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SYNTHESIS OF AN ENANTIOMERICALLY PURE CARBOCYCLIC 
DNA ABASIC SITE ANALOGUE 

Martial Thomasa, Bertrand Castaingb, Jean-Louis Fourreya*and Charles Zelwerb 

a Institut de Chimie des Substances Naturelles, CNRS, 91 198 Gif-sur-Yvette, France 
and b Centre de Biophysique MolCculaire, CNRS-Universitt dOrlCans, Rue Charles 

Sadron, 4507 1 Orltans Cedex 2, France. 

Abstract: A short synthetic route to an appropriately derivatized carbocyclic analogue of 
abasic site residues of DNA is proposed. 

Base excision repair mechanisms, which remove purine and pyrimidine damages 
from genomic DNA, represent essential biological processes which are currently 
receiving a widespread interest. In general, the preliminary step of such DNA repair is 
achieved by a glycosylase whose role is to excise altered nucleic acid bases with the 
formation of an abasic site 1 (AP) (Figure).I AP sites are also generated through 
spontaneous non enzymatic glycosidic bond hydrolysis. 

1 AP site: R,= R2= DNA; R3= OH 3: l-a-OR: R= H; (+/-) 5:  R= H 
4,5-Dihydro 

2 R,= Dimethoxytrityl; R2= (Cyanoethy1)- 4: 1- f j -0~ :  R= AC 
N-diisopropylphosphoramidyl; R3= H (9-O- Acetyllactyl 

6: R= 

Figure 
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4 

““‘W 
10 

Dmt= dimethoxytrityl 

HO 

11 

8: R= H 
9: R= Dmt 

12 

Reagents: (a) H2, PdC, EtOH; (b) MeOH, aq. NaOH (9: 1); (c) DmtC1, DBU, CH2C12 
(d) p-N02C,H4C02H, PPh,, DEAD, THF; (el aq.NaOH, THF; (f) 2-cyanoethyl 
N,N-diisopropylchlorophosphoramidite, N,N-diisopropylethylamine, CH2C12 

Scheme 

Whatever their formation pathways, abasic sites consist of a 2’-deoxyribose moiety 
linked to its nucleoside neighbours through 3‘- and 5’-phosphodiester bonding. It is well 
known that such bonds are prone to undergo p-elimination reactions. Accordingly, the 
formation of an AP site within a DNA strand generally precedes its scission. This process 
can be achieved by AP endonucleases or DNA glycosylases which, in some cases, are 
endowed with an AP lyase activity and cleave the DNA phosphodiester backbone at the 
3’-side of the AP site.l To study in more details the various aspects of these enzyme 
activities, there is a need to develope oligonucleotide substrates containing abasic sites 
analogues which might mimic deoxyribose residues within single strand DNA and exhibit 
a high affinity for the enzymes.2 

Indeed, with the advent of efficient synthetic methods to obtain DNA fragments, a 
number of efforts have been done to design such synthetic analogues to be incorporated 
in oligodeoxynucleotides. This is the case of 3-hydroxy-(2-hydroxymethyl)- 
tetrahydrofuran,2 a very close AP site mimic, whose appropriate phosphoramidite 
derivative 2 is now commercially available for its incorporation into synthetic 
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oligonucleotides. Along this research line, to the best of our knowledge, the 
corresponding carbocyclic analogue 3 of tetrahydrofuran has never been described. 
Herein, we propose an asymmetric access to 11, a derivative of ( lS ,  2R)-2- 
(hydroxymethy1)-cyclopentanol 33 and its transformation into phosphoramidite 12, 
applicable for the selective incorporation of 3 at any position within an oligonucleotide. 

Our synthetic scheme is based on a new application of the optically pure diacetate 4 
which can be readily obtained4 by a simple and short synthetic sequence starting from 
lactone (+/-) 5 via its optically active derivative 6 ( S ~ h e m e ) . ~  Thus, as outlined in the 
Scheme, compound 4 was hydrogenated in the presence of Pd/C catalyst to give the 
saturated derivative 7 whose spectral data were in accordance with those previously 
reported in the achiral series.6 Compound 7 was deacetylated by an overnight treatment 
in a methanolic solution containing aqueous sodium hydroxide. Dimethoxytritylation of 
the resulting diol8 provided the protected alcohol 9. Inversion of the configuration of the 
secondary alcohol function was accomplished using standard Mitsunobu conditions in the 
presence of p-nitrobenzoic acid to obtain compound 10. Saponification of ester 10 was 
performed by a sodium hydroxide treatment which gave alcohol 11. Its corresponding 
phosphoramidite 12 was prepared by application of standard reaction conditions. 

This synthon can now be used for the incorporation of this carbocyclic abasic site 
analogue into oligonucleotides. 

EXPERIMENTAL SECTION 

(1 R,2R) 2-(Acetoxymethyl)-cyclopentanyl acetate 7 :  To a solution of diacetate 4 (1 g, 5 
mmol) in ethanol (100 ml) was added 100 mg of Pd/C. This mixture was hydrogenated 
overnight under 50 psi at room temperature to give 901 mg of 2-(acetoxymethy1)- 
cyclopentanyl acetate 7 as an oil (90%). IH nmr (CDC13) 6 (ppm): 5.25 (br. t, IH, H-I); 
4.11 (m, 2H, AcOCH2); 2.27 (m, lH, H-2); 2.05 (3H, s, CH3CO); 2.03 (3H, s, 
CH3CO); 1.97-1.64 (6H, m, 3xCH2). 13C nmr (CDC13) 6 (ppm): 170.7; 170.3; 75.7; 
63.3; 42.6; 32.3; 26.5; 21.7; 20.8; 20.6. MS CI m/z 201 (MH+). Analysis: Calc. for 
C10H1604: C 59.98, H 8.06; Found: C 60.12, H 8.27. 

