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A&rut - .,Reaction of propane - I .3 - disulpbonyl chloride with the appropriate 5’ - ammo - 5’. - deoxy- 
ribonuckosidc gave 5’ - deoxy - 5’ - (3 - s.ulphopropancsulphonylamino)thymidme (I), 5’ - deoxy - 5’ - 
(3 - sulphopropanesulphonylamino)uridinc (2). 5’ - deoxy - 5’ - (3 - sulphopropanaulphonyl- 
ammo)pdenosine (3). and (E) - 5 - (2 - bromovinyl) - 2’.5’ - dideoxy - 5’ - (3 - sulphopropanaulphonyl- 
amino)uridine (4). 

5’ - Deoxy - 5’ - p - sulphaminobcwmaulphonylammo~hynudinc (8) was obtatned by treatment of 
5’ - p - aminobenncnesulphonylamino - 5’ - deoxythymidine (IO) with SO,-ttiethylaminc. Thus reaction 
gave also some 5’ - p - ammobenzmuulphonylamino - 5’ - deoxy - 3’ - 0 - sulphothymidme (12). 
Compounds 2 and 3 were in&ive when tested for inhibitory activity agamst Ecoli RNA polymerase 
holoenzyme. Compounds 1 and 8 inhibited Ecdi DNA polymerase I noncompetitwely at relatwcly high 
concentrations. Compound 4 was wuhout sign&cant mhitntory acnvity against HSV-I DNA polymcrasc. 

Nucleoside Y&phosphates play a vital role in a wide 
range of metabolic processes including energy trans- 
fer and the biosynthesis of intermediates and macro- 
molecules. Many nuckoside analogues which act as 
antimctabolites (e.g. antiviral agents) exert their in- 
hibitory action by virtue of the fact that they can be 
converted in the cell into their neuckosidc 
Y&phosphates which are the actual anti- 
metabolites.“’ Nucleoside analogue Y-triphosphates 
themselves cannot be used, however, because of their 
inability to penetrate into cells. This disability also 
applies to analogues which contain modified phos- 
phate groups such as phosphorothioa& and phos- 
phonates.’ The present work was undertaken in order 
to obtain compounds which resemble the structure of 
nuckosidc S’triphosphates and which might pene- 
trate cells. Sulphonic acid and sulphamid derivatives 
of nuckosides are a group of such compounds. 
Mungall er ul.’ have prepared a number of 5’ - 
sulphamino - 5’ - deoxyribonuckosides and Shuman 
eI al.’ some 5’ - 0 - sulphamoylnuckosides. These 
inhibit the growth of some bacteria and Ll210 alls. 
The naturally-occurring antibiotic, nuckocidin is also 
a 5’ - 0 - sulphamoylnuckoside.‘” It is thought that 
these compounds act as analogues of nuckosidc 
5’-phosphates. 

To obtain similar compounds, but having struc- 
tural resemblance to nucleoside S’-triphosphates, nu- 
ckoside derivatives of structures 14 and 8 have been 
synthesised. 
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5’ - Amino - 5’ - deoxythymidine was treated with 
propane - I.3 - disulphonyl chloride under carefully 
controlled conditions and the product hydrolysed to 
give 5’ - (3 - sulphopropanesulphonylamino) - 5’ - 
deoxythymidine (1) as the sodium salt in 32% yield. 
The low yield was due to the possibility of side 
reactions, e.g. reaction of both sulphonyl chloride 
groups, reaction at the 3’-hydroxyl and decom- 
position of the sulphonyi chloride to a sulphenc.” 
The compound ran as a monoanion on paper electro- 
phoresis at pH 7.2 and the UV and NMR spectra 
were consistent with the assigned structure. Treat- 
ment with O.IM sodium hydroxide at room tem- 
perature for 24 h did not hydrolyse the compound; 
similar treatment with 0. I M hydrochloric acid gave a 
traa of thymmc. 

