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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 B¢ to ADP and 2-chloro-ADP.
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The preparation of the anoneric 9-(2-deoxy-p-ergthro-pentofuranosyi)-2-fluoroadenines and 9-p-arabinofur-

anosyl-2-fluoroadenines from 2 6-dichloropurine ix described.

The eviotoxicity of these compounds, and also

of 3’-deoxy-2-fluoroadenosine and 9-g-p-xylofuranosyl-2-fluoroadenine, to a number of HEp-2 cell lines in citl-
ture has been determined. The data permit certain conclusions conceruing the probable metabolism and mech-

anism of action of these nucleosides.

2-Fluoroadenosine? is readily anabolized®=® but not
-atabolized®™* in cells in culture or vn vivo. It is highly
cytotoxic,? highly toxic to rodents,' and has broad-
spectrum antibacterial activity. 2 It has a synergistie
effect on the antimicrobial action of actinobolin® and is
an inhibitor of blood-platelet aggregation. 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 o anomer in 1.57 ¢ over-all
vield from 2-amino-6-chloropurine by the conventional
chloromercurt procedure has been reported.’ 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-benzoyladenine!® and 3,53-di-O-(p-chlo-
robenzoyl)-2-deoxy-p-erythro-pentofuranosyl chloride!?
was investigated and found to give 4 ag an approxi-
mately 1:1 mixture of @ and 8 anomers in a total yield
of 369, (Scheme 1). Treatment of 4 with NaOMe in
the usual manner resulted in decomposition of the
nueleostde, whercas treatment with methanolic NHj at

o

5° removed only the p-chlorobenzoyl groups. The

11) This work was sopporled by fduds from the Southern Research Iustitate,
(e . I, Kettering YFoundatiol, and the C'uncer Chemotlierapy Natioual
Service Ceuter, Natiolwsl Cancer Institlite, Natioual Iustitutes of Health,
Comrnet No. VH43-064-01.
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anomeric  mixture of  9-(2-deoxy-p-ribofuranosyl)-2-
aminoadenine (6) was finally obtained in 31¢; yield by
heating 4 with methanolic NHj at 100° for 6 hr in a
bomb. The e nud 8 anomers of 6% were separated by
fractional crystallization: about 8 parts « to 1 part g
were isolated,  Treatment of a-6 with NaNO, n 480,
fluoroboric acid resulted in replacement of the 2-amino
group by fluorine but also in eleavage of the glycosyl
linkage giving only 2-fluoroadenine (7),% a result not
too unexpected hn view of the known actd lability of
purine 2'=lcoxyribonucleosides.”
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Because of the acid lability of 6 and because of the
difficulties in obtaining pure 8-6% from the reaction of
1 and 3, another route® to 2-fluoro-2’-deoxyadenosime

(18) J. A, Montgomery sl K, Hewson, ibid., 82, 463 (1960).
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(8-16d) was sought (Scheme II). Fusion of 1,3,5-tri-O-
acetyl-2-deoxy-p-erythro-pentofuranose?! with 2,6-di-
chloropurine (2)% resulted in an 859, conversion to a
14 a to 1 8 anomeric mixture of 9-(3,5-di-O-acetyl-2-
deoxy -D -erythro-pentofuranosyl) - 2,6 - dichloropurines
(9a), which could be resolved by a combination of
fractional crystallization and column chromatography.?
The two anomers were identified by their pmr spectra.?
Fusion of 1,3,5-tri-O-acetyl-2-dexoy-p-erythro-pentofur-
anose with 2,6-diazidopurine also gave a mixture of
anomers slightly richer in the o anomer.

In an effort to obtain the pure 8 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 CH,Cl, using a molecu-
lar sieve as the proton acceptor, conditions that favor
the Sx2 reaction, which should proceed with Walden
inversion to give the 8 anomer (8-5), if 3 is the a-chlo-
ride.25.27  Contrary to the restclts of Keller, et al.,?® in the
reaction of 2,3,5-tr1-O-benzyl-a-p-arabinofuranosyl chlo-
ride? with 2,6-dichloropurine (2) under Sx2 conditions

(21) Purchased from Cyclo Chemical Corp., Los Angeles, Calif,

(22) J. A. Moutgomery, J. Amer. Chem. Soc.. 78, 1928 (1956).

(23) After this work had been completed, M. J. Robins and R. K. Robins
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(24) R. U. Lemieux and M. Hoffer, Can. J. Chem., 39, 110 (1961).

(25) Evidence for the & configuration of the related halogenoses, 3.5-di-O-
(p-nitrobenzoyl)-2-deoxy-b-erythro-pentofuranosyl chloride and 3,5-di-O-(p-
toluoyl)-2-deoxy-p-erythro-pentofuranosyl chloride, has been presented.2 The
pmr spectrum of 3, a sharp-melting crystalline solid, does not permit assignment
of its anomeric configuration.

126) 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. Szantay, Tetrahedron Lett.,, 1759

(1966).

(28) Y. Keller, 1. J. Botviniek. and J. E. Bunker, J. Org. Chem., 32, 1644
(1967).

(29) C. P.J. Glaudemans and H. G. Yletcher, Jr.. J. Amer. Chem. Soc.. 87,
4636 (1963).

(vide tnfra), the reaction of 3 with 2 gave an «,8 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 CH,Cl,
at room temperature, although Bardos, et al.,* found
that i refluxing benzene 3 reacted with 5-acetylmer-
capto-2,4-bis-O-(trimethylsilyl)uracil to give the 8
anomer only.?” 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-O-(tri-
methylsilyluracil gave a 8/« ratio of about 2.5, from
which the 8 anomer was readily isolated.3

Since the anomer ratio of 5 was no more favorable
than that of 9a, the reaction of a- and $-9a separately
with NaNj; was carried out to give a- and g-11a, which
were reduced catalytically to 3',5'-di-O-acetyl-2-amino-
2'-deoxyadenosine (8-12a) (yield from g8-9a, 6597) and
its o anomer (a-12a) (yield from «-9a, 91¢). The in-
creased acid stability imparted to «- and 8-12a by the
O-acetyl groups permitted the preparation of 3',5'-di-O-
acetyl-2-fluoro-2’-deoxyadenosine (8-16a) and its «
anomer (a-16a) by diazotization of 8- and «-12a in 487
fluoroboric acid at —10°, although considerable cleav-
age of the glycosidic bond still occurred. Treatment of
B- and «-16a with methanolic NH; at 0° gave 2-fluoro-
2'-deoxyadenosine (5-16d) and its @ 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 p-arabmofuranosides. 6-Chloro-2-fluoropurine (8)
upon fusion with 1,2,3,5-tetra-O-acetyl-D-arabinofura-
nosed! gave 9-(2,3,5-tri-O-acetyl-p-arabinofuranosyl)-6-
chloro-2-fluoropurine (10¢) (Scheme II). Treatment of

(30) J. A. Molitgomery and K. Hewson, J. Heterocyel. Chem., 2, 313 (1965).
{31) W. E. Fitzgibbon aud S. J. Clayton, unpublished data
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10c with NHz-EtOH at 100° resulted m decomposition
of the nucleoside, but at 5° for 3 days a good vield of
2~unino-9-p-arabinofuranosyl-6-chloropurine (15e) was
obtatited.  Upon treatment with NHz;-EtOH at 100°
15e wns converted into 2-amino-9-p-arabinofuranosyl-
adenine (12e). The assumed « configuration of these
mucleosides was firmly established by comparisonr of
12e with an authentic sample ol 2-amino-9-g-v-
arabinofuranogyladenine (a-12€) prepared as described
helow.

