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! RESU\fE 

Cette ~tude a visé ~ ~val\er les possibilités d'applièation 

de la r.m.n. du carbone-13 ~ la chimie de la cellulose. D'utiles 
.' 

,renseignements, comme des estimations du degré de substitution et de la 

réparti tion des. substi tuents ont pu être obtenus pour plusieurs dériv~s 

de la cellulose. 
1 

1 

Dans le cas des disaccharides et de leurs d~rivés, il à6té 

constaté que la conformation de la liaison glycosidique se refl~te dans 
1 3 

les cquplages J C_
H 

à cette liaison. Il est apparu que les molécules 

êtudiées prennent une fo~e semblable à l'état solide et en solution et 

que les liaisons hydrogène entre unités n'ont que peu d'effet sur leur 

conformation. 

i 

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

de solubilité des pol~ères examinés. ~ans<le cas des disaccharides 

liinterpr6tation,des,couplages vicinaux en termes de conformation est 

considérée comme ~alide surtout dans le cas de mesures comparatives 

obtenues sur des composés voisins. 

La possibilité d'utiliser une route plus directe que celles 

utilisé~ habituellement pour la synth~~e des 1,6-anhydro-disaccharide~ 

a aussi 6t6 6tudi6e •. • 
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ABSTRACT 

This study was undertaken to evaluate ~he possibiliti~s of ~ 

c.rn.r. spectroscopy in applica~ions rclated 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 weIl as 

of the distribution of the substituents. 

In the investigation of disaccharides and derivatives, the ~on-
3 formation of the glycosidic linkage was seen to be reflected in the JC~H 

across the bond, thus suggesting that the conformations are similar in 

the solid state and in solutio,. Inter-residue hydrogen bonding was also 

seen to have little effect on conformation. 

The lirnits of rneasurements on the c.rn.r. spectra have been found 

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

sâcch~~ides, the interpretat10n of vicinal couplings ift terms of conform­

ation was co.nsi$lered ta be most valid when based on comparative measur.emet).t.a 

of line widths. 
. 

An attempt to devise an improved synthetic route to ~6-
-

anhydro- disaccharides is described. 
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Phenyl-hepta-Q-acetyl-!-2-cellobioside •.••••••.••••.••••.•. 

Phenyl-hepta-O-acetyl-B-D-maltoside •••.••••••.•.•••••••.••• - - .. 
Phenyl-hepta-O-acetyl-a-D-lactoside ••••.•• : ••••••••• ~ •••••• 

- - =. 'II 

Phenyl-tetra-O-acetyl-S-D-glucoside ••••••••••..••••.•.•.••• - -= 
1,6-AnhydrO-!-~-glucose (levoglucosan) •••••••.•.•••..•••.•• 

®, 1 ,6-Anhydro-2.3 ,4-tri~O-acetyl-!-R-glucose ••.....••..... , .•. 
~ - . 

~ \~ 

l, 6-Anhydro-1IIl1 tose Cmal1;osan) •••••••••••••••••. ,' ••••••••••• 
'f . 1 

, "'''. 2,3,4;6,2' ,:s'-Hlxa acetyl.-l,6-anhydro ... lto~e ••.••••.•••••• 

2 3.4 6-Tetra-O-acetyl-u-n-llucopyranosyl ~ide •••••••••• 
" - ..... ii , • 

2,3,4,6-Tet~-~-acetyl-!-2-llucopyranosyl ch~oride ••••••••• 

x 
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• . LIST OF A~REVIATIONS 

Me ~ 

Et 

HEC 

TMS 

n. m. r • 

p.lI. r. 

(P.) F T 

F.I.D. 

R.F. 

Hz 

MHz 

C.A.T. 

" 

or c.m.r. 

p.p.lI. or 6 

J 

•• p. 
. 

t.l.c. 

L.I. 

approximately 

Œ3-

CH3-CO­

CHl-CO .. 

C6HS-~-

cellulose 

Q-carboxymethyl-cellulose 

Q-hydroxyethyl-cellulose 
. 

tetramethylsilane 

nuclear ~gnetic resonance 

proton rnagnetic t&sonlnce 

carbon-13JDagnetic reson$nce 

(pulsed) Fourier transform 

free induction decay 

radio frequency ~ 

Hertz 

Megahertz 

, ca.putèr averàged transient 

, pax:ts per ~ll~on 

couyl1ng constant (Hz) 

ultlng ~~nt 

th!n layer chromatography 

lU liquid cbromatograph)' 

,êlegrH of substltl1tion 

.olecular ,substitution 
~ 

'~1ae vWtli (11$) ~ .,th ~t ha1f-~flht 
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1.1. Cellulose and n.m.r. spectroscopy 

Much progress has been achieved in the last few years in thè-

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

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

introduètion of 13C magnetic resonance data. 

Complex molecules like biopolymers, whether they are of animal 

origin (proteins, nuc\eic aci~s, mucopolysac~harides),found in t~e plant 

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

approached through their monomeric components, and their various èombinations 

~ligomers). This applies also ta n.m.r. spectroscopy, because the spectra 
, ( ~ 

of model compounds greatly facilitate the characterization of the p~lymers 

themselveJ. 

But a significant advantage of n.m.r., comp~red with classical 

chemièal methods, is that it allows for direct observation Qf the polymer 

itself without, or sometimes with a little, 'degradation. 

Owing to the r~-entdevelopment ot this field of study, the 
\ \ 13 

literature .vailable on C m.r. spectroscopy of carbohydrates is not yet 
. . 

as extensive as that on proton magnotic resonance but at least two review 

articles (l ,2)' ,coyer RlOst public.tion~ until 1974. A JIOre general approach 

to c ••. r. spect~~scopy can be found ,in. two rec~nt textbo~ks (3,4). '\.., 

.The c01\Ce'tl\ of the vo~, pr~sented ~ere il the appl1cat ion of 

U c •. r~ spectrosc~py, to cellulose ct..,1.'V'ÎltiVlfÎ, ai.well as to SOIIe 
\ . 

relev:ant'1Iode1 c~.-

. 
> 

" .. 

'1 

.. 
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1. 2. 13 The C m.r. experament / 

1 

Despite its low natural abundance '(1.1\) the 13C atom, which 

possesses a spin o~t, can now be ea511y ob5erved by n.m.r. 5pectroscopy. 

This first became possible with the ~se of the computer averaaed transient .. 
(C.A.T.) technique, and, more recently and more conveniently, by means of 

the rourier transform (FT) technique. 

The latteri~yolves irradiation of the sample by a series of 

short R.F. pulses which excite~a1~the spins of the atoms considered (in . ------......, - '" 

the case of the 13C ,atom the' frequency a~~-Îfèd ~_ u5ually around 22-25 MHz). 
, -----------

\ 

The resulting free induction decay (F.I.D.) signais ar;-âè-ewRulated by a 
-----~~­

computer, which then perforns the Fourier transformation of the signal ~ __ 

the ti~e domain to the conventional frequency domain. The time needed to 
: -,t 
.~- ", 

,obtai~ spectra.d:p~ndS ma~nly on the desired signal ta noise ratio.which 

improves with (W/L)~Where W 1s the speçtrum widthand'L the line width (5). 
, . 13 . 

'The advantages of Cr •• r. spectrascopy are manifold: 

a) the 13C chemical shifts coyer a wide range of 200 p.p.m. (20 times that 

o,f protons), mo~y downfield from the 'now wldely accepted reference" 
> 

signal of T.M.S. 

b) the' Ile signal assignments are facilitated by broad band complete 
, 1 

proton decoupling (strona irradiation at the appropriate H frequency) 
13 ' ." 

which lI&kes the C carbons appear as .balets. Indeed. their low natural 

abunclancè ren4ers the eoupling of two Ue atOlls (in the same molecule) 

hiahly ~bable. 
~----..... 

. ,. "~--- .......... ' , .. 
,cl , an lnte:resting sl<te etfect of proton deèouplinl 15 the nuclear Overhauser 

.. l, 
/ , 

enhanceaent (K.O.!.) (6). The- ,incHasM population of the high eneraY 

.pin .tat~Î of ~ irTatiated 'prot~ enharices the eorrespondin,. 13C 

, - , 
l, ;' l' 'I~:tt.r;" .ri} • 

• 

(, 
\ 

• 
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signaIs 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 l3C_l H couplings are seen, thereby 

helping in the signal assignments. 

The lock signal, which stabilizes the field/frequency ratio, 1s 

usua1ly provided by the 19f signal of hexafluorobenzene, or, the 2H signal 
. 

of heavy water or deutcriobenzene. These can be used as solvents (internaI 

lock) or in. coaxial capillaries in the sample tube (external lock). T.M.S. 

is generally used as the reference signal, rather than CS2 , which was 

utilized earlier, and can be added to the sample tube. The 13C52 shift is 

~192 to -193 p.p.m. from T.M.S., depending on the solvent. 

ln such spectra, obtained by the FT technique in a relatively 

-- - ~-ahQrt time, the resol utiôn is of the order of .1 p. p. m. and is limi ted 
~ 

mainly by tn~-~h and s~ability of the lock signal. 
-"- ---- . 

-Although integ'i-8tèd---SItectra are commonfy 0 they are 
------- .. -:... 

usually not as satisfactory as ~hose of protons. The relaxation times (Tl) 
;, 

of the, various car~s are highly dependent on the posit 
~ 

in the Molecule and the proximity of l, 2, or 3 protons, 

f these carbons 

'çular 

experilllental conditions, and dee~ly influence the area! under each carbon ~ ',,--. .. 
signal (6). Por consistent figures, therefor e, i~ is best to restrict the 

peak aru lIe ....... nts to one claIS of carbon (priaary, secpndary or 

tertiary) in order to Iliniaize the errors to l'en than approxillately 5\ (6). 

13 . 
C •• r. of carbohydrates 

1. 3.1. Cbeaical .h1ft data 

The tj.l'st ~u41 •• of 1~, MlDetie r.son~ce in the field of carbo-, 
~ • "<.. • 

hydrate •• ~Ch ~t.'backto 1910 (8-11), have outlined the •• in features 
"," ~ • ~ 1 .. 
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of the spectra of these compounds: 
./ 

a: between S9 and 62 p.p.m. o~~nds the carbons of primary 

alcohol groups. 

b: between 70 to 80 p.rn., appeàr the ring carbons, with a 
1" 

slightly highe shift for pyranose rings with equatoria1 

substituent . 

e: the anirn ie carbons are found between 85 and 100 p.p.m. 1 those 

beari an equatorial hydroxyl being 8t lower field. 

Q-~l substituents, whether they are on the anom~~ic carbon (11) 

or on the ~er ring carbons (12) have 8 deshielding effect ranging from 

7 to lojp.m. 
/ 

/' Interestingly, this effect is slightly more pronounced with 

,ax}:a1 substituents than with equatorial ones (10). and is .pr~bab1y due, to 

~';iÎJe inerèased sterie erowding in the former case. On the other hand;-
( \ 

/ '-~ 

neighbouring carbons are shielded'b~,about 1 p.p.m., but this 1s true only 

Q-alkyl s,ubstituents (10) .. An0!Aerie Q-ph-enyl or 2.-E.-n'1tro­

...... ,·..--~~·r ........ ~ve a lesser deshièlding effect of about 6 p.p.m. (13). 

This CM be explained the sub-

stituted carbons will be greater on the ~-phenr1 deri~tives. 

CarbOnyl groups resonate at very low fields: from 110 p.p .•• 

for aldehydes to 190 p.p.m....Jf~ carboxylic acids (3,4). 

!!!.-Acetylationof ring h.yd~oxyl groups bas only a sull effect (up 

'to 1 p. P .11.) on the shift of the çorres'ponding ring carbon. In general 

an upfield shift is associated with equatorial O-acetyl groups, and a . -. 
downfield sMit with axial ones (14). ,\ 

What hu been laid I.U 9liu as vell t~.di- and oligosaccharides • 

.. ' 
'.,' I,~ . '''', : ,,, o 

,\ 
< ~.' '; • 

,~J 't 

, 
? 

:' , 

, 
, 
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In the case of di~ald'ohexopyranoses, for example t aIthough aIl 24 signal! 

corresponding to the two anomeric fOIms are seen in O2°, the overall 

spectrum can be easily sorted out: thus. the spectrum of çellobiose 1s very 
~ \ 

close to the superposition of those of methyl~8-D-glucopyranoside and that 
- os 

of D~glucose. Relative to D-glucose, C-4' (anomeric unit) 'and C-l (non-
2 • 

reducing unit~ appear to be deshielded br about 9 p.p.m. and 6 p.p ••• 

respectively (15). Comparable data have been obtained with ~ltose, lactose 
• It \. ~ 

and their methyl glycosides. 
13 7 

It appears, therefore, that C m.r. spectros~opy offers a very 

convenient means for establishing the position of the glycosidic linkage and 

its configuration. Indeed, such information has a1ready been obtained or con-
. 

firmed for numerous disaccharides (16,17) and their per-~methylated derivatives 

(17a) . 

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

13 ' expected that polysaccharides will be amenable to analysis br C m.r. 

spectroscopy. In most cases, indeed, it should be possible to estimate the 

sequences of glycosidic linkages, their confiauration and the ampunt of 

branching (18). 

Oespite the difficultles encountered in dealing with polymers, 

13 C.m. r. spectroscopy,; 15 a particularly interesting technique for stud.:(ing 

polysaècharides. Although,their low solubili~y and the high viscosity of 

their,:solution (vhich 1ùkes for' a -.àk intimaI lock signal) are problems, 
, , 

th8S8 drawbacks can be substantially overcoae. FurtheX'llOre, the PT technfque 

wes the acqui.itton dl l~.:~.r. spectra of POlysaCC~id~!\, a practical 
. ' ~, .-

procedure in t,eru of the experlaental tu. reqtd.ftcl. 
, . 

/ .' 

, , 
, "'~ 

, , 
'e~"" .~ r~.~./·j. 
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I. 3. 2. 

