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NOVEL COMPLEX AND PREPARATION
METHOD OF POLY(ALKYLENE
CARBONATE) USING THE SAME

TECHNICAL FIELD

[0001]
plex and a preparation method of poly(alkylene carbonate)

The following disclosure relates to a novel com-

using the same, and more specifically, to a novel complex
synthesized from a Salen-type ligand containing a quater-
nary ammonium salt and a preparation method of poly
(alkylene carbonate) using the same as a catalyst.

BACKGROUND ART

[0002]
able polymer and is useful for packaging or coating mate-

Poly (alkylene carbonate) is an easily biodegrad-

rials. Methods of preparing poly(alkylene carbonate) from
an epoxide compound and carbon dioxide are highly eco-
friendly in that phosgene which is harmful compound is not
used and carbon dioxide is obtained at a low cost.

[0003]
various types of catalysts to prepare poly(alkylene carbon-

Since 1960’s, many researchers have developed

ate) from an epoxide compound and carbon dioxide.
Recently, a catalyst having high activity and high selectivity
and synthesized from a Salen: ([H, Salen=N,N'-bis(3,5-
dialkylsalicylidene)-1,2-ethylenediamine]-type ligand con-
taining a quaternary ammonium salt has been published
[Korean Patent Registration No. 10-0853358 (Registration
Date: Aug. 13, 2008); Korean Patent Application No.
10-2008-0015454 (Filing Date: Feb. 20, 2008); PCT/
KR2008/002453 (Filing Date: Apr. 30, 2008); J. Am. Chem.
Soc. 2007, 129, 8082-8083 (Jul. 4, 2007); Angew. Chem. Int.
Ed., 2008, 47, 7306-7309 (Sep. 8, 2008)]. The catalyst
disclosed in Korean Patent Registration No. 10-0853358
shows high activity and high selectivity, and may provide a
copolymer having a large molecular weight and may be
polymerized at a high temperature to be applicable to
commercial processes. Furthermore, this catalyst is advan-
tageous because a quaternary ammonium salt is contained in
the ligand, and thus the catalyst may be easily separated
from a copolymer resulting from copolymerization of car-
bon dioxide and epoxide, and re-used.

[0004]
No. 10-0853358 have carefully examined a structure of a

Also, the inventors of Korean Patent Registration

particular catalyst having higher activity and higher selec-
tivity as compared to other group among the catalyst group
disclosed in the above patent, and have proved that such a
catalyst has a peculiar structure in which nitrogen of the
Salen ligand is not coordinated to a metal but oxygen thereof
only is coordinated thereto, which was not known until now
(see Structure 1 below, Inorg. Chem. 2009, 48, 10455
10465).
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[0005] Furthermore, a method of easily synthesizing the
ligand of the compound of Structure 1 has been developed
(Bull. Korean Chem. Soc. 2009, 30, 745-748).

[0006] Poly(alkylene carbonate) having a high molecular
weight may be economically prepared using the compound
of Structure 1 as a highly active catalyst. However, since
poly(alkylene carbonate) has a low glass transition tempera-
ture (which is 40° C. in the case of poly(alkylene carbonate)
prepared from propylene oxide and carbon dioxide) and has
insufficient mechanical strength, predetermined limitations
are imposed on the applications that may be developed
therewith.

[0007] With the way of overcoming the limitations of
poly(alkylene carbonate), methods of preparing poly(alky-
lene carbonate)polyol having a low molecular weight and a
plurality of —OH terminal groups and preparing polyure-
thane therefrom have been developed. Polyurethane is a
polymer obtained by reacting a compound having an —OH
group with a compound having an isocyanate (—NCO)
group thus forming a urethane bond (—NHC(O)O—). A
variety of compounds having an —NCO group have been
used, a variety of compounds having an —OH group have
been developed, and thermoplastic or thermosetting plastics
or elastomeric polyurethanes having various physical prop-
erties have been developed and used. Examples of the
compound having an —OH group mainly represent diols
and polyester diols having —OH terminal groups at end
groups, which have thousands of molecular weights
obtained by ring-opening polymerization of ethylene oxide
or propylene oxide. Attempts have been made to prepare
poly(alkylene carbonate)diol or polyol to thereby attain
polyurethane rather than poly(alkylene oxide)diol or poly-
ester diol (W. Kuran, Polymeric Materials Encyclopedia, J.
C. Salamone, Ed. CRC Press, Inc., Boca Raton 1996, Vol. 9,
p. 6623, Polymer, 1992, vol 33, 1384-1390). Polyurethane
prepared from poly(alkylene carbonate)polyol is known to
have higher hydrolyzability compared to polyurethane pre-
pared from polyester polyol (European Patent No. 302712;
U.S. Pat. No. 5,863,627), and is also reported to have greater
antistatic effects (U.S. Pat. No. 4,931,486). Furthermore,
thrombus coagulation resistance is reported to be high (PCT
International Patent Laid-Open Publication No. 9857671).

[0008] FEuropean Patent No. 302712 (priority date: Aug. 4,
1987) and European Patent No. 311278 (priority date: Oct.
6, 1987) disclose polycarbonate diol prepared by condensing
diethylcarbonate (EtOC(O)OEt) and 1,6-hexanediol or 1,5-
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petandediol, and preparation of polyurethane using the
same. In addition, U.S. Pat. No. 5,171,830 (filing date: Aug.
16, 1991) discloses a method of synthesizing poly(alkylene
carbonate) by condensing dialkyl carbonate (ROC(O)OR)
and alpha, omega-alkanediol having 4 or more carbons in
the presence of a base catalyst and preparation of a urethane
resin using the same.

[0009] FEuropean Patent No. 798328A2 (priority date:
Mar. 28, 1996) discloses synthesis of polycarbonate-co-
polyether diol using condensation of polyether diol and
dimethylcarboante (MeOC(O)OMe).

[0010] Also, synthesis of poly(alkylene carbonate)mac-
rodiol by condensation of various diol compounds and
ethylene carbonate and preparation of polyurethane using
the same are disclosed in J. Appl. Polym. Sci. 1998, 69,
1621-1633 and J. Appl. Polym. Sci. 1989, 37, 1491-1511.
[0011] However, such poly(alkylene carbonate)polyol is
not prepared using copolymerization of carbon dioxide and
epoxide and also has a different structure from that of a
copolymer of carbon dioxide and epoxide. Specifically, in
order to prepare poly(alkylene carbonate) using condensa-
tion of ethylene carbonate or dialkyl carbonate, diol having
spaced 3 or more carbons should be used. That is, poly
(alkylene carbonate) has a structure in which a carbonate
bond is linked by 3 or more carbons. Poly(alkylene carbon-
ate) prepared by copolymerization of carbon dioxide and
epoxide has a structure in which a carbonate bond is linked
by 2 carbons.

[0012] U.S. Pat. No. 4,686,276 (filing date: Dec. 30, 1985)
discloses a method of synthesizing poly(ethylene carbonate)
diol by copolymerizing carbon dioxide and ethylene oxide in
the presence or absence of ethylene carbonate using a diol
compound as an initiator and a catalyst consisting of an
alkaline compound and a tin compound. In addition, U.S.
Pat. No. 4,528,364 (filing date: Apr. 19, 1984) discloses a
method of removing a catalyst from the prepared polymer
compound. Here, the prepared polymer has a carbon dioxide
content less than 30%, which is not a complete alternating
copolymer. In addition, preparation of polyurethane using
poly(ethylene carbonate)diol which was prepared and puri-
fied by the above method is disclosed in Journal of Applied
Polymer Science. 1990, 41, 487 507.

[0013] FEuropean Patent No. 0222453 (filing date: Jun. 11,
1986) discloses a method of synthesizing polyol by copo-
lymerizing carbon dioxide and epoxide using a double metal
cyanide compound as a catalyst and using an organic mate-
rial having reactive hydrogen as a molecular weight regu-
lator. However, the obtained polyol has a carbon dioxide
content of 5 to 13 mol %, which is not a pure poly(alkylene
carbonate) compound based on complete alternating copo-
lymerization of carbon dioxide and epoxide.

[0014] CN Patent No. 1060299A (filing date: Sep. 19,
1991), which was published later, discloses a preparation
method of polyol by copolymerizing carbon dioxide and
epoxide using a polymer-supported bimetallic catalyst and
using an organic material having 1 to 10 reactive hydrogen
as a molecular weight regulator. However, the polyol pre-
pared by Examples has a carbon dioxide content of 37 to 40
mol %, which is not a pure poly(alkylene carbonate) com-
pound based on complete alternating copolymerization of
carbon dioxide and epoxide.

[0015] U.S. Pat. No. 8,247,520 (filing date: Sep. 8, 2009)
discloses a method of copolymerizing carbon dioxide and
epoxide using a chain transfer agent which is a molecular
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weight regulator under a binary catalyst system of (Salen)Co
compound. However, the present inventors found that as an
amount of the used chain transfer agent becomes increased
in the copolymerization system, catalyst system activity is
deteriorated, such that there is a limitation in obtaining a low
molecular weight of copolymer having desirable level.
[0016] As described above, synthesis of a low molecular
weight of poly(alkylene carbonate) by copolymerization of
carbon dioxide and epoxide in the presence of a molecular
weight regulator has been abundantly reported. Meanwhile,
in order to prepare appropriate poly(alkylene carbonate)
having a molecular weight required in a large-scale com-
mercial process, since maintenance of catalyst system activ-
ity in the preparation process as well as economical cost of
copolymerization catalyst system are important, develop-
ment of a novel catalyst system capable of satisfying the
requirements has been demanded.

DISCLOSURE OF INVENTION

Technical Problem

[0017] Anembodiment of the present invention is directed
to providing a novel complex of which a catalytic activity is
effectively maintained in a process of preparing poly(alky-
lene carbonate).

[0018] Another embodiment of the present invention is
directed to providing a preparation method of poly(alkylene
carbonate) using a molecular weight regulator in the pres-
ence of the novel complex as a catalyst.

