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PKC-412 mRETEMRI & AR RS & R 53
Tt R @k KRG

(PR R A2y e R E A AR S 778 266003)

WE NN R R 7 &, & 12 ANH0 PRC-412 <A AT AEY 1~12, L4524 "H NMR, °C NMR,
IR 1 HRESIMS #ffi5€. FHBEMOEMTTRENE T 12 /> i AT A0t 188 40 itk HL-60, A549 1 Hela B4R FEIG 1. &5
R, AL 4 AN 10 B AT RIFIA R 355 2L, % HL-60 F11 A549 55 i 48 IRk 6 ICs, {H7E 0.5~0.95 pmolsL ™!, 5
PKC-412 yftAE Y, IR v B 2R R 4% s AR TGS 0% AS49 AU ik dk, (AR,

KR B PRKC-412; RiANATAEY; PR an iy 2 1k

Synthesis and Cytotoxicity of Halogenated Derivatives of PKC-412

Wang, Liping’ Zhuang, Yibin' Sun, Kunlai Zhu, Weiming™
(Key Laboratory of Marine Drugs, Ministry of Education of China, School of Medicine and Pharmacy,
Ocean University of China, Qingdao 266003)

Abstract Twelve new halogenated derivatives of PKC-412 were synthesized from the marine microbial natural product,
staurosporine. Their structures were identified by '"H NMR, '*C NMR, IR and HRESIMS. The cytotoxicities of these halo-
genated derivatives against HL-60, A549 and hela cell lines were evaluated using thiazolyl blue tetrazolium bromide (MTT)
method. The results showed that compounds 4 and 10 displayed comparative cytotoxicity of PKC-412 against HL-60 and
A549 cell lines with ICs values of 0.5~0.95 pumoleL ™", and the halogenation on phenyl nucleus of benzamide moiety in-

creased the selectivity of compounds to A549 cell, indicating a worth of further study.
Keywords staurosporine; PKC-412; halo-derivatives; cytotoxicity

VA 0 e T T U 3 R AR P I A A e Y,
+ F 4 B% (Staurosporine, ST) &t /& M #F ¥ 85 &
(Streptomyces sp. QD518) WA =4 IR 2 AT Bl
RR A PN NI NS a0 1 - A ENPSR B E 5iy N
M TIRIRAIE ST, 29 2 SO0 b AT S5 4, 1E4f
774 UCN-01 Rl PKC-412 EL3E NI ARBEAT g 171,
Hrr PKC-412 2 7E T 3-2UR 1 L5 TRH
Pk 2, HLOGE 22 Bl B 1 S R T 9 AN e SR I S 4
FAWT 8 1 WA RS0 p e I e 1 22 A k), B
FEIEAL T2k e 1 s e T 39 R DA S Mok 1k 4
5 PE B A0 e 1 220 iR T 3E 0. O IF R
PKC-412 ] “me too” &Y, “me better” 254, TATIHATT
PKC-412 IMATAEB WL
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U (R 20 A 35 2 g R — 2B F 9 e 1 B
Wi, FATTA T S VR T DL R = 3 F R IR ) PKC-412
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1 HR5HE
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PKC-412; Sz RE% b 5437 B FE RN W S5 1 (1) 3[R 5 i,
R A £ R SR o L5 R M < I B R i A S K 53
N, AW 1~4 5355 NRAR T IR i (NBS) AT 2%
FEL AR S5 W 75 WG | W IHE P REAZ () 31 AR AT A4 58,
5 NGART RV I (NCS)HEA T 5% FL AR B W A5 B0 [
s REAZ 1 3-1 SARATAE) 9~12 (K] 1). 5 NBS #H47
TRAR NI, PRI, A W 3 FC A A A IRAR 1
P, S NCS HHAT SRR NI, T rsE s T
IR, EPEPERRK, HPLC-MS 7307, 1 2 AN 2E A,
ALY A 7, 20 BHEAEATE T 60%.
PL PKC-412. HHBH(CPT) R 25 25 (ADM) 4 FH 1
Y, PR T PKC-412 HIIRATAY) 1~12 X (il
(HL-60)~ il (AS49)F1 'S £k (Hela) 3 Fi g 40 Ha ik (1)
PRANGURRE TG . Seae gt R WI(R 1), EW 1~12 11
T AR S S PRI, (HA6 G4 4 R 10 X HL-60 A
AS549 (K40 i #5355 PKC-412 #H24, 1Cso fH1E 0.5~0.95
umolsL . MIEVESE FAILHEWT, eIV MRERZ ) 3-
REBINE T &Y 5~8 WPERRAK, 5INGUR 71
WA 9~12 FEPHER N, 7E2R BRI v B 2R ER BRI
R, LA 1~3 X AS49 41 i i 6k .

