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Abstract: Reductive lithiation of 2-O-trimethylsilyl derivatives of pheny 1 

thiogluco and -galactopyranosides gives rise to a 1,3 O-C silyl migration 

leading to a-o-gloco and -galsctopyranosyltrimethylsilanes in good yields. 

The expected B-elimination is observed to a small extent in the case of a 

2,3-di-O-trimethylsilyl derivative of phenyl thioglucopyranoside where a 

tandem 1,3 O-C, 1,4 O-O silyl rearrangement occurs, but becomes the 

only possible reaction in the case of an 0-silylated derivative of phenyl 

thiomannopyranoside. 

Unstabilized a-lithioethers can be conveniently prepared in tetra- 

hydrofuran at -78O from a-(phenylthiojethers by reductive lithiation with 

lithium naphthalenide (LN)l. This method has been applied to 2-deoxy pheny 1 

thiohexopyranosides generating a reactive glycosyl-lithium species which was 

shown to couple at -78’ with various electrophilesz. Moreover, phenyl thio- 

glycopyranosides underwent reductive lithiation at C-l, 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 thioglycopyranosides having an 

0-trimethylsi lyl ether function at C-2 when submitted to reductive lithia- 

tion. 
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The 2,3-di-O-tr~methylsllyl derivative 2 of the known4 diol, pheny 1 

4,6-0-benzylidene-l-thio-9-s-glucopyranoside 1, was reacted with LN (2 

equ1v.J 7n tetrahydrofuran at -78O. 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 0 -C; 1,4 O-+0 anionic silyl rearrangement! O- 

Acetylation of 4 gave a shift of the H-3 n.m.r. signal from 6 3.90 to 5.42 

ppm, the H-2 signal being largely unaffected. Compound 4 has a 4CI conforma- 

tion in chloroform solution, as shown by the trdns-diaxial relationship of 

H-2 and H-3 (J,,, q 9 Hz, J,,, q 9.5 Hz); the anomeric si licon atom is 

axially oriented with an H-l signal at 6 3.80 (J,,, 7.8 Hz).* 

Scheme 2 

1 R=H 3 4 R=H 6 R=H a 
2 R=SiMe, 5 R=Ac 7 R=Ac 

Very fast anionic 1,4 o- C silyl mlgratlon has been observed by 

Rucker6 under simi lar reactlon conditions (Scheme 3). Owing to the high Sl-0 

bond energy, Sl lyl migrations in e lectroneutral molecules ( reactions 

performed with catalytic amounts of base) usually occur in the directTon 

from other atoms to oxygen:. In the case of anionic migration in the 

opposite direction described by Rucker, the equilibrium i * ii obviously 

lies far on the right side owing to the poor stabilization of the carbanion 

I . Besides , anionic 1,3 silyl migrations between oxygen and carbon atoms 

have been claimed to be observable only if the normally fast elimination of 

si lyloxide (Peterson olefinatlon) IS retarded by various factorss. 

Scheme 3 

I ii 

In the present case, we can postulate the following mechanism (Scheme 

4): the unstab I e anomer i c carbanion i wi I I stabi I i ze through either a 

6-elimlnatlon of LiOSlMe, to give glycal 3, or through a 1,3 O-C silyl 

* (3,4,6-Trl-0-acetyl-2-deOXy-~-D-drd&i~O-heXOpyranOSy~jtrimethylsi~ane5 

which exists in CHCI, solution in a ‘C, conformation has an H-l n.m.r. 

signal at 6 3.65 (J1,Zar = 9.5 Hz, J1,zeq = 4.3 HZ). 
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migration, a transient cyclic penta-coordinated species tf being a probable 

intermediate. The conversion of if into fff then generates a more 

thermodynamically stable oxyanion. A pertinent question is: why shou 1 d the 

cyclic intermediate if not give rise to a concerted Peterson olefination and 

thus contribute to the formation of S? Although the detailed mechanism of 

the Peterson reaction is not known, it appears that the elimination occurs 

more easi ly when the carbon atom carrying the silyl group has anion- 

stabilizing groups on it and when lithium cation is avoided”. On the other 

hand, theoreti ca I calculations10 have shown that fragmentation of an 

oxasiletanide-anion (such as if) is a non-concerted process, with the C-S1 

cleavage being more advanced than the C-O cleavage. It could thus be that 

the mechanism of the Peterson olef ination is actually a non-concerted 

fragmentation (Scheme 5). 

