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ABSTRACT: Syntheses and reactivities of organozinc enolates, having same struc
ture as that of the chain end of growing poly(vinyl ketone) molecules, were studied. An 
addition reaction of ZnEt2 with ethyl styryl ketone gave an organozinc enolate, ethyl
zinc 5-phenyl-3-heptene-3-olate (ZE), fairly quantitatively. In the polymerization of ethyl 
isopropenyl ketone initiated with ethylzinc l,3-diphenyl-1-pentene-1-olate (ZC), a second
order rate law with respect to ZC was established, suggesting a coordination-addition 
mechanism plausible for this reaction in a way similar to the previous result with phenyl 
styryl ketone. At the same time as the above studies, the chemical behavior of ZC 
and ZE toward carbon dioxide (CO2) was also examined. Through the measurements 
of time course of IR and NMR spectra of the reaction system, it was concluded that 
a polymeric form of organozinc enolates should be the final product formed in the reac
tion between ZC (or ZE) and CO2. This polymeric organozinc compound was able to 
catalyze the reaction of methyloxirane with CO2 to give rise to poly(propylene carbonate) 
and propylene carbonate. 

KEY WORDS Anionic Polymerization / Vinyl Ketone / Organozinc 
Enolate / Coordination-Addition Mechanism / Carbon Dioxide / 
Methyloxirane / Poly(propylene carbonate) / Propylene Carbonate / 

In previous papers, 1 - 3 it was reported that the 
successful preparation of ethylzinc l,3-diphenyl
l-pentene-1-olate (ZC), 

mutual activation processes between the zinc 
enolate and PVK should be required for every 
propagation step. This mechanism was referred 
to as "coordination-addition" mechanism. 

made it possible to study the mechanism of the 
propagation reaction of an anionic polymeri
zation of phenyl vinyl ketone (PVK) initiated 
with diethylzinc (ZnEt2), because the zinc eno
late, ZC, possessed basically the same structure 
as that of the chain end of the growing polymer 
molecules. 

... -CH,-CH-ZnEt 
I 
C=O 

© 
According to the kinetics as well as the spectro
scopic studies,2· 3 it was concluded that the 

In this paper, we have tried to obtain a 
greater understanding of the reactivities of these 
organozinc enolates on several types of a,p-un
saturated ketone. In order to compare the reac
tivity of another type of zinc enolate with that 
of ZC, ethylzinc 5-phenyl-3-heptene-3-olate (ZE) 
was prepared by reacting ethyl styryl ketone 
(ESK) and ZnEt2. Along with these studies, the 
chemical behavior of the organozinc enolates 
toward carbon dioxide was also examined in 
comparison with that of conventional organozinc 
alcoholates. 

EXPERIMENT AL 

Most of the experiments were carried out in 
a purified nitrogen atmosphere in order to ex
clude the effect of oxygen and moisture. 
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Reagents 
All solvents used, i.e., benzene, toluene, cyclo

hexane, tetrahydrofuran (THF), and dioxane, 
were distilled over a sodium wire under purified 
nitrogen. Commercial ZnEt2 was distilled under 
reduced pressure (42°C at 46 mmHg). Phenyl 
styryl ketone (PSK) was synthesized according to 
the literature4 and purified by recrystallization 
from cold petroleum ether. Ethyl styryl ketone 
(ESK) was prepared by the method of Asahara5 

and distilled under reduced pressure (88-92°C 
at 1 mmHg). 

Ethyl isopropenyl ketone (EIPK) was synthe
sized according to the literature6 from diethyl 
ketone and formalin, and distilled under reduced 
pressure (59°C at 92 mmHg). Methyloxirane 
was distilled twice over calcium hydride and 
potassium hydroxide. For the elementary reac
tions, gaseous carbon dioxide (CO2) was purified 
by passing it through a series of columns packed 
with CuSO4 , KHCO3 , reduced copper, P2O5 , and 
active cupric oxide before used. For the reac
tions carried out in an autoclave, gaseous CO2 

was introduced into the autoclave directly from 
a cylinder. 