Solution to Problem

[0019] In one general aspect, the present invention pro-
vides a novel complex capable of being signficantly and
effectively used in preparing poly(alkylene carbonate), the
novel complex represented by the following Chemical For-
mula 1:

[0020] [Chemical Formula 1]
R? RI0 at
7 S A= 8
R N N R
M XY 11[Y2 1
RS A7 ™A RS

R} R! R? R*
[0021] in Chemical Formula 1,
[0022] M is trivalent cobalt or trivalent chromium;
[0023] A is oxygen or sulfur;
[0024] Q is a diradical connecting two nitrogens;
[0025] R®to R'° are each independently hydrogen; halo-

gen; (C1-C20)alkyl; (C1-C20)alkyl containing one or more
selected from among halogen, nitrogen, oxygen, silicon,
sulfur and phosphorus; (C2-C20)alkenyl; (C2-C20)alkenyl
containing one or more selected from among halogen,
nitrogen, oxygen, silicon, sulfur and phosphorus; (C1-C20)
alkyl(C6-C20)aryl; (C1-C20)alkyl(C6-C20)aryl containing
one or more selected from among halogen, nitrogen, oxy-
gen, silicon, sulfur and phosphorus; (C6-C20)aryl(C1-C20)
alkyl; (C6-C20)aryl(C1-C20)alkyl containing one or more
selected from among halogen, nitrogen, oxygen, silicon,
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sulfur and phosphorus; (C1-C20)alkoxy; (C6-C30)aryloxy;
formyl; (C1-C20)alkylcarbonyl; (C6-C20)arylcarbonyl; a
metalloid radical of Group 14 metal substituted with hydro-
carbyl; a protonated group of the following Chemical For-
mula 2; a protonated group of the following Chemical
Formula 3; a protonated group of the following Chemical
Formula 4; a protonated group of the following Chemical
Formula 5; a protonated group of the following Chemical
Formula 6; a protonated group of the following Chemical
Formula 7; a protonated group of the following Chemical
Formula 8; or a protonated group of the following Chemical
Formula 9;

[0026] wherein at least one or more of R to R are a
protonated group selected from a group consisting of the
following Chemical Formulas 2, 3, 4, 5, 6, 7, 8, and 9;

[Chemical Formula 2]

Rll RIZ

« > < RI3
7zl

: : ~ RM

RIG RIS
[Chemical Formula 3]
RZI RZZ
* —(—\
n Z}_g; RS
+Z4 —_ R24
R \R25
[Chemical Formula 4]
R3l R32

™7 R3
R36 _\ Z6+
/
R35 R34
[Chemical Formula 5]
43 44
* R4 R R
-+ 45
G /27—(—\ \ R
R#2 8 ~ R46
R48 R47
[Chemical Formula 6]
RSI RSZ
R
* R53
7 “ziT £
10 11 12
S RS
R57 R56
[Chemical Formula 7]
RGI R62
* —(—\
n Zl3+ Zia— R63
R~
R65 R64
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-continued
[Chemical Formula 8]
R7! R
*
n Z]5+ R73
-
R76
Zis
R’ \R74
[Chemical Formula 9]
R8! RS2
* —(—\
n -+ 83
7y R
RS \Z
18
/
RS R

[0027] X is halogen anion; a (C6-C20)aryloxy anion; a
(C6-C20)aryloxy anion containing one or more selected
from among halogen, nitrogen, oxygen, silicon, sulfur and
phosphorus; a (C1-C20)alkylcarboxy anion; a (C1-C20)
alkylcarboxy anion containing one or more selected from
among halogen, nitrogen, oxygen, silicon, sulfur and phos-
phorus; a (C6-C20)arylcarboxy anion; a (C6-C20)arylcar-
boxy anion containing one or more selected from among
halogen, nitrogen, oxygen, silicon, sulfur and phosphorus; a
(C1-C20)alkoxy anion; a (C1-C20)alkoxy anion containing
one or more selected from among halogen, nitrogen, oxy-
gen, silicon, sulfur and phosphorus; a (C1-C20)alkylcarbon-
ate anion; a (C1-C20)alkylcarbonate anion containing one or
more selected from among halogen, nitrogen, oxygen, sili-
con, sulfur and phosphorus; a (C6-C20)arylcarbonate anion;
a (C6-C20)arylcarbonate anion containing one or more
selected from among halogen, nitrogen, oxygen, silicon,
sulfur and phosphorus; a (C1-C20)alkylsulfonate anion; a
(C1-C20jalkylsulfonate anion containing one or more
selected from among halogen, nitrogen, oxygen, silicon,
sulfur and phosphorus; a (C1-C20)alkylamido anion; a (C1-
C20)alkylamido anion containing one or more selected from
among halogen, nitrogen, oxygen, silicon, sulfur and phos-
phorus; a (C6-C20)arylamido anion; a (C6-C20)arylamido
anion containing one or more selected from among halogen,
nitrogen, oxygen, silicon, sulfur and phosphorus; a (Cl1-
C20)alkylcarbamate anion; a (C1-C20)alkylcarbamate
anion containing one or more selected from among halogen,
nitrogen, oxygen, silicon, sulfur and phosphorus; a (C6-
C20)arylcarbamate anion; or a (C6-C20)arylcarbamate
anion containing one or more selected from among halogen,
nitrogen, oxygen, silicon, sulfur and phosphorus;

[0028] X~ may be coordinated to M;

[0029] Y,"isF,Cl,Br,I,BF, , ClO, ,NO,” or PF 7
[0030] Y,* is SO,*" or CO,>;

[0031] a is an integer obtained by adding 1 to the total

number of monovalent cations included in protonated
groups of R! to R*?;
[0032] b is an integer of 1 or more, ¢ is an integer of O or
more, d is an integer of 0 or more, and b+c+2d=a is satisfied;
[0033] Z, to Z,5 are each independently a nitrogen or
phosphorus atomus;

[0034] n is an integer of 1 to 10;
[0035] m is an integer of 1 to 10;
[0036] R toR'®, R*! to R?°, R* to RS, R* to R*®, R™!

to R®, R® to R, R"! to R7° and R® to R®® are each
independently hydrogen; (C1-C20)alkyl; (C1-C20)alkyl
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containing one or more selected from among halogen,
nitrogen, oxygen, silicon, sulfur and phosphorus; (C2-C20)
alkenyl; (C2-C20)alkenyl containing one or more selected
from among halogen, nitrogen, oxygen, silicon, sulfur and
phosphorus; (C1-C20)alkyl(C6-C20)aryl; (C1-C20)alkyl
(C6-C20)aryl containing one or more selected from among
halogen, nitrogen, oxygen, silicon, sulfur and phosphorus;
(C6-C20)aryl(C1-C20)alkyl;  (C6-C20)aryl(C1-C20)alkyl
containing one or more selected from among halogen,
nitrogen, oxygen, silicon, sulfur and phosphorus; or a met-
alloid radical of Group 14 metal substituted with hydrocar-
byl; two of R to R'®, two of R*! to R?S, two of R*! to R?®,
two of R* to R*8, two of R®! to R*’, two of R®! to R%¢, two
of R7! to R”®, and two of R*! to R®® may be linked with each
other to thereby form a ring; and

[0037] wherein alkyl, alkenyl, alkylaryl, arylalkyl, alkoxy,
aryloxy, alkylcarbonyl, and arylcarbonyl of R to R'°, and
alkyl, alkenyl, alkylaryl and arylalkyl of R to R'¢, R*! to
R26, R*'1o R36, R* 1o R48’ R3'1o R57, R% 1o R66, R toR7¢
and R* to R®® may be further substituted with any one or
more selected from halogen, (C1-C20)alkyl, (C2-C20)alk-
enyl, (C1-C20)alkyl(C6-C20)aryl and (C6-C20)aryl(C1-
C20)alkyl.

[0038] The novel complex represented by Chemical For-
mula 1 above includes one or more protonated groups
represented by Chemical Formulas 2 to 9 above to have
significantly excellent activity and high activity even at a
low temperature, thereby being significantly effective in
preparation of poly(alkylene carbonate).

[0039] That is, since the complex represented by Chemical
Formula 1 above of the present invention structurally
includes at least one or more onium salts in a molecule, the
complex used as a catalyst may have excellent activity and
promote polymerization even at a relatively low tempera-
ture.

[0040] In addition, the complex represented by Chemical
Formula 1 of the present invention includes at least one
protonated group having an amine functional group and an
onium salt or phosphine or an onium salt in a molecule, such
that activity may be excellent and high activity may be
maintained even at a low temperature.

[0041] The complex represented by Chemical Formula 1
of the present invention includes a structure in which an
amine functional group and an onium salt or phosphine and
an onium salt are symmetrically present at both sides based
on a central metal, respectively, and preferably, when the
structure of the complex is symmetrically present, the prepa-
ration yield of the complex may be improved, and activity
may be excellent at the time of preparation of poly(alkylene
carbonate).

[0042] Q may be (C6-C30)arylene, (C1-C20)alkylene,
(C2-C20)alkenylene, (C2-C20)alkynylene or (C3-C20)cy-
cloalkylene, and more specifically, M may be trivalent
cobalt; A may be oxygen; and Q may be 1,2-cyclohexylene,
phenylene or ethylene.

[0043] At least one or more of R', R?, R and R® may be
a protonated group selected from a group consisting of
Chemical Formulas 2, 3, 4, 5, 6, 7, 8, and 9 as described
above, and

[0044] more specifically, R?, R*, R7, R®, R® and R'° may
be hydrogen.
[0045] In order to have excellent catalytic activity, Chemi-

cal Formula 1 above may be represented by the following
Chemical Formula 11:
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[Chemical Formula 11]

at

N N= (XD LYo
R’ g M\A RS
L R! R? _
[0046] in Chemical Formula 11,
[0047] M is trivalent cobalt or trivalent chromium;
[0048] A is oxygen or sulfur;
[0049] R'! and R? are each independently a protonated

group selected from a group consisting of hydrogen, (C1-
C10)alkyl, Chemical Formulas 2, 3, 4, 5, 6, 7, 8, and 9 as
described above;

[0050] R’ and R® each independently represent hydrogen,
halogen, (C1-C20)alkyl, (C2-C20)alkenyl, (C1-C20)alkoxy,
(C1-C20)alkyl(C6-C20)aryl or (C6-C20)aryl(C1-C20)alkyl;
alkyl, alkenyl, alkoxy, alkylaryl or arylalkyl of R® or R® may
be further substituted with any one or more selected from
halogen, (C1-C20)alkyl, (C2-C20)alkenyl, (C1-C20)alkoxy,
(C1-C20)alkyl(C6-C20) aryl or (C6-C20)aryl(C1-C20)
alkyl;

[0051] X, is halogen anion; a (C1-C20)alkylcarboxy
anion; a (C1-C20)alkylcarboxy anion containing one or
more selected from among halogen, nitrogen, oxygen, sili-
con, sulfur and phosphorus; a (C1-C20)alkylcarbonate
anion; a (C1-C20)alkylcarbonate anion containing one or
more selected from among halogen, nitrogen, oxygen, sili-
con, sulfur and phosphorus; a (C1-C20)alkylcarbamate
anion; or a (C1-C20)alkylcarbamate anion containing one or
more selected from among halogen, nitrogen, oxygen, sili-
con, sulfur and phosphorus; a (C6-C20)aryloxy anion; or a
(C6-C20)aryloxy anion containing one or more selected
from among halogen, nitrogen, oxygen, silicon, sulfur and
phosphorus;

[0052] X,” may be coordinated to Co;

[0053] Y,” is CI7, Br~, BF,” or NO,~;

[0054] Y,* is SO,*" or CO,>7;

[0055] a is an integer obtained by adding 1 to the total

number of monovalent cations included in protonated
groups of R! to R?; and

[0056] b is an integer of 1 or more, ¢ is an integer of O or
more, d is an integer of 0 or more, and b+c+2d=a is satisfied.
[0057] In order to have a more excellent catalytic activity,
preferably, the complex represented by Chemical Formula 1
above may have a structure represented by any one of the
following Chemical Formulas 12 to 22.

