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ABSTRACT 

A Lewis acid-catalyzed condensation between 2,3,4,6-tetra~~“ace~l-l-thio- 
~-D-glucopyranose and 1,3,4,~tetra-o-benzyl-D-f~cto~ranose in di- 
chforomethane, followed by a l.c. separation of the deprotected resulting disac- 
charides, led to l-thiosu~rose ~-D-f~cto~ranosyl 1-thio-~-D-glu~pyranosid~), 
and GOD-fr~~to~r~osyl l-Rio-ff-D-giu~opyranoside, in respective 15 and 22% 
overall yields. Similarly, 2,3,4,6-tetra-0-acetyl-1-thio-/3-D-glucopyranose reacted 
with 1,3,4,6-tetra-0-benzyl-D-fructofuranose to give, in a 1:6 ratio, cr-D-ftUC- 

tofuranosyl 1-thio-~-D-glucopyranoside (I-thioisosucrose) and its /3,P-anomer, 
which were separated as their O-ace@ derivatives. l-Thiosucrose is an inducer of 
the biosynthesis of levansucrase in ~uc~~~ subtil&. It is a competitive inhibitor for 
this enzyme with a Ki of l&t&t and likewise for yeast invertase (Ki 20 mM). 

INTRODUCrION 

Sucrose ~-D-f~cto~ran~y1 ~-D-~u~pyr~oside), a major traos~rtable 
metabolite for photosynthesis in eukaryotes, and a widespread plant-reserve disac- 
charide, is likewise an important carbon-source for heterotrophic organisms. 
Numerous enzymic systems are thereby involved in its meta~lism and, among 
them, invertase, dextran- and levan-sucrases. The latter enzyme, which catalyzes 
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transfructosylation reactions from a sucrose donor to various acceptors, is one of 

the few glycosyltransferases for which some basic knowledge has evolved in recent 

years. A D-fructosyl-enzyme intermediate in the transglycosylation process has 

been characterized4 for levansucrase of Bacillus subtilis, and the tertiary structure 

of the enzyme has been obtained from X-ray diffraction studie$. A suitable in- 
hibitor would allow the use of the latter approach fur the direct visualization of the 
active site of the enzyme. 

Induction of levansucrase is another attractive problem, since so far sucrose 
is the only known inducer ‘7’ Some int~guing features, such as the relatively slow . 
response of the bacteria, which contrasts with the rapid response to the inducer for 
most of the inducible systems in E. co& suggest that this disaccharide does not 
combine directly with the repressor. 

Nonmetabolizable inducers and, on the other hand, competitive inhibitors, 
in the line previously developed by one of our group for glycanases’, would till the 
gap for such enzymic studies. These compounds might furthermore find applica- 
tions, as nonmetabolizable sweeteners, of interest in human nutrition. We now re- 
port the synthesis of the 1-thioglycosyl analog of sucrose and its anomers, and a 
preliminary evaluation of the interaction of this substrate analog with invertase, as 
well as with levansucrase and its induction system. 

RESULTS AND DISCUSSION 

Lemieux and HuberR pioneering synthesis of sucrose involved an alcoholysis 
of Brigls anhydride with 1,3,4,6-tetra-O-acetyl-D-fructose. Several more recent ap- 
proaches to the synthesis of this nonreducing disaccharide, and its anomers and de- 
rivatives, were based on a Koenigs-Knorr-type reaction, i.e., a nucleophilic dis- 
placement of an aryl- or alkyl-protected glucopyranosyl halide with a similarly 
protected D-ftWtOse derivative’-“, or simpler, an acid-catalyzed condensation of 

anomerically free, alkyl-protected glucopyranoses and fructofuranoses9,“. This 

latter reaction likely involves alcoholysis of the anomeric hydroxyl group of the D- 
fructofuranose reactant, in view of the expected propensity of this species to devel- 

op a positive charge at the anomeric carbon atom. In all the synthetic schemes just 
mentioned, problems related to the control of the anomeric configuration at both 
sites arose, and the yields of sucrose derivatives were usually poor. The concept of 
enhancement of sulfur nucleophilicity, previously successfully applied in our hands 

to the stereoselective synthesis of nonreducing l-thio-disaccharides13, suggested 

similar approaches for the synthesis of I-thiosucrose. 
2-S-Acetyl-l,3,4,6-tetra-O-benzyl-2-thio-D-fructofugnose (3) was readily 

obtained from 1,3,4,6-tetra-O-benzyl-D-fructofuranose14 (l), through anomeric O- 

acetylation (2) using either acetic anhydride-pyridine with N, N-dimethyl-4- 

pyridinamine (DAP) as catalyst or, although with a lower yield, with the acetic 

anhydrid~sodium acetate reagent. Thiolysis of the resulting 2-0-acetyl derivative 
2 with thioacetic acid in ~chloromethane in the presence of zirconium chloride’5 
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led to 3 in good yield. Attempts to deprotect the anomeric sulfur atom in the 
thioacetate 3 using either stoichiometric amounts of sodium methoxide in 
methanol’“, or phenylmercuric acetate in ethanoln’, unexpectedly failed, thus can- 
celling the approach involving a fructosyl2-thiolate nucleophile for the synthesis of 
1-thiosucrose. In the latter deprotection experiment, an anomeric mixture of ethyl 
fructosides 4 was obtained in 59% yield, showing the enhanced lability of the C-S 
anomeric bond in thiofructofuranose derivatives. 

