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Synthesis and Antibacterial Activities of Mannich Bases of
Curcumin Derivatives

Liu, Zhichang™ Wang, Yinghong Zeng, Hongyao Nie, Wanli

(Department of Chemistry, Leshan Normal Univercity, Leshan 614000)

Xiang, Qingxiang

Abstract In order to find new lead compounds for the design of new antibacterial drugs, eight novel Mannich bases of the
curcumin were synthesized for the first time by Mannich reaction of curcumin, formaldehyde and various secondary amines.
All the new synthesized curcumin Mannich base compounds were characterized by 'H NMR, °C NMR, IR, MS and elemental
analysis. These curcumin Mannich bases were tested in vitro against different germ and mildew, and all of them have shown
better activities than curcumin against B. subtilis, S. aureus, E. coli, A. niger, and Penicillium ch. The results showed that the
curcumin Mannich bases containing piperazine ring have obvious mildew resistance (with inhibition zone of up 16.88 mm to

21.34 mm).

Keywords curcumin; Mannich reaction; Mannich base; synthesis; antimicrobial activity

EWER1VEAPE. PUE. DL, PLEEZRZ
PAEH. ZHEMAC ) FE. 5, B0 S —FR
HIF RS R EY), T Zm BRI, 1k
AN TR AR, RN AR AR, BT DA 22 i R ik
ITERE, TIANROEIA G R BT, B3
PoUAL Praadel = HrEe. FoerBl s ol
PRt A o 2 BR AR VSR, AT O R VR4
FOFEIEATFYE, 15 RCh 24 RTH 2o ik 2 — 18100

H 5T R B0 S AN RS B Mannich 1828146 &4
BAYRA. ik, Pum. Puvise. Pigitz. s, 1.
T BRI A 4T 5T 1 2% 22 o 2 P 3% 120200 ) ] Mannich
SR DICKE AN RN | FR RO i i — 2 4y B4 T
AN B, FRREEOcRIAMEEY, i

* E-mail: liu_zhichang04@163.com

Received May 16, 2014; revised June 22, 2014; published online July 15, 2014.

S A A R 222 RIS, (EB TR AT A
Jlr A T BN R (R

N T A RBWANF S T EY), Bk, AT
YRIE T F 220 S BRI AR S 3 75 380 39T 19 22 3 2 - V-
IARIE MeEAT AR, VAN S ie & R W, Pr e
W5 A B, HA R R POL ARSI $
PEEIREL, LT ER 1 AE AN Mannich 52516 &
W4y, HHEE2 FIff% 3a~3h &4 Mannich <V, [
FEWEM 4751 N Mannich B4 H) A B——HURE T
B, AT 8 ASBIEIL )23 3 Mannich i 4a~4h.
WIS R, AT 20 5 AT B e TS
M. LA 4f, dg J005H] BB BRORN 75 B B 0 M v 1 0k )
SR, RS FREAA K A Mannich RVA RCE

Project supported by the Key Foundation of Science and Technology Bureau of Leshan City in Sichuan Province (No. 08SZD092), the Application of Basic
Project of Science and Technology Agency of Sichuan Province (No. 2010JY0148), and the Project of Leshan Normal University (No. Z1321).
VU148 SRl i RHE JR T 2R (No. 08SZD092) U144 FHL T 2 I ZEAili(No. 2010TY0148)F1 AR LG~ BE(No. Z1321) Bt BT H .

Chin. J. Org. Chem. 2014, 34, 2345~2349

A © 2014 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 2345



BHLLE

R E R

B # Mannich 1) 5 V.4 (Scheme 1).

(0] (o]
H5CO N = OCHj,
C CI,, oo
HO 1 OH 2
R1
/ HCI/EtOH-THF
HN
\R2 Ice bath, 10 ~18 h
3a~3h
(0] (0]
H,CO N _ OCHj,
O _R?
HO H N OH
I
4a ~ 4h

