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AR TR 2,6-—- (K FFRkM-2- A ELE )W IETTE MR B E S X

wOET WA AR F

(B R ARG AN 7T 4R 121000)

WE BT 2,6- IR ABRIENLRE N, 15 SN PEG-400 AHEALFIMISAE T3 A 5K B Kb
Jo 2-$5 1 -ZEWER F R P R S B Y Rap-Stoermer [V A, 2,6- ——(FR(Z%) W -2- FEESL b me 7 2B B 8 vk, 8
PET — Bl 5 PR 2R (Z%) FE I R T8 I B R I A e B P A A B SR R VB i 2. %0 TR B B I ) i 4RI
ML R AL A, P44 "TH(PC) NMR, IR FITT 2 20 Hr AL

KA 2,6- IR OBRIEMLRE; A(Z5) I ; BRIL; 8558 A R Rap-Stoermer J W

A Facile Synthesis of Novel Pyridine-2,6-diylbis(1-benzofuran-2-
ylmethanone) Derivatives under Ultrasonic Conditions

Gao, Wentao™ Tao, Xiyue Lin, Guihai Li, Yang
(Institute of Superfine Chemicals, Bohai University, Jinzhou 121000)

Abstract A facile synthesis of unreported pyridine-2,6-diylbis(benzofuran-2-ylmethanone) derivatives was described. The
synthesis mainly relied on the ultrasound-assisted Rap-Stoermer reaction of 1,1'-(pyridine-2,6-diyl)bis(2-bromoethanone) with
a variety of salicylaldehydes in MeCN at the presence of PEG-400. This procedure offered easy access to construct new pro-
totypes containing methanone linker between the benzo(naphtho)furan ring and pyridine moiety at 2,6-position in a short reac-
tion time and mild conditions with good yields. Compound structures were identified by means of 'H('*C) NMR, IR and ele-

mental analysis.

Keywords 1,1'-(pyridine-2,6-diyl)bis(2-bromoethanone); benzo(naphtho)furan; carbonyl group; ultrasound-assisted; Rap-

Stoermer reaction

CAT WFIURIE 2,6- — 2RI ik e B A 24T
ISR 000 761 00 i J] 30 2 AR M O (CDK) 55 A= 0%
PEN 440, 2002 4F Barresi 2B HRIE T 2,6- [(E)-2-(
IR ) 0 3 T IEE I (1) %) MCF7 S0 i 40 0 17) A A R T H i
A IAHEIER (B ). TR A TSR IE 2,6- 2% FR
AR PR b e T A4 5 0 0% 40 )8 B 74 & T LAE 2 7k
SEOTAF RN, BN, NFAE DNA 168 i f2¢
JegsE AT Rk, 2 SO T 2,6- ARIR
AR e A7 A= 1 ™0,

U7, AR AEE h— R E L T
AR T R AR U i A R 2 B R, B g
Ft L P PR Bk RN Brem s e &
A I IR IR 4k B 4 [ R A 2 72 1) A B TR A sl 2
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BHlLE

R ek

BB 27 AT e HAT BB RO VE . DAL, ARSCHRGE T
— RGBT 2,6- (AR I RN -2- T L)
WERERT AR TT k. HAREEY 2 & B2 W Eq. 1.

X
| MO MeCN/K,CO;
Br N Br R 5 drops PEG-400
le) le} OH p
3 4a ~ 4i
R — — R
X -
\ / o | o \ / (1)
— ~ =
N
0 0
2a~ 2i

2a: R =H, 2b: R = 3-Me, 2c: R = 4-Me, 2d: R = 5-Mg, 2e: R = 5-OMe,
2f: R=5-Cl, 2g: R = 5-Br, 2h: R = 5-NO,, 2i: R = 3,5-Br,

