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Copper-Catalyzed Condensation Reaction of Amines with
1,3-Dicarbonyl Compounds to Produce Enaminones

Qu, Yiping Wang, Longxiang Zhou, Xiaoyu Feng, Xiujuan™ Bao, Ming
(State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116023)

Abstract Copper-catalyzed condensation reaction of amines with 1,3-dicarbonyl compounds is described. The condensation
reaction of amines with 1,3-dicarbonyl compounds proceeded smoothly in the presence of copper chloride (CuCl) catalyst at
room temperature in tetrahydrofuran (THF) to produce enaminones in range of 75%~98% yields. Sixteen kinds of enami-
nones 3a~3p were prepared, and the 3p is an unknown product.
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A5 T A 55 ) IR R R 45 KRS s (N—C=C—C =0),
Aol T SHE A 045 e 0 ST AZ R RIS I 1) S v k. DRI, 4 e
AP A Z PR A WU Y. 1R EERA NS
B, IR E P O iz N T 25 1 BOR
SRPEMII A M. A, R AR A 0 R R A B
Y= N L N 1 R e e S 7 N et ]
(P EE A k. Rk, TR R B WA & 4 1) i 4 6 1 77
5, BT ML A 22 T2 .

LU TR, NIRRT 2 M6 s e it &
VI 7k, XS E: s 13- A I 4
A N o, B- AR 5 12 ) 22 5 K BN R 2 S (Miichael
reaction)™; % Uk W F LA A W0 F 3% Ak 1) g 7 1 28 4k &
PR Y. (Adol-type addition)”). i, C—H H AL,
WAL S, IR R Tl b N T R A S
O AE R A TR, S 13- R A I 4
G RN, T HERS 1S, RV AR, AR S
G S (R G AL A, B mT LA R N-IUAR T
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Il WAk S, i s B AT G

7E Bronsted FREY Lewis IRUEAL T, f%5 1,3-
WAV G N, A RERE AT, Ft, AMIIFA
T 2R R, N XS RN, Tz T
FRAEALF 45 HCIMY, H,S0,'%, AcOHM?!, HC10,"4%
Bronsted [2; ALOs!"™, BF;+OEL!"® Zn(C10,),*6H,0!"",
CeClys7H,0"® NaAuCL!", InBry?"%% Lewis 2. T
Bronsted FRUEALF)EA B oirt:, [N 5 AR S, B
B Lewis FRIEACFIFTEUR. SR1M, MEATEPERT Lewis
R AL R A I B B, Rk, PR m k. BRI
Lewis MM, NH THMAIKS 1,3-ZHBEMEDIT
G N, HATE B I SR . ek L IT e
AT WU BT 5T TAE (O Semb BB FRATHE 5T T Hi i
s 13- 3RFEA BN E RN, IR CuCl
YEA—FIEEY Lewis FRUEALF, 1] =R f B A5 .
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1 WL
1.1 XE5IRF

iR 1% ) Varian Inova-400 % 5% Bruker Avance
11-400 FRZREILIRAIM 52, CDCl; RS H], TMS 1EAFx;
21406 i ] Nicolet Nexus 670 74 i 37 A5 4541 4P AL
Me (BAARFES T KBr R, SAARKFE S HERE R A
by, m RS LC/Q-T Al ; 4 il i
RY-1 B4 WAy sl E s AEJZHTH 200~300 HHEIK;
BRI o B o M alislif 2z ati, S Ebsik ik
BT TR/ AL PR,
12 KWHZE

7E 25 mL ¥ Schlenk J M/ FR AT H AL 2R i
(1a, 0.5 mmol, 61.6 mg). ZFEEANT (2a, 1.0 mmol, 100.1
mg). CuCl (0.025 mmol, 2.3 mg). THF (4 mL), 7 =i
NBEEE RN, ATk W S N R, 2 TR
SN SERE, A5 RN, ORISR, PR E AT 0
alitb =WV Ca ) @ MGIR I =10 - 1885 1], Bl
13 2401 i 7= 3a.

