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The ribonucleotides of &mercaptopurine and 8-azaguanine were prepared 1)y tlic rcnction of i’-cy,inucthj 1 dihydrogen 
phosphate with the 2’,3’-0-isopropylidene derivatives of the corresponding ribonucleosides follow cd by h) drolytic removal 
of the blocking groups. Some preliminary biological observations are discussed. 

There is much evidence to support the view that, 
to inhibit growth, two important anticancer agents, 
6-mercaptopurine [purine-6(1H)-thione] and 8- 
azaguanine [5-amino-v-triazolo[4,5-d]pyrimidin-7- 
(RH)-one]! must be metabolized in vivo to their 
ribonucleotides (Va and Vb), which may then 
inhibit growth by interfering with normal nucleo- 
tide nictab~lism.~-’ Resistance of certain micro- 
biological systems and of certain mouse neoplasms 
to inhibition by G-mercaptopurine or 8-azaguan;ne 
has been interpreted as resulting from the inability 
of the resistant mutants to metabolize these 
”fracldulent purines” to their corresponding ribo- 
nucleotides (Va and Vb).3-5 One method of cir- 
cumventing this resistance might be to treat these 
mutants with the nucleotides Va and Vb prepared 
synthetically, since Tomizawa and Aronow have 
found i h t ,  in tissue culture, mouse fibroblasts 
that  have become resistant to 6-mercaptopurine 
cannot utilize hypoxanthine or inosine but can 
utilize inosinic acidss 

To investigate this pos~ibility, we have dc- 
veloped a chemical synthesis based on the elegant 
method of Gilham and Tenerg for the preparation 
of both ribonucleotides in relatively large amounts 
not readily prepared by published e n ~ y m a t ~ i c ~ * ’ ~ ’ ~  
or chemical-enzymatic methods. I The same steps 
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were employed in the synthesis of both coni- 
pounds (Va and Vb), but it was iiecessnry to 
vary the conditions used in each case. For 
example, 6-mercaptopurine ribonucleoside [9-@- 
D-ribofuranosyl-011-purine-6 (1H)-thiune, In ] 1 2 r i :  
was best converted into its 2’,3’-O-isspropylidencr 
derivative I Ia  by stirring a suspensiun of it (Is) in 
acetone a t  room tempcratiire for four hours in the 
presence of copper suli’ate and ethatiesull’oriic acid. : 4  

This procedure failed completely in the case of 
8-azaguanosine [5 -amino - P-o-ribofurariosyl-3€~-zi- 
triazolo[4,5-d!pyrimidiii-7-(GII)-one, Ib],15 prc- 
sumably because of its insolubility. The addition of 
a minimun of three equiidcn ts of p-tohienesulfonic 
acidI6 to a suspension of I b  in acetone caused 
gradual solution and conversion of t b  to its 2’3’ -  
0-isopropylidene derivat’ive (IIb). The failure of 
I I b  to give a positive Schiff’s test and the presence 
of bands attributable to primary S-H bonds in its 
infrared spectrum was coiisidcred proof that the iso- 
propylidene group was actually on the sugar moiety 
rather than the 5aniino groiip. Tliere was no 
evidence that any diisopropylidene derivative was 
formed unless the reaction was run for a longer 
period of time. 

Reaction of 0-(2‘,3’-O-isopropyiidene-/3-~-ribo- 
furnnosyl)-9H-purine-6(1H)-thione (1Ta) with 2- 
cyanoethyl dihydrogen phosphate, prepared by n 
modification of t,he method of Cherbuliez,17 in 
pyridine in the presence of dicyclohexylcarbodi- 
imide gave 9-(2‘,3’-0-isopropylidene-@-~-ribo- 
furanosyl) - 9I-I - purine - G(1H) - thione 5‘ - (2 -  
cynnoethy1)phosphate (IIla). Although this ma- 
trrinl traveled about the same 3s IIa on paper 
-~ __. _. 