Preparation of Organozinc Eno/ates 
The addition product (ZC) between PSK and 

ZnEt2 was prepared as described previously. 1 

The addition product between ESK and ZnEt2 

was prepared by adding ZnEt 2 with a syringe 
to a benzene solution (1.0 mo!//) containing an 
equimolar quantity of ESK. The mixture was 
stirred for 72 hours at 40°C. The formation 
of the addition product was proven by identi
fication of the expected hydrolysis product, 5-
phenyl-3-heptanone: IR, see Figure 1; NMR, 
see Figure 2. 

Anionic Polymerization of Ethyl Isopropenyl Ketone 
(EIPK) 
A Study of the Elementary Reactions. Reac

tions of EIPK with organozinc enolate (ZC) 
were carried out in a 50-m/, one-necked flask 
fitted with a three-way cock, by adding a solu
tion of ZC into a solution of EIPK. After a 
given time interval, the reaction was stopped 
with an excess of acetic acid, and the amount 
of phenyl 2-phenylbutyl ketone was determined 
by vapor-phase chromatography (VPC). 

Separation of the Polymer. The polymerization 
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of EIPK initiated with ZC was carried out in 
benzene. The reaction mixture was washed with 
dilute aqueous solution of hydrochloric acid, 
then with water and subjected to freeze-drying. 

Determination of Polymer Properties. The num
ber-average molecular weight of the polymer 
obtained was determined in benzene with a 
Mechrolab Model 301 A vapor-pressure osmo
meter. 

Molecular weight distributions of polymer 
samples were measured on a Toyo Soda gel
permeation chromatograph in THF at room 
temperature with an elution rate of approximately 
1.5 ml/min. 

Reaction of Organozinc Eno/ate and Carbon Di
oxide (CO2) 

To a solution of 10 mmol of organozinc eno
late in 20 ml of benzene, gaseous CO2 was 
introduced by bubbling at room temperature 
under nitrogen atmosphere. After a given time 
interval, 0.2-m/ samples were transferred via a 
syringe and needle to a 0.1-mm KBr-spaced 
cell under nitrogen atmosphere in order to 
measure the IR spectrum. 

Reaction of Methyloxirane and Carbon Dioxide 
(CO2) in the Presence of Organozinc Eno/ate 
Procedure for the Reaction at Atmospheric Pres

sure. To a solution of 6 mmol of organozinc 
enolate in 20 ml of cyclohexane, gaseous CO2 was 
introduced by bubbling at room temperature under 
nitrogen atmosphere. Then, methyloxirane (0.8 
ml, 12 mmol) was injected by means of a syringe. 
The mixture was heated at 50°C. After a given 
time interval, 0.2 ml of the sample was trans
ferred via syringe and needle to a 0.1-mm KBr 
spaced cell under nitrogen atmosphere in order 
to measure the IR spectrum. 

When methyloxirane was used as the solvent, 
gaseous CO2 was introduced by bubbling at the 
ice-bath temperature to a solution of organozinc 
enolate in methyloxirane. The subsequent ex
perimental procedure was exactly the same as 
that for the reaction in cyclohexane. 

The amount of resulting propylene carbonate 
was determined by vapor-phase chromatography 
after quenching the reaction with acetic acid. 

Procedure of the Reaction Using an Autoclave. 
Organozinc enolate, methyloxirane, and solvent 
were placed in a 200-m/ autoclave, then gaseous 
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CO2 was introduced. After stirring for a de
finite time, the reaction mixture was diluted 
with benzene, and was worked up according to 
the following separation diagram. 

