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ABSTRACT 

6-S-a- (2) and 6-S-/3-D-glucopyranosyl-6-thiocyclomaltoheptaose (3) have 
been prepared by treatment of 6-0p-tolylsulphonylcyclomaltoheptaose (1) with 
the sodium salts of 1-thio-a- and -P-D-glucopyranose, respectively, in 1,3-dimethyl- 
2-oxohexahydropyrimidine. Compounds 2 and 3, which were characterised by 
f.a.b.-m.s. and ‘H- and 13C-n.m.r. spectroscopy, are more soluble in water than 
cyclomaltoheptaose, and enhance the solubility of hydrophobic compounds by in- 
elusion . 

INTRODUCTION 

Branched cyclomalto-oligosaccharides (cyclodextrins, CDs) bear one or more 
a-D-glucopyranosyl, a-maltosyl, and sometimes higher maltosyl oligomers as side 
chains at positions 6. These compounds have attracted much interest in connection 
with their enhanced solubility in water, their ability to increase the solubility of 
included hydrophobic compounds in hydroxylic solvents3-6, and their increased 
stability towards alpha-amylase3,4, as compared with the parent cyclomalto-oligo- 
saccharides. There is some evidence that the side chain can be involved in host- 
guest interactions7. 

Branched CDs have been produced by the action of cyclomaltodextrin 
glucanotransferase on starch or amylopectin3~s~9 or by transfer of maltose or malto- 
triose to CDs catalysed by pullulanase*O or a bacterial isoamylase”, and these 
methods have been described in patents 12. Glucosyl fluoride has been proposed as 

*Dedicated to the memory of Professor Edgar Lederer. 
+Stereoselective Thioglycoside Synthesis, Part X. For Part IX, see ref. 1. 
*For a preliminary report, see ref. 2. 
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glycosyl donor in an effort to improve the yields and specificity of the latter enzymic 
synthesis13J4. Although improved procedures have been reportedz1J5, the isolation 
and purification of these glycosylated CDs remain tedious9,16. 

Chemical syntheses have been proposed in order to overcome these problems. 
Partially protected CDs and appropriately activated glycoses have been used to 
prepare 6-O-cY-D-glucopyranosyl-cyclomaltohexaose17 and -cyclomaltoheptaose18 
by multi-step processes. 

Thio sugars have been used to prepare analogues of oligosaccharide sub- 
strates for glycosidases, using the concept of nucleophilic enhancement of thiolate 
in polar aprotic solvents19. We now report the application of this approach in the 
synthesis of 6-S-cu- (2) and 6-S-e-D-glucopyranosyl-6-thiocyclomaltoheptaose (3). 

RESULTS AND DL'XLISSION 

Thioglycosides can be synthesised by reaction of non-anomeric thiolates with 
glycosyl halides or by nucleophilic displacement reactions of, for example, sulpho- 
nates” with glycose l-thiolate in hexamethylphosphoric triamide. 

6-0-p-Tolylsulphonylcyclomaltoheptaose (l), readily prepared from cyclo- 
maltoheptaose21-23, was treated with 2 mol of the sodium salt of either l-thio-a-D- 
glucopyranose20 or l-thio-P-D-glucopyranose24 at 70” in 1,3-dimethyl-2-oxohexa- 
hydropyrimidine2’ (less toxic than hexamethylphosphoric triamide). After 3-5 h, 
t.1.c. revealed the complete disappearance of 1 and each crude product contained 
a main component together with three unidentified faster-moving impurities. The 
main component of each crude product was isolated by chromatography in yields 
of 66% (2) and 60% (3). 

