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S-Kucleosides were prepared by the reaction of acylglycosyl halides and the anions of certain 8-niercaptu- 
purines and 6-mercaptopyrimidines. Among these, the adenosine analog 6-amino-8-(P-~-ribofuranosyl)thio- 
purine showed biological activity in the three test systems examined. I t  inhibited the in vitro growth of Escher- 
ichia coli by 50% a t  5 X M ,  and t,hat of leukemia L1210 and Ehrlich ascites at  1 and 3 X 10-4 M, re- 
spectively. Comparative studies carried out in the E. coli systems u-ith the S-nucleoside and v,-ith 8-mercapto- 
adenine and 8-mereaptoadenosine indicate that, in these cells, t'he S-glycoside linkage of the S-nucleoside re- 
mains intact. Further studies employing a partially purified preparation of adenosine deaminase revealed 
that the compound is not subject to deamination. An inhibition analysis showed that the inhibition of the 
growth of E .  coli by the adenine S-riboside is partially preventable by the natural pyrimidines and to a greater 
extent by aspartate, but not by purines. 

I\Iolecular models demonstrate the spatial similarity 
between 6-amino-8-(/3-~-ribofuranosy1)thiopurine (1) 
and adenosine (2) as well as between 6-(p-~-ribofurano- 
sy1)thiouracil (3) and uridine (4). It was therefore de- 
sirable to prepare these unknown ribofuranosyl X- 
nucleoside analogs (1 and 3) and to compare their 
biological activity with the activity of the correspond- 
ing 8-mercaptopurines or 6-mercaptopyrimidines. Such 
a comparison was of particular interest since the exis- 
tence of a mammalian thioglycosidase capable of cleav- 
ing certain 6-mercaptopurine thioglycosides has been 
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demoristrated. Several S-glucopyranoside aildogs and 
their acetylated derivatives have been prepared also 
and are included in the comparison. 

(1) This investigation was supported by  Public Health Service Research 
Grant No. CA-08109 from the National Cancer Institute and by  Grant T-436 
from the American Cancer Society. Reported before the Medicinal Chem- 
istry Division, 155th National Meeting of the American Chemical Society, 
San Francisco, Calif., April 1968, pio. X i &  

(2) (a) University of Utah. (b) Roswell Park Memorial Institute. 
( 3 )  I. Goodman, J. R. Fouts, E. Bresnick, R.  hfenegas, and G. H. Hitch- 

ings, Science, 130, 450 (1959). 

A number of thioglucopyranosides of various mer- 
capto-substituted aromatic heterocycles have been re- 
ported recently4 including those of 2-mercaptopyrimi- 
dine,5 4-niercaptopyrimidine,6 and 6-mercaptopur- 
ineS3s7 However no thioglycosides of the natural bases 
have so far been prepared and no D-ribofuranose S- 
glycosides have been described. 

Three general methods have in the past been used to 
prepare t hioglycosides of mercapto derivatives of S 
heterocycles:* (A) reaction of the anion of a thio- 
substituted base with a glycosyl halide, (B) reaction of 
a 1-thioglucose derivative with a halogen-substituted 
heterocycle, (C) reaction of a heavy metal salt of a 
mercapto-substituted base with a glycosyl halide. 
Several modifications of method A were used in this 
study as reported in the Experimental Section. Method 
B was eliminated from consideration, since nucleophilic 
replacement of the 8-halogen of purines8 or the 6- 
halogen of pyrimidinesg under anionic conditions re- 
quires severe conditions. Method C was investigated 
but the attempted use of Ag salts of 8-mercaptoadenine 
and 6-mercaptouracil gave little or no S-nucleoside 
as noted recently in the case of 6-mer~aptopurine.~ 

A pronounced hypsochromic shift mas observed 
between the uv  spectra of the thiopurine or tliiopy- 
rimidine and their respective S-glycosides (see Table 
I). This shift is parallel to that found in the S-methyl 
derivatives us. the mercapto heterocycle (see Table I) 
and serves as a convenient means of monitoring the 
S-glycosidation reaction. It is of interest that the 
attachment of an electronegatively inductive sugar 
produces, in most cases, a greater hypsochromic shift 
than does the methyl group. 

