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A project in this laboratory is concerned with the synthesis and biological examination
of nucleoside analogs of five- and six-membered heterocycles such as compounds l—‘q’.z Sowe
of these compounds exhibit antitumor activity.3 Moreover, they are of further significance
because of their interesting stereochemical properties; for example, it has been fml\d4 that
the conformational equilibrium, in chloroform-d at ambient temperature, of the 3-substituted
1,4-oxathiane ‘§, contains -90% of the conformer having the purine mofety in an axial orient-
ation, whereas in the case of the regioisoneri, there is a preponderance of the equatorial

form. The high proportion of the axial conformer I in the case of compound_g is highly
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remarkable in view of the observations that, although some &*(qucop_yv'anosyl)1midazoles.5 in
chloroform, and 2-azido- and 2-isocyanato-tetrahydropyrans ,6 in carbon tetrachloride or aceto-
nitrile, exist preponderantly in the conformation having the nitrpgen substituent in the axial
orientation, in the case of sévera'l pyranosy)l nucleosides of bulky heterocyclic bases such as
6-benzanidopur1ne,7 1ndb1e,8 and benzotr-iazole,9 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 otmorkers,m who discussed the conformational behavior in terms of the anomeric

n who also postulated a repulsive

effect and steric factors, and by Zefirov and coworkers,
interaction referred to as the "hockey-stick" effect. The conformational peculiarities obser-

ved in compounds 5 and § promoted a systematic investfgation of nucleoside analogs of
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saturated six-membered rings containing one or two hetero atoms. Here we report preliminary
results with comounds 1 —6.

In Table I are summarized data on the conformational equilibrium of compounds 1-6 obtain-
ed by pmr spectroscopy; the proportion of the axial .conformer I was estimated using the equat-
ton'! cited in the footnote to the Table. A limitation of the method in the present work

arises from the choice of appropriate values for J J J_, and ')ea; moreover, the spect-

aa’® “ee’ “ae
roscopic data have been analyzed on the assumption that the six-membered heterocycles adopt
the chafr conformatfon (compare Refs. 11 and 15), although it s recognized that the hetero
atoms can cause a puckering or flattening distorti on.]6

The first noteworthy feature is the observation of a preponderance of the equatorial
form in the case of the tetrahydropyran and thiane derivatives 1 and 2. The results indicate
that for these compounds, in the axial conformer I, the interaction of the purine mofety with
the syn-axial hydrogens overcomes the anomeric ei’fect;]7 the significantly smaller proportion
of the axial conformer in the case of the thiane 2 is attributable to a difference between the
'inter'aci:*lons”r']8 in the 0-C-N and S—C-N fragments of.1 and _2_, respectively. Interestingly,
replacement of the C-4 methylene growp in 1 and 2 by oxygen and sulfur to give the 1,4-
dioxane 3 and 1,4-dithfane 4, respectively, leads, in each case, to an increase in the propor-
tion of the axial conformer; this phenomenon may be viewed, at least partfally, as a manifest-
ation of the qauche ef!’ect:18 in the 0(S)-C—CN fragments.

Probably the most puzzling conformational behavior of the preéent series of compounds is
that exhibited by the pair of 1,4-oxathiane reg'lo'lsmers_'.‘i'and‘_tj_. A relevant factor in a
possible rationalization of the preponderance of the equatorial and axial forms for S and _g,
respectively, is the geometry of the 1,4-oxathiane ring. On the basis of a smaller C5-C
bond angle (compared with o-oéc) and a longer C-5 bond length (compared with C-0), the ring
can adopt a distortéd chair conformation in which the axial substituents on C-2 and C-6 are
jnward-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 syn-axial hydrogen would be
expected to be greater in§ than in §. Another suggestion to account for the observed
results invokes the possible formation of a hydrogen bond between H-8 of the purine moiety and
the oxygen of the 1,4-oxathiane ring as a stabilizing effect; accordingly, in the case of 5,

the equatorial conformer would be stabilized (see 5a), whereas, in the case of 6, the axial

conformer would be stabilized (see _6_3). The very high proportion of the axial conformer in
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the case of 6 compared with that in 2 1s particularly spectacular.

O

b d

TABLE I. Conformational Equilibrium Data* of Compounds .l';‘b

: Chemical shift Jaytd “Optimal set" of % axial
Compound Solvent AX"VBX o
upling constants
of Hx(t) (H2) (Hz) conformer 1
o 4 4,17 cnCy 11.5 J_. =12, J__=2, k13
" 1 3 " e (Ref. 6)
- 4,22 CD:,O( 12.4 JE-JQ.-G! 26
S N 4,23 e, 13.0 e ee™Veg2-5+ 6
\ 2 (Ref. 12)
o~ 4,23 cnscn 13.2 J“'n 4
N 3.92 coc1 8.5 3. =9.44, J_=0.9 m
Y3 ) 3 ) a2 "t Tea T (pef, 13)
~ 3.98 C03m 8.4 J*ﬂ“-2.78 45
0
8 /
\ 4,06 cacy 10.0 J_ =) =3, 62
E r 4 % & e (Ref. 14)
. ~ - CD,CN - 34q~10.6, J,,%5.8 -
0. /
A Y
3.95 cOC1 1.5 Jn) =) =25 24
[ ]’“ i 3 ae ee ‘ea (Ref. M)
s 4.00 C03CN 12,2 Jn-" 15
8 _N
\
6 4.43 CDC'|3 6.0 J“-J&ldea'Z.S, 88
-~ . {Ref. 1)
(2] 4.4 cnacu 5.2 Ja.-n 98
w

The pmr spectra were recorded on a Bruker HX-60 spectrometer with TMS as the internal standard. The position of the
n

conformational equilibrium was determined using the equatfon l"ax“’sx"”[(Jea"’ee)‘(""l)("aa”ue)‘ the width or

half-height width of the signal Hx was taken as the sum of counling constants 'JAXNBXI'

tCompound 4 was tnsufficiently soluble 1n CD4CN,
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