Ei o E National Library

of Canada du Canada

Bibliotheque nationale

Canadian Theses Service Service des théses canadiennes

Ottawa, Canada
K1A ON4

NOTICE

The quality of this microformis heavily dependent upon the
quality of the original thesis submitted for microfilming.
Every effort has been made to ensure the highest quality of
reproduction possible.

I pages are missing, contact the university which granted
the degree.

Some pages may have indistinct print especially i the
originai pages were lyped with a poor lypewriter riooon or
if the university sent us an inferior photocopy.

Reproduction ir. full orin part of this microfcrm is governed
by the Canadian Copyright Act, R.S.C. 1970, c. C-30, and
subseguent amendments.

NL-339 (r. 88/04)c

-

AVIS

La qualité de cette microforme dépend grandement de ia
qualite de la thése soumise au microfiimage. Nous avons
tout fait pour assurer une qualité supérieure de reproduc
tion.

St _marque des pages, veuillez communiquer avec
Funiversité qui a contéré le grade.

La qualité dimpression de certaines pages peut laisser A
désirer, surtout s: les pages originales ont été dactylogra
phiées a l'aide d'un ruban usé ou si l'université nous a fai
parvenir une photocopie de qualité inférieure.

La reproduction, méme partielle, de cetlie microforme est

soumise a la Loi canadienne sur le droit d'auteur, SIC
1970, c. C-30, et ses amendements subséquents.

Canada



THE UNIVERSITY OF ALBERTA

THE SYNTHESES AND CONFORMATIONAL PROPERTIES
OF THE DIASTEREOISOMERIC METHYL 6-C-METHYL-a-ISOMALTOSIDES

by

Nghia Le

A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY

DEPARTMENT OF CHEMISTRY

EDMONTON, ALBERTA
SPRING. 1990



E * E gfa(x:grrl‘gldt;orary du Canada

owoliotneque natonale

Canadian Theses Service  Service des théses canadiennes

Qnawa, Canada
KiA ON&

NOTICE

The quality of this microformis heavily dependent upon the
quality of the original thesis submitted for microfilming.
Every effort has been made to ensure the highest quality of
reproduction possibie.

' pages are missing, contact the university which granted
the degree.

Some pages may have indistinct print especially if the
original pages were typed with 2 poor typewriter ribbon or
if the universily sent us an inferior photocopy.

Reproduction in full or in pan of this microform is governed
by the Canadian Copyright Act, R.S.C. 1970, ¢c. C-30, and
subsequent amendment .

AVIS

La qualité de cetle microforme dépend grandement de la
quatits de la thése soumise au microfilmage. Nous avons

tout {ait pour assurer une qualité supérieure de reproduc-
tion.

S'il manque des pages. veuillez communiquer avec
runiversité qui a conféré le grade.

La qualité d'impression de certaines pages peut laisser a
désirer, surtout si les pages originales ont é1é dactylogra-
phiées a laide d'un ruban usé ou si Funiversité nous a tait
parvenir une photocopie de qualité inférieure.

La reproduction, méme partielie, de cette microtonme est
soumise a la Loi canadienne sur le droit d'auteur, SRC
1970, c. C-30, et ses amendements subséquents.

ISBN 0-315-603%52-5

NL-339 (r. 880<) ¢

i~

Canadi



THE UNIVERSITY OF ALBERTA

RELEASE FORM
NAME OF AUTHOR: Nghia Le
TITLE OF THESIS: The Syntheses anc conformational properties of the

diastereoisomeric methyl 6-C-methyl-a-isomaltosides
DEGREE FOR WHICH THESIS WAS PRESENTED:

Doctor of Philosophy
YEAR THIS DEGREE GRANTED: 1990

Permission is herby granted to THE UNIVERSITY OF ALBERTA to reproduce
single copies of this thesis and to lend or <eli such copies for private, scholarly or scientific

research purposes only.

The author reserves other publications rights, and neither the thesis nor extensive
extracts from it may be printed or otherwise reproduced without the author’s written

permission.

(Signed)

Permanent address:
2765 Avenue de la Voliere
Ste. Rose, PQ H7L 3P6

DATED: April 25, 1990



THE UNIVERSITY OF ALBERTA

FACULTY OF GRADUATE STUDIES AND RESEARCH

The undersigned certify that they have read, and recommend to the Faculty of Graduate
Studies and Research, for acceptance, a thesis entitled "The syntheses and conformational
properties of the diastereoisomeric methyl 6-C-methyl-a-isomaltosides” submitted by

Nghia Le in partial fulfilment of the reqi?i-<inents for the degree of Doctor of Philosophy.

......................

\"; 7D / L} ‘l\n r-t)
J. Takats ‘
WAAyer .....
T 3 )
..... O T R
A. R. Morgan "
/N ..C:.(?F.“.k.‘ AR
D L J. Clive
/\"" 4 -

G. N. Richards (External Exammer)

Date: . . . }““C > 1990



To my family.



ABSTRACT

The disaccharide methyl a-isomaltoside (methyl a-D-glucopyranosyl {(1-6)-a-D-
glucopyranoside, structure 1) is conformationally labile in aqueous solution due to the
flexible «-(1->6) linkage. However, the rotation around the a-{1-6) linkage is restricted
when the protons at C-6 of methyl a-isomaltoside were selectively substituted by methyl
groups to give the conformationally »ell-defined diastereoisomeric disaccharides; namely,

methyl 6-R-methyl-e-isomaltus:.  {siructure 2) and methyl 6-S-methyl-a-isomaltoside

(structure 3).

Y
HC (o]
HO a
[s]
HO L
R &5 MF)".ID HO
1, R=R'=H 2, R=Me, R =H 3, R=H, R =Me

The conformational preference of the diastereoisomers (2 and 3) in D20 were

investigated by nuclear magnetic resonance spectroscopy including the determination of

nuclear Overhauser enhancements.

The kinetics for the hydrolysis of the interunit glucosidic bond of 1 and the
diastereoisomeric disaccharides (2 and 3) were examined when catalyzed by the enzyme
amyloglucosidase type IL It was found that the rate of hydrolysis of methyl 6-R-methyl-a-
isomaltoside (2) was faster than that of methyl «-isomaltoside (1) which in turn was faster
than that of methyl 6-S-methyl-a-isomahoside (3). The results are in agreement with

expectations based on the preferred conformations.
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. INTRODUCTION

1. Overview

The disaccharide isomaltose (a-D-glucopyranosyl (1-+6)-D-glucopyranose, Figure 1)
exists as a building unit in the polysaccharides amylopectin, glycogen and dextran.! The
compound is therefore a building unit of extremely important and abundant biological

products and as such must be involved in a wide variety of biological processes—enzymatic

’,-
and immunological.” 7

HO

HO

OH
HO 6H

Figure 1. a-Isomaltose (6-O-a-D-glucopyranosyl-a-D-glucopyranose;.

However, in contrast to the isomeric maltose which has a well defined conformational
preference,8 this is not the case for isomaltose. Because the non-reducing unit of
isomaltose is linked to a primary carbon, there exists only very low barriers to rotation
about the C-5 to C-6 bond. On the other hand, the exo-anomeric effect” 12 is expected to
substantially restrict rotation about the C-1 10 0-6 glucosidic bond. Therefore, because
of its conformational flexibility, isomaltose could be expected to become involved in

biochemical transformations in a variety of energetically nearly equivalent conformations



2

depending on the demands of the combining sites. This investigation was aimed at
restricting the conformational population of methyl a-isomaltoside through appropriate
- structural modification and to test the effect of the set conformational preference on the

biological transformation.

The notations used in this thesis for labelling the atoms of the glucose units and torsion

angles of isomaltose are shown in Figure 2.

Figure 2. Designations for torsion angles of a-isomaltose or 6-O-(a-D-glucopyranosyl)-
a-D-glucopyranose.

The primed numbers with the atoms indicate the non-reducing unit. The notations for
the torsion angles (positive or negative depending on the screw pattern) are @ for the
torsion angle defined by H-1" and C-6 for the linkage H-1—C-1—0-1—C-6, W is that
defined by C-1 and C-5 for the linkage C-1'—O-1 —C-6—C-5 and  is that defined by
O-1 and H-5 in O-1—C-6—C-5—H-5. The symbol 7 is used to represent the valence
angle for the glucosidic bond C-1 —0O-1—C-6. These presentations are in accord with

IUPAC recommendations.l3‘l4
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The three staggered orientations for the O-6 are identitied by reference to O-5. The

generally accepted notations gt, gg and tg are shown in Figure 3 where g is for gauche
15

and t is for trans.

gt (9%) gag (9°) tg (b)

Figure 3. The three staggered orientations: gt (g+), gg (g ) and tg (t) for the O-6 of
a-isomaltose

This nomenclature requires remembering that the O-5 to O-6 relationship be placed
first. However, the three orientations are most readily identifi=d by simply indicating the
numerical sign of the gauche torsion angle defined by the iwo oxygen atoms and.
consequently, in this thesis, the three staggered orientations wiil be simply identified as

g', g~ and t, respectively.

The conformations of carbohydrates in crystalline states can normally be obtained by
single crystal X-ray crystaliography. However, X-ray crystal structures have not been
reported for isomaltose or its glycosides, most likely because suitable crystals have not
been obtained. The structure of dextran (a polysaccharide consisting of glucopyranose
units linked «-(1-6)), obtained by X-ray diftraction of the powderw, was estimated to
have the torsion angles ®=— 63.7°, ¥=292.0° and »=52.2°. Theoretical estimations!’ !

predicted that because of the a-(1-6) linkage. isomaltose could exist in many conforma-



tions of comparable energies in D20 solution. The hard sphere (H.S.) theoretical

17,18

calculations estimated that isomaltose would have the torsion angles @&=-060".

w=80—280" and w=40—160" and 270—300". Hard Sphere Exoanomeric (HSEA)

calculations'® gave the torsion angles ®=—50°, w=190° and »=180° for the minimum

energy conformation. It can be seen that the X-ray diffraction conformation of dextrun is

17-

. . . . . 2 .
in the general range of the theoretical estimations. 21 The above torsion angles

estimated by X-ray and theoretical calculations are summarized in Table 1.

Table 1. X-ray and H.S. calculated &, W and  torsion angles of dextran and isomaltose.

Torsion Angles | Solid Structure of Dextran!® | H.S. calculations!”!3 of isomaltose
pC-OH-1' -63.7° —60°
pC3Cl 292.0° 80°- 280°
oH-5.0-1 52.2° 40°- 160°

270°-300°

It should be noted that the solid state conformations of carbohydrate molecules need
not be the same as those in aqueous solution since the crystal lattice forces may pack the
molecules in conformations that are in only very low abundance in the dissolved state. An
example of this was shown by Lemieux and Alvarado® for the case of maltose, where the
preferred conformation of maltose differs from that in the crystal both in w.queous solution
and solution in DMSO-de. In fact, the conformer in DMSO-de differs substantially from

that in water.8

Contormational analysis of isomaltose in aqueous solution is important particularly
tor the studies of substrate recognition such as in the hydrolysis of isomaltose catalyzed
by the enzymes7 or for noncovalent binding by antibodies. An example of this can be
illustrated with dextrans. Kabat and co-workers® have shown that the monoclonal

antibodies to dextrans have a binding site that can accept an a-(1-6) linked linear chain



'”h

of up to seven glucose units. Furthermore, it was also shown that the monocional
antibodies are specific for the a-(1- 6) linkage.” It is expected that the antibodies recognize

the isomalto-oligosaccharides in a specific conformation for binding, but this conformation

is not known.

A number of attempts to achieve contormational analysis ot carbohydrate molecules

. . . . . . - . . 22
in solution have been made including interpretation of optical rotation data™ and NMR

23-25 2 . . -
spectroscopy. 32 2 suggested that optical rotation data could be used to estimate

Rees

the ® and W torsion angles of the glycosides and obtained some good agreement between
. . . 8

the calculated and the observed linkage rotation data but it was shown by Alvarado™ that

these agreements were fortuitous and could be highly misleading.

It is generally agreed that the best available method for contformational analysis of
carbohydrate molecules in solution is NMR spectroscopy.23'25 The NMR parameters
useful for conformational analysis are proton- proton coupling constants, chemical
shifts>*~>*and nuclear Overhauser enhancements (n.O.e.).ZS Since the '"H-NMR spectrum
of isomaltose in D20 is complex because of overlapping of two sets of signals the model

compounds methyl a- and/or methyl g-isomaltosides, which provide simpler 'H-NMR

spectra for analysis, were used.

There can be no doubt that the 4C1 conformation is well maintained by the two
pyranose rings of methyl isomaltoside. Thus, the main point of interest to this thesis is the
dctermination of the preferred orientations at the C-6 of the disaccharide derivatives. The
preferred orientations for the O-6 of the reducing units of methyl isomaltoside have been
studied by TH-NMR spectroscopy.z‘s'27 Bock and Pedersen®® concluded that methyl
B-isomaltoside existed with the g~ conformation for O-5/0-6 in D20 to the extend ot 65%
by graphical analysisz&zg of the coupling constants of the 6-(S)-deuterium labelled

ivative. S0 ; : . . 27
isomaltose derivative.“%*! This result was in agreement with the data by Ohrui ef al.



6

which were obtained from the similar 6-(R)-and 6-(S)- deuterium labelled methyl a- and
methyl g-isomaltoside derivatives. Ohrui’s data”’ were analyzed with the empirical
relationships derived by Wu e al.*? for coupling constants and it was found that the g~
conformer was tavoured to the extend of 70%. In both cases the analysis of the coupling
constants indicated that the g* conformation population was about 30-35% and that the
t conformation was not appreciably present. The 'H-NMR data obtained by Bock et at*®

. 2 . . . - 33.3
and Ohrui et al.>” were not in agreement with previously published results. H



2. Objective of this study

The main synthetic goal of this resecarch was to prepare the 6-S- and 6-R-methyl
derivatives of methyl a-isomaltoside (40 and 43, Figure 4) in order to restrict the
population of conformers arising from rotation about the C-5 to C-6 bond (changes in the
w torsion angle). Hopefully, the substitution would lead, in each case, to a large abundance
of one conformer that would retain biolog al activity. Indeed. application of HSEA
calculations to anticipate the conformational equilibria for these 6-C-methyl compounds
suggested that the substitution by the methyl group may be useful to achieve contorma-
tionally well-defined models for methyl a-isomaltoside. This strategy was shown to be
successful by Lemieux et al. 3736 with the trisaccharides p-LacNac (1-6)-7-deoxy-D-

glycero-D-galacto-heptopyranose and pg-LacNac (1-6)-7-deoxy-L-glycero-D-galacto-hep-

topyranose.

OoH (o]
o Me
H HC (o] OH
HO
HOHO l O OH oH
oM OH OHQ .
OMe
O - H HO
Me HO OMe
43

40

Figure 4. Structure of methyl 6-S-methyl a-isomaltoside (40) and methyl 6-R-methyl-
a-isomaltoside (43).



. DISCUSSION OF THE SYNTHESES

The first synthetic goal was to achieve an ample supply of the appropriately blocked
diastereoisomeric 6-C-methyl derivatives of methyl a-D-glucopyranoside (1); namely.
compounds 9 and 10 of Scheme 6 (p. 27). These compounds would then be used to
synthesize the diastereoisomeric disaccharides 40 and 43 of Schemes 19 (p. 54) and 20 (p.

59), respectively and which represent the 6-C-methyl derivatives of methyl a-isomaltoside.

The general approach was to oxidize methyl 2,3,4-tri-O-benzyl-a-D-glucopyranoside
(4, Schemes 1 and 2, p. 9 and 11 respectively) to the aldehyde 7 (Scheme 3, p. 13) and
then to react 7 with methyl Grignard reagent to produce the 6-C-methyl derivatives of 4;
namely 9 and 10 (Scheme 6). Compounds 9 and 10 would then be reacted with
6-O-acetyl-2,3,4-tri-O-benzyl-a-D-glucopyranosyl bromide (31) under halide-ion catalyzed

conditions37

to establish the inter-sugar a-glycosidic linkage as indicated in Schemes 19
and 20 (p. 54 and 59 respectively) for compound 38 and 41. Deblocking would then
produce the desired 6-C-methyl derivatives of methyl a-isomaltoside (% ard 43). Al-
though quite simple in concept, the overall synthesis required considerable study to

overcome unexpected problems.

1. Synthesis of 6-C-methyl derivatives (15 and 21) of methyl «~-D-glucopyranosidz (1)
1.1. Syruhesis of methyl 7-deaxy-g-L-glycero-D-glucoheptapyranoside (15)

Initially, the approach described in Scheme 1, which starts from the 6-O-trityl ether of

8

methyl a-D-glucopyranoside,3 was used to prepare 4. According to established proce-

dures, methyl a-D-glucopyranoside (1) was first reacted with trityl chloride in pyridine3 8,39
to give the methyl 6-O-trityl-a-D-glucopyranoside (2) (88% yield) which was O-benzylated

with benzyl bromide and sodium hydride in dimethyl formamide*® to give the methyl
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Scheme 1

HO

OH
1 OMe

TrCl, pyr.
88%

Crystailine
1) NaH, DMF
2) BnBr
OTr
BnO R
n .
8n0. Qil
3 OBﬂl
OMe
1 AcOH, H,0 (80% sol'n)
OH
o
B8nO
BnO Crystalline

OBr'll
OMe
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2.3.4-tri-O-benzyl-6-O-trityl-«-D-glucopyranoside (3) as an oil in 855 vield. Removal of
the trityl blocking group by cleavage with 80% aqueous acetic acid solution*! produced
a mixture of trityl alcohol and the desired product 4. It turned out that 4 could not be
obtained by selective crystallization or selective solvent extraction. Column chromatog-
raphy over silica gel proved successful but was not attractive for large scale preparation.

Accordingly another method was developed.

The method for the synthesis of 4 from methyl a-D-glucopyranoside (1) that is outlined
inScheme 2 also followed published procedures. The starting material was the well-known
4.6-O-benzylidene derivative of 1 (5’)*42'“ which was ()—benzylated40 to provide the
intermediate methyl 2,3-0—benzyl-4,6-benzylidenc:-a-D—glucopyranoside (6). Reductive
ring cleavage of the 4,6-O-benzylidene group using lithium aluminum hydride in the
presence of aluminum trichloride to provide the acid catalysis,45 proceeded with preferen-
tial cleavage at the primary carbon of the cyclic acetal and provided 4. Selective

1647

crystallization from ether/n-hexane resulted in an average vield of 80% for 4.

1.1.1. Preparation of meiinl 2.3, 4n-O-benzyl-c-D-gluco- !, 6-dinldehydopyranoside (7)

It proved desirable to achieve oxidation of the alcohol 4 to the aldehyde 7 cleanly and
in high yield uncer anhydrous condition since 7 could not be purified by column
chromatography without drastically reducing the yield. Although the reasons for this were
not established, the main loss in yield may have arisen from g-elimination of the
4-benzyloxy group or by autooxidation. Furthermore. any exposure to water was found to
lead to the highly stable aldehydrol (hydrate) tormation. A number of different oxidation

4858 I . . 48,5 S .
agents such as pyridinium dichromate (PDC).‘“"Dl pyridinium dichlorochromate

Methyl 4.6-O-benzylidene-a-D-glucopyranoside (5) was prepared by R. Mendez
in our laboratory according to references 42 and 43.



HO
HO

BnO
BnO

Scheme 2

OH
1 OMe

1',1'-Dimethoxy toluene

MeOH, HCI
75%

Crystalline
OMe
1) NaR, DMF
2) BnBr
o]
Crystalline
6 OBnl
OMe
1 AICI,, LIAIH, CH2Ch E,0
80%
OH
o
Crystalline
oBn

11
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(PCC).SZ‘53 N,N’-dicyclohexylcarbodiimide and dimethyl sulfoxide,54 and chromium

trioxide and acetic anhydride33'57 were attempted but in our hands these agents did not

oxidize the alcohol 4 to the aldehyde 7 cleanly and in high yield.

At the be zinning of these experiments for the oxidation of 4 to 7. chromium trioxide
(4 eq.) and pyridine (8 eq.) in dichloromethane followed by the addition of acetic
anhydride56'57 was used (Method I, Scheme 3). These conditions provided a mixture after
2 hrs in which the aldehyde 7 was present in about 50 to 60% yield. This conclusion could
be reached on the basis of the 'H-NMR by integration of the OMe singlets of the mixture
at 6=~ 3.4 ppm as displayed in Figure 5(a). If the reaction time was longer than 2 hrs,
more of the aldehyde 7 underwent g-elimination to produce unsaturated aldehyde 8
(Scheme 3). The isolated yield of 8 varied from 5 to 15%. Also as the research progressed,
it became evident that the addition of the alcohol 4 to the aldehyde 7 to form an hemiacetal
had to be minimized. Therefore, the best approach to the preparation of 7 would involve
the shortest possible existence of the highly sensitive compound which was formed
basically as an intermediate in the overall reaction under the conditions used. It was
therefore considered that optimum conditions would involve a brief reaction time, simple
and fast work-up to yield a product of sufficient purity to be used without further
purification in the next step which involves the Grignard reaction. The solution to the
problem proved to be quite straight forward. The alcohol (4) in dichloromethane was
added all at once at room temperature to an excess of chromium trioxid * (12 eq.) in
pyridine (24 eq.) and dichloromethane 3 (Method I, Scheme 3). After only 10 n:in., the
reaction was near complete as judged by "H-NMR and t.l.c. The work up for this reaction
was extremely simple since it involved only filtration and evaporation of the solvent. The
product (90% pure by 'H-NMR integration) was obtained in 75% yield. The procedure
was suitable for large scale preparation. Furthermore, the crude aldehyde 7 obtained was

sufficiently pure to be used directly in the Grignard reaction. The 'TH-NMR and *C-NMR



Scheme 3
“-OH CrOy =0 =0
Bn E e Bn N\ + = h + others
8n0O B0 8n0 \
A0, CH2CI2
oBn  >2hms. o8n oBn
OMe Oide OMe
4 7 8

(a) 8

(b) *

e U W T

L 1 — 1 1 1 1 1 1 1 1. 1
9.8 8.9 ’.e 6.8 s.e t. 2 .0 2.2 1.9 e.e

FigureS. 1H-NMR spectrum (see Table 2 and 3 for assignments) of the crude oxidation
product mixture (a) obtained by oxidation in CH2Cl2 for 3 hrs with a 4-fold molar excess
of the CrOs.2pyridine complex (about 60% of 7). (b) obtained by oxidation using only
CH2Cl2 as solvent for 10 min. with 12-fold molar excess of CrO3.2pyridine complex (about
90% pure of 7) .
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assignments are tabulated in Table 2 and 3 (p. 14 and 17, respectively). The TH-NMR
spectrum is reproduced in Figure 5(b) where the singlet at 6=9.6 ppm is the aldehyde
signal. The purity of the crude mixture was assessed by integration of the OMe singlets.
As shown in Figure 5(b) the more intense singlet at 3=3.38 ppm is the OMe signal ot
compound 7 and the smaller singlet at 3=3.42 ppm is the OMe of an impurity ( probably

8). The ratio of the intensities of these two signals indicated tne yield of compound 7 to

be about 909%.

1.1.2. The diastereomeric 6-C-methyl derivatives of methyl 2,3,4-tri-O-berzyl-o-D-glucopyranoside (9
and 10)
Since it was impractical to purify the aldehyde 7 by column chromatography, the crude

aldehyde mixture was reacted directly with methylmagnesium iodide.

Initially, the Grignard reagent was atded to the crude preparation of the aldehyde 7
obtained from Method I (Scheme 3). T.l.c. of the product mixture was complex, however,
3 or 4 possible products could be seen of which one spot was identified as the starting
alcohol 4 by co-spotting {solvent system 3:2 n-hexane/ethyl acetate). Column chromatog-
raphy with silica gel gave four identifiable products (Scheme 4): the expected simple
addition products 6-S-methyl (9) (35—40%) and 6-R-methyl (10) (5—10%) derivatives,
some of the starting alcohol (4) (8—159%) and a product which proved to be the dimethyl
derivative (11) (10—15%). The protons and e assignments for 9, 10 and 11 are
summarized in Table 2 and 3 (p. 14 and 17, respectively). The 'H-NMR spectra of 9 and
10 are reproduced in Figure 6 and 7, respectively. It can be observed that the H-6 (6=3.9
ppm), H-4 (6=3.4 ppm), H-5 (6=3.5 ppm) and C-6—CH3 (6=1.1 ppm) signals of 10 were
shifted significantly compared to those in 9. The significance of these chemical shifts will
be discussed in Part III. The high field portion (3=1.0—1.50 ppm) of the TH-NMR

spectrum at 300 MHz of the crude product from the Grignard reaction is reproduced in
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Scheme 4

OH
8no 2
BnO

OBn

4 OMe

CrO; (4 eq.), pyr. (8 eq.)
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Figure 6. 'H-NMR spectrum of methyl 2,3,4-tri-O-benzyl-7-deoxy-3-L-glycero-D-
glucoheptapyranoside (9) (see Table 2 for assignments).

7. X3 O3 53 <u O3 L] 3.3 3 <%
von

Me
H OH
BnO Q
8n0
OBn
10 OMe

S . MM:JLNL I |

e K e K3 .o

7.3 [ 3 OKJ T ..

Figure 7. 'H-NMR spectrum of methyl 2,3,4-tri-O-benzyl-7-deoxy-a-D-glycero-D-
glucoheptapyranoside (10) (see Table 2 for assignments).
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Figure 8. The high field region of the lH-NMR spectra of the crude product from the
Grignard reaction. (a) From the reaction of the Grignard reagent with the crude aldehyde
7 obtained from oxidation method I. (b) From the reaction of the Grignard reagent with
the crude aldehyde 7 obtained from oxidation method II.
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Figure 8 (top trace) and the signals of the products 9, 10, and 11 are assigned based on
the individual spectra of 9, 10 and 11 (spectra of 11 will be discussed subsequently). The
* signals for 6-C-methyl groups of 9 and 10 could be expected to be doublets with spacings
of near 6.5 Hz because of coupling with the geminal H-6 atom. Indeed when the spectra
were measured at 360 MHz the spacings (6.5 Hz) for the signals centered at 6=1.11 and
1.25 ppm did not change and, therefore, likely arose from the desired products 9 and 10.
Details for the assignments of 6-R and 6-S configurations will be presented later. The
signals at 6=1.18 and 1.22 ppm appeared to arise from two different methyl groups
because the spacing changed with the change in applied field; i.e 10.0 Hz at 300 MHz and
11.0 Hz at 360 MHz. It proved that these signals in fact arose from two methyl groups on
quaternary type carbon in the same compound, the structure of which was proven to be

that displayed for 11 in Scheme 4.

The 'H-NMR and *C-NMR spectra of 11 are reproduced in Figure 9 and 10,
respectively. The proton signals in the TH-NMR were assigned by double resonance
technique and the assignments were as shown in Table 2 (p. 14). For compound 11. it is
expected that the H-5 (6=3.55 ppm) proton signal would appear as a doublet because it
can only couple with H-4 and in the *C-NMR spectrum two signals would be detected
at high field for the two different methyl groups at C-6. The H-6 proton is not present
and H-5 at =3.55 ppm can be seen as a doublet with the J5.4=9.0 Hz. Integration of the
two equal intensity singlet signals at 6=1.18 and 1.22 ppm showed that six protons were
present, indicating that each singlet contains three protons. In the I3C.NMR (Figure 10,
Table 3), the two distinctive methyl groups at C-6 were evidenced at 6=27.06 and 25.10
ppm. The low intensity signal at 4=72.01 ppm was assigned to C-6 because it is a
quarternary carbon and therefore would take longer to relax. Based on the '"H-NMR and

BC.NMR spectra, compound 11 was concluded to have the structure shown in Scheme

4.
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Figure 9. 'TH-NMR spectrum of methyl 6,6’-dimethyl-a-D-glucopyranoside (11)
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Figure 10. I3C-NMR spectrum of methyl 6,6'-dimethyl-a-D-giucopyranoside (11)
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The formation of the dimethyl derivative (11) and the regeneration of the starting
alcohol (4) in near equal ratio to each other suggested, as indicated in Scheme 5, that, the
- alcohol (4) forms an hemi-acetal (12) with the formed aldehyde (/) which could be
oxidized by chromate reagent to give an ester (13). Therefore, the crude oxidation product
mixture would contain both the aldehyde (7) and the ester (13) along with other mino.
products such as 8. On this basis, reactions of the crude aldehyde with methyl magnesium
iodide would give rise to not only the desired 6-S-methyl and the 6-R-methyl derivatives
(9 and 10 respectively) but also to tertiary alcohol 11 and the alcohol 4 (Scheme 5).
Therefore, to minimize the yield of 11, formation of the hemiacetal had to be minimized.
It was possible that this could be accomplished should the rate of oxidation be substantially
greater than the rate of hemiacetal formation. Thus, the concentration of the alcohol
would always be low. Indeed, reaction of the crude aldehyde (7) obtained from the
oxidation method II (Scheme 3, p. 13) which involved fast addition of the alcohol (4) to
excess chromium trioxide (12 eq.) and pyridine (24 eq.) with methyl magnesium iodide in
ether gave only two identifiable products; i.e. 9 and 10. The crude yield of the reaction
was about 80%. Column chromatography using silica gel (solvent system 3:2 n-
hexane/EtOAc) gave the 6-S-methyl derivative (9) and 6-R-methyl derivative (10) in 72%
and 8% yield respectively (Scheme 6). 'H-NMR spectra are identical to that in Figure 6
and 7. The high field portion of 'H-NMR spectrum (6=1.0—1.5 ppm) of the product
mixture was reproduced in Figure 8 (lower trace, p. 22) for comparison purposes. As
shown, the C-6—CH3 doublet signals of 9 and 10 are identical in chemical shifts in both
spectra and there is no evidence for the formation of 11 in the lower spectrum since the
signals tor the C-methyl groups at =1.22 and 1.18 ppm are not present. The ratio of 9
and 10 was usually greater than 10:1 as evidenced by the relative intensities of the signals
for the 6-C-methyl groups. The preferential formation of 9 can be rationalized by Cram’s

rule®® and will be discussed subsequently.
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1.1.3. Preparation of methyl 7-deaxy-3-L-glycero-D-glucoheptapyranoside (15)

The reaction sequences in the preparation of 15 are summarized in Scheme 7.
Although the 6-S-methyl derivative (9) could be obtained by cnlumn chromatography, as
was indicated in section 1.1.2., this procedure was not suitable for large scale preparation.
Therefore, a search was made to achieve purification by selective crystallization of an
appropriate derivative. The acetyl, benzoyl, 4-nitrobenzoyl and 3,5-dinitrobenzoyl deriva-
tives were prepared for this purpose. Although each derivative was brought to a high state
of purity by chromatography on silica gel, only the 3,5-dinitrobenzoyl derivative crystal-

lized. Thus, this derivative (14) could be purified by crystallization.

The crude Grignard product mixture (9 and 10) obtained (Scheme 6) was reacted with
3,5-dinitrobenzoyl chloride in pyridine and the product mixture was crystallized from hot
methanol to give 14 in 74% yield. The TH-NMR spectrum of 14 is shown in Figure 11 and
the assignments are shown in Table 2 (p. 14). The presence of the 3,5-dinitrobenzoyl group
at O-6 can be deduced from the deshielding of H-6 (doublet of quartet) which was
observed at =5.62 ppm (H-6 of 9 was observed at $=4.05 ppm) and the characteristic
3,5-dinitrobenzoyl aromatic protons were observed at =9.21 as a triplet and at 4=9.16

ppm as a doublet.

Removal of the 3,5-dinitrobenzoyl blocking group was accomplished by saponification
using a 1N aqueous sodium hydroxide solution in 1,4-dioxane to the desired product 9,
which has an identical 'H-NMR spectrum as in Figure 6, in 98% yield. In the ITH-NMR
spectrum, the down field doublet and triplet signals which belong to the aromatic ring
protons of the 3,5-dinitrobenzoyl group have now disappeared. The H-6 and the C-6—
CH3 protons also shifted up field (a6=1.57 and 0.23 ppm, respectively).
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Figure 11. 1H.-NMR spectrum of methyl 6-O-(3,5-dinitrobenzoyl)-2,3,4-tri-O-benzyl-
7-deoxy-8-L-glycero-D-glucoheptapyranoside (14).
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Figure 12. 'H-NMR spectrum of methyl 7-deoxy-8-L-glycero-D-glucoheptapyranoside
(15).
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The benzyl groups were then removed by catalytic hydrogenolysis using palladium-on-
carbon and hydrogen at 100 Ib. in"? in methanol to give the deblocked compound 15 in
98% yield. The structure of 15 was confirmed by the 'H-NMR spectrum (Figure 12, Table
2) which shows that the signals for benzyl groups, observed at 6=5.01—4.63 ppm for 9,

are not present.

1.1.4. The theoretical basis for the proof of the configuration of the chiral C-6 of 9

Since the absolute configurations of the chiral centers related to the D-glucopyranose
portion of 9 were known, the absolute configuration of the new chiral center at position
C-6 could be established by relating its configuration to one or more of the other
asymmetric centers. This was accomplished first by restricting the rotation about the C-5
to C-6 bond by preparing the 4,6-O-benzylidene derivative (17) under the reaction
conditions described in Scheme 8. Thus, as seen in the formula for 17 {Figure 13), the

methyl group becomes fixed in a very different environment than in its diastereocisomer

(29).
Me H
Ph (o] H Ph o Me
(o] (o]
(o] (o]
AcO AcO
17 OAc 24 OACc|
OMe OMe

Figure 13. Formulas for methyl  2,3-di-O-acetyl-4,6-O-benzylidene-7-deoxy-4-L-
glycero-D-glucoheptapyranoside (17) and methyl 2,3-di-O-acetyl-4,6-O-benzylidene-7-
deoxy-a-D-glycero-D-glucoheptapyranoside (24).
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The absolute configuration of 17 could be established both by examination of J5,6 and
by nuclear Overhauser enhancement caused by saturation of the methyl group hydrogens.
- Based on a Karplus-type60 relationship for proton-proton spin coupling and also the

experimental parameters derived by Altona er al.,m'(’2 the gauche coupling constant Js 6

of 17 was estimated to be 5.4 Hz.

The measurement of nuclear Overhauser enhancement (n.O.e.)22 is the most powertful
and widely used tool in conformational analysis of complex molecules in solution. In this
technique, a proton is saturated and the relative contributions of neighbouring protons
receiving relaxation contribution are measured. The n.O.e. observed in a given proton
signal is related to the distance between itself and the saturated proton and is therefore
useful in molecular conformational analysis. It should be noted that the steady state n.O.e.
does not provide absolute distances between protons but only the relative contributions
of internuclear dipole-dipole relaxation. For compound 17, saturation of the C-6—CH3

signal should cause n.O.e. enhancement of the benzylidene proton, H-6 and H-4.

1.14.1. The fixdng of a nigid conformation by preparing 17

Reaction of 15 with benzal bromide in pyridine upon heating (60°C) produced the
4,6-O-benzylidene derivative (16) which was not isolated but was reacted further with
acetic anhydride to give the acetate 17 in 51% yield (Scheme 8). The TH-NMR spectrum
of 17 is reproduced in Figure 14 (bottom trace). The protons were assigned as shown in
Table 2 (p. 15) using double resonance and 2D-NMR techniques. In the spectrum of 17,
the singlet signal which appears at =5.8 ppm is characteristic of an e-hydrogen of a
benzylidene group and therefore, was assigned as H-7. The signal at =4.15 ppm was
assigned as " ’-5 and the observed coupling J56 was 6.0 Hz and is in agreement as was
discussed above with the estimated value 5.4 Hz.°%% The 1>C-NMR data of 17 is shown

in Table 3 (p. 17) and the spectrum is reproduced in Figure 15. The signal which appears
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Figure 15. 1>C-NMR spectrum of methyl 2,3-di-O-acetyl-4,6-O-benzylidene-7deoxy-3-
L-glycero-D-glucoheptapyranoside (17) (see Table 3).

at =94.07 ppm is typicaily that of a benzylidene a-carbon (Ph-C-). Therefore, based on
the '"H-NMR and BC.NMR spectra, the structure of compound 17 is as that shown in

Figure 13.

1.1.4.2. NMR experiments involving 17.

Additional evidence for the structure of 17 was obtained from nuclear Overhauser
enhancement difference Spectroscopy and is reproduced in Figure 14 (top trace). Irradia-
tion of the C-6 methyl doublet of 17 at 6=1.48 ppm caused 2.4% and 4.1% enhancements
of H-6 and the benzylidene hydrogen. The pattern of the n.O.e. indicated that the methyl
group at C-6 of compound 17 is arranged cis-axially to H-4 and the benzylidene hydrogen.
Based on the coupling J56 and the n.O.e. pattern, it was concluded that the configuration

at the C-6 center is L- for compound 17 and therefore .- for compounds 15 and 9.
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1.1.5. Rationalization of the stereoselectivity displayed by the Grignard reaction

As mentioned above, the reaction of the Grignard reagent methylmagnesium icdide
with the aldehyde (7) obtained from the oxidation method 11 gave predominantly (about
10:1) the 6-S-methyl compound (9) (Scheme 4). This result can be rationalized by Cram’s
e59

rule™ which requires that reaction occur with the aldehyde group of 7 be aligned in the

plane of the C-5 to O-5 bond. Complexation with magnesium ion as indicated in Scheme
9 would provide this alignment. The methyl carbanion would then be expected to
preferentially approach the carbonyl center at C-6 from the less sterically {indered side
to produce the 6-S-methyl derivative (9). Attack from the C-4 side would yield the minor

product, i.e., 6-R-methyl derivative (10).

1.2. Synthesis of methyl 7-deoxy-a-D-glycero-D-glucoheptapyranoside (21)

The 6-R-methyl (10) was a very minor product (~ 10%) of the Grignard reaction and,
therefore, this direct procedure was impractical for large scale preparation. Consequently
it was decided to prepare 10 from the pure isomer 9 which could be readily prepared in

substantial quantity by way of the crystalline 3,5-dinitrobenzoyl derivative (14) (Scheme

7, p. 27).