Positive ion f.a.b.-m.s. of 2 and 3 gave prominent signals at m/z 1313 for 

[M + HI+, which were shifted to m/z 1335 upon addition of sodium iodide to the 

TABLE I 

IT-N.M.R. DATA'.~ (8) FOR COMPOUNDS 2 AND 3, AND FOR ~-O-U-D-~L~C~P~RAN~~YL~Y~L~~V~ALT~- 

HEPTAOSE" (INPARENTHESES) 

Compound Structural C-l 
unir 

c-2 c-3 c-4 C-5 C-6 

2 A 85.9 71.3 
(99.6) (71.3) 

B 102 72.2 

C 102 
(102.3) 

3 A 87.1 
B 102 
C 102 

72.2 
(72.6) 

72. I 79.8 69.7 77.4 61.2 
72.1 73 84.9 71.9 32.8 
72.1 73 81.2 71.9 60.4 

73.7 69.8 72.5 
(70.2) (72.0) 

73.2 84.2 70.7 

73.2 81.4 71.9 
(72.4) 

60.6 
(61.2) 

(ii.6) 
60.5 

(60.8) 

“In D,O (external CD,OD). These data correct tentative assignments made in a preliminary communi- 
cation*. %e formulae. 



BRANCHED THIOCYCLOMALTO-OLIGOSACCHARIDES 253 

HOCHz 

2 R:HO 

\ HOCHz 

3 R=H0xsL5- 
HO 

Scheme 1. A, B, and C refer to the 13C-n.m.r. assignments in Table I. 

l-thioglycerol matrix. Weak ions at m/z 1173 and 1140, corresponding to loss of 

hexosyl and thiohexosyl fragments, respectively, were also observed under the 

latter conditions. 

The 13C-n.m.r. spectra of 2 and 3 contained intense signals at -102, 81.3, 

73.1, 72.2, 71.9, and 60.5 p*p.m. assigned (Table I) to C-1/6 of the unsubstituted 

4-linked a-D-glucopyranosyl residues by reference to literature data9J1~26-28. The 

C-l signal for the l-thioglucosyl substituent (A in 2 and 3), which was expected to 

be shielded by the sulphur atom, was found at 85.9 p.p.m. for the (Y anomer 2 and 

at 87.1 p.p.m. for the p anomer. These assignments were confirmed by a 2D 

heteronuclear correlation shown in Fig. 1 for 2, where the resonance for C-l is 

correlated with a doublet (J1,2 5.4 Hz) for H-l indicating residue A to be LY. The 

corresponding doublet (Jr,, 10.2 Hz) for 3 was found at 4.6 p.p.m., indicating 

residue A to be p. The strong shielding effect of the sulphur atom allowed 

unambiguous assignment of the CH,S carbon of ring B at 31 and 32.8 p.p.m., 

respectively, in 2 and 3 (cf. 67.6 p.p.m. for the corresponding C-6 in 6-0-o-~- 

glucopyranosylcyclomaltoheptaose’8). A long-range effect of the sulphur atom was 

seen in the chemical shifts of the resonances for C-3 and C-5 in ring A of 2 at 73.7 

and 72.5 p.p.m., respectively. The corresponding signals were at 79.8 and 77.4 

p.p,m. for 3, reflecting the 1,3-syn-diaxial deshieldingz7. The C-4 signal in residue 

B for 2 and 3 was assigned by considering the probable difference in molecular 

motion between the 4-linked cu-D-glucopyranosyl rings of the toroidal structure (B 

and C), and the more mobile 1-thioglucosyl branch (A). Application of an inversion 

recovery pulse sequence [180”-r-90”-acquisition] with a T value of 0.1099 s to 2 led 

to a 13C-n.m.r. spectrum where signals at 85.9, 73.7,72.5, 71.3, and 69.8 (Table I) 

could no longer be seen. Consequently, these signals were assigned to C-1/5 of 

residue A. A further correlation with data in Fig. 1 led to the assignment of the 

signal at 84.2 p.p.m. for 2 and that at 84.9 p.p.m. for 3 to C-4 of residue B. 