( 1  11 A .  iI:impton, 31. IT. Magiiirc, ni:d .J. h i .  Grifitlts. 
. - l h / r .  f ,:tern. Connr. Riociicrri., 4th 1Iwtiiiy. 40 (Vienna ,  
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chromatograms in four solvent systems, the spots 
gave a positive phosphate test. In addition, IIIa 
travels when subjected to  electrophoresis, whereas 
IIa does not. The isopropylidene group of I I Ia  was 
removed by hydrolysis in 0.3N hydrochloric acid a t  
room temperature for twenty-four hours. The 
resulting O-P-D- ribofuranosyl - 9H -purine - 6( 1H)- 
thione 5'-(2-~yanoethyl)phosphate (IVb) was iso- 
lated but not obtained analytically pure. It traveled 
as a single spot chromatographically and electro- 
phoretically and gave a positive Schiff's test and a 
positive phosphate test. 

The cyanoethyl ester (JVa) was hydrolyzed to 
6-mercaptopurine ribonucleotide [g-p-D-ribo- 
furanosyl-9H-purine-6(1H) - thione 5' -phosphate, 
Val by heating it (IVa) in 3N aqueous lithium hy- 
droxide at 100" for fifteen minutes. The resulting 
ribonucleotide was chromatographically and elec- 
trophoretically homogeneous and identical in all 
respects with enzymatically prepared material.18 
It was isolated analytically pure as its barium salt. 

0 0 

OH OH 
V 

s 0 

Treatment of 5-amin0-3-(2',3'-O-isopropylidene- 
6-n -ribofuranosyl) -3H-v -triazolo [4,5 -d]pyrimidin - 
i(GH)-one (IIb) with 2-cyanoethyl dihydrogeii 
phosphate and dicyclohexylcarbodiimide in pyridine 
gave 5-amino - 3 -(2',3'-0 -isopropyhdene)ribofura. - 
nosyl-3H-u-triazolo [4.5-d]pyrimidin-7 (GI€)-one 5 '- 
(2-cyanoethy1)phosphate (IIIb). This material 
was hydrolyzed with acid to  give 5-amino-3-B-~- 
ribofuranosyi - 3H - v - triazolo[4,5 - dlpyrimidin- 
i (6H) - one 5' - ( 2  - cyanoethy1)phosphate (IVb), 
which, in turn, was hydrolyzed with base to give 8- 
azaguanylic acid [~-amino-3-~-~-ribofuranosyl-3I~- 
v-triazolo [4,5-d]-pyrimidin-7 (6H)-one 5'-phosphate, 

(18) R. \V. Brockman, Cancer Research, 20, 612 (1DGO). 
- 

Vb]. This material was chromatogrnphically and 
electrophoretically pure and icient,ical in all respects 
with an enzymatically prepared sample7; i t  was ob- 
tained analytically pure in the form of its barium salt. 
Again, the intermediates were isolated and charac- 
terized chromatographically, but they were not 
obtained analytically pure. 

Preliminary tests have shown that  KB cells 
grown in Eagle's medium are inhibited by both 6- 
mercaptopurine ribonucleotide and by S-azaguany- 
lic acid at 1.9 ,umole/l., whereas the lowest con- 
centrations at which 6-mercaptopurine and 8- 
azaguanine are inhibitory arc 0.8 ,umoles/l. and 
3.4 fimoles/l., respectively. 

EXPERIhlENThL 

The  ultraviolet absorption spectra were determined in 
aqueous solution with a Beckman DK-2 spectrophotometer, 
but the optical densities at the masima xere determined 
with a Beckman DU. 'The infrared spectra were determined 
in pressed potassium bromide disks with a Perkin-Elmer 
model 21 spectrophotometer. blclting points n.ere deter- 
mined on a Kofler-IIcizbank and are corrected. 

