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/ RESUME

/ \
-

Cette &tude a visé 3 évalyer lesrpossibilités d'application
de la r.m.n. dg carbone-13 8 la chimie de la cellulose. D'utiles
‘renseignements; comne des estimations du degré de substitution et de la
répartition des. substituents ont pu €tre obtenus pour plusieurs dérivés

de la cellulose.
’

‘Dans le cas des disaccharides et de leurs déri&és, il a” &té
constaté que la conformation de la liaison glycosidique se reflate dans
les chplages 3JC_H d cette liaison. Il est apparu que les molécules
é€tudiées prennent une foffne semblable a 1'état solide et en solution et
que les liaisons hydrogéne entre unités n'ont que peu d'effet sur leur

. conformation;

Les limitations des mesures faites par r.m.n. sont dues au peu

de solubilité des polymdres examines. Dans-:le cas des disaccharides

t . IWinterprétation‘&es.couplages vicinaux en termes de conformation est
considérée comme valide’surtout dans le cas de mesures comparatives
cbtenues sur des composés voisins.

La possibilité d'utiliser une route plus djrecte que celles

utilisée¥ habituellement pour la synth2se des 1,6-anhydro-disaccharides

a aussi &t& Studife. - . ' >
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ABSTRACT

This study was undertaken to evaluate the possibilities of
c.m.T. spectroscopy in applications related to the chemistry of cellulose.
' It has been possible to obtain useful data for several cellulose derivatives,

including direct estimations of their degree of substitution, as well as

of the distribution of the substituents.
In the investigation of disaccharides and derivatives, the édp—
formation of the glycosidicwlinkage was seen to be reflected in the 3 C-H
across the bond, thus suggesting that the conformatiohs are similar in
% the solid state and in solutio;. Inter-residue hydrogen bonding wés also
' seen to have little effect on conformation. |

g . The limits of measurements on the c.m.r. spectra have been found

to originate in the low solubility of the polymers examined. As for di-

3
%
]
:

sécchérides, the interpretation of vicinal couplings im terms of conform-

ation was considered to be most valid when based on comparative measureménts .

of line widths. . \

N e ¥ ol A

An attempt to devise an improved synthetic route to 1}6-

anhydro'disacchaiiﬁes is described. )
’Q .
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I.1. Cellulose and n.m.r. spectroscopy '

Much progress has been achieved in the last few years in the’

I3

study of ‘biopolymers by nuclear magnetic resonance. This has been due

to a large extent to improvements in instrumentation, and with them the

13 . i

introduction of ~~C magnetic resonance data.

, Complex molecules like biopolymers, whether they are of animal

origin (proteins, nucleic acids, mucopolysaccharides), found in the plant

world (polysaccharides), or man made (cellulose derivatives) can be best

-
¢

approached through their monomeric components, and their various combinations

(oligomers). This applies also to n.m.r. spectroscopy, because the spectra
3 »

of model compounds greatly facilitate the characterization of the polymers

.

themselves,

But a significant advantage of n.m.r., compared with classical
chemical methods, is that it allows for direct observation Qf the polymer
itself wgthput, or sometimes with a little, degradation,

Qyiﬁg tgﬁfﬂe fEEEﬁf‘development of this field of study, the

13C m.r. spectroscopy of carbohydrates is not yet

literature kvailable on
as extensive as that on proton nignetic'resonahce but at least two review
articles (1, 2)‘cover most publications until 1974. A more general approach
to c.m.T. spectnoscopy can be found 1n‘two recent textbooks (3,4). L

The concern of the work présented here is the application of

3¢ m. T, spectroscopy to cellulose darivitivts, as.wall as to some
relevant noddl conpounds ~

@;
?
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1.2, The "°C m.r. experiment

DeSpite its low natural abundance (1.1%) the ISC atém, which
possesses a spin of'&, can now be easily observed by n.m.r. spectroscopy.

This first became possible with the use of the computer averaged transient

(C.A.T.) technique, and, more recently and more convenien?ly, by means of

the Fourier transform (FT) technique. {

~a \
The latter involves irradiation of the sample by a series of

short R.F. pulses which exc\if‘e\ailg\le spins of the atoms considered (in

the case of the 1:"C.atom the frequency a?p};\l\i\éd ;is\ gs\ually around 22-25 MHz).
The resulting free induction decay (F.I1.D.) signals a;e\;c‘c‘,nmulaied by a
computer, which then performs the Fourier transformation of the sig?;l‘,\frol\\

the time domain to the conventional frequency domain. The time needed to

l
/ -&
LI 2

.obtain spectra depends mainly on the desired signal to noise ratio,which

-

improves with (W/L)*, where W is the spe¢trum width and L the line width (5).

‘The advantages of 13¢ M.T. sﬁectrosco;:y are manifold:

N

;;) tlhe 3¢ chemical shifts cover a wide range of 200 p.p.m. (20 times that
of protons), mosxly downfield from the "now widely accepted reference
signal of T.M.5. ~

b) the’ 13 signal ass;igmnents are facilitated by broad band complete

proton decoupling (stxrong ii‘radrlation at the appropriate 1H frequency)
which nakes the 3¢ carbons appear as singlets. Indeed, their low natural

13

abundancé renders the coupling of two ~°C atoms (in the same molecule)

highly inprdbablo. |
C) an 1ntaresting sfctn effact of proton decoupling is the nuclear Overhauser

h

enhancmnt (N.O.E.}) (6). The increased population of the high energy

spin statas of the irradiated protons enhances thg corresponding 13¢
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signals through dipole-dipole interaction with geminal and vicinal protons,

d) off-resonance partial decoupling allows the advantage of the N.O.E.

effect to be retained, while the 13C-IH couplings are seen, thereby

PP S R e

helping in the signal assignments.
The lock siknal, which stabilizes the field/frequency ratio, is “
usually provided by the 19? signal of hexafluorobenzene, or, the 2H signal -
of heavy water or deuteriobenzene. These can be used as solvents (internal
lock) or in coaxial capillaries in the sample tube (external lock). T.M.S.
is generally used as the reference signal, rather than CSz, which was
utilized earlier, and can be added to thelsample tube. The 13CS2 shift is
~192 to -193 p.p.m. from T.M.S., depending on the solvent.

In such spectra, obtained by the FT technique in a relatively 'g
~ " ~short time, the resolution is of the order of .1 p.p.m. and is limited i
S~ -~ 7&

A

mainly by.fﬁe\st:gngfh and stability of the lock signal. o
. \ N :;

-Although intengEed\spgctra are commonly 6btained~411*_ghgzﬁfff-h“-*~§%‘-§

et . -

usually not as satisfactory as those of protons. The relaxation times (Tl) '1

f these carbons

of the various caibons are highly dependent on the po;it
. in the molecule and the proximity of 1, 2, or 3 protons, as well as particular
experimental conditions and deeply 1nf1uence the areas under each carbon / e
signal (6). For consistent figures, therefore, it is best to restrict the
peak ared messurements to one class of carbon (primary, secondary or
tertiary) in order to minimize the errors to less than approximately 5% (6).

136 u.r. of carbohydrates ’

I.S.I.FChcnicaI shift dats

Iosd

The first studios of 13& ugnetic rosonance in the field of carbo-
hyd'htu, much date’ bncl: to 1970 (8-11), have outlined the main features

B
1 .l
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of the spectra of these compounds:

a: between 55 and 62 p.p.m. oq;/fgnds the carbons of primary

alcohol groups. ///’

/
b: between 70 to 80 p<p.m., appear the ring carbons, with a

slightly highep shift for pyranose rings with equatorial
substituents.

c: the anomeric carbons are found between 85 and 100 p.p.m., those
bearing an equatorial hydroxyl being at lower field.
0-AXkyl substituents, whether they are on the anomeéric carbon (11)

or on the gther ring carbons (12) have a deshielding effect ranging from

7 to IO/Kp.m.

/ .
/‘ Interestingly, this effect is slightly more pronounced with g

.ax}’él substituents than with equatorial ones (10), and is probably due, to

Camdpa v T

“fhe increased steric crowding in the former case. On the other hand,”
AN
neighbouring carbons are shielded“bxabout 1 p.p.m., but this is true only N

foz' equatorial 0O-alkyl substituents (10). .Anomeric O-phenyl or O-p-mitro-

stituted carbons will be greater on the O-phenyl derivatives.

Carbonyl groups resonate at very low fields: from 170 p.p.m.
for aldehydes to 190 P-P- m./for carboxylic acids (3,4).

0- Acetylation of ring hydroxyl groups has only a small effect (up

»

"to 1 p.p.m.) on the shift of the corresponding ring carbon. In general

an upfield shift is associated with equatorisl O-acetyl groups, and s
downfield shift with Axial ones (14) 1y

”

What has been said segfar applies as well to-di- and oligosaccharides.

1 } ‘ N(,: " - 3
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In the case of di-aldohexopyranoses, for example, although all 24 signals

corresponding to the two anomeric forms are seen in DZO’ the overall

.

spectrum can be easily sorted out: thus, the spectrum of cellobiose is very
close to the superp;;I;ion of those of methyl-g-D-glucopyranoside and that
of D-glucose. Relative to D-glucose, C-4' (anomeric unit) -and C-1 (non-
reducing unit) appeér to be deshielded by about 9 p.p.m. and 6 p.p.m.
respectively (15). Comparable data have been obtained with_?altosei lactose
and their methyl glycosides. -

13

It appears, therefore, that ~"C m.r. Spectr;;Lopy offers a very

convenient means for establishing the position of the glycosidic linkage\and
its co;figuration. Indeed, such information has already been obtained or con-
firmed for numerous disaccﬁarides (16,17) apd their per-O-methylated derivatives
(17a). .

On the basis of results obtained with disaccharides, it can be

13C m.r.

expected that polysaccharides will be amenable to analysis by
spectroscopy. In most'cases, indeed, itishould be possible to estimate the
sequences of glycosidic linkages, their configuration and the ampunt of
branching (18). ’

Despite the diffi?ultdes encountere& in dealing with polymers,
13%.m.1. spectroscopy, is a particularly interesting technique for Studging
polysaccharides. Although their low soI}xbility and the high viscosity of
their.solution QWhich makes fbr‘; weak intsrnal lock signal) are problems,
these drawbacks can be substaqtiilly dvercoic. Furthermore, the FT technique
makes the acquisition of lsl;.;p.r. spectra of wlyucchari&q\ a practical

procedure in terms of the experimental time required. *




1.3.2. PSc-ly couplings™

3 1 1is the only type of csﬁp}ing\pncountered

As already mentioned, 3
C-"H ~—-

'in natural abundance 13C m.r.\épgctra One has to consider direct ( J) gemindI

.,‘

(2J) or viciA;l (SJ) couplings (i.e., across 1,2 or 3 bonds). This makes the
appearance of proion'coupled 13C m.r. spectra géneraliy complicated, and the
problems inherent in selective decoupling make them difficult to examine. Still,
since .the directly bonded couplings dominate, one can assign doublets to CH
groups, triplets to CH2 groups and quartets to CH3 groups.

The spacings due to 1J are gené}allx large, from 140 to 180 Hz (9,19).
They have been found to be larger for anomeric centers, and even more so when
the proton involved is axial.

Vicinal and geminal couplings are generally much smaller?\0-6 Hz
in carbohydrates. 2J is mainly affected by the orientation of substituents
on c;rbon. If they are anti with respect to the proton considered, 2J is-
clése to zeré. The ggggﬁgqconformation, on the other handﬂ ;s generally'
as?ociated with a large J value '(9,19). However,’some exceptions have been
encountered, which prevent a gefieralization of these rules. For example, fhe
presence of electronegative substituents on carbon reduces the‘extent of

coupling. . '

The factors controlling SJ have been also f&&ﬂd>to be mainly geometrical.

From data accumulated for alarge variety of carbohydrates a rel&tionship similar

to that originnlly found by lhrp;ys (20) for vicinal J“ H couplings has been

derived. But, in the case of c-x~x~1u couplings (where X can be carbon or

Oxygan) othar factors must be taken into lceount; which show that J like 2J

is affected: by electwnagttivp substituents,. s vell as by the. degree of
hybridization of curboua ﬁhAthc q&uplint plthm:y (19). In broad terms, however,

]
i
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and even though the angle values gre not known with accuracy/(in solution at

least), large couplings (up to 6 Hz) can be associated with anti-conformations,
~ }

‘while gauche ones give rise to little or no coupling.

Vicinal proton couplings which also conform to the Karplus type

of relationship, are much more extensively documented. Therefore, when the

3JC_H and SJH—H values lead to a similar conformational assign-

ment, as has been found in several cases (19,21), this conformation is all

examination of

the more probable.

