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ABSTRACT
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L-(1'S,3'S)-9-[3-Fluoro-3-(hydroxymethyl)cyclopentan-1-ylJadenine 15 has been synthesized from ester 2, which can be conveniently prepared
from 2,3-isopropylidene-p-glyceraldehyde 1 in six steps. The key ring closure has been accomplished through an intramolecular nucleophilic
substitution reaction.

Carbocyclic nucleosides have played an important role in
the search for useful antiviral or antitumoral agents in the

past 15 year$ An outstanding achievement in this field has A NH,
been the recent approval of abacayFigure 1) for the HN /N N
treatment of AIDS. From a chemical point of view, the NN o <N | N/)
nonglycosidic nature of carbocyclic nucleosides has made </N | P HN-5_0
them a challenging target for synthetic chemists. o N" 'NH 2 0
F
: S OH OH
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Since the discovery of nucleocidifFigure 1), several'4

substituted analogues have been synthesized and their gcheme 1. Synthesis of (1'S,3'S)-9-[3-Fluoro-3-(hydroxy-

biological activities have been asses$ed.

In the case of carbocyclic analogues, however, only a few

carbocyclic 4fluoro-2-deoxyguanosine from aristeromy€in

methyl)cyclopentan-1-yljadenife

examples have been reported, such as the synthesis of o} \/j\ ?\
o
H-2. po

and the synthesis of carbocyclic-&a-4'-o-fluorogua-

nosine® Carbocyclic 4'-fluoro-3'-deoxythymidine has been

identified as a side product in the synthesis of théBro

analogue, though it could not be purified and fully character-

ized?

The importance of carbocyclic nucleosides as antiviral
agents as well as the potential advantage of fluorine
substitution prompted us to combine these two features into

novel L-4'-fluoro-2',3'-dideoxy nucleosides. In view of the
fact that several carbocyclic adenosine analoguesSare
adenosylhomocysteine hydrolase inhibit¥raje decided to

synthesize the adenosine analogue as part of a feasibility Rd d

study.

In our approach, we started from intermedidtgScheme
1), which was synthesized from 2,3-isopropylidenglyc-
eraldehydel in fivw steps by the procedure developed in

our laboratory. This procedure was based on the [3,3]-Claisen
rearrangement, which allowed us to elaborate the fluorine

to the desired position with high stereoselectivity.
Compound? was reduced to alcoh@ by treatment with
a solution of lithium aluminum hydride (LAH) in THF at
—40 to —35 °C (Scheme 1). Benzylation & gave fully
protected triol, which was treated with ozone in methanol
—78 °C, followed by decomposition of the ozonide by
dimethyl sulfide, to give aldehyde The Horner-Emmons-
type reaction was performed by treatment Sofvith the
sodium salt of triethyl phosphonoacetate in THE-Alkene
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Tetrahedron Lett1992,33, 37. (d) Lipshutz, B. H.; Sharma, S.; Kimock,
S. H.; Behling, J. RSynthesid992, 191. (d) Maag, H.; Rydzewsi, R. M.;
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Knight, D. J.Bioorg. Med. Chem. Lettl993,3, 2577.

(8) Biggadike, K.; Borthwick, A. D.J. Chem. Soc., Chem. Commun.
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(a) (EtOyP(O)CHFCQEt, NaHMDS, 80%; (b) (i) concd HCI, EtOH, (i)
TBDMSCI, 70%; (c) (i) DIBAL-H, (ii) NaBH,, CeCk, 80%, (iii) TBDMSCI,
80%; (d) (EtO)}CCHg, propionic acid, 130C, 70%.
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aReagents and conditions: (a) ref 11; (b) LAH, THF4O0 to
—35°C, 90 min; (c) NaH, THF, GC to rt, 1 h, then BnBr, TBAI,
0 °C to rt, overnight; (d) @ MeOH, —78 °C, 45 min, then MgS,
0°C, 2 h; (e) [(EtO)P(O)CHCOEt/NaHMDS], THF,—78°C, 1
h; (f) Hz, 10% Pd/C, cyclohexane, rt, 24 h; (g) MsCl, Py, £,
0°Ctort, 24 h; (h) NaH, THF, reflux, overnight; (i) NaOH#B8,
EtOH, rt, 5 h, then AcOH, OC; (j) Pb(OAc), CCly, hv, reflux, 15
min, then b, CCly, hv, reflux, 2 h; (k) NaHCQ, 15% (v/v) water/
HMPA, 100°C, overnight; (I) 6-chloropurine, [PBIDEAD], rt, 6
h; (m) NHy/MeOH, 100°C (steel bomb), 2.5 h; (n) TBAF, THF,
rt, 30 min.

