
Tetmhdmn Lenen, Vol. 35. No. 15. pp 23312334. 1994 
Ehevia scisrc Ltd 

Printed in CIMI Britain 
oo404039EM s6.ooto.oo 

0040-4039(94)EO347-Z 

4’,6’-Methano Carbocyclic Thymidine: A Conformatlonally Constrained Building 
Block for Oligonuckmtides 

KarClieln+ ARmann*, Rudolf Kesselrlng~, WC Francod, and Gmty Rlhs+ 

UBA, Centml F&search Labomtadd, R-1060.2.34, Phatmtmiutkal Ronarch Depattmemt~, and Physics 
DopaMwt+, ai- Bad, swibftand. 

Abatmct: The synthesis of the title conpound 1 has been saunpfishsd in 20 chemical steps starting from D- 
rfbondacfvne. X-ray crystm shows the bkyck skehston of 1 to w a boat-tike p-axo~) confom7aticm and 
prebmirwy hj41Udt.km dara idkate ftwt the substiluti~ of 1 for natural thymk%ine in l?NA/Rh!A hetem&t*es may 
increase their thermodynamic stabiiii. 

The emergence of antisense oligonucleotides as a potential new class of therapeutic agents 
has sparked significant interest in the possibilities to increase the thermodynamic stability of 
DNA/RNA heteroduplexes by the chemical modification of the DNA strand.’ With RNA/RNA 
duplexes being generally more stable than the corresponding DNA/RNA or DNA/DNA hybrids, this 
should in principle be accomplishable by restricting the conformatlonai freedom of the DNA strand 
in terms of the conformational characteristics of RNA/RNA duplex structures (A-type 
conformation).24 With respect to modifications of the sugar moiety this would entail stabilization of 
a 3’-end0 or a closely related conformation wfth a torsion angle about the C-4’ - C-3’ bond 
(corresponding to the torsion angle 6 in natural oligonucleotides) of - 600.* We felt that 
bicycfo[3.1.O]hexane derived nucleoside analogs of type I (Fig. 1) could potentially meet this 
requirement.5 On the basis of experimentak as well as theoretical6c*7 studies on the preferred 
conformations of various bicyclo[3.1 .O]hexane derivatives the bicyclic skeleton of nucleoside 
analogs of type I can be expected to adopt a boat-like (‘2’-exo”) conformation, which would be 
closely related to the 3’sndo conformation of the sugar moieties in A-type double helices.z8 

In this paper we now report on the synthesis of bicyclo[%l.O]hexane based thymidine analog 
1 (Fig. 1, Base = thymine) and it8 X-ray crystal structure together with some preliminary data on 
the hybridization properties of 1 containing oligonucleotides.g 

Figure 1 
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As shown in S&eme 7 our synthesis of 1 proceeds through the known cyclopentenol 2’Oa as 
the first key intermediate, which was obtained in 7 steps from D-tibonolactone with an optical 
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scheme 1 

i: Zn/Cu. CH212, Et20. refl., 16h, 7%; ii: Tos-Cl, EtsN, CH2Cl2. DMAP(cat), r.t., 46h, 77%; 
. . . . 
Ill. NaN3, DMF, 70°, 16h, 68%; iv: Ha, Lindlar’s catalyst, 4h, quant.; v: 
CHsCCH-C(CHs)CONCO, CHGI2, - 78’ - r.t., 30 min., 95%; vi: 0.2 N HCI EtOH/Hfl 9/l, 
refl., 20h, 80%; vii: H2, 10 % Pd-C, AcCEt/MeOH l/l (84% ee); viii: TIPSi-Cl2, imidazole, 
DMF, 87% (2 steps); ix: BOWCl, DBU, CHsCN, r.t., 1 h, 85%; x: CHsCsH4CC(S)CI, DMAP, 
Et8N, CH2Cl2, r.t., 3h, 40°, 18h, 90%; xi: 1. BusSnH, AIBN, DME, 80°, 3h; 2. Preparative 
HPLC on Chiralcel 00, 250 x 4.8 mm, hexane/isopropanol 95/5, 85% (100% ee); xii: TBAF, 
THF, r.t., 4h, 99%; xiii: 1. HP, 10% Pd-C, r.t., 2h; 2. NaOMe, r.t., 20h, 88%. 

