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ABSTRACT

o-Nitrobenzyl group was introduced to the 2'-hydroxyl function of uridine
via 2',3'-0-(dibutylstannylene)uridine. Ihe benzylated uridine was protected
at the 5 '-hydroxyl group with mnncirethoxytrityl diloride and acndensed with
2' ,3'--dibenzoyluridine 5'-phosphate or N,N' ,2' ,3'-0-tetrabenzoyladenosine 5'-
phosphate using dicyclohexylcarbodiiinide (DOC). o-Nitrobenzyl ether linkage of
the dinucleotides was removed by UV irradiation with wavelength longer than
320 rn. Deprotected UpU and U4pA thus cbtained were characterized by Mase A
digestion.

Previously we have reported syntheses of ribooligonucleotides using
nucleoside 3' -phosphate derivatives.2 Another approach involving a condensation
of nucleoside 5'-phosphates with nucleosides havinq free 2',3'-hydroxyl groups
gave a mixture of 2'-5' and 3'-5' linked dimers.3 Although protection of tne

2'-hydroxyl group via 3',5'-protected nucleosides has been investiaated,4 a

selective protection of the 2'-hydroxyl function of ribonucleosides ;iould pro-
vide a promnising route for ribooligonucleotide synthesis. Recently direct 2'

and 3'-O-benzylation was reported.5'6 Catalytic hydrogenolysis to cleave the

benzyl ether group, however, is not so easy to effect. It has been knomn that

aromnatic nitro compounds having a C-H bond in the ortho-position transfer their

oxygen photochemically to give nitrosobenzene derivatives.7 o-Nitrobenzyl
derivatives have been used as protecting groups for amino acids8'9 and carbo-
hydrates.10'11 We have also found that 6-nitroveratryl- or o-nitrobenzyl-ester
of uridine 5' -phosphate was cxnverted to uridine 5'-phosphate by UV irradiation

through a pyrex filter.12 In this paper we report a direct protection of the

2'-hydroxyl group of a nucleoside with o-nitrcienzyl ether, which can be remroved

by UV irradiation. The protected nucleoside (II) was proved to be a useful

starting material for synthesis of 3'-5' linked ribooligonucleotides when II

was converted to III and candensed with nucleoside 5'-phosphates (IV). The

o-nitrcbenzyl group of VI was renoved under the condition in which uridine and

adenosine were not altered. The structure of the products, VIIa,c were con-
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Table I Paper Chrcmtography and Paper Electrophoresis
Paper Chrcinatography Paper Electrophoresis

Solvent pH
A B C 7.5

U 0.47 0.69 0.51 0

U (CNB) -II) 0.73 0.84 0.80

Up cyclic 0.38 0.60 0.67

jiJ 0.11 0.27 1.00

U (CNB) -p-U (OBz)2 0.74 0.85 0.28

U(ONB)-p-U (VIa) 0.44 0.66 0.41

UpU (VIIa) 0.25 0.49 0.49

A 0.50 0.63 -0.21

Ap cyclic 0.50 0.51 0.43

pLN 0.15 0.22 0.88

U(CNB)-p-A (VIc) -0.47 0.61 0.36

UpA (VIIc) 0.29 0.42 0.42
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finned by e m c hydrolysis witi RNase A.

Synthesis of 2'-0-(o-nitrcbenzyl)uridine (II).

Nbffatt and his cwrkers reported that dibutylstannylene functio of 2',
3'-O- (dibutylstamylene) nu ides served as an activating group for the 2'

and 3' -oxygen groups and synthesized 2', (3')--benzyluridine.6 When 2',3'-0-
(dibutylstanylene) uridine (I) was allowd to zeact with o-nitrobenzyl bramnide
in IF, cnly 2 '-C- (o-nitrxenzyl) uridine (II) was obtained by crystaliization
frnm ethanol in a yield of 24%. The 3'-alkylated isarer was not detected in
the rther liquor. Fra the elenental analysis and mass spectrun it was

evident that only one nitrxbnzyl group was present. UV spectra of II showed
appreciable hypochroancity in water coirpared with F-value in ethanol. Ihe

hypocdhromic effect was assured to be characteristic for the 2 '-benzyl nucleo-
sides.5TIhe absolute location of the o-nitrobenzyl group in II was confirired
by spin-decoupling stiies of the diacetate of II. Since protons of C2, and

C3, of II were not resolved, II was acetylated with acetic anhydride in pyridine
to give the diacetate, in which one proton showed low-field shift and did not
couple with C1,-H. Further evidence of the location of the benzyl group was
obtained by deterni ng the structure of the cndensed product with RNase A as

described later in this paper. II was stable in concentrated anmonia and 80%

acetic acid at rocm tenperature for 24 hr. Renxoval of the o-nitrobenzyl group
of II was perfonrred by UV irradiation in 40% ethanol for 2 hr through a pyrex
filter which was assumed to cut UV light shorter than 320 mn. Conversion to

uridine examined by tlc and ppc (C) was 93% in both cases.
Synthesis of dinucleoside snophosph (VIIa,c) using II as the starting
material.

