% 4”) {t« % DOI: 10.6023/cjoc201604013

Chinese Journal of Organic Chemistry

ARTICLE

BAERFIT o E A R E 1 R AERER Y & Ak A M BERT 5T

25 GIE™

LR

(“ BRI R B 200444)
O E R LIRS L 200032)

WE  AOE 7 RS A ROIRIR TR A T IR IR IR I & OV, 2R AR BT AR, W
RIEWEREAT IN L. 2R AW ik B A 5 R B AL 5 AR E I, ER U 5% IR EBURIRZ =ik 451 C, fE
1000 CFHIFRIRFN 33%. ZREGWIEBA RIFHUKME, ERKTRE 24 h J5IBKRIRE 0.21%. N T EE—B0H5
FIFI T AL 5157 7 R IR IR VE BE RS, A RISy A S e 1 30 0 MU A3 2801 38 T )i 2k 3L R W
PLR Sy A TURBRIRIE. B VEREXS LURT TERT 0, HEIFIR T IR A1) 51N REAT R i 77 7 10 SR DR IR I PO 44 124 A

B
R REKIREG, ORI T ARG RENER G

Synthesis and Properties of Benzocyclobutene-Functionalized
Thermosetting Polycarbonate

Li, Zhiyong*” Cao, Weiguo™* Sun, Jing*’ Fang, Qiang™*”
(“ Department of Chemistry, Shanghai University, Shanghai 200444)
(® Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, Shanghai 200032)

Abstract A novel benzocyclobutene (BCB)-functionalized polycarbonate was synthesized. This polymer showed good solu-
bility in organic solvents and could be processed by solution method. After cured at high temperature, the polymer exhibited
high thermostability with 5% weight loss temperature of 451 °C and a char yield of 33% at 1000 ‘C in nitrogen. The cured
polymer showed good hydrophobicity with water uptake of 0.21% after immersion in boiling water for 24 h. Moreover, a co-
polymer and poly(bisphenol A carbonate) were synthesized by bisphenol A monomer to study the influence of the existence of
BCB groups on the properties of the aromatic polycarbonate. The results of comparative study showed that BCB groups can

effectively improve the thermostability and hydrophoblicity of aromatic polycarbonates.
Keywords polycarbonate; benzocyclobutene; synthesis; thermosetting polymer
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B, SRMIBEE 2> T REIRTE, REWEMEME. ninT
PRSI S AR R L R B, 286K E, IEANEERES
AR KT I TR RTEE S, SINTTE IS, i
WAZBE, HRA VIR, 5 m iR RE ) —
R BT R, A2k B — 28 T B4k 2 4]
(SRR R T, S8 1 ot Hon TR R i, i L 3RTR
SRR E

TERE 51N SRR R TG 1 m [ fb JE (4], Al i 5 [ 2
Pl i I B TR 90 ON FALE 1 55 (4], AN I Ag 16551,
R vl S G AC K, 7 AT B AN [ 1 A
BT DGR R A A MRS, indag e, BRIA
PERESE, REfd LN FH B TE T pg it . 78 B 4]
o OIRIRIR T A LA v SRS M AL 1 S A
HEAW TN, MK T HHKE Diels-Alder
S BB AE R\ IR0 3 Bz R A R R A Ny
TR, DR 2R T 0 o A oty e (] B A B
RPN SRR T/ (BCB) IR g 25 JE 1L T 42
TR BRI HH B R 1) 05 PR Re . %
FRILIR T IR RE, BATE &R T &6 %
HIR T B B4k BCB-DP, (Z5HItE 1 FiR),
H 5 =R NS R BER S BPC. B T1Z SRR s M
BRI T R, (B R R iR, w7
TN it 7 ] R R, I TR R A, R AT
T ] 4k, 73 21 37 4k 38 B X R 25 149 1 2R i R T (PBPC),
HAERS T 5% MMER KR E&SIL 451 C, 1
1000 °C FHIFR B A 33%, I T 51 e e
N T BT T I IR T 5 I 5N 5 kR e 1
ReffIsm, AR BCB-DP. AUy A FRARFN =654
AT T R A A ORI T B A R L R
(BA-BPC) LA K ZEVE XUy A TR BRIRER(BAPC), 6=
PGP MEREEAT T LB 7L, X g R BoR, K IF
INT I A 0 5] N AT S Bk R B FA T b S, 3RAS B = 11
PFaErt, I H LB BT e