As aiready mènti~, J 13 1 is the only type of encountered 
13 "" C- H 1 '-. " 

'in natural abundance C m.r. SRectra. One has to consider direct ( J), geminal 
\ 

2 ,':5 ' 
(J) or vicinal ( J) couplings (i.e., across 1,2 or 3 bonds). This makes the 

'. 13 appearance of proton coupled C m.r. spectra generallr complicated, and the 

problems inherent in selective decoupling make them difficuit to e~amine. Still, 

slnce·the directIy bonded couplings dominate, one Can assign doublets to CH 

groups, triplets to CH2 groups and quartets to CH3 groups. 

1 -The spacings due to J are generally large, from 140 to ISO Hz (9,19). 

They have been found to be larger for ano~eric centers, and even more so when 

the proton involved '5 axial. 

Vicinal and geminal couplings ar~ generally ~uch smaIIer!\O-6 Hz 

in carbohydrates. 2J 15 mainly affected br the orientation of substituents 
2 . 

on carbon. If thèy are!:!!.!! with respect to the proton considered, J 15· 

cl~se to zero. The g~uche co~formation. on the other handJ~ ~s generally 

associated with a large J value '(9,19). However, som~ excèpti~,have been 
, 

encountered, which prevent a generalizat~on of these rules. For example, the 

presence of electronegative substituent! on carbon reduçes the extent of 

coupling. 

The factors control1ing 3J have been also foURd to be .ainly geometrical • 
• 

Pro. data accumulated for a large variety of earbohydrates a relationship stailar 

to that origi~l~y found by ~~ (20) ~for vicinal JO_H couplings has be~ 

derived. But, in the c~e .of 13è ... x..:.x ... lu eoupUn.s (where X c~ be carbon ~ 

oxy,en) other factors aust De teka 1nto accountl which .show that 3J lib 2J 

~ .ffect~·~ eleétlOn"ativ, ~.titU8fttS,.~ we~l as by the.degree of 

hybrlAlzatiOA of carboM~. tllt~liaa p8thway (it).· I~ 'btoacl t.ru, bowever, 
. , ~: i ~ '~~~, .. ' f .. , ", , " , :; , 

~. ..Jit' :~7' ~ > .. , ,.. J:J t, 
~ J~,~" .... 'Ji,)" ":~!"i\ \.4 • ~~ •• t 

, P , 'LU.,' .. , ,r, J.",_ .' 
r "'.~ •• ~<; ... ~, 

.1 ... -~'~\.1l~!' ... " , , .!.. l" r~ 

.~ '~t""". " ~ ,,'(- l."Jt,"''(;J ';.' 

.. ~ ~~,;1 ~., ~ .. V~'1/;' -'J'r,\' " l 

-~itj,t "'~.Ç,,'(, , t-/( ~~':;':t";;.I....t \of f . 
.,."t-~ ...... ()~J.~",. ""~ :t'~&~I,'~,..r 

'i, 1 1 ~,iI....., • .", '" .. ,. 
l~, :~tJ:~ ~~-~'\ft~ .~,~ ~ ~ , 1 

,'" \.. ~ 1 . , . 

-, , 



, 

r, 

. ' 

, 1 
,,! -.- g 111 •• 111 1 Lili 1 

.. 
- 7 -

and even though the angle ~alues ire not known with accuraèy, (in-solution at 

l'east), large couplings (up to 6 Hz) can be associated witli ~-conformations, 
~ 1 

'while gauche ones give ri5e to little or no coupling. 

Vicin.l proton CO~ingS which .lso conform to the Ka<plus type 

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

3 3 ' examination of J C_H and_ ~H-H valueS lead to a similar conformational assign-
.1 

ment, as has been found in severa1 cases (19,21), this conformation is aIl 

the more probable. 

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

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

the conformation of the glycosidic linkage has been examined through coupling 

constant measurements fro~ their proton coupled 13e m.r. spectra. 
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CHAPTBR II 

13 C.M.R. SPECTROSCOPY OP ~ELWLOSE 

DERIVAT~BS 
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TABLE.l: 

t~;"~:-" <"\'f~' 
, ' 

"'-," 

'-~ ~ 

"J,... 
< ' 

ft <:'~ .. 
":->;~ :-

.~, ~, 

Cellulose ether 

::. ScHb.ua carboxylletJtyl cellulosè 

::: Mit.l cellulose 

.. ,' J,. !th,1 cellulose 

,', i~;::;t' '~_~l cellulose 
" . ~ .. ~ 

~-L ir ' 

) .. < ., ' 
, ' 

:;,~ 
,.~ i;~~r :iJ .. 1t f!(.o.~ • 

........ ~, .... "'~ ... "t 7~ 

:4 ... r:' ", 
'~. i& é"." ... t.::I: ..... ..,. 
~ ~r ~ ~ 

~.<" ~ i 

i:7 ~~~~\e~_'-' 
~~ 

·.~1 cellulose 

~l-aethyt cellulose 

HyclœXJfthyl-aethyl cellulose 

Bthyl-hydroxyethyl cellulose 

""-

~.~ ,'; 
;:'~ J 

; . ....,' 
" 

\. '1 

.Ethyt..._thyl .cellulose 

earbox)'aediyl-by\iroxyethyl cellulose 

Benzyl cellulose~ 

!;unufactured in Europe 'only 

.15!: 1. Qih..., ... stn 5 t 'nt.ner S'MM ~.-_ 

eommeréial' cellulose ethers (22d) 

Re agent 

Cl-CH2.COOO (or -Na) 

CH3-Cl 

CH -01 -Cl 3 2 

CH2-<jH2 
"-0 

Qi -CH-eN 2. 

.. 

• 

CH3Cl + ~2. -GIl3 

CH3C1 + ~~~ 
o 

. 
CH3~1 + C~~, 

o 

CH
3
Cl + CH

3
CH2Cl 

CICH2COOH (or-Na) 

+ CH2-CH2 "-6 . 
C6H5C~Cl 

Solubility 

water 

organic solvents 

water 

~~ 

organié'solvents 

water 

P. 

.. 

.' 

[}.S. range 

0.5-1.2 

1.5-2.4 

2.3-2.6 

1.3-:3" 

2.0 

1.5-2 

1.5-2 

1.~4~!-.6 

1-1. 3 

0.3-0.4 

0.3-0.7 

1.5-2 

... 

"-

~ 

·-~~Tf 
, • 1 

j , 
! . 
1 

~---

,. 
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11.1 Introduction. The cellulose ethers. 

EtheTif~cation of the hYd~Yl groups of cellulose yields a wide ' 

range of products whos~ properties and end uses can be varied to infinity. 

Most commercial cellulose ethers are synthesized by reacting alkali cellulose . . . 
(cellulo$e treated with sodium hydroxide) with an etherifying agent (cf. 

Table 1). 

Usually, as the degree of substitution (O. S.) increases, the 
• 

solubility pro~rties. vary widely. As an example, methyl cellulose is soluble 

in water if O.S. < 2, 'and in organic solvents if O.S. > 2. Factors such as 

the distribution of substituents, temperature, pH, and the formation of 

gels greatly affect the solubility (22). Interestingly, the fact that methyl 
1 

cellulose is le5s 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,~etween the hydroxyl groups and the water molecules, and 
". 

the hydxation complexe.s are then-loosened by heat and moleculat' aggregates 

are formed. 

ln general, the colloidal properties of the water solutions of 

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

industries. 

{I.2 Necessity of the use of modal compounds. 

" Although the basic ehemistry of the formation of cellulose ethers 
, 1 

is known, 't,hese c01llpOunds have mainly been characterized by chemical lIeans 

Juch as the Zeisel method (a~koxyl group analysls) in the case of methyl 

and èthyl cellulose, carboxyl analysis (in the case of carboxymethyl 
J 

cellulo5e)o~other modifications ~f the Zeisel method in the case of benzyl 

and hyarox~ethyl cel1~lose (.22&). ~l'e co.only', viscosity measure_nts 
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,provide a good means for routine testing of the commercial products. 

By and large. however. no quantitative information 15 easi1y obta1ned 

about the distribution of the substituents on each anhydroglucose unit, and 

one has to go through hydrofysis and chromatographie examination of the 

hydrolyzates to obtain s~ch data. 

Several characteristics of 13C m.r. spêctra seem promising in this 

respect. 

a) the wide range of 13C chemical shifts generally makes for a better 

separation of signaIs than in p.m.r. spectra, and the identification of peaks 

is therefore easier. 

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

facilitate5 the separation of signaIs by reducing the cornplexity of the spectra. 

13 c) C m.r. chernica1 shifts are very sensitive to stereochemical 

factors, and minor changes in structure and conformation can be detected. 

d3 the sensitivity of the instrument is mainly dependent on time and 

solutions of low concentration can be examined br simp1y increasing the 
• 

number of F.I.D. signa~ accumu1ated. 

It i~ with these ideas in mind that the examination of sorne ce1J~lose 
13 " 

ethers by e m.r. spectroscopy was undertaken. 

11.3 CarboxymetWyl cellulose 

1 

This cellulose derivative was thought to be a priori the most 

'amenable to 13e m.r. analysis, becauae of its good so1ubi1ity in water
j 

which 

,makesh~gh concentrations relatively ea~y to attain. Furthermore, the low : 
'- , 

D,S. of the commercial'produ~ renders.its structure somewhat close to that 

of'the parent ~ellu1ose, in that MOst of its mono.er unit! are nonsubstituted 

or monosubstituted anhydro Il 
>/ 

.----
---------~--- --

---~- , ,-
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In this. study, the synthesis of mono-Q.-carboxymethyl-~-glucoses as 

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

'peaks of the parent polymer carbon atoms could then be made • . 
II.3.1 Synthesis of model compounds 

The scheme followed for these syntheses was adapted from that of 

Timell (23) and is shown on Fig. 1. Ta make the 2-derivative, commercial 

~-glucose was treated with acetone in sulfuric aeid to give 1,2-mono-~-iso­

propyliden,e-a-2 ghlcofuranose (~ which was subsequently made to reaet ~,ith 

benzyl chloride in the presence of potassium hydroxide. The benzylated 

compound Cl) was then heated wi th ion exehange resin to remove the 150-

propylidene. group. Reaction of the produet (1) with methanolic hydroehloric 

acid afforded the methyl glucoside (5). The sodio derivative, obtained - , 

from (~) by addition of sodium to its ethereal solution, was reaeted with 

methyl bromoaeetate to give the corresponding carboxymethyl ether at position 

2 (~) whieh was isolated by colwnn ehromatography of the reaction prOdue~. 
De-benzylation was then effected by hydrogenolysis, and aeid hYdrO~ed 
to the anomeric mixture of ~ and! 2-Q.-earboxymethyl-2-g1ucoses CD. Their 

sodium salts, dissolved in D20, wére used ~o obtain the 13C m.r. spectrum. 

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

follow\ng way: 1.2:5,6-di-O-isopropyliden~-~-2-glucofuranos (~obtained 

by treatment of D-gluèose with acetone in sulfuric aeid. was treated with . . 
a sodium dispersion to m'ake lu sodio d-erivative. The latter was heated with 

l 
methyl bromoacetate and yielded the 3-Q.-~arboxymethyl deriva ive (!)~. 

Hydrolysis led to the corresponding mixture of !. and !-ano1Be s of the free 

3~~-carboxymethyl-U-glucoses (~. 

The 4-step synthe.!s of 6-Q-carboxy.ethyl-g-,lucose (Pig. 3) 

, , 
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consisted of the following: treatment of D-glucose with paraformaldehyde led .. 
to the 6-Q-acetyl derivative of di-~methy1ene-~-e-g1ucofuranose (l!) which 

was deacety1ated to (~. Treatment ~f (~ with sodium and methy1 bromo­

acetate, followed by acid hydrolysis, yielded the free 6-~-carboxymethyl-2-

glucose (mixture of ~ and! anomers) (14). 

13 II.3.2 C m.r, spectra oe mode1 compounds 

13 The C m.r .. spectra of compounds (!' 10, .!i) are represented by 

Fig. 4 along wit~ that of ~-glucose (24~. Examination of the differences 

between the spectra of R-glucose and its monosubstituted der~vatives al10ws 

for a tentative assignment of the peax$. 

13 The characteristic feature's uSUàlly seen in C m.r. sp~ctra 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 
1 

between 90 and 100 p.p.m. The carbonyl carbons have a large chemical shift 

of 180 p.p.m., and are r,latively more diff)cu1t to detect because 01 their 

longer relaxation times. 

For the.2-0~carboxyaethyl derivative, aIl 12 rèsonances of the 

carbohydrat~ part of the. two . anomers are sèen, apart from those of th~ two C-4 

whlch give rise to a single peak, superimposed a1so upon·that of the,primary 

carbon of the carboxy.ethyl side chain at 10.8 p.p.m. The ~-C-4, 5 and 6 almost 

retain the cheal$8l 'shift they had ln e-,lucose, whereas C-2 shows a deshie1ding 
~ , • r , 

of 9 ~.p ••• Conversely. the ~eilhbourinl C-3 is shifted upfield by 1.2·p.p •••• 

an~ C-1ï affect~ in the, SUle "ay ~t br only b. 4 p. p... I~ the il anOlle~ 
the, Crespondina .ttect. are,as .'follows:- C-2 il shifted downfie1d by 8.2 p.p.a., 

whiltt C-3 is shiftecl upfleld .. br 1.4 p.p ... ~ and C-l br 2 p.p ••• 

, . 

, , 
" ' 
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TABLE 2 

I3C Ch~mica1 shift~ of mono-~-carboxYmethy1-R-g1uco~e,. " 

C-l C-2 C-3 C-4 
-. 

