Y@ RP RS oy

412 Journal of China Pharmaceutical University 2016,47(4) :412 —421

~

- L

BR2,5-THREMTEYRIZIT . R R AR SEHYE
wOBTCEAEETRC AET
(o IERRABEREBIIR, M 510301, BB k% I3t 100049)

W E OANN-ZTERAL,5-Z RS AR A ROR T B e S A RAL, & AT E 21 AR AR 2,5-=
BRIk AT A 4 (2a ~2u) 3L 25492 H NMR.”C NMR f= HRMS #4E, KA CCK8 An4 X T B ARAL A4 3 10 Akt 7 40
HL(K562, U937 , MOLT-4 , HL60 , Hela, DU145 , MCF-7 , A549 ,SGC-7901 #= H1975) ¢4 4k shFp sl %1, £ R £ 9. B AR{L o4
2a,2d,2e,2f,2g,2h 2k Fe 2t 3 B 7 T RIAF6 7 g0 i A E v, P AL A4 2t 37 U937 Hela A= DU145 2m it 64 2 £k 47 )
B (1Cs)) £ #1 4 0.2.0.5 #=2 0. 7 wmol/L, FAF A ik 72 649 F M I 7 14 56 AL - 1B AT 3 — F IRANBF AT
KA 2,5- T EAVRBAT A ARG AR A E L
HESEE R4 5 XEFRER A XEHE 1000 —5048(2016)04 - 0412 - 10

doi:10. 11665/j. issn. 1000 —5048. 20160405

BIRAARX % F,BHR,EER,F. AR25-ZRRET AN A REmIEEER]]]. 7B HA K FFIR,2016,47(4) 412 —421.
Cite this article as: TANG Yong, LIAO Shengrong, LI Jinsheng, et al. Design, synthesis and cytotoxic activities of fluorine-containing 2, 5-dike-
topiperazine derivatives[ J].J China Pharm Univ,2016,47(4) :412 —421.

Design, synthesis and cytotoxic activities of fluorine-containing 2, 5-dike-

topiperazine derivatives

TANG Yong"?, LIAO Shengrong', LI Jinsheng"?, LIU Yonghong'*

"South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301;
? University of Chinese Academy of Sciences, Beijing 100049, China

Abstract Twenty-one novel fluorine-containing 2, 5-diketopiperazine derivatives (2a-2u) were synthesized by
using N, N-diacetyl-2, 5-diketopiperazine, allylbromide, 2-fluorobenzaldehyde and other aromatic aldehydes. The
structures were characterized by 'H NMR, " C NMR, and HRMS. The cytotoxicities were evaluated against ten
human tumour cell lines ( K562, U937, MOLT4, HL60, Hel.a, DU145, MCF-7, A549, SGC-7901, H1975) by
using CCK8 assay. Results showed that compounds 2a, 2d, 2e, 2f, 2g, 2h, 2k, and 2t showed significant cytotoxicity
against U937 (1C, =0.2 pmol/L), Hela (ICs, =0.5 pumol/L), and DU145(1C,, =0.7 wmol/L), respectively.

Compound 2t could become a lead compound for further development for anticancer agents.
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Figure 1 Structures of 2 ,5-diketopiperazine and its derivatives
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Scheme 1  Synthesis of the fluorine-containing 2 ,5-diketopiperazine derivatives
Reagents and conditions:a) allylbromide and 2-fluorobenzaldehyde,Cs, CO; ,DMF,r. t. ,8 h;b) aromatic aldehydes,Cs,CO;,DMF r. t. ,3 h
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F P ET bR E 7 744k .
2.2 LA R
2.2.1 FEAK(Z)-1-T B E3-(2-FF L) 44
A2, 5-ZBAvkE (e 1) s m

12 10 mL SR AR A N, N-— £ T Jk-
2,5-"FiWR I 50 mg(0. 25 mmol,1. 0 equiv. ), 2[5
RHEE (0. 63 mmol,2.5 equiv. ), KN EER (0. 63
mmol ,2. 5 equiv. ) F1 Cs,CO; (205 mg,0. 63 mmol,
2.5 equiv. ), ZRJ5 i A DMF 2 mL, 7£ % i 46
JO 8 h(TLC BREE) o [ 58 B finzK 50 mL, F
i HC1 9 pH 2|5 ~6, H 4R MR (3 x 15 mL) %
WOKJZ , G2 BOR , FTC/K BREREN T , HEZ5 BRI
G ERAR Y AAER (200 ~300 H ) A €38 (7 il -
LR Mg, 8: 1) 4 fb 15 % 4 [# K (52.7 mg,
69.8% ), mp: 115 ~ 117 °C; '"H NMR(500 MHz,
CDCl,) 6:7.42 ~7.38(1H, m,Ar-H) ,7.31 ~7.29
(2H,m,Ar-H, =C-H),7.20(1H,t,J =7.5 Hz, Ar-
H),7.13 (1H,t,J =10.0 Hz, Ar-H),5.54 ~ 5.46
(1H,m, =C-H),5.03(1H,d,J =10.0 Hz, =C-H) ,
4.71(1H,d,J =15.0 Hz, = C-H),4.53 (2H, s,
CH,) ,4.06(2H,d,J =10.0 Hz,CH,) ,2.63(3H,s,
CH,);"” C NMR (125 MHz, CDCl, ) &: 171.50,
164.60, 163.96, 160.39 (d, J,, = 251.25 Hz),
131.77(d, J,c =8.75 Hz) ,131.30,130.99,130. 54
(d, Jyc =2.5 Hz),124.46 (d, J,. = 3.75 Hz),
121.25(d, J,o =15.0 Hz),119.23 (d, J,. = 1.25
Hz),119.18,116. 19 (d, J,. =21.25 Hz),46. 14,
45.38,26.90; ESI-HRMS ( m/z) : 325.095 9 [ M +
Na] ™,
2.2.2  BARMLAY 2a ~2u 9 ARk 76 10 mL
FNE A OO A P A (Z) -1- 2 P FE-3- (2-38
R 4-JE P EE-2,5- IR % 50 mg (0. 17 mmol,
1.0 equiv. ), /A [6] B 557 & B (0.20 mmol, 1.2
equiv. ) il Cs,CO, (85 mg,0. 26 mmol, 1.5 equiv. ),
SRIG A DMF 2 mL, 72 %3 T i FE S i 3 h(TLC
BRER) o FONE ZE LR oK 50 mL, i #& HCL & pH
#5~6, KIZH LR OHE(3 x 15 mL) ZEHL, 77
IO, FITC/K B R Bk T 44, e 28 BRI R 5 T am )
R kLl T HAnfb &4 2a ~ 2u,

