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ABSTRACT 

S,h-Dichloro-I-b-u-ribofuranosylbenzimidazole (2), synthesised by the fusion method. was used for 
the synthesis of2’45’- and 3’+5’-linked di- and tri-merit oligonucleotides. The protecting groups used were 

p-methoxytrityl for HO-5’, tert-butyldimethylsilyl for HO-2’.3’, and 2,5-dichlorophenyl and 2-(4-nitrophe- 
nyl)ethyl for the phosphate group. The internucleotldic linkages were established by the phosphotriester 
approach to give the fully protected 2’ +5’ dimers (15. 17. and 18) and trimers (27 and 28), as well as the 3’+ 5’ 
dimers (22 and 23) and trimers (31 and 32). Deprotection involved a sequence of steps to afford the 

corresponding free oligonucleotides 21.26,30, and 33 isolated as the triethylammonium salts in good yields. 
The new compounds were characterised by elemental analysis and by u.v. and ‘H-n.m.r. spectroscopy. 

INTRODUCTION 

The beginning of antiviral research is associated with 5,6-dichloro-1 -j?-D-ribo- 
furanosylbenzimidazole” (DRB), which inhibits partially the synthesis of hnRNA and, 
to an even larger extent, the production of mRNA. Furthermore, DRB also triggers the 
production of interferon in human fibroblast? and thus stimulates antiviral activity 
indirectly. These results have initiated the syntheses of halo-substituted benzimidazole 
nucleosides’-“. including modifications of the sugar moiety” as well as the formation of 
a 3’-+5’-nucleotide dimer14 that carried benzimidazole and a thymine residue as a nucleo 
base. Since one mode of the action of interferon’5,‘“. IS the induction of the enzyme 2’-5’A 
synthetase that is responsible” for the formation of pppA2’p5’A2’~5’A, a low-molecu- 
lar-weight inhibitor of cell-free protein synthesis”,“, we decided to combine some of the 
structural features of the bioactive molecules in a new type of oligomer by synthesising 
the 2’+5’- and 3’+5’-linked oligonucleotide trimers from DRB. 

SYNTHESES AND DISCUSSION 

Since all the syntheses were based on 5,6-dichloro- 1 -/J-D-ribofuranosylbenzimi- 
dazole (2). an effective synthesis of 2 was developed first. The “heavy-metal” proce- 
dure”, used in the condensation of 5,6-dichlorobenzimidazole mercurichloride with 
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function by oximate then afforded 16, which was condensed with 5,6-dichloro-l-(2,3-di- 
0-tert-butyldimethylsilyl-~-~-ribofuranosyl)benzimidazole (7) to give the fully protect- 
ed trimer 27 (44%) by applying the phosphotriester methodology. 

A second route to 27 involved building up the oligonucleotide chain from 7 
towards the S-end. Condensation of7 and 10 in the usual manner gave the dinucleoside 
monophosphotriester 17, and detritylation to the HO-S component 19 and reaction 
with the phosphodiester 10 then yielded the trimer 27 (43%). 

RO OR 

R R’ R2 
R 

Is&& 
17 +BuMe, Si Npe MeOTr 

18 +But.$Si 2.5Cl&H, MeOTr 
I6 HNEtj 19 tBuMezs~ We H 

20 +@uMe,S; 2.5-CI&H3 H 

21 H HNEt3 H 

RO OR 

R R’ R2 

22 +@uMe,Si We MeOTr 

23 +BuMe,s; 2.5~Cl&H3 MeOTr 

24 hMe,sI Npe H 

25 buMe,S~ 2.5-C&y H 

26 H HNEt) H 

Since the yields of the trimer were not satisfactory, another approach was 
investigated. l-(3-O-tert-Butyldimethylsilyl-5-O-p-methoxytrityl-~-~-ribofuranosyl)- 
5,6-dichlorobenzimidazole (5) was treated with 2,5-dichlorophenyl phosphorodichlori- 
date-l ,2,4-triazole at 0” to give, after hydrolytic work-up, the 2,5-dichlorophenyl- 
phosphodiester as its pyridinium salt (11). Crude 11 was condensed with 7, using 
2,4,6-tri-isopropylbenzenesulfonyl chloride and N-methylimidazole, to yield the dimer 
18 (57%). Detritylation of 18 withp-toluenesulfonic acid in dichloromethane-methanol 
gave 20 (90%). Condensation of the HO-5’ component 20 with the phosphodiester 11 
yielded the fully protected trinucleoside disphosphotriester 28 (55%). 

