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ABSTRACT 

Acid-catalyzed thiophenolysis of per-0-acetylated 1,6-anhydromaltose (3) gave phenyl 2,3-di-O- 
acetyl-4-0-(2,3,4,6-tetra-O-acetyla-o-glucopyranosy~)-l-thio-~-o-glucopyranoside (4) in quantitative 
yield. Phenyl 4-O-cu-o-glucopyranosyl-l-thio-fi-o-glucopyranoside (5) was obtained by acid-catalyzed 
thiophenolysis of maltose octaacetate (21, using trimethylsilyl triflate as catalyst, and subsequent 
deacetylation. Standard benzylation of 5 gave phenyl 2,3-di-O-benzyl-4-O-(2,3,4,6-tetra-O-benzyl-a-o- 
glucopyranosyl)-I-thio-/3-o-glucopyranoside (6) which upon treatment with N-bromosuccinimide in 
aqueous acetone gave 2,3,6-tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-cy-D-glucopyranosyl)-o-gluco- 
pyranose (8). Compound 8 was treated with trichloroacetonitrile in the presence of anhydrous 
potassium carbonate to give 2,3,6-tri-O-benzyl-4-0-(2,3,4,6-tetra-O-ben~~~-D-glucopyranosyl)~,P-o- 
glucopyranosyl trichloroacetimidate (91, which was effectively used as the glycosyl donor in the 
condensation reaction with compound 4, using trimethylsilyl triflate as catalyst, to obtain the branched 
tetrasaccharides phenyl 0-[2,3,4,6-tetra-0-benzyt-o-D-glucopyranosyl)-(1 + 4)]-O-(2,3,6-tri-O-benzyl-o- 
o-ghrcopyranosyl)-(1 + 6)-0-(2,3,4,6-tetra-Q-acetyl-~-o-g~ucopyranosyl)-(l + 4)-2,3-di-O-acetyl-l-thio-@- 
D-ghrcopyranoside (10) and phenyl 0-[(2,3,4,6-tetra-O-benzyl~-D-glucopyranosyl~-~1--) 4)1-O-(2,3,4- 
tri-0-benzyJ-@-o-ghtcopyranosyl)-(1 + 6)-0-(2,3,4,6-tetra-O-acetyliu-D-glucopyranosyl)-(1 --f 4)-2,3-di-O- 
acetyl-1-thio-P-o-ghtcopyranoside (11) in 67 and 21% yield, respectively. A complete NMR interpreta- 
tion of 10 is presented. Alternative methodologies for the synthesis of the branched tetrasaccharides 
were investigated. Chemical synthesis of the phenyl thioglycoside 5 was achieved by deacetylation of 4. 
Reaction of 6 with diethylaminosulfur trifluoride in the presence of N-bromosuccinimide gave 2,3,6-tri- 
O-benzy~-4-0-(2,3,4,6-tetra-O-ben~~~-o-glucopyranosyl)~,~-o-glucopyranosy~ fluoride (7) in 78% 
yield. Subsequent condensation of 7 and 4, using the combination silver perchlorate-stannous chloride 
as catalyst, gave the corresponding branched tetrasaccharides 10 and 11 in 55 and 10% yield, 
respectively. 
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INTRODUC-TlON 

Soluble and granule-bound starch synthases and branching enzymes catalyze the 
synthesis of starch’. Each of these enzymes occurs as a number of isozymes. The 
isozymes may exhibit different substrate specificity with respect to the structure of 
preferred primers and glycosyl side chains l-6 but the lack of proper, chemically , 
defined oligosaccharide substrates has prevented detailed analyses. Consequently, 
the biological importance of different isozymes in controlling and defining the 
chemical structure of starch during its synthesis remains largely unresolved. Starch 
structure has been studied mainly by characterizing the oligosaccharides formed by 
the action of starch-degrading enzymes - . 7 9 If complex oligosaccharides with a 
defined number of glucose residues between the branch points were available, 
these could be tested as specific substrates for the degradative enzymes and a 
more precise analysis of starch structure obtained. These considerations prompted 
us to initiate a research program based on the chemical synthesis of complex 
oligosaccharides of interest for studies of starch biosynthesis and degradation. 
Chemical synthesis of oligosaccharides in which the identity of the constituent 
sugars, their anomeric configurations, and the positions of the intersugar linkages 
vary from residue to residue are dependent on the use of different types of 
blocking groups. Finally, the blocking groups should be chosen as being readily 
removable by a minimal number of otherwise nondestructive operations at the end 
of the synthetic sequence. To achieve the synthesis of a large number of complex 
oligosaccharides, a systematic approach based on a limited number of building 
blocks needs to be developed. In this paper, we report the chemical synthesis of a 
branched-tetrasaccharide thioglycoside derivative which comprises the branch point 
of starch and which can be used as a suitable building block in the chemical 
synthesis of higher branched oligosaccharides. The NMR spectra (iH, 13C, and 
19F) of the intermediates were analyzed and a complete NMR assignment of 10 is 
presented based on two-dimensional homonuclear and heteronuclear chemical-shift 
correlations. 

RESULTS AND DISCUSSION 

The synthetic strategy for obtaining the target molecule 10 is outlined in 
Scheme 1 and involves the conversion of maltose (1) into a suitable glycosyl 
acceptor molecule 4 as well as into a glycosyl donor 7 or 9. 