(3Z,67)-1-% & H-3-F L-6-(2-#F X)-2,
5-Z Bk (L&4h 2a) B AEK(25.9 mg,
43.7% ), mp: 59 ~ 61 C;' H NMR (500 MHz,

CDCl,) 6:8.06(1H,s,N-H) ,7.47 ~7.45(1H, m,
Ar-H),7.44 ~7.41 (3H, m, Ar-H),7.39 ~ 7.35
(2H,m,Ar-H) ,7.30 ~7.27 (1H, m, Ar-H) ,7. 23
(1H,s, =C-H),7.19 (1H,t,J =7.5 Hz, Ar-H) ,
7.14 ~7.08 (2H, m, Ar-H, = C-H),5.57 ~5.50
(1H,m, =C-H),5.03 (1H,dd, J=10.0,1.0 Hz,
=C-H),4.75(1H,dd, J =20.0,1.0 Hz, =C-H),
4.28(2H,d,J=5.0 Hz,CH,) ;°C NMR (125 MHz,
CDCly) §:160.23 (d, Jy. =250.0 Hz), 159.53,
159.20,133.00,131. 31, 131.03,130.98 (d, J,. =
1.25 Hz), 130.90 (d, J,. = 1.25 Hz), 129.60,
129.08, 128. 66, 125.92, 124.16 (d, J.. = 3.75
Hz),122.32(d, J,. =15.0 Hz),118.47,118. 13,
115.99 (d, Ju. =21.25 Hz), 114.91,47.51; ESI-
HRMS(m/z) :371.116 6[M + Na] *
(372,67)-1-% /& J-3-(2-F JF L) -6-(2-
FL)-2,5-= @k (/LA 4 2b) B [E A
(18.4 mg,29.9% ), mp:49 ~51 °C;'H NMR (500
MHz, CDCLy) §:7.95 (1H,s, N-H),7.37 ~7.32
(2H, m, Ar-H) ,7.29 ~7.27 (4H, m, Ar-H) , 7. 23
(1H,s, =C-H),7.19(1H,t,J =7.5 Hz, Ar-H),
7.14(1H,s, = C-H),7.12(1H,t,J =9.0 Hz, Ar-
H),5.58 ~5.50(1H,m, =C-H),5.03(1H,d,J =
10.0 Hz, =C-H) ,4.74(1H,d,J =15.0 Hz, = C-
H),4.30(2H,d,J =10.0 Hz,CH,),2.34(3H,s,
CH,);"®C NMR (125 MHz, CDCl,) §:160.21 (d,
Jye =250.0 Hz) ,159.44,159.03,137. 84, 131.73,
131.34, 131.23, 130.98, 130.92 (d, J,. = 10.0
Hz), 129.95, 129.17, 127.77, 126.73, 126.29,
124.12(d, J,c =3.75 Hz),122.40 (d, J,. = 15.0
Hz),118.45,117.52,115.96 (d, J,. =10.0 Hz),
114. 83 ,47. 45 ,20. 16 ; ESI-HRMS ( m/z) :385. 132 3
[M+Na] ",
(3Z,67)-1-% % 3-3-(3-F A& F L) -6-(2-
FR)2,5-—EA% % (LA 2¢) B E K
(22.4 mg,36.4% ), mp:110 ~ 112 C;'H NMR
(500 MHz, CDCl,) §:8.16 (1H,s, N-H) ,7.38 ~
7.32(2H, m, Ar-H) ,7.28 (1H,t,J =5.0 Hz, Ar-
H),7.23 ~7.22 (3H, m, Ar-H, = C-H),7.20 ~
7.17(2H, m, Ar-H) ,7.12 (1H,t,J =9.0 Hz, Ar-
H),7.07(1H,s, =C-H) ,5.57 ~5.49(1H,m, = C-
H),5.02(1H,dd,J =15.0,5.0 Hz, =C-H) ,4.74
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(1H,dd,J =15.0,1.5 Hz, =C-H) ,4.28 (2H, d,
J=5.0 Hz,CH,) ,2.39(3H,s,CH,) ;°C NMR(125
MHz, CDCl; ) &:160.22 (d, J,. = 248.75 Hz),
159. 56, 159. 24, 139.37,132. 93, 131. 33, 130. 98,
130.91, 130. 89, 130. 87, 130. 09, 129. 90, 129. 44 ,
129.23,125.75,124. 14 (d, J,. =2.5 Hz),122.34
(d,Jee =13.75 Hz) ,118.42(d, J,. =3.75 Hz),
115.96(d, J,. =21.25 Hz) ,114.75,47.47,21.59;
ESI-HRMS(m/z) :385. 132 3[M +Na] *
(37,67)-1-% 7 J-3-(4-F 2L F X)-6-(2-
F)2,5-Z kR (a4 2d) B E K
(24.3 mg,39.5% ), mp:54 ~56 °C;'H NMR (500
MHz, CDCl, ) §:8.13 (1H,s,N-H),7.39 ~7.32
(3H,m, Ar-H),7.30 ~7.28 (2H, m, Ar-H, = C-
H),7.24 ~7.22(2H, m,Ar-H) ,7.20 ~7. 17 (1H,
m,Ar-H) ,7.13 ~7.10(1H,m,Ar-H) ,7.07 (1H,s,
=C-H),5.57 ~5.49(1H, m, =C-H),5.02(1H,
dd,/ =10.0,1.0 Hz, =C-H) ,4.74 (1H,dd, J =
15.0,1.0 Hz, = C-H),4.28 (2H,d, J =5.0 Hgz,
CH,),2.38 (3H, s, CH,);"” C NMR ( 125 MHz,
CDCL) 6:160.10 (d, J,. =250.0 Hz), 159.57,
159. 26, 139. 26, 131. 24, 130. 87, 130. 79, 130. 14,
130.0, 129.93, 129. 40, 128.58, 127.81, 125.13,
124.05,118.38 (d, J,. = 16.25 Hz), 115.84 (d,
Jee =21.25 Hz) , 114. 64 /47.37,21. 40 ; ESI-HRMS
(m/z):385.132 3[M +Na] *,
(32,67)-1-% W 2-3-(2-5F L) -6-(2-#F
)-2,5-—EAvk % (b4 2e) B AE A (20.4
mg,32.8% ), mp:60 ~62 C;'H NMR (500 MHz,
CDCl,) §:8.05(1H,s,N-H),7.43 ~7.35(3H, m,
Ar-H),7.29 ~7.28 (1H, m, Ar-H) ,7.23 (1H, s,
=C-H),7.21 ~7.10(4H, m, Ar-H) ,7.06 (1H, s,
=C-H),5.58 ~5.50(1H,m, =C-H) ,5.03(1H,d,
J=10.0 Hz, = C-H),4.74 (1H,d, J = 15.0 Hz,
=C-H) ,4.28 (2H,d,J =5.0 Hz,CH,) ;" C NMR
(125 MHz,CDCL, ) §:160.21(d, J,. =250.0 Hz),
160.02 (d, J,. = 248.75 Hz), 159.46, 158.85,
131.24,131.05(d, J,c =5.0 Hz) ,130.99(d, J,. =
5.0 Hz),130.90 (d, Ji. = 1.25 Hz),130.18 (d,
Jee =3.75 Hz), 129.83,127.23,125.06 (d, J,. =
3.75 Hz) ,124.17 (d, J;c =3.75 Hz),122.26 (d,
Jwe=13.75 Hz), 120.66 (d, J,. = 13.75 Hz),

