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in 0.4 ml of buffer. Chromatography of the incubation mixture 
showed the presence of a third uv-absorbing spot corresponding 
in lit to ADP and 2-chloro-ADP. 
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The preparation of the anomeric 9-(2-deoxy-D-enyi/u'0-pentofuranosyl)-2-nuoroadenines and 9-D-arabinofur-
anosyl-2-fluoroadenines from 2,6-dichloropurine is described. The cytotoxicity of these compounds, and also 
of 3'-deoxy-2-fluoroadenosine and 9-/3-D-xylofuranosyl-2-fluoroadenine, to a number of HEp-2 cell lines in cul
ture has been determined. The data permit certain conclusions concerning the probable metabolism and mech
anism of action of these nucleosides. 

2-Fluoroadenosine2 is readily anabolized3~° but not 
catabolized6-9 in cells in culture or in vivo. It is highly 
cytotoxic,2 highly toxic to rodents,"1 and has broad-
spectrum antibacterial activity.11'12 It has a synergistic 
effect on the antimicrobial action of actinobolin13 and is 
an inhibitor of blood-platelet aggregation.14 The broad 
and high-level biologic activity of 2-fluoroadenosine has 
made the study of other nucleosides of 2-fluoroadenine 
desirable. 

The preparation of 2-amino-2'-deoxyadenosine (/3-6) 
in 1.7% over-all yield and its a anomer in 1.5','c over-all 
yield from 2-amino-6-chloropurme by the conventional 
chloromercuri procedure has been reported.15 In an 
effort to improve the yields of both anomers of 6 and to 
obtain analytical samples of these compounds, their 
preparation from the chloromercuri derivative of 
2-benzamido-N-benzoyladenine16 and 3,5-di-0-(p-chlo-
robenzoyl)-2-deoxy-D-er!/rtro-pentofuranosyl chloride17 

was investigated and found to give 4 as an approxi
mately 1:1 mixture of a and /3 anomers in a total yield 
of 36% (Scheme I). Treatment of 4 with NaOMe in 
the usual manner resulted in decomposition of the 
nucleoside, whereas treatment with methanolic NH3 at 
o° removed only the j)-chlorobenzoyl groups. The 
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anomeric mixture of 9-(2-deoxy-D-ribofuranosyI)-2-
aminoadenine (6) was finally obtained in 31f,, yield by 
heating 4 with methanolic NH3 at 100° for 6 hr in a 
bomb. The a and j3 anomers of 615 were separated by 
fractional crystallization; about 8 parts a to 1 part. jS 
were isolated. Treatment of a-6 with NaNOo in 48' , 
fluoroboric acid resulted in replacement of the 2-amino 
group by fluorine but also in cleavage of the glycosyl 
linkage giving only 2-fluoroadenine (7),18 a result not 
too unexpected in view of the known acid lability of 
purine 2'-deoxyribonucleosides.1'' 

SCHEMI; 1 

p - C l C f t C O O C t b / - 0 

1. R = NHBz;R' = HgCl 
2 ,R=C1;R ' = H 

P-C1QFUCOO 

3 

CI 

p-ClC t i H 4 C00CH^/° HOCH, 

P-C1C6H4C00 

4.R = NHBz 
5. R = CI 

Because of the acid lability of 6 and because of the 
difficulties in obtaining pure /3-615 from the reaction of 
1 and 3, another route20 to 2-fiuoro-2'-deoxyadenosine 

( 18) J. A. Montgomery and K. Hewson, ibid., 82, 463 (1960). 
(19) J. A. M o n t g o m e r y and H . J. Thomas , Advan. Carbohydrate Chem., 

301 (1962). 
(20) J. A. Montgomery and K. Hewson, J. Org. Chem., 33, 432 (1968). 
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SCHEME II 

AcO 

PhCH,OCH,^-a 

AcOCH, 
c,R = 

AcO 

(/3-16d) was sought (Scheme II). Fusion of 1,3,5-tri-O-
acetyl-2-deoxy-D-ert/i/iro-pentofuranose21 with 2,6-di-
chloropurine (2)22 resulted in an 85% conversion to a 
1.4 a to 1 0 anomeric mixture of 9-(3,5-di-0-acetyl-2-
deoxy - D - erythro - pentofuranosyl) - 2,6 - dichloropurines 
(9a), which could be resolved by a combination of 
fractional crystallization and column chromatography.23 

The two anomers were identified by their pmr spectra.24 

Fusion of l,3,5-tri-0-acetyl-2-dexoy-D-er?/</iro-pentofur-
anose with 2,6-diazidopurine also gave a mixture of 
anomers slightly richer in the a anomer. 

In an effort to obtain the pure 0 anomer of a protected 
9 - (2 - deoxy - D - erythro - pentofuranosyl) - 2,6 - dichloro -
purine in a less tedious manner, 3 was allowed to react 
with 2,6-dichloropurine (2) in CH2C12 using a molecu
lar sieve as the proton acceptor, conditions that favor 
the Sx2 reaction, which should proceed with Walden 
inversion to give the 0 anomer (0-5), if 3 is the a-chlo-
ride.26'27 Contrary to the results of Keller, et al.,2S in the 
reaction of 2,3,5-tri-O-benzyl-a-D-arabinofuranosyl chlo
ride29 with 2,6-dichloropurine (2) under SN2 conditions 

(21) Purchased from Cyclo Chemical Corp., Los Angeles, Calif. 
(22) J. A. Montgomery, J. Amer. Chem. Soc., 78, 1928 (1956). 
(23) After this work had been completed, M. J. Robins and R. K. Robins 

[J. Amer. Chem. Soc, 87, 4934 (1965)] reported the isolation of the a anomer 
only from this reaction. 

(24) R. U. Lemieux and I I . Hoffer, Can. J. Chem., 39, 110 (1961). 
(25) Evidence for the a configuration of the related halogenoses, 3,5-di-O-

(p-nitrobenzoyl)-2-deoxy-D-erj/*ftro-pentofuranosyl chloride and 3,5-di-0-(p-
toluoyl)-2-deoxy-D-er^hr0-pentofuranosyl chloride, has been presented.26 The 
pmr spectrum of 3, a sharp-melting crystalline solid, does not permit assignment 
of its anomeric configuration. 

(26) A. K. Bhattacharya, R. K. Ness, and H. G. Fletcher, Jr., J. Org. 
Chem., 28, 426 (1963). 

(27) T. J. Bardos, M. P. Kotick, and C. 
(1966). 

(28) F. Keller, I. J. Botviniek, and J. E. 
(1967). 

(29) C. P. J. Glaudemans and H. G. Fletcher, Jr 
4636 (1965). 

Szantay, Tetrahedron Lett., 1759 

Bunker, J. Org. Chem., 32, 1644 

, J. Amer. Chem. Soc, 87, 

(vide infra), the reaction of 3 with 2 gave an a,0 anomer 
mixture of 5 in the ratio of 6:5. The reaction of 3 with 2 
in refluxing benzene in the presence of molecular sieve 
gave essentially the same results as obtained in CH2CI2 
at room temperature, although Bardos, et al.,27 found 
that in refluxing benzene 3 reacted with 5-acetylmer-
capto-2,4-bis-0-(trimethylsilyl) uracil to give the 0 
anomer only.27 Furthermore, fusion of 3 with 2 pro
ceeded poorly and again gave an anomer ratio of about 
1, even though fusion of 3 with 5-allyl-2,4-bis-0-(tri-
methylsilyl)uracil gave a 0/a ratio of about 2.5, from 
which the 0 anomer was readily isolated.30 

Since the anomer ratio of 5 was no more favorable 
than that of 9a, the reaction of a- and /3-9a separately 
with NaN3 wras carried out to give a- and 0-1 la, which 
were reduced catalytically to 3',5'-di-0-acetyl-2-amino-
2'-deoxyadenosine (/3-12a) (yield from /3-9a, 65%) and 
its a anomer (a-12a) (yield from a-9a, 91%). The in
creased acid stability imparted to a- and /3-12a by the 
O-acetyl groups permitted the preparation of 3',5'-di-0-
acetyl-2-fluoro-2'-deoxyadenosine (/3-16a) and its a 
anomer (a-16a) by diazotization of 0- and a-12a in 48% 
fluoroboric acid at —10°, although considerable cleav
age of the glycosidic bond still occurred. Treatment of 
0- and a-16a with methanolic NH3 at 0° gave 2-fmoro-
2'-deoxyadenosine (/3-16d) and its a anomer (a-16d). 

