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Preparation and N-Hydroxyl Alkylation Catalytic Performance of Me-
thyl Imidazole Bromide Bonded on Chitosan
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Wang, Xiaoyan Xi, Xiaojuan

Abstract Tonic liquid bonded on chitosan derivative (IL-b-CS) was synthesized by the reaction of 3-bromoalkyl-1-methyl
imidazolium bromide with chitosan in the environmentally friendly water medium. The characterization of IL-b-CS was car-
ried out by Fourier transform infrared spectroscopy (FT-IR), the nuclear magnetic resonance (NMR), X-ray diffraction (XRD)
and the thermo gravimetric (TG), respectively. Using IL-b-CS as catalyst, the catalytic performance on the N-hydroxyl alkyla-
tion reaction of aromatic amine and ethylene carbonate under the solvent-free conditions was studied. Effect of the reaction
conditions (for example: catalyst dosage, reaction material ratio, reaction temperature and reaction time efc.) on its catalytic
activity was investigated in details.
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Scheme 1 Synthesis of IL-b-CS
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Figure 1 FT-IR spectra of chitosan (a) and BHMIB-b-CS (b)
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Figure 3

WEE )H)E T H(1), 7£0 3.80~3.64 1% HiIETJE T H3).
H(4). H(5). H(7)F1 H(16), 7£ 6 3.06 HII&IFJE T H(2).

BHMIB-b-CS #J °C NMR W.[& 3. MKl 3 AT LAE H,
7 BHMIB-b-CS [ °C NMR % L 16 MEfE, ©5
BHMIB-b-CS i Ji 70 — 2. W& 251N o
135.81 (C-13), 123.50 (C-14), 122.17 (C-15), 97.41 (C-1),
76.29 (C-3), 74.75 (C-5), 69.99 (C-4), 59.99 (C-6), 57.41
(C-7), 55.77 (C-2), 46.37 (C-12), 35.72 (C-16), 30.27
(C-11), 29.03 (C-10), 25.47 (C-8), 24.94 (C-9).

76 I WE BV BE (DS) vT AR HE A X DS=4,5/4, it
. Ay ABKBEIR ) HA3)MIFR Y, A, RS2 HQR)MF
4311 BEMIB-b-CS. BBMIB-b-CS #1 BHMIB-b-CS [¥]
DS 43 514 17.3%- 42.4%H1 22.3%. DS A fig 52 1 FI 2
(P E I, BB 255 R 25 (A ASRE. 3-(2-158 £, %) - 1- F Rk
W YRAL A T e B e, LA A B K, SRR
FE AR, 3-(6-7R O 3E)-1- F SE K Iy Ak 47 P 1 L o B e
B, HETFHNEIR, SRR, o 3-(4-%7
THE)-1-FE R MR A B T B R, R AEM
25 [ 25RO, BT DABCAR 2k 21 e v
1.3 BHMIB-b-CS #J XRD

BHMIB-b-CS 1) XRD UL 4. )\ 4 ATLLEH, 72
BPER) XRD R P NRFEIERD 20=10.4°F1 26=
20.1°. 10.4°5%F o 578 FEWE Y 1T SR S5 /) (2 M T N A
), 20.1° 0 5RIEXT .78 SEBE I 11 2 Sh AR5 16 (52 2808 0y
Tla) A k213 i 2 R, BHMIB-b-CS 1) XRD A —
A 25100 55 FE e, R EHSTRMEATAEMIN 45 i FEAR T
FERME. X TAETRREN Cy A7 B 5] AR R 7
TR [ 5 5 A0 50 1 1R R 431 9 S B R T .
1.4 BHMIB-b-CS # TG #1 DTG

ME 5 FTLAE H, FeRBEE 56~140 CREZ
2.91%, FERFLREFEWI A HK, 7£272~400 Tk
FERPREREN 305 C), EEAFEHBERBK. KED
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Figure 4 XRD patterns of CS (a) and BHMIB-b-CS (b)
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Figure 5 The TG curves of chitosan
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Figure 6 The TG curves of BHMIB-b-CS

