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CARBOCYCLIC NUCLEOSIDE ANALOGUES. 
SYNTHESIS AND PROPERTIES OF 

1 -(4-HY DROXY METHY L-2-CYCLOPENTEN-1 -Y L)-THYMINE. 

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

Organic Chemistry Laboratory, University of Amsterdam, 
Nieuwe Achtergracht 129, 101 8 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. NOEdifference 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 biosynthesis*. 

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 effected by these compounds, since their en- 
zymes are usually more selective and may not be inhibited or do not accep? these 
derivatives as substrates. In this way a higher therapeutic index may be obtained. 
Since the anti-HIV activity of 2’,3’-dideoxy-2’,3’-didehydro-thymidine (1) is well 
docume n ted5, we prepared the corresponding car bocy cl i c analogue 2a. 
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A recent preliminary communication by Vince et 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 lactam 3 (m.p. 56-58 “c), which was 

1 2a 

hydrolyzed with HCI and esterified with methanol8. Reduction with Lithium triethyl 
borohydride afforded 4as a racemate 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 analysis’ O. 

3 4 

Thymine synthon 8 was prepared via literature procedures’ ’. 3ue to its reactivity 
compound 8 has to be used immediately in the reaction with primairy amines. 

‘H CH@’ ‘ 
5 6 R = C b ,  E : Z  = 4 : l  

7 R=H , E 
0 

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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and the 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 

H2S04 R99 
J 2a 0 

9 R = H  y 3  

0 6  
10 R = C-NH-C- C = COMe 

0 

l l a  R = H  
11 b R = t-BuMeSi 

(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 1 l a  in almost equal amounts. Since 
according to TLC and NMR, 4was used as the pure cis isomer, we have to assume, 
that epimerization to 1 l a  has 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 2b12 and fractions containing a mixture of Pband 
11 b. Deprotection to give pure pa1 could be realized by treatment with acetic acid 

(80%).Because of its solubility in 
deuterated chloroform, the silyl ether 
2b was extremely suitable for NOE 

6 difference spectroscopy. In natural 
H 

nucleosides, assignment of anomer- 
ic configuration can be deducedfrom 
the coupling pattern of the anomeric 
proton14. In C-ribonucleosides and 
in carbocyclic nucleosides, this pro- 

H3 Hr cedure is less straightforward 15,16 

In previous work, we applied suc- 
cessfully NOE difference spectroscopy to establish the p configuration of glutari- 
mide C-nucleosides, in which we could detect the interaction of C-1 'with C-4' 16. In 
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- 
entlrradiating H-6 (7.07 ppm) gives an enhancement of the signal of H-2' (5.60 
ppm) and H-5'P (1.43 ppm). Irradiating both H-4' (2.88 ppm) and H-1' (5.70 ppm) 
gives an effect on H-5'a (2.57 ppm ). In this way the cis orientation of the substitu- 
ents at the cyclopentene ring was unequivocally established. 

t-B"-;iw H3C' CH3 H3 OH 
H1, - H4' 

2 b  
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Compounds 2a, 2b and 1 l a  were tested against H9 / HLTV I l l  b , incubated in hu- 
manT4lymphocytes (C8166).2aandlladidnotinhibitsyncytiaformation, but2b 
showed strong cytotoxicity( IDSO= 10 pM ). This unexpected activity of a silyl ether 
is currently under investigation. 

ACKNOWLEDGEMENT 

We thank Prof. Dr. J. Goudsmit, Dr.C Ranantarsing and Dr. L. Smit, Human Retro- 
virus Lab, Academic Medical Centre, University of Amsterdam for carrying out the 
biological tests. 

1. 

2. 

3. 

4. 
5. 

6. 
7. 
8. 

9. 
10. 

REFERENCES AND NOTES 

See for instance: (a) P. Herdewijn, J. Balzarini, E. De Clercq, R. Pau 
wels, M. Baba, S. Broder, H. Vanderhaeghe J. Med.Chem. 1987, 
30, 1270. (b) D.R. Haines, C.K.H.Tseng and V.E. Marquez. J. Med. 
Chem. 1987,30, 943. (c) K. Chu, R.F. Schinazi, M.K. Ahn, G.V. UI 
las, Z.P. Gu J. Med. Chem. 1989,32,612. 
(a) C. W Greengrass, D.W.T. Hoople, S.D.A. Street, F. Hamilton, 
M.S. Marriott, J. Bordner, A.G. Dalgleish, H. Mitsuya, S. Broder J. 
Med. Chem. 1989,32, 61 8. (b) A. Calveo- Mateo, M.-J. Camarasa, 
A. Diaz-Ortiz, F.G. De las Heras Tetrahedron 1987,44,4895. (c) Y-c 
Cheng, G.E. Dutschman, K.F. Bastow, M.G. Sarngadharan, R.Y.C. 
Ting J. Biol. Chem. 1987,262,2187. 
(a) M.J. Wanner and G.J. Koomen, Nucleosides Nudeofides 1988,7, 
51 1. (b) M.J. Wanner and G.J. Koomen, Synthesis 1988, 325. 
to be published 
(a) M. M. Mansuri, J.E. Starret, Jr., 1. Ghazzouli, M.J.M. Hitchcock, 
R.Z. Sterzycki, V. Brankovan, T.-S. Lin, E.M. August, W.H. Prusoff, 
J.-P. Sommadossi, J.C. Martin J. Med Chem. 1989,32,461. 
(b) M. Baba, R. Pauwels, P. Herdewijn, E. de Clercq, J. Desmyter, M. Vande 
putte Biochem. Biophys. Res. Commun. 1987,142, 128. 
R. Vince et al. Biochem. Biophys. Res. Commun. 1988,756,1046. 
S. Daluge and R. Vince, J. Org. Chem. 1978,43,2311. 
Methyl (cis) 4-aminocyclopent-2-enecarboxylate HCI. m.p: 91 -94 “c. H NMF 
(250 MHz, CDCl ) 6: 8.3 (NH3+), 6.1, 6.2 (H-2, H-3), 4.48 (m, H-4), 3.71 (s, 
CH 0), 3.60 (m,%-l), 2.54 (m, H-5), 2.36 (ddd, H-5). In D 0, the chemical 

