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Abstract: Reductive lithiation of 2-0-trimethylsilyl derivatives of phenyl
thiogluco and -galactopyranosides gives rise to a 1,3 O —»C silyl migration
leading to a-p-gluco and -galactopyranosyltrimethylsilanes in good yields.
The expected f-elimination is observed to a small extent in the case of a
2,3-di-0-trimethylisilyl derivative of phenyl thioglucopyranoside where a
tandem 1,3 O —>C, 1,4 O—>0 silyl rearrangement occurs, but becomes the
only possible reaction in the case of an 0-silylated derivative of pheny]l
thiomannopyranoside.

Unstabilized a-1ithiocethers can be conveniently prepared 1in tetra-
hydrofuran at -78° from a-(phenylthiolethers by reductive lithiation with
lithium naphthalenide (LN)!. This method has been applied to 2-deoxy pheny]l
thiohexopyranosides generating a reactive glycosyl-lithium species which was
shown to couple at -78° with various electrophiles2. Moreover, phenyl thio-
glycopyranosides underwent reductive lithiation at C-1, followed by rapid
elimination of the 2-substituent (acetal, ether, acetate) when treated with
LN in tetrahydrofuran at low temperature2.3. Pyranoid glycals were obtained
in excellent yields. A typical example (98% yield) is shown in Scheme 1. We
now report on the unusual behavior of phenyl thiogiycopyranosides having an
O-~trimethylsilyl ether function at C-2 when submitted to reductive lithia-

tion.
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The 2,3-di-0-trimethylsily) derivative 2 of the known4 diol, phenyl

4,6-0-benzylidene-1-thio-B-p-glucopyranoside 1, was reacted with LN (2
equiv.) in tetrahydrofuran at -78°. Two compounds were obtained (Scheme 2).
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The minor one (12% yield) was shown to be glycal 3. Much to our surprise,
the major reaction product was a crystalline compound 4, resulting from an
unprecedented tandem 1,3 O ——C; 1,4 O—0 anionic silyl rearrangement! 0-
Acetylation of 4 gave a shift of the H-3 n.m.r. signal from § 3.30 to 5.42
ppm, the H-2 signal being largely unaffected. Compound 4 has a *C,; conforma-
tion 1in chloroform solution, as shown by the trans-diaxial relationship of
H-2 and H-3 (J, 5 = 9 Hz, J; 4 = 9.5 Hz); the anomeric silicon atom 1is
axially oriented with an H-1 signal at & 3.80 (J; , 7.8 Hz).%
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very fast anionic 1,4 O0——=C silyl migration has been observed by
Rucker® under similar reaction conditions (Scheme 3). Owing to the high Si-0
bond energy, sily! migrations 1in electroneutral molecuies (reactions
performed with catalytic amounts of base) usually occur in the direction
from other atoms to oxygen?. In the case of anionic migration 1in the
opposite direction described by Rucker, the equilibrium { = {i obviously
lies far on the right side owing to the poor stabilization of the carbanion
{. Besides, anionic 1,3 silyl migrations between oxygen and carbon atoms
have been claimed to be observable oniy if the normally fast elimination of
silyloxide (Peterson olefination) 1s retarded by various factorst.

Scheme 3
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Iin the present case, we can postulate the following mechanism (Scheme
4): the unstable anomeric carbanion i will stabilize through either a
g-elimination of Li0OSiMe,; to give glycal 3, or through a 1,3 O —C siiyl

x (3,4,6—Tr1’—0-acetyI-2-deoxy—<x-o-—ar~ab1no-hexopyranosy])trimethylsilane5
which ex1sts in CHCl, solution 1n a 1C, conformation has an H-1 n.m.r.
signal at 8 3.65 (Jy 2, = 9.5 HZ, Jy 2.4 = 4.3 HZ).
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migration, a transient cyclic penta-coordinated species (i being a probable
intermediate. The conversion of {i 1into iii then generates a more
thermodynamically stabie oxyanionh. A pertinent question i1s: why should the
cyclic intermediate if not give rise to a concerted Peterson olefination and
thus contribute to the formation of 3?7 Although the detailed mechanism of
the Peterson reaction is not known, it appears that the elimination occurs
more easily when the carbon atom carrying the silyl group has anion-
stabilizing groups on it and when Iithium cation is avoided?. On the other
hand, theoretical calculationsl!® have shown that fragmentation of an
oxasiletanide-anion {(such as ii) is a non-concerted process, with the C-Si
cleavage being more advanced than the C-O cleavage. It could thus be that
the mechanism of the Peterson olefipation 1is actually a non-concerted

fragmentation (Scheme 5).
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The 1instability of the anomeric glycosyl-lithium derivative generated
in the reaction as described above 1is clearly a key factor. Once
irreversibty produced from i (Scheme 4 ), the cyclic species ii does not
fragment in a concerted manner, but is rather converted 1into the stable

oxyanion fii.