1.5 IL-b-CS Ruf{LitaE
1.5.1 R %43t BBMIB-b-CS AL 7] & 4 69 %7k

DAZR % 5 R )T R S5 k), 3-(4-1R T 2k)-1-H &
IR A LAY ) 5 P B R 5 SRBE AT AR M N AL TR, A
TAEAS[E SN A6 A T 0 SR R R 2 Mg ) A2 N-
BRI SOV A M RE. H N T RE UL Eq. 1, ik
REEE R WL 1.

MR 1 A5, SAERMNEN: Raniine - Nethylene car-
bonate - FBBMIB group in BBMIB-b-cs — 1 + 2 2 0.06, 150 T _Ffi&
5 h, BEE IR EAL TN 83.8%, Hr NPEA =R N
55.1%, NPEDA f7/= %N 28.7%.

TERAER B ZAE R, BE5t T BBMIB. CS FIANIN{E
TR 2R AR BR IR R A N-FR e B4 S 87 (1) S vE

\LNH HO\LNJ/OH

S + @ ™)
P4
R/ //

N-phenylethanolamine N-phenyl diethanolamine
(NPEA) (NPDEA)

PERE. 45K BBMIB BTG MEfR s, AL R
N 86.1%, NPEA Fl NPEDA 7= 33.2%; CS HiX,
AL 40.0%, NPEA FII NPEDA Ff)E =2 22.3%;
AT R BLE A 2R, PRI AT 14.3%,
NPEA 1 NPEDA [#]& 2% 4 14.3%. BBMIB 1 CS #{%f
FHKIERBRIR LR TR R E N-FR ek [ N3 — 2 i
AR, (E2AEALTETEERIK T BBMIB-b-CS. X 1] fE &
i1 F7£ BBMIB-b-CS 1, BBMIB F1 CS ;& | #/ [Fl 1k 1)
£ R, 15 BBMIB-b-CS f# {4 57 1 /8 16 v M =
BBMIB F1 CS, #ERMAM K KIE R
1.52 B & TR o RABIT A 403 N-BIe ik
1B AR P Rt 59 % v

DL R S0k IR AR RN JERE, 7 B A O Bk T
HEL T 3-(TRIEIE)-1- FF SE K s AL ) B B e TR AT A
AT S BLAE T e, S5 R LR 2. R 2 mI s,
BBMIB-b-CS I A0 R SR e i, BV 2R & 1) 5 1k 20k )
83.8%, NPEA F1 NPEDA HJi 7= %5k 83.8%.
1.5.3 BBMIB-b-CS 3} 7~ ] 55 & e R KL 69 %5 76

TERE T N-Fabe 3 4b [ B (1) s dE OB 26 1 I, 3%

K1 AR N-FE R S RE f 520

Table 1 Effect of the reaction conditions on the catalytic performance of N-hydroxyl alkylation reaction

. bro
Entry  ngc @ nap nBBMlz i:’(“;’;"l?)%“%lg'b'cs; Time/h  Temperature/’C  Coversion”/% L ;l;ng/: Others®
1 2 0 5 150 14.3 14.1 0.2 0.0
2 2 3 5 150 27.6 27.5 0.1 0.0
3 2 6 5 150 83.8 55.1 28.7 0.0
4 2 10 5 150 82.3 45.6 36.7 0.0
5 1 6 5 150 78.1 59.7 7.1 11.3
6 3 6 5 150 83.7 55.6 24.4 3.7
7 4 6 5 150 92.3 6.4 64.1 21.8
8 2 6 5 130 76.2 48.5 8.4 19.3
9 2 6 5 170 88.3 50.1 28.6 9.6
10 2 6 3 150 78.3 62.4 2.5 13.4
11 2 6 7 150 75.6 60.1 4.0 11.5

