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ARBEREBREN 4H-MEREF([1,2-a] W e -4- B
TR & R

MM, B, BAE
(HALMOl K2 A2 b T 5 RIEFI %, BT B/RE 150040 )

FEE . NEACTAL R YRR RN &, 80 B F2c kil 4 TRBUR AR , IJFX T FTIR. BRO&H &
FIBEERBIE G RIE . DIRTTRBARR ML 2- 2 HEMENE 5 2B LR CBE A L 2-H He-4H-MEE [ 1,2-a] W5 5E-4- i A
AR, 58 TN IR AT X SN R . ASBIPEAL N 254 2-8560kRE 1.0 mmol . £
MR M 1.1 mmol . AKFIEEEER 0.09 g, 7£ 2 mL LK ZEEH T 100 °CF M 24 h, 7EIZE&MF R s iEy &
BERIL A ORISR S, ST — B9 AH-NEEFF[1,2-a)WE0E-4-BRAT ALY, P73 38%~84%, ¥4tz
HNMR 1 5CNMR FAE, A1, SRS Ak i oA FE PR SR T T34, ZEUEAR S F ALl
FH AW, 773N BL%FEALE] 75%, § RSN AR, AL TC W28k .

KR KRR ; MU AH-MEBEF[1,2-a])E0E-4-1; SRR ; SOa; HIbEAR
FESES: TQ426 XHEFRIAE: A XEHS: 1003-5214 (2025) 01-0128-07

Lignosulfonic acid-catalyzed synthesis of 4H-pyrido
[1,2-a] pyrimidin-4-one derivatives

MAO Yuanyuan, PENG Jinsong, CHEN Chunxia

( College of Chemistry, Chemical Engineering and Resource Utilization, Northeast Forestry University, Harbin 150040,
Heilongjiang, China )

Abstract: Lignosulfonic acid was prepared from ion exchange of sodium lignosulfonate, a by-product of
paper industry, and characterized by FTIR, acid-base titration and gel permeation chromatography. Using
the catalytic synthesis of 2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one from 2-aminopyridine with ethyl
acetoacetate via lignosulfonic acid as a template reaction, the influence of solvent, temperature and catalyst
amount on the reaction was analyzed. The optimized reaction conditions were obtained as follows. 1.0 mmol of
2-aminopyridine, 1.1 mmol of ethyl acetoacetate, 0.09 g of lignosulfonic acid, and reacted in 2 mL of ethanol
absolute a 100 °C for 24 h. Under the optimized reaction conditions, a series of 4H-pyrido[1,2-a]
pyrimidin-4-ones in yields of 38%~84% were obtained by changing the type and position of the binding
substituent groups on the substrate, with the structures confirmed by *HNMR and *CNMR. Data from
evauation on the recovery and reuse of the catalyst showed that, under the optimized conditions, the yield
was reduced from 81% to 75% when the catalyst was recycled for 4 times, and the reaction scale was
successfully expanded to gram level without significant change in catalytic activity.

Key words:. lignosulfonic acid; cyclization reaction; 4H-pyrido[1,2-a] pyrimidin-4-one; nitrogen-containing
bicyclic heterocycles; green synthesis; catalysis technology
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BN, 5 RETRBERR M AH-MEIE [ 1,2-a] W WE -4- 777 A= P00 6 B 129«

152 FVE o AH-MEIE T 1,2-a] W5 1 -4 & HAT AR A
EATERY . o P s, ol
ST AR R, 8 TV A AR SR A 3R
5-HT6 #Ebiill, HA RAFH 251080 Jr 2Rk s
Bk, WA RMGTE R T 2Rk A4Y, WHT
1BIT 2 A T UL b BB B RE M WL ZE 46 0 1 A w) b 22
(Evrysdi ) B FITF90774E #5040 (10 R 55 R 125
i 4H-MEIE I [1,2-a] e e -4- B2 AL S N Tz,
HA HLZ 3] T Ok 2 1 e

