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Abstract: Elaboration of 2-(fluoromethyl)-2-[(4-methylphenylsulphinyl)methyl] oxirane (5), deriving from p-tolylmethyl
sulphoxide (2), ethy! fluoroacetate (3) and diazomethane, to 4'-fluoromethyl lactol (10) followed by condensation with the activated
thymine and reductive debenzylation allowed the obtainment of 4'-fluoromethyl-2',3'-dideoxythymidine (1).

Nucleoside analogs are one class of potentially useful molecules used against HIV} and, although progress
had been made in the search for chemoterapeutic agents against AIDS, the efforts are being continued and
intensified. Since the discovery of AZT as an effective agent against the virus, mainly 2',3'-dideoxynucleoside
analogs, which were assumed to be targeted at the reverse transcriptase step of HIV replication, were
synthesized and tested2. More recently also several unusual types of nucleosides were synthesized and some of
them have shown a potent activity as HIV-inhibitors, although through different mechanisms of action3-

As a part of a program of developing an asymmetric approach to complex fluorosubstituted molecules?
such as fluorosubstituted sugars, nucleoside analogs and alcaloids, we envisaged a unified synthetic strategy
based upon the stereocontrolled assembly of small fluorinated molecules with chiral sulphoxides, followed by
appropriate elaboration of the sulphinyl bearing carbon.

Herein we present a strategy aimed to the asymmetric synthesis of title compounds by means of this
*fluorinated sulphoxide chiron" route.

In this contest a particularly attractive strategy for the asymmetric synthesis of 4'-fluoroalkyl substituted
2',3'-dideoxynucleosides of general formula (1) involves: a) the stereocontrolled building up of the C3 synthon
(5) containing C-3', C-4' and C-5' carbon atoms and the fluoroalkyl group linked to C-4', described on Schemel,
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b) the construction of the glycosyl portion of target molecules by adding C-2' and C-1' atoms and c) the
condensation of base portion as shown on Scheme 2.

The key intermediate for the preparation of the 4'-monofluoromethyl-2',3"-dideoxythymidine (1a) was

(—)-2-benzyloxymethyl-2-fluoromethyloxirane (8) conveniently prepared in optically pure form in five steps
from p-tolylmethyl sulphoxide (2), ethyl fluoroacetate (3) and diazomethane by a procedure already described
for the enantiomer>.
Acylation of commercially available (—)-(S)-p-tolylmethyl sulphoxide with ethy!l fluroacetate gave (—)-(S)-1-
fluoro-3-p-tolylsulphinyl-2-propanone (4) in 90% yield which, upon reaction with ethereal diazomethane,
afforded the corresponding oxiranes (5) in 80% yield and in 7:3 (2R'2S) diastereoisomeric ratio The desired
isomer (2R)-5 was isolated in optically pure form after several crystallizations from isopropylether.

A Pummerer rearrangement, performed under strictly controlled conditions with trifluoroacetic anhydride
in acetonitrile in the presence of sym-collidine afforded, after hydrolysis of the p-tolylthiotrifluoroacetoxy
intermediate by mercuric salts, the epoxy aldehyde (6) which was reduced with sodium borohydride to give the
corresponding primary alcohol (7) in 50% overall yield from (5).

The corresponding benzyl protected derivative (8)® was obtained in 85% yield by the action of benzyl
bromide in THF in the presence of sodium hydride.
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a) LDA, THF, -78°C; b) i, CHaNo, MeOH, 0°C; i, fractional crystallization; c) i, (CF3CO)20,
s-collidine, CH3CN, -10°C; ii, HgClp, -10°C; d) NaBHy4, CH3CN, 0°C; €) NaH, BnBr, THF, 0°C

Addition of allylmagnesium chloride to the oxirane (8) proceeded with good yield and very high
regioselectivity to give 1-O-benzyl-2-fluoromethyl-5-hexen-1,2-diol (9) in 88% yield. Such olefin was oxidized
to the corresponding 1-pentanal, which was isolated in 75% yield as lactolic form (10) by using an excess of
NalOy4 in the presence of catalytic amounts of RuCl3.nHO. Minor quantities (15%) of the corresponding
lactone were separated by flash chromatography and reduced back to the lactol by DIBAL-H .

On the other hand, submission of (9) to osmilation conditions (NalOg4, 10% OsQ4) resulted in the
formation of mixtures reacher in the lactone .

Acetylation of (10) with acetic anhydride in pyridine gave the intermediate (11) suitably functionalized and
sufficiently reactive for condensation with silylated thymine.
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The coupling was performed in the presence of trimethylsily! triflate as catalyst in methylene chloride and
the 5'-O-benzyl protected nucleosides (12) were obtained in 95% vield as a nearly 1 to 1 mixture of anomers
which were deprotected by hydrogen in ethanol in the presence of palladium on charcoal (10% Pd). Flash
chromatographic separation of the free alcohols allowed to obtain the o and B-anomers 4'-fluoromethyl-2'3'-
dideoxythymidine [(1); Re=CH,F]7 in optically pure form.