@ Reaction conditions: Aaniine=>3.375 mmol; ® The conversion of aniline and the yield of product were determined by GC, and the conversion was referred to

aniline (the limiting reagent); “ Total amounts of unidentified by-products.
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R 2 A N-Fle 54 S S A P R f st @
Table 2 Effect of IL-b-CS on the catalytic performance of N-hydroxyl alkylation reaction

. Yield’/%
Entry IL-b-CS Coversion”/% NPEA NPDEA Others®
1 BEMIB-b-CS 75.6 10.5 30.4 34.7
2 BBMIB-b-CS 83.8 55.1 28.7 0.0
3 BHMIB-b-CS 78.2 35.3 16.4 26.5

“The reaction conditions as follows: 5.375 mmol aniline, 7yjie - Hethylen carbonate - MIL group in IL-b-cs =1 = 2 2 0.06, 150 C for 5 h; b The reaction conversion and the

yield of product were determined by GC, and the conversion was referred to aniline (the limiting reagent); “ Total yields of unidentified by-products.

ITXE BBMIB-b-CS X AN[F] 55 75 1% e B2 g2 i 1647 1 A
9, LA % BBMIB-b-CS A0 7SS 4k S B2 47 103
PE. HSEIRLE AR 3 AR,

M 3 FTLLEH, S b & i 7 B SR
A IEPERAN(ZE 3, Entries 2~5); 244 F & T HTHX
AL AL EVE B (ZE 3, Entries 6~12). 247 E4
A BE T B8 BRI AR IS A, e R AEAR AL
(AL AR XL, 75 B M AR A R TR (3, #
ILF] T 90%LA by JEH R 2-F A FOR (3K 3, Entry 2)H
HALRIESR T 92.8%, NPEA HIF=HRikH T 58.9%,
NPDEA [{7= k3] T 31.4%. HHUCH At d 7R
T 55 0 F RS, 5 A R AR RS g /=, 153 85.1%;
NPEA ({7225 39.4%, NPDEA HIF=Z 4 25.1%. T
B EURIE TR R AEAR AL TR S X AL, 77 B i
TR ABFEAR. MR R F 7 RE 5SS, ngE Al fr
(3 3, Entries 8)3 X1 (3 3, Entries 6 and )i}, 75 &%
ML R AR IR BEAS K, 1 H NPEA 7= B AR
A%, NPDEA #1726 22 FH B FRAR. 10 7EABALE (3R 3, Entry
VXS 55 B R e A A RO RE B ) s, AUA I 45.6%,
M NPDEA 72K 5.4%. XF 2.4- & IAFMGE 3,
Entry 10), BRI TIIR T LA R 63.9%, (H2E
NPEA 1722 4N 26.3%, WA FEI*4) NPDEA. 41

ARIEW LT B8 77 AE 5 SR ET (WA 2%), 75 & e A R
M, SR 4RI AR 3, Entry 12)7E1% N H )
HAL AN 10.9%, t14755] NPDEA.
24 EURNHIE

FRAE TR IE, FRATHE I T 2K e SRR £ 4 16 A B
N-ZRJE OB 1) AT Be S AL BE (Scheme 2): B 56, 575K
BRI AR T 508 )T 1 R TR OB, KRR
CIFEE TRAT IRk RIS A A 1 o R B B TR
W BURER £ T B s 7, TEFR A R B & 7 1)
FEERT, BRI Rk 1Y R85, FRIEE
BRI E 1, B3] ak 1 s dhiads ik =4
bk, 3204, R AT A.

