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Scheme 1 Synthesis of dinuclear complex.

14 REZVNEEEEWHEH
FERZ BB I A A 1a 15 oA il
BARG BT E M T OoREE D) A5

FEHMF, 725 mL FVFAR ST A I AL e &
Y2 (1.0 g, 1.4 mmol) A i i) 547 (10 mL),
Fr 2 VAR 76 25 FHIMNBEREF(0.13 g5 1.4 mmol),



FRHETESE: A0 @ B R AR S b 55 4028 — R I E UL 2R 3

RGN 16 h A5 1 OB, R NI A
25 mL B, 80 °Cyek ik 28 TRBRVE 7, FRek
12h, BEFZNERBE G 1a, AIRF O K
(/" & 1.1 g, Y% 95%). 'TH-NMR (400 MHz,
DMSO-d, 6): 8.46~8.17 (m, 2H), 7.49~7.25 (m,
2H), 7.21~7.04 (m, 2H), 3.74~3.14 (m, 20H), 1.99~
1.88 (m, 3H), 1.51~1.13 (m, 36H).
1.5 IEKRES®RETNES R

ERSAE TRFERMF, 110 mL s
AN 1a (0.010 g, 0.014 mmol). PA(1.0g,
6.8 mmol)f1CHO (1.3 g, 14 mmol), &5 H
FEH, NTH 100 °CHyt T, FF R RE 18
. Bi4hfE, BRER, FIERN. AHEE
e, B R RN RGEAT TH-NMR K, HF
THE AR A RPN 5.0 mL & H
BEVSAR, SRIGHAS A 25 mL B UM, IR 250G
AR BRI N A 20 mL FEE AR
%, EREIZIE23K. RIGEE TS, #3A
AR, REHBMRE, HT PC-NMR. Z#™
BCHERE i ('H DOSY NMR)AT GPC ZE 111K, .
1.6  ZE(EA-BR) BRIk iR I K

IKFFSEI AR R A A 1T S0 mL
(5] JE o R R N 0.10 g 58 (Fik-Tig) L 2 90 F1 10 mL
(P VU PRI, FT RS R 78 i . SR 5
VRPN 2.0 mL HEE 5 10 mL SR TR
(8.0 mol/L), ¥4 Bifk ZM#KZ 90 °C, JJ¥ 6 h.
fFIER B, R R RBERE 2 ElHG, #
%50 mL 70 S, I 10 mL 41 S BRI
W R A RIAE NI B R, KA R
LBRFEEL 3 (10 mLx3), & IFAHUAH. EH P
HOIIAN TG K BRREN A AT 0, I8, I8
R e ZS B BV 7 5 45 BIK R =4

2 FRIR

21 BBZVNEEESYEN CHO 5 PAXEY
R EEHIRAE

WO, A RN R AL A ) 1a fE L CHO
FIPATE 100 °C N HIHLIE B, FERLEE /R L CHO/
PA/Cat. = 1000/500/1. 4 h J5 &1L R & R, X
MK FJFE AT TH-NMR 23 4, 7 L5 5] PA FI
CHO [ #5Ab R # B2 50% (£ 1, entry 1), CHO
AR RLZPARI2 5, RFREGH R
T RBRAME A R Bk B A . AE 'TH-NMR 3% /1 73

591 R 45 1) SR i PR AIE 068 e+ R SR Tk ) R AU 08 £i+-g
(Bl 1(a)). A T i —2 2% 1a fi4L S 1 PAF1 CHO
LI OB RS, B TH-NMR S 3 58 7 o g 2
VT RE R SR B WD BGEAT T I . R BN 0.5~
3.0 h, [RifAZdH) CHO M PA HIH: AL 2 H 32%
H115% 18K 31| 86% 1 66%, I HIL Y 1%
ik BORN R Bk B B[R IR S 80, 1EBH CHO 5 PA T
LR 5 CHO 135 A s BT 46 B e B WL k47
(E1(b)). B J5, *F 3 3L Y47 7 '"H DOSY
NMR R, MBS &, praEiES AE M
F 3SR %, UE T TS S A9 CHO T PA
ALY, AR SRZ(E 1(c)). LAk, KT
LR IAT KA, JF3E I RS 55 X K
FEYIATINR,  BORFEE M NIR O R SR Y
(E 1(d)), VRS F 5 &6 RhbsE B . LA
AR FR B, 1afiE L CHO 5 PA LT %
B, 1337 HAG TR 5 (k-1 ) FL 28 )
22 REZNEEERSWHIFIE

NT REEAFIRCR LR R AL, @
R AR S A BT A 2 3. SFI6A
AT TUIN i UA S AR B A2 0 4 S Bl A
Y 1c. 1b. 1d fl1e, 435 H T f# 1L CHO #1 PA
MEHILE . FEMFEM R AT T, A3
AL FITIN ALK FL &9 (1b) JE B H B 1R R 4L
W, TR RADRREREEBR S ERA 19%
(£ 1, entry2). A2 CAEEHRITH ALK LG
Ve B 5 1ain g, HAEERS

EEEB NS ERMERL entry 3). A 54
CAEFER I ALK LA ADFEH 6 > L8R
FITLH ALK FL &0 (1e) LTS AR R(H I LE 1a
i, Fife &9 S e aE B & 5 K200 30%
(1, entries 4 and 5). LA EWFFEE KK, 1ak
e R £ e SRR B TR IR AL )

