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Figure 1 (Color online) Synthetic strategy of model oligomers for studying the microstructure of poly(cyclohexene carbonate)s
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Figure 2 (Color online) Synthesis of dimer for studying the microstructure of poly(cyclopentene carbonate)s
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HBRAE AL (B R 3 8010%) . =D 99%) 1 F B
BRALAHE ARG IR, AR (GERE98%) 4- AR TR
(LEFE99%) MU L ILTRALEL (Ll E99%) N,N'-FiIE K
MR (Ll EE98%) EALBN(AlE60%, Z BT AT I
RSB AT BR A A, 4-— F R (434t it
B RIS TARRAF. S IR H R (A4l F 5%
SR PR ). R AR T W S Ak 72k
7, i FH 22 T B 20 A AR 1 kS s B TR TR
A H.

(i) AHTE. A R el A B s ER 1 2
110°CT##3 hid L.

(S,9)-20 G 1 AAMAPT, K (S,5)-1(60.0 g,
665.8 mmol) 1185 mLIJE/K = Z %5 T-800 mLIJC/K —
AW B, BERRAEIZR0°C, TINAT R TR =5
F R E(158.2 g, 599.2 mmol){#4570°CHi+E [ v 8 h. il
400 mL{RL R R S AR K SN, 43AH, A LA A
200 mLA R SAL BV TR, o A HLA, oK BRREh
T TR, fHRE 0 B501967.9 g(S.9)-28" 1),
TCEIAPIRBAAR. HRMS(m/z): Caled. for [C,oH,50,Si]:
205.1618, found: 205.1619.

(5,8)-3M AR AT, #(S.5)-1(40.0 g,
443.9 mmol). AL(151.2 g, 887.8 mmol). 4-FH A<M
B2(6.2 g, 44.4mmol). MU IEIRILE(92.8 g,
443.9 mmol )M A fk#1(24.8 g, 443.9 mmol) A =1
B, MAT700 mLIFZE, 35°C ik Ni36 h. MK =
TR K RS BEI A300 mL/K Y, 2R LEEREHL, R )5
FEL YA, AU JCK R IR A T 1. D e 28 bR LR
N, KL= R hEE TR (10:1, RFHOMEVER 2
BT, 1340.0 g (S,5)-3. =Y A LUER ATIARIEAR, 7= 350%.
'H NMR(400 MHz, CDCl,) §7.42~7.27(m, 5H), 4.56(dd,
J=90.7, 11.5 Hz, 2H), 3.69~3.56(m, 1H), 3.32(m, 1H),
1.17(t, J=5.9 Hz, 6H). HRMS(m/z): Caled. for [C,H,;
0,]": 181.1223, found: 181.1223.

(S,.9)-41 G B BRI, FRZLT (S,
$)-2(67.9 g)F11,8- A I M+ —k-7-4 (3.7 g,
24.5 mmol)#F 7700 mL /K Z &AW kerh, 218 A
NN KM:(170.0 g, 1048.4 mmol), 5 i F Pk
6 h. BN R ZENE AN A 100 mL/K P, PRk
A1 molV/LERR, ¥epHIH etk & /41, e i
HUAHFJCK BB AN 0. WU HEZE bR 220, HL™=4 H
AL/ PIER(10:1, R EOMEGEREEZHr, 14375 ¢
(S,S)-4. W AR AMRR. "H NMR(400 MHz,

3420

CDCly) 68.12(s, 1H), 7.41(s, 1H), 7.06(s, 1H),
5.07~4.93(m, 1H), 3.98~3.86(m, 1H), 1.34(d, J=6.5 Hz,
3H), 1.18(d, J=6.3 Hz, 3H), 0.84(s, 9H), 0.07(s, 6H).
C NMR(125 MHz, CDCl;) §71.49, 26.00, 18.20, 16.47,
—4.47, —4.58.

Iso-2-IM A1 AR, (5,5)-3(20.0 g,
111.0 mmol) F160wt% HALH1(5.3 g, 133.2 mmol)i&F T
200 mLIC/K PO kg, ZiRddEe h, 13 2IR AW, &
SAP T, (R,R)-4(34.8 g, 116.7 mmol)% 200 mLIE7K
DUk R, TR AT AL, EIRBEPER N h. K
FNE R A8 A5HE A 250 mL 1 mol/LERR, pHI MER
P, Vol HEEZE B 25 DU SR, A 400 mL 45 F e A5 1L
SyH, AHUEH OB RREN 4. Be 3R, M=
AUIMEE/ TR (20:1, RFHOMEVERL IR 2T, 15422 ¢
Is0-2-1. FAYIRNIR B MR, 73293%. 'H NMR
(400 MHz, CDCly) 67.36~7.23(m, 5H), 4.88(m, 1H),
4.70~4.62(m, 1H), 4.64~4.51(m, 2H), 3.85(m, 1H), 3.62
(m, 1H), 1.26(d, J=6.5 Hz, 3H), 1.18(dd, J=6.4, 1.2 Hz,
6H), 1.12(d, J=6.3 Hz, 3H), 0.88(s, 9H), 0.07(s, 6H). °C
NMR(100 MHz, CDCly) 6154.72, 138.73, 128.42, 127.69,
127.61, 78.00, 76.11, 76.04, 71.41, 69.64, 25.90, 18.74,
18.13, 15.29, 15.16, 14.96, —4.54, —4.77.

