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busd-5-Et.hynyluridine S’diplmsphatc has been syntkskied from 5-ethynyluridine under cardully 
controlled amditions to prevent any reaction with the ethynyl group. The compound is a substrate for 
polynuclcotide pllosphorylase from Mi fu&Iuandhasbeenpolymcrkcdtogivepoly(5- 
ethynylddylic acid). Tbe polymer has a stable wxaxhry strudlae with a T,,, of 76” e by a 
16% hypedromicity in solutions of high ionic strength ad forms a 1: 1 complex with poly(A) witb a 
T,of780.~~~~nc+oftheethynyigroupintheWrimidinerineca~thepolymertohave 
andtoformmuchmorestablesecondawshucbeathantbe cQmqonding llnslhtihlted polynuc- 
leotide polyo. 

Many 5-substituted urads have recently been 
syntlksed, the deoxymrcleosides of which have 
been shown to have antiviral or antitumour 
properties.1-3 Many homopolyribomrcleot have 
also been synthesised by the action of polynuc- 
leotide phosphorylase on the corresponding S- 
substituted uridine S-diphosphate and these have 
often been shown to interact with polyadenylic acid 
to give double or triple stranded structures posses- 
sing a wide range of stabilities depending upon the 
nature of the S-substitueht. In particular poly(S- 
methyhuidylic acid) and poly(S-ethyhuidylic acid) 
form more stable complexes with ~lyadenylic acid 
than does polyuridylic acid itself. We have previ- 
ously reported attempts to synthesise poly(5- 
acetyhrridylic acid) but the nuckoside 5’- 
diphosphate was not a substrate for the polymetix- 
ing enxyme.5 Double-stranded homopolymrcleotide 
complexes are known to induce interferon and it 
appearsthatthereisa minimum stability required 
for the secondary struchue, below which no in- 
terferon iis produced6 and as several 5-alkylated 
uracil-containing polynucleotidcs form very stable 
complexes with polyadenylic acid, it was decided to 
attempt the synthesis of poly(S-ethynyl~ylic 
acid). 

The W absorption spechum of Scthynyhuidine 
(2) A, 290 mn, e 10,700 at pH 7) is very ditkrent 
from that of 5-methyhuidine (ribothymidine) or 
S-ethyhrridine which indicates that there must 
be considerable delocalizatton of the ~-electrons 
from the triple bond into the 7r-syatem of the 
aromatic ring, making the properties of such a 
polymer likely to be of particuk interest. X-ray 
analysisofthecrystalstructure of the deoxymz- 
looside also yields evidence for conjugation be- 
tween the C(5)4(6) double bond and the ethynyl 
8roW9 

The deoxyn~eoside of 5ethynyluracil (1) has 
been shown to possess activity against leukaemia 
cells’ and also to show activity againtst herpes virus’ 
and although attempts to get the base to replace 

thymim residues in DNA have so far failed, X-ray 
studies of the crystalline g4eoxynucleoside have 
shown that the overall shape of the molecule is very 
similartothatofthymineandislilrelytobeableto 
be accommodated in a polynudeotide structure9 

Homopolyntieotides have also been shown to 
possess antiviral activity against RNA-containing 
viruses (enoephalom~ WC] virus) under 
conditkms in which no interferon production could 
be expected or was detected. It is thought that the 
homopolymzleotides mimic similar tracts which 
occur in the virion RNA or its complement in the 
minus strand and interfere with the process of virus 
replication. lo 

Duetotheeasewithwhichtheethynylgroupis 
hydrated under mild acidic conditions,” it was 
necessary to avoid such amditiom during the prep- 
aration of 54hynyhkdine 5’4iphosphate. The 
syntheaiii of the ninuckoside (2) has already been 
reported.‘2 

Some preliminaq experiments were performed 
to investigate the possiiility of using a wheat shoot 
phosphotransferase13 for the preparation of tbe 5’- 
monophosphate in order to avoid the rather drastic 
condition8 that are usually present at some stage 
during most chemical phosphorylation procedures. 
However, in our hands, Scthynyhuidine was a 
poorsubstratefortheenzymeandthemaximum 
phoqhoxylation achkved as estimated by tic was 
only16%.Thusitwasdeckledtousethephos- 
phorylating agent 2.2.2~trichloroethylphosphon~ 
morpholino chloridate, deacrii by Owen et al.” 
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This was selective for the Y-position and gave 
compound 3 in an isolated yield of 52%. The 
trichloroethyl group could be removed under mild 
non-acidic conditions1s to glve the morpholidate (4) 
which is the derivative required for the preparation 
of the S’diphosphate. 

