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A straightforward access to protected 8-fluoro nucleosides via metatatleotrophilic fluorination under
heterogeneous reaction conditions is reported. This is the first synthesis of 8-fludeo@ribonucleoside
derivatives. Phenylsulfonyl substituted nucleosides are accompanying byproducts, possibly indicating a
competing radical process. Higher yields of 8-fluoro derivatives were obtained ‘itbaXyribonucleo-

sides, as compared to ribonucleosides. Deprotection of the hydroxyl groups leading to 8-fluoro-2
deoxyadenosine using TASF in methylene chloride demonstrates the compatibility of desilylation with
8-fluoro substituted nucleosides. NMR data indicate a syn conformation of the 8-fluoro derivatives.

Introduction

Fluorinated nucleosides and their analogues are of interest
for their biological activity, and several methods have been
reported for the introduction of fluorine either into the sugar

moiety or into the nucleobaseAmong the latter, substitution

at the C8 position of the purine base has received much les
attention. The few methods that report the synthesis of 8-fluoro

purine nucleosides utilize reaction of nucleosides WithNE;2
the halex reaction with C8 broroor chlord® substituted
nucleosides, and electrochemical oxidation in3CN/EzN-
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3HF2> To the best of our knowledge, there are no reports on
the synthesis of C8 fluoro substituted deoxynucleosides. Herein,
we report the first synthesis of protected 8-fluoro derivatives
of deoxyinosine, deoxyadenosine, and deoxyguanosine. Fur-
thermore, to our knowledge, this study constitutes the first
synthesis of 8-fluoro purine nucleosides via direct metalation
fluorination.

Recently, Roy and Schnelfereported that upon attempted
fluorination of the C8 carbanion of a protectedrraristero-
mycin with N-fluorobenzenesulfonimide (NFSi), no fluorination
was observed, but the 8-phenylsulfonyl derivative was forfned.
A single electron-transfer mechanism (SET) was suggested to
lead to the 8-phenylsulfonyl product. In our recent work, we

(3) (a) Kobayashi, Y.; Kumakadi, |.; Ohsawa, A.; Murakami, SJI.
Chem. So¢ Chem. Commuril976 430-431. (b) Butora, G.; Schmitt, C.;
Levorse, D. A.; Streckfuss, E.; Doss, G. A.; MacCossTetrahedror2007,
63, 3782-3789.

(4) Ratsep, P. C.; Robins, R. K.; Vaghefi, M. Mucleosides Nucleotides
199Q 9, 197-204.

(5) Sono, M.; Toyoda, N.; Shizuri, Y.; Tori, M[etrahedron Lett1994
35, 9237-9238.

(6) Roy, A.; Schneller, S. WOrg. Lett.2005 7, 3889-3891.
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TABLE 1. Fluorination of Nucleosides

RO Base
o LDA, solvent,
Products

solid NFSi
OR R
dS: R =TBDMS, Ry =H
S: R = TBDMS, R; = OTBDMS

rxn substrate solvent products, isolated yields (%)
1 y L PhMe " N\HZ " N\HSOZP“ 827 (39)°
¢y 1: 0.06 M =) =) 911
NN NTSN NN b
as as ds 1° 30
1 8 9
2 2 PhMe THF 1:3.5 9 I 10 34 (52)°
«“ng 2:0.033 M F—</“f:NH ros—¢ M 1114
NTON NN NTON 20133
ds ds dS
2 10 11
3 Q8 PhMe QBn Q8n 12 14 (32)°
AT . AN NN
(L, 3:0.068 M i (A, H,NfN/*NHsozph 13b11
ds ds ds 3”56
3 12 13
4 N QM PhMe " QMe NIiMe 14 15 (28)°
4 \N . 4 \N 4 \N
<!“ ‘ N/)\NH 4:0.077M F_<,N ‘ N/)\NHZ F_<,N | N/)\NHSOZPh 151, 6
das ds as 4”48
4 14 15
5 JiHe PhMe M 16 18° (25)*¢
«sz\,” 5: 0.066 M Hf:j@ 50 28°
: !
5 16
6 3 PhMe THF 1:3 ) ) 17 167 (25)*4
< 6:0.041 M F— ™ pros— I MM 18217
NToN NN NN 6" 38¢
S S S
6 17 18
7 Qen PhMe Qen 1320 (34)°
NN . N SN b
<,N ‘N/ NHSO,Ph 7:0.058M F_<,N:(:/J\NHSOQPh 740
ds ds
7 13

