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FHFAPIMERIFTEYS DNA (ER RA LS A

BRs&  HART  F F AT HE@
CRREM Y TLIRE AR AR S B E SRR E B 210037)
CT PSR BRI S0 T TREE R E S )T 541006)
CREMI RS Mol S 20N TR A FECEE .0 BT 210037)
(R T BEAT 210037)

WE  RIEEEESINRE, 7ERAF WA R Sos 2 A M Z ()P B 2R C 3R 5| AR5 & 238, AR
T =AM AW IR AT EEY), LI EMNE-6,7-3-513%)-1,2,4- =R (5). LB A IE-6,7-W5WR(TAT 12-2-% %5
W) 2 T i U (10). i Rl E — G e B, (k&) 5. 7 A 10 $REE S DNA RAVER, BAERGREN
5>10>7. K FRIK SR 5 LB, 5.7 A1 10 #BEEMS X pBR 322 Jif ki DNA #HAT B85 V)% H 5 EIRIGE i, B4k, B
SMIE KA G 5. 7 F1 10 SEALET S ECA(32 pmol/L)%F N FLIRIFR 4N MCF-7 IR RIIIHIZR, 2510 86.0% (1),
86.7% (5), 34.4% (7)F1 0 (10).

KA MEMIE, 2IMEY; DNA; VSTt

Interaction of Optically Pure Dehydroabietylamine Heterocyclic
Derivatives with DNA and Preliminary Cytotoxic Activity

Tu, Shuangyan” Xu, Wushuang” Qi, Fen’ He, Weijiang™“ Fei, Baoli**"*
(“Jiangsu Key Laboratory of Biomass-based Green Fuels and Chemicals, Nanjing Forestry University, Nanjing 210037)
(® State Key Laboratory for Chemistry and Molecular Engineering of Medicinal Resources,

Guangxi Normal University, Guilin, Gungxi 541006)

(¢ Collaborative Innovation Center for Efficient Processing and Utilization of Forestry Resources,

Nanjing Forestry University, Nanjing 210037)

(“ College of Chemistry and Chemical Engineering, Nanjing University, Nanjing 210037)

Abstract Three optically pure dehydroabietylamine derivatives, acetyldehydroabietylamine-6,7-(3-mercapto)-1,2,4-triazine
(5), acetyldehydroabietylamine-6,7-indole (7) and 12-(2-aminothiazole)-acetyldehydroabietylamine (10), were obtained by
introducing different aromatic heterocycles into the B and C rings of optically pure dehydroabietylamine, which is derived
from natural product of rosin, according to superposition principle of activity groups. The results of fluorescence spectroscopy
and circular dichroism studies indicate that 5, 7 and 10 could interact with DNA, and the binding ability followed the order 5>
10>7. Gel electrophoresis experiments suggest that 5, 7 and 10 could scissor pBR 322 plasmid DNA into single strands and 5
was the strongest cutter. In addition, the inhibitory rates of dehydroabietylamine and its derivatives 5, 7 and 10 combined with
copper chloride (32 pm01°L71) on the proliferation of human breast cancer cells MCF-7 were 86.0% (1), 86.7% (5), 34.4% (7)
and 0 (10), respectively.

Keywords dehydroabietylamine; heterocyclic compounds; DNA ; biological activity
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(PIRTAE AT TR, & N 2L A Y TE 259 (I HIE 70 A 5%
R ED flin=wER b S EG TS, PURSE. BT
BRI 56 S P WA Ry AR TR i A A I A 3
Z—, BT Z M Ih el 2- G R mEms & 2% R AT
A W2 0 L SR A b A S 4 T RO R AR A
Uk, MRIEEPE S 0 E A, K B S AN R AR
1TPHE, TRE SRS AETE T R Itk &4

DNA & Hi 8 259 (1) S5 BAE I 2 —. PR
25 it 5 bR 4H ) DNA {EF, 404 DNA 41, 5]
i DNA #5147, 25 BE W4t i 7 29 B 28 5 S 4m BB T
PUBE AR I FE R DNA (41354 B S5 iR 25 1E
K E 3R TR RS, Mtk T &R AM S
DNA & (LT 7EHUS 1 EOREEE, 1 N Pig 2
WY B BGER  A HLNrF5 DNA A BLAE A 9
AR W B, 5 EE KT HE FE DR A
JRIALEE.