1 SRIEERS
1.1 UES5RF

5 0 WRS-1B B9 pii ASGI 2 (il P8 TF R AL 1E);
IR /] Nicolet AVAR 360 FT-IR U HLi- 48421 483l
FEREVHINE; R A 40 kHz 1250 W Hirthi )
F(NE A 30~80 CER T )1 KQ-250B P H =
TR, RLREE R Bruker-600 MHz 7 k% it
PRGN 5E, CDCly, DMSO-ds A ¥ 7), TMS bR, JCH
M7 B Elementar Vario EL 72, B AT R 2,6-—
IR BRI A% BOSCERT IR A R, See s T 1 o
Mrafiskfb 242k
1.2 2,6-ZRZELEMIEI)RIE K

Z R [21]8 K 2,6- - LB EELE,
70.1%. m.p. 79.2~80.5 ‘CCCHRE": B/ %N 71.9%,
m.p. 79.0~80.0 C).

Z W SCHR[22] 4 B 2,6- 3R B SEIEnE (3), 77 %
45.2%. m.p. 99.1~100.8 C(CCHRMEEY: =&l 43%,
m.p. 98~100 C).

1.3 2,6-Z-(FFEIKIFE-2- B EEE )AL IE(2) B & B

1 2,6- IR LWEFEMEBE 0.161 g (0.5 mmol)iE 1~ L Jff
(5 mL)H, A ZK# I B K 1 (1.2 mmol) JE/K Ak
FRAT 0.276 g (2 mmol)F1ZE £ —§7-400 5 ¥, 7£ 70 'CF
R FE N, 2~5 h, NG5 HORE S VRS A H A E S
Tk, M st s mig. TR R, SR
1R HTEl=4) 2,6- ——(R I -2- 56 )tk e £ 2E 4
2a~2i.

2,6- —(R IR IR -2- F RS ) EE E (2a): 1 £ R A,
FEH 66%. m.p. 270.1~271.2 °C; '"H NMR (600 MHz,
DMSO-dy) 6: 7.38 (t, J=7.8 Hz, 2H, PhH), 7.61 (t, J=7.8
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Hz, 2H, PhH), 7.70 (d, J=7.8 Hz, 2H, PhH), 7.82 (d, J=
7.8 Hz, 2H, PhH), 8.39 (s, 2H, Furyl-H), 8.41~8.43 (m,
3H, Py-H); °C NMR (DMSO-d,, 150 MHz) 6: 117.60,
119.48, 125.71, 126.64, 128.09, 128.73, 134.17, 134.81,
146.05, 152.20, 153.56, 173.08; FT-IR (KBr) v: 3152,
3035, 1660, 1542, 1353, 1186, 707, 645 cm™'. Anal. calcd
for Co3H3sNOy: C 75.20, H 3.57, N 3.81; found C 75.02, H
3.74,N 3.64.

2,6- —=(3- HIRE DR I IRg -2- FH 19t ) IEE BE (2b): - 3 65
mmAk, P23 62%. m.p. 238.3~2404 C; '"H NMR (600
MHz, CDCls) 6: 2.64 (s, 6H, CH;), 7.20 (t, J=7.8 Hz, 2H,
PhH), 7.33 (d, J=7.2 Hz, 2H, PhH), 7.39 (d, J=7.8 Hz,
2H, PhH), 8.18 (t, J=7.8 Hz, 1H, Py-H), 8.32 (s, 2H,
Furyl-H), 8.46 (d, J=7.8 Hz, 2H, Py-H); *C NMR (150
MHz, CDCLy) d: 15.24, 120.77, 121.13, 122.91, 124.11,
126.93, 127.04, 129.67, 138.57, 150.64, 153.02, 155.31,
180.25; FT-IR (KBr) v: 3058, 2919, 1646, 1542, 1361,
1189, 709, 645 cm '. Anal. caled for C,sH;,NO,: C 75.94,
H 4.33, N 3.54; found C 75.80, H 4.57, N 3.66.