OH

0.,

BCB-DP
B &2RF38 T2k H ) 4k BCB-DP HIfL 2451
Figure 1 Chemical structure of monomer BCB-DP
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—ANHEEERI AT 1P A 17 N-F I
B (NMP) b 55 A AR B BE, 1T R 2R Bl R 2K T A5 21
WEY 1 By EL. 2By S AR AL T 5 4-0R
RIFI TR, WA 3,5- AR AL 4RI T
W S (2), B Jm A AL A I 25 F S0k (8 T #4525
FEIA T D 1) 2K ) 44 BCB-DP.

OCHj OH
C12H253H, KOH
0
HaCO ocH, NMP.130°C co OCH;
1
(1) KOH, Tol., NMP 0 j Alll,, CH5CN
(2) Cul, 140 °C 85°C BCB-DP

Br
\(jj H3;CO OCHj3
2

B 1 RNk BCB-DP [ k12

Scheme 1 Synthesis of the polycarbonate monomer BCB-DP

i#iT "H NMR, FT-TR Al iR 43 3 53 bl 23R AE T+ Boxt
f& BCB-DP (W47 45 M ii AT 7 RAE. B 2 ARk
BCB-DP iR, H2E A A1E 6 6.7~7.1 F15.9~6.1
A (RS 5 W43 VA &8 T 2R IR 3R T M B 2RI AN B
FEE BT, 0 5.0~52 W NBRERFRTFIE 6
3.0~3.2 MONEIEIRT I BN R B
3 A BCB-DP 204N, o 1468 em ' AZRIHF
TR E C—H B R BT A AR AE g2,
DL S RERH, FsR1S = iA 4540 5 H b= AH 5

I
=8

1.2 BWREREENEK

1E K T3R8 4k BCB-DP J&, BATKBHE =%
I 1) % (B s A R IR T R I SR kR TR (BPC). R
HEYIRAE R Eq. 1 s, LAgfE BCB-DP Fl=Jt<
BTC) NIk, = ZRefE R, — & H bt s,
TEERAMTRBE S h A E G R EE, 20 )5 A
J&, AT A AEAE. @i 'TH NMR. FT-IR fil GPC
ST R AT T RAE. B 4 R 5 2R RED
BPC [MAZHEERE L AME . 2 4 5 3.0~3.2 i)
B UENRIF IR T G R R i e, S R 1468
em RIS I [RIREIE SE T AR IEIR TR B MAE A, 4L
HMEEIFAE 1780 cm ' AbA B LRI oo, DL - gh
W TR AW BPC [k 45H). @il GPC IS4
B0 T8N 25000, S-EUEN 1.6, ZEAYTT LR IFH
WfRAE THE . &5 &P SEE AR, JEE
FLR B Wi mT DA T B R 0 7 v ) A% R A
VRIS
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Figure 2 'HNMR spectrum of BCB-DP (CDCls, 400 MHz)
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Figure 3 FT-IR spectrum of BCB-DP

HO CCI3

o
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BPC: m = 0, M, = 25000, M,/M, = 1.6;
BA-BPC: m/n = 1.5, M,, = 20500, M,/M, = 1.7;
BAPC: n = 0, M, = 19400, M,/M, = 1.7

(1) Et3N, CH,Cl,
(2) CH3OH
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Figure 4 'H NMR spectrum of BPC (CDCl;, 400 MHz)
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Figure5 FT-IR spectrum of BPC before and after cured
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FEMA), FRATIER Ay A FARG R T AN R IR T I ik
2R R BRER S PBAC, LLJCKGH 5 ik BCB-DP.
=L TRRAT IR o M 77 A AR IR T 0 B A 3 3R
) BA-BPC. H.A U755 BPC K U(Eq. 1), FHFAAHHE
B RAE T B REWitAT 7 RAE. @ik GPC W15
BA-BPC 1 BAPC %3573 1543 7124 20500 F11 19400,
SRS 1.7,
1.3 BREREREERAEKITA

BRI T IS TR AT R A,
TRIEREE BPC [Elk J5 v DATE A B IR 4544 PBPC, Al
o BiRE E U Scheme 2 Fin. SRIFIR T M 040
W LATF IR R A, Hnl AP TE R\ TG, 845 KR
Pl 3= % 9] AH B S BRI R PIR S5 40 SRR IS BPC [
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PBPC

