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Summary 

[he  l i v i n g  c a r b o c a t i o i ~ i c  po l ymec i za t J ,  erl o f  i s o b u l : y l e n e  J i l i  t J -  
a ted  by t r i - c u m y ] - e t h e ; -  ( t ) / B C i  3 and t r i c u m y l - a c e L a t e ( 2 ) / B C t  3 
was i n v e s t i g a t e d  by B 1] NF]R s p e c t r o s c o p y  in  tl~e p[ 'esence and 
absence of  DNSO. With BCI~, 1 y i e l d s  t r i - c u m y l - c h ] o c i d e  and 
BC120Ne due to f a s t  e x c h a n g e -  r e a c t i o n ,  w h i l e  2 fo~ms cam- 
plexes. I f  the I/BCI 3 mixture contains OMSO, -well defined 
complexes  can b e - d e t e c t e d ,  i . e . ,  OMSO.BC13 and BC1 ONe OMSO 
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In  the  sys tem 2/BC13/DMSg n e u t r a l  complexes  w~th broad NNR 
s i g n a l s  are  fo~med, in  the p resence  of  ~sobu~y lene (~eal.  p o l y -  
m e r i z a t i o n  m i x t u r e )  the same Ceml) l exes  cal~ be dete(_;l:ed. 

Introduction 

Ihe  t - e t h e r s  and t - a c e t a t e s ,  i n  col,lurlcLi.on,, w i l l1  BCt [1 ,2 ]  or 
] i C 1 ;  [3on4] , a r e -  i n i t i a t o r s  of  t i v t , , g  c a r b o c a t i o ~ i c  p o l y -  
m e r i z a t i  o f  o l e [ i n i c  monome['e, such as ~sebuty ] .er ,e ,  s t y r e n e ,  
e t c .  Wi th the e x c e p t i o ~  o f  the in i .  t i a t o r  2 , 5 - d i a c e t o x y - 2 , 5 -  
- d i m e t h y l - h e x e n e - 3  [ 5 ] ,  the r e s u l t a n t  po lymer  has much broade~ 
m o l e c u l a r  w e i g h t  d i s t r i b u t i o n  (NWU) than i t  i s  expec ted  when 
l i v i n g  p o l y m e r i z a t i o n  t a k e s  p l a c e .  Recent  r e s u l t s  [ 6 , 7 , 8 ]  show, 
however ,  t h a t  in  the p resence  of  s t r o n g  e l ec t r o t~  donors ,  e . g . ,  
d i m e t h y l  s u l f o x i d e  (DNSO), d i m e t h y l  foFmamide (DNF), d i m e t h y l  
ace tam ide  (ONAA) e t c . ,  the f,4WD i l a r r o w s ,  due t o  the absence of  
s low i n i t i a t i o n  rT] a n d / o r  u n d e s i r a b l e  s i de  r e a c t i o n s ,  e . g . ,  
i n d a n y l  s l<e le te f t  f o r m a t i o l l  [6] e t c . .  
In  our e a r l i e r  paper  [9] we stlowed tt laL t i le  B I I  NNR was sui  t -  
a b l e  to  moniLo[" the r e a c t i o i l e  i l l  L ie [ - e t l l e [ "  []C] 3 sys tem under 
e x a c t l y  the same e x p e r i m e n t a l  com~J, t i oHs  as r e q u i r e d  [ o r  a l i v -  
ing  p o l y m e r i z a t i o n .  
tn  t h i s  work we have c o n t i n u e d  the tnvest ,  i g a t l o n  eL r e a c t i o n  
p r o d u c t s  and complexes  in  Ule t r i - c u m y l - e U l e r / B C 1 3  and t c i -  
- c u m y l - a c e t a t e / B C 1 )  sys tems ,  i.n the p resence  arid absence of  
DMSO. 

E x p e r i m e n t a l  

l r i - c u m y l - a c e t a L e  was sy f l t l ~o l ; i zcd  ac~ 'ord i l lg  tu [ - l ( I ] .  II~e s()urt;e 
of  a l l  o t h e r  m a t e r i a l s ,  such as i s o b u t y l e n P . ,  BCI~, CH2C12, 
t r i  cumyl  e t l )ec  DNSO I~as been l , l h l . i s h e d  [?] . ~ -5 " - - , f t)l ymer ] 7a 1: ~ oi ls 
were c a r r i e d  out  u~lde[" d ry  t~ i tFe! len a tmosphere  in  a d r y - b o x .  

*To whom offprint requests should be sent 
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Procedures  and NMR t e c h n i q u e  have been reportted J_n detail L j. 

R e s u l t s  and Oiscuss:Lon 

As we have shown in  our  e a r ] : i e r  p t i t l l i ca fc jon  [ 9 ] ,  l;he r e a c t i o n  
between BC13 and tri-cumyJ.-eNler (]~_) y i e l d e d  t r ~ L - C u m y l - c h l o r i d e  
and d L c h l o r o b o r o n l f c e .  

