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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 calicheamicin2 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- 
e r t i e ~ , ~  the carbohydrate ensemble may well play an im- 
portant role as a recognition marker for the oligo- 
n~cleo t ide .~  In this paper we describe a synthesis of the 
hexose containing the thiomethyl group.5 

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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N. B.; Danishefsky, S. J. J .  Org. Chem. 1989, 54, 2781. (9) Zein, N.; 
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respectively).6 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 ll. Treatment of 6 with benzenethiol (BF,. 
OEb-methylene chloride -78 OC) afforded, by Ferrier type 
rearrangement,’qb the cy-(phenylthio)pseud~glycal~~ in 72% 
yield. There was also produced ca. 8% of the corre- 
sponding P-phenylthio anomer. Compound 7 was oxidized 
with m-chloroperoxybenzoic acid (mCPBA) in methylene 
chloride a t  0 oC.8 Exposure of resultant sulfoxide 8 to 
piperidine a t  room temperature afforded a 70% yield of 
ll.9 In a similar way L-rhamnal derivative 12 was con- 
verted to cy-sulfide 139 (71% yield) and thence to 179 in 
30% overall yield.1° 

The most obvious formulation of these results involves 
[2,3] sigmatropic rearrangement of 8 and 14,l1,l2 leading 
to sulfenates 9 and 15, respectively (Scheme 11). 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- 

(6) All attempted reductions of the corresponding ketones lead to 
equatorial alcohols: (a) Danishefsky, S. J.; DeNinno, M. P. Angew. 
Chem., Int. Ed. Engl. 1987, 26, 15. Attempts to directly invert the 
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of allal and gulal derivatives, see: (b) Sharma, M.; Brown, R. K. Can. J .  
Chem. 1966, 44, 2825. (c) Lemieux, R. U.; Fraga, E.; Watanabe, K. A. 
Can. J .  Chem. 1968,46, 61. 
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R. J. Adv. Carbohydr. Chem. Biochem. 1969,24, 199. (c) Valverde, S.; 
Garcia-Ochoa, S.; Martin-Lomas, M. J .  Chem. SOC., Chem. Commun. 
1987, 383. 

(8) The sulfoxides were isolated but were not characterized. They 
were immediately treated with piperidine without any attempt to isolate 
their corresponding sulfenates. For a striking demonstration of the la- 
bility of anomeric sulfoxides, see: Kahne, D.; Walker, S.; Cheng, y.; Van 
Engen, D. J. Am. Chem. SOC. 1989, 111, 6881. 

(9) All new compounds were characterized by IR and NMR spec- 
troscopy, HRMS, and optical rotation. 

(10) Complications arising from the votalility of glycal 17 rather than 
differences in chemistry are responsible for the decreased yields in this 
case. 
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posed acetoxyl functions in 8 and 14 followed by solvolysis 
of the respective acetoxonium species.13 

That the [2,3]-rearrangement mechanism is viable in 
other cases is seen from the transformation of D-gdactal 
triacetate 18 to 229 (60% overall) via sulfide 19.9 In this 
instance no acyl transfer is observed and the process is well 

20 and interdiction of sulfenate 21. 

(13) A problem with the simple acetoxonium mechanism is that glycal 
formation is not noted until thiophile'2 (either secondary amine or acco"odated by proposing rearrangement of sulfoxide 
phosphite) is added. 
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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 23.9 Reduction of the latter with 
lithium aluminum hydride followed by mesylation (mesyl 
chloride, triethylamine, CH2C12, 0 "C) afforded 24 (Scheme 
111). The bis thio compound 259 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]-rearrangement11J2 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.14 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 289 (64% overall from 25) was obtained by re- 
duction of 27 with lithium aluminum hydride. Methoxy- 
~elenation'~ (PhSeC1, 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).15 The same compound was ob- 
tained by treatment of esperamicin with methanolic HCl.' 
The NMR spectra (300 MHz) and optical rotations [syn- 
thetic sample ["ID (CHC13, c 0.61) +270°, degradation 
product ["ID (CHC13, c 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 glycal28, a possible intermediate for the total 
synthesis of the esperamicin trisaccharide 2. Methoxy- 
selenation-reduction was used to convert 28 to the cy- 

methyl glycoside 3, obtained by degradation of esperam- 
icin.l This synthesis rigorously establishes the  absolute 
configuration of the  thiosugar residue of esperamicin.16 
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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 hydroxylamine sugar 

(1) (a) Golik, J.; Clardy, J.; Dubay, G.; Groenewold, G.; Kawaguchi, H.; 
Konishi, M.; Krishnan, B.; Ohkuma, H.; Saitoh, K.; Doyle, T. W. J .  Am. 
Chem. SOC. 1987, 109, 3461. (b) Golik, J.; Dubay, G.; Groenewald, G.; 
Kawaguchi, H.; Konishi, M.; Krishnan, B.; Ohkuma, H.; Saitoh, K.; Doyle, 
T. W. J .  Am. Chem. SOC. 1987, 109, 3462. 

glycosidically linked to a sulfur-containing sugar. In the 
previous paper2 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 hydroxylmino 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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