purity of - 58%.10b 2 was then converted to the bicyclo[3.l.O]hexane derivative 3 by Simmons- 
Smith cyclopropanation; due to the directing effect of the altyllc hydroxyl group,11 3 was obtained 
as a single diastereoisomer in 73% yield (18% of starting 2 recovered). Tosylation of 3 followed by 
displacement of the tosyloxy group with azide ion and subsequent reduction of the azide moiety 
via catalytic hydrogenation over Lindlar’s catafyst12 gave partially protected amino trio1 4 in 68% 
overall yield. This compound was elaborated into the bicyclic r&o-thymidine analog 5 by reaction 
with the acyl-isocyanate derived from &methoxy a-methacrylic acid, acid-catalyzed cyclitation of 
the resulting acryloyl urea.13 which was also accompanied by the cleavage of the 2’,3’-acetonide, 
and finally removal of the 0-S-bentyl protecting group by catalytic hydrogenation over 10% Pd-C. 

According to our synthetic strategy transformation of 5 into the desired fhymicfine analog 1 
via radical deoxygenation at C-2’ required selective thioacylation of the 2’-OH group with tolyl 
chlorothioformate.14 To this end the 3’- and 5’-hydroxyl groups of 5 were selectively protected by 
means of the TtPSi protecting group, l5 which was followed by reversible blockage of N-3 of the 
base moiety by reaction with benzyl chloromethyl ether (BOM-Cl) in the presence of 1,8- 
diazabicyclo[5.4.0]undecene-7 (DBU) in 85% yield. l6 This approach then allowed for the 
straightforward conversion of the 2’-OH group to the desired thiocarbonate, which was obtained in 
90% yield: in contrast, extensive N-acylation was observed upon reaction of TIPSi protected 5 with 
1.05 equiv. of tolyl chlorothioformate without base protection.17 Radical reduction of the 
thiocarbonate with BusSnH in the presence of AIBN l4 furnished protected thymidine analog 6 
(84% ee); optically pure 6 was obtained by preparative HPLC of this partially 
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figure 2: X-ray crystal structure of 4’,8’-methano catbocyclk thymidine 1. 

racemic material on a Chiraicel 00 column in 65% yield. Cleavage of the TlPSi protecting group 
with TBAF in THF followed by removal of the BOM group by catalytic hydrogenation over 19% Pd- 
C and subsequent treatment of the ensuing formakfehyck adduct at N-3 with NaOMe then gave 
enantiomerkally pure 1 in 87% yield (based on 8).18 

F&7. 2 shows an ORlEP drawing of the X-ray crystal structure of l.lg As predicted the 
bicyclk skeleton of the molecule adopts a boat-like conformation which is equivalent to a 2’-exo 
conformation of natural nudeosides. C-2’ is deflected from the C-3’ - c’4’ - C-6’ - C-l’ plane by 
0.44 A, corresponding to a puckering amplitude of 2?.2 The torsion angle about the C-4’ - C-3 
bond is 75’ and thus very similar to the value of - 80’ for the corresponding torsion angle 8 in 
canonical A-type nucleic acid duplexes (wide stpm). 

So far the effect of 1 on DNA/RNA duplex stability has been investigated for two modified 
oligodeoxynucfeotides each incorporating a single modified building block, i.e. S-TlT TlC TCT 
CTC TCT-8 (A) and S-T-I-I- TTC TCT ClC TCT-3’ (8). 2o The melting temperature8 (Tm’s) of the 
heteroduplexes of A and B with complementary RNA exceed the T, of the unmodified wild-type 
duplex (52.3”) by 0.8’ and 2.1°, respectively, p thus indicating that in both cases substitution of 1 
for natural thymidine does indeed increase the thermodynamic stability of the DNA/RNA 
heteroduplex. These findings are in line with the general ideas that led to the design of 
conforrnationally constrained nuckoside analogs I, but additional experiments are required in 
order to determine the generality of the obsenred effects. 
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