6, obtained in 80% yield, was quantitatively converted to
intermediate8 by catalytic hydrogenolysis followed by
mesylation of the resulting alcoh@l Treatment oB with
sodium hydride in THF under refluxing conditions generated
the enolate which cyclized through an intramolecular nu-
cleophilic substitution reaction to produce epimeric esters
in 75% vyield. Esters9 were hydrolyzed to acid40 by
treatment with a solution of sodium hydroxide in water/
ethanol 1:1, followed by careful acidification. Attempts to
oxidatively decarboxylat&0to an alcohol or ester derivative
by using a number of different oxidants and conditions were
not successful. However, a successful oxidative iododecar-
boxylation could be achieved by the method reported by
Barton et al*? a mixture of acid€.0 and lead tetraacetate in
carbon tetrachloride was stirred under reflux in a nitrogen
atmosphere while being illuminated with a 250 W tungsten
lamp for 15 min. Using the same conditions of refluxing
and illumination, a solution of iodine in carbon tetrachloride
was added in small portions until no more discoloration was
observed (ca. 1 h). The reaction was continued for 1 h more.
Workup and flash chromatography afforded epimeric iodides

(12) Barton, D. H. R.; Faro, H. P.; Serebryakov, E. P.; Woolsey, N. F.
J. Chem. Socl965, 2438.
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11, which were smoothly hydrolyzed by heating at 2@

in a solution of sodium bicarbonate in 15% water/HMPA.
Surprisingly, only thea-alcohol could be isolated from

hydrolysis of the mixturell (epimeric ratio~ 1:1). In the

reaction conditions, thei-iodide was probably not hydro-

Mitsunobu reactions in the synthesis of nucleoside analogues
often depends on the conditions employed. In our case, a
solution of the alcohol was added to the mixture containing
6-chloropurine and the preformed complex triphenylphos-
phine/DEAD in THF* and the reaction was performed at

lyzed and longer reaction times or higher temperatures causedoom temperature in the dark for 6 h. Removal of the solvent

its decomposition. Under our best conditions, alcoh?if
was obtained in 40% vyield, and traces of thesomer could
be detected by proton NMR.

The selectivity of the hydrolysis reaction might result from

and flash chromatography gave the product in 80% yield.
The 6-chloro derivativel3 was converted into protected
adenosine analoguel by treatment with a saturated solution
of ammonia in methanol in a steel bomb at 1@Wfor 2.5

the pseudoequatorial preference of the bulky iodide groupsh. Desilylation of the primary alcohol by treatment with

in 11ocand11p (Figure 2). The attack of the water molecule
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Figure 2. Proposed mechanism for the hydrolysis of iodidés

to 11a may be hampered by the hindered exocyclic meth-
ylene (P= trimethyldimethylsilyl), whereas th&1 con-
former undergoes nucleophilic substitution by the water
molecule.

