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Studies in Cyclocopolymerization. XI 1. 
Cyclocopolymerization of the  Donor:Acceptoi 
Pair 1,4-Diene:MonooIefin Lewis Acid Complex 

RIYOHISA FUJOvlORI and GEORGE B. BLTLER 

Deparmnent of Chemistry 
Vniversity of Florida 
Gainesville, Florida 32601 

A B S T  R A C T  

Acrylonitrile ( A x )  is h o w n  to form a cyclocopolymer with 
l ,&dienes such as dirinyi e ther  ( D V P )  and 3,3-dimethyl- 
1,4-pentadiene with radical initiators. Since A S  has a high 
tendency toward homopolymerization, the copolymers are 
not of regdar stricture. Lewis acids  such as ZnC1, and 
Xl(E t ) ,  were used in this paper to increase the e-values of 
-4N and methacrylonitri le {MAX) through complexation. AX, 
LIAIi. and 2- and 4-vinplppridine were copolymerized with 
DVE and 1,4-pentadiene with Lewis acids. In a l l  cases the 
r a t e  of copolymerization u a s  much enhanced and the alter- 
nating tendency of the cyclocopolymer increased with the 
amount of added L e x i s  acids. A 1:2 DVE:AK alternating 
cyclocopolymer was obtained spontaneously or  with AIBN 
with Al(  E t ) ,  in heuane. A l s o  1:2 alternating cpclocopolpmer 
was successfully obtained in acetone by using a l a rge  amount 
of ZnC1,. The  identification of charge-transfer ( CT 1 complex- 
atiori between the DVE and !A_";:,ZnCl, complex, and between 
the 1-hexene and (AN), ZnC1, complex may supoort the par- 
ticipation of a CT complex formed between all 1,4-dienes 
studied and the monoolefin-Lewis acid compleses in the 
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383 FUJIMORI XVD SLTLEB 

cyciocopolymerization mechanism to increase the r3te  
and the alternating tendency. 

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

Stable 1: 1 and 2: 1 complexes of acrylonitri le ( X Y )  [ lj meth- 
acrylonitri le (?IIXV) [ I] o r  methyl ne thac ry la t e  with ZnC13 are formed 
readily by dissolving ZnC1, in 3 monomer and distilling off the excess  
uncomplexed monomer. The complexes can be precipitated from a 
solution of ZnC!, in a monomer with nonpolar solvents such as alkanes 
or  diethyl ether. The  complexes of AX and 4I.LX with ZnC1, s h o v  
shifts of C W  stretching sbsor$icns co higher frequencies and C=C 
stretching absorptions ;o s l i a t l j r  lower irequencies indicating a 
!ocalization of electron density coward the metal  through conlugation. 

Homopolymerizability and copo1:Jmerization behavior of these 
olefins which have conjugnted nitriIe o r  carbonyl groups change by 
addition of Lewis acids  such as ZnCl, into the polymerization system. 
Free radical homopolymerizations of AN, &VIA.??, and methyl meth- 
acrylate  proceeded at a much higher r a t e  when ZnC1, was used [ 21. 
In copolymerization these monomers  behaved as those which had 
more positive e-values when polymerized in the presence of 
ZnC1, [ 31. It is a general  t rend that a wider difference in polarity 
of the deuble bonds of comonomers Li opposite directions gsves 
more alternating tendency in copolymerizaLion. The formation of 
an alterpating copolymer appears  to be the result of molec-dar 
complex formation between comonomers such as s tyrene and 
rnaleic anhydride [ 41. When the donor compound is fixed, the charge- 
t r ans fe r  (CT) comp1e.xation is s t ronge r  lvhen the acceptor has 3 
l a r g e r  electron affinity. The electron affinity of acceptors  appears  
to be parallel to the e-values of acceptors.  

In cyclocopolymerization with donor l ,&dieces,  maleic an- 
hydride ( e  = 2.25), and fumaronitri le ( e  = 1.96) are elramples of 
powerful acceptor monomers,  which form cyclocopolymers of 1: 2 
(diene:monoolefin) alternating s t ructure  [ 51. The fact that they do 
not homopolymerize under usual polymerization conditions, together 
with their  large positive e-values, leads to the formation of 
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alternating copolymers. If rnaleic anhydride and fumaronitri le a r e  
the ideal acceptor monomers  for a donor l ,Cd iene ,  monomers such 
as AX ( e  = 1.20) and MAX ( e  = 0.40) are l e s s  ideal because they 
a r e  known to homopolymerize with ease and because their  electron 
affinities a r e  not v e r y  high. Alternating copolymers of AN and MAN 
n i th  styrene (e = 0.81 [ 1, 61 and propylene ( e  = -0.78) [ 71 were 
successfully obtained by using Lewis acids. Some authors attr ibuted 
the formation of alternating copolymers to the CT conplexation 
between a doaor n o n o m e r  and, for example, the AN-Lewis acid 
complex. The formation of alternating copolymers of AN, MAX, and 
methyl methacrylate cornplexed with L e r i s  acids  would be r a rhe r  
surpr is ing if  copoIymerization were m e r e  random copolymerization 
of, for  example, s tyrene with the -AX (Lewis ac id )  complex. It is 
well known that addition of a Lewis acid enhances the homopolymeriz- 
ability of AN, MAS, and methyl rnethacrplaKe to  a g e a t  e s e n t  [ 21. 
It has  a l so  been reported that these Lewis acid-base complexes form 
I: 1 CT complexes with aromatic  compounds [ lb]. 

