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A serial of Mannich bases with anti-leukemia activity

FENG Ji-zhou', LIU Hong-ping', FAN Li, HUANG Min, YANG Da-cheng’

(Key Laboratory of Applied Chemistry of Chongqing Municipality, Institute of Bioorganic and Medicinal Chemistry,
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Abstract: Thirty-three compounds were designed and synthesized directly from three-component, one-pot
condensation of 1-(4-methylphenyl)ethanone and aromatic amines with some aromatic aldehydes. The chemical
structures of the Mannich bases were confirmed by '"H NMR, IR and MS.

indicated that all of these title compounds possessed the inhibitory activity at the concentration of 1 x10™* mol-L™".

The screening results of bioactivity

Among them, the compound TM33 displayed the strongest bioactivity with the inhibition percentage of 60.3%
against P338 cancer cell line at the concentration of 1x10"° mol-L™", and the value of the half maximal inhibitory
concentration (ICs,) was as low as 0.45 nmol-L™". This study suggests a new type of potential anti-leukemia
molecules.
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Figure 1 Structures of the marketed anti-leukemia drugs
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Table 1 Experimental results of target compounds

Compd. R' R? T/C  th  Yield% mp/C
TM1  NO, p-CH; 205 28 60.0  138-140
TM2  NO, H 13 26 57.8  132-134
TM3  NO, m-Cl 13 221 507 134-136
TM4  NO, p-Cl 13 223 56.8  146-148
TM5  NO, p-Br 125 244 600  154-156
TM6 NO,  p-CO,CoHs 15 223 573 158-160
TM7 NO,  p-COH 15 19.3 5.9 208-210
TM8  NO, p-NO, 15 22 60.5  182-184
™9 (I p-CH; 18 244 300  144-146
T™I0 CI H 9 22 68.6  100-102
T™Il  Cl m-Cl 9.5 396 804  122-124
™I2 (I p-Cl 95 411 557 126-128
™13  Cl p-Br 9-11 414 711  139-141
TM14  Cl  p-CO,CoHs 12 207 823 138-140
T™I5 CI p-COH 11 23 502 196-198
™16  Cl p-NO, 18 246 626  146-148
T™17 H p-CH; 32 22 59.9  149-150
T™MI8 H H 26 21 62.7  139-140
™19 H m-Cl 26 20 61.0  129-130
TM20 H p-Cl 26 20 732 152-153
™21 H p-Br 26 20 711 147-149
TM22 H  p-CO,CHs 32 20 85.1  144-145
T™M23 H p-COH 32 20 85.1  208-210
T™M24 H p-NO, 32 24 88.9  157-159
T™M25 H m-NO, 32 17 778 130-131
TM26  CHs H 32 21 73.0  131-132
TM27 CH;, m-Cl 31 18 66.0  134-135
TM28  CHj p-Cl 31 14 60.5  152-153
TM29  CH;, p-Br 31 18 58.8  158-159
TM30 CH; p-CO,CHs 28 21 720  123-125
TM31 CH;  p-COH 28 20 750 199-200
TM32  CH;, p-NO, 28 20 963  143-144
TM33  CH; m-NO, 32 17 778  121-123

2 {RShxt P338 BhIEE LR B AE K RO HDHIE 1%

TR T TMI-TM33 XF P338 JifJR 4 il A= K i 44
SMMHENENE (F 3). £ 1x107* mol- L™ MK E T,
BT AT P338 i 4 e A= K SR MsiE A 78
AR EE A 1x107° mol- L' i, ZHib & YIRILH
S5 PNHIAE A, (2 T™M33 B30 AR SRR 58, ik

60.3%

M H bRt &M S RE, 70T Z 1A 2 5 3
FTREREE R R*AOALE . m RIS (AR FL, B AR
A Xt P338 iR 4 A A= K B 1) 95 P B 5 2% A
BEE e T4 TR AR b iR, B T HUREE R AR
F5 18 1C50<6 pmol-L™' [IAruE, R' A H. NO, & CI [#)
ey, HAYEH SR R' A CH, B4, {H TM33
i

R'=NO, (TM1~TM8) I}, R* £ 5+ A7 bb7E 8] Az A
YNEVELE, W TM4 (p-C1)>TM3 (m-Cl); R 4 H (TM2)
5# CH; (TM1) MIAD)EELF T R? N CO,C,Hs (TM6)
J NO, (TM8) [tk &4, 1 R*=p-COOH (TM7)
AWEYE R, 1C50=5.18 umol-L™',

