
=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- 
~cquently,  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 
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fusion of 6-methylpurine with this sugarz0 and with 
tetra-0-acetyl-p-D-ribofuranose. On the other hand 
Pichat, DuFay, and Lamorre13 have found that the 
fusion of n'-acetyladenine and tetra-0-acetyl-p-D-ribo- 
furanose gives almost equal quantities of 9-a- and -6- 
D-ribofuranosyladenines. Thus it would appear that 
the anomer ratio formed, or at least isolated, from 
the fusion reaction may depend more on the nature 
of the purine base than on the sugar,22 provided 
that the sugar contains a 2-acyloxy group, since pro- 
ton magnetic resonance spectral analysis of the reac- 
tion mixture from the fusion of tri-0-acetyl-2-deoxy- 
n-ribose with 6-methylpurine showed that approxi- 
mately equal amounts of a and p anomers were formed 
in this case in which the 2-acyloxy group is not 
present.z3 The present work coupled with previous 
observations on the fusion of tetra-0-acetyl-D-ribo- 
furanose, however, tend to support the conclusion 
that,  in general, the 2-acyloxy group does exert steric 
control in the fusion reaction, presumably through the 
orthoester ion intermediate postulated for the halo- 
sugar-heavy met a1 purine derivative ~ o u p l i n g . ' ~ , ~ ~  

The crude nucleosides (5-7, 13) prepared by the 
fusion reaction vere freed from unchanged sugar and 
other contaminants by chromatography on silica gel 
(see Experimental Section) before removal of the acetyl 
group by treatment with ethanolic ammonia (Chart I). 
The pure p anomers of the desired nucleosides (8-11, 
14) were obtained by recrystallization. Small amounts 
of the anomers of 8 and 14 were also obtained pure. 
In  the case of the 2-deoxyribonucleoside 9, more a 
than 6 anomer was isolated pure. 

9-(2,3,j-Tri-O-acet~l-~-~-ribofuranosyl)-2-fluoro-6- 
methylpurine (7) was obtained as a pure, crystalline 
solid, which gave, on treatment with liquid ammonia, 
a 1 : 2 mixture of the desired 2-fluoro-6-methyl-9-p-~- 
ribofuranosylpurine (11) and the partially deacylated 
compound, 9-(~-0-acetyl-p-~-ribofuranosyl)-2-fluoro-6- 
methylpurine (15). Treatment of this mixture, which 
could not be easily resolved, with ethanolic ammonia 
at  5" gave a mixture of 11 and 2-amino-6-methyl-9-0- 
D-ribofuranosylpurine (12). Finally 11 was obtained, 
along with some 15, by the use of diisopropylamine in 
ethanol. I n  this case 11 could be freed of 15 by re- 
crystallization. The identity of 12 was established by 
means of its ultraviolet and infrared spectra. Com- 
pound 15 was identified by its ultraviolet and infrared 
spectra and by the fact that it gave a positive metaperi- 
odate-Schiff test for cis vicinal hydroxy1 groups. 

The anomeric configuration of these nucleosides was 
established by their pmr spectra (Table I ) .  It has 
been fairly well established by now that the C-1' proton 
of a cis-furanosylpurine occurs domnfield from the C-1' 
proton of the corresponding fr.ans-f~ranosylpurine.~~~~~~~~ 

(20) About the same isomer ratio x a s  obtained uith 2,6-dichloropurine 

(21) ,J. A. Montgomery and K.  Hewson, unpublished observations. 
(22) Howe>er, the acyloxy group at C-1 of a sugar apparently does affect 

the yield of anomers.17'18 
(23) Robins isolated only the a anomer from the fusion of 6-methyl purine 

with tri-0-acetyl-2-deoxy-D-ribofuranose, but gave no indication of anomer 
ratio formed in the reaction.24 

and tetra-0-acetylxylofuranose.2' 

(24) M. J. Robins and R. K. Robins, J .  A m .  Chem. Sac., 87, 4934 (1965). 
( 2 5 )  I t  should be remembered that in certain cases small amounts of czs 

nucleosides have been isolated from the chlorosugar-heavy metal purine 
derivative coupling.20 

(26) See references in J. A. Montgomery and H. J. Thomas, Aduan. Car- 
bohydrate Chem., 17, 30 (1962). 