118.56,116.71(d,J,. =22.5 Hz) ,115.98(d, J, =
21.25 Hz),115.23,111.40,47. 56 ; ESI-HRMS ( m/
z):389.107 2[M +Na] *,
(3Z,67)-1-% % 2&-3-(3-5.F L) -6-(2-#F
X)-2,5-=Avkk (b4 2f)  BEREK(19.6
mg,31.5% ), mp:65 ~67 C;'H NMR (500 MHz,
CDCl,) 6:8.19(1H,s,N-H) ,7.44 ~7.35(2H, m,
Ar-H),7.29 ~7.28 (1H, m, Ar-H) ,7.22 (1H, s,
=C-H),7.20 ~7.17 (2H, m, Ar-H) ,7. 14 ~7.10
(2H, m, Ar-H) ,7.08 ~7.06 (1H, m, Ar-H) , 7. 03
(1H,s, =C-H),5.57 ~5.49(1H,m, =C-H) ,5. 03
(1H,d,J=10.0 Hz, =C-H) ,4.74(1H,d,J =15.0
Hz, = C-H),4.28 (2H, d, J = 5.0 Hz, CH, );
“C NMR (125 MHz, CDCL,) 8:163.16 (d, Jy =
246.25 Hz) ,160.09 (d, J,, =250.0 Hz),159.06,
158.82,134.95(d, J. =7.5 Hz),131.10,131. 07,
131. 03, 130.95, 130.76, 129.70, 126. 58, 124. 18
(d, Jyc =22.5 Hz), 118.47, 116.61, 115.98,
115.81,115.67,115.49,115.20,47. 43 ; ESI-HRMS
(m/z):389.107 2[M + Na] ",
(32,67)-1-F " J-3-(4-5F L) -6-(2-8F
)-2,5-—EAv%kA (b 2g)  BEEAR(22.8
mg,36.6% ), mp:69 ~71 °C;'H NMR (500 MHz,
CDCL,) §:8.15(1H,s,N-H),7.44 ~7.41 (2H, m,
Ar-H) ,7.38 ~7.36(1H,m,Ar-H) ,7.29 ~7.28 (1H,
m,Ar-H),7.22(1H,s, =C-H),7.20 ~7. 19 (1H, m,
Ar-H) ,7.17 ~7.10 (3H, m, Ar-H) , 7.05 (1H, s,
=C-H),5.55 ~5.50 (1H, m, = C-H) ,5.03(1H,d,
J=10.0 Hz, =C-H) ,4.74(1H,d,J =15.0 Hz, = C-
H),4.26 (2H,d, J=5.0 Hz, CH,);"” C NMR (125
MHz,CDCL, ) §:162.77(d, J,. =250.0 Hz) , 160. 21
(d,J,. =250.0 Hz),159.83,159. 17,131.25,131. 02
(d,Jp =3.75 Hz) ,130.87(d, J,. =2.5 Hz) ,130.75,
130. 68,129.93,129.0 (d, J,. =3.75 Hz),125.79,
124.20(d, J,. =3.75 Hz),122.20 (d, J,. =11.25
Hz),118.53,117.28,116.79,116.61,116.0(d, J,. =
21.25 Hz),115. 13 ,47. 51 ; ESI-HRMS (m/z) :389. 107
2[M+Na] ",
(32,67)-1-% & 2-3-(2-8.F ) -6-(2-#.F
X)2,5-=EAv%k % (44 2h)  EOEA(21.5
mg, 33.1% ), mp: 110 ~ 112 °C;'H NMR ( 500
MHz; CDCL,) §:7.99 (1H,s, N-H),7.50 ~ 7.49
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(1H,m,Ar-H) ,7.45 ~7.43(1H, m,Ar-H) ,7.39 ~
7.32(3H,m,Ar-H) ,7.30 ~7.28 (1H, m, Ar-H) ,
7.22(1H,s, =C-H),7.20 ~7.19(1H, m, Ar-H) ,
7.17(1H,s, =C-H),7.14 ~7.10(1H, m, Ar-H) ,
5.58 ~5.50(1H, m, =C-H) ,5.03(1H,d,J =10.0
Hz,=C-H),4.74 (1H,d,J =20.0 Hz, = C-H),
4.30(2H,d,J=5.0 Hz,CH,) ;”C NMR (125 MHz,
CDCly) 8:160.21 (d, J,. =250.0 Hz), 159.50,
158.67,134.62,131.43,131.22,131. 08, 131. 02,
130.90 (d, J,. = 1.25 Hz), 130.72, 130.25,
129.72,129. 34, 127.55,127.20,124. 15 (d, J,. =
3.75 Hz), 122.27 (d, Jyc = 15.0 Hz), 118.61,
115.98(d, Jo. =21.25 Hz) ,115.14(d, J,. =23.75
Hz), 47.50; ESI-HRMS ( m/z) :405.077 7[ M +
Na]",
(32,67)-1-% % #-3-(3-FF L) -6-(2-#F
X)-2,5-=fAvkde (b4 21)  HEEAEAR(19.6
mg,30.2% )., mp:85 ~87 °C;'H NMR (500 MHz,
CDCL,) 6:8.32(1H,s,N-H),7.41 ~7.37(3H,m,
Ar-H),7.34 ~7.28 (3H, m, Ar-H) ,7.23 (1H, s,
=C-H),7.19 (1H,t,J = 10.0 Hz, Ar-H), 7. 12
(1H,t,J =9.0 Hz, Ar-H) ,7.02 (1H,s, = C-H),
5.57 ~5.49(1H,m, =C-H) ,5.03(1H,d,J =10.0
Hz,=C-H),4.74 (1H,d,J =15.0 Hz, = C-H),
4.28(2H,d,J=5.0 Hz,CH,) ;”C NMR (125 MHz,
CDCL) 6:160.21 (d, J,. =250.0 Hz), 159.94,
158.91, 135.50, 134.74, 131. 17, 131. 10, 130. 88
(d, Jyc = 1.25 Hz), 130.74, 129.82, 129.07,
128.73, 126. 83, 126.77, 124.22 (d, J,. = 3.75
Hz),122.16 (d, J;c = 15.0 Hz),118.61,116.73,
116.02(d, J,. =21.25 Hz), 115.43,47.55; ESI-
HRMS(m/z) :405.077 7[M +Na] *
(32,67)-1-% / J-3-(4-2F L) -6-(2-8F
X)-2,5-=EAv%k% (A4 2§) B E AR (20.5
mg, 31.6% ), mp: 135 ~ 137 °C;'H NMR ( 500
MHz, CDCL, ) §:8.27 (1H, s, N-H),7.43 ~7.35
(5H, m,Ar-H),7.30 ~7.28 (1H, m, Ar-H) ,7.22
(1H,s, =C-H),7.20 ~7.17(1H, m, Ar-H) ,7. 14
~7.10(1H, m,Ar-H) ,7.03(1H,s, =C-H) ,5.57
~5.49(1H,m, =C-H),5.03(1H,d,J =10.0 Hz,
=C-H),4.74(1H,d, J=15.0 Hz, = C-H),4.27
(2H,d, J =10.0 Hz, CH,); "C NMR(125 MHz,

