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Abbmct .Partially-protected dcrrvattva of three di-ribonuckosrdc phosphates (with free Y-OH groups) 

have been converted into the cormsponding dmuckotida (pUpU. pUpC and pApC), in good yields 

The prcpamtion of 2’sQtetmhydropymnyl-S’-0-•cyl derivatives of both uridinc and admosmc Y- 

phosphates is &scribal The trmuckosidc drphosphsta UplJpU. UpApU and ApApU have been prepared. 

in satdactoty yields, from the appropriate partially-protected dinuckosidc phosphates (with fru Y-OH 

groups) and rhc above protected nuckosick Y-phosphates AU rhc products described have been synthc- 

sixd under conditions whidt ensure that they contain cxclus~vcly 3’ + S’-intemuckotidic hnkagcs 

None of the synthetrc steps has involved the UI of enzymes 
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Is ME previous paper of this series,’ WC considered the relative merits of routes 
(a) and (b) [see chart I] in the initial step of oligoribonucleotide synthesis. Whereas 
other workers2 4 in this field had concentrated on the route (a) approach [i.e. 
condensation between a 2’,5’-protected ribonucleoside 3’-phosphate (I) and a 2’.3’- 
protected ribonucleoside (II)], we investigated the alternative route (b) approach 
[i.e. condensation between a 2’,5’-protected ribonucleosidc (IV) and a 2’.3’-protected 
ribonucleoside 5’-phosphate (V)]. which we found to be very satisfactory.‘.s.6 
We also reached the conclusion that it was most convenient to protect 2’-OH 
functions, vicinal to intemucleotidic phosphodiester linkages. with acid-labile 
groups and that the tetrahydropyranyl acetal system was suitable for this purpose.’ 
The latter group could be removed by acidic hydrolysis, under such mild conditions 
that the extent of degradation and phosphoryl migration was negligible. 

l For part IV of thu scrrcs, scz Rd I 
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The protecting groups were chosen so that the terminal 5’-OH function of 111 
could be liberated selectively. Then the latter derivatives (III) could be intermediates 
in the preparation not only of dinucleoside phosphates but also of dinucleotides with 
terminal 5’-monophosphate functions (VI). As it had been decided that R’ (see formula 
III) should be acid-labile. it was necessary that R” should also be acid-labile and that 
R should be base-labile. The desired fully-protected dinucleoside phosphates (VIIb). 
prepared’ by the condensation between 2’.3’-0-methoxymethylidene-ribonucleoside 
5’-phosphates’ and 2’-0-tetrahydropyranyl-5’-0-pivaloyl ribonucleosides,‘*’ were 
treated with base* to free the terminal 5’-OH functions and thus give the partially- 
protected intermediates VIIa. The latter have been readily converted, by treatment 
with dilute aqueous acid, into free dinuclcoside phosphates.’ We now wish to describe 
their conversion both into dinucleotides (VI) and trinucleoside diphosphates (XII). 
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a:R = H 

VI VII b. R = tBuC0 

Initially. the synthesis of uridylylj5’ + 3’)-uridine 5’-phosphatet (VI; B = B’ = 
uracil-1) was undertaken. The appropriate intermediate’ VIIa (B = B’ = uracil-1). 
two molecular equivalents of p-cyanoethyl phosphate and an excess of N.N’- 
dicyclohexylcarbodiimide (DCC) were allowed to react together in anhydrous 
pyridinc solution, under the usual conditions.* The products were worked up (Experi- 
mental), treated with aqueousammonia to remove the P-cyanoethyl protecting group,’ 

and then applied to a Dowex-1 aniontxchange column. An acidic solution (cfl. pH 2) 
was required to clute the products, and consequently the tetrahydropyranyl’ and 
methoxymethylidene’ protecting groups were removed during the fractionation. 
Since the latter process was completed in under 24 hr. the cxtcnt of degradation and 
isomerization of the desired dinucleotide was negligible :’ pUpU was obtained in ca. 
800/, yield, and isolated as a paper chromatographically homogcncous, colourless 
lithium salt. The structure assigned to this product rests on the observation that it 
was completely degraded, in the presence of pancreatic ribonuclease. to pup and 
uridine. This dinucleotide had previously been prepared by Smrt and Sorm’ from a 
different partially-protected UpU derivative. 

. The rapcnu u&l to &.ct tbc mnoval d tbc plvaloyl group war aqueous mcthanolic tcuncthyl- 
ammonium hydroxide and aqueous methylamine Removal d acyl blocking goupb from the pyrimidlne 

and purine base-residues also oauo under rhac conditions. 

t This dint&or& may he represewed, in an abbreviarai form. as pUpU. Utidinc. adcnosme. cytidinc 

and guanosine arc l bbreviarai to U. A. C and G. respectively. btetiatioa (Ah phosphoric acid or a 

monoalkyl phosphoric w-ad) d the 5’- and 3’-OH functions da particular nucleosidc is indicated by placing 

p. rapoctively. before and after the lerter representing Ihat nucleoside. 
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By a slightly modified procedure, the dinucleotides pUpC and pApC (VI; 
B = uracil-1 or adenine-9; B’ = cytosine-1) were both obtained in approximately 
a)“/, yields. T’hc modification involved the N*-acetylation of the cytosine residues 

(as in VIII) of the appropriate partially-protected dinuclcoside phosphates, prior to 
phospho~lation. Thus, in the preparation of pUpC, the starting material VIIa 
(B = uracil-1, B’ = cytosine-1) was allowed to react with an excess of acetic anhydride 
in pyridine solution, and the product* then treated briefly with aqueous sodium 
hydroxide” to give the required N’-acetyl derivative VIIa (B = uracil-1, R’ = 
VIII). The conditions for the phosphorylation of the latter and the subsequent am- 
moniacal treatment? were as described above in the preparation of pUpU. The same 
modilication$ was adopted in the preparation of pApC from partially-protected 
ApC (VIIa; B = adcnine-9, B’ = cytosine-1). Both the cytidine~on~ining dinucleo- 
tides were purified by chromatography on Dowex-1 resin, with concomitant removal of 
the acid-labile protecting groups. 

