5540 B 11 B ¥ @ 4t T Vol.40, No.11
2023 4 11 A FINE CHEMICALS Nov. 2023

Iheedt#t
e SMANETE LR &
RERTRE N H it RE

)

WMEE, FAT, GIE
(RIEH TS WA TERESLRE, 7 KE  116024)

WE: DEEHEAY (SalphCr(TC1) /M-(ZAIEIERIEFE e (PPNCL) AT EERE (‘BuOLi) 41 =414y
EARIRZR, ST T ZR AR S p-5i T MBS (TBL) BRIt . KA '"HNMR . "CNMR ., ESI-MS &
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Preparation and properties of poly(ester-thioether)s from alter nating
copolymerization of epoxides and y-thiobutyrolactone
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( State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024, Liaoning, China )

Abstract: Highly active ring-opening copolymerization of different epoxides with y-thiobutyrolactone
(TBL) was achieved by using a three-component catalytic system consisting of chromium complex
[SalphCr(IllCI], bis(triphenylphosphine)iminium chloride (PPNCI) and lithium fert-butoxie (‘BuOLi). The
structure of copolymer obtained was characterized by '"HNMR, *CNMR, ESI-MS and FTIR. And the
thermal and optical properties of the resulting poly(ester-thioether)s were further analyzed. The results
showed that in the polymerization process, ‘BuOLi could effectively stabilize the negative sulfur anions at
the chain ends and suppress backbiting reaction to ensure the reaction activity and molecular weight of the
polymer. The resultant copolymers displayed perfect alternating structures and amorphous forms, with glass
transition temperatures (7,) ranging from —53 °C to —18 °C and the decomposition temperatures at 5%
mass loss between 258 and 300 °C, showing good thermal stability. Taking the copolymer of ferz-butyl
glycidyl ether and TBL as an example, the thioether was oxidized to sulfoxide and sulfone structure, and the
T, was increased by 49 and 60 °C, respectively. The refractive index of cis-2,3-epoxybutane copolymer
with TBL can reach 1.59, indicating that the sulfur atoms in the main chain give the poly(ester-thioether)s
good optical properties.
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KoWEMEZE . LRSS FRARGERE, I BTk
T 118 5 TR i ok 2 A A 0 1) S AL RN 2 R RE AT 9T o &
DO S ol 51 T N 2 2 I e 9 =3 L o 7/ 0 oo 1
IR R, SN e Alike 5 TBL (Y EiG MEs #F
W, B RS2 RERmLEE . B, HOUE
K (H,0, ) XFGi it A7 S8fb o, BE 7S 3
B AR ARG F 1 5R A W o 3 A A% 3 IR D 3 A

(NMR). BB E GG (GPC), HIMESE kY
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1 CTGA ) it (X %k 3R & W58 4k . Ik fE
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11 RAFENEE

IEIR O BE( CHO ) = 2,3-FR% T %6 CBO ).
1,2-FR A BRI AE ( CPO )., 3,4-FF 48 DU Ak I ( COPO ),
1L2-FAE T4 (BO ). ARIEE4E /K HMEE (PGE).
T RGBS ('BuGE ). TBL, 4r#rél, p2Efk
FACRA R F] 5 R IR R ) S Ak B
( PPNCI), 44k, B Z A Tl & A R A F],
i A TR S e (CHLCL) /L Bk 45 b
i FAE-CR OBRE W (HCLREE A 2.0 mol/L ).,
AT EEAE (‘BuOLi, 1.0 mol/L PUSUKMIA R ). AL
T4 ('BuONa ). AUT EEHR ('BuOK ), 4iAfrali,
G EARAR;  H0, (JRREH30%). &
SEWERR (SA), srMral, KRR
& B ECE W ( SalphCr(IN)C1 ), 2% CHR[2318 K,
H L5 28 Bk RAEGHIA . oA Ik 221050 ¥ i 5 4k
sl ff AT 2t F Al T B HL

Avance NEO 600 BIAZ % HoAi i %1% , /8% Bruker
8Tl Agilent 1260 HUBER B (%10, 92 [E Agilent
/3T ;NETZSCH DSC 206 %22 /R H i EH#L .SDTA
TGA 851e BUHAH 53 H71Y , 22 [F Mettler-Toledo 23 Fl ;
XevoG2-XS RUH 5 ik i, 32E Waters /A F;
6700 R FEL Al BLIH AR 2T AMEE X (FTIR ), SEHE
Thermo Fisher Scientific 27 ; VTC-100 %I B2 g #%
VRIEAL, TEPHENR A ki & A R /A Rl ; SE-VE 7
SRR, BB ARH A PR 2 F] ; Lambda 1050+
BUEANT] WA 6T, S PerkinElmer 23 Al .
12 FHik
1.2.1  RESARLEL 6 %) &