The paper chromatograms were run by the descending 
technique on Whatman No. 1 paper in the following solvent 
systems: A, wat>er-saturated butyl alcohol1g; B, butyl 
alcohol-acetic acitl-\i-ater (5/2/3) 'O; C, isopropyl alcohol- 
ammonium hydroxide-water (14/1/15)*1; U, 0.lhl phosphate 
buffer, pH G.5.12 Adenine ~i -as  used as a standard 011 all 
chromatograms and the distance it traveled was assigned a 
value of 1.00; all other compounds are expressed relative 
to this value (R.<d). Paper elcctrophorcsis was carried out 
on Rhatman 3MM papcr in ( E )  0.05.V ammonium formate 
buffer (pII 3.5) a t  a poteiit,ial pradirnt of approximately 
20 volts/cm. for 2 hr. or in (F )  0.0531 sodium tctraborate 
(pH 9)  a t  a potciitial grstlierit of I5 volts/cm. for 1.5 hr.?2 
Inosinic acid ~.*,ns usrd :as a stamlard or. all clwtrophoresia 
strips and the distance it migrated \vas assigned a value of 
1 .OO; all other compounds are expressed relative to this 
value (MI").  The chromatographic a n d  elwtropliorct ic data 
are listed in Table I. 

TABLE I 

R4d Values, hl,, Valurs, 
Solvent System Solvent System 

_--.- - -. . -__ - _  -. 

Compound A l? C D E F 

Ta 0 17 0 73 0 75 
b 0 . 3 8  0 70 0 70 

I I a  1 G2 1 21 1 40 
h 1 50 1 25 1 20 

IITa 0 26 0 92 1 04 
h 0 12 0 78 1 05 

I Vn 0 0 42 0 10 
b 0 0 39 0 56 

Va. 0 9 26 0 12 
b 0 0 2 3  0 

1.68  
1 . 8 7  
1 .G1 
1 .36  
" 2 8  
2 co 
2 . 0 5  
2 .24  
2 .07  
2.26  
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(21) R. hlarkham and J. R. Smith, Sa! i i r e ,  168, 406 

( 2 2 )  R. Mnrkham, in Modern  Methods  o,i Plant Analysis, 

J .  Chetil. SOC., 3162 (1950)~ 

Chem. Soc., 2388 (1956). 
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4, p. 243, SlJri1igcr-\7erl:tg, Berlin, 1955. 



2-Cyunoethyl d i / q d / o ~ / c . n  p / i o s p / f d f ,  SOIIII. ~lif i i i~ii l t~ \ \ a s  
cricounttared in t hc, ] ) ~ q ) U ~ : i t i ( J i l  o f  ~ - ~ ~ o c ! ~ I I J ~ I  d i t 1 ~ ~ 1 1 i ~ ~ g ~ 1 1  
1)hosphate by ilie nic~thod oi (. 'Iit~rl~ulicz, '~ siiicc~ iiiill[,r tlic 
conditions of the r (wt io i i  the c).:iiio gr~j i i j )  is ixsily IIA.- 
tirolyzc~rl to tlic ;imidr. Infrared stuclicbs shoivrll t h a t  h ( ~ ~ t i i i g  
the re:tc,tion inistiire promoted hytlr 
this mc~thod coiisistciitly gave :in 1 
,*:ilt of 2-ia!.anot:thy1 dihydrogeii J J ~ O S  

'vi) 80 p.  of j~o~yj~hos j )~ ior ic  ac+lz3 wah ~11i\\~l) : t ( i < l u i  27 g. 
o f  orltloJ)tloS~Jhori(~ !ifai(1, 'l'he mixtirrc \!:IS ,htirI'l'(i l o r  15 
miii. :inti left stoj)pc>red 16 hr. a t  room tc~ml)oratlire. l o  
the mixture \vas theii slo\vly added 27 g. of hydruc*ryioiiit rik 
:it such a rate as to Icc~ep t h r  reaction tc.mperatilrc bdoiv 
40". Tlic mixture \vas stirrcd for 1.25 hr. :it room tc-inp(~ra- 
tiire, the11 ch i l ld ,  and diluted carefully with 200 nil. of colt1 
water. To the resulting solution, nhich had l)(~en wastied 
twice ith 200 mi. of ether, \vas ad&d slo\vly solid tiaririni 
c,arl)oii:ite until the precipitate which fornic3tl 110 k~rigc~r r('- 
dissolvcd; this required about  116 g. l'lio snlcition \vas thcari 
placed in an ice bath and the p H  raised to 8 nitti narm ~ I I -  

centratcd barium hydroxide solution. The Iiarium phosphate 
which formed was filtered off and washed thoroughly with 
water. The combined filtrate and v-ashiiigs \I err evaporated 
t o  about 150 ml. and then diluted with four voliimcs of 
ethanol. The precipitate which formcd xas collected and 
dried for 8 hr. ovrr phosphoriis pentoxide a t  110"/0.07 
nim.;yield, 11.56g. (11%). 

