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SUMWRSLWKk
Guanylyl- (3-5' ) -cytidine and guanylyl- (2'-5') -cytidine were synthesized

by an ing 5 '-7mirnarethloytritylguanosine and N, 2',3' -0-triacetylcytidine
5' -phosphate using dicyclohexylcarbodiimide. The reaction gave nearly quanti-
tative yield and the isasers were separated by ion-exchange chromatography
after renoving protecting groups. Similarly isarers of adenylyladenosine
wexe obtained fran N ,N ' , 2 ', 3 --tetrabenzcyladeosine 5' -phosphate and N,N'-,
5 '--tribenzoyladenosine using 2,4, 6-triiscpropylbenzenesulfcnyl chloride as

the nsing reagent in a yield of56%..

A ribcnucleoside ntncphosphate is the sirplest nxdel of ribopolynucleo-
tide. It is desirable to synthesize this oligoxucleotide in quantity fcr

chemical and physicochemical studies.. A specific synthesis of 3'-5' linked

riboolignucleotides using nucleoside 3'-phosphate has been established2 4

and a method of activation -of ribonucleoside 2 ' ,3'-cyclic phosphates5) to

yield a mixture of 2'-5' and 3'-5' internucleotide linkages has been used for
the synthesis of ribodinucleoside monohosphates68- Several approches for

the specific protction of the 2'-hydrol function of the ribose rmoiety have

been investigated9 l) -However, for the synhtesis of dinleoside nronophos-

phates the 2'- or 3'-hydroxyl groups can be linked to the 5'-phosphate, as

the isauers can be resolved by ion-exchange c matray. he present paper

describes a synthesis of dinucleoside ncpotes(III) (Chart I) starting
from nucleoside 5'-phosphates (II) and nucleosides having free 2' and 3'-

hydroxyl groups (I). Cytidine 5'-phcsphate was acetylated with acetic an-

hydride in pyridine to give N,2',3'-O-triacetylcytidine 5 '-phosphate(IIa) and
4,11)uridensed with 5' -O-m ethoxytritylguanosine (Ia) using dicyclohexyl-

cazbod(iimde(DCC) as the cndensing reagent. Essentially no starting materi-

als were detected by paper d tograpy in solvent A. The reactio nmixture
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was treated with amnia and then with 80% acetic- acid to rerve the pro-

tecting grotEs. An Ji c mixture of guanylylcytidinel(Va) whidi was iso-

lated by paper electrophoresis (Table I) gave two spots in paper chato-
12)

graphy in solvent C and 44% of the ture was sensitive to RNase St he

mixture was subjected to ion-exchange hoatgray to separate the 2'-5'

Chart I
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and 3'-5 ' linked isoners. The latter peak whici gave smaller RE value in

solvent C was identified as guanylyl-r(3'-5') -cytidine by the enzymatid hy-

drolysis. When 5'-O-nncmethoxytrityl-N-dimethylaminarethylene guanosie11)
was used instead of Ia, 49% of the iso imixture was hydrolyzed with. the

enzynne.

Similarly N,N' ,2' ,3'--tetrabenzoy ine 5'-piosphate(IIb) was al-

lowed to react with N,N' ,5' --tribenzyl ine (Ib) whidi was synthesized
~ ~ ~ ~ . 13)

from NN' ,5'-O-tribenz}2-2'et h yiedo i .2, 4,6-Tiiso-
14)propylbeneneulfcnyld'oride (¶PS) was used -as the dsing reagent.

After aqueous. yridine and am nia treatmrent the i hoshate

(IIIb), the pyrophosphate and the nmnucleotide were dtectd by paper elec-

trophoresis in the ratio of 56%, 16% and 28%, respectively neglecting hypo-

chranicity. The c mixture was digested with Mase N5) to effect

partial hydrolysis. The undigestable dinucleoside phosphate was hydrolyzed

by alkali cmrpletely. Ion- exdange of te mixture slxe al-

most equal amount of adenylyl-(2'-5')-adenosine and adenylyl-(3'-5')-adenosine.
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Table I. Paper Qiratograpy. and Paper Electrophores

Paper ,xvntography
bunpound Solvent Paper Electrophoresis

A B c p7

C 0.63 0

pC 0.12 0.32 0.80 1.00

G 0.44 0.27 0.05

Gp2' 0.09 0.46 1.04

Gp3l' 0.09 0.35 1.04

-G2'pC 0.13 0.35 0.33

G3'pC 0.13 0.18 0.33

A 0.58 0

pA 0.11 0.15 1.00

A2'pA 0.21 0.10 0.30

A3'pA 0.21 0.08 0.30

PC(OAc)2 0.68.

