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1.1 FE2XAH5ME

e AR, S-COlR. —HIJEREFFJEEE . 1-(2-
RALHEMELE . Pl (FTiEk 37% ). 2,4-2L
THRAE® . 2,4-—5F0KE . 1R ORI T4
M 2w, JoKEAZIE TEMORS: . e VR
S-CLNME . 1-ZEZWHAE CaH, WPHHE 240 J5, WUE
FENBEAE T VKA (=25 °C ), = F AL 5470
AR A (Y (CH,SiMes)s(THF) MR SCHR[26]
Jrikiilgs . REIRNGE ("H NMR Fil °C NMR )
fdiFH Bruker AVANCE"™ 500 MHz %8 %4 4%
IE ., 'H NMR #1 °C NMR {L2E00F% § 2 368
%3 CDCl; ('"HNMR: 7.16, “CNMR: 128.06) #i
THF-ds ('"HNMR: 1.72, “C NMR: 67.21 ), PL-50
BEWE 35 AL (SEELHERAF ),

1.2 SEBF%

T X 28 SRR PR U S R E B E R R
3 F#E4T, SRAH Schlenk % AR 7E 7ol A S0 TF
B8
1.2.1 RIAEARIR By 4LEL Ay 04 ) &

BELEY 1 AR MERA T, FREX
0.22g (0.4mmol ) AU T I B Y XL BT 44 2
4.0 mL PUSPRIRG T, BEPEE S8 2Vl TREEI2
Y(CH,SiMes)3(THF), (0.21 g, 0.42mmol ) /P04
WEIPAR (4.0mL ), iR T 4he BWURBR LMK

&, FRMIECLEVERIIR)G , 7E-25 CF AUA
MR 45 RS B a1k 0.22 g, IR 64%.

LAY 2. ARG ECA (0.19g,
0.4mmol ) [JHZE (4.0mL ) A&t % 22 1% i fin £
Y(CH,SiMe3)3(THF), (0.21g, 0.42mmol ) A hi

(4.0mL) ¥, FEE NI 4ho BUERZE
WA, RV IR RIS, 1625 CTFIHZR/
P ELE AR AR 0.12g, IR 42%.
1.2.2 RA&MiyH&

Ry, BAZEEY 1 82 (10 pmol ), 1-7
P (10 pmol ) MYHZRE (S3uL) LA 10mL
PEMIM A, BE I8, 10 min, FEF RS #RER BAAA 5-
CNMEEEL e-C IS (1 mmol ) IAPEMI R, K
2h JE R EEZOE . PSRRI R B 2D
TRAWUET 'H NMR 2047, 5E AR R 3R
G A G O EE TR S A T S 5 i F 2R
P (DSC) 43#r.

TeHALRY) . K52 A 2( 7.1 mg, 10 wmol ),
1- R (10 pmol )Y FA PR (53 pL A 10 mL
VEMI A, ®EHHERE 10min, K SHL (114 mg,
10 umol ) F1 eCL (114 mg, 10 umol ) JRAIL)G
FHEESHESIMAVEMIE A, RV 2 h J5 A i B e
1k, #EFT "H NMR 434, I5E B ARG b 3R
Y i QTR fiE4 T GPC i DSC 43#T o

B I M SHL-b-eCL B 52 L 5 2( 7.1 mg,
10 pmol ), 1-4 Z 5 (10 pmol ) B FH 2K (53 uL )
A 10mL PEMIE, B34 10 min, # SHL

(114 mg, 10 umol ) MIAFIMIF S 1hj5, F
TSI 2$H eCL ( 114 mg, 10 pmol ) fILA PG AR Hr 4k
SEJN 1 ho Al i B AR R EF T 'H NMR 434,
W8 BRI AL LR R o i 2 BT )5 16T T
GPC A1 DSC 7.

123 RE&MayT 2R TE5HGNE

GPC Wi fdi FHAC 4T 1525 FRIZE S | 2414 7Y
NZPTETH IR K i (PLgel Mixed C) 1)
Waters $E 1535 (65, PRI A POk, PE
HE A 1.00 mL/min, KRR 40 °C, BRI
SRR
1.2.4 REeHe) £ 71282 H X

KSR TADSC 250 Z/RFAHEHUL,
fF, FEHITHRHEAN 10 °C/min, FHHEREE X[y
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-60 CZ 150 C. H—WHEMLE ARG, 7 150 Cha
FE Smin J5HIRFEER, FEREE-60 CJa R IHE
i, AT BRAE S PR B X B R A A A N R A R ]
BEESACIEARIR R ( T ) LASE 2 T i 285 h e
2 #ER5ivig