2 #ig

FEARMR 2R, I % 7 WK s i AR I 7o 5
BEAT DAL, e 3-(4-1R T 2E)-1- FH R BRI AL 1)
BB TR AT A I i, TRE) 42.4%. HAER
[ SRR LR A A N-Falie 8 A0 S B rp 2R B HE A v )
fEALIEYE, RIZRRZIEEILRY 83.8%, N-FEFEdkiti V)
(77 305 83.8%. FF HAZMEAGXS & A il 7 B
1475 7 JHe B AT B R R IE I K P 5 VA B B 52

K3 AFFTEEX N-FEEAL SN AL RE R R ¢

Table 3 Effect of different aromatic amine on the catalytic performance of N-hydroxyl alkylation reaction

Entry R Coversion’/% ield'1%
NPEA NPDEA Others®
1 H 83.7 55.1 28.6 0.0
2 2-MeO 92.8 58.9 314 2.5
3 3-MeO 92.2 52.3 38.1 1.8
4 4-MeO 90.1 17.3 42.8 30.0
5 4-Me 85.1 394 25.1 20.6
6 4-Br 73.0 53.6 18.6 0.8
7 2-Cl 45.6 36.5 5.4 3.7
8 3-Cl 74.8 46.9 25.8 2.1
9 4-Cl 79.9 44.7 19.4 15.8
10 2,4-Cl, 63.9 26.3 0.0 37.6
11 3-NO, 15.6 13.6 0.0 2.0
12 4-NO, 10.9 10.5 0.0 0.4

. .. 1 . . —q . . o b . .
“The reaction conditions as follows: 5.375 mmol aniline, Nailine - Methylene carbonate - MBBMIB group in BBMIB-b-cs= 1 + 2+ 0.06, 150 “C for 5 h; ” The reaction conversion

and the yield of product were determined by column chromatography, and the conversion was referred to aromatic amine (the limiting reagent); ¢ Total yields of the

unidentified by-products.
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Scheme 2 Mechanism of N-hydroxyl alkylation reaction about aniline with ethylene carbonate
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FERME: TR 2X10°, (R EE B
A, HATE N B ER, FLM OB SN 98%,; 1-HI %
KA 99%, WiTLEl ki T RA R, 8 FH 040k 7%
T, 1,2-Z3R O KE 1,4-Z31 T ks 1,6- ROkt RO
1le, Bk hn TR A R A Ak, K 99%, K
HET RN BRI TR A R, el o prati.

Nicolet 380 LT #M GG (FT-IR, KBr & F), 3 H
FE 2y F]; Bruker DPX-400 B8 AL HEIL IR I TEAY, 3£
41 & 70 A 7]; ESI-MS Agilent1100-Trap6320; Panalyti-
cal X'PertPro %! X LM RATHAN, faf ZMAGhELA F;
STA409PC #EL 73 M 4%, 12 [ i Gth 15 4% il 185 A PR A 7]
(B, INPGEZ 10 Comin'); Agilent 6890N S,
FETEA, SARNEE, 2R R s s
PR > ]
3.2 3-REEE-1-BEKMGRULIRHIZ
32,1 3-(2-iR T H)-1-F ke it Ak 6 ) &

2 HRSCHR[ 1414038 1) 4 7 iR RS ISk N, R4 T,
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10 mL 1-FFREBRIEAE 550 N 2219 31 33 mL 1,2- 3%
ZJ5EA 25 mL N BRI S VAT 100 mL = R Kk
W BESIBERE R RN 0.5 h, SRJE 65 CIJSi 24 h, {5
bR, A AgE, B VIRE) @ VRE)=1:3
RERCAE 85, BEfR =5, H2540 CFHE 12 h, 5775 1
15.46 g, /73 45.41%. '"H NMR (400 MHz, D,0) 6: 3.75
(t, J=5.8 Hz, 2H), 3.79 (s, 3H), 4.56 (t, J=5.6 Hz, 2H),
7.40 (d, J=1.6 Hz, 1H), 7.49 (d, J=2.0 Hz, 1H); “*C
NMR (400 MHz, D,0) o: 136.30 (t), 123.75, 122.25,
50.64, 35.91, 30.39

