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p ltEVIOUS WORK at this laboratory  showed that  the 
uusaturated f a t t y  alcohols obtained f rom the re- 
duction of linseed and soybean oils may be con- 

vcrted to the corresponding vinyl ethers by vinylat ion 
at atmostlheric pressure (7).  

lmtcr work was dew)ted to the s tudy of the poly- 
merization of these vinyl  ethers with various cationic 
initiators and to the s tudy of the propert ies  of the 
fihns of these polynlers (6). These vinyl  ethers had 
a high degree of conjugated l lnsaturation because of 
thc action of the alkaline catalysts nsed in the vinyl- 
alton. Vinyl  ethers having little (,onjugated unsatu-  
ration could lie prepared from nmwonjugated linseed 
and soybean alcohols by a modification (8) (If the vinyl 
transetherification reaction des,~ribe(I by Watanabe 
and Conlon (9). Gast and others have studied the 
(,)polymerization of noneonjugate(l linseed vinyl  ether 
with a var ie ty  of h)wer alkyl vinyl ethers (3). 

The purilose of the prcsent invcstigation was to 
obtain fu r the r  informat ion on the behavior of non- 
conjugated linseed vinyl  ether in cot/olymerization 
with other vinyl  ethers, par t imllar ly  cyclic and aro- 
lnatie derivatives, and to evahlate tile films prepared  
f rom these eopolymers. 

Preparation of Vinyl Ethers for 
Copolymerization Studies 

C y e l o h e x y l  v iny l  e the r  was o h t a i n e d  f r o m  the 
Rohm and I Iaas  Company and was purified before 
use by fractional distillation and chrolnatography on 
alumina.  

1 - M e t h o x y - l , 3 - b u t a d i e n e  was obtained f rom the 
Union Carbide Chemicals Company and was purified 
by f ract ional ly  disti l l ing it twice through a 60-era. 
Podbielniak concentric-tube column. 

2-Phenyle thyl ,  3 -phenylpropyl ,  2-benzyloxyethyl ,  
2-(para-tertiary-butylphenoxy) ethyl, and te t rahy-  
d r o f u r f u r y l  vinyl  ethers were p repared  f rom the cor- 
responding alcohols by an adapta t ion of the vinyl  
transetherification reaction (9).  The aleohol to be 
t ransvinyla ted  was mixed with ethyl vinyl  ether, em- 
ploying 3 to 8 moles of ethyl vinyl  ether per  mole of 
alcohol and f rom 2 to 5 g. of mercuric  acetate per mole 
of alcohol. Af t e r  dissolving the catalyst  the solution 
was allowed to stand at room tempera tu re  for several 
clays. The reaction was followed by removing a small 
sample of the reaction mixture  and keeping the sam- 
ple under  water -aspi ra tor  vacuum for 5 rain. to re- 
move the ethyl vinyl  ether and the ethanol. The vinyl  
ether content of the residue was then determined 
iodiometrieally (8).  

Often a fu r the r  addit ion of mercuric  acetate cata- 
lyst was beneficial. When  the vinyl  ether content of 
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the samples failed to increase with time even ltpon 
fur ther  addit ion of catalyst,  the reaction mixture  
was washed with water  to remove ethanol;  it was 
then dried and t reated anew with mercuric  aeetatc 
in the same proport ion as before. Fu r the r  progress 
of the rcaction was followed as described. Again, 
when the reaetion slowed or ceased, the reaction mix- 
ture was washed with water,  dried, and distilled to 
remove ethyl vinyl  ether. The crude vinyl ethers 
were then purified by fract ional  distillation and 
ehronlatography on a lumina or by distillation f rom 
sodium. 

2-Cyanoethyl vinyl  ether was prepared  by a modified 
vinyl transctherification reaction sincc 2-eyanoethanol 
was folmd to be immiscible with ethyl, isobutyl, hutyl,  
and 2-ethylhexyl vinyl ethers. To owrcome, the solu- 
bility problem the following procedure was used. The 
2-cyanoethanol was mixed with 3 lnoles of ethyl vinyl 
ether per mole of alcohol. Equal  quanlit ies of sodium 
acetate and mercuric  acetate (approximate ly  2 g. of 
each per  mole of alcohol) were dissolved in the mix- 
ture of eyanoethanol amt elhyl vinyl ether, and the 
whole was heated at reflux for  16 hr. The uppe r  layer  
was separated, washed with carbonate solution, dried, 
and distilled to remove ethyl  vinyl  ether. The lower 
layer was t reated again with ethyl vinyl  ether and 
mereurie acetate in the same proportion as before, and 
the mixtnre  was refluxed for  6 hr. At that  t ime only 
one liquid phase was present.  The reaction mixture  
was washed with dilute earbonate solution, dried, and 
distilled to free it of ethyl vinyl ether. The residue 
was combined with the residue from the upoer  layer  
obtained previously and was purified by fractional 
distillation through the concentric-tube column. 