To a suspension of (i.00 g .  (21.0 mmoles) of the barium 
salt of 2-cyanovthyl tlihydrngr~n phosphate in 100 ml. of 
water was slowly added, with constant stirring, 42.0 ml. 
of 1A' sulfuric acitl. After stirring the rrsulting suspension 
for 15 min. a t  room temperaturr, the prccipitate of barium 
sulfate was filtered off aiid the filtrate cvaporatcd to dryness 
in t m u o .  To remove the lnat traces of water, the residiie 
was dissolved in 50 ml. w f  pyridine and evaporated to tlry- 
ness; this process \vas rrpoated. The prot1uc.t remainid as n 
c:o!orless syrup. 

8 - ( B ' , S ' - f ) - l s o ~ r o p ~ ~ ~ ~ ~ e t , e - ~ - ~ - r i h o ~ i i r a n o s ? / l - . 9 H - p ~ i ~ i r ~ e -  
6(fH)-thione (I[a).?"I'o a siisprnsioii of 5. ,50 g. (10.3 nimolrs) 
of ~ - ~ - ~ - r i b n f i i r ~ ~ i o ~ y l - O H - ~ ) ~ i r i i i ~ - ~ ( l H ) - t h i o i i ~ ~  in  275 ml. 
(J f  acetone was added 11.0 g. of anhydrous copprr siilfatc, 
and then 5.50 nil. of t,thancwilfonir, ncicl. The rewilting reac- 
tiori mi.;tiirtx, protoctrd by a calcium chloritle titbe, \vas 
stirred :it room temperature for 4 hr. and then filterrtl; the 
filtrate \vas cv~porated in m r u o  a t  room tcmperaturc. to  
I:<i ml. :ind thr rwittiie slo\vly poured into 7 3 2  ml. of IOY', 
sodium carlioriatc,. 'The' resulting yelloiv-orarigc solution was 
washed with chloroform (4  X 275 ml.) iintil tlic rolor \\-as 
removed from the nqiieoiis layer. Upon neiitralization of the 
aqiirous layer with glacial awtic acid, a prcripitate formed 
\vhirh was collectctl as a white powder: yield, 3.74 g.  ( 5 0 ( x ) ;  
m.p., 275" dec. The analytical Famplr \vas obtained by re- 
crystallization from water. I t  was dried nt' 110°/0.07 mm. 
over phosphorus pentoxide for 48 hr.: m.p., -375' der. 

Spectral data. A max in rnk ( E  X pH 1-223-224 
), 3 2 2  (23.5); p H  7-226-257 i l O . G ) ,  319 (22.0); pH 
31-2:<2 (15.7),  311 ( 2 3 . 2 ) .  P in cam.-': 3300 (OH); 

X ' O ,  2025,  and 2850 ( C H ) ;  lW5, 1595, and I550 (C-C, 
(;EX); 10!:0 (C--0-C), and 1060 ((2-0 of CHZOH). 

:Inn/. Cnlcd. for C1:H16SiOiS: CI, 48.13; H, -4.97; IC, 17.27. 
Found: C, 17.72; H, 5.01: S, 17.07. 

6-.lIevc.aptopiirrne rt'bonucieotide [ . ' ) -~ -~ ; r ibo , i ' i c ro? ios~~~-~H-  
p~c,./rie-fi!1H)-lhio?ie 5'-phosp/iate, l 'a]. To a soliltion of 
21.0 mmoles of 2-cyanoctliyl ~lihydrogrn phosphate (from 
6.00 g .  of its tiariiini salt) i n  I50 nil. of 
atl,lcd 17,:3 K.  (8:<,8 rnmol(~s) of dicyclo 
followe,l ti!. :3,:3!) 8.  (10.5 ninioles) of 9-( 