Phosphorylation of this phosphomorpholidate 
was achieved using mono-&i-n-butylammonium) 
phosphate and ortho,phosphoric acid as descrii 
by Van Boom er al., ’ to give the diphosphate (s) 
which was purified by chromatography on DEAB- 
Cellulose to give a product (26% yield) which was 
shown to be homogeneous upon tic on 
polyethyleneimine @E&cellulose and silica, and 
had NMB and W spccha consistent with the 
required nucleoside Sdiphosphate. The low yield 
ofthispreparationcaninpartbeexplainedbythe 
presence of other nucleoside S-diphosphates in the 
final mixture These were separated in the ion- 
exchange chromatographic step and in particular. 
one of these products which was present in consid- 
erable quantities but which was not klentified, had 
a UV spechum consistent with the base moiety 
being a macil derivative bearing a saturated group- 
ing at the 5-position. 

5-Ethynyluridioe 5’diphosphate (5) was shown 
to act as a substrate for polynucleotide phosphoxyl- 
asefromA4ii Jutcup to give a yield of 
polymer of 56% in 5 h. Analysis on the ultracen- 
trifuge showed that the polymer was rather 
heterogeneous in size with an S, value in 0.05 M 
potassium phosphate buffer pH 7.0 containing 
O.lM NaCl of 5.2. Enxymatic digestion of the 
polymer with snake venom phosphodiesterase and 
with ribonuclease A confirmed the expected strut- 
tme for the polynucaeotide with the sole product in 
each case being 5cthynyluridine 5’-phosphate and 
5-ethynyluridine 2’-(3)-phosphate mspe&vely al- 
thoughthereactionwiththeformerenxymewas 
very slow. 

The UV absorption spe&um of poly(5- 
ethynyhnidylic a&l). A_ 288nm, (up lO,OOO), 
A& 252 nm in water at pH 7.0 was similar to that 
of the nucleoside 5&hy1tyluridine,~~ A._ 29Omn 
(e 10,700), A,,,u 253mn at pH 7.0. The hyper- 
chromidty obtained by enxymatic digestion of the 
polymrcleotide depended markedly on the ionic 
strength of the solution. At low ionic strength 
(0.02 M Tris-HCl pH 8.0) the hyper&mmicity was 
3.4% and at high ionic strength (0.15 A4 NaCl, 
0.015 M sodium citrate), the hyperdtromidty was 
17%. These figures agree well with those obtained 
by thermal denaturation (Pig. 1) which gave the 
anresponding tigure~ of 3.5% (low ionic strength, 
T,,, 34”) and 16% (high ionic strengh, T, 76”). The 
cormsponding llgures for polyuridylic acid 
IpolyO] are not measurable at low ionic strength 
(I’=-0o)and 18.5% (high ionic strength, T, 8.5“)” 
Poly(5-metbyluridylic acid)*” shows 50% hyper- 
chromicity (T=339 and poly(5-ethyluridylic acid) 
shows 30% hyperchromicity’ (T,--2”) in the 
presence of 1OmM Mg2’. 

It is clear that unlike poly(U), poly(5- 
methyluridylic acid) and poly(5cthyluridyhc acid), 
poly(5+thynyl~ylic acid) possesses an ordered 
structum even at low temperatures at low ionic 

Fig. 1. Demmination of T, of poly(5cthynyhrkIylic 
acid) in (a) 0.02M TrhiHCl (pH8.0) o-0. (b) in 

0.15 h4 N&l, 0.015 M dium citrate pH 6.7 x-x. 

strength or in the absence of magnesium ions and 
fornxasuucture with considerable stability at high 
ionic strength. This is presumably due to the in- 
creased delocalixation of electrons in the 
pyrimidine ring caused by the preaena of the un- 
saturated ethynyl grouping thus enabling the base 
residueatostackbetterinanorderedtertmrystruc- 
ture. 

