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ABSTRACT 

The p r e s e n t  i n v e s t i g a t i o n  w a s  undertaken t o  s e e  i f  a p r a c t i c a l  
method could be developed f o r  homogeneous t r i t y l a t i o n  of c e l l u l o s e  
i n  a nos-aqueous s o l v e n t  of  c e l l u l o s e .  Our new procedure o f  t r i t y l a -  
t i o n  o f  c e l l u l o s e  can e a s i l y  be c a r r i e d  o u t  under homogeneous condi-  
t i o n s  by d i s s o l v i n g  c e l l u l o s e  i n  a s u l f u r  dioxide(5O )-diethylamine 
(DEA) -dimethyl su l fox ide  (DMSO) s o l v e n t  system, one 05 t he  non-aqueous 
c e l l u l o s e  s o l v e n t s ,  followed by a d d i t i o n  of  t t i t y l  c h l o r i d e  and 
py r id ine .  Th i s  new method can avoid t h e  t i m e  consuming p re t r ea tmen t  
f o r  t h e  d e c r y s t a l l i z a t i o n  o f  c e l l u l o s e  which has  been necessary i n  t h e  
t r a d i t i o n a l  procedure and can lower t h e  r e a c t i o n  temperature .  I R  
s p e c t r a  of  t h e  p roduc t s  i n d i c a t e d  t h e  formation of t r i t y l  c e l l u l o s e .  
Measurements of d i e l e c t r i c  p r o p e r t i e s  o f  t h e  p roduc t s  confirmed t h a t  
t r i t y l  groups were s e l e c t i v e l y  introduced a t  t h e  primary hydro y l  
groups i n  c e l l u l o s e .  Th i s  conclusion w a s  a l s o  confirmed by a 'H-NMR 
s tudy i n  which the  t r i t y l a t e d  p roduc t s  w s f i r s t  a c e t y l a t e d ,  d e t r i t y l -  
a t e d  and then t r i d e u t e r i o a c e t y l a t e d  and H-NMR s p e c t r a  were taken a t  
each s t a g e  and examined comparat ively.  

P 

INTRODUCTION 

I t  i s  w e l l  known t h a t  t r i pheny lme thy la t ion  ( T r i t y l a t i o n )  of  

c e l l u l o s e  is a u s e f u l  method f o r  s e l e c t i v e  p r o t e c t i o n  of  t he  primary 

hydroxyl groups i n  c e l l u l o s e .  More d e t a i l e d  s t u d i e s  of t r i t y l a t i o n  
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94 HAGIWARA ET AL. 

have been c a r r i e d  o u t  by several w o r k e r s l n 2  s i n c e  t h e  f i r s t  prepara-  

t i o n  o f  t r i t y l  c e l l u l o s e  by He l fe r i ch  e t  a l .3  

remain t o  be  so lved  wi th  regard t o  s t a r t i n g  materials and r e a c t i o n  

cond i t ions .  Native c e l l u l o s e  such as c o t t o n  i n v a r i a b l y  g i v e s  i n s o l u b l e  

p roduc t s  a f t e r  t r i t y l a t i o n .  Thus, d e c r y s t a l l i z e d  c e l l u l o s e  has  been 

r equ i r ed  f o r  t h e  e t h e r i f i c a t i o n .  For example, d e c r y s t a l l i z e d  regener-  

a t e d  c e l l u l o s e  can be ob ta ined  when c e l l u l o s e  acetate i s  d e a c e t y l a t e d  

wi th  15% aqueous ammonia a t  room temperature  f o r  2-7 days.  For t r i t y l -  

a t i o n  of d e c r y s t a l l i z e d  c e l l u l o s e ,  t h e  r e a c t i o n  temperature  of 100' C 

i s  u s u a l l y  adopted and t h e  p roduc t  w i th  DS of  1.0 can be  ob ta ined  

a f t e r  a r e a c t i o n  pe r iod  of  15  or 4 h r . ,  when 2.5 o r  10 moles respec-  

t i v e l y ,  of t r i t y l  c h l o r i d e  p e r  mole glucose u n i t  are used.  I n  

a d d i t i o n ,  Hearon e t  a l .  i n v e s t i g a t e d  t h e  temperature  dependence 

of  t h e  r e a c t i o n  and observed t h a t  it took 50 h r .  a t  80- C and 1 1 3  

h r .  a t  68" C f o r  completion. N o  r e a c t i o n  w a s  observed a t  40' C .  

However, some problems -- 

-- 

Over t h e  l as t  t e n  y e a r s ,  a number of non-aqueous c e l l u l o s e  

s o l v e n t s  have been found. T h e i r  non-aqueous n a t u r e  has  pe rmi t t ed  

homogeneous r e a c t i o n s  of c e l l u l o s e  with o r g a n i c  r eagen t s4 I5 .  

I n  t h i s  s t u d y ,  w e  i n v e s t i g a t e d  t h e  homogeneous t r i t y l a t i o n  o f  

c e l l u l o s e  by u s i n g  a s u l f u r  d iox ide (S0  1-diethylamine(DEA)-dimethyl 

sulfoxide(DMS0) c e l l u l o s e  s o l v e n t  as t h e  r e a c t i o n  medium, and t r i e d  

t o  e s t a b l i s h  an easier method f o r  i n t roduc ing  t h e  p r o t e c t i v e  group 

i n t o  c e l l u l o s e  than t h e  convent ional  one.  

2 

EXPERIMENTAL 

General  

Whatman c e l l u l o s e  powder CF-11 w a s  used as t h e  c e l l u l o s e  source.  

A HITACHI model EPI-G3 g r a t i n g  double beam spec t romete r  w a s  

used f o r  I R  spectrometry.  The KBr d i s k  technique w a s  employed t o  

p repa re  samples for I R  s p e c t r a .  

