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ABSTRACT

N

. RS C. - L - RN
3 5 . e - IR
) CoL : R : .

. - The conformatronal preference of methyl or-maltosrde and related

,‘compounds in deuienum oxrde and dnmethyl sulfoxade-ds solr’mons was studred ,

l! '.l

}_by nudear magnenc resonance spectroscopy |nbludrngr{he determma!ron of

W nuclear Overhauser enhancements and deutenum rsotope shm? ‘é

e i‘,"

s methyl or maltosnde

compounds studled were ,methyl Bmaitos:d

S~

"1 2»drdeoxymalxose methyl 3- deoxy a—maltosrde, ;methy{ 6, 6- drdeoxy o-

“maltoside, methyl 6 deoxy {3 maltosrde methyl 4 O( -D glucopyranosyl) o-D-

mannopyranosrd' ethyl 4 O a—D—qucopyranosy}) _Dax_ylopyranosrde and

1

methyl q-maltornosrde

Lit was demonstratedithaf" HVSEA calculation"sy Weld conformations that are
close -to the expenmental values provided by the nuclear . Overhauser
Qenhancements Calculanon of cqpformatronal pre‘?lerence without inclusion of
the exo-anomeric effect did not reproduce the expenmental nuclear Overhauser

enhancements. ‘&

The nuclear Cverhauser enhancernents redurre di:ffe'rent conformational
preferences in water than in drmethyl suHoxrde solutron For the maltoside in
dimethyl sulfoxide, the abundant conformers are favorable to mtramolecular
hydrogen bondrng between OH- 2‘ and OH 3’ In the case of the xylosrde an
antramolecular hydrogen “bond’ betwean OH 2'7'and O 1' is 1ormed The
different conformatnonal preferences‘ exhrbrted by methy[ or-maltosude and
a-xyloside suggest that, 1or the maltosrdes non bonded mteractlons between
H-5'-and the hydroxymethyl group domrnate the exoanomenc eﬁect The

preferred conformer for the maltosudes both m Waier and in drmethyl sulfoxide




%
differ from those found in the crystal structures of a-maltose and methyl

B maltoside but are close to those of methyl a—mahotnosnde V- amylose and *

'B -amylose.

i

The results of this study are m accord with the expectatxon that' solvatlon

- of glycosndes by water strengthens the exo-anomeric effect.

Vi
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I.. INTRODUCTION
.

A,
Y .
« 1. Historigal overview
~  Starchis the chief reserve carbohydrate of plants' and is, therefore, one
of the most widely distributed substances in the vegetable kingdom. It is found
in nature in granular form in seeds, fruits, leaves-and tubers in amounts that

vary from a few perée_nt to over 75% in cereal grains. " It forms the major

source of carbohydrates in the human diet and is therefore of great economic

N

importance. .

Starch can be separated in two €omponents; namely, amylose and
amylopectin. -Amylose,is‘a water s’o(uble linear polymer of a-D-glucopyranose
units with‘1‘,4-linke’age§. (Figure.1). Its average molecular wéight ranges? fro‘m
4:4 x 10410 6.2 x 105 corresponding to degraes of polym(érization of 270-380.
Amqupectin, the water insbljgle main component of starch, consists o.f chains
of a-1,4-glucopyrandse to Wr;ich branches are attached in a-i ,(Si'rlinkages, )
(Figure 2). An even higher molecular weight from 4.5x 10 to 2.4 x 108 was

found? corresponding to degrées of polymeri'zétion of 280 - 1.45 x 10¢8.

(o) ° 5
HO w
OH OH o)
° KO
OH oH o
(o} o -
OH OH 0
0HO
OH
OH
0 (o]
HO :
OH OH [o)
(o]
o . ‘ . HO,

@ . ‘o’no/
Figure 1. Partial chemical structure of amylose. .

A=



'y . . ) ‘ . ’ OH
‘Figure 2. Partial chemical structure of amylopectin. o

The structure of glycegen (animal starch) that functions as a food

reserve for animal cells is similar to that of amylopectin.

The disaccharide o- maltose is the basic: buuldlng umt\o*ﬂarch (Figure
3). The compound was first obtained in 1811 by Kurchoff3 by the action of acid
hydrolys:s on starch. Saussure* made further investigations, but it remained
for Dubrunfaut® to recognize it as a new sugar, different from grape-sugar
(p-glucose). It was named ma'ltose because it had been .obtai‘nedm from the
action of malt diastase on starch Meiss'> deduced that it was compoeed of
two - molecules of glucose joined through the loss of a moiecule of water.
However, the position of the Imkage between the two umts remained unsolved
until 1919 when Haworth and Leicht’ finally found, by methylatuon of the ‘
molecule followed by hydrolysis, that the linkage is either 124 or 1—?5. The‘
unambiguous aésignment of pyranose structures to the glucose units ;vas also
made by Haworth®? a_nd based on the methylation analysis olexidized maltose

to establish the 14 linkage. The a-configuration for the glycosidic linkages



~was assigned because maltose is hydrolysed by maltase, ‘an enzyme specific‘
for the so-called a-glucosides. following Hudson's r\ules of isorotation.'®  The

,_gs:tablishment qf the gonﬁgurations of anomeric glycoside§ was reviewed in
Y51 by Ballou, Roseman and Link'! and more recently by Lemieux and Koto. 12
The Configuration of a-maltose (Figure é) and its B-meihyl glycoside have -

‘been confirmed by X-ray‘crystgxllography.‘3'14

Figure 3. a- maltose ( 4- O(a l}glucopyrénosyl )-o-D-glucopyranoside ) and
designations for torsion angles.

The notdtions for the labelling of atoms presenfed in Figure 3 and used
throughout this thesis’aré as follows. It is seen that unprimed numbers refer to
the atoms of the reducing unit ‘and primed numbers to the atoms of the
non-reducing unit.  Also indicated are the torsion angles each involving an
hydrogen atom that define the conformatiori: of maltose'?, where ¢ is the angle
V \escribed by the toréio’h of the segment H-1' — C-1')— O-1' — C-4, similarly y
|s described by C- 1'— O-1' —-C 4—t-4,andwby H-5—Cp —C-6—0-6.
The glycosidic linkage angle 1 is the valence angle deﬂ;\ed by the segment

C-1"— O-1"— C-4. In the present work the signs of ¢ and y are positive or

negative according to IUPAC recommendations. 56



2. Objectives of tl_)ls study

R
<l

in view of the importance of stgérch; as one of man's main sources of
energy, man; studies have been made to determine its properties in solution.
Of primary coneern in biological processes is the nature of enAzyme-subs%rate
interactions and lectin-cell surface carbohydrate recognition.'”'®  n order to

~

better understand the vchlaractenstucs of these jinteractions it is necessary to-

- have a good understanding of the conformational properties of the substrate in

. solution since it has been demonstrated that oligosaccharides dissolved in

water ha_\/e well defingd conforntational preferences'® and, therefore, a subject
of importance to their reco’ghition by proteins such as lectins, antibodies and

enzymes.

- Several studies have been carried out to determine the conformation of
amylose in soluti’onf"'% However, it seemed advantageous to cheose a
simpler molecule as a model cempound for conformational studies. Ideally,
this molecule would reflect tHie conformation of amylose in solution. The
models chosen for the present study were methyl a-nlaltoeide ( methyl4-O-(a-
D-glucopyranosyl)—a-D-élucopyranoside ), since it contains the basic glycosidic

!
linkage that allows varniations of conformation in these molecules and methyl «-

maltotrioe which can be considered as made up of two a-maltose units.-

Maltose has recently received a great deal of attention. A wide range of
conformer pobulatiéns have been proposed based on X-ray diffraction data and
theoretical calculations. Howaever, the influence of the exo-anomeric? effect

on s conformation was not recognized. The present study was undertaken to

AvAamainm thAa cmannibioida Al tha AlfAane an ~Anfarmatinnal analucic haead An ealid

.
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state data or theoretical éalcqlation's without the consideration of the
cohtributioﬁ by the exo-anomeric effect. The exo-anomeric effect has‘ been
very receMtly reviewed in detail bYJ’EJy and Lemiéux.z‘ These authors also
present;d evidence based in n.m.r. -Spectrosébpy for the influence of the
solvent on the relative magnitudes_of t\he endo .'an‘d exo-anomeric effects. Of
& major relevgnbe to this thesis is the cbnqluéion that water shouldlstrohgly‘
" increase the exo-anomeric effect gvhereas Lipkind, Verovsky and Kochetkov
have stated that the exo-anomeric effect "dbes not play a significart role under ~

" the conditions of an aqueous medium", 226 LT

. v 4

For this study, it ;f’vas desired to dete;mine not only the preferrea
conformation of maltose in aqueous solution but 4lso the structural and /. or,
electronic features resbénsible for that conformation. Furthermore, it seems
probable that oli§osa’ccharides”may. be accepted by protein recéptor sites partly
in intramolecular hydrogen-bonded forms.zﬁ”- For t?wis reésqn, this study is
also ’djrectéd toward an investigation of structural  features within
oligosaccharide structures that are conductive to intrgmolecular hydrogen bond

formation.

AN

3.- Conformational analysis

f}\ ?

Several methods have been used to obtain. informationwabout the
conformational properties of oligosaccharides. Of these, the following will be

considered. )



3.1. X-Ray (or neutron) diffraction methods

3.2. Optical rotation studres

.

3.1. X-ray studiess

. -With the advent of ‘computer assistance, single! crystal X-ray

“x .
crystallography has provided a great deal of information about the structure of
carbohydrates and therr conformatrons in the crystalline state. A list of euch
crystal structures are reported penodrcally by Jeffrey and’ co- workers 3 It may

be consrdered that the crystal structure provrdes a correct description of the

conformatron that the molecule exhibits i in solution. However this may not be -

the case since the conformation adopted by a molecule in a microscopic

x

environment is the result of the competing actions of both intra- and

intermolecular forces and the kinds, magnitudes and directions of the

intermolecular forces of the compound in solution may differ from those in the

crystal lattice. Therefore, solid state conformations can only provide a starting

point in the search for the solution conforrnation. .
' D

The crystal structures of a variety of compoonds related to maltose have

been reported and their conformations are presented in Table 1. It is seen that

very substarztial differences can occuk between the orientations adopted :Jabour

the glucoé’\‘i&d‘icjﬁnkage depending upon the structure of the compound.



)

. Table 1. ngObserved solid® state conformations about mtersugar bonds of
maltose amdlo .

Compounds S Ty Reference -
a-maltosé (1) L 41 13
- B-maltose, H,0(2) = - 133 34
methy! B-maltoside, H,O (3) ' 5.6 15.9 , 14
phenyl a-maltoside® (4) : -76 -158 . 35
_ ‘ ' -81 - ~ -255
B-maltose octaacetate (5) .. =290 .. =36.0 36
methyl a-maltotrieside, 4H,0 (6) -38.0 °. -29.0 37
T s -38.0° - =330 )
maltoheptaose o \
phosphorylase complex (7) -150. . -150 17
8Two different conformers are present in the crystal. “
\ : . ,

An examination of molecular models for maltose and related compounds

shows thrat, as reported in Figure 4, changes in the ¢ and y torsion angles about

|

-

the interunit glucosidic bond provides two zones in a conformational map\

depending on whether or riot the internuclear distance between O-2' and O-3 is
longer than 3.0 A.  When the data reported.ih,Table 1 are examined in this
context, it is seen that methy! a-rpahotrioside and B-maltose octaacetate occur
in conformations that do not allow an intramolecular hydrogen bond to be
established between tlhese atoms. | The conformatiorts which fall into the
shadowed zone in Figore 4Aallow this type of intramoleoular hydrogen bond.
This matter is presented since theﬁ%isxs considerable speculation on the
importance of intramolecular hydro.gxen. bonding between the contiguous

glucose‘ units on-the conformationvof maltose.  This arose because early

L]
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Quiglev et al*® claimed that "This hydrogen bond appears to be one of the
: ~

principal force; controlling the conlormgtiocns which are based on a-1,4 linked
glucoses”, while Pangbom et al% statéd "Therefore the occur:a;ge/df the
intramolecular hydrogen bond between con_tiguo;J,s chain residues i.af.}O-2' and
O-3 is not an 'éssen al contributor to the estab‘lishm"ent.of the preferred
conformations about the glycosidic bords™. In the prééent study an attempt is
made to obtain informatio 'ab'out the occurrence and significance of an

intramolecular hydrogen bond in solution. x <P
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Figure 4. Observed solid state conformay
relation to the internuclear distances betwé
correspond to the compounds listed in Table 1.

of maltose and analogs in
3 and O-2'. The numbers
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o The first X-ray diffraction pattérns of native starch were pyblished*! in
1928, hewever, the crystalline strﬂcmre of"etarch is not yet well.understood.*?.
Native etoarches give X-ray'diﬁraction patterne which can be classified as three
mairr types“z-‘?::{heA type, typical of cereal starehes; the B type, characteristic
of t.uber enp maize starches:and the C type, anéintermediate between.A and B
. fypes found in bean and root starches.  Another. pattern, the V type, is
obtalned when amylose is complexed with orgamc compounds, iodine or water.
~ The crystallme Vform exrsts in anhydrous Va, and hydrated, Vp, states. Ofthe
: naturally occurrmg crystalline forms of amylose the B type hvas been more
extensively studled s structure was considered** to be composed of six-fold,
left- hande.d smg[e hehces wrth torsron angles\ between contrguous umts of

45 46 .
548 |ater

approxlmately 0 = -20° and y = -10° , However Wu and Sarko

~ proposed a B type structure based. orfparal ehstranded double helices after a
suggestion made by Kainuma and French'47. In this struq,ture the mdrvrdual
antrparallel strands are in a nght -handed,: six-fold hehcal conformatlon wrth_
approximate torsron angles of ¢ = 30° and y = 25° but even now, these
double hehcal structures are berng questioned:*?  The crystal etructure of

. Vh-amyIOSe r_ras been reCeany studied. by Rappenecker and Zugenmaier,
These authors propased a structure of Ieﬂ-rranded, six-fold, single helices with
} tors‘ion angles ¢ = -14.4° end.\y = -7 5° These data are presented because

they wr!l be of mterest when compared with the conformatronal preferences of

(
me/thyl o maltosrde and methyl a-maltotrioside obtamed from thrs investigation.

[
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-3.2. Optical rotation studies

In'1970 Rees*® propdsed a method to estimate/the torsion angle - ¢ and

N

Y of glycosidic linkages from the optical rotatiorl of carbohydrates. . The

parameter he derived, known as the "linkage rotation’, [A]p, is defined as

) . \ \
[Agps] = [Mue] - {[Mven] + [Mrl) SN
. -
- where,
[Acbs) = oObserved linkage rotation, ’
[Mye]l = “molecular rotation for a given'disacchap‘de which contains a non-
7 " reducing (N) and a reducing (R) residus,
| [Mmen] = molecular rotation of the methyl glycoside of N having the same
anomeric configuration as the disaccharide,
[Ma] = rotation of the reducing sugar.

The linkage rotation represéms the optical rotation dQe to interactions
across tlj}e glycosidic linkage, minus any contributions from the individual
monosaccharide unifs. Rges“g’ attempted to corrélate the Ii.nk'age rotation with
the forsio\n angles ¢ and y based on the postulate of Brgwsterw{%hat each four
| atom chain, in this case about the glycosidic linkage, fakes a contribution.to
the rotation whicp de~ends on the sine of the to“rsion'angle.f ‘The relationships

" for a- and B- linked disaccharides are,

[A%aclD
[ABcalJD

105° - 120(gjn ¢ + sin y)° and o L@

105° - 120(sin ¢ + sin y)°. » ’ (3)

[]

‘Using torsion angles obtained from X-ray studies, Reés predicted the
Iinkaée rotations of several disaccharides with. ver§ good accuracy. For

. example, the torsion angles for B-cellobiose in its crystal structure are ¢ = 42°
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and v = -18°, which leads to [AP.,Jo = 62° as compared with [APy, Jo = 59°.
_ For B-lactose, ¢ = 31° and V= -25°Jand thus [AP.,Jo-="94° in excellent
agreement with [Aoslp = 95°. However, the close agreement between the
caiculated and obse\rved optical linkage rotations must be interpreted with
caution. As mentioned earlier, Mternrofecular hydrogen bonding and crystal
,packin'g forces can influence the conformation of the molecule and, tﬁus, the
" torsion angles found in the solid state may well deviate from those found in
“solution.  That this can be in fact the case is well demonstrated as follows.
Although the Iinkage rotation for methyl B-cellobioside in agueous solution
([Ass]p = 64° ) agrees well with the theoretical Value ( [AP4Jo = 62°)
derived from the crystal conformation of cellobiose (¢ = 42°, y= -18°), it
deviates considerably frorr-r the linkage rotation ( [AP_,Jo = 128° ) based on the
crystai structure of methyl B-cellobioside itself (¢ = 25° y = -38°). '
Furthermore, Rees‘_ d'escn'ptioh of the linkage rotation assumes that the same
values of the torsion angles defined by 0-6 — C-6 — C-5 _ H-5 (o) of the
ihdividual monosaccharide residues in the crystal structures are preserved in
the case of a disaccharide. A variation of the values for w in the disaccharide in
- solution from thoee of the constituent monosaccharides in the solid state thus
may lead to serious errors when interpretiné [Aobs)o in terms of or%q» and y as
in‘Equations (2) and (3). The consequences of neglecting an additional term in
those equations to account for variations of the torsion angle of the
hydroxymethyl groups can. ‘be especrally misleading in the case of maltose
since molecular modelling st 'dies suggest®' that changes of the ¢ and  torsion
angles are Ilkely to mfluence the orientation of the hydroxymethy! group of the
reducing unit.  In this regard it is of interest to compare the angles for methyl
B-maltoside" (0 = 176.4°) and B-maltose (w = 31.5°) with the angles in

methyl [3-D—gluco‘pyranoside352 ‘(m = -50.5’5) and in methyl a-b—gluco-

. _ N
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pyranoside® (o = -44.6°). Lemieux and Brewer™ presented a study about
the conformational preferencés(%f hydroxymethyl groups of hexopyranoses in

different solvents.
Y

l\\ conclusion, the close agreement between [Acacjo and [Aq]o for the
tases cited must be considered as fortuitous and therefore the use of the
optical linkage rotat:on in predicting the average conformatnon about glycosidic
bonds is not acceptable. Despite the previous conslderatnons, Tvaroska®® and
~ more recently "Ko_(;'!’u.etkov”'Z’G--"6 have employed ihe linkage optical rotations of
mal~tose ah‘_d“" methyl maltosides as an important factor to assess the
conformational properties of these compounds in solution. Rees and
coworkersS’-%® studied the effect that solvent plays on the conformational
preference of methyl B-maltoside. The optical linkage rotations in dimethyl
sulfoxide (DMSO) and dioxane ([Awslo = -19° and -23°, respectively) were
interpreted as an indication that in these solvents, the time-averaged
conformation iscgisplaced_ from the crystal structure, but still, a high proportion

of the molecules exists in conformations in which intramolecular hydrogen

bonding is possible. In aqueous solution, the li{wkage optical rotation ([Aspslo =<*

+46°) indicated that the molecule spends a larger proportion of its time in a
- ¢

"fo%ed conformation” with torsion argies ¢ = 70° and y =%-40° corresponding

t0 [Aca]o = +85° which had been suggested60 to account for the specific

thermal expansion of maltose in aqueous solution.