To synthesize the desired glycosyl acceptor 4, maltose (1) was acetylated”, and 
converted”-‘3 into 1,6-anhydro-/3-maltose hexaacetate (31. 1,6-Anhydro derivatives 
of o-glucopyranose and of di- and tri-saccharides, including maltose, cellobiose, 
and maltotriose, are readily available from the parent mono- and oligo-sac- 
charides14-16 and are used as versatile synthons in carbohydrate chemistry’7-21. 
The 1,6-anhydro ring of compound 3 was cleaved selectively using Hanessian’s 
reagent system2*, as originally proposed by Sakairi et a1.23, but modified to 
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Scheme 1. Chemical synthesis of the branched thioglycosides 10 and 11. The favored route is marked 
with heavy arrows. 

accomplish quantitative conversion of 3 into 4, using (phenylthiojtrimethylsilane- 
zinc iodide at room temperature for thiophenylation and subsequent deprotection 
with tetrabutylammonium fluoride. Crystallization provided 4 in 96% yield without 
chromatography. 
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Chemical synthesis of the glycosyl donor 9 required a number of intermediates 
(Scheme 1). Synthesis of 5 was accomplished by treating maltose octaacetate 21° 
with thiophenol, using trimethylsilyl triflate as catalyst, and subsequent deacetyla- 
tion using sodium methoxide in methanol. After purification by silica gel chro- 
matography, the yield was 69%. Compound 5 was benzylated with benzyl bromide 
in DMF-NaH to give the phenyl thioglycoside derivative 6, which was isolated in 
94% yield after column chromatography. The thioglycoside 6 was converted into 
2,3,6-tri-0-benzyl-4-0-(2,3,4,6-tetra-O-ben~l-~-o-glucopyranosyl~-~-glucopyranose 
(8) by treatment with N-bromosuccinimide in aqueous acetone24. Treatment of 8 
with trichloroacetonitrile in the presence of anhydrous potassium carbonate as 
catalyst 25,26 gave an anomeric mixture of the glycosyl trichloroacetimidate deriva- 
tive 9, the (Y : p ratio of which was 2: 3 as estimated from ‘H and 13C NMR 
spectra. Since the p-trichloroacetimidate and the corresponding IY anomer give 
similar results in glycosylations under comparable reaction conditions, probably 
due to the participation of the solvent diethyl ether26, the anomeric mixture of 9 
was used for the glycosylation step without prior chromatographic separation. By 
treating 9 with the glycosyl acceptor 4 in diethyl ether, using trimethylsilyl triflate 
as catalyst, the desired branched-tetrasaccharide derivative 10 (67%) and its 
related p analogue 11 (21%) were obtained after chromatographic separation. The 
(Y and p configurations at C-1’ (Scheme 1) in compounds 10 and 11 were apparent 
from the r3C NMR signals at 96.0 and 104.3, respectively27. Both compounds could 
be crystallized from 96% ethanol. 

During the development of the strategy outlined above, a number of alternative 
procedures were examined. Deacetylation of compound 4 by standard methods 
afforded phenyl 1-thio-p-maltoside (5) in quantitative yield. However, it was more 
convenient to synthesize 5 via the trimethylsilyl triflate route. The glycosyl 
trichloroacetimidate procedure25 used for the synthesis of 10 is well documented 
for the synthesis of complex glycosides and oligosaccharides26Y28,29. Glycosyl 
trichloroacetimidates and fluorides offer advantages in oligosaccharide synthesis 
because of the difficulties encountered in handling and purifying the more labile 
and readily hydrolyzed chlorides and bromides. On the contrary, glycosyl fluorides 
have not been considered sufficiently reactive to be useful as glycosyl donors. 
However, it has recently been shown that glycosyl fluorides activated with stannous 
chloride can be useful glycosyl donors in stereocontrolled a-(1,2-&j-glycosylations 
catalyzed with silver perchlorate 3o The phenyl thioglycoside derivative 6 was . 
therefore converted into the corresponding glycosyl fluoride 7 by treatment with 
diethylaminosulfur trifluoride and N-bromosuccinimide31. Compound 7 was ob- 
tained in 78% yield after column chromatography on silica gel. As an alternative, 8 
was converted into the glycosyl fluoride 7 by reaction with diethylaminosulfur 
trifluoride32,33. Coupling of 7 with 4 in diethyl ether by using the combination 
stannous chloride-silver perchlorate as an activator30*31 afforded the desired 
~(1 + 6)-linked tetrasaccharide thioglycoside derivative 10 (55%) and its related 
p-(1 -+ 6)-linked anomer 11 (10%) after separation by column chromatography 
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Fig. 1. 500-MHz ‘H NMR spectrum of 10 in CDCI,. 

using silica gel. The yield of the target compound 10 is lower using this approach 
but the cu-stereoselectivity is increased. The explosive nature and expense of silver 
perchlorate argue in favor of the trichloroacetimidate method. 