Heaction mixture 

washed with di! HCI, water, and 
di! NaHCO, 

dil HCI , water , and 
di! Na!ICO, layer 

concentration 

extracted with 
CH,CL, 

Benzene layer 

concentration 

poured into methanol 

CH,Cli layer \\'ater larer Methanol- Methanol-

concentration 

Estimation of propylenr carbonate 
iVPC or distillation'1 

soluble part insoluble part 

RESULTS AND DISCUSSION 

Preparation of Ethylzinc 5-Phenyl-3-H eptene-3-
Olate(ZE) 
ZE (2) was prepared from ESK (1) and ZnEt2 

according to eq I. 

C,Hs (Q}- I ,,c,H, 
-----. CH-CH=C 

'o-Zn-C2Hs 

I 
"' u 
C 
0 

2 

E ~2H5 
§ @-cH-~H2 

C=O 

C2H5 

C,Hs 0 
lr\\__l II 
~CH-yH-C-C,Hs ( 1 ) 

Zn-C,Hs 

3 

C,Hs 0 
Ir\\_! II 

(2,3) + H' - CH-CH,-C-C2Hs (2) 

4 

The formation of 2 (or 3) was proven by 
identification of the expected hydrolysis product 
4 (eq 2). IR and NMR spectra are shown 
in Figures I and 2, respectively. They are in 
agreement with those of the assumed structure 
of 5-phenyl-3-heptanone (4). From the VPC 
study, it was confirmed that virtually no side 
reaction took place, and that the conversion to 
ZE was close to 1005'6 after a 72-hr reaction 
period at 40°C. It took relatively less a time 
(24 hr, at 30°C) for the addition reaction with 
phenyl styryl ketone (PSK), in comparison with 
that for ESK (1). Moreover, ZE was less stable 
than ZC. The phenyl group bound to the vinyl 
double bond of ZC contributes to the stabili
zation of enolate form. 

The IR spectrum of the addition product (ZE) 
was taken in benzene solution as shown in 
Figure 3a. Absorptions at 1660 and 1705 cm-1 

are attributable to vc~c in the enolate form (2) 
and vc~o in keto form (3), respectively. Thus, the 
addition product between ESK (1) and ZnEt2 is 
considered to be an equilibrated mixture between 
the enolate and keto forms, in contrast with 
the addition product between PSK and ZnEt 2 

in which the only detectable species was the 

I 
I 

~....L...L...L..~-'--'--'--L--l.L....L...L....L 

4000 3000 2000 1600 1200 800 

Wave number (cm-1) 

Figure 1. IR spectrum of 5-phenyl-3-heptanone (4). 
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9 8 7 
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6 

C-C-He 
I I 

fH C·O 
I d H-C-H 
I 

H-C-H 
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Figure 2. NMR spectrum of 5-phenyl-3-heptanone (4). 

(a) (b) 

1 

t 
1700 1600 1700 1600 

Wave number (cm-1) 

Figure 3. IR spectra of organozinc enolates in 
benzene solution (ca. 0.5 mo!//) under nitrogen 
atmosphere: (a) The addition product between 
ZnEt2 and ethyl styryl ketone (ESK). (b) The ad
dition product between ZnEt2 and phenyl styryl 
ketone (PSK). 

enolate form (see Figure 3b). 
As the addition product between ESK (1) and 

ZnEt2 has the structure corresponding to that 
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of the growing chain end of ethyl vinyl ketone 
in anionic polymerization induced by zinc alkyl, 
a certain content of the growing chain end 
might be present in the keto form as shown in 
eq 3. 

n CH2=CH-C-C2Hs 

5 

II 
0 

-CH2-CH=C-C2H5 

6 

0 
II 

I 
OZn-C2Hs 

-CH2-CH-C-C2Hs 
I 
Zn-C2H, 

7 

( 3) 

Anionic Polymerization of Ethyl lsopropenyl 
Ketone (EIPK) Initiated with Ethylzinc 1,3-Di
phenyl-1-pentene-1-olate (ZC) 
As reported previously, 2 the anionic poly

merization of phenyl vinyl ketone (PVK) ex
hibits the characteristic features of "living" 
polymerization, when ZC was used as initiator. 
It was also confirmed that no side reaction took 
place at least in the initial stage of the poly
merization of ethyl isopropenyl ketone (EIPK). 
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Figure 4. Reaction of ethylzinc l,3-diphenyl-1-
pentene-l-olate (ZC) with ethyl isopropenyl ketone 
(EIPK) in benzene: [ZC], 0.05 mol/l; [EIPK], 1.0 
mol/l; temp, 40°C. 

