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The need for mild, efficient, and stereospecific methods fur the synthesis of 
glycosides has evoked much research into developing new procedures’. Recently, new 
glycoside-forming reactions have been reported which utilize appropriately protected sugar 
derivatives having a free anomeric.hydroxyl group2-‘. Two of these procedures’7’ involve 
the intermediacy of glycosyl sulfonates and are, therefore, related to the method reported 
by Eby and Schuerch6. We now describe the use of betaines (1) formed from trivalent 
organophosphorus compounds and diethyl azodicarboxylate in the synthesis of glycosides. 

x 
H&O&y-N-CO&Hs 

In the carbohydrate field, the betaines (I) have been employed for the prepara- 
tion of nucleosides’ and monosaccharide carbonates’, for the antination and acylationr’ 
of sugar derivatives, and for the synthesis of O-phthalimido derivatives” and carbo- 
hydrate-saccharin conjugates I2 Alkyl aryl ethers have been prepared13 in good yields by . 

the method. However, when 2,3:5,6-d&U-isopropylidene+D-mannofuranose (2) was 
treated with triphenylphosphine, diethyl azodicarboxylate, and cyclohexanol in dry tetra- 
hydrofuran, only traces of the cyclohexyl glycosides could be detected by t.1.c. 
Consequently, mercuric halides were introduced into the reaction, with the expectation 

that they might facilitate the formation of the presumed glycosyloxyphosphonium salt and 
also possibly decrease the competing formation of N-glycosyl-1 ,Zdiethoxycarbonyl- 
hydra&e9 . 

Wedieated to the memory of Sir Edmund Hirst, C.B.E., F.R.S. 
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The experimental procedure for the preparation of the glycosides was as folIows. 
To a stirred solution of the phosphine (1.2 equiv.) in dry tetrahydrofirran (10 ml) were 
added diethyl azodicarboxylate (1.2 equiv.) and mercuric halide (1.2 equiv.), and the mix- 
ture was stirred for 5 min. The reducing sugar derivative was added and then, after 10 min, 
the alcohol (1 equiv.), and the mixture was stirred at the designated temperature. The 
progress of each reaction was monitored by t.l.c., and the products were isolated when the 
occurrence of essentially no further reaction was indicated. The reaction mixture was con- 
centrated to dryness; a solution of the residue was passed through a short column of basic 
&smina, and the glycoside(s) isolated by column chromatography on silica gel. 

The results with three reducing sugar derivatives are given in Table I. AU of the 
product glycosides gave elemental analyses and n.m.r. data consistent with the assigned 
structures, or had physical constants in agreement with those published. The distribution 
of anomers for the reactions with 2 is noteworthy, as the preparation of the (i-chloro- 
purinyl’ and phthaloylg derivatives from 2 afforded the fl anomer as the major product. 
Furthermore, when 2,3,4,6tetraU-methyl-Dghrcopyranose was treated with B-chloro- 
purine, diethyl azodicarboxylate, and methyldiphenylphosphine, only the p nucleoside was 
isolated, whereas 2,3,4,6-tetra_O-benzyk&D-ghrcopyranose (3) gave glycosides having&:6 
ratios of 3- -4.6. A possible expknation is that the reaction, with a mercuric haiide present, 
involves the intermediacy of gIycosy1 halides, in which case the reaction may be amenable 
to halide-ion catalysis’4 and the effects of temporary blocking groups6 at Cb. The method 
suffers from the possibility of such competing side-reactions as glycosyl carbonate or 
hydrazine formation; these side-reactions might become significant in cases involving 
stericahy hindered aIcohoIs. 

The present approach to glycoside synthesis is a mild and viabIe procedure which 
circumvents the need for gIycosyi halides and is compatible with acid-labile protecting 
groups. 

ACKNOWLEDGMENT 

The authors thank the National Research Council of Canada for fmancial support. 



D
A

T
A

 FO
R

 C
L

Y
C

O
SI

D
E

 SY
N

T
H

E
SI

S 

G
ly

co
sy

l m
oi

er
y 

A
lc

oh
ol

 
R

ea
ct

io
n 

co
nd

it
io

n8
 

M
er

cu
ri

c 
P

ho
sp

hi
ne

 
P

ro
du

ct
 g

ly
co

si
de

 
8 

ha
lid

e 
R

ea
ct

io
n 

T
em

pe
ra

tu
re

 
T

ot
al

 y
ie

ld
 

ol
:p

 R
al

io
 

- 
$ 

ti
m

e 
iw

 
8 

(4
 

6 

2 
C

yc
lo

he
xa

no
l 

24
 

A
m

bi
en

t 
&

C
l, 

Ph
, P

 
54

.6
 

6,
8 

z 
24

 
R

ef
lu

x 
&

C
l, 

Ph
, P

 
54

.1
 

1.
5 

$ 
24

 
A

m
bi

en
t 

H
@

r,
 

Ph
, P

 
67

.6
 

20
3 

!z
I 

3 
R

ef
lu

x 
H

E
&

 
Ph

,P
 

71
,7

 
2.

6 
24

 
0”

 
g 

H
&

 
Ph

, P
 

57
.5

 
2.

