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Synthesis of Polyimides Modified with Amide Bond Moiety and Asymmetric

Ortho-position Pendent Group

MA Jinwen, HE Xiujuan, ZHANG Bangcui, YANG Yanhua”

(School of Chemistry and Chemical Engineering, Kunming University, Kunming, Yunnan, China 650214 )

Abstract: In order to increase the solubility of polyimide materials, polyimide molecules with flexible and asymmetric structure were
prepared through introducing flexible amide bond moiety by nucleophilic substitution reaction and modifying ortho-position pendent
groups by Suzuki coupling reaction. The synthesized polyimides and their diamines were characterized by nuclear magnetic resonance.
The results showed that the characteristic peak chemical shifts of polyimide are different due to the anisotropy of the introduced aryl
groups and the different electron-withdrawing ability of the dianhydride monomer.
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i BT RACARERE ) 200-300 H HH:)Z6E
WEHE2EY) i, % F Bruker Avance 11400 % 4% g
PRALAE 25 °C il A HL AL A ¥ F0 5 I 0 i 1Y
"H NMR#1 “C NMR; RY-1G % s 400 145 HLAk &
/R CISE
1.2 ZndR
12,1 #EMNAEIHE R

3, 5-TAHAE-NOR BRI ORI (RS EE B
1) FIARIAE IR A AT BB TR, & aad
AR .

G 2 A FEIRAMET, 76250 mL
SRR = R, ARTOIAREL S
Pr1(2.24 g, 7.8 mmol ), 4B IR TR (1.% g,
7.8 mmol) . BREREN (5.38 g, 39.0 mmol) FI N, N-
THIEHEE (60 mL), 7E60 CAMFTHFES h.
NZEFIEMA 150 mL ZEI8/K B+ 10 min, 4138, #4
UEDFET 150 mL 2GR kAl (60 mL) (1)
SOBSEA, 7E 50 C AU FHiHE 30 min. BHIEE
T, fE, S TR S0 CAMF T TR 7 h, 19kE
E&¥ 2 (CyH, BN,Oy) (3.2 g, 9% ).'H NMR
(400 MHz, DMSO-d,, 6): 872 (s, 1H, ArH),
8.54 (s, 2H, ArH), 7.65 (d, 1H, J =8.0 Hz,
ArH), 7.60 (d, 1H, J =8.0 Hz, ArH), 7.39 (d,
1H, J=8.0 Hz, ArH), 7.35 (d, 2H, J =8.0 Hz,
ArH), 7.25 (q, 3H, J=8.0 Hz, AtH), 7.16 (t,
1H, J=8.0 Hz, ArH), 5.22 (s, 2H, -CH,-).
1.2.2 &F&MEHN A K

FIHALEY 3 A 25 CHEBTF, KK
AL EY 2 (3.6 g, 7.8 mmol) . L (40 mL)
MZEWEK (20 mL) fin A 150 mL 345 5 S fE 4k 1
M= F RN, A EJEE 60 TR, AL
fig (6 mL) Figkty (3.48 g, 62.4 mmol), 60 C
T ERES he BHEIBIEE, Mg, A EK
I pH 20PE, IR EBRAEY, ekt zE kAL
TERRE A, A LG VIR CER) : VOIED
Bi) =1:3 BRG WA WUER], A2 Bk aits
BEAAY 3(CHBiN,0) (2.4 g, 80% ), A
165 °C.'H NMR (400 MHz, DMSO-d,, 8): 7.60
(d, 1H, J=8.0 Hz, ArH), 7.39 (t, 2H, J =
4.0 Hz, ArH), 7.22 (t, 3H, J=8.0 Hz, ArH),
7.11 (d, 1H, J =8.0 Hz, ArH), 7.07 (d, 2H,
J=8.0 Hz, ArH), 5.80 (d, 2H, J = 4.0 Hz,

ArH), 5.71 (i, 1H, J=4.0 Hz, ArH), 5.04 (s,
2H, -CH,-), 4.72 (s, 4H, -NH,)." C NMR (101
MHz, DMSO-d,, &): 171.62, 149.06, 143.67,
137.50, 136.85, 133.07, 129.54, 129.32, 129.23,
128.28, 127.20, 126.66, 122.83, 103.46, 101.26,
53. 54.

