
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

Distribution of Substituents in Methylcellulose
Karl-Gunnar Rosella

a B.C. Research, Industrial Chemistry Division, British Columbia, Canada

To cite this Article Rosell, Karl-Gunnar(1988) 'Distribution of Substituents in Methylcellulose', Journal of Carbohydrate
Chemistry, 7: 3, 525 — 536
To link to this Article: DOI: 10.1080/07328308808057548
URL: http://dx.doi.org/10.1080/07328308808057548

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328308808057548
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. CARBOHYDRATE CHEMISTRY, 7 ( 3 ) ,  525-536 (1988) 

DISTRIBUTION OF SUBSTITUENTS IN METHYLCELLULOSE 

Karl-Gunnar Rose11 

B.C. Research, Industrial Chemistry Division, 3650 Wesbrook Mall, 
Vancouver, Br i t ish Columbia, Canada V6S 2L2 

Received September 9, 1987 - FinaL F o m  May 31, 1988 

ABSTRACT 

The distribution o f  methyl  groups i n  methylcelluloses (DS 1.7) has been 
determined. The part ia l ly  methylated monosaccharides obtained on complete 
hydrolysis o f  methylcellulose were converted into alditols by reduction. They 
were ident i f ied as their  acetates or t r imethyls i ly l  ethers by gas-liquid chromato- 
graphy - mass spectrometry and quantified by gas-liquid chromatography. I n  
addition, 13C-nuclear magnetic resonance spectra o f  native and hydrolyzed 
methylcelluloses as wel l  as the part ia l ly  methylated alditols obtained by hydroly- 
sis and reduction were analyzed. The main glucose methyl  ethers obtained were 
in decreasing order 2,6-, 2,3,6-, 2-, 6- ,  and 2,3-. The 2- and 6-positions were oc- 
cupied by methyl  groups i n  70.0 and 61.5%, respectively, while the 3-position 
contained only 37.4%. The GLC-MS method gave a more accurate determination 
o f  the distribution o f  methyl  groups in methylcellulose compared to  NMR spec- 
troscopy. 

INTRODUCTION 

- 0-Methy l  groups occur in several natural polysaccharides and are of ten 

introduced in  order to  modify natural polymers. One important example i s  meth- 

ylcellulose (MC), which is prepared by treatment of  cellulose fibers, obtained 

f rom cotton l inters or wood pulp, w i th  caustic solution and methylation o f  the 

alkali cellulose w i th  methyl  chloride. Thus, the original homopolymer is  trans- 

formed into a heteropolymer containing eight di f ferent residues randomly distri- 

buted along the chain. Commercial M C  has a methoxyl content o f  27.5 t o  31.5O/O,  

which corresponds t o  a degree of  substitution (DS) o f  about 1.8. I t  acts as a vis- 

cosifier and has also the unusual property o f  being soluble i n  cold but not in hot 
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5 2 6  ROSELL 

water. The degree o f  subst i tut ion and the  distr ibut ion o f  the  me thy l  groups are 

impor tan t  in  determining the  propert ies o f  MC, e.g., solut ion qua l i t y  and resis- 

tance t o  enzymatic degradation. Methylcel luloses have many applications which 

include adhesives, agr icu l tu ra l  chemicals, ceramics, cosmetics, glues, inks, paper 

coatings and pharmaceuticals. 1 

The chemical  reac t i v i t y  o f  the three hydroxy l  groups o f  the anhydroglucose 

uni ts in cellulose is o f  great importance in the  manufac ture  of  cellulose deriva- 

tives. The distr ibut ion o f  substi tuents in MC has been analyzed a f t e r  hydrolysis 

by  quant i ta t i ve  separation o f  the  D-glucose der ivat ives on  a carbon column and 
fu r ther  f rac t ionat ion  by  paper chromatography and paper electrophoresis. 2, 3, 4 