Reaction of propane - I.3 - disulphonyl chloride 
with the appropriate 5’ - amino - 5’ - deoxynucleoside 
gave 5’ - (3 - sulphopropanesulphonylamino) - 5’ - 
deoxyuridine (2) (22% yield), 5’ - (3 - sul- 
phopropanesulphonylamino) - 5’ - deoxyadenosine 
(3) and (E) - 5 - (2 - bromovinyl) - 2’ - 5’ - dideoxy- 
5’ - (3 - sulphopropanesulphonylamino)uridine (4). 
Only compound 2 was obtained in a crystalline, 
analytically pure state. However the NMR spectra, 
particularly the correspondence of the signals f?r the 
methylene protons of the side chain in the four 
compounds and the UV spectra (including extmction 
coefficients) showed that the impurities in the other 
compounds were very small and most probably inor- 
ganic salts. 

Although this method of preparing the 5’ - (3 - 
sulphopropanesulphonylamino)nucleosides is effec- 
tive, the yields are low, mainly due to the use of a 
difunctional reagent. As an alternative synthetic 
route 5’ - amino - 5’ - deoxythymidinc was treated 
with 3chloropropanesulphonyl chloride in pyridine 
to give 5’ - (3 - chloropropanesulphonylamino) - 5’ - 
deoxythymidine (5) in 45”~ yield. The relatively low 
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yield to that obtained with aromattc sulphonyl chlo- 
rides (tXL7qi) can be attributed to the instability of 
alkyl sulphonyl chlorides in the presence of basic 
solvents.” Treatment of 5 with sodium sulphite in 
bowling methanol gave two products; 5’ - (3 - sulpho- 
propancsulphonylamino) - 5’ - dcoxythymidine (I), 
identical IO that obtained by the previous route was 
isolated in so”~ yield and another product which 
crystalliscd from the reaction mixture. The NMR 
spectrum of this compound did not show a signal for 
the sulphonamidc resonance at about 67.4. This 
suggested that the compound was 5’ - deoxy - 5’ - N- 
(I.1 - dioxo - I.2 - thiazolidin - 2 - yl)thymidinc (6). 
This structure is consistent with the NMR spectrum 
and elcmcntal analysis. The compound is presumably 
formed by the intramolecular nucleophilic attack of 
the sulphonamide anion on the terminal carbon atom 
of the Y-side chain of 5. 
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Although this alternative route IO compound 1 gave 
no better yield than the first route, it did have the 
slight practical advantage of avoiding the unpleasant 
preparation of propane I ,3disulphonyl chloride 
from propane 1,3dithiol. However use of the pro- 
cedure in which sulphite was used was not applicable 
to the production of the (E) - 5 - (2 - bromo- 
vinyl)uracil derivative, 4; (E) - 5 - (2 - bromovinyl) - 
5’ - (3 - chloropropancsulphonylamino) - 2’,5’ - 
dideoxyuridine (7) was successfully obtained, but 
when this was treated with sodium sulphite a mixture 
of anionic products was obtained. These appear to 
have been formed by the attack of sulphitc on the 
bromovinyl side chain. This reaction has not been 
investigated further. 

In order to obtain compound 8, 5’ - amino - 5’ - 
dcoxythymidine was treated with gnitrobcnzene- 
sulphonyl chloride to give 5’ - dcoxy - 5’ - p - nitro- 
bcnr~ncsulphonylaminothymidine (9) in 74% yield.‘* 
This was reduced with sodium dithionite to give the 
corresponding amino compound (10) in 78% yield. 
An alternative synthesis of 10 was achieved by 
reacting 5’ - amino - 5’ - dcoxythymidine with 
p-acetamidobcnzenaulphonyl chloride to give p- 
acetamidobcnzcnesulphonylamino - 5’ - dcoxythy- 
midinc (11) in 68% yield. Hydrolysis of this with 
aqueous sodium hydroxide gave 10 in 79% yield. The 
structures of these compounds were established by 
elemental analysis and NMR and UV spectroscopy. 
Treatment of 10 with sulphur trioxidc-triethylamine 
in pyridinc gave three anionic compounds. These 
were separated by DEAE ccllulox ion exchange 
chromatography to give 5’ - dcoxy - 5’ - p - sulph- 
aminobcnzcncsulphonylaminothymidim (8) (I 1% 
yield). 5’ - p - aminobcnzcnes ulphonylamino - 5’ - 
deoxy - 3’ - 0 - sulphothymidine (12) (14% yield) and 
another compound which was probably a disul- 
phatcd prrxluct. 
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The N-sulphate (8) and the 0-sulphate (12) are 
readily distmguishcd by both chemical and spcc- 
troscopic techniques. The 0-sulphate gave a deep 
yellow colour when treated with 
dimethylaminobcnzaldehyde whereas the N-sulpha: 
did not. In the NMR spectrum of the N-sulphate the 
signal for the aromatic protons ortho to the sul- 
phamino group is shifted downfield by 0.57 ppm 
relative to the corresponding signal in the starting 
material (10). whereas the signal in the spectrum of 
the 0-sulphatc is not. This downfield shift is prc- 
dictcd from studies on N- and 0-sulphated amino- 
alcohols.” 