3.3. Nuclear magnetic r~ “onance spectroscopy

~

Proten and carbon-13 nuclear magnetic resonance spectroscopies are

the most powerful methods of obtaining information about the preferred

Y&
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conformation of oligosaccharides in solution. Bock®! has recently presented g
detailed review of these developments which were made possible by the .

advent of modern computer-assisted, high field FT n.m.r. spectrometers.

The n.m.r. parameters which iield conformational information are:

v ‘
331.  Chemical shifts

3.3.2. Coupling constants
3.3.3. Spin-lattice relaxation times

3.34. Nuclear Qverhauser enhancements

These parameters will now be discussed as applied to the study }of the

conformation of maltose derivatives.

s]

3.3.1. Chemical shifts
' . ‘ K:]
Proton chemical shifts have proven useful in the conformational analysis
of oliéosaccharidés because these tend to be very similar (£0.1 ppm) to those

found for the simple methyl g!ycosideE of the component sugars. However, on

(o

occasions, for specific protons, much larger changé%)in chemical shift occur.

This was first noticed for the signal for H-5 of the fucose .unit in the Levs}is a

L

trisaccharide®? and subsequently observed on several occasions.5'83 In each
case, it became apparent that the specific deshielding occurred because of a
nonbonded interaction of the hydrogen with an oxygen atom of another sugar

unit. These deshielding effects are similar to those observed for hydrogen

\

atoms that are syn-axial to oxygen atoms and surely result from electrostatic

interactions.5'  An example is the downfield shift of ca. 0.25 bpm which is

4
«
)
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:‘observed ‘for H-3 and H-5 of methyl glucopyranoside when the anomeric

configuration is changed from § to a.

The main use of ’?C-chemical shifts in conformational studies has been

for the comparison of similar structural units in different compounds.5384 S};n}:e

these shifts appear to be . highly sensitive to slight changes in carbon

hybridization, their calibration for the prediction oLQanormationaI preferances . .
PN

will be very difficult.

s
AN

3.3.2. Coupling constants

In the conformational analysis of oligosaccharides, proton-proton spin-
spih coupling constants are used mainly to confirm the chair conformations for

the sugar units. °

In this ;&,’thé coupling constants that‘ yield information about the
" conformation are the so-called "linkage” coupling constants, J* and J¥, which

are the vitinal coupling constants for the terminal atoms of the fragments

H-1"— C.ﬁ;_ o-i‘ — C-4 and for C-1' — O-1' — C-4 — H-4, respéc{ively.

These paramehers have been used more than any other n.m.r. parameter for
the study of the coMormatuon of maltose ~Their apphcatson asa conformanonal
tool is based on a Karplug -type relationship for the system ¥C—~0—C—

There exists both exper1141ental65 and theoreticalté evidence for this relationship;
however the expenmental values exhibit' consuder\abla scatter ‘as can be

apprecnated in anure 5. Most of these expenmental values were assngned on

" the basis of torsion angles exhibited in the crystallme state and for a wide range

of chemical structures. The experimental dnfhcultles of measunng an accurate

. coupling constant also add to the uncertainty. It is'to be expected that vicinal.
-
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N .
®C to H coupling constants will be sensitive to electronegative effects as

Altona_and coworkers®® have recently described in detail for vicinal 'H to H

~

coupling} . .

7.0
6.0

3.0

Coupling constant (Hz)
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Figure 5. Experimental evidence®™® for the Karplus-type relationship betheen
13C to vicinal 'H coupling and the torsion angles these atoms define. The

points ¢% were not used by Peréz et al® in their estimation of the -
conformational preferences of glycosidic linkages. ‘

Although the use of a Karplus relationship for the assignment of torsion
angles may lead to serious errors, Pérez et al® used the following

relationships for the assignment of solution conformations of methyl

. f-maltoside,

J = 43c0s%+06 and (4)
M = 48cos?y+0.7 . (5)

3
Jea H-1'

3
Je-1" H4

Similarly, Kochetkov®#% used ‘linkage” coupling constants for the

conformational study of maltose. The measured coupling constants were
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assigned to’ glycosidic angles according to an empirical curve proposed by

Perlin and coworkers.%”

[

3 3.3. Spin-Lattice relaxation times

The application of proton spin-lattice relaxation rates in the study of
intergiycosidic conformations relies on a dependence on intramalecular. proton-

C
proton distances according to the following equation, .

(1/ Ty = constantwc-";rif, ‘ ~(6)

-y

where r; is the distance between proton i a.nd all other protons (j) in the
molecule and 1. is the correlation time.” Thq»proble;'u arising from .the
application of proton-relaxation rates i§ that it is generally difficult to determine
the individual relaxa.tion contributions and thus obtain a quantitative measure .

for the proton-proton interactions in neighbouring pyranose rings.

For carbons, spin-lattice relaxation occurs essentially through dipolar
" interactions with directlp bonded protons, and is therefore a function of the

number of protons attached to the observed carbon nucleus;

A
N\

1/Ty = constanteN-1. . (7)

’ \
Spin-lattice relaxation times. are used mainly to obtain information about the
< Mmobility and tumbling properties of the molecules in solution®!“and provide the

evidence for isqgopic tumbling required for the use of expression 8 to be

vy,

discussed below.

s,

e
LY



3.3.4. Nuclear Overhauser enhancements

The most W|de|y used tool for the deterrmnahon of the conformatlon of
complex molecules in solution is the measurement of nuclear Overhauser
enhancements.”  In thls technique the relative contn‘but:ons of helghbounng
protans to the relaxation of another proton are measured Since the

contnbuhon depends on the mteratomnc distance fhe n.O.e.’s give a measure of

the relative protqn-proton distances within the molecu%e Considering a -

homonuclear n.m.r. experiment in which a nuclear spin s is bemg Saturated and
a spin d is detected, the nuclear Overhauser enhancementon d , fd(s), is well

approximated by the following equation,’

- \

’ f ( ) rds-s - o
' §) = m—mmm 88 — 1 | ‘ 8
o = ®)

~~

where ry is the distance between protons d and s and .rq afe the’distances .

between proton d and the other protons j in the moleculxe. Equation (8) i; yélid
~under the following cgnditions; the~ molecule must tumbl% isot_ropicaljyvin
sol'ution, the relaxation of spin d must occur exclusively b’)ﬂ/ a dipole-dipoléﬁ.'
mechanism and spins d and s should not be tightly coupled with any otHer

protons’in the molecule.

The n.O.e. observed for a given ‘H-éignal (spin d) gives a measure of
the distance between the nuclei d and s and, }or this reason, it can provide
valuable informatio ut molecular conformatu%n and structure. The steady-
state n.O.e. however, does not provide a direct or absolute indication of the
distance, for it only detérmines the relative contributions of internuclear dipole-
dipole relaxations, ie. if all the distances in the molecule were doubled the

measured n.0.e.'s would remain the same. The absolute value of the
. »

‘o

yooo BT
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enhancement is meaningless iri quantitative $tudies not only for this reason but

~ -also because of experimental factors (like the presence of dissolved oxygen or”

paramagnetic impurities). To obtain information about distances two
approaches can be taken: the measurement of the rate of growthA of the
n.0.e.7® and the use of an "intenal reference™. Tn,e forrner provides direct
information of distance but requires longer instrumgntal times making it often
prohibitive. The latter takes advantage of an enhancement induced«n another
proto.n tntttich is known to be at a fixed distance from s to calibrate the distance
between s and d. Inthe case of maltose, the distance H-1' — H-4 provides an
mdlcatlon of the conformation about the glycosndlc bond; namely, ¢ and vy
~ torsion angles. In order to estimate this distance, H-1' is irradiated to induce
an en'hancement of H-2" which can be used as the "ihternal ruler” since it is
TR known from vucmal coupling constants that the glucose units in solution are in

"«f E
{i’t ; __the AC conformatnon 6 Should the signal for the aglyconic hydrogen, H-4,

24

j}i ;{also be 5|gnmcarstly enhanced, then its distance to H 1" can be estlmated
.

"

el s
O

; Fgure 6).

@L, OH ocH,
S - -8

thure 6. Measurement ot the 'H-n.m.r. spectrum of methyl a- maltosnde wnth
- saturation of H-1' may lead o major enhancement of the signals for hydrogens
in close wcnmty such as H-4 and H-2'. 7

.1

%

\
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It is this method that was used for the preparati:on‘of this thesis. In all cases,
the n.O.e. values which are 'repenc;d are those found relative to H-2' since the
distance betwéen H-1' and H-2' can be derived from X-ray crystal data. The
conformation obtained in this way is of course an average in the n.m.r. time

scale of all populated conformers in the solution. - ~ '@ '

- 'Recently, Kochetkov et al® published the results of an n.O.e.
determination on methyl B-mattoside in D,0. The observed enhancements on
pre-irradiation of H-1' are: H3 =1.0%, tH-4 =5.9% and. H-2'=7.9%. These
results were compared with those obtained from theoretical calculaﬁonsr as
follows: the conformational preferences for maltose were assessed with the aid
of semi-empirical calculations (to be discussed in the n'egt section). Then, for
each of the four affofded gonformers a theoretical n.0.e. was calculated and
the statistical average was calc,:ula(ed based‘on a Boltzman distribution of the
conformers. The experimental ratios o'f n.O.e.'s, H-4/H-2' anq H-3/H-2' were'
‘compared with the calculated rétios and a 'reasonable agreement was found.
These authors therefore concluded that in order to account for the measured
nO.e.'s th; compound must exist in aqueous solution as a mixture of the four
conformers predicted by their calculations \apd not as a single conformer as
‘predicted by HSEA calculations.”’®  The conclusions were cor?ﬁrmed'by
similar comparisons of the calgulated and experimental linkage optidcal rotations
and '3C-'H coupling constants. " However, it must be noted that the
quéntitative measurement of the n.O.ye?"!'in methyl B-maltoside, even at
| 506 MHz, is precluded by the-partial overlapping of H-4 and H-2' making the
obtained values unreliable. Also, the enhancement on H-4 is sensitive to the
orientation of the hydroxymethy! groué and for this reason they chose,o fix the
C-6 group in the conformation generally found in the crystal structure of methyl

glycosides (o =~ -60.0°).52'5°. The results obtained from simiiar experimenis on



-

2

methyl a-maltoside and derivatives in this Iaboratory75'76 do not agree with
those found by‘ Kochetkov &t al and a comparison of the results will be

presented in the discussion.

3.4. .Theoretical calculatiohs

Conformational energy calculations have been used over the last years
to aid in the interpretation of experimental data and to obtain information that
would not be posSible to obtain otherwise.”””® Two kinds of approaches have

been used:

1. Quantum mechanical procedures .

.2. Semi-empirical calculations

, 341 Quantum mechanical procedures

&
Cuantum mechanical calculations have not yet been widely applied to

calcuiate the preferred conformation of oligosaccharides due to the fact that

these calculations are very expensive and in general not practically possible on

- large molecules. In principle, the most direct way to calculate the conformation

of a molecule would be by solution of the Schrédinger equation for a given
nuclear configuration, followed by an adjustment of the nuclear configuration to
minimize the energy of the molecule.”” . This is not possible for all molecules

except the hydrogen molecule ion and consequently approximations are

; ‘necessary. The most('_’soph'isticated methods used at present are the semi-

empiricél ab initio méthods. However, since the amount of calculation required
for a molecule is broponional 1o the. fourth power of the number of orbitals, this

(s

4 , b
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methodl has been applied to only a téw snmple, model compounds Of special
et :

interest to carbohydrate chemustry are thﬁ@&c‘ tions pe[formed by Pople and

coworkers® on dumethoxymetl?ane because thnS’@olecule can be used-as a
model of the acetal system of glycosides. Hasmussen ‘and coworkers81
performed an ab initio calculatlon to estimate the energy of maltose in a fixed
conformation but, because of the high cost of the computer aSSIstance, a

\
.

conformational analysis was not done.

There are a number of other semi-empirical quantum mechanical
methods which attempt to reduce the amount of computation involved. Among
these ar: those’® referred to as CNDT, INDO, MINDO and others which are
faster than ab initio. Although the computation time is approxnmately
proportional to the square of the number of orbitals, even this‘ computational
requirement is too large to render these methods of practical utility for most

.

molecules of interest. st

- 3.4.2. Semi-empirical calculations

' !
Semi-empiricai calculations or force field calculations have been

extenswely used 1%9 determination of chemical structures. For the
evaluation of conform§ttonal energues these& methods use different contnbutnons
to the total potential eﬂnergy function (the érce field) which include non-bonded
interactions, bond a{r]'d angle deformations, torsional termc, electrostatic
interactions and hxd‘ruogen bonding. These calculations have the advantage
that the ‘amount gf computational time is greatly reduced from the quantum
mechanical dalculations, being approximately proportiohal to the square of the
. - _

number of atoms involved. N



In order to simplify the procedure these calculatiens usually neglect tﬁe‘

contribution of angle and bond, deformations (stretching and bending) when

applied to carbohydrates. . The monosaccharide units of an oligdsaccharide arg
thus considered as rigid bodies. This is justified by the CryStallographic date
for many sugars which indicate that cfystal packing does not alter considerably
the bond lengths or eng]es of related pyranose rings.22 Arnott and Scott have

~ also proposed the use of coordinates for an average pyranose ring.8

: .
To assess the conformation of an oligosacshéri/d_e—.%computer uses
" the atomic coordinates of the cqmponent;sggar units (as determined from
" neutron diffraction and previouslyfstored in a computeriliprary) to generate the
coordinates df the oligosaccharide. At this point the molecule ‘possesses at
least three degrees of freedom that must be specmed before\the potential
energy can be determmed The size of the glyc05|d|c angle 1 (gg defined by

- C-1"— O 11— C-4)is usually set at 117.0° which is the angle that occurs most
~  frequently in crystallographic dete&mmaﬂons of oligosaccharides. 51 The values
| of ¢ and of \y ate, of course, the variables that will determine the‘eﬁentation of
an aglycen. The computer 1heh calculates the total potential energy of the
. molecule at an initial conformation and iterates ¢ and y in ‘st,eps recalculating
the energy for each conformer. The result is an energy }nap fromiwhich

~ minimum energy conformers can be established.

o

‘In.order-to calculate the conformational energy, a potential energy .

function r'riust be chosen. The two best known functions for the Van der
Waal's forces are the Lennard-Jones potential:
B A

Enb = -—r—1-2— - —;— ’ (9)

- 22
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i

‘ ang the Butkingham potential:

. A s
‘Enp = CeW -

o En — | (10),

()

where A B,C and u are pafa'meters that have to be determinedyfor each kind
of pair of atoms present in the molecule and r is the internuclear separatioﬁ.
These equations represent thé- same general features o‘f> if‘wtermolecular
poten{ials; at ‘s’h'o'rt‘ distances the interaction energy is repulsive and increases
very rapidly,"roughly’ as an exponential 6f the atomic distance. The repulsion
arises form -nuclear - nublear and electro‘n'; ‘electron Coulombic interactions.
At distances longer than at the minimum in eneggy the forces involved are the
so-called London dnspersmn forces wh|ch vary. phmarlly as ré d%e to mutually :
induced fluctuating d|poles i.e. distortion of the electron orbitals. The forces ‘
are attractive. The first part of Equaﬂons (9) and (10) descrit s the repulsnve

‘interactions and the second part the attractive interations. Figure' 7 illustrates:

"these featu_res.

s

repulsion

Enéergy

~

attraction

Figure 7. The interaction between two atoms dependmg on their separatlon as -
éprovnded by the Lennard-Jones potential. . .

g
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The next kind of forcethat is considered accounts for torsional termls. It

is found that if the energy of a molecule such as ethane is calculated including

only.Van der Waal terms, the eclipsed conformation is less stable than the

. E staggered form but not sufficiently less stable. In order to reproduce the

experimental data, a torsional term is sometimes included, which for ethane

has the form of Equation (11) (the Pitzer potential):

'+ Eos = (E2)(1-cos3w) (11)
: vy.here; ST
Eon = the torsional energy,
" E, = the barrier height of rotation,
o) = the H - C ~C - H dihedral angle.

~The barrier heights, Eo, may%‘«be found by way of microwave or n.m.r.
, spectroscogic measurements. - The torsional energy is attributed to exchange
lnteractlons of electrons in bonds adjacent to the bond about which internal
rotation occurs, following a theory developed by Ffaulmg 8485 " |n his theory of
internal rotation, Pauling adds some d and f character to his wavefunction for
the carbon-bonding orbitals in addition to the usual s and pcharacter. It is the

small amount of fcharacter which leads to the rotation barrier s theory.

In order to achneve greater valldrty, an account is sometimes made of

~electrostatic mteractrons and of the energles of hydrogen bonds. The

contribution of gJectrostatic interactione is usually approximated by considering

the formation of partial pojnt charges or monopoles on each of the atoms of the
.

molecule and” calculatlng the interaction energy according to the classical

Coulomb potential:
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KQ,Q -
Ec = —— (12)
o er |
where,
’ E. = the electrostatic energy,
k° 2 aconversion constant,
.Qi, Q; = the partial charges on a‘tfoms iandj, ‘
3 = the dielectric constant Of the medium,
r . = the separation between atoms i and j.

»

The residual charges can be calculated using quantum mechanical procedures.
" The déte'rminati.on of a microscopic dielectric constant is more difficult and can
only be estimated for a particular solvent. The energy potential for a hydrogen

bond is also sensitive to the solvent and is usually assumed to follow the Morse

potential:
Eug = Edjs_r,[ 1- exp(-B(_r,-re)z) ] , : (13)
where; :
Ewe = the hydrogen bond energy, ,‘
Egss = the dissociation energy of the bond,
B = a constant related to the kind of hydrogen bond,
r = the distance between -O-*HO-,
fo = the equilibrium position of the bond.

The energy parametrization for hydrogen bgnds is a difficult prc. lem since data
for aqueous solutions are not available and can only be roughly estimated

based on data from work on peptides.®
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From the previous paragraphs it can b%appremated that the actual form
of the potentral energy function used in a conformational calculation can take
many drﬁerent shapes accordrng to which functichs are usedto describe each
contnbutnon to the total energy. At this point, the different rmplementatlons of
the semi-empirical calculations used ,by some research groups and that have

been applied to maltose will be described. -

i e
3 4 2 1 FGrce freld calculaxlons for maltose and methyl maltosldes

. u.."
B

Kochetkov and cgworkérs?-h%& performed theoretlcal calculatlons on
maltose and celloblose using drﬁerent models for the ’force field.  They
compared the results of calculations that use the potentral functlons propo‘s‘,ed
by Scott and Scheraga87 by Momany88 and by Kltaigorodsky B Tﬁey included
a torsional barrier around the glyCOSldlC bond as descnbed above. The
influence of electrostatic interactions, hydrogen bondlng and the exo-anomeric
‘effect on the caICmatrons was also studied. The results were then compéredl
with the experimental data provrded by the optlc7l rotations and wrt‘h the 3C-.
n.m.r. coupling constants across the glycosidic bond. Th'ey‘con‘cluded that -
conformational preferences in aqueous solutions could be descnbed properly
only when the non- bonded mteractlons were described by the parametrization *
of Scott and Scheraga. and a torsronal eontribution for the constramt of rotation
‘around the glycosndrc ond was included. Allowance for electrostatlc |
mteractlons hydrogen bond or the exo-anomeric effect had no mlluence or
yielded results which were hnn worse agreement with those expected from the

speculations based on-optrcal rotatron. in fact, these calculatronsprovnde a ,' :

complex conformational distribution for maltose consisting of four conformers
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with different populations. The results for methyl a-maltoside are presented in

Table 2.

