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NUCLEOSIDES & NUCLEOTIDES, 10(4), 781-798 (1991) 

sYNmJ3SIS OF 9-(2-lsEcm-2-FLmK+p-~AQAB=mJm-yL)~. 
THE FIRST DIRECT INl'R3DUCI'I~ OF A 21-#-- IN 

PREZK)~PU€fJ3ENUCIEQSIDES. S T U D I E S D m -  
THE -18 OF 2l-DEOXY-2'-SUBGTITVrPS ARAB--. 8.l 

Jacek meminski, Earbara Nawrot, Krzysztof W. Pankiewicz* 

Iaboratory of organic chemistry, sloan-Kettering Institute 
for Cancer Research, Sloan-Kettering Division of G r a d u a t e  School 
of Medicdl. Sciences, Cornell University, New York, NY 10021. 

Abstmct. The 31,58-di+acetyl-, 3',5'-di+balzyl-, 3'+acetyl-5'- 
0-trityl- and 3',5'-di+trityl-2'+~iflyl-l-benzylhnosine (8c, 15, 
~ O C ,  and 27, respectively) were prepared and subjected to nucleophilic 
reaction with TASF. Thus , 3 I , 5 I + (1 , 1 , 3,3-tetraisopro3?yldisiloxanyl) - 
1-benzylinosine (5c) was triflylated, desilylated, and then acetylated to 
give 8c. A l s o ,  5c was converted into the 2'-0-tetrahydIqymnyl (W) 
derivative 11 wh ich  was desilylated and then benzylated to give 2l-0- 
t e t r & y d r o ~ y l d ' , d ' , N ' - t r i b e n z y l h h  (13). Remwdl of the 'IHP 
group from 13 followed by triflylation afforded 2'+triflyld',d',N'- 
tribenzylinosine (15). 3'-O-Acetyl-2~~triflyl-5'+tr~tyl-l-benzyl- 
h i n e  (20) was prepared frmn 5'+trityl-l-benzylhh (l8c) by 
conversion into the 2',3'+(di-n-butylstannylene) derivative w h i c h  was 
treated with triflyl chloride and then acetylated. Treatment of l-benzyl- 
inosine (4c) with trityl chloride in pyridine containing p-dimethylamino- 
pyridine afforded a mixture of 2',5'- and 3',5'-di+trityl-l-benzyl- 
inosine (25 and 26, respectively). These regioiscums w e r e  chrcanato- 
graphically separated. Triflylation of 26 gave 2'+triflyl-3',5'-di- 
0-trityl-1-benzylhoshe (27) . 

The triflates 8c and 15 only afforded elhination products upon 
treatment with TASF. However, the triflate group in 20c and 27 was 
displaced by fluoride with fornation of the 2'-fluorO-arabino nucleosides, 
21c and 28, in 10 and 30% yield, respectively. After deprotection of 28, 

obtained in good yield. The confonnational influence of the sugar 
protectirg groups on the rate of nucleophilic substitution against 
elimination is discussed. 

and Kyoichi A. Watanabe 

9- (2-deoxy-2-f luoro-0-Pa.rab~0f) hypowntkine (1 , F-m-H) was 

The synthesis of several 9- (2-deoxy-2-fluoro-k.D.arabinofuranosyl) - 
9H-purines has recently been reported from our laboratory.* Sure of these 
nucleosides W i t  interesting biological activity. For exanple, the 
hypoxanthine nucleoside 1 (F-ara-H, Figure 1) showed potent inhibitory 

Copyright 0 1991 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
3
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



782 KRZEMINSKI ET AL.  

activity against the grcrwth of &ishmnia mica prco~stigotes,~ and the 
guanine nucleoside (2, F-aras)  w a s  found to be selectively toxic to 
~-cells.~1~,~ m e  2~-f1uomarabinosy1purines in these studies w e r e  
prepared by cordensation of 3-O-acetyl-5+benzoyl-2-deo~-2-fluoro- 
D-arabinofuranasyl brclmide6 with N6-benzoyladenine, 6-&lomplrine, 

Figure 1 

id H! td 

1. F-areH 2 .  F-arc4 3 .  F-ora-A 

2,6-dichlomplrine, or 2-acetamid~6-d-dOrcprine, f ollcwed by wmpriate 
functional gmup replacement and depmtection. ?he averdl1 yield was 
generally very low. For ample, F-ara-H (1) was prepared by deamiMtion 
of 9- (2-deoxy-2-f lu~r~-B-D-~hfuranosyl) adenine (3, F - m - A )  , but the 
overall yield froan the broano sugar was only 7%. 

We have recently developed7 a method of synthesis of 5-(2-deOxy- 
2-fluom-B-~-arabinofuranosyl) -I-methyluracil by direct displacement of 
the 2 I -trif late group in 4,5 -anhyd,m-2 +triflyl-l-methylpseuaauridine 
by fluorine on treatment with tris(dimethylamin0)sulfur (trimethylsily1)- 
difluoride (TASF) . 

In the purine series, several 9-(2-deoxy-2substitutd-B-D-arabinc- 
furan0syl)adenine derivatives (except F-ara-A) have been prepared by 
direct displa-t of the 2I-triflate group of the adenosine derivative 
with nucleophiles. We prepared 3t,51-di~ace~l-21-O-triflyl 
derivatives of adenosine, inoSine, and l-benzylinosine (8a, 8b and 8c) by 
the procedwe sham in scheme 1. 

Treatment of adenosine 2'-triflate (8a) with KF/cMF, Amberlyst A26 

(F) in acetonitrile, or TASF in methylene chloride always resulted in the 
formation of a mixture of adenine and 9- (2,3,5-tri+acetyl-B-D-arabim- 
furan0Syl)adenine ( loa) .  No fluorinated nucleoside was detected. 
carpapd 10a was isolated in yield of 40% in the reaction with KF/cMF. 
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9-(2-DEOXY-2-FLUORO-~-D-ARABINOFURANOSYL)HYPOXANTHINE. VIII 783 

Apparently, 5(38ne 8a decamposed during the reaction, re1easir-q acetate ion 
w h i c h  displaced the triflate graup, giving rise to 10a (scheme 2). 'Ihe 

A 5 R = H  

6 R=S0$f3 

7 R = H  

8 R = A c  

o Ser ies:  B = odenine, b Ser ies:  B = hypoxrmthine, c Series: B = Fbenzyltypaxonthine 

Scheme 1 

triflates, 8b and 8c, when treatd with TASF, also afforded a mixture of 
the co- ' purine base and peracetylated a r a b h  nucleosides. We 
ma+ a similar obser~ation~ when 4,5 1 -anhydr0-3 1 -0-acetyl-2 8 +triflyl-l- 
methylpseudouridine was treated with CsF/CMF or Amberlyst A26/CI$C%. 

