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THE REACTION OF CELLULOSE NITRATE WITH 
SEVERAL NUCLEOPHILES 

Everett E. Gilber t  

Energetics and Warheads Division 
Armament Engineering Mrec to ra t e  
U.S. Army Armament Research, 

Developlnent and Engineering Center 
Dover, New Jersey,  07801-5001 

ABSTRACT 

Replacement of the n i t r a t e  groups i n  cel lulose n i t r a t e  (CN) 

t o  varying degrees by azide, bromide, iodide,  thiocyanate, o r  

n i t r o  groups was accomplished by heating with the corresponding 

a lka l i -me ta l  salt i n  organic solvents. Extensive chain degrada- 

t i on  a l s o  occurred, increasing with the nitrogen content of the CN 

used, and with the  a l k a l i n i t y  of t he  reagent; t h i s  was the s o l e  

react ion with s o d i m  cyanide. A simplif ied procedure f o r  prepar- 

i ng  CN containing less than 10% nitrogen is  described. 

INTRODUCTION 

As part  of a program on polymers containing both azide and 

n i t r a t e  groups1, it was decided t o  attempt the preparation of 

azidodeoxycellulose n i t r a t e  (ACN), a mater ia l  heretofore unknown. 

J o u r n a l  of E n e r g e t i c  Materials v o l .  3, 319-333 (1985) 
This paper  is n o t  s u b j e c t  t o  U.S. copyr igh t .  
Pub l i shed  i n  1985 by Dowden, Brodman 6 Devine, I n c .  
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Two approaches were considered f o r  making ACN. The f i r s t  

method involves prepara t ion  of t he  known az idodeoxycel lu lose ,  

fo l loved  by n i t r a t i o n ;  we have success fu l ly  used t h i s  approach, 

and w i l l  r epo r t  later on t he  r e s u l t s  obtained. The second method 

cocrprises poss ib l e  r e a c t i o n  of n i t r o c e l l u l o s e  wi th  sodium azide.  

This is the  genera l  type of procedure which we used r ecen t ly  t o  

prepare  poly(viny1 az idon i t r a t e )  from poly(viny1 n i t r a t e ) I .  "be 

reac t ion  is: 

RN03 + NaN3 ---> RN3 + NaNO3 

Other a l i p h a t i c  az ides  have been prepared i n  t h i s  way2 9 3  94 s5 '. 
The success  achieved by Murray and Furves6 i n  r e a c t i n g  CN wi th  

s o d i m  iod ide ,  w i th  the  in t roduc t ion  of up t o  33% iodine ,  a l s o  

suggested t h a t  t h e  corresponding a z i d e  might be s i m i l a r l y  obta ined  

from sodium azide.  The r e s u l t s  of t h i s  s tudy  are repor ted  he re in ,  

t oge the r  w i th  t h e  f ind ings  from a b r i e f  examination of t h e  

r eac t ion  of CN with  f i v e  o the r  nuc leoph i l i c  r eagen t s ,  us ing  t h e  

procedure developed w i t h  azide.  

MATERIALS AND PROCEDURE 

Caution! Some of t h e  materials descr ibed  he re in  can explode 

when subjec ted  t o  hea t  o r  impact. Although no d i f f i c u l t y  was 

experienced i n  t h e  present  s tudy ,  t hese  materials should be 

handled w i t h  a p p r o p r i a t e  care. 

The CN used va r i ed  in n i t rogen  conten t  from 4.9 t o  13.5%; 

a v a i l a b l e  m i l i t a r y  grade  material covered t h e  range 12.2 to 13.5%. 

The CN conta in ing  less n i t rogen  has  been made i n  t h e  pas t  by 
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t r ea t ing  ce l lu lose  with mixed acidb o r  with 99% n i t r i c  acid i n  an 

organic solvent'. We have found that  i t  can be conveniently 

prepared using the latter procedure, hut with subs t i t u t ion  of 90% 

n i t r i c  acid,  which is commercially avai lable ,  fo r  the 99% acid 

which is  not. Details a r e  as follows: 

Cellulose (Buckeye l i n t e r s ,  ground i n  a Waring Blender and i n  

a Wylie A t t r i t i o n  U i l l ,  then d r i ed  i n  vacuo t o  constant wetght) is 

added at room temperature t o  a magnetically s t i r r e d  solut ion of 

commercial 90% n i t r i c  acid in dichloromethane placed i n  a stop- 

pered Erlenmeyer flask.  After s t i r r i n g  f o r  one hour, the suspen- 

s ion  is f i l t e r e d  on a f r i t t e d  g l a s s  f i l t e r ,  and t h e  p r e c i p i t a t e  i e  

washed with dichloromethane and then with water. The s o l i d  is 

twice boiled with water, f i l t e r e d ,  and d r i ed  t o  constant weight in 

vacuo . 

