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UNUSUAL BEHAVIOR OF 2- AND 4-VINYL
PYRIDINES IN POLYMERIZATION PROCESSES
INITIATED BY TRIS-m ALLYL CHROMIUM

L.A.F&DOROVA, A.V,Yakimsnsky & B.L.BErussalimsky

Institute of Macromolecular Compounds of the Hus-
sian Academy of Sciences, Bolshoi Prospect 31
199004 8t.Pelersburg, Russia

ABSTRACT

In contrast to the data related to the Buli-vinyl
pyridine systews, 4~vinyl pyridine is distinguished
by much greater activity as compsared with 2=vinyl
pyridine in the polymerization induced by trisdfi-al-
1yl chromium. The experimental results illustrating
this difference are considered using the quantum
chemical approach.

INTRODUCTION

The most data related to the anionic polymerizati-
on of 2~ and 4- vinyl pyridine (2~ snd 4-VP) concern
the difierence in the microtacticity of the polymers
formedq. The information on the kinetics of these
processes is too scarce for drawing good substaltti-
ated conclusions sbout the relative activity of the
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monomers in question. The only data which can be
used for this aim are the overall effects characte-
ristic of the polymerization of these wmonouers under
idontic conditions; they are given in Table 1.

[t seems to be possible that the difference reflec-
ted by these resulis is caused by the lower ionizati~
on potential (IP) of 2~VP as compared with that ol
4-yP. The IP values of the monomers under considera-
tion calculated by the quantun chewical wlDO wethod
were found to be 9.07 and 9.93 eV, respectively’.

'this difference in the IP values suggests the en-
haaced efiectivity of the donor~acceptor lnteracti-
on of 2-VP in the stage of formation of intermedisa-
te AS¢li complexes, where AS is the active site (ini-
tiitor or growing chain) and § is the monoumer. The
formation of these complexes is typical for the ani-
onlc poelymerization of polar monomersq.

Jevertheless, the dirfierence in the IP values
seams to be of no importance for the poelymerization
oI the sawme mopomers initiated by tris{ﬁiallyl chro-
wiam (TPC). In this case a muecn higher asctivity of
4-VP in comparison with 2-VP was observed., This phe-
noaenon and an abttempt of its interpretation form
tihe content oi the present work.

HMATERIALS
Purification o. the monomers &nd solvents and the
preparation of TPC are cescribed in Refs.j’b.
METHODS
Interaction of the monomers witn LFC wss carried
out in toluene and THH, Regetion umixtures were de-
accivated with toluene acidiiied with HCl. Intrin-
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TABLE 1
Polymerization of 2- and 4=VP by n-Buli in toluene®.
Temperature -20°C
Concentration, wole/l: umonomer O.6, Buli 0,007

lonomex Time needed for complete con~ MQ~1O'4
version of the moaomer

2-VP 2 min ; 5.0

4-VP 10 min P 244

sic viscousliy of poly-2-VP was measured in dinme-
thyl formemide,or poly-4-VP in CZHEOH; in beth cases
at 25°C., The mi-values were calculated accorcu.no to
vhe formulae LQ ot 40 o7 (for B—2—VP ) ana
[n,_ 1.2 ﬂO BT 73 (for P—4—VP ).

Yor the guantum chemical calculations tae LiKDO me-
thod9 wes used. The geometry of the systems was com-
pletely optimized according uoqo. AMPAC grobraqu was
employed for carrying out the cslculations.

RESULTS

The experimental dats obteined are given in Table 2.

These results cen be claimed to be caused by the
structural specificity oif the primsry products
formed during the intersction of the monomers with
TPC. According to Refs.qz’qﬁ, the ilntersction un-
der consideration corresponds to scheme (1), wziven
for 2-VP as exumple; here All is the allyl group
an¢ cr is the equivalent of tne Cr atoms
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TaBLE 2
Polymerization of 2- sond 4-V¥ by TPC
Concentraticn, mole/l: VP 1.0,

TPC 0.007
s « o s Conver- v Ao
ilionomerx SOLVENT | Tine sion, % m,L 10
2~=Vp Toluene 2 n 13 Qo4 1544
THF 7 O«
4-Vp Toluene . 100 *)
mF |2 2| 400 1.4%%) 27,0

*
) The polymer was insoluble

LD
) Date related to the soluble fractiou; its
content iu the polymer was 50%

TPC + 2-VP ——>= (1

As was shown in the cited works, this reasction cor-
responds to tie 2ik/TPC stoichiometry; one of the All-
Sroups remains bound with Cr. Because of it tne follo-
wing structures of the adducts in juestion are sug-
gested (here Vin is the vinyl group):

V:i.nKV AZ{.l Vin Jllall
{ N=Cr=i¥ / Vin—< N—Cr«iQVin
A11 All All all

I IiI
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Fig.1. Optimized geoxgetry of compound A. Distances
are given in A, H atoms are ommited.