2,6- (4~ I FE I W IR -2- I 6 )L I (2¢): A8
g, P 58%. mup. 220.0~221.6 ‘C; '"H NMR (600
MHz, CDCl3) §: 2.45 (s, 6H, CH3), 7.36 (d, J=8.4 Hz, 2H,
PhH), 7.38 (s, 2H, PhH), 7.58 (d, J=8.4 Hz, 2H, PhH),
8.17 (t, J=7.8 Hz, 1H, Py-H), 8.26 (s, 2H, Furyl-H), 8.45
(d, J=7.8 Hz, 2H, Py-H); *C NMR (150 MHz, CDCL5) ¢:
21.27, 112.08, 120.18, 123.26, 127.11, 127.53, 130.70,
133.68, 138.59, 151.04, 152.96, 154.68, 180.27; FT-IR
(KBr) v: 3121, 2906, 1652, 1540, 1350, 1116, 709, 646
cm . Anal. caled for C,sH;NO,: C 75.94, H 4.33, N 3.54;
found C 75.75, H 4.62, N 3.27.

2,6- . ~(5-HHE IR JE IR g -2- H IR S yntk e (2d): 1
mmAk, P23 63%. mp. 224.5~226.6 ‘C; '"H NMR (600
MHz, CDCl3) &: 2.45 (s, 6H, CH3), 7.35 (d, J=8.4 Hz, 2H,
PhH), 7.38 (s, 2H, PhH), 7.57 (d, J=8.4 Hz, 2H, PhH),
8.17 (t, J=7.8 Hz, 1H, Py-H), 8.26 (s, 2H, Furyl-H), 8.46
(d, J=7.8 Hz, 2H, Py-H); *C NMR (150 MHz, CDCl;) ¢:
21.26, 112.07, 120.16, 123.25, 127.10, 127.52, 130.69,
133.70, 138.57, 151.03, 152.94, 154.67, 180.26; FT-IR
(KBr) v: 3121, 2906, 1651, 1540, 1350, 1150, 709, 646
cm” L. Anal. caled for C,sH;NO,: C 75.94, H 4.33, N 3.54;
found C 75.74, H 4.58, N 3.35.

2,6- (5~ FV AR I 2K I W g -2- F I 36 ) PLE BE (2e): 3%
oAk, P2 64%. mup. 238.2~239.3 “C;'H NMR (600
MHz, CDCL3) d: 3.81 (s, 6H, OCH;), 6.98 (d, J=2.4 Hz,
2H, PhH), 7.16 (dd, J=9.0, 2.4 Hz, 2H, PhH), 7.58 (d, J=
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9.0 Hz, 2H, PhH), 8.18 (t, J=7.8 Hz, 1H, Py-H), 8.28 (s,
2H, Furyl-H), 8.46 (d, J=7.8 Hz, 2H, Py-H); *C NMR
(150 MHz, CDCl;) &: 55.83, 104.09, 113.28, 119.43,
120.32, 127.14, 127.90, 138.62, 151.39, 151.59, 152. 89,
156.72, 180.12; FT-IR (KBr) v: 3153, 2995, 1652, 1539,
1352, 1165, 708, 647 cm™'. Anal. caled for C,sH,;NOg: C
70.25, H 4.01, N 3.28; found C 70.01, H 4.20, N 3.00.

2,6- (5S-G R FF MR -2- FE R BE It e (26): 11 684
&, 7P 69%. mp. 261.5~262.8 ‘C; 'H NMR (600
MHz, DMSO-dq) J: 7.61 (d, J=8.4 Hz, 2H, PhH), 7.78 (s,
2H, PhH), 7.85 (d, J=8.4 Hz, 2H, PhH), 8.18 (t, J=7.8
Hz, 1H, Py-H), 8.36 (s, 2H, Furyl-H), 8.46 (d, J=7.8 Hz,
2H, Py-H); “C NMR (150 MHz, CDCl;) o: 111.90,
119.54, 120.53, 127.17, 127.23, 127.54, 138.53, 147.30,
151.22, 152.99, 154.51, 180.22; FT-IR (KBr) v: 3144,
1655, 1536, 1350, 1184, 693, 646 cm '. Anal. caled for
Ca3H,1CLNO,: C 63.32, H 2.54, N 3.21; found C 63.10, H
2.78, N 3.04.