Despite the successful preparation of «-12e trom
B~chiloro-2-fluoropurine, a sequence similar 1o that de-
veloped for the preparation of 12a from 2 appeared
preferable for a-12¢ and was carried out (Scheme 1T,
¢ series. over-all vield 479.). In the modified Sehieman
reaction using excess NaNO. «-12¢ gave primarily
0-(2.3,5-tri-O-ncetyl-a~p - arabinofuranosyl)isoguanine
(319%) and 9-(2,3,5~tri-O-acctyl-a-p-arabinofuranosyl)~
‘l(i-(liﬂuoropurme (234¥0), along with a small amount of
9-(2,3.5-tri-O-acetyl-a-p-arabinofuranosyl)-2-fluoroad-
enine (a-16¢) (<5%). The difluoropurine nucleoside
and a~16¢ were converted to 9-(a-p-arabinofuranosyl)-2-
Avoroadenine m the usual manner.?

For the preparation of the 8 anoner, the reaction of
2.3.5-tri-O-benzyl-a-p-a dbm()iulanosyl chloride® with
2.6-dichloropurine (2) was mvestigated. In the pres-
ence of mercurie eyanide the reaction gave 9b as an
attomerie mixture (2.5«:18) from which both anomers
were isolated n the pure state: in the presence of molec-
ular steve, as described by Keller, ef «l..*8 the reaction
give n 9240 yield of 3-9b, along with 2 small amount of
the o anomer.  These anomers could be readily identi-
ficd by their pmr spectra since the signal from the
anomerte proton of the ¢fs or 8 anomer appeared down-
field from the signal from the anomerie proton of the
trans or o anomer.®  Treatment of 3-9b with NHj-
MeOH at ambient temperature for 3 days gave 9-(2,3.5-
tri-()-benzyl-8-p-arabiofuranosyl) - 2-chloroadenine
(3-14b)*® which was catalyvtically debenzylated to
3-14e.® which in turn was acetylated with Ae.,O in
prridine to give 8-l4e. A number of unsuccesstul
attempts were made to cause 8-14¢ to react with NaXNy,
NH.N; and LiNg  The ouly reaction observed was
deacetylation of §-14¢ to B-14e. The failure of 3-14b to
react with NaXNj shows that facile replacement of both
the 6-and the 2-chlorines of 9 and similar compounds®*
by the azide ton is due more to the fact that 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 3-14¢ by hydrazine was readily ac-
complished, but attempts to acetylate -13e gave a mix-
ture of ut least four products.  An attempt to cleave the
seetyvlated hydrazine group of 2-acetylhydrazino-9-
2.3.5-tr1-O=neetyl-g-n-arabinofuranosyl)adenine, pre-
stnned to be one ol the products of the acetylation
resdetion. wis not successful. . This sequence was studied
after all attempts to selectively O-acetylate 2-amino-9-
g-n-ribofuranosyladenine failed--either no acetylation
occeurred or acetvlation of the 2-amino group could not
be prevented.

DBecause of these difficulties, we turned again to the
reacetion of NaNz with the 2,6-dichloropurine mucleo-
side. 111 this case 8-9b. 3-11b was thus preparcd in good

ndv ). AL Moutgoweey awd Ko Hewson, J. Med. Chem., 11, 48 (1168},

vield, and the azide groups of g-11b were redhicid
catalytically without removal of the O-benzyl gronps
to give 2-ammo-9-(2,3.5-tri-0-benzy l-g-p-armbina-
furanosyljadenine {5-12h) (over- all vield from 2. 857, &
The insolubility of 3-12b in 487, HBE anccessitated the
use of a heterogeneous, t\\()-ph‘m\ (‘"HC'l; 487, HBI,
mixture for the modified Schieman reaction which
gave a 367, vield of 9-(2.3,5-tri-O-benzyl-g-n-irabino-
furanosyh-2-fluoroadenine (3-16b). Treatiment of 3-16b
with Na and Liguad NHy gave the desired 9-g-p-nraliino-
1'111‘:111()b’)‘lv‘_’-ﬂu()l'()zu1(vni11(‘ (3-16e). @-9b wits converted
into a-11b ud then to @-12h. Deb:enzyvlation of «-12b

gave 2- Amm()-) -a-b-arabinofuranosyladentac  fa-12e),
identreal with the sample prepared frow 15e il
supra).

Biologic Data.- The cytotoxteity of 2-Huorondenine
and 1ts nucleosides was evaluated agamst cultires of
HEp-2 cells and a number of sublines resistant to vari-
ous agents®* jsee Table 1. Thus 2-fluoroacenine (7)
i highly cytotoxie to the sensitive strain of HEp-2 and
also to the strain resistant to 6-mercaptopurine (Hlp-
2 MP), which has no IMP-GMP pyrophosphorylase,
and to the stratp resistant to  S-methyvithiopurine
ribomucleoside (HEP-2 MeMPR), which has no adeno-
sihe kinase.  The mutant resistant to 2-fluoroadenine
(HEp-2,FA) has no AMP pyrophosphorylase and the
double mutant resistant to 2-flucroadenine and to 2-
fluoroadenosine (HEp-2:FA-FAR) has no AMDP pyro-
phosphorviase and no adenosine kinase. The faet
that 2-fluoroadenosine is active agaiust the cell hine
lacking adenostne kinase (HEp-2, MeMPR) indicates
that it may be eleaved to 2-fluoroadentine, whicli enn
be converted to the nucleoticde by AMP pyrophos-
plhiorylase.  ‘This viewpoint is supported by the 20-folel
reststance of the HEp-2 ' FA mntant, which has adeno-
sine kinase but no \\IP1)\'1()pho~1)h()1\1 e, 3'=Deoxy-
2-fluoroadenosine™ is active against the lime lacking
adenosine kinase (HEp-2 MeMPR), but 1 not active
against the line lacking both the kinase nid AMP pyro-
phosphorylase.  These results indicente that the activity
ol 3'-deoxy-2-fluoroadenosine 18 a result of tts eleavage
to 2-flnoroadenine. T contrast, the mutant lacking
both the kinase aml ANMP pyrophosphorvlase (Hlip-
2 FA'FAR) is ouly slightly resistant to 2'-deoxy-2-
fluoroadenosine (3-16d).  This resclt indicates that
8-16d may act at the nueleoside level or, more likely,
is phosphorylated by another kinase. The slight de-
groe of resistance of the HEp-2 FA AR ccll hne but
not of the HEp-2:MeMPR cell line may ndieate
some cleavage of 8-16d to 2-fluoroadenine. The [
value  far  2-fluoro-9-B-v-xylofuranosyladenine, 38
pmoles 1., 1s abont 800- 900 times that of 2-fluorondene-
sine, but about the sune as that for 9-g-xylofiriuto-
syladeninne. 1t contrast, the EDs value for 9-g-n-mn-
hinofuranosyl-2-luoroadentine, 5.1 gmoles 1. 1s abam
250 tines that of 2-fluoroadenosine but ouly one-
thirteenth that of 9-g-n-nrabinofuranosyladenine.

