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ABSTRACT

B

E—

B : thymine

B : adenine
A stereselective synthesis of 3-oxabicyclo[3.2.0]heptane nucleoside analogues, which were designed as conformational mimics of the anti-HIV
agents 2',3'-didehydro-2 ',3'-dideoxythimidine (stavudine, d4T) and 2 ',3'-didehydro-2 ',3'-dideoxyadenosine (d4A), is described. The target
compounds were prepared by condensation of a common intermediate bicyclic acetate, derived from a homochiral 2(5 H)-furanone, with pyrimidine
and purine bases under modified Vorbru ““ggen conditions. The conformational behavior of the synthesized nucleoside analogues was studied
by NMR spectroscopy and X-ray crystallography.

For the past decade, the considerable attention that has beethe earlier examples (Figure 1). However, the long-term
focused by medicinal chemists to find new potent and usefulness of these and other 2',3'-dideoxynucleoside ana-
selective antiviral agents has been rewarded with the logues is limited because of their toxicity and viral resistance
discovery of many 23'-dideoxynucleosides, which exhibit development. For this reason, efforts to identify new agents
excellent antiviral activities against human immunodeficiency with activity against drug-resistance of HIV-1 and low
virus type 1 (HIV-1)! 3-a-Azido-2,3-dideoxythymidine  toxicity are still warranted.

(AZT, zidovudine) 2',3 -dideoxycytidine (ddC, zalcibating), During the past few years, the search for structurally
2',3'-dideoxyinosine (ddI, didadenosirfeind 2',3'-didehy- modified nucleosides with enhanced chemotherapeutical
dro-2',3'-dideoxythymidine (d4T, stavudifiejere among potential has been devoted to the preparation of bicyclic
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dideoxy nucleoside analogues. This work has led to a variety
of novel [3.1.0]-2,3'-fused bicyclic nucleosides, some of
which have shown weak antiviral activityConformational
studies of these bicyclic nucleosides have shown that the
sugar moiety is rigidly fixed outside the pseudorotational
rangé characteristic of active nucleosides, and it has also
been suggested that a certain degree of conformational
flexibility on the furanose ring is required for potent antiviral
activity 10°

Conversely, [3.2.0]-23'-fused bicyclic nucleosides have
received little attentioA? and to the best our knowledge, an
example with the glycone moiety conformationally restricted

First, we intended the diastereoselective construction of
the cyclobutane ring through the photochemical+{22]
cycloaddition of ethylene to lactorg following our previous
described methodology (Table ¥)Thus, irradiation of an

Table 1. Photochemical Reactions

HO [e) HO o)
HO
/\C/V/O a)or b) /‘1\@;0 4 ©
_ —— / 5

S
: +

by a two-carbon chain between positiori@2d 3 has never
been described. We felt it was of interest to synthesize the
2',3'-fused bicyclic nucleosides,3'-dideoxy-2,3"-a-ethano-

thymidine,1, and 2',3'-dideoxy-2',3'-a-ethanoadenosize,
to explore the effect of the cyclobutane ring on the confor-
mational mobility of the furanose moiety. Compouridsnd

3 anti syn
4 5
yield anti/syn
conditions (%) (%)
(a) hv, ethylene, acetone, —20 °C 66 66:34
(b) (1) hv, (£)-1,2-dichloroethylene, CH3;CN, 73 90:10

—40 °C; (2) BusSnH, AIBN, toluene, relux

2 can be viewed as analogues of the well-known antiviral
2',3-didehydro-2,3-dideoxynucleosides (d4N), such as d4A
and d4T It was expected that the fusion to a cyclobutane
would flatten the furanose ring and impart a significant
rigidity to the resulting nucleosides, to a level comparable
to that of d4T and d4A. Furthermore, these analogues shoul
be more resistant to hydrolytic procesdesd have enhanced
lipophilicity, which is potentially beneficial for increasing
oral bioavailability and cell-wall penetration.