In th i s  paper,  cyclocopolymerization of AX, MAN, 2-vinylpyridine 
(WP) ,  and 4-vinylpyridine (4VP) with divinyl erher (DVE) and 1,4- 
pentadiene (PD) was studied using ZnC1, and Al( E t ) ,  as Lewis acids. 
Since there  is no suitable solvent which dissolves the ZnC:, complexes 
*thou[ dissociation. copoiyrnerization of the ZnC1, complexes was 
ca r r i ed  out in most ca ses  in bulk, excess  AN or  M U  serving as 
solvent. 

R ESULTS A N D  D I S C U S S I O K  

C h a r g e - T r a n s f e r  C o m p l e x  of D o n o r  1 . 4 - D i e n e : X c c e p t o r  
hl o n  o o  i e f i n  - L e wi s -4 c i d  C o m Dl e x P a i r  - 

An ultraviolet ( W )  spectral  study ras conducted on the system of 
EVE and ZnC1, in AX as the solvent a t  24'C. One can consider two 
kinds of equilibria in this system: one is the Lewis acid-base complex- 
ation of AX with ZnCl, (Eqs.  1 and 2 ) ,  and the other is the  CT complex- 
ation between DVE and the (AX)zZnC1, complex (Eq. 3): 

By using AX as the solvent, one can espect that the equilibrium of the 
Lewis acid-base compiesation is very much shifted toward the 
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3 90 FUJDIORI .LUD BLTLEB 

(.LU)2ZnC1, side. All the dissblved ZnC1, 'ms assumed to be in the 
form of (XN)2ZnC1,. The solution of DVE and ZnC1, in AN showed 
a tremendous enhancemenr of absorption compared with the 
absorptions of the components i Fig. 1). This enhancement was 
interpreted as due to a contact type of CT complexation between 
DVE and I XY), ZnC1, cornpiex. The continuous variation plot 

2SO 260 270 230 290 310 320 333 340 

FIG. 1. L T  absorptions of DVE. . . [ (.Ly)1/2 ZnCI,] CT complex 
and its components in AS as solvent a t  24 C. ( 1) 2[ ZnC1,j = 1.621 
rnole/liter: ( 2 )  [ DEV] = 1.621 molejl i ter:  and i 3 )  [DVE] = 1.621 
rnole/liter, 2[ ZnC1, ] = 1.621 molejl i ter .  

( Fig. 2 )  confirmed tha t  this enhancement was due to a complexation 
af DVE and (rLU), ZnC!, complex because a rnaxirnum .ass observed 
at the molar ratio of [ DVE] /[ ( x N ) 1 / 2  ZnC1, 1 = 1/1. 
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I k \ 

0.d I / 
L 
0 

0 1 0 
0.5 

[DVE] + 

mole traction 2 [ZnCl*l 
0 

FIG. 2. Continuous variation plot of DVE.. .[ (AV)l /2ZnCl- ]  CT 
complex in -42; as solvent at 24'C. Tota l  concentration of [DCE] + 
2[ ZnC1, 1 = 3.242 mole/l i ter .  

1-Hexene wa5 used as a model compound for 1,4-pentadiene in the 
S u d v  of CT complesation with the AN-ZnC1, complex in .4N as the 
solvent at 24 C. ?he LT absorptions of tine components are shown 
in Fig. 3. 1-Hesene, ZnC1, , (-u':;2ZnC12, and AN did not abso rb  at 
wavelengths g rea t e r  than 2 4 5  mp when analyzed separately.  But 
when 1-nexene ras  added to the solution of (A.N)2ZnClz in Ah;, 
absorption j e c a m e  ve ry  s t rong  even at 255 q., ah ich  shifted 
bathocnromicaily with the amount of 1-hexene added. Also, in this 
$system a sma l l  absor9tion appeared at 297 nq. It was considered 
that both absorptions,  the one at 297 mp and the o ther  s ta r t ing  at 
260 mw, were  due to CT compiesation between 1-hexene and 
( A?;)?ZnCl,. The  sma l l e r  absorption at 297 m~ was used to study 
CT complesation. The continuous variation plot in Fig. 4 shows a m w -  
imum absorption a1 the mo!ar ra t io  of [hexene] /AK1/2 ZnCl,]  = 111. 
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392 FEJTLZORI AIYD SCTLER 

FIG. 3. CV absorptions of hexenc, . . [ (.LU)1/2 ZnC1, ] CT complex 
and its components. 
( 2 )  ;Lu A dioxane vs dioxane; ( 3 )  hexene + XI? vs XX; ( 4 )  ZnC1, + 
AN v s  AN; and (5) ZnC1, + dioxane ‘is diolrane. 