The reverse condensation-scheme involving reaction of the thiolate of l-thio- 
~-D-glu~pyrano~13 with a D-fructofuranosyl halide in hexamethylphosphoramide 
was no longer successful, owing presumably to the short life-time of fruc- 
tofuranosyl halides, even when 1,3,4,6-tetra-U-benzoyl-D-fructofuranosyl chloride 
(6), smoothly obtained by the action of chlorotrimethylsilane on 2-O-acetyl- 
1,3,4,6-tetra-O-benzoyl-D-fructofuranose’7 (5) in dichloromethane, was used as 
electrophilic reagent. 

In view of these disappointing results, an acid-catalyzed condensation, i.e., 
thiolysis, involving a I-thio-glucopyranose derivative and a suitably protected pre- 
cursor of a fructofuranosyl cation was developed and successfully achieved. 
2,3,4,6-Tetra-O-acetyl-1-thio-cw-D-glucopyranose (lo), a key intermediate in this 
synthesis, was prepared from the corresponding fully acetylated derivativeI 8 by 
conversion’” into a phenylmercu~(I1) 1-thiogly~se 9. On subsequent treatment 
with hydrogen sulfide at 5Q-W in ethanoi, 9 unde~ent mercury~ulfur bond fis- 
sion with production, in a 49% yield, of the 0-acetylated l-thigh-D-glucopy~nose 
derivative 10. As compared to the p-o series16, the phenylmercury(I1) derivative 9 
and the thiol 10 were found to be less stable, as they decomposed both readily, in 
polar solvents, into untractable mixtures. 

In analogy with previous results in thioglycose synthesis”, the thiolysis-con- 
densation reaction of 1,3,4,6-tetra-Q-benzyl-D-fructofuranose (1) with thiol10 was 
initially conducted with zirconium chloride, a moderately hygroscopic Lewis acid, 
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TABLE I 

TOTAL YIELDS AND RWPE~VE RATIO OF AN#M~RS 0~ PRONGED ~-THIOSU~~~S~ 11-14 OBTAINED BY 
~,~,~,~-~~A-O-AC~JT~I,-I-THIO-~- (10) #ID -~-D-G~~~coPY~A~os~ (17) ~ND~NS~~~~N WITH 1,3,4,6- 
TE’TRA-O-BENZYL-D-I:RU~O~~ANOSE (1) 

. 

r’-Thiu-D-gtucopyranose cataryst D-Fr~-(2j1)-1-thiu-D-Gt~ disaccharide formed 
derivative -. --_l ..-- 

C~~po~d~ Ratio Total yield (%) 

10 ZK14 11-12 2:3 70 
10 SnC14 11-12 1:3 32 
17 &Cl, 13-14 6: 1 73 
17 SnCl.$ 13-14 1:l 57 

“In dichloromethane. Molar ratios of 10 or 17 to 1 to Lewis acid, 4:4:3. 

in dichlorometh~ne. In further systematic studies, tin chloride was found to be a 
convenient catalyst, but leading to some variations in the proportion of anomers 
(11,121 of the resulting disaccharide (Table I). The respective ratio of acid catalyst 
to the D-fructose and D-glucose reactants was another parameter of important in 
the final yield. In a typical experiment, equimolar amounts of 1,3,4,6-tetra-Gben- 
zyl-D-fructofuranose (1) and 2,3,4,6-tetra-@acetyl-l-thio-a-D-glucopyranose (10) 

were found to react smoothly, over a 3O-min period, in dichloromethane in the pre- 
sence of a 0.75 molar proportion of zirconium chloride, leading to a 70% yield of 
sirupy, t.1.c. homogeneous, ~ndensation product 11, 12. Debenzylation of 11, 12 

with sodium in liquid ammonia was, however, cumbersome and resulted in a com- 
paratively low yield, after subsequent conventional reacetylation, in the mixture of 
anomers 18,20 (43% from 1). All attempts to resolve these diastereoisomers at this 
step with either conventional preparative column chromatography or rcverse- 
phase l.c. failed. This separation was, however, achieved on the U-deacylated com- 
pounds by use of a semi-preparative l.c. on an amino-bond-phase column leading 

to rw-D-fructofuranosyl 1-thio-~-D-glucop~anoside (19) and its D-frUCtOSyl anomer, 
B-D-fructofuranosyl l-thio-cu-D-glucopyranoside (1-thiosucrose 21) in a 3:2 ratio. 

The anomeric con~guration of both disaccharides was assigned by a compari- 
son of their optical rotations assuming that, according to Hudson’s rules, an (Y,LY 

anomer would be the most dextrorotatory compound (Table II). The anomeric 

configuration of the I-thio-D-glucopyranosyl residues was further confirmed 
through an examination of the ‘H-n.m.r. spectra of the corresponding octa-O- 
acetyl derivatives (18, 20; Table III), where respective coupling constants of 6.0 

and 5.5 Hz were measured for H-l-H-2 of the D-glucopyranosyl residue of both 

compounds in the “C,(D) conformation. Comparison of the relative chemical 
displacements for H-4 of the D-fructosyl residues in the I-thiosucrose acetate 20 

and its CX,CY anomer 18 provided another argument in favor of the proposed 

anomeric configuration for the D-fructofuranosyl residue in both disaccharides, as 
this resonance was deshielded by 0.5 p.p.m. in 20, a value close to that found for 
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the Q-glycQsy1 series ‘a This d~shi~ldin~ had been previously assigned’e to a dia- * 
stereotopic effect of the D-glu~opy~nosyl ring oxygen atom in p- and a-D-fruc- 
tofuranosyl anomers of fructosyl-+glucosides. 