BARALEW 4a AR N, Z0ET, KK
AL G ¥ 3(0.300 g, 0.757 mmol ) . 7 3t )] iR
(0.1100 g, 0.901 6 mmol ), PY ( = 7 £ B 4M)
(0.008 7 g, 0.007 57 mmol ), FRERHF (0.21 g,
1.52 mmol) . HIZE (20 mL) FIzEE/K (10 mL) i
A S0 mL A /G 0 = 0 RO, AR
100 C 20 FHeFE 8 h, NIEE AR =R, g,
DB ARZE (3 x 10 mL), WEALZ, hek
FERAUERRIE R, (R AIGh V &R ) :
VOIECHE) =1:3 MIRAWCARGER, H2ZE A
AT HAL B Y 4a(C H, N,0) (0.278 g, 93% ),
%15 93 °C.'"H NMR (400 MHz, DMSO-d,, 8): 7.53
(d, 1H, J=8.0 Hz, ArH), 7.42 ~7.35 (m, 4H,
ArH), 7.33 (t, 1H, J=8.0 Hz, ArH), 7.16 (dd,
5H, J=8.0 Hz, J =4.0 Hz, AH), 7.07 (t, 1H,
J=8.0Hz, ArH), 6.86 (d, 2H, J=8.0 Hz, ArH),
5.74 (d, 2H, J=4.0 Hz, ArH), 5.68 (s, IH,
AH), 492 (s, 2H, -CH,-), 470 (s, 4H,
-NH,)."”C NMR (101 MHz, DMSO-d,, §): 171.63,
149.02, 143.87, 141.41, 140.58, 137.75, 135.51,
130.24, 129.38, 129.10, 128.70, 128.05, 127.61,
127.58, 127.37, 127.09, 126.43, 103.40, 101. 14,
50. 94.

HRAEMEWNERFM S @R EY 4a
H e AR Tm], R R I R 46 18 55 ) o 1 1 g 4
ORI . 3, 4-—HILR MR . 3, 5-—H
AL IR AN 4- (1-Z538) AILTIMR, & sk
LE 1 R, A FEGR.

