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ABSTRACT

5,6-Dichloro-1-#-p-ribofuranosylbenzimidazole (2), synthesised by the fusion method, was used for
the synthesis of 2'— 5’- and 3'— 5'-linked di- and tri-meric 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 internucleotidic 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-f-D-ribo-
furanosylbenzimidazole>” (DR B), 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 fibroblasts® and thus stimulates antiviral activity
indirectly. These results have imtiated the syntheses of halo-substituted benzimidazole
nucleosides’ ", including modifications of the sugar moiety'* as well as the formation of
a3’ —5'-nucleotide dimer" that carried benzimidazole and a thymine residue as a nucleo
base. Since one mode of the action of interferon'*'* is the induction of the enzyme 2'-5'A
synthetase that is responsible'’ for the formation of pppA2'p5'A2'p5’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-f-p-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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2.3.5-tri-O-benzoyl-p-ribofuranosyl chloride and which gave a yield of 68% of 2. was
substituted by the “fusion™ method appliced for the first time by Sato ¢r /" in the purine
nucleoside series. Fusion of 3.6-dichlorobenzimidazole with I-0-acetyl-2.3.5-tri-()-
benzoyl-f-pD-ribofuranose at 170- 180 in the presence of o catalytic amount of p-
toluenesulfonic acid for T h gave an z.f-mixture ol the benzimidazote ribosides, from
which 1 (51%) was isolated by chromatography. A simpler approach to DRB (2) was
achieved when the above » f-mixture was deacylated, since the resulting f-nucleoside

acetyl-f-n-ribofuranose was used in the fusion reaction

The next step was the p-methoxytritylation of 2in pyridine to give 3(81%0) which,
with rer-butyldimethylsity! chloride under imidazole catalysis. aflorded. as usual. a
mixture of three compounds. which was fractionated by chromuatography to give the 2'-
(4). 3- (5), and 2.3-di-O-rert-butyldimethylsilyl (6) derivatives. The assignment of
structures to 4 and 5 was based on 'H-n.m.r. data. The spectra ol solutionsin CDCH und
CDCIl, D.O. respectively. defined the signals of ZJCOH (H-2'm 5. H-3 in4). Irradiation
of H-1"only in S caused a sharpening of the multiplet for H-2 to a deublet. 5.6-Dichloro-
1-(2.3-di-O-terr-butyldimethyisilyl -5 -O-p-methoxytrityl-f-D-riboturanosylybenzinu-
dazole (6) was detritylated with p-toluenesulfonic acid in CH.Cl- MeOH to give 7
(82%). The conversion of 4 and & into the [2.5-dichloropheny! Z-(d-nitrophenyhethyl)-
phosphotriesters 8 and 12, respectively, was based on known techniques that used
2.5-dichloropheny) phosphorodichloridate und 1.2.4-triazole in the first step and then
2-(4-nitrophenylethanol. Both 8 and 12 were converted o the p-nitrophenylethyl-
phosphodiesters 10 and 13, respectively. by the oximate moethod, which gave the
triethylammonium  salts in good vields. Treatment of 8 with acid  gave
V-(3-O-rerr-butyldimethylsilyvi-g-nD-ribofuranosyh)-3,6-dichiorobenzimidazole  2-{2.5-
dichlorophenyl] 2-(4-nitrophenyljethyl phosphate] (9. 82%).
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In the first chain-clongation reaction. the phosphodiesier 10 was condensed winh
the phosphotriester 9. using 2.4,6-tri-isopropylbenzenesulionyt chloride and N-methyl-
imidazolc as catalysts. 1o give the dinucleoside diphosphotriester 15 (47%). Selective

cleavage of the 2.3-dichlorophenoxy residue from the 2-termmal phosphotriester
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function by oximate then afforded 16, which was condensed with 5,6-dichloro-1-(2,3-di-
O-tert-butyldimethyisilyl-f-p-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 5'-end. Condensation of 7 and 10 in the usual manner gave the dinucleoside
monophosphotriester 17, and detritylation to the HO-5' component 19 and reaction
with the phosphodiester 10 then yielded the trimer 27 (43%).
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R 17 tBuMe,Si  Npe MeOTr 22 tBuMe,Si Npe MeOTr
15 25-ClleHs 18 'BuMe,Si 25-CloCeHy  MeOTr 23 !'BuMe,si 25-ClCgHy  MeOTr
16 HNEY 19 'BuMe,Si  Npe H 24 'BuMe,si  Npe H
20 tBuMe,Si 25-ClyCHy  H 28 'BuMe,si 25-CloCHy M
21 H HNEty H 26 H HNEt, H

Since the yields of the trimer were not satisfactory, another approach was
investigated. 1-(3-O-fert-Butyldimethylsilyl-5-O-p-methoxytrityl-f-p-ribofuranosyl)-
5,6-dichlorobenzimidazole (5) was treated with 2,5-dichlorophenyl phosphorodichlori-
date-1,2,4-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 with p-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-meric 3'— 5"-oligonucleotides
were synthesised. 1-(2-O-tert-Butyldimethylsilyl-5-O-p-methoxytrityl-f-D-ribofurano-
syl)-3,6-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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higher in the 3.5 than in the 25" series. The phosphotriester 28 was detritvlated to give
29. which demonstrated that the construction of longer oligonucleotides can be
achieved by the same methodology.

R
27 tBuMe,Si 1 tBuMe,
28 'BuMe,si 5 3z 'BuMe .5 0% Lipist

13 ot pufv} "

29 'Bume,si 2
30

Finally, the removal of the various blocking groups was carried out by a sequence
of reactions. Cleavage of the 2.5-dichlorophenyl groups by the oximate method ™
worked better i a 10 onxture of tricthvlamine droxane  water was used mnstead of
113 3tetramethylguanidine in 11 dioxane -water. The resulting phosphodicsters were
isolated by chromatography before removal of the stlvl groups by tetrabutylammonium
fluoride in tetrahydrofuran and the p-methoxytrityl group 1in agquecus 80% acetic acid.
The 27— 5- (30) and 3 -5 trimers (333 were punified by chromuatography on DEAE-

Sephadex with a linear gradient of tricthylammonium hydrogencarbonate bufler

(pH 7.5}, Taking into account the hypochromicity eflects. the cateulated yrelds of 30 and
33 were 64% and 57%,, respectively. Deblocking of the dimers B and 23 was performed

i an analogous manner and gave higher vields of 21 (86%: ) and 26 (I8%,),

The trimeric p-nitrophenviethyl phosphotriesters 27 and 31 could be deprotected
in 4 one-pot procedure. Trestment with F.8-diazabicyvclof5. 4. 0hundec-"-cne (DBLUL
which cleaved the 2-(4-nitrophenyliethyl groups by felinination. was tollowed in
sequence by tetrabutvlammomum fuoride and aqueous aeetiv acid 1o remove the silyl
and p-methoxytrityl groups. Purification on DEAE-Sephadex a5 above afforded 30
(92% ) and 33 (75%).

The foregoing new compounds were characterised on the basis of elemental
analysis and spectroscopic data. The wv. spectra (Tuble Iy provided valuable in-
formation.