NHR'R? = (a) NH(CHjz)y, (b) NH(CH,CHs)s, (€) NH(CH,CH,0H),,

’ (e) ’ H
g HN \ 3 h \

Scheme 1

1 #R5i1E
1.1 XiEHHh

BRI S E Y da~4ah TILEFIAH—3. fELhb
TR, H bR E I eSS R A SR i g

7E 3510~3440 cm™ ' 45 O—H B I 47 412 3 W g e,
W IR e, B AP ) OH & U B4 & TE X A7
FER; 4E 1660~1620 cm ' C=0 B 4IRS
e, ZHAEH S C=0 KA. # 3020~3060 cm ™!
H=C—H WL, [FIIAE 1610, 1560, 1460 cm™' 47 55
I IE . "H NMR %K, (&b c=0 2
[f][f) C—H % § 3.65~3.76, CH,N & 6 3.45~3.57, AlfE
J& 52 B RON JERP A BRI (1) 5 L1 RN 5, AH 24T
B k. kS, 12 e 59 C—N
BEAE O PR S MR, S T TIRIREY. XL
RS RAL T LAY 4da~4h (551,
1.2 HEEM

SR B Bl 52 25, 9 33K 22 34 35 Mannich ik &
Y 4a~4h BT T YIS ARSMIRTEEDTST, AT
M B s R 1. LSRR 107! mol/L K JE T,
Mannich #EfiT4-4) 4a~4h SHAS A . SO 2 ERE
KIGHFFBE S 55 RN E ER) LT R 12~21
mm, P58 3 Mannich B H A L 253 2800 4 (090
BOR, A ER . BENME AR E S, I, 4b
R B AR 8 ELARIA R T 16.78 mm; L322
SR JAAT B KN B B AR 11.59 mm ¥k T 31%, KT
SRR R B H AR 16.42 mm; o, 4,
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4f, 4g, 4h XFERENR P AL S T 16.08~20.88
mm; 4a, de, 4f, 4g X H B 1w P AR HS A 2] T
16.24~21.34 mm, HARGFMBIHERZCR. ot 4f
o PR A A T BBl ELAS A 20.88 mm, 6 5 7 A R0 1A
B A0 21.34 mm, & TR HGR =504, JCohthta. |
UERT L, A RME B (1) 22 55 % Mannich 585> 1 B A W3
RO B (G B 8 SR ) IS TR, IXAEsIe a5 1y
BE— AT TERAAAT I E A RO R TT S5

# 1 FHE Mannich 744 4a~4h PFHDEEPENLE R
(mm)*

Table 1 Results of antibacterial activities (mm) of curcumin
Mannich compounds 4a~4h

Compd. B. subtilis S. aureus E. coli A. niger Penicillium ch.

© 2014 Chinese Chemical Society & SIOC, CAS

4a 14.44 1240 14.38 15.30 16.64
4b 13.84 1290 16.78 12.92 14.14
4c 11.50 12.10 13.60 16.08 13.24
4d 12.27 13.22  14.38 13.12 14.82
4e 12.40 1436 14.52 13.14 16.24
4f 12.36 15.66 14.26 20.88 21.34
4g 11.40 13.04 13.82 16.88 20.10
4h 13.30 14.64 13.20 17.10 15.36
Curcumin  12.10 1132 11.59 12.34 12.89
Triclosan 16.78 16.36 16.42 15.20 14.64
“ Concentration: 10~ * mol/L; inhibition zone: mm.
2 i

N T AR RIE e e &, RS H
P LA i S N A2 8 ANFTI 223 3 Mannich BRATA4),
H 5012 IR, 'TH NMR, °C NMR, ESI-MS FIIcZ 447 bt
FAE. WELANE 2 BRI, 745 1X107* mol/L ¥ T,
BT AE ) 5 253 ot bE, X 4 (R S AT 8 . 43 (0]
IR KA B 5 BR 2 A B R 2L
Je LR, af RN dg )5 R AT B S IR o 2 A1 25 (A i e
16.88~21.34 mm). XLESIIG 28 RAR B FA IRV K
3% Mannich B 714 23 00 & B 100 T, & —
BT v BB G M AL R A IS AL &4, 3% ik
— 0 R T AR R AR AT 2 3 B

3 LEE4S
3.1 UESKT

XRC-1 R sl e A, P THRERIE; 404b
it Nicolet-IR170SX ZL4M3 Y6, KBr [k f; #%
TG4 1S Bruker AV 111 400MHZ %W 3L45 4%, CDCl; 5%
DMSO-ds %], TMS AW r; Fit: LCMS-8030 &
156 B4 (H A By it); s 240 #T ] Carlo Erba 1106 %Y
TCE AT