fE 4b (C, HyN,0) (0.26 g, 84%), 1555
91 °C.'H NMR (400 MHz, DMSO-d,, &): 7.55 (d,
1H, J=8.0 Hz, ArH), 7.43 (t, 1H, J =8.0 Hz,
AtH), 7.32~7.24 (m, 3H, ArH), 7.20~7.13 (m,
3H, ArH), 7.09 (d, 1H, J=8.0 Hz, ArH), 7.05
(d, 1H, J =8.0 Hz, ArH), 6.87 (dd, 3H, J =
8.0Hz, J = 4.0 Hz, AtH), 576 (t, 2H, J =
8.0 Hz, AtH), 5.69 (d, 1H, J =4.0 Hz, ArH),
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4.71(s, 4H, -NH,), 4.64 (s, 2H, -CH,-), 1.82  137.22, 135.31, 135.20, 129.84, 129.26, 129.05,
(s, 3H, -CH,) ." C NMR (101 MHz, DMSO-d,,  128.67, 127.53, 126.76, 126.68, 126.61, 126.01,
8 ): 171.21, 148.56, 143.45, 140.15, 139.55,  125.60, 102.89, 100.67, 50.52, 19.40.
Br
COOH <;>_NH2 OzN\Q)OLNQ @_/Br OZN\Q)(LNQ
EEE—— H _—
O,N NO, DCC, CH)Cl, 1 K,CO3, DMF Yo, BD
1
HAc, Fe | EtOH/H,0
HZN\Q)OLNQ o ACBOH, \Q)L
fOXD e ol
Ar
OCH,4 O O
_Q @ i OCH3 .
4a de 4d de
Bl ZRRBErERRE
L&Y 4 (CxH,N,0) (0.25 ¢, 78%), Kt 134.98, 129.38, 128.47, 127.52, 127.04, 126.68,
99 °C.'H NMR (400 MHz, DMSO-d,, 6): 7.51 (d,  126.58, 125.85, 106.97, 102.94, 100.68, 9.18,
1H, J=8.0 Hz, ArH), 7.40 (t, 1H, J =8.0 Hz,  55.13, 50.25.
ArH), 7.30 (t, 1H, J =8.0 Hz, ArH), 7.16 (t, LEH) 4e (CyHyuyN,0) (0.34 g, 86% ), ¥k
4H, J=8.0 Hz, ArH), 7.09 (d, 1H, J =8.0 Hz, 127 <C.'H NMR (400 MHz, DMSO-d,, &): 8.29 (s,
AtH), 6.87 (d, 4H, J=8.0 Hz, AtH), 5.74 (s, 1H, AfH), 8.04 (t, 2H, J =8.0 Hz, ArH), 7.97
2H, ArH), 5.68 (s, 1H, ArH), 4.92 (s, 2H (d, 1H, J =8.0 Hz, AtH), 7.92 (d, 1H, J =
-CH,-), 4.71(s, 4H, -NH,), 2.24 (s, 3H, -CH,), 8.0 Hz, ArH), 7.86 (d, 2H, J =8.0 Hz, ArH),
2.21 (s, 3H, -CH,) ."“C NMR (101 MHz, DMSO-  7.58 ~ 7.51 (m, 3H, ArH), 7.45 (i, 1H, J =
d,, 8): 171.67, 149.00, 143.88, 141.48, 138.06, 8.0 Hz, ArH), 7.37 (i, 1H, J =8.0 Hz, AH),
137.79, 136.46, 135.49, 130.45, 130.25, 129.75,  7.31 (d, 2H, J =8.0 Hz, ArH), 7.25 (d, 1H,
129.10, 127.78, 127.50, 127.26, 127.20, 126.70,  J=8.0 Hz, ArH), 7.17 (1, 2H, J=8.0 Hz, ArH),
126.46, 103.40, 101.13, 50.96, 19.86, 19.54. 7.09 (t, 1H, J=8.0 Hz, ArH), 6.92 (d, 2H, J=
W 4d (CxH,N,0,) (0.29 ¢, 84%), #is 8.0 Hz, ArH), 5.76 (d, 2H, J =4.0 Hz, AH),
96 °C. 1H NMR (400 MHz, DMSO-d,, 8): 7.52 (d,  5.69 (i, 1H, J = 4.0 Hz, AH), 502 (s, 2H
1H, J=4.0 Hz, AH), 7.42 (t, 1H, J=8.0Hz, -CH,-), 470 (s, 4H, -NH,)."”C NMR (101 MHz,
AH), 7.31 (1, 1H, J=8.0 Hz, ArH), 7.17 (dd,  DMSO-d,, §): 171.19, 148.54, 143.45, 140.45,
3H, J=8.0 Hz, J=4.0 Hz, ArH), 7.07 (t, 1H,  139.35, 138.66, 137.28, 136.98, 135.15, 133.35,
J=8.0 Hz, ArH), 6.90 (d, 2H, J=8.0 Hz, ArH),  132.28, 129.80, 129.64, 128.66, 128.52, 128.23,
6.48 (s, 1H, ArH), 6.27 (s, 20, AfH), 575  127.68, 127.50, 127.18, 126.98, 126.80, 126.65,
(s, 2H, AfHl), 5.70 (s, 1H, AH), 4.97 (s, 126,43, 126,17, 125.99, 125.26, 125.00, 102.93,
2H, -CH,-), 4.70 (s, 4H, -NH,), 3.72 (s, 6H 100. 67, 50. 63.

-OCH,). "C NMR (101 MHz, DMSO-d,, §):
160.07, 148.42, 143.31, 142.09, 140.85,

171. 13,
137.26,

1.2.3 BB IRH A R
WL M 3-BTDA & L. £ N, 54T, 1K
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W& 3(0.198 ¢, 0.5 mmol) , 3,37 ,4,4° -
TR DY R R — I (BTDA) (0. 161 g, 0.5 mmol)
FIBRZK N, N-ZHIE WG (5 mL) JnA 50 mL
AT = 0k, 25 CF e 24 h.
WKUIMABRK N, N-ZH R 2R (3 mL) | MERE
(0.5 mL) FIBSERET (0.5 mL) J5, ¥ RIRE T
JZE 100 C. J i 8 h JG R AR AR, B S iR
JNZE AT 50 mL HIEEY) 100 mL AR, 4 S min
JE g, UE DK O ZE 18 K (20 mL) A AT P
(20 mL) ppk 5 100 °C FL25 T 7 h 15 58 it W e