2 Zig

AWM R B =) A Aums il &, Bl T
PKC-412 B &ARAT4EY 124, HEKZ "THNMR, BC
NMR, IR F1 HRESIMS fffi5g. & i <A1 Ak A T

5 9 o

NBS or NCS

T RSO IR, 5 R, (S 4 110 H
A RN FEEE, 6 HL-60 A1 A549 W5k b5 41 it
1‘5!313‘] ICso fHAE 0.5~0.95 pmolsL ™", 5 PKC-412 J&EAH

, ATHE P REAT R RS PERT I, B0 KR8 &R
i%EUi FENG RIS RERZ Y 3-A7 5 AR 57 3 20 TR R

%, SIS 3 WS PESG 0, BORIE S 43R L5
B I B e T A S IR AS49 A ik FE .

3 ZREH
31 E5IRF

Kl LRI HA JEOL /A% INM-ECP 600 %!;
JRUEA A Waters /A 7] Micromass EI-4000 (Autospec-
Ultima-TOF); Fe)a{ 3£ E ATAGO /A POLAX-L
R 2LAMGREAY R 55 Fl NICOLET /A %) NEXUS 470FT-
IR B, Jght 78 kA0 EYELA A+ N-1100 BY; B h
Pharmacia /7] Sephadex™ LH-20. J5URlH 7 Hufisi A A<

S NI S A ) R R B 0 b Ay B A R U R

A, NPVRIK RS, TR F RS, 6 — R R
A, KRHMES, NCS, NBS ¥ 0 #rat, I R ik =4
/I\ﬁ (ENCINA S
32 XWHE
3.2.1 fubi4h 1~4 B PKC-412 #94%,

+ A1 (46.6 mg, 0.1 mmol)E T- 25 mL P 150K
W ESER, I 3 mL AR, il &

H C\ EtgN, CH,Cly, r.t,, 0.5~2h ch“ "iH MeOH, r.t., 2 h
’ X' 30% ~ 49% HSC“
H co 76% ~ 94% H3CO ° ’ X!
8 N H3CO
HN HsC™
N\, 3 —N
CHy 3 HsC
1:x'=cl 0
2 %! = Br 5:x'=c,x?=Br;, 9:x'=cL,X?=Cl
3 X1 = 6:X'=Br,X?=Br; 10:X'= Br,X2=Cl
oyl = 2 _ Ry Lyl = 2
4: X" = CF, 7.x1 =, X -ZBr, 11.x1- I, X 2Cl
PKC-412: X = H 8:X'=CF3 X2=Br; 12:X'=CF; X2=Cl
B 1 & 1~12 J PKC-412 (& i S 5
Figure 1 Synthesis and structures of compounds 1~12 and PKC-412
F1 YW 1~12 F PKC-412 (ARSI 535 M @ (ICso, pmoleL ™)
Table 1 Cytotoxic activities of compounds 1~12 and PKC-412 in vitro (ICsy, pmoleL ")
Compd. 1 2 3 4 5 6 7 8 9 10 11 12 PKC-412 CPT ADM
HL-60 >20 13.7 >20 095 >20 >20 >20 >20 1.1 08 103 142 0.72  0.010
A549 23 1.5 22 061 141 >20 >20 5.4 1.0 0.50 5.0 7.1 042 0.022
Hela >20 >20 >20 169 >20 >20 >20 >20 >20 >20 >20 >20 5.0 0.60

SRR hy = UCTAT 92 TS
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= J(27.8 pL. 0.2 mmol), ZRJEINA 1.2 equiv. i it
FRHEA, RPN 0.5~2.0 h, TLC R 5 3 58 42
DKk e v, SR, JFHJEK Na,SO, T4,
HARAKT, Jage il ol I Ay B a3 Bk A
1~4.