Scheme 5 

The i nstabi 1 i ty of the anomeric glycosyl-lithium derivative generated 

in the reaction as descr i bed above is clearly a key factor. Once 

irreversibly produced from f (Scheme 4 1, the cyc I ic species i i does not 

fragment in a concerted manner, but is rather converted into the stable 

oxyanion iii. 

Scheme 6 
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In order to find out if the tandem character of our reaction was a 

prerequisite for its viabi lity, dial 1 was regioselectively converted into 

the 3-0-benzy I derivative 9 by the tin methodologyll, with a conventional 

0-trimethylsilylation then giving compound 10. When 10 was treated with LN 

(2 equiv.) in tetrahydrofuran at -78O, glycal 11 was obtained in 58% yield, 

and compound 12 resulting from the 1,3 O-C anionic si lyl migration was 

isolated in only 40% yield (Scheme 6). Al though not critical, the 

3-0-trimethylsilyl group clearly favors the 1,3 O-C silyl migration, and 

the negative charge was transferred through the following pathway: 

Ph 

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 Crystal line (a-D-glUCOpyranOSyl)trimethylSiiane 6 which showed, in a D,O 

solution, a 4C, conformation with an H-l n.m.r. signal at 6 4.03 (d, J,,, q 

7 Hz). Its O-acetylated derivative 7 showed an important change of confor- 

mation with an H-l signal at 6 3.92 (d, J,,, = 5.5 Hz) and J,,, = 7.3 HZ, 

J3.4 = 7.8 Hz. The syn relationship between the axial anomeric trimethyl- 

silyl group and the equatorial OH-2 in 6 explains its stability in an acidic 

medium12 . 

(a-D-Glucopyranosyl)trimethylsilane 6 was also promptly obtained in 

gram amounts by per-O-trimethylsilylation of the known phenyl 1-thio-9-D- 

glucopyranosidel3, followed by reductive lithiation and acidic hydrolysis 

(61% overal 1 yield, Scheme 2). This represents the first synthesis of a 

Si-glucoside to date. 

Reductive lithiation was also applied to the 2,3-di-O-trimethylsilyl 

derivative 14, prepared from the known4 phenyl 4,6-O-benzylidene-l-thio- 

5-D-galactopyranoside 13 (Scheme 7). Compound 15 resulting from the tandem 

1,3, 0 -c; 1,4 0 -0 silyl migration was isolated in 16% yield together 

with diol 16, resulting from easy hydrolysis of the 2-0-trimethylsilyl 9rouP 

during workup (23% yield). Unsaturated compounds were also present but could 

not be isolated owing to severe streaking on silica gel. The crystal I ine 

(a-D-galactopyranosyl)trimethylsilane 18 was best prepared in 50% overall 

yield from pheny I l-thio-9-D-galactopyranoslde14 through the a I ready 

described sequence: silylation-reductive lithiation-acidic hydrolysis. 
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Scheme 7 
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Finally, we investigated the influence of the stereochemistry at C-2 

upon the outcome of the reaction. Pheny 1 l-thio-9-o-mannopyranoside, 

prepared from acetobromomannose by treatment with sodium thiophenoxide in 

HMPAl5 , followed by 0-deacetylation, was converted into the 

4,6-O-isopropylidene derivative 19. The 2,3-di-O-trimethylsilyl derivative 

20, when submitted to reductive lithiation, was transformed into glycal 21 

(68% yield) (Scheme 8). Since glycosyl-lithium species have been shown2 to 

be a-oriented, no 1,3 0-C silyl rearrangement was possible for steric 

reasons, and anti-elimination of LiOSiMe, occurred exclusively (Scheme 9). 