R'=Cl (TM9~TM16) i, R*7E X7 5 7E [H] AL )
AWREYER Y, 0 TM11 (m-Cl) 1 TM12 (p-Cl)
ICso %3524 5.84 #115.86 umol-L™'; R? 24 H 5{# A%
B 73 (p-COOH, p-NO,) A= W3 1 a4 5 F1,
BEAR R*=p-CO,C,Hs (TM14) 4 W0iE MK

R'=H (TM17~TM25) I}, R* 788 f7 Eb 7 56 7 1)
AWEMEF, 0 TM19 (m-Cl)>TM20 (p-Cl), TM25
(m-NO,) > TM24 (p-NO,); R* 7EXFfir, HUACIE A [H,
HAYEEHEAR, W TM22 (p-CO,C,Hs) > TM21
(p-Br)>TM18 (H)>TM24 (p-NO,)>TM20 (p-Cl)>
TM17 (p-CH;)>TM23 (p-CO,H).

R'=CH; (TM26~TM33) I, A= 43E v 3 i 55 59,
{HiE TM33 (R*=m-NO,) =4k, A EYE i,
1M HAZ 33 MEE YRS, R EE
1x10™° mol-L™" i, HAMH|Z &L 60.3%, ICs K%
0.45 nmol-L™".

3 EYIBAMRMEENITE

29 (A 2 2 R e 2 B R, 250
HAE R S 29t UM oG, ARt A
AR, PRI, Xt 1Cso /N T 5 umol-L™" [ i P4k
&%), £/ Eli Lilly and Company #RAtHiHE T &
Plexus AT T HALM FATTHE, S5 L%E 4. clogP 2
BB K E G bR, clogP {HBA, th &
B K PR GT; i A AP clogP 1E 5~6, YiH]IX
Sefh S WIRR R VER T . tPSA AL AW N A SR T 1
MR, 8 7T TR R 208 B PP F8 AR,
HATIAA tPSA fH <140 B2, AHE T & B w i
AL AW tPSA #B/NT- 80, # A LU (103d it .