For condensation of II with nucleoside 5'-phosphates, II was converted to

III by treatennt with ironorrethoxytrityl chloride in pyridine at room terperature.
III was condensed with 2', 3'--dibenzoyluridine 5 '-phosphate (IVa) or N,N' , 2',
3 '- -tetrabenzoyladenosine 5 '-phosphate (IV) using DCC as a nmdensing reagent.
After 22 hr the reaction was nearly cpleted as judged by ppc and pep of the

partially deprotected reaction mxture. The Rf vales and relative ntbilities

of caqpounds are listed in Table I. The products (Va,b) were precipitated in

ether-pentane mixture. Aliqots of Va,b were treated with 80% acetic acid and
then with cncentrated airnia. The.2'-protected acmrpounds (VIa,c) were iso-

lated by pep and the recovery of absorbance from IV at this stage was 61%.

VIa,c were stbjected to UV irradiation to remove the 2'-0-benzyl group. The
extent of the reaction was checked by ppc and found to be 94-95% after 1 hr in

both cases. The recovery of the UV absorbance of UpU was confined by irrad-
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iating an authentic sarple of UpU under the same cndition used. VIIa,c were

digested with iNase A to give the expected products in correct ratio. These

hydrolyses indicated that VIIa,c had a 3'-5' phosphodiester linkage and the

starting material(III) was alkylated at the 2'-position.

Further use of o-nitrobenzyl ether derivatives of nucleosides and o-nitro-

benzyl ester of nucleotides in ribooligcnucleotide syntheses is in progress.

EXPER:MNETAL

General Nb-thods. Paper chromatography (ppc) was perforird using the following
solvent systemr: solvent A, isopropanol-concentrated amronia-water(7:1:2,v/v),
solvent B, ethanol-l M anrnium acetate, pH 7.5(7:3,v/v); solvent C, n-butanol-

acetic acid-water (5:2:3.v/v). Paper electrophoresis (pep) was performed at

900 V/40 cm using 0.05 M triethylamonium bicarbonate,pH 7.5.

Photolysis apparatus had a 300 W high pressure mercury lanp (Eikosha Co.

Mtdel PIH 300) with a quartz water-circulating jacket. Ccorpounds were irradiat-

ed through a pyrex filter (2 m thick) inserted in the water jacket.

Molecular extinction values used were: uridine, 10,000; U(CB) (II), 13,700;

U(ONB)-p-U(VIa), 23,700; UpU(VIIa), 20,000; adenosine, 15,400; U(ONB)-p-A(VIc),
29,100; UpA(VIIa), 25,400 at 260 rim in water.

1Nase A digestion was carried out using 50Og of the enzyme in 0.1 M amno-

nium acetate, pH 7.5 (0.1 ml) at 370 for 6 hr.

Other general nethods were as described previously. 2a,f

2 '-- (o-Nitrdberizyl) uridine (II) .

2',3'-0- (Dibutylstannylene) uridine (I) (4.75 g, 10 imles) was treated with

o-nitrobenzyl bronide (4.32 g, 20 mLoles) in DEMF(60 ml) at 110°until tlc did

not show increase of the product. After 4 hr DMF was evaporated and the residue

was stirred with water-ether mixture (5:3) (80 ml) . The ether layer was renoved

and the rest was washed with ether(20 ml). The aqueous phase and the oil were

hzted with water(100 ml) and the solution was left at room tenperature for 4

hr. Further cooling in refrigerator for ovemight gave a precipitate (923 mg)
and the second crop (234 mg) was obtained from the mther liquor. The precipi-
tate was contaminated with a trace of a faster travelling side product as detec-

ted by tlc (CHCI3-EtCH, 5:1). Reczystallization frm ethanol gave prism (892
mg, 24%) :mp 204-205; Xmax (H20) 263 nm ( 13,700); Xmax (0.1 N HCl) 263 rmu

13,500);),max (0.1 N NaCH) 263 rim ( 11,30d); E263(EtCI) 15,100; &320(H20)1,470;
mnss spectrum (70 eV) Fe 379 (Me); nrmr (O-d6) 3.65 (m, 2, C51-H2), 3.85-

4.30 (m,3, C2,-H, C31-H, C41-H), 5.0 (d, 2, Jgem= 2 Hz Ar2), 5.08 (t, 1, C53-
CH), 5.27 (d, 1, J3 H = 6 Hz, C31-OH), 5.58 (q, 1, JC5,6 = 8 Hz C5-H, JN3H,C5
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= 1.5 Hz), 5.93 (d, 1, J1i23 = 5 Hz C11-H), 7.4-8.1 (m, 5, Ar 4, C6-H 1).

Anal. Calcd for C16 H17 08 N3 (379.32): C, 50.66; H, 4.52; N, 11.08.

Found; C, 50.51; H, 4.77; N, 11.04.