aYield based on recovered starting materfaRecovered starting materi&Prolonged reaction times: after addition of NFSi78 °C for 90 min, 0°C
for 2 h, rt for 1 h.9 Prolonged reaction times: after addition of NFS#78 °C for 90 min,—10 to 0°C for 90 min.

have discovered that fluorination of carbanions by NFSi resulted etry of reagents resulted in the following optimized reaction
in only recovered starting material when reactions were procedure. The nucleoside was dissolved in toluene (or a mixture
performed under homogeneous conditions. However, underof toluene and THF to ensure solubility) and cooled-{68 °C.
heterogeneous conditions, high yields of fluorinated products LDA (5 equiv) was added, and the mixture was allowed to stir
were obtained.In this context, the recovery of unfluorinated at—78°C for 2 h (90 min forl, Table 1). Solid NFSi (3 equiv)
derivatives in the fluorination of carbanions has also been was then added, and the stirring continued for 90 min & °C
suggested to occur via a SET mechanfsihis prompted our (75 min for 1) and at 0°C for 30 min, followed by standard
interest in reinvestigating the metalation-fluorination of nucleo- isolation (see the Supporting Information). The outcome of the
sides. We reasoned that metalatidluorination under hetero-  reaction depends highly on the solvent used, and for each
geneous conditions might yield the desired C8 fluoro derivatives. substrate, the solvent system was optimized. Table 1 shows the
product distributions for a series of deoxyribonucleosides and
ribonucleosides, along with the solvent system used in each
case’

To test our hypothesis, the fluorination of di-TBDMS Fluorination of protected'2leoxyadenosiné resulted in a
protected 2deoxyadenosine was undertaken. Variation of reaction mixture that contained two fluorinated products and
reaction conditions with regard to base (LDA aneBuLi), the starting materiai®@ The mixture was separated by column

solvent (toluene and THF), temperature78 °C, 0 °C, and  chromatography to give a major product, 8-fluores2oxyad-
room temperature), and reaction time as well as the stoichiom-

Results and Discussion

(9) In some cases, the formation of other very minor byproducts was
observed that we were unable to isolate.

(10) (a) Minor quantity (approximately 5%) of the 8-phenylsulfonyl
derivative of1 was also observed in the crude reaction mixture. (b) For
byproduct9, the H-2 proton was not clearly discernable in fife NMR
(CDCl; or CsDg), due to other aromatic resonances from the phenylsulfonyl

(7) Ghosh, A. K.; Zajc, BOrg. Lett.2006 8, 1553-1556.

(8) (a) Differding, E.; Regg, G. M.Tetrahedron Lett1991, 32, 3815~
3818. (b) Differding, E.; Wehrli, MTetrahedron Lett1991 32, 3819~
3822. (c) Barnes, K. D.; Hu, Y.; Hunt, D. ASynth. Communl994 24,
1749-1755.