In the NMR spectrum of the 3’ - 0 - sulphatc the 
srgnals for the 2’ and 3’-protons were shifted 
downfield by 0. I9 and 0.48 ppm respectively relative 
to the starting material (10) whereas these signals in 
the N-sulphatc are the same as those in IO. These 
compounds were character&d by NMR and UV 
spectra, but the sulphatcs still contained traces of 
inorganic impurities. 

Tbcse results show that the sulphation of 10 was 
not specific for the amino group. This is in contrast 
to the situation with 5’ - amino - 5’ - dcoxythymidine’ 
and can be explained as being due to the relatively 
low nucleophilicity of the aromatic amino group in 
10. 

Compounds 2 and 3, which could he considered as 
analogucs of ribonucleoside triphosphatcs were 
tested for inhibitory action against Exoli RNA poly- 
merasc holocnzyrne and compounds I and 8, ana- 
logucs of dcoxyribonuckoside triphosphatcs were 
tested against Ecoli DNA polymerasc 1. The results 
(table) showed that the RNA polymera.. was not 
inhibited but the DNA polymcrasc was inhibited by 
relatively high concentrations of compounds 1 and 8. 
Studies of the kinetics of the inhibition by compound 
1 showed it to he noncompetitive so it appeared that 
the inhibition may be due to a non-specific dgacti- 
vation of the enzyme. 

The ability of (E) - 5 - (2 - bromovinyl) - 2’,5’ - 
didcoxy - 5’ - (3 - sulphopropancsulphonylamino) 
uridine (4) to inhibit herpes simplex virus type I DNA 
polymerasc has ban compared with the known in- 
hibitory activity of(E) - 5 - (2 - bromovinyl) - 2’ - 
deoxyuridine triphosphatc.” The latter inhibited the 
incorporation of dTTP into “activated” DNA by this 
enzyme with an lDIo value of 22 p M whereas com- 
pound 4 showed only loo/, inhibition at U)O/IM. 

These results show that although the analogucs 
prepared above have structural resemblances to nu- 
cleosidcs Y-triphosphata. they are poor analogucs in 



Synthats of some analogua of nuckosidc Y-triphosphatcs 429 

terms of their recognition of RNA and DNA poly- 
merascs. This could be due IO their lack of an acidic 
function in the position corresponding to the 
z-phosphorus atom and to an inability to complex 
with Mg?‘.6 

FJ(PEILIMPFTAL 

NMR spectra wcrc recorded at 100 MHz with (CD&SO 
as the solvent. TLC was carried out on silica gel (MN 
Kasclgcl GUV,,). column chromatography on ~ciscigcl 
60. XI-120 mah ASTM type 7734. reversed Dhasc chro- 
matography on Kasclgcl bb. 2?&XlO mesh AmhI type 
9385 pnztcd with n-c~adccylrilyl groups and ion ex- 
char@ chromatography on Whatman DEAE cellulose 32. 
For paper clcctrophoresis. Whatman No. 2 paper was used. 
All reactions were carried out under anhydrous conditions 
unless otherwise mdicatcd. 

