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Abstract

Pyranosyl chlorides prepared in situ from tri-O-benzyl-D-galactal and TolSCI react with silyl enol ethers,
allyltrimethylsilane, and vinyl ethers to give a mixture of B-C-galacto and a-C-talopyranosides in a ratio of 19:1.
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In the last two decades, the chemistry of
C-glycosylic compounds (‘C-glycosides’) has
attracted a great deal of attention because of
their unique properties and applications [1-3].
Numerous methods of C-glycoside prepara-
tion have been proposed [1,2a]. The majority
of them involve an electrophilic substitution at
the anomeric center [1]. Due to the anomeric
effect, the a-side nucleophilic attack is a more
favored process. As a result, C-a-glycosides
are more easily synthesized than the corre-
sponding B isomers. Recently, we proposed a
new method of stereoselective synthesis of C-
(2-S-aryl-2-thio-B-D-glucopyranosyl) com-
pounds [4]. Our approach is based on the
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reaction of different carbon nucleophiles (C-
Nu, e.g., silyl enol ethers, allyltrimethylsilane,
silyl ketene acetals, vinyl ethers, Grignard
reagents, and TMSCN) with episulfonium-like
intermediates (3a,b) generated from ArSCI ad-
ducts (2a,b) of a glucal (Scheme 1) [4b]. We
found that the stereoselectivity of this reaction
is greatly affected by the solvent polarity and
the sugar structure [4a,b]. For example, the
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reaction of TolSCI (Tol = p-tolyl) adducts of
tri-O-benzyl- or tri-O-acetyl-D-glucal (1a,b)
with 2-methyl-1-(trimethylsilyloxy)propene in
CH,Cl, and treated with SnCl, yields a mix-
ture of B-gluco and a-manno isomeric C-gly-
cosides (4a,b and S5a,b) in the same ratio of
87:13 [4b]. However, the reaction of TolSCl
adducts of 3,4-di-O-acetyl-6-deoxy-L-glucal
with 2-methyl-1- (trlmethylsﬂyloxy)propene af-
fords a mixture of the two isomers in a ratio
of 57:43 [4b]. In order to learn how the sugar
structure affects the stereoselectivity of the
reaction, we conducted the study of the reac-
tion of carbon nucleophiles with episulfo-
nium-like  intermediates generated from
D-galactal. Herein we report our results.

We found that tri-O-benzyl-D-galactal (6)
reacts with TolSCIl to give a mixture of iso-
meric 2-S-(p-tolyl)-2-thio-D-aldopyranosyl
chlorides (7)'. Upon treatment with SnCl, or
ZnCl,, this mixture was transformed into in-
termediates, presumably, of the episulfonium
ion structure (8 and 9). The latter were capa-
ble of reacting with different C-Nu (TMSCN,
silyl enol ethers, allyltrimethylsilane, and vinyl
ethers) to yield C-B-D-galactopyranosides
11a—e with high stereoselectivity and in good
yield (Scheme 2, Table 1). Along with C-B-D-
galactopyranosides 11a—e, a small amount of
an isomeric C-glycoside (12a—e, 5%, 'H NMR

"The '"H NMR spectrum of 7 taken 3 min after mixing
tri-O-benzyl-D-galactal and TolSCI shows signals of a- and
B-D-galactopyranosyl chlorides in a ratio of 53:47. After 3 h,
only signals of the a-D-galacto isomer were present in the
spectrum of the same sample. a-D-Galacto isomer: ¢ 6.27 (d,
1 H, J,, 3, H-1); B-D-galacto chloride: ¢ 520 (d, 1 H, J,, 9,
H-1). In both spectra we were unable to identify any signals
belonging to o,B-D-talopyranosyl chlorides.

data) was formed in all the reactions. In the
case of 2-methyl-1-(trimethylsilyloxy)propene
as a C-Nu, the second isomer was isolated
and identified as a C-a-D-talopyranoside ("H
NMR data).