As the Cr-sall bouds do not perticipate in the initi-
ation of VP—polymﬁrizationq4, the spatial accessibi-
lity of tane Cr-N bouds can be responsible for the sharp
diiference in the reactivity oi 2- and 4-Vr., The com-
parison of tae structures I snd I1 illustrates the gre-
ater accessibility of the esctive bonds in the 4~VP ca-
se,

For an attempt to support tuis gualitutive suy.es~
tion by guantitative estimation we turned to the
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Fig.2. Optimized geon;etry of compound B. Distances
are given in X. H atoms are ommited.

qtantupn caemical approacih. MFor tais ailm we were cow-
pelled to choose some simplified models simulating
ti.e structures I anda II. It shoula be siressed tnat
i most guuntum chemical investigations related to
tie snionic polymerization various model systems
iustead of the real objects were usedj;.

From tiie general point of view the conclusions ba-

3

sed on the cslculations of siwpliried wodels can be
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Fig.3. Optimized geometry of ietermediate complex A«2-VP,
Distances are given in A. H atoms are ommited.

considered as correct ir tThe mocels cnosen adegua-
telj correspond to the problew to be solved. 4As
emphasized above, in our case the structural speci-
ficity of the primasry AS is the main (perhsps evean
the only) importent factor., This situation peruits
us to siuwulate the structures I and IL using the
anslogues aluwminium derivatives, i.e. toe strucu-
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Fig.4. Optimized geometry of ietermediate complex B -4-VP.
Distances are given in A, H atoms are omaited.

cces & and b

Vin AJ[ ,  Vin
< M=ii 1 =i )2 A
s11 all

A l|11
Vin-4 REF WS

all all

/ -Vin B
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Fig. 5. Optimized geogxetry of adduct E. Distances
are given in A, H atoms are ommited.

“ne necessity of tuols simplification is due to
the inability of the .WLU approach to deal with
systems convalning transition metals, and to the
impossibilit, to use &b initio methods for such
larse sygstems as I and 11,

Using tue svructures A and B as initial 4S8 we ha-
ve colculated the intermedicte complexes (IC)
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Pig. 6. Optimized geometry of adduct P. Distances
]
are given in A. H atoms are ommited.
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TABLE 3
Aﬂf values calculated for 2~ and 4-VP, active sites
A and B, couplexes C and D, and adducts & end ¥

2-VP systems monomer AS (&) IC (C) Adduct(®)
AHf, kJ/mole 184.50 504,65 722,72 764,73

4-VP systems .ionouer A8 (B) IC (D) Adduct(F)
AHf, kJ/mole 193.37 468, 54 668.21 700.86

ar2=V2 {C), 3+4=-VP (D) snd the corresponding ad-
ducts &-2-VP (&) and B-4-VP (F). The optimized
structures of these systems reflect Fig. 1-6.

Taking into account the differencies in electronic
structure of Cr~ and Al-derivatives, we did not con-
sider electronic distribution characteristic of conm-
pounds studied and restricted ourselves with conside-
ration of the Ai{f values (heats of formation)of the-
se compounds. They are given in Table 3.

These results permit to calculate the emergy para-
neters related to formation of IC (EIC) and adducts
AS + U (Eadd). They were found by the use of the
following equations:

510 = aHIC - (aH: + oHAS)

zedd | AHgdd - (Aki}-l + AH%S)

By this way the differencies between the above valu-
es characteristic of 2- znd 4-VP were calculated:

E§SVP = Eigvy = 27.27 kdJ/role

»add add
Boyp = Eyyp

260,63 kJ/mole



16: 05 24 January 2011

Downl oaded At:

186 FEDOROVA, YAKIMANSKY, AND ERUSSALIMSKY

As we see, both the complexation of AS with K and the
formation of adducts AS-i is more preferable for 4-VP.
fhe reactions of AS-i adducts formation are rather

endothernic in both cases (ES?&@ = 75.58 kJ/mole and
Eﬁfg? = 38,95 kd/mole). However, the reaction of IC
formation is still guite endothermic for 2-VP (E%EVP
= 33,57 kJ/mole) and almost thermoneutral for 4-VP
(EiEVP = 6,30 kJ/mole). These results support our

suzgestion formulated in the beginning of this section.
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