32 100.5 mg, ¥R ALE A, KR 98%. m.p. 42~
43 °C (1it.”” mp. 41~43 "C); 'H NMR (CDCl;, 400
MHz) : 12.30 (bs, 1H, NH), 7.03 (d, J=8.0 Hz, 2H), 6.86
(d, J=8.0 Hz, 2H), 5.15 (s, 1H), 3.79 (s, 3H), 2.08 (s, 3H),
1.90 (s, 3H); *C NMR (CDCls, 100 MHz) 6: 195.7, 161.2,
157.7,131.5, 126.6, 114.2, 96.8, 55.4, 29.0, 19.6.

3b°%: 89.8 mg, WREEAEA, IE 95%. m.p. 65~
67 'C (1it? mp. 66~68 ‘C); '"H NMR (CDClL;, 400
MHz) : 12.41 (bs, 1H, NH), 7.12 (d, J=8.4 Hz, 2H), 6.97
(d, J=8.4 Hz, 2H), 5.16 (s, 1H), 2.32 (s, 3H), 2.08 (s, 3H),
1.94 (s, 3H); C NMR (CDCls;, 100 MHz) 6: 195.8, 160.6,
136.0, 135.4, 129.6, 124.7, 97.2, 29.0, 20.8, 19.7.

3¢ 76.2 mg, IRETCAE A, WK 87%. mp. 48~
49 C (1it.”” m.p. 48~49 C); '"H NMR (CDClL;, 400
MHz) §: 12.48 (bs, 1H, NH), 7.34~7.08 (m, 5H), 5.18 (s,
1H), 2.09 (s, 3H), 1.98 (s, 3H); *C NMR (CDCl;, 100
MHz) d: 196.0, 160.2, 138.7, 129.1, 125.5, 124.7, 97.6,
29.1, 19.8.

3d”": 87.0 mg, REAEA, K 83%. m.p. 58~
60 C (1it® mp. 61~627C); '"H NMR (CDCl;, 400
MHz) §: 12.38 (bs, 1H), 7.23 (d, J=8.4 Hz, 2H), 6.96 (d, J
=8.4 Hz, 2H), 5.14 (s, 1H), 2.03 (s, 3H), 1.91 (s, 3H); "*C
NMR (CDCls, 100 MHz) §: 196.5, 159.7, 137.4, 131.0,
129.2,125.8,98.2,29.3, 19.8.

3¢l 101.2 mg, MRIT AR, WHE 80%. m.p. 52~
53 C (Iit™ m.p. 49~50 ‘C); 'H NMR (CDCl;, 400
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MHz) 6: 12.44 (bs, 1H, NH), 7.44 (d, J=8.4 Hz, 2H), 6.98
(d, J=8.4 Hz, 2H), 5.21 (s, 1H), 2.09 (s, 3H), 1.98 (s, 3H);
C NMR (CDCl;, 100 MHz) d: 196.5, 159.5, 137.9, 132.2,
126.1, 118.7,98.3,29.2, 19.8.

311 84.8 mg, WREEE A, WK 83%. m.p. 46~48
C (1it.”* m.p. 50~51 °C); '"H NMR (CDCl;, 400 MHz)
8:12.32 (bs, 1H, NH), 7.16~7.10 (m, 2H), 6.92~6.89 (m,
2H), 5.20 (s, 1H), 3.86 (s, 3H), 2.10 (s, 3H), 1.99 (s, 3H);
C NMR (CDCl;, 100 MHz) d: 195.9, 160.5, 152.9, 128.1,
126.3, 125.1, 120.4, 111.4, 97.9, 55.8,29.2, 20.0.