J. Org. ChemVol. 72, No. 22, 2007 8223



]OCAT’tiCle Ghosh et al.

enosines (entry 1, 27% isolated yield, 39% based on recovered TABLE 2. Spectroscopic Data of Starting and C8 Fluoro-Derived

starting material), and a minor product, 8-fludis-phenylsul- Ribonucleosides, 2Deoxyribonucleosides, and 2-F-df

fonyl-2'-deoxyadenosin@ (entry 1, 11% isolated yieldf° The 19F H 3¢

total yield of the 8-fluoro derivatives (combinédand9) was compound C(8)-F H-8 H-2 H2 H28 C8@kpH

consistently around 40%, but in several repetitions, the ratio of

8 to 9 varied when THFtoluene was used as the solvent 8.14 836 243 264 139.0

c 09 ! i 8 —-102.1 8.30 226 3.18 149.7 (215.6)

indicating that subtle factors could influence the reaction. More 5 8.15 8.33 469 139.7

consistent yields o8 and 9 were obtained in toluene, when 16 —103.3 8.30 5.17 151.8(253.6)

fresh LDA and freshly preparetl were used. Both products io ois 8.15 g-éﬁ g-‘s‘g g-g? igg-g -

showed fluorine resonances@t-102.1 ppm 8) andd —99.1 JEdlc -610 812 > a4 552 139 1( -6)

ppm @) in 1F NMR. The purine C8 proton resonandeq.14 6 8.23 8.09 451 139.1

ppm) was no longer present in thd NMR of 8 and 9. This 17 —-102.2 8.1% 4.95 151.1(254.0)

and the'F resonances are indicative of C8 fluorine substitution. 3 7.90 2.34 2.57 1376

Also, 1°F chemical shifts o8 and9 were consistent with that 12 ~103.6 221 3.02 150.6(250.8)
. i 7 8.07 2.33-2.45 139.4

reported in the literature for protected 8-fluoro adenodine. (2H2))

Fluorination of protected'2deoxyinosine2 (entry 2) resulted 13 —100.1 2.19 2.86 151.6(252.8)

in 8-fluoro-2-deoxyinosine as the major productO( 34% 4 7.91 2.35 257 1376

isolated yield, 52% based on recovered starting material), which 14 —103.5 2.22 3.02  150.5(250.8)

showed a fluorine resonancedat-101.8 ppm. A minor product aSolvent: CDC}; referenced to CFG(!9F), CHCkin CDCl; (*H), and