In a series of analogous reactions, the di- and tri-merit 3’+5’-oligonucleotides 
were synthesised. l-(2-O-tert-Butyldimethylsilyl-5-O-p-methoxytrityl-~-~-ribofurano- 
syl)-5,6-dichlorobenzimidazole (4) was either phosphorylated to give the [2,5-dichloro- 
phenyl 2-(4-nitrophenyl)ethyl]-phosphotriester 12, which was converted by oximate 
into the phosphodiester 13, or the 2,5-dichlorophenyl-phosphodiester 14, which was 
used as a crude product in the form of its pyridinium salt. The condensations of 13 and 
14, respectively, were mediated by 2,4,6-tri-isopropylbenzenesulfonyl chloride-N- 
methylimidazole in pyridine to give the fully protected dinucleoside-3’,5’-phosphotries- 
ters 22 (50%) and 23 (62%) respectively. Detritrylation of 22 and 23 with acid gave 24 
and 25, respectively, which were condensed, as for 13 and 14, to form the trimer 31 
(64%) and the structural analogue 32 (68%) respectively. In general, the yields were 
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aromatic H), 7.85 (s, 1 H, H-7), 7.78 (s, 1 H, H-4), 7.61-7.33 (m, 9 H, aromatic H), 6.30 
(d, 1 H, H-l’), 5.95 (m, 2 H, H-2’,3’), 4.88 (m, 1 H, H-4’), 4.75 (m, 2 H, H-5’a,5’b). 

Anal. Calc. for C,,H,,C12N20, (63 1.5): C, 62.77; H, 3.83; N, 4.43. Found: C, 62.66; 
H, 3.83; N, 4.18. 

5,6-Dichloro-I-j3-D-rihofuranosylbenzimidazole9 (DRB, 2). - A mixture of 5,6- 
dichlorobenzimidazole (1.86 g, 10 mmol) and either l-@acetyl-2,3,5-tri-O-benzoyl-P- 
D-ribofuranose (6.05 g, 12 mmol) or 1,2,3,5-tetra-O-acetyl-/?-II-ribofuranose (3.8 g, 12 
mmol) was melted and worked-up by the above procedure. The product, isolated by 
chromatography, was stirred with methanolic 0.4~ sodium methoxide (50 mL) over- 
night. The solvent was evaporated and the solution of the residue in H,O (50 mL.) was 
neutralised with AcOH. The precipitate was collected and recrystallised from H,O (750 
mL), togive2(1.78 g, 56%),m.p. 218”;lit.9m.p. 214217”. ‘H-N.m.r. data[(CD,),SO]: S 
8.57 (s, 1 H, H-2), 8.22 (s, 1 H, H-7), 7.96 (s, 1 H, H-4), 5.88 (d, 1 H, H-l’), 5.49 (d, 1 H, 
HO-2’) 5.23 (d, 1 H, HO-5’), 5.19 (d, 1 H, HO-3’) 4.31 (m, 1 H, H-2’), 4.11 (m, 1 H, 
H-3’), 3.99 (d, 1 H, H-4’), 3.66 (m, 2 H, H-5’a,5’b). 

5,6-Dichloro-l-(5-O-p-methoxytrityl-B-I,-ribofuranosyl)benzimidazole (3). - 

Dry pyridine (50 mL) was evaporated from 2 (3.19 g, 10 mmol), then p-methoxytrityl 
chloride (3.71 g, 12 mmol) and dry pyridine (50 mL) were added. The mixture was 
stirred overnight at room temperature, diluted with CHCl, (50 mL), and extracted with 
phosphate buffer (pH 7,100 mL). The aqueous layer was extracted with CHCl, (2 x 20 
mL), the combined CHCl, layers were dried (NaSO,), the solvent was evaporated, and 
toluene was evaporated twice from the residue. Column (9 x 6 cm) chromatography 
with dichloroethane (1 L) followed by CHCl, gave amorphous 3 (5.13 g, 87%). A part of 
this material was purified further by chromatography to give pure 3. ‘H-N.m.r. data 
(CDCI,): 6 7.77 (s, 1 H, H-2), 7.68 (s, 1 H, H-7). 7.48-7.18 (m, 13 H, aromatic H), 6.80 (d, 
2H,+HofMeOPh), 5.72(d, 1 H,H-1’),4.62(m, 1 H,H-2’),4.49(m, 1 H,H-3’),4.30(s, 
1 H, H-4’), 3.74 (s, 3 H, OCH,), 3.47 (m, 2 H, H-5’a,5’b). 

Anal. Calc. for C,2H&l,N20, (591.5): C, 64.98; H, 4.77; N, 4.73. Found: C, 64.96; 
H, 5.13; N, 4.56. 

I-(2-O-tert-Butyldimethylsilyl- and 1-(3-0-tert-hutyldimethylsilyl-5-O-p-metho- 

xytrityl-j?-D-ribofiranosyl) -5,6-dichlorobenzimidazole (4 and 5) and 5,6-dichloro-l- (2,3- 

di-O-tert-butyldimethyIsilyl-5-O-p-methoxytrityl-~-~-ribofuranosyl) benzimidazole (6). 