In order to avoid the problems caused by acetate displamt of 
triflate, ' k ~ e  synthesized 3',5'-di-0-benzyl-2'-0-triflyl-l-benzylinosine 

AcO 

H 

8a 9a 

scheme 2 

P Z  

Acd 

Y)o 

(15). Thus, 31,51-0-(1,1,3,3-tetraisapropyl)disiloxany1-l-benzylhhe 
(5c, scheme 3) w a s  treated with dihydmpymn (w)/TsoH, and then desilyl- 
ated with E t p - I F ~  to obtain 12. Benzylation of 12 follmed by 2l-de- 

protection and triflylation afforded 13-15. contrary to cur expectation, 
treatment of 15 with TASF only afforded the elimination products 16 and 
17, and no trace of F-=-H was detectd in the reaction mixture. 

Facile elimination of trifluorcanethanesulfanic acid f m  15 wiul the 
formation of the olefin 16 is probably due to the fact that the sugar has 

the ~ 3 ,  confonnation, in which the triflate group on 5, and the 

hydrosen on C3, are almost in a trans &-axial configuration. Ikehara & 
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KRZEMINSKI ET A L .  784 

- a. reportedp that the amount of G, oonfonner in 2'-substiftrted 
adeno~ines increases linearly with the electronegativity of the 2'- 
substituent. mus, the presence of the el-tive 2'-triflate gmup  
may f o m  15 to assume the q, conformation, which favors elimination. 

16 14 

n-Le furanase ring confomtion may be altered by using different 
protecting groups at C5' ard C3' of the purine nuclecside Z'-triflate. It 
has been suggested that bulky trityl groups m y  foxe the furanose ring to 
assume an unfavorable  conformation"'^'' for trans elimination. we therefore 
synthesized 5'4-trityl-3 '-0-acetyl-2 I-O-triflyl nucleosides 20 (scheme 4)  

frcan 5'-0-trityl-adeno~i.ne'~ (18a) , -irt~6ine'~ (18b) , and -1-benzylinosine 
(18c). 
yielded the corresponding 2'+triflates 19, which, without isolation, 
were acetylated to 20. Treimt of 20a and 20c with TASF in U-$Ch 

afforded the desired protectfd F-ara-A and F-ara-H (2- and 2lc) in 4% anl 
10% yield, respectively. T h e  reaction of 20b with TASF, haever, gave an 
unsepmble mixture of the sugar fluorinated product 21b and 2t,314i+ 
acetylated derivative 22b along with the furan derivatives 23 and 24 and 
hypoxanthine. It has been recently reported l 4  that treatment of 5l-0- 

tritylcordycepin with diethylamin0 sulfur trifluoride (IXST) followed by 
detritylation afforded 9- (2-fluoro-2 , 3 - d i d ~ ~ ~ y - ~ 3 - P t h ~ 0 - p e n t 0 a ~ ~ 1 ~ ~ y 1 )  - 
adenine in 10% yield. According to authors COBnment this fluorbtion was 

Treatment of c x m p x d s  18 with BupO/M&H follmed by CF3!ZO$l 
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9-(2-DEOXY-2-FLUORO-~-D-ARABINOFURANOSYL)HYPOXANTH~NE. VIII 

a Series B = adenine 
b Series B = hypoxanthine 
c Series B = 1-benzylhypoxanthiine 

18 19 

B 

AcO 

22 23 24 

Scheme 4 

26 21 28 

Scheme 5 

facilitated by the absence of an oxygen function on the adjacent 3 '-carbon 
atan. 

Detailed examination of the reaction of triflates 20 with TASF 

rev&& depurination to be the major course of the reaction. Displacement 
of the triflate group by acetate also occurs to give 9-(2,3-di-o-acetyl-5- 
0-trityl-B-Parabinofuranosyl)purines (22, path A, scheme 4 ) .  Although 
nucleophilic displacement of the triflate group with fluoride ion takes 
place to s a n e  extent, a facile double elimination of triflate and the 
purine base (path B) affords the furan derivatives 23 and 24. Compound 24 
w a s  converted into 23 by acetylation. 
carbohydrates in the presence of fluoride ion is kn~wn.'~~'~ 

Similar triflate elimination frurn 
'Ihe above 
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786 KRZEMINSKI ET AL. 

data appear to support our concept that the %,-> to %,a@ conform- 
ation& change prevents triflate elimination so that nucleophilic dis- 
placement of 2l-triflate by fluoride nucleophile becames possible. In 
order to further promte conformational shift towan3 and prwent 
formation of acetate ion during the reaction, we prepared 3',5'4+ 
t r i ty l -21+t r i f ly l - l -benzyl i ine  ( 2 7 ) .  The relatively large J,l,zl value 

of 7.1 Hz (in (3wC1,) for the 3 I ,  5 '-di+trityl derivative 27 versus sndll 
11,2' coupling (2.5 - 4.1 Hz) in 8 ,  15 and 20 indicates that trityl groups 

did cause the desired conformationdl change in 27 tcxrJard 5,ed. When 

27 was treated with TASF, the yield of the desired 2'-fluorhted arabino 
nucleoside 28 was increased to 30%. 

Detritylation of 28 with cF3032H/CHC4'7 follmed by hydrogenolysis 
afforded a gocd yield of F-ara-H (1, Schm 5 )  . 

Studies directed taward the synthesis of other 21-fluoro- 
arabinosylpurines are in progress. 

Melting points were determined on a T h a m s - H o m e r  capillary apparatus 
and are unto-. column chrcwatography was perfonned on silica gel 
G ~ O  (70-230 msh, AS~M, Elerck). ~ ~ 1 3  w a s  performed on Analtech Uniplates 
with short-wavelength W light for visualization. Elementary analyses 

w e r e  p e r f o m  by M-H-W Laboratories, Fhoenix, AZ. 'H and "F NMR spectra 
w e r e  recorded on a JZDL FWOQ spectrcaoeter with W4Si and C!Xh as the 
irrterndl standards. cl-~dcal shifts are reported in ppn (a), and signals 
are described as s (singlet), d (doublet), t (triplet), q (quartet), m 
(multiplet), bs (broad singlet) and dd (double doublet). V a l u e s  given for 
coupling constants are first order. 

l-Benzylinosh (4c). To a suspension of b i n e  (4b, 10.7 g, 40 mmol) 
in W (400 mL) and DBU (8.96 mL, 60 ml) was added benzyl b&de (7.13 

mT+ 60 ml), and the mixture was stirred at room temperature for 4 h. 
The mixture was concentrated in vacuo, and the residue was q s t a l l i z e d  
from (200 a) to obtain 4c (13.5 g, 94%), mp 220-222 OC (1it.l8 mp 
219-222 "C). 
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9-(2-DEOXY-2-FLUORO-~-D-ARABINOFURANOSYL)HYPOXANTHINE. VIII 787 

3t?5t*(1?113?3~~~~ldisil~l?3-yl)-l-benylinosine (-1. 