(11, 14% isolated yield) on the other hand, did not show any CDCk (*3C). P Sample concentration not determined; chemical shifts are
fluorine resonance. TH&! NMR of 11 showed a disappearance  concentration dependent (see Table‘@:Fluoro-3,5-bis-O-(t-butyldim-
. . ethylsilyl)-2-deoxyinosine.
of the purine C8 proton resonancé 8.15 ppm) with the
concomitant appearance of new phenyl resonances in the
aromatic region. On the basis of the NMR data, as well as a deoxyinosine2, a mixture of toluene THF was used in the case
comparison to the data of ti¢'-arylsulfonyl andOS-arylsul- of protected inosiné as well. However, this also increases the
fonyl derivatives, the structure dfl was assigned as 8-phe-  solubility of NFSi (added as solid). Both the increased solubility
nylsulfonyl-2-deoxyinosine. Next, fluorination of the protected 0f NFSi as well as the increased steric bulk of the ribose
0b-benzyl 2-deoxyguanosine derivative was performagdgntry derivative 6 may have contributed to the lower yield of the
3). The 8-fluoro derivativel2 was isolated in a lower yield ~ 8-fluoro productl7 and the higher yield of the 8-phenylsulfonyl
(14%), along with the 8-fluord¥?-phenylsulfonyl derivativel(3, derivative 18.
11%) and the recovered starting material (56%). Similar results ~ Since the fluorination 0f05-benzyl 2-deoxyguanosine de-
were obtained for th©5-methyl derivative4 (entry 4). Finally, rivative (3) gave nearly equal amounts of the 8-fluoi@)and
the reactivity of ribonucleosides was tested as well. The same 8-fluoro-N2-phenylsulfonyl ((3) products, we were curious as
reactivity pattern as in the'-2leoxyribonucleoside series was to whether a better yield could be obtained in the fluorination
observed. However, yields of the 8-fluoro products in the of the N2-phenylsulfonyl-derivative of3. Furthermore, this
ribonucleosides were lower. Protected adenoSimave 14% would allow us to unequivocally confirm the structure I8.
of the 8-fluoro derivative, and inosir@gave only 5% of the =~ Therefore,7 was synthesized via phenylsulfonylation®&nd
desired 8-fluoro product, along with 8-phenylsulfonyl derivative subjected to fluorination. In this case, a 20% yield of the 8-fluoro
as the major product (20%). However, upon prolonged reaction product13 was obtained (Table 1, entry 7). This is roughly
times, the yield of the 8-fluoro derivative in the caseédentry similar to the overall fluorination efficiency & (Table 1, entry
5) increased to 18%, and in the casédéntry 6), the yield of 3, 25% combined yield of product and 13).
the 8-fluoro derivative increased to 16%, while that of the = We also made an attempt at decreasing the amount of radical-
8-phenylsulfonyl derivativd 8 remained nearly the same (21%). derived products by performing the fluorination reaction of
Fluorinated nucleosides, presumably formed throughya S protected 2deoxyinosine 2) in the presence of the radical
process, were obtained with all substrates studied, along with scavenger TEMPO. TEMPO appeared to be the best choice that
recovered starting materials and phenylsulfonyl derivatives. The would be unreactive toward the fluorinating agent and to the
presence of the latter two suggests a parallel SET mech&nfsm. basic reaction conditions used. Substrateas chosen since
It is therefore likely that under heterogeneous metalation its fluorination also yielded 14% of the 8-phenylsulfonyl side
fluorination conditions, a competing nucleophilic substitution product1l (Table 1, entry 2). The fluorination a2 in the
reaction and SET process resulted in the mixtures of productspresence of TEMPO gave no yield improvement of the desired
observed. On the other hand, under homogeneous reactiorB-fluoro derivativel0, but the formation of additional byprod-
conditions, SET possibly becomes the major process leadingucts, possibly resulting from reaction between TEMPO and
only to recovered starting materials and phenylsulfonyl-derived radical intermediates, was observed.
products? In the case of ribonucleosides, it is possible that the ~ Further, NMR spectra of the C8 fluoro purine of ribo and
Sy reaction is slower due to steric reasons since higher 2-deoxyribonucleosides were compared, along with the starting
conversions were achieved upon prolonged reaction times.substrates (Table 2). Initially, the H-2 (where present) and H-8
Furthermore, due to solubility constraints, as in the case of protons of purine and H-@ and H-24 protons of the sugar
moiety were assigned via NOESY. Purine H-2 in protected dA
moiety. However, HRMS supports struct@eFurther, low resolution MS (1) and A () was more downfield shifted than H-8. By contrast,
showed besides a molecular ion peaknét 638 (M" + 1) a base peak at  in protected dI 2) and | ), H-8 was more downfield shifted
g;’/zlggg'o ??Hﬁhsggfhg?ﬁse'sﬁﬁﬂt with this structure and would be produced than H-2. For example, in dI, the resonance at 8.15 ppm showed
(11) 'F resonance in CDEbf 8-fluoro-2,3,5-tris-O-(acetyl)-adenosine ~ NOE with H-1 at 6.41 ppm, whereas the H-2 resonance at 8.11
is at —102.9 ppnra showed NOE with the NH resonance at 12.92 ppm. Upon
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TABLE 3. Effect of Concentration onIH Chemical Shifts of H-2, TABLE 4. Selected!3C Chemical Shifts of Starting and C8 Fluoro
H-8, and NH2 dA, A, dl, and dG?
compound concn (M) H2 H-8° NHP compound C4 A6 CI' AP C3 AP C2 A
1 0.02 8.35 8.13 1 87.9 84.3 71.9 41.3
0.09 8.34 8.13 8 878 —-0.1 830 —-13 720 +0.1 375 —-3.8
8 0.02 8.31 5 85.5 88.3 72.0 75.7
0.09 8.30 16 86.0 +05 873 —-10 723 +03 725 -—-32
2 0.02 8.09 8.14 12.74 2 88.0 84.5 71.7 41.6
0.09 8.14 8.15 13.03 10 879 —-01 832 -13 719 +0.2 379 -—-37
10 0.02 8.10 13.05 2Fdl¢ 88.2 +0.2 84.7 +0.2 717 0.0 415 —-0.1
0.09 8.15 13.22 3 87.7 83.7 72.0 40.9
6 0.02 8.09 8.23 12.89 12 875 —-0.2 825 —-1.2 720 0.0 37.4 35
17 882 gig 8.23 115’6[56 aNucleosides: 0.047 M in CDglreferenced to CDGI ® Chemical shift
0.09 816 13.24 difference observed upon substitution: for upfield shift and+ for
downfield shift.¢ 2-Fluoro-3,5'-bis-O-(t-butyldimethylsilyl)-2-deoxyi-
aSolvent: CDCY; referenced to CHGlin CDCls. ? *H chemical shifts. nosine.