CHART I 
CH2R CH,R 

1. X = R = H  
2. X = H : R = C H ,  
3. X=F; R = H 

13 

' OH 
14 

AcO R 
4, X = R = H ; R = O A c  
5, X = R = R ' = H  
6. X = H; R =  CH,; R'= OAc 
7,  X = F :  R = H ;  R'=OAc 

CH,R 
I - y=?J) x 'Ii 

I Hocol 
HO k' 

8, X = R = H ;  R'=OH 
9 , X = R = R ' = H  

10. X = H ; R =  CH,; R = OH 
11, X = F ;  K = H :  R = O H  
12.X=NHI:  R = H ; R ' = O H  

HO OH 
15 

Thus the p (trans) configuration was established for the 
major product of the reaction of 1 and 2 with 1,2,3,5- 
tetra-0-acetylribofuranose and with 1,2,3,5-tetra-O- 
acetylxylof~ranose.~~ The identity of p-7 was es- 
tablished by a comparison of its pmr spectrum with 
those of a- and p-4. Finally the pmr spectrum, optical 
rot at ion, and melting point of 6-met hyl-9- (2'-deoxy-a- 
D-ribofuranosy1)purine (9) was in agreement with 
literature values,z4 and pmr spectrum of the anomer 
(9) showed the pseudo-triplet with an apparent cou- 
pling constant of 6.6 cps typical of p-2-deoxyribonucleo- 
sides. 

Biological Data.-The cytotoxicity of the nucleosides 
described in this paper to human epidermoid carcinoma 
cells no. 2 (HEp-2) in culture is compared with that of 

(27) J .  A .  Montgomery and H .  J. Thomas, .I. A m .  Chem. Sac., 87, 5402 
(1965). 

(28) T .  Nishimura and B. Shimizu, Chem. Pharm. Bull. (Tokyo), lS, 803- 
(1965). 

(29) The anomeric configuration of the 6-methyl-9-D-ribofuranosylpurine 
previously reported was not established nor was its optical rotation reported.' 
On the basis of melting points it would appear that this material is the 0 
anomer that one would expect from Baker's trans rule.19 



u ITitmaii epideimoitl raicirioma cell, no. 2 .  The conceiitia- 
tiori o f  compound ieqiiiied to iiihit)it the grout11 of tieated cell- 

of that of iilitreated control- a, measiued I)\ colon\ 
Cell h i p , ,  /S = 5eiisitive h i e ,  /FA4 = h i e  l e  

t o  ?-fliioroadeiiiiie, /lle?lIPR = hie  ie-i5taiit to 6-meth 
piuiiie iiboiiucleowk, /FA/FAIl = liiir le-i-taiit t o  %fl\ioi o- 
adeiiiiie aiid to  %-fliioioadeiiosiiie. 

(i-methylpurine (1) itself 111 Table 11. (j-,\Iethyl-9-/3-n- 
ribofuranosylpuririe (8) is about 140 tinics ab toxic to  
the sensitive (or nornial) HEp-2 cells as 1,  resu sum ably 
because 8 is a lietter substrate for ndeiiosine kiIiase thni i  
1 13 for adenylic pyrophosphorylitse. The HEp-2 

which has lost adenosine kinase, 3i! 