PEGeit, 1940~2014 [EHLHE T IPUHIRE 254, i
LN 37%MPTIMIE 25k B T R =) S HAT
A DI RAI. AL R E RSN

2
AICl3, DCM lAcetyl chloride

AR IR 250, Mo 15 A R A ek g 1) 751 ) 2 ok
T

g8 FRTIR, ASCHBEMIERE B 5 C #H7 T1IX
PE, Wit &R T W1 Scheme 1 FT7s i 3 AN 6244 & &
SRR EY), LS IZ-6,7-(3-37 3E)-1,2,4-
=IE(5) LR EMNZ-6,7-15| e (T) AT 12-(2-F FEgE ML )-
LT E M IZ (10). FF KA . | ok &
DNA B IR 5256, FRIT T A it S A I 2 SR A7 AE )
5. 7. 10 5 DNA fERH AL, i i EmE iE (MTT) %l
R TS FEEAL X MCF-7 b3 40 i i 34 5 40
IR, AW 08 B S LT A et Ak
Ko A DIE PRI SR AL RS S 2 S 06 B
1 HR5R
1.1 k&5, 7. 10 IERKR

DL AL 5 ) e 22 Al i S (1) 8 BEER, it 2k
1 AL B B LB S L -6-1R-7-T (4), KR5S

WAREIEIRAE N,N-— F 35 1 i i (DMF) H I v 45 21 B
FRP=W) 2 i S E-6,7-(3-F 3E)-1,2,4- =1B&(5). T[]

Thiosemicarbazide

EtOH DMF

—

(i) CuBr,, EtOH
D ——
(ii) Brp, HOAC

Br, Thiourea
HOAc DMF
i
NH\"/
8 9 O
B 1 B0 G ik

Scheme 1 Synthesis route of target compounds
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A 21 it S -7-10 (3) 55 2R W SRR SR AE Sl h &2
A PR RT3 3] 2B SNz -6,7-M5] k(7). BRI
MIZQQ)EMA . TR, BIRATEE] 12-2-F FEHERL)- 2,
ik Bt E R (10). B J5 S kE ENTIR 4, BRI =r= %
S ALEY S, 7 R 10 B4R T 1 BT .
1.2 k&5, 6. 7. 10 5 DNA 1ERRYR AL
TR 258 (EB) 2 B AT FLHE 05 & TR 1P 1H 2 6 7 T,
IR 22 R AT K. DNA R BB DO, HiEHR
R DNA-EB & &%, EB H1 T4 A\ T DNA il 3 5t
2 i), 52 B EiK ARG A Lo ag. [Kitk, EB %
YENBRFL/N T 5 DNA M EAE BRI 2O e R Er. 78
EB-DNA-/Npr TALEIE R, IR/ pFHaesS
DNA KAEFHKLT EB KIEAEA, EB 5 DNA 456107
MEPNY TS, A EB 4TI R, KRR
HeoREERES. thEW 5. 6. 7. 10 XHE K5 DNA-EB {4
ZuOtiei s E 1 Bras. DNA-EB & & 158 o8

6004 Compd. 5 12
1 0 1.7

5004 :
1 14
400+ 13
60 umol/L, 12

300 0 10 20 30 40 50 60

c/(umol-L™)

200 1

Fluorescence intensity/a.u.

100 1

0

55 600 650 700

Wavelength/nm

. 5001 Compd. 7 "

5 X

p 15
S 4009 O RN . ]

2 o N 12

£ 300+ S SN\ 114

£ 4\ 1.0l

g 60 pmol/L W\ 0 10 20 30 40 50 60
s 200 1 c/(umol -L™)
[$]

S

5 100 1

>

[

0-

550 600 650 700
Wavelength/nm

FEBE AL A IR BE B N 98 58, KRGS DNA
KA T AERM. HR4E Stern-Volmer /72 Fo/F=1+KsyCo,
AT L5 AL & W% DNA-EB 44 2 (10 %€ Y 05 K 8 3
Ksv; LA Fy/F X Co fEH, HLMMERZREN Key. b
EW) 5 6+ 7+ 10 [1] Ksy [H14 1.32X10°, 9.68 X 10°,
1.08X10°, 1.25X10° molsL ™", iXb¥fl L~ 1E R
FIREZ A AE MY, AR SRR OE 5>10>7>6.

1.3 &5, 6. 7. 10 5 DNA {EFRY CD it

DNA & FHAEM K7+, H CD GG 278 nm /=
A FFIE IE U2 BT DNA BRIEXT 1 m-n ERUE R =4
1, 1E 249 nm 747 WRFAE S04 2 HH DNA 14 IR e 4G
GRS CD Y6 R DNA #4 G AR 14 20T BX,
INrFHAEYE DNA KAEERE, 250 DNA 1
%, MIH1F DNA 1) CD il AR, — ki, &
FERH VA R A FOAE DINAL TE SR ST S 52 M 50 /N B 5,
T4 A A 0 I i i e m e KU, CD ki ARk

5004 Compd. 6
4004 o

3004

R 0 10 20 30 40 50 60

c/(umol L)

2004

100+

Fluorescence intensity/a.u.