Iso-2-T11I4 1: ¥4 s0-2-1(16.0 g, 39.0 mmol)FIPd/C
(10wt%, 0.8 @) 28, O BE . SRS % E
If Al A ES(0.1 MPa), RIS N 24 h. T uEBR &
Pd/C, Jie T-# 55, A4 F A i/ T A (10: 1, (RFL ER)PE
VB RURL 2T, 1512.6 g Iso-2-11. =4 R To MR,
F7#%99%. 'H NMR(400 MHz, CDCl) 64.69~4.61(m,
1H), 4.57(m, 1H), 3.88~3.79(m, 1H), 3.78~3.69(m, 1H),
1.27~1.17(m, 9H), 1.11(d, J=6.3 Hz, 3H), 0.87(s, 9H),
0.06(d, J=2.0Hz, 6H). "C NMR(125 MHz, CDCl,)
9154.67, 138.54, 128.43, 127.78, 127.70, 79.13, 76.74,
76.21, 71.46, 70.08, 18.95, 16.33, 15.61, 15.34.

Iso-2- A #lso-2-1(25.0 g, 60.9 mmol)iix T
250 mLZ M, HEFEAEIZE0°CH i = Rl 2 Bk
(46.5wt%, 4.4 mL), HEHE S min. filIA20 mLARFIRR
PR SR A I, IS0 mL7K A1200 mL 58 H B¢
WA, AHUHFJOKBRRR BT, BT, K™
YR/ N (10:1, IRFRE)FEVERL AL 26T, 15
14.4 g Iso-2-111. F=Y) R TR, 7= 80%.
'"H NMR(400 MHz, CDCl;) 67.39~7.25(m, 5H),
4.91~4.80(m, 1H), 4.68~4.48(m, 3H), 3.81~3.69(m, 1H),



3.65~3.52(m, 1H), 1.26(dd, J=9.7, 6.4 Hz, 6H), 1.19(dd,
J=6.4, 3.8 Hz, 6H). °C NMR(125 MHz, CDCl;) §154.68,
138.55, 128.45, 127.79, 127.72, 79.16, 76.77, 76.22,
71.48, 70.12, 18.98, 16.37, 15.63, 15.36. HRMS(m/z):
Calcd. for [C16H28N05]+: 314.1962, found: 314.1966.

Iso-2-IVIYE B ASMAYE, Iso-2-111(14.4 g,
48.6 mmol) FIJC/KMEBE(11.8 mL, 145.8 mmol)i&F T
80 mLIC/K —4 ke, THREE—20°C, ZEiHns
=R (14.4 g, 48.9 mmol)HIJE/K 5 H %E(200 mL)#%
Wb, WEnsE s FHREZ0°C, Pk M8 h. 150 mL
1 mol/LERFRZR N Z0°C, ikt sOw i 2 18 5 A
hmarh, FREOMH, AYUHAIOKERRRE T, BT
F, B8 A EE PR ER(10:1, PRFR )RR FIR)Z
Br, 1315.7 g Iso-2-1V. ;=Y h T EAIMRIER, 7=390%.
'H NMR(400 MHz, CDCl;) §7.39~7.26(m, SH), 4.99(m,
1H), 4.88(m, 2H), 4.67~4.49(dd, J=44.4, 11.8 Hz, 2H),
3.60(m, 1H), 1.37(d, J=6.5Hz, 3H), 1.28(dd, J=6.5,
4.1 Hz, 6H), 1.19(d, J=6.4 Hz, 3H). "C NMR(125 MHz,
CDCly) §154.37, 150.32, 138.62, 128.44, 127.72, 127.68,
80.26, 76.22, 74.37, 71.47, 15.95, 15.72, 15.55, 15.33.

Iso-4-10 G B AR T, Iso-2-1V(13.3 g,
37.1 mmol)F130 mLIC/K AL RE A F100 mLIG/K PU A L
W, f5ENEAK; Iso-2-11(11.3 g, 35.4 mmol)i# T°50 mL
JC/K PRI, IR AW, SRR 6 h. K
SN AEIA250 mL 1 mol/LERER Fh A K, e 2 DU Wi,
A S H BEZEBUH, A WU OB RREh T8 e
TR, KL= A B TR (10:1, RFRHC) RSB
FENT, 1810.5 g Iso-4-1. F=Y NI OIIRIAK, FoR
46%. 'H NMR(400 MHz, CDCl;) 67.38~7.27(m, 5H),
4.92~4.78(m, 5H), 4.70~4.48(m, 3H), 3.89~3.78(m, 1H),
3.65~3.54(m, 1H), 1.30~1.24(m, 15H), 1.18(t, J=6.4 Hz,
6H), 1.10(d, J=6.2 Hz, 3H), 0.87(s, 9H), 0.06(s, 6H). °C
NMR(125 MHz, CDCly) 6154.51, 154.50, 154.31, 138.68,
128.44, 127.73, 127.66, 78.34, 76.68, 76.18, 75.36, 75.05,
74.82, 71.48, 69.61, 25.90, 18.76, 15.79, 15.76, 15.71,
15.43, 15.26, 15.00, —4.53, —4.75. HRMS(m/z): Calcd.
for [C3,HssNO,,Si]": 660.3774, found: 660.3784.

Iso- 1A Iso-4-IEBR PR SE (I BRS SE A
AT 5 SRR LA O 143 31 2 B Is0-2-TTfil s 0-2-T11
(4 180 J5 A9 3 v 6] 7= 4 [s0-4-1'(0.4 g, 0.9 mmol), TE%
ST, W15 mLIGK AP L, A P R g
(0.9 g, 9.0 mmol), 3.6 mLIC/KMIEFI4-—F & g

(12.2 mg, 0.1 mmol), 0°CHEFERN 12 h. K AR A
50 mL 1 mol/LERFR H &K, 1A LN IR Ve, ITts
B HUHFJCK SRR AN 0%, BET1a50, =4 F A i/
PIER(S: 1, RFREVEZEBERIAE 28T, 150.4 g Iso-1. =4
H KA, 77 #%£80%. 'H NMR(400 MHz, CDCl,)
54.82(m, 8H), 3.77(s, 6H), 1.45~1.10(m, 24H).
“C NMR(125 MHz, CDCly) §155.30, 154.24, 154.23,
75.41, 75.35, 75.26, 54.87, 15.80, 15.76. HRMS(m/z):
Caled. for [C,3H,NO, 5] 572.2549, found: 572.2554.