The authors concluded t h a t  the reac t iv i t ies  o f  t he  hydroxyl  groups o f  cellulose 

were dependent on the a lky la t ion  agent. The proport ion o f  me thy l  groups in VC 

prepared by a lka l i  t rea tment  fo l lowed b y  m e t h y l  chlor ide has been shown t o  be 

main ly  OH-2 > OH-6 >> OH-3.?' 3 ,  This study now reports the  distr ibut ion of 

me thy l  groups in t w o  commerc ia l  MCs. The mod i f ied  celluloses were hydrolyzed 

and the  resul t ing par t ia l l y  methy la ted  monosaccharides were  reduced t o  aldi to ls 

and analyzed as acetates and t r ime thy l s i l y l  ethers by  gas-liquid Chromatography 

- mass spectroscopy (GLC-MS). The 13C-nuclear magnet ic resonance (13C N M R )  

spectra o f  na t ive  and hydrolyzed MC as w e l l  as those o f  the  der ived aldi to ls were 

also analyzed. 

RESULTS AND DISCUSSION 

Two commerc ia l  MCs were used in this study. The manufacturers repor t  

DS values o f  1.70 (A) and 1.65 (B), respectively. 2 - M e t h y l  group analyses ((28.1'h 

(A) and 27.3% (B)) and C and H analyses ( 48.01% and 7.01% (A) and 47.83% and 

7.11% (B)) were also car r ied  ou t  on these commerc ia l  samples. VC samples 

were hydrolyzed w i t h  t r i f luoroacet ic  acid o f  d i f f e ren t  concentrat ions and t i m e  

periods a t  100 O C  in an ampoule and the hydrolyzate was analyzed b y  high press- 

ure l iqu id  chromatography (HPLC). Use o f  0.67 ivl t r i f luoroacet ic  acid fo r  16 h 

a t  100 O C  resulted in complete hydrolysis and no oligosaccharides were detected. 

The separation o f  the par t ia l l y  methy la ted  aldi to ls obtained b y  t o t a l  hydrolysis, 

reduct ion and acety la t ion  is shown in F igure  1. The components were a l l  w e l l  

separated and eluted in the order o f  decreasing subst i tut ion o f  m e t h y l  groups. 

They were ident i f ied  using GLC-MS by comparison w i t h  authent ic samples and 
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Fig. 1. Capi l la ry  GLC c h a r t  o f  par t ia l ly  m e t h y l a t e d  gluci tol  a c e t a t e s  o b t a i n e d  

f rom methylcel lulose (DS=1.7). The n u m b e r s  i n d i c a t e  t h e  posi t ions of 

t h e  rnethoxyl groups. 
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528 ROS ELL 

Table 1 
Glucose Methyl  E t h e r s  Obta ined  on Hydrolysis 

of Par t ia l ly  Methyla ted  Cel lulose of DS 1.70 (A) and 1.65 (B) 

~~ 

Glucose methyl  e t h e r s a  T b  Molar p e r c e n t a g e  

A B C a l c u l a t e d  

1 .oo 
1.26 

1.33 

1.50 

1.63 

1.96 

2.09 

2.62 

19.4 

24.6 

5.3 

10.3 

12.2 

16.6 

2.4 

9 3  

19.5 16.3 

23.9 27.3 

5.2 6.7 

85 10.2 

12.5 11.2 

16.6 17.1 

2 3  4.2 

11.5 713 

a. 
b. 

Figures  r e f e r  to  position of methoxyl  groups 

Reten t ion  t i m e  of t h e  corresponding aldi tol  acetate, r e l a t i v e  t o  t h a t  of 

1,4,5 - t r i-0- ac e t y 1 - 2,3,6 - t r i -2- m e t  h y 1-0- g 1 u c  i t 01 

t h e  molar  p e r c e n t a g e  are presented  in Table  1. Similar  resu l t s  w e r e  obtained 

when t r imethyls i lyl  (TMS) e t h e r s  of t h e  aldi tols  w e r e  analyzed.  However ,  t h e  

resolut ion of t h e  par t ia l ly  m e t h y l a t e d  aldi tol  t r imethyls i lyl  e t h e r s  was  less com-  

p l e t e  t h a n  t h a t  of t h e  par t ia l ly  m e t h y l a t e d  aldi tol  acetates. The  t w o  MCs showed 

a l m o s t  t h e  s a m e  dis t r ibut ion of methyl  groups. 