AH-NHEIE I [ 1,2-a] W5 WE -4 Fe 4] 2 76 12 1L L SR TR
PESAF T i 2-F L A B- R B A B A5 o T ARk
HABEH 5%, DONG 19 5 5L 2,k 2. Fg
A 2-GFEMEE kL, & “—8E” AT 4H-NE
WEIF[1,2-a] MENE-A- B2 AL A0 ; ROSLAN Z5H
BEM TR BiCls ML, 7EILHERIRM T AR
2-Y5E B 15 Fe-AH-ME IE I [ 1,2-a] W5 1 -4-FR AL S0
XIE ZWAGF % 778 CO 4Rl A/ fE AL N-(2-
N W 56 ) e IV i Bl 6 A Ik e Ak 75 B 2- 0% Jk -4 H- T g
I[1,2-a] WENE-A-BR A % 1 ; BASAHEL 45817
137 2 1 v S B R 408 A Ak A3 B 4H-THE BE [ 1,2-a]
WENE-A- ; CHEN ZMUF % Tk o Xk £ 0k
BRI TS, DAGE SRR A ik 2-35 56 -4H- 1k e IF
[1,2-a] W& BE-4-Hi ; MATHAVAN 2515178 T 7] 41
IR AR A R AR A X Y 2K B iR ( TSOH-SIO, )
ARG T AH-MERETT[1,2-a] M E-4-F . F3R Ty
BB AR S E, (HIRAY 07k I B 5 ik
L TR R R R R I A 2 A o

Bl SR b S R R RS A, AR E A
R AL e A LA b B 8 s te oK s
HERREE R T EERE =z —, EERME
TR SR L TREE LK G . A
T IT R Bl 25080 R e A B0 1A B T R AR
REBRRIY, Wik, 78 ERTFRT, ASGUT AR —
Fhage . ARG T, DL p-TilE S 2-2 kg
BBV NIEY), AT R R IR T &k
AH-TEIEFF[1,2-a) W WE-4-FZAL 8, % ib &y
TEZG AL B B2 E S5 o P S

1 SRIGERSY

11 KFI S5

-G FEME e | 2-5(FE-3-F ke | 2-&(-4-H
FENERE | 2-5FE-5-H BENERE | 2-2 FE-3-FEFE ML IE |
2- F-3-H A N E | 2-F( -5k e . 2-4 FE-5-
AMEE . OB CFROTE . S+ T Bt R TR . 1,3- P
TR . 2-W LB LR OEE . KRR
. EhER . A E LN, CP, HHRUFTHRHE AR A AL

2-GA FE-5-TRILIE | 2-20 FE-5-fllnfk g | 2-24 FE-5-1R-4-
FELIERE . 2-Z TR TR . WEELRR TR, T
Mt LR OTE . 4,4,4- =L LR LHE . 2-3F O H
TR TR . 3-L Mk A Wi -2(3H)-Fil, CP, ifFkesd
EAFHEAERAF; FEE, T/KLEE (EtOH), N
B, SNEE. OBUTEE, —H W (DMSO), 1,4-
TEONH ., 12-ZH k. SRR, PR, CP,
KT E FREME T ARAR; 732 BHE T3
Wi, iR SRR LR B A B A o

Brucker-500 MHz 7Y #% i L 48 P gAY, 1=
Brucker /Al ; X-5 BAUE AL, T TR
MWAEMRTAEA A ; E2695 BEC B E OIEL,
Waters 7> i ; IRAffinity-1 40 4 Y3 4% , H A&
Shimadzu A7 .
1.2 KRREFEBELFINHE

AR5 2R T A Jo 3% T A 3 T 3 e b i
PR A5 20000 3 s 1 8 S e o o 5 i 5
TR IE S g, 558 H* &8 2.2 mmol/g.,
1.3 AH-MEBEFF[1,2-a) BAE-4-ERGTE MBI & X

o o AN
a

100 °C, 24 h

/lNHz
N
a

I Ma o

B-HlE S 2-2 kg 20 A W 0 RN AL BR L 2-
L -AH-IHEBE I [1,2-a] e e -4-1 ( M a) 596 R B,
AR IR - 7815 5T 1% 10 mL Schlenk Jz b 4 H
MM A 94 mg Y 2-28 FL A RE (1.0 mmol ), {5
AKJFEZR2 0.09g, 0.14 mL 2k 2B ZEE( 1.1 mmol ),
2mL oK LBEREER, 76 100 °CF . 24 h(TLC
WIRPE R ), BWHZEER, 82N (2RO
s 0 R FE R ) sy e 4t al, £33 A EE A 130 mg,
Riy=4y 2-H BL-4H-MERE I [1,2-a] WA RE-4-T ( TTa),
PR 81%, M 123~124 °C; HNMR (500 MHz,
DMSO-dg), §:8.92 (d, J= 7.0 Hz, 1H), 7.94 (t, J = 7.8 Hz,
1H), 7.61 (d, J = 8.9 Hz, 1H), 7.32 (t, J = 6.9 Hz, 1H),
6.30 (s, 1H), 2.38 (s, 3H); *CNMR (126 MHz,
CDCls), 6: 164.24, 156.79, 149.70, 135.17, 126.21
124.81, 113.94, 102.29, 23.68.