Iso-4-THE 1 ¥ilso-4-1(11.2 g, 17.4 mmol)iA T
120 mLZ i, $HEHEA E1 2 0°C 5 i = F AL il 2. ik
(46.5wt%, 2.5 mL), HiFER S min. JIA20 mLif IR
PR SRR IO, IS0 mL/K AT100 mL 5 H B¢
B, AHUHFJOKBRRR N T, BT, M=
YA TN R (4: 1, ARFREO)PEVERE IR 2 M, 2R
55¢ Iso-4-IL PN GAEKEER, 7%60%. 'H
NMR(400 MHz, CDCl;) 67.30(m, 5H), 4.94~4.77(m,
5H), 4.66~4.48(m, 3H), 3.75(m, 1H), 3.59(m, 1H), 1.27
(m, 18H), 1.18(dd, J=9.0, 6.5Hz, 6H). "C NMR
(125 MHz, CDCly) 6154.49, 154.31, 138.65, 128.42,
127.71, 127.65, 79.38, 76.69, 76.16, 75.45, 75.39,
75.02, 71.45, 70.03, 18.98, 16.35, 15.87, 15.79, 15.43,
15.25. HRMS(m/z): Caled. for [CoH,NO,,]": 546.2909,
found: 546.2915.

Iso-8-VI G I BAAMARPT, Iso-4-111(5.5 g,
10.4 mmol)FIJC/KMERE(2.1 mL, 31.2 mmol)i&T-50 mL
ToK W BE, BEFEAHIZE-20°C, ZEHINE =R
(1.1 g, 3.8 mmol)AYJE/K — 5 E(50 mL)# HH, T
SEEEETHIRZ0°C, BEPERV8 h. 30 mL 1 mol/LERRYS
HZE0°C, MG IR E AR, sy
FH, A HUAHFTCKBRERAN T8, e T, B A
THITE/ IR (3:1, PR LL)VEBERLFIAEZ AT, 154.9 g Iso-8-
V. PR A E AR R, 77 %52%. 'H NMR(400 MHz,
CDCly) 67.36~7.23(m, 10H), 4.91~4.76(m, 14H),
4.65~4.48(m, 4H), 3.59(m, 2H), 1.32~1.15(m, 48H). °C
NMR(125 MHz, CDCl,) §154.28, 138.66, 128.44, 127.72,
76.17, 75.35, 75.03, 71.47, 15.80, 15.44, 15.26. HRMS
(m/z): Calced. for [Cs;Hg,NO,3]: 1100.5272, found:
1100.5278.

Iso-2f G 1 Iso-8-VIBR AR BB BR R 200 )7
RS W so-2-IN A )5 15 2 ] =4 Is0-8-1'(0.5 g,
0.6 mmol), FTERSIAY T, % T 10 mLIG/K — S H B, in
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AEHRRHEE0.5 g, 6.0 mmol), 2.2 mLIG/K ML IEFI4-—
G50 E(12.2 mg, 0.1 mmol), 0°C FHER 1 12 h. ¥
FSBAEIAS0 mL 1 mol/LERFRH K, Mg Lanis
WORTE, TS B TCK R N 0. e A, H
PR A DI (4: 1, RFREOMEBEIR FIAEZ AT, 15
0.4 g Iso-2. YA, 7365%. 'H NMR
(400 MHz, CDCl,) 64.79(m, 16H), 3.74(s, 6H), 1.37~1.12
(m, 48H). C NMR(125 MHz, CDCl;) §155.20, 154.14,
154.12, 75.31, 75.26, 75.24, 75.23, 75.16, 54.79, 30.93,
15.73, 15.71, 15.68. HRMS(m/z): Caled. for [Cy3Hyy
NO,;1": 1036.4443, found: 1036.4448.

(R.R)-3MEH: AR, $(R,R)-1(40.0 g,
443.9 mmol). MALE(151.2 g, 887.8 mmol). 4-FHAH
fi%(6.2 g, 44.4 mmol). PUZIEMILE(92.8 g, 443.9
mmol)HIE E AL (24.8 g, 443.9 mmol)F A = 1)K
o, IA700 mLE 2K, 35°C $iifE 36 h. Y& =il 5
R EIA300 mLAKH, R FRAEEL, IR 5 i
Sy, AU TCKBRRREN 8. D8R ERR bR 25 71,
R A T /P B (10: 1, AARFR F)VESE B RIAE 2T,
14425 g (RR)-3. FEWINLREAIIRIBA, 7=552%.
'H NMR(400 MHz, CDCl;) 67.42~7.27(m, 5H), 4.56
(dd, J=91.1, 11.4 Hz, 2H), 3.69~3.56(m, 1H), 3.32(m,
1H), 1.17(t, J=5.7 Hz, 6H). °C NMR(100 MHz, CDCl;)
5138.44, 128.61, 127.93, 127.89, 80.33, 71.32, 71.16,
18.65, 15.51. HRMS(m/z): Caled. for [C,H,NaO,]":
203.1043, found: 203.1043.