Both pUpC and pApC were isolated as colourless, paper chromatographically 
homogeneous lithium salts; in accord with its assigned structure, the former was 
completely digested to pup and cytidine in the presence of pancreatic ribonuclease. 
However. pApC was stable under the latter conditions. but was cleaved to a mixture 
of adenosine and cytidine Y-phosphates when incubated with Croralur adomanteus 
snake venom phosph~iestera~. It is noteworthy that pApC is one of the dinucleo- 
tides which have recently been isolated ” from Euchaera japonica embryos. 

a. B = uracil-I 
b. B = adentnr-9 X 

Although it is intended, in our main approach to oligoribonucleotide synthesis, 
that the chain-extension step should involve the phosphorylation of a 3’OH function 
with a 5’nucleotide derivative [see chart 1, route(b) J. it seemed worthwhile to examine 
the utility of the ~~ialiy-prot~t~ dinucleoside phosphates (VIIaf as intermediates 
in the synthesis of trinucleoside diphosphates. and possibly even of larger oligomers. 

l The prodw ia 6nt watad with aqueous pyridinc to da= pouibk acetyl phosphate linkam and 
give the diaatyl derivrtivx VII (R = AG B = uracil-I. B - VIII). In NaOH soln. vponifnrtion of the 
S’-aoctate oozun mom readily than hydrolysis d fbe N'-acctyi functioa. lo 

t This ammoniacal trataxot remova tbe N’-uxtyl residue, as well u the &cyanoethyl group. 
: In this case, the adenine residue may ah be uyiated. 



Chain-extension of these derivatives (Vlla) may be effected by a route (a) approach, 

involving the phosphorylation of their terminal 5’-OH groups with 2’.5’-protected 
nucleoside 3’-phosphates.* We therefore undertook the preparation of 2’-O- 
tctrahydropyranyl-5’-0-acyl derivatives of uridinc and adenosinc 3’-phosphates 

(respectively, Xa and Xb; R = acyl. R’ = H) from the corresponding nucleoside 
derivatives. 

The high-melting diastereoisomer of 2’-0-tctrahydropyranyl-5’-0-pivaloyluridine’ 
(IXa) was phosphorylated with B-cyanoethyl phosphate and DCC. in the usual way.* 

Following chromatography of the products on DEAEcellulose. the bcyanoethyl 
ester of 2’-0-tetrahydropyranyl-5’0pivaloyluridine 3’-phosphate (Xa; R = tBuC0. 

R’ = CH2CH,CN) was isolated in !40”:, yield. As the aqueous ammoniacal treatment 
required to eliminate the g-cyanoethyl group also caused considerable dc-acylation. 

the above material (Xa; R = tBuC0, R’ = CH2CH2CN) was allowed to react with 
aqueous mcthanolic tetracthylammonium hydroxide which removed both the B- 

cyanoethyl and pivaloyl groups to give 2’-0-tetrahydropyranyluridinc 3’-phosphate 
(Xa; R = R’ = H). This material was treated with an excess of acetic anhydride in 

anhydrous pyridine solution to give its diacetyl derivative (Xa; R = R’ = AC), 
which underwent hydrolysis in aqueous pyridinc solution” to the desired product, 

2’-0-tetrahydropyranyl-5’-0-acctyluridine 3’-phosphate (Xa; R = AC. R’ = H). The 

latter was isolated as a pyridinium salt. in virtually quantitative yie1d.t The corre- 

sponding analytically pure monoammonium salt was also prepared. This represents 
the fully chemical synthesisofacompound which had only been obtained previously” 
by a route which involved an enzymatic step. 

In the same way, 2’-0-tetrahydropyranyl-5’-0-pivaloyladenosinc (IXb) was 
converted into its 3’-B-cyanoethyl phosphate (Xb: R = tBuC0. R’ = CH,CH,CN) 

which was also purified by chromatography on DEAE-cellulose and isolated in 

good yield. When this material was treated with 3N-aqueous ammonia at 50’. for 
30 min. the fi-cyanoethyl group was removed with a very small amount ofconcomitant 

de-acylation. Thus the isolated ammonium salt of 2’-0-tetrahydropyranyl-5’-0- 

pivaloyladcnosine 3’-phosphate (Xb; R = tBuC0. R’ = H) was contaminated with 

only ca. 5 Y0 of 2’-0-tctrahydropyranyladenosinc 3’-phosphate (Xb; R = R’ = H). 
Although it was demonstrated (Experimental) that the latter could be obtained pure 

following a re-acylation step. the 95”; pure material was found to bc quite satisfactory 

for synthetic purposes. 

The availability of these 2’.5’-protected nuclcoside 3’-phosphates (X; R = acyl. 
R’ = H) allowed the synthesis of certain trinucleoside diphosphates to be undertaken. 

As a first example, partially-protected UpU (Vlla; B = B’ = uracil-I). 1.5 molecular 
equivalent.< of 2’-0-tetrahydropyranyl-5’-0-acetyluridinc 3’-phosphate (Xa; R = AC. 
R’ = H). and an excess of DCC wcrc allowed to react together in anhydrous dimethyl- 
formamide/pyridine solution. Following the usual work-up procedure, the products 
were treated with methanolic ammonia and then fractionated by chromatography 
on DEAE-cellulose, using aqueous tricthylammonium bicarbonate buffer (pH 7.5) 

’ This procedure corresponds to that adopted by Smrt et ol..’ except that none of tbc synthetr steps 

mvolws the use d an enzyme 

+ Based on 2’-O-tctrohydropyntnyl-5’-Qpivaloylutidine 3’-~yanuctbyl phosphate (Xa; R = tBuCO. 

R’ - CH,CH,CN). 

