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ANOMER-SPECIFICITY IN THE DEGRADATION REACTION OF P-GLUCOPYRANURONIC ACID TETRA- 

ACETATE LEADING TO COblANIC ACID IN THE ACETIC ANHYDRIDE-BASE SYSTEM 

Kiyohiko Tajima 

The Noguchi Institute, Kaga l-8-1, Itahashi-ku, Tokyo 173 

Summary: Degradation reaction of 1,2,3,4-tetra-&acetyl-q_glucopyran- 

uranic acid(Z) was investigated in acetic anhydride-base system. And 

it was made clear that the second B-elimination in the degradation re- 

action of 2 to comanic acid(4) occurred advantageously in 8-anomer of 

2 to afford 4 selectively under milder condition. 

We have already reported that the degradation of a-Dgalactopyranuronic 

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(z) or 

comanic acid(!), 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- 

perature, and reaction time. 1) 

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

able mixture of anomers of e-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, 

S-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, 

O-anomer of 4,5-unsaturated compound(3-8) 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(Z), 

OH 

1 3-a 4 - 

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-l of 2 

and tried the degradation reaction using respective anomer(Z-cr and 2-J) 2) to 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-u or Z-6 gave the 4,5-unsaturated compound(3-a) l)or 

(s)3), 

- - 
respectively, as the main product, and 4 was obtained in only trace 
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4.0]-undec-i-ene(DRU), \<a~ used in place of triethylaminc, 3-z and 2-F also 

gave 3-cl and 3-9 along \iith 4 in trace and 10.3% ),ield, respectiveI>-, 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-S was degraded to 4 in 90.0% yield at 50 ‘C, 2-n. hnki to he treated 

at 100 OC to gilre 4 in 80.2% yield. r:urtt1er, 4 lias select ivr>l)- 0btaincJ from 

Z-3 also in the degradation reactions usi.ng weeker base at comparntivel:. high 
temperature. And also, in the case of high concentration of n;etos\ anion in 

the reaction s)rstem, for example, in acetic anhydride-acetic ai.i(i-!)\‘ridinc(vol- 

ume ratio 10:3.3:1), 2-B gave only a trace of Sacetoxy-h- (~IiaCetos~~mcthyl) -?ii- 

pyran-Z-one(:)l) - by the treatment at 100 ‘C for L5 1-i. ‘This re.iult sliohed lit- 

tle influence of acetox)- anion on the direction of the degradation reaction of 

2 to 4 in acetic anhydride-base system. 

A typical example of the degradation reactions was carried out a’; follows. 

.A solution of 0 .208 g(O.57 mmol) of 2-E and 0.3 ml(2.15 mmoi) of :ricth~Lamine 

in 3 ml of acetic anhydride was stirred at 50 ‘C for I6 11 and tic rcagclnts were 

eliaporated under reduced nressurc. 'TO the residue was added Ii1 llil Oi- hater and 

insoluble substance lias filtered off. ‘i‘lle filtrate was trcatei! ixittl ioIl es- 
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change resin(DOWEX SOW-X2.) to give 4 in 90.0% yield. 

The degradation reaction of 1,2,3,4-tetra-O-acetyl-D_glucopyranuronic ac- 

id(Z) was assumed to be composed of double B-elimination reactions and acetoxy 

anion catalyzed acetic anhydride elimination in the mixed anhydride between 

2 and acetic acid, and proceeded as shown below ; 2’ was converted to the 4,5- 

unsaturated mixed anhydride by the first B-elimination, then underwent the 

second @elimination to give 2,3:4,5-di-unsaturated mixed anhydride( final- 

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

OAC OAc 
1st. 2nd. 
B-elimination ACO... B-elimination 

* 

COOAc 
T CCOAC 

2’-a 3’-ci 
-\ 
6’-c( 0 

anomer sl;ecific step 
COOAc 

0 
4’ 

OAc OAC 
I I CAc I /- 
I 

COOAC COOAc 
B-elimination 

2’-8 3’-8 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 B-elimination 

reaction in pyranuronic acid derivatives. For example, methyl esters of methyl 

pyranosides of 2,3,4-tri-O-methyl-a-Q-mannuronic acid, -a-;-glucuronic acid, 

and -f3-IJ-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 R-elimination occurs only in the 

methyl(methyl-2,3-di-O-methyl-4-deoxy-~-~-mannopyranoside)uronate to yield a 2, 

3:4,5-di-unsaturated ester(trans elimination) and not in the other two com- 

pounds(cis elimination). 5) * Also in the present degradation reaction, double B- 

elimination was possible and, from the results of the degradation reaction of 

Z-cl or 2-B using triethylamine or DBU at room temperature, yields of the main - - 
product, 4,5-unsaturated compound(3-a or 3-B) afforded by the first B-elimina- - - 
tion were almost same and there was no difference in reactivity between 2’-a 

and 2’-B in the first a-elimination. However, at elevated temperature, degra- 

dation reaction of 2-a and Z-6 in acetic anhydride-triethylamine for 16 h show- 

ed that 2-B degraded to 4 more easily than 2-a 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. From these results it ~~3s Fig. I. Deqradation of [2-Glucopyranuronic 

made clear that 3’-P Ltsas more reactive i\cid Tetraacetilte (2-n FI:lij ?_I’) in ncetic 

than 3’-a in the second P-elimination Anhydride-Et il at 100 “i: 
3 

and it lias reasonable to speculate 

that a ruling factor of the second c- 

elimination was conformation of the 

acetoxyl group on C-l of 3’. 

It was interesting problem whetI?- 

er this anomer specific i-elimination 

was possible in other solvent-base svs- 

tern or not. In order to in\-es? ignte 

this point, the degradation of 2 -I’ was 

tried in acetone-triethylamine at 50 ‘C 

for 16 h in the presence of an equi- 

100 

molar acetic anhydride, which was es- -V 

sential to prepare the mixed anhydride & 

(S). In this case, 
;;: 50 

the degradation .rl 
t 

> 
of 2-E did not proceed smoothly and 4 

was obtained in only, 23.1YP yield along 

with 3-s in 69.5% yield. From this re- 

sult it was assumed that acetic anhy- 

dride in excess pla)red some role in the 

second anomer specific ‘-elimination in 

the degradation reaction of 1,2,3,4- 

tetra-0-acctyl-P-glucopyranuronic acid 

(2) in acetic anhydride-base system. 

.\lthough the mechanism of this specific 

effect by the combination of conforma- 

tion of acetoxyl group on C-l of 2 and 

acetic anhydride has not been investi- 

D---O-- -- - - -.. .._ _ _ _ 
I’ O- 

o---j from 2-3 - 

LA\( 1 I i I 

5 10 15 

Reaction time/h 

gated, this anomer specificity was found to be effective in controlling degrada- 

tion reaction of 2 to 4 in acetic anhydride-base system. 
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