( 1 )  ZnC1, + .&VA hexene vs .AX + hexene; 

This agzin indicates a 1: 1 complexation between a donor ( 1-hexenel 
and AN which is complexed with ZnC1, , since ZnC1, complexes with 
2 moles of AN in AX. 

hesene. . .AV 

nexene. . .AN/ 
‘ZnCl, 

The equilibrium constant of the CT complexation ioas estimated to be 
K 3 0.27. The Scott plot is shown in Fig. Z. 

The CT complexation bet:veen a donor compound and a monooleiin- 
Lewis acid complex 7 . ~ ~ 5  interpreced as the result  oi  increased elecrron 
affinity oi the monoolefin chrough complexation with a Lewis acid, be- 
cause AX alone did not show any evidence of CT complexation with 
ei ther  DVE o r  1-hexene in n-heptane as the solvent. 

In the following sections, cyciocopoklmerizadon studies using 
Lewis acids are descr ibed  The results ??ere compared with those 
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20 1 
! 

0 0.5 I 
[ 2" a,] mole fmctlon 

[Hoxonr)c@Cld 

D 

FIG. 4. Continuous variation plot of hexene.. . [ (  .'LN)1/2ZnC!,] 
CT complexation. [ hexene] i [ ZnCI,] = 1.94 moie/l i ter  in A S  as 
solvent. 

I J 
0 I 2 3 

Hexent mole / 1. 

FIG. 5. Scott plot of hexene. . . [ (AN11,'Z ZnCLJ CT complex at 297 w. 
€i = 0.27, E = 1.5 ,  and [ (A?.?)? ZnCL,] = 7.61 x l o - -  mole/liter. 
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obtained in the copolymerization tvithout Le-Ais acids. It -?as exgected 
that the electronic localizacion of monoolefins which m s  Srought 
about by comprexstion txith Lewis acids aouid lead to a more alter- 
nating cyclocopolymerization with donor 1 ,bdienes  through CT 
complexation. 

C o p o l y m e r i z a t i o n  of A N  w i t h  D V E  

A copolymer composition study of the .AX-DVZ copolymer prepared 
without Lewis acid vas reported by Barton, Butler, and Chapin [ ja].  
If L Y  and DVE formed a we& CT comprex, a phoropolymerization of 
the CT cornpiex m u l d  encourage the "homopolymerization" of t he  
dative state o i  the CT complex, thus forming a more alternaticg 
copolymer [ 81. Hovever, no evidence of CT complexation of t h i s  
pair could be found in the LV region in heptule. As shown in Table 1, 
the results of the photopolymerization through Pyrex glass tubes 
were the same as wtth AIBN- initiated copolymerization. Although 
Pyrex glass cuts off light with a wavelength shorter than 390 w ,  the 
results may be analogous to po1)merization with no CT complexes 
present and no Lewis 3cids present. 

TABLE 1. Photopolymerization of AN with DVE in Pyrex Glass 
Bulk, 24'C. 

:acxion 01 -by in copolymer 

Run No. in feed ?w&j experiment by Barton et  al. [ Sa] 

P-MI-DVE-3 0.30 0.14 0.745 0.70 

With AIBN 

P - A N - D V E - ~ ~  0.a7 0.66 0.398 0.89 

Copolymerizatian oi A N  Wth DVE was studied by adding ZnCI, in 
different concentrations. When DVE was added to 1:l o r  2 1 XI.;-ZnCI, 
pure Lewis acid-base complex. two layers formed. The upper laper 
consisted mainly of DVE m d  the lower layer vas mainly AX-ZnCl, 
complex. Then a vigorous exothermic reaction occurred sponcaceously 
in the lower phase, producing much insoiuble rubbery polymer. The 
elemental analysis of the polymer indicated that the AN fraction in 
the polymer mas 0.42. The complex alone does not polymerize with 
such ease. ZnC1, is almost insoluble in DVE. The same vigorous 
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spontaneous polymerization occurred when ethyl vinyl e tner  was added 
to  the .W-ZnCl, complexes. 

The mole fraction of AX in the copolymer decreased toward 0.5 and 
the copolymerization showed more  alternating tendency with increas- 
ing ZnC1, concentration. These resul ts  are shown in Tables  2, 3: and 
4 and Fig. 6. These polymerization react iocs  were s tar ted from 
homogeneous 'mixzures. Since dioxane dissoives ZnC1, slightly, a very 
dilure solution Copolymerization was ca r r i ed  out in dioxane. Though 
the molar ratio of [ ZnC1, ] /[AN] was high, the concentration of 
AK-ZnCl? comples map not be s o  high because dioxane may dissociate 
the complex. 