Syndio-2-1MEG 1 AT, (RR)-3(27.0 g,
149.9 mmol) F160wt% = fL#H(7.2 g, 180.0 mmol)¥# T
300 mLIC/K PO kg, ZiRdEHEe h, HENRA. A
SARHTF, (S,5)-4(47.0 g, 157.6 mmol)¥ T-300 mLIG/K
U IR, KRR A A, RSO h. K
F R SR A 300 mL 1 mol/LERFER M, pHIE AR
P, VB0 BEZE R 25 DU AW, A 500 mL 5 H B AR I
SyH, FHURTOK BRI T4 e TR, M= H
MBS/ N (151, R EEVEIR A ZT, 15475 ¢
Syndio-2-1. PEYINTOMARIA, 73:77%. 'H NMR
(400 MHz, CDCl;) 67.30(m, 5H), 4.91~4.81(m, 1H),
4.71~4.50(m, 3H), 3.91~3.80(m, 1H), 3.66~3.57(m, 1H),
1.27(d, J=6.5 Hz, 3H), 1.19(dd, J=12.8, 6.4 Hz, 6H), 1.09
(d, J=6.3 Hz, 3H), 0.87(s, 9H), 0.06(s, 6H). °C NMR
(125 MHz, CDCl;) 6154.66, 138.70, 128.44, 127.71,
127.65, 77.89, 76.03, 75.80, 71.42, 69.33, 25.97, 25.89,
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18.48, 18.12, 15.11, 15.07, 14.70, —4.56, —4.74.

Syndio-2-TIHY Jil: Bt Syndio-2-1(18.0 g, 43.8 mmol)
HIPA/C(10wt%, 0.9 g)IMA R T, FH30 mLZ g
fiff. o 222 B fE AR SU(0.1 MPa), RSN
24 h. RLUERRAPA/C, TR, A4 FH A it/ T T
10:1, B LWELE AR 24T, 1312.4 g Syndio-2-11. =
Wy R T RBR, 77%88%. 'H NMR(400 MHz,
CDCl;) 64.68~4.60(m, 1H), 4.57(m, 1H), 3.90~3.81(m,
1H), 3.75(m, 1H), 1.27(d, J=6.4 Hz, 3H), 1.19(t, J=
6.7 Hz, 6H), 1.10(d, J=6.3 Hz, 3H), 0.86(s, 9H), 0.06(s,
6H). °C NMR(125 MHz, CDCl;) §154.65, 78.92, 78.25,
69.99, 69.45, 25.85, 18.88, 18.68, 18.11, 16.24, 14.91,
—4.55, —4.74.

Syndio-2-11TIH A& W ¥ Syndio-2-1(22.0 g,
53.8 mmol)iA 1200 mLZE, R EIZ0°C J5ik =
AT 2 (46.5wt%, 4.0 mL), HEFERRS min. A
20 mL 0 FlRR PR S AT T K S, JITA50 mL7K A
200 mL =S BEAE B, A AIURE O /K BRAR A T4
BT, KL= A T ER(10:1, (RFH)MEGERE
FIREJ2HT, 1514.5 g Syndio-2-11L 74 R ToAMARIEAK,
F7#%91%. 'H NMR(400 MHz, CDCLy) §7.30(m, SH),
4.92~4.81(m, 1H), 4.68~4.48(m, 3H), 3.74(m, 1H), 3.61
(m, 1H), 1.27(dd, J=6.5, 2.0 Hz, 6H), 1.17(t, J= 6.6 Hz,
6H). HRMS(m/z): Caled. for [C,HpNOs]": 314.1962,
found: 314.1960.

Syndio-2-IVHI G AT, Syndio-2-111
(14.5 g, 48.9 mmol)FITC/KMEAE(11.8 mL, 145.8 mmol)
T80 mLI/K — & ke, MR Z£-20°C, %12
IZE =65 (14.4¢g, 48.9 mmol)Ay /K — 5 Wkt
(200 mL)Z 1, i InSEER S FHE 2 0°C, Hid S h.
150 mL 1 mol/LERFRISENZE0°C, it Plibs 5 i i 2%
MEAERRR D, &S, AU IOKBRER T4
BETVA, KL= H R A B TR (10:1, (RFR O MEVERG
FIAEZHT, 1512.8 g Syndio-2-1V. =)y T IR AL,
F7#%73%. 'H NMR(400 MHz, CDCl;) 67.31(m, 5H),
5.00(m, 1H), 4.95~4.80(m, 6H), 4.67~4.51(m, 2H), 3.62
(m, 1H), 1.38(d, J=6.5 Hz, 3H), 1.30(m, 18H), 1.18(d, J=
6.4 Hz, 3H). C NMR(125 MHz, CDCl;) §154.30,
150.31, 138.58, 128.45, 127.71, 127.68, 80.16, 77.09,
75.88, 74.43, 71.46, 16.00, 15.66, 15.43, 15.20.

Syndio-4-105 1L BRI, Syndio-2-1V(12.7 g,
35.4 mmol) 130 mLJC/K ML BEE T-100 mLIG/K DU &k



e, 1SENREW; Syndio-2-11(10.8 g, 33.7 mmol)iFT
50 mLJC/K PSR, RN EIRAWD, ERBHE RN
6 h. ¥4 SR A 200 mL 1 mol/LERER K, Jig 2P
KN, A A BEAS A, AR H ISR BRER 8
A ETVE R, AL P A B IR (15:1, (RFR )1
VEIRFIRLENT, 1919.2 g Syndio-4-1. 77419 4 [ 40Ky
K, 7 %89%. 'H NMR(400 MHz, CDCl,) §7.39~7.26(m,
5H), 4.91~4.76(m, 5H), 4.69~4.49(m, 3H), 3.91~3.81(m,
1H), 3.66~3.55(m, 1H), 1.27(dd, J= 9.4, 6.5 Hz, 15H),
1.18(dd, J=13.8, 6.4 Hz, 6H), 1.10(d,
J=6.3 Hz, 3H), 0.87(s, 9H), 0.06(s, 6H). C NMR
(125 MHz, CDCly) 6154.44, 154.38, 154.24, 138.64,
128.44, 127.71, 127.65, 78.19, 76.62, 75.89, 75.21,
75.12, 74.85, 74.70, 71.45, 69.24, 25.88, 18.46, 18.11,
15.69, 15.64, 15.56, 15.52, 15.26, 15.12, 14.65, —4.57,
-4.73.