Bz 2 REkIKREE BPC I AL & S = &

Scheme 2 Curing reaction of BPC at high temperature

AT AT DL Z A ERIRDSO T %%, B 6 A
BPC [{bAT/E) DSC #iZk. EH 93 CAI #kE
BPC A&, BEWIREELIRE RN 197 C, JH
FEACTCRE N 248 J/g, LA ST 100 C, &
B iZ R RS LA RS L& 1, I, £
WIHEASEE T PBPC 76 50~300 Ciu [N &A H
LR B, RIH AR R AP #E. PBPC
(1AL FE B Tl I AT AN e 5%, 18]S HI T BPC [l 4k
W R ML AME R, o W BPC [E4LG, I T 1L
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AH: 284 Jig

Heat flow/(W-g')
-— Endotherm exotherm

100 200 300
Wavenumber/°C

B 6 REkERIE BPC [E{LATS 1) DSC Hizk
Figure 6 DSC traces of BPC before and after cured
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1468 cm™ ' ARFIRFAERISIE T O, IERITE IZA M P RS
Yy LA A 58 4 T8 A R (1) S ik R T PBPC. BA-BPC
TEMNFAGAF T A MBI E AT N, BT HIR IR T M2
B & &4 BPC b, HAZE™ ) PBA-BPC ZCHH IR
PBPC K.
1.4 [Elb/EBIREREERIAFEE MEFER KM

NT TR T IR E D R A v Re e, 3k
fiT%F PBPC, PBA-BPC UL KA fg &4k (1) SR ik ik i BAPC
)RR e M B K AT T 552, R A A A
(TGAYN = WA e AT THE9T, S5 Rk 1 Piow.
RS E T, PBPC K 5% E #1517 & ik 451 °C,
10% A E BRI A 473 °C, 1000 C FHIFRRFN
33%, JEIL TR AR E M. PBA-BPC [1) 5%F1 10% 1]
PR AR IR 23 ) 439 A1 454 °C, ££ 1000 °C R IR R
R 23%; W A BUEBRIREE BAPC [ 5%F1 10%[H1#4
FEIRIEE 3 412 F1 422 °C, HAE 1000 CFHIFR R
HA 19%. HILAT I, X =FMESYHBEE R IFH T I
F AT, e IR . X T IR IR
TN A RETE BSCIRIR 25440, A5 HE LA = )
M. Bk, R RN T I 5 N SRR e i
AR E A SR, (AR MR U A R R TS
AW STt
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Table 1 Thermostability of polycarbonates

HERR IR R Ts°/°C Ty"/C TR %
BAPC 412 422 19

PBA-BPC 439 454 23
PBPC 451 473 33

“T5 il Tho 57 AR FAE A U B TR T B KA 5% 1 10% M TS P R UR
FlH 1000 C R ERRKE

ASCE MR R ADoK E, RIS RE KT
FEfi £ 43 71%F PBPC, PBA-BPC Al BAPC ik P At
177 HUER e, 455Nk 2 Fion. K8 F/K{E PBPC #
JE_E Rl o 97° (il 7 FiaR), PBA-BPC Fil
BAPC (57K [ 5 5 90° 01 85°, IX R MAREE A IFIR T
IHHE S R, REeVRmeKEZE DR, AR
X = AR B R K AT T IR K = Pl R KR e
AR S emX 2.5 cm FTE AR IEECE K IR 24
h J&, TWRIRIERT R R 2, F R S R
I A AR B K 3. BAPC HIMRZK R A 0.39%,
&G IR T 451 PBA-BPC Fil PBPC [ /K 245 51
9 0.28%7FH 0.21%, HHILA] WL, PBPC B A & 4F Bk V.
KR NIRRT M v mi K v A, AL S, (15
SRR TG I A FEAR K, K (1) 5 i kA A L 1)
Fe A3 N, AT A6 1% SR B R B /K PR T B R 13