The ready access to I-thiosucrose 21 and its anomer 19, through the 
aforementioned synthesis, suggested a similar sequence of reactions for the prepa- 
ration of I-thioisosucrose (25). Thus 2,3,4,6-tetra-Q-a~tyl-l-tbio-P-D-gluco- 
pyranose** (17) was treated with 1,?,4,~tetra-~-b~nzyl-D-f~~tofuranose (1) under 
conditions similar to those used for the obtention of the mixture 11 + 12. The 
product hom~en~ous~ in t.1.c. and obtained in a 73% yield, was concerti into its 
o&a-CLace@ d~~vative through the previously described sequence involving a 
Birch reduction, followed by acctylation with acetic anhydrid~-pyridine. The rc- 
sulting syrupy mixture of two components was resolved on a silica gel column to 
yield crjstalline ~,3,4,~tetra-~-~~etyl-~-D-f~ctofuranosyl 2,3~4,6-tetra-U-acetyl- 
l-this-~-R-glucopyranoside (o~ta-~-acetyl l-thiois~ucr~~ 24) as the minor com- 
ponent, together with its syrupy fi-D-fructofuranosyl anomer 22 (ratio t:6). Both 
octa-O-ace@ disaccharides 22 and 24 were alternatively obtained, although in in- 
verse ratio, from the zirconium chloride condensation of 2,3,4,6-tetra-O-acetyl-l- 
thio6-u-glucu~yranose (17) with 1,3,4,6-te~ra-~-~nzoyl-~-~u~tofuran~e (7) in 
dichloromethane, followed by conventional successive U-deacyIation-~-rea~~tyla- 
tion of the resulting mixture 15 f 36, The overall yield of this synthesis is compara- 
ble to that of the previous one; in fact, this approach avoided the critical debenzyia- 
tion-step that lowers the yield in the former sequence of reaction. However, the 
thialysis condensation reaction of I7 and 7 was less favored, in agreement with the 
electron-withdrawing effect of acyl groups, which raises the energy of formation of 
the postulated D-fx%CtOSykvy carbenium ion-intermediate. Subsequently, this ap- 
proach failed when applied to the synthesis of I-thiosucrose from 7 and IO, and this 
may be ascribed to a fewer stability of the I-thio-sr-D nucl~oph~le IO as compared 
to its P-D anomer f7. 

As for f-thiosuerose octaacetate 20 and its ~-D-f~~to~ranosyl anomer 18, 
the rI5n.m.r. spectra of peracetylated disaccharides 22 and 24 (Table III} con- 
firmed unambiguously the retention of the anomeric con~g~ratio~ of the l-thio-D- 
glucopyranosyl residue, with an anomeric coupling-instant of 10.5 Hz, for both 
derivatives. In agreement with the previously reported steric effect of the D-@UCO- 



306 J. DEFAE, H. DRIGUEZ, S. PONCET, R. ~HA~BERT. M.-F. PETIT-GLATRO~ 

pyranosyl residue on the chemical disphtcements of the protons of the D-frU&roSyl 

residue”, the H-4 f~~tosyl resonance of the ~,~~“thiodjsa~ha~de 22 was de- 
shielded by 0.35 p.p.m. as compared to the corres~nd~ng signal of its cr,@ anomer 
24. Furthe~or~ couphng constants of 7 Hz were observed for H-3-H-4 of /3-fruc- 
tofuranosides 20 and 22, as compared to respective values of 3.5 and 2.5 Hz for (Y- 
~uctofuranos~d~s 18 and 24, in close agreement with values found for methyl 3,4,6- 
tri-Q-a~etyl~~-D-f~cto~ranoside and its a-D anomer”. O-Deacylation of acyl di- 
sa~cha~d~ 22 and 24 led to ~-~-fructofuranosyl I-thio-P-D-g~copyranaside (23) 
and its diastereoisomer ~-D-fructofura~osyl l-thio-~-~-glu~opyranoside (l- 
thioisosucrose, 25) having comparative, specific optica rotations in agreement with 
Hudson’s rules (Table II), 

In a prelimina~ examination of the enzymic reactivity of this series of sub- 
strate analogs, the effect of l-thiosu~rose (21) on the catalytj~ activity of yeast in- 
vertase and levansucrase from 3uc~~i~ ~~~~~~~ was assessed. Furthermore, 21 was 
checked as a gratuitous inducer of Ievansucrase production by 3. sub&. The vel- 
ocity pattern of invertase for the hydrolysis of sucrose was established in the pre- 

Fig. 1. Effect of various c~n~ntratio~s of I-thiosucrose (213 on ye~t-jnverta~ catalytic activity 
~Li~weaver-buck pre~ntation~: --4-4--. no addition of 21, -6--o_, 22.h~ 2X added, and - 
W-B---, ~~0~~ 21 added. 
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[Suctose]-’ hM-'I 

Fig. 2. Effect of various ~n~a~tions of I-thiosu~ose (2%) on the rate of exchange of the. n-gluco- 
pyranosyl residue of sucrose witb [‘4C]D-ghxse, catalyzed by 3. sub&s ievansucrase (Lineweaver- 
Burk presentation): -4-O-, po addition of 21, ---O-O-, 1‘hiM 21 added, and -A-A-, 84mM 
21 added. 

sence of various con~ntrations of [‘“Clsucrose. From kinetic data (Fig. l), it could 
be concluded that 21 is a competitive inhibitor of yeast invertase. The inhibition 
constants (K,) of 2OmM, as estimated from the Dixon plot, is of the same magnitude 
value as the Michaelis constant of yeast invertase for sucrose (16mM) under the 
same conditions of pH and temperature’“. 