The contin~us variation metlmd’9 was used to 
investigate the complexes formed between poly(5- 
ethynyhuidylic acid) and poly(adenylic acid). 

The results (Pii 2) show that poly(5- 
ethynyhuidylic acid) forms a helical complex with 
poly(A). Unlike the complex formed between 
poly0 and poly(A), no evidence for anything 

Fi 2. Ahsorbancc of mixtumr of poly(A) and pdy(S- 
ethynyhdyk acid) after 18h at 4” in 0.15M N&l, 

0.015 M sodium citrate pH 6.7. 
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carried out on Kit&gel 60 (70-120 mesh ASIf@ (type 
7734) (E. Merck A. G., W. Germany). The follow& 

B, ‘C 

Fig 3. Determinaticu of tbe T,,, of pcly(A). poly(S- 
ethynyluridybe acid) hybrid in 0.15M N&i, O.OlSM 

sodium citrate pH 6.7. 

other than a double-stranded structure couldbe 
found although the stability of this stmcture varied 
over a wide range depending upon the exact iwiC 
cmditions usedml Neutral or slightly alkaline 
conditions have to be used, particularly if the Solu- 
tion is to be heated for T, determination as the 
ethynyl group is particularly easily hydtolyscd to an 
acetylgroupwhichresultsinachangeintheUV 
absorption spectnrm of the polymtckotide and at 
certain wavelengths could be interpreted as a 
hyperchromic effect. 

The T, of the poly(A):poly(5-ethynyIuridylic 
acid) hybrid in 0.15 h4 NaCl, 0.015 M sodium tit- 
rate solution is 78” (Fig. 3) and dcmonstratcs a 
sharp cooperative melting profue under conditions 
which in an adjacent cuvcttc, poly(A):polyO 
(l:l)gaveaT,of5CJ”.Itappcarstohcnecessaryto 
have this control experiment performed under 
identical conditions of ionic strength and tctupcra- 
turc as the T, (and the stoichiometry) of 
poly(A):poly(U) hybrids is very dependent upon 
ionic strength and many d&rent values have been 
quoted although apparently some of the difIcrcnccs 
can be explained by assuming that the reaction 
mixtures had not reached cquilibritnn.z’ Under the 
conditions described here, no sign&ant change in 
hybrid formation was found over a period of 48 h. 

Thus the poly(A): poly(S&hynyluridyhc acid) 
hybrid is stable and thus potentially capable of 
inducing intcrfcron production. It has been also 
found that poly(5-cthynyluridylic acid) itself is an 
inhibitor of influenza virus tmnsmiptasc and these 
biological results will be rcportcd elsewhere. 

-AL 

NMRspectrawereteeordedat1OOMHxiu(CD&SG 
unlessotbenvbestatedlIcwaseaHiedoutonsilica8el 
(MN Kiu&el “R~ 
or pclyethyleaeimiue 
Nagel & Co.. W. Germany). Column autography 4 

cllromatography solvents were laled:~ (1) c&mfoml- 
methmmi (8:2): (2) umoan-2-ol-ammcuia (So. a o&J)_ 
water (7 :1_2);(3j i M 133; (4) 2-~hyb&&& acia- 
ammouia (So. g. 088)water (66 : 1: 33). . 

Mi lutau pdymdeo~ phosphorylase b- 
leeside dipbeaphate. polyuudeotkk? nudeotkiyltrausfer- 
ase, EC. 2.7.7.8) was obtaiued from P-L Biccbemieah 
Inc. Wisconsin, U.S.A. Veumu phesphcdimterase (E.C. 
3.1.4.1.) and pancreatic riit&ase A (EC. 2.7.7.16) 
were obtaiued from the Wathin@on Bieehemicai corpO_ 
ration. New Jersey, U.S.A. 

