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Institute of Organic Chemistry, Polish Academy of Sciences, 01-224 Warszawa, Poland 
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Ab&aet--The acid-catalysed (HCl or SnClJ reaction of alkyl2.3-didcoxy-glyc-2-enopyranosidts or 
3,4,6-tri-O-acetyl-D-glycals with thiols leads to mixtures of akyl 2.3-didcoxy-l-thio-glyc-2- 
enopyranosides and 3-S-a&I-3-thioglycals. Under equilibrium conditions the latter axe the preponder- 
ant products of the reaction. Cross experiments have contirmed the intermediacy of the auylic 
carbocation in the reaction. A rationalization of the substitution reactions of 1,2- and 2,3-unsaturated 
sugars based on HSAB principle has been proposed. 

The C-l alkoxy group in alkyl 2,3-dideoxy-glyc-2- tion reactions of alkyl 2,3-dideoxy-glyc-2- 
enopyranosides (1) can be readily substituted for enopyranosides (1) and glycals (3). 

preparation 0; various glycosides belonging to 2,3- 
dideoxy-glyc-2-enopyranoside series (2). On the 
other hand, this class of sugar derivatives can be 
obtained in a well-known allylic displacement reac- 
tion of glycals (3) with alcohols.’ 

RR!XJLTg 
Methyl 2,3,4-trideoxy-glyc-2-enopyranosides (6 

11) react slowly with an excess of thiols exchanging 
the methoxyl group for an SR group under mild 
conditions. The reaction in water-dioxane solution 
is catalysed by very diluted hydrochloric acid and 
takes about 5 days. By contrast, the displacement 
reaction in methylene chloride solution catalysed 
by stannic tetrachloride requires only 3 hr for com- 
pletion. Only a slight excess of thiol is required in 
thiscase. 

Rl R, = H. OAc, OBz 

& 

3 ;HLCj$&Ac CO,R etc. 
3, 4 

3 

It was our intention to exploit both types of the 
approach for the preparation of 2,3-unsaturated 
thioglycosides, an unknown class of mono- 
saccharides. The experiments have shown that acid- 
catalysed reaction of 1 and 3 with thiols gave 
thioglycusides (4) and also 3-S-alkyl-3-thio-glycals 
Q. The results allow more general conclusions to 
be drawn regarding the regioselectivity in substitu- 

zJR3 q-j 

SR, 
4 !?i 

R, = H, OAc; % = CH,OAc, CH,NHAc, etc. 
K=tXr GH,, 

The yields of 2,3-unsaturated thioglycosides are 
moderate to good (20-65%); the formation of side- 
products can also be observed (tic). In two cases, 
the side-products were isolated and identified as 
the isomeric 3-Salkyl-3-thioglycals having the 
aythfo configuration. The results are collected in 
Table 1. 
Stannic tetrachloride was next used as a catalyst in 
the reaction of thiols with typical glycals, e.g. 3,4,6- 
tI%O-aCql-D-gh& (21)t and 3,4,6-tri-O-acetyl- 
Dgalactal (22).t From the reaction of 21 with 
n-hexyl mercaptan five products could be isolated, 
they were identified as n-hexyl2,3_dideoxy-l-thio- 
a - and fl-D-erythro-hex-2-enopyranosides (23 and 
24), 4,6-di-O-acetyl-3-S-n-hexyl-3-thio-Dallal and 
-D-glucal (25 and 26), and n-hexyl4,6-di-O-acetyl- 
2-deoxy3-S-n-hexyl-1,3-dithio-a-D-arabino-hexo- 
pyranoside (27). From the reaction of the same 
substrate with methyl mercaptan similar results 
were achieved although only three products, 29.30 
and 31 were isolated and characterized. The 
analogous reaction of 22 with n-hexyl or methyl 
mercaptans atrorded alkyl 4,6-di-0-acetyl-2,3- 
dideoxy-l-thio-a- and B-D-thrco-hexopyranosides 
(32, 33 and 36) and 4,6-d&O-acetyl-3-S-alkyl-3- 

tsystematic names: 3,4,6-tri-O-acetyl-1.5anhydro-2- 
deoxy-Dorabino-hex-1-enitol (21) and 3,4,6-tri-O- 
acctyl-l.S-anhydro-2_deoxy-Dlyxo-hu-lcnitol (22). 

lETVd%NNo.Z-I 287 



T
ab

le
 

1 

tJ
_/

&
..+

b 

S
R

’ 

6
-
1
1
 

n
-
l
a
 

l
9
.
m
 

A
n
a
l
y
B
i
s
 

C
om

pd
. 

C
om

pd
. 

