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ABSTRACT 

It has been confirmed by methylation analyses andchemical syntheses that three isomers ofbranched 
cyclomaltoheptaose (B CD) isolated from the mother liquors of a large-scale preparation of /I CD with 
BaciNus ohbensis cyclomaltodextrin glucanotransferase are 6’,64-di-O-(a-o-glucopyranosyl)-cyclomalto- 
heptaose (i), 6’,63-di-0-(a-o-glucopyranosyl)-cyclomaltoheptaose (2), and 6-O-(a-isomaltosyl)-cyclomal- 
toheptaose (4) instead of 6’,62-di-O-(a-D-glucopyranosyl)-cyclomaltoheptaose (3) which was erroneously 
characterized in an earlier paper’. Compound 3 has been newly isolated from a glucosyl-/? CD mixture 
prepared by hydrolysis with glucoamylase of a maltosyl$ CD mixture, synthesized from maltose and DCD 
through the reverse action of pullulanase. Chromatographic behavior and spectral data (“C-n.m.r. and 
f.a.b.-m.s.) of these isomers of branched /I CD (l-4), as well as those of another isomer prepared by the 
reverse action of hydrolytic enzymes, 6-0-(a-maltosyl)-cyclomaltoheptaose (S), were compared. 

INTRODUCTION 

In the previous paper’ we reported that the three positional isomers of cyclomal- 
toheptaose @I-cyclodextrin, p CD) derivatives having two D-glucose branches in the 
molecule were isolated from the mother liquors of a large-scale preparation of j? CD by 
action of Bacillus ohbensis cyclomaltodextrin glucanotransferase [( l-4)-a-D-glucan 
4-D-glucosyltransferase (cyclising), EC 2.4.1.19 (CGTase)] on potato starch, followed 
by hydrolysis with glucoamylase [glucan (1 +4)-a-D-glucosidase, EC 3.2.1.31 to shorten 
the side chains of the branched CDs. It was confirmed by both f.a.b.-m.s. and ‘3C-n.m.r. 
spectroscopy that these three compounds have the same molecular weight, 1458 dal- 
tons, and that they have two a-( l-6) linkages in the molecule, respectively. Although 
the structures of two of the three isomers were established to be 6’,64-di-O-(a-o- 
glucopyranosyl)-cyclomaltoheptaose (I), and 6’,63-di-0-(cr-D-glucopyranosyl)-cyclo- 
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13C-N.m.r. spectra (125.65 MHz) were recorded at ambient temperature on 2-3% 
solutions in D,O with JEOL GSX-500 spectrometer. Chemical shifts were expressed in 
p.p.m. downfield from the signal of Me,Si using 1,4-dioxane (67.40 p.p.m.) as the 
external standard. The delay time for the insensitive nuclei enhanced by the polar- 
ization-transfer (INEPT) method3 was 5.1 ms (3/4J). The conditions for ‘H[‘H]-shift- 
correlated 2D n.m.r. spectroscopy (COSY) and ‘3C[‘H]-shift-correlation (C-H COSY) 
measurements were as follows: spectral width 1100 Hz (6002 Hz), pulse flipping angle 
90” (90”), matrix size 2k x lk (512 x 4k). 

Materials. - The glucosyl-/I CD mixture was that commercially produced by 
Ensuiko Sugar Refining Co., Ltd. and contained mainly a monoglucosyl-8 CD and 
diglucosyl-P CDs, together with triglucosyl-P CDs as minor components (Fig. 1). 
Maltosylj3 CD was also commercially produced by Ensuiko Sugar Refining Co., Ltd. 
from maltose and a CD through the reverse action of pullulanase. A mixture of 
branched p CDs, prepared by action of CGTase on potato starch as previously 
reported4, was kindly donated by Sanraku Ltd. All reagents were of analytical grade. 
Reagent-grade organic solvents used for chromatography were dried and freshly distill- 
ed before use. Water used in solvent preparations was distilled, deionized, and redis- 
tilled. 

Methylation analysis. - Methylation of branched /3 CDs was performed by the 
method of Prehm’. The products were purified by h.p.1.c. on a YMC-Pack A-323 
column with 25:75 1-propanol-water, hydrolyzed, converted to their alditol acetates, 
and then analyzed with a Hitachi gas chromatograph Model 063 fitted with a flame- 

il 1'0 2’0 
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I 

Fig. 1. Chromatogram of a glucosyl-/r’ CD mixture (Lot. No. 89 202) produced commercially by Ensuiko 
Sugar Refining Co., Ltd. Peaks 1, 2, and 3 are 6’,64-, 6’,6’-, and 6’,62-di-0-(a-o-glucopyranosyl)-~ CDs, 
respectively. Chromatographic conditions: column, YMC-Pack A-312 (150 x 6 mm i.d.); eluent, 6:94 
methanol-water; flow rate, 1 mL/min; detector, Shodex RI SE-61 at 2 x 10e5 r.i. units full scale; 
temperature, 30”. 