; 
u-D-Glucose 93.3 13.1 74.4 71.2 -. \ --- , 

I:-ll-aÎUCoSé 97.1 75.6 77.3 71.2 
~ 

2.Q-Carboxy.ethyl-a-D-glucose 91.1 81. 3 73.0 70.8 
- -:1 

T .2-~-Carboxyaethyl-~-2-g1uco5e 96.7 .84.5 16,1 70,8 

3-~Carboxr-etbyl-a-D-glucose 92.9 72.3 83.9 70.2 - -. 
i : 

3-Q-CarbÔxy.ethyl-B-D-glucose 96.~ 74.7 86.4 70.4 ... ~ -. 
~O~boxyaethyl-~2-g1uco5e 92.9 72.3 73.5 70.1 

~ 
6-Q-Carboxyaetbyl-8-D-glucose 96.8 74.9 76.5 70.1 - -. 

--- ------

,> 

* shifts for (1 and 8 an01llers may be reversed 

** shitts for aIl carboxyI car~on5. at ~18S p.p .•• 

Di 21 • ?Ii 3?" re-S=!ttéW tft,..~:;, :11_ ::~J .~L r ~ ;,' ;: -

C-s 
72.9 

77.3 

72 .4 

17 .0 

* 72.0 

* 76.6 

71.1 

75.5 

C-6 

62.4 

~ 62.4 

61<} 
61.9 

61.S:} 
61.6 

70.5 J 
70.5 

" 

** 1 

C~~ 

70.8 

70.1 

68.9 

..... 
"'-1 

, . 

1. 

1 
1 

\ 
~ Ac~'~ .... ~l$St.tt xC r r 7 r ][['1 srre n 5 U ' 11-
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Two explanations may be put forward to account for~he faet that 

C-I is much less shielded by 2-substitution in the 8 anomer thàn in its a 

analog. In the very similar case of 2-0-methyl glucoses it has been suggested 
.. 

that hydrogen bonding 1s stronger with the! anomer (16), despite the 

fact that the distance between 1-0H and 2-0-Me is approx;mately the same in . / 
both anomers (Fig. 5). 

... .. ... ... ... ... ... 
~ ... ... 

~ 
FIG. 5 Hydrogen bonding in the a and $ anomers 

o! 2~Q-methyl-~-glucose 

• 
, 

• • An alternative possibility i5 that the sterie effect and the magnetic 

anisotropy of the Q-Me group are more important. lnd~, for the cyclic 

polyalcohol, myo-1nosit01, it has been found that C-2 (axial) 1s shifted 

by 3.2 p.p.m. upfield and C~6 (equat~rial) 15 shifted by 0.5 p.p.m. , 

downfield upon methylation at C .. l (30~ (~~ 6). ,J 

Assignments,are readily made for ~~O-Ca~bOXymethYl-2-g1UCo5e: 
~3 is shifted downfield br 9.S and 9.1 p.p.m. in the ~ând! ano.ers 

re5pe~tively. while C-2 and C-4 are shifted upfield br about 0.9 p.p.m. 

for both anO"H. 

If As for the 6-2,-carbox)'Hthyl"ll-glucose, the downfield shift of 
. ,/ 

C-6 uOUIlta to 8.7 ~.'p ••• for botb anoMt:s. and c-s has an upfield 'sJlift 
. . . 

of 1.8 p.p ••• But,. in this latter CUI, it -.st be eilphasbed that th.., 
. ..',' 

• . .. 1 : 
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FIG. 6 Intramolecular hydrogeR bonding in 
l-~methyl-myo-inositol 

proximtty of the signaIs due to C·6 and C-A makes the assignment difficult 

and therefore subject ta question, This is true even though a closely 

related pattern has previously been reported for the mono-O-methyl-D-- .. 
glucoses (25) (~~ p. 37). 

On the basis of these d.ta on the 2. 3 and 6-Q.-éarboxymethyl-R­

..tlucoses, it can he expected tha.t the Interpretation of the 13C 1I.r. , 

spectrum of carboxymethyl cellulose will be facilitated. 

An interestina prelilÙnary step, however t is the examinati.on of 

13 J . the C .~r. spectl'Wl of e hydrolyzate of carboxymethyl cellulose; 

Accordingly, a suple of c b~x)"Jllethyl cellulose of medium vis,cosity" 
•• , . 

(D.S· 0.1) ,was hydrolyuc1 with S\. sulful'lc acid in an autoclave •. A paper . _w .... Of tlJ~trd'1le01 ''''''' ....... ftlted hydrolytate wu "btained 

• , 'ln ... l~ A. (%J). ""ta~~ t~1 ,luco.es ~ separated 

(pll~ 1), .~~~ ~_' .:s,ot,t ')Ol'1't~inl-to th. '4Uubrçlt"tecl .1ucoses 

.' WH ~~,;::'., '., ":~ .. ~ la 1leJ1Kted iII th. 
, .' folloWb, :;", , ,'~ ';r"'~) " 1 ,. , 

" , :,' . '.' 4: 
... >t~ .\~ n ~.' ."":' 

";~~ \'~{ •• './,' l' ~l j ~ " r.·' 
""r .... ~l'~ '>:: .. , ;'j~t", .... ,,a .... ~_"t""'.",, i 
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RF relative to glucose 1 2.7 4 1.3 4.1 5.1 5.7 

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

FIG. 7 ~F values of CMC hydrolyzate 

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

obtained and is shuwn on Fig. 8. The varidUs features of the mono-~-, 

carboxymethyl glucoses are clearly distinguishable in this spec~rum along 

with.those of glucose itself. Although not aIl of the assignments can he 

made with confidence, especially for the nonsubstituted ring carbons.of 

the monosubstitut,ed gllJcQses 1 .1t is int~resting to note that, at t-ea~t 

for the 2- and 3-0-carboxymethyl-D-glucoses, the substituted ringéarbons - . 
have a chemiea! shift su ch 'that they are weIl recognizable amang the other 

signaIs. Indeed, they lie approximately'half way ~etween the anomeric 

carb~ the ring carbons. The substituted C-6, however, cannot he 
1 .. 

. e&s11y identified because the 9 p.p.m. downfield Shift, noticed with the 
e • 

" 
~re compound. brinas 1t$ signal into the region occupied by those of the 

ring carbons. The ~trong signal at 10.3 p.p.m. corresponds to an overlap 

of the resonan.ces of the- pri.-ry ~rbon of the carboxymethyl side chain 

'wit~ that of' Ç-4 of..t;ucose. " 

Another useful 'feature of t~is spectrum is that the relative 

amount of 2- and 3-suhstitution can be derived from the integral of the 

peaks corresponding to the ring car~s C.2 and C~3. 'In the case studied . , 

- hen (D,' S.. O. 75) tb~ fleure 11 approd.~tely 2.2. which 15 in agreeJlent 

, . 

" 

'1 
1 
1 
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is the least reactive, and it has been suggested (27) that ,this is due to 

hydrog~n bonding between the C-3 hydroxyl and the ring oxygen on the neigh-
, ) , 

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

show that this i5 indeed true, at least in the solid state, for the model 

compounds methyl-B---cellobioside (28) and cellobiose (29)., 

"~""O 

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

II.3.3 13 C m.r. spectrum of CNC 

13 Based on the interpr~ation of the C m.r. spectrum of the 

hydrolrsate\.?f CMC lt is now po~sible to turn to the examination of the 

polymer itself. However, the commercial compound 1s not directly amenable to 

a spectroscopie examination because of several factors: 

a) its tendency to gelation (especlally in neutral or weakly acidid 

media, whete the sodium carboxymethyl cellulose is only partially i~ th~' , 
, , '. , , 

salt form) due to .... electrosîatic repulSion between the carboxylic groups. 

~) the degree of pol~erization (O. P.) can be as high as 1000 although 

it is usually in the range ,of 200 to 500 (22d).; 
; -

c) substitution 15 ~ot alw~y~ ideally uniform along ~he chain, due to 

the varyin, crystall1nity of the parent cellulose (31), ' 
(, 

d). the 'presen-ce of inorPnlc. 10f'11 ln the co.ercial .. terial tends to, 
, ... 

, . 

", ' 
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facilitate the formation of precipitate~ (22d). 

A generally low sOlubility is the consequence of these properties, 

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

which the cODDDercial sodium carboxymethyl cellulose is made' varies from 0.5 

to 1.2, and thererore, it c~n be expected that sorne degradation by. say. 

an enzyme, would facilitate the examinatio~ of CMC by l3C m.r. ~ectroscopy. 

Previous studics (31,32) have given, a substantial insight into the 

mechanism of eniyme degradation'of CMC. It has been round that unsubstituted 

residues are the main focal points of attack by cellulase, and therefore a 

low O.S. is required if one is interested, as in this case, in a pattern as 

close as possible to randomness. It seemed reasonable, therefore. to take 

& ' advantage of the enzyme to depolymerize the Q.IC ta a smaH extent and thereby 

increase its,solubility (or decrease the viscosity of the solution) an~ improve 
, , 

the résolution of the spectra. The ~~~yme utilized here was of the Streptomyces 

type (33), and, in order to further simplify the spectrum by' eliminating the 

possrbility of interference by monomers, thé nondialyzable portio~ of the hydro­

lyzate was examineP. .. 
Several features are nQteworthy in the sample spectrum shawn in 

Fig. 10 (O.S .... 0.7). 

1) the general aspect 1s basically that of a ~(1+4) glucan, because 

of the low O.S. of the sample. By analogy with the spectrum of the complete 

hydrolyzate, one finds, in order of increasing chemical.shift: 

C-6 at 61.2 p.p.m. 

C-2, C~~, C-4. C-S between 70 and 76 p.p.m. 

C-l a~'10S p.p ••• 

C-2 ta C-6 exhibit the same eheDdeal sbift as in g~u~ose, whereas 
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• 
C-1, linked through a ~-glyc~idic linkage to another anhydroglucose unit, 

is shifted downfield by about 6.5 p.p.m. from C-l of e-D-glucose, which • • - = l' 

/ 

brings it to approximately the same value (103.7 p.p.m.) as for C-l in 

* cellobiose (103.5 p.p.m. (15)) . Similarly, C-4, also linked to anothe~ 

anhydroglucose, is shifted byabout 5 p.p.m. frorn its position in !-2~ 

glucose and cornes to the same position (80.3 p.p.m.) ~hat C-( assUmes in 

S-cellobiose. 

2) The carbons bearing an ~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 presurnably because of the lesser substitution at this position, 
li 

the sample studied here having a 10w,D.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 glycosidic bond on C-4, whose 

effect i9 indeed very smal1, as seen on the fully methylated cellulose 

(vide infra, p. 42) • 

3) The carboxyl group has a relatively long relaxation time and the 

1ntensity of it~Signal is smaller than those of the c~rbohydràte part of 

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

a small difference in chemical shifts also prevents the identificati~n of each . ' 

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

, 4) The large numbe~ of relatively weIl resolved peaks in the 70-76 

p.p.lIl. region 15 due to t~e presen'ce of the methylene groups (at around 

70 p. p. m.) in addition to "the an ydroglucose ring carbons and their 

converted relative to internaI TMs, using 6CS • 193.7 p.p.m. (4) 
2 
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monosubstituted analogs.' Monosubstitution of a ring carbon,as seen earlier, 

induces sma11 upfield shifts on neighbouring carbon! . , 
5) The small but weIl resolved peaks at 97 p.p.m. and 93 PIP.m. can 

be aècounted 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-I glycosidic) should provide a good estimation of the D.P. 

of the sample, provided that it i5 not too polydisperse. In the case examined 

here however the extent of depolymerization was small and the D.P. i5 

probably still higher than 100; thererore such a measurement cannat be made 

accurately. Spectra of samples of var/ing O.S. have been obtained in the s .. e 

way, and their examination leads to the following conclusions: 

A sample ~f low D.S. (0.5) is slightly more easily degradable, and 

therefore its spectrum 1s better resolved. However, the-general appearance 

of the spectrurn is the same, and in particular, no signifieant change is detect-

able in the signaIs attributed to substituted C-2 and C-6. On the other h~d, 

if the O.S. i5 higher than 0.7, the signaIs of the substituted C-2 and C-6 

are improved, but resolution 1s decreased due mainly to the higher D.P. of 

the depolymeriz~d sample (the action of ce11ulase being hampered by the 

presence of more carb~xymethy~ groups). 
• 

In conclusion, ~espite the difficulties inherent to the observation 

" of a pol~er w~ose average molecular weight is weil above 20pOO, lt has been 

13 possible to obtain in a reasonable time (16 hrs~ and analyze a C m.r. 

naturai abundance spectrum br using the P.T. technique. Its features show a 

f~ir agreeJIent wlth earUer observations made br mor.e laborious and time 

consuaing .ethocls. . 

" 

f '. 
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II.4 Q-Hydroxyethyl ~el1ulose 

The Q-hydroxyethyl deriv~tive of cellulose (HEC) is struetura1lr 

a very close relative of the CM( previously studied. But its properties are 

differeftt in several respects. 

a) 1t i5 not a polyelectrolyte and therefore has less tendency to 

precipatàte or to f~rm gels: iS~S sensitive to salt effects and to 

oxidation (22d). '\ 

b) The way in which it ~s manufactured has an influence on its 

substitution pattern. Several molecules of the ethylene 

to reaet with alkali cellulose. can add successively to a given position n 

the cellulose backbo~e, 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 

polymers having a D,S. of up to 3 have a commercial interest, this study wi 1 

be limited to a sam'ple of low 0: S. The concept of molecular substitutiQn CM S.) 

has been introduced to talce the length of the pol>:(ethylene oxide) 'side chain 

into account, and is defined as the average number of (O-CH2-CH2) units 

linked to each anhydroglucose of the cellulose. 

c) An interesting feature (35) i5 that aIl gl~cose units have been 

found ta be equally reactive towards ethylene oxide; the randomness of the 
o 

substitution can therefore be expeeted to be bigher 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). 

n u th' e C a.r. spectru$ ofHBC sbould erefore account for these 

characteristic pl'Operties. hforehand, however, _ode! cOJDPO'Plds, namely 

two of the three possible .0n0-2.·hydrox~thyl glucosesAtave been exaained •. 

. ,...~ ~ 
~ ~, ... 