~ l t ~ t r ~ ~ - ~ - ~ ~ - r i l ~ ~ ~ l ~ ~ r ~ i i ~ ~ i s ~ ~ l ) - ! ~ ~ ~ - ~ ~ i i r i ~ i ~ ~ - f I (  1 H ) -  thioiie. Aftnr 
nlioii l  5 miri. n yrcicipitate l)(,gtii to fo rm in thc resulting solri- 
tioii, \vhich \vas kept in a t,ightly scdcd Husk a t  room tcmpera- 
t i i rc  for 2 days. The rwctini: soliitioii was diluted pvith 21 
ml .  ( i f  water and lcft at room t,emperature for 1 hr. Iwfore 
the 1)rwipitate of dicyclohexylurca. which formed was re- 
niovcd t)y fi1tr:ition: yield, 12.1 p. (&I?;). The filtrate was 
vv:qJnr:it(<(l to dryiicw in vac'uo at :$On, and tliv rr4tlue (lis- 
solviliI i l l  N 0  ml. of &v:itf,r. 'Phc aqiicoiis soliitiori was washcd 
i\ ith 100 nil. of chloroform. The aqiic~oiis solution of 9-(2',3'- 
~-isoJ)ropy~idene-~-D-ribOfUranOS~~)-~H-j)~irinC-B( I H)-thione 
5'-(2-cyanoethyl)phosphate ( I I I a )  was diliited with hydro- 
chloric acid to givr 199 ml. of a 3N solutioii, which was kept 
ai  room temperature for 24 hr. before the hydrochloric acid 
was neutralized with 9.!)5 ml. of GK sodium hydroxide. The 
aqrieoiis solution of Y-p-~-ribofiiranosyI-F)H-purii1~-6(1H)- 
t hiow 5'-(%-cyanoethyl)1)hosphatc (]\:a) was diluted 
tvith lithium hydroxide to give 202 ml. of a 0.5N solution, 
rvhidi was heated in B 100" oil bath for 15 miri. A slight pre- 
cipitatr of lithium phosphate which formed was filtered off', 
sild the solution stirred for 15 min. with 133 ml. of Amber- 
lite ITI-l20(H) ion-exchange resin added in batches. The 
resin was removed by filtration, and the pH of the filtrate 
was carefully raised to 7 . 5  with barium hydroxide solution. 
The resulting cloudy solution was filtrretl through a Celite 
pad aiid the filtrate was evaporated to 2CiO ml. and diluted 
with twice this volume of absolute ethanol. The precipitate 
whirh resulted \vas collected and washed with ethanol and 
then with ether: yield, 2.24 g. (45%). The analytical 
sample was obtained by precipitation of this material from 
an aqueous ethanol solution. It was dried over phosphorus 
pentoside at 110"/0.07 mni. for 1 G  hr. 

Spectral data. X max in m9: ( E  X pH 1-324 (21.5); 
pH 7-321 (22.6); p H  13-311 ( 2 2 . 2 ) .  Y in cm.?: 3440 (broad) 
(OH); 1595, 1 5 i 0  (shoulder), and 1540 (shoulder) ( C = = = = ,  
C=S); 1075 (broad) (P-0--C). 

Anal .  Calcd. for CloH11BaN,0TPS.2H20: C, 22.44; H, 2.82; 
X, 10.16; P, 5.78. Found: C, 22.20; H, 2.76; N, 10.27; P, 
5.20. 

5-Amino-S-(2',Y'-O-isopropylidene-~-~-ribofirrnnosyl)-SH- 
v-triazolo[4,5-d]pyrimidine-7(6H)-one ( I Ib) .  To  a stirring 
suspension of 3.62 g. (12.8 mmolee) of 8-azaguanosine in 550 
ml. of anhydrous acetone' was quickly added 7.30 g. (38.4 
mmoles) of p-toluencsulfonic acid. .4fter complcte solution, 
which required about 4 hr., the  solution \vas stirred 1 hr. a t  
room temperature. The solution was then concentrated to  
100 nil. and poured into 300 ml. of cold water containing 70 
g. of -4mberlite IR-l20(0H) ion-exchange resin and addi- 
tional resin was added until pH 7 was ohtaincd (total-240 
g. of resin). The resin was t>hen filtered off and a-aslied thor- 
oughly with water. The combined filtrate and u-ashings, 
700 ml., were evaporated in vacuo a t  35" to dryness. The 
white, solid residue was crystallized from i 5  ml. of water 
after charcoal trmtmcnt:  yield, 2.74 g. The solid was re- 
crystallized from Rater: yield, 2.26 g. (54%); m.p., 232" 
dec. This material was found hy chromatographic analysis 
to contain less than 5Y0 of 8-:izaguanosine. The analytical 
sample was obtained by recrystallizing once more from water. 
It \vas dried over phosphorus pentoside at 110"/0.07 nim. 
for 18 hr. : m.p., 2 4 i "  dec. 

