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RADICAL POLYMERIZATION OF VINYL
ACETATE AND METHYL METHACRYLATE
USING ORGANOCHROMIUM INITIATORS
COMPLEXED WITH MACROCYCLIC POLYAMINES

Daniela Mardare, Scott Gaynor and Krzysziof Matyjaszewski*

Department of Chemistry
4400 Fifth Avenue
Pitsburgh, PA, 15213

lntrodnsmion defined
thesis of well: polyneu by radical polymerization
requires stationary concentration ﬁundiahndlddvdyhgh
concenmon of the ;mvnn; chains. Recemtly, we discussed solnle
of well-defined polymers by radical process:.

Growmg cmmmﬂywﬁhmmnﬂaﬁkwm
cov:lem. stable species? radicals can also react reversibly
with mhmm(umﬂyumﬁu)nmnmmm
radicals4, Growing radicals may as well -lhedemnve
mﬂamxﬁmm?m o

lpmch oys usuall: Wyﬂcm -heucuum
bonds. m:npmu on the attack of the growing
radicals on the labile C-heteroatom bonds in the agent. second
approach utilizes the reversible formation of persisient radicals usually based

on the

Metal stabilized propagating radicals based on Co and Cr were
described previously. Poor congrol of molecular and the facile chain
transfer processes could be atwribued 10 the of the redox couples

Co3+/2+, Cr3+/2+ due 1 their positive redox poteatials and 10 B-hydrogen
abstractions by the formation of metal hydrides. Indeed, Co derivatives have
beenunduveryefﬁciemdmnnmﬁrmm.nmnngnm
molecular weights of various polymers synthesized by radical
humnngmuwdmchmm-dm

usolmt. have been already reported for the

MMA7, A:wmmmwmmm::
monomnously monowmer conversion. These initinting systems
been unsuccessful in polymerization of other vinyl mosomers such as vinyl

aCetate Or styrene.

Macrocyclic polyamines such as 1,4,7,10-setraazacyciododecane (12-
am:)mdb‘l:ﬂog‘w-mycmm Sﬂ-ﬂshndxhedf“
methyl substituted derivatives are among the best complexing ligands
munonmeuls.nehglndsphuemddnmdlmpo:!ﬂyhlvel
large influence on the kinetic, ndelecuucpmpemuof
transition metal complexes. In some cases the macrocyclic ligand stabilizes
mmmmmmnw@mmfa
mde-m

VAc, and

on organic peroxides and chromiwm acetate in the
presence of different N-bued ligands (2,2'-dipyridyl. Dpy, 18-ane-6
trisulfate, NGH*, and hexamethyl 18-ane-6, Ng-CH3).

Results and Discussion

The chemistry of metal ions complexed by
ligands has developed rapidi
generally exhibit peawr sability than

application is related to stabilization of normally
inaccessible o:udauon states of metals involved in redox couples with
positive Ered potentials. The size of metal ion varies with its oxidation state
and therefore the steric strain enforced by the ligand backbone depends on
unmhummofdzmnumemwdiﬁmhamml
ion and a set of its oxidation states is influenced by the ligand sphere. The
fastest electron transfer processes for redox Mi(a+1)+/at yere
found for the lowest negative Eced values . Smmemmmlofdw
couple Cr3+/2+ is shifred 1o negative values in the presence of macrocyclic
hgands,uwnmumngtomemmmhsedonmdoxplm
involving oxidation of Cr(Il) to Cr(lI) in the presence of some organic
peroxides. Furthermore, since Cr(II) atoms were stabilized in macrocyclic
complexes, it was also interesting 1o study the influence of the complexation

their most

on swbilization of the ing radicals during gadon, by i
WO{W‘AM by “open” diamine
such as 2.2'dipyridyl.
Radical Polymerization of VAc and MMA
Radical polymerization of VAc and MMA was initiated by a redox
system based on Cr(OAc)2 and benzoyl peroxide (BPO), in THF, at room

mvumﬁ g. 1 shows time coaversion plots obtained in polymerization
Acmﬂumddiﬂuuhm.umm as well as in
methanol as solvent. The highest convertion (up to ) obuained in the

shonmumc(whm),wfonndmunp:mo{Ns.H*nlipnd.ln

the presence of ligands known to subilize the lower oxidation states (c.g.
Dpy, Ng¢-CH3), polymerization rates were reduced and lower coaversions
were observed. The presence of methanol as solvent enhanced the redox
initiation rate as noticed by rapid change of the color, but oaly 10%
conversion was found after 48 hours.