3-N-XF G H R i) SRR, e
90%; [a]y +110 (¢ 0.1, CH,CL,); m.p. 235~237 C; 'H
NMR (600 MHz, CDCl3) 6: 9.46 (d, J=7.8 Hz, 1H, H-4),
7.89 (d, J=7.7 Hz, 1H, H-11), 7.78 (d, J=7.8 Hz, 1H,
H-8), 7.49 (t, J=7.8 Hz, 1H, H-10), 7.47 (t, J=7.8 Hz,
1H, H-2), 7.40 (d, J=7.3 Hz, 2H, H-2"/6"), 7.38 (t, J=7.3
Hz, 1H, H-9), 7.36 (d, J=7.3 Hz, 2H, H-3"/5"), 7.35 (t,
J=7.8 Hz, 1H, H-3), 7.24 (d, J=7.8 Hz, 1H, H-1), 6.69~
6.73 (m, 1H, H-1", 6.69 (s, 1H, H-6), 5.19 (d, J=9.2 Hz,
1H, H-3'), 4.99 (s, 2H, H-7), 4.23 (s, 1H, H-4"), 2.84 (s,
3H, 4-OCHj3), 2.71~2.75 (m, 1H, H-2'a), 2.64~2.68 (m,
1H, H-2'b), 2.54 (s, 3H, 3'-NCH3), 2.48 (s, 3H, H-6"); "*C
NMR (150 MHz, CDCLy) o: 173.4, 171.4, 136.7, 136.2,
134.6, 132.6, 130.7, 129.0X2, 128.6X2, 126.9, 126.5,
126.0, 125.6, 125.2, 124.8, 123.8, 121.6, 120.7, 120.3,
119.3, 116.4, 114.7, 112.5, 107.8, 94.7, 84.8, 82.5, 60.7,
49.9, 46.0, 34.5, 29.3, 28.2; IR (KBr) v: 2915, 1689, 1624,
1451, 1348, 1317, 1062, 737 cm™'; HRESIMS calcd for
C35H30N,404C1 605.1956 [M+H]", found 605.1961.

3'-N-RF YRR S A Aid(2): R tR R, e
81%; [a]d +123 (c 0.1, CH,CL); m.p. 228~232 °C; 'H
NMR (600 MHz, CDCl) 6: 9.45 (d, J=7.8 Hz, 1H, H-4),
791 (d, J=7.3 Hz, 1H, H-11), 7.78 (d, J=8.3 Hz, 1H,
H-8), 7.56 (d, J=7.3 Hz, 2H, H-2"/6"), 7.50 (t, J=8.2 Hz,
1H, H-10), 7.47 (t, J=7.3 Hz, 1H, H-2), 7.39 (t, J=7.8
Hz, 1H, H-9), 7.35 (t, J=7.3 Hz, 1H, H-3), 7.29 (d, J=7.3
Hz, 2H, H-3"/5"), 7.25 (d, J=7.3 Hz, 1H, H-1), 6.73~
6.77 (m, 1H, H-1"), 6.64 (s, 1H, H-6), 5.20 (d, J=9.6 Hz,
1H, H-3"), 5.00 (d, J=16.2 Hz, 2H, H-7), 4.24 (s, 1H,
H-4"), 2.85 (s, 3H, 4-OCH,), 2.72~2.76 (m, 1H, H-2'a),
2.69~2.64 (m, 1H, H-2'b), 2.54 (s, 3H, 3'-NCHj), 2.50 (s,
3H, H-6"); *C NMR (150 MHz, CDCly) &: 173.4, 171.4,
136.6, 135.0, 133.8, 132.5X2, 131.9, 130.6, 128.7 X2,
126.9, 126.4, 125.6, 125.2, 124.8, 124.4, 123.7, 121.6,
120.7, 120.3, 119.2, 116.4, 114.6, 112.4, 107.8, 94.7, 84.7,
82.5, 60.6, 49.8, 46.0, 34.5, 29.2, 28.2; IR (KBr) v: 2933,
1683, 1634, 1458, 1400, 1343, 1310, 1062, 742 cm ';
HRESIMS calcd for C3sHyN4O,Br 649.1450 [M+H]",
found 649.1438.

3U-N-Xf B F R RE T4 (3): MR Bt R, WOk
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76%; [alp +128 (c 0.1, CH,CL); m.p. 251~256 C; 'H
NMR (600 MHz, CDCls) d: 9.44 (d, J=8.2 Hz, 1H, H-4),
7.89 (d, J=7.8 Hz, 1H, H-11), 7.76 (d, J=8.3 Hz, 1H,
H-8), 7.75 (d, J=7.3 Hz, 2H, H-2"/6"), 7.48 (t, J=8.2 Hz,
1H, H-10), 7.46 (t, J=7.3 Hz, 1H, H-2), 7.37 (t, J=7.8
Hz, 1H, H-9), 7.34 (t, J=7.3 Hz, 1H, H-3), 7.23 (d, J=17.3
Hz, 2H, H-3"/5"), 7.15 (d, J=7.3 Hz, 1H, H-1), 6.69~
6.73 (m, 1H, H-1'), 6.67 (s, 1H, H-6), 5.19 (d, J=9.6 Hz,
1H, H-3"), 4.98 (d, J=16.2 Hz, 2H, H-7), 422 (s, 1H,
H-4"), 2.82 (s, 3H, 4-OCHj3), 2.70~2.75 (m, 1H, H-2'a),
2.63~2.68 (m, 1H, H-2'b), 2.53 (s, 3H, 3'-NCHj3), 2.48 (s,
3H, H-6"); *C NMR (150 MHz, CDCly) 6: 173.4, 171.5,
137.9X2, 136.6, 135.6, 132.5, 130.6, 128.7X2, 126.9,
126.4, 125.6, 125.1, 124.8, 123.7, 121.6, 120.7, 120.3,
119.6, 119.3, 116.4, 114.7, 112.5, 107.8, 96.3, 94.7, 84.7,
82.5, 60.6, 49.8, 46.0, 34.4, 29.8, 28.1; IR (KBr) v: 2935,
2848, 1694, 1628, 1450, 1343, 1315, 1065, 739, 567 cm " ';
HRESIMS caled for CssHyoN,O4 697.1312 [M+H]",
found 697.1325.