SCHEME 2
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a) #~MICl  THF, 0°C; b) NalOg, RuCl3.nH0 (cat.), CH3CN, CCly, H0, 1t; ¢) Aco0, Py, it; d) Me3SIOTY,
CHoClo, 1t; €) Hp, 10% Pd/C, 95% EtOH

The syntheses of some other 4'-fluoroalkyl derivatives [(1), Re=CHF3, CF3, CFHCF3; R=Me, F] were
accomplished or are underway following the same synthetic scheme. By using, instead of fluorinated esters, the
corresponding alkoxy, chloro and bromo derivatives8, the present methodology should provide a convenient
access to many other nucleoside analogs with a great deal of structural diversity at C-4' position.

The stereochemistry of C1' was determined by 2D NOESY experiments on both (+) and (-} 4-
fluoromethyl-2',3'-dideoxythymidine [(1); Rg = CHyF, R = CHs]. In one case a diagnostic cross peak due to
dipolar coupling was found between the protons of the CH,OH moiety and the anomeric proton H1', consistent
with a syn relationship between them as in the o anomer. In the other compound the anomeric proton showed
dipolar coupling with protons of the CHyF group but not with those of CH,OH, assessing an ant/ relationship
between the fluoromethy! group and the anomeric proton, as in the § anomer.

The cytotoxicity of the oo and B anomers of 1 was determined by the MTT assay (x) in MT-4 cells
together with their ability to prevent the HIV-1-induced cytopathic effect. At 100 ug/ml, neither compound
showed significant cytotoxicity or antiviral activity.

Acknowledgment- National Research Council (CNR)- Targeted Project "Prevention and Control
Disease Factors" (104299/41/4303100/01); Subproject "9" is gratefully acknowledged for financial support.
We are grateful to Prof. P. La Colla - Cagliari University for the biological assays.



1580 P. BRAVO et al.

References and Notes

1. a) Design of anti-AIDS drugs De Clercq, E. Ed. Elsevier Amsterdam 1990; b) Mitsuya, H.; Yarchoan, R.; Broder, S Science
1990, 249, 1533, c) De Clercq, E. Antiviral Res. 1989, 12, 1; d) De Clercq, E.; Van Aerschot, A.; Erdewijn, P.; Baba, M.,
Pauwels, R.; Balzarim, J. Nucleosides Nucleotides 1989, 8, 659.

2. a) Mitsuya, H.; Weinhold, K.J.; Furman, P.A_; St. Clair, M.H.; Lehrman, S.N.; Gallo, R.C.; Bolognesi, D.; Barry, D.W ; Broder,
S. Proc. Natl. Acad. Sci. U.S.A. 1988, 82, 7096; b)Mitsuya, H.; Broder, S. Nature 1987, 325, 773; c) Ono, K.; Ogasawara, M.;
Iwata, Y.; Nakane, H.; Fujii, T.; Sawat, K.; Saneyoshi, M. Biochem. Biophys. Res. Commun. 1986, 140,498; d) Horwitz, J.P.;
Chua, J.; Noel, M. J. Org. Chem. 1964, 29, 2076, ¢) Mitsuya, H.; Broder, S. Proc Natl. Acad Sci. USA 1986, 83, 1911; f)
Mansuri, MM.; Howell, H.G.; Martin, J.C. J. Org. Chem. 1989, 54, 4780; g) Mitsuya, H.; Yarchoan, R.; Thomas, R.V.; Pluda,
J.M.; Hartman, N.R.; Perno, C.-F.; Marczyk, K.S.; Allain, J.P.; Johns, D.G.; Broder, S. Science 1989, 245, 412.

3. a) Lipshutz, B.H.; Sharma, S.; Dimock, S.H.; Behling, J. R. Synthesis 1992, 191, b) O-Yang, C.; Wu, H. Y., Fraser-Smith, E. B.;
Walker, K.AM. Tetrahedron Lett. 1992, 33, 37; ¢) Haraguchi, K.; Tanaka, H.; Itoh, Y.; Saito, S ; Miyasaka, T. Tetrahedron
Lert. 1992, 33, 2841.d) Jeong, L.S.; Schinazi, R.F.; Beach, J.W.; Kim, H.O.; Shanmuganathan, K.; Nampalli, S.; Chun, M.W.;
Chung, W.-K.; Choi, B.G.; Chu, CK. J. Med Chem. 1993, 36, 2627, ¢) Kim, H.O.; Schinazi, R.F.; Nampalli, S ;
Shanmuganathan, K.; Cannon, D.L.; Alves, A.J.; Jeong, L.S.; Beach, JW.; Chu, CK. J. Med. Chem. 1993, 36, 30; f) Chu,
CK.; Beach, JW,; Jeong, L.S.; Choi, B.G.; Comer, F.L; Alves, A.J.; Schinazi, RF. J. Org. Chem. 1991, 56, 6503.