: The mononuclcotidc component (j) was added mitially. and the rcmatntng j aha 24 hr. 
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a B = B’ = B” = uracll-I 

b R = B” = uranl-I. R’ - adcnme-9 

c’ B = B’ = adenmc-9. B” = urml-I 

as the eluting agent. The desired product Xla, which was cluted when the buffer 
concentration was ca. O.lZM. was obtained in ca. 57 ‘4 yield, and isolated asa colourless 
ammonium salt. 

To obtain a highly pure specimen of UpUpU, an aqueous solution of this material 
was applied to a Dowex-l anion-exchange column, which was then cluted with 
OOlN HCI, containing increasing amounts of lithium chloride. As in the above 
preparation of dinucleotides, the acid-labile protecting groups were removed during 
the fractionation process. After the fractions containing UV-absorbing material had 
been neutralized (with LiOH). the free trinucleoside diphosphate, UpUpU (XIIa) 
was precipitated as a colourless calcium salt, which was paper chromatographically 
and electrophoretically homogeneous. In a separate experiment, a solution of the 
partially-protected trinucleoside diphosphate (Xla) in WIN HCI was allowed to 
stand at 20’ for 10 hr. then neutralized and the products incubated with pancreatic 
ribonuclease. Paper chromatography and electrophoresis indicated complete diges- 
tion to uridine 3’-phosphate and uridinc. thus establishing that the acidic hydrolysis 
had removed all the protecting groups from Xla to give UpUpU (XIIa), and that the 
latter contained only 3’ + 5’H intemucleotidic linkage.14 

In the same way, 2’-0-tetrahydropyranyl-5’-0-acetyluridine 3’-phosphate (Xa; 
R = AC, R’ = H), partially-protected ApU (Vlla ; B = adenine-9, B’ = uracil-I), and 
an excess of DCC were allowed to react together in anhydrous dimethylformamide- 
pyridinc solution. Initially, stoicheiometric quantities of the two nucleotidic reactants 
were used but, after 40 hr. more of the dinucleoside phosphate component was added. 
The products of this reaction were worked-up, treated with methanolic ammonia 
and fractionated on DEAE-celIulose as before. The desired partially-protected 
UpApU (Xlb). which was eluted with ca. (Fl4M aqueous triethylammonium bi- 
carbonate buffer (pH 7.5). was obtained in 54% yield and isolated as a colourless 
tricthylammonium salt. 
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A solution of the latter (XIb) in OOlN HCI was allowed to stand at 20’ for 8 hr. 
and was then neutralized with dilute aqueous ammonia to give the free trinucleoside 

diphosphate. UpApU (XIIb). When this material. which was paper chromatographic- 
ally and electrophorctically homogeneous, was incubated with Crorolus udanumteus 

snake venom phosphodiesterase, it was completely degraded to uridine 5’-phosphate. 
adenosine 5’-phosphate and uridinc; it was quantitatively digested to Up and ApU 

in the presence of pancreatic ribonuclease. 

Finally, partially-protected ApU (VIIa; B = adenine-9.9’ = uracil-I) was allowed 
to react with 2’-0-tetrahydropyranyl-5’-0-pivaloyladenosine 3’-phosphate (Xb; 

R = tBuC0. R’ = H)and an excess of DCC in dimethylformamidcpyridinc solution. 

Following the procedure adopted in the preparation of UpApU (XIIb). an excess of 
the dinucleoside phosphate component was used and, as before, it was added in two 

portions. After the reaction mixture had been worked-up, the products were treated 

with aqueous methanolic tetraethylammonium hydroxide to hydrolyze the 5’- 

pivalate function. Fractionation on DEAE-cellulose was carried out according 
to the usual procedure: the desired partially-protected ApApU (Xlc) was cluted with 
01. O.lSM triethylammonium bicarbonate buffer (pH 7.5). and obtained in ca. 54”; 

yield. This material was isolated as a colourless triethylammonium salt, which was 

contaminated with a small quantity (ca. 5”;) of another UV-absorbing substance. 
The protecting groups were removed from XIc in the manner described for the 

corresponding UpApU derivative (XIb). The free ApApU (Xllc) so obtained, was 
further purified by chromatography on DEAE-cellulose and isolated as a colourless, 

paper chromatographically and clectrophorctically homogeneous, triethylammonium 
salt. When this material was incubated with Croralw adamunracs snake venom 

phosphodiesterase. it was completely degraded to uridinc 5’-phosphate. adcnosinc 

5’-phosphate and adenosine. 
Although the partially-protected trinucleoside diphosphates (XI) are suitable 

intermediates for the preparation of tetranucleoside triphosphates it is not intended 
to develop this approach to oligoribonucleotidc synthesis further. We have confirmed 

our earlier conclusion’.5 regarding the suitability of the acid-labile tetrahydropyranyl 
group (or some other acetal or ketal system with a similar lability) for the protection 

of 2’-OH functions. and intend to report shortly on the extension of oligoribo- 
nucleotide chains solely by the route (b) approach [see chart I], which we believe to 
be more convenient. 

EXPERIMENTAL 

UV l bsorpion rpatn were measured with a Gary rccordmg spccrophotomcter. model 14M-50. 

Paper ekctrophoran was usually conducted at 24 kV in @lM-sodium phospbatc buffer (pH 8) on 

Wbatman No. 4 paper. The followinp solvent systems were ud for paper chromatography : A. propan-2- 

ol-ammonia (d 088kwater (7 : I : 2); B. ethanol-hi rqueow ammomum acetate (5: 2); C. Isoburyrk a& 

N ammonia+1 M EDTA (100:60:16) Ascending chromatogranu were run on Whetman No I paper. 

unh othcrui+ stated. Column chromarographic separations were canred OUI on Bio-Rad Celkx D 

DEAEallulor (medium capacity), prepared for use as described prcvrowly ’ Anhyd pyridtne (supplied 

by Bntish Drug Housu. Ltd.) was hated wilh CaH, under rcllux. and then fractlonatal 

2’-0T~rr4hydrop)TMyl-~‘-O-~cryf~~t~ 3’.phosphcv (Xa; R = Ac. R’ = H). 