The exchange-velocity pattern of levansucrase with sucrose and D-glucose in 
the presence of 1-thiosucrose (21) was established, at fixed concentration of D- 
[‘4C]glucose, with various concentrations of sucrose and 21. Kinetic data (Fig. 2) 
showed an inhibition pattern in agreement with a competitive inhibition effect of 21 
with respect to levansucrase. The value of KS (10 +lmM), as deter~ned from 
Dixon plot, is nearly the value of the Michaelis constant of 3. s&&s levansucrase 
for sucroseas. 

The effect of l-thiosucrose (21) on levansucrase production by B. subtilis was 
evaluated taking into account the bacterial-cell growth in the presence of this sub- 
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I-.. __ ____L.- --_ I .__I_... .“..A-_- 

15 25 35 

Growt? CA,& 

Fig. 3. Comparative productions of levansucrase by B. sub&~ grown on mineral medium, supple- 
mented with D-glucose (--C&O- ); with addition of hM I-thiosucrose (21) (--c-C ); with addi- 
tion of 0.7mM sucrose (-A-A-); and with simultaneous addition of0.7mx sucrose and %nM 21 (- 
A-A-). 

strate analog. For a 3OmM concentration of 21 the cells did not grow and, for a 
lower concentration (7mM), the growth remained exponential, but the generation 
time increased from 47 min, in the absence of the substrate analog. to 66 min. At 
the latter concentration, production of Ievansucrase by the cells was distinctly 
stimulated. However, the differential rate of synthesis (0.035 U.A.,;b) was about 
ten-fold lower than that found for cells grown in the presence of the same concen- 
tration of sucrose, the natural inducer. When sucrose was together present at a 
concentration that fully induces the sucrose-transport system7 (0.7mM, Fig. 3), the 
level of levansucrase biosynthesis by 21 was not significantly increased, and this 
raises the question of the transport system for this molecule. 

In conclusion, the Lewis acid-catalyzed thiolysis of ‘glycoses, previously 
adapted to the stereoselective synthesis of I-thioglycoses in the presence of zir- 
conium chloride”, has been extended to the synthesis of nonreducing l-thiodisac- 
charides in the sucrose series, taking advantage of the expected, enhanced rate of 
cationisation of fructofuranose derivatives. This approach allowed a complete 
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stereocontrol at the anomeric center of the reacting l-thio-D-glu~pyran~e, and 
the yields of condensation products were considerably higher than those previously 
observed for the synthesis of the corresponding O-glycosyl disaccharide& 12. 
Levansucrase synthesis of B. sub&s was induced by the addition of I-thiosucrose 
to the culture medium. Furthermore, this substrate analog was found to be the first 
disaccharide acting as competitive inhibitor for both levansucrase and invertase. 

EXPERIMENTAL 

General methods. - Melting points were determined with a Zeiss hot-stage 
equipped with a microscope and correspond to “corrected melting-points”. Optical 
rotations were measured with a Perkin-Elmer model 241 polarimeter. ‘H-N.m.r. 
spectra were recorded at 250 MHz with a Cameca spectrometer (Thomson C.S.F. 
Paris) by Mr. H. Reutenauer and assi~ments were confirmed by the INDOR 
technique. 13C-N m r spectra were recorded at 25.18 MHz by Mrs. M. L. Dheu- . . . 
Andries and Mr. C. Gey with a Bruker WP 100 instrument. Chemical shifts are re- 
ported in S values relative to the signal of tetramethylsilane, and coupling constants 
in Hz (s, singlet; d, doublet; dd, doublet of doublets; m, multiplet; o, octet). Mass 
spectra were recorded by Mr. C. Bosso with an AEI MS-30 double-beam mass spec- 
trometer, connected to a Finnigan-Mat SS-100 MS computer, in the chemical-ioni- 
zation mode (c.i.) using 33:77 (v/v) isobutane-ammonia as reactant gas, with a 
source temperature of 150”, an electron energy of 110-170 eV, a filament emission 
of 520 VA and an ion energy of 2-4 kV; fragment intensities are given in brackets 
(%) with reference to base peak. Acylation reactions were followed by extraction 
with the solvent indicated. “Usual work-up” means successive washing of the or- 
ganic layer with ice-coid solutions of 10% (w/v) KHS04, sat. NaHC03, and water. 
Solutions were dried (Na$O,) and evaporated under reduced pressure at tempera- 
tures ~45”. T.1.c. was performed on precoated glass plates (0.25 mm) coated with 
Silica gel 60F254 (E. Merck, Darmstadt, F.R.G.) in the following eluants (v/v): 
(A) 1: 1 diethyl ether-hexane; (B) 4: 1 diethyl ether-hexane; (C) 2:3 ethyl acetate- 
hexane; (D) diethyl ether; (E) 2:l diethyl ether-hexane; (fi] 4:l diethyl ether- 
hexane; and (G) 65 : 25 :4 chloroform-methanol-water. Components were detected 
by U.V. light and by spraying the plates with 10% H$04, with subsequent heating. 
Column chromatography was performed with Silica gel 60 (70-230 mesh; E. 
Merck, Darmstadt, F.R.G.) and the same eluants. Liquid chromatography (l.c.) 
was performed by Mrs. D. Dupeyre with a Waters Assoc. instrument fitted with a 
pumping system M 6000 A, a high pressure injector U+6K, a differential refrac- 
tometer detector R 401, and a semi-preparative, Waters Micro-Bondapak-NH2 (30 
cm X 7.8 mm i.d.), stainless-steel column. The eluant was 21:4 acetonitrile-water 
at a pressure of 21 MPa. 