Y

It is on these grounds that the examination of a number of disac-

il

L
charides and derivatives has.been undertaken (cf Chapter 3). More precisely,

the conformation of the glycosidic¢ linkage has been examined through coupling

constant measurements from their proton coupled 13C m.r. spectra.
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CHAPTER II -
13c M.R. SPECTROSCOPY OF CELWULOSE |
' : DERIVATIVES - °
<

o




" ‘ TABLE 1: Commercial cellulose ethers (22d)
. : Cellulose ether - Reagent Solubility . D.S. range
|- Sodium carboxymethyl cellulose C1-CH,COOH (or -Na) water . 0.5-1.2
5 N&thyl cellulose CH3-C1 - 1.5-2.4 g
Bthyl cellulose CH,-CH,-C1 organic solvents 2.3-2.6
h )
I-Iy&'oxyethyl cellulose CH,- water 1.3-3
2 ]2 :
. ¥ ,
. ' i ~ _ .
’ -.c)rmuthyl cellulose ' CHz='Cﬂ-CN organic solvents 2.0 .
. _ ; ‘ .
Hydroxypropyl-methyl cellulose CHLC1 + CQ{-EH{CHS water 1.5-2 b
. - . ’ . . ‘ i N ‘A:
‘Hydmwhyl-mthyl cellulose - CH.CI + C&{‘}Hz - 1.5-2 B L 1
_ 4] - 4
- - - . ‘
#thyl-hy‘droxyethyl cellulose CH3w2c1 + \{CHZ o 1.4-1.6 i '
. ’ |
L s Ethyl-methyl cellulose ] CH Cl + CHSCHZCI - 1-1.3 i
" 1 Carﬁomoi:ﬁyl-hydroxyethyl cellulose ClCHZCOOH (or -Na) - 0.3-0.4 l
i . * CH,-CH, 0.3-0.7 ° ‘ }1
\ 1
Benzyl cellulose? H CH,C1 - 1.5-2 i
, & manufactured in Europe only |
" -
PR AN, 2 R AP A AR A o . . n . - - P __Lk___.___‘_._________._i
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_Table 1).

II.} Introduction. The cellulose ethers.

Etherification of the hydg;;yl groups of cellulose yields a wide -
range of products whose Properties and end uses can be varied to infinit}.
Most commerc;al qellglose ethers are synthesized by reacting alkali cellulose
(cellulpse treated with sodium hydroxide) with an etherifying agent (cf.

Usually, af the degree of substitution (D.S.) increases, the
solubility prqgerties‘v;ry widely. As an examble, methyl cellulose is soluble
in water if D.S. < 2, ‘and in organic solvents if D.S. > 2. Factors such as
the dfstributibn of substituents, temperature, pH, and the formation of
gels greatly affect the’solubiiity (22). Interestingly, the fact that methyl
cellulose is less soluble in hot water than in cold water is explained by
the fact that the methyl groups lessen the possibility of formation of
hydrogen bonds‘bétween the hydroxyl groups and the water molecules, and
the hydration coﬁblexqs are“then~1oosened by heat and molecular aggregates
are formed. ’ H

In general, the colloidal properties of the water solutions of

cellulose ethers make them useful to the food, pharmaceutical and plastics

industries.

e

11.2 'Necessity of the use of model compounds.

Altho&gh the basic chemistry of the formation of cellulose ethers
v

. is known, 'these compounds have mainly been characterized by chemical means

such as the Zeisel method (alkoxyl group analysis) in the case of methyl
and ethyl cellulos%, carboxyl anﬁlysis (in the ¢ase of carboxymethyl

cellulose) or other modifications of the Zeisel method in the case of benzyl

i

and hydroxyethyl cellulose (228). More commonly, viscésity measurements

- ¢
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-makesh%gh concentrations relatively eaéy to attain. Furthermore, the low -
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provide a good means for routine testing of the c0mme;pia1 produéts.

By and large, however, no quantitative information is easily obtained
about the distribution of the substituents on each anhydroglucose unit, and
one has to go through hydrolysis and chromatographic examination of the
hydrolyzates to obtain such data.

Several characteristics of 13C m.r. spéctra seem promising in this
respect. |

a) the wide range of 13C chemical shifts generally makes for a better
separation of signals than in p.m.r. spectra, and the identification of peaks
is therefore easiler.

b) the possibility of usihg the "proton decoupling" technique also

facilitates the separation of signals by reducing the complexity of the spectra.

c) 13C m.r. chemical shifts are very sensitive to stereochemical
factors, and minor changes in structure and conformation can be detected.

d) the s?nsitivity of the instrument is mainly dependent on time and
solutions of low congentration can be examined by simply increasing the
number of F.I.D. signals accumulated.

It is with these ideas in mind that the examination of some cel]ulose
ethers by 130 m.r. spectroscopy was undertaken.

i

II1.3 Carboxymethyl cellulose

'
This cellulose derivative was thought to be a priori the most

13

‘amenable to "“C m.r. analysis, becauge of its good solubility in water, which

&

D:S. of the commercial\produet renders.its structure somewhat close to that

of the parent cellulose, in that most of its monomer units are nonsubstituted
> ‘

or monosubstituted anhydro gl 6303;,// T . ’

—
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In this_study, the synthesis of mono-0-carboxymethyl-D-glucoses as

model compounds was performed and their spectra recorded. The assignments of

'peaks of the parent polymer carbon atoms could then be made.

11.3.1 Synthesis of model compounds

The scheme éollowed for these syntheses was adapted from that of
Timell (23) and is shown on Fig. 1. To make the 2-derivative, commercial
D-glucose was treated with acetone in sulfuric acid to give 1,2-mono-O-iso-
propylidene-a-D g&ucofuranése (2) which was subsequently made to react with
benzyl chloride in the presence of potassiuﬁ hydroxide. The benzylated
compound (3) was then heated with ion exchange resin to remove the iso-
propylidene. group. Re;ction of the product (4) with methanolic hydrochloric
acid afforded the methyl glucoside (5). The sodlo derivative, obtqined
from (5) by addition of sodium to its ethereal solution, was reacted with
methyl bromoacetate to give the corresponding carboxymethyl ether at position
2 (6) which was isolated by column chromatography of the reaction product)
De-benzylation was then effected by hydrogenolysis, and acid hydrolysis”led
to the anomeric mixture of a and B 2-0-carboxymethyl-D-glucoses (7). Their

sodium salts, dissolved in D_O, were used to obtain the 13C m.r. spectrum.

2
The synthesis of the 3-derivative (Fig. 2) was‘catried out in the

following way: 1,2:5,6-di—Q;i§opr0pyliden§-g;g-glucofuranos (2) obtained
by treatment of Q-gl?éose with acetgne in sulfuric acid, was] treated with
a sodium dispersion to make its sodio deriv;tive. The latter| was heated with
methyTl bromoacetate and yielded the 3-0-carboxymethyl derivative (3).
Hydrolysis led to the corresponding mixture of a and B-anomers of the free
3-0-carboxymethyl-D-glucoses (10).

’ The 4-step synthesis of 6-0-carboxymethyl-D-glucose (Fig. 3)

{

- - \
) - ¢ . .
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FIG. 1 Smhtie scheme for Q-Qurngygethyl-g-glmose
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" FIG, 3 Synthetic scheme for 6—Q_-cxrboxynethyl-g»glx:cose QQ
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consisted of the following: treatment of D-glucose with paraformaldehyde led
to the 6-O-acetyl derivative of di-g;methylene-gfg-glucofuranose (11) which
was deacetylated to (12). Treatment qf (12) with sodium and methyl bromo-

acetate, followed py acid hydrolysis, yielded the free 6-O-carboxymethyl-D-

glucose (mixture of a and B anomers)(li).

I1.3.2 13C m.r, spectra of model compounds
' !

13C m.r. spectra of compounds (8, 10, 14) are represented by

The
Fig. 4 along with that of D-glucose (24). Examination of the differences
between the spectré of D-glucose and its monosubstituted derivatives allows
for a tentative assignment of the’peaks.

The characteristic features usual}y seen in 13C m.r. spectra of
carbohydrates are retained here, i.e., primary hydroxyl carbons resonate
around 60 p.p.m., ring carbons between 70 and 90 p.p;m. and anomeric carbons
between 90 and 160 p.p.m. The carbonyl carbons have a large chemical shift
of 180 p.p.m., and are rolat1ve1y more difficult to detect because of their
longer relaxation times.

For the 2-0-carboxymethyl derivative, all 12 resonances of the
carbohydrate part of the.two anomers are seen, apart from those of thg two C-4
which give rise to a single peak, superimposed also upon: that of the.primary
carbon of the carboxymethyl side chain at 70.8 p.p.m. The B-C 4, 5 and 6 almost
retsin the che-ical shift they had in D-glucose, whereas C-2 shows a deshielding

of 9 p.p.m. Conversely, the naighbouring C-3 is shifted upfield by 1.2 pP-p.n.,

and C-1 affected in the same way but by only 6.4 p-p.m. In the a anomer

the cofresponding effects are as follows: C-2 is shifted §owﬂf1eld by 8.2'p.p.n.,

whilg C-3 is shifted upfield by 1.4 p.p.m. and C-1 by 2 p.p.m.

f
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1 ° 3 52 46 cny
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FIG. 4 13C m.Tr. spectra of the mono-g:carboxymethyl-g-glucoses
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TABLE 2

1SC Chemical shifts of mono-g;carboxfmethyl-Q-gluc0§es.

. c-1 c-2 c-3 C-4 c-5 C-6 CH,
B g-goGéu;ose 3.3  73.1  74.4 71,2 729  62.4
g-D-Glucosé 97.1  75.6  77.3  71.2  77.3 - 62.4
2~97Carboxy:ethyl:érg-glucose '91.1 81.3 73.0 70.8 72.4 61.3
| 2-0-Carboxymethyl-g-D-glucose | 96.7 _ 84.5 76,1 70,8  77.0  61.9 -8
3-0-Carboxymethyl-a-D-glucose | 92.9  72.3  85.9  70.2.  72.0  61.5
3-0-Carboxymethyl-8-D-glucose 96.% 74.7 86.4 70.4°  76.6 61.6 704
&QWMW&yI-g—Q-glucose 92.9 72.3 73.5 70.1 71.1 70.5
™ | 6-0-Carboxymethyl-g-D-glucose | 96.8  74.9  76.5  70.1 . 75.5  70.5 089

*
shifts for a and g anomers may be reversed

*
shifts for all carboxyl carbons, at ~185 p.p.m.

= o . e, - . - s -
» " Im’ S R R

-LT-




ooy

- 18 -

Two explanations may be put forward to account for the fact that
C-1 is much less shielded by 2- substitution in the 8 anomer than in its a .
analog. In the very similar case of 2-O-methyl glucoses it has been suggested
that hydrogen bonding is stronger with the g_anomer* (16), despite the

fact that the distance between 1-OH and 2-0-Me is approximately the same in

both anomers (Fig. 5).

~
-
~
-~
~
-
-~
-~
~
-~
-~
~
~
-~
-~
-

- ™~
FIG. 5 Hydrogen bonding in the a and B anomers
of 2-0-methyl-D-glucose

.

\

AR alternative poss;%iliti is that the steric effect and the magnetic
anisotropy of the O-Me group are more important. Ind:gd, for the cyclic
polyalcohol, myo-inositol, it has been found that C-2 (axial) is shifted .
by 3.2 p.p.m. upfield and C~6 (equatorial) is shifted by 0.5 p.p.m.

downfield upon methylation at C-1 (30) (5‘3} 6). o
Assignments are readily made for fﬁa‘i-o-ea boxymethyl-D-glucose:

G-3 is shifted downfield by 9.5 and 9.1 p.p.m. in the d dnd g anomers
respectively, while C-2 and C-4 are shifted upfield by about 0.9 p.p.m.
for both anomers. |

*
C-6 amounts to 8,7 p.p.h. for both anomers, and C-S has an upfield ‘shift
of 1.8 p.p.m. But in this latter case, it uust be mphasizaa that the#

As for the 6-0-carboxynethyl ~D-glucose, the downfield shift of
/

|

: An early evidence of this provided by the infrared spectra of the cis-
and tran:-l ;2-cyclohexanediols whick show that tmuq!oups bend together
-1ese mily than their cia—mlegt cm

" Y
ipr e ‘M’

> %

= : nyos wﬂ f ‘% g s " i

L. h * B 1 o W K . - r
[ a!s;’, ‘ o e :‘f' :ﬁ.t;}' % gx . < - " ) ‘\/,
A A Me:mg» . [N 5 TR l




& R .- ,.:,,.‘_ﬁm - - 2

HO H .

o\mn\\\\H
‘\\l ]
\\\ »

.o M

FIG. 6 Intramolecular hydrogen bonding in
1-0~methyl-myo-inositol
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proxim}ty of the signals due to C-6 and C-4 makes the assignment difficult
and therefore subiect to question. This is true even though a closely
related pattern has previously been reported for the mono-O-methyl-D-
glucoses (25) (vide infra p. 37). '
On the basis of these data on the 2, 3 and 6-0-carboxymethyl-D-

13C m.T. .