Dielectric p r o p e r t i e s  of t r i t y l  c e l l u l o s e  ( d r i e d  a t  70' C i n  - 
vacua f o r  24 h r . )  with v a r i o u s  DS were examined on each t r i t y l  

c e l l u l o s e  (150 mg) d i s k ,  0 .4  mm i n  t h i c k n e s s  and 20 m i n  d i ame te r ,  

shaped under  a p r e s s u r e  of 760 kg/cm . A n  i nduc t ive - ra t io -a rm b r idge  

(Ando Elec t r ic  C o .  L td . ,  TR-1OC) w a s  employed as t h e  measuring dev ice  

and f o r  t h e  a c c u r a t e  de t e rmina t ion  o f  t h e  d i e l e c t r i c  p r o p e r t i e s  a 

t h r e e - e l e c t r o d e  arrangement w a s  adopted.  Dielectric loss f a c t o r s  

- 
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HOMOGENEOUS TRITYLATION O F  CELLULOSE 95 

( E " )  w e r e  measured a s  a f u n c t i o n  of frequency ove r  t h e  range from 

50 Hz t o  1 MHz a t  -50' C under anhydrous cond i t ions .  

An R-22 H I T A C H I  high r e s o l u t i o n  NMR spectrometer  (90 MHz) w a s  

used f o r  'H-NMR spectrometry.  

-d as t h e  so lven t  and t e t r a m e t h y l s i l a n e  as an i n t e r n a l  s t anda rd .  

Samples w e r e  examined as 10% s o l u t i o n s .  

NMR s p e c t r a  w e r e  run us ing  chloroform 

1 

Prepa ra t ion  of  T r i t y l  C e l l u l o s e  ( 1 ) 

To a clear s o l u t i o n  of c e l l u l o s e  (1.0 g)  i n  DMSO (20 m l )  

con ta in ing  t h e  SO -DEA equimolar  complex ( 4  moles p e r  anhydro- 

glucose u n i t  of  c e l l u l o s e )  w a s  added a mixture  of t r i t y l  c h l o r i d e  

and p y r i d i n e  (and/or dimethylforrnamide) with s t i r r i n g  a t  room 

temperature .  I n  some experiments ,  t h e  amount o f  SO -DEA complex 

w a s  v a r i e d  a s  desc r ibed  l a t e r .  The mixture w a s  k e p t  a t  SO0 C f o r  a 

d e f i n i t e  pe r iod  ( 2 . 5  - 16 h r . )  under cont inuous shaking.  The t r i t y l -  

a t i o n  r e a c t i o n  proceeded under homogeneous cond i t ions .  A f t e r  t h e  

r e a c t i o n ,  t h e  s o l u t i o n  w a s  poured i n t o  an excess  of methanol t o  

p r e c i p i t a t e  t r i t y l  c e l l u l o s e .  The p r e c i p i t a t e  w a s  f i l t e r e d  and 

again s t i r r e d  i n  f r e s h  methanol.  This  w a s  r epea ted  t h r e e  t i m e s  and 

t h e  p r e c i p i t a t e  w a s  f i l t e r e d ,  washed w i t h  methanol and d r i e d .  

2 

2 

2,3-Di-O-acetyl-6-0-trityl C e l l u l o s e  ( 2 1 

T r i t y l  c e l l u l o s e  w a s  a c e t y l a t e d  according t o  t h e  procedure of  

H a l l  e t  a l . '  

(12.5 m l )  w a s  added a c e t i c  anhydride (10 m l )  wi th  s t i r r i n g .  The 

s o l u t i o n  w a s  kep t  a t  90' C f o r  9 h r .  with cont inuous s t i r r i n g .  Af t e r  

cool ing 

of methanol. The p r e c i p i t a t e  w a s  f i l t e r e d ,  washed wi th  methanol 

and d r i e d .  

To a s o l u t i o n  of t r i t y l  c e l l u l o s e  ( l g )  i n  p y r i d i n e  _ -  

t o  room t empera tu re ,  t h e  s o l u t i o n  was poured i n t o  an excess  

2,3-Di-O-acetyl c e l l u l o s e  ( 3 ) 

D e t r i t y l a t i o n  of compound 2 w a s  accomplished by s l i g h t  modif i -  

c a t i o n  of t h e  procedure r e p o r t e d  by Horton e t  a1.8 

compound 2 ( l g )  i n  chloroform (30 m l )  w a s  added a c e t i c  a c i d  ( 5  ml). 

The s o l u t i o n  was kep t  a t  20° C.  Hydrogen bromide s a t u r a t e d  acetic 

a c i d  s o l u t i o n  (1 m l )  w a s  added and t h e  mixture  was s t i r r e d  f o r  5 min. 

The r e s u l t i n g  p r e c i p i t a t e  w a s  f i l t e r e d ,  washed with chloroform,  poured 

To  a s o l u t i o n  o f  -- 
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96 HAGIWARA ET AL. 

i n t o  methanol with constant  s t i r r i n g ,  f i l t e r e d ,  washed with methanol 

and dr ied.  

8 2,3-Di-O-acetyl-6-O-trideuterioacetyl Cellulose ( 4 ) 

After  compound 3 (19) was dissolved i n  pyridine (10 m l ) , a c e t i c  

The anhydride-d6 ( 2  m l )  w a s  added and the  so lu t ion  was mixed wel l .  

solut ion was held a t  90° C f o r  9 hr . ,  and then poured i n t o  water. The 

p r e c i p i t a t e  was f i l t e r e d ,  washed with water and then methanol, and 

dr ied.  The samples used f o r  NMR spec t ra  were p u r i f i e d  f u r t h e r  by 

repeating t h e  p r e c i p i t a t i o n  technique using chloroform and methanol twice 

Determination of the  T r i t y l  Content 

The t r i t y l  content of t r i t y l  c e l l u l o s e  was determined by the  
6 procedure reported by Green . A sample (1.0 g)  of t r i t y l  c e l l u l o s e ,  

previously d r i e d  i n  vacuo a t  70° C f o r  24 h r . ,  was dissolved with 

s t i r r i n g  i n  concentrated s u l f u r i c  ac id  (10 m l ) .  After  complete 

d isso lu t ion  gave a c l e a r  and dark-tan colored so lu t ion ,  d i s t i l l e d  

water w a s  ca refu l ly  added u n t i l  the  so lu t ion  turned gray. Then, 

addi t iona l  water (90 m l )  was gradual ly  added t o  p r e c i p i t a t e  

triphenylmethanol. The p r e c i p i t a t e  was f i l t e r e d ,  washed f r e e  of 

s u l f a t e  ion with water ,  d r ied  and weighed. 