ST o Bk 114 1) 5 B 286 B FH AL A4 R F Jorp
/No L CHO/TBL LRY& o], ALY & R
() SN S AR . BRIy . A S Y FEA6
Hr, 1 10 mL Schlenk JEH A 19 pL (0.019 mmol )
WEE 1.0 mol/L U T B i) DU SR Vs i, il B0 2s
¥ 25 DU S IR S AN AL 5.8 mg (10.0092 mmol ) 4
JBERECA Y SalphCr(MCI, 5.4 mg (0.0092 mmol )
PPNCI. 134 mg( 1.4 mmol ) TBL #1 276 mg( 2.8 mmol )
CHO, ¥ Schlenk JfFs H FE/ & TN 80 °C
fria s, R, RV 1 h 5, WREIRR
HR DB ROV, I CDCl; #E4T "THNMR 3, 3
iF RN AR Z o TBL B 55 58 R B 1 e o 0o
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CHO/TBL 1:54¥y, TBL #ib%E 77%, EikH
64 . "THNMR (600 MHz, CDCl3), 6: 4.74 (s, 1H),
2.70~2.65 (m, 1H), 2.62 (t, J = 7.2 Hz, 2H), 2.47~2.40
(m, 2H), 2.08 (d, J = 11.6 Hz, 1H), 2.03 (s, 1H),
1.94~1.86 (m, 2H), 1.69 (d, J = 8.7 Hz, 2H), 1.50 (dd,
J=22.2.10.9 Hz, 1H), 1.40 (dd, J = 17.3.8.8 Hz, 2H),
1.34~1.26 (m, 1H), “CNMR (151 MHz, CDCl,), §:
172.30, 74.83, 47.22, 33.39, 31.64, 30.73, 30.40, 25.30,
24.68,23.31,

CBO/TBL £y, TBL #4L%E 80%, ik
R A, "THNMR (600 MHz, CDCls), d: 5.06~4.99
(m, 1H), 2.93~2.85 (m, 1H), 2.69~2.56 (m, 2H), 2.43
(t, J = 7.3 Hz, 2H), 1.91 (m, 2H), 1.26 (d, J = 6.4 Hz,
3H), 1.24 (d, J = 7.0 Hz, 3H), “CNMR (151 MHz,
CDCly), 6: 172.38, 72.77, 43.36, 33.31, 30.70, 25.02,
16.16, 15.14,

COPO/TBL #:84, TBL #1b% 80%, iR HE
O A . "THNMR (600 MHz, CDCl3), 6: 5.13 (s, 1H),
4.25 (s, 1H), 4.06 (dd, J=35.1, 7.6 Hz, 1H), 3.87 (d, J =
9.8 Hz, 1H), 3.62 (t, J = 15.7 Hz, 1H), 3.30 (s, 1H),
2.74 (d, J = 56.1 Hz, 2H), 2.47 (s, 2H), 1.95 (s, 2H),
BCNMR (151 MHz, CDCls), 8: 172.50, 80.06, 72.31,
71.73, 48.35,32.96, 31.07, 24.43 ,

CPO/TBL 3:%4¥y, TBL 1L 65%, Hik#E 0
Zii A5, 'THNMR (600 MHz, CDCl3), d: 5.07~5.00 (m,
1H), 3.10 (s, 1H), 2.72 (m, 1H), 2.62 (m, 1H), 2.41 (t,
J = 7.3 Hz, 2H), 2.21~2.07 (m, 2H), 1.96~1.86 (m,
2H), 1.81~1.71 (m, 2H), 1.71~1.64 (m, 1H), 1.52 (m,
1H), “CNMR (151 MHz, CDCls), 6: 172.58, 81.39,
48.82,33.36, 31.22, 31.07, 30.72, 24.73, 22.73,

BO/TBL #:R %), TBL #1bL%K 64%, RIRE M
FiWi A, "THNMR (600 MHz, CDCls), 5: 4.96~4.86 (m,

1H), 2.66 (t, J = 8.0 Hz, 2H), 2.61 (t, J = 7.1 Hz, 2H),
2.46 (t, J=7.2 Hz, 2H), 1.99~1.86 (m, 2H), 1.70~1.56
(m, 2H), 0.93 (t, J = 7.4 Hz, 3H), "CNMR (151 MHz,
CDCly), &: 172.67, 74.06, 35.36, 33.16, 31.88, 26.19,
24.83,9.83,