propyldkiloxam (10.0 g, 31.7 mmol) in pyridine (100 mL) was stirred a t  
room tempemture overnight. The pyridine was mmved i n  vacuo, and the 
residue partitioned betwea CHC13 (300 mL) and %O (50 a). ?he organic 

layer was washed w i t h  %O (2 x 50 mL) , dried ( N a p 4 )  , and concentrat& in 
vacuo. me residue was chrcaoatographed on silica gel (CHCI.@tW, 40:l 

v/v) to obtain Sc (13.2 g, 81%). 'H NMR (e) 6 0.94-1.02 (28H, m, 
i-FT), 3.95-4.02 (3H, rn, H4',5',5''), 4.49-4.54 (W, m, H2',3'), 5.25 (2H, 

s, q$€h), 5.67 (lH, d, 2'-QH, exchangeable), 5.85 (lH, s, Hl'), 7.32 (5H, 

s, Ci-IghJ, 8.19, 8.52 (two lH singlets, H2 and H8). Anal. C a l d  for 
WN406Sh: C, 59.76; H, 7.38; N, 9.32. Found: C, 60.05; H, 7.38; N, 
9.15. 

A m i x t u r e  of 4C (9.9 g,  27.6 m l )  and 1 , 3 - d i ~ O r O - 1 , 1 , 3 , 3 - ~ ~ ~  

2t-O-Triflyladenosine (7a). To a mixture of 5a19 (500 mg, 1.0 mmol) ,  
CMAP (120 mg, 1.0 mmol) and q N  (240 pL, 2.0 ml) in Cl$q (10 mL) was 
added C F ~ ~ C ~  (212 pL, 2.0 mmol) , and the mixture was stirrea a t  
temperature for 0.5 h. After concentration of the mixture invacuo, the 
residue was dissolved in 1 N %NHF in 'IHF (3  a). The  mixture waskept 
overnight a t  mom temperature, and then ColYMtzated in vacuo. Ihe 

residue was chramatographed on silica gel (a-lCl+toH, 9: 1 v/v) to obtain 
7a (300 ny, 75%) as a foam. 'H NMR 6 3.66-3.88 (w, m, 
H5',5"), 4.02-4.13 (lH, rn, H4'), 4.48-4.64 (lH, m, H3', became dd 

a t  4.61 on addition of 90, J2,,31 = 5.0, J3,,41 = 5.5 Hz), 5.89 (lH, dd, H2', 

bs, q), 8.20, 8.42 (two lH singlets, H2, H8). ?his ccanpaund was too 
unstable for combustion analyses. 

Jlt,,, = 4-41 J21,31 = 5.0 Hz), 6.40 (lH, d, Hl', J1,,Z1 = 4.4 Hz), 7.61 (2H, 

28-O-Triflylinosine (7b). A m i x t u r e  of 4b (268 mg, 1 ml) and ELI$& 

(249 ~KJ, 1 -1) in MeOH (50 mL) was heated um3e.r reflux unt i l  a clear 
solution was obtained, and then concentrat& in vacuo. ?he residue was 
dissolved in CMF (15 mt) , and treated with CF3%cl (185 mg, 1.1 mmol) a t  
rocan temperature for 1 h. The mixture was concentrated in VaaJO,  and the 
residue chrcanatqtaphed on silica gel (air3..@iXr 9:1 v/v) as the eluent 
to obtain 7b (148 mg, 37%) as a foam. 'H NMR (m) 6 3.64-3.74 
(2H, m, H5',5"), 3.99-4.08 (lH, m, H4'), 4.59 (lH, dd, H3', J21,3, = 4.4, 

J3,,4, = 5.5 Hz), 5.77 (lH, dd, H2', J1,,2, = 4.1, Jz,,3, = 4.4 Hz), 6.38 (lH, 
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7 88 KRZEMINSKI ET AI , .  

d, Hl', J,,,,, = 4.1 Hz), 8.12 (lH, d, H2, collapsed to a singlet upon 
addition of %O), 8.37 (lH, s, H8), 12.40 (lH, bs, MI). ?his CcRnpOund 

deamposd in the mail sent for cumbustion analyses. 

1-~1-2~+triflylinosine (7c). In a similar manner to the 
conversion of 5a into 7a, 1-benzylinosine (Sc, 584 q, 1 ml) was 

converted into 7c (295 rig, 60%) after ChrcaMtOgraphic purification 
(CHClJEtOH, 40:l v/v) and crystallization frum EtOH; mp 143-145 OC (dec) . 
'H NMR (m) 6 3.65-3.67 (2H, m, H5',5I1), 3.99-4.06 (lH, m, H4'), 
4.54-4.67 (lH, m, H3'), 5.24 (2H, s, q F h ) ,  5.80 (lH, t, H2', Jl,,2, = Jz,,3, 

= 3.6 Hz), 6.39 (IH, d, Hl', J,,,,, = 3.6 Hz), 7.35 (5H, S,  U-I@), 8.40, 

8.67 (two lH singlets for H2 ard H8). m. Calcd for C,&F3N4V: C, 

44-08; H, 3.50; N, 11.42; S, 6.54. Found: C, 44.32; H, 3.91; N, 11.23; 

S, 6.52. 

3 @ ,5@ -Di+ace ty l -2  I + t r i f l y l W s W  (Sa) . A mixture of 7a (399 ng, 

1.0 xml) & +O (0.8 a, 10 equiv.) in pyridine (10 mL) was left 
standing for 4 h, and then concentrated in vacuo. The residue was dried 
by azeutropical distillation of toluene (2 x 10 a) ard EtoH (2 x 10 mL) 

to obtain quantitative yield of 8a as a foam. 'H NMR (*) 6 1.98 

(3H, S, AC),  2.16 (3H, S ,  Ac) ,  4.11-4.51 (3H, m, H4',5',5"), 5.87 (lH, t, 
H-3' ,  J21,3, = J3,4, = 5.9 Hz), 6.35 (lH, dd, H-2', J1,,21 = 4.1, Jz,,3, = 5.9 

Hz), 6.53 (lH, d, H-1', J,,,,, =4.1Hz), 7.44 (2H, bs, q), 8.18, 8.57 (two 
lH singlets, H2 and H8). 

3@,5@-Di+aoetyl-2'*triflylinOsine (8b) a d  3',51di+acetyl-21- 

O-triflyl-l-benzylbSh (8c). These prepared similarly. 
8b: 'HNMR (*) 2.01 (3H, s ,  Ac) ,  2.16 (3H, s, AC),  4.13-4.54 (3H, 
m, H4',5',5"), 5.78 (lH, dd, H3', J2a,3, = 5.6, J3,,41 = 6.0 Hz), 6.21 (lH, 

dd, H2', J11,2, = 4.1, Jz,,3, = 5.6 Hz), 6.54 (W, d, Hl', J,,,2, = 4.0 HZ), 
8.13 (W, d, H2, collapsed to a singlet upn addition of q O ) ,  8.34 (W, 

s, H8), 12.10 (bs, NH). 8c: 'H NMR (m) 6 1.98 (3H, s, Ac),  2.15 

(3H, s, Ac) ,  4.19-4.53 (3H, m, H4',51,51v), 5.24 (W,  s, C3$ph), 5.84 (IH, 
dd, H3', J2,,3, = 5,8, J3, ,4 ,  = 6.0 Hz), 6.21 (lH, dd, J,,,,, = 4.0, Jz,,3, = 5.8 

Hz), 6.57 (lH, d, Hl', J,,,,, = 4.0 Hz), 7.53 (5H, s, a-i.gQ, 8.34, 8.68 (two 
lH singlets, H2, H8). 

