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TAnLB VI11 

N O .  3'-Substituent Yield Mp,  oc DhIF,  ml/g A ,  mp € Vormula 

XII Ia  H 86 189- 19 1 18 b 
XIIIb  ?*le 81 194-196 6 237.5 21,400 CsHiiNjH3 
XIIIC Pr  88 169-170 C CsHijNjQ3 
XII Id  CHXCHZOH 84 181-182 2 d  24.5 15,000 C;Hi3?;3083 

o/o .---Uvmax~----7 

a In  MeOH. * Lit.12 mp 200-201O. c Readily soluble in hot MeOH. d Analytical sample from XeOH. 

dissolves fairly slowly in hot EtOH and some insoluble material 
is often formed, and for reaction with TSC's the following 
modification of the published method12 is more convenient. 
.4 mixture of XI1  (7.6 g, 0.05 mol; prepared as above) and 

the TSC (0.03 mol) was treated with EtOH (100 ml), H20 (60 ml), 
and AcOH ( 3  ml). The suspension was heated under reflux on 
the water bath, and after 1-2 min a clear solution resulted. 
Heating was continued for 10 min in all, and on cooling, a mass 
of colorless crystals separated; in the case of TSC itself, the 
product crystallized from the clear solution during the heating. 
Xext day the product was collected and washed with EtOH. 
For recrystallization, each of the derivatives XIIIa,b,d was 

dissolved i n  the indicated volume of DAIF a t  100" and the solu- 
tion treated with 5-6 vol of boiling AIeOH. The recovery was 
good and the melting point (dec) raised only a few degrees. 
Anal. C, H, N, S for the compouiids with formulas recorded 
(Table VIII) .  
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The preparation of the 2-fluor0 derivative of the anticancer agent 6-methylthiopurine ribonucleoside from 
8-methylthioguanosine is described. A number of other 2-fluoropurine ribonucleosides were synthesized by 
the selective displacement of the 6-fluorine of 9-(2,3,~-tr~-0-acetyl-~-~-ribofuranosyl)-2,6-d~fluoropur~ne fol- 
lowed by treatment with AIeOH-XH8 to remove the 0-Ac groups. The cytotoxicity of these nucleosides is 
discussed. 

Because of the high degree of broad-spectrum biologic 
activity of 2-fl~oroadenosirie,~-'~ a number of other 
nucleosides of 2-fluoroadenine were prepared and eval- 
uated for cytotoxicity with interesting results. l4 This 
paper describes the synthesis and evaluation of another 
type of structural variants of 2-fluoroadenosine. 

N-Alethyladenosine and N,N-dimethyladenosine are 
readily phosphorylated by adenosine kinase to the 
3'-monophosphates,'O but the 5'-monophosphate of 
N-methyladenosine is not a substrate for adenylate 
kinasei5 and, therefore, is not converted in whole cells 
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into the di- and triphosphates, a conversion requisite 
for incorporation into RNA (presumably the same holds 
true for N,N-dimethyladenosine). It is reasonable 
to assume that 2-fluoro-N-methyladenosine (11) and 
2-fluoro-N,N-dimethpladenosine (12) would probably 
be converted also into the 5'-monophosphates only 
and not incorporated into RNA, although in vivo de- 
methylation to 2-fluoroadenosine might occur. These 
compounds and other 2-fluoropurine ribonucleosides 
have been prepared for biologic evaluation. 