The enhancement of the solubilities and solubilisation abilities of cyclo- 

maltoheptaoses by branching has been demonstrated5-7. Although the solubility in 

water of 2 (430 mg/mL at 25’) was less than that5 (970 mg/mL) for 6-O-cu-D-gluco- 

pyranosylcyclomaltoheptaose, probably because of the smaller tendency of su hur 

to act as a hydrogen bond acceptor, it is much greater than that of cycle 2 lto- 

heptaose5 (19 mg/mL). Increased solubility has been reported on 6-substitution of 
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Fig. 1. 2D C-H Correlation contour plot for 6-S-cu-D-glucopyranosyl-6-thiocyclomaltoheptaose (2) 

(100.616 MHz for 13C; 400 MHz for IH, in D,O). 

cyclomalto-oligosaccharides by glycosy13-h and hydroxyalky129 residues. Interest- 
ingly, 3 is much less soluble in water (30 mg/mL at 25”) than 2, and therefore the 
stereochemistry of the side chain in branched cyclomalto-oligosaccharides is 
important for solubility enhancement. 

TABLE II 

APPARENT STABILITY CONSTANTS (K, M-‘) OF COMPLEXES OF CYCI,OMA~.TOHEPTACISE. 2, AND 3; ANU 
SOLUB1LIT-Y ENHANCEMENTS (c/c,)” OF GUEST MOLECULES, IN WATER AT 25” 

Hosr Guest 

2-Naphihol Hydrocortisone Tolnaftateb 

K C/C” K CIC, K CIC” 

Cyclornaltoheptaose 30 1.1 3720 4.6 1330 7.3 
2 44 1.2 1660 3.9 34320 74.3 
3 44 1.2 2790 4.4 17320 52.6 

“C, water solubility of guest; C,, solubility in a 5 x lo-‘M solution of the host. hO-2-Naphthyl methyl(3- 
methylphenyl)carbamothioate. 
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The apparent stability constants and solubility enhancements for some typical 
included molecules are shown in Table II. When 2-naphthol or hydrocortisone is 
the included molecule, similar stability constants are obtained with cyclomalto- 
heptaose, 2, and 3, in agreement with the general observation5 that, for a given 

guest molecule, stability constants of branched and unbranched cyclomalto-oligo- 
saccharides do not vary greatly. The concentrations chosen were below the precipi- 
tation points for the cyclomaltoheptaose complexes, and therefore the solubility 
enhancements parallel the stability constants. Tolnaftate shows exceptionally high 
stability constants and solubility enhancements with 2 and 3, an effect which has 
also been observed with 2,6-di-O-methylcyclomaltoheptaose30. The new thiocyclo- 
maltoheptaose derivatives 2 and 3, particularly the very soluble a-anomer 2, may 
have the same potential for use in the complexation of drugs and other substrates 
as previously reported for cyclomalto-oligosaccharides. 

The synthesis strategy used in this work allows simple regio- and stereo- 
specific glycosylation of cyclomalto-oligosaccharides and should be applicable to 
the preparation of other glycosylated and oligoglycosylated cyclic oligosaccharides. 
Work along these lines is in progress. 

EXPERIMENTAL 

Materials. - Cyclomaltoheptaose (>98%) was a commercial product and 
was freeze-dried at -40”/4 Pa for 20 h. 

General methods. - Solutions were concentrated with a Biichi rotary 
evaporator at $45” except where stated otherwise. Melting points were determined 
in capillary tubes with a Biichi 535 apparatus and are corrected. Optical rotations 
were measured with a Jobin-Yvon (Paris) Digital Micropolarimeter. H.p.1.c. was 
carried out with a PREP LC/500 chromatograph (Waters Associates), equipped 
with a refractometric detector and a Prep Pak 500/C,,-bonded silica column, by 
elution with methanol-water (9:Yl) at 1.52 x lo3 kPa and 100 mL/min. The reten- 
tion parameter is expressed as the capacity factor k’ where k’ = (tR - t,)/t,. 