(4) See. for example, G. Wagner and 1). Heiler. . t r i . i i .  Phurni.. 299, 481 
(1966); G. Wagner and H. Frensei, i b i d . .  300, 421, 433 (1967); G. 
Wagner and D. Heller. ibid.. 299, 768 (1966); 300, 583 (1967); G. Tl-agner 
and R. Schmidt, ibid.. 298, 481 (1965); H. Zinner and K. Peseke, Chem. Ber., 
93, 3515 (1965); G. Wagner and H .  Pischel, Arch. Pharm., 296, ,556 (1963); 
P. Nuhn and G. Wagner, ibid., 301, 186 (1968). 

( 5 )  G. Wagner and F. Suss, Z .  Chem.. 6 ,  340 (1966); Chem. dbs tr . .  66, 
55673 (1967). 

(6) G. Wagner and F. Suss, Arch. Pharm.. 300, 1027 (1967). 
(5) I. Goodman. I,. Rake, and Q. H. Hitchings. . I .  Md. C h e m . ,  11, 516 

(1968). 
(8) R.  Ii. Robins in "Heterocyclic Compounds." Vol. 8, R.  C. Elder- 

field, Ed., John Wiley and Sons, Inc.. S e w  York, N. T., 1967, pp 284-288. 
(9) D. J. Brown, "The Pyrimidines," John JTiley and Sons, Inc., Serb- 

Tork, N. I-., 1962, pp 13. 205. 



Because of the method of s y n t h e ~ i s , ~ , ' ~  the /3 con- 
figuration was anticipated for all the #-nucleosides 
prepared in this work. The rimr peak corresponding 
to the ariomeric proton of the X-glucopyranosides \?ius 
split into a doublet with J 1 ~ , p  = 8-10 Hz. This cor- 
responds to a trans dinxiall' arrangement of H1!-Hs/ 
and confirms the 6 assignment for these compoundh. 
The couplings of the anomeric protons of the S-ribo- 
furanosides were of intermediate value arid the tentative 
assignment. of their configuration as /3 rests on the anal- 
ogous method of preparation and their negative optical 
rotation< 

The acylated S-glycosides were all characterized 
c~hemicxlly and evaluated in biological test systems 
Th(1 corresponding free S-nucleosides were obtained 
by :rlc+oholic SH3-catalyzed deucylation except for t he  
cytosiiie S-glucoside. Treatment of 6-(2,3,4,6-tetra- 
O-ac.etyl-~-u-glucopyrariosy1) thiocytosine (Ea) (Scheme 
I) with methanolic NHs at  room temperature led to 
c.xtensive decomposition arid liberation of &thio- 
ryto<iiie. Some cleavage of 6-(2,3,.i-tri-O-benzoyl-P- 
i,-riboiuraiiosylj thiouracil (14) was also observed in 
nlcoholic SH,. Compound 14 nas heat sensitive and 
TV:LS not obtained crystalline. The 6-thiopyrimidine 

(10) ( 11 f ' i i r t r ~  .I l r r ~  ( ' h e m  So, , 61, 3619 (152c4) 
I I )  I 0 1  di.< i i b > i o i i  of d i e  (onfiguration and Lonformation of ~3ranos ide5  

'RC H I Lrinieiix K h Iiullnig H J Rerstein, and IV G Solineider 
z h u i  SO, b0'18 (1058) 11 IJ Lemieux and J W Luwn C m  J Chem , 41, 
X8't llCl6X I< L Lerniaux and 'i R LIorgan z b d  , 45, 2205 (1965) 

S-nucleosideb also exhibited some light sensitivity cy- 
pecially when impure. With these exceptioiih, t 1 i r  

S-nucleosides prepared in this dudy were stable to 
rrcrystallizatioii, deblocliing, etc.. arid a l l  the purified 
s:imples rcm:tin pui c and colorlc~ f ter \e~7er:i 1 mo tit hs 
a t  room tenqmxture. 

Biological and Biochemical Effects.- 111  I le\\ ot t I > ( ,  
-patid similarit!, betn een the naturxl nucleositle- 
:ideno4iie arid 11 in(. :tiid their rrspectivr thiogl! eo- 
.itle,i 1 arid 3, it \ of iiiterwt to examine their biologi- 
c:d activity. Tk wtivity, i i .~  measured by illhibition 
of cell gro\r th .  1' biimmarized in Table 11. While tht. 
adenosine analo a quite effective irihibitur of t Iw 

adelllrle As-rlbclhc 
wherrns the uracil S-riboside \viis inhibitory only '11 

wiceiitr:ttions of 1-2 x 10-J .I/ 
elm ~ioiie of the other compo~i i t l s ,  
Is0 rrportecl in thii pnpc'r, sho\vetl 