Fach compound had », at ~287 and ~297 nm characteristic of the 3.6-
dichlorobenzimidazole chromophore. Introduction of the phosphodiester and phos-
photriester moieties caused only an increase in the extinction coefficients. A comparison
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of the data for similarly substituted monomers, dimers. and trimers, such ax 8. 9. 17. 19,
and 27 or 8. 9. 18. 20, 28. and 29, reveals o high degree of additivity in the extinction
coeficients, which indicates that there is little or no stacking in the fully protected
compounds. The p-nitrophenylethy] phosphotriester series exhibit consistently higher
extinction coefficients than the 2.5-dichlorophenyt analogues.

The "H-n.mur. spectra (sce Experuomental) contained distinet signals tor the varni-
ous substituted nucleosides and for some of the monomeric nucleotides. whereas those
of the dimers and trimers were complex due to the presence of mixtures of diastercomers
that resulted from the chiral phosphotriester moieties. Information on the ine structure
could not be deduced from these spectra, but the struciures of the new compounds can
be assigned on the basis of the unambiguous syntheses.

The purity of the fully deprotected DRB-dimers (21 and 26) and -urimers (30 and
33) wus checked by reverse-phase hop.le. on RP-18 with O Iy ammonium acetate
acetonitrile (63:35). In gencral, the 27— 5 oligomers had markedly shorter retention
times than the 3 — 5" analogues. The 2.3 -trimer 30 was even faster running than the
2".5-dimer 21. which accords with the much stronger intramoleculur stackimyg of 30 than
in 21 and is also reflected 11 the respective hypochromicities of 27% and 21%.

EXPERIMENTAT

General. - - T lLe.was performed on Silica Gel F 1300 LS 254 and cellulose F 1440
(Schleicher & Schill). preparative t.lc. on Silica Gel 60 PF . {plates 40 x 20 < 0.2 cm.
Merck). and column chromatography on Silica Gel 60 (Merck. 1.063 0.2 mesh). Pue
was performed on sheets (58 = 60 cm) from Schleicher & Schill. Medinm pressure
chromatography involved columns of tvpe B (250 > 2d mmiortype C 400 « 39 5mmy
prepared” from silica gel LiChroPrep Si60 (15 25 2. Mercky The working pressare was
&-10 bar and detection was monitored by an Abimed UV detector. lon-exchange
chromatography was performed on DEAE Sephadex A-25 (Pharmaciay. Hop.le
volved an SP 8000 B chromatograph (Spectra Physics)y. a LiChrosorb RP-18 column
(Merck), a working pressure of 100 bar. and 4 mobile phasc o 6.1v NH, OAc-MeCN
{65:35). Melting points (Biichi apparatus) were not corrected. U v, visible spectra were
obtained with Uvikon 820 (Kontron) and Lambda 5 instruments (Perkin Elmery 2,
in nm (log ¢); absorbance (o.d.) at 260 nm. "H-N.m.r. spectra (internal MeSi) were
obtained with a Bruker WM.-250 spectrometer. Elemental analvees were curried out in
the microanalytical laboratory of Konstanz University.

N

S.6-Dichioro-1-: 2,3 5-15/-O-henzovl-fi-pD-ribofuranosyl i benzinidazole (1), A
mixture of 5.6-dichlorobenzimidazole™ (1.87 g. 10 mmol). I-0O-acetyl-2.2.5-tri-0-ben-
zoyl-fi-p-ribofuranose (6.05 g, 12 mmol), and p-totuenesulfonic acid ( 1 mg) was heated
at 170180 for 1 h at 20 Toer, A solution of the cooled melt my CHCL, (50 mb) was
extracted with H.O (2 = 20 ml), dried (Na.SO,). and fillered. and the solvent was
evaporated. Column chromatography (20 » 2 ¢m)y of the residue with 1.2-dichlo-
rocthane (50 mL). then with 1.2-dichloroethane ethyl acetate (9:1). gave colorless

amorphous 1 (3.2g.51%). 'H-N.m.r data (CDCLE d 818 (s, | HUH-20 8.1 7.9 0m. 6 H.
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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-1"), 595 (m, 2 H, H-2",3"), 4.88 (m, | H, H-4'), 4,75 (m, 2 H, H-52a,5'D).

Anal. Calc. for C;;H,,C1,N,0,(631.5): C,62.77; H, 3.83; N, 4.43. Found: C, 62.66;
H, 3.83; N, 4.18.

5,6-Dichloro-1-B-p-ribofuranosylbenzimidazole’ (DRB, 2). — A mixture of 5,6-
dichlorobenzimidazole (1.86 g, 10 mmol) and either 1-O-acetyl-2,3,5-tri-O-benzoyl-f3-
D-ribofuranose (6.05 g, 12 mmol) or 1,2,3,5-tetra-O-acetyl-f-p-ribofuranose (3.8 g, 12
mmol) was melted and worked-up by the above procedure. The product, isolated by
chromatography, was stirred with methanolic 0.4M 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), to give 2(1.78 g, 56%), m.p. 218% lit.” m.p. 214-217°. '"H-N.m.r. data [(CD,),SO]: 6
8.57 (s, | H, H-2),8.22 (s, 1 H, H-7), 7.96 (s, 1 H, H-4), 5.88 (d, 1 H, H-1"),5.49(d, 1 H,
HO-2), 523 (d, 1 H, HO-5), 5.19 (d, | 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-5a,5'b).

5,6-Dichloro-1-(5-O-p-methoxytrityl-f-D-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 CHCI, (50 mL), and extracted with
phosphate buffer (pH 7, 100 mL). The aqueous layer was extracted with CHCL; (2 x 20
mL), the combined CHCI, layers were dried (Na,SO,), the solvent was evaporated, and
toluene was evaporated twice from the residue. Column (9 x 6 cm) chromatography
withdichloroethane (1 L) followed by CHCI, 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
(CDCl,):67.77 (s, 1 H, H-2),7.68 (s, 1 H, H-7), 7.48-7.18 (m, 13 H, aromatic H), 6.80(d,
2 H, 0-H of MeOPh), 5.72 (d, |l H, H-1"), 4.62 {m, | 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-5a,5'b).

Anal. Calc. for C;,H,;Cl,N,0,(591.5): C, 64.98; H,4.77; N, 4.73. Found: C, 64.96;
H, 5.13; N, 4.56.

1-(2-O-tert-Butyldimethylsilyl- and 1-(3-O-tert-butyldimethylsilyl-5-O-p-metho-
xytrityl-f-p-ribofuranosyl)-5,6-dichlorobenzimidazole (4 and 5) and 5 ,6-dichloro-1-(2,3-
di-O-tert-butyldimethylsilyl-5-O-p-methoxytrityl-f-D-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, CHCI, (50 mL) was added, and the mixture was extracted
with phosphate buffer (pH 7,25 mL). The organic layer was dried (Na,S0,) 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 (9:1) gave 6, and then a mixture of 4 + 5.
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Evaporation of the solvent from the first fraction vielded amorphous 6 (0.46 g.
9%). "H-N.m.r. data (CDC1): 6 8.1 s, F HLH-2). 7.89 (5. 1 HLUH-70 782 (s, 1 HL H-4).
748 7.2 (m 12 Hy aromatic HY 6.83(d, 2 H. o-H of MeOPh). 3RO (d. 1 H.H-173, 448
(0 PHOH-29 404 (mu 2 HD HE Y40 278 (s AL OCH ). 3,;% fom THLH- it: 340!
H. H-3b), 0.88 (5. 9 FL.'Bui. .73 (5. 9 HL 'Bu), 0.06 007, 085, 0 s 12 H. 4
SiCH.).