3N = g5 FF 2 P I O - - A Bk (4): ¥R 2 BB
XK, W 85%; [aly +138 (¢ 0.1, CH,CL); m.p. 236~
239 “C; 'H NMR (600 MHz, CDCl;) 8: 9.47 (d, J=17.7
Hz, 1H, H-4), 7.83 (d, J=7.6 Hz, 1H, H-11), 7.77 (d, J=
7.7 Hz, 1H, H-8), 7.68 (d, J=7.1 Hz, 2H, H-2"/6"), 7.51
(d, J=7.1 Hz, 2H, H-3"/5"), 7.46 (t, J=8.2 Hz, H, H-10),
7.45 (t, J=8.3 Hz, 1H, H-2), 7.38 (t, J=7.8 Hz, 1H, H-9),
7.32 (t, J=7.8 Hz, 1H, H-3), 7.17 (d, J=8.3 Hz, 1H, H-1),
7.11 (s, 1H, H-6), 6.59~6.62 (m, 1H, H-1"), 5.18 (d, J=
9.4 Hz, 1H, H-4"), 4.96 (d, J=15.7 Hz, 1H, H-7a), 4.91 (d,
J=15.7 Hz, 1H, H-7b), 4.18 (s, 1H, H-3"), 2.77 (s, 3H,
4-OCHjy), 2.70~2.73 (m, 1H, H-2'a), 2.59~2.62 (m, 1H,
H-2'b), 2.53 (s, 3H, 3'-NCHj), 2.40 (s, 3H, H-6"); *C NMR
(150 MHz, CDCly) §: 173.5, 170.9, 139.7, 138.6, 136.6,
132.6, 130.5, 127.3X2, 126.9X2, 126.4, 125.8, 125.5,
125.1, 124.8, 124.6, 123.7, 122.8, 121.6, 120.6, 120.2,
119.3, 116.4, 114.6, 112.3, 107.8, 94.6, 84.7, 82.3, 60.5,
49.7,46.1, 34.3, 29.1, 28.1; IR (KBr) v: 2920, 1674, 1634,
1454, 1324, 1166, 1070, 743 cm '; HRESIMS caled for
C36H30N404F5 639.2219 [M+H]", found 639.2231.

PKC-412: AR AR, W 94%; [alp +108 (c
0.1, CH,Cl,); 'H NMR (600 MHz, CDCl;) d: 9.47 (d, J=
7.8 Hz, 1H, H-4), 7.87 (d, J=7.8 Hz, 1H, H-11), 7.78 (d,
J=8.2 Hz, 1H, H-8), 7.48 (t, J=8.2 Hz, 1H, H-10), 7.47
(t, J=7.3 Hz, 1H, H-2), 7.43~7.46 (m, 1H, H-4"), 7.39~
7.43 (m, 4H, H-2"/3"/5"/6"), 7.38 (t, J=7.8 Hz, 1H, H-9),
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7.33 (t,J=7.3 Hz, 1H, H-3), 7.23 (d, J=7.8 Hz, 1H, H-1),
6.98 (s, 1H, H-6), 6.66~6.69 (m, 1H, H-1"), 5.21 (d, J=
7.7 Hz, 1H, H-3"), 4.97 (d, J=16.2 Hz, 2H, H-7), 4.25 (s,
1H, H-4"), 2.83 (s, 3H, 4-OCHj), 2.71~2.74 (m, 1H,
H-2'a), 2.64~2.67 (m, 1H, H-2'b), 2.53 (s, 3H, 3'-NCH,),
2.49 (s, 3H, H-6'); *C NMR (150 MHz, CDCl;) §: 173.5,
172.4, 138.7, 136.6, 136.3, 132.6, 130.5, 130.0, 128.7 X2,
127.1X2, 126.9, 126.4, 125.5, 125.1, 124.8, 123.7, 121.6,
120.6, 120.2, 119.3, 116.3, 114.6, 112.5, 107.8, 94.7, 84.7,
82.5, 60.6, 49.7, 46.1, 34.5, 29.2, 28.1; ESI-MS m/z 571.3
[M+H]".
322 tubdh 58 6L R

ALY, £E 25 mL W LN, A&
1 (15.0 mg, 0.025 mmol), A 1 mL FIEEAAE, SRGIMA
AR T BEEAZ(5.0 mg, 0.027 mmol), =kl fEE Y 2
h, DKZ kN, LA, MK Na,SO, T
B, BT, RGBT > B (2l LR, 15977
YA 5 (8.0 mg), WK 47%. LAY 6~8 LIAHIE (1)
Jrikiis.