fluorination, the resonance at 8.04 in 8-F-B0(showed a strong ~ UPfield shift of C2 (Table 4). A smaller upfield shift of-1
NOE with the NH proton at 12.54 ppm, supportive of fluorina- PPM was also observed for Cipon 8-F substitution (Table

tion at the 8-position. In the case of sugar Hpfotons, H-25 41 . . ) )
showed NOE with H-8, which was not the case with td-2 In assessing syn and anti conformations of nucleosides, a
Furthermore, H-Z showed a stronger NOE with H;3vhereas dramatic downfield shift of H-2and an upfield shift of C2are
H-2'a showed a stronger NOE with H-1 reported in the literature for the syn conformati@nt416 Both

these features were observed in the NMR spectra of silyl
protected 8-fluoro nucleosides described here, suggesting that
the 8-fluoro derivatives adopt a syn conformation.

Each C-8 fluoro derivative showed!# resonance at about
—100 ppm, and the C8 resonance~at38 ppm disappeared
and was replaced by a doublet atl50 ppm (Table 2). A . ; .
common feature in theH NMR spectra of all 8-fluoro As a comparison, di-TBDMS protected 2-fluorbdeoxyi-

deoxyribonucleosides was an approximately 0.5 ppm downfield N°Sine (2FdI) was synthesizétland its data are also included
shift of the H-2 and a small upfield shift for H‘2& proton on in Tables 2 and 4. In the 2FdI case, #§ signal appears at
the sugar moiety. Similarly, 8-F substituted ribonucleosides ~61:0 PPm, whereas the chemical shifts of the 'Hpbtons
showed a~0.5 ppm downfield shift of H-2 Such a downfield ~ @nd €2 carbon resemble those of protected 2). (
shift in deoxyribo and ribonucleosides has been reported upon Finally, we were interested in assessing whether hydroxyl
C8 substitution by other substituents, including halogéns. group deprotection could be achieved. Removal of hydroxyl
Whereas most literature data are reported for unloroteCtedprotectlng groups in 8-fluoro substltute_d nucleosides has proven
nucleosides in polar solvents, Gannett and Sura have shownrto be a nontrivial process. An enzymatic method for the removal
the same trend for downfield shifted H-avith silylated of acetate protecting groups has been repditétbre recently, -
nucleosides in CDGI3 dut_a to the dlfflcul_tles associated vy|th basic deprotectlon, acid-
In interpreting the NMR spectra of 8-fluoro-diL@), we labile (2,3-acetonide 5THP) protection has been implemented.

observed that chemical shifts of the H-2 and NH protons were This, however, is not as readily applicable to the more acid-

concentration dependent, whereas H-8 and other protons in thesensitive purine deoxyribonucleosides. We therefore tested the

compound were not. Upon further analysis, a similar behavior feasibility of the removal of the TBDMS groups on the silylated
. i ' 8-fluoro-2-deoxyadenosine). Various conditions were tested

was observed in thtH NMR spectra of dI 2), as well as | §)

and 8-F-I 7). These concentration dependent chemical shifts (e.g., f:sF/M.eCN., C§F/18-Cr-§/MeCN, ;%M?OH’ D.DQ/

would be consistent with intermolecular H-bonding where the MeCN:H,0 9:1, tris(dimethylamino)sulfonium difluorotrimeth-

