This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Activated Monomers and Nucleophilic Reagents in Addition and
Polymerization Reactions

T. Tsuruta®
* Department of Synthetic Chemistry Faculty of Engineering, University of Tokyo, Tokyo, Japan

To cite this Article Tsuruta, T.(1975) 'Activated Monomers and Nucleophilic Reagents in Addition and Polymerization
Reactions', Journal of Macromolecular Science, Part A, 9: 5, 687 — 702

To link to this Article: DOI: 10.1080/00222337508065889
URL: http://dx.doi.org/10.1080/00222337508065889

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222337508065889
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09: 44 25 January 2011

Downl oaded At:

J. MACROMOL. SCL—CHEM., A9(5), pp. 687-702 (1975)

Activated Monomers and Nucleophilic Reagents
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Department of Synthetic Chemistry
Faculty of Engineering

University of Tokyo

Hongo 7-3-1, Bunkyo-ku, Tokyo, Japan

ABSTRACT

A number of examples of addition and polymerization
reactions is presented with special emphasis on the
chemical behaviors of activated monomers and/or acti-
vated nucleophilic reagents. Lithium alkoxyethanolate
forms a complex with lithium alkyl. Spectroscopic
studies showed this complex to possess agent-separated
ion pairs. The nature of the complex is characterized by
the enhanced reactivity of styrene in the copolymerization
reaction with butadiene initiated by the complex. Magnesium
alkyl can be sufficiently activated by magnesium alkoxy-
ethanolate to polymerize styrene and diene. Aluminum
alkyl and zinc alkyl are able to induce the anionic polym-
erization of vinyl ketones, but not of unsaturated esters

or nitriles. Aluminum or zinc alkoxyethanolates fail to
activate their corresponding metal alkyls. Bipyridyl,
sparteine, triphenylphosphine, HMPT, and related Lewis
bases, however, activate aluminum alkyl enough to react
with carbon-carbon double bonds of the unsaturated esters
and nitriles. Crotononitrile can be polymerized by the
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AlR;-HMPT system to form a colorless polymer, where
possible side reactions between CN and AlR; are prevented
by HMPT. Mutual activation through complex formation is
confirmed by a model system of a vinyl ketone with organo-
zinc compounds. AlR;-HMPT does not polymerize vinyl
ketones because of a lack of complex formation. N-Carboxy-
a-alanine anhydride (NCA) can be polymerized with zinc
alkyl as initiator. The formation of activated NCA by proton
abstraction from the NH group is shown to be the essential
stage for polymerization. Zinc alkyl is also activated by
conventional acid anhydrides. The propylene oxide ring

can be cleaved with the ZnR:~phthalic anhydride system,
which is the initiation step in the alternate copolymerization
between propylene oxide and the acid anhydride. The propa-
gation mechanism of the CO:-epoxide copolymerization

is also discussed.

INTRODUCTION

Since the brilliant success of the Ziegler-Natta polymerization, a
variety of research on polymerization reaction has been carried out
with various types of organometallic compounds or nucleophilic
reagents as initiator. We compiled a large collection of experimental
results in early 1960s, but there were few studies directed to syste-
matizing the structure-reactivity relationship of vinyl monomers
and initiators in anionic polymerization. In 1961 the author pro-
posed a correlation diagram which systematizes the reactivities of
nucleophilic initiators in terms of their ability to effectuate anionic
polymerizations of a group of vinyl monomers [1]. For instance,
magnesium alkyl was ranked as an initiator possessing a smaller
reactivity than lithium alkyl because a group of hydrocarbon
monomers such as styrene and butadiene were polymerized by
lithium alkyl but not by magnesium alkyl. The reactivity of
aluminum alkyl was still smaller because a group of acrylic
esters such as methyl methacrylate and methyl acrylate were
polymerized by magnesium alkyl but not by aluminum alkyl.

Significant changes in the reactivity of organometallic com-
pounds have recently been observed when an appropriate com-
plexing agent is coupled with the organometallic compounds.
Magnesium alkyl, for example, could be sufficiently activated
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by magnesium alkoxyethanolate to polymerize styrene and diene.
A part of the results of studies on the activated nucleophilic reagents
was discussed briefly in another review article [2].

In addition to the activated nucleophilic reagents, the formation
of activated monomers was confirmed in some reactions. Vinyl
ketone, for instance, must be activated by the coordination of
aluminum alkyl (or zinc alkyl) to accept the nucleophiles at the
conjugated double bond.