2,9- " H BE-4H-ME e I [1,2-a] W5 E-4-Ff (b ):
F A 101 mg, 723 58%, &4 130~131 °C;
'HNMR (500 MHz, CDCls), ¢: 8.85 (d, J = 7.1 Hz,
1H), 7.48 (d, J = 6.8 Hz, 1H), 6.92 (t, J = 7.0 Hz, 1H),
6.26 (s, 1H), 2.50 (s, 3H), 2.40 (s, 3H); “CNMR (126
MHz, CDCly), J: 163.49, 157.45, 149.26, 133.68,
133.42, 124.25, 113.36, 102.06, 23.87, 17.22,

2,8- I BL-4H-MEE I [1,2-a) EWE-4-F (T c):
FI @A 138 mg, 7= 80%, 4 128~129 °C;
"HNMR (500 MHz, CDCl3), 0: 8.84 (d, J = 7.3 Hz,
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1H), 7.28 (s, 1H), 6.87 (d, J = 8.9 Hz, 1H), 6.19 (s,
1H), 2.40 (s, 3H), 2.36 (s, 3H); *CNMR (126 MHz,
CDCl3), J: 164.48, 156.88, 149.73, 147.29, 125.51,
122.88, 116.65, 101.41, 20.42.,

2,7- " F L-AH-NEEIF[1,2-a] WEIE-4-T ((TTd):
HAOFE A 144 mg, 2% 84%, # s 159~160 °C;
'HNMR (500 MHz, CDCls), J: 8.86 (d, J = 7.6 Hz,
1H), 7.49 (s, 1H), 6.97 (d, J = 9.6 Hz, 1H), 6.23 (s,
1H), 2.37 (s, 3H); **CNMR (126 MHz, CDCls), J:
163.73, 156.76, 148.67, 138.14, 124.23, 123.65,
102.06, 23.59, 17.26.

9- ¥ Bk -2- 1 B-AH- ML WE I [1,2-a] W5 WE -4-FR - ( TIT
e): KA 118 mg, /3 67%, J# i 148~149 °C;
"HNMR (500 MHz, CDCl3), 6: 8.44 (d, J = 7.1 Hz,
1H), 7.07 (d, J = 7.5 Hz, 1H), 6.95 (t, J = 7.3 Hz, 1H),
6.24 (s, 1H), 2.38 (s, 3H); CNMR (126 MHz,
CDClj), J: 162.14, 156.85, 147.34, 143.11, 116.85,
114.15, 112.10, 102.62, 23.16.

O- H A - 2- FHY L -4 H- ML WE T 1,2-a] W e -4- ] (I
f): #@FE 121 mg, 725% 64%, 4% 5 153~154 °C;
'HNMR (500 MHz, CDCls3), 6: 8.59 (d, J = 5.0 Hz,
1H), 6.94 (s, 2H), 6.31 (s, 1H), 3.98 (s, 3H), 2.46 (s,
3H); *CNMR (126 MHz, CDCls), J: 163.24, 156.90,
150.73, 144.11, 118.05, 112.85, 109.89, 103.32, 55.79,
23.99,

7-9-2- W - AH-NEWE T [1,2-a] W5 BE-4-F ( Tl g ):
FIaE A 146 mg, =% 82%, s 145~146 °C;
"HNMR (500 MHz, CDCl3), d: 8.87 (s, 1H), 7.64~7.48
(m, 2H), 6.28 (s, 1H), 2.40 (s, 3H); *CNMR (126
MHz, CDCly), J: 163.89, 156.33, 153.77, 151.82,
147.65, 127.81, 127.61, 126.74, 126.68, 112.49,
112.16, 102.16, 23.56,,

8--2- W H-AH-NE WE T [1,2-a] W5 E-4-F ( TTh ):
FI A 122 mg, =% 68%, 4 105~106 °C;
'HNMR (500 MHz, CDCls), 6: 8.88 (d, J = 7.6 Hz,
1H), 7.51 (s, 1H), 6.98 (d, J = 7.5 Hz, 1H), 6.25 (s,
1H), 2.38 (s, 3H); *CNMR (126 MHz, CDCls), J:
164.97, 156.30, 149.35, 142.39, 127.15, 123.05,
115.52, 102.55, 23.66.

