroxyl groups 
were protected with DlTr and THP groups, respectively. This fraction was then lyophi- 
lized, and the residue was dissolved in water (1 mL). One of its 10 aliguots was subjec- 
ted to purification through HPLC with IO - 50% acetonitrile - aqueous 0.1 M TEAA solution 
to give remarkably simplified HPL chroratogram as shown in Fig. 1. The fraction corre- 
sponding to the central portion of the main peak was concentrated in vacua to dryness, and -- 
the residue was dissolved in water (1 mL). The aqueous solution was concentrated in va- 
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cue to dryness and the residue was kept under diminished pressure until no smell of tri- 
ethylamine was detected. The resulting residue was dissolved in hydrochloric acid (@-I 
2.0; 5 mL), and the solution was allowed to stand at rcun temperature for 2 days. The 
solution was neutralized with diluted aqueous amnoniacal solution, and washed with ethyl 
acetate (10 mL x 3). The aqueous layer was concentrated to dryness. The residue was 
dissolved in water (2OOpL), and 18OpL of which was then subjected to purification 
through HPLC with 5 - 19% acetonitrile - aqueous 0.1 M TEAA solution to give the product 
giving the HPL chrcmatcgram as sti in Fig. 2-I. The fraction corresponding to the 
central portion of the HPL chranatogram was separated and lyophilized to give a pure 
sample of the canpletely deprotected undecamer (1.51 A260 UtlitS), whose Hk'L ChraMtOgram 
is shawn in Fig. 2-11. Furthermore, 20 gave a very clear band in electrophoresis on a 20% 

!? 
lyacrylamide gel containing 7 M urea after 5'_0-[32Pl-phosphorylation in terms of [r- 
2Pl ATP and T4 polynucleotide kinase according to the method reported.15 The result 
obtained by the electrophoresis is shown in Fig. 3; the reference ccmpauvjs of 4mer and 
lamer for the electrophoresis were synthesized through the orginary solid-phase procedure 
by the use of Zeon H-6 DNA Synthesizer.27 
5)Structure Confirmation of 20: lb a solution of 20 (0.1 A260 unit) in water (86.32pL), 

were added an aqueous 1 M amnonium acetate buffer solution (pH 5.3; IOfL) and a solution 
of nuclease PI (Yamasa Shoyu Co., Ltd.) in the -buffer solution (3pL of a solution 
prepared by dissolving 1 mg of the enzyme in 5rL of water), and the resulting solution 
was allowed to stand at 37°C for 30 min. Ihe mixture of the products thus obtained were 
analyzed through HPLC with 2 - 25% acetonitrile - aqueous 0.05 M asnonium dihydrogenphos- 
phate solution (PH 5.2) to qive an HPL chrcmatogram as shm in Fig. 4. 

Svntheses ~?kciethvlammonium Di-2'-deoxyribonucleotides 3'-Phosphodiester Derivatives 
(13) by the Use of 1 as the Polymer-support: Similar syntheses as above described gave 
diastereoiscmeric mixtures of 13, and the conditions used as well as the results obtained 
are summarized in Table 4. 

compouna 13 (q = B2 = +'): Hf 0.29 (Solvent D); lH-n.m.r.(chloroform-d - 'INS): 6 1.24 
(9H, t, J 7.31 Hz, N-CH2CHH x 3), 1.27 (3H, s, a~), 1.35 (3H, s, CHH), 2.05 - 2.70 (4H, 
m, H-2' x 2 and H-2" x 2), 2.97 (6H, q, N-CI-CH3 X 3)~ 3.78 (6H, s, ma X 2), 3.30 - 
4.50 (6H, m, H-4' x 2, H-5' x 2, and H-5" x 2), 4.95 - 5.40 (2H, m, H-3' X 2)~ 6.29 - 
6.45 (2H, m, H-l' x 2), & 6,30 - 8.06 (33H, m, Ph proton X 31 and H-6 X 2). 
canpound 13 (B1 = B2 = Dpcc,1m): Hf 0.17 (Solvent D); 1H-n.m.r.(chlorofornl-d - 'IMS): b 

