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BUEAR TR RE L0 ) T4 - H M REA FOOXE R . AS BRASTZE B0 T A A5 A Tl B ) e JF R SR S i)
FAEA P Lewis pairs 3. ASCIRABIIT T PR ALE I L BERLAR AL R Z5 %) OCA TFRREHY
SN, S8 i S P TRAT— Tl s RN A BLAEAETR, SEBE T OCA TR TEIFRR R4

1 SLIGEH

L1 RFIE5LE

TN B - BuP, W T A R g0 2wl 5 4-H A SEERE | 4-F LN IE AT DMAP 14 T3 [5] Sigma-Aldrich 2
FULST] 5 AEIE | 4-ZFEnIE | 1,3- SN IERIR . 1, 3- IR EER IR AN = 2 LR T3 [ Alfa i) 2w
it AT v R 28 R aliAl s L- kiR . FLIREE | L-(—)-3-2RFLER . —DO0A . 1E T 345 /K H- ik A T pu
ZKIR (THE) I F%ii 1 Adamas-Beta 0 A H) 3 G e . HAR | IR0k M £ Bk 55 T /K 6 4800 57 P 4 =]
MBraun SPS %5 77l 4l £k b 39 22 48 Wi /KA il 5 2 Bk 9 SCHR O 1 R 38 O-JR JE T (Ph-OCA) | HH L
O-FRELET (Me-OCA ) FIFF I O-FRILEF (Ph-OCA ) 5 5] & XK — I (BDM) 4 H Klamar 357 A #l
{81 FHHT T 80 CCELZS T4 6 h.

Bruker-400 BUA%RE LRI HEIL (NMR) , 3518 Bruker 23 ), MHIRE 25 °C, LA CDCL I, DU 5L
FELE(TMS) AR ; PL GPC-50 BISEIC 1335 (L (GPC) , EI IR RN A BRA |, FEE 40 °C, H#ish
AR A ) DU S , W40 1. 0 mL/min, DLIREIE 2B AFRFERLIE .

1.2 OCA B{Epy#l&

3k 3 A A AN R BRI A 22 TE a2 B R [ L-(—)-3-KFLIR . L-FLER AN L-Jmi A BR | A4 & S o il 44 A
JiE Bnz-OCA | ZEJ5E Me-OCA FIZETiE Ph-OCA. 7ERSR T, A 10 mmol 22T a-F2SE MR Al 160 mg 1
PERR (120 Crapl MR T ig £k 2 h) 132 RSB ITA 500 mL 8 DU S0k i GR 1 DU Skl s KR
i, RIEAR R MRS IERORES, S SA FM RIS Y A, JFIELIBR L), SREH19.8 ¢
(0. 07 mol) = MMAZIRA Y, FIRBEFEI N 26 hs AV L i, WA VU, JFiei 78
K, A3 E) A FE AR =Y s B B AL = P 1. 0 LIE R ke e T3 Wk, M 36+E 1 h, FIR TR
UE, WA A=Wy 5 B VA = W T DU S/ S BRR A R, A UKFE R B 25 dh, B 4 RERAE
JE AR B EEE ) OCA FHE A, 12 60%~85%.

75 Ji€ Bnz-OCA 1) 'H NMR (400 MHz, CDCL,), &: 7.21~7.40(m, 5H), 5.31(t, 1H), 3.38(m, 1H),
3.27(dd, 1H) ; “C NMR (100 MHz, CDCl,), &: 166.48, 147.98, 131.66, 129.77, 129.26, 128.50,
80. 03, 36. 47.

72 Jit Me-OCA [ 'H NMR (400 MHz, CDCL,), 8: 5.12(q, 1H), 1.71(d, 3H); “C NMR (100 MHz,
CDCl,), 8: 167.76, 148.20, 76.29, 16. 60.

/2T Ph-OCA ) 'H NMR (400 MHz, CDCI,), &: 7.42~7.53(m, 5H), 6.02(s, 1H); “C NMR (100
MHz, CDCL,), §: 165. 46, 148. 15, 130. 92, 129. 67, 129. 34, 126. 26, 80. 55.