6 

Ccsnpounds 8a - 8c d- before cumbustion analyses. 
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9-(2-DEOXY-2-FLUORO-~-D-ARABINOFURANOSYL)HYPOXANTHINE. VIII 789 

9- (2,3,5-l~i+acetyl-O-I)-arabin0rabinofuranosyl) adenine ( 10a) . A mixture of 

8a (50 ny, 0.1 m l )  and NaOAc (10 rrg) in CMF (2 mL) was stirred at room 
t enpera tu~  overnight, and then concentrated in vacuo. me residue was 

ChrcaMtOgraphed on silica gel (CWC13-EtOH 19:l v/v) to abtain 10a (22 mg) , 
mp 142 OC (EWH). (Lit.21 mp 142 "C.) 

Reaction of 8a w i t h  KF/MF, Amberlyst A-26 (E'-)mr and TAsF/QtrC$- 
Fozmation of (loa) . (a). A mixture of 8a (50 ny, 0.1 m l )  and KF (10 

mg) in CMF (1 a) was stirred at l~xgn temperature for 3 days, and then 
concentratd in vacuo. ?he residue was partitioned between (3ICh (20 mL) 

and 30 (5 a). me organic layer was separated, dried (bqso4), 
concentrat&, and the residue c h ~ ~ ~ ~ t c g r a p h d  on silica gel column 
CHCl@tOH (19:l v/v) as the eluent. U n r e a c t e d  8a (5 q) was eluted first, 
followed by 10a (17 RKJ, 41%). This si3I(p?le was identical with 10a prepared 
above. 
(b). A m b ~ t u r e  of 8a (50 mg) and Amberlyst A-26 (F) (150 m) in Cl$Ch 

(2 mL) was heated under reflux for 10 h. After coolh~~, the resin was 
remaved by filtration, the filtrate mncentrated in vacuo, and the residue 
ChrcgMtOgraphed ( U - I C V H ,  19: 1 v/v) to give 10a (17 %) . 

To a cold (-70 "C) and stirred solution of 8a (52 mg, 0.1 m l )  
i n  dry qch (1 mL) was added a solution of TASF (90 mg, 0.3 m l )  in 
CH$h (0.6 mL) under argon. The mixture was allowed to warm to roam 
tenpemture and stirring was continued for 24 h. An additional amount of 
TASF (90 nq) was added, and the m i x h r e  was stirred for another 24 h. The 
reaction was quenched by addition of Hp (1 mL) . The organic layer w a s  
separated, washed with €$O (0.5 mL) , dried (Msso,), concentrated in vacuo, 
and the residue chmmatographed on silica gel (CHCl-, 19:1 v/v) to 
obtain 10a 

(c )  . 

(4 q) and adenine (7 q) . 

2~-O-(Tetrahydmpyran-2-y1)-l-benzylinosine (12). A mixture of 5c (9.0 

g, 15.4 mmol), CHP (2.8 mL, 31.0 ml), and TSOH (2.85 ny, 15 m l )  i n  
Cl$Ch (50 mL) was stirred overnight at room temperature. An additional 
amount of rn (1 mL) was added, and the mixture was stirred at man 
temperature fo- 24 h, and then neutralized with satd. N a H q  (50 mL). The 
organic layer was separated, washed (satd. N a H q ) ,  dried ( N F 4 ) ,  and 
concentrated in vacuo. m e  residue (crude 11, 10.0 g, 87%) was dissolved 
in lM q N H F  in 'IHF (40 mL) , and the solution was kept at roam temperature 
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190 KRZEMINSKI ET AL. 

for 24 h. The 

mixture was concentrated i n  vacuo, and the residue w a s  dried by reprated 
COeMporation w i t h  pyridine. Finally, the residue was suspended in 
pyridine, insoluble inorganic salts w e r e  by f i l t ra t ion,  and the 
f i l t ra te  was mncentrated in  vacuo. The residue was ChrcaMtOgraphed on 
silica gel (G-IClJEW€I, 19:l v/v) to give 12 (6.67 g, 98%) as a 
diasteseaaneric mixture. 

Analytical samples of pure diasterecrmers were abtained by rechrclmato- 
graphy of 12 (500 n-g) using the same solvent system. The less polar 
iscaner of 12 was obtained as a foam. 'H NMR (-1 6 1.45-1.75 (a, m, 
W ) ,  3.18-3.20 (2H, m, THP), 3.55-3.60 (2H, m, H5',5"), 3.95-4.00 (IH, m, 
H4'), 4.23 (lH, m, H3'), 4.57-4.69 (IH, m, THP), 5.07-5.22 (2H, m, 2 x 
OH), 5.22 (2H, S, q%), 6.02 (lH, d, Hl', J,,,,, = 5.8 Hz), 7.32 (a, S, 
q, 8.40, 8.63 (two lH singlets, H2, H8). C a l d  for %N406: 

C, 59.97; H, 5.92; N, 12.16. Found: C, 59.95; H, 6.07; N, 12.40. 

The more polar isomer of 12 was also obtained as a foam. 1~ NMR 

(Mep-dJ 6 1.32-1.54 (6H, m, THP), 3.06-3.10 (2H, m, THP), 3.55-3.61 
(2H, m, H5',5"), 3.98-4.01 (lH, m, H4'), 4.28-4.31 (IH, m, H3'), 4.60-4.72 
(IH, m, THP), 5.04-5.30 (2H, m, 2 x OH), 5.23 (W, s, q P h ) ,  6.04 (lH, d, 
Hl', J,,,,, = 6.3 Hz), 7.31 (5H, s, CX@), 8.37, 8.63 (two lH singlets, H2, 
H8).  Anal. Found: 60.15; H, 6.10; N, 12.38. 

Excess q N H F  was deccarrposed by addition of satd. N a H q .  

m. 