Syndio-1/E 1 Syndio-4-TIF B3 P33 He (I 55
LA T B T IR I 1Y T 7R N 2 B Syndlio-2-11
FSyndio-2-1TY A )G 152 ] =¥ Syndio-4-1'(1.2 g,
2.7 mmol), ZEESLTT, #F5 mLIoK & H 5,
AP ERPEL(2.5 g, 27.0 mmol), 2 mLIC/KAEIEFI4-—
BN IE(12.2 mg, 0.1 mmol), 0°C $itHER N 12 h. ¥
SIS0 mL 1 mol/LERRR IR, HFnGLanis
WVEYE, P HUMFJOKBREREN TEE. BE TR, M
PR AR EE SR (S: 1, RO R E A, 15
1.1g Syndio-1. F=¥I A ERREE, %72%. 'H
NMR(400 MHz, CDCl;) §5.06~4.57(m, 8H), 3.75(s,
6H), 1.27(d, J=5.6 Hz, 24H). °C NMR(100 MHz, CDCl,)
5155.30, 154.20, 154.18, 75.34, 75.29, 75.18, 75.15,
54.86, 15.77, 15.64, 15.59. HRMS(m/z): Caled. for
[Cy3Hss NaO,5]: 577.2103, found: 577.2086.

Syndio-4-11145 1: ¥ Syndio-4-1(1.9 g, 3.0 mmol)F/l
Pd/C(10wt%, 0.1 @) I AE HEZEH, FH5 mLLBEEf#. =
528 5% BH 5 8 A EUS(0.1 MPa), & iRIEFER M 24 h.
T UEBRZPA/C, BETHR, AW FH A Tk TN R (6:1,
IERHOMEE R ZMT, 1511 g Syndio-2-11. F=¥I K
A E AR R, 7% 66%. 'H NMR(400 MHz, CDCIs)
54.83(m, 4H), 4.61(m, 2H), 3.86(m, 1H), 3.75(m, 1H),
1.35~1.25(m, 15H), 1.19(t, J=5.8 Hz, 6H), 1.10(d,
J=6.2 Hz, 3H), 0.87(s, 9H), 0.06(s, 6H). “C NMR
(125 MHz, CDCly) §154.50, 154.40, 154.25, 79.29,
78.25, 75.46, 75.28, 75.19, 74.80, 69.95, 69.24, 25.88,

19.01, 18.47, 18.12, 16.30, 15.94, 15.55, 14.65, —4.56,
—4.73. HRMS(m/z): Caled. for [C,5H,NaO,,Si]":
575.2858, found: 575.2859.

Syndio-4-11TI G % ¥ Syndio-4-1(12.0 g,
18.7 mmol)% 120 mL ZJif, HitdFRH1 2 0°C/ain =
AL ZBE(46.5wt%, 2.6 mL), HEFERNS min. A
20 mL PRURIR AR S AN A KN, IS0 mLyK A
100 mL S R BE AR IO AH, A LR JE K B R a0 T4k
BETHA5, M4 FH Al DT ER (4:1, PRF ) VRS
FIKEENT, 139.2 g Syndio-4-111. P~ 4 P8 AR R,
F7#%93%. 'H NMR(400 MHz, CDCly) §7.29(m, SH),
4.82(m, 5H), 4.66~4.46(m, 3H), 3.74(m, 1H), 3.60(m,
1H), 1.35~1.20(m, 18H), 1.17(t, J=5.7 Hz, 6H). °C NMR
(125 MHz, CDCly) 6154.46, 154.40, 154.22, 138.59,
128.41, 127.70, 127.62, 79.20, 76.71, 75.83, 75.49,
75.29, 75.24, 75.06, 71.42, 69.82, 18.92, 16.24, 15.92,
15.73, 15.68, 15.27, 15.13. HRMS(m/z): Calcd. for
[CysHuNO,,1": 546.2909, found: 546.2911.

Syndio-4-IVHI & B BRI T, Syndio-4-111
(3.0 g, 5.7 mmol)FIJC/KMERE(1.4 mL, 17.0 mmol)irF T
15 mLIoK @B, B A2 -20°C, S8R =
=R (1.7 g, 5.7 mmol)AY Jo/K & H 4E(10 mL)H I
W N gE B R THR 20°C, BiFE N8 h. 50 mL 1 mol/
LERFRISEN20°C, P FEK R N 218 B A SRR,
FE A, AU IR RN T, e TR, H™
YA/ DI RS 1, AR L) PR AE 2 AT, 1528 ¢
Syndio-4-1V. P41 0 A @A ERK K, 77%83%. 'H NMR
(400 MHz, CDCl,) 67.31(m, 5H), 5.00(m, 1H), 4.95~4.80
(m, 6H), 4.67~4.51(m, 2H), 3.62(m, 1H), 1.38(d, J=
6.5 Hz, 3H), 1.30(m, 18H), 1.18(d, J=6.4 Hz, 3H).
C NMR(100 MHz, CDCl;) §154.35, 154.16, 154.02,
150.20, 138.55, 128.37, 127.63, 127.58, 80.01, 76.57,
75.82, 75.48, 75.23, 75.05, 74.79, 74.66, 71.35, 15.90,
15.65, 15.58, 15.23, 15.06. HRMS (m/z): Calcd. for
[C,sH,;CINO,,]™: 608.2468, found: 608.2469.

