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UNUSUAL BEHAVIOR OF 2- AND 4-VINYL 

INITIATED BY TRIS-n ALLYL CHROMIUM 
PYRlDlNES IN POLYMERIZATION PROCESSES 

L,B.I?dD(jHOVA, k.V,Yakimansky & B.L.&ussalimskg 

I n s t i t u t e  of Uiacromolecular Compounds of the aus- 

199004- St. Petersburg , h s s i a  
sian Acadew of Sciences, Bolshoi Yrospect 31 

ABSTMCT 
In contrast t o  the data re la ted  t o  the BuLi-viayl 

pyridine system, 4-vinyl pyridine i s  ciistinguished 
by much @eater act ivi ty  as comgared with 2-vinjl 
pyridine in the polJmerization iqduced by trisJf-al- 
lyl chordurn. The exgerimental r e su l t s  i l l u s t r a t i n g  
this difference are considered u s i n 6  the quantuin 
chemical apdroach. 

INTHODUCTION 

The uost data re la ted  t o  the anionic polymerizati- 
on of 2- and 4- via71 pyr id ine  (2- and 4-VP) concern 
the difference ia the a ic ro tac t ic i ty  of  the polymers 
formed , The information on the kinet ics  of these 
processes i s  t o o  scarce Lor drawing goo& substanti- 
ated conclusions about the relative a c t i v i t j  of  the 
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176 FEDOROVA, YAKIMANSKY, AND ERUSSALIMSKY 

moiiomers i n  question. Uro o n l y  data which can be 
used f o r  t h i s  aim are the overa l l  e f f e c t s  characte- 
r i s t i c  of the polgmerization of  these uonoluers uader 
i doa t i c  conditions; they a re  given i n  Ifable 'I. 

. C t  s e e m  t o  be possible t h a t  the difference re f lec-  
t e d  by t-nese resuLts i s  caused by  the lower ion iza t i -  
on po ten t i a l  (Iy) of  2-vP a s  coinpared v i i t i n  t ha t  o i  
4-T.P. The IP values of the uioi1oues1s under consideril- 
t i o n  calculated by the quantum c i i edca l  iaethod 

'Phis difference i n  the IP values suggests the en- 
haoced efz .ect ivi ty  o f  the donor-acceptor i n t e r a c t i -  
on of 2-VP i n  the stage of formation o f  intermedia- 
t e  AS*U couplexes, xhere A S  i s  thw act ive Bite ( i n i -  
t i . i t o r  o r  growing chain) mu b i s  the uonomsr. The 
Tormation of these complexes i s  typica l  i o r  the  ani- 
on.ic polymerization of p o l a r  monomers . 
seams t o  be o f  no iuportanco f o r  the polymerizatioo 
02 the saue ao~orners i n i t i a t e d  bg tris-$-allgl chro- 
in;ilim (YilyC). I n  t h i s  case a luuch hilj'her a c t i v i t y  of 
4-*W i n  comparison witn 2-VP was observed, !his phe- 
nosenon and an attempt of i t s  i n t a r p e t a t i o n  Zonn 
tiia content oi the preseni; tt.oriL. 

were found t o  be g.U? and 9.93 eV, respectdvely 3 

4 

.Tever%heless, the did-'' L ~ r e n c e  i n  the IP values 

i.Ti-J--bs 

Purif icat ion os the uonouers unu solvents and the 
proparation of YJ?C are  Gescribeci i n  hefa. 5,6,  

i&THOL)S 
Interact ion of  .the xionomers xiti? W C  wzs currieci 

o a t  i n  toluene and WP. ~ e a c t i o u  inixtures  re de- 
ac Givated witn toluene acidiriA'ied with BC1.  I u t r i n -  
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UNUSUAL BEHAVIOR OF 2- AND 4-VINYL PYRIDJNES 1 77 

TABI;E I 

Temperature -2OOC 

Polymerization of 2- and 4-Vl? by n-Bul;i i n  toluene 2 . 
Concentration, uole/l: aonomel: 0.6, BULL 0.007 

! Time neeaed f o r  complete con- i Iiib.10-4 Ivionomer 1 
1 version of the moaomar j 
I 

i 
2-VP i 2mFn i 5.0 
4-vp 

I 

10 mfn f 2.4 I 

s i c  viscoiiitg 02 yoly-2-VY was measure& in a e -  
tul formamide,ei Qoiy-4-VP i n  C21150H; i n  bcth cases 
at; 25OC. Tfie I\+-values were calculated accorGng t o  
the forlnulae 
tr,;= 1 .240-Lc&*73 ( f o r  s+@). 

r 'or the Guantua chemical calculat ions t:ie L X X J  in+ 
thcd9 ZES u a ~ . d .  The geometry of the systems m s  coin- 
pletel;i oy t ia ieed  a c c o r a n g  to"'. WAC prcpaml" was 
errrployed f o r  c a r r j i a g  out %he ca lcu la t ions .  

