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CARBOCYCLIC NUCLEOSIDE ANALOGUES.
SYNTHESIS AND PROPERTIES OF
1-(4-HYDROXYMETHYL-2-CYCLOPENTEN-1-YL)-THYMINE.

D.A.H. van Maarschalkerwaart, N.P. Willard and G.J. Koomen®.

Organic Chemistry Laboratory, University of Amsterdam,
Nieuwe Achtergracht 129, 1018 WS, The Netherlands.

Abstract:
The title compound, a potential anti-Aids drug, was prepared via con-
struction of the thymine ring on a suitably substituted aminocyclopen-
tene. NOE difference spectroscopy was used for establishing the stereo-
chemistry of the products.

The recent application of some nucleoside analogues as drugs for the treatment
of AIDS has strongly stimulated synthetic activity in this field of organic chemistry‘.
A variety of compounds have been prepared, which, like Azidothymidine (AZT)
can in principle act as inhibitors of reverse transcriptase and/or as chain termina-
tors in the DNA biosynthesisz.

During the last couple of years, we have been engaged in the synthesis of nucle-
oside analogues in which the anomeric bond between base and (deoxy)ribose is
stabilized towards both chemical and enzymatic hydrolysis by removing either the
nitrogen atom from the nucleobase3, or the oxygen atom from the (deoxy)ribose
moiety4. Except for the improved stabilization, the aim of these structural variati-
ons is to prepare a nucleoside analogue, which might still exhibit antiviral proper-
ties, while mammalian cells are not seffected by these compounds, since their en-
zymes are usually more selective and may not be inhibited or do not accept these
derivatives as substrates. In this way a higher therapeuticindex may be obtained.
Since the anti-HIV activity of 2',3'-dideoxy-2',3'-didehydro-thymidine (1) is well
documenteds, we prepared the corresponding carbocyclic analogue 2a.
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A recent preliminary communication by Vince et al.8 in which the properties of
compound2a are described, prompts us to report on this part of our work on carbo-
cyclic nucleosides.

Amino alcohol 4 was prepared via Diels-Alder addition of tosylcyanide to cy-
clopentadiene, according to literature procedures7 with minor modifications. Hy-

drolysis without isolation afforded the bicyclic Iactam 3 (m.p. 56-58 °C), which was
o)

1 2a

hydrolyzed with HCl and esterified with methanol®. Reduction with Lithium triethyl
borohydride afforded 4 as aracemate of cis isomers. In this reaction both reduction
of the double bond and epimerization of the ester function, due to the basic condi-
tions, have been observed”. Reaction with three equ. of the borohydride under
carefully controlled conditions produced 4, isolated as its hydrochloride without ep-
imerization, according to NMR analysis1 0

)
NH H NH,
0 —B8—b
3 4
Thymine synthon 8 was prepared via literature procedures1 1 ouetoits reactivity

compound 8 has to be used immediately in the reaction with primairy amines.

COOCH;, COOR

Br

Br

6 R=CHy , E:Z = 4:1

7 R=H ,E

Addition of amino alcohol 4 to the isocyanate 8 produced a mixture of compounds
in which one product 10 dominates, formed by reaction of both the amino function
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andthe hydroxyl group with 8. The mixture of 9, 10 and other products could be used
in the cyclization to 2a, since under the reaction conditions

Hacjjtt RO—Q

CHLO H2S0, N o
R HN 0 S 2a + | \(
NH
HaC
9 R=H CH, °
10 R=C-NH-C-C=C-OMe 11a R=H
o) 5 11b R =t-BuMe,Si

(refluxing 1 M sulfuric acid. 3.5 h ) the carbamate is hydrolyzed, giving rise to a un-
expected mixture of 2a and a second product 11ain almost equal amounts. Since
according to TLC and NMR, 4was used as the pure cis isomer, we have to assume,
that epimerization to 11ahas occurred during the acid treatment. Chromatographic
separation was rather difficult in this stage, so the mixture was converted into the
corresponding t-butyl dimethyl silyl ethers, which could be partly separated over a
silica column, resulting in pure 2b'2 and fractions containing a mixture of 2b and
11b. Deprotection to give pure 2a'3 could be realized by treatment with acetic acid

0 (80%).Because of its solubility in

HaC N _H  deuterated chloroform, the silyl ether

' 2b was extremely suitable for NOE

GH /L difference spectroscopy. In natural

FHa H_. N O nucleosides, assignment of anomer-

ic configuration can be deduced from
the coupling pattern of the anomeric
proton14_ In C-ribonucleosides and
in carbocyclic nucleosides, this pro-
cedure is less straigh'tforward15'16
In previous work, we applied suc-
cessfully NOE difference spectroscopy to establish the B configuration of glutari-
mide C-nucleosides, in which we could detect the interaction of C-1' with C-4' 18 |
carbocyclic nucleosides like 2a,b, the extra methylene group makes the assign-
ment even simpler, since the chemical shift of the two protons H-5' is rather differ-
ent.Irradiating H-6 (7.07 ppm) gives an enhancement of the signal of H-2' (5.60
ppm) and H-5'B (1.43 ppm). Irradiating both H-4' (2.88 ppm) and H-1' (5.70 ppm)
gives an effect on H-5'c (2.57 ppm ). In this way the cis orientation of the substitu-
ents at the cyclopentene ring was unequivocally established.

2b
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Compounds 2a,2b and 11awere tested against H3/HLTV lll b, incubated in hu-

man T 4 lymphocytes (C8166). 2a and 11adid notinhibit syncytia formation, but2b
showed strong cytotoxicity(1Dgq = 10 uM ). This unexpected activity of a silyl ether
is currently under investigation.
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