Enzymic ussay~. - Buc~~~~ ~~~~Z~ 168 Marburg strain QB 112 (genot~ Sac 
Uh 32), inducible for the synthesis of levansucrase, was used for the ind~tion ex- 
periments. Bacteria were grown at 37”, in mineral medium supplemented with D- 



310 J. DEFAYE, H. DRIGUEZ, S. PONCET, R. CHAMBERT, M.-F. PETIT-GLATRON 

glucose (10 g/L), One absorbance unit at 650 nm of cell suspension corresponds to 
1.4 10’ cells . mL- ’ and 70 pg protein . mL_‘. 

The rate of enzyme synthesis was estimated from measurements of enzyme 
activity on afiquots (50 FL) of cell suspension, during exponential growth. The pH 
was adjusted at 6 by the addition of phosphate buffer (pH 6, 2M, 5 yL). Ta this 
sample, the following solution (5 FL) was added: lysozyme, 10 mg . mL-‘, DNase 
0.1 mg - mL_‘, and magnesium chloride 2 mg * mL_‘. Incubation was conducted 
for 5 min at 37”. The activity of levansucrase was assayed on this suspension of 
lyzed bacteria, The differential rate of enzyme synthesis is defined as the slope of 
the straight line obtained when units of enzyme activity are plotted against absorb- 
ance units of the culture at 650 nm. 

Levansucrase was prepared from culture supernatant of B. sub&s according 
to the usual method23. The activity was estimated by measuring the initial velocity 
of the exchange reaction catalyzed by the enzyme24. One unit of enzyme activity 
(U) corresponds to 2 lug of enzyme. 

Activity of yeast invertase (Sigma Chemical Co., St. Louis, MO 63178) was 
estimated from the measurements of the initial-velocity value for sucrose hydro- 
lysis. A reaction mixture (90 FL) containing [14C]sucrose (90 pg) and 1-thiosucrose 
(21) at various concentrations in 0.1~ acetate buffer, pH 5, was incubated at 37” in 
a tem~rature-controlled cell. The reaction was initiated by addition of an enzyme 
stock-~lution (10 pL), and 8 aliquots of 10 PL were withdrawn at intervals of 1 
min. Samples were analyzed by descending paper chromatography, with 4: 1: 1 (v/ 
v) 1 -butanol-acetic acid-water as developing solvent. Radioactive products were 
identified by autoradiography with a Kodak X-Ray film. The radioactive spots 
were counted with a liquid spectrometer. Initial velocities were defined as VGlc ex- 
pressed as the molarity of D-glucose released per min. 

2-0-AcetyZ-1,3,4,6-tetra-O-benzyl-ru,P-D-~~~crofuranl7se (2). - (a) A soiu- 
tion of 1 ,3,4,6-tetra-~-benzyI-D-fructo~mnose’4 (1, 203 mg, 0.38 mmol), in 3:4 
(v/v) acetic anhydride-pyridine (3.5 mL) containing ~,~-dime~yl-~py~dinamine 
(DAP, 2 mg, 20pmol), was stirred for 18 h at room temperature. Methanol (4 mL) 
was added, and the mixture concentrated under reduced pressure to a syrup, which 
was diluted with dichloromethane (150 mL) and processed as usual. The syrupy re- 
sidue, which showed on t.1.c. (A) a major component (RF 0.45), was purified on a 
column of silica gel with the same eluant to give 2 as a syrup (155 mg, 71%); ‘H- 
n.m.r. (chlaroform-d): S 2.01 (CH,COO, a! anomer), and 1.85 (CH$OO, fi 
anomer; ratio IY 10 /3, 4:l); 13C-n m.r. (chloroform-d): S 110.7 (C-Z, pi anomer), , _ 
106.9 (C-2, fl anomer), and 21.9 (Cl&COO); m.s.: ~nfz 600 [lo, (M + NH,)+] 540 
(100, ~-AcOH), and 523 (42, MT - CH,OCO). 

Anal. Calc. for C36H3807: C, 74.20; H, 6.57. Found: C, 73.97; H, 6.56. 
fb) A solution of compound l(214 mg, 0.4 mmol) in acetic anhydride (2 mL) 

was added to a boiling solution of sodium acetate (160 mg, 1.95 mmol) in acetic 
anhydride (2 mL). The mixture was boiled under reflux for 10 min, then cooled in ice, 
and methanol (6 mL) added. The syrupy residue, resulting from evaporation in 
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VUCUO, was dissolved in dichloromethane (100 mL), and the solution successively 
washed with cold, saturated NaHCOs and ice-cold water. A chromatographic purifi- 
cation, as described under (a), led to 2 (70 mg, 30%) as a 2:3 (Y and fi anomer mix- 
ture (‘H-n.m.r.). 

2-S-Acetyl-1,3,4,6-ietra-O-benzyf-2-thio-cr,~-D-fruct~f~runuse (3). - To a 
solution of 2 (obtained by method a; 101 mg, 0.18 mmol) in dichloromethane (2 
mL) were added thioacetic acid (0.1 mL) and zirconium chloride (20 mg, 80 
pmol). After a l-h stirring at room temperature, a major component was detected 
in t.1.c. (A). Dichloromethane (100 mL) was added and the solution processed as 
usual. A column chromatography {silica gel, 30 g; A) led to the thioacetate 3 (84 
mg, 80%); ‘H-n.m.r. (chloroform-~: S 2.30 (Crir,, SAC, a anomer), and 2.17 
(CW,, SAC, /I anomer; ratio LY to /3,2:3); ““C-n,m.r. (chlorofo~-~): 6 98.5 (C-2, 
Q anomer), 98.1 (C-Z, p anomer), 31.8 (Cl&, SAC, a anomer), and 31.4 (CHs, 
SAC, p anomer); m.s.: m/r 616 [3, (M + NH,)+], 540 (3,616 - AcSH), and 523 
(11, M* - CH3, CO!+). 