":') \ ,.' 
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II.4.1 Model compounds 

Following an approach similar to that used in the CMC study, the 

model compounds 3- and 6-0-hydroxyethyf-D-glucoses (10a,14a) were tirst 
- = --

synthesized from their carboxymethyl parents in a two step synthesis (34) 

(Fig. U) involving reduction of the carboxymethyl group followed by hydrolysis. 

13 Their C.m.r. spectra are illustrated 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 giyen carbon induces an increase in its chemical 

shift of 8.9-and 8.6 p.p.m. (for C-3 ~ and .; respectively), and of 8.2 p.p.m . . . 
(for C~6 ~ or !). This means that the effect of the ~-carboxymethyl and 

Q-hydroxyethyl substituents on the 13C m.r. chemical shifts of glucose i5 

virtually the ~e. 

b) The methylene groups show weIl defined chemical shifts, independent 
, 

of their position of substitution:'C-7 at 75.5 p.p.m. and C-8 at 62.9 p.p.m. 

II.4.2 13 C m.r. spectrum of ~hydroxyethyl cellulose 

The same procedure used with CMC was applied here, i.e., the non-

dialyzable portion of the ym h dIt . d d' 13e enz e y ro yza e was examIne an ItS. m.r. 

spect1'UJll 15 shown on Fig. 13 •• , 

The.mast striking feabure is that the intensity of the methylene 

signaIs of the side chains 15 muth higher than should be expected from a 

sample of O.S •• ' O.8~ 111b Jleans that ln several cases sre Ithan one hydro;xy.,. 
• l, 

ethyl group 1s attachéd to the S81118 position. Binee, as seen with the monoJRe1' 

3"Q.-hydroxyethyl"~-alucose, the intensity of the signal, due to C-1 and 
* ' ' tba:_~~ the ~thy~ene ~ 1s thé ,s .. e (they ~~e t~èref~re comparable Tl 

" .. \ " In fatt, Tl uy vary sipiflcantly ln tbe polyaer. (espeeially that of c .. l1 
and therefore the val1dity of thi. k~ of aeasureaent ean be questioned. 

~ 
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.' TABLE 3 

I3C Chemical shifts of mono-O-hydroxyethyl-D-glucoses 
, ' - . 

. 
C-l C-2 C-3 

3-O-P1droxyetbyl-a-D-glucose 93.4 -72.6 83.3 -' --
3-0-Hydroxyethyl-~-D-gluclose 97.2 75.1 '85.9 

- -la 

6 O-HYdroxyethyl-a-D-glucose 93'.3 72.6 73.8 - -. . 
,6-o-Hydroxyetbyl-8-D-glucose 97.2 7S.2 76.7 - -. • 

• shitts for a and 8 an<>Ilers mar be reversed 

.... 

" 

C-4 c-s C-6 

* 70.6 72.8 62.2 

* 70.4 77.3 62.3 

70.4 71.5 70.S 

70.4 75.9 70.5 

" 

.., 

C-7 

* 75.3 

* 75.3 

75.5 

15.5 
< • 

" 

.. 

C-8 

62.8 

62.8 1 

62j 
62.9 

t.t .... 
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relaxation times).it 15 possible to measure the aVQrage length of the se side 

chains by taking the ra~io: 

intensity of C-7 signal 
1 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 O.S. of an HEC sample incresses 
, , 

significantly when it 15 hydrolyzed by cellulase, because the enzyme attacks 

prcdominantly at the nonsubstituted positions, and the low molecular weight 

fragments produced are eliminated by dialYsis. ThU!, a 5ample having a D.S. 

of 0.8 i5 fpund to give a hydrolyzate having a O.S. of 1.1 to 1.2. Furthermore. 

à O.S. in this range i5 thought (38) ta, be associated w1th an M.S. of about 

2.5, and this corr~sponds to the estimation basedJhere on l3e m.r. The 

ratio M.S./D.S. gives the average 1ength" of the ethy1ene oxide chains. and is 

here found to be 2.5:1.1 • 2.3. 

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

culations based on certainly more laboriou5 methods. This 15 only a preliminary 

and approximate result. since it i5 based on one sample; and also, because 

13 the Integral aeasure.ents in C a,r. spectroscopy ~st be interpreted 

cautiously. But a more tharough quantitative approaeh along vith a standardiz­

ation of the procedure lIIight be rewarsting, and this technique might provide 

a siaple vay of.~acterizinJ ~hYdro~thYl celluloses, 

II.S Methyl cel1ulos~ 

Methyl cellulose shares vith hrdT9XYethyl e~llulose soae of it. 
/ " 

p~pertiest incluclin, iu wat~r 101ubilitY,.and its viscosity propertiol. 

But it 41ft.r. 10 5everalre.pects, 

, , 
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a) Its water solutions gel 'on heating, or on addition of salts. 

b) The range of D. S. of the commercial material varies from I.S to 2, 

and the solutions obtained in cold water are of low conc'entration, and their 

viscosity increases rapidly with concentration. 

c) Nearly completely substituted methyl cellulose (D.S. > 2.5) i. 

soluble in nonpolar organic sol vents. . 
An approach similar to that used previously for CMC was u~ed here, 

. 1 

Le. , 13C chernical shift data for the monosubstituted monomers were compared 

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

could be made, 

13C chemical shift data for the 2~, 3-, and 6-~methyl-2-g1ucoses 

were taken direc'lr from the li~erature (16) and are presented in Fig. 14, 

along with those relative to the methyl glycosides and per-O-methyl 
, -

derivatives oi D-glucose (39) and cellobiose (40). .. . 
It is clear that the introduction of thé Q-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 
-·"11 

decrease in their chernieal shift (0.5 to 1 p.p.m.).The methoxyl carbons 

ha~e a chemical shift almost invariable with the position of the substitution . , 

), 

(60-61 p.p ••• ) ~d appear to ~e ver,! close to C-6 of glucose. 

These data have been useci as a coaparative basis for the inter­

pretation of speétra of .etbyl cel1ul~se of varyinj O.S., thuscovering 
'. , .. t· * • 

• ' ,..'" ". '. l" 

the whole possible rang. up to 3. The saaple ot lov o. S ns degraded by . .. 
enlYlN' , (as d.lttitHd for ·0fC) vhUe dilute~ .itw!ous R:l was used for the 

- . 
Sarp18 ,of .cIia ·D.~ •• 1Dcl.~l "'!'- dichiOl'08thy~-./co.c13 was usecl r-or tbe -

sap!. of hlah D.S. ~, ; ~ 
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TABLE 4 

J 
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.'" ! ; 
/' 

? I3C ~cal shifts of methylated glucoses and cel1obiose 
, 

" C-l. C-2 C-3 C-4 C-S C-6 O-Me 
, 
Methyl-~e-glucoside 71.4 72 .8 62.3 56.8 -. 100.5 73.1 74.8 -

Methyl-8-e-glucoside 104.5 74.6 77.3 71.2 77.3 62.4 58.8 

2-o-Methyl-~-2-g1ucose ~ 90.7 81.9 73.5 71. 3 72.8 62.4 59.3 

2-o-Methyl-S-~-glucose 97.1 85;'2 76.8 71. 3 77.3 62.4 61. 7 - , ; 

3-0-MethYl-~-D-glu~os~ '. . 
93.4 72.6 84.1 70.6 72.8 6.2.3 61. 3 

~ 

3.~Methyl-a-2-g1ucose 97.2 75.1 86.7 70.4 77.3 62.3 61.3 . 

. 6-~Methyl-~-~-glucose 93.3 73.0 74.3 71.4 71.4 72.6 60.3 

6-0-Methyl-!~~-glucose 97.3 75.8 77 .2 71.4 75.8 72.6 60.3 
, 

Methyl per-O-me~hyl~-D-glucoside * 105.0 84.6 87.2 80J_~ 75.4 72.4 57.0; 60.5; 60.8; 60.6; 59.3 
.' - :1' 

** Methyl per-O-metqyl-~-cel1obioside { 104.9 83.9 85.0 77.9 75.4 71.5 56.9; 60.4; 60.1 - ; 59.1 • 
~ CI 103.4 85.1 87.5 80.3 75.5 72.3 - ; 60.7; 60.7; 60.4; 59.4 

, Methyl 8~cel1obioside·· { 103.9 74 .. 6 77.5 71.2 77 .2 62.4 .. 
-. -CI 104.5 74.2 76.4 80.3 75.9 61.8 58.9 . 

• ref. 39 .. 
*. ref. 40 
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The l3C m.r. spectra of the degraded polymers are shown in Figs. 

15, 16, 17. 

1) Methyl cellulose of low O.S. 

The sample used here had a O.S. of 0.7 originally, but it was 

found to have increased to a value of 1.1 (m~thoxyl content 19.5\) following 

enzymic degradation. It is a known fact thàt the cellul'se 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 thug increaslng the averal1 O.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 signaIs can be 

ident~fied by rererence ta those of the corresponding free sugars. Thus, 

2-Q.-Me appears at 61.6 p.p.m., 3-Q-Me at 61.2 and 6-Q-Me at 60.2 p.p.m. 

The relative intensity of these signaIs (at least that of the methoxyls 

"at position 2-and 63 gives a measurement of the relative dégrée of subsitution 

at each ofthese positions. In our case, it is found to be approximat~ly 1.5, 

which is very close to the relative reactivities R~oposed by Croon (27). cr' 
C-2:C-6 = 3.5:2 in the case of methy1ation with methylsulphate. In fact" 

this small difference can be due to several factors. 

13 a) Integration values are not always dependable in C m.r. spectro~ 
. \ 

copy, since they are'influenced by relaxation pr~pertle5 of carboneatoms. 

It may be that, in this case, the 6-0-methYl group bas a shorte~ relaxation 

time than,its C~2 analog, reflecting a higher degree of freedom expected for 

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

1 
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b) The possibility of disubstitution on a single unit has been neglected 

hete due ta the low O.S. of the sample • 

. c) There may be sorne degree of over-lap of the C-2 methoxyl signal, with 

the C-3 methoxy and with C-6 (nonsubstituted), which would contribute for 

its signal appearing stranger. 

The ring carbons give ri se to a complex pattern, due to overlap 

of nonsubstituted and partially substituted units. The st ronger si~al Cat 

75.S p.p.m.) belongs ta C-5, while C-4 i5 seen as a peak at 80.3 p.p.m. 

No satisfactory exp1anation was found to explain why the C-4 signal is weaker 

than the C-l signal. Perhaps at this O.S. the solution properties are such that 
1 

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 srume place as in the monomer. 

At 93.3 and 97.1 p.p.m the signaIs corresponding to the free reducing ends 

~ and ~ of the chain are found. Their overal1 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 around 11S:lS.or 7. 

2) If one tur1!S now to the examination of a sample of higher D .S. 

(Fig. 16), i.e. in the range of 1.5 to 2 corresponding to the commercial 

material, one finds that the same basic features are present. In addition, 

it is to be noted that the three types of methoxyl signaIs are now clearly 

resolved, the 3-~-Me signal appearing at 61.3 p.p.m. A1though the proximity 

of the 2-~-Me signal does not permit a good quantitative measurement, it! 

intensity is certainly much smaller than that of the other methoxyl signaIs. , 

In the ring carbon region, 'two peaks emerge with a strong Integration:" 

the one at 76 p.p.m. clearly belangs ta C-S, since it will be significantly 

affected only by substitution at the neighbouring C-6 carbon. The C-4 signal 
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at 81,3 p.p.m. ~s now a'multiplet as a result'of an il'lcrease in !'i,ubstitution 

at the neighbouring C .. 3, whIle the C .. 2 and C-3 (substituted) signaIs still 

overlap around 84 p.p.m. 

3) As for the permethylated cellulose, whose building blocks are now 

2,3,6-tri-O-methyl-B-D-anhydroglucose units, its spectrum (Fig. 17) as - - .. 
expected, is much simpler, and the six signaIs corresponding to each methylated 

glucose carbon are seen.as strong peaks: 2 and 3 are now weIl separated. The 

,minor peaks ar.e due in part to the small number of residual unsubstituted 

positions (the O.S. is not expected to be higher than 2.8), al'ong with the 

reducing ends of the chains (which. as seen from the intensity of their C-l 

signaIs, are not to be neglected). Finally. the 3 methoxylsignals have 

practically the same intensity, showing that substitution is very close to 

completion. 

II.6 Ethyl cellulose 

A sample of ethyl ce1lulose (commercial material, O.S. = 1.5 to 2) 
~ 

b · t d t th l' th 1.. 1 Il 1 d' Be was su Jec e 0 e same ana yS1S as e me!yy ce u ose, an Its m.r. 

spectrum obtained (Fig. 18). In addition to what has already been said for 

the methyl cellulose of similar O.S., one can mention the strong Methylene 

signal at 79 p.p.m. corresponding to the eH2 of the ethyl group. Its 

sharpness shows that its chemical shift is independent of the position of 
1 

substitution, whereas the terminal methyl group 1s more Sensitive to that 

factor. .. 

II.7 Other derivatives'of cellulose 
131 ' f m.~. analysis could certainly be app11ed ta other cellulose 

. derivatives ,including ester!!. As a typical example, cOJIDnercial cellulose 

acetate was partially acotolyzed in acetic anhydride. The 13e m.T. spectrum 

\ 
\ 
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of the resulting, more readily soluble, material was then taken with deuterio-

chloroform as solvent (Fig. 19). It is seen tha~ the material may be 

considered as comprised ?f 2,3,6-tri-2:acety~-~-anhydroglucose building blocKs, 

sinèe the six signaIs of the glucose residues appear as strong peaks. They can 

be identified readily by reference to the corresponding penta-~-acetyl-

~-glucoses and octa-Q-acetyI-S-cellobiose (Fig. 20) and with the aid of the 

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

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

anomeric end giv~ rise to a very.small signal. 1~terestingly, the three' 

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

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

closer to the sugar pgrt of the polymer. 