2-Cyanoethyl vinyl ether was also p repared  from 
the reaction of vinyl  acetate and 2-cyanoethanol in 
the presence of mercuric  sulfate according to the 
method of Guth and Schaefer  (5). The yields were 
not as good as those obtained by the ethyl vinyl  ether 
method. 

Benzyl vinyl  ether was made by refluxing benzyl 
alcohol, isobutyl vinyl  ether (2 moles per  mole of 
alcohol), and mercuric  acetate for  7 hr. and then 
allowing the mixture  to stand for 2 days. The crude 
vinyl ether was obtained by  distillation f rom ear- 
bonate and was fu r the r  purified by fraet ional  distil- 
lation and distillation f rom sodium. 

Pheny] vinyl ether was obtained by  react ing vinyl 
acetate with phenol, employing 6 moles of the acetate 
per mole of phenol, in the presence of mercur ic  sul- 
fate  at -30~  using Ade lman ' s  method (1).  This 
vinyl  ether was also p repa red  by heat ing 2-ehloro- 
ethyl phenyl  ether with powdered potassium hydrox-  
ide according to the method of Chalmers (2).  

Data  on the vinyl  ethers used in p repar ing  the 
copolymers with noneonjugated linseed vinyl  ether 
are shown in Table I. 
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Preparation of the Copolymers. Copolymers con- 
ta ining approx imate ly  25> 50-, and 75-mole percent- 
age nonconjugated linseed vinyl  ether were p repared  
by using stannie chloride as initiator.  All the eopoly- 
mers, except those made f rom eyclohexyl vinyl  ether 
and f rom 1-methoxy-l ,3-butadiene,  were p repa red  by 
the following procedure.  

The required amounts  of the noneonjugated linseed 
vinyl  ether, p repared  as previously described (8),  
were weighed into an tgrlenmeyer flask, and benzene 
was added to give a solution approx imate ly  2 molar 
in vinyl  ether groups. The flask was equipped with 
a thermocouple-recorder,  s t i r rer ,  and ni t rogen bub- 
bler. The flask was swept with ni trogen for  a minute  
to displace the air above the solution. The s t i r rer  was 
started, and the recorder was tu rned  on. F ive  milli- 
liters of a 5% solution of stannie chloride in benzene 
were added. In  most instances an exothermie poly- 
merization occurred at once which carr ied the tem- 
pera tu re  of the solution upward  as much as 73~ 
When the max imum tempera ture  had been reached, 
the polymerizat ion was quenched by adding 25 ml. 
of 50% aqueous methanol. The polymer  solution was 
then diluted with 100 ml. of benzene, washed with six 
70-ml. portions of 50% aqueous methanol, dried over 
Drierite, and filtered. Benzene was removed by  heat- 
ing upon the s team bath under  water-aspira tor  vac- 
umn. The final s t r ipping of benzene was carr ied out 
by heating the copolylner over a s team bath in a rota-  
tory  vaeunm evaporator  under  a v a m m m  of less than 
1.0 ram. IIg.  for  a t  least 1 hr. 

Af t e r  renloving the last  traces of bellZClm from 
lhe eol)olymcr , its molecular weight was determined 
eryos(,opically hy using cyelohexane as a solvent (4).  
( la rdner  viscosities and Wi js  iodine values were also 
determined. Determinat ions of the residual vinyl  
ether content (if the copolymers showed that  usual ly  
rally 1 to 4% of vinyl  ether remained in the copoly- 
mers. l Iowever  with t e t r ahyd ro fu r fu ry l  vinyl ether 
Colmlynlers the residual vinyl  ether contents were 
fmmd to be as high as 24%. Some I)roperties of the 
nonconjngated linseed vinyl  ether (;Ol)olymers are 
shown in Table 11. 