Table 2. Conformational distribution for methyl o-
maltoside obtained by KochetkoV et al.%® -

Conformer ¢ \ E(kcal/mol) population

\
A 700 - -40° 4.2, 60%
B 200 -20° -3 30%:
N /
| c 20° 300 -d4 7%
D 300 -160° -2 3%

el

These conclusiQn$:~appeared supported by experimental data relatefd to
linkage optical rotatioh‘g;' 3C-coupling constants and nuclear Overhauser
- effects. "These cohclus}ons will be criticized later on in connection with the

similar studies to be presented in this thesis.

4

Rees and Smith®” performed calculations on maltose taking into account.
Van der Waal'_s interactions using a Lennard-Jones potential function with the
parar;\gtérs of Scott and Scheraga and invokin,g‘ electrostatic interactions, a
torsional term anld hydrogen bond energies. T%&&:onformers were obtained; .
namely, conformer M with ¢ = -32° and y = -13° and the higher energy q
. conformer R with ¢ = -67° and y = -38°. Onthe basié of 1hé optical linkagg_?“:;
“ totations for hethyl p-maltoside, they concluded that the conformation |n
DMSO and dioxan is within 5° of the overall energy minimum, M, while in

aqueous solution, an important contribution from conformer R is in effect. -
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A similar calculation was performed by Melberg and Rasmussen®?! to
provide the four minimﬁm energy conformers for B-'maltobée which are
presented in Table 3. B
e

g b}

Table 3. Conformatiohal dlstnbutlon for B-maltose

., obtained by Melberg and Rasmussen.®
Conformer ¢ v E(kcal/mo{) Population
A 66°  -50° 000  86%
B -18° -31° 0.91 8%
C P 33 1.65 %
- D 410 162 261 1%

¢

Tvaroska® accepted the four conformers of Melbe‘r:g:and' "‘Rasmussen9°
and made theoretical calculations to antumpate how solvents may affect the
conformatuon of {43 -maltose. It was concluded that a change of solvent may
induce a redistribution of populations of the four. conformers The resufts were
compared wnth the linkage optical rotations and the Vinkage couplmg constants
in several solvents and a qualitative agr@gment between the calculated ‘and
experimental data.was found. The author concluded that the conforma“tlonal

equilibrium for B-maltose depends on electrb’stétié sblventsoiute interaction$™%

L

In a collaboration with Pérez, Tvaroska""’ recently sntroduced a new =
methodology (MM2CARB which is a modified version - of MM277 1or the' |
* molecylar modelling of car‘bohydrates) to approximate to the potentnal energ:fg-f-_.-.'
functione for dimethOXymetha/ne’;nd maltose. Based’on a comparison of the i

results of their theoretical " calculations. with expenmental data for .

) .
| - 1
!



. 29
dimethoxymethane, it was concluded that MM2CARB is the preferred meth.od.
The calculatio“ns provided fivg conformers of maltose, three of thgse ;)eing most
abundant (see Table 4).  They recommended that HSEA calculations be

avoided. .

Table 4. The conformational equilibrium for maltose
calculated by Tvaroska and Pérez®?.

E(kcal/mol) Population

Conformer ¢ Vv
A -58° -42° 21.3 22% »
B 30°  29° 210 38%
C -30°  -170° 20.9 39%
D’ 26° 24° 241 0.2%
E -49° 164° 240 0.2%

*

T

3.4.2.2. Hard-sphere exo-anomeric calculations (HSEA)

The HSEA method of Lemieux et al’® is the simplest of ali the
calculations diccussed so far and is based on the procedure* used by
Venkatachalam and Ramachandran®® to est’imate conformational preferenées
for }Jdlypepfides. It adopts a Buckingham equation modified by Kitaigorodsky®®

for the non-bonded interactions (Equation 14), in whict. z = ri/ro. -
Enb = 3.5(-0.04/25 + 8.5x103 exp( -13z ) ) kcal/mole . (14)

The term, r;,- refers to,the distance which separates the nuclei of the two
interacting ato_ms‘rarid fo is the equilibrium distance between these nuclei. The
value of 1o is 1.11(ri + rj), where r; and r; are the Van der Waal's radii for the

' i
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atoms involved in the interaction. A torsional bonding energy, termed the exo-
anomeric effect®*, is added to the sum of the nonbonded energiéé. This

- energy function is that®ferived by ab initio calculation for dimathoxymethane®™

)

and has the form ' %l
Earoa = 1.58(1-C05¢%%) - 0.74(1-c052¢°%) - 0.70(1-cos3¢>*) 172, (15)
Eorop = 2.61(1-C05¢%5) - 1.21(1-c0s26°5) - 1.18(1-cos3¢°%) + 2.86,  _ (16)

wheTe Eqxoq and Egy,p are the exo-anomeric effect energies (in kcal/mol) for a-
and B- anomeric configurations. The form of these potentials is illustrated in

Figure 8.

B-anomers

En'érgy (kcal/mol)

B e R R RS SRR RARRA RS RARERARRRRRE |
-100 -120 -0 ° o 130 100

Torsion angle (¢")

Figure 8. The changes in bond energy expected by ab initio calculation® as
the orientation of the a _Ilycon is changed by rotation about the glycosidic bond
of a glycopyranoside. The 0° torsion angie is that for which the bond to the
anomeric hydrogen is eclipsed to the aglycon.
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~ Noother terms are included in the force field. Although very simple, this
+ method hés been applied successfully to a variety of oligosaccharides,
including the human blood group B trisaccharide { aLFuc(1—-2)[abGal(1-3)]-
BDGal-OMe ), since the results are verified by n.m.r.74 and, in the case of the B
blood group determinant, by X-ray crystallography.®® A major advantage is the
shorthcomputer time}s required to perform calcuiations that produce excellent
results whenever the interactions between the sugar units do not involve
strongly solvated groups such as hydroxyl grc‘aups.“5 "~ The shape of
Kitaigorodsky's potential produces a deep, well-defined energy well which ‘
‘reflécts a conformational equilibrium with the most stable conformer in
agreement with the experimental data to within £10° for the ¢ and v torsion
angles. The success of the HSEA calculations probably results from the fact

that the most important forces controlling the orientation of aglycons in aqueous

solution are Van der Waal's interactions and the exo-anomeric effect.s3

Lemieux and BockS!' performed HS‘EA calcuiations for maltose and

methyl maltosides using different atomic coordinates for the glucosidic units
B and found that the conformational preferences ang energies were sensi‘t‘ive to
the orientation of the C-5 hydroxymethyl group. They interpreted this situation
as arising mainly from the interaction between the hydroxymethy! group of the
reducihg end and H_—S‘ of the other unit. Because the conformational
preference of maltose in solution is strongly influenced by. the orientation of the
C-5 hydroxymethyl group a gearing effect® was proposed. It is largely these

considerations which led to the research for this thesis which is in part a

collaboration between the laboratories of Professors Lemieux and Bock.



) « Il. EXPERIMENTAL

1. General methads

All solvents and reagents were reagent grade and, if further pUriﬁcatibn
¥ , , : '
was required, standard procedures®” were followed.  Anhydrous solution

transfers were done under nitrogen usin’g' standard-syringe techniques.®®

Ay 7y

. - , ' T
Thin layer chromatogra'pﬁ'y (tic) was performed on precoated sitica.gel

fluorescense and/or charring after spraying with 5% sulfuric acic in efhahblf R

- Silica gel 60H (E. Merck, No. 7736) or silica gel 60 (I£. Merck, No. 9385, 0.040-

0.063 mm) were used for medium pressure chromatography.

Melting points were determined on a Fisherfdohns melting poiat
apparatus and are unc:orrected.'o Optical rotations were measured with a
Perkin-Eimer 241 polarimeter at 589 nm in a 1 dm cell at room tempar_ature'
(231 °C). . Elemental analyses were performed by the departmental

Analytical Service Laboratory under the supervision of Mr. R. Swindlehurst.

s

2. NMR spectroscopy

'H-n.m.r. spectra were obtained at 295 °K on a Bruker WM-360
spectrometer operating at 360 MHz. The acqufsition barameters consisted
typically of spectral widths of 1.5 kHz, With a data memory of 16 K to give a |
digital resolution of 0.09 H|ﬂpt. Pulse widths employed were\4.5 us (45°).
Acetone was used as internal reference (5 = 2.225 ppm) in D,O and DMSO-ds
solutions and tetramethylsilane (TMS, 8 = g.OQO ppm) in CDCl, sblutions.
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Assignments were done using (a) double resonance experim%nts in comection -

f

“with partially relaxed spectra, (b) 2D n.m.r. spectra (COSY, Jresolved), (c)

nuclear Overhauser enhancement experiments.

©

A5N

The stea’d,y state n.O.e. experiments were performed in specially-treated

the solutions were previously degassed by bubbling dry

nitrogen through for 5 min. Usually 400 scans or more were regorded The

P " D20 ed was purchased from. Aldrich (99786% D, low in paramagnetlc
e ; .Anhydrous DMSO-dG w\?s prepared) by drying it over CaHp,‘°° for

molecular sieves (BDH, 4A actlvated by heatrng overmght at 300°C at hrgh .
vacuum).n a Kugelrohr "bulb-to-bulb” dlstrllatron apparatus at hrgh vacuum
The solvent was then stored in the presence of molecular sieves under.

nitrogen.

?
B

Measurement of the nuclear Overhauser enhancements in DMSO-d;
was performed in the same way as for the D,O solutions but approximately
1 mg of a basic resin (Dowex 1X2-200, hydroxidef'form) previously siirred in
D,0 and freeze-dried lwice was added 1o the solution prior to bubbling with
nitrogen. The n.m.r. tube was then capped and sealed with parafilm (Ameri\can
Can Company) and kept at room temperature for at least two days« with
occasional stirrir’fo before the measurement was made. The spectra obtained
following this procedure were generally free from any residual water signal that

“often precludes the measurement of the desired n.0.e.'s.

The deuterium ijnduced isotope shifts were measured by dissolving a
known amount (ca. 0.015 mmol) of the compound in DMSO-gs (0.50 mL) and
adding small aliquots .of a standard solution of 020 in DMSO-d with a

microsyringe dlreclly to the n.m.r. tube (capped wrth a- rubber septum) to
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provide a calculated ratio' of OD/OH = he addition of a few mg of
calcined calcium sulphate to the DMSO- de solution usuaHy helped to slow down

the rate of proton exchange and thus to sharpen the signals of the hydroxy!

groups.

B3C-n.m.r. spectra were obtained at 310-315 °K on the same instrument
Aoperating at. 80.5 MHz. The ‘acquisit‘ion parameters %onsisted typically of
~spectral wndths of 10 KHz with a data memary of 16K and zero-filling'®' to 32K

to give a dlgltal resoluue%g 1 Hz/pt.  The pulse wndths employed were

approximately 10 Ks (45°). DloxanP was used as internal reference (6 =
67.40 ppm) in D:0 and DMSO-ds solutions and tetramethylsilane (8 = 0.00
ppm) in CDCI; solutions. Assignments were done usiﬁg (a) 2D-nmr

spectroscopy (heteronuciear COSY's) and (b) selective proton irradiation.

Spin-lattice relaxation times were measured by inversion recovery'®? and.

processed with the subroutines provided by Bruker's DISNMR . ‘ogram'®,

3. The calculation of conform’ational preference
¥ . S

All molepular modelling presented in this thesis was obtained by
application of the HSEA (h.ard sphere:yxo-anomeric effect) method’™. As
previously stated, this method uses the potential energy function af
Kitaigorodsky®® with the parametrization of Venkatachaian and
Ramachandran® for the calculation of nonbonded interactions and a torsional-
potential energy function for rotation about the torsion angle ¢ representing th?‘
exaanomenc effect. The atomic coordunates were obtained from appropnate
crystal structures; namely, the results of the neutron diffraction studles 01

methy! a-D-glucopyranoside and methyl a-D-mannopyranoside.5® In the ca&e

~—
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of deoxygenated glucopyranoses and a-D-xylopyranoside, the coordmates ;
C—H %ond length of 1.10 A The internuclear distances generated by the
HSEA program for a specific confgrmer provided the input for the determlnatnon
of the theoretical ruclear Overhauser enhancements, for which purpose the _

‘computer program developed by H. Beierbeck was utilized. %4

4. Synthesis
bl

<
This section deals with the following structures.

?

OH
OH o .0
HO . HO
HO on HO
KO I’ HO o
o .° 9
HO OCH,
HO HO
1 OCH, 2
.
&
X HOHO S '
OH : OH
(o] > HO o
HO e
HO oH HO oH
HO 0 HO <0
o H (o}
HO HO
- HO
3 OCH, 4 OCH,

were zeonerated by bond modmcatnon of methyl a—D-glucopyranOSIde using a =
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Samples of methyl 3-deoxy-a-maltoside (1), methy! 6-deaxy-p-

maltoside (2) and methyl 4-O-(a-D-gIucopyranosyl)—a-D-ménnopyranoside (3) |

‘were obtained from Professor Bock of The Technical University of Denmark,

and used without further purification.  Methy! a-maltotrioside (4) was

"synthesized by A. Ragauskas', m.p. 147-8°C, [a], +200 (c 1.4, H0); lit.105,
m.p. 145-7°C, [o], +202. |

1,5,-anhydro_-2-deoxy-4-0-a-D-glucopyranosyl-D-arabino-hexiro} (7). —
Maltal ;hexaacetate ( 3,6-di-O-acetyl-1 ;5-anhydro-2-deoxy-4-O(2,3,4,6-tetra-O-
acetyl-a-D-glucopyranosyl)-D-arabino-hex-1-enitol ) (5) was prepared according
to a published pfocedﬁre,‘“ {alp +86.6 (¢ 2.0, CHCl3); lit. 196 [o]? +68 (c
0.8, CHCly).  This compound (4.30 g 7.68 mmol) was dissolved in methanol
(50 mL) and treated with 10 mL of a solution of sodium methoxide in methaﬁol

(50 mg of sodium in 10 mL of methanol) at room temperature.'” - After 1 hr,.

05 g of 5% paiiadium on charcoal, were added and the mixture was .

hydrogenated at 100 psi for 36 hr. Neutralization of the mixture with Amberlite

IRC-50 (H*) followed by filtration of the catalyst and evaporation of th.. solvent

‘under reduc_ed pressure afforded 2.24 g of the title compound (7.22 m.mol, 94%' '

yield). [a], +114.4 (c 2.6, water). The 'H-n.m.r. spectrum is reproduced in

Figure 14a .

 Henmr. (DZO):85.36 (d, Jyp = 4.0 Hz, 1H, H-1), 3.9 (ddd, i teq =
12.0 Hz, Jraszex = 12.0 H2, Jioxzag= 2.0 Hz, 1 H, H- 1ax), 3.91 (ddd, Joaxs = 9.0

" Hz, J29q3_20Hz Jos = 9.0 Hz, 1 H, H-3), 3.90 (m, 1 H, H-5), 375(4H H-6a,
'H-6b, H-6a" and H-6b’), 369(dd Jzz = 10.0 Hz, U = 9.5 Hz, 1 H, H-3), 359

(dd, Jrz = A.0 Hz, st = 10.0'Hz, 1 H, H-2), 3.52 (ddd, Jiaxteq = 12.0 Hz,

Umvg;suty of Alberta postdoctoral fellow (1985 86) in the Iaboratory of

.Professor Lemieux.

-
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Jrnane = 12.0 HZ, Jraszog = 2.0 Hz, 1 H, H-1ax), 3.48 (dd, s = 9.0 Hz, Jus =
9.0 Hz, 1 H, H-4), 3.41 (dd, Jy.¢ = Jes = 9.5 Hz, 1 H, H-4'), 3.40 (m, 1 H, H-5),
2.01 (3ddD, raxzeq = 2.0 HZ, Jreqzeq = 1.5 HZ, doaxzeq = 13.0 HZ, Joaga = 2.0 Hz,
1 H, H:29), 166 (A0, Jiazar = 120 HZ, Jrsqzar= 50 Hz, Joaczaq = 130 Hz,

J25,3_90 HZ 1 H H- 2ax)

<

Compound 7 could be purified by acetylétion to afford its hexaacetate 6
_ which was eas'lv crystallized from ethanol, m.p. 134-5°C.  Anal. Calc. for

C,4H14015 ¢ Cf‘r .24, H 6.09; found C 51.51, 6.20.