1.2.1. Synthesis of methyl 6-O-benzoyl-2,3,4-tri-O-benzyl-7-deoxy-a-D-glycero-D-glucohep-
tapyranoside (19) via the mesylate denivative (18)

The reaction sequence in the preparation of 19 is as shown in Scheme 10. Reaction
of the 6-S-methyl (L-glycero) compound (9) with methanesulfonyl chloride in pyridine
gave the mesylate derivative (18) in 66% yield after purification by column chromatog-
raphy. The 'H-NMR and 13C-NMR assignments are shown in Tables 2 and 3 (p. 15 and
17), respectively. The 'H-NMR spectrum of 18 is reproduced in Figure 16. As shown, the

signal at 6=5.32 ppm was assigned as H-6 by double resonance technique. This assignment



36

Scheme 9

MeMgl

MeM
eMgl favorable

not favorable

Me

H
oH Bno Q
BnO BnO
BnO
oBn O?Me

10 OMe 9



Scheme 10
OH
H Me
B8nO 9
BnO
OBn
9 OMe
MsCI, pyr.
66%
OMs
BzCl, pyr.
H Meo 75%.
B8n0O
BnO
o8n
18 OMe
NaOBz, DMF,130°C
l 47%
Me QBz
H 0Bz H MeJ
(o] 8n0O
BnO
B8n0O 8n0
oBn
OBn .
OMe
19 OMe 20
NaOH (1N)
1,4-Dioxane
Mo Me
H OH H OHO
8n0C Q Hz, Pd‘c HO-
BnO Ta e~ HO
MeOH
OBn OHOM
10 OMe 21 €



38

cl)Ms {
H Me
BnO Q
8n0O
OBn
i8 OMe

1 i 1 4 ! 1 1 L] A
9.8 g.8@ 7.8 6.8 5.8 a.@ 3.8 2.8 1.8 8.¢e

PPy

Figure 16. 'H-NMR spectrum of the methyl 2,3,4-tri-O-benzyl-7-deoxy-6-O-
methanesulfonyl-ﬂ-L-glycero-D-glucoheptapyranoside (18) (see Table 2).
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Figure 17. 3C.NMR spectrum of methyl 2,3,4-tri-O-benzyl-7-deoxy-6-O-methanesul-
fonyl—ﬁ-L-glycero-D-glucoheptapyranoside (18) (see Table 3).



39

is consistent with the fact that a mesylate group should deshield H-6 to lower field as
compared to the chemical shift of H-6 of the 6-S-methyl derivative (9) (6=4.05 ppm). The
singlet signal appearing at =3.04 ppm was assigned as the methyl group of the mesylate.
The doublet signal at 6=1.53 was assigned as the methyl group at C-6. The I3C.NMR of
18 is reproduced in Figure 17. The assignments are summarized in Table 3 (p. 17). The
signal at 6=39.54 ppm was assigned as the carbon of the mesylate methyl group and the
signal at 6=17.73 ppm was assigned as C-7. The 'H-NMR and *C-NMR spectra were

consistent with the structure of 18 as projected in Scheme 10.

The mesylate derivative 18 was then reacted with sodium benzoate in dimethyl
formamide at 130°C to give the C-6 inverted D-benzoate (19) in 47% yield. The t.l.c. of
the crude reaction product showed that at least 3 compounds were present and the two
main products have very close R values. Normal column chromatography using silica gel
could not separate the reaction mixture to give pure 19. The D-benzoate (19) was finally

purified using HPLC (solvent 10:1 n-hexane / acetone).

The 'H-NMR spectrum of the D-benzoate (19) is reproduced in Figure 18 (top trace).
For comparison, the methyl 6-S-methyl-a-D-glucopyranoside (9) was converted to the
6-O-benzoyl derivative (20) by reaction with benzoyl chioride in pyridine. The 'H-NMR
spectrum of 20 is also reproduced in Figure 18 (bottom trace). The chemical shifts of
C-6—CH3, H-4 and H-5 of the inverted benzoate (19) were found at 4=1.18, 3.42 and
3.93 ppm respectively whereas in 20 they were found at 6=1.52, 3.60 and 3.75, respectively
(Table 2, p. 16). Because the 'H-NMR spectra of 19 and 20 are different, it is concluded

that compound 19 and 20 are the sought atter epimers at the C-6 center.

1.2.2. Syruthesis of methyl 6-O-berzoyl-2, 3,4-n-O-benzyl-7-deoxy-a-D-glycero-D-glucopyrancside (19)
via the tosylate derivative.
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deoxy-ﬂ-L-glycero-D—glucoheptapyranoside (20).
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The procedure which was previously developed by Dr. Devlin from this laboratory,(’3
provides the intermediate tosylate (22) in crystalline form, a product which is easier to
- handle than the syrupy intermediate mesylate (20). Consequently, this procedure (Scheme
11) was used in the latter period of the research to prepare methyl 6-R-C-methyl-a-D-
glucopyranoside (10). Compound 9 was reacted with toluenesulfonyl chloride in pyridine
to give the tosylate derivative 22 which could be crystallized from n-hexane and ether in
‘5% yield. The 'H-NMR and 3C.NMR spectra of 22 was identical to that obtained
previously.63 The tosylate derivative 22 was then converted to the D-benzoate derivative
(19) according to the conditions described above (section 1.2.1) in 70% yield. The

TH-NMR and 13C-NMR spectra of this D-benzoate was identical to that for 19.

1.2.3. Synthesis of methyl 7-deaxy-o-D-glycero-D-glucoheptapyranoside (21)
The benzoate (19, Scheme 10) was saponified using 1V sodium hydroxide in aquecus
dioxane®* to produce compound 10 which had already been isolated as a Grignard

reaction product (Scheme 6, p. 27). The '"H-NMR spectrum was identical to that for 10

(Figure 7, p. 21).

The benzyl groups of 10 were then removed by catalytic hydrogenation with hydrogen
and palladium on carbon to produce the desired deblocked compound 21 in 98% yield
(Scheme 10, p. 37). The 'H-NMR spectrum of 21 is compared to that of 15 in Figure 19.
It is observed that, for 21, H-4 (6=3.30 ppm) and C-6—CH3 (6=1.18 ppm) are shifted
upfield, and H-5 (=3.65 ppm) is shifted down field (Table 2, p. 15) compared to H-4,
C-6—CH3 and H-5 (6=3.50, 1.30 and 3.40 ppm, respectively, Table 2, p. 14) of 15. The
chemical shifts pattern observed here for 21 and 15 is similar to that of 10 and 9 discussed
previously. The significance of the TH-NMR chemical shifts in the spectra of 21 and 15

will be discussed in conformational analysis section (Part I1I). Based on the differences in
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Figure 19. 'H-NMR spectra of methyl 7-ileoxy-a-D-glycero-D-glucoheptapyranoside
(21, 2) and methyl 7-deoxy-8-L-glycero-D-glucoheptapyranoside (15, b).
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the '"H-NMR spectra and the nature of the reaction involved, it was deduced that

compounds 15 and 21 are epimers at the C-6 center.

2. Synthesis of the diastereoisomeric methyl 6-C-methyl--isomaltosides

The synthetic goal was to synthesize a-(1 - 6) linked oligosaccharides with the reducing
units derived from 6-C-methyl-e-D-glucopyranose (Schemes 19 and 20, p. 54 and 59
respectively). The glucosyl bromide derivative 31 was synthesized from the 1,6-di-O-acetyl-
2,3,4-tri-O-benzyl-a-D-glucopyranose (27), an important intermediate in the synthesis of
the disaccharide derivatives. Compound 27 had been synthesized from methyl 2,3,4,6-
tetra-O-benzyl-a-D- glucopyranoside (25)65 and the 2,3,4-tri-O-benzyl levoglucosan,66 it
was strategically useful to synthesize 27 from 4 because the procedure could be applied

tor the preparation of the glucosyl bromides from compounds 9 and 10.

2 1. Synthesis of the 1,6-di-O-acetyl-2,3,4-tri-O-benzyl-o-D-glucopyranose (27)
The synthesis of the compound 27 is as outlined in Scheme 12. The alcohol 4 was

63-65 at

acetolyzed with 1% solution of concentrated sulfuric acid in acetic anhydride
- 20°C (dry ice/acetone)63 to give cleanly after work up, a mixture of - and 8- diacetates
27 and 28 in 93% combined yield. The «-diacetate (27) was obtained in pure form by
selective crystallization from 98% ethanol and n-hexane. The 'H-NMR assignments of 27
are summarized in Table 2 {p. 16). The spectrum of the mixture (27 and 28) and that of
27 are reproduced in Figure 20 and 21. The ratio of 27 to 28 was determined by TH-.NMR
relative intensities of the acetate signals at =2.14 and 2.08 ppm and was found to be 3:1

(Figure 20). In Figures 20 and 21, it can be seen that the OMe signal which were present

in the starting alcohol (4) at 6=3.35 ppm were no longer detected. The H-1 and H-6 signals
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glucopyranose (27) (see Table 2).

OAc
o
8n0O
8nO EtOAc
oB8n
27 OAc
+
OAc
o o
Bn
8nO O4c  EtOAc
OBn
28
Mmj
_J \\‘ Jl J.b‘l_._, {\A ___—J Lj—" JL_“
5.3 5.7 > 8 5.3 5.8 O R W) e 5.8
PPM
Figure 20. 'H-NMR spectrum of the 1,6-di-O-acetyl-2,3,4-tri-O-benzyl-D-
glucopyranose (27 and 28) (see Table 2).
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Figure 21. H-NMR spectrum  of  1,6-di-O-acetyl-2,3,4-tri-O-benzyl-a-D-
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Figure 22. 'H.NMR spectra of 1,6-di-O-acetyl-2,3,4-tri-O-benzyl-7-deoxy-L-glycero-
D-glucoheptapyranose (29 and 30) (see Table 2).
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were shown to be deshielded from 6=4.6 and 3.8 ppm respectively in 4 to 4=6.3 and 4.3

ppm in 27 which confirmed the presence of the acetate groups at O-1 and O-6.

The diacetates 27 and 28 could also be obtained by acetoiysis of methyl 2,3,4,6-tetra-
benzyl-a-D-glucopyranoside65 and of 2,3,4-tri-O-benzyl-levoglucosan (26) according to
the procedure established by Zemplen er al %6 (Scheme 13 zad 14, respectively). Reaction
of compound 26 with 10% concentrate sulfuric acid in glacial acetic anhydride also gave
a mixture of 27 and 28 in ratio 3:1. The 'H-NMR spectra of the mixture was identical to
that in Figure 20. The a-diacetate was also obtained from the mixture by selective

crystallization procedure as above and the TH-NMR of the a-diacetate was identical to

that for 27.

The acetolysis procedure described above in the synthesis of the a- and g-diacetates
(27 and 28) was also applied to compound 9 (Scheme 15). The reaction gave a mixture
of the a- and g-diacetates (29 and 30). The 1HI_NMR spectrum of the mixture is
reproduced in Figure 22. The integration of the OAc signals intensities at 6=2.0 aud 2.4
ppm gave the ratio of «/8 of 2:1. The H-6, H-1 signals were also shifted downfield for 29
and 30 compared to those of 9 (Table 2, p. 14 and 16). The OMe signal was also not
detected. Therefore the acetolysis reaction involving 2 also gives the expected products,
a- and 8- diacetates (29 and 30). The acetolysis reaction was not attempted for compound

10 but it is expected that similar behavior will be observed.

2.2. Synthesis of the 6-C-acetyl-2,3,4-tri-O-benzyl-a-D-glucopyranosyl bromide (31).

Although the a-diacetate (27) could be selectively crystallized out of the «/8 mixture,
this was not necessary for the preparation of the bromide 31. The a- and B-diacetate
mixture (27 and 28) in dichloromethane was reacted with anhydrous hydrogen bromide

gas to give crude a-bromide 31 in about 80% yield. Due to the instability of glucosyl
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Figure 23. 'H.NMR spectrum of the crude 6-0-acetyl-2,3,4-tri-0-benzyl—a-D-
glucopyranosyl bromide (31).

bromides in general, 31 was not isolated but was reacted immediately in the glycosylation
reaction. The crude 'H-NMR spectrum of 31 and the assignments are shown in Figure
23 It can be seen that the three benzyl groups still remained in 31. The H-1 of 31 was
observed at 6=6.4 ppm and together with the disappearance of the OAc signal at 6=2.15
ppm confirmed the presence of the bromide substituent at C-1. As expected, the J1,2 was
3.5 Hz. The H-6 signal is still present at 6=4.30 ppm which confirms that the OAc

substituent is still present at C-6.

2.3. Synthesis of methy! o~isomaltoside 37)

The most recent applications of the halide-ion cai..lyzed glycosylation method?” in the
synthesis of a-linked isomaltoside derivatives were published by K. Bock er al.26 (Scheme
16) and H. Ohrui er al.%” (Scheme 17). K. Bock er al.26 prepared the 6-(S)-deuterium
labelled methyl -isomaltoside (32) in 36% yield by halide-ion catalyzed glycosylation
reaction involving tetra-0-benzyl-a-D-glucopyranosyl bromide and methyl 6-(S)-2,3,4-tri-

O—benzyl-6-2H1-,8-D-glucopyranoside27 according to Scheme 17. The deuterium-labelled
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aglycone was prepared according to the route published by Ohrui er al. 273031 Deblocking
was accomplished by hydrogenation with Pd/C in acetic acid—methanol to give the desired
product in 92% yield. Ohrui et al.?’ synthesized the disaccharide derivatives from the
methyl 6-(S)-"H\- or the methyl 6-(R)-2H;-=-D-glucopyranoside (33 and 34)°031 45 the
glucosylacceptor and the glucosyl halide derivatives as the donor, however, the deblocking

procedures and the yields of the steps involved wer- not reported (Scheme 17).

The synthesis of methy! a-isomaltoside (37) was undertaken because it is needed as a
standard in the conformational analysis of the diastereoisomeric methyl 6-C-methyl-a-

iscmaltoside (40 and 43) and in the enzyme studies.

Tt reaction sequences are shown in Scheme 18. Reaction of the alcohol (4) with the
a-bromide (31) under the halide-ion catalyzed reaction conditions gave the disaccharide
derivative 35 in 65% yield. 'H-NMR and '*C.NMR dasa were in agreement with that
published previously.%"w'67 Removal of the acetate blocking group with sodium
methoxide in dry methanol gave the alcohol 36 in 98% yield. Compound 36 was reacted
with hydrogen and Pd/C in dry methanol to give the deblocked methyl a-isomaltoside (37)
in 94% yicld. The structure of compound 37 was assigned on the basis of previously

PUhliShcd data,26’27'67

2.4. Synthesis of methvl 6-S-methyl-x-isomaltoside (49)

The synthesis of 40 is summarized in Scheme 19. Reaction of the methyl 6-S-methyl-
a-D-glucopyranoside (9) with the a-bromide (31) according to the halide ion catalyzed
reaction conditions>’ gave the derivative (38) in 51 yield. Compound 38 was charac-
terized by '"H-NMR (Figure 24, Taole 2) and I3C.NMR (Figure 25, Table 3). The doublet
signal at =5.09 ppm was assigned as the H-1 by 2D-COSY MMR technique and the

a-linkage of 38 was established from the coupling constant J1,2=3.5 Hz. The H-6 signais
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Figure 24. 'H-NMR spectrum of methyl 6'-O-acetyl-2,2',3,3',4,4'-hexa-0-benzyl-6-5-
methyl-a-isomalioside (38) (see Table 2).
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Figure 25. >°C-NMR APT spectrum of methyi 6'-O-acetyl-2.2‘,3,3',4,4'-hexa-0-ben-
zyl-6-S-methyl-a-isomaltoside (38). The C-H and CH3 signals are above the base line and
the C- and C-H2 signals are below the base line (see Table 3).
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Figure 26. 'TH-NMR spectrum of methyl

isomaltoside (39) (see Table 2).
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Figure 27. 1H-NMR spectrum of methyl 6-S-methyl-z-isomaltoside (40) /see Table 2)
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were found at 6=4.26—4.06 ppm whic; are similar in chemical shift to the H-6 signal of
9 hence confirming that an OAc substituent was still present at C-6. The C-6—CH3 signal
was detected at 4=1.33 ppm as a doublet with the J56=6.5 Hz. In the I3C.NMR spectrum
(Figure 25), there were two signals at 6=97.90 and 95.20 ppm which were assigned (Table
3.p- 18) as the C-1 and C-1 which confirm that compound 38 is a disaccharide. The signal
at3=170.75 ppm was characteristic of the carbonyl carbon of the OAc substituent at C-6.
The high field signal at 6=16.31 ppm was assigned as C-7. Therefore, based on the
'H-NMR and *C-NMR spectra, the disaccharide derivative (38) was concluded to be as

shown in Scheme 19.

Deacetylation of 38 with sodium methoxide in dry methanol produced the alcohol
derivative (39) in 96% yield. The !H-NMR spectrum of 39 is reproduced in Figure 26
(see Table 2 for assignments). Disappearance of the OAc singlet signal at 4=1.92 ppm
and the up field shift of H-6 from 6=4.26—1.06 ppm to = 3.66—3.40 ppm in the TH-NMR

spectrum of 39 confirmed that the OAc substituent was removed in 39.

Removal of the benzyl blocking groups by catalytic hydrogenation using hydrogen and
palladium-on-carbon gave the desired disaccharide derivative (40) in 78% yield. The
'H-NMR spectrum in D20 is shown in Figure 27 and the assignments are shown in Table
2 (p. 16) where it can be observed that the benzyl groups signals were no longer present
at 6=5.01—4.57 ppm.

2.5 Synhesis of methyl 6-R-methyl-a-isomalloside (43)

The synthesis of the disaccharide derivative (43) followed the same procedure as in
the synthesis of 40 and is summarized in Scheme 20. The methyi 6-R-methyl-2,3,4-tri-O-
benzyl-a-D-glucopyranoside (10) was reacted with the a-bromide (31) under the halide-ion
catalyzed reaction conditions®’ to give the disaccharide derivative 41 in 59% yield. The
'H-NMR and *C-NMR assignments are summarized in Table 2 and 3 (p. 16 and 18,
respectively). The spectra of 41 are reproduced in Figure 28 and 29. In the 'H-NMR
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spectrum (Figure 28), the H-1 doublet signal was observed at =5.00 ppm and the J1 2
was also 3.5 Hz which established the a-linkage of the disaccharide. The signals at 6=4.27
and 4.21 ppm in the 'H-NMR was assigned as the two signals of H-6 and in the 3C-NMR
spectrum (Figure 29), the signal at 3=170.74 ppm was assigned as the carbonyl carbon of
the OAc substituent at C-6 . Both of these signals confirmed the presence of the OAc
substituent at C-6 . The signal at 3=1.16 ppm was assigned to the C-6—CH3 group and
the corresponding BC.NMR signal for C-7 was detected at 6=16.55 ppm. Thus, the
structure of 41 as shown in Scheme 20 was supported by both the 'H-NMR and 1>*C.NMR

spectra.

Deacetylation of compound 41 using sodium methoxide in dry methanol gave the
disaccharide 42 in 83% yield. The 'H-NMR spectrum showed the disappearance of the
signal at =1.99 ppm (Figure 30, Table 2) and the upfield shift of H-6 from 6=4.27—4.21

ppm to d=~ 3.7 ppm.

Removal of the benzyl blocking groups in 42 was achieved with hydrogen and Pd/C
and the deblocked disaccharide derivative (43) was obtained in 83% yieid. The 'H-NMR
spectrum in D20 was reproduced in Figure 31 (see Table 2 for assignments). The
disappearance of the benzyl groups was evidenced by the disappearance of the signals in
the '"H-NMR spectrum in the aromatic region (3=7.14—7.20 ppm) and the Ph-CH> region
(6=4.98—4.53 ppm).



Scheme 20
Me
H oH
8n0 2
B8nO
OBI}
10 OMe
31,
DMF, CHCI,
Et,NBr, M.S.
59%
OAC
8n0 °
n
BnO e 0\‘/'\ o8n
08n )\%\AOB“
o H )
BnO OMe
41
NaOMe, MeOH
83%
X~ OH
(0]
8n0
8n0O e o oBn
o8n W"
o] H 1
8n0O OMe
42
H,, Pd-C
83%

oH
o
HO
Me
HO ° oH
OH OH
(o] \
H RO OMe

43

59



CAc

8n0 e

d an0
| L7
' © 7w Omte

| -
5 ;

L

W

LR

[ 53 3

60

Figure 28. 1H-NMR spectrum of methyl 6'—O-acetyl-2,2’,3,3',4,4’-hexa-0-benzyl-6-R-

methyl-a-isomaltoside (41) (see Table 2).

Figure 29. BC.NMR spectrum of methyl 6'-O—acetyl-2,2',3,3',4,4'-hexa-0-benzyl-6-R-

methyl-a-isomaltoside (41) (see Table 3).
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Figure 30. H.NMR spectrum of methyl 2,2',3,3',4,4'-hexa-O-benzyl-6-R-methyl—a-
isomaltoside (42) (see Table 2).
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Figure 31. IH-NMR spectrum of methyl 6-R-methyl-a-isomaltoside (43) (see Table 2).
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Il. CONFORMATIONAL ANALYSIS

1. Conformational analysis of the diastereoisomeric methyl 6-S-methyl«-D-
glucopyranoside (15) and methyl 6-R-methyi~~D-glucopyranoside (21)69

1.1. Chemical shifts and coupling constants

The analysis of the pyranose rings for the two diastereomeric compounds (15 and 21)
was based on the coupling constants of the respective ring protons which are summarized

in Table 4.

Table 4. Coupling constants of the ring protons of the diastereoisomeric methyl
6-S-methyl-a-D-glucopyranoside (15) and methyl 6-R-methyl-a-D-glucopyranoside (21).

Compounds J1,2 (Hz) Jz23 (Hz) J3.4 (Hz) Ja,5 (Hz)
15 3.5 10.0 9.0 10.0
21 4.0 10.0 9.0 10.0

The small coupling constants J1,2=3.5 and 4.0 Hz established the a-linkage of the OMe
aglycon. The J23, J34 and J45 coupling constants were 10.0, 9.0 and 10.0 Hz for both
compounds (15 and 21) which are typical of anti-periplanar coupling constant. Therefore,
there is no doubt that the *C; is well maintained by the two pyranose rings. The observed
'H.-NMR chemical shifts of the methyl «-D-glucopyranoside (1)77 and the
diastereoisomers 15 and 21 in D20 are presented in Table 5 where it is seen that the
chemical shifts of H-1, H-2, H-3 and OCH3 differ only slightly for the three compounds
1. 15, and 21 (44=0.05 ppm) and. therefore, it can be concluded that these protons are
in similar chemical environments. The H-6s of 15 and 21 (6=4.05 and 4.04 ppm,
respectively) are shifted downfield considerably compared to the chemical shifts of both

H-6's of 1. The reason for this downficld shift of H-6 of 15 may be due to the O-4 if the
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H-6 and O-4 are syn-axially oriented.’! If this is the case then O-6 of 15 would be syn-axially
oriented with H-4 and O-6 of 21 would not. Consequently, H-4 of 15 would be deshielded
. compared to H-4 of 21. This proved to be true as shown in Table 5. The H-4 of 15 is found
at 8=3.46 ppm and the H-4 of 21 is found at 4=3.38 ppm (A3=0.06 ppm). The H-5 ot 15
is at =3.38 ppm and is considerably upfield in comparison to H-5 of 21 (8=3.71 ppm).

The H-5 downfield shift of 21 can be attributed to the nearby oxygen at C-6.

Table 5. 'H-NMR chemical shifts (ppm) of 1, 15 and 21 in D20 at 295°K (reference
acetone 6=2.12 pprn).77

Compounds H-1 H-2 H-3 H-4 H-§ H-6 | C-6—-CH3| OCH3
1 4.70 3.46 3.56 3.29 3.54 3.77 - 3.31
3.66
15 —_ 3.55 3.62 3.46 3.38 4.16 1.29 3.38
21 — 3.58 L3.68 3.38 i 3.71 4.20 1.22 3.44

Based on the chemical shifts of H-4, H-5 and H-6 of 15 compared to that of 21, the
methyl 6-S-methyl-a-D-giucopyranoside (15) was concluded to prefer the g conforma-
tion and the methyl 6-R-methyl-a-D-glucopyranoside (21) the g" conformation. The

preterred conformations g~ of 15 and g* of 21 are shown in Figure 32.

The coupling constant Js6 of 15 and Js56 of 21 were found to be 1.4 Hz and 2.6 Hz
respectively. The Js5 6 coupling constants can be estimated using Altona’s paramt;:tcrs.(’l’(’2
For 15 the estimated Js,6 was 1.5 Hz and for 21, 3.8 Hz. The estimated coupling constants

Js5 6 are in agreement with the observed coupling constants. These small coupling constants
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Figure 32. The preferred conformations of methyl 6-S-methyl-a-D-glucopyranoside
(15) and methy! 6-R-methyl-a-D-glucopyranoside (21)
indicate that H-5 and H-6 are gauche to each other for both 15 and 21. The observed

gauche couplings are in support of the conclusions derived from chemi-al shifts above for

iS5 and 21.

I ne chemical shifts and coupling constants of compounds 15 and 21 were also studied
at higher temperatures. The results are shown in Table 6 where it is seen that the chemical
shifts of H-4, H-5, H-6 and Js5,6 of 15 and 21 did not vary significantly in the temperature
range 295°C to 355°C and is apparent that the g~ and g¥ conformations of methyl
6-S-methyl-a-D-glucopyranoside (15) and methyl 6-R-methyl-a-D-glucopyranoside {21),

are maintained.

At T=310K and T=325°K, the variation of the chemical shifts were less than 0.02
ppm and the coupling constants varied less than 0.3 Hz. At T=340°K (the H-6 signal was
overlapped with the HOD signal at T=355°K), the chemical H-6 shifts of 15 was found
atd=4.157 ppm and for 21 at6=4.121 ppm (A¢=0.02 and 0.04 ppm compared to chemical
shifts at T=295°K). At T=355°K, the H-4 chemical shifts of 15 was observed at 3=3.525
ppm and for 21 at ==3.388 ppm (46=0.03 and 0.05 ppm compared to chemical shifts at
T=295°K). The H-5 of 15 was observed at 8=3.394 ppm and for 21 at 4=3.613 ppm
(46=0.00 and 0.06 ppm compared to chemical shifts at T=295°K). The coupling constant

J5.6 tor 15 and 21 were observed to be 1.9 Hz and 3.4 Hz respectively (AJ56=0.5 and 0.7
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Hz respectively in comparison to the Js of 15 and 21 at T=295"K).

Table 6. Chemica! stifts (ppm) and coupling constants (in brackets, Hz) of methyl
6-S-methyl-a-D-glucopyr:noside ( 15) and methyt 6-R-methyl--D-glucopyranoside (21) in
D20 (reference acetone =2.225 ppm™) at various temperatures.

Temp.(°K) Comp. H-1 H-2 H-3 H-4 H-5 H-6 Cé6-M
295 s = 3.338 3.643 3.495 3394 3177 1.207
(3.6) (9.6) (8.6) — (1.4) (6.6)

(9.5) (8.6) (9.7 (1.4) (6.4)
21 —  3.551 3.646 3.340 3.668 4.156 1.216
(3.8) (9.6) (8.7) (10.0) (2.6) (6.4)

(9.6) (8.8) (10.0) (2.7) (6.4)
310 ¢35 4.815 3.549 3.647 3.502 — 4.170 1.296
(3.7) 3.7y (9.5 (9.0) — (1.4) (6.4)

(9.5) (8.8) (9.5) — (6.5)
21 4799 3.549 3.649 3.353 3.653  4.147 1.220
(3.7) (3.7) (9.4) (88) (10.0) (2.9 (6.7)
(9.5) (8.6) (98) (2.9) (6.5)
325 15 4.815 3.550 3.652 3.509 3390  4.162 1.295
(3.7) (3.7) (9.5) (88) (9.7) (1.7) (6.5 )
(9.5) (8% (99) (1.7) (6.5) :
21 4797 3.547 3.654 3.364 3.625  4.131 1.225

(38) (3.7) — (900 — (3.1) (6.5)
(9.5) (9.8) (6.5)

340 15 4.817 3.551 3.65% 3.5i8 3.392  4.157 1.297

(3.7) (3.7) (9.5) (86) — (1.8) (6.5)

(9.5) (8.6) (9.7) (1.8) (6.4)
21 4798 3.546 3.661 3.375 3.624  4.121 1.231
(3.8) (3.7) (9.6) (87) (9.9 (3.2) (6.4)
(9.6) (8. (9.8) (3.1) (6.5

355 15 4.823 3.553 3.665 3.525 3.394 - 1.297
(3.8) (3.8) (9.6) (5.0) (9.8) (6.6)
(9.6) (8.8) (9.8) (1.9)
21 4798 3.546 3.669 3.388 3.613 ~ 1.238
(3.7) (3.7) (9.5) (88) (9.9) (6.4)
(9.5) (87) (9.8) (3.4) (6.4)

* The chemical shitt reterence used by Bock.>?
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1.2. Nuclear Overfuiuser idiancenients

The conformations of the monosaccharides 15 and 21 were turther supported by n.O.e

experiments. The results of the 1.u.e. studies of 15 and 21 are sum:arized in Table 7.

Saturation of the C-6—CH3 signal of 15 caused 4.2% and 6.3% enhancements of H-5
and H-6 which indicated that C-6—CH3 is near to H-3 and H-6 and no other proton. On
the other hand, saturation of H-6 signal of 15 caused 6.8%-. 11.7% and 7.8% enhancements
of H-4, H-3 and C-6—CH3 respectively. These n.O.e. results require the g conforma-

tional assignment of 15.

Table 7. N.O.e. resulis for the diastereoisomeric methyl 6-C-methyl-a-D-
ghucopyranosides (15 and 21).

Compound [ Signal saturated ' Signal enhanced (%)
| H4 ' HS | H6 | C6-CHs
15 | C-6-CHs = a2 63 - 4
| H-6 L 68 n7 o o— 78
21 f C-6- CH3 li 5.3 : 0.9 tl 5.9 % — i
| H-A Y S R .
| H L B L i -

For compound 21, irradiation ot C-6—CH3 signal caused 5.5%. 0.9% and 5.9¢%¢
enhancements of H-4, H-5 and H-6. respectively. indicating that the C-6—CH3 group is
on the average much closer in space to H-4 than to H-5. The 0.9% enhancement of H-3
may have arisen from n.O.e. transfer of another proton such as H-6 because it the
conformatiun of compound 21 is g* then the C-6—CHa is anti-periplanar in arrangement
to H-5. hence too far to produce n.O.e enhancement on H-5. Irradiation of the H-6 signal
caused 3.9%. 9.1%¢ and 5.29 enhancements of H-4. H-5 and C-6—CH3, respectively. This

pattern of enhancements is similar to the n.O.e. of H-4, H-5 ard C-6—CH3, when H-6 of
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compound 15 is irradiated and indicated that both the H-6"s of 15 and 21 are in similar

spatial environment with H- 4 and H-3. This pattern of n.O.¢ requires the g* conformation

of 21.

1.3. Conformational anabyses based on rionbonded sueractions

The main point of the following discussion is the orientation for the O-6 of the

diastereoisomeric 6-C-methyl monosaccharides.

Assuming that the staggered orientation for the C-5/C-6 bond will be preterred. the
population of the rotamers g *. g~ and t ( Figure 3. Part [) can be roughly estimated using
the known energy of interactions * of the various substituents on the C-3 and C-6 bonds.
The energies of interactions used are:’” O,/H=0.45 Kcal. O//0O=1.5 Kcal. O//Me=2.5
Kcal. Me//H=0.9 Kcal, O/Me=0.45 Kcal. The notation // denotes the syn-axial interaction
and/ denotes the gauche interactions. The energies of interactions were roughly estimated
tor the g+. g andtrotamers by rotation of C-5 to C-6 bond of the three monosaccharides:
namely. methvl «-D-glucopyranoside (1). methyl 6-S-methyl-a-D-glucopyranoside (13)

and methyl 6-R-methyl a-D-glucopyranoside (21) and are summarized in Table &

Conformational analysis based on the energies of interaction predict that con’
tion g~ signals was favored for the methyl «-D-glucopyranoside (1) and the .
6-R-methyl-a-D-glucopyranoside (21) to the extend of 67% and 75% respectively whereas
the conformation g~ was favored for the methyl 6-S-methyl-a-D-glucopyranoside (15) to

the extend of 86%.
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Table 8. The estimated energies of interactions (Kcal/mol) of the rotamers at C-5/C-6
bond and rotamer population (in brackets) at 296°K.

Compounds f Interaction Free Energies, Kcal/mol
- g | g t ’
1 ~0.35 (677%) | 0.1 {307¢) ; 1.5 (3%¢)
15 { 1.0 (12%)  0.55(86%) | 1.7 (25¢)
21 E 1.0 (75%) i 2.15 (10%) 1.95 (15%)

14 Energies of iveraction using HSEA

The energy of interactions upon rotation of the C-5/C-6 bond for compounds 15 and
21 were also estimated by HSEA calculations. The HSEA method!? is based on the
procedure used to estimate conformational preferences of polypc:ptidcs..72 The method
uses a Buckingham equation which was moditied by Kitaigorodsky73 tor the non-bonded
interactions (Equation 1).

E=3.5(-0:42% + 8.5x10% exp(~ 13Z)) Kecalmol™! (1)
Where Z=rij/ro. rij=internuclear distance between the two interacting atoms

ro=equilibrium internuclear distance between the two
interacting atoms
The value ryis 1.11(rj + rj) where rj and rj are the van der Waals radii for the atoms
involved in the interaction. An exoanomeric term” which was obtained from ab-initio
calculation for dimt;:thoxymc:tham:74 is added to the sum of the non-bonded energies. The
equations expressing the a- and g-exoanomeric effects are shown in Equation 2 and 3
respectively.

Eexoa=1.58(1-cos®®>)— 0.74(1 - cos20°) = 0.70(1 - cos30° ) +1.72 (2)

Ecxo8=2.61(1-cos®®%)-- 1.21(1~ c0s26° %) 1.18(1 - cos30°-5) +2.86 (3)
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Where, Exoa= exo-anomeric ettect energy (Kcal mol'l) tor the c-anomer.

Ecexop = exo-anomeric etfect energy (Kecal mul'l) tfor the g-anomer.

HSEA method has predicted the preferred conformation of a variety of oligosac-
charides including the human blood group B trisaccharide («-L-Fuc (1-2)[.-D-Gul
(1-3)]-8-D-Gal-OMe). The predicted conformation of the B blood group determinant
has been veritied by NMR!Y and X-ray crystallography.-’?S An advantage in the HSEA
method is the short computer time required for the calculations. The method has a
disadvantage because it can not anticipate the interaction energies between strongly
solvated groups such as hydroxyl groups.‘% This disadvantage will be evident in the

following discussion when dealing with the monosaccharides 15 and 21.

For the calculations. the methyl groups at C-6 of compounds 1§ and 21 were
constructed trom the neutron diifraction coordinates of methyl a-D-glucopyranosidc%
using the program TRANSF.OBJ by extending the appropriate C-H bond to a distance
of 1.536 for a C-C bond. Then the proton of the extended bond was replaced with a
methyl group. The energy of interactions were estimated using the program GENT.OBJ
whigh rotated the « angle (O-1 —C-6—C-5—H-5) from »=0" to 350 in 5° or 10" steps.
These resulting energies were then plotted as a tunction of « (Figure 33 and 34) and the
rotamers energies were determined for the diastercoisomers (15 and 21). It should be
noted that if the proton of the extended bond was replaced by a carbon and the hydrogens
attached to this carbon were generated to form the methyl group using the program
TRANSF.OBJ, then this methyl group will not rotate with the molecule as a whole and

theretore this procedure was avoided in all calculations.

In Figure 33, the three rotamers corresponding to the staggered conformations of the
C-5/C-6 bond of cornpound 15 are shown. According to the estimated energies, the favored

conformationwas g~ at E=0.96 Kcal. The least favored rotamer was the t conformation
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Figure 33. The energy of interaction at C-6 as a function of @ for the methy! 6-S-methyl-
a-D-glucopyranoside (15) estimated by HSEA calculations.
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Figure 34. The energy of interaction at C-6 as a funtion of @ for the methyl 6-R-methyl-
a-D-glucopyranoside (21) estimated 5y HSEA calculations.
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with an energy of 2.68 Kcal, The g* conformation had an energy of 1.80 Kcal. This trend
is in agreement with that obtained from the simple estimations (Section 1.3) above but

the energies were higher.

In Figure 34. the favored conformation for compound 21 is shown to be the t rotamer
with the estimated energy of 1.12 Kcal. The g* rotamer has an erergy of 1.94 Kcal and
the g— rotamer has an energy of 2.2 Kcal. The corrected energies gave the t rotamer an
energy ot 1.12 Kcal, g+ rotamer an ener.. «f 1.14 Kcaland g™ rotamer an energy of 1.4
Kcai. These results were notin agreement with that obtained by simple estimations (Table

8).

I:: summar -r-= rted HSEA energy for the rotamer g+ (1.14 Kcal) was in good
agreement wii.. - gl obtained by simple estimation (1.0 Kcal), however the HSEA
energics tor the rotamer g~ and t were nct in agreement with that obtained by simple

estimations based in emperical non-bonded interaction free energies.

The discrepancies between the simple estimations and the HSEA calculations are
probably due to the oxygen parameters used in the HSEA program.36 The hydroxyl groups
of the free glucoside would be expected to be hydrogen bonded to the water molecule in
aqueous solution, therefore would be more bulky. The effective radii of the hydroxyl
groups would in effect be larger than the anticipated radii of the hydroxyl groups trom
van der Waals radii, hence would lead to greater steric interactions in aqueous solution
compared to non H-bonded solvent. The 1.dii parameter for the hydrcxyl groups that
HSEA program employed was derived trom van der Waals radii therefore the estimated
energies did not reflect the aqueous solution condition. Hence further examinations of
tie hydroxyl parameters employed by HSEA are necessary so that the results could be

properly interpreted.



1.5. Conclusions

The conformational analysis based on rough calculations of the energies of interactions
predicts that the conformer g¥ will be favored for the methyl «-D-glucopyranoside (1)
and the methyl 6-R-methyl-a-D-glucopyranoside (21) whereas the contformer g~ will be
favored for the methyl 6-S-methyl-a-D-glucopyranoside (15). The g~ rotamer population
of 15 was estimated to be about 86% and the g* retamer population of 21 was about 75%
in aqueous solution. HSEA calculations predicted similar result for compound 15 but not
for 21. The experimental results based on cr-ucal shifts, coupling constants and n.O.e
support the conclusion derived from the ro: i.:ons of energies of interactions.
The preferred rotamers g~ and g of 15ar . . - - ../ely are also retained at higher

temperatures up to 60°C increment.
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2. Conformational analysis of the diastereocisomeric methyi 6-C-methylc~isomaltosides
(40 and 43)

21. Chemical shifis and coupling constants.

The "H-NMR chemical shifts and coupling constants of the methyl a- and methyl
B-isomaltosides were reported to be similar to the spectra of isomaltose.”® The confor-
mational analysis of the preferred rotamer at C-6 of the non-reducing unit is difficult
because of overcrowding of signals. Therefore, the hydroxymethyl group at C-6 was
assumed to have both g+ and g~ rotamers but the population of each rotamer cannot be
determined. It was assumed that the C-6 hydroxymethyl group has a similar population
of conformers as in the methyl a-D-glucopyranoside (1) (see conformational analysis of

the monosaccharides, Part I11, Section 1) which consists of 67% for g+ and 30% for g~ .

The chemical shifts and coupling censtants of the H-5 and H-6’s for the non-reducing
unit of the methyl a-isomaltosides and the diastereoisomeric methyl 6-C -methyl-a-isomal-

tosides are summarized in Table 9.

Tabie 9. Chemical shifts (ppm) and coupling constants (Hz) for H-5, H-6R and H-6S
of the reducing glucopyranose unit of the methyl a-isomaltoside and the die' tereoisomeric
methyl 6-C-methyl-a-isomaltosides (40 and 43).