Anal. Cale, for CH L CLINGOSL (82000): CL 6444 HL 6880 NL 342 Found: O
64.24: H. 6.72: N, 3.44.

The mixture 4 + % was fractionated by low-pressure chiromatography (1.8 bar:
flow rate, I8 mL/min) on special silica-gel columns™ (12.000 thearctical plates). using
hexane CHCI, (2:1). The faster running component 4 was obtained as un amorphous
sold €088 2. 20% ). H-Nomor data (CDCLY: G800 (s 1L H-200 7 88 (s H Hf' 740
{s.THUH-4), 744 7 20 (m. 12 H.oavomatic DL 6.8 2 HL o-H of MeOPhy, idotHL
H-1 46600 T H O H-2 428 m 2 HOH-V 4 378G AL OCH L3 83 im i. H-5)
341 m. P HOH-S)L 08 s 9 B Buy, - 00120 03542 00 L 2 SICH

Anal. Cale for C HCLEN.OS (70583 CL64.67: H S99 N, 396, Found: €
64.50: H. 5.75: N, 2.90

Theslower moving fraction afforded amorphous 5 (154 ¢, 35371 'H-N.m r. data
(CDCL: o 876 (s FHL M2, 787 (so LHLH-T). 774 (5. iH\H' 4! TAS M. I H.
aromatic H). 6 8 {d. 2 H.« ~H of McOPh), 5,73 ld PHLH-T 4,4 434 om. 2 HL
H-2"3) 406 (mo L HLH-40 378 (50 3 HLOCH ) 352 oy P I TS0y 329 s | ML
H-3'b). 0.88 (5.9 H. ' Bui. 0.06, —0.03(2s. 6 H. 2S1ICH Y

Anal. Cale. for C H L CEN.OSHT05.8) CL ad 667 H 2090 N, 3896, Found:
64.46: H. 5.99: N ¢ .?é#)_

3 6-Dichloro-1-i 25 -di-O-tert-hutyvldinethyisibel-fi-o-ribofuranosyi - benzimidaz ole
(7). - Compound 6 (0.565 ¢ 0.7 mmol) was stirred with 1% p-toluenesutfonic acid in
CH.CL MeOH (3SmL. i atroom temperature for 1h. The mixture was difuted with
CHCIL {75 mL). extructed with phosphate buffer (pH 7.2« 75 mbLy dried (Na.SO,.
and filtered. and the solvent was evaporated. Column (14« 3 emj chromaiography of
the residue with dichlorocthane (600 mLj followed by CHCT (1 i gave amorphous 7
(037 g 829%), "H-N mu.r. data (CDCL); 0\’ Sgso T HU 2 787 (60 H.‘ H—' 7RO (s
HLOH-4). 582(d. T HUH-T 449 0n PRO 20 430 (o D HL H-309. 305 0 TEL H-4)
F.02 (m. 1 H.H-Yay 388 (m., | H H-5h)L 094,085 (25, ISH. 2 Bun g ibis.a HO 2
SICH L -0 (50 3 HLOSICH ), 0824603 H SICH .

Anal. Cale. for C. H, CINLG,S1 (547 70 () S263 1. 736N ST Found: O
32753 H 753N 5030

-1 3-O-tert-Butvldipierhylsit[-5-O-p-methox ciritvi-fi-n-ribofiranos vl -5 f-dichio-
robenzimidazole 2'-[ 2 S-dichiloropheny! 2- d-nitropheny ety phosphare 718). - A solu-
ton of 1.2 4-triazole (0.22 g, 3.2 mmol) and 2.3-dichlorophentd phosphorodichloridate
(042 ¢ S mmoly in dry pyridine (4 mL) was stirred at room temperature for 10 min,
then umle 1100 and a cold solution of S10.703 g mmoelyin dry pyeidine (5 mbL ) was
added dropwise with strring, Stirring was continued for 30 mim ot 0 and 24
nitrophenyhethanol (0.5 ¢ 3 mmol) was added. The misture was stisred at room
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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 CHC1, (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), toluene—ethyl acetate 9:1 (300 mL), and toluene—ethyl acetate (4:1)
gave amorphous 8 (0.762 g, 71%). '"H-N.m.r. data (CDCl,): 6 8.22 and 8.15(2's, | 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), 6.12and 6.04 (2d, | H,
H-1'),5.19 (m, 1 H, H-2"), 4.53 (m, 1 H, H-3"), 4.30 (m, | H, H-4), 4.19 (m, 2 H, CH,),
3.75(s, 3H, OCH,), 3.54 (m, 1 H, H-5'a), 3.33 (m, 1 H, H-5'b), 2.88 (m, 2 H, CH,), 0.84
and 0.79 (25, 9 H, 'Bu), 0.04, —0.01, —0.04, —0.06 (4 s, 6 H, 2 SiCH,).

Anal. Calc. for C;,;H,,CI,N,0,,PSi (1079.9): C, 57.83; H, 4.85; N, 3.89. Found: C,
57.84; H, 5.10; N, 3.69.

1-(3-O-tert-Butyldimethylsilyl-f-p-ribofuranosyl )-5 6-dichlorobenzimidazole 2'-
[2.5-dichlorophenyl 2-(4-nitrophenyl)ethyl phosphate ] (9). — A solution of 8 (0.324 g,
0.3 mmol) in 1% p-toluenesulfonic acid in CH,Cl,-MeOH (4:1, 12 mL) was kept at
room temperature for 10 min, then diluted with CHCL, (75 mL), and extracted with
phosphate buffer (pH 7, 2 x 75 mL). The organic layer was dried (Na,SO,) and the
solvent was evaporated. Column (12 x 2 cm) chromatography of the residue with
CHCI, gave amorphous 9 (0.192 g,82%). '"H-N.m.r. data (CDCl,): § 8.48 and 8.41 (25, 1
H, H-2, diastereomers), 8.03 (d, 2 H, o-H of NO,Ph), 7.82 (s, | H, H-7), 7.77 (s, 1 H,
H-4), 7.23-6.94 (m, 5 H, aromatic H), 6.11 and 6.08 (2d, 1 H, H-1"), 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, CH,), 4.05 (m, 1 H, H-5a), 3.85 (m,
1 H, H-5'b), 2.85 (m, 2 H, CH,), 0.91 and 0.88 (2’5, 9 H, ‘Bu), 0.09, 0.05 (25,6 H, 2
SiCH,).

Anal. Calc. for C,;,H,C1,N,O,PSi (807.5): C, 47.60; H, 4.49; N, 5.20. Found: C,
47.83; H, 4.44; N, 5.21.