8.8.6-7Mtomethvk.wer of 5~vnvluridincphosphoro- . . . . . 
morphdidatc (3). &tbyuylur& -2 (439&l. 1.64 
mmol) was dissolved in pyrkbue (1Oml) and evapo- 
rated to dryueas (x2) to remove traces of water. lben 
to a solu of the nudeesi+, iu pyrid& &&8-t+ 
Chl~hmorpholmochloridate (676 mg 
2.13mmol)wasaddedandthesolnl~atroomtanpfor 
24 h. Then a further 250 m8 (0.82 mmcl) of phesphorylat- 
inga8entwasad&dandtherea&cnailowedtocontiuue 
for a further 2 days. Phespbate buffer (O.OSM, pH 7.0, 
15ml) was added aud after 3omin the mixture = 
evaporated te dryness The resulting oil was dkZ0lVed in 
cldorof~ (MOml), walshed with water. dried ad then 
addeddmpwiaetoauexcessofpetroleumetber(~) 
togiveapptofacndeproduct(829mg)esanoff-white 
solicl.Theproductwasfurtherpmifiedbydlromatog- 
raphy on silica 8el usin8 MeGHCHCl, (6 : 94) .a eluaut. 
Fmctioruamtaiuiu8thepureanupcuudwereanubbud 
and the pure product isolated as before by pre@itatb~ 
from chloroform witb petroleum ether to yieJd a 
cbromato8raphieally homogeneous product (silica. solvent 
1. JZ, 0.46) (468me. 52%) (Found C, 38.1; H, 4.0; N, 
812. ‘C,&IH,,N,O&P requirw~ C, 38.08; H, 4.19; N, 
8.32%): A__ 228 mu (a 7700) and 288 um .(e. 9208). 
h&¶ iiO= (8. 1900) in MeGH; 8 3.35 (1tiI.I. t& 
morpboliuo H’s and H-5’). 4.1 (1H. s, acetykuie H), 4.68 
(1H. d, -CH,CQ. J = 1 Hz). 4.66 (lH, d, --cH,CQ, 
J=lHx). 5.76 (1H. d, H-l’, J,,=SHx), 7.98 and 
794ppm (lH, 28, H-6 of diaster&@rs). 

s-EdlvnvlwidincDharohoromorohohdrru (4). Comnolmd 
3 (313 tug,- 0.56 &ol) -was dh&ed in pyrkline (814 ml). 
Zu (399me, 6.13 mmol) and aeetylacetoue (4.Ou& 
3.9mM) added and the mixture stirred v@rously for 
15min.1sThcreacdonwasmouitoredbytlconsilicain 
solvent1wbicbshmvedthatthereactionwasbytbistime 
aauplete. The Zu was removed by ffltration, wasbed with 
pyrkf&audthesolntakentcdryags.Tberesultin8oil 
wasdissolvuiiupyridmeaudtbeproductpmcipimtedby 
theadditionofanexcessofdietbyletber,colleetedby 
centrifu8ation,wasbedwithetberanddriedtogivea 
wbite pcwder from which traces of Zu ion3 were removed 
bypeasineasolnofthcproduddowaa~ex100(Na+) 
resin (Bio-Rad Laboratories). lbe product (3OOmg) was 
cbromato8raphically bomo~txi (silica. solvent 2, R, 
0.33) but was contamiuated with traces of iuoraanic ma- 
teliai and was used for the next step without furtlur 
ouritication. 8 3.29 (8H. m. moruboline Hs?. 4.04 (1H. 8. 
&yle& H), 5.76‘(1ti, d. H-i’. JIy=6k), 8.i8&& 
WI. % H-6). 

5-E&ynykuidine s-dtpharphcrtc (8). compo~ 4 
(700 m& 1.21 mmol) was sllspcaded in dlyd pyridiue 
and mixed witb a solu of moue (tri-n-b 
pbospbate=’ (O&ml. 3.63mmol) and 88% crthepbes- 
pbcrie acid (0.225 ml, 3.63 mmol) iu aubyd pyrkl&. The 
mixture was evarnnated to drvnms (X3) uuder reduced 
preasuretore&veMy~-ofwatera&tbenpy&ine 
(12ml)ad&danclthemixturesbakenfor1h.Tbeflask 
andamteutsweretbentramfetredtoadryatmospbere 



