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The present invention relates to a method of preparing a compound of 2-(4-aminophenyl)benzothiazoles.
The present invention also relates to a pharmaceutical composition for providing photodynamic therapy to
a patient having at least one tumor to inhibit growth of the tumor.
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The present invention relates to a method of preparing a compound of
2-(4-aminophenyl)benzothiazoles. The present invention also relates to a
pharmaceutical composition for providing photodynamic therapy to a patient

having at least one tumor to inhibit growth of the tumor.
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[ 737 Bediv )
HEEEBAEERE (NMSC) A—BAUR LB BAEMHME A
B (BCC) RNMSCY B ¥ A H A MY MAAL G L EHAH
PREHL (Marks, R. Cancer 1995, 75,607 ) - %9 /1 %% (PDT) & —
BEARFEZHRAFBRAMEE > AATRE 268 KK fa Jo 5 fa o
( Grapengiesser, S.; Ericson, M.; Gudmundsson, F. Clin. Exp. Dermatol.
2002, 27,493 ) sk &R T & 3 E Fo % #9 4 4-(Kiesslich, T.; Krammer,
B.; Plaetzer, K. Curr. Med. Chem. 2006, 13, 2189) « % B¢ 45 /LE R
CRMNEBT BAASFHAETERELAHNET (ROS) A4 ' ik
HEE& R BIZmEe (Dolmans, D. E.; Fukumura, D.; Jain, R. K.
Cancer 2003, 3,380) - % > HERAEREFRERB > BEHBIAT
B AKBIZ AR BEHEABRHBLERENTKRINARMBE » g
PRFEET MO AMBIAOME -
2-% A ¥ 5 Eo¢ (2-Phenylbenzothiazoles) (B 1) KR&k—HHEA

BB bR R B2 #7385 (Bradshaw, T. D.; Wrigley, S.; Shi, D-F;

W
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Schultz, R. J.; Paull, K. D.; Stevens, M. F.G. Br. J. Cancer 1998, 717,
745) - BT A —AESRNB ARSI HBOTET 0 2

(4-B %) ¥ &k (2- (4-aminophenyl) benzothiazoles) (X6 #
£1) S BEEME R REANSHLRI TR ERALS

PR AGE R R AE N LHATPE S NBRZBS ( Stevens, M. F.
G.; McCall, C. J.; Lelieveld, P.; Alexander, P.; Richter, A.; Davies,D. E. J.
Med Chem. 1994, 37, 1689) « #ii » Rt 2 S L TREFRIERME

GAHmRE BT EE—F AT ALEIAR -
EHRHA LRGSR TRATY  MRRBRESRFLL
MEOURRBME 0e AL R EraBRATERE
( Gogvadze; Zhivotovsky, B. J. Bioenerg. Biomembr. 2007,39,23) - #
GRIBABEMNR AR TRAZRACES A B A B Sy Fo/ R,
W4T b B Ak R A8 F 4 (Crompton, M. Biochem. J. 1999, 341,
233) - b BAFRIE HER AP T AUVAR R $m AR AR R P 4R
&£ f & (Valencia, A.; Kochevar, 1. E. Free Radic. Biol. Med. 2006, 40,
641) » B LikiELHUVAS FRAOMBE N mBRATCLARBRRE
B « % 84 RAEIEE &2 (MAPK) B7k & fafe 5HE HA
3% (ERK) -c-Jun £7& Ks%3(# (c-Jun N-terminal kinase > INK)
fop38% 44 EBIE L E G WA AT AL - INKfvp38 MAPK 2 S0 &
ik 54632318 /8 /) #o 1t B # T 751t (Roulston, A.; Reinhard, C.; Amiri, P;
Williams, L. T. J. Biol. Chem. 1998,273,10232) » MERK# A ( cascade )

SHRESHSENBECAYNBARFFLE R (Nogata, Y

5.14



1444371

\Fﬁ&ﬂﬁﬂgiﬁﬁa 2013 %2 A 27 A 44K

.14

Todokoro, K. Blood 1999, 94,853) - #hi > ERK{Z$E i AL e
+tAEVHR A THER (Xiao, D.; Singh, S. V. Cancer Res. 2002,

62,3615) -

(#ARZE]
AAGBREEMEANKX 6 LEHEAAKBHAREAR
BCC e LB 6-UVA #i 3] sy A4 -

. AHEARITR 60D (-U-RR)RFAEL5T44) HoARA
VEARBIG LAY - AR 6ILEHEEL4BLH > BmEas
HElERE - Bt BhAFATEIRABESAR 6 164 - A
Ao BERFALHAA RSN AL (UVA)#E (320-400 nm)
B RRYUAM AR Ginvirro) BE P 54 UVA i54be3 X 6 4 BCC
o PR R - TR UVA € A2 3MEA B HRA AL
b EAAEAHLR K P A A ELEEREL BAFLLX 6/MF

‘ OREHMIEFE  FeERMEZELA UVA THMA -

RIEAAER  AXFHAERAAGHNERLTL —RLBATART
BPEBRBALRRAER - wAFTHELXTHAEA  TaWiER
EATEES

#738 TUVA; S RA kA EIRBY -

#73E F6.UVA; &35 UVA B R 6444 -

#7358 T6f-UVAy £15 UVA Z1bey K 6f 154 -

T3]
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' E—BETHH T > X 1 B 6 ¥4 R, A H- 6Bt~ 6-OMe ~
6-OCH; » 6-Me ~ 7-OMe 3% 6-CF;> X 1 2/ 6 P43 R, A H & CH; »
B ER 1 HX6 PR A HE X 1 21X 6 ey R, & H6Et~
6-OMe ~ 6-Me ~ 7-OMe &, 6-CF;; X 1 21X 6 P8 R, & CH; 8§ » &
13X 6 P89 R A H>6-OCH; » 6-Et &% 6-CF3 > 44k X 1 i']i’(}é
PH# R A6CF; BEX13A6PH R, AH-
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A Cio R BEA R Cromink 1" BERyABHHKCLoi : &b
Ry % H-~ 6-Et » 6-OMe » 6-OCH; ~ 6-Me ~ 7-OMe & 6-CF; > B.& 1 8/ &
6 ¥uyR, & Hek CHy: B4 & Ry 5 Heg» R, % H-6-Et~6-OMe
6-Me - 7-OMe % 6-CF; ; & Ry % CH; 8% » R, % H~ 6-OCH; ~ 6-Et &%,
6-CF;; B84, R A 6CFHAR AH)-