-- 

w t .  of triphenylmethanol x 243 x 100 
sample w t .  x 260 % T r i t y l  = 

1.62 x ( %  t r i t y l )  
243 - 2.42 x ( %  t r i t y l )  DS = 

RESULTS AND DISCUSSION 

The c e l l u l o s e  used a s  s t a r t i n g  mater ia l  f o r  preparat ion of the  

t r i t y l  e t h e r  was known t o  be of importance. I t  has been known t h a t  

decrys ta l l ized  regenerated ce l lu lose  i s  e f f e c t i v e  a s  a sample f o r  

t r i t y l a t i o n ' .  

ace ty la t ion  of c e l l u l o s e  ace ta te  under non-aqueous condi t ions is 

of ten  used, though t h e  hydrolysis  i s  a l s o  c a r r i e d  out  under aqueous 

condi t ions a s  mentioned before .  However, the  deacetylated c e l l u l o s e  

obtained by the  above methods has a minimum value of 1% a c e t y l  . 
Therefore, it is  d i f f i c u l t  t o  r u l e  out  t h e  p o s s i b i l i t y  t h a t  such 

samples have a s l i g h t  amount of a c e t y l  group i n  the  C-6 pos i t ion .  

A s  a method f o r  preparing regenerated c e l l u l o s e ,  de- 
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HOMOGENEOUS TRITYIATION OF CELLULOSE 97 

Moreover, as p rev ious ly  s t a t e d ,  t h e  p r e p a r a t i o n  o f  t h e  r egene ra t ed  

c e l l u l o s e  is obviously a time-consuming procedure.  These problems 

which occur  i n  t h e  t r a d i t i o n a l  t r i t y l a t i o n  method f o r  c e l l u l o s e  can 

be avoided i f  t h e  t r i t y l a t i o n  i s  performed i n  a homogeneous s o l u t i o n  

u t i l i z i n g  a non-aqueous c e l l u l o s e  so lven t .  

I n i t i a l l y ,  w e  t r i e d  t o  determine t h e  optimum cond i t ions  f o r  

t r i t y l a t i o n  of  c e l l u l o s e  u s i n g  a S O  -DEA-DMSO c e l l u l o s e  s o l v e n t  as 

t h e  r e a c t i o n  medium. F igu re  1 shows t h e  e f f e c t  o f  the amount of 

py r id ine  on c e l l u l o s e  t r i t y l a t i o n  i n  t h e  c e l l u l o s e  s o l v e n t .  The 

o t h e r  c o n d i t i o n s  were he ld  c o n s t a n t ,  t h a t  i s ,  t h e  r e a c t i o n  tempera- 

t u r e  w a s  SO0 C and t h e  amount of t r i t y l  c h l o r i d e  w a s  5 m o l e s  p e r  

mole glucose u n i t  o f  c e l l u l o s e .  T r i t y l  c h l o r i d e  w a s  mixed wi th  

p y r i d i n e  ranging i n  q u a n t i t i e s  from 10 t o  40 m l ,  and each mixture  

w a s  added t o  t h e  c e l l u l o s e  s o l u t i o n  prepared i n  advance a s  shown i n  

t h e  experimental  s e c t i o n .  In Fig.  1, t h e  c a l c u l a t e d  concen t r a t ions  of  

t h e  p y r i d i n e  based on t h e  t o t a l  q u a n t i t y  of s o l v e n t s  a r e  6 7 ,  50 and 

25%. From t h i s  f i g u r e ,  it is clear t h a t  t h e  deg ree  o f  s u b s t i t u t i o n  

2 

1.0 - 
.. ., 

0 5 10 15 
Reaction time (hr) 

FIGURE 1. E f f e c t  of t h e  amount of p y r i d i n e  on t h e  t r i t y l a t i o n  of 
c e l l u l o s e .  

Ce l lu lose  (1.0 9) w a s  d i s so lved  i n  DMSO (20 m l )  wi th  SO2-DEA equ i -  
molar complex ( 4  moles p e r  mole glucose u n i t ) .  To t h e  s o l u t i o n ,  tri- 
t y l  c h l o r i d e  ( 5  moles pe r  m o l e  g lucose u n i t )  and p y r i d i n e  o r  p y r i -  
dine-DMSO mixture  w e r e  added. Reaction temperature:  50' C. 
A : p y r i d i n e  40 m l ,  : pyr id ine  20 m l ,  0 : p y r i d i n e  10  ml-DMSO 
10 m l .  
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wi th  t r i t y l  groups i n c r e a s e s  with a dec rease  i n  t h e  q u a n t i t y  of 

py r id ine .  However, under t h e s e  c o n d i t i o n s ,  t r i t y l  c e l l u l o s e  having 

a DS of 1 .0  could n o t  be e f f e c t e d  w i t h i n  16 h r .  r e a c t i o n .  I t  would 

be expected from t h e  r e s u l t s  of F ig .  1 t h a t  an a d d i t i o n a l  dec rease  

i n  p y r i d i n e  concen t r a t ion  might cause an i n c r e a s e  i n  t h e  t r i t y l  

s u b s t i t u t i o n .  