Some eomonomers were much more. reactive in the 
polymerizations than  others. In  the p repara t ion  of 
lhe coI)olymers of noneonjugated lillseed vinyl  ether 
with 1-methoxy-l ,3-butadiene or with cych)hexyl vinyl 
(,ther, it was necessary to cool the mOllOmer solutions 
pr ior  to polymerization. I f  the reae.ti()ll was a t tempted  
at room temperature ,  an almost exph)sive polymeriza- 
tion occurred with much loss of solution. Copolymers 
of t e t r a h y d r o f u r f u r y l  vinyl  ether fornled more slowly 
than  any  of the other sets. 2-Cyalmethyl vinyl  ether 
was also found to re ta rd  polymerizaiiou of nolmOl@l- 

V i n y l  e t h e r  

~on:yi .......................................................... i..~.;i 
2-Phenylethyl ...................................................... 
3 - P h e ~ y l p r o p y l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 - B  e n z y l o •  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2- ( P a r s - t e r t i a r y  1)u ty lphe t lox .~  ) - e thy l  . . . . . . . . . . . . . . . .  
C y c l o h e x y l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T e t r a h y d r o h t r h l r y I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 - C y a n o e t h y l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 - M e t h e x y - 1 , 3 - b u t a d i m l e .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h e n y l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

gated linseed vinyl  ether al though not as extensively 
as did the eopolymers of t e t r a h y d r o f u r f u r y l  vinyl  
ether. 

Pheny]  vinyl  ether behaved anomalously.  The mo- 
lecular  weight of the nonvolatile mater ia l  obtained 
f rom polymerizing phenyl  vinyl  ether with stannic 
chloride at  room tempera tu re  corresponded to an in- 
termediate  between a dimer and a t r imer  whereas all 
the other vinyl  ethers gave homopolymers  with stannie 
chloride at  molecular  weights in excess of 1,000. Li t t le  
heat  was evolved dur ing  the reaction, which required 
1 hr., nor  did phenyl  vinyl  ether apprec iably  re ta rd  
the polymerizat ion of noneonjugated linseed vinyl  
ether. Judged  by  the iodine value and elemental an- 
alysis of the polymer,  the incorporat ion of p henyl  
vinyl  ether in a eopolymer f rom a monomer  mix tu re  
containing" 50-mole percentage of linseed vinyl  ether 
was almost negligible. No a t t empt  was made to pre- 
pare  other eopolymers with phenyl  vinyl  ether. 

All the eopolymers repor ted  were viscous liquids 
having Gardner  viscosities ranging  f rom N to much 
grea ter  than  Z-6. The eopolymers ranged  in color 
f rom Gardner  1 to 10. With  most of the eopolymers 
the observed iodine values were close to those calcu- 
lated on the basis of the assumed composition of the 
copolymer, showing that  the assumed compositions 
based on composition of monomer mix ture  were (;lose 
to those actual ly obtained. Copolymers of te t rahy-  
d ro fn r fu ry l  and 2-cyarmethyl vinyl  ether with non- 
eolljugated ]illseed vinyl e, ther  containcd substantial  
amounts of residual vinyl ethers resul t ing in discrep- 
ancies between the calculated and observed iodine 
values. Observed iodim, values of COl)olymers contain- 
ing meihoxybuta(li(,llO were less than those calculated, 
sugg'(;sting that  smut mclhoxybutadieuv might  have 
polymerized through t)oth double honds or that  some 
might  have been lost lhrough volatilization. 

Film Properties of Copolymers. Films on glass 
plates and on small gla,~u lest tubes were baked under  
three eou(litions and were lested for  hardness and for  
alkali, acid, deter~(,nt, mid solw;nt resis~auc.e as pre-  
viously (les(q'ibed (3).  

l )a | a  oil lhe hardness of films from Olle bakil~g (',ych~ 
are shown in Tal)le I I .  In these tests m a n y  films were 
found lo be softer  than those f rom a nonconjuffated 
lilme(,(1 vinyl ether homol)olynler (Table [[) .  Other  
(,ompositi(luS iu the series gave harder  fihns than the 
nonconjugaied linseed vinyl ether homopolymer,  but  
none seeme(] to offer any  outs tanding advantage.  

Baked films from all (;Ol)olynlers, except those con- 
taining the t e t r ahyd ro fu r fm 'y l  comonomer, were re- 
sistant to a t tack hy 18% hydrochloric acid. Copolymer  
films e(mtainil~g h , t r ahyd ro fu r fn ry l  vinyl  ether were 
frosted aml (larkene(1 by  the acid solution within 24 hr. 

