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Steric Control of S-Oxidation of 1,4-Oxathian Derivatives

By A. B. FosTER

(Chester Beatty Reseavch Institute, Institute of Cancer Reseavch: Royal Cancer Hospital, Fulham Road, London,
S.W.3)

and Q. H. Hasan, D. R. HawkINs, and J. M. WEBBER*
(Chemistry Depaviment, The University, P.O. Box 363, Birmingham 15)

I~ continuing our study of an approach! to the
stereospecific synthesis of naturally occurring
asymmetric sulphoxides,2 which utilises 1,4-
oxathian derivatives formed from simple glycosides,
the response of these compounds to S-oxidation
reagents® has been further examined .

In contrast to the behaviour of 4-substituted
thians, which undergo preponderant ax-S-oxygena-
tion with periodatet to give cis-S-oxides, (2R, 6S)-
2-hydroxymethyl-6-methoxy-1,4-oxathian (1,
derived® from methyl o-D-glucopyranoside] reacts?
under similar conditions to give > 909, of the eg-
sulphoxide (II). This behaviour has been ration-
alised?® in terms of steric hindrance to ax-S-oxygena-
tion by the ax-methoxyl-group at the anomeric
centre, assuming that the sulphide (I) reacts in the
chair conformation depicted; the chair conforma-
tion (I) is favoured3.® in chloroform at room tem-
perature. The above steric effect should be absent
from 1,4-oxathian derivatives carrying eg-sub-
stituents, and we now report on the synthesis and

t [a]-Values for CHCl,, unless stated otherwise.

reaction with periodate of (2R, 6R)-2-hydroxy-
methyl-6-methoxy-1,4-oxathian (III) and the
related compounds (XIII) and (XVIII).
Treatment of methyl 6-O-trityl-B-p-gluco-
pyranoside in sequence® with lead tetra-acetate,
borohydride, and azobenzene-p-sulphonyl chloride-
pyridine gave the diazobenzene-p-sulphonate
{(IV), m.p. 64—65°, [«];2; +33°}.t The sulphon-
ate (IV), with sodium sulphide-boiling methanol,®
afforded (2R,6R)-2-methoxy-6-trityloxymethyl-
1,4-oxathian {(V), m.p. 116—117°, [a]} —56°}
which was hydrogenolysed over palladised charcoal
to give (2R,6R)-2-hydroxymethyl-6-methoxy-1,4-
oxathian {(III), b.p. 115—120° (bath)/0-05 mm.,
[2]% —108° (MeOH)}. Treatment of the sulphide
(III) with aqueous, ethanolic sodium periodate
gave a mixture of the sulphoxides (VI) and (VII), in
the ratio ca. 10:1, from which the ax-sulphoxide
{(VI), m.p. 121—123°, [«]3’ —132°; monohydrate,
m.p. 76—78°, [a]}¥ —132°} was isolated by
chromatography on silica gel. With ozone, the
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sulphide (I1I) gave an approximately equimolar
mixture of the sulphoxides (VI) and (VII) from
which the eg-sulphoxide {(VII), m.p. 115—116°,
[o]® —125° was isolated by chromatography.

The configuration of the eg-sulphoxide (VII) was
established from the observation that its methane-
sulphonate {(VIII), m.p. 105—107°, [a]} + 52°
underwent complete solvolysis in less than 1 hr.
in water at 95° when the pH was maintained at 7.
The sole detectable product was the ax-sulphoxide
(VI) which was presumably formed?? by the reaction
sequence  (VIII) — (IX) — (X) = (XI) — (VI).
The sequence is depicted for convenience in
terms of chair conformations but, clearly, other
conformations may be involved. The methane-
sulphonate {(XII), m.p. 63—64°, [a]y +76°} of the
ax-S-oxide (VI) reacted slowly (ca. 5%, in 3-5 hr.)
under the above solvolytic conditions to give the
parent sulphoxide (VI) (chromatographic identi-
fication). No conformation is possible for the
methanesulphonate (XII) which will permit
intramolecular attack by the sulphoxide oxygen
atom on the methylsulphonyloxymethyl group.