Methyl 2,3-0-cyclohexylidene-4-O- (2 3,4,6- tetra-O- -benzylw-D-gluco- -
” pyranosy/)-a-D-xylopyranos:de (10). — MethylocD-xonpyran05|de‘°8 (8) (0.60
g, 3.66 mmol) 1 1-d|methoxycyclc5na<ane (1.0 mL, 094 g, 653 mmol) and
| p-toluenesu‘lfomc acnd‘monohydrato (7 ,mg) in dlme1hylformam|de (4.8 mL) were-
heated at 13"0-1»40°C Affer 14 h, se\‘/oral drops of triethylamine were added
followed by solvent evaporation in vacuo. The fesuhing yellowish oil was
~ chromatographed on a column of silica gel (940 g) using n-hexane-ethyl
acetate-isopropanol (80:20: 1) as eluent. Tlie main fractions were concentrated
to afford a “mixture (0.528 g) of methyl 2°3 O-cyclohexylidene-o-D-
xylopyranoside {9) and of its 8, 4 isomer: (m a rag(o,of 9:1, respectuvely) that could

not be separated by column chromatégraphy 100 5 ¥

) "H-n.m.r. (2oo MHz, CDCls): 5501 (d, J,2_30 Hz, 1 H, H-1), 3.99 (m,
1 H, H-4), 3.90 (dd, s = Jrg = 9.0 Hz, 1 H, H-3), 3.75 (dd, Jusaq = 5.0 Hz,
Jsogsax = 11.0 Hz, 1 H, H-5eq), 3.46 (s, 3 H, OCH), 3.44 (dd, Ji2 = 30 Hz, Jzaf-.
= 0.0 Hz, 1 H, H-2), 3.32 (0, Jyser = 9.5 Hz, Jsaxsoq = 11.0-Hz, 1 H,-VH-Sax),. B
1.65 - 1.42 (10 H, cyclohexylidene). ? [
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The mixture of cyclohexylidenes (0.51 g, 2.09 mmol) &vas diesolyedin
dichloromethane (5 mL) and transferred to la flask 'corr‘t‘aining pou{dered AAI |
molecular sieves-(6 g), tetraethylammonium bromide (0.44 g, 2.10 mmol) and
Simethylformam@de (1.7 mL) under nitrogen and stirred."f’ After 2 h 2,3,4,6-
tetra-O-benzyl-a-D-glucopyranosy! bromide (2.63 mmol) _dissolved in
dichloromethane was added by syringe end the solution was ‘concentrated by
flushing with nitrogen. ~ After 22 h of stirring at roomtentperéture rn'etr‘ien_o_ll
(3 mL) was_added and the stirrihg:continued for another 4 h. Then, thfe_.m'ixture 'l
~was filtered through a pad of Celite ‘and the filtrate was washed with wats < and |
saturated sodium bicarbonate After drying, the SOIu' “n was co’ncentrated te
\ an oil that was chromatographed usmg 80 g of snlrca el with rrhexane ethyl
acetate - rsopropanor (90:9:1) as eluent. The main fraction aﬂorded the tltle
‘compound as a thick syrup (0.786 g, 103 mmol, ”3%) - The 1H;n~.m.r.

| spectrum is reproduced in Figure 9.
)

H- -n.m.r. (200 MHz, CDCla): 8 7.40 - 7.10 (2OH aromatlc) 552 (d, J, 2z
= 35 Hz, 1'H, H-1'), 5.02 (d, 12 = 4.0 Hz, 1 H, H-1), 5,02 - 3.62 (15H) 362'_ '
(00, Jrz = 35 Hz, Jer = 9.5 Hz, 1 H, H-2); 362 345(2H) 345(1 H, 4-2),
3.43 (s, 3H, OCHg), 1.6 - 1.30 (10 H, cyclohexylidene). 5 -‘ ‘9

| Methyl 4-0-(2,3, 4 6-tetra-O-benzyl-o-D glucopyranosy/)-a-D xylopyran-

- oside (11) — Methyl 2,3- Ocyclohexyludene 4 0(2 3,4,6- tetra Obenzyl a-D-

_ glucopyranosyl) a-D-xylopyranoside (10) { 786 mg 1.03- mm’oi) was dtssolved in
90% tnfluoroacetnc acid (10 mL) and stirred for 10 min at room temperature m
Then |t was rap:dly concentrated in vacuo at 40°C and coevaporated ‘3 ttmes
with toluene The resulting white solid (700 mg, 1.02 mmol) was recrystalhzed

from ethanol to afford 365 mg (52%) of the title compound, m. p 149 150°C
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[ +100° (c 0:37, CHCLy). The 'H-n.m.r. spectrum s shown in Figure 10.
Anal. Calc. for CagHasO10 : C 69.95, H 6.75; found: C 69.97, H 6.77;

tH-n.m.r. (CDCl3): & 7.40-7.10 (20'H, CgHs ), 5.00 (d, Jr.2 = 35 Hz, 'H,
H-1'), 4.94 (d, J=11.0 Hz, 1 H, Ph-CH, ), 4.83 (d, J = 11.0 Hz, 1 H, Ph-CH, ),
481(d, J=11.0 Hz, 1 H, Ph-CH, ), 4.78 (d, J = 115 Hz, 1 H, Ph-CH ), 4.71
(0, Jrz = 4.0 Hz, 1 H, H-1), 469 (d, J = 11.5 Hz, 1 H, Ph-CH, ), 4.60 (d, J =
12.0 Hz, 1 H, Ph-CH, ), 4.47 (d, J = 12.0 Hz, 1 H, Ph-CH, ), 4.45 (d, J = 11.0
“Hz, 1 H, PhiCH, ), 3.95 (dd, J = 9.0 Hz,'1 H), 3.85:3.45 (10 H, ring protons),

3.40 (s, 3 H, OCHy).

‘Methy! 40-(a-D:glUcopyranosyI)-a-D_-xy/opyrénoside (12). — Methy! 4-
'O(2,3,4,6-tetra-0benzyl-a-b-gIucopyranosyl)-a-D-xj\/.lo\pyranoside (1 1)(7 (350
mg, 0.51 mmol) was dissolved in ethanol containing 10‘.’4/a.\ﬁpalladium on c;'r;arcoa'l
(70 mg) and the mixture was stirred under hydrogen at 120 psi for 4 days.
After removal of the catalyst thé solution was ‘evaporated to dryness to afford .
the title compound as a white solid, m.p. 138°-141° (135 mg, 0.41 mmel,
81%). [a)p +163.5° (¢ 2.76, H,0). The H-n.m.r. spectrum is reproduced |

in Figure 15c.

"H-n.m.r. (Dz0): 5 5.14 (d, J;.» = 4.0 Hz, 1 H, H-1), 4. 76%d Y2 = 4.0
Hz, 1 H, H-1), 381 (dd, Jasar = 100 Hz, Jsaxseq = 10.04Hz, 1 H, H-5ax), 3@‘
(dd, s = 2.2 Hz, Jeaigs = 12.0 Hz, 1 H, H-6b), 3.80 (dd, J23 = 9.8 Hz, .
9.2, 1 H, H-3), 3.75 (dd, Js:ga =§5Hz Jars = 12.0 Hz, 1 H, H-62'), 3.68 (dd,
Jrg = 10.0 Hz, Js.e = 9.0 Hz, 1 H, H-3), 3.64 (ddd, a4 = 9.2 Hz, Jusax = 10.0
Hz, Jisoq = 4.0, 1 H, H-4), 3.64 (ddd, Jis = 9.8'Hz, Jsigw ='5:5 Hz, Jsiso = 2.2
Hz, 1 H, H-5), 3.61 (dd, Jiseq = 4.0 Hz, ./5;,,5” = 10.0 Hz, 1 H, H-56q), 3.60
(dd, Ji = 4.0 Hz, Jz = 9.8 Hz, 1 H, H-2), 3.54 (dd, Ji.2 = 4.0 Hz, Jz5 = 10.0
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" Hz,1H, H-2), 3.41 (s, 3H, OCHy), 3.39 (dd, e = 9.0 Hz, us = 9.8 Hz, 1 H,
H-4").

Methyl 2,3-diO-ac_ety/-s-brpmo-65deoxy-40-(2, 3,4-tri-O-acetyl-6-bromo-
6-deoxya-u-g/ucopyranosy/)-a-D-glucdpyranoside (14). — Methyl a- -
maltoside (13) (1.00 g, 2.81 mmol), previously dried under vacuum at 110°C
for several hours, was dissolved in dimethylformamide (15 mL) and heated to
- 65°C. Then, oxalyl bromide (6 mL, ca. 12 g, 55.6 mmol) was slowly added by "
syringe with stirring.  After the addition of more dnmethylformamlde (10 mL),
the migture was kept at 65°C under nltrogen for 17 h. The dark solution was
then c‘oncentrated at 50°C in vacuo and co-eQaporated in vacuo once with
toluene. The re3|d5:e was taken up in methanol (15 mL) and methanohc
, Lodium methoxnde 3 M was added until the pH was 9. The resultlng soluﬁon

was stirred for 1 h, neutrahzed with Amberhte IRC 50(H"‘) and fnltered Aﬂgr

evaporation of the solvent and co- evaporatxon wuth pyriditie thé resulting syﬁtp'*‘

was acetylated with 40% acetic anhydride in pyridine.  After 2 days at room
‘temperature', the dark solution was pourﬁed into watelr-ice, and extracted 4 times
with chloroform. The chloroform solution was washed with 10% sulfuric acid,
saturated aqueoyg sodium bicarbonate and then wffh water and evaporated to
. afford 1.99 g of a yellow solid.!'? Column chromatography of the solid on 75 g
of silica gel Using n-hexana-ethyl ac‘etate-‘isopropanm 80:20:1 as eluent and
evaporation of the main fractions afforded the title compound as a white solid
(0.70 g 1.01,mhol, 36% yield), [a]z‘o +138° (c 0.24, CHCl,). The 'H-n.m.r.

‘spectrum is reproduced in l;;gure 11. , A

"H-n.m.r: (CDCly): 8 5.56 (0d, Jy5 = 10.0 Hz, Js4 = 8.5 Hz, 1 H, H-3),
5.50 (d, Jrz = 4.0 Hz, 1 H, H-1),5.38 (dd, Jz3 = 11.0 Hz, Jse = 9.5 Hz, 1 H,
© H-3Y), 5.06 (dd, Jy.a = Jes = 9.5 Hz, 1 H, H-4), 4.90 (d, 2= 35 Hz, 1 H, H-1),

Y.

VET
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' 4.85 (dd, Jrp = 4.0 Hz, Jez = 10.5 Hz, 1 H, H-2), 4.78 (dd, J12 =4.0 Hz, 23

=10.5 Hz, 1 H, H-2), 4.03 (dd, 4 = Jss = 9 Hz, 1 H, H-4), 4.01 (m, & H, H-5

and H-5), 3.78 (dd, Jss = 2.0 Hz, Jss = 11.5 Hz, 1 H, H-6a), 3.72 (dd, Js = 4.0

Hz, J55_120Hz 1 H, H6a ), 3.64 (dd, Jsg = 3.0 Hz, J55—115Hz 1 H,
H-6b'), 3.45 (s, 3 H, OCHa) 3.44 (dd, Jss = 5.0 Hz, Jss = 12.0 Hz, 1 H, H-6b),

2.07, 2.06, 2.05, 2.03, 2.02 (s each, 3H each, 5§ acetyl).

Methy! 2,3-di-0-acetyl-6-deoxy-4-0-(2,3,4-tri-Oacetyl-6-deoxy-a-D-
glucopyranosyl)-a-b-glucopyranoside (1 5) — Methyl 2,3-di-O-acetyl-6-
bromo-6-deoxy-4-0-(2,3,4-tri- Oacetyl -6-Bromo-6-deoxy-a-D-glucopyranosyl)-

O Dglucopyrano&de (14) (0.70 g, 1 01 mmol) was dxssovlved in
- dimethylsulfoxide (20 mL). Sodium borohydride (0.4 g, 10.6 mmol) was added

" and the temperature was raised to 70°C under nitrogen.  After 3.5 h, glacial

acetic acid was added dropwise to the solution until effervescence ceasad, then
the solvent was evaporated at 60°C under vacuum and the residue was co-

evaporated several times with methanol. The residue (0.432 g) was treated

with acetic anhydride-pyridine overnight- The dark yellow_é,olution was then

, 6oured into ice-water and the mixture was extracted with chloroform severaf

times.  After washing the chloroform solution with 10% H,SOs, saturated
NaHCO; and water, it was driedand the solvent was rémoved.‘}2 The
product, which consisted of a dark oil (0.3’93 g) was chromatographed over
silica gel using n-hexane - ethyl acetate - isopropanof(76}:30:1): The__fr.action
containing the major compound was concentrated and filtered through a small

plug of charcoal to afford 0.334 g of an almost white solid. This material was

1 again chromatographed over silica gel (15 g) using n-hexane - ethyl acetate - -

~ isopropanol (90:10:1) to provide the title compound as a white solid (172 mg, .

0.322 mmol 32% overall) which showed only one spot on t.l.c. Tms ‘spot

developed an intense yellow color when charring the plate with 10% H,S0i in

-~
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° Figure 11, The 'H-n.m.r. spectrum of compound 14 in CDCls.
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Figure 12. The 1H-.n.m.r. spectrum of compound 15’in CDCls.
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ethanol, [o]*p +147° (¢ 1.80, CHCly). The 'H-n.m.r. spectrum is shown in

Figure 12.

4 +

"H-n.m.r. (CDCls): 8 3.47 (dd, Jys & ia = 9.0 Hz, 1 H, H:3), 5.33 (dd,

Jry = dre =100 Hz, 1 H, H-3), 5.32 (d, Jr.z = 4.0 Hz, 1 H, H-1'), 484 (dd, Jrz

= 40 Hz, Jo3 = 11.0 Hz, 1 H, H-2), 479 (d, dhz = 4.0 Hz, 1 H, H-1), 477 (d,
Jiy = Jus =100 Hz, 1H, H-4), 4.76 (dd, Ji2 = 3.5 Hz, Jha = 10.0 Hz, 1 H, H-
2), 4.00 (dq, Jus = 10.0 Hz, Jse = 6.5 Hz, 1 H, H-5), 3.90 (da, us = 9.5 Hz,
Jsg = 6.0 Hz, 1 H, H-5), 3.61 (dd, Jss = Jis = 9.0 Hz, 1 H, H-4), 3.40 (s, 3 H,

OCHg, 2.05'(5, 3 H, OAc), 2.04 (s, 6 H, OAc), 2.00, 1.99 (s each, 3 H each,
- OAc), 1.37 (d, Jsg = 6.0 Hz, 3H, H3-6), 1.18 (d, Js-e: = 6.5 Hz, 3 H, H;-6").

18C-n.mr. (CDCIQ): 8 170.69, 170.31, 169.94, 169.89, 169.71 (carbonyl
carbons), 96.53, 95.32 (C-1, C-1'), 77.69, 73.47, 72.76, 71.87, 70.48, 69.61,
66.05, 65.40 (ring carbons), 55.14 (OCH3), 20.96, 20.69, 20.66, 20.63, 20.59
(acety! carbons), 18.53, 16.95 (C-6, C-6').

*

Methyl 6-deoxy-40-(6-deoxy—a-D-glucopyranosyl)-a-o-glucopyranoside
(16). — Methyl 2,3-dj-Oacetyl-s-deoxy-4-_b-(2,3,4-tri-Oacetyl_-s-deoxy-a-b-
glucopy’ranpsyl)—a~D-glucbpyranoside (15) (80 mg, 0.150 mmol) was

tylated according to Zemplen's method'"’ to afford a yellow solid (45 mg,

3 7%
3 be!

Laboratories) and eluted ‘'with 10% ®8thanol producing” a white solid, -

[ +192° (c 0.66, H,0), [o]*' +180° (c0.22, DMSO). ThE>'H-n.mr.

spé'ctrum is reproduced in Figure 20c.

>

X

"H-n.m.r. (D;0): §5.32 (d, Jy.» = 3.5 Hz, 1 H, H-1), 4.75 (d, J2 = 4.0
Hz, 1 H, H-1), 3.85 (dd, Jps = 9.0 Hz, Js4 = 9.5 Hz, 1 H, H-3), 3.85 (dq, Jus =

‘ \ (" : 9
9.5 Hz, Jsg'= 6.3 Hz, 1 H, H'5), 3.85 (dq, Jis = 92 Hz, Jss = 6.3 Hz, 1 H,

ol, 93% yield) that was passedj through a Biogel column-(Bio-Rad

<
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H5) 3.60 (dd, Ji2 = 4.Q Hz, J23-90Hz 1 H, H-2), 360(dd#J12-35Hz 1
H, H2) 3.60 (dd, Jy 4 = 9.2 Hz, 1 H, H-3'), 3.41 (s, 3H OCHa) 3.31 (dd, Js4 =
Jus = 9.5 Hz, 1 H, H-4),3.16 (dd, k.« -J4,5 =9.2 Hz, 1 H, H-4'), 1.32(d, Jsg'=

6.3 Hz, 3 H, H-6 or H-6'), 1.27 (d, Js ¢ ='6.3 Hz, 3 H, H-6" or H-6).

Methyl. Bmaltos:de (18)  The title compound was _prepared

according to published procedures113114 m.p. 111 -3°C, [o], +79.0 (c 1. 9,
H.0); lit.115 m.p. 108-9 °C, [q] ) +78 (c 2, H,0). The tH-n.m.r. spectrum is
. ,

" Methy! a-maltoside (13). — The title compound was synthesized by

reproduced in Figure 13a.

ahomen’zation of meth&l.[}-halto\s_ide heptaacetate (17) with TiCl, in CHCI3 as

previously described!'®'"® followed by selective removal of the remaining B-
O .

anomer with CrO; in acetic acid!'9.120.  After deacetylation, the material was

purified'?!.122 by-‘passing it through -a column containing Amberlite

IRA-400(0H"), [a], +182.1 (c 3.7, HgO) 190 o], +183. The *H-n.m..

spectrum |mp9rted in Figure 13b. o

¥



»* Il DISCUSSION

“1. Synthesis |

| A review on the chemrstry of maltose and derivatives was recently

publrshed by Khan. 23

Methyl B- maltosrde heptaacetate (17) was prepared by way of Koemgs-
Knorr reactign accordrng to pubhshed procedures H3ne. Deacetylp@d’ﬁ
provided crystalline methyl B’»maltosrde (18) with the 'H-n.m.r. spectrum shown
in Figure 13a. The synthesrs of methyl a-maltoside (13) was carne@ 0ut as
follows * The acetate 17 was converted to a mixture with its a-anomer (about
_80%) us:ng titanium tetrac:hlonde in chloroforﬁ'r“ﬁ*118 from which compound 13
was rsolated following the i« 2dure of Angyal and James'?* as applied by Dick
and coworkers119 120 The processfls outhned in Scheme 1. The seleotive
removal of the remammg B anor@er depeﬁds on a much more rapid oxidation
of the acetylated methyl Bmaltosrde (17) by chromium trioxide to form the

esterified ulonic acid. The crude product was deacetylated, dissolved in water

~/

and the solution passed through a cc - -ontaining AmberhtevIRA-400(OH').'

. This treatment is to decomg%se the me: yl ester either through B,—elimihation
on the a-D-glucopyranos°yl' unit which then- undergoes degradation to
saccharinic-type products or by saponification of the"methyl ester. Thus, all
the products are carboxylic acids which are retained by the column. The
desired methyl a-maltoside (13) in the eluate was essentially pure as seen

from its 'H-n.m.r. speotrum presented in Figure 13b.
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Figure 13. The 'H-n.m.r. spectrum in DO of a)methy! 8-maltoside (18) at 295
°K, b)methy! a-maltoside (13) at 310 °K and c)methyl a-maltotrioside (4) at .
310 °K. . ~ o
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Chromium tnomde in acetic acid was shown by Angyal and James'?* to
oxidize acetals of aldehydes R CH(ORz)ORa, to esters H1COOR2, in whnch
one of the alcohoels of the acetal is retained while the other is OXIdIZGd to a
ketone. Glycopyranosides are oxidized to the esters of 5-hexﬁlosonic acids, ih
which the aglycon is retained and the ring is ruptured. Although the selectivity
of the reaction to oxidize only B-anomers was first rationalized'?” in terms of
the relative steric accf-essibility of H-1 in the - and B-conformers. it is, in all
pro_bag\bility, a consequence of a stereoelectronic effect which requires both
oxygcép atoms of the acetal system to have a que pair orbita}l oriented
antipe_ﬁplanar to the C—H bond of the acetal as shown by Deslongchamps'?

for the ozonolysis of acetals.- As seen in Scheme 2, the lone pair orbitals of the
o . , &



~ring oxygen of an a-glycoside are never énfiperiplanar to the C—H 1bond while |
in the 8-anomer, in-the most stable onentatlon of the aglycon 'ooth oxygen
atoms have lone nair orbitals oriented: antrpenplanar to the C—H bond. Th|s
. arrangement wo‘uldfacnhtate tl*e initial electrophilic attack on the C—H bond'?®
as dusplayed in Scheme 2. The a-anomer, on the other hand, only undergoes

a slow oxidation of the methoxy group129

; o 04 -
¥ a0 .0 ,} O
" ACO l"CH,
Pr .
H\v
CrO; CrO,4
7 . ‘ OAE
AcO =0
o A0\ OCH; o
- AO o
Scheme 2

The synthesrs of "12d|deoxymaltose (7) started form maltal

hexaacetate (5) which was prepared by reduction of peracetylated maltosyl

- bromide with zinc and acetlc acrd according to the procedure of Haworth and

coworkers‘°6 Deacetxlatron and hydrogenatron provrded the desired 1,2-

drdeoxymaltose s 1H n m.r. spectrum is reproduced in Figure -14a. The |
acetate (6) of compound 7 crystalhzed readily from ethanol and was purified by
B recrystalhzatron from the same soivert& Deacetylation.of pure 6 then afforded

- .pure7.
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Figure 14. The 'H-n.m.r. spectrum in D20 at 295 °K of a)1,2-dideoxymaltose
(7), b)methyl 6-deoxy-B-maltoside (2) and -c)methyl 6,6'-dideoxy-a-maltoside
(16).- | o - :
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A denvatrve of methyl a- D—xyIOpyranoSIde (8) protected at the 2 and 3 J

L e

'posmons, was required for the synthesus of compound 12. The compound A
7 o

7

P ,

~selected was methyl 2,3- Ocyclohexyhdene or-D-xonpyranosrde (9) which had il
beeft*‘prepared by Koto and coworkers109 rn 63% yleld The synthesls{j
. according to the pubhshed method proceeded as reported but the product

R

A 'whrch consisted of a mrxture of the 2 3 and 3, 4 cyclohexyhdenes cqufd not be

5{7‘

punfred by column chromatography Nevertheless purrfrcatuon was achleved

ata later stage in the syn’thesrs usmg the procedure outhned in Scheme 3.