LE-BAETHRHT  BBRRaLHELEL X 6 Lo REE
ELTHESHBE RE R TE- SRR LTHLHR
8RR -

LA-BETHROT  ZAHARLEST RIHR  Hzashi
FTRE EHRHFMEZETOEGYHEFTE) —HENHBREA
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2-(4-B R )R Eor (X )X NEH TN E 2 # & XA (anilines)
(K1) st it (X 2) g RE 4 /8 (Fik A) BRAF
4-5f & -N- K B K 5 o& ok (4-Nitro-N-phenyl benzamides Y ( X, 3 )~ &% -
LERRPHSHBANGELET POt THEERE (X 1) g4
RAFPEE (X2) BEUBFEHAFORTEE (X3)(F%B) #i¥%
AFEE (2 FK 3) RORBETRARTOFARBRZ YR
B A R A 28 48 K -N-X &g A X T B KB
: ‘ (4-nitro-N-phenylthiobenzamides) (X 4) s fibspieie X 4 =
AL o L% R 2- (4-BE K ) R FF 8¢ (2- (4-nitrophenyl ) benzothiazoles )
( X, 5) (Hutchinson, I.; Chua, M. S.; Browne, H. L.; Trapani, V,;
Bradshaw, T. D.;Westwell, A. D.; Stevens, M. F. G. J. Med. Chem. 2001,
44, 1446) » % > B XS T AH AT E P eyde R ELRMELER -
BARKARHERILEW6 - |
AT LB B R B i — F it 0 {8 A AT LA & 2 B (solvents free)
: #4428 B4 K Merck plates 60 Fisy /7 % 8 8.8 54 A B M A
B S RAE T e s B e B R R (Merck Silica Gel 60) (4063 Im)
BATHRIR BB 54 o A Fargo MP2D BB A BRI EB L £ R IE -
'H #o PC #nak £ 48 76 3% &4 400 MHz fv 100 MHz 25| it 4k 455k 3 3R
tk, Varian UNITY plus-400 Lt » 3t 4% M CDCl; 48 5% o 'H st £ 3k 1b
B4 #8510 TMS & CDCl; (7.26 ppm) A4 # » PC st #4810 CDCl,
(77.0 ppm) & %4 o & 34 14 Bruker APEX I & 3R ies5%k - U E ¥

A 77 4> # 4k Elementar vario EL Il i#47 » & R € 4£+0.4% 12 5H %
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S o RIRZALA ML E>95% ©

SaZ TR (3a-3) H—REL (Fika)

4 %8z (225 mmol > 1.2 4 &) #okog (450 mL) ¢4 HER T
NESEAToASHALTFTEBA (186 mmol) » HFH LR EHE
B4 NEE e APE TR 0 WHURRENAIKTP o M ARG
HBREEM —RFRBLEUFHHBAEEHI

4+ E-N-REXFEBE (Ga) - 8 LER: AR % IEH
214-216°C ; 'H NMR (CDCl; , 400 MHz) 89.42 (bs, NH), 8.38 (dt, ] =

2.4 and 3.6 Hz, 2H), 8.23 (dt, ] =2.4 and 3.6 Hz, 2H), 7.85-7.82 (m, 2H),
7.40-7.35 (m, 2H), 7.17-7.13 (m, 1H); C NMR (CDCl; , 100 MH?z)
5165.3, 151.2, 142.6, 140.5, 130.5, 130.3, 125.8, 125.1, 121.8; HRMS (El
m/z) for C3H;oN,O; caled 242.0691, found 242.0692; Anal. calcd for
C3HoN,0;: C, 64.46; H, 4.16; N, 11.56. Found, C, 64.72; H, 4.25; N,
11.54.

N-4-FER)4+HE LTS 3b) - aLEH: A 93% K
gk 201-203°C; "H NMR (CDCls, 400 MHz) 89.37 (bs, NH), 8.26 (d, J =

8.8 Hz, 2H), 8.11 (d, J = 8.4 Hz, 2H), 7.58 (d, ] = 8.0 Hz, 2H), 7.16 (d, J =
8.0 Hz, 2H), 2.34 (s, 3H); °C NMR (CDCl;, 100 MHz) §163.8, 149.3,
140.7, 135.3, 134.4, 129.3, 128.7, 123.4, 120.8, 20.8; HRMS (ESI, m/z)
for C;4H;;N,O3Na calcd 279.0746, found 279.0744; Anal. calcd for
CuH;:N;0s: C, 65.62; H, 4.72; N, 10.93. Found C, 65.71; H, 5.00; N,
10.92.

N-(d-ZER)4-HEEXTFEE Q) ~a2BMR: AF %% 8

2t 186-188°C; 'H NMR (CDCl;, 400 MHz) §8.32 (dd, J = 5.2 and 1.6 Hz,

10
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2H), 8.03 (d, J = 8.4 Hz,2H), 7.92 (bs, NH), 8.23(d, J = 8.0 Hz, 2H), 7.22
(d, J = 8.4 Hz, 2H), 2.65 (q, J = 7.6Hz, 2H), 1.24 (t, ] = 7.2 Hz, 3H); "°C
NMR (CDCl;, 100 MHz) 5163.6, 149.6, 141.5, 140.6, 134.8, 128.6, 128.2,
124.0, 120.6, 28.4, 15.6; HRMS (ESI, m/z) for C;sH,sN,O; caled
271.1083, found 271.1084; Anal. calcd for CsH,aN,05:C,66.66; H, 5.22;
N, 10.36. Found C, 66.48; H, 5.41; N, 10.15.

