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SOME FEATURES OF THE GLYCOSYLATION OF POLYCYCLIC ALCOHOLS 

WITH CARBOHYDRATE 1,2-ORTHOESTERS 

N. I. Uvarova, G. I. Oshitok, 
A. M. Tolkach, and G. B. Elyakov 

UDC 547.455+547.918+547.922 

The majority of synthetic glycosides of triterpenoids and steroids has been obtained by 
the Koenigs--Knorr method or its various modifications [i, 2]. At the present time, the 
orthoester method has come to be used successfully for this purpose [3-7]; it is character- 
ized by a high stereospecificity and a good reproducibility of the results. A complicating 
factor in the synthesis of glycosides of polycyclic alcohols by the orthoester method has 
been the formation of byproducts -- ethers and acetates of the initial alcohols [7]. The 
isolation of these compounds permits us to consider the final result as the sum of three 
processes: glycosylation, transesterification, and the subsequent conversions of the trans- 
esterification products (Schemes I and 2). 

The simultaneous occurrence of glycosylation and transesterification can be explained 
by the dual reactivity of carbohydrate orthoesters [3, 5, 8]. Since in the glycosylation 
with s-D-maltose (methyl orthoacetate) (I) and with s-D-glucose 1,2-(tert-butyl orthoace- 
tare) (II) of cholesterol, B-sitosterol, 16-dehydropregnenolone, and betulin and its mono- 

Pacific Ocean Institute of Bioorganic Chemistry, Far Eastern Scientific Center of the 
Academy of Sciences of the USSR, Vladivostok. Translated from Khimiya Prirodnykh Soedinenii, 
No. i, pp. 13-17, January-February, 1977. Original article submitted April 19, 1976. 

This material is protected by  copyright registered in the name o f  Plenum Publishing Corporation, 227 West 1 7th Street, New York, N. Y. 
1001 I. No  part o f  this publication may be reproduced, stored in a retrieval system, o r  transmitted, in any form or by  any means, electronic, 
~nechanical, photocopying,  microfilming, recording or otherwise, wi thout  written permission o f  the publisher. A copy o f  this article is 
available f rom the publ isher  for  $ 7.50. 

l0 



I - I I  

+ R'ON 

Q~'OR 
CH3 nt-v 

° ~- 

OAc 

vJ-1× x _CH 8 

Scheme i 

• CHfl~ CH2OAc 
, , .  

OAc 

x CH~ 

+  uH+R'0As or d0a 

I/][I III X! Xll 

Scheme 2 

acetates the final mixtures contained no orthoesters of type (X) (check by the TLC method 
and the acid test) [7], it had to be considered that such orthoesters underwent complete 
conversion during the reaction, as was confirmed by subsequent experiments. Thus, heating 
tri-O-acetyl-e-D-glucopyranose (cholesteryl orthoacetate) (X) under the reaction conditions 
(azeotropic distillation and catalyst) [9] led to the complete conversion of (X) into cho- 
lesterol tetra-O-acetyl-fl-D-glucopyranoside (VIII), free cholesterol (III), cholesterol ace- 
tate (XI), and dicholesteryl ether (XII) (see Scheme 2). 

In addition to this, it was found that orthoesters of type (X) can easily arise in the 
absence of a glycosylation catalyst when polycyclic alcohols and carbohydrate 1,2-orthoes" 
ters (I, II) are heated under conditions of the azeotropic distillation of the solvent (ni- 
tromethane, chlorobenzene, and toluene) [i0]. The instability of the orthoesters (type X) 
and the ease of their formation on heating the corresponding mixtures without a catalyst 
permitted the assumption that the order of mixing of the reactants in the synthesis of gly- 
cosides might be significant [3-5, ii, 12]. According to the method adopted [3-5, Ii], af- 
ter the addition to the solvent (nitromethane or chlorobenzene) of the orthoester (I or II) 
and the alcoholic component, in order to protect the mixture from traces of moisture it is 
necessary to distill off a portion of the solvent (5 ml) and only then to add the solution 
of the catalyst. However, a number of authors [I0] has shown that with such a sequence at 
the moment of addition of the catalyst the reaction mixture already contains three sub- 
stances: the initial orthoester (I or II), the alcohol, and the transesterification prod- 
uct. 