Run 

1 
2 
3 
4 
5 
6 

- 

The da ta  are summarized i n  Table 1. 

TABLE 1 

Preparation of CN with 90% Nitric k i d *  

Cellulose Used Acid (ml)/ 
N ( X )  - (gm) Cellulose (gm) Yield (gm) 

1.0 4 1.2 5.9 
5 .o 4 5.9 6 .O 
1 .o 6 1.3 8.2 

10 .o 6 13 .O 8.5 
1.0 12 1.3 10.0 
1 .o 24 1.4 9.6 

*Using 50 m l .  dfchloromethanefgm ce l lu lose  i n  a l l  cases. 

The general  procedure f o r  react ing the CN with nucleophiles 

involved s t i r r i n g  i t  with the  f ine ly  ground sodirn (or po ta s s im)  

salt i n  an organic (or  aqueous) solvent a t  a temperature ranging 

from 15 t o  120' f o r  2.5 t o  120 hours. The react ion mixture was 
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then poured i n t o  water for p r e c i p i t a t i o n  of t h e  product; if neces- 

s a r y ,  t h i s  could be f a c i l i t a t e d  by adding a small  quan t i ty  of 10% 

hydrochlor ic  acid. The s o l i d  was f i l t e r e d ,  bo i l ed  b r i e f l y  twice 

wi th  water t o  remove so lub le s ,  f i l t e r e d ,  and d r i e d  t o  cons tan t  

weight. 

The products were eva lua ted  by I R  s p e c t r a ,  elemental  analy- 

s is ,  melting behavior and ( i n  some cases )  by molecular weight 

determination. A l l  of them had t h e  same gene ra l  LR s p e c t r m  as 

t h e  s t a r t i n g  CN (peaks a t  3500 (broad, OH), 2900 (CH), 1625 

( O N O p ) ,  1260 ( O N 0 2 ) ,  1000-1050 (broad, CHOH), 820 (ON02)cm-i, w i th  

add i t iona l  peaks f o r  t h e  e n t e r i n g  nuc leophi le ,  except as noted 

below. The samples conta in ing  a i d e  groups usua l ly  blackened a t  

about 200' without no t i ceab le  gas evo lu t ion ;  some of them f l a shed  

when small amounts were heated on a s p a t u l a  over a low Bunsen 

flame. The iod ina ted  compounds blackened a t  about 245" with  t h e  

evo lu t ion  of iodine.  

Molecular weight d a t a  were obta ined  by g e l  permeation chroma- 

tography. (The r e q u i s i t e  s o l u b i l i t y  of t h e s e  samples i n  te t rahy-  

drofuran  was a t t a i n e d  by n i t r a t i o n  (dichloromethane so lven t ,  100% 

n i t r i c  a c i d ,  25",  0.5 hr.); t h i s  procedure has  been found not t o  

degrade c e l l u l o s e ,  and i t  is a s s m e d  t h a t  t h i s  a l s o  a p p l i e s  t o  t h e  

ACN samples.) A Waters "GPC-2" chromatograph w a s  used, f low 

rate: 1 ml/min. a t  40' us ing  t h r e e  U l t r a s t y r o g e l  columns wi th  

po ros i t e s  of lo3,  lo4 ,  and lo5 angstroms, and a 254 nm IIV detec-  

to r .  
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RESULTS 

Tests wi th  Sodium Azide 

Reaction wi th  CN Containing 10% N and Higher 

Blank runs were f i r s t  made without t he  add i t ion  of 

azide.  The CN (13.5% N), dissolved i n  dimethyl su l fox ide  (DMSO), 

w a s  recovered quan t i t a t ive ly  and unchanged a f t e r  s t i r r i n g  f o r  90 

hours a t  25'. A s imi l a r  r e s u l t  was obtained wi th  CN (12.6% N) 

suspended i n  water f o r  30 hours a t  100". 

Quite d i f f e r e n t  results were noted i n  the  presence of 

sodium azide. At 25', a DMSO so lu t ion  soon turned reddish-brawn, 

and workup a f t e r  67 hours gave no s o l i d  product,  i n d i c a t i n g  t h a t  

t h e  CN had been completely degraded t o  w a t e r s o l u b l e  fragments. 