[0058] That is, in the complex having one structure rep-
resented by the following Chemical Formulas 12 to 22, one
or two onium salt(s) are symmetrically or asymmetrically
present at based on a central metal, respectively, more
specifically, a structure having amine and an onium salt or
phosphine and an onium salt is asymmetrically present at
one side or symmetrically present at both sides, based on a
central metal, such that the complex used as a catalyst in
preparation of poly(alkylene carbonate) may have excellent
catalytic activity.
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[Chemical Formula 12]
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-continued
[Chemical Formula 16]

2 ki R ki
~N N— ~N N=
Co, Co,
A0 . : . 0N . ; N
R’ O O RS XY 11l Y2 1 R’ O O RS XY 1Y " T
n n n n
N N—» (—N N—>
/N\+—> <_N\+\Rl4 /N+_Zm <—N+ o
RI3 RM 13 R33 53
R R
N ;55 N ;s
[Chemical Formula 13] A R 4 R
R R
[Chemical Formula 17]
~ 3 *
—N N—
) 3+
5 Ve Co 6 - - 2. — I\f N=—
R ¢} ¢} R [XTelY1L[Y2"1a
Co
- . - .
d " RS o7 o RE | XYY" la
N N n n
<:N}—R23 R23—N:> N*—R%® RE6—N*
\R24 Rzl4 <
N N
[Chemical Formula 14] / \
R63 R63
[Chemical Formula 18]
N 3"
=N  N—
2 3+
Co, _
AN . - . =
RS 0" o RS | XY LYl NN
Co,
n O . ; .
! R’ O O RS XY 1 e[V 1
N N n A
4 \W —-R¥ RPN
\R34 R3* NT—R'6 R76—N*+
[Chemical Formula 15]
N N
\ /
R73 R73
\ 3+ [Chemical Formula 19]
=N  N—
Co’,
RS 0" Yo RO | [XTe[Y1 Y221 $ "
" > ~N N=—
5 /Co p i} i .
R#Z—N*—R# R¥Z—N'—RH R O O R XLlY 1 le[Y2"]a
n n
n n
N N <:N/\+ —Rgs Res —/N+
N N
; ; S RS3 837\ >
N N R R
rR¥7 1 R¥7
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-continued
[Chemical Formula 20]

3+

=N N—
Co?,
PN - - R
R? O Oi@*“ XY 11l Y2 1
n
R2
[Chemical Formula 21]
~N N=
Co’,
RS 0" o RE
n
R2

3+

XTe[Y 11 [Y2> Ta

\R24
[Chemical Formula 22]
s 3
—~N  N=
ACol . - .
R3 o o RS XLlY11[Y2
n R2
N
N R
\
R
[0059] in Chemical Formulas 12 to 22,
[0060] R? is hydrogen or (C1-C20)alkyl;
[0061] R’ or RS is hydrogen, halogen, (C1-C10)alkyl or

(C1-C10)alkoxy;

[0062] R13, RM, R23, R24, R33, R34, R41, R42, R45, R46,
R53, R54, RSS’ R63, R66, R73, R76, R®® and R®® are each
independently (C1-C10)alkyl;

[0063] m or nis each independently an integer of 1 to 10;
[0064] X~ is Cl7, an acetate anion (CH;COO7) or a
4-nitrophenoxy anion (NO,—C,H;07);

[0065] X~ may be coordinated to Co;

[0066] Y, is ClI7, Br™ or NO;7;

[0067] Y,* is SO,* or CO,>7; and

[0068] b is an integer of 1 or more, ¢ is an integer of O or

more, d is an integer of 0 or more, and b+c+2d=3 is satisfied.
[0069] More specifically, the complex according to an
exemplary embodiment of the present invention may be
selected from the following structures, but is not limited
thereto:
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€ ) /> <\ € ) [0070] Substituents including “alkyl”, “alkoxy” and other
N N “alkyl” parts described in the present invention include both
/ \ of linear type or branched type. In addition, “aryl” described

in the present invention, which is an organic radical derived
from aromatic hydrocarbon due to removal of one hydrogen,
includes a single ring system or a fused ring system includ-
ing 4 to 7 ring atoms, preferably, 5 or 6 ring atoms in each
ring, and even includes a form in which a plurality of aryls
are connected by a single bond. Specific examples of the aryl
include phenyl, naphthyl, biphenyl, anthryl, indenyl, fluo-
renyl, and the like, but the present invention is not limited
thereto. “alkenyl” defined in the present invention means a
linear-, branched-, or a cyclic hydrocarbon radical contain-
ing 2 to 20 carbon atoms and at least one carbon to carbon
/To\ double bond.

= [0071] The phrase: “containing one or more of halogen,
nitrogen, oxygen, silicon, sulfur and phosphorus™ described
NOj; NO; in the present invention means substituent groups including

N N* one or more of halogen, nitrogen, oxygen, silicon, sulfur and
< > phosphorus, and as an example thereof, “an alkyl containing
N N one or more of halogen, nitrogen, oxygen, silicon, sulfur and

\ phosphorus” means an alkyl substituted with substituent
groups including one or more of halogen, nitrogen, oxygen,
silicon, sulfur and phosphorus. Specifically, haloalkyl,
alkoxy and aminoalkyl may be included, but the present
invention is not limited thereto.

[0072] (C1-C20)alkyl, (C1-C20)alkoxy, and (C3-C20)cy-
cloalkyl according to an exemplary embodiment of the
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present invention may be preferably (C1-C10)alkyl, (C1-
C10)alkoxy, (C3-Cl12)cycloalkyl; (C6-C20)aryl may be
preferably (C6-C12)aryl.

[0073] In another general aspect, the present invention
provides a preparation method of poly(alkylene carbonate),
including: copolymerizing carbon dioxide and one or more
epoxide compound selected from a group consisting of
(C2-C20)alkylene oxide unsubstituted or substituted with
halogen, (C1-C20)alkyloxy, (C6-C20)aryloxy or (C6-C20)
ar(C1-C20)alkyl(aralkyl)oxy; (C4-C20)cycloalkylene oxide
unsubstituted or substituted with halogen, (C1-C20)alky-
loxy, (C6-C20)aryloxy or (C6-C20)ar(C1-C20)alkyl
(aralkyl)oxy; and (C8-C20)styrene oxide unsubstituted or
substituted with halogen, (C1-C20)alkyloxy, (C6-C20)ary-
loxy, (C6-C20)ar(C1-C20)alkyl(aralkyl)oxy or (C1-C20)
alkyl in the presence of a compound represented by the
following Chemical Formula 31 which is a molecular weight
regulator, using the complex as described above as a cata-
lyst:

J(LH), [Chemical Formula 31]

[0074] in Chemical Formula 31, J is C1 to C60 hydrocar-
byl c-valent radical with or without an ether group, an ester
group or an amine group; LH is —OH or —CO,H; and ¢ is
an integer from 1 to 10, in which LH may be identical or
different when c is 2 or more.

[0075] With the preparation method of poly(alkylene car-
bonate) of the present invention, a molecular weight of the
complex and the poly(alkylene carbonate) prepared as a
molecular weight regulator represented by Chemical For-
mula 31 above of the present invention may be regulated,
and unlike the related art documents, even though a large
amount of molecular weight regulator is used, a catalytic
activity may not be deteriorated, such that a preparation
amount of poly(alkylene carbonate) may not be decreased.
[0076] Therefore, the preparation method of poly(alkylene
carbonate) of the present invention may regulate an amount
of molecular weight regulator in the presence of the complex
of the present invention to be capable of preparing a desired
molecular weight of poly(alkylene carbonate). Preferably, in
the compound represented by Chemical Formula 31 above
which is a molecular weight regulator, a compound in which
cis 1; and J is C1 to C60 hydrocarbyl radical with or without
an ether group, an ester group, or an amine group may be
used as a molecular weight regulator.

[0077] Preferably, in the compound represented by
Chemical Formula 31, LH may be —OH; and ] may be
—|[CR,],— (n is an integer of 0 to 20; and R which may be
identical or different represents hydrogen, methyl, ethyl,
propyl, or butyl).

[0078] Preferably, in the compound represented by
Chemical Formula 31, a compound in which ¢ is 2; and J is
C1 to C60 hydrocarbyl diradical with or without an ether
group, an ester group, or an amine group may be used as a
molecular weight regulator, and specifically, the compound
may be selected from a compound in which the structure of
the compound represented by Chemical Formula 31 is
J(CO,H), {Jis —[CR,],— (nis an integer from O to 20; and
R which may be identical or different represents hydrogen,
methyl, ethyl, propyl or butyl), para-phenylene, meta-phe-
nylene, ortho-phenylene or 2,6-naphthalenediyl}, or a com-
pound in which the structure of the compound represented
by Chemical Formula 31 is J(OH), {Jis —[CR,],,— (n is an
integer from 0 to 20; and R which may be identical or

Dec. 29, 2016

different represents hydrogen, methyl, ethyl, propyl or
butyl), —CH,CH,N(R)CH,CH,— (R is C1-C20 hydrocar-
byl), or —[CH,CH(R)O],CH, CH(R)— (n is an integer
from 0 to 10; and R is hydrogen or methyl)}, or a compound
in which the structure of the compound represented by
Chemical Formula 31 is OH—CH,—CO,H.

[0079] In addition, in the compound represented by
Chemical Formula 31, a compound in which ¢ is 3; and J is
a C1-C60 hydrocarbyl triradical with or without an ether
group, an ester group or an amine group may be used as a
molecular weight regulator, and specifically, an example of
the compound may include a compound in which the
structure of the compound represented by Chemical Formula
31 is J(CO,H); (J is 1,2,3-propanetriyl, 1,2,3-benzenetriyl,
1,2,4-benzenetriyl or 1,3,5-benzenetriyl.