- Dry pyridine (35 mL) was evaporated from a mixture of 3 (3.7 g, 6.25 mmol) and 
imidazole (1.02 g, 15 mmol). The residue was dissolved in dry pyridine (27 mL), tert- 

butyldimethylsilyl chloride (1.13 g, 7.5 mmol) was added, and the solution was stirred in 
a sealed flask for 18 h at room temperature. The mixture was diluted with MeOH (12 
mL), then stirred for 15 min, CHCl, (50 mL) was added, and the mixture was extracted 
with phosphate buffer (pH 7,25 mL). The organic layer was dried (Na,SO,) and filtered, 
the solvent was evaporated, and toluene (20 mL) was evaporated twice from the residue. 
Column (9 x 6 cm) chromatography with toluene (600 mL) and then toluene-ethyl 
acetate (9:l) gave 6, and then a mixture of 4 + 5. 
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temperature for 4 h, diluted with CHCI, (100 mL), and extracted with phosphate buffer 
(pH 7, 2 x 100 mL). The aqueous layer was treated with CHCI, (2 x 100 mL), the 
combined organic phases were dried (Na,SO,), the solvent was evaporated, and toluene 
was evaporated twice from the residue. Column (20 x 4 cm) chromatography with 
toluene (500 mL), tolueneethyl acetate 9: 1 (300 mL), and tolueneethyl acetate (4: 1) 
gave amorphous 8 (0.762 g, 71%). ‘H-N.m.r. data (CDCI,): 6 8.22 and 8.15 (2 s, 1 H, 
H-2, diastereomers), 8.03 (d, 2 H, o-H of NO?Ph), 7.80 (s, 1 H, H-7), 7.65 (s, 1 H, H-4), 
7.43-6.95 (m, 34 H, aromatic H), 6.80 (d, 2 H, o-H of MeOPh), 6.12 and 6.04 (2 d, 1 H, 
H-l’), 5.19 (m, 1 H, H-2’), 4.53 (m, 1 H, H-3’), 4.30 (m, 1 H, H-4’), 4.19 (m, 2 H, CH,), 
3.75 (s, 3 H, OCH,), 3.54 (m, 1 H, H-5’a), 3.33 (m, 1 H, H-Sb), 2.88 (m, 2 H, CH,), 0.84 
and 0.79 (2 s, 9 H, ‘Bu), 0.04, -0.01, -0.04, -0.06 (4 s, 6 H, 2 SiCH,). 

Anal. Calc. for C,,H,,Cl,N,O,,PSi (1079.9): C, 57.83; H, 4.85; N, 3.89. Found: C, 
57.84; H, 5.10; N, 3.69. 

~-(3-~-te~t-Butyldimethylsilyl-~-~-rib~,fi~ranosyl)-S,6-dichlorobenzimidazoie 2’- 
(2,5-dichlorophenyl2-(I-nitrophenyljethyl phosphate / (9). - A solution of 8 (0.324 g, 
0.3 mmol) in 1% p-toluenesulfonic acid in CH,U-MeOH (4: 1, 12 mL) was kept at 
room temperature for 10 min, then diluted with CHCI, (75 mL), and extracted with 
phosphate buffer (pH 7. 2 x 75 mL). The organic layer was dried (Na$O,) and the 
solvent was evaporated. Column (12 x 2 cm) chromatography of the residue with 
CHCl,gaveamorphous 9 (0.192 g, 82%). ‘H-N.m.r. data (CDCI,): 6 8.48 and 8.41 (2 s, 1 
H, H-2, diastereomers), 8.03 (d, 2 H, o-H of NO,Ph), 7.82 (s, 1 H, H-7), 7.77 (s, 1 H, 
H-4), 7.23-6.94 (m, 5 H, aromatic H), 6.11 and 6.08 (2 d, 1 H, H-l’), 5.22 (m, 1 H, H-2’), 
4.62 (m, 1 H. H-3’), 4.30 (m, 1 H, H-4’), 4.20 (m, 2 H, CHJ, 4.05 (m, 1 H, H-5’a), 3.85 (m, 
1 H, H-5’b), 2.85 (m, 2 H, CH,), 0.91 and 0.88 (2 s, 9 H, ‘Bu), 0.09, 0.05 (2 s, 6 H, 2 
SiCH,). 

