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B F iR MBI TR AR R R E B REIA & A
RigxE*  FRE THRE FRE g L5E

(WEE KRR T2 NS BRMKRBAAN G RE R LRSI 010021)

WE LB RS 5 F AL B TR SRR B A VEF N IEAT Claisen-Schmidt 454, &7 e & p KGR
IREA. ok, ARSI T RE B A A R L, SRS B R B2 /K BRI, 35 °C, n(LMBhHE — %k
n(5ERE) D n(IUT 2ESRBEIRE) - n(NaOH)=1:1:2.5:0.75.
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Facile Synthesis of Ferrocenylchalcone Promoted by lonic Liquid or
Phase-Transfer Catalyst
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(Inner Mongolia Key Laboratory of Fine Organic Synthesis, College of Chemistry and Chemical Engineering,
Inner Mongolia University, Hohhot 010021)
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Abstract The Claisen-Schmidt condensation of acetylferrocene with arylaldehydes in the presence of ionic liquids (ILs) or
phase-transfer catalysts (PTCs) provided the corresponding ferrocenylchalcones in high yields, and PTCs can promote the
condensation reaction better than those of ILs. Optimum conditions were as follows: molar ratio of acetylferrocene, arylalde-

hyde, n-BuyNPFs and NaOH is 1 . 1 : 2.5 . 0.75, and the appropriate reaction temperature is 35 C in anhydrous EtOH.
Keywords ferrocene; chalcone; ionic liquid; phase-transfer catalyst; Claisen-Schmidt condensation
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FARIE R A A R EAN, B4 Suzuki RS Witting
SN PRERR SR Friedel-Crafts BEFEAL . PURERR K FE 1)
YelB N EHE e M2, Hrp, Claisen-Schmidt 454 < M A&
BONAT Z BB, BAR RSB R TSRS
W, AE2 T R R IR LA A TR, RS IX
LTV T B B R ERAT A AE E FEAE L, Bl AE
KOH 5% NaOH fEH T ZBEEE W A s Claisen-Schmidt
A SN Br Rk A R TR e R T gk
GEI 5 IR A L, T e e U B e LR A A
iEvE KBE HEMTTE, KREMA VUM IE X R
RBe s = 2 A 2AE S B b &4, (2 BT %8k
TERE W 25 R, X PR T AR AR AN E F A B e Bk
FTAER). 12 FATE 3SR R R 0T B8 1) JC I 77 2% AR b AT 2Tt
B 5 E84r 75 BB Claisen-Schmidt 454 W AT BA
R B I R R R R, E R RN S RS,
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TEZSME TR SR, AN 32 %k A R 02,
Toma® A1 Villemin Z5247) 5] FH AR #4 #2 1EAL. 7 18-crown-
6 FZ4H A336 #E4L Claisen-Schmidt 45 & e, PAH
SPERA N RS R A Y. BT A R
B ZERI, Wfar DOR AN S& 4 e e & s i &
YR FE NN SE 7 1], SO 9T Ll — ek 5 05
T WELE B 1WA (ILs) BYORH % 7% 41 A6 57 (PTCs) 1 H T i
1T Claisen-Schmidt 45 & % .

1 HR510R

NT R L 26, R OB R () 5K
BEQa)E MM FHMTH A, SRBITR 1. TG,
% F NaOH YE A8, b ILs 1 PTCs, fET5/K ZEE ik
ITRBLS h, LA 2% %45 214k 54 3a (Entry 1). #%

SARTCIEFIZAE, TN 125 equiv.[f) BMImPF, M. 7 h
(Entry 2), PN 51%, FTLUE 2200 R BITE T K 4
AT, M 0.75 equiv.f) NaOH, 2.5 equiv.f
BMImPF, (Entry 3)i, [B™= 2 NE] 82%. 21 Kid
Tk P AN [R]85 100 SR 7 38 BT P O sk, FRATT B,
24 ] K,CO, B --BuONa 4 NaOH It} (Entries 4, 5), X
77 R, KLk NaOH Nhk. (E75 — 12,

%1

NaOH Mg, B -FiifA BMImBF, 5 BMImPF, J LT
F AL ALAE F (Bntry 6), TS 7 Br /ClAAE
PE, (3 1, Entries 7, 8)8# HFH & ¥ BPy #/{ BMIm"
(Entries 9, 10), F=3R546 AT K.