;glucoses, it can be expected that the interpretation of the
spectrum of carboxymethyl cellulose will be facilitated.
An interesting preliminary step, however, is the examination of

the 13

C m.r. spectrum of the hydrolyzate of carboxymethyl ceilulose:_
Accordingly, a sample of carboxymethyl cellulose of medium viscosity”
(©.5=0.7) was hydrolyzed wit;\ 5% silfuric acid in an sutoclave. A paper

. chromatogram of th neutrnrixed and conccntrated hydrolyiate was,obtained

“in solyent A (Zs) _ iia di!!!xcut O-clrhomyuothyi glucoses were separated

/ . (Plg. 7). axthwgh . spou camspondlng to the ‘disubstituted glucoses
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R, relative to glucose 1 2.7 4 1.3 4.1 5.1 5.7

F

position substituted l 2 3 6 2,6 3,6 2,3
on glucose -

FIG. 7 RF vélues of CMC hydrolyzate

Consequently, a 13C m.r. spectrum of this hydrolyzate was

-

obtained and is shbfn on Fig. 8. The varidus features of the mono-0-
carboxymethyl glucoses are clearly distinguishable in this spectrum along
with those of glucose itself. Although not all of the assignments can be
made with confidence, especially for the nonsubstituted ring carbons of

the monosubstituted glucoses, it is intdresting to note that, at fba;t

for the 2~ and 3-0-carboxymethyl-D-glucoses, the substituted ring ‘carbons

. have a chemical shift such ‘that they are well recognizable among the other

signals. Indeed, they lie approximately half way between the anomeric

carbon3™wmd the ring carbons. The substituted C-6, however, cannot be

. easily identified because the 9 p.p.m. downfield ’shift, noticed with the

pﬁre compound, brings its signal into the region occupied by those of the
ring carbons. The strong signal at 70.3 p.p.m. corresponds to an overlap

of the resonances of the primary carbon of the carboxymethyl side chain

with that of C-4 oé\g}ucose. - S

v

Another useful feature of this spectrum is that the relative
amownt of 2- am} S-subs;eitui:ion can be derived from the integral of the
peaks corresponding to the ring carbons ‘C«Z and C~3. In the case stud}(ed
here (D.S.= 0,75) 'thﬁ figure is approximtely 2.2, which 1; in agreement
with the uolar ratio of 2.1 abtainod bg column fractionation of the same
CMC by Croon and Pisrves' m),.. |
S s: m m m snseposxgm wf m mhy\&ro-nucon unit
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. spectrum of CMC hydrolyzate

FIG. 8 13¢ m.r
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is the least reactive, and it has been suggested (27) thatdthis is due to %;

. :;’:

hydrogen bonding between the C-3 hydroxyl and the ring oxygen on the neigh- S

0 ) v },;

bouring glucose residue as shown by Fig. 9. Recent crystallographic data “a

. ¥

show that this is indeed true, at least in the solid state, for the model ?
compounds methyl-p—cellobioside (28) and cellobiose (29).

H

- i

» O '“'Hu;lll” H___O ”’ ) ! ) d

HO 0 - .

OH H-o | ‘

-~ * ’ ’

FIG. 9 Inter-residue hydrogen bonding in the cellulose chain p ;gg

' S

F

11.3.3 % n.r. spectrum of CMC ‘”’1

Based on the iqterprdtation of the 13¢ m.r. spectrum of the
hydrolysate' of cMC it is now possible to turn to the examination of the
polymer itself. However, the commercial compound is not directly amenable to
a spectroscopic examination because of several factors:

a) its tendency Fo gelatioﬁ (especially in neutral or weakly acidic
media, where the sodium carboxymethyl cellulose is only partially in the
salt form) due to“electrostatic réﬁuLSion between the carboxylic groups.u

%) the degree of poiynerization (D.P.) can be as high as 1000 although
it is usually in the range. of 200 to 500 (22d);

A

c) substitution is not always ideally uniform along 'the chaxn due to

the varying ¢rystallinity of the parent cellulose (51);

d). the ‘presence of 1norgnn1c ions in the counercial naterial tends to.

3
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facilitate the formation of precipitates (22d).
A generally low solubility is the consequence of these properties,

and this is true whatever the D.S. may be., In fact, the range of D.S. in

which the commercial sodium carboxymethyl cellulose is made varies from 0.5

to 1.2, and therefore, it can be expected that some degradation by, say,

an enzyme, would facilitate the examination of CMC by 13¢ m.r. spectéoscopy.
' Previous studies (31,32) have given a substantial insight into the
mechanism of enzyme degradation of CMC. It has been found that unsubstituted
residues are the main focal points of attack by cellulase, and therefore a
low D.S. is required if one is interested, as in this case, in a pattern as
close as possible to randomness., It seemed reasonaSIe, therefore, to take

advantage of the enzyme %o depolymerize the CMC to a small extent and thereby

%
¢ ' increase its solubility (or decrgase the viscosity of the solﬁtion) and* improve -
E’é the resolution of the spectra. The eg@yme utilized here was of the Stregtomzces
; 'fype (33), and, in order to further simplify the spectrum by eliminating the
; ’ possibility of intérference by monomers, thé nondialyzable portiog of the hydro- :
- lyzate was examined. . g
Q ‘ . éeveral.features are noteworthy in the sample spectrum shown in ‘%
4 ‘ Fig. 10 (D.S.= 0.7). ‘ : )

1) the general aspect is basically that of a B(1+4) glucan, because

+
3
*
*

of the low D.S. of the sample. By analogy with the spectrum of the complete
hydrd1yzate,Aone findQ, in order of increasing chemical ,shift:
C-6 at 61.2 p.p.m.
C-2, C:3, C-4, C-5 between 70 and 76 p.p.m.
' C-1 at°105 p.p.m.

C-2 to C-6 exhibit the same chemical shift as in glucose, whereas

o
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C-i, linked through a g-glycogidic linkage to another anhydroglucose umit,
is shifted downfield by about 6.5 p.p.m. from C-1 of B-D-glucose, which

» - -= 2
brings it to appro;imately the same value (103.7 p.p.m.) as for C-1 in

*
cellobiose (103.S5 p.p.m. (15)) . Similarly, C-4, also linked to another

‘ anhydroglucose, is shifted by about 5 p.p.m, from its position in B-D-

glucose and comes to the same position (80.3 p.p.m.) that C-4' assumes in
B-cellobiose. .
2) The carbons bearing an O-carboxymethyl group are moved downfield
by the same amount as in the monosubstituted glucoses. Thus, C-2 appears
at 84.5 p.p.m. and C-6 at 69.8 p,p.m, C-3, unfortunately is not seen in
the polymer presumably because of the lesser substitution at this position,
the sample studied here having a low{%.s. But its position can be estimated
to be close to 86.4 p.p.m. Indeed the absence of the C-3 signal cannot be
due to the upfield shift by the neighbouring glytosidic bond on C-4, whose
effect is indeed very small, as seen on the fully methylated cellulose
(vide infra, p.42). |
3) The carboxyl group has a relatively long relaxation time and the
intensity of itggfignal is smaller than those of the c§rbohydréte part of

the polymer. The poorer resolution attainable with"the polymer combined with

a small difference in chemical shifts also prevents the identification of each

"type ‘of carboxylic group (linked to C-2, C-3 or C-6) {see Footnote, Table 2).

. 4) The large number of relatively well resolved peaks in the 70-76
p.p.m. region is due to the presence of the methylene groups (at around

70 p.p.m.) in addition to ‘the anhydroglucose ring carbons and their
# ,

[ 3 X
converted relative to internal TMS, using GCS = 193,7 p.p.m. (4)
2

-
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monosubstituted analogs.” Monosubstitution ;f a ring carbon, as seen earlier,
induces small upfield shifts on neighbouring carbons . ,
5) The small but well resolved peaks at 97 p.p.m. and 93 p.p.m. can
be accounted for by the assumption that the extent of depolymerization was
sufficient to allow ‘the anomeric ends of the CMC chain to be seen. Theoretic«
ally, the combined integration of these 2 peaks, divided by that of the peak
at 104 p.p.m. (C-1 glycosidic) should provide a good estimation of the D.P.
of the sample, provided that it is not too polydisperse. In the case examined
here however the extent of depolymerization was small and the D.P. is
probably still higher than 100; therefore such a measurement cannot be made

accurately. Spectra of samples of varying D.S. have been obtained in the same

way, and their examination leads to the following conclusions:

A sample of low D.S. (0.5) is slightly more easily degradable, and
therefore its spectrum is better resolved. However, the .general appearance
of the'spectrum is the same, and in particélar, no significant change is detect-
able in the signals‘attributed to substituted C-2 and C-6. On the other hqu,
if the D.S. is higher than 0.7, the signals of the substituted C-2 and C-6
are improved, but resolution is deéreased due mainly td the higher D.P. of
the depolymerized sample (the action of cellulase-being hampered by the
presence of more carboxymethyl groups). \

of a polymer w§Pse average molecular weight is well above 20000, it has been
possibie to obtain in a reasonable time (16 hrs) and analyze a 1:"C n.r.
natural abﬁndance spectrum by using the F,T, technique, Its features show a
fair agreement with earlier observations made by more laborious and time

consuming methods.,

1 .

i
In conclusion, despite the difficulties inherent to the observation i

.
.
]

3

~

4
1
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11.4 O-Hydroxyethyl cellulose

The O-hydroxyethyl derivative of cellulose (HEC) is structurally
a very close relative of the CMC previously studied. But its properties are

differemt in several respects.
' v

a) It is not a polyelectrolyte and therefore has less tendency to
precipdtéte or to fbrm gels, is \less sensitive to salt effects and to
oxidation (22d). ’

b) The way in which it is manufactured has an influence on its
substitution pattern. Several molecules of the g;hylene oxide which is made
to react with alkali cellulose, can add successively to a given position on
the cellulose backbone, leading to pendant side chains of appreciable
length, especially in samples of high D.S. This leads to a polymer relate
less to cellulose and more to poly(ethylene oxide). Therefore,.and althoug

polymers having a D,S. of up to 3 have a commercial interest, this study will

be limited to a sample of low D.S. The concept of molecular substitution (M\S.)

has been introduced to take the length of the poly(ethylene oxide) side chain N
into account, and is Aefined as the average number of (O-CHZ-CHZ) units |
linked to each anhydroglucose of the cellulose.

c) An interesting feature (35] is that all glucose units have been

PRI

found to be equally reactive towards ethylene oxide; the randomness of Ehe
subétitution(can therefore be expected to be higher than for CMC. The
relative rate constants are 3&1:10:20 for reactions, respectively, at C-2,
C-3, C-6 and the new hydroxyl introduced by hydroxyethylation (36).

13

The ““C m.r. spectrum of HEC should therefore account for these

characteristic properties. Beforehand, however, model compounds, namely

ety it 2NN i 2 T

two of the three possible mono-0-hydroxyethyl glucosesMﬁaQi been examined. .

U daaat 3
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11.4,1 Model compounds

Following an approach similar to that used in the CMC study, the
model compounds 3- and 6-O-hydroxyethyf-D-glucoses (10a,14a) were first
synthesized from their carboxymethyl parents in a two step synthesis (34)

(Fig. 11) involving reduction of the carboxymethyl group followed by hydrolysis.
Their 13C.m.r. spectra are illustrate& in Fig. 12. In addition to the already
known characteristics of glucose, they display a readily identifiable chemical
shift pattern (Table 3):

a) Substitution on a given carbon induc;s an increase in its chemical
shift of 8.9-and 8.6 p.p.m. (for C-3 a and B, respectively), and of 8.2 p.p.m.
(for C<6 a or B). This means that the e}%ect of the O-carboxymethyl and

O-hydroxyethyl substituents on the 13C m.r. chemical shifts of glucose is

virtually the same.

b) The mefhylene groups show well defined chemical shifts, independent
of their position of shbstitution:“C-? at 75.5 p.p.m. and C-8 at 62.9 p.p.m.

13

11.4.2 C m.r. spectrum of O-hydroxyethyl celluldse

The same procedure used with OMC was applied here, i.e., the non-
dialyzable poftion of.thg enzyme hydrolyzate was examined and its_lsc n.r.
spectrum is shown on Fig. 13..