CH,CL, DMF

. Scheme 3



Figure 15. The 'H-n.m.r. spectrum in D;O at 295 °K of a)methy! 3-deoxy-a-
- maltoside (1), b)methyl 4-O-(a-D-glucopyranosyl)-a-D-mannopyranoside (3)
and c)methyl 4-O-(a-D-glucopyranosyl)-a-D-xylopyranoside (12).
' T ~ CF .

o



“The hallde ion glycosndatlon”° “of 2,3,4,6-tetra- Obenzyl-a-D~glucopyranosyl
| bromlde \ylth compound 9 was as expected to give the disaccharide 10. “The
.“ 'H- n m.r. spectrum is shown in Fugure 9. The configuration of the glucosy!
umt is clearly establlshed by the coupling constant (3.5 Hz) of its anome/c
\proton (6= 552 ppm) . The integration of the slgnals between 16 and 1.4
“ppm requnre the presence of one cyclohexylidene ‘group. 'lhe selective
- temoval of the cyclohexylldene group was accompllshed Wit‘h 90%
G:Joroacetlc aC|d111 to glve compound 11 which was easily recrystalllzed from
ethanol The high punty of compound 11 can be appref‘ated in its 'H- -n.m.r.
spectrum.whlch is reproduced in Figure 10. The absence of signals in the
" region between 1.7 and 1.5 ppm indicated the complete removal of the
- cyglohexylidene group. . The. last step was the removal of the benzyl groups by
hydrogenolysis with 10% palladium on charcoal as the catalyst. ,'The 'H-n.m.r.
spectrum of the deprotected disaccharidej'(ﬁ)ris shown in Figure 15c. The
14 linkage was establlshed by the n.d.e. experiments to be discussed in‘

saction '5.'

The first step in the synthesus of methy! 6,6'-dideoxy-a- maltosnde (16),
which was patterned after the method described by Takeo and coworkers”’- for
. the preparatron of 6-bromo denvatlves of cyclodextrms and amylose nnvolveq_’\d
the preparatlon of the dibromo compound 14 by treatlng methyl a- -maltoside
- (13) with oxalyl bromlde in dry N,N- dlmethylformamlde (Scheme 4). This
brommatlon procedure presumably mvolves the in situ formatlon of bromo--
methylenedlmethylrmmlum bromide (Vllsmeler bromide).. ‘The format@est%stg
formed in the reactuon were then hydrolyzed with 3M sodium métho;rele ik
methanol ‘Since attempts to punty the compound by Crystalllzatlon of the
resultmg syrup failed, its punflcatuon was accomplished by acetylation with 40%

acetic anhydride in pyridiné followed by column. chromatography The
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Scheme 4

* "Henm. spectrum (Figure‘1»1) indicated that ihe acetate was essentially pure.
UAs expected, the spectrum exhibited five singlets t;etween 2.1and 2.0 ppmand"
the chemical shift of the grs-bromomethgilene hydrogens (é = 3.78, 3.72, 3.64
and 3.44. ppm) appearéd at the appropriate field. Th'e second step in the
‘'synthesis consisted of the reductive debrominaﬁor{4,;63-‘»‘éiéompound 14 with |

—

) sodium borohydride in DMSO according to the procedure of Takeo and
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cowolrkers.112 Since it is known that the conditions of the reaction also cause-
partial removal of acet;ll groups, the resultin;; product Was'ré—acetylsted. The
dark oil produced by this proc‘ess was purified by column chrontatography to
yield the disaccharide 15 as a white solid in 32% yield. . "‘FThe H-n.m.r.
spectrum, reproduced in Figure 12, exhibits two doublets at 1.37 and 1.18¥ 'ppm
which correspond to tne ptrotons of the r’ngthyl groups and four singlets between
2.05 and 1.99 ppm which integrate to five acetyl groups. Finally, deacetylation
with sodium methoxioe in-methanol afforded the deprotected disacch'aride 16

whose 1H-n.m.r..spectrum is presented in Fiéure 14c.

1

As_ previously mentioned, compounds 1, 2 and 3 were provided by
Professor Bock. The coupli.ng constant exhibited by-the anomeric proton for
the non-reducing units of 'these compounds ‘ (4.0 Hz) and ‘the nuclear
| Overhauser enhancements on H-4 that these ?:ompounds showed when H-1'
was saturated clearly established that the . linkages are ol-4. 'JThese
enhahcements will be discussed in detail in section 5. The 'H-n.m.r. spectrum |
of the 3-deoxy compoUnd (1) WhICh |s reproduced |n Flgure 1583, shows two
signals at 1 .65 and 2.38 ppm WhICh on the basis of decoupling expenments
are coupled to both H-2 and H-4 and thereby establish unam_blguou_sly the
deoxygenation at C-3. The chemical shift and the coupling c_:onstantvof‘thg~
anomeric proton of the reducing unit (5 = 4.73 ppm, J=3. 5 Hz) are very simtlar

to, those of methyl o-maltoside (5 = 4.81 ppm, J = 3.5 Hz) indicating the o

confi iguration of this unit.

i

The 'H-n.m.r. spectrum of the 6-deoxy compound (2) is displayed in -
Flgure 14b. The B conflguratlon for the reducing unit is ftrmly established by
the large coupllng constant (8.0 Hz) and the chemical shnft (4.36 ppm) of the

anomeric proton of thls unit; for comparison, the parameter-i ‘
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131

.39 ppm and J = 8.0 Hz. As expected" ', the spectrum

exhibited & doublet at high%l .36 ppm) which is coupled to H-5 and gives

an integral corresponding 1dj

maltoside are Bas

protons.

Although the 'H-n.m.r. spectrum of the mannpside ;.~ reproduced in
Figure 15b, indicated that it is not pure, its condition proved io be.adequate for
the n.0.6. -and ‘hydrogen bohding studies to be discu/ssed Iater» on. The
doublet at 4.76 ppm for H-1 (J=2.0 sz) and the coupling constants for H-2 (dm :

= 2.0 Hz, J23 = 3.5 Hz) are typical'3! of methyl a-D-mannopyranoeides.

The sample of methyl a-maltotrioside (4), provided by Dr. Ragauskaé
was pure as evidenced by its "H-n.m.. spectrum reproduced in Figure 13c

which was in agreement with the data reported by Takeo and coworkers'32,

°

2. The model compounds

o
ﬁ.

The compouhd_s selected for this investigation are listed in Table S.
These were chosen because of structural features that could be expected to |

provide information on the interactions that dictate the conformation of the

-'parent compound maltose. " It was clear from molecular modelling studies®’
'.that |mportant non-bonded mteractuons exnst between the hydroxymethy! group

o the reducmg end and H 5' of the non- reducng unit and between O-3 and
- N S B '

- 1 (Flgure :'5).4 Funhermore an important contribution by the exo-anomeric

- v(f_?‘-eftect was*to be, expected eSpecnally in the solvent water¢, Compounds 16 |

and-2 wererstudued in order to establish whether or not a preferred orientation

of the hydroxymethyl group has anyinfluence on the conformation. It was .

expected‘ that, in the absence of this group, a ¢ angle clo.se to -60° would be

S
O
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achieved $ince this would be more favorable in terms of the exo-anomeric

effect. With this idea in mind, the xyloside 12 was synthesized and examined.

@

-

Table 5. Structures of the model compounds that were used in the
development bf this thesis. ' '

R1 R2 R3 R4 RS R6 ~R7 R8.

methyl B-mattoside (18) OMe H H OH OH CH,OH CH,OH OH
methyl a-maltoside (13) H OMe H OH OH CH,OH CH,OH '-OH
1,2-dideoxymattose (7) H H H H OH CHOH CHOH OH

methy! 3-deoxy-a-rn@loside_(1) "H OMe H OH H CH,OH CH:OH OH
methyl 6,6-dideoxy-a-maltoside (16) H OMe H OH OH CHz  CHga OH
methyl 6-deoxy-p-maltoside () ~ OMe H 'H OH OH CHy CH2OH  OH
oDGIcp(1>4)oDManp-OMe (3)  H, OMe OH H OH CH,OH CHZOH  OH
aDGlep(1—+4)aDXylpOMe(12) H OMe H OHOH H dhon o
methyl « maltotrioside (4) H OMe H OH OH  CH,OH CH,OH: apGicO

Another force that may play a role in the establishment of the preferred

conformation for maltose is an interaction between H-1" and O-3 (see Figure

16). - It was also desired to evaluate how the formation of an intramolecular -

hydrogen bond affects the conformation of maltose.  For these reasons, the

conformational preference for the 3-deoxy derivative (1) was studied.

AN

-



methyl a-maltoside (13)
6 /y=-30°/-25°

.

methyl 3-deoxy-a-maltoside (1) methyl 4-O(a-D-glucopyrahosyl)
¢/ y=-35°/-35° ~ -a-D-xylopyranoside (12) .
b | ¢/y=-50°/-10°
Figure 16. Computer drawn structures for methyl a-maitoside (13) and the

derivatives 1 and 12. The formula for compound 13 is reproduced in the more -
usual form to assist in the interpretation of the molecular models.
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Compounds 3 an~ 7 were selected in oraer to test whether or not‘ solvation
effects arising fromi - "eractions with and betwe-  solute molecules participate
in the eétablishment of the conformat.un i~ =0’ on. Finally, the trioside 4 was
examined to determine whether = 1 * L. information gained from the studies
of the simpler model compounds"'(T ~ble 5) could be applied to higher oligomers
of glucose with the a(1—4) linkage. In this regard, it should be kept i‘n mind
that the interunit torsion angles are very different in the crystalline state fdr the
maltoside "18LA and the maltotrioside 4; namely, ¢/v = 4.8°/13.3° and
-38.0°/-29.0°, respectively (see Table 1).

3. HSEA calculations

o Lemieux and Bocks“published a detailed study.‘of the problems arising
~_from the use of atomic coordinates from different sources to build the
coordinates of maltose by the HSEA program. The problems arise primarily
from differences in the o angle preser;t in the crystal structures of the
carbohydrates used in the calculations. Since a very important part 6f the
conformational energy comes from Van der Waal's interactions between the
hydrogen atoms, it was decided to use iny coordinates from neutron diffraction
determinations where the positions of the hydrogen atoms are well deﬁned.
HSEA calculations -change the angles ¢ and vy of fhe disaccharide in Steps
within user-defined limits but the program does not samultaneous%mspect the
values for the changes in @ angles as does the more recent version termed
GESA calculations'. - In order to obtain a favorable orientation for the
hydroxymethyl group since the GESA program‘éas not available, the following
procedure was used First of a|| HSEA calculuons were performed for both

.y,'
the 6- deoxy and 6,6'-dideoxy derivatives of meth ; _‘.g‘

\
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Table 6. Conformatronal%references P
and energies as indicated by HSEA
calculations setting ® = -90° and t =

117°. af’ A

Compound‘ ¢°/\g&‘ -~ E(kcal/mol) .

. ‘ 7,13,18  -30%-25° 1.4

1  -35°-35° -1.8

16,2, -30°-25°  -1.4

3 -35°%-25°  -15
S~y 12 010 7 :
“See Table 5. '

compounds 2 and 16.  Ag %een in Table 6, both the compounds are expected
to possess the same ¢AF*= -30°/-25° orientations for the nonreducmg unit.
Therefore, it is apparent that the orientation of {he hydroxymethyl group at C-5

has no influence on the conformatronal preference about the interunit glyc05|d|c

bond. In order to estimate the most favorable orientation about the -

C-5— CHon-sf bond, Lpethyl a-maltoside was set in the conformation ¢y =
-30°/-25° and the value of @ was changed in 5° steps to cover the whole 0
to 360° range. As seen in Figure 17, three energy wells are encountered, & =
-90°, E = 0.3, 0= 15°, E = 0.3 and @ = 160° E = 0.1 kcaf/mole “In accord

‘with this calculatron, the preferred conformer predrcted by GESA calculations
has w = -89°. 1o AOLn\ this basis; the angle w = -90° was used for all caiculations
wherem this’ hydroxymethyl had to be accommodated. Not surprisingly, | HSEA
calculations for methyl B-maltoside (18) its oa-anomer (13) and 1 2-

dldeoxymaltose (7) ali showed the same conformational preference with equal

conformatronal energres(see Table 6). The shape of the energy well produc:ed
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Figure 17. Variationin conformational energy with rotation about the -
C-5 — C-6 bond of methyl a-maltoside in the conformation -30°/-25°.

by the calculation for méthlyl a-maltoside (13) can be appreciéted in Figure 18.
It is seén t_h"at the calculation producés two conformers with torsion angles ¢/y =
-65°/-55° (E = 0.4 kcal/mol) and‘-30°/-]25° (E = -1.4 kcal/mol). The higher |
energy cohformation roughly correspc;nds to the Iowést energy conformérs“
calculated by Kochetkov et a/*® (Table 2), Melberg and Rasmussen® (Tab‘lé; '3)
and Tvaroska and Pé?éigé (Table 4) but.in contrast to these, the population ‘61" |
this conforher as predicted by HSEA calculétion is negligible. Thai-ihé’
cohformer with torsion angles -65°/-55° in fact does not appreciably comribdfe!' P
\ /

to the conformational prbferences of maltosides in ‘solution will b_é ~
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Figure 18. HSEA calsulated enerdy contour map of methyl a-maltoside (13)
with ® =-90°and =117°. Each contour represents 0.5 kcal/mol.
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Figure 19.  Overlap of the HSEA and HS calculated energy contour maps of &

methyl a-maltoside (13) to display the influence of the exo-anomeric effect on ¥
the conformatuonal preference. .
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Figure 20. Overlap of the HSEA calculated energy contour maps of-methy!
a-maltoside (13) -and methyl 4-O-(o-D-glucopyranosyl)-a-D-xylopyranoside
(12) to display the effect of replacing the hydroxymethyl group of the reducing
unit on the conformational preference of 13. o cae e
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Figure 21. Overlap of the HSEA ca!culatgd energy contour maps of meéthyl a-
maltoside (13) and methyl 3-deoxy-o-madltoside (1) to display the effect of -
~ deoxygenation at C-3 on the conformational preference of 13. o |
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demonstrated in the following sections of this thesis. The influence of the exo- °

anomeric effect on the galculations is displayed in Figure 19. ltis seen that the’

exo-anomerlc effect provndes a well-defined, narrower energy well. The

fposmons of the two conformers in the map and the shape of the energy well do -

not change srgmfrcantly when the exo-anomeric effecl is not taken into account r

in-the calculation, the only difference in energy of the conformers being 1.8

kcal/mol (HSEA) and 2.7 keal/mol (HS). That a proper orle_raation ofthe C-5

hydroxymethyl group is needed' can be appreciated from theg major change in

conformational 'equillbrium which is indicated by' HSEA calculations when the

group is replaced by hydrogen to provide the xyloside 12 (see Table 6). The

’oonformational map provided by HSEA calculation (Figure 20) exhibits a“

broader energy well with only one conformer. The position and shape of the .

well are different from those of maltosides in which the C-5 hydroxyrnethyl
group deeply influences the conformational characteristics of the molecule.

Finally,lhe’ data calculated for méthyl 3-deoxy-o-maltoside (1)’are noteworthy.

It is apparent }that in the maltoside 13, O-3 is in close nonbondeq interaction
with the anomeric hydrogen of the non-reducing unit srnoe its replacem.ent by |

hydrogen Ieads to a slight change in lhe conforrqatronalpreference with a slight -

(0.4 kcal/mole) decrease in the conformatronal energy In fact, inspection of
the- molecular models rndlcates an ohly 2 54 A drstance between the nuclei of

H 1 and O-3 and the sum of the Van der Waal radii |s 25A (see Figure 16)

The conformational map, reproduced in Figure 21, shows that 1he replacement

of O-3 by a hygrogen in methyl a-maltoside produoes an energy well that

exten'ds more towards' more negative v angles and provides more llexib‘ility» -

around the 01 — - C-4bond.  Before closmg the section ofi HSEA -
calculatrons it is to be noted19 that HSEA calculatlons were not desugned to

‘;provrde the conlormahonal preferences about glycosidic bonds. Insteao. these

»

LN
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were formulated |n the trrst instance to provrde molecular models in the -

computer memory for assessment of n.m.r. data. 74" As it turned out, the srmple
HSEA -type calculatron is not only the cheapest procedure for the estimation of
these conformattonal preferences but indeed, provides models which are
normally in “accord, wrthtn the limits - Qé rnterpretatron with the n.m.r. parameters .

- for the olig sacchande dissolved in water

. 4. Chemical shifts

The 'H-n.m.r. parameters of the simpler model compounds in aqueous
solution are presented in Tables 7 and 8 and the spectra are reproduced in
Figures 13 0 15. The"HTn.m.r. parameters forthese compounds, dissolved in
DMSO-q;, are reported in Tables 8 and 10. These spectra are invgeneral
accord with expectation 131 A brief assessment of this claim tollorivs." The
couphng constants are typlcal for pyranord rings in the “C, conformatlon also
the nositions of the chemtcalshnfts of the anomeric protons are |n the spectral
regions -expected; namely, H-la = 48 ppm and H-1B = 4.4 ppm for the
réduciing units and H-1"= 5.4 ppm for the non- reducmg units. The signals for
H- 1 ot the 3-deoxy compound 1 and the xylosrde 12 are shtfted 0 28 and 0.26
ppm, respectuvely to hlgher freld than rnrmethyl a@attosnde (13). As pointed _

out by Lemieux and Bock-”‘_thrs rg because of a specific mterju__nrt de.s_.yhrevldmg_of i

the anOmeric hydrogen caused by-a non;bonded interaction with an oxygen
atom. That H-1' of methy! o-maltoside (13) is in fact deshielded by O-3 can be
appreciated from the data presented in Table 11. For. a-kojibiose
[apGlep(1—2)anGlep) .and the 3-deoxy‘oompound"‘1",~ HSEA ‘ca“lculations-"1
indicgte that H-1'is in non-bonded interaction with H1 and H-3eq, respectively.