:uit t o  8 supporting the proposition 
grec' of  cytotoxicitj. of  8 is due to  

phohphorylatiori to the nucleotidc. The fact that 8 
is ni0derutc1~- c~ totoxic (6 pinole': 1.) t o  this cell line sua- 
ge\tb that 8 ithclf may serve ab a i1  :initmetabolite or 
that it i y  cle:ivcd by :i phosphor\ lase t o  G-meth\-lpuriiic, 
\vhich in this cell line could theii be converted hy '1 * d eri- 

lir pj.ropho.;phor> lascito the cytotoxic uucIeotide. Tlic 
tact that the HEp-2/I'AI/F-W cell linc, hich ha. 

the trdeiiosiiie kinase :m3 :lderij lic pj rophos- 
3 ,  In ib Iivc.- t r i  tenfold 11 c rcii\taiit to  8 t1i:tii 

e-deficient line (HE+-2 Ie l lPR)  argues that 
win(' cleavage t o  &met 1-i~ lpurine (1) must occur arid 
th:tt the ~iucleosidc it-elf (8) i i  oiilb nenl\l\ c! to-  
tout.. 'I'hc\c~ i i i t c i  coiivw-ioii- :w picturcd 111 C'h:rrt 
I t .  t\-I<ltlij l-!)-~-i)-rit)o~iir~iiio~b lpuriiic~ (10) i. (nil? 
ciilc-hiiriclrecltli :L\ toxic :ii 8 hut \till twice :I$ toxic 
:I\ 1. 11i.crtic)ii oi :I fluorci gioup :it C-2 procluced 

S?" 
8, S 

I 



Molar 
ratio 

Poly-0-acetyl- sugar/  56 Temp, 
Purine friranose purine p-TS1" O C  

6-Methyl- 2-Deoxyribo 3 2 160 
6-SIethyl- Sy lo  :3 10 190 
&Stet hyl- Ilibo > 10 180 
&Ethyl- llibo 4 10 180 
2-FliicJi.o-6-methyI- 13iho 2 2 1 TO 

'1 ; by weight of piiriiie. So anomer heparatioii. 

Fusion Procedure.-A small rouiid-bottom flask containing a 
dry mixture of the two reactants was evacuated with a water 
aspirator and heaied with c.ontiriuous stirriiig i n  an oil bath until 
vigomus gas evolution had ceaped or until an essentially clear 
melt was obtained (10-20 miii). The flask was removed from 
the heating bath, the catalyst was added, and the flask contain- 
itig the reaction mixture was reevacuated and heated with cori- 
tiriiioiis stirring for the desired period of time. After reaction 
was complete, the reaction melt was cooled to room temperatiire 
aiid dissolved in  benzene 120 ml/mmole of purine) and the sohi- 
tion was washed (aqiieoiis XaHC0,  and then H,O) before it was 
dried (SIgSO4) and coiicentrated to a inial1 voliime in  vacuo. 
This criide product, v w  purified by either coliimn or preparative 
thin layer chromatography iwing silica gel (the method of pnri- 
ficatioii was choseii on the basis of convenience for the size of the 
reacttioil). See Table 111. 

Purification by Column Chromatography.--A slurry of 
silica gel (50 g of SilicxAR TLC-7, Ilalliiicnkrodt) ill benzene was 
packed to give a 2.0 X 30 cam loiig column. The crude product 
(%i g iii 10 nil of heiizene) was absorbed O I I  the column which 
was eluted with a total of 100 nil of benzene, aud theii the elutiiig 
solvent was changed to CHC1;j. Essentially all of the unreacted 
sugar wa. eluted before the CHC1, front. The desired nucleoside 
began to elute with the CHCl, front a i d  the elution was contin- 
lied until all of the desired /3 anomer had been eluted as evidenced 
by thin layer chromatography. Evaporation of the fractions 
containing the niicleoside to dryness in z'aciio gave the piuified 
prodtict as an oil suitable for deacetylation. 