The .most striking féature is that the iptensity.of the methylene .
signals of the side chains is muth higher than should be expected from a
sample of D.S, = 0.8, This memns that in several cases more than one hydroxy-
ethyl group is attached to the same positi;n. Since, as 'seen with the monomer
3-Q;hydroxyethy1-§-gluc&se, the intensity of the signal due to C-1 and
thai Pff the mgthylgene group is the }sae’ (ihey hgyo thérefpre comparable 'I'1

*In fact, T, msy vary significantly in the polymer, (especially that of C-1)
and therefore the validity of this kind of measurement can be questioned,

L]
t
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FIG. 12 1:'S{Z'm.:r. spectra of’mono-Q_—hydroxyethyl-l_)-glucoses
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N TABLE 3
1:”C Chemical shifts of mono-O-hydroxyethyl-D-glucoses
c-1 c-2 c-3 Cc-4 C-5 C-6 Cc-7 Cc-8
* »
3-0-Hydroxyethyl-a-D-glucose 93.4 72.6 83.3 70.6 72.8 62.2 75.3 62.8
3-0-Hydroxyethyl-g-D-gluclose 97.2 75.1 85.9 70.4" 77.3 62.3 75.3 62.8
6 O-Hydroxyethyl-g-D-glucose 93.3 72,6  73.8  70.4 71.5 70.5 75.5  62.9
6-0-Hydroxyethyl-8-D-glucose 97.2 75,2 76.7  70.4 75.9  70.5  75.5  62.9
. ~ : '
shifts for o and B andmers may be reversed * - “
- L
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FIG. 13 13C.m.r. spectrum of -O-hydroxyethyl cellulose
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relaxation times), it is possible to measure the avarage length of these side

¢

N chains by taking the ratio:

intensity of C-7 signal
" intensity of C-1 signal

In our case this value can be estimated to be around 2.5, meaning

that, on the average 2.5 ethylene oxide molecules reacted with each glucose

unit. It has been found, (37) that the D.S. of an HEC sample increases

significantly when it is hydrolyzed by cellulase, because the enzyme attacks

predominantly at the nonsubstituted positions, and the low molecular weight .

fragments produced are eliminated by dialysis. Thus, a sample having a D.S.

of 0.8 is found to give a hydrolyzate having a D.S. of 1.1 to 1.2. Furthermore,

a D.S. in this range is thought (38) to be associated with an M,S. of about
s

2.5, and this corresponds to the estimation based here on 136 m.r. The

ratio M.S5./D.S. gives the average length of the ethylené oxide chains, and iS

here found to be 2.5:1.1 = 2.3. *

13C m.r. has thus made possible a confirmation of earlier cal-

culations based on certainly more laborious methods. This is only a preliminary

and approximate result, since it is based on one sample, and also, because

the integral measurements in 13C m,r. spectroscopy must be interpreted

cautiously. But a more thorough quantitative approach along with a standardiz-

ation of the procedure might be rewarding, and this technique might provide
a simple way of. éharactarizing O-hydrbxyethyl celluloses,

11.5 Methyl cellulose : . {

¢ Methyl cellulose shares with hydrgxyathyl cellulose some of its

. : properties, including its water solubility,omd its viscosity properties.

But it differs in several respects, .
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a) Its water solutions gel on heating, or on ad&ition of salts.

b) The range of D.S. of the commercial material varies from 1.5 to 2,
and the solutions obtained in cold water are of low concentration, and their
viscosity increases rapidly with concentration.

c) Nearly completely substituted methyl cellulose (D.S, > 2..5) is
soluble i;x nonpolar organic sol\‘rents. :

An approach similar to that used previ'ously for CMC was used here,

» 3

i.e., 13C chemical shift data for the monosubstituted monomers were compared .

with those found for a partially degraded polymer, and tentative assignments
could be made,

’ 1?’C chemical shift data for the 2-, 3-, and 6-0-methyl-D-glucoses

were taken direc. from the literature (16) and are presented in Fig. 14,
along with those relative to the methyl glycosides and per-O-methyl
derivatives of D-glucose (39) and cellobiose (40).

It is clear that the iritroduction‘of the O-methyl group at one
given position on glucose induces an increase in the chemical shift of the
substituted carbon of 8-10 p.p.m., while its neighbours experience a slight
decrease in their chemical shift (0.5 to 1 p.p.m.). The methoxyl carbons a
have a chemical shift almost invariable w1th the position of the substltution
(60-61 p.p.m.) and appear to be very close to C-6 of glucose, -

These data have been used as a comparative basis for the inter-
pretntion of spectra of nethyl cellulosa( of varying D.S., thus covering
the whole possible mga up to 3. ‘I'he stnplo of low D.S was degraded by
enzyme, fas doscribed foxr -CMC) while dilute-a queous Il:l was used for the
sample of wedium D S.. and HC1 m diﬂ\lomthylml/CDCI was used for the -

-~

suplo of high D.8. ) SN . ‘ wa
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TABLE 4 ’ |
) 2 13C Chemical shifts of methylated‘glucoses and cellobiose
S Cl C-2 c-3 C-4 __C-5 _ C-6| 0-Me
‘Methyl -a-D-glucoside - 100.5 73.1 74.8 71.4 72.8 62.3| 56.8 .
Methyl-8-D-glucoside 104.5 74.6 77.3 71.2 77.3 62.4| 58.8
2-g¢uéthy1-g,g-g1ucose y 90.7 81.9 73.5 71.3 72.8 62.4] 59.3
2-0-Methyl-B-D-glucose i 97.1 852 76.8 71.3 77.3 62.4] 61.7
- ‘ 3;O-M;thylfg:D-glu¢osé - 93.4 72.6 84,1 70.6 72.8 62.3| 61.3
Smgrnethyligyg-glucose X 97.2 75.1 86,7 70.4 77.3 62.3] 61.3
] . 6-0-Methy1-a-p-glucose 93.3 73.0 74.3 71.4 71.4 72.6| 60.3
6-0-Methy1-B-D-glucose \ 97.3 75.8 77.2 71.4 75.8 72.6| 60.3
Me?hxl per-grnethylﬁg-g-glucoside* ‘105.0 84.6 B7.2 80.5 75.4 72.4] 57.0; 60.5; 60.8; 60.6; 59.3
Methyl per-O-methyl-g-cellobioside || 104.9 83.9 85.0 77.9 75.4 71.5| 56.9; 60.4; 60.1 - ; 59.1
- c 103.4 85.1 87.5 80.3 75.5 72.3} - ; 60.7; 60.7; 60.4; 59.4
_ Methyl e-c%;lobioside" 103.9 74.6 77.5 71.2 77.2 62.4
. ol 104.5 74.2 76.4 80.3 75.9 61.8 58.9

*
ref. 39

L ¢
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The 13C m.r. spectra of the degraded polymers are shown in Figs.

15, 16, 17.

1) Methyl cellulose of low D.S.

-

J The sample used here had a D.S, of 0.7 originally, but it was
| .
found to have increased to a value of 1.1 (methoxyl content 19.5%) following
enzymic degradation. It is a known fact that the cellulfse attacks the
&

cellulose chains mainly where it bears no substituents, and that at least

two consecutive unsubstituted anhydroglucose units are required. If more

than two such units are found along the chains, several glycosidic linkages

will be broken, resulting in loss of free glucose or cellobiose, after

dialysis, and thus increasing the overall D.S, of the material to be examined.

]

The spectrum of this sample retains characteristics of the anhydro-
glucose unit already found in CMC. In addition the methoxyl signalg can be
identified by reference to those of the corresponding free sugars. Thus,
2-0-Me appears at 61.6 p.p.m., 3-0-Me at 61.2 and 6-0-Me at 60.2 p.p.m.

The rélative intensity of these signals (at least that of the methoxyls
‘at position Z-and 6) gives a measurement of the relative degrée of subsitution
at each of these positions. In our case, it is found to be approximately 1.5,
which is very élose to the relative reactivities gggposed by Croon (27).
C-2:C-6 = 3.5:2 in the case of meth}lation with methylsulphate. In fact,
this small difference can be due to several factors.

a) Integration vélues are not always dependable in 13C m.r. spectrow
copy, since they~are’inf1uencea by relaxation preperties of carbon atoms,
It may be that, in this case, the 6-O-methyl group has a shorter relaxation

‘ab time than its C-2 analog, reflecting a highér degree of freedom expected for

the C-6 methoxyl and therefore gives rise to a relatively higher peak.

"
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(f) b) The possibility of disubstitution on a single unit has been neglected

hete due to the low D.S. of the sample,

¢} There may be some degree of overlap of the C-2 methoxyl signal, with
the C-3 methoxy and with C-6 (nonsubstituted), which would contribute for

+

its signal appearing stronger.
The ring carbons give rise to a complex pattern, due to overlap
of nonsubstituted and partially substituted units. The stronger signal (at
75.5 p.p.m.) belongs to‘C-é, while C-4 is seen as a peak at 50.3 P.p.n.
No satisfactory explanation was found to explain why the C-4 signal is weaker
than the C-1 signal. Perhaps at this D.S. the solution Eroperties are such that
their relaxation behaviour differs by more than would be expected,
The substituted C:2 and C~3 are seen overlapping as a broad peak
at 84.3 p.p.m., that is approximately at the same place as in the monomer.
At 93.3 and 97.1 p.p.m the signals cor;esponding to the free reducing ends
(@ and B) of the chain are found. Their overall intensity is approximately
15% of that of the C-1 signal, seen at 103.9 p.p.m.; which means that the
average D.P. of the degraded polymer is arpund 115:15,or 7.
2) If one turns now to the examination of a sample of high;r D.S.
(Fig. 16), i.e. in the range of 1.5 to 2 corresponding to the compercial
mategial, one finds that the same basic features are present. In adéition,
it i3 to be noted that the three types of methoxyl signals are now clearly
resolved, the 3-0-Me signal appearing at 61,3 p.p.m. Although the proximity
of the 2-0-Me signal does not permit a good quantitative measurement, its
intensity is certainly much smaller t?an that of the other methoxyl signals.
In the rigg carbon region, two peaks emerge with a strong integration:’
‘za the one at 76 p.p.m. clearly belongs to C-5, since it will be significantly

affected only by substitution at the neighbouring C-6 carbon. The C-4 signal

©

Fo iy, .
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at 81,3 p.p.m. is now a multiplet as a result'of an increase in substitution
at the neighbouring C—S, while the C-2 and C-3 (substituted) signals still

>

overlap around 84 p.p.m. (
3) As for the permethylated cellulose, whose building blocks are now
2,3,6-tri-9;methyl—g;g-anhydroglucose units, its spectrum (Fig. 17) as
expect;d, is much simpler, amd the six signals corresponding to each methylated
glucose carbon are seen as strong peaks: 2 and 3 are now well separated. The
‘minor peaks are due in part to the small number of residual unsubstituted

positions (the D.S, is not expected to be higher than 2.8), along with the

reducing ends of the chains (which, as seen from the intensity of their C-1

signals, are not to be neglected). Finally, the 3 methoxyl signals have
practically the same intensity, showing that substitution is very close to

completion.

I1.6  Ethyl cellulose
{

A sample of ethyl cellulose {commercial material, D.S. = 1$5 to 2)
was subjected to the same analysis as the methyl cellulose, and its l:"C m.r.
spectrum obtained (Fig. 18). In addition to what has already been said for
the methyl cellulose of similar D.S., one can mention the strong ﬁethylene
sigﬁal at 79 p.p.m. cqrresponding to the CH2 of the ethyl group. Its
sharpness shows that its chemical shift is independent of the position of
’substitution, ;hereas the terminal methyl group is more sensitive to that

factor. - 5

I1.7 Other derivatives of cellulose
lsF m.T. analysis could certainly be applied to other cellulose
_ derivatives including esterd. As a typical example, commercial cellulose

acetate was bartially acetolyzed in acetic anhydride. The 13C m.T. Spectrum
\

!
|
1
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of the resulting, more readily soluble; material was then taken with deuterio-
chloroform as solvent (Fig. 19). It is seen that the material may be
considered as comprised of 2,3,6-tri-O-acetyl-g-anhydroglucose building blocks,
sinte the six signals of the glucose residues appear as strong peaks. They can
be identified readily g; reference to the corresponding penta-O-acetyl-

D-glucoses and octa-0O-acetyl-B-cellobiose (Fig. 20) and with the aid of the “

assignments proposed by Roberts (15) on a nondegréded material. The extent

of degradation in thf case studied here seems to be very small, since the
\

anomeric end gives rise to a very. small signal. Interestingly, the three-

carbonyl signals are clearly resolved, whereas the three methoxyl signals are

not completely separated. This is probably due to the carbonyl groups being

closer to the sugar pdrt of the polymer,

‘II.8 Conclusion

“
«

s

It has therefore been possible to analyze the 13C m.r. spectra of

polymers very similar to commercial cellulose ethers, by carrying out a mild

YT"‘

degradation of these derivatives with acid or enfyme. Although the patfzrn

-~

CTF

of degradation is different by these two means, it seems possible to get

|
4
]
3
:j-

reasonable quantitative estimations of both the D.S. and the D.P. of these

polymers, as well as, to a considerable extent, to confirm the distribution

of substituents on the cellulose backbone.
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Penta-O-acetyl-D-glucoses,

Octa-0-acetyl-a-cellobiose

Octa-0-acetyl-g-cellobiose
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C m.r. spectra of the per-O-acetyl derivatives of glucose and cellobiose
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CHAPTER III

CONFORMATIONAL ANALYSIS OF THE GLYCOSIDIC

LINKAGE BY }3C.M.R. SPECTROSCOPY




( II1.1 Introduction )

While examining pbssibLe applications of proton decoupled c.n.r.
spectroscopy in polysaccharide studies, it was also thought to be of

: . L 1 . . .
interest to investigate some features of 13C— H coupling. Since, in c.m.r.