.Th_ese'interactions are not expected to have a deshielding effect on H-1". As’



Table 7. The 'Henomur. chemlcal shifts (8, ppm) for the compounds llstad in -

3.409

Table 5. .
- <
Proton 18 13 7 . 16 2 3: 120
H-i 4393 4813 3964 4729 4750 4360 4765 4.781
H-2 3293 3596 1.664 3.820 360 3.287 3929 3.596
H-3 3775 3928 391 1651 385 3715 4023 3.799
H-4 363 3640 3475 374 3314 3365 3.820 3.64
H5 360 376 340 372 385 3629 374 361
H-6a 3775° 3.87 375 374 1319 1360 3.83 N/A
Heb 3947 385 375 374  NA .- NA 38 . NA
N .
H-1' 5406 *5707 5355 5120 5315 . 5417 5331 5140 "
H-2 3578 356y 3589 3552 3.60 3577 3575 3538
H-3 3682 3684 3689 3660 360 3690 3.685 3.685
H-4 3414 3412 3406 3425 '3.160 3.405 3412 3.388
H-5 370 370 390 3630 385 377 373  3.640
H-6a' 3761 385 375 - 3758 1.267¢' 376 3918 3.748
H-6b' 3.858 .76 375 3840 N/A 386 3806 3.846
-OCH; 3573 341t NA 3450 3549  3.411  3.407

sDissolved in D20 at 235 °K.

°H-1ax, 3.521 2nd H- -2€eq, 2.008 ppm
cH-3eq, 2.378 ppm
dAssignments may de reversed.
eH-5eq, 3.913 ppm.

was mentioned in the previous section, it was expected that the xyloside 12

would exhibit a conformation different trpm that of the maltoside 13.

Indeed, in_

its minimum energy HSEA conformer, H-1' of the compound 12 is not in close

contact with O-3 (see Figure 16)‘ and the chemical shift of fhe anomeric proton

. is similar to thoSé of a-kojibiose and the 3-deoxy compound 1.

" hand, ,kaojibiyose [aDGlep(1 -72)BDGIcp],'a-nigerose [DGlcp(1-3)onGlep), '

On the other

-~
oy .
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Table 8. The 'H-n.m.r. couplmg constants (3J, Hz)s for the compounds listed
in Table 5. N

Protons 18 13 O 1c 16 2 3 124

12 80 35 50 35 40 80 20 40
23 95 90 90 120 90 95 ¢ 35 98
34 90 100 90 110 95 90 90 92

45 - 90 90 100 95 90 9.0 100
56a 40 15 - - 63 65 -  NA
56b 1.9 - - - NA - N/A - N/A
6a6b 120 115 - NA  NA - NA

. [
2 38 40 40 40 35 40 . 40 . 40
2,3 100 95 100 95 - . 100 100 .100
34 90 90 95 85 92 100 " os 9.0
45 95 95 95 95 92 90 _ 95 98

56a 40 - - 20 63 - 20 55
560" 19 - - 50 NA. - 60 22
6a',6b' 12.0 - - 115 N/A 115 . 120 120,

;Dissolved in D:0 at 295 °K. ° s ' .

J1ax1eq» 12.0; J19q29q. 1.5; J1ax2ax 12.0; J1ax2eq, 2.0; 2ax29q, 13 0; JZeqa; 2.0 HZ-
J236q 4.5; J3ax39q- 11.0; J3aq4: 4&5 Hz. 59

dJs Seq» 4.0 HZ Jsax59q. 10 0 Hz.. "

and methyl a-maltoside (13) are expected to nave H-1' in strong non-bonded
* interaction with an oxygen atom of the reducing unit, and, as seen in Table 1
these three dnsaccharldes produce their signal for H- 1' at 0.3 ppm to lower field

than do a-kopbnose and compounds 1and 12.

Companson of the chemical sgnnﬂs of the sngnal fdr H-4 of the 6,6
dideoxy maltoside 16 and the 6- deoxy B-maltoside 2 wuth that for H-4 of methy!
a-maltosnde (13) show, that these are to higher field by about 0.3 ppm. Proton



. eAssignments may be reversed. o
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Table 9. The 'H-n.m.r. chemical shifts (8 ppm) for the compounds listed in
' Table 5.2 :

Proton 18 13 7  ‘1c 16 2 3 \/1‘2v\>

H-1 4218 4662 3915 4609 4616 4214 4633 4645
H-2 3131 3381 1570 3570 340 314 378  3.375
H-3 3545 ‘3767 3728 1650 3688 -349 376  3.660
H-4 3445 3443 3310 3641 3108 349 371 346

H5 ,335 353 318 353 3644 349 349 346
H-6a 3695 3792 3810 3777 1321 1376 3.69 N/A

H-6b 3.840 3.718 3.680 3.56 NA - NA 3828 N/A

H-1* 5147 5118 5100 4930 5053 5143 5061 5010
H-2 3360 3.353 3380 3306 3386 3.368, 3.355 3.255
H-3 3503 3508 3528 35483 3453 350 3516 - 3.476
H-4' \ 3.186 3194 3210 3.484 2917 3196 3205 3.118
H-5' ‘ 361 362 362 350 3705 363 360 350
H6a') 358 375 373 3760 1238 359 373 3755
H-6b' 3.74 3580 360 356 NA 3730 360 353

OCH, 3531 3404 NA 3451 3398 3496 3388 3.401

OH-2 521 490. NA 482 486 518 493 487
OH-3 557 543 559 NA 541 557 538 511
OH-6 458  456° 460 . 455 NA  NA- 451  NA
OH-2 547 546 579 463 550 553 554  4.44
OH-3 478 492 .:5Q4° 476 492 493 . 493 482
OH-4 496 495 501 . 492 499 495 495 493
OH-6' 457  454° 450 450 ARl 454 457
2 DMSO-ch at 310 °K. '
*H-1ax; 8.445; H-2eq, 1.932 ppm.

¢H-3eq, 2.220 ppm. . R
84-5eq, 3.870 ppm.

A ’ . NS



Table 10. The 1H -n.m.T. couplmg constants (3J Hz) for the compounds listed
|n Table 5.2

Protons. - 18 13 7 1= 16 2 - 3 120
127 78 37 50 35 40 78 15 36
23 . ~ 85 100 120 110 90 - - 95
34 90 85 90 100 95 - - 85
45 - 90. 100 90 100 90 - ° 90 -
5,62 20 20 20 15 60 61 . - NA
- 56h 56 50 65 - NA NA 20 NA
6a,6b 120 120 120 105 T NA 120 0 NA
1.2 38 38 40 35 40 39 40 38
2.3 95 95 100 95 90 95 95 100
3.4 90 90 95 90 95. 95 90 95
45 90 95 90 100, 907 95 ° 90 90
5 6a’ S 40 - 20 60% - . .
- 5'.6b' - 55 - - NA - - 8.5
6a',6b' - 105 - 110 NA 105 - 130
OH-2H2 50 66 NA 70 70 50 40 66
OH-3,H-3 30 33 30 NA 30 30 35, 38
‘OH6H6 60 63 60 -~ 60 NA NA 60 NA
OH-2' H-2 65 62 55 65 55 55 . 60 . 91
OH-3'H-3 45 49 40 50 45 50 40 48

OH-4H-4 55 56 55 60 55 50 55 57
OH-6'H-6 ao 50 60 60- NA 60 60 58

' “ln DMSO-ds at 310 °K. X(
0

J‘ 1 ,120 JI 2 ,15../1 2,120 J1 2,20 J2 2 ,120 Jz 3,2
chi’Lq.“‘h 5: Jsaxsog 110 hoga 40 Hz. "
dJ4 Seq .5 Jsax Seq) 17.0 Hz. w“,

o
~:,,."' ‘ ¥

Mg
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H-4' of compound 16 is a|so shrelded by about 0. 25 ppm as, compared wrth H-4"
of compound 13. These increased shleldrngs may result in pan from a
deshreldmg effect from a contribution to the conformatronal equrhbnum by the
conformer with o = 180° which bnngs O-6 into near syn-axral like relatronshrp
with H-4.  The 'H-n. m.r. “data for methyl a-maltotrrosrde (4) in 020 are

presented in Table 12 and the spectrum is reproduced in Figure 13c. The

e

S

S

close similarity between this spectmm and that for 13 (Figure 13b) suggests

that‘ their COnformations in D,O are very similar. This indication was supported - °.

by the nuclear Overhauser enhancement studies, the results of which are

-presented in the following section.

i

Table 11. Specific interunit deshreldrng of the anomeric hydrogen of
a-linked disaccharides because of non-bonded mteractlon with an
oxygen atom. 3

Chemical shlft Distance Lrom

Compound - H1.ppm. H-1,
apGlep(1o2)onGlcp 5408 2.30(H-1) -
methyl 3-deoxy-a-maltoside (1) 512 2.34(H-3eq)
. aDGlep(1-4)opXylpOMe (12) 514 . 2.72(0-3)
aDGlep(1-2)ppGlep . - 5.418 - 2.45(01)
apGlep(153)apGlep 538 - 2.54(0-4)

“methyl q-m’éltoside (13) 5.40 ~ 2.54(0-3)

;L_)ata from reference 135.

“The *C-n.m.r. chemical shifts of the simpler model cornpounds are

presented in tables 13 and 14.) In the 3-deoxy compound 1, the carbons C-1,
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C-2' and C-5' resonate at h‘igher ﬁeﬁl‘ds than~thé/‘ corresponding carbons in
methy! a-maltoside 13 Slmnlarly, C-5'in the xylosude 12 resonates at higher
field than C-5'in 13. These observatlons may find explgnatlon in the dlfferent
conformations adopted by these compounds as indicated by HSEA calculatvans

(Figure 16) and supported by n.O.e. studies. -

* Table 12. - H-n.m.r. chemical shifts and vicinal
coupling constants for methyl a-maltoside (13) and
methyl a-maltotrioside (4) in D,O at 295 °K.

| 8(ppm) - *J(Hz)

Proton 13 4 13 4

" H-1 4813 4.805 35 40
H-2 - 3596 3595 90 95

H-3 3.928 3.929 100 95

H-4 3640 3646 90 95

H-1' 5.391 .+ 3.0 _
H-2' 3611 95 .
H-3' . 3955 9.0
H-4' 3.646 - 95

H-1"  5.397° 5.402- 40 3.0

H-2" 3.569 3.581 - 95 85

H-3" 3.684 3.686 90 9.0

H-4" 3412 3417 95 90

H-5" - 3.70 3.74

OCH; ° 3.418 3.419
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Table 13. The ¥C-n.m.r. chemical shltts (ppm) in DzO at 305 °K for the.
compounds hsted in Table 58

Carbon 18 13 . 7 1 - 16 2 3 12

C-1 10391 99.94 6608 99.13 100.80 103.90 101.59 100.86
C2 ‘7379 7193 3362 6701 7211 7408 70.83 71.78
C-3 77.04 7435 7969 3120 7429 7698 71.85 7364
C-4 7770 7812 8078 . 6871 8422 8312 7643 79.05
C5 7539 71.02 7341 7330 6688 7146 72.11 60.80
C-6 61.58 6149 6205 6154 1792 1821 61.91 NA

C-1' 100.42 10058 100.96 9506 99.88 100.36 100.77 100.03
C2 7249 7264 7274 T1.46 7291 7255 7274 7242
C3 7368 7379 7385 7379 7364 7374 7391 7313
C-4 7018 7030 7030 70.36 7569 70.33 70.43  70.39
C-5' 7353 7355 7356 71.80 6930 7344 7360 7292
C-6 6135 €146 6146 61.37 17:24 6146 6158 6143

-OCH;358.00 55.95 - N/A 55.74 = 5594 5798 5567 56.01

aAll assignments are tentalive (except thoée for compounds 18 and 13) and
were made by comparisor with model compounds.

In order to gain mformatlon about the role that the solvent may play in

-the conformatnon of maltose, the 13C-n. m r. spectra of methy! a-maltOSIde (13)

in mixtures of H,0 and DMSO- de, were recorded.’3  The dtfterences of

chemical shift are plotted in Figure -22 as a function of the solvent composition

(molar percent of DMSO-ds in Hz0).. It is seen that the variation in chemical

- shift is not linear, that, except for C-3 and for the methoxy carbon, the signéls

move downfield when going trdm H,O to DMSO-ds and that the largest .

variations in chemical shift are experienced by C-4 and C-1'; namely, those
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" Table 14. The *C-n.m.r. chemlcal shifts (ppm) in DMSO ds at 305 °K for the
compounds hsted in Table 5.2 .

Carbon18 13 7 1 16

‘ 2 3 12
-1 10481 10056 6563 99.55 .100.70 10454 101.84 100.89
C-2 7443 7256 3455 67.44 7252 7400 7071 7239
C-3 7743 7439 8090 3248 - 7407 77.16 7210 74.46
C-4 8054 81.05 8347 6894 8774 8642 7843 80.67
C5 7625 71.89 7323 7403 6648 7082 7315 60.95
C6 6201 61.90 6219 61.79 1884 1878 6184 NA

- C-1" 101.73 101.84 102.23 © 9552 - 102.69 102.06 101.84 101.82
c-22 7351 73 61 7386 72.45 7382 7345 7356 7295
C-3' 7439 7449 '74.44 7421 74.14 7435 7433 7436
C-4 7. 1«&, 71.0t 7106 7110 7642 71.02 7097 71.45
C-5' 74.04 . 74.22 7433 72.28 69.12 7424 7428 73.36

C-¢' 61 72 61.44 6194 6171 1864 61.87 61.79 6220

-OCHgS’BQB 5544 N/A 5510 5565 56.76 . 54.96 55.72

BAll assngnments are tentative (except those for compound 13) and were made
by comparison with model compounds

-

.
.
4 B

atoms which are directly involved in the glycosidic linkage. These

observations may be related to a modification of the conformational
: ‘ "
preferences or to simple general solvent effect or both.’%  However, the fact

. that the largest variations in chemical shiftﬁwere measured for C-4 and C-1'

suggests that a solvent-induced conformatlonal change is important. Further
mformatnon can be obtained by companng the chemncal shifts of C-4 of the
compounds dnsSolved in D0 and. DMSO d (Tables 13 and 14). The
" differences are 2.84 (18), 2.93 (13), 2.69 (7), 0.23 (1), 3.52 (16), 3.30 (2), 2.00
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#) InD0. .
4 ‘ Y 4 - n ™)
‘ ' : CH,
HO HO o H o~ 0] ss0s
e A ——
100.45 100.58 100.70 99.94 99.96 : - )
72.65 7264 || 7244 71.83 7193 |- /_—/
73.79 73.79 > 7415 74.35 74.31 ‘
70.28 70.30 78.30 78.12 78.0':
73.59 73.55 72.12 |} 71.02 71.00)
61.43 61.46 6143 | - 61.49 61.45
— . Y W“ir?ﬂl
OH O X
OH, 0 |<o0H,0
HO HO " 0] 7 / CH,
b) in DMSO-dg. ‘_
( - ﬁ’ ~\ -'
CH,
. . o ‘/
it
101.79 101.84 10158 | 100.56 | | 100.55
73.58 73.61 - 73.15 72.56 72.75
74.37 74.49 74 46 74.39 74.19
71.06 71.01 80.51 ﬁ 81.05 81.19
74.15 74.22 7050 |<=>| 7189 [} 71.86
61.34 61.44 61.45 61.90 61.83 .
OH 0
1 ) ‘ CH
HO Ho 00 A CHs
o 0 4 N
L H of 10 ol ss.4a.

e’#l staffidard dioxane (67.4 ppm). The assignments of methyl
aiive. , v

o

(13) and methyl a-maltotrioside (4) a)inB,0-arckBjin DMSO-ck & 305 °K.
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(3) and':"j‘\l.slz (;2) ppm, respectively.  The smaller changes that occur for

Acb'rﬁpo'ur‘ﬂds 1,3 and 12, suggest that the conformational preferences for these |
'. compounds are less sensitive to the changes in solvent. The';“‘C-n.m.r.
chemical shifts of methyl a—maltoskde (13) and methyl a-maltotn'osidé (4) in-
B.0 and DMSO-d; solutions are compared in Figure 23. The close similarity
of these shifts strongly suggests that, for both solvents, the conformation of 13 R
~is well maintéined by 4. This observation is'of major importance in view of the .
major difference between the conformations of these compoundsin the

crystalline state (see Table 1). The conclusidn that methyl a-maltoside (13)
and methyl a-maltotrioside (4) have similar con%ormatibns was also'indicated

by the similarities on thei} 'H-n.m.r. parameters (Tabi_e 12). It is well

established? that solvents have a more direct influence on 'H-chemical shifts
than on,1?C-shiﬂs since the latter atoms aré better shielded by the substituent ,

atoms#om anisotropic solvent effects.

.
B -
.

5. Nuclear Overhauser enhancements

5.1. Theoretical relative nuclear Overhauser enhancements

y

As previously mentioned, the theoretical Qnuclear Overhauser
enhancements were calculatéd using Aa*co’mput:er program developed by Dr. H,
Beierbeck.'™ For the case of isotropic motion and d‘ipolexdipole relaxation the

enhancement f4(s) at nucleus d on. saturation of signal s is given by7!,

2
N

fds)=AlZads)- Zf(shged]. (1))

where, | P e
. ‘ﬁ !
gg(i) = the geomelgigterm,

=Nirdj-6/ierd"-6,
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1 magnetically equivalent nuclei j, :

A = the GO(eTation term,
- (61J(1+40P12) T [te+ 31 402 461/ (1 +400%e )],
1, = correlation time, o

@ - =spectrometerfrequency. {

The proton-p_roto'n distgnces were derived from the atomic coordinates of the '
conformers provided by HSEA calculations.  Using an assumed correlation
time; namely, 1. = 0.1 ns, the program evaluates the enﬁancemems‘on

selected protons by way of Equatnon 17. The theoretical n. O e.'s for the model
compounds upon saturation of H-1' calculated for the minimum energy

< conformations-provided by HSEA calculations are reported in Table 15.

&
Table 15. Theoretical relatlve nuclear Overhauser
enhancements.
(1

Compound/ o°hy° H-4/H-2" H-3/H-2 -
13,16, 2 .309/-25°° . 0.76 0.11
7 -30°/-25° 0.73 * 0.04
1 5°/-35° . 0.41 -0.07°

: 3 ' -35°/-25° 0.84 " 0.07

o 12 -50°/-10° 0.73 0.06

© ®H-3axH-2' = -0.07; H-3eq/H-2 =0.31.

s

As previously mentioned, the goal was to measure the n.O.e. of a signal
relative o that for H-2' which could be used as a "reference” since the H-1'1o
H-2' distance is known with sutficient accuracy. These theoretical values will

be shown to be in good agreement with the experimental values. It may be
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notlced at this point that the n.O.e. ratio H 4/H- 2' for the 3-deoxy derivative 1 is
smaller than for methy! a-maltoside (13) even for sumular conformatlons mainly
becau: ' 3eq in compound 1 provides H-4 with a new relaxation pathway.
The enhancemer:it on H-3ax, as can be appreciated from Table 15, is small and
negatlve137 for the same reason. In this case (compound 1), the relative n.O.e.
calculated for H- Seq (H- 38Q/H 2'=0. 31) should provide valuable information

| and in fact, an |mportant expenmental n.O.e. was found That the n. O e. ratio
calculated for:;we mannosnde 3 is larger, as compared to the situation for the

glucoside 13, is not surprising since the configuration at C-2 is inverted and H-4

cannot relax through interaction with H-2.