CDCly) &:160.21 (d, J,. =250.0 Hz), 159.88,
159.04,134.92,131.39,131.21,131.09(d, J,. =7.5
Hz), 130.88 (d, J,. = 1.25 Hz), 130.10, 129. 74,
128.94,126.24,124.19 (d, J,c =3.75 Hz),122.18
(d, Jye =13.75 Hz),118.57,117.00 (d, J,. =2.5
Hz) ,116.00(d, J,. =21.25 Hz) ,115.22,47. 51 ; ESI-
HRMS(m/z) :405.077 7[M +Na] ",

(32,6Z)-1-% W A&-3-(2-3 F L) -6-(2-7.F
L)-2,5-=EAv%k% (b 2k) B R (20. 1
mg,27.7% ), mp:83 ~85 °C;'H NMR (500 MHz,
CDCL,) 6:7.93(1H,s,N-H) ,7.69(1H,d,J =10.0
Hz,Ar-H) ,7.42 ~7.35(3H,m,Ar-H) ,7. 30 ~7. 28
(1H,m, Ar-H),7.24 ~7.18 (3H, m, Ar-H, = C-
H),7.14 ~7.10 (2H, m, Ar-H, = C-H),5.57 ~
5.50(1H,m, =C-H),5.03(1H,d,/J =10.0 Hz, =
C-H),4.74(1H,d,J =20.0 Hz, =C-H) ,4. 30(2H,
d,J=5.0 Hz,CH,) ;" C NMR (125 MHz,CDCL,) §:
160.21 (d, J,. = 250.0 Hz), 159.45, 158.64,
133.95,133.29,131.22,131.05(d, J,. =7.5 Hz),
130.92, 130. 42, 129. 71, 129. 43, 128. 18, 127. 00,
124.74 ,124.15(d, Jyc =2.5 Hz) ,122.29(d, Jy =
15.0 Hz),118.62,117.21,115.98 (d, J,, =21.25
Hz),115.22,47.49; ESI-HRMS ( m/z) : 449. 027 1
[M+Na] ",