= 1.41~'10-~*iiiO*~" (202 ~ - 2 - v ~  7 1 anci 

2 .  

msms 
'The ex-eriruental &atti obt2ined are given in Table 2, 

Yhese r e s u l t s  ccn be claimed t o  be caused by the 
s t r u c t u r a i  sGecif ic i ty  of  the primerg products 
formed d u r i n g  the i n t d x c t i o n  or' the moaomers with 
TPC. According t o  hefs.'2s1z, the i a t e r a c t i o n  un- 
der c o a s i i e r a t i o n  corresionds t o  schene (1 ), iiveu 
for 2-VP us exangle; here A l l  i s  the a l ly1  group 
a n t  cr is the equivalent o€ tbe C r  atom: 
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1konoLifel: joLV~&!l! 

2-VY Yoluene 
PkIF 

. -  

4-VY 'l'oluone 
Tm 

FEDOROVA, YAKIMANSKY, AND ERUSSALIMSKY 

Y L i i j U  2 

E o i y a e r i z a t i o n  01 2- a d  4-Vr by TYC 
Soncentrotion, n?olu/l: VP l . Q ,  

TPC 0.007 

Conver- l y 1 0  -4 
Time Mion, ;" 

O b 4  13.4 l1 6 
7 0.4 

100 * I  
100 1.4**) 27.0 

II_̂ P  ̂

* The golznsr 17as i n s o l u b l e  

* ;*) DztG r e l a i e d  to the so lub le  fractio:l ;  i t s  
concent in the polgner was 5Op 

AS was shonn i n  t h e  c i t c a  works, t n i s  reac t ion  c o r -  
rca2onds t o  tile 2::d'pYC StoichiometrS.; oae of  tne All- 
gi'oups reahins bound w i I x  Cr. fiecause o f  it the folio- 
6.:n& structures of t i e  aduucts i n  4uestion are s u p  
g t s z e d  (here  V i n  i s  the vinyl group): 

. ?.. 

Win 

A11 All 
I 

All 

I 

All f i l l  

I1 
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UNUSUAL BEHAVIOR OF 2- AND 4-VINYL PYRIDINES 179 

p i g e l m  Optimized geometry of compound A. Mstances 
are given in Am H atoms are ommited. 

ns the C r - b i l  bauds dx, not 2 a t i c i p a t e  in the i n i t i -  
ation of V2-gol;~aeerizaticm'~, the spatial accessibi- 
l i t y  of t n e  Cr-l? bonds can be responsiijle Tor the sharp 
Uiference  in the reactivity oi 2- and 4-VP. The corn- 
parison 02 the  s t ruc iures  I and Ti illustrates tine g ~ e -  
ater accessibilitj of tne cctAv@ bonds in tho GVP ca- 
ye. 

t i o u  bj; ciuantltative e s t i u a t i o n  ve turned t o  the 
%or an st'c;eiu>t to sugport %&is quaiitktive au;i;Ges- 
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180 FEDOROVA, YAKIMANSKY, AND ERUSSALIMSKY 

Fu.2. Optimized geometrg of compound B. Distances 
are given in A. H atoms are omuited. 

0 

yi .antun cnedical ap~roach. >or  tais aim i‘m were c o w  
p t . l l ed  t o  choose some s i u p l i f i e d  models sirnulatin& 
%i.e st-ructures I an6  IT. It shoulLi be s m o s a e d  tiltit 
ir. u o s t  cjumtltra cheuical ipves t iga t ions  r e l a t e a  to 
,ti.e t jn ionic  golgmerizotion v a r i o u s  rnodol s i s t e m s  
i i is tead of the r e a l  objects %ere used”. 

sc:d 013 .Glie c d c u l a t i o n s  of siii;pliifod uoddls  can be 
Born t h e  ;,jeneral p o i n t  o k  view the C O ~ C ~ U S ~ G ~ I S  ba- 
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UNUSUAL BEHAVIOR OF 2- AND 4-VINYL PYRIDINES 181 

Fig. 3. Optimized geometry of intermedtate complex A-2-VP. 
Distances are given i n  A. H atoms are omnited. 

c o o s i d a x a  as correct  i L  ?;he mocels caosen ade,ua- 
t e l a  corresjond t o  the $robleu t o  be solved. AS 
enghasized sbove, i n  our case tne s t r u c t u r a l  speci- 
f i c i t y  of tne p h m r y  A S  i s  tile main (perhaps even 
the o n l y j  ingorteoi; factor .  "his situstioa 3 e u i - h  
u s  t o  siillulate t h e  structures I and IY uaiotj: the 
analogues a l u u i a i u i  der ivat ives ,  i .e.  tile s t r u c c -  
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182 FEDOROVA, YAKIMANSKY, AND ERUSSALIMSKY 

Fig.4.  Optimized geometrg of i;termediate complex i3 -4-VP. 
Dietancee are given Fn A. H atoms a m  omited. 

