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A project in this laboratory is concerned with the synthesis and biological examination 

of nucleoside analogs of five- and six-nerbcmd heterocycles such as compo~nds~~~~ Soma 

of these compounds exhibit antituor activity.j Moreover, they are of further signlflcance 

because of their lnterestinq stereochemical properties; for emle, It has been fou& that 

the confornatlonal equllibriu, in chlorofoiwfiat ambient temperature. of the 3-scrbstituted 

1,Coxathiane~contains -.90x of the confotwr having the purine moiety In an axial orlent- 

ation. whereas In the case of the regioismr?, there is a preponderance of the equatorial 

fern. The high prowrtlon of the axial confomr I in the case of compound2is highly 
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remarkable In vlew of the observations that, althou* soax? t&(glycopyranosyl)inidazoles.3 in 

chloroform, and P-azido- and 2-isocyanato-tetrahydropyram.6 in carbon tetrachloride or aceto- 

nftrfle. exist preponderantly in the conformation having the nitrogen substituent in the axial 

orientation, in the case of several pyranosyl nucleosides of bulky heterocyclic bases such as 

6-benxamidopurine.7 indole.' and benxotriaxole.' there is a preponderance of the equatorial 

form. Of relevance to the present work are the studies on 2-substituted 1,4-oxathianes by 

Foster and aworkers." who discussed the confornational behavior in terms of the anomaric 

effect and steric factors, and by Zefirov and coworkers, 11 who also postulated a repulsive 

interaction referred to as the "hockey-stick" effect. The confomutional wculiarities obser- 

ved in conwunds~and~prouoted a systematic investigation of nucleoside analoqs of 
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saturated six-sabered rings containing one or two hetero atoms. Here we report prellminary 

results with canpounds l_-2 

In Table I are smarized data on the confonnational equilibrium of colnpounds ll obtain- 

ed by pmr spectroscopy; the proportion of the axial-ccnforsk+r I was estimated uslnq the equat- 

ion" .cit.ed In the footnote to the Table. A limitation of the mathod in the present work 

arises from the choice of appropriate values for J,,. J,. J,. and J,,; moreover, the spect- 

roscoplc data have been analyzed on the assMptlon that the six-tiered heterocycles adopt 

the chair conformatlon (compare Refs. 11 and 15). althouqh It Is recognized that the hetero 

atoms can cause a ouckerlng or flattening distortion. 16 

The flrst noteworthy feature is the observation of a preponderance of the equatorlal 

form In the case of the tetrahydropyran and thlane derlvatives l_ andL. The results indicate 

that for these cmunds. in the axial conformar I, the interactlon-of the purine moiety with 

the syn-axial hydrogens overcms the anaoerlc effect; l7 the slgnlflcantly smaller proportion 

of the axtal conformer in the case of the thlane~is attributable to a difference between the 

interactlons17s18 in the O-CA and S-C-R fragn#nts of.Landz, respectively. Interestingly, 

replacement of the C-4 methylene group frill and2 by oxygen and sulfur to give the 1,4- 

dioxane Aand l.Cdlthlane~ respectively,leads. in each case, to an increase In the propor- 

tion of the axial conformer; this phenomenon may be viewed, at least oartlallv. as a manifest- 

ation of the gauche effect 
18 

in the O(S)-CX-R fraqments. 

Probably the most puzzling conformational behavior of the present serles of ccmpounds is 

that exhibited by the pair of 1,4-oxathlane regioisanersLand5 A relevant factor in a 

posslble rationalization of the preponderance of the equatorial and axial forms forLand2, 

respectively, is the geometry of the 1,4-oxathiane rlng. On the basis of a smaller C-S-C 

bond angle (compared with C-O-C) and a longer c5 bond length (comoared with C-O). the ring 

can adopt a dlstorted chair conformation In which the axial substltuents on C-2 and C-6 are 

inward-pointing, and those on C-3 and C-5 are outward-pointing (compare Ref. 10); thus, in the 

axial conformers, the interaction of the purine moiety with the z-axial hydrogen would be 

expected to be greater in_$ than ins Another sugqestion to account for the obsewed 

results invokes the posslble formation of a hydrogen bond between H-8 of the purlne moiety and 

the oxygen of the 1,Coxathiane ring as a stabllizlng effect; accordingly, In the case of3 

the equatorial conformer would be stablllzed (see 2). whereas, In the case of& the axial 

conformer would be stabilized (see 3). The very high proportion of the axial confomer in 
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the case ofe compared with that InLls particularly spectacular. 

TABLE I. Confomstlonal Equilibrfun Data* of CapotmdsLA_ 

Conpound Chcllcal shift Solvent JAX+JBX "Dptl~l sat= of X axial 

Of l&(r) (Hz) 
coupling constants 

(Hz) conformer I 

3 

2 

2? 

4 

5 

2 

4.17 

4.22 

4.23 

4.23 

3.92 

3.98 

4.06 

3.95 

4.00 

4.43 

4.40 

CDC13 11.5 J,,=l2. Jee=2. 35 
(l&f. 6) 

CD,CB 12.4 J,=J,,=J 26 

CDC13 13.0 J,=J,=Je,=2.5. 6 
(Ref. 121 

CD,CB 13.2 J,,*ll 4 

CDC13 8.5 J,,=9.44. Je,=O.9. U 
(Bef. 13) 

CD,CB 8.4 J,=J,=2.78 45 

CBC13 10.0 Jea=Jw=% 

CD3CB+ J,,=lO.6, Jae=5.B (l@" 141 " 

CDC'3 11.5 J,=J,=J,,=2.5. 24 
(Aef. 11) 

CD3CB 12.2 J,,=ll 15 

CDC13 6.0 J,J,=J,,=2.5. BB 

J,,=ll 
(Bet. 11) 

CD3CB 5.2 98 

"The pmr spectraware recorded on a Bruker HX-60 spectroueteruith l'MS as the intamal standard. The position of the 

confomational equilibrlun was detemined using the equation" IJAX*'BX/uBI(Jea+J~l+(l-WI)(Jaa+Jael~ the Width or 
half-height width of the signal HX was taken as the sull of cowling constants IJAx+JaxI. 

+Coavnwnd5was tnrufflclently soluble In CD3CB. 
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