ISOMERS OF BRANCHED P-CD (D.P. 9) 131 

hydride (0.20 g) for 2 h at room temperature”. Excess sodium hydride was filtered off on a 
Celite pad, and the filtrate was concentrated. The desired glycosyl donor 10 was purified 
by centrifugal chromatography (1: 1 petroleum ether-ether) and obtained as a syrup (0.54 
g, 74.4%): “C-n.m.r. data (CDCl,): 6 161.3 (C( = NH)CCl,), 97.5 (C-l’), 94.2 (C-l), 75.64, 
75.58, 75.3, 74.9, 73.5, 72.9, 72.4, 68.7, and 65.9 (CH,). 

Fig. 2. “C-N.m.r. spectra of compounds 1-5 measured in D,O at 125.65 MHz. C: the carbon atom of the 
ring D-glucose unit. C’ and C”: the carbon atom of the branched unit. C-6’: the carbon atom of the branch 
point. 
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NH,-bonded phase (Fig. 3) and by 13C-n.m.r. spectroscopy in D,O (Fig. 2 and see data 
of3 in Table I of ref. 1): [a]: + 166.1” (c 0.6, water). Production of the 6-0-Q-isomaltosyl 
derivativecould not be observed even by careful h.p.1.c. of the reaction product. In order 
to account for the low yield of 4, it is presumed that a part of isomaltose derivative 10 

was consumed as the glycosyl donor and/or the isomaltosyl j3 CD derivatives produced 
were hydrolyzed to glucose or glucosyl-fi CD derivatives during glycosylation or 
debenzylation. In the chromatogram of the reaction product described above, 6-0-a- 

and p-D-glucosyl-/I CDs were detected. 
Chemicalsynthesis of 6’,6*-di-O- (a-D-gkopyranosyl)-cyclomakoheptaose (3). - 

6’,6”-Di-0-(tert-butyldimethylsilyl)~P CDs (n = 2, 3, and 4) were first prepared by 
reaction of dry/I CD with 2.5 mol. equiv. of tert-butyldimethylsilyl chloride in pyridine. 
The three positional isomers were isolated by h.p.1.c. and characterized by 13C-n.m.r. 
spectroscopy and by conversion to the known compounds, 6’,6”-di-O-(p-toluenesulfo- 
nyl)$ CDs”. 

Isolated 6’,62-di-O-(tert-butyldimethylsilyl)-~ CD (11) was acetylated and desily- 
lated with 47% borontrifluoride etherate” to obtain the required glucosyl acceptor, 
bis(2,3-di-O-acetyl)pentakis(2,3,6-tri-O-acetyl)-~ CD (12) [a]g + 112.5” (c 0.9, chloro- 
form). ‘3C-N.m.r. data (CDCl,): 6 97.1, 97.0 (7C, C-l), 63.3-61.7 (7C, C-6), and 20.7 

(CHCQ). 
Compound 12 was then glucosylated by reaction with 2,3,4,6-tetra-O-benzyl-a-D- 

glucopyranosyl trichloroacetimidate’ and was post-treated in the same manner as 
described above. Details on these have been reported together with chemical syntheses 
of the other two positional isomers of diglucosyl$ CD2. The [a]: value of 3 was + 165.8” 
(c 0.6, water). 

RESULTS AND DISCUSSION 

Isolation and identi$cation of 6i,62-di-O-(a-D-glucopyranosy/)-~ CD (3) from a 

glucosyl-fi CD mixture. - Fig. 1 shows a chromatogram of glucosyl-j?CD mixture (Lot. 
No. 89 202). The component corresponding to peak 3 was relatively easily isolated from 
this mixture by semi-preparative h.p.1.c. on a YMC-Pack SH-343-5 AQ column with 
13:87 methanol-water at a flow-rate of 5 mL/min. The product was identified with 
chemically synthesized’ 3 by h.p.1.c. and by 13C-n.m.r. spectroscopy. The molar ratio of 
1:2:3 in this mixture was 2.8:2.3: 1 .O. 

IdentiJication of 6-O-(a-isomaltosyl) -/I CD (4) and mechanism of its production. - 
The third branched /I CD isolated from the mother liquors of a large-scale preparation 
of p CD by action of CGTase on potato starch was identified with chemically syn- 
thesized 4 by h.p.1.c. and by 13C-n.m.r. spectroscopy. 

As 4 cannot be formed by this preparation from potato starch with pure CGTase, 
production of 4 was presumed to be due to a reverse action of glucoamylase, used for 
shortening of the side chains of the branched CDs produced. In order to prove this 
presumption, a substrate solution containing 2 mL of 50% 6-0-(a-maltosyl)-,!j’ CD in 
0.1~ acetate buffer (pH 4.5) and 1 mL of enzyme solution containing 300 U of 



TABLE I 

Methylation analvses of compounds 1-5 
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Fig. 5. F.a.b.-ms. spectra of compounds 1-5 in the negative-ion mode 
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