Syndio-8-IM5 : BRAMRYF, Syndio-4-1V(2.0 g,
3.4 mmol)F15 mLIC/KMERE R T 15 mLIC/K U &k g,
BENREW; Syndio-4-11(1.8 g, 3.3 mmol)¥& T°10 mLIJC
K PO, FINER AW, FIREE 6 h. 2
O Y 5] A80 mL 1 mol/LERER H1 4K, Jie 2 PU S Wk, fn
AR BEAE RO A, A YUK SRR AT, e+
VA, KL= A I T RS 1, RFR FOVEEE A 2
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BT, 133.4 g Syndio-8-1. F=¥) H G EIRK K, 77%93%.
'H NMR(400 MHz, CDCl;) 67.28(m, 5H), 4.93~4.71(m,
15H), 4.67~4.46(m, 3H), 3.84(m, 1H), 3.58(m, 1H), 1.25
(t, J=7.9 Hz, 39H), 1.16(dd, J=14.2, 6.4 Hz, 6H), 1.08(d,
J=6.3 Hz, 3H), 0.85(s, 9H), 0.04(s, 6H).
Syndio-200G 1 Syndio-8-1I AN FE (B BR
TSR B T SRR LAY OV 5 I 2 B Syndlio-2-11
FSyndio-2-1111) & 1) 5 75 2 (8] 7= ¥ Syndio-8-1'(0.6 g,
0.7 mmol), ZEASHY T, T 10 mLIC/K 5 H e, i
NAHRTE0.6 g, 7.0 mmol), 3 mLIG/KMHIEFI4-—
IS BN IE (12,2 mg, 0.1 mmol), 0°C FHERN 12 h. #
FSREIAS0 mL 1 mol/LERRR K, (S ibahis
W, FHSA YU KRBT, BETiw 7, *ﬁ
PR A DR R (501, AR ED)MEVE R AR 24T,
0.3 g Syndio-2. 7Y EHERIREIE, 77345%. 1H
NMR(400 MHz, CDCl;) 64.97~4.69(m, 16H), 3.77(s,
6H), 1.28(d, J=6.2 Hz, 48H). °C NMR(100 MHz, CDCl,)
5155.20, 154.10, 154.07, 75.24, 75.19, 75.05, 75.03,
54.77, 15.67, 15.54, 15.49. HRMS(m/z): Calcd. for
[C43H74NO,;1": 1036.4443, found: 1036.4441.

2 AR5
REWR1Z-2,3-T Kilik(poly(2,3-butene carbonate),
PBC)AY 4 [F] PU R B R W Iso- 145 UK M A 3 i . LU

XA ) e (e€)>98% 1)(S,S)-1 ML iR JEURE, K HLo) Jy i
BT, A3 AT R B TR B (Bn) AU T 5 A
(TBS)Bf4r, 155(S,9)-3F1(S,9)-2. Hirh, (8.9)-25
N,N'-$ 5 DRI 2 13 3R A5(S,S)-4, ﬁ'?(SS) RBUNE ]
A, 138 "R K Is0-2-1. WIso-2-153 HMERSY, itk
BnAITBS, 155 Iso-2-11F1Iso-2-111. H:A, Iso-2- Hﬁn =%
N Is0-2-1V, HFSIso-2- T 7454, 15514
[ DU SR AR Iso-4-1. [ S5 3 ) S, %ﬁtMﬁFﬁN,N’-?ﬁ%
TRIRAE R 4 A i R, AR S AN A R R S
T, Iso-2-THEH 255 KA R, R#fiw R (S,S)-2 AR B
FRTR(E14). TR =56, 466 O H 7T 7ML E (1) 5558
PR T BRIV HEAT, b T REAE RSO R A, X —f
T BN ozaki i 41 VY B A A A T ORIk
i, X HIRATLLS A R K TR 52 R 4k T
fie. WJm, ¥ilso-4-IiF=BnFITBS, FHISH 2 F gk
Trdtm, RUATAS2] 5 RA Y250 AH L A 8 4= [R] o 3R
Kiso-1. 2[R /\FRMKIso- 214G W 5 Iso- 10§ H AR,
Iso-4-1 £ TBSTE FIso-4-111, PS5 E RN =R
N, Al —2 A L Bl )\ B K [s0-8-V. Is0-8-V
Jiit BnJa A H R H lig i, 295281 5 RE WS
AEBLAAAEE TR 42 ] )N SR (A Is0-2.

PBCHY[a] [7] 1Y 58 3 B W) Syndio- 1194 KM 5 Iso-
1AHTE], (HE][R \RERY)Syndio-200-6 15 Iso-276 Ft
A, GnESETR. T ERERE R B, T5 20K Syndio-4-1

o
BnQ, OJJ\O OH
o (&) R
BnC}ﬁ{)H @ Hci }ﬁ{m () TaS(}ﬁ{)H (© TBS(j -\S_SQOJ\N W@ am? \ﬁﬁoko \ﬁ{JTBS /so:rlll
(5,9)-3 (5,91 (S,9)-2 (S.9)-4 Iso-2-1 u Ho \QQO)kO thBS
Iso-2-1l
o o 0 o )
PN Lo N ()
BnQ O" O OH (gy BnO O "Q 07 C (h) BnO, 0 oTBS MeO O, 0 9 OMe
B T S AR EE, A SavaY
Iso-2-1ll Iso-2-IV Iso-4-1 Iso-1
0 0TBS (e) BnQ, 0 OH (g Bn O 0 O OBn MeOQ OMe

Iso-4-1 Iso-4-1ll

Bl 3 (SRR () 4 [A) 45 4 SRR R-2,3- T M iR 2 R W Iso-1(DU SRR Fil Iso- 2 U\ RIR) B & I BK £2. () TRALTE .