NMR Spectroscopy studies.-NMR spectra of 2 and 3 are available from the 
literature’3’34-37 and identical data were obtained in the present study. The ‘H 
NMR spectrum of 4 has also been reported23 and is identical with the spectrum 
obtained in the present study. The 13C NMR spectrum of 4 has not been reported 
earlier. The COSY spectrum of 4 reveals that the H-4 proton resonating at 6 4.10 
(lit 23 6 4 07) is coupled with the proton resonating at 6 3.54 (J 9.4 Hz). This ., . 
dictates that the proton resonating at 6 3.54 is H-5 and not H-6 as assigned in the 
literature23. The proton resonating at 6 3.80 shows no coupling with H-4, whereas 
it is coupled with H-6b resonating at 6 3.96 (lit.23, 6 3.97-3.91) (J 12.3 Hz, a 
typical geminal coupling) and with the proton resonating at 6 3.54 (J 2.1 Hz). This 
dictates that the signal at 6 3.96 ppm must be assigned to H-6a and not H-5 as 
reported in the literature 23. Apart from the interchanged assignments of the 
chemical shifts reported 23 for H-5 and H-6 and the resolution of some of the 
multiplets in the present study, the remaining assignments are identical to those 
previously reported23. The ‘H NMR spectrum of 10 is shown in Fig. 1 and the 13C 
NMR spectrum in Fig. 2. The glucopyranosyl units of the branched tetrasaccharide 
10 are labelled A to D (Scheme 1). The complete ‘H and 13C NMR chemical-shift 
assignments for 10 and 11 listed in Tables I and II were obtained using homonu- 
clear (COSY)38 (Fig. 3) as well as 1H-‘3C-heteronuclear (HETCOR)39 (Fig. 4) 
chemical shift correlation. The 13C-DEPT spectrum of 10 (Fig. 5) was recorded to 
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Fig. 2. 126-MHz 13C NMR spectrum of 10 in CDCI,. 

extract more easily the l3 C resonances corresponding to the four C-6 carbons of 
the glucopyranosyl residues A, B, C, and D and the methylenes of the benzyl-pro- 
tecting groups. The spectrum clearly reveals the resonances for these eleven 
methyleneoxy carbons. 

The rH NMR spectrum of 10 (Fig. 1) showed the diagnostic signals for the four 
anomeric protons at 6 5.69 (d, 1 H, Jr,* 3.6 Hz), 5.34 (d, 1 H, J1,2 3.8 Hz), 5.11 (d, 

TABLE I 

‘H NMR and 13C NMR data”sb for the tetrasaccharide derivative 10 

Residue Proton or carbon 

fJ1.Z) 

2 3 

(J,,,) (J,,,) &,5, :I,.,,> 4,6b) 

6a 6b 

Gd,6b) 

A H 4.63d 4.78t 5.26t 3.94t 3.64-3.60m 4.11-3.99m 3.92-3.84m 
@-o-GlcpSPh (10.1) (9.1) (9.4) (9.4) (-1 (-1 

c 85.3 70.4 77.0 72.5 77.6 63.7 

B H 5.34d 4.84dd 5.35t 5.08t 4.11-3.99m 4.30-4.26m 4.30-4.26m 
a-D-Gkp-(1 --) 4) (3.8) (9.9) (9.8) (10.3) (-) (-1 

c 95.0 70.7 69.5 68.0 68.3 61.7 

C H 5.11d 3.36dd 4.02t 3.89t 3.75-3.68m 4.11-3.99m 3.92-3.84m 
a-~-Gkp-(l --f 6) (3.5) (9.4) (9.6) (9.6) (-1 (-) 

C 96.0 80.4 81.8 70.1 71.8 69.0 

D H 5.69d 3.47dd 3.86t 3.62t 3.75-3.68m 3Sldd 3.41dd 
a-D-Gicp-(1 + 4) (3.6) (9.9) (9.4) (9.4) (1.9,2.8) (10.8) 

C 96.9 79.3 81.9 79.3 71.0 68.3 

’ CDCI,; Chemical shifts in ppm, J in Hz. b Chemical shifts for CH,CO and PhCH,O are given in the 
Experimental. 
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TABLE II 

‘H NMR and 13C NMR data4xb for the tetrasaccharide derivative 11 

Residue Proton or carbon 

1 2 3 4 5 6a 6b 

A 
(4.2) (J2,3) (J&4) (J4,5) (JS,ba* J5,d (Jsa,d 

H 4.68d 4.83t 5.24t 3.98t 3.53-3.48m 4.10-4.06m 3.84-3.79m 
/3-D-GlcpSPh (10.1) (9.3) (9.0) (9.2) (-) (-) 

C 85.3 70.9 76.5 72.5 74.4 70.1 
B H 5.38d 4.86dd 5.40t 5.06t 4.34-4.31m 4.34-4.31m 4.10-4.06m 
a-~-&p-(1-+ 4) (4.0) (9.9) (10.0) (9.6) (-1 (-1 

C 95.3 70.1 69.6 68.2 67.8 61.5 

C H 4.50d 3.56t 3.77t 4.02t 3.53-3.48m 3.84-3.79m 3.74-3.70m 
/3-D-Gkp-(1 --) 6) (7.7) (8.4) (8.8) (9.1) (-) (-) 

C 104.2 83.1 84.7 73.4 77.8 69.2 

D H 5.67d 3.46dd 3.88t 3.64t 3.74-3.70m 3.53-3.48m 3.3%3.36m 
a-D-Gkp-(l--t 4) (3.7) (8.8) (9.4) (9.4) (-1 (-1 

C 96.6 79.3 81.9 77.6 71.0 68.1 

‘zb See footnotes for Table I. 