To decrease the influence of transesterification processes on the yield of the desired 
glycosides it was decided first to distill off the azeotrope only from the solution of cho- 
lesterol and mercuric bromide and then to add the orthoester (II). In actual fact, this 
change in the sequence of performing the glycosylation reaction in the synthesis of choles- 
terol hepta-O-acetyl-fl-D-maltoside (VI) enabled us to obtain it with a higher yield (Table 
i, experiment i) than previously (usually 42-43%) [i0, ii]. The yields of dicholesteryl 
ether were the same in the standard method and in the modified method. Consequently, the 
mercuric bromide and 2,6-1utidinium perchlorate used in glycosylation do not affect the for- 
mation of orthoesters of type (X). At the same time, these substances cause the complete 
conversion of the transesterification products during the synthesis. 

It must also be mentioned that the results of glycosylation under the conditions of the 
method that we are considering depend to a considerable degree on the structure of the ini- 
tial alcohol. For example, in the glycosylation of cholesterol (see Table I, experiment i), 
a byproduct is dicholesteryl ether, and in the case of cholestanol it is its acetate (see 
Table i, experiment 2). 

Of a number of carbohydrate orthoesters, the highest glycosylation capacity was shown 
by u-D-glucose 1,2-(tert-butyl orthoacetate) (II) on condensation in chlorobenzene under the 
influence of 2,6-1utidinium perchlorate [7, ii, 12]. However, its use under the conditions 
of catalysis by mercuric bromide in nitromethane solution in the synthesis of gentiobiose 
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TABLE i. Results of the Glycosylation of Polycyclic Alcohols 

Init ial  reactant ,  mmole  
carbohydrate 
I ,  2-orrhoester 

c~ -D -Ma:ltose 
(methyl ortho. 
acetate)  
(i), 1,0 

I, 0,5 

a -D-Glucose  
(tert-butyl  
orthoacetate) 
(II), 0.5 

I, 1,0 

II, 1,0 

ROH 

Choles- CH3NO2 
terol t" 

01D, 1,0 

Cholestanol C HsNO= 
* , flV), 
0,5 

Choles- CHsNO2 
terol 

0,5 

3 -Sito$- C6H5C1 
terol (V), 

1,0 

Choles- C2H4CI2 
terol (liD, 

1,0 

!Condi t ions  of synthesis [ Yield 
solvent, c a t h y ' S ,  t . - "~ ' -  "l . 

+ - - . I t ime, l~lvcosioe 
1 l°m  i mm° e lh i + -  

2,5 VI,49,3 

2,5 Vli,53,8 

2,5 VIII. 12,5 
Villa :1: 8,(] 

0,5 IX, 34,9 
IXa,** 9,0 

1,5 VIII, 26,9 
Vll lb  5,6 

Ip 
-tolueno- 
sulfonic ] 
acid [ 
0.02 

qo I Recovery 
by-  | of the 

/ ini t ia l  a l -  
product [ cohol, °7~ 

Dicholes- 
terfi 
ether, 
( r iD,  lS.9 

Cholestanol 
acetate, 
4.7 

Choles - 
terol 
acetate~ 
3.7: di -  
choles - 
teryl 
eft/eL 5.1 

B -Sitos- 
terol 
acetate,  
21.5 

*Yields given for crystalline derivatives. 
fThe catalyst and the alcohol were added simultaneously. 
$(Vllla) is partially acetylated cholesterol B-D-glucoside. 
**(IXa) is B-sitosterol B-D-maltoside. 