:my significant iiihil)itory effect. 
Because of the niar1;ed seiisitivity oi 8. cwil t u  iii- 

hibition by A-S-€1 and to 1e:irii whether the activity ul 
this compound is exerted following its cleavage to tho 
h s r  aii:tlog, t\V(J relxtecl compounds, 8-thio:tdeninc 
(.1-S€€) : i i d  8-tliivatlt~iio,i11~~ (XI tSHj  ~vere cx:iminetl 
for 1,iological :irtivity I3oth of these a~ i i i l og~  inhiljiteti 
.jOc'; of thr. gro~vth  oi k'. toll  :it B cviiceritrtitioli 01 
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2 X 10-5 M ,  whereas they were quite inactive against 
the tumors. This difference in activity served as one 
indication that, in the cell, the S-glycoside linkage re- 
mains intact. This indication was confirmed by the 
observation that combinations of A-S-R with either 
A-SH or AR-SH produced the same extent of synergistic 
inhibition, whereas the effect of A-SH in combination 
with AR-SH was additive (Figure 1). This implies, 
of course, that the adenine S-riboside affects a t  least 

o , 2 ~  0.2 0.4 0.6 0.8 1.0 

COMPOUND B 

Figure 1.-Eff ects of combinations of adenine-8-8-ribose L4-S- 
R), 8-thioadenine (A-SH), 8-thioadenosine (AR-SH), and adeno- 
sine (AR) on the growth of E. coli in terms of fractional inhibitory 
concentrations [concentration of inhibitor present in the com- 
bination divided by concentration of inhibitor required to give the 
same degree of inhibition by itself: G. B. Elion, S. Singer, and 
G. H. Hitchings, J. Biol. Chem., 208, 477 (1954)l at 50% growth 
inhibition: 0, A-SH + AR-SH; A, AR-SH + A-S-R; A, 
8-SH + A-S-R; 0, AR + A-S-R. 

one metabolic site different from the ones acted upon 
by the 8-mercapto analogs, both of which appear to 
affect the same site. 

To gain some information concerning the metabolic 
site possibly affected by A-S-R, an inhibition analysis 
was performed. The results summarized in Table I11 

TABLE I11 
EFFECT OF PURIXES, PYRIMIDINES, A N D  ASPARTATE 

O N  THE INHIBITION OF THE GROWTH OF E. coli B Y  

8 - ( ~ - D - R I B O F ~ R . ~ N O S Y L ) T H I O A D E N I N E a  

Molar concn of 
8-(fl-D-ribofuranoysl) - 
thioadenine for 50% Metabolite (10-3 M )  added t o  

assay medium growth inhib 

None 5 . 0  x 10-6 
2'-Deoxycytidine 6 . 5  X 
2 '-Deoxyuridine 5 . 7  x 10-5 
Cytidine 4 .8  X 
Uridine 3 .2  X 10-5 
Thymidine 1 .0  x 10-5 
Cytosine 6 . 5  X 
Uracil 6 . 0  X 10+ 
Thymine 5 . 5  x 10-6 
Guanosine 5 . 2  x 10-6 
Xanthosine 5 . 2  x 10-6 
Adenosine (at  1 X M) 1 . 0  x 10- 
Inosine (at 1 X 10-7 M) 
Aspartic acid >10-3 

1 . 8  X 

(1 The assays were carried out in the synthetic medium of Gray 
and Tatum.20 The figures given are averages of two experi- 
ments, calculated by linear interpolation between experimentally 
determined values. 

show that the inhibition exerted by this compound can 
be reversed by various pyrimidines but not by purines. 
Indeed, adenosine and inosine enhance the A-S-R in- 
hibition about three- to fivefold when present a t  1 X 
10-7 M ,  a concentration a t  which they, themselves, 
are without effect. The inhibition of the growth of 
E. coli by A-S-R is, however, reversed most extensively 
by aspartic acid, an amino acid involved in the bio- 
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syrup which was dissolved in a minimum volume of CHC13 and 
applied to  a column (250 g) of silica gel packed in Et2O. The 
roliimii was developed with Et20 and all frartions having appreci- 
able abwrption at  280 mp aiid coninion tlc chromatography were 
pooled and evaporated to yield a white solid foam (1.88 g, 327,). 
A small sample of this material for analysis was passed through 
another ccilrimn as described above since attempted recrystalliza- 
t ion vair-eti tiecom~)ositiori as shown hy tlc. The amorphous 
solid, nip i5 -78" ,  wa.s dried in uucuo (€',Os) for 2 days a t  room 
temperatiire, [ a I z 4 ~  - 19" (C 1, DSIF). Anal. (C3,H2,;rrT20sS) 
C, H, S.  