Me 
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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 

biochemica I 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 

20* 2O with a Perkin-Elmer Model 241 polarimeter. Elemental analyses were 

performed at Universite Pierre et Marie Curie (Paris VI). 1H-N.m.r. spectra 

were recorded with a Cameca 250 and a Bruker AM-400 spectrometer for 

solutions in CDCI, or C,D, (Me,Si as internal standard). z’JSi-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,O (DSS as internal standard). 

Reactions were monitored by t.1.c. on Silica Gel 60 F,,, (Merck) and detec- 

tion by charring with sulfuric acid. Flash co 1 umn chromatography was 

performed on Silica Gel 60 (230-400 mesh, Merck). 

Phenyf 4,6-O-benzylidene-2,3-di-O-triwethylsilyl-l-thfo-~-o-glucopyr~n- 

osfde (2). -- To a solution of pheny I 4,6-O-benzylidene-l-thio-gluco- 

pyranoside l4 (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,Cl was removed by 

filtration. The f i ltrate was washed with cold water, dried (MgSO,), and 

concentrated to give 2 (4.8 g, 95%) as a colorless syrup, [alo -49O Cc 1, 

CHCI, ); lH-n.m.r. (CDCI,): 6 7.60-7.10 (10 H, arom.), 5.50 (s, PhCH), 4.71 

(d, J,, 2 q lo Hz, H-l 1, 4.32 (dd, J,, 6a = 4 HZ, J,,, 6b = 10 Hz, H-6a), 3.76 

(m, 2 HI, 3.63 (dd. J,,, = 8 Hz, H-2), 3.46 (m, 2 H), 0.22 and 0.06 (2 s, 2 

SiMe, ). 

Anal. Calc. for C,,H,,O,SSi,; C, 59.48; H, 7.19. Found: C, 59.70; H, 

7.25. 

1,5-Anhydro-4,6-O-benzylidene-2-deoxy-3-O-trimethylsi~y~-~-arabino- 

hex-I-enitol (3) and (4,6-O-benzylidene-Z-O-trimethylsilyf-a-D-glucopyrdn- 

osyl)trimethylsildne (4). -- Small chips of lithium (694 mg, 100 mmoles), 

previously washed wTth dry hexane, were added under argon at room tempera- 

ture to a soiution of naphthalene (12.8 g, loo mmoles) In anhydrous THF (100 

mL), distilled over Na benzophenone. The mixture was stirred (glass-coated 

magnetic 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 sl M lithium naphthalenlde 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 mon i tored by t.1.c. 
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(toluene-EtOAc, 9:l). Two new compounds soon became detectable at R, 0.75 

(unsaturated product) and 0.55. The addition of lithium naphthalenide was 

stopped when the starting material (RF 0.85) disappeared. The mixture was 

allowed to warm to O0 and carefully neutralized by dropwise addition of 

THF-AcOH (4:1, P 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 (MgSO,), and evaporated. Flash chroma- 

tography of the residue (toluene-EtOAc, 19:l) gave first 3 (367 mg, 12%) as 

a syrup, 1H-n.m.r. (CDCl, ): 6 7.60-7.30 (5 H, arom.), 6.38 (dd, J,,, = 6.1 

Hz, JI,, = 1.2 Hz, H-l), 5.68 (s, PhCH), 4.72 (dd, J, 3 = 1.8 Hz, H-2), 4.56 

(ddd, J,,, = 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’; [aID +24O (c 1, CHCl,); 1H-n.m. r. (CDCI,): 6 7.60-7.40 (5 H, 

arom. ) , 5.58 (s, PhCH), 4.32 (dd, J5,6a q 4.5 Hz, Je.,sb = 10.5 Hz, H-6a), 

4.10 (dd, J,,, = 7.8 Hz, J,,, = 9 Hz, H-2), 3.90 (dd, J, 4 = 9.5 Hz, H-3), 

3.80 (d, H-l ), 3.68 (dd, J,,,, = 10 Hz, H-6b), 3.46 (m, H-4,5), 2.46 (s, 

OH), 0.20 and 0.19 (2 s, 2 SiMe,); 2sSi-n.m.r. (COCl,): 6T,.,s 19.64 (OSiMe, ) 

and 2.29 (CSiMe,). 