It is of general interest that a sccoud change e the
structure of a known antimetabolite (... the introdue-
tionn of fvorine into the 2 position of are-ndenine!
makes it a more cffective antimetabolite.  This in-

1337 1. L. Beuuety, Jr., FL IS Sehnebli, Mo HL Vail T WL Allee, wwd 10N
Moutgomery, Mol Phacmacol., 2. 369 (1066).

¢34y L. L. Bennwte, Jro, AL HL Vail, =0 Clecaley, sl J0 AL NMowgower s,

Biovchem. Phavmacel., 15, 1719 (LHGO).

(350 A sounpde of this naeleoside wiee kiabiy seovided Ly De 190 WL Hdaey
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TaBLE I
CYTOTOXI1CITY OF 2-FLUOROADENINE AND 1Ts NucLEosipeEs To HEp-2 CeELns 1N CULTURE
—_— —Degree of resistance —_—
HEp-2/0 ———ED:: ratio of resistant/sensitive HEp-2/———
Compd EDjsu pmole/L.% MP FA MeMPR FA/FAR
2-Fluoroadenine 0.03 1 >2000 1 >2000
2-Fluoroadenosine 0.02 1 20 1-2 >2000
2'-Deoxy-2-fluoroadenosine (3-16d) 0.2 1 2.4
9-(2'-Deoxy-a-d-ribofuranosyl)-2-fluoroadenine («-16d) 6.5
3'-Deoxy-2-luoroadenosine? 2 12 >10
3’-Deoxyadenosine 80 1 1
2-Fluoro-9-8-p-xylofuranosyladenine 38
9-8-p-Xylofuranosyladenine 30
9-8-p-Arabinofuranosyl-2-flucroadenine (5-16e) 8.0
9-g-p-Arabinofuranosyladenine 104
9-a-p-Arabinofuranosyl-2-fluoroadenine («-16e) 38
9-a-p-Arabinofuranosyladenine 37

@ The concentration required to inhibit the growth of cells, as measured by clone counts, to 5057 of untreated controls. ° 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-
nated® but ara-adenine is.*®* The « anomers of 2-fluoro-
2'-deoxyadenosine and 9-3-p-arabinofuranosyl-2-fluoro-
adenine are much less cytotoxic, the ED;o values being
6.5 and 38 pmoles 1., respectively.

Experimental Section®

2-Eenzamido-N-benzoyl-9-(3,5-¢1-0-(p-chlorobenzoyl)-2-de-
0Xy~a, 3~D-¢rythro-pentofurancsyl adenine (4)~-Chloromer~
curi-2-benzamido-N-benzoyladenine!s (36.6 g of 489 chloro-
mercuri—Celite mixture) was azeotropically dried in CsHs (600 ml)
and allowed to react with 3,5-di-O-(p-chlorobenzoyl)-2-deoxy-p-
erythro-pentofuranosyl chloride!” (12.8 g, 30 mmoles) under
reflux. After the usual work-up requiring filtration, evaporation,
and extraction (30¢% aqueous KI) of a CHCIL; 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 @- and 8-4. An EtOH (100 ml) solution of the crude
product was diluted with Ft-O until a filterable solid precipitated.
Collection of the solid gave the purified product which was washed
and dried; yield 2.7 g (12¢.), mp 140-145°. Tlc (99:1 CHCls-
MeOH) showed trace impurities.
An additional 6 g (26%¢) of less pure nucleoside was obtained as
a glass by CHCl; extraction of the reaction mixture insoluble
solids.
2-Amine-9-(2-deoxy-a- and -B-p-erythro-pentofuranosy!)-
adenine (6).—A solution of 2,6-dibenzamido-9-(3,3-di-O-(p-
chlorobenzoyl)-v-erythro-pentofuranosyllpurine (4, 4.7 g, 6.2
mmoles) in MeOH-NH; (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 CHCl, was
crystallized by trituration with EtOH (20-30 ml). The mixture
of crystalline anomers was collected by filtration, dried (500 mg,
314;), 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 tle (5:1 CHCl;-MeOH). The
crops containing the slower traveling & anomer were combined
(180 mig) and recrystallized from MeOH-H,O. A second recrys-

1{36) J.J. Brink aud G. A. LeDlage, Can. J. Biochem., 43, 1 (1063).

(37) SilicAR-TLC-7 (Mallinckrodt) was used for columili aud thin Iayer
(l-mni thick) chromatographic purifications. Silica gel H (Brinkmaun) was
used for thin layer (0.25-mm thick) analyses (tle). Chromatographic homo-
gelleity was established for all compounds using the solvent systems indicated.
Spots were detected with either ultraviolet light {256 my) after spraying the
plates with Ultraphor (WT. highly concentrated) {BASF Colors & Chemicals,
lue., Charlotte, N. C.) or heat chiarring after sprayviug with ammnionium sulfate.®
The ultraviolet spectra were determined iu 0.1 N HCI, 0.1 N NaOH, and pH 7
buffer with a Cary Model 14 spectrophotometer; the infrared spectra were
determined in pressed KBr disks with a Perkin-Elmer Model 521 spectro-
photometer. The pnir spectra were determilied in the solvents specified with
a Varian A-60A spectrometer using tetraniethylsilane as an internal reference.
Melting points, unless otherwise 11oted, were determined on a Kofler-Heizbank
aud ale corrected.