N-G-FEEB)I-FAETFER Bd - ZaB®; 2% 80%;

%525 158-160°C; "H NMR (CDCls, 400 MHz) 89.98 (bs, NH), 8.31~8.28

(m, 2H), 8.18 (d, ] = 8.8 Hz, 2H), 7.94 (s, 1H), 7.32~7.23 (m, 2H),
6.72~6.69 (m, 1H), 3.82 (s, 3H); °C NMR (CDCl;, 100 MHz) §163.8,
159.5, 149.0, 140.5, 139.2, 129.1, 128.7, 123.0, 112.8, 109.9, 106.3, 54.9;
HRMS (ESI, m/z) for C4H;;N,O,Na caled 295.0695, found 295.0694;
Anal. Caled for C,4H;;N,O4: C, 61.76; H, 4.44; N, 10.29. Found C,
61.49;H, 4.59; N,10.33.

N-G-FEEB)4-HERXFERE Be) - FEER 2F 80%
B2 196-197°C; 'H NMR (CDCls, 400 MHz) 89.35 (bs, NH), 8.22 (d, J =
8.0 Hz, 2H), 8.07 (d, J = 8.0 Hz, 2H), 7.68 (d, = 8.4 Hz, 1H), 6.95(d, ] =
8.4 Hz, 2H), 3.75 (s,3H); ’C NMR (CDCl;, 100 MHz) 8163.7, 156.6,
149.2, 140.7, 130.9, 128.6, 123.3, 122.5, 113.9, 55.3; HRMS (ESI, m/z)
for CisH;3N;O4 calcl 273.0875, found 273.0873; Anal. Calcd for
CisHi2N,O4: C, 61.76; H, 4.44; N, 10.29. Found C, 61.88; H, 4.65;
N,10.14.

N-G-ZRTFER)I-FRAETERE G - GE&BH: 2% 95%;
Y5 85 194-196°C; 'H NMR (DMSO, 400 MHz) $10.87 (bs, NH), 8.37 (d, J
= 8.4 Hz, 2H),8.14 (d, J = 8.4 Hz, 2H), 7.97 (d, J = 8.0 Hz, 2H), 7.70 (d, J
= 8.4 Hz, 2H); >C NMR (DMSO, 100 MHz) §164.9, 149.6, 142.5, 140.3,
129.6, 126.3, 124.5 (q, J = 140 Hz, 1C), 123.9, 120.7, 114.1; HRMS (EI,

11
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m/z) for C;;HoF3;N,O; caled 310.0560, found 310.0563; Anal. calcd for
C1sHgF3N,0O5: C, 54.20; H, 2.92; N, 9.03. Found C, 54.50; H, 2.84; N,
9.25.

SRETVER (3g-3) h—&ERL (Fxb)
B 4-s5 R FEE (82 mmol) WX (165 ml) 9B ERMNEAT
BTFULHSEL (58mL - 820mmol > 10 88 ) R > B2 HALE

MER 4N BREBE  BRTFTRAFHDERWAZHETRA

s (123 mmol > 1.5 & 8) #etez (165ml) #IER T « Lo

PN RRERTEHRA N - AHETRYE > BHBREINK K
FRAERBEILBYBRELEE —RFRBLELUFHHERALEM3 -
N-(RE£)3-FE4-HAELFERE Gg) - GEBEM £F 82%

5 25 149-151°C; 'H NMR (CDCl;, 400 MHz) 88.01 (d, J = 8.4 Hz, 1H),
7.98 (bs, NH), 7.84 (s,1H), 7.78 (d, ] = 8.4 Hz, 1H), 7.63 (d, J = 7.6 Hz,
2H), 7.40-7.36 (m, 2H), 7.21-7.17(m, 1H), 2.64 (s, 3H); *C NMR (CDCl,,
100 MHz) 8163.9, 150.9, 138.8, 137.27, 134.2, 131.8, 139.2, 125.4, 125.3,
125.0, 120.4, 20.3; HRMS (ESI, m/z) for CisH;3N,0; caled 257.0926,

found 257.0925; Anal. caled for CsH;2N,O5: C, 65.62;H, 4.72; N, 10.93. ‘
Found C, 65.53; H, 4.60; N, 11.00.

N-4-ZEX)3-FPRAA4-FEEFER Gh) -vscEBR: AF

80% ;1585 137-139°C; "H NMR (CDCl;, 400 MHz) 58.03 (bs, NH), 7.97

(d,)=8.4Hz 1H), 7.82 (s, 1H), 7.75 (d. J=8.4 Hz, I1H), 7.52 (d, J = 8.4
Hz, 2H), 7.29 (d, J = 8.0 Hz,2H), 2.67-2.61 (m, 5H), 1.24 (t, ] = 8.4 Hz,
3H); C NMR (CDCl;, 100 MHz) §163.8, 150.8, 141.4, 138.9, 134.9,
134.1, 131.8, 128.5, 125.4, 125.0, 120.6, 28.3, 20.3, 15.6; HRMS (ESI,
m/s} for C¢H;7N,0; caled 285.1239, found 285.1241; Anal. calcd for

12 _ S
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CieHsN.O;: C, 67.59; H, 5.67; N, 9.85. Found C, 67.50; H, 5.45; N, 9.85.

N-4-FARAEB)3-FEA4BHEXTEE G) -gcBR A%
71% ; %25 152-154 °C; "H NMR (CDCl;, 400 MHz) $7.98 (d, J = 8.4 Hz,
1H), 7.94 (bs, NH), 7.81 (s, 1H), 7.75 (d. } = 8.0 Hz, 1H), 7.52 (d, ] = 8.8
Hz, 2H), 6.89 (d, J = 9.2 Hz, 2H), 3.81 (s, 3H), 2.62 (s, 3H); C NMR
(CDCl;, 100 MHz) $163.7, 157.0, 150.8, 138.8, 134.1, 131.7, 130.2,
125.3, 1249, 1223, 114.3, 114.2, 55.4, 20.2; HRMS (ESI, m/z) for

- CysH,5N,O4 calced 287.1032, found 287.1033; Anal. caled for C;sH 4N;Oy:

C,62.93; H, 4.93; N, 9.79. Found C, 62.77; H, 5.17; N, 9.82.
3FEA4FRANG-ZHFES) £78K Q) - 6Bl 2
£ 75% ; B2 154-156°C; '"H NMR (CDCl;, 400 MHz) §9.38 (bs, NH),

8.01 (d, J = 8.8Hz, 1H), 7.92 (s, 1H), 7.87-7.83 (m, 2H), 7.61 (d, J = 8.4
Hz, 2H), 2.64 (s, 3H); >C NMR (CDCl;, 100 MHz) §164.8, 150.8, 141.0,
138.4, 133.8, 132.1, 126.1 (q, ] =38Hz, CF3-C), 125.8, 124.7, 123.2 (q, J
= 140Hz, CF3), 120.3, 120.2 20.0; HRMS (EI, m/z) for C,sH;N,O,F;
caled 324.0722, found 324.0725; Anal. caled for CsH 1 F3N;O;: C, 55.56;
H, 3.42; N, 8.64. Found, C, 55.50; H, 3.48; N, 8.64.