(372,67)-1-% # H-3-(3-38F L) -6-(2-#.F
L)-2,5-=EAv%k A (Lo 2l)  HAEAKR(2].4
mg,29.6% ), mp:85 ~87 C;'H NMR (500 MHz,
CDCL,) 6:8.21(1H,s,N-H),7.57(1H,s,Ar-H) ,
7.48(1H,d,J=10.0 Hz,Ar-H) ,7.38 ~7.35(2H,
m,Ar-H) ,7.33 ~7.28(2H,m,Ar-H) ,7. 21 (1H,3s,
=C-H),7.19 ~7.18 (1H, m, Ar-H) ,7. 14 ~ 7. 11
(1H,m,Ar-H),7.01 (1H,s, =C-H),5.55 ~5.49
(1H,m, =C-H),5.03(1H,d,J =10.0 Hz, =C-H) ,
4.74(1H,d,J =15.0 Hz, =C-H) ,4.28 (2H,d, J =
5.0 Hz,CH,) ;”C NMR (125 MHz,CDCI,) §:160. 21
(d,Jy =250.0 Hz),159.70,158. 86,135.10,131. 97,
131.55,131.19,131.10(d, J,. =8.75 Hz),130.99,
130.88(d, J,. =2.5 Hz),129.81,127.20, 126. 87,
124.21(d, J,c =2.5 Hz),123.65,122.18 (d, J,. =
15.0 Hz), 118.59, 116.37,116.02 (d, J,. = 21.25
Hz), 115.36, 47.54; ESI-HRMS (m/z) ; 449.027 1
[M+Na]*,
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(3Z,67)-1-% % 3&-3-(4-i% F L) -6-(2-#F
X)-2,5-=EAv%k% (b4 2m)  EAFEK(27.5
mg, 38.0% ), mp: 150 ~ 152 °C;'H NMR ( 500
MHz;CDCl,) §:8.12(1H,s,N-H) ,7.58(2H,d,J =
10.0 Hz,Ar-H) ,7.38 ~7.35(1H, m, Ar-H) ,7. 31
(2H,d,J =10.0 Hz, Ar-H) ,7.28 ~7.27 (1H, m,
Ar-H),7.21(1H,s, =C-H),7.20 ~7.17(1H, m,
Ar-H),7.12(1H,t,J =10.0 Hz,Ar-H) ,7.0( 1H,s,
=C-H),5.55~5.50(1H, m, =C-H) ,5.03 (1H,
dd,J =10.0,1.0 Hz, =C-H) ,4.74 (1H,dd, J =
15.0,5.0 Hz, = C-H),4.27 (2H,d, J=10.0 Hz,
CH,);"”C NMR (125 MHz, CDCl,) §:160.21 (d,
Jre =250.0 Hz),159.63,158.99,132.75,131. 88,
131.21,131.08(d, J,. =8.75 Hz) ,130.89(d, J,, =
2.5 Hz),130.26,129.89,126.32,124.20 (d, J,. =
3.75 Hz), 123.13,122.20 (d, J,. = 11.25 Hz),
118.57,116.77,116.0(d, J,. =21.25 Hz),115.22,
47.52;ESI-HRMS (m/z) :449. 027 1[M +Na] *

(3Z,6Z)-1-% d #£-3-(2,3-= 4.5 X)-6-(2-
AFX)-2,5-= 8%k % (b4 2n) 0K
(29.1 mg,41.2% ), mp:101 ~ 103 °C;'H NMR
(500 MHz,CDCl,) §:8. 18(1H,s,N-H) ,7.48(2H,
d,J=10.0 Hz,Ar-H),7.39 ~7.34(2H, m,Ar-H) ,
7.30 ~7.27(2H,m,Ar-H) ,7.21 ~7. 18 (2H, m, Ar-
H,=C-H),7.15(1H,s, =C-H),7.13 ~7. 11 (1H,
m,Ar-H) ,5.58 ~5.50(1H,m, =C-H),5.04(1H,
d,J=10.0 Hz, =C-H) ,4.74(1H,d,J =15.0 Hz,
=C-H),4.30(2H,d,J =5.0 Hz,CH,);"”C NMR
(125 MHz,CDCL,) §:160.21(d, J,. =248.75 Hz) ,
159.62,158.47,134.73,133. 63, 132.90, 131. 18,
131.14,131.12,130.91(d, J,. =2.5 Hz),130. 82,
129.56,128.00, 127.72,127.55,124.20 (d, J;. =
3.75 Hz),122.20 (d, J,, = 13.75 Hz), 118.71,
116.02 (d, J,. = 21.25 Hz), 115.53, 114.72,
47.55;ESI-HRMS (m/z) :439. 038 7[M +Na] * .

(3Z,67)-1-% & #%£-3-(3,4-=—Z.F X)-6-(2-
RFL)-2,5- =89k % (o4 20) B @AREK
(31.7 mg,44.8% ), mp:122 ~ 124 °C;'H NMR
(500 MHz,CDCI;) §:8. 12(1H,s,N-H) ,7.86(1H,
d,J=5.0 Hz,Ar-H) ,7.56 ~7.55(1H, m, Ar-H) ,
7.51(1H,d,J =10.0 Hz,Ar-H) ,7.40 ~7.36(1H,
m,Ar-H) ,7.30 ~7.27(1H,m,Ar-H) ,7. 23 (1H,s,