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

tallization from MeOH gave a sample of pure «-6: mp 230°;
[@]p +73.9 = 0.7° (¢ 0.753, HyO); Apax [mu (e X 107%)], pH
1—252(10.6), 291 (9.8); pH 7, 13—256 (9.2), 279 (10.2) {lit. 8 [« ]?'D
+58.8 = 1.0° (H20); Amax [mp (e X 1073)], pH 7, 14—216 (25.0),
256 (8.9), 280 (9.9); mp 167°]. Anal. (CHiuN:0;) C, H, N,
Only a single tlc-homogeneous crop of the 8 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
H,0 (3 ml). Fractionation of the aqueous solution resulted in
the isolation of additional honiogeneous product in the same
anomeric ratio as the EtOH-MeOH crystallization.
2-Fluoroadenine (7). —2-Amino-9-(2-deoxy-«,8-p-zrythro-pento-
furanosyl)adenine (6, 270 mg, 1 mmole) was dissolved in 487
HBF, (30 ml at 0°), the solution was cooled to —15°, and NaNOQ,
(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 3007 NaOH. 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 tle (5:1 CHCl;—
MeOH) as a mixture of 2-fluoroadenine and 2-deoxyribose.
9-(3,5-Di-O-acetyl-2-deoxy-a- and -3-p-eryihro-pentofuranosyl)-
2,6-dichloropurine («- and g-9a).—A mixture of 2,6-dichloro-
purine (10 g, 533 mmoles) and 1,3,5-tri-O-acetyl-2-deoxy-p-
erythro-pentofuranose (14 g, 34 mmoles) was fused, with stirring,
in vacuo (10 mm) at 130-140° for 15 min. The reaction melt was
dissolved in CsHs, the unreacted 2,6-dichloropurine that precipi-
tated (2.2 g) was removed by filtration, and the filtrate was
evaporated to dryness in vacwo. The residue was dissolved in
Et.0, the solution was seeded with «-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-92): mp 125°; [«]®D
+45 = 1.5° (¢ 097, CHCL) {[lit.2* mp 123.5-124.5°, [«]*D
+0.4° (¢1.13, MeOH)]; & [ppm (CDCl;)] 2.00 and 2.14 (CH; of
acetyls), 2.82 m (two 2’-H), 425 m (two 5’-H), 463 m (4'-H),
5.33 m (3’-H), 6.35 (q, Ji'» 6.5 Hz, Jya 2.6 Hz, 1’-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 Norit, the
solution was seeded with crystalline «,8-9a and refrigerated over-
night. The crystals that formed were collected and recrystallized
from EtOH (100 ml); yleld 6.4 g (31% la:18-9a), mp 114-116°,
[a]®D 0 = 1.0° (¢ 0.9, CHCl;). The pmr spectrum of a solution
of these crystals indicated that they are a 1:1 «:8 mixture.
The EtOH filtrates from the isolation of crystalline la:158-9a
were combined and evaporated to dryness in vacvwo. Trituration
of the residue with C¢H, (25 ml) precipitated additional unreacted
2,6-dichloropurine which was removed by filtration. The filtrate
was concentrated in racwo and absorbed on a silica gel e¢olumn
(2.8 X 85 em, packed and equilibrated (18 hr) with CsHg). The
column was eluted with 9:1 CHCL-EtOAc and the fractions
were analyzed by tle (13t,0). Fractions containing essentially
homogeneous 8-9a were combined and evaporated to dryness
in vacuwo. Recrystallization?® of the residue from FtOH gave pure

(39) Seed crystuls were obtaiued froni a previous ruu by thil layer chroma-
tography (Et:0).
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g-anomer:  yield 2.5 g (119 mp 1087; lal®p
(¢ 0.07, CHCly); 6 [ppmm (CDCl31] 2.10 and 2.16 (CHy of acetyls},
279 m (iwo 2'-H), 4.39 m (two &’-H and 4"-H} 5.41 m (3/-115,
6.47 (1, Jyrwwr = 6,95 &= 0.30 Hz, peak widih 13.9 Hz, 17-H 3
N4 (8- dral. (CuHLCLNLO;-0.50H.01 C, H, N,
9-(2,3,5-Tri-O-benzyl-a- and -3-n-arabincfuranosyl)-2,6-
dichloropurine (- and §-9b). A. -A freshly prepared solutiou
ol 2,3,5-tri-O-benzyl-v-arabinofuranosyt ebloride?® (X8 mmoles)
in sieve-dried MeNO, (20 ml) was added with suirring to un
azeotropically dried solution of 2,6-dichloropurine (2, 1.6 g,
N4 mumoles) in MeNOs (100 ml) containing Hg(CN ). (2.5 g,
10 mmoles) and Ca80; (2.8 g 20.5 mmoles of Drieritej.  The
resulting reaction mixture was refluxed for 3 hr under auhydrons
conditions and filtered through dry Celite, the tilirate was evapo-
rauted to dryness (1 raceo, and the residue was trivurated with
CuHyg. “Phe insoluble solid that foried was removed by filtration
and the tiltrte was washed with H.O, dried (Mgs0.3, and can-
centrated in waewo. The CoHg concentrate (10 mbt was absorbed
o silien gel colunm (1.9 X 85 e, packed and equilibrated with
CiHs). The coluinn was eluted with CgHg (200 1l and then with
CHCly, and the fractions were analyzed by tle (CHCL). The
fractions containing the faster moving auomer were combined
and evaparated ro dryness in vaero giving 3-9b us a pigmented oil:
vield 511 mg (114¢): 8 [ppm (CDHClLy)] 3.65 d {two 5'-H1, 4.17 m
and 4.57 d (4'-H, CH of PhCH., and 27-F) 6.39 () S = 408
Hyz, -H), 7.1 m and 7.33 d (phenyl H and 5°-H ), 841 (8-H.

Iivaporation ol the fractions containing the slower moving
anomer to dryvitess (1 vaceo gave «-9b us a colorless oil: vicld
1.2 g (259005 6 [ppm (CDCl)t 3.65 d (two 5’-H), 4.1:5 m (4/-H).
4.50 m1 (CHe of PhCH, antd 2/-H), 6.22 (d, /oo = 1.7 Hz, 17-H 3,
7.05 m (3’-H), 7.32 d (phenyt H), 8,25 (3-H».

The conversion of g-9b to 9-(2.3,3-tri-O-benzyl-g-p-nrabiyio-
furanosyt)-2-chloroadenine® confirlned irx contiguration: yield
200 mg (6045, mp 137° [al*n +43.7 £ 047 (¢ 0.51, CHCL»
(it mp 133-136° (@] +49.6° (¢ 0.5, CHCls}/.

B.-- The reaction carried oui as deseribed by Keller, et al.,»
gnve n 924 vield af 3-9b and a smull amount af «-9b. which were
scparited by column chromatography.

9-(2,3,5-Tri-O-acetyl-a-n-arabinoturanoesyl)-6-chlore-2-fluoro-
purine (@-10¢).—A mixture of 12,3 5-tetra-O-acetyl-n-arnbino-
furmiose (3.3 g, 11 mmoles) and 6-chloro-2-Huoropurine’® (8, 1.7 g,
10 mmoles) was heated 70 racae (10 mm) with stirring at 1507
witil a homogeneous mele was olnained and vigorous gus evolu-
ticar had ceased,  After the reacticn tlask had cooled but before
thie melt soliditied, the vacuum was broken and p-toluenesulfonic
acid (35 mg) wax added. The reaclion mixture wis again heated
(nocacio with stirring v 1407 for 30 min.  An X{OAc solution of
the resuhing clear glass wuas washed with saturated NaHCOq
sotution and then H.Q, and dried (MgS0.) before it was evaporated
to dryness in vacwo. The residue was iritarated with 1.0 and
the ingoluble amorphous pigments were remaved by filtraton,
Livaporation of the Fi1.0 filtrate to dryness guve a-10c¢ as a gliss:
vield 3.7 ¢ (85¢, © tle (1:1 CHCL-IStOAe); 6 {ppm (CHCly]
2,15 1 {CHy of acetyl, 455 m Gwo 3-H3 .73 m (47-H), 535 m
(3'-Hu 881 1 (2-HD), 6.22 (d, /', = 3 Hz, 1-H), 8.27 (8-H).