Synrhesir q/ 5’ (3 - sulphopropawsulphonylmnino) - 5’ - 
deoxyrbonucLosi&s 

To dimcthylfonnamidc (DMF) cookd to 0“ (20 ml) there 
was added simultaneously and with stirring, 5’ - amino - 
5’ - dcoxynbonuckowdc (2.0mmole) and trkthylaminc 
(2.4 mmok) dlssolvcd in DMF (30 ml) and propane - I.3 - 
dlsulphonyl chlondc (2.4 mmole) dissolved in DMF (20 ml). 
When the ad&ton was complete (co IS min) the reaction 
mixture was stirred for a further IOmin and ti tri- 
cthylammc (0 5 g) in water (50 ml) was addcxi. After 24 h 
at room tcmpcraturc the mixture was evaporated under 
reduced pressure to give an oil whtch was dissolved m 0. IM 
triethylammonium bicarbonate (TEAB) (200 ml). The solu- 
tion was apphcd to a DEAE allulox column (4tX ml) and 
clutlon carried out with a TFAB gradient (0.01 -0. I SM). 
The fractions contamtng monoanionic nuckoside matcnal 
were pnlcd. cvaporatal to dryness and co-evaporated 
several tlmcs with water. The restdue was dissolved in water 
and pas& down a Dowex SOOW- x 8 Na ’ ion exchange 
column. The cluant was lyophilizrd to give the 5’ - (3 - 
sulphopropancsulphonylamtno) 5’ - dcoxyribont&osidc 
as a white sohd. The following compounds were obtained 
as their sodtum salts: 5 - Deoxy - 5’ - (3 - sul- 
phopropanesulphonylamtno)thymidinc) (I) (yield from 5’ - 
ammo - 5’ - dcoxythymidine,‘!.” 32”;). ;_ 268 nm (c 9400). 
i, 23Snm at pH 7.8; b I.80 (3H. s. CH,). 2.05 (4H. m, 
It-2’ and ~H~XIj~<H,). 2.57 (211. I. CH,.SQN). 3-19 
(4H m. H-S’ and CH,-SO, ) 3 R2 (IH. m. H-4’). 4.24 (IH, 
m. H-3’). 5.40(1~1. hd.OlI-3’).6.17(1~1.1, H-I’). 7.35(1~1, 
bd. SO,Nll). 7.62ppm (IH. s. H-6). 

5’ - Dcoxy 5’ (3 - sulphopropancsulphonylamino) 
utidmc (2) (yiekl from 5’ - ammo - 5’ - dcoxyuridinc.“.‘* 
22”,); (Found: C. 31.4; H, 4.20; N. 9.40; C,,H,iN,NaO,$, 
rcquircs C. 31.9; H. 4.00; N. 9.w~; j._ 261 nm (c. 9500). 
,.- 23 I nm at pH 7.8, &,,,. 262 nm (r. 7400). A;, 243 nm 
at p)I 17; 6 I.% (211. m. CH?Cfl,-CH, ). 2.56 (ZH, t, 
Clt,SO:N;). 3.19 (4H. m. CH,SO, and H-S’). 3.96 OH. m. 
H-4’. H-3’ and }I-2’). 5.3 (2H. bd. OH-2’ and OH-3’). 5.61 
(IH. d. It-J). 5 72 (IH. d. H-l’). 7.25 (IH. bd. SO,NH). 
7.70 (IH. d. H-6). Il.Znt~m (IH. bd. NH). 

5’ - &oxy - 5’ - (3’: su~phopropancs&honylamino) 

adcnosmc (3j (yield from 5’ - ami& - 5’ - deo;yad&osine.‘b 

IH”,); i.,, 257 nm (f. 13.700). j- 231 nm at pH I: d 2.0 

(2H. m. <tl,CH, CH,-). 2.62 (2H. t. CHSO,NL 3.20 
(411. m, H-S’ and-C?i>e, ). 4.15 i2H. m. H-3’ abd’jl-4’). 
6 79 (111. I. H-2’). 5.88 (IH. d. H-l’). X.18 (IH. I. H-2). 
X.33ppm (IH. s. H-8). 

(E) 5 - (2 - Bromovmyl) - 2’.5’ - didcoxy - 5’ - (3 - 
sulphopropanaulphonylammo)uridine (4) (yidd from 5’ - 
ammo (E) - 5 . (2 bromovinyl) - 2’.5’ - didcoxyundinc.” 

I So,) L,, 289 nm cc. 9.200) 251 nm (c. 13.900). a 267 nm 
al PH 7.2; 6 2.05 (4H. m. H-2’ and CH, Clj <IQ. 2.54 
(211. I. C~~,SO,N). 3.2 (4H. m. H-S’ and XIl\$O,-). 3.8 
(111.m.H-4’).4 lS(IH.m.H-3’). 5.3S(lH.m.OH-3’).6.10 
(IH. t. II-I’). 6.85 (111. d. vlnylic Hj. 7.25 (IH. t. SD,NH), 
7.28 (IH. d. vmyhc H). 7.48 ppm (IH. s. H-6). 