BTDA

3-BTDA ( ( C;,H,BrN,0,),). '"H NMR (400 MHz,

DMSO-d,, §): 8.24 (d, 6H, J = 32.0 Hz,
ArH), 7.64 (d, 4H, J=28.0 Hz, ArH), 7.45
(s, 1H, ArH), 7.34 (s, 1H, ArH), 7.18 (s,
6H, ArH), 5.16 (s, 2H, -CH,-).

FUARTRE LI 9 45 AR 5 SRt WL Jie 3-BTDA
e, FURRLEY 3 iy L&
Yda, 4b, 4c, 4d Flde, ¥ BTDA #5559 it )
®AY3,37 4,47 OETEF (BPDA), AN
K2 P, AR AN

@j@+

[}

1)N,, DMAc
2) pyridine/Ac,O

HZN\Q)L
NH, Ajij

4

Qp}j S g 7.

4x-BPDA

B2 RETEAE RS

Bk iz 3-BPDA ((Cy Hyy BrN,05), ). '"H NMR

(400 MHz, DMSO-d,, 6): 8.43 (d, 4H, J =
20.0 Hz, ArH), 8.08 (s, 2H, ArH), 7.63 (s,
4H, AH), 7.48 (s, 1H, AH), 7.35 (s, 1H,

ArH), 7.20 (s, 6H, ArH), 5.18 (s, 2H, -CH,-).

Bk W e 4a-BTDA ((C,, Hys N,O, ), ). "H NMR
(400 MHz, DMSO-ds, &6): 822 (d, 6H, J =
32.0 Hz, ArH), 7.58 (d, 4H, J =24.0 Hz, ArH),
7.35 (d, 5H, J =4.0 Hz, AtH), 7.13 (s, 6H
ArH), 6.95 (d, 2H, J =4.0 Hz, ArH), 5.05 (s,
2H, -CH,-).

Bk W J 4a-BPDA ((C,, Hys N,O, ), ). "H NMR
(400 MHz, DMSO-d,, &): 841 (d, 7H, J =
136.0 Hz, ArH), 7.59 (d, 4H, J=28.0 Hz, ArH),
7.37 (t, 12H, J =80.0 Hz, ArH), 5.07 (s, 2H
-CH,-).

P IV JHie 4b-BTDA ( (C, H,, N,0,),)."H NMR
(400 MHz, DMSO-dy, 6): 8.23 (d, 6H, J =
36.0 Hz, AtH), 7.62 ~ 7.55 (m, 4H, AH),
7.39 (d, 1H, J=8.0 Hz, ArH), 7.29 ~7.15 (m,
8H, ArH), 7.03 (d, 1H, J =8.0 Hz, ArH),
6.96 (d, 1H, J =4.0 Hz, ArH), 6.80 (d, 1H,

J=4.0 Hz, ArH),
(s, 3H, -CH,).

PRV 4b-BPDA ( (C,, H,,N,0,),). 'H NMR
(400 MHz, DMSO-d,, 6): 8.43 (d, 4H, J =
20.0 Hz, ArH), 8.08 (s, 2H, ArH), 7.64 (d,
4H, J =36.0 Hz, ArH), 7.41 ~7.18 (m, 8H,
ArH), 7.05 ~6.82 (m, 4H, ArH), 4.79 (s,
2H, -CH,-), 1.83 (s, 3H, -CH,).

BV e 4¢-BTDA ( (C,sHyyN,0,), ). '"H NMR
(400 MHz, DMSO-d;, 6): 8.23 (d, 6H, J =
36.0 Hz, ArH), 7.58 (d, 4H, J = 24.0 Hz,
ArH), 7.36 (d, 2H, J=32.0 Hz, ArH), 7.14
(d, 5SH, J =16.0 Hz, ArH), 6.95 (s, 2H
ArH), 6.82 (s, 2H, ArH), 505 (s,
-CH,-), 2.18 (s, 6H, J=8.0 Hz, -CH,).