[0080] Further, in the compound represented by Chemical
Formula 31, a compound in which ¢ is 4; and J is a C1-C60
hydrocarbyl tetraradical with or without an ether group, an
ester group or an amine group may be used as a molecular
weight regulator, and specifically, an example of the com-
pound may include a compound in which the structure of the
compound represented by Chemical Formula 31 is
J(CO,H), (1,2,3,4-butanetetrayl or 1,2,4,5-benzenetetrayl).
[0081] In addition, specific examples of the compound
represented by Chemical Formula 31 may include adipic
acid, ethanol, caproic acid, succinic acid, ethylene glycol,
diethylene glycol, N-phenyl diethanol amine, 4-hydroxy-
benzoic acid, 1,2,3-propane tricarboxylic acid, 1,2,4-ben-
zene ftricarboxylic acid or 1,2,3,4-butanetetracarboxylic
acid, and the like.

[0082] Specific examples of the epoxide compound in the
preparation method according to the present invention
include ethylene oxide, propylene oxide, butene oxide,
pentene oxide, hexene oxide, octene oxide, decene oxide,
dodecene oxide, tetradecene oxide, hexadecene oxide, octa-
decene oxide, butadiene monoxide, 1,2-epoxide-7-octene,
epifluorohydrin, epichlorohydrin, epibromohydrin, isopro-
pyl glycidyl ether, butyl glycidyl ether, tert-butyl glycidyl
ether, 2-ethylhexyl glycidyl ether, allyl glycidyl ether, cyclo-
pentene oxide, cyclohexene oxide, cyclooctene oxide,
cyclododecene oxide, alpha-pinene oxide, 2,3-epoxidenor-
bomene, limonene oxide, dieldrin, 2,3-epoxidepropylben-
zene, styrene oxide, phenylpropylene oxide, stilbene oxide,
chlorostilbene oxide, dichlorostilbene oxide, 1,2-epoxy-3-
phenoxypropane, benzyloxymethyl oxyrane, glycidyl-meth-
ylphenyl ether, chlorophenyl-2,3-epoxidepropyl ether,
epoxypropyl methoxy phenyl ether, biphenyl glycidyl ether,
glycidyl naphthyl ether, and the like.

[0083] The epoxide compound may be used in polymer-
ization using an organic solvent as a reaction medium, and
examples of the solvent include aliphatic hydrocarbons such
as pentane, octane, decane, cyclohexane, and the like, aro-
matic hydrocarbons such as benzene, toluene, xylene, and
the like, and halogenated hydrocarbons such as chlorometh-
ane, methylene chloride, chloroform, carbon tetrachloride,
1,1-dichloroethane,  1,2-dichloroethane, ethylchloride,
trichloroethane, 1-chloropropane, 2-chloropropane, 1-chlo-
robutane, 2-chlorobutane, 1-chloro-2-methylpropane, chlo-
robenzene, bromobenzene, and the like, which may be used
alone or in combination of two or more thereof. More
preferably, bulk polymerization using a monomer itself as a
solvent may be performed.

[0084] In the preparation method of the present invention,
a molar ratio of the epoxide compound to catalyst may range
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from 500 to 1,000,000, preferably from 1,000 to 300,000. In
addition, a molar ratio of the catalyst to the molecular weight
regulator may range from 1 to 3,000, preferably from 5 to
2,000. In the preparation method of the present invention,
pressure of carbon dioxide may be up to 100 bar, preferably,
5 bar to 50 bar. In the preparation method of the present
invention, polymerization temperature may be from 10° C.
to 120° C., preferably, 20° C. to 90° C.
[0085] The poly(alkylene carbonate) prepared by the
preparation method of the present invention has a number
average molecular weight (M,)) of 1,000 to 500,000 and a
molecular weight distribution (that is, M, /M, , PDI) of 1.0 to
3.0. Here, M,, indicates a number average molecular weight
measured by GPC with calibration using polystyrene having
a single molecular weight distribution as a standard material,
and molecular weight distribution M, /M,, indicates a ratio
between a weight average molecular weight and a number
average molecular weight specified by GPC using the same
method.
[0086] Meanwhile, since the preparation method of the
present invention is characterized by using the novel com-
plex as the catalyst, as another embodiment of the present
invention, poly(alkylene carbonate) having a high molecular
weight may be prepared by copolymerization of carbon
dioxide and epoxide only in the presence of the novel
complex without addition of the molecular weight regulator,
and a combination of the novel complex and the molecular
weight regulator represented by Chemical Formula 31 above
of the present invention may regulate a molecular weight,
such that poly(alkylene carbonate) having a high molecular
weight as well as a low molecular weight may be prepared.
[0087] The maximum turnover number (TON) which is
capable of being implemented by the catalyst used in the
preparation method of the present invention is about 10,000
or more.
[0088] The poly(alkylene carbonate) prepared by the
preparation method of the present invention may be prefer-
ably represented by the following Chemical Formula 41, and
here, the —OH terminal group may be used to prepare
polyurethane:

JIL-{CRPIR'*_CR'PR!*—0C(0)0} ,—

CRI3IRI32_CRI33RI3_OH], [Chemical Formula 41]

[0089] in Chemical Formula 41,

[0090] L is —O— or —CO,—;

[0091] c is an integer of 2 to 10, L. may be identical or
different;

[0092] T is C1-C60 hydrocarbyl c-valent radical with or

without an ether group, an ester group or an amine group;
[0093] R'*' to R'** are each independently hydrogen;
(C1-C10)alkyl unsubstituted or substituted with halogen or
(C1-C20)alkoxy; (C6-C12)aryl unsubstituted or substituted
with halogen or (C1-C20)alkoxy and may be linked with
each other to thereby form a ring; and

[0094] a value obtained by multiplying d by ¢ is a natural
number of 1000 or less.

[0095] In other words, in the polymer compound repre-
sented by Chemical Formula 41, ¢ is 2; ] is C1-C60
hydrocarbyl diradical with or without an ether group, an
ester group or an amine group; R'' to R"™* are each
independently hydrogen or methyl; d is an integer of 5 to
500, and preferably, all of R**! to R'** may be hydrogen or
all of R®! to R'** may be hydrogen and R'** may be
methyl(in some repeated units, R**' is methyl, and all of the
remaining R'*? to R'** are hydrogen).
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[0096] The polymer compound represented by Chemical
Formula 41 may be preferably a compound in which ¢ is 2;
L is —CO,—; J is —|CR,],— (n is an integer of 0 to 20;
R which may be identical or different represents hydrogen,
methyl, ethyl, propyl or butyl), para-phenylene, meta-phe-
nylene, ortho-phenylene or 2,6-naphthalenediyl, or a com-
pound in which ¢ is 2; L is —O—; J is —[CR,],— (n is an
integer of 0 to 20; R which may be identical or different
represents hydrogen, methyl, ethyl, propyl or butyl),
—CH,CH,N(R)CH,CH,— (R is C1 to C20 hydrocarbyl) or
—[CH,CH(R)O],,CH,CH(R)— (n is an integer of 0 to 10;
and R is hydrogen or methyl).

[0097] In other words, in the polymer compound repre-
sented by Chemical Formula 41, ¢ is 3; J is C1-C60
hydrocarbyl diradical with or without an ether group, an
ester group or an amine group; R to R'** are each
independently hydrogen or methyl; d is a natural number of
330 or less, and preferably, all of R*** to R'** may be
hydrogen or all of R**! to R*** may be hydrogen and R***
may be methyl(in some repeated units, R** is methyl, and
all of the remaining R**? to R'** are hydrogen).

[0098] The polymer compound represented by Chemical
Formula 41 is preferably a compound in which ¢ is 3; L is
—CO,—; and T is 1,2,3-propanetriyl, 1,2,3-benzenetriyl,
1,2,4-benzenetriyl or 1,3,5-benzenetriyl.

[0099] In other words, in the polymer compound repre-
sented by Chemical Formula 41, ¢ is 4; J is C1-C60
hydrocarbyl diradical with or without an ether group, an
ester group or an amine group; R to R'** are each
independently hydrogen or methyl; d is a natural number of
250 or less, and preferably, all of R** to R'** may be
hydrogen or all of R**! to R*** may be hydrogen and R***
may be methyl(in some repeated units, R** is methyl, and
all of the remaining R**? to R'** are hydrogen).

[0100] The polymer compound represented by Chemical
Formula 41 is preferably a compound in which ¢ is 4; L is
—CO,—; and T is 1,2,3,4-butanetetrayl or 1,2,4,5-ben-
zenetetrayl.

[0101] In the case where the polymer compound in which
¢ is 3 or 4, which is a star shaped polymer having three or
four branches, is used to prepare polyurethane, it may induce
cross-linking and thus may be employed in preparation of
thermosetting polyurethane.

[0102] Poly(alkylene carbonate) polymer prepared by the
preparation method of the present invention may be used
itself as a coating material, and the like, and may also be
used in a blend with other polymers.

Advantageous Effects of Invention

[0103] The novel complex of the present invention struc-
turally includes at least one or more onium salts in a
molecule, and more specifically, includes at least one or
more structures containing an amine functional group and an
onium salt or containing phosphine or an onium salt, in a
molecule, such that the complex used as a catalyst may have
significantly excellent activity and promote polymerization
even at a relatively low temperature. In addition, as com-
pared to the existing copolymerization catalyst, the novel
complex of the present invention has a simple structure to be
capable of being effectively prepared by a simple process,
such that it is expected that the novel complex may be
effectively applied to a large-scale commercial process due
to the economical preparation cost thereof.
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[0104] Further, according to the present invention, poly
(alkylene carbonate) having a low molecular weight may be
prepared by copolymerization of carbon dioxide/epoxide
using the molecular weight regulator in the presence of the
novel complex, and even though the molecular weight
regulator is used, the catalytic activity may be stably main-
tained, such that poly(alkylene carbonate) having a desirable
level of molecular weight may be effectively provided and
poly(alkylene carbonate) having a high molecular weight
may also be prepared using a small amount of molecular
weight regulator.

[0105] In addition, it is expected that the poly(alkylene
carbonate) prepared by the preparation method of the pres-
ent invention may also be effectively used even in preparing
polyurethane.

MODE FOR THE INVENTION

[0106] Hereinafter, the following Examples and Compara-
tive Examples specifically describe the effect of the present
invention. However, Examples below are not intended to
limit the scope of the present invention but are only for
exemplifying the present invention.