2,6-Diazido-9-(2,3,5-tri-O-benzyl-3-1-arabinofuranosyljpurine
(3-11b). A =olutian of NaXN, (1.16 g, 17.8 mmoles) in H.O
(6.6 mb) wis added with stirring 1o a solution of 2,6-diehlorc-4-
(2,5,5-1ri-0O-benzy l-g-p-arnbinafuranosybipurine (3-9b, 4.8 g, 8.1
nunoles) in GOH (100 mt: After refluxing tor | e, the reaction
mixture wi filtered {o remave the precipitate that formed, and
the tiltrite wis evaporated to dryness rr reeno. Trituration of
the residue with CHg (50 ml) guve n mixture tfrom which the
renutining inorgamie salts were removed by fiftrntion. Hvapora-
tion of the filrate 10 dryiess (¢ oucno gave g-11b as a glass:
vield 4.8 g (98 ): « (em™1) 3083, 3060, 3025, 2020, 2560
{CH) 2160, 2125 (N==N ), 15395, 1565 (C==C, C==N, 1110-1065,
1020 (COC), 730, 6580 (phenyly. Tle (CHChL) showed only trace
hnpurities.

3’,5'-Di-0)-acetyl-2-amino-2’'-deoxyadenosine (3-12a). A.
A salution of NaN; (760 mg, 11.7 mumoles, in 3.5 ml of H.O) and
0-(3.5-di-O-acetyl-2-deoxy-3-n-ribofurimosyl)-2,6-dichloropurine
(3-9a, 2.25 ¢, 5.8 nunoles) in EtOH {53 ml) was refluxed for 1 hr
hefore it was evaporated to dryness (o vweno. A CgHe solution of
tie residue was filered to remove inorganic salts and, after
evaporation of the filtrate to dryness i vacwo, the residue (8-11b,
2.3 g 5.8 mmolesj was redissolved in EtOH (200 mb. The [G0OH
solution wius hydrogenated in the presence of 3 Pd-C (400 myg
under conditions defailed elsewhere (3-12bj.  After removal of
the eatalyst, the EtOH filirate was cancentrated in vacio and

6.0 == 0.5°
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refrigernted.  The crystals were collected in several erops and
recrystallized from FEtOH (75 mly; vield 1.3 g (65¢,); mp 168%;
[x]“p - 16.0 = 0.3° (¢ 1.01, CHCLO; Ue (9:1 CHCL~MeOH):
AMax 11 Ce 1O 3L pH 1—232 (11,75, 202 (10,01 pH 7, 13 256
(040279 (10,11 o, (e 3445, 5350, 3170, 2039 (NH, Clt @
F730, 1710 (C==0), 1660, 1630, 1595, 1585 (NH., ConC, CN j,
1090, 1070, 1060, 1020 (COCY: & [ppm (DMAO-da)] 2.05, 211
(CHu of acetyls), 202 m (two 2-H), 4.27 (4°-H aud Lwo 5'-H,
5.3 b GY-ED, 580 and 6.75 (NEen 622 (. Jyie = 603 Hy,

o= N Hz, V-Hy, 7.910 (s-H) e (CulHL NGO G I N

+ ~The reaetion mixture vesulting from refiuxing (1 hrd
erystathine  9-(5,5-di-O-nceryl-2-deoxy-a.8-p-crythro-pentofurano-
svh-2.6-dichloropurine (6.3 g, 16 mnles) i KtOH (150 mlt
containing NaNu (2.1 g, 32.6 nmoles in 10 mlof H.O j was retriger-
ated overnight,  The morgauic sahs that precipitated were
rentoved by filteation, and the filtrate was diluted with 1910OH
400 mli  Itvdrogenation of the resulting FiOH solution v the
presence of 50, Dd-C (1.2 gt was carried out as deseribed for
3-12b.  Alter remcval of the eatalyst and evaporation of the
filtrate to drymess, rhe residne was dissolved in CHCL (80 mit.
Filtration of the CHCle sohitton removed inorganie salts, and
alter roncentration ¢ eneqo the filtrate (40 mb) was abzorbed on
a silien gel cohtinn (2.9 X 115 e, packed and equilibrated wirh
CHClL). The column was ehuted with 19:1 CHCly-2NeOH and
the fractions were analyzed by tle (9: 1 CHCL-MeOH ). Fraetions
containing bomogeneous 3-12a were combined with addidonal
homogeneous 3-12a obtained by rechromiiographing impure
fraedons from the tirst column, Reerystallization (11O H) of 1the
combined Trictions gave pure 3-12a, vield 1.6 g (27401

2-Amino-9-(2,3,5-tri-O-benzyl-3-n-arabinofuranosyl s-
adenine (3-12b).--Pd - (577 500 mg) wax added 1o 1 sohiion of
2,6-dinzido-0-(2,3.5-1r1-0-benzyl-g-v-urabinofuranosyBipurine (3-
11b, 4.8 g, 8.0 nnneles) i1 EcOH €500 mb), and the resahing
mixture wis hydrogenated av aumospherie pressnrve for 6 hr
The He atnwosphere was changed after 30 min and after 1 hr.
The catalvsy wus removed by filtration and was washed with
CTICE to dissolve precipivated prodnet. The combined fibuae
and washings was evaporated to dvyness (rovecro and the resubi-
ibg residine was dissolved in boiling K1OH (80 miL  The erystals
that formed on cooling the EiOH sohurion were collected by
filtration, washied with StOF, aud diied 7n owacwa: vield 3055 g
7500 mp 161-162°, (he (101 CHCL-MeOI L The malyi-
ety pure prodnet wos obtained fron g previons preparation:
vield 697 mp 162°; {«]®n +44.4 = 0.7° (¢ 106, CIHICh::
A (g (e % 10750}, pll 10254 110,03, 202 (0.0 ELOH =256
(LONY, 285 (905 pH 7, E5-—256 ¢h0) 279 (D1 B e )
3460, 3350, 3310, 3140 (NI, Cl, 2040, 2015, 2800, 2865 :C1h,
1660 (NH), 1590 (10, C==N1 1083, 1043, 1015 (COC, T3,
690 tphenyb., el (CalleNOg C, 1, N

2-Aminoe-9-(2,3,5-tri-O-acetyl-a-n-arabinofuranosyl i-
adenine {a-12c). -A uiixture of 1,2,35-tetra-0O-acetviarabine
fnranose® (4 g, 19 minoles) and 2.6-dichloropurine £2, 5.5 g, IS8
mmoles) was Tused (0 recwe (1O md av 140° i the presence of
p-tolnenesnlfonic acid 100 mg) nnder the conditions deseribed
{or -10c.  After reaction was complete, che fusian melt was
dissolved in Cells and the schition was extracted with NallCt)y
sohittion and washed with HaO before it was evaporated th dryness
i caeao. The resichie was tritneated with Hgroin before it was
dried (nvacwvo: vield of «-9¢, 6 (75473 8 fppm (CHCLO) 20121
fCHyof acervis), .40 (two 5°=115, 5.087 m G3'=11h, 5.82 0 (2711,
65,27 fed, S = 5 g, 1011, 827 (8-11). The prescnce of g small
antonnt of the g noower wits detecied by bands at 6.0 (d, Jewr =
4.5 1z 1=H and me S35 (8- The (BrOy indicated the
produel was sunitable for use ax an intermediate.