The re fo re ,  i n  o r d e r  t o  o b t a i n  t r i t y l  c e l l u l o s e  with a DS of 

1 . 0 ,  w e  t r i e d  t o  t r i t y l a t e  c e l l u l o s e  u t i l i z i n g  r e a c t i o n  systems 

having smaller q u a n t i t i e s  of  p y r i d i n e  than those  used i n  Fig.  1. 

However, p y r i d i n e  is a good s o l v e n t  f o r  t r i t y l  c h l o r i d e  and a 

dec rease  i n  p y r i d i n e  r a t i o  i n  t h e  s o l v e n t  r e s u l t e d  i n  a s i g n i f i c a n t  

dec rease  i n  t h e  s o l u b i l i t y  of  t r i t y l  c h l o r i d e  i n  t h e  r e a c t i o n  s o l u t i o n  

and a t  t h e  extreme, t h e  homogeneous s o l u t i o n  could no longe r  be r e a l i z e d .  

Thus, dimethylformamide (DMF) w a s  p a r t i a l l y  used as  a component of t h e  

s o l v e n t s ,  because t r i t y l  c h l o r i d e  i s  more s o l u b l e  i n  DMF t han  i n  DMSO. 

When t h e  amount of py r id ine  was decreased t o  4 m l  and 16 m l  of  DMF w a s  

added t o  compensate f o r  t h e  dec rease  i n  t h e  q u a n t i t y  of p y r i d i n e ,  t r i t y l  

c e l l u l o s e  having a DS of  1 .0  could be  ob ta ined  as shown i n  F ig .  2 .  I n  

t h i s  r e a c t i o n ,  t h e  o t h e r  c o n d i t i o n s  such as t h e  amount of  t r i t y l  c h l o r i d e ,  

t h e  amount and t h e  composition of  t h e  c e l l u l o s e  s o l u t i o n ,  t h e  r e a c t i o n  

temperature  and p e r i o d ,  a r e  t h e  same as  t h o s e  i n  t h e  experiments  shown 

i n  F i g .  1. Thus, t h e  corresponding c o n c e n t r a t i o n  o f  p y r i d i n e  i n  t h e  

s o l u t i o n  i s  c a l c u l a t e d  t o  be 10%. 

In  Fig.  2 t h e  r e s u l t  of  examination whether t h e  t r i t y l a t i o n  of 

cellulose is  a f f e c t e d  by use of DMF as a p a r t i a l  s u b s t i t u t e  f o r  DMSO 

i s  a l s o  shown. Th i s  comparison w a s  done us ing  t h e  p y r i d i n e  concen- 

t r a t i o n  of  25%.  Namely, 10 m l  of p y r i d i n e  w a s  mixed wi th  e i t h e r  10 

ml of DMF or DMSO, followed by a d d i t i o n  of  t h e  t r i t y l  c h l o r i d e ,  and 

each mixture  w a s  added t o  t h e  c e l l u l o s e  s o l u t i o n .  Both of  t h e s e  

s o l u t i o n  systems allowed homogeneous t r i t y l a t i o n  of c e l l u l o s e  a t  

50° C ,  because of  t h e  presence of s u f f i c i e n t  p y r i d i n e .  The r e a c t i o n  

rates for  t h e  t w o  r e a c t i o n s  w e r e  e s s e n t i a l l y  t h e  s a m e  as shown i n  

Fig.  2 .  Thus, t h e  t r i t y l a t i o n  r e a c t i o n  i s  n o t  a f f e c t e d  by t h e  p a r t i a l  

replacement of t h e  DMSO with nMF. 

The e f f e c t  of t h e  amount of  t r i t y l  c h l o r i d e  on t h e  r e a c t i o n  

was a l s o  i n v e s t i g a t e d .  A cons tan t  p y r i d i n e  c o n c e n t r a t i o n  of  10% 

w a s  used i n  t h e s e  experiments.  The o t h e r  r e a c t i o n  cond i t ions  were 
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HOMOGENEOUS TRITYIATION OF CELLULOSE 99 

FIGURE 2.  E f f e c t  of t h e  amount of p y r i d i n e  on t h e  t r i t y l a t i o n  of  

Reaction cond i t ions  were i d e n t i c a l  t o  those  desc r ibed  i n  Fig.  1 
except  t h e  amounts and t h e  composition of  t h e  w r i d i n e  s o l u t i o n  

c e l l u l o s e .  

added. 
0 : 

p y r i d i n e  4 ml-DMF 16 m l .  
p y r i d i n e  10  ml-DMSO 10 m l ,  0 : p y r i d i n e  10 ml-DMF 10 m l ,  : 

i d e n t i c a l  t o  t hose  used i n  t h e  p rev ious  experiment.  The r e s u l t s  

are shown i n  F ig .  3 .  

When t h e  amount of t r i t y l  c h l o r i d e  was 2.5 moles p e r  mole 

g lucose  u n i t  of  c e l l u l o s e ,  t h e  t r i t y l a t i o n  d i d  proceed s a t i s f a c t o r i l y ,  

r e s u l t i n g  i n  t r i t y l  c e l l u l o s e  with a DS of 0.5.  T r i t y l  c e l l u l o s e  

wi th  a D S  of  1 .0  could on ly  be  ob ta ined  by us ing  more than  5 moles 

of t r i t y l  c h l o r i d e  p e r  mole r e p e a t i n g  u n i t  of  c e l l u l o s e .  

On t h e  o t h e r  hand, it has been r e p o r t e d  t h a t  f o r  a conven- 

t i o n a l  t r i t y l a t i o n  procedureL,  use of 2.5 mole of  t r i t y l  c h l o r i d e  

p e r  mole glucose u n i t  of c e l l u l o s e  r e s u l t e d  i n  t r i t y l  c e l l u l o s e  

having a DS of 1.0. Thus, our method r e q u i r e s  a l a r g e r  amount of  

t r i t y l  c h l o r i d e  than t h a t  used i n  t h e  convent ional  procedure.  Th i s  

can be  a t t r i b u t e d  t o  t h e  r e a c t i o n  of t r i t y l  c h l o r i d e  with diethylamine,  

DMSO and water i n  t h e  r e a c t i o n  s y s t e m ,  a s  d i scussed  l a t e r .  