Alcohol 12 was condensed with 6-chloropurine under
Mitsunobu conditions to give addudt3. The success of

(13) Colorless oil: [0d75 2.21°(c 3.13, CHCH); *H NMR (CDCls, 400
MHz) 6 4.33 (m, 1H, Gi1OH), 3.69 (dd, 1H, |, J= 15.6, 10.7 Hz), 3.65
(dd, 1H, Hy, J = 16.4, 10.7 Hz), 2.141.74 (m, 6H, H, Hs, Hs), 0.89 (s,
9H), 0.07 (s, 6H);**C NMR (CDCk, 100 MHz) 6 106.3 (- = 175.0
Hz), 73.3, 66.2Jc-r = 32.0 Hz), 43.7 Jc-r = 21.5 Hz), 34.5, 32.7% ¢
= 24.1 Hz), 25.8, 18.3;:-5.4; HRMS (FAB) obsdm/z249.1699, calcd for
Ci12H26F0,Si, 2 249.1686 (MH). Anal. Calced for GoH2sFO:Si: C, 58.02;
H, 10.14. Found: C, 57.80; H, 9.96.

(14) Jenny, T. F.; Horlacher, J.; Previsani, N.; Benner, S4élv. Chim.
Acta1992,75, 1944.

(15) White solid: mp (MeOH) 167168 °C; [0]?% —12.73°(c 0.37,
MeOH); UV (MeOH) Amax 260.0 (¢20890) (pH 2), 261.5¢(19800) (pH
7), 261.5 (¢17980) (pH 11)IH NMR (CDsOD, 400 MHz)$ 8.12 (s, 1H,
Hsg), 8.08 (s, 1H, H), 5.08 (m, 1H, H), 3.69 (dd, 1H, B, J=16.2, 12.1
Hz), 3.65 (dd, 1H, B, J = 17.4, 12.1 Hz), 2.432.34 (m, 3H, H, Hs),
2.33-2.15 (m, 1H, Hyp), 2.13-2.04 (m, 1H, Hp), 2.00-1.86 (M, 1H, Hy);
13C NMR (CD;0D, 100 MHz)6 157.3, 153.5, 150.7, 141.2, 120.5, 105.9
(Jc—r = 176.6 Hz), 66.7 (d-r = 27.4 Hz), 56.1, 41.6 (L = 24.1 Hz),
33.7 (t—¢ = 23.8 Hz), 31.5; HRMS (FAB) obsdn/z252.1268, calcd for
C11H15FONs, V2 252.1261 (MH). Anal. Calcd for GiH14FONs: C, 52.58;
H, 5.62; N, 27.87. Found: C, 52.74; H, 5.73; N, 27.72.

(16) Thus, irradiation of H-1'resulted in an amorphous multiplet
containing protons H-5'@and H2'a(and, maybe, some NOE enhancement
from H23), whereas protons H-8 and H-brrelated only and unequivocally
with H-2', which showed as a clear double double doublet=(33.0,
14.2, 10.0 Hz).
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tetrabutylammonium fluoride (TBAF) in THF resulted in the
desired carbocyclic-4'-fluoro-2'3'-dideoxyadenosingst®
in 98% vyield.

In summary, we have described a de novo synthesis of
key intermediate cyclopentandl2. Condensation of this
intermediate with 6-chloropurine, followed by ammonolysis
and deprotection, readily provided carbocyalid'-fluoro-
2',3-dideoxyadenosine. Furthermore, intermedigtean be
utilized for the syntheses of other nucleosides with the natural
as well as the unnatural heterocyclic moieties, which are in
progress.

The stereochemistry of product2—15has been estab-
lished by one- and two-dimensional NMR experiments. In
particular, NOEDS (1-D NOE difference spectrometry)
spectra ofL5 were crucial in understanding the geometry of
the final product (and, consequently, of the precursors), since
proton H-23 showed net NOE enhancement upon irradiation
of protons H-6'and H-8, clearly indicating that the adenine
moiety and the 6'-methylene are ince relation (Scheme
2). Unfortunately, no correlation between Hahd H-2 could

Scheme 2. NOE Correlations and Stereochemistry1&f

NH,
N | N\}
He v/‘\
* N Hea Hep
Hy N Hop OH
HTHS'LX 15 F

be studied because of the cluttering of the multiplets
corresponding to protons H-2'a, H-2'5, and H-3%.

Antiviral activity and cytotoxicity evaluations of com-
poundl15 are in progress.
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