The exclusive formation of C-glycosides
corresponding to the trans addition of the
TolS electrophile and C-Nu across the double
bond of galactal 6 supports the suggestion
that intermediates of this reaction are episul-
fonium-like species (i.e., 8 and 9) [4a,b,5]. In
the case of using vinyl ethers as C-Nu, the
reaction takes place through the formation of
an additional intermediate, the five-membered
sulfonium salt (10, Scheme 3). Similar inter-
mediates have been isolated [6] in the ArS-
group mediated dimerization of vinyl ethers
[4a,7].

So far, the reactions of nucleophiles with
cyclic intermediates (episulfonium [4,8], epise-
lenonium [9], and iodonium [10] ions) gener-
ated from carbohydrate derivatives have been
studied mainly using protected D-glucals as
starting compounds. Previously, it has been
shown that pseudoaxial and axial groups in
allal and galactal derivatives are effective di-
rectors [8a]. For example, the reaction of
MeOH with the electrophilic species generated
from D-galactal and phenylbis(phenylthio)-
sulfonium salt led to a more stereoselective
formation of O-B-D-galactopyranosides (j-
galacto:a-talo 12:1), compared with a low
stereoselectivity of glycosidation using D-glu-
cal (B-gluco:a-manno 3.7:1) [8a]. Similar en-
hancement of stereoselectivity has been
observed by Ito and Ogawa when sulfenate
esters were used for the generation of cyclic
intermediates from glycals [8b]. The re-
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Table 1
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Reaction of TolSCl adducts of galactal 6 with carbon nucleophiles

Ratio
Entry C-Nu C-p-D-Galactopyranoside  Yield, %2 B-galacto : a-talo
BnO OBn
1 TMSCN BnoéngN 11a 46 95:5
STol
BnO OBn
2 AMS BnOé&\A/ 11b 60 95:5
STol
Bn
Me_ OSiMe; BnO(™ Me Me
= 95:5
3 me A Me 56
STol
OBn
Me__ OSiMe; "0 Me Me
4 = BnO O 11d 55 95:5
Me”  OMe STol
OMe
5 Me, OMe 11c 79 95:5
Me
Bno OBn
6 =M Bnoé\g\/\&o e 42 95:5

STol

@ Yields are given for the mixtures of two isomers after preparative TLC. Tol=p-tolyl.

action of a primary alcohol with the epoxide
obtained from dimethyldioxirane and 1,5-an-
hydro-6-O-(tert-butyldiphenylsilyl)-2-deoxy-
D-lyxo-hex-1-enopyranose 3,4-carbonate (a
derivative of D-galactal) yielded exclusively a
B-D-galactopyranoside [11]. Our experimental
data for the reaction of C-Nu with episulfo-
nium-like intermediates generated from D-glu-
cal [4a,b] and D-galactal are in line with the
observations for reactions of other cyclic in-
termediates with O-Nu [8a,b,11]. Thus, in
CH,Cl,, the formation of a cyclic intermediate
(e.g., 8) with the ‘above-plane’ configuration
of the three-membered ring followed by the
formation of a 1,2-diaxial product is more
favored in the case of axial position of a
substituent (e.g., OBn group) at C-4 of a
pyranose ring.

In summary, we have shown that stereose-
lectivity of the reaction of pyranosyl chlorides

2
o) R ___ OMe
.+
B"O/j/\):sm R R
BnO
OBn
8

R2
Bnoww
-S OMe
BnO Tol

with carbon nucleophiles is increased from
87:13 (B-gluco:a-manno) to 95:5 (B-galacto:a-
talo) in the case of using D-galactal instead of
D-glucal as a starting carbohydrate derivative.