Examples of activated nucleophilic reagents and for activated
monomers have also been found in the polymerization reactions
of ring compounds. This paper reviews the recent results of the
author's studies with special reference to the chemical behaviors
of activated nucleophilic reagents and activated monomers in the
elementary reactions of the polymerization of vinyl and ring
compounds.

ALKOXYETHANOLATE AS A COMPLEXING AGENT

The reactivity of n-BuLi—-CH;OCH,CH:OLi in toluene is charac-
terized by the enormous enhancement of reactivity of styrene in the
copolymerization reaction with butadiene [3]. Neither CH;OCH:-
CH:OCH; nor LiOCH:CH:OLi exhibits such an enormous enhancement
of styrene reactivity as the complexing agent. An aminoethanolate
showed a similar reactivity to CH;OCH.CH:OLi as the complexing
agent [4].

Measurements [5] of the electronic spectra of 1,1-diphenyl-n-
hexyllithium (DPHLi) in cyclohexane in the presence of varying
quantity of CH;OCH:CH:OLi showed a considerable bathochromic
shift (from 413 to 490 nm) in the absorption maximum as the
[OLi]/[CLi] ratio increased from 0 to 2. No pronounced shift,
however, was observed in the range of the [OLi] /[CLi] ratio
higher than 2, The results suggest the formation of a one to two
complex between DPHLi and CH;OCH.CH:OLi.

It was also found in the electronic spectrum of one to two system
of 9-fluorenyllithium—CHsOCH:CH:OLi that the peak assignable
to the contact ion pairs has virtually disappeared, the only peak
observed at 373 nm being in agreement with that expected for the
solvent (or coordination agent)-separated ion pairs.

With the use of the lithium methoxyethanolate complex in a
catalytic amount, diphenylmethane was easily butenylated on
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reacting with butadiene to form predominantly 5,5-diphenyl-cis-2-
pentene (DPPE) [6]:

Metallation: Ph,CH; + n-BuLi:D—=PhCHLi-D + nBuH (1)

Butenylation: PhCHLi-D + C4Hg —=Ph,CH(C4Hs)Li-D (2)

Transmetallation: L—(recycle)——-’
Ph2CH(C.H;)Li'D + Ph2CHz— Ph2CH(C4H¢)H + Ph.CHLi‘D (3)

where D is a complexing agent such as CH;OCH.CH:OLi.

Table 1 shows the main feature of reactivity of the lithium
methoxyethanolate complex in comparison with two other complex
systems. A high yield of DPPE, despite of the low matallation
yield, was characteristic with n-BuLi—~CH;OCH:CH.OLi as the
catalyst.

Magnesium alkyl can also be activated by magnesium alkoxy-
ethanolate [7]. For instance, an equimolar mixture of n-Bu:Mg
with CHsOCH:CH;OH is capable of initiating styrene polymerization,
in contrast with the lack of the ability of n-BuzMg alone. According
to a study on the influence of the added amount of CH;OCH.CH.OH
on the extent of styrene polymerization while keeping the feed con-
centration of n-Bu:Mg constant, the conversion to polystyrene was
increased enormously under the condition of [0-Mg]/[C-Mg] = 3.

TABLE 1. Comparison of Reactivity of Three Types of Activated
BuLi System? [6]

MolarP Metallation DPPE
Complexing agent ratio yield (%) yield (%)
CH;0CH.CH.OLi 2 16 62
TMEDA 2 100 31
HMPT 2 37 80

aReaction between diphenylmethane and butadiene.
bMolar ratio = [complexing agent]/[BuLi].
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Colorless precipitates were formed from a mixture of n~Bu:Mg
and 2-methoxyethanol. The precipitates were recrystallized to
colorless prisms, the analysis of which showed the composition
Mg:n-Bu:CH;OCH,CH20:dioxane = 2,0:1.06:3.05:1.0, in agreement
with the formula of n-BuMgO-CH:CH,OCH; - Mg(OCH2CH.OCHj,)>*
dioxane., Tetrafurfuryl alcoholate (THFA) was an excellent com-
plexing agent for magnesium alkyl [8]. For instance, 100% con-
version was obtained at -70°C within 1 min in the polymerization
of styrene with [CsHsCHMg(THFA)][(THFA):Mg] as initiator,
contrary to the very poor reactivity of [CsHsCHMgOCH2CH,OCH;]-
[(CH;;OCHaCHzO)zMg]. The THFA complex also induced the rapid
polymerization of butadiene at -70°C to form a polymer consisting
of more than 90% of 1,2-enchainment, With the magnesium methoxy-
ethanolate complex, on the other hand, practically no polymer was
obtained after a 4-day reaction at temperatures as high as 50°C.