6-(p-~-Ribofuranosyl)thiouracil (3).-To 150 ml of hIeOH 
presatiua1,ed with S I I 3  at  0' was added 1.4 g (0.0024 mol) of 
14. The resulting solution was sealed and allowed to stand 3 days 
a t  room temperature and then was evaporated to  dryness. The 
residue was treated with 50 ml of HsO and this was extracted with 
foiw 80-nil portions of CHCls. The aqueous phase was treated 
with Norii, filtered through a Celite pad, aiid evaporated t,o dry- 
ness. The residue was dissolved in a minimum volume of 
I':tOAv-n-PrOH-IIrO (4: 1:  2, upper phase) and applied to  a 
silica gel 150 g, pacaked in E t 2 0  and then washed with the above 
solvent) coliimii. The coliimn was eluted with the same solvent 
and fractions with appreciable absorption a t  275 mp were pooled 
and evaporated to give 0.13; g (207;) of white solid. This prod- 
iirt was rrybtaallized from EtOH and allowed to air dry for 4 days 
at  room temperature while protected from light, mp 119-120", 
[ u I ~ ~ D  -164O ( c  1, I)lIF). ilnal. (CgH12N206S.l.25HZO) C, H, 

6 4  2,3,4,6-Tetra-O-acetyl-~-~-glucopyranosy~)thiouraci~ ( 12b). 
-To a solution of 0.72 g (0.00.5 mol) of 6-mercaptoiiracil19 and 0.2 
g (0.003 mol) of NaOII in 15 ml of I120 was added 45 ml of JlezCO 
and 3.09 g (0.007.5 mol) of acetobromoglucose (6).lS The result- 
ing soliition wan stirred 20 hr a t  room temperature and then 
evaporated. The re:,iilting syriip was treated with 200 ml of 
CHC1, aiid this was washed with two 50-ml portion:, of H2O (NaC1 
added i o  separate emiilsion). The organic phase was dried 
(Sa2SOl),  filtered, and evaporated to a solid foam. This material 
was dissolved in a minimum volume of CHC13 and applied to a 
silica gel (50 g)  column packed in EtnO. Elution with Et20 and 
evaporation of pooled fractions gave 0.51 g (2275)  of white solid, 
mp 200-203'. Cry;tallization of this material from EtOH gave 
needles, mp 205-207', [ a ] %  -3.4" ( e  1, DAIF), iimr (DJISO-ds) 

6 4  ~-~-Glucopyranosyl)thiouraci~ (13).--To 100 nil of MeOH 
presatiirated with NH3 a t  -8" was added 0.08 g (0.00017 mol) of 
12b and the resiilting soliition was sealed and allowed to stand 
24 hr at room temperatiire. It was evaporat,ed, 100 ml of HyO 
was added to the residile, and this solution was extracted with 
foiir 200-ml portion-i of CIIc13. The aqiieoiis layer was evapo- 
rated and the residue was llized from EtOH to yield 0.043 g 
(840/;.) of product. Re lization of this material from 
hIeOfI-I520 gave needles, mp 159-161", [o!Iz4~ -08" (c 1, &o), 
nmr ( l ) l lSO-d~,  1 1 2 0 )  6 4.9 (d, 1, J = !l.O Hz, €11,). ilnal. 

6 4  2,3,4,6-Tetra-O-acetyl-p-~-glucopyranosy~)t~ocytos~ne 
(12a).-To a aohlt,ion of 0.96 g (0,0067 mol) of 6-mercapto- 
cytosine1Q and 0.83 g (0.006 mol) of K2C03 in 15 ml of HzO was 
added 30 ml of XlerCO followed by 3.06 g (0.0075 mol) of aceto- 
bromogllicose (6).18 The resulting solution was allowed to stand 
5 days at room temperatiwe and then wal: filt,ered and the filtrate 
was evaporated to dryness. The s > ~ n p y  residue was treated with 
50 ml of 1120 and then extrarted with three 100-ml portions of 
CHCla. The combined organic phase was dried (NaZSOI), 
filtered, and evaporated to dryness. This yellow solid was dis- 
solved in  a minimum volume of CHCl, and applied to a silica gel 

3, s. 

64.9 (d, 1, ,I = 9.5 Hz, HI,). - 4 n ~ l .  (Cl3HtZKd)jlS) C, H,  N. 

