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Synthesis of Poly(-0-acylsulfonylamideoxides) 
from Poly(acrylonitrile)* 

CX4RLES E. CXRRAIIER. JR,  and LONG-SHYONG WANGt 

University of South Dakota 
Chemistry Department 
Verrnillion, South Dakota 57069 

A B S T R A C T  

Pol?( -0-acylsulfonylamideoximes ) were synthesized via the 
modification of polg( acrylonitri le 1: 

H H  H H  
I I I 1  

Ci-S-A 
H H  
I I HONH2 

+c-c+- t c - c -  

0 

Inclusion of the sulfonyl moiety is in the rnedium to high 
range. Reactior, is believed to occur largely at  the K-OH 
si te  and not at both the Xi-OH and XH, in the same 
amideoxime unit. 

'Given in part  at the 162nd Meeting of the American Chemical 

?Portions taken from the thesis of L.-S. W a g .  Present. address:  
Society, Washington, D.C., September, 1971. 

Formosan  Rubber Company, Taiwvan. 
513 

Copyright 1 !9-? bv \larcel DeLLe:. Inc. ,411 R t f h i s  Rrser\.ed. Weirher rhis work rior any pan 
ma) be reproduced or lranrmirred in an) iorm or h b  an, means. electronic or rnecnanical. includ- 
rng photocoavin:. rnicraii irning. and recording. or b) an! inlormatian $torage and rCtrieval 5)s- 

Icm. without 3crrnisiion in writing from tnc publisher. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



514 C X R R M E R  AND WANG 

1. I N T R O D U C T I O N  

We have recently been interested in the modification of commercially 
available polymers [ 1-41. Xuch of our  :vork is based on the as- 
sumption that pendant groups on polymer chains present the s a m e  
general  chemical reactivity as identical groups residing in smai le r  
molecules. In addition we have observed the s imilar i ty  between 
(Lewis acid-base) reactions with organic acid chlorides ( of Form I) 
and other acid chlorides such as sulfonyl acid chlorides (of Form II). 

0 
I I  

R-C, 
c1 

0 

R-S-C1 

0 

I I  
II 

I I1 

Bloomstrom [ 51 and Donaruma [ 61 reported the synthesis of 
poly( -0-acylamideoximes) o i  the form below. 

j r :  

H2N NH2 !E 

HON NOH 0 0 i - 0 - N  N-C-C-R -C t 
\\ 4 II II \\ // 

\ / \ 
c -a -c + c--9-c - C-R-C 

1 ' a' U 
H*" NH2 

W e  believed that an analogous reaction should be possible via 
reaction a t  pendant amideoxime groups in a polymer chain as 
i l lustrated below. We wish to report  this modification utilizing 
poly( acrylonitri le) which was subsequently converted to 
polyj acrylamideoxime ). 

The modification of commercial  polymers is an area of active 
interest  because of the possibility of effecting a desired modification 
o r  TOSS change in the chemical and/or physical properties of the 
polymer. This a r e a  h a s  been capably reviewed [ 71 including 
studies involving poly( acrylonitri le 1. 

2 .  E X P E R I M E N T A L  

Poly( acrylonitri le) was prepared using a s l u r r y  method as 
described in Ref. 8. It had a limiting viscosi tyzumber of 8.20 (dl/g) 
in dimethy! formamide whicn corresponds to a M of 1.1 X 10d as 
determined by light-scattering photometry ii dimethy! formamide. 
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H H  
I 1  

- c - c t  
I t  

II 
0 

.C' H 
I t  + c - c t  
I I  
H H  

Poly( acryloni t r i le)  xis converted to poly( acrylarnideoxime) via 
reaction a t  the nitri le with hpdroxylamine. The  procedure given by 
Sorenson and Campbell was initially used [ 81. This  procedure 
yielded a proauct which did exhibit detectable nitri le bands at 2250 
tm" in the IR region. The following procedure was then used to 
give a product which did not exhibit an IR detectable ni t r i le  band at 
2250 cm-'. 

A solution of 50 g of poly( acryloni t r i le)  in 500 ml  of dirnethyl 
formamide was adaed to  a 1-li ter three-necked flask equipped with a 
thermometer ,  condenser,  and mechanical stirrer. The  reaction 
3 i x t u r e  was brought t o  75°C using an external water  bath. Hpdroxyl- 
amine hydrochloride (105  g) and 7 5  g of anhydrous pulverized sodium 
carbonate were added to the flask and the result ing mixture s t i r r e d  
(with heating) fo r  3 hr .  At the end of this  t ime the polymer solution 
was fi l tered to remove insoluble salts. The fi l trate was added to 1 
l i t e r  of methanol t o  bring about precipitation of the product. The 
polymer was washed with portions of methanol and dried. The yield 
of product was quantit-t' a lve. 

accomplished using the interfacial  technique. Briefly, an aqueous 
solution of poly( acrylamideoxime) containing sodium hydroxide 

Snythesis of sulfur containing poly( -0-acylamideoxime s) was 
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516 CARRAHER A I D  WANG 

[equal in molar amount to the theoretical molar amount of potential 
( HCl)] was added to a rapidly s t i r red  solution composed oi a solvent 
which is inmiscible  with the -rater containing the acid halide. The 
products precipitated from the reaction mixture. They were 
separated by suction filtration and washed repeatedly with portions 
of water. They v e r e  then dried and weighed. The products a re  
white, generally, "glassy-like'' in texture. Reaction was effected in 
a 1-pint Kimex Ernulsifiling Jar fitted on top a Waring Blendor. X 
fuller description of the equipment is given elsewhere [ 91. 