1.24 [21H, m, C(CHH)~ x 2 and N-G-I2-CHH x 31, 1.27 (14H, m, 92 X 2, H-2', 2", N-C&- 
Me x 2, H-5' x 2, and H-5" x 2), 3.70 (6H, s, CCHH x 3), 4.50 - 4.65 (2H, m, H-4' X 2)~ 
5.30 - 5.55 (2H, m, H-3' x 2), 6.30 - 6.45 (ZH, m, H-l' x 2), 6.66 - 7.64 (41H, mf Ph 
proton x 41), 8.05 - 8.07 (2H, S, H-8 X 2), 8.55 (1H, Sr i+QCD)t 4 8.80 (IHr St &?a)- 

ccmpound 13 (B., = B2 = Aaca): Hf 0.34 (Solvent D); lH-n.m.r.(chlorofonn-d - 'IMS): 5 1.27 
(gH, t, 7.3 Hz, N-CH2-~~ x 3), 2.1 [6H, s, C(CHH)W2 x 21, 2.85 - 2.90 (4H, m, H-2' X 2 
and 2" x 2), 2.90 (6~, q, N-Cl-Me x 3), 3.13 tl2H, m, N(CHH)2 x 2), 3.34 (4H, m, H-5' X 2 
and 5" x 2), 3.72 (6H, s, OC% x 2), 4.40 (2H, m, H-4' z 2), 5.40 - 5.55 (2H, mr H-3' X 
2), 6.43 (2H, m, H-l' x 2), 6.70 - 7.50 (2lH, m, Ph proton X 21), 8.0 (2H, sf H-2 X 2), 
and 8.55 (2H, s, H-8 x 2). 

(,4. FFe ;f ~i=yl~nium Tri-2'deoxvribonucleotide 3'-Phosphodiester Derivative 

reakion of 2'(B: I 
@z) The title trinucleotide was synthesized by the coupling 

) loaded on 1 with 13 (B1 = B2 = TBz) similarly as described in the 
synthesis of 10. 'Ike conditions used and the result obtained are sunmarized in Table 5. 

synthesis of Triethylamnonium Tetra-2'-dmibonucleotide 3'-Phosphcdiester Deriva- 
tive (15; Bl = B2 = Aa=, B3 = B4 = qimju): 'Ihe title tetranucleotide was syrkhem 
by the coupling reaction of 13 (BI = B2 = A aca) loadedonlwith13 (Hl = B2 = DPC@u) 
similarly as described in the synthesis of 10. The conditions used and the result ob- 
tained are summarized in Table 6. 

tion2ynn~~~o~~~~xvribonucleotide dGAATICC (25 ): 1 )3’-O-(Carboxv)ProPionYla- 
-5'-O-dimethoxytritylcytidine; The reaction was performed 

similarly as described in the synthesis of 20. The resulting 3'-(3-Gukoxy)propionate 
gave IH-n.m.r.(chlorofonn-d - IMS): 5 2.25 - 2.70 (6H, m, H-2', 2", and. a3-C&-C!!2-(30)r 
3.40 (2H, m, H-5' and 5"), 3.78 (6H, s, OCH2 x 2), 3.83 (3H, s, mu), 4.22 (lH, m, H-4'), 
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5.41 (IH, m, H-3'), 6.25 6.75 - 7.39 (16H, m, Ph Protcn x 
15 ard H-5), 7.95 (2~, d, 

(IH, t, J1',2' 6.35 Hz, H-l'), 
J 10.83 Hz, g-Ph proton x 21, and 8.11 (AH, d, J5.6 8.49 Hz, H- 

6). 
2)Ioadinq of the 2'-Deoxycytidine 3'-0-(3-&rboxv)propionvl Function with a Free Hydraxvl 
Group at 5'-Position el: To a s&tion of the 3'-[3-(carboxy)propionatel (0.802 g, 
1.05 mnol) and 1 (1.63 mnol s/q; 0.825 q, 1.34 amol) in wridine (40 IILL), were added ‘IRS 
(0.954 g, 3.15 mnol) and l-Meim(O.50 mL; 6.3 mnol), &-the resulting mixture was stirred 
at loom temperature for 4 h. A cellulose polymer-support loading the title function 21 
(1.319 g; 0.665 mnol S/g) was obtained through quenching the reaction by the addition of 
chilled water (2 mL), followed by the work-up similar to that described above in 2) of the 
synthesis of 20. 
3)Successive Condensations of the Trimer and Tetramer w onto e Cellulose Dariva- 