andafter48htkonsilkainso~nt2ofonPEI-ceIIuIose 
insoIvent3,ahnwedthatthereactkmwa#comp10te.The 
mixtumanrthenavaporatadtodlyms,aIItraa?sof 
pyrkIineremovedarMlthercsu&goiIdk8xoh&?dinwater 
(12 ml) amtain& 495 nlg (4.86 nnnol) of Iithium a&ate. 
The tiolution wa$-extract&l with ether, tbc aqueous layer 
adjusted to DH 11.0 with IiOH and the solution left at 0” 
f&lh.tiIithiumphosphatefomudwasremovedby 
centlifu@* the aobl m?uh&ed with Dowex sow 
H+),reducedinvdumeto5mlandappliedtoac&unn 
of D-52 CeIIukxe (3Oanx3an) * had been 
ple-equiIfhrated with 0.02M trieth~unl bicfubo- 
nate soIn DH 8.0. A linear gradient of 0.02M+0.3 h4 
trkthyIa@onium bicarbonate pH 8.0 in 4 1 total volume 
was lmed. pncrioas co&in& SuhynyIlJridim 5’- 
~we=poolcd, eqomtedtodrynessandre- 
peatedIyevq!xatedwithMeGHtoremovetraasof 
triethylammonium bicarbonate. A soln of the pyrophcs- 
phatew86thenpasseddownamlumnofDowex50W 
@la+) and the. eluate lyophilined to give the product 
(156% 26%). Tbs compound was c&matogra$icaJ$y 
horn- @EIe. solvent 3. R 0.13: aUuI- 
o6e, solvent 4; 4 0.38). L 288nm cd. ti), A& 
258 nm (6, 2.800) at pH 7.0; A_ 286 nm (6, 7600). &,, 
258nrn (4 2200) ‘at pH 12; 8 &O) 3.63 (1Ii. s, 
aoetyk& H), 4.30 (SH, m, H-S’, Hd’, H-3’, H-2’), 5.90 
(lH, d, H-l’, J,.,= 5 Hz). 8.15 ppm (lH, s, H-6). 

Poly&thynyZuddylic acid). Cmpoud 5 (29x&, 
0.059Imno~ 535 & units) were dimlolved in water 
(4mI) amtain@ Msa, (1OmM). EDTA (5mM) Tris- 
HQ (PH 9.0, 66mM) and M &&us polynudeotkk 
phoapm (20 units) and incubated at 37” for 6 h. The 
releaseofinorg&cphaaphatewasmonitored~andwas 
foundtoreachaplateauataround4O%inSh.Tbe 
reactionwasstoppedbytheadditionof9O%phenolsoIn 
(4mI)andthesdndeprotein&dinthe’usuaIway.~llx 
canbkd aqueous layer3 were dialymd exhaustively 
aesinst 0.02 M Trk+HCl DH 8.0 buffer at y to viekI a 
&u+m of polymer eta&g 300 Azlg units (56% yield, 

hypocbrormaty). The polynudeoti& was eluted 
h?Z!&l vohune of a Scphadex G-50 column and was 
stored frozen at -40”. When lyophilised. the resulting 
white powder wsll not @nbIe in aqueous sdutions or in 
dimetbyIfornuun&. 

ENymotrc die of pdy(edhynYhui&~ add). (1) 
PoIy(5W %&I) (0.5 & unitB) was incu- 
bated with snake venom phasphodiesterase (5 Irl of 
1 mg/ml solutiob) in TrikHCl bufler (PH 8.0, 0.02M. 
50 PI) at 37” for 21 h. Ekchuphoti end chromatog- 
raphy on silica in ao- 4 (R, 0.43) and on PEIseJIuIoae 
in solvent 3 (I?, 0.32) co&medthcsoleproducttobe 
S+shynyIuridine 5’qhasphate. The hyperdmnnicity 
ti was 3.4%. ‘Ibe enzymatic hydrolysis is very slow; 
under similar conditione, the hydroI@n of poly0 was 
compktein3Omin. 

(2) PoM5-ethynyIurkMic acid) (0.5 &U units) was 
incubated-with &&de&e A (2 ~1 of 1 mTrnl s&on) 
in 0.15M NaCI-O.015M sodium citrate buffer IDH 7.0. 
50 ILL) at 37” for 21 h. Chxunatography 88 ab&e con: 
6rmed that the sole product of d&&n was Scthynyl 
uridh~~ 2’(3’)-phosphate. The hyperchromicity shown was 
22% after21hwitha20% inaease being evident after 
12nlilw. 
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