9-( 2,3,5-Tri-O-acetyl-p-~-ribofuranosyl)-2-fluoro-6-methyl- 
purine (7).-The column fractions of 7 solidified on evaporation 
to dryness. A sample (2 g)  of this solid was dissolved in benzene 
(30 ml) and the solution was filtered through dry Celite before it 
was diluted with ligroin (1 vol.). The crystals that formed were 
collected by filtration, washed, and dried in r a c m  to give the 
piire material: yield 1.3 g, mp 137", [ a ] " D  -18.8 i 0.2" ( e  
2.0 g/100 nil of 3IeOH). 

dnal. Calcd for Cl iHl~FS40i:  C, 49.75; H, 4.67; S, 13.66. 
Foiuid: C, 49.81; H, 4.96; N, 13.74. 

B. Purification by Thin Layer Chromatography.-Preparative 
thin layers 200 X 200 X 1 mm prepared from a methanol slurry 

AR TLC-7 (Slallinckrodt) were activated at 110' for 1 
hr and were stored in a desiccator prior to use. The plates were 
developed a distance of 17 em in unlined tanks. The baiids were 
located by their ultraviolet light absorption at  236 mp. 

9-( 3,5-Di-O-acetyl-2-deoxy-p-~-ribofuranosyl)-6-methylpurine 
(5).-The anomeric mist,ure of 5 was obtairied by streaking the 
crude product (550 mg) dissolved in benzene (1 ml) on a prepara- 
tive thin layer plate and developing the plate with EtOAc. 
The nucleoside band was eluted from the silica gel with EtOAc. 
Evaporation of this solution to dryness gave the pure mixtiire 
(260 mg) which was dissolved in  benzene (1 ml) and rechromato- 
graphed on a preparative thin layer using C6H6->\Ie2C0 (1: 1) as 
the eliient. Although separation of the aiiomers was not com- 
plete, bands separated that were of sufficient purity for use as 
intermediates. The band of the /3 anomer, which traveled ahead 
of the a anomer, was eluted from the silica gel with acetone. 
Evaporation of the SIe2CO solution to dryness gave the product 
as an oil. 
9-( 2,3,5-Tri-O-acetyl-~-~-xy~ofuranosyl)-6-methy~pur~ne (13). 

-Crude 13 (700 mg) was dissolved in benzene (1 ml) and streaked 
on a preparative thin layer plate. The plate was developed with 
CHC13-EtOAc (1:l) for a distance of 6 em, removed from the 
solvent, air dried, and returned to the solvent for complete 
development. The nucleoside band was eluted from the silica 
gel with dIeOR. The 1IeOH solution was evaporated to dryness 

A. 

I'usion Crude 
time, yield, 
min 7ch 
1 3 i .) 

13 >.59 
4 5 78 
15 i l  

10 XO 

- -  

-- 

h o m e r  
ratio 
@/a 

Ca. 1 
Ca. 10 
Ca. 10 
> 10 
> I O  

Yield 
of B 

Purl in  anomer, 
method Sol\ ent system % 

B C ~ H G - ~ \ I ~ ? C O  (1: 1 )  46 
R EtOAc .59 
A EtOAc 6 3 
A EtO.4c i l  

EtOAc-CHClI ( 1  : 1 )  80 

-- 

and the residue was dissolved in benzene and filtered t,o remove 
t'races of silica gel, and the filtrate was evaporated to dryness t,o 
give the piirified prodiict as an oil. 

Deacetylation Procedure.-A solution (2  mmoles/100 ml) of 
the acetylated nucleoside in EtOH saturated with S H ,  a t  .io was 
refrigerated for 3 days before it was evaporated to dryness and 
the residue was dissolved in water. After extraction with CHCl, 
and filtration through dry Celite, the water solution was evapo- 
rated to dryness to give the crude product which was purified as 
follows. 

6-Methyl-9-/3-~-ribofuranosylpurine (S).'-Cmde 8 (679 mg) 
was triturated with boiling EtOH (10 ml) and the mixture was 
cooled to room temperature before the insoluble solid was collected 
by filtration and recrystallized from EtOH (20 ml). Thin 
layer chromatography iising CHC13-1leOH (4: 1)  as the eliient 
indicat8ed the recrystallized prodtict, was anomerically homo- 
geiieoim: yield 247 mg ( 4 . 5 9 ,  mp 20Ro, [ a ] %  -52.1 f 0.4' 
i c  1.0 g/100 ml of I leOH).  