To an anhyd sofn d pyridinium Bcyanocthyl phosphare’ (20 mmoks, from 0645 & Ba salt) in pyrldme 

fl0ml) wasaddal tbc hi&ncltingdiastereoi.somer IXa’fO412 g 10mmok)and DCCf206g I00 mmoks) 
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The reaction mixture wax xakd and rcltral magnct~ally at W. After 2 dayx, water (IO ml) was ad&d and 

the reaction mixture stirred for a further IO hr. Tbc prccipitatod N.N’dicyclobcrylura wax rctnoval by 

filtration and washed wtth 20 % aqueous pyridine (5 ml) The combtncd filtrate and waahingx wcm extracted 

with pet. etbcr (b.p. 660”. 2 x IO ml), and conantrrtcd to a. j volume Paper ekctropboruis @H 8) 

d the 4ucous layer revcakd a prtncipal component (> 90% d total UV-absorbing material) with a 

mobility a 04 that of uridinc 3’-phosphate. 

The above soln was applied to a DEAE~llulose anion-cxchangc column (HCO; form, 40 an x 5 cm’). 

which was that washed with OGO2M triethylammonium btcarbonatc buffer (pH 7-5) until the cluatc no 

longer absorbed ut the UV. The colut~ was then clutcd with triethylamntonium bicarbonate buffer 

(pH 7.5. linar gradtent from 002a5M over 2 I.1 Fracttons (25 ml) were collected: fracttons 22-35 

(average buffer concentratton ca. M)2M)contamaJ the dcsuaf (3cyanoethyl &aof2’0tctrahydropyranyl- 

5’-Oprvaloyluridinc 3’-phosphate [8950 O.D. untta* 90”/, (based on cl.,, - tO.OOO)]. 

Tbc above material (4525 O.D. units) was concentrated+ to dryness below W under rcdusd prus on a 

rotatory evaporator, redissolved in tctraethylammonium hydroxide [a 08M tn aqueous McOH (I : I). 
3 ml]. and allowed to stand at 20’. After I6 hr. Dowcx-50 (pyridmium form) cation~xchang resin was 

added until the pH droppcd to 7. Paper ekctrophorais (pH 8) of the products revealed 2’-Qtctrahydro- 

pyranylutidinc 3’phosphatc as the sole UV-absorhmg constituent [R, 031 (system A)] with a mobtlity 

ca 095 that of urdinc 3’-phosphate. 

The rcstn was removed by filtration. and washed with IO”,. aqueous pyndtm (2 x IO ml) The combined 

filtrate and washmg were concentrated under rcduad press. re-evaporated several times with pyndinc. 

then dissolved tn pyndinc (10 ml) and treated wtth Ac,O (0 5 ml) at 20.. After I6 hr McOH (5 ml) was added 

and after a further 2 hr the products were conantrated. under rcducbd press below 30’. almost to dryness 

and then rcdtssolvcd tn 109, aqueous pyridinc (30 ml) After tt had hem allowed to stand at 5 for I6 hr.” 

this soln was concentrated and that rc-evaporated several times wrth pyridinc to y~cld a pakcolourcd oil. 

The tatter was dtssolvcd tn pyrtdme (3 ml) and the soln added dropwtu. with stirring to ether (30 ml). 

The rcsultmg ppt was collcctcd by ccntrifugatton. washed with ether and dried in W-W over P,O, The 

yield of pyridimum 2’s0-tctrshydropyranyl-5’-0-acetylundinc 3’.phosphate (0245 a) was vtrtually 

quantitattve. 

A soln of the abon pyndintum salt m IO Y0 aqueous pyndtnc (5 ml) was passed through a Dowcx-50 x 0 

(NH; form) cattontxchangc column (5 cm x I cm’), which was then washed with lo:,,, aqueous pyridine 

(5 bed volumal. The total cluatc was conctntratcd and rc-evaporatcd several times wtth anhyd pyridmc. 

Manoummonium 2’-O-lcrrahyddropyrany/-5’-Dacclyluridin 3’-phospha1c was Isolated as a nearly colourkss 

solid by the prcctpttation tcchntquc dcscribal above (Found: N. 8.14; P. 5.55 C,,H,,N,O,,P. 4H,O 

rquua: N. 7-80; P. 5.759,). UV absorptmn in water (pH 7): j_ 261 (loge 399). i, 230 mu (logr 3.62); 

R,. 033 (system A). 068 (system B) Ekctrophorctrc mobtlity (pH 8): a 08 that of urtdinc 3’phosphate. 

2’-0-T~crrahydropyrcnyl-5’-O-pit~/o~~~nosinr 3’-phospho1~ (Xb. R = tBuC0. R’ - H) 

Compound IXh’ (0208. 046 mmok). pyrtdmium (3-cyanoethyl phosphate’ (093 mmolc. from 03Og 

Ba salr) and DCC (0.95 g. 46 mmok) were allowed to rtxct together m pyndu~ (5 ml) soln as above for 

3 days at 20’. The reactton mixture was worked up III the manner described above for the Eoncsponding 

uridmc dcrivattvc. and the products examtncd by paper ckctrophorcsa (pH 8) which rcvukd a pnnctpal 

UV-absorbing component wtth a mobthty cx 03 that d adcnormc 3’.phosphate. 

A soln of the products was appltal to a DEAF-ocllulosc column (40 cm x 2 cm’) which was first washed 

as above, and then clutai wtth trtethylammomum bicarbonate buffer (pH 7.5. linear gradient from & 

OG5M over 2 I.). 25 MI fracttons were collected: fractions 27-35 (average buffer concentration ca. 002M) 

contamcd the desired @-cyanocthyl ester of 2’.O-tctrahydropyranyl-5’.O-ptvaloyladcnowne 3’-phosphate 

(ca. _WtlO O.D. untrs. 7S’J. fracttons 50 57 (avcragc buffer conccntratton ca. DO35M) contamcd a matcrtal 

(360 0 D untts) wtth an ckctrophorettc mobthty (pH 8) ca 0.75 that of adenosme 3’-phosphate. 