RIS R A BUT JE s B Bl iR S =
F ek be 42659 ( Y(CH,SiMes)s(THF), ) fii
PAE LT B SN RENS LA H SRR R ) 7 R T 5 S I
w12 (K1),

» o
N R IC R
® 8 " Y(CH,SiMe );(THF), )
\@?N/IP/ THF, 1,4 h O7Y$O
R o L R
OH HO Si
I I 0%

R="Bu (1), C1(2)

1 WEABISZER S 1 70 2 ISR

BP0 HATEBRIONRIT AT 3%, i frEd
I, Gy TFRIRRCR , SEUCIEL A 2 T ffPEAH
X2, MEE TS, DR AT AR DU Ak g
TR ERERAE . 76 "H NMR H, BeAY 2 197507
3 FE T F( ArCHON V& AEXT B T, 78 4.02x
10°°, 3.21x10° 4tk AB AlE (Yyn=12.7Hz), 5
Jr A rp R BRSO, A, PO AR IR Y

FRAEIE H PRAE "TH NMR F1 °C NMR F, FHIECS
R SN U ERRU R T VA7

XU T2 LA 40 1 2 4 F 4k SHL A1 eCL
IFFARREVIT, REHBIIZE 1, HheFERT =
HXT AR EIGMEEARAY SHL BEALERE, 45
S A IEE R R 100 B, BOA9 1 F0 2 7E3h
FER SO N ERREA SEfL SHL FFIRI G, Huikdt
A 90% L) T, R FHEEIG S 3 (A RIE TS R
BRSPS T REBHEE, AR
110 IR (48 1f13), KX ASZE A
X SHL FFAR A I MEARAT . 4 = BRI EE R
) 200 B, BLAY) 1 ARG AR BIEIL, R
£ 39%, MELEY) 2 ek 5] 90% (45H 2 Fil 4 ),
ULAHHA T AR F IR LAY 2 HA AT
(BRI B2, 76245 12RO R, B A
1F0 2 HrERe S A e S8 | 4 200 £ 11 SHL
TR EGHAR =R 55%M 95%, [Rlt
BREY TR HE 12.8 F1 18.4kDa, H/r 11
AR (VNF 1.05) (48 51 6), RIHAY
it 1R QRAETERT, FCE PRI PR RE LA st
Wit MFRSIER, 78 60min N, FAY 2/BHA
Al eCL RA M HAREFELAT IR 98%, FrfdR
BN 199, s 132 (%8 7).

F1 FEEW1F02#4LSHL Ff1 CL FFIR (£ ) BABR

[SHL]y:[eCL]y:  WefbZ/%”

JEE IR K%

%H BAEY My cacd/kDa® My pc/kDa” DY T/C" T,/C"
[Y]:[ROH] SHL eCL GSHL eCL

1 1 100:0:1:0 9% — 100 0 11.0 10.7 1.09

2 1 200:0:1:0 39 — 100 0 8.9 8.8 1.08

3 2 100:0:1:0 94  — 100 0 10.7 9.8 1.04

4 2 200:0:1:0 9 — 100 0 20.5 21.8 1.10

5 1 200:0:1:1 55— 100 0 12.5 12.8 1.04

6 2 200:0:1:1 95  — 100 0 19.0 18.4 1.04 -40  —
7 2 0:200:1:1 — 98 0 100 22.4 19.9 132 — 56
8 2 20:180:1:1 83 98 9 91 20.7 23.1 136 — 47,53
9 2 50:150:1:1 91 98 25 75 21.7 24.4 130 — 44,50
10 2 80:120:1:1 8 98 38 62 21.4 23.2 .18 — 37,46
11 2 100:100:1:1 93 97 47 53 21.9 25.8 125 47 40
12 2 150:50:1:1 91 98 75 25 21.7 24.9 126 -50  —
137 2 100:100:1:1 94 97 48 52 21.9 27.5 1.84 43 51,54

H: BAVER R, Rk 28 °C, WA 2 h, ECAWH 10 pmol,

@ "HNMR Wlli; @ BokHHodEksx114; @ BERBE ORI, WKW RFH; @ ZREFHEAIR, BEEZRIFHRE; © I

FEhvk, Sein SHL 5 eCL.
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(%H 8~12), FEARMBIAT 2h J5, @il 'H
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BRI X s B LR Y T 'TH NMR %
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PRV B ZEL S P LA 7 B e 2ol A B fr 5 EE ok
JaE. B3 oR TAEMEILERY) P(SHL-co-¢CL)AY
Eitgng (2148 11),

(o] o] o
2/ROH (o] O
O

2 SHL 5 «CLHESH
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w 5 o\
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3 SHL4eCLss B9 'H NMR iEFIEE X 38 °C NMR &