The  p e r c e n t a g e  of t h e  methyl  groups on t h e  individual oxygen a t o m s  w a s  

ca lcu la ted  f r o m  t h e  values  in Table  1, and are presented  in Table  2. The high 

proport ion of methyl  groups a t  t h e  2-postion compared  t o  t h e  &position, and 

espec.ially t o  t h e  3-position found h e r e  and  p r e v i ~ u s l y , ~ ’  

upon steric considerat ion,  one would h a v e  e x p e c t e d  t h e  pr imary  hydroxyl group 

at  t h e  6-position to b e  t h e  easiest t o  s u b s t i t u t e  in a nucleophilic subs t i tu t ion  

r e a c t i o n  such as th is  one. However  t h e  2-hydroxyl group h a s  also been  shown t o  

is surprising. Based 
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DISTRIBUTION OF SUBSTITUENTS IN METHYLCELLULOSE 5 2 9  

Table 2 

Percent @Methylation in Position 2, 3 and 6 in the 0-Glucose 

Residues o f  the Methylcellulose and i t s  DS, Calculated f rom Table 1 

YO 0-methy l  in position 

2 3 6 DS 

A 70.9 37.4 61.5 1.70 

B 68.5 35.5 61.1 1.65 

be the most acidic o f  the hydroxyls due to  i t s  proximity t o  the glucosidic and 

r ing  oxygen^.^ A methylcellulose wi th  a lower degree o f  substitution (1.27) 

showed an even higher selectivity between the three positions. The 2-, 6- and 3- 
positions were occupied by methyl groups in 69, 43 and 15%, respectively.6 The 

law react iv i ty of  the C-3 hydroxyl groups has been explained by intramolecular 

hydrogen bonding w i th  the ring oxygens on adjacent anhydroglucose units. 8 

The good agreement between the methoxyl content and the degree of  sub- 

st i tut ion obtained f rom the analyses (see Table 1) suggests that no hydrolysis of  

the methyl  groups or degradation o f  the mater ia l  has occured during the condi- 

tions employed. It also indicates that  complete hydrolysis o f  the glucosidic link- 

ages in the part ia l ly  methylated cellulose has taken place. 

This i s  in contrast t o  the distribution o f  other substituents i n  modified 

celluloses. A commercial cellulose acetate w i th  a DS o f  2.4 showed comparable 

amounts o f  2-acety l  groups at  the 2- and 3-postion (85%) and a somewhat smaller 

amount a t  the 6-position (720h).~ This difference could be explained by the prepa- 

rat ion o f  the two modified celluloses. The cellulose acetate was prepared by 

part ia l  hydrolysis o f  fu l ly  acetylated cellulose, while MC was treated wi th  alkali 

and methyl  chloride. 

Assuming that there is no influence o f  end groups, that  substitution reac- 

t ion i s  o f  f i r s t  order wi th  respect t o  the hydroxyl groups, and there i s  no influ- 

ence o f  substitution on the relative reaction rate constant, it should be possible 

t o  calculate the percentages o f  D-glucose residues methylated a t  d i f ferent posi- 
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5 30 ROSELL 

tions from the percentage of methylation in each position. Such calculation has 

been performed using the values f rom A (Table 2). A good agreement between 

measured and calculated values was observed indicating that the assumptions 

above are justified. This suggests that the substitution reaction in preparation of 

methyl  cellulose i s  o f  f i r s t  order and that the relat ive rate constants of the hy- 

droxylation are not af fected by earlier substitution. Similar results have been 
9 11 found fo r  carboxymethyl cellulose,lo cellulose acetate and ethylcellulose. 

For preparation o f  carboxymethyl cellulose, the relat ive rate constant has been 

shown t o  be strongly dependent on reaction conditions? but  is equal for  cellulose 

of different origins under constant reaction conditions. 10 

The EI-mass spectra of the resulting part ia l ly  methylated aldi to l  acetates 

showed the following main peaks wi th  the intensities i n  brackets. Only peaks o f  

10% above and 20% below m/z 120 are shown. 