Anal. Calc. for C,,H,,Cl,N,O,PSi (807.5): C, 47.60; H, 4.49; N, 5.20. Found: C, 
47.83; H, 4.44; N, 5.21. 

l-(3 -O-tert -Butyldimethylsilyl-5-O -p -methoxytrityl-P-D -ribojkranos_vl)-5,6-d& 
chlorobenzimidazole2’-[2-(4-nitrophenyl)eth~~ltriethylammoniumphosphate](10). -A 
solution of 4nitrobenzaldoxime (0.5 g, 3 mmol) in dioxane (6 mL), Hz0 (6 mL), and 
triethylamine (6 mL) was stirred for 20 min at room temperature. Compound 8 (0.324 g, 
0.3 mmol) was added and stirring was continued for 1.5 h. The solvent was evaporated, 
and dry pyridine (15 mL) and toluene (3 x 20 mL) were evaporated from the residue. 
Column (10 x 2.5 cm) chromatography with CHCI, (200 mL), CHCI,-MeOH (95:5, 
100 mL), and CHCl,-MeOH-Et,N (95:5:5) gave amorphous 10 (0.257 g, 83%). ‘H- 
N.m.r.data(CDCl,):612.25(bs,l H,NH),8.34(s,l H,H-2),8,04(s,l H,H-7),8,00(d, 
2 H, o-H of NO,Ph), 7.80 (s, 1 H, H-4), 7.44-7.14 (m, 14 H, aromatic H), 6.78 (d, 2 H, 
o-HofMeOPh), 6.14(d, 1 H, H-1’),4.88(m, 1 H, H-2’),4,44(m, 1 H, H-3’),4.23 (m, 1 H, 
H-4’), 3.90 (m, 2 H, CHJ. 3.76 (s, 3 H, OCH,), 3.36 (m, 2 H, H-5’a), 2.92-2.77 (m, 8 H, 
CH, and 3 NCH?), 1.17 (t, 9 H, 3 CH,), 0.80 (s, 9 H, ‘Bu), 0.06, -0.03 (2 s, 6 H, 2 SiCH,). 

Anal. Calc. for C,2H,,Cl,N,0,,PSi (1036.1): C, 60.28; H, 6.32; N, 5.40. Found: C, 
59.55; H, 6.33; N, 5.53. 
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Anal. Calc. for C,,H,,C12N,0,,PSi.2H~0 (1072.1): C, 58.25; H, 6.11; N, 5.22. 
Found: C, 57.78; H, 6.67; N, 5.48. 

I-(2-O-tert -Butyldimethylsily1-5-O-p-methoxytrityl-~-~-ribofuranosyl)-5,6-di- 
chlorobenzimidazole 3’-(2,5-dichlorphenyl pyridinium phosphate] (14). - Using the 
procedure described above for the preparation of 11, 4 (0.53 g, 0.75 mmol) was 
converted into crude 14. 

I - (3- 0- tert- Bufyldimethylsilyl-5 -0-p -methoxytrityl-p-D-ribofuranosyl) -5,6-di- 
chlorobenzimidazoly~-(Z’-{OP-f2-(4-nitrophenyl)ethyl])~5’)-1-(3-O-tert-butyldimet- 
hylsilyl-~-D-rihofuranosyl)-5,6-dichlorobenzi~~idazole2’-[2,5-dichlorophenyI2-(4-nitro- 
phenyZ)ethyl phosphate] (15). - Dry pyridine (2 x 2 mL) was evaporated from a 
mixture of 10 (0.208 g, 0.2 mmol) and 9 (0.14 g, 0.17 mmol). To a solution of the residue 
in dry pyridine (2 mL) were added IV-methylimidazole (0.1 mL, 1.2 mmol) and 2,4,6-tri- 
isopropylbenzenesulfonyl chloride (0.12 g, 0.4 mmol). The mixture was stirred at room 
temperature for 24 h, diluted with CHCl, (50 mL), and extracted with phosphate buffer 
(pH 7). The aqueous layer was extracted with CHCI, (2 x 30 mL), the combined CHCl, 
extracts were dried (Na,SO,), the solvent was evaporated, and toluene was evaporated 
twice from the residue. Preparative t.l.c., with three irrigations with CHCI,-MeOH 
(lOO:l), gave bands with R, 0.25 and 0.35, which consisted of the two diastereomers. 
Extraction with CHCl,-MeOH (7: 1) gave amorphous 15 (0.14 g, 47%). ‘H-N.m.r. data 
(CDCI,): 6 8.3558.25 (m, 2 H, H-2), 8.10 and 7.90 (2 m, 4 H, o-H of NO?Ph), 7.82-7.70 
(m, 4 H, H-4,7), 7.63-6.92 (m, 19 H, aromatic H), 6.85-6.73 (m, 2 H, o-H of MeOPh), 
6.18-5.92 (m, 2 H, H-l’), 5.18-4.88 (m, 2 H, H-2’), 4.52-4.43 (m, 2 H, H-3’), 4.414.28 
(m, 2 H, H-4’), 4.14 (m, 4 H, 2 CH,), 3.76 and 3.75 (2 s, 3 H, OCH,), 3.55-3.20 (m, 4 H, 
H-5’a,5’b),2.98~2.8l(m,4H,2CH,),0.89~0.76(m,l8H,‘Bu),O.lto -O.l2(m,l2H,4 
SiCH,). 