Fracttonr 27 35 WCR combmcd. conantratai to a. 20 ml and trated with an excess (wnh respect to 

Er,NH ‘) d Dower-50 (pyndinium form) rcstn. The latter was removed by liltrattora washed with water 

(10 ml). and the combtnal Altratc and washmgs concentrated to ca 5 ml Aqueous NH, (3N. 18 ml) was 

added and rhc soln heated at s(r for 30 mm. Au was then bubbkd through the cooled soln until the NH, 

l O.D. units at 260 mu am given, unkss othcrwirc stated. 

t Pyridme was ad& at intervals during thix and similar evaporations to prcvatt the pH from falling 

below 7 
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had been rcmovai. Paper ekctrophoresis @H 7-5) of the products revalal a pnnapal constttucnt wtth a 

mobtlity a @75 that dadcnosinc 3’-phosphate. Paper chromatography (rys~an A) showal the pmcna of 
P mau~componcnt(R,O-58-a 904:)and IWO mmor compoacntr(R,‘s035.080;u~ ca 5”/&ThcrcquuaJ 

2’-O-terrahydropynnyl-5’0pivaloyladcnosinc 3’-phospbatc was precipitated. in rhc manner described 

above, first as a pyridintum salt and that as an almost colourlcss ammonium salt. Exammatton of the latter 

salt (yield 0 IS g) by paper chromatography (system A) showed it to contain ca 95 :6 d the pnncipal corn- 

portent (R, O-581 contaminated only with the less mobtk rmpurity (R, 035). 

Acylation ofpnrthlly dtpwnloylartd 2’-Qretrclhydtopyronyf-5’-O-piwloyloy~~s~~ 3’-phospharc 

The pyridinium salt d the partially de-•cylatcd material was allowed to react with a dight excess of 
p~valoyl chloride in l nbyd pyridim sobt for I6 hr at 20’. The products werr &en tn~tal with McOH and. 

after a further 2 hr wtth a large excess of water The pH was adjusted to IO crucrly by the addition of N 

NaOH and, after Ii hr at 2W. lowctul to 7 by the addition of Dowex-50 (pyridinium form) resin. Paper 

chromatography (system A) mvealal 2’-0-tctrahydropynnyl-5’-0-pivaloyladcnosine 3’-phosphate (R, 
@58) and a IM contaminant (R, O-77) as the sok UV-absorbing productr The major component was 

isolated as above. 

Uridylyl45’ -. 3’bidine 5’-phosphufc (pL’pb’] (VI; B = B’ = uracil-I) 

Compound Vlla’ (B = B = uracil-I) [pyridinium sah from 5300 O.D. untts of NH; salt. 0265 mmolc 
(based on Ebb,, = 2O,ooO)] was drtd by evaporation from anhyd pyrtdinc (4 x IO ml) soln and then re- 

dissolved in pyridinc (5 ml). To thu soln was added dry pyndinium R-cyanocthyl phosphate’ (054 mmok. 

from @ I75 g Ba salt) in pyridinc (5 ml) roln. DCC (I.1 g. 5.4 mmolcs), and anhyd Dowex-50 (pyridtnium 

form. 005 a) main.” Tbe reaction mtxturc was sealed and stirred at 20’. Alter 3 days. water (IO ml) was 

added and the products stirred at 20’ for a furrk I6 hr before being til~ercd. Tbc filtrate was extracted with 

pet c~her (b.p. 4GW. 2 x IO ml). The combined aqueous layers were conantratcd under reduced press 

(bath tcmp < W) IO u 4 volume_ treated with 9N aqueous NH, (IO ml). and the resulting soln maintained 

at 50’ for 90 mtn. Paper elatrophorests (pH 8) revealed a princtpal UV-absorbing component (a 90’4) 

with a mobtlity O-9 that of urtdinc 5’-phosphate. and IWO traa components (each tp. 5%) with mobilitks 

I 3 and 032 that of undine 5’-phosphate. The latter corresponded to unchanged starting rnatcrtal. Paper 

chromatography (system CT) rcvakd a major component (R, 047). contaminatad witb traca d starting 

material (R, 083) and an unidcntitial product (R, 008) 

The soln was cooled to m. and air bubbled through it until most of the ammonia bad beat ranovcd; 

it was that concmtratcd under mduczd press (bath tcmp ~30’) to CL 5ml and l pplkd IO a column 

(I5cm Y I.5an’) of Dowex-I x 2 (Cl- form) anion-exchange ruin. The latter was first wasbal with 

warcr (400 ml) and then elutal with aqueous LiCI-HCI (linear gradient from 05M LiCl + Da)5N 

HC) to @l5M LtC) + OOIK HCI over 2 I). 25MI fractrons were colkcrcd: fractions 25-35 contamed 

undylyld3’ _ 5’~undine* (330 O.D. units); fractions 5680 contained tbc required dinuclcotidc [4250 O.D. 

unita So04 (based on &a.0 - 20.000)]. 

Fractions 5680 were combined. ncu~ralized (to pH 7) with N LIOH and conczntratcd (IO ca 5 ml) 

under reduced press below W. The Li salt d VI; (B = B’ - until-I) was pruzipitatcd as a colourkss solid 

by tbc addition of Me,C(IEtOH (3 : I, v/v; 50 ml). and collected by ocntrifugation. The product was washed 

wtth EIOH (3 x I5ml) and ether (I5 ml), and then dried in uocuo over PxO, at 2CP. yield 01711; R ,012 
(system A). 017 (system c). Paper clcctrophoretic mobility (pH 8): IO3 that of uridinc 5’-phosph I- tc. 