1 H, J,,, 3.5 Hz), and 4.63 (d, 1 H, Jr,, 10.0 Hz). The ‘H-decoupled 13C NMR 
spectrum showed the corresponding anomeric carbons resonating at 6 96.9, 96.0, 
95.0, and 85.3. These spectra clearly document the identity of 10 as a tetrasaccha- 
ride with the reducing end as a phenyl &thioglycoside, and containing two 
a-(1 -+ 4)-linked and one (Y-Q* 6)-linked glucopyranosyl units. The resonances 
for the anomeric protons, labelled H-1A (4.63), H-1B (5.341, H-1C (5.10, and 
H-1D (5.69 ppm) as shown in Fig. 3, served as the starting points from which the 
seven iH-resonances (H-l + H-6) associated with each of the four glucopyranosyl 
residues were assigned from the appropriate cross-peaks (Table I). The 13C 
resonances for the glucopyranosyl residues A, B, C, and D were assigned by 
comparing the ‘H-chemical shift data with the ‘H-t3C correlation data obtained 
from the HETCOR39 experiment (Fig. 4 and Table I). 

CONCLUSIONS 

The chemical synthesis of two branched-tetrasaccharide thiglycoside derivatives 
phenyl 0-[(2,3,4,6-tetra-O-benzyl-cY-D-glucopyranosyl)-(l -+ 4)]-O-(2,3,6-tri-O- 
benzyl-cw-b-glucopyranosyl)-(1 --j 6)-0-(2,3,4,6-tetra-O-acetyl-a-o-glucopyranosyl)-(l 
+ 4)-2,3-di-O-acetyl-1-thio-/3-o-glucopyranoside (10) and phenyl O-[(2,3,4,6-te- 
tra-O-benzyl-cu-D-glucopyranosylj-(1 + 4)]-0-(2,3,4-tri-0-benzyl-~-o-glucopyranos- 
yl)-(1 -+ 6)-0-(2,3,4,6-tetra-O-acetyl-cu-D-glucopyranosyl)-(l --, 4)-2,3-di-O-acetyl-l- 
thio-P-o-glucopyranoside (11) has been accomplished. The method outlined in 
Scheme 1 for the synthesis of 10 via 4 and 9 results in overall yields of 40, 59, and 
40% for the synthesis of 4, 9, and 10, respectively, from maltose octaacetate (2). 
Considering the large number of steps involved, these yields are highly acceptable 
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Fig. 3. .500-MHz COSY spectrum of 10 in CDCl,. 

and reflect the efforts made to optimize the yield of each individual synthetic 
reaction. 

Thioglycosides are easily converted into glycosyl halides and have therefore 
received attention as versatile intermediates for glycoside synthesis31,40-43. Thiogly- 
cosides may also serve as enzyme substrates44 and as potential enzyme 
inhibitors45-47 which modulate the enzymatic activity of specific isozymes. /3- 
Thioglycosides have been shown to bind to the active site of alpha-amylases and to 
be retained in crystals of the enzyme . 48 After deprotection, the branched tetrasac- 
charide reported in the present study as well as more complex oligosaccharides 
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Fig. 4. Partial ‘H-13C correlation (HETCOR) spectrum of 10. 

synthesized from it may possibly, in a similar manner, be used for unambiguous 
identification of the active sites of other enzymes involved in polysaccharide 
synthesis or degradation. If linked to Sepharose, the thioglycosides have the 
potential for easy and specific purification of such enzymes by affinity chromatog- 
raphy. The chemically synthesized and spectroscopically characterized glycosides 
reported in the present study might thus be used for purposes other than those 
directly related to starch analysis. 

EXPERIMENTAL 

General me&&.-Melting points were determined with a Mettler FP81 MBC 
Cell connected to a Mettler FP80 Central Processor unit and are uncorrected. ‘H 
NMR and 13C NMR spectra were recorded with a Bruker AM 500 or AC250P 
instrument, using Me,Si as internal standard, unless otherwise indicated. The r9F 
NMR spectra were recorded with an AC250P spectrometer operated at 235 MHz. 
The 6, (CDCl, = 77.0), 6, (internal Me,Si = 01, and 6, (external CF,CO,H = 
- 78.5) values were measured in CDCl, unless otherwise stated. 