T A B L E  T 

( ! h a r a e t e r i z a t i e n  of  V i n y l  E t h e r  C o n l o n o m e r s  

B o i l i n ~  m i n t s  ~  l ~ e f r a e t i v e  i n d i c e s  A n a l  vses  

F(HIIId R e ~ m r t e d  F o u  n d 

1 8 4  ~ a n a~m 1 . 5 1 0 2  
9 7 ~  r a m .  a u:l:)/u 1 . 5 0 3 5  

. . . . . . . .  n ~vD 1 . 5 0 8 6  

. . . . . . . .  ha)/D 1 . 5 0 3 3  

s2-s~;;')~b . . . . . . . . .  ~,*,7i;'i':4483 
t i 0 - 6 4 ~  r a m } '  n "-'~/D 1 . 4 4 6 3  
7 9 - 8 0 ~  m m .  b naV n 1 . 4 2 9 2  
9 1 - 9 2 ~  n t m .  e n'-'s/D 1 . 4 5 8 8  
155  ~ a n:r*/D 1 . 5 1 6 6  

R e p o r t e d  

n ~')/L~ 1 . 5 1 6 0  a 

n :~"/;) 1 .45"18 
n'-WU 1 . 4 3 3 5  u 
n~')/I) 1 . 4 3 3 5  b 

n 2~/~ 1 . 5 2 2 6  d 

81 ~  m m .  
5 8 ~  r a m .  
5 3 ~  m m .  
7 5 ~  r a m .  
m . p .  3 7 - 3 9  ~ 
7 1 - 7 2 ~  r a m .  
6 4 ~  m m .  
7 8 - 7 8 . 5 ~  m m .  
9 0 ~  t m n .  

1 5 1 ~  

'>i 

1 0 0 . 0  
9 8 . 0  
9 8 . 8  
9 ~ . 7  
9 8 . 2  
9 7 . 0  
9 8 . 4  
9 8 . 0  
9 5 . 6  
9 9 . 0  

C,a~lclllttted ~'Oiln tl 

- c  H 
8 0  7 . 5 1  
8 l  8 . 1 6  
81 8 . 7 0  
7 4  7 . 9 2  
7 6  9 . 1 5  

C n 

8 0 . 5  7 . 5 9  
8 1 . 0  8 . 3 0  
8 1 . 5  8 . 7 8  
7 3 . 9  7 . 9 1  
7 6 . 2  9 . 1 9  

6 5 . 2  0 . 4 4  

8 0 . 1  6 . 7 7  

a S e h i l d k n e c h t ,  e .  E . ,  " V i n y l  a n d  R e l a t e d  P o l y m e r s , "  p .  6 2 1 ,  N e w  Y o r k ,  J ' o h n  W i l e y  a n d  S o n s ,  1 9 5 2 .  b g e f e r e ~ c ,  ( 9 ) .  M e i e r ,  G . ,  B e t .  7 7 ,  1 0 9  
1 9 4 4 .  d l ~ e f e r e n e o  ( 2 ) .  ~ D e t e r m i n e d  i o d i o m e t r i c a n y  ( 7 ) .  
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T A B L E  II 

P r o p e r t i e s  ef  the  N o n c o n j u g a t e d  L inseed  Viny l  E t h e r  e o p o l y m e r s  

C o m o n o m e r  ether  

Benzyl  v iny l  .................................................................................................... 

2- Pheny le thy l  v iny l  ......................................................................................... 

3 -Phonylpropyl  v iny l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2-Benzyloxyethyl  v inyl  .................................................................................... 

2- ( P a r a - t e r t i a r y - b u t y l p h e n o x y )  -eth yl v iny l  ................................................... 

Cyelohexyl v iny l  ............................................................................................. 

T e t r a h y d r o f u r  fu ry l  vinyl  ................................................................................ 

2-Cyanoethyl  v iny l  .......................................................................................... 

~Iethyl-1- (1 ,3 -bu tad ieny l )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Phenyl  v iny l  ................................................................................................... 

None ............................................................................................................... 