'BuGE/TBL #:5%¥), TBL #%1L% 63%, HikH
A . 'THNMR (600 MHz, CDCls), 8: 5.01 (p, J =
5.4 Hz, 1H), 3.54 (t, J = 7.6 Hz, 2H), 2.82 (dd, J =
13.8.6.1 Hz, 1H), 2.68 (dd, J=13.9.6.5 Hz, 1H), 2.63
(dd, J = 12.3. 5.1 Hz, 2H), 2.47 (t, J = 7.3 Hz, 2H),
1.94 (p, J = 7.2 Hz, 2H), 1.20 (d, J = 10.6 Hz, 9H).
BCNMR (151 MHz, CDCLy), §: 172.49, 73.26, 72.41,
61.61, 33.01, 32.31, 31.77, 27.59, 24.67,

PGE/TBL #: &%), TBL #1L% 63%, RiR# M
Fhi A, "THNMR (600 MHz, CDCls), 0: 7.30~7.26 (m,
2H), 6.94 (dd, J = 16.6. 9.2 Hz, 1H), 6.89 (d, J =
8.2 Hz, 2H), 5.23 (d, J = 4.9 Hz, 1H), 4.14 (dd, J =
16.9. 4.5 Hz, 2H), 2.89~2.71 (m, 2H), 2.60 (dt, J =
14.2. 7.2 Hz, 2H), 2.42 (dd, J = 15.7. 8.6 Hz, 2H),
1.97~1.85 (m, 2H), “CNMR (151 MHz, CDCl,), J:
172.41, 158.41, 129.58, 121.26, 114.63, 71.32, 67.30,
32.99, 32.01, 31.84, 24.56,

1.2.2 BB ALEE B0 BOM R B

¥ 230 mg ‘BuGE/TBL H:R¥ (1) Wi
5 mL N,N-—HI L Bt ( DMF ), 433 LA n( 1)
n(H,0,) : n(SA)=1:1.2:2 fl 1:3.6:5 [KELEIN
A H,0, (41 12mL ), SA (2.7 fl1 6.8 mg), =ik
FHEFE 24 ho SN ZEH S, A 30 mL £ Fik EE 45
FE 3 WERHFIRET 40 CHZ TEA DT
24h i, BEEWA ( Ta) AL ( Tb) S5HA0E
.

SRR Tk A2 e P B I B e L R
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[ a /=% 94%, SR F O F K, 'THNMR (600 MHz,
CDCly), 8: 5.33 (s, 1H), 3.58 (dd, J = 14.6. 9.5 Hz,
1H), 3.55~3.47 (m, 1H), 3.13~2.96 (m, 2H), 2.91~2.73
(m, 2H), 2.55 (d, J = 5.6 Hz, 2H), 2.14 (d, J = 6.4 Hz,
2H), 1.17 (d, J = 4.9 Hz, 9H), “CNMR (151 MHz,
CDCly), 6: 171.57, 73.70, 69.05, 68.35, 62.22, 51.80,
32.72,27.43, 17.96,

b, 7234 96%, RIRFE C K, "THNMR (600 MHz,
CDCls), 8: 5.43 (d, J = 4.5 Hz, 1H), 3.53 (dd, J= 9.8,
4.3 Hz, 1H), 3.47 (dd, J=9.8. 5.4 Hz, 1H), 3.36 (d, J =
5.4 Hz, 2H), 3.21~3.09 (m, 2H), 2.56 (d, J = 20.9 Hz,
2H), 2.21~2.10 (m, 2H), 1.18 (d, J = 10.3 Hz, 9H),
BCNMR (151 MHz, CDCly), 8: 171.26, 73.83, 67.79,
62.00, 53.54, 52.77, 32.16, 27.41, 17.26.,

1.3 Wik A%

AL R RONES ARG, BUb O R
HE4T "THNMR W3, 53k TBL Sk 5 5 Ee k10 4
FE AT IR L TBL SR, 5
KT

Ay
TBLEALZR /%= — 2N 100
Sy + AreL

s A o TS OV R PR Y 7E "THNMR 3% &
H52.40~2.47 AEXT R AR AT AR 5 Apgr 371 SO Ji
W R SR ) TBL HuA7E "THNMR 5% & H 5 2.49~
2.53 AbX R R T AR