pH 1-256 (13.5); 
pH 7-256 (12.8); p H  13-222 (22.7) and 279 (11.9). Y in 
cm.-1: 3430 (OH);  3.330 and 3190 (KH), 2990 and 2930 
(CH) ,  1iO5 (C-0), 1640 (NH),  1585 and 1535 (C=C, 
C-=Tu'), 1090 (C--0-C), and 1060 (C--0 of CHZOH). 

,4nal. Calcd. for CI?H16Sti0j: C, 44.44; H, 4.97; X, 25.!)2.  
Found: C. 44.16; H, 5.02: IC, 26.22. 

zagzian ylic acid [ 5-tcnl ino-S-~-~-ribo~~iranosyl-3H-v-  
friazolo[4,,5-tE]pyriinidin-7(6H)-one 5'-phosphate, Vhl.  l o  a 
solution of 17.5 mmoles of 2-cyanoethyl phosphate (from 
5.00 g. of its barium salt) in 130 ml. of anhydrous pyridine 
~ v , s  addcd qiticklv 7.20 g. (35.0 mmoles) of dicyclohesyl- 
cartmdiimide follo\ved t )y  2.8.1 g .  (8.75 nimoles) of 5-amino- 

3 '-O-isojtroI,ylidene -p-n -ril)ofuranosyl; -3H-u-t riw.oto - 

Speclral data. A max in mp ( e  X 
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[4,5-d]pyrimidin-T( OH)-one. Swirling gave a solution and 
after about 5 min. a precipitate begau to  form. After stand- 
ing in a t,ightly sealed flask at room temperature for 2 days, 
the reaction mixture was diluted with 17.5 ml. of water 
:wd left a t  room temperature for 1 h r .  The precipit,ate of 
J ,3-dicycloho\;ylrirea (5.88 9 . )  was removed by filtration. 
The filtrate was evaporated to dryness in vacuo, the residue 
dissolved in 100 ml. of water, and the resulting solution 
ivashed with chloroform ( 5  X 100 ml.) .  The aqueous solu- 
tion of 5-an~ino-3-(2',3'-0-isopropylidene-8-D-ribofurano- 
sy1)-3H-v-triazolo [4,5-d]pyrimidin-i( 6H)-one 5'-( 2-cyano- 
cthy1)phosphatc ( I I Ib )  was diluted with enough 1N sulfuric, 
acid to give 170 ml. of a 0.1S solution. The resulting solu- 
tion was left a t  room temperature for 2 days and then neu- 
tralized h y  the addition of 1.46 g. (8 .5  mmoles) of barium 
hydroxide in 150 ml. of water. The  precipitate of barium 
sulfatc \vas removed by filtration. The aqueous solution of 
b-amino-3-B-o- ribofuranosyl- 3H-v- triazolo [4,5- (11 pyrimidin- 
;(C,H)-one 5'-(2-cyanoethyl)phosphate (IVb) was diluted 
with 613.7 ml. of 311' lithium hydroxide and enough water to  
give 400 ml. of a 0.5N solution, which was heated for 15 
min. ii: a 100" oil bath. After removal of the precipitate 
ivliich f o r m d ,  the solution was stirred for 30 min. with 
:{I6 ml. of Amherlite IR-lZO(H) ion-exchange resin. The 
wsin was filtered off and washed thoroughly. The combined 
tiltrate and washings (800 ml.) were diluted with an  equal 
voltimr of ethanol, and the precipitate which formed was 
cwllcctcd hy  filtration; yield, 5.19 g. ( 7 3 7 0 ) .  To prepare t'he 

analytical sample, this material ivas washed with \)oiling 
)vvatcr and dried a t  110°/0.07 mm.  over phosphoriis pent- 
oxide for 8 hr. 