ARG E RS USP30, st KAk TR A F])
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A 2 ft 250 AR50 2 J K, il FH AR &2 4lith. oK
DU SR IR S5V 77 20 AN AL B, R 20
3.2 BirkEY 4a—~4h ISR

22152 Mannich J%{t. &%) 4a~4h (Scheme 1)1il
A RO 2% 3a~3h (2.5 mmol)[f) 4 mL 5K 24
RS, TEOKA BB b, ZUORY RN A
VTR 2 (2.5 mmol) B HE 30 min, M JLIIKERRR, SRS 1)
SN 2535 2%(2.5 mmol) (%) 10 mL DY &R I VI,
REEAE UK FHEEE 10~18 h (TLC i), RN E5H G,
PR ZE BRI 77, IV TR 10% NaHCO, i 48 73
B, SRSE L E, R EATVER: VOT ) © VR
fiy=1 " 12~6]7r E 2R B LAY 4a~4h.

1,7- - (4- 72 5 -3- H AR 2 ) R L -4-( = T 0 2k G ) -
1,6-FF —4i-3,5- " [(4a): L3R, FEF 44%. mp.
167~169 C; UV Apax (EtOH): 375.0 nm; 'H NMR (400
MHz, DMSO-ds) 6: 9.72 (s, 2H, ArOH), 7.58 (d, J=15.6
Hz, 2H, C,-H, C;-H), 7.37~6.64 (m, 6H), 6.84 (d, J=15.6
Hz, 2H, C,-H, C¢-H), 3.86 (s, 6H, OCHs), 3.75 (t, J=6.4
Hz, 1H, C4-H), 3.49 (d, J=6.4 Hz, 2H, CH,N), 3.34 (s,
6H, NCH;); “C NMR (100 MHz, DMSO-d;) J: 183.5,
149.8, 148.4, 142.2, 1272, 126.1, 122.9, 116.1, 111.9,
68.1, 56.1, 52.8, 43.7; IR (KBr) v: 1627 (C=0), 1035
(C—O0), 1124 (C—N) cm'; ESI-MS m/z (%): 424 ((M—
1]+, 15). Anal. calcd for C,4H,7NOg4: C 67.75, H 6.40, N
3.29; found C 67.84, H 6.26, N 3.13.

1,7- Z (G- RE3- PR R4 (" AT
F)-1,6- P Hi-3,5- i (4b): BEIE AR UK 55%.
m.p. 158~159 C; UV Apy (EtOH): 377.0 nm; 'H NMR
(400 MHz, DMSO-d;) 6: 9.72 (s, 2H, ArOH), 7.63 (d, J=
15.6 Hz, 2H, C,-H, C;-H), 7.38~6.54 (m, 6H), 6.99 (d,
J=15.6 Hz, 2H, C,-H, C¢-H), 3.85 (s, 6H, OCH,), 3.66 (t,
J=6.7 Hz, 1H, C4H), 3.50 (d, J=6.7 Hz, 2H, CH,N),
2.66~2.58 (m, 2H, CH,), 1.11~1.07 (m, 6H, CH;); "*C
NMR (100 MHz, DMSO-d;) J: 183.8, 149.2, 148.6, 142.3,
127.5, 126.3, 123.0, 116.2, 111.6, 66.1, 56.1, 53.2, 44.7,
13.5; IR (KBr) v: 1626 (C=0), 1035 (C—O0), 1124
(C—N) cm'; ESI-MS m/z (%): 453(10). Anal. calcd for
C,H31- NOg: C 68.86, H 6.89, N 3.09; found C 68.73, H
6.74,N 2.97.

1,7- 2 (4-F2 3-3- AU R4 [ - TR A O R &
S HE)-1,6- B 2 45-3,5- i (de): RET R R, PR
41%. m.p. 204~206 ‘C; UV Ay (EtOH): 369.0 nm; 'H
NMR (400 MHz, DMSO-d;) d: 9.07 (s, 2H, ArOH), 7.52
(d, J=15.6 Hz, 2H, C,-H, C;-H), 7.33~6.15 (m, 6H), 6.84
(d, J=15.6 Hz, 2H, C,-H, C¢-H), 4.02 (s, 2H, OH), 3.83 (s,
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6H, OCHj,), 3.73 (t, J=6.7 Hz, 1H, C4-H), 3.57 (t, J=6.4
Hz, 2H, CH,), 3.49 (d, J=6.7 Hz, 2H, CH,N), 2.61 (t, J=
6.2 Hz, 2H, CH,); "C NMR (100 MHz, DMSO-dy) o:
182.1, 150.6, 148.8, 144.8, 127.5, 126.0, 124.1, 116.2,
111.2, 68.4, 60.3, 58.6, 56.1, 51.7; IR (KBr) v: 1620 (C=
0), 1036 (C—O0), 1122 (C—N) cm'; ESI-MS m/z (%):
484 ([M+l]+, 13). Anal. calcd for C,sH;NOg: C 64.32, H
6.44, N 2.88; found C 64.16, H 6.26, N 2.73.

