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Scheme 1 Synthesis of BFPyBr-b-CS
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Nicolet 380 RIZLAPMGHEAL (FT-IR, KBr [EJ7 ),
FEH I A 1] 5 Bruker DPX-400 U S5 A% il I P i1
AL, 2 E A & N Ay ESI-MS  Agilent1100-
Trap6320 [ifi jif ¥ ; Panalytical X’ PertPro %I X £
WYRATHL, ff 22 MALA R Al 5 STA409PC 4 FE 43
BTAS, 80 T i 5t 4 88 ol 2 A R 28 m) (U,
PGHH 10 °C - min™") ; Agilent 6890N 7 S AH {1 i
10, AERE, LR RSP B
YNGR
12 1-ETE4MIERBEZ _BRUYETFR

T OES ROk [ 16 ] i3 1 7 i 4% 4-nik e
45 2, AR . F 1 000 mL = [ B B b
T 4-NEBE I (93,5 mmol ) , 400 mL HI2E, 2, —
fi (1 787 mmol) F1XJ H AR (4. 7 mmol ) , [A] i
5hig, BH, TeHARRIRIER, A S A
K, I AR B IUZ A PR R AR IR S
PRV WCOE, TOKBRIREN T, A2k (PE/EA=
3/1) slifb A3 3] 4-nkhe H AR = 13.5 g, 7
%2 95.6%.

ZIESCHR[ 17 ] 38 1 J7 i 45 1-16 T 3%-4-nig
W FH A < R IR AR B . F 100 mL = 1
RS 58 i, I A 4-nik B F T 4 £ R (66. 6
mmol) . 40 mL B ZEFIPE T 4E(89. 3 mmol) , W iR
B 48 h, WiEH LR IRRAY, AR
b9 R Z M (& b/ = 8/1) 4lifk,
B2 40 CH5: 24 h, 3 1-1E T Je-4-nk bg H g 45 £
TR A= 15.4 g, 72%80.6%. 'H

NMR (CDCl,, §):9.62 (d, J = 6.7 Hz, 2H),
8.08(d, J =6.5Hz, 2H), 5.95 (s, 1H), 4.96
(t,J=7.4Hz,2H),4.52-3.71 (m, 4H), 2.22-
1.84 (m,2H), 1.69-1.23 (m, 2H), 0.90 (¢, J =
7.4 Hz, 3H).

1.3 BFPyBr-b-CS gyl &

F 250 mL = FEEEH, A 1-IET JE-4-
MIE FH R 4 & — s R AL ) 28 7 W4 (6. 0 g, 20. 8
mmol) , B (105.9 mL) My Ihig (37% , 44. 4
mL) , FWIREYI I 48 h, JE: 78 KB 250 7 B
T 1-IE T BE-4-nik g FRRAL Y B 5. SRS, Tn)
1-1F T JE-4-nib e H R YRAL ) B A A 2 Wk
18K (145.9 mL), i 1 mol/L NaOH ¥ & i 77
pH = 3, IIATEEHE(2.4 g, 200 kDa) , 174 80 C
J i 24 h. F 1 mol/L NaOH JE ¥ J#55 pH = 7 ~8,
2 WZEAKENT RV AR F 48 h, SR FHPI R ITTE
N, HA5 40 CTHE24 h, 1579 3.9 ¢,
K 68.4%.

1.4 BFPyBr-b-CS gL 1ERE

W—E /1 T7 B M . BRIR £ Ml A1 BEPyBr-b-
CS T=Hkeiirh, KNG YI7E— & i B FwE
PFE T SN — B T], 245 o K B g A & i T
PR, FEx AT SO @35 2 B, B e SR T
(AR W B e k. R AL ™ W ik A = A
ot 2 2l ity JEA T AL BRI
2 BR5HS
2.1 BFPyBr-b-CS HjFRA4iE