An electronic spectrum of the [CsHsCH:Mg(THFA)][(THFA):Mg]
system showed Amax at 458 nm, suggesting the formation of a

coordination agent separated ion pairs.

LITHIUM AMIDE-SECONDARY AMINE COMPLEXES

A stereospecific addition reaction was found to take place when
lithium diethylamide was reacted with butadiene in cyclohexane [9].
It was noted in this reaction that at least 2 moles of free amine should
be present in the reaction system to activate 1 mole of the lithium
amide to add to the butadiene double bonds. The formation of the
two to one complex, 2R>NH.R:NLi, was indicated by the results of
IR and NMR spectra. The overall reaction scheme of the addition
reaction is depicted as

Et2NLi + 2Et,NH—=Et;NLi-2Et.NH (4)
Et:NLj-2Et.NH + C,H; ———1£>Et2NC4H6Li'2EtzNH (5)
t—-—— (recycle)
Et:NC Hs;Li:2EtNH + Et,NH '
Et-2NCH.—~CH=CH—CH; + Et:NLi-2Et:NH 6)

(cis 98 to 99%)
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Kinetic studies revealed that the rate (v) of the addition reaction
was expressed as

v = k[A][butadiene] (m

where [A] is the concentration of the one to two complex. For diethyl-
amine, k was 8.5 X 10~* [liter/(mole)(sec)]; for diisobutylamine k was
2.4 X 107* [1iter/(mole)(sec)].

Kinetics similar to Eq. (7) was obtained in the addition reaction of
diethylamine to styrene [10]. In order to compare the reactivity of
lithium diethylamide with that of lithium alkyl, the reactivity of
styrene toward the lithium amide was examined in the presence of
butadiene. It is seen in Table 2 that the presence of butadiene has
no effect on the reactivity of styrene in contrast to the reaction with
lithium alkyl. The mechanism of the stereospecific addition reaction
of the lithium diethylamide complex to butadiene seems to be different
from the usual stereospecific addition of lithium alkyl in hydrocarbon
solvents.

ACTIVATION OF ALUMINUM ALKYL WITH
LEWIS BASES

Contrary to lithium and magnesium alkyls, aluminum or zinc
alkyl was not activated by the corresponding alkoxyethanolates.
Bipyridyl (Bipy), triphenylphosphine (PPhs), sparteine (Spar),
HMPT, and some other Lewis bases activated aluminum (or zinc)
alkyl enough to react with carbon-carbon double bonds of unsat-
urated esters and nitriles [11]. Among several AlEts;- Lewis base
complexes investigated, the AlEts complex with bidentate ligand
or with monodentate ligand of sufficiently high basicity showed
high catalytic activity for the polymerization of AN and MMA,
AlEt; and rigid bidentate Lewis bases such as Bipy and Spar form
an unstable equimolar five-coordinated complex, and the complex
is stabilized to assume a six-coordinated structure by the coordi-
nation of another complex or solvent to its sixth coordinate site.
When monomers are present along with the aluminum complex,
some of the ligands at the sixth coordination site are replaced
with monomer molecules, which is the preliminary stage for the
initiation reaction of polymerization [12].

The electronegativity, x, of Al and Zn in AlEt; and ZnEt, was
estimated, respectively, from the differences between the chemical
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shifts of their methyl and methylene protons, ACH;—CH2, in NMR
spectra. The coordination of Bipy or PPh; to AlEt; makes the
electronegativity of Al decrease. The coordination of Bipy to ZnEt:
causes the electronegativity of Zn in the complex to increase, which

may suggest a possible role of the back donation from the Zn d-orbital

to the Bipy m-orbital. Compared to the Al complexes, the zinc com-
plexes showed a much smaller activity as initiators for MMA
polymerization.

