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f FE EARREER-SRHE-1 2,4 SHE 1, 2-AFBTAAM ZZBE(DEA) AR T HHABHEN
3B AL (M- ) A AR B T E 1 BTAA 55 DEA &7 Im6 H 3 #8 ¥ . = 945 ¥ £2 FTIR, ' H-NMR 1
TCAHFT TRE . E— BT, BTAA T DEA MMBH AT 2. i ERHEZERS B, SN LA F2
B ARERAECE ERAEED, FATAAEIR . RASRMRXS FREEHENINE FR, T8

HARSTTY.

x@A EXLERY., —FH, BEARE, UK, B(EE-E)

# XL B 5 ¥ (Hyperbranched polymers) & —
XREF=ZHHRRTUMENAELLRS
W, BH WARE 2 F (Dendrimers )™ HMELER
HEE AT EKRE. ARTHEEAREAR
FHERALEY WFBLEESYNS R A
g EREHERDGELN A EEEE RS
Wit XL REYREEYEY Laid B
SELAHKBI AT WA~ A AB, B
RS A SO IR B, (H 8 B R i et .
BAO BB THUNESRN, - BEBIANES DS
HWXTER . N AB, #{kPI4 B ERERIEH RS
REM A (ABC B, ABB BV AK) , BRI MERS
YA B, H ALK AR AR
K%-1,2,4- =R -1, 2-BF (BTAA) 1 — 2 BE &
(DEA)RLRE Bt “HERBIE "M —HER"GRT
W0 B B o R R 0 5 ¢ 3 o AR R S AL IR (L -
B BB REMKEBHT . ZHFEAERE
a8, LTEMASEa B4 KEH&KEHEE
MEHEHEAESY.

1 XL
1.1 ERE5=EHA

#-1,2,4- = MB-1,2-Bf (BTAA, B FR M E R
B, 99% , MERCK-Schuchardt ), — Z, B¥ M ( & #%

DEA,99%, Aldrich ), H @ f. — B & F K

(DMSO,AR), fE AT &M E AR 4 . AN (AR) .
ZEE(AR) BB (AR) MIEKBIE TRE(AR)FM L
B FEM AL, EREH.
1.2 RERME

{8 3F ot AF % 27 4 (FTIR) ® i & Bruker
Equinox 55 L #4T. S #% # 3t &k ('H-NMR) H
Bruker 500 Hz £ @ £t 3 {3 3 i . 7 8 0 48 £5 1%
(HPLC)¥E HP 1100 LC ¥k, Hah R 5% 20
+95% 7K, KR FAESRTES, KN 280 nm. $1%
EHTH PE TCA-7, AR E £ 4 20 K/min. B A ¥
B (9. ) ASERBEITE SCTIME, UANE
AL.EBEGYEER 0.5 g/dL.
1.3 B
1.3.1 “MERBOE" G RS 58 R (B
Ai) 45 BTAA #1 DEA 53 Bt R BRI ¥
MARRES ERME, B EREAY . UT
B BG BURL— SRS

0.105 g (1.0 mmol) DEA ¥ F 10 mL DMF th,
MG MA 0.576 g (3.0 mmol) BTAA, £ 100 -~
HOCTHARNR 2 h; HAIA 0.63 g (6 mmol)
DEA,7E 100 ~ 110°C FHE#E R R 2 h, lIA 0.1 mL
BERREAEALTR), F 140CF R AE 1 h,140C F AR
HERUKFBESYHES 1.5 h. Ml 15 mL
DMF #1 2.305 g (12 mmol) BTAA, 140C F & i
2h, T 140OCTRAERER{NMEZ R 2.5 h.
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B0 15 mL DMF #12.52 g DEA (24 mmol }, 140C F N
£ B His
R 2 b7 0T FHERER KMAS Ry 2 AARINE
3.5h.fif 15 mL DMF 1 9.22 g BTAA (48 mmol ), 2.1 REFRR

140°C TR 3 b, 140 CTRHEEZERIUMES
KR 3.5 h. 1 15 mL DMF 1 10.08 g DEA (96
mmol) DEA,140°CF K 2 h, $EHTE 140C T FABE
BARMMEAS R4 h,160C FES KR 3 h.
B %A 20 mL DMSO ¥ & , A 400 mL 2.
BULRE, SHUE R EE TR, BEHaRh AR
Btk 23.4 g (WFE9R2%) .
1.3.2 “—HL" SRS IR (Mk-AE)
# 8.568 g (81.6 mmol) DEA ¥ T 40 ml
DMSO &, SRS ¥ 7.685 g BTAA (400 mmol ) fIl A
Hb B THHE 8 L5, £ 60T, 100C,
110C. 12008 BOCT 2HMESRME 3 h.
B 40 mL DMSO B8 f5, 400 mL 1:1 Z
B-AHMEIRE, SHE . R A2 TR BRE
L EREE 13.8 g (E85%).