2.1 1 FT-IR FE - Fe®HH(200 kDa) KA A1
[ FT-TR &35 DL T 52 JRME (a) BOLLAPIETE Al
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B 1 5558200 kDa, a) fil BFPyBr-b-CS(b) i FT-IR Jgji
Fig. 1 FT-IR spectra of chitosan(200 kDa, a) and
BFPyBr-b-CS (b)
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W RAE IR SR, 7E 2 928 em™ Ab H B 3L
PR, T 891 em™" AbJEREERM 45 iR 2h W i
AETE, VEHTBS IR A AL B 1 0 B s 7 56
PEATEEE. DA B HraR WY, 1-1E T Bk-4-nik i
YRR G B e B0E b, JF BB s 76
AINNE S AT AR

2.1.2 NMR /i BFPyBr-b-CS #'H NMR i,
2. NE2 af LAY, 75 8.88 ~8.79 ppm (1
J& TMERR FAYHIOFMHL10, #£ 8.27 ~8.04 ppm

04
-6.11
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[#] 2 BFPyBr-b-CS f' H NMR
Fig.2 '"H NMR of BFPyBr-b-CS

(U I 8 I IE PR Y HO A1 HY”, 7E 8. 52 ppm [
FE I g T 461 F i) HI5, 7E 6. 11 ppm [y BRI 1A
J& TR R 0T, 78 4.53 ppm B FRIENTJE T2
TR IARGEEEE F % HI1, 7€ 3.82 ~3.54 ppm [ £

FIEITJE 50 R 1 H3 | H4 | H5 F1 H6, 7£
2.70 ppm [y L% I & T 70 B B H2, FE 1,89
ppm, 1.25 ppm H1 0. 83 ppm [ HLi 73 51 I J& T F
FWMASESESE ¥ H12 . H13 1 H14.
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[l 3 BFPyBr-b-CS " C NMR
Fig.3 "C NMR of BFPyBr-b-CS

MIE 3 BT LIFE HY, 7E BFPyBr-b-CS [ C NMR 3%
EHE 16 ANE(E, ©5 BFPyBr-b-CS H B 1%
2 ERJE S 1 144.79 ppm(C-T7) 5 143.98
ppm(C-8); 126. 74 ppm ( C-10 F1 10°) ; 124. 82 ppm
(C-16); 106.59 ppm (C-9 Fi1 C-97); 84.43 ppm( C-
1); 77.17 ppm(C-3); 74.76 ppm(C-4); 72.35 ppm
(C-5); 61.54 ppm(C-15); 59.94 ppm(C-6); 56.21
ppm(C-2); 45.18 ppm(C-11); 32.45 ppm(C-12);
18.64 ppm(C-13); 12.57 ppm(C-14).

J"H NMR F1°C NMR ) 33% & S AIESE 7 1-1F
T Hk-A-nE AR SR B TR AL S e AR =
R RN A R R, T HL 5 50 SEME R Rk A=
A SR T
2.1.3 XRD FA1F CS Fi1 BFPyBr-b-CS ) XRD 4]
T ULIE 4. B 4 25T M S HAT A I XRD RAE.
FCRNEN) XRD 1% 2 B PRI R 20=10. 4°F0
20=20.1°. WEEfE 20=10. 4°Xf 55 BME T IE

R4t (F R0 T+ N S B, g 7E 26 =
20. 1° 14 5 5 1 e 0 17 52 SROBE A TR i PR 454 (52

Intensity

2 0/(°)
[E 4 5558 (200 kDa) (a) #1 BFPyBr-b-CS(b) [ XRD 3% %]
Fig.4 XRD patterns of CS (200 kDa) (a) and
BFPyBr-b-CS (b)
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2.1.4 TG/DTG FA4E 52 R FEA BFPyBr-b-CS [
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56.4 ~140 CREL 2.91% , F2 5L 2575 TG
H KIS GK 5 76 271.9 ~400 C R FEARR (R
H305°C), EEAUFEHBERBK, BREVMERSE
A2 J4 B S ZH
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Fig.5 The TG and DTG curves of chitosan(200 kDa)
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[l 6 BFPyBr-b-CS ] TG and DTG 3%
Fig. 6 The TG and DTG curves of BFPyBr-b-CS