3.2.2 3-(4-iR T H)-1-F ARk i A dh 6 4] &

SIS 1S THRE )28 7 BRI B0k, N, AU

B RE . EIRAMET, 4 5.0 mL 1-FF SEBK L ZZ 1835 0
£]292 mL 1,4- 3R T ke, Whnsske, s 60 CRBL
24 h; BIHRTER 1,4- 8T %, T4 RS HH [E 44
FH A5 B 22 0 1 G A, A DR RS OIS B, et 28 K
R 2TAE, FTfS s R BRRAA, DA PR 1-(4-1R T
FE)-3-HIEER IR 2. 2 40 CFE 12 h, P4
B 1542 g, % 79.04%. 'H NMR (400 MHz, D,0) o:
1.78 (q, J=4.9 Hz, 2H), 1.94 (q, J=7.7 Hz, 2H), 3.39 (t,
J=4.2 Hz, 2H), 3.79 (s, 3H), 4.14 (t, J=4.2 Hz, 2H), 7.34
(d, J=1.2 Hz, 1H), 7.40 (d, J=1.2 Hz, 1H), 8.64 (s, 1H);

Chin. J. Org. Chem. 2015, 35, 1475~1483
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®C NMR (400 MHz, D,0) §: 135.88, 123.58, 122.14,
48.67,35.67, 33.34,28.57, 28.01.
323 3-(6-1% T H)-1-F A oked if fuap 6h 5] &

Z: [ SCHER[ 16145 Y il 46 77 A A n i, 35 mL 1-
FRJEDKMEAN 53 mL & F e TR R IR S A 22 12 3 i 21
37.6 mL 1,6- IR e T 150 mL = FE A N, K4
HUMEIERE S 47 CIEIR 24 h, JEZERRE & Tk, 54
P AR 3 5, B OE e 22 (10 mL X 3), Frfg =M
V(R @ (& F R =11 5 iR, BE~ 5 3,
HA 60 CTJE 24 h, 5775 17.00 g, 723 74.07%. 'H
NMR (400 MHz, D,0) d: 1.20 (q, J=7.7 Hz, 2H), 1.36 (q,
J=17.6 Hz, 2H), 1.74 (m, 2H), 3.38 (t, J=6.6 Hz, 2H),
3.80 (s, 3H), 4.11 (t, J=7.2 Hz, 2H), 7.34 (d, J=1.4 Hz,
1H), 7.49 (d, J=1.4 Hz, 1H), 8.63 (s. IH); C NMR (400
MHz, D,0) §: 135.78, 123.50, 122.16, 49.37, 35.68, 35.00,
31.71,28.99, 26.61, 24 .41.

3.3 MMEBETFRAMBRKEREITEYNER

Z [ SCHR[ 17400 R 1) 46 5 v, Ja et e adt v o) 2% K
W 5 P AR BRI ST SR AT AR . SR R0 @)/ BRAE 2%
T 7K (20 mL)H, [R] B ImON K e B8 7 A AL 4 (8.3
mmol), N, L3 F, 80 CHEJJHFE . 40 h, AR F
BT RIS T ORI . RN,
ek 2R bR 22K, FN 77 v R E R R (100 mL),
B R IR VAN PR A T (300 mL)IEATITHE, e 4 [ 44
VIR, W FH AR 247 2% FCPR B 48 Tk e 2 1 A iR
), H2E 70 CF T 24 h #3058 K.

34 MHBETFRAEEFTEEITEYMNELELE

W —E m M5 BRI OB AL T = 1
i, RSGEEWE— B B RN — & i
(], J 8045 o J B S REAA ZR s T I, % FLEAT SO
TR, W R BYR I AR R 4da~4u [1)
72 2R (AR — AT THED).