19,2 

22.3 

38,9 

15,2 

51,8 
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GH+NO z Aoo =-[o+ , + +++'o 

OA+ 0"7L.137' 
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Scheme 3 

I. R = C H ~  

II .  R = t - - C 4 H 9  
~'___ residue of a polycyclic alcohol. 

octaacetate showed its complete inertness [14]. In view of this, it appeared of interest to 
determine to what changes such a variant would lead in the case of the glycosylation of 
polycyclic alcohols. However, as follows from the results, the glycosylation of cholesterol 
by the orthoester (II) took place unsatisfactorily and led to a complex mixture of substances 
(see Table i, experiment 3, and Scheme 3). 

We simultaneously studied the glycosylating capacity of a-D-maltose (methyl orthoace- 
tare) (I) [15] in the presence of 2,6-1utidinium perchlorate in chlorobenzene, since this 
modification had not been studied previously as applied to polycyclic alcohols. Glycosyla- 
tion took place satisfactorily, and this orthoester may also be used for glycosylation under 
the given conditions (experiment 4). It must be mentioned that the glycosylation of steroids 
and terpenoids took place stereospecifically in all cases studied. Table i gives one of the 
numerous examples in which, together with the B anomer, we also isolated the ~ anomer of 
cholesterol tetra-O-acetyl-D-glucoside (Vlllb). 
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EXPERIMENTAL 

The melting points of the substances were determined on a "Bo~tius" stage, and the spe- 
cific rotations on a Perkin--Elmer instrument with a cell length of i dm. The preparative 
separation of the substances was performed in columns of silica gel (KSK, 80-150 mesh) in 
system i) petroleum ether-acetone (discrete gradient). TLC was performed in the petroleum 
ether--acetone (3:1 and 2:1) and petroleum ether--diethyl ether (95:5) systems. 

Experiment i. Cholesterol Hepta-O-acetyl-B-D-maltoside (VI). A solution of i mmole 
(0.386 g) of cholesterol (III) and 0.02 mmole of HgBr2 in I0 ml of nitromethane was dis- 
tilled until 3 ml of the solvent had passed over, and then i mmole (0.650 g) of ~-D-maltose 
(methyl acetate) (I) was added. The mixture was boiled with the azeotropic distillation of 
the solvent for 2.5 h. Then the nitromethane was evaporated off, two to three drops of 
pyridine was added, and the mixture was evaporated to dryness. The residue was chromato- 
graphed on a column in system 1 (40:1+35:1). After crystallization from solvents we ob- 
tained 0.07 g (18.9%) of dicholesteryl ether (XII), mp 200-201°C; 0.074 g (19.2%) of (III); 
and 0.50 g (49.3%) of (Vl), mp 179-182.5°C. 

Experiment 2. Cholestanol Hepta-O-aqety!-~-D-maltosid ~ (VII). The glycosylation of 
0.05 mmole of (IV) was performed under the conditions of experiment I with 0.5 mmole of (I) 
and 0.01 mmole of HgBr2, giving: 0.011 g (4.7%) of cholestanol acetate; 0.044 g (22.3%) of 
(IV), and 0.408 g (53.8%) of (VII), mp 170-171°C (ethanol); [~]~o +42.5 ° (c 1.43; CHCIs). 
Literature data [16]: mp 171-172°C; [~]~o +52.7 ° (a 1.15). 

Experiment 3. A mixture of 0.5 mmole of (III), 0.5 rmnole of (II), and 0.01 mmole of 
HgBr= was treated under the conditions of experiment i. Chromatography on a column of sil- 
ica gel in system 1 led to the isolation of 0.010 g (5.1%) of (XII); 0.008 g (3.7%) of (XI); 
0.074 g (38.9%) of (III); 0.042 g (12.5%) of (VIII); and 0.025 g (8%) of (VIIIa). 

Experiment 4. A solution of 1 mmole (0.411 g) of (V) and 1 mmole (0.650 g) of (I) in 
i0 ml of chlorobenzene was distilled until 3 ml of solvent had passed over, and then 0.02 
mmole of 2,6-1utidinium perchlorate in dichloroethane solution was added. The mixture was 
then boiled for 30 minutes and evaporated. The residue was chromatographed on silica gel 
in system 1 (30:1-17:1), which yielded 0.099 g (21.5%) of B-sitosterol acetate; 0.063 g 
(15.2%) of (V); 0.09 g (9.0%) of (IXa); and 0.36 g (34.9%) of (IX). 