TR PTCs SREAR ILs, BATREMRIL, X
H n-BuyNPFs (Entry 11)&4X BMImPF i, 3a /=2 )\
82% N %] 94%. i n-Bu,NBF, 8¢ n-Bu,NBr #1{
n-BuyNPF, (Entries 12, 13)if, F=ZFH i Ff%, W L,
PTCs tb ILs BESE &7 i i A0 1% s B, DR ok AT ok
n-BuyNPFq 1EAMEALT. 5 1) A2 S8 & 1)
15 2a &M, #iE NaOH 5 n-Bu,NPF, I &. 451 %E
i, 34 NaOH HJEH 0.75 equiv.¥GINE] 1 equiv.if (Entry
14), FERIEF IS, T NaOH M=/ FE] 0.5 equiv.
i, P2 H 94%% K F] 75% (Entry 15), KA E NaOH
HIHEN 0.75 equiv.d% KK n-BusNPF [ & H 2.5 equiv.
FEAEF] 2.0 equiv. (Entry 16), P23 94%[&K 5] 88%,
MK n-BuyNPF, #n%] 3.0 equiv. B, F=RJLFEE
=(Entry 17). 2k, GHAAEY) 3a KRB FAT
i3 (Entry 11).

TR LA B & 1, — RS A I R
Tz, WER 2. 450K, ORISR

JNLEAFRIEAL

Table 1 Optimisation of reaction conditions

0
L2 —CCH,
Fe + PhCHO
1 2a

(0]

Il
ILs or PTCs F©_C_CH:CH_Ph
—_— e

—

3a

ILs: /N@N&\/ ’ <\_/N+;_/_/PTCSZ n-BuN*X"

X = Cl, Br, PFg, BF,

BMIm*X- BPy*X
Entry ILs or PTCs/equiv. Cation Anion Base (equiv.) Time/h Yield®/%
1 None None None NaOH (1.0) 5 72
2 125¢ BMIm"© PF, NaOH (1.0) 7 51
3 2.5 BMIm"© PF, NaOH (0.75) 5 82
4 2.5 BMIm"© PF, K,CO4 (0.75) 10 61
5 2.5 BMIm" PF, -BuONa (0.75) 5 75
6 2.5 BMIm"© BH, NaOH (0.75) 5 87
7 2.5 BMIm" Br- NaOH (0.75) 6 68
8 2.5 BMIm" Cclr NaOH (0.75) 7 63
9 2.5 BPy" PF, NaOH (0.75) 5 75
10 2.5 BPy" BH; NaOH (0.75) 5 70
11 25 n-Bu,N" PF; NaOH (0.75) 4 94
12 25 n-Bu,N" BH, NaOH (0.75) 4 88
13 25 n-Bu,N" Br~ NaOH (0.75) 4 9]
14 25 n-Bu,N" PF; NaOH (1.0) 4 94
15 25 n-Bu,N" PF; NaOH (0.5) 4 75
16 2.0 n-Bu,N" PF; NaOH (0.75) 4 88
17 3.0 n-Bu,N" PF, NaOH (0.75) 4 95
“Molar ratio of compounds 1 and 2a is 1 © 1, in anhydrous EtOH, at 35 “C; ”yield of isolated product;  solvent free.
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IR R IR O A W S Re B e T AR AR B R A
IR, FRATTERIEFE T 1 v 2R B P B R S0 5 S 1) 5
We, R I IR IR AL T 4 L AR R, PR
87% (Entry 3), i 47K3F_F3EA LM T ROREIERT, %
% 96% (Entry 4). iX &[4 Claisen-Schmidt i & M.
J& T SRAZ MR N, 4 -2 e B 2R B P LA i A%
TR IERE, PRAK T RO R T SR, AFT R
LFTHEAT, TR T A R AR A AR S, DR, e
REECNE. TERBOL, P9 H NMR i
o, MO EPRA BT IR & HH0N 15.5 Hz, AR
Z NG FN R BRI E-SERR, R s B A
B I STARIE B
T2 RBRERA KR A ¢

Table 2 Preparation of ferrocenylchalcone

o 0
I I
L —CcH; nBuNPFs & —C—CH=CH—Ar
Fe + AlCHO ——  Fe
L — ) —
1 3

Ar= CGHS (2a), p-C'-C6H4 (2b), p—CH30—CeH4 (20), p—N02-CsH4 (2d),
m-NO,-CgHj, (2e), 2-pyridyl (2f), 2-furyl (2g), 2-thienyl (2h)

Entry Compund Time/h Yield”/%
1 3a 4 94
2 3b 5 89
3 3c 8 87
4 3d 4 96
5 3e 4 98
6 3f 6 93
7 3g 6 96
8 3h 4 90

“Molar ratio of compounds 1, 2, n-BusNPFs and NaOHis 1 : 1 : 2.5 . 0.75, in
anhydrous EtOH, at 35 °C; ?Yield of isolated product.