Herein, we describe the synthesis, stereochemical assign
ment, and conformational analysis of the novel [3.2.0]-
heptane-type nucleosidésand? starting from commercially
available (S)-5-hydroxymethyl-2(5H)-furanorg,
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acetone solution o8 saturated with ethylene for 5.5 h
furnished a separable mixture of the cyclobutane diastere-
omers4 and5 in 66% yield in a ratio of 66:34. The relative

dconfiguration of the cycloadducts could be determined by

the value of the coupling constant between H-4 and H-5,
which is smaller for the anti isomer (1.3 Hz) than for the
syn isomer (5.6 Hz}3

_ Although the chemical yield was acceptable, the low

stereoselectivity achieved on this photochemical reaction
prompted us to examine a different approach. We have
recently described that cyclobutane derivatives can be
efficiently prepared in a highly stereoselective manner by a
two-step procedure that involves the photochemical reaction
of 2(5H)-furanones with Z)-1,2-dicloroethylene in acetoni-
trile, followed by a dihydrodehalogenation reaction with tri-
n-butyltin hydride and AIBN in refluxing toluen¥. Thus,
under these conditions, the expected cyclobutahasd 5
were obtained in 73% overall yield with an excellent
diastereoselectivity (90:10).

The primary hydroxyl group of the major isomérwas
protected as théert-butyldimethylsilyl ether and then the
lactone function was reduced by treatment with DIBAL-H
in toluene to provide the corresponding lactol, which was
acetylated to furnish th8 anomeric acetaté in 79% yield
for the three steps (Scheme 1).

This acetate was then used as a common glycosyl donor
for coupling reactions with protected nucleobases, under
modified Vorbrtiggen condition$. Thus, the condensation
reaction of7 with silylated thymine furnished a chromato-
graphically separable 45:55 mixture of theandS-anomers
8 and9 in 85% yield (Scheme 1). The/s configuration of
each epimer was elucidated By NMR analysis, including
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Scheme 1 Scheme 2
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The newly synthesized 3-oxabicyclo[3.2.0]heptane ad-
mar e 8 RTTES 9 Tlipar THE enosine analogu@ provided adequate crystals for X-ray
®% |10 ron 1 (79%) analysist® which revealed that the furanose ring adopts a

C4'endo {E) pucker with a pseudorotation phase arfjte
228.1° and a maximum amplitude of puckeringna.x =
22.9.2°The conformation around the glycosylic bond is anti
with a y value of —157.1°, while the torsion angle is
173.8, indicating that the preferred conformation around the
C4'-C5'bond is trang/t.

A comparison between the X-ray structure2adind those
of d4A and ddA obtained from the Cambridge Crystal-
lographic Databagé showed that their pseudorotational
parameters are similar (Table 2 and Figuré?2).

NOE difference experiment8 The isomer displaying a small
coupling constand,- > (1.9 Hz) was assigned as tfieano-
mer, 9, wherea$ with a largerJ: » (6.0 Hz) was assigned
as thea-anomerh Accordingly, for9, a significant NOE
enhancement of H:Ssignal was observed upon saturation
of thymine H-6 proton, while, fo8, irradiation of H-6 gave
NOE interaction with H-417 Because th@-anomer might

be an equally useful product for biological assays, alternative
conditions to increase thg-selectivity of the coupling
reaction were not investigated. Removal of the silyl protect-

ing group of9 with TBAF led efficiently to the targeted _

conformationally restricted nucleosidewhile itsa-anomer ~ Table 2. Some Conformational Parameters from X-ray

10 was obtained fron8. Crystallographic Data 02, ddA, and d4A

An analogous condensation of the glyconewith Né- compd Pi(deg) vmad(deg) »(deg) yi(deg)  de(A)
benzoylgdenlne gave th_e expect¢@a- andj-nucleosides 2 298 1 92.9 1571 1738 8.7 (4.0)
alor_wg with _theN? coupl_lng products. I_-|owev_er, excellent 444 190 4 35.7 —959 —1787 3.9 (45)
regioselectivity was achieved by coupling bfvith 6-chlo- d4A 243.5 75 ~100.2 179.8 3.9 (4.6)

ropurine, leading exclusively to a chromatographically ap: pseudorotational phase angle of the sugar mofetyx maximum
separable 35:65 mixture dfl and 12 in 67% total yield amplitude of puckering®y: torsion angle of O4’701’iXN97C4?.y:
(Scheme 2). The anomeric configuration1df and 12 was torsion angle of O5-C5'-C4'—C3'.*Distance between C5and N9
elucidated byH NMR analysis as above, while the site of (distance between O3ind N9).