Preparation Example 1

[0107] A cobalt-Salen catalyst 6 was prepared by the
following Reaction Formula 1:

Reaction Formula 1
—0

OH

;AgNO;

—0

OH
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-continued
— N=
OH HO Co(OAc),

—_—
;LiCl, air

[0108] Paraformaldehyde (0.7 g) and N-methylpiperazine
(2.6 mL) were dissolved into acetonitrile (40 ml), and
salicylaldehyde 2 (3.4 g) was added thereinto and stirred at
80° C. for 10 hours. When the reaction was completed, a
saturated ammonium chloride aqueous solution was added
thereinto to terminate the reaction, and the reactant was
extracted with dichloromethane three times. An organic
layer was separated and dried by magnesium sulfate, fol-
lowed by filtration and distillation under reduced pressure to
remove a solvent and obtain salicylaldehyde 3 containing
piperazine (5.5 g). The prepared salicylaldehyde derivative
3 (3.6 g) was added into a round bottom flask wrapped with
aluminum foil and was dissolved into acetonitrile (25 ml.)
and then 1l-iododebutane (1.8 ml) was added thereinto,
followed by stirring at 80° C. for 8 hours. A solvent was
removed by distillation under reduced pressure, the reactant
was dissolved into dichloromethane (19 ml) and silver
nitrate (1.8 g) was added thereinto, followed by stirring at
room temperature for 6 hours. After the reaction solution
was filtered when the reaction was completed, a solvent was
removed by distillation under reduced pressure to obtain a
salicylaldehyde derivative 4 containing amine and an ammo-
nium salt (3.3 g). The salicylaldehyde derivative 4 (2.7 g)
containing amine and an ammonium salt and 1,2-trans-
diaminocyclohexane (0.5 mL) were dissolved into dichlo-
romethane (13 mL), followed by stirring at room tempera-
ture for 2 hours. When the reaction was completed, a solvent
was removed by distillation under reduced pressure and
dried to obtain a Salen derivative 5 (2.9 g). The prepared
ligand 5 (0.5 g) was dissolved into dichloromethane (2 mL.),
and cobalt acetate tetrahydrate (144 mg) was added there-
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into, followed by stirring at room temperature for 12 hours,
and then lithium chloride (25 mg) was added thereinto and
the reactant was oxidized by air. The produced metal com-
plex was dissolved into dichloromethane again, an organic
layer was extracted with water, and impurities were
removed. After distillation under reduced pressure, a cobalt-
Salen catalyst 6 containing amine and an ammonium salt
(0.3 g) was obtained. Result obtained by spectroscopy
experiment of the Salen derivative 5 containing amine and
an ammonium salt was as follows.
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[0109] 'H NMR (500 MHz, CDCLy) & 13.55 (2H, br s),
8.32 (2H, ), 7.26 (2H, s), 7.14 (2, s), 3.58-3.55 (2ML, d,
J=15.0 Hz), 3.50 (6H, m), 3.46 (8H, m), 3.35 (2H, m), 3.21
(6H, ), 2.93-2.87 (4H, m), 2.84-2.78 (4H, m), 1.86-1.81
(4H, m), 1.76 (4H, m), 1.45-135 (8H, m), 1.25 (18H, s),
0.97-0.95 (6, t, I=7.5 Hz)

Preparation Example 2

[0110] A cobalt-Salen catalyst 9 was prepared by the
following Reaction Formula 2:

Reaction Formula 2

—0

N/

—0

;AgNO;

LN NH,

Co(OAc),
—_—
;LiCl, air
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[0111] The salicylaldehyde derivative 3 (0.5 g) prepared
by the same method as Preparation Example 1 above was
added into a round bottom flask wrapped with aluminum foil
and was dissolved into acetonitrile (10 mL) and then 1-bro-
mohexane (0.3 mL) was added thereinto, followed by stir-
ring at 80° C. for 8 hours. A solvent was removed by
distillation under reduced pressure, the reactant was dis-
solved into dichloromethane (10 mL) and silver nitrate (0.25
g) was added thereinto, followed by stirring at room tem-
perature for 6 hours. After the reaction solution was filtered
when the reaction was completed, a solvent was removed by
distillation under reduced pressure to obtain a salicylalde-
hyde derivative 7 containing amine and an ammonium salt
(0.5 g). The salicylaldehyde derivative 7 containing amine
and an ammonium salt (0.5 g) and 1,2-trans-diaminocyclo-
hexane (0.07 mL) were dissolved into dichloromethane (6
mL), followed by stirring at room temperature for 4 hours.
A solvent was removed by distillation under reduced pres-
sure, and the reactant was washed with water and dried to
obtain a Salen derivative 8 (0.5 g). The prepared ligand 8
(0.5 g) was dissolved into dichloromethane (5 mL), and

—0

OH
1

16
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cobalt acetate tetrahydrate (130 mg) was added thereinto,
followed by stirring at room temperature for 12 hours, and
then lithium chloride (65 mg) was added thereinto and the
reactant was oxidized by air. The produced metal complex
was dissolved into dichloromethane again, an organic layer
was extracted with water, and impurities were removed.
After distillation under reduced pressure, a cobalt-Salen
catalyst 9 containing amine and an ammonium salt (0.4 g)
was obtained. Result obtained by spectroscopy experiment
of the Salen derivative 8 containing amine and an ammo-
nium salt was as follows.

[0112] 'HNMR (500 MHz, CDCL,) § 13.56 (2H, s), 8.34
(2H, s), 7.27 (2H, s), 7.16 (2H, s), 3.73-3.37 (16H, m), 3.27
(6H, s), 2.87-2.77 (8H, m), 1.95-1.85 (4H, m), 1.74 (8H, s),
1.49-1.43 (2H, m), 1.33-1.29 (4H, m), 1.26 (26H, s), 0.99-
0.97 (6H, t, ]=9.0 Hz)

Preparation Example 3

[0113] A cobalt-Salen catalyst 12 was prepared by the
following Reaction Formula 3:

;AgNO;

Reaction Formula 3
—0
OH
N
NOj3 : :
N+\ H,N NH,
10
N=
Co(OAc),
;LiCl, air

11



US 2016/0376299 Al

-continued

[0114]
by the same method as Preparation Example 1 above was

The salicylaldehyde derivative 3 (0.5 g) prepared

added into a round bottom flask wrapped with aluminum foil
and was dissolved into acetonitrile (10 mL) and then 1-io-
dooctane (0.3 mL) was added thereinto, followed by stirring
at 80° C. for 10 hours. A solvent was removed by distillation
under reduced pressure, the reactant was dissolved into
dichloromethane (10 mL) and silver nitrate (0.3 g) was
added thereinto, followed by stirring at room temperature
for 6 hours. After the reaction solution was filtered when the
reaction was completed, a solvent was removed by distilla-
tion under reduced pressure to obtain a salicylaldehyde
derivative 10 containing amine and an ammonium salt (0.6
g). The salicylaldehyde derivative 10 containing amine and
an ammonium salt (0.6 g) and 1,2-trans-diaminocyclo-
hexane (0.07 mL) were dissolved into dichloromethane (6
mL), followed by stirring at room temperature for 4 hours.
A solvent was removed by distillation under reduced pres-
sure, and the reactant was washed with water and dried to
obtain a Salen derivative 11 (0.3 g). The prepared ligand 11
(0.3 g) was dissolved into dichloromethane (5 mL), and
cobalt acetate tetrahydrate (73 mg) was added thereinto,
followed by stirring at room temperature for 12 hours, and
then lithium chloride (37 mg) was added thereinto and the
reactant was oxidized by air. The produced metal complex
was dissolved into dichloromethane again, an organic layer
was extracted with water, and impurities were removed.
After distillation under reduced pressure, a cobalt-Salen
catalyst 12 containing amine and an ammonium salt (0.2 g)
was obtained. Result obtained by spectroscopy experiment
of the Salen derivative 11 containing amine and an ammo-
nium salt was as follows.

[0115] 'H NMR (500 MHz, CDCL,) & 13.56 (2H, s), 8.34
(2H, 5), 7.26 (2H, 5), 7.15 (2H, s), 3.73-3.37 (161, m), 3.22
(6H, 5), 2.84-2.78 (8H, m), 1.93-1.86 (2H, m), 1.71 (8L, s),
1.49-1.43 (2H, m), 1.33-1.27 (24H, m), 1.26 (18H, s),
0.92-0.84 (6H, t, 1=8.5 Hz)
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Preparation Example 4

[0116] A cobalt-Salen catalyst 15 was prepared by the
following Reaction Formula 4:
Reaction Formula 4
—0
OH

\a

;AgNO;
¢
)
/ —
3
OH
_—
N
NOy < j
N N NH
\\ ; \ 2 2

Co(OAc),
—_—
;LiCl, air

14
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-continued

15

[0117]
by the same method as Preparation Example 1 above was

The salicylaldehyde derivative 3 (1.0 g) prepared

added into a round bottom flask wrapped with aluminum foil
and was dissolved into acetonitrile (20 mL) and then allyl
bromide (0.4 mL.) was added thereinto, followed by stirring
at 80° C. for 8 hours. A solvent was removed by distillation
under reduced pressure, the reactant was dissolved into
dichloromethane (20 mL) and silver nitrate (0.7 g) was
added thereinto, followed by stirring at room temperature
for 6 hours. After the reaction solution was filtered when the
reaction was completed, a solvent was removed by distilla-
tion under reduced pressure to obtain a salicylaldehyde
derivative 13 containing amine and an ammonium salt (1.16
g). The salicylaldehyde derivative 13 containing amine and
an ammonium salt (1.2 g) and 1,2-trans-diaminocyclo-
hexane (0.2 mL) were dissolved into dichloromethane (15
mL), followed by stirring at room temperature for 4 hours.
A solvent was removed by distillation under reduced pres-
sure when the reaction was completed, and the reactant was
washed with water and dried to obtain a Salen derivative 14
(0.7 g). The prepared ligand 14 (0.3 g) was dissolved into
dichloromethane (5 mL), and cobalt acetate tetrahydrate (96
mg) was added thereinto, followed by stirring at room
temperature for 12 hours, and then lithium chloride (48 mg)
was added thereinto and the reactant was oxidized by air.
The produced metal complex was dissolved into dichlo-
romethane again, an organic layer was extracted with water,
and impurities were removed. After distillation under
reduced pressure, a cobalt-Salen catalyst 15 containing
amine and an ammonium salt (128 mg) was obtained. Result
obtained by spectroscopy experiment of the Salen derivative
14 containing amine and an ammonium salt was as follows.