55 600 650 700

Wavelength/nm

600 -
) ] Compd. 10 1.9
3 500- 17
> | 0 1.6
= 15
2 400+ 14
% ! 1.3
£ 1.2
300 - :
§ | 60 umolL /7, 180 20 30 40 50 60
§ 200 ¢/(umol-L™)
e 4
S 100+
i

550 600 650 700
Wavelength/nm

B 1 thaYntE ks DNA-EB 14 & 966 63 1 52
Figure 1 Effects of compounds on fluorescence spectra of salmon sperm DNA-EB system
cona=1.0X10 *molsL " '; cq=0, 6, 12, 18, 24, 30, 36, 42, 48, 54, 60 umolL
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WAl UAE N AW 595 DNA 45 &Rk < —.
7E cpna=0.1 mmoleL ', GAEF r=c won/cpna=0.12
AT, thE 5. 6. 7. 10 Xtk faks DNA ¥ CD
FIEHEE P 2 s, A 5.6.7.10 HRE(T DNA
AT 278 nm Ak [ IE U B PRI, HLRRARIR BE 5>10>
7>6, 5110 4354 DNA FIIEER AT 2 11 nm
LLF%. 7. 10 {5 AU o B2 PRI HAR IR AE 10>7; 5.

6 {5 Fr U fry i B 3 o HARLIR B 5>6. HFH 5 F1 7 43931
LA T 1 nm MIEBMARE. X IEERH 5. 6.
7. 10 #AREWS(E DNA IR R K A — & AR L),

——DNA

61 —--=-Compd. 5 =
......... Compd. 6 g
4 =-=-=Compd. 7
—-=Compd.10 /¥,
> 4
8 2-
S
>
5 07
=
2
T -2

240 260 280 300 320
Wavelength/nm

B2 fhanttd ks DNA I CD ik i
Figure 2  Effects of compounds on CD spectra of salmon Sperm
solution
1.4 BRREBIKSEEMRUEY 5. 6. 7. 10 YIEIFRK
pBR 322 DNA B91EH

pBR 322 fiki DNA A =P AL FIA 8IS e
A (Form 1), S8 FFIAGEZI R (Form 10), XU K54 28 7Y
(Form III). ANFEMEL] DNA 7> T 5285 1 K%
FREEAE, FECEAERR Bk T EE Form [>
Form II1>Form 17, & 3 AR [ ERIL A4 54 6474
10 )% pBR 322 DNA 148k H Ik .

1 2 1 2 3 4
Form Il
Form |
EM5 Eme
Form Il
Form |

A0

B3 thaYYIE pBR 322 Fiki DNA BT Bk 5 i
Figure 3 Gel electrophoresis patterns of compounds cleaved
pBR 322 plasmid DNA
Lane 1: DNA; Lane 2: DNA+50 pmolsL ' compounds 5, 6, 7 and 10;
Lane 3: DNA+ 100 pmolsL "' compounds 5, 6, 7 and 10; Lane 4: DNA+
150 pmol. L' compounds 5, 6, 7 and 10

MWK 3 ATLAE H, L&Y 5. 7. 10 #BREXT DNA ik

amr
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1TUIR, R EY) 5 TEEREER X DNA PIHIE
P 58, BZI R Form 1T DNA IKFEEASKg N, #8
B2 HE R Form I DNA F8 1 3t P& 6 5,
R 38 A 8, AN 272 2E4F {7 Form II 8¢ Form III
DNA. Ht, thE1 6 N E&V)E DNA BT, B H
PKSEI6 45 L, &4 5% pBR 322 DNA I35 1
e, AT 510 YIRS HEARLL, MAGE ) 6
AUIENGE. X —g MR mas R —8. A4,
BB RN AR S, AT A U] %
pBR 322 itk DNA 35 PRI IR K.
1.5 WISHMpaESENE