N-$3 237K (4a)P): @t kE E ik 3 B4 5 [V (H
B/ V(LR LH8)=2/1], BEEHPRBA. "TH NMR (400
MHz, CDCl3) 6: 7.20 (t, J=7.7 Hz, 2H), 6.74 (t, J=17.3
Hz, 1H), 6.66 (d, J=8.0 Hz, 2H), 3.80 (t, J=5.1 Hz, 2H),
3.28 (t, J=5.1 Hz, 2H); MS (ESI) m/z: 138.3 [M+H]".

N,N- %% . 3£ 2K i (ab)P): Sl #: 2 M i 15 21 4 8
[VCF )/ V(28 L) =1/2], KEEmPRifA. "TH NMR
(400 MHz, CDCls) 6: 7.21 (dd, J=13.7, 5.9 Hz, 2H), 6.71
(t, J=7.2 Hz, 1H), 6.64 (d, J=8.3 Hz, 2H), 3.81~3.71
(m, 4H), 3.55~3.43 (m, 4H); MS (ESI) m/z: 182.2 [M+
H]".

N-$4 236 2- W L 28 i ()™ B A E i 15 51
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g [ VA TR V(LR LB =2/1], ek, 'H
NMR (400 MHz, CDCl;) &: 6.92 (td, J=7.7, 1.4 Hz, 1H),
6.82 (dd, J=7.9, 1.3 Hz, 1H), 6.79~6.72 (m, 1H), 6.68
(dd, J=17.8, 1.3 Hz, 1H), 3.86 (s, 3H), 3.82 (dd, J=6.7, 3.9
Hz, 2H), 3.30 (t, J=5.3 Hz, 2H); MS (ESI) m/z: 168.2
[M+H]".

N,N-Z58 2, 3 2- A FL 2K e (ad)! ™ B KEZ Hrik
BRNAFH[VCR B/ V(LR LB8)=1/2], # iRk,
'H NMR (400 MHz, CDCls) d: 7.21 (d, J=7.8 Hz, 1H),
7.14 (t, J=7.8 Hz, 1H), 6.95 (dd, J=19.9, 7.9 Hz, 2H),
3.85 (d, J=11.6 Hz, 3H), 3.51 (t, J=5.1 Hz, 4H), 3.20 (t,
J=5.0 Hz, 4H); MS (ESI) m/z: 212.2 [M+H]".

N-$2 . HE-3- A K e (4e) ) @A E ML E
S [ VR T E V(LR B =2/1], B aeRk. 'H
NMR (400 MHz, CDCl;) d: 7.14~7.08 (m, 1H), 6.35~
6.26 (m, 2H), 6.22 (dd, J=6.1, 3.8 Hz, 1H), 3.82~3.77
(m, 5H), 3.30~3.26 (m, 2H); MS (ESI) m/z: 168.2 [M+
H]".

N,N-—53 2, 3E-3- SR a0 @i k2 Hrik
BRNAFH[VCR B/ V(LR LB8)=1/2], # iRk,
'H NMR (400 MHz, CDCly) d: 7.15 (t, J=8.2 Hz, 1H),
6.35~6.28 (m, 2H), 6.23 (d, J=2.1 Hz, 1H), 3.77 (dd, J=
11.5, 6.5 Hz, 7H), 3.56 — 3.46 (m, 4H); MS (ESI) m/z:
2122 [M+H]".

N-$2 2. 3e-4- WA FE A iz (ag) 7 B E M348 3
S [ VR T E/ V(LR LB =2/1], B aeRk. 'H
NMR (400 MHz, CDCLy) 6: 6.92 (d, J=8.5 Hz, 2H), 6.85
(d, J=8.8 Hz, 2H), 3.88 (d, J=1.9 Hz, 2H), 3.79 (s, 3H),
3.34 (s, 2H); MS (ESI) m/z: 168.3 [M+H]".