And. Calc. for C&Is&S: C, 72.22; H, 6.40; S, 5.35. Found: C, 72.22; H, 
6.42; s, 5.52. 

EthyZ 1,3,#,ti-tetru-0-Benzy~-cu,p-D-~~ctofuranoside (4). - A mixture of 3 
(463 mg, 0.77 mmol) and phenylmercuric acetate (259 mg, 0.77 mmol) in absolute 
ethanol (8 mL) was boiled under reflux for 40 min. Filtration of the resulting solu- 
tion and evaporation led to an oil which showed a major component on t.1.c. (B), 
and was purified by column chromatography (260 mg, 59%); ‘H-n.m.r. (chloro- 
form-d): 6 7.6-7.0 (m, C6H5CH20), 4.84-4.08 (m, PhCH,), 4.35 (d, f+, 7.0, H-3, 
p), 4.17 (t, Jh,s 7.0, H-4, p), 4.16 (m, H-5; a,#, 4.09 (d, J3,4 2.5, H-3, (u), 3.86 (dd, 
J4,5 6.0, H-4, (u), 3.68-3.55 (m, H-l@, H-6a,b; a,@), and 1.22 (t, CX&H,); i3C- 
n.m.r. (chlorofo~-~: 6 108 (C-2, cy anomer), and 104.2 (C-2, p anomer~~ ms.: ml 
z 586 [loO, (M -t NH4)+], 540 (70,586 - EtOH), 523 f41, M* - OEt-), and 447 
(60, M+ -PhCH20CH2*). 

Anal. Calc. for C36H4006: C, 76.03; H, 7.09; 0, 16.88. Found: C, 75.77; H, 
7.30; 0,17.03. 

~,3,4,6-~etra-O-benzoyl-D-fruc~o~ranosy~ chloride (6}. - A mixture of 
1,3,4,6tetra-O-benzoyl-D-fructofuranose’7 (264 mg, 0.44 mmol) in 1: 1 (v/v) acetic 
anhydride-pyridine (4 mL) containing a catalytic amount of DAP was stirred for 18 
h at room temperature. Usual work-up, followed by filtration on a column of silica 
gel led to 2-O-acetyl-l,3,4,6-tetra-O-benzoyl-D-fructofuranose (5; 167 mg, 59%), 
which was, without further characterization, dissolved in di~hlorom~thane (1 mL). 
Chlorotrimethylsilane (0.8 mL) was added, and the soiution kept for 6 h at room 
temperature, and then evaporated to give a syrupy material (100 mg), homogene- 
ous in t.1.c. (C); r3C-n.m.r. (chloroform-d): S 106.85 (C-2). 

2,3,4,6-~etru-O-acety~-l-pheny~naercury(~~~-thio-a-D-gi~copyranos (9). - A 
mixture of 2,3,4,6-tetra-O-acetyl-l-Sacetyl-l-t~o-~-D-glucopyranose~ (8, 1.22 g, 
3.0 mmol) and phenylmer~u~c acetate (1.02 g, 3.0 mmol) in absolute ethanol (2U 
mt) was boiled under reflux for 2 h. The resulting black precipitate was filtered off 
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(Celite). The filtrate was taken to dryness and the resulting syrup was purified by 

column chromatography (C) to yield 9 (736 mg, 38%) as a solid foam, m.p. 59-61”, 

[(Y]~O +134” (c 1.0, chloroform); ‘H-n.m.r. (chloroform-d): 6 6.20 (d, J1,* 5.5, H- 

l), 5.66 (t, J3,4 10, H-3), 5.13 (dd, .& 10, H-2), 5.06 (dd, 54,5 10, H-4), 4.76 (o,J~,~~ 

5, H-5), 4.27 (dd, Jha,6b 12, H-6a), and 4.08 (dd, J5,6b 2.5, H-6b); 13C-n.m.r. 
(chloroform-d): 6 79.5 (C-l), 72.2,70.1,68.9,68.0, and 62.5. 

Anal. Calc. for CZ0HZ4Hg09 S: C, 37.47; H, 3.77. Found: C, 37.39; H, 4.06. 

2,3,4,6-Tetr~-0-acetyl-l-thio-cu-D-glucopyrunose (10). - Hydrogen sulfide 

was bubbled for 10 min into a solution of the phenylmercury(II)thio derivative 9 

(602 mg, 0.94 mmol) in ethanol at a temperature kept between 50 and 60”. The re- 

sulting precipitate was removed by filtration and the filtrate, which showed a major 

component in t.1.c. (D; RF 0.6), was purified by column chromatography (E) to 

yield 10 (130 mg, 3X%), m.p. 92-93”, [(Y];’ +168” (c 1.0, chloroform); ‘II-n.m.r. 

(chloroform-d): S 5.88 (d, J,,* 5.5, H-l), 4.98 (dd, J2,3 10, H-2), 5.37 (t, J3,4 10, H- 

3), 5.04 (t, J4,5 10, H-4), 4.41 (m, H-5), 4.26 (dd,J,,,, 5, Jba,6b 12, H-6a), and4.08 

(dd, J5,6b 2.5); 13C -n.m.r. (chloroform-d): S 77.2 (C-l), 70.4, 70.0,68.4, and 61.7; 

m.s.: m/z 382 [48, (M + NH4)+], and 331(100, Mf - SH,). 

Anal. Calc. for C,4Hzo09S: C, 46.15; H, 5.53; S, 8.79. Found: C, 45.94; H, 

5.55; S, 8.64. 

The direct treatment of the crude phenylmercury(II)thio derivative 9 with 

hydrogen sulfide without the column-chromatography-purification step afforded 10 

with a 49% overall yield from 8. The resulting product was used for the next step. 