3¢ 90.8 mg, EFE A, WK 96%. mp. 34~
36 'C (1it?™ mp. 37~38 ‘C); '"H NMR (CDCls, 400
MHz) 6: 12.34 (brs, 1H, NH), 7.23~7.05 (m, 4H), 5.20 (s,
1H), 2.27 (s, 3H), 2.10 (s, 3H), 1.86 (s, 3H); *C NMR
(CDCls, 100 MHz) §: 196.0, 161.2, 137.5, 133.6, 130.8,
126.4, 126.2, 97.0, 29.0, 19.6, 18.0.

30 923 mg, R A, WK 88%. m.p. 60~
63 'C (1it? mp. 66~67 ‘C); '"H NMR (CDCl;, 400
MHz) d: 12.36 (bs, 1H, NH), 7.60 (d, J=8.0 Hz, 1H), 7.28
(dd, J=7.2, 7.2 Hz, 2H), 7.18 (d, J=8.0 Hz, 1H), 7.07
(dd, J=7.2,7.2 Hz, 2H), 5.25 (s, 1H), 2.11 (s, 3H), 1.91 (s,
3H); *C NMR (CDCls, 100 MHz) 6: 196.7, 159.7, 137.8,
133.3,127.9, 127.3, 127.2, 120.5, 98.3, 29.3, 19.8.

3i%7: 90.8 mg, IRHCEAE L, UK 95%. mp. 126~
129 C (1t m.p. 126~128 C); '"H NMR (CDCls, 400
MHz) d: 12.50 (bs, 1H, NH), 10.0 (bs, 1H, OH), 7.17 (dd,
J=8.4, 8.4 Hz, 1H), 6.77~6.76 (m, 2H), 6.60 (d, J=8.4
Hz, 1H), 5.19 (s, 1H), 2.13 (s, 3H), 2.05 (s, 3H); *C NMR
(CDCls, 100 MHz) §: 195.9, 162.9, 158.4, 138.7, 130.0,
115.7, 114.0, 111.5, 97.5, 28.4, 20.0.

3§%: 93.0 mg, ¥R A, WE 89%. m.p.36~39
T (1it.”” m.p. 39~40 °C); 'H NMR (CDCl;, 400 MHz)
5: 12.43 (bs, 1H, NH), 7.20 (dd, J=8.0, 8.0 Hz, 1H),
7.10~7.05 (m, 2H), 6.93 (dd, J=8.0, 1.2 Hz, 1H), 5.16 (s,
1H), 2.05 (s, 3H), 1.96 (s, 3H); *C NMR (CDCl;, 100
MHz) 0: 196.6, 159.3, 140.1, 134.7, 134.6, 130.2, 130.1,
125.3, 124.4,122.5,118.1, 114.8, 113.1, 98.5, 29.2, 19.8.

3k 87.9 mg, ik, WK 78%. m.p. 49~
50 C (lit.®™ m.p. 51~53 C); '"H NMR (CDCl;, 400
MHz) 6: 12.80 (bs, 1H, NH), 8.07 (d, J=8.0 Hz, 1H), 7.88
(d, J=7.2 Hz, 1H), 7.77 (d, J=8.4 Hz, 1H), 7.57~7.51
(m, 2H), 7.45 (dd, J=8.0, 8.0 Hz, 1H), 7.28 (d, J=7.2 Hz,
1H), 5.33 (s, 1H), 2.21 (s, 3H), 1.89 (s, 3H); *C NMR
(CDCls, 100 MHz) d: 196.5, 161.9, 134.9, 134.3, 130.0,
128.3, 127.0, 126.6, 125.3, 123.5, 122.8, 97.6, 29.3, 19.7.
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31°%: 92.7 mg, KA, K 98%. m.p. 24~26
C (1it.”? m.p. 23~24 ‘C); '"H NMR (CDCl;, 400 MHz)
8: 11.2 (bs, 1H, NH), 7.34~7.22 (m, 5H), 5.03 (s, 1H),
442 (d, J=6.4 Hz, 2H), 2.02 (s, 3H), 1.89 (s, 3H); "*C
NMR (CDCls;, 100 MHz) §: 195.3, 163.1, 138.0, 128.8,
127.4, 126.6, 95.9, 46.6, 28.8, 18.8.