NH proton and the C(O) of the purine are involved. In such an ylsilicate (TASF)/MeCN, and TASF/DME) with little success.

event, not only would the NH proton be affected but also H-2 psing TASF in CHCI, deprotection 08 could be accomplished

that is proximal to the H-bonded site. H-8 and other protons in 26% yield (29% based on recoverdl see Supporting

can be expected to be largely unchanged. In contrast, the H_zljnforn}[atif[)_n for ddetiils). In ou_;_experience, it aptpe?rs that the
chemical shift in dA {) and 8-F-dA 8) did not show any eprotection and decomposition are concomitant processes.

concentration dependence. Table 3 shows chemical shifts of NHHowevgr, the .sinI protected fluoro nucleosideg are generally
(where present), H-2, and H-8 at two different concentrations stable in solution and to chromatography cond|t|oqs. Qompa-
for dA, dl, I, and their 8-fluoro derivatives. Other substrates rably, for the 2,3 -acetonide STHP protected adenosine, it has

were not subjected to this analysis. As is clear from Table 3, been reported that hydroxyl group deprotection using formic

upon increasing the concentration, a downfield shift of NH and olr acetlclacufitled to thlefllsglace{netnt of f]!u(())lr_line, %%d this took
H-2 protons occurs in | and dl series consistent with increased P'a¢€ 0Ny alter compiete deprotection 0 groups.

intermolecular associations. - -
Next. 13C fth harid ietv in the fl (15) Weaker downfield shifts have been reported fof &8 C4. The
ext, resonances or the saccharide moiety In the fluoro gytent to which Clwas downfield shifted depended on the substituent:

derivatives were compared to those of the starting nucleosides.1.38 for 8-Cl adenosine and 2.45 for the 8-Br analdgaed 1.4 for 8-Cl

The most distinctive feature upon C8 substitution iS5 ppm dG, 2.5 for 8-Br dG, and 4.8 for _8-| d&.An upfield shift of 1.50 was
reported for C1of 8-fluoroadenosine, as compared to adeno%ine.

(16) Greene, K. L.; Wang, Y.; Live, Dl. Biomol. NMR1995 5, 333~

(12) Uesugi, S.; Ikehara, Ml. Am. Chem. S0d.977, 99, 3250-3253. 338.

(13) Gannett, P. M.; Sura, T. Ehem. Res. Toxicol993 6, 690-700. (17) (a) Harris, C. M.; Zhou, L.; Strand, E. A.; Harris, T. M. Am.

(14) Hamm, M. L.; Rajguru, S.; Downs, A. M.; Cholera, RAm. Chem. Chem. Soc1991, 113 4328-4329. (b) Zajc, B.; Lakshman, M. K.; Sayer,
So0c.2005 127, 12220-12221. J. M.; Jerina, D. M Tetrahedron Lett1992 33, 3409-3412.
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FIGURE 1. *H NMR spectrum of 8-fluoro-2deoxyadenosine in acetodg-

Although we have proposed a syn conformation of the
protected derivatives based upon NMR analysis, there is clear
evidence for this conformation in the deprotected 8-fludro-2
deoxyadenosine (8-F-dA). It has been shown fed&oxyad-
enosine derivatives that the appearance of thé té€onances
is dependent upon two factors: the predominant purine con-
formation and an intramolecular hydrogen bond that is depend-
ent upon that conformation. In nonpolar solvents, an intramo-
lecular 3-OH---N3 hydrogen bond has been proposed in a syn
conformation'® In such a case, one H-Proton is strongly
coupled with the 50H resulting in the appearance of a pseudo-
triplet for that proton, and the other geminal Hefppears only
as a doublet® A similar behavior has been reported for purine-
like C-nucleosides even in the polar solvent DMSHere,