‘H-N.m.r. (400 MHz) and 13C-n.m.r. spectra (100.616 MHz) were recorded 
with a Bruker AM 400 instrument for solutions in D,O [external Me,Si for ‘H, 
internal CD,OD (49.0 p.p.m.) for 13C, except where stated otherwise]. The ‘H 
signals were assigned using 2D C-H heteronuclear correlation, and the COSY 
technique with three-step relayed coherence transfer obtained by using the pulse 
sequence: RD-90”-D,+-9oO-D,lSO”--D,-90”-D,180”-D,-90”-FID. The delay 
times D2 and D, were set to 35 ms; 128 experiments of 128 transients were 
accumulated for each value of D, with a relaxation delay of 0.3 s and a size of 2k. 
The initial data matrix of 2k x 128 was apodised with a sine-bell function and 
zero-filled for a final matrix size of 2k x lk (spectral value of 2000 Hz). The 2D 
C-H heteronuclear correlation was recorded by using the Bruker programme 
XHCORR, with ‘H decoupling. The delay times D, and D, were set to 3.3 and 2 
ms. The relaxation time D, was set to 2.5 s; 128 experiments of 400 transients with 
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a size of 2k were accumulated. Spectral values were 8771 Hz for the 'T domain 
and 1271 Hz for the IH domain. The final data matrix was zero-filled at 2k X lk 
and apodised with a sine-bell function in f, and a square function in f,. For the 
assignment of carbon signals, DEPT and inversion recovery T1 techniques, using 
the sequence [7~~--7--7~/2--7‘J where r = 0.1099 s, were used. 

Positive ion f.a.b-mass spectra were recorded (Xe, thioglycerol matrix, 
accelerating potential 7-8 keV) with an AEI-Kratos MS-50 mass spectrometer, 
fitted with a f.a.b. 1lNV Ion Tech atom-gun and a Mat SS-200 Finnigan (DEC-PDP 
11-34) computer. Solutions of the samples in NJV-dimethylformamide were added 
to the matrix. 

Microanalyses were obtained from the Service Central de Microanalyse du 
C.N.R.S. (Lyon) from samples that had been freeze-dried, then dried at 110”/1.33 
Pa. Apparent stability constants were measured by the method of Higuchi and 
Connorss-71. 

6-O-p-Tolylsulphonyicycfomaltoheptuose (1). - A solution of p-toluene- 
sulphonyl chloride (3.15 g, 17 mmol) in dry pyridine (50 mL) was added at 0” to a 
solution of cyclomaltoheptaose (23 g, 20 mmol) in dry pyridine (300 mL). After 

stirring for 2 h at O”, then 20 h at room temperature, the solvent was evaporated in 
vucuo at 40”. The residue was stirred with ether (300 mL) for 15 h at room temper- 
ature, and the solid (25 g) was collected and crystallised from water to give 1 (6.6 
g, 26% after 3 recrystallisations), m.p. 160-162” (dec.), [@]2” +118” (c 4, methyl 
sulphoxide); lit.** m.p. 160-162” (dec.). 13C-N.m.r. data [(CD,),SO]: 6 130 and 127 
(CAr), 102.1 (C-IC), 81.7 (C-4C), 73.25 (C-3C), 72.6 (C-2C), 72.2 (C-SC), 69.9 
(C-6B), 69.1 (C-5B), 60.1 (C-6C), 21.4 (CH,, Ts). Mass spectrum: m/z 2289 
(lOO%, [M + HI+). 

Anal. Calc. for C,H,,O,,S: C, 45.65; H, 5.90; S, 2.48. Found: C, 45.42; H, 
5.81; S, 2.77. 

