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AMI NE-I NDUCED DEACYLATI ON OF CARBOHYDRATE DERI VAT1 YES UNDER 

ANHYDROUS CONDI TI OMS? 

i i 1 Oecar Moradei, Silvana Leii# Cecile du MortJer, Alicia 

Departamento de Quimica Organics, Facultad de Cienciae 
Exactae y Naturalee, Univereidad de Buenoe Airee, gab. 11, 
Ciudad Univereitaria, 1428, Buenoe Airee, Argentina. Inatitut 
for Organieche Chemie, UniversitSt Hamburg, Germany. 

FernAndez Cirelli and Joachim Thiem. 
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R e c e i v e d  November 6 ,  1991 - F i n a l  Form August 24, 1992 

Methanolyeie of acylated carbohydrate derivative6 was 
effectively performed uaing tertiary aminee in the abeence 
of water at room temperature. The reaction wae performed 
with acetylated and benzoylated alditole, aldoeee, lactonee, 
orthoeetere, glycoeidee, and dieaccharidee. K-methyl- 
pyrrolidine proved to be eepecially euitable for eynthetic 
purpo8ee and deacylated compound6 were obtained in excellent 
yielde. The mild condition6 employed and the minimum work-up 
needed make thie method appropriate for the deacylation of 
labile compounde. 

INTRODUCTION 

Traneeeterification reaction8 normally require acid or 
baeic catalyeie. Only in epecial caeee may alCOhOlYei6 of 
an eeter be performed under neutral conditions.' Since 
alcohol ie employed ae eolvent, the reaction proceeds to 
completion in epite of it8 revereibility. It hae been 

# Preeented at the sth European Sympoeium on Carbohydrate 
Chemietry (Eurocarb VII, September 8-13, 1991, Edinburgh, 
Scotland. 
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14 MORADEI ET AL. 

euggeeted that three typee of catalyeie (baeic, nucleophilic 
and acidic) operate in transeeterification reactione. 

Acyl groupe are frequently used as protective groupe in 
carbohydrate chemietry. Current deacylation method8 employ 
etrong acids or baeee a8 catalyete. Traneeeterification can 
also be achieved in milder condition6 such ae treatment with 

4 methanol-water-triethylamine (5 : l : l )  at room temperature, 
but this method ie inappropriate when anhydroue conditions 
are required for the subsequent etepe in a synthetic 
pathway. If an inorganic baee ie used in an anhydrous 

5 eolvent, i-e., potaesium carbonate in anhydrous methanol, 
deealting after the reaction may be dieadvantageous when 
labile eubstituents are preeent. 

2 

RESULTS AND DISCUSSION 

In the couree of recent studiee, deacylation of a 
carbohydrate orthoeeter wae required under anhydroue 
conditione. Therefore, we investigated the methanolyeie of 
different eeter derivative8 in the preeence of tertiary 
mines in the absence of water at room temperature. 
Acetylated and benzoylated derivativee of alditole, aldoeee, 
lactonee, orthoeetere, glycoeides, and dieaccharidee were 
examined in thie study. 

OR QR OR 

OR - 
OR 6R OR 

l a  R=Ac 2a R=Ac 3a R=Ac 
lb R=H 7a R=Bz 8a R=Ba 

2b R=H 3b R=H 

4a R=Ac 
4b R=H 

5a R=Ac 6a R=Ac 
5b R=H 9a R=Bz 

6b R=H 
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AMINE-INDUCED DEACYLATION OF CARBOHYDRATE DERIVATIVES 15 

Experiment8 were performed with acetylated and 
benzoylated derivatives of carbohydrate6 in anhydroue 
methanol with different tertiary aminee as catalysts. 
Triethylamine (TEA; p% 3-36], N-methylpyrrolldine (W;  pY, 
3-83), tributylamine (TBA; PK,, 4.07) and 1,4- 
diazablc~cloC2.2.23octane (DABCO; P\ 5.40) were all found 
to be effective for the removal of acetyl groupe in the 
absence of water at room temperature. 

For benzoyl derivativee, different result8 were 
obeerved. For eynthetic purposee, only NMP ie ueeful eince 
the other baeee require long reaction timee, at leaet eeven 
daye at room temperature. Shorter reaction timee were 
observed at higher temperaturee. 

The basic catalytic effect of the tertiary mine 
promotee the formation of methoxide ion, which ie more 
effective a8 nucleophile than methanol itself. The lncreaeed 
catalytic effect obeerved among NMP and TEA or TBA in 
debenzoylation cannot be explained by their differences in 
%. NMP i e  leee hindered than TEA or TBA and can act a8 a 
nucleophilic catalyet. Nevertheleee, the nuc leoph i 1 i c 
effect ie only of eecondary importance eince, when DABCO wae 
used ae catalyst, longer reaction timee were needed (at 
leaet 10 h for acetatee) In epite of it8 higher 
nucleophilicity. 