3-YR-3"-N-XF SR AL A AL B(S): IR Bk oK,
W& 47%; [a]d +92 (¢ 0.1, CH,CL); m.p. 245~247 C;
'H NMR (600 MHz, CDCl;) 8: 9.55 (s, 1H, H-4), 7.89 (d,
J=7.1 Hz, 1H, H-11), 7.77 (d, J=6.8 Hz, 1H, H-8), 7.50
(d, J=6.8 Hz, 1H, H-2), 7.48 (t, J=8.2 Hz, 1H, H-10),
7.39 (d, J=7.1 Hz, 2H, H-2"/6") 7.36 (d, J=7.1 Hz, 2H,
H-3"/5"), 7.35 (t, J=7.1 Hz, 1H, H-9), 7.07 (d, 1H, H-1),
6.73 (s, 1H, H-6), 6.70~6.73 (m, 1H, H-1'), 5.21 (d, J=
10.4 Hz, 1H, H-3'), 4.96 (s, 2H, H-7), 4.20 (s, 1H, H-4"),
2.84 (s, 3H, 4-OCHj3), 2.72~2.75 (m, 1H, H-2'a), 2.59~
2.62 (m, 1H, H-2'b), 2.56 (s, 3H, 3'-NCHj;), 2.43 (s, 3H,
H-6"); *C NMR (150 MHz, CDCLy) §: 173.4, 171.3, 138.6,
136.2, 135.1, 134.4, 132.8, 1304, 129.2 X 2, 129.0,
128.5X2, 128.3, 126.9, 125.4, 125.2, 124.6, 121.7, 120.9,
119.2, 115.3, 115.0, 113.1, 112.4, 109.1, 94.8, 84.7, 82.5,
60.5, 49.8, 46.1, 34.4, 29.1, 28.1; IR (KBr) v: 2956, 1678,
1621, 1460, 1342, 1288, 1218, 737 cm”'; HRESIMS calcd
for C35H,0N,404CIBr 683.1061 [M+H]", found 683.1056.

3-VR-3-N-RHR R ERE T AU i(6): VR B Ak R,
WK 40%; [aly) +137 (¢ 0.1, CH,CL); m.p. 224~228
‘C; 'H NMR (600 MHz, CDCl): § 9.49 (s, 1H, H-4), 7.83
(d, J=7.1 Hz, 1H, H-11), 7.74 (d, J=6.1 Hz, 1H, H-8),
7.52 (d, J=7.2 Hz, 2H, H-2"/6"), 7.46 (t, J=8.2 Hz, 1H,
H-10), 7.42 (d, J=7.1 Hz, 1H, H-2), 7.34 (t, J=7.8 Hz,
1H, H-9), 7.28 (d, J=7.2 Hz, 2H, H-3"/5"), 7.26 (s, 1H,
H-6), 6.97 (d, J=7.1 Hz, 1H, H-1), 6.60~6.63 (m, 1H,
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H-1", 5.16 (d, J=10.4 Hz, 1H, H-3"), 4.88 (s, 2H, H-7),
4.12 (s, 1H, H-4"), 2.78 (s, 3H, 4-OCHj3), 2.66~2.69 (m,
1H, H-2'a), 2.55 (s, 3H, 3'-NCH;), 2.40~2.43 (m, 1H,
H-2'b), 2.32 (s, 3H, H-6"); *C NMR (150 MHz, CDCl;) §:
173.5, 171.3, 138.6, 134.9X2, 132.8, 131.9X2, 130.2,
128.9, 128.7X2, 128.1, 126.8, 125.4, 125.0, 124.6, 124.4,
121.8, 120.8, 119.1, 115.0, 114.9, 113.0, 112.2, 109.1,
94.7, 84.7, 82.4, 60.4, 49.7, 46.1, 34.4, 29.1, 28.1; IR
(KBr) v: 2965, 2865, 1684, 1625, 1454, 1345, 1285, 1070,
738, 671 cm '; HRESIMS caled for Cs;sHyN4O4Br,
727.0556 [M+H]", found 727.0560.