LAk, LERA A " (PharmoGo) ) 2 4 1
M# A ADMET Predictor 7.0 Tl 1 =i AL & 20 i



Wit AE EA A O ) 2 A B - 769
Table 2 'HNMR, MS and IR data of compounds TM1-TM16
. IR v,nax/cm"
Compd. H NMR (CDCls, * DMSO-d) MS
N-H C=0
TM1  2.19 (3H, s, -NHC¢H,CHs), 2.41 (3H, s, CHs), 3.48 (2H, d, J = 6.2 Hz, CH,), 5.05 (1H, t, J= 6.2 Hz, CH), 374 [M]" 3397 1 668
6.45 (2H, d, J = 8.4 Hz, Ar-H), 6.92 (2H, d, J = 8.1 Hz, Ar-H), 7.25 (2H, d, J = 7.5 Hz, Ar-H), 7.63 (2H, d,
J=8.8 Hz, Ar-H), 7.80 (2H, d, J = 8.3 Hz, Ar-H), 8.17 (2H, d, J = 8.8 Hz, Ar-H)
TM2 241 (3H, s, CH3), 3.50 (2H, d, /= 6.2 Hz, CH»), 5.09 (1H, t, J= 6.1 Hz, CH), 6.56 (2H, d, J=7.6 Hz, 361 3393 1 668
Ar-H), 6.73 (1H, t, J = 7.3 Hz, Ar-H), 7.09 (2H, d, J = 8.2 Hz, Ar-H), 7.25 2H, d, J= 6.8 Hz, Ar-H), 7.64  [M+H]"
(2H, d, J=8.7 Hz, Ar-H), 7.79 (2H, d, J = 8.2 Hz, Ar-H), 8.18 (2H, d, /= 8.7 Hz, Ar-H)
TM3  2.40 (3H, s, CH3), 3.47 (2H, d, J = 6.1 Hz, CH»), 5.04 (1H, t, J= 6.0 Hz, CH), 6.35-6.40 (1H, m, Ar-H), 395 3396 1672
6.49 (1H, t, J = 4.1 Hz, Ar-H), 6.63—6.68 (1H, m, Ar-H), 6.99 (1H, t, J = 8.0 Hz, Ar-H), 7.24 (2H, d, J = [M+H]"
8.2 Hz, Ar-H), 7.60 (2H, d, J= 8.6 Hz, Ar-H), 7.78 (2H, d, J= 8.3 Hz, Ar-H), 8.18 (2H, d, /=8.8 Hz,
Ar-H)
TM4 2.41 (3H, s, CHs), 3.49 (2H, d, J = 6.0 Hz, CH,), 5.04 (1H, t, J = 6.1 Hz, CH), 6.45 (2H, d, J= 8.5 Hz, 394 [M]° 3396 1672
Ar-H), 7.04 (2H, d, J= 8.5 Hz, Ar-H), 7.25 (2H, d, J=7.9 Hz, Ar-H), 7.61 (2H, d, J = 8.6 Hz, Ar-H), 7.79
(2H, d, J= 8.1 Hz, Ar-H), 8.18 (2H, d, J = 8.4 Hz, Ar-H)
TM5 2.41 (3H, s, CH3), 3.48 (2H, d, J=6.1 Hz, CH»), 5.03 (1H, t, J= 6.0 Hz, CH), 6.39 (2H, d, /= 8.7 Hz, 440 3396 1672
Ar-H), 7.17 H, d, J = 8.6 Hz, Ar-H), 7.25 (2H, d, J = 7.9 Hz, Ar-H), 7.60 (2H, d, J = 8.6 Hz, Ar-H), 7.79  [M+H]"
(2H, d, J= 8.1 Hz, Ar-H), 8.18 (2H, d, J = 8.6 Hz, Ar-H)
TM6 133 (3H, t, J=7.2 Hz, -CH,CHs), 2.42 (3H, 5, CH3), 3.52 (2H, d, J = 5.3 Hz, CH,), 4.23-4.34 2H, m, 432 [M]° 3389 1 690
-OCH»-), 5.17 (1H, t, J = 6.2 Hz, CH), 6.49 (2H, d, J = 8.8 Hz, Ar-H), 7.26 (2H, d, J = 8.2 Hz, Ar-H), 7.61
(2H, d, J = 8.7 Hz, Ar-H), 7.82 (4H, Ar-H), 8.19 (2H, d, J = 8.8 Hz, Ar-H)
TM7* 238 (3H, s, CHs), 3.42 2H, d, J = 4.1 Hz, CH>), 5.22 (1H, s, CH), 6.54 (2H, d, J = 8.6 Hz, Ar-H), 7.12 404 [M]"© 3385 1689
(1H, d, J=7.0 Hz, NH), 7.34 (2H, d, J= 8.0 Hz, Ar-H), 7.60 (2H, d, J= 8.5 Hz, Ar-H), 7.75 2H, d, J =
8.6 Hz, Ar-H), 7.88 (2H, d, J= 8.1 Hz, Ar-H), 8.20 (2H, d, J = 8.5 Hz, Ar-H), 12.01 (1H, s, -COOH)
TM8  2.42 (3H, s, CH3), 3.56 (2H, d, /= 6.3 Hz, CH»), 5.19 (1H, t, J= 5.5 Hz, CH), 6.50 (2H, d, J=9.1 Hz, 406 3381 1682
Ar-H), 7.26 (2H, d, J = 8.1 Hz, Ar-H), 7.60 (2H, d, J = 8.7 Hz, Ar-H), 7.78 (2H, d, J = 8.3 Hz, Ar-H), 8.03  [M+H]"
(2H, d, J=9.2 Hz, Ar-H), 8.21 (2H, d, J = 8.8 Hz, Ar-H)
TM9  2.20 (3H, s, -NHC¢H,CHs), 2.40 (3H, s, CHs), 3.49 (2H, d, J = 6.0 Hz, CH,), 4.92 (1H, t, J= 6.5 Hz, CH), 363 [M]" 3406 1 668
6.54 (2H, d, J = 8.3 Hz, Ar-H), 6.92 (2H, d, J = 8.1 Hz, Ar-H), 7.21-7.28 (4H, m, Ar-H), 7.39 2H, d, J =
8.5 Hz, Ar-H), 7.79 (2H, d, J = 8.3 Hz, Ar-H)
TMI10 243 (3H, s, CHs), 3.55 (2H, d, J = 6.3 Hz, CH,), 4.97 (1H, t, J = 6.4 Hz, CH), 6.47 (2H, d, J= 8.8 Hz, 349 [M]° 3393 1 663
Ar-H), 6.79 (1H, t, J=15.1 Hz, Ar-H), 7.09-7.47 (8H, m, Ar-H), 7.79 (2H, d, J = 8.2 Hz, Ar-H)
TM11  2.42 (3H, s, CHs), 3.42-3.45 (2H, m, CH,), 4.93 (1H, t, J = 6.5 Hz, CH), 6.40—6.44 (1H, m, Ar-H), 6.54 384[M]° 3364 1657
(1H, t, J = 4.2 Hz, Ar-H), 6.64—6.68 (1H, m, Ar-H), 7.00 (1H, t, J = 8.0 Hz, Ar-H), 7.23-7.39 (6H, m,
Ar-H), 7.80 (2H, d, J = 8.2 Hz, Ar-H)
TM12 2.41 (3H, s, CH3), 3.41-3.45 (2H, m, CHy), 4.90 (1H, t, J = 6.6 Hz, CH), 6.48 (2H, t, J = 8.8 Hz, Ar-H), 383 3397 1 665
7.02-7.06 (2H, d, J = 8.8 Hz, Ar-H), 7.23-7.39 (6H, m, Ar-H), 7.79 (2H, d, J = 8.2 Hz, Ar-H) [M-H]
TM13 2.41 (3H, s, CH3), 3.45 (2H, t, J=5.3 Hz, CH»), 4.90 (1H, t, J= 6.5 Hz, CH), 6.43—6.47 (2H, m, Ar-H), 429 3397 1 666
7.15-7.38 (8H, m, Ar-H), 7.78 (2H, d, J = 8.2 Hz, Ar-H) [M+H]"
TM14 133 (3H,t, J=7.1 Hz, -CH,CH3), 2.40 (3H, s, CH;), 3.45 (2H, d, J = 6.0 Hz, CH,), 4.22—-4.33 (2H, m, 21 [M]" 3389 1703
-OCH,-), 5.03 (1H, t, J= 6.1 Hz, CH), 5.32 (1H, br, NH), 6.50 (2H, d, J= 8.5 Hz, Ar-H), 7.22-7.37 (6H,
m, Ar-H), 7.79 (2H, d, J = 8.1 Hz, Ar-H)
TM15% 2.40 (3H, s, CH3), 3.39 (1H, dd, J = 7.8, 16.2 Hz, CH.), 3.44 (1H, dd, J = 4.8, 16.2 Hz, CH,), 4.87—4.91 394 3393 1 666
(1H, m, CH), 6.42 (2H, d, J = 8.6 Hz, Ar-H), 7.16 (2H, d, J = 8.8 Hz, Ar-H), 7.24 (2H, d, J = 8.0 Hz, [M+H]"
Ar-H), 7.28 (2H, d, J = 8.4 Hz, Ar-H), 7.34 2H, d, J = 8.3 Hz, Ar-H), 7.78 (2H, d, J = 8.1 Hz, Ar-H)
TM16 2.41 (3H, s, CH3), 3.49 (2H, d, J = 6.0 Hz, CH»), 5.05 (1H, t, J= 5.8 Hz, CH), 6.51 (2H, d, J=9.1 Hz, 394[M]T 3364 1684