A solntion of NuNu L7 gin 6 mlof ILO) was added with stirring
to a-9¢ (6 g, L4 mmoles) in 15tOLT (150 mly and the mixtnre
was refluxed for 1.25 i before it was evaporated to drypess i
ccwo. A Cellysolion of the residae was filtered to remove in-
orgauic salts aud evaporation of the filtrate o dryness o vacao
gve a-1lc ax g gliss: vield 6 g (100G0);  Buws fenn™d 5120,
2050, 2030 {CIL), 2150, 2150 (N=N), 1740 (C=:0, 1600, 1570
(C=+0, C==N3 1530, 1230-1220 (COC estery, 1050 (COC
sugiary. Tle (13100 bidieated the matarial was snitable for nse
as a1l intermedinte.

An EtOH soliion 300 ml) of a-lle 6 g, 1 nnnoles: was
hydrogenated in the presence of 34 Pd-C (500 mg) as deseribed
for 3-12b.  After veaction was complete, the catalyst wes renmtoved
by filtration, the filtrate was evaporated ta dryvness, and the
ressdue (5.2 g, 98¢, crnde yield) was relissolved in CHCL <1 mbs
The CHCly solution was adsorbed on a zilica gel colmn (2.5 %
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85 em, packed and equilibrated (18 hr) with C¢Hg). The column
was eluted with CHCI; (750 ml) before the eluent was changed to
19:1 CHCL-MeOH. The fractions were analyzed by tlc
(19:1 CHCl;-MeOH) and those fractions containing homo-
geneous a-12¢ were combined and evaporated to dryness in
vacuo; yield 3.06 g (45%); & [ppm (CDCl;)] 2.08 and 2.11
(CH; of acetyls), 4.33 m (two 53’-H), 4.62 t (4’-H), 5.03 and 3.85
broad (NH,), 5.32 m (3’-H), 6.06 m (2’-H and 1’-H), 7.68
(8-H).

2-Amino-9- «-p-arabinofuranosyladenine (a«-12¢). A.—A so-
lution of NaN; (260 mg, 4 mmoles) in H,O (1.5 ml) was added to 9-
(2,3,5-tri-O-benzyl-a-p-arabinofuranosyl)-2 6-dichloropurine (-
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
hyvdrogenated at atmospheric pressure. After removal of
the catalyst by filtration, the filtrate was evaporated to drynhess
and the residue was dried in vacuo. The resulting crude «-12b
was suspended with stirring in liquid NH;, Na was added in
small portions wntil a blue color persisted for 5 min. The re-
action was quenched with the addition of NH,CI, and the NH;
was removed in a stream of dry N..  After trituration with CsHs,
the residue was dissolved in HsO (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 n vacuo giving a 499 yield of product which showed a
major spot [tle (3:1 CHCl;-MeOH)] identical with that prepared
by method B (see below). Recrystallization of this product
from EtOH-H,O (4:1) followed by two recrystallizations from
EtOH gave pure «-12e: yield 90 mg (169 ); mp 213°; [a]*D
+42.3 = 0.4° (¢ 1.1, H:0); Amax [mu (e X 10-3)], pH 1—253
(11.2), 292 (9.9); pH 7—256 (9.2), 280 (9.9); pH 13—256 (8.9),
279 (9.8); Pmax (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. (CHisN4O4) C, H, N,

B.—A solution of 2-amino-6-chloro-9-a-p-arabinofuranosylpur-~
ine (a-15e, 5300 mg, 1.6 mmoles) in EtOH-NH; (40 ml saturated at
5°) was heated in a Parr bomb at 100° for 18 hr. The residue
from evaporation of the solution n racuo was crystallized from H,0O
(25 ml) with Norit treatment. The crystals were collected by
filtration and dried in vacuo; yield 370 mg (809;); Amax (mp),
pH 1—233, 292; pH 7, 13—256, 278.

9+(2,3,5-Tri-O-acetyl-3-p-arabinofuranosyl)-2-chloroadenine
(B8-14¢).—A solution of 9--p-arabinofuranosyl-2-chloroadenine?
(B-14e, 1.1 g, 35 mmoles) in pyridine (14 mi) and Ac,O (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 8-14¢: yield 1.1 g (719%), mp 160°;
tle (19:1 CHCl;-MeOH) showed only trace impurities and
indicated the material was suitable for use as an intermediate;
Mmax (mu), pH 1, 7—263, pH 13—264.5; #max (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); & [ppm (CDCl3)] 1.94 and 2.15 d (CHj; of acetyls),
4.37 m (two 5'-H and 4’-H), 5.04 m (3’-H and 2’-H), 6.37 broad
(NH»), 6.33 (d, J1» = 4.4 Hz, 1’-H), 7.98 (8-H).
2-Amino-6-chloro-9-«-p-arabinofuranosylpurine (a-15e).—-A
solution of 9-(2,3,5-tri-O-acetyl-a-p-arabinofuranosyl)-6-chloro-2-
fluoropurine (8, 3.5 g, 8 mmoles) in EtOH-NH; (200 mi, saturated
at 5°) was refrigerated for 3 days before it was evaporated to
dryness. The residue was dissolved in H:O and extracted with
CHCIl;. The crystals that precipitated from the H.O solution on
concentration were collected in several crops giving the crude
product, which was recrystallized from H0; yield 860 mg (34¢7);
mp 190° dec (Mel-Temp); tle (3:1 CHCl;-MeOH) showed only
trace contaminants and indicated the product suitable for use as
an intermediate; Amex (mu), pH 1—215, 246, 310; pH 7, 13—216,
247, 307; Pmax (cm™!) 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-O-acetyl-2-deoxy-a-n-ribofuranosyl)-2-fluoroadenine
(a-16a).—A solution of 9-(3,5-di-O-acetyl-2-deoxy-a-p-ribo-
furanosyl)-2,6-dichloropurine (a-9a, 4.8 g, 12.5 mmoles) and
NaN; (1.6 g, 25 mmoles, in 7 ml of H,0) in EtOH (100 ml) was
refluxed for 1.25 hr. After removal of inorganic salts by treatment
with CeHe, an EtOH solution (250 ml) of the resulting a-11a (5 g,
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12.5 mmoles) was hydrogenated in the presence of 59, Pd-C
(500 mg) as described for 8-12a. 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 ¢
(91%%), mp 155°, tle (9:1 CHCL,-MeOH).