Treatment of methyl 4,6-O-benzylidene-a-D-
glucopyranoside in sequence® with periodate,
borohydride, methanesulphonyl chloride—pyridine,
and sodium sulphide-boiling methanol afforded
(1R, 3S, 7R, 9R)-3-methoxy-9-phenyl-2,8,10-trioxa-
5-thiabicyclo[5,4,0]Jundecane {(XV), m.p. 154—
155°, [a]F +126°). With hot 1% methanolic
hydrogen chloride, compound (XV) yielded a
mixture of the 6R and 6S forms of (1'R,2R)-2-
(17,2’-dihydroxyethyl)-6-methoxy-1,4-oxathian, in
the ratio ca. 2:1, from which the 6R isomer
(XVII, m.p. 77—78° [a]®—61°) was isolated via
conversion into the benzeneboronate {(XVI), m.p.
94—95°, [a]¥ +18°} and saponification® with
Amberlite resin IRA-400 (HO- form). The R
configuration® at position 6 in compound (XVII)
was established by treatment in sequence with
periodate, borohydride, and triphenylmethyl
chloride-pyridine, which gave a trityl ether (m.p.
115—116°, [«]¥ —71°) identical with compound
(V). The diol (XVII) underwent glycol cleavage
with 1 mol. of periodate without detectable S-
oxidation.

With phosgene-pyridine, the diol (XVII) gave
the cyclic carbonate {(XVIII), m.p. 110—111°,
[x]5 —43-5°} which, with periodate-509%, aqueous
ethanol, afforded the ax-sulphoxide {(XIX), m.p.
154—155°, [o]f —80°} with only traces of the eg-
isomer (XX). However, with ozone-dichloro-
methane, the cyclic carbonate (XVIII) gave a
mixture of sulphoxides (ax :eg ratio, ca. 2:1) from
which the eg-sulphoxide {(XX), m.p. 173—174°,
fa]f —39° was isolated by chromatography on
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silica gel. The configuration of sulphoxide (XIX)
was established when treatment with barium
hydroxide gave a diol which, with periodate and
borohydride in sequence, gave the ax-S-oxide (VI).
Likewise, the sulphoxide (XX) was converted into
the eg-S-oxide (VII).

CH»OH CHo OH CHzR
(I MeO 111y R—oH
(w R=0CPh;
CHOPhs
O, OMe
REH:

RCH: (1y)R=PhN: N-CeH,SOs

CH;OR CH:OR
D e
S/Q/OMe o s&om
Y (v R=H
O (XII) R=MeSO: (VIL) R=11

(VIIL) R=MeSO2

I

CH>0H MeSO2+0—CH: )
Me

(XIIT) (XIV)

The behaviour of the 1,4-oxathian derivatives
(I1I) and (XVIII) with periodate thus corresponds
closely with that of 4-substituted thians. In each
case, there is preponderant ax-S-oxygenation,
provided it is assumed that the compounds react
in the chair conformation having equatorial
substituents. It has been established by the
n.m.r. method® that, in chloroform solution, the
1,4-oxathian (IIT) and the sulphoxides (VI) and
(VII) exist in the equatorially-substituted chair
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conformations depicted. Under these conditions,
a similar conformation (XIII) is adopted® by
(2R,6S)-2-acetoxy-6-methyl-1,4-oxathian  which
also gives mainly the ax-S-oxide (XIV) with
periodate.1°

0CH2 PhB

)éMe (XVT)

HO CH20H :
O OMe
OVIe

(XVII)

PhCH

(XVIII)
O O\Ie Q. OMe
(XIX) 0 (XX)
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With ozone, there is a significant difference in the
behaviour of the oxathians and the 4-substituted
thians. Whereas the latter compounds undergo
markedly preponderant eg-S-oxygenation with this
reagent, the oxathians (III) and (XVIII) give
substantial proportions (~50 and ~65%,, respec-
tively) of the ax-sulphoxides. This behaviour,
coupled with the difficulties associated with the
large-scale separation of mixtures of stereoisomeric
sulphoxides such as (VI) and (VII) and (XIX) and
(XX), largely deprives oxidant variation of utility
as an approach to the large-scale preparation of
pairs of stereoisomeric sulphoxides in the 1,4-
oxathian series. The control of S-oxidation of
derivatives of 2-hydroxy-1,4-oxathian is best
achieved by variation of configuration at the
anomeric centre; an ax-substituent (e.g., OMe or
OAc) engenders eg-S-oxygenation,®¢ whereas, as
shown here, an eg-anomeric substituent leads to an
ax-S-oxide.

Clearly, there is a delicate balance of steric effects
in these reactions, and this confers valuable
flexibility in the selection of synthetic routes.
Moreover, the reactions described herein illustrate
the variety of synthetic methods usable in the
1,4-oxathian S-oxide series, since, in no case, was
evidence obtained for sulphoxide racemisation.

(Recetved, May 27th, 1968; Com. 682.)
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