L• 
i.- -r 3 Bgl2ONe -i 3 IBC] 3 

O~le C1 
-3 

t 

A c c o r d i n g l y ,  in  l;he B 1l  spect rum of t l l i .  s system 
:[ound the s ig t~a[s  ~:~ t i le [~C.[3(0H=46.0-46.7 
d i c h l o r o b o r o N L t e  ( = 3 t . 6 - $ t . ?  ppm) 

( F i g . l , a )  we 
pplll) and o:[ Ule 

_ b 

' I ' " "  ' 1 I ' - - - - I  ' I "'-~" F'~ 
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F i g . l :  BII-NHR specl ; ra  of  [he 1/BCI~ (a)  and 
2 / B C I ~  (b)  systems at  243 K ~ 
-(- [1] :~2] :0 .0054  me]e /L ,  BOl$]  : 0 .05  mo le /L ,  
15-mins ~', CH2CI 2) 

In  c o n t r a r y ,  the t r i - c u m y ] - a c e L a t e / B C l $  system g i ves  B 11 s i g -  
n a l s  in  the r e g i o n  of Or%5.O-7.0 ppm ( F ~ g . t , b )  which i s  cha[ 'ac-  
teristic for m o l e c u l a r  uol l lp iexes 0~] �9 " 
1he s i g n a l  of  8C:13 Js b roader  i l l  l.he 2/13C[j system,  i l l d . i ca l : i r lg  
a t 'ast dynamic e q o i l i b r J u m ,  lhe hrondGess of the nnt  w e l l  
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s t r u c t u r e d  s i g n a l  o f  the  acet :a te .BC13 complexes t , i n t s  to suc-  
c e s i v e  co ~ p l e x a t i o n  e q u i t i b t ' i a .  J~ U~is sys tem,  we d id  not  l i n d  
the b o r o n J t e - a n a l o g  co,,peu,,d, Bgl OAc (a peak arotJ l ldo r',--, 30 
ppm) . 2 

~ _  + BC13 

OAc OAc 
2 4 

+ BCl 3 

OAc 

5 

BCt 
3 

+ BCI 3 

The l a c k  o f  a s i g n a l  a['oul~dO~,-*3(I pp., 
change r e a c t i o n  t a k e s  p l a c e :  

2_ + 3 BCI 3 ~ 3 + 3 BCI2OAc. 

BCI3.AcO ~ O A c .  BCI3 

O A c . B C ]  3 

6 

j l , d J c a t e s  t l l a t  no  e x -  

In  the  p resence  of  i s o b u t y ] e n e  we o[~ta i~ed e s s e n t i a l l y  the same 
B l l  s p e c t r a  i i l d J c a t i n g  l;hat: Lhe s e l l s i t : i v J t y  o f  B ]1 measl l [ement  
i s  not  h i gh  enougll  to ge l : e r r  the c,HJnl;er j .ol ls,  i . e . ,  CH3OBC]3, 
BC13OAc , BC14 . | h i s  means t h a t  s ]el l l [C s p e c i e s  are  p r e s e n t ,  
i . e . ,  t he  p o l y m e t ' i z a t i o n  p roceeds  v i a  s J.ol~s, the  c o n c e n t r a -  
t i o n  of ions is much lower than that of the Heutra] com- 
pounds. However, we were able to detect significant difference 
between the I/BC] 3 and 2/BCt 3 Jlli l:iating systems. While U]e 
I/BCl. system yields 3 and a new Lewis acid., i.e., BCI2OMe , 
the 2_/BC] 3 forms molecular complexes, i.e., 4, 5 and 6. This 
means that we have t,o distJnguisll between- two dTfferent 
mechanism for t h e  two sysl ;ems. 
In case o [  the i/8C]3.syste, t l l e  p r o p a g a t i c u l  Lakes place irt a 
quas i  ] i v i n g  mniH,er, i . e .  v i a  I :c ' rmJ,~aLi~,,~-reini l ,  ia l ,  iot~ .sLop.s, 

[6__], . I , ,  l:r a t'y the 2/Bet 3 as reported by Kasz@s eL. a] con , 
sys tem p r o b a b l y  pt-opa.qal:es v i a  he c y c J i c  J n t e c m e d i e r  7 as 
r e p o r t e d  by Faust  and KeiHmdy i t ] .  



420 

R 

I 

C ~  - -  0 t  3 C 
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c / I  BcI3 
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In the  p r e s e n c e  of  I]MS0, a d d i t i o n a l  compl.exes alld exchange1• r e -  
act ions have to be tal<en in to  account, Fig.2 shows the B NMR 
spectra of the sys[ems BCI3/OMSO , I/BCI3/OMSO and 2/BCI3/DMSO. 