1. Experimental

Instrumentation and materials.—'H and "*C
NMR spectra (300 and 75 MHz, respectively)
of all compounds were recorded in CDCI,
using TMS as a standard unless otherwise
stated. Coupling constants, J, are given in Hz.
Preparative thin-layer chromatography (TLC)
was carried out using glass plates, 200 x 250
mm, with an unfixed layer of E. Merck Silica
Gel 60, 230-400 mesh. Analytical TLC was
performed on E. Merck precoated 0.2 mm
plates of Silica Gel 60 F,5,. IR spectra were
recorded on an ATI Mattson Genesis Series

R2

H,O
2 11c,e

OBn
10

Scheme 3.
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FTIR spectrometer. Optical rotations were
measured on an Autopol III automatic
polarimeter.

p-Tolylsulfenyl chloride was obtained from
p-methyl thiophenol using SO,Cl, [12]. 1-
Methoxy-2-methyl-1-propene was synthesized
from the corresponding acetal by pyrolysis
using p-toluenesulfonic acid as a catalyst [13].
Other chemicals were commercially available
(Aldrich Chemical Co.). All reactions were
carried out under an atmosphere of dry nitro-
gen using oven-dried or flame-dried glassware
and freshly distilled and dried solvents.

General procedure for synthesis of C-[2-S-
(p-tolyl)-2-thio-f -D-galactopyranosyl] — com-
pounds.—To a solution of 104 mg tri-O-
benzyl-D-galactal (0.25 mmol) in CH,Cl, (10
mL), 40 mg TolSCIl (0.25 mmol) in CH,CI,
(0.3 mL) was added dropwise at room temper-
ature (the color changed from yellow to color-
less). After 10 min, the mixture was cooled to
—78°C, and 0.3 mL of a 1.0 M solution of
SnCl, (0.3 mmol) in CH,Cl, was added, fol-
lowed by the carbon nucleophile (0.3 mmol).
The mixture was stirred for 1 h at — 78 °C,
quenched with a satd soln of NaHCO,, ex-
tracted with ether, and dried over Na,SO,.
Preparative TLC of the crude material after
solvent removal in vacuum afforded a mixture
of isomeric B-galacto and a-talo C-glycosides
(see Table 1 for the exact ratios of the isomers
for different C-Nu).

C-[3,4,6-Tri-O-benzyl-2-S-(p-tolyl)-2-thio-
f-D-galactopyranosyljcarbonitrile  (11a).—R,
0.43 (1:1 ether—hexane); [«]F — 14.60° (¢ 0.13,
CHCL,); IR (CHCL): v 2254 cm—! (CN); 'H
NMR: 6 2.34 (s, 3 H, CHj;), 3.30 (dd, 1 H, J, 5
11.4, J;, 2.4, H-3), 3.50 (m, 3 H, H-5, H-6a,
H6b) 359 (t, 1 H, J,5 114, J,, 114 H-2),
3.96 (d, 1 H, J3424 H-4), 403 (d, 1 H, J,,
11.4, H-1), 439 446 (two d, 2 H, J 117
CHzPh), 4.55, 4.89 (two d, 2 H, J 11.3,
CH,Ph), 4.73, 482 (two d, 2 H, J 11.3,
CH,Ph), 7.30 (m, 19 H, H-Arom); >C NMR:
0 21.2 (CH,), 49.6 (CS), 68.4, 69.7, 72.1, 72.5
(4 OCH, groups), 73.6, 74.7, 78.1, 79.9 (4
OCH groups), 116.3 (CN), 127.7, 127.8, 127.9,
127.9, 127.9, 128.0, 128.3, 128.4, 128.5, 128.9,
134.8, 137.4, 137.5, 138.1, 138.9 (C-Arom);
HRMS: Caled for C;HysNSO, 565.2289;
Found: M* m/z 565.2271.