2,3,6-Tri-~-methyl-D-glucitol triacetates: 

m/z: 233(19.0), 161(17.1), 143(12.8), 131(32.4), 129(39.5), 117(100.0), 113(88.6), 
101(83.8), 99(79.6), 98(22.8), 87(79.5), 85(26.9), 75(23.8), 71(32.9), 43(65.6). 

2,6-Di-~-methyl-D-glucitol tetraacetates: 

m/z: 159(17.2), 143(21.8), 139(10.0), 129(82.8), 118(23.7), 117(100.0), 115(24.3), 
97(20.0), 87(70.3), 58(37.0), 43(71.7). 

3,6-Di-~-methyl-D-g1ucitol tetraacetates: 

m/z: 189(20.2), 131(13.9), 129(100.0), 113(44.3), 99(30.5), 87(69.9), 4309.3). 

m/z: 127(19.9), 117(100.0), 101(31.0), 99(21.3), 85(25.2), 43(26.8). 

m/z: 184(17.8), 170(11.8), 159(22.1), 157(54.2), 147(10.8), 145(30.4), 142(20.5), 
140(13.1), 139(49.1), 129(88.4), 128(21.9), 127(20.3), 125(12.8), 117(22.2), 
115(100.0), 103(37.2), 99(24.5), 98(31.1), 97(32.8), 87(91.5), 85(26.6), 73(21.2), 
43(97.9). 

2,3-Di-~-methyl-D-g1ucitol tetraacetates: 

6-Mono-~-methyl-D-g1ucitol pentaacetates: 

2-Mono--methyl-D-glucitol pentaacetates: 

m/z: 139(36.1), 129(14.6), 117(100.0), 97(23.0), 43(40.1). 

m/z: 189(18.0), 129(100.0), 127(31.5), 99(34.7), 8766.91, 85(38.5), 43(41.3). 

m/z: 217(10.7), 187(24.1), 170(23.2), 158(10.4), 157(33.3), 153(10.6), 145(57.9), 
139(37.6), 128(43.7), 127(23.6), 116(20.8), 115(100.0), 103(52.3), 97(21.3), 
86(20.2), 85(26.9), 43(95.0). 

3-Mono-~-methyl-D-g1ucitol pentaacetates: 

D-Glucitol hexaacetates: 
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DISTRIBUTION OF SUBSTITUENTS IN METHYLCELLULOSE 531 

The mass fragmentation of the partially methylated gluci to l  acetates showed 

preferential cleavage between adjacent carbons carrying methoxyl groups. Less 

stable ions were derived by fission between adjacent carbon atoms carrying meth- 

oxyl  and acetoxyl groups wi th  the former group preferentially carrying the posi- 

t ive charge. Fission between carbon atoms carrying acetoxyl groups resulted i n  

low intensity fragments. The secondary fragments observed may be derived 

f rom the primary fragments by single or consecutive elimination o f  acetic acid(60), 

ketene(42), methanol(32) and formaldehyde(30). These results fo l low the same 
12 pattern as described by Bjorndal e t  al. 

The mass fragmentation o f  the partially methylated aldi to l  t r imethyls i ly l  

ethers followed a similar pattern. This i s  not surprising since close fragmenta- 

t ion analogies have been reported fo r  methyl  and TMS derivatives o f  other species 

including some carbohydrates. 13, 14 

The mono-, di- and trisubstitution o f  methoxyl groups were roughly the 

same for  the two methylcelluloses w i th  around 30, 40 and 20%, respectively, 

wi th  no substitution in 10% of the cellulose residues. 