Model reactions were studied with methyl a-isopropylacrylate to
elucidate the initiation mechanism, because the a~isopropylacrylate
has been shown to be nonpolymerizable. Two addition products, I
and II, were isolated from a reaction mixture of a-isopropylacrylate
and (i-C4H,)3Al-Bipy. It was also confirmed that only one isobutyl

H
i-C4H9—CHa—(l?CH(CH3)a CH;3;—C(i-CsHs)CH(CH3)=
(I?Oz CH;, (,.‘02 CH;
I I

group of (i~C4Hs)sAl has entered the addition reaction, even in the
presence of excess (20 times) methyl a-isopropylacrylate {12].

Methyl crotonate undergoes an isomerized dimerization in the
presence of a catalytic amount of the AlRs-Spar complex [13].
With the aid of an a-deuterated methyl crotonate, it was confirmed
that the reaction starts with proton abstraction from the S-methyl
group of the crotonate. From the facts that AIR; by itself did not
dimerize methyl crotonate and that the dimer of methyl crotonate
obtained by the AlR3;-Spar complex showed optical activity, it is
concluded that the coordination of Spar to AlR; not only activates
the Al-C bond but also affords a chiral structure to the environ-
ment around the aluminum species [14].

From the results stated above, it was concluded that AlR;- Lewis
base complexes are capable of abstracting hydrogen from monomer
molecules. Thus, in the polymerization of AN and methyl acrylate
by an AlR;-Lewis base complex, the initiation reaction and the
chain transfer reaction may also occur partially through the
Elbs]traction of the somewhat acidic a=-hydrogen of the monomer

14].

Equilibrium constants for the complex formation between AlEt;

and several Lewis bases were estimated from the IR data of these
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systems. A parallel correlation was found between the equilibrium
constants and the anionic reactivity of the binary systems [15].
HMPT exhibited a very unique behavior. Crotononitrile can be
polymerized by AlEt; in HMPT to form a colorless polymer. The
formation of the colorless polycrotononitrile indicates that possible
side reactions between nitrile group and aluminum alkyl have been
excluded because all of the coordination sites of aluminum are
occupied by the strong coordination of HMPT. The behavior of

the double bond of crotononitrile toward the AlR;-HMPT system
can reasonably be understood in terms of the concept proposed

by Tsuruta [16].

Methyl isopropenyl ketone was not polymerized with the AlR;-
HMPT system. Since methyl isopropenyl ketone is easily polym-
erized with AiR; alone, HMPT seems to deactivate the aluminum
alkyl in contrast to the case of crotononitrile. As stated in the
next section, vinyl ketone must be activated by the coordination
of AIR; (or ZnR:) to accept nucleophilic reagents at the conjugated
double bond.

MUTUAL ACTIVATION IN VINYL
KETONE-ORGANOZINC COMPOUND SYSTEM

Anionic polymerization of phenyl vinyl ketone (PVK) was carried
out in toluene at 0°C by the use of an initiator, enthylzinc 1,3-diphenyl-
1-pentene-1-olate (ZC), which possesses the same structure as the
growing chain end of PVK in ZnEt,-initiated polymerization [17, 18].
Gas volumetric analysis confirmed that the ethyl-zinc bond in ZC,
CsHs(C2Hs)CHCH=C(CsH5)—0ZnC:Hs, was kept intact during the
polymerization process.

A unimodal molecular weight distribution was found in the polymer
obtained. The polymerization system exhibited a "'living character-
istic" with an initiator efficiency being 1.0, The reactions between
ZC and PVK were kinetically traced under various conditions. Rate
analysis showed a second-order dependence with respect to the con-
centration of ZC. The second-order dependence of zinc alkyl was
previously observed in the reaction between vinyl ketone and dibutyl-
zinc [19]. Tsuruta suggested a concerted mechanism for this addition
reaction. The facts that ZC exhibits the highest reactivity in toluene
and that its reactivity decreases in polar solvents or by the addition
of Lewis bases seem to support the above mechanism.

Experimental evidences for complex formation have recently been
obtained by use of a model system consisting of benzalacetophenone
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(C) and ZC. Benzalacetophenone is sparingly soluble in cyclohexane,
whereas a mixture of C and ZC is easily soluble in the same solvent,
suggesting a significant interaction to be operative between C and
ZC. The complex formation was also suggested by the UV absorbance
at 302 nm of the binary system of C and ZC in cyclohexane. When the
ratio [C]/[ZC] was changed, a break of linearity in the UV absorb-
ance was observed at a one to one mole ratio. In the light of the
results of cryoscopic measurements in cyclohexane, it is plausible
Eo aissume that the ZC-C species were present as a dimeric form
20/.