E Obtained & 2): To a solution of 14 (BI =w = B3 =T; 0.267 g, 0.132 mnol) 
and (0.665 nmol S/a: 0.461 u. 0.307 ~1) in nvridine (20 mL), were added TPS (0.1196 
g, 0.395 mmol) and'i&leim (O:i)63 mL, 0.79'mrol); and the resulting mixture was stirred 
at rocnn temperature for 2 h. &enching the reaction with chilled water, foll@?ed by 
the work-up similar to that described in the undecaribonucleotide synthesis, gave the 
cellulose derivative loading the tetramer unit with a free hydroxyl group at the 5'- 
terminus 22 (BI = B2 = CAn, B3 = Bq = THz; 0.6685 g, 0.171 no1 S/g, 86% yield). Can- 
pound 22 (0.171 nmol S/g; 0.4435 g, 0.076 m+) was then subjected to the coupling reac- 
tion with 15 (BI = B2 = Aaca, B3 = B4 = DPCGiBu; 0.432 g, 0.154 -1) in pyridine (20 
mL) by the use of TPS (0.133 g, 0.44 -1) and I-Meim (0.07 mL, 0.88 nmol) at rcun tem- 
perature for 2 h, followed by quenching with chilled water (2 I&) and the work-up de- 
scribed in the urdecaribonucleotide synthesis, to give a cellulose derivative loading 
d.[GGAA'IWC) unit 23 (0.612 g, 0.113 amol S/g, 91% yield). 
4)Splittinq-off, Purification, & Structure Confirmation of the Octa-2'-deoxvribonuc- 
leotide, dGGAATICC (25): Conpound 23 (0.030 g, 3.39,#rrol) was treated with a solution of 
0.5 M 'IMG-PA0 in 9:l pyridine - water (0.6 mL) at room temperature for 1 day, and the 
resulting cellulose vinyl sulfone derivative was removed by pouring the reaction mix- 
ture into ethanol (30 I&) with vigorous stirring, followed by filtration. The filtrate 
was concentrated in vacua to dryness, and the residue was then treated with cont. a- -- 
queous arsnonical solution (20 mL) at 55'C for 12 h. Purification of the resulting EMIT- 
dGGAA'l?ICC (24) successively through SEP-PAK and HPLC afforded an HPL chrcmatogram proving 
its predominant formation (See Fig. 5). Half volume of the fraction corresponding to the 
main peak was subjected to dedimethwritylation by treating with 80% aqueous acetic acid 
solution (1.31 a&) at room temperature for 30 min. The resulting mixture was, after 
concentration in vacua to dryness, dissolved in water, and washed with diethyl ether. The -- 
aqueous layer was concentrated in vacua to dryness, and the residue was dissolved in water -- 
(1 mL). The aqueous solution (30O~cL) was subjected to purification through HPLC to give 
dGGAATIW 25 (1.95 A260 units); its HPL chrcsmtcgram is shown in Fig. 6. Structure 
confirmation of 25 (0.3 A260 unit) was performed by degradation with snake vencm phos- 
phcdiesterase (Heohringer Mannheim; IO+ of the solution prepared by dissolution of 1 mg 
of the enzyme in 0.5 mL of water) at 37'C for 2 h. and then with alkaline phsphatase 
(Eeohringer Mannheim; 10 L of the solution prepared by dissolution of 10 mg of the en- 
zyme in 1 mL of water) a t 25°C for 1 h. The resulting solution was analyzed by HPLC as 
usual to give reasonable proportion of each 2'-deoxyribonucleoside unit; the HPL chrcrn- 
atcgram is shown in Fig. 7. 
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