5.2. Experimental nuclear Overhausel  hancements

-Bcfo_re the experimental n.O.e.’s reported in-Table 17 (Figuges 24 - 32)
can‘be interpreted, it is necessary to test the valjdity of the assumptions made
when the thaorgtical values were calculated.  The anisotropy ef molecular
tumbling can Be judged from a consideration of the T; relaxation times of the
13C atoms. Thus, the i?C ralaiaticn times of methy! B-maltoside (18) in D,O
- and DMSO-ds were measured as reporied in Table 16. Assuming dipole-
dnpole relaxatiort only, the relaxation tnmés should depend almost exclusively on
the number of hydrogen atoms directly attached to the 13C carbon (see section
1.3.3.3.). In fact, the observed values ana_telatlye‘ly constant, showmg only
some'dispersnon for the reducing units in DMSO-ds. Therefore, the molecule is
1umb|ing very nearly isotropically in both solutions and sufficiently so for the

present purpose. ?
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Table 16. ©  Carbon-13 spin-lattice
relaxation times  (s) of methyl B-
maltoside (18) in DO and in DMSO-

81

o2 .
" Carbon D,O- DMSO.d
C-1 064 - 051
c-2 0.62 0.39
ca /s 0.46
C-4 , 0.61 0.43
cs - 0.60 0.48"
C-6 | 0.29 0.27
~ - cr 052 040
cce 050 . 0.39
.c3 ;051 0.39
C-4 0.51 0.42
. C5 .0 0<t 046 \
- Cc6 03 0.26

@8Measured by the non-setective
inversion recovery method. Values in
D,O are £ 0.02's and in DMSO-d;

- / T £005s.
B 7
The experimental relative n.O.e.'s are presgnted in Table 17. The;e
data are those derived from selective saturation ‘of H-1' which as seen in
‘Figures 13 - 15 produces a signal which. is we separated fro’m the other,
signals in the spectra. Compound 18 was not include'd since at’360 MHz (the.
frequency of the spectrometer available) the signals of H-4 and H-2' partially
overlap precluding the measurement of their individual enhancéments.  Also,
theAAsignal's for H-1' and H-1" of the maltotﬁoside 4 overlap with each other in
the 1H-n’.‘m,.r. spectrum (see Figuré 13c) makjhg \lmgossible t[]e selective

saturation of either one of these protons. Each value reported is the average .

v
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‘ /‘, of 2 to 5 independent measurements _The :eproduci‘bility 5 indicated by the
" It is “seen that the relative n.O.e.’s on H- 4 H-4/H- 2' '

On the othéer hand, the»fetatrve

standard deviations.
could be reproduced we|| to wrthun»:tts%
n.0.e.'son H 3 H-3/H-2', could not be reproduced well. Thrs |s-because the
enhancements observed on H-3 are small (between 1. 0.and 3. 0% as compared‘
to between 12.0 and 18.0% for H-4 and H-2') and in consequence the refative =
uncertainty in its measurement is large - For this reason the re?ative

enhancements H- 3/H 2' can only be used quahtatlvely tor the assessment of

<! .
/7‘\
N

X,

c‘onformatronal preterence

Table 17.

Expenmental average relative nuclear Overhauser enhancements
with the standard deviations in parenthesrs
| D0 - DMSO-ds
" Compound n® H-4/H-2' ,H-3/H-2C' - ne H4H27  H-3H-2'
13 2 098(0.07) 0.17(005) 2 126(Q) . 0.36(0.11)
7 2 0.91(0.04) 0() 4 1280015) 0() P
1 3 041(2.03, 038(004) 2 0.47(0.13) 0.3590.05)
16 2 0685007) OF) 2 1550.4). 0() |
2 /4 d910.04) o014000p - ¢ K
3 5 091(0.15) 0110005 - 1 1.17(NA)  033(N/A)
12 4 o7mmom 0() 2 0.829(0.01) 0.11(0)

x

l'Nut‘hber of mdepenaent measurements.
bThis is the ratio H-3eg/H-2', no enhancement was detected for H-3ax.
cSecond order system ?\12 H-3'). :

~~ \._dSecond order.system

eSecond order system

H-3, H-4, H-5).
4, H-5).

-
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Figure 24. Partialz "H-n.mr. spectrum of methyl a-maltoside (13)in Dzb (lower
trace) and n.O.e. difference spectrum (top trace) obtained upon saturation of
H-1 » . ' i :
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Figure 25. Partial 'H-n.m.r. spectrum of 1,2-dideoxymaltose (7) in D20 (lower
trace) and n.O.e. difference spectrum (top trace) obtained upon saturation of
H-1" : . e
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. . Figure 26. Partial 'H-n.m.r. specirum of methy!-3-deoxy-a-maltoside’ (1) in
"~ "D,0 (lower trace) and n.O.e. difference spectrum (top trace) obtained.upon
; saturation of H-1". m& : - ) oD
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. Figure 27. Partial 'H-n.m.r. spectrum of methy! 6",6'-dideoxy-a-manoside (16)
in ©,0 (lower trace) and n.O.e. difference spectrum (top trace) obtained upon
- saturation of H-1". ' |
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‘Figure 28. Partial "H-nim.r. spectrum of .methyl 6-deoxy-f-maltoside (2) in
D,0 (lower tracé) and n.O.e. differénce spectrum (top trace) obtained upon
~ “satbration of ‘l:H _ T
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Figure 29, Partial 'H-n.m.. sbéértr;uvrﬁ'”éff;méjbyl‘4-(}(a-D‘-glucopyrahosyl)-a-D- -
mannopyranoside (3}in DO {lower trace)'and n.O.e. difference spectrum (top
trace) obtained upon saturation of H-1'. ~~ - -
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Figui’e’ 30. Partial H-n.m.r. spectrum of met'hyl 4-%(a-p-glucopyranésyl)-wD—
xylopyranoside (12) in D,O (lower trace) ahd n.O. difference spectrum-(top

trace} obtained upon saturation of H-1". ‘ .
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. -Figure 31. Partial 'H-n.m.r. spectrum of methyl 3-deoxy-a-maltoside (1) in
D,0 (lower trace) and n.O.e. difference spectrum (top trace) obtained upon
saturation of H-3eq. o
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Figure 32. Partial 'H-n.m.r. spectrum of methyl 6-deoxy-B-maltoside (2) in
D,O (lower trace) and n.O.e. difference spectrum (top trace) obtained upon
saturation of the methyl group.
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All the relative n.O.e.’s presented in Table 17 are seen to be larger than

those predicted on the basis of HSEA conformers except for the 6,6'-dideoxy )

compound 16 (see Table 16). This exception may result from the tact that H-2'

- and H-3' form a second order system m the n.m.r. spectrum (see Table 7).

Thé n.O.e.'s are also consrstently larger in DMSO- ds suggestrng a changa f

the conformatlon in agreement with the *°C data. . . g

The quallty of the, n 0.s7/data can be judged from the appearance tthe
n.O.e. difference spectra regrstered in Figures 24 - 32 The n.O.e. difference
spectra of methy! a-maltoside (13) and 1,2-dideoxymaltose (7) are reproduced

in Figures 24 and 25. The data.indicate similar conf_ormations for these

compounds. 1t is not surprising that no enhancement is detected on H-3 of

N

C12- drdeoxymaltose (7) since H-2eq can provide an alternatlve relaxation path

" for H-3. It was expecté%i that the 6-deoxy compounds 16 and 2 would be in

conformatrons similar to methyl a—maltosrde (13) and. in fact, compound 2

shows similar enhancements. The 6,6™-dideoxy derivative 16 has a different

enhancement ratio .on H-4/t-_}-2', however H-2’ is-involved in a second order

‘ /
- system with H-3" and under these circumstancés'the n.Q.e.’'s can provide only ~

qualrtatrve mtormatron n/1as In agreement with the calculations reported in
N\

"Table 15, an important relative n.C.¢. was found for H-3eq of the 3- degx{

5
compound 1 which. requires that hydrogen atom to ‘be located in time close 1o

H- 1 as was illustrated in Frgure ';f
e *"

*”tcompound 1 and the xyloside 12 as

a‘t%ve n. .O.e.’'s in DO and DMSO-d;, do not

The conformation of th‘

change much when the solvent is changed and are already in good agreement

with the HSEA calculations. In the xyloside 12, H-4 and H-5 are strongly

coupled and therefore the n.0.e.’s should be interpreted with caution.”!138
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Table 18 CQmpanspﬁ of theoreucal and experimental n,O?‘s when H-
methyl 3- deoxy-a-ma oside ( ?) was saturated.

\

‘ | . \d . .o - S
OH r :
& \ -0 . ’ ‘ o .
HO H .
- ' Ho f . \_) } )
o ’ -0

N

—X
xz

OH
H‘

H

H-4 H-3ax H-5  H-1' H2 37
. TN b . fd

2
theoretical - 279 0 45 261 1.8 106 1.6
- experiméital ~ 08 . (115). 277 -0 111 -14

Enhancement (%) on_pgot‘ons,
H-1 H

}
i C e

w~

5 * .. ‘ ‘\ » ' ‘ ,
- Alternative-n. O.e. expenments are provuded By the 3-deoxy compound 1

and the 6deoxy comp0und 4 sin snnce these provide signals that are well
separated from the other Signals in the 'H-n. m.r. spectra. Saturatlon of H-36q
of 1 was expected, on the basns of the HSEA conformersS to produce
enhancements of H-3ax, H-2, H-4 and H-1'. The expenrnental and calculated
(at‘- 5°/-35°) -n.Q.e.'s, when H-3eq was saturated are presented in Table 18

where'it is seen that the theoretical and experimental values are in very good.
agreernent. The negativ\e enhan‘cements arise from thirg spin,'indirectv

n.O.e..’s.7~"‘37

( v
‘The 1H-en m.r. spectrum for the 6-deoxy compound (2) also provided an
"'opportunny for an n.0.e. study since the signal for CH,-6 is well resolved from
other sugnals (5 ='1.36 ppm, see Fgure 14b). Saturatlon of the methyl group
at C-5 of this compound produced the enhancements reported in Table'19, and

the n.O.e. difference spectrum is reproduced in Figure 32. Calculatnon of the

Y
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* theoretical n.0.e.'s is difficult because the three hydrogen atoms of the methyl

group are saturated snmunaneously and provide varymg n.O.e. contnbutlons

. Nevenheless the data requnfe the methyl group to be located in ‘nme close to

H-5' (2.77 A) as expected from HSEA calculations (seg Figure 16). -

e
- -

~

Table 19. Experimental n.O.e.’s obtained when CH3 6 of methyl 6- deoxy B
maltoside (2) was saturated

> ' -

-/\

4 o A I%lnhancement (%) on protons,
H4 7  HS5 H-5'
observed 2.2 3.6 1.7 .

6. Hydrogen bonding studies

The study of the properties of exchangeable protdns by n.m.r. is

»

ke

conveniently performed in aprotic sulvents in which the prétons exchange '

sloWIy on the n.m.r. time_scale. For this purpose DMSO-d is frequently used.

Indeed, the early studies by Casu et al® used thi? solvent and arrived at-a

" detailed appreciation of the association of ecarbohydrates with DMSO incfuding

intramolecular hydrogen' bondfng in maltose, amylose and cyclodehﬁns.
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Limbach'¥® recently fublfshed a review on the use of n.m.r. spectroscopy inthe

study of hydrogen bonding if solution. : Lo T

st -Jacques and coworkers“° studied intramoleculer hydrogen bonds in
maltose, cyclohexaamyrose end amylose by nfeasunng the temperature
" dependence of the chemrcal shitts of the hydroxyls protons in DMSO-ck. The
‘large chemrcal shrﬂs of exchangeatrle protons usually decrease wrth mcreasrng
temperature because of the drsruptron of hydrogen bondrng wrth the sglvent A
‘ large dependence with temperature mdrcates\hat the proton is exposed to and '
rnteractrng (hydrogen.bonding) with the solvent “On the other ha”a small
dependence is consrdergd to corresponddo a proton shrelded from the solvent )
or rntramolecu\ar hydrogen bondrng. > On _this basis, St. -Jacques and

coworkers“‘° provrded evidence

existence of rn&amolecular hydrogen

.1‘,

/ bonds in Wthh OH-3is the proton donor inthe" compounds that he studied.

~ A powerdful techn U6 for the study of mtramolecular hydrogen bonds for
cerbohydrates dissolv in DMSO»de was. drscovered by Bock and )

-Lemieux."“-“?r The method, first applred to sucrose consrsts of measufing
isotope shifts'#3'4% induced for’the srgnaRtor OH-protons when these are hglf- “-
exchanged with deuterium as displax{ed in the _prllowin_g formulations;

' DMSO—-H-0-D-0 or DMSO—-D-0O-H-Q, as compared to the chemiCaI shifts
for the undeuterated system DMSO—)H O—»Fl O This property is drsptayed by
the spectra_shown in Figure 33. Thus, whe’t two hydroxyl groups in DMSO -Os
are hydrogen bonded and enough D.0° has been added_to the solution to half-
exchange the protons by deuterium en isotope shift is“transmiytted t‘hrough th;’

. hydrogen bond from one deuteroxy! group to the neighbouring hydroxyl group.
Using this technique Christofides and- Davres%tound direct evidence for a

hydrogen bond in cyclohexaamylose. .It‘ was found that, after partia| ,

-
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Figure 33. Deuterium-induced isotope shifts in the ‘I-Q;—n.m!r. spectrum in
DMSO-d; of systems containing. hydroxyl groups that molecular’
hydrogen bonds. - '
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deuteration of the hydroxyl groups, the signal of OH-3 exhibits a negative (to

high field) isotope shift of 0.01 ppm while that for H-2' exhibits a positive or

downfield shift of the same magnitude. These isotope shifts are similar in kind

to those observed in '*C-n.m.r. spectra when a hydr’oge'n-of.a hydroxyl grcup is

replaced by deuterium. 4710

.

Table 20. Dediterium isotope shifts in DMSO-d,
pom. . .' | ¢ |
_ mpound . OH-2 OH-3 OH-3'
18 0.0126  -0.0093 .
13 00109  -0.0099  0.0030 n
7 0.0075  -0.0137 a '
18 00094  -0.0096 . J
S | 2 0.0091 -0.0098 -
3 00075 -0.0139 -
12 0.0045 - -
4 0.0092 -0.0097 - :
0.0109  -0.0095 -

2Broad signal.

In this investigation, the presence of intramolecular hydrogen bonds in

DMSO-d were-first probed by addition of DO to soluuons of the compounds'

~The |sotope shifts .were clearly vnsnble when the hydroxyl groups were half-

exchanged with deutenum (see Figures 34 - 41). In each case, the spectrum
. f

Y
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Figure 34. Partial 'H-n.m.r. spectrum of methyl B-maltoside (18) in DMSO-g;
at 295 °K before (lower trace) and after (top trace) the addition of enough D,O
to half-exchange the hydroxyl protons with deuterium.
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Figure 35. Partial '"H-n.m.r. spectrum of methyl o-maltoside (13) in . DMSO-d;
at 301:°K before (lower trace) and after (top trace) the addition of enough D,0O
1o half-exchange the hydroxyl protons with deuter um. ' _

[l
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_ Figure 36. Partial 'H-n.m.r. spectrum of 1,2-dideoxymaltose (7) in DMSO-d; at
_ 293 °K before (lower trace) and after (top trace) the addition of enough D,0 to
half-exchange the hydroxyl protons with deuterium.
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Figiure 37. Parial 'H-n.m.r. spectrum of methyIaG,6'7didéoxy-a7maltoside (16)
in DMSO-d; at 305 °K before (lower trace) and after (top trace) the addition of
enough D,0 to half-exchange the hydroxyl protons with deuterium.
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Figure 38. Partial 'H-n.m.r. spectrum of m thyl\%-deoxy-[}-maltoside (2) in
DMSO-ds at 315.°K before (lower trace) and)after (top trace) the addition of
enough D0 to half-exchange the hydroxyl protens with deuterium.
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Figure 39. Partial 'H-n.m.r. spectrum of rﬁethyl 4-O-(a-D-glucopyranosyl)-a-D-
mannopyranoside (3) in DMSO-d; at 297 °K beforc (lower trace) and after (top
trace) the_addition of enough DO to ha!f-exct‘ange the hydroxy! protons with .

deuterium.
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Figure 40. Parial 'H-n.m.r. spectrum of methy! 4-O-(a-D-glucopyranosyl)-a-D- Y
xylopyranoside (12) in DMSO-ds at 295 °K before (lower trace) and after (top

trace) the addition of enough D,O to half-exchange the hydroxy! protons with
deuterium. ‘
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Figure 41. - Parial 'H-n.m.r. ‘spectrum of methyl a-maltotrioside (4) in
DMSO-a; at 307 °K before (lower trace).and after (top trace) the addition of
enough D,0 to half-exchange the hydroxyl protons with*deuterium.

e,
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consists of doublets corresponding to the coupling of the hydroxyt' groups with'
the vioi'nal methine protor or of pseudo-triplets correspo‘nding ‘to the coupling of
the hp)zoxyl of the hydroxymethyl group with the methylene protons The

"~ Isoto

12 , gives rise to a negative (upfield) isotope shift and™an unusual positive

(downﬁeld) isotope shift. in agreement with previous observations on
sucrose, 1142 cyclohexaamylose, 46 and recently observed for derivatives of

sucr.ose.‘-"‘-152 . .

Although the reason is not completely understood the direction Sf the
lsotope shift can be mterpreted in terms of the role of the hydroxyl group as
proton donor or acceptor in the _hydrogen bond.‘,_51152 Observations on
different compounds ‘indio‘ate that the hydroxyl group which donates the proton

(OHb in Figure. 33) e&pe_riences an .uptield (negative) shift when the

neighbouring .hydroxyt group is deuterated. % On the other hand, a positive"

" isotope shitt is Ynduced on tre hydroxyl group that acts as acceptor on
deuteratiQn of its neig\hbou‘r. Therefore, the signs of the isotope shifts reported
in Table 20 soggest. With the exception of the xyloside 12, that the proton donor
in the hydrogen bond is OH-3. A small, 3 ppb, isotope shift is also observed' in
OH-3'-ot methyl a-maltoside (1‘3)'. suggesting an extended hydrogen bondtng

: network as illustrated in Figure 42. A similar network may also be present in

compounds 7, 16 and 3 (see Figures 36, 37 and 39}, but in these cases the

~ isotope shifts on OH-3' were observed only as awbroadening of the resonance

for that proton.  Interestingly, when methyl 4' 6'-Obenzylidene-a-maltoside
was subjected to the same technique, it also showed isotope shifts on OH 2,

OH- 3 and OH- 3' (0. 01 16, -0.0097 and 0.0027 ppm respectlvely)

o L]

shifts are reported in Table 20. Each compound except the xylosrde"



Flgure 42. Computer drawn structure for metQyl a-maltoside (13) to rjusplay

| the hydrogen bond network HO-3'—»HO-2' —HO-

, The. magnitudes of the iso.tope sshifts can provide informatipn' about the
relafive §tréngths of hydrogen bonds for molecules in‘s.glution.‘51 The
magnitude of the isotope shift of .OH-3' in the' maltoside 13 is significantly
* smaller than on OH-2' or OH-3 suggesting a weaker hydrogen bond. Indeed,
such hydrogen bond networks where hydrogen blonds debiliiate as they move
away from a central, strong ‘hydrogen bond have been observed using this
metriod. for derivatives of sucrose'®"'52 and first rationalized as hydrogen bond

conjugation‘”. The term "cooperative effect” was later intsoduced. !4

rd ) /-' .