Compounds H-S(ppm) | H-6R(ppm)| H-6S(ppm)| Js.or(Hz) | Js6s(Hz)
Methyl B-isomaltoside 3.65 3.99 3.77 4.3 1.8
Methyl 6-5-6-"H1-Z-iscmalioside 3.66 3.99 — 4.3 1.8
Methyl a-isomaltoside (37) — 4.01 3.73 4.3 1.8
Methyl 6-S-methyl-a-isomaltoside (40) 3.60 4.28 — — —
Methyl 6-R-methyl-a-iscmaltoside (43)|  3.83 — 4.17 2.5 —

The chemical shifts and coupling constants of H-5, H-6R and H-6S, reported by Bock




and Pc:dersen,26 for the unlabelled compound methyl g-isomaltoside and that of the
labelled compound methyl 6-(S)-6~2H1-ﬁ-isor»’1altoside were in agreement with Ohrui’s

2 . . . 3
data”’ but were not in agreement with earlier reported values by Rao er al.>* and DeBruyn

et a1.3"

The H-6R and H-6S protons of the methyl 6-S-methyl-a-isomaltoside (40) and methyl
6-R-methyl-a-isomaltoside (42 -»ere shifted down field compared to the H-6R and H-6S
protons of the methyl a-isorsaltoside (A6=0.27 and 0.44 ppm respectively) and methyl
B-isomaltoside (46=0.29 and 0.40 ppm, respectively). This trend was also observed for the
monosaccharides; namely, methyl 6-S-methyl-a-D-glucopyranoside (15) and methyl 6-R-
methyl-a-D-glucopyranoside (21) in which the H-6R and H-6S protons were shitted
A6=0.28 and 0.21 ppm respectively downfie'd. Simuar conclusions can then be made that
the H-6R and H-65 of the diastereoisomeric methyl 6-C-methyl-a-isomaltosides (40 and

43) were in similar environment and may be deshielded by the hydroxyl at C-4 if they are

syn-axially orieaitec.

Bock and Pedersen,”® using graphical analysis,28 conciuded trom the coupling con-
stants J5 6 that isomaltose existed in the g~ conformer to the extend of 65% along with
35% of the g+ conformer. The conclusion was in agreement with that of Ohrui et al.”>’
where g~ conformer population was calculated to be about 70% and the gt conformer
population was about 29%. Therefore the g~ conformer was concluded to be tavored for

the methyl a-isomaltoside as was predicted by HSEA calculations.

Both the coupling constants J56 of 46 and 43 are observec -1 be small (<0.5 and 2.5

2
Hz respectively). The calculated coupling constants using Altona’s parametersm’("‘ gave
Js6=1.4 Hz for 40 and J56=3.8 Hz. The J5 values indicate that H-5 and H-6 are gauche

to each other.
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The deshielding of H-6R and H-6S and the coupling constants of 40 and 43 confirm
the g~ and g rotamers to be favored in the reducing glucopyranose unit of the

corresponding disaccharides.

2.2. Nuclear Overhuiser enhancemerits

The conformations of the diastereoisomeric methyl 6-C-methyl-a-isomaltosides (40
and 43) were examined using n.O.e. experiments. The signal chosen for saturation in both
compounds were C-6—CH3, H-6 and H-1 because these signals were not in the vicinity
of other signals and therefore saturation would not cause partial collapse of adjacent

signals. The n.O.e results are shown in Table 10.

Table 10. N.O.e. results for the methyl 6-S-methyl-a-isomaltoside (40) and methyl
6-R-methyl-a-isomaltoside (43).

Compounds |Signal saturated Signal Enhanced (%)

H-1 | H-2 | H4 | H-5 | H-6 | C-6- CH3 |OCH3
40 C6-CHs | 35 | — | — | 26 | 3.2 — 1.4 |

H-6 66 | — 9.7 — 6.2 —

H-1 — |95 — | — | 24 4.8 —

43 C-6~ CH3 — | — | 32|08 37 — —

H-6 108 | — | 35| 38 | — 7.4 —

H-1 — 152 — | 76 | 99 — —

The n.O.e. values (%) of the disaccharide derivatives (40 and 43) are generally lower
than that of the monosu:charide derivatives (15 and 21). This is because the disaccharide

derivatives have more protons closer in space to the saturated signals, therefore the
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relaxation of the saturated signal should be taster, resulting in lower n.O.e values.

Saturation of the C-6—CHz3 in the methyl 6-S-methyl-a-isomaltoside (40) caused
enhancements of 3.5%, 2.6%, 3.2% and 1.4% ot H-1 ', H-5. H-6 and OCHa3. Saturation of
H-6 caused enhancements of 6.6%. 6.2% of H-1 and C-6—CH3 and 9.6% combined
enhancements of H-4 and H-5. Besides the reduction in n.O.e. values and the n.O.e.
enhancement of I—I-ll, this pattern of n.O.e. was similar to the n.O.e. pattern of methyl

6-S-methyl-a-D-glucopyranoside (15).

Saturation of the C-6—CH3 in the methyl 6-R-methyl-a-isomaltoside (43) caused
enhancements of 3.2%, 0.8% and 3.7% of H-4, H-5 and H-6. Saturation ot H-6 caused
enhancements of 3.5%, 3.8%, 7.4% and 10.8% of H-4, H-S, C-6—CH3 and H-1. This
n.O.e. pattern observed upon saturation of C-6—CH3 and H-6 is similar to that observed

for the methyl 6-R-methyl-a-D-glucopyranoside (21).

The similarity in the n.O.e. patterns of the diastereoisomeric disaccharides (40 and
43) to that of the diastereoisomeric monosaccharides (15 and 21) suggested that the
conformations at the C-6 center of the reducing glucopyranosyl unit of the disaccharide

derivatives (40 and 43) are similar to the conformations at the C-6 center of the

monosaccharide derivatives (18 and 21).

It is of increst to discuss the n.O.e. enhancement of H-1 of the non-reducing
glucopyranosyl unit in both compounds 40 and 43. In 40, saturation of C-6—CH3 signal
caused enhancement of 3.5% and 1.4% of H-1 and OCHa. Saturation of H-1 signal
caused enhancements of 9.5%, 2.4% and 4.8% of H-2’, H-6 and C-6—CH3. Saturation
of H-6 signal caused 6.6% enhancement of H-1. The H-1, besides being near in space
to H-2', is also close in space with H-6 and C-6—CHa3. Based on the minimum energy

conformation calculated by HSEA (Figure »0j, the H-1 must be located in between the
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H-6 and C-6—CH3 group ud if the conformation at the C-6 center of the reducing unit
of the disaccharide 40 is the same as in the monosaccharide 15 then H-5 would be too far

- away and it is expected that no n.O.e. would be observed for H-5 when H-1 is saturated.

Figure 35. Minimum energy conformation of methyl 6-S-methyl-a-isomaltoside (40)
calculated by HSEA.

This is found to be correct experimentally (Table 10).

In 43, saturation of H-6 caused enhancemei of 10.8% of H-1. Saturation of H-1'
caused enhancements of 15.2%, 7.6% and 9.9% of H-Z’.', H-5 and H-6. Therefore the {-1
is near in space with H-2', H-S and H-6. Also, based 5 minimum energy conformation
calculated by HSEA (Figure 36), in order to cause n.O.e enhancement for H-5 and H-6
when H-1 is saturated, H-1" must be located between these two protons. And if the
conformation at the C-6 center of the disaccharide derivative 43 is the same as in the
monosaccharide derivative 21 then the C-6—CH3 group would be located trans to H-5

hence trans to H-1. Therefore no n.O.e is expected for C-6—CH3 when H-1' is saturated.



79

Figure 36. Minimum energy conformation of methyl 6-R-methyl-a-iscmaltoside (43)
calculated by HSEA.

This is confirmed experimentally (Table 10).

Therefore the n.O.e. patterns, the chemical shifts and the coupling constants require
the conformations at the C-6 of the diastereoisomeric methyl 6-C-methyl-a-isomaltosides
tobeg™ for40and g™ for 43. In other words the conformation at C-6 of the diastereomeric

monosaccharides are retained in the reducing glucipy ranosyl units of the diastereomeric

disaccharides.

2.3. HSEA caladations

For HSEA calculations, the coordii: - » of methyl a-isomaltoside (37) and the

diastereoisomeric methyl 6-C-methyl-a-isomaltosides were built from the neutron diffrac-
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tion data of methyl a-D-glucopyranosidc‘:.76 The raethyl groups were generated at C-6 and
O-1 using the TRANSF.OBJ program. The «' angle of the nen-reducing unit was set at
180° or 300° as required and the  angle of tt  reducing unit was rotated in 3° or 10” step
using the GENT.OBJ program. HSEA calculations were performed for the methyl
a-isomaltoside, the methyl 6-S-methyl-a-isomaltoside (40) and the methyl 6-R-methyl-.-
isomaltoside (43) with the torsion angles «' and o set at the predetermined values
mentioned above and the torsion angles ¢ and W were varied until the minimum energies

were obtained. The results are shown in Table 11.

Table 11. HSEA calculations results of the methyl a-isomaltoside (37) and the
diastereomeric 6-C-methyl a-isomaltosides (40 aud 43).

Compornds Torsional Angles, °© Internuclear Distances, A
' o W » | E(Kcal/mol)| O-4-0-4 0-4- 0-6

37 180 | -50 | 195 | 180 -2.29 5.08 5.30

300 | -45 1 240 | 60 -1.90 4.51 4.90

300 1 =501 190 | 180 ~2.45 5.16 3.53

300 | =50 | 200 | 300 ~1.74 8.25 6.41

40 180 | —=50 | 195 | 180 - 1.46 5.10 5.30

300 | =50 | 180 | 300 -0.28 5.35 4.02

43 180 | =50 | 90 300 ~1.26 8.17 7.10

300 | =S50 90 300 -1.81 8.17 5.68

Recalculation of the methyl «-maltoside in conformation obtained prcviouslyx where
&/W=—25%-15° with «'=180° and »=300" gave an energy minimum of 1.35 Kcal.
Because of the polar hydroxyl groups OH-3, OH-4 and OH-6 were involved in the
hydrolyses catalyzed by the enzyme Amyloglucosidase Type II, the distances between

these groups were also calculated for methyl «-maltoside and will be discussed in Section
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V.

HSEA calculations predicts that methyl a-isomaltoside (37) prefers the conformation
with the torsion angles w'/d/W/w=300°/- 50°/190°/180°%; methyl 6-S-methyl-a-isomaltoside
(40) prefers the conformation with the torsion angles o'/b/W/w= 180~ 50°/195°/180° and
methyl 6-R-methyl-a-isomaltoside (43) prefers the ccs#csymation with the torsion angies
o' [0/ W/u=180/- 50°/90°/300°. The minimura energy conformations of 40 and 43 were

plotted and reproduced in Figure 35 and 36 (p. 78 and 79, respectively).

The torsion angles »=180° and 300° tor 40 and 43 correspond to the g~ and g*
conformers respectively tor the C-5/C-6 bond in the reducing unit. The HSEA calculations
theretore predicts that the conformation at the C-6 of the reducing unit will be retained

tor the methyl 6-S-methyl-a-isomaltoside (40) and methyl 6-R-methyi-a-isomaltoside (43).

2.4. Conclresions

From contormational analysis of the monosaccharide derivatives, it was concluded
that at the C-6 center, methyl 6-S-methyl-a-D-glucopyranoside (15) preferred the g~
rotamer and methyl 6-R-methyl-a-D-glucopyranoside (21) preferred the g* rotamer. The
conformations are also favored even at higher temperatures. It was expected that these
conformations woula also be favored in the disaccharide derivatives. The conformations
at the C-6 center of the diastercoisomeric methyl 6-S-methyl-a-isomaltoside (40) and
methyl 6-R-methyl-«-isomaltoside (43) were determined (o be mainly g~ and g+ respec-

tively.



IV. ENZYME STUDIES

1. The Enzymes

Two enzymes Isomaltase and Amyloglucosidase Type II were used in kinetic studies
of the hydrolysis of the methyl a-isomalitoside (37) and its C-6 methyl derivatives: namely
methyl 6-S-methyl-a-isomaltoside (40) and methy! 6-R-methy i-a-isomaltoside derivatives

(43).

v OH
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The enzyme Isomaltase (EC 3.2.1.10)78'83 is found in the bean, pota\to,31 autolyzed
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brewer’s yeast™ and muscle.?® This enzyme is used especially to cleave the a-D-(1-+6)

linkage and therefore plays an important role in the depolymeriza.ion of amylopectins

and glycogens. Because of this specificity, the enzyme [somaltase was selected to be used

in the hydrolysis studies.

The enzyme Amyloglucosidase (EC 3.2.1.3),84'87 which is produced by the microor-
ganism Aspergillus niger, consists of two forms: Amyloglucosidase Type I (AMG 1) and
Amyloglucosidase Type I1 (AMG II).S&89 Both enzymes are reported to be glycoproteins
containing D-mannose, D-glucose and D-galactose.90 Although the enzymes have been
characterized and (he amino acid sequence has been detcrmined,26'87’9()'100 the enzymes

have not crystallized.
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The AMG enzymes are used in the processing of starch because of their abilities to
catalyze hydrolytic cleavage of both the «-D-(1-4) linkage between glucopyranose units
- such as is present in maltose and a-D-(1 ~ 6) linkage between giucopyranose units such
as is present in isomaltose. Both enzymes are stable up to 60°C with little loss of activity
tor about 30 min., but are rapidly inactivated at higher temperature. The enzymes exhibit
nearly identical pH profiles with starch as the substrate with the pH optimum at ~4.5.
Both enzyi. 5 hydrolyze the a-D-(1-4) linkage approximately 40 times faster than the

a-D-(1~6) linkage. >

Our attention was turned to the enzyme AMG Il primarily because Bock and

2 -
coworkers“6'97 100

had made a systematic study of the effects of substitutional changes on
maltose on the kinetics of the hydrolysis in which the reactions were followed using
'H-NMR te:chniques.100 They found that the AMG II active site requires accommodation
of both the D-glucopyranose units of maltose since the enzyme hydrolyzes methyl

#-maltoside but not methyl B-D-glucopyranoside.

In the hydrolysis of the various derivatives catalyzed by AMG I, it was shown®® that
the enzyme can accept a wide range of modifications as well as larger substrates. The
compeltitive experiments showed that inhibitions ir: the reaction of the methyl g-maltoside
were observed with the 6-chloro- or 6-fluoro- derivatives. It was concluded that the
6-chloro- or 6-fluoro- derivatives were bound very tightly tc the active site in order to
inhibit the reactions.” Based on quaiitative data for hydrolysis,97 catalyzed by AMG 11,
of the mono- and several dideoxy derivatives of methyl g-maltoside, Bock et al%”%°
concluded that three hydroxyl groups, OH-3 in the reducing glucopyranose unit, OH-4
aiid OH-6 in the non-reducing glucopyranose unit, are essential for AMG Il catalyzed
hydrolysis. These findings are depicted in Figure 37(a). Evidence for this conclusion was
turther supported when the pentadecxy derivative (Figure 37(b)), in which only the key

polar groups were present (OH-3, OH-4 and OH-()'), was found to be a substrate for the



S-4

enzyme AMG II. The HSEA calculated minimum energy conformation of methy!

101,103

a-maltoside, which is supported by '"H-NMR and *C-NMR data, presents

hydrophobic area defined by H-2, H-4 ., H-1 and O-5 of the non-reducing urit and H-4
as well as the hydroxymethyl group of the reducing unit which is expected to possess
substantial conformational rigidity. Both the three key hydroxyl groups and the
hydrophobic area were regarded as essential for AMG I hydrolysis by Bock er al.” and

are in support of the hydrated polar-group gate theory proposed by Lemicux.!04

o
(o]
® % /g—k
(o]
HO

Figure 37. (a) Substrate specificity for Amyloglucosidase II (AMG Il)gg for different
deoxy derivatives of maltose. + indicates substrate activity. ~ indicates no substrate
activity and + + indicates compounds which are hydrolyzed faster than methyl g-maltoside.
(b) Pentadeoxy derivative of maltose which preserves the key polar hydroxyl groups tor
hydrolysis catalyzed by AMG II.
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2. Enzyme Kinetic Studies
2.1. Preliminary Stuclies

A collaboration was established with Dr. Monica Palcic of the Department of Food
Science, University of Alberta for a kinetic study of the hydrolysis of 37, 40 and 43. Initially.
it was thought that the most suitable method was to follow the reaction progress by using

uv-vis spectroscopy.

The uv-vis spectroscopy technique involved the coupling method with the product(s)
of the reaction. In the hydrolysis of methyl «-isomaltoside and the methyl 6-C-methyl-a-
isomaltoside derivatives catalyzed by AMG I1. the possible products of the hydrolysis
reactions are D-glucopyranose and the 6-C-methyl-a-D-glucopyranose derivatives. The
method employed for the detection of tree glucopyranose (44)}05 released in the epzyme

hydrolysis of the dissaccharides is shown in Scheme 21.

. 6-Phosphate oP04
"o
O OH q
D“Q'“COS" (44) ATP NADP  NADPH

Scheme 21. Outline of the colorimetric coupled enzyme method for the determina-
tion of D-glucose.

The coupled-enzyme detects free glucopyranose by first a phosphorylation of the
6-hydroxyl by ATP in the presence of Hexokinase to produce D-glucopyranose-6-phos-
phate (45). This phosphate is then converted to the lactone (46) by 6-Phosphate
Dehydrogenase in the presence of NADP (Scheme 21) which is detected due to the color

change at 2=340 nm as the result of the tormation of the NADPH.
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The monosaccharides D-glucopyranose (44), 6-S-methyl-D-glucopyranose (47) and
6-R-methyl-D-glucopyranose (48)106 were then tested with Hexokinase and 6-Phosphate

Dehydrogenase in the presence of ATP and NADP 'Y’ and the results are shown in Te:ble
12.

Table 12. Reaction of the monosaccharides derivatives with Hexokinase and 6-Phos-
phate Dehydrogenase in the presence of ATP and NADP.

Compounds ( Re=action Rel. Vel.
D-glucopyrancse (44) i i 2.0
6-S-methyl-D-glucopyranose (47 )106 - -

6-R-methyl-D-glucopyranose (48) 106 + 1.0

In contrast with D-glucopyranose (44) and 6-R-methyl-D-glucopyrancse (48), the
6-S-methyl-D-glucopyranose (47) did not react. As discussed above in connection with
Scheme 22, 6-Phosphate Dehydrogenase does not dehydrogenate D-glucopsrano -
Instead the glucose must first be phosphorylated at the 6-OH pozizion to produce 4S.
Therefore it is possible the 6-S-methyl-D-glucopyranose resists phosphicrviation at the
6-OH position. Conformaticnal analyses presented in the previous section showed that
both a-D-glucopyranose and 6-R-methyl-D-glucopyranose (44 and 48, respectively) prefer
the g* conformation for the orientation of the 6-OH whereas the g is preferred for the

6-S-methyl-D-glucopyranose (47) (see Figure 38).

Since it can be expected that the enzyme will phosphorylate the 6-hydroxy! of the
glucopyranose in a specific conformation the reason for the high resistance to phos-
phorylation exhibit by the S-compound (47) can be attributed to the low abundance of
the g* conformer. However, it is possible that the 6-C-methyl group also contributes to

the inactivity by hindering the formation of the enzyme-substrate complex.
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Figure 38. The preferred conformations of D-glucopyranose (44), 6-S-methyl-D-
glucopyranose (47) aad 6-R-methyl-D-glucopyranose (48)

In the hydrolyses re-ctions of the disaccharide derivatives, the various monosac-
charides were used for standardization b«iore the disaccharides were tested. Isomaltase
and Amyloglucosidase Type II were user! and the results of the preliminary studies are

summarized in Table 13. 14 (the data are summurized in the Appendix).

The results presented in Table 13 and 14 were obtained with only one assay at fixed
concentration (100 mM) per substrate. The rates (AOD min'l) were only rough ap-
proximations because the objective was to see if a trend existed in the hydrolysis catalyzed

by the enzyme that warranted further investigation.

Table 13. Hydrolysis catalyzed by Isomaltase ai 37°C and pH=68.*

Compounds Isomaltase Rel. Rate
hydrolysis (AOD min™')
Phenyl a-D-glucopyranoside. + 39
Methyl a-D-glucopyranoside 1) -+ 2
Methyl 6-S-methyl-a-D-glucopyranoside (15) - -
Methyi 6-R-methyi-a-D-glucopyranoside (21) v. slight -
Methyl a-isomaltoside (37) + 1
Methyl 6-S-methyl-a-isomaltoside (40) v. slight -
Methyl 6-R-methyl-a-isomaltoside (43) - -

*(+) sign indicates that a reaction took place. a (—) sign indicates no reaction. Rel. Rate
was measured in unit OD min'!. Rel. Rate is the rate relative to compound 37.
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Table 14. Hydrolysis catalyzed by AMG Ii at 37°C and pH=4.3.*

Compounds AMG Hydrolysis Rel. Rate

Methyl a-D-glucopyranoside (1) - -
Methyl 6-S-methyl-e-D-gincopyranoside (15) v. slight 1.4
Methyl 6-R-methyl-a-D-glucopyranoside (21) v. slight 1
Isomaltose + 67.5
Methyl a-isomaltoside (37) + 81.3
Methyi 6-S-methyl-a-isomaltoside (40) + 313
Methyl 6-R-methyl-a-isomaltoside (43) + 1125

"(+) sign indicates a reaction took place and a (-) sign indicates no reaction. Rel.
Rate was measured in unit O min’!

As seen in Table 13, phenyl «-D-glucopyranoside, a known substrate for Isomaltase,
is hydrolyzed 39 times faster than methyl a-isomaltoside (37) and about 20 times faster
than methyl a-D-glucopvranoside (1). Tne monnsaccharides 15 and 21 and the disac-
charides 40 and 43 were shown not to be substrates for [somaltase since there were no

detectable or very slight rates in the hydrolysis.

In the case of hydrolysis catalyzed by AMG II (Table 14), methyl 6-S-methyl-a-D-
glucopyranoside (15) was hydrolyzed 1.4 times faster than the methyl 6-R-methyl-a-D-
glucopyranoside (21) and methyl -D-glucopyranoside was not a substrate. It is seen that
the disaccharides 40 and 43 proved to be substrates for this enzyme. The fact that the

R-disaccharide 43 was superior to 37 as a substrate whereas 40 was less effective set the

basis for this investigation.
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2.2. The kiretic sudies of the hydrobysis of methyl a-isomalioside and 6-C- -metlyl- derivatives catalyzed
by AMG lII.

It was desirable to examine the hydrolysis of the methyl e-isomaltoside (37) and the
methyl 6-C-methyl-a-isomaltoside (40 and 43) catalyzed by AMG II by the uv-vis spectros-
~opy. Unfortunately, the optimum pH required for the hydrolysis catalyzed by AMG Il is
4.3 vwhich is too acidic for the Hexokinase/6-Phosphate Dehydrogenase coupling assay
(optimum pH=6.8). Furthermore, substrates which were synthesized in limited quantity
may be required for further investigations. Since it was shown by Bock et ql,26:97-101.106
that the progress of the hydrolysis of methyl 8-maltoside and derivatives catalyzed by
AMG II could be follswed by 'H-NMR spectroscopy, it was decided that further enzyme
kinetic investigations would involved the use of 'H-NMR spectroscopy. The method
allows the observation uf the disappearance of the disaccharide and the formation of the
two monosaccharides simultaneously as a function of time. In the hydrolysis of methyl
a-isomaltoside (37), it was possible to observe the decreasing signals of H-1 at 8=4.95
ppm and H-1 at =4.85 ppm of the disaccharide and the increasing signals of H-1 of the
products; namely, 8-D-glucopyranose at =4.70 ppm ana methyi «-D-glucopyranoside at
4=4.83 ppm simultaneously. For the methy! 6-S-methyl-a-isomaltoside (40), the disap-
pearance of the broad quartet H-6 at 5=4.28 ppm of 46 and the appearance of the doublet
of quartets H-6 of the methyl 6-5-methyl-a-D-glucopyranoside (15) at =4.05 ppm were
also followed. For the methyl 6-R-methyl-a-isomaltoside (43), the disappearance of the
doublet methyl signal at C-6 of compound 43 (8=1.29 ppm) and the appearance of the
doublet methyl signal of H-6 of methyl 6-R-methyl-a-D-glucopyranoside (21) at 6=1.10

ppm was also followed.

Representative spectra of the progress of the hydrolysis of the disaccharides; namely,
methyl a-isomaltoside (37), methyl 6-S-methyl-z-isomaltoside (40) and methyl 6-R-methyl-

a-isomaltoside (43) are reproduced in Figure 39, 40, and 41. Integrations of signals allowed
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H-1of HOD
mcthyl a-D-glucopyranoside
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H-1 B-D-glucopyranose
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Figure 39. Reaction progress of the hydrolysis of methyi a-isomaltoside (37) catalyzed
by AMG II with time.
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Figure 40. Reaction progress of the hydrolysis of methyl 6-S-methyl-a-isomaltoside
(40) catalyzed by AMG II with time.

91



C-6- CH3 (43) C-6—CHz (21)
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Figure 41. Reaction progress of the hydrolysis of methyl 6-R-methyl-a-isomaltoside
(43) catalyzed by AMG II with time.



93

008 TCO | 110 | 88900 81 8900 | 2581 (€b) ap1soyewost-o-fA1aw-y-9 [Ayiapy
009 o | ¢ro €80'0 €9 1800 97'6 (£b) spisoyewost-o-|Aypaw-y-9 Apap
— |, 01%TT| 9070 $0°0) LvT Y00 7681 (L€) pisojewost-o (kg1
8'€T 6T | 6900 | €000 191 £€0°0 926 (L§) spisofewost-» Ayl
— - — — GLS Lo | sl (0b) apisoiewost-o-[Ay1aw-g-9 Ao
8T Ny 1870 0v0°0 00s 20 976 (0F) aptsorRwost-o-[Apaw-§-9 1A
— — z1 LTL0 bl LALO | TSRl apisolew-g (Agrap

— — 60 €19 I'g €19°0 97’6 apisoiew-¢ jAqIap

—_ — 07 9 ¢ 9 97'6 apisosjew-» [AaN
A_.w ..5: CZ:& A_.mv ?_E:ZEV A:_Ev AEE\S_EV | :ZEV T
_ E:\_.cx wy | oy xuw y my, 0A U0 JsNsqng

‘11 DY Aq pazApeen SISAjOIpAY A} UL SANRALIDD apLIRYadesIp Ay 10] siatawesed Uy sy 3Aqey,




94

oM
oH
OH o
HO io Keat "o < + WO
[«] —_— o HO
— HO
N HO

K'cat

KeatK'eat = 2.6/0.066 = 39

<2  Conformationally labile

Methyl a-isomaltoside

Figure 42. Methyl a-maltoside and methyl a-isomaltoside hydrolysis catalyzed by AMG II.

the construction of the progress curves (conc. vs. time). The data were analyzed using the
REGGRAFA program101 developed by Professor Bock and coworker on the personal
computer. The results were reproduced in the experimental section. The parameters

estimated from the progress curves are reproduced in Table 15.

The enzyme AMG Il catalyzed hydrolysis of the disaccharide i~ - ~:'ves re irre-
versible™ and, as mentioned above, gave two monosaccharides as products ir. - iiich one
was the methyl a-D-glucopyranoside or the C-6 methyl substituted derivatives and the
oi..r was the B-D-glucopyranose (Figure 42). The g-D-glucopyranose would then

anomerized to the a-D-glucopyranose which could be observed by 1H-NMR spectroscopy.

The general expression for a reaction catalyzed by an enzyme is:

E+S [ES] Keat . g 4+ p
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Table 16. Kinctic data of the hydrolysis catalyzed by AMG 11 of methyl a-isomaltoside
(37) and the methy! 6-C-methyl isomaltoside derivatives (40 and 43).

OH
HO o]
HO A
o
HO L
AN OH
R HO MeO' HO
Substituents at C-6 Population of Kinetic Data Relative | t12, min.
the
R | R Contfiguration | Key Conformer Keat,sec”! Km, mM| KaAssoc. | 9.26 mM
H | H —_ medium 0.069 2.9 12 » : 160
Me | H R high 0.12 0.22 155 60
—— ..
H | Me S low 0.84 35 1 | 500

The rate constant kea is the sum of all the rate constants of all subsequent steps after

the formation of the enzyme-substrate compiex ([ES]).

In the hydrolysis catalyzed by AMG II for methyl a-maltoside and methyl a-isomal-
toside (Figure 42), the overall rates of hydrolysis were assumed to be kcar for methyl
a-maltoside and k'ca[ for methyl a-isomaltoside. The overall rate ratio kcat/k cat is about
39 and, therefore AMG II catalyzes the hydrolysis of methyl a-maltoside 39 times faster
than methyl a-isomaltoside. This overall rate ratio is similar to the ratio for maltose and
isomaltose. Because methyl a-isomaltoside is a poor substrate in comparision to methyl
a-maltoside, it was assumed that the dissociation constant Ks for the [ES] complex is the
same as the Michaelis-Menten constant Kpm. This assumption may not be valid for all

cases involvec but can be made for poor substrates. !0
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Examination of Table 15 shows that the hydrolysis catalyzed by AMG II are in the
decreasing order: methyl a-maltoside > methyl 6-R-methyl-a-isomaltoside (40) > methyl
a-isomaltoside (37) > methyl 6-S-methyl-a-isomaltoside (43) and in agreement with the
data reported in Table 14. The slightly faster rate of hydrolysis shown for methyl
=-maltoside as compared to its B-anomer may not be real since reactions were too fast to
be followed with precision. The kinetic data for the hydrolysis of methyl a-isomaitoside
(37) and its epimeric 6-C-methyl derivatives (46 and 43) are presented in Table 16 along

with comments regarding the key conformer to be discussed below.

The kcar of methyl a-isomaltoside (37) is of the same order of tnagnitvde as the kcat
found for methyl 6-S-methyl-a-isomaltoside (40) and approximately half of that found for
methyl 6-R-methyl-e-isomaltoside (43). The variation in kecat is minor (2 fold) compared
1o the differences in Ky, the major factor in determining the relative rates of reaction.
The Km values can be assumed to be a useful measure of the association constants KAssoc..
The KAssoc. of methyl a-isomaltoside is about 12 times the Kassoc, of methyl 6-S-methyl-
a-isomaltoside (40). On this basis, methyl 6-R-methyl-a-isomaltoside (43) is bound 13 times
more strongly by the enzyme than is methyl a-isomaltoside and about 155 times more than

is methyl 6-S-methyl-a-isomaltoside. It is seen that the stronger the binding the faster the

hydrolysis (lower Ti2).

2.3 The Key Hydroxyl Groups.

As discussed above with reference to Figure 37(a)), Bock et al.’26,97-101 showed that
OH-6', OH-4' of the non-reducing unit and OH-3 of the reducing unit are necessary for
the hydrolysis of methyl g-maltoside by the enzyme AMG II. This phenomenon was
reminiscent of the findings by Lemieux and coworkers in their studies of the binding of

oligosaccharides by lectins and antibodies'"” where they observed in each case that the
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binding was dependent on the presence of a cluster of two or three hydroxyl groups termed
the key polar grouping. It was shown by Lemieux er al 8 that the a-(1 - 4) linkage in maltose
are conformationally well defined by the torsion angles ol CrdpgC-IHA 25%-15°,
Therefore the key polar groups OH-4 and OH-3 should be energetically well presented
at a fixed separation in aqueous solution. As discussed above, the other key polar group
OH-6  is conformationally labile because of freedom of rotation about the C-5 to C-6
bond. Thus, the C-5/C-6' fragment can readily adopt either the g~ orthe g* conformation
(Figure 43) and it is not clear at present which conformer is required by the enzyme AMG

II. For the present discussion, the g conformation at C-6 is arbitrarily assumed.

The enzyme AMG 1l is expected to enter into a polar interaction with the key polar
groups (Figure 37(a)) of methyl a-maltoside. In view of the conformational rigidity
possessed by methyl a-maltoside,8 the disposition of these hydroxyl groups can be expected
to be near that presented by methyl e-maltoside in the minimum energy conformer which
as seen in Fig. 44 is expected to be near 7.1 A and 7.3 A for the distance between O-4 — O-3
and O -6 O-3, respectively. On the basis of the key polar group theory, it is expected that
the hydrolysis of the methyl a-isomaltoside (37) and its derivatives (40 and 43) will have

key polar groups in similar disposition in space.

Figure 43. The OH-4, OH-4 and OH.-6 (circled) groups of methyl a-isomaltoside which
are expected to form the key polar grouping.
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In the methyl a-isomaltoside and its derivatives series, the two key polar hydroxyl
groups of the non-reducing unit will still be OH-6 and OH-4 but the key polar hydroxyl

group of the reducing unit could not be OH-3 because it would be one bond too far away.

The OH-4 would be most likely.

The key conformers with similar distances as the OH-3/OH-4 and OH-3/OH-6 of
methyl a-maltoside were then searched for methyl a-isomaltoside (37), methyl 6-R-methyl-
a-isomaltoside (43) and methyl 6-S-methyl-a-isomaltoside (40) using HSEA calculations.
The variations in the estimated distances of the key conformers in the methyl a-isomal-
toside and the 6-C-methyl derivatives compared to the key conformer of methyl a-mal-
toside are not more than 0.4 A. The results are summarized in Table 17 and the key

conforimers were computer drawn in Figures 44 and 45.

According to HSEA calculations (see Table 17), the minimum energy conformation
of methyl a-isomaltoside has the torsion angles '=180°, ®=-50°, w=190° and »=180".
The torsion angle w=180° at C-6 corresponds to the g~ conformatien and is in agreement
with the experimental data obtained by Bock er al.®® The key conformer with similar
internuclear distances O-4— O-4 =6.9 A and O-4- 0-6 =7.1 A (Tuble 17) has the torsion
angles »'=180°, ®=—50°, w=120° and w=50°. The key conformer of methyl a-isoial-
toside is 1.49 Kcal mol’! higher in energy than its minimum energy conformer and,
therefore, can be expected on this basis to be a poorer substrate than methyl a-maltoside
for which the key conformer is energetically very close to the preferred conformation.
The key conformer for methyl 6-R-methyl-a-isomaltoside (43) with the same torsion angles
(' /®/Wfe =180°%/— 50°/120°/50°) is only 0.31 Kcal mot™! higher than its TH-NMR con-
former. In contrast, the key conformer for methyl 6-S-methyl-a-isomaltoside (40) has the
torsion angles «’'=180°, &=~ 60°, #=160° and w=>50° with internuclear distances O-4—
0-4'=70 A, 0-4-0-6'=7.7 A and is 3.78 Kcal mol’! higher in energy than its TH.NMR

conformer (Figure 45).
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7.1A
R-isomer
6.9A
8. 2A -—f_p

NMR Conformer (M5 -6 = 2.5 Hz) Key Conformer
Yp/w -50°/90°/-60° -50°/120°/50°
E, kcal/mole -1.26 -0.85
WH-5H-6 170°

S-lsamer
5.1A

NMR Conformer (44518 < 0.5 Hz) Key Conformer
VN -50°/195°/180°, -60°/160°/50°
E. kcalmole -1.46 2.32
-5 H-§ 60° .70°

. Figurg 45. Conformational analysis of the diastereoisomeric methyl 6-C-methyl-a-
isomaltosides (43 and 40).
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It is possible now to rationalize partially why the enzyme AMG II catalyzed the
hydrolysis of methyl a-maltoside, methyl a-isomaltoside and 6-C-methyl derivatives (40
and 43). Since enzymes are expected to be substrate specific, a change in linkage such as
a-(1-+4) in methyl «-maltoside to a-(1—+6) in methyl a-isomaltoside will result in a change
in conformation of the disaccharide which then becomes a very ditferent substrate.
However, AMG Ii can still catalyze the hydrolysis of the a-(1-6) linkage of methyl
c-isomaltoside because the latter can adopt a conformation similar to that of methyl

a-maltoside where the key polar hydroxyl groups are in similar spatial arrangement.

The rate of hydrolysis by AMG I was about 40 times faster for methyl a-maltoside
compured to methyl a-isomaltoside. Although the methyl e-isomaltoside can adopt the
appropriate conformation for hydrolysis, this key conformer is only one of several possible
conformers of comparable energies because of the flexibility of the O-5/0O-6 fragment of
the reducing unit. In other words the population of the key conformer that can be
recognized by the enzyme AMG Il is low and the organization of the molecule for reaction
must present a barrier to reaction. Furthermore, because methyl a-isomaltoside is an
a-(1-6) linkage, the nonpolar surface of the disaccharide would be different compared
to the a-(1->4) linkage of methyl a-maltoside, the methyl a-isomaltoside may not fit the
binding site as well as in the case of methyl a-maltoside which would also result in the
reduction of rate. The etfect of the distance variations (0.4 A) in the key polar hydroxyl

groups on the rate of hydrolysis is not known at present but it is expected that changes in

distance would probably decrease the rate.

Based on the T1/2 at 10 mM conc :ntration (see Table 16), methyl 6-R-methyl-a-isomal-
toside (43) hydrolyzed about 2.6 times faster than methyl a-isomaltoside (37) which in
turn is hydrolyzed about 3.1 times faster than methyl 6-S-methyl-a-isomaltoside (40). If
for hydrolysis, the isomaltoside derivatives must imitate the conformation of methyl

a-maltoside in terms of the internuclear distances of the three key hydroxyl groups, then



103

methyl 6-R-methyl-a-isomaltoside (43) must have higher population of the proper key
conformer than methyl a-isomaltoside. On the other hand, methyl 6-S-methyl-a-isomal-
toside (40) must have lower population of the proper key conformer than has methyl
a-isomaltoside. The differences in energies (Kcal mol’l) as estimated by HSEA calcula-
tions (Table 17) for adopting the key conformations were .41 for methyl 6-R-methyl-a-
isomaltoside (43), 1.49 for methyl «-isomaltoside and 3.78 for methyl
6-S-methyl-a-isomaltoside. Using Boltzman’s equation for population distribution (Equa-
tion 4), it is possible to estimate that the population of the key conformer is 33% for
methyl 6-R-methyl-e-isomaltoside (43), 8% for methyl a-isomaltoside and 0.2% for methyl
6-S-methyl-a-isomaltoside. These population estimates reflect the trend for the hydrolysis

catalyzed by the enzyme AMG 11I.

N1_ - AERT

—= 4

N2~°¢ )
where N1= population of the 'H-NMR conformer

N2= population of the key conformer
R = gas constant

T= temperature °K
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V. SUMMARY

1. Methyl 6-R-C-methyl-a-D-glucopyranoside (21) was synthesized and found to prefer

4 + . . .
the "Ci- g~ conformation in aqueous solutions.

2. Hydrolysis of 21, provided 6-R-methyl-D-glucose (48, which was dehydrogenated

to aldonic lactone by the enzyme system of Hexokinase and 6-Phosphate Dehydrogenase.