Scheme 6

Ph,,,,T/o Phy,, O Phy,, '/0 Phy, O

O//', J 0/1 C( I
iy 0 1 BuySno - o LN-78° Qo + ,:(/(i
2 BnBr
HO Y SPh Bno' T SPh BnO 8n0O ' ""’SiMe3

OH OR OH

1 9 R=H 11 12

10 R=

SiMe, 1 KH.THF,20° |



80 V. PEDRETTI et al.

In order to find out 1t the tandem character of our reaction was a
prerequisite for its v1abi|1ty} diol 1 was regioselectively converted into
the 3-0-benzyl derivative 9 by the tin methodologyll, with a conventional
O-trimethylisilylation then giving compound 10. When 10 was treated with LN
(2 equiv.) in tetrahydrofuran at -78°, glycal 11 was obtained in 58% yield,
and compound 12 resulting from the 1,3 O —C anionic silyl migration was
isolated in only 40% yield (Scheme 6). Although not critical, the
3-0-trimethylsily! group clearly favors the 1,3 O —C silyl migration, and
the negative charge was transferred through the following pathway:
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Compound 12 was perfectly stable at room temperature in the presence of
n-butyllithium in THF, but was converted into glycal 11 (85% yield) by KH in
THF at room temperature in 20 min (Peterson olefination).

Compound 4 was hydrolyzed by 80% aqueous acetic acid at 100° to give
the crystalline (x-p-glucopyranosy!)trimethylsilane 6 which showed, in a D,0
solution, a 4C; conformation with an H-1 n.m.r. signal at 6 4.03 (d, Ji,2 =
7 Hz). 1Its O-acetylated derivative 7 showed an important change of confor-
mation with an H-1 signal at § 3.92 (d, J, , = 5.5 Hz) and J, 3 = 7.3 Hz,
J3,4 = 1.8 Hz. The syn relationship between the axial anomeric trimethyl-
silyl group and the equatorial OH-2 in 6 explains its stability in an acidic
mediuml 2,

(x-0~Glucopyranosyl)trimethylsilane 6 was also promptly obtained in
gram amounts by per-0-trimethylsilylation of the known phenyl 1-thio-B-p-
glucopyranosidel3, followed by reductive lithiation and acidic hydrolysis
(61% overall yield, Scheme 2). This represents the first synthesis of a
Si-glucoside to date.

Reductive lithiation was also applied to the 2,3-di-0-trimethylsilyl
derivative 14, prepared from the known4 phenyi 4,6-0-benzylidene-1-thio—
B-p-galactopyranoside 13 (Scheme 7). Compound 15 resuiting from the tandem
1,3, 0O —C; 1,4 0 —>0 silyl migration was isolated in 16% yield together
with diol 16, resulting from easy hydrolysis of the 2-0-trimethylisilyl groﬁp
during workup (23% yield). Unsaturated compounds were also present but could
not be isolated owing to severe streaking on silica gel. The crystalline
(x-p—~galactopyranosyl)trimethylsilane 18 was best prepared in 50% overall
yield from phenyl 1-thio-f-p-galactopyranosidel4 through the already
described sequence: silylation-reductive lithiation-acidic hydrolysis.
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Finaily, we 1investigated the 1nfluence of the stereochemistry at C-2
upon the outcome of the reaction. Phenyl! 1-thio-B-p-mannopyranoside,
prepared from acetobromomannose by treatment with sodium thiophenoxide in
HMPALS | followed by 0O-deacety lation, was converted into the
4,6-0-isopropylidene derivative 19. The 2,3-di-0-trimethylsily] derivative
20, when submitted to reductive lithiation, was transformed into glycal 21
(68% vyield) (Scheme 8). Since glycosyl-lithium species have been shown? to
be a-oriented, no 1,3 0O—C silyl rearrangement was possible for steric
reasons, and anti-elimination of LiOSiMe; occurred exclusively (Scheme 9).
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In conclusion, this work provides a straightforward entry to a novel
class of cabohydrate derivatives which may have interesting chemical and
biochemical properties. It is also of mechanistic interest in connection

with the Peterson olefination reaction.
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EXPERIMENTAL

Melting points are uncorrected. Optical rotations were measured at
20x2° with a Perkin-Elmer Model 241 polarimeter. Elemental analyses were
performed at Université Pierre et Marie Curie (Paris VI). lH-N.m.r. spectra
were recorded with a Cameca 250 and a Bruker AM-400 spectrometer for
solutions in CDCl, or CgDg (Me,Si as internal standard). 29Si-N.m.r. spectra
were recorded at 79.424 MHz with a Bruker AM-400 spectrometer for solutions
in CDCl, (Me,Si as internal standard) or D,0 (DSS as internal standard).
Reactions were monitored by t.l.c. on Silica Gel 60 F,5, (Merck) and detec-
tion by charring with sulfuric acid. Flash column chromatography was
performed on Silica Gel 60 (230-400 mesh, Merck).