3~,51-Di+Eknzyl-l-benylisine (14) .  To a solution of NaH (980 nq, 
40 ml) in rse,sO (20 mt) was added, under argon, a solution of 12 (6.0 g, 
13.6 nanol) in d r y  M+K) (50 mt). The mixture was stirrea for 30 min and 

benzyl CNoride (4.6 mt) was added dropwise. After 4 h, the mixture w a s  
poured into ice-water (400 a), and the product was extracted into %O (4 

x 200 mt). The ether extracts w e r e  ccanbined, dried ( N a $ 0 4 ) ,  and 

concentrated in vacuo. The residue was dissolved in MeOH (50 mL) 

containing TSOH (2.2 g, 13 mmol ) ,  and the mixture was stirred overnight a t  
rocnn temperature. The mixture was neutralized (NH,,OH), and then 
c o m t z a t d  i n  vacuo. The residue was chmmamphed on silica gel 

(CHClJMeOH, 4:l v/v) to give 14 (4.68 g, 64%) as a foam. 'H NMR (m) 
6 3.56-3.66 (2H, m, H5',5"), 4.09-4.29 (2H, m, H3',4'), 4.51 (2H, s,  

Cl-&Ph), 4.64-4.83 (3H, m, H2', U&%), 5.23 (2H, S, q%), 5.70 (lH, d, 
3-), 5.93 (Xi, d, HI', J1,,2, = 5.2 Hz), 7.29-7.34 (I=, m, w, 8.25, 
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9-(2-DEOXY~2~FLUORO~~~D~ARABINOFURANOSYL)HYPOXANTHINE. VIII 7 9 1  

8.59 (two W singlets for H2 and H8). Anal. Calcd for q1W4q: C, 
69.13; H, 5.61; N, 10.40. Found: C, 69.33; H, 5.82; N, 10.21. 

3 I 5 I -Di-O-benzyl-2 I +trif lyl-1-benyliaosine (15) . To a mixture of 14 
(538 mg, 1 nunol),  CMAP (122 mg, 1 ml) and Ek$l (202 mg, 2 ml) in U-$C$ 

(15 mL) was added CF3sQ2Cl (336 mg, 2 ml) . 'Ihe mixture was stirred for  
15 ~~IIXS , and then concentrated in va(u0. 'Ihe residue was  chrcpnato- 
graphed on silica gel (U-ICl@&+OO, 20:l v/v) to give 15 (630 mg, 94%) as 
a foam. 'H NMR (-1 6 3.58 (IH, dd, IU', J~,,~, = 4.4, J~,,~,, = 12.0 

Hz), 3.70 (lH, dd, H5", J4,,5,, = 4.0, JslSl, = 12.0 Hz), 4.28-4.44 (W, m, 
H4'), 4.44 (2H, s ,  Qph), 4.64 (2H, s, w), 4.64-4.77 (W, m, H3'), 
5.23 (2H, s ,  q$ph), 6.08-6.16 (IH, m, H2I), 6.45 (lH, d, Hll, J,,,,, = 2.5 

Hz), 7.26-7.33 (15H, m, Cf-LghJ, 8.23, 8.61 (two lH singlets for H2, H8). 
' Ihis cOmpOund decoposed prior to elementdl analyses. 

Reaction of 15 with TAGF. Synthesis of 3~t5~-Di-O-ben!zyl-21decnryi 
2~,3~-didehydro-l-bemylhsine (16). A solution of 15 (670 mg, 1 m l )  
in dry q c $  (10 mt) was cooled t o  -70 OC in a dry ice/acetone bath. To 

this  solution was added a solution of TASF (900 mg, 3 nunol) in U$,Ch (6 

s t i r r ing was continued for 24 h. An additiondl amDunt of TASF (900 mg in 
6 mL of qC$) was added, and the st i r r ing continued for  24 h. The 

reaction was quenched by addition of satd N a H q  (10 mL) . "he 0-c 
layer was separated, washed w i t h  30 (5 mL), dried (m4), and 

concentrated to dryness i n  vacuo. The residue chrumatqraphed on silica 
gel (CHCl.@E$D, 20:l v/v) . 3-Benzyloxy-2-benzylOXyme~lfuran (17) (47 

mg, 16%) was eluted f i r s t  frrnn the column follcwed by 16 (320 mg, 62%). 

( h p u n d  17 was obtained as a foam. 'H NMR (Me,so-a,) 6 4.39 (2H, S, 

Qph), 4.40 (2H, s,  QPh), 5.03 (2H, s,  Q q p h ) ,  6.60 (lH, d, H4, J4,5 

= 2.2 Hz), 7.29 (5H, s,  CH@, 7.36 (5H, S, CW@, 7.49 (W, d, H5). 

u. C a l d  for C,&&: C, 77.53; H, 6.16. Found: C, 77.28; H, 6.37. 

compa~7d 16 was also obtained as a foam. 'H NMR (-1 6 3.58-3.63 

(2H, m, H 5 ' , 5 I 1 ) ,  4.44 (2H, s,  Qph), 4.83 (IH, m, H4'), 5.11 (2H, s, 
CH+Fh), 5.20 (W, s, mu), 5.24 (2H, s,  Hll, CZ$ph), 6.87 (W, s, m'), 
7.21, 7.32, 7.39 (each 5~ singlets for CH@, 8.06, 8.62 (tw 3H singlets 
for H2, H8). Anal. calcd for C&#404: C, 71.94; H, 5.45; N, 10.24. 

mt) underargon. Themixture w a s a l l c w e d t o ~ t o r o c a n ~ t u r e ,  and 

Found: C, 71.67; H, 5.50; N, 10.27. 
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792 KRZEMINSKI ET A L .  

5 ' m t y l - l - b e n z y l i s h e  (l8c). A mixture of 4c (3.58 g, 10 -1) 
and TrCl (3.3 g, 12 m l )  in pyridine (50 mL) was stirrea at roc~n 
tenpzrature. An additional aTlyxlllt of TrCl (3.3 g, each) was added on the 

2nd and 3rd day, and stirring was continued until all the starting 

material was consumed. The nixture w a s  concentrat& i n  vacuo, and traces 
of pyridine were  remcrved by coevaporations with toluene and EWH. The 
residue was chromatographed on silica gel (a-I~l@tCX-i, 19:1 v/v) to give 
u c  which was crystallized from EWH (5.40 g, go%), mp 208-209 OC. 'H NMR 
(w) 6 3.20-3.24 (2H, m, H5',5l1), 4.10-4.29 (2H, m, H3',4'), 
4.61-4.67 (IH, m, H2', collapsed to dd upon addition of 90, J2,,3, = 5.0, 

J1,,,, = 5.6 Hz), 5.21-5.27 (3H, m, q p h ,  OH, became s at 5.24 upon 
addition of qO), 5.57 (lH, d, OH), 5.92 (IH, d, H l ' ,  J,,,,, = 5.6 Hz), 
7.06-7.32 (20H, m, Tr, GI.@), 8.23, 8.51 (two lH singlets for H2, H8). 
m. Cald for  C&H$,,q: C, 71.98; H, 5.37; N, 9.33. Found: C, 71.86; 
H, 5.44; N, 9.18. 