Anal. Calc. for C,,H,,O,Si,: C, 57.54; H, 8.13. Found: C, 57.45; H, 

8.02. 

Compound 4 (13 mg) was treated for SO min at room temperature w?th 

acet i c 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 in the presence of to I uene to give 5 as a syrup (15 mg); 

1H-n.m.r. (CDCl,): 6 7.50-7.30 (5 H, arom.), 5.52 (s, PhCH), 5.42 (dd, JZ,? 
= 9 Hz. J, 4 = 9 Hz, H-3), 4.32 (dd, Jgs 6a = 4 Hz, J,, 6b = 10 Hz, H-6a), 

4.19 (dd, J,,, = 8 Hz, H-2), 3.79 (d, H-l), 3.67 (dd, J5,6b = 10 Hz, H-6b), 

3.51 (m, H-4,5), 2.13 (s, OAc), 0.23 and 0.13 (2 s, 2 SiMe,). 

(a-o-Glucopyranosyl)trimethylsilanP (6). -- (a) A solution of 4 (2 g) 

in acetic acid (40 mt) and water (10 mL) was heated at 100° for 10 min, then 

coo I ed and evaporated in the presence of toluene. The res I due was 

crystallized from EtOAc to give 6 (0.88 g, 74%), m.p. 171-173”, 1~~1~ +44O (c 

1, MeOH ) ; IH-n.m.r. (pyridine-d, + D,O): 6 4.30 (dd, J, 2 = 7 Hz, J2 3 = 8.5 

Hz, H-2), 4.29 (dd, J,, 6a = 2.5 Hz. JCdeGb = 12 Hz, H-6a), 4.16 (dd, J,, .4 = 

9 Hz, H-3), 4.06 (dd, J, fjb = 6 Hz, H-6b), 4.03 (d, H-l), 3.88 (dd, H-4), . 
3.78 (m, H-5), 0.12 (s, SiMe,); 29Si-n.m.r. (D,O): SD,, +0.361 (SiMe,). 

Anal. Calc. for C,H,,O,Si: 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); ‘H-n.m.r. (CDCI:): 6 5.31 (dd, J, 3 q 7.3 Hz, J, 4 = 7.8 

HZ. H-3 1, 5.23 (dd, J,,, = 5.5 Hz. H-2), 4.99 (dd, J, 5 q 8 Hz, H-4), 4.36 

(dd, JY,~~ = 6.5 Hz, J,, Gb = 12 Hz, H-6a), 4.11 (dd, J, 6b = 3 Hz, H-6b), 
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3.92 (d, H-l), 3.20 (ddd, H-5), 2.09 (4 OAc), 0.17 (s, SiMe,). 

(b) Phenyl l-thio-$-o-glucopyranosidel3 (2.7 g, 10 mmoles) was 

silylated by treatment with hexamethyldisilazane (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 

a6 a solid mass very sensitive to moisture (5.4 g, 96%); II+n.m.r. (CDCl, ): 

5 7.56-7.18 (m, 5 H, arom.), 4.62 (m, H-l), 3.78 (dd, J, 6p = 2 Hz, J,, Gb = . 
11 Hz, H-6a), 3.60 (dd, J5,6b = 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 (a20 mL) at -78’ as described for 2. 

The addition of lithium naphthalenide was stopped when the starting material 

d i sappeared as verified by t.1.c. (CHzCl,). S everal products corresponding 

to partial de-O-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 

to1 uene . 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 yield). 

Phenyl 3-0-benzyL-4,6-O-benzylidrne-l-thio-B_o-g~ucopyranoside (9). -- 

A mixture of 1 (3.6 g, 10 mmoles), SUzSnO (3 g, 12 mmO10S), 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 mmotes) 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- 

121.5O, [a],, -41” (C 1, CHCl, ); 1H-n.m.r. (CDCl,): 5 7.60-7.30 (m, 15 H, 

arom. J, 5.62 (s, PhCH), 5.00 and 4.82 (2 d, Jgem = 11.5 Hz, PhCH,), 4.66 (d, 

J1.2 = 9.5 HZ, H-i), 4.43 (dd, J5,6a = 5 Hz, J6a,6b = 10.5 Hz, H-6a), 3.84 

(dd, J,,, q 10 Hz, H-2), 3.72 (m, H-3,4), 3.56 (m, H-5,6b), 2.58 (d, J~,oI, = 

2 Hz, OH). 

Anal. Calc. for C2,H2,0,S: C, 69.31; H, 5.82. Found: C, 69.42; H, 5.80. 