=C-H),7.20(1H,t,J =5.0 Hz,Ar-H) ,7. 13(1H,
t,/=10.0 Hz,Ar-H) ,7.00(1H,s, =C-H) ,5.57 ~
5.49(1H,m, = C-H),5.04 (1H,d, J = 10.0 Hz,
=C-H),4.75(1H,d,J =20.0 Hz, = C-H),4.28
(2H,d, J =5.0 Hz, CH,);"” C NMR (125 MHz,
CDCL,) 3:168.78,160.23 (d, J,. =250.0 Hz),
158.80, 138.44, 133.73, 133.14 (d, J,. = 16.25
Hz), 132.86, 132.17, 131.35, 131.10, 130. 89,
130.79, 130.65, 129.54 (d, J,. = 23.75 Hz),
129.28, 128. 17, 126.97, 124.25 (d, J,. = 3.75
Hz),118.73,116.13,115.88 (d, J,. =22.5 Hz),
47.55;ESI-HRMS (m/z) :439. 038 7[M +Na] *
(32,67)-1-%% A £-3-(3,5-= & F X)-6-(2-
AT X)-2,5-Z %% (LE4 2p) B REIK
(32.2 mg,45.5% ), mp: 133 ~ 135 C;'H NMR
(500 MHz, CDCl,) §:7.94 (2H, s, N-H, Ar-H) ,
7.59(1H, s, Ar-H) ,7.41 ~7.36 (2H, m, Ar-H) ,
7.32(1H,s, =C-H),7.30 ~7.27 (1H, m, Ar-H) ,
7.22 ~7.19(1H,m,Ar-H) ,7. 15 ~7. 12(1H,m, Ar-
H),6.99(1H,s, =C-H),5.57 ~5.49(1H,m, =C-
H),5.05(1H,d,J=10.0 Hz, = C-H),4.75(1H,
d,J=15.0 Hz, =C-H) ,4.28(2H,d,J =5.0 Hz,
CH,);" C NMR (125 MHz, CDClL, ) &: 160.72,
160.10(d, J,. =250.0 Hz),158.50,135.95,135.40,
133.49,131. 18 (d, J,. =8.75 Hz),130.91,130. 74,
128.78,128.56,127.07,124.15 (d, J,. =2.5 Hz),
118.67,116.04, 115.93, 115.87, 115. 83, 47. 46;
ESI-HRMS(m/z) :439.038 7[M + Na] *
(3Z,67)-1-% & J-3-(2-F £ F L) -6-(2-
RFX)2,5-ZBAv%kh (&9 2q)  HEFEK
(24.4 mg,37.9% ), mp:57 ~59 °C;'H NMR (500
MHz, CDCL,) §:8.62 (1H,s, N-H),7.38 ~7.32
(3H,m,Ar-H) ,7.28 ~7.27(1H, m, Ar-H) ,7. 21
(IH,s, = C-H),7.18 ~7.15 (1H, m, Ar-H) ,
7.12~7.06 (2H, m, Ar-H, = C-H),7.05 ~ 6.98
(2H,m,Ar-H) ,5.58 ~5.50(1H, m, = C-H),5.02
(1H,d,J=10.0 Hz, =C-H) ,4.74(1H,d,J =15.0
Hz, = C-H) ,4.28 (2H,d,J =5.0 Hz,CH,),3.96
(3H, s, CH;) ;" C NMR (125 MHgz, CDCl,) §:
160.09 (d, J,. = 250.0 Hz), 159.39, 159.07,
156.30,131.37,131.21,131.00,130.79 (d, J,. =
2.5 Hz), 130.71, 130. 65, 130. 62, 130. 26, 125. 83,
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123.97(d, J,. =2.5 Hz),121.57,118.20,115.80(d,
Jye =21.25 Hz), 115.29, 114.26, 112.02, 56. 06,
47.37;ESI-HRMS (m/z) :401. 127 2[M +Na] *
(3Z,67)-1-% & 3-3-(3-F £ L) -6-(2-
RF ) -2,5-=BAv%% (a4 2r)  EOHIRY
(21.7 mg,33.7% ) ,'H NMR (500 MHz,CDCl,) §:
8. 12(1H,s,N-H),7.38 ~7.35(2H, m, Ar-H) ,
7.29 ~7.28 (1H, m,Ar-H) ,7.22(1H,s, =C-H) ,
7.20 ~7.17 (1H, m, Ar-H) ,7. 12 (1H, t,J = 9.0
Hz,Ar-H),7.06 (1H,s, = C-H),7.01 (1H,d, J =
10.0 Hz,Ar-H) ,6.91 ~6.89(2H, m, Ar-H) ,5.57 ~
5.49(1H,m, =C-H) ,5.02(1H,dd,J =15.0,5.0 Hz,
=C-H),4.74(1H,dd,J =15.0,1.0 Hz, = C-H),
4.28(2H,d,J =5.0 Hz,CH,),3.83(3H,s,CH, ) ;
“C NMR(125 MHz,CDCL,) 6:160.21(d, J,. =250.0
Hz), 160.41, 159.44, 159.13, 134.28, 131.30,
131.02,130. 95, 130.89 (d, J;, =2.5 Hz), 130. 68,
130.02,126. 14,124. 16(d, J,. =2.5 Hz) ,122.32(d,
Jye =15.0 Hz),120.63,118.47,117.98,115.98 (d,
Jye =21.25 Hz), 114.90, 114.61, 114.32, 55. 48,
47.50; ESI-HRMS(m/z) :401. 127 2[ M +Na] ",
(37,67)-1-% & 2-3-(4-F 2L F L) -6-(2-
RF ) 2,5- 8%k (b 2s)  EEEOHRY)
(18.7 mg,29.1% ) ,'H NMR (500 MHz,CDCI,) §:
8.04(1H,s, N-H),7.40 ~7.34 (3H, m, Ar-H) ,
7.30 ~7.28 (1H, m,Ar-H) ,7.22(1H,s, = C-H) ,
7.19 ~7.16 (1H, m, Ar-H) ,7. 11 (1H,t,J = 10.0
Hz,Ar-H),7.05(1H,s, =C-H) ,6.97 (2H,d, J =
10.0 Hz,Ar-H) ,5.57 ~5.49(1H,m, = C-H) ,5. 02
(1H,d,J=10.0 Hz, =C-H) ,4.74(1H,d,J =20.0
Hz, = C-H),4.26 (2H,d,J =5.0 Hz,CH,) ,3. 84
(3H, s, CH; ) ;" C NMR (125 MHz, CDCl,) §:
160.23 (d, J,. = 248.75 Hz), 160. 19, 159. 60,
159. 48, 131.41,130.96, 130. 89, 130. 29, 130. 22,
125.36,124.50,124. 14 (d, J;. =3.75 Hz) ,122.37
(d, Jy. =15.0 Hz), 118.38,118.31,115.96 (d,
Jye =21.25 Hz), 115.05, 114. 56 ; ESI-HRMS ( m/
z):401.127 2[M +Na] ",
(32,6Z)-1-H R J-3-( B-1-2L 32 F L) -6-(2-
RFX)-2,5-=Bvkk (fLa4 2t) B @K
(23.2 mg,34.3% ), mp:73 ~75 °C;'H NMR (500