5’ - (3 - Chloropropwulphmy&vnbw) - 5’ - deoxy~hymidmc 

C% 
To a solution of 5’ - amino - 5’ - dcoxythymidinc (0.80 g. 

3.3 mmole) in pyridinc at J’ there was added with sttrring 

over 30&n. 3-chloropropanesttl~yl chloride (0.64 g. 
3.6 mmok) in 5 portions. The bon mixture was kept at 
5’ for I8 h and then water (I ml) addai. The solvent was 
then cvsporatd off under r&tad prasure and last traces 
of pyridim removed by maporation with water and then 
with ethanol. The resulting oil was chromatographcd on a 
column of silica gel (Ime). Elution of the column with 
dichloromethane-methanol (9.1) gave a white soled (0.47 g. 
41:: yidd) which was crystalliscd from ethyl aatatc to give 
5 m.p. 236.237 (Found: C. 41.1; H, 5.20; N. 11.3; S, 8.10; 
C,,H&lN,O,S requires C, 40.9; H, 5.28; N, 11.0; S, 8.40?,); 
A,. 236 nm (c. 9,900). J_ 235 nm In ethanol; d 1.8 (3H. s. 

cl,). 2.08 (3H. m. Cfiz C&CHI and H-2’). 3.15 (411. 
m. CHSO, and H-S’). 3.68 (2H. t. CICH,). 4.15 (IH. m. 
H-3’) j.25 ilH, d. Oti:3’), 6.i2 (IH. t. H-l’j. 7.35 (IH, W. 
SO,NH). 7.48 ppm (IH, s. H-6). 

Ac~ton o/ sodrwn xdphirr M 5’ - (3 - chloro- 
propanrsulphoaylamino) - 5’ - devxyrhymidine 

A soluuon of compound 5 (2OOmg. 0.52mmole) and 
sodium sulphitc (100 mg. 0.79 mmole) in methanol water 
(4: I) (IO ml) was boded under reflux for 3 h. The solution 
was then cvaporatcd to a small volume and kept at 5’ for 
about I8 h. The crystals which scparatcd were filtered otT, 
washcdulthwateranddriedtogiveS’-deoxy-S’-N-(I.1 
- dioxo - 1.2 - thiazolidtn - 2 - yl)thymidine (6) (50 mg), m.p. 
209, (Found: C. 44.9; H. 5.50; N. 12.4. C,,H,,N,O,S 
requires C, 45.2; H. 5.60; N. 12.Z;). &_, 266nm (6. 9.8CQ. 
& 234nm in ethanol. 6 I.84l (3H. s. CH,). 2.15 (4H. m. 
11.2’ and CH, <tJ,XH,). 3.20 (6H. m. H-S’. CH,NSO, 
andCH$O,N).~.8O(IH.m.H4’),4.l5(IH.m.H-3’),5.28 
(IH. d. OH-3’). 6.23 (IH. I, H-l’). 7.43 (IH. s. H-6). 

The combined filtrate and washmgs were concentrated to 
a small volume and then chromatographcd on a column of 
reversed phase silica. Ehttion with water and lyophilisation 
of the appropriate fraction of the eluate gave 5’ - dcoxy - 
5’ - (3 - sulphopropaneJulphonylamtno)thym~dinc (I) 
(95mg. m0 yield) which had identical UV and NMR 
spcara and wmilar mobility upon paper ckctrophorrvs to 
compound 1 obtained by the other route. 