1-(3-O-tert-Butyldimethylsilyl-5-O -p-methoxytrityl-p-D -ribofuranosyl )- 5 ,6-di-
chlorobenzimidazole 2'-[ 2-( 4-nitrophenyl ) ethyl triethylammonium phosphate | (10). — A
solution of 4-nitrobenzaldoxime (0.5 g, 3 mmol) in dioxane (6 mL), H,O (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,): 6 12.25(bs, 1 H, NH), 8.34 (s, | H, H-2),8.04 (s, 1 H, H-7), 8.00 (d,
2 H, o-H of NO,Ph), 7.80 (s, I H, H-4), 7.44-7.14 (m, 14 H, aromatic H), 6.78 (d, 2 H,
0-H of MeOPh), 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, CH,), 3.76 (s, 3 H, OCH,), 3.36 {(m, 2 H, H-5a), 2.92-2.77 (m, 8 H,
CH,and 3NCH,), 1.17(t,9H, 3CH,),0.80 (s, 9 H, 'Bu), 0.06, —0.03 (2s, 6 H, 2 SiCH,).

Anal. Calc. for C,H,CLLN,O,,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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1-(3-O-tert-Butyldimethylsilyl-5-O-p-methoxytriivl-fi-p-ribofuranosyvl ;-3 6-di-
chlorobenzimidazole 2'-] 2, 5-dichlor ()plzen_y/p) ridinium phosphate [ (11). - A solution of
1.2 4-triazole (0.352 g. 4.8 mmol) and 2.5-dichlorophenyl! phosphorodichlondate (0,63
g. 2.25 mmol) in dry pyridine (3 mL) was stirred at room temperature for 10 min, then
cooled to 07, and a solution of 5(0.33 g. 0.75 mol) in dry pynidine (3 mL) was sfowh
added dropwise. Stirring was continued for 30 min, agueous 0% pyridine (8 mbL) was
added, and the mixture was strred for 15 min at O . diluted with CHCH (75 mL ). and
extracted with phosphate buffer (pH 73. The aqueous layer was extracted twice with
CHCIL,. the CHCI, phases were combined, extracted with phosphate buffer, dried
(Na,50Q,), and ﬁ]tcrcd the solvent was evaporated. and dry pyridine {7 mbL) was
evaporated twice from the residue to give amorphous 11 which wias used in the

following reactions.

1-12-O-tert-Buryldimethylsilyl-5-OQ -p-methoxyvirityl-p-v-ribofuranosyl ;-5 6-di-

chlorobenzimidazofe 3'-[ 2 S-dichlorophenyi 2-{4-nitropheny{iethvl phosphate ] (12,
A solution of 1.2.4-triazole (0.573 g, 7.8 mmol) and 2.5-dichlorophenyt phosphoro-
dichloridate (1.025 g. 3.66 mmol) in dry pyridine (10 mL) was stirred at room temper-
ature for 10 min, then cooled to 07 and a solation of 4 (1.723 g, 2.44 mmob) in dry
pyridine (10 ml) was added dropwise followed. aflter stirring for 43 min, hy 2-(4-
nitrophenyl)ethanol (1.22 g, 7.32 mmol). The mixture was stirred at room temperature
for 20 h. diluted with CHCL, (100 mL), and extracted with phosphate buffer (pH 7.2 ~
100 mL). The organic layer was dried (Na,SO,). the solvent was evaporated. and roluene
(3 x 20 mbL) was evaporated from the residue, Column (38 = 4 omy chromatography
with toluene-ethyl acetute (%:1) and rechromatography of a mixed {raction guave
amorphous 12(1.976 g. 75%. '"H-N.m.r, data (CDCLy: 9 8.08 (m, 3 H H-2 and o-H of
NO,Ph). 788 (s. VL H-70. 774 (s, THLOH-4),7.42 7.04(m. 17 Hoaromatic H, 6.80(d. 2
H.o-H of MeOPh). 580 (m, 1 H, H-1).4.73 (m, | H.H-3), 447 434 (m 3 H, H-4 and
CH.),3.74(s, SHLOCH ). 250 (m, T HUH-5a) 330 (m THUH-Sb) 304 (m, 2HLCHL),
0.71,067(25,9 H, 'Bu), ~0.11, —0.16, —0.40 (35,06 H, 2 S5i1CH,).

Anal. Cale. for C H,CIN,O, PSi(1079.9): C. 5 .1.835 L 485 N3 RY. Found: C,

41; H, 4.67. N, 3.86.

I-(2-O-tert-Buryldisme thyvilsilyl-5-O-p-methoxyirvievl-f-p-ribofurapasy! -3 6-di-
chlorobenzimidazole 3'-[ 2-( 4-nitrophenyl)ethyl triethviammoniun: phosphate ] (13). A
mixture of dioxane (6 mL), H O (6 mL), triethylamine (6 mL . and d-nitrobenzaldoxime
(1.452 g. 8.8 mmol) was stirred at room temperature for 20 min. Compound 12 (0.95 g,
(.88 mmol} was added. stirring was continued for 6 h. the solvent was evaporated. and
dry pyridine (2 x 30 ml) and toluene {2 »x 20 mL) were evaporated from the residue.
Column (20 x ?cm)chmmzuograplw with CHCE (400 mLyand CHCH- MeOH-E1N
(90:5:5) gave amorphous 13 (0.738 ¢. 78%). '"H-N.m 1. data (CDCHL}: 3 12,45 (bs. 1 H.
NH), 810 (s, 1 H. H-2),8.06(d, 2 H.n-il of NO,Ph), 7.84 (5. 1 H.H-71. 742 715 am. 14
H., aromatic H), 6.76 (d, 2 H. o-H of MeOPh), 588 (d. | H. H-11. 4.77 (m. | H. H-2")
4.67(0m, 1 H.H-3,4.59 (m. 1 HLH-4.4.08 (m. 2 HLCH,). 3.74 G 3 HLOCH,), 3.42 (m,
2HUH-5a.50).2.95 (m, § H, CH,and 3NCH ). 1.24 (L9 H, 2 CH L 0.72 (5. 9 H. 'Bu).
-0.05, 029 (2.6 H, 2 SiCH,).
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Anal. Cale. for C,,H CLN,O PSi-2H,0 (1072.1): C, 58.25; H, 6.11; N, 5.22.
Found: C, 57.78; H, 6.67; N, 5.48.

1-(2-O-tert-Butyldimethylsilyl-5-O-p-methoxytrityl-p-D- ribofuranosyl)-5,6-di-
chlorobenzimidazole 3'-f2.5-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.

1-(3-O-tert- Butyldimethylsilyl-5-O-p-methoxytrityl--D-ribofuranosyl ) -5 ,6-di-
chlorobenzimidazolyl-(2' -{OF -{ 2-(4-nitrophenyl )ethyl |} - 5' )-1-( 3-O-tert-butyldimet-
hylsilyl-f3-D-ribofuranosyl ) -5 ,6-dichlorobenzimidazole 2'- [ 2,5-dichlorophenyl 2- ( 4-nitro-
phenyl)ethy! 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
indry pyridine (2 mL) were added N-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 CHCI, (50 mL), and extracted with phosphate buffer
(pH 7). The aqueous layer was extracted with CHCL, (2 x 30 mL), the combined CHCl,
extracts were dried (Na,SQ,), the solvent was evaporated, and toluene was evaporated
twice from the residue. Preparative t.l.c., with three irrigations with CHCl,-MeOH
(100:1), 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
(CDCl,): 4 8.35-8.25 (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-1'), 5.18-4.88 (m, 2 H, H-2"), 4.52-4.43 (m, 2 H, H-3'), 4.41-4.28
(m,2H, 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),2.98-2.81 (m,4 H, 2 CH,),0.89-0.76 (m, 18 H, 'Bu), 0.1 to —0.12(m, 12 H, 4
SiCH,).