3m™: 58.4 mg, LW, WE 75%. 'H NMR
(CDCls, 400 MHz) d: 10.9 (bs, 1H, NH), 4.96 (s, 1H), 3.23
(q, J=6.8 Hz, 2H), 1.99 (s, 3H), 1.92 (s, 3H), 1.59~1.54
(m, 2H), 1.46~1.39 (m, 2H), 0.94 (t, J=7.2 Hz, 3H); °C
NMR (CDCls, 100 MHz) §: 194.6, 163.2, 95.0, 42.7, 32.1,
28.7,20.0, 18.8, 13.8.

30 1123 mg, BB, B 92%. 'H NMR
(CDCls, 400 MHz) 8: 10.9 (bs, 1H, NH), 4.97 (s, 1H), 3.24
(q, J=6.8 Hz, 2H), 2.02 (s, 3H), 1.94 (s, 3H), 1.62~1.57
(m, 2H), 1.41~1.28 (m, 18H), 0.91 (t, J=6.8 Hz, 3H); °C
NMR (CDCls, 100 MHz) §: 194.6, 163.2, 95.0, 43.1, 32.0,
30.2,29.7,29.5,29.4,29.3, 28.8, 26.9, 22.7, 18.9, 14.2.

307 1083 mg, ¥% w4 1k, WK 81%. mp.
104 ~106 C (lit" mp. 100~102 ‘C); 'H NMR
(CDCls, 400 MHz) 6: 12.94 (bs, 1H, NH), 7.91 (d, J=8.0
Hz, 2H), 7.44~7.41 (m, 3H), 7.09 (d, J=8.8 Hz, 2H),
6.88 (d, J=8.8 Hz, 2H), 5.86 (s, 1H), 3.79 (s, 3H), 2.05 (s,
3H); *C NMR (CDCls, 100 MHz) J: 188.4, 163.2, 157.9,
140.2, 130.8, 128.3, 127.1, 126.6, 114.4, 93.6, 55.5, 20.2.

3p: 143.7 mg, R EAlEE, B 83%. mp. 120~
122 “C; '"H NMR (CDCl;, 400 MHz) &: 12.91 (bs, 1H,
NH), 7.78 (d, J=8.4 Hz, 2H), 7.55 (d, J=8.4 Hz, 2H),
7.10 (d, J=8.8 Hz, 2H), 6.90 (d, J=8.8 Hz, 2H), 5.80 (s,
1H), 3.82 (s, 3H), 2.06 (s, 3H); *C NMR (CDCl;, 100
MHz) J: 187.1, 163.8, 158.1, 139.1, 131.6, 128.8, 126.8,
125.5, 114.5, 93.4, 55.6, 20.4; IR (neat) v: 2968, 2925,
2841, 1606, 1573, 1539, 1505, 1311, 1243, 1196, 1176,
1029, 1009, 846, 818, 763, 714 cm . HRMS (EI) calcd for
C7HsNO, [M+H]": 346.0443; found 346.0449.