2 FER5THE

2.1 BILFIGEHEE

T PSP DU R A A R R VAR, 7E 60 °CTR 2 RIS B o-BuP, V5 g HEAL ) . i P36 4
1 BDM 51 % Bnz-OCA FFIRR A, KELRATEHERAL. SN 6 min, THF 20 UASAL R R 13% , ik
I 5% 45 2% (TOF) 4 68.5 h', 40 F i A B 55 (D=1. 64) ; B 2R 4] SR B (b K 15% , TOF A
78.7h'. ¥R OCA MR A TEME, 22l sm AR M 19 1 T I 45 7K H i (NBGE)/E M R BE i 1. AiTH T
YE, FRA1% F NBGE/E K Lewis pair AL R ACBRTE TE TR R A B SONAT T, & BB BAE T THEF 55
. AE 6 min P, Bnz-OCA AL AE 1K 74%, TOF M 375. 6 h', 4 T Ai18 50k b=1. 44. BUH
NBGE % #IJ5 , Bnz-OCA HI G THEARE T 565, (HREMN D F RIS . L B4R, ff
FHBE IS i-BuP fi 1k OCA JFERERA i ek 2% |
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Lewis pairs, AL FE A B R IR/ Lewis BROGT, T #5IE B AT 31 P9 22 s Al N BRSE AR SRR T IR R A1
iR A 4 2 . PRI, AR SCH 45 i Lewis pairs /E R HEALH , A BEREIC3E OCA JF PR 584 19 T 5 1
(Scheme 1). 7E60 “CHI NBGE 771, Ji BEL/-BuP, ., 1,3- " IEFINR TULA-BuP, | 1,3- 5 B R
TU2/t-BuP i1k Bnz-OCA B IR R G, MRMELI AR TR 1. SLEEE (Entries 2~4) & W], Lewis
pairs AL IR A T2 43 F 0 AT A BT AR S, (EACR IR B 8, 0 B ok S R it A6 79 I A BB 58 4 10 ol
OCA FFIR T A B AS Hell B

(0]
(0]
Y YO Acid-base pair H/{ O\_)q\OH + CO,
(¢} or organic base = §
R R

AL OO

il
H
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t-BuP; DMAP Py 4-MP 4-EP 4-MOP

Scheme 1 Ring-opening polymerization of various OCAs and the catalysts used

Table 1 Ring-opening polymerization of Bnz-OCA by various catalysts”

Entry Catalyst LA/LB TOF* pK,¢ Conv.(%)? 10°M, ope b
1 -BuP, 0/1 375.6 269 74 1.6 1.44
2 BEL,/t-BuP, 1/1 265.0 269 53 1.0 1.40
3 TU1/t-BuP, 1/1 275.0 26.9 55 1.2 1.33
4 TU2/t-BuP, 1/1 205.0 26.9 41 1.3 1.25
5 DMAP 0/1 495.0 9.65 99 4.1 1.52
6 Py 0/1 15.0 5.17 3 0.6 1.13
7 4-MP 0/1 90.2 6.00 18 1.3 1.46
8 4-EP 0/1 135.0 5.87 27 1.5 1.87
9 4-MOP 0/1 165.0 6.47 33 4.3 1.10
10 MMOP 0/1 0 6.51 0 — —

a. Reaction conditions: polymerizations were conducted at 60 °C with feed ratio [Cat]/[BDM J/[OCA J/[NBGE ]= 1:1:50:500, [OCA |=
0. 71 mol/L, reaction time=0. 1 h; b. TOF=turnover frequency; c. pK, values for the conjugated acid of organic base in acetonitrile; d. conver-
sion determined by '"H NMR spectroscopy ; e. number-averaged molecular weight(M,) and polydispersity (9) were determined by GPC with THF

as eluents and referenced by polystyrene standards.

X HER 1 Entry 5 A Entey 1S5 500 v UL B, ZEAH R 258 DMAP (O E AL 16 P &8 s 1
1-BuP,, DA SCHY G 22 TAE S A Tk iE 5L Lewis 5. T 60 °CHH DMAP {4k Bnz-OCA BT A, 6 min
BB 5E 4, TOF 515495, 0 h', (BPRSC e85 S ™ 8, I3 F 88O T 1.5, GPC iz 2
BUASHLI ) =06 53415 (&1 1). DMAP ASREA S i e 45 @] s 0wy 1) st AL AT g LAk AT R i (LB iR
() pK=9. 65). A T BoiFax — i, A< SCRIGAE o ke (CHEBEER 19 pK =5. 17) 1L Bnz-OCA [ FF IR 5
& . HUIRTE 6 min P Bnz-OCA 5543 H A 3% , TOF 4 15.0 h', ) DMAP (19 1/33, {HFFIS 85 W10
SR AARZE, P=1. 13(Entry 6, 3 1), RUIERACHAERI S NAR 2] 7 A RANE . LIS EA Y
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AT AR R BRI, 151k OCA MYFREEH AN, {f OCA I CO,FFIRERA LA RINE .