(E) - 5 - (2 - Broma*tiyl) - 5’ - (3 - chloroprope - 
sadphonybuno) - 2’S’ - dideoxy~~idint (7) 

To a solution of 5’ - amino - (E) - 5 - (2 - bromovmyl)- 
2’.5’ - didcoxyuridmc (0.71 g. 2. I mmok) in pyridmc (20 ml) 
at Y’ there was addal mth stirring. 3chloro- 
propanaulphonyl chlonde (0.71 g, 4.Ommolc). The n~c- 
tton mixture was kept at 5’ for I8 h and then water (I ml) 
was added. The solvents were removed by evaporation and 
the rcsiduc chromatographcd on a column of wlica gel 
(80 g). Elution w?th &lo;oform methanol (I 7: 3) gave 17) 
(294 mg. m; yield). m.p. I21 I30 (d) (Found. C. 35.6; H. 
4.10; N, 8.90. C,,H,,BrCIN,O,S rqtnrcsC. 35.6; H. 4.10; N. 
8.w:); &, 2X7 nm (c. 10.6UO). 2SOnm (f. 13.300). & 
267 nm in ethanol; 6 2.1 (4H. m. H-2’ and C‘H,C’ij,CH,). 
3.2 (4H. m. 11-5’ and CH,SO,N). 3.7 (3H. m. H4’ and 
ClCH&. 4.2 (IH, m. H-3’). 5.35 (IH. d, OH-3’). 6.15 (IH. 
1. 11-I’). 6.XS(IH.d. vinyhc 11). 7.25(lH.d. vinylic tl). 7.35 
(IH. I. !XJNH), 7.82ppm (IH. s. H-6). 

S’ - Deoxy - 5’ - p - ni~rdmrervsvlphonylominorhymldirv 

(9P 
To a rapidly stirred, cooled solution of 5’ - amino - 5’ - 

deoxythymidinc (I.Og. 4.2 mmok) in pyridine (50ml). a 
solution of p-mtrobtntmaulphonyl chloride (0.99 g. 
4.5 mmok) In pyridine (30 ml) was added dropwise over 2 h. 
The reaction nuxture was kept at 5 for t8 h. methanol 
(2 ml) addal and the solvent removed under rcducad pros- 
sure Tnturation of the resulting oil with water (IO0 ml) gave 
a pale-brown solid. This was filtered off and crystalhscd 
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from ethanol to give pak-yellow crystals of (9) (I .3 I g, 747: 
yield). m.p. 178-~iWW(Fo~nd: C. 45.2; II. 4.30; N, 13.0: S; 
7.30. C,.H,.N.O.S muircs C. 45.1: H. 4.22: N. 13.1: S. 
7.52%); A_, 267 nm (i. 28.700). &_ 232 nm in ethanol; 6 
I 81 (3H. I. CH,). 2.06 (2H. m. H-2’). 2.88 (2H. m. H-5’). 
3.73(lH.m. H4’).4.1S(IH. m. H-3’). 5.28(lH.m,OH-3’). 
5.88 (2H. s. NH,). 6.10 (Iti. t. H-l’). 6.60 (2H. d. aromatic 
protons). 7.06 (4H. m. aromatic proIons. SO,NH and H-6). 
ll.ZSppm (IH. s, ,NH). 

5’ - p - Aaramidobenzncslphonylammo - 5’ - dcoxy- 
thymidinc (I I) 

A solution of paatamdobcnzncsulphonyl chloride 
(I .OS & 4 48 mmok) in pyndinc (40 ml) was addal dropwise 
with stimng 10 a solution of 5’ - amino - 5’ - dcoxythymidme 
(l.Og, 4.2 mmok) in pyridmc (lOOmI) aI 5”. Stirring was 
continued for a further hour and then the reactIon mixture 
was kept al 5 ’ for I8 h. Methanol (2 ml) was rhen added and 
the solvent moved under rcduozd pressure. The r&due 
was co-cvapratcd with ethanol and then chromatographed 
on a column of sihca gel (IXgg). Elution with 
chloroform ethanol (4: I) gave the rcquiral compound 
(I.25 g, 6lP, yidd) which was crys~alliscd from aqueous 
ethanol 10 give II m.p. 145. (Found: C. 47.4; H, 5.u); N. 
12.1. C,,HI:N,O,S rcquircs C. 47.4; H. 5.3; N. 12.39;); 1, 
262.5 nm (r. 28.000). J_ 229 nm in ethanol: 6 I.79 (3H, s, 
H-S’). 2.08 (SH. m, CH,CO and H-2’). 2 96 (ZH, m. H-5’). 
3.73 (IH, m. HA’). 4.14 (IH. m. H-3’). 5.23 (IH, d, OH-3’), 
6 I2 (IH. t. H-2’). 7.48 (ltt. s. H-6). 7.74 (SH. m. aroma[K: 
H and W,NH). 10.27 (IH. s, CONH). ll.23ppm (IH. s. 
NH). 

