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ANOMER-SPECTIFICITY IN THE DEGRADATION REACTION OF D-GLUCOPYRANURONIC ACID TETRA-
ACETATE LEADING TO COMANIC ACID IN THE ACETIC ANHYDRIDE-BASE SYSTEM

Kiyohiko Tajima
The Noguchi Institute, Kaga 1-8-1, Itabashi-ku, Tokyo 173

Summary: Degradation reaction of 1,2,3,4-tetra-0-acetyl-D-glucopyran-

uronic acid(2)} was investigated in acetic anhydride-base system. And

it was made clear that the second B-elimination in the degradation re-
action of Z to comanic acid(4) occurred advantageously in g-anomer of

2 to afford 4 selectively under milder condition.

We have already reported that the degradation of a-D-galactopyranuronic
acid or its tetraacetate in acetic anhydride-base system proceeded by a combi-
nation of elimination reaction and recyclization reaction to give the 4,5-un-
saturated compound(3-a)}, 3-acetoxy-6-(diacetoxymethyl)-2H-pyran-2-one(5) or
comanic acid(4), and the directions of the degradation reactions could be con-
trolled by suitable combinations of the following ruling factors; kind of base
catalyst, concentration of acetoxy anion in the reaction system, reaction tem-

1)

On the other hand, when the degradation reaction of a commercially avail-

perature, and reaction time.

able mixture of anomers of D-glucopyranuronic acid was tried in acetic anhy-
dride-triethylamine(volume ratio 3 : 1) at 100 °C for 5 h, 4 and a-anomer of 4,
5-unsaturated compound(3-a) were obtained in 34.9% and 8.9% yields, respective-
ly, and the rest of the substrate was degraded to a tarry material. However,
B-anomer of 4,5-unsaturated compound(3-B) was not obtained at all, although it
was assumed that the degradation reaction of 1 to these compounds proceeded via
a mixture of anomers of tetraacetate(2).
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Ac,0-Et, N AcO.
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8.9% 34.9%

From this result, the author was interested in the relationship between
the degradation reaction and the conformation of the acetoxyl group on C-1 of Z
and tried the degradation reaction using respective anomer(Z-o and 2;§)2)t0 ob-
tain the results of the degradation reaction accurately. All the results are
listed in Table 1.

When the degradation reaction was tried at room temperature using triethyl-
amine as a base for 16 h, 2-a or 2-§ gave the 4,5-unsaturated compound(é;g)l)or
(é;g)s), respectively, as the main product, and 4 was obtained in only trace
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Table 1., Degradation Reaction of D-Glucopyranuronic Acid Tetraacetate in Acetic

Anhydride-Base
0Ac QAc OAc O

ACO_//J\ OAc AQOA,/J\\_,OAC he,0-Base A0 //L\ . ﬂ,c>§L:OAC

| o ) e O U O AT G ¢
ACO” 07 YO0 AcO” 07 ICOOH AcQ” TO7T TCooH TO7 T CooM \7 07 o
OAc
2z 2-8 3 4 3
Reaction Reaction Yield/%
. .

Base temp. /°C time/h Substrate 3 4 5

i . 2-0 74.7 trace -

EEyN vt 16 2-8 73.4 8.8 -

. 2-a 76.3 trace -

DBy rot. 16 2-8 75,5 10.3 -

) 2-qa 71.1 3.4 -

| {

Et,N 50 16 2-8 - 90.0 -

¢ 75 16 2-a 57.2 37.1 -

2-a 24.8 56.0 -

’ 100 5 2-8 Z 94.0 -

2-a 5,2 80,2 -

’ 100 16 2-R - 93.5 -

7 - 2-a 70.5 Lrace -

) 100 16 2-8 - 73.5 -
Q ~ 2-a 73.9 trace trace
aco” () 100 17 2-8 12.9 75. 8 trace

* a-anowmer ©r f-anomer of 3 was obtained from 2-a or 2-B, respectivelv.

and 8.8% yield, respectively. And even when stronger base, 1,8-diazabicvclol[5.

4.0]~undec~-7-ene(DBU), was used in place of triethylamine, 2-x and 2 also

gave 3-a and 3-2 along with 4 in trace and 10.3% vield, respectively, at room
temperature.

Then, the effect of reaction temperature was investigated at elevated tem-
perature using triethylamine as a base. By the degradation reaction for 16 h,
although 2-8 was degraded to 4 in 90.0% yield at 50 °C, Z-0 had to be treated
at 100 °C to give 4 in 80.2% yield. Further, 4 was selectively obtained from
2-8 also in the degradation reactions using weeker base at comparatively high
temperature. And also, in the case of high concentration of acctoxy anion in
the reaction system, for example, in acetic anhydride-acetic acid-pyridine(vol-
ume ratio 10:3.3:1), 2-8 gave only a trace of 3-acetoxy-6-(diacetoxymethyl)-2H-
pyran-Z—one(§)1) by the treatment at 100 °C for 25 h. This result showed 1it-
tle influence of acetoxy anion on the direction of the degradation reaction of
Z to 4 in acetic anhydride-base systen.

