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ease of acid or base hydrolysis of 6-(2-hydroxyethyl- 
thio) purine to hypoxa~ithine.’~ 

Biologic Data.-The c y t o t ~ x i c i t y ~ ~  of the analytical 
samples of these nucleotide derivatives to B B  and 
HEp-2 cells in culture and to a subline of HEp-2 cells 
resistant to 6-mercaptopurine (HEp-21 MP) is com- 
pared to that of 6-mercaptopurine in these lines 
(Table I). The acetylated derivatives of substituted 
phenyl esters of 6-mercaptopurine ribonucleotide ( 3 a 4  
arid 13 show only moderate cytotoxicity and the inosinic 
acid derivatives (7a, b) even less. The bis nucleoside 
phosphate 5,  the p-nitrophenyl ester 6, the cyclic phos- 
phate 10, and 6-methylthiopurine ribonucleotide (9) 
show the same order of cytotoxicity as &mercaptopurine. 
Furthermore, the HEp-2,OIP cell line is sensitive to 5 
and 6, but not to 10. The results with 5 and 6 are in 
agreement with those previously obtained with 5- 

(13) T. P. .Johnston, L. B. Holiim, and J. A .  Montgomery, J . S m .  Chem. 

(14) Cancer Chemotherapy Rept . ,  26, 57 (1962). 
Soc. ,  80, 6266 (1958). 

13 

fluorouridylyl-(5’+5’)-thioinosine5 and the mono- 
phenyl ester of 6-mercaptopurine ribonucleotide.6 The 
failure of the cyclic phosphate 10 to  affect the 6-1IP- 

TABLE I 
CYTOTOXICITY 
7- EDso. pmolesLa------ 

HEp-2/0 HEp-2,AII’ Compd KB 
3a 
3b 
3d 

6 
7a 
7b 
9 

10 
13 
6-1IP 

3 

43 
54 
43 

0 06 <1 G <1 6 
1 4  70  

>92 
92 

0 0 6  
1 6  >240 

1 2  0 76 2060 
64 >17 

The concentration of agent necessary to inhibit the growth 
of treated cells to 5070 of that of untreated control cells as deter- 
mined by a measure of total pr0tein.1~ 
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was evaporated to dryness in u " o ,  and the residue was dis- 
solved in Et,OFI. The ethanol solution was evaporated t,o dry- 
ness a i d  the white residiie was dissolved iii 50 nil of anhydrous 
pyridine. 

To t,his soliition was added 615 mg (1.90 mnioles) of 2',3'-0- 
isopropylidenethioiiiosiiie* followed hj- 1 .95 g (9.45 mmolesl of 
dicyclohexylcalbodiimide. The result iiig soliitioti was kept at 
room temperatiire with the exclusion of moistiue for 2 days. ,4f- 
ter the soliitioii v a s  diliited with 4 ml of H2O and allowed to sta11d 
for 1 hr at room temperatiire, the precipitate of 1,3-dicyclohexyl- 
iirea was removed by filtration. The filtrate w-as evaporated to 
dryness in uamo. A soliition of the residue in 30 ml of ROC.;. 
AcOIl (v/v)  ,wah heated in a 100' oil bath for 15 mill. The 
crystalline triphenylcarbinol that formed iipon cooliiig was re- 
moved by filtration. The filtrate was evaporated to dryness in 
z"xo .  The residue of 2'-deosy-5-fluorouridylyl-(3'-5')-2',3'- 
0-isopropylidenethioinosiiie was dissolved in 200 ml of H 2 0  and 
refliixed for 2.5 hr and then filtered. The filtrate was evaporated 
to  dryness in z'ucuo. The residue was dissolved in 25 ml of H20 
and placed on a coliimn (1.7#5 X 15 cm) of 1)owex 1-X2 (formate) 
resin. The column was eliited with increasiiig rtrengths of formic 
acid from 0.1 to 5.0 S. The prodiict was obtained with 2.5 -1- 
HCOrII. Evaporation of the HCOIH arid tritiiration of the 
residiie with EtOH produced a yellow solid: yield 38 mg ( 6 . 5 7 ) :  
Amax [in mp (e X pH 7-273 (9.43) and 323 (18.6)) 0.1 3' 
NaOtI-231 (19.1), 270 (7.7.5), and 311 (19.0): i (in em-I) 3400 
(broad) (OH), 170#5 (CEO), 159-5, 1540, 147.7 (C=C, C=K), 
10.50 (POC); XT,,, 0.70. The analytical sample was dried for 
20 hr at 78" (0.07 mm, P,Oa). 