GPC . RN 30 °C, faikalpu s ki
Ve, YEM I EE K 1.00 mL/min, ML E] 30 min,
FEG TR g 3~5 g/L, HERER A 100 pL, BHEZ
i MARERE S o DSC MK : HL 3~5 mg HEREL A,
TH/FE IR RN 5 K/min, MEIRTFE 100 CHEE
10 min PARBRBS WL, BEiR2-80 CIRAIR
10 min J5 FFHRE 200 °C, T, LI%E 2 IRFHRE R
WE. TGA K. B 3~5 mg RERHIEE, &R
KA 50 mL/min, FHRFIEERA 10 K/min, MER
J% 600 °C. ESI-MS ik : 1EBIX, LIe &R N
MEK A N FR, m/Z 556.2711, FTIR i3k . R iR K
PHIRE, PR 4000~400 cm ', YR MERED
K B 2~3 mg REGHEA T 2 mL & H ke,
i PSS 1 AL LL 5000 r/min (14)%5 3 70 175 1 1Y 2R
i A T A BSOS, A P T A O A R B B R
By D1 %%

O
0 * H,0, fo) nlx  HO, o ||1,*
* S — > * > *
{/\[ W i o {/\[ \[O(\/\S n A \[‘O(\AES) "
0) 0]
Ta

A

Ib

2 RS

21 BERMEHER

Pk CHO/TBL F:R W11 E UM FIHR T R A R0
SN VL RS IR 2019 4F A IRIZH 48 T Cr(T
Be 4/ 2R WU b R 3R A R AL A S e 5
FOARBIACER I IE 3R A B — Pl 55 75 B R A1 QR Y,
Horp Cr(T ) 236 L3R e 1 RS S SR B W e A i
MVER . 83 Cr(IDECA YRR A b ke 5 &
T AR IE R O L E, B A R RIS
¥ [ SalphCr(1lH)C1 ) FIBIHEALF] PPNCI 4 A% XLEH 53
fEfbIR R, £ 80 °C MiEfk CHO 5 TBL 3L, 45
BIR, &AM R RO IEMERAR, TOF A 3h' ()X
NEEFE] 12 h, TBL #16% 20%, £ 1 /75 1), Hi55)
IZRE Y THBAL,

R T, I A AR i L £ S T ) R A
TBL R, MAHIEERE K, X 0] A8 80 N6t
5o rait, Wik, Zilmik Rz b AmseE s
T 5B FIERE X, E—E et R, i
HBAL £ 785 e oA i ] g il B2 7 ) & 30, 24k R o
AT B JG , ONTE P2, TOF A7+ =
116 h', BRI TN 3.4x10° . - F RGN
1.26 WRERGREE (£ 1 5% 2). KUY Li'y5] AW
AR S RENE, R RAEY S T8
fili b, 2R 4 B X6 RN s, Y
SR AT B4R AT B4R 5 SalphCr(TNCY/PPNCI ZH 5
() = 4L AR R E, TOF (B 4351k 42 F1 18 h'( 3¢
1F5 3. 4), &S T LENEN, £EHETS
R I B Z R B R E AR 85, ARUE AR
25, FOVLIE T Bl 2 B AR

TEf5E SalphCr(1)CI/PPNCI/BuOLi = 4H /i
IR R, Akext =4/ e tb R F 70 e . 386 KR
TEESR I, ¥ n('‘BuOLi) : n [ SalphCr(II)CI) :
n(PPNCDM 1 :1: 1§85 4 :1: 1 )5, TOF {HM
63h ' FHEEI 130 h (R 1FS 2. 5. 6), {Hidh K
BT B4 i B N PR DRSS , B2 n(‘BuOLi) :
n[ SalphCr(lC1J)=2 : 1 #AE B KB PPNCI
F%E, ¥ n(PPNCI) : n( SalphCr(II)C1) : n(‘BuOLi)
M1:1:23EH 4:1:2 0, TOF {HM 116 h'
THE# 246 h', {H PPNCI i 755 51 & % 0 4 £ i
FHEREY A FREIN (K 1F5 2. 7. 8),
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Table 1 Investigation of alternating copolymerization of CHO and TBL
0 0
* (6]
O G ek
PPNC1/BuOLi fo) "
CHO TBL
n [ SalphCr(IMC1) : n(PPNCI) : . A i
F5 1 R/ C BfE/h R /% TOF/h™"" M,/10** p”
75 B n(B1) ¢ n(TBL) : n(CHO) i 7 i [E] AR 1%