7-1R-2-H - AH-ML BE I 1, 2-a] W E-4- R (1M1 ):
WO FE A 168 mg, 7F 71%, M 166~167 °C;
'HNMR (500 MHz, CDCls3), 6: 9.08 (s, 1H), 7.67 (d,
J = 11.6 Hz, 1H), 7.39 (d, J = 9.4 Hz, 1H), 6.29 (s,
1H), 2.39 (s, 3H); *CNMR (126 MHz, CDCls), d:
164.28, 155.76, 148.14, 138.50, 126.37, 125.88,
109.20, 102.91, 23.67,

7-1L-2- F - AR BE I [ 1,2-a] M e -4-T (1T )
F (A [E A 192 mg, 775 67%, Mk 205~206 °C;
"HNMR (500 MHz, CDCls), d: 9.18 (s, 1H), 7.77 (d, J =

9.3 Hz, 1H), 7.25 (d, J = 9.3 Hz, 1H), 6.28 (s, 1H),
2.38 (s, 3H); *CNMR (126 MHz, CDCl3), J: 164.31,
155.59, 148.19, 142.91, 131.41, 125.80, 102.95, 77.51,
23.69,

7-15-2,8- I E-AH-MERETF[1,2-a] WEnE-4- ( Tk ):
WA 168 mg, FEF 67%, 445 4 128~129 °C;
'HNMR (500 MHz, CDCl3), d: 9.07 (s, 1H), 7.35 (s,
1H), 6.20 (s, 1H), 2.44 (s, 3H), 2.36 (s, 3H); “CNMR
(126 MHz, CDCl3), d: 164.58, 155.69, 148.51, 147.28,
126.42, 123.87, 113.54, 101.71, 23.74, 21.66,

2- 1 3-4- 58 AR -4H- ML WE I [1,2-a] W5 e -8-FH R &
fig (). BEEEA 172 mg, 77% 75%, ik 140~
141 °C; HNMR (500 MHz, CDCl3), d: 8.95(d,J=
7.4 Hz, 1H), 8.15 (s, 1H), 7.48 (d, J = 9.0 Hz, 1H),
6.34 (s, 1H), 4.38 (q, J = 7.1 Hz, 2H), 2.42 (s, 3H),
1.36 (t, J = 7.1 Hz, 3H); *CNMR (126 MHz, CDCl5),
5: 164.44, 162.42, 156.53, 149.30, 136.28, 127.19,
126.68, 112.12, 104.09, 61.44, 23.60, 13.12,

2-7 Ke-AH-MEETF[1,2-a) W E-4-F ( TTm): M
o [E K 136 mg, 775 78%, 45 66~67 °C; 'HNMR
(500 MHz, CDCl3),d:8.94 (d, J = 7.1 Hz, 1H), 7.64 (t,
J=78Hz 1H), 7.52 (d, J= 8.9 Hz, 1H), 7.02 (t, /= 7.3
Hz, 1H), 6.28 (s, 1H), 2.64 (q, J = 7.6 Hz, 2H), 1.24 (t,
J = 7.6 Hz, 3H); *CNMR (126 MHz, CDCls), J:
169.15, 157.19, 149.80, 134.98, 126.15, 124.95,
113.87, 100.92, 30.39, 11.74,

2-TN HE-AH-MEIE I [1,2-a] W5 E-4-Ff ( TMn). #
{L[F K 146 mg, 75 77%, 14 55 101~102 °C ;'HNMR
(500 MHz, CDCl3), d:8.95 (d, J = 7.1 Hz, 1H), 7.64 (t,
J=7.7Hz, 1H), 753 (d, J= 8.9 Hz, 1H), 7.03 (t, /= 6.8
Hz, 1H), 6.27 (s, 1H), 2.58 (t, J = 7.6 Hz, 2H), 1.70 (h,
J = 7.4 Hz, 2H), 0.93 (t, J = 7.3 Hz, 3H); “CNMR
(126 MHz, CDCl3), d: 168.41, 159.78, 156.87, 149.98,
135.40, 126.23, 125.27, 114.47, 103.19, 60.32, 42.93,
13.15,