Phenyl 4,6-0O-benzylidene-2,3-di-O-trimethylsilyl-1-thio-B-p-glucopyran-
oside (2). -- To a solution of phenyl 4,6-0-benzylidene-1-thio-B-p-gluco-
pyranoside 14 (3.6 g, 10 mmoles) in dry pyridine (50 mL) were added in suc-
cession hexamethyldisilazane (19 mL, 90 mmoles) and chlorotrimethylsilane (8
mL, 63 mmoles) at room temperature under argon. After stirring at 60° for 20
min, the reaction mixture was evaporated at 40-50° under good vacuum. Carbon
tetrachloride (50 mL) was added to the residue and NH,C1 was removed by
filtration. The filtrate was washed with cold water, dried (Mgs0O,), and
concentrated to give 2 (4.8 g, 95%) as a colorless syrup, [al, -49° (¢ 1,
CHCl3); 1H-n.m.r. (CDCl,): & 7.60-7.10 (10 H, arom.), 5.50 (s, PhCH), 4.71
(d, Jy, , = 10 Hz, H-1), 4.32 (dd, J5 g, = 4 Hz, Jg, g, = 10 Hz, H-6a), 3.76
(m, 2 H), 3.63 (dd, J2,3 = 8 Hz, H-2), 3.46 (m, 2 H), 0.22 and 0.06 (2 s, 2
SiMe, ).

Anal. caic. for C,5H,,05S81,; C, 69.48; H, 7.19. Found: C, 59.70; H,
7.25.

1,5-Anhydro-4,6-0-benzylidene-2-deoxy-3-0O-trimethylsilyl-p-arabino-

hex-1-enitol (3) and (4,6-0O-benzylidene-2-O—trimethylsilyl-a-p-glucopyran-
osyl)trimethylsilane (4). -- Small chips of lithium (694 mg, 100 mmoles),
previously washed with dry hexane, were added under argon at room tempera-
ture to a solution of naphthalene (12.8 g, 100 mmoles) 1n anhydrous THF (100
mL), distilled over Na benzophenone. The mixture was stirred (glass-coated
maghetic bar) overnight at room temperature under argon. The resulting
dark-green solution of lithium naphthalenide could be stored for a few days
under argon in the refrigerator.

The <1 M Tlithium naphthalenide solution (220 mL) was transferred
dropwise under argon by standard syringe techniques to a solution of the
phenyl thioglycoside 2 (5 g, 10 mmoles) in anhydrous THF (50 mL) at -78°
with stirring. The reaction was accompanied by a change of color (from

- dark—-green to light-brown) of the solution, and was monitored by ¢t.l.c.
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(toluene-&tOAc, 9:1). Two new compounds soon became detectable at Ry 0.75
(unsaturated product) and 0.55. The addition of 1lithium naphthalenide was
stopped when the starting material (R 0.85) disappeared. The mixture was
aliowed to warm to 0° and carefully neutralized by dropwise addition of
THF~ACOH (4:1, = 6 mL). After evaporation, dichloromethane (100 mL) was
added to the residue and insoluble material was removed by filtration. The
filtrate was washed with water, dried (MgsSO,), and evaporated. Flash chroma-
tography of the residue (toluene-EtQOAc, 19:1) gave first 3 (367 mg, 12%) as

a syrup, H-n.m.r. (CDCl,;): & 7.60-7.30 (5 H, arom.), 6.38 (dd, Ji,2 = 6.1
Hz, Jy, 3 = 1.2 Hz, H-1), 5.68 (s, PhCH)}, 4.72 (dd, J, , = 1.8 Hz, H-2), 4.56
(ddd, .13_4 = 7 Hz, H-3), 4.40 (m, H-5), 4,00-3.80 (m, H-4,6a,6b), 0.16 (s,
SiMe; ).

Next eluted was 4 (2.4 g, 61%) which was crystallized from hexane, m.p.
141-143°; [a], +24° (¢ 1, CHCl;); 1H-n.m.r. (CDCl,): & 7.60-7.40 (5 H,
arom.), 5.58 (s, PhCH), 4.32 (dd, J5 5, = 4.5 Hz, J6a,6b = 10.5 Hz, H-6a),
4.10 (dd, J, , = 7.8 Hz, J, 3 = 9 Hz, H-2), 3.90 (dd, J; 4 = 9.5 Hz, H-3),
3.80 (d, H-1), 3.68 (dd, J5 g, = 10 Hz, H-6b), 3.46 (m, H-4,5), 2.46 (s,
OH), ©0.20 and 0.1% (2 s, 2 SiMe,); 2%Si-n.m.r. (COCiz): 8;yg 19.64 (OSiMe;)
and 2.29 (CSiMe, ).