S-Methylthioguanosine (2) was converted into the 
2-fluor0 analog (5 )  of the anticancer agent, &(methyl- 
thio)purine ribonucleoside, l6 by the modified Schiemann 
reaction.2 To prepare 2-fluoro-N-methyladenosine (11) 
by this method, 2-amino-6-chloro-9-/3-~-ribofuranosy~- 
purine (1) was treated with l I eXH2 to obtain the re- 
quisite intermediate, 2-amino-N-methyladenosine (3). 
In  addition to 3, 2-methylamino-N-methyladenosine 
(4), resulting from the displacement of the 2-NH2 as 
well as the 6-Cl, mas formed. When 2-amino-N-meth- 
yladenosine (3) was subjected to the modified Schie- 
mann reaction a complex reaction mixture resulted 
from which an impure sample of the desired 2-fluoro- 
N-methyladenosine (12) was isolated by column chro- 
matography. Fortunately the availability of 9-(2,3,5- 
tr~-~-acety~-/3-~-r~bofuranosy~)-2,6-d~fluoropur~ne (6)17 
provided an alternative route to this and other 2- 

(16) L. L. Bennett, J r . ,  R. 1%'. Brockman, H. P. Schnebli, 5. Chumley, 
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5 4 2. K=H, S = S  
3. X=H; S=SH 
4. X = C H :  S = K H  

1 

6 7 .  R=NHCH,  11. K=lHCH 
8. R =  N(CH )- 12 R =  NtCH 1- 
9, R = N H O H  13. K=IUHOH 

10, K = N H N H 2  14 R = N H N H .  

fluorupurine ribonucleosides. However, trcatmeiit of 
6 with excess ethanolic MeSH2 at 3" for 3 d a ~ s ,  condi- 
tioris th:Lt with SH3 provide ;t good yield of 2-fluoro- 
adenosine, gave only 2-methylamino-iy-nict hyludeno- 
sine (4) kiy replacement of both fluorines of 6. TreLit- 
merit of 6 with 1 ecjuiv of l\leXH2 at  3" for IS hr re- 
sulted in replacement of the 6-P' only giviiig 2',3',5'- 
tri-0-acet>l-2-fluoro-N-niet hyladeiiosine (7). Thib iii- 
tercstiiig result caused US to investigate tlie reaction 
of Y-('L,:~,3-tri-O-beiizoyl-p-u-ribofuraiiosyl)-2,6-diclil(,)- 
ropurine with l\le?iH, under mild cotiditioiih and, 111- 

deed, diyplncemeiit of the lesa remtive ( X I  could 1~ 
effected without concomitant debenzoj-lation givitig 
2',3',3'-tri- 0 - benzoyl - 2 - chloro - 0 - methyladeiiosiiie 
Tlic Ac groups of 7 were reinoved 11)- trestnicrit n i t l i  
c4hariolic SH3 ut 3" for 3 days. In :i -iinilar InaIiIiCr 
~-fluoro-N,.V-t3iniethyladetio-irie (12) \I a5 prepared 111 

tlie reaction of 1 ecluiv of l I e2SH with 6 followed I)> 
dc:icetylutioii of 8 with ethanolic S H 3 .  To effect IT'- 

placement of the 6-F of 6 with hydro?.? lamiiic :mtl 
hydrazine to give 9 and 10, it 11 iiecewwy to u+e :ti- 
most' 2 eyuiv of both reagent- in ethanol a t  3" for 1 hi t .  

Thus the utility of this route for the preparation of 2- 
fluoropurine nucleosides has heeri demonstrated. 1 11 

addition these reactions show the greater susceptibilit? 
of the (i-F to  riucleophilic displacement reaction3 rcla- 
tivc> to the 6-CI of purines, ch i\ in kecyirig with tlw 
(wlier observation of tlie tcr reactivity of the 2-1' 
compared with the 24"l of purities? :tiid \vith the geiirwl 
obscrvatiou that mi  :Lctiv:itcd fluoriiie i \  ail c~xcellctit 
1e:tving group. I' 

L t i t l i  cJtli:uiolic S H i  21- de-cribctl for 7 :11it1 8, thc. riho- 
i i i i ( ~ I ( ~ i + ~ ( l c ~ -  13 : ~ i i ( I  14 p i ~ ) v c d  t ( i  t ) ( b  c l u i t c x  i i i i - t : i i ) lv  : I I I ( I  

.2lthough deiiccty1:ttioii of 9 and 10 \v 
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TABLE I 
CLLL CULTURE CYTOTOXICITY D.i,r.in 