Anal. Calc. for C,,H,,Cl,N,0,,P,Si2 (1724.4): C, 54.33; H, 4.90; N, 4.87. Found: 
C, 53.87; H, 5.15; N, 4.87. 

I-(3-O-tert-ButyldimethyEsilyl-5-O-p-methoxytrityl-~-~-ribofuranosy1)-~,6-di- 
chlorobenzimidazolyl-(2’-{OP-/2-(4-nitrophenyl)ethyl])~5’-1 -(3-O-tert-butyldimet- 
hyl.~ilyl-~-~-ribofuranosyl~-5,6-dichlorobenzimidazole 2’-[Z-(4-nitrophenyl)ethyl trieth- 
ylammonium phosphate/ (16). - A mixture of dioxane (3 mL), H,O (3 mL), triethyla- 
mine (3 mL), and 4-nitrobenzaldoxime (0.23 g, 1.38 mmol) was stirred for 20 min at 
room temperature. Compound 15 (0.21 g, 0.12 mmol) was added, stirring was contin- 
ued for 2 h: the solvents were evaporated in vacua, and dry pyridine (2 x 10 mL) and 
toluene (3 x 15 mL) were evaporated from the residue. Preparative t.1.c. (2 plates) with 
CHCl,-MeOH-Et,N (90:5:5), with extraction of the main band with the same solvent 
mixture (300 mL), gave amorphous 16 (0.165 g, 82%). ‘H-N.m.r. data (CDCI,): 6 11.95 
(bs, 1 H, NH), 8.34 and 8.24 (2 s, 2 H, H-2), 8.02 (d, 4 H, o-H of NO,Ph), 7.95-7.72 (m, 4 
H,H-4,7),7.43~7.21(m,16H,aromaticH),6.77(m,2H,o-HofMe0Ph),6.17-6.08(m, 
2 H, H-l’), 5.01 (m, 1 H, H-2’), 4.69 (m, 1 H, H-2’), 4.43 (m, 1 H, H-3’), 4.15 (m, 5 H, H-3’ 
and OCH,), 3.95 (m, 4 H, H-4’,5’a), 3.74 (s, 3 H, OCH,), 3.45 (m, 2 H, H-5’b), 2.99-2.82 
(m, 10 H, 2 CH, and 3 NCH,), 1.26 (pt, 9 H, 3 CH,), 0.83-0.72 (m, 18 H, 2 ‘Bu), 0.03, 
-0.06, -0.15 (m, 12 H, 4 SiCH,). 
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lyl-P-D-ribofuranosyI/ benzimidazole (19). - A I % solution of p-toluenesulfonic acid in 
CH$l,-MeOH (4: 1,5 mL) was stirred with 17 (0.195 g, 0.133 mmol) at room tempera- 
ture for 6 h. The mixture was diluted with CHCl, (50 mL), extracted with phosphate 
buffer (pH 7,3 x 50 mL), dried (Na,SO,), and filtered, and the solvent was evaporated. 
Preparative t.1.c. of the residue with CHCl,-MeOH (100:3,2 developments) gave bands 
of the diastereomers with R, 0.42 and 0.49. Elution with CHCl,-MeOH (4: I) gave 
amorphous 19 (0.134 g, 84%). ‘H-N.m.r. data (CDCI,): 6 8.41 and 8.29 (2 s, 1 H, H-2), 
8.22 and 8.15 (2 s, 1 H, H-2), 8.08 and 7.98 (2 d, 2 H, o-H of NO?Ph), 7.92-7.74 (m, 3 H, 
H-4,7,7),7.52(m, 1 H,H-4),7.26and7.05(2d,2H,o-HofNO,Ph),6.06(d, 1 H,H-1’), 
5.74(d,lH,H-1’),5.07and4.94(2m,l H,H-2’),4.57(m.lH,H-2’),4.24-3.70(m,l3H, 
H-3’,4’,5’a,Sband HO-S), 2.96(2t, 2H, CH,),0.9&0.74 (m, 27 H, 3’Bu),0.09-O.O5(m, 
12 H, SiCH,), -0.14, -0.45 (2 s, 6 H, 2 SiCH,). 