When pUpU (I mg) was treated with pancreatic ribonuckaac’* for I hr at 3r. it underwent quantitative 

converston to two products. one of which (R, 053; sys~an C) corresponded to uridine. TM other product 

(R, 023; sys~an C) had an ekctrophoretic mobility (pH 8) l-13 times that d uridinc 5’-pyrophosphate 

(R, 023; sysran C) 

CycldylyHS - 3’~&nosine 5’-phosghorr [pApC) (VI; B = odenlneu-9. B’ = cy~otfne-I) 

Compound Vlla’ (B = admine-9. B’ - cytosine-I) [pyndintum salt from 2000 O.D. urms (at 265 mu) 

d NH: salr. 0083 mmok. (basal on tl., = 24.000)] was evaporated witb pyridine (4 x IO ml), tbcn dh- 

solved tn pyrdmc (5 ml) and trukd with Ac,O (02 ml) at 20’. After I6 hr. McOH (IO ml) was added and. 

after a further 4 hr. the products were concentrated (IO small volume) under reduced press below M’ IO”!, 

l As this upuation took CL 24 hr and ttx pH was in the rcgioa 2.3-20. both thc mcthoxymctbylid~ 

and tctrahydropyranyl protecting groups WCR removed.’ 
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Aqueous pyMine (10 ml) was added and afmr the mulung soln had been allowed to stmtd aIS” for I6 hr. i1 
was concentrated and rc-evrporrtod several times witb pyridinc. A soln of Ibe miduc m pyndinc (3 ml) was 
ddui dropwir to etbcr (30 ml) and the pp~ colkctcd, wuhal and dried as above (in the preparation of 
rQte~ydropy~yl-~~*~yluriduw 3’-phosphate); yickl of l atylmcd material. I3lOS g R, (sysrem 
B) 090. 

The above product was dissolved in N NIOH (2 mll and the soln rllowed to stand a1 2fY for I min 
exactly,“’ after wbicb time an exam of Dowex-50 (pyridinium form) ruin was addal. Both the soln and 
resin were applied to 8 column (8 cm x I cm’) d Dowex-SO(pyridinium form) ruin. which was dtainal and 
wasbed with 10% aqueous pyridioc (6 kd volumcsL Tbc total eluatc, wbkb was concentrr;tcd and rc- 
evaporated sevctal times with pyridinc as above, contained largely on UV-absorbing componm~ [R, 
(systan B) O-84; W absorption in water (pH 7): &,, 2S3. hitn 272 300 mu. 

To a pyridinc (2.5 ml) soln d this material was added pytidioium &anoctbyl phosph~c’ (0166 mmok, 

from 005 g 13r sal0, DCC (0342 g. I66 mmok) and anhyd Dowcx-50 resin” (pyridinuun form 005 8). 
The scald reactants wcm stied for 3 days at 20”, and thm worked up (including ammoniaal treatment) 
in the manner dcscribal above (see prep d pUpU) Paper clatropborais (pH 8) revealed a principal UV- 
absorbing component with tbc mobility expcc~cd for the purtially-protected dinuckotidc contarnin~tcd 
wirh true both d starting material and da molt mobik componcnr 

The products were appliad 10 a Dowex-I x 2 (Cl- fotml anion-cxchangc column (IO cm x 1~5cm’) 
which was clutul with LiCl HCl (linear gradient from OGSM LICI + OGtMN HCl IO 0 15M LiCl + 001 N 
HCIovcr I I) Fractions(25ml)9- IScontemcd 1hcrcqu1rcddinuclcot1dc[1200.D. untsat 265m)~a60”;. 
(basal on cl,, = 24.000)]. These fncrions WCII combined and ncuIralizcd (IO pH 7) wilh N LiOH. The 
desired LI salt dcyIidylyl45’ 4 3’l-admosinc Y-phosphate was isolated as a calourlas solid by prccipim- 
lion. In the manner described for pUpU ; yield, 0062 g; R, : OUI (system B), 045 frysIan C) Paper ekctro- 
phorctic (pH 8) mobibty : I a that of adenosmc 5’.phosphate. UV absorption in water (pH 2.5): i_ 266. 
i, 237 mp 

This ma1er1al (VI; B = aderunc9. 8’ = cytosincl) wu unrffcctal by treatment with pancreatr riho- 
nuclcasc ” However m the prcscna of Crorolw adawu~nrw snake venom phosphodicstensc. II wu com- 
plc~ely degrrdul IO adenosinc 5’. and cy~dmc S’phosphata [R,‘s (system C): 052 and 640, respectively]. 
This was conlimed by paper clccIrophomis (pH 8). 

CyridylyliS * 3’kwidiw 5’-phosphutr [pCrpc] (VI; B = urocff-I. 8’ = cyrosinc?-I) 
A soln of We (B - uracil-I. B’ - cytosmtl) [pyridiaium nh from MO O.D. units (at 265 mu) of NH; 

sah. 0015 mmok (basal on c,,, = 19.000)] m pyridinc (3 ml) was treated wirb Ac,O (003 ml) at 20’. and 
the products worked up as described in the preparation of pApC The Hxtylated matrml ((Ml2 g) was 
obtained as a pale yellow powder following the dropwir addrtion of rts anbyd pyridinc (1 ml) soln to erher 
(15 ml). ‘f&s mateM was dissolved in N-NaOH (025 mlf and allowed IO stand a: 20’ for 30 JCC 0n1y’~ 

before the addition dan excess d Dowex-50 (pyridinium form) min. 7%~ min was removed by fittratlon 

and washed with 20”/. aqueous pyridinc (3 x 5 ml). The combined filtrate and washings wen conantratcd 

underreduad preubclow 3O”.mdfinrlly lyophilircd ~oy~~klanarlycolourlcsspowdcr. R,(systcm B)ORO. 