attachment (N7 oN9) of the purine base was confirmed by
heteronuclear multiple bond correlation (HMBC) experi-
ments, which showed correlation between 'Haiid C4, but
not between H-land C5. The adenosine analogZiavas
finally obtained in 82% yield by sequential treatmentl@f
with TBAF and ammonia-saturated methanol. Unexpectedly,
all attempts of ammonolysis of the desilylaeéinomerl 3 (18) Even on standing at room temperature, compadlBidecomposes

led only to degradation products. slowly.

(19) Crystallographic data f& has been deposited with the Cambridge
(16) The nucleoside numbering system is utilized to compare the structure Crystallographic Data Centre as suplementary publication no. 290124.

of 3-oxabicyclo[3.2.0]heptane nucleosides with regular nucleosides. The  (20) The Altona pseudorotational parameters were calculated by the

systematic numbering for these compounds is used in the Supporting Pseudo-Rotational Online Service and Interactive Tool (PROSIT) available

The three compounds are located in the South®rn
hemisphere of the pseudorotational cycle, wihbeing
separated 15.44nd 37.7°, respectively, from d4A(P =
243.5°) and ddA* (P = 190.4°). In terms of puckering, the

Information. at http://cactus.nci.nih.gov/prosit. See: Sun, G. S.; Voight, J. H.; Filipov,
(17) Rosemeyer, H.; Téth, G.; Golankiewicz, B.; Kazimierczuk, Z.; I.V.; Marquez, V. E.; Nicklaus, M. CJ. Chem. Inf. Comput. Sc2004,

Bourgeois, W.; Kretschmer, U.; Muth, H.-P.; SeelaJFOrg. Chem199Q 44, 1752—1762.

55, 5784—5790. (21) Allen, F. H.Acta Crystallogr., Sect. B002,58, 380—388.

Org. Lett, Vol. 8, No. 3, 2006 493



close from H-8 of the purine base. Thus, the rotation of the
purine ring about the glycosidic bond relieves the steric
interaction. Finally, another important conformational feature
of 2 is that the distance between GBid N9, a main feature
for the recognition by nucleoside kinaséds comparable
to those of the anti-HIV active nucleosides ddA and d4A.

The conformations ofl and 2 in solution were also
investigated by 1D and 2D NOESY NMR studies. In
compoundL, thymine H-6 showed a strong interaction with
H-2' and weak correlations with H-1H-3', and H-5. In
contrast, in compoun®, purine H-8 showed a strong
correlation with H-1and H-2, as well as weaker interactions
with H-5" and H-3'. These results indicate that the preferred
relative position of the base toward the sugar ring2oh
Figure 2. Overlap of 2 and d4A X-ray structures. Numbers  solution differs from that determined in the solid state and
correspond to compoungl hence the 23'-cyclobutane fused nucleosides are not com-
pletely locked and they have some flexibility.

In summary, the chemistry described here furnishes a facile
entry into novel cyclobutane nucleosides analogues. The
greater flexibility of the 3-oxabicyclo[3.2.0]heptane nucleo-
sides when compared to the 3-oxabicyclo[3.1.0]hexane
analogues may be an important feature for potential antiviral
activity. Currently, these nucleosides are undergoing biologi-
cal evaluation as potential antiviral and anticancer agents.

furanoid ring of2 is more planar than that of ddAvfax =
35.7°) but less than that of d4Avfax = 7.5°). The torsion
anglesy are nearly identical 4178°), and their values
indicate that in all these nucleosides the conformation around
the C4'—C5'bond is trans. In contrast, the glycosidic link
of 2 (y = —157.1°) is strikingly different to those of d4A
(—95.9) and ddA (100.2). The difference is likely caused
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