Anal. Calc. for C,,H,,Cl,N,O,,PSi,(ll92.2): C, 50.37; H, 6.09; N, 5.87. Found: C, 
50.11; H, 6.16; N, 5.80. 

l-(3-0-tert -Butyldimethylsilyl-P-D-rihofuranosyl) -5,6-dichlorobenzimidazolyl- 
{2’-(OP-(2,5-dichlorophenyf)]~5’)-5,6-dichIoro-1-(2,3-di-O-tert-butyldimethyl.~i~yl-~- 
D-ribofuranosyl) henzimidazole (20). ~ Compound 18 (0.39 g, 0.27 mmol) was treated as 
in the preceding procedure. The crude product was subjected to column (12 x 2.5 cm) 
chromatography with CHCl, (500 mL) and then CHCl,-MeOH (50:1), to give amor- 
phous 20 (0.3 g, 95%). ‘H-N.m.r. data (CDCl,): 6 8.3 l-8.17 (4 s, 2 H, H-2), 7.85-7.72 (s, 
3 H, H-4,7,7), 7.51 (s, 1 H, H-4), 7.38-7.11 (m, 3 H, aromatic H), 6.14-6.06 (2 d, 1 H, 
H-l’), 5.71 (m, 1 H, H-l’), 5.32-5.12( m, 1 H, H-2’), 4.72-4.62 (m, 1 H, H-2’), 4.28-3.78 
(m, 8 H, H-3’,4’,5’a,5’b), 3.32 (bs, 1 H, HO-5’), 0.89-0.74 (m, 27 H, 3 ‘Bu), O.l(rO.08 (m, 
12 H, 4 SiCH,), -0.15, - 0.47 (m, 6 H, 2 SiCH,). 

Anal. Calc. for C,,H,,Cl,N,O,,PSi, (1188.0): C, 48.52; H, 5.68; N, 4.71. Found: C, 
48.60; H, 5.45; N, 4.60. 

1-(2-O- tert- Butyldimethylsilyl-S-0-p-methoxytrityl-/I- o-ribojiwanosyl-5,6-dichlo- 
robenzimidazolyl- {2’-[Op-2- (4-nitrophen_vl)ethyl]-*5’}-5,6-d~chloro-l-(2,3-di-O- tert- 
butyldimethylsilyl-b-D-ribofuranosyl) benzimidazoie (22). - Dry pyridine (2 x 4 mL) 
was evaporated from a mixture of 13 (0.485 g, 0.468 mmol) and 7 (0.256 g, 0.468 mmol). 
To a solution of the residue in dry pyridine (4 mL) were added N-methylimidazole (0.22 
mL, 2.8 mmol) and 2,4,6-tri-isopropylbenzenesulfonyl chloride (0.142 g, 0.47 mmol). 
The mixture was stirred at room temperature for 66 h, then treated with phosphate 
buffer (pH 7), and extracted with CHCl, (2 x 60 mL), the combined organic phases 
were dried (Na,SO,), the solvent was evaporated, and toluene was evaporated twice 
from the residue. Preparative t.1.c. (2 plates) with CHCI,-MeOH (lOO:l, 2 devel- 
opments) gave bands of the diastereomers with R, 0.32 and 0.38, which were eluted with 
CHCl,-MeOH (4:1) to give amorphous 22 (0.343 g, 50%). ‘H-N.m.r. data (CDCI,): 6 
8.15 and 8.12 (2 s, 2 H, H-2), 8.06 (d, 2 H, o-H of NO?Ph), 7.88 and 7.86 (2 s. 2 H, H-7), 
7.76 and 7.58 (2 s, 2 H, H-4), 7.41-7.18 (m. 14 H, aromatic H), 6.80 (d, 2 H, (7-H of 
MeOPh), 5.83-5.74(2d,2 H, H-1’),4.86(m, 1 H, H-2’),4,70(m, 1 H,H-2’), 4.45 (m, 1 H, 
H-3’), 4.33-4.03 (m, 7 H, H-3’,4’,5’a and CH?), 3.75 (s, 3 H, OCH,), 3.53-3.40 (m, 2 H, 
H-5’b),3.04-2.86(m,2H,CH,),0.9~0.69(m,27H,3’Bu),0.14-0.05(m,6H,2SiCH,), 
-0.08, -0.36 (2 s, 6 H, 2 SiCH,). 
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Anal. Calc. for C,,H,,CI,N,O,,PSi, (1188.0): C, 48.52; H, 5.68; N, 4.71. Found: C, 
48.34; H, 5.43; N, 4.62. 