[0118] 'H NMR (500 MHz, CDCL,) & 8.34 (2H, s), 7.26
(20, 5), 7.15 (2H, 5), 5.95-5.92 (2H, m), 5.81-5.71 (4H, m),
4.19 (41, d, I=6.5 Hz), 3.65 (4H, s), 3.53 (8H, s), 3.20 (611,
s), 2.95-2.86 (4H, m), 2.82-2.72 (4H, m), 2.01-1.59 (10H,
m), 1.28 (18M, s)
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Preparation Example 5

[0119] A cobalt-Salen catalyst 18 was prepared by the
following Reaction Formula 5:

Reaction Formula 5
—0
OH I
—_—
—N ; AgNO;3
/N —
3
—0
OH

OH HO

Co(OAc),
R —_—
; LiCl, air

17
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The salicylaldehyde derivative 3 (0.7 g) prepared

18

[0120]
by the same method as Preparation Example 1 above was
added into a round bottom flask wrapped with aluminum foil
and was dissolved into acetonitrile (10 mL) and then 1-iodo-
2-methylpropane (0.5 mL) was added thereinto, followed by
stirring at 80° C. for 8 hours. A solvent was removed by
distillation under reduced pressure, the reactant was dis-
solved into dichloromethane (10 mL) and silver nitrate (0.5
g) was added thereinto, followed by stirring at room tem-
perature for 6 hours. After the reaction solution was filtered
when the reaction was completed, a solvent was removed by
distillation under reduced pressure to obtain a salicylalde-
hyde derivative 16 containing amine and an ammonium salt
(1.0 g). The salicylaldehyde derivative 16 containing amine
and an ammonium salt (1.0 g) and 1,2-trans-diaminocyclo-
hexane (0.2 mL) were dissolved into dichloromethane (10
mL), followed by stirring at room temperature for 4 hours.
A solvent was removed by distillation under reduced pres-
sure, and the reactant was washed with water and dried to
obtain a Salen derivative 17 (0.7 g). The prepared ligand 17
(0.7 g) was dissolved into dichloromethane (10 mL), and
cobalt acetate tetrahydrate (190 mg) was added thereinto,
followed by stirring at room temperature for 12 hours, and
then lithium chloride (98 mg) was added thereinto and the
reactant was oxidized by air. The produced metal complex
was dissolved into dichloromethane again, an organic layer
was extracted with water, and impurities were removed.
After distillation under reduced pressure, a cobalt-Salen
catalyst 18 containing amine and an ammonium salt (0.6 g)
was obtained. Result obtained by spectroscopy experiment
of the Salen derivative 17 containing amine and an ammo-
nium salt was as follows.

[0121] ‘H NMR (500 MHz, CDCl,) 8 13.53 (2H, br s),
8.34-831 (2, 5), 7.27 (2H, 5), 7.15 (2H, ), 3.71-3.37 (16H,
m), 3.27 (6H, s) 2.82-2.78 (8H, m), 2.26-2.18 (2H, m),
1.93-1.61 (6H, m), 1.48-1.44 (4H, m), 1.27-1.20 (18H, m),
1.73-1.09 (12H, m)

19
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Preparation Example 6

[0122] A cobalt-Salen catalyst 19 was prepared by the
following Reaction Formula 6:

Reaction Formula 6
N N
OH HO Co(OAc),
AgOAc

O

N/

()

T \/\

19

[0123] The ligand 5 (0.5 g) prepared by the same method
as Preparation Example 1 above, cobalt acetate (88 mg) and
silver acetate (83 mg) were added into a round bottom flask
wrapped with aluminum foil under nitrogen atmosphere and
dichloromethane (2 ml) was added thereinto, followed by
stirring at room temperature for 8 hours. The produced solid
was removed by filtration and a solvent was removed by
distillation under reduced pressure to obtain a cobalt-Salen
catalyst 19 containing amine and an ammonium salt (0.5 g).

Preparation Example 7

[0124] A cobalt-Salen catalyst 24 was prepared by the
following Reaction Formula 7:

Reaction Formula 7

HCL
—_—

LN NH,

20
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20
-continued [0125] 1,2-trans-diaminocyclohexane 20 (10.5 mL) was
=0 dissolved into diethyl ether (200 mL) and IM hydrogen
chloride aqueous solution (87.6 ml) was slowly added
OH thereto, followed by stirring at 25° C. for 6 hours. When the

reaction was completed, the reaction solution was filtrated
and the filtrated solid was vacuum dried to obtain a 1,2-
trans-diaminocyclohexane derivative 21 (11.0 g). The pre-
pared ammonium salt derivative 21 (1.3 g) and the salicy-
laldehyde derivative 4 (3.5 g) prepared by the same method
as Preparation Example 1 above were dissolved into a mixed
solution (28.0 mL) in which chloroform and methyl-tert-

butyl ether are mixed at 1:3 by volume, and stirred at 25° C.
for 12 hours. After the reaction solution was filtered when

the reaction was completed, the filtrated solid was vacuum
21 dried to obtain a salicylaldehyde derivative 22 containing an
ammonium salt (3.1 g). The salicylaldehyde derivative 22

containing amine and an ammonium salt (2.7 g) was dis-

solved into dimethyl sulfoxide (15.0 mL) and a solution in
Cl which 3,5-di-tert-butyl-2-hydroxybenzaldehyde (3.9 g) is
OH EGN dissolved into dimethyl sulfoxide (10.0 mL) was added

; 0= dropwise at 25° C. for 1 hour. When the reactant was stirred

at 25° C. for 12 hours and the reaction was completed,

N HO dichloromethane (20.0 mL) was slowly added to the reaction

NO¥ <_ ) solution to solidify the reactant. The produced solid was
N filtrated and the filtrated solid was vacuum dried to obtain a

Salen derivative 23 (10.7 g). The prepared ligand 23 (1.0 g),

22 cobalt acetate (245 mg) and silver acetate (231 mg) were
added into under nitrogen atmosphere and dichloromethane

Q (4 mL) was added thereinto, followed by stirring at room

N§ N— temperature for 6 hours. The produced solid was removed by
filtration and a solvent was removed by distillation under

oH 1O Co(OAc) reduced pressure to obtain a cobalt-Salen catalyst 24 con-

AgOAc taining amine and an ammonium salt (1.1 g). Result
obtained by spectroscopy experiment of the Salen derivative
23 containing amine and an ammonium salt was as follows.

[0126] 'H NMR (500 MHz, CDCl,) 8 13.55 (2H, br s),
8.40 (1H, s), 8.37 (1M, s), 7.38 (1M, s), 7.26 (11, s), 7.14
(1H,s), 7.08 (1M, 5), 3.58-3.55 (2, d, I=15.0 Hz), 3.50 (2H,
m), 3.46 (2H, m), 3.21 (31, ), 2.93-2.87 (41, m), 2.84-2.78
(4H, m), 1.86-1.81 (2H, m), 1.76 (2H, m), 1.45-1.35 (3H,
m), 1.44 (9H, s), 1.33 (9L, s), 1.25 (9H, s), 0.97-0.95 (3HL,
t, I=7.5 Hz)

Examples 1 to 3

[0127] Propylene oxide (PO) and each catalyst were added
into a high pressure stainless steel reactor at each molar ratio
as shown in the following Table 1 and the reactor was
completely fastened. The high pressure reactor was slowly
filled with carbon dioxide having ultra-high purity and a
subsequent reaction was performed under predetermined
pressure, operating temperature and time as shown in the
following Table 1. After the reaction was completed, the
reactant was cooled and remaining carbon dioxide was
slowly discharged. After the catalyst was removed, the
reactant was vacuum dried to obtain polycarbonate.

24
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TABLE 1
CO, Reaction Reaction M,
Example Catalyst PO:Catalyst:Ethanol Pressure Temperature Time Selectivity (g/mol) PDI  TON
1 6 150,000:1:0 35 bar 65 2h 99% 480,000 1.4 26,000
2 19 200,000:1:20 35 bar 65 4h 99% 193,000 1.15 47,500
3 19 175,000:1:20 35 bar 65 4h 99% 200,000 1.14 51,700
[0128] As shown in Table 1, it could be appreciated that in reactor at each molar ratio as shown in the following Table

all of Example 1 in which the molecular weight regulator
(ethanol) was not used and in Examples 2 and 3 in which the
molecular weight regulator in a small amount was used,
poly(propylene carbonate) having a high molecular weight
was prepared with high selectivity, and in addition,
Examples 1 to 3 had high TON, such that productivity of
poly(propylene carbonate) was also significantly high.

Examples 4 to 10
[0129]

glycol were added into a high pressure stainless steel reactor

Propylene oxide (PO), each catalyst and diethylene

at each molar ratio as shown in the following Table 2 and the
reactor was completely fastened. A solvent was added there-
into as needed. The high pressure reactor was slowly filled
with carbon dioxide having ultra-high purity and a subse-

quent reaction was performed under predetermined pressure,

3 and the reactor was completely fastened. Carbon dioxide
having ultra-high purity was slowly filled into the high
pressure reactor and reaction was performed under prede-
termined pressure, operating temperature and time as shown
in the following Table 3. After the reaction was completed,
the reaction was cooled and remaining carbon dioxide was
slowly discharged. After the catalyst was removed, the
reactant was vacuum dried to obtain poly(propylene carbon-
ate) and physical properties of the obtained poly(propylene

carbonate) were shown in the following Table 4.

[Chemical Formula 23]

N N=e
operating temperature and time as shown in the following
. . C
Table 2. After the reaction was completed, the reaction was PN
But o o tBu
cooled and remaining carbon dioxide was slowly dis- OAc
charged. After the catalyst was removed, the reactant was Bu But
vacuum dried to obtain polycarbonate.
TABLE 2
PO
PO:Catalyst:Diethylene CO, Reaction Reaction  Conversion
Example Catalyst glycol Pressure Temperature Time Ratio Selectivity
4 6 10,000:1:500 30 bar  50° C. 8h 63% 99%
5 6 25,000:1:1,300 30 bar  50° C. 18h 99% 99%
6 9 10,000:1:500 30 bar  50° C. 8h 16% 99%
7 12 10,000:1:500 30 bar  50° C. 8h 11% 99%
8 15 10,000:1:500 30 bar  50° C. 8h 4% 99%
9 18 10,000:1:500 30 bar  50° C. 8h 7% 99%
10 19 25,000:1:1,300 30 bar  50° C. 24h 99% 99%
Comparative Examples 1 to 4 -continued
[0130] Propylene oxide (PO), each binary catalyst system . [Chemical Formula 24]
L Ph Ph
of (Salen)Co compound (combination of the catalyst repre- &
. . weP=—N= Ccr
sented by the following Chemical Formula 23 and PPN*CI~ PhW \"Ph
Ph Ph

represented by the following Chemical Formula 24), and

adipic acid were added into a high pressure stainless steel
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TABLE 3
Formula 23:PPN*Cl™:Adipic CO, Reaction
Comparative Acid (Molar Pressure Temperature Reaction
Example Catalyst  Ratio) (bar) °C) Time (hr)
1 Chemical 2,000:1:1:0 30 25 6
Formula
23
2 Chemical 2,000:1:1:10 30 25 5
Formula
23
3 Chemical 2,000:1:1:20 30 25 5
Formula
23
4 Chemical 2,000:1:1:30 30 25 5
Formula
23
TABLE 4 copolymerization temperature condition which was 20° C.