2- S A He-AH- E [ 1,2-a] W 0E-4-B (Mo ):
(A, [E 1A 101 mg, 7 % 54%), i 5 89~90 °C ;'HNMR
(500 MHz, CDCl3), d:8.95 (d, J = 7.1 Hz, 1H), 7.63 (t,
J=85Hz, 1H), 7.54 (d, J= 89 Hz, 1H), 7.02 (t, /= 7.5
Hz, 1H), 6.30 (s, 1H), 2.84 (m, 1H), 1.24 (d, J = 6.9
Hz, 6H); *CNMR (126 MHz, CDCly), J: 172.97,
157.53, 149.81, 134.75, 126.09, 125.15, 113.81, 99.58,
35.35, 20.61,

2-(4-F AR -4H-ME WE I [1,2-a] W IE -2-3E) TR &
fis( Mp): B R 110 mg, /3 51%, 45 i 61~62 °C;
HNMR (500 MHz, CDCl5), d: 8.97 (d, J = 7.0 Hz, 1H),
7.79~7.61 (m, 1H), 7.56 (d, J = 8.9 Hz, 1H), 7.08 (t, J =
6.9 Hz, 1H), 6.37 (s, 1H), 4.14 (q, J = 7.1 Hz, 2H), 3.65
(s, 2H), 1.21 (t, J = 7.1 Hz, 3H); “*CNMR (126 MHz,
CDCly), 6: 168.41, 159.78, 156.87, 149.98, 135.40,
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B, % RBTRBERR M AH-MENE [ 1,2-a] W BE -4- B 15 22 90 14 5 L

- 131-

126.23, 125.27, 114.47, 103.19, 60.32, 42.93, 13.15,,

2-(Z AP IE)-4H-MEWETF[1,2-a] B 0E-4-1d (Mg ):
H [k 82 mg, 723 38%, # 97~98 °C; 'HNMR
(500 MHz, CDCl3), d: 9.03(d, J = 7.1 Hz, 1H), 7.83 (t,
J =78Hz, 1H), 7.75 (d, J = 8.9 Hz, 1H), 7.25~7.19 (m,
1H), 6.72 (s, 1H) ; ®*CNMR (126 MHz, CDCls), d: 156.79,
152.23, 151.95, 151.67, 151.39, 150.86, 136.69, 126.52
126.04, 120.75, 118.56, 115.96, 100.23,

2,3- W BE-AH-MEIE [ 1,2-a] 5 0E-4-Ff ( Tr): 1
{lFK 138 mg, 7=% 79%, 44 5 113~114 °C; *HNMR
(500 MHz, CDCl3), d: 890 (d, J = 7.2 Hz, 1H),
7.59~7.52 (m, 1H), 7.46 (d, J = 8.9 Hz, 1H), 6.99 (t, J =
6.9 Hz, 1H), 2.42 (s, 3H), 2.18 (s, 3H); “*CNMR (126
MHz, CDCl,),d:160.31, 157.08, 147.13, 133.46, 125.98,
124.70, 113.65, 110.57, 21.88, 11.14,,

3-(2-F8 £ H)-2- F Jk-AH- M I 3 [ 1,2-a] 15 1 -4-
il (Ms): B 92 mg, 773K 48%, 444 171~
172 °C; HNMR (500 MHz, CDCl3), 6: 8.87 (d,J=
7.2 Hz, 1H), 7.67~7.55 (m, 1H), 7.47 (d, J = 8.9 Hz,
1H), 7.01 (t, J = 6.9 Hz, 1H), 3.84 (t, J = 6.2 Hz, 2H),
294 (t, J = 6.2 Hz, 2H), 2.47 (s, 3H); “*CNMR (126 MHz,
CDCly), J: 161.54, 157.98, 147.45, 134.13, 125.92,
124.72, 114.10, 112.13, 60.97, 29.47, 21.75,

1,2,3,4-VU & -11H-nHkIE[2,1-b] s sk~ 117 ( Tt ).
H @ E R 150 mg, 723 75%, 5 101~102 °C;
'HNMR (500 MHz, CDCl3), J: 8.86 (d, J = 10.6 Hz,
1H), 7.60~7.49 (m, 1H), 7.42 (dd, J = 8.6 4.3 Hz, 1H),
6.94 (d, J = 5.3 Hz, 1H), 2.72 (d, J = 4.9 Hz, 2H), 2.63
(d, J = 4.7 Hz, 2H), 1.77 (d, J = 19.1 Hz, 4H);
3CNMR (126 MHz, CDCl3), 6: 160.93, 156.82,
147.23, 133.42, 125.68, 124.59, 113.30, 112.36, 31.53,
22.05, 21.32, 21.02,,