C
al

cd
. 

F
ou

n
d 

11
0 

M
et

ho
d 

R
’ 

n
o 

Y
ie

ld
%

 
m

-p
. 

C
 

H
 

N
 

S
 

C
 

H
 

N
 

S
 

6 
$ 

C
d&

 
; 

35
.9

 
10

0.
5”

 
61

.9
5 

9.
28

 
5.

16
 

11
.8

1 
62

.1
8 

9.
29

 
4.

95
 

11
.8

1 
: 

G
K

3 
50

.3
 

lo
o.

s”
 

B
 

41
.2

 
b 

53
.7

0 
7.

51
 

6.
96

 
53

.4
4 

7.
21

 
6.

75
 

6 
C

 
9
4
.
0
 

b 
61

.9
5 

9.
28

 
5.

16
 

11
.8

1 
61

.1
5 

9.
44

 
4.

71
 

--
f-

a 
7 

A
 

&
H

I,
 

14
 

65
.7

 
b 

65
.1

8 
7.

87
 

6.
08

 
6.

96
 

65
.2

5 
7.

95
 

6.
00

 
6.

99
 

I 
B

ll
&

 

-C
H

E
tN

H
A

c 
-N

H
2 

-C
H

2N
H

C
02

B
Z

l 
1
0
 

11
 

A
 

G
&

3 
l5

 
41

.8
 

b 
B

 
G

&
2 

:; 
19

.8
 

15
11

3’
 

59
.2

2 
8.

70
 

5.
76

 
13

.1
8 

60
.0

4 
8.

98
 

5.
76

 
13

.2
2 

B
 

z:
: 

43
.0

 
b 

66
.0

8 
8.

04
 

3.
85

 
8.

80
 

65
.7

2 
8.

26
 

3.
64

 
8.

98
 

lY
 

13
.8

 
b 

66
.0

8 
8.

04
 

3.
85

 
8.

80
 

65
.6

2 
8.

24
 

3.
64

 
9.

43
 

B
 

C
H

s 
18

 
56

.0
 

13
7-

W
 

62
.2

6 
5.

23
 

4.
84

 
11

.0
8 

62
.2

8 
5.

11
 

4.
61

 
10

.9
2 

w
 

20
 

16
.0

 
b 

62
.2

6 
5.

23
 

4.
84

 
11

.0
8 

61
.9

3 
5.

26
 

4.
83

 
11

.2
2 

‘s
ee

 
B

xp
er

lm
en

ta
l 

fo
r 

de
ta

il
s.

 
bs

yr
u

p,
 

h
om

og
en

ou
s 

in
 T

L
C

. 
‘o

bt
ai

n
ed

 
by

 e
qu

il
ib

ra
ti

on
 

of
 6

 w
it

h
 S

n
C

1,
. 

.-
 

_.
- 

..-
-.

 
- 

.-
. 

_.
 

- 
_.

_.
 -

--
-.

 
- 

.._
- 

.._
 

-.
...

 
~

--
._

- 
._

.. -
.-

. 
._

. 
- 

.-
- 

- 
- 



The ackkatdysed reaction of thiols 289 

le 2. Yields, phyGcal and analytical data of alkyl4,6-di-0-a~~l-2,3~~dideoxy-l-thio-~hex-2cnopyranosides and 4,6-di-O- 
scetyl-3Salkyl-3-thio-D-glycals 

Analysis 
Sub&r : SnCl, 

Substrate React. time (h)Product Yield Cakd. Found 
No no thiol 110 % bliY C H S C H S 

1 21b 

2 21d 

3 up 

4 21 

5 22 

6 35’ 

7 22 

43:l 
(3) 

C,H,,SH 
12.5 : 1 

(5). GH,,SH 
2O:l 

(3) 
C6$3SlH 

. : 
(2.5) 

CH,SH 

14.6 : 1 
(12) 

Ggl,fH 

(1;) 
CeH,,SH 

30.5 : 1 
(12) 

CH,SH 

23= 41 

gc 3.8 

m 3.3 

24’ 9.1 

291 54.8 

w 
31c 3.2 

3F 43.0 

345 10 
33= 11.4 

36b 41 

w 17 

210.1”(15) 58.15 7.93 9.70 58.02 8.07 9.78 
201.4”(15) 58.15 7.93 9.70 58.34 7.94 19.49 
-98.3 (15) 58.15 7.93 9.70 58.45 8.17 9.91 
149.4 (15) 58.89 8.99 14.29 58.94 9.20 14.52 

75.0 (17) 

229.4 (21) 

309.0 (16) 
-120.6 (16) 

-51.8”(20) 