I- (3-O-tert-Buty~~imethylsilyI-5-O-p-methoxytrityl-~-~-ribofuranosyl)-5,6-di- 
chlorobenzimiduzolyl-(2’-{OP-[2-(4-nitrophenyl)ethylJ$ +5’) -I-(3-O-tert-butyldimet- 
hylsilyl) -5,6-dichlorobenzimidazolyl-(Z’-{OP-[2- (4-nitrophenyl)ethyl])+S)-.5,6-di- 
chforo-l-(2,3-di-O-tert-butyldimethy~silyl-~-~-ribofuranosyl)henzimidazole (27). - 
Dry pyridine (3 x 2 mL) was evaporated from a mixture of 10 (0.13 1 g, 0.12 mmol) and 
19 (0.095 g, 0.08 mmol). To a solution of the residue in dry pyridine (1 mL) were added 
N-methylimidazole (0.056 mL, 0.72 mmol) and 2,4,6-tri-isopropylbenzenesulfonyl 
chloride (0.073 g, 0.24 mmol), and then the mixture was stirred at room temperature 
with the exclusion of moisture for 25 h. More N-methylimidazole (0.03 mL) and 
sulfonyl chloride (0.037 g) were added and stirring was continued for 2 days. The 
mixture was diluted with phosphate buffer (pH 7, 50 mL), then extracted with CHCl, (3 
x 50 mL), the combined organic phases were dried (Na,SO,), the solvent was evaporat- 

ed, and toluene (2 x 10 mL) was evaporated from the residue. Preparative t.1.c. with 
CHCI,-MeOH (50: 1,2 developments) gave bands of the diastereomeric trimers with R, 
0.3550.45. Elution with CHCl,-MeOH (4:l) gave amorphous 27 (0.072 g, 43%). 
‘H-N.m.r. data (CDCI,): 6 8.23-8.13 (m, 3 H, H-2) 8.07-7.95 (m, 4 H, o-H of N02Ph), 
7.85-7.63 (m, 6 H, H-4,7), 7.59-6.73 (m, 18 H, aromatic H), 6.14-5.73 (m, 3 H, H-l’), 
5.094.80 (m, 2 H, H-2’), 4.4994.41 (m, 1 H, H-2’), 4.22-4.06 (m, 10 H, H-3’,4’,5’a and 
CH,), 3.74 (s, 3 H, OCH,), 3.5G3.21 (m, 2 H, H-5’b), 2.98-2.86 (m, 4 H, CH,), 2.662.5 1 
(m, 2 H, H-5’b), 0.90-0.74 (m, 36 H, 4 ‘Bu), 0.15 to -0.52 (m, 24 H, 8 SiCH,). 

Anal. Calc. for C,,H,&l,N,02,P,Si, (2109.1): C, 54.67; H, 5.73; N, 5.3 1. Found: C, 
53.96; H, 5.76; N, 5.21. 

1-(3-O-tert-Butyldimethylsilyl-5-O-p-methoxytrit~~-~-~-ribofuranosyl)-5,6-d~chlo- 
robenzimiduzolyl-(2’-[OP-(2,.5-dichlorophenyl) J-+5’)-2-(3-0-tert-butyldimethylsilyl-/3-D- 
ribofuranosyl) -5,6-dichlorobenzimidazolyl-{2’-[OP-(2,5-dichlorophenyl) ]+S}-5,6-di- 
chloro-I-(2,3-di-O-tert-butyIdimethylsilyI-~-~-ribofuranosyl)benzimidazoie (28). - 
Compound 11 was prepared from 5 (0.143 g, 0.2 mmol) with 1,2,4-triazole (0.095 g, 1.3 
mmol) and 2,5-dichlorophenyl phosphorodichloridate (0.17 g, 0.6 mmol) according to 
the preceding procedure. Dry pyridine (2 x 5 mL) was evaporated from the crude 
product, to a solution of which in dry pyridine (2 mL) were added 20 (0.24 g, 0.2 mmol), 
tetrazole (0.085 g, I .2 mmol), and 2,4,6-tri-isopropylbenzenesulfonyl chloride (0.122 g, 
0.4 mmol). The mixture was stirred at room temperature for 24 h, diluted with CHCl, 
(50 mL), and extracted with phosphate buffer (pH 7, 100 mL). The aqueous phase was 
extracted again with CHCI, (50 mL), the combined organic layers were dried (Na,SO,), 
the solvent was evaporated, and toluene (10 mL) was evaporated from the residue. 
Preparative t.1.c. (2 plates) with CHCl,-MeOH (50: 1, 3 developments) gave two main 
bands with R, 0.28 and 0.3 1. Elution with CHCl,-MeOH (4: 1,300 mL) gave amorphous 
28(0.231 g, 54%).‘H-N.m.r.data(CDCl,):68.21-8.04(m, 3H,H-2),7.93-7.65(m,6H, 
H-4,7), 7.5997.00 (m, 15 H, aromatic H), 6.82--6.73 (2 H, o-H of MeOPh), 6.19-5.99 (4 
d, 2 H, H-l’), 5.73-5.65 (2 d, 1 H, H-l’), 5.2W.98 (m, 3 H, H-2’), 4.53-3.97 (m, IO H, 
H-3’,4’,5’a), 3.74 (s, 3 H, OCH,), 3.48 and 3.23 (2 m, 2 H, H-5’b), 0.89-0.72 (m, 36 H, 4 
‘Bu), 0.08 to -0.55 (m, 24 H, 8 SiCH,). 
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ribofuranosyl) -5,6-dichlorobenzimidazolyl- (3’-[t)‘- (2,5-dichlorophenyi) j-+.5’} -5,6-d& 
cl~Ioro-l-~2,3-di-O-tert-butyidimetlzyEsil)il-P_D-ribof~r~~osy~~benzimidazole (32). - 
Compound 14 was prepared, according to the preceding procedure, from 4 (0.106 g, 
0.15 mmol), 1,2,4-triazole (0.071 g, 0.96 mmol), and 2,5-dichlorophenyl phosphoro- 
dichloridate (0.126 g, 0.45 mmol) in dry pyridine C7 mL). Dry pyridine (2 x 2 mL) was 
evaporated from a mixture of the crude product and 25 (0.178 g, 0.15 mmol). To a 
solution of the residue in dry pyridine (1.5 mL) were added tetrazole (0.063 g, 0.9 mmol) 
and 2,4,6-tri-isopropylbenzenesulfonyl chloride (0.091 mg, 0.3 mmol). The mixture was 
stirred at room temperature for 3 h, diluted with CHCl, (50 mL), and extracted with 
phosphate buffer (pH 7, 100 mt), the aqueous phase was extracted with CHCl,, the 
combined CHCl, extracts were dried (Na,SO,), the solvent was evaporated, and toluene 
was evaporated from the residue. Preparative t.1.c. (2 plates with CHCl,-MeOH (50: 1,2 
developments) gave main bands with R, 0.39-0.58. Elution with CHCl,-MeOH (4:1, 
300 mL), evaporation of the solvent, and drying of the residue in a high vacuum at 40” 
gave amorphous 32 (0.215 g, 68%). ‘H-N.m.r. data (CDCI,): 6 8.28-8.07 (m, 3 H, H-2), 
7.93-7.84 (m, 6 H, H-4,7), 7.53-6.80 (15 H, aromatic H), 6.04-5.73 (m, 3 H, H-l’), 
5.18-5.01(m,3H,H-2’),4.76-4.16(m,10H,H-3’,4’,5’a),3.74(s,3H,OCH,),3.53(m,2 
H, H-5/b), 0.93-0.64 (m, 36 H, 4 ‘Bu), 0.10 to -0.46 (m, 24 H, 8 SiCH,). 

