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The Ally1 Ether as a Protecting Group in Carbohydrate Chemistry. Part 
V1I.l The 2-0-Ally1 Group as a Non-participant in 1,2-cis-Glycoside 
Synthesis 
By Patricia A. Gent and Roy Gigg,' Laboratory of Lipid and General Chemistry, National Institute for Medical 

2-0-AllyI-3.4.6-tri-O-benzyl-D-galactopyranose was prepared and converted into the corresponding galactosyl 
chloride. The chloride was condensed with benzyl 2,3,4-tri-O-benzyl-a-D-galactopyranoside to give crystalline 
benzyl 6-0-(2-0-allyl-3,4,6-tri-~-benzyl-a-D-galactopyranosyl)-2,3,4-tri-O-benzyl-a-D-galactopyranoside. The 
ally1 group was removed from this fully protected disaccharide to give a disaccharide derivative suitable for con- 
version into a trisaccharide or for oxidation to a ketone and subsequent conversion into a disaccharide containing 
an a- I i n ked 2 - a mi n o - 2 - deoxy- sugar. 

Research, Mill Hill, London NW7 I A A  

WE have previously 2 outlined a general oligosaccharide 
synthesis in which O-benzyl groups are used for 'per- 
sistent ' blocking and 0-ally1 groups for ' temporary ' 
blocking during the elongation of the oligosaccharide 
chain, and have also developed a practical, stereo- 
selective 1,2-cis-glycoside synthesis in which benzylated 
intermediates are used. Subsequently we synthesised 
benz yl 6-O- [ZJ3,4-tri-0-benzyl-6-0- (but-2-en yl) -a-D- 
g~actopyranosyl]-2,3,4-t~-O-benzyl-a-~-galactopyrano- 
side, thus showing that it was possible to prepare a 
partially allylated and partially benzylated glycosyl 
halide and to use it in 1,2-cis-glycoside synthesis. 

In the preparation of 1,2-cis-glycosides it is necessary 
to use a non-participating group on the 2-position of the 
glycosyl halide. This is usually a benzyl group, although 
others have been used.3 For our general synthesis it 
was necessary to show that we could prepare a glycosyl 
halide with a 2-0-ally1 group and that the latter would 
act as a suitable non-participating group. 

For this purpose, allyl 6-0-benzyl-3,4-O-isopropylidene- 
a-D-galactopyranoside (1) was converted into the 
but-2-enyl ether (2) and the isopropylidene group was 
subsequently removed to give allyl 6-0-benzyl-2-0-(but- 
2-enyl)-a-~-galactopyranoside (3). The diol (3) was 
converted into the benzyl ether (4) and this was treated 
with potassium t-butoxide in dimethyl sulphoxide, 
which removed the but-2-enyl group and isomerised 4 

the allyl group to give prop-l-eny1-3,4,6-tri-O-benzyl-a- 
D-galactopyranoside (6). Compound (6) was converted 
into the allyl ether (7) and the prop-l-enyl group was 
removed with dilute acid to give crystalline 2-O-allyl- 
3,4,6-tri-0-benzyl-~-galactopyranose (8). For character- 
isation, compound (8) was reduced with sodium boro- 

further investigate the anomeric configuration of 
compound (9). 
that benzylated glycosyl chlorides are very suitable for 
1,2-cis-glycoside synthesis. Their stability is high 

We have shown in our previous work 
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I hydride and the allyl group was subsequently removed 4 

from the 2-0-ally~-3,4,6-tri-~-benzyl-~-galactitol ob- 
tained to give the known 3,4,6-tri-O-benzyl-~-galactitol. 

The free sugar (8) was converted into the anomeric 
mixture of P-nitrobenzoates, and this was treated with 
hydrogen chloride in ether-dichloromethane to give 2-0- 

(131 d= Bzl , RLOBzl 

enough to allow solutions in organic solvents to be 
washed with (or to be kept for several days in contact 
with) aqueous sodium hydrogen carbonate without 
hydrolysis, although they are hydrolysed quite rapidly 
after being applied to silica gel t.1.c. plates. The pure a11y1-3J4J6-tri-0-benzY1-D-galactoPYranosY~ (') ' 