2.10. 
B.L. Kam and N.J. Oppenheimer, J. Org. Chem. 1981,46,3268. 
4: viscous oil, the cis orientation is established both from the difference in 
chemical shift of the protons at C-5 (6 = 2.49 and 1.29 in D20) and the fact, 
that couplings with H-1 and H-4 are equal (8.2 and 5.8 resp. for both protons 
C-5). Atrans orientation corresponds with achemical shift of the protons at C-5 
of 2.1 3 and 2.03 ppm (which is clearly a smaller difference) and with different 
couplings of each proton at C-5 with H-1 and H-4 (5.2 + 8.1 Hzand 8.2 + 3.9 Hz 
resp.). See also reference 9. 

shi i? of the two protons at C-5 is considerably different,i.e. 5 = 2.72 and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
0
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



1-(4-HYDROXYMETHYL-2-CYCLOPENTEN-l-YL)THYMINE 791 

11. (a) P. Bieber Bull. Soc. Chirn. France 1954,27,199. (b) G. Shaw and R.N. 
Warrener, J. Chem. Soc. 1958, 153, 158. (c) see also Y.F. Shealy, C.A. 
O'dell, M.C. Thorpe J. Heterocycl. Chem. 1981, 78, 383. (d) see also C.J.J. 
Hronowski, W.A. Szarek Can. J. Chern. 1988,66 61. 

12. 2b: m.p. 148-151 "c.. UV (EtOH): 212,272 nm. 'H NMR (250 MHz, CDCI3) 6 
8.70 (bs, lH, NH), 7.07 (4, lH, J= 1.0, H-6), 6.06 (ddd, lH, J= 5.6,2.1, 
2.2, H-3'),5.70 (m, 1 H, H-1 I), 5.60 (ddd, 1 H, J= 5.6,2.1,2.2, H-2'), 3.72 (dd, 1 H, 
J= 10.1,4.5, H-S), 3.55 (dd, lH, J= 10.1,4.9, H-6), 2.88 (m, lH, H-4'), 2.57 
(ddd, lH, J= 13.6, 8.5, 8.5, H-Sa), 1.88 (d, 3H, J= 1.0, methyl), 1.43 (ddd, 1H 
J= 13.6,7.2, 6.8, H-SP), 0.88 (s, 9H, t-butyl), 0.04 (s, 6H, methyl -Si). NOE-dif 
ference: see text. MS. (FI: 337, M+H, El: 279, M minus t-Butyl). 

(ddd,J=5.7, 2.1,2.1, H-3'), 5.73 (ddd,J=5.?2.2,2.2, H-2'),5.25 (dddd,J=8.7, 

2.95 (m, H-4'), 2.66 (ddd,J=13.8,8.7,8.7, H-S'a), 1.83,(d,J=1.2, methy1),1.39 
( ddd,J =13.9, 6.3, 6.3, H-SP). Mass: 222.1 002778, calculated for 

13. 2a: m.p. 203-205 "c. 'H NMR (250 MHz, D 0) 6: 7.45 (q,J=l.2, H-6), 6.15 

6.3,2.2,2.1, H-1'),3.65 (dd,J=11.2, 5.4, H-6), 3.58 (dd,J=11.2, 5.2, H-6), 

C 1 H14N2O3: 222.10042. 

276. 
15. (a) C.K. Chu, F.M. El-Kabbani, B.B. Thomson, Nucleosides Nucleotides 

1984,3, 1. (b) S.Y.-K. Tam, R.S. Klein, F.G. de Las Heras, J.J. Fox J. Org. 
Chem. 1979,44,4854. (c) R.C. Cookson and P.J.Dudfield, J. Chem. Soc., 
Perkin Trans. I, 1986, 405. 

16. (a) M.J. Wanner and G.J. Koomen, Tetrahedron Lett. manuscript 
accepted. (b) K.E.B. Parkes and K. Taylor.Tetrahedron Lett. 1988, 29, 
2995. 

14. L. II  . Townsend, Synthetic Procedures in Nucleic Acid Chemistry 1973,2, 

Received December 19 ,  1989. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
0
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