The 13C NMR spectrum o f  MC (DS=1.7) is shown in Figure 2. Q-Alkylation 

o f  polysaccharides w i l l  promote strong deshielding o f  the substituted carbinol 

group resulting i n  a downfield sh i f t  of  9 ppm. 15’ l6 The anomeric carbon at  102 

ppm i s  indicative o f  polymeric @-3-glucose residues. The downfield resonance at 

82 ppm i s  the resonance for  the C-2 carbon bonded to  a methoxyl group. The 

resonance a t  78 ppm belongs to  the C-4 carbon to  which the glucosidic linkage i s  

attached. The strong peak at 73 pm belongs to  the C-6 carbon bonded to  a -neth- 

oxyl  group. The resonances o f  the unsubstituted C-2, C-3 and C-5 carbons are i n  

the region o f  68-78 ppm, while unsubstituted primary carbons (C-6) w i l l  be around 

60 ppm. The two sharp peaks at 60 and 58 ppm are due to  the methoxyl groups 

and assigned to C-2 and C-6, respectively. The sharpness o f  the peaks i s  probably 

due t o  long T2 relaxation times. The methoxyI group from C-3 and unsubstituted 

C-6 are also i n  th is  region, but are not wel l  resolved. The assignments of  the 

carbons are based on earlier published results. 59 l7 The broad resonance peaks 

and considerable noise in the spectrum are caused by the high viscosity. This 

could be improved by part ia l  acid or enzymatic hydrolysis of the polysaccharide 

to  reduce the molecular weight and result i n  less viscous solution. The I3C NMR 

spectra in general can be improved by raising the sample temperature, but  M C  

has a tendency t o  gel on heating. The determination o f  the distribution o f  methyl  

groups in methylcellulose using l31= NMR i s  shown t o  be d i f f icu l t  not only by bad 

resolution and identif ication o f  the peaks but also wi th  the integration o f  the 

peaks. 
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5 32 ROSELL 

PPM 

Fig. 2. 400 MHz, I3C NMR spectrum o f  methylcellulose (DS=1.7) in D20, re- 

corded a t  2 1  OC. Chemical-shift values are re la t ive t o  internal  acetone 

( 6  31.4). 

To improve the resolution o f  the spectrum, the polysaccharide was hydro- 

lyzed completely w i th  trif luoroaetic acid. The resulting 13C NMR spectrum i s  

shown in Figure 3. Fifty-one resonance peaks were wel l  separated from each 

other ranging from 60.5 ppm t o  99.0 ppm. This indicates that  a t  least 3 addi- 

t ional resonance peaks were not separated and therefore cannot he quantified. 

The carbon -13 chemical shifts o f  g-methy l  0-glucoses and 2-methy l  derivatives 

o f  methyl  D-glucosides obtained from hydrolysis and methanolysis, respectively, 

have been published by Reuben.18 The spectrum obtained here is identical t o  the 

published spectrum. Reuben's data also showed that the spectrum of methano- 

lyzed M C  exhibited considerably better resolution than that  of  hydrolyzed MC. 

This was explained by the larger substituent e f fec t  i n  the methyl  D-glucoside 

series. Despite the improved resolution in this spectrum compared to  the native 

one, d i f f icuk ies remain t o  determine an accurate distribution of the methyl  

groups. 

In order to  avoid complexities associated w i th  a/B mutarotational equili- 

br ia o f  the part ia l ly  methylated sugars in solution, the hydrolyzed MC was re- 
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UI L 

100.0 90.0 8o:o 
PPM 

70.0 60.0 

Fig. 3. 400 MHz, l 3 C  NMR spectrum o f  hydrolysed methylcellulose (DS1.7) in 

D20, recorded at  2 1  OC. Chemical-shift values are re la t ive to  internal  

acetone (6  31.4). 

duced by sodium borohydride and the mixture o f  part ia l ly  methylated and non- 

methylated glucitols were analyzed by 13C NMR spectroscopy and by GLC-MS. 

The 13C NMR spectrum i s  shown in Figure 4 .  Thirty-eight resonance peaks 

ranging from 51.88 ppm to 85.71 ppm were wel l  separated. This means that 10 

additional resonance peaks were not separated and therefore cannot be quanti- 

fied. Despite fewer resonance peaks in this spectrum compared t o  the one con- 

taining the monosaccharides, it s t i l l  remains very d i f f icu l t  t o  determine the 

location o f  the methyl  groups. 