Triphenylmethyl c h l o r i d e ,  on d i s s o l u t i o n  i n  p o l a r  a p r o t i c  sol- 

v e n t s  such as DMSO, nitromethane e tc . ,  immediately e x h i b i t s  s p e c t r a  

of t h e  t r i p h e n y l  carbonium i o n , s h o w i n g i o n i z a t i o n  of the  r eagen t  i n  
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C 

Reaction time (hr) 

F I G U R E  3 .  E f f e c t  of t h e  amount of t r i t y l  c h l o r i d e  on the  t r i t y l a t i o n  
of  cellulose. 

Reaction cond i t ions  w e r e  i d e n t i c a l  t o  those desc r ibed  i n  F ig .  1 
except  t h a t  t h e  concen t r a t ion  o f  p y r i d i n e  w a s  k e p t  c o n s t a n t  a t  10% 
and t h a t  t h e  concen t r a t ion  of  t r i t y l  c h l o r i d e  w a s  changed. 
T r i t y l  c h l o r i d e  : 7.5 ( ) , 5 . 0  ( 0 1 ,  2.5 ( A ) moles p e r  mole 
glucose u n i t .  

t h e s e  s o l v e n t s .  T r i t y l a t i o n  of a l coho l s  involves  a slow b imoiecu la r  

r e a c t i o n  of  t h e  a l coho l  w i th  t h e  r e s u l t a n t  carbonium i o n .  The 

t r i t y l a t i o n  can be run t o  completion i f  p y r i d i n e  is added t o  

n e u t r a l i z e  t h e  hydrogen c h l o r i d e  which forms. Py r id ine  a l s o  forms 

a complex wi th  t h e  carbonium ion ,  presumably a pyridinium i o n  i n  

which t h e  p o s i t i v e  charge i s  d e i o c a l i z e d  over  t h e  n i t r o g e n  atom and 

t h e  a r a l k y l  group. I n  t h e  presence of excess  p y r i d i n e ,  t r i t y l  c h l o r i d e  

i s  considered t o  e x i s t  completely as the p y r i d i n e - t r i t y l  complex which 

is  r e a c t i v e  toward nuc leoph i l e s .  Py r id ine  a l s o  a c t s  as a base  i n  t h e  

r e a c t i o n  system, a c c e l e r a t i n g  o t h e r  base-catalyzed s i d e  r e a c t i o n s ,  f o r  

example t h e  r e a c t i o n s  of t r i t y l  c h l o r i d e  with DEA, DMSO and wa te r .  

Th i s  l a t t e r  f a c t  h e l p s  t o  exp la in  t h e  l a r g e  consumption of t r i t y l  chlo-  

r i d e  du r ing  t r i t y l a t i o n  of  c e l l u l o s e  i n  t h e  presence of  t h e  c e l l u l o s e  

s o l v e n t ,  and t h e  observed e f f e c t  of t h e  amount of p y r i d i n e  on t h e  

t r i t y l  s u b s t i t u t i o n  of c e l l u l o s e .  

I n  Fig.  4 are shown t h e  r e s u l t s  of r e a c t i o n s  us ing  q u a n t i t i e s  

2 of  S O  -DEA equimolar complex up t o  10 moles p e r  g lucose  u n i t .  A 
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SOz-DEA (mole/ mole glucose unit) 

F I G U R E  4 .  E f f e c t  of  t h e  amount of SO -DEA complex on the  t r i t y l a t i o n  
2 of c e l l u l o s e .  

Reaction cond i t ions  were i d e n t i c a l  t o  those desc r ibed  i n  F ig .  1 
except t h a t  t h e  p y r i d i n e  concen t r a t ion  and t h e  r e a c t i o n  pe r iod  were 
kept  cons t an t  a t  10% and 1 2  h r . ,  r e s p e c t i v e l y ,  and t h a t  t h e  concen- 
t r a t i o n  of SO -DEA complex w a s  changed. 

2 

maximum value of t r i t y l  s u b s t i t u t i o n  w a s  obtained when 4 moles of 

SO -DEA complex p e r  g lucose  u n i t  was used. I t  i s  known t h a t  t o t a l  

d i s s o l u t i o n  of c e l l u l o s e  i n  t h i s  c e l l u l o s e  so lven t  can be achieved 

by u t i l i z i n g  more than 3 moles of SO -DEA complex p e r  mole glucose 

u n i t .  Th i s  e x p l a i n s  t h e  l o w  s u b s t i t u t i o n  of t r i t y l  groups a t t a i n e d  

with the  samples prepared by u s i n g  less than 3 moles of SO -DEA p e r  

glucose u n i t .  Although b e t t e r  ce l lu lose  d i s s o l u t i o n  can be thought  

t o  occur ,  t h e  presence of SO -DEA complex i n  q u a n t i t i e s  g r e a t e r  than 

4 moles p e r  mole glucose u n i t  dep res ses  t h e  t r i t y l a t i o n  of c e l l u l o s e .  

Thus, f u r t h e r  i n v e s t i g a t i o n  was c a r r i e d  o u t  t o  c l a r i f y  t h e  i n f l u e n c e  

of SO -DEA complex on t h e  r e a c t i o n .  The e f f e c t s  of t h e  q u a n t i t y  of 

SO and t h a t  of DEA on t h e  r e a c t i o n  w e r e  examined s e p a r a t e l y ,  while  

t h e  o t h e r  r e a c t i o n  cond i t ions  w e r e  t h e  same as desc r ibed  p rev ious ly .  