II.S Conclusion 

13 1t has therefore been possible to analyte the C m.r. spectra of 

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

degradation of these derivatives with acid or entyme. Although the pat~rn 

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

reasonable quantitative esttmations of both the O.S. and the D.P. of these 

polymers, as weIl as, to a considerable extent, to confirm the distributi6n 

~ of substituents on the cellulose backbone. 
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CHAPTER III 

CONP~TIONAL ANALYSIS OF THE GLYCOSIDIC . . 
13 LINKAGE BY C.M.R. SPECTROSCOPY 
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111.1 Introduction 

While examining possibLe applications of proton decoupled c.m.r. 

spectroséopy in polysaccharide studies, it was also thought to be of 

. . - . f f ne lH l' S' . ~nterest to ~nvest~gate some eatures 0 - coup \ng., lnce, ln c.m.r. 
, . 

/ . 
/spectra, the C-I-and C-4 signaIs of cellulose are easlly identified, the 

conformation of the glYCOsi~thOUght to be accessible, at 

least in principle, through the measurement of th~ 3JC _H coupling constants 

as shown in Fig. 21. The fol10wing section deals with model studies in this 

direction, in ~hich the lH coupled c.m.r. spectra of a number of di-
J 
1 

sacçharides and their derivatives are examined. 

, ~CI-H4' 

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

111.2 Diff~rent approaches to the conformation of the glycosidic chain 
in cellulose ~ 

Recen~ studies br Norman- (40), based on X-ray crystallographic 

5tudies coabined with tbermodynamlcal calculations~ have suggested a _50 0 

"screw dyad" conformation for the anhydrocellobiose unit, which can' be .. 
c~nsidered to be the best .odel for cellulose. thi! represents a compromise 

", 
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between the two extreme possible conformations described ~;:the _90 0 and 0 0 
• 

, J 
"screw dyads", as seen in Fig. 22. j 

The X-ray crystallographic data on cellobiose t~lf do not confirm 
\ 

\ 
the ptoposed structure entirely but refine 1t 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 iepend~ 
ence to predict dihedral angles was undertaken. 

Previous investigations on nucleosides and glycosides (41) and 

cyclitols (42) have shawn that this approach could be reaspnably extended 
\ ' • .., 1 

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

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

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

their derivatives (Fig. 24). 

( 

In fact, the precision of.measurements of small coupling constants 15 
liœited essentially by the following factors: 

a) the resolution of the instrument (1 channel in an 8K memory i5 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 ~emperature and the concentration. It 
can be evaluated by the 1ine width of signais which a~e known to be 
singlets. This latter factor 15 generalty the li.i~ing one. 
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FIG. 22 The "screw dyad" conformations 'of the anhydro-
'\ cellobiose unit in eellulose (40). ~ 
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24 Disaccharid'e Molecules 
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Cellobiose (g), methyl-!-~-glucopyranoside" (!!) 

Oëta,.Q.-acetyl cellobiose CW, methyl-tetra-~-acetyl-
~-~-glucopyranoside (~ \ 

He.pta-Q-acetyl cellobiose (m 

OMe - , 

R "'H Maltose (17) Methyl-~"2-g1ucopyranoside (~ 
Methyl tetra-O-acetyl-a-D-R .. Ac Octa-~acetyl maltose (!!) - ..... 
glucopyranoside (~ 

OMe 

Lactose e!Q) Methyl-1-2-galactopyranoside (!!) 
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1I1.3 ~educing disacchari~s (Fig. 24)* 

.,. 
Cellobiose Cl.?) 15 a good mode 1 of the building blocks of cellulose, 

since it contains a ~(144) glyco5idic linkage between two glucose units. The 

anomeric part of its lH-coupled 13C m.r. spectrum is shown in Fig. 25. 

Comparison with the corresponding decoupled spectrum shows that each carbon 

has given rise to a doublet due to coujùing witn the directly bonded hydrogen. 

1 The J C_H can therefore be ,easily measured: the ~ anomer has the larger 

coupling (170 Hz) while that of the ~ is ènly 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 oxygen; as seen in Fig. 26. 

Hb 

1 
J C1 -Hl • 170 Hz 

1 
J C1 -Hl • 161 Hz 

FIG. 26 The ~ and ,~ configurations of glurose 

~n addition, the shape of these doublets show evidence of other 
. . 

couplings with hydrogens on neighbouring carbons. The line width (L.W.) 
.) 

of the carbon signaIs (width at half-height in Hz) can be expected to give 

Some of the results pr.sent~ here have alr.a~y appeared in the~terature 
(43) • 

~ 
'­, , 
. i 

'J; 
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TABLE 5 

13C.m.r . parameters fOT disaccharides and related glycosides 

" C 1 - Cl' - C 4 - oup mg 
-

Compound e e . 
a/a CI-H4' C4' -Hl a a 

1 
1
6 103.5 92.8 96-.-7 79.8 

Cellobiose (15) J - 160 170 161.3 147.5 1< 1 1.5 
1 L.W. 10 3 10 11.5 

.. 6 100.9 93.2 97.2 78.9/78.6 
Maltose (m 1J 17.5 - 175 165 138 46 

3 
L.W. 8 4 10 12 

6 100.5 104.5 71. 4/71. 2 
Methyl-D-g1uco- IJ 169.9 160 145.2/142.5 -

" pyranoSldes -
C~)J Cl!) L.W. 101 12.52 "9/10 -

. " 

16 93.3 97.1 71. 2 , 

~-G1ucose (20) J 169.6 161 '.59 - -
L.W. 6 10 - .-

b: 
~' 

'JI. 
16 93.0 .. 104.6 

Sucrose (19) J 169.2 .. - - -
l. 
~ , 

L.W. 3.7 

16 103.8 92.8 96.7 79.4/19.3 
LactOse (W J .. 162.5 169.5 161.5 145 1 2-3 

, L. W. 13 7.5 12 12.S , 

16 105.2 70.1 
Methyl-a-D- J 160.5 147 - .. - - -galactopyrano-
side 

144 (nJ L. W. 7 

1'6 102.3 96.0 95.9 -
Mannobiose @ J - 156 165 155 ISO 1-2 0 

L.W. 8 3.7 7 10-12 

16 94.5 68.S --
B-D-Mannose (24) J - 160. - 143 .. -- .. , .L.W. 6 \ 7 

6 102,Jz 68 
Methy1-B-D-manno- l- US J 159 ~ .. 
pyranosIde - .. .. 

122 -
(~ L.W. 12 

. ' 
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1!JfABLE 5 (cont'd)' 

,'''' . 
" . 

~~ 

~ 

, 

--, 

1 of which JCI-H(Mel ~ 4 Hz 

2 of which JCI-H(Me) ~ 4.3 Hz. 

3 of w~ich J CI -H2 • 4 Hz 

4 pt which JCI-HeMe) ~ 5 Hz 

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

6 depending on model compound used, ,values of 2-5 Hz vere 
obtained 
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the sum of aIl these coupling constants. An estLmate of a particular coupling 

constant should thercfore be accessible, for example, through a comparison 

with si~als for corresponding carbons in glycosides and disaccharides. 
'# 

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

CrI signaIs in cell~biose (~) (Fig. 25) can be attributed to coupling between ) 
r ' 

C~l and H-4' across the glycosidic linkage; similarly, comparison of the 

C~l signaIs of S-D-glucose and cellobiose allows for an estimation of the - = - . 
same 3JCI_H4'; in both cases, actual1y, it is found not, ta be measurable, 

and 15 probably slllaller than 1 Hz. As for the, C-4' signal, comparison with 

the corresponding signal of C-4 in D-glucose is not possible because of • .. 
overlap problems, and the C-4 signal of methyl-!-~-glucopyra?oside (~ is 

chosen instead; the difference is found to be around 1.5 Hz (Table 5). 

Co~versely, in maltose (17) the differences for the C-l signaIs - ,. 

can be estimated to be about 2 to 5 Hz, depending on the model used: 

probably the best comparison is offered br the C-l' signal of maltose, 

because it can be taken from the same compound, but ~-2-g1ucose can also he 

used.' Sucrose C!2) (Fig. 27) appears to be another good model for comparison 

r' 
'. PIG. 21 The Molecule ot sucrose (W 

(in the crystalline state) 

with maltose, because of ft! a-D-glucopyranosyl residue, and because C-2' --
bears no hydrogen to cQuple'with C-l across the glycosidic linkage: indeed. 

" \ 
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C-l gives ri se to a sharp signal (L.W. = 3.7-3.8 Hz), which, compared with 
, 
'. 

the width of the C-1 signal or maltose, Ieads ta a more prec~se value of 

4-5 Hz for J CI -H4 '. This can now be interpl'eted by means of the l<arplus-like 

relationship proposed for these compounds (19). Becausc of the wide scatter 

that has been observed, only ropgh approximations of average dihedra1 angles 
, 

can be ventured at present. For example. little or no coupling can be associated 

with a dihedra1 angle of 90±30°, while for large couplings (3-6 Hz) angle 

values of 0-30° or 150-1800 are possible alternatives. -However, angle values 

higher than 900 have not becn considered in this study~ for the following 

reasons: 

a) simple steric considerations based on the examination of molecular 

~ modeis show that they are very ~favaurab1e. 
b) a close correspondence with values obtained on crystals can on1y 

be obtained if a smal1 $ or ~ angle value is considered. A gross dissimi1arity 

between the solid and <liss'p1ved states would cel'tainly be 1ess attractive 

than the possibility suggested. 

The fact that in maltose, the 3J value is larger than in cellobiose 

can then be advanced as evidence that the '~staggering" is more pronounccd in ' 
) \ . 

the case of the ~ glycosidic linkage (largcr ~ and ~ values). This is consistent 

with computed energy diagl'ams (44) as ~e11 as the resu1ts of ~-ray studies 

on cellobiose (45,46),maltose (47) and methyl 8- maJtoside (48). Accordingly, 

the J values suggest that these disaccharides assume similar conformations in 

the ,olid statè and- in aqueous solution. 

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

in methyl 5ulphoxfde (49,SO), support the idea of inter-residue hydrogen bonding 

(OH~3 .. 0-Sf in cellobios~, OW~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. AIso, the examination of the thermal expansibility of cellobio5e and 

maltose in solution suggests that the !-glycosidic bond is less flexible 

than its ~ counterpart ~ the latter favoJring. an "hydrophobie folding" in 

the molecule of maltoSe (51). Of interest in this context is the IH-coupled 

C.I1I.r. spectrum of ~-cyclodextrin (a cyc1ic trimer of maltose) obtained in 

this laboratory (Fig. 28). The observed splitting, attrib~table to J Cl _"4' 

(3.5 Hz) corresponds closely to that found in maltose. The advantage of 

~-cyclodextrin as a model is that the molecule is rigid enough to Hmit bond 

3 angle fluctuations, and the ~C-H coupling constant i5 readily measurable 

as a spacing, rather than a line b!oadening. 

As for lactose (20) (Fig. 24), the comparison of the line widths of 

its C-l and C-l' signaIs, and of its C-4' signal with that of methyl-B-D-- . 
glucoside (16) allows for an estimation of J C1 -H4 ' of 1-1.5 Hz, whereas 

J C_4' ,H-1 is around 2 Hz. This i5 not surprising, since the glycosidic linkage 

in lactose has basicallY the same environrnent as that in cel1obiose, an~ 0-1 

and 0-2 are in an S'~ arrangement. 

In mannobiose (~, whosé a(I~4) glycosidic linkage is a model for 

the polysaccharide B(I~) mannan, the couplings across the CI-04'-C4' 
,.7 

bond are both smalt (2 Hz and OHz, respectively, for JC1-.H4 ' and J C4 '-Hl) when 

estimated by comparison with the C-1 signal of !-~-mannose (24) and the C-4 

\ -signal of methy1-!-E-mannopyranoside (~3). Extension of this to mannan then 

leads to a conformation of the ~ellulose type for these polysaccharides: the 
, \ 

chain 1s extended, and assumes a ribbon-like shape. Indeed, the X-ray crysta1lo-

gt'aphic patterns of ivory nut mannan (52) and sea.-weed mannan (53) have been 

found to be similar to those of cellulose. More recent data, based on theoretical 
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\ \ , 
ca,lculations (54 ,55) '~ve al~ shown a great similarity between !(1+4) glùcan 

" \ 
and !(l~) mannan: the mà~n diff~rence lies in the different configuration at 

-- \ \, 

C-2. and sorne of the steric'strain\between 0-2' and C-6 is relieved in mannan 
'. \ '\ 

where OH-2 is !,x. instead of ~ as i\ a glucan (54) j the allowed area in the 
\ . 

(t,~) plane is therefore larger ~r man~. 