Cryoscopic  m e a s u r e m e n t  in  cyelohexane.  ~* W i j s .  c B a k e d  a t  150 ~ fo r  

Mole 
p e r c e n t a g e  

of 
c o m o n o m e r  

75 6,900 
50 10.000 
25 4 ,800 
75 4 ,800  
50 6,700 
25 6 .300 
75 4 ,600 
50 4 ,700  
25 5 ,600 
75 3 ,000 
50 4 ,300 
25 5,800 
75 4 ,400 
50 4 ,600 
25 4 ,500 
75 2 ,800 
50 5 ,900 
25 2 ,600 
75 980 
50 1,300 
25 5,000 
75 784 
50 2 ,300 
25 3,700 
75 3 ,300 
50 3 ,800 
25 10,000 

CMcd. 50 2 ,700 
F o u n d  O 

.... 5 ,300 

G a r d n e r  
viscos i ty  
( color ) 

Molecular  
w e i g h t  a 

I o d i n e  va lue  b 

> Z - 6  (5 )  
> Z - 6  (5)  

Z-1 (4 )  
> Z - 6  (6)  
> Z - 6  (4 )  

Z-1 ( 6 )  
z -~  (7)  
Z-3 (2)  
Z-2 (4)  
z -4  (3)  
z-3  (2)  
z -4  (4)  

> Z - 6  (8)  
> Z - 6  (6)  
>Z-6 (6) 
>Z-6 (2) 
>Z-6 (4) 

z-4  (5)  
N-~:  (9)  
V - W  (6 )  

z -5  (6)  
Z toZ-1  ( 1 0 )  

z -4  (7)  
X (9)  

> Z - 6  (6)  
Z-6 (6)  
Z-6 (4)  
T-U (5) 

Z-1 (3-4)  

1 hr .  w i th  0 . 1 %  Co d r i e r .  

Obse rved  Calcula ted  

89.2 
127.3 
150.9 

82.5 
118.4  
148.0 

67.7 
117.7 
153.5 

71.2 
117.4  
151.8 

84.0 
115.2 
160.8 

69.8 
133.6 
195.4 
135.8 
114.4 
140.6  
152.0 
150.0 
174.0 
209.0  
199.8 
188.7 
182.5 

184.5 

77.5 
126.5 
159.9 

73.2 
124.3 
158.1 

69.2 
118.7 
155.8 

65.8 
114.8 
153.5 

56.9 
150.7 
147.3 

80.8 
128.7 
161.1 

79.7 
128.2 
161.2 

92.2 
138.6 
166.6 
238.5 
211.0  
194.5 
131.0 

184.0 

S w a r d  
h a r d n e s s  
of f i lms e 

28 
32 
16 

8 
23 
14 
50 
22 
24 
22 
16 
30 
14 
20 
24 
28 
20 
24 
44 

8 
28 
2O 
26 
36 
5O 
36 
22 

32 

The best alkali resistance was shown by films pre- 
pared  f rom copolymers containing 2-(para-tertiary- 
butylphenoxy)  ethyl vinyl ether. Fi lms f rom a copoly- 
mer  containing 75-nlole tlcrcentage of this vinyl  ether 
were completely nnaffected by 5% sodium hydroxide 
solution a f t e r  24 hr., whereas a fihn s imilar ly  prepared  
f rom nonconjugated linseed homopolymer  was swol- 
len in 5 to l0 rain. Alkali resistance of films f rom the 
other copo]ymer series was not significantly bet ter  
than that  of films f rom the homopolymer  of linseed 
vinyl ether. The action of detero'ent solution appeared  
to be similar to, but considerably slower than, that  of 
the alkali. 

Solvents, such as chloroform and benzene, were 
found to swell many  of the baked films, par t icular ly  
those f rom copolymers containing a low percentage 
of noneonjugated linseed vinyl  ether as eomonomer. 
Fi lms f rom eopolymers rich in noneonjugated linseed 
vinyl  ether were much more resistant to chloroform 
and benzene. 

Summary 
Vinyl  ethers were p repared  f rom benzyl, 2-phen- 

ylethyl,  3-phenylpropyl ,  2-benzyloxyethy],  2 - (pa ra -  
tertiary-butylphenoxy)-ethyl, t e t r ahydro fu r fu ry l ,  and 
2-cyanoethyl,alcohols.  The vinyl  ethers, as well as 1- 
me thoxy- l , 3 -bu tad iene  and cyelohexyl vinyl  ether, 
when eopolymerized with nonconjugated linseed vinyl 
ether produced viscous liquids that  baked to films of 
moderate hardness and with fair  resistance to alkali 
and acid. These copolymer flhns offered little ira- 

provement  in hardness over similarly p repared  films 
f rom nonconjugated linseed vinyl  ether homopolymer.  
Baked fihns of nonconjugated l inseed-2-(para- tcr t iary-  
buty lphenoxy)  ethyl vinyl  ether copolynlers had im- 
proved alkali resistance over the homopolynler baked 
films and were considered to be the best of the copoly- 
mer films studied. 
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