In the range of larger concentrations, ZC could undergo an
addition reaction with benzalacetophenone to form ZC;:

ZC + CsHsCH=CHCOCsHs

CsHsCH(Et)—CH(COCeHs)~CH(CsHs)=CH=C(CsHs)OZnEt  [ZC:]

A series of studies on the addition reaction were carried out by
changing the C/ZC ratio and other conditions. The results obtained
are 1) the maximum percent conversion of reaction did not exceed
50% with respect to the minor component C or ZC, and 2) the reac-
tion proceeded according to the second order of ZC concentration.
These results can be interpreted in terms of the formation of
dimeric ZC-C or ZnRz-C species [20].

coordi- addi-
nation tion
(zc-C\ ZC2
ZC +C ZC-C \C-ZC} C-ZC)
I v v
coordi- addi-
nation tion
L T (% M LI
Vi1 VIII IX

The mutual activation of vinyl ketone and the organozinc compound
in IV or VIII should be the essential step for the coordination-addition
type reaction.



09: 44 25 January 2011

Downl oaded At:

ADDITION AND POLYMERIZATION REACTIONS 697

The “C shieldings of S-carbon atom in olefinic double bonds of
butadiene-type monomers were measured in 10% cyclohexane
solution; 6c values (ppm from TMS) are CH,=CH—CH=CH;

(119.16), CH;= CHCOCH; (129.05), CH=CHCOOCH; (131.66),

and CH>=CHCN (138.21). These NMR data are nicely correlated
with the Hammett substituent constants, but they are not compatible
with the reactivity of these monomers toward organozinc compounds.
The reactivity of chemical species operative in the coordination-
addition type reaction should not be directly correlated with
spectroscopic data on the "free' monomers or "free' nucleophilic
reagents.

MODE OF ACTIVATION IN SOME RING-OPENING
POLYMERIZATIONS

The ring-opening polymerization of N-carboxy-a-amino acid
anhydride (NCA) initiated by zinc alkyl affords us another example
of the activated monomers (21]. In the reaction between n-Bu.Zn
and DL-alanine NCA, it was confirmed that the proton abstraction
reaction took place rapidly and quantitatively, no sign of the
occurrence of the carbonyl addition being detected:

CH;—CH-NH CHy=—CH—=N—=Zn—=N-—CH~-CH;
2 | |  +n-BuzZn — | | | | + 2n-BuH
cO Co coO /CO co /CO
N AN
O/ \0 (8)
X1

When n-Bu:Zn was mixed with an equimolar mixture of DL-alanine
NCA and sarcosine NCA in a 3 to 10 mole ratio, the proton abstraction
reaction from the alanine NCA took place rapidly in the first stage.
The IR spectra of the reaction mixture showed that the concentration
of DL=-alanine NCA decreased gradually with time in contrast with
the unchanged concentration of sarcosine NCA, This result sug-
gested that XI was not able to add directly to the carbonyl group of
free DL-alanine NCA as well as to sarcosine NCA. An interpretation
was made in terms of a reaction between the activated NCA's
themselves:
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o
/ N\
O COCO
g
_C~N—CH—CH;
o CH;—CH
CH;—CH—C=0 /A |
| | + CcO Co —_ N\ (9)
XZn—=N O | / ~C=0-=ZnX
N/ XZ fee New CH== CH,3 XZn |
¢ o

I
o)

XII

n-Butylzinc-N,N-diethylcarbamide (BZC), a model compound for
the growing chain end of the NCA polymerization, exhibited no
reactivity toward sarcosine NCA, The first stage of the reaction
of BZC with DL~-alanine NCA was shown to be a proton abstraction
(or metallation) reaction:

Et;NCOOZnBu + HN—CH—CH, (—p s Et2NCOOZn—N—CH—CH, (10)
I ) |
CO CO CO CO
N\ \ /
o o

XIII

XIII was activated enough to accept the nucleophilic attack at the
carbonyl-carbon in the 5-position,

CH-C=0

o A
ELNCOOZn-N O+ O CO
\ [
IC' Et2NCOOZn—N—CH— CH,
0
Et2NCOO
|
CH—CH—C=0 O
| o co
Et.NCOOZn—N (I (11)

™ C=0Zn—N—CH—CH;
I
o
X1V
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In the reaction system of polymerization initiated by R2Zn or
BZ(C, the activated monomer molecules should be regenerated from
XII or XIV:

CH, ZnX
[ CH;—CH—CO
—CO—CH—=N—C—0ZnX + | o)
I HN—CO "~
o)
XII CH,

| CH3—CH—CO.
—CO~CH=NH=C=0ZnX + O (12)
I XZn—N—~CO0”
(8]

The acidity of the =NH—=COOZnX group in XII is expected to be
lower than that of NH in NCA owing to the electropositive nature of
the Zn atom in the carbamate group.

