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SYFTHESIS AYD BIOLOGICAL PROPERTIES QF (+)- AND (-)- (B -5-(2-BROKOVINYL)-
2'-DEOXY-1'a—CARBAURIDINE

Jan Balzarini®, Harald Baumgartner®, Nicbael Bodenteich®
Erikx De Clercq® and Herfried Griengl®

(a) Rega Institute for Medical Research, Katbolieke Universiteit Leuven
Minderbroederstraat 10, B-3000 Leuven, Belgiunm

(b) Institute of Organic Chemistry, Graz University of Technology,
Stremayrgasse 16, A-8010 Graz, Austria

Abstract: Carbocyclic (#)- and (-)-(B-5-(2-bromovinyl)-2'-deoxyuridine bave been prepared
fros (+)- and (-)-endo-norborn-5-en-2-yl butyrate. In cell cultures both (+)- and (-)-C-
BVDU ebowed activity against herpes simplex virues types 1 and 2, (+)-C-BVDU being only
slightly less active than BVDU itself. (-)-C-BVDU gave a smaller but still significant
antiviral effect. A nomenclature for carbocyclic nucleosides is proposed.

Recently, carbocyclic nucleosides, in which the D-riboce moiety of the nucleoside ie
replaced by a cyclopentape system, bave gained increasing interest'. In tbese compounds
the N-glycosidic linkage, which is prome to hydrolysis, is replaced by a more stable bond.
In some cases, adenoeine-type carbocyclic nucleosides were found resistant torwards the
action of adeposine deaninase®. For these reasons biostability and bicavailability are
enhanced. The biological properties of carbocyclic nucleoceides are very often similar to
those of 'genuine’ nucleosides with reduced biological activity in most cases (see, e.g.,
refes.“~7). However, examples are known where tbe carba-derivative {s the more potent
compound (see, e.g., refs.® *). Vith respect to biological properties the epantiomers of
carbocyclic nucleosides are expected to be different. Therefore, the carbocyclic analogue
of tbe potent antiviral compound (H-5-(2-bromovinyl)-2°'-deoxyuridine'® has been
syothesized in both enantiomeric forms.

The synthetic strategy used bhas already been published as a short communication’' for
(+)-C-BVDU, the enantiomer with tbe 'natural’ configuration, whbich is drawn in the formula
scheme. Either (+)-endo-norborn-5-en-2-yl butyrate [ for the synthesis of (+)-C~BVDU) or
the (-)-epantiomer (for the synthesis of (-)-BVDU] were used as starting materials,
obtained from the racemate by enzymatic resolution with Candida cylindracea lipase'2. In
the ‘natural' series compounds 2-5 are levorotatory, compounds 6-13 dextrorotatory. After
recrystallisation of the mponobenzyl derivative & both enantiomers were obtained with
constant optical rotations. Therefore, compounds 4 - 13 and the ‘unnatural’' enantiomeric
forme ent-4 - ent-13 were considered to be enantiomerically pure.

Data for the antiviral activity are given in Table ). (+)-C-BYDU ebowed a slightly
reduced antiviral effect (HSV-1, HSV-2) ae compared to BYDU. Interestingly, this activity
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TABLE 1. Antiviral activity of carbocyclic BVDU enantiomers ino primary rabbit kidney cell

cultures

Compound Xipimum iphibitory concentration ug/ai*

Herpes Herpes Horpes Herpes Herpes Herpes  Vaccinia

simplex simplex eimplex simplex simplex simplex virus

virus-1 virus-1 virus-l virve-2 virus-2 virus-2

(KOS» [§:) (McIntyre) (&) (196) (Lyons)
(->-C-BYDU 0.7 10 10 20 100 100 Y400
(+>-C-BVDU 0.05 0.02 0.02 7 100 20 3400
(2)-C-BYDU 0.02 0.06 0.07 7 70 20 1400
BYDU 0.01 0.01 0.01 2 70 7 15

“ Required to reduce virus induced cytopathogenicity by 50%. The data represcent average
values for 3 to 4 seperate experiments.

TABLE 2. Nomenclature of carbocyclic pentofuranocees apd carbocyclic nucleocsides

Compound Definite rules (IUPAC) Carbobydrate nomenclature +
Batural Products Recommendation 1976

2 (-)- (1R IR 4D -4-Uydroxycyclopentane- (-)-2-Deoxy-1la-carba-B-D- threo-

1,3-dimethanol pentofuranceylmethancl
[ (-)-2,5-Anhydro-3-deoxy-2a-carba-
D- xylo-hexitol)

3 (-)~(1R,6R 8 -8-Benzyloxymethyl- (-)-3,5-0-Benzyli{dene-2-deoxy-la-
3-pbenyl-2,4-dioxadbicyclo( 4.3.0]= carba-g-D- tAreo-pentofuranocayl=
nonane methanol

(¢->-2,5, Anhydro-4,6-0-
benzylidene-3-deoxy-2a-carba-D-rxylo-
bexitol)

5 (=)-(1R,2R 4 -2-Benzoyloxymethyl- (-)-5-0-Benzoyl-2-deoxy-3-0O-methyl=
4-benzyloxymethylcyclopentyl= sulfonyl-la-carba-$-D- threo-pento-
metbanesul fonate furanosylmetdyl benzyl ether

[ (~)-2,5-Anhydro-6-0-benzoyl-1-0-
benzyl-3-deoxy-4-0O-methylesulfonyl-
2a-carba-D-xylo-hexitol]l

[ (4$)-(1R, 354 -3-Acetoxy- (4)-3-0-Acetyl-5-0-benzoyl-2-deoxy-
4-benzoyloxymethylcyclo- la-carba-p-D-erythro-pentofuranceyl=
pentanemethanci methanol