Anal. Calc. for CygH;,058i1,: C, 57.54; H, 8.13. Found: C, 57.45; H,
8.0z2.

Compound 4 (13 mg) was treated for 90 min at room temperature with
acetic anhydride (0.5 mL), pyridine (1 mL), and a catalytic amount of N,N-
dimethylaminopyridine. Methanol (0.5 mL) was added and the solution was
evaporated 1in the presence of toluene to give 5 as a syrup (15 mg);
1H~n.m.r. (CDCl,): & 7.50-7.30 (5 H, arom.), 5.52 (s, PhCH), 5.42 (dd, J2.3
= 9 Hz, Jy 4 = 9 Hz, H-3), 4.32 (dd, Js g, = 4 Hz, Jg, gp = 10 Hz, H-6a),
4.18 (dd, J, , = 8 Hz, H-2), 3.79 (d, H-1), 3.67 (dd, J5 gp, = 10 Hz, H-6b),
3.51 (m, H-4,5), 2.13 (s, OAc), 0.23 and 0.13 (2 s, 2 SiMe,).

(a-p-Glvcopyranosyl)trimethylsilane (6). -- (a) A solution of 4 (2 g)
1n acetic acid (40 mbL) and water (10 mL) was heated at 100° for 10 min, then
cooled and evaporated in the presence of toluene. The residue was
crystallized from EtOAc to give 6 (0.88 g, 74%), m.p. 171-173°, [al, +44° (c
t, MeOH); tH-n.m.r. (pyridine~-ds + D,0): § 4.30 (dd, Ji,2 = 7 Hz, J, ; = 8.5
Hz, H-2), 4.29 (dd, J5 g, = 2.5 HZ, Jg, ¢, = 12 Hz, H-6a), 4.16 (dd, J, 4 =
9 Hz, H-3), 4.06 (dd, J5 g, = 6 Hz, H-6b), 4.03 (d, H-1), 3.88 (dd, H-4),
3.78 (m, H-5), 0.12 (s, SiMey); 298i-n.m.r. (D,0): 8,55 +0.361 (SiMe,).

Anal. Calc. for CyH,,058i: C, 45.74; H, 8.53. Found: C, 45.87; H, 8.54.

A portion of compound 6 (55 mg) was conventionally acetylated to give 7
as a syrup (92 mg); lH-n.m.r. (CDCl3): & 5.31 (dd, J, , = 7.3 Hz, J,, 4 = 7.8
Hz. H-3), 5.23 (dd, J; , = 5.5 Hz, H-2), 4.99 (dd, J, 5 = 8 Hz, H-4), 4.36
(dd, Js g, = 6.5 Hz, Jg, ¢y = 12 Hz, H-6a), 4.11 (dd, Js5 4, = 3 Hz, H-6b),
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3.92 (d, H-1), 3.20 (ddd, H-5), 2.09 (4 QAc), 0.17 (s, SiMe,).

(b) Phenyl i-thio-g-p-glucopyranosidel3 (2.7 g, 10 mmoles) was
silylated by treatment with hexamethylidisilazane (41 mL, 194 mmoles) and
chlorotri-methylsilane (17 mL, 134 mmoles) in dry pyridine (100 mL) for 15
min at 60°. The reaction mixture was processed as described for 2 to give 8
as a solid mass very sensitive to moisture (5.4 g, 96%); lH-n.m.r. (CDCl,):
6 7.56-7.18 (m, 5 H, arom.), 4.62 (m, H-1), 3.78 (dd, Js5 g, = 2 Hz, Jg, ¢p =
11 Hz, H-6a), 3.60 (dd, Js,sb = 6.5 Hz, H-6b), 3.50-3.24 (m, H-2,3,4,5),
0.18, 0.10 and 0.04 (4 SiMe,).

A solution of 8 (5.4 g) in anhydrous THF (50 mL) was treated with a 1 M
lithium naphthalenide solution in THF (220 mL) at -78° as described for 2.
The addition of lithium naphthalenide was stopped when the starting material
disappeared as verified by t.l.c. (CH,Cl,). Several products corresponding
to partial de-0-silylation were detectable. The reaction mixture was allowed
to warm to room temperature, acidified with THF-AcOH-water (4:1:1, 30 mL),
stirred at room temperature for 20 h, and evaporated in the presence of
toluene. The residue was extracted with water, and the aqueous extract was
washed with CH,Cl,, then evaporated. Flash chromatography (acetone-EtOAc,
1:1), followed by crystallization from EtOAc, gave a product identical to 6
(1.44 g, 61% overall yieid).