UV l bsorpttoa m water (pH 7): &.,, 253. 300 mu 
The latter mnterUl was dried by evaporauon from anhyd pyridinc (4 x 5 ml) soln, dissolved UI pyridmc 

(1.5 ml) and treated with an anhyd pyridinc soln of pyridinium B-cyanocthyl phosphate’ (0031 mmok. 
from 0018 Ba s&L DCC (0068 & 032 mmok) and anbyd Dowtx-50 (pyridmium form, IX25 g) resin m a 
se&cl vessel a1 20‘ for 3 days The products wcm worked up(incl~in8ammon~al tratmcnt) in the manner 
dcscrtbal rbow(sm preparation ofpUpU) Paper elcctrophomis(pH 8) revealal a principal UV*lbsorbmg 
component with 095 the mobility d cytidinc 5’-phosphate. and IWO minor components with relative 

mohihttcs (also with mpcct IO cytidinc 5’-phosphate) d033 and 1.25. Paper chromatognphy (system Bl 
revealed a principal component (R, @37; ca. 80%) and two minor components (R,‘s 008.070; each ca. 
lOOi,. 

A soin of the products was applied toa Dowa 1 x 2 (Cl - form) anioncxchangc column (3 cm x 1.2 cm’) 
which was washed thoroughly with water snd then clutcd in turn with so0 ml each of (a) 0001 N-. (bl 
05 N- rnd (cl Oil1 N-HCl. 3%~ elua~c from (b) contained UpC (45 O.D. untts af 265 mu). and the clua?e 
from (c) contamal rhc daurd VI (B - uracil-I. 8’ - cytosintl) [I70 O.D. units a1 265 m& Q 60% 
(bad on cl@, = 19.000)]. Flu IaIta material was isolated by the prccipiIation technique described above. 
as II colourlcss Li salt; yield WI #. R; 014 (system A). 02) (system CT) Ekctrophorctic mobility (pH 8): 
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097 that of urtdtne S’-phosphate; 096 Um dpUpU. UV l bsorptmtt m waler: at pH 2 &_ 270. &, 237 mu; 

at pH 7. &, 266. &,. 235 m)r 

pUpC was quantitatively converted by pancreattc ribonuclease’* inlo IWO products one of which 

[R, 066 (sys~an C)] cormponded to cytidtne. The other product [R, 024 (system C)] was identical 

to the nuckotidic product obtained by digesting pUpU with pancreatic ribonuckasc (see above). 

2’-Qrerrohydrop)lonyf~~y~y(~3. + ~‘~2-O-r*rahydrop)70ny/uridyfy/~~ - 5’)-2’.3’-O-nurhoxymcrhyl- 

ldrneurldtnt (Xla) 
The pyridinium salts of Vlla’ (B = B’ = uractl-I) [from I500 O.D. umts of NH; salt. 0075 mmok 

(based on cr*c = 20.000)] and Xa (R - Ac, R’ - H) [from 004 g d NH; salt. 075 mmok] urn dried 

by cvaporatton from anhyd pyridme (4 x IO ml)soln. and dtssolval m DMF(2 ml)and pyrtdme (6ml) DCC 

(0 I55 & 075 mmok) and anhyd Dowex-50 (pyridinmm form. OS 8)” were added, and the scaled reactton 

mtxturc starred at 20‘. After 24 hr. a further quantity d the mononuckottdc (from 02 g of NH; ~~11. 

0038 mmolc) was added and the reaction allowed to continue. After a further 48 hr. water (IO ml) was added 

and the reaction mixture stirred II 20’ for 6 hr. The products were then extracted with peg ether (b.p. 

W. IO ml). the aqueous layer filtered treated with aqueous tetraethylammontum hydroxide (I.7N. 

005 ml) and concentrated (to ca. 2 ml) under reduced press below 30”. Aqueous methanolic (I : I. v!v) 
tctraethylanunonuun hydroxide (2 ml) of 0.8M. ca. I.5 mmoks) was added and the soln allowed to stand at 

20‘ for 16 hr before II was ncutraltxed by the addition of an excess of Dowex-50 (pyridinium form) restn. 

The restn was removed by tiltration. washed wtth water. and the filtrate and washmgs combmed Paper 

chromatography (system B) revealed a principal UV-absorbtng component* (R, 074). and two minor 

components (R,‘s 055. @86). 

The soln of products was apphed to a column (68 cm x 4 5 cm’) of DEAE-cellulose (HCG, form) 
whtch was washed wttb 0002M tncthylammontutn btcarbonate buffer (pH 7.5) unttl the cluate no longer 

absorbed ut rhe UV. The column was then elukd with trtcthylammontum biarbonate bufkr (pH 7.5. 

linear gradient from 00242M over 2 I). 25 MI fractions were collated fractions 2tS31 (see below) 

[average buffer concmtration co 04I6M] contained a marenal (1710 O.D. untu) with ckctropboretic 

mobility (pH 8) 033 thar of uridine 5’-phosphate; fractions 33-41 (average buffer conantrattott a. @09M) 
contained mamly 2’-Otetrahydropyranyluridinc 3’-phosphate (290 O.D. untts; paper ckctrophoretic 

mobility @93 that of uridtne 5’-phosphate); fractions 42 53 (averagc buffer concentration a @12M) 

contained the desired parttally-protected UpCpU Xla [I980 0 D. units yield 57’/, (based on cs,,, = 

30.000), ckctrophoretic mobility (pH 8) 055 rhat d uridine 5’-phosphate]; fractions 54 59 (average buffer 

concentration 014M. I40 O.D. units) contained the parttally-protected UpUpU. contaminated with an 

ckctrophoretically (pH 8) more mobik product. 

Fractions 42-53 were concentrated JUSI to dryness (under reduced press below 30’). redtilved in 

01 M aqueous NH, (5 ml) and lyophtlued The ammomum salt of the parttally-protected UpUpU (Xla) 

(0064 g) was isolated as a colourkss ppt by adding an anhyd soln d it ut pyndtne to ctber (see above). 

UV absorpttott tn water (pH 7): i_ 262 mu R,: 037t (system Al 068t (system B). Ekctropborettc 

mobtlity (pH 8): 093 that d UpUpU. @55 that of uridine 5’-phosphate. 