(1 R,2R) 2-(4,4-Dimetlioxytrityloxymethyl)-cyclopentanol9: A solution of diacetate 7 
(802 mg, 4 mmol) in 10 ml methanol was treated with 1 ml of a conc. sodium hydroxide 
solution for 1 hour. After neutralization with IR-120 (H+), the solution was evaporated 
to give a residue which was treated overnight with 4,Cdimethoxytrityl chloride (1.6 g, 
4.8 mmol) in 10 ml of CH2C12 containing DBU (1.5 ml, 10 mmol). The reaction product 
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242 THOMAS ET AL. 

was purified over a silica gel column, using an heptane-ethyl acetate solvent gradient, to 
give 870 mg of 2-(4,4-dimethoxytrityloxymethyl)-cyclopentanol9 as a foam (52%, 2 
steps). 1H nmr (CDC13) 6 (pprn): 7.49-6.8 (m,13H, Arom.); 4.36 (t, lH, H-1); 3.75 (s, 

6H, OMe); 3.4-3.1 (m, 2H, OCH2); 2.28-2.16 (m, 1-H, H-2); 1.8-1.32 (6H, m, 
3xCH2). Analysis: Calc. for C27H3004: C 77.48, H 7.23; Found C 77.52, H 7.59. 

( 1 S,2R) 2-(4,4-Dimethoxytrityloxymethyl)-cyclopentanyl p-nitrobenzoate 10: To a 
solution of 9 (470 mg, 0.94 mmol) in 10 ml THF were added succesively 
triphenylphosphine (1.09 g, 4.2 mmol) and diethyl azodicarboxylate (790 pl, 5 mmol). 
Then, after cooling to O"C, p-nitrobenzoic acid (693 mg, 4.2 mmol) was added. The 
mixture was kept overnight at room temperature. Purification of the reaction product was 
accomplished by silica gel column chromatography (elution with heptane/ethyl acetate, 
9/1) to give 164 mg of 2-(4,4-dimethoxytrityloxymethyl)-cyclopentanyl p-nitrobenzoate 
10 as an amorphous powder (26%). 1H nmr (CDC13) 6 (ppm): 8.19-8.15 (m, 4H, 
Arom.); 7.32-7.21 (m, 9H, Arom.); 6.8-6.75 (m, 4H, Arom.); 5.3 (t, lH, H-1); 3.73 
(s, 6H, OMe); 3.07 (m, 2H, OCH2); 2.48 (m, 1-H, H-2); 2.05-0.9 (6H, m, 3xCH2). 
13C nmr (CDC13) 6 (pprn): 85.9; 80.7; 64.4; 55.2; 46; 32.4; 27.5; 23. FAB MS m/z 568 
(MH+). Analysis: Calc. for C34H33N07: C 71.94, H 5.86, N 2. 47; Found: C 72.25, 
H 6.13, N 2.29. 

(1S,2R) 2-(4,4-Dimethoxytrityloxymethyl)-cyclopentanolll: After a 4 hour treatment of 
a solution of compound 10 (286 mg, 0.5 mmol) in 10 ml THF with 1 ml of 10% NaOH 
aqueous solution, the reaction mixture was carefully concentrated, diluted with ethyl 
acetate. The organic phase was washed with water, dried over sodium sulfate and 
evaporated to give 139 mg of 2-(4,4-dimethoxytrityloxymethyl)cyclopentanolll as an 
oil (73%). [ a ] ~ =  -4" (CHC13. c= 1.3). FAI3-MS: m/z 369 (MH+). 1H nmr (CDC13) 6 
(ppm): 7.44-7.19 (m,9H, Arom.); 6.82-6.79 (m,4H, Arom.); 3.93 (m, lH, H-1); 3.73 
(s, 6H, OMe); 3.27-2.98 (m, 2H, OCH2); 2.78 (s, lH, OH); 2.11 (m, lH, H-2); 1.84- 
1.42 (6H, m, 3xCH2). 13C nmr (CDC13) 6 (ppm): 86.1; 77.8; 66.7; 55.1; 47.8; 33.9; 
26.6; 21.6. Analysis: Calc. for C27H3004, 0.5 H20: C 75.85, H 7.31; Found: C 
75.66, H 7.52. 

( lS.2R) 2-Cyanoethyl-[2 '-(4,4-dimethoxytrityloxymethyl)]-cyclopentanyl N, N- 
diisopropylphosphorarnidite 12: To a solution of 11 (164 mg, 0.33 mmol) in 1.2 ml of 
dichloromethane containing N, N-diisopropylethylamine (150 p1,O.g mmol) was added 
2-cyanoethyl N,N-diisopropylchlorophosphoramidite (100 pl, 0.45 mmol).The reaction 
mixture was stirred at room temperature for 1 h. Then it was diluted with 
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CARBOCYCLIC DNA ABASIC SITE ANALOGUE 243 

dichloromethane and the resulting solution washed with aqueous sodium bicarbonate. 
The reaction product was purified on a short silicagel column to give 131mg of 
amorphous 2-c yanoethyl- 1 '-[2'-(4,4-dimethoxytrityloxymethyl)]-cyclopentanyl N, N- 
diisopropylphosphoramidite 12 (61%). FAB MS m/z 547 (MH+). 31P nmr (CDCI3) 6 
(ppm): 147.9-147.3 
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