2,6- = (5- IR IR IR -2- Y IR L) L IE (2g): B 10 5
1, 72E 68%. mp. 287.2~289.6 ‘C; 'H NMR (600
MHz, DMSO-d¢) 6: 7.73 (dd, J=8.4, 1.2 Hz, 2H, PhH),
7.81 (d, J=8.4 Hz, 2H, PhH), 7.93 (d, J=1.2 Hz, 2H,
PhH), 8.19 (t, J=7.8 Hz, 1H, Py-H), 8.32 (s, 2H, Furyl-H),
8.46 (d, J=7.8 Hz, 2H, Py-H); *C NMR (150 MHz,
CDCly) d: 104.43, 118.68, 120.43, 127.31, 128.29, 130.18,
138.68, 149.06, 151.51, 152.75, 179.88; FT-IR (KBr) v:
3442, 1719, 1231, 1137, 793 cm '. Anal. caled for
Ca3H,Br,NOy: C 52.60, H 2.11, N 2.67; found C 52.36, H
2.33,N 2.37.

2,6- . —~(5-TH AL FF WG -2- FF IR SE Itk e (2h): B
gk, PEF 77%. mop. 279.1~281.3 C; '"H NMR (600
MHz, DMSO-d;) J: 8.07 (d, J=8.4 Hz, 2H, PhH), 8.42 (d,
J=2.4 Hz, 2H, PhH), 8.43~8.46 (m, 3H, PhH, Py-H),
8.48 (s, 2H, Furyl-H), 8.64 (d, J=7.8 Hz, 2H, Py-H); "*C
NMR (150 MHz, CDCly) &: 119.85, 120.83, 127.09,
127.26, 136.32, 138.68, 149.37, 151.21, 152.80, 154.76,
179.85; FT-IR (KBr) v: 3149, 3113, 1655, 1551, 1345,
1179, 706, 648 cm™'. Anal. calcd for Cp3H;N;O0s: C 60.40,
H 2.42,N 9.19; found C 60.12, H 2.67, N 8.96.

2,6-~(3,5- IR AR IF R -2- F R Ik mE (2i): A1
AR, 7% 74%. m.p. 298.4~299.6 ‘C; '"H NMR (600
MHz, DMSO-d;) d: 7.47 (d, J=1.2 Hz, 2H, PhH), 7.59 (d,
J=1.2 Hz, 2H, PhH), 8.19 (t, J=7.8 Hz, 1H, Py-H), 8.30
(s, 2H, Furyl-H), 8.46 (d, J=7.8 Hz, 2H, Py-H); *C NMR
(150 MHz, CDCly) 6: 117.18, 118.18, 120.25, 127.23,
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127.36, 128.68, 138.70, 148.76, 150.25, 151.75, 152.78,
179.96; FT-IR (KBr) v: 3159, 3067, 1667, 1543, 1350,
1169, 713, 648 cm . Anal. caled for CyHoBryNO,: C
40.45, H 1.33, N 2.05; found C 40.25, H 1.60, N 1.82.
1.4 2,6-Z—(ZFKNE-2- B E)ILIE (2) B & X