Anal. Calc. for C,,H,,,Cl,,N,O,,P,Si, (2100.7): C, 52.60; H, 5.27; N, 4.80. F:ound: 
C, 52.26; H, 5.07; N, 3.96. 

eenera~procedurefor tota/ deb~ocking. -- (a) 2,~-~ichiorophenyl”phosphotriesters 
(l&23,28, and 32). A solution of 4-nitrobenzaldoxime (38 mg, 0.23 mmol) in dioxane 
(0.5 mL), H,O (0.5 mL), and Et,N (0.5 mL) was stirred for 20 min at room temperature. 
The fully protected dimer or trimer (10 ,umol) was added, the mixture was stirred for 12 
h, the solvent was evaporated, and dry pyridine and then toiuene were evaporated from 
the residue. The residue was subjected to preparative t.1.c. (plate 20 x 20 x 0.2 cm) with 
CHCI,-MeOH-Et,N (9:l:l). The main band was eluted several times with the same 
solvent mixture (300 mL), the solvent was evaporated, and CH,Cl, (six times) and dry 
pyridine (twice) were evaporated from the residue which was then stirred with M 

tetrabutylammonium fluoride in tetrahydrofuran (5 mL) for 24 h. After evaporation of 
the solvent and evaporation of toluene from the residue, detritylation was achieved by 
stirring in aqueous 80% AcOH (5 mL) for i 2 h. The solvent was evaporated and water 
was evaporated from the residue until all AcOH was removed. A solution of the residue 
in H,O (100 mL) was put on a column (60 x 1 cm) of DEAE-Sephadex A-25, which was 
eluted with a linear gradient of O--+OS% triethylammonium hydrogencarbonate buffer 
(pH 7.5), and fractions of 200 drops were collected. The solvent was evaporated from 
the appropriate fractions and water was evaporated several times from the residue, an 
aqueous solution (50 mL) of which was lyophilised to give the amorphous triethylam- 
monium salt. 

(b) ~-~4-~~tro~hen.v~~ethyl-~hosphotr~e.~ters (27 and 31). A solution of the fully 
protected oligonucleotide (10 pmol) in 0.5~ 1,8-diazabicyclo[5.4.O]undecene in pyridine 
(IO mL) was stirred at room temperature for 24 h, then neutralised with M AcOH in 
pyridine (5 mL), and the solvent was evaporated. The residue was then treated as in (a) 
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