[

y e
“spectra, the C~1-and C-4 signals of cellulose are easily identified, the

‘h conformation of the glycosf&igv}inygggﬁ;aé>thought to be accessible, at

least in principle, through the measurement of the 3JC_H coupling constants
as shown in Fig. 21. The following section deals with model studies in this

' direction, in which the 1H coupled c.m,r. spectra of a number of di-
% . !
?J saccharides and their derivatives are examined.

X J

Cl-H4'

a Jearem .

FIG. 21 Measurable coupling constants in a 8(1+4)
glycosidic linkage

-

II1.2 Different approaches to the conformation of the glycosidic chain
in cellulose M .

Recent studies by Norman- (40), based on X-ray crystallographic :

studies combined with thermodynamical calculations, have suggested a -50°
"screw dyad" conformation fﬁr the anhydrocellobiose unit, which can be
LY

considered to be the best model for cellulose. This represents a compromise
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between the two extreme possible conformations described AF the -90° and 0°

/
"screw dyads', as seen in Fig. 22. 4

S

The X-ray crystallographic data on cellobiose i;Eé}f do not confirm
' \
the proposed structure entirely but refine it by adding an "S twist” to the

glycosidic linkage (Fig. 23).

On the basis of data obtained by n.m.r. spectroscopy (19) which
suggest an orientational dependence of the Karplus type for the three bond
coupling constants, an investigation of the possibility of using that dépend—

ence to predict dihedral angles was undertaken.
Previous investigations on nucleosides and glycosides (41) and
cyclitols (42) have shown that this approach could be reaspnably extended

. "
to other derivatives, including di- and polysaccharides. However, since the
A

present state of instrumentation does not allow for such measurements to be

el

*
made on polymers , this study will be confined to disaccharides and some of
- v ‘

their derivatives (Fig. 24). \
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In fact, the precision of measurements of small coupling constants is
limited essentially by the following factors:

" a) the resolution of the instrument (1 channel in an 8K memory is generally
narrower than 1 Hz)

b) the instability of the lock signal over long periods of time. This factor
, varies with the solvent used, the temperature and the concentration. It
€§9 can be evaluated by the line width of signals which aye known to be
singlets. This latter factor is generally the limiting one.
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FIG. 24 Disaccharide molecules
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. & R1 and R = H Cellobiose (15), methyl-g-D-glucopyranoside” (18)
Ry and R = Ac -- Octa-O-acetyl cellobiose (25), methyl—tetra-o-acetyl-

B-D- -glucopyranoside (30)

R1 = H, R = Ac Hepta-0-acetyl cellobiose (_2__7_)\

‘ ‘
:"m . N
%7" R = H Maltose (17) Methyl -a-D-glucopyranoside (16)
o - R = Ac Octa-O-acetyl maltose (28) Methyl tetra-O-acetyl g—D-
o - glucopyranoside (31)
%r; ) & H
.\: o
B HO OMe
- . m
; \ : oo
Lactose (20) Methyl-g-D-galactopyranoside (21) TN,
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FIG. 25 IH-coupled, natural abundance lSC m.r. spectra of
cgllobiose (_) and maltose (17) (low-field regions)
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(O ing di s (Fig. 20"
II1.3 Reducing disaccharides (Fig. 24)
’ l Cellobiose (15) is a good model of the building blocks of cellulose,

since it contains a §!1»4) glycosidic linkage between two glucose units. The
anomeric part of its 1H-coupled 13C m.r. spectrum is shown in Fig. 25.
Comparison with the corresponding decoupled speétrum shows that each carbon
has given rise to a dopblet due to couﬁaing with thé directly bonded hydroge;.
The 1JC_H can therefore be easily measured: the a anomer has the larger
coupling (170 Hz) while that of the B is only 161 Hz (Table 5). This may be

accounted for by an increased electron density around the hydrogen atom due

to lone pairs of electrons on the ring and anomeric oxygens as seen in Fig. 26.

YT TR e

R T g

14 « 170 Hz 1, - 161 Hz

Cl-H1 C1l-Hl1

" FIG. 26 The a and B configurations of glucose

*

In addition, the shape of these doublets show evidence of other
céuplings with hydrogens on neighbouring carbons. The line width (L.W.)
of the carbon signals (width at half-height in Hz) can be expected to give

® ’
v ¢

:fone of the results presented here have already appeared in the/;iterature
43}, :
\ /

£
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TABLE S
13C.m.r. parameters for disaccharides and related glycosides
~ .o 3
C-1 c-1' C-4 Coupling ("J)
Compound a B a B “a/B C1-H4' C4'-HY
16 103.5} 92.8 967 79.8
Cellobiose (15) J - 160 170 161.3 147.5 < 1 1.5
: L.N. 10 3 10 11.5
) 100.9 '93.2  97.2 78.9/78.6
Maltose an L 175 - |175 165 138 48 1
L.W. 8 4 10 12
. 16 100.5 104.5 71.4/71.2
Methyl-g-gluco- J 169.9 160 145.2/142.5 -
pyranosides 2 -
(16), (18) L.W. 108 12.5 9/10 -
. 16 93.3 97.1 71.2 .
D-Glucose (20) J 169.6 161,9 - -
a L.W. 6 103 -
e
3 8 93.0 . 104.6
& Sucrose as9) J 169.2 - - - -
. L.W. 3.7
En.
P )
i 18 103.8| 92.8 96.7| 79.4/79.3
. Lactose @ - 162.5|169.5 161.5| 145 1 2-3
o L.W. 13 7.5 12 | 12.5
. 8 105.2 70.1
fé' A Methy1-B-D- J ) 160.5 i 147 i
v galactopyrano-
e side . 4
B (21) L.W. 14 7
Y 102.3| 96.0 95.9 -
Mannobiose  (22) J - 156 165 155 150 1-2 0
L.W. 8 3.7 7 10-12
18 94.5 68.5 =
8-D-Mannose (24) J - 160. - 143 -
. - -L.W. 6 7
3
€ S 102,2 68
Methyl-8-D-manno-~ J ‘ 159 . 145
pyranoside - ) - . -
(23) L.W. 12 12

Pr- PO RSP S WU Dol e

o,
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“TABLE 5 (cont'd)
1 of which JCl-H(Me) » 4 Hz
2 of which JCl-H(Me) 4.3 Hz
3 of w?ich JCl-HZ = 4 Hz
4 of which JCl-H(Me) 3 5,32 /

5 this C-4' signal appears as a doublet J = 3.3 Hz

6 depending on model compound used, values of 2-5 Hz were
obtained

at
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the sum of all these coupling constants. An estimate of a particular coupling
{ ) constant should thercfore be accessible, for example, through a comparison

with signals for corresponding carbons in glycosides and disaccharides.
¥

As an example, the difference in the line widths of the C-1' and

Crl signals in cellobiose (15) (Fig. 25) can be attributed to coupling between -

4 .
C-1 and H-4' across the glycosidic linkage; similarly, comparison of the

C-~1 signals of g-D-glucose and cellobiose allows for an estimation of the

3
same “Joy

and is probably smaller than 1 Hz, As for the, C-4' signal, comparison with

,; in both cases, actually, it is found not, to be measurable,

the corresponding signal of C-4 in D-glucose is not possible because of

™ overlap problems, and the C-4 signél of methyl-g-D-glucopyranoside (18) is

™
h chosen instead; the difference is found to be around 1.5 Hz (Table 5).
, Conversely, in maltose (17) the differences for the C-1 signals
E can be estimated to be about 2 to 5 Hz, depénding on the model used:
® probabiy the best comparison is offered by the C-1' signal of maltose,
% because it can be taken from the same compound, but a-D-glucose can also be
%@ ' used.’ Sucrose (19) (Fig. 27) appears to be another good model for comparison
2
E‘i
& ¢
f 13
. N, .
. EFIG. 27 The molecule of sucrose (19)
(in the crystalline state)
ng . with maltose, because of its a~D-glucopyranosyl residue, and because c-2!

bears no hydrogen to couple with C-1 across the glycosidic linkage: indeed,
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C-1 gives rise to a sharp signal (L.W. = 3.7-3.8 Hz), which, compared with

%

the width of the C-1 signal of maltose, leads to a more precise value of

4-5 Hz for J This can now be interpreted by means of the Karplus-like

Cl-H4'"
relationship proposed for these compounds (19). Because of the wide scatter

that has been observed, only rough approximations of average dihedral angles

can be ventured at present. For exampfe, little or no coupling can be associated
with a dihedral angle of 90+30°, while for large couplings (3-6 Hz) angle

values of 0-30° or 150-180° are possible alternatives., However, angle yalues
higher than 90° have not been considered in this study, fdr the following
reasons: » -

-

a) simple steric considerations based on the examination of molecular
models show that they are very ;nfavourable.
b) a close correspondence with values obtained on crystals can only

be obtained if a sma11)¢ or ¢ angle value is considered. A gross dissimilarity
between the solid and dissplved states would cértainly be less attractive
than the possibility suggested.
e The fact that in maltose, the 3J value is larger than ip cellobiose
can then be advanced as evidence that the Qstaggéring" is(mqre pronounced in -
the case of the B glycosidic linkage (larger ¢ and ¢ vﬁlues). This is consistent
with computed energy diagrams (44) as well as the results of X-ray studies
on cellobiose (45,46),maltose (47) and methyl 8- maltoside (48). Accordingly,
the J values suggest that these disaccharides assume similar conformations in
the Folid state and in aqueous solution. .

| Investigations of the p.m.r. spectra of a number of disaccharides )

in methyl sulphoxide (49,50), support the idea of inter-residue hydrogen bonding

(OH-3-+0-5' in cellobiose, OH~3'—+OH-2 in maltose, for example) which, again
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is suggestive of a similar conformation in this solvent #and in the crystalline
state. Also, the examination of the thermal expansibility of cellobiose and
maltose in solution suggests that the B-glycosidic bond is less flexible

than its a counterpart, the latter favogring-an ""hydrophobic folding" in

the molecule of maltose (51). Of interest in this context is the 1H-coupled
c.m.r. spectrum of a-cyclodextrin (a‘cyclic trimer of maltose) obtained in
this laboratory (Fig. 28). The observed splitting, attributable to JCl-H4'
(3.5 Hz) co?responds closely to that found in maltose. The advantage of
a-cyclodextrin as a model is that the molecule is rigid enough to limit bond

angle fluctuations, and the 3J coupling constant is readily measurable

.C-H
as a spacing, rather than a line broadening.

As for lactose (20) (Fig. 24), the comparison of the line widths of
its C-1 and C-1' signals, and of its C-4' signal with that of methyl-g-D-

~

glucoside (16) allows for an estimation of Jo1-nar of 1-1.5 Hz, whereas

J is around 2 Hz. This is not surprising, since the glycosidic linkage

s

C-4',H-1
in lactose has basically the same environment as that in cellobiose, and 0-1

and 0-2 are in an eq,eq arrangement.

In mannobiose (22), whose 8(1+4) glycosidic linkage is a model for
the polysaccharide AB(1+4) mannan, the couplings acroSs the C1-04'-C4'
bond are both small (2 Hz and OHz, respectively, for JClmH4; aﬁh JC4'-H1) when
estimated by comparison with the C-1 signal of g-D-mannose (24) and the C-4

‘.signal of methyl-Q;Q-mannopyranoéide (23). Extension of this to mannan then

leads to a conformation of the cellulose type for these polysaccharides: the
chain is extended, and assumes a ribbon-like shape. fndeed, the X-ray crysta&lo-

graphic patterns of ivory rut mannan (52) and sea-weed mannan (53) have been

found to be similar to those of cellulose. More recent data, based on theoretical

Pty
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FIG. 28 'Low field PO}LEI\OP df the 1“'/°0ttpled 13 a.r. /spectmn of a-cyclodextrin
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calculations (54,55) have ang shown a great similarity between B(1+4) glucan
and B(1+4) mannan: the mﬁ{n d1ffgrence lies in the different configuration at
C-2, and some of the sterlc straln\between 0-2' and C-6 is relieved in mannan

where OH-2 is ax. instead of__q‘r as in\a glucan (54); the allowed area in the

(¢, w) plane is therefore larger fo manﬂﬁn

I11.4 Disaccharide acetates \\1 \\

In acetate derivatives, the ghepe‘of the individual units is
thought to be similar to that of the freé\sug@rs owing to the small size
of the acetate groups (56). Moreover, no A\ rogen bonding can intervene P
nor are there likely to be strong interactio s‘wigp the nonpolar solvent
used, which would influence the conformation Lf the disaccharide. The results
of 1line width measurements on 13C.m.r. proton coupled spectra of cellobiose
and maltose derivatives are shown in Table 6. The same order of magnitude as
that measured’ on thg free sugars is found for the 3JC_H values in the acetate
derivatives. Whatever\thg\configuration of the reducing end may be, the
staggering is less pronounced\in derivatives of maltose (3-5 Hz) than in those
of cellob}ose and lactose (1-2 ﬁ;}>\This finding can be proposed ag evidence
that inter-residue hydrogen bonding is not a predominant factor determining
the conformation of the glycosidic linkage. In fact, this is what has been
implied by the results of energy calculations mentioned earlier (22c), in

which the same conclusion about conformation vas obtained with and without

N

consideration of hydrogen bonds.