3'-O-Acetyl-2'~triflyl-S'-O-trityladeno~he (20a). A mixture of 
51-C-trityladenosine'2 (497 q, 1 m l )  y n d o  (249 q, 1 m l )  in 
MeOH (50 mL) was heated under reflux until a clear solution was obtained 
(45 minutes). m e  solution was concentrated in vacuo, and the residue 
diswed in DMF (20 mL). The solution w a s  cooled in an ice bath, and 
CF3S02C1 (190 my, 1.1 m l )  was added. After being stirred for 1.5 h at 
room temperature, the solution was concentrated in vacuo, the residue was 
dissolved in pyridine (20 mL) and then treated with S O  (1.5 mL) . T h e  

mixtUre was stirred for 3 h, and evaporated to dryness in vacuo. 
residue was ChrrxMtOgraphed on silica gel (a-ICl@'KH, 33:l v/v) to 
obtain 20a (208 q, 31%) as a foam. 'H NMR (-1 6 2.12 (3H, s, AC), 

3.36-3.49 (2H, m, H5',5"), 4.36-4.40 (lH, m, H4'), 5.90-5.95 (lH, m, H3'), 

singlets for H2, H8). Anal. C a l d  for -Ffi?,S: C, 56.22; H, 4.13; N, 
10.24. Found: C, 56.08; H, 4.30; N, 10.11. 
In a similar manner, 5'-0-tritylinosine~~ (740 nrg, 1.45 m l )  w a s  

c~nverted int~ 3 ' - O - ~ t y l - 2 ~ ~ ~ f l y l - 5 ' - 0 - ~ t y l i a o S ~  (20b) (foam, 
445 q, 45%). m e  eluent for - m y  was CHClJEtMI (19:l 
v/v). 'H NMR (w) 6 2.11 (3H, S, Ac),  3.30-3.35 (2H, m, H5',5''), 
4.38-4.43 (lH, m, H4'), 5.99 (lH, t, H3', J2,,3, = J3,,4, = 5 . 7  HZ), 6.32 (m, 
dd, W', J,,,2, = 4.1, J2,,3, = 5.7 Hz), 6.55 (lH, d,Hl',J,,,2, = 4.1 HZ), 

The 

6.45-6.54 (2H, m, Hl',2'), 7.20-7.57 (17H, m, Tr, q), 8.06, 8.35 (m 
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9-(2-DEOXY~2~FLUORO-~-D-ARABINOFURANOSYL)HYPOXANTHINE. VIII 793 

7.15-7.37 (15H, m, Tr) , 8.15, 8.37 (two lH singlets for H2, H8) . Anal. 

Calcd for W 3 N 4 0 8 S :  C, 56.17; H, 3.98; N, 8.19. Found: C, 55,98; H, 
4.05; N, 8.07. 

Likewise, 3~+acety1-2~+trif1y1-5~+trity1-1-~1hsh (20c) was 
obtained from 18c (700 q, 1.16 mmol) as a foam (580 q, 64%), using 

qcLJEtoAc (16:l f o l l m d  by 8:l v/v) as the eluents for column 
chmnatography. 'H NMR (Mep-d& 6 2.11 (3H, s, Ac),  3.32-3.36 (2H, m, 
H51,511), 4.41-4.45 (lH, m, H4'), 5.24 (2H, s, C&ph), 5.88 (lH, t, H3', 
J2,,3, = J3,,4,  = 6.0 Hz), 6.30 (lH, dd, H2', J,,,2, = 4.1, Jz,,3, = 6.0 Hz), 
6.57 (lH, d, Hl', J,,,,, =4.1 Hz), 7.18-7.36 (20H, m, Tr, w, 8.34, 8.51 
(two lH singlets for H2 and H8). Anal. C a l d  for %F3N40$: C, 60.46; 
H, 4.29; N, 7.23. Found: C, 60.39; H, 4.37; N, 7.20. 

Treatment of 20 with TASF. a) m a cold solution (-70 "C) of 20a (1.0 
g, 1.46 mmol) in dry  a-$Cl, (15 mL) w a s  added a solution of TASF (1.2 g, 

Ihe reaction mixture was allowed 
to warm to mom temperature while being stirred. After 24 h, an 
additional amount of TASF (1.2 g) in qC-2, (9 mL) was added, and the 
s t i r r ing was continued for 24 h. The reaction was guenched by addition of 
30 (15 mL) . The organic layer was washed w i t h  %O (15 mL) , dried (PQS04), 

and concentrated in vacuo. The residue was chromatagaphed on silica gel 

by successive elution with 99:1, 97:3, & 95:5 U-IC13-EWI (v/v) . 
T r i p h e n y h & h y 1 0 x p e t h y 1 - 3 - a c e ~  (23) (220 q, 37%) was eluted 
f i r s t  frum the column followed by Z-tripheny~thyloxymthy1-3-€1ydmxy- 
futan (24) , 9- ( 3 + a a e t y l - 2 - a e c O r y - 2 - ~ ~ ~ ~ h i ~ l - 1 2  

4.35 nunol) in q c h  (9 mt) under argon. 

2- 

-wu- (2-1 8 9- (2 8 3-di+ac%tyi-5+hityi-+b&h- 
furanosyl)adenine (22a) and adenine. 

(Mep-d& 6 2.17 (3H, s, Ac), 3.89 (2H, s, C&mr), 6.55 (lH, d, H4, J C s  

= 2.2 Hz), 7.25-7.43 (15H, m, Tr), 7.63 (IH, d, Hl, J,,2 = 2.2 Hz). Anal. 
Cald for G%04: C, 78.37; H, 5.57. Faund: C, 78.40; H, 5.60. 

(hexane-q0) . 
Upon acetylation of 24 (45 q) w i t h  
q) was obtained. 

23 Was CIystallized f m  h e x a n e - q O ,  mp 79-83 OC. 'H NMR 

ccanpound 24 w a s  mined crystdls (80 mg, 15%), mp 119-120 "C 
The 'H NMR Spectrum was identicdl w i t h  that rep~rted.~ 

(45 a) in pyridine (1 a), 23 (50 

6 
2.10 (3H, s, Ac), 3.38-3.40 (2H, m, H5',5"), 4.20-4.24 (lH, m, H4'), 5.36 
campound 21a was isolated as a foam (33 q, 4%). 'H NMR (-1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
3
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



KRZEMINSKI ET A L .  794 

(lH, dm, H3', J3,,F = 17.1 Hz), 5.57 (lH, dm, H2', J2,,F = 51.3 Hz), 6.49 
(lH, dd, Hl', JllO2, = 3.8, J,,,, = 17.0 Hz), 7.25-7.36 (15H, m, Tr), 8.07 
(lH, d, H8, J8,, = 2.5 Hz), 8.15 (lH, S, H2). 6 -189.5 

(at, J1,,, = J3,,, = 17.1, J,,,, = 51.3 Hz). C, 
67.26; H, 5.10; N, 12.65. Found: C, 67.30; H, 5.21; N, 12.50. 