6-S-cx-D-Glucopyranosyl-6-thiocydomaftoheptaose (2). - To a suspension of 
2,3,4,6-tetra-O-acetyl-l-S-acetyl-l-thio-cY-~-glucopyranosez~ (1.3 g, 3.2 mmol) in 
methanol (27 mL) was added methanolic M sodium methoxide (3.9 mL). The solu- 
tion was kept at room temperature for 12 h, then the solvent was removed under 
reduced pressure. A solution of the residue in 1,3-dimethyl-2-oxohexahydro- 
pyrimidine (8 mL) was stirred with powdered 6-0-p-tolylsulphonylcyclomalto- 
heptaose (2.08 g, 1.6 mmol) for 3 h at 70” under nitrogen. The solvent was evapo- 
rated at 54”/6 Pa, and a solution of the brown residue in water (20 mL) was passed 
through a bed of Amberlite MB-13. The colourless solution was extracted with 
dichloromethane (20 mL), then freeze-dried to give a solid residue (1.9 g) which 
showed a main component in h.p.1.c. with k’ 12. Preparative h.p.1.c. and freeze- 
drying gave 2 (1.4 g, 66%), as a white powder, m.p. 282-284” (dec.), [a];O +172” 
(c 0.6, water). ‘H-N.m.r. data: S 5.45 (d, 1 H, J,,, 5.4 Hz, H-lA), 5.09 (d, 1 H, J,,, 
4 Hz, H-1B or H-IC), 5.03 (m, 5 H, H-lC), 4.99 (d, 1 H, J,,, 4 Hz, H-IB or H-lC), 
4.07-3.78 (m, H_SA,5BSC,6A,6C), 3.76 (dd, 1 H, .& 9.8 Hz, H-2A), 3.66-3.47 
(m, H-2C,3A,4C), 3.88 (dd, 1 H, & 9.8, J4,5 <1 Hz, H-4A), 3.14 (dd. 1 H, Js,ha 
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2*6, &a,6b 12.5 Hz, H-6aB), 3.13 (dd, 1 H, &, 5 Hz, H-6bB). Mass spectrum: m/z 
1313 (lOO%, [M + HI+); with NaI, m/z 1335 (lo%, ]M + Na]+), 1173 (8%, [M 
+Na - 162]+), 1140 (8%, [M + Na - 195]+). 

Anal. Calc. for C4,H,0,S: C, 43.88; H, 6.14; S, 2.44. Found: C, 44.62; H, 
6.27; S, 2.54. 

6-S-P_D-Glucopyranusyl-6-thiocyclomaii~hep~a~se (3). - A solution of 1 
(0.33 g, 0.26 mmol) in 1,3-dimethyl-2-oxohexahydropyrimidine (1.5 mL) was 
stirred with dry powdered 19thio-B-D-glucopyranose sodium salt% (67 mg, 0.31 
mmol) art 7cP for 5 h under nitrogen, then worked-up as described for 2. The crude 
product (0.305 g), which contained a main component with k’ 11, was purified by 
preparative h.p.1.c. to give 3 (0.2 g, 60%). The freeze-dried material, after re- 
crystallisation from methanol, had m,p. 268-270” (dec.), [a]h” +116” (c 1, water). 
‘H-N.m.r. data: S 5.09 (d, 1 H, J4 Hz, H-1B or H-fC), 5.03 (m, 6 II, H-1C or 
H-lB, 5 H-lC), 4.60 (d, 1 H, J1,z 10.2 Hz, H-IA), 4.12-3.75 (m, H- 
5A,5B,SC,6A,CiC), 3.7-3 (m, H_2A,2C,3C,4A,4B,4C,5A,6aB), 2.95 (m, 1 H, H- 
6bB). Mass spectra: m/z 1313 (lOO%, [M + HI+); with Naf, m/z 1335 (lOO%, [M 
+ Na]+), 1173 (12%, [M + Na -162]+), 1140 (lo%, [M + Na - 195]+). 

Anal. Calc. for C~H~03$: C, 43.88; H, 6.14; S, 2.44. Found: C, 43.62; H, 
5.83; S, 2.39. 