ARG EATERE (dadj) 9 H#=

3 4-A-N-ZARXFEE (41 mmol) |5 AMRA (852 ¢
2lmmol » 0.51 § &) HEAX (30 ml) vHRESHA NI E 6]
oo a HEEE  RERBHHE (CHCL/EKk=2:3) shibstid &%
Reibddha e

4-HE-N-ERABXTEHE 4a) - REER 2F 60%; B8

154-156 °C; '"H NMR (CDCls, 400 MHz) 59.08 (bs, NH), 8.26 (d, J = 8.4

13
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Hz, 2H), 7.95 (d, ] = 8.4 Hz, 2H), 7.77 (d, ] = 7.6 Hz, 2H), 7.47 (1, ] = 8.0
Hz, 2H), 7.34 (t, J = 8.0 Hz, 1H); “C NMR (CDCI3, 100 MHz) §195.5,
148.9, 1482, 138.5, 129.2, 127.7, 127.5, 123.9, 123.5; HRMS (EI, m/z)
for C;3HgN,O,S calcd 258.0463, found 258.0463; Anal. calcd for
C13HioN20,8, C, 60.45; H, 3.90; N, 10.85. Found C, 60.44; H, 4.06; N,
10.75.

N-(4-FER)4-g B X FH#EE b)) - FEEH: EF 60%;
Y525 195-196°C; 'H NMR (CDCl,, 400 MHz) 89.15 (bs, NH), 8.21 (d, J =

8.4 Hz, 2H), 7.91 (d, J = 8.8 Hz, 2H), 7.60 (d, J = 8.4 Hz, 2H), 7.26-7.23

(m, 2H), 2.38 (s, 3H); C NMR (CDCls, 100 MHz) §195.27, 148.8, 148.0, ~
137.6, 135.9, 129.7, 127.7, 123.8, 123.6, 21.2; HRMS (ESI, m/z) for
CHpN>,O,SNa caled 295.0517, found 295.0516; Anal. caled for
C1sHiuN,0,8: C, 61.75; H, 4.44; N, 10.29. Found C, 61.81; H, 4.55; N,

10.29.

N-4-ZEE) 4 EFETEBE ) - TEBR: AF 65%;
Y5 B 142-144°C; "H NMR (CDCl;, 400 MHz) §9.07 (bs, NH), 8.25 (d, J =

8.4 Hz, 2H), 7.94 (d, ] = 8.8 Hz, 2H), 7.66 (d, ] = 8.4 Hz, 2H), 7.28 (d, ] =

8.0 Hz, 2H), 2.69 (g, J= 8.0 Hz 2H), 1.27 (1, J = 7.6 Hz, 3H); "C NMR ‘
(CDClL, 100 MHz) 8195.2, 148.9, 1482, 143.9, 136.1, 128.9, 128.6,
127.7,123.9, 123.5, 28.5, 15.3; HRMS (ESL m/z) for CysHsN,0,S caled
287.0854, found 287.0856; Anal. caled for C;sH;sN;O,S: C, 62.92;

H, .4.93; N, 9.78. Found C, 62.91; H, 4.95; N, 9.60. '

N-G-FREL)4-HEMETBE (4d) - REEH EF 64%;
#5 %5 138-140°C; 'H NMR (CDCl3, 400 MHz) 510.61 (bs, NH), 8.23 (d, J

= 8.8 Hz, 2H), 7.96 (d, J = 8.8 Hz, 2H), 7.60 (s, 1H), 7.36-7.30 (m, 2H),
6.86-6.83 (m, 1H), 3.83 (s, 3H); °C NMR (CDCl;, 100 MHz) $195.3,
159.8, 148.8, 148.2, 146.2, 129.6, 128.2, 123.3, 115.8, 112.7, 109.2, 55.4;
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HRMS (ESI, m/z) for C,4H;2N,0;8Na calcd 311.0466, found 311.0464;
Anal. calced for Ci4H;;N,058: C, 58.32; H, .4.20; N, 9.72. Found, C, 58.25;

H, 4.36; N, 9.61.

N-G-FRER)I-HRBELTEE de) - HEEAH: £ 62%;
#5.85 174-175°C; "H NMR (CDCl;, 400 MHz) §9.98 (bs, NH), 8.31-8.28

(m, 2H), 8.18 (d, J = 8.8 Hz, 2H), 7.94 (s, 1H), 7.32-7.23 (m, 2H),
6.72~6.69 (m, 1H), 3.82 (s, 3H); "C NMR (CDCl;, 100 MHz) §163.8,

- 159.5,149.0, 140.5, 139.2, 129.1, 128.7, 123.0, 112.8, 109.9, 106.3, 54.85;

HRMS (EI, m/z) for C;4H»N>Os8S calcd 288.0569, found 288.0571; Anal.
caled for C1sH2N>0,S: C, 58.32; H, .4.20; N, 9.72. Found C, 58.29; H,
4.42; N, 9.47.