3. Methyl 6-S-C-methyl-o-D-glucopyranoside (15) was synthesized and found to prefer

the *C- g conformation in aqueous solution.

4. Hydrolysis of 15. provided 6-S-methyl-D-glucose (47) which was not dehydrogenated

to aldonic lactone by the enzyme system of Hexoxinase and 6-Phosphate Dehydrogenase.

5. In the temperature range 295°C to 355°C, compounds 21 and 15 still retain their

preferred conformations; i.e. g* and g  respectively.

6. Methyl 6-R-methyl-a-isomaltoside (43) was synthesized and found to prefer gt

conformation at the C-6 center of the reducing glucose unit in aqueous solution.

7. Hydrolysis catalyzed by the enzyme Amyloglucosidase Type II of 43 was observed

to be about 3 times faster than methyl a-isomaltoside (37).

8. Methyl 6-S-methyl-a-isomaltoside (40) wa. ~yuthesized and found to prefer g~

conformation at the C-6 center of the reducing glucose unit in aqueous solutiorn.

9. Hydrolysis catalyzed by the enzyme Amyloglucosidase Type Il of 40 was observed

to be about 3 times slower than methyl a-isomaltoside (37).
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Vi. EXPERIMENTAL

1. General methods

Nuclear magnetic resonance spectra were obtained at 297°K in D20 or CDCI3 on
Bruker instruments operating at 300 or 400 MHz when provided by the Spectral Service
Laboratory under the supervision of Dr. T. Nakashima and by the writer when at 360
MHz.. Acetone v-as used as internal reterence (4=2.225 ppm) for D20 and tetramethyl-
silane (TMS) was used for CDCI3 in proton spectra. Dioxane was used as internal
reference for 13‘C—spectra. Assignments were carried out using either the double resonance
technique or the 2D-COSY technique. Intra-red spectra were obtained on the Nicolet
7199 FT-IR. Melting points were determined on the Fisher-Johns melting point apparatus
and are uncorrected. Optical rotations were measured with a Perkin-Elmer 241
polarimeter at 589 nm in a 1 dm cell at room temperature (23+ 1°C). Elemental analyses
were performed by the departmental Analytical Service Laboratory under the supervision
of Mr. R. Swindlehurst. Thin layer chromatography (t.l.c.) was run with precoated silica
gel 60-F254 plates (E. Merck. Darmstadt) and developed by quenching of flourescence

and/or charring with 5%-10% sulfuric-ethanol solution.

Dry dichloromethane and pyridine were obtained by distilling over calcium hydride
and were used immediately. Chromium trioxide was obtained from Aldrich and was dried
over P20s and under vacuum for at least 48 hrs. Other solvents and reagents used were
reagent grads and if better purity was needed, standard proceduresllo were followed.
Anhydrous solution transfers were done under nitrogen atmosphere using standard

syringe techniques. m
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N.O.e. experiments

Solutions in the NMR tubes were previously degassed by bubbling dry nitrogen
through for 3-5 minutes. The D20 used was purchased frem Aldrich (99.9% D, low in

paramagnetic impurities). The steady state nuclear Overhauser enhancements were

obtained after 512 scans normally.

HSEA calculations

The atomic coordinates were obtained from neutron diffraction studies of methyl
a-D-glucopyranoside crystal structure.’6 Modification of the methyl a-D-glucopyranoside
structure at C-6 were achieved with the program TRANSF.OBJ using the distance 1.54
for C-C bond. Rotation of the  torsion angle was done with the program GENT.OBJ.
Molecular minimum energy calculation was estimated using the HDSP3.0OBJ program.
Molecular conformation was plotted using the coordinates of the minimum energy
conformation generated by the HDSP3.OBJ program. The programs TRANSF.OBJ,

GENT.OBJ and HDSP3.0OBJ were available from the University of Alberta Computing
Library.
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2. Syntheses

Meilyl 2 3,4,-51-O-benzyi-o-D-gluco- I, 6-dialdo-hexopyranocside (7)

Dried chromium trioxide (25.9 g, 259 mmol) was added to a solution of pyridine (40.9
g, 517 mmol) in dichloromethane (400 mL). The mixture was mechanically stirred at room
temperature for 30 min.. A solution of methyl 2.3.4-tri-O-benzyl-a-D-glucopyranocside (4)
(10.0 g, 21.6 mmol) in dichloromethane (22 ml) was added rapidly to the oxidation
mixture and a black tar precipitated immediately. The resulting mixture was stirred at
room temperature for 10 min., decanted and the black tarry precipitate was washed with
ether several times. The combined ether solutions were filtered through a pad of silica
gel-G to give a colorless filtrate which was dried with anhydrous magnesium sulfate. Ether
was removed to give a slightly yellow oily residue which was coevaporated with toluene
(2 x 200 mL) to remove residual pyridine. The oily residue was dried under vacuum
overnight to give 7 {6.94 g, 709%). Proton NMR of this crude residue showed that it
contained ~90% of the desired compound 3. [«]p=8.2° (¢ 1.0, CHCI3) 1it.*7 13.6".

"H-NMR (CDCl3): 8 9.65 (s, 1H. H-6), 7.40—7.10 {m. 15H, Ar-H), 5.05—4.50 (m, 7H,
3 x Ph-CHz and H-1), 4.17 (d, 1H, H-5, J45=10.0 Hz), 4.08 (dd, 1H, H-3, J34=9.0 Hz,
J23=9.5 Hz), 3.57 (dd. 1H, H-4, J3,4=9.0 Hz, J4,5=10.0 Hz), 3.50 (dd, 1H, H-2, J12=3.5
Hz, J23=9.5 Hz), 3.38 (s. 3H, OCH3); >C-NMR (CDCl3): 4 197.45 (CHO); 138.43—
125.31 (Ar. Carbons); 98.41 (C-1; 87.76, 79.30, 77.82 (3 x Ph-CHa); 75.32, 75.11, 74.22,
73.60 (C-2—C-5); 55.77 (OCH3); IR vmax (cm™!) 1741.133 (CHO).

Meiinl 2,3, 4-ri-O-benzyl- 7-deoxy-B-L-ghycero-D-glucoheptapyranoside (9)

A solution of methyl iodide (4.26 g, 30.04 mmol) in anhydrous ether (20 mL) was
added dropwise under nitrogen to a mixture of magnesium (0.73 g, 30.04 mmol) and ether
(30 mL). After warming for a few minutes. the mixture turned cloudy and began to boil.

Addition of methyl iodide solution was such that boiling was maintained. After the addition
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of methy! iodide was complete, the resulting Grignard mixture was left stirring for 1 hr.
to ensure complete formation of the reagent. A solution of compound 7 (6.94 g, 15.02
- mmol) in ether (30 mL) was then added dropwise and the reaction mixture was left stirring
atroom temperature for 2 hrs. The reaction was quenched with the dropwise addition of
saturated ammonium chloride (10 mL) and the reaction mixture solidified. Distilled water
(50 mL) was added to dissolve the solid. The aqueous layer was extracted with ether
several times (total volume 150 mL) and the combined ether solutions were washed with
water (2 x 100 mL) and dried over anhydrous magnesium suifate. Removal of solvent gave

a yellow crude oil (5.96 g) in which the major product was 9 by t.l.c. (Rf=0.54, solvent 3:2

n-hexane:ZtOAc).

(i) Methyl 234, -n-O-benzyl-7-deaxy-6-0-(3,5-dinitrobenzoyl)-p-L-glycero-D-ghucoheptapyranoside
(14)

The crude Grignard product (0.587 g. 1.2 mmol) was dissolved in pyridine (10 mL)
and 3,5-dinitrobenzoyl chioride (0.513 g, 2.25 mmol) was added along with a few crystals
of dimethylaminopyridine (DMAP). The reaction mixture was stirred at room tempera-
ture until analysis by t.l.c. (Rf S.M.=0.58, Rf Prod.=0.85, solvent 3:2 n-hexane:EtOAc)
showed no remaining starting material. Water was then added dropwise with stirring for
5 min. The aqueous layer was extracted with chloroform (75 mL). The chloroform layer
was separated, washed with water (2 x 75 mL) and dried over anhydrous magnesium
sulfate. The soivent was then evaporated to give a yellow residue which was recrystallized
from hot methanol to give 14 (0.612 g, 74%); mp 68-70°C; [«]p=52.2° (¢ 0.85, CHCI3).
IH.NMR (CHCI2>: 6 9.21 (t, 1H, para-H, Jortho,para=2.0 Hz), 9.16 (d, 2H, ortho-H,
Jertho,para=2.0 Hz), 7.45—7.15 (m, 15, Ar-H), 5.62 (dq, 1H, H-6, Js6=1.5 Hz, J6.7=6.5
Hz), 5.45—5.05 (3 xdd and d, 7H, 3 x Ph-CH> and H-1), 4.05 (dd, 1H, H-3, J2,3=10.0 Hz,
J3,4=9.0 Hz), 3.71 (dd, 1H, H-5, Js 6=1.5 Hz, J4,5=10.0 Hz), 3.60 (dd, 1H, H-2, J12=3.5
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Hz, J23=10.0 Hz), 3.42 (t, 4H, H-4 and OCH3), 1.48 (d, 3H, Ces-CHs, J6,7=6.5 Hz);
BCc.NMR (CDCl3): 5 228.13 (C=0); 162.81—123.38 (Ar. Carbons); 99.01 (C-1); 83.23,
81.11, 77.69, 72.51, 71.80 (C-2—C6); 76.86, 75.88, 74.53 (3 x Ph-CH2); 56.30 (OCH3);
17.35 (C-7).

Anai. calc. for C36H3sN2011e12MeOH: C 63.66 H 5.56 N 4.07

found: C 63.49 H 524 N 4.27

(&) Methyl 2,3,4-tri-O-benzyl- 7-deaxy-p-L-glycero-D-glucohepiapyranoside (9) from 14

Compound 14 (1.00 g, 1.49 mmol) was dissolved in dioxane (50 mL) and 1N sodium
hydroxide solution (20 mL) added and stirred at room temperature for 1 hr. The reaction
was followed by t.l.c. (Rf 14=0.85, Ry 9=0.57, solvent 3:2 n-hexane:EtOAc). When the
reactionwas completed (after 1 hr.), dichloromethane (250 mL) was added to the reaction
mixture and stirred for 5 min.. Then the reaction mixture was filtered over a pad of silica
gel-G which was then washed with water (2 x 100 mL) and dried over anhydrous
magnesium sulfate. The solvent was then evaporated, the residue dried under vacuum to

give solid 9 (0.692 g, 97%); mp 82-84°C; [«]p=26.9° (c 1.0, CHCl3).

'H-NMR (CDCl3): 6 7.40—7.20 (m, 15H, Ar-H), 5.01—4.63 (3 x dd, 6H, Ph-CH3>),
4.58 (d, 1H, H-1, J12=3.5 Hz), 4.05 (dq, 1H, H-6, Js,6=1.5 Hz, J67=6.5 Hz), 3.99 (dd,
1H, H-3, J3,4=9.0 Hz, J2,3=9.5 Hz), 3.62 (dd, 1H, H-4, J45=10.0 Hz, J3.4=9.0 Hz), 3.50
(dd, 1H, H-2, 12,3=9.5 Hz, J12=3.5 Hz), 3.42 (dd, 1H, H-5, Js6=1.5 Hz, J45=10.0 Hz),
3.34 (s, 3H, OCH3), 1.25 (d, 3H, J6-CH3, J6,7=6.5 Hz); 3C-NMR (CDCl3): 6 138.79—
127.57 {Ar. Carbons); 98.15 (C-1); 82.17, 79.93, 77.72 (3 x Ph-CH); 75.70, 75.11, 73.42,
72.83 (C-2—C-5); 65.05 (C-6); 55.01 (OCH3); 20.15 (C-7).

Anal. caic. for C2oH340s: C  72.78 H 7.16
fcund: C 7294 H 6.82
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Methyl 7-deao-g-L-glycero-D-glucoheprapyranoside (15)

Compound 9 (200 mg, 0.42 mmol) was dissolved in methanol (25 mL). Then 5%
palladium-on-charcoal (200 mg) was added in smali portions. The mixture was shaken
with hydrogen (100 Ib. in'z) at room temperatt.- = overnight. The reaction mixture was
then filtered over celite (washed with methanol). The solvent was evaporated to give 15
(85 mg, 98%) as a solid which could be recrystallized from n-hexane / 98% ethanol to give
needle like crystals. Mp 136-137°C, [«]p=150° (c .23, H20). 'H-NMR (D20): 5 4.68 d,
1H, H-1, J1,2=3.5 Hz), 4.05 (dq, 1H, H-6, J56=1.5 Hz, J67=6.5 Hz), 3.51 (dd, 1H, H-3,
J2,3=10.0 Hz, J34=9.0 Hz), 3.42 (dd, 1H, H-2, J12=3.5 Hz, J2.3=10.0 Hz), 3.36 (dd, 1H,
H-4, J3,4=9.0 Hz, J4,5=10.0 Hz), 3.27 (s, 3H, OCH3), 3.26 (dd, 1H, H-5, J56=1.5 Hzg,
J4,5=10.0 Hz), 1.16 (d, 3H, C7H3, J6.7=6.5 Hz). >*C.-NMR (D20): 6 99.24 (C-1); 73.49,
73.41 (C-3, C-5); 71.31 (C-2); 69.74 (C-6); 64.26 (C-4); 54.89 (OCH3); 18.72 (C-7).

Anal. calc. for CsH160s: C 46.15 H 7.75
found: C 46.04 H 7.46

Meihyl 2,3-di-O-acetyl~4,6-benzylidene- 7-deoxy-8-L-glycero-D-glucoheptapyranoside (17)

A solution of benzal bromide (112 mg, 0.40 mmol) in pyridine (1 mL) was added to a
solution of compound 15 (16 mg, 0.77 mmol) in pyridine (15 mL) and the mixture was
refluxed at 125°C for 2 hrs. with stirring. Acetic anhydride (3 mL) was then added to the
cooled reaction mixture and the solution was stirred for 48 hrs. at room temperature. The
reaction mixture was then poured into water (75 mL) and the aqueous layer was extracted
with chloroform (50 mL). The chloroform layer was washed with water (50 mL), saturated
sodium bicarbonate solution (50 mL), water (50 mL) and dried over anhydrous mag-
nesium sulfate. Chloroform was evaporated and the residue was coevaporated with
toluene (2 x 15 mL). Preparative t.l.c. of the residue (Ri=0.66, solvent 3:2 n-hexane /

EtOAc) gave 17 (15 mg, 51%) as a solid. Mp 132-134°C; [«]p=50.2° (¢ 0.31, CHCI3).
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TH-NMR (CDCl3): ¢ 7.50—7.25 (m, 5H, Ar-H), 5.80 (s, 1H, Ph-CH), 5.57 (dd, 1H,
H-3, J34=9.0 Hz, J23=10.0 Hz), 4.93 (d, 1H, H-1, J12=3.5 Hz), 4.87 (dd, 1H. H-2.
J2,3=10.0 Hz, J; 2=3.5 Hz), 4.5 (dq, 1H, H-6, J56=6.0 Hz, J6,7=7.0 Hz), 4.15 (dd, 1H,
H-5, J45=10.0 Hz, J56=6.0 Hz). 3.91 (dd. 1H, H-4, J3.4=9.0 Hz, J35=10.0 Hz), 3.41 (s,
3H, OCOCH3), 1.48 (d, 3H, C7H3, J6,7=7.0 Hz). 1>*C.NMR (CDCl3): 6 170.48, 169.76 (2
x C=0); 137.40, 128.92, 128.22, 126.24 (Ar. Carbons); 97.59 (C-1), 94.07 (Ph-CH); 72.74,
71.50, 70.49, 69.66 (C-2—C-5); 64.45 (C-6); 55.34 (OCH3); 20.65, 20.79 (2 x COCH3),
11.28 (C-7).

Anal. cal. for Ci1gH2408: C 59.99 H 6.36
found: C 59.55 H 6.06

Methyl 6-O-methanestdfornyl-2 3,4-tri-O-benzyl- 7-deoxy-p-L-glycero-D-glucoheptapyranoside (18)

Methanesulfonyl chloride (87 mg, 0.76 mmol) was added to a solution of compound
2 (135 mg, 0.282 mmol) in pyridine (5 mL) and the reaction mixture was stirred at room
temperature for 2 hrs. T.l.c. analysis indicated that the reaction was completed after 2 hrs.
and virtually one product had formed (Rf 9=0.58, Rr 18=0.67, solvent 3:1 toluene /
acetone). The reaction mixture was then poured into a mixture of ice / water (50 mL) and
the aqueous layer was extracted with dichloromethane (50 mL). The dichloromethane
layer was washed with cold water (2x50mL) and dried over anhydrous magnesium sulfate.
The solvent was then evaporated, the residue was coevaporated with toluene (2 x 25 mL)
and chromatographed (solvent 6:1 toluene/acetone) to give 18 (104 mg, 66%) as an oil.

[«]JD=9.3° (¢ 1.22, CHCI3).

'H-NMR (CDCI3): 8 7.40—7.25 (m, 15H, Ar-H), 5.32 (dq, 1H, H-6, J56=1.0 Hz,
J6.7=6.5 Hz), 5.06—4.62 (m, 7TH, 3 x Ph-CH2 and H-1), 4.02 (m, 1H, H-5), 3.65—3.53 (m,
3H, H-3, H-4 and H-2), 3.36 (s, 3H, OCHa3), 3.04 (s, 3H, SO2CH3), 1.53 (d, 3H, Cs-CH3,
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J6,7=6.5 Hz). BC.NMR (CDCI3): ¢ 138.54—127.74 (Ar. Carbons); 98.26 (C-1); 82.30,
79.71, 77.17, 73.55, 72.38 (C-2—C6); 75.74, 75.31, 75.00 (3 x Ph-CH2); 55.33 (OCH3);
39.54 (OSO2CH3); 17.73 (C-7).

Anal. calc. for C3gH3508S: C 64.73 H 6.52 S 5.76

found: C 64.85 H 6.55 S 5.52

Methyl 6-O-benzoyl-2,3,4-tri-O-benzyl-7-deoxy-a-D-glycero-D-glucoheptapyranoside (19)

Crude mesylate 18 (0.60 g, 1.08 mmol) was dissolved in dry N,N-dimethyl formamide
(DMF) (5mL), anhydrous sodium benzoate (1.01 g, 7.0 mmol) was adced and the reaction
mixture was heated at 120°C and stirred for 17 hrs.. The cooled reaction mixture was then
dissolved in dichloromethane (50 mL), washed with water (6 x 75 mL) and dried over
anhydrous magnesium sulfate. The solvent was evaporated and the residue was
chromatographed on HPLC (solvent 10:1 n-hexane / acetone) to give 19 (0.294 g, 47%)
as a syrup. [a]p=9.8° (c 1.04, CHCl3).

'H-NMR (CDCl3): & 8.40—7.20 (m, 20H, Ar-H), 5.47 (dg, 1H, H-6, J56=2.0 Hz,
J6,7=7.0 Hz), 5.03—4.65 (m, 6H, 3 x Ph-CH2), 4.64 (d, 1H, H-1, J1.2=4.0 Hz), 4.04 (dd,
1H, H-3, J2,3=9.5 Hz, J34=9.0 Hz), 3.93 (dd, 1H, H-5, J55=2.0 Hz, J54=10.0 Hz), 3.52
(dd, 1H, H-2, J12=4.0 Hz, J2,3=9.5 Hz), 3.42 (dd, 1H, H-4, J34=9.0 Hz, J45=10.0 Hz),
3.38 (s, 3H, OCH3), 1.18 (d, 3H, Ce-CH3, J6,7=7.0 Hz). 1*C-NMR (CDCl3): 6 165.76
(C=0); 136.66—127.75 (Ar. Carbons); 97.80 (C-1); 82.44, 80.16, 77.82, 71.39, 70.12
(C-2—C-6); 75.92, 74.62, 73.41 (3 x Ph-CH?), 54.99 (OCH3); 13.57 (C-7).

Anal. calc. for C3gH3807: C 74.20 H 6.57
found: C 74.33 H 655
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Methyl 2, 3,4-ri-O-benzyl- 7-deoxy-a-Dglycero-D-glucoheprapyranaside (10)

Compound 19 (137 mg, 0.24 mmol) was dissolved in gioxane (10 mL) ang 1N socinm
" hydroxide solution (6 mL) was added. The reaction mixture wzs stirred at 60°C and t.L.c.
analysis showed that the reaction was over after 48 hrs. (Rf 19=0.85, Rf10=0.43. solvent
3:2 n-hexane:EtOAc). The cooled mixture was then diluted with dichloromethane (50mL)
and filtered over a pad of silica gel-G. The dichloromethane solution was washed with
water (2 x 50 mL), saturated sodium bicarbonate solution {50 mL), water (50 mL) and
dried over anhydrous magnesium sulfate. The solvent was then removed and the residue
solidified slowly under vacuum to give 10 (80 mg, 71%). Mp 89-90°C, []D=28° (c 0.4,
CHCl3).

'"H-NMR (CDCl3): 6 7.34—7.16 (m, I5H, Ar-H), 4.98—4.53 (m, 6H, 3 x Ph-CHy),
4-30(d, 1H, H-1, J12=3.5 Hz), 3.95 (dd, 1H, H-3, J2,3=9.5 Hz, J34=9.0 Hz), 3.88 (m, 1H,
H-6), 3.55 (dd, 1H, H-5. J45=10.0 Hz, J56=4.5 Hz), 3.43 (dd, 1H, H-2, J12=3.5 Hz,
123=9.5Hz), 3.35 (dd, 1H, H-4, J3,4=9.0 Hz, J4,5=10.0 Hz), 3.31 (s, 3H, OCH3), 2.49 (d,
1H, OH, J6oH=6.0 Hz), 1.05 (d, 3H, Ce-CH3, J67=6.5 Hz). BC-NMR (CDCI3): o
138.61—127.73 (Ar. Carbons); 97.64 (C-1); 82.38, 80.29, 80.01 (3 x Ph-CH?>); 75.75, 74.81,
73.37, 72.31 (C-2—C-£); 68.37 (C-6); 55.16 (OCH3), 17.81 (C-7).

Anal. calc. for C20H3406: € 72.78 H 7.16
found: < 7281 H 707

Metiyl 7-a'eaxy-a-D~gljwem-D-glucoheptannoside (21)

To a solution of 10 (70 mg, (.15 mmol) in methanol (12 mL), 5% palladium-on-char-
coal (74 mg) was added in small portions. The mixture was shaken with hydrogen (100 Ib.
in” ) at room temperature for 6 hrs. The reaction mixture was then filtered over celite

(washed with methanol). The solvent was evaporated and the residue was coevaporated
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with toluene (2 x 25 mL) and dried under vacuum. The residue solidified under vacuum

to give 21 (30 mg, 98%). Mp 135-136°C, [«]D=147.8° (¢ 1.0, H20).

'H-NMR (D20): 5 4.68 (d, 1H, H-1, J1,2=4.0 Hz), 4.04 (dq, 1H, H-6, J56=2.5 Hz.
J6,7=6.0 Hz), 3.56 (dd, 1H, H-5, J5 6=2.5 Hz, J4,5=10.0 Hz), 3.53 (dd, 1H, H-3, J34=9.0
Hz, J2,3=10.0 Hz), 3.44 (dd, 1H, H-2, J12=4.0 Hz, J2,3=10.0 Hz), 3.23 (dd, 1H, H-4, J4.5=
10.0 Hz, J3,4=9.0 Hz), 3.29 (s, 3H, OCH3), 1.10 (d, 3H, C-CH3, J6.7=6.0 Hz). *C-NMR
(D20): 8 99.22 (C-1); 73.37, 73.32 (C-2 and C-5); 71.27, 70.93 (C-3 and C-6); 66.34 (C-4);
54.96 (OCH3), 15.05 (C-7).

Anal. calc. for CgH1606: C 46.15 H 7.75

found: C 4599 H 7.50

Methyl 6-O-acetyl-2,2,3,344 -hexa-O-benzyl-7-deoxy-6-O-(a-Dglucopyrannsyl)-B-L-ghycero-D-
glucoheptapyranoside (38)

Methyl 2,3,4-tri-O-benzyl-7-deoxy-8-L-glycero-D-glucoheptapyranoside (9) (100 mg,
0.209 mmol) was dissolved in dichloromethane (10 mL). Then tetraethylamonium
bromide (76 mg), dried molecular sieves (BDH, 4 A, 1 g) and dried DMF (1.4 mL) was
added and the mixture was bubbled with nitrogen to reduce the volume. Then freshly
prepared 6-O-acetyl-2,3,4-tri-O-benzyl-a-D-glucopyranosyl bromide (31) (2 eg.) in
dichloromethane (6 mL) was added and the mixture was stirred at room temperature
under nitrogen. The reaction progress was followed by t.Lc. until completed (R 38=0.69,
Rf£24=0.55, solvent 3:2 n-hexane / ethyl acetate). After the reaction was over, the partially
dry mixture was dissolved in dichloromethane (25 mL), filtered to remove undissolved
materials, washed with water (2x50 mL), saturated sodium bicarbonate solution (2x50
mL), water (2x50 mL) and dried over magnesium sulfate. Dichloromethane was

evaporated and the residue was chromatographed with silica gel (solvent 4:1 n-hexane /
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ethyl acetate) to give the desired disaccharide 38 as an oil which was dried under vacuum

with heating (101 mg, 51%). [«]JD=0.54° (c 1.06, CDClI3).

'H-NMR (CDCl3): 6 7.40—7.20 (m, 30H, Ar-H), 5.09 (d, 1H, H-l', J1'2'=3.5 Hz),
5.02—4.49 (m, 7TH, 3 x Ph-CH2 and H-1), 4.26—4.06 (m, 3H. 2 x H-6 and H-6), 4.06—3.94
(q and m, 3H, H-3', H-3 and H-5), 3.77 (dd, 1H, H-4, J34=9.5 Hz, J45=9.0 Hz), 3.56
(dq, 1H, H-5, J4,5=9.0 Hz, J56=2.0 Hz), 3.56—3.47 (m, 2H, H-2  and H-2), 3.46 (dd, 1H,
H-4', J34'=9.0 Hz, J4'5-=10.0 Hz), 3.38 (s, 3H, OCH3), 1.92 (s, 3H, CH3COO0-), 1.33 (d,
3H, Cs-CH3, J6,7=6.0 Hz). BC.NMR (CDCl3): 6 170.75 (C=0); 138.81 (t-Carbons of
Ph.); 128.47—127.39 (Ph. Carbons); 97.90 (C-1); 95.20 (C-1); 75.72, 75.53, 75.08, 74.32,
73.40, 73.00 (6 x Ph-CH2); 82.56, 81.60, 80.19 (3 x C); 77.73, 77.48, 73.22, 71.69, 69.19 (9
x C: C-2, C-2, C-3, C-3', C-4, C-4, C-5, C-5', C-6); 63.24 (C-6), 55.09 (OCH3), 20.01
(COOCH3), 16.31 (C-7)

Anal calc. for Cs7He4012: C 73.09 H €.77

found: C 72.84 H ~.85

Methyl 2,2’,3,3',4,4'-lzexa-0~bmzyl-7-deaxy-6-0-(a—D—ghtcomwwsyl)—ﬁ-L-gb)cem-D-qucohep-
tapyranoside (39)

Methyi 6'—0—acetyl-2,2',3,3',4,4'-hexa-O—benzyl-7-deoxy-6-0—(a-D-glucopyranosyl)-ﬂ-
L-glycero-D-glucoheptapyranoside (38) (293 mg, 0.307 mmol) was dissolved in dry
methanol (10 mL). A catalytic amount of sodium methoxide was added to the solution
and the solution was stirred at room temperature overnight. The reaction progress was
followed by t.l.c. (Rf 39=0.49, Rf 38=0.72, solvent 3:2 n-hexane / ethyl acetate). When
the reaction was completed, resin (IRC-SO-H+, washed with distilled water and methanol)
was added and stirred until the mixture turned acidic (pH paper). Then the mixture was

filtered and the solvent was evaporated to give a foemy product 39 which was dried under
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vacuum (269 mg, 96%). [«]D=47.6° (¢ 1.99, CHCI3).

1H-NMR (CDCl3): 6 7.40—7.10 (m, 30H, Ph-H), 5.03 (d, 1H, H-1, Ji"2'=3.5 Hz).
5.01—4.57 (m, 13H, 6 x Ph-CH2 and H-1), 4.32 (dq, 1H, H-6, Js6=1.5 Hz, J6.7=6.5 Hz).
4.01(dd, 1H, H-3', J2' 3:=9.5 Hz, J3' 4'=9.0 Hz), 3.98 (dd, 1H, H-3, J23=9.5 Hz, J3,4= 10.0
Hz), 3.84—3.72 (m, 2H, H-5 and H-4), 3.66—3.49 (m, SH, 2 x H-6. H-5, H-4 and H-2),
3.46 (dd, 1H, H-2', J1'2'=3.5 Hz, J2' 3'=9.5 Hz), 3.35 (s, 3H, OCH3), 1.32 (d, 3H, Ce-CH3,
J6.7=6.5 Hz). 1>C-NMR (CDCl3): 6 138.84—138.27 (t-Ph. Carbons); 128.46—127.37 (Ph.
Carbons); 97.88 (C-1); 95.39 (C-1); 82.54, 81.52, 80.19, 80.14, 77.64, 73.13, 71.84, 71.31
(9 Carbons: C-2, C-2, C-3, C-3, C-4, C-4', C-5, C-5, C-6); 61.72 (C-6 ); 55.09 (OCH3);
16.40 (C-7).
Anal. calc. for Cs6He2011: C 73.80 H 6.86

found: C 73.20 H 6.95

Mertyl 7-deaxy-6-O-(a-D-glucopyrarnosyl)-3-L-glycero-D-glucoheptapyranoside (40)

Methyl 2,2',3,3',4,4'-hexa-O—benzyl-?-deoxy-6—0-(a-D-glucopyranosyl)-ﬂ-L—glycero-D-
glucopyranoside (39) (126 mg, 0.138 mmol) was dissolved in dry methanol (12.5 mL).
Then 5% palladium-on-charcoal (126 mg) was added in small portions to the solution and
the mixture was shaken under hydrogen (100 Ib. in'z) at room temperature. The reaction
progress was followed by t.l.c. (solvent 4:1 dichloromethane / methanol). When the
reaction was completed the mixture was filtered and the filtrate was evaporated to give
a yellowish solid residue. The crude residue was chromatographed (latrobeads, solvent
4:1 dichloromethane / methanol) to give colorless crystalline 40 (40 mg, 78%). Mp
127-128°C, [«]p=175.3° (¢ 0.26, D20).

'H-NMR (D20): 5 5.09 (d, 1H, H-1", J1'2'=3.5 Hz), 4.28 (broaden q, 1H, H-6), 3.69
(t, 1H, H-3), 3.64 (broad d, 1H, H-5), 3.56 (dd, 1H, H-2, J1"2'=3.5 Hz, J2'3=9.5 Hz),
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3.89—3.52 (m, 10H, H-5, 2 x H-6, H-3, H-3', H-4, H-5, H-5, H-2, H-2), 3.43 (t, 4H,
OCH3 and H-4). 3C-NMR (D;0): 5 100.03 (C-1'); 95.56 (C-1); 74.49, 74.15, 73.68, 73.04,
72.25,71.99, 70.24, 68.50 (9 Carbons: C-2, C-2, C-3, C-3', C-4, C-4', C-5, C-5 |, C-6); 61.17
(C-6'), 55.67 (OCH3), 14.76 (C-7).
Anal. calc. for C14H25011: C 45.53 H 6.82
found: C 4241 H 6.61

Methyl o'Oacezyz-z,z',3,3',4,4'-hexa0benzy1-Meoxym(a-D-gmcomwzosyl)-a-Dglycem-D-
glucoheptapyranoside (41)

Compound 10 (500 mg, 1.04 mmol) was dissolved in dichloromethane (5 mL).
Tetraethyl ammonium bromide (420 mg). dry molecular sieves (BDH 4A, § g) and DMF
(1 mL) was added to the solution and the mixture was placed under nitrogen atmosphere.
Then 6-0—acetyl-2,3,4—tri-0-benzy]-a-D-glucopyranosy] bromide (31, 2 eq.) in
dichloromethane (5 mL) was added and the mixture was stirred at room temperature
under nitrogen. The reaction progress was followed by t.l.c. (Rf41=0.59, Rf 10=0.26s0I-
vent system 3:2 n-hexane / ethyl acetate). When the reaction was completed,
dichloromethane (100 mL) was added and the mixture was filtered. The dichloromethane
solution was washed with saturated sodium carbonate solution (100 mL), water (4 x 100
mL) and dried over magnesium sulfate. The solvent was then evaporated to give an oily
residue which was chromatographed with silica gel (solvent 4:1 n-hexane / ethyl acetate)

to give the desired product 41 (587 mg, 59%). [a]p=78.2° (c 1.06, CDCI3).

'H-NMR (CDCl3): 4 7.40—7.20 (m, 30, Ph-H), 5.00 (d, 1H, H-1, J1'2'=3.5 Hz), 4.67
(d, 1H, H-1,J1,2=3.5 Hz), 5.03—4.51 (m, 12H, 6 x Ph-CH2), 4.27 (dd, 1H, H-6, J5'6'=4.5
Hz, Jo'a6'v=—11.5 Hz), 4.21 (dd, 1H, H-6'b, J5'65=2.5 Hz, Jorb,6'a=~ 11.5 Hz), 4.08—
391 (m, 4H, H-3, H-3, H-6, H-5)), 3.78 (dd, 1H, H-5, J56=0.5 Hz, J45=10.0 Hz),
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3.57—3.43 (m, 3H, H-4, H-4, H-2), 3.41 (dd, 1H, H-2', J1'2'=3.5 Hz, J2' 3:=9.5 Hz). 3.29
(s, 3H, OCH3), 1.99 (s, 3H, OCOCH3), 1.16 (d, 3H, C7H3, 157=6.5 Hz). *C-NMR
- (CDCl3): 6 170.74 (C=0), 138.85—137.97 (t-Ph. Carbons); 97.76 (C-1 and C-1}; 82.61.
81.76, 80.25, 80.03, 77.94, 77.64, 72.83, 72.57, 69.08 (9 Carbons: C-2, C-2, C-3, C-3', C-4.
C-4',C-5,C-5', C-6), 63.27 (C-6), 55.13 (OCH3); 20.84 (OCOCHS3), 16.55 (C-7)

Anal. calc. for CsgHeqO12: C 73.09 H 6.77

found: C 73.46 H 6.61

Methyl 2, 2',3,3', 4,4 '-hexa-O-benzyl- 7-deaxy-6-O-(a-D-glucopyranosyl)-a-Diycero-D-glucopyra-
noside (42)

Methyl 6'-O-acetyl-2,2',3,3',4,4'-hexa-O-benzyl-7—deoxy-6-0-(a-D—glucopyranosyl)-a-
D-glycero-D-glucoheptapyranoside (41) (440 mg, 0.462 mmol) was dissolved in dry
methanol (20 mL). A catalytic amount of sodium methoxide was added to the solution
and the solution was stirred at room temperature overnight. The reaction progress was
followed by t.l.c. (solvent system 3:2 n-hexane:ethyl acetate, Rf 42=0.42). When the
reaction was over, resin (IRC-50-H, washed with water and methanol) was added and
stirred until the mixture turned acidic (pH paper). Then the mixture was filtered and the
solvent was evaporated to give an oily residue which was dried under vacuum overnight

to give 42 (347 mg, 83%). [«]p=65.2° (c .34, H20).

"H-NMR (CDCl3): & 7.40—7.20 (m, 30H, Ph-H), 5.00 (d, 1H, H-1, J1'2'=4.5 Hz),
4.98—4.53 (m, 13H, 6 x Ph-CH2 and H-1), 4.08—3.91 (m, 3H, H-3, H-3 and H-6),
3.81—3.67 (m, 4H, H-5, H-5" and 2 x H-6'), 3.56—3.37 (m, 4H, H-4, H-4 , H-2 and H-2),
3.29 (s, 3H, OCH3), 1.13 (d, 3H, Cs-CH3, J6,7=6.5 Hz). *C-NMR (CDCI3): 4 138.85—
138.27 (t-Ph. Carbons); 129.07—125.33 (Ph. Carbons); 97.89 (C-1); 95.37 (C-1); 82.53,
81.52, 80.19, 77.64, 77.57, 73.14, 71.43, 71.32 (9 Carbons: C-2, C-2", C-3, C-3, C-4, C-4,
C-5,C-5, C-6); 61.73 (C-6 ); 55.09 (OCH3), 16.38 (C-7).
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Anal. calc. for Cs¢Hg2011: C 73.82 H 6.86
found: C 73.23 H 7.23

Metlyl 7-dzoxy-6-O- (a-D-qucopymnosyl)-a-D-gb/cem-D-glucohenammzoszde (43)

Compound 42 (247 mg, 0.27 mmol) was first dissolved in dry methanoi (25 mL). Then
5% palladium-on-charcoal (254 mg) was added in small portions to the solution and the
mixture was shaken under hydrogen (100 Ib. in'z) at room temperature and the reaction
progress was followed by t.l.c. (solvent 4:1 dichloromethane / methanol). When the
reaction was over, the mixture was filtered and the filtrate was evaporated to give a
yellowish solid residue. The crude residue was chromatographed (Iatrobeads, solvent 4:1
dichloromethane / methanol) to give colorless crystalline 43 (80 mg, 80%). Mp 231-232°C.
[«]D=228.1° (¢ .43, H20).

'"H-NMR (D20): 6 4.80 (d, 1H, H-1, J; 2=4.0 Hz), 3.57 (dd, 1H, H-2, J12=4.0 Hz,
J2,3=9.5 Hz), 3.67 (dd, 1H, H-3, J23=9.5 Hz, J34=9.0 Hz), 3.39 (dd, 1H, H-4, J4,5=10.5
Hz, J43=9.0 Hz), 3.83 (dd, 1H, H-S, J4,5=10.5 Hz, J56=2.5 Hz), 4.17 (dq, 1H, H-6,
J5,6=2.5 Hz, J6,7=6.5 Hz), 3.44 (s, 3H, OCH3), 1.29 (d, 3H, Cs-CH3, J6,7=6.5 Hz), 5.07
(d, IH, H-1, J1'2'=3.5 Hz), 3.55 (dd, 1H, H-2 , J1'2'=3.5 Hz, J2/,3'=9.5 Hz), 3.73 (dd,
IH, H-3, J23'=9.5 Hz, J3,4'=10.0 Hz), 341 (dd, 1H, H-4'), 3.88 (dd, 1H, H-6a,
J6'a6'b=~14.5 Hz, Jo'a;5'=5.0 Hz), 3.76 (dd, 1H, H-6b, Js'a6'b=— 14.5 Hz, Je'b5'=4.0
Hz). '*C-NMR (D20): 6 100.13 (C-1'); 97.98 (C-1); 73.89, 73.73, 73.37, 72.98, 72.02, 71.89,
71.80, 71.48 (C-2—C5 and C-2'—C5); 70.51 (C-6), 56.09 (OCH3), 15.12 (C-7).