Pure EtOAc e luted unchanged 1 ( 1 g, 28%). 

Phenyl 3-0-benzyl-4,6-0-benzy~idene-Z-O-trimethy~s~~y~-~-thio-~-D-g~u- 

copyranoside (10). -- Compound 9 (1.8 9, 4 mmoles) was sllylated by treat- 

ment with hexamethyldisilazane (9.5 mL, 45 mmoles) and chlorotrimethylsilane 

(4 mL, 31.5 mmoles) in dry pyridlne (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%), [a], 

-56O (c 1, CHCl,). 
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Anal. Calc. for Cz,H,,05SSi: C, 66.63; H, 6.56. Found: C, 66.58; H, 

6.70. 

l,5-Anhydro-3-D-benzyl-4,6-O-ben2ylidene-2-deoxy-o-arabino-hex-l-enfto~ 

(11) and (3-0-benzyl-4,6-0-benzylidene-a-o-glucopyr~nosyl)trimethy~si~ane 

(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.1.c. (CHzCl,, R, 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 . To 1 uene eluted first naphthalene, then CHzClz eluted 11 (184 mg, 58%) 

which was crystallized from hexane, m.p. 103-104”, [al,, -43.5” (c 1, CHCl,); 

1H-n.m.r. (C,D,): 5 7.60-7.10 (m, 10 H, arom.), 6.12 (dd, J,,, = 6.2 Hz, 

.I 1.3 = 1.6 Hz, H-l ), 5.30 (s, PhCH), 4.78 and 4.62 (2 d, Jgem = 12.5 Hz, 

PhCH, J, 4.72 (dd, J,,, = 2 Hz, H-2), 4.28 (ddd, J,,, = 7.5 Hz, H-3), 4.15 

(dd, J5,6a = 5.2 Hz, J6a,6b = 10.4 Hz, H-6a), 3.95 (dd, J,,, =I0 Hz, H-4), 

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

Anal. Calc. for C,,H,,O,: C, 74.06; H, 6.22. Found: C, 73,69; H, 6.18. 

Hexane-EtOAc I:1 e 1 uted 12 (166 mg, 40%) as a syrup. 1H-N.m.r. (CDCl,): 5 

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, J5,6a = 5 Hz, H-6a), 4.13 (dd, J,,, q 8 Hz, J,,, = 10 

Hz, H-2), 3.91 (d, H-l), 3.72 (m, H-3,4,6b), 3.44 (m, H-5), 2.32 (d, J,,o, = 

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 O”; a saturated 

aqueous solution of NH,Cl 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-Z,3-di-O-trimethylsilyl-l-thio-$-o-galactopy- 

rsnoside ( 14). -- Phenyl 4,6-O-benzylidene-1-thio-B-o-galactopyranoside l34 

was silylated as described for 1 to give 14 (S2%), m-p. 140-141°, [a]D 

-14.5O (c 1, CHCI, ); ‘H-n.m.r. (CDCI,): E 7.75-7.24 (m, 10 H, arom. ), 5.54 

(s, PhCH ), 4.59 (d, J,,, = 9 Hz, H-l ), 4.44 (dd, J5,6a = 1 .5 Hz, J6a,6b = 

12.5 Hz, H-6a), 4.15 (dd, J,,, = 3.5 Hz, J,,, c 1 Hz, H-4), 4.14 (dd, J5, 6b 

= 1.5 Hz, H-6b), 4.05 (dd, J2,3 = 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,,H,,O,SSl,: C, 59.48; H, 7.19. Found: C, 59.85; H, 

7.35. 