Prior to the development of the route to 2-amino-
adenine nucleosides described above (Scheme II), an
other procedure was investigated for the synthesis of 
the D-arabinofuranosides. 6-Chloro-2-fluoropurine (8)18 

upon fusion with 1,2,3,5-tetra-O-acetyl-D-arabinofura-
nose31 gave 9-(2,3,5-tri-0-acetyl-D-arabinofuranosyl)-6-
chloro-2-fluoropurine (10c) (Scheme II). Treatment of 

(30) J. A. Montgomery and K. Hewson, J. Heterocycl. Chem., 
(31) W. E. Fitzgibbon and S. J. Clayton, unpublished data 

, 313 (1965). 
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10c with X H S E tOH at 100° resulted in decomposition 
of the nucleoside, but at 5° for 3 days a good .vield of 
2-amino-9-D-arabinofuranosyl-6-chloroptirine (15e) was 
obtained. I'pon treatment with X H 3 - E t ( ) H at 100°, 
15e was converted into 2-amino-9-i>arabinofuranosyl~ 
adenine (12e). The assumed a configuration of these 
nucleosides was firmly established by comparison of 
12e with an authentic sample of 2-amino-9-a-i> 
arabinofuranosyladenine (a-12e) prepared as descril)ed 
below. 

Despite the successful preparation of a-12e from 
()-chloro-2-nuoropurine, a sequence similar to that de
veloped for the preparation of 12a from 2 appeared 
preferable for a-12c and was carried out (Scheme I I , 
c series, over-all yield 47%) . In the modified Schiemann 
reaction using excess N a X 0 2 a-12c gave primarily 
9-(2,3,5-tri-0-acetyl-a-D-arabinofuranosyl)isoguanine> 
(31%) and 9-(2,3,5-tri-0-acetyl-a-D-arabinofuranosyl)-
2,6-difiuoropurine (23';%, along with a small amount of 
9-(2,3,5-tri-0-acetyl-a-D-arabmofuranosyl)-2-nuoroad-
enine (a-16c) ( < 5 % ) . The difiuoropurine nucleoside 
ami a-16c were converted to 9-(a-D-arabinofuranosyl)-2-
fliioroadenine in the usual manner.2" 

For the preparation of the (3 anomer, the reaction of 
2,3,5-tri-O-bonzyl-a-D-arabinofuranosyl chloride'-11 with 
2,f)-dichloropurine (2) was investigated. In the pres
ence of mercuric cyanide the reaction gave 9b as an 
anomeric mixture (2.5a: 1/3) from which both anomers 
were isolated in the pure s tate; in the presence of molec
ular sieve, as described by Keller, et a/.,28 the reaction 
gave a 52%, yield of /3-9b, along with a small amount of 
the a anomer. These anomers could be readily identi
fied by their pmr spectra since the signal from the 
anomeric proton of the cin or (3 anomer appeared down-
field from the signal from the anomeric proton of the 
trans or a anomer.32 Treatment of /3-9b with XH3-
MeOH at ambient temperature for 3 days gave 9-(2,3,5-
t ri - 0 - benzyl - ,fl - D - arabinofuranosyl) - 2 - chloroadenine 
!/3-14b),28 which was catalytically debenzylated to 
fM4e.2S which in turn was acetylated with Ac 2 0 in 
pyridine to give fl-14c. A number of unsuccessful 
a t tempts were made to cause /3-14c to react with XaX:j. 
XH4X3, and LiX'3. The only reaction observed was 
deacetylation of /3-14c to /3-14e. The failure of (3-Ub to 
react with XaX3 shows tha t facile replacement of both 
the (i- and the 2-chlorines of 9 and similar compounds211 

by the azide ion is due more to the fact tha t the 6-azido 
group does not deactivate the 2-chloro group than to 
the greater nucleophilicity of the azide ion compared to 
ammonia. On the other hand, displacement of the 
2-chloro group of (3-14c by hydrazine was readily ac
complished, but a t tempts to acetylate /9-13e gave a mix-
ture of at least four products. An a t tempt to cleave the 
acetylated hydrazine) group of 2-acetylhydrazino-9-
i2.3,5-tri-0-acetyl-/3-D-arabinofuranosyl)adenine, pre
sumed to be one of the products of the acetylation 
reaction, was not successful. This' sequence was studied 
after all a t tempts to selectively 0-acetylate 2-amino-9-
/j-i)-ribofuranosyladenine failed- -either no acetylation 
occurred or acetylation of the 2-amino group could not 
be prevented. 

Because of these difficulties, we turned again to the 
reaction of XaXs with the 2,6-dichloropurine nucleo
side, in this case £i-9b. 13-llh was thus prepared in good 

CWi .1. A. Montgomery and K. Hewsun, J. Med. Chrm., 11. 48 i 11168). 

yield, and the azide groups of ,d-llb were reduced 
catalytically without removal of the O-bonzyl groups 
to give 2 - a m m o - 9 - ( 2 , 3 , 5 - t r i - 0 - b e i m l- / i -n-arabino-
furanosyljadenino (/3-12b) (over-all yield from 2. 35", !. 
The insolubility of /3-12b in 48',- HBF 4 necessitated the 
use of a heterogeneous, two-phase CHCls 4 8 ' , H R F , 
mixture for the modified .Schiemann reaction which 
gave a 3(v , yield of 9-(2,3,5-tri-f)-l)enzyl-/i-D-arabino-
furanosyl)-2-flu()roa(leiiine (/3-16b). Treatment of d-16b 
with Xa and liquid XHs gave the desired 9-d-D-aral,ino-
furanosyl-2-rluoroadeinue (/3-16e). a-9b was converted 
into a - l l b and then to a-12b. Debenzylation of <*-12b 
gave 2-amino-9-a-i)-arabinofuranosyladeniiic ia-12e), 
identical with the sample prepared from loe wi<l< 
supra). 

Biologic Data. The cytotoxicity of 2-fiuoroadenine 
and its nucleosides was evaluated against cultures of 
HEp-2 cells and a number of sublines resistant to vari
ous agents33'34 (see Table 1). Thus 2-rluoroaeenine (7) 
is highly cytotoxic to the sensitive strain of HEp-2 and 
also to the strain resistant to 6-mercaptopurine (HEp-
2 MP) , which has no I M P ( I M P pyrophosphorylase. 
and to the strain resistant to 0-methylthiopurine 
ribonucleoside (HEP-2 M e M P R ) , which has no adeno
sine kinase. The mutant resistant to 2-fiuoroadeiiine 
(HEp-2 FA) has no A M P pyrophosphorylase" and the 
double mutant resistant to 2-fluoroadenine and to 2-
fluoroadenosine (HEp-2 • F A ' F A E ) has IK) AMP pyro
phosphorylase and no adenosine" kinase. The fact 
that 2-fiuoroadenosino is active against the cell line 
lacking adenosine" kinase (HEp-2 MeMPR)) indicates 
that it may be cleaved to 2-fiuoroadenine, which can 
be converted to the' nucleejtie'e by A M P pyrophos
phorylase. This viewpoint is supported by the 20-fold 
resistance of the" HEp-2 FA mutant , which has adeno
sine' kinase but no A M P pyrophosphorylase. 3'-Deoxy-
2-fluoroaelenosine>3;> is active against the line lacking 
adenosine kinase (HEp-2 M c M P R ) , but is not active' 
against the line lacking both the kinase and AMP pyro
phosphorylase. These results indicate that the activity 
of 3'-deoxy-2-rluoroadenosiiic is a result of its cleavage 
to 2-fiuoroadenine. In contrast, the' mutant lacking 
both the kinase and AMP pyrophosphorylase (HEp-
2 FA EAR) is only slightly resistant Xo 2'-eleoxy-2-
fluoroaelenosine (0-16d). This result indictit.es that 
/3-16d may act at the nucleoside level or, more likely, 
is phosphetrylated by another kinase. The slight de
gree of resistance of the HEp-2 FA FAR cell line- but 
not of the H E p - 2 ' M e M P R cell line may indicate 
some cleavage1 of #-16d to 2-fiuoroadenine. The El ">.-,<. 
value for 2-fluoro-9-/3-i)-xyl()furanosyladeiiine. 3S 
pinoles I., is about 800 900 times that of 2-fh;oroad( no-
sine, but about the' same' as that for 9-/3-xylofurano-
sylaelenine. In contrast, the' ED50 value for 9-#-rj-ara-
binofuranosyl-2-fiuoroadenine, 5.1 /umoles h, is about 
250 times that of 2-fluoroaelenosine' but only one-
thirteenth that of 9-/3-D-arabine)furanosylaelenine'. 