Reactions were monitored by TLC on aluminium sheets coated with silica gel 
60F,,, (0.2-mm thickness, E. Merck, Darmstadt, Germany). Column chromatogra- 
phy was carried out using Silica Gel 60 (particle size 0.040-0.063, 230-400 mesh 
ASTM, E. Merck, Darmstadt, Germany). 
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Phenyl 2,3-di-O-acetyl-4-0-(2,3,4,6-tetra-O-ace~i-~-~-glucopyrano~~~-l-thio-~- 
D-glucopyranoside (4).-A mixture of 2,3-di-O-acetyl-1,6-anhydro-4-O-(2,3,4,6-te- 
tra-0-acetyl-cu-b-glucopyranosyl)-@D-glucose (3; 10 g, 17.3 mmol), (phenylthio)tri- 
methylsilane (10 mL, 53 mmol), and ZnI, (17 g, 53.3 mmol) in dry CH,Cl, (100 
mL) was stirred at room temperature for 21 h. The mixture was diluted with 
EtOAc (400 mL) and washed successively with satd aq NaHCO, (500 mL), water 
(3 x 250 mL), and brine (250 mL), dried (Na,SO,), and evaporated. The residue 
was dissolved in THF (50 mL), 1.1 M tetrabutylammonium fluoride in THF (20 
mL) was added dropwise with stirring at room temperature, and the mixture was 
stirred for an additional 20 min. The solvent was evaporated, and a solution of the 
residue in EtOAc (200 mL) was washed with water (3 X 100 mL), satd aq NaHCO, 
(2 x 100 mL), and brine (100 mL), and dried (Na,SO,). The solvent was evapo- 
rated, the residue was triturated with boiling n-pentane (5 X 100 mL), and the 
resulting paste was crystallized from 96% EtOH to give 4 (11.42 g, 96%, needle- 
shaped crystals); [(YIN +53” (c 1.00, CHCl,) {lit.23 [(YIP +53“ (CHCl,)j; mp 171°C 
(lit 23, 169-170°C); ‘H NMR data (500 MHz, CDCl,): 6 1.99 (s, 4 H, COCH, and 
OH), 2.00 (s, 3 H, COCH,), 2.02 (s, 6 H, 2 COCH,), 2.05 (s, 3 H, COCH,), 2.09 (s, 
3 H, COCH,), 3.54 (ddd, 1 H, J5,6a 2.1, J5,6b 3.4, J4,5 9.7 Hz, H-5), 3.80 (ddd, 1 H, 
J 5,6b 3-5, J6b,cm 3.7, J6a,6b 12.3 Hz, H-6b), 3.96 (dd, 1 H, J5,6a 2.1, Jsa,6b 12.2 Hz, 
H-6a), 3.99 (dd, 1 H, J5,,6,a 2.2, J5,,6,b 4.2, J4r,5f 10.1 Hz, H-5’), 4.1 (t, 1 H, 
J3,4 = J4,5 = 9.4 Hz, H-4), 4.11 (dd, 1 H, J,,,,,,2.3, J6,a,6,b 12.5 Hz, H-6’a), 4.27 (dd, 1 
H, Jsf,etb 4.1, J,j’a,e’b 12.5 Hz, H-6’b), 4.78 (d, 1 H, J,,, 9.4 Hz, H-l), 4.82 (dd, 1 H, 
J 1’,2’ 4*o, J2’,3’ 10.5 Hz, H-2’), 4.83 (t, 1 H, J,,, = J2,3 = 9.2 Hz, H-2), 5.03 (dd, 1 H, 
J 3’,4’ 9.5, 541,s 10.2 Hz, H-4’), 5.32 (t, 1 H, J,,, = J3.4 = 9.5 Hz, H-3), 5.36 (dd, 1 H, 
J 3,,4, 9.5 Hz, J2,,3, 10.5 Hz, H-3’), 5.44 (d, 1 H, J,,,,, 4.0 Hz, H-l’), 7.31 (m, 3 H, 
H-arom), 7.46 (m, 2 H, H-arom); r3C NMR data (125 MHz, CDCI,): 6 170.7, 170.5, 
170.3, 169.9, 169.5, 169.5 (6 COCH,), 132.8 (o-C__,), 131.7 (ipso-c,,,,), 129.1 
(m-Carom), 128.4 (P-C,,, , > 95.1 (C-l’), 85.6 (C-l), 78.6 (C-5), 76.5 (C-3), 70.9 
(C-2), 70.2, 70.2 (C-4 and C-2’), 69.4 (C-3’), 68.2 (C-4’), 68.2 (C-5’), 61.8 (C-6’), 
61.4 (C-6), 20.9, 20.7, 20.7, 20.6, 20.6, 20.5 (6 COCH,). 

Phenyl 2,3-di-O-benzyl-4-0-(2,3,4,6-tetra-O-ben~l-~-~-glucopyrano~l~-l-th~-~- 
D-glucopyranoside (6).-Trimethylsilyl trifluoromethanesulfonate (1.25 mL, 6.9 
mmol) was added in one portion at room temperature to a stirred solution of 
maltose octaacetate” (10 g, 14.74 mmol) and thiophenol(2 mL, 19.50 mmol) in dry 
CH,Cl, (50 mL) under Ar. Stirring was continued for 2 h at room temperature. 
The mixture was diluted with CH,Cl, (200 mL), washed with satd aq NaHCO, 
(3 x 100 mL) and water (3 x 100 mL), and dried (Na,SO,), and the solvent 
evaporated. The residue was dissolved in MeOH (100 mL) and treated with 1 M 
NaOMe in MeOH (2 mL). The solution was stirred for 1 h at room temperature, 
neutralized with Dowex 5OW-X8 (H+ form, 200-400 mesh) resin, and evaporated 
to dryness. The residue was then chromatographed on silica gel (150 g) with 4: 1 
CH,Cl,-MeOH as eluent to give amorphous phenyl 1-thio-p-maltoside (5; 4.42 g, 

69%); [(Y]E +36.3” (c 1.24, CHCl,); mp 68-70°C; ‘H NMR data (250 MHz, D,O): 
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S 3.64 (d, 1 H, Jr,, 10.0 Hz, H-l), 5.37 (d, 1 H, Jr,,,, 3.8 Hz, H-l’), 7.46 (m, 3 H, 
H-arom), 7.58 (m, 2 H, H-arom); 13C NMR data (62.50 MHz, D,O): 6 132.9 
(@so-C,,,,), 132.5 (o-Carom), 130.2 (rn-Carom), 129.0 (p-C,,,,), 100.6 (C-l’), 88.0 
(C-l), 79.3 (C-4), 78.5, 77.6 (C-3 and C-5), 73.2, 73.6 (C-3’ and C-5’), 72.6, 72.4 (C-2 
and C-2’), 70.2 (C-4’), 61.6 (C-6’), 61.3 (C-6). Anal. Calcd for C,,H,,O,,S . 1.5H,O: 
C, 46.85; H, 6.33; S, 6.95. Found: C, 47.03; H, 6.17; S, 6.78. 

