5541 % ﬁ ?‘ % :Hi No.4
2013 4 4 H ACTA POLYMERICA SINICA Apr., 2013
AT

WEREFEMEREABENAREHIERTR

T E X OET OfRF E##H AW ARE AEH
(W RO TR B RRRE 5 0% TR B B0 TARIBRSE UL IR 150001)

B OFE CRATCIEAE A TR AU A RS AR (S S0 A ) ST 1 e % O 8 e S04 R 20 40
% (FTIR) A% %364 20 ("TH-NMR) HE ' AURT i AOR AR €38 (HPLC) X 80 45 # R bk Bk A7 7 3R AE , 3 1 22
A P (DSC) FIRATE 7347 AL (TG A ) X 26 I W 192 19 [ 1L A7 o M 3R & Wy i IR RE EAT T 5. 45 2R 3R 9,
TEVA TR A AR - W 08 B A LA S T T B PR L7 4 e X BRI A A AR 5 U R T T R - W IR B ey P 9
JHE AN A1 e S K A 2EL C, L DA R A 4 R W B A ey T A T B 5 T P R R O I R LA B A [ 1) T ER
RAAT R 5 T BE A T WE R 2> T 1Y 3L B [A) A5 SRR IF NE R A B e AR/ , 23 7 BE A S AR i 3
A IRTT 1 T 518 24 4 W W% %) 30 3 A e A R B (T, ) R AR AR R 1 39 o 7 108 3R 8 W R % 5 11 LI A2 i 0

BRI WEGE s e Ah , C—F BEELAT w5 7 25 R, PRI T UM AT ik 3R 4 JF: I8 8 1) AU M B o 35 B v
FEERE  FHEFOFUEG, WRERIFIEE, JCENE, AT, ke

R T W SR 7E A% G T T B g il 1 K R R
{18 — 0 ) R R g [ A AR T T A R
B, L BRR AL, R A R R BUE LT R
4, R AW R B P A E IR SR B T AR S G T 2
P BB K My B R PR B2 %) BEL A e R i A AL T
Je i B2 MR R (i B iR A | R A
ok 45 75 T EL AT W AE I R L O I R 2
My 2 | FUE e 25 Ak G ) 42 Mannich 45 & 520
142, R 25 R 258 19 T 28 5 e b S AL &, T
HEIPEAE 4 5 00 B IR R R A
SR — b i B4, T 1 I Ak 2 g B b
JIHB S T S 5 % DDA G, &k 5 4 T Bk 5 4
SHGE T K T T B B B G I
B 25 H A A RE X SRS W i P Re 7 AR S . H i
AT Ejfler % & T A - () -a- H RE e BRI
K- (rac) -o- 3 e Y U BB FE -2k A0 T e
DR IFWEIR B (FZ S R I R R 5 4l H A B¢
f16y R 4 g 3500, EL S I ]k 36 b, XSRS )
() I BEATF ST IR AR AN 78 47

A SCUIA A 3 AF R( + ) -a-H B R
S( =) -a-H LR B RN 22 B R Oy JRORL , SR
FNIE A OB A FIXUEY AF 35T T JiE 2 OF I

WeBi{k i@ id FTIR "H-NMR HPLC g Y6 B
TR 25 0 FPE BT 24T 1 SR AE, ) A DSC A1 TGA
Xof 5 R T W R (4 AR RE R AT TESE
1 {FE5LEE

Xy A XUy AF (b b Al 50 S22
ml) L or b Al s 22 5 W (LA A% R AL e BR
ABRAT) ,99.0% ;R( + ) -a-HIIERLATS( - ) -
- F R e (b v i 4l 1t 5 Sk 28 7)), 99. 0%
(99% ee) ; HoAly 34 4y 7 5 43 A 2 3511

Spotlight 100 £L 4} 5t 3% X (3 [ PE 22 #]) ;
AVANCE-500 #% #f 3£ ¥R 1% ( H% 1+ Bruker 22 &) ) ;
341 BBESEAL (L E PE A F]) 5 Q200 22 349 il &
PAL(SEHE TA 2 7)) ; Q50 A H 7 L (L [H TA
AN R RBOBOR 3% (H A JASCO 2], B H
A K LB F] CHIRALCEL-OD-H B -1 43 B K
Flash EA 1112 JT & 3 #14% ( = K F| Thermo Electro
A ]) s Agilent 1100 ¥ -J57 3k JH €0 5% % ( & [ 4 5
(VIR
2 XHABERBEREAMHE N
2.1 WU A IR I MR B A R

TEREA T VR BEAE LI AY 100 mL =1
AL A 2. 28 ¢ XU A 2.42 ¢ S( — ) -a-HI TR

# AR BRI A5 F ARG B GE 52012-12-17 Y HE ,2013-01-05 e 5 [ K [ A BL o 22 & (2485 50973022) | v e g 450 2 AR BLOF Ak 55
PR RIETLA AR RE G (JE 45 E200921) AR AR 0 75 24 Rkt Sk AL ik 4 (JE 425 2010RFXXGO08) B¢ By i H .