A CHCI; solution (80 ml) of 9-(3,5-di-O-acetyl-2-deoxy-a-p-
ribofuranosyl-2-aminoadenine (a-12a, 3.5 g, 11 mmoles) was
cooled to —20° and diluted with stirring with 4867 HBF, (80 ml).
The resulting mixture was treated with NaNO, (2 g, 30 mmoles,
in 2 ml of H;O) as described for 8-16b. The neutral reaction
emulsion was centrifuged and the reaction products were identi-
fied by tle (EtOAc) and isolated as described (see 8-16a) giving
the following results: isoguanine (4297), 2-fluoroadenine (10¢7),
9-(3,5-di-O-acetyl-2-deoxy-a-p-ribofuranosyl)-2,6-difluoropurine
(3%%), and «-16a (109;, mp 183°).

Pure o-16a was isolated by tle (EtOAc) followed by CsHs
recrystallization; yield 79%; mp 182°; [«]?*»p +34.4 = 0.8°
(¢ 0.99, CHCL); Amax [mp (¢ X 1073)], pH 1—262 (13.4), 267 (sh);
pH 7, 13—261(14.8), 267 (sh); pmex (cm™1) 3320, 3170 (NH, CH),
1750 (C=0), 1680, 1645, 1610, 1580 (NH, C=C, C=N\), 1230,
1100, 1060, 1040 (COC); é {ppm (CDCl;)] 2.00 and 2.12 (CH; of
acetyls), 2.80 (two 2'-H), 4.25 (two 5'-H), 4.59 (4’-H), 5.27
(3"-H), 6.22 broad (NHa), 6.40 (q, Juar = 6.5 Hz, Jyn» = 3.2 Hy,
1’-H), 7.33 (benzene), 8.00 (8-H). dnal. (CLHFN:05-1/1.CeHs)
C, H, N\.

The 9-(3,5-di-O-acetyl-2-deoxy-a-p-erythro-pentofuranosyl)-2,6-
difluoropurine was purified by thin layer chromatography
(1:1 CHCI:-EtOAc) and its identity was confirmed by mass
spectroscopy.

3',5'-Di-O-acetyl-2-flucro-2’-deoxyadenosine (3-16a)—3’,-
5'-Di-O-acetyl-2-amino-2’-deoxyadenosine (8-12a, 3.6 g, 10.4
mmoles) was dissolved with stirring in 489 HBF4 (50 mlat —10°)
and the solution was cooled to —20°. A solution of NaNO.
(1.2 g, 17 mumoles, in 2 ml of H.O) was added dropwise, and the
reaction mixture was stirred at —20 to —10° for 20 min. After
dilution with CHCl; (50 ml), the mixture was cooled to —30° and
neutralized (pH 5-6) with 50¢, NaOH. 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 CHCI; solution was set
aside. The gel was triturated with EtOH-Et,O until a filterable
solid was obtained, and, after the addition of more Et.O, the
solid was collected, triturated with H,O, dried in vacuo, and identi-
fied by spectral analysis as isoguanine: yield 48%,. The EtOH-
Et.O and H,O filtrates were combined and evaporated to dryness
in vacuo, and the residue was triturated with CHCl;, The insolu-
ble solid was collected and identified by spectral analyses as
2-fluoroadenine, yield 17%;. The filtrate was combined with the
CHCI; solution that had been set aside, and the resulting solution
was washed with H,O, dried (MgSO,), and evaporated to dryness
in vacuo. The residue was triturated with CsHs and the insoluble
solid was collected and recrystallized from CHCl; (40 ml); yield
536 mg (14.5%;); mp 208°; tle (EtOAc); § [ppm (CDCl)] 2.07
and 2.11 (CH; of acetyls), 2.73 m (two 2’-H), 4.35 m (two 5'-H
and 4’-H), 5.39 (3’-H), 6.03 broad (NH,), 6.30 (t, Jie'e = 7.0
+ 0.2 Hz, peak width 13.5 Hz, 1-H), 7.91 (8-H).

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

9-(2 3,5-Tri-O-benzyl-3-p-arabinofuranosyl)-2-fluoroadenine
(8-16b).—HBYT, (48¢97) (150 ml) was added to a solution (5°) of
2-amino-9-(2,3,5-tri-O-benzyl-8-p-arabinofuranocsyl)adenine
(8-12b, 4.6 g, 8.4 mmoles) in CHCl; (60 ml). The resulting mix-
ture was cooled to —10° before a solution of NaNO. (1.7 g,
25 mmoles) in 4 ml of H,O 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 CHCl;
(75 ml), cooled to —20°, and neutralized (pH 5-6) with 50‘%
NaOH. The CHCI; layer was separated, washed with H.O,
dried (MgS80,), and evaporated to dryness in vacuo. The residue,
primarily a mixture of B-16b and 9-(2,3,5-tri-O-benzyl-g--
arabinofuranosyl)-2,6-diflucropurine, identified by tle (1:1
CHClL:-EtOAc), was dissolved in absolute EtOH, and the solution
was saturated at 5° with dry NHs.  After refrigeration overnight,
the reaction solution was evaporated to dryness in vacuo. The
residue was dissolved in CHCl; (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 CHCl;). The column was eluted with
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1:1 CHCL-E1O0Ae.  The fractions containing 3-16b were c¢om-
bined and evaporated 1o dryness i1 vaero, ad the residue was
recrystallized from CeHe (40 mD): vield 17 ¢ (367, ¢ mp 1571597
Amax (), pH 1, 7, 13, and EtOH-—261, 272 (shi b fem™!
3350, 3320, 3150 (NH), 2940, 2020, 2010, 2860 (CH 4, 1665, 1610,
1375 (NH, C==C, C==N), 1110, 1100, 1085, 1060 {COCi, 750
(phenyt).

fn o previous preparation a sample of O-(2,5,5-1ri-O=benzvl-3-n-
arabinofuranosyl)-2,6-difluoropurine was isolated by thin Liver
ehiromatography. TllO identity of the =ample wis contirmed by
spectral analyses: A (mg), SHOH-=257: b (em™) 5105,
3085, 3060, 3030, 2920, 2865 (CH:, 1620, 1580 (C=C, C==N\..
11 l() 1060 (COC), 730, 690 (phenyl.