Phenyl 3-O-benzyl-4,6-0O-benzylidene-1-thio-B-p-glucopyranoside (9), —--
A mixture of 1 (3.6 g, 10 mmoles), Bu,SnO (3 g, 12 mmoles), powdered 4 A
molecular sieves (10 g) in dry acetonitrile (100 mL) was heated at reflux
for 4 h, then cooled at room temperature under argon. Tetrabutylammonium
bromide (3.2 g, 10 mmoles) and benzyl bromide (2.9 mL., 24 mmoles) were
added, and the mixture was heated at reflux for 13 h, then cooled, filtered,
and concentrated. Flash chromatography of the residue (toluene-EtOAc, 57:3)
gave 9 (2.16 g, 48%) which was crystallized from ether-hexane, m.p. 120.5~
121.5°, [aly, -41° (¢ 1, CHCl;); IH-n.m.r. (CDCl14): & 7.60-7.30 (m, 15 H,
arom.), 5.62 (s, PhCH), 5.00 and 4.82 (2 d, Jgem = 11.5 Hz, PhCH,), 4.66 (d,
Jy,2 = 9.5 Hz, H-1), 4.43 (dd, J5 g, = 5 Hz, Jg, g, = 10.6 Hz, H-6a), 3.84
(dd, J2’3 = 10 Hz, H-2), 3.72 (m, H-3,4), 3.56 (m, H-5,6b), 2.58 (d, J2,OH =
2 Hz, OH).

Anal. Calc. for C,zH,505S: C, 69.31; H, 5.82. Found: C, 69.42; H, 5.80.

Pure EtOAc eluted unchanged 1 (1 g, 28%).

Phenyl 3-O-benzyl-4,6-O-benzylidene-2-Q-trimethylsilyl-1-thio-B-p-glu-
copyranoside (10). ~- Compound 9 (1.8 g, 4 mmoles) was silylated by treat-
ment with hexamethyldisilazane (9.5 mL, 45 mmoles) and chlorotrimethylsilane
(4 mL, 31.5 mmoles) in dry pyridine (20 mL) for 30 min at 60°. The reaction
mixture was processed as usual and the residue was submitted to flash chrom-
atography (hexane-acetone, 93:7) to give 10 as a syrup (2.05 g, 98%), [alp
-56° (¢ 1, CHC1,).
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Anal. Calc. for C,gH,,0588i: C, 66.63; H, 6.56. Found: C, 66.58; H,
6.70.

1,5-Anhydro-3-0O-benzyl-4,6-0O-benzylidene-2-deoxy-p—-arabino-hex-1-enitol
(11) and (3-O-benzyl-4,6-0O-benzylidene-a-p-glucopyranosyl)trimethylsilane
(12). -~ (a) A solution of 10 (523 mg, 1 mmole) in anhydrous THF (6 mL) was
treated with a 1 M lithium naphthalenide solution in THF (=2 mL) at -78° un-
der argon. The addition of lithium naphthalenide was stopped when 10 disap-
peared as verified by t.l.c. (CH,Cl,, Ry 0.66); two new compounds were
detectable at R, 0.59 (unsaturated product) and 0.51. The reaction mixture
was processed as usual and the residue was submitted to flash chromatogra-
phy. Toluene eluted first naphthalene, then CH,Cl, eluted 11 (184 mg, 58%)
which was crystallized from hexane, m.p. 103-104°, [a], -43.5° (c 1, CHCl;);

lH-n.m.r. (Cg¢Dg): & 7.60-7.10 (m, 10 H, arom.), 6.12 (dd, J, , = 6.2 Hz,
Jy,3 = 1.6 Hz, H-1), 5.30 (s, PhCH), 4.78 and 4.62 (2 d, J4,, = 12.5 Hz,
PhCH, ), 4.72 (dd, J, 5 = 2 Hz, H-2), 4.28 (ddd, J; 4, = 7.5 Hz, H-3), 4.15
(dd, Js g, = 5.2 Hz, Jg, gp = 10.4 Hz, H-6a), 3.95 (dd, J, 5 =10 Hz, H-4),

3.72 (ddd, J5, 4p = 10.2 Hz, H-5), 3.50 (dd, H-6b).

Anal . Calc. for C,4H,,04: C, 74.06; H, 6.22. Found: C, 73,69; H, 6.18.
Hexane-EtOAc 1:1 eluted 12 (166 mg, 40%) as a syrup. 'H-N.m.r. (CDCl;): §
7.60-7.40 (m, 10 H, arom.), 5.64 (s, PhCH), 5.06 and 4.78 (2 d, Jgem = 11.6
Hz, PhCH,), 4.32 (dd, Js g, = 5 Hz, H-6a), 4.13 (dd, J,, , = 8 Hz, J, 3 = 10
Hz, H-2), 3.91 (d, H-1), 3.72 (m, H-3,4,6b), 3.44 (m, H-5), 2.32 (d, J, o4 =
2 Hz, OH).