This method usuallY gives the or-ha1ide but we did not chlorides are also stable for long periods. The benzyl- 
ated glycosyl bromides are less stable and debenzyl- 
ation is sometimes observed in their preparation.s 1 Part VI. P. A. Gent and R. Gigg, J.C.S .  Perkin I ,  1974, 1835. 
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M.T.P. Internat. Rev. Sci., Org. Chem., Series I, vol. 7, Carbo- 
hydrates, ed. G. 0. Aspinall, 1972, p. 147; G. Wulff and G. Rohle, 
Angew. Chetn. Internat. Edn., 1974,13, 157; C .  Schuerch, Accounts 
Chem. Res., 1973, 184. c4 .  
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The galactosyl chloride (9) was condensed with benzyl 

2,3,4-tri-O-benzyl-a-~-gda&pyrandside under the 
conditians described previously for 1,2-cis-g€ycoside 
synthesis to give a fully protected disaccharide fraction. 
One of the advantages of preparing these disaccharides 
which are fully protected with non-poIar groupings 
(allyl and benzyl ethers) is that the disaccharide fraction 
is readily separated from any excess of aglycone or free 
sugar (derived from excess of glycosyl chloride) by a 
single passage through alumina. The disaccharide 
fraction was recrystallised to give benzyl 6-0-(2-0-allyl- 
3,4,6-tri-O-benzyl-a-~-galactopyranosyl) -2,3,4-tri-o- 
benzyl-a-D-galactopyranoside (10). The structure of 
compound (10) was confirmed by removal 4 of the allyl 
group to give the crystalline alcohol (12), which was 
benzylated to give benzyl 6-0-(2,3,4,6-tetra-U-benzyl- 
a-~-galactopyranosy1)-2,3,4-tri-O-benzyl-a-D-galacto- 
pyranoside (13) identical with the material described 
previous1y.l 

The ease of crystallisation of all the per-O-benzyl- 
ated disaccharide derivatives which we have prepared 
in this and previous l y 2  work facilitates the removal of 
the 1,2-trans-glycosides which are also formed in ca. 
10% yield2 in these syntheses, and augurs well for 
future oligosaccharide syntheses along these lines. 

The ability to produce a-linked disaccharides with a 
free 2-hydroxy-group but otherwise fully protected with 
benzyl groups should allow the preparation of tri- 
saccharides from these compounds and should also 
allow the preparation of 2-oxo-derivatives which can 
subsequently be reduced (c j .  ref. 7 for similar work with 
1,2-trans-glycosides) or converted into amines to give 
oligosaccharides containing a-linked 2-amino-2-deoxy- 
sugars. These reactions are being investigated with the 
disaccharide (12) from which an a-linked galactosamine 
derivative should be available (c j .  ref. 8). a-Linked 
galactosamine containing oligosaccharides occur in 
glycolipids such as the blood group substances 9 and the 
Forssman hapten.l* 

A condensation of the galactosyl chloride (9) with 
benzyl 2,4,6-tri-O-benzyl-a-~-galactopyranoside has 
also been achieved in lower yield and this reaction is 
being investigated in more detail since benzyl 3-0-(2-0- 
allyl-3,4,6-tri-O-benzyl-a-~-galactopyranosyl) -2,4,6-tri- 
0-benzyl-a-D-galactopyranoside should be a suitable 
intermediate for the preparation of the blood group A 
and B active disac~harides.~ 

EXPERIMENTAL 

General experimental details are as described previously. 
2-0-Allyl-3,4,6-tri-O-benzyl-~-galacto~yranose (8)  .-Ally1 

6-0-benzyl-3,4-0-isopropylidene-a-~-galactopyranos~de ( 1) * 
(17 g) was treated with an excess of sodium bydride and 
' crotyl bromide' in benzene a t  reflux for 1 h; t.1.c. 
(toluene-acetone, 3 : 1) then showed complete conversion 
of the starting material (RF 0.1) into the but-2-enyl ether 
' H. B. Boren, G. Ekborg, K. Eklind, P. J. Garegg, A. Pilotti, 

and C.-G. Swahn, Acta Chem. Scand., 1973, 27, 2639. 
* R. U. Lemieux, K. James, T. L. Nagabhushan, and Y. Ito. 

Canad. J .  Chm. ,  1973, 51, 33; R. U. Lemieux, K, James, and 
T. L. Nagabhushan, ibid., p. 48. 