Bk W i 4c-BPDA ((C,, Hyy N,O,),)."H NMR
(400 MHz, DMSO-d,, 8): 8.42 ~ 8.05 (m, 6H,
ArH), 7.65 ~7.52 (m, 4H, ArH), 7.39 (t, 1H,
J=8.0 Hz, ArH), 7.31 (1, 1H, J=8.0 Hz, ArH),
7.19~7.12 (m, SH, ArH), 6.99 ~6.84 (m, 4H,
ArH), 5.07 (d, 2H, J =16.0 Hz, -CH,-), 2.25
(t, 6H, J=12.0 Hz, -CH,).

4.77 (s, 2H, -CH,-), 1.80
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7 )iz 4d-BTDA ( (C,sHy,yN,Og), ). 'H NMR
(400 MHz, DMSO-d,, 8): 8.22 (d, 6H, J =
32.0 Hz, ArtH), 7.58 ~7.50 (m, 4H, ArH),
7.35 (d, 2H, J =28.0 Hz, ArH), 7.15 (s,
4H, ArH), 6.97 (d, 2H, J =4.0 Hz, ArH),
6.41 (s, 1H, ArH), 6.26 (s, 2H, ArH), 5.09
(s, 2H, -CH,-), 3.66 (s, 6H, -OCH,).

Rk IV i 4d-BPDA ((C,, Hy N,0,),)."H NMR
(400 MHz, DMSO-d,, 8§): 8.41 ~ 836 (m, 4H,
ArH), 8.08 (s, 2H, ArH), 7.58 (d, 4H, J =
32.0 Hz, ArH), 7.37 (d, 2H, J=28.0 Hz, AH),
7.17 (s, 4H, AtH), 6.99 (s, 2H, ArH), 6.44
(s, 1H, ArH), 6.28 (s, 2H, ArH), 5.11 (s,
2H, -CH,-), 3.69 (s, 6H, -OCH,).

BP9z 4e-BTDA (( Cy, Hyy N,Og ), ). 'H NMR
(400 MHz, DMSO-d,, 6): 8.17 (d, 7H, J =
48.0 Hz, ArH), 7.88 (d, 6H, J = 28.0 Hz,
ArH), 7.53 ~7.36 (m, 10H, ArH), 7.23 ~7.00
(m, 6H, ArH), 5.22 (s, 2H, -CH,-).

H2 P I Jlz 4e-BPDA ( ( Cy, Hyy N,O,), ). 'H NMR
(400 MHz, DMSO-d,, 6): 8.29 (d, 5H, J =

80.0 Hz, ArH), 8.00 ~ 7.84 (m, 9H, ArH),
7.54 (d, 9H, J =80.0 Hz, AtH), 7.24 ~ 7.04
(m, 6H, ArH), 5.26 (s, 2H, -CH,-).

2 ZR5itie

SR e A6 HA AR PR A HA 1R SR T Y.
Hoy ¥, FRVERIBRE R AR, il %
T 1% AR SR I I e M — e AR, (b5 3 &
Suzuki fHIKSN ), -CH,-FI-NH, RIAL AR HR & A=
RAE, SRBEV MG e M PRSI A R T b A2
MAHINZRE | PR, 40 ARIEERIE | 3, 4-THIJE
FIE, 3, S-SR 4- (1-5558) FALBA
JEREIEE Y 4a, 4b, de. 4d Fll de 1Y-CH,-fL AL
BAEDH 492, 4.64, 4.92, 4.97 F15.02, AR
TG 3 19-CH- AR MR 5. 04, 8 BUIN, Al
Yiria ¥, FEALEY) 4a, 4b, 4. 4d Fil de 1)
-NH, fb2A i B B m ok 4.70, 4.71, 4.71, 4.70 Fi
4.70, MHETAEY 3 (9-NH, fL22 (i (H 4.72,
& BUIN, AR TT 10 AS 2. UL 255 A B i
ARG, R20 1 J7 BR A 4% ) S, 5 E-CH,-F11
-NHACTFHE#IX, AR Eal i = sl .