Anal. calc. for C14011H2s: C  45.53 H 6.82
found: C 45.18 H 6.97



3. Enzyme hydrolysis experiments

All enzyme hydrolysis experiments were performed on the Cary model 214 and the
Bruker WM-360 spectrometer operating at 360 MHz at preset temperatures. The buffers
used were potassium phosphate buffer at pH=6.8, M.E.S. buffer at pH=6.5, sodium
acetate-acetic acid in D20 at pD=4.3 sodium acetate-d3— acetic acid-d4 in D20 at
pD=4.3. The enzyme hydrolysis data were analyzed by Dr. M. Palcic and Mr. L. Steele
in the Food Science Department on the PC using computer programs developed by
Professor K.Bock and co-workers from the Department of Organic Chemistry, the
Technical University of Denmark. The enzyme Isomaltase, ATP and NADP were
purchased from Aldrich. The enzymes Hexokinase and 6-Phosphate Dehydrogenase were
provided by Dr. M. Palcic. AMG type Il was a gift from Professor K. Bock.

The method, as recommended by Bock,® is the application of high resolution
1H-NMR Spectroscopy to monitor substrate and product time depencencies in progress
curve enzyme kinetics.!'?"116 This method has an advantage since Kinetic parameters can
be estimated in a single run therefore saving both time and substrate material. The
disadvantages are: (i) in general, mechanistic properties cannot be inferred directly from
a single progress curve, and (ii) errors in the estimated parameters may be significant,

depending on the experimental conditions and the method of data analysis.

The data were obtained as follows. The 'H-NMR spectrum of the substrate in buffered
solution was taken as standard at t=0. Then the enzyme in buffered solution was added
and the reaction progress was followed by recording 'H-NMR spectra at predetermined
times until the reaction was over. The time dependent spectra were plotted and the
concentration of the substrate and the product(s) were obtained from the integrations of
the appropriate peaks. The concentration of substrate vs. time progress curve was

constructed and analyzed on IBM personal computers using a non-linear least squares
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fitting program package REGGRAFA obtained from Professor Bock. The time depend-

€nt concentration data are summarized in the next section.

. 85 . . .
The progress curve ana]y5158" is based on the integrated and reparameterized

Michaelis-Menten equation (Equation 5).
¢ = (iyo-y | Vo) A [r+1In(1+)] (%)
Where  y=(yo-y)/(yoy )
A=(2vot122- lyoy /(vo(1~1n 4))
vo=initial rate
t12=half time (y(t12)= 1/2[yo-y’]
Yo=initial concentration
y’=final concentraion

The g is the degree of progressed reaction and it followed from the definition above

that y always be in the interval 0 < z < 1.

Equation 5 is then rearranged to Equation 6 to calculate the values of concentration

(dependent variable) as a function of time (independent variable).
y=(y +(yo—y j)exp[((vot-x [yo~y [)/Avo)—] (6)
The equation 6 is solved by computer by the bisection method.

All experiments with methyl a-isomaltoside (37), methyl 6-S-methyl-a-isomaltoside
(40) and methyl 6-R-methyl-a-isomaltoside (43) were performed under exactly the same

conditions.
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Vil. APPENDIX

Table 18. The time dependent concentration data for methyl a-isomaltoside (37) in
the course of hydrolysis catalyzed by AMG I1.

Time (min.) Conc. (mM)
0.00 18.52
9.18 18.31
23.83 17.46
47.47 16.15
71.30 15.96
95.03 15.41
118.77 14.09
142.50 12.89
166.23 12.85
189.97 11.91
213.70 9.69
237.34 9.57
261.17 8.28
284.90 7.39
308.63 6.85

Table 19. The time dependent concentration data for methyl a-isomaltoside (37) in
the course of hydrolysis catalyzed by AMG IL.

Time (min.) Conc. (mM)
0.00 9.26

31.33 8.38

55.13 7.27

78.93 7.10

102.73 5.94

126.53 5.78

150.33 5.03

174.13 4.39

197.93 3.56 i
221.73 3.02

245.53 2.80

269.33 2.28

293.13 1.76

352.63 1.3

412.13 0.75

471.63 0.19




Table 20. The time dependent concentration data for methyl 6-S-
toside (40) in the course of hydrolysis catalyzed by AMG I1.

Time (min.) Conc. (mM)
0.00 9.26
8.20 8.67
47.93 8.71
97.60 8.03
147.27 7.45
196.93 7.29
246.60 6.18
296.27 5.46
345.93 5.55
395.27 5.40
444.93 4.82
494.60 4.61
544.27 4.61
593.93 4.17
643.60 3.88
693.27 3.73
742.93 3.33
792.60 3.12
843.27 2.95
892.93 2.76
894.93 2.69
934.66 2.56
984.33 2.34
1092.00 2.31
1105.60 2.15
1145.35 1.97
1195.00 1.92
1244.70 1.83
1294.35 1.41
1344.00 1.56
1443.00 1.56
1483.00 1.37
1727.00 1.07
1816.00 0.89
1916.00 0.93
2015.00 0.70
2114.00 0.67
2213.00 0.84
2313.60 0.59
2412.00 0.59
2512.00 0.41
2612.00 0.30
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Table 21. The time dependent concentration data for methyl 6-S-methyl-a-isomal-

toside (40) in the course of hydrolysis catalyzed by AMG II.

Time (min.) Conc. (mM)
0.00 18.52
57.00 17.28
118.42 15.89
179.83 15.09
241.25 13.80
302.67 12.96
364.98 1193
425.50 11.00
468.42 10.28
548.33 9.52
609.75 9.09
780.17 7.28
829.58 6.83




Table 22. The time dependent concentration data for methyl 6-R-
toside (43) in the course of hydrolysis catalyzed by AMG II.

Time (min.) Conc. (mM)
0.00 18.52
8.33 17.96
20.33 17.31
32.33 16.80
44.33 16.07
5033 15.26
68.33 14.61
80.33 13.85
92.33 13.70
104.33 11.96
116.33 11.37
128.33 10.37
140.33 9.69
147.38 9.61
159.38 8.57
171.38 8.50
183.38 7.44
195.38 6.59
207.38 5.41
219.38 4.98
231.38 4.07
243.38 3.50
255.38 2.41
267.38 1.89
279.38 1.39
291.38 0.91
315.38 0.00
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Table 23. The time dependent concentration data for methyl 6-R-methyl-a-isomal-

toside (43) in the course of hydrolysis catalyzed by AMG Il

Time (min.) Conc. (mM)
0.00 9.26
6.50 8.65
20.28 7.93
30.25 6.97
40.25 6.34
60.25 4.27
70.25 3.97
80.25 3.19
90.25 2.56
100.25 1.80
110.25 1.15
120.25 0.55
130.25 0
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tion data of methyl a-D-glucopyranosidc‘:.76 The raethyl groups were generated at C-6 and
O-1 using the TRANSF.OBJ program. The «' angle of the nen-reducing unit was set at
180° or 300° as required and the  angle of tt  reducing unit was rotated in 3° or 10” step
using the GENT.OBJ program. HSEA calculations were performed for the methyl
a-isomaltoside, the methyl 6-S-methyl-a-isomaltoside (40) and the methyl 6-R-methyl-.-
isomaltoside (43) with the torsion angles «' and o set at the predetermined values
mentioned above and the torsion angles ¢ and W were varied until the minimum energies

were obtained. The results are shown in Table 11.

Table 11. HSEA calculations results of the methyl a-isomaltoside (37) and the
diastereomeric 6-C-methyl a-isomaltosides (40 aud 43).

Compornds Torsional Angles, °© Internuclear Distances, A
' o W » | E(Kcal/mol)| O-4-0-4 0-4- 0-6

37 180 | -50 | 195 | 180 -2.29 5.08 5.30

300 | -45 1 240 | 60 -1.90 4.51 4.90

300 1 =501 190 | 180 ~2.45 5.16 3.53

300 | =50 | 200 | 300 ~1.74 8.25 6.41

40 180 | —=50 | 195 | 180 - 1.46 5.10 5.30

300 | =50 | 180 | 300 -0.28 5.35 4.02

43 180 | =50 | 90 300 ~1.26 8.17 7.10

300 | =S50 90 300 -1.81 8.17 5.68

Recalculation of the methyl «-maltoside in conformation obtained prcviouslyx where
&/W=—25%-15° with «'=180° and »=300" gave an energy minimum of 1.35 Kcal.
Because of the polar hydroxyl groups OH-3, OH-4 and OH-6 were involved in the
hydrolyses catalyzed by the enzyme Amyloglucosidase Type II, the distances between

these groups were also calculated for methyl «-maltoside and will be discussed in Section
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V.

HSEA calculations predicts that methyl a-isomaltoside (37) prefers the conformation
with the torsion angles w'/d/W/w=300°/- 50°/190°/180°%; methyl 6-S-methyl-a-isomaltoside
(40) prefers the conformation with the torsion angles o'/d/W/w=180%~ 50°/195°/180" and
methyl 6-R-methyl-a-isomaltoside (43) prefers the ccs#csymation with the torsion angies
o' [0/ W/u=180/- 50°/90°/300°. The minimura energy conformations of 40 and 43 were

plotted and reproduced in Figure 35 and 36 (p. 78 and 79, respectively).

The torsion angles »=180° and 300° tor 40 and 43 correspond to the g~ and g*
conformers respectively tor the C-5/C-6 bond in the reducing unit. The HSEA calculations
theretore predicts that the conformation at the C-6 of the reducing unit will be retained

tor the methyl 6-S-methyl-a-isomaltoside (40) and methyl 6-R-methyi-a-isomaltoside (43).

2.4. Conclresions

From contormational analysis of the monosaccharide derivatives, it was concluded
that at the C-6 center, methyl 6-S-methyl-a-D-glucopyranoside (15) preferred the g~
rotamer and methyl 6-R-methyl-a-D-glucopyranoside (21) preferred the g* rotamer. The
conformations are also favored even at higher temperatures. It was expected that these
conformations woula also be favored in the disaccharide derivatives. The conformations
at the C-6 center of the diastercoisomeric methyl 6-S-methyl-a-isomaltoside (40) and
methyl 6-R-methyl-e-isomaltoside (43) were determined «© be mainly g~ and g™ respec-

tively.



IV. ENZYME STUDIES

1. The Enzymes

Two enzymes Isomaltase and Amyloglucosidase Type II were used in kinetic studies
of the hydrolysis of the methyl a-isomalitoside (37) and its C-6 methyl derivatives: namely
methyl 6-S-methyl-a-isomaltoside (40) and methy! 6-R-methy i-a-isomaltoside derivatives

(43).

v OH
OH o)
o] - \ Me
H HOH o K
HCYo o o ° == 0H
! > Kk o
1 H e
Me Ho! OMe HO

The enzyme Isomaltase (EC 3.2.1.10)78'83 is found in the bean, pota\to,31 autolyzed

82

brewer’s yeast™ and muscle.?® This enzyme is used especially to cleave the a-D-(1-+6)

linkage and therefore plays an important role in the depolymeriza.ion of amylopectins

and glycogens. Because of this specificity, the enzyme [somaltase was selected to be used

in the hydrolysis studies.

The enzyme Amyloglucosidase (EC 3.2.1.3),84'87 which is produced by the microor-
ganism Aspergillus niger, consists of two forms: Amyloglucosidase Type I (AMG 1) and
Amyloglucosidase Type I1 (AMG II).S&89 Both enzymes are reported to be glycoproteins
containing D-mannose, D-glucose and D-galactose.90 Although the enzymes have been
characterized and (he amino acid sequence has been detcrmined,26'87’9()'100 the enzymes

have not crystallized.
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The AMG enzymes are used in the processing of starch because of their abilities to
catalyze hydrolytic cleavage of both the «-D-(1-4) linkage between glucopyranose units
- such as is present in maltose and a-D-(1 ~ 6) linkage between giucopyranose units such
as is present in isomaltose. Both enzymes are stable up to 60°C with little loss of activity
tor about 30 min., but are rapidly inactivated at higher temperature. The enzymes exhibit
nearly identical pH profiles with starch as the substrate with the pH optimum at ~4.5.
Both enzyi. 5 hydrolyze the a-D-(1-4) linkage approximately 40 times faster than the

a-D-(1~6) linkage. >

Our attention was turned to the enzyme AMG Il primarily because Bock and

2 -
coworkers“6'97 100

had made a systematic study of the effects of substitutional changes on
maltose on the kinetics of the hydrolysis in which the reactions were followed using
'H-NMR te:chniques.100 They found that the AMG II active site requires accommodation
of both the D-glucopyranose units of maltose since the enzyme hydrolyzes methyl

#-maltoside but not methyl B-D-glucopyranoside.

In the hydrolysis of the various derivatives catalyzed by AMG I, it was shown®® that
the enzyme can accept a wide range of modifications as well as larger substrates. The
compeltitive experiments showed that inhibitions ir: the reaction of the methyl g-maltoside
were observed with the 6-chloro- or 6-fluoro- derivatives. It was concluded that the
6-chloro- or 6-fluoro- derivatives were bound very tightly tc the active site in order to
inhibit the reactions.” Based on quaiitative data for hydrolysis,97 catalyzed by AMG 11,
of the mono- and several dideoxy derivatives of methyl g-maltoside, Bock et al%”%°
concluded that three hydroxyl groups, OH-3 in the reducing glucopyranose unit, OH-4
aiid OH-6 in the non-reducing glucopyranose unit, are essential for AMG Il catalyzed
hydrolysis. These findings are depicted in Figure 37(a). Evidence for this conclusion was
turther supported when the pentadecxy derivative (Figure 37(b)), in which only the key

polar groups were present (OH-3, OH-4 and OH-()'), was found to be a substrate for the
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enzyme AMG II. The HSEA calculated minimum energy conformation of methy!

101,103

a-maltoside, which is supported by '"H-NMR and *C-NMR data, presents

hydrophobic area defined by H-2, H-4 ., H-1 and O-5 of the non-reducing urit and H-4
as well as the hydroxymethyl group of the reducing unit which is expected to possess
substantial conformational rigidity. Both the three key hydroxyl groups and the
hydrophobic area were regarded as essential for AMG I hydrolysis by Bock er al.” and

are in support of the hydrated polar-group gate theory proposed by Lemicux.!04

(@)

HO «— +

o
(o]
® % /g—k
(o]
HO

Figure 37. (a) Substrate specificity for Amyloglucosidase II (AMG Il)gg for different
deoxy derivatives of maltose. + indicates substrate activity. ~ indicates no substrate
activity and + + indicates compounds which are hydrolyzed faster than methyl g-maltoside.
(b) Pentadeoxy derivative of maltose which preserves the key polar hydroxyl groups tor
hydrolysis catalyzed by AMG II.
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2. Enzyme Kinetic Studies
2.1. Preliminary Stuclies

A collaboration was established with Dr. Monica Palcic of the Department of Food
Science, University of Alberta for a kinetic study of the hydrolysis of 37, 40 and 43. Initially.
it was thought that the most suitable method was to follow the reaction progress by using

uv-vis spectroscopy.

The uv-vis spectroscopy technique involved the coupling method with the product(s)
of the reaction. In the hydrolysis of methyl «-isomaltoside and the methyl 6-C-methyl-a-
isomaltoside derivatives catalyzed by AMG I1. the possible products of the hydrolysis
reactions are D-glucopyranose and the 6-C-methyl-a-D-glucopyranose derivatives. The
method employed for the detection of tree glucopyranose (44)}05 released in the epzyme

hydrolysis of the dissaccharides is shown in Scheme 21.

. 6-Phosphate oP04
"o
O OH q
D“Q'“COS" (44) ATP NADP  NADPH

Scheme 21. Outline of the colorimetric coupled enzyme method for the determina-
tion of D-glucose.

The coupled-enzyme detects free glucopyranose by first a phosphorylation of the
6-hydroxyl by ATP in the presence of Hexokinase to produce D-glucopyranose-6-phos-
phate (45). This phosphate is then converted to the lactone (46) by 6-Phosphate
Dehydrogenase in the presence of NADP (Scheme 21) which is detected due to the color

change at 2=340 nm as the result of the tormation of the NADPH.
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The monosaccharides D-glucopyranose (44), 6-S-methyl-D-glucopyranose (47) and
6-R-methyl-D-glucopyranose (48)106 were then tested with Hexokinase and 6-Phosphate

Dehydrogenase in the presence of ATP and NADP 'Y’ and the results are shown in Te:ble
12.

Table 12. Reaction of the monosaccharides derivatives with Hexokinase and 6-Phos-
phate Dehydrogenase in the presence of ATP and NADP.

Compounds ( Re=action Rel. Vel.
D-glucopyrancse (44) i i 2.0
6-S-methyl-D-glucopyranose (47 e |

6-R-methyl-D-glucopyranose (48) 106 + 1.0

In contrast with D-glucopyranose (44) and 6-R-methyl-D-glucopyrancse (48), the
6-S-methyl-D-glucopyranose (47) did not react. As discussed above in connection with
Scheme 22, 6-Phosphate Dehydrogenase does not dehydrogenate D-glucopsrano -
Instead the glucose must first be phosphorylated at the 6-OH pozizion to produce 4S.
Therefore it is possible the 6-S-methyl-D-glucopyranose resists phosphicrviation at the
6-OH position. Conformaticnal analyses presented in the previous section showed that
both a-D-glucopyranose and 6-R-methyl-D-glucopyranose (44 and 48, respectively) prefer
the g* conformation for the orientation of the 6-OH whereas the g is preferred for the

6-S-methyl-D-glucopyranose (47) (see Figure 38).

Since it can be expected that the enzyme will phosphorylate the 6-hydroxy! of the
glucopyranose in a specific conformation the reason for the high resistance to phos-
phorylation exhibit by the S-compound (47) can be attributed to the low abundance of
the g* conformer. However, it is possible that the 6-C-methyl group also contributes to

the inactivity by hindering the formation of the enzyme-substrate complex.
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Figure 38. The preferred conformations of D-glucopyranose (44), 6-S-methyl-D-
glucopyranose (47) aad 6-R-methyl-D-glucopyranose (48)

In the hydrolyses re-ctions of the disaccharide derivatives, the various monosac-
charides were used for standardization b«iore the disaccharides were tested. Isomaltase
and Amyloglucosidase Type II were user! and the results of the preliminary studies are

summarized in Table 13. 14 (the data are summurized in the Appendix).

The results presented in Table 13 and 14 were obtained with only one assay at fixed
concentration (100 mM) per substrate. The rates (AOD min'l) were only rough ap-
proximations because the objective was to see if a trend existed in the hydrolysis catalyzed

by the enzyme that warranted further investigation.

Table 13. Hydrolysis catalyzed by Isomaltase ai 37°C and pH=68.*

Compounds Isomaltase Rel. Rate
hydrolysis (AOD min™')
Phenyl a-D-glucopyranoside. + 39
Methyl a-D-glucopyranoside 1) -+ 2
Methyl 6-S-methyl-a-D-glucopyranoside (15) - -
Methyi 6-R-methyi-a-D-glucopyranoside (21) v. slight -
Methyl a-isomaltoside (37) + 1
Methyl 6-S-methyl-a-isomaltoside (40) v. slight -
Methyl 6-R-methyl-a-isomaltoside (43) - -

*(+) sign indicates that a reaction took place. a (—) sign indicates no reaction. Rel. Rate
was measured in unit OD min'!. Rel. Rate is the rate relative to compound 37.
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Table 14. Hydrolysis catalyzed by AMG Ii at 37°C and pH=4.3.*

Compounds AMG Hydrolysis Rel. Rate

Methyl a-D-glucopyranoside (1) - -
Methyl 6-S-methyl-e-D-gincopyranoside (15) v. slight 1.4
Methyl 6-R-methyl-a-D-glucopyranoside (21) v. slight 1
Isomaltose + 67.5
Methyl a-isomaltoside (37) + 81.3
Methyi 6-S-methyl-a-isomaltoside (40) + 313
Methyl 6-R-methyl-a-isomaltoside (43) + 1125

"(+) sign indicates a reaction took place and a (-) sign indicates no reaction. Rel.
Rate was measured in unit O min’!

As seen in Table 13, phenyl «-D-glucopyranoside, a known substrate for Isomaltase,
is hydrolyzed 39 times faster than methyl a-isomaltoside (37) and about 20 times faster
than methyl a-D-glucopvranoside (1). Tne monnsaccharides 15 and 21 and the disac-
charides 40 and 43 were shown not to be substrates for [somaltase since there were no

detectable or very slight rates in the hydrolysis.

In the case of hydrolysis catalyzed by AMG II (Table 14), methyl 6-S-methyl-a-D-
glucopyranoside (15) was hydrolyzed 1.4 times faster than the methyl 6-R-methyl-a-D-
glucopyranoside (21) and methyl -D-glucopyranoside was not a substrate. It is seen that
the disaccharides 40 and 43 proved to be substrates for this enzyme. The fact that the

R-disaccharide 43 was superior to 37 as a substrate whereas 40 was less effective set the

basis for this investigation.
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2.2. The kiretic sudies of the hydrobysis of methyl a-isomalioside and 6-C- -metlyl- derivatives catalyzed
by AMG lII.

It was desirable to examine the hydrolysis of the methyl e-isomaltoside (37) and the
methyl 6-C-methyl-a-isomaltoside (40 and 43) catalyzed by AMG II by the uv-vis spectros-
~opy. Unfortunately, the optimum pH required for the hydrolysis catalyzed by AMG Il is
4.3 vwhich is too acidic for the Hexokinase/6-Phosphate Dehydrogenase coupling assay
(optimum pH=6.8). Furthermore, substrates which were synthesized in limited quantity
may be required for further investigations. Since it was shown by Bock et ql,26:97-101.106
that the progress of the hydrolysis of methyl 8-maltoside and derivatives catalyzed by
AMG II could be follswed by 'H-NMR spectroscopy, it was decided that further enzyme
kinetic investigations would involved the use of 'H-NMR spectroscopy. The method
allows the observation uf the disappearance of the disaccharide and the formation of the
two monosaccharides simultaneously as a function of time. In the hydrolysis of methyl
a-isomaltoside (37), it was possible to observe the decreasing signals of H-1 at 8=4.95
ppm and H-1 at =4.85 ppm of the disaccharide and the increasing signals of H-1 of the
products; namely, 8-D-glucopyranose at =4.70 ppm ana methyi «-D-glucopyranoside at
4=4.83 ppm simultaneously. For the methy! 6-S-methyl-a-isomaltoside (40), the disap-
pearance of the broad quartet H-6 at 5=4.28 ppm of 46 and the appearance of the doublet
of quartets H-6 of the methyl 6-5-methyl-a-D-glucopyranoside (15) at =4.05 ppm were
also followed. For the methyl 6-R-methyl-a-isomaltoside (43), the disappearance of the
doublet methyl signal at C-6 of compound 43 (8=1.29 ppm) and the appearance of the
doublet methyl signal of H-6 of methyl 6-R-methyl-a-D-glucopyranoside (21) at 6=1.10

ppm was also followed.

Representative spectra of the progress of the hydrolysis of the disaccharides; namely,
methyl a-isomaltoside (37), methyl 6-S-methyl-z-isomaltoside (40) and methyl 6-R-methyl-

a-isomaltoside (43) are reproduced in Figure 39, 40, and 41. Integrations of signals allowed
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Figure 39. Reaction progress of the hydrolysis of methyi a-isomaltoside (37) catalyzed
by AMG II with time.
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Figure 40. Reaction progress of the hydrolysis of methyl 6-S-methyl-a-isomaltoside
(40) catalyzed by AMG II with time.
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Figure 41. Reaction progress of the hydrolysis of methyl 6-R-methyl-a-isomaltoside
(43) catalyzed by AMG II with time.
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Figure 42. Methyl a-maltoside and methyl a-isomaltoside hydrolysis catalyzed by AMG 1L

the construction of the progress curves (conc. vs. time). The data were analyzed using the
REGGRAFA program101 developed by Professor Bock and coworker on the personal
computer. The results were reproduced in the experimental section. The parameters

estimated from the progress curves are reproduced in Table 15.

The enzyme AMG Il catalyzed hydrolysis of the disaccharide i~ - ~:'ves re irre-
versible™ and, as mentioned above, gave two monosaccharides as products ir. - iiich one
was the methyl a-D-glucopyranoside or the C-6 methyl substituted derivatives and the
oi..r was the B-D-glucopyranose (Figure 42). The g-D-glucopyranose would then

anomerized to the a-D-glucopyranose which could be observed by 1H-NMR spectroscopy.

The general expression for a reaction catalyzed by an enzyme is:

E+S [ES] Keat . g 4+ p
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Table 16. Kinctic data of the hydrolysis catalyzed by AMG 11 of methyl a-isomaltoside
(37) and the methy! 6-C-methyl isomaltoside derivatives (40 and 43).

OH
HO o]
HO A
o
HO L
AN OH
R HO MeO' HO
Substituents at C-6 Population of Kinetic Data Relative | t12, min.
the
R | R Contfiguration | Key Conformer Keat,sec”! Km, mM| KaAssoc. | 9.26 mM
H | H —_ medium 0.069 2.9 12 » : 160
Me | H R high 0.12 0.22 155 60
—— ..
H | Me S low 0.84 35 1 | 500

The rate constant kea is the sum of all the rate constants of all subsequent steps after

the formation of the enzyme-substrate compiex ([ES]).

In the hydrolysis catalyzed by AMG II for methyl a-maltoside and methyl a-isomal-
toside (Figure 42), the overall rates of hydrolysis were assumed to be kcar for methyl
a-maltoside and k'ca[ for methyl a-isomaltoside. The overall rate ratio kcat/k cat is about
39 and, therefore AMG II catalyzes the hydrolysis of methyl a-maltoside 39 times faster
than methyl a-isomaltoside. This overall rate ratio is similar to the ratio for maltose and
isomaltose. Because methyl a-isomaltoside is a poor substrate in comparision to methyl
a-maltoside, it was assumed that the dissociation constant Ks for the [ES] complex is the
same as the Michaelis-Menten constant Kpm. This assumption may not be valid for all

cases involvec but can be made for poor substrates. !0
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Examination of Table 15 shows that the hydrolysis catalyzed by AMG II are in the
decreasing order: methyl a-maltoside > methyl 6-R-methyl-a-isomaltoside (40) > methyl
a-isomaltoside (37) > methyl 6-S-methyl-a-isomaltoside (43) and in agreement with the
data reported in Table 14. The slightly faster rate of hydrolysis shown for methyl
=-maltoside as compared to its B-anomer may not be real since reactions were too fast to
be followed with precision. The kinetic data for the hydrolysis of methyl a-isomaitoside
(37) and its epimeric 6-C-methyl derivatives (46 and 43) are presented in Table 16 along

with comments regarding the key conformer to be discussed below.

The kcar of methyl a-isomaltoside (37) is of the same order of tnagnitvde as the kcat
found for methyl 6-S-methyl-a-isomaltoside (40) and approximately half of that found for
methyl 6-R-methyl-e-isomaltoside (43). The variation in kecat is minor (2 fold) compared
1o the differences in Ky, the major factor in determining the relative rates of reaction.
The Km values can be assumed to be a useful measure of the association constants KAssoc..
The KAssoc. of methyl a-isomaltoside is about 12 times the Kassoc, of methyl 6-S-methyl-
a-isomaltoside (40). On this basis, methyl 6-R-methyl-a-isomaltoside (43) is bound 13 times
more strongly by the enzyme than is methyl a-isomaltoside and about 155 times more than

is methyl 6-S-methyl-a-isomaltoside. It is seen that the stronger the binding the faster the

hydrolysis (lower Ti2).

2.3 The Key Hydroxyl Groups.

As discussed above with reference to Figure 37(a)), Bock et al.’26,97-101 showed that
OH-6', OH-4' of the non-reducing unit and OH-3 of the reducing unit are necessary for
the hydrolysis of methyl g-maltoside by the enzyme AMG II. This phenomenon was
reminiscent of the findings by Lemieux and coworkers in their studies of the binding of

oligosaccharides by lectins and antibodies'"” where they observed in each case that the
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binding was dependent on the presence of a cluster of two or three hydroxyl groups termed
the key polar grouping. It was shown by Lemieux er al 8 that the a-(1 - 4) linkage in maltose
are conformationally well defined by the torsion angles ol CrdpgC-IHA 25%-15°,
Therefore the key polar groups OH-4 and OH-3 should be energetically well presented
at a fixed separation in aqueous solution. As discussed above, the other key polar group
OH-6  is conformationally labile because of freedom of rotation about the C-5 to C-6
bond. Thus, the C-5/C-6' fragment can readily adopt either the g~ orthe g* conformation
(Figure 43) and it is not clear at present which conformer is required by the enzyme AMG

II. For the present discussion, the g conformation at C-6 is arbitrarily assumed.

The enzyme AMG 1l is expected to enter into a polar interaction with the key polar
groups (Figure 37(a)) of methyl a-maltoside. In view of the conformational rigidity
possessed by methyl a-maltoside,8 the disposition of these hydroxyl groups can be expected
to be near that presented by methyl e-maltoside in the minimum energy conformer which
as seen in Fig. 44 is expected to be near 7.1 A and 7.3 A for the distance between O-4 — O-3
and O -6 O-3, respectively. On the basis of the key polar group theory, it is expected that
the hydrolysis of the methyl a-isomaltoside (37) and its derivatives (40 and 43) will have

key polar groups in similar disposition in space.

Figure 43. The OH-4, OH-4 and OH.-6 (circled) groups of methyl a-isomaltoside which
are expected to form the key polar grouping.
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In the methyl a-isomaltoside and its derivatives series, the two key polar hydroxyl
groups of the non-reducing unit will still be OH-6 and OH-4 but the key polar hydroxyl

group of the reducing unit could not be OH-3 because it would be one bond too far away.

The OH-4 would be most likely.

The key conformers with similar distances as the OH-3/OH-4 and OH-3/OH-6 of
methyl a-maltoside were then searched for methyl a-isomaltoside (37), methyl 6-R-methyl-
a-isomaltoside (43) and methyl 6-S-methyl-a-isomaltoside (40) using HSEA calculations.
The variations in the estimated distances of the key conformers in the methyl a-isomal-
toside and the 6-C-methyl derivatives compared to the key conformer of methyl a-mal-
toside are not more than 0.4 A. The results are summarized in Table 17 and the key

conforimers were computer drawn in Figures 44 and 45.

According to HSEA calculations (see Table 17), the minimum energy conformation
of methyl a-isomaltoside has the torsion angles w’'=180°, ®=-50°, w=190° and w=180".
The torsion angle w=180° at C-6 corresponds to the g~ conformatien and is in agreement
with the experimental data obtained by Bock er al.®® The key conformer with similar
internuclear distances O-4— O-4 =6.9 A and O-4- 0-6 =7.1 A (Tuble 17) has the torsion
angles »'=180°, ®=—50°, w=120° and w=50°. The key conformer of methyl a-isoial-
toside is 1.49 Kcal mol’! higher in energy than its minimum energy conformer and,
therefore, can be expected on this basis to be a poorer substrate than methyl a-maltoside
for which the key conformer is energetically very close to the preferred conformation.
The key conformer for methyl 6-R-methyl-a-isomaltoside (43) with the same torsion angles
(' /®/Wfe =180°%/— 50°/120°/50°) is only 0.31 Kcal mot™! higher than its TH-NMR con-
former. In contrast, the key conformer for methyl 6-S-methyl-a-isomaltoside (40) has the
torsion angles «’'=180°, &=~ 60°, #=160° and w=>50° with internuclear distances O-4—
0-4'=70 A, 0-4-0-6 =7.7 A and is 3.78 Kcal mol’! higher in energy than its TH-NMR

conformer (Figure 45).
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7.1A
R-isomer
6.9A
8. 2A -—f_p

NMR Conformer (M5 -6 = 2.5 Hz) Key Conformer
Yp/w -50°/90°/-60° -50°/120°/50°
E, kcal/mole -1.26 -0.85
WH-5H-6 170°

S-lsamer
5.1A

NMR Conformer (44518 < 0.5 Hz) Key Conformer
VN -50°/195°/180°, -60°/160°/50°
E. kcalmole -1.46 2.32
-5 H-§ 60° .70°

. Figurg 45. Conformational analysis of the diastereoisomeric methyl 6-C-methyl-a-
isomaltosides (43 and 40).
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It is possible now to rationalize partially why the enzyme AMG II catalyzed the
hydrolysis of methyl a-maltoside, methyl a-isomaltoside and 6-C-methyl derivatives (40
and 43). Since enzymes are expected to be substrate specific, a change in linkage such as
a-(1-+4) in methyl «-maltoside to a-(1—+6) in methyl a-isomaltoside will result in a change
in conformation of the disaccharide which then becomes a very ditferent substrate.
However, AMG Ii can still catalyze the hydrolysis of the a-(1-+6) linkage of methyl
c-isomaltoside because the latter can adopt a conformation similar to that of methyl

a-maltoside where the key polar hydroxyl groups are in similar spatial arrangement.

The rate of hydrolysis by AMG I was about 40 times faster for methyl a-maltoside
compured to methyl a-isomaltoside. Although the methyl e-isomaltoside can adopt the
appropriate conformation for hydrolysis, this key conformer is only one of several possible
conformers of comparable energies because of the flexibility of the O-5/0O-6 fragment of
the reducing unit. In other words the population of the key conformer that can be
recognized by the enzyme AMG Il is low and the organization of the molecule for reaction
must present a barrier to reaction. Furthermore, because methyl a-isomaltoside is an
a-(1-6) linkage, the nonpolar surface of the disaccharide would be different compared
to the a-(1->4) linkage of methyl a-maltoside, the methyl a-isomaltoside may not fit the
binding site as well as in the case of methyl a-maltoside which would also result in the
reduction of rate. The etfect of the distance variations (0.4 A) in the key polar hydroxyl

groups on the rate of hydrolysis is not known at present but it is expected that changes in

distance would probably decrease the rate.

Based on the T1/2 at 10 mM conc :ntration (see Table 16), methyl 6-R-methyl-a-isomal-
toside (43) hydrolyzed about 2.6 times faster than methyl a-isomaltoside (37) which in
turn is hydrolyzed about 3.1 times faster than methyl 6-S-methyl-a-isomaltoside (40). If
for hydrolysis, the isomaltoside derivatives must imitate the conformation of methyl

a-maltoside in terms of the internuclear distances of the three key hydroxyl groups, then
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methyl 6-R-methyl-a-isomaltoside (43) must have higher population of the proper key
conformer than methyl a-isomaltoside. On the other hand, methyl 6-S-methyl-a-isomal-
toside (40) must have lower population of the proper key conformer than has methyl
a-isomaltoside. The differences in energies (Kcal mol’l) as estimated by HSEA calcula-
tions (Table 17) for adopting the key conformations were .41 for methyl 6-R-methyl-a-
isomaltoside (43), 1.49 for methyl «-isomaltoside and 3.78 for methyl
6-S-methyl-a-isomaltoside. Using Boltzman’s equation for population distribution (Equa-
tion 4), it is possible to estimate that the population of the key conformer is 33% for
methyl 6-R-methyl-e-isomaltoside (43), 8% for methyl a-isomaltoside and 0.2% for methyl
6-S-methyl-a-isomaltoside. These population estimates reflect the trend for the hydrolysis

catalyzed by the enzyme AMG 11I.

N1_ - AERT

—= 4

Na € (4)
where N1= population of the 'H-NMR conformer

N2= population of the key conformer
R = gas constant

T= temperature °K
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V. SUMMARY

1. Methyl 6-R-C-methyl-a-D-glucopyranoside (21) was synthesized and found to prefer

4 + . . .
the "Ci- g~ conformation in aqueous solutions.

2. Hydrolysis of 21, provided 6-R-methyl-D-glucose (48, which was dehydrogenated

to aldonic lactone by the enzyme system of Hexokinase and 6-Phosphate Dehydrogenase.

3. Methyl 6-S-C-methyl-o-D-glucopyranoside (15) was synthesized and found to prefer

the *C- g conformation in aqueous solution.

4. Hydrolysis of 15. provided 6-S-methyl-D-glucose (47) which was not dehydrogenated

to aldonic lactone by the enzyme system of Hexoxinase and 6-Phosphate Dehydrogenase.

5. In the temperature range 295°C to 355°C, compounds 21 and 15 still retain their

preferred conformations; i.e. g* and g  respectively.

6. Methyl 6-R-methyl-a-isomaltoside (43) was synthesized and found to prefer gt

conformation at the C-6 center of the reducing glucose unit in aqueous solution.

7. Hydrolysis catalyzed by the enzyme Amyloglucosidase Type II of 43 was observed

to be about 3 times faster than methyl a-isomaltoside (37).

8. Methyl 6-S-methyl-a-isomaltoside (40) wa. ~yuthesized and found to prefer g~

conformation at the C-6 center of the reducing glucose unit in aqueous solutiorn.

9. Hydrolysis catalyzed by the enzyme Amyloglucosidase Type Il of 40 was observed

to be about 3 times slower than methyl a-isomaltoside (37).
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Vi. EXPERIMENTAL

1. General methods

Nuclear magnetic resonance spectra were obtained at 297°K in D20 or CDCI3 on
Bruker instruments operating at 300 or 400 MHz when provided by the Spectral Service
Laboratory under the supervision of Dr. T. Nakashima and by the writer when at 360
MHz.. Acetone v-as used as internal reterence (4=2.225 ppm) for D20 and tetramethyl-
silane (TMS) was used for CDCI3 in proton spectra. Dioxane was used as internal
reference for 13‘C—spectra. Assignments were carried out using either the double resonance
technique or the 2D-COSY technique. Intra-red spectra were obtained on the Nicolet
7199 FT-IR. Melting points were determined on the Fisher-Johns melting point apparatus
and are uncorrected. Optical rotations were measured with a Perkin-Elmer 241
polarimeter at 589 nm in a 1 dm cell at room temperature (23+ 1°C). Elemental analyses
were performed by the departmental Analytical Service Laboratory under the supervision
of Mr. R. Swindlehurst. Thin layer chromatography (t.l.c.) was run with precoated silica
gel 60-F254 plates (E. Merck. Darmstadt) and developed by quenching of flourescence

and/or charring with 5%-10% sulfuric-ethanol solution.

Dry dichloromethane and pyridine were obtained by distilling over calcium hydride
and were used immediately. Chromium trioxide was obtained from Aldrich and was dried
over P20s and under vacuum for at least 48 hrs. Other solvents and reagents used were
reagent grads and if better purity was needed, standard proceduresllo were followed.
Anhydrous solution transfers were done under nitrogen atmosphere using standard

syringe techniques. m
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N.O.e. experiments

Solutions in the NMR tubes were previously degassed by bubbling dry nitrogen
through for 3-5 minutes. The D20 used was purchased frem Aldrich (99.9% D, low in

paramagnetic impurities). The steady state nuclear Overhauser enhancements were

obtained after 512 scans normally.