2 ZR51He
21 RNEFHTE

PATTE 58 DA AR 2 2R i (1) B0 1 T4 1 (2) 1) 4
BTN T ) B N A REAT T AR, S5 RS TR L
SN ZAF A B REREAL TR L 570 R0 2L A I FH 2 1
. Ee, M SRR QB AR, IF L 25 (CHCN)
H VR, TR, 7E BT 22— i £R (Cul,
CuBr, CuCl #1 Cu,0) 2 M4 h[Cu(acac), Al Cu(OAc),]
AL T (Entries 1~6), CuCl 30 H 5 i IO A v Pk,
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GG RN =G L AL 5 3a (R4 87% (Entry 3).
BiJE, LA CuCl AL, Fakefti il —f5Rm s
WEIA, 5% T ¥ A% 46 A OV K 52 (Entries 3, 7~
12). & R EW], WP H CHCN, 14- % N
(Dioxane), ZFE(EtOH)FVYZ MM (THF) XA F) T 1a #
2a 4G [ NV EEAT, Hoh, AR THF 4 O R, 4
H RN FEY) 3a IR ik 98% (Entry 9). f# AR
Y[ 45 (Toluene) M 1,2- 45 Z%¢(DCE)]IN, Fifs4i&r
RV 3a HICRIRAK(14%88 34%). A# ] CuCl
AT, AR BIR & 7= 0 A (Entry 12). )G, %
ST L1 TR PR A FH S0 s N /) 5% 1 (Entries 13, 14).
ek e WAR, BEA Sk A =k, 466 RO
P 3a [IBCRIZ BT B (Entry 9 vs. Entries 13, 14).
I, FEJSEETSE T, F% CuCl A1 THF 2351k e f ik
FUREFR, AR 1L,3- 2R AY, =i
AN, FHEARAE A R IR F e .
R PAAFRITEAL ©

Table 1 Reaction condition screening

o o Cusalt(5mol%)

o e+ R

solvent

1a 2a rt,12h
\ O
OON}Hj
3a
Entry Catalyst Solvent Yield’/%

1 Cul CH;CN 76
2 CuBr CH;CN 81
3 CuCl CH;CN 87
4 Cu,0O CH;CN 11
5 Cu(acac), CH;CN Trace
6 Cu(OAc), CH;CN 61
7 CuCl Dioxane 77
8 CuCl EtOH 89
9 CuCl THF 98
10 CuCl Toluene 14
11 CuCl DCE 34
12 None THF Trace
13 CuCl THF 82°¢
14 CuCl THF 79¢

© 2013 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 4-methoxyaniline (1a, 0.5 mmol, 61.6 mg), acetylace-
tone (2a, 1.0 mmol, 100.1 mg), copper salt (5 mol%), and solvent (4 mL) at
room temperature for 20 h. ° Isolated yield. ¢ 1.5 equiv. 2a (0.75 mmol) was
used. 41.2 equiv. 2a (0.6 mmol) was used.

2.2 CuCl XA RS ZEtREIRI 48 S /AL

e FIR Al RNAAT T, 8 T ARG S Lk
VI B0 G SN, S 4 SR 38 2. %) SR K (1b)
I W AR IR e (1a) — FE IR N T, 5 2a0 (1)
o SONVIRATAE 12 h WSERG, BG4 3b (R,
95% (Entry 2 vs. Entry 1). ZKFZ(1e)VE by 5 7] B 16 05 7
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Jf, 7¢ CuCl [fiEAL TIN5 2a IR AR AESE A5 RN, A2
B IR FL AR P24 3¢ (Entry 3, 87% yield). 448 F %) 42
N (L) AT IR A 2 (Le) S5 6] 07 14 A7 W v, 1 R 1) 05 7 fi
I, SN TR 5 43 A AE K52 48 F1 24 h, J&IEHEAF=4) 3d
H1 3e HIWCE S99k 83%A1 80% (Entries 4, 5). LL_E45 R
W, D7 L ZRIR BB HE IR, AR T 485

VPRI AR, T T AR SR R R AR AR R i
H, B9 T SRR T IO T B AR AR EE
(I BELAE Y, BAR T 05 A i A S N . a8 PR A R O
(1) FIAE R i (1g) 2 5 M40 & RV, T5%5 24 h

RESEIR, XTI PRI L I =4 3 A1 3g (AR 53331k 83%
F1 96% (Entries 6, 7). 1E WA, L&A (1h)S
2a W45 6 e AR 75 ZE KIS 7] 4 fE 58 B(Entry 8, 24 h,
88% yield). IMIFEIEILILZ DM GRIZ(f 5 2a M4 &
SN IR BT RARBEAT, U B N I ) 75 22 4E K (Entries 9,
10). 2 PHE KT a-Z5&(1K) S 2a N4E6 Y, 48 h
A BER N e 4 (Entry 11, 78% vyield). HJa, %21 gl
W N%(Entries 12~ 14) (1) OWAE G REERZ(D) 1E ] i
Am)ANE+ " ife(n) 5 2a W44 RN, JRA7E 12 h
P SE I, s I P T 53 ) o 98%, T5% 1 92%.