The concept of "an activated monomer'' has been advanced for the
elucidation of the mechanism of NCA polymerization initiated by
strong bases, in which ""an activated NCA" was assumed to add to
the carbonyl group of free NCA molecules [22-24]. Seeney and
Harwood [24a], however, have recently shown that both weak and
strong base initiated polymerizations of NCA proceed through the
attack of carbamate ion as the propagating species onto free NCA
molecules. It should be noted that copolymerization between
sarcosine NCA and DL-alanine NCA was caused with tertiary
amines or alkali metal alkoxide, but not with dialkylzinc. The
different behaviors of the strong bases and zinc alkyl in the
copolymerization are also interpreted in terms of the postulated
mechanism discussed above.

N-Carboxyl-a-amino acid anhydride (NCA) could be copolym-
erized with propylene oxide by means of dialkylzinc or trialkyl-
aluminum as initiator [25]. The copolymers formed seem to
contain many kinds of linkages such as amide, ester, ether, and
urethane in the polymer chain. There were, however, significant
differences between the structures of Copolymers XV and XVI
formed with R2Zn and R3Al, respectively, as initiator. The IR
spectrum of Copolymer XV indicated the presence of a consid-
erable amount of peptide block. On the other hand, Copolymer XVI
seemed to contain urethane linkages. It was also confirmed that
strong bases such as sodium methoxide caused only homopolym-~
erization of NCA even in the presence of propylene oxide.
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A previous study showed that dialkylzinc could induce alternating
copolymerization of phthalic anhydride and propylene oxide at room
temperature [26]. This result is to be noted because homopolym-
erization of either of these monomers is not effectuated by dialkylzine
alone in hydrocarbon or in ether, Later studies revealed that ZnR:
is activated by the complexation with phthalic anhydride [27]. The
activated R2Zn cleaved the O—CH: bond of propylene oxide to form
2-pentanolate (XVII). The nature of the complex of phthalic
anhydride is presumably very similar to [ZnR2—C] as stated above.

CH,
. |
CH,—CH—CH, + Et,zn _Prthalic o oy,  CH-OZnEt (13)
N/ anhydride
0
XVII

XVII reacts selectively with phthalic anhydride to form XVIII, which
reacts in turn with propylene oxide to form IX. Since carbon dioxide
is one of the acid anhydrides, it was expected that there would be a

series of reactions similar to Eqs. (14) and (15) when CO; was used

CH; (I:HS
|
EtCH,~CH—OZnEt + @:co\o__@coocncmt (14)
co” COOZnEt
XVII XVIII
CH,
J
XVIII + Clia‘/CH‘CHS_. COOCHCH:Et . | 1vester (15)
o COOCH ,CHOZnEt
|
CH;
X

as the comonomer. An alternating copolymerization between CO;
and epoxides was found possible with the use of the ZnR:~H:0
system as initiator [28]. Contrary to phthalic anhydride, CO2 could
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not activate ZnR; enough to cleave the epoxide ring. According to
later studies, binary systems involving primary amine, dihydric
phenol, aromatic dicarboxylic acid, or aromatic oxycarboxylic acid
as the partner component with ZnR. formed the most effective
initiators for copolymerization [29]. These initiator systems are
characterized by the repetition of ZnO (or ZnN) linkages [30]. The
ZnR:-methanol system has no activity, though the methanol system
was one of the most excellent initiators for homopolymerization of
propylene oxide [30]. The difference in the catalytic behaviors of
the various types of zinc compounds can be interpreted in terms

of changes of reactivity in the Zn—OCOOR hond toward epoxide in
response to variation of the structure of X [31].

XZnOCOR + CH:—CH—CH; XZnOCHCH:OCOR (16)

Il N/ | i
o o) CH; o

This reaction should be the "'key step' for the copolymerization
with epoxide, the ZnR.-methanol system having been confirmed as
reacting readily with CO; in a way similar to the ZnR.-water system.
The repetition of ZnO linkages in X seems to favor the "key' reaction,
though the mechanism of activation has not been detailed.
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