Fractions 2@3l were sunilarly concentrated. ~ruted with aqueous NH, and lyophihxui. Some d this 

product was dissolved tn 604 AcGH and the soln allowed IO stand PI 20” for 6 hr. Paper chromatography 

(systems A and B) and clatrophorats (pH 8) d rhe hydrolysate revealed approximately equal quantities 

d two components which corresponded” to Up and UpU. 

Uridvlyld3’ + S’Widylyl43’ + 5’)widine [UpUpU] (Xlla) 

(a) An aqueous soln of the above parttally-protected UpUpU (Xla) l I80 0 D untts) was adjusted IO 

pH 8 and applied to a column (5.5cm Y 3 cm’) of Dowex-I x 2 (Cl- form1 amontxchange resm. 

which was washed wtth waler (500 ml) and then successively elutal (withm ca 20 hr) wttb: (a) OOIN HCI 

(5OOml).(b)WIlN HCI + OOlM L1Cl(5OOml)and(c)OOlN HCI + @IM LiCl(lOUIml) 25 Mlfractrons 

were collected; those fractions cootaining UV-absorbing material clutod with soln (c) were combined 

(I50 O.D. untts at 262 mu). adjusted to pH 7 with N LiOH. and then concentrated (under reduobd press 

l This aurerial is probably a mixture d the desired partially-protected UpUpU and starting material 

(i.e partially-protected Upu). The latter has R, (system B) @74. 

t A slight impurity (not > 5 7;) with R, 048 (system A). 078 (system B) was detated in this material. 





2548 B. E. Gmrt~s and C. B. REL;SP 

(700 O.D. unirs) of NH; salt. 0046 mmok (hued on crs,, - lS.OOO)]. DCC (DOS5 g 04 mmok). l nbyd 

Dowex-50 (pyridinium form. ca 0025 g) rosin,” pyridine (3 ml) and DMF (I ml) were stir& logether in 

a sealed flask at 20’ After 24 hr. more d the above dinucleostde phosphate compoocnt (from 0017 g of 

tricthylammontum salt. 002 mmok) was added. the flask KC-sealed and the reaction allowed to continue 

for a further 48 hr. Water (5 ml) was added and the reaction mtxture stirred at 20’ for 10 hr. The products 

were then extracted with peg ether (b.p. 4@060’, 2 LI 5 ml), the aqueous layer filtered, treated with aqueous 

tetnnhylammontum hydroxide (1.7N. 004 ml) and concentrated (to CL 1 ml) under reduced press below 

30 Aqueous methanolr (I : I. v,%) tetraethylammonium hydroxide (02 ml d @gM) was added. and the 

soln allowed to stand at 2Cr for 16 hr before it was neutralized by the addition d an excess d Dowcx-50 

(pyridinium form) resin The mm was removed by liltration. washed with water. and the filtrate and 

washings combmal. Paper ckctrophoresis (pH 8) showed a major UV-absorbing component with a 

mobility 044 that of adenosme 3’.phosphate. some unchangal partially-protected ApU. and a more mobtk 

tma component. 

The soln d products was applied IO a column (50 cm x 3 cm’) of DEAEallulose (HCO, form), 

whtch was washed wnh Q002M tricthylnmmonium bicarbonate buffer (pH 7.5) until rbe &rate no lonp 

absorbed in the UV. The column was then clutal with triethylammonium bicarbonate buffer (pH 7.5. 

hnau gradient from 0002+2M over 2 I.) 25 MI fractrons were collected fractions 2329 (average buffer 

conantratton ca 006M) contamed unchanged partrally-protected ApU (200 0 D. untts at 260 mu). 

fracttons 5864 (average buffer concentratron ca. 015M) contamed the dearred partially-protected ApApU 

(Xlc) [855 O.D. units 54ye (based on caaO = 40.000)] 

The latter fractions were evaporated (under reduced press below 30’) /ua to dryncu redtuolved in 

water and then lyophtlixed to give a colourkss powder. Paper elcctrophoresis (pH 8) showed a main 

UV-absorbtng component (a. 95:;) with mobility 040 that d adenosme 3’-phosphate. contaminated 

wnh a more mobik ma~enal (ca 5”;) R, d partially-protected ApApU: 075 (sys~an A). 047 (system B). 

Adenylyl~3 - 5%admylyl-0 - 5’~wrdinc [ApApU] (Xllc) 

Parttally-protected ApApU (XIc) (ca. 420 O.D. untts) was dtssolved tn water (ca 5 ml) and the pH 

adjusted to 2 (pH meter) by the l ddttion of dtl HCI. After II had slood at 20’ for 6 hr. the soln was ncutra- 

lired (to pH 7.5) wtth dtl aqueous NH, and lyophilized. 

A soln d thts maternal was apphed to a column (40 cm x 3 cm’) of DEAEullulose (HCO; form), 

which was clutal with triethylammoniurn bxarbonate bulk (pH 7-5. hncar gradrent from 002M over 

2 I.). 25 MI fmcttons were collected: fractions 52 56 (avcragc huger conantmtion a. 014M) and fractions 

60 66 (average buffer conantmtion u @16M) contamal UV-absorbing material. Fmcttons 6066. which 

contained most of the UV-absorbing material. were combuud and lyophilixed IO give ApAplJ (Xllc) as 

a colourlcss sold R,: 014 (system A). Q40 (system CJ; ekctrophoretic mobihty (pH 8) 050 that of 

adcnosmc S’phosphatc. UV absorptton m water (pH 7): i,, 260. I, 233 mu. 

A portion of Xllc was completely degraded In rhe presena d Croralur udomanmu snake venom phos- 

phodiestemse IO approxrmatcly equrmolar amounts of urtdme 5’phosphate [R, (system 0 @Ml. 

adcnosinc 5’sphosphate [U, (system C) 0571. and adenosme (R, (system C) @WI]. Paper ckctrophorais 

(OIM NoOAc bullcr. pH 4.5) revealed a cattonic component corrapondmg IO adenosme. and two aniomc 

components corresponding to adcnosme 5’. and urrdme S.-phosphates. 
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