Ar-H), 7.24-7.33 (6H, m, Ar-H), 7.78 (2H, d, J= 8.1 Hz, Ar-H), 8.01 (2H, d, J =9.0 Hz, Ar-H)
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Table 3 Inhibition of compounds TM1-TM33 against P388 cancer cell line
Inhibition at the given concentration (mol -L™") /% ICso/ Inhibition at the given concentration (mol -L™") /% ICso/
o T 107 bx10® x0T teao® mmolL | O e 10 k107 1x10 MmolL”
T™1 99.1 40.6 4.1 32 10.3 3.97 T™M18 96.6 14.5 1.6 0 0 6.52
™2 98.4 16.1 14.1 11.8 18.1 3.47 ™19 97.9 5.4 14.5 0.9 0.7 5.56
™3 99.9 13.9 0 0 0 5.86 T™M20 93.9 8.3 1.3 0 0 7.11
T™M4 98.6 30.4 9.1 9.5 0 491 T™M21 91.1 27.2 249 6.3 2.3 5.82
TMS5 96.6 41.1 2.8 0 0 5.30 T™22 95.9 9.5 12.7 9.6 1.8 5.40
TM6 58.8 21.8 21.1 8.6 4.6 62.07 TM23 78.1 0 0 0 0 12.60
™7 100.0 16.8 6.0 4.2 2.7 5.18 T™M24 83.8 30.5 24.1 16.4 6.2 6.67
T™M8 55.9 11.6 9.4 0 0 94.03 TM25 97.7 15.5 12.8 6.9 4.8 5.02
T™M9 96.6 7.4 11.8 2.5 0 5.96 TM26 84.1 3.0 0 0 0 10.05
TM10 100.0 19.0 10.1 53 4.8 4.80 ™27 15.7 12.5 20.2 4.8 2.5 >100
™11 99.4 21.7 0 0 0 5.84 TM28 73.7 16.4 0 0 0 19.27
™12 99.4 16.1 4.4 0 0 5.86 T™M29 74.6 6.7 16.2 2.6 0 15.35
T™13 98.2 14.0 11.1 0 0 5.89 TM30 28.0 12.9 5.6 0.9 0.1 >100
T™14 70.5 10.9 3.7 0 0 23.49 TM31 90.9 6.3 6.6 0 0 7.73
T™M15 99.0 219 11.4 7.1 4.4 4.82 T™M32 59.3 329 6.8 0 0 50.59
T™M16 97.4 42.0 14.4 0 0 4.76 TM33 97.9 96.5 90.2 85.2 60.3 0.000 45
T™17 85.0 31.2 2.5 0.5 0.4 9.45
Table 4 Physicochemical properties and toxicity prediction data. *OM: Omacetaxine mepesuccinate
Compd. clogP {PSA hERG/mol'L”!  RAT/mg-kg ' /rf;]’éf_a}l ?jg“_’[k‘gff’_‘é?? MUT-Risk  TOX-Risk
T™1 5.67 72.24 5.45 2 049 24 121 1 2
™2 5.15 72.24 5.64 1990 41 87 1 2
T™M4 5.76 72.24 5.83 1 845 46 141 1 3
TM10 5.82 29.10 5.61 2 000 50 94 0 3
T™M15 5.47 66.40 5.38 394 190 369 0 2
T™M16 5.76 72.24 5.58 2156 30 139 1 3
TM33 5.67 72.24 5.64 2 069 43 73 0 3
Ibrutinib 3.63 99.16 5.25 789 7 11 0 3
Idelalisib 3.32 99.16 5.11 1 054 101 47 0 2
Venetoclax 6.76 172.03 6.19 114 149 574 2 3
Radotinib 4.48 108.29 5.64 1614 1 22 1 5
OM* 1.88 123.99 5.00 498 3 134 0 2
Ponatinib 4.97 65.77 5.39 663 3 9 0 4
Bosutinib 4.09 82.88 6.14 796 14 28 3 5