2 

2 

2 

2 

2 

2 

In Table 1 t h e  r e s u l t s  of r e a c t i o n s  us ing  a f i x e d  q u a n t i t y  of  

so2 (4  moles p e r  glucose u n i t )  and q u a n t i t i e s  of DEA ranging from 

4 t o  1 2  moles p e r  mole g lucose  u n i t  of c e l l u l o s e  are r epor t ed .  The 
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SO2-DEA DS DEA b DS 

(mole/g.u.) (mole/g . u . 

4 1.02 4 1.02 
6 0.89 6 0.90 
a 0.64 8 0.57 

10 0.28 10 0.17 
1 2  -- 1 2  0.10 

amount of t r i t y l  subs t i tu t ion  decreased markedly with an increase i n  

the  quant i ty  of DEA. On the  o ther  hand, when the  quant i ty  of SO2 

w a s  increased,  while t h a t  of DEA was held constant ,  l i t t l e  change 

w a s  found i n  the  amount of t r i t y l  s u b s t i t u t i o n  (Table 1). 

These r e s u l t s  reveal  t h a t  the decrease i n  t h e  amount of t r i t y l  subs t i tu -  

t i o n  with an increase i n  the  quant i ty  of SO -DEA complex i n  the  range 

above 4 moles per  glucose u n i t  shown previously i n  Fig. 4 i s  ascr ibable  

t o  t h e  e f f e c t  of DEA. These r e s u l t s  a l s o  support the assumption, which 

was mentioned i n  connection with Fig. 4 ,  t h a t  DEA a s  an ac t ive  nucleophile 

w i l l  r e a c t  w i t h  t r i t y l  chlor ide.  

2 

From r e s u l t s  thus f a r  it is obvious t h a t  homogeneous t r i t y l a t i o n  

of ce l lu lose  can y ie ld  a product which contains  about one t r i t y l  group 

f o r  each glucose uni t .  Some charac te r iza t ion  of the  products were made. 

In  Fig. 5 ,  in f ra red  (IR) spec t ra  of t r i t y l  ce l lu loses  prepared by t h e  

present  procedure (A and B) a r e  compared with t h a t  of t r i t y l  ce l lu lose  

with DS of 1.30 prepared by t h e  conventional method ( C ) .  The DS values 

f o r  the  samples with spec t ra  A and B were 0.65 and 1.02, respect ively.  

A comparison of spec t ra  A and B revea ls  t h a t  t h e  i n t e n s i t i e s  of bands 

a t  3000 - 3100, 1600, 1500, 1450 and 700 - 800 cm-', a l l  of which a re  

a t t r i b u t a b l e  t o  the  t r i t y l  group, increase with an increase i n  the  

degree of t r i t y l  subs t i tu t ion .  When spectrum B i s  compared with C ,  

S02c D S  

(mole/g . u. ) 

4 1.02 
6 0.94 
8 0.95 

10 0.95 
12 0.96 

~ ~~ ~ 

Reaction conditions were i d e n t i c a l  t o  those described i n  Fig. 4 
except t h a t  the  concentration of ind iv idua l  components of S02-DEA 
complex w a s  changed. 
SO concentration of 4 mole/glucose u n i t  
DE3i concentration of 4 mole/glucose u n i t  
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A000 3000 zoo0 1500 1000 500 
WAVE NUMBER (CM-' )  

F I G U R E  5 .  I R  s p e c t r a  of t r i t y l  c e l l u l o s e  with D S  of 0.65 ( A ) ,  
1 . 0 2  (B) and 1.30 (C). 

Samples f o r  s p e c t r a  A and B w e r e  prepared by t h e  p r e s e n t  method 
and t h a t  f o r  spectrum C w a s  prepared by t h e  convent ional  method. 

t h e  c h a r a c t e r i s t i c s  of  both s p e c t r a  seem t o  be e s s e n t i a l l y  t h e  same. 

This  r e s u l t  i n d i c a t e s  t h a t ,  i n  s p i t e  of  t h e  f a c t  t h a t  t h e  p r e s e n t  

t r i t y l a t i o n  procedure uses  a more complicated r e a c t i o n  system than t h e  

convent ional  method, no s i d e  r e a c t i o n s  of ce l lu lose  t ake  p l a c e .  

Whether t r i t y l a t i o n  occurred p r e f e r e n t i a l l y  a t  t h e  primary 

hydroxyls was examined by t h e  fol lowing two t echn iques .  

I n  t h e  f i r s t  technique,  t h e  d i e l e c t r i c  abso rp t ion  p r o p e r t i e s  

of t r i t y l  c e l l u l o s e  with va r ious  DS w e r e  measured and then  t h e  

frequency dependence of d i e l e c t r i c  loss f a c t o r  E "  w a s  s t u d i e d  

(Fig.  61. It  i s  known t h a t  c e l l u l o s e  has  a d i e l e c t r i c  d i s p e r s i o n  

i n  t h e  frequency range of 30 H z  t o  1 MHz a t  -60' C under anhydrous 

cond i t ions .  

due t o  t h e  o r i e n t a t i o n a l  p o l a r i z a t i o n  of methylol  groups i n  c e l l u l o s e .  

Mikkailov e t  al. lo repor t ed  t h a t  t h i s  d i s p e r s i o n  w a s  
- I  

Norimoto e t  a1 . l l  also repor t ed  t h a t  t h e  d i s p e r s i o n  w a s  a s s o c i a t e d  

with t h e  primary hydroxyl groups i n  t h e  amorphous r eg ion  of c e l l u l o s e .  

In  Fig.  6 ,  when d i e l e c t r i c  abso rp t ion  cu rves  f o r  t r i t y l  c e l l u l o s e  

-- 
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104 HAGIWARA ET AL. 