(CiaHidS207S) C, H, Ii. 

column (75 g, packed in Et20 and then washed with CHCh). 
The column was washed with 1 1. of CHCL and 1.5 1. of Et20 and 
these washes were disrarded. Elution with EtOAc followed by 
evaporation of t,he pooled fraction with appreciable absorption at 
290 mp gave 0.82 g (26cjC) of off-white solid. This product was 
recrystallized twice from EtOAc-hexane to give crystals, mp 
148' dec, when applied to a rapidly heating melting point appa- 
ratus preheated t o  140'; [ a I z 5 ~  -10" (c 1, DAZF), nmr 

C :  calcd, 45.66; found, 45.16; S :  calcd, 8.87; found, 8.:32. 
Assay of Antimicrobial Potency and Inhibition Analysis.- 

The synthetic medium of Gray and Tatumz0 was used for all 
growth assays involving E. coli. The assay technique i.s essen- 
tially that described previously.21 The assays were carried oiit. by 
placing 1-ml aliquots of the double-strength medium into 18 X 100 
mm culture tubes, and sterilizing them for 6 min at  121'. The 
thioglycosides, dissolved in water, were sterilized by filtration 
throiigh a Millipore (0.45 p )  filter, and 1-ml port,ions of the sterile 
solution were added to the tubes containing the autoclaved me- 
dium. When two compounds were assayed in combination, 0.5 
ml of each was added to the sterile medium. The inhibition 
analyses were performed by adding the metabolites listed in  
Table 111, at concentrations ranging from IOL3 to IO-'  .If, to  the 
growth mediiim containing the drug. 

The inoriila were prepared from cultures of the test organisms 
grown in  5 ml of the medium for 20 hr a t  :37". Following cen- 
trifugation and washing twice with isotonic saline, the cells were 
resuspended in enough saline to yield an optical density of 0.30 at  
470 mp as measured in a Beckman Model B spectrophotometer. 
-4 1-ml portion of this suspension containing approximately 1.5 x 
10' cells was diluted tenfold in saline, and 1 drop of this final 
dilution was placed in each assay tube. Incubation proceeded 
for 20 hr a t  37". All assays were carried out by shaking the 
cultures during incubation. The extent of growth was deter- 
mined by means of a Klet,t-Summerson photoelec-tric colorimeter 
using a red filter (640-700 mp). 

Assay of Antitumor Activity in Vitro.-The assay (if the anti- 
tumor effert of the S-nucleosides was carried out in essentially 
the same manner as described for t'he bacteria. The synthetic 
medium (R3lPI 1630) containing .5Yc calf seiiim was filter 
sterilized, at  were the analog soliit,ions. The inociilum wm 
prepared by centrifuging a portion of a stock spinner cdt ine and 
diluting the pellet with enough medium to give a viable cell m i n t  
of approximately 5 x l o 5  L1210 cells and :3 X 105 Ehrlich ascites 
cnells/ml of final assay niediiirn. The cultures were shaken gently 
at 37" for 2 days after which an additional 2 ml of medium 
containing the analog was added t o  earh tllbe. After fiirther 
incubation for 2 days, the niimber of viable cells wah determined 
with trypan blue. 

Susceptibility of A-S-R to Deamination.-Adenosine deamin- 
ase, type I, obtained from calf intestinal mucosa (Sigma Chemical 
Co., Lot 95 B-9022) was iised to determine whether A-S-R is 
sitbject to deamination. The enzyme was added to 1 ml of 0.05 
:1.f phosphate buffer, pH 7.3, containing 1 X lo-' d l  A-S-1I. 
Incubation proceeded for 20 min at  23" and the reaction was 
monitored at 282 and 270 mp with a Gilford Model 2000 recording 
spectrophotometer.22 The amount of enzyme used was 10, 100, 
and 2000 times that required to give approximately 50% deami- 
nation of 1 x 10-4 .\I adenosine/min. 

( ~ h 1 ~ 0 - d ~ )  6 4.9 (d, I, J = 9 H ~ ,  I-I~,) .   ai. 11: 

- 

(20) C .  H. Gray and E. L. Tatum, Proc. .VatZ. A c n d .  Sei. 
(1944). 

(21) .\. Rloch and C. Coutsogeorgopoulus, Biochemistry, 6 ,  3848 (1HfIA). 
(22) .\. Dlocli, RI. J. K o l h s ,  and J. 11. hl rCar thy .  J r . ,  .I. .Vd. C h e m . .  10, 

908 ( 1 9 6 i ) .  