Anal. Cale. for C,iHy,CINOP,Si, (1724.4): C, 54.33; H, 4.90; N, 4.87. Found:
C, 53.87; H, 5.15; N, 4.87.

1-(3-O-tert-Butyldimethylsilyl-5-O-p-methoxytrityl-f-p-ribofuranosyl)-5 ,6-di-
chlorobenzimidazolyl-(2 -{O°-[2-(4-nitrophenyl)ethyl]} -5 -1-( 3-O-tert-butyldimet-
hylsilyl-p-p-ribofuranosyl )-5,6-dichlorobenzimidazole 2'-[ 2-( 4-nitrophenyl Jethyl 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 vacuo, and dry pyridine (2 x 10 mL) and
toluene (3 x 15mL) were evaporated from the residue. Preparative t.1.c. (2 plates) with
CHCIl,-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 (CDCl,): § 11.95
(bs,1 H,NH),8.34and 8.24 (25,2 H, H-2),8.02(d, 4 H, 0-H of NO,Ph), 7.95-7.72 (m, 4
H, H-4,7),7.43-7.21 (m, 16 H, aromatic H), 6.77 (m, 2 H, o-H of MeOPh), 6.17-6.08 (m,
2H,H-1"),5.01 (m, 1 H, H-2),4.69 (m, 1 H,H-2"),4.43 (m, | H, H-3"),4.15 (m, SH, H-¥
and OCH,), 3.95(m, 4 H, H-4',5a), 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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Anal. Cale. for C. H -CLN-O, P.S1, (1680.6): €, 5574 H, 5.82: N SR3. Found:
L5526 H.6.21, N. 591,

1-13-O-tert-Buryldimoethylsilv-5-O-p-methoxy reiovl- -0 -ribofuranosy{ -5 6-di-
chlorobenzimidazolyl-1 2'- 1OV -[ 2-i 4-nitrophenyl jethyi ]V 3025 -dichiloro -1 2 3-di-O-
tert-hutyildimethyisilvi-ff-v-ribofuranosyl Jbenzimidazofe {117 - Dry pyridine (3 x4
ml.) wasevaporated from a mixture of F0(0.622 g, 0.6 mmobiand 7(0.32% 2, 0.6 mmmol).
Toasolution of the residue iy dry pyridine (4 mL) were added N-methylinudazole (0,28
mi.. 3.6 mmol) and 2.4.6-tri-isopropylbenzenesutfonyl chloride (6.362 g, 1.2 mmoly
The mixture was stirred at room temperature for 2 days. theo treated with phosphate
buffer (pH 7, 200 mL.). and extracted with CHCH (2 = 100 mb . The organic layers were
again extracted with phosphate buffer (100 mb), dred ¢MNu.SO 5 and Bliered, the
solvent was evaporated. and toluene was evaporated thrice from the vesidue, Prep-
arative t.hc. (3 plates) with CHCL- MeOH (100:1) gave bands of the diastereomers with
R, 047 and 0.57, which were eluted with CHCH MeOH (4:1) 10 give wmm'}’ilmm 17
(0,422 g 48%5. "H-Numur data (CDCLy 6 820 (s 1 HL H-23 806 (. 2 Ho o-H of
NOLPRY, 802 (s, T HOH-2L 785 (0 P HLHATL 781 (s 2 HLO LT 74?& (so 1 HLHAdy
TA37-719 0 14 Hoaromatic . 6.76(d. 2 HL o-H of MeOPhy 6,13 (d, T HL H-1) 5.69
o PHOH-TL S04 (m D HUH-2 443 (my T HL H-275 425 388 (im 6 B H-3.4 and

CHLL 375 3 H OCH 3 348 (mn 4 HL H-Sa by 208 (0 2T CHLG 089 074 (m, 27
H.3'Bu), 0.04 to —0.15 (m. 18 H, 6 SiCH, .
Anal. Cale Tor C,, H CUN.O, PSL(1464.3) CU57 41 HL 6,05, N 478 Found: )

57.46: H, 6.32; N. 4.80.
[-13-O-tert- Bzm {dimethyisityl-5-Q-p-methox viritvi-fi-D-riboturanosy -5 G-dichio-

robenzimidazoivl- { 2-[O- 7 2 5 dichlorophenyls ] — 5} -3 bedichloro-1 - 2 3-di-O -tert-huiyi-
dimethvisilvl-fi-p-ribofuranosyl shenzimidazole (18). Dy pynidine (2« 6 mbLy was

evaporated from the residue of the preparation of 11 and 7 (0335 ¢ 063 mmel). To a
solution of the residue in drv pyridine (6.5 mL) were added N-methvlimidazole (.35 ml.
4.5 mmol} and 24.6-tri-isopropyibenzenesulfony! chloride (0434 o 1.5 mmoly. The
mixture was stirred at room tcmperaturc for 20 h. then diduted with phosphate buffer (pH
7200 mL), and extracted with CHCL {2« 100 mL). The combined extracts were again
treated \ch phosphate butier, then drmi {Na,50,). the solvent was evaporated, and
toluene (2 = 20 mL) was evaporated trom the residue Preparative tic (3 plates) with
CHCL MeOH (100:1) gave bands of the diastercomers with £ 4142 and ¢33 which were
cluted with CHCI-MeOH (4:1) to give amorphous 18 (0.327 CH-NOmr, data
(CDCLYAR22 801 (m, 2H, H-2), 786 7.66 (m. 3 H. H-4.7.7), O35m4 HL H-d
andaromatic H), 6.79(d. 2 H. o-H of MeOPh). 6 22and 6. 11 2d L HL H-T 3 70 am. | H
H-179.5200m T HL H-2, 4584 o, P HUH-2), 433 403 gm. 6 L H- Y 4'.5“1‘; 3 T%and 3
(2, 3H, OCH ) 353 224 (m 2H H-5b, 098 0.7 (. 27 11 3 Rm 00610 — 57 (m.
18 H. 6 SiCH,).

Awnal. Cale for C, HOCLN,OLPSIL (1460 4): C 5592 1.4 73 N1 K3 Found: O,
55.60; H, 5.70; N. 2.76.

[- 1 3-O-tert-Butyldinethylsilvl-B - -ribofuranosyl -3 .6 -dichlorobenzimidazolvi-
st QP"/I bl

-
Ay

-(dnitrophenyEoethvl s 5023 G edichloro -7 -0 2 3-di-O-tert-hurvidine iy isi-
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Wi-f-D-ribofuranosyl jbenzimidazole (19). — A 1% solution of p-toluenesulfonic acid in
CH,C1,-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 CHCI, (50 mL), extracted with phosphate
buffer (pH 7.3 x 50 mL), dried (Na,SO,), and filtered, and the solvent was evaporated.
Preparative t.l.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 (4:1) gave
amorphous 19 (0.134 g, 84%). '"H-N.m.r. data (CDCl,): 6 8.41 and 8.29 (25, 1 H, H-2),
8.22and 8.15(2s, 1 H, H-2),8.08 and 7.98 (2d, 2 H, 0-H of NO,Ph), 7.92-7.74 (m, 3 H,
H-4,7,7),7.52(m, 1 H, H-4),7.26 and 7.05 (2d, 2 H, 0-H of NO,Ph), 6.06 (d, 1 H, H-1"),
5.74(d, 1 H,H-1"),5.07and 4.94(2m, 1 H, H-2'),4.57 (m, | H, H-2),4.24-3.70 (m, 13 H,
H-3.,4',5a,5band HO-5),2.96(2t,2H, CH,), 0.90-0.74 (m, 27 H, 3 '‘Bu), 0.09-0.05 (m,
12 H, SiCH,), —0.14, —0.45 (2’5, 6 H, 2 SiCH,).