1 2 3 4 5 6 
log f ( f  in Hz) 

FIGURE 6.  Frequency dependence of E ”  a t  -50’ C f o r  decrys ta l l ized  

a )  : Regenerated ce l lu lose  prepared by d isso lv ing  i n  a SO -DEA- 
DMSO solvent  and p r e c i p i t a t i n g  with an excess of met6anol. 

b) : Deacetylated ce l lu lose  ground i n  a vibra tory  b a l l  m i l l  f o r  
6 hr .  

c ) ,  d )  e )  : T r i t y l  ce l lu lose  with D S  of 0 . 2 2 ,  0.65 and 1 . 0 2 ,  

c e l l u l o s e  and t r i t y l  c e l l u l o s e  with various D S .  

respect ively.  

(c  - e )  a r e  compared, it can be seen t h a t  the  absorpt ion due t o  the  

hindered r o t a t i o n  of methylol groups i n  c e l l u l o s e  decreases with an 

increase i n  the  content  of the  t r i t y l  group and it  disappears 

completely when the  value of DS for t r i t y l  ce l lu lose  becomes 1 . 0 2 .  

This i s  cons is ten t  with t r i t y l a t i o n  of c e l l u l o s e  by the present  

procedure proceeding p r e f e r e n t i a l l y  a t  t h e  primary hydroxyl groups, 

yielding 6-monotrityl c e l l u l o s e .  

On t h e  o ther  hand, when d i e l e c t r i c  absorpt ion curves f o r  two 

kinds of decrys ta l l ized  ce l lu lose ,  a and b i n  Fig.  6 ,  a r e  compared, 

it i s  apparent t h a t  t h e  sample a has  a s i g n i f i c a n t l y  l a r g e r  absorp- 

t i o n  than t h a t  of b. The decrys ta l l ized  c e l l u l o s e  samples a and b 
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HOMOGENEOUS TRITYLATION OF CELLULOSE 105 

were prepared by a r egene ra t ion  procedure and a b a l l - m i l l i n g  pro- 

cedure ,  r e spec t ive ly .  In  t h z  r e g e n e r a t i o n  procedure,  c e l l u l o s e  

w a s  d i s s o l v e d  i n  a non-aqueous c e l l u l o s e  s o l v e n t  and the  s o l u t i o n  

w a s  poured i n t o  l a r g e  excess  o f  methanol,  g i v i n g  regenerated 

c e l l u l o s e  as a p r e c i p i t a t e ,  which w a s  d i g e s t e d  with benzene and 

then  e t h y l  e t h e r ,  success ive ly ,  and d r i e d .  For t h e  second 

d e c r y s t a l l i z e d  sample, c e l l u l o s e  a c e t a t e  w a s  deace ty l a t ed  and t h e  

r e s u l t a n t  c e l l u l o s e  w a s  ground i n  a v i b r a t o r y  b a l l  m i l l .  I t  i s  

known t h a t  t h e  magnitude of d i e l e c t r i c  abso rp t ion  i s  p ropor t iona l  

t o  t h e  number of methylol groups i n  t h e  amorphous r eg ion  p e r  u n i t  

volume of  cellulose’*. Thus, t h e  r e s u l t s  show t h a t  t h e  regenera-  

t i o n  procedure i s  cons ide rab ly  more e f f e c t i v e  f o r  t h e  d e c r y s t a l l i z a -  

t i o n  o f  c e l l u l o s e  than  t h e  b a l l - m i l l i n g  technique.  Th i s  f i n d i n g  

i s  of i n t e r e s t  because t h e  l a t t e r  technique has  been commonly 

employed as a d e c r y s t a l l i z a t i o n  method. 

Furthermore,  Fig.  6 shows t h a t  t h e  d i e l e c t r i c  abso rp t ion  

s h i f t s  t o  a h ighe r  frequency range w i t h  an i n c r e a s e  i n  t h e  degree 

of t r i t y l  s u b s t i t u t i o n .  This phenomenon has  no t  been observed f o r  

t r i t y l  c e l l u l o s e  prepared by t h e  convent ional  method’*. 

discrepancy can be r a t i o n a l i z e d  on t h e  b a s i s  t h a t  t h e  c u r r e n t  homo- 

geneous r e a c t i o n  causes  a uniform s u b s t i t u t i o n  of t r i t y l  groups on 

t h e  methylol groups i n  c e l l u l o s e .  The i n t r a -  and inter-hydrogen 

bondings i n  c e l l u l o s e  can e f f e c t i v e l y  be reduced by t h e  uniform 

i n t r o d u c t i o n  of bulky t r i t y l  groups a long  t h e  c e l l u l o s e  chain.  Th i s  

causes  an extremely loosened s t r u c t u r e  of c e l l u l o s e ,  which pe rmi t s  

t h e  remaining methylol groups t o  rotate w i t h  an a c c e l e r a t e d  level of 

freedom. 

Th i s  

NMR and I R  spectrometry were a l so  used t o  e v a l u a t e  t h e  e x t e n t  

t o  which t h e  t r i t y l  group is  in t roduced  s p e c i f i c a l l y  a t  t h e  C-6 

p o s i t i o n .  

l y  introduced a t  t h e  primary hydroxyl  p o s i t i o n  of c e l l u l o s e  by ca rban i l a -  

t i o n  of t h e  t r i t y l  c e l l u l o s e ,  fol lowed by d e t r i t y l a t i o n ,  t o s y l a t i o n  and 

i o d i n a t i o n ,  and found t h a t ,  of  t h e  o r i g i n a l  1.03 t r i t y l  groups introduced 

p e r  glucose u n i t ,  a t  l e a s t  0.90 t r i t y l  groups were i n  t h e  C-6  p o s i t i o n .  

The series of r e a c t i o n s  used i n  t h i s  i n v e s t i g a t i o n  are shown i n  Scheme 1. 

The r e a c t i o n  scheme is based on t h e  t e n t a t i v e  assumption t h a t  t h e  t r i t y l  

groups a r e  introduced a t  t h e  C-6 p o s i t i o n  of  c e l l u l o s e .  