Anal. Cakd  for CI,H&K6OIlPS. 1.5H20: C, 36.83; H, 4.07: 
P, 3.00. Found: C, 37.14: H, 4.42; P, 4.64. 

Reaction of 3'-0-trityl-2'-deoxy-~-fl~i(~roiiridylic acid with 2 
followed by removal of the blocking groups gave 5 in 6% yield. 

9-p-~-Ribofuranosyl-9~-purine-6( la)-thione 5'-p-Nitrophen- 
yl Phosphate (6).-To a suspension of 193 mg (0.28 mmole) 
of 9-( 2,3-di-0-acetyl-p-~-ribofuraiio~yl)-RH-puriiie-6( 1H)-thion e 
.i'-di-p-nitropheny1 phosphate in 3lenCO (6 ml) was slowly added 
with stirring 16 ml of 0.1 S Ba(OH)2. The resulting yellow, 
cloudy solut,ioii was st,irred for 30 min at room temperature and 
then filtered. The filtrate was stirred with enough Amberlite 
IR-120 ( H )  resiii to give p H  2 .  The resin was removed by filtra- 
tion aiid the aqueous filtrate wa, waahed m-ith ether uiitil the 
ether layer no longer gave a yellow color wheti atii,red with dilute 
NaOH. The aqueous solutioii was evaporated to dryness in 
vucuo. The residue was triturated with Et013 aiid the EtOH was 
evaporated. The process was repeated. A yellow solid was ob- 
tained; yield 88 mg ( 6 5 5 ) :  A,,, [in mp ( e  X 0.1 SHC1- 
320 (21.7), pH 7-316 (21.8), 0.1 S SaOH-308 (25.2): i (in 
cm-1) 3425 (OH), 3130 and 2920 (CH), 2800-2400 (acidic H),  
1610, 1590, 1560, and 1.515 (C=C, C = S ) ,  1485 (C=S), 1335 
(CH), 1080 (POC): NT;, 0.51. The analytical sample was dried 
for I8 hr at 78" (0.07 mm, P2O;). 

P, 6 . 3 .  Found: C, 39.81; H, 2.73: S, 14.02: P, 6.50. 
Inosine 5'-Phenyl Phosphate (7a).-To a solution of 516 mg 

(1.00 mmole) of 9-p-o-rihofuranosy1-9H-purine-6( lH)-thione 5'- 
diphenyl phosphate (4a)3 in 50 ml of D l I F  was added 1.54 mg 
(1.01 mmoles) of anhydrous K,CO-8 and 0.14 ml (2.00 mmoles) of 
2-bromoethanol. The resiiltiiig mixture was stirred and heated 
a t  70' for 1 hr, then cooled to room temperatiire, dilnted with 
H 2 0  (50 ml), and evaporated to dryness in cucuo. The residue 
was divsolved in 8 ml of 3 A\- LiOH, heated for 15 miri at loo0, and 
filtered. The filtrate was stirred with Amberlite IR-120 (H) 
resin imtil pH 1 wac; reached. The renin was removed by filtra- 
tion aiid washed with three 30-ml portions of ether to remove the 
phenol that  had formed. The aqueous solution was taken to 
pH 7.X with diliite KaOH aiid then evaporated to dryness in 
vacuo. The reridiie was purified by placing it oii a column (1 X 
1.5 cm) of Dowex 1-52 (formate) resin. The coliimn was eluted 
with increasing strengths of HCOzH from 0.1 to .5.0 S. The 
prodiict was obtained when the column was eluted with 2.5  dV 
HCOrH. Evaporation of the solution in z~acuo and triturat,ion 
with EtOH produced a crystalline solid: yield 63 mg (14Yc):, 
nip 156"; A,,, [in mp (e X pH 7-249 (10.3), 0.1 S 
NaOH-254 (11.2); ti (in em-]) 3400 (broad) (OH), 3100 (broad) 
(CH), 2800-2400 (acidic €I), 1710 (C=O), 1590 and 1.570 (C=C, 
C = S ) ,  1490 (phenyl), 1070 (POC); MT~,, 0.53. The analytical 
sample was dried for 20 hr a t  100' (0.07 mm, PSO,). 