The carbohydrate derivative6 aeeayed were: 1,2,3,4,6- 
penta-Gacetyl-/3-D-glucopyranoee ( l a ) ,  methyl 2,3,4,6- 
tetra-Gacetyl-a-D-glucopyranoeide (Za), hexa-Q-acetyl-D- 
eorbitol (3a), 1,2,3,6-tetra-Gacetyl-4-G(2,3,4,6-tetra-G 
acetyl-~-D-glucopyraosyl~-f3-D-glucopyrano~ie (octaacetyl- 
maltose, 401,  3,4,6-tri-0-acetyl-l,2-methylorthoacetyl- 
a-D-glucopyranoee (Sa), 2,3,5,6-tetra-0-acetyl-D-mannono- 
1,4-lactone (Ba) ,  methyl 2,3,4,6-tetra-O-benzoyl-a-D- 
glucopyranoside (7a) hexa-Gbenzoyl-D-eorbitol (80)  and 
2,3,5,6-tetra-Gbenxoyl-D-mannono-l,4-lactone (gal. 

In Table 1, experimental condition8 and yielde of 
methanolyeie catalyzed by NMP are ehown. Benzoylated 
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16 MORADEI ET AL. 

T a b l e  1 .  E x p e r i m e n t a l  C o n d i t i o n s  Used for the Ihacctylation 

of Conrpounds l a 4 a .  
a 

l a  

20 

30 
40 

Sa 
6a 

0.16 
0.12 
0.24 
4.90 
0.88 
5.10 

8 
11 
12 
19 
14 
15 

1 b  93 
2b 98 
3 b  92 
4 b  96 
sb 73 
6 b  82 

a At room temperature 

T a b l e  2. Physical constants for compounds lb-Bb. 

Compound Ca, 1 ~a~l(1i.t. 1 mp ("c) mp (lit) Ref 
(c, solvent) (c, eolvent) 

6 b  +51. Oo 
(1 , H 2 0 )  

+52,7" 146-155 145-146 7 
(3.9, H,O> 

+157" 163-165 165-166 8 
(2,  H 2 0 )  

-1.9" 87-92 95-96 9 

+136O 100-102 99-101 10 

(10, H,O> 

(4*2,  H 2 0 >  

+51.3" 150-151 151 11 
(1 H 2 0 )  
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Fig. 1 
Dependence of reaction time on 
substrate concentration of l a  

derivatives were dissolved in chloroform or THF prior to the 
addition of methanol to achieve homogeneous reaction media. 
If the reaction was conducted in methanol alone, longer 
reaction times were required. Deacylated compounds were 
characterized by their physical conetante (Table 2). 
1,Z-Methylorthoacetyl-u-D-glucopyranoee (Sb) wae further 
characterized by C NMR spectroscopy. is 

Experiments in which penta-0-acetyl-P-D-glucopyranoee 
was the substrate were conducted at different concentrations 
(FIG. 1). Shorter reaction times were obererved in more 
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18 MORADEl ET AL. 
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NMP:AcetyI group ratio 

Reaction t i m e  for l a  
[ l a ]  = 0.003 M 

F i g .  2 
Dependence of reaction time on 

NMP/Acetyl group ratio 

dilute eolutione. An appropriate ratio of NMP to acetyl 
groupe seems to be 2 : l  eince higher ammounte of baee do not 
promote completion of the reaction in timee eignificativelly 
ehorter (FIG. 2 ) .  

In conclueion, the method deecribed herein is 
eynthetically attractive for the removal of acyl groupe In 
carbohydratee. It compares favorably with known procedure6 
eince it can be employed for subatrates bearing eubetituente 
labile to water or acid media. Beet result6 were obtained 
with NMP in anhydroue methanol. 
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AMINE-INDUCED DEACYLATION OF CARBOHYDRATE DERIVATIVES 19 

An additional advantage of this method is the eaey 
recovery of the product from the reaction mixture by 
evaporation. 

EXPERIMENTAL 

Melting points were determined with a Thomas-Hoover 
apparatus and are uncorrected. Optical rotatione were 
recorded with a Perkin-Elmer 141 polarimeter. Column 
chromatography wae performed on Silica Gel 60 (Merck). TLC 
wae carried out on precoated aluminum platee (0.2 mm) of 
Silica Gel 60 F-254 (Merck). Detection was effected by 
exposure to W light and by epraying the plates with 5% 
(v/v) H2S01 in ethanol followed by heating. C NMR spectra 
were recorded with a Varian XL-100 spectrometer at 25.2 MHz 
for eolutions in acetone d-6. 