Use of a milder CN so lvent  (ethylene g lycol  monomethyl ether), a t  

85" f o r  95 hours,  l ikewise  gave no s o l i d  product. Even when us ing  

water, no s o l i d  was obtained a f t e r  only 5 hours a t  100' i f  a 

s u r f a c e a c t i v e  agent w a s  added. It was concluded t h a t  t he  CN 

undergoes degradation a s  a r e s u l t  of the  a l k a l i n i t y  of t he  az ide ;  

i t  was noted t h a t  a l-molar so lu t ion  of s o d i m  az ide  has  a pA of 

about 9 .  The a lka l ine  degradation of CN (with bas i c  materials 

o t h e r  than sodim azide) has been shown' t o  be ex tens ive  and 

complex, y i e ld ing  a mixture of water-soluble monomeric and poly- 

meric materials. 

E f f o r t s  were then made t o  ob ta in  t h e  d e s i r e d  introduc- 

t i o n  of az ide  by modifying the reac t ion  conditons.  Although 

coap le t e  des t ruc t ion  of t h e  CN occurred i n  aqueous medim when a 
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s u r f a c e a c t i v e  agent was added, without i t  a 60% recovery of s o l i d  

was obtained a t  100' i n  30 hours. Infrared s p e c t r a l  ana lys i s ,  

however, indicated the  absence of azide,  showing t h a t  degradation 

occurs under these conditions more e a s i l y  than the desired reac- 

tion. Somewhat more proadsing results were obtained with DMSO as 

reaction solvent.  Three runs a t  25' gave the following: 2.5 

hours, 85% weight yield,  weak azide I R  peak at  2100 cm-'; 25 

hours, 60% y ie ld ,  stronger peak; 40 hours. 40% y ie ld ,  even 

s t ronger  peak. It was concluded t h a t  t he  desired r eac t ion  does 

occur, but with subs t an t i a l  degradation. 

The t h i r d  run c i t e d  above, made from CN with 12.6% N, 

gave a product with 15.5% N, which corresponds t o  replacement of 

about 1 n i t r a t e  group ou t  of 10. When a series of addi t ional  

tr ials,  using other solvents and conditions,  gave no fu r the r  

increase i n  azide content, it w a s  concluded t h a t  t h i s  degree of 

conversion w a s  too low t o  j u s t i f y  f u r t h e r  study of t h i s  approach. 

A modified procedure was then t r i e d ,  based on a report9 

t h a t  an organic hal ide w a s  converted i n  good y ie ld  t o  the corre- 

sponding azide with sodirn azide i n  ref luxing a c e t i c  acid, a 

medim which should eliminate the a l k a l i n e  degradation of CN. No 

int roduct ion of azide was achieved, with CN, however. 

From the  above t r i a l s ,  i t  was concluded t h a t  CN with a 

high nitrogen content does not appear promising f o r  conversion t o  

the corresponding azide,  a conclusion a l s o  reached by Murray and 

Purves' i n  t h e i r  study of the react ion of CN with sodium iodide. 

The use of CN with low N content is therefore  considered below. 
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Reaction with CN Containing Less than 10% N 

Unlike the  CN considered i n  the previous section, low 

nitrogen CN is  insoluble i n  organic solvents,  and the react ion is  

therefore heterogeneous. The DMSO was chosen a s  the preferred 

solvent,  since it gave products with a higher azide content than 

dimethylf ormmide, tetrame thylene sulf  one, l-methyl-2-pyrrolidi- 

none, or  hexamethylphosphordde. The ketonic solvents used SUC- 

cessful ly  by Murray and Purves, and i n  the present study (cf.  

below) f o r  reacting CN with sodium iodide, proved unsat isfactory 

with sod im azide. Sodim azide i s  soluble i n  DMSO t o  the  extent  

of about 5 g/lOO al a t  70'. 

Typical da t a  are given i n  Table 2. In  most cases,  t he  

conditions used were: ACN:azide:solvent volume r a t i o  of 1:1:50 a t  

75' f o r  48-70 hours. These conditions were not optimized, but  it 

is noteworthy tha t  two 24-hour runs using a th i rd  of the usual  

volume of solvent gave s i a i l a r  results. The y i e lds  were q u i t e  

variable and never exceeded 70% by weight; the lower yields  (30- 

40%) usually coincided with the higher degrees of n i t r a t e  group 

replacement. 