5 
12

 
A

m
bi

en
t 

&
?I

, 
Ph

, P
 

72
 

2.
8 

2 
2 

12
 

A
m

bi
en

t 
&

I,
 

R
I,

 P
 

21
 

d 
24

 
A

m
bi

en
t 

H
E

I,
 

M
eP

h,
P 

20
 

d 

3 
C

yc
lo

hc
xa

no
l -

24
 

A
m

bi
en

t 
W

J,
 

Ph
, P

 
77

 
2b

 
12

 
A

m
bi

en
t 

W
%

 
Ph

, P
 

80
 

3-
4.

6b
 

12
 

A
m

bi
en

t 
W

, 
Ph

, P
 

54
.6

 
0.

8b
 

24
 

A
m

bi
en

t 
W

, 
M

eP
h,

P 
65

05
 

1 
3 

4 
24

 
A

m
bi

en
t 

H
fi

B
r, 

Ph
,P

 
80

.5
 

2c
 

3 
5 

24
 

A
m

bi
en

t 
W

r,
 

Ph
, P

 
38

,3
 

d 
48

 
A

m
bi

en
t 

H
@

r,
 

M
eP

h,
P 

31
 

d 
3 

3 
48

 
A

m
bi

en
t 

H
@

r,
 

M
e&

, P
 

28
.3

 
d 

24
 

A
m

bi
en

t 
W

, 
M

eP
h,

 P 
40

.6
 

d 

6 
C

yc
lo

he
xa

no
l 

24
 

A
m

bi
en

t 
W

I,
 

Ph
, P

 
61

87
 

0.
5 

24
 

A
m

bi
en

t 
H

gB
r,

 
Ph

, P
 

55
s 

0.
9 

“A
ll 

of
 th

e 
re

ac
tio

ns
 w

er
e p

er
fo

rm
ed

 in
 te

tr
ah

yd
ro

fu
ra

n.
 b

T
he

 an
om

er
ic

 co
m

po
si

tio
n o

f t
he

 p
ro

du
ct

 rn
ix

tu
re

 w
ns

 de
te

rm
in

ed
 by

 “
C

-n
.m

.r
. 

sp
ec

tr
os

co
py

. ‘
T

he
 a

no
m

er
ic

 co
m

po
si

tio
n o

f t
he

 p
ro

du
ct

 m
ix

tu
re

 w
as

 de
te

rm
in

ed
 by

 “
C

-n
.m

.r
. s

pe
ct

ro
sc

op
y a

nd
 a

na
ly

tic
al

 hi
gh

-p
er

fo
rm

an
ce

 liq
ui

d 
ch

ro
m

nt
og

ra
ph

y.
 dO

nl
y 

th
e 

pr
es

en
ce

 of
 th

e 
a 

an
om

er
 w

as
 de

te
ct

ed
. 



Cl6 PRELIMINARY COM&IUNICATION 

REFERENCES 

1 G. Wuiff and G. Rlihle,Angew. Chem. Inr. Ed. Elrgl., 13 (1974) 157-170. 
2 S. Koto, Y. Hamada, and S. Zen, C%em. Left., (1975) 587-588. 
3 S. Koto, N. MorishIma, and S. Zen, Chem Lett., (1976) 61 64. 
4 S. Koto, N. hforishima, and S. Zen, aem. Lett., (1976) 11 OV- 1110. 
5 J. Leroux and A. S. Perhn, Cizrbohydr. Res., 47 (1976) C8-CIO. 
6 R. Eby and C. Schuerch, Gzrbohydr- Res., 34 (1974) 79-90. 
7 W. A. Szarek, C. Depew, II. C. Jarrell, and J. K. N. Jones, C7zem. Commn.. (1975) 648-649. 
8 G. Grynkiewicz, 3. Jurczalc, and A. Zamojshi, Chena. Common., (1974) 413-414. 
9 A. Zamojski, W. A. Szarek, and 3. K. N. Jones, Carbohydr. Res., 23 (1972) 460-462; 3. Jurczak and 

G. Grynkiewicz, ibid., 39 (1975) 147-150; M. C. Depew, Ph.D. Thesis, Queen’s University, Kingston 
1976. 

10 G. A. Alfredsson and P. J. Garegg, Acm Chen Stand., 27 (19’73) 724-726; S. Shimokawa, 
J. Kinutra, and 0. Mitsunobu, Bull. C&en?. Sot. Jpn., 49 (1976) 3357-3358. 

11 E. Grochowski and J. Jurczak, Cizrbohydr. Res., 50 (1976) Cl5-C16. 
12 W. A. Szarek,C. &pew, and J. K. N. Jones,1 Heterocycl. Chem., 13 (1976) 1131-1133. 
13 S. Bittner and Y. Ass& Urem. Ind. (London). (1975) 281; M. S. Manhas, W. H. Hoffman, B. Lal, 

and A. K. Bose,J. Chem. Sot. Perkin Trans. 1, (1975) 461-463. 
14 R. U. Lemieux, K. B. Hendricks, R.V. Stick, andK. James,J. Am. Chem. Sot., 97 (1975) 

4056-4062. 