3-1R-3"-N-5F IR PR R Bk (7): ¥R B B oK,
R 41%; [alh +126 (¢ 0.1, CH,CL); m.p. 242~245
‘C; '"H NMR (600 MHz, CDCl;) §: 9.54 (d, J=7.8 Hz, 1H,
H-4), 7.89 (d, J=7.1 Hz, 1H, H-11), 7.75 (d, J=6.1 Hz,
1H, H-8), 7.74 (d, J=7.1 Hz, 2H, H-2"/6"), 7.46 (t, J=8.2
Hz, 1H, H-10), 7.45(d, J=7.1 Hz, 1H, H-2), 7.34 (t, J=
7.8 Hz, 1H, H-9), 7.13 (d, J=7.1 Hz, 2H, H-3"/5"), 7.02
(d, J=7.1 Hz, 1H, H-1), 7.02 (s, 1H, H-6), 6.62~6.65 (m,
1H, H-1Y, 5.19 (d, J=10.4 Hz, 1H, H-3"), 4.99 (s, 2H,
H-7), 4.15 (s, 1H, H-4"), 2.79 (s, 3H, 4-OCHj,), 2.68~2.71
(m, 1H, H-2'a), 2.56~2.59 (m, 1H, H-2'b), 2.55 (s, 3H,
3'-NCH;), 2.36 (s, 3H, H-6"); *C NMR (150 MHz, CDCl;)
5: 173.1, 171.5, 138.6, 137.9X2, 134.9X2, 132.8, 130.2,
129.0, 128.7X2, 128.1, 126.8, 125.3, 125.1, 124.6, 121.8,
120.8, 119.3, 115.1, 114.7, 113.0, 112.3, 109.1, 96.4, 94.7,
84.7, 82.4, 60.5, 49.7, 46.1, 34.4, 29.1, 28.1; IR (KBr) v:
2925, 2862, 1684, 1619, 1459, 1343, 1283, 1067, 731, 531
cm'; HRESIMS caled for C3sH,oN,O,Brl 775.0417 [M+
H]", found 775.0432.

3-YR-3"-N- 0 = G5 FF O P I O - - Fu i 8): 7%
kR, WE 38%; [aly +141 (¢ 0.1, CH,CL); m.p.
246~247 °C; '"H NMR (600 MHz, CDCl;) d: 9.52 (s, 1H,
H-4), 7.83 (d, J=6.6 Hz, 1H, H-11), 7.75 (d, J=7.7 Hz,
1H, H-8), 7.66 (d, J=7.1 Hz, 2H, H-2"/6"), 7.49 (d, J=7.1
Hz, 2H, H-3"/5"), 7.46 (t, J=8.2 Hz, H, H-10), 7.38 (d,
J=8.3 Hz, 1H, H-2), 7.33 (t, J=7.8 Hz, 1H, H-9), 7.25 (s,
1H, H-6), 6.93 (d, J=7.7 Hz, 1H, H-1), 6.49~6.52 (m,
1H, H-1), 5.18 (d, J=9.4 Hz, 1H, H-3"), 4.91 (s, 2H, H-7),
4.10 (s, 1H, H-4"), 2.73 (s, 3H, 4-OCH3), 2.67~2.71 (m,
1H, H-2'a), 2.55~2.58 (m, 1H, H-2'b), 2.50 (s, 3H,
3'-NCHj), 2.26 (s, 3H, H-6"); *C NMR (150 MHz, CDCl5)
J: 173.3, 1709, 139.7, 138.3, 134.8 X2, 132.8, 130.1,
128.8X2, 127.9X2, 127.3, 126.7, 125.8 X2, 125.3, 125.1,
124.6, 122.7, 121.8, 120.8, 119.3, 114.9, 112.9, 112.1,
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109.1, 94.6, 84.7, 82.3, 60.3, 49.6, 46.2, 34.3, 29.1, 28.0;
IR (KBr) v: 2938, 2894, 1686, 1641, 1456, 1321, 1287,
1167, 1131, 1070, 734 cm™'; HRESIMS calcd for CygHao-
N,4O4FsBr 717.1324 [M+H]", found 717.1321.
322 ALadh 912 96

AR, 1625 mL B RN, A &)
1 (20.0 mg, 0.033 mmol), | 1 mL FIEEAE, SRJEIMA
FART B H%(4.9 mg, 0.036 mmol), RIS 2
h, Kb, —&RHEAE, JFHTEK NaySOy 1
W, P, RSB (S RS, 37
Y-G9 (7.3 mg), W 34%. G4 10~12 LU
IpIRPRITIECS

