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One Pot Synthesis of Multiaryl-Substituted S-Amino Ketone Compo-
unds Catalyzed by Silica-Supported Rare Earth Terbium Chloride

Ma, Xuelin®* Zhang, Xiaoyong” Li, Xuan® Liu, Yongming*
(“ Key Laboratory of Materials and Physical Chemistry, Baotou Normal College of Inner Mongolia, Baotou 014030)

Abstract A series of multiaryl-substituted f-amino ketone compounds were synthesized by one pot reaction using aceto-
phenone, aromatic aldehydes and aromatic amines as starting materials and silica-supported rare earth terbium chloride as
catalyst. The products were characterized by '"H NMR, IR and elemental analysis. The results showed that the support rate of
catalyst was very stable and the activation condition of the catalyst was simple. This protocol has advantages of mild condi-

tion, high yield, simple work-up, environmental friendly procedure and the catalyst being able to reuse.

Keywords silica-supported rare earth terbium chloride; f-amino ketone compounds; synthesis
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AU, PRZR IR R 1) B I S AR A A R R A A [ ol
AT AL TE RS, — 20 ST (IR AL T, 15
Lewis [2 ¥, Bronsted P!, Ps-SO,H!®, Z Mg, =
TR SR I8 22 TRV, X R M A 70 A7 AE AL =
% AL SOV TG A0 S N0 BREH ¥ Y IR BRI
o A S A ) ) R A B B R R L 1L
), Gk 4 R0, B b 4 R e = GRS R
#h U2 Fe(Cp),PF"™, NaBAr,F!', Yb(OTDH),!"", Re-
(PFO);!"®" Re(OPf)!"7, Nano TiO,!"™%%, XS4k 71 B
SRBIUH ARG AR BE, (EA7AE 2 B IR A (AR
R M RAR S V5 Y IREE LA AHE AL T e LA R
A6 ) .

LA, XS0 SR AR OO R 52 FE A,
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SRR, Si0,-OAICL!™, H,S04-SiO,*” F1 HCIO,-
S0, 1485 CLi A g — Pl R4k 7 3 FH 210 5 ke p-28 3
254k A . Si0,-OAIC, EMEAL A 1 75 7 PE -2 FE 1l
A AR I AEH W AL, AEX 6 2 A b R
TEEBIERER, K AICL 2455 1K SR 2%
DI RAE ALCl,, 13 E AR E, 27K,
o L% (0 fhE AT K A R, BESROR AR R
FIAZI 4K, HoSO4-Si0, Al HC104-Si0, ZEfEAL &
J% - FEMAZEAL A Pyt BER I AR AP TR, (EAftE Ak
SN BT, EAE AR AE T OE 10 J5 AR 2 5
B, ARG, A T U s B AL A AE 1)
DL B, AR S04l G 7 808, KRR RN LG4
GhEr, A T R R L A R A Y A 7 (Bq.
1), G -2 EY), KT —RINZ I
P HI(Eq. 2), Hgikyaid IR, '"H NMR Flc & Hr
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AR REE, AR R Sy P, AR AR ] R
HANGROREL, G p-2 R S 5w, 2
AR RELS, PREALS T R AR A5

o] OH Refl o) OH

N eflux e

OSi 4 TbCly o~ >si_ +Hcl(g) (1)
0" OH oluene o~ OTbCl,

@w

CHO NH, to\ _OH
N
N N _ o~ “oTbCl,
|// * l// oY | rt., EtOH
R R? R®
1 2 3

1 XIS
1.1 KT SIS

Vario EL/micro cube JG % 7 #71%; IR PRESTIGE-21
ZLAMETEA(KBr s F); 300-Bruker spectrometer £ i H:
POU(TMS A NAR, #FIIH CDCLy); WRS-2A FALE
P AR TR AR IE). BT kR34 kAt
12 AR
1.2.1  #BALF) 495,

B (40~60 H )% ESCHR[221 5 e TiAb £, H ik
ARk IR R T ) PR L o, 1A Ak i 5 R - SR R
2. K 5.00 g FESC AL LT R AT R R AE RN 24 h.
EFRRAR R IIAN 1.00 g KM &AL, 4kszlii
RN 24 h. 8RJa, IREGWEILIE, CHLCL YRS 3 X, 100
CHZ TG 4 h, 15 5789 g, fi#@ %N 0.5956
mmol/g.