~
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Figure 43. Dependence of the 'H-n.m.r. chemical shifts of methy! a-maltoside
(13) in DMSO-gs with changes in temperature. .
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Figure 44. Dependence' of the 'H-n.m.r. chemical shifts of methyl 4-O-(a-D-
glucopyranosyl)-a-R-xylopyranosidg (12) in DMSO-ds with changes in
temperature.
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Tt ~ That the donor'in the hydrogen bond is OH-3 is also demonstrate by

"t

the ¢ épendencé of the 'proton n.m.r. chemical shifts of the hydroxy! protuns of

methyl a-maltoside (13) in DMSO-d; (Figure 43). It can be observed that the .

resonance of OH-3 is the least sensitive to a change of ternperature, indicating
~ that it is not predominanﬂy hydrogen bonded to the solvent but, instead, to a

neighbouring hydroxyl gr (OH -2').140

The spectra of the xyloside. 12 present an entirely different situation

(Figure 40). It is first noti:ced that the resonance of OH-2' aopears at very high

\ field (6 = 4 44 ppm) aé”compared thh the svgnals for the same proton of the

other model compounds (& = ~ 5. 5 ppm, see Table v).  Furthermore, its

coupling constant wnh the vicinal H-2 is large (9.1 Hz) as compared to that for .
13, namely; 6.2 Hz. Th|s fact requrres a predominant conformation in which
the O-2'—H bond is 'ant/penplanar to theé C-2'—H bond. After D,O was added
to the- DMSO-d; solution a smal| positive lsotope shift was detected for OH 2,
but no other isotope shift could be observed for the: remaxnung hydroxyl groups.

- The sign of the isotope shift indicated that C')H-‘2' was the acceptor of a

hydrogen bond, but the donor could not be a neighbouring hydroxy! group since

no isotope shift.was .detected for them. The oniy plausible alternative is that
the isotope shift is induced from a molecule of HDO whlch is weakly hydrogen
bonded to OH-2'. Beinginan ant/penplanar conformation to H-2', the-O-2—H
bond pro;ects in-the appropriate direction for hydrogen bonding to O- 1. Its Iow
chemical shift suggests® that OH-2' is not strongly hydrogen bonded to the
soT\;ent and additional evidence may be foung in the plot of the change in 1H
-chemical shift with cha{ es of temperature (Figure 44). 3In sharp contrast with
' mtShyl o-maltoside (13), the proton which is the Ieast.sensitive to a change in
- temperature is OH-2' instead' of OH-3, suggesting’inat it is the donor in an

* intramolecular hydrogen bond (to O-1') as shown in Figure 45.

-

\

>



| was"‘detected for any hydrqggy;!‘s*'
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Even though a hyd'rogen bond of the type that forms. in miethyl o-
- L N : ’ - 3
maltoside (13) cannot be established in the 3-deoxy derivative 1, this was

i, e ’ ,b‘."- wF » P
subjected to the 's\‘aim‘q‘examination with the purpose of determining whether. or

- e R by
not the hydrogen bond that occurs in the xyloside 12 is formed whenever the

bond betwben_ OH-2' and OH-3 is rﬁtﬁ%snble Interestingly, no isotope effect

B

g @,fyahd the chemical shift and coupling
constant of its OH-2' were ,réthéﬁlfﬂ é(/erage values (see. Tables 9 and 10).

Apparently, ihe intra- a@nd intermolecular hydrogen bonding shown in 1FigUre 45
foy'thetxyloside (12) demand that a very speciﬁé envirohrﬁe_nt be developed.

P

»

sFig4ure 45. Computer drawn structure for methyl 4-O-(a-D-glucopyrangsyl)-a-
D-xylopyranoside (12) to display the hydrogen'bond 0-1'-HO-2.

L )
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7. } Concluslons

Aﬂer the nuclear Overhauser enhancements in D,O and DMSO- de were
determlned and knowing W \ﬁ}t‘ compounds possess an lntramolecular
b}fdrogen bond in DMSO it was possible to find the conformations that these
adopt in splution.  In DMSO-ds the intramolecular hydrogen .bond demands

"that the distance between 0-2 and be in the range of 2 7 to 3.0 A which in

turn limits the conformatlons that tﬁe molecule can adogt The allowed
conformatlons correspond to an elllptncal area in the conformational map

(Figure 46). The measured n.O.e.'s in DMSO-d; also restrain the available

- conformations to a boundary that can be appreciated' in Figure 46 where the

honzontally shaded area lncludes the conformations that provade calculated

- n.0.e.'s (H-4/H-2') clos elo_lhe,eqpenmental value of methl'l o-maltoside (1 25

+ 0.10). Consequently, the conformatlon in DMSO-d; must occur in the

intersection, at about -10° / -10° as indieated lggfjgure 46.

hThe smaller n.O.e. ratio (H-4/H-2') for methyl a-ma'ltoéide (13) in D,O
indicates. a ‘conformational preference wherein H-1' and -H-4 are more,
separated on the average than when DMSO-gds is the solvent. The torsion
angles that provide conformatuons that have calculated n. 0.e.s |n agreement
with experiment are dlsplayed in Figure 47, for methyt o-maltoside (13). The
lower'energy conformer that satisfies the requirements of the n.O.e. occur at
-25°/-15°, where the distance between O-2' and O-3 (3.33 A) is too large to
allow the formation of the hydrogen bond. Therefore, itis concluded that OH-3 J .

is not hydrogen bonded to O-2' for maltose in waler.

‘These results show an'imponant solvent effect on conformational

preference, as was se Ey e the case for crystal'field forces'. “As may be

-,

expected from othersfudies of solvent effects on conformational properties?,
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Figure 46. Conformational energy contour plot of methyl a-malloside (13).
The vertically shaded area indicates the range of conformations that would give
rise’to the occurrence of an intram_oleculir hydrogen bond between O-2' and
.0-3 (interatomic distance = 2.74- 3.0 A).- The horizontally shaded area
encloses the conformations that produce a n.O.e. ratio close to the one found in
DMSO-d; (H-4 / H-2' = 1.15 - 1.35). The intersection shows the region where
_the conformation of the molecule is expected to ‘occur in DMSO solution.
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Figure47. Conformational energy contour plot of methyl-a-maltoside (13). J
The horizontally shaded area shows the conformations that produce a nO.e. =
ratio close to tffie one found in DO (H-4 / H-2' = 0.90 - 1.10). The cross-
hatched area shows the region where the conformation of the molecule is
"expected to occur in ‘water.. Indicated in)the map gre the solid state
conformations of 1)a-maltose ~, 2)methyl a-m@l

totriogide™, 3)Vh-amylose4s,
4)B-amylose*, and 5)maltoheptaose!ss. :
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and which has long been appreciated, réferences to conf-rmation must include
references to the solvent. The problem still remains that HSEA models are
determined as if the molecule were in gomplete isolation, but such models have

hydrate dissolved in water.

- been found to be in goéd agreement for the
This appears to mean that intramolecular i"’"teracticjns for the molecule in a
vacuum are similar to those when dissolved in wafer. The results agree with
the conformational variation induced ﬁpon‘ change of solvent that Pérez and
Acowprkerssg found for methyTB—maltos\,ide on the basis of '°C to 'H coupling
constants. The coupling conétants across the glycosidic linkage (see section
1.3.3.2.) measured by these authors in D,O and DMSO-ds are compared in
Table 21 with those calculated (using the method of Pérez and coworkérs) for
_the conformers of methy! a-maltoside described in the previous paragraphs. If
is seen thét the experimental coupling constants can be reproduced well (to
within 0.6 Hz) by the coﬁformations found in this thesis on the basis of nuclear
Overhauser enhancements. These cohformers are alsb in agreement with the
different conf%rmétional preference that Rees and Thom>® proposed for Emet.hyl.
B-maltoside in water and in DMSO on the basispof @i;:al rotations (see section
1.3.2.). C “

¢ ~
v

) Ihe conformations that best rgprod_uce the experimental data of all the
model com‘pounds were found using a procedure similar to that just described
for methyl a-maltoside and are reported in Table 22. It is seen that the HSEA

‘conformers are in reasonably ggod agreement with the conformations
détermined by n.m.r. spectro.scopy in D,O." The internuclear distvances
between O-3 and O-2' are too Iarge for intramolecular hydrogen bor;ding in this
solvent. The da-\ia require different cohformations‘whenQDMSO-ds is solvent
but.instead provide conformations for which a strong intramolecular hydrogen

bond is possible because the average internuclear distance is between 2.7 and
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Table 21.]  Comparison of calculated and
experimental linkage coupling constants far methyi »
maltosides. :

S (Hz) - N (Hz)

Solvent + calee- expb . calc. exp.

D,O 4.1 4.0 5.1 45
DMSO-a; 4.7 4.1 5.4 5.1

sCalculated using the expression of Thggersen as
applied by Pérez et al®® for the conformations

-25°-15° (D,0) and -10°/-10° (DMSO-d;) for

ethyl a-maﬁoside. ,
Experimental values of Pérez et al%® for-methyl B-
maltoside.

3.0 A. Since an intramolecular hydrogen bond between OH-3 and OH-2' does
not forh in the case of the xyloside 12, it seems that the stabilizing energy of
suché hydrogen bond does not need to be considered in tae conformational
analysis of maltose in DMSO. Intramolecular hydrogen bonding is also not
important to the conformational preference in aque.ous solution since none of
the combdunds examined provided a conformation suitable for its formation in
D;0.  Therefore, it is clear that hydrogen bond fb&naﬁon occurs only. as a
consequence of a favorable conformation that is dictated by the, exo-anomeric
effect and non-bonded interactions as previously ‘stated by Lemieux and

Bock®?, e

The direction ot the conformational change when the solvent is cnanged
. from DMSQ-d; to D;0, as indicated by the n.O.e.’s, is tow_aﬁs values more
favorable to stronger exo-anomeric effects. That such confgrmational change
takes place when the solvent is changed is not surprising since it is known?*
that the exoanovmer'ic effect is stlronger in aqueous solution due to paniél

delocalization of the lone electron pair of the ring oxygen with 3\ hydrogenofa -
. , :
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Table 22. Comparison of experimental and calculated nuclear Overhauser entiancements.
™, Relative n.m.r. - HSEA
n.0.e’s conformers® conformer
\ forsion .dlstancr:e torsion distance
N\ angles 03 3, angles O3- O%
Compound Solvent exp.® calc.® ) (A (6hy)

D20 098 096  -25°-15° 3.33
aDGIc(1—>4)aDGlcOMe (13) } -30°/-25° 3.52
. DMSO-dg 126 121  -10°-10° 2.80

Y DO 091 080  -30°-15° 350
+1,2-dideoxymaltose (7) : , -30°-25° 3.52

DMSO-dg 128 129 -5°%/-5°  2.74 :

D.0 0.41 . 041  -35°%-35° N/A !
aDGlc(1—4)-3 deoxy-apGicOMe (1) -35°/-35° N/A

DMSO-dg 047 050  -30°-35° N/A :

D,0 070 076  -30°-25° 3.52
6-deoxy-aDGlc(1—-4)-6-deoxy-apGicOMe (16) : -30°/-25° 3.52

DMSO-ds 155 132 0°/0° 2.70

D20 091 090 -30°-15° 350
apGic(1-4)-6-deoxy-fpiicOMe (2) -30°/-25° 3.52

DMSO-dg 117 1.2 -10°/-10° 280

D20 091 094  -30°-25° /-” 3.44
anGlc(1-4)apManOMe (3) -35°395° 361

DMSO-dg - - - . .

D20 0s. 073  -50°-10° 414 . - v
aDGIc(1->4)aDXyIOMe (12) 3 -50°-10° -4.14

DMSO-ds 081 082  -45°-10° 399

8Ratio of average enhancements of the signals for H4 and H2' upon saturation of H-1'
bCalculated relative nOe (H4/H2') that best reproduce the experimental data setting w = -90°
and 1= 117°. ’

“The conformations that best reproduce the experimental nOe’s.

dFor effective intramolecular hydrogen bonding this internuclear distance should be in the
range 2.7-3.0 A
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water molecule as shown in Figuré"48. The ehdo-anomeric effect, which is in
competition with the exo-anomeric effect is the-refore weaker wherea("s‘)he latter
is enforced. The fact that the change is negligible for the 3-qeoxy c'ovr'npound 1
and the xyloside 12 suggests that even in DMSO-ds these have a conformation
- that meets the demén_ds of the exo-anomeric effect to the;.eident gllowed by the

non-bonded interactions.

Figure 48. - Structure of methy! a-maltoside to illustrate that partial
delocalization of the lone electron pair of the ring oxygen of glycosides by way
of hydrogen bonding to a molecule of watet strengthens the exo-anomeric
effect. | ST 3

-

" R

4

j

L SN

A comparison of Figures 4 and 47 shows that the conformations found in
the solid state for maltosides are not reproduced by the experimental data
~ presented in .tt‘wis thesis. Consequently, the usb of crystal stmctufes in the
aésignment of conformations in solution, not sUrpris’in’eg, may be misleading.
On the other hand, as seen in Figure 47, the conformation of m'ethyl a-
maltoside in D,0O is‘sirjnilar 1o those found in the crystal structures of methyl a-

maltotrioside®’, Vh;amylose“a and B.-amylose‘“. This fact suggests that the
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confor;mation‘al preference of the higher oligosaccharides is determined, at least

in part, by the conformational properties, including the exo-anomeric effect, of

the building unit; namely, maltose.

_ . _ B
In an X-ray crystallographic study of a complex between maitdheptaose

and. a phosphorylase enz‘me specific. for glycogen, Fletterick and
coworkers'-1 discovered that the oligosaccharide was bound at an allosteric
site preseht as a sj)\allobv groove at the surface of the 'protein. fhe authors
found" it ‘surprisi'ng ti\fa parts of ghe malteheptaose chain showed sufficient
rigidity that a helical §tructure c{euld be discerned that extended into the
e aecus phase.  On the basi ofthe electron dens:ty map at2.5 A re’\olumn it
was concluded that the oligosaccharide exhlblts a left- handed helical
co'nformatnon with average torsion angles ¢y = -15°-15°.  Goldsmith and

Fletterick'” stated "... all the conformations we observe, with a single exception;
retain the 02 - O3' hydrogen bond wiether or not they are to the protein.
The fore we might expect the hydrogen bond to have some long term stability
in solutnon also.” It should be noted however that the experimental results
presented in this thesus prove beyond doubt that this bond do=s not exist for .

either. methy! o- maltosnde or methyl a- maltotrno&de in aqueous solution where

the_ume-averaged n.m.r. conformer has an O-2' - 0-3 internuclear distance of

3.3 A, Actually, it. seems improbable that the X-ray data could reliably
distinguish between conformers with ¢Ay = -15°-15° (10-2; - O-3 distance of

3.0 A) and ¢y = -25/-15°, Consequentlny, the cIaier by Goldsmith and

Fletterick!” "Our results here gshow that the mtramolecular hydrogen bond is a
dominant factor, both for the solution structur\ef the oligosaccharide and in its
interaction with the protein.”, must be re-@xamined as also the use of this
postu|ation' for the rejection of a con_tributien to conformational stability by the

exo-anomeric effect. Should the imrétholecular hydrogen bond observed for
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Table 23. Comparison of the experimental relative n.O.e. with tifose galculated
for methyl a-mattoside (13), using the results of Kochetkov et al.™ and of.
HSEA calculations. - :

Conformers Conformational Conformer Calculated

C0NS energies ‘ populations relative
(kcal/mol) (mol fractions) n.0.e.'s°
")Kvochetk.o'v etal® HSEA® Kochetkov etal. HSEA
--70/-40 42 7.3 0.6 ~~10° 014
-20/-20 3.1 07 03 = >0.99 10.98 -
2030  -24 14.3 - 007 - 100 069
-30/-160 26 33 0x02 -107 -0.03

¥ : -

sConformer distribution which was obtained using the parar_ﬁetrization of Scott
and Scheraga for the non-bonded interactions and a torsional . strain
contribution around the glycosidic bond estimated by Tvaroska and Bieha.
bConformational epergies produced by HSEA calculations using the o torsion -
angle = -90° and t interunit valence angle = 117°. o '
fCalculated ratio of the enhancements of H-4 over H-2' upon saturation.of H1" |
with o = -90°.and T = 117°. The statistical average relative n.O.e. expected
on the basis of the Kochetkov et al. distribution is 0.42 and that by HSEA is
0.98. The experimental relgtive.n.O.e. was 0.98. . :

SN

maltoheptaose in thé oligosaccharideprotein’ complex aqually exist then this
result could arise from the glu.c_oquit: being at least iﬁ—pan in.an hydrophobic
environment.  In this évent, the situation would be similar to ’that'for methy!
a-maltoside in DMSO-d;, where the intramolecular hydrogen bond was found
to exist. Regardless~of whether or not the O-3 to O-2' distances are withfn
hydrogen bonding rwnce that maltoheptaose has a rather

\
restricted conformation is convincing and no longer surprising in view of the
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conclusions reached iﬁ this thesis. . As seenin ?—'ig'ure 47, the conformation of
. the glucose units in crystalline amylose are similar to those of maltoheptaose
“but quite different to those for maltose and methyl a-maltotrioside. 1t is
apparent, ther\efore.ﬂthat once a sufficient number of glucose units are présent
to describe the left-handed ﬁelicél structure that ipterunit interactions océur .

‘which tend to stabilize this conformation. | .

Kochetkov and coworkers® recently concluded that methyl a-maltoside
exists in aqueous solut:on Iarge!y &5 an equuhbnum of four conformers (Tables
2 and 23). Two of these conformers, namely, -70°/ -40° and 20°/ -20°
were consndered to compnse 60% and 30% of the conformer populatuon
respecnvely The expenmental n.06. data presented in Table 17 show that
the -70° /-40° conformer ‘cannot contribute mportantly snnce the relative
observed n Ve. (H-4 / H-2') is 0.98 and that expected for the-70° /-40° |
conformer is only 0.14.  The -20° /.-20° conformer agrees wyth the n.O.e.
data and indeed is provided by the HSEA calculation. ~ The -70° / -40°
conformér is highly' unfavorable.  Therefore, it is seen that only HSEA’
cglculations provide conformations that are close to the experimental values.
This éonclusion should be contrasted to the very recent statement by Tvaroska

and Péres%2 that HSEA calculations should be avoided.
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