K BEME I (MTT)VE e T &9 8, 7, 10
5 CuClL#% 111 W5 & LL AT i B 15 2 SR
Xob N FLARSE 40 i MCF-7 3958 906 E (24 h), PURIR
HIZ5)4H (ICso=6.3 pmoleL ™ ") AFHIEXT IR, 45 &0,
a5, 7 A 10 BA M EEE T, 7EKEN 32 pmole
L', A9 1 A CuCl, X MCF-7 40 B 386 58 ) 4 6
53318 86.0%F1 5.9%, LAY S 7 S4TE R ZECY)
XT MCF-7 40 B0 2853 14 86.7%F1 34.4%, Tifh&
W10 B4R 524 035 A 6T MCF-7 200 6 38 5 7 A 4
TEF. 546, &9 1 F S FI Y% MCF-7 4H 2 (1)
I 1Cso 454 3.7 A1 13.8 pmolsL ™. 5 &AL
HHTHER, SRS THEW 1. 5. 7 M EETE,
Ut B 4 J 4 B 1 B 5 N i b 20 A A% A TP R840 L )
RE71, R RAMFEERMIRR, RAETRe & eiTRE
THEAAER, XIEEERIAT 5 SRR A

2 i

eI TE AN R — BRI R, ARHETE TS R
RTS8 1 3 ASET B I S IE T B A A RT AW 5.
7 F 10 Skl DNA &4 T/EH, HAERHBES) 5>
10>7. BEIRHEIKSEIGUERAL &40 5. 7. 10 RefE HEEY)
#DNA, VIEIRe )1 5266k at 745 RARM) A MTT 5K
e LR, SEAAEMPFEER KRS TS S
A7 %5 MCF-7 40 i (o 38 B4 e A& 5 I &2 id
WXt MCF-7 4t Ha f 40 i 2508 Ve & T 7 A A, A
T 9% 2 WILE B A% B BRFD C 36 1 5] NF5 438, AT LAER
REA RIFAEYEER R EM AT A, SR
EVNEVES SR SR EY). RAh, SEETE
TiE fit % 55 25 DAL A W I 4T i 735 1

3 SCIEES
3.1 RS

Avance DRX-600 #ZHAILHRIX; Ls-55 5I0EHY;
6310 Tonn Trap LC/MS; Jasco J-810 4[5 — A 34%; Ele-
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mentar Vario Micro ! JG & 7 #7143 DY Y2-C-AZ R HLIKAX;
PCR #fJ51%; Bio-rad Universal Hood II S.N.76S %t %
AL, TEIR B FRIE % 8%, Versa max ZYEFHRIX; Ther-
mo-3111 bRk EF 7246, AllegraX-15R B0 #/L; Olym-
pus 15 B %6 2 HEE; Esco i TIES.

BACIA T (] PEEEMRAA SRAMRAL T E IR A ], &
it L 70%), Zalifh)q AP, [a]y +45 (¢ 0.10,
CHClLy); ZFREF( gk bz Tk 75 R A A, -4,
GG, AR, SR ER R £h (24 45 A4k 250 A TR
/A T); pBR 322 Jii ki DNA. fiffks DNA(F 5 #8344
BHEA IR 2 w]), HAR GR35 i & ol
3.2 ZLWAHE
3.2.1  TEEBLAMB(2)69 5 Ak

7£ 100 mL S NI, K51 (14.50 g, 50 mmol )i i/
2R (30 mL)H, K ZEREF(28 mL, 296 mmol) A, 7E=
T TFHEE 3 h )5, FHEAT(100 mL X 3)AHL. AHURK FH K
er MG, FJCKBREREN T, JERE IR 2500 5 15
SRR 2 0 i, S RERAT EATAifiAg 14.22 g iR 38
HPIRYD, 72 87%. [aly +31 (¢ 0.50, CHCly); 'H NMR
(CDCls, 600 MHz) d: 1.03 (s, 3H), 1.31~1.33 (m, 9H),
1.48~1.54 (m, 3H), 1.74~1.87 (m, 3H), 1.99 (t, J=7.8
Hz, 1H), 2.06 (s, 3H), 2.13 (d, J=2.4 Hz, 1H), 2.38 (d, J=
12.6 Hz, 1H), 2.90~2.99 (m, 3H), 3.17 (g, 1H), 3.34 (q,
1H), 6.14 (s, 1H), 6.99 (s, 1H), 7.10 (d, J=7.8 Hz, 1H),
7.26~7.27 (d, J=8.4 Hz, 1H); “C NMR (CDCl;, 150
MHz) d: 18.7, 18.8, 19.0, 21.0, 23.4, 24.0, 25.3, 30.2, 33.5,
37.4, 37.5, 38.4, 45.2, 49.9, 123.8, 124.2, 126.9, 134.8,
145.6, 147.2, 170.7; MS (70 eV) m/z: 328.3 [M+H]" .
Anal. calcd for C,H;33NO: C 80.52, H 10.05, N 4.21;
found C 80.68, H 10.16, N 4.28.
322  TBERL A MAE-T-BR(3) 69 & A%