FREE RN, FREALIE T OCA IR R A A FIAR Lewis Bl A Ak 77 A4 B 1 4 L e fl DMAP
Z 18], KRR Lewis B E AT 4 1L OCA A PRyl M IR G, SUREA S50 il I A8 3 il K2 07, A 1l s 43 F i
YT R o-F LR . O T VRPEIEIE AT A Y AR, a1 RE IR Y 4 507 5 | A BE R RO AR T
—NMe, FUBUCHEE, 4R (Me) . 23 (Et) FIH A HE(OMe).

FE60 CT, 4-FILMERERELL Bnz-OCA TFERRE 136 1 BH 5 5 T IERE , 6 min N BRIREEAL 3N 18% ,
TOF H7105. 0 h', {H4r T4 %A B B 281k (D=1. 46) , 251 T DMAP [R50 . £ KLt fHk iy -5 5 iy
THIE, 4-2FEnE e B 5, (4 Bnz-OCA FFIR R AR AR, 6 min N HIRFEIL R IKF] 27%. ™
TS AR S R4 T AT 55 (D=1. 87). DL 250, 4-F SLnbng i 4- 2, 3L iE 3R
MM OCA FFIR R G G id AL .

Jot L b 80N R R L 5 R o ARSNGB RO B 2% 5 It AR p-mr 2L
BN Bt RE Sy, ARG R CR AT, A A A A SN i T RS S AR . R, A2 4-
FAIEMERE (4-MOP) 1L Bnz-OCA [P IR R G . 503K, 4-MOP AMUEA m AL TE 2, i HAk AT A 3%
PR S mI S, AR AR R HA R 03 M R A FRE . Bnz-OCA 7E 6 min 36 LRI iK% 339%
TOF 4 165 h™ (Entry 9, # 1). WE 1AL, AW GPC ik H 28 5 B 5¢ 58 1 BG4, 2 T4 Al
FRED=1. 10, MIFREY) /754 4300, Hzir FHIE FE .

- - DMAP
---- 4-EP
........ {-BuP,
——. 4-MP N
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— 42MOP o} o

C a O\)\ JL

] 0o
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J
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Time/min 0
Fig. 1 GPC trace of polyhydroxyphenylpropionic Fig.2 'H NMR spectrum of the reaction mixture
acid by different catalysts of OCA polymerization by 4-MOP

AN F AR S LB IR AR AR, OCA TR R A RIS /N CO, R . REFTTAR AL
FIBESEIE CO, S5 A bR MBI B s B IR A O, Fr AAE IR be)e TR ilE AT OCA I T IR R A1)
AT BB LY B 25 20 R g o8 g 105 1 SR Ak R T ) = W i A B . 81 2 23 1 4-MOP ik Bnz-OCA JF AR A
[ 'H NMR [E3% . 756 4. 6 4b R WL )4 4E it 14t

RS, KT OCA PRI LI CO, B K AEA T f DMAP

LB J SRR . B SO X — BLG e s00 | .
. J34h, 4-MOP SR UE 18 . A& KB . &4 L o300f -BuP
1. LRSS, 4 MOPR OCATFERR AWM S g0

AR, FUAT BLF RT3 wl FiE

MHERESS Lewis Bl fhE A 7020 AL I8 MEAR U % 1y HE oL dby
SR« 4- — H Z SLnLIE (DMAP) >4- H A L it g : . . : :
(4-MOP) >4- Z, JENEIE (4-EP) >4- H1 JE 0 iz (4-MP) > 5010 15 20 25 30
LIS (Py). S TOR Xk 30 385 2 ) pK (L7 -
ERLHLZR(E3). aTLLAI, TOF 51tiifa Fig. 3 Relationship of TOF vs. pK, in ROP of

(4 pK [ELRGAE LG, BIVRE B B2 3 R, HEAL IS 2R Bnz-OCA by organic bases
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PERER . LA HARMUE RECR=0. 981, FIL AR AYRAEENE . TOF X AR I PR 1) pK (AT 5 A
3 : TOF=100. 96pK,—482. 48.
22 Ra-BREBRIINEME

FIRKIR ) a-F I T A, TP O a-RIET . T - RIER 5 =6 RO AW
FFHH O a-fRIEF, B OCA W2 FHALA 1 . WA HUAE AL ) i B ik, DU T 55 55 Rk 1)
o-H SCIBE, AR - T 235 44 100 T A T £ 0 5 TR A T 6 8 ) P 28 T S5 A AL e ) SR B R B 1z, 2 i
AN TE OCA (Scheme 2). BIAT#L5% Lewis ff A] fi# Ak F-1E OCA AN BELL S L . BRI, AT #L Lewis B
AL OCA WA IR GA AT RES | & T «-H I SN e Ak SO, A1 THE Ak R B B i Ak 550) f i A
FRE S . TEMAR L 2T, foT FH 55 Wk i Ak 580 T 52 4 103 0 T e Ak R, A R R A R 1Y
R a-F2IHER .
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Scheme 2 OCA racemization by base catalysis