1-C-[3,4,6-Tri-O-benzyl-2-S-(p-tolyl)-2-
thio-p -D-galactopyranosyl]- 2-pr0pene (11b).—
R, 0.77 (1:1 ether—hexane); [a]5 + 11.40° (c
0. 55 CHCL,); IR (CHCL): v 1641 cm ™!
(C= C) '"H NMR: ¢ 2.38 (s, 3 H, CH;), 2.45
(m, 1 H, H-7a), 3.01 (m, 1 H, H-7b), 3.39 (m,
3 H, Hl H-2, H-3), 349(dd 1 H, Js,, 6.5,
Jsep 3.5, J45~0 H-5), 3.60 (m, 2 H, H-6a,
H-6b), 4.01 (broad d, 1 H, Jis 2, J45~0
H-4), 4.46, 4.52 (two d 2 H, J 12, PhCHO)
4.64,493 (twod,2 H, J 11.5, PhCHzO), 4.70,
4.81 (two d, 2 H, J 12, PhCH,0), 5.09 (m, 2
H, =CH,), 5.96 (m, 1 H, =CH), 7.30 (m, 19 H,
H-Arom); *C NMR: 21.0 (CH,), 37.0 (CH,),
52.2 (CHS), 69.0, 72.3, 73.4, 74.2 (4 OCH,
groups), 72.7, 76.8, 80.0, 82.0 (4 OCH
groups), 11.7 (=CH,), 127.4, 127.5, 127.6,
127.7, 127.8, 128.0, 128.1, 128.2, 128.3, 129.5,
129.7, 131.8, 132.8, 135.1, 137.0, 138.0, 138.1,
138.8 (C-Arom); HRMS: Calcd for C;,H,,SO,
580.2637; Found: M* m/z 580.2628.

2-Methyl-2-C-[3,4,6-tri-O-benzyl-2-S -
(p-tolyl) - 2 - thio - p - D - galactopyranosyl]pro-
plonaldehyde (11c).—R, 0.60 (1:1 ether—hex-
ane); [«]y — 14.60° (c 0.20, CHCIL;); IR
(CHCL): v 1717 cm ! (CHO) 'H NMR: §
0.98, 1.12 (two s, 6 H, C(CH,),), 2.33 (s, 3 H,
CH,), 348 (t, 1 H, J,, ~ J,5 11, H-2), 3.53 (d,
1 H,J, 11, H-1),3.53(dd, 1 H, J,5 11, J5, 3,
H-3), 3.62 (m, 3 H, H-5, H-6a, H-6b), 4.01
(broad d, I H, J;5, 3 J45~0 H4) 4.48, 4.53
(two d, 2 H, J11 8, PhCH,0), 4.62, 4.97 (two
d, 2 H, J115 PhCH,0), 4.72, 4.80 (two d, 2
H, J 11.5, PhCHzO), 7.30 (m, 19 H, H-Arom),
9.74 (s, 1 H, CHO). *C NMR: 15.8, 21.6, 21.9
(3 CH; groups), 29.7 (C(CH,),), 50.7 (SCH),
69.0, 72.9, 73.5, 74.4 (4 OCH, groups), 73.2,
717.5, 82.1, 83.3 (4 OCH groups), 127.3, 127.5,
127.6, 127.7, 127.8, 128.1, 128.2, 128.4, 129.6,
130.6, 131.6, 136.6, 137.9, 139.0, 199.6 (C=0);
HRMS: Caled for C;H,,SO; 610.2753;
Found: M* m/z 610.2752.

Methyl 2-methyl-2-C-[3,4,6-tri-O-benzyl-2-
S-(p-tolyl)-2-thio- f-D-galactopyranosylpro-
pionate (11d).—R, 0.42 (1:1 ether—hexane);
[a]f° —10.91° (c O 55, CHCl,); IR (CHCl,,):
v 1725 cm ~ ! (ester); 'H NMR: § 1.17, 1.31 (2
s, 6 H, C(CH,),), 2.33 (s, 3 H, CH,), 3.60 (m,
5 H, H-1, H-2, H-5, H-6a, H-6b), 3.75 (s, 3 H,
OCH3) 3.94 (broad d, 1 H, J,5 8.0, J5, 0.5,
H-3), 4.00 (broad s, 1 H, J;, 0.5, J,5~x0,
H-4), 4.47, 4.53 (two d, 2H J11.7, OCHPh)
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4.60, 4.95 (two d, 2 H, J 11.4, OCH,Ph), 4.66,
4.75 (two d, 2 H, J 11.6, OCH,Ph), 7.27 (m,
19 H, H-Arom); '*C NMR: ¢ 18.1, 21.1, 25.7
(3 CH; groups), 46.1 (C(CH,),), 50.2 (CS),
51.8 (OCH,), 69.2, 72.9, 73.5, 73.7 (4 OCH,
groups), 74.5, 77.4, 82.5, 83.7 (4 OCH
groups), 127.4, 127.6, 127.7, 127.8, 127.9,
128.2, 128.3, 128.5, 129.5, 131.3, 132.9, 136.3,
138.2, 139.2 (C-Arom), 177.3 (COOCH,);
HRMS: Caled for C;,H,,SO, 640.2859;
Found: M* m/z 640.2883.