£ 100 mL Je S, K 2 W #AE(23.90 g, 70 mmol)
ZBR(30 mL), ¥ 15 mL =% ALEEH(12.00 g, 120
mmol) NN, 7£ 0 CHKMFHiHE 4 h 5, HEI(100
mL X 3)ZHL. KK ZE RS, I KRER T
e, SRR ZE RS R BRAR G 3 M. SRR AT
JENTAEAAS 14.67 g ALK, 72% 86%. [aly +51
(¢ 0.10, CHCLy); 'H NMR (CDCl;, 600 MHz) &: 1.03 (s,
3H), 1.32 (t, J=7.2 Hz, 9H), 1.48~1.55 (m, 3H), 1.75 (d,
J=13.8 Hz, 1H), 1.85 (t, J=13.2 Hz, 1H), 2.04 (s, 3H),
2.11 (s, 1H), 2.38 (d, J=12.6 Hz, 1H), 2.90~2.95 (m,
2H), 3.14 (q, 1H), 3.34 (q, 1H), 6.43~6.45 (t, J=5.4 Hz,
1H), 6.99 (s, 1H), 7.09 (d, J=7.8 Hz, 1H), 7.27 (d, J=8.4
Hz, 1H); *C NMR (CDCl;, 150 MHz) ¢: 19.1, 21.0, 23.3,
24.1, 25.4, 33.5, 36.2, 37.4, 37.5, 38.4, 45.2, 50.0, 123.9,
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124.2,126.9, 134.9, 145.6, 147.3, 170.6; IR (KBr) v: 3373,
3073, 2937, 1721, 1685, 1625, 1562, 1436, 1238 cm ™ '; MS
(70 eV) m/z: 342.19 [M-+H]". Anal. calcd for C,,H;NO,:
C 77.42,H9.38, N 4.11; found C 77.54, H 9.46, N 4.02.
323 T EBRBL AWML -6-I%-7-ER(4) 8 5 %,

J7i—: £ 100 mL MR, K 3 (1.67 g, 5 mmol)
WRAAE CFE(30 mL)H, PRI IRAGAR[E 74 (2.78g, 12.5
mmol), RSB AT T EIR 12 h. K5, Kk
MBI K (200 mL)H, i 4. ZBK(100 mL X 3)AEH.
AHUAHFH TR BRI T 5, SRS R AR aE
R 4. 2SR ET S 097 ¢ B AR,
FEH 46%.

J7iEZ: AE 100 mL RO, 3 (1.67 g, 5 mmol)
TEFRAE LR (40 mL)H, IIAMEIR(1.00 g, 6.25 mmol), At
IR GIEER PR . IRLEE R E, RS ]
NEATRBR AN AKE R, H R CFE(100 mL X 3)%
B AV ICKRBREA TR 5, ZUs 2813 2140
BRI 4 M. 2 R BT aiib 3 1.53 g 3 (Ol
RFEH, 72 73%. [y +64 (¢ 0.10, CHCly); '"H NMR
(CDCls, 600 MHz) ¢: 1.15 (s, 3H), 1.21~1.25 (m, 9H),
1.41 (s, 2H), 1.49 (d, J=5.7 Hz, 1H), 1.52 (d, J=5.7 Hz,
1H), 1.67~1.72 (m, 3H), 1.96 (s, 3H), 2.91~2.96 (m,
1H), 3.23~3.27 (m, 2H), 3.54 (q, 1H), 4.72 (d, J=8.7 Hz,
1H), 6.15 (s, 1H), 7.21 (d, J=8.1 Hz, 1H), 7.43 (m, 1H),
7.63 (d, J=2 Hz, 1H); *C NMR (CDCl;, 150 MHz) ¢:
19.4, 23.0, 23.5, 23.7, 25.0, 33.5, 36.2, 36.4, 38.6, 39.2,
41.8, 51.4, 60.3, 121.8, 125.8, 131.3, 147.0, 147.7, 170.9,
194.4; IR (KBr) v: 3421, 2960, 1686, 1652, 1558, 1388
cm 'y MS (70 eV) m/z: 420.08 [M]". Anal. calcd for
C2,H;30BrNO,: C 62.86, H 7.38, N 3.33; found C 62.77, H
7.21,N3.37.