03.1 
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UNUSUAL BEHAVIOR OF 2- AND 4-VINYL PYRIDINES 

pig. 5. Optimized geonetry of adduct E. Distances 
are given in A. H atoms are ommited. 

.:lie necesEi ty  or' tids s i q J l i l i c a t i o n  i s  due t o  
%he i n z b i l i t g  of  t he  d L U  agproacn t o  deal V i j i t i ?  

systems c o n ~ ~ i n i n g  t r a n s i t i o n  metals, and t o  the 
i , d$oss ib i l i t ,  t o  use ab i n i t i o  methods i'or such 
~ t i r g t :  s Jc teus  as I and 11. 

V E  co lcu lb t ed  che i n t a r n e f i c t e  coa2lcxes (IC) 
b s i n g  h e  s m u c t u r e s  A and 3 a s  i n i t i a l  AS we ha 
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184 FEDOROVA, YAKIMANSKY, AND ERUSSALIMSKY 

Fig. 6. Optimized geometry of adduct P. Distances 
0 

are given in A. H atoms are Omdted.  
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UNUSUAL BEHAVIOR OF 2- AND 4-VINYL PYRIDINES 185 

T A B U  3 
adf values czlculaced for 2- and 4-VJ?, ac t ive  sites 
ii and 3, c o q l e x e s  C 2nd I), cad adducts d and 2: 

4-KP system ..iono:aer AS ( 3 )  I C  (D) Bdciuct(3) 
hi,-, kJ/mole 193.37 468.54 660.21 700.86 

1. 

h.Z-VI (C), 3.4-V' (I)) ail& the corres$ondhS ad- 
Uucts s-2-VP (&) u n a  B-4-TI? (F) .  The o i t i r r ized  
s t r u c t u r e s  of these sjstems r e f l e c t  Pig. 1-6. 

Taking i n t o  account the d i f fe renoies  i n  e lec t ronic  
s t r u c t u r e  of Cr- and Al-derivatives, me did  n o t  con- 
sider e lec t ronic  d i s t r i b u t i o n  c h a r a c t e r i s t i c  of  con- 
pounds studied and r e s t r i c t e d  ourselves vrith conside- 
r e t i o n  of the AXf vslues  (heats  of forInation)of the- 
se coagouncis. They a r e  given in Table 3. 

u e t e r s  r e l a t e d  t o  f o r m t i o n  o f  I C  (d ) a d  adducts 
ad + 1; (Eadd). IThey were found by .the use o f  t he  
following equations: 

These r e s u l t s  perillit t o  ca lcu la te  the energy para- 
I C  

p = - (df + 4 s )  
dadd = p q d d  - (4 +AH:') 

By t h i s  way the d i f fe renc ies  between the above valu- 
es characterist ic of 2- and 4-W xere calculated: 

?-'Ic - 27.27 kJ/nole 2 c  
L ~ - ~  .,add - ELCBvr: add = 36.63 kJ/mole 
&2-w - b4-vl? - 
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186 FEDOROVA, YAKIMANSKY, AND ERUSSALIMSKY 

A s  me see, Both the complexation of US with L: and the 
formation of adducts AS-.,. i s  more p r e f e r a b l e  f o r  4-Ti?. 

rhe r e a c t i o n s  o f  AS-I,, adducts  f o r m a t i o n  a r e  rather 
endothern ic  i n  both c a s e s  (E2,srr = 75.58 kJ/mole and 
- add r;Lc,v. = 58-95 kJ/mole). However, the r e a c t i o n  o f  I C  

I C  format ion  i s  still q u i t e  e n d o t f i e r d c  f o r  2-VP (A2 - 
= 33.57 kJ/nole)  and a l x o s t  thermoneut ra l  for 4-VP 
(E,+,W = 6,3O kJ/mole). These r e s u l t s  support  o u r  
suzges t ion  f o m u l a t e d  in t h e  beginning  of  this s e c t i o n .  

add 

IC 
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