pAB2(CBz)2 0.73

h presentstudy swed that ribonucleoside 5'-phosphate are useful

starting materials for the synthesis of ribodinucleoside nunophosphates. The
vicinal hydroxyl groups- of the nucleoside were not protected because the de-

sired 3'-5' iscater could be separated from the 2'-5' isomer by ion-exdhange
dciatoay. The 5'-hydroxyl group, however, was protected to avid a

orplicaticn. The ami group of guanosine was protected in one case. The

results of the condensations with and without protection of the amino group
wexe alnDst the same. The Phosporamnidate formation seered not to be ex-

tensive under the condition used. The exact cnparison of the reactions using
DC and TPS was not investigated in the present study. DOC seened to acnplete
the reacticn nearly quantitatively. Trace of cytidine and guanylic acid were

detected in paper dizcmtography. This could indicate that triester formation

or direct cleavage betwen the 3'-phcsphate and the 5'-hydroxyl group occured
before or after the deprotection.

Ribcnucleoside 5'-phosphates can be protected in a single step and the

protection of the primay hydroxyl group of nucleosides provides a rather

sinple nethod for the synthesis of ribonucleoside ntrnophosphates.

325



Nucleic Acids Research

EXPEREMOAL

enera n Paper dhoatrat wag perfond by desding tec-

niqu using solvent system: A, isopropanol-ncntrated amnfnia-water (7:1:3,

v/v); B, ethanol-i M ammoniun acetate, EiS 7.5 (7:3, v/v); C, amnnium sulfate-

water-isopropanol (66:100:2, w/v/v). Paper eecti is was perfond

using 0.05 M triethy niubicarbonate at 900 V/40 an. Other g-eral

nethods are described previously16
RNase St] was generously provided by Dr. N. Yoshida. Ebr the hydroly-

sis of oligonucleotides (2 A260 units) the enzyne (10 Xg) was used in 0.1 M

Tris-HCl, pHi 7.4 at 370 for 4 hr.

Desalting of oligcnucleotides was carriedout using carcoal (for dcra-

tographyy, Wako Cb. Ltd.) and eluting nucleotides with 50% ethanol containin1

2% axnrnium hydroxide.

Pyridinium N,2', 3' -0-triacetylcytidine 5'-phosrate- Disodium cytidine

5'-phosphate (2 g, 4.27 nuoles) were dissolved in 10% pyridine (20 ml) aid

passed thro}gh a colmn (1.3 x 10 an) of pyridiniun Dwex 50X2 (100-200- nesh)

ion-exchange resin. The column was washed with 10% pyridine. The eluent and

washings were evaporated to dryness at 30° and the residue was coevaporated
with pyridine three tines. The anhydrous cooround was treated with acetic

anhydride (15 ml) in pyridine (50 ml) for 18 hr at 250 with stirring and

acetic anhydride was evaporated. The residue was dissolved in 50% pyridine

with cooling in an ice bath and the solution was concentrated after 2 at

room tebparature. _The residue was rendered anhydrous by ooevaporation of

pyridine and the anhydrous pyrine solution was added to ether with vigprous

stirring. The -precipitate was centrifuged and washed with ether three times.

The yield was nearly quantitative.
2

248 and 299 nm, t x 248 and 333

nm, I. Wx 249 and 301 mnu. -f values in paper do and mdbliities

in paper el resis are shcwn in Table I. This ion

about 10% of the pyrophosjhate (Rf 0. 80 in solvent B), which ould be used fior

the next crdensation reactikr.

N,N' ,2',3#-*-Tetraben la3a sin 5' -phosphate - EPyridinin- adenosine 5'-

phosphate (1 nuole) was coevaporated with pyridine and suspended in pyridine

(15 ml). Benzoylchloride (2.5 ml) was added in an ice bath and the mixture

was kept at room tenperature for 1 hr. The solutio was added to ice water

(50 ml) and extracted with chloroform (50 ml, 3 portions). The chlorofonn

layer was washed with water and evaporated. The residue was rendered an-
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hydrous with coevaporatin of pyridine and treated with acetic anhydride (5

nil) in pyridir2 (15 ml) for 24 hr at 25°. Acetic anhydride was evaporated

in vacuo and 50% pyxidine (15 ml) was added in an ice bath. Ihe solution was

kept at roan tenperature for 2 hr and evaporated to make anhydrous pyridine

solution. Cbevaporation with pyridine was repeated three tines and the

pyridine solution (5 mi) was added to ether (150 ml) with vigorous stirring.

The precipitate was centrifuged and washed with ether three tines and then

dried in a desicator over P205. The yield was 85%.