324 CBEBLAMIE-6,7-(3-FHK)-1,2,4-="%(5) 89 &
I

£ 50 mL [N, K 4 (2.10 g, 5 mmol)iEfRLE
DMF (20 mL)H, IIABARZZE MK [E14(0.55 g, 6 mmol),
7E 60 CTRHiH: 4 h J5, FH 4B 4B8(100 mL X 3)AKEL.
AHUHFH KRR TG, SRR BS R AER
(1) 5 kL. AT E T AT 1,12 g A R4,
FEER 58%. mup. 183.1~184.2 C; [a]y —181 (c 0.10,
CHCl;); '"H NMR (CDCls, 600 MHz) d: 1.11 (d, J=5.4
Hz, 6H), 1.25~1.28 (m, 6H), 1.42 (d, J=18.6 Hz, 1H),
1.49 (d, J=2.8 Hz, 1H), 1.54~1.58 (m, 1H), 1.69 (q, 1H),
1.75~1.77 (m, 2H), 1.95 (s, 3H), 2.51 (q, 1H), 3.16 (m,
1H), 3.32 (m, 1H), 5.64 (s, 1H), 6.66 (s, 1H), 7.23~7.28
(m, 3H), 7.45 (s, 1H), 7.76 (d, J=4 Hz, 1H), 9.37 (s, 1H);
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C NMR (CDCl;, 150 MHz) &: 18.6, 23.3, 23.5, 24.1,
24.5,33.7,36.4,36.8, 37.7, 42.3, 45.8, 49.6, 122.8, 123.0,
128.4, 129.9, 146.6, 148.9, 149.8, 170.7; IR (KBr) v: 3427,
3278, 2957, 2925, 2867, 1649, 1685, 1572, 1494, 1421,
1287 cm™'; MS (70 eV) m/z: 413.2 [M+H]", 847.2 [2M+
Na]'. Anal. caled for C,3H3,N40S: C 66.83, H 8.00, N
13.56; found C 66.69, H7.91, N 13.37.

3.2.5  CTBLBLAMIE-(5,6-H)-7-BR(6) & A A&

76 50 mL AR, K 4 (2.10 g, 5 mmol)iEfRAE 2
f(20 mL)H, AAE A S ER, =6 pH=10,
76 60 CZAMF FHiEE 4 h J5, FAEP(100 mLX3)ZEHL.
AHAHHTCKBRERIN T EE, 2W0s 281815 2 8K
(1) 6 ML fh. S REIRFE ENT AT 1.42 ¢ FEEOIHPIR =4,
FEE 84%. [aly +52 (¢ 0.10, CHCl;); 'H NMR (CDCl;,
600 MHz) d: 1.28~1.30 (m, 6H), 1.38 (s, 3H), 1.54 (s,
3H), 1.62~1.65 (m, 4H), 1.84~1.87 (m, 1H), 1.95 (s,
3H), 2.51 (d, J=16.2 Hz, 1H); 2.95~2.99 (m, 1H), 3.34
(q, 1H), 3.68 (q, 1H), 5.67 (s, 1H), 6.29 (s, 1H), 7.41 (s,
2H), 7.98 (s, 1H); *C NMR (CDCl;, 150 MHz) J: 18.7,
23.4, 24.0, 24.1, 25.3, 33.4, 36.1, 37.3, 38.3, 45.2, 49.9,
123.8, 124.1, 126.9, 132.6, 134.8, 145.6, 147.2, 153.5,
170.4, 199.2; IR (KBr) v: 3360, 2960, 1632, 1607, 1545,
1492, 1276 cm™'; MS (70 eV) m/z: 34022 [M+H]",
357.00 (M+NH,)", 362.28 (M+Na)". Anal. caled for
CyHoNO,: C 77.65, H 8.82, N 4.12; found C 77.75, H
8.89, N 4.05.