III. 4 Disaccharide acetates 
\\. 

\ 

\ 
\ 

In acetate derivatives, the s~ape'of the individual units i5 
\ 

thought to be 5imilar to that of the free\\sug~rs owing to the small size 
\ 

of the acetate groups (56). Moreover, no h~rogen bonding can intervene 

nor are there likely to be strong interactio~s with the nonpolar solvent 
1-

used, which would influence the conformation of the disaccharide. The result5 

13 ( of line width measurements on C.m.r. proton coupled spectra of cellobiose 
.. , 

and maltose derivatives are shown in Table 6. The same order of magn1tude as 

that measured'on the free sugars 15 founù for the 3JC _H values in the acetate 

derivatives. Whatever .. ~ configuration of the reducing end may be, the 

st~ggering i5 les5 pronoun~in derivatives of maltose (~-5 Hz) than in those 
'-... 

of cel1obiose and lactose (1-2 HZ}~,This finding can be proposed a~ evidence 

that inter-residue hydrogen bonding is not a predominant factor detemining 

the conformation of the glycosidic linkage. In fact, this is what has been 

implied by ~he results of energy calculations mentioned earlier (22c). in 

which the same conclusion about conformation ~s obtained with and without 

consideration of hydrogen bonds. 
\, 

111.5 Glycosides as disaccharide reference compounds 

lt is obvious, by looking at the preceding data. that.the precision 

in the measurements of small coupling constants is low. This i5 in part due 

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

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

oup.1ng. -
Cl Cl' 

C4,a/~ Compound a e a B Ç-l ,H-4' 

l' ,2' ,3' ,6' ,2,3,4,6-
1
6 100.6 88.7 75.8 1 

Octa-Q-acetyl-a- J 161 .178 144 2 
cellobiose L.W. 12 4 11 

® 
l' ,2' ,3",6' ,2,3,4,6- 1& 98.8 89.S 74.1 
Octa-Q-acétyl-B- J 161 168 136 
cellobiose L.W . 11 12 13 1 

. (26)\ 

2' .3' .6' .2.3.4.6- l ô 100.2 89.5 76.2 
Hepta-Q-acety1-a- J 161 172 ]36 
cellobiose L.W . 12 7.8 12 2 

Cm • 

l' .2' .3' .6' ,2,3,4,6- ô 95.3 90.~ 74.6 
Octa-Q-acety1-!- IJ 174 170 164 4 
maltose L.W. 61 12 .~ 8 Cm 
2' .3' ,6' ,2.3,4,6- 1

6 95.3 89.6 .74.8 
Hepta-Q-acetyl-!- J 176 172 -
maltose L.W. 7-8 6 - 5-6 

CW 
Methyl- 2,-3,4,6- tetra-: 16 95.3 
O-acetyl-a-D-gluco- J 112 ~ - = -pyranoside L.W. 62 

ew 
Methyl-2,3,4,6-tetra- leS 99.7 66.7 
O-acetyl-!-~-gluco- J . 

160 :3 152 , 

pyranoside L. W." 10 ml 14.5 
. 

(1) doublet J. 4,. Hz 

; • (2) ot, which J
C 

1 • 4 Hz 
- ,H(Me) 

(3) of which JC- 1 ,H04e) ~ 4.5 Hz 
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on the average) which causes line broadening, and hence could not be avoided 
. "" 

with the instrumentation available. However, it should be possible to 

clarify the source of magnitude of long range, inter-residue, couplings by 

choosing suitable derivatives as reference compound,. 

In the phenyl glycoside series, for example, ~he anomeric C-I 

is not expected to be coupled with protons on the phenyl 'group. The C-I' 

signaIs of such derivatives. therefore, should provide a reasonably accürate 

basis for comparison with the line widths of C-l signaIs in the proton 

coupled spectra of the disaccharide glycosides; the difference would be 

due to coupling across the glycosidic linkage (3JCl~H4')' The other 

coupling 3JC4 '_HI is only accessible through comparis~n with the corre.pond­

ing C-4 signal of, e.g., methyl a-D-glu~oside (16), since the observ~d 
-0: -, 

line width for C-4 of phenyl e-D-glucoside, (35) is not comparable. due to a 
-0: -

solvent change (methyl sulphoxide instead of water). Application of this 

reasoning is shown in Table 7; the phenyl derivatives of cellobiose (~ 

and lactose (~ are seen to exhibit a conformation similar to that of 

the corresponding free sugars, and JCl-H41 is found to be close to 2 Hz. 

As for acetates of these derivatives, the comparisons were made 

between the C-1 and C-1 ' signaIs 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-l of methyl-~-~-glucoside (18). The B­

glycosidic linkage 1s again clearly seen to be more twisted than the ~one. 

A similar observation could not be made for the C-4 signaIs, but 

this May be due ta the poor quality of the mode1 used (namely phenyl 2,~.4.6-

tetra-!!:-acetyl-!!-2-g1ucoside (W). Indeed, this compound bears an acetate 

group at the 4 position, which may significantly influence the couplings 
. 1 

at C-4 (as in methyl ~-Q-glJlcopyranoside (l!), .where JC6_H6 15 141 Hz 
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TABLE 7 

l~C m.r. data on pheny1 glycosides of disaccharides 

C-l C-l' (S) 

( C~lDld " -a t3 

6 103·9 101.5 

Phenyl-a-ce11obioside (30) IJ 160 161 

L. W. 10 8.S 

15 100.91 100.91 

Phenyl-8-aRltoside (ll) IJ 
-L 

1 
L.W. 

, . -
• ) 

15 94.8 87.6 

Phenyl-S-lactoside Cg) IJ 160 1~O 
, 

L.W. 12.5 9.5 

~ 15 101.8 

~honyl-S-D-glucoside - .. (~ 1 J ' 158.8 

L. W. 9':52 

-~.-

/ 

( 

r ___ , ~_,-,",,- " 

C4 - - --Coulli' 
--- ~ 

ale HI-C4' 

80 
- • .... 

120 "'1.5 

10 -

17.8 

-J 

81 :-8 f 
-

146 3 
1 

12 

71.2 

143.6 -
122 

" 

( 

---

; 

- -
(3JJ 

m'-Cl' 

~- 0 

-
.. --~ 

-

2 

. 

-
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TABLE 7 cont'd 
-Q-Acetyl derivativ~s ot phenyl glycosides of disaccharides 

Cl .- C-l' (a) COU1>l' 
. 

, CoIIpblBld -~ \ e aIS Hl-C4' a , 

, 
6 101. 7 9.9.9 77.5 

-
PhenYl-8-c~11obioside (~ "'1 -J 159 162 144 3 

L.W. 13 10 12 
~ .' 

• 6 • 104.1 99.3 79.3 ' ~ -, 
Phenr1-a-aa1toside lli> lJ 164 174 156 6 

1 -. 
. , L.W •. 12 9 10 

-

6 102 99.9 77 .3 . 

Phenyl-jl-lactoside (~ IJ . 
157 160 146 3 

" . 
L.W. 13 

$ . 
10 12 

;:: . ~ . 
... , --. - -

. 
6 100.2 69:5 -. 

IJ Phenyl-~~Ilucoside CE) 160 - . ISO 
, # 

. 
L.W. 10 8 

-
:\ (1) ~ot .easurable due t~ overlap of C-L-~nd C-4' sign~ls. 

(2) run in D.M. S.O. ~: _Pme> widths are to be interpreted cautiously. 

• ,~ 
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whereas for the ~-pentaacetate it is 148 Hz. 

III. 6 
13 ,.../ 

C m.r. spectroscopy of 1,6-anhydr9maltose and its heptaacetate 

Anhydro-sugars are particu1arly interesting for con~~~jcna1 
1 / 

jana1ysis because Qf the rigidity imparted to their mole~ule ~y the anhydro 

bridge. As a consequence, their conformation can be expected to be weIl 

defined and the relationsh~p between dihcdral angles and coup1ing constants 

to ~e morelea~ly defined. 

For the present purpose, a disaccharide possessing a l,6-anhydro 

structure could provide a "reducing-end" unit having a greatly different 

shape than the ~l chair residues of the disaccharides already studied, r 
and thus cou1d introduce an additiona1 variable for examination. The 

compolmd selected in this context is 1 ,6-anhydromaltose (~. 

111.6.1 Peak assignments 

The two model compounds used here, namely, methyl-~-~-ilucoside 
) 

13 ~ and levoglucosan (~ (Fig. 29) have already been examined by C m.r. 

spectroscopy (16,57), and the 

a~ far as chemica1 shifts are 

chemical shifts are glven in Table 8. lndeed, ) 

concerned, the non-reducing p~rt' of ·the maltosa 

ls expected to be very similar to methyl-~-~~glucoside, while levoglucosan 

is a good model' for the anhydro part of the molecule of maltosan. The only 
-

expected differences should aris~ ~rom C-l and C-4·, the former because 

the effect of a methyl substituent is not quite equivalent to that of a 
\ ' 

glucose unit and the latter because substitution at C-4 induces a downfield 

~hift of about 5 p.p.m. (an axial hydroxyl i5 1es5 affected by substitution 

* than an equatorial one ). !hase considerations app1r weIl hare (Table 8), 

\.$ an example, the -C-4 signal of methyl-!-Q-galactoside (m moved 9.8 p.p.m. 
downfield upon methyiàtl-on (!!.-.2,-Me) .while that of methyl-S-Q-glucoside .i!!> 
moved 6.1 p.R.m. upon me~hylation (!go ~Me) C\f). 
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TABLE 8 

'" 
l3e Chemical shift~ of :ome anhydro-sugars and model compounds 

Carbon number -
-

Coapo\IDd No. 1 2 .3 4 5 6 
-

Methyl-a-D-glucosidel 18 99.5 72.2 73.9 70.5 71.9 61.4 . - , 

-
Levoglucosan 

2 (40) 

Maltosan (42) 98.6 72.3 73.7 3 . 70.54 70.54 61.5 

Methyl-tetra-O-acety1- (30) 97.6 71.0 71.6 69.5 68.1 62.8 
Il-D-glucoside - . 
-= • 

'ri-o-acetyl-B-D-glucosan - -= (~ 
" 

Hexa-~-acetyl-!-ma1tosan (43) 97·7 70.9 71.1 68.9 68.5 62.5 

L-----_.~_. _________ ~ ________ - --- ~- --- ---~ ---- ------- - -----

(1) l1'Oll rel. 2S 1 cOlTected to the int. TMS-'reference 

(2) from ref. 57 

(3) a and ~ chemical shifts are reversible 

(4) not resolved 

/1 

l' 2' 

102.1 70.8 

. 
102.0 70.54 

99.5 70.1 
-

99.5 70.2 

- --- -- - - ---

~ 

3' 

73.3 

73.25 3 

69.9 

69.2 

--

., 

4' 5' 6' 

71.6 76.9 65.S 

i6.2 76.5 66.1 

71.0 79.0 65.5 
, 

-77 .5 74.8 65.4 
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HO 

l',6'-~hydro-maltose_(~ 

(lIla1 tosan) 

/ 

o· 

Methyl~a-D-gluco-.... 
pyranoside (!!) 

\ 

HO 

1,6-Anhydro-!-2-g1ucopyranose (~ 
(levoglucosan) 

. \ 

" 
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/ 
and the on1y is due to the overlap of signaIs corresponding 

to 

The same principles apply to the ac~tate de~ivative of ma1tosan, 

whose l3C spectrum cao be ~escribed as ralng clos,e to the superposition of 

those of the acetate de;ivatives of glu\osan (41) and methyl-~-2 .. glucosid~ 
, 

, , 
(~, with the exceptions again being C-l and C-4'. The correlation found 15 

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

narrow range of chemical 'shifts examined. 
, . 

111.6.2 Coupiing across the glycosidic linkage , , 

l] 

The Cool signal of maltosan (Fig. 30), when proton coupled. ,appears 

'\ 

PIG. 30 t~W.-fi~ld portion ot the IH-coupled 
C ... 't . • peetna o( _ltop~ 

1 

ft 
\' 
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as two doublets separated by 168 Ht corresponding to the directly bonded 

coupling lJC1 _HI ' The other measurable coupling constant is found to be 4.5. Hz . 

. In theory, this can arise from coupling with H-2, H-3, H-S, or with H-4' across 

Î the glycosidic linkage. However, the first three possibilities C~l be 
1 ~. 

ejiminated with a fair degree of certainty, because, in th~ model compound 

methyl ~~-glucoside (Table 9) where the configuration is simi1ar, they have 

aIl been found to be smaller than 2 Hz (21). therefore, '4.5,Hz is attributed 
, 3 

to the coupling constant J C1 -H4 " and if one applies the Karplus type of 

relationship mentioned earli~r. ihis leads to a ~ angle of the ordef of 40· 

or 160°, The" latter value can be excluded on the basis of simple steric 
\ 

con~iderations (with the help of molecular model~). \ 

! Unfortunately, the other cQupling constant 
.) , \ 

J C4 ' -Hl cannat be.. 

evaluated due ta overlap between C-5 and C-4' signaIs. But, since sterie 
, 

hindrance seems ta be the major contributing factor ~o,disaccharide conrorm-\ 

ation, the E'xalJIination of models suggest5 a small value fQr the 1/1 angle . 

Ù is interesting to note that a ve1!y similar ~c,onformation seems to 

prevail in the ac~tate derivative of maltosan (Table 9 and Fig. 31). Again, 

the, value would be aroU1'\d 40°. ~whi1e ~ i5 not measurable. This tends to 

prove that the conformation of ~ in solution does not depend to a large extent on 

the possibility of inter-residue hydrogen-bonding. It may have a stabilizing 
~ . 

effect, when formed. but most probably i5 a 5econdary factor, rather than 
( . 

tbe pdmaryone determining the conformation of the inter-resid~e linkage. 
, 

'. 
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TABLE 9 . 

13 C m.r. data on maltosan and gluc~san, and 
their acetate derivatives 

Co~oW1d Cl 

.s 98.6 

maltosan (42) 1J 168 
, 

1 1 
L.W. 8 

lev,?glucosan (iQ) .s 102.1 

1J 175. S 

L.W. ,12.6 

hexa-Q-acetyl- ($ .s 97.7 
maltosan 

, 
1J 171 

, . . 
, 91 , ; L. W. 

J 

tti-O':acety1 «~) 5 99.5 
1e.'Vog1ucosan . 

1J 177 
-, L.W .. -12 

(1) appears as a doub-1et (J-4.S Hz) 
\ 

2) n'ot measurab~e 

\ 
\ 

\ 

Cl' 

..,. 

102 

174 

10 

99.S 

178 

10 

.;, 

, 

C4 

" , 

"\ 

, 1 

\ 
\ 

3 Counlin~H J' 

or C4' CI-H4' 
1 

76'.2 

'\1150 \ 

(2) \ 

-

4.5 

71.6 
\ 
\ 

145 -
7.5 

, 
77.5 

148 

14-15 

71 
( 

. 

"'150 
(2) 

. 
1 

~ 

1 
" 
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i 
100 

l, 
1 , 

f 
95 ppm 

l' 13 Low-field portion of the H-coupled C m.l'. 
spectrum of hexa~-acetyl maitosan 

111.6.3 An attempt to deve10p a new synthesis of 1,6-anhydro-sugars 

1) Introduction 

In conjunction with the preparation of disaccharides possessing 

a l,6-anhydrohexose residue (previous section), it was of interest 'to examine 
l'~. 