TABLE 2. Bulk Copolymerization of DVE with AN in the Presence of 
ZnC1, a 

~~ 

Mole fraction [ M ,  + M2 ] Reaction Mole frac- 
of AX in in feed t ime Yield tion of AX 

Run No. feed (moles  x 10-' ) ( m i n )  (wt%) in copolymer 

m 1.13 0.668 Zn-A-D-3 C.30 12.67 

Zn-A-D- 5 0. 50 7.60 7 0.81 0.703 

Zn-A-D-7 0.70 8.69 10 3.25 0 .752  

Z9-.4-D-9 0.90 a. 44 5 0.54 0.833 

There  were no vinyl absorptions in the IR, indicating complete con- 
sumption of both double bonds of the diene. In these experiments the 
copolymer composition was never exactly 1:2 o r  1:l ( =  DVE:AlY), but 
there  was a s t rong tendency toward alternating copolymerization with 
ZnC1, , judgmg from the copolymer composition curves. It appears  
that the addition of ZnC1, facilitated the formation of repeating units 
[ I !  and (11) through CT complesation of DVE with the AN-ZnC1, 
complex. 

the dilution of the AX-ZnCl? complex without dissociation was not 
possible. This  difficulty prevented the realization of an alternating 
cpciocopolymer whose composition would be constant 1: 1 o r  1:2 
because of the high reactivity of the AN-ZnCl? complex 121 and 
free AX. 

Since the AX-ZnC1, complex did not dissolve in nonpolar solvents. 
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0 
0 0.5 

mok fraction o f  AN n f e d  
0 

FIG. 6. Copolymerization of DVE with .4N with ZnC1,. (1) With- 
out ZnClz,  by Barton, Butler,  and Chapin [ sa]. ( 2 )  B&, AY/ZnC!, = 
20, 60'C, with AIBN. 
1 4) Bulk, XN/ZnC!, = 4.97, spontaneous polymerization at  60'C and 
24'C. 

( 3! In dioSane, AN;ZnCl2 = I. 8 7 ,  with AIBX. 

I I! 

The extremeiy exothermic spontaneous copolymerization which 
occuried when DVE =as added to the AN-ZaC1, complex may be 
evidence of the CT complexazion and i t s  initiation through the dative 
s ta te  of the CT complex. Aromatic compounds such as benzene, toluene, 
and sryrene a r e  known to  form 1:l CT complexes with .4N-ZnC1, o r  
XW-ZnC!, complexes. Styrene copolymerizes with AN-ZnC1, o r  
XUL-ZnC13 spontaneously, producing 1: 1 alternating copolymer [ 11. 
The alternating tendency in the present cyclocopolymerization with 
ZnC1, may be due t o  the CT complexation between DVE and the 
AX-ZnCl, complex 

rat ios ,  r, and r2 change l i t t le with temperature.  That is, the difference 
It has  been known that in copolymerization the monomer reactivity 

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



398 FUJMORI ;LUD aUTLER 

in the activation energies  of X, and k l  ( = AE - AE i and the 
difference in the activation energies  of & and k2 ( =  A E ~  - AE? I 1 
are  interpreted to be not ve ry  F e a t .  In the sys t em oi DVE-.LX v i t h  
ZnCl, , we may consider at least four potentially react ive species  
to undergo copolymerization: free .IN! f r e e  DVE, AN-ZnC1, complex, 
and DVE. . .XU-ZnCl, CT complex. If a "homopolymerization" [ 51 of 
DVE. . .AY-ZnCl2 CT complex proceeded s imdtaneous ly  ;vith same  
copolymerization of the inaividuai components , the copolymer 
composition might change with t e m p e n t u r e  in iavor oi the reaction 
having the lowest activation ecergy,  because the "hornopolymeriza- 
tion" of the DVE.. .XN-ZnCl, CT complex is thought to have a aiffer-  
ent activation e n e r g  from copolymerization of the individual 
components of the system. Since most of the copolymerizations or' ihe 
DVE-.XV pair  with ZnC1, -.?ere carried out at 60 C, 3 lower temper-  
a t u r e  polymerization oi this system was t r i ed  for  comparison. The 
polymerization was initiated thermally and photochemically. The  
r e su l t s  are in Table  5. 

TABLE 3. Copolymerization of DVE .pith .AN in the P r e s e n c e  or' 
ZnClz at Low Tempera tu re  yithout Initiatorg 

Mole fraction 
E n e r g  Temp Reaction Yield oi AN in 

Run No. source  ( ' C 1 t ime(  h r )  (mg) copoij.mer 
~ 

Th- 1 Therma l  24 8.3 51 0.895 
Th-2 T h e r m a l  0 12.5 10 0.703 
tv- 1 LT > 290 mu 24 0.16 30 0.7 12 
C'v-2 W > 290 r m ~  -20 I. 3 10 0.692 
cf. Copolymer of DVE-AS ..vithout ZnC1, 0.77 [ aa] 

3 Bulk, AX 2.0 ml, DVE 2.0 ml. [ -431 /[ZnCl, ] = 7.40. Mole 
fraction of .kt in feed = 0.579. 

Litt le difference in the copolymer composirion was found in zhese 
t empera tu re  ranges and no evrder.ce OL "homopolymerizarion" of rhe 
DVE.. .XN-ZnCl, CT complex, which may have given a 1:l regular 
structure, was obtained a t  the lower temperature ,  although the DVE 
content in the copolymer became Larger than the DVE-AN copolymer 
prepared without ZnC1,. lt may be seen that the copolymer 
composition of t h i s  system is a function of only the ZnC12 concentrarion. 
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That is, the DVE.. ..rLU-ZnC!, CT complex. if active,  undergoes 
"ccpdymerizatior." with e i ther  the Xh'-ZnCL, complex or  free AX 
or both. 