Anal. Calc. for C,,H,,CI,N,0,,PSi,; (1192.2): C, 50.37; H, 6.09; N, 5.87. Found: C,
50.11; H, 6.16; N, 5.80.

1-(3-O-tert-Butyldimethylsilyl-p-D-ribofuranosyl ) -5,6 - dichlorobenzimidazoly!-
{2-[OP-(2,5-dichlorophenyl) ] - 5'}-5 6-dichloro-1-( 2,3-di-O -tert-butyldimethylsilyl--
D-ribofuranosyl) benzimidazole (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 CHCI, (500 mL) and then CHCl,-MeOH (50:1), to give amor-
phous 20 (0.3 2,95%). 'H-N.m.r. data (CDCL,): § 8.31-8.17 (45,2 H, H-2), 7.85-7.72 (s,
3H, H-4,7.7), 7.51 (s, | H, H-4), 7.38-7.11 (m, 3 H, aromatic H), 6.14-6.06 (2d, | H,
H-1), 5.71 (m, 1 H, H-1"), 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",5a,5'b), 3.32 (bs, 1 H, HO-5"), 0.89-0.74 (i, 27 H, 3 '‘Bu), 0.10-0.08 (m,
12 H, 4 SiCH,), —0.15, —0.47 (m, 6 H, 2 SiCH,).

Anal. Calc. for C,H,CI,N,0,,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-1tert- Butyldimethylsilyl-5-O-p-methoxytrityi- B- D-ribofuranosyl-3,6- dichio-
robenzimidazolyl-{2'- [OF-2- (4-nitrophenyl )ethyl] — 5'}- 5 6- dichloro-1-( 2,3-di-O- tert-
butyldimethylsilyl-g-D-ribofuranosyl ) benzimidazole (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 CHCI, (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.l.c. (2 plates) with CHCl,-MeOH (100:1, 2 devel-
opments) gave bands of the diastereomers with R, 0.32 and 0.38, which were eluted with
CHCIl,-MeOH (4:1) to give amorphous 22 (0.343 g, 50%). '"H-N.m.r. data (CDCl,): &
8.15and 8.12(2s, 2 H, H-2), 8.06 (d, 2 H, 0-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, o-H of
MeOPh), 5.83-5.74(2d, 2 H, H-1'), 4.86 (m, | H, H-2),4.70 (m, 1 H, H-2'), 445 (m, | 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, 2 H, CH,), 0.96-0.69 (m, 27 H, 3 'Bu), 0.14-0.05 (m, 6 H, 2 SiCH,),
—0.08, —0.36 (25, 6 H, 2 SiCH,).



434 K. RUF. W. PFLFIDERER

Anal. Cale. for C,,H CLNO,PSH(1464.5): C. 57410 H.6.05: N 478 Found: (.
56.80: H. 6.30: N, 4.68.

1-¢2-O-tert- Buryldimethvisilyl-5- Q- p-methox yiriiyl- fi-0-vibofuranosyi -3 6-di-
chiorobenzimidazolvli-4 2 -f O < 2 5 -dichlorophenyl ) ] — 5" -3 6-dichiore-1 -1 2 3-di-O-
tert-butyldimethy lsilvi-j3-v-ribofuranosy sherzimidazole (23). Dy pyridine (2 x 6
mblj was cvaporated from a nuxture of crude 14 and 7 (0411 g. 0.75 mmolh To a
solution of the residue m dey pyridine (6 mLy were added tetrazole (L3153 g0 4.5 mmol)
and 2.4.6-tri-isopropylbenzenesutfonyl chloride (0,454 ¢, 1.5 mmely, The mi\un‘c Wits
stirred for 3 h at room temperatare. then diluted with phosphate bufter (pH 7. 200 mb)
and extracted with CHCTL 2 =« 100 mL). the combined orgamic favers were dned
(Na,50,). the solvent was evuporated, and toluene (2 = 20 ;L) was evaporated {rom
the m;dm Preparative Lo (3 plates) with CHCL MeOH (100:11 gave bands of the
diastereomers with R . 1.-" md 0.21. Flution with CHCH MeOH q»i L300 ml ¥ ave

amorphous 23 (0.67 g, 62% 1 'H-Nomur duta (CDCH): 9 8 23 808 (45,7 H I 223,787
(m,3H.H-4.7 7) 7 \’s 707 (m, 16 H.H-4 and aromatic F). 594 ¢, EH -1 TS in
FHOH-UL S 00 0my T HOH-2 478 0my D HL H-2900 4053 4005 (m, 6 1L HEB 3.74

{s.3H. ()(H CAST3264m 2HOH-YDY 095 065 (m. 27T H B 013w EESJ(HL
18 116 SiCH ).

Anal Cale. for C, H, CLN,O, PSH (146083 COSS 92 H S 73 N 3R Found: O,
55.66: H, 5.63. N, 384,

[-12-O-tert- Butvidimethylsilvl- §- v -ribofuranosvl 1= 5 o~ dichiorobenzimidaz olyi-
(210" ) 21 d-nitrophenyl cethyvl ]| 5 -5 6-dichforo - 2 3-di-O-tert-hueyldinmehyisi-
(vl-f-v-ribofuranosyl jbenzimidazole (24). A solution of 224023 ¢ 0137 mmobyin g
1% p-totuenesulfonic acid i CH.CLL Mc()H 41, 5 mlb) was strred at room temper-
ature for 6 h. diluted with CHCL (S0 mi. 1 and then extracted with phosphate butfer (pll
7.2 x 30 mL). The organic fayer was dried (Na.SO, 5 and the solvent was evaporated,
Preparative t.lc. of the residue with CHCI, MeOH (50:1, 3 d~"\-clnpxnm ts)and extrac-
tron of the main band with CHCH, MceOH (4:1) gave amorphous 24 (0,16 g, \Q”n\v
H-Nmr data (CDCH): 6828 823 (45 2 H H-25. 8,11 (n _H o-F ol NO.Ph). 7
(m. 3 H. H-4.7.73. 7.61 (s, 1 HLH-4), 7.34 (m. 2 Hoom-H of NOPhy S84 579 (m. H
H-190488 (m. | HL H-290 4539 gme T HL H-2790 4410 420 o 71 HRY 4 CH md
HO-5%3.90 377 (m 4 HUH-S 0 8b) 308 (L2 HOCHYL 093 6.71Hom. 27 H. 3 W 1) 0.
to —0.44 (m, 1§ H. 6 SiCH )

Anal. Cale. for C H. U NGO LPSHEET92.2), CU50.37 HL6.09: NOSS7 Found: O
50.10: H.6.03: N, 3.71.