Compound 

2-Fluoroade1iosiiie 
2-Fluoroadeiiosine triacetate 
X-Net hyladenosine 
.\',4-l_)imethyladeiiosine 
2-Fluoro-'-methyladeiio,iiie (1 1 ) 
2-Fluoro-S,A'-dimethyladenosine (12) 
.\'-Hydroxvadeiiobiiie 
2-Fluoro-LY-hydroxyadenosiiie triacetate (9) 
!~-Amiiioaderiosiiie 
.\'-Amino-2-fluoroadeiiohlrle triacetate (10) 
2-Fluoro-6-(methylthio)purine ribonucleoside ( 5 )  
6-(;\Iethylthio)pur1ne ribonucleoside 
2,B-1l)ifluoropuriiie ribonucleocide triacetate (6) 

EDso, 
pmol/l.b 

0.020 
0.15 

14 
> 340 

23 
> 130 

32 
0.97 
1.8 
6 . 7  

0.30 
19 

31 
a Human epidermoid carcinoma cells S o .  2 .  b The concen- 

tiatioii of compound required to inhibit the growth of treated 
cells to 3 0 7  of that of uiitieated coiitrols as measured by coloiiy 
COlllltd. 11 

Experimental Section 
Silichll-TLC-7 (Mallinckrodt) was used for column and tl 

(1 mm) chromatographic purifications. Silica gel H (Brink- 
maiin) was uhed for thin-layer (0.2.3 mm) analyses (tlc). Chro- 
matographic homogeneity was established for all reported com- 
pourids usiiig the solvent systems indicated. Spots were detected 
with either iiv light after spraying the plates with Ultraphor 
(WT, highly concentrated) (BAASF Colors & Chemicals, Inc., 
Charlotte, S .  C.) or heat, charring after spraying with (SH~)SSO+ 
The uv spectra were determined in 0.1 S HCI, 0.1 S KaOH, and 
pH 7 buffer w' th  a Cary Model 14 spectrophotometer. The ir 
hpectra were determined in pressed KBr disks MTith a Perkin- 
Elmer Model 321 spectrophotometer, and the pmr spectra were 
determined iii CHCla-d or DllSO-r& with a Varian A-60A spec- 
trometer (LIeaSi) (these spectra, which are in agreement with the 
assigned structure-, are not presented). LIeltiiig points, unless 
otherwive noted, were determined on a Kofler-Heizbauk and are 
corrected. 

2-Methylamino-S-methyladenosine (4).-A solution of 9- 
(2,3,5-tri-O-acetyl-p-~-ribofuraiiosy1)-2,6-difliioropuriiie~~ (6, 500 
mg, 1.1 mmol) in EtOH (50 ml, dried over Linde 3A sieve) was 
saturated at 5" with dry MeSHz and the reactiori solution was 
refrigerated for 3 days before it was evaporated to dryness 
in ziacuo [lO-l.i (mm),  2.5'1. The residue was t'riturated with 
CHClr aiid the crystals that formed were collected in several 
crops to give the crude product. TTVO recrystallizations of the 
crude prodlict from EtOH gave the pure material as hydrated 

.tal*: yield 103 mg ( 3 3 7 ; ) :  mp 123" (Mel-Temp); tlc ( 3 : l  
CHCIJ-RleOH): A,,,,, rim ( e  x lo-$)), pH 1, 25,; (13.2), 297 (10.0); 
pH 7, 228 (20.2), 263 (10.7), 286 (10.8); pH 13, 226 (21.0), 263 