1,7- = (4- 78 2k -3- H1 A0 58 ) 2R 2 -4-(V- IR Bg 2 H
HE)-1,6-PF Hi5-3,5- lid(4d): BEIEAR K, 7F 52%.
m.p. 185~187 C; UV Jmax (EtOH): 430.0 nm; 'H NMR
(400 MHz, DMSO-dj) 0: 9.67 (s, 2H, ArOH), 7.52 (d, J=
15.6 Hz, 2H, C,-H, C;-H), 7.32~7.14 (m, 6H), 6.84 (d,
J=15.6 Hz, 2H, C,-H, C4-H), 3.83 (s, 6H, OCH3), 3.73 (t,
J=6.1 Hz, 1H, C4-H), 3.49 (d, J=6.1 Hz, 2H, CH,N),
2.31 [t, J=6.1 Hz, 4H, C,-H, C¢-H (piperidyl)], 1.58~
1.46 [m, 6H, C5-H, C4-H, Cs-H (piperidyl)]; *C NMR (100
MHz, DMSO-dg) J: 186.6, 148.5, 141.3, 1322, 127.8,
121.5, 120.3, 116.1, 111.2, 63.1, 55.7, 50.8, 44.0, 25.6,
24.3; IR (KBr) v: 1627 (C=0), 1028 (C—O0), 1131
(C—N) cm™'; ESI-MS m/z (%): 466 ([M+1]", 12). Anal.
calcd for C,7H3NOg: C 69.66, H 6.71, N 3.01; found C
69.76, H 6.56, N 2.84.

1,7- 7 (4- 32 0k -3- A0 AR ) R 6 -4-(IV- e bk 5
FE)-1,6-PF —H5-3,5- Ml (de): FELLONIA, F7EK 49%.
m.p. 146~148 ‘C; UV A, (EtOH): 376.0 nm; '"H NMR
(400 MHz, DMSO-d;) 6: 9.77 (s, 2H, ArOH), 7.59 (d, J=
15.6 Hz, 2H, C,-H, C;-H), 7.53~6.96 (m, 6H), 6.79 (d,
J=15.6 Hz, 2H, C,-H, C¢-H), 3.84 (s, 6H, OCH,), 3.73 (t,
J=7.8 Hz, 1H, C4;-H), 3.53 (d, J=7.8 Hz, 2H, NCH,),
3.57~3.56 (m, 4H, O-CH,), 2.38~2.36 (m, 4H, NCH,);
BC NMR (300 MHz, DMSO-d,) 6: 183.0, 150.5, 148.6,
144.2, 127.4, 126.1, 124.2, 116.2, 111.5, 68.1, 60.2, 58.6,
56.1, 50.5; IR (KBr) v: 1628 (C=0), 1035 (C—O0), 1124
(C—N) cm™'; ESI-MS m/z (%): 468 (IM+1]", 8), 437
(19). Anal. calcd for C,sH,9NO7: C 66.79, H 6.25, N 3.00;
found C 66.94, H 6.21, N 2.85.

1,7-(4-F2HE-3- AR A HE -4-(4- T AL DR IGR - 1 - 1
B)-1,6- P —I5-3,5- i (4f): BRI K; PR 45%.
m.p. 173~175 ‘C; UV Amax (EtOH): 430.0 nm; 'H NMR
(400 MHz, DMSO-d;) 6: 9.67 (s, 2H, ArOH), 7.58 (d, J=
15.6 Hz, 2H, C,-H, C;-H), 7.33~6.74 (m, 6H), 6.84 (d,
J=15.6 Hz, 2H, C,-H, C¢-H), 3.84 (s, 6H, OCH,), 3.73 (t,
J=7.3 Hz, 1H, C,;-H), 3.49 (d, J=7.3 Hz, 2H, CH,N),
3.37~3.13 (m, 8H, CH,CH,), 3.15 (s, 3H, CH3); *C NMR