N,N-"_$5 2. 56-4-F A B 1% (ah)! 7 Sl A 2 B ik
3 B4 [ VCR B/ V(LR CF8)=1/2], R EHPRIEA.
'H NMR (400 MHz, CDCLy) 6: 6.85 (d, J=2.3 Hz, 1H),
6.83 (d, J=2.4 Hz, 1H), 6.74 (d, J=2.3 Hz, 1H), 6.73 (d,
J=2.3 Hz, 1H), 3.78~3.74 (m, 7H), 3.44 (t, J=4.9 Hz,
4H); MS (ESI) m/z: 212.3 [M+H]".

N-$2 2.3 -4- W L 8 oz (4™ @t i E Wik /8 21 4k
(VO T BR)/ V(28 L8R =2/1], K#EmeRBA. 'H
NMR (400 MHz, CDCly) d: 7.03 (dd, J=15.5, 6.6 Hz,
2H), 6.62 (t, J=8.2 Hz, 2H), 3.84~3.77 (m, 2H), 3.26
(dd, J=9.8, 4.7 Hz, 2H), 2.26 (s, 3H); MS (ESI) m/z:
152.3 [M+H]".

NN-"$2 2,35 -4- F 2R e (4™, @t i B Wi g
Al 5 [VCR MBS/ V(LR LBR)=1/2], K EUR R .
'H NMR (400 MHz, CDCLy) 6: 7.07 (d, J=8.5 Hz, 2H),
6.68 (d, J=8.6 Hz, 2H), 3.85 (t, J=4.9 Hz, 4H), 3.56 (t,
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J=4.9 Hz, 4H), 2.28 (s, 3H); MS (ESI) m/z: 196.3 [M+
H]".

N-$2 234 1R K iz (4k)!": I A R M LS 24l 5
(VA B/ V(2T 2.8 =2/1], W meRisifA. '"H NMR
(400 MHz, CDCLy) 0: 7.28~7.23 (m, 2H), 6.54~6.49 (m,
2H), 3.81 (dd, J=6.6, 3.8 Hz, 2H), 3.25 (dd, J=6.6, 3.8
Hz, 2H); MS (ESI) m/z: 216.1 [M+H]".

N,N-" %% 2.3 4- 0K (4D @A E Mg 3
g S [ VR B V(LR CER)=1/2], iRk, 'H
NMR (400 MHz, CDCly) 6: 7.30 (dt, J=4.2, 2.7 Hz, 2H),
6.58 (d, J=9.0 Hz, 2H), 3.81 (t, J=4.8 Hz, 4H), 3.54 (t,
J=4.8 Hz, 4H); MS (ESI) m/z: 206.2 [M+H]".

N-$2 2 FE-2- 502K e (4m)!"S: i 5 B 2 M 48 3 4l
i (VO B/ V(LR . B8) =2/10, 48 GihiRifA. 'H
NMR (400 MHz, CDCLy) 6: 7.29 (dd, J=7.8, 1.4 Hz, 1H),
7.20~7.12 (m, 1H), 6.73~6.64 (m, 2H), 3.84 (t, J=5.3
Hz, 2H), 3.33 (t, J=5.3 Hz, 2H); MS (ESI) m/z: 172.2
[M+H]".

N,N- "8 23 2-F A e (am)"™: @i #E E ML A 3
i VR ERY (LR CBR)=1/2], BEaRBiiA. 'H
NMR (400 MHz, CDCl;) 6: 7.44 (d, J=7.9 Hz, 1H), 7.34
(d, J=7.5 Hz, 1H), 7.30 (d, J=8.3 Hz, 1H), 7.14 (t, J=6.9
Hz, 1H), 3.66~3.57 (m, 4H), 3.35~3.26 (m, 4H); MS
(ESI) m/z: 216.2 [M+H]".