4. a) Bravo, P.; Piovosi, E.; Resnati, G.; Fronza, G. J. Org. Chem. 1989, 54, 5171, b) Bravo, P.; Resnati, G.; Viani, F. Tetrahedron
1993, 49, 713; ¢) Bravo, P., Resnati, G.; Viani, F. Gazz. Chim Ital. 1992, 122, 493, d) Bravo, P, Carrias, S.; De Montis, A ;
La Colla, P.; Resnati, G., Viani, F. /I Farmaco 1993, 48(8), 1113; e) Bravo, P.; Frigerio, M., Soloshonok, V.; Viani, F.
Tetrahedron Lett. 1993, 34, 7771; f) Angeli, P.; Amnone, A.; Bravo, P.; Cantalamessa, F.; Frigerio, M., Marucci, G.; Resnati,
G ; Viani, F. J. Med. Chem. 1992, 35, 3102,

5. Amone, A.; Bravo, P.; Cavicchio, G.; Frigerio, M.; Marchetti, V.; Viani, F.; Zappala, C. Tetrahedron Lett. 1992, 33, 5609.

6. [0]20p - 8.8 (c 1.2, CHCl3); 1H NMR (400 MHz, CDCl3, reference internal TMS) & 2.84 (m, 2H, CH;0), 3.66 (dd, 1H,
CH,OAr), 3,70 (dd, 1H, CH,OAr), 4.53 (dd, 1H, CH,F, ZJH-F =47.5), 4.60 (dd, 1H, CHyF), 4.56 (d, 1H, CHyAr), 4.60 (d, 1H,
CHpAr), 7.25-7.40 (m, 5H, ArH), F: -232.0 ppm.

7. B anomer: T.L.C. Rr0.35 (6:4 Chloroform/Acetone); [«]20p + 16.9, [#]20365 + 80.6 (¢ 1.19 CHCl3); TH NMR (400 MHz,

CDCl3, reference internal TMS) 8: 8.57 (br. 5, 1, NH), 7.35 (q, 1, J=1.3 Hz, H6), 6.07 (dd, 1, J}=5.9 Hz, J,=6.8 Hz, HI'), 441
(A part of an ABX system, 1, Ji_y=9.6 Hz, Jyj p=47.4 Hz, CHHF), 4.38 (B part of an ABX system, 1, Jg_=9.6 Hz, Jyy_
F=47.1 Hz, CHH'F), 3.80 (A part of an AB system, 1, J=11.2 Hz, CHH'OH), 3.69 (B part of an AB system, 1, J=11.2 Hz,
CHA'OH), 2.52-2.42 (m, 1, H2'a or B), 2.28-2.14 (m, 2, H2'B or o and H3'a or B), 2.06-1.98 (m, 1, H3'B or o), 1.90 (d, 1,
J=1.3 Hz, Me5). 19F NMR (235 MHz, CDCl3, reference internal CgFg at 8 -162.90 ppm) 8:-230.55 (t, 1, J=47 Hz).
o anomer: T.L.C. Ry 0.30 (6:4 Chloroform/Acetone); [«]20p 0.7, [0)203¢5 - 43.0 (c 0.913 CHCl3), IH NMR (400 MHz,
CDCl3, reference internal TMS) 8: 8.47 (br. s, 1, NH), 7.35 (q, 1, J=1.5 Hz, H6), 6.24 (dd, 1, J1=6.4 Hz, ];=6 7 Hz, HI'), 4.64
(dd, 1, Jg.g=10.1Hz, Jy.p=48.1 Hz, CHH'F), 4.47 (dd, 1, Jy.g=10.1Hz, Jy. p=47.1 Hz, CHH'F), 3.56 (s, 2, CHyOH), 2.46-
2.36 (m, 1, H2'a or B), 2.25-2.15 (m, 1, H3'a or B), 2.08-1.95 (m, 2, H3'B or o and H2'B or &) 1.92 (d, 1, J=1.5 Hz, Me5). 19¢
NMR (235 MHz, CDCl3, reference internal CgFg at 8:-162.90 ppm) 8: -234.55 (t, 1, J=47 Hz).

8. For the synthesis of o-bromo and chloro, o'-sulphinyl ketones: Bravo, P., Resnati, G. Tetrahedron Lett 1985, 26, 5601; for the
alkoxy ones: Arnone, A., Bravo, P.; Frigerio, M.; Viani, F. resuits to be published.

(Received in Belgium 27 January 1994; accepted 4 May 1994)