K2 BRI AR K 2 B F i A Pk
Table 2 Water uptake of polycarbonates

FEORIR TS PBAC PBA-BPC PBPC
WK /% 0.39% 0.28% 0.21%
Befilfa/(°) 85 90 97

B 7 PBPC MR 5K A

Figure7 Contact angle of water on a PBPC film

2 g

JREr R T A 2R AT SRR IR TOMR 2 A W
My §i4A BCB-DP, Jf LA R J 1 ] #4414 ) 5k 1R I
BPC. %R AT PV 0 ) 26 AR, 0 Tk g R4
TEMASE A T R AL, 15 2] HAT SRR S5 14 ) R e
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fRfg PBPC. W FHLMERERT &0, =R AW TR
ST AR B K. K L 58 M BE T A IR T I
1 R 18 g BA-BPC [z 2k ME Uy A Tk R s BAPC
IVEREXTEL G vl A, B T 2RI TR ARSI, 15
RIRIRE i A2 s PE Rk PE R B4R .

3 SIS

3.1 IR

)= AR TR(98%), HOHERG; 1E1 —HiEE(98%),
BALIRFHT; 4-BER IR T M =6 5(99%), WU A(99%)
B bz T WRALEAR, R, BOvkIRYS; B ARFI N L
VWA 25 AT PR 2 =) 3k [ 24 4 4k SRR A PR A A
WESE. ALED) 1 3% CARIER A ), mp. 37 C(X
BREPY mp. 36~37 C).
3.2 MASFRAENZE

it A8 R Bruker AV-400 #ZHE3EHRAY, fi BL
2L AMGEE(FT-IR)Z A Thermo Nicolet 380 ZLAMGikAX,
KBr JE ik, H#TEH 500~3500 cm™'; mEHEER
1%(DSC)KH TA Q200 /R ZEH i A, AARHN 50
mL/min, BL 10 C/min HJFHIREZHE N 40 CHIEZE
350 C; #MEHR(TGA)KH Netzsch TG 209 F1 #E i
KAMAL, LL 10 C/min B THIEHZE N 40 CTHE
1000 °C; Hfih A IR FH B A A7 W1 24X (JC2000C), 2=
BT KAE NI A o R e SR P R M £ R A
(GPC) Breeze2a 200, VUEPKIIE AT, TR LM
VB FRitE o] REE .
3.3 BiEMER
3.3.1 hdh 2 e R

£ 500 mL BEJH, INAEY 1 (20.0 g, 129.7
mmol). ZEALE(11.0 g, 194.6 mmol). %60 mL)F1
N,N-"H 3 Z. B f(250 mL), 7E 140 ‘C FIE[HFE/K 5 h
G, BREZ AW, HFAMEEE. MBI
TI%(26.0 g, 142.7 mmol)MAL I 4d(2.5 g, 12.9 mmol),
AUFEAMIS =05, AR 140 C M 20 h. B Bk
AEIE =R, BN 500 mL A /KH, FHH 100 mL LR 4
BEAEE =R, A HUAHF oK R RN T4, B 9575+
JENTANE, 159 25.0 g SEEMHRY 2, 72% 75%. 'H NMR
(400 MHz, CDCly) d: 6.99 (d, J=7.9 Hz, 1H), 6.91~6.83
(m, 1H), 6.76 (d, J=1.5 Hz, 1H), 6.20~6.09 (m, 3H),
3.73 (s, 6H), 3.13 (s, 4H). HRMS caled for Ci¢Hc03
256.1099, found 256.1104.
3.3.2 {44 BCB-DP #4-5&

7£ 500 mL BEiEH, IIAER(13.2 g, 487.7 mmol)F1 Z,
(250 mL), Z JE12MmAmL(130 g, 487.7 mmol). fn#k

Chin. J. Org. Chem. 2016, 36, 2442~2448
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% 85 CliteM 3 h, AHE=REE, IMALEY 2
(24.8 g, 96.8 mmol), FINFAZE 85 CRIL 5h. RIAA
HEZERE, BAZFBRIA /KBRS, A 100 mL
LR CBRFEH =R, ANUAE K BRER BN T4, B
FEAEEN 28, 5 21.0 ¢ AMEA BCB-DP, /7%
95%. m.p. 30~32 C; 'H NMR (400 MHz, CDCl;) ¢:
7.01(d, J=7.8 Hz, 1H), 6.87 (d, J=7.9 Hz, 1H), 6.77 (s,
1H), 6.02 (dt, J=9.3, 2.0 Hz, 3H), 5.07 (s, 2H), 3.14 (d,
J=1.8 Hz, 4H); HRMS calcd for C;4H;,O; 228.0786,
found 228.0787.
3.3.3  RAKERESH SR