I S  

Compound6 2a-Qa were prepared a6 described in 
6 the literature. 

General Procedures for the lkacctylation of 

-1,2,3,4,6-Penta-0-acetyl-O-D-glucopyranose ( l a )  

-Methyl, 2,3,4,6-tetra-&acetyl-a-D-glucopyranoeide (Za) 

-Hexa-Gacetyl-D-sorbitol (3a) 

-1,2,3,6-Tetre-&acetyl-4-~(2,3,4,6-tetra-&acetyl~-D- 
glucopyranoey1)-0-D-glucopyranoee (octaacetylmaltose, &) 

-3,4,6-Tri-&acetyl-1,2-methylorthoacety1-u-D-g1ucopyrano~e 
(5a 1 
-2,3,5,6-tetra-Gacetyl-D-mannono-l,4-1actone (aa). 

NMP wae added to solutions of compounds l a ,  20, 30, k ,  

5a and 6a in dry methanol end the mixture was stirred under 
Nz at room temperature, end monitored by TLC. The solvent 
was evaporated end the products were purified by column 
chromatography eluting with ethyl acetate-methanol (19:l). 
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20 MORADEI ET AL. 

The products obtained were: D-glucose ( l a ) ,  methyl 
a-D-glucopyranoside (2b), D-eorbitol ( 3 b ) ,  4-Ga-D-gluco- 
pyranosyl-D-glucopyranose ( 4 b ) ,  1,2-methylorthoacetyl- 
a-D-glucopyranose ( S b )  and D-mannono-1,4-lactone (Bb). 

Experimental conditions and yield6 of the products are shown 
in Table 1 and their physical constants are shown in Table 
2. 

I S  C NMR data for compound 5b: 121.9 ((2-1 ethylidene); 
98.6 ( C - 1 ) ;  79.6 (C-2); 74.9 (C-3);74.7 (C-5); 70.2 (C-4); 
63.0 (C-6); 49.8 ( C H s O ) ;  23.3 (C-2 ethylidene, exo) 

Debenzoylation of Methyl 2,3,4,6-+etra- Ubcnzoyl -a-D- 
glucopyranoside C 7 d .  To a solution of methyl 2,3,4,6-tetra- 
0-benzoyl-a-D-glucopyranoside (a, 0.145 g. 0.24 mmol) in 
anhydrous methanol (3.8 mL), tetrahydrofuran (0.95 mL) and 
NMP (0.21 mL) were added. The reaction wae stirred at 60° C 
and monitored by TLC (hexane:ethyl acetate 5:2) After 36 h, 
dry toluene wae added and the eolution was concentrated. 
Recrystallization from ieopropyl alcohol yielded methyl 
a-D-glucopyranoside ( 2 b ,  0.040 g. 87%). 

Debenzoylation of Hexa-Ubenzoyl-D-sorbitol C8b3 . To a 
eolution of hexa-Gbenzoyl-D-sorbitol (7, 0.25 g, 0.3 m01) 
in THF (1.3 mL) and methanol (4.8 mL) under dry N2 
atmosphere, NMP (0.40 mL) was added. The reaction was 
carried out at 60 *C observed 
by TLC (ethyl acetate/methanol 5:2). The absence of 
partially benzoylated products wae confirmed by paper 
chromatography in I-butanol/pyridine/water (6:4:3) using an 
authentic sample of eorbitol. The solution was concentrated 
and after recrystallization from ethanol afforded pure 
eorbitol ( 3 b  0.036 g, 65%). 

and wae completed in 42 h a8 

Debenzoylation of 2,3,4,6-tetra-O-benzoyl-D-mamno- 

1,k-lactone C 9 d .  To a solution of 2,3,5,6-tetra-O-benzoyl- 
D-mannono-1,4-lactone (QQ, 27.5 mg, 0.5 mmol) in anhydrous 
methanol (0.7 mL), tetrahydrofuran (0.7 mL) and NMP (0.04 
mL) were added. The reaction was stirred at 60 OC and 
monitored by TLC (ethyl acetate-ethanol-water 7:2:1). After 
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AMINE-INDUCED DEACYLATION OF CARBOHYDRATE DERIVATIVES 21 

50h the eolution wae concentrated and the residue was 
purified by column chromatography eluting with ethyl 
acetate-methanol (19:l). Pure D-mannono-1,4-lactone (6b) wa6 
obtained in 59% yield. 

The authors thank the Volkewagen Foundation for 
financial support. 
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