A solution of 5 (4 g, 9.20 mmol) in DMF (80 mL) was stirred with NaH (7.75 g; 
50% in mineral oil) for 3 h at room temperature and then cooled to 0°C. Benzyl 
bromide (16 mL) was added dropwise and the mixture was stirred overnight at 
room temperature. Methanol was added to decompose excess of NaH. The 
concentrated solution was partitioned between EtOAc and water, and the organic 
phase was washed several times with water to neutrality, dried (Na,SO,), and 
evaporated. The residual syrup was chromatographed on silica gel (130 g) with 9 : 1 
n-pentane-EtOAc as eluent to give 6 (9.26 g, 94%) as a colorless syrup; [a]: 
+ 27.3” (c 0.53, CHCl,). An analytical sample crystallized from n-pentane as fiber 
crystals on standing for three weeks at room temperature; mp 81-83°C; ‘H NMR 
data (250 MHz, CDCl,): S 7.59 (m, 2 H, SPh), 7.19 (m, 38 H, H-arom), 5.62 (d, 1 
H, J,f,,f 3.6 Hz, H-l’), 4.69 (d, 1 H, J,,, 9.7 Hz, H-l); 13C NMR (62.5 MHz, 
CDCl,): 6 97.1 (C-l’), 87.7 (C-l), 86.7 (C-3), 82.0 (C-3’), 80.9 (C-2), 79.3 (C-4’), 
78.7 (C-2’) 77.7 (C-5’), 75.5, 75.2, 74.9, 74.3, 73.5, 73.3, 73.3 (7 CH,Ph), 72.7 
(C-5), 71.1 (C-4), 69.1 (C-6) 68.2 (C-6’). Anal. Calcd for C,,H,,O,,S: C, 75.54; H, 
6.43; S, 3.01. Found: C, 75.78; H, 6.57; S, 2.82. 

2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzy~-ff-~-g~ucopyranosy~~-~,~-~-g~uco- 
pyranosyl fluoride (7).-Diethylaminosulfur trifluoride (1.8 mL, 13.62 mmol) was 
added at - 15°C to a stirred solution of 6 (8 g, 7.51 mmol) in CH,Cl, (80 mL) 
under Ar. After 5 min, N-bromosuccinimide (2.08 g, 11.69 mmol) was added and 
the mixture brought to room temperature over a 45-min period. The mixture was 
diluted with CH,Cl, (50 mL) and filtered through silica gel. The silica gel was 
washed several times with CH,Cl, (5 x 25 mL), and the collected filtrate was 
washed thoroughly with satd aq NaHCO, (2 X 100 mL), water (3 X 100 mL), and 
brine (100 mL), dried (NazSO,), and evaporated to dryness. The residue was 
chromatographed on silica gel (150 g) with 4: 1 n-pentane-diethyl ether as eluent 
to give 7 (5.69 g, syrup, 78%); [cx]~ +35.6” (c 0.54, CHCl,); ‘H NMR data (250 
MHz, CDCl,): 6 5.67 (d, 1 H, J,,,,, 3.8 Hz, H-l’, (Y anomer), 5.59 (d, 1 H, J,,,,, 3.8 
Hz, H-l’, /3 anomer), 5.55 (dd, 1 H, J,,, 2.8, J,.,,, 54.8 Hz, H-l, (Y anomer), 5.36 
(dd, 1 H, J,,, 5.5, J,_,,, 55.0 Hz, H-l, p anomer); 13C NMR data (62.5 MHz, 
CDCl,): 6 109.4 (C-l, d, JC_l,F 217.1 Hz, p anomer), 105.0 (C-l, d, JC_l,F 226.8 Hz, 
C-l (Y anomer), 97.0 (C-l’, LY anomer), 96.8 (C-l’, /? anomer); 19F NMR (235 MHz, 
CDCl,, CF,CO,H as external standard): 6 243.8 (dd, J,_l,, 53.6, JH_2,F 25.6 Hz, cr 
anomer), 227.1 (dd, J,_,,, 54.2 Hz, p anomer). 