- B A S B Y BAE . b, ¢ b, SHL-
M eCL-Mf5 S IEERbRICIE SIS, {55 1 Al g &b
BUY AL T8 SHL Al eCL B THE LR Y
[ B, HR A A R A 4L 2R A SHL,eCL,,
x Fly 435124 SHL 1 eCL BT By i1 He 4,
F T S Xof S L (1) Ak 2 R 58 SR B 5 () A2 o7
R fUddt, WL °C NMR T f# P(SHL-co-¢CL)
HBYIRHOLEH . PC NMR JE/R TIHEY T 4
ARSI FRIE 5016 (B 3 172x107°~173x
10°°), MZ B4 KK & eCL-¢CL ., eCL-6HL . SHL-

¢CL. SHL-SHL JE9 B ELme (52106, M °C NMR
tAf DIE Y SHLyeCLss FEER Y h 4751 (SHL-
SHL 1 eCL-eCL ) [ & 43 Fuaze i FAH R [ 22 25 17 91
(SHL-eCL F1 eCL-6HL ), 4%H 13 SRAIY ikt
11145 1) SHL4s-b-eCL s (UAFE S AHF 51| SHL-SHL
Fl eCL-¢CL ) Hll SHL-eCL AC& 741, AHI eCL-
SHL 2285 )7°41], 7 SHLag-b-eCLsy KM EBALIRY
NiE—4 T R AR A, R TH
NMR FREE[SHL]o:[eCL]:[Y]:[ROH]=100:100:1:1 4%
BT RIREERE. WE 40751, JLRIRZR P eCL
SR, ZER GV AR S MARGYEE
W FRARRIERT N T IR 90%, 1T SHL 1E A
SRR, AL RIS A X8 . 25 5 0 H kY Be
NMR F1348 %51 ( SHL-6HL 1 eCL-eCL ) 431t
W2 = TR 2 741 (SHL-eCL il eCL-GHL ),
HEMFFFFS P(SHL-co-eCL) MR EESLER Y, BAYIH)
Brrp eCL MR HL i, Je B SHL FRAR S S 3G,

1001

f eCL

0 10 20 30 40

i) /min

B4 HBERPBEREREREXR

K 2Rl A XS P(SHL-co-eCL)IZF T#A

SVERERAE, 5 s 148 2 R iasihe, 45
T 1, Y PSHL [ T, h-40 °C, ks shii
FEWA MR, X P TIEE F R ISR o0 o 1
Y PeCL WA W BB AL AR IR AL, T T N
56 °C, FiEILEYh SHL FE/RMBN 9% %)
38%, ILIRYIECA TSR AL AR IR T, T4 Al
WA, X SHL AUfALE—ERE 5
Wi PeCL (45 AR BE , T BUARIIREE T % .24 SHL
JEE RGP BN R 47%0) , SIS A e ml it P
40 °C, T HLH B T SRR AR IR EE 47 °C, XU
SHL FAIABERL LIk F 50900, LR Y b B T4 K
) SHL YRR, FIMHB i, g
Yyrf SHL JEEIR S Bt — Bz 75%I, T, FRE
F-50 C, XAYEY PSHL [ T KT 10°C, £
B/ etk eCL BRITHYAH AN 1 3L HE Be iy
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Ring-opening (co)polymerization of 8- and e-caprolactone mediated
by bis(phenolate) yttrium complexes

DAI Yanan, JIANG Hao, MOU Zehuai
( School of Materials Science and Chemical Engineering, Ningbo University, Ningbo 315211, China )

Abstract: Aliphatic polyesters have been widely used in environment-friendly materials and medical fields
because of their good biocompatibility and biodegradability. Copolymerization strategy is an effective strategy to
regulate polymer properties and has elicited significant interest in polymer synthesis. The amino-bridged
bis(phenolate) yttrium complex can effectively initiate the homopolymerization and their copolymerization of
e-caprolactone (¢CL) and its bio-based isomer d-hexalactone (6HL). In this paper, a series of SHL/eCL gradient
copolymers were prepared by mixed feeding method, and the molar content of SHL in copolymers ranged from
9% to 75%. The OSHL-b-eCL diblock copolymer was prepared by sequential feeding. Gel permeation
chromatography shows that the resulting copolymers were unimodal with a narrow molecular weight distribution
(D < 1.4). Differential scanning calorimetry analysis shows that the molar content of SHL in the copolymer has a
significant effect on its melting point. Compared to e€CL homopolymer, the incorporation of poly(6HL) sequence
can regulate the crystallization properties of the copolymer.

Keywords: yttrium complex; ring-opening polymerization; caprolactone; copolyester
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