sl THIEK & A, E-mail : wjlwb@ 163. com
doi;10. 3724/SP. J. 1105. 2013. 12400



4 1 NS B RE JEE T I T R O I R ) S A RE DT Y 451
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89.1% ,[a]y = —40°(¢=0.1 g/dL, THF) , ¥ jig
IR (rac-BA-mb) J= %)y 86. 6% . FTIR ( KBr,
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31) ;1230 ( Ar—0—C R XF FR i 4 4= 361 ) 5 1030
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IR 4 iE i ) 'O 'H-NMR (500 MHz, CDCI,,
d):1.45(d,6H,—CH,),1.55 (s, 6H,—CH,),
3.48 (d, 2H, Ar—CH,—N ), 3.73 ( m, 2H,
—CH—),3.98 (d,2H, Ar—CH,—N) , 4. 81 (d,
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Fig. 1 The chromatogram for the resolution of rac-BA-mb,
rac-BAF-mb and mix-BA-mb

Column:25 em x 0.46 cmj; Flow rate: 0.5 mL/min;
Eluent: hexane/2-propanol (90/10, V/V); mix-BA-mb:
mixture of S,S’-BA-mb and R,R’-BA-mb (1/3,m/m)

K1t rac-BA-mb A 3 4~&, 1M rac-BAF-mb
W B 4 A0 5@ XL S, S'-BA-mb 5 R, R'-
BA-mb {B&Y) (i o 1:3) 1y HPLC 45 Rk
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Fig. 2 Structure of achiral benzoxazine isomers
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Fig. 3 DSC thermograms of rac-BA-mb (a)
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and rac-BAF-mb (b) at each cure stage
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Fig. 4 FTIR spectra of polybenzoxazines
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Fig. 6 DSC thermograms of polybenzoxazines

Fig. 5

Network structure of polybenzoxazine
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B fC AN, 15 8 7 X Wy AR i BE REORIE R (T,
T, T,, F1 800 °C i} 1y 5% sk % 43 ] 4 171 C,
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Fig. 7 TGA thermograms of polybenzoxazines under nitrogen

Table 1 Thermal property parameters of polybenzoxazines
Polybenzoxazines T,(C) Ts'(C) T"(C) Char yield (wt% ) (800°C )
Poly(S,S"-BA-mb) 177 307 334 34.0
Poly( rac-BA-mb) 191 321 337 36.4
Poly(S,S'-BAF-mb) 196 327 369 46. 6
Poly (rac-BAF-mb) 212 334 376 48.17

* T5:5% weight loss temperatures;” T, :10% weight loss temperatures
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SYNTHESIS AND THERMAL PROPERTIES OF DIFUNCTIONAL
CHIRAL AND ACHIRAL BENZOXAZINES

Hui Wang, Jun Wang, Xuan-yu He, Tian-tian Ren, Wen-bin Liu, Xian-de Shen, Jian-wei Bai
( Polymer Materials Research Center, College of Materials Science and Chemical Engineering,

Harbin Engineering University , Harbin 150001 )

Abstract  Novel chiral and achiral bisphenol A and bisphenol AF based benzoxazine monomers were
synthesized from the reaction of bisphenol A ( bisphenol AF) with paraformaldehyde and primary amines,
including (R)-( + )-a-methylbenzylamine and/or (S)-( - )-a-methylbenzylamine, via solventless method.
The chemical structures and properties of the benzoxazine monomers were identified by Fourier transform
infrared spectroscopy ( FTIR ), proton nuclear magnetic resonance ('H-NMR ), polarimeter, and high
performance liquid chromatography ( HPLC ). The curing behavior and thermal properties of benzoxazine
monomers and cured polymers were characterized by differential scanning calorimetry ( DSC ) and
thermogravimetric analysis (TGA). The results showed that solventless method provided faster reaction rate,
higher yields, and was more environmentally friendly than conventional solvent method. Achiral benzoxazine
monomers with double chiral center consisted of four isomers,such as two racemic isomers and two mesomeric
isomers. The content of mesomeric isomers was higher than that of racemic isomers. Chiral and achiral
benzoxazine monomers underwent the same curing behavior. For achiral polybenzoxazines, the methyl and
benzyl chains in racemic and mesomeric structures twined for each other in a disorderly manner to be like a
wedge due to the different stereo-configuration of achiral benzoxazine molecules, which resulted in lower free
volume and tighter packing of the polymer than those of chiral polybenzoxazines. Consequently, achiral
polybenzoxazines showed higher glass transition temperature than that of chiral polybenzoxazines and bisphenol
A-aniline based polybenzoxazines. Moreover, C—F bond with high dissociation energy contributed to
improvement of thermal properties of the polymer. As a result, the bisphenol AF-based polybenzoxazines
displayed higher thermal properties than bisphenol A-based polybenzoxazines.

Keywords  Chiral benzoxazine, Achiral benzoxazine, Solventless method, Curing behavior, Thermal

properties