9-(2-Deoxy-a-n- r1bofuranosyl, -2-flucroadenine («-16d). A

solution of 9-(3,5-di-O-acetyl-2-deoxy-a-n-ribafuranosvl )-2-Auoro-
adenine (o-16a, 700 g, 2 nmoles’ in KtOH-N1H; (300 ml satu-
raced at 5°7) was refrigerated far 5 davs before it was evaporated
to dryness i racao. After trituration with CHCLs, the renctiou
residue wis ervstatlized from IMMOH-EGO and the crude product
wax collected and reerystallized with Norit trearment from KtOH
(70 mb). A second recrvstallization from 1MOH gave the pure
material: vield 320 mg (427, ) mp 232°: Jaj¥p - 248 = 1.6°
(¢ 0.51, tOH); e (9:1 CHCL-MeOH j: A I te X 10794,
pH 1==262.5 (13.0%. 267 (12.6, =h): pH 7, 15261 (14.0), 268
(TR, shl fuay (™21 3450, 3320, 5170 (OH, NH), 20930, 2870,
2770 (CH), 1600 (NH.), 1640, 1620, 1550 (C==C, C==N), 1120,
1100, 1055, 1070 (C()C) . (C)(‘H)yl“_\':‘o:(;( C‘ H‘ N.

2’-Deoxy-2-flucroadencsine (3-16d).. -An IXMOH-NHsolution
(100 ml saturmed av 5°) of 37,5 -di-O-neetyl-2’-deoxy -2-thuoro-
adenosine (8-16a, 500 mg, 1.4 mimoles) was refrigerated for 5 dayvs
before it was evaparated to dryviess ¢ vwenw. The residue, aftoer
CHCly trivaration, was dissolved in 1S1OH (59 mljand weated with
Norit, and the filrate was evaporated 1o devness in ¢acqo. Tritu-
ration of the residue with Me:CO gnve the pure material in two
crops: yield 180 mg (48¢,): melting point indefinite, >210°:
lee ]2 = 10.2 22 0.4° (¢ 0.9, EtOH): tle (0:1 CHClLe-MeOH): A
lmu (e X 1073)] ph 1262 (13,24 267 (! l.f)‘ st pH 7, Bi—-261
(14.5), 267 (11.6, sb): Duws (em1) 3400, 3:340-3505, 3140 (()H
NH), 2915 (CH, lb‘)O 1650 (N1 1605, 1575 (C—C C==XN 1.
1090, 1085, 1065, 1045 (COC). Anu(. (G 'NWOw, G, H, N

9.¢-n-Arabinofuranosyl-2-fluorcadenine («-16ei. A mixture of
0-(2,3,5-tri-O-arcivl-«-n-arabinofuranosyl)- 2 -aminoadenine
(-12¢, 3 g. 7.5 mmales), CHCL 125 mby, and 48¢, HBF; (65 ml:
wis treated with NaNOus solution (1.5 g, 22.2 mmoles in 2 ml of
H.0) under the modified Sebiemaan veaetion conditions deseribed
in the preparation of 3-16b, The dry CHCly residue was tri-
turated with CeHg (2010} and the insohuble <olid was removed by
filtration,  Evaparation of the filirate to dryvness (o taeo gave
primarity 9-(2,3,5-tri-0- Ll((t\ ba-p-nrabinofuranosyl (-_’,() diftuoro-
purine: yield 700 mg (25 ): 8 [ppm (CDCly] 2,11, 2.13, 2,17
(CHyof acctyls), 458 m (l\\o 5'-H), 4.70 m (47-H), 5. 56 m (3'- H i
A.84 ¢ (2°-Hj, 6.25 (d, /e = 2.8 Hzo V-1 824 d(S-HD. The
S-proton appeurs Lo be coupled with one or both F atoms. Tle,
(9:1 CeHy=-MeOH) indiented that w-16¢ was thie major coatuni-
1,
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An EtOH-NH: solution (100 ml saturated at 575 of 9-(2,53,5-1r1-
O-tieetyvl-a-p-arabinofurnnosyt)-2,6-difluoropurine (700 mg, 1.7
nnoles : wis refrigerated for 3 days before it was (W':l])nrulull T
dryness (o cocios The residine was viturmeed tirst wiln CHcCH
andd dried 7 v before it was vdtiraled o Ladbings TrOH
50 mbr aned ibe FiOH nixuare wos refrigerated. The 1Ot
soluble solid wias collected and recrvsiallizel from Gobing
HLO (50 mbe givivg the erude prodoet. Reervaradlizaadon of the
eriide product from HeO0 (40 mbi gave pure «-16e in 1wo erops:
vield 152 wmg 3F, nomp 275° (.\l(v‘l-T(‘m]n: le®n -7 4 4
ic 0.05, FE10MH): te (41 CHCL-MeOH i A i (e 2% 10 *50,
pH --262 {15.5): plb 7, 152202 (1400 Sy (e 5 S2420- 5180
(O, NHiy, 195 (N, 1520, 1575 C C. C=-Ny 1050, 1040
(COCL  drul. (CoHWFN.00 C H,

9-5-n- Arablnoiuranosyl 2- ﬂuoroademne (3-16e:.  O-L.
Tri-O-benzyl-g-p=wabinofuranosvh-2-Auoroadenine (3- 16b 1.7
3 mumolesy was suspended o Houid NHy (75 mby wich stirring and
Nt GHO myg, I8 geatoms) was edded inosmalt portions. When
purple color persisted for o few minutes after the addition of N,
the mixture was neutralized with NHLCL (920 mg, IS nnnoles..
The NHywas evaporated i steemn of deyv Ne, and the residne wis
riturated with B0 (75 mis The insoluble solid that Torined
was collectedd by filoracion aud washed with HeO achree S-mnd
portious before it was reervstatlized from HaO (65 mb giving die
crude product 1479 mgs, which was shown b tle (4:1 CHCL -
MeOH ) 1o be primarity o mixture off 3-16e and O-g-v-nraline-
<vhidenine. .\ solution of the erude produet in HO 01 ml mg;
wis pereolated through an ton-exeliange cobammn 110 g of Amberlive
(Ci150, 100-200 mesh) mumole of nueleosided ae a rate not exeeed-
ing 0.5 mb miu, and the colunm was cluted wiith H.O i it chuion
ol 3-16e was complete. The fractions comaining homogeneons
3-16e were combined and evapornted too devness. The residue
wits recryvstatlized Trom HaO: vield 200 mg (344, 1 mp 265-267
Mel-Tewp

Aun mnalbvrieally pure sample was obtained fronr o previous
svpihesis. The crade produet was first puritied by e, and pure
3-16e wus obtained after three reervstalizations (1OH-H.O:
of the tle isolated mavertal:  mp 2607 (Meltemp b la(*n = 17.0
2= 25° Ce O0L 1O & N T (e X 1074, pHE F=-202 (L2
pH 7261 (1450 pH B3-202 (15.0 1 5 (011177 5450, 15305, 5 1x0,
3025 (OH, NHj 2015, 2000 (CH o 1630 (N1, 1610, 1590
(C==C, C==N0 11H, 1085, 1055, 1020, 1000 (COCH: & ippm
/1)\1\() Jorl s 70 m awo 5-H and 4°-H, 4005 m (5F-H and 2°-11
498 5-0H 0, 3.5 m (22O aud 5-OH :, 600 (d, S = 1.2 Hu,
1'-H), 7.2 11()1(1 ENThoo R016 OS-He hads (CubhaENLO
C. H, N,
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