~ a  

I I 

5O 

JLc 
40 30 20 10 0 

PPM 

Fig.2: BII-NMR spectra of the BCI3/DMSO (a), 
I/BCI~/UMSO (b) and 2/BRI~/UMSO (c) 
~y~u~ff~ , t  243 l< ([1~=[2]~=().oo54 , , , , , t~ / l .  
[UMSO] ~0.015 ,,ote/L-"Lr3~ 3] =O.fJ5 mole / t .  
15 rains, CI42C[ 2) 
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fhe ass ignment  f o r  the I /BC]3/DMSO system i s  as f o l l o w s :  Or,__ 
--46.1 ppm: BCI 3. Or'=31.6-3t-:-7 ppm: BC120H ( i m p u r i t i e s ) .  ( :F '=3 t . ] -  
- 31 .2  ppm: BCI2UMe. 0~=13.[I-8.1 ppm: BCI3.UMS[). CF=7.1-7 .2  ppm: 
BC120Me DMSO. l l~ i s  means tha t  is  the t ' eac t i o l l  m i x t u r e  c o H t a i n s  
DMSU, a s t r o n g  e I e c t t ' o n  donoF, bol:l~ I_ewis a c i d s ,  i . e . ,  BCJ 3 and 
BC120Me form complexes wiLh UMSU. 

8C1 3 + OMSO ~= ~ BC13.DMSO 

BC120Me + DMSO , ~ BC12OMe.OMSO 

The B I t  spectcum of tl~e 2/BCI~/DMS[I sy~stem i n d i c a t e s  s~gni fJ.  
cant  d i f f e r e n c e s .  No peak ca l l ' be  found around o~'~ -~ 30.0 ppm, but  
an a d d i t i o n a l  s t r u c t u r e d  peal< appears a r round  0"= 6.6 ppm. The 
f i n e  s t c u c t u r e  o[ t h i s  peak i n d i c a t e s  th t 'ee o v e r l a p p e d  s i g n a l s  
which can be ass igned  to the succes ] . ve l y  focmed complexes (8 ,  9 
and 10)  o f  2_and BC]3.DMSO: 

2 + BCI 3 + DMSO .,, 

A c(] , . . / / ~  [IA c. 

[]Ac 

8 

BCI DMSO 
3" 

DMSO. BC] 3 . AcO ~ ~ O A c .  BC13 . UMSO 

8_ + BC13 + DMSO ~. ~" 

-7- 
QAc 

9 

DMSO. 8131. 3 . A:g ~ d ~  [1A c .BC13 �9 

V 9_ + BE]3 * I)M{~(] ~ 

UAc. BC13 " DMS(] 

I0 

OMSO 

Of c o u r s e ,  a l so  mixed complexes ,  i . e . ,  c o n b ] n a t i e n s  o[ d i [ -  
[ e r e n t  Lewis  ac i ds  as comp]ex i l ,g  agents  in  the same a c e t a t e  
m o l e c u l e ,  [nay s i m u ] t a l l e o u s [ y  occqlt" i. II the sysl:em. 
The nar row peak aL or '=8.1)-~]. l  plJm helo{~gs t:e BCI3.DMS[]. l l le 
sma l l  broad peaks at  Or'= 3.() 5.2 ppm pcobab [y  be long  to 5 and 6 
(see F i g . ] ) .  



422 

Refe rences  

1. R. Faust  and 3, P. Kennedy, 3. Polym. S c i . ,  Polym. Chem 
Ed. 25 1847 (2987)  

2. M. K. Mish[ 'a ,  B. Wal~g alld 3. P. I<epwlody, P(~lym. Bu2.2. 1--7 
205, 213 and 307 (19[J7) 

3. G. Kasz~s,  3. Pusl<r~s and 3. P. Kennedy, Mal<romo]. Chem., 
Macromol.  Syrup., 13/14 473 ( [ 9 8 8 )  

4. O. Kaszds~ 3. PusEa-g.~--aT~d J. P. Kel lnedy, Po]ym. B u l l .  18 
123 (1987)  

5. M. Zsuga, 3. P. Kerlnedy and t .  Ke.[en, 3. Macromol.  
ScJ.-Chem. A26(9)  t305 (1989)  

6. O. Kaszds,  J, Pu,'!~l<ds, C. C. CliP,~l and 3. P. Kennedy, 
Mac romo lecu les ,  it~ p r e s s .  

7. M. Zsuga and O. P. Kennedy, Po/ym. B u l ] .  21 5 (1989) 
8. J. P. I<ennedy and A. Hayash i ,  J. Macromol-~--Sci.-Chem., 

J n p ress  
9. M. Zsuga, L. ga togh ,  I .  Kelen and J. B o r b d l y ,  Polym. B u [ ] .  

23 335 (1990)  
10. ~ S ipos ,  M. Zsuga al~d 1. Ke len ,  Drg Prep. Proc.  

I I l k e r n a t .  23(2)  1(l (:[992) 
11. B. Wrackmeyer: Alan. Report, on NMR S p e c t r o s c o p y ,  20 6 ] ,  

(1988)  

Accepted April 9, 1991 C 