This conclusion is based on the analysis of the 
reaction modes between EIPK (9) and ZC (8) 

in benzene at 40°C. 
Figure 4 shows the results of kinetic measure

ment with respect to the recovered phenyl 2-

phenylbutyl ketone (10), which is a hydrolysis 
product of ZC (8), after quenching the reaction 
with excess acetic acid. ZC (8) was completely 
consumed within 40 min, which may rule out 
any possibility for occurrence of a hydrogen ab
struction reaction (eq 4). 

CH, 
I 

CH,=C-~-C,Hs =HY) 

10 

0 

hydrogen 
abstraction 

H --
( 4) 

It was previously confirmed' that neither car

bonyl addition (eq 5) nor carbonyl reduction 
(eq 6) took place in the reation between dialkyl
zinc and a,p-unsaturated ketones. 

Consequently, it is quite reasonable to con
clude that the only elementary reaction between 
ZC (8) and EIPK (9) was the conjugate addition 
(eq 7). 
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CH, C2Hs 0 

8 ------carbony I 

H' I I 11-0 
__. CH,=C-C-CH-C '0 (5) 

6H iH-0 

8 

8 

addition 

carbonyl 
reduction 

conjugate 
addition 

9 -----

C,Hs 
11 

CH:i 
H+ I 

__. CH2=C-CH-C2Hs 
I 

OH 

12 

CIL 
I 

( 6) 

Cll. C-C--C,H. 

13 

polymer 

I 
0-Zn-C,H-. 

( 7 ) 

Reaction rate analyses with respect to the con
centration of ZC in Figure 4 are shown in Figure 
5. Figure 5 shows that the reaction between 
ZC and EIPK is a second-order reaction with 
respect to [ZC], which suggests that the coordi
nation-addition mechanism is also plausible for 
this reaction in just the same way as it is for 
the reaction between ZC and PVK. 3 The rate 
constant, however, was smaller in the reaction 
of ZC with EIPK than that with PVK. 

5 

4 

' u 3 
.!::::', 

---v 2 .!::::', 

0 IL._:O:.._.L._ _ ___._ __ ....1.... __ .___-'--__. 

0 2 4 6 8 10 

Reaction time (min) 

Figure 5. Kinetics of the reaction of ZC with 
EIPK and with phenyl vinyl ketone (PVK): [ZC], 
0.05 molfl; O, [EIPK], 1.0 mol/l, benzene, 40°C; 
e, [PVK], 1.0 mol/l, toluene, -20°C, taken from 
the work cited in ref I. 
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According to the coordination-addition mecha
nism, 3 the kinetic scheme of the addition reac
tion of ZC (8) with EIPK (9) in benzene is 
derived as follows. 

K1 
ZC + EIPK ==" (ZC- · -EIPK) ( 8) 

1c. 
2(ZC- · -EIPK) _____:'.__, (ZC- · -EIPK) + 13 ( 9) 

- d[ZC]=ke{(ZC-. -EIPK))2 (10) 
dt 

As shown in eq 8, the reaction proceeds via the 
formation of a complex. The formation of this 
kind of complex was confirmed previously in the 
reaction system of PSK with ZC based on the 
spectroscopic study. 3 The equilibrium constant, 
K1, was so large that almost all molecules of 
ZC were present in the form of a complex with 
PSK. If this situation is also true for the equi
librium shown in eq 8, the rate eq 10 can be 
reduced to eq 11. 

d[ZC] 2 
- dt =ks[ZCltota1 (II) 

In the initial stage of the reaction, however, 
the equilibrium (eq 8) may not yet be established. 