¥ 2,6- IR ZIEFENEE 0.161 g (0.5 mmol)i T 2. I
(5 mL)H, A 2-F£5E-1-Z51 (1.2 mmol). Jo/KHkEREH
0.276 g (2 mmol)Fl12E £, F-400 5 ¥, 7£70 'C FNHES 5
h, SV GE UK B N TR A s HVE SRR ok, dr
VUESHIE. TIREEH =Y, 420 =L R
Hralir=4) 2,6- ——(ZEIFWRMR-2- RS ML RE 2j. B0l
&, 72F 71%. mp. 258.0~259.3 C; 'H NMR (600
MHz, CDCl;) 8: 6.74 (t, J=7.5 Hz, 2H, PhH), 7.23 (t, J=
7.1 Hz, 2H, PhH), 7.35 (d, J=8.0 Hz, 2H, PhH), 7.73 (d,
J=17.6 Hz, 2H, PhH), 7.81 (d, J=7.8 Hz, 2H, PhH), 7.87
(dd, J=8.8, 1.3 Hz, 2H, PhH), 8.15~8.19 (m, 1H, Py-H),
8.50 (dd, J=8.0, 2.2 Hz, 2H, Py-H), 8.87 (s, 2H, Furyl-H);
BC NMR (150 MHz, CDCls) 6: 112.70, 119.05, 123.15,
125.45, 127.23, 128.10, 128.69, 130.34, 130.88, 134.78,
138.69, 149.17, 150.65, 152.99, 179.47; FT-IR (KBr) v:
3156, 3033, 1672, 1511, 1320, 1144, 720, 653 cm . Anal.
calcd for C3;H;7NO4: C 79.65, H 3.67, N 3.00; found C
79.30, H 3.87, N 3.16.

2 RSN

2.1 2,6-TIRCEREMIE 5K 78 & BV K7 B B R
JE3iEN

o BEBATTIE 5T /N AL DA A5 RO IR R IR Ak 5 WD 1R 42
KB 2 6- IR LRI E () S KA A AE R £ -
400 VEFHEASMALT, BRIRET N AR AIIS&ATE T, €4
JHS 55 b R R 75 AR A 2 Williamson A1 Knoevenagel
RN, T AR E AR 2,6- (R I TR -2-
FEEDMEE (2a). A TUFSEAAED) 2a 450, ST T
IR, '"H NMR, "*C NMR %5538 5 RoG £ 047, £E 2a (1)
IR B AT UL, 1660 em ™' A BRI I, S C=0 Ff#
AidREh, 1125 cm™ " A I AR BRI AL U g W ATk )
C—O—C MEFEM %, "H NMR 1, § 8.41~8.43 4b i
LI % g e A L RFAL 0 8.39 AbH B
B & TR A BB AL 6 7.81~7.83 AbHILIY
W EEIE(J=8.4 Hz), VAJE TR IFREME A b 4 £ f b))
FA. 6 7.70~7.71 AL EIE(=7.9 Hz), HIE T
ARIEWRMEER b 7 frf B iTAL 6 7.61 AbHHIR =R
W(J=7.7 Hz), HJ& T AIFBEEE E 6 £k B 514
0 7.38 ALHIHLN = EIEU=7.5 Hz), 8T 7 IFMmEIR
b 5wk ERR AL AE PC NMR H, 60 173.09 4bH B
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TERIER R HE 0. O E A T R B S B ATTHE D
EERIMRF. L EBIEUE LR 2 A 2a
S 2,6- (R IFRIR -2 FH BRI L e

N T IARE A RO IR RE Y, K 2,6- IR LB
NI 5 35 A AN ) BRI 3 14 7K A I A 0 75 4 ) 4% 1 R 3k
AT RN, o W2 S L3 1.

M 1 AT LUE H, AR ERK S
2,6- IR LWL IE TR LA A N R A RN IR
TP IR (58% ~T7%) 13 2] H =4 2b~2i, H 454
'H NMR, C NMR, IR RUUGCE S HAFLIIESE. 2K 5F L
AW T N & IR FER (R 1, Entries 6~38)
EE it 7 R A A I B R 4005 (R 1, Entries 2~5)1)
SNV, =20 . B BRIk (4a) 13
FII7= 2N 66%, /T 3 2 1)