(b) A solution of 12 (162 mg, 0.5 mmole) in dry THF (5 mL) was added
under argon at room temperature to KH (108 mg of a 50% dispersion in oil,
1.3 mmole, previously washed three times with dry hexane). The mixture was
stirred at room temperature for 20 min, then cooled at 0°; a saturated
aqueous solution of NH,C] was added cautiously; the solution was diluted
with ether (20 mL), washed with water, dried (MgSO,), and evaporated. Flash
chromatography of the residue (toluene as eluant) gave 11 (138 mg, 85%),
identical to the product described above.

Phenyl! 4,6-O~benzylidene-2,3-di—-O-trimethylsilyl-1-thio-B~-p-galactopy-
ranoside (14). -- Phenyl 4,6-0-benzylidene-1-thio-B-p-galactopyranoside 134
was silylated as described for 1 to give 14 (92%), m.p. 140-141°, [aly
-14.5° (¢ 1, CHCl;); lH-n.m.r. (CDCl;): 8 7.75-7.24 (m, 10 H, arom. ), 5.64
(s, PhCH), 4.59 (d, Jy , = 9 Hz, H-1), 4.44 (dd, J5 ¢, = 1.5 Hz, Jg, gp =
12.5 Hz, H-6a), 4.15 (dd, J, 4 = 3.5 Hz, J4 5 < 1 Hz, H-4), 4.14 (dd, Js5 gy
= 1.5 Hz, H-6b), 4.05 (dd, Jz’3 £ 9 Hz, H-2), 3.78 (dd, H-3), 3.50 (m, H-5),
0.23 and 0.15 (2 s, 2 SiMe,).

Anal. Calc. for C,g5H3g05881,: C, §9.48; H, 7.19. Found: C, §9.85; H,
7.35.

Reductive lithiation of 14. -- A solution of 14 (253 mg, 0.5 mmole) in
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dry THF (5 mL) was treated at -78° under argon with a =1 M lithium
naphthalenide solution in THF (=1 mL). Severe streaking was observed by
t.l.c. (toluene-EtOAc, 7:1). Nevertheless, flash chromatography (toluene-
EtOAc, 7:1, then EtOAc) allowed the isolation of two compounds 15 and 16.
(4,6-0-Benzylidene-2-0O-trimethylsily-a-p~galactopyranosyl jtrimethylsil-
ane (15) (32 mg, 16%) was a crystalline mass very sensitive to moisture;
1H-n.m.r. (CDCl,): & 7.58-7.42 (m, 5 H, arom.), 5.58 (s, PhCH), 4.26 (2 dd,
Jy, 4 = 4 HZ, J4 5 = 1 HZ, J5 g, = 1.5 Hz, Jg, ¢y, = 12.5 Hz, H-4,6a), 4.23
(dd, J;, , = 8 Hz, J, 5 = 10 Hz, H-2), 4.04 (dd, J5 ¢, = 2 Hz, H-6b), 3.90
(d, H-1), 3.77 (ddd, J3, 00 = 9.5 Hz, H-3), 3.43 (m, H-5), 2.28 (d, OH), 0.15
and 0.13 (2 s, 2 SiMe;).
(4,6~0-Benzylidene-a-p-galactopyranosyl)trimethylsilane (16) (37 mg,
23%) was a crystalline mass; lH-n.m.r. (CDCl; + CCI1;CONCO): § 8.68 and 8.38

(2 s, 2 NH), 7.60-7.42 (m, 5 H, arom.), 5.79 (dd, J, , = 6.5 Hz, J, 3 = 8.5
Mz, H-2), 5.60 (s, PhCH), 5.38 (dd, J, , = 3 Hz, H-3), 4.68 (dd, J, s = 2.5
Hz, H-4), 4.56 (d, H-1), 4.38 (dd, Js g, < 1 Hz, J4, g, = 13.5 Hz, H-6a),

4.14 (dd, Js g, = 2 Hz, H-6b), 3.70 (ddd, H-5), 0.20 (s, SiMe;).

Unsaturated products were detectable by t.l.c. but could not be
isolated in a pure state.