Spectral data.  X max in mp ( L X lo - -? ) :  pH 1-255 (12 .9) ;  
pH 7-255 (12.6); pH 13-22 ( 2 3 . 8 )  and 2 i : I  ( 1  1.7). Y in 
e m - ' :  3410 (OH);  3300-3100 ( S H ) ;  2!):<0 (CH) ;  1700 
(C=O); 1640 ( N H ) ;  1600, 1530 (shoulder), and 1540 
(C=C, C=N); 1090 (P-0-Cj. 

A n a l .  Calcd. for CpHl,Ba;260~P: C, 21.64; H, 2 .22;  N, 
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6-Mercaptopurine ribonucleotide and six simple ester derivatives have t m n  prepared from 9-( 2',3'-0-isopropylidenc-~-o 
rit~ofuranosyl)-SH-purine-6( 1s)-thione by reaction with diphenyl, dibutyl, and diethyl phosphorochloridates followed by 
{tppropriate hydrolysis reactions 

It has now been firmly established that neoplasms 
susceptible to the act'ion of either 6-mercaptopurine 
(purine-G( lH)-t,hione) or 8-azaguanine (&amino- 
1 '  - triazolo[4,5 - dlpyrimidin - 7(GH) - one) convert 
these compounds to their respective ribonucleo- 
tides. Xeoplasms that are resistant to these two 
compounds (whether the resistance is natural or 
acquired) do not have the pyrophosphorylase neces- 
sary to carry out this c o n v e r ~ i o n . ~ ~ ~  I t  is question- 
able whether this resistance can be overcome by 
treatment with synthetically prepared ribonucleo- 
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Foundation and from the Cancer Chemotherapy National 
' t , rvice Ccnter, Sational Cancer Institute, Sational Insti- 
tiitcs of Hcsalth, Contract No. Sh-33-ph-1740. 

(2 )  C'hcmical Ak)strasts name: n-p-n-ribofuranosyl-~~H- 
piirine-ii( 1H)-thione 5'-phosphate. For paper XYT'II of 
this rorics ser J .  O T ~ .  Chena., 26, 1026 (1961 j. 

( 3 )  R .  IT'. Rrockinan, C. S. Sparks, D. J. Hutchison, 
: L I I ( I  it. E. Pkirlper, ('once,, Research, 19, l 7 i  (1959). 

( 4 )  I < .  IT. ErocLman, I,. I,. Bmnet t ,  J r . ,  11.  S. Simpson, 
.!. I{. II'ilsoi1, .J. R ,  'l'homson, 2nd H. E,  Skipper, Cancet. 
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tides since it is well known that the nucleotides of 
the naturally occurring purines are poorly incorpo- 
rat'ed into cell nucleic acids5 and, indeed, it has been 
shown that they are not incorporated 
These findings raise serious doubts that  nucleotides, 

such, can penetrate the cell membrane. This 
culty might be overcome if one could prepare 

an ester of a nucleot'ide which could penetrate the 
cell wall and then be metabolized to the nucleotide 
i t ~ e l f . ~  Toward this end, some simple esters of 6- 

(5) L. I$. Bennett, Jr., H E. Skipper, I). Pmithers, and 
E. H. Hayes, Cancer Research, 19, 217 11959). 

(6) P.  M. Iloll, H. Keinfeld, E. Carroll, and G .  R.  
Brown, J .  Riol. Cheni., 220, 430 (1956). 
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and C. P. lihoads, Cancer Research, 17, 122 (1057) .  

(8) 0. C. Touster found that,  whereas socli:im D-gluciiro- 
nate is not metabolized hy huniaris, the nonionized glu- 
ciironic acid lactone is. He postiilstrd that this tlili'erence 
may be due to the ability of the lactone to  penetrate the cell 
meml)rane and then be hydrolyzed to the acid whirh is 
n te tabol i~ed .~  

(9) 0. C. Touster, R.  SI. Hutchison, and I,. Ricc, J .  Rid. 
Chem. ,  215,677 (1955). 