2 g

CREE RS RS . BRI F I DL R AR S A
P 70 B8 1 VR BAH 5% B i 4k 7R /E B T 3847 Claisen-
Schmidt Zi4, @mir=F Al — R ek 2 K
b, MR AT RE A Bz R B, #B B /K
i 7= 2 1k 98%. A R MHRTE T K SREHR, 35 C%
PEREAT, RACIG I ZBEEE — ik © 5 mE I T 8N
TR - NaOH FIP ==tk A 1010251075, H
T RBIE B REAE A WL 29 DL AR 2
BRI Y = 2 Ay X e AN P Rr =R <]
EES-9'8

3 SWES

3.1 UE5IAHF
NEXUS-670 {# B H-AF #21 4h i 4%, KBr JEH;
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Avance 500 Bruker (500 MH2)#Z #i353R4%, BL TMS N H
bRy XT7-4 890 siA. B AR 2 i 8 23 A 4l il 1),
T Tk B T VAT

32 ZLWHE

£ 100 mL [RESIEH, HKIMA n-BugNPFs (1.935 g,
5 mmol), NaOH (0.06 g, 1.5 mmol)F17G7K EtOH (10 mL),
SRIGT 35 CRMMkE4 1 (0.456 g, 2 mmol)iET 8 mL
Jo/K EtOH MUV, $itFE 10 min. BEEHERIMLEY 2 (2
mmol)¥% T 2 mL J5/K EtOH, 7£ 35 C4k&:iitk. #HtkZ
AT I S B R N EE R, ERCE R, AU
A, HhIE, AKBE VKA IITOK CREDRG, CREE LR
aAFrEY 3.

1- Bk -3- 2R -2 P - 1- T (3a): A7 41 € ] 44,
m.p. 138~139 C (1lit?! 141 “C); '"H NMR (500 MHz,
CDCly) d: 7.80 (d, J=15.5 Hz, 1H, CH=CH), 7.66~7.64
(m, 2H, C¢Hs), 7.45~7.41 (m, 3H, C¢Hs), 7.16 (d, J=15.5
Hz, 1H, CH=CH), 4.92 (s, 2H, Fc), 4.60 (s, 2H, Fc), 4.22
(s, 5H, Fc); IR (KBr) v: 3086, 1649, 1597, 1454, 1238,
1077, 995, 822, 762, 502 cm™ . Anal. caled for CioH;4FeO:
C 72.18, H 5.10; found C 72.27, H 5.15.

1- R -3-(4-F ZR 3 )-2- T M- 1-F (3b): A4t
B, mp. 159~161 C (lit.?" 161~162 °C); 'H NMR
(500 MHz, CDCls) d: 7.73 (d, J=15.5 Hz, 1H, CH=CH),
7.57 (d, J=7.0 Hz, 2H, C¢H,), 7.39 (d, J=7.0 Hz, 2H,
CeHy), 7.10 (d, J=15.5 Hz, 1H, CH=CH), 4.91 (s, 2H,
Fc), 4.60 (s, 2H, Fc), 4.21 (s, 5H, Fc); IR (KBr) v: 3130,
1651, 1594, 1401, 1082, 828, 486 cm '. Anal. calcd for
C1oH,5CIFeO: C 65.09, H 4.31; found C 65.26, H 4.54.

1- R BRFE-3-(4- FH AR BE R R )-2- TN i -1- i (Be): 1
L ELE, mp. 153~154 C (1it? 149 C); '"H NMR
(500 MHz, CDCLy) 6: 7.75 (s, IH, CH=CH), 7.61 (s, 2H,
CeHy), 6.95 (s, 3H, CH=CH, C4H,), 4.91 (s, 2H, Fc), 4.56
(s, 2H, Fc¢), 4.21 (s, 5H, Fc), 3.86 (s, 3H, CH3); IR (KBr) v:
3130, 1648, 1582, 1401, 1259, 1165, 1049, 1173, 1079,
828, 503 cm ', Anal. calcd for CyoH;sFeO,: C 69.39, H
5.24; found C 68.93, H 5.30.