109.8 (23) 
-91.8 (20) 

50.77 

50.77 
50.77 
58.15 

58.15 
58.15 

6.20 

6.20 
6.20 
7.93 

7.93 
7.93 

12.30 50.89 6.32 12.34 

12.30 51.03 6.16 12.39 
12.30 50.83 6.17 12.32 
9.70 58.06 8.02 9.91 

9.70 58.37 8.04 9.75 
9.70 58.11 8.32 9.71 

-109.8 (21) 6.20 12.30 50.93 6.29 12.32 

164.1 (18) 

50.77 

50.77 6.20 12.30 50.55 6.46 12.12 

ethyl acetate soln. 
be presence of 24 in the reaction mixture was detected by TLC. 
ruP* 
eld of 23: 11% and of 25+X:43%. 
eld of 23:36.9% and of 25+26:3.1%. 
61. at 130”/0.2 Ton. 
eld of 32:49.6% and of 34:6%. 
.p. 55-57”, b.p. 117-1190/0.2Torr. 
J. 109-l 1 lo/O.2 Torr. 

h 
RI % RI R2 27 

23 H n-&I&S 25 H 

24 o-C6H13S 

n-G&S 

26 29 H C:$ nQ,,S 30 H g S 
31 CH,s H’ 

RI R, 
32 H eJw 34: R-n-C&, 21: R,-H,R,=oAc.R,=cH, 
33 o-C&.$ H 37: R=CH, 35: R,=OAc. %=H. %-W& 
36 H CH,S 
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W-1 

m.cJ3w_Ap 
Nu - 

Nut-) 

Scheme 1 

The pseudoaxial attack of the nucleophile at ture.24*u’“fo 
position 3 of the carbocation has an apparent anal- The question of the regioselectivity in the acid- 
ogy in the similar attack of nucleophiles observed catalysed reactions of 1 and 3 with thiols and other 
for Michael addition reactions in 6-membered, cyc- 
lit a@unsaturated systems.6 This simple model 

nucleophiles will now be discussed. Essentially two 
types of products are formed in these reactions: 

explains not only the present results but also the l-substituted 2,3-unsaturated pyranoses (A) or 3- 
majority of analogous reactions from the litera- substituted glycals (B) or both.t 

l’iu 
C A B 

Scheme 2 

It should be noted that the proportion of pro- 
ducts A and B at equilibrium or thereabouts de- 
pends on the nature of the incoming nucleophile. In 
Table 4, these groups or molecules are ordered 
according to their preference for bonding to C-1 or 
C-3 of the unsaturated pyranose system. 

It appears that a plausible explanation of the 
above results may be forwarded on the basis of 
Pearson’s hard and soft acids and bases (HSAB) 
principle. The nucleophiles tabulated in the first 
column (Table 3) are the hard bases, whereas those 
in the second column are soft bases. Accordingly, 
the regioselectivity in the reactions can be 
rationalized by assuming that the carbocationic site 
or C-l ia hard wheread that at C-3 is sojk The 

selectivity in choosing the bonding site is especially 
striking with typical hard (e.g. OR-, F-) and soft 
(e.g. SR-, C(CN)2CO&ie) bases. In these cases, 
the equilibrium A=B is almost completely shifted 
towards l- or 3-substituted products. Some nuc- 
leophiles glve rise to both regioisomers A and B, 
and it is dithcult in these cases to decide whether 
this is the conse+ence of the mixed character of 
the base, or whether the mixture obtained is not 
fully equilibrated. It is expected, therefore, that a 

tin many reactions the formation of saturated products 
haviug Nu groups both at C-l aud C-3 was also observed. 
They lu%toubtedly resulted from seauldaly pmceues 
whichwillnotbediscuescdhere. 
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Table 4. List of atoms and groups wbicb prefer bonding at C-l or C-3 
of the ally& C-l-C-3 system of carbohydrates. 

Ref. 

-OAc 

-F 

-CP 

0 

-&RI, 

l&18 R,==Cl,NHE@SCHs; R,-H, 
CL SCH,. NHAC 

20 

21 

2 

4.22-25 

4.26 

27.28 
29.30 

this study 

31 

‘Taken from literature for acid-catalysed reactions of alkyl 2,3- 
dideoxy-glyc-2-enopyranosiranosides. glycals, and 2-acylo~glycala. 

bsuch anions are rcgardcd as “borderline bases”. ’ Therefore both 
possible products, Le. substituted at C-l and at C-3, should be consi- 
dered for the quilibrinm conditions. 

real classification of the reaction can be made only 
after careful equilibration of the products. 