T KL 825, TOX-Risk<3, mndtEib&yt
FEE BRI HARMIE, HETE4PH T
Y51, ASHIEFE 0w VAL & i B P T RESE /1
4 g

ARG T 33 DXTHIER O, 05 &%
HN75 75 ) Mannich By AE409% MR R I, TM33
WEPERRIE, ICso 18% 0.45 nmol-L™"; F VT &%,
TM33 L2 4 Bl 25 B EAK . Rk, TM33 AT {E N
BV R S A — DA

LI ER Y
AT SIS A RHER S5 A UL A A6, o8 AR B8R

CP. PK-60000FT-IR 1% (3 Mattson 2 ] i, KBr
JEF); ACE-200 ¥ 3E4R4L (Bruker, USA; TMS A
P FR); ESIFRHEAL (1946B, Agilent); FELHKE &S0 5E 1Y
(EEA, RERIE).
1 BfH4E4 TM1~TM33 B4 R
TR AT FZ (0.1 mol). 75 &
(0.1 mol). /K ZEE 150 mL, FEHFE 10 min )5,
RN F K 28 (0.1 mol) FMEAL &I HCL, 48
JE TR B . TLC Wl g5l 5, #
SRR HIS R, AT B 0 A, I TR K RS
W FTAREAETE T 180 mL 95% LEEH, =IBiEE
1.5 h, HMIF NaHCO; H AR 20k, s, HD



Wit AE EA A O ) 2 A B
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HIK QBT GIEDE, M E /KB EHER (M
FALL 10 1) EE 8, 19204000,
2 AR —EME MTT) EFEE

UG HE KA, RS LIk AT 96 fL
BRI, 9L 100 pL, ByrAEK4ui (P338) At s
BRI A Y. R 10 uL (B A PR
T RPMI1640 B: 72 M R 2 AT T i 1S, RN %
3 ANATAL, IRV AN N2 T N SRR B IR VR e
S 2 9 O B A o R L, [ B DR e o R 24 4 ¥ ST
—HPHVEX R N2 54 E 37 T\ 5% CO, K5 3748
I E 24~48 h J5, I MTT 20 pL, 4k4:559% 4 h,
BB _EEW, N 150 pL DMSO, #&¥% 10 min,
FHBERR I 2 570/630 nm WK WCE (4) H, LA
Excel Forecast B £ 15 1Cso {H -

B R AR B TR AT A R RS R
BESCHREANFE B, b I R0 2 977 226 A0 78 v PR K D T B it
H.
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