Reductive lithiation of 14. -- A solution of 14 (253 mg, 0.5 mmole) in 
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and concentrated to give nearly Pure pheny 1 2,3,4,6-tetra-O-acetyl-l-thio- 

$-D-mannopyranoside (4.14 g, 94%) as a syrup; iI+n.m.r. (CDCTJ): 6 7-62-7.18 

(m, 5 I-I, arom.), 5.74 (dd, J,,, q 1 HZ, Jz,, = 3.5 HZ, H-2), 5.34 (dd, Js.4 

= 10 Hz, J,,, = 10 Hz, H-4), 5.10 (dd, H-3), 4.95 (d, H-l), 4.34 (dd, J5,6a 

= 6.5 Hz, J6a,6b = 12 Hz, H-6a), 4.22 (dd, Jg,sb q 2.5 Hz, H-6b), 3.74 (ddd, 

H-51, 2.24, 2.12, 2.01 and 2.00 (4 s, 4 OAc). Treatment with 0.2 M N&Me in 

MeOH (35 mL) for 1 h at room temperature gave pheny 1 1-thio-6-D-manno- 

pyranoside (2.33 g, 91%) as a foam; lH-n.m.r. (DzO): 6 7.90-7.68 (m, 5 H, 

arom. 1, 5.48 (d, J,,, = 1 HZ, H-l), 4.52 (dd, J,,, q 1.5 Hz, H-2). 4.24 (dd, 

Js, Ga = 2.5 Hz, J6a,6b = 12.5 Hz, H-6a), 4.06 (dd, J5,6b = 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 mL, 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 

f i 1 tered and concentrated. Flash chromatography of the residue (EtOAc with 

0.1% NEt,) gave 19 (1.5 g, 58%) which crystallized from EtOAc, m.p. 

164-165O, [aID -99O (c 1, MeOH); lH-n.m.r. (DMSO-d,): 6 7.46-7.22 (m, 5 H, 

arom. J, 5.37 (d, J = 6 Hz, OH), 5.19 (d, J,,, q 1 Hz, H-l), 5.05 (d, J = 6.5 

Hz, OH J , 3.92 (m, H-21, 3.83 (dd, J5,6a = 8 Hz, J6a,6b = 11 Hz, H-6a), 3.78 

(dd, J5,6b q 5.5 Hz, H-6b), 3.70 (dd, J,,, = 10 Hz, J, 5 = 11 HZ, H-4), 3.58 

(m, H-3), 3.31 (m. H-51, 1.43 and 1.30 (2 s, CMe,). 

Anal. Calc. for C,,H,,O,S: C, 57.67; H, 6.45. Found: C, 57.59; H, 6.36. 

Phenyl 4,6-0-isopropylidene-Z,3-di-O-trimethylsi~y~-l-thio-~-o-manno- 

pyranoside (20). -- Compound 19 was silylated as described for 1 to give 20 

(83%), m.p. 92-94O, [a], -80° (c 1, CHCl,); lH-n.m.r. (CDCl,): 5 7.44-7.18 

(m, 5 H, arom. ), 5.16 (d, J,,, = 1 Hz, H-l ), 4.09 (dd, Jz,, = 3.5 Hz, H-21, 

3.88-3.73 (m, H-4,6a,6b), 3.51 (dd, J,,, = 9.5 Hz, H-31, 3.12 (m, H-51, 1.37 

and 1.27 (2 s, CMe,), 0.50 and 0.0 (2 s, 2 SiMe,). 

Anal. Calc. for C,,H,,O,SSi,: 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 -78O under argon with a nl M lithium naph- 

thalenide soiutlon in THF (~1 ML). Only one product with some streaking was 

detectable by t. l.c. (CH2CI, ). Flash chromatography (hexane-CH,Cl, , 9: 1, 

containing 0.5% NEt,) gave 1,5-anhydro-4,6-O-isopropylidene-3-O-trimethyl- 

silyl-D-arablno-hex-I-enitol (21) (88 mg, 68%) as an 01 I; IH-n.m.r. (CDCI,): 

6 6.20 (dd, J,,, = 6 Hz, J,,, = 1.5 Hz. H-l ). 4.53 (dd, J,,, = 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, ). 
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