It is of general interest that a second change in the 
structure of a known antimetabolite {i.e.. the introduc
tion of fluorine into the 2 position of «r«-adenine) 
makes it a more- effective antimetabolite. This in-

133) L. L. Bennet t , Jr . . H. P. Sclmtbli , M. H. Vi.il. 1'. W. Allan, innl .1. A. 
Montgomery , Mai. Pharmacol., 2. HISS) (1!)()('.). 

i:(4) I.. L. Bennet t , Jr . , M . It. Vail. S. C'humley. and .!. A. M out S i » ) e > , 
Mor.hrm. Pharmacol.. 15, 171!) rlW.ei). 

•'.'I.-.i A sample of this nucleoside was kindly provided lo Dr. !•'. W. Holm. 

indictit.es
Vi.il
Mor.hr
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TABLE I 

CYTOTOXICITY OF 2-FLUOROADENINE AND ITS NUCLEOSIDES TO H E P - 2 CELLS IN CULTURE 

HEp-2/0 
ED.o, jumoIe/l.° 

0.03 
0.02 
0.2 
6.5 
2 

80 
38 
30 

8.0 
104 

38 
37 

, 
MP 

1 
1 

—EDn i ratio of resistant/sensitive HEp-2/ . 
FA 

>2000 
20 

12 
1 

MeMPR 

1 
1-2 

1 

1 
1 

FA/FAR 

>2000 
>2000 

2.4 

>10 

Compd 

2-Fluoroadenine 
2-Fluoroadenosine 
2'-Deoxy-2-fluoroadenosine (/3-16U) 
9-(2'-Deoxy-a-D-ribofuranosyl)-2-fluoroadenine (a-16d) 
3 '-Deoxy-2-fluoroadenosine6 

3 '-Deoxyadenosine 
2-Fluoro-9-/3-D-xylofuranosyladenine 
9-(3-D-Xylofuranosyladenine 
9-/3-D-Arabinofuranosyl-2-fluoroadenine (/3-16e) 
9-/3-D-Arabinofuranosyladenine 
9-a-D-Arabinofuranosyl-2-fluoroadenine (a-16e) 
9-a-D-Arabinofuranosyladenine 
a The concentration required to inhibit the growth of cells, as measured by clone counts, to 50% of untreated controls. b See ref 35. 

creased cytotoxicity may be due to the fact that the 
fluorine at C-2 prevents deamination of the nucleoside, 
since it is known that 2-fluoroadenosine is not deami-
nated8 but ara-adenine is.36 The a anomers of 2-fluoro-
2'-deoxyadenosine and 9-/3-D-arabinofuranosyl-2-fluoro-
adenine are much less cytotoxic, the ED6o values being 
6.5 and 38 nmoles 1., respectively. 

Experimental Section37 

2-Kenzarr.ido-N-benzoyl-9-[3,5-t!.i-0-(p-chlorobenzoyl)-2-de-
oxy-a,/3-D-er?//Aro-pentofurancsyl ] adenine (4).—Chloromer-
curi-2-benzamido-X-benzoyladenine16 (36.6 g of 48%, chloro-
mercuri-Celite mixture) was azeotropically dried in C6H6 (600 ml) 
and allowed to react with 3,5-di-0-(p-chlorobenzoyl)-2-deoxy-D-
eri/^ro-pentofuranosyl chloride17 (12.8 g, 30 mmoles) under 
reflux. After the usual work-up requiring filtration, evaporation, 
and extraction ( 3 0 r

c aqueous KI) of a CHC13 solution of the 
reaction residue, the crude product was obtained as a glass, the 
pmr spectrum of which indicated it was approximately a 1:1 
mixture of a- and /3-4. An EtOH (100 ml) solution of the crude 
product was diluted with E t 2 0 until a filterable solid precipitated. 
Collection of the solid gave the purified product which was washed 
and dried; yield 2.7 g (12'.:c,), mp 140-145°. Tic (99:1 CHCh-
MeOH) showed trace impurities. 

An additional 6 g (26%) of less pure nucleoside was obtained as 
a glass by CHCI3 extraction of the reaction mixture insoluble 
solids. 

2-Amino-9-(2-deoxy-a- and -/3-D-«j/ttro-pentofuranosyl)-
adenine (6).—A solution of 2,6-dibenzamido-9-[3,5-di-0-(p-
chlorobenzoyl)-D-eri/(/i»"o-pentofuranosyl]purine (4, 4.7 g, 6.2 
mmoles) in AleOH-XH3 (150 ml, saturated at 5°) was heated at 
100° for 6 hr. The reaction solution was evaporated to dryness 
in vacuo and the residue, after trituration with CHC13, was 
crystallized by trituration with EtOH (20-30 ml). The mixture 
of crystalline anomers was collected by filtration, dried (500 mg, 
31%"), and recrystallized from 1:1 EtOH-MeOH (40 ml). Crys
tallization was allowed to take place slowly at room temperature 
and the crops were analyzed by tic (5:1 CHCl3-MeOH). The 
crops containing the slower traveling a anomer were combined 
(180 mg) and recrystallized from MeOH-rLO. A second recrys-

(36) J. J. Brink and G. A. LePage, Can. J. Biochem., 43, 1 (1965). 
(37) SilicAR-TLC-7 (Mallinckrodt) was used for column and thin layer 

(1-mm thick) chromatographic purifications. Silica gel H (Brinkmann) was 
used for thin layer (0.25-mm thick) analyses (tic). Chromatographic homo
geneity was established for all compounds using the solvent systems indicated. 
Spots were detected with either ultraviolet light (256 m/j.) after spraying the 
plates with Ultraphor (WT, highly concentrated) (BASF Colors & Chemicals. 
Inc., Charlotte, N. C.) or heat charring after spraying with ammonium sulfate.38 

The ultraviolet spectra were determined in 0.1 Ar HC1, 0.1 N NaOH, and pH 7 
buffer with a Gary Model 14 spectrophotometer; the infrared spectra were 
determined in pressed KBr disks with a Perkin-Elmer Model 521 spectro
photometer. The pmr spectra were determined in the solvents specified with 
a Varian A-60A spectrometer using tetramethylsilane as an internal reference. 
Melting points, unless otherwise noted, were determined on a Kofler-Heizbank 
and are corrected. 

(38) T. Ziminski and E. Borowski, J. Chromatogr., 23, 480 (1966). 

tallization from MeOH gave a sample of pure a-6: mp 230°; 
[ « ] " D ^73.9 ± 0.7° (c 0.75, H 20); Xmax [mM (e X 10"3)], pH 
1—252 (10.6), 291 (9.8); pH 7, 13—256 (9.2), 279 (10.2) [lit.15 [a]2iD 
+58.8 ± 1.0° (H 2 0) : XmaI£ [mu(£ X 10"3)] ,pH7, 14—216 (25.0), 
256(8.9), 280 (9.9); mp 167°]. Anal. (Ci0H14X6Os) C, H, X. 

