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In the peat few years, muoh progress has been made in the synthesis 

of oligoribonuoleotides with exclusively 3',5'-phosphodiester 

linkages. 1,293 In principle, the initial dinuoleoside phosphate 

intermediate can be prepared either (8) by oondeusation of a 

2',5'-protected 3'-nucleotide with a 2',3'-proteoted nuoleoeide 

or (b) by condeneation of 8 2',3'-protected 5'-nuoleotide with a 

2',5'-protected nucleoside. So far, the prinoipal workers in this 

field1'2'3 have ooncentrated on approaoh (a), partly because pure 

3'-nucleotide derivatives could be readily prepared whereas no 

euitable 2',5'-protected nucleosides had been described. Bemmler 

and Khor8na48 have concluded that approach (8) is the superior ald 

have shcwn4b that this approach permits the use of the base-labile 
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aoetyl group, as an alternative to the apparently leas eatisx'aotory 

tetrahydropyranyl group, to protect the 2'-hydroxyl funotion. 

We have been investigating approach (b) and have found that 

the tetrahydropyranyl group may be used quite satisfactorily to 

proteot the 2'-hydroxyl, and in future communications we hope t:, report 

that, under certain oiroumstanoes, aoyl and other groups5 may rlso 

be used. In a fuller account of this work, we shall discljss @h?t WC 

believe to be some of the advantages of pursuing approach .tj‘ 

6 When 3',5'-di-0_aoetyladenosine was stirred with eroese 

Z,&lihydro-4%pyran (dihydropyran) in dioxane in the presence of 

toluene-psulphonic aoid, it was quantitatively converted into 

2'-O_tetrahydropyrany1-3'-5'-di-O_acetyladenosine (I; R- L'- ;.c: 

(RR,system A$ 0.87). The latter was treated with methano:*c ammonia 

and gave 2'-O_tetrahydropyranyladenosine (I; LP.iitEH), isolated as 

an analytically pure crystalline solid, m.p. 199-200' (RF,system A 

0.75) in 5&S yield. This in turn was treated with a slight exoess of 

pivalyl chloride in pyridine and, after a suitable work-up, the products 

were chromatographed on silicio acid. A material isolated 3.n 7p. 

t A satisfactory protecting group is defined, in this context, as one 
which can be completely removed without any measurable migration of the 
3',5'-internucleotidic linkages or any appreciable degradation. 

J Chromatographic solvent systems: A, butan-l-ol- acetic acid - water 
(4:1:5); B, ethanol - N aqueous ammonium acetate (5r2). 
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yield, corresponded to 2'-0-tetrahydropyragl-:,I-~-pivalyladenosine 

(I; R=k-JuCO, R'=H) (RF,system A 0.94). Although this compound 

t 
has yet failed to crystallize , its structure rests firmly on 

elemental analysis and on its quantitative conversion by aqueous 

acid to 5'-g-plvalyladenosine (+, system A 0.85j, identical <m.p. 

and mixed m.p., 162-163') with authentic material. 
a 

'The orientation and suitability in oligoribonucleotide synthesis 

of the key intermediate (I; R= t_-&CO, zl'=H) was readily established. 

The latter compound was allowed to react with 2',3'-di-Q-acetyluridine-5' 

phosphate (2 mol.) and dicyclohexyloarbodiimide (DCC) (10 mol.) in 

anhydrous pyridine for 3 days and worked up in the usual manner. 
1 

After the aoetyl and pivalyl protecting groups had been removed by 

respective treatment with methanolic amr.lonia and 0.8 M aqueoue 

methanolic (1:l) tetraethylammonium hydroxide, the resulting 

2'-C+tetrah;{dropyranyladenylyl (3’+rj’) uridine was absorbed on 

a Dowex 1 (Cl-) column. The required adenylyl (3'+5') uridine 

(ApU) (XF, system B 0.37) was eluted with 0.003 IJ hydrochloric acid 

(the 2'-tetrahydropyranyl group was completely removed within ~4 hr. 

by contact with this acid, i.e. at pH 2.5). Analytloally pure ApU 

was isolated as a calcium salt in 6@ yield; it KLS completely 

t 
However, the 0orrespondir.g 2'-Q-tetrahydgopyranyl-5'-&-pivalyluridine7 
crystallizes readily; it has m.p. 170-172 . 
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i- 
aegraded by spleen phoa?hodieeterasr zca : ,,i -,e sni Rr i‘.Y. :;1;e-: j 

phosphate. 