ACKNOWLEDGMENTS 

We thank the Commission of the E.C. for a visiting postdoctoral research 
fellowship (to A.G.) under the framework of the Grant, Stimulation Action No. 
ST%0207, Mr. J. Ulrich for the mass spectra, Mrs. M. Forey and Mr. R. Nardin 
for the n.m.r. spectra, Miss N. Lynam for the solubility measurements, and RhBne- 
Poulenc (Division Speciahtts Chimiques, Dr. B. J. Pons, Paris) for a gift of cyclo- 
maltoheptaose. 

REFERENCES 

1 J. COMTAT, J. DEFAYE, H. DRIGUEZ, GND E. OHLEYER, CurbohyBr. Res., 144 (1985) 3344. 
2 T. O’SULLIVAN, R. DARCY, AND S. MAGESWARAN, Int. Symp. Cyclodextrins, 4rh, Miinchen, F.R.G. 

1988, Abstr. p. 27. 
3 S. KOBAYASHI, K. KAINUMA, AND D. FRENCH, in J. S~EITLI (Ed.), Proc. Iti. Symp. Cyclodexcriras, 

Ist, Reidel, Dordrecht, 1982, pp. 5140. 
4 S. KOBAYASHI, K. MARUYAMA, AND K. KAINUMA, 1. J’n. kc. Sturch Sci., 30 (1983) 231-239. 
5 K. KOIZUMI, Y. OKADA, Y, KUB~A, AND T. UTAMURA, Chem. Pharm. BulZ., 35 (1987) 3413341th 
6 Y. OKADA, Y. KUBOTA, K. KOIZIJMI, S. HIZUKURI, T. OHFUJI, AND K. OGATA, Chem. Pharm. 

Bull., 36 (2988) 2176-2185. 
7 Y. YAMAMOTO, Y. KANDA, Y. INOUE, R. CH~IJ~, AND S. KOBAYASHI, Chem. Lett., (1988) 495-498. 
8 S. KOBAYASHI, N. SHIBUYA, B. M. YOUNG. AND D. FRENCH, Curbohydr. Res., 126 (1984) 215-224. 
9 K. KOIZUMI, T. UTAMURA, M. SATO, AND Y. YAM, Carbohydr. Res., 153 (1986) 55-67. 

10 Y. SAICANO, M. SAND, AND T. KOBAYASHI, Agric. Biol. Chem., 49 (1985) 3391-3398. 
11 S. HIZUKUIU, J.-I. PLBE, N. MIZOWAKI, K. KOIZUMI, AND T. UTAMURA, J. Jpn. Sot. Starch Sci., 33 

(1986) 119-126; J.-I. ABE, N. MIZOWAKI, S. HIZUKURI, K. KOIZUMI, AND T. UTAMURA, Carbohydr. 
Res., 154 (1986) 81-92. 



258 J. DEFAYE, A. GADELLE, A. GUILLER, R. DARCY, T. O’SULLIVAN 

12 S. K~RAYASHIAND K. KAINUMA, Jpn. Pat. 214,001 (1984), Br. Pat. 2,165,549 (1986); Chem. Abstr., 
105 (1986) 77 596t; Y. SAKANO, Jpn. Pat. 70,996 (1986); Chcm. Abstr., 105 (1986) 132 152x; Y. 
SAKANO, T. SHIRAISHI, AND H. NIWA, Jpn. Pat. 197,602 (1986); Chem. Absrr., 106 (1987) 52 055~; 
Jpn. Pat. 236,802 (1986); Chem. Abstr., 106 (1987) 1’74 711e; Jpn. Pat. 236,801 (1986); Chem. 
Absfr., 106 (1987) 174 7121; Jpn. Pat. 287,PO2 (1986); Chum. A&r., 106 (1987) 194 79Oh; Jpn. Pat. 