N-G-ZRFER)4-FERMETERE M) - FEEAB, A%
71%  $5% 174-175°C; 'H NMR (CDCls, 400 MHz) 811.49 (bs, NH),

8.25 (d, J = 8.4 Hz, 2H), 8.07 (d, ] = 8.8 Hz, 2H), 7.99 (d, J = 8.4 Hz, 2H),
7.68 (d, J = 8.0 Hz, 2H); “C NMR (CDCl,, 100 MHz) §196.1, 148.5,
148.0, 142.4, 128.4, 125.8, 125.8, 123.5, 123.1, 122.3 (q, J = 140Hz, CF;);
HRMS(ESI, m/z) for C;;HoN,O.F;S caled 326.0337, found 326.0335.
Anal. caled for CH;oN,OF3S: C, 51.53; H, 2.78; N, 8.59. Found C,
51.90; H, 2.86; N, 8.63.

N-(2E)3-FEA-FHERRX TP g - HEBR A5 72%:;
.25 118-120°C; "H NMR (CDCl;, 400 MHz) 89.09 (bs, NH), 7.99 (d, ] =
8.4 Hz, 1H), 7.78-7.71 (m, 4H), 7.46 (t, ] = 8.0 Hz, 2H), 7.33 (t, ] = 7.6
Hz, 1H), 2.64 (s, 3H); >°C NMR (CDCl;, 100 MHz) §195.7, 146.6, 138.5,
134.2, 131.2, 129.2, 127.4, 125.1, 124.8, 123.5, 20.5; HRMS (ESL, m/z)
for CsH;3N,O0,S calecd 273.0698, found 273.0700; Anal. caled for
CisH;3N,0,8: C, 61.75; H, 4.44; N, 10.29. Found C, 62.01; H, 4.39; N,
10.26.
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N-4-ZER)3-FRA4BEAGEFTEE 4h) - REBR S EX
70% ; Y585 160-162°C; "H NMR (CDCls, 400 MHz) 59.03 (bs, NH), 7.99

(d, J = 8.4 Hz, 1H), 7.78-7.65 (m, 3H), 7.28 (d, J = 8.4 Hz, 2H), 2.72-2.64
(m, 5H), 1.26 (t, J = 7.6 Hz, 3H); °C NMR (CDCl; , 100 MHz) §195.4,
150.1, 146.6, 143.8, 136.1, 134.2, 131.3, 128.5, 125.0, 124.81 123.5, 28.5,
20.5, 15.4; HRMS (ESI, m/z) for Ci¢HyN,O,8 caled301.1011, found
301.1012; Anal. calcd for Ci6HysN,0,8: C, 63.98; H, 5.37; N, 9.33.Found

G, 63.99; H, 5.39; N, 9.30.

N-(-FREL)S-FRAAHERETER B) - REBH: A%
61%: 45 85 160-162°C; "H NMR (CDCls, 400 MHz) 810.81 (bs, NH), 7.96

(d, J = 8.1 Hz, 1H), 7.83 (dd, J = 1.6 and 0.8 Hz, 1H), 7.77 (dd, J = 8.4
and 2.0 Hz, 1H), 7.69 (dt, J = 8.8 and 3.2 Hz, 2H), 6.94 (dt, ] = 8.8 and
3.2 Hz, 2H), 3.83 (s, 3H), 2.63 (s, 3H); °C NMR (CDCl; , 100 MHz)
§195.0, 157.9, 149.5, 146.2, 133.3, 132.2, 131.7, 125.4, 124.3, 113.7, 55.2,
20.2; HRMS (ESL m/z) for C,sH,;5N,0s8 caled 303.0803, found 303.0804;
Anal. calcd for C;sH;sN,O5S: C, 59.59; H, 4.67; N, 9.27. Found C, 59.95;
H, 4.90; N, 9.07. |
FPAARENGZATREALTRE () -HOBR 2
% 74% ; 5.2 170-172°C; 1H NMR (CDCI3, 400 MHz) 38.04-7.98 (m,
3H), 7.81-7.68 (m, 4H), 2.65 (s, 3H); 13C NMR (CDCI3, 100 MHz)
8208.5, 196.6, 149.8, 146.4, 142.2, 133.5, 131.5, 125.8, 1253, 124.4,
12355, 122.3 (q, J = 140Hz, CF3), 29.7, 20.0; HRMS (ESI, m/z) for
C15H11N202SF3 calcd 340.0493, found 340.0494; Anal. calcd for

C15H11N202SF3: C, 52.94; H, 3.26; N, 8.23. Found C, 52.68; H, 3.47;
N, 8.27.

A B2 ER)EH g% (5-5)) w—RER
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H AR A 4-85 B 8RR T &A% (50 mmol ) 3 & 95% EtOH & 30%
A BKER (10.6mL > 8 8 &) 687 90 °C Ao o A4 R
fedy (13.16 g» 4 £ E) MK (50 mL) MER T - BLRELSH
Ao B BRI o Bk | /BRI MR B A K T 8P o SR AR A R ) TR BRI 3 1A
Kk BERITHRREN (CHCL/ER=1:4) UG HHEHILA
5

2-4-FHERB)RH %L Sa) - GEBH; A 68% BE
228-230°C; '"H NMR (CDCl;, 400 MHz) 8.35 (dt; J = 9.2 and 2.0 Hz,

2H), 8.27 (dt, ] = 9.2 and 2.0 Hz, 2H), 8.13 (d, J = 8.0 Hz, 1H), 7.96 (d, ]
= 8.0 Hz, 1H), 7.56 (dt, J = 8.0 and 1.2 Hz, 1H), 7.47 (dt, J = 8.0 and 1.2
Hz, 1H); C NMR (CDCl;, 100 MHz) §164.8, 154.1, 149.0, 139.1, 135.4,
128.2, 1269, 126.2, 1243, 1239, 121.8; HRMS (EI, m/z) for
C3HgN,0,S  caled  256.0306, found 256.0308; Anal. caled for
C3HN,0,8: C,60.93; H, 3.15; N, 10.93. Found C, 60.89; H, 3.34; N,
10.75.