HW, WHELRT &R T X CHO 5 PA LR
SN FRIRAI K 1m0 S 4 A s 1 A
T, BEFZNEERAEYIEA1g, HHT
flE 4k CHO A PA I RIS SR . MHIF 264, IR
2hif, 1A 1gf#1k N PA LR N T 25%, {H
CHO FIH AL R ik 65%, TS B A& BBk
B & B30T 80%, 1f A 1g ik T A4 # T
CHO 46 AN (R 1, entries 7 and 8). HH&H 414
AR BT IV BAZ BR L A ) 2 B B 1L CHO F PA
BT RN, B 1 h, PABIEALERAL AN 13%,



4 [T M S
Table 1 Copolymerization of CHO and PA catalyzed by metal complex *.
1a: n=4, M=K, Y=OAc; 1b: n=3, M=K, Y=0OAc
00~ -0 O _Catlyst le: n=2, M=K, Y=OAc; 1d: n=5, M=K, Y=OAc
Lo HQ @ bl EENRTEE I ERLEE
1i: n=3, M=Na, Y=0Ac; 1j: n=4, M=K, Y=CI
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1k: n=4, M=K, Y=Br
Catalyst: Q
’Bu O/ él\o%}’Bu {§i 4 él\oj%}’Bu ’Bu{go/ bl\og}’Bu
‘Bu ‘Bu
3
Entry Cat. CHO/PA/Qat. Time T  Conv.(PA)® Conv.(CHO)® Ester® M, © .
(molar ratio) (h) (°C) (%) (%) (%)  (kg/mol)
1 la 1000/500/1 4 100 48 58 54 12.5 1.70
2 1b 1000/500/1 4 100 26 63 19 9.7 2.26
3 1lc 1000/500/1 4 100 43 57 37 106 194
4 1d 1000/500/1 4 100 31 55 33 7.5 2.39
5 le 1000/500/1 4 100 30 56 32 1.6 2.13
6 2 1000/500/1 1 100 13 70 12 9.5 2.57
7 1f 1000/500/1 2 100 24 65 22 9.7 2.58
8 1g 1000/500/1 2 100 18 65 20 9.2 2.57
9 1h 1000/500/1 2 100 20 67 19 9.5 2.29
10 1i 1000/500/1 2 100 20 65 20 8.1 2.54
11 la 1000/500/1 4 25 2 9 22 - -
12 la 1000/500/1 4 80 15 32 18 6.5 4.17
13 la 1000/500/1 2.5 120 52 70 47 9.9 2.13
14 la 2000/1000/1 3.5 120 44 66 46 16.0 228
15 la 4000/2000/1 5.5 120 44 70 42 250 2.11
16 3 1000/500/1 1 100 11 57 10 147 239
17  18-Crown-6/KOAc/3  1000/500/1/1 4 100 32 63 29 164 245
18 3 1000/500/1 4 100 25 87 14 16.1 225
19 18-Crown-6/KOAc/3  4000/2000/1/1 5.5 120 6 17 18 10.0 244
204 la 1000/500/1 9 100 47 54 58 1.8 1.77
214 la 1000/500/1 18 100 >99 79 75 16.8 1.74

2 No solvent was required for the reaction. ® Calculated by 'H-NMR. ¢ Determined by GPC in THF based on polystyrene

standard samples. ¢ Toluene was added as solvent.
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Fig. 1 (a) 'H-NMR spectrum of copolymers catalyzed by 1a; (b) Overlay of the 'H-NMR spectra in CDClyof the
copolymerization (CHO/PA/1a = 1000/500/1 (molar ratio)) in different time with conv.(CHO)/conv.(PA) = 32%/15% (0.5 h),
48%/32% (1 h), 62%/42% (2 h), 68%/50% (3 h), 81%/63% (4 h), 86%/66% (5 h); (c) 'H DOSY NMR spectrum of copolymers;
(d) ESI-TOF mass spectrum of hydrolysis products of copolymers.
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Fig. 2 The conversion of PA and content of polyester of the
copolymer catalyzed by metal complex.
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Fig. 3 DSC curves of different polymers: (a) poly(CHO);
(b) poly(CHO-ran-PA) with a polyester segment content of
37%; (c) poly(CHO-ran-PA) with a polyester segment content
of 54%; (d) poly(CHO-ran-PA) with a polyester segment
content of 75%; (e) poly(CHO-a/#-PA).
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Random Copolymerization of Cyclohexene Oxide and Phthalic Anhydride
Synergistically Catalyzed by Heterodinuclear Metal Complex
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Abstract The ring-opening copolymerization of epoxides and cyclic anhydrides constitutes a straightforward
route for synthesizing polyesters. The resultant copolymers are mainly obtained with alternating structures, which
might limit their application situations due to their low toughness caused by the high density of ester group. It has
been demonstrated that the incorporation of ether segments into the mainchain of polyesters is an efficient
strategy to tune the thermal and mechanical properties of polyesters, which is greatly limited by the lack of
efficient catalyst. In response to these issues, this study proposed to achieve the random copolymerization of
cyclohexene oxide (CHO) and phthalic anhydride (PA) to prepare poly(ether-ester)s via the hetero-bimetallic
synergistic catalysis strategy. A series of heterodinuclear Al-K complex has been designed for catalyzing the
copolymerization of CHO and PA. The structures of the resultant copolymers are confirmed as poly(ether-ester)s
using nuclear magnetic resonance spectroscopy and electrospray ionization mass spectrometry. The exploration of
the polymerization process further revealed the randomly structure of obtained poly(ether-ester)s, that is, ester
and ether segments were randomly distributed in the polymer mainchain. Systemic studies on the effects of ligand
structure, metal ions, reaction temperature and catalyst concentration on the copolymerization were explored,
indicating that it is the synergistic cooperation between two metal centers that results in the formation of random
copolymers. In addition, thermal property characterization of resultant copolymers indicates that the incorporation
of polyether segments into polyester could effectively tune their glass transition temperatures, thus enriching the
application of polyester materials.
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