287,901 (1986); Chem. Abstr., fQ6 (3987) 194 7Ylj; Jpn. Pat. 106,901 (1987); Gem. Abstr., 107 
(1987) 156 851s. 

13 S. KITAHATA, Y. YOSHIMURA. AND S. OKADA, Curbohydr. Res., 159 (1987) 303-313; Y. YOSHIM- 
URA, S. KITAHATA, AND S. OKADA, ibid., 168 (1987) 285-294; Agric. Biol. Chem., 52 (1988) 1655- 

1659. 
I4 S. OKADA, S. KITAHATA,AND Y. YOSHIMURA,J~~. Pat. 212,297 (1986); Chem. A&r., IO6 (1987) 

118 168~: Y. YOSHIMURA, S, ~KADA,AN~ S, KITA‘AHATA, Jpn. Pat. 03,795 (1987); Gem. Absstr.. 107 
(1987) 57 464m; Jpn. Pat, 06,696 (1987); Chern. Abstr., 107 (1987) 57 46511. 

15 K. KO~ZUMI, T. UTAMURA. T. KUROYANA~I, S. HIZUKURI, AND J.-I. ARE, J. Chromafogr., 36O 

(1986) 397-406. 
16 S. SAKAI, I. YAMAMOTO, H. HASHIMOTO, AND K. HARA, Jpn. Pat. 116.604 (1987); i’hem. Absfr.. 

107 (1987) 156 853~. 
17 K.-I. TAKEO, K. UEMURA,AND H. MITOU,J. CarLwhy& Chen., 7(1988) 29_3-30S. 

18 P. FOGED~, P. NAt+tsi. AND J. SZEJTLI, Carbohydr. Res., 175 (1988) 173-181. 
19 M. BLANC-MIJESSER, 3. DEFAYE, H. DRIFUEZ, G. MARCHIS-MOUREN. AND C. SEIGNCR,J. Chem. 

Sac., Perkin Trans. I, (19S4) 1885-1889, and references therein. 
20 M. BLANC-MUESSER, J. DEFAYE, AND H. DRICUEZ, J. Chem. Sot., Perkin Trans. 1, (1982) 15-18. 

21 Y. MATSUI, T. YOKOI. AND K. MOCHIDA, Chem. Lett., (1976) 1037-1040. 

22 I. TABUSHI,N. SHIMIZII, T. SUGIMOTO,M. SHIOZUKA,AND K. YAMAMURA,.~. Am. Chem. Sot., 99 
(1977) 7100-7102. 

23 Y. MATSW AND A. 0~1~07‘0, &&!I. Chem. Sac. Jpn., 51 (1978) 303@3034. 

24 M. &ZRWAND J. PACAK, Collecl. Czech. Chem. Comma., 26 (1961) 2084-2086. 
25 T. MUKHOPADHYAY AND D. SEEBACH, Helv. Chim. Acra, 65 (1982) 385-391; D. SEEBACH. Chem. 

Br., 21 (1985) 632-633. 
26 M. J. GIDLEY AND S. M. BOCIEK, J. Am. Chum. SOL, 110 (1988) 3820-3829. 
27 M. BL.ANC-MLJESSER, J. DEFAYE, AND H. DRIGUEZ, Carbohydr. Res., 67 (1978) 305-328. 
28 Y. YAMAMOTO,Y.INOUE,R.CH~JB,AND S. KOBAYASHI, Curbohydr. Res., 166(1987) 1X-161. 

29 J. PITHA, T. JRIE, P. B. SKLAR, ANI) J. S. NYE, L$e Sci., 43 (1988) 493-502. 
30 J. SZEMAN, E. FENYVESf, J. SZWTLI. H. UEQA, V. MACHIDA. AND T. NAGAI, J. Inci. Phenom., 5 

(1987) 427-431. 
31 T. WIGUCHI AND K. A. CONNORS, Adv. Anal. Chem. Ins@., 4 (1965) 117-212. 