Hearon e t  al.’ a s ses sed  whether t r i t y l  groups were s e l e c t i v e -  
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FHzOH 

HOAc H E t  , ~ o ~ o ~ o  (CDICO)IO, C i H i N  

OAc 
3 

B 
CHIOCCDI 

J$-)i+ 
OAc 4 - 

SCHEME 1. Preparation of 2,3-di-O-acety1-6-0-(trideuterioacetyl~ 
ce l lu lose .  

Acetylation of 6 - 0 - t r i t y l  c e l l u l o s e  ( 1 ) gives  2,3-di-O-acetyl- 

6 -0- t r i ty l  ce l lu lose  ( 2 ) .  D e t r i t y l a t i o n  of 2 gives  2,3-di-O-acetyl 

ce l lu lose  ( 3 1 .  Trideuter ioace ty la t ion  of 3 gives  2,3-di-O-acetyl- 

6-O-( t r ideuter ioacetyl)  c e l l u l o s e  ( 4  ) .  The I R  spec t ra  of these  products  

a r e  shown i n  Fig. 7.  Spectrum A i s  f o r  t r i t y l  c e l l u l o s e  with DS of 1.02. 

I n  the  spectrum B of 2 ,  t h e  band due t o  the hydroxyl group around 

3400 c m - l  d i sappews and t h a t  due t o  t h e  carbonyl group a t  1750 cm 

appears. No change i n  t h e  bands due t o  t h e  t r i t y l  group a t  3000 - 3100, 

1600, 1500, 1450 and 700 - 800 cm-' is  seen. 

suggest t h a t  v i r t u a l l y  complete ace ty la t ion  and no d e t r i t y l a t i o n  occur. 

Comparison of t h e  spectrum C of 3 with t h e  spectrum B suggests t h a t  

complete d e t r i t y l a t i o n  occurs ,  s ince  i n  the  spectrum C ,  the  bands 

due to  the  t r i t y l  group disappear  e n t i r e l y .  It has been shown t h a t  

no a c e t y l  migration from C-2 o r  C-3 t o  C-6 pos i t ion  takes  p l a c e ,  when 

d e t r i t y l a t i o n  is c a r r i e d  o u t  under the  condi t ions described i n  t h e  

expe riment a1 sec t ion  13'14. 

due t o  hydroxyl groups i s  absent suggesting t h a t  complete t r i d e u t e r i o -  

ace ty la t ion  occurred. 

pro t ioace ta te  by deuter ioace ta te  took place during t r ideuter ioace ty la -  

t i o n  analogous t o  t h a t  descr ibed i n  the  experimental sect ion.  

-1 

These f a c t s  therefore  

In spectrum D of 4 t h e  band around 3400 cm-l 

Horton e t  a l . l 4  reported t h a t  no exchange of _ _  

'H-NMR s p e c t r a  were obtained f o r  acetyl-trideuterioacetyl 

c e l l u l o s e s  der ived from t r i t y l  c e l l u l o s e s  with var ious degrees of 
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4000 3000 2000 1500 1000- 500 
WAVE NUMBER (CM l )  

FIGURE 7. IR spectra of trityl cellulose with DS of 1.02 (A), 
2.3-di-0-acetyl-6-0-trityl cellulose ( B ) ,  2,3-di-O- 
acetyl cellulose (C) and 2,3-di-O-acetyl-6-0-(trideuterio- 
acetyll cellulose (D) . 

F I G U R E  8 

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 
PPM(6)  

‘H-NMR spectra of cellulose triacetate (A)  and products 
prepared from trityl cellulose having DS 0.61 and 1.02 by 
successive acetylation, detritylation and trideuterio- 
acetylation ( B ,  C). 
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t r i t y l  s u b s t i t u t i o n  (F ig .  8 ) .  Goodlet t  e t  observed t h r e e  

s i g n a l s  f o r  acetate-methyl  p ro tons  of  c e l l u l o s e  t r i a c e t a t e  a t  6 2.09, 

1.99 and 1.94 and assigned t h e  s i g n a l s  t o  a c e t y l  groups a t  C-6, t h e  

C-2 and t h e  C-3, r e s p e c t i v e l y .  The f a c t  t h a t  t h e  t r i d e u t e r i o a c e t y l  

group is n o t  d e t e c t a b l e  by ‘H-NMR spectrometry makes a n a l y s i s  of  t h e  

o r i g i n a l  t r i t y l  c e l l u l o s e  p o s s i b l e .  Conventional c e l l u l o s e  t r i a c e t a t e  

g i v e s  spectrum A i n  Fig.  8 .  Spec t r a  B and C are from p roduc t s  ob ta ined  

a f t e r  t r ea tmen t  of t r i t y l  c e l l u l o s e s  having DS of 0.61 and 1 . 0 2 ,  

r e s p e c t i v e l y .  It  i s  r e a d i l y  appa ren t  t h a t  t h e  i n t e n s i t y  of t h e  s i g n a l  

due t o  a p r o t i o a c e t y l  group a t  C-6 p o s i t i o n  (6 2.09) dec reases  with an 

i n c r e a s e  i n  t h e  degree of t r i t y l  s u b s t i t u t i o n ,  be ing  absen t  i n  spectrum 

C. These r e s u l t s  also s u b s t a n t i a t e  t h a t  t h e  t r i t y l  groups i n  t r i t y l  

c e l l u l o s e  are predominantly a t  t h e  primary hydroxyl p o s i t i o n .  

- _  

In conc lus ion  t h i s  s tudy  has  shown t h a t  t h e  homogeneous 

t r i t y l a t i o n  r e a d i l y  p rov ides  p roduc t s  with approximately 1 .0  t r i t y l  

group f o r  each glucose u n i t  of c e l l u l o s e  if t h e  p rope r  r e a c t i o n  

c o n d i t i o n s  a r e  chosen. In a d d i t i o n ,  it h a s  been demonstrated t h a t  

t r i t y l  s u b s t i t u t i o n  occur s  p r e f e r e n t i a l l y  a t  t h e  primary hydroxyl 

groups - 
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