A typical example of the degradation reactions was carried out as follows.
A solution of 0.208 g(0.57 mmol) of 2-f and 0.3 m1(2.15 mmol) of tricthylamine
in 3 ml of acetic anhydride was stirred at 50 °C for 16 h and thc reagents were
evaporated under reduced pressure. To the residue was added 10 ml of water and

insoluble substance was filtered off. The filtrate was treated with ion ex-



change resin(DOWEX 50W-X2) to give 4 in 90.0% yleld.

The degradation reaction of
id(2) was assumed to be composed
anion catalyzed acetic anhydride
2 and acetic acid, and proceeded
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1,2,3,4-tetra-0-acetyl-D-glucopyranuronic ac-
of double B-elimination reactions and acetoxy
elimination in the mixed anhydride(2’) between

as shown below ; 2’ was converted to the 4,5-

unsaturated mixed anhydride(3’) by the first B-elimination, then underwent the

second B-elimination to give 2,3:4,5-di-unsaturated mixed anhydride(6’), final-

ly acetic anhydride was eliminated from 6’ by acetoxy anion to afford 4’.4

Ac OAc OAc
lst. 2nd.
ACO._ ',.OAC g-elimination ACO-_» B-elimination
S K0 o
AcO” 07 NCO0AC AcO” 07 NCO0AC Acd 707 TCO0AC
2'-a 3'-a 5 6'-a \ i
anomer specific
i 07 TC00Ac
| .
QAc OAc | CAc -
AcO. i
[ORE— PRV S
c. 2nd. Ac
éf::limination AcO 0 CO0Ac Br—]elimination © Coo
27-8 3. g 6'-B

The favoring effect of the trans elimination over the cis elimination has

been known in ionic B-elimination reaction and also reported in 8-elimination
reaction in pyranuronic acid derivatives. For example, methyl esters of methyl
pyranosides of 2,3,4-tri-0-methyl-a-D-mannuronic acid, -a-D-glucuronic acid,
and -B-D-galacturonic acid undergo cis, cis, and trans elimination, respective-
ly, to give the 4,5-unsaturated esters by treatment with sodium methoxide in
methanol at room temperature, but the second B-elimination occurs only in the
methyl (methyl-2,3-di-0-methyl-4-deoxy-8-L-mannopyranoside)uronate to yield a Z,
3:4,5-di-unsaturated ester(trgns elimination) and not in the other two com-
pounds {cis elimination).s) Also in the present degradation reaction, double 8-
elimination was possible and, from the results of the degradation reaction of
2-a or 2-f using triethylamine or DBU at room temperature, yields of the main
product, 4,5-unsaturated compound(3-o or 3-8) afforded by the first B-elimina-
tion were almost same and there was no difference in reactivity between 2°-o

and 2’-§ in the first g-elimination.

However, at elevated temperature, degra-
dation reaction of 2-a and 2-8 in acetic anhydride-triethylamine for 16 h show-
ed that 2-B degraded to 4 more easily than 2-o and the rest from 2-a was 3-a
and not 2,3:4,5-di-unsaturated compound(6-a). To confirm this anomer specifi-
city in the degradation reaction, both anomers were degraded in the acetic an-
hydride-triethylamine (volume ratio=10 1)system at 100 °C and change in yields

of 4 and 3 with reaction time were investigated. Results were summarized in
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Fig., 1. Trom these results it was Fig. 1. Degradation of D-Glucopyranuronic
made clear that 3°-f was more reactive Acid Tetraacetate(2-a and 2-8) in Acetic
than 3’-o in the second B-elimination Anhydride-Ft, N at 100 °C

and it was reasonable to speculate

100 -
that a ruling factor of the second B-
elimination was conformation of the &)_~AC>_ O

acetoxyl group on C-1 of 37,

It was interesting problem wheth-
er this anomer specific f-eliminatilon P
was possible in other solvent-base sys- :
tem or not. In order to investigate
this point, thec degradation of 2-§ was
tried in acetone-triethylamine at 50 °C
for 16 h in the presence of an equi-
molar acetic anhydride, which was es- se
sential to prepare the mixed anhydride EESO
(2’-8). In this case, the degradation -
of 2-£ did not proceed smoothly and 4
was obtained in only 23.1% vield along
with 3-2 in 69.5% yield. From this re-
sult it was assumed that acetic anhy-
dride in excess played some role in the
second anomer specific 2-elimination in
the degradation reaction of 1,2,3,4-
tetra-0O-acetyl-D-glucopyranuronic acid

(2) in acetic anhydride-base system.

Although the mechanism of this specific

effect by the combination of conforma- et NN HSUS LTSS NS B SHS SSE S  S

5 10 15

i . . . : Ci
acetic anhydride has not been investi- Reaction time/h

tion of acetoxyl group on C-1 of 2 and

gated, this anomer specificity was found to be effective in controlling degrada-
tion reaction of 2 to 4 in acetic anhydride-hase systen,.
The auther wishes to thank Professor Teruaki Mukaivama of the University
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