1.2.2  B-RILEA LALLM E R

76 10 mL BB K INIAE Ll (0.264 g, 2.2
mmol), A HE0.212 g, 2 mmol), fi%(0.186 g, 2 mmol)
PLK 2 mL Jo/K GWE, S5, AR5 IAGER 5
Wb S EL(0.34 g, 0.2 mmol)4ks: Z i HikE, K&
R R, I TLC Wads e bR, K g,
/DS LRSS, RN TN i R A v ) 45
(ML) - VONER)=2 : 3], £ A EEPIR . A HIA
WTHR, T, B SRRk, WA, AT EE AR
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3-(3- G ) B i -1,3- R - 1- T i (4d): 7R
81%, M E K. m.p. 134.2~134.3 °C; "H NMR (CDCls,
300 MHz) 0: 7.95 (d, J=7.2 Hz, 2H, ArH), 7.61 (t, J=6.6
Hz, 1H, ArH), 7.56 (t, J=9.1 Hz, 1H, ArH), 7.38~7.51
(m, 1H, ArH), 7.34 (t, J=7.2 Hz, 1H, ArH), 7.27 (t, J=6.0
Hz, 1H, ArH), 7.01 (t, J=5.1 Hz, 3H, ArH), 6.60~6.72
(m, 1H, ArH), 6.37~6.58 (m, 3H, ArH), 5.03 (t, J=6.0
Hz, 1H, NCH), 4.54 (s, 1H, NH), 3.52 (d, J=4.5 Hz, 2H,
COCH,), 2.23 (s, 3H, CHj); IR (KBr) v: 3390 (N—H),
1668 (C=0) cm™". Anal. caled for C»,H, NO: C 84.04, H
6.41, N 4.46; found C 83.93, H 6.26, N 4.28.

3-(4-F AR E F-1- IR -3-(4- F 3 SR 3L - 1- T I
(4i): PEF 72%, AR mp. 154~155T; '"H NMR
(CDCls, 300 MHz) 6: 7.93 (d, J=7.5 Hz, 1H, ArH), 7.61
(t, J=7.5 Hz, 1H, ArH), 7.53~7.69 (m, 1H, ArH), 7.47~
7.51 (m, 1H, ArH), 7.46 (t, J=7.2 Hz, 1H, ArH), 7.33 (t,
J=7.8 Hz, 1H, ArH), 7.23~7.30 (m, 1H, ArH), 7.16 (t,
J=17.8 Hz, 1H, ArH), 7.02 (t, J=7.8 Hz, 1H, ArH), 6.89~
6.99 (m, 1H, ArH), 6.64 (t, J=7.8 Hz, 1H, ArH), 6.52~
6.60 (m, 1H, ArH), 6.45 (t, J=7.8 Hz, 1H, ArH), 4.97 (t,
J=6.3 Hz, 1H, NCH), 4.69 (s, 1H, NH), 3.46 (d, J=7.5
Hz, 2H, COCH,), 2.34 (s, 3H, CH;); IR (KBr) v: 3370
(N—H), 1674 (C=0) cm . Anal. calcd for C,H;oCINO:
C 75.73, H 5.49, N 4.02; found C 75.96, H 5.36, N 4.09.

3-(4- VAR RE R VB -3 (4- PR A ) R - 1 - K - -
W lid(4s): F=% 76%, FEAE. mp. 153.3~154.6 C,
'H NMR (CDCl;, 300 MHz) 6: 8.39~8.45 (m, 1H, ArH),
7.86 (t, J=87 Hz, 2H, ArH), 7.49~7.58 (m, 2H, ArH),
7.25 (d, J=6.8 Hz, 2H, ArH), 6.93~7.01 (m, 4H, ArH),
6.48~6.55 (m, 2H, ArH), 4.94 (s, 1H, NH), 4.33 (t, J=6.0
Hz, 1H, NCH), 3.86 (s, 6H, CH;0), 3.57 (d, J=6.0 Hz,
2H, COCH,); IR (KBr) v: 3397 (N—H), 1628 (C=0)
cm” L. Anal. caled for C,3HysNO;: C 76.43, H 6.41, N 3.88;
found C 76.22, H 6.51, N 3.97.