2.1.1 “WERBHE"A B R (BE-RE)
“ERETRBEOSFSMNER SRR KRG T
M—fF Y SREHERPSBREY,
HoERd, A KRB RHEE" XA B85
WA ERE, AR TRELZAESY, H
“HEREET, AT L BTR .
2.1.2 “—EETeEE IR (RE-AR) 3|
FBRIAA ¥ FTIBEAESH A TRENTEHE,
DEA PR IE R TR, WEBE“ YR
B H K BTAA 1 DEA MEBE/RH(—h =48, Br
WEREN 1:2.04), —KHERHE, £ZR.AKKE
FRFMESEN.E2RETHRNER.
REEHERT AB, M E REBEAR,
AB, BBk - L B, BEXLLESY R.K
3o 2 25 o S A 0 B R 2 W M 5 B SR (A 3) .
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Fig. 1 Pseudo-divergent approach 1o hyperbranched poly( amide-ester)
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Fig. 2 One-step approach to hyperbranched poly( amide-ester)

B4 A% BTAA #1 DEA 8, EHZHET,
BTAA B, R B8 E (¢, )4 3.18 min, M DEA
LR 4 BTAA F1 DEA 7£ DMSO DR &5, &
B 5 min UL T, &R A BB E S E K 3.18 min
i) BTAA W Wi dde 0 0 /), i) 726 4R B B J) 2 2.98
min HH 3 A9 3 U 0 e TR 4% 00, 2 BT AT E 25 min
EAE, BTAA ¥ 2K XA DEA MfhE %
5 BTAA #8% IF B 5o RE 34, A48 AR T 4 R B9 R [
K34, HTZHPLC B P HEKSEHA
A%, hiE 3 8% 4 5 DEA 4%k [ R 18 3 09 b )
k5 5 6 AHEM HPLC =P 81 B . M R4V & & B
HHTREI N, RRMHBH A KE AB, 244
B B[R] b A FOE R R 4 X 45 — 25 Bk RO 1R
HEMHERAER.
22 WERNFHBRRE

LR —# 2 H BTAA 71 DEA & B8 X 4k
REY P, WEMERLRZXE. BT BTAA
DFP EEEHERTRE, I DEA TP a#
BEFHEXRTRE KRB "HEL BTAA I
DEA FR R BE R L (— M A =L, R JBEREL M 1:
2.04)— AR CHRE T 4 R AB, Rk, &
EEHFHEE24 L BABHES . A25E &
B YR EEREANF 120400, TRRMN B
WG, AARMET, WESLZEBER. SBER
it — RS MELUBARETFENESY.
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Fig. 3 The reaction process of DEA and BTAA during initial
reaction stage monitored by HPLC

T, :reaction time; tg:retention time
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—W IR, ER AT T B A R R, S L
i — SR BB YES T REMKE K
SRR AHEEENERT, Tk
BA KOG TREERY NELEATESHIES T
BEHE(M /M, LOTTUES, BT T8
REEHECH WL AEON SR ER R
(78.9%) .25 —F T, 3 1 RIECHEE B BH R R M 4
B, BN M B, L EwES
B, FRITEHE.

Table 1  Hyperbranched poly(amide-ester)s prepared by pseudo-
divergent approach and one-step approach

Approach Sample M_ .. M. MM, MJM. 40 7
Gl 1203 1085 1.08 90.2% 0.018
Pseudo-
di G2 5594 4820 1,12 86.1% 0.034
T 63 2445 19300 1.15 78.9%  0.103
One-step P2 1180 1.75 0.031

* The molecular weight calculated from divergent approach used in the

synthesis of dendrimer

ERFEFANGIRPER, RARBEHER,
in DMF.DMSO %t i B ek KB YA B &
ERYE AR TERESRMAHFT.

MR — RSN mBEEREX
3R (MR -RR ) L5 Sk 3% WL 4, Wb 5 8 18 88
AL (BERE-RR) 2N BB AR B, Kb B &

A1 3400 cm ™' BREE B B 3 O U S Bt 4 4 4E R U
W BK 2946 cm ' 0 2832 om IR MO AR A
505 g 55 BRI B B M T B0 5 A A A R e,
BB 1720 e "M IBH AR BES
AEMR MCE , 3 BN 1612 om ™' BT BB B
P P R ) 3 1IE VR o
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Fig. 4 FTIR spectra for G3 and P2

P41 G3 W P2 5 HE I H-NMR #4773
B, SWPEHN B KR FHIEE 5=7.2~
8.5, mMMEMTE 5 =4.4, W & (CH,0C0)
=38 BT HLE(CHOH)S=36BKPH
(CH,N) B7E 6 =3.0~3 4 (B ES M £
BRI A5 IR E 7 20000 & H A
MARLEH—-FEHREZ P,
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SYNTHESIS OF ASYMMETRIC HYPERBRANCHED POLY(AMIDE-ESTER)S
FROM BENZENE-1,2,4-TRICARBOXYLIC ACID-1,2-ANHYDRIDE
AND DIETHANOLAMINE

WANG Kangcheng'?>, HUANG Wei', GAO Chao'?’, YAN Deyue'
(* Coliege of Chemistry and Chemical Technology, Shanghai Jiao Tong University . Shanghai 200240)
(* Department of Chemistry, Huzhou Teachers College . Huzhou 313000)
(* The Key Laboratory of Molecular Engineering of Polymers, Fudan University , Ministry of Education , Shanghai 200433)

Abstract A new kind of water-soluble asymmetric hyperbranched poly ( amide-ester) s was synthesized by direct
polycondensation of benzene-1, 2, 4-tricarbonylic acid-1, 2-anhydride ( BTAA) and diethanolamine { DEA) via
pseudo-divergent or one-step approach.The terminal groups of the hyperbranched polymer can be controlled by the
feed molar ratio of BTAA 10 DEA. The resulting hyperbanched poly (amide-ester) was characterized by FTIR
spectra,' H-NMR spectra, and TGA . No gelation was observed when the feed molar ratio of BTAA to DEA was higher
than 2. 04 in one step approach, while gelation did occur when the ratio was lower than 2. In pseudo-divergent
approach , it was nol necessary to separate the obtained oligomers or macromolecules in each step,and hyperbranched
polymers with high molecular weight were prepared . Compared with the divergent approach utilized in the synthesis of
dendrimers , the pseudo-divergent approach is much simpler and more convenient, which might be useful in the large-
scale fabrication of highly branched polymers.
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