Iso- 8 Vv Iso-2

4- PR IR A

FALHER. 2L 35°C; (b) AT R WREE=RMAIRES. =28, &M, 0°CEEIR; (o) NN-RIEZBEmE, 1,8-" & Z _H+—Hk-7-
Jis DU, =i (d) (5,9)-3+ AAbEN. WAk Ei; (o) =HAMAEE. 2. 0°C; () &R EBRMILF. 4B Fil; (g) =R
MEBE. &S, —20~0°C; (h) Iso-2-I1. AEAE. PUSURME. 25°C; () AT BRI EE. MEnE. 4-—F&EEmnE. — W5, 0°C

Figure 3 (Color online) Synthetic route of isotactic poly(2,3-butene carbonate) oligomers Iso-1 (tetramer) and Iso-2 (octamer). (a) BnBr, p-FPhB
(OH),, Et,NBr, KOH, toluene, 35°C; (b) TBSOTT, Et;N, CH,Cl,, 0°C to room temperature (r.t.); (c) Im,CO, DBU, THF, r.t.; (d) (S,S)-3, NaH, THF, r.t.;
(e) BF;-Et,0, CH;CN, 0°C; (f) H,, Pd/C, EtOH, r.t.; (g) triphosgene, pyridine, CH,Cl,, —20 to 0°C; (h) Iso-2-1I, Pyridine, THF, 25°C; (i) CICO,Me,
pyridine, DMAP, CH,Cl,, 0°C
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o R ERSY, 43I R 2 BnAITBS, 152 Syndio-4-11F1Syn-
dio-4-111. F:H, Syndio-4-TIIAI =YK W IE HiSyndio-4-
IV, X5 -5 Syndio-4-11454, 158 /\ZB{KSyndio-8-1. x
Jii, B Iso-8-11 L BnAITBS, P& H iR FF fg b4 3t v,
B AT 4518 [/ )\ R4 Syndio-2.

&1 6 42 4 [m] 1 [1] [7] 235 ) e 12 - 2,3 - T 445 i D SR A4
(Iso-1F1Syndio-1)F1 )\ RAK (Iso-2F1Syndio-2), VA K TCHL
PBCHIZ[RIPBCIIRZ R, W FT7R, Iso-1F1Iso-2F)
L BRI N S 14 154.12 ppm, 542 [RIPBCHY K
Fek(154.12 ppm)AH[E]; U Bef 73 i 7E75. 24 Fl
75.23 ppmik i, 5 R EGY AR P Bk AL E
(75.22 ppm)IEANT I ;  MEE - SRR 91k 2 57 8% 433l
H15.69F115.71 ppm, 5 RA W4 H Flk(15.72 ppm)JR
FEARDCRE. X HIso-1H1Iso-2, Bl 2258 Wy s o5 4

i, AR IR . R SR A R i A RS
B RAEWIEET, om0 FEH AR AE/N. Syndio-1
HSyndio-21 F U ERFERR 43 51 4 154.10F1154.09 ppmAth
HE,  Fbiso-1H1Is0-21(£0.02~0.03 ppm; K HH L% 115
S (4R 75.09F175.07 ppm)- 4 [F RA W) B I 25 5
BH I DA R S DX 3l mT DA B SR b R 2], SR A Wi ]
&) BATTF31 14 F AR AE 15.51 ppmik s, 1A, 155.20
F154.78 ppmBitIL (9155 43 0T 10 S5 50 4 iy 3 1)k 3
T FITH JE k.

3 4w

AHFFE L TFE2,3- T oA R 5o, A h T Rk
fi%-2,3- T M ik () 4 [R) 45 44 DU R AR Iso- 1R\ R {K Is0-2,
[i1] [ 235 46 DU B AR Syndio-1F\ AR Syndio-2. i FH 1A

[o]

BnO, OAO\_<0H
(e) RR, §5s
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n( (a) HO OH (b) TBSQ, OH (c) TBSO, Jon ) N (d) BnO 0~ O, OTBS
s A G G e e e 4
(RR13 (RR)1 (592 (.54 Syndio-24 HO_ 0”0 OTBS
SS‘)1 )R_R{E :\§<
Syndio-2-1l
X 20X BUY . 5 SR VR GRS §
BnO, 070 OH B0, 070 07 cl BnO, OOTBSJ_)_»MEOOOOOOOOOOME
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(e)l { (hy) B{O o 0TBS Meo){ ﬁom
5 [ 5 el S el
o O O O o Syndio-8-1 Syndio-2
BnQ, O O (9) BnO, 0
e S el B e 9
Syndio-4-1ll Syndio-4-IV
B 5 (ML RUR ()R] R 54 R BRTR-2,3- T MR W Syndio-1(WUSRAR) AlSyndio-2(/\ R MG UK LR, (a) TRALTN . 4-FRNAR . P2k
B FAEAEL WK, 35°C; (b) AT R HIBE =GR EIRNE . =M. M BE. 0°CEFEIR; (o) NN-FREE IR, 18- & F: I +—K-7-
M DRI, =il (d) (RR)-3. UK. WKW, =il () =FMAMCEE. ZiF. 0°C; () &R bR, /. = (g9 =k
RO MERE. TEHEE. —20~0°C; (b)) Syndio-2-T1. NEIE. PUSUKME. 25°C; (h,) ALRE. PUEUBEME. 25°C; () AP ERHIEE . AkiE. 4-—H 4 3l
hE. k. 0°C