Therefore, eq 10 cannot be reduced to eq 11 

in the initial stage of the reaction. The induc
tion period observed in Figure 5 may be ex
plained in terms of the above considerations. 

Molecular-weight distributions of polymer 
samples obtained in the experiments were ex
amined by gel-permeation chromatography. 

I 

][ 

40 35 30 25 20 

Elution volume (ml) 

Figure 6. Gel-permeation chromatogram of poly
(ethyl isopropenyl ketone): I, oligomer; II, poly
mer. Polymerization conditions: [ZC], 0.03 mol//; 
[EIPK], 1.5 mol//; solvent, benzene; 40°C. 
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Every polymer exhibits bimodal molecular weight 
distribution in contrast with the unimodal dis
tribution found in poly(phenyl vinyl ketone). 
These results are presented in part in Figure 6. 

The peak molecular weight (Mn 1 ) of the oligo
mer (fraction I) was approximately 900. The 
value of Mn 1 was not influenced by conversion, 
reaction temperature, nor concentration of the 
initiator. The peak molecular weight of the 
hexane-insoluble part (Mn 11 ), which was nearly 
equal to that of fraction II (Figure 6), increased 
with conversion as shown in Table I. 

Table I. Correlation between conversion and 
molecular weight for hexane-insoluble 

poly(ethyl isopropenyl ketone)• 

Reaction time, Conversion, b Mnc hr Q/ 
;O 

5.7 3,700 
2 II.I 4,200 
6 36.1 4,800 

------· -·------

" [EIPK], 1.5 mo!//; [ZC], 0.03 mo!//; benzene: temp, 
40°c. 

b Based on feed (EIPK+organic residue of ZC). 
c Measured by vapor-pressure osmometry. 

These results indicate that a part of the grow
ing chain end was deactivated in the early stage 
of the propagation to give the oligomer (fraction 
I), though a clear detailed mechanism has not 
been set forth. 

A bimodal molecular-weight distribution was 
observed in the methyl isopropenyl ketone
organometal system by Lyons, et az.s-io and in 
the methyl methacrylate-a-methylstyrylsodium 
system by Allen, et al. 11 

Reaction of Organozinc Eno/ate and Carbon Dioxide 
Another unique behavior of organozinc enolate 

is that shown toward carbon dioxide (CO2). In 
contrast with alkylzinc alcoholate, 12 alkylzinc 
enolate was able to undergo insertion reactions 
with CO2 • 

Reactions of organozinc enolate with CO2 

were examined at ambient temperatures in several 
solvents, e.g., benzene, dioxane, and THF. The 
IR spectrum of the reaction system showed ab
sorptions at about 1600 and 1400cm-1 in every 
solvent. It is widely accepted that metal carbo
xylate has two bands in the regions of 1610-1550 
cm- 1 and 1400cm-1, which arise from the anti-
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2: R=-C2H5 

8: R=© 

n 15 

fast 

16a: R=-C2H5 

16b: R=© 

Rearrangement 

slow 

C2H5 0 
I II 

@cH-yH-C-R 

C=0 
I 
0-Zn-C2H5 

15a: R= -C2H5 

15b: R=-© 

Figure 7. Mechanism of the reaction of organozinc enolate with CO2, 

symmetrical and symmetrical vibrations of the 
coo- structure, respectively. 13 Thus, two bands 
at 1600 and 1400 cm-1 were assigned to vibra
tions of the coo- structure of the reaction 
product. The appearance of these two bands 
suggests that insertion reactions of CO2 into the 
alkylzinc enolate took place in the reaction 
system. 