100 4

Convarsion, %

Fig. 1 Time-conversion plots in polymerization of VAc with
Cr(OAc)2/BPO, THF, 20°C, [VAclo = SM, [Cr2¥]o = [BPO)g= 0.25M,
(Liglo = [Cr2*1o

Fig. 2 shows kinetic plots in coordinates calculated

semilogarithmic
for three of the syssems shown in Fig. 1. The absence of any curvatures
-indicases

constant conceatrations of the active species during the entire
polymerization process, especially in the presence of Ng.H*.

|

Ladssbeaaa

)
VT TPOR. AT TP
¥

1ML MY

)

'S
(-]
w
(-]

Fig. 2 First-order time-conversion plots in polymerization of VAc with
Cr(OAC)2/BPO, THF, 200C, [VAcly = 5M, [Cr2+]g = [BPO)o= 0.25M.,

[Liglo = [Cr2*)o —_—
Fig. 3 shows evolution of molecular weights as a function of
conversion for the same three In the case of macrocyclic ligand (4) Q)——
a monutonous increase of Mn with conversion was observed, although
initially, up to 20% conversion, the increase was faster than at later stages.
The efficiency of initation calcuiased per chromium siom was about 16%. L) '
a
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Fig. 3 Mgy-conversion dependence in polymerization of VAc with
Cr(OAc)/BPO, THF, 200C, [VAc)o = 5M, [(r2+)o = [BPOJo= 0.25M,
[Liglo = (Cr2*)o ,

In the absence of any ligands, a curvature in Mp-conversion
dependence (0) indicases poor control of molecular weights. However,
molecular weights were significantly lower than those obeained by initiation
with benzoy! peroxide alone (in the absence of chromium acetate),
ing the efficient chain transfer reactions. In the presence of Dpy as
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Fig4 ?emdpdydispersiﬁe:oneonmﬁouiapolymuimimof
VAc with Cr(OAc)2/BPO, THF, 209C, (VAclo = SM, (Cr2*}, = [BPO)o=
0.25M, [Liglo = [Cr2*)o

ﬁl:tlnm dne;:riaionofpolydispusiﬁe: for the same three
systems. presence of macrocyclic ligand Ng,H* polydispersities were
the lowest (Mw/Mq=1.54 o 1.63), an increase was noticed at higher
conversions and higher molecular weights. In the absence of any ligand,
polydispersities were higher, with an increase at the end of the reaction
(Mw/Mg=1.62 10 1.76). In the presence of Dpy as ligand, the highest
polydispersities (Mw/Mg=1.7 t0 1.84), increasing with conversion at
constant molecular weights confirm the major contribution of chain transfer
reactions. I(ispomblethnchrmnumhydﬁdesmfmbyelhinadonof
B-H atoms from the growing radicals.

Fig. 5 presents Mp-conversion dependenee in polymerization of
MMA, with the initiating system based on Cr(INY/BPO/Ng H*. A
:::lonooonom increase :: Mp wighheof;vusim is observed. Slow redox
molecular weights. Efficiency of initistion was about 50% (at 100:
;:rvgnioqmmn.cglc = logxul,MMAloI[Crz*]o-lo,OOO). Also,

lydispersities were narrower in a “classic” radical ymerizaci
(Mw/Mp=1.4t0 1.7). ¢ pol con

In the absence of any ligands, radicals are slowly generated

clectron transfer from Cr(II) to the peroxide. Y genersied by the
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Fig. S Mp-coaversion dependence in polymerization ‘of MMA with
Cr(OAc)2/BPO, THF, 20°C., [MMA], = 5M, [Cr2+]y = [BPO)o= 0.25M,
(Liglo = {Cr2*]o

o]

[ THF .
Ph-C-0-0-C-Ph  + Cr?*(OAc); -———-2006 Ph + Cr*(OAc)(OBz2)

o
)
Dwinguidaﬁonofﬁz"m&:"’.chmmimwmpbxedbym
molecules of Dpy loses an elecon by an “outer-sphere” electron wransfer
process. Dpy prefereatially stabilizes the lowest oxidation state (Cr2+). The
non-complexed Cr(III) atoms might be therefore more reactive and may
nﬂym}hmmmm;m
The ic tera(hexa)amine ligands the best stabilizers for
Cr(IIl) (the smaller ion radius, the shonest N-metal bonds). This may lead to
a faster initiation by the “inner-sphere” electron transfer process:
(o] [o]
l ﬂ fast i

PRC-0-O-C-Ph + G NgH —= PhC-O0 + Cr™*MNgH*(PhCOO)

(2)
Macrocyclic ligand is protonased by the sulfuric acid. The benzoate anion is
therefore converted to beazoic acid and replaced by sulfonate anion.
Itis also ible that compiexed chromium reacts ibly with growing
radicals. equilibria could explain enhanced control of molecular weights
and polydispersities.

Conclusions

Poly(vinyl acetate) and poly(methyl methacryiate) with controlled molecular
weights were prepared by radical polymerization using the initiators based on
redox systems Cr(OAc)2 / BPO/ N-ligands, in THF at ambient temperatures.

Structure of N-li affects the initiation rate and propagation control. The
highest degree of control was achieved by using macrocyclic ines 12-
ane-4 and 18-anc-6.
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