[ (4)-4-0-Acetyl-2,5-anhydro-
6-0-benzoyl-3-deoxy-2a-carba-D-ribo-
bexitol)
10 (+)-1-1{ (1R, 35, 4 »-3-Bydroxy- (+)-2'-Deoxy-1'a-carbauridine
4-bhydroxymetbylcyclopentyll-
14, 38-pyriaidin-2, 4-diocne
13 (+)-1-[ (1R, 35, ¢ »-3-Hydroxy- (4)-5- (P~ (2-bromovinyl)-2' -deoxy-
4-hydroxymethylcyclopentyl)- 1'a-carbauridine
-5-({ (B -2-bromovinyl)-14,34
pyrimidin-2,4-dione
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i¢ quite similar to that for the racemate. ]t has to be pointed out that for some strains
of HSV-1 (KOS) and HSV-2 (G) also (-)-C-BVDU, posseseing the 'unnatural' configuration,
showed a marked antiviral effect. Fo antiviral activity against TK- HSV-) strains (B 2006,
VKV 1837) could be detected with either (+)- or (-)-C-BVDU at concentratiome up to

400 pg/ml. Therefore, phosphorylation by viral thymidine kinase must be a prerequisite for
the antiviral action of (4)- and (-)-C-BVDU. Vitb reepect to the kinetice (+)-C-BVDU
showed competitive i{phibition, whereas (-)-C-BVDU interacted in a linear mized-type
competitive maoper. Up to a concentration of 400 pg/ml (4+)- and (-)-C-BVDU bad po activity
agaipst vaccinia virus and vesicular stomatitis virus, nor were they cytotoxic at
concentrations up to 400 ug/ml.

Fomenclature of enantiomerically pure carbocyclic nucleoeides is a difficult task,
eince application of the sequence rule for the configuration of the chiral centers does
not lead to chemical vames, where the structure can be deduced without using paper and
pencil. Application of the JUPAC-recommendations for the nomenclature of cyclitols'? also
is unsatisfactory. To circumvent these obstacles we suggest a more strict use of the
already familiar 'carba'-nomenclature for carbocyclic pucleosides and carbocyclic
pentofuranoees where according to rules F-4.12 and F-4.13 of 'General Principles for the
Jaming of Fatural Products and Related Compounds (Proviesional Recommendations 1976)''<.'5
replacement of the riog oxygep is characterized by the term 'carba’ within the chemical
name according to carbobydrate pomenclature's. Examples for this use are given i{n Table 2.
For a maximum of cooprebeneible structural information we would prefer a more deliberate

use of the rules over a too rigid application (given ip parentheses).

Acknowledgemant: Fiznancial support by grante from the Belgian Fonds voor Geneeskundig
Vetenschappelijk Onderzoek (project no.3.0037.83 and 3.0097.87), the Belgian
Geconcerteerde Onderzoeksacties (project no.85/90-79) and by Fonds zur Forderung der
wissenecbaftlichen Forscbung (project no.P6030C) ie gratefully acknowledged.

REFEREICES

1. For a recent review see: Narquez, V.B.; Lim, X.l. NXed.Res Rev 1988, 6, 1.

2. Desgrangee, C; De Clercq, E. Nucleic Acide Res. 1984, 12, 2091.

3. Shannon, V.K.; Vestbrook, L.; Arnett, G.: Daluge, S.; Lee, B.; Vince, R. Antimicrob.
Agents Chenmother. 1983, 24, 538.

4. Shealy, Y.F.; O'Dell, C.A.; Arpett, G.:; Sbannon, V.M. J Ked.Chem. 1986 , 29, 79.

5. Legraverend, X.; Bisagni, E.; Ekert, B. Bur.J.Ned Chem. 1085, 20, 127.

6. bGhealy, Y.F.; 0'Dell, C.A.; Shannon, V.N.; Armett G.J. J.Ned.Chem. 1983, 26, 156,

7. Berdewijn, P.; De Clercq, BE.; Balzarini, J.; Vanderbaeghe, B. J.Ned.Chem. 1985, 28
550.

8. Shealy, Y.F.; Clayton, J.D. J.Am. Chem Soc. 1969, 91, 3075.

9. Borthwick, A.D.; Butt, S.; Biggadike, K.; Exall, A.N.; Roberts, S.X.; Youds, P.N.;

Kirx, B.B.; Both, B.R.; Cameron, J.K.; Cox, S5.V.; Marr, C.L.P.; Shill., N.D.
J.Chen.Soc., Chen.Commun. 1988, 656.

10. De Clercq, E.; Descamps, J.; Do Somer, P.; Barr, P.J.; Jones, A.S.; Valker, R.T.
Proc.Batl. Acad.Sc1.0.5.4. 1979, 76, 2947.

11. Bodenteich, N.; Griengl, B. FNucleic Acide Res. Symp. Ser. 1087, Jo.18, 13.

12, Oberhauser, Tb.; Bodenteich, X.; Faber, K.; Penn, G.; Griengl, H. Tetradedron 1987,
43, 3931.

13. Recommendations for the Nomenclature of Cyclitols, Pure and Applied Chenm. 1974, 37,
285,

14. IUPAC-Inf.Bull. Fo.53, (Dec. 1976).

15. JNopenclature of Organic Chemistry, 1979 Bdition, Rigaudy, J.; Klesney, S.P. ed.,
Pergamon, Oxford.

16. Tentative Rulee for Carbohydrate Nomenclature, Biochem.J. 1971, 125, 673.