'H NMR (&p-c&) 

6 1.67 (3H, s, Ac),  2.08 (3H, s, Ac),  3.38-3.54 (W, m, H5',5''), 4.32 
(lH, m, H4'), 5.50-5.75 (2H, m, H2',3'), 6.65 (lH, d, Hl', J1,,,, = 5.5 Hz), 
7.23-7.34 (15H, m, Tr) ,  8.37 and 8.52 (each lH, s, H2 and H8). Anal. 
Calcd for w1N;06: Calcd: C, 66.77; H, 5.26; N, 11.79. Found: C, 66.59; 
H, 5.35; N, 11.54. 
b) ccanpcrund 20b (1.0 g, 1.46 nunol) was t reakd with TASF (2 x 3.0 g) 

and the products purified as above to obtain 23 (310 mg, 52%), 24 (93 mg, 

17%) , hypoxanthine (156 mg, 77%) , and a mix tu re  of 2lb and 22b (12 mg) . 
Similar treatrnent of 20c (1.0 g, 1.29 ml) with TASF (2 x 1.06 g) 

afforded the following compmds, which were separakd on silica gel 
( ~ C ~ E t O A c ,  9:l v/v): 23 (133 q, 26%), 24 (27 q, 6%), 21c (83 mg, 

H5',511), 4.20-4.25 (lH, m, H4'), 5.25 (2H, m, CZ$Fh), 5.52 (lH, dm, H3', 
J31,F = 15.3 Hz), 5.54 (IH, &I, ID', J2,,, = 51.0 Hz), 6.48 (M, dd, H1', 
J,,,,, = 4.1, Jll,F = 17.1 Hz), 7.23-7.33 (20H, m, Tr, q, 8.05 (lH, d, 
H8, Js,F = 2.5 Hz), 8.62 (lH, s ,  H2). 19F NMR (-) 6 -197.6 
(sextet). Anal. C a l d  for =FN&: C, 70.79; H, 5.16; N, 8.69. FaLnsd: 

19F NMR (-) 
Anal. C a l d  for G,%qOc: 

ccsnpaund 22a was &&dined as a foam, (104 mg, 12%). 

c)  

lo%, foam): 'H NMR (-) 6 2.09 (3H, s, Ac),  3.21-3.33 (2H, m, 

C,  70.60; H, 5.23; N, 8.52. canpourd 22c (53 m, 6%), mp 163-165 OC 

(AcoEt-hexane). 'H NMR (*) 6 1.69 (3H, S, Ac), 2.06 (3H, S, AC),  

3.34-3.37 (W, m, H5',5"), 4.44-4.46 (lH, m, H4'), 5.22 (W, s, w), 
5.45-5.62 (2H, m, H2',3'), 6.50 (XI, d, Hl', Jl,,21 = 5.2 Hz), 7.22-7.33 
(20Hr m, Tr, 8-01, 8.54 (two lH singlets, H2, H8). Andl. calod 
for C,,,,I&N4q: C, 70.16; H, 5.30; N, 8.18. Found: C, 70.01; H, 5.41; N, 
8.18. l-Benzylhypxa&Ak (205 mg, 71%), mp 264-268 OC ( f m  EtoH). 
(lit.= mp 268-270 "C). 'H NMR of this sample w a s  identical with that of 
an authentic sample. 

2 ,5'+-T1~iQl-l-Wlksh (25) an8 3' , 5 ' ~ t y l - I - ~ l ~ s h  
( 2 6 ) .  A mixture of 4c (50.0 g, 0.14 ml),  OMAP (25.3 g, 0.21 m l )  and 
"KCl (97.2 g ,  0.35 ml) in pyridine (550 mL) w a s  stirred for  3 d at 70-80 
OC. Additional reagents were added at 24 h (58.3 g of Trcl and 10.0 g of 
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W )  and 48 h (39.0 g of "JXl and 6.0 g of W).  The hot was 
fi l tered,  and concentrate3 i n  vacuo. Traces of pyridine were renvxred by 
coaaporation w i t h  toluene (2 x 300 a). The residue was placed on the 
top of a silica gel column (10 x 40 an), which was eluted w i t h  
hexane/EtOAc (l:l, 4 L), follmed by 1:l hexane/Etmc containing 3% EtoH. 

The amount of EtOH w a s  increased gradually up to 30%. 

containing 25 and 26 w e r e  collected, and this mixture was rechramato- 

graphed on silica gel using hexane/CHCl@tCM (20:20:1 v/v/v) follmed by 
hexane/CHCl@tOH (10:20:1 v/v/v). ccnnpound 25 was eluted f i r s t  (28.0 g, 

m, H51,511), 3.20-3.24 (lH, m, H 4 ' ) ,  4.05-4.09 (lH, m, MI), 4.95-5.02 (lH, 
m, H2'), 5.15-5.22 (lH, m, OH, exchangeable), 5.22 (2H, s, C F p h ) ,  5.96 

(lH, d, H l ' ,  Jl,,2, = 6.2 Hz), 7.02-7.64 (35H, m, Q-Ip, 2 x Tr), 8.08, 8.17 

(two lH singlets, H2, H8). Anal. C a l d  for CS5%N4%: C, 78.36; H, 5.50; 

N, 6.65. Found: C, 78.17; H, 5.36; N, 6.40. 

ccanpaund 26 was eluted next (22.0 g, 19%) , mp 187-188 O C  (a-IC13-hexane). 

4.12-4.14 (lH, m, MI), 4.70-4.77 (W, d, H2'), 5.25 (2H, s, w), 6.10 

(W, d, Hl', Jl,,21 = 7.2 Hz), 7.19-7.40 (393, m, Ui@, 2 x Tr) , 8.15, 8.42 

(two lH singlets for H2 and H8). Anal. Calcd for GQN44q: C, 78.36; 

H, 5.50; N, 6.65. Found: C, 78.20; H, 5.41; N, 6.52. 

Fractions 

24%) , mp 231-233 OC (hexane-EtoAc). 'H NMR (e) 6 3.00-3.06 (2H, 

'H NMR (m) 6 2.64-2.68 (2H, m, H5',5"), 3.09-3.11 (lH, m, H4'), 

2t~flyl-3t,5'-di~trityl-l-beslzylinosine (27). To a mixture of 26 
(2.0 g, 2.4 ml), CMAP (290 q, 2.4 ml) and (480 mg, 4.8 ml) in 
Cl$Ch (40 mL) w a s  added CF3S02Cl (800 mg, 4.8 ml) , and the solution was 
stirred a t  roam temperature The mixture was conamtrated in  
vacuo, and the residue was chrom3~phe .d  on silica gel (CClJEtaAc, 5:l 

V/V) to abtain 27 (1.82 g, 78%) as a foam. 'H NMR 6 2.92-2.96 

(W, m, H5',5'@), 3.62-3.69 (lH, m, H4'), 4.41-4.43 (lH, m, H3'), 5.23 (2H, 

S, U-&€h), 5.92 (lH, d, H2', J1,.2, = 6.3 Hz), 6.58 (lH, d, H-1') 7.18-7.34 

(35H, m, axxl 2 x Tr) , 8.29, 8.32 (two lH singlets for H2 and H8): 

(CDCLJ 2.73 (lH, dd, H5', J41,5, = 3.0, JSl 5,, = 11.1 Hz) , 3.22 (lH, dd, 
H4', J4,,51 = 3.0, J4,51, = 1.9 Hz), 3.41 (lH, m, H4'), 4.42 (lH, dd, H3', 
J2,,3, = 4.3, J3,,41 = 1.6 Hz), 5.23 (2H, s,  %%), 5.83 (lH, dd, H2', J,,,21 

= 7.1, J21,3, = 4.3 Hz), 6.55 (lH, d, H- l ' ) ,  7.15-7.40 (30H, m, 2 X Tr), 
7.84, 7.99 (two W singlets for H2 and H8). !Ibis CcBnpOund was Used 

for 1 h. 