HSEA calculations

The atomic coordinates were obtained from neutron diffraction studies of methyl
a-D-glucopyranoside crystal structure.’6 Modification of the methyl a-D-glucopyranoside
structure at C-6 were achieved with the program TRANSF.OBJ using the distance 1.54
for C-C bond. Rotation of the  torsion angle was done with the program GENT.OBJ.
Molecular minimum energy calculation was estimated using the HDSP3.0OBJ program.
Molecular conformation was plotted using the coordinates of the minimum energy
conformation generated by the HDSP3.OBJ program. The programs TRANSF.OBJ,

GENT.OBJ and HDSP3.0OBJ were available from the University of Alberta Computing
Library.
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2. Syntheses

Metlyl 2 3,4, -51-0O-benzyi-a-D-gluco-1, 6-dialdo-hexopyranoside (7)

Dried chromium trioxide (25.9 g, 259 mmol) was added to a solution of pyridine (40.9
g, 517 mmol) in dichloromethane (400 mL). The mixture was mechanically stirred at room
temperature for 30 min.. A solution of methyl 2.3.4-tri-O-benzyl-a-D-glucopyranocside (4)
(10.0 g, 21.6 mmol) in dichloromethane (22 ml) was added rapidly to the oxidation
mixture and a black tar precipitated immediately. The resulting mixture was stirred at
room temperature for 10 min., decanted and the black tarry precipitate was washed with
ether several times. The combined ether solutions were filtered through a pad of silica
gel-G to give a colorless filtrate which was dried with anhydrous magnesium sulfate. Ether
was removed to give a slightly yellow oily residue which was coevaporated with toluene
(2 x 200 mL) to remove residual pyridine. The oily residue was dried under vacuum
overnight to give 7 {6.94 g, 709%). Proton NMR of this crude residue showed that it
contained ~90% of the desired compound 3. [«]p=8.2° (¢ 1.0, CHCI3) lit.*7 13.6V.

"H-NMR (CDCl3): 8 9.65 (s, 1H. H-6), 7.40—7.10 {m. 15H, Ar-H), 5.05—4.50 (m, 7H,
3 x Ph-CHz and H-1), 4.17 (d, 1H, H-5, J45=10.0 Hz), 4.08 (dd, 1H, H-3, J34=9.0 Hz,
J23=9.5 Hz), 3.57 (dd. 1H, H-4, J3,4=9.0 Hz, J4,5=10.0 Hz), 3.50 (dd, 1H, H-2, J1 2=3.5
Hz, J23=9.5 Hz), 3.38 (s. 3H, OCH3); >C-NMR (CDCl3): 4 197.45 (CHO); 138.43—
125.31 (Ar. Carbons); 98.41 (C-1y; 87.76, 79.30, 77.82 (3 x Ph-CH>); 75.32, 75.11, 74.22,
73.60 (C-2—C-5); 55.77 (OCH3); IR vmax (cm™!) 1741.133 (CHO).

Meiinl 2,3, 4-ri-O-benzyl- 7-deoxy-B-L-ghycero-D-glucoheptapyranoside (9)

A solution of methyl iodide (4.26 g, 30.04 mmol) in anhydrous ether (20 mL) was
added dropwise under nitrogen to a mixture of magnesium (0.73 g, 30.04 mmol) and ether
(30 mL). After warming for a few minutes. the mixture turned cloudy and began to boil.

Addition of methyl iodide solution was such that boiling was maintained. After the addition
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of methy! iodide was complete, the resulting Grignard mixture was left stirring for 1 hr.
to ensure complete formation of the reagent. A solution of compound 7 (6.94 g, 15.02
- mmol) in ether (30 mL) was then added dropwise and the reaction mixture was left stirring
atroom temperature for 2 hrs. The reaction was quenched with the dropwise addition of
saturated ammonium chloride (10 mL) and the reaction mixture solidified. Distilled water
(50 mL) was added to dissolve the solid. The aqueous layer was extracted with ether
several times (total volume 150 mL) and the combined ether solutions were washed with
water (2 x 100 mL) and dried over anhydrous magnesium suifate. Removal of solvent gave

a yellow crude oil (5.96 g) in which the major product was 9 by t.l.c. (Rf=0.54, solvent 3:2

n-hexane:ZtOAc).

(i) Methyl 234, -n-O-benzyl-7-deaxy-6-0-(3,5-dinitrobenzoyl)-p-L-glycero-D-ghucoheptapyranoside
(14)

The crude Grignard product (0.587 g. 1.2 mmol) was dissolved in pyridine (10 mL)
and 3,5-dinitrobenzoyl chioride (0.513 g, 2.25 mmol) was added along with a few crystals
of dimethylaminopyridine (DMAP). The reaction mixture was stirred at room tempera-
ture until analysis by t.l.c. (Rf S.M.=0.58, Rf Prod.=0.85, solvent 3:2 n-hexane:EtOAc)
showed no remaining starting material. Water was then added dropwise with stirring for
5 min. The aqueous layer was extracted with chloroform (75 mL). The chloroform layer
was separated, washed with water (2 x 75 mL) and dried over anhydrous magnesium
sulfate. The soivent was then evaporated to give a yellow residue which was recrystallized
from hot methanol to give 14 (0.612 g, 74%); mp 68-70°C; [«]p=52.2° (¢ 0.85, CHCI3).
IH.NMR (CHCI2>: 6 9.21 (t, 1H, para-H, Jortho,para=2.0 Hz), 9.16 (d, 2H, ortho-H,
Jertho,para=2.0 Hz), 7.45—7.15 (m, 15, Ar-H), 5.62 (dq, 1H, H-6, Js6=1.5 Hz, J6.7=6.5
Hz), 5.45—5.05 (3 xdd and d, 7H, 3 x Ph-CH> and H-1), 4.05 (dd, 1H, H-3, J2,3=10.0 Hz,
J3,4=9.0 Hz), 3.71 (dd, 1H, H-5, Js 6=1.5 Hz, J4,5=10.0 Hz), 3.60 (dd, 1H, H-2, J12=3.5
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Hz, J23=10.0 Hz), 3.42 (t, 4H, H-4 and OCH3), 1.48 (d, 3H, Cs-CH3, J57=6.5 Hz);
BCc.NMR (CDCl3): 5 228.13 (C=0); 162.81—123.38 (Ar. Carbons); 99.01 (C-1); 83.23,
81.11, 77.69, 72.51, 71.80 (C-2—C6); 76.86, 75.88, 74.53 (3 x Ph-CH2); 56.30 (OCH3);
17.35 (C-7).

Anai. calc. for C36H3sN2011e12MeOH: C 63.66 H 5.56 N 4.07

found: C 63.49 H 524 N 4.27

(&) Methyl 2,3,4-tri-O-benzyl- 7-deaxy-p-L-glycero-D-glucohepiapyranoside (9) from 14

Compound 14 (1.00 g, 1.49 mmol) was dissolved in dioxane (50 mL) and 1N sodium
hydroxide solution (20 mL) added and stirred at room temperature for 1 hr. The reaction
was followed by t.l.c. (Rf 14=0.85, Ry 9=0.57, solvent 3:2 n-hexane:EtOAc). When the
reactionwas completed (after 1 hr.), dichloromethane (250 mL) was added to the reaction
mixture and stirred for 5 min.. Then the reaction mixture was filtered over a pad of silica
gel-G which was then washed with water (2 x 100 mL) and dried over anhydrous
magnesium sulfate. The solvent was then evaporated, the residue dried under vacuum to

give solid 9 (0.692 g, 97%); mp 82-84°C; [«]p=26.9° (c 1.0, CHCl3).

'H-NMR (CDCl3): 6 7.40—7.20 (m, 15H, Ar-H), 5.01—4.63 (3 x dd, 6H, Ph-CH3>),
4.58 (d, 1H, H-1, J12=3.5 Hz), 4.05 (dq, 1H, H-6, Js,6=1.5 Hz, J67=6.5 Hz), 3.99 (dd,
1H, H-3, J3,4=9.0 Hz, J2,3=9.5 Hz), 3.62 (dd, 1H, H-4, J45=10.0 Hz, J3.4=9.0 Hz), 3.50
(dd, 1H, H-2, 12,3=9.5 Hz, J12=3.5 Hz), 3.42 (dd, 1H, H-5, Js6=1.5 Hz, J45=10.0 Hz),
3.34 (s, 3H, OCH3), 1.25 (d, 3H, J6-CH3, J6,7=6.5 Hz); 3C-NMR (CDCl3): 6 138.79—
127.57 {Ar. Carbons); 98.15 (C-1); 82.17, 79.93, 77.72 (3 x Ph-CH); 75.70, 75.11, 73.42,
72.83 (C-2—C-5); 65.05 (C-6); 55.01 (OCH3); 20.15 (C-7).

Anal. caic. for C2oH340s: C  72.78 H 7.16
fcund: C 7294 H 6.82
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Methyl 7-deao-g-L-glycero-D-glucoheprapyranoside (15)

Compound 9 (200 mg, 0.42 mmol) was dissolved in methanol (25 mL). Then 5%
palladium-on-charcoal (200 mg) was added in smali portions. The mixture was shaken
with hydrogen (100 Ib. in'z) at room temperatt.- = overnight. The reaction mixture was
then filtered over celite (washed with methanol). The solvent was evaporated to give 15
(85 mg, 98%) as a solid which could be recrystallized from n-hexane / 98% ethanol to give
needle like crystals. Mp 136-137°C, [«]p=150° (c .23, H20). 'H-NMR (D20): 5 4.68 d,
1H, H-1, J1,2=3.5 Hz), 4.05 (dq, 1H, H-6, J56=1.5 Hz, J67=6.5 Hz), 3.51 (dd, 1H, H-3,
J2,3=10.0 Hz, J34=9.0 Hz), 3.42 (dd, 1H, H-2, J12=3.5 Hz, J2.3=10.0 Hz), 3.36 (dd, 1H,
H-4, J3,4=9.0 Hz, J4,5=10.0 Hz), 3.27 (s, 3H, OCH3), 3.26 (dd, 1H, H-5, J56=1.5 Hzg,
J4,5=10.0 Hz), 1.16 (d, 3H, C7H3, J6.7=6.5 Hz). >*C.-NMR (D20): 6 99.24 (C-1); 73.49,
73.41 (C-3, C-5); 71.31 (C-2); 69.74 (C-6); 64.26 (C-4); 54.89 (OCH3); 18.72 (C-7).

Anal. calc. for CsH160s: C 46.15 H 7.75

found: C 46.04 H 7.4¢

Meihyl 2,3-di-O-acetyl~4,6-benzylidene- 7-deoxy-8-L-glycero-D-glucoheptapyranoside (17)

A solution of benzal bromide (112 mg, 0.40 mmol) in pyridine (1 mL) was added to a
solution of compound 15 (16 mg, 0.77 mmol) in pyridine (15 mL) and the mixture was
refluxed at 125°C for 2 hrs. with stirring. Acetic anhydride (3 mL) was then added to the
cooled reaction mixture and the solution was stirred for 48 hrs. at room temperature. The
reaction mixture was then poured into water (75 mL) and the aqueous layer was extracted
with chloroform (50 mL). The chloroform layer was washed with water (50 mL), saturated
sodium bicarbonate solution (50 mL), water (50 mL) and dried over anhydrous mag-
nesium sulfate. Chloroform was evaporated and the residue was coevaporated with
toluene (2 x 15 mL). Preparative t.l.c. of the residue (Ri=0.66, solvent 3:2 n-hexane /

EtOAc) gave 17 (15 mg, 51%) as a solid. Mp 132-134°C; [«]p=50.2° (¢ 0.31, CHCI3).
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TH-NMR (CDCl3): ¢ 7.50—7.25 (m, 5H, Ar-H), 5.80 (s, 1H, Ph-CH), 5.57 (dd, 1H,
H-3, J34=9.0 Hz, J23=10.0 Hz), 4.93 (d, 1H, H-1, J12=3.5 Hz), 4.87 (dd, 1H. H-2.
J2,3=10.0 Hz, J; 2=3.5 Hz), 4.5 (dq, 1H, H-6, J56=6.0 Hz, J6,7=7.0 Hz), 4.15 (dd, 1H,
H-5, J45=10.0 Hz, J56=6.0 Hz). 3.91 (dd. 1H, H-4, J3.4=9.0 Hz, J35=10.0 Hz), 3.41 (s,
3H, OCOCH3), 1.48 (d, 3H, C7H3, J6,7=7.0 Hz). 1>*C.NMR (CDCl3): 6 170.48, 169.76 (2
x C=0); 137.40, 128.92, 128.22, 126.24 (Ar. Carbons); 97.59 (C-1), 94.07 (Ph-CH); 72.74,
71.50, 70.49, 69.66 (C-2—C-5); 64.45 (C-6); 55.34 (OCH3); 20.65, 20.79 (2 x COCH3),
11.28 (C-7).

Anal. cal. for Ci1gH2408: C 59.99 H 6.36

found: C 5955 H 6.06

Methyl 6-O-methanestdfornyl-2 3,4-tri-O-benzyl- 7-deoxy-p-L-glycero-D-glucoheptapyranoside (18)

Methanesulfonyl chloride (87 mg, 0.76 mmol) was added to a solution of compound
2 (135 mg, 0.282 mmol) in pyridine (5 mL) and the reaction mixture was stirred at room
temperature for 2 hrs. T.l.c. analysis indicated that the reaction was completed after 2 hrs.
and virtually one product had formed (Rf 9=0.58, Rr 18=0.67, solvent 3:1 toluene /
acetone). The reaction mixture was then poured into a mixture of ice / water (50 mL) and
the aqueous layer was extracted with dichloromethane (50 mL). The dichloromethane
layer was washed with cold water (2x50mL) and dried over anhydrous magnesium sulfate.
The solvent was then evaporated, the residue was coevaporated with toluene (2 x 25 mL)
and chromatographed (solvent 6:1 toluene/acetone) to give 18 (104 mg, 66%) as an oil.

[«]JD=9.3° (¢ 1.22, CHCI3).

1H-NMR (CDCIl3): 6 7.40—7.25 (m, 15H, Ar-H), 5.32 (dg, 1H, H-6, J56=1.0 Hz,
J6.7=6.5 Hz), 5.06—4.62 (m, 7H, 3 x Ph-CH2 and H-1), 4.02 (m, 1H, H-5), 3.65—3.53 (m,
3H, H-3, H-4 and H-2), 3.36 (s, 3H, OCH3), 3.04 (s, 3H, SO2CH3), 1.53 (d, 3H, Cs-CH3,
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J6,7=6.5 Hz). BC.NMR (CDCI3): ¢ 138.54—127.74 (Ar. Carbons); 98.26 (C-1); 82.30,
79.71, 77.17, 73.55, 72.38 (C-2—C6); 75.74, 75.31, 75.00 (3 x Ph-CH2); 55.33 (OCH3);
39.54 (OSO2CH3); 17.73 (C-7).

Anal. calc. for C3gH3508S: C 64.73 H 6.52 S 5.76

found: C 64.85 H 6.55 S 5.52

Methyl 6-O-benzoyl-2,3,4-tri-O-benzyl-7-deoxy-a-D-glycero-D-glucoheptapyranoside (19)

Crude mesylate 18 (0.60 g, 1.08 mmol) was dissolved in dry N,N-dimethyl formamide
(DMF) (5mL), anhydrous sodium benzoate (1.01 g, 7.0 mmol) was adced and the reaction
mixture was heated at 120°C and stirred for 17 hrs.. The cooled reaction mixture was then
dissolved in dichloromethane (50 mL), washed with water (6 x 75 mL) and dried over
anhydrous magnesium sulfate. The solvent was evaporated and the residue was
chromatographed on HPLC (solvent 10:1 n-hexane / acetone) to give 19 (0.294 g, 47%)
as a syrup. [a]p=9.8° (c 1.04, CHCl3).

'H-NMR (CDCl3): & 8.40—7.20 (m, 20H, Ar-H), 5.47 (dg, 1H, H-6, J56=2.0 Hz,
J6,7=7.0 Hz), 5.03—4.65 (m, 6H, 3 x Ph-CH2), 4.64 (d, 1H, H-1, J1.2=4.0 Hz), 4.04 (dd,
1H, H-3, J2,3=9.5 Hz, J34=9.0 Hz), 3.93 (dd, 1H, H-5, J55=2.0 Hz, J54=10.0 Hz), 3.52
(dd, 1H, H-2, J12=4.0 Hz, J2,3=9.5 Hz), 3.42 (dd, 1H, H-4, J34=9.0 Hz, J45=10.0 Hz),
3.38 (s, 3H, OCH3), 1.18 (d, 3H, Ce-CH3, J6,7=7.0 Hz). 1*C-NMR (CDCl3): 6 165.76
(C=0); 136.66—127.75 (Ar. Carbons); 97.80 (C-1); 82.44, 80.16, 77.82, 71.39, 70.12
(C-2—C-6); 75.92, 74.62, 73.41 (3 x Ph-CH?), 54.99 (OCH3); 13.57 (C-7).

Anal. calc. for C3gH3807: C 74.20 H 6.57
found: C 74.33 H 655
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Methyl 2, 3,4-ri-O-benzyl- 7-deoxy-a-Dglycero-D-glucoheprapyranaside (10)

Compound 19 (137 mg, 0.24 mmol) was dissolved in gioxane (10 mL) ang 1N socinm
" hydroxide solution (6 mL) was added. The reaction mixture wzs stirred at 60°C and t.L.c.
analysis showed that the reaction was over after 48 hrs. (Rf 19=0.85, Rf10=0.43. solvent
3:2 n-hexane:EtOAc). The cooled mixture was then diluted with dichloromethane (50mL)
and filtered over a pad of silica gel-G. The dichloromethane solution was washed with
water (2 x 50 mL), saturated sodium bicarbonate solution {50 mL), water (50 mL) and
dried over anhydrous magnesium sulfate. The solvent was then removed and the residue
solidified slowly under vacuum to give 10 (80 mg, 71%). Mp 89-90°C, []D=28° (c 0.4,
CHCl3).

'H-NMR (CDCls): 8 7.34—7.16 (m, 15H, Ar-H), 4.98—4.53 (m, 6H, 3 x Ph-CH2),
4.50(d, 1H, H-1, J1,2=3.5 Hz), 3.95 (dd, 1H, H-3, J23=9.5 Hz, J3,4=9.0 Hz), 3.88 (m, 1H,
H-6), 3.55 (dd, 1H, H-5, J45=19.0 Hz, Js6=4.5 Hz), 3.43 (dd, 1H, H-2, J12=3.5 Hz,
J2.3=9.5 Hz), 3.35 (dd, 1H, H-4, J34=9.0 Hz, J4.5=10.0 Hz), 3.31 (s, 3H, OCH3), 2.49 (d,
1H, OH, Js.0H=6.0 Hz), 1.05 (d, 3H, Cs-CH3, J67=6.5 Hz). 3C.NMR (CDCla): &
138.61—127.73 (Ar. Carbons); 97.64 (C-1); 82.38, 80.29, 80.01 (3 x Ph-CH»); 75.75, 74.81,
73.37, 72.31 (C-2—C-5); 68.37 (C-6); 55.16 (OCH3), 17.81 (C-7).

Anal. calc. for C29H3406: C 72.78 H 7.16
found: < 72.81 H 7.07

Metiyl 7-a'eaxy-a-D~gljwem-D-glucoheptannoside (21)

To a solution of 10 (70 mg, (.15 mmol) in methanol (12 mL), 5% palladium-on-char-
coal (74 mg) was added in small portions. The mixture was shaken with hydrogen (100 Ib.
in” ) at room temperature for 6 hrs. The reaction mixture was then filtered over celite

(washed with methanol). The solvent was evaporated and the residue was coevaporated
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with toluene (2 x 25 mL) and dried under vacuum. The residue solidified under vacuum

to give 21 (30 mg, 98%). Mp 135-136°C, [«]D=147.8° (¢ 1.0, H20).

'H-NMR (D20): 5 4.68 (d, 1H, H-1, J1,2=4.0 Hz), 4.04 (dq, 1H, H-6, J56=2.5 Hz.
J6,7=6.0 Hz), 3.56 (dd, 1H, H-5, J5 6=2.5 Hz, J4,5=10.0 Hz), 3.53 (dd, 1H, H-3, J34=9.0
Hz, J2,3=10.0 Hz), 3.44 (dd, 1H, H-2, J12=4.0 Hz, J2,3=10.0 Hz), 3.23 (dd, 1H, H-4, J4.5=
10.0 Hz, J3,4=9.0 Hz), 3.29 (s, 3H, OCH3), 1.10 (d, 3H, C-CH3, J6.7=6.0 Hz). *C-NMR
(D20): 8 99.22 (C-1); 73.37, 73.32 (C-2 and C-5); 71.27, 70.93 (C-3 and C-6); 66.34 (C-4);
54.96 (OCH3), 15.05 (C-7).

Anal. calc. for CgH1606: C 46.15 H 7.75

found: C 4599 H 7.50

Methyl 6-O-acetyl-2,2,3,344 -hexa-O-benzyl-7-deoxy-6-O-(a-Dglucopyrannsyl)-B-L-ghycero-D-
glucoheptapyranoside (38)

Methyl 2,3,4-tri-O-benzyl-7-deoxy-8-L-glycero-D-glucoheptapyranoside (9) (100 mg,
0.209 mmol) was dissolved in dichloromethane (10 mL). Then tetraethylamonium
bromide (76 mg), dried molecular sieves (BDH, 4 A, 1 g) and dried DMF (1.4 mL) was
added and the mixture was bubbled with nitrogen to reduce the volume. Then freshly
prepared 6-O-acetyl-2,3,4-tri-O-benzyl-a-D-glucopyranosyl bromide (31) (2 eg.) in
dichloromethane (6 mL) was added and the mixture was stirred at room temperature
under nitrogen. The reaction progress was followed by t.Lc. until completed (R 38=0.69,
Rf£24=0.55, solvent 3:2 n-hexane / ethyl acetate). After the reaction was over, the partially
dry mixture was dissolved in dichloromethane (25 mL), filtered to remove undissolved
materials, washed with water (2x50 mL), saturated sodium bicarbonate solution (2x50
mL), water (2x50 mL) and dried over magnesium sulfate. Dichloromethane was

evaporated and the residue was chromatographed with silica gel (solvent 4:1 n-hexane /
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ethyl acetate) to give the desired disaccharide 38 as an oil which was dried under vacuum

with heating (101 mg, 51%). [«]JD=0.54° (c 1.06, CDClI3).

'H-NMR (CDCl3): 6 7.40—7.20 (m, 30H, Ar-H), 5.09 (d, 1H, H-l', J1'2'=3.5 Hz),
5.02—4.49 (m, 7TH, 3 x Ph-CH2 and H-1), 4.26—4.06 (m, 3H. 2 x H-6 and H-6), 4.06—3.94
(q and m, 3H, H-3', H-3 and H-5), 3.77 (dd, 1H, H-4, J34=9.5 Hz, J45=9.0 Hz), 3.56
(dq, 1H, H-5, J4,5=9.0 Hz, J56=2.0 Hz), 3.56—3.47 (m, 2H, H-2  and H-2), 3.46 (dd, 1H,
H-4', J34'=9.0 Hz, J4'5-=10.0 Hz), 3.38 (s, 3H, OCH3), 1.92 (s, 3H, CH3COO0-), 1.33 (d,
3H, Cs-CH3, J6,7=6.0 Hz). BC.NMR (CDCl3): 6 170.75 (C=0); 138.81 (t-Carbons of
Ph.); 128.47—127.39 (Ph. Carbons); 97.90 (C-1); 95.20 (C-1); 75.72, 75.53, 75.08, 74.32,
73.40, 73.00 (6 x Ph-CH2); 82.56, 81.60, 80.19 (3 x C); 77.73, 77.48, 73.22, 71.69, 69.19 (9
x C: C-2, C-2, C-3, C-3', C-4, C-4, C-5, C-5', C-6); 63.24 (C-6), 55.09 (OCH3), 20.01
(COOCH3), 16.31 (C-7)

Anal calc. for Cs7He4012: C 73.09 H €.77

found: C 72.84 H ~.85

Methyl 2,2’,3,3',4,4'-lzexa-0~bmzyl-7-deaxy-6-0-(a—D—ghtcomwwsyl)—ﬁ-L-gb)cem-D-qucohep-
tapyranoside (39)

Methyi 6'—0—acetyl-2,2',3,3',4,4'-hexa-O—benzyl-7-deoxy-6-0—(a-D-glucopyranosyl)-ﬂ-
L-glycero-D-glucoheptapyranoside (38) (293 mg, 0.307 mmol) was dissolved in dry
methanol (10 mL). A catalytic amount of sodium methoxide was added to the solution
and the solution was stirred at room temperature overnight. The reaction progress was
followed by t.l.c. (Rf 39=0.49, Rf 38=0.72, solvent 3:2 n-hexane / ethyl acetate). When
the reaction was completed, resin (IRC-SO-H+, washed with distilled water and methanol)
was added and stirred until the mixture turned acidic (pH paper). Then the mixture was

filtered and the solvent was evaporated to give a foemy product 39 which was dried under
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vacuum (269 mg, 96%). [«]D=47.6° (¢ 1.99, CHCI3).

1H-NMR (CDCl3): 6 7.40—7.10 (m, 30H, Ph-H), 5.03 (d, 1H, H-1, Ji"2'=3.5 Hz).
5.01—4.57 (m, 13H, 6 x Ph-CH2 and H-1), 4.32 (dq, 1H, H-6, Js6=1.5 Hz, J6.7=6.5 Hz).
4.01(dd, 1H, H-3', J2' 3:=9.5 Hz, J3' 4'=9.0 Hz), 3.98 (dd, 1H, H-3, J23=9.5 Hz, J3,4= 10.0
Hz), 3.84—3.72 (m, 2H, H-5 and H-4), 3.66—3.49 (m, SH, 2 x H-6. H-5, H-4 and H-2),
3.46 (dd, 1H, H-2', J1'2'=3.5 Hz, J2' 3'=9.5 Hz), 3.35 (s, 3H, OCH3), 1.32 (d, 3H, Ce-CH3,
J6.7=6.5 Hz). 1>C-NMR (CDCl3): 6 138.84—138.27 (t-Ph. Carbons); 128.46—127.37 (Ph.
Carbons); 97.88 (C-1); 95.39 (C-1); 82.54, 81.52, 80.19, 80.14, 77.64, 73.13, 71.84, 71.31
(9 Carbons: C-2, C-2, C-3, C-3, C-4, C-4', C-5, C-5, C-6); 61.72 (C-6 ); 55.09 (OCH3);
16.40 (C-7).
Anal. calc. for Cs6He2011: C 73.80 H 6.86

found: C 73.20 H 6.95

Mertyl 7-deaxy-6-O-(a-D-glucopyrarnosyl)-3-L-glycero-D-glucoheptapyranoside (40)

Methyl 2,2',3,3',4,4'-hexa-O—benzyl-?-deoxy-6—0-(a-D-glucopyranosyl)-ﬂ-L—glycero-D-
glucopyranoside (39) (126 mg, 0.138 mmol) was dissolved in dry methanol (12.5 mL).
Then 5% palladium-on-charcoal (126 mg) was added in small portions to the solution and
the mixture was shaken under hydrogen (100 Ib. in'z) at room temperature. The reaction
progress was followed by t.l.c. (solvent 4:1 dichloromethane / methanol). When the
reaction was completed the mixture was filtered and the filtrate was evaporated to give
a yellowish solid residue. The crude residue was chromatographed (latrobeads, solvent
4:1 dichloromethane / methanol) to give colorless crystalline 40 (40 mg, 78%). Mp
127-128°C, [«]p=175.3° (¢ 0.26, D20).

'H-NMR (D20): 5 5.09 (d, 1H, H-1", J1'2'=3.5 Hz), 4.28 (broaden q, 1H, H-6), 3.69
(t, 1H, H-3), 3.64 (broad d, 1H, H-5), 3.56 (dd, 1H, H-2, J1"2'=3.5 Hz, J2'3=9.5 Hz),
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3.89—3.52 (m, 10H, H-5, 2 x H-6, H-3, H-3', H-4, H-5, H-5, H-2, H-2), 3.43 (t, 4H,
OCH3 and H-4). 3C-NMR (D;0): 5 100.03 (C-1'); 95.56 (C-1); 74.49, 74.15, 73.68, 73.04,
72.25,71.99, 70.24, 68.50 (9 Carbons: C-2, C-2, C-3, C-3', C-4, C-4', C-5, C-5 |, C-6); 61.17
(C-6'), 55.67 (OCH3), 14.76 (C-7).
Anal. calc. for C14H25011: C 45.53 H 6.82
found: C 4241 H 6.61

Methyl o'Oacezyz-z,z',3,3',4,4'-hexa0benzy1-Meoxym(a-D-gmcomwzosyl)-a-Dglycem-D-
glucoheptapyranoside (41)

Compound 10 (500 mg, 1.04 mmol) was dissolved in dichloromethane (5 mL).
Tetraethyl ammonium bromide (420 mg). dry molecular sieves (BDH 4A, § g) and DMF
(1 mL) was added to the solution and the mixture was placed under nitrogen atmosphere.
Then 6-0—acetyl-2,3,4—tri-0-benzy]-a-D-glucopyranosy] bromide (31, 2 eq.) in
dichloromethane (5 mL) was added and the mixture was stirred at room temperature
under nitrogen. The reaction progress was followed by t.l.c. (Rf41=0.59, Rf 10=0.26s0I-
vent system 3:2 n-hexane / ethyl acetate). When the reaction was completed,
dichloromethane (100 mL) was added and the mixture was filtered. The dichloromethane
solution was washed with saturated sodium carbonate solution (100 mL), water (4 x 100
mL) and dried over magnesium sulfate. The solvent was then evaporated to give an oily
residue which was chromatographed with silica gel (solvent 4:1 n-hexane / ethyl acetate)

to give the desired product 41 (587 mg, 59%). [a]p=78.2° (c 1.06, CDCI3).

'H-NMR (CDCl3): 4 7.40—7.20 (m, 30, Ph-H), 5.00 (d, 1H, H-1, J1'2'=3.5 Hz), 4.67
(d, 1H, H-1,J1,2=3.5 Hz), 5.03—4.51 (m, 12H, 6 x Ph-CH2), 4.27 (dd, 1H, H-6, J5'6'=4.5
Hz, Jo'a6'v=—11.5 Hz), 4.21 (dd, 1H, H-6'b, J5'65=2.5 Hz, Jorb,6'a=~ 11.5 Hz), 4.08—
391 (m, 4H, H-3, H-3, H-6, H-5)), 3.78 (dd, 1H, H-5, J56=0.5 Hz, J45=10.0 Hz),
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3.57—3.43 (m, 3H, H-4, H-4, H-2), 3.41 (dd, 1H, H-2', J1'2'=3.5 Hz, J2' 3:=9.5 Hz). 3.29
(s, 3H, OCH3), 1.99 (s, 3H, OCOCH3), 1.16 (d, 3H, C7H3, 157=6.5 Hz). *C-NMR
- (CDCl3): 6 170.74 (C=0), 138.85—137.97 (t-Ph. Carbons); 97.76 (C-1 and C-1}; 82.61.
81.76, 80.25, 80.03, 77.94, 77.64, 72.83, 72.57, 69.08 (9 Carbons: C-2, C-2, C-3, C-3', C-4.
C-4',C-5,C-5', C-6), 63.27 (C-6), 55.13 (OCH3); 20.84 (OCOCHS3), 16.55 (C-7)

Anal. calc. for CsgHeqO12: C 73.09 H 6.77

found: C 73.46 H 6.61

Methyl 2, 2',3,3', 4,4 '-hexa-O-benzyl- 7-deaxy-6-O-(a-D-glucopyranosyl)-a-Diycero-D-glucopyra-
noside (42)

Methyl 6'-O-acetyl-2,2',3,3',4,4'-hexa-O-benzyl-7—deoxy-6-0-(a-D—glucopyranosyl)-a-
D-glycero-D-glucoheptapyranoside (41) (440 mg, 0.462 mmol) was dissolved in dry
methanol (20 mL). A catalytic amount of sodium methoxide was added to the solution
and the solution was stirred at room temperature overnight. The reaction progress was
followed by t.l.c. (solvent system 3:2 n-hexane:ethyl acetate, Rf 42=0.42). When the
reaction was over, resin (IRC-50-H, washed with water and methanol) was added and
stirred until the mixture turned acidic (pH paper). Then the mixture was filtered and the
solvent was evaporated to give an oily residue which was dried under vacuum overnight

to give 42 (347 mg, 83%). [«]p=65.2° (c .34, H20).

"H-NMR (CDCl3): & 7.40—7.20 (m, 30H, Ph-H), 5.00 (d, 1H, H-1, J1'2'=4.5 Hz),
4.98—4.53 (m, 13H, 6 x Ph-CH2 and H-1), 4.08—3.91 (m, 3H, H-3, H-3 and H-6),
3.81—3.67 (m, 4H, H-5, H-5" and 2 x H-6'), 3.56—3.37 (m, 4H, H-4, H-4 , H-2 and H-2),
3.29 (s, 3H, OCH3), 1.13 (d, 3H, Cs-CH3, J6,7=6.5 Hz). '3 C-NMR (CDCl3): 4 138.85—
138.27 (t-Ph. Carbons); 129.07—125.33 (Ph. Carbons); 97.89 (C-1); 95.37 (C-1); 82.53,
81.52, 80.19, 77.64, 77.57, 73.14, 71.43, 71.32 (9 Carbons: C-2, C-2", C-3, C-3, C-4, C-4,
C-5,C-5, C-6); 61.73 (C-6 ); 55.09 (OCH3), 16.38 (C-7).
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Anal. calc. for Cs¢Hg2011: C 73.82 H 6.86
found: C 73.23 H 7.23

Metlyl 7-dzoxy-6-O- (a-D-qucopymnosyl)-a-D-gb/cem-D-glucohenammzoszde (43)

Compound 42 (247 mg, 0.27 mmol) was first dissolved in dry methanoi (25 mL). Then
5% palladium-on-charcoal (254 mg) was added in small portions to the solution and the
mixture was shaken under hydrogen (100 Ib. in'z) at room temperature and the reaction
progress was followed by t.l.c. (solvent 4:1 dichloromethane / methanol). When the
reaction was over, the mixture was filtered and the filtrate was evaporated to give a
yellowish solid residue. The crude residue was chromatographed (Iatrobeads, solvent 4:1
dichloromethane / methanol) to give colorless crystalline 43 (80 mg, 80%). Mp 231-232°C.
[«]D=228.1° (¢ .43, H20).

'"H-NMR (D20): 6 4.80 (d, 1H, H-1, J; 2=4.0 Hz), 3.57 (dd, 1H, H-2, J12=4.0 Hz,
J2,3=9.5 Hz), 3.67 (dd, 1H, H-3, J23=9.5 Hz, J34=9.0 Hz), 3.39 (dd, 1H, H-4, J4,5=10.5
Hz, J43=9.0 Hz), 3.83 (dd, 1H, H-S, J4,5=10.5 Hz, J56=2.5 Hz), 4.17 (dq, 1H, H-6,
J5,6=2.5 Hz, J6,7=6.5 Hz), 3.44 (s, 3H, OCH3), 1.29 (d, 3H, Cs-CH3, J6,7=6.5 Hz), 5.07
(d, IH, H-1, J1'2'=3.5 Hz), 3.55 (dd, 1H, H-2 , J1'2'=3.5 Hz, J2/,3'=9.5 Hz), 3.73 (dd,
IH, H-3, J23'=9.5 Hz, J3,4'=10.0 Hz), 341 (dd, 1H, H-4'), 3.88 (dd, 1H, H-6a,
J6'a6'b=~14.5 Hz, Jo'a;5'=5.0 Hz), 3.76 (dd, 1H, H-6b, Js'a6'b=— 14.5 Hz, Je'b5'=4.0
Hz). '*C-NMR (D20): 6 100.13 (C-1'); 97.98 (C-1); 73.89, 73.73, 73.37, 72.98, 72.02, 71.89,
71.80, 71.48 (C-2—C5 and C-2'—C5); 70.51 (C-6), 56.09 (OCH3), 15.12 (C-7).

Anal. calc. for C14011H2s: C  45.53 H 6.82
found: C 45.18 H 6.97



3. Enzyme hydrolysis experiments

All enzyme hydrolysis experiments were performed on the Cary model 214 and the
Bruker WM-360 spectrometer operating at 360 MHz at preset temperatures. The buffers
used were potassium phosphate buffer at pH=6.8, M.E.S. buffer at pH=6.5, sodium
acetate-acetic acid in D20 at pD=4.3 sodium acetate-d3— acetic acid-d4 in D20 at
pD=4.3. The enzyme hydrolysis data were analyzed by Dr. M. Palcic and Mr. L. Steele
in the Food Science Department on the PC using computer programs developed by
Professor K.Bock and co-workers from the Department of Organic Chemistry, the
Technical University of Denmark. The enzyme Isomaltase, ATP and NADP were
purchased from Aldrich. The enzymes Hexokinase and 6-Phosphate Dehydrogenase were
provided by Dr. M. Palcic. AMG type Il was a gift from Professor K. Bock.

The method, as recommended by Bock,® is the application of high resolution
1H-NMR Spectroscopy to monitor substrate and product time depencencies in progress
curve enzyme kinetics.!'?"116 This method has an advantage since Kinetic parameters can
be estimated in a single run therefore saving both time and substrate material. The
disadvantages are: (i) in general, mechanistic properties cannot be inferred directly from
a single progress curve, and (ii) errors in the estimated parameters may be significant,

depending on the experimental conditions and the method of data analysis.

The data were obtained as follows. The 'H-NMR spectrum of the substrate in buffered
solution was taken as standard at t=0. Then the enzyme in buffered solution was added
and the reaction progress was followed by recording 'H-NMR spectra at predetermined
times until the reaction was over. The time dependent spectra were plotted and the
concentration of the substrate and the product(s) were obtained from the integrations of
the appropriate peaks. The concentration of substrate vs. time progress curve was

constructed and analyzed on IBM personal computers using a non-linear least squares
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fitting program package REGGRAFA obtained from Professor Bock. The time depend-

€nt concentration data are summarized in the next section.

. 85 . . .
The progress curve ana]y5158" is based on the integrated and reparameterized

Michaelis-Menten equation (Equation 5).
¢ = (iyo-y | Vo) A [r+1In(1+)] (%)
Where  y=(yo-y)/(yoy )
A=(2vot122- lyoy /(vo(1~1n 4))
vo=initial rate
t12=half time (y(t12)= 1/2[yo-y’]
Yo=initial concentration
y’=final concentraion

The g is the degree of progressed reaction and it followed from the definition above

that y always be in the interval 0 < z < 1.

Equation 5 is then rearranged to Equation 6 to calculate the values of concentration

(dependent variable) as a function of time (independent variable).
y=(y +(yo—y j)exp[((vot-x [yo~y [)/Avo)—] (6)
The equation 6 is solved by computer by the bisection method.

All experiments with methyl a-isomaltoside (37), methyl 6-S-methyl-a-isomaltoside

(40) and methyl 6-R-methyl-a-isomaltoside (43) were performed under exactly the same

conditions.