C o p o l y m e r i z a t i o n  of AS r i t h  D V E  i n  t h e  P r e s e n c e  of  
: Z n C 1 7  i n  A c e t o n e  

The  ro ie  of the Lewis acid-base complex of AS-ZnC1, in forming  a 
ICT comples  Kith DVE can be studied in a solvent which d isso lves  
'2nCl2.  such as acetone. In acetone soiution the added smal l  amount 
of ZnCl, v i l l  be dissolved in the solvent and mostly uncomplexed with 
AS. The  copolymerization oi the DVE-.LX pa i r  in acetone with and 
without a smal l  amount oi ZnC1, showed no difference in rate of 
polymerlzatioa T h i s  may be because the  concentration of AN-ZnCl, 
complex was ve ry  smal l  in acetone and, hence,  there  was very little 
CT complesation between DVE and the AN-ZnCl? complex (Eq. 3) .  
The results a r e  shown in Table  6. The difference in solubility of the  
copolymer was interesting: a more  acetone-soluble copolymer was 
obtained with ZnC1,. 

Xonever.  even in acetone the equilibrium of t h e  Lewis acid-base 
complexation. Eqs. (1) and (Z), can be shifted toward the AN-ZnC1, 
comples side by using a l a r s e  amour1 of ZnC!, and the concentration 
oi the CT coixplex ;Eq. 3, will  be l a rge r .  Thus  2r: alternating 
co?scl:;ner would be expacted by using 2 l a rge  amount of ZnCl, in 
acetone, Thus  :he copolymerization was c a r r i e d  out in acetone by 
using a h r g e  excess  of ZnClz.  The results a r e  shown in Table 7 
acd  Fig. 7 .  

in Tab!e 5). Note that the monomer Concentration was about l / 4  of 
tnzt used ir, the experimenrs in Table  6, and a lmost  constant 1:2 
(DVE:AN) copolymer composition was realized. Since the re  were  no 
vinyl absorptions in the IR spec t r a  of the copolymers,  these  co- 
polymers  of I:? composition were  considered to be alternating 
copolymers of s t ruc tu re  I. 

The  rate of copolymerization b e c a n e  x u c h  faster (cf. the results 

C o p o l y m e r i z a t i o n  of > I A N  w i t h  D V E  ' i n  t h e  P r e s e n c e  
of Z n C 1 .  

Radically initiated bulk copolymerizations a t  a constant feed of 
0.519 mole fraction of MAX with different concentrations of added 
ZnCL were  ca r r i ed  out. The  r e su l t s  i? Table 8 show that the DVE 
contgnt in the copolymer increased  with increasing ZnC1,, and that 
the copolymer composition approached 1: 1, indicating an increas ing  
alternating tenaency with more  ZnCL, . Simi lar  t o  the  copolymerization 
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TABLE 7 .  Copolymerization of DVE with AY in the P resence  of ZnCl? 
in Acetone 

~ 

Mole fraction Reaction Mole fraction 
of A? b* AX DVE Acetone ZnC1, t ime Yield of AN in 
feed ( m l )  ( m l )  ( m l )  ( g )  ( m i n )  ( m g ) b  copolymer 

0.264 0.4 1. 6 20 9.81 20 105 0.618 

0.178 0.8 1.2 20 9.81 50 790 0.642 

0.817 2.0 0. 3 20 9.8i 20 6 7 5  0.678 

a 
bCopolymer was soluble in acerone. 

AIBS 60 mg,  at  60'C. 

I 

= I  

0 . 

0 0.5 I 

AN fmction in had 
0 

FIG. 7. Copolymerization of DVE with AN in acetone with l a rge  
amount of ZnC1, at 60'C. 

of DVE-AN with ZnCl,, the r e su l t s  were  in te rpre ted  as a copolymeriza- 
tion of DVE. . . [ (MAISjl /2  ZnC1, CT comples with MZUJ-ZnC12 complex. 
-4n enhancement of r a t e  was observed with ZnC1, concentration. The 
acceleration of t h e  r a t e  of polymerization at higher concentration of 
ZnC1, may be due to the precipitation of ,growing rad ica l  and lack of 
termination as the polymerlkation proceeded in the precipitate. When 
the concentration of ZnCl, was 1.306 mole / l i t e r  (M;i?j-DVE-Si, a 
vigorous exothermic auroacce1e:ation o c c u r r e d  
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T X B U  3. Copolymerization of DVE with MAY in the Fresence of ZnC1,“ 
~~ 

Reaction Mole fraction 
ZnC1, t ime Yield of MAN in 

Run No. ( J”) ( min) ( mg) c opolrme r 

MAY- DVE - 0 None 3 00 160 0.7 56 

>I AY-DVE - 2 5 0.183 25 77 

MAN-DVE -20 0.255 15 4 37b 0.697 

XLV-DVE- 175 0.243 15 33 

MAY-DVE- 14 0.326 15 85  

XLU-DVE-12 0.378 15 113 

3IAY-DVE- 10 0.47 5 15 - a4 0.624 

MAX-DVE-8 0.532 1’7 505 0.630 

MAN-DVE-3 1.066 15  - 2 gc 0.520 

Bulk at 60‘C, SIXV 3 m1, DVE 3 ml, XIBN 30 mg. Sfole fraction a 

of MAii  in feed = 0.519. 
h o t  quantitative. 
‘Tigorow exothermic autopolymerrzation occurred. 