Figure 5 (Color online) Synthetic route of syndiotactic poly(2,3-butene carbonate) oligomers Syndio-1 (tetramer) and Syndio-2 (octamer). (a) BnBr, p-
FPhB(OH),, Et,NBr, KOH, toluene, 35°C; (b) TBSOTT, Et;N, CH,Cl,, 0°C to r.t.; (c) Im,CO, DBU, THF, r.t.; (d) (R,R)-3, NaH, THF, r.t.; (e) BF;-Et,0,
CH;CN, 0°C; (f) H,, Pd/C, EtOH, r.t.; (g) triphosgene, pyridine, CH,Cl,, —20 to 0°C; (h,) Syndio-2-11, pyridine, THF, 25°C; (h,) pyridine, THF, 25°C;

(i) CICO,Me, pyridine, DMAP, CH,CL,, 0°C
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isotactic PBC J L
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B 6 (M%WUF()Iso-1(a), Iso-2(b), Syndio-1(c), Syndio-2(d), TTHLPBC (ee=0)(e) 4= [FIPBC(ee>99%) (DAL HERTE. (a)~(c)/ MV BHAE. K
B B 5T i LR

Figure 6 (Color online) Carbonyl (a), methine (b) and methyl (c) regions of C NMR spectra of Iso-1 (a), Iso-2 (b), Syndio-1 (c), Syndio-2 (d), atactic
PBC with ee=0 (e) and isotactic PBC with >99% ee (f)

A AN N-BEE IR AR R A i b, BEERR . U SRR RN 6 Y BERR 7R 154,12,
R BPITEOIRER YR CHE, A a RO R TEmL  75.23F115. 714022 LR A i 45 5 XF 07 122 SR B R i ) 4
WERSSIRIEACAT T AT, B TR RSO AR, 1l RISOTFS; 154.094 75.07HF115.5 1AL AYAE S0 R A
T A R RIR-2,3- T M Ba S SR R RE R WIS IRI[E] Ty 4.
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Synthesis and microstructure analysis of stereoregular
oligomers of CO,/cis-2,3-butene oxide alternating copolymer
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* Corresponding author, E-mail: xblu@dlut.edu.cn

The utilization of carbon dioxide (CO,) as a nontoxic, abundant, economical and renewable C1 building block for the
production of valuable organic chemicals can contribute to a more sustainable chemical industry. In the chemical process
using CO, as a raw material, the synthesis of degradable aliphatic polycarbonates by alternating copolymerization with
epoxides has attracted widespread attention. Notably, aliphatic polycarbonates with biocompatibility and biodegradability
have gradually attracted great attention in the field of biomedicine in recent decades, since Inoue and co-workers first
reported the copolymerization of CO, and epoxides to produce biodegradable CO,-based polycarbonates by using
heterogeneous catalyst in 1969. This method used non-toxic and inexpensive CO, to replace the highly toxic phosgene in
the traditional polycondensation as carbonylation reagent. Since then, many heterogeneous and homogeneous catalysts
systems have been developed for this copolymerization. However, the commercial applications of aliphatic polycarbonates
have very limited due to their poor thermal stability and the mechanical properties in comparison with polyolefins.
Recently, the binary or bifunctional catalyst based on metal-salen complexes was found to be very efficient for this
transformation in immortal polymerization mode, affording various polycarbonates with complete alternating nature, and
excellent region- and stereo-selectivity. Along with the discovery of these highly stereoregular catalyst systems that can
generate copolymers with high stereoregularity, study on the regiochemistry of epoxides ring-opening during the
copolymerization and the stereochemistry of the carbonate unit sequence in the polymer main chain was also reported. The
stereochemistry of a polymer significantly affects its physical property. For biodegradable polymers, e.g., polylactide, the
degradation rate of isotactic polymers is much slower than that of amorphous polymers due to the orderly arrangement of
building units in the former. Additionally, the relative stereochemistry in a polymeric chain also bears a memory of the
reaction pathway leading to its formation. Therefore, the assignment of the stereochemistry information on a polymer chain
is beneficial for understanding the polymerization mechanism and further designing more efficient catalyst systems. The
microstructure information of a polymer can be obtained by analyzing its NMR spectrum. However, since the difference in
chemical shifts of the same atom in different stereochemical environments is very small, it is quite difficult to assign the
nuclear magnetic signals of polycarbonates. The signals of carbonyl and methine regions in the main chain in the PC NMR
spectra are significantly affected by stereochemistry of polycarbonates. As a consequence, the chemical shift and split of
carbonyl and methane in the PC NMR spectra are used to characterize the microstructure of polycarbonates. The accurate
microstructure analysis of a polymer is performed by synthesizing the corresponding model oligomers and analysis of their
BC NMR spectra. In the present contribution, four kinds of model compounds of poly(2,3-butene carbonate): isotactic and
syndiotactic tetramers and octamers, were synthesized by the use of chiral 2,3-butanediols as starting materials and
triphosgene as carbonylation reagent, which not only avoided the degradation to cyclic carbonate during synthesis but also
ensured a fast and reliable increase in the number of oligomer units. By comparing the signals in the °C NMR spectra of
steroregular oligomers, it could be concluded that the signals at 154.12, 75.23 and 15.71 ppm were attributed to carbonyl,
methine and methyl of isotactic polymer, respectivey, while the signals at 154.09, 75.07 and 15.51 ppm were assigned to
carbonyl, methine and methyl of syndiotactic polymer, respectively.

CO,, polycarbonate, oligomer, microstructure, NMR spectroscopy
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