3-(4- VAR RE AL R -3-(4-50) A L - 1 -4 - 1- A il
(4x): 77F 72%, AMEA. mp. 127~130 C; '"H NMR
(CDCls, 300 MHz) &: 7.95 (d, J=7.2 Hz, 2H, ArH), 7.62
(d, J=5.7 Hz, 1H, ArH), 7.55 (t, J=6.5 Hz, 1H, ArH),
7.49~7.52 (m, 1H, ArH), 7.47 (t, J=6.6 Hz, 1H, ArH),
7.38~7.43 (m, 1H, ArH), 7.34 (t, J=8.4 Hz, 1H, ArH),
7.27~7.30 (m, 1H, ArH), 7.03 (t, J=7.5 Hz, 1H, ArH),
6.97~7.01 (m, 1H, ArH), 6.63 (t, J=7.2 Hz, 1H, ArH),
6.42 (t, J=7.8 Hz, 1H, ArH), 4.96 (d, J=5.4 Hz, 1H,
NCH), 4.75 (s, 1H, NH), 3.42 (d, J=4.8 Hz, 2H, COCH,);
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IR (KBr) v: 3396 (N—H), 1677 (C=0) cm . Anal. calcd
for C,;H,;7CLLNO: C 68.12, H 4.63, N 3.78; found C 69.98,
H 4.45, N 3.76.

1-(4- i 56 ) 2 3 -3-(3- F ) 2R 6 -3-(3- F L R ) 2
1AW (4e"): 723K 83%, s mp. 161.3~162.7
“C; 'H NMR (CDCls, 300 MHz) : 8.04 (d, J=7.8 Hz, 2H,
ArH), 7.88 (t, J=7.0 Hz, 2H, ArH), 7.63 (t, J=6.8 Hz,
2H, ArH), 7.49 (t, J=7.6 Hz, 2H, ArH), 7.45 (t, J=7.2
Hz, 1H, ArH), 7.35~7.40 (m, 1H, ArH), 6.52 (t, J=6.8
Hz, 1H, ArH), 6.46 (t, J=7.8 Hz, 1H, ArH), 4.93 (t, J=
6.2 Hz, 1H, NCH), 4.64 (s, 1H, NH), 3.45 (d, J=7.5 Hz,
2H, COCHS,), 2.33 (s, 6H, CH;); IR (KBr) v: 3404 (N—H),
1664 (C=0) cm™". Anal. caled for C,3H»,N,05: C 73.78,
H 5.92, N 7.48; found C 73.57, H 5.89, N 7.53.

2 #R51HE
2.1 BB

AT, FRATLUA L L 4% F R A i Ay R SRR
KTt Lewis MRAIA[R] AL 57 80k 504
W, iR mE 1 P, ARV AKEGE 1,
Entry 1). i+ Lewis &, Wl TbCl;, YCl; A1 EuCl; AW
([ A N RV QA TR S A S (A 3
JrES(3R 1, Entries 2~4), HEAGIIAREERAA]. 23T
JBe 5 T AR IR BT LE 5 0 1 LI T M) B
AR R = R BT E 82%. M, Ffi s R Ak
FIRERE A A S VAR R (32 1, Entries 5, 6, 8~10). %
JEREALTIRIMEACRCR, BETT NIRRT 159 A PA 15 2%
PR, FRAH i B L AR E A AL 5 e 2 X
R p-A AW RAL S P ) BRASEAL ). AL 0P A T
P11t 10 mol% (3% 1, Entry 9).

Tl AN R R BRI R

Table 1 Effect of catalysis on the one pot synthesis of f-amino
ketone compounds

Entry Catalyst  Amount of catalyst/mol% Time/h Yield”/%

1 None — 24 Trace

2 TbCly 10 12 85

3 YCL 10 12 77

4  EuCl 10 12 75

5  Si0,-0YCl, 10 10 77

6 SiO,-OEuCl, 10 10 76

7 SiO,/TbCl, 10 4 82

8 Si0,-0OTbCl, 5 4 85

9  Si0,-OTbCl, 10 4 89
10  SiO,-OTbCl, 15 4 85

“ All reactions were carried out in ethanol at room temperature. Reaction con-
ditions: acetophenone (2.2 mmol), benzaldehyde (2 mmol), aniline (2 mmol);
bTsolated yields.
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2.2 fEkieE L