It seems that the HSAB principle may also be 
useful in the interpretation of other reactions, e.g. 
LM-I-reduction of alkyl 2,3-dideoxy-hex-2- 
enopyranoaides’3” (41) in which only 3-deoxy- 
glycals (42) are produced. The formation of 42 is 

WbMe = H& 

41 R=wOAc, CH, 
42 R,=Ac 

understandable because the hydride anion, as a soft 
base, binds preferentially to the soft center of the 
hexenopyranoae skeleton (i.e. C-3). Also, the 
Simmona-!Smith reaction of 41 leading to 43 as the 
prim? product Qu1 be rationalised on the same 
basis.’ 3 On the other hand, the structure of the 
so-called dhner of 3,4,6-tri-O-acetyl+glucal, 

namely 1,3,4,6-tetra-O-acetyl-2-C-(4,6-di-O- 
acetyl-2,3-dideoxy-a-o-erythro-hex-2-enopyrano- 
SJ’l) - 2 - deoxy - @ - D - &lCOp~~oSe (‘t4),3n COlltra- 

dicta the proposal outlined since a glucal-type 
structure would be predicted because the (-) 
CHR,R2 group (45 in this case) is usually regarded 
as a soft base. It may be 44 is the kinetic product or 
the carbanion 45 is a borderline base? 

The HSAB concept should show its usefulness in 
carbohydrate chemistry by providing the chance of 
predicting the reaction course in some transforma- 
tions. It can be said e.g. that reaction of glycals with 
hydrogen bromide-due to the borderline character 
of Br--should lead to a mixture of both reg- 
ioisomeric products i.e. 1-bromo3,3cne (A) and 
3-bromo-1,2cne (B). 

It has been reportedlo that only A-type products 
were found when 3,4-di-O-acetyl-exylal and 
-D-arabinal reacted with hydrogen bromide. On the 
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2% 

2x+6’ 

(b) 
4 

Ii-2&l-3 H-l H-4 n-a 2xH-6 

B 0 7 6 5 4 3 2 f 0 

PPm, 

elucnt. The following fractions were obtained: 
1. 57Omg (43%) of a mixture of both 25 and 26; 2. 

60 mg (3.3%) of 27; the configuration of 27 was deduced 
from its ‘H NMR data: 

‘H NMR: 8 5.33 (t, lH, C J = 6.3 Hz, H-l), 4.82 
(dd, lH, J,,, = 10.1 Hz, J,, = 8.9 I-& 
H-4), 3.76-4.41 (m, 3H, H-5. 2xH-6), 
3.01 (bd, lH, J, = 6.2 Hz, H-3), 2.50 
(m, 4H. 2x G&S), 2.20 (m, 2H, 2xH- 
2), 2.08, 2.10 (2s. 6H, 2xAc). l.l5- 
1.90 (m, 16H, 8XCH& 0.91 (bt, 6H, 
2xcH3. 

The presence of 24 in the post-reaction mixture was 
detected by tic on comparison with an authentic txample of 
24 obtained from another experiment (cf Table 2, entry 
3). The amount of 24 was too small for isolation and 
characterisation. 

‘Ihe mixture of 25 and 26 was separated into pure 
components by HPLC on a Siemens H-100 apparatus 
using four interconnected 3Ocm-columns packed with 
sedimented silica gel; a mixture of haptane and EtOAc 
(85: 15) was used for elution. 

The reaction of 21 (1.084g) with n-hexyl mercaptan 
(0.58 ml) catalysed by stannic chloride (0.24 ml; substrate: 
catalyst ratio 43: 1, Table 2, entry 1) W(LII performed 
shnilarly. For chromatographic qaration of products a 
mixture of light petroleum and EtOAc (10: 1) WBB wed. 
The reaction of (28 305mg, Table 2, entry 3) with 
n-hexyl mercaptan (0.21 ml) and etarmic chloride s~ln 
(0.16 ml) was performed in a similar manner. The mixture 

of products (275 mg) obtained was separated by HPLC on 
a 30 cm-column packed with Lichrosorb SI 60 (10 a). For 
elution a mixture of hexane and EtOAc (8 : 1) was taken. 
Along with 23, 25 and 24, the unchanged substrate 28 
was also isolated in 16.3% yield. 

(B) With methyl mercaptun (Table 2, entry 4). To a 
cooled (-200) soln of 21 (8.2g) and methyl mercaptan 
(1.53 g) in ethylene chloride (100 ml) stannic chloride soln 
(1.68ml) was added. The mixture was kept in a cloned 
vessel at room temp for 2.5hr. The work-up of the 
post-reaction mixture was performed as described under 
(A). For elution of producta from the chromatographic 
column a mixture of benzene and ether (50 : 1) was used. 