Amounts of sulfur moieties included in the products were 
determined for some of the products (Table 1). The aqueous phase 
(combined with the  wash water) was evaporated using vacuum. Water 
was added to the solid dissolving the salt ,  unreacted YaOH, and 
hydrolyzed acid chloride but not the poly( acrylamideoxime) which 
takes several  hours to go into solution. The mi.uture was filtered 
and the solid (unreacted polymer) weighed. From knowledge of the 
unreacted polymer, the amount of sulfur moiety incorporated in the 
products was calculated. An independent determination of the in- 
clusion of the sulfur moiety included in the product was made by 
hydrolyzing the acid chloride and determining the amount of unreacted 
acid chloride. This value 'xas in good agreement with the values re- 
ported in Table 1. 

Point Apparatus at  a heating rate of about S'C/'min. Most of the 
products did not melt but changed color over the experimental range 
( 2 7  to 300" C). The temperature at  which change in color be- i s  
recorded in Table 1 under t h e  heading "Color change temperature." 
IR spectra  were obtained utilizing KBr pellets €or solids and 

liquids on a Beckman 237-B spectrophotometer a s  described else- 
where [ l o ] .  The spectra a re  in agreement with the inclusion of the 
sulfonyl moiety. Representattve spectra appear in Ftgs. 1 to 4 .  

The products a r e  generally white to light tan in color and tacky 
to powdery after isolation. Some form tough, flexible films when 
dried. 

Softening ranges were determined utilizing a Fisher-.Johns Melting 

3 .  DISCUSSION A N D  R E S U L T S  

The synthesis of sulfur containing poly( -0-acylamideoximes ) 
appears to be general i Tible  1). Monochlorosulfur containing re- 
actants produce linear prcducrs which exhibit so1ubilit.j in such 
solvents as formic acid but is insoluble in such solvents a s  acetone, 
chloroform, carbon tetrachloride, hexane, benzene, water and 2- 
bromoethanol. It also dissolves in concentrated H2 SO ~ but presently 
there is a question a s  to whether the products underzo degradation 
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FIG. 1. LR spectrum of poly(acq1amideoxime). 
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FIG. 2. LR spectra of (top) p-toiuenesdfonyl chloride and 
(bottom) condensation product of pol?( acrylamideoxime) and 
p- toluenesdf onyl chloride. 

in this solvent. Dichlorosulfur reactants produce cross-linked 
products which exhibit insolubility in all solvents tried. 

reported to occur at the N-OH rather than the NH, g o u p  [ 4, 51. In 
the present situation we have not been able to aifferenciate between 

Previous polycondensations 'nith acid chlorides (of Form m) were 
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FIG. 3. IR spec t r a  of ( top )  p-bromobenzenesdfonyl chloride 
and ( bottom condensation producr of pol-<( acrylamideoxime 1 and 
p-bromobenzenesulfonyl chloride. 
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FIG. 4. IR spec t r a  of ( t op )  thionyl chloride and (bottom ) con- 
densation product of poly( acrylamideoxime) and thionyl chl.oride. 
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520 CXRRXHER .AND WANG 

reactions at either site. The poor solubility properties have made it 
difficult to conduct NbIR studies of the products. At least  two deii i i te 
possibilities e.xist. Firs t ,  reaction occurs at the NH, and NOH group, 
but not both at the same amideoxime group. The interfacial reaction 
of diamines with sulfonyl chlorides is ve l l  known [ 11-13] and reaction 
could occur at the NH, 3s well as the NOH group. Eloy and co-workers 
[ 141 reported the forsat ion of both acyiated products in the study of 
acyi derivatives of formamideoxime. Under one se t  o i  reaction 
conditions the ratio of VI/VII WIS about 3/1. Thus it is proper to con- 
sider  that the products contain a rni-uture 

0 

of NOH and NH, products. 

ar 0' 0 C - ~ = C H S ( H Z  V I  + 

V I  I 

The second possibility is that reaction occurs at both the NOH and 
NH, in the same unit as described by Form V I E  A model of VTII was 

n H  

c c - c +  
1 1  

I 1  

A n 

O /  It ",:: 
R - S - N  0 - 5 - R  

II \ .. . 
O H  0 

m 

constructed using Fisher-Hirschlelder-Taylor models where R = CH,. 
X large amount of s ter ic  hindrance wa3 found to be predicted from the 
model. The importance of products oi Form VIE is believed to be (via 
experiment) unimportvlt since even a threeioid increase in the amount 
of p-toluenesuifonyl chloride results in 3 yield of less  than 100% based 
on a theoretical yield assuming monoreaction at m y  single amideoxime 
group' (Tabie  1). Also per cent inclusion of sulfur reactants is not in 
any case significantly greater  than 30 mole '3 (.In inclusion of one 

'Because of the poor and limited solubility of the products, such use- 
ful techniques as NMR were not of use in differentiating between possible 
structures.  
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:POLY( -0-ACYLSULFOSnhlllDEOXIDES) 52 1 

:sulfur moiety per  repeating amideoxime unit would give a 50% sulfur 
moiety inclusion value.) 

the polymer as indicated by the fair to  high inclusion values experi-  
mentally determined. This ,  along with the fair to  high yield of 
products, attests to the great reactivity between the amideoxime and 
:julfur acid chlorides. 

The re  appears  t o  be a fair to  good inclusion of the sulfur moiety in 
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