Only a single tic-homogeneous crop of the /3 anomer (24 mg) 
was obtained from the EtOH-MeOH crystallization solution. 
Evaporation of the combined filtrates from the EtOH-MeOH 
fractionation to dryness gave a residue which was dissolved in 
H2O (3 ml). Fractionation of the aqueous solution resulted in 
the isolation of additional homogeneous product in the same 
anomeric ratio as the EtOH-MeOH crystallization. 

2-Fluoroadenine (7).—2-Amino-9-(2-deoxy-a,/3-D-2ri/(/j/-o-pento-
furanosyl)adenine (6, 270 mg, 1 mmole) was dissolved in 48% 
HBF4 (30 ml at 0°), the solution was cooled to —15°, and XaX0 2 

(100 mg, 1.7 mmoles) was added in small portions to the stirred 
reaction mixture. After the addition was complete (15 min), 
the mixture was stirred for 15 min at —10°, cooled to —30°, and 
neutralized (pH 6-7) with 50% XaOH. After evaporation to 
dryness in vacuo, the residue was triturated with EtOH (four 
10-ml portions). Evaporation of the EtOH filtrate to dryness 
gave the crude product which was identified by tic (5:1 CHCI3-
MeOH) as a mixture of 2-fluoroadenine and 2-deoxyribose. 

9-(3,5-Di-0-acetyI-2-deoxy-a- and -(3-D-eryrtro-pentofuranosyl)-
2,6-dichloropurine (a- and /3-9a).—A mixture of 2,6-dichloro-
purine (10 g, 53 mmoles) and l,3,5-tri-0-acetyl-2-deoxy-D-
ery/ftro-pentofuranose (14 g, 54 mmoles) was fused, with stirring, 
in vacuo (10 mm) at 130-140° for 15 min. The reaction melt was 
dissolved in C6H6, the unreacted 2,6-dichloropurine that precipi
tated (2.2 g) was removed by filtration, and the filtrate was 
evaporated to dryness in vacuo. The residue was dissolved in 
Et 2 0, the solution was seeded with a-9a, and the crystals that 
formed were collected after 1 hr at room temperature, washed, 
and dried in vacuo; yield 4.83 g (23% a-9a): mp 125°; [a]25i> 
+ 4.5 ± 1.5° (c 0.97, CHCI3) [lit.24 mp 123.5-124.5°, [a]*>D 
^ 0 . 4 ° (c 1.13, MeOH)]; 0 [ppm (CDC13)] 2.00 and 2.14 (CH3 of 
acetyls), 2.82 m (two 2'-H), 4.25 m (two 5'-H), 4.63 m (4'-H), 
5.33 m (3'-H), 6.55 (q, ./iV = 6.5 Hz, . A y = 2.6 Hz, l ' -H), 
8.37 (8-H). The filtrate and washings of a-9a were combined, 
the solution was evaporated to dryness, and the residue was 
dissolved in EtOH (100 ml). After treatment with X'orit, the 
solution was seeded with cn-stalline a,/3-9a and refrigerated over
night. The crystals that formed were collected and recrystallized 
from EtOH (100 ml); yield 6.4 g (31% la:l/3-9a), mp 114-116°, 
[«]25D 0 ± 1.0° (c 0.9, CHCI3). The pmr spectrum of a solution 
of these crystals indicated that they are a 1:1 a:0 mixture. 

The EtOH filtrates from the isolation of crystalline l a : l/3-9a 
were combined and evaporated to dryness in vacuo. Trituration 
of the residue with C6H6 (25 ml) precipitated additional unreacted 
2,6-dichloropurine which was removed by filtration. The filtrate 
was concentrated in vacuo and absorbed on a silica gel column 
(2.8 X 85 cm, packed and equilibrated (18 hr) with C6H6). The 
column was eluted with 9:1 CHCl s-EtOAc and the fractions 
were analyzed by tic (Et 20) . Fractions containing essentially 
homogeneous /3-9a were combined and evaporated to dryness 
in vacuo. l?ecrystallizationM of the residue from EtOH gave pure 

(39) Seed crystals were obtained from a previous run by thin layer chroma
tography (EtsO). 
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0-anomer: yield 2.3 g ( 1 1 ' , ) : mp 108°; [apt) 0.0 ± 0.5° 
(r 0.97, CHC13); S [ppm (CDCb)] 2.10 and 2.16 (CH3 of acetyls), 
2.79 m (two 2'-H), 4.39 m (two o'-H and 4'-H), 5.41 m (3'-H 1, 
0.47 (f, Ji'-i'y = 6.95 ± 0.30 Hz, peak width 13.9 Hz, l'-H i. 
8.41 (8-H). Anal. ( C H H H C L X J O S - O . S H . O i C, H. X. 

9-(2,3,5-Tri-0-benzyl-a- and -/3-i>-arabinol'uranosyl)-2,6-
dichloropurine (a- and /3-9b). A. A freshly prepared solution 
of 2,3,5-tri-0-benzyl-i>-arabinofuranosyl chloride2' (S.S mmoles) 
in sieve-dried MeX0 2 (20 ml) was added with stirring to an 
azeolropieally dried solution of 2,6-dichloropurine (2, 1.6 g. 
8.3 mmoles) in MeXO> (100 ml) containing Hg(CX)2 (2.5 g, 
10 mmoles) and CaSOt (2.S g, 20.3 mmoles of Drierite). The 
resulting reaction mixture was refluxed for 3 hr under anhydrous 
conditions and filtered through dry Celite, the filtrate was evapo
rated to dryness in vacuo, and the residue was triturated with 
C6HC. The insoluble solid that formed was removed by filtration 
and the filtrate was washed with H20, dried (MgSO.,), and con
centrated in vacuo. The C H s concentrate (10 ml) was absorbed 
on a silica gel column (1.9 X 35 cm, packed and equilibrated with 
C6H6). The column was eluted with CeH6 (200 ml) and then with 
CHC13, and the fractions were analyzed by tic (CHC13). The 
fractions containing the faster moving anomer were combined 
and evaporated to dryness in vacuo giving /3-9b as a pigmented oil: 
yield 51 1 mg (11'.,.,):'<5 [ppm (CDCb)] 3.65 d (two 5'-H), 4.17 in 
and 4.57 d (4'-H, CH2 of PhCH2, and 2'-H), 6.39 (d, , / ,y = 4.3 
Hz, l '-H), 7.1 m and 7.33 d (phenyl H and 3'-H), 8.41 (8-11!. 

Evaporation of the fractions containing the slower moving 
anomer to dryness in vacuo gave a-9b as a colorless oil: yield 
1.2 g (25< f); 's [ppm (CDCb)] 3.65 d (two o'-H), 4.13 m (4'-H), 
4 . 50m(CH 2 of PhCH2 and 2'-H), 6.22 (d, ./,'..- = 1.7 Hz, l '-H;, 
7.03 m (3'-H), 7.32 d (phenyl H), 8.2;! (8-H.). 

The conversion of /3-9b to 9-(2,3,5-tri-0-benzyl-/S-i)-arabiuo-
furanosvl)-2-chloroadenine28 confirmed its configuration: yield 
290 mg (60 , , ) , mp 137°, H 2 5u 4-43.7 , i 0.4= (c 0.51, CHCh) 
[lit.28 mp 135-136°, [a]23-2i> +49.6 = (r 0.5, CHCI3)]. 

B.- The reaction carried out as described by Keller, et a(.,2s 

gave a 52' ( yield of fi-9b and a small amount of a-9b, which were 
separated by column chromatography. 