~he possibility. of devising an improved route to anhydrides of this generai 
/ ,-

1 
1 

1.6-Anhydro-!-2-g1ucose (l~glUco.an) has boen knoWn for many years 

as a product of the treatment of g1 cosides w~th a base (58). It 1s obtained 

nowadays routinely either as a pr duct of the pyT01ysls of starch (Pictet 
1 

Method, 59) or by alkaline hydr lysi! of phenyl !-2-g1ucos1de (6a) (Pig. 32). The 
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-x-

• 

. . 

PIG. 32 Mechanism of foraation of 1.6-anhydro­
!-Q-glucopyranose 
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Karrer method (61) using tetra-Q-acetyl !-2-g1ucopyranosyl trimethylammonium 

bromide treated with base is another alternative. But these reactions suffer 

some drawbacks. The first gives a low yie1d; the second and the third methods 

invo1ve more steps, and the levoglucosan can only be iso1àte~ through 

acetylation. " "'-
Most reactions leading to 1evog1ucosan involve the ba~e c~1yzèd 

" 

" 
nuc1eophilic disp1acement of a suitable subst ituent on,-t--l---{Fig. 32). 

Ac 

Br Br 
44 'l 

; 

PIG. 33 Levoglucos&n fron a~etobromollucose 

}llus '. ~- and !-~gluco.syl fluorides (6~) as well as !,-g-glucos)lil 

azide (63) and phenyl·!~U-g1uco5ide (64) yield levoglucosan when treated with 
\li-
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o 
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15 

" 
base, as do 2,3,4,~-tetra-Q-acetyl-~-R-glucosyl nitrate (65), and 2,3,4-tri-

O-acetyl-a-D-glucosyl bromide (66). In the case of 2,3,4,6-tetra-O-acetyl-D-- - = - • 
glucosyl mesitoate, levoglucosan is obtained only with the !-anomer (b7). 

AlI these reactions possess several characteristics: 

a) The substituent at position l must be a good le.ving group, thanks 

to its size, or to its electroncgativity. 

b) The 6-hydroxyl group must be ionized rapidly in a strongly alkaline 

medium to the alkoxide ion,' 50 that it can act as a nucleophi1e on C-1. 

c) If the substituent at C-l is a strongly electronegative group, 
, 

the 0- or "ê.-anomer can be used as stal.'ting materials. lndeed, the intermediate 
, 

carbonium ion is stabilized by resonance (invo1ving 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-~-rnethyl derivative (68) towards alkali. 

For a better compliance with th~se requirements, tetr~-~-acety1-~-2-g1uco­

pyranosyl brornide (~, a readily available derivatlve of glucose and, in fact, 
1 

an fntermediate in sorne of the syntheses cited above was thought to be a 

su' ~ble starting material. The base used here wa! ~-BuOKCpotassium tert-
1 

bu oxide). Its advantage 15 that it ls a very strong base whose nucleo-

ph licity i5 po or enough not to compete with that of the primary a1koxide ion 

at C-6. In the reaction described, it is' used both. as,}- transesterification 

agent (in de-~-acetylat~on). and as a ~as~ to 10nhe the hydroxyl groups. 

2) The roaction (Pig. 33) with acetobromo~lucose 

'When a solution of t~BuOK was added to a solution of acetobromo-

glucose (~, the rapidly darkening colour of the react10n médium showed 

that at least part of the sugar moiety was destroyed. Wben up to two 
~ 

equivalents of t-BuOK were added, and after severa! bours, 1,6-anhydro-!~g-

1 4 
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glucose (40) could be detccted by g.l.c. as by far the major product of the . 
reaction, the other being glucose or its t-butyl-glycoside. An attempt ta 

isolate 40 through acetylation was wlsuccessful, which suggested 'that the 

quantitative yield was low. This May be due to several reasons: 

a) the rate of deacetylation by the t-BuO- ion 1S too slow, and in 

any case slower than the rate of nucleophilic attack of this same t-BuO- ion 

on C-l. 

b) the brQmi~e ion i5 tao good a leaving group, due ta its size 

(apparently despite the stabUhing "anomeric effect" when thi$ group is in 

the ~ position). 

c) the strongly basic solut-ion cau attack the glucose ring as soon 

as C-I is in the carbonium ion form, thus destroying it, through elimination 

reactions. 

3) R~action with acetochlQroglucose (Fig. 34) 

In ~ attempt ta overcome, at least partially, these difficulties, 

another starting material, namely, 2,3,4,6-tetra-O-acetyl-B-O-glucopyranosyl - -. 
chloride (~ wa! tried. The s~e procedure as with the a bromo derivative 

'1 wu applied, and a similar apparent resul t was obtained (dark colour, good. 

relative yield of 1,6-anhydro-$-D-glucose), but acetylation of the reaction -- . 
" mixture allowed for th. isolation of crystalline 2,3,4-tri-~-acetyl-i,6-

anhYdro-!-~luCOSe (11) in a yield of 15\. 

4) Conclusion 

Althou,h'thls must he considered a5 a preliminary result, it doès 

suggest that the tertiary butoxide i5 not an ideal medium for 5uch,a reaction. 
" 

How~vert the ~bsence of glucose or t-butyl glucoside among the products of 

'this reaction indicates that the direct nucleophilic attack of t-BuO- on C-I 
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'1 

from 'the a side of the molecule is quite unlike1y, due probab1y to steric 

hindrance. 
~ " 

The competition bet~een levogluêosan formation and rl~gradation 

might be more favorahle in a 1e5s strong1y basic medi.um 5\lch as sodi\Dl\ iso­

prOpoxide (measurements 
"'1 .. ..-"!t J , 

based on kineric studies (6~) have .shown that 

basicity increases w'ith alky1at19n of the alkox~~e') as suggestëd by 501le 

.~. re$ults obtained in this laboratory (70), althou,h glycoside formation 

~ight become more ~rominent with a 1ess hindered alkoxide. 
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IV. 1 General procedures 

P.,..,. spectTO W~Te recor<!ed at room teuperature, Jing 1"115 .. 
1 
1 

an internaI lock signal, Wi~h a Varian HA-IDD spoctrometer (field sweep mode). 

13 ' C m. r. spectra ere recorded with a Bruker W H. -90 spectrolneter 

operating at 22.63 MHz. Spectral accumulations and Fourier transformation 

wcre accomplished using its BK meary, B.NCI3 computer. Proton coupled ' 

spectra were recorded using the "gated deeoupling" technique. Unless other-

wise specified,.the parameters were as follows: 

sample temperature: 30·C. 

concentration: 100 to 200 mg • lm 1. • 
,\ 

pulse width:.24 ps. 

.l, The chemical shifts given are in the 6 scale (TMS internaI standard). '~ 

the accuracy of the measurements is considered to be .05 p.p.m. When TMS 

was not present in the'sample CDC13 (center line at B· 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 ~FiSchet-JOhnS hot plate 

apparatus, and a~ uncorrected. 

Evaporations were carried out at a ~ressure of about 20 mm Hg­

at a temperature,of 40°C or le5s. 

Gas chromatography was conducted wl~h a Hewlett-Packard F. and M 

402 chromatograph using a 4 feet. chromosorb (WAW, DMCS) column (4\ U.C.W.) 

"'"' coated with silicone gum (Se 30). 
. . 

Paper chromatograms were prepared with Whatman no.l paper, 
, . 

using the descending technique. The solvents commonly ùsed were: • , 
A: Ethylacetate:98\ fôrmic aeid:~ater • 12:1:12. (v/v) (top layer) 

1 .f. 

a: ethylacetate :acetlc acid :w.t~r: • 9 :2,:2 .cv/v) 
'\ 
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C: n~Butanol:ethanol:w3ter • 5.1:4 (v/v) 

0: Methyethyl ketone saturated with water (top layer) 

Visualization was effected by spraying with aniline oxalate (71) and heating 

5 min. at sO·C. }' 

. Thin layer ~hroma'cl,graphy plates were prepared using silica gel G 
\ 

(Macherey-Nagel) as adsorbent •. Denzene-acetone Cl!l, v/v), benzene-methanol 
, 

(9: l, v/v) or ethyl acetate-ethanol (3 :2', v/v) were commonly used. Por 

developing, sprayipg with concentrated H2S0
4 

was,fallowed by heating the 

plate with a flameless drier. 

IV.2, Preparation of cellulose derivative solutions for spectroscopy 

The following procedures were used to render the various 

) 3 '. 
derivatives suitable for exrunination by C m.r. spectroscopy. 

A) Enzyme degradation ~f carboxymethylceÜulose (31) 

One gm. of carboxymethylcellulose (Hercules Powder Co., Wilmington, 

Delaware) was triturated in IÔ ml. of a solution of 30 mg. of cellulase 

(StreptoD).yces 5p. QMB814) in O.IM sodium acetàte buffer (pH .. S. 5). When 

hO~geneous, the mixture was kept at 40·C in a wa~er bath'" for 12 hrs; then the 

enzyme was denaturated by heating the solution at IOO·C for lS min. The 

solution was then dialyzed against running tap water for 2 days and against 
1 

~ v distilled water for 8 hrs .. After heeze-drying of, the solution 0.2 g of the 

material was dissolved in 1~2 ml. of water, giving a viscous solution. To~ 

obtain a strong lock signal, '. coaxial tub~ containina C6D6 Wâ~ added to 

the saçle -tube. 

A similar p.rocedure was, used for' preparation of the' hydroxj~thyl-

cellulose sa.ple. 

/ 

/ 
// 

1 
1 
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B) Complete acid degradation of carboxymethyl cellulose ' 
• ! l , 

Three gms.~of carboxymethylcellulosp powdcr (Hercules Powder Co.) 

WeTe mixed mechanically with 20 cè. of 72\ H2S04 and kept at 40°C for i hour • 
• J> 

After diluti~n to 1.5 l, the mixture was autoclaved(for J,hr. (2 atm.) (32), 

then neutralized with BaC03 and the suspension was filtered thr?ugh ~elito. 

Th~ effluent was treated with Ambcrlite IR 120 (H+) resin, concentrated, and 
\. 

13 and finally freezc-dried. A concentrated solution in D
2
0 was used for C m.r. 

examination. 
~ 

A similar method was useJ for the degradation of methylcelluloses. 

C) Partial hydrolysis of methyl cellulosos 

a) For a low O.S. « 1) sample, enzymatic degradation by a procedure 

similar to that used for CMC was employed. 

" b) Medium O.S. (1-2): the sample (1 g.} was triturated in hydrochloric 
• 

( 
acid (10 ml., 1 N) and the mixture kept 3-5 hrs; on .~ste&ll bath. Tbe~sample 

was then freeze-dried and redissolved in O2°. The C.m.r. ~~t~ was Qbtained 

with a coaXial tube containing C6D6 whieh serve4v.e/an ext~al lock signal. 
. \. /' 

c) H1gh D.S.(> 2.5): One gram of the sample was dl.ïolved in dichloro-

/ ethylene (~O ml.) and 1.5 ml. of cone. hydrochlorié acid was added. The' 

resulting viscous solution was' kept under reflux for 1-2 hr. J and the solution 

then eoncentrated to dryness. The e.M.r. spectrum was'recorded u~1ng 
f> "\ 

CDCl3 or else CHCl3, with C6D6 being th en used as in b) to provide an external 

lock. 

D) Partia~ hydrolysis of ethyl cellulose 

One gram of ethyl cellulose (Fisher, Scientific Co.) was dissolved in 

~çetone-water (90:10, 10 ml.) whieh was 1 N with respect to HGl and heated 

under reflux for 1 'hr. Water (100 mL) was aclded, and the'.mixture was freeze-
, 

drled. A solution of 200 mg. in 1 ml. of 020 was used for exam.ination by. 

1 
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c.rn.r. spectroscopy. , 

/ 
E) Par~ia1 acetolysis of cellulose acetate (72b) 

Cellulose acetate (O.S .• 2.3,approximatelyÙS g.) was stitt\ 

vigorous1y in acetic .nhydride (100 ml.) unti1 diss61ved. con~entrated 
'.- -

sulfuric'acid (10 ml.) was then introduced and stirring wa! continued for 
, . 

5 hrs. at 40°C. !pe mixture was then carefu~lr poured into' ièe:water 
, ' 

(SOO ml.), the precipitate was filtered off and thoroughl~washed with 

/ 
1 water until the wa~hings wtre neutral. The precipitate was dried in 

! 

/ 
/ 

vacuum over sodium hydroxide. 1t exhibited no OH absorption band by i~frared 
/ 

sp~ctroscopy. 

IV.o3 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 
~ 

1) 

1 

'. 

/ 

1 
, ' 

1 • 

sulphoxidè Cover 4A molecul8.r sieves). A stream of dry nitrogen ,was introduce'd. 

and after 4 hours, a suspension of NaH in oil (1 g. 57\) was slowly added; with , 
\ 

stirring. The mixture was kept st room te~erature for 12 hrs., then methyl 

iodide (10 ml.) was added in two portions at an interval of 2 hours. After 

a further reaction time of 2 hours, the excéss CH31 was evaporated off under 

vacuum, and the reaction was performed a second time in the seme way. 

The resulting mixture WBS then poured into ice-water (500 ml.) 

with stirring, the whité precipitate was collected, washed with water and 
" 

ethanol; dried, and redissolved in chloroform. Precipitatiôn was ,ffected 

with light petroleu. ether. and the:precipitate was vacuum dried. At this 

sta,e, the methyl cellulose did not show any OH absorption band in the . .. 
infrared ragion, and was therefore consideTed to be fully méthylated. 

/ .. 
1 

/ 
1 
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IV.4 Syntheses of mono-O~carboxymethyl glucoses (23) 

1,2 :'5 , 6-Di-Q.-isopropylidene-a-R-glucofuranose (1) and 1,2-Q-isopropyl1dene­

~-~-glucofunnose (1) 

D-Glucose (200 g.) was treated with anhydrous acetone in the presence 
• • 

of concentrated sulfuric acid (72a); yield: (!) 100 g., m.p. 108-110° (lit. 