AR S A 7 SO A RIS A 24T T 40T,
Hq 2% PR R e B 2800 - AU BUE B2 T4 b,
ANTRIRSEAR BE ST AL, DAZR 20 . i 0 24 H i oy e i
BE, TRE T ARG AL T 0 4 AR S HE S5 7= 2 (1)
R 2). S5RRBL, MEALFIFE 120~140 C2ZImiE1L
2 h MR s, EALHIAE 140 CLL EVEAL 2 h, I
ARSI B BRI SS, E RN ) A 2 milm 41
3 SR AR TR R T R T PRI, AR R A
S AR 7R AT 5 IAE 120 °C.
K2 FHAKM Si0-OTbCL HEALFFEA RIS AL

Table 2 SiO,-OTbCl, activated under vacuum conditions in
different temperature

ALFIEALIRE/C 120 140 160 180 200

EALIS A /h 2 2 2 2 2
Yield/% 89 89 80 76 71

2.3 AFIFEN

B p-EIEMRA A, WRAER R, JA1E
T 865, W1 MeOH, EtOH, THF, CH;CN, H,O #l
CH,CI, (¥ 3). #&&43l7E CH,Cl,, CH;CN F1 H,0 1R
MERT DN 2 S SgERE, FH THF PRI, B R RS 2R
FeE. HEH MeOH M1 EtOH 1R, 4 R AEHEIITF] [
N, FFAAR A, % 8 RIS AL 2 (v L KO
o Nt i 3, FAITiEHEH] EtOH A1 AL & Bl -
ISR P ) BEAR ).
£ 3 HEHIN 10 mol% SiO,-OTbCl, HEAL— ki & Bl -2 HE
TG ¢
Table 3 Effect of solvent on the one pot synthesis of f-amino
ketone compounds catalyzed by 10 mol% SiO,-OTbCl,

Entry Solvent Time/h Yield®/%
1 CH;0H 4 89
2 C,Hs;OH 4 89
3 THF 12 40
4 CH;CN 12 Trace
5 H,O 12 Trace
6 CH,Cl, 12 Trace

© 2013 Chinese Chemical Society & SIOC, CAS

“ All reactions were carried out at room temperature. Reaction conditions:
acetophenone (2.2 mmol), benzaldehyde (2 mmol), aniline (2 mmol); ®Isolated
yields.

24 BREZN

B B- 2 HE I AL G W B AT JORR A3 Ty A I A
PN, TS AR S A A, ehi AR UK, Tk
T SNV AR F A RV, R AN A o™=, RATTHE
FWFAT FIRBEE T — R p-m MRS
25 EHFIEEFER

A R AT A R, 20t 8, TR,
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W, AREESAMH. FATLK A/ 2K H EERIR R A
FEUE R, PR T AL R A A G R AR,
SELURIL, MEALFESAE ] 4 Ik, SRR,
89%, 89%, 87%H 85%. Z KR IMIWIH R, 45
PRI TR AR A PR 34, IL =22 )5 R mT e
W TR S A L SR IR YE TR, Sl M=%
R AR E AR 4 R, AL R R E.
FIT LA, e 47 388 - A0 7 L A R DSe AR FH PRy
26 —HERZEAKNL-EERELEY
HTRREE A RN g2 HeME A &1, AT
LA SO SE 2R WA VE AR 53, AN R 1) 05 F s i
AN D5 e, AETCoK SRR, R 5 3800 1 5k
BUEMEAH, E=WRAM FAERT —R A Z TR -
MR EYER 4). G RHEARRIL I Eq. 3 317, &

oS B RES 2 5K R XN, 4 p-CHs, p-CH;0 Fl p-Cl;
F RO FIAR R S 5K R RN, W p-OMe, p-Cl,
p-COOH 1 m-CHs, m-CL. ZALHUARI 5 A 1%, 1 0-OH
e AR RN, £ IR, 'H NMR T A E AT
WA RN -2 FEMI Sk A W(3R 4, Entries 32~35), {H
A ] 52 T 0, G A T B RAT T — 2 U . AR A
AR S %, W1 o-Cl AREMA R RV K E(EE 4, En-
tries 36~41). WL UL, EIRERE A I L-AIEM KN ED)
PRI, BRATTA B B AT i FRIAEL R R 2, ik
% S S A IUAR S B MR T B R ) A 5 SRy s, 0y
B Mk 5 e A i L R, AR R A RCR B,
A% LT E I, AT A AR R = AR R AR, BE Ak
GV SR NE R N i A AR