9-(2,3,5-Tri-0-acetyl-u-i>-arabinofuranosyl)-6-chloro-2-fluoro-
purine (a-10c). A mixture of 1,2,3,5-tetra-O-acetyl-n-arabino-
furanose (3.5 g, 11 mmoles) and C-chloro-2-fiuoropurine18 (8, 1.7 g, 
10 mmoles) was heated in vacuo (10 mm) with stirring at 150= 

until a homogeneous melt was obtained and vigorous gas evolu
tion had ceased. After the reaction flask had cooled but before 
the melt solidified, the vacuum was broken and />toluenesulfonic 
acid (35 mg) was added. The reaction mixture was again heated 
in vacuo with stirring at 140° for 30 min. An EtOAc solution of 
the resulting clear glass was washed with saturated XaHCOs 
solution and then H20, and dried (MgSOi) before it was evaporated 
to dryness in vacuo. The residue was iriturated with Et20 and 
(he insoluble amorphous pigments were removed by filtration. 
Evaporation of the Kt20 filtrate to dryness gave a-10c as a glass: 
yield 3.7 g (85 ' , i: tic (1:1 CHCVEtOAc) ; & [ppm (CDCU)] 
2.13 t (CH3 of aeetvl), 4.35 m (two o'-H), 4.73 m (4'-H), 5.35 m 
(3'-H), 5.81 t (2'-H), 6.22 (d, ./,', =• 3 Hz, l ' -H), S.27 (8-H). 

2,6-Diazido-9-(2,3,5-tri-0-benzyl-/3-i>-arabinofuranosyl)purine 
(li-llb). A solution of XaX, (1.16 g, 17.8 mmoles) in H20 
(6.6 ml) was ailded with stirring to a solution of 2,6-dichloro-9-
(2,3,5-t ri-O-benzyl-^i-D-arabinofuranosyDpurine (<3-9b, 4.8 g, 8.1 
mmoles 1 in KtOH (100 ml). After refluxing for 1 hr, the reaction 
mixture was filtered to remove the precipitate that formed, and 
the filtrate was evaporated to dryness in vacuo. Trituration of 
the residue with C6Hs (50 ml) gave a mixture from which the 
remaining inorganic salts were removed by filtration. Evapora
tion of the filtrate to dryness in vacuo gave /3-llb as a glass: 
vield 4.S g ( 9 8 ' , ) ; i t „„ x ' (mr 1 ) 3085, 3060, 3025, 2920, 2S60 
(CH) 2160, 2125 ( X = X ) , 1595, 1565 (C—C, C = X ! , 1110-1065, 
1020 (COC), 730, 6S0 (phenyl). Tic (CHC13) showed only trace 
impurities. 

3',5'-Di-0-acetyl-2-amino-2'-deoxyadenosine (jj-12a). A. 
A solution of XaX3 (760 mg, 11.7 mmoles, in 3.5 ml of H20) and 
9-(3,5-di-0-acetyl-2-deoxy-/3-i)-ribofuranosyl)-2,6-dichloropurine 
(i3-9a, 2.25 g, 5.8 mmoles) in EtOH (53 ml) was refluxed for 1 hr 
before it was evaporated to dryness in vacuo. A C6H6 solution of 
the residue was filtered to remove inorganic salts and, after 
evaporation of the filtrate to dryness in vacuo, the residue (,'j-llb, 
2.3 g, 5.S mmoles) was redissolved in EtOH (200 ml). The KtOH 
solution was hydrogenated in the presence of 5' ', Pd-C (400 mg 
under conditions detailed elsewhere (fj-12b). After removal of 
the catalyst, the KtOH filtrate was concentrated in vacuo and 

refrigerated. The crystals were collected in several crops and 
recrvstallized from EtOH (75 ml); yield 1.3 g (65' , .): mp 168°: 
[,v]3l,i> 16.0 i 0.3C (r 1.01, CHCVi: tic (9:1 CHCVMeOH); ' 
A„,!lx |nv-! if X 10 -')], pH 1—252 (11.7), 292(10.0); pH 7, 13 -256 
MI.4), 279 (10.1 j ; s,„,x (cm"'1) 3445, 3350, 3170, 2930 (XH, CH i. 
1730, 1710 ( C V ) ) , 1060, 1630, 1595, 15^5 (XH2, O - C . C X .;, 
1090, 1070, 1060, 1020 (COC): 0 [ppm (DM.SO-VJ 2.05, 2.11 
(CH, of acetyls), 292 m (two 2'-H), 4.27 (4'-H and two o'-H). 
5.35 d (3'-H). 5.S0 ami 6.73 ( X I V , 6.22 (q. V-,- =. 0.3 Hz, 
V 2 " = 8.3 Hz, l '-H), 7.91 (8-H). Anal. (CuIVX"«().-,) C. H, X. 

B.- The reaction mixture resulting from refluxing (I hr i 
crystalline 9-(3,5-di-(^ncetyl-2-deoxy-a,V>-f/7/Vo-penlofurano-
syl )-2,6-dichloropurine (6.3 g, 16 mmoles) in EtOH (150 ml) 
containing Xa.X;l(2.1 g, .32.6 mmoles in 10 ml of H20) was refriger
ated overnight. The inorganic salts that precipitated wen-
removed by filtration, and the filtrate was diluted with EtOH 
(400 ml). Hydrogenation of the resulting EtOH solution in the 
presence of 5 ' , Pd-C (1.2 g) was carried out as described for 
ii-12b. After removal of the catalyst and evaporation of the 
filtrate to dryness, the residue was dissolved in CHCb (60 ml). 
Filtration of the CHCb solution removed inorganic salts, and 
after concentration /;/ vacuo the filtrate (40 ml) was absorbed on 
a silica gel column (2.9 X 115 cm. packed and equilibrated with 
CHCI.,).' The column was eluted with 10:1 CHCVMeOH and 
the fractions were analyzed by tic (9: 1 CHCVMeOH) . Fractions 
containing homogeneous ,ci-12a were combined with additional 
homogeneous d-12a obtained by rechromaiographing impure 
fractions from the first column. Hecrystallization (KtOH 1 of the 
combined fractions gave pure |3-12a, yield 1.6 g (27' ,,). 

2-Amino-9-( 2,3,5-tri-0-benzyl-fJ-i)-arabinofuranosyl )-
adenine (/3-12b). Pd-C (.V'j 1 (500 mg) was added to a solution of 
2,6-diazido-9-( 2,3,5-tri-O-benzyl-fi-D-arabinoftiraiiosyliptirine t d-
11b, 4.8 g, s.O mmoles) in KtOH (500 ml), and the resulting 
mixture was hydrogenated at atmospheric pressure for 6 hr. 
The H2 atmosphere was changed after 30 min and after 1 hi. 
The catalyst was removed by filtration and was washed with 
(TICI3 to dissolve precipitated product. The combined filtrate 
and washings was evaporated to dryness in vacuo and the result
ing residue was dissolved in boiling KtOH (80 ml). The crystals 
that formed on cooling the KtOH solution were collected by 
filtration, washed with KtOH, and dried in vacuo: yield 3.3 g 
(75 ' , ) , mp 161-162°. tic (19:1 CHCVMeOH' ' . The analyt
ically pure product was obtained from a previous preparation: 
yield 6 9 ' , : mp 162°; !a-]2;'n 4-44.4 :- 0.7° ic 1.06, C1K.V: 
Xmax [niM (t X 10 "'•)!, pll 1-254 t 10.9), 292 (9.0); KtOH- 256 
(10.S), 283 (9.0); pH 7, 13-256 (9.0), 279 (9.1); P,,,,,* (cm ') 
3460, 3350, 3310, 3140 (Nil , ("Hi. 2940, 2915, 2890, 2805 (('II 1, 
1660 (XH), 1590 ( 0 - 0 , O W 1085, 1045, 1015 (COO, 730, 
690 (phenyl). Anal. (C3,I-I:,.,X604) (', H, X. 