(a-p-Galactopyranosyl)trimethylsilane (18). -~ Phenyl 1-thio-B-galacto-
pyranosidel4 (2.7 g, 10 mmoles) was silylated as described above to give 17
as a syrup sensitive to moisture (5.2 g, 93%); lH-n.m.r. (CDCl;): &
7.54-7.16 (5 H, arom.), 4.50 (d, J, , = 9.5 Hz, H-1), 3.88 (dd, J, ; = 9 Hz,
H-2), 3.40 (dd, J3 4 = 2.5 Hz, H-3), 0.1-0.0 (4 s, 4 SiMe;). A solution of
17 (5.2 g) in dry THF (50 mL) was treated first with lithium naphthalenide,
then with aqueous acetic acid as for 8. The crude product was purified by
flash chromatography (CH,C1,-MeOH, 6:1), then by gel filtration over
Sephadex LH-20 (CHCl;-MeOH, 1:1) to remove silicic acid. Compound 18 (1.28
g, 54%) was crystaliized from EtOAc, m.p. 131-133°, [a], +11.5° (¢ 1, MeOH);

lH-n.m.r. (pyridine-ds + D,0): & 4.84 (dd, J, 4 = 3.5 Hz, J, 5 = 3.5 Hz,
H-4), 4.79 (dd, J, , 5 Hz, J, ; = 6.8 Hz, H-2), 4.66 (dd, Jg ;. = 7 Hz,
Jsa,60 = 11.5 Hz, H-6a), 4.49 (2 dd, J5 g, = 4.5 Hz, H-3,6b), 4.37 (m,

H-1,5), 0.39 (s, SiMey); 29Si-n.m.r. (D,0): 8§55 +0.386 (Si1Mey}.

Anal, Calc. for CgH,,05Si: C, 45.74; H, 8.53. Found: C, 45.987; H, 8.63.

Phenyl 4,6-O-isopropylidene-1-thio-B-pD-mannopyranoside (19). -= Sodium
hydride (1.6 g of a 60% dispersion in oil, 40 mmoles) was added gradually at
room temperature under argon to a solution of 2,3,4,6-tetra-0-acetyl-a-o-
mannopyranosyl bromidel® (4.12 g, 10 mmoles) and thiophenol (4.1 mt, 40
mmoles) in HMPA (50 mL); the mixture was stirred for 30 min at room tempera-
ture until the hydrogen evolution stopped, then poured into i1ce-cold water
(1 L), then extracted three times with EtOAc. The extract was washed with
0.1 M agueous hydrochloric acid, then water until neutral, dried (MgSO4),
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and concentrated to give nearly pure phenyl 2,3,4,6-tetra-0-acetyl-1-thio-
g8-p~mannopyranoside (4.14 g, 94%) as a syrup; iH-n.m.r. (CDC1;): § 7.62-7.18
(m, & H, arom.), 5.74 (dd, Jy , = 1 Hz, J, 3 = 3.5 Hz, H-2), 5.34 (dd, J, 4
= 10 Hz, J4.5 = 10 Hz, H-4), 5.10 (dd, H-3), 4.95 (d, H-1)}, 4.34 (dd, JS,Sa
= 6.5 Hz, Jg, gp = 12 Hz, H-6a), 4.22 (dd, J5 ¢, = 2.5 Hz, H-6b), 3.74 (ddd,
H-5), 2.24, 2.12, 2.01 and 2.00 (4 s, 4 OAc). Treatment with 0.2 M NaOMe in
MeOH (35 mL) for t h at room temperature gave phenyl 1-thio-f-p—-manno-
pyranoside (2.33 g, 91%) as a foam; lH-n.m.r. (D,0): § 7.90-7.68 (m, 5 H,
arom.), 5.48 (d, Jy , = 1 Hz, H-1), 4.52 (dd, J, 3 = 1.5 Hz, H-2), 4.24 (dd,
Js, 6a = 2.5 Hz, Jg, gp = 12.5 Hz, H-6a), 4.06 (dd, J5 5, = 6 Hz, H-6b),
4.00-3.90 (m, H-3,4), 3.76 (m, H-5). The product (2.3 g, 8.4 mmoles) was
then treated with 2-methoxypropene (1.6 wmiL, 17 mmoles) and dl-camphor-
sulfonic acid (43 mg) in dry DMF (70 mL) at room temperature for 15 min.
Sodium carbonate (12 g) was added, and the mixture was stirred for 2 h, then
filtered and concentrated. Flash chromatography of the residue (EtOAc with
0.1% NEt;) og9ave 19 (1.5 g, 58%) which crystalliized from EtOAc, m.p.
164-165°, [ax]ly -99° (¢ 1, MeOH); lH-n.m.r. (DMSO-dg ): 6 7.46-7.22 (m, 5 H,
arom.), 5.37 (d, J = 6 Hz, OH), 5.19 (d, J1,2 = 1 Hz, H-1), 5.05 (d, J = 6.5
Hz, OH), 3.92 (m, H-2), 3.83 (dd, J5 5, = 8 Hz, Jg, ¢, = 11 Hz, H-6a), 3.78
(dd, J5 gp = 5.5 Hz, H-6b), 3.70 (dd, J; 4, = 10 Hz, J, 5 = 11 Hz, H-4), 3.58
(m, H-3), 3.31 (m, H-5), 1.43 and 1.30 (2 s, CMe,).