3-5-3-N-%F SR F BRI -0 0(9): IR TR K,
W 34%; [alh +103 (¢ 0.1, CH,CL); m.p. 224~227
‘C; "H NMR (600 MHz, CDCl5) d: 9.36 (s, 1H, H-4), 7.87
(d, J=7.1 Hz, 1H, H-11), 7.78 (d, J=6.8 Hz, 1H, H-8),
7.46 (t, J=8.2 Hz, 1H, H-10), 7.39 (d, J=7.2 Hz, 2H,
H-2"/6"), 7.36 (t, J=7.8 Hz, 1H, H-9), 7.35 (d, J=7.2 Hz,
2H, H-3"/5"), 7.32 (d, J=7.1 Hz, 1H, H-2), 7.08 (d, J=7.1
Hz, 1H, H-1), 7.00 (s, 1H, H-6), 6.66~6.68 (m, 1H, H-1"),
5.20 (d, J=10.4 Hz, 1H, H-3"), 4.96 (s, 2H, H-7), 4.17 (s,
1H, H-4"), 2.82 (s, 3H, 4-OCH;), 2.69~2.72 (m, 1H,
H-2'a), 2.56~2.59 (m, 1H, H-2'b), 2.57 (s, 3H, 3'-NCH,),
2.38 (s, 3H, H-6'); *C NMR (150 MHz, CDCl;) 6: 173.1,
1712, 138.4, 136.2 X 2, 134.6, 134.3, 132.7, 130.3,
128.8 X2, 128.4X2, 128.4, 126.9, 125.9, 125.4, 125.2,
124.5X3, 121.7, 120.7, 119.1, 115.2, 114.9, 112.2, 108.5,
94.6, 84.6, 82.4, 60.4, 49.6, 46.0, 34.3, 29.0, 28.0; IR
(KBr) v: 2929, 1678, 1627, 1460, 1345, 1311, 1067, 744
cm '; HRESIMS calcd for C3sHyoN40,4Cl, 639.1566 [M+
H]", found 639.1572.

3-SR-3'-N-500 R F IR D - A i (10): B (K
K, W 30%; [alh +84 (c 0.1, CH,Cly); m.p. 234~236
‘C; "H NMR (600 MHz, CDCl5) 6: 9.25 (s, 1H, H-4), 7.84
(d, J=7.1 Hz, 1H, H-11), 7.69 (d, J=6.1 Hz, 1H, H-8),
7.67 (d, J=7.3 Hz, 2H, H-2"/6"), 7.66 (t, J=7.8 Hz, 1H,
H-10), 7.58 (d, J=7.1 Hz, 1H, H-2), 7.50 (d, J=7.3 Hz,
2H, H-3"/5"), 7.46 (t, J=8.2 Hz, 1H, H-9), 7.43 (d, J=7.1
Hz, 1H, H-1), 6.98 (s, 1H, H-6), 6.69~6.72 (m, 1H, H-1"),
5.20 (d, J=10.4 Hz, 1H, H-3'), 4.84 (s, 2H, H-7), 4.12 (s,
1H, H-4"), 2.78 (s, 3H, 4-OCHj), 2.75~2.78 (m, 1H,
H-2'a), 2.58 (s, 3H, 3'-NCHj3), 2.51~2.54 (m, 1H, H-2'b),
2.31 (s, 3H, H-6'); *C NMR (150 MHz, CDCl;) §: 174.0,
171.1, 139.4 137.1, 134.9, 132.8, 132.2, 131.1, 128.7X2,
128.3, 127.3X2, 128.1, 126.6, 126.0, 125.8 X2, 124.5,