If a rucleoside component with an ac;d-labi& .- 1(1;2 !xss 

-labile 5'-protecting groul. is used in an app~acicl .:\ ;:,att+siaF dn:: 

it is required to proceed beyond the dinucleoside phospi.sr,e eta@, 

the?: the 2',3'-cis4iol system of the 5'-nucleotlia con;p.incnt e.'.,LL1 

be blocked by an acid-labile protecting group, 'The methuymethy:ide':< 

group hats been found' to be very suitabla for this _wrpose. ::',3*-2 

-~~etho~ylnat4vliden~~~id~ne-~' phosphate (II) (.+s~a:er. R 6.24) mfl 

prepared from the corresponding nucleoside 3erivat:ive by c:'e zuettod 

of Tener 
:to 

,: It was isolated as an analytically pure dianrrnoruuo salt 

in over 9C$ yield. This material was allowed to react with 

2*-g-tetrahydropyravl-5'-+pivalyladenosine (11 B=L_-BuCO, .it=E) 

under precisely the conditions described above for I ',j',-il-z-acetyl- 

uridine-5' phosphate. After the products had been treated with 

tetraethylammonium hydroxide to remove the p1vel.y: grpcup from the 

fully protected dinucleoside phosphate ,III; R=L-lil,ZO), they were 

chromatagraphed on DEAE cellulose (HCO; form). The reqxxred 

Z'-O_tetuahydropyrarladenS_3yl (3'351)-Z1,31-O-methorymethylidene- - 

~-- 
t The assay method used in this and the other enzyme-catalysed hydro.jtic 
reactions described, was insensitive to less than l-P/ of undsgraied 
starting material. Phosphor-y1 migration was not Joserved to accompav 
the removal of the 2'-g- tetrehydropyrar?yl group with 0.01 B 
hydrochlorio acid. Ftowever, more labile acetals can be prepared, if 
necessary* preliminary experiments show that >I-e-tetrahydrofuranyl- 
uridine IS hydrolysed at oa. 20 times the rate of its tetrahytio- 

pyranyl analogue at 9H2. - 
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urifiine (III; li=k‘) ;A<?, system B 0.76) was aluted i‘rtiz the col~unn 

'wltb triethylzumonium sicsrbonate in the concentratron range O.Cll:, to 

OS:'? M. /&en this natcrial was lreated with 0.01 ;i h$dsochlo:lc ai. 

for 6 hr. at room temperature an:: the pB then increased to 7.;, xt 

was qua??titstively converted to ApU, which, as oefore, wa; c~~~~:zii~j 

de~aded+ J;J spleen phosphodiesterase. 

In order to carry this synthesis to the trinucleosiSi~: diphosl,!?ate 

stage, we required a protected 3'-nucleotide suci; as ;I\r; =-a:ra- 

hydropyranyl, R'= ~0~1). Such an intermediate is in preparntiuc 

from 2'4-tetrahydropyraql-5'-Q-pivalyluridine. Hoflever, xn a 

preliminary experiment, ilre allowed the dinucleoside phosphate 

derivative (III; R=H) to react ;vith J',5'-di-e-acetyluridlns-3' 

-phosphate1 (IV; K=.i'=Ac) ~2 mol.) and DCC (10 wol.) in ;yriiine. 

After 3 days, the products were worked up ir. the usual manner, 

treated with O.Cl N hydrochloric acid an,: then u:ith nethanolic 

C%UVllOni~. In this xay the resulting fully protected trinucieoside 

diphosphate (V) was converted into uridylyl {3'-5') a.Zewl~;;l 

(3'-5') uridifie (UpApE). l'his material (iiF,system U 0.4, was ; 

isolated in 30, yield by chromatography on DEAE cellulose. It ;'ias 

completely degaded by pancreatic rzoonuclease lnto ApC an,! urljirie 

-3'-phosphate. 

t 
UpU, pre?ared7 

uridine, 
sunllarly from 2'-O_tetrahydropyranyl-5'-g-pivalyl- 

was completely Legraded to uriLine an! its 3'-phosphate by 
pancreatic ribonuclease. 
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