6-FE-2-(4-HER)E gk (5b) - GEEHE: EE 65%; B I
148-150°C; '"H NMR (CDCls, 400 MHz) 88.31. (s, 1H), 8.23 (s, 2H), 7.99

(d, J = 6.4 Hz, 1H), 7.72 (s, 1H), 7.36 (s, 1H), 2.52 (s, 3H); °C NMR
(CDCl;, 100 MHz) 8163.7, 152.2, 148.8, 139.3, 136.6, 135.6, 128.5,
128.0, 1242, 123.3, 121.4, 21.6; HRMS (EIL, m/z) for C4H,N,0,S calcd
295.0517, found 295.0516; Anal. caled for C14H;oN,0,S: C,62.21; H, 3.73;
N, 10.36. Found, C, 62.37; H, 3.91; N, 10.31.

6-LR2-B-BFHEL)EH Bk 5¢) ~GLER: 2L 72% ;K
151-152°C; 'H NMR (CDCls, 400 MHz) 68.34 (dd, J = .8 and 2.0 Hz, 2H),
8.25 (dd, J = 4.8 and 2.0 Hz, 2H), 8.02 (d, ] = 8.4 Hz, 1H), 7.76 (4, ] = 0.8
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Hz, 1H), 7.40 (dd, J = 8.4 and 1.6 Hz, 1H), 2.28 (q, ] = 7.6 Hz, 2H), 1.33
(t, J = 7.6 Hz, 3H); >C NMR (CDCl;, 100 MHz) §163.8, 152.4, 148.8,
143.0, 139.3, 135.7, 128.0, 127.6, 124.3, 123.5, 120.3, 29.0, 15.7; HRMS
(ESI, m/z) for C,sH;,N,0,S calcd 285.0698, found 285.0695; Anal. caled
for C;sH;N,0,S: C, 63.36; H, 4.25; N, 9.85. Found C, 63.40;H, 4.55; N,
9.53.

T-FRAE2--HELEHE2 5d) -GEBER AF 25% %

2} 228-230°C; 'H NMR (CDCl;, 400 MHz), §8.33 (d, J = 8.8 Hz, 2H),

8.25 (d, ] = 8.8Hz, 2H), 7.75-7.73 (m, 1H), 7.49 (t, J = 8.4 Hz, 1H), 6.89
(d, J = 8.4 Hz, 1H), 4.03 (s, 3H); °C NMR (CDCl;, 100 MHz) §165.4,
155.6, 154.3, 148.9, 1392, 1282, 127.8, 124.3, 116.4, 105.9, 56.0;
HRMS (ESL, m/z) for C,4H;(N,03SNa calcd 309.0310, found 309.0308;
Anal. caled for C4HoN>05S: C, 58.73; H, 3.52; N, 9.78. Found C, 58.94;
H, 3.70; N, 9.65.

6-FRE2-U-FHER)EH Bk Be) - FEBW: AFE 3% 1B
25 214-216°C: '"H NMR (CDCl;, 400 MHz) §8.33 (dt, J = 9.2 and 2.0 Hz,
2H), 8.20 (dt, J = 9.2 and 2.0 Hz, 2H), 8.00 (d, J = 9.2 Hz, 1H), 7.38 (d, ]
= 2.4 Hz, 1H), 7.15 (dd, J= 9.2 and 2.4 Hz, 1H), 3.92(s, 3H); ’C NMR
(CDCl;, 100 MHz) §162.2, 158.5, 148.7, 148.6, 139.3, 137.0, 127.8,
124.5, 124.2, 116.6, 104.0, 55.8; HRMS (ESI, m/z) for C;4H;;N>0;S caled

287.0490, found 287.0492. Anal. caled for C;H,oN,O;S: C,58.73; H, 3.52;
N, 9.78. Found C, 58.68; H, 3.47; N, 9.75.

2(4-BEL)6-ZRTFEEA KL (5) - REEM S EF 61%;
¥5.2 149-151°C; '"H NMR (CDCl;, 400 MHz) 88.35 (dt, J = 9.2 and 2.0

Hz, 2H), 8.27-8.23 (m, 3H), 8.19 (d, J = 8.4 Hz, 1H), 7.77 (dd , J = 8.4
and 2.0 Hz, 1H); *C NMR (CDCl;, 100 MHz) 5167.8, 155.8, 149.4,
138.3, 135.4, 128.4, 128.2, 124.3, 124.2, 123.9, 123.8, 119.5; HRMS (ES],
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m/z) for C4H;N,O,SF; caled 324.0175, found 324.0178; Anal. calcd for
CisHN,O,SF;5: C, 51.85; H, 2.18; N, 8.64. Found C, 51.86; H, 2.22; N,
8.69.

2-3-F R-4-m X K) ¥ H B¢ (5g) - L BB EE T1%; BE
163-165°C ; "TH NMR (CDCl;, 400 MHz) 88.13-8.08 (m, 3H), 8.02 (dd, J =

8.0 and 2.0 Hz, 1H), 7.95 (dd, J = 8.0 and 1.2 Hz, 1H), 7.55 (dt, J = 8.0
and 1.2 Hz, 1H), 7.45 (dt, ] =8.0 and 1.2 Hz, 1H), 2.71 (s, 3H); "C NMR
(CDCl,, 100 MHz) 8165.1, 153.9, 150.1, 137.4, 1354, 134.7, 1314,
126.8, 126.0, 125.8, 125.5, 123.7, 121.8, 20.6; HRMS (ESI, m/z) for
CisH;1(N,O,S  caled 271.0541, found 271.0541. Anal. caled for
CisHN;O,8: C, 62.21; H, 3.73; N, 10.36. Found C, 62.07; H, 3.88; N,
10.26.

6-ZK-2-3-FHAA4-HEL)EH KL Sh) - HE&ER: AF
75% ; #5285 118-120°C;; 'H NMR (CDCls, 400 MHz) 88.10 (d, J = 8.8 Hz,

1H), 8.08 (s, 1H), 8.02 (d, J = 8.4 Hz, 1H), 8.01 (dd, J = 8.4 and 2.0 Hz,
1H), 7.75 (d, J = 2.0 Hz, 1H), 7.38 (dd, J = 8.4 and 2.0 Hz, 1H), 2.83 (q, J
= 7.6 Hz, 2H), 2.71 (s,3H), 1.33 (t, } =7.6 Hz, 3H); "C NMR (CDCls, 100
MHz) 8164.1, 152.4, 149.9, 142.8, 137.7, 135.6, 134.6, 131.3, 127.4,
125.6, 125.5, 123.3, 120.3, 29.0, 20.6, 15.7;, HRMS (ESI, m/z) for
CiHisN,O,S  caled 299.0854, found 299.0856; Anal. caled for
CiH1sN,O58: C, 64.41; H, 4.73; N, 9.39. Found C, 64.20; H, 4.80; N,
9.14.