Experiment 5. To a flask containing i0 ml of dichloroethane was added 1 mmole of (III) 
and 1 mmole of (II), 2 ml of the solvent was distilled off, and 0.02 mmole of pyridinium 
perchlorate and 0.2 mole of p-toluenesulfonic acid were added and the mixture was boiled 
with azeotropic distillation of the solvent for 1.5 h. Separation on a column yielded 0.20 
g (26.9%) of (VIII); 0.202 g (51.8%) of (III); and 0.049 g of (VIIIb), mp 192.5-194°C. 

SUMMARY 

i. The results of the glycosylation of polycyclic alcohols by the orthoester method 
depend to a considerable degree on the structure of the initial alcohols. 

2. It has been shown that a change in the order of addition of the components in- 
creases the yield of glycosides but does not suppress the formation of byproducts. 
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OILS OF THE SEEDS OF NINE SPECIES OF THE GENUS Grambe 

V. S. Dolya, E. N. Shkurupii, 
N. A. Kaminskii, and E. D. Magerya 

UDC 547.915+665.3 

Of the 18 species of Crambe (colewort) growing in the territory of the USSR [i], Crambe 
abyssinica (Abyssinian colewort) has been intensively studied and introduced into cultiva- 
tion, since it gives a fatty oil valuable for food purposes [2]. At the present time, 
Abyssinian colewort is grown as an oil crop in the southern regions of Povolzh'e and the 
central zone of Russian [3]. The fatty oil of this plant contains about 60% of erucic acid, 
which is used to prepare polyamide resins, polyesters, surface-active agents, etc. [4, 5]. 
Other species of colewort also contain large amounts of fatty oil [6-8]. 

We have investigated the oil of the seeds of nine species of colewort: Crambe abyssi- 
nioa Hochst., C. amabilis Butk. et Majlum, C. cordifolia Stev., C. koktebelica (Junge) N. 
Busch., C. kitschyana Boiss., C. orientalis L., C. pinnatifida R. Br., C. steveniana Rupr., 
and C. tataria Sebedk. 

The species of the genus Crambe are close phylogenetically and therefore the oils from 
their seeds differed little in their physicochemical properties. The seeds of the species 
studied had a high oil content -- 29.42-38.73%, the highest being found ~n the seeds of the 
Abyssinian colewort -- 38.73%. Some physicochemical indices of the oils are also character- 
ized by the following facts: refractive index -- 1.4715-1.4748; relative viscosity, °E2o -- 
10.86-11.42; acid No., mg KOH/g -- 1.78-3.56; saponification No., mg KOH/g -- 170.34-178.54; 
iodine No., % iodine -- 100.18-110.82; thiocyanogen No., % iodine -- 74.88-78.13; Reichert-- 
Meissl No., % -- 0.62-0.87; Polenske No., % -- 0.24-0.58. 

When the oil was saponified with alcoholic alkali, fatty acids were isolated having the 
following characteristics: iodine No. -- 105.64-116.71; cyanogen No. -- 78.03-81.34; neu- 
tralization No. -- 178.28-185.50 mg KOH/g; mean molecular weight -- 302.48-314.73. 

It can be seen from the facts given that the iodine numbers of the oils are consider- 
ably lower than those of many species of the family Cruciferae and coincide with the iodine 
numbers of other species of colewort such as common colewort (Crambe maritima) (111.5) [7], 
and Crambe pontica (109.60) [8]. 

The qualitative and quantitative compositions of the fatty acids of the oils were de- 
termined by gas--liquid chromatography with the characteristics given previously [8]. The 
methyl esters of total fatty acids, and also of the saturated and unsaturated fatty acids 
separately, their separation being performed by the acetone method, were subjected to gas- 
chromatographic determination. The acids were identified by the internal-standard method 
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