TR T IR B R IR R (BPC) I & HG: #4100
mL P T8, BRI T, 20mAL&4) BCB-DP
(1.00 g, 4.38 mmol)F1 =35(1.30 g, 4.38 mmol), ¥f#ET
30 mL &, fEVKKM AT, S8 = 2 (1.30
mL, 8.76 mmol)JE A, WNTEEEE, MBRIKKAE,
TR NP 5 h, IINGEETCK R . S8 56 5
&, I 50 mL K, (30 mL)ZE =k, HHLAH
FTCK RN T8 f5 k48, T oK B RS ihT, HUtiE
g, B TRE AR A AR 0.86 g, F7E 77%. mup.
93 ‘C; 'H NMR (400 MHz, CDCLy) 6: 6.64~7.12 (m,
6H), 3.13 (s, 4H); FT-IR (KBr) v: 2925, 1786, 1625, 1601,
1468, 1215, 1111, 992 cm™'. GPC: M,=25000, M, /M,=
1.6.

LR RIRKERBE(BA-BPC) & B K5 100 mL # il

T, BRI, SalmAEY 3 (1.00 g, 438
mmol). X} A (1.00 g, 4.38 mmol)Fl = 5(2.60 g, 8.76
mmol), #fET 60 mL &5, TEOKAKBAEIT, 1%
= B(2.6 mL, 17.52 mmol) &R, WiNseEeE,
WERVKKG, FEZEE TN 5 h, OIS & IEK H i
i, R SEEESE, FIN 100 mL KA, FHEA5(60 mL)AE
=R, AU TS KBREREN T 5 e 4, T I0/K i
HTAT, KT IS S A T T, 153 A A A
1.56 g, & 84%. m.p. 113 C; '"H NMR (400 MHz,
CDCLy) 6: 6.74~7.23 (m, 16H), 3.14 (s, 4H), 1.67 (s, 9H);
FT-IR (KBr) v: 2973, 1783, 1622, 1601, 1468, 1200, 1018,
837 cm . GPC: M,=20500, M,/M,=1.7.

LRPE Xy A TR BRIRIS(BAPC) A % K5 100 mL
P T, ZSRTT, 2B A (1.00 g, 4.38
mmol) A =3%"5(1.30 g, 4.38 mmol), FFiAET 30 mL &1
LOTEUKOKIB SRR, ZIEW N = 213 mL, 8.76
mmol) K T E TR, WIMEEIE, MBRUKoKE, 1£EiR
TRBLS h, AT R K TR . RS SEREE, B
50 mL 7K, H&H (30 mL)AEEL =k, AHUAHH LK
FREN T S5 W4, T Ie/K B yihT, Hote s |
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T T, BRAGREAE 095 ¢ EK 85%. 'H
NMR (400 MHz, CDCl3) &: 7.13~7.24 (m, 8H), 1.66 (s,
6H); FT-IR (KBr) v: 2970, 1771, 1715, 1604, 1506, 1230,
1120, 1164, 1015, 831 cm . GPC: M,=19400, M,/M,=
1.6.

34 RWBBAESEERFIE. BRI

KRR T 12- & ok, WEN 200
mg/mL, £f A& E A, IR 2.5 emX2.5 cm
WS b, FRAR BRER TR 2 BT T IR
FRPE 85 C, VA AR TA, SRIFEAEE. ¥4
R 2 V8 701 P TR B ot £E L P v b B THIRL [ 4,
JFEFHEIEAE . 150 “C/1 h, 200 ‘C/1 h, 250 ‘C/3 h,
300 C/3 h. AR H R FREFIEN GRS
VIR

UL B4R 5 emX 2.5 em [E46 )5 B R ERER
VIS, LE B A R B E S A TR R B AR
HE=E, BFEGET 100 mL X8 7/KH, RE#H
EIRZASORFF 24 h 5, KRR S B . I 4R T e 2 i e
RIMAIKSy, E=R FRE, THERIKE.

4 Bh#1 £l (Supporting Information) 1L&%1 12 'H
NMR i%. 4% BCB-DP J25& &4 BPC, BA-BPC, BAPC
] "H NMR B A1 FT-IR 3% &, X Seph)n] DL 8 AR T
I3t (http://sioc-journal.cn/) I N %K.
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