The ana ly t i ca l  da t a  i n  Table 2 agree f a i r l y  w e l l  with 

p a r t i a l  replacement of the n i t r a t e  groups by azide. As noted by 

Murray and Furves6, this a l s o  occurs i n  the  iodinat ion of CN and 

n i t r a t ed  glucosidea. Removal of secondary n i t r a t e  groups by s i d e  

reactions is a l s o  sometimes noted i n  iodination, but  t h i s  does not  

appear t o  be a fac to r  i n  azide replacement under our conditions. 
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Molecular  weight d a t a  on t h r e e  samples of ACN prepared  

from CN c o n t a i n i n g  8 t o  9.4% N are g iven  i n  Table  3, t o g e t h e r  w i t h  

a t y p i c a l  r a n g e  of d a t a  on  product ion  grade  CN f o r  comparison. It 

is e v i d e n t  t h a t  very e x t e n s i v e  d e g r a d a t i o n  h a s  occurred  d u r i n g  t h e  

r e a c t i o n  w i t h  az ide .  

TABLE 3 

F b l e c u l a r  Weight Data on ACN* 

Mn Mw/ Mn - Mw - Sample 

1 11,100 2,548 4.37 
2 11,100 2,253 4.90 
3 15,100 2,245 6.74 

CN** 4 14,000-513,000 55 , ooo-7~,ooo 6.6-8.6 

* F u r t h e r  n i t r a t e d  f o r  s o l u b i l i t y  (see t e x t ) .  

**Typical range  f o r  product ion  g r a d e  CN (12.6-13.5% N). 

Tests w i t h  Other  Nucleophi les  

P a t t i s o n  and Brown" have s h w n  t h a t  i o d i d e s ,  bromides, 

t h i o c y a n a t e s  and n i t r i l e s  can  be made i n  f a i r  y i e l d s  from pr imary  

a l i p h a t i c  n i t r a t e s  by r e a c t i o n  w i t h  t h e  cor responding  a l k a l i  metal 

sal t ,  and Bachman and Connon'l r e p o r t  t h a t  sodium n i t r i t e  behaves 

s i m i l a r l y  , forming the cor responding  n i t r o  compounds. Even p r i o r  

to t h e  paper  by P a t t i s o n  and Brown, Murray and Purves6 had noted  

that  low-ni t rogen CN reacts smoothly w i t h  sodium i o d i d e  w i t h  t h e  

i n t r o d u c t i o n  of i o d i n e .  Accordingly. we r e p o r t  below t h e  r e s u l t s  
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from exploratory attempts t o  react CN with  s i x  nucleophiles.  Five 

of the  salts t e s t ed  (sodium and potassium iodide ,  potassium th io-  

cyanate, sodium bromide, and sodium n i t r i t e )  a l l  gave a pH i n  t he  

range 5.6 t o  6.5 f o r  a 1 molar aqueous so lu t ion .  This suggested 

t h a t  y i e ld  l o s s  r e s u l t i n g  from a l k a l i n e  degradation mlght be less 

with these  materials than with sodium az ide  o r  sodium cyanide (pH 

8.9 and 11.1, respec t ive ly) .  

Xodide 

Murray and Purves' obtained nearly q u a n t i t a t i v e  weight 

percent y i e l d s  of products containing 20-33% iod ine  wi th  as low as 

0.7% ni t rogen  us ing  k e t o n i c  so lven t s  and sodium iod ide  a t  115-120' 

f o r  12 hours, s t a r t i n g  wi th  CN containing 5 t o  9% nitrogen. They 

a l s o  noted ex tens ive  degradation w i t h  CN containing above 10% 

nitrogen, and s t a t e  t h a t  secondary n i t r a t e  groups "might be 

removed but  were not  replaced." 

These observa t ions  were a l l  confirmed i n  t h e  p re sen t  

study using t h e i r  condi t ions  (c f .  Table 41, except t h a t  w e  

obtained products conta in ing  33% iod ine  i n  less t i m e .  We also 

noted tha t  products containing only 1 5 2 3 %  iodine were obtained 

under the  same condi t ions  from potassium iodide - n o t  t e s t e d  by 

Murray and h r v e s ,  and that use of DMSO under these  condi t ions  

gave more degradation and a product wi th  only 12.9% iodine. 

Milder conditions us ing  DMSO gave a rmch lower iod ine  content ( c f .  

Table 4). It w a s  t he re fo re  concluded t h a t  DMSO i s  i n f e r i o r  t o  t h e  

ke tonic  so lvents  f o r  t he  in t roduct ion  of iodine.  
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None of the  iodinated products gave I R  peaks f o r  - C 5 1  

at 550 or a t  1200 cm". The brominated de r iva t ives  behaved 

s imi l a r ly ,  a s  noted below. 