2-Fluoro-6-(methylthio)-9-p-o-ribofuranosyl)purine (5).--h 
solution of S-methylthiogiianosinezo (2, 1.5 g, 4.8 mmol) in 48% 
HBFl (15 ml) was cooled to - 10' and stirred during the addition 
(in small portions) of SaSO:! (560 mg, 8.1 mmol). After the 
addition was complete (10 min), the reaction mixture was stirred 
at  -10 to -5" for 30 min. The solution temperature was 
lowered to -20", HSO-saturated TL-BLIOH (5 ml) was added, 
and the resiilting mixt,iire was neutralized (pH 5-6) with 50% 
SaOH not allowing the temperature to  exceed - 10". The neu- 
tral mixture was diluted with HOsaturated n-BuOH (50 ml) 
aiid the layers were allowed to separate. The n-BuOH layer was 
washed with n-BuOH-saturated H,O (3  X .i nil) before it was 
evaporated t u  dryness in vacuo. The residue was dissolved in 
boiling H2O (10-13 ml). The solut,iori was clarified by filtration 
through dry Celite and the filtrate was allowed to stand until 
crystallizat,ioii was complete. The crystals were collected by 
filtration, washed, and dried in z'uciio. The filtrate aiid washings 
were cnmbiiied aiid exti,acted with n-BuOH-i;at\irated H 2 0  
(30-40 nil). The n-RiiOlT ex1 ixd wits ev:tpoi'atetl to  tli~yriese 

(10.6), 287 (11.1). d n d .  (C~UH~,?;~O,.H~O) C, H,  X. 

(20)  XI. Ikeliara, -1. Yamazaki, and T. Fujuda, Chem. Phurm. Bull. 
(Tokso),  10, 1073 (lYe2). 

and the residue was dissolved in EtOH (1 ml) for purification by 
tlc. The EtOH solution was streaked on t'wo silica gel coated 
plates (1 x 200 mm) and the plates were developed with 4 : l  
CHCGhIeOH. The major band from each plate was combined, 
eluted with EtOH, and the EtOH solution was evaporated to 
dryness in vacuo to give additional purified product. The two 
portions of purified product were combined and recrystallized 
from HzO (20 ml) to give analytically pure material: yield 400 
mg (28%); mp 90"; [aIz5o -56.3 f 0.3 ( c  1.03, EtOH);  tlc 
( 9 : l  CHCl~-MeOH); Amax nm ( e  X pH 1, 214 (13.3), 
251 broad ( 3 . 5 ) ,  296 (21.5); pH 7, 216 (11.7), 251 broad (3.6), 
296 (21.6); pH 13, 220 (10.1), 249 broad (4.1), 296 (21.8). Anal. 

9-(2,3,5-Tri-0-aeetyI-p-n-ribofuranosyl)-2-fluoro-~~-hydroxy- 
adenine (9).--9 solution (3 ml, 0.5 N) of HOSHZ in EtOH was 
added to  a so1ut)ion of 9-(2,3,5-tri-O-acetyl-p-~-ribofuranosyl)- 
2,6-difluoropurine17 (6, 800 mg, 1.9 mmol) in EtOH (10 ml, 
dried over Linde 3'4 sieve), and the solution was stirred under 
Sz at, 5" for 10 min before a second addition of 0.5 N HONHz 
in EtOH (4 ml). The reaction mixture was stirred for an 
additional hour before i t  was evaporated to dryness in vacuo 
(10-15 mmi25"). The residue was triturated with EtOBc 
(10 ml), filtered, and t,he filt'rate evaporated to dryness in vacuo. 
The residue was triturated with CsHs(4 X 50 ml) and the combined 
C6H6 extracts was evaporated to dryness in vacuo to give the 
crude product, which was purified by tlc (EtOAc). The partially 
purified product was rechromatographed (95:s CHCL-MeOH). 
The pure product was eluted from the silica gel with EtOAc. 
Evaporation of the EtOAc solution to dryriesh in vacuo gave the 
pure product, as a glaas which was dried in vacuo (0.05 mm/77"): 
yield 262 mg (32%);  [ a I z 5 ~  -23 .3  i 1.2 (c 0.6, CHCla); A,,,,, 
rim ( e  X pH 1, 269 113.5), 274 (sh), pH 7 ,  267 (l5.7), 274 