Vil. APPENDIX

Time (min.) Conc. (mM)
0.00 18.52
9.18 18.31
23.83 17.46
47.47 16.15
71.30 15.96
95.03 15.41
118.77 14.09
142.50 12.89
166.23 12.85
189.97 11.91
213.70 9.69
237.34 9.57
261.17 8.28
284.90 7.39
308.63 6.85

Time (min.) Conc. (mM)
0.00 9.26
31.33 8.38
55.13 7.27
78.93 7.10
102.73 5.94
126.53 5.78
150.33 5.03
174.13 4.39
197.93 3.56
221.73 3.02
245.53 2.80
269.33 2.28
293.13 1.76
352.63 1.3
412.13 0.75
471.63 0.19
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Table 18. The time dependent concentration data for methyl a-isomaltoside (37) in
the course of hydrolysis catalyzed by AMG I1.

Table 19. The time dependent concentration data for methyl a-isomaltoside (37) in
the course of hydrolysis catalyzed by AMG IL.



Table 20. The time dependent concentration data for methyl 6-S-
toside (40) in the course of hydrolysis catalyzed by AMG I1.

Time (min.) Conc. (mM)
0.00 9.26
8.20 8.67
47.93 8.71
97.60 8.03
147.27 7.45
196.93 7.29
246.60 6.18
296.27 5.46
345.93 5.55
395.27 5.40
444.93 4.82
494.60 4.61
544.27 4.61
593.93 4.17
643.60 3.88
693.27 3.73
742.93 3.33
792.60 3.12
843.27 2.95
892.93 2.76
894.93 2.69
934.66 2.56
984.33 2.34
1092.00 2.31
1105.60 2.15
1145.35 1.97
1195.00 1.92
1244.70 1.83
1294.35 1.41
1344.00 1.56
1443.00 1.56
1483.00 1.37
1727.00 1.07
1816.00 0.89
1916.00 0.93
2015.00 0.70
2114.00 0.67
2213.00 0.84
2313.60 0.59
2412.00 0.59
2512.00 0.41
2612.00 0.30
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methyl-a-isomal-
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Table 21. The time dependent concentration data for methyl 6-S-methyl-a-isomal-

toside (40) in the course of hydrolysis catalyzed by AMG II.

Time (min.) Conc. (mM)
0.00 18.52
57.00 17.28
118.42 15.89
179.83 15.09
241.25 13.80
302.67 12.96
364.98 1193
425.50 11.00
468.42 10.28
548.33 9.52
609.75 9.09
780.17 7.28
829.58 6.83




Table 22. The time dependent concentration data for methyl 6-R-
toside (43) in the course of hydrolysis catalyzed by AMG II.

Time (min.) Conc. (mM)
0.00 18.52
8.33 17.96
20.33 17.31
32.33 16.80
44.33 16.07
5033 15.26
68.33 14.61
80.33 13.85
92.33 13.70
104.33 11.96
116.33 11.37
128.33 10.37
140.33 9.69
147.38 9.61
159.38 8.57
171.38 8.50
183.38 7.44
195.38 6.59
207.38 5.41
219.38 4.98
231.38 4.07
243.38 3.50
255.38 2.41
267.38 1.89
279.38 130
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methyl-a-isomal-
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Table 23. The time dependent concentration data for methyl 6-R-methyl-a-isomal-

toside (43) in the course of hydrolysis catalyzed by AMG Il

Time (min.) Conc. (mM)
0.00 9.26
6.50 8.65
20.28 7.93
30.25 6.97
40.25 6.34
60.25 4.27
70.25 3.97
80.25 3.19
90.25 2.56
100.25 1.80
110.25 1.15
120.25 0.55
130.25 0
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tion data of methyl a-D-glucopyranosidc‘:.76 The raethyl groups were generated at C-6 and
O-1 using the TRANSF.OBJ program. The «' angle of the nen-reducing unit was set at
180° or 300° as required and the  angle of tt  reducing unit was rotated in 3° or 10” step
using the GENT.OBJ program. HSEA calculations were performed for the methyl
a-isomaltoside, the methyl 6-S-methyl-a-isomaltoside (40) and the methyl 6-R-methyl-.-
isomaltoside (43) with the torsion angles «' and o set at the predetermined values
mentioned above and the torsion angles ¢ and W were varied until the minimum energies

were obtained. The results are shown in Table 11.

Table 11. HSEA calculations results of the methyl a-isomaltoside (37) and the
diastereomeric 6-C-methyl a-isomaltosides (40 aud 43).

Compornds Torsional Angles, °© Internuclear Distances, A
' o W » | E(Kcal/mol)| O-4-0-4 0-4- 0-6

37 180 | -50 | 195 | 180 -2.29 5.08 5.30

300 | -45 1 240 | 60 -1.90 4.51 4.90

300 1 =501 190 | 180 ~2.45 5.16 3.53

300 | =50 | 200 | 300 ~1.74 8.25 6.41

40 180 | —=50 | 195 | 180 - 1.46 5.10 5.30

300 | =50 | 180 | 300 -0.28 5.35 4.02

43 180 | =50 | 90 300 ~1.26 8.17 7.10

300 | =S50 90 300 -1.81 8.17 5.68

Recalculation of the methyl «-maltoside in conformation obtained prcviouslyx where
&/W=—25%-15° with «'=180° and »=300" gave an energy minimum of 1.35 Kcal.
Because of the polar hydroxyl groups OH-3, OH-4 and OH-6 were involved in the
hydrolyses catalyzed by the enzyme Amyloglucosidase Type II, the distances between

these groups were also calculated for methyl «-maltoside and will be discussed in Section
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V.

HSEA calculations predicts that methyl a-isomaltoside (37) prefers the conformation
with the torsion angles w'/d/W/w=300°/- 50°/190°/180°%; methyl 6-S-methyl-a-isomaltoside
(40) prefers the conformation with the torsion angles o'/d/W/w=180%~ 50°/195°/180" and
methyl 6-R-methyl-a-isomaltoside (43) prefers the ccs#csymation with the torsion angies
o' [0/ W/u=180/- 50°/90°/300°. The minimura energy conformations of 40 and 43 were

plotted and reproduced in Figure 35 and 36 (p. 78 and 79, respectively).

The torsion angles »=180° and 300° tor 40 and 43 correspond to the g~ and g*
conformers respectively tor the C-5/C-6 bond in the reducing unit. The HSEA calculations
theretore predicts that the conformation at the C-6 of the reducing unit will be retained

tor the methyl 6-S-methyl-a-isomaltoside (40) and methyl 6-R-methyi-a-isomaltoside (43).

2.4. Conclresions

From contormational analysis of the monosaccharide derivatives, it was concluded
that at the C-6 center, methyl 6-S-methyl-a-D-glucopyranoside (15) preferred the g~
rotamer and methyl 6-R-methyl-a-D-glucopyranoside (21) preferred the g* rotamer. The
conformations are also favored even at higher temperatures. It was expected that these
conformations woula also be favored in the disaccharide derivatives. The conformations
at the C-6 center of the diastercoisomeric methyl 6-S-methyl-a-isomaltoside (40) and

methyl 6-R-methyl-«-isomaltoside (43) were determined (o be mainly g~ and g+ respec-

tively.



IV. ENZYME STUDIES

1. The Enzymes

Two enzymes Isomaltase and Amyloglucosidase Type II were used in kinetic studies
of the hydrolysis of the methyl a-isomalitoside (37) and its C-6 methyl derivatives: namely
methyl 6-S-methyl-a-isomaltoside (40) and methy! 6-R-methy i-a-isomaltoside derivatives

(43).

v OH
OH o
o] - \ Me
H HOH o K
HCYo o o ° == 0H
! > Kk o
1 H e
Me Ho! OMe HO

The enzyme Isomaltase (EC 3.2.1.10)78'83 is found in the bean, pota\to,31 autolyzed
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brewer’s yeast™ and muscle.?® This enzyme is used especially to cleave the a-D-(1-+6)

linkage and therefore plays an important role in the depolymeriza.ion of amylopectins

and glycogens. Because of this specificity, the enzyme [somaltase was selected to be used

in the hydrolysis studies.

The enzyme Amyloglucosidase (EC 3.2.1.3),84'87 which is produced by the microor-
ganism Aspergillus niger, consists of two forms: Amyloglucosidase Type I (AMG 1) and
Amyloglucosidase Type I1 (AMG II).S&89 Both enzymes are reported to be glycoproteins
containing D-mannose, D-glucose and D-galactose.90 Although the enzymes have been
characterized and (he amino acid sequence has been detcrmined,26'87’9()'100 the enzymes

have not crystallized.
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The AMG enzymes are used in the processing of starch because of their abilities to
catalyze hydrolytic cleavage of both the «-D-(1-4) linkage between glucopyranose units
- such as is present in maltose and a-D-(1 ~ 6) linkage between giucopyranose units such
as is present in isomaltose. Both enzymes are stable up to 60°C with little loss of activity
tor about 30 min., but are rapidly inactivated at higher temperature. The enzymes exhibit
nearly identical pH profiles with starch as the substrate with the pH optimum at ~4.5.
Both enzyi. 5 hydrolyze the a-D-(1-4) linkage approximately 40 times faster than the

a-D-(1~6) linkage. >

Our attention was turned to the enzyme AMG Il primarily because Bock and

2 -
coworkers“6'97 100

had made a systematic study of the effects of substitutional changes on
maltose on the kinetics of the hydrolysis in which the reactions were followed using
'H-NMR te:chniques.100 They found that the AMG II active site requires accommodation
of both the D-glucopyranose units of maltose since the enzyme hydrolyzes methyl

#-maltoside but not methyl B-D-glucopyranoside.

In the hydrolysis of the various derivatives catalyzed by AMG I, it was shown®® that
the enzyme can accept a wide range of modifications as well as larger substrates. The
compeltitive experiments showed that inhibitions ir: the reaction of the methyl g-maltoside
were observed with the 6-chloro- or 6-fluoro- derivatives. It was concluded that the
6-chloro- or 6-fluoro- derivatives were bound very tightly tc the active site in order to
inhibit the reactions.” Based on quaiitative data for hydrolysis,97 catalyzed by AMG 11,
of the mono- and several dideoxy derivatives of methyl g-maltoside, Bock et al%”%°
concluded that three hydroxyl groups, OH-3 in the reducing glucopyranose unit, OH-4
aiid OH-6 in the non-reducing glucopyranose unit, are essential for AMG Il catalyzed
hydrolysis. These findings are depicted in Figure 37(a). Evidence for this conclusion was
turther supported when the pentadecxy derivative (Figure 37(b)), in which only the key

polar groups were present (OH-3, OH-4 and OH-()'), was found to be a substrate for the
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enzyme AMG II. The HSEA calculated minimum energy conformation of methy!

101,103

a-maltoside, which is supported by '"H-NMR and *C-NMR data, presents

hydrophobic area defined by H-2, H-4 ., H-1 and O-5 of the non-reducing urit and H-4
as well as the hydroxymethyl group of the reducing unit which is expected to possess
substantial conformational rigidity. Both the three key hydroxyl groups and the
hydrophobic area were regarded as essential for AMG I hydrolysis by Bock er al.” and

are in support of the hydrated polar-group gate theory proposed by Lemicux.!04

HO «— +

o
(o]
® % /g—k
(o]
HO

Figure 37. (a) Substrate specificity for Amyloglucosidase II (AMG Il)gg for different
deoxy derivatives of maltose. + indicates substrate activity. ~ indicates no substrate
activity and + + indicates compounds which are hydrolyzed faster than methyl g-maltoside.
(b) Pentadeoxy derivative of maltose which preserves the key polar hydroxyl groups tor
hydrolysis catalyzed by AMG II.
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2. Enzyme Kinetic Studies
2.1. Preliminary Stuclies

A collaboration was established with Dr. Monica Palcic of the Department of Food
Science, University of Alberta for a kinetic study of the hydrolysis of 37, 40 and 43. Initially.
it was thought that the most suitable method was to follow the reaction progress by using

uv-vis spectroscopy.

The uv-vis spectroscopy technique involved the coupling method with the product(s)
of the reaction. In the hydrolysis of methyl «-isomaltoside and the methyl 6-C-methyl-a-
isomaltoside derivatives catalyzed by AMG I1. the possible products of the hydrolysis
reactions are D-glucopyranose and the 6-C-methyl-a-D-glucopyranose derivatives. The
method employed for the detection of tree glucopyranose (44)}05 released in the epzyme

hydrolysis of the dissaccharides is shown in Scheme 21.

. 6-Phosphate oP04
"o
O OH q
D“Q'“COS" (44) ATP NADP  NADPH

Scheme 21. Outline of the colorimetric coupled enzyme method for the determina-
tion of D-glucose.

The coupled-enzyme detects free glucopyranose by first a phosphorylation of the
6-hydroxyl by ATP in the presence of Hexokinase to produce D-glucopyranose-6-phos-
phate (45). This phosphate is then converted to the lactone (46) by 6-Phosphate
Dehydrogenase in the presence of NADP (Scheme 21) which is detected due to the color

change at 2=340 nm as the result of the tormation of the NADPH.
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The monosaccharides D-glucopyranose (44), 6-S-methyl-D-glucopyranose (47) and
6-R-methyl-D-glucopyranose (48)106 were then tested with Hexokinase and 6-Phosphate

Dehydrogenase in the presence of ATP and NADP 'Y’ and the results are shown in Te:ble
12.

Table 12. Reaction of the monosaccharides derivatives with Hexokinase and 6-Phos-
phate Dehydrogenase in the presence of ATP and NADP.

Compounds ( Re=action Rel. Vel.
D-glucopyrancse (44) i i 2.0
|
i

6-S-methyl-D-glucopyranose (47) 106 - -

6-R-methyl-D-glucopyranose (48) 106 + 1.0

In contrast with D-glucopyranose (44) and 6-R-methyl-D-glucopyrancse (48), the
6-S-methyl-D-glucopyranose (47) did not react. As discussed above in connection with
Scheme 22, 6-Phosphate Dehydrogenase does not dehydrogenate D-glucopsrano -
Instead the glucose must first be phosphorylated at the 6-OH pozizion to produce 4S.
Therefore it is possible the 6-S-methyl-D-glucopyranose resists phosphicrviation at the
6-OH position. Conformaticnal analyses presented in the previous section showed that
both a-D-glucopyranose and 6-R-methyl-D-glucopyranose (44 and 48, respectively) prefer
the g* conformation for the orientation of the 6-OH whereas the g is preferred for the

6-S-methyl-D-glucopyranose (47) (see Figure 38).

Since it can be expected that the enzyme will phosphorylate the 6-hydroxy! of the
glucopyranose in a specific conformation the reason for the high resistance to phos-
phorylation exhibit by the S-compound (47) can be attributed to the low abundance of
the g* conformer. However, it is possible that the 6-C-methyl group also contributes to

the inactivity by hindering the formation of the enzyme-substrate complex.
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g oH g /T; g®
—OH H Me H OH
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Figure 38. The preferred conformations of D-glucopyranose (44), 6-S-methyl-D-
glucopyranose (47) aad 6-R-methyl-D-glucopyranose (48)

In the hydrolyses re-ctions of the disaccharide derivatives, the various monosac-
charides were used for standardization b«iore the disaccharides were tested. Isomaltase
and Amyloglucosidase Type II were user! and the results of the preliminary studies are

summarized in Table 13. 14 (the data are summurized in the Appendix).

The results presented in Table 13 and 14 were obtained with only one assay at fixed
concentration (100 mM) per substrate. The rates (AOD min'l) were only rough ap-
proximations because the objective was to see if a trend existed in the hydrolysis catalyzed

by the enzyme that warranted further investigation.

Table 13. Hydrolysis catalyzed by Isomaltase ai 37°C and pH=68.*

Compounds Isomaltase Rel. Rate
hydrolysis (AOD min™')
Phenyl a-D-glucopyranoside. + 39
Methyl a-D-glucopyranoside 1) -+ 2
Methyl 6-S-methyl-a-D-glucopyranoside (15) - -
Methyi 6-R-methyi-a-D-glucopyranoside (21) v. slight -
Methyl a-isomaltoside (37) + 1
Methyl 6-S-methyl-a-isomaltoside (40) v. slight -
Methyl 6-R-methyl-a-isomaltoside (43) - -

*(+) sign indicates that a reaction took place. a (—) sign indicates no reaction. Rel. Rate
was measured in unit OD min'!. Rel. Rate is the rate relative to compound 37.
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Table 14. Hydrolysis catalyzed by AMG Ii at 37°C and pH=4.3.*

Compounds AMG Hydrolysis Rel. Rate

Methyl a-D-glucopyranoside (1) - -
Methyl 6-S-methyl-e-D-gincopyranoside (15) v. slight 1.4
Methyl 6-R-methyl-a-D-glucopyranoside (21) v. slight 1
Isomaltose + 67.5
Methyl a-isomaltoside (37) + 81.3
Methyi 6-S-methyl-a-isomaltoside (40) + 313
Methyl 6-R-methyl-a-isomaltoside (43) + 1125

"(+) sign indicates a reaction took place and a (-) sign indicates no reaction. Rel.
Rate was measured in unit O min’!

As seen in Table 13, phenyl «-D-glucopyranoside, a known substrate for Isomaltase,
is hydrolyzed 39 times faster than methyl a-isomaltoside (37) and about 20 times faster
than methyl a-D-glucopvranoside (1). Tne monnsaccharides 15 and 21 and the disac-
charides 40 and 43 were shown not to be substrates for [somaltase since there were no

detectable or very slight rates in the hydrolysis.

In the case of hydrolysis catalyzed by AMG II (Table 14), methyl 6-S-methyl-a-D-
glucopyranoside (15) was hydrolyzed 1.4 times faster than the methyl 6-R-methyl-a-D-
glucopyranoside (21) and methyl e-D-glucopyranoside was not a substrate. It is seen that
the disaccharides 40 and 43 proved to be substrates for this enzyme. The fact that the

R-disaccharide 43 was superior to 37 as a substrate whereas 40 was less effective set the

basis for this investigation.
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2.2. The kiretic sudies of the hydrobysis of methyl a-isomalioside and 6-C- -metlyl- derivatives catalyzed
by AMG lII.

It was desirable to examine the hydrolysis of the methyl e-isomaltoside (37) and the
methyl 6-C-methyl-a-isomaltoside (40 and 43) catalyzed by AMG II by the uv-vis spectros-
~opy. Unfortunately, the optimum pH required for the hydrolysis catalyzed by AMG Il is
4.3 vwhich is too acidic for the Hexokinase/6-Phosphate Dehydrogenase coupling assay
(optimum pH=6.8). Furthermore, substrates which were synthesized in limited quantity
may be required for further investigations. Since it was shown by Bock et ql,26:97-101.106
that the progress of the hydrolysis of methyl 8-maltoside and derivatives catalyzed by
AMG II could be follswed by 'H-NMR spectroscopy, it was decided that further enzyme
kinetic investigations would involved the use of 'H-NMR spectroscopy. The method
allows the observation uf the disappearance of the disaccharide and the formation of the
two monosaccharides simultaneously as a function of time. In the hydrolysis of methyl
a-isomaltoside (37), it was possible to observe the decreasing signals of H-1 at 8=4.95
ppm and H-1 at =4.85 ppm of the disaccharide and the increasing signals of H-1 of the
products; namely, 8-D-glucopyranose at =4.70 ppm ana methyi «-D-glucopyranoside at
4=4.83 ppm simultaneously. For the methy! 6-S-methyl-a-isomaltoside (40), the disap-
pearance of the broad quartet H-6 at 5=4.28 ppm of 46 and the appearance of the doublet
of quartets H-6 of the methyl 6-5-methyl-a-D-glucopyranoside (15) at =4.05 ppm were
also followed. For the methyl 6-R-methyl-a-isomaltoside (43), the disappearance of the
doublet methyl signal at C-6 of compound 43 (8=1.29 ppm) and the appearance of the
doublet methyl signal of H-6 of methyl 6-R-methyl-a-D-glucopyranoside (21) at 6=1.10

ppm was also followed.

Representative spectra of the progress of the hydrolysis of the disaccharides; namely,
methyl a-isomaltoside (37), methyl 6-S-methyl-z-isomaltoside (40) and methyl 6-R-methyl-

a-isomaltoside (43) are reproduced in Figure 39, 40, and 41. Integrations of signals allowed
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Figure 39. Reaction progress of the hydrolysis of methyi a-isomaltoside (37) catalyzed
by AMG II with time.
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Figure 40. Reaction progress of the hydrolysis of methyl 6-S-methyl-a-isomaltoside
(40) catalyzed by AMG II with time.
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Figure 41. Reaction progress of the hydrolysis of methyl 6-R-methyl-a-isomaltoside
(43) catalyzed by AMG II with time.
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KeatK'eat = 2.6/0.066 = 39

<2  Conformationally labile

Methyl a-isomaltoside

Figure 42. Methyl a-maltoside and methyl a-isomaltoside hydrolysis catalyzed by AMG 1L

the construction of the progress curves (conc. vs. time). The data were analyzed using the
REGGRAFA program101 developed by Professor Bock and coworker on the personal
computer. The results were reproduced in the experimental section. The parameters

estimated from the progress curves are reproduced in Table 15.

The enzyme AMG Il catalyzed hydrolysis of the disaccharide i~ - ~:'ves re irre-
versible™ and, as mentioned above, gave two monosaccharides as products ir. - iiich one
was the methyl a-D-glucopyranoside or the C-6 methyl substituted derivatives and the
oi..r was the B-D-glucopyranose (Figure 42). The g-D-glucopyranose would then

anomerized to the a-D-glucopyranose which could be observed by 1H-NMR spectroscopy.

The general expression for a reaction catalyzed by an enzyme is:

E+S [ES] Keat . E 4+ p
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Table 16. Kinctic data of the hydrolysis catalyzed by AMG 11 of methyl a-isomaltoside
(37) and the methy! 6-C-methyl isomaltoside derivatives (40 and 43).

OH
HO O
HO n
(o)
HO L
AN OH
R HO MeO' HO
Substituents at C-6 Population of Kinetic Data Relative | t1/2, min.
the
R | R Contfiguration | Key Conformer Keat,sec”! Km, mM| KaAssoc. | 9.26 mM
H H —_— medium 0.069 2.9 12 » ’ 160
Me | H R high 0.12 0.22 155 ) 60
H | Me S low 0.84 35 1 ' 500

The rate constant kea is the sum of all the rate constants of all subsequent steps after

the formation of the enzyme-substrate compiex ([ES]).

In the hydrolysis catalyzed by AMG II for methyl a-maltoside and methyl a-isomal-
toside (Figure 42), the overall rates of hydrolysis were assumed to be kcar for methyl
a-maltoside and k'ca[ for methyl a-isomaltoside. The overall rate ratio kcat/k cat is about
39 and, therefore AMG II catalyzes the hydrolysis of methyl a-maltoside 39 times faster
than methyl a-isomaltoside. This overall rate ratio is similar to the ratio for maltose and
isomaltose. Because methyl a-isomaltoside is a poor substrate in comparision to methyl
a-maltoside, it was assumed that the dissociation constant Ks for the [ES] complex is the
same as the Michaelis-Menten constant Kpm. This assumption may not be valid for all

cases involvec but can be made for poor substrates. !0



96

Examination of Table 15 shows that the hydrolysis catalyzed by AMG II are in the
decreasing order: methyl a-maltoside > methyl 6-R-methyl-a-isomaltoside (40) > methyl
a-isomaltoside (37) > methyl 6-S-methyl-a-isomaltoside (43) and in agreement with the
data reported in Table 14. The slightly faster rate of hydrolysis shown for methyl
=-maltoside as compared to its B-anomer may not be real since reactions were too fast to
be followed with precision. The kinetic data for the hydrolysis of methyl a-isomaitoside
(37) and its epimeric 6-C-methyl derivatives (46 and 43) are presented in Table 16 along

with comments regarding the key conformer to be discussed below.

The kcar of methyl a-isomaltoside (37) is of the same order of tnagnitvde as the kcat
found for methyl 6-S-methyl-a-isomaltoside (40) and approximately half of that found for
methyl 6-R-methyl-e-isomaltoside (43). The variation in kecat is minor (2 fold) compared
1o the differences in Ky, the major factor in determining the relative rates of reaction.
The Km values can be assumed to be a useful measure of the association constants KAssoc..
The KAssoc. of methyl a-isomaltoside is about 12 times the Kassoc, of methyl 6-S-methyl-
a-isomaltoside (40). On this basis, methyl 6-R-methyl-a-isomaltoside (43) is bound 13 times
more strongly by the enzyme than is methyl a-isomaltoside and about 155 times more than

is methyl 6-S-methyl-a-isomaltoside. It is seen that the stronger the binding the faster the

hydrolysis (lower Ti2).

2.3 The Key Hydroxyl Groups.

As discussed above with reference to Figure 37(a)), Bock et al.’26,97-101 showed that
OH-6', OH-4' of the non-reducing unit and OH-3 of the reducing unit are necessary for
the hydrolysis of methyl g-maltoside by the enzyme AMG II. This phenomenon was
reminiscent of the findings by Lemieux and coworkers in their studies of the binding of

oligosaccharides by lectins and antibodies'"” where they observed in each case that the
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binding was dependent on the presence of a cluster of two or three hydroxyl groups termed
the key polar grouping. It was shown by Lemieux er al 8 that the a-(1 - 4) linkage in maltose
are conformationally well defined by the torsion angles ol CrdpgC-IHA 25%-15°,
Therefore the key polar groups OH-4 and OH-3 should be energetically well presented
at a fixed separation in aqueous solution. As discussed above, the other key polar group
OH-6  is conformationally labile because of freedom of rotation about the C-5 to C-6
bond. Thus, the C-5/C-6' fragment can readily adopt either the g~ orthe g* conformation
(Figure 43) and it is not clear at present which conformer is required by the enzyme AMG

II. For the present discussion, the g conformation at C-6 is arbitrarily assumed.

The enzyme AMG 1l is expected to enter into a polar interaction with the key polar
groups (Figure 37(a)) of methyl a-maltoside. In view of the conformational rigidity
possessed by methyl a-maltoside,8 the disposition of these hydroxyl groups can be expected
to be near that presented by methyl e-maltoside in the minimum energy conformer which
as seen in Fig. 44 is expected to be near 7.1 A and 7.3 A for the distance between O-4 — O-3
and O -6 O-3, respectively. On the basis of the key polar group theory, it is expected that
the hydrolysis of the methyl a-isomaltoside (37) and its derivatives (40 and 43) will have

key polar groups in similar disposition in space.

Figure 43. The OH-4, OH-4 and OH.-6 (circled) groups of methyl a-isomaltoside which
are expected to form the key polar grouping.
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In the methyl a-isomaltoside and its derivatives series, the two key polar hydroxyl
groups of the non-reducing unit will still be OH-6 and OH-4 but the key polar hydroxyl

group of the reducing unit could not be OH-3 because it would be one bond too far away.

The OH-4 would be most likely.

The key conformers with similar distances as the OH-3/OH-4 and OH-3/OH-6 of
methyl a-maltoside were then searched for methyl a-isomaltoside (37), methyl 6-R-methyl-
a-isomaltoside (43) and methyl 6-S-methyl-a-isomaltoside (40) using HSEA calculations.
The variations in the estimated distances of the key conformers in the methyl a-isomal-
toside and the 6-C-methyl derivatives compared to the key conformer of methyl a-mal-
toside are not more than 0.4 A. The results are summarized in Table 17 and the key

conforimers were computer drawn in Figures 44 and 45.

According to HSEA calculations (see Table 17), the minimum energy conformation
of methyl a-isomaltoside has the torsion angles '=180°, ®=-50°, w=190° and »=180".
The torsion angle w=180° at C-6 corresponds to the g~ conformatien and is in agreement
with the experimental data obtained by Bock er al.®® The key conformer with similar
internuclear distances O-4— O-4 =6.9 A and O-4- 0-6 =7.1 A (Tuble 17) has the torsion
angles »'=180°, ®=—50°, w=120° and w=50°. The key conformer of methyl a-isoial-
toside is 1.49 Kcal mol’! higher in energy than its minimum energy conformer and,
therefore, can be expected on this basis to be a poorer substrate than methyl a-maltoside
for which the key conformer is energetically very close to the preferred conformation.
The key conformer for methyl 6-R-methyl-a-isomaltoside (43) with the same torsion angles
(' /®/Wfe =180°%/— 50°/120°/50°) is only 0.31 Kcal mot™! higher than its TH-NMR con-
former. In contrast, the key conformer for methyl 6-S-methyl-a-isomaltoside (40) has the
torsion angles «’'=180°, &=~ 60°, #=160° and w=>50° with internuclear distances O-4—
0-4'=70 A, 0-4-0-6 =7.7 A and is 3.78 Kcal mol’! higher in energy than its TH-NMR

conformer (Figure 45).
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7.1A
R-isomer
6.9A
8.2A -2

NMR Conformer (M4.5 46 = 2.5 Hz)
Yo/w -50°/90°/-60°
E, kcal/mole -1.26
WH-5,H-6

S-lsamer
5.1A

NMR Conformer (M.5 -8 < 0.5 Hz)
VN -50°/195°/180°,
E. kcalmole -1.46
WH.5 H-§ 60°

101

Key Conformer
-50°/120°/50°
-0.85

170°

Key Conformer
-60°/160°/50°
2.32

-70°

Figure 45. Conformational analysis of the diastereoisomeric methyl 6-C-methyl-a-

isomaltosides (43 and 40).
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It is possible now to rationalize partially why the enzyme AMG II catalyzed the
hydrolysis of methyl a-maltoside, methyl a-isomaltoside and 6-C-methyl derivatives (40
and 43). Since enzymes are expected to be substrate specific, a change in linkage such as
a-(1-+4) in methyl «-maltoside to a-(1—+6) in methyl a-isomaltoside will result in a change
in conformation of the disaccharide which then becomes a very ditferent substrate.
However, AMG Ii can still catalyze the hydrolysis of the a-(1-+6) linkage of methyl
c-isomaltoside because the latter can adopt a conformation similar to that of methyl

a-maltoside where the key polar hydroxyl groups are in similar spatial arrangement.

The rate of hydrolysis by AMG I was about 40 times faster for methyl a-maltoside
compured to methyl a-isomaltoside. Although the methyl e-isomaltoside can adopt the
appropriate conformation for hydrolysis, this key conformer is only one of several possible
conformers of comparable energies because of the flexibility of the O-5/0O-6 fragment of
the reducing unit. In other words the population of the key conformer that can be
recognized by the enzyme AMG Il is low and the organization of the molecule for reaction
must present a barrier to reaction. Furthermore, because methyl a-isomaltoside is an
a-(1-6) linkage, the nonpolar surface of the disaccharide would be different compared
to the a-(1->4) linkage of methyl a-maltoside, the methyl a-isomaltoside may not fit the
binding site as well as in the case of methyl a-maltoside which would also result in the
reduction of rate. The etfect of the distance variations (0.4 A) in the key polar hydroxyl

groups on the rate of hydrolysis is not known at present but it is expected that changes in

distance would probably decrease the rate.

Based on the T1/2 at 10 mM conc :ntration (see Table 16), methyl 6-R-methyl-a-isomal-
toside (43) hydrolyzed about 2.6 times faster than methyl a-isomaltoside (37) which in
turn is hydrolyzed about 3.1 times faster than methyl 6-S-methyl-a-isomaltoside (40). If
for hydrolysis, the isomaltoside derivatives must imitate the conformation of methyl

a-maltoside in terms of the internuclear distances of the three key hydroxyl groups, then
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methyl 6-R-methyl-a-isomaltoside (43) must have higher population of the proper key
conformer than methyl a-isomaltoside. On the other hand, methyl 6-S-methyl-a-isomal-
toside (40) must have lower population of the proper key conformer than has methyl
a-isomaltoside. The differences in energies (Kcal mol’l) as estimated by HSEA calcula-
tions (Table 17) for adopting the key conformations were .41 for methyl 6-R-methyl-a-
isomaltoside (43), 1.49 for methyl «-isomaltoside and 3.78 for methyl
6-S-methyl-a-isomaltoside. Using Boltzman’s equation for population distribution (Equa-
tion 4), it is possible to estimate that the population of the key conformer is 33% for
methyl 6-R-methyl-e-isomaltoside (43), 8% for methyl a-isomaltoside and 0.2% for methyl
6-S-methyl-a-isomaltoside. These population estimates reflect the trend for the hydrolysis

catalyzed by the enzyme AMG 11I.

N1_ - AERT

—_— 4

Na € (4)
where N1= population of the 'H-NMR conformer

N2= population of the key conformer
R = gas constant

T= temperature °K
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V. SUMMARY

1. Methyl 6-R-C-methyl-a-D-glucopyranoside (21) was synthesized and found to prefer

4 + . . .
the "Ci- g~ conformation in aqueous solutions.

2. Hydrolysis of 21, provided 6-R-methyl-D-glucose (48, which was dehydrogenated

to aldonic lactone by the enzyme system of Hexokinase and 6-Phosphate Dehydrogenase.

3. Methyl 6-S-C-methyl-o-D-glucopyranoside (15) was synthesized and found to prefer

the *C- g conformation in aqueous solution.

4. Hydrolysis of 15, provided 6-S-methyl-D-glucose (47) which was not dehydrogenated

to aldonic lactone by the enzyme system of Hexoxinase and 6-Phosphate Dehydrogenase.

5. In the temperature range 295°C to 355°C, compounds 21 and 15 still retain their

preferred conformations; i.e. g* and g  respectively.

6. Methyl 6-R-methyl-a-isomaltoside (43) was synthesized and found to prefer gt

conformation at the C-6 center of the reducing glucose unit in aqueous solution.

7. Hydrolysis catalyzed by the enzyme Amyloglucosidase Type II of 43 was observed

to be about 3 times faster than methyl a-isomaltoside (37).

8. Methyl 6-S-methyl-a-isomaltoside (40) wa. ~yuthesized and found to prefer g~

conformation at the C-6 center of the reducing glucose unit in aqueous solutiorn.

9. Hydrolysis catalyzed by the enzyme Amyloglucosidase Type Il of 40 was observed

to be about 3 times slower than methyl a-isomaltoside (37).
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Vi. EXPERIMENTAL

1. General methods

Nuclear magnetic resonance spectra were obtained at 297°K in D20 or CDCI3 on
Bruker instruments operating at 300 or 400 MHz when provided by the Spectral Service
Laboratory under the supervision of Dr. T. Nakashima and by the writer when at 360
MHz.. Acetone v-as used as internal reterence (4=2.225 ppm) for D20 and tetramethyl-
silane (TMS) was used for CDCI3 in proton spectra. Dioxane was used as internal
reference for 13‘C—spectra. Assignments were carried out using either the double resonance
technique or the 2D-COSY technique. Intra-red spectra were obtained on the Nicolet
7199 FT-IR. Melting points were determined on the Fisher-Johns melting point apparatus
and are uncorrected. Optical rotations were measured with a Perkin-Elmer 241
polarimeter at 589 nm in a 1 dm cell at room temperature (23+ 1°C). Elemental analyses
were performed by the departmental Analytical Service Laboratory under the supervision
of Mr. R. Swindlehurst. Thin layer chromatography (t.l.c.) was run with precoated silica
gel 60-F254 plates (E. Merck. Darmstadt) and developed by quenching of flourescence

and/or charring with 5%-10% sulfuric-ethanol solution.

Dry dichloromethane and pyridine were obtained by distilling over calcium hydride
and were used immediately. Chromium trioxide was obtained from Aldrich and was dried
over P20s and under vacuum for at least 48 hrs. Other solvents and reagents used were
reagent grads and if better purity was needed, standard proceduresllo were followed.
Anhydrous solution transfers were done under nitrogen atmosphere using standard

syringe techniques. m
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N.O.e. experiments

Solutions in the NMR tubes were previously degassed by bubbling dry nitrogen
through for 3-5 minutes. The D20 used was purchased frem Aldrich (99.9% D, low in

paramagnetic impurities). The steady state nuclear Overhauser enhancements were

obtained after 512 scans normally.

HSEA calculations

The atomic coordinates were obtained from neutron diffraction studies of methyl
a-D-glucopyranoside crystal structure.’6 Modification of the methyl a-D-glucopyranoside
structure at C-6 were achieved with the program TRANSF.OBJ using the distance 1.54
for C-C bond. Rotation of the  torsion angle was done with the program GENT.OBJ.
Molecular minimum energy calculation was estimated using the HDSP3.0OBJ program.
Molecular conformation was plotted using the coordinates of the minimum energy
conformation generated by the HDSP3.OBJ program. The programs TRANSF.OBJ,

GENT.OBJ and HDSP3.0OBJ were available from the University of Alberta Computing
Library.
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2. Syntheses

Metlyl 2 3,4, -51-0O-benzyi-a-D-gluco-1, 6-dialdo-hexopyranoside (7)

Dried chromium trioxide (25.9 g, 259 mmol) was added to a solution of pyridine (40.9
g, 517 mmol) in dichloromethane (400 mL). The mixture was mechanically stirred at room
temperature for 30 min.. A solution of methyl 2.3.4-tri-O-benzyl-a-D-glucopyranocside (4)
(10.0 g, 21.6 mmol) in dichloromethane (22 ml) was added rapidly to the oxidation
mixture and a black tar precipitated immediately. The resulting mixture was stirred at
room temperature for 10 min., decanted and the black tarry precipitate was washed with
ether several times. The combined ether solutions were filtered through a pad of silica
gel-G to give a colorless filtrate which was dried with anhydrous magnesium sulfate. Ether
was removed to give a slightly yellow oily residue which was coevaporated with toluene
(2 x 200 mL) to remove residual pyridine. The oily residue was dried under vacuum
overnight to give 7 {6.94 g, 709%). Proton NMR of this crude residue showed that it
contained ~90% of the desired compound 3. [«]p=8.2° (¢ 1.0, CHCI3) lit.*7 13.6V.

"H-NMR (CDCl3): 8 9.65 (s, 1H. H-6), 7.40—7.10 {m. 15H, Ar-H), 5.05—4.50 (m, 7H,
3 x Ph-CHz and H-1), 4.17 (d, 1H, H-5, J45=10.0 Hz), 4.08 (dd, 1H, H-3, J34=9.0 Hz,
J23=9.5 Hz), 3.57 (dd. 1H, H-4, J3,4=9.0 Hz, J4,5=10.0 Hz), 3.50 (dd, 1H, H-2, J12=3.5
Hz, J23=9.5 Hz), 3.38 (s. 3H, OCH3); >C-NMR (CDCl3): 4 197.45 (CHO); 138.43—
125.31 (Ar. Carbons); 98.41 (C-1; 87.76, 79.30, 77.82 (3 x Ph-CHa); 75.32, 75.11, 74.22,
73.60 (C-2—C-5); 55.77 (OCH3); IR vmax (cm™!) 1741.133 (CHO).

Meiinl 2,3, 4-ri-O-benzyl- 7-deoxy-B-L-ghycero-D-glucoheptapyranoside (9)

A solution of methyl iodide (4.26 g, 30.04 mmol) in anhydrous ether (20 mL) was
added dropwise under nitrogen to a mixture of magnesium (0.73 g, 30.04 mmol) and ether
(30 mL). After warming for a few minutes. the mixture turned cloudy and began to boil.