(2) (RF 0-6). 
and added to 0.5N-hydrochloric acid (40 ml) and methanol 
(120 ml), and the mixture was heated under reflux for 
30 min; t.1.c. (ether-light petroleum, 1 : 1) then showed 
complete conversion of the isopropylidene derivative ( 2 )  
( R p  0.9) into the diol (3) ( R p  0.1). An excess of sodium 
carbonate was added, the solvents were evaporated off, 
and the product was extracted with ether. The crude 
product (3) (18 g) was treated with an excess of sodium 
hydride and benzyl chloride in dimethylformamide a t  40' 
during 2 h;  t.1.c. (ether-light petroleum, 1 : 1) then showed 
complete conversion of the diol (3) (RF 0.1) into the tri-0- 
benzyl derivative (4) (RF 0-95). The crude product (4) 
was isolated in the usual way and the excess of benzyl 
chloride was removed at 95" and 2 mmHg. The product 
(25 g; syrup) was then treated with potassium t-butoxide 
(10 g)  in dimethyl sulphoxide (200 ml) a t  50" and the 
reaction was followed by t.1.c. (ether-light petroleum, 
1 : 1). The starting material (RF 0.95) was rapidly con- 
verted into allyl 3,4,6-tri-O-benzyl-a-~-galactopyranoside 
(6) (Rp 0.5), and this was then converted into the corre- 
sponding prop-l-enyl glycoside (6) (RF 0.6) during 1 h. 
The product (6) was isolated in the usual way 4 and treated 
with an excess of sodium hydride and allyl bromide in 
refluxing benzene for 1 h; t.1.c. (ether-light petroleum, 
1 : 1) then showed complete conversion of the alcohol (6) 
into prop- l-enyl 2-0-allyl- 3,4,6-tri-O-benzyl-a-~-galacto- 
pyranoside (7) (Rp 0.95). Compound (7) was isolated in 
the usual way 4 and added to a mixture of acetone (400 ml) 
and N-hydrochloric acid (40 ml) and the solution was 
heated under reflux for 30 min; t.1.c. (ether-light petroleum, 
1 : 2) then showed complete conversion of compound (7) 
(RF 0.8) into 2-~-allyl-3,4,6-tri-O-benzyl-~-galactopyranose 
(8) (RF 0.5). The product was isolated in the usual way 
and chromatographed on neutral alumina. Elution with 
ether-light petroleum (1 : 1) removed non-polar con- 
taminants and elution with ether gave the pure 2-0-allyl- 
3,4,6-tr~-O-benzyl-~-galacto~yranose (8) (16 g), m.p. 90-92" 
(from ether-light petroleum, 1 : 3), [aID +24*9 + + 19*4O 
(24 h;  G 1 in CHC1,) (Found: C, 73.8; H, 6-9. C3,H&, 
requires C, 73.4; H, 7.0%). 

For characterisation, compound (8) (1 g) was reduced 
with sodium borohydride in ethanol ; t.1.c. (ether-light 
petroleum, 2 :  1) showed conversion of compound (8)  
(Rp 0.95) into 2-0-allyl-3,4,6-tri-O-benzyl-~-galactitol (Rp 
0.6). The product was isolated and treated with an 
excess of potassium t-butoxide in dimethyl sulphoxide to  
convert 4 the allyl ether into the prop-l-enyl ether (Rp 0.7). 
The 2-0-(prop-l-enyl)-3,4,6-tri-O-benzyl-~-galactitol was 
isolated in the usual way and treated with N-hydrochloric 
acid (2.5 ml) and methanol ( 2 5  ml) at reflux in a distillation 
flask, and the solvents (and released propionaldehyde) were 
distilled off slowly during 30 niin while the volume of the 
mixture was maintained constant by adding methanol- 
water (10 : 1). Water (50 ml) was added to the flask and 
the methanol was distilled off. The precipitated product 
(730 mg) was filtered off, dried, and recrystallised from 
benzene-cyclohexane to give 3,4,6-tri-O-benzyl-~-galactitol, 
m.p. 99-lOl", mixed m.p. (with material prepared 
previously 4 )  99-101". 

2-0-Allyl-3,4,6-tri-O-benzyl-~-galactopyranosyl Chloride 
(9) .-2-0-Allyl-3,4,6-tri-0-benzyl-~-galactopyranose (8) (4 g) 

10 B. Siddiqui and S. Hakamori, J .  Biol. Chem., 1971, 248, 

The product was isolated in the usual way 

W. T. J. Morgan, Bull. Institut Pasfeur, 1974, 72, 131. 
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was dissolved in dry pyridine (20 ml) containing p-nitro- 
benzoyl chloride (2 g) and the solution was kept at 20" for 
4 h;  t.1.c. (ether-light petroleum, 1 : 4) then showed 
complete conversion of the free sugar (8 )  (RF 0) into the 
anomeric p-nitrobenzoates ( R F  0.3). The product (5-5 g) 
was isolated in the usual way and dissolved in dry ether 
(25 mi) and dry dichloromethane (25 ml), and dry hydrogen 
was then passed through the solution for 1 h; t.1.c. (as 
above) then showed complete conversion into the chloride 
(9) (RB 0-8). The mixture was kept a t  20" for 3 h and the 
solvents were evaporated off. The residue was dissolved in 
chloroform and the solution was washed with saturated 
sodium hydrogen carbonate solution and water, dried 
(MgSO,), and evaporated to give the chloride (9) (3.4 g) 
as a syrup. 