110°; (73b))" (2) 34 g., m'.p. = 160° (lit. 160 (72a)). - ~ 

lL~-Q.-IsoEropylidene 3,S,6-tri-Q.-bénzyl-a-~-Bfucofuranose (~ 

Benzylation was carried out according to the procedure described 

by Fletcher (72a). Ten grams of ~ were finely ground in a Waring blendor and 

suspended in 150 ml. of rreshly-distilled benzyl chloride ~tained in a 

3-necked f1ask and protected against mdisture. Powdered KOH (30 g.) was added, 

the mixture was stirred vigoro~ly 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.) wa~ addcd to the cooled ves~el to dlssolve the mas! of salt! 

formed, and the resulting s"olution was extracted with ether. The extraet 

was dried over anhy~rous sodium sulfate and concentr~ted to give a light 

yellow syrup' of l,2-Q.-isopropylidene - 3,S,6-tri-Q.-benzyl-~-U-glucofuranose 

(.2); yield. 16 g. (74\). 

3,S,6·Tri-O-benzrl-2~glucofuranose ~ 

A solution of 3 (7 g;) in su1furie aeid (1\, 125 ml.) was heated - . 
under reflux for 3 hrs. NeutralizatiOn was effeeted with a solution ot sodium 

1 • 
bicarbonate. and extraction into ehlorofo~ then gave a solution which was 

dried oyar anhydrous sodium-sulfate. decolorized with eharcoal (Darco G 60) 

and concentrated, yielding a elear syrup '(5.6 •• ) of 3.S,6-tri-~-benzy].Q­

glueofuranose ®. 
Methyl 3,S,6-tri-~-benZl!-e"8lucofur..noside ~ 

A solution of 4 Ïh 1 N .athanolic 1«:1\ (100 111.) )filS heated under reflux - ' 

Q 



( l , 

;, 

- 84 -

for 4 hrs. After neutralization with barium carbonate and filtration 

through a ee1ite bed· a clear solution' was obtained. Concentration, 'and drying 
1 

of the residue over phosphorus pentoxide yielded a light yellow syrup {4.S i, 

88\) of s. 

MethYl-3~5,6-tri~~-benZ\1-2-~-carboxrmethYl-~-glUco~uranoside met~yl ester (§) 

The method devised by Timell (23) was used with little modification: 

4 g. of product ~, when treated with a dispersion of sodium followed by 

methyl bromoacetate J yielded a reddish syrup (~). whieh was passed through 

a column of siliciç acid (Silica Gol), using toluene/ethanol 10011, (v/v) 
( 

as the eluent. The fractions containing ~.were combined (the proces! was 

followed br t.l.chromatography in tOluene/ethanol:5/1. v/v), and on 

concentration yielded a red syrup (1.4 g., 30\). 
., l 

Methyl '2-Q-carboxymethyl-a/8-2-glucofuranoside methyl ester (l) 

The erude preparation of ~ was dissolved in methanol, palladium 

black (10\ on charcoal) (0.5 g.) ~as added, and hydrogen gas was introduced 

at atmospheric pressure"while the suspension was stirred vigorously. After 

48 hrs., wh en hydrogen consumption had ceased, the 'suspension was 

filtered and cancentrated yielding syrupy! (0.9 g., 94\). 

I-~-Carboxymethyl-a,B-~-glucopyran05e (~ 
. \ 

. ,1 \ A solutiQn of 1 in water (30 ~l.) containing Amberiite lR-120 (H+) 

w~s heated for 4 hrs., then treated with Darco G 60,~and on concentration 

yielded '{ SlIaH 8JIIOunt of material which was freeze-dried for easier handling. 

Paper chromatography in solvent A (23) suggestèa that its compositio~~was 

approxt.ately 10' of 8, the rest being glucose. This was conftrmed by th~ 
13 '; -: , 

C •• ~pectrua of ! which exh~bited 2 minor.an~ric signaIs correspoRding 

to the a '.8 anOll8l"S o~ R-"lucose in addit ion td tho.e of !. 
't 

* , 
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l-Q-Carboxymethyl-1,2:S,6-di-Q-isopropy1iden~-~-g}ucofuranose methyl ester (~ 

1,2:S,6-Di-~-isopropy1idene-2-glucofuranose (i) (10 g.; thor~ghly 

dried) was dissolved in avolute ethy1 ether (ISO ml.) and a sodium hydride 

dispersion (2 g., S7\ in oi1) was added under dry nitrogen. Stirring was 

continued for 24 hrs., after which methylbromoacetate (10 ml.) was added, 

and the reaction was continued for 72 h~s. The mixture was then extracted 

with ethet, the extract was concentrated, and diisopropy1 ether added; 

~ry.tallization ~ccurred after 12 hours in the cold (SOC). The crystals 

(S g. J 48\) were washed with diisopropyl ether; m.p. 103° (lit. 103-104.5" 

(23)) . 

l:~-Carboxymethy1-~-glucopyran~e (~ 

The di~~-isopropylidene derivative.!9) (2 g.) in water (30 ml.) 

was heated with Amberlite .lR~120 (H+) ion exchange pesin under reflux for 

8 hrs. Filtration and treatment whh Darco G 60 decolorizing carbon yielded 

a co10r1ess syrup (10) which was freeze-dried. The c.m.r. spectrum (Table 2) 

showed that th&~r~uct had a high degree of purity, since no~ous 

signals of appreèiablé intensity were detected. - . 
. ~ 

~-~-Acetyl 1,2:3,S-di~-methylene-~-~-glucofurano$e (l!) 

D-Glucose, (100 g.), ~reated ~ith paraformaldehyde in acetic acid as . .~ 

descfibed br Jones !!.~. (74) yielded 15 g. 'tl'l') of (l!.); m.p. 101-102' (lit~ 

, 104°; (Z4))~ " 

IJ2:3,S.Di-Q-methylene-!-R-BIÜCofuI~ose (~ 

De-Q-acetyl&tion of ~ (12 g.) was effected vith aethanol (20 ml.) 

containing sodium methoxide (1 ,.). After 1 br. at roc. temperature, the 
\ " 

solution vas cooled in an iee bath and ~-éxeess of ~berlite'IR-120 CH+) 
/ 

WBS added. Piltration yielded &/aorûîion which vas c~centratèd to a clear 
/ -- ~ 

. "' 
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syrup (g) and dried in ~. YieId: 9 g. (90\). 

1,2:3,S-Di-Q-methylene-6-0-.Çarboxymeth)'}-~-~-&!Ecofuranosè methtl ester (1) '~ -. ~ 

Compound .!.~ (5 g.) was dissolved in dry dioxan'e (50 ml.) and a ~ 
disp~rsion of sodium'{SO\ in oil, 10 ml.) was added under dry nitrogên. 

Stirring was continued for 16 hrs., and methyl'bromoacetate (25 ml.) was added 
. , 

slowly to the suspension. After 12 hrs., the red brown mixture was extractod 

with ether, and the ether layer was WRshed with wat~r (3 x 100 ml~). 

Concentration and drying yielded a thick red syrup which was treated once 

more with sodium and methyl brolOOacetate. Thin layer chromatography of the' 

material obtained after the second treatment indicated â yield ,of at least
C 

50\. Thus it was purified ~y passagè through a column of silicic acid, using 

" " 

as the eluant chloroforrn containing increasing amoullts of acetone (5 ta 40~, , 

-
v/v). Addition of ethanol to the concentrated eluent induced crystallization 

of !l in the form of long white needles (1 g., ~O\) which melted at 46-

(lit. 46.S-47.S· (23)). 

~-~-Carboxymethyl-~-glucoPl!anose (~ 

Hydrolysis of g (0.5 g.) WBS cffected by treatment with an excess 
+ . 

of Amberlite IR-120 CH ) in boiling water for 8 hrs. The resulting solution 

was filtered, decolorized with Darco G 60 and freeze-dried CYield, 200 mg .• 70\). 

The purity and identity of !! were checked by c.m.r. spectroscopy (Tab~e 2). 

IV.4 Synthe$ls of mono-~-hydroxyethYl-2-g1ucos.s 

~-O-Hydro~ethYl-I,2:S,6-di~~isoprOPYlidene-~-&lUCOfuranos. 
o 

/1 The procedure devised by TimeI! (3~) W&S used here. The methyl ester 
, / " 

of thr'Q:-carboxymethyl derivative!, (1. 0 1.) wu recluced..-with l1thiwo alwainœ 
1 

hydride, yi.lding 0.1 g. of compound IS (90\). 

/'" , -
/ , 

\. 
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3~~~Hydroxyethyl-à!a-2-glucopyranose (10a) 

Product ~ (0.7 g.) was hydrolysed with Amberlite lR-120 CH+) 

resin in boiling ~ater as indicated above under !!~ yielding a syrup 
~ 1 . 

which was freeze-dried for easier handling. The c.rn.r. spectrum,of the 

product (table 2) wâs consistent with structure ~tl.· 

~-~~Hydroxyethyl-a,a-2-glucopy!anose (14&) 

Reduction of 1'3. (SOO mg.) wa! carried out with lithiUJll alUJIinua - . \ . 
hydride (34), and the materia~ obtained (!ZJ was hydrolyzed with Amberlite 

lR-ÙO (H+) resin and freeze-d,ried (yield 200 mg. t 45\). The c.II.r. 

spectrum of the product (Table 3) was consistent with structure ~. 

IV. 5 Preparation·of.disa~eharide derivatives and mode1 compound! ' 

Cellobiose (Eastman), maltose and lactose (Anachemia) w~erCial 
product~ and wcre used without further purification. , ~~ . 

a-Cellobiose octaacetate was obtained by ~ectolysis of ~lose 

acetate as described in ref. 73e, whereas the'! anomer was P~ed fra. 

commercia~ cellobiose using aceti~anhydride and sodium acetate (12b) • 

• The phenyl glycosides'were prepai~d via their acetate dèrivative, 
, -

de-~-acetylation being:effected vith sodium methoxide in methano~'(72b). 

_.~er coapound$ whose spec~ra arê described here were pr~sent . 
in this laboratory and were used as found (or after recrystallization. ~f 

the aèltina point was not judged satisfactorr). 

IV. 6, Attespt to synth~size 1,6-anhydro-!-2-a1ucopyranosè (ID 

2.3.4,6-Tetra-~-acetll-!-~-&lucosyl broalde (!!) , . 
1 ~ • L 

, Acetobrolloalucose <ill was synthesized ·froa 2-iluc~s. using a 

aixture of acetie anh)'dride, broJdne, and recl pho,sphorus Ç73b). The pl'Oduct, 

'l' 
" , 

i~ , 
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after recrystallization from ethyl ether, melted st 86-88° (lit. 88-89· 

(13b)). 

1,6-Anhydro-!-~-Blucopyr!nose (~ 

Acetobromoglucose (1.0 g., 2.4 millimQles) was dissolved in dry 
~, 

be ane (2 ml.) in a 100 ml. flask under dry nitrogen. A solution of potassium 

't-but~xide (0.42 M, IS ml .• prepared by dissolving potassium metal in dry 

t-butanol) in t-butanol. was slowly added to the stirred solution. The 

mixture turned to a clark brown colour within a'few minutes, but 1,6-anhydro .. 

S-D-glucose (38) was detected by g.l.c. anly after several hours. After -.. - . ' 

• 
24 hrs., l! wu the main product in the mixture. Centrifugation left a . 
yellow solution which was neutralized w!th Amberlite IR-l20 (11+) ion exchange 

resin, and partially decolorized with Darco G 60 carbon black. Evaporation 

yielded a dark syrup which was fOund by ,.I.C., to consist matnly of 38. 

2,3t4),6-Tetra-~-acetll-!-e-S.lucopyranof>yl chloride (~ 

The title compound was prepared in one step from penta~~-acety~-
... 

~-e-glucose following a known method (12a) using aluminum chloride in chloro-
~' 

form; m.p. 95· (lit. 99-ioo· (72a)). 

1,6-Anhydro-~-~-glucoJ?Yl'anose (!!) . 

The sue basie procedure as above for ~ was followed here,. 

) However, a br,er amount of syrup was recovared. when the rea.ction was. par-. 
fo1'llle4 on a 10 '.' scale. ,and ac.tr1ation of the ,Iy.rup with acetic, anhydridt! and 

Bodiua ~etate (72&) gave another brofhÎsh 'yrup. Cry.tallization tro. 

ethano1 afforded 0.4 g •. (1\010\) of 2,3,4-tri~acetyl .. l,6 .. anh~ro-!-glUco-

'. 
" 

, , 
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CLAIMS TO ORIGINAL RESEARCH 

1) Several cellulose derivatjves have been examined by l~é.m.~. 

spectroscopy and such characteristic$ as thcir dcgree of substitution and 

the distribution of substituents werc· found ta be Jirectly accessible 

in a semi-quantitative 'way. Results were consistent with those obtained hy 

ather techniques. 

2) The orientational dependertce c;>f 3JC _H caupl,ings across the 

glycosidic 't linkage was used ta stud}' t~e confomation of <l and a(l-+4) 

linked disaccharides and related compounds by ,13C•mjr . spectro~copy. 

The preferred conformation was found ta bp similar in the solid state and 

in solution) and t~ be faidy inôependent of fnter-residue hydrogen bonding. 

Li.its of the technique used have been discussed. 

3) The possibility of l,.~sing a marc, direct route than in CU1'rl'nt 

procedures fôr t~e syrtthesis of 1,6-anhydro-sugars was investjgated .. 

1~6-Anhydro-!-Q-glucopyranose, was afforded when 2,3,4,6-tetra-~-acetyl­

"" glucopyranosyl brornide or chloride was treated with potassium ~-butoxide, 

along with sorne degradation products. Mechanistic aspects of these rcactions 

have been discussed. 
'. 
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