-

II1.5 Glycosides as disaccharide reference compounds

It is obvious, by looking at the preceding data, that the precision
in the measurements of small coupling constants is low. This is in part due

to the instability of the lock signal over long periods of time (16 hrs
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TABLE 6

13C.m.r. data on some disaccharide acetates

&

[

Coupl ‘mg‘(sJ )
- c1
Compound o c1 B a 8 C4,a/8 C-1,H-4!
1',2',3',6',2,3,4,6- 16 100.6 88.7 75.8
Octa-0O-acetyl-a- J 161 178 144 2
cellobiose L.W. 12 4 11
@
1',2',3",6',2,3,4,6- 16 8.8 89.8 74.1
Octa-Q;acetyl-Q; J 161 168 136
cellobiose L.W. 11 12 13 1
.(26),
2',3',6',2,3,4,6- 16 ' 100.2 89.5 76.2
Hepta-O-acetyl-a- J 161 172 136
cellobiose L.W. 12 7.8 12 2
@)
1',2',3',6',2,3,4,6- 8 95.3 90. 74.6
Octa-0-acetyl-B- 1y ] 174 170 | 164 4
maltose L.W. 6t 12.5 8
(28) ‘
2',3',6',2,3,4,6- 16 95.3 89.6 74.8
Hepta~0-acetyl-B- J 176 172 -
maltose ] L.W. 7-8 6 - 5-6
29) '
Methyl-2,3,4,6-tetra- 16 95.3
O-acetyl-a-D-gluco- J {172 -
pyranoside L.W. 62
(39) '
Methyl1-2,3,4 ,6-tetra~ 16 99,7 66.7
O-acetyl-g-D-gluco- J 160 152 -
pyranoside . L.W.: 14,53 10
€79} ‘

“ *(2) of which J

(1) doublet J = 4 Yz

C-1,H(Me) = 4 Hz

(3) of which JC-l,H(Me) = 4.5 Hz
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on the average) which causes line broadening, and hence could not be avoided
with the instrumeftation availabie. Howeéver, it should be possible to .
clarify the source of magnitude of long range, inter-residue, couplings by
choosing suitable derivatives as reference compounds.

IA the phenyl glycoside series, for example, the anomeric C-1
is not expected tp be coupled’with protons on the phenyl group. The C-1'
signals of such derivatives, therefore, should provide a reasonably accuarate
basis for comparison with the line widths of C-1 signals in the proton
coubled spectra of the disaccharide glycosides; the difference would be
due to coupling across the glycosidic linkage (SJCI-HA')° The other
coupling 3JC4'—H1 is only accessible through compariS9n with ;he corre&pond-
ing C-4 sigqal of, e;g., methyl 8-D-glucoside (16), since the observed
line width for C-4 of phenyl 8-D-glucoside. (35) is not comparable, due to &
solvent change (methyl sulphoxide instead of water). Application of this
reasoning is shown in Table 7; the phenyl derivatives of cellobiose (32)
and lactose (34) are seen to exhibit a Eonformation similar to that of

the corresponding free sugars, and J is found to be close to 2 Hz.

Cl-H4'
As for acetates of these derivatives, the comparisons were made
between the C-1 and C-1' signals for the cellobiose (34) and lactose (36)
derivatives, whereas the C-1 signal of the maltose derivative (35) had to
be compared to the corresponding C-1 of methyl-a-D-glucoside (EE). Theig;
glycosidic linkage is again clearly seen to be more twisted than the a one.
A similar observation could not be made for the C-4 signals, but

this may be due to the poor.quality of the model used (namely phenyl 2,3,4,6-

tetra-O-acetyl-g-D-glucoside (39)). Indeed, this compound bears an acetate

. group at the 4 position, which may significantly influence the couplings

. , ]
at C-4 (as in methyl a-D-glucopyranoside (18), where Jce-pp 1S 141 Hz

et MEING N  CSR o o L
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TABLE 7
e 1?’C m.r. data on phenyl glycosides of disaccharides
C-1 C-1'(B) c4 Coupling (3J)
¥ Compound o 8 a/8 H1-Ca" H4'-C1'
8 103.9 101.5 80
* 13
|Pheny1-g-cellobioside (30) 13 160 161 120 A1.5 0
L.W. 10 8.5 10 -
. s 100.91 100.91 77.8
Phienyl-g-maltoside  (31) 1 : - ) _
]
. 4
L.W.
. ) T
8 94.8 87.6 81,8
Phenyl-B-lactoside  (32) 1y 160 160 146 3 2
L.W. 12.5 9.5 12 '
- 5 101.8 71.2
Phenyl-g-D-glucoside (33) . 158. 8 143.6 - -
L.W. 9.52 122
. cont'd

—t-g..

o e e e

o

R A WA v T
o




TABLE 7 cont‘'d

-0-Acetyl derivatives of phenyl glycosides of disaccharides

o

B

c

) €1~ c-1'(8) Coupling )
' Compdund h a ‘B a/B H1-C4' . Har-C1'
8 101.7 99.9 77.5
Phenyl-g-cellobioside (34) 1y 159 162 144 k 4
i . L.W. 13 10 12 R
- v 8 * 104.1 99.3 79.3
Phenyl-g-maltoside  (35) 1J 164 i74 156 6 2
. L. 12 9 10
” 8 102 99.9 77.3
Phenyl-g-lactoside  (36) J 157 160 146 3 4
’ L.N. 13 10 12
T -
\ : 5 100.2 695
Phenyl-gep-glucoside (37) 1J 160 - 150
’ L.N. 10 ' 8

i i e«

(1) not measurable due to overlap of C-I.and C-4' signals.

e R ISR i AR - -

(2) Tun in D.M.S.0.

: Pine’ widths are to be interpreted cautiously.
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, .
o whereas for the a-pentaacetate it is 148 Hz. . |
s ;
1

I1I1.6

3C m.rfrspectroscopy of 1,6-anhydromaltose and its heptaacetate

Anhydro-sugars are particularly interesting for congb(gggjonal
. [ /
janalysis because of the rigidity imparted to their molecule Hy the anhydro

Eridge. As a consequence, their conformation can be expected to be well
defined and the relationship between dihedral gngles and coupling constants
to be more,easjily defined.

For the.present purpose, a disaccharide possessing a 1,6-anhydro
structure could provide a ''reducing-end' unit having a greatly different
shape than the C1 chair residues Of tPe disaccharides already studied, 7

and thus could introduce an additional variable for examination. The

compound selected in this context is 1,6-anhydromaltose (42).
: 4

II1.6.1 Peak assignments

-

The two model compounds used here, namely, methyl—g;n—éluchside

(18) and levoglucosan (38) (Fig. 29) have’already been examined by 1:"C m.r.

. spectroscopy (16,57), and the chemical shifts'are given in Table 8. Indeed,
a5 far as chemical shifts are concerned, the non-reducing part of -the maltosa

o is expected to be very simil#r to methyl-a-D-glucoside, while levoglucosan
is a good model for the anhydro part of the molecule of maltosan. The only
expected differences should arisevfrom C-1 and G-4', the former because (:::__/
the effect of a methyl substituent is not quite equivalent to that of a
¢ glucose uni't and the latter because substitution at C-4 induces a downfield

shift of about 5 p.p.m; (an axial hydroxyl is less affected by substitution

¢

than an equatorial one*). These considerations apply well here (Table 8),

"As an example, the-C-4 signal of methyl-g-D-galactoside (21) moved 9.8 p.p.m.
downfield upon methylation (ax-0-Me) while that of methyl-B-D-glucoside (16)
_moved 6.1 p.p.m. upon methylation (¢q. 0-Me) (12). .

v,\"
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TABLE 8
R TABLE 8
. 13¢ Chemical shifts of some anhydro-sugars and model compounds ¢
4
Carbon number ; !
Compound No. | 1 2 3 4 5 6 12 3 4" 5t 6
Methyl-a-D-glucosidel 18 (99.5 72.2 73.9 70.5 71.9 6l.4 f
. i
Levoglucosan® (40) 102.1 70.8 73.3  71.6 76.9 65.5 |
. - i
, 3. 4 4 ’ 4 3 ;
Maltosan (42)| 98.6 72.3 73.7° - 70.5 70.5° 61.5|102.0 70.5" 73.25° 76.2 76.5 66.1 ,
Methyl-tetra-O-acetyl- (30)] 97.6 71.0 71.6 69.5 68.1 62.8 :
a-D-glucoside . )
’ {
Tri-O-acetyl-g-D-glucosan | (41) 99.5 70.1 69.9 71.0 79.0 65.5 i
Hexa-O-acetyl-g-maltosan | (43)197.7 70,9 71.1 68.9 68.5 62.5| 99.5 70.2 69.2 77.5 74.8 65.4

(1) from ref. 25, corrected to the int. TMS-reference

(2) from ref. 57

(3) a and B chemical shifts are reversible

(4) not resolved
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1',6'-Anhydro-maltose (42) ‘ ,
(maltosan)
d
H
H
Methyl~a-D-gluco- ¥ 1,6~Anhydro-g-D-glucopyranose (40)

pyranoside (18)

-

(levoglucosan)
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//////,/”//, The same principles apply to the acetate derivative of maltosan,

s

whose 3¢ spectrum can be described as being close to the superposition of
those of the acetate derivatives of glutosan (41) and methyl-g;g-glucoside
(30), with the excéptioné again being C-1 and C-4'. The correlation found is

within the limits of 1 p.p.m., which is reasonable, given the relatively

narrow range of chemical "shifts examined.

II1.6.2 Coupling across the glycosidic linkage v

4
The C-1 signal of maltosan (Fig. 30), when proton coupled, ,appears
CA1

* W
c’ | r !

98

FI18. 30 L0W2£\21d portion of the ! H-coupled
spectrun of maltosan
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( as two doublets separated by 168 Hz corresponding to the directly bonded

coupling 1J The other measurable coupling constant is found to be 4.5. Hz.

Cl-Hl®
" In theory, this can arise from coupling with H-2, H-3, H-5, or with H-4' across

/ * the glx:?sidic linkage. However, the first three possibilities can be
eliminated with a fair degree of certainty, because, in the model compound
methyl a-D-glucoside (Table 9) where the configuration is similar, they have

' all been found to be smaller than 2 Hz (21). Therefore, 4.5 Hz is attributed

b to the co&pling constant 3JCl-H4” and if one applies the Karplus type of

relationship mentioned earliér, this leads to a ¢ angle of the order of 40°

or 160°. Thg‘latter value can be excluded oA the basis of simple st;réc
con§iderations (with the help of molecular models). \\

f :
\ ' Unfortunately, the other coupling constant °J

>

C4'-Hl
evaluated due to overlap between C-5 and C-4' signals. But, since steric

cannot be:

hindrance seems to be the major contributing factor §0~disaécharide conform-
ation, the examination of mo&els suggests a sﬁall Galue for the ¢ angle.

It is interesting to note that a very similar “‘conformation seems to
prevail in the acetate derivative of maltosan (Table 9 and Fig. 31). Again,
the ¢ value would be aroufd 40°, ‘while ¢ is not measurable. This tend; to
prove that the conformation of 43 in solution does not depend to a large extent on
the possibility 8f inter-residue hydrogen-bonding. It may have a stabilizing

effect, when formed, but most probably is a secondary factor, rather than

the primary one determining the conformation of the inter-residuye linkage.

i

st A, AN NI ¢ .
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TABLE 9

their acetate derivatives

C m.r. data on maltosan and glucesan, and

————

)

o
oo oSO »4mx*m«W»*mmw

N Coupling( 3 )
Compound c1 c C4 or Ca C1-H4'
. ,
5 98. 6 102 76.2
maltosan @2) 1 168 174 150 ‘
' L.W. gl 10 (2) 4.5
levoglucosan (40) ¢ 102.1 71.6
1 175.5 145 | -
L.W. 12.6 7.5
hexa-0O-acetyl- (43) ¢ 97.7 99.5 77.5
maltosan
1 7 178 148
‘ LW gl 10 14-15
tri-OZacetyl “(41) 8 99.5 7
levoglucosan ’
L m n150
T Lwd a2 @)
(1) appears as a doublet( (J=4.5 Hz) /
2) not mea’surable\ \
\ a
h i
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FIG. 31 Low-field portion of the 1H-cbupled 13C m,x.

spectrum of hexa-O-acetyl maltosan

I11.6.3 An attempt to develop a new synthesis of 1,6-arthydro-sugars

1) Introduction

In conjunction with the preparation of disaccharides possessing
a 1,6-gnhydrohexose residue (previous section), it was of interest to examine
the pogsibilitx of devising an improved f?pte to anhydfides of this general

‘class. : S
/

1,6-Anhydro-g-D-glucose (lefoglucosan) has been known for many years
as a product of the treatment of glycosides with a base (58). It is obtained
nowadays routinely either as a product of the pyrolysis of starch (Pictet

Method, 59) or by alkaline hydrglysis of pheny1|§¢g-g1ucoside (60)(Pig. 32). The




OH"

R = H or Ac

"V X and Y are halogen,
phenyl, or ¢ster
substituents

3

FIG. 32 Mechanism of formation of l,é-anhydro-
B-D-glucopyranose )
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Karrer method (61) using tetra-0-acetyl B-D-glucopyranosyl trimethylammonium
bromide treated with base is another alternative. But these reactions suffer
some drawbacks. The first gives a low yield; the second and the third methods

involve more steps, and the levoglucosan can only be isolated through

~N

acetylation. AN
N

Most reactions leading to levoglucosan involve the base cktquzéd
\\

nucleophilic displacement of a suitable substituent on—€-1-{Fig. 32).