1-72-O-tert- Buryldimethyisilvil- -vp-rvibofuranosyi -5 6-dichlorobenzimidazolyl-
(O[O 2 5 - dichloraphenyl s |57 -3 6-dichloro-1- j’j-df'—(}tcrh/ml}'/cﬁmcl/n‘/’,w'[\'/—/if—
D-ribofuranosyl sbenzimidazole (25). - Compound 23(0.23 g. 0.137 mmol) was treated
asin the preceding procedure und gave. after the saume \mxk up. amorphous 280, hi o,
86% ). 'H-N.m.r. data (CDCLY: 6 831822 5. 2 H H-20 792 785 ¢m. 2 H. H-7)
7.57-7.49 (m, 2 H, H-4). 7.39 709 (m, 3 IL zn‘«_xmuiic Hy, 593 ¢d, FHL H-1).5.84 5.‘73
(m. P H, H-1), 520 and 504 2 m. 2 1, H-20. 470 420 im, 6 L H-3 4.5 0.5h),
4.03 3.860¢m. 2 H. H-5a.3b). 3.4R (bs. | H HO-5%. 094 0.64 (m. 27 1L 3'Bu). 01210
—0.49 {m. 18 H, 6 SICH }
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Anal. Cale. for C, H,,CIN,O,,PSi; (1188.0): C,48.52; H, 5.68; N, 4.71. Found: C,
48.34; H, 5.43; N, 4.62.

1- (3-O-tert-Butyldimethylsilyl-5 -O-p -methoxytrityl-B-D -ribofuranosy! )-5 ,6-di-
chlorobenzimidazolyl-( 2 -{OF -[ 2-(4-nitrophenyl)ethyl]} — 5’ ) -1-( 3-O-tert-butyldimet-
hylsilyl) -5,6 - dichlorobenzimidazolyl-( 2 -{OF - [ 2- (4-nitrophenyl ) ethyl ]} — 5')- 5,6 -di-
chloro-1-( 2,3-di-O-tert-butyldimethylsilyl-f-p-ribofuranosyl ) benzimidazole (27). —
Dry pyridine (3 x 2 mL) was evaporated from a mixture of 10(0.131 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 CHCI, (3
x 50 mL), the combined organic phases were dried (Na,SQO,), the solvent was evaporat-
ed, and toluene (2 x 10 mL) was evaporated from the residue. Preparative t.l.c. with
CHCI1,-MeOH (50:1, 2 developments) gave bands of the diastereomeric trimers with R,
0.35-0.45. Elution with CHCl,-MeOH (4:1) gave amorphous 27 (0.072 g, 43%).
'H-N.m.r. data (CDCl,): 6 8.23-8.13 (m, 3 H, H-2), 8.07-7.95 (m, 4 H, 0-H of NO,Ph),
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-1"),
5.09-4.80 (m, 2 H, H-2"), 4.49-4.41 (m, 1 H, H-2), 4.22-4.06 (m, 10 H, H-3',4',5'a and
CH,),3.74(s,3H, OCH,), 3.50-3.21 (m, 2 H, H-5'b), 2.98-2.86 (m, 4 H, CH,), 2.66-2.51
(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. Cale. for C H,,,CL.N;O,,P,S1, (2109.1): C, 54.67; H, 5.73; N, 5.31. Found: C,
53.96; H, 5.76; N, 5.21.

1-( 3-O-tert-Butyldimethylsilyl-5-O-p-methoxytrityl-f-D-ribofuranosyl )-5 6-dichlo-
robenzimidazolyl-{2'-[O"-( 2,5-dichlorophenyl) ] - 5'}-2-( 3-O-tert-butyldimethylsilyi-f-D-
ribofuranosyl) -5,6 -dichlorobenzimidazolyl-{2' -[OF -( 2,5-dichlorophenyl) ] — 5' }-5 ,6-di-
chioro-1-( 2,3-di-O-tert-butyldimethylsilyl-f-0-ribofuranosyl ) benzimidazole (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, 1.2 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.l.c. (2 plates) with CHCl,-MeOH (50:1, 3 developments) gave two main
bands with R, 0.28 and 0.31. Elution with CHCl,-MeOH (4:1, 300 mL) gave amorphous
28(0.231g,54%). 'H-N.m.r. data (CDCl,): 68.21-8.04 (m, 3 H, H-2), 7.93-7.65(m, 6 H,
H-4,7), 7.59-7.00 (m, 15 H, aromatic H), 6.82-6.73 (2 H, 0-H of MeOPh), 6.19-5.99 (4
d, 2H, H-1"), 5.73-5.65(2d, 1 H, H-1"), 5.20-4.98 (m, 3 H, H-2}, 4.53-3.97 (m, 10 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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Anal. Cale. for C,,H,,,C1,,N,O,.P.Si, (2100.73: C. 52.60: H. 5.27: N, 4.00. Found:
C, 5249, H, 5.28; N, 3.95.

I~ 3-O-tert - Butvidimethylsilyl-f-n-ribofurancsyl j-3 6 -dichlorobenzimidazolyi-| 2 -
[OY-12 5 -dichlorophenyi) ] —5'} - 3-O-tert-butvidimethylsilyi-fi-i-ribofuranosvi -3 .6-
dichlorobenzimidazolyl-1 2 -[OF -1 2.5 -dichlorophenyl; ] - 5"} -5.0 -dichloro - 1-: 2 3-di=0-
tert-butvidimethyisilyl-f-v-ribofuranosyvi \benzimidazole (293, - Compound 28 (4,103 g,
0.05 mmol) was treated with 1% p-toluenesulfonic acid in CH,Cl- MeOH (4:1. 5 mi ) at
room temperature for 5 h. The mixture was diluted with CHCL (13 mL) and extracted
with phosphate buffer (pH 7.2 » 20 mL). the organic layer was dried (Na.S0, ), and the
solvent was evaporated. Preparativc t.l.c. of the residue with CHCL MeOH (95:5) gave
main bands with R 0.44 0 33, Flution with CHCl, -MecOH (4:1}. evaporation of the
solvent, and drving of the mbxduc in high vacuum at 40 gave amorphous 28 (008 g,
87%). "H-N.m.r. data (CDCL): 6 8.29-8.07 (m, 3 H. H-23 786 7.74 om. 4 HOH-4.75
7.61-7.40(m, 2 H. H-4). 732 695 (15 H, aromaticH), 6,16 6,04 (m. 2 H H-1'L 3 7(»('5

PH, H-1).5.38(m. 2 H H-21. 497 im. L H. H-2, 4. 76 (bs. T HL, HO-S1 440 395 (m,
12 HOH-3 4 f’a S'by, 0.910.72 (mu, 36 HL 4 'Buy, 011 to — 447 (o 24 HO 8 S50 PU.

Anal. Cale. for C A?}1‘;£(‘i3\,,Nﬁ(ﬁ)”\P?Si4 (1844 4y C 4658 HL 5 13 N 455 Pound:
C. 4718 H. 5.02;) N, 4.48.