1,3,4,6-Tetra-0-benzyl-a&D-fructofuranosyl 2,3,4,6-tetra-0-acetyl-1 -thio- 
cY-D-ghxopyrunoszde (11, 12). - Crude syrupy 10,prepared from 8 (3.0 g, 7.4 

mmol), was treated with 1,3,4,6-tetra-0-benzyl-D-fructofuranose’4 (1, 2.0 g, 3.7 

mmol) and zirconium chloride (646 mg, 2.8 mmol) in dichloromethane (55 mL) for 

30 min at room temperature. Dichloromethane (100 mL) was added, and the solu- 

tion washed successively with cold, saturated aqueous solution of NaHC03 (50 

mL), and then water. Drying and evaporation led to a syrupy residue, which was 

purified by column chromatography (220 g, E) affording successively unreacted, 

starting l(300 mg. 15%) and syrupy 11,12 (2.37 g, 72%). 

Anal. Calc. for C48H54014S: C, 65.00; H, 6.14; S, 3.61. Found: C, 64.97; H, 

6.24; S, 3.39. 

1,3,4,6-Tetra-0-acetyl-a,&D-fructofuranosyl 2,3,4,6-tetra-O-acetyl-l-thio-cu- 
D-g~ucopyrunoside (18, 20). - To the mixture of anomers 11 and 12 (190 mg, 0.2 

mmol), in liquid ammonia (30 mL) at -78”, were slowly added, with magnetic stir- 

ring, fragments of metallic sodium until persistance of a blue coloration for more 
than 30 min. The excess of reagent was eliminated by addition of NH4CI, and the 

mixture left to evaporate at room temperature. The solid residue was suspended in 

1: 1 pyridine-acetic anhydride (v/v) (10 mL) and stirred for 16 h at room tempera- 

ture. Methanol (20 mL) was added and the mixture evaporated to an oil which was 

diluted with chloroform. The organic layer was processed as usual. Evaporation led 

to a syrup that was purified by column chromatography (D) to give syrupy 18, 20 
(87 mg, 43% from 1; RF 0.4, D). Resolution, of this mixture of anomers by cla;sical 

chromatographic techniques failed. 
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(Y- (19) and ~-D-Fructofuranosy~ ~-thjo-~-D-glucopyra~s~de ~Z-thi~sucrose, 
21). -To the mixture of anomers l&2@ (973 mg, i.4 mmol) in methanol (20 mL), 

was added M sodium methoxide in methanol (20 pL), and the solution was stirred 

for 16 h at room temperature. Neutralization with Amberlite IRN 77 and evapora- 

tion to dryness led to a residue that was submitted to a semi-preparative, l.c. chro- 

matography in a Micro-Bondapak-NH2 column (30 cm x 7.8 mm id., stainless 

steel; Waters Associates, Milford, MA 01757; eluant, 21:4 acetonitrile-water). 

Elution gave successively 19 and 21, 

Compound 19: hygroscopic, solid foam (266 mg, 22% from l), [a]&’ +280” 

(c 1.0, methanol); 13C-n.m.r. (D,O): 6 95.4 (C-2, Fru), 85.2,84.0,81.6,78.0,75.0, 

74.2,71.5,70.5,64.4,and61.5. 

Anal. Calc. for C12H22010S - 1.5 H,O: C, 37.40; H, 6.49; S, 8.31. Found: C, 

37.51; H, 6.42; S, 8.08. 

Cumpound 21: hygroscopic, solid foam (176 mg, 15% from l), [cr]$,’ +26” (c 

1.33, methanol); ‘“C-n.m.r. (D,O): 695.5 (C-2, Fru), 83.5,83.3,77.3,75.4,75.1, 

74.5,71.4,70.0,65.3,63.0and61.1. 

Anal. Calc. for C12H22010S * 1.5 H,O: C, 37.40; H, 6.49; S, 8.31. Found: C, 

37.63; H, 6.50; S, 8.24. 

1,3,4,6- Tetra-0-acefyl-a-D-fructofuranosyl 2,3,4,6-tetra-O-acetyl-I-thio-a-D- 
glucopyranoside (18). - Disaccharide 19 (30 mg, 84 mmol) in 1: 1 (v/v) pyridine- 

acetic anhydride (1 mL) was kept for 16 h at room temperature. Methanol (2 mL) 

was added and the resulting solution evaporated. The remaining oil was diluted 

with chloroform (50 mL) and the solution processed as usual. Filtration on a small 

silica gel column with eluant D afforded 18 (58 mg, lOO%), m.p. 127-128” (diethyl 

ether), [a]$’ +210” (c 1.08, chloroform). 

AnaZ. Calc. for C$sH3s01sS: C, 48.41; H, 5.51; S, 4.62. Found: C, 48.45; H, 

5.58; S, 4.68. 

1,3,4,6-Tefra-O-ace~y~-~-D-~ructo~rano~yl 2,3,#,6-tetra-0-acety~-~-thio-~-D- 
g~ucu~yran~s~de (20). - Disaccharide 21 (30 mg, 84 mmol) was processed as de- 

scribed for 19, leading to 20 as an hygroscopic syrup (60 mg, lOO%), [a]&” +44” (c 
1.12, chloroform). 

Anal. Calc. for C&H3s01sS 9 H20: C, 47.19; H, 5.66; S, 4.50. Found: C, 

47.18; H, 5.63; S, 4.06. 