Through the measurement of time course of 
IR and NMR spectra of the reaction system, it 
was possible to elucidate the reaction mechanism. 
The scheme shown in Figure 7 reasonably ex
plains the mechanism for the reaction between 
the zinc enolate and CO2 • This reaction mecha
nism was derived from the following results. 

Figure 8 shows the time course of IR spectrum 
of ZE/CO2 system. A similar time course was 
also observed in ZCjC02 system. 

According to our previous study, 14 EtZnOMe 
has the band of stretching vibration at 519 cm-1 

(l)c-zn-o)- The observed band at 570 cm-1 in 
Figure 8 is, therefore, assignable to the streching 
vibration band of structure C-Zn-O-C=C 
of ZE. The band at 520 cm-1, whose absorb
ance increases in the early stage of the reac
tion, should be assigned to the stretching vib
ration band of C-Zn-O--COO structure of 
14a. 
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Figure 8. Time course of IR spectrum of ZE/CO2 
system: [ZE], 0.5 mol/l; solvent, benzene; temp, 
30°C; 0.1-mm KBr-spaced cell; O, 570 cm-1, 
l,/C-Zn-0-C=C; ., 520 cm-1, VC-Zn-OCOO; 6,, ]660 
cm-1, lJC=C-0-zn; .... , 1690 cm-1, l)C=C-OCOOZn; 
., 1700 cm-1, 1,/C-co-Et; absorption at 2205 cm-1 

(assigned to benzene) as internal standard of rela
tive intensity. 

In the ZE/C02 system, absorptions ansmg 
from l)c=c-ozn and l)c=c-ocoozn are clearly sepa
rated from each other, viz., l)c=c-ozn at 1660 
cm-1 and l)c=c-ocoozn at 1690 cm-1 • The cor
responding two absorptions in ZC/CO2 system 
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seemed to appear in the same region (ca. 1645 
cm-1). 

As the insertion of CO2 into the O-Zn bond 
of ZE took place, the rapid appearance of the 
absorption at 1690 cm-1 (l!c~c-ocoozn), at the ex
pense of the absorption at 1660 cm-1 (vc~c-ozn), 
was observed. 

The second stage of the reaction is charac
terized by a rearrangement reaction of 14. The 
absorptions at 1690 cm-1 (l!c~c-ocoozn) and at 
520 cm-1 (l!c-zn-ocoo) slowly decrease, whereas 
the absorption at 1700 cm-1, arising from the 
vibration of C-CO-Et structure of 15a, 
gradually increases. 

The third stage of the reaction are the conden
sation reactions of 15. The intermolecular con
densation took place between the ZnEt residue 
and the active methine of 15 with the elimi
nation of ethane. Figure 9 shows the NMR 
spectra of the reaction system (ZCJCO2 system). 
The reaction with CO2 resulted in the broadening 
of the whole spectrum. The methine proton 
(o 5.7 ppm) and Zn-C2H 5 proton (o 0.2 and 0.9 
ppm) disappeared after the reaction, whereas a 
singlet peak arising from eliminated ethane (o 0.9 
ppm) appeared. 

The fact that gelation of the reaction system 
occurred after a long time period also suggests 
the formation of polymeric zinc compound 16. 

The IR spectrum of the reaction system, after 

6 5 4 3 2 0 
ppm 

Figure 9. NMR spectra of ZC/CO2 system: [ZC], 
0.5 mol//; a, before bubbling CO2; b, after bubbling 
CO2 (reaction time, 2 days). 
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a long time period, shows large and broad bands 
at the region of 1550-1600cm-1, arising presum
ably from structure +zn-OCO-C=C-O--J; 
of 16. 

When the hydrolysis of the reaction system 
was carried out by the use of dilute hydro
chloric acid, 5-phenyl-3-heptanone (4) or phenyl 
2-phenylbutyl ketone (10) was obtained in quan
titative yield. No keto acid was obtained at all. 
The reaction products (14, 15, and 16) seem to 
undergo a decarboxylation reaction quite easily. 

