
76 

Synthesis of Anhydro-bridged Disaccharide Subunits of Anthracycline Antibiotics 
Joachim Thiem* and Werner Klaffke 
Organisch-Chemisches lnstitut, Westfilische Wilhelms-Universitat, Orleansring 23, D-4400 Minster, federal 
Republic of Germany 

Following Ferrier glycosylations the hex-2-enopyranosyl disaccharides (5) and (1 1) are obtained, then converted by 
allylic oxidation to the Michael-acceptor systems (10) and (13), which are subsequently transformed into the 
ether-bridged disaccharides (14) and (16) by base catalysed intramolecular vinylogue addition; this approach 
provides the first straightforward access to novel ether-bridged and glycosidically linked saccharide units of 
anthracycline class I I  antibiotics such as cinerubin B. 

Anthracycline antibiotics have been known for more than 
three decades and are well established as chemotherapeutics 
in the treatment of human lymphatic leukaemia.1.2 This 
communication centres on a structural subunit in serirubicin,3 
ditri~arubicin,~ sulfurmycin,5 and cinerubin B (1) ,677 all of 
which are found to express antineoplastic activity in tumour 

cell lines which are unaffected by adriamycin, aclacinomycin 
A, or cinerubin A. The decisive structural feature of these 
subunits is based on the additional 2',3-ether bond bridging 
the a, 1-4-glycosidically linked deoxy saccharide units B and 
C .  

Starting with diacetylrhamnal (2)8 and the easily available 
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epoxide (3)9 the hex-2'-enopyranosyl-a( 1+4) disaccharide 
(5) was obtained exclusively following the Ferrier glycosyla- 
tion procedure (73%) (see Scheme 1).10 As known from 
previous investigationsllJ2 the epoxide with the aZZu-configu- 
ration was cleaved stereoselectively with lithium iodide in 
chloroform, to give both the trans diequatorial (6) and the 
trans diaxial (7) products in a 1 : 3  ratio according to 
Furst-Plattner's rule.13 The iodo altroside (7) was reduced by 
tri-n-butyltin hydride14 to give the 2,6-dideoxy compound (8) 
and this in turn deblocked under mild basic conditions 
(potassium carbonate in methanol) to give methyl 4-0-(2,3,6- 
trideoxy-ar-~-erythro-hex-2-enopyranosyl)-2,6-dideoxy-a-~- 
ribohexopyranoside (9). In situ allylic oxidation by manganese 
dioxide in anhydrous dichloromethanel5 gave the correspond- 
ing enone (10) (81%). 
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Treatment of (10) in dry dichloromethane at 0°C with 
1,8-diazabicycl0[5 .4.0]undec-7-ene (DBU) , followed by 
warming to room temperature within 2 h, gave the anhydro- 
bridged disaccharide (14) as a colourless syrup in 59% yield 
(see Scheme 2). The 1H NMR analysis of the coupling 
constants as well as the nuclear Overhauser enhancement 
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Scheme 1. Reagents: BF3-OEt2 
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Scheme 2. Reagents: i ,  DBU; ii, H2, PdC. 
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(NOE) for H-1’ and H-5 support the conformation depicted to 
be 4C1 for the reducing and IS,-, for the nonreducing rings, 
respectively. 

In order to circumvent difficulties in the glycosylation 
reaction of such C-4 hydroxy groups in the Zyxo series, as 
observed previously in Koenigs-Knorrl6 and N-iodosuccini- 
midel5 reactions, a synthetic deviation was applied which 
formerly proved useful in corresponding cases. 17918 Thus, 
methyl 6-bromo-2,6-dideoxy-(~-~-hexopyranoside (4) was 
synthesized by several steps described previously17 and served 
as the key intermediate in this ‘D-trick-strategy’ approach. l8 
Ferrier glycosylation of (2) and (4) generated the unsaturated 
(~(1-4) linked disaccharide (11) in 54% yield. Further 
deacetylation to (12) and subsequent oxidation by manganese 
dioxide gave the labile enone derivative (13). Formation of the 
desired compound (16) could be observed after reaction with 
DBU in dichloromethane followed by a hydrogenation step. 
This result may be rationalized by a two-step process. Under 
basic conditions the elimination of hydrogen bromide occurs 
and simultaneously a Michael addition generates the anhydro 
bridge. Final hydrogenation of the assumed unsaturated 
intermediate (15) inverts the stereochemistry at C-5 and thus 
sets up the L-configuration in the reducing sugar ring of the 
ether-linked methyl (3-glycoside (16). This in situ four-step 
procedure gave an overall 14% yield of (16) based on the 
disaccharide precursor (11). 

In conclusion, this contribution describes the first approach 
to anhydro-bridged deoxy oligosaccharide compounds of class 
I1 anthracyclines following a biomimetic approach.6 
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