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Note 

Stereospecific syntheses of @-anomeric ester glucosyiuronic acid derivatives 

by the orthoester glycosylation method* 

KIKUKO HONMA AND AKIRA HAhfADA 

Scl~ool of Pbarmacerrtical Sciences, Shon a (/niversity, Hatanodai, Sbi~~agawa-Xrr, Tokyo 14-7 (Japarr) 

(Received July 19th, 1978; accepted for publxation in revised form, September ZSth, 1978) 

D-GhKuronic acid conjugation plays an important role in the metabolism of 
animak D-Glucosyluronic esters, I-O-acyl derivatives of D-gfucuronic actd, have been 
isolated from excreta of animals admimstered such drugs contarning carboxyhc acid 

groups, as benzorc acid’, salicyhc actd’, p-aminosalicylic acid3, indomethacin’, and 
isopanoic acid’. Great difficulty is experienced in Isolation and identification of 
such esters from the excreta of animals, because they are unstable and decompose 
readily durin,a manipulation. Therefore, derivatization of the isolated glucosyluronic 
esters to a stable form, such as 0-acetyl methyl esters, is wtdely used for their tdenttfi- 
cation. 

COtMe CO,Me 
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under reflux 
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This paper describes an ahemative route for preparation of the 0-acetyl methy 
ester of glucosyluronic esters by use of the orthoester glycosylatton method6-‘. The 
conventional pathway to the glucosyluronic esters is through condensation of methyl 
I-bromo-I-deoxy-2,3,4-tri-0-acetyl-U-D-, olucopyranuronate wtth the silver or potas- 
sium salt of a carboxylic acid’S3, or with a carboxyiic actd in the presence of a catalyst 
such as silver oxideg. The glucosyluromc esters are also prepared by the acid chloride*’ 
and the carbodiimide mcthods’l*‘z, but both routes sometimes give a mixture of 
anomers. In the previous paper, we reported I-0-acylation of o-glucopyranose using 
glucopyranose 1,2-tert-butyl orthoacetate6. The reaction of 3,4,6-tri-0-acetyl-z-D- 
glucopyranose I,?-(tert-butyl orthoacetate) wtth a free carboxylic acrd m chloro- 

*Part IV of Studies on Glycosylation. 
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benzene under reflux afforded the l-O-acyl-fl-D-ghIcopyranose tetraacetate in good 
yield. This method was successfully applied for synthesis of the I-0-acyl~luco- 
pyranose derivatives of all of the carboxylic acids examined. Therefore. we are 

interested in application of the orthoester method to prepare the glucosyluronic 

ester derivatives. 

RESULTS AND DISCUSSION 

Methyl 3,bdi-O-acetyh-D-ghcopyranuronate l&(tert-butyl orthoacetate) 
(1) was prepared by the general procedure for the D-glucopyranose 1,2-(‘er;-butyl 
orthoacetate) derivative’. Thus, methyl 2,3,4-tri-0-acetyl-I-bromo-1-deoxy-X-D-gluco- 
pyranuronatei3 was treated with ter-t-butyl alcohol in nitromethane containing 3,6_ 

lutidme to give 1. The orthoester 1 showed a signal for the orthoacetyl group at 1.83 

p-p-m_ as a singlet in the n.m.r. spectrum. The orthoester 1 was allowed to react with 

an excess of various carboxylic acids in chlorobenzene under reflux for 15-30 nun. 
Evaporation of the mixture and subsequent crystallization of the residue from 
ethanol gave methyl (2,3,4-tri-O-acetyl-l-O-acyl-~-D-glucopyranosid)uronate in good 
yields. The carboxylic acids used were propanotc, benzoic, salicylic, cinnamtc, p- 

nitrophenylacetic, hippuric, and nicotinic acids, and the I-0-acyl derivatives of 
methyl D-glucuronate (compounds 2-8) prepared are listed in Table I. The products 
(2-S) were pure by t.1.c. and elemental analyses. 

By the reaction employed, exclusive production of j?-anomers was anticipated 

from the results reported on I-0-acylation ofglucopyranose by the orthoester method6. 

Proof that I-0-acylglucuronic acid derivatives (2-S) were j? anomers was provided by 
their optical rotations and their n.m.r. and i-r. spectra. As shown in Table I, com- 
pounds 2-8 showed negative or low, positive specific rotations. The specific rotation 
of the I-0-propanoyl derivative (2) was in good agreement with that of methyl P-D- 

glucopyranuronate tetraacetate ([cc]~ f7.4” (c 2, chloroform)i3; compare the u 

anomer, [CC]:” + 119.2” (c 1.02, chloroform)i5). 