From the results presented i n  this paper it seems that a complete hydro- 

lysis and characterization by GLC-MS o f  the obtained glucose ethers w i l l  give a 

more accurate quantitative and qualitative estimation of  the distribution of  

substituents compared t o  l3C NMR spectroscopy. 
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1, 
I I I I 

80.0 70.0 60.0 50.0 
PPM 

Fig. 4. 400 MHz, I3C NMR spectrum o f  hydrolysed and reduced methylcellulose 

(DS=1.7) in D20, recorded a t  2 1  O C .  Chemical-shi f t  values are re la t ive 

to  internal  acetone ( 6  31.4). 

EXPERIMENTAL 

Materials. MCs were obtained f rom RDH Chemicals, Poole, England (A) 

and Dow Chemicals, Sarnia, Ontario, Canada (R). The methoxyl contents were 

determined as described by Hodges et  

formed by Canadian Microanalytical Service Ltd., Vancouver, 8.C. Concentra- 

tions were carried out under diminished pressure at  a bath temperature not ex- 

ceeding 40 OC. 

The C and il analyses were per- 

Hydrolysis and analysis of the methyl  ethers. MC (5 mg) was hydrolyzed 

wi th  trif luoroacetic acid (2 mL), using di f ferent concentrations and t ime periods 

at 100 OC, i n  an ampoule. The hydrolyzate was concentrated to dryness under a 

stream o f  nitrogen gas. The residue was dissolved in water (5 mL) and sodium 

borohydride (20 mg) was added. Af ter  2 h at  room temperature, excess Dowex 

50(H+) was added. The resin was removed by f i l t ra t ion and the f i l t r a te  was con- 

centrated t o  dryness. Boric acid was removed by repeated codistillations w i th  

methanol (3 x 5 mL). Par t  of  th is residue, dissolved in acetonitri le-water (3:1), 
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DISTRIBUTION OF SUBSTITUENTS IN METHYLCELLULOSE 535 

was analyzed on a Supelcosil LC-NH2 column (25 cm x 4.6 mm) using a Hewlet t -  

Packard 1084A Liquid Chromatography connected to  a Hewlett-Packard 79850A 

L C  Terminal. The eluant (acetonitrile-water, 3:l) was monitored wi th  a refrac- 

t ive index detector. 

Gas-liquid chromatography - mass spectrometry (GLC-MS). The part ia l ly  

methylated alditols obtained af ter  complete hydrolysis were derivatized in two 

ways: 

anhydride (l:l, 2 mL) for  15 min at  100 OC. The solution was concentrated to 

dryness and the resulting partially methylated alditol acetates were dissolved in  

a small amount o f  methanol and analyzed by GLC-MS. 

(a) Par t  of  the residue was acetylated by treatment w i th  pyridine - acetic 

(b) Another par t  was treated w i th  TRI-SIL Z reagent (Pierce Chemical 

Company, Rockford, IL, USA) at room temperature for  1 h and the resulting 

partially methylated alditol trimethylsilyl ethers were analyzed by GLC-MS. 

GLC was carried out on a Hewlett-Packard 5880 A gas-liquid chromato- 

graph, equipped w i th  flame ionization detectors and connected t o  an electronic 

integrator. The separations were performed at 200 OC isothermal on a fused 

silica capillary column (DB 1, 15 rn x 0.2 rnm). Combined GLC-MS was carried 

out on a Hewlett-Packard 5985 B GC/MS/DS using the above column and an ioni- 

zation potential o f  70 eV. 

recorded a t  a probe temperature of  2 1  OC on a Brucker WM-400 instrument oper- 

ating i n  the pulsed Fourier transform mode wi th  complete proton decoupling. The 

chemical shifts are reported in parts per mi l l ion (ppm) and related to internal 

acetone (=31.4 ppm). The samples were dissolved in D20. 

Nuclear magnetic resonance spectroscopy (NMR). I 3 C  NMR spectra were 
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