C o p o l y m e r i z a t i o n  of 1 . 4 - P e n t a d i e n e  w i t h  A N  i n  t h e  
P r e s e n c e  of Z n C 1 ,  

l,&Pentadiene ( P D )  vas used as the l,4-diene in place of DVE. 
Again, a large molar  ra t io  of XV vs ZnC1, must be used because 
the nonpolar PD caused precipitation of the AN-ZnCl, complex and 
formed two layers  vhen  PD was added to the solution of ZaC12 in 
AN. The resul ts  of the copolymerization of the PD-.LY pair in the 
presence of ZnC1, a r e  shown in Table 9. Because of the problem 
of precipitation of the .Li-ZnC12 complex, :he copolymeridation 
study was limited to  lower PD concentrations in the feed. 

X free-radical copolymerlzation of 3,3-dimethyL- 1,4- 
pentadiene Wth AN was reported by Butler and Kasat [ % I .  It was 
found that AN predominated 111 the copolymer. There  was little 
alternating tendency, although cyclization was near!y complete. 
The mole fraction of ;L\i in the copolymer was 0.956 when that in 
the feed was 0.857. 

Analogous to the copolymerization of DVE-.LY in the presence 
of ZnClz, two important observations were noted from Table 9: 
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1) the content of PD increased with ZnCl, concentrstion, and 2)  the 
rate of copolymerization increased with ZnC1, concentration. These 
observations can be explained by a copolymerization of PI). . .XN-ZnCl, 
CT complex with .XY-ZnC12 and/or f ree  AX complex. The identifica- 
tion of the 1-hexene. . . [ (X\i) l /2  ZnCI? ] CT complex may support this 
explanation. 

The IR spectra  of these copolymers showed no vinyl absorptions, 
indicating almost complete cyclization. The insoluble product may be 
due to accidental cross-linking o r  chain t ransfer  reactions. 

C o p o l y m e r i z a t i o n  of 1 - H e x e n e  v i t h  A N  i n  t h e  
P r e s e n c e  o i  Z n C 1 ,  

As in the case of the PD-XZ-ZnCl, and the DVE-AY-ZnC12 sys- 
tems,  when 1-hexene *nas added to the solution of ZnC1, and XU, the 
precipitated lower layer,  which was mainly .4N-ZnC12 complex v i th  
dissolved hexene in it, polymerized spontaneously producing a 
DMF-soluble copolymer. The dative state of the CT complex of 
hexene. . . [ (AN) 1 / 2  ZnC1, ] was thought to be responsibie for  the 
initiation, The spontaneous polymerization was studied in a 
homogeneous system using small amounts of hexene. The resul ts  
are s h o m  in TabAe 10 and Fig. 8. 

C o p o l y m a r i z a r i o n  of D ' T X  v i t h  4 - V i n v l p y r i d i n e  a n d  
2 - V i n Y l R Y r i d i n e  i n  t h e  P r e s e n c e  of Z n C l ,  

2-Vinylpyridine ( 2VP)  and 4-vinylpyridine ( 4VP) are known to 
form stable complexes with ZnC1, [ 91. It was reported that hono-  
polymerization or' complelted vinvlp.q~idines proceeded at  a higher 
ra te  than uncomplexed vinylppridines. and that the  vinyl group of 2- 
methyl- 5-vinylpyriaine ( e = -0.421 became positively polarized by 
complexation with ZnC:, ( e  changed to +O.a l )  [ 91. Radical co- 
polymerizadon o l  4SP wiith DVE r n s  studied by Butler, Vanhaeren, 
and Ramadier [ 3 c ] .  It v a s  reoorted that the  mole fraction of 4VP 
in the copolymer was from 0.348 to 0.999 in the range of I V P  mole 
fraction in the feed between 0.13 and 0.35. Copolymerization of 4 V P  
and 2VP with DVE was studied in the presence of ZnCI?, in order  to 
compare the results with the copolymerization in the absence oi 
ZnC1,. 

The results a r e  shown in Table 11. When ZnCl, x a s  used, the 
DVE content of the copolymer increased siightly and the ra te  of 
copolymerization of 4 V P  inith DVE in methanol became more than 
four t imes as fast as that without ZnC1,. Since methanol, which dis- 
solves ZnC1, well, was the solvent, complete complexation of vinyl- 
pyridines with ZnC!, c o d d  n3t be expected. 
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Rmction llmr (minl 

FIG. 8. Spontaneous copolymerization of 1-hexene with AN vi th  
ZnCI,, bulk, W C ,  XVjZnCl, = 4.70. ( 0 )  Mole fraction of AN in 
feed = 0.908. ( x )  ?dole fraction of =LU in feed = 9.952. 