6-FAR-2-G-FTREA4BHERE)EHE4 (5) - REEAR A F
64% ; %5 25 195-197°C; '"H NMR (CDCI3, 400 MHz) 58.07 (d, J = 8.8 Hz,

1H), 8.02 (d, J =0.8 Hz, 1H), 7.98 (d, ] = 9.2 Hz, 1H),7.95 (dd, ] = 8.4 and
2.0 Hz, 1H), 7.36 (d, J =2.4 Hz, 1H), 7.14 (dd, J = 9.2 and 2.4 Hz, 1H),
3.90 (s, 3H), 2.71 (s, 3H); “C NMR (CDCI3, 100 MHz) §162.3, 158.4,
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149.6, 148.6, 137.6, 136.8, 134.6, 130.9, 125.5, 125.3, 124.3, 116.4, 103.9,
55.8, 20.6; HRMS (ESI, m/z) for CsH;4N,O5S calcd 301.0647, found
301.0648. Anal. caled for CISHI14N203S: C, 59.93; H, 4.03; N,
9.33.Found C, 60.37 H, 4.13; N, 9.36.

2-3-F -4 $ A 6-ZATRENEL G) - HEEH: A%
30% ; #.8 99-101°C; 'H NMR (CDCls, 400 MHz) 38.21-8.15 (m, 2H),

8.08-8.06 (m, 2H), 8.00 (dd, J = 8.8 and 1.6 Hz, 1H), 7.76 (dd, J = 8.8 and
1.6 Hz, 1H), 2.69 (s, 3H); °C NMR (CDCl;, 100 MHz) §168.0, 155.7,
150.4, 136.6, 135.2134.6, 131.60, 127.9 (q, J = 32.6Hz, 1C), 1259 (d,J =
43.2Hz, 1C), 125.49, 124.08, 123.8, 122.2, 119.4 (q, J = 4.5Hz, 1C), 20.4;
HRMS (ESI, m/z) for CisH;oN,O.F5S caled 339.0415, found 339.0414;
Anal. caled for C;sHsN,O,F3S: C, 53.25; H, 2.68;N, 8.28. Found C, 53.21;
H, 2.73; N, 8.14.

AR 2-(4-B R E) X gk (6a-6)) h— ML

£ 2-(4-Be R )R F ek (1g,3.9 mmol) # CH,CL, (30ml) #9%
BEAERERF A 10%PA/C (0.1g) 4 0F o 3§47 4 AL 6B RIR
B EATHRRER N (CHLCL) G HERMLEHO -

2-(4-E X B)F & (6a) - wEEIAR A F 94% 5 15 E 130-132
°C; 'H NMR (CDCl;, 400 MHz) §7.99 (m, 1H), 7.89 (m, 2H), 7.84 (m,

1H), 7.44 (m, 1H), 7.32 (m, 1H), 6.72 (dt, J = 4.2 and 2.0 Hz, 2H), 4.00
(bs, NH;); *C NMR (CDCl;,100 MHz) §168.5, 154.2, 149.2, 134.6, 129.1,
126.0, 124.4, 123.9, 122.5, 121.4,114.8; HRMS (ESI, m/z) for C;3H;oN,S
caled 226.0565, found 226.0567; Anal. caled for Ci3H,0N,S: C, 69.00; H,
4.45; N, 12.38. Found C, 69.01; H, 4.69; N, 12.29.

2-(4-Be 2 A)6-FEE Bk (6b) - FEBEIR; X F 95%; BI
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181-183°C; "H NMR (CDCl;, 400 MHz) 7.88-7.85 (m, 3H), 7.63 (s, 1H),

7.25 (dd, J = 6.8 and 1.6 Hz, 1H), 6.71 (dd, J = 4.4 and 2.4 Hz, 1H), 7.32
(m, 1H), 6.72 (dt, J = 4.2 and 2.0 Hz, 2H), 4.00 (bs, NH,), 2.46 (s, 3H);
3¢ NMR (CDCl,;, 100 MHz) §167.5, 152.3, 149.0, 134.7, 134.5, 129.5,
129.0, 127.6, 126.3, 124.1, 122.0, 121.2, 114.8, 21.5; HRMS(ESI, m/z)
for C14H3N,S caled 241.0799, found 241.0798; Anal.caled for C4H;N,S:
C,69.97; H, 5.03; N, 11.66. Found C, 69.84; H, 5.01; N, 11.70.

2-(4BEEE)6-LEFHEok (6c) - FEEM AR 2% BE
154-156°C;; 'H NMR (CDCls, 400 MHZz) §7.90-7.86 (m, 3H), 7.65 (t, J =
0.4 Hz, 1H),7.27 (dd, J = 7.6 and 2.0 Hz, 1H), 6.81 (dt, J = 4.8 and 2.0 Hz,
2H), 3.98 (bs, NH,), 2.76 (q, ] = 7.6 Hz, 2H), 1.29 (t, J = 7.6 Hz, 3H); "°C
NMR (CDCls, 100 MHz) 8167.6, 152.5, 149.0, 141.0, 134.7, 129.0, 126.5,
124.1, 122.1, 114.7, 28.87, 15.8; HRMS (ESI, m/z) for CsH;sN,OSNa

caled 277.0775, found 277.0776. Anal. calcd for CsH4N5S: C, 70.83; H,
5.55; N, 11.01. Found C, 70.62; H, 5.29; N, 10.90.