3.2.6 CTBEBL AMIE-6,7-"31 ()09 5Bk,

£ 100 mL S NI, K53 (1.75 g, 5 mmol)iEfEAE 2
B30 mL)H, SRJE 3 Ao AR #h R £5.(1.44 g, 10
mmol)FIE: B2, 5] pH=1~2, £ 80 CZMF Ntk 6h
J&, (100 mL X 3)ZEHL. A AU oK B AN T
J&, GRUEZAETRARE AR 7 i SRR
Hrafifbss 1.12 g s A EA =), 722 53.7%. m.p.169.1~
170.2 °C; [a]s +21 (¢ 0.10, CHCl); 'H NMR (CDCls,
600 MHz) 5: 1.03 (s, 3H), 1.28 (t, J=7.2 Hz, 1H), 1.34 (q,
6H), 1.39 (d, J=3.2 Hz, 1H), 1.50 (s, 3H), 1.69~1.83 (m,
4H), 2.00 (s, 3H), 2.32 (d, J=13.3 Hz, 1H), 2.98 (m, 2H),
3.35 (d, J=18.8 Hz, 1H), 5.76 (s, 1H), 7.18 (m, 3H), 7.30
(d, J=8.1 Hz, 1H), 7.35 (d, J=3.6 Hz, 1H), 7.47 (m, 1H),
8.01 (m, 1H), 8.66 (s, 1H); *C NMR (CDCls, 150 MHz) o:
17.7, 19.9, 21.3, 23.5, 24.1, 33.8, 36.5, 37.2, 37.4, 40.0,
48.8,51.2, 111.4,119.0, 119.7, 121.2, 122.8, 123.6, 126.1,
126.9, 128.4, 129.2, 135.0, 137.2, 146.7, 146.8, 170.7; IR
(KBr) v: 3289, 2959, 2926, 2867, 1656, 1550, 1509, 1440,
1371 ecm™'; MS (70 eV) m/z: 415.55 [M+H]", 432.00
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(M+NH,)", 437.02 (M+Na)". Anal. caled for C,sHss-
N,O: C 80.96, H 8.43, N 6.75; found C 81.01, H 8.51, N
6.71.
3.2.7  12-TBRBL AP (8) 89 & Ak

f£ 100 mL Je R, #IoK &AL (G.60 g 9
mmol)Fl ZBE5(0.70 g, 9 mmol) I I — & (30 mL)
H EIRSEE 1 h S, MEAEINE 2 (1.96 g, 6 mmol)
M S HE(LS mL)EH, TE=RELLRM 8 h f&, HE
(100 mL X 3)ZEHL. A HUAHH T KIRRNT1RI5, L0
JEZEMRS 2R IR 8 AL, SRR A E T i
226 g R AEAY), 773 68%. m.p. 190.1~193.3 C;
[aly 438 (¢ 0.10, CHCl;); '"H NMR (CDCls, 600 MHz)
0.96 (s, 3H), 1.21~1.24 (m, 9H), 1.28 (q, 1H), 1.43 (q,
4H), 1.71~1.81 (m, 4H), 1.98 (s, 3H), 2.56 (s, 3H), 2.82~
2.87 (m, 1H), 2.96 (q, 1H), 3.07 (q, 1H), 3.30 (q, 1H),
3.46~3.48 (m, 1H), 5.52 (s, 1H), 7.07 (s, 1H), 7.40 (s,
1H); *C NMR (CDCls, 150 MHz) 6: 18.7, 18.8, 23.4, 24.1,
24.2, 25.2, 28.7, 30.1, 30.5, 36.1, 37.3, 37.4, 38.2, 45.0,
49.8, 124.2, 127.0, 136.3, 138.8, 144.8, 146.8, 170.2,
203.4; IR (KBr) v: 3299, 2966, 2922, 2864, 1683, 1641,
1555, 1460, 1371 cm™'; MS (70 eV) m/z: 370.19 [M+H] .
Anal. calcd for C,4H3sNO,: C 77.84, H 9.73, N 3.78; found
C 77.79, H 9.69, N 3.84.
3.2.8  12-(a-iRAX)- T B TBEBL SR (9) 89 & A%,

7E 100 mL AR, K 8(1.85 g, 5 mmol)i& (L 2,
& (40 mL)H, 2R S5 IMAREL(1.00 g, 6.25 mmol), 7EZE iR
A THFE 6 h J5, R SORIRE) N LR AR S AN K IR
o, A& (100 mL X 3)AEHL. A WU JE K B BR AN g
5, LUk ZARERIAAREERP 9 i, R
JEHTAEAT 1.42 g W APIRY), 723 63.1%. [a]y +33
(c 0.10, CHCl3); '"H NMR (CDCls, 600 MHz) 6: 0.95 (s,
3H), 1.20~1.24 (m, 9H), 1.25~1.28 (m, 2H), 1.39~1.43
(m, 3H), 1.71~1.78 (m, 4H), 1.99 (s, 3H), 2.85~2.87 (m,
1H), 2.95~2.97 (m, 1H), 3.02~3.06 (m, 1H), 3.29~3.38
(m, 2H), 4.40 (d, J=3.4 Hz, 2H), 5.59 (s, 1H), 7.10 (s,
1H), 7.39 (s, 1H); °C NMR (CDCls, 150 MHz) 6: 18.7,
18.8, 22.8, 23.0, 24.0, 25.2, 29.6, 30.9, 32.3, 34.4, 36.1,
37.4, 38.1, 45.0, 50.3, 120.3, 127.9, 128.4, 134.5, 143.9,
149.1, 171.4; IR (KBr) v: 3288, 2966, 2962, 2926, 2867,
1695, 1657, 1549, 1452, 1377 cm™'; MS (70 €V) m/z (%):
450.68 [M+H]+. Anal. calcd for Cp,H34BrNO,: C 64.29,
H 7.81, N 3.12; found C 64.31, H 7.86, N 3.09.
3.2.9  12-(2- A E)- TELBL S (10) 89 S A&