1- R B -3-(4- I B 2R B )-2- TN A5 - 1- B (3d): 4L
tE A, mp. 190~191 C (1it.*"1 192 °C); "H NMR (500
MHz, CDCly) 6: 7.76 (s, 1H, CH=CH), 7.61 (s, 2H,
CeHy), 7.10~6.95 (m, 3H, CH=CH, C¢H,), 4.91 (s, 2H,
Fc), 4.56 (s, 2H, Fc), 4.21 (s, 5H, Fec); IR (KBr) v: 3086,
1647, 1581, 1510, 1258, 1173, 1079, 827, 503 cm™'. Anal.
caled for C9H;sFeNO;: C 63.18, H 4.19, N 3.88; found C
63.33, H4.15,N 3.62.

1- R AR HE-3-(3- I R 3k )-2- T M- 1-Tl (Be): 4L

Chin. J. Org. Chem. 2016, 36, 1118~1121
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@EAA, mp. 171~173 C (it™ 171~172 C); 'H
NMR (500 MHz, CDCl;) o: 8.51 (s, 1H, C4H,), 8.25 (s,
1H, C4H,), 7.91 (s, 1H, C¢Hy), 7.80 (s, IH, CH=CH), 7.61
(s, 1H, C¢Hy), 7.22 (s, 1H, CH=CH), 4.94 (s, 2H, Fc),
4.65 (s, 2H, Fc), 4.23 (s, SH, Fc); IR (KBr) v: 3013, 1650,
1603, 525, 1400, 1000, 722, 484 cm '. Anal. calcd for
CioH;sFeNOs: C 63.18, H 4.19, N 3.88; found C 62.83, H
4.24, N 3.95.

1- R -3-(2- ML g K )-2- T I -1 (31): £LAR 8
B4, mp. 151~153 C (lit.2" 152~153 C); 'H NMR
(500 MHz, CDCly) ¢: 8.70 (s, 1H, pyridinyl), 7.75 (d, J=
15.0 Hz, 1H, CH=CH), 7.71 (s, 1H, pyridinyl), 7.66 (d,
J=15.0 Hz, 1H, CH=CH), 7.46 (s, 1H, pyridinyl), 7.30~
7.27 (s, 1H, pyridinyl), 4.97 (s, 2H, Fc), 4.61 (s, 2H, Fc),
4.23 (s, 5H, Fc); IR (KBr) v: 3127, 1652, 1597, 1461,
1401, 1241, 1081, 988, 827, 546 cm '. Anal. calcd for
CigHsFeNO: C 68.16, H 4.77, N 4.42; found C 67.71, H
4.83, N 4.03.

1- A FE-3-(2- Wk 36 -2- T 4 - 1- B (Bg):  £LA%
B, mp. 155~156 C (lit.*¥ 152 C); 'H NMR (500
MHz, CDCl;) 6 7.55 (d, J/=15.0 Hz, 1H, CH=CH), 7.53
(s, 1H, furanyl), 7.00 (d, J/=15.0 Hz, 1H, CH=CH), 6.68
(s, 1H, furanyl), 6.51 (s, 1H, furanyl), 4.90 (s, 2H, Fc),
4.57 (s, 2H, Fc), 4.21 (s, 5SH, Fc); IR (KBr) v: 3087, 1651,
1592, 1301, 1282, 1078, 1015, 746, 505 cm™'. Anal. calcd
for C;;H4FeO,: C 66.70, H 4.61; found C 66.42, H 5.13.

1- Rk -3-(2-WE Wy FE)-2- T 4 - 1- (3h):  £LA% 8
B, mp. 145~147 C (lit.*¥ 146 C); 'H NMR (500
MHz, CDCl;) 6: 7.91 (d, J=13.5 Hz, 1H, CH=CH), 7.53
(s, 1H, furanyl), 6.92 (d, J/=13.5 Hz, 1H, CH=CH), 6.68
(s, 1H, furanyl), 6.51 (s, 1H, furanyl), 4.90 (s, 2H, Fc),
4.57 (s, 2H, Fc), 4.21 (s, 5H, Fc); IR (KBr) v: 3106, 1643,
1583, 1458, 1083, 1001, 857, 706, 503 cm™'. Anal. calcd
for C;7H4FeOS: C 63.37, H 4.38; found C 63.51, H 4.55.

4 B El (Supporting Information) {L&4) 3a~3h [

'H NMR i &, X 266080 T LL 4 2 AR T 9 3 (http:/
sioc-journal.cn/) I F %,
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