OAc

r

FIG. 33 Levoglucosan from acetobromoglucose

’Thus,‘g; and B-D-glucosyl fluorides (62) as well as g-D-glucosyl

o

azide (63) and phenyl-g-D-glucoside (64) yield levoglucosan vhen treated with
=
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base, as do 2,3,4,6-tetra-0-acetyl-a-D-glucosyl nitrate (65), and 2,3,4-tri-
Qfacetyl-gfg-glucosyl bromide (66). In the case of 2,3,4,6-tetra-9;acety1-g—
glucosyl megitoate, levoglucosan is obtained only with the B-anomer (67).
All these reactions possess several characteristics: "
a) The substituent at positionhlkmust be a good leaving group, thanks
to its size, or to its electronegativity.
‘ b) The 6-hydroxyl group must se ionized rapidly in a strongly alkaline
medium to the alkoxide ion, so that it can act as a nucleophile on C-1.
¢) If the substituent at C-{ is a strongly electronegative group,
the a- or B-anomer can be used as starting materials. Indeed, the intermediate
carbonium ioﬁ is stabilized by resonance (involving the lone pairs on 0-5) or by
the participation of the neighbouring C-2 hydroxyl (Fig. 32} as demonstrated
by the non-reactivity of the 2-O-methyl derivative (68) towards alkali.
For a better compliance with thése requirements, tetrﬁ-gfacetyl-S;Q—gluco-
pyranosyl bromide (44), a readily available derivative of glucose and, in fact,
an ?nzermediate in some of the synthesés cited above was thought to be a
suitable starting material. The base used here was t-BuOK{potassium tert-
butoxide). Its advantage is that it is a very strong base whose nucleo-
pﬂ licity is poor enough not to compete with that of the primary alkoxide ion
at C-6. In the reaction described, it is used both as 4 transesterification

agent (in de-gfacetylation), and as a base to ionize the hydroxyl groups.
- .

2) The reaction (Fig. 33) with acetobromoglucose

¥hen a solution of t-BuOK was added to a solution of acetobromo;
glucose (44), the rapidly darkening colour of the reaction medium showed
that at least part of the sugar ﬁoiety was destroye&. When up to two

{
equivalents of t-BuOK were added, and after several hours, 1,6-anhydro—§-2- ;
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glucose (40) could be detected By g.l.c. as by far the major product of the
reaction, the other being glucose or its t-butyl-glycoside. An attempt to
isolate 40 through acetylation was unsuccessful, which suggested ‘that the
quantitative yield was low. This may be due to several reasons:

a) the rate of deacetylation by the t-Bu0~ ion is too slow, and in
any case slower than the rate of nucleophilic attack of this same t;BuO‘ ion
. on C-1. o+

b) the bromide ion is too good a leaving group, due to its size
(apparently despite the stabilizing "anomeric effect' when thi§ group is in
the g_position). ' |

c) the strongly basic solution can attack the glucose ring as soon
as C-1 is in the carbonium ion form, thus destroying it|thr6ﬁgh elimination

-

reactions.

1
1

3) Re;ction with acetochloroglgeose (Fig. 34)

In an attempt to overcome, at least partially, these difficulties,
another starting material, namely, 2,3,4,6-tetra-O-acetyl-g-D-glucopyranosyl
chloride (45) was tried. The same procedure as with the a bromo dé;ivative

Twas appliéd, and a similar apparent result was obtained (dérk colour, good
relative }ield of 1,6-anhydro-g8-D-glucose), but acetylation of the reaction
mixture ;ilawed for thé isolation of crystalline 2,3,4-tri-g¢acety1-i,6-

g anhydro-g:ﬁnguco:e (41) in a yield of 15%.

4) Conclusion y b
Although this must be considered as & preliminary result, it does
i spggcst that the tertiary butoxide is not an ideal medium for such a reaction.
However, the absence of glucose or t-Butyl glucoside among the products of )

“this reaction indicates that the direct nucleophilic attack of t-Bu0” on C-1

[*3
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from the a side of the molecule is quite unlikely, due probably to stéric

Y hindrance.

4

a\

The competition betﬁ%en levoglucosan formation and degradation
might be more favorable in a less strongly basic medium such as sodium iso-
basicity increases with alkylation of the alkoxide) as suggestéd by some

. results obtained in this laboratory (70), although glycoside formation

might become more ,prominent with a less hindered alkoxide.

propoxide {(measurements based on k1nef1c studles (69) have ;hown that ‘\\"

e
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IV.1 General procedures

P.m.r. spectra weﬁre recorded at room temperature, /zing ™S 1s

13

an :mternal lock signal, with a Varian HA-100 spectrometer (field sweep mode).
C m.r. spectra [

ere recorded with a Bruker W H.-90 spectrometer
operating ag 22.63 .MHz. Spectral accumulations and Fourier transformation
were accomplished using its 8K meﬁry, B.NC13 computer. Proton co;xpled :
spectra were recorded using the ''gated decoupling" technique. Unless other-
wi_se specified,  the parameters were as follows:

sample temperature: 30°C.

concentration; 100 to 200 mg./ml.

pulse width: 24 us., -

The chemical shifts given are in the & scale (TMS internal standard).

The accuracy of the measurements is considered to be .05 p.p.m. When TMS
was not present in the ‘sample CDCIS (center li?e at § = 140.1 p.p.m.) or
methanol (singlet at 49.6 p.p.m.) was used as the reference. \

Melting p&&ts were determined using ﬁFischet‘-Johns hot plate
apparatus, and afe uncorrected

Evaporations were carried out at a Pressure of about 20 mm Hg-

Al

at a temperature of 40°C or less.

+

Gas chromatography was conduéted wiﬁh a Hewlett-Packard F and M

b

/

402 chromatograph using a 4 feet chromosorb (WAW, DMCS) co{unm (4% U.C.W,)
coated with silicone gum (SE 30). ~

Paper chromatograms were prépared with Whatian no.l paper,

-

using the descending technique. The sdolvents commonly used were:

A Bthylacetate 98% formic acid water = 12:1:12. (v/v) (top layer) .
B: Bthylacetate: acet&c acid.wnter = 9:2:2 {v/v) -
AN

N A
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? C: n-Butanol:ethanol:water = 5:1:4 (v/v)
D: Methyethyl ketone saturated with water (top layer)

Visualization was effected by spraying with aniline oxalate {71) and heating
5 min. at 80°C. | . “ |

: fhin layer chromgbbgraphy plates were pfepared using silica&gel G
(Macherey-Nagel) as aﬁsorhent.‘ Benzene-acetone (1'1, v/v), benzene-methanol
(9:1, v/v) or ethyl acetate:ethanol (3:24 v/v) were commonly used. For
developiné, spraying with ;oncentrated H2504 was, fallowed by heating the

plate with a flameless drier.

1V.2, Preparation of cellulose derivative solutions for spectroscopy

The following procedures were used to render the various
deriv;tives suitable for examination by lsc‘h.r. spectroscopy.
A) Enzym; degradation of carboxymethylcellulose (Zi)

. One gm. of carboxymethylcellulose (Hercules Powder Co., Wilmington,
DelaQare) was triturated in 10 ml. of a solution of 30 mg. of cellulase
(Streptomyces sp.QMB814) in 0.1M sodium acetdte buffer (pH=5.5). When
hoT?geneous, the mixture was kept at 40'C in a water bath*for 12 hrs; then the
enzyme was denaturated by heating the solution at 100 C for 15 min. The

s,

solution was then dla{yzed against running tap water for 2 days and against
distilled water for 8 hrs. After freeze-drying of the solutiof 0.2 g of the
material was dissolved in 1-2 ml. of water, giving a viscous solution. To,
obtain a strong lock signal, 'a coaxial tube containing C6D6 was added to L
the sample tube, "

A similar procedure was used forjpreparation of the‘hydroxiéthyl-

cellulose sample. ' L




e | |

B) Complete acid degradation of carboxymethyl cellulose = ‘ ?
Three gmé.“éf carboxymethylcellulose powder kﬁercuies Powder Co.) ‘.

4

were mixed mechanically with 20 cc. of 72% H,S0, and kept at 42:C for 1 hour. éf

After dilution to 1.5 1, the mixture was autoclavedrfor .1 hr. (2 atm.) (32),
then neutralized with BaCO3 and the suspension was filtered through Celite.

The effluent was treated with Amberlite 1R 120 (H*) resin, concentrated, and

)Y
0 was used for 13

and finally freeze-dried. A concentrated solution in D Cm.r.

2
examination.

' A similar method was used for the degradation of meghylcelluloses.
C) Partial hydrolysis of méthyl celluloses -
a) For a low D.S. (< 1) sample, enzymatic degradation by a procedure
similar to that used for CMC was employed. N\
b) Medium D.S. (1-2): the sample (1 g.) was triturated in hydrochloric
acid (10 ml., 1(N) and the mixture kept 3-5 hrs. on a_steam bath. The "sample

was then freeze-dried and redissolved in D,0. The C.m.r. spectrum was abtained

with a coaxial tube containing C6D which served/aé/an external lock signal.

A} - ’:/
c) High D.S.(> 2.5): One gram of the sample was dissolved in dichloro-
~ ethylene (10 ml.) and 1.5 ml. of conc. hydrochloric acid was added. The"
resulting viscous solution was kept under reflux for 1-2 hr., and the solution

then concentrated to dryness. The S.m.r. spectrum was recorded using\ .
CDCI3 or else CHCIS, with C606 being then used as in b) to provide an external
lock.
D) Partial hydrolysis of ethyl cellulose

One gram of ethyl cellulose (Fisher Scientific Co.) was dissolved in
acetone-water (90:10, 10 ml.) which was 1 N with respect to HC1 qnd heated

under refiux for 1 hr. Water (100 m1.) was added, and the ‘mixture was freeze-

dried. A solution of 200 mg. in 1 ml. of D,0 was used for exanination by

s
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E) Partial acetolysis of cellulose acetate (72b) ,/

/

Cellulose acetate (D.S. = 2.3,approximate1y5(5 g.) was stirr

[

sulfuric 'acid (10 ml.) was then introduced and stirring was continued for /

5 hrs. at 40°C. The mixture was then carefully poured into'iéefwater “ //

(500 ml.), the precipitate was filtered off and thoroughly washed with ,/

water until the washings were neutral. The precipitate was dried in /

. ' /
vacuum over sodium hydroxide. It exhibited no OH absorption band by infrared
/

spectroscopy- /

<

) . /
IV.3 Permethylation of methyl cellulose (73)

-

Methyl cellulose (Fisher Scientific, high viscosity grade) (4 g.)
was dried at 50° under vacuum overnight, then suspended in dry methyl

o )
sulphoxide (over 4A moleculdr sieves). A stream of dry nitrogen was introduced,

and after 4 hours, a suspension of NaH in oil (1 g. 57%) was slowly added with
stirring. The mixture was kept at room temperatu}e for 12 hrs., then methyl
iodide (10 ml.) was added in two portions at an interval of 2 hours. Aftef

a further reaction time of 2 hours, the excess CH;I was evaporated off under

W}};‘”("}‘p:w’“v‘?“ _“d@;}'?" -7

N
=

o

vacuuﬁ, and the reaction was performed a second time in the same way.