5’ - p - Amtnoben:tnesdphonyiamino - 5’ - dcoxyrhymkfine 

(10) 
(a) A solution of compound 9 (200 mg+ 0.47 mmok) and 

sodium dithionilc (SOOmg. 4.6mmok) in aqueous u so- 
dium hydoxide (20 ml) was boiled for I h. The solulion was 
cooled 10 room temperature. ncutraliscd (dilute HCl) and 
the soluuon evaporated 10 a small volume. Upon standing 
and cooling, cryualr were ronned. These wcrc filtered off 10 
gn 10 (172 mg. 780,; yield) m.p. 208-210’ (Found: C, 48.7; 
H. 5.40: N. 13.9; S. 8.0. C,&NIO,S rcquirn C, 48.5; H. 
5. IO; N. 14.1; S. 8.1%): i, 267 nm (c 28.700). &,, 232 nm 
in ethanol; 6 I.81 (311. I. CH,). 2.06 (2H. m. H-2’). 2.88 (2H, 
m. H-S’). 3.73 (IH. m. H-4’). 4.15 (IH. m. H-3’). 5.28 (IH. 
m. OH-3’). S.IuI (ZH, s. -NH,). 6.10 (IH. 1, H-l’), 6.60 (2H, 
d. aromaric H), 7.06 (4H. m. aromallc tl. SO,NH and H-6). 
II.25ppm (IH. s. .NH). 

(b) A solution of compound 1 I (220 mg, 0.50 mmok) in 
aqueous M sodium hydroxide (20ml) was boiled for 2.5 h. 
The cooled solulion was ncutrdlized (dilute HCI) and the 
rcsuhing precipiialc tillered otT and cr)stalised from aqctc 
ous ethanol 10 give a product which was idcnrical with that 
prepared by method (a) (yield 79”,). 

Reaction ofsulphsu trioxkie-trie:hylam& with com+mund 10 
A solution of compound 10 (23Omg. OS8mmok) and 

sulphur ~riotitriethylamine (90 mg. 0.65 mmol) in pyri- 
drnc (30 ml) was hcatbd a1 60” for 4 h, (paper daftrophoruis 
al pH 7.2 of a sampk of rhc mixture rtvcakd the prwcna 
of unchargai. mono-anionic and dianionic spa&s). The 
pyndinc was removed by evaporation under red& pru- 
sure and co-evaporation with wa(cI. The r&due was dis- 
solved m aqueous O.OlM triethylammoniuxn bicarbonate 
and applied to a DEAE cdlulose column (2 x 3Ocm) and 
dution carried out with a triahylammonium bicarbonate 
gradknC (0.01-o. ISM in 4 I.). 

The fine component dutcd was starting ~~MLIL 
compound IO. the second component was identified as 5’ - 
dcoxy - 5’ - p - sulphaminobcnzmautphonylaminothym- 
idine (8) (32 mg, II% yidd) (mobility on paper ekctro- 
phorcsis a( pH 7.2. 0.51 rdativc 10 lhymidine 
S’-Iriphosphatc): i, 258 nm (r, 19,700). &_ 228 nm in 
waler at pH 7.8; d I.81 (3H, s, CH,), 2.06 (2H. m. H-2’). 2.90 
(2H. m. h-5,). 3.74 (IH. m. H-Y). 4.15 (IH. m. H-3’). 6.10 
(I H. 1. H-I ‘). 7. I7 (2H. d. aromatic H mrra to sulDhamino 
&up) 7.57.ppm (jH,.m, H-6 and aromatic H ordo lo 
sulphammo group). The third cornponcn~ was identified 
as 5’ - p - amino bmzncsulphonylammo - 5’ - dcoxy - 3’ - 
0 - rulphothymidine (12) (50mg. 14% yidd) (mobility on 
paper ckctrophorrsls at pH 7.2, 0.50 t&live to thymidinc 
Y-phosphate); J_ 261 nm (r. 23,400). i._ 22s nm in water 
a( pH 7.8, d I.81 (3H. s. CH,). 2.2S(IH. m. H-2’). 2.92 (2H. 
m, H-S’), 4.00 (IH, m. H-4’). 4.63 (IH. m. H-3’). 5.88 (2H, 
s, NH& 6.03 (IH. 1. H-l’). 6.60 (2H. d, aromatic H o lo the 
amino group), 7.42 (2H. d, aromatic H m 10 the amino 
group). 7.61 ppm (IH, s. H-6). 