Comparative PO Conversion

Example Ratio Selectivity M, PDI
1 93% 96% 9,174 1.369
2 91% 100% 7973 1156
3 <5% — — —
4 _ _ _ _
[0131] Comparative Examples 1 to 4 above disclose

preparation of poly(alkylene carbonate) by copolymeriza-
tion of carbon dioxide/epoxide using a molecular weight
regulator in the presence of the existing binary catalyst
system of (Salen)Co compound. It was appreciated from
Tables 3 and 4 that as relative equivalent of the molecular
weight regulator as compared to the catalyst system is
increased, activity of the catalyst system was deteriorated,
for example, PO conversion ratio was decreased, and the
like. In particular, it was appreciated that in which the
relative equivalent of the molecular weight regulator is 20 or
more, which is a general level, PO conversion ratio was
rapidly decreased to be less than 5%, such that it was
determined that activity of the catalyst system was not
effectively maintained. Therefore, there is a limitation in
obtaining a low molecular weight of copolymer at desirable
level by adding the molecular weight regulator at a general
quantitative level in the presence of the existing binary
catalyst system.

[0132] However, according to the preparation method of
the present invention disclosed in Examples of Table 2, it
was appreciated that even in the case in which the relative
equivalent of the molecular weight regulator as compared to
the catalyst system was 20 to 1300 which is a general level,
PO conversion ratio was obtained as an appropriate value. In
particular, it was appreciated that even though the relative
equivalent of the molecular weight regulator adopted 10 to
1300 which was a broad range, a low molecular weight of
copolymer at an appropriate level was stably provided
without a remarkable decrease in the catalytic activity.

[0133] In addition, it was appreciated that according to
Examples of Table 2, the catalyst of the present invention
effectively promoted the reaction even under a relatively low

to 50° C.

1. A complex represented by the following Chemical
Formula 1:

[Chemical Formula 1]

at

R9 RIO
R’ S Q\ N== RS
M XL [Y 1 1[Y2> s
RS AT ™A RS
R? R! R? R*

in Chemical Formula 1,

M is trivalent cobalt or trivalent chromium;
A is oxygen or sulfur;

Q is a diradical connecting two nitrogens;

R! to R'° are each independently hydrogen; halogen;
(C1-C20)alkyl; (C1-C20)alkyl containing one or more
selected from among halogenhalogen, nitrogennitro-
gen, oxygenoxygen, siliconsilicon, a sulfur and phos-
phorus; (C2-C20)alkenyl; (C2-C20)alkenyl containing
one or more selected from among halogenhalogen,
nitrogennitrogen, oxygenoxygen, siliconsilicon, a sul-
fur and phosphorus atom; (C1-C20)alkyl(C6-C20)aryl;
(C1-C20)alkyl(C6-C20)aryl containing one or more
selected from among halogenhalogen, nitrogennitro-
gen, oxygenoxygen, siliconsilicon, a sulfur and phos-
phorus atom; (C6-C20)aryl(C1-C20)alkyl; (C6-C20)
aryl(C1-C20)alkyl containing one or more selected
from among halogenhalogen, nitrogennitrogen, oxy-
genoxygen, siliconsilicon, a sulfur and phosphorus;
(C1-C20)alkoxy; (C6-C30)aryloxy; formyl; (C1-C20)
alkylcarbonyl; (C6-C20)arylcarbonyl; a metalloid radi-
cal of Group 14 metal substituted with hydrocarbyl; a
protonated group of the following Chemical Formula 2;
a protonated group of the following Chemical Formula
3; a protonated group of the following Chemical For-
mula 4; a protonated group of the following Chemical
Formula 5; a protonated group of the following Chemi-
cal Formula 6; a protonated group of the following
Chemical Formula 7; a protonated group of the follow-
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23
ing Chemical Formula 8; or a protonated group of the -continued
following Chemical Formula 9; [Chemical Formula 9]
RSI RSZ
wherein at least one or more of R* to R*® are a protonated
group selected from a group consisting of the following L
Chemical Formulas 2, 3, 4, 5, 6, 7, 8, and 9; R%"/ZW+ R®
/le
RSS R84
[Chemical Formula 2]
Rll RIZ
> < X~ is halogen anion; a (C6-C20)aryloxy anion; a (C6-
N _RY C20)aryloxy anion containing one or more selected
"z "Zi 14 from among halogenhalogen, nitrogennitrogen, oxy-
>_< R genoxygen, siliconsilicon, a sulfur and phosphorus; a
i s (C1-C20)alkylcarboxy anion; a (C1-C20)alkylcarboxy
R R anion containing one or more selected from among
. \ [Chemical Formula 3] halogenhalogen, nitrogennitrogen, oxygenoxygen, sili-
R R consilicon, a sulfur and phosphorusphosphorus; a (C6-
C20)arylcarboxy anion; a (C6-C20)arylcarboxy anion
*_(_Qn\ / R containing one or more selected from among halogen-
: halogen, nitrogennitrogen, oxygenoxygen, siliconsili-
>—+Z4—R24 con, a sulfur and phosphorusphosphorus; a (C1-C20)
R \st alkoxy anion; a (C1-C20)alkoxy anion containing one
: or more selected from among halogenhalogen, nitro-
R % [Chemical Formula 4] gennitrogen, oxygenoxygen, siliconsilicon, a sulfur and
phosphorusphosphorus; a  (C1-C20)alkylcarbonate
. anion; a (C1-C20)alkylcarbonate anion containing one
75 R3 or more selected from among halogenhalogen, nitro-
w6 Mo gennitrogen, oxygenoxygen, siliconsilicon, a sulfur and
R _/25 phosphorusphosphorus; a  (C6-C20)arylcarbonate
R% R3* anion; a (C6-C20)arylcarbonate anion containing one
[Chemical Formula 5] or more selected from among halogenhalogen, nitro-
X o R? R# gennitrogen, oxygenoxygen, siliconsilicon, a sulfur and
R phosphorusphosphorus; a  (C1-C20)alkylsulfonate
M;Z7—(—\)\ _R*® anion; a (C1-C20)alkylsulfonate anion containing one
e Zg "Zs " or more selected from among halogenhalogen, nitro-
>_< R gennitrogen, oxygenoxygen, siliconsilicon, a sulfur and
% - phosphorusphosphorus; a (C1-C20)alkylamido anion;
R R a (C1-C20)alkylamido anion containing one or more
5 5 [Chemical Formula 6] selected from among halogenhalogen, nitrogennitro-
R R gen, oxygenoxygen, siliconsilicon, a sulfur and phos-
>—< 5 R phorusphosphorus; a (C6-C20)arylamido anion; a (C6-
*—(—Qn\ / Y AR £ C20)arylamido anion containing one or more selected
10 11 12 . .
~orp NSRS from among halogenhalogen, nitrogennitrogen, oxy-
>—< genoxygen, siliconsilicon, a sulfur and phosphoruspho-
R R56 sphorus; a (C1-C20)alkylcarbamate anion; a (C1-C20)
) alkylcarbamate anion containing one or more selected
RS RS2 [Chemical Formula 7] from among halogenhalogen, nitrogennitrogen, oxy-
genoxygen, siliconsilicon, a sulfur and phosphoruspho-
. sphorus; a (C6-C20)arylcarbamate anion; or a (C6-
75t 74— RS C20)arylcarbamate anion containing one or more
66 selected from among halogenhalogen, nitrogennitro-
gen, oxygenoxygen, siliconsilicon, a sulfur and phos-
R R% phorusphosphorus;
[Chemical Formula 8] X~ may be coordinated to M;
R” ) Y, is F, CI-, Br~, I, BF,", ClO,~, NO,~ or PF,~;
*Y,2— is SO,* or CO,*;
) _(_\)n\ S R a is an integer obtained by adding 1 to the total number of
rs” S monovalent cations included in protonated groups of
Zg R! to R';
R7 \R74 b is an integer of 1 or more, c is an integer of O or more,

d is an integer of O or more, and b+c+2d=a is satisfied;

Z, to 7,4 are each independently an nitrogen or phospho-
rusphosphorus;
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n is an integer of 1 to 10;

m is an integer of 1 to 10;

R to R16, R2 to R26, R to R36, R* to R48’ R to R57,
R% to RS, R7 to R7® and R®' to R®® are each inde-
pendently hydrogen; (C1-C20)alkyl; (C1-C20)alkyl
containing one or more selected, from among halogen-
halogen, nitrogennitrogen, oxygenoxygen, siliconsili-
con, a sulfur and phosphorusphosphorus; (C2-C20)
alkenyl; (C2-C20)alkenyl containing one or more
selected from among halogenhalogen, nitrogennitro-
gen, oxygenoxygen, siliconsilicon, a sulfur and phos-
phorusphosphorus; (C1-C20)alkyl(C6-C20)aryl; (C1-
C20)alkyl(C6-C20)aryl containing one or more
selected from among halogenhalogen, nitrogennitro-
gen, oxygenoxygen, siliconsilicon, a sulfur and phos-
phorusphosphorus; (C6-C20)aryl(C1-C20)alkyl; (C6-
C20)aryl(C1-C20)alkyl containing one or more
selected from among halogenhalogen, nitrogennitro-
gen, oxygenoxygen, siliconsilicon, a sulfur and phos-
phorusphosphorus; or a metalloid radical of Group 14
metal substituted with hydrocarbyl; two of R*! to R'S,
two of R?! to R?%, two of R*! to R*®, two of R*! to R*®,
two of R®! to R®7, two of R to R®®, two of R”! to R”®,
and two of R* to R®*® may be linked with each other to
thereby form a ring; and

wherein alkyl, alkenyl, alkylaryl, arylalkyl, alkoxy, ary-
loxy, alkylcarbonyl, and arylcarbonyl of R* to R'°, and
alkyl, alkenyl, alkylaryl and arylalkyl of R to R'¢, R*!
to R?%, R*! to R?%, R® to R*, R*! to R*7, R®! to R%,
R” to R7% and R® to R®® may be further substituted
with any one or more selected from halogen, (C1-C20)
alkyl, (C2-C20)alkenyl, (C1-C20)alkyl(C6-C20)aryl
and (C6-C20)aryl(C1-C20)alkyl.

