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STEREOSELECTIVE SYNTHESIS OF METHYL 
p -DL-NOVIOSIDE 

In the course of acidic degradation of the antibiotic 
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(Receirvd in UK 30 October 1975; Accepledforpublicafion 12 December 1975) 

AbstractStereoselective synthesis of an antibiotic sugar, methyl P-DL-novioside from 2-(2-furyl)propan-2-01 is 
described. The key step involved transformation of 2,Sdimethoxy-2,Sdihydrofuran derivative into 2,3-unsaturated 
pyranos4ulose. Its glycosidation followed by reduction, methylation and hydroxylation afforded p-DL-novioside. 

It has been demonstrated that anomeric configuration of methyl noviosides and novobiocin are opposite to that 

reported in the literature. 

novobiocin’ a sugar component was isolated as an 
anomeric mixture of methyl or ethyl glycosides.’ 

The structure of this monosaccharide, which was 
named noviose, was established as 4-O-methyl-U- 
dimethyl-t_-lyxose.’ The L-lyxo configuration followed 
from the degradation of the noviose to the (-)a$- 
dihydroisovaleric acid and has been confirmed by the 
synthesis of 2,3-isopropylidene-5-0-methylnovionic acid 
from t_-rhamnose.’ 

Assignment of the anomers’ configuration was based on 
the rules of isorotation. Methyl novioside with positive 
rotation ([a$+ 106”) was recognized as /?-L-1~x0, 
whereas that with negative ([a];-45”) as a-L-lyxo 
anomer.’ Later Vaterlaus et a/.’ have obtained noviose 
and subsequently methyl-3-O-carbamoyl-a -L-novioside 
in multi-stage synthesis from n-glucose. 

In the present paper we describe an efficient 
stereoselective synthesis of racemic methyl /3-novioside 
from a non-sugar precursor. Moreover, result of the 
synthesis reverses an earlier assignments of the anomeric 
configuration of methyl noviosides. 

RESULTS AND DISCUSSION 

Synthesis of methyl /?-novioside was based on the 
previously developed general method of the total synth- 
esis of monosaccharides from substituted furfuryl al- 
cohols.’ Accordingly, 2-(2-furyl)propan-2-01 (2), readily 
available from Grignard reaction of 2-acetylfuran (1) with 

methyl magnesium bromide, was treated with bromine in 
methanol to yield 2,5-dimethoxy-2,5dihydro derivative 3, 
as a mixture of cis and trans isomers (Scheme I). These 
were hydrolyzed, without separation, to give ulose 4, 
which in turn was converted into methyl glycoside 5 by 
treatment with methyl orthoformate in the presence of 
boron trifluoride. Compounds 4 and 5 had analytical and 
spectral data consistent with their structures. Both 
showed UV absorption and IR bands characteristic of 
a$-unsaturated ketone and MS fragmentation those of 
2.3~unsaturated4-keto sugars’ (Experimental); in ‘H 
NMR spectra, besides signals corresponding to two Me 
groups and hydroxy (4) or methoxy (5) group, there 
appeared an ABX system with chemical shifts and 
coupling constants (Table 1) typical for 2,3-unsaturated 
4-ulose or 4-uloside.’ 

LAH reduction of uloside 5 gave two carbinols 6 and 9 
in the ratio 9: I. Their structure followed from analytical 
data and configurations were deduced from the values of 
the methine protons coupling constants. Studies on the 
2,3unsaturated sugars indicate that the conformation of 
the pyranoid ring is essentially half-chair.Y In compounds 
of this type vicinal (J,l, Jw) and allylic (Jr?, Jz,) coupling 
constants are related to the dihedral angle” in a manner 
described by Garbisch” equation and pseudoequatorial or 
pseudoaxial position of H-l and H-4 protons could be 
inferred from their ‘H NMR data. These coupling 
constants (Table 1) indicate that in the main reduction 
product of uloside 5 both hydrogens H-l and H-4 are in 
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Table 1. 100 MHz ‘H NMR data for compounds 4-12. (a) Could not be obtained from the spectrum. (b) DSS was 
used as internal standard. 