C o p o l y m e r i z a t i o n  o t  D V E  w i t h  A X  i n  t h e  P r e s e n c e  
of A l ( E t ) ,  i n  H a x a n e  

Copolymerization of DVE with AN was studied using Al(  Et),  as the 
Lewis acid for XY. Since Al(Et), dissolved in the nonpolar solvent, 
hexane, dilution of the .L i -X l (  Etif  complex was possible vithout much 
dissociation. When AN was.added to a solution of Xli Et) ,  ;in hexme,  
an intense yellow color developed, indicating Lewis acid-base 
complexation. AX [ 0.5 ml)  in 20 ml of hexme produced no polymer 
after 2 days a t  25'C using an equimolar amount of .U(Et),.  DVE 
( 1.0 ml)  in 20 m l  of hexane with Al(Et ) ,  did not polymerize after 2 
days at 25°C. However, vhen DVE ',vas added to a solution of XU 
and Xl( Et) ,  in hexane, a slow spontaneous polymerization occurred 
at 25'C. The spontaneous copolymerization was car r ied  out by 
using equimolar amounts oi AX and Al( E t ) ,  in a nitrogen atmosphere. 
The results are shown in Table 12 and Fig. 9. The almost cocstant 
copolymer compositions and IR specrra of the products indicated 
that the spontaneous copolymerization produced alternating cyclo- 
copolymers of 1:2 ( DVE:.LY) composition ( Structure I); the gel 
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TABLE 12. Copolymerization oi DVE with AN vith Xl(Et), in 
Hexane ( XIa 

- Mole fraction 
of AN in AN DVE Yield Mole fraction of 

R u n  No. feed (mi )  (ml) (mg)  AX in feed 

Al-3 0.18 0.50 3.00 96 0.522 
XI-4 0.30 0.50 1.54 81 0.632 

AI- 5 0.70 1.00 0.57 57 0.654 

X1- 6 0. so 1.30 0.30 36 0.694 

[Al(Et),]/[AY] = 1/1. [AX * DVE] = 1.61 rnolejliter. Spontaneous a 
polymerization at 23'C for 26 hr .  

0 
sa 

= I  

Ol 
0 03 1. 

AN fmnlon in f e d  

FIG. 9. Copolymerization of DVE with .&Y vith X l ( E t ) ,  in hexane. 
( Q) Spontaneous polymerization. [ .LU] /[ Xl(  Et) ,  1 = I. ( x )  With XBBN 
and catalytic amount of .%L(Et)3,  a t  6O'C. 
[ - t u J / [ A l ( E t ) , ]  = 1. 

With AIBN, at 60'C, 

permeation chromatograph of the products showed only one peak, proving 
that the polymers were copolymers. The initiation was considered to be 
caused by the.dative stare of the CT complex of DVE and the Aii-Al(Et), 
com plex. 
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The alternating copolymer c m l d  not be obtained when only small  
 mounts of X1!E:IJ were used in the copolymerization: AN composition 
became l a r g e r  as shown in Table 13 and Fig. 9. But when equimolar 
.91(Et)3 and AX were used with AIBN, the s a m e  1:2 alternating cyclo- 
(copolymer, which was soluble in acetone, was obtained at 60'C. The  
:results are shown in Tabie 1 4  and Fig. 9. 

The electronic effects in the cyclocopo1::merization of 1,4-dienes 
with monoolefins were also inves t iga t ed ,  The success  of preparing 
alternating cyclocopolymers of DVE with AN in acetone by using a 
:.arge amount of ZnC1, (Fig.  7 )  and in h e m e  by using equimolar 
:amounts of A l (E t ) ,  and AX (Fig.  91 demonstrated that the g rea t e r  
(difference in polaritv of the double bonds between a donor and an 
:acceptor. which might lead to a s t ronger  CT complex between them, 
was essential  to obtaining alternating cyciocopolymers. 

The  cationic initiation of the DVZ-.W pair  by iEt):O-BF, and the 
anionic initiation by butyllithium in CH, C1: produced only homo- 
polymers of DVE and AN, respectively,  judging from the IR spec t r a  
3f the products. The character is t ic  absorptions were CSN a t  
2240 cm-'  and the ether  group at 1070 cm-'. Therefore ,  initiation 
of the spontar,eous copolymerizations was concluded to  be through 
a radical mechan i sm 

E X ?E R 1X.I E N T A  L 

M a t e  r i a l s  

Reagent grade All', MAN, 2VP, 4VP, DVE, and 1-hexene were 
distilled before use. l ,+Pentadiene was prepared by the method of 
Benson and McKusick [ lo].  Q,Q' -Azobisisobutyronitrile ( AIBK) was 
recrystall ized twice from methanol. Reagent grade acetone, 
methanol, hexane, and ZnCl, were used as received. DVE was pur- 
chased from Merck, Sharp and Dohme, and .41(Et), vas purchased 
f rom Ethyl Corporation, and used as received. 

solving ZnC1, in a n  excess  of AN and MAN. The complexes were 
recrystal l ized from petroleum ether  and dried under vacuum [ 11. 
The complexes of 2VP and 4VP with ZnC1, were prepared in  
methanol by mixing the components in 2: 1-( VP:ZnCl, ) r a t io  [ 9c]. 
The stoichiometry of the complexations was measured by EDTA 
t i tration [ 111 by using er iochrome black as t h e  indicator. The 
analytical dara of 2 1  VP:ZnCl, compleses used in  the copolymeriza- 
tions were ( 4VP),  ZnCl, complex, 5 Zn found, 18.8% (theoretical ,  
18.87%); melting point, found 129- 133" C ( reported [ 9c] 124- 128" C);  
( &-P,I, ZnC1, complex, 5 Zn found. 18.9% ( theoret ical ,  18.87%); 
melting point, found, 173-l'iS'C ireported [ 9c; 118-119'C). 