The resulting mixture was then poured into ice-water (500 mll)
with stirring, the white precipitate was collected, washed with water and
ethanol, dried, and redissolved in cﬁloroform. Precipitnéién was gffected
with light petroleum ether, and the ‘precipitate was vacuum dried. At this
stage, the methyl cellulose did not show ln§_0H_gbsorption band in the
infrared regi;£, and was therefore considered to be fully methylated. '

® /

/
/

vigorously in acetic anhydride (100 ml.) until dissolved, concentrated S

Lo PR TRy

o osre

.
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(- o / IV.4 Syntheses of mono-O-carboxymethyl glucoses (23)
/’/J_ » 1,2:5,6-Di-0-isopropylidene-a-D-glucofuranose (1) and 1,2-0-isopropylidene-
a-D-glucofuranose (2) ‘ '
D-Glucose (200 g.) was treated with anhydrous acetone in the presence
L of concentrated sulfur;c acid (72a); yield: (1) 106 g., m.p. 108-110° (1lit.
110°; (73b)),. (2) 34 g., m':,p. = 160° (lit. 160 (72a)).
1,2-0-Isopropylidene 3,5,6-tri-0-bénzyl-a-D-glucofuranose (3)

Bénzylation was carried out according to the procedure described
by Fletcher (72a). Ten grﬁms of 2 were finely ground }n a Waring blendor and
suspended in 150 ml. of fresﬁly-distilled benzyl chloride cgntained in a
3-necked flgsk and protected against m;isture. Powdered KOH (30 g.) was added, ’
the mixture was stirred vigorously at 100°C for 1 hr., after which time
another 30 g. of KOH was added. Heating was contined for another 4 hours, then
water (300 ml.) wad added to the cooled vessel to dissolve ghe mass of salts
formed, and the resulting solution was extracted with ether. The extract
was dried over anhydrous soaium sulfate and concentrated to give a light
yellow syrup of 1,2-g;isopropylidene-3,5,6-tri;g;benzyi-g;Q-glucofuranose
ké): yield, 16 g. (74%).
3,5,6:Tri-0-benzyl-D-glucofuranose (4)

A solution of 3 (7 g.) in sulfuric acid (1%, 125 ml.) was heated
under reflux for 3 hrs. Neutralization was effected with a solution of so&ium
bicarbonate, and extraction into chloroform then gave a solution which was

dried over anhydrous sodium sulfate, decdldfized with charcoal (Darco G 60)

and concentrated, yielding a clear syrup\(5.6 g.) of 3,5,6-tri-§;benzy]-p-

glucofuranocse (4),
Methyl SLS,6-tri-g—benzz;-Q-glucofurahoside S i

A solution of 4 in 1 N methanolic HC1. (100 ml.) was heated under reflux
. 5

! ) . {

¥




—
2 /
~
o
© ,
' ; O
e R S e et s St ot Foff ' !E ey

- 84 -

1 Al

for 4 hrs. After neutralization with barium carbomate and filtration

through a Celite bed a clear solution was obtained. Concentration, -and drying

/

of the residue over phosphorus pentoxide yielded a light yellow syrup (4.5 g,

i

88%) of 5.

Methy1-3,5,6—tri«9;ben;}1-2—g;carboxyﬁethyl—Q-glucofuranoside methyl ester (6)

The method devised by Timell (23) was used with little modification:
4 g. of produéf 5, when treated with a dispersion of sodium followed by
methyl bromoacetate, yielded a reddish syrup (6), which was passed through
a column of silici¢ acid (Silica Gel), using tolgene/ethanol 100/1, (v/v)
as t£e eluent. The fractions containing § -were combined (the process was
followqd by t.l.chromatograph} in toluene/ethanol:5/1, v/v), and on
conceritration yielded a red syrup (1.4 g., 30%).

: » .
Methyl'Z-charbogzmethyl-u/B-Q-glucofurgnoside methyl ester (7)

The crude preparation of 6 was dissolved in methanol, pai}adium
black (10% on charcoal) (0.5 g.) was added, and hydrogen ﬁas was introduced
at atmospheric pressure, while the suspension was stirred vigorously. After
48 hrs., when hydrogen céhsumpéion had ceased, the suspension was
filtered and concentrated yielding syrupy 7 (0.9 g., 94%).

2-0- Carbo;ymethyl-a B- D-g}ucopyranose (_)

‘1 <\ A solutign of 7 in water (30 ml ) containing Amberilte 1R-120 (H )
was heated for 4 hrs., then treated with Darco G 60,’and on concentration
yielded ‘4 small amount of material which was freeze-dried for easier handling.
Paper chromatography in solvent A (23) suggested that its composition-was
hpprox%nately 70% of 8, the rest being glucose. This was confirmed by the

13(.I R.§. spectrum of 8 which exhibited 2 minor, anomeric signals cor:responding

- to the a #pd B anomers of D-glucose in addition td those of 8.

- .

o
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3-0-Carboxymethyl-1,2:5,6-di-O-isopropylidene-D-glucofuranose methyl ester (9)

1,2:5,6-Di-0-isopropylidene-D-glucofuranose (}j (10 g.; thoroughly

T ab e

dried) was dissolved in ajgolute ethyl ether (150 mf.) and a sodium hydride

FEN

-
Sy

dispersion (2 g., 57% in oil) was added under dry nitrogen. Stirring was

&

continued for 24 hrs., after which methylbromoacetate (10 ml.) was added,
and the reasction was continue& for 72 h¥s. The mixture was then extracted
with ether, the extract was concentrated, and diisopropyl ether added;
crystallization accurred after 12 hours in the cold (5°C). The crystals

(5 g., 48%) were washed with diisopropyl ether; m.p. 103° (1it. 103-104.5°
@3). ‘ .

3-0-Carboxymethyl-D-glucopyrandse (10)

The di-O-isopropylidene derivative (9) (2 g.) in water (30 ml.) - %
was heated with Amberlite 1R-120 (H+) ion exchange resin under reflux for
8 hrs. Filtration and treatment with Darco G 60 decolorizing carbon yielded
a colorless syrup (10) which was freeze-dried. The c.m.r. spectrum (Table 2)
showed that the product had a high degree of purity, since ni’;égsious

signals of appreciable intensity were detected.

. - 9
6-0-Acetyl 1,2:31S-di-Q;methylene-g;Q-glucofuranosa (11)
D-Glucose (100 g.),‘treated with paraformaldehyde in acetic acid as

described by Jones et al, (74) ylelded 15 g. [13%) of (11); m.p. 101-102°(1it,

104°; (74)). ' o

1,2:3,5-Di-O-methylene-a-D-gltcofuranose (12)

A

De-O-acetylation of 11 (12 g.) was effected with methanol (20 m1.)
containing sodium methoxide (1 g.). After 1 hr. at foom temperature, the
solution was cooled in an ice bath and/gg»exccss of Amberlite IR-120 (H*)

was added. Filtration yielded a/;oiﬁfion which was concentrated to a clear

MY
3

.,
N N
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syrup (12) and dried in vacuo. Yield: 9 g. (90%).

ATE A

1,2:3,5-Di-O-methylene-6-0-carboxymethyl-a-D-glucofuranose methyl ester (13)

Compound 12 (5 g.) was dissolved in dry dioxane (50 ml.) and'a

* o Lo gy oL

disysrsion of sodium (50% in o0il, 10 ml.) was added under dry nitrogenm.
Stirring was continued for 16 hrs., and methyl bromoacetate (25 ml.) was added
slowly to the suspen;ioﬁ. After 12 ﬁrs., the red brown mixture was extracted
with ether, and the ether layer was washed with water (3 x 100 ml.).
Concentration and drying yielded a thick red syrup thch was.treated once

more with sodium and methyl bromoacetate. Thin layer cﬁromatography of the
material obtainéd after the second treatment indicated a yield of at least’
50%. Thus it was purified by passage through a column of silicic acid, using
as the eluant chloroform containing increasing amounts of acetone (5 to 40%, %
v/v). Addition 6f ethgnol to the concentrated eluent induced crystallization '

of 13 in the form of iong white needles (1 g., 20%) which melted at 46°

(1it. 46.5-47.5° (23)).

E.Q-Cai-boxymethyl—I'J-glﬁucopyranose (14)

Hydrolysis of 13 (0.5 g.) was cffected by treatment with an excess
of Amberlite 1R-120 (H*) in boiling water for 8 hrs. The resulting solution
was filtered, decolorized with Darco G 60 and freeze-dried (yield, 200 mg., 70%).
The purity and identity of 14 were cheTck;ad by c.m.T. spectroscopy (Table 2).

-

IV.4 Synthesis of momo-O-hydroxyethyl-D-glucoses

3-0-Hydroxyethyl-1,2:5,6-di ~0-isopropyl idene-p-ghicofuranose

// The procedure devised by Timell (36) was used here. The methyl ester
of th7/9;carboxymethy1 derivative 9, (1.0 g2.) was reduced-with lithium aluminum
hydride,‘ yielding 0.7 g. of compound 15 (90%).
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ﬁQ Hydroxyethyl-a,8-D-glucopyranose (10a) gl

’ Product 15 (0.7 g.) was hydrolysed with Amberlite 1R-120 (H") %
re_gi11 in bailing water as indicated ab?ve unAer 14, yielding a syrup .§
which was freeze-dried for easier handling. The c.m.r. sﬁectrum.of the £
product (Table 2) was consistent with structure 10a.- ;‘
6-0-Hydroxyethyl -a,8-D-glucopyranose (14a) o ‘ :
Reduction of 13, (?00 mg.j was carried out with lithium aluminum - i

hydride (34), and the material obtained (17) was hydroiyzed with Amberlite 1

1R-120 (H*) resin and freeze-dried (yield 200 mg., 45%). The c.n.r.
AN
spectrum of the product (Table 3) was consistent with structure j4a.

IV. 5 Preparation- of. disaccharide derivatives and model compounds

Cellobiose (Eastman), maltose and lactose (Anachemia) wefe commercial

products and were used without further purification. N
a-Cellobiose octaacetate was obtained by acetolysis of lose
acetate as described in ref. 73c, whereas the‘g anomer was p ed from

commercial cellobiose using acetic anhydride and sodium acetate (72b).
‘ rd *
The phenyl glycosides were prepared via their acetate derivative,

de-O-acetylation being ‘effected with sodium methoxide in methanol (72b).

W,Dthér conpounds whose spectra are described here were present
in this laboratory and were used as found (or after recrystallization, if

the melting point was not judged satisfactory).
IV. 6. Attempt to synthesize 1,6-anhydro-g-D-glucopyranose (38)

2,3,4 6—Tetra-0~acety1»g;g-g}ucosyl bromide (42)

T Acetobromoglucose (53) was synthesized- fron.g-glucose using a '
mixture of acetic anhydride, bronine, and red phosphorus Q73b) The product,




* ) . :'—M
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O |

\ after recrystallization from ethyl ether, melted at 86-838° (1it. 88-89°

: (73b)).

1,6-Anhydro-B-D-glucopyranose (38)

Acetobrumoglucase (1.0 g.; 2.4 millimoles) was dissolved in dry
benzene (2 ml.) in a 100 (‘ml. flask under dry nitrogen. A solution of potassium
' t~-butoxide (0.42 M, 15 ml., prepared by dissolving potassium metal in dry
t-butanol) in t-buianol, was slowly added to the stirred solution. The
mixture turned' to a dark brown colour within a'few minutes, but 1,6-anhydro-
8-D-glucose (38) was detected by g.l.c. only after several hours. After
24 hrs., 38 was the main product in the miixture. Centrifugati:on left a
yellow solution which was neutralized with Amberlite 1R-120 (H') ion exchange
resin, and partially decolorized with Darco G 60 carbon black. Evaporation

yielded a dark syrup which was found by g.l.¢., to consist mainly of 38.

2,3,4,6-Tetra-0O-acetyl-8-D-glucopyranosyl chloride (43)

The title compound was prepared in one step from penta-O-acetyl-
B-D-glucose follo';ving a known method (72a) using aluminum chloride in chloro-
forn; m.p. 95° (lit. 99-100° (72a)).
1,6-Anhydro-g-D-glucopyranose (38)

' The same t;nsic procedure as above for 38 was followed here.

.However, a larger amount of syrup was recovered, when the reaction was, per-
formed on a 10 g. scale, and acetylation of the ;ayro:xp with acetic anhydride and
sodium acetate (72a) gave another bro#hish syrup. Cﬁstailization from
ethanol afforded 0.4 g. (+10%) of 2,3,4-tri-O~acetyl~1,6-anhydro-g-gluco-

pyranose; m.p. 106-107° (lit. 108-109°, (728)). &+  °
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CLAIMS TO ORIGINAL RESEARCH ) ,
1) Several cellulose derivatives have been examined by 13¢.m. .

spectroscopy and such characteristics as their degree of éubgtitution and
the distribution of substituents were. found to be directly accessible

in a semi-quantitative ‘way. Results were consistent with those obtained by
other techniques.

2) The orientational dependehce of 3JC_H couplings across the
glycosidic ¢ linkage was used to study the conformation of o and 8(1*4)
linked disaccharides and related compounds by'iSC.mjr. spectroscopy.

The preferred conformation was found to be similar in the solid state and
in solution} and tlfbe fairly independent of inter-residue hydrogen bonding.
Limits of the technique used have‘been &iscussed.

3) The possibility of using a more direct route than in current
procedures for the synthesis of 1,6-anhydro-sugars was investigated. .
1,6-Anhydro-8-D-glucopyranose was afforded when 2,3,4,6-tetra-0-acetyl-
glucopyranosyl bromide or chloride was treated witﬁ‘potassium t-butoxide,

along with some degradation products. Mechanistic aspects of these rcactions

have been discussed.