2-Amino-9-( 2,3,5-tri-0-acetyl-a-i)-arabinofuranosyl -
adenine («-12c). A mixture of 1,2,3.5-tet.ra-O-acelylarabino-
furanose30 (6 g. 19 mmoles) and 2,6-dichloropurine (2, 3.3 g, 18 
mmoles) was fused in vacuo ( 10 mini at 140° in the presence of 
y-toluenesulfouic acid (100 mg) tinder the conditions described 
for a-10c. After reaction was complete, the fusion melt was 
dissolved in ("die and the solution was extracted with XaII0O 3 

solution and washed with II2() before it was evaporated to dryness 
in vacuo. The residue was triturated with ligroin before it was 
dried in vacuo: yield of «-9c, 6 g (75 ' , i: S Ippm (CHOIjij 2.12 t 
(( 'IE of acetyls), 4.40 111 (two 5'-II i, 5.37 m (3'-H ), 5.S2 t f'2'-Il i, 
0.27 fd, ./•.'•.•' -- 3 Hz, ! '-ID, 8.27 (8-H). The presence of a small 
amount of the ti anomer was detected by bauds at ti.fi (d, ,/iV --
4.5 Hz, I'-11; and at 8.33 (8-H). Tic (Kt.O/ indicated t lie 
product was suitable for use its an intermediate. 

A solution of XaNa f 1.7 g in 6 ml of !FO) was added witli stirring 
to a-9c (6 g, 13.4 mmoles) in KtOH (150 ml) and the mixture 
was refluxed for 1.25 hr before it wras evaporated to dryness in 
vacuo. A C6HS solution of the residue was filtered to remove in
organic salts and evaporation of the filtrate to dryness in vacuo 
gave a - l lc as a glass: vield 6 g (100 r

r ) ; »wx (cm "') 3120, 
2950, 2930 (CH), 2)50, 2130 ( X = X ) , 1740 C O O ) , 1600, 1570 
(C-----0, C ^ X i , 1350, 1250-1220 (COC ester), 1050 (COC 
sugar). Tic (Kl.„,()) indicated the material was suitable for use 
as an intermediate. 

An EtOH solution (300 ml) of a - l lc (6 g, 13 mmoles; was 
hydrogenated in the presence of '>''.,- Pd-C (500 mg) as described 
for/3-12b. After reaction was complete, the catalyst was removed 
by filtration, the filtrate was evaporated to dryness, and the 
residue (5.2 g, 9 8 ' , crude yield) was redissolved in CHCls (16 ml i. 
The CHCb solution was adsorbed on a silica gel column (2.8 x 

ti.fi
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85 cm, packed and equilibrated (IS hr) with C6H6). The column 
was eluted with CHC13 (750 ml) before the eluent was changed to 
19:1 CHCl3-MeOH. The fractions were analyzed by tic 
(19:1 CHCl3-MeOH) and those fractions containing homo
geneous a-12c were combined and evaporated to dryness in 
vacuo; yield 3.06 g (45%); 5 [ppm (CDC13)] 2.08 and 2.11 
(CH3 of acetyls), 4.33 m (two o'-H), 4.62 t (4'-H), 5.03 and 5.85 
broad (NH2), 5.32 m (3'-H), 6.06 m (2'-H and l ' -H) , 7.68 
(8-H). 

2-Amino-9-a-D-arabinofuranosyIadenine (<x-12e). A.—A so
lution of NaN3 (260 mg, 4 mmoles) in H 2 0 (1.5 ml) was added to 9-
(2,3,5-tri-0-benzyl-o:-D-arabinofuranosyl)-2,6-dichloropurine (a-
9b, 1.2 g, 2 mmoles) in EtOH (30 ml) and the resulting reaction 
solution was refluxed for 1 hr. After removal of inorganic salts by 
filtration, the filtrate was evaporated to dryness in vacuo. The 
residue was dissolved in absolute EtOH (150 ml) and 5 % Pd-C 
(200 mg) was added. The resulting reaction solution was 
hydrogenated at atmospheric pressure. After removal of 
the catalyst by filtration, the filtrate was evaporated to dryness 
and the residue was dried in vacuo. The resulting crude a-12b 
was suspended with stirring in liquid NH3. Na was added in 
small portions until a blue color persisted for 5 min. The re
action was quenched with the addition of NH4C1, and the NH 3 

was removed in a stream of dry N2. After trituration with C6H6, 
the residue was dissolved in H 2 0 (20 ml), and the solution was 
acidified with AcOH and filtered. The filtrate was concentrated 
in vacuo, and the crystals that formed were collected by filtration 
and dried in vacuo giving a 49%, yield of product which showed a 
major spot [tic (3:1 CHCh-MeOH)] identical with that prepared 
by method B (see below). Recrystallization of this product 
from E t O H - H 2 0 (4:1) followed by two recrystallizations from 
EtOH gave pure a-12e: yield 90 mg (16%); mp 213°; M 5 0 D 
+42.3 ± 0.4° (c 1.1, H 2 6) ; XmMC [mM (<• X 10~8)], pH 1—253 
(11.2), 292 (9.9); pH 7—256 (9.2), 280 (9.9); pH 13—256 (8.9), 
279 (9.8); > w (cm"1) 3360, 3320, 3300, 3200-3100 (OH, NH) , 
2940-2900 (CH), 1660, 1615, 1600 (NH, C = C , C = N ) , 1090, 
1050, 1010 (COC). Anal. (Ci0Hi4N6O4) C, H, N. 

B.—A solution of 2-amino-6-chloro-9-a:-D-arabinofuranosylpur-
ine (a-15e, 500 mg, 1.6 mmoles) in E tOH-NH 3 (40 ml saturated at 
5°) was heated in a Parr bomb at 100° for 18 hr. The residue 
from evaporation of the solution in vacuo was crystallized from H 2 0 
(25 ml) with Norit treatment. The crystals were collected by 
filtration and dried in vacuo; yield 370 mg (80%); Xmax (m/j), 
pH 1—253, 292; pH 7, 13—256, 278. 

9-(2,3,5-Tri-0-acetyI-/3-D-arabinofuranosyl)-2-chloroadenine 
(0-14c).—A solution of 9-0-D-arabinofuranosyl-2-chloroadenine28 

((3-14e, 1.1 g, 35 mmoles) in pyridine (14 ml) and Ac20 (10 ml) 
was stirred at room temperature for 2 hr before it was evaporated 
to dryness in vacuo. A solution of the residue in EtOH was 
evaporated to dryness before the residue was crystallized from 
EtOH. The crystals were collected in several crops and recrystal
lized from EtOH giving /3-14c: yield 1.1 g (71%), mp \ffl°; 
tic (19:1 CHCl3-MeOH) showed only trace impurities and 
indicated the material was suitable for use as an intermediate; 
Xma* (mM), pH 1, 7—263, pH 13—264.5; > w (cm"1) 3360, 
3310, 3260, 3175 (NH, CH), 3000, 2940 (CH), 1750, 1735 ( C = 0 ) , 
1650 (NH,), 1590, 1570 ( C = C , C = N ) , 1250-1210, 1110, 1060, 
1040 (COC); 3 [ppm (CDC18)] 1.94 and 2.15 d (CH3 of acetvls), 
4.37 m (two 5'-H and 4'-H), 5.04 m (3'-H and 2'-H), 6.37 broad 
(NH2), 6.53 (d, J i v = 4.4 Hz, l ' -H), 7.98 (8-H). 

2-Amino-6-cbloro-9-a;-D-arabinoiuranosylpurine (a-15e).—A 
solut i on of 9-( 2,3,5-tri-O-acetyl-a-D-arabinof uranosyl )-6-chloro-2-
fluoropurine (8, 3.5 g, 8 mmoles) in EtOH-X'H3 (200 ml, saturated 
at 5°) was refrigerated for 3 days before it was evaporated to 
dryness. The residue was dissolved in H 2 0 and extracted with 
CHC13. The crystals that precipitated from the H 2 0 solution on 
concentration were collected in several crops giving the crude 
product, which was recrystallized from H 2 0 ; yield 860 mg (34%): 
mp 190° dec (Mel-Temp); tic (3:1 CHCl3-MeOH) showed only 
trace contaminants and indicated the product suitable for use as 
an intermediate; Xmax (mM), pH 1—215, 246, 310; pH 7, 13—216, 
247, 307; i>max (cm"1) 3465, 3370, 3300, 3180, 3080 (OH, NH), 
2940, 2920, 2840 (CH), 1630 (NH), 1615, 1555, 1510 ( C = C , 
C = N ) , 1050, 1020 (COC). 