TABLE II 

A cyl group H-S (a, Hz) 

2 propanoyl 
3 benzoyl 
4 salicyloyl 
5 cinnamoyl 
6 p-nitrophenylacetyl 
7 hippuroyl 
8 nicotinoyl 

5.84, d, .I 6 S 
6.02, d, J 7 5 
6.OO,d, 380 
596,d,J72 
S83,d, J64 
5.89, d, J 6 8 
607, d, 570 

4.23, m 
427, m 
4 31, m 
4 30, m 
424, m 
427, m 
4 35, m 

aOther signals of the sugar moiety were commonly observed as follo~vs: 2 O-2-1 (9K 3 X COCW, 
3.7-3 8 (3H, s, COzMe), 5 O-5.6 (3H, m, H-2,3,4) 
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In the ‘H-n.m.r. spectra (Table II), the anomeric-proton signal was observed 
as a doublet in the range of 5.83-6.07 p_p.m. and its spacing was 6.PS.O Hz, confirming 
that the 1-O-acyl products (2-S) were exclusively the /l anomers. The products also 
showed the H-5 signal of the sugar moiety between 4.24-4.35 p_p.m. as a multiplet, 

affording additional evidence for the /I configuration. Thus, the H-5 signals of p 

anomers of the acetylated methyl glucopyranuronates appeared near 4.2 p.p.m_ as 
multiplets, whereas those of the ‘I anomers appeared” as doublets at 4.34.5 p.p.m. 
having coupling constants of 10 Hz. The i-r. spectra of the products showed the 

characteristic absorption band of p anomers near 905 cm-‘, but not that of the CL 
anomer (930 cm-‘)i6. 

N.m.r. spectra showed the acetyl group to be retained at O-2 of the sugar 

moiety, because signals from three acetyl groups were observed_ This fact was 
supported by the i-r. spectra, in which no absorption band of a hydroxyl group was 

observed. 
The reaction with such hydroxycarboxylic acids as salicylic acid produced the 

I-0-acyl derivative (4) and no 1-0-aryl derivative was obtained_ This result indicates 

that the condensation of the ortho ester with the carboxyl group proceeded more 

rapidly than with the phenolic group. 
The ortho esters are susceptible to acid, and glycosylation by use of ortho 

esters proceeds in the presence of an acid catalyst’. Consequently, when the reaction 

is employed without catalyst, the carboxylic acid itself may play a roIe as catalyst 

at the first stage of reaction_ After protonation of the 0-tej t-butyl group, the reaction 
seems to proceed by a mechanism similar to that rep’rted for I-0-alkylation of 
glucopyranose derivatives by the orthoester method’ ‘_ 

In conclusion, the orthoester method constitutes a stereospecific way for 
preparing I-O-acyl-P-D-glucosyluronic acids. As formation of fi-D-glucosyluronic 

acid derivatives is a common metabohc pathway m drug metabolism, the orthoester 
method described here is a suitable procedure for the preparation of the 0-acetylated 
methyl glycosides of glucosyluronic esters. 

ESPERIXIENTAL 

Gerrer-nl methods. - Melting points are uncorrected. Specific rotations were 
measured in chloroform at room temperature with a Yanagimoto OR-50 polarimeter. 

The ‘H-n.m.r. spectra were determined in chloroform-d solution with a Hitachi R-22 
spectrometer (90 MHz) and tetramethylsilane was used as the internal standard. 
The i-r. spectra were recorded on a Jasco IRA-l spectrometer_ Thin-layer chromato- 

graphy was performed on precoated plates of stlica gel F2s4 (E. Merck, Darmstadt, 
Germany) with 10: 1 benzene-ether or chloroform throughout this experiment. 

Methyl 3,4-di-0-acetyl-v-D-ghcopyanwonate I,Z(tert-brttyl orthoacetate) (1). 

- Methyl 2,3,4-tri-0-acetyl-l-bromo-l-deoxy-a-~-glucopyranuronate13 (1.0 g) and 

tert-butyl alcohol (0.5 mL) were dissolved in nitromethane (1.0 mL) containing 2,6- 

lutidine (0.5 mL), and the mixture -as kept for 3 days at room temperature. The 
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mixture was poured into cold water (20 mL) and extracted with ether. The ethereal 
layer was washed with water (10 mL), M silver nitrate (IO mL), and finally with water 

(10 mL x 4), and dried over sodium sulfate. The extract was evaporated under 
diminished pressure and the residue was dried over sodium hydroxide in a vacuum 
desiccator. The oily product (450 mg) failed to crystallize. N.m.r. (CDCl,): 6, 1.32 
(9H, s, tert-butyl), 1.83 (3H, s, orthoacetyl), 2.04 and 2.09 (each 3H, S, COCH,), 
3.77 (3H, s, CO&H,). Other signals between 4-6 p-p.m. (H-l-H-S) were not assigned. 

Preparation if methyl (2,3,4-tri-0-acetyI-Z-O-acyl-B_D-gIucopyranosyf)~~ro~~ate~ 
(compound. 2-S). - Methyl 3,4-di-O- aCetyl-a-D-glUCOpyranUrOnate 1,2-(tert-butyl 
orthoacetate) (1,450 mg, 1.2 mmol) and a carboxylic acid (2 mmol) in chlorobenzene 
(10 mL) were boiled for 15-30 min under reflux. The mixture was then cooled in an 

ice-bath. When an excess of the carboxylic acid crystallized, it was removed by 
filtration. The chlorobenzene was then evaporated off under dimimshed pressure, and 
the residue was crystallized from ethanol to give the I-0-acyl products (compounds 
2-g) as colorless needles, yields, about 60-70x. 
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