1 4 7T I, 5B -BuP, 1 DMAP i1 Bnz-OCA PR S, AKX, =P, (P +1)/2(1,,, 64>
[] mmm PUCLH AR 73 T AR5 B AT PO T2H A AR o3 TR AR LU B = 58 Hh SR W 4 R] S A LRE B2 P, 233
0. 17F10. 55, BBAR R E AU AR o R R, AW ERY T o-H RHMEIR (5 S0 2y
AL, SN AL B O™ FARER A B A E AL Bnz-OCA BJT3R R G, P,=0. 81, Fri3RGH LY
T o-H BRF ARSI 2800 S R AN PR IUE I, 58RI 3R G ad R b 8 B B A9 S e AL R B
WA . T 4-MOP AL Bnz-OCA BT IR R G, g R EHW B TIE a-H B FF AR (S S5 08580 S 58
AXFRAGPUE I, mmm 42 [ PUICLH AR AR 5 1 93% , A [FS MR P sk 0. 90, UL JLF-58 42
THER T a-H BN BEA RIS

*) Cat.=-BuP, ®) Cat =DMAP
Pu=0.17 Pu=0.55
1 1 1 i 1 1 1 1 1 1
528 526 524 522 520 518 5.16 528 526 524 522 520 518 5.16
5 P
© Cat.=Py &) Cat.=4-MOP

Py=0.90

1 1 1 1 1 1 1 1 1 1
528 526 524 522 520 518 5.6 528 526 524 522 520 518 5.6
[ 0

Fig. 4 «-H resonance signal peaks of polymers by different catalysts
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2.3 AR OCAWFRES

H T 4-MOP F 3 H A8 55 i AL BE , i — 254 60 °CI*) NBGE H F A4k Me-OCA, Bnz-OCA Fll
Ph-OCA FFIR R4, fRFPESL IG5 %1 T-32 2. Bnz-OCA 7E 20 min N EP AT 854058 4, AWM 15
A FEEAL M 1. 08. Me-OCA 14 B 416 PE 5 Bnz-OCA FE % 80T, A2 B4 1 20 A 30 245 1 B L
(D=1.16). fEAHRIZ&M T, Ph-OCA FFF IR R A BURENE , T2 2 h A BeFE b5 4. AIAF Bnz-OCA,
Ph-OCA 43T R FLHE S - S AH I , TR 56 8] [l 25 [ A BH AR K, LA Ph-OCA SR 538 M LU 3%
ik, SEEEHE (Entries 3~5, F2)RW, B TR G IR R BA G TERGHRHE, BERBRARFNS | L0 i $%
E I LE A SR S ] 0] AR B 40 T 2R o8 IR, R ERHFAR S 1 40 F- 40 AT

Table 2 Ring-opening polymerization of OCAs by 4-MOP*

Catalyst pair [cl/m] Time/min Conv.(%)" 107M, yeony 10°M, pc" b
Me-OCA 1/50 18 98 3.6 4.0 1.16
Ph-OCA 1/50 120 96 6.4 3.6 1.10
Bnz-OCA 1/50 20 99 7.5 6.4 1.08
Bnz-OCA 1/100 40 99 14.9 9.8 1.10
Bnz-OCA 1/200 90 99 29.7 20.3 1.14

a. Reaction conditions: polymerizations were conducted at 60 °C in NBGE with feed ratio [Cat]/[BDM J/[NBGE ]=1:1:500; b. Conver-
sion determined by 'H NMR spectroscopy; ¢. Number-averaged molecular weight(M,) and polydispersity (D) were determined by GPC with THF

as eluents and referenced by polystyrene standards.