Compound 

13, 
I ctemcirl shIftsa (pp, TXS=C) 

C-l C-2b C-j3 c-4 C-5 1 -oCli, 4-oCH, eq.-CH, ax .-LH, 

Dextro 
97.lC 73.88 69.15 84.04 71.10 55.78 61 .22 28.j4 18.66 

methyl novloslde 

Law0 132.33 68.32 71.53 84.04 76.91 j4 .‘I0 El .I2 28.a6 22.66 
nethsi r.ovlcslds 

1 ti_~ov~one~ 1 a?.97 71 .31 66.67 84.69 72.61 - “1.49 2a.21 la.45 1 

1 ~-NOVIOS~~ 1 %.I@ 72.28 7~.17 84.15 76.35 - El.79 2a.ao 24.92 I 

pseudoaxial position. Consequently carbinol 6 has @- 
configuration and exists predominantly in OH5 conforma- 
tion 13. Similarly, coupling constants of the LAH 
reduction minor product acetate 10 show that it has 
a-configuration and appears in ‘Ho conformation 14. 

Compound 6 treated with dimethyl sulphate in the 
presence of sodium hydroxide in DMF gave methyl ether 
8. Subsequent cis-hydroxylation with Milas’ reagent 
afforded only one diol 11, which was fully characterized 
as its diacetate 12. Since stereoselectivity of hydroxyla- 
tion of the double bond with Milas’ reagent depends on 
steric hindrance, attack from the side opposite to the axial 
&-Me group should prevail and the formation of /3-1~x0 
compound could be expected. In fact, coupling constant 

“The values of Ju coupling constant indicate the prevalence of 
the ‘C. conformation in both anomers of noviose or methyl 
novioside.‘*.‘2 

JV = 10.2 Hz measured for diacetate 12 revealed axial- 
axial relation of H-3 and H4 protons, which proved its 
/3-1~x0 configuration. Thus compound 11 is methyl 
/3 -DL-novioside. 

Synthetic methyl /3-DL-novioside (11) and its diacetate 
12 were compared directly (TLC, GLC, ‘H NMR) with 
both methyl noviosides and their diacetates of natural 
origin. Surprisingly the identity of relative configurations 
of synthetic compound 11 and laevorotatory methyl 
novioside, which have been previously assigned’ a- 
configuration, was discovered. 

Since the structure of the racemic novioside has been 
unambigously established by the course of the synthesis, 
change in anomeric configuration assignment, reported5 
for methyl noviosides, had to be taken into account. It 
was demonstrated that of the two anomers ,9-noviose and 
/3 -novioside should be thermodynamically more stable,12 
because of 1,3-d&&l interaction present in ‘C,t confor- 
mation of a-anomer. When both methyl noviosides were 
taken separately and subjected to equilibration in acidic 
aqueous methanol the mixture comprising 1 part of 
dextro- and 2 parts of laevorotatory anomer (GLC of 
trimethylsilyl ethers) was obtained. Hence laevorotatory 
anomer should have P-configuration contrary to the 
earlier assignment.’ The same conclusion can be drawn 
from the “C NMR spectra of methyl noviosides (Table 2). 

Table 2. “C NMR spectra of noviose and methyl novioside anomers. (a) Mixture of CDCI, and (CD,)SO was used as 
a solvent. (b) Assignment of C-2 and C-3 signals is tentative. (c) Data for a- and @-noviose are taken from the 

spectrum of the equilibrium mixture of anomers. 

Chemical shifts d (ppm, TW=O) 
Comp- Solv- 

Coupling cmstants (Hz) 

ound *“t 
OMe 

H-l H-2 H-3 H-4 Me Me (4-OMe) Aa ‘12 ‘13 ‘14 ‘23 ;2A J34 

4 C&X3 5.83 6.99 6.16 - 1.53 1.44 - - 2.3 1.5 - 13.j - - 

cm3 5.24 6.92 6.12 - 1 .j2 1.41 3.57 - 3.3 1.2 - 10.4 - - 
r 

C6D6 4.84 6.A3 5.9C - 1.44 1 .34 3.21 - 3.0 1.2 - 13.4 - - 

6 cm3 4.87 5.72 j.a9 3.aa 1.40 1.39 3.46 - 1.j 1.2 2.3 lC.5 l.a 2.5 

9 / CDZ13 1 L.94 5.aj 6.12 3.63 1.27 3.41 - 1 2.2 7.3 0 1c.3 C 4.2 1 

Q_ 1 CD”lq 1 5.c5 6.01 5.C2 1.36 1 .2a 3.jO 2.12 1 a a a * a a 1 

J23b 
3.61 

2 4.67 3.a6 3.95 3.37 1.m 1 .30 
(3.47) 

- 2.2 - - 3.4 - 9.C 
__ ..___-. _ 

3.58 2.19 
JZ CJZC13 4.67 j.31 5.43 3.44 1.49 (3.47) 2.c9 

l.a - - 3.L - lC.2 
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