6-Methyl-S-( 2'-deoxy-p-~-ribofuranosyl)purine (S).-Crude 9 
(211 mg) Tvas triturated with boiling EtOAc ( 5  ml) and the less 
soluble CY anomer was removed by filtration. The purified p 
anomer (97 mg) that crystallized on chilling the filtrate was 
collected by filtration and recrystallized from acetone (4 ml) to 
give the anomerically piire product: yield 29 mg (13%), mp 
153" (Slel-Temp). Thin layer chromatography using CHC1,- 
AIeOH (4: I )  showed a single spot: [a]*% -12.3 f 0.2" ( e  0.93 
g/100 ml of LIeOH). 

-Anal. Calcd for CllH14S403: C, 52.80; H, 5.64; K, 22.39. 
Found: C, j2.59; H, 5.80; ?rT, 22.50. 
-4 sample of chromatographically homogeneous LL anomer was 

obtained by two recrystallizations of the EtOAc-insoluble solid 
from EtOH: mp 190-191" (Mel-Temp), [ a l Z 6 ~  +7O.d f 0.2" 
(c 0.99 g/100 ml of SIeOH). 

6-Ethyl-9-/3-~-ribofuranosylpurine (IO).-Crude 10 (675 mg) 
was triturated with anhydrous ether and the insoluble solid that 
formed was collected by filtration and recrystallized. After two 
recrystallizations from acetone, the pure material was isolated 
as a monohydrate: yield 150 mg ( 2 3 7 ) ,  mp 103". Thin layer 
chromatography using CHC13-SIeOH (4: 1) as the eluent indi- 
cated the product was anomerically homogeneous; [ a ]  2 2 ~  

-30.0 i 0.4' (c 1.02 g/100 ml of 3IeOH). 
A-llna2. Calcd for C I , H I ~ S & O ~ . H ~ O :  C, 48.36: H, 6.09; S, 

18.80. 
2-Fluoro-6-methyl-9-~-~-ribofuranosylpurine (11 ).-A solution 

of crude 11 (680 mg) in 31ezCO (50 ml) was filtered to remove 
insoluble pigments and the filtrate was concentrated in vacuo 
to 15 ml. The solid that formed in the concentrate after over- 
night refrigeration was removed by- filtration and set aside and 
the filtrate was further coiicentrated. The concentrate was 
streaked 011 a preparative thin layer plate which was developed 
with CHC13-S\IeOH (9: l ) ,  air dried, and redeveloped with fresh 
solvent before the bands were eluted with warm EtOH. Evapo- 
ration of the faster moving major band t,o dryness gave 200 mg 
(37,FC) of impure 2-fluoro-6-methyl-9-~-~-ribofi~ranosylpurine (11) 
as identified by its iiv spectrum. Elntion of the slower moving 
band with EtOH gave additional acetone-insoluble solid which 
was pooled with the original acetone-insoluble solid to give a total 
of 189 mg (3.5%) of 2-amino-6-methy1-9-@-~-ribofin-anosylpr1ri1ie 
(12) as identified by its uv spectrum. 

The analytically pure sample of 11 was obtained by deblocking 
with diisopropylamine. A solution of 9-(2,3,5-tri-O-acetyl-p~- 
ribofurar1osyl)-2-fluoro-6-methylpuri11e (7, 410 mg, 1 mmole) 
and diisopropylamine ( 2  ml) in absolute EtOH (20 ml) was al- 
lowed to stand a t  room temperature for 3 days before it was 
evaporated to dryness. The residue was chromatographed on 

Found: C, 48.28; H, 6.04; N, 18.66. 