R ARHRBIAER R AGENR SRS IEFTENF B E

ETRz Hhitl = ARV AL A (8) i R ARRN FHE WAL~ A (8)
(0]
H,N NO 5.04(-CH,-) 4.92(-CH,-)
3 4a
D 4.72(-NH,) 4.70(-NH,)
NH, Br
4.92(-CH,-)
(0] 2
HN Q 4.71(-NH,)
N 4.71(-NH,)
4b O 4.64(-CH,-) de
NH, 2.24(-CHy)
» Y 2.21(-CH,)
. - 3
2
HZNQ/{N 4.97(-CHy-) 5.02(-CH,-)
.02(-CH,-
4d NH O 4.70(-NH,) 4e
2 4.70(-NH,)
Hco~(% 3.72(-0CH, )
OCHj;
Q Q o]
pw ey
3-BTDA Qv 8 5 5.16(-CH,-) 3-BPDA 5.18(-CH,-)
o]
Br@
P ?
j@Nw
4a-BTDA @N 0 5" 5.05(-CH,-) 4a-BPDA 5.07(-CH,-)
O
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g%
s it =X FHIEIEA =5 (5) H's L= TR = (6)
Q o 0 Q
XAt convs NPT QOO e amian
4b-BTDA < ¢ I 4b-BPDA N o N
b 1.80(-CH;) o O 1.83(-CH,)
d—b “ O
(o} (@] (0] (0]
g W O, 5.05(-CH,-) N 0 5.07(-CH,-)
He-BTDA QN o O o © 2.18( CH2) HeBEDA Q o A 2.25( CHZ)
. - 3 O . - 3
S O Q
@@NNT& 5.09(-CH,-) Qp’“ (2 o IO% 5.11(-CH,-)
4d-BTDA  peo &% O o 4d-BPDA nco, &o © n
s 3.66(-0CH;) : o 3.69(-OCH,)
H,CO H;CO
o} o 0} e}
N ‘ ‘ N+, N o
4e-BTDA QNEO é U0 0 5.22(-CH,-) 4e-BPDA o Q}? Nh 5.26(-CH,-)
e s 00 ?

ZAl S R Ve 12 5 SR o g i, SR T I i
4a-BTDA . B[V Jiie 4b-BTDA | B[k U I 4c-BTDA
FERME W e 4d-BTDA [1)-CH,-fk. 2% v #8 {8 73 7l By
5.05, 4.77, 5.05 #15.09, AHHE T4 3-BT-
DA f-CH,-fb2# 0 #2115 5. 16, 8 &/, #RInl &7
m%sh. 6 RED G 4a-BPDA | SRIEL i 4b-BP-
DA | B[z 4c-BPDA Fi1 58 ik IV #e 4d-BPDA 1Y
-CH,- fb % i B {H 43 5l o 5.07, 4.79, 5.07 Al
5.11, MHIE THA Y 3-BPDA 1)-NH, b7 7%
H5.18, s BUN, Wk Mg, X5 %
BALA PO B A ) S XA 2 S RSB I S e — B 4B
f-CHy X5 24 1 B i 80 0 Je K, 5 803 A1 48 A
-CH, (3R e 4b-BTDA FIZE WLV i 4b-BPDA
1)-CH, fb22 iR (H 6 fe/hh. (B2 A 4-(1-Z55E)
R B AG i R SR I S 4e-BTDA Fl 3R 5t 7 i 4e-BP-
DA 1)-CH,- {2 A M 6 0K, AH L3 T HAth 2R ik
SRR i #%3l, BH] 4-(1-Z8 3 ) 2R JE 4
7w PR A RN B, -CH,-( T &
BiIX, SEALAO A T8

SZ, M T & A BTDA F 5 (1) 3 0 iz
A5 BPDA F73 (1) SR Bt W e 119-CHL, - A 22 457 B (ELAR 1)
R mesh, 8 Bk, UiHITEIE A B SR
Jiertr, BPDA 53 i WK HEL 8 7 51k L BTDA ¥ 43
58, FEW R SIS E N S R T 1 # 3.

3 NG

LR ERTIR, AT G BT B A AN BRI

RN HEAG T ) SR I M JYe , Ht T Suzuki {8 S
TR 57 5 35 0T S Bt SV i 1 57 B 19 4% 1) 5 1
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