Ll 6 J2& BFPyBr-b-CS [ #HE Kl 1%, 5725 H
JFEH G s 7E 248.7 ~316.7 CREAR R (FhtHh
272.4 C), FLEAFEH/ N T EFIRIKD . BEA
K ARG IR NI R S A RN L. 5
FeRMEFURH L, 1-1E T F5-4-nik e B b ) 2 1
AR R AE D A OE I, 2R
U T IS RS T 2= e iyt B ep, IR T
TN TR SR, e MR 4 AT
Wi, BT AR E PR, A5 5 XRD AW 4.
2.2 BFPyBr-b-CS By L M BEFR ST
2.2.1 J2 i &%+ BEPyBr-b-CS 7% 1 (1) 5 i) P
AR 5T IR £ M TR I FOBE A5 AR , BFPyBr-b-CS 2y
FEART, WS BN 25 A X Ak S I, R S . JHG s
T ILE 2, bR R W 1.

i3k DA B AR R & R E L RO

S
®

HO OH

NH

N-phenyl ethanolamine N-phenyl diethanolamine

(NPEA) (NPDEA)

7S 2 FR 1 NBRTR £ 4 R K A 14 N-Fb A S

Scheme 2 N-hydroxyl alkylation reaction of aromatic amine and ethylene carbonate

AL RSO e I DA & S L TR
Ny A 5. 375 mmol Bf, n.:
T BEpyBr group in BFPyBr—])—CS:I ©4:0.06, 150 CJZ 5 h,
UUH R e AL 268 74. 2% , NPEA Fl NPDEA {1

n

ethylenecarbonate  *

SIEPEMEIS 100% . DL CS WAL, RIEHALR
40.0% , NPEA il NPDEA [ 5 5Pk 0 55. 8%.
HIAT UL, TEFCRBE R 5] AR F AL, AT K
P& AL TR RN B B P s
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Table 1 Effect of the reaction conditions on the catalytic performance of N-hydroxyl alkylation reaction
Entry - TUBPBr group in BFPyBr-b-CS - Time Temp. Cover. Selectivity/ % *
ny, (x1072) /h /C /%" NPEA  NPDEA  Others’

1 4 3 5 150 41.1 75.2 24.8 0.0
2 4 6 5 150 74.2 46.9 53.1 0.0
3 4 9 5 150 53.2 34.6 65.4 0.0
4 4 12 5 150 58.1 34.1 40.3 25.6
5 2 6 5 150 76.4 24.9 17.4 57.7
6 6 6 5 150 73.3 41.1 45.2 13.7
7 4 6 5 130 57.9 42.7 14.0 43.3
8 4 6 5 170 59.8 25.6 74.4 0
9 4 6 3 150 61.3 38.8 27.4 33.8

10 4 6 6 150 74.5 27.4 41.2 31.4

Reaction conditions: n

aniline

=5.375 mmol; a. The conversion of aniline and the selectivity of product was determined by GC, the

conversion was referred to aniline (the limiting reagent) ; b. Total selectivity of unidentified by-products.

B IRUAE S S R AR VR D AT, G N-
B SN LB A 5E R 2 5 S T AR g B
BRI R AR A 1-IE T S 4- i F
REBAL I TR S e RN, AU 72 R
-NH, 2, ik 558 MR -OH KONz, W2 fE AL 77
RSN, 3 BT R AT TN A RCR 47

R 2 FEF BRI N-Z b B KR L ae

2.2.2 BFPyBr-b-CS XJ A~ [7] 52 i K 5 i EWE
T N-FRGe HA R N e R v S IE , R ATTX BEF-
PyBr-b-CS XA [/] 55 7 i [ 1 14 56 e i 47 1 B9
DL %< BFPyBr-b-CS Ak 01 X0 A S Jis 4 1 3
PR HS A RN 2 fs.