1,3,4,6,-Tetra-O-acetyl-fi- (22) and -a-bfructofiranosyl 2,3,4,6-tetra-O- 
acetyl-Z-thio+-D-glucopyranoside (24). - (a) 2,3,4,6-Tetra-O-acetyl-l-thio$LD- 
glucopyranose21 (17, 1.5 g, 4 mmol), 1,3,4,6-tetra-O-benzyI-D-fructofuranose’4 (1, 

2.2 g, 4 mmol), and zirconium chloride (683 mg, 2.93 mmol) in dichloromethane 

(60 mL) were stirred for 35 min at room temperature. Dichloromethane (100 mL) 
was added and the solution washed with a cold saturated aqueous solution of 

NaHCOs, then with water, dried, and evaporated. The oily residue was purified by 

column chromatography (120 g, E) leading to a syrup (2.62 g, 73%), homogeneous 

in t.1.c. (E), which was, without further characte~~tion, suspended in liquid am- 

monia (1.50 mL) at -78”. Fragments of metallic sodium were added slowly, with 
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magnetic stirring, until persistance of a blue coloration for more than 30 min. The 
excess of reagent was eliminated by addition of NH&l and the mixture left to 
evaporate at room temperature. A suspension of the solid residue in 1:l (v/v) 
pyridine-acetic anhydride (60 mL) was stirred for 16 h at room temperature. 
Methanol (‘7.5 mL) was added, and the mixture evaporated to an oil which was di- 
luted with chloroform, and the solution processed as usual. Purification of the two- 
component (t.1.c. t D) oily residue (4.02 g) by column chromatography (115 g, L)) 
led successively to 22 and 24. 

Compound 22: Syrup (915 mg, 33%), [ly]zO -38” (c I, chloroform); i3C- 
n.m.r. (chloroform-d): S 92.9 (C-2, Fru), 80.2, 79.5, 76.6, 76.1, 75.9, 74.2, 69.3, 
68.4,65.0,64.7, and 62.4. 

Anal. Calc. for C2sH3s01sS - H20: C, 47.19; H, 5.66; S, 4.50. Found: C, 
46.83; H, 5.67; S, 4.51. 

Compound 24: Crystals (174 mg, 6%), m.p. 104” (ether), ]&]A0 +65” (c 0.83, 
chloroform); 13C-n.m.r. (chloroform-d): 6 92.7 (C-2, Fru), 81.9, 80.0, 78.3, 76.1, 
74.0,69.4,68.2,64.9,62.6,and62.1. 

Anal. Calc. for CzsH,sO&: C, 48.41; H, 5.51; S, 4.62. Found: C, 48.29; II, 
5.22; s, 4.70. 

(6) l,3,4,~Tetra-O-benzoyl-~-D-fructofuranose26 (7, 596 mg, 1 mmol), 
2,3,4,6-tetra-0-acetyl-l-thio-P-D-glucopyranose2’ (17,546 mg, 1.5 mmol), and zir- 
conium chloride (400 mg, 1.7 mmol) in dichloromethane (8 mL) were stirred for 60 
h at room temperature. Dichloromethane (300 mL) was added and the solution 
was washed with a cold, saturated aqueous solution of NaHC03, then with water, 
dried, and evaporated. The oily residue, which showed in t.1.c. (f)) a major compo- 
nent, was purified by column chromatography (F) leading to syrupy 15,16 (486 mg, 
51%). homogeneous in t.1.c. It was, without further characterization, dissolved in 
methanol and deacylated by stirring with M sodium methoxide in methanol (0.5 
mL) for one night. Neutralization with Amberlite IRN 77, and evaporation to dry- 
ness in the presence of toluene led to a solid residue, homogeneous in t.1.c. (G) 
which was acetylated for one night in 1: 1 (v/v) pyridine-acetic anhydride (10 mL). 
Addition of methanol, and processing of this mixture as usual gave a syrupy mate- 
rial which was purified by column chromatography (40 g, D), affording 24 (245 mg, 
35%) after crystallization from ether. The @,/3-anomer 22 (58 mg, 8%) was 
recovered by concentration of the mother liquors. 

~-D-~~ucto~~ra~~~yi ~-trio-~-D-g~~c~~yra~oside (23). - To a solution of the 
acetylated /3$-l-thiodisaccharide (22; 224 mg, 0.32 mmol) in methanol (5 mL), 
was added M sodium methoxide in methanol (0.1 mL), and the solution stirred 
overnight, Neutralization with Amberlite IRN 77 and evaporation led to a solid, 
hygroscopic foam (95 mg, 83%), [a];’ -146” (c 1, methanol); 13C-n.m.r. (DZO); 
696.0(C-2,Fru),83.8,82.1,80.4,78.2,77.1,75.7,72.9,70.4,65.0,63.3, and61.7. 

Anal. Calc. for C1$12201$ - 2.5 HzO: C, 35.73; H, 6.75; S, 7.95. Found: C, 
35.80; H, 6.76; S, 7.65. 

cu-D-Fructojiiranosyl I-thio-p-D-glucopyraraoside (I-thioisosucrose) (25). - 
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The acetylated o&l-thiodisaccharide 24 (224 mg, 0.32 mmol) was treated as for 22 

leading, after evaporation of the methanol solution, to a microcrystalline powder 

(90 mg), m.p. 180-182”, [o]&o t-26” (c 0.9, water); 13C-n.m.r. (D,O); S 95.3 (C-2, 

Fru), 84.7,84.2,82.6,80.8,78.2,76.9,73.0,70.3,65.1,61.7, and 61.6. 

Anal. Calc. for C12H22010S: C, 40.22; H, 6.19; S, 8.95. Found: C, 40.34; H, 

6.19; S, 8.69. 

Preliminary experiments with the zirconium chloride-mediated condensation 

reactions were carried out by Dr. M. Blanc-Muesser. 
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