2 HR5H®

2.1 EAFIBRIE
AFREWRI FTIR & W& 1 Fn .

1213
=_----1036

cemmmmmme 23430

4000 3000 2000 1000
WeE/em™

K1 R FTIR 355
Fig. 1 FTIR spectrum of catalyst

&l 1 AT, 3430 et Akl O—H B 4R IR 50
I, 1213 et kb M EEFRIL A O=S=0 KAXFFx
HgEiRshE, 1036 cm™ b MR R FE A O=S=0
R OXE R e 40 I I 06, 150 D ) 88 1 e 1 0 A o 28 b
S AR B e BB E Ak E (NN-ZH
SRR AR ) AR A o T (fRTAR A
Ti ) AREERME LR, & 1A, AR
Ry E T8 (M, ) ly 50938, %iisrFH (M,)
Ky 40224,

RGBS B (g > B 2R
Table 1 Gel permeation chromatography analysis result of

catalyst
30 24 B M, My M, M, Lt
A 40224 50938 29393 67690 1.2663

TE: My HWER T MR Z B0y 1

22 RREEHHRK

DL 2- Kk (1.0 mmol ) 522 2
fi (1.1 mmol ) MAH S N, A J5 25 ik i A £ il
% 2-W Be-AH-MIE TF[1,2-a] BEWE -4 , %2 [] v
(2 mL) XA 2-H SE-4H-MEBE I [ 1,2-a] B IE i
s, 25 R ILER 2,

*2 REAMLE

Table2 Optimization of reaction conditions

GE @“ﬁgﬁﬁi’ EC B 7 0%
1 FH 0.05 80 48 73
2 TR EE 0.05 80 48 70
3 I 0.05 80 48 34
4 SN 0.05 80 48 39
5 BT B 0.05 80 48 21
6 ZBEK" 0.05 80 48 28
7 DMSO 0.05 80 48 11
8 1,4- "5 NI 0.05 80 48 9
9 1,2-—FH Lk 0.05 80 48 12
10 ZZuE 0.05 80 48 52
11 R 0.05 80 48 22
12 X 0.05 80 48 43
13 ToK 0 80 48 0
14 ToK & 0.07 80 48 74
15 oK T 0.09 80 48 75
16 oK T 0.11 80 48 71
17 KKZBEE 0.15 80 48 66
18 JKZBEE 0.09 60 48 56
19  JoKZEE 0.09 100 48 81
20  JLKZEE 0.09 100 24 81

OM#E L 3+ 1,

HIZE 2 Al JCIEFRImE, iR 43% (4
5 12); YRR FPERGA AT, PR
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B, (HBEEBEFIAERSS, PRI BRI (55
1~5), PR EEA RIS =R, b 73%, T
BRI P2 3R O M 2 21%; 7RISR 7 s
I )&%T}E*E (%'s 7~11), HZMR ZERVERF
BF, PRI R T RIS &, O 52%., 5 R 3 B
MEBAERFI, PR A2, (HP BN REERK,
PRI, AR SCHERRIE/K 2 BEAE R S B 571

WA, N 5% A 2 R R P e B R Ak, %
AR, RMAZAE (45 13); Y44
Ma%gﬁmﬂawgﬁ,F%%F$%m(%%
2. 14~15); B L5 A& M 0.09 g #4m %] 0.15 g,

A . DLJG/K BN . 0.09 g AT AR R
FOW T, SRR 60 °CHEERE] 100 °CHY, 724
() 7 e i A s g e EE ) T s I g (4R 15, 18,
19), 7£ 100 °CHf, W 24 h (45 20) B0 5¢
4, TR RIAE] 81%., 4 b, KRR ML
2- 4 FE N NE RN 18k 218 18 R I B AR AL 25 4R
2-FEMEE 1.0 mmol, ZBEZ R £ BE 1.1 mmol, K
R R AL A 0.09 g, 75 2 mL XK 2B T
100 °CF )i 24 h,

23 RMETEMEHR

1E BRI, RS MA B 2-2

Fﬁﬁﬂi%ﬁﬁkﬁ X AT fiE 2 H T A ) A SRR R s R FENERE ) B-W R AT RN S M RO, gk
R ((gm'5 15~17 ), BeAbh, TR RO A Bk 3R,
NH: ATRRBR, BOH o6
RI{;“( MO/\ T 100°C, 240 qu R
1}
2%3 SRS g 3
Table3 Scope of reaction”
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