N-$2 2 3E-3- 50 K M (40)!'8): 3@ It b JE M L5 34l 5
(VA MBR/ V(28 288 =2/1], KA reiRsk. '"H NMR
(400 MHz, CDCLy) o: 7.09 (t, J=8.0 Hz, 1H), 6.71 (dd,
J=179, 1.2 Hz, 1H), 6.61 (t, J=2.1 Hz, 1H), 6.49 (dd, J=
8.2, 1.9 Hz, 1H), 3.79~3.74 (m, 2H), 3.24~3.18 (m, 2H);
MS (ESI) m/z: 172.2 [M+H]".

N,N- 38 2. 3-3-F AR e (ap)"™: @ HEE ML A 3
i [ VR ER (LR R =1/2], FitaiiRiifk. 'H
NMR (400 MHz, CDCl;) d: 7.13 (t, J=8.1 Hz, 1H), 6.70
(d, J=7.8 Hz, 1H), 6.64 (s, 1H), 6.54 (dd, J=8.4, 2.1 Hz,
1H), 3.79 (t, J=4.8 Hz, 4H), 3.52 (t, J=4.8 Hz, 4H); MS
(ESI) m/z: 216.2 [M+H]".

N-$2 2. 3-4- 5 K W (4q)"™: i A R M iEAE 24 5
[V ER V(2R T8 =2/1], 8 ERiA. 'TH NMR
(400 MHz, CDCL3) 0: 7.18~7.12 (m, 2H), 6.60 (d, J=8.8
Hz, 2H), 3.91~3.81 (m, 2H), 3.29 (t, J=5.1 Hz, 2H); MS
(ESI) m/z: 172.2 [M+H]".

NN-"5% 5 -4- A () Sl i E M i1 31
g S [ VR B V(LR CER)=1/2], iRk, 'H
NMR (400 MHz, CDCLy) 6: 7.17 (dd, J=9.0, 1.4 Hz, 2H),
6.62 (dd, J=9.1, 2.5 Hz, 2H), 3.80 (dd, J=9.3, 4.6 Hz,
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4H), 3.53 (dd, J=8.8, 4.3 Hz, 4H); MS (ESI) m/z: 216.2
[M+H]".

N-$2 2. 55-3,5- G K I (4s)%: Sl A ENTIRAS 2
45 [VCR MR/ V(R G BR)=2/1], Rk, 'H
NMR (400 MHz, CDCl3) 6: 7.29~7.27 (m, 1H), 7.11 (dd,
J=8.7, 2.4 Hz, 1H), 6.62 (d, J=8.7 Hz, 1H), 3.87 (t, J=
5.2 Hz, 2H), 3.34 (t, J=5.2 Hz, 2H); MS (ESI) m/z: 206.1
[M+H]".

N-$2 2 FE-3- Tl 3L K e (40)!"™: B F: 2 kA 84l
W VO B/ V(8 208)=2/1], FEmeiRik. 'H
NMR (400 MHz, CDCls) 6: 7.56 (d, J=9.1 Hz, 1H), 7.45
(d, J=2.1 Hz, 1H), 7.31 (t, J=6.6 Hz, 1H), 6.94 (dd, J=
8.1, 1.9 Hz, 1H), 3.93~3.88 (m, 2H), 3.41~3.34 (m, 2H).
MS (ESI) m/z: 183.2 [M+H]".

N-$2 2.5 -4- R FE 2R e (4u)!"™): Sl I AE E AT 245 34t
i [VCE B/ V(2.8 218 ) =2/1], # ARk, 'H
NMR (400 MHz, CDCl;) 6: 8.20~8.08 (m, 2H), 6.64 (d,
J=8.9 Hz, 2H), 3.98~3.91 (m, 2H), 3.48~3.37 (m, 2H);
MS (ESI) m/z: 183.3 [M+H]".

#Bh#1 %L (Supporting Information) k54 1~3 () 'H
NMR Al °C NMR 3% & &AL A1 4a~4u ] '"H NMR
TR X pRERT DL A 2 AT 9 35 (http://sioc-journal.
cn/) BN #L.
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