K4 SiO»-OTbCl, HEALTT AR 57 A M AN 55 7 15 ) S 1
Table 4 The results of Si0,-OTbCl, catalyzed reaction of acetophenone, aldehydes and amines

Entry Product R! R? R® Time/h Yield®/% m.p./C
1 4a H H H 4 89 168~169 (169~170)"""1, (172~173)1*
2 4b H H 4-Cl 5 71 169~170 (170~ 171124
3 4c H H 3-Cl 6 70 138.2~138.6
4 4d H H 3-CH, 4 81 134.2~134.3
5 4e H H 4-NO, 4 69 179~180 (179~ 180)"", (183~185)14
6 af H H 4-COOH 4 76 161.3~162.6 (162~ 163)11%24
7 4g H 4-CH; H 3 89 136~137 (134~135" (131~132)4
8 4h H 4-CH;, 4-NO, 6 75 144~145
9 4 H 4-CH; 4-Cl 5 72 154~155
10 4j H 4-CH;, 3-Cl 5 71 107.2~107.5
11 4k H 4-CH; 3-CH; 3 86 124~125
12 41 H 4-CH;, 4-COOH 3 77 150.0~151.2
13 4m H 4-CH; 4-CH,0 3 81 161~166.1
14 4n H 4-CH;0 H 4 80 145.3~146.2 (142~143)!"
15 40 H 4-CH;0 4-NO, 6 67 146.2~146.8
16 4p H 4-CH;0 4-Cl 4 82 159.1~159.8 (149~151)1**
17 4q H 4-CH;0 3-Cl 3 79 116.7~119.8
18 4r H 4-CH;0 4-COOH 4 71 137.3~140.9
19 4s H 4-CH;0 4-CH,0 4 76 153.3~154.6
20 4t H 4-Cl H 5 78 133.3~135.3 (116~117)*4
21 4u H 4-Cl 3-CH, 5 76 115.3~116.1
22 4v H 4-Cl 4-CH;0 6 68 129.2~130.1
23 4w H 4-Cl 4-Cl 45 82 118~119 (155~157)
24 4x H 4-Cl 3-Cl 45 72 127~130
25 4y H 4-Cl 4-NO, 6 65 149~150
26 4z H 4-Cl 4-COOH 7 81 159~160
27 4a’ 4-NO, H 3-CH, 6 85 137.6~140.7
28 4b’ 4-NO, 4-CH; H 5 81 165.4~169.5
29 4c! 4-NO, 4-CH; 3-CH; 55 83 161.3~162.7
30 4d’ 4-NO, 4-CH;0 H 5 84 143.2~145.1
31 4e' 4-NO, 4-Cl H 6 80 140.4~142.4
32 41! H 2-OH 3-Cl 5 78 96.4~97.7
33 4g' H 2-OH 4-Cl 5.5 79 101.8~102.8
Chin. J. Org. Chem. 2013, 33, 602~606 © 2013 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 605
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Entry Product R' R’ R’ Time/h Yield”/% m.p./C
34 4n! H 2-OH 4-CH;0 4.5 74 110.1~111.4
35 4it H 2-OH 4-NO, 3 83 153.9~155.2
36 4;' H 4-CH; 2-Cl 12 Trace —
37 4K’ H 4-CH;0 2-Cl 12 Trace —
38 4' H 4-Cl 2-Cl 12 Trace —
39 4m’ 4-NO, 4-CH; 2-Cl 12 Trace —
40 4n' 4-NO, 4-CH;0 2-Cl 12 Trace —
41 40’ 4-NO, 4-Cl 2-Cl 12 Trace —
“ All products were characterized by comparison of their melting points, "H NMR and IR spectra with those of authentic samples; ® Yields refer to the isolated prod-
ucts.
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