The complexes of AX and MAX with ZnC1, were prepared by dis- 
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- S p e c t r a l  S t u d i e s  

L T  spec t r a  were  obtained using a Beckman DK-2.4 spectrophotometer.  
Quartz ce l l s  of 1 cm path length were  used. The continuous variation 
plots were  made by using a constant total concentration of [ DVE * 
1 '2  i Z n C l l ) ] ,  and [ 1-hesene + ZnCIZ]  fo r  the CT complexes of 
(Xru',,ZnCl, with DVE, and I-hesene. respectively,  i n  AX as the solvent. 
The  absorptions of the complexes were  calculated by subtracting the  
absorptions of pure donors and  ( A"; )?  ZnC1, numerically. T h e  
equilibrium constant of hesene-AX-ZnC1, CT comples  was estrmated 
by using the Scott equation [ 121 (Eq .  4 )  wnich is a rea r ranged  form of 
the Benesi and Xi laeormd equation [ 131 

v h e r e  [ A ]  and [ D] are concentrations ( mole,'liter) of the acceptor  and 
t h e  donor, respectively. 1 is the optical path length ( cm) ,  E is the 
mola r  esqinction coefficient of the comples,  K is the  equi!ibrium 
constant of the complesation, and d is the optical density. Small  con- 
centraricns of ZnC!, . that :s. small concentrations of the (XNi,ZnCl, 
complex, were  used. 

I.?? spec t r a  were  :&en w t h  Beckman IR-10 and IR-8 spec t ro-  
photometers. The  absor?tions of C=C double bonds of DVE at 3070, 
1620, 1325. 1200, 1170, 492, and 948  cm- '  all disappeared in the 
cpclocopoigmers of DVE. The cyclocopolymers of AX-DVE showed 
charac te r i s t ic  absor3rions of C=X at 2240 cm 
groups at a rocnd 1070 cm -I. 

and cyclic e the r  

C: o p o l  p m e r i z  a t  i o n  - 
With ZnCl? 

X solution of ZnC1, in. AX o r  XIAX? donor compound. AIBK, and 
soivent, when indicated, were  put into a Pyrex  g lass  tube which XZLS 

t:nen sealed under a vacuum of iO-5 T o r r  after repeated freeze-and- 
thaw cpcles with liquid nitrogen. Polymerization vas c a r r i e d  out 
in an oil bath which was thermostatted at 60 = 0.02" C. Complexes of 
21-2 and 4 V P  with ZnC1, ( 2 : l )  were  prepared  and used as the 
acceptor monomers  in the cyclocopolymerization with DVE in methanol. 
The  polymerizations were  stopped by opening the g lass  tubes and im-  
rnediarely pouring t h e  COntentS into a l a rge  amount of 55 aqueous am-  
c2oonia containing 2 wts zmmonium chloride. The  polymer was  

- 
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reprecipitated from acetone and S.3-dimethyl formamide ( DJIF)  
solutions, or washed repeatedly v i t h  NH3 -3H, C1 solution vhen the 
polymer was insoluble. The polymer was then .=shed with a large 
amount of distilled water and dried under vacuum at 60’C. 

With Al(  Et),  

added to the herane solution. Spontaneous copolymerizatiom v e r e  
car r ied  out in a dry box under a nitrogen atmosphere. Copolgmer- 
ization with AIBN %as car r ied  out using glass  tubes. AIBN: the 
h e m e  solution of X i (  Et), , hexane, AN, and DVE were placed in a 
glass tube, and the tube was sealed on a vacuum line. The polymer- 
izarion was conducted in zii oil bath at 60 = 0.02”C. The polymer- 
izations were stopped by pouring the reaction mixture into a he:iane- 
methanol mixture. The polymer was repeatedly precipitated from 
acetone solution into a large amount o i  acidic (HCLI 2% aqueous 
NH, C1 solution. The polymer was then washed with distilled water 
and dried under vacuum a t  60” C. 

X h e m e  solution of Al( E t ) 3  ‘ x i s  prepared. AN and DVZ v e r e  

X n a l v s e s  

Copolymer compositions were calculated on the basis  of the 
nitrogen content of the copolymers, which were determined by PCX, 
Inc., Gainesville, Florida. The nunber-average molecular weig!!ts 
v e r e  measured in acetone by using a Mechrolab Vapor P r e s s u r e  
Osmometer,  Model 302. A Gel Permeation Chromatograph oi Waters  
and Associates (Model GPC 300) was used to analyze molecular 
weight distribution. DMF vas used as the solvent and the calibration 
curve was made by use of mcnodisperse, standard po1yst:;rene 
samples which were purchased irom Waters and Associates. 
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