Methyl [2-methyl-2-C-[3,4,6-tri-O-benzyl-2-
S-(p-tolyl)- 2- thio - o. - D - talopyranosyl]Jpro-
pionate (12d).—This isomer was separated
from the mixture of two isomers using a
Whatman PE Sil G/UV plate (H 20 cm, W 10
cm, 70:9 CCl,—Et,0). '"H NMR: ¢ 1.19, 1.24
(two s, 6 H, C(CH;),), 2.33 (s, 3 H, CH,), 2.96
(dd, 1 H, J,, 10.1, J,5 2.3, H-2), 3.61 (m, 1 H,
H-4), 3.67 (s, 3 H, OCHy;), 3.78 (dd, 1 H, Jg, 6
11.5, J5¢ 2, H-6a), 3.94 (m, 1 H, H-3), 4.14
(dd, 1 H, Jg, 6 11.5, J5 4, 8.4, H-6b), 4.27 (d, 1
H, J,, 10.1, H-1), 435 (m, 1 H, H-5), 4.46,
454 (two d, 2 H, J 11.8, OCH,Ph), 4.56
(broad s, 2 H, OCH,Ph), 4.77, 4.85 (two d, J
11.2, OCH,Ph), 7.30 (m, 19 H, H-Arom).

2-C-[3,4,6-Tri-O-benzyl-2-S-(p-tolyl)- 2-
thio- ff-D-galactopyranosyljacetaldehyde (11e).
—R, 0.38 (1:1 ether—hexane); [a]5 —7.5° (c
0.20, CHCL,); IR (CHCly): v 1714 cm™!
(CHO); 'H NMR: ¢ 2.33 (s, 3 H, CH;), 2.70
(ddd, 1 H, J;, 7, 16.3, J, 7, 8.7, Jg 5, 2.3, H-Ta),
3.22 (ddd, 1 H, J;,,, 16.3, J, 5, 3.1, Jg 4 1.5,
H-7b), 3.33 (t, 1 H, J5, 10.5, J,; 10.5, H-2),
343 (dd, 1 H, J,5 10.5, J;, 2.5, H-3), 3.53 (m,
3 H, H-5, H-6a, H-6b), 391 (ddd, 1 H, J,,
10.5, J, 7. 8.7, J, 7, 3.1, H-1), 4.00 (d, 1 H, J5,
2.5, J,s=~0, H-4), 440, 445 (two d, 2 H, J
11.8, CH,Ph), 4.56, 4.90 (two d, 2 H, J 11.5,
CH,Ph), 4.69, 4.78 (two d, 2 H, J 11.5,
CH,Ph), 7.25 (m, 19 H, H-Arom), 9.77 (dd, 1
H, J;,, 2.3, Jg4, 1.5, CHO); C NMR: ¢ 21.3
(CH,), 47.5 (CH,CO), 52.8 (CS), 69.0, 72.7,
73.0, 73.7 (4 OCH, groups), 74.9, 76.1, 77.3,
81.8 (4 OCH groups), 127.8, 127.9, 128.0,
128.1, 128.3, 128.4, 128.5, 128.6, 128.7, 130.0,
130.6, 133.1, 137.8, 138.1, 138.2, 138.8
(C-Arom), 200.9 (C=0); HRMS: Calcd for
C;H3 SO 582.2441; Found: M™*™  mjz
582.2423.
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