2. The complex of claim 1, wherein Q is (C6-C30)arylene,
(C1-C20)alkylene, (C2-C20)alkenylene, (C2-C20)alky-
nylene or (C3-C20)cycloalkylene.

3. The complex of claim 2, wherein

M is trivalent cobalt;

A is oxygen; and

Q is 1,2-cyclohexylene, phenylene or ethylene.

4. The complex of claim 1, wherein at least one or more
of R%, R?, R and R® are a protonated group selected from a
group consisting of Chemical Formulas 2, 3,4, 5, 6,7, 8, and
9 of claim 1.

5. The complex of claim 4, wherein R*, R*, R”, R®, R® and
R'° are hydrogen.

6. The complex of claim 5, which has a structure repre-
sented by the following Chemical Formula 11:

[Chemical Formula 11]

at

XTe[Y 11 [Y2> Ta

R’ R®

R! R?

24
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in Chemical Formula 11,
M is trivalent cobalt or trivalent chromium;
A is oxygen or sulfur;

R! and R? are each independently a protonated group
selected from a group consisting of hydrogen, (C1-
C10)alkyl, Chemical Formulas 2, 3, 4, 5, 6, 7, 8, and 9
of claim 1;

R’ and R® identically represent hydrogen, halogen, (C1-
C20)alkyl, (C2-C20)alkenyl, (C1-C20)alkoxy, (C1-
C20)alkyl(C6-C20)aryl or (C6-C20)aryl(C1-C20)
alkyl; alkyl, alkenyl, alkoxy, alkylaryl or arylalkyl of
R> or R® may be further substituted with any one or
more selected from halogen, (C1-C20)alkyl, (C2-C20)
alkenyl, (C1-C20)alkoxy, (C1-C20)alkyl(C6-C20) aryl
or (C6-C20)aryl(C1-C20)alkyl;

X,~ is halogen anion; a (C1-C20)alkylcarboxy anion; a
(C1-C20)alkylcarboxy anion containing one or more
selected from among halogenhalogen, nitrogennitro-
gen, oxygenoxygen, siliconsilicon, a sulfur and phos-
phorusphosphorus; a (C1-C20)alkylcarbonate anion; a
(C1-C20)alkylcarbonate anion containing one or more
selected from among halogenhalogen, nitrogennitro-
gen, oxygenoxygen, siliconsilicon, a sulfur and phos-
phorusphosphorus; a (C1-C20)alkylcarbamate anion;
or a (C1-C20)alkylcarbamate anion containing one or
more selected from among halogenhalogen, nitrogen-
nitrogen, oxygenoxygen, siliconsilicon, a sulfur and
phosphorusphosphorus; a (C6-C20)aryloxy anion; or a
(C6-C20)aryloxy anion containing one or more
selected from among halogenhalogen, nitrogennitro-
gen, oxygenoxygen, siliconsilicon, a sulfur and phos-
phorusphosphorus;

X,~ may be coordinated to Co;

Y,  is CI7, Br, BF,” or NO;7;

Y,> is SO,* or CO,*7;

a is an integer obtained by adding 1 to the total number of

monovalent cations included in protonated groups of
R to R?; and

b is an integer of 1 or more, ¢ is an integer of 0 or more,
d is an integer of O or more, and b+c+2d=a is satisfied.

7. The complex of claim 6, which has a structure repre-
sented by any one of the following Chemical Formulas 12 to
22:

[Chemical Formula 12]

=N Ne—
Co,
RS 7N RO | X[V 1Yol
n n
/N\* N\+\Rl4
RI3 R4 R
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-continued -continued

[Chemical Formula 13] [Chemical Formula 17]

3+

$ R N
=N N= = N—
Cot, +
5 ZUN 6 - R 2- Co,
R R XTelY 11l Y2 e RS e} ¢} R® X1[Y1 1Y Ta
n i " .
<:N> <N> Nt —R66 RE66—N*
_Rp23 23N+ < :
N-R R¥—] N N,
R24 R4 RS RS3
[Chemical Formula 14]
3+ [Chemical Formula 18]
=N N—
Cot,
~ . E .
R? o~ R | XLIY1IY2" $ 3
~N N=—
n n
Cot,
O . : B
N N R? O 0 RS XYY 2 T
( \N+—R33 R33—N/+ n
n
\R34 R3'4
[Chemical Formula 15] <:N*—R76 R’ —<N+
N\ /N
\ 3+ R73 R73
~N  N= [Chemical Formula 19]
Cot,
R® 7N RO [ XTIV Il Y2 a
m i R 3+t
~N N—
R2_NF—R4 RE2_N*—R# X
! ! Lo y : y
> R? O 0 RS XYY 2 T
N N n n
N’ - Rgs—N"
N _) N _) { Rss 86~
7 rR&71 No N
RY6 R%6 RS RS
[Chemical Formula 16]
[Chemical Formula 20]
) 3+
N > 3+
—N N= N
~—N N=—
Cot,
R o7 RO [ XY 1Yol _Col
¢ RS 0 ) RO | XY TlYo" e
n n
n RZ
N N

7\
RI3 R4
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-continued
[Chemical Formula 21]

~ 3+

=N N—
Cot,
Ao S ;
R’ 0 Ob‘l{s XY [Y2" 1
n
R
Y

:N+—R23
AY

R
[Chemical Formula 22]

3+

—~N Ne—
Cot.
e ~ - - =
RS o} o:@—w XY 1Yo s
n
RZ
N
\
¢ N'—R*
\
R34

in Chemical Formulas 12 to 22,

R? is hydrogen or (C1-C20)alkyl;

R® or R® is hydrogen, halogen, (C1-C10)alkyl or (C1-
C10)alkoxy;

R13, RM, R23, R24, R33, R34, R41, R42, R45, R46, R53, R54,
R>%, R%, R%, R, R75, R®® and R*® are each indepen-
dently (C1-C10)alkyl;

m or n is each independently an integer of 1 to 10;

*X~ is CI7, an acetate anion (CH,COO™) or a 4-nitrop-
henoxy anion (NO,—C.H,07);

X~ may be coordinated to Co;

Y~ is CI7, Br™ or NO;7;

Y,?" is SO,* or CO,*7; and

b is an integer of 1 or more, ¢ is an integer of 0 or more,
d is an integer of 0 or more, and b+c+2d=3 is satisfied.

8. A preparation method of poly(alkylene carbonate),

comprising: copolymerizing carbon dioxide and one or more
epoxide compound selected from a group consisting of
(C2-C20)alkylene oxide unsubstituted or substituted with
halogen, (C1-C20)alkyloxy, (C6-C20)aryloxy or (C6-C20)
ar(C1-C20)alkyl(aralkyl)oxy; (C4-C20)cycloalkylene oxide
unsubstituted or substituted with halogen, (C1-C20)alky-
loxy, (C6-C20)aryloxy or (C6-C20)ar(C1-C20)alkyl
(aralkyl)oxy; and (C8-C20)styrene oxide unsubstituted or
substituted with halogen, (C1-C20)alkyloxy, (C6-C20)ary-
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loxy, (C6-C20)ar(C1-C20)alkyl(aralkyl)oxy or (C1-C20)
alkyl in the presence of a compound represented by the
following Chemical Formula 31 which is a molecular weight
regulator, using the complex of claim 1 as a catalyst:

J(LH),

in Chemical Formula 31, J is C1 to C60 hydrocarbyl
c-valent radical with or without an ether group, an ester
group or an amine group; LH is —OH or —CO,H; and
¢ is an integer from 1 to 10, in which LH may be
identical or different when c is 2 or more.

9. The preparation method of claim 8, wherein in the
compound represented by Chemical Formula 31, c is 1; and
J is C1 to C60 hydrocarbyl radical with or without an ether
group, an ester group, or an amine group.

10. The preparation method of claim 8, wherein in the
compound represented by Chemical Formula 31, ¢ is 2; and
Jis C1 to C60 hydrocarbyl diradical with or without an ether
group, an ester group, or an amine group.

11. The preparation method of claim 10, wherein in the
compound represented by Chemical Formula 31, LH is
—CO,H; and J is —[CR,],,— (n is an integer of 0 to 20; and
R which may be identical or different represents hydrogen,
methyl, ethyl, propyl, or butyl), para-phenylene, meta-phe-
nylene, ortho-phenylene or 2,6-naphthalenediyl.

12. The preparation method of claim 10, wherein in the
compound represented by Chemical Formula 31, LH is
—OH; and J is —[CR,],,— (n is an integer of O to 20; and
R which may be identical or different represents hydrogen,
methyl, ethyl, propyl, or butyl), —CH,CH,N(R)CH,CH,—
(R is C1 to C20 hydrocarbyl) or [CH,CH(R)O],,CH,CH
(R)— (n is an integer of 0 to 10; and R is hydrogen or
methyl).

13. The preparation method of claim 9, wherein in the
compound represented by Chemical Formula 31, LH is
—OH; and J is —[CR,],,— (n is an integer of O to 20; and
R which may be identical or different represents hydrogen,
methyl, ethyl, propyl, or butyl).

14. The preparation method of claim 8, wherein in the
compound represented by Chemical Formula 31, ¢ is 3; and
Jis C1 to C60 hydrocarbyl triradical with or without an ether
group, an ester group, or an amine group.

15. The preparation method of claim 14, wherein in the
compound represented by Chemical Formula 31, LH is
—CO,H; and T is 1,2,3-propanetriyl, 1,2,3-benzenetriyl,
1,2,4-benzenetriyl or 1,3,5-benzenetriyl.

16. The preparation method of claim 8, wherein in the
compound represented by Chemical Formula 31, c is 4; and
J is C1 to C60 hydrocarbyl tetraradical with or without an
ether group, an ester group, or an amine group.

17. The preparation method of claim 16, wherein in the
compound represented by Chemical Formula 31, LH is
—CO,H; and J is 1,2,3,4-butanetetrayl or 1,2,4,5-ben-
zenetetrayl.

[Chemical Formula 31]