F2 CuCl LA S LA R (48 & SR ¢

Table 2 CuCl-catalyzed condensation reaction of various amines with acetylacetone

R
CuCl (5mol%) “NH O

o O
R-NH, + - 5
2 M THF, r.t. N
1a~1n
2a 3a~3n
Entry Amine 1 Product 3 Time/h Yield”/%
\ \ ?
1 OONHZ 1a O@w 3a 12 98
(0]

NH, 1b

SN w [\)
o
z
z o
I
N

NH2 le

(O]
vs]
=

o L0

. O
. O

(o)}
z
I
N}
O

=z
I
Iy

3
JO O

P4

I

N
@}

O
I
Cr
P4
I
N
[
_

e O
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bt
Entry Amine 1 Product 3 Time/h Yield”/%
Cl
Cl o
10 NH, 1j w 3j 48 89

11 O 1k

12 ©\/NH2 11

13 CHg(CHy)3NH, 1m

14 CH;(CHy)11NH, 1n

2
w 3k 48 78

o
©VHT;/ 31 12 98

O
(6]
CH3(CH2)11NHTJ/ 3n 12 92

“Reaction conditions: amine (1a~1n, 0.5 mmol), acetylacetone (2a, 1.0 mmol, 100.1 mg), CuCl (5 mol%, 2.3 mg) in THF (4 mL) at room temperature; the reaction

progress was monitored by thin layer chromatography. ® Isolated yield.

23 CuCl XM BREFRRS 1-FEH-1,3-T ZEi=
1-(4-RFE)-1,3-T MG E R K2

16 BRI OV A N, 55T 0 AR i
(1a)5 1-83-1,3- T Zfil(20)3% 1-(4-3KF)-1,3- T il
CpI4EE RN, 2531 T RN (D). AR 1,3-—
BIL A 20 F1 2p 55 1a K AE D IRGEBIE 466 N,
A HME— 771 30 51 3p, W3k 81%A1 83%. X W]
AE L HH T IR BR 10 4% TA) A7 BELRD SL 30 0 0 s iy, A Il 30 A3
FheHE (1) B N P B A T 3.

::: CuCl 5m0|%
THF rt,24h
20:R=H
2p: R=Br
\ (0]
Ve Ba s L

30: R =H, 81% yield
3p: R =Br, 83% yield

24 RN

ML OV AT BEALI N 1 R, E %6, Cu(D#:
5 13- ED) 2 MBEEIE TN, R BRI oE
LSBT PE(R AR A). g1 1 R 7023 e A7 B
ANIRIBRFE AT SRAZ I, AR SO =P (h a4k B). 4R

864 http://sioc-journal.cn/

© 2013 Chinese Chemical Society & SIOC, CAS

Ja, A B L — 7K, ARG S 3, #A
Ji Cu(DERMEALT, HEAT N HEALTEA SN

(e}
NH O
Cu(l
P M N
3 4+ 2
H,O
Cu(l
cu(l) Su)
27 X e} le}
OH O
Rl L
R2

R'—NH, 1

B ML

Figure 1 Reaction mechanism
3 &g
ASCE ARG CuCl fEALIZ Y 1,3- RIS WIH)
%”A}iﬁ\” i‘ﬂ}éﬂcfiﬁ\”%%ﬂﬁ{%% U%ﬁl\ﬂﬂ?\ Jiﬁ\”

%ﬁ%ﬂcé%ﬂ’]?’n 5‘7, lfijili?‘f%ﬂﬁkif{vﬁﬂiﬁub
(IBHE b 20 (A S N AR (VIR ST, D 0 A 15 )
a7 AL LUFRETTE.
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