Chin. J. Org. Chem. 2014, 34, 1603~ 1608

© 2014 Chinese Chemical Society & SIOC, CAS

124.4, 124.1, 122.7, 115.1, 114.1, 113.6, 113.3, 109.2,
94.8, 84.6, 82.4, 60.5, 49.6, 46.8, 34.4, 29.0, 27.9; IR
(KBr) v: 2926, 1691, 1625, 1444, 1315, 1276, 1065, 734
cm !'; HRESIMS caled for C;sHyN,O,CIBr 683.1061
[M-+H]", found 683.1050.
3-5-3"-N- 0 IR FRE 66 A B (11): ¥R 3 by
K, B 41%; [a]y +126 (¢ 0.1, CH,Cl); m.p. 216~
220 °C; '"H NMR (600 MHz, CDCl3) &: 9.40 (s, 1H, H-4),
7.88 (d, J=7.1 Hz, 1H, H-11), 7.82 (d, J=6.1 Hz, 1H,
H-8), 7.77 (d, J=7.3 Hz, 2H, H-2"/6"), 7.47 (t, J=8.2 Hz,
1H, H-9), 7.37 (d, J=7.1 Hz, 1H, H-2), 7.36 (d, J=7.1
Hz, 1H, H-1), 7.34 (t, J=7.8 Hz, 1H, H-10), 7.14 (d, J=
7.3 Hz, 2H,, H-3"/5"), 6.72 (s, 1H, H-6), 6.67~6.70 (m,
1H, H-1", 5.18 (d, J=10.4 Hz, 1H, H-3"), 4.96 (s, 2H,
H-7), 4.19 (s, 1H, H-4"), 2.83 (s, 3H, 4-OCHj,), 2.69~2.72
(m, 1H, H-2'a), 2.58~2.61 (m, 1H, H-2'b), 2.58 (s, 3H,
3'-NCH;), 2.44 (s, 3H, H-6"); *C NMR (150 MHz, CDCl;)
5: 173.2, 171.5, 138.6, 137.9X2, 135.0X2, 132.8, 130.3,
129.0, 128.7X2, 128.1, 126.8, 125.4, 125.1, 124.6, 121.8,
120.8, 119.2, 115.1, 115.0, 113.0, 112.3, 109.1, 96.4, 94.7,
84.7, 82.4, 60.5, 49.7, 46.1, 34.3, 29.1, 28.1; IR (KBr) v:
2923, 1697, 1670, 1451, 1326, 1281, 1129, 1067, 777, 569
cmfl; HRESIMS calcd for C35H,0N404CII 731.0922 [M+
H]", found 731.0945.
3-G-3"-N-XF = 5 F DR RS A fidi(12): vk
kR, R 41%; [a]) +95 (¢ 0.1, CH,Cly); m.p.
239~242 °C; 'H NMR (600 MHz, CDCl;) d: 9.38 (s, 1H,
H-4), 7.87 (d, J=6.6 Hz, 1H, H-11), 7.77 (d, J=7.7 Hz,
1H, H-8), 7.68 (d, J=7.1 Hz, 2H, H-2"/6"), 7.50 (d, J=7.1
Hz, 2H, H-3"/5"), 7.48 (t, J=8.2 Hz, 1H, H-9), 7.36 (t, J=
7.8 Hz, 1H, H-10), 7.33 (d, J=8.3 Hz, 1H, H-2), 7.08 (d,
J=8.3 Hz, 1H, H-1), 6.93 (s, 1H, H-6), 6.67~6.70 (m,
1H, H-1'), 5.22 (d, J=9.4 Hz, 1H, 1H, H-3'), 4.94 (s, 2H,
H-7), 4.18 (s, 1H, H-4"), 2.80 (s, 3H, 4-OCHj3), 2.72~2.75
(m, 1H, H-2'a), 2.60~2.63 (m, 1H, H-2'b), 2.57 (s, 3H,
3'-NCHs), 2.40 (s, 3H, H-6"); *C NMR (150 MHz, CDCl5)
J: 173.1, 170.9, 139.6, 138.5, 134.7X2, 132.8, 130.3,
127.3 X2, 127.0, 126.1, 125.8 X2, 125.6, 125.4, 125.1,
124.6, 124.6, 122.8, 121.7, 120.8, 119.2, 115.3, 115.0,
112.3, 108.6, 94.7, 84.7, 82.4, 60.6, 49.7, 46.1, 34.3,29.2,
28.1; IR (KBr) v: 2925, 1684, 1650, 1456, 1317, 1221,
1125, 1074, 736 cm '; HRESIMS calcd for CsgHaoNy-
0,F;C1673.1829 [M+H]", found 673.1830.

3.3 HE¥iEMTE
£5 HL-60. A549 F1 Hela I8 40 o A= K 30 #4= K
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W, KRR 2 X 10* AN/mL, T 96 FLHCRAEFLIN
A 200 pL 403, JBCE TN 5% CO, 11 37 CHIFRAH
HRESE 4 h, RRALRE S 3 ANPAT, T T BH R 2 Rt
W, AL 2 uL B 1~12 J PKC-412 FE il
W, B 9R 72 he RIEREFLINAN 10 pL MBEMEEE
(MTT), £i9% 4 h, 7£ 37 C, 2000 r/min .0 8 min, W%
% BiEW. F& N 100 uL DMSO, IR IR wiki%
15 min H 245 AR, KA B R OO E &L 570
nm AL EAE(OD 1), BL=FL V¥ OD {1 54% 5%t
2 18 5 1) A R (IR%), 2 30 TR% = (0D g —
OD 44)/OD 1 X 100%, FKH bliss ¥ THH H 20
il ICs,.

BB (Supporting Information) L&) 1~12 [
'H NMR Fl PC NMR . X84 kL] L4 2 AT
i (http://sioc-journal.cn/) I~ %%,
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