A fourth component was elu~al from the column. This 
had a mobilicy of 0.95 rrlarivc 10 thymidinc S’-tnphosphate 
upon paper clbctrophoresis at pH 7.2 and so was pn- 
rumably a disulphatcd product. 

Fn:yme inhibition SIU&S 

The Inhibitory actlvi&s of the synthetic analogues were 
measured by dctmnining the incorporation of radioactive 
labdlai nuckosidc rriphosphates into a polyId(A - T)] tern- 
plalc al various inhibitor concentrations. 

In the experiments with E&I RNA polymcrssc holo- 
enzyme the ma&on mixlure contained MgCI, (8mM). 
v&HC~. pH 8.0 (4OmM). KCI (2OOmM). dithiothntol 
(5mM). [“Cl UTP (0.5mM). [“Cl ATP (0.5mM). 
polyld(A -T)] (I OD,!ml). enzyme (21 /rgiml) and analoguc 
in the range I. 27.SmM. In the experiments with Exdi 

DNA oolvmrrasc I the rcactlon mixlure conlamai MRCI, 
(IO mh;o. ins-tiCI. ptt 7 5 (ItiM), dithiotirorol(2 m-M): 
d’lTP (0.4 mM). I”CtdATP 10.4mM). ooltid(A - Tll 
(I OD!r&, en&c i9.I’pgiml) ;nd analog& ii‘& ran; 
2.5-u) mM. The incubation was carried OUI at 37’ for 4 min. 
The plymcti material separated chrcmatographically and 

Table I. Inhib,tlon of cnzyma by nudcovde S’-tripbosphate analogues 
_ ._ _ _ _ -- --- -------- 

‘/: Inhibition of enzyme 
Concn of ----.---- 

analogue E.coii RNA &.cdi DNA 
Analogw (mM) polyma= polymcrasc I 

_ _ _ _ _ _ - _ _ _ _ - - - -. 

S’-Deoxy-S’_(3-sulphopropanaulphonyl- 5 0 
amino)undmc (2) 27.5 I5 

S’-Dcoxy-5’-(3-sulphopropancsulphonyl- 
2715 

0 - 

ammo)adcnosme (3) 0 - 

S’-Dcoxy-S’-(3-sulphopropanaulphonyl- 5 __ 0 
aminothymidmc (1) IO -_ 26 

20 82 
30 - 97 

S’-Deoxy-S’-p-sulphamlnoberu~- 3 - 32 
sulphonylaminolhynudine (8) I2 60 

_ _ _ _ _ _ __ __ _ _. _ _ __ _ - - .- -- .- 
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the radloactivrty determined by scintillation counring. The ‘H. S. Allaudeen. J. W. Kozarich. 1. R. &rtino and E. De. 
mulls (Tabk I) arc expnsscd as a pcromtagc dareax of Clcrq. Proc. Nor. Acod. Sci. U.S.A. 87, 2698 (1981). 
radmactive la&i in the polymer as compared to s!andard ‘H. S. Alla&en. M. S. Chcn. J. 1. L&. E. De Ckrcq and 
a5says carriai 0uI in the abacmx of lhc analoguc. ‘Ibc W. H. Prussoff. 1. Biol. Ckm. 1sI. 603 (1982). 
kinetics of the inhibitron of E.cdi DNA polymerasc I by 9. M. J. Burgm and F. E&&o. Ibid. W, 6889 (1979). 
compound I (IO mM) was invatigatul. Both K, and V, %. H. Jona md 1. G. MotTatt. 1. Am. chrm. Sot. %. 5337 
wcrc reduced thus showmg thaw the iohibition was oon (1968). 
compctmvc. ‘W. S. Mungall. L. J. Lcmmcn. K. L. lxmmcn. 1. K. 

Dethmcrs and L. L. Norlion. 1. Med. Chem. 21. 704 
(1978). 
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