Addition of methyl iodide solution was such that boiling was maintained. After the addition
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of methy! iodide was complete, the resulting Grignard mixture was left stirring for 1 hr.
to ensure complete formation of the reagent. A solution of compound 7 (6.94 g, 15.02
- mmol) in ether (30 mL) was then added dropwise and the reaction mixture was left stirring
atroom temperature for 2 hrs. The reaction was quenched with the dropwise addition of
saturated ammonium chloride (10 mL) and the reaction mixture solidified. Distilled water
(50 mL) was added to dissolve the solid. The aqueous layer was extracted with ether
several times (total volume 150 mL) and the combined ether solutions were washed with
water (2 x 100 mL) and dried over anhydrous magnesium suifate. Removal of solvent gave

a yellow crude oil (5.96 g) in which the major product was 9 by t.l.c. (Rf=0.54, solvent 3:2

n-hexane:ZtOAc).

(i) Methyl 234, -n-O-benzyl-7-deaxy-6-0-(3,5-dinitrobenzoyl)-p-L-glycero-D-ghucoheptapyranoside
(14)

The crude Grignard product (0.587 g. 1.2 mmol) was dissolved in pyridine (10 mL)
and 3,5-dinitrobenzoyl chioride (0.513 g, 2.25 mmol) was added along with a few crystals
of dimethylaminopyridine (DMAP). The reaction mixture was stirred at room tempera-
ture until analysis by t.l.c. (Rf S.M.=0.58, Rf Prod.=0.85, solvent 3:2 n-hexane:EtOAc)
showed no remaining starting material. Water was then added dropwise with stirring for
5 min. The aqueous layer was extracted with chloroform (75 mL). The chloroform layer
was separated, washed with water (2 x 75 mL) and dried over anhydrous magnesium
sulfate. The soivent was then evaporated to give a yellow residue which was recrystallized
from hot methanol to give 14 (0.612 g, 74%); mp 68-70°C; [«]p=52.2° (¢ 0.85, CHCI3).
IH.NMR (CHCI2>: 6 9.21 (t, 1H, para-H, Jortho,para=2.0 Hz), 9.16 (d, 2H, ortho-H,
Jertho,para=2.0 Hz), 7.45—7.15 (m, 15, Ar-H), 5.62 (dq, 1H, H-6, Js6=1.5 Hz, J6.7=6.5
Hz), 5.45—5.05 (3 xdd and d, 7H, 3 x Ph-CH3 and H-1), 4.05 (dd, 1H, H-3, J2,3=10.0 Hz,
J3,4=9.0 Hz), 3.71 (dd, 1H, H-5, Js 6=1.5 Hz, J4,5=10.0 Hz), 3.60 (dd, 1H, H-2, J12=3.5
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Hz, J23=10.0 Hz), 3.42 (t, 4H, H-4 and OCH3), 1.48 (d, 3H, Cs-CH3, J57=6.5 Hz);
BCc.NMR (CDCl3): 5 228.13 (C=0); 162.81—123.38 (Ar. Carbons); 99.01 (C-1); 83.23,
81.11, 77.69, 72.51, 71.80 (C-2—C6); 76.86, 75.88, 74.53 (3 x Ph-CH2); 56.30 (OCH3);
17.35 (C-7).

Anai. calc. for C36H3sN2011e12MeOH: C 63.66 H 5.56 N 4.07

found: C 63.49 H 524 N 4.27

(&) Methyl 2,3,4-tri-O-benzyl- 7-deaxy-p-L-glycero-D-glucohepiapyranoside (9) from 14

Compound 14 (1.00 g, 1.49 mmol) was dissolved in dioxane (50 mL) and 1N sodium
hydroxide solution (20 mL) added and stirred at room temperature for 1 hr. The reaction
was followed by t.l.c. (Rf 14=0.85, Ry 9=0.57, solvent 3:2 n-hexane:EtOAc). When the
reactionwas completed (after 1 hr.), dichloromethane (250 mL) was added to the reaction
mixture and stirred for 5 min.. Then the reaction mixture was filtered over a pad of silica
gel-G which was then washed with water (2 x 100 mL) and dried over anhydrous
magnesium sulfate. The solvent was then evaporated, the residue dried under vacuum to

give solid 9 (0.692 g, 97%); mp 82-84°C; [«]p=26.9° (c 1.0, CHCl3).

'H-NMR (CDCl3): 6 7.40—7.20 (m, 15H, Ar-H), 5.01—4.63 (3 x dd, 6H, Ph-CH3>),
4.58 (d, 1H, H-1, J12=3.5 Hz), 4.05 (dq, 1H, H-6, Js,6=1.5 Hz, J67=6.5 Hz), 3.99 (dd,
1H, H-3, J3,4=9.0 Hz, J2,3=9.5 Hz), 3.62 (dd, 1H, H-4, J45=10.0 Hz, J3.4=9.0 Hz), 3.50
(dd, 1H, H-2, 12,3=9.5 Hz, J12=3.5 Hz), 3.42 (dd, 1H, H-5, Js6=1.5 Hz, J45=10.0 Hz),
3.34 (s, 3H, OCH3), 1.25 (d, 3H, J6-CH3, J6,7=6.5 Hz); 3C-NMR (CDCl3): 6 138.79—
127.57 {Ar. Carbons); 98.15 (C-1); 82.17, 79.93, 77.72 (3 x Ph-CH); 75.70, 75.11, 73.42,
72.83 (C-2—C-5); 65.05 (C-6); 55.01 (OCH3); 20.15 (C-7).

Anal. caic. for C2oH340s: C  72.78 H 7.16
fcund: C 7294 H 6.82



110

Methyl 7-deao-g-L-glycero-D-glucoheprapyranoside (15)

Compound 9 (200 mg, 0.42 mmol) was dissolved in methanol (25 mL). Then 5%
palladium-on-charcoal (200 mg) was added in smali portions. The mixture was shaken
with hydrogen (100 Ib. in'z) at room temperatt.- = overnight. The reaction mixture was
then filtered over celite (washed with methanol). The solvent was evaporated to give 15
(85 mg, 98%) as a solid which could be recrystallized from n-hexane / 98% ethanol to give
needle like crystals. Mp 136-137°C, [«]p=150° (c .23, H20). 'H-NMR (D20): 5 4.68 d,
1H, H-1, J1,2=3.5 Hz), 4.05 (dq, 1H, H-6, J56=1.5 Hz, J67=6.5 Hz), 3.51 (dd, 1H, H-3,
J2,3=10.0 Hz, J34=9.0 Hz), 3.42 (dd, 1H, H-2, J12=3.5 Hz, J2.3=10.0 Hz), 3.36 (dd, 1H,
H-4, J3,4=9.0 Hz, J4,5=10.0 Hz), 3.27 (s, 3H, OCH3), 3.26 (dd, 1H, H-5, J56=1.5 Hzg,
J4,5=10.0 Hz), 1.16 (d, 3H, C7H3, J6.7=6.5 Hz). >*C.-NMR (D20): 6 99.24 (C-1); 73.49,
73.41 (C-3, C-5); 71.31 (C-2); 69.74 (C-6); 64.26 (C-4); 54.89 (OCH3); 18.72 (C-7).

Anal. calc. for CsH160s: C 46.15 H 7.75

found: C 46.04 H 7.4¢

Meihyl 2,3-di-O-acetyl~4,6-benzylidene- 7-deoxy-8-L-glycero-D-glucoheptapyranoside (17)

A solution of benzal bromide (112 mg, 0.40 mmol) in pyridine (1 mL) was added to a
solution of compound 15 (16 mg, 0.77 mmol) in pyridine (15 mL) and the mixture was
refluxed at 125°C for 2 hrs. with stirring. Acetic anhydride (3 mL) was then added to the
cooled reaction mixture and the solution was stirred for 48 hrs. at room temperature. The
reaction mixture was then poured into water (75 mL) and the aqueous layer was extracted
with chloroform (50 mL). The chloroform layer was washed with water (50 mL), saturated
sodium bicarbonate solution (50 mL), water (50 mL) and dried over anhydrous mag-
nesium sulfate. Chloroform was evaporated and the residue was coevaporated with
toluene (2 x 15 mL). Preparative t.l.c. of the residue (Ri=0.66, solvent 3:2 n-hexane /

EtOAc) gave 17 (15 mg, 51%) as a solid. Mp 132-134°C; [«]p=50.2° (¢ 0.31, CHCI3).
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TH-NMR (CDCl3): ¢ 7.50—7.25 (m, 5H, Ar-H), 5.80 (s, 1H, Ph-CH), 5.57 (dd, 1H,
H-3, J34=9.0 Hz, J23=10.0 Hz), 4.93 (d, 1H, H-1, J12=3.5 Hz), 4.87 (dd, 1H. H-2.
J2,3=10.0 Hz, J; 2=3.5 Hz), 4.5 (dq, 1H, H-6, J56=6.0 Hz, J6,7=7.0 Hz), 4.15 (dd, 1H,
H-5, J45=10.0 Hz, J56=6.0 Hz). 3.91 (dd. 1H, H-4, J3.4=9.0 Hz, J35=10.0 Hz), 3.41 (s,
3H, OCOCH3), 1.48 (d, 3H, C7H3, J6,7=7.0 Hz). 1>*C.NMR (CDCl3): 6 170.48, 169.76 (2
x C=0); 137.40, 128.92, 128.22, 126.24 (Ar. Carbons); 97.59 (C-1), 94.07 (Ph-CH); 72.74,
71.50, 70.49, 69.66 (C-2—C-5); 64.45 (C-6); 55.34 (OCH3); 20.65, 20.79 (2 x COCH3),
11.28 (C-7).

Anal. cal. for Ci1gH2408: C 59.99 H 6.36

found: C 5955 H 6.06

Methyl 6-O-methanestdfornyl-2 3,4-tri-O-benzyl- 7-deoxy-p-L-glycero-D-glucoheptapyranoside (18)

Methanesulfonyl chloride (87 mg, 0.76 mmol) was added to a solution of compound
2 (135 mg, 0.282 mmol) in pyridine (5 mL) and the reaction mixture was stirred at room
temperature for 2 hrs. T.l.c. analysis indicated that the reaction was completed after 2 hrs.
and virtually one product had formed (Rf 9=0.58, Rr 18=0.67, solvent 3:1 toluene /
acetone). The reaction mixture was then poured into a mixture of ice / water (50 mL) and
the aqueous layer was extracted with dichloromethane (50 mL). The dichloromethane
layer was washed with cold water (2x50mL) and dried over anhydrous magnesium sulfate.
The solvent was then evaporated, the residue was coevaporated with toluene (2 x 25 mL)
and chromatographed (solvent 6:1 toluene/acetone) to give 18 (104 mg, 66%) as an oil.

[«]JD=9.3° (¢ 1.22, CHCI3).

1H-NMR (CDCIl3): 6 7.40—7.25 (m, 15H, Ar-H), 5.32 (dg, 1H, H-6, J56=1.0 Hz,
J6.7=6.5 Hz), 5.06—4.62 (m, 7H, 3 x Ph-CH2 and H-1), 4.02 (m, 1H, H-5), 3.65—3.53 (m,
3H, H-3, H-4 and H-2), 3.36 (s, 3H, OCH3), 3.04 (s, 3H, SO2CH3), 1.53 (d, 3H, Cs-CH3,
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J6,7=6.5 Hz). BC.NMR (CDCI3): ¢ 138.54—127.74 (Ar. Carbons); 98.26 (C-1); 82.30,
79.71, 77.17, 73.55, 72.38 (C-2—C6); 75.74, 75.31, 75.00 (3 x Ph-CH2); 55.33 (OCH3);
39.54 (OSO2CH3); 17.73 (C-7).

Anal. calc. for C3gH3508S: C 64.73 H 6.52 S 5.76

found: C 64.85 H 6.55 S 5.52

Methyl 6-O-benzoyl-2,3,4-tri-O-benzyl-7-deoxy-a-D-glycero-D-glucoheptapyranoside (19)

Crude mesylate 18 (0.60 g, 1.08 mmol) was dissolved in dry N,N-dimethyl formamide
(DMF) (5mL), anhydrous sodium benzoate (1.01 g, 7.0 mmol) was adced and the reaction
mixture was heated at 120°C and stirred for 17 hrs.. The cooled reaction mixture was then
dissolved in dichloromethane (50 mL), washed with water (6 x 75 mL) and dried over
anhydrous magnesium sulfate. The solvent was evaporated and the residue was
chromatographed on HPLC (solvent 10:1 n-hexane / acetone) to give 19 (0.294 g, 47%)
as a syrup. [a]p=9.8° (c 1.04, CHCl3).

'H-NMR (CDCl3): & 8.40—7.20 (m, 20H, Ar-H), 5.47 (dg, 1H, H-6, J56=2.0 Hz,
J6,7=7.0 Hz), 5.03—4.65 (m, 6H, 3 x Ph-CH2), 4.64 (d, 1H, H-1, J1.2=4.0 Hz), 4.04 (dd,
1H, H-3, J2,3=9.5 Hz, J34=9.0 Hz), 3.93 (dd, 1H, H-5, J55=2.0 Hz, J54=10.0 Hz), 3.52
(dd, 1H, H-2, J12=4.0 Hz, J2,3=9.5 Hz), 3.42 (dd, 1H, H-4, J34=9.0 Hz, J45=10.0 Hz),
3.38 (s, 3H, OCH3), 1.18 (d, 3H, Ce-CH3, J6,7=7.0 Hz). 1*C-NMR (CDCl3): 6 165.76
(C=0); 136.66—127.75 (Ar. Carbons); 97.80 (C-1); 82.44, 80.16, 77.82, 71.39, 70.12
(C-2—C-6); 75.92, 74.62, 73.41 (3 x Ph-CH?), 54.99 (OCH3); 13.57 (C-7).

Anal. calc. for C3gH3807: C 74.20 H 6.57
found: C 74.33 H 655
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Methyl 2, 3,4-ri-O-benzyl- 7-deoxy-a-Dglycero-D-glucoheprapyranaside (10)

Compound 19 (137 mg, 0.24 mmol) was dissolved in gioxane (10 mL) ang 1N socinm
" hydroxide solution (6 mL) was added. The reaction mixture wzs stirred at 60°C and t.L.c.
analysis showed that the reaction was over after 48 hrs. (Rf 19=0.85, Rf10=0.43. solvent
3:2 n-hexane:EtOAc). The cooled mixture was then diluted with dichloromethane (50mL)
and filtered over a pad of silica gel-G. The dichloromethane solution was washed with
water (2 x 50 mL), saturated sodium bicarbonate solution {50 mL), water (50 mL) and
dried over anhydrous magnesium sulfate. The solvent was then removed and the residue
solidified slowly under vacuum to give 10 (80 mg, 71%). Mp 89-90°C, []D=28° (c 0.4,
CHCl3).

'H-NMR (CDCls): 8 7.34—7.16 (m, 15H, Ar-H), 4.98—4.53 (m, 6H, 3 x Ph-CH2),
4.50(d, 1H, H-1, J1,2=3.5 Hz), 3.95 (dd, 1H, H-3, J23=9.5 Hz, J3,4=9.0 Hz), 3.88 (m, 1H,
H-6), 3.55 (dd, 1H, H-5, J45=19.0 Hz, Js6=4.5 Hz), 3.43 (dd, 1H, H-2, J12=3.5 Hz,
J2,3=9.5 Hz), 3.35 (dd, 1H, H-4, J34=9.0 Hz, J4,5=10.0 Hz), 3.31 (s, 3H, OCH3), 2.49 (d,
1H, OH, Js.0H=6.0 Hz), 1.05 (d, 3H, Cs-CH3, J67=6.5 Hz). 3C.NMR (CDCla): &
138.61—127.73 (Ar. Carbons); 97.64 (C-1); 82.38, 80.29, 80.01 (3 x Ph-CH»); 75.75, 74.81,
73.37, 72.31 (C-2—C-5); 68.37 (C-6); 55.16 (OCH3), 17.81 (C-7).

Anal. calc. for C29H3406: C 72.78 H 7.16
found: < 72.81 H 7.07

Metiyl 7-a'eaxy-a-D~gljwem-D-glucoheptannoside (21)

To a solution of 10 (70 mg, (.15 mmol) in methanol (12 mL), 5% palladium-on-char-
coal (74 mg) was added in small portions. The mixture was shaken with hydrogen (100 Ib.
in” ) at room temperature for 6 hrs. The reaction mixture was then filtered over celite

(washed with methanol). The solvent was evaporated and the residue was coevaporated
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with toluene (2 x 25 mL) and dried under vacuum. The residue solidified under vacuum

to give 21 (30 mg, 98%). Mp 135-136°C, [«]D=147.8° (¢ 1.0, H20).

'H-NMR (D20): 5 4.68 (d, 1H, H-1, J1,2=4.0 Hz), 4.04 (dq, 1H, H-6, J56=2.5 Hz.
J6,7=6.0 Hz), 3.56 (dd, 1H, H-5, J5 6=2.5 Hz, J4,5=10.0 Hz), 3.53 (dd, 1H, H-3, J34=9.0
Hz, J2,3=10.0 Hz), 3.44 (dd, 1H, H-2, J12=4.0 Hz, J23=10.0 Hz), 3.23 (dd, 1H, H-4, J45=
10.0 Hz, J3,4=9.0 Hz), 3.29 (s, 3H, OCH3), 1.10 (d, 3H, C-CH3, J6.7=6.0 Hz). *C-NMR
(D20): 8 99.22 (C-1); 73.37, 73.32 (C-2 and C-5); 71.27, 70.93 (C-3 and C-6); 66.34 (C-4);
54.96 (OCH3), 15.05 (C-7).

Anal. calc. for CgH1606: C 46.15 H 7.75

found: C 4599 H 7.50

Methyl 6-O-acetyl-2,2,3,344 -hexa-O-benzyl-7-deoxy-6-O-(a-Dglucopyrannsyl)-B-L-ghycero-D-
glucoheptapyranoside (38)

Methyl 2,3,4-tri-O-benzyl-7-deoxy-8-L-glycero-D-glucoheptapyranoside (9) (100 mg,
0.209 mmol) was dissolved in dichloromethane (10 mL). Then tetraethylamonium
bromide (76 mg), dried molecular sieves (BDH, 4 A, 1 g) and dried DMF (1.4 mL) was
added and the mixture was bubbled with nitrogen to reduce the volume. Then freshly
prepared 6-O-acetyl-2,3,4-tri-O-benzyl-a-D-glucopyranosyl bromide (31) (2 eg.) in
dichloromethane (6 mL) was added and the mixture was stirred at room temperature
under nitrogen. The reaction progress was followed by t.Lc. until completed (R 38=0.69,
Rf£24=0.55, solvent 3:2 n-hexane / ethyl acetate). After the reaction was over, the partially
dry mixture was dissolved in dichloromethane (25 mL), filtered to remove undissolved
materials, washed with water (2x50 mL), saturated sodium bicarbonate solution (2x50
mL), water (2x50 mL) and dried over magnesium sulfate. Dichloromethane was

evaporated and the residue was chromatographed with silica gel (solvent 4:1 n-hexane /
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ethyl acetate) to give the desired disaccharide 38 as an oil which was dried under vacuum

with heating (101 mg, 51%). [«]JD=0.54° (c 1.06, CDClI3).

'H-NMR (CDCl3): 6 7.40—7.20 (m, 30H, Ar-H), 5.09 (d, 1H, H-l', J1'2'=3.5 Hz),
5.02—4.49 (m, 7TH, 3 x Ph-CH2 and H-1), 4.26—4.06 (m, 3H. 2 x H-6 and H-6), 4.06—3.94
(q and m, 3H, H-3', H-3 and H-5), 3.77 (dd, 1H, H-4, J34=9.5 Hz, J45=9.0 Hz), 3.56
(dq, 1H, H-5, J4,5=9.0 Hz, J56=2.0 Hz), 3.56—3.47 (m, 2H, H-2  and H-2), 3.46 (dd, 1H,
H-4', J34'=9.0 Hz, J4'5-=10.0 Hz), 3.38 (s, 3H, OCH3), 1.92 (s, 3H, CH3COO0-), 1.33 (d,
3H, Cs-CH3, J6,7=6.0 Hz). BC.NMR (CDCl3): 6 170.75 (C=0); 138.81 (t-Carbons of
Ph.); 128.47—127.39 (Ph. Carbons); 97.90 (C-1); 95.20 (C-1); 75.72, 75.53, 75.08, 74.32,
73.40, 73.00 (6 x Ph-CH2); 82.56, 81.60, 80.19 (3 x C); 77.73, 77.48, 73.22, 71.69, 69.19 (9
x C: C-2, C-2, C-3, C-3', C-4, C-4, C-5, C-5', C-6); 63.24 (C-6), 55.09 (OCH3), 20.01
(COOCH3), 16.31 (C-7)

Anal. calc. for Cs57He4012: C 73.09 H ¢€.77

found: C 72.84 H ~.85

Methyl 2,2’,3,3',4,4'-lzexa-0~bmzyl-7-deaxy-6-0-(a—D—ghtcomwwsyl)—ﬁ-L-gb)cem-D-qucohep-
tapyranoside (39)

Methyi 6'—0—acetyl-2,2',3,3',4,4'-hexa-O—benzyl-7-deoxy-6-0—(a-D-glucopyranosyl)-ﬂ-
L-glycero-D-glucoheptapyranoside (38) (293 mg, 0.307 mmol) was dissolved in dry
methanol (10 mL). A catalytic amount of sodium methoxide was added to the solution
and the solution was stirred at room temperature overnight. The reaction progress was
followed by t.l.c. (Rf 39=0.49, Rf 38=0.72, solvent 3:2 n-hexane / ethyl acetate). When
the reaction was completed, resin (IRC-SO-H+, washed with distilled water and methanol)
was added and stirred until the mixture turned acidic (pH paper). Then the mixture was

filtered and the solvent was evaporated to give a foemy product 39 which was dried under
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vacuum (269 mg, 96%). [«]D=47.6° (¢ 1.99, CHCI3).

1H-NMR (CDCl3): 6 7.40—7.10 (m, 30H, Ph-H), 5.03 (d, 1H, H-1, Ji"2'=3.5 Hz).
5.01—4.57 (m, 13H, 6 x Ph-CH2 and H-1), 4.32 (dq, 1H, H-6, Js6=1.5 Hz, J6.7=6.5 Hz).
4.01(dd, 1H, H-3', J2' 3:=9.5 Hz, J3' 4'=9.0 Hz), 3.98 (dd, 1H, H-3, J23=9.5 Hz, J3,4= 10.0
Hz), 3.84—3.72 (m, 2H, H-5 and H-4), 3.66—3.49 (m, SH, 2 x H-6. H-5, H-4 and H-2),
3.46 (dd, 1H, H-2', J1'2'=3.5 Hz, J2' 3'=9.5 Hz), 3.35 (s, 3H, OCH3), 1.32 (d, 3H, Ce-CH3,
J6.7=6.5 Hz). 1>C-NMR (CDCl3): 6 138.84—138.27 (t-Ph. Carbons); 128.46—127.37 (Ph.
Carbons); 97.88 (C-1); 95.39 (C-1); 82.54, 81.52, 80.19, 80.14, 77.64, 73.13, 71.84, 71.31
(9 Carbons: C-2, C-2, C-3, C-3, C-4, C-4', C-5, C-5, C-6); 61.72 (C-6 ); 55.09 (OCH3);
16.40 (C-7).
Anal. calc. for Cs6He2011: C 73.80 H 6.86

found: C 73.20 H 6.95

Mertyl 7-deaxy-6-O-(a-D-glucopyrarnosyl)-3-L-glycero-D-glucoheptapyranoside (40)

Methyl 2,2',3,3',4,4'-hexa-O—benzyl-?-deoxy-6—0-(a-D-glucopyranosyl)-ﬂ-L—glycero-D-
glucopyranoside (39) (126 mg, 0.138 mmol) was dissolved in dry methanol (12.5 mL).
Then 5% palladium-on-charcoal (126 mg) was added in small portions to the solution and
the mixture was shaken under hydrogen (100 Ib. in'z) at room temperature. The reaction
progress was followed by t.l.c. (solvent 4:1 dichloromethane / methanol). When the
reaction was completed the mixture was filtered and the filtrate was evaporated to give
a yellowish solid residue. The crude residue was chromatographed (latrobeads, solvent
4:1 dichloromethane / methanol) to give colorless crystalline 40 (40 mg, 78%). Mp
127-128°C, [«]p=175.3° (¢ 0.26, D20).

'H-NMR (D20): 5 5.09 (d, 1H, H-1", J1'2'=3.5 Hz), 4.28 (broaden q, 1H, H-6), 3.69
(t, 1H, H-3), 3.64 (broad d, 1H, H-5), 3.56 (dd, 1H, H-2, J1"2'=3.5 Hz, J2'3=9.5 Hz),
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3.89—3.52 (m, 10H, H-5, 2 x H-6, H-3, H-3', H-4, H-5, H-5, H-2, H-2), 3.43 (t, 4H,
OCH3 and H-4). 3C-NMR (D;0): 5 100.03 (C-1'); 95.56 (C-1); 74.49, 74.15, 73.68, 73.04,
72.25,71.99, 70.24, 68.50 (9 Carbons: C-2, C-2, C-3, C-3', C-4, C-4', C-5, C-5 |, C-6); 61.17
(C-6'), 55.67 (OCH3), 14.76 (C-7).
Anal. calc. for C14H25011: C 45.53 H 6.82
found: C 4241 H 6.61

Methyl o'Oacezyz-z,z',3,3',4,4'-hexa0benzy1-Meoxym(a-D-gmcomwzosyl)-a-Dglycem-D-
glucoheptapyranoside (41)

Compound 10 (500 mg, 1.04 mmol) was dissolved in dichloromethane (5 mL).
Tetraethyl ammonium bromide (420 mg). dry molecular sieves (BDH 4A, § g) and DMF
(1 mL) was added to the solution and the mixture was placed under nitrogen atmosphere.
Then 6-0—acetyl-2,3,4—tri-0-benzy]-a-D-glucopyranosy] bromide (31, 2 eq.) in
dichloromethane (5 mL) was added and the mixture was stirred at room temperature
under nitrogen. The reaction progress was followed by t.l.c. (Rf41=0.59, Rf 10=0.26s0I-
vent system 3:2 n-hexane / ethyl acetate). When the reaction was completed,
dichloromethane (100 mL) was added and the mixture was filtered. The dichloromethane
solution was washed with saturated sodium carbonate solution (100 mL), water (4 x 100
mL) and dried over magnesium sulfate. The solvent was then evaporated to give an oily
residue which was chromatographed with silica gel (solvent 4:1 n-hexane / ethyl acetate)

to give the desired product 41 (587 mg, 59%). [a]p=78.2° (c 1.06, CDCI3).

'H-NMR (CDCl3): 4 7.40—7.20 (m, 30, Ph-H), 5.00 (d, 1H, H-1, J1'2'=3.5 Hz), 4.67
(d, 1H, H-1,J1,2=3.5 Hz), 5.03—4.51 (m, 12H, 6 x Ph-CH2), 4.27 (dd, 1H, H-6, J5'6'=4.5
Hz, Jo'a6'v=—11.5 Hz), 4.21 (dd, 1H, H-6'b, J5'65=2.5 Hz, Jorb,6'a=~ 11.5 Hz), 4.08—
391 (m, 4H, H-3, H-3, H-6, H-5)), 3.78 (dd, 1H, H-5, J56=0.5 Hz, J45=10.0 Hz),
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3.57—3.43 (m, 3H, H-4, H-4, H-2), 3.41 (dd, 1H, H-2', J1'2'=3.5 Hz, J2' 3:=9.5 Hz). 3.29
(s, 3H, OCH3), 1.99 (s, 3H, OCOCH3), 1.16 (d, 3H, C7H3, 157=6.5 Hz). *C-NMR
- (CDCl3): 6 170.74 (C=0), 138.85—137.97 (t-Ph. Carbons); 97.76 (C-1 and C-1}; 82.61.
81.76, 80.25, 80.03, 77.94, 77.64, 72.83, 72.57, 69.08 (9 Carbons: C-2, C-2, C-3, C-3', C-4.
C-4',C-5,C-5', C-6), 63.27 (C-6), 55.13 (OCH3); 20.84 (OCOCHS3), 16.55 (C-7)

Anal. calc. for CsgHeqO12: C 73.09 H 6.77

found: C 73.46 H 6.61

Methyl 2, 2',3,3', 4,4 '-hexa-O-benzyl- 7-deaxy-6-O-(a-D-glucopyranosyl)-a-Diycero-D-glucopyra-
noside (42)

Methyl 6'-O-acetyl-2,2',3,3',4,4'-hexa-O-benzyl-7—deoxy-6-0-(a-D—glucopyranosyl)-a-
D-glycero-D-glucoheptapyranoside (41) (440 mg, 0.462 mmol) was dissolved in dry
methanol (20 mL). A catalytic amount of sodium methoxide was added to the solution
and the solution was stirred at room temperature overnight. The reaction progress was
followed by t.l.c. (solvent system 3:2 n-hexane:ethyl acetate, Rf 42=0.42). When the
reaction was over, resin (IRC-50-H, washed with water and methanol) was added and
stirred until the mixture turned acidic (pH paper). Then the mixture was filtered and the
solvent was evaporated to give an oily residue which was dried under vacuum overnight

to give 42 (347 mg, 83%). [«]p=65.2° (c .34, H20).

"H-NMR (CDCl3): & 7.40—7.20 (m, 30H, Ph-H), 5.00 (d, 1H, H-1, J1'2'=4.5 Hz),
4.98—4.53 (m, 13H, 6 x Ph-CH2 and H-1), 4.08—3.91 (m, 3H, H-3, H-3 and H-6),
3.81—3.67 (m, 4H, H-5, H-5" and 2 x H-6'), 3.56—3.37 (m, 4H, H-4, H-4 , H-2 and H-2),
3.29 (s, 3H, OCH3), 1.13 (d, 3H, Cs-CH3, J6,7=6.5 Hz). *C-NMR (CDCI3): 4 138.85—
138.27 (t-Ph. Carbons); 129.07—125.33 (Ph. Carbons); 97.89 (C-1); 95.37 (C-1); 82.53,
81.52, 80.19, 77.64, 77.57, 73.14, 71.43, 71.32 (9 Carbons: C-2, C-2", C-3, C-3, C-4, C-4,
C-5,C-5, C-6); 61.73 (C-6 ); 55.09 (OCH3), 16.38 (C-7).
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Anal. calc. for Cs¢Hg2011: C 73.82 H 6.86
found: C 73.23 H 7.23

Metlyl 7-dzoxy-6-O- (a-D-qucopymnosyl)-a-D-gb/cem-D-glucohenammzoszde (43)

Compound 42 (247 mg, 0.27 mmol) was first dissolved in dry methanoi (25 mL). Then
5% palladium-on-charcoal (254 mg) was added in small portions to the solution and the
mixture was shaken under hydrogen (100 Ib. in'z) at room temperature and the reaction
progress was followed by t.l.c. (solvent 4:1 dichloromethane / methanol). When the
reaction was over, the mixture was filtered and the filtrate was evaporated to give a
yellowish solid residue. The crude residue was chromatographed (Iatrobeads, solvent 4:1
dichloromethane / methanol) to give colorless crystalline 43 (80 mg, 80%). Mp 231-232°C.
[«]D=228.1° (¢ .43, H20).

'"H-NMR (D20): 6 4.80 (d, 1H, H-1, J; 2=4.0 Hz), 3.57 (dd, 1H, H-2, J12=4.0 Hz,
J2,3=9.5 Hz), 3.67 (dd, 1H, H-3, J23=9.5 Hz, J34=9.0 Hz), 3.39 (dd, 1H, H-4, J45=10.5
Hz, J43=9.0 Hz), 3.83 (dd, 1H, H-S, J4,5=10.5 Hz, J56=2.5 Hz), 4.17 (dq, 1H, H-6,
J5,6=2.5 Hz, J6,7=6.5 Hz), 3.44 (s, 3H, OCH3), 1.29 (d, 3H, Cs-CH3, J6,7=6.5 Hz), 5.07
(d, IH, H-1, J1'2'=3.5 Hz), 3.55 (dd, 1H, H-2 , J1'2'=3.5 Hz, J2/,3'=9.5 Hz), 3.73 (dd,
IH, H-3, J23'=9.5 Hz, J3,4'=10.0 Hz), 341 (dd, 1H, H-4'), 3.88 (dd, 1H, H-6a,
J6'a6'b=~14.5 Hz, Jo'a;5'=5.0 Hz), 3.76 (dd, 1H, H-6b, Js'a6'b=— 14.5 Hz, Je'b5'=4.0
Hz). '*C-NMR (D20): 6 100.13 (C-1'); 97.98 (C-1); 73.89, 73.73, 73.37, 72.98, 72.02, 71.89,
71.80, 71.48 (C-2—C5 and C-2—C5'); 70.51 (C-6'), 56.09 (OCH3), 15.12 (C-7).

Anal. calc. for C14011H2s: C  45.53 H 6.82
found: C 45.18 H 6.97



3. Enzyme hydrolysis experiments

All enzyme hydrolysis experiments were performed on the Cary model 214 and the
Bruker WM-360 spectrometer operating at 360 MHz at preset temperatures. The buffers
used were potassium phosphate buffer at pH=6.8, M.E.S. buffer at pH=6.5, sodium
acetate-acetic acid in D20 at pD=4.3 sodium acetate-d3— acetic acid-d4 in D20 at
pD=4.3. The enzyme hydrolysis data were analyzed by Dr. M. Palcic and Mr. L. Steele
in the Food Science Department on the PC using computer programs developed by
Professor K.Bock and co-workers from the Department of Organic Chemistry, the
Technical University of Denmark. The enzyme Isomaltase, ATP and NADP were
purchased from Aldrich. The enzymes Hexokinase and 6-Phosphate Dehydrogenase were
provided by Dr. M. Palcic. AMG type Il was a gift from Professor K. Bock.

The method, as recommended by Bock,® is the application of high resolution
1H-NMR Spectroscopy to monitor substrate and product time depencencies in progress
curve enzyme kinetics.!'?"116 This method has an advantage since Kinetic parameters can
be estimated in a single run therefore saving both time and substrate material. The
disadvantages are: (i) in general, mechanistic properties cannot be inferred directly from
a single progress curve, and (ii) errors in the estimated parameters may be significant,

depending on the experimental conditions and the method of data analysis.

The data were obtained as follows. The 'H-NMR spectrum of the substrate in buffered
solution was taken as standard at t=0. Then the enzyme in buffered solution was added
and the reaction progress was followed by recording 'H-NMR spectra at predetermined
times until the reaction was over. The time dependent spectra were plotted and the
concentration of the substrate and the product(s) were obtained from the integrations of
the appropriate peaks. The concentration of substrate vs. time progress curve was

constructed and analyzed on IBM personal computers using a non-linear least squares
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fitting program package REGGRAFA obtained from Professor Bock. The time depend-

€nt concentration data are summarized in the next section.

. 85 . . .
The progress curve ana]y5158" is based on the integrated and reparameterized

Michaelis-Menten equation (Equation 5).
¢ = (iyo-y | Vo) A [r+1In(1+)] (%)
Where 5 =(yo-y)/(yoy )
A=(2vot122- lyoy /(vo(1~1n 4))
vo=initial rate
t12=half time (y(t12)= 1/2[yo-y’]
Yo=initial concentration
y’=final concentraion

The g is the degree of progressed reaction and it followed from the definition above

that y always be in the interval 0 < z < 1.

Equation 5 is then rearranged to Equation 6 to calculate the values of concentration

(dependent variable) as a function of time (independent variable).
y=(y +(yo—y j)exp[((vot-x [yo~y [)/Avo)—] (6)
The equation 6 is solved by computer by the bisection method.

All experiments with methyl a-isomaltoside (37), methyl 6-S-methyl-a-isomaltoside
(40) and methyl 6-R-methyl-a-isomaltoside (43) were performed under exactly the same

conditions.
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Vil. APPENDIX

Table 18. The time dependent concentration data for methyl a-isomaltoside (37) in
the course of hydrolysis catalyzed by AMG I1.

Time (min.) Conc. (mM)
0.00 18.52
9.18 18.31
23.83 17.46
47.47 16.15
71.30 15.96
95.03 15.41
118.77 14.09
142.50 12.89
166.23 12.85
189.97 11.91
213.70 9.69
237.34 9.57
261.17 8.28
284.90 7.39
308.63 6.85

Table 19. The time dependent concentration data for methyl a-isomaltoside (37) in
the course of hydrolysis catalyzed by AMG IL.

Time (min.) Conc. (mM)
0.00 9.26

31.33 8.38

55.13 7.27

78.93 7.10

102.73 5.94

126.53 5.78

150.33 5.03

174.13 4.39

197.93 3.56 i
221.73 3.02

245.53 2.80

269.33 2.28

293.13 1.76

352.63 1.3

412.13 0.75

471.63 0.19




Table 20. The time dependent concentration data for methyl 6-S-
toside (40) in the course of hydrolysis catalyzed by AMG I1.

Time (min.) Conc. (mM)
0.00 9.26
8.20 8.67
47.93 8.71
97.60 8.03
147.27 7.45
196.93 7.29
246.60 6.18
296.27 5.46
34593 5.55
395.27 5.40
444.93 4.82
494.60 4.61
544.27 4.61
593.93 4.17
643.60 3.88
693.27 3.73
742.93 3.33
792.60 3.12
843.27 2.95
892.93 2.76
K94 92 I an
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Table 21. The time dependent concentration data for methyl 6-S-methyl-a-isomal-

toside (40) in the course of hydrolysis catalyzed by AMG II.

Time (min.) Conc. (mM)
0.00 18.52
57.00 17.28
118.42 15.89
179.83 15.09
241.25 13.80
302.67 12.96
364.98 1193
425.50 11.00
468.42 10.28
548.33 9.52
609.75 9.09
780.17 7.28
829.58 6.83




Table 22. The time dependent concentration data for methyl 6-R-
toside (43) in the course of hydrolysis catalyzed by AMG II.

Time (min.) Conc. (mM)
0.00 18.52
8.33 17.96
20.33 17.31
32.33 16.80
44.33 16.07
5033 15.26
68.33 14.61
80.33 13.85
92.33 13.70
104.33 11.96
116.33 11.37
128.33 10.37
140.33 9.69
147.38 9.61
159.38 8.57
171.38 8.50
183.38 7.44
195.38 6.59
207.38 5.41
219.38 4.98
231.38 4.07
243.38 3.50
255.38 2.41
267.38 1.89
279.38 1.39
291.38 0.91
315.38 0.00

125
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Table 23. The time dependent concentration data for methyl 6-R-methyl-a-isomal-

toside (43) in the course of hydrolysis catalyzed by AMG Il

Time (min.) Conc. (mM)
0.00 9.26
6.50 8.65
20.28 7.93
30.25 6.97
40.25 6.34
60.25 4.27
70.25 3.97
80.25 3.19
90.25 2.56
100.25 1.80
110.25 1.15
120.25 0.55
130.25 0
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