9-(2,3,5-Tri-0-acety~-~-~-ribofuranosy~)-~~-am~no-2-fluoro- 
adenine (lo).-After the addition of 1 A\T ethaiiolic S H ~ S H S  
(4.9 ml) to a solution of 9-(2,3,5-tri-0-acetyl-p-o-ribof~iranosyl)- 
2,6-difluoropurine1' 16, 1.4 g, 3.3 mmol) in EtOH (40 ml, dried 
over Linde 3A sieve), the reaction mixture was stirred at  5' for 
30 min before it, was evaporated to dryness in vucuo (10-15 
mm/25'). The residue was triturated wit'h C6Hs (30 ml), t'he 
solids were removed by filtration, aiid the filtrate was evaporated 
to dryness in vacuo. The residue was absorbed on a previously 
packed column (2.6 X 33 cm, containing 90 g of silica gel wet' 
packed with CHC13). The column was eluted with 9.5: 3 CHC1,- 
LIeOH and t,he pure product was isolated as a glass: yield 806 
mg (58%); [ a ] " ~  -29.8 ZIC 0.6 ( e  0.96, CHC13); A,,, um ( e  
X pH 1, 262 (14.6), 267 (sh);  pH 7, 265 (16.8), 273 (sh);  

C, H, S. 
2-Fluoro-S-methyladenosine (11). A.--A solution of 9-(2,3,5- 

tri-0-acetyl-~-~-ribofuraiiosyl)-2,6-difl~iorop~iriiie~~ (6, 730 mg, 
1.8 mmol) in EtOH (8 ml, dried over Liride 3A sieve) containiiig 
2 mmol of Me?;Ha ( 2  ml of 1 N ?*Ie?;Hg in dry EtOH) was 
refrigerated overnight before it was evaporated to dryness 
in oucuo (10-15 mm/25"). The residue was triturated with C6H6 
(30 mi), filtered through dry Celite, and the filtrate evaporated 
to dryness to  give 7 as a tlc (2: 1 EtOAc-C6H~)homogeneoiis glass 
in quantitative yield. Compound 7 was dissolved in EtOH 
(100 ml, dried over Linde 3A sieve) and the solution saturated 

After refrigeration for 3 days, the reaction 
solutioii was evaporated to dryness and the residue was triturated 
with Et20 (2 X 30 ml). The solid that formed was collected by 
filtration and recrystallized from EtOAc with Sori t  treatment. 
A second recrystallization from EtOAc gave the pure product: 
vield 295 mg (55%);  mp 137" (hlettler FP1); tlc (4: 1 CHCla- 
i I eOH) ;  [ a I z 5 ~  -62.3 i 0.6 (c 1.0, EtOH);  Amax rim (t X 
pH 1, 260 (sh), 267 (17.1), 275 (15.0): pH 7, 13, 260 (sh), 267 

B.-2-Amiiio-6-chloro-~-~-~-ribof~iraii~~sylpiiriiie~~ (1: 7 g, 23.2 
mmo1)in 48Yc aq PlleSH2 (100 m1)was heated in a glass-lilied bomb 
at, 100-120" for 18 hr. The reaction mixture was evaporated to 
dryness arid the residue was partitioned between HzO aiid 
CHCL. The aq layer was washed with CHCh and evaporated 
to dryness in cucuo. After two evaporations from Et,OH solu- 
tion, the criide prodiict was extracted xi th  boiling EtOAc. The 
soliit,ioii wits filtei,ed thrciiigh dry Celite aiid the filtrate was 

(CiiHizFKaOk3) C, H, N. 

(sh); pH 13, 292 (12.2). d n d .  (CieHisFNjOs) C, H, S. 

pH 13, 268 (bh), 274 (12.2), 282 (jh).  Ana/. (Ci~HigFS607) 

H1 a t  3'. 

(19.1), 275 (15.3). And. (CiiHI4FN5OI) C, H,  S .  