dnal.  Calcd for C16HliN408P: C, 42.58; H, 4.47; 1, 12.42. 
Found: C, 42.76; H, 4.50; S, 12.23. 

.hd. Calcd for CIGHI6xiOnPs: C, 39.59; H,  3.32: N, 14.43: 

Inosine 5'-Dibutyl Phosphate (7b).-A solution of 1.00 g (2.12 
mmoles) of 4a3 and 0.3 ml (4.23 mmoles) of 2-bromoethanol 
i l l  107 ml of L)MF coiitainiiig a suspensioir of 309 nig ( 2 . 2 3  
inmoles) of anhydrous K?C03 was heated and stirred at iso for 
I hr and then diluted with enough water to give a complete 
solut,ion (about 100 ml). The solution was evaporated t,o aboui 
30 ml in vacuo and theii was diluted with enough 5070 EtOH- 
dilute Sa011 to give a total volume of 200 ml of 0.1 .Y KaOH. 
The solution was left for 20 min at room temperature and then 
stirred with 43 ml of Amberlite IR-120 ( H )  ion-exchange resin 
iintil neiltral. The resin was removed and the sollition was 
evaporated to dryness in z"xo .  A soliition of the residue in 100 
nil of CHCl-8 was washed (two 100-ml portions of SaHCOI solii- 
tion, 100 ml of H20), dried (AIgSO,), and evaporated to dryness 
in vucuo. The crude product, which weighed 417 mg, was piiri- 
fied by passing it through a Whatman cellulose column (4 x 43 
em) using water-saturated BuOH as the eluent. The peak frac- 
tions were examined by paper chromatography. The fractions 
cont,aining prodnct were combined and evaporated to dryness 
in vacuo. The residue, upon trituration wit.h ether, crystallized. 
The crystalline material was dissolved (CHC1,) and precipitated 
as a gel iipon addition of ether. When i t  was dried for 18 hr at 
i X o  (0.0i mm, P,O,), a clear melt was obtained: yield 158 mg 
( 1 6 7 ) :  A,,, [in mp ( e  x 10-3)] pH 7-248 (10.2), 0.1 AT SaOH- 
2,;:; (11.2): 5 (in em-l) 3370 (OH), 3100, 2965, 2930, 2870 (CH), 
1700 (C=O), 1590, 1545, 1135 (C=C, C=N), 1245 (unassigned), 

dnul.  Calcd for C18HSgN408P: C, 46.94; H, 6.33: P, 6.73. 
Foiuid: C, 46.68: H, 6.38; P, 6.71. 

6-Methylthiopurine Ribonucleotide (9)  Barium Salt.-To a 
sohition of 1.33 g (3.00 mmoles) of the disodium salt of 6-mercap- 
topurine ribonucleotide (S)z in  HjO (9 ml) and 3 ml of 1 NaOH 
was slowly added with stirring 0.75 ml (12.0 mmoles) of AIeI. 
The resulting mixture was st,irred at room t,emperatiire for 20 hr 
before evaporation to dryness in vacuo. The pH of a solution of 
the residue in 15 ml of H 2 0  was adjusted to 2 with Amberlite 
IR-120 (H) ion-exchange resin. The resin was removed by 
filtration and the solution was adjusted to pH 8 with conceti- 
trated Ba(OH)?. The solution was then filtered and diluted with 
2 vol. of absolute Et,OH. The white precipitate that formed was 
collected by filtration, washed (EtOH), and dried at i 8 "  (0.07 
mm, P,O;): yield of Ba salt 1.10 g (69%). 