The ‘H NMR data of thioglyumidee 23,24 and 29 and 
3-thioglycals 25,26,30 and 31 are recorded in Table 6. 

Reaction of 3,4,6-tri-0-acetyl-wgalactal (22) with mer- 
coptorrc 

(A) With n-hexyl menxptun (Table 2, entry 5). To a 
sola of 22 (450 mg) and n-hexyl mercaptan (0.282 ml) in 
ethylene chloride (25 ml), 0.03 ml of the SncL-catalyst 
was added at 0”. The mixture was kept overnight at 5’ and 
then worked-up aa deacxibed above. Elution was carried 
out with benzene-ether (50: 1). 

The reaction of 35 (1.544g) with n-hexyl mercaptan 
(0.9 ml) in methylene chloride soln (40 ml) in the presence 
of SnCl, (35 me) took ca 12 hr for completion. Work-up 
of the mixture was performed as described above Vable 
2, entry 6). 

(B) Wide merhyl mezaptnln (Table 2, entry 7). The 
reaction of 22 (2.84 9) with methyl mercaptan (0.657 g) in 
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ethylene chloride (25 ml) soln catalysed by Soa, (89 mg) 
was performed as described for the analogous reaction 
with 21. The products of the reaction were separated by 
column chromatography using benzene-ether (SO: 1) for 
elutioo. 

The structures of alkyl 4,6-d&G-acetyl-2,3-dideoxy-l- 
thio-D-hex-2-enopyranosides and 4.6~~O-acetyl-3-S- 
alkyl-3-thio-D-glycals were deduced from ‘H NMR data 
(Table 6). 

The spectra of thioglycosides 23,24,29.32,33 and 36 
are similar to these of their oxygen preauaors 28 and 35. 
The glyad structure of compound4 25.26.3O,Sl_ 34 and 
37 could be easily derived from the H-l, H-2, and H-3 
signals and the appropriate coupling constanta J,,- 6.0- 
6.2 Hz, J,Js 1 Hz for r&o-(2!!, 30), xylo-34, 37) and 
erythm-(19.20) glycals, and J,J - 2.3 Hz for ambino-(26, 
31) glycals. Equilibration of thioglycosides 12, II), 29,32 
and 36. A soln of the appropriate thioglycoaide (co 
SO-1OOmg) in CCl, (ca lml) was plaad in a NMR 
test-tube and a S&l, soln in the same solvent was added 
to make the substrate: catalyst ratio equal to 10: 1. In 
case of thioglycusides 29, 32 and 36, equilibrium was 
attained after 2-2.5 hr. The s0ln of 18 was heated to 

boiig point to speed-up equiliition. As the cquili- 

bration of 12 was very slow, more catalyst was added 
(ratio3.8:1),andthesolnwasrc~~aadl~atroom 
temp for 2 days. The proportions of thioglycaaide 12 and 
3-thio8lycal38 did not change after this time. 

The results of equilibration are collected in Table 3. 
Fig. 1 shows three ‘HNMR spectra recorded during 
equilibration of 36: 

(a) after mixiog the substrate with SoCl,; 
(b) 5 minutes after the addition of a fresh portion of 

SoCl,; and 
(c) after a further 25 min. 

Simultaneous rearrangement of n-hexyl 4.6-di-G- 
acetyl-2.3-didm*y-l-thio-a-~~~-2-~~- 
side (23) and methyl 4,6-di-O-autyl-2,3-didcoxy-l-thio- 
a-nthreo-h&x-2-enopyrwloside (36) 

Thioglycosides 23 (123 mg) and 36 (132 mg) were dis- 
solved in 2ml of ethylene chloride and SoCl, (13.1 mg) 
was added. The mixture was left at room temp for 40 min. 
whereafter it was diluted with methyleoe chloride (5 ml) 
and shaken with NaHCO, aq. After washing with water 
and drying (MgSO3 the solvents were evaporated to 
dryness. The oily residue was distilled at 170”/0.2 Torr 
and the distillate was separated into components by 
HPLC a 3Ocm-column packed with Ii&rosorb SI 60 
(10~); elution with hexancEtGAc (11: 1). The following 
compounds were obtained: 31(18.4%), a mixture of 30 
(11.6%) and 37 (20.7%), and a mixture containing 25,s 
and 34 (total yield 49.3%). This last mixture was re- 
chromatographed with hexane-ethyl acetate (15 : 1) and 
atTorded two fractions: 2!!+34 and pure 36. All com- 
pounds were identitled by comparison of their ‘HNMR 
spectra and HPLC retention times with those of authentic 
samples. 
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