IH NMR spectra and resolution-enhanced spectra of 8-F-dA
were obtained (the resolution-enhanced spectrum is shown in
Figure 1). The previously described pattern was observed in
the fairly polar acetonels. One H-3 appears as a broadened
pseudo-triplet of doublets (3.64 pprds,p = ~11.1, 2.1),
whereas the other geminal H-&ppears as a broadened doublet
of multiplets (3.77 ppm, = 12.2). Upon resolution enhance-
ment, one H-5appeared as a ddd € 12.5, 9.8, 2.8) and the
other as a dddJ(= 12.5, 5.8, 3.2). This clearly indicates
different couplings of the C5protons (9.8 and 3.2 Hz) with
the 8-OH, which would be possible with a rigidly held structure
resulting from an intramolecular ®H---N3 hydrogen bond.

In this case also, one H-appears at 2.35 ppm and the other at
3.04 ppm, consistent with the typical downfield shift observed
in TBDMS protected 8-fluoro substituted nucleosideThe
presence of the fluorine was confirmed by the resonanee at
—106.9 ppm in thé'9F NMR of 8-F-dA. Among ribonucleo-
sides, a higher preference for a syn conformation has been

deprotection of silyl protected 8-fluord-Bleoxyadenosine, we
have also demonstrated that silyl removal is compatible with
the presence of the 8-fluoro substituent. On the basis of NMR
evidence, a syn conformation of the 8-fluoro derivatives is
proposed.

Experimental Section

General Procedure for Fluorination of 3',5-Bis-O-(t-bu-
tyldimethyilsilyl) Protected 2'-Deoxyribonucleosides (+4, 7) and
2',3,5-Tris- O-(t-butyldimethylsilyl) Protected Ribonucleosides
(5, 6). A stirring solution of protected ribonucleoside of- 2
deoxyribonucleoside (1 molar equiv) in dry solvent (toluene or
toluene-THF mixture; the solvent and the amount of solvent per
mmol of nucleoside depended on the solubility of the nucleoside),
was cooled to—78 °C (dry iceil-PrOH) under nitrogen. LDA (5
molar equiv of a 2.0 M solution in heptane/THF/EtPh) was added
to the reaction mixture, and the mixture was allowed to stir at
—78°C for 2 h (1.5 h forl). After that time, solid NFSi (3 molar
equiv) was added. The mixture was allowed to stir-a8 °C for
90 min (75 min forl), then warmed to OC with continued stirring
for an additional 30 minX—4 and7). In the case 05, the reaction
mixture was allowed to stir at 78 °C for 90 min after the addition
of NFSi, then at OC for 2 h and at room temperature for 1.5 h. In
the case 0B, the reaction mixture was allowed to stir-a¥8 °C
for 90 min after the addition of NFSi and then-ail0°C to 0°C
for 1.5 h. Sat aq NECI was added to the mixture, and the layers
were separated. The aqueous layer was extracted with EtOA¢ (3
and the combined organic layer was washed with sat ag NagHCO
and brine. The organic layer was dried over8l@,, and the solvent
was evaporated under reduced pressure. The crude reaction mixtures
were purified by column chromatography on silica gel. For each
substrate, the amount of substrate and solvent used in the reaction,
eluting solvent for chromatography, product yield, and spectroscopic
data are given under the specific compound headings in the

suggested for unprotected 8-fluoroadenosine, as compared toouPPorting Information.

adenosinég®

We have shown for the first time that 8-fluoropurine ribo
and 2-deoxyribonucleosides can be synthesized via metafation
fluorination under heterogeneous fluorination conditions. Prod-
uct distribution suggests competing ionic and radical processes.
Since the outcome of the reaction depends strongly on the
solubility of substrates, the choice of reaction solvent is highly
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