1 — 1:1:—:150:300 80 12 20 3 0.7 1.20
2 ‘BuOLi 1:1:2:150: 300 80 1 77 116 34 1.26
3 ‘BuONa 1:1:2:150:300 80 1 28 42 1.4 1.28
4 ‘BuOK 1:1:2:150:300 80 1 12 18 1.1 1.28
5 ‘BuOLi 1:1:1:150:300 80 1 42 63 2.3 1.23
6 ‘BuOLi 1:1:4:150:300 80 1 87 130 3.6 1.30
7 ‘BuOLi 1:2:2:150:300 80 0.5 75 225 3.2 1.24
8 ‘BuOLi 1:4:2:150:300 80 0.5 82 246 3.0 1.24
9 ‘BuOLi 1:1:2:150:300 100 0.25 59 342 2.7 1.27
10 ‘BuOLi 1:1:2:150:300 60 3 63 32 3.6 1.25
11 ‘BuOLi 1:1:2:150:300 30 24 53 3 3.7 1.22
12 ‘BuOLi 1:1:2:150:300 0 84 50 <1 4.2 1.21
13 ‘BuOLi 1:1:2:300: 600 30 120 >99 1 6.7 1.24
14 ‘BuOLi 1:1:2:450:900 30 336 >99 <1 8.4 1.30

(OTOF {EAFARAA, th AL ] A TBL 5% A4 Uit e BR USRI P BT B S 3 s @M, BRI 731 Bt ; @ Nk T

A

Hit, n(PPNCI) : n(SalphCr(ICI) : n( ‘BuOLi)=
1:1:2 BRAEMILG], HALZMNERE LI
A9 Ay

b5, 5T BN X AR IR S N R, 24
REIRFE N 80 °CHEE 3| 100 °CHf, TOF fi M
1eh " #FAF 342 h' (R 1F52. 9). REHE
T ROV MR (IR RO o A AR B
3.4x10° FFIE N 2.7x10° ), X JEH TRl B R A WsE
A i (R B B T 2 A ) B T g R A8 46 il L1 o
REAR S N IR, RN 6 P T N B [ TOF {H43 1 %
A 32h' (60 °C). 3h' (30 °C)FI<1 h™' (0°C)), {H
REVEII N FRASEERELET (H 3.4x10° 58
42x10°) (£ 1/FS 2, 10~12), I TEFESTH
B4A5Y, Lbon [ SalphCr(IM)Cl ) : n(PPNCI) :
n(‘BuOLi) : n(TBL) : n(CHO) 3+ %M 1 : 1 : 2 :
300 : 600 A1 1:1:2:450: 900, 75KNEE R
30 °Cf#fb CHO/TBL L3, Friil & R & W8 4y
THRAEED 6.7x10° F1 8.4x10° (£ 1 5 13, 14),
Ut B AT S I I B s AR R i 2 iR R A
SR A ST
22 BEMEHRI

Pl CHO/TBL A4, it "HNMR .
BCNMR., ESI-MS LA K FTIR FAF R BB

& 1 & TBL B{AF CHO/TBL 2 ¥1) '"HNMR Fl
BCNMR %K. | 1a H § 2.49~2.53 4b 4 TBL Hifk
H S ERIEAE R RS (b)) e hifs, S5
J A R RS (§) A fifsh 62.29, HE
1b A1, & 4.74 &by CHO/TBL L5 ¥y b 5o 1 1
BER TR HE A AR B R (F) AR08, 62.62
A Ay 5 R BT R S A B R A I R () 1Y
fb2Efit%, 6 2.40~2.47 kb CHO/TBL Ry rh 5
T AR A RS () B9R2A iR, AR L
HARZ S &R TF8H th—20, HAE 63.2~3.6 KA
KE] CHO HRY ™ ENREES. B 1c ',
517230 SAFRER - Y RRIEIE , HAB(E S 1 ]
Ty U1 e Sy R T ot ik A B P ) 45 T

CDClL
| I

8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0
5
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[l 2b 2y CHO/TBL 2R ¥y ESI-MS Jmy ik 5]
B b — 2 P S AR AT U, X 7 ) S T At ik 4% A4
CHEWF (£ 2): —FRm BT PPNCL H1H
CI'5| % CHO JFERI:-LL CHO i LR 1t A8 B 45 4
T —FE T R IR

# 2 CHO/TBL LR Y4ty
Table 2 Structure of CHO/TBL alternating copolymer

70 656.0 55 504540 353025201510 05 0
[

¢ CDCl,

Ll
[

180 170 160" 90 80 70 60 50 40 30 20 10 "' 32 31 30
5

¥ 1 TBL #{&#y '"HNMR #%/& (a); CHO/TBL L34

1 'THNMR $%& (b) #1 BCNMR 3£E (¢)
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