http://sioc-journal.cn/ 2347
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(100 MHz, DMSO-d;) 0: 183.3, 147.8, 146.8, 140.6, 127.7,
126.2, 121.8, 114.8, 109.6, 68.1, 60.3, 56.0, 54.0, 46.8,
423; IR (KBr) v: 1629 (C=0), 1030 (C—O), 1128
(C—N) em™'; ESI-MS m/z (%): 503 ((M+Na]", 63), 479
(19). Anal. caled for Cy;H3,N,O4: C 67.48, H 6.71, N 5.83;
found C 67.33, H 6.59, N 5.76.

1,7- (4-F255-3- AR IR A FE -4-(4- TR FLDRIGE- 1 - L
H)-1,6-58 —4i-3,5- M(4g): FOKIAR, F7E 45%. mp.
150~152 °C; UV ey (EtOH): 372.0 nm; 'H NMR (400
MHz, DMSO-dq) &: 9.74 (s, 2H, ArOH), 7.59 (d, J=15.6
Hz, 2H, C;-H, C-H), 7.31~6.75 (m, 11H, Ar-H), 6.81 (d,
J=15.6 Hz, 2H, C,-H, C-H), 3.84 (s, 6H, OCH), 3.73 (1,
J=17.5 Hz, 1H, C4-H), 3.57 (d, J=7.5 Hz, 2H, CH,N),
336~329 (m, 8H, NCH,CH,); *C NMR (100 MHz,
DMSO-dy) o: 183.2, 149.4, 147.8, 146.5, 141.0, 129.2,
127.9, 126.0, 121.8, 120.4, 114.6, 113.6, 109.6, 68.1, 59.1,
56.0, 54.1, 46.9; IR (KBr) v: 1652 (C=0), 1159 (C—O),
1120 (C—N) cm ' ESI-MS m/z (%): 565 (IM+Na]", 45).
Anal. caled for C;H3N,Oq: C 70.83, H 6.30, N 5.16;
found C 70.96, H 6.24, N 5.21.

1,7-Z(4-F2 55 -3- H AU B8 ) R -4-(V- R -N- R 5
JEFIE)-1,6- P8 )i -3,5- I (4h): LI ERAR; A
46%. m.p. 134~136 C; UV Ay (EtOH): 375.0 nm; 'H
NMR (400 MHz, DMSO-d,) 6: 9.37 (s, 2H, ArOH), 7.36
(d, J=15.6 Hz, 2H, C,-H, C,-H), 7.27~6.45 (m, 6H), 6.78
(d, J=15.6 Hz, 2H, C,-H, Co-H), 3.84 (s, 6H, OCHs), 3.73
(t, J=6.9 Hz, 1H, C,-H), 3.49 (d, J=6.9 Hz, 2H, CH,N),
2.62 (s, 3H, NCHy); C NMR (100 MHz, DMSO-dy) o:
190.6, 149.0, 148.8, 146.9, 143.3, 132.6, 129.5, 127.7,
124.4,121.2,116.4,114.7, 111.6, 69.0, 56.2, 55.7, 41.1; IR
(KBr) v: 1620 (C=0), 1030 (C—O0), 1128 (C—N) cm " ;
ESI-MS m/z (%): 510 ((M+Na]’, 80), 484 (12). Anal.
calcd for C,oHyyNOg: C 71.44, H 6.00, N 2.87; found C
71.32, H5.88, N 2.77.

3.3 HIEEMENE

ST P B, AR, o
¥ % Mannich fffL &4 4a~4h. ZHFER = 5%
(Triclosan)FC IR B4 1X107* mol/L (KM, ALk
H 20 1A A AT B (Bacillus  subtilis) 4 36 €050 %4 BR 1
(Staphylococcus aureus)~ KMt & (Escherichia coli)(VY
JRZ A arRh a5 e e ity . ARk i 5 ik H Re th %
Wi (Aspergillus niger)F115 8% & (Penicillium chrysogenum)
(WUNERZR Y7 5 iz Bede fi), iR 7R & 418
1.0X 107 cfu/mL, &L E5 IR 5 85 18 (13N 0h
5.5X10° AN/mL, 73 BB HE IR 50 uL, M0
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