Bromide 

Pa t t i son  and Brawnlo have shown t h a t  benzyl n i t r a t e  gives 

64% of benzyl bromide upon r e f l w i n g  in acetone with sodium 

bromfde. 

Products with 9-15% bromine were obtained from CN using 

DHSO (cf Table 4). On the  other hand, t he  Murray-Purves pro- 

cedure, using the  same conditions as f o r  sodium iodide (acetony- 

lacetone o r  2-butanone a t  115-20' f o r  7 hours),  gave nearly quan- 

t i  t a t i v e  weight percent yields  of products containing only 1-3% 

bromine and about 7% r e s idua l  nitrogen. This suggests that t h e  

use of more d r a s t i c  conditions with the  la t ter  procedures might 

give good y ie lds  of more highly brominated products. 

Like t h e  iodides,  as noted above, t h e  bromide de r iva t ives  

of CN did not have IR peaks c h a r a c t e r i s t i c  of t he  - C % B r  group a t  

550 o r  1200 c d l .  

lhiocyanate 

Pa t t i son  and Brown'' prepared s e v e r a l  thiocyanates in 33- 

86% y ie lds  by ref luxing the corresponding a l i p h a t i c  n i t r a t e s  with 

potassium thiocyanate i n  ethanol. 

Using DMSO under f a i r l y  d r a s t i c  condi t ions (Table 4), w e  

obtained an estimated 50% replacement by the SCN group, although 

t h e  ana ly t i ca l  da t a  in t h i s  case are i n  poor agreement. The 

Murray-Purves procedure (2-butanol, 115', 7 hours) gave an 80% 
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y i e l d  of a product w i th  7.3% S, which sugges ts  t h a t  f u r t h e r  study 

using t h i s  approach under more d r a s t i c  condi t ions  may be war- 

ranted. These products have IR peaks f o r  t h e  th iocyanate  group a t  

about 2100 cm-’, i n  agreement wi th  Klein and Snowden;’, who pre- 

pared a thiocyanodeoxycellulose d e r i v a t i v e  v i a  t h e  mesylate. 

Nitrite 

B a c h n  and Connod’ have shown t h a t  primary a l i p h a t i c  

n i t r a t e s  can be converted t o  the  corresponding n i t r o  compounds 

wi th  s o d i m  n i t r i t e  in DMSO in about 20% yie ld ;  a d d i t i o n  of e t h y l  

malonate as a n i t r i t e  ester scavenger increased t h e  y i e ld  t o  

40%. Secondary n i t r a t e s  gave very poor y ie lds .  Our a t tempts  t o  

react CN (8 t o  9% N) wi th  sodium n i t r i t e  i n  DMSO o r  i n  2-butanone 

gave e i t h e r  complete degrada t ion  o r  no r eac t ion ,  as ind ica t ed  by 

t h e  absence of I R  peaks f o r  t he  n i t r o  group a t  1350 and 1530 

em-‘. The add i t ion  of e t h y l  malonate gave some i n h i b i t i o n  of 

degradation, and a 25% y ie ld  was so obtained wi th  weak peaks,  

i nd ica t ing  t h a t  t he  d e s i r e d  r e a c t i o n  had occurred i n  low yield.  

Since l o w n i t r o g e n  CN may have about equal  amounts of primary and 

secondary n i t r a t e  groups6, a l o w  y i e l d  i s  no t  s u r p r i s i n g  i n  t h e  

l i g h t  of t h e  r e s u l t s  of Bachman and Connon noted above. 

Cyanide 

P a t t i s o n  and Brown1’ obta ined  f a i r  y i e lds  (45-771) of 

seve ra l  n i t r i l e s  from primary a l i p h a t i c  n i t r a t e s  and sodium 

cyanide. 
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With CN (6-8% N ) ,  w e  found t h a t  degradation t o  wa te r  

so lub le  products was complete us ing  sodium cyanide i n  DnSO, except 

under very mild conditions.  This is cons i s t en t  wi th  t h e  high 

a l k a l i n i t y  of sodium cyanide as noted above. Under cond i t ions  

y i e ld ing  a product (1 hour a t  75'. o r  7 hours a t  25' w i th  DMSO; 7 

hours a t  115" with 2-butanone), none of the  des i r ed  r e a c t i o n  

occurred, a s  i nd ica t ed  by t h e  absence of an IR peak f o r  t he  

n i t r i l e  group i n  the  product a t  2250 cm-I. It should be noted 

t h a t  Klein and Snowdeni2 r e p o r t  p repara t ion  of a cyanodeoxycellu- 

l o s e  from the  mesylate,  but no d a t a  are given. 
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