(21) J. F. Gerster. J. TV. Jones. and K.  I<. Robins, J .  Ory. Cliem.. 28, 
Y45 (1963). 



eviiporatcd to dryness in z'ucuo. The residue WYLS redissolved iit 
Imiling Et,OH, treated wit,h Norit and filtered, and the filtrate W'RS 
seeded atid refrigerated unlil crystallizatioit waa complete. The 
product, 2-amino-.V-methyladenosine (3), \ v m  collerted in sev- 
eral crops to give a total yield of 1.1 g (,167;,): mp 146-148"; 
Anlax nrn, pH 1 ,  233, 290; pH 7, 218, 260 (sh), 378; p I I  13, 260 
irh), 280. Tlc (4 :  I CHCls-hIeOH) *bowed a trace of 2-methyl- 
:imino-~V-methyladenosine as the only oontarninaiit aitd iiidicatetl 
the material was suitable for use in the next ,step. 

Aqueous XaNO2 1520 mg, 7.5  niriiol '0.8 rnl) was added drop- 
wise with stirring to a solution of 2-amiiio-S-nieth3ladeno~iiie 
(3, 1 . 3  g, 4.4 mmol) iti 48Ck HBF4 (10 nil) maintained a t  -20 
to - 10'. After the nitrite addit,ioti was coniplete, the reactioii 
rnixture was stirred a t  - 10" for  20 ri i i i i  before II~0-satiirated 
n-BiiOH (23 nil) was added. The resriltirig olurrx way neutral- 
ized (pH 5-6) with SO:;, XaOH keeping t.he temperature below 
-5'. The neritral mixture was diluted with Hz0-saturated 
n-BuOH (50 ml) and the aq layer was separated and extracted 
with five 50-ml portions of HnO-satnrated n-BuOII. The ouni- 
bined WBLIOH solutions was washed with foiir 80-ml portions of 
n-h0I-l-saturated € 1 2 0  before it na.i evaporated to dryiiess i n  
C ~ C I L O .  The residue was triturated wi th  EtOFI (5 nil) aiid filtered 
iuid the filtrate absorbed o i l  a previously prepared column ( 1 .!J 
x 39 cm, containing 40 g of silica gel wet packed with CHC1.3). 
The coluniri was eluted with 9 :  1 C€€CI:~-AleOH to give a gla*s\- 
product which appeared by tlc t c ~  be homogeiieow: yield 430 nig 
(347;). Both the IIV aiid pmr spectra indicated, however, that 
the product was a inistiire of I1 :tiid an uiiit-leiilified riboiiucleo- 
side. 

2-Fluoro-N,N-dimethyladenosine (12).--RIeaNL12 (135 mg, 3 
mmol in abs EtOH) was added m-it,h stirring to  a suspension of 
2,(i-difluoro-9-(2,3,5-tri-0-acetyl-~-~-ribofura1iosyl)puri1ie~~ (6, 1 
g, 2.4 mmol) in EtOH (20 ml, dried over Linde 3.4 sieve) at' 5", 
and the reaction mixture was stirred until complete solution w a y  
effected. After refrigeration for several how> (until the uv 
spwtrum intficiaied Inono replacement &-as complete), the rew- 
i iou ~(ilrition TVBP evaporated t o  dryness in m c u o  (10-15 mni, 
2.5' ) ,  The residiie \vas t,rit,iirated with CsI16, the iiisoluble solid 
w:ic: removed by filtration, and the filtrate was evapmated l o  
tiryiiess in zmcuo to give 8 as a white gl (tlc: I :  1 CFIClrEtOA<' 1. 

A solutiori of 8 in sieve-dried Et,OI-I (60-75 nil) was saturated wil h 
dry TIIs at .io. After refrigeration for 3 days, the reactiuii 
S(Jltitio1l was evaporaied t u  dryness in vuciio atid the residue w : i i  

t titurated with EtpO coiitaining sufficient EtOH to  give a filtei,- 
able , d i d .  The rolid was collected by filtrittion, washed with 