9-(3,5-Di-0-acetyl-2-deoxy-a-D-ribofuranosyl)-2-fluoroadenine 
(a-16a).—A solution of 9-(3,5-di-0-acetyl-2-deoxy-a-D-ribo-
furanosyl)-2,6-dichloropurine (a-9a, 4.8 g, 12.5 mmoles) and 
NaN3 (1.6 g, 25 mmoles, in 7 ml of H 20) in EtOH (100 ml) was 
refluxed for 1.25 hr. After removal of inorganic salts by treatment 
with C6H6, an EtOH solution (250 ml) of the resulting a - l la (5 g, 

12.5 mmoles) was hydrogenated in the presence of 5 % P d - C 
(500 mg) as described for /3-12a. After removal of the catalyst 
and concentration of the EtOH filtrate, the a-12a precipitated 
and was collected by filtration, washed, and dried; yield 4 g 
(91%), mp 155°, tic (9:1 CHCl3-MeOH). 

A CHC13 solution (50 ml) of 9-(3,5-di-0-acetyl-2-deoxy-a-D-
ribofuranosyl-2-aminoadenine (a-12a, 3.5 g, 11 mmoles) was 
cooled to —20° and diluted with stirring with 48% HBF 4 (80 ml). 
The resulting mixture was treated with NaN0 2 (2 g, 30 mmoles, 
in 2 ml of H 20) as described for /3-16b. The neutral reaction 
emulsion was centrifuged and the reaction products were identi
fied by tic (EtOAc) and isolated as described (see 0-16a) giving 
the following results: isoguanine (42%), 2-fluoroadenine (10%), 
9-(3,5-di-0-acetvl-2-deoxy-a-D-ribofuranosyl)-2,6-difluoropurine 
(3%,), and a-16a (10%, mp 183°). 

Pure a-16a was isolated by tic (EtOAc) followed by CeH6 

recrystallization; vield 7%; mp 182°; [a]22D +34.4 ± 0.8° 
(c0.99, CHCl3);Xmax [mM (e X 10"3)], pH 1—262 (13.4), 267 (sh); 
pH 7, 13—261 (14.8), 267 (sh); i>maj[ (cm"1) 3320, 3170 (NH, CH), 
1750 ( C = 0 ) . 1680, 1645, 1610, 1580 (XH, C = C , C = X ) , 1230, 
1100, 1060, 1040 (COC); d [ppm (CDC13)] 2.00 and 2.12 (CH3 of 
acetyls), 2.80 (two 2'-H), 4.25 (two 5'-H), 4.59 (4'-H), 5.27 
(3'-H), 6.22 broad (XH2), 6.40 (q, -hv = 6.5 Hz, JlV' = 3.2 Hz, 
l ' -H), 7.33 (benzene), 8.00 (8-H). Anal. ( C u H ^ F X W V i i A H o ) 
C, H, N. 

The 9-(3,5-di-0-acetyl-2-deoxy-a;-D-er|/ttro-pentofuranosyl)-2,6-
difluoropurine was purified by thin layer chromatography 
(1:1 CHCl3-EtOAc) and its identity was confirmed by mass 
spectroscopy. 

3',5'-Di-0-acetyl-2-fluoro-2'-deoxyadenosine (/3-16a).—3',-
5'-Di-0-acetyl-2-amino-2'-deoxyadenosine (/3-12a, 3.6 g, 10.4 
mmoles) was dissolved with stirring in 48% HBF4 (50 ml at —10 °) 
and the solution was cooled to —20°. A solution of XTaX02 

(1.2 g, 17 mmoles, in 2 ml of H20) was added dropwise, and the 
reaction mixture was stirred at —20 to —10° for 20 min. After 
dilution with CHC13 (50 ml), the mixture was cooled to —30 ° and 
neutralized (pH 5-6) with 50% XaOH. The resulting emulsion 
was centrifuged to separate the insoluble gel from the liquid layers, 
which were each washed with more solvent (50 ml). The aqueous 
layers were discarded and the combined CHCI3 solution was set 
aside. The gel was triturated with E tOH-E t 2 0 until a filterable 
solid was obtained, and, after the addition of more Et 2 0, the 
solid was collected, triturated with H20, dried in vacuo, and identi
fied by spectral analysis as isoguanine: yield 48%. The E t O H -
Et 2 0 and H 2 0 filtrates were combined and evaporated to dryness 
in vacuo, and the residue was triturated with CHC13. The insolu
ble solid was collected and identified by spectral analyses as 
2-fluoroadenine, yield 17%. The filtrate was combined with the 
CHC13 solution that had been set aside, and the resulting solution 
was washed with H20, dried (MgS04), and evaporated to dryness 
in vacuo. The residue was triturated with CsHe and the insoluble 
solid was collected and recrystallized from CHCI3 (40 ml); yield 
536 mg (14.5%); mp 208°; tic (EtOAc); S [ppm (CDC13)] 2.07 
and 2.11 (CH3 of acetvls), 2.73 m (two 2'-H), 4.35 m (two 5'-H 
and 4'-H), 5.39 (3'-H), 6.03 broad (XH„), 6.30 (t, J jv . a" = 7.0 
± 0.2 Hz, peak width 13.5 Hz, l ' -H), 7.91 (8-H). 

Tic (EtOAc) indicated the benzene filtrate from the isolation of 
/3-16a contained a small amount of 9-(3,5-di-0-acetyl-2-deoxy-
/3-D-ribofuranosyl)-2,6-difluoropurine in addition to the sugar 
residues. 

9-(2,3,5-Tri-0-benzyl-/3-D-arabinofuranosyI)-2-fluoroadenine 
(/3-16b).—HBF4 (48%) (150 ml) was added to a solution (5°) of 
2 - amino -9- (2 ,3 ,5- t r i -0-benzyl - /3-D- arabinof uranosyl )adenine 
(/3-12b, 4.6 g, 8.4 mmoles) in CHC13 (60 ml). The resulting mix
ture was cooled to —10° before a solution of X a X 0 2 (1.7 g, 
25 mmoles) in 4 ml of H 2 0 was added dropwise with stirring. 
After the addition was complete, the mixture was stirred an 
additional 40 min at —10 to —5° before it was diluted with CHC13 

(75 ml), cooled to —20°, and neutralized (pH 5-6) with 50% 
XaOH. The CHC13 layer was separated, washed with H 20, 
dried (MgS04), and evaporated to dryness in vacuo. The residue, 
primarily a mixture of 0-16b and 9-(2,3,5-tri-0-benzyl-/3-D-
arabinofuranosyl)-2,6-difluoropurine, identified by tic (1:1 
CHCl3-EtOAc), was dissolved in absolute EtOH, and the solution 
was saturated at 5° with dry XH3 . After refrigeration overnight, 
the reaction solution was evaporated to dryness in vacuo. The 
residue was dissolved in CHCI3 (25 ml), and the solution was 
filtered through dry Celite to remove inorganic salts. The 
filtrate was adsorbed on a silica gel column (2.6 X 35 cm, packed 
and equilibrated with CHC13). The column was eluted with 
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1:1 CIICl3-KtOAc. The fractions containing /j-16b were com
bined and evaporated to dryness in vacuo, and the residue was 
recrystallized from CfiH(i (40 ml): yield 1.7 g (30' , i :mp 157--15!)"; 
X„,a,'(n\uj), pH 1, 7, 13, and KtOH—201, 272 (shi: P,,,,,. ( c m 1 

3350, 3320, 3150 (XH), 2940, 2920, 2910, 2860 (CH i. 1005, 1010, 
1575 (XH, C=-C, C - X ) , 1110, 1100, 108.5, 1000 (COO), 730 
(phenyl). 

In a previous preparation a sample of 9-(2,3,,5-tri-f>-benzyl-;i-i>-
arabin<)furano.syl)-2,6-difluoropurine was isolated by thin layer 
chromatography. The identity of t he sample was confirmed by 
spectral analyses: Xllmx (m/u), KtOH—257; P,„„ (cm - 1) 3105, 
30X5, 3060, 3030, 2920, 2865 (CH ), 1620, 15*0 (C--C. C=-X ;. 
1 110-1060 (COC), 730, 690 (phenyl i. 