2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-ff-~-glucopyranosyl)-D-g~uco- 
pyranose (8).-N-Bromosuccinimide (1.8 g, 10.11 mmol) was added to a solution of 
6 (9 g, 8.45 mmol) in 9 : 1 acetone-water (130 mL) and stirred at room temperature 



M.S. Motawia et al. /Carbohydr. Res. 252 (1994) 69-84 81 

for 45 min. The solvent was evaporated at room temperature until turbidity, and a 
solution of the residue in EtOAc (200 mL) was washed with satd aq NaHCO, 
(3 X 50 mL) and water (3 X 50 mL), dried (Na,SO,), and evaporated. The residue 
was chromatographed on silica gel (150 g) with 3: 2 diethyl ether-n-pentane as 
eluent to give 8 (7.88 g, syrup, 96%); [cx]~ + 39.3” (c 1.35, CHCl,); lit.49 [a]g 
+39.5” (CHCl,); 13C NMR data (62.5 MHz, CDCl,): S 97.3 (C-l, p anomer), 96.9 
(C-l’, (Y anomer), 96.8 (C-l’, p anomer), 90.7 (C-l,cw anomer) 

Preparation of 7 from 8.-Diethylaminosulfur trifluoride (0.8 mL, 6.06 mmol) 
was added to a stirred solution of 8 (5 g, 5.14 mm00 in dry CH,Cl, (50 mL) at 
- 15°C under Ar. Stirring was continued and the temperature allowed to rise to 
room temperature during a 30-min period. The mixture was diluted with CH2Cl, 
(50 mL) and worked-up as described above to give 7 (4.92 g, 98%). 

2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-0-benzy~-~-~-g~ucopyranosy~)-ff,~-~-g~uco- 
pyranosyl trichloroacetimidate (9).-A solution of 8 (7 g, 0.72 mmol) and 
trichloroacetonitrile (4 mL) in dry CH,Cl, (40 mL) was stirred vigorously with 
anhyd K.&O, (3.60 g) for 12 h at room temperature under N,. The mixture was 
diluted with dry CH,Cl, (20 mL) and filtered through a Celite pad and a silica gel 
layer. After thorough washing with CH,Cl, (5 X 20 mL), the combined filtrates 
were evaporated to give 9 (7.64 g, syrup, 95%) in a chromatographically pure form; 
‘H NMR data (250 MHz, CDCl,): 6 8.69 (s, 1 H, NH, p anomer), 8.58 (s, 1 H, 
NH, (Y anomer), 6.56 (d, 1 H, J 3.5 Hz, H-l, (Y anomer), 5.90 (d, 1 H, J 7.0 Hz, 
H-l, p anomer), 5.70 (d, 1 H, J 3.5 Hz, H-l’, (Y anomer), 5.61 (d, 1 H, J 3.6 Hz, 
H-l’, p anomer); 13C NMR data (62.5 MHz, CDCl,): 6 163.7 (C=NH, p anomer), 
161.3 (C=NH, (Y anomer), 98.1 (C-l, p anomer), 96.9 (C-l’, /3 anomer), 96.8 (C-l’, 
(Y anomer), 94.1 (C-l, (Y anomer), 91.8 (Ccl,, p anomer), 91.3 (Ccl,, cr anomer). 

Phenyl 0-[(2,3,4,6-tetra-O-benzyl-a-~-glucopyranosyl)-(l + 4)]-O-(2,3,6-tri-O- 
benzyl-a-D-glucopyranosyl)-(1 + 6)-0-(2,3,4,6-tetra-O-acetyl-a-~-glucopyranosyl)-(l 
+ 4)-2,3-di-O-acetyl-l-thio-/3-D-glucopyranoside (10) and phenyl O-[(2,3,4,6-tetra- 
0-benzyl-cx-D-glucopyranosyl)-(1 + 4)]-O-(2,3,4-tri-0-benzyl-P-D-glucopyranosyl)-(1 
+ 6)-0-(2,3,4,6-tetra-O-acetyl-ff-~-glucopyranosyl)-(l + 4)-2,3-di-0-ace@-I-thio-/3- 
D-glucopyrunoside (ll).-Method A. A solution of 4 (5.60 g, 8.16 mmol) and 9 (7.50 
g, 6.71 mmol) in dry 2: 1 diethyl ether-CH,Cl, (150 mL) was stirred for 30 min at 
room temperature in the presence of 4A molecular sieves (3 g, activated powder) 
under Ar. The stirred mixture was then cooled to -20°C and trimethylsilyl 
trifluoromethanesulfonate (0.4 mL, 2.20 mmol) was added. The temperature was 
raised to room temperature over a period of 2 h. After dilution with diethyl ether 
(250 mL>, solid NaHCO, (10 g) was added and stirring was continued for 10 min. 
The mixture was filtered through Celite. The filtrate was washed thoroughly with 
satd aq NaHCO, (2 x 100 mL), water (2 X 100 mL), and brine (50 mL), dried 
(Na,SO,), and evaporated to dryness. The residue was chromatographed on silica 
gel (150 g> with 3: 2 diethyl ether-n-pentane as eluent to give pure 10 (7.42 g, 
white powder after recrystallization from 96% EtOH, 67%); [cxlg +60.9” (c 0.45, 
CHCl,); mp 68-69°C; and pure 11 (2.35 g, white powder after recrystallization 
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from 96% EtOH, 21%); [(Y]: +46.7” (c 0.54, CHCl,); mp 64-66°C; ‘H NMR data 
(50Q MHz, CDCI,) for 10: S 1.92 (s, 3 H, COCH,), 1.98 (s, 3 H, COCH,), 1.98 (s, 3 
H, COCH,), 1.99 (s, 3 H, COCH,), 2.04 (s, 3 H, COCH,), 2.08 (s, 3 H, COCH,), 
4.29, 4.51 (2 d, 2 H, J 12.2 Hz, PhCH,), 4.42, 4.76 (2 d, 2 H, J 10.9 Hz, PhCH,), 
4.47 (d, 1 H, J 12.3 Hz, PhCH), 4.48, 4.56 (2 d, 2 H, J 12.0 Hz, PhCH,), 4.52 (d, 1 
H, J 11.7 Hz, PhCH), 4.55 (m, 2 H, PhCH,), 4.71, 4.84 (2 d, 2 H, J 10.9 Hz, 
PhCHJ. 4.94, 5.08 (2 d, 2 H, J 12.1 Hz, PhCH,), 7.52-7.09 (m, 40 H, H-arom); 
13C NMR data (125 MHz, CDCl,): S 170.3, 170.3, 170.2, 169.8, 169.5, 169.5, (6 
COCH,), 139.2, 138.9, 138.6, 138.3, 138.0, 137.9, 137.8 (7 @w-C,,~~, benzyl), 134.2 