In another run, the analytical sample was obtained by purifica- 
tion of the crude reaction product' on a column of Dowex 1-52 
(formate) resin asiiig 2.5 X HCOIH as the eluent. The prodiict 
was again obtained as its Ba salt: Amnx [in mp ( e  X l O - l ) ]  0.1 :\' 
HC1-293 (16.6), 0.1 S SaOH-291 (19.1): 5 (in cm-') 3400 
(broad) (OH), 3100 (sh), 2925 (CH), 1570 (C=C, C=N), 1090 
(broad) (POC); MT~,, 0.97. 

A d .  Calcd for CI,H13BaN40iPS.H?O: C, 24.84: H, 2.84; 
P, 5.83. 

9-P-~-Ribofuranosylpurine-6( 1H)-thione 3',5'-Cyclic Phos- 
phate (lo).-The 4-morpholiiie-?J,?T'-dicyclohexylcarboxamidi- 
nium saltlo of 9-p-o-ribofuranosy1-9H-purine-6(1H)-thioiie 5'- 
phosphate* was prepared by the addition of 879 mg (3.00 mmoles) 
of 4-morpholine-N,r\J'-dicyclohexylcarboxamidine~6 to a solution 
of 1.09 g (3.00 mmoles) of the ribonucleotide 8 in 75 ml of dry 
pyridine. With heat, all but a small amount of the material 
dissolved. The resulting soliition was filtered arid the filtrate 
evaporated to  dryness in vacuo. A solution of the residue in 300 
ml of pyridine was added dropwise over a 2-hr period to a reflux- 
ing solution of 1.24 g (6.00 mmoles) of dicyclohexylcarbodiimide 
in 300 ml of pyridine. The resulting solution was refluxed for 
another 2 hr and then evaporated to dryness in vacuo. A solution 
of the residue in IS20 (300 ml) was kept a t  room temperature for 
2 hr, filtered to remove some iiisolitble solid, and evaporated to 
drynebs in Z'UCIIO at less than 40'. The residue was dissolved in 
50 ml of i-PrOH-NH40H-H20 (10:1:2,5) and the solution was 
applied to a column (4 x 90 em) of Whatman cellulose powder. 
The column was eluted with the same solvent system at a rate 
of 5 ml/S min. The first 775 ml of solvent eluted mostly purine- 
6(1H)-thione and a small amount of product. The next 130 nil 
of solvent eluted piire prodiict. These fractions were combined 
aiid evaporated to dryness in uacz~o. The residue was triturated 
with EtOH and the EtOH was removed by evaporation. The 
process was repeated aiid the product was obtained as a yellow 
solid. It was dried for 20 hr at 78" (0.07 mm, P,O,); yield 101 
mg ( 8 % ) ;  Amax [in mp ( e  x pH 7-320 (18.8), 0.1 S 

1120 (COC), 1020 (POC). 

Fourid: C, 24.97; H, 3.04: P, 5.75. 

~ 

(16) J. G. hloffat and H. G. Khorana, J .  A m .  Chem. S O C . , ~ ~ ,  649 (1961). 



=inalogs of 6-Methyl-9-~-u-ribofuranosylpurine1 

G-~~ethyl-Y-d-u-ribofiiraiiosylp~iriiie, !)-i2--deosy-i3-D-ril~[)fiirarii ,I)-(i-iriethylpiiritie, G-niethSl-U-8-u-gylofii~- 
ariosylpurine, %-fluoro-ti-niethyl-~-~-u-rihofi~rariosylp~i~iiie, and -ethyl-9-~-u-ribofrlratiosylpirririe were pre- 
pared by fi.isiori of the appropriate O-acet,yl sirgars arid piirines. The as;iigiiriie~it of the arionieric corifigurat,ion to 
the nucleosides thus obtained was based ori a11 malysis of their. prrir spectra. Evideiice i y  presented that the 
cyt.otoxicity of these niicleo.*ide.q, determiiied iising h i m "  epidermoid carciiiorria cells i io .  2 i i i  riiltiire, mtiy 
correlate with the efficiency with n-hich t,hey are cwiivertrd to niicleotide~ by tideiioqitir. kiiia-r.. 