Anal. Calc. for CygH,,058: C, 57.67; H, 6.45. Found: C, 57.59; H, 6.36.

Phenyl 4,6-0O-isopropylidene-2,3-di-O~trimethylsilyl-1-thio-B-p-manno—
pyranoside (20). -- Compound 19 was silylated as described for 1t to give 20
(83%), m.p. 92-94°, {«], -80° (c 1, CHC1;); 1H-n.m.r. (CDC1;): & 7.44-7.18
{(m, 5 H, arom.), 5.16 (d, J1,2 = 1 Hz, H-1), 4.09 (dd, J2’3 = 3.5 Hz, H-2),
3.88-3.73 (m, H-4,6a,6b), 3.51 (dd’,J3,4 =z 9.5 Hz, H-3), 3.12 (m, H-5), 1.37
and 1.27 (2 s, CMe,), 0.50 and 0.0 (2 s, 2 SiMey).

Anal. Calc. for C,,H,3505881,: C, 55.22; H, 7.94. Found: C, 55.32; H,
7.88.

Reductive lithiation of 20. -- A solution of 20 (228 mg, 0.5 mmole) in
dry THF (5 mL) was treated at -78° under argon with a =1 M lithium naph-
thalenide solution in THF (=1 ML). Only one product with some streaking was
detectable by t.1.c. (CH,Cl,). Flash chromatography (hexane-CH,Cl,, 9:1,
containing O0.5% NEt,;) gave 1,5-anhydro-4,6-O-isopropylidene-3-O-trimethyl-
silyl-p-arabino-hex-1-enito! (21) (88 mg, 68%) as an o1l; ‘H-n.m.r. (CDCl;):
8 6.20 (dd, J, , = 6 Hz, J, 5 = 1.5 Hz, H-1), 4.53 (dd, J, 5 = 2 Hz, H-2),
4,22 (m, H-3), 3.88-3.56 (m, H-4,5,6a,6b), 1.39 and 1.29 (2 s, CMe, ), 0.0
(s, SiMe,).



88

V. PEDRETTI et al.

REFERENCES

® ~N O -

10.

11.

12.
13.

14.
15.

16.

Cohen, T.; Matz, J.R. J. Am. Chem. Soc. 1980, 102, 6900-6902. Cohen,
T.; Lin, M.-T. J. Am. Chem. Soc. 1984, 106, 1130-1131.

Lancelin, J.-M.; Morin-Allory, L.; Sinay, P. J. Chem. Soc., Chem.
Commun. 1984, 355-356.

Fernandez-Mayoralas, A.; Marra, A.; Trumtel, M.; Veyriéres, A.; Sinay,
P. Carbohydr. Res. in press.

Liptak, A.; Jod&l, I.; Harangi, J.; Nanasi, P. Acta Chim. Hung. 1983,
113, 415-422.

Lancelin, J.-M., Thesis, Université d’Orléans, 1985.

RuUcker, C. Tetrahedron Lett. 1984, 25, 4349-4352.

Colvin, E. Silicon in Organic Synthesis, London: Butterworths, 1981.
Corey, E.J.; Rlcker, C. Tetrahedron Lett, 1984, 25, 4345-4348, and
references therein.

Fleming, I. in Comprehensive Organic Chemistry, Barton, D., ed. Vol. 3,
Oxford: Pergamon Press, 1979, pp 640-644.

Trindle, C.; Hwang, J.T.; Carey, F.A. J. Org. Chem. 1973, 38, 2664-
2669.

David, S.; Hanessian, S. Tetrahedron. 1985, 41, 643-663.

Hudrlik, P.F.; Peterson, D. J. Am. Chem. Soc. 1975, 97, 1464-1468.
Fischer, E.; Delbrick, K. Chem. Ber. 1909, 42, 1476-1482. For the pre-
paration of phenyl 2,3,4,6-tetra-0-acetyi-1-thio-B-p—gluco and -galac-
topyranosides, see: Ferrier, R.J.; Furneaux, R.H. Carbohydr. Res. 1976,
52, 63-68.

Janaki, N; Patil, J.R.; Bose, J.L. Indian J. Chem. 1869, 7, 227-228.
Blanc-Muesser, M.; Defaye, J.; Driguez, H. Tetrahedron Lett. 1976,
4307-4310; Courtin-Duchateau, M.C.; Veyrieres, A. Carbohydr. Res. 1978,
65, 23-33.

Bonner, W.A. J. Am. Chem. Soc. 1958, &0, 3372-3379.