Nmr spectrum of 2' -0- (o-nitrobenzyl) -3',5 '-0-diacetyluridine.
II (1O0mg, 0.26 rrole) was treated with acetic anhydride (0.2 ml) in

pyridine (0.4 ml) ovenight at roan te rature. The reaction was coarpleted
as chedced by tlc (CXC13-EtCH, 10:1). The mixture was poured on ice and

extracted with ciloroform. mTe chloroform layer was washed with dil. sodium

bicarbonate and water. The solvent was reroved after drying with sodium

sulfate and the residue was coevaporated with toluene. Recrystallization with

benzene gave an amorphous cmpound (76 mg); nrnr (CDC13) 4.25-4.5 (m, 4, C2,-H,

C41-H, C51-H), 4.98-5.2 (m., 3, C33-H, Ar-CH2), 5.73 (q, 1, C5,6 = 8 Hz, C5-H),

5.98 (d, 1, J1'12 = 4 Hz, C1,-H, becuning singlet by irradiation at 4.38 but

not at 5.09).
5 '-0-Nbnaretoytrityl-2 '-0- (o-nitrobenzyl) uridine (III) .

II (379 mn, 1 nicole) was made anhydrous azeotropically with pyridine and

allowed to react with MOncmethoxytrityl chloride (370 mg, 1.2 nmles) in

pyridine at 250 for 20 hr. Tlc (CH{C13:EtCH, 10:1) showed that the reacticn was

cczrpleted. Pyridine was evaporated and the residue was dissolved in chloroform,

washed with water, dried with sodium sulfate and precipitated in pentane. The

precipitate was ortaminated with a trace of narethoxytritanol but used for

the next reacticn without further purification.
Condensation of III with 2',3'-0-dibenMzluridine 5'-2hsphtate (IVa).

Pyridinium salt of IVa (0.1 nTole) and III (78 mg, 0.12 nirole) were co-

evaporated with pyridine and treated with DCC (124 mg, 0.6 nucole) in pyridine
(0.8 ml) at roon terperature. After 22 hr an aliquot was deprotected with 80%

acetic' acid for 1 hr and then with concentrated anronia for 1 hr at 50°in a

sealed tube. Ppc and pep (Table 1) at this stage showed VIa as the major spot.

Besides II and benzamide , faint spot of pU and an unidentified cm-pound (Rf

0.42 in solvent B) were detected. After 5 days the rest of the reaction mixture

was treated with aqueous pyridine overnight and extracted with pentane. The

urea was renoved by filtration and the product (Va) was precipitated with ether-

pentane (3:2, 100 ml) from its solution in anhydrous pyridine. The precipitate
was washed with ether 3 times and dried over P205 in vacu to give 100 ng. An

aliquot (1.221 mg) was deprotected as above and subjected to pep. VIa thus

isolated was 16.8 A260 units. The total product was estimated as 1379 A260units
(0.058 nmole, yield 61%).
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Photolysis of VIa and diaracterizaticn of tU (VIIa).

VIa obtained frm the above aliquot sanple was isolated from a paper

electrophoretogram. The aquous solution of VIa (6.2 A260/ml) was irradiated
in a pyrex tube through the pyrex filter. One mi of the solution was taken

at tine intervals and subjected to ppc in solvent A and B. The dircnatogran in

solvent A showed fluorescent spots at Rf 0.66 and 0.79 together with a faint

spot of nitrosobenzaldehyde (Rf 0.86). Spots corresponding to VIa and VIIa

were eluted with water (3 ml). The peroentages of the product (VIIa) were 89,

94 and 94 after 30 min, lhr and 2 hr, respectively. Incubation of the irrad-

iated product with anmiun bicarbonate (0.05 M, pH 9.2, 0.4 ml) for 2hr at

37° to affect 5-hydro-6-hydroxyuridine13 did not give any change of the product.

Ihe tnprotected product UpU (4.6 A260) eluted from the paper dcromatogram was

digested with RNase A to cnfirm aomplete cleavage of the phosphodiester
linkage. Samrples irradiated at different tine periods were digested with the

INase found to give the ratio of Up: U between 1.00: 1.00 to 1.00 : 1.05. The

product VIIa was also analyzed by Nucleic Acid Analyzer (Varian LCS 1000) to

give the same retention tine as an authentic sanple synthesized fram 2'-0-

benzoyluridine 3' -phosphate.

Synthesis of uridylyl- (3'-5') -adenosine (VIc)I.
III (50 mg, 0.076 irole) and N,N' ,2' ,3'--tetrabenzoyladenosine 5'-phos-

phate (IVb) (872 A260' 0.048 mrole) were andensed using DOC (78 ng) as des-

cribed for the synthesis of Va. After 2 days an aliquot was partially de-

protected and subjected to ppc and pep. The nononucleotide was alnost disap-

peared and Vlc was the major product. The reaction mixture was worked up as

described for Va. The yield was 65 mg, 61%, as estimated by the sane way as

in the case of Va. Photolysis of VIc was perforned in aqueous solution (5.2

A260/ml) using the sane xndition used for Via. Conversion to VIIc was 94%

after 2 hr and no phosphorus containing spot was detected besides VIc and VIIc

on paper chromatogram in solvent A. VIIc was corrpletely hydrolyzed with RNase

A to give Up (1.04 A26o) and A (1.60 A26o) in pep. Ratio of Up to A was 1.00

1.00.
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