The toxicity? arid :intitumor :tctivit\ of 0-mcthj 1- 
purine caused Gordo~i, et a l . , 4  to s j  iitheyize it; ribonuclr- 
o d e ,  a compound that is more thnii 200-fold as c! totosic 
t o  HEp-2 cells :ii 6-methj lpurine itie1f.I 111 itdditioii, 
ii HEp-'2 ccll line that ha* loit X-\Il' p;\ rophoqihor) 1- 
'LYP :ind is resistant to  2-fluoroatlciiinc (HEp-2, l:A\) 
and cro+rehistaIit to  ti-nmethj Ipuriiic~ i b  miiitivc tu 0- 
mct h\,lpuriiic i~ihoiiucleositlc. 'l'lmih activit) c:iii bc. 
cxplnincd b v  thc  fact that t h o  riboriiiclco~itl~~ i i  ; I I I  

cxcelleiit wb-trate for adcriosiiic 1,iii:i~e~ aiid therc- 
i'orc can be converted to ith (3.1 totosic. fornm. tho 1'1- 
hiiucleotidt~, i i i  cells lacking the  p! rophotphoryltisc 
th:tt iiormall\ convert.: the purincx hnw t o  its rihoiiuclco- 
t i  dr . 

I I I  p u r 4 t  of cwnpouiidh i t h  gre:ttcr c . ~  totoxic. 
ypccificit y for ciiiicer cells th:tii 6-niethylpuri~ie ribonu- 
vleciside, it s c ~ m e d  logical t o  d e e t  other nucleoside. 
that should bc> -ubstr:de% for adenoGie Liiiav. Coli- 
~cquent ly ,  n c iclected the deosyrihoiiucleo~ide and thc 
Y \  Ionuclcoiidc of (5-niethj lpurine aiid the ribonucleo- 
4(>\ of 'I-fliiorc1-6-meth~lpuriiie7 :tnd ti-ethylpurinc.h 

(1)  This work was supported by iunds irorn tire C'. F. Kettering Foundn-  
I i o n  and tlie Cancer Chemotherapy Kational Servicr Center, Kational ('an- 
PPI' Institute, Kational Institutes of Health, Contract No. PH4:3-64-51. 

( 2 )  F. S. Phillips, S. S. Sternberg, I,. Ilamilton. ani1 I>. .\. ( 'lark. :I I I ~ .  

V. Y .  A m d .  Sci., 60, 283 (1954). 
(:O I ) .  .I. ('lark, F. S. I'liillips, 8 .  S. Sternherg, ani1 ('. (.'. St<ii .k.  , h f d . ,  60, 

2:{,5 (1954). 
(4) 11. P. Gordon, Y. S. \\-eliky, and G .  13. H r o a  11. .I. .1 m. C i r s i n .  Sei,.. 79, 

32.1.7 I 1957). 
i .7 )  L. 1.. I<ennett,, .Jr., 11.  11. Vail, R.  ('liiimle>-, ancl . J .  .\. ; \ l o n t w r n t . i v  

Biorhrni .  Phurmnrol.,  15, l i l y  (196fi). 
( t i l  t l .  P. Schnrbli. I ) .  L .  I l i l i ,  arid 1.. I.. I 3mne t t .  . l r . ,  .I.  8ioI. i ' f j v m . ,  242. 

l!l$li ( I M i ) .  
( 7 1  . J .  . \ .  I1oiityornnr.v and I<. H e ~ w n .  , I ,  . lmr ( 'hef fk .  Sor. ,  82, .Iti:3 ( l W l 1 1 .  