24 BERRMHANZE

J T 0B 4-MOP L OCA IR R A M S i B, WF5E T S AL 71 NBGE H OCA JF 3
REMB 1% . LA Bnz-OCA FALR (C) X RV [RIVE B 8 — 2 Bk, a1 fEh dC/di=0. 05, P
FZHR=0. 98, Bl Bnz-OCA [WFEAL R 5 [ B A AIE H 5 4n SR 2L In { [OCA /[ OCA, ] | X} s iz B[R] 1A
Bl S BSR4 EH 4 F(ES), 28] 4-MOPHEAL OCA I P IR B EMG Z G 5h J12F , BIJFIREE
A ARG AR K . AE DU SR Rl 28 ] 4-MOP AL Bnz-OCA FOJTFIR R A, B4 BR 5k
WePE KRB — R S X —SLIR g R, MALE T RES S T OCA IS LAt 7, (H AL
A REE— 25T

H T B R IR B IR S R X T IR R A B , BR NBGE A1, iSHF9E T OCA 78 M 75 56 45 /K H i ik
(AGE) M ALK 205 (SO) R F IR R A IO 8 12 .t 6 1] WL, OCA FEA[RI FRE AL i 79 v il T 28
RE RNYENEE RN 125, F A RA R ILT A Z A AR S 020, 07 i 2R
ASEAIXT OCA FFIR R GRS TR UEER .

100 4 100 o
S o " S In AGE, dC/dt=0.0557 /-7
= 13 = 5 N, o2
8 O S .o A"
> 60 S . .
N s N 60| A
g 42 = = A
A < A i
a4 S = 4 In NBGE,
5 1, & = W A dC/di=0.0527
E 20 g 8 el
© 20 - 77 In SO, dC/d=0.0494
0 10
1 1 1 1 1 O 1 1 1
0 5 10 15 20 0 a] 10 15 20
Time/min Time/min
Fig. 5 Plots of Bnz-OCA conversion vs. reaction Fig. 6 Plots of Bnz-OCA conversion vs. reaction
time in NBGE obtained by '"H NMR time in different solvents obtained by

'"H NMR
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I8 i B - BulP, F1 DMAP S5 45 HLAR Bl 7E PR AU e ke 7 5] Hh T B Ak OCA TR IR, (EIR sS4l i
NI a-H NS TEAL S N ™ B, A OV I AT 22 . A ALsm B AL 3R A A R 4 A BT R R sk
Lewis BRATIASBEAT M i BEAC 40 A o-H AN HEAL SN . 78 DMAP JERE_E REARMERERT AP sk, T 30
FiE A2 AN FE o-H AN R AL I, $2 R FF IR R A I T s P N SR - SR A ST A R . ik mE R A
(1) TOF X e i HLAIRR I pK (5) MR, AL BN E AR A 5l )y, (H T tEbgam . stk
H1) 4-MOP 2 OCA JTFER RS I BAE AL 7, 72 60 CHUFREAL AT T, TOF Al k3 165 h', AW
SRR EOT R 110 284, HAT BTG TER G HRIE , RAW IR v #5176 90% L L.
AR ALY SE Y, (AR ML AL R A i B h A 5 OCA TFERBE LY CO, & A U .
OCA 78 F ZEF DU A Wk S8 A i T TP IR R A B — s Ji2f, A F S BRIk B A IE H s SR,
OCA TEMN A BE IR TR P B TP R A G T P sh 112, BRGSO R 5 AR B Tooe . Al REJR R 2R
AbekeS 5T OCA BTG ALITF RIS AR, LA HLEEA fdk— 5% .
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Living Ring-opening Polymerization of O-Carboxyanhydrides
Catalyzed by Pyridine Derivatives’

LI Chen, LI Yuesheng"
(School of Materials Science and Engineering , Tianjin University, Tianjin 300350, China)

Abstract  Poly (a-hydroxy acid)s can be synthesized by ring-opening polymerization (ROP) of O-carboxyan-
hydrides (OCAs) derived from «-hydroxy acids with rich side groups, which make up for the defects of
poly (lactic acid) with restricted structure and performance. However, in the process of OCA ring-opening
polymerization, chiral a-H is prone to racemization, which leads to the decrease of the stereoregularity of the
polymer. Here, a high performance organic catalyst with simple structure, 4-methoxypyridine, is capable of
rapid catalyzing the living ROP of OCA under the mild conditions, and effectively inhibits the side reactions of
transesterification and racemization of chiral a-H to synthesize narrowly distributed poly (a-hydroxy acid) with
high stereoregularity. In addition, although the ROP of OCA in common solvents such as toluene and tetrahy-
drofuran shows first-order kinetics, that in epoxy solvents follows O-order kinetics, and the polymerization rate
is independent of the monomer concentration. As a novel and efficient Lewis base catalyst, 4-methoxypyridine
exhibits a great potential application value in the efficient synthesis of multi-block degradable polyester and
preparation of polyester biological pharmaceutical carriers.

Keywords O-Carboxyanhydride; Poly (a-hydroxyacid) ; Ring-opening polymerization; Degradable polyes-

ter; Organocatalyst
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