Reaction of Carbon Dioxide (CO2) and Methyl-
oxirane Using Organozinc Enolate,!CO2 System 
as Catalyst 
The reaction products between zinc enolate 

and COz(ZCJCO2 or ZE/CO2 system) was found 
to catalyze the reaction between methyloxirane 

CH3 
I 

CH 2 11 n 
I 3 O 

{ 

{CH-CH -0-C-01 

C~~$H2 + CO2 Poly( propylene carbonate 

CH -CH -0 
3 1 '-c=o 

CH2-0/ 

Propylene carbonate 

Figure 10. Reaction modes of CO2 with methyl
oxirane. 

(a) (b} 

i 

i i 

1900 1800 1700 1600 1900 1800 1700 1600 

wave number (cm-1) 

Figure 11. IR spectra of ZC/CO2/methyloxirane 
systems: a, solvent, methyloxirane, room temp, 5 
days; b, solvent, cyclohexane, 50°C, 17 days. 
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Table II. Reaction of methyloxirane and CO2 in the presence of zc• 

Run Temp, oc 

- ---------- -

60 
2 35 
3 60 
4 35 

Press, 
atm 

-------

50 
60 
60 
40 

Aging, 
day 

8 
8 

---------

Products 

Propylene Poly(propylene carbonate) 
carbonate, ------

g(yield 96) MeOH-insoluble, MeOH-soluble, 
g g 

3.5 (10) 0.062 4.3 
0.34 (1.0) 0.017 6.4 
1.62 (4.0) 0.160 4.9 
0.62 (1.6) 0.177 4.7 

• Solvent, benzene (50 ml); reaction time, 7 days; methyloxirane, 0.4 mo!; ZC, 0.02 mo!. 

and CO2 • As shown in Figure 10, the main prod
ucts are poly(propylene carbonate) and propylene 
carbonate. 

Figures 1 la and b show the IR spectra of the 
reaction system. The absorptions at 1750 cm-1 

and 1820 cm-1 were assigned to the stretching 
vibration (vc~o) of poly(propylene carbonate) 
and propylene carbonate, respectively. These 
assignments were confirmed by measuring the 
spectra of the authentic samples. It was also 
observed that the absorption arising from vc~o 
of propylene carbonate shifts slightly in dif
ferent solvents in the range of about 1800cm-1 

to 1840cm-1 • 

As can be seen from Figures 1 la and b, 
propylene carbonate was the main product at 
50°C, 1 atm. At room temperature, however, 
poly(propylene carbonate) was the main product. 
The quantity of propylene carbonate formed 
was determined on the basis of VPC. Only 
2. 3 mmol of propylene carbonate ( 40% to feed 
zinc) was formed in 2 weeks at 50°C, 1 atm. 

Table II lists the experimental results which 
were obtained by using an autoclave. The 
methanol-insoluble part was identified as poly
(propylene carbonate) on the basis of IR and 
NMR spectroscopy. The methanol-soluble part 
seems to consist of a mixture of the hydrolysis 
product of catalyst (4 or 10) and low-molec
ular-weight poly(propylene carbonate). Propylene 
carbonate was indentified by IR and NMR 
spectroscopy. 
Aging of the catalyst system was carried out 

in runs 3 and 4. The activity of the catalyst 
system in terms of production of the methanol
insoluble poly(propylene carbonate) was increased 
by a procedure of aging catalyst. As the n value 
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in compound +C=C-O-Zn-OCO--J;, (16) is 
considered to increase with the aging period, 
the highly polycondensed zinc species (16) may 
be favorable for the formation of high-molec
ular-weight poly(propylene carbonate). A similar 
phenomenon was previously observed in ZnEt2/ 

dihydric phenol system, 15 where the activity 
of the catalyst systems has close relation with 
the n value in compound 17. 

C,Hsf Zn -o-Q01H 
17 
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