22 REEGHX 2,6-2RCELEMIESKHEEREUK
IR KA EE 2 Iz U 2R B 2 i
CL 4a A1, ERNIREHR 70 °C, [RMNVINTEG 5 h

ZAF R A 2a, TLC AN R, KA JEOREA 2 A2 I .
Y GEK S5 S ISR 48 s N 58 A N 77 3k 27 %, 24 I N
P BIA A AT N AT, RO S NI ) ZE K- #) 13 h
I, SR AR ] 35%. BhAh, A e s A
AACER . EUEAL N NEE (I DMF. &U40), 2 n ik
NI ) 347 98 W) S S N R R PR R AT 3 R
da~4i 7EME TR PIFEAME B RN, OV 45 R SR 2 B
7N,

BATTE IR, G A8 75 B 4 N AN IR & -
400, tHAfELIRASLE IR 7 R 8 S AR AT e A
PEHERIHESN X P S B, R Ry iz R T DL s e 254k 2
N7 RNAE R S N IR HE R, 5 v S o i
W A O P HL, B 2 T EE-400 W] LA E i
PEARASDD DR e S N R

FELL da g4, ZEAAIAI 5 h RONIHA] R, SN
I 2a PR RUWR 3 Fios.

R 2,6- W LIEHEREIE 55 /KA S IR 18 1) 5 i 5 1
Table 1 Results of the reaction of 1,1'-(pyridine-2,6-diyl)bis (2-bromoethanone) with salicylaldehydes

Entry Salicylaldehyde Product 2 Time/h Yield“/%
CHO WS B o4 J
1 = N° = 5 66
2a
CHO
2 Q: OH 5 62
CHO
3 /@[ 5 58
OH
CHO
T T
2d
MeO CHO MeO | Xy O O OMe
5 \©: = N 5 64
OH o) Io)
2e

2174
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Entry Salicylaldehyde

Product 2

Time/h Yield*/%

CI\©:CHO
OH
Br\©:CHO
OH
CHO
; X
O,N OH
Br- CHO
o
Br

0]

o}
2f

= N" = 4 69
Bro ‘\ (0] Br
= N/ N 4 68

F2 MEMA AR 2a~2i I R 45

Table 2 Results of synthesis of 2a~2i under the conventional
oil bath

Compd. R Time/h Yield/%
2a H 13 35
2b 3-Me 15 26
2¢ 4-Me 15 29
2d 5-Me 15 33
2e 5-OMe 16 30
2f 5-Cl 12 37
2g 5-Br 12 36
2h 5-NO, 10 39
2i 3,5-Br, 10 40
TS
R3OV Y 2a 7 AR
Table 3 Influence of reaction temperature on the yield of 2a
Entry Temperature/C Yield‘/%
1 25 31
2 40 40
3 55 53
4 70 66
5 85 59
YA

M 3 ATLLAR Y, 78NN ) — 2 i, Bl S il
FER T, A, H N TR 70 C I,
P 2a (R A L TR, AR R B, X
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S DR R B e, s B = A R i P 4 2 v 4 3 7
Y= R %,
23 26-ZRZCEEMIES 2-FE-1-ERENHR
25 TR P R SRR B W I SE A 2, 1
n, g kRO R PR ORI
TR NBIFITZE I (1 B 7 vER ) JefiT e
SARLEMIF SF N Y 3 5 2-F2dE-1- 251 (4)) AT
RIV(Bq. 2) 6 T 8 B2 Mem 1A B4, B 71%0
AR T 2,6- -~ (ZETFIRIE-2- FFIBEIE ILEwe (2f) .

CHO
X
| OH " MeCN/K,CO4
Z + —_——
Br N Br 5 drops PEG-400
o} 0
3 4

@

Zi EPTE, ASCHRGE — Ml 2,6- R LML TE
55K M B B K M AN 2-F0 - 1- 2R I 1 S Y, 1) %
T RIS ARIFRIEF A 2,6- (R (Z%) JFIRIg-2-
2175
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R ek

HBEHE ML IE SR 51, 2% AR B & 1 A e i 7 30 Al
Bh e i, B RNAAFRAL . SNV T 50 R 4
o AT AU AL R M G BBl — R A&
Yy, K iR BT U A AR T I 2y 3R A B 22 1) 5
FHEY).
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