(o-CWXll, SPh), 130.8 (&o-C._,, SPh), 129.1 (m-Carom, SPh), 128.7 (p-C,,,,, 
SPh), 128.4, 128.2, 128.2, 128.2, 128.2, 128.0, 127.9 (7 o-C,,,, benzyl), 127.9, 127.8, 
127.8 127.7, 127.7, 127.6, 127.5 (7 m-Carom, benzyl), 127.5, 127.4, 127.4, 127.3, 
127.3, 126.9, 126.6 (7 p-c,,,,, benzyl), 76.2, 75.4, 74.8, 74.5, 73.5, 73.2, 73.0 (7 
PhCH,O), 20.9, 20.8, 20.7, 20.7, 20.6, 20.4 (6 CH,CO). For 11, ‘H NMR data (500 
MHz, CDCl,): S 1.93 (s, 3 H, COCH,), 1.96 (s, 3 H, COCH,), 1.98 (s, 3 H, 
COCH,), 2.01 (2 s, 6 H, 2 COCH,), 2.06 (s, 3 H, COCH,), 4.29, 4.51 (2 d, 2 H, J 
12.4 Hz, PhCH,), 4.44, 4.78 (2 d, 2 H, J 10.9 Hz, PhCH,), 4.52 (d, 1 H, J 12.2 Hz, 
PhCH), 4.58, 4.59 (2 d, 2 H, J 12.0 Hz, PhCH,), 4.53, 4.73 (2 d, 2 H, .7 11.6 Hz, 
PhCH,), 4.75, 4.87 (2 d, 2 H, J 10.8 Hz, PhCH,), 4.76 (d, 1 H, J 12.5 Hz, PhCH), 
4.88, 4.97 (2 d, 2 H, J 11.5 Hz, PhCH,), 7.46-7.09 (m, 40 H, H-arom); 13C NMR 
data (125 MHz, CDCl,): S 170.4, 170.4, 170.1, 169.7, 169.5, 169.5 (6 COCH,), 
138.8, 138.7, 138.7, 138.4, 138.2, 138.0, 137.9 (7 ipso-c.,,,, benzyl), 132.8 (o-c,,,,, 
SPh), 131.8 (@so-Carom, SPh), 129.0, 128.3, 128.3, 128.2, 128.2, 128.2, 128.1, 128.1, 
128.0 (9 C, m-Carom, SPh, p-C,,,,, SPh, and 7 o-C,,,, benzyl), 127.9, 127.8, 127.8, 
127.7, 127.6, 127.6, 127.5 (7 m-Carom, benzyl), 127.5, 127.4, 127.4, 127.4, 127.4, 
127.1, 126.7 (7 p-C,,,, benzyl), 75.4, 74.9, 74.9, 74.0, 73.5, 73.2, 73.2 (7 PhCH,O), 
20.8, 20.7, 20.6, 20.6, 20.5, 20.5 (6 CH,CO) (for signals not related to the 
protecting groups, and their assignment, see Tables I and II) Anal. Calcd for 
C,,H,,,O,,S: C, 66.57; H, 6.14; S, 1.95. Found for 10: C, 66.20; H, 6.09; S, 2.07, 
Found for 11: C, 66.20; H, 6.19, S, 1.89 

Method B. A solution of 4 (4.81 g, 7 mmol) in dry CH,Cl, (50 mL) was added at 
- 15°C to a stirred suspension of AgClO, (2.66 g, 12.88 mmol), SnCl, (2.44 g, 12.88 
mmol), and 4A molecular sieves (3 g, activated powder) in dry diethyl ether (200 
mL) under Ar with protection from light. After 5 min, a solution of the fluoride 7 
(6.83 g, 7 mmol) in dry diethyl ether (100 mL) was added. Stirring was continued 
and the temperature was raised to room temperature over a period of 2 h, after 
which the mixture was worked-up essentially as in Method A. After purification by 
silica gel chromatography, pure 10 (6.32 g, white powder after recrystallization 
from 96% EtOH, 55%); [a]g +60.9” (c 0.28, CHCl,); mp 68-69°C; and pure 11 
(1.15 g, white powder after recrystallization from 96% EtOH, 10%); [alg +46.7” 
(c 0.71, CHCl,); mp 64-66°C were obtained. Anal. Calcd for C,,H,,O,,S: C, 
66.57; H, 6.14; S, 1.95. Found for 10: C, 66.31; H, 6.14; S, 1.93. Found for 11: C, 
66.37; H, 6.20; S, 1.94. 
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