1= 2-O-tert-Butvidime thylsily (-3 -O -p-methox virityi-f-v-ribafuranosyl -5 6-di-
chivrobenzimiduzolvi-0 3-O-1 2=/ d-nitrophenviethyl ] -3 - 1- 2-O-tert-hutyldimeth-
Vlsilvi-fi-n-ribofuranosyi s -5 & -dichlorobenzimidazolvl-0 3 -0 - 2 d-nitrophenyd eth-
vl [t =5 -5 G-dichloro-1- 2 3-di-O~tert-hutyldimethylsilvl- [s D-ribofiraiias i /n BTN
dazele (31).  Dry pyridim (1 x 2mL) was evaporated from a mixture of 134016 g,
O 145 mmolyand 24 (0125 g. 0.1 mmol). To a \‘ohm(m of the restdue i dry pyridine (1
mL) were added N-methylimidazole (0.07 mL. 0.87 mmol) and 24 6-tri-sopropylben-
zenesulfonyl chloride (0,088 g. 0.29 mmot). fhc mixture was stirred for 20 b more
N-methvlimidazole (0.035 mL) and sulfonyl chloride (G.044 gj were added. and stirring
was continued for 2 days. The mixture was diluted with CHOT, (50 mi) und exiracted
with phosphate buffer (pH 7. 100 mL . the aqueous phase was extracted with CHCL (2
« 50 mLy, and the combined organic lavers were extracted with phosphate bulier. The
CHCI extractwas dried (Na, 50, the solvent was evaporated. and toluenc (2 < ibml)
was evaporated from the residue. Preparative tio with CHCL MeOb (1obed 2

developments) gave maim bands with R, .22 0.37. Elution -vith {CHOL \:,f.\(m 41
gave amorphous 310 135 g, 64% ) H-N.m.r. mm( DOy o R 37 S 20 (m, S HL
817 797 mAHm«HM NOLPhy 7.86 (m, 3 HLH-7 m’.ﬂm.% P }E»l', Toakto 2

H-4). 743 76im. 16 Howromuatic HL 680 id 2 Hoo-H ol MeOPhiL 602 5 72 (i, 3
-1, 4.85 472 (my 3 HLD B2 448 4002 doos TO ML PR and CHLL 007 s 2
OCH ). 351 and 3.29(2 mu o 1L ‘! Sa5bn 309 287 imod B OH G 24 0 33 oy, R0
4 Bu), 0.1 to —0.47 {m. “ 118 SICH

Anal. Cale, for O, H LCLNO PSS 2H09. T 0053467 HL S 73 N 5 58 Found:
C. 3458 HL 603 N, 3052

J-¢ 2-O-tert- Bun/a’um thyisitvl-3-O-p-methoxvirinyl-fi-p-ribofuranosyl -3 o-dichlo-
robenzimidazolyt-t 3 -fOF -0 2 S-dichlorophenyt s |-+ 3 - F-0 2O0-tert-huvldime il vi-f1-0-
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ribofuranosyl) -5.6 - dichlorobenzimidazolyl- {3 - [OF - (2,5 -dichlorophenyl) ] - 5'} -5 6 -di-
chloro-1-( 2,3-di-O-tert-butyldimethylsilyl-B-p-ribofuranosyl ) 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 (7 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 CHCI, (50 mL), and extracted with
phosphate buffer (pH 7, 100 mL), the aqueous phase was extracted with CHCl,, the
combined CHCI, extracts were dried (Na,SQ,), the solvent was evaporated, and toluene
was evaporated from the residue. Preparative t.1.c. (2 plates with CHCI,-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 (CDCL,): § 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-1"),
5.18-5.01 (m,3H, H-2"),4.76-4.16 (m, |0 H, H-3',4',5'a), 3.74 (s, 3 H, 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 Co,H,(Cl,iN.O,,P,Si, (2100.7): C, 52.60; H, 5.27; N, 4.80. Found:
C, 52.26; H, 5.07; N, 3.96.

General procedure for total deblocking. — (a) 2,5-Dichlorophenyl-phosphotriesters
(18, 23, 28, and 32). A solution of 4-nitrobenzaldoxime (38 mg, 0.23 mmol) in dioxane
(0.5mL), H,O(0.5mL), 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 toluene were evaporated from
the residue. The residue was subjected to preparative t.1.c. (plate 20 x 20 x 0.2cm) with
CHCIL,-MeOH-E;N (9:1:1). The main band was eluted several times with the same
solvent mixture (300 mL}, the solvent was evaporated, and CH,C, (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 12 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 puton acolumn (60 x 1 cm) of DEAE-Sephadex A-25, which was
cluted with a linear gradient of 0—0.5m 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) 2-(4-Nitrophenyl)ethyl-phosphotriesters (27 and 31). A solution of the fully
protected oligonucleotide (10 umol) in 0.5M 1,8-diazabicyclo[5.4.0Jundecene in pyridine
(10 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)



438 K. RUF, W. PFLEIDERER

with M tetrabutylammonium fluoride in tetrahydrofuran (8 mL) and aqueous 80%;
AcOH (8 mL). The product was purified by chromatography on DEAE-Sephadex and
isolated by lyophilisation of an aqueous solution.
3.6-Dichloro-1-fi-D-ribofuranosyibenzimidazolyl-( 2 -5 =3 6-dichforo -1-ff-D-ri-
hofuranosytbenzimidazole (21). - Compound 18 (14.6 mg, 10 mol) was deblocked by
method (o) to give 2 with 83 o.d. units (86%), taking into account a hypochromicity of
21%: R, 0.46 (cellulose) in 1-BuOH-ACOH-H-O (6:1:1). T(h.p.Lc.y 2055 (RP-18.0.1m
NH,OAc-CH,CN. 65:35}.
5.6-Dichloro-1-f-v-ribofuranosvibenzimidazolyl-( 3 — 3 -3 6-dichitoro- [ -f-p-ri-
hofuranosytbenzimidazole (26). — Compound 23 (i35 mg, 10 gmoly was deblocked by
method (¢) to give 26 with 80 o.d. units (88%), taking into account a hvpochromicity of
26%.: R, 0.70 (cellulose) in 1-BuOH-AcOH-H,O (8:1:1). T'{h.plc) 2355
5.6-Dichloro-1-fi-12-riboturanosvibenzimidazolyl-¢ 2 — 3 -3 é-dichioro-1-f-1-ribo-
Suranosylbenzimidazolyl-1 2 -5 j-5 6-dichioro- [-f-D-ribofuranosvibenzimiduzofe (30).
Treatment of 28 (21 mg, 10 gmol) by method (). or 27 (21 mg. 10 zmol) by method (5).
gave 75 (65%) and 90 o.d. units (91%), respectively. of 30, taking into account 2
hypochromicity of 37%; R, 0.55 (cellulose) in 1-BuOH AcOH H.O (6 1:3). T 176 .
5.6-Dichloro-1-B-p-ribofuranosytbenzimidazolvi-1 3 -5 ;-3 6-dichloro- [-F-13 -ribo-
Juranosyibenzimidazolyl-1 33 -5 6-dichforo-1-f-v-ribofuranosyvibenzimidazole (33)

Treatment of 32 (21 mg, 10 umol) by method («), or 31 (21 mg. 10 gmol) by method (h).
gave 82 (57%) and 107 o.d. units (75%:). respectively, of 33. wking into account a
hypochromicity of 22%: R, 0.22 (cellulose) in [-BuOH- AcOH H O (6:1:3). 72855,
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