Benzyl 6-0- (2-0-A llyl-3,4,6-tri-O-benzyl-u-~-galacto- 
~yranosyl)-2,3,4-tr~-O-benzyl-u-~-galacto~yranos~de (1 0) .-A 
mixture of the chloride (9) (3.4 g, 6.7 mmol), benzyl 2,3,4- 
tri-O-benzyl-u-D-galactopyranoside (6.9 g, 12.8 mmol), 
dry triethylamine (2 ml, 14.3 mmol), dry tetraethyl- 
ammonium chloride (1.05 g, 6.6 mmol), and dry dichloro- 
methane (6 ml) was sealed in an ampoule under vacuum 
and kept a t  80" for 7 h; t.1.c. (ether-light petroleum, 1 : 1) 
showed the presence of a major product ( R p  0.7) and a 
minor product (RF 0.6) together with the excess of aglycone 
(RF 0-4) and the free sugar (8) [RF 0.4; produced by 
hydrolysis of the chloride (9) and detected by its rapid 
reaction with potassium perrnanganate] . The mixture 
was diluted with dichloromethane and the solution was 
washed with water and dried (MgSO,). The crude product 
(10.3 g )  was chromatographed on alumina. Elution with 
ether gave the disaccharide fraction (3 g, 44% based on 
chloride) , which was recrystallised from ethyl acetate-light 
petroleum (b.p. 60-80') to give the protected disaccharide 
(10) (2.3 g), m.p. 104-107°, [E], +66.3' (c 1 in CHCl,) 
(Found: C, 75-3; H, 6.9. CS4HS8011 requires C, 75.9; 
H, 6.8%). 

Benzyl 2 , 3,4- Tri-O-benzyl- 6-0- (3 , 4,6-tri-O-benzyl-a-~- 
galactopyranosyl) -u-D-galactopyranoside ( 12) .-A solution of 
the allylated disaccharide (10) (2.1 g) in dry dimethyl 
sulphoxide (25 ml) containing potassium t-butoxide (1 g) 
was kept at 45' for 1 h;  t.1.c. (ether-light petroleum, 1 : 1) 
then showed complete conversion of the ally1 ether (10) 
(Rp 0-6) into the prop-l-enyl ether (11) ( l i p  0.7). The 
product was isolated in the usual way4 and dissolved in 
acetone (36 ml) and water (4 ml). Mercury(I1) oxide 
(0.7 g) and mercury(rr) chloride (0.7 g) were added and the 
mixture was stirred at 20" for 10 min; t.1.c. (as above) 
then showed complete conversion of the prop- 1-enyl ether 
(RF 0.7) into a single product (RF 0.2), which was isolated 
in the usual way l1 to give compound (12) as the mono- 
hydrate (1.3 g ) ,  m.p. 107-108-5" (from aqueous acetone), 
[a], +77-2" (c 1 in CHCl,) (Found: C, 73.7; H, 6.5. 

Benzyl 2,3,4-Tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyZ-a- 
D-galactopyranosyl)-u-D-ga~actopyranoside ( 1 3) .-Compound 
(12) (70 mg) was treated with an excess of sodium hydride 
and benzyl chloride in dimethylformamide a t  40" during 
2 h; t.1.c. (ether-light petroleum, 1 : 1) then showed 
complete conversion of the alcohol (12) (RF 0.2) into the 
benzyl derivative (13) (Rp 0.7). The product was isolated 
in the usual way and chromatographed on alumina. 
Elution with ether-light petroleum (1 : 4) removed the 
non-polar contaminants and elution with ether-light 
petroleum (1 : 1) gave the product (13) (30 mg), map. 
111--112.5" (from methanol), mixed m.p. 110-112°, 
[u], +62.1° (c 1 in CHCl,) {lit.,I m.p. 112-114°, [u], +61° 
(c 1 in CHCl,)). 
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C61H64011,H,0 requires c ,  73.9; H, 6.7%). 
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