9-(2-Deoxy-a-i)-ribofuranosyl)-2-fluoroadenine («-16d). A 
solution of 9-(3,5-di-0-aeetyl-2-deoxy-a-[>-ribofuranosyl )-2-Huoro-
adenine («-16a, 700 mg, 2 mmoles! in KtOH-XH3 (300 ml satu
rated at 5°) was refrigerated for 3 days before it was evaporated 
to dryness in vacuo. After trituration with CHC13, the reaction 
residue was crystallized from KtOH-Kt20 and the crude product 
was collected and recrystallized with Xorit treatment from KtOH 
(70 ml). A second recrystallization from KtOH gave the pure 
material: vield 320 mg (42' , ' ) ; mp 232°: [a]45i> - 24.8 i l.(>° 
( r0 .51 , KtOH): tic (9:1 CHCl3-.MeOH); \ ,„„ [HIM U X 10'3)!. 
pH 1—262.5 (13.0i, 267 (12.6, sh): pH 7, 13—261 (14.0), 26* 
(ll.N, sh): ?„,„, (cnrM 3430, 3320. 3170 (OH, XH). 2930, 2X70, 
2770 (CH), 1690 (XH.), 1640, 1620, 15S0(C=--C. C - X ) , 1120. 
1100, 1085, 1070 (COC). A mil. (C,„H,..KX;,03) C, H, X. 

2'-Deoxy-2-fluoroadenosine (0-16d).- An KtOH-NH ; j solution 
(100 ml saturated at 5°) of 3',5'-di-0-acetyl-2'-deoxy-2-fluoro-
adenosine ((3-lGa, 500 mg, 1.4 mmoles I was refrigerated for 3 days 
before it was evaporated to dryness in vacuo. The residue, after 
CHCls trituration, was dissolved in KtOH (30 mli and treated with 
Xorit, and the filtrate was evaporated to dryness in vacuo. Tritu
ration of the residue with Me*CO gave the pure material in two 
crops: vield 1X0 mg (48', .); melting point indefinite. > 2 1 0 ; : 
| a p n -'- 19.2 ± 0.4° (r 0.9, KtOH): tie (9:1 CHCl3-MeOH): X„„„ 
[mju (e X L0~3)], pH 1—262 (13.2), 267 ( 1 1.9, sh i: pH 7, 13--261 
(14.5), 267 (11.6. sh): vm:„ (cm"'1) 3400, 3340-3305, 3140 (OH, 
XH), 2915 (CH), 1690, 1650 (XH), 1605, 1575 ( C = C , C = X ). 
1090, 1085, 1065, 1045 (COC). A mil. (C„,H„KX!,03), C, H, X. 

9-a-i)-Arabinofuranosyl-2-fluoroadenine (a-16e). A mixture of 
9-( 2,3,5-tri-()-ace1yl-c*-i>-arabinofuranosyl)-2-aminoadenine 
(u-12c, 3 g, 7.3 mmoles), CHCh (25 ml), and 48' , HBK4 (65 ml) 
was treated with XaXO" solution (1.5 g, 22.2 mmoles in 2 ml of 
HoO) under (he modified Schiemann reaction conditions described 
in the preparation of fi-16b. The dry CHC13 residue was tri-
t united with C(iH6 (20 ml) and the insoluble solid was removed by 
filtration. Evaporation of the filtrate to dryness in vacuo gave 
primarilv 9-(2,3,5-tri-0-acetvl-a-t)-arabinofuranosvl )-2,6-difiuoro-
purine: 'yield 700 mg (23 ' ' , ) : b [ppm (CDC13)]' 2.11, 2.13, 2.17 
(CH3 of acetvls). 4.38 m (two o'-H ), 4.70 m (4'-H ), 5.36 m (3'-H ), 
5.X3 t (2'-Hi, 6.25 (d, ./,'..' = 2.8 Hz, I'-H i, 8.24 d (8-H). The 
8-])roton appears to be coupled with one or both V atoms. Tic, 
(9:1 CeHu-MeOH! indicated that «-16c was the major contami
nant . 

An KtOH-XHa solution (100 ml saturated at 5',) of 9-(2,3,5-tn-
0-acetyl-o-i)-arabinofuranosyl)-2,6-diHuoropui'iiie (700 mg, 1,7 
mmoles; was refrigerated for 3 days before it was evaporated to 
dryness in vacuo. The residue was triturated first with CHCl. 
and dried /;, cucuo before il was triturated in boiling KtOH 
(30 ml) and the KtOH mixture was refrigerated. The KtOH-
insoluble solid was collected and recrystallized from boning 
IKO (30 mil giving the crude product. Kecrystallization of the 
crude product from IKO (40 ml! gave pure «-16e in two erop„: 
vield 152 mg ( 3 1 ' . t: mp 275° (.Mel-Temp): l«|8,'i> - 7 3 +• 4 
ic 0.0,5, KtOH): tic (4:1 CHCl;1-Me(.)H ;: X„1;„ jmM u X 10 ;':;. 
pH 1-262 (13.5): pH 7, 13-262 (14.9); ^,t;l, ( c m 1 ) 3420 3180 
(OH. XH), 169.5 (XIKi, 1620, 157.5 (C--C. C - X :, 10.50. 1040 
(COCi. Anal. (C..H,2FX.-,0;) C, 11. X. 

9-ti-n-Arabinof'uranosyl-2-fluoroademne (J-16e!. 9-;2,3,5-
'J"ri-0-benzyl-,i-i)-arabinofur;uiosyl i-2-!luoroadenine (d-16b, 1,7 g, 
3 mmoles) was suspended in liquid XH3 (7,5 ml! with stirring and 
X'a (410 mg, 18 g-aloms) was added in small portions. When a 
purple color persisted for a few minutes after the addition of X'a. 
the mixture was neutralized with XIKCl (920 mg, 18 mmoles .. 
The XH3 was evaporated in a stream of dry X;, .and the residue was 
triturated with Kl»0 (75 ml). The insoluble solid that formed 
was collected by filtration and washed with IKO (three 3-ml 
portions) before it was recrystallized from IKO (6,5 ml) giving the 
crude product (479 mg), which was shown by tic (4:1 CHCls-
MeOH) to be primarily a mixture of d-16e and O-.i-n-arabino-
syladenine. A solution of the crude product in IKO (1 ml mg; 
was percolated through an ion-exchange column [ 10 g of Amberlite 
(CO50, 100-200 mesh) jnmole of nucleoside! at a rate not exceed
ing 0.5 ml min, and the column was eluted with IKO until elation 
of d-16e was complete. The fractions containing homogeneous 
d-16e were combined and evaporated to dryness. The residue 
was recrystallized from IKO; yield 290 mg (34' , i, mp 265-267'' 
(Mel-Temp;. 

An analytically pure sample was obtained from a previous 
synthesis. The crude product was first purified by tic, and pure 
LJ-16e was obtained after three recrystallizations (KtOH-IKO: 
of the tic isolated material: mp 260° (Mel-temp): laj2;'n -17.0 
re 2.5° (r 0.1. KtOH I: X,„iis !mM U X 10"3i], pH 1--262 (13.2;; 
pH 7 -261(14.8); pH 13 - 2 6 2 (15.0): i>,„av (cm " ',) 34,50, 3305. 3180, 
3025 (OH. XH), 291.5, 2900 (CH i. 1630 (XH), 1610, 1590 
(C-----C, C X !. 111,5, 1085, 105.5, 1020. 1000 (COC): c, ippm 
(DMSO-f/,,)] 3.70 m (two 5'-H and 4'-Hi, 4.13 m(3 '-H and2 ' -H :. 
4.98 (,5'-OH i. 5.5 m (2'-OH and 3'-OH ;, 6.13 (d, . / , v = 4.2 Hz, 
l '-H), 7.2 broad ( \ I l . i , 8.16 (8-H i. Anal. fC,„H,..KX.-.0,; 
C. H. X. 
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