2T LU, YOR IR A O

TG

Table 2 Effect of different aromatic amine on the catalytic performance of N-hydroxyl alkylation reaction*

Ejij,Nru Conv. Selectivity/% "

iy K /%" NPEA NPDEA Others’
1 H 74.2 46.9 53.1 0
2 2-MeO 82.1 47.4 44.9 7.7
3 3-MeO 80.3 4.1 52.3 4.6
4 4-MeO 78.1 41.6 47.9 10.5
5 4-Me 79.3 35.2 45.4 19.4
6 4-Br 63.8 40.9 36.2 2.9
7 2-Cl 54.7 38.8 37.7 23.5
8 3-Cl 58.3 33.1 37.1 29.8
9 4-Cl 61.6 40.1 45.1 14.8
10 2,4-diCl 55.4 51.6 0 48.4
1 3-NO, 9.7 66.0 0 34.0
12 4-NO, 8.5 45.9 0 54.1

a. The reaction conditions as follows: 5.375 mmol aniline, n,

al

niline ¢ Methylenecarbonate * TVBFPyBr group in BFPyBr-h-CS — 1:4:0.06, 150 °C for 5 h;

b. The reaction conversion and the selectivity of product was determined by column chromatography,the conversion was referred to

aromatic amine (the limiting reagent) ; c.

Total selectivity of the unidentified by-product.
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IS PN (Entry 2-5) 5 S52RFF E S 0 1B
FERFIEPEI/N (Entry 6-12) . 52834 E 35 A i
IO L R AR N, JEI8 AR AR AL L B 37 38 S A X
7, 77 B AR A —E R R s, LR
2-HA B (Enty 2) $ LRI F] T 82. 1%,
NPEA [y #VE 2] 1 47. 4% , NPDEA [ 36 £ 51|
T 44.9% . MU 45 LT RE R 55 B R
X FHBEDR G 1) 5 A0 R 5 R AT EU A B e, Gk
79.3% ; NPEA #1431 35.2% , NPDEA [1)i%
FEIER] T 45.4% . WA T HUEETCIB S 7EAR L | (A
PEBTRAERI AL, J7 A M FE AL R ARG, I,
WL (AN 2L ) BE AR SR Iy, 7 B L I AR LR 4K
%, JUHIE 4-RHEIR N (Entry 12) 78 1% 50 ) #
Ry 8.5% , ATGE] NPDEA 4.

IR BFPyBr-b-CS X 77 7 JHie FIBK R £ 443 Tt S
A N-FRBEHEAL P W) 2 B — € AR TG 4, (H i
TR LIRTRAS B IR e R AT AA HLA R, X BFPy-
Br-b-CS HA—E M IKAE T, DR e e 247 AL 571
3 1TSS, RS B DB AR FIORLRE b, B
K, ABEARBUEAGH E A M A Bk, BORX I
A VR T IR
3 it

FEZK BB B, i a6 T 1-1E T Jk-4-ik
N PP PR QLA 1 M S 1 5 SRS LE DR B L
Forh 1-1E T HE-4-0E e FY R T3 A0 1 s B 52 SR AT
AR R IR E 50. 0% . HAETRRE SRR 5
P s N-Fbe A0 SO R B — R I LG 1, B
HM AR 74. 2% , N-FRe FA =y i Bk %
Pk 100% , I ELIZMEAL R0 5 A At i 5 Bk g
7 B M A B A SR ) A
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Preparation, Characterization and Catalytic Performance of

1-butyl-4-formylpyridin-1-ium Bromide Bonded

on Chitosan Derivative

ZHANG Lei', XU Xiu-juan®* , LIU Pu'*
(1. College of Chemistry and Molecular Engineering, Zhengzhou University, Zhengzhou 450001C China;
2. Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou 450001, China)

Abstract ; 1-butyl-4-formylpyridin-1-ium bromide bonded on chitosan derivative ( BFPyBr-b-CS) was synthesized

by the reaction of 1-butyl-4-formylpyridin-1-ium bromide with chitosan in the environmentally friendly water medi-

um. The characterization of BFPyBr-b-CS was carried out by Fourier transform infrared spectroscopy ( FT-IR) , the

nuclear magnetic resonance (NMR) , X-ray diffraction (XRD) and the thermo gravimetric (TG) , respectively. U-

sing BFPyBr-b-CS as catalyst, the catalytic performance on the N-hydroxyl alkylation reaction of aromatic amine

and ethylene carbonate under the solvent-free conditions was studied. Effect of the reaction conditions (for exam-

ple: catalyst dosage, reaction material ratio, reaction temperature and reaction time etc. ) on its catalytic activity

was investigated in details.
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