5 '-O noethoytritylgua sine4) --- The c pound was prepared from 5'-0--

ni r Xytrityl-N-dinethylandmncethylene guanosine11) by treating with a

laige excess of 15 N nethanolic ammDnia for 20 hr at 250.

N,N', 5' -O-Tribenzoyladenosine --- N,N',' -0-Tribenzoyl-2 ', 3' -ethoxymethyli-
13)deneaderiosine was treated with 80% acetic acid for 2 hr at 250 and acetic

acid was renDved vacun. The reside coevaporated aquus

and treated with 50% pyridine for 1 hr. Solvents were renved and the residue

was su!bjected to a silicic acid col'urm in chloroform and eluted with -chloro-

form containing increasing a t of nethanol. The overall yield-from 2',3'-

ethxnethylideneadencsine (2 nmoles) was 44%.

alylyl-(2'-5')-cytidine and guanylyl-(3'-')-cytidine --- Pyridinium N,2',

3'-0-triacetylcytidine 5'-phosphate(IIa) (1 nrrle) was dissolved in 50%

pyridine (10 ni) and passed through a colun (1 x 8 ca) of pyridinium Dowex

50X2. The eluent and washings were made anhydrous by coevaporation of

pyridine and the anhydrous pyridine solution (7 ml) was added to ether (200

ml). The precipitate was washed with ether and dried in vacuo over P205. Ihe

precipitated nucldotide(IIa) and 5'-0-niononethoxytritylguanosine (Ia) (610 nrg,

1 irnile) were coevaporated with pyridine three tines and the dry residue was

dissolved in pyridine (6 ml). The mixture was treated with DCC (5 mroles) for

48 hr at 30°. Water (5 ml) was added and the solution was kept for 12 hr at

300. Cyclohexylurea was renoved by filtration and the filtrate was extracted

with n-pentane. The solutin was concentrated and treated with 15.N netha-

nolic amnia (50 ml) for 16 hr at 300. bTe volatile materials were rextoved

by evaporation and the residue was treated with 80% acetic acid (50 ml) for 1

hr. Acetic acid was evaporated and the residue was dissolved in water and

extracted with ether. Paper dtatography and paper electrophoresis showed

mainly the dinucleoside phosphate. TIhe aqueous solution (200 ml) was adjusted

with ammnici to pH 8 and applied to a column (1.8 x 42 cm) of DIoex 1X2
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(fornete). lIhe colum was washed with water md eluted with a linear grali-

ent of formic acid. L1e mixing chanber cmtained water (2 1) and the reser-

voir ccntained 0.08 N formic acid (2 1). Ihe 2'-5' linked iscar was eluted

with 0.06 N formic acid and the 3'-5' linked iscner was eluted at the concen-

tration of 0.07 N. ¶he fonrer peak shoed higher Rf value in solvent C and

the latter peak was sensitive to RNase St. Guanylyl-(2'-5')-cytidine (10926

A260) and guanylyl- (3'-5) -cytidine (7925 A260) were isolated as anonium

salts after charcoal treatrnmt.

Adenylyl- (2'-5 ') -adenosine and adenylyl- (3'-5 ') -adenosine -- Pyridinium N,

N', 2',3'-O-tetrabenzoyladencsine 5'-phosphate (IIb, 0.83 mule) and N,N' ,5'-

O-tribenzoyladenosine (Ib, 0.80 nmle) were allowed to react with ¶SI (1.2

niroles) in anhydrous pyridine at room tenperature for 4 hr. Aqueous pyridine

(50%, 2 ml) and triethylamine (0.3 ml) were added in an ice bath. After 16

hr at room terprature 5% of the mixture was evaporated and treated with 15 N

nethanolic anmonia for 16 hr at 25°. An aliquot of the mixture was subjected

to paper electrooresis and- paper choxtography. Rf values are given in

Table I. The iscaeric mixture of adenylyladenosine (13.4 A260 units), adeno-

sine 5'-phosphate (4.4 A260 units) and the pyrcphosphate (3.8 .A260 units)

were detected by paper electrcphoresis. The anumria treated miLxtue (600A260

units) was desalted by charcoal treatnt and the recovered materials (450

A260 units) were applied to a colun (1.5 x 30 cm) of Dowex 1X8 (formate).

The column was washed with water and eluted with a linear gradient of salt

using 0.04 M (1.5 1) and 0.1 M (1.5 1) of anmnnium fonate. Ihe 2'-5' linked

i,somer (105 A260 units) was eluted with 0.07 M salt and the 3'-5' iscarer (96

A260 units) was eluted with 0.09 M salt.
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