MHz,CDCL,) 8:8.05(1H,s,N-H) ,7.99(1H,t, ] =
5.0 Hz, Ar-H) ,7.90 ~7.87 (2H, m, Ar-H) , 7. 59
(1H,s,Ar-H) ,7.57 ~7.52(4H,m,Ar-H, =C-H) ,
7.40 ~7.35 (1H, m, Ar-H),7.30 (1H,t, J=5.0
Hz,Ar-H),7.21 ~7.18 (2H, m, Ar-H, = C-H),
7.13(1H,t,J =9.5 Hz, Ar-H) ,5.61 ~5.53 (1H,
m, =C-H),5.05(1H,dd,J =10.0,1.0 Hz, = C-
H),4.78(1H,dd,J =15.0,0.5 Hz, =C-H) ,4.34
(2H,d,J =5.0 Hz,CH,);" C NMR (125 MHz,
CDCly) 6:160.19 (d, Jp. =248.75 Hz), 159. 34,
158.93,134.03, 131. 61, 131. 32, 131. 00, 130. 93,
129.86 (d, J,. = 8.75 Hz), 129.67, 128.88,
127.40,127. 11, 126. 85, 126. 25, 125. 65, 124. 65,
124.14(d, J,c =2.5 Hz),122.38(d, J,. = 13.75
Hz),118.50,116.39,115.96 (d, J,. =21.25 Hz),
114.94 ,47.52 ; ESI-HRMS ( m/z) :421. 132 3[ M +
Na] ™,

(32,6Z)-1-F A A-3-((6-F AL R-1-5) B F
H)-6-2-AF ) 2,5-— Bk (b4 2u)
0[5 K (23.8 mg, 32.7% ), mp: 150 ~ 152 °C;
"H NMR (500 MHz, CDCl,) 6:8.48 (1H,s,N-H),
7.86(1H,s, Ar-H) ,7.79 ~7.73 (2H, m, Ar-H) ,
7.48(1H,d,J =5.0 Hz,Ar-H) ,7.38 ~7.34 (1H,
m,Ar-H) ,7.28 ~7.25(1H,m,Ar-H) ,7. 21 (1H,3s,
=C-H),7.20 ~7.18 (1H, m, Ar-H) ,7. 16 ~ 7. 15
(1H,m,Ar-H),7.14(1H,s, =C-H),7. 11 ~7.09
(2H,m,Ar-H) ,5.57 ~5.50(1H, m, = C-H),5.02
(1H,d,J=10.0 Hz, =C-H) ,4.74(1H,d,J =15.0
Hz, =C-H),4.28 (2H,d, J =5.0 Hz, CH,),3.91
(1H,s,CH,) ;" C NMR (125 MHz,CDCL,) §:160. 19
(d,Je =250.0 Hz) ,159.75,159. 41,158.79,134. 61 ,
131.38,131. 02, 130.93,130.88 (d, J,. =2.5 Hz),
130. 17, 129.90, 128.93, 128.16, 128.08, 126.62,
125.34,124.12(d, Jyc =2.5 Hz),122.35(d, J, =
15.0 Hz),119.94,118.71,118.38,115.93 (d, J,. =
20.0 Hz), 114.65,105.90,55. 47, 47. 46 ; ESI-HRMS
(m/z):451.142 8[M +Na]* .

3 AREEETEMN

K H CCK8 0 2 T 16 A& %5 10 B I e 41
I (K562, U937, MOLT-4, HL60, HeLa, DU145,
MCF-7,A549,SGC-7901 F1 H1975 ) BN M 4%
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2,

e, MG 2a ~ 2u PR 1 #4776
PRI 20 g ( HeLa, DU145 , MCF-7 , A549 , SGC-7901
FH1975) ARSMEPEREIN (1), KB EMA 1 XF 6
R e A B 4 TE A i 3 1, AL B 2a ~ 2u K
RS [RIRR BE A4 o 3 P, X SR WIAE 2, 5- 1 R 1R
IR 3 A2 I T A ORI A 0 1 i b 5 25 R b
G 2a 1y 3 MBI NN, BB T R AR
TG PE, 1Cs, JEHE 2 2 ~ 13 pmol/L, L&) 2b ~
2d 35| 2R 4 L Ta) % R B ORGSR O, <807 B
A G 2b IEPEAAL G 2a 38055 , T )7 U
LS 2¢ HTCTENE, XA BUREI LG ) 2d REEL
UF R ORAE T 3 1) 200 2 0 1 TS A LA B
2a F 55, X R IA7ER X E5] AR H S A
FITFIEPER ISR, b5 2e ~2m 435 4B L]
XFpd &R (F(CLBr) BN SR AE 0, gl A 1Y)

G 2e ~2g ABABUCHIL Y 2h BB
&) 2k FERBUCHIEE Y 21 BoR T RAFH
J T B 2R R T, R SR IR R ) 2e T
WG 2a WG VEE 55, 1C, A 1 ~ 11 pmol/L,
X FRWIAB A B TR 5P iEYE. S
Y 2a /Y IREPEAE e, —SIBUUR XLtk &
Yy 2n ~2p PR 7R RAE A0 A, D6 AE L
AT, S TR P 5T L ORI B 0 e R
SRR R, LG 29 ~2s g
BRSO, RAHEY 29 B T REFH
JIEA S P 0 AR A 2a 550 BRI L
PRI ZE (LA 20) iF, L& 1 2t LB i
(8 7 % BRI R 35 1, R 1 %) HeLa A1 DU14S 4
MBS ICs, 43512 0.5 F10. 7 wmol/L, Tiij 6-H 48 &
ZZBUR AL &1 2u S TG0 5 1, X BT T B
FOEERPE BT R/ INAE AT RE XS A& 1 40 M 55 0 1 A
BOR BRI o

Table 1 ICs, values( wmol/L) of fluorine-containing 2 ,5-diketopiperazine derivatives against cancer cell lines (x +s,n=3)

Cell lines

Compd.