6 

directly i n  the next step. 
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9-(2-Deoxy-2-fluoro-3,5-di-0-trityl-O-~arabinofuranosyl)-l-benzyl- 
hypaxanuline (28). To a solution of 27 (3.24 g, 3.32 m l )  in dry Cl$C$ 
(40 mL) was added a solution of TASF (2.75 g, 10 -1) in Cl-$Ch (20 mL) 

The reaction mixture was allowed to 
warm to room temperature, and stirring was continued for 4 days. An 

additional amount of TASF in U-$Cl, (5.0 g in 40 mL) was added at -40 OC on 
the 2nd and 3rd day. The reaction was qua&& with %O (50 mL), the 
organic layer w a s  separated, washed ( H p ,  2 x 75 mL), dried (MgsOJ, anl 
concentrated in vacuo. 'Ihe residue was chmmtog-ra@mfi on silica gel with 
hexane/EtOAc (4: 1) , followed by hexane/EtOAc (2:l) to give 28 (842 mg, 
30%) as a foam fram U-ICl,. 'H NMR ( M e p d J  6 3.00-3.02 (2H, m, H5*,5l1), 

J2,,F = 48.3, J,,,, = 3.0 Hz), 5.24 (2H, s, CH+Fh), 6.37 (lH, dd, Hl', J,,,,, 
= 3.0, Jl,,F = 22.0 Hz) , 7.27-7.32 (35H, m, CH.& 2 x Tr), 7.72 (W, d, H8, 
J8,, = 2.2 Hz) , 8.56 (Mi, s, H2). Anal. Calcd for ~5~5FN404.  1 / m C h :  C, 
76.31; H, 5.24; N, 6.45. Found: C, 76.45; H, 5.54; N, 6.23. A d l  
amwnt of <HC1, w a s  detected in the 'H NMR Spectrum of this sanple at 8.31. 

at -70 'C in an aqon atmosphere. 

4.27 (W, d, ID', J30,F = 19.0 H z ) ,  4.38 (W, S, H4'), 4.44 (Wr dd, H2', 

9- ( 2 - o e o x y - 2 - f l ~ ~ ~ ~ a r a b i n o f u r a n o s y l ) - l - ~ ~ ~  (29). To 

a solution of TFA (63.1 mL) in CHC1, (670 mL) was added a solution of 28 
(6.63 g, 7.85 mmol) in (HCl, (30 mL) under argon at -25 'C. The mixture 
was allwed to warm to room temperature, and stirring was continued for 1 
h. Themixture was then recooled to -25 'C, and EtOH (73 mL) was added. 
The colorless mixture w a s  concentrated in vacuo, and the residue was 
triturated with hexanern0 (1: 1 v/v) (2 x 400 mL) . The solid residue w a s  
collected, and ChrcaMtOgraphed on silica gel (CHCl@tOH, 8:l v/v) to give 
29 (2.5 g, 88%) as colorless foam. 'H NMR (%) 6 3.68-3.92 (3H, m, 
H4',5',5"), 4.44 (lH, ddd, ID', J2,,3, = 4.4, J3,,4, = 4.9, J3,,, = 18.9 Hz), 
5.23 (W, ddd, H2', J,,,,, = 4.7, J2,,3, = 4.4, J2,,F = 53.7 Hz), 6.39 (W, dd, 
Hl', J?,,,, = 4.7, J,,,F = 13.5 Hz), 7.33 (RI, s, CH+Fh), 8.26 (lH, d, H8, JBF 

= 1.9 Hz), 8.62 (W, s, H2). m. C a l c d  for C,&p,,O,,: C, 56.66; H, 
4.75; N, 15.55. Found: C, 56.68; H, 4.83; N, 15.61. 

9 - ( 2 - D e a x y - 2 - f l u o ~ k - ~ ~ ~ ~ ~ l ) h y p a x a n t h i n e  (1, F-ara-H). To 

a solution of 29 (2.0 g, 5.55 m l )  in MeOH (70 mL) w a s  added W(OH)#? 

(700 mg) , and the mixture was shaken in a Parr hydrogaMtion apparatus (50 
psi). An additional amount of the catalyst (700 mg) was added on the 2nd, 
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3rd and 6th day. The reduction required 7 days for campletion. ?he 
catalyst was removed by filtration, the filtrate was concentrated in 
vacuo, and the residue was acetylated with %O (1.7 mL) in pyridine (10 
mL,) for 4 h. The mixture was concentrat&, traces of pyridine were 
remared by coevapration with EtOH and toluene, and the residue was 
dissolved in CHC13. The CHC13 solution was washed (30, 3 x 20 mZ) , drid 
(wJ, and concentrated. The residue was crystallized from CHC13-Et$ 
to give 9- ( 3 , 5 - d i ~ ~ ~ l - 2 - d 2 - f l ~ ~ ~ ~ ~ ~ ~ l ) h y p o -  
xanthine (1.9 g, 91%), mp 190-191 OC. 6 2.13 (3H, s ,  Ac) , 
2.19 (3H, s, Ac),  4.29-4.48 (3H, m, H4I,5',5'l), 5.16 (W, dd, H2', J21.31 

'H NMR (CEC13) 

= 0, J1,,', = 2.7, Jz,,F = 52.4 Hz), 5.37 (lH, d, H3', J3,,F = 15.1 Hz), 6.45 
(W, dd, Hl', Jl,,z, = 2.7, J,l,F = 21.7 Hz), 8.08 (W, d, H8, JBF = 2.7 Hz), 
8.31 (Ui, s, H2). 

T h e  above acetylated derivative (1.75 g, 6.47 m l )  w a s  treated with a 
solution of q N  (4.03 g, 40 m l )  in MeOH (45 mL) at temperature for 

and the residue crystallized from M%CO/MeCN to obtain 1 (1.28 g, 96%), np 
206-208 OC (lit.* amorphous). The 'H NMR spedrum of this sample was 
identical with that of an authentic sample.' 

2 days, and then at 55 OC for 24 h. ?he mixtUre was concentraw in vacuo, 
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