£ 50 mL JeREH, K9 (2.25 g, 5 mmol)iEfR{E
DMF (20 mL)H, A5 ABiK(0.46 g, 6 mmol), 7E
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75 CHAFTHFE4 h 5, H OB (100 mL X 3)AEHL.
AN TCK R BRI T 5, 2080 281318 B3 (B IR
110 A 5. S0 R E T aliih 45 1.03 g K (Al 4
Y, 723 48.3%. m.p. 122.5~123.9 C; [a]y +93 (c 0.10,
CHCL3); 'H NMR (CDCls, 600 MHz) 6: 0.95 (s, 3H), 1.18
(q, 6H), 1.23 (s, 3H), 1.26~1.29 (m, 2H), 1.40~1.44 (m,
3H), 1.64~1.67 (m, 1H), 1.73~1.79 (m, 2H), 1.93 (s,
1H), 1.99 (s, 3H); 2.84~2.88 (m, 1H), 2.96 (q, 1H), 3.09
(q, 1H), 3.24~3.29 (m, 2H), 5.28 (s, 2H), 5.51 (s, 1H),
6.34 (s, 1H), 7.02 (s, 1H), 7.23 (s, 1H); *C NMR (CDCl,,
150 MHz) §: 18.7, 18.9, 21.0, 23.5, 24.1, 24.2, 25.1, 28.8,
29.9,36.1,37.3,37.4,38.3,45.1,49.8, 104.7, 125.7, 126.0,
131.6, 135.2, 144.1, 146.8, 166.6, 170.2; IR (KBr) v: 3301,
3184, 2960, 2925, 2866, 1650, 1548, 1517, 1543, 1375
em ' MS (70 eV) m/z: 426.29 [M+H]". Anal. calcd for
C,sH3sN;0S: C 70.42, H 8.45, N 9.86; found C 70.48, H
8.51,N9.79.

3.3 {LA&49%0 DNA fERRISEIE 755k

33.1 kAR

FWAMT, MMM FIMAN 3 mL Ok
DNA-EB(#AL 258 R A W (cona/ces=10 © 1)JF, KX
)R o v I N SR AR A & W RE S, A AT
DNA iR FE LU AR B FEHh 3G 0, & & S min J5, 7E 520 nm
(RIBOR K T s e we e R s,

332 BH=& ki

F Tris S bR L ) i fkG DNA WA S &)
Bt R DNA VETR(ZE S LR r=c wen/cona), IREIEE
B EE S min, W B g, MR $0 Bk Tris 2204
TR AP R i P2,

333 IR AEEAR SR I

¥ pBR 322 7 DNA (200 pg)-5 i B 16 FE 18 1k
EW7E pH=7.26 1] TBE Z:A W &1L 2.5 h (37 C),
R E-EDTA 21k, 75 1% M3 e bk T
Hk, HIKE WG, EBRBIE RS LG, WEkE
Yixt DNA [IY1EE L.

3.3.4  FIFIBE MR,

K MTT MK T H ARG E&40% MCF-7 e 4
(AR S M 0, DA DR FH 2 I A S BE P B
S AL SV fRET DMSO 1, FRddip 10 mmoleL ™!
AW, ARG SRR SR IR AR 2 1, 2, 4, 8,
16, 32 pmolsL™' (%% DMSO & & <0.5%). ¥ MCF-7
ARz AL THE, R 96 FLARH, BT 37 C,
5% CO, BEFRAE %% 24 h. FREIECHI T AN [F) Tk 1
PAFIA EPTIN 96 FLAR Y, R EXTHRA, B3 AME
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FL, TR 24 h 5, FFLIA 20 uL f MTT
W, k5 FR 4 h, 775 BIEBRE LA 150 pL /1
DMSO, FEKHREY 10 min J8A1, B )5 HEEFRACIE 570
nm Kb 1) 6 (OD) 7 v B R, & ER T
MCF-7 4HHE 3N ZRIE R 50%KT BTt B (3 B 2 SCN
AN IR E (1C ).

B3 B} (Supporting Information) B4 ik B ARt
B REFEARE S S ARG RS K = o3 HE T 1 .
X EEAARL AT PA 4 B AR T I 35 (http://sioc-journal.en/) |
T#R.
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