HeLa DU145 MCF-7 A549 SGC-7901 H1975
1 NA®* NA NA NA NA NA
2a 2.5+0.3 3.4£0.6 9.3«1.5 8.4+0.7 7.2£1.3 10.8 £1.7
2b NA .5+1.3 16.1+1.1 NA 35.3+4.5 NA
2¢ NA NA NA NA NA NA
2d 3.1+0.2 3.5+£0.4 16.1+1.5 12.0£3.4 13.3+5.4 16.6 £2.6
2e 1.4£0.4 1.7£0.3 6.6+0.5 3.5+0. 1 10.5 £0.8 7.5£0.5
2f 3.1+0.2 4.2+0.2 13.5£3.5 9.9+0.3 16.4 0.8 12.9£3.0
2g 2.7+0.2 2.5+0.6 9.6 0.3 8.4x1.3 15.0£2.2 15.3 +1.1
2h 2.0+0.9 2.4£1.0 2.9£0.2 7.2£0.3 11.1£1.0 8.5+1.1
2i 8.2+3.9 NA 18.2 1.1 26.3 £8.3 39.2£13.8 NA
2j NA NA 18.7 £0.4 NA 11.4 £0.8 NA
2k 4.5+0.5 21.8+14.2 9.2£0.5 14.8 £4.4 15.0£3.3 17.1 £0.8
21 15.2 +8.9 32.6+19.9 16.0£1.7 19.6 £0.5 17 £2.8 19.3 1.1
2m 11.1£1.3 17.8 £7.8 19.1+0.8 NA 18.1+1.6 NA
2n NA 15.4 £3.2 17.4£2.9 NA NA NA
20 NA NA 19 £0.9 NA NA NA
2p 12.2 £3.6 NA 13.1£3.1 13.5 1.1 16.5 £0.7 11.7£2.6
2q 10.6 £0.2 10.4 £7.5 16.2 £1.3 16.6 £1.4 16.5 1.0 13.6 £3.2
2r NA 12+0.2 17.6 1.7 NA NA NA
2s 21.9+9.4 NA 19.4£1.0 NA 24.3£1.5 NA
2t 0.5+0.1 0.7 0.1 2.1£0.1 3.8+0.7 2.0£0.4 5.8«1.1
2u NA NA NA NA NA NA
TSA® 0. 043 +0. 003 0.034 +0.002 0.051 £0. 009 0. 028 +0. 006 0. 036 +0. 002 0.041 £0. 005

“NA :No activity;}’TSA : Trichostatin A used as positive control

HUG AW FERAL ) 22 ~ 20 A )41 i
177 4 Bk I 40 0 & (K562, U937, MOLT4 il
HL60 ) #E47 TG HEARI (K 2) o A 1 X 4 #k
F1 0L 4 i 2% Je 4 i 6 1, AL S ) 2a ~ 2u 3R
IR A [ A B8 ) 410 7 05 A X — 2D R B TR R

NIRRT G A RGN & AR D P G R e 7]
2a ~2u 5B H A A 30 8 3 1 LA R X 6 bR
iy A A I 25 R AR AL )RR R 3 3 251 A
AN S A I AT AR 0 1 40 i O PR AR R
WS T 1 I AA BT P m i ke 2 A BEAr Y
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J& L, HURE IR 3 A7 BRI R ZR R B, AT 2E ) 26 X
U937 H 1C, k%] 0. 2 wmol/L, i 6- 1 48 3L 25 B AL,

AIAES W) 20 XF 4 Bk 1 I 40 1 2R AT R 8 s 4
LRGeS

Table 2 1Cs, values( wmol/L) of fluorine-containing 2 ,5-diketopiperazine derivatives against four leukemic cell lines

Cell lines Cell lines

Compd. Compd.

K562 U937 MOLT4 HL60 K562 U937 MOLT-4 HL60
1 NA NA NA NA
2a 7.5+1.8 3.4+0.1 14.6 0.5 9.7+0.6 21 10.9£2.2 NA NA 18.6 0.8
2b 25.6+2.8 10.1+0.4 NA NA 2m 9.1£0.6 NA NA NA
2¢ NA NA NA NA 2n NA NA NA NA
2d 13.4+5.3 4.8+0.3 21.8£9.1 11.4+2.3 20 NA 20.0£0.5 NA NA
2e 3.6+0.2 1.7+0.1 6.6+1.4 5.0+0.7 2p 8.0+0.7 9.9+2.1 NA NA
2f 5.3+0.6 3.6+0.3 14.2£3.3 7.8 0.6 2q 14.8 0.6 9.7+0.6 45.2+12.0  18.8£0.5
2g 8.6+3.6 3.3+0.7 20.0+1.3 1.8 £3.6 2r 13.9 £4.2 10.8 £0.7 NA NA
2h 4.7+0.5 2.2+0.1 9.3x1.1 7.1+1.2 2s 35.5+17.8  25.2:16.1  27.0+2.8 17.0£0.2
2i NA NA NA NA 2t 1.8£0.1 0.2+£0.1 3.3+0.2 3.1+0.3
2j 34.2+2.5 NA NA NA 2u NA NA NA NA
2k 5.6+0.2 5.2+0.7 11.0 +0. 1 17.7+1.8 TSA 0.142 £0.012  0.032 £0.005 0.017 +£0.001 0.039 +0. 002

ble 2, 5-diketopiperazine derivatives as potential anticancer
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