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useful alternative to the classical Horner-Wadsworth-
Emmons reaction.
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Summary: Axial anomeric sulfoxides generated via thio-
phenol Ferrier rearrangement of glucal and galactal de-
rivatives are used to synthesize glycals of the gulal and allal
series. An application of the method led to the synthesis
of the esperamicin thiosugar, thereby establishing its ab-
solute configuration.

The advent of the potent DNA cutting antibiotics
esperamicin (1)! and calicheamicin? raises numerous issues
in biology and chemistry. Not the least of the challenges
and opportunities for organic synthesis in this area is that
of the carbohydrate sector (cf. esperamicin trisaccharide
type, 2). While the enediyne carbocyclic region presumably
serves as the source of the chemically destructive prop-
erties,? the carbohydrate ensemble may well play an im-
portant role as a recognition marker for the oligo-
nucleotide. In this paper we describe a synthesis of the
hexose containing the thiomethyl group.®

While the methyl glycoside 3 was the focus of the effort,
a more general objective was that of providing access to
glycals bearing 3-axial alcohol derivatives, with a range of
substituents at C4 (see allal and gulal structures 4 and 5,
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respectively).t Glycals of this type might be useful in-
termediates for reaching 3 and might serve as glycosyl
donors pursuant to a projected synthesis of the larger goal,
i.e. system 2 (see Scheme I).

The concept is well illustrated by the conversion of the
commercially available triacetylglucal (6) to the allal de-
rivative 11. Treatment of 6 with benzenethiol (BFj
OEt,~methylene chloride -78 °C) afforded, by Ferrier type
rearrangement,”® the o-(phenylthio)pseudoglycal™ in 72%
yield. There was also produced ca. 8% of the corre-
sponding 8-phenylthio anomer. Compound 7 was oxidized
with m-chloroperoxybenzoic acid (mCPBA) in methylene
chloride at 0 °C.2 Exposure of resultant sulfoxide 8 to
piperidine at room temperature afforded a 70% yield of
11.° In a similar way L-rhamnal derivative 12 was con-
verted to o-sulfide 13° (71% yield) and thence to 17% in
30% overall yield.1?

The most obvious formulation of these results involves
[2,3] sigmatropic rearrangement of 8 and 14,112 leading
to sulfenates 9 and 15, respectively (Scheme II). These
intermediates are interdicted with piperidine to give 10
and 16, which undergo acyl transfer to provide the ob-
served products 11 and 17. An alternate formulation,
which avoids the need to invoke an acyl transfer, contem-
plates neighboring group participation by the trans-dis-
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posed acetoxyl functions in 8 and 14 followed by solvolysis
of the respective acetoxonium species.!?

(13) A problem with the simple acetoxonium mechanism is that glycal
formation is not noted until thiophile!? (either secondary amine or
phosphite) is added.

That the [2,3]-rearrangement mechanism is viable in
other cases is seen from the transformation of D-galactal
triacetate 18 to 229 (60% overall) via sulfide 19.° In this
instance no acyl transfer is observed and the process is well
accommodated by proposing rearrangement of sulfoxide
20 and interdiction of sulfenate 21.
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While additional investigations will be required to
delineate the scope and mechanism of the new glycal
synthesis, it has already been used to advantage in reaching
the desired target system 3. For this purpose, we returned
to the galactal derived sulfide 19. Twofold deacetylation
(sodium methoxide-methanol, room temperature) was
followed by treatment with dibutyltin oxide and tosyl
chloride in chloroform. There was thus obtained in 60%
yield the monotosylate 23.2 Reduction of the latter with
lithium aluminum hydride followed by mesylation (mesyl
chloride, triethylamine, CH,Cl,, 0 °C) afforded 24 (Scheme
III). The bis thio compound 25° was obtained (70%
overall from 23) upon reaction of 24 with sodium meth-
anethiolate. Reaction of 25 with 2.1 equiv of mCPBA
followed by exposure of the bis sulfoxide 26 to diethyl-
amine afforded monosulfoxide 27. It is interesting to note
that the rate of [2,3]-rearrangement!!'2 of the anomeric
phenylsulfinyl function of 26 is apparently much more
rapid than is the hypothetical corresponding reaction of
the methanesulfinyl group. The anomeric effect would

favor rearrangement in the observed sense.!* Moreover,
the rate of the observed [2,3]-process may be further en-
hanced by virtue of the axial character of the phenyl-
sulfinyl group as opposed to the equatorial nature of the
methanesulfinyl unit.

Glycal 28° (64% overall from 25) was obtained by re-
duction of 27 with lithium aluminum hydride. Methoxy-
selenation!® (PhSeCl, MeOH, toluene, 0 °C) of 28 afforded
29, which upon reduction with Ph;SnH~AIBN [2,2'-azo-
bis(2-methylpropionitrile)], provided the methyl glycoside
3 (53% overall from 28).®* The same compound was ob-
tained by treatment of esperamicin with methanolic HC1.!
The NMR spectra (300 MHz) and optical rotations [syn-
thetic sample [a]p (CHClg, ¢ 0.61) +270°, degradation
product [a]p (CHCls, ¢ 0.275) +273°] are the same.

In summary, a new route to glycals of the type 4 or 5
has been developed. The method has been applied to the
synthesis of glycal 28, a possible intermediate for the total
synthesis of the esperamicin trisaccharide 2. Methoxy-
selenation-reduction was used to convert 28 to the a-
methyl glycoside 3, obtained by degradation of esperam-
icin.! This synthesis rigorously establishes the absolute
configuration of the thiosugar residue of esperamicin.'®
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Summary: Oxidation of amines to hydroxylamines with
2,2-dimethyldioxirane is described. This new method is
utilized to prepare disaccharide hydroxylamine 13.

One of the many fascinating features of the trisaccharide
of esperamicin! is the presence of a hydroxylamino sugar
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glycosidically linked to a sulfur-containing sugar. In the
previous paper? we have described some new chemistry
which produced a potential glycosyl donor variation of the
thiosugar. Herein we concern ourselves with chemistry
designed to produce equatorial hydroxylamino sugars. In
particular, we wondered about the possibility that hy-
droxylamino sugars might be accessible by direct oxidation
of the corresponding amines. In this way, the relatively

(2) Wittman, M. D.; Halcomb, R. L.; Danishefsky, S.; Golik, J.; Vyas,
D. J. Org. Chem., preceding paper in this issue.
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