2-(4-BREE)T-FEE X EL (6d) - RERAH, FH95% 8B
2 142-144°C; '"H NMR (CDCl;, 400 MHz) 87.90 (d, J = 8.4 Hz, 2H),
7.62 (d, J = 8.0 Hz, 1H), 7.39 (t, ] = 8.0 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H),
6.73 (d, J = 8.4 Hz, 2H), 3.99 (s, 5H); >)C NMR (CDCl;, 100 MHz)
8169.1, 15.9, 154.2, 149.2,129.1, 126.9, 124.0, 123.0, 115.3, 114.8, 104.7,
55.9; HRMS(ESI, m/z) for C;4H,;3N,OS calcd 257.0749, found 257.0748;

Anal. caled for c13H2N,OS: C, 65.60; H, 4.72; N, 10.93. Found C, 65.66;
H, 4.86; N, 10.92.

2-(4-BEER)-6-FRERH E% (6e) - REBAR S AF 9%6% . 5%
£ 174-176°C; '"H NMR (CDCls, 400 MHz) $7.88 (s, 1H), 7.84 (dt, J = 4.8
and 2.8 Hz,2H), 7.32 (d, ] = 2.4 Hz, 1H), 7.04 (dd, J = 4.8 and 2.4 Hz,
1H), 7.73 (dt, J = 4.8 and 2.8 Hz, 2H), 3.98 (bs, NH,), 3.87 (s, 3H); °C
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NMR (CDCl;, 100 MHz) §166.1, 157.3, 148.8, 148.8, 135.9, 135.9, 128.8,
124.2, 123.0, 115.1, 114.8, 104.3, 55.8; HRMS (ESI, m/z) for
Ci:H3sN,OS  caled 257.0749, found 257.0748; Anal. caled for
Ci1dHpN,0OS: C, 65.60; H, 4.72; N, 10.93. Found C, 65.35; H, 4.90; N,
10.67.

2-(4-BEER)6-ZHPREHEk (6f) - TEEH; X 91%:
¥ 25 181-183°C; "H NMR (CDCls, 400 MHz) 88.11 (s, 1H), 8.03 (d, J =

8.4 Hz, 1H), 7.90 (dt, J = 4.8 and 2.4 Hz, 2H), 7.67 (dd, J = 6.8 and 1.6
Hz, 1H), 6.73 (dt, J = 4.8 and 2.4 Hz, 2H), 4.08 (bs, NH,); °C NMR
(CDCl;, 100 MHz) §169.9, 158.1, 149.9, 132.3,-129.4, 123.1, 123.0,
122.5, 119.0, 119.0, 114.7; HRMS (ESI, m/z) for C;4HsF3N,S caled
294.0439, found 294.0438; Anal. calcd for C,JHoF3N,S: C, 57.14; H, 3.08;
N, 9.52. Found C, 57.20; H, 3.18; N, 9.49.

2-(4-B -3-F A R)EX ok (6g) - RAEER, AR 04% BE
147-149°C; '"H NMR (CDCl;, 400 MHz) 67.99 (d, J = 8.0 Hz, 1H),
7.85-7.83 (m, 2H), 7.75 (dd, J = 8.0 and 2.0 Hz, 1H), 7.44 (td, J = 8.0 and
1.2 Hz, 1H), 7.31 (td, J =8.0 and 1.2 Hz, 1H), 6.71 (d, J = 8.0 Hz, 1H),
3.94 (bs, NH,), 2.23 (s, 3H); "C NMR (CDCl;, 100 MHz) §168.7, 154.2,
147.5, 134.5, 129.7, 126.9, 126.0, 124.3, 123.8, 122.4, 122.1, 121.3, 114.5,
17.1; HRMS(ESL, m/z) for CH;;N,OSNa calcd 263.0619, found

263.0618. Anal. calcd for C;H;)N,OS: C, 69.97; H, 5.03; N, 11.66.
Found C, 69.84; H, 5.01; N, 11.70.

2-4-BEA3-FER)C-ZEFE A&t (6h) - REER 2%
93% ; 5.8k 171-173°C; '"H NMR (CDCls, 400 MHz) §7.90 (d, J = 8.4 Hz,

1H), 7.80 (d, J =1.6 Hz, 1H), 7.32 (dd, J = 6.0 and 2.4 Hz, 1H), 7.65 (d, J
= 0.8 Hz, 1H), 7.27 (dd, ] =6.8 and 1.6 Hz, 1H), 6.70 (d, J = 8.4 Hz, 1H),
3.92 (bs, NHy), 2.76 (q, J = 8.0 Hz, 2H), 2.22 (s, 3H), 1.29 (t, J = 7.6 Hz,
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3H); >C NMR (CDCls;, 100 MHz) §167.8, 152.5, 147.4, 140.9, 140.9,
134.7, 129.6, 126.8, 126.5, 124.1, 122.1, 122.0, 120.0, 114.6,28.9, 17.2,
15.8; HRMS(ESI, m/z) for C¢H;;N,0S caled 269.1112, found 269.1110;
Anal. calcd for CigH;gN,S: C, 71.61; H, 6.01; N, 10.44. Found C, 72.01;
H, 6.36; N, 10.52.

2-(4-ER-3-FERA)-FAEEH B 6) - FEEB A%
95% ; #585 151-153°C; "H NMR (CDCls, 400 MHz) §7.87 (d, J = 8.8 Hz,

1H), 7.77 (d, Y = 2.0 Hz, 1H), 7.69 (dd, J = 6.0 and 2.4 Hz, 1H), 7.30 (d, J
=2.8 Hz, 1H), 7.03 (dd, J = 6.0 and 2.4 Hz, 1H), 6.69 (d, J = 8.4 Hz, 1H),
3.86 (s, SH), 2.22 (s, 3H); "°C NMR (CDCl; , 100 MHz) §166.4, 157.2,
148.7, 147.2, 135.8, 129.4, 126.6, 124.0, 122.9, 122.2, 115.0, 114.6, 104.3,
55.8, 17.2; HRMS (ESI, m/z) for C;sH;sN,OS calcd271.0905, found
271.0906; Anal. caled for C;sH;4N;OS: C, 66.64; H, 5.22; N, 10.36.Found
C, 66.68; H, 5.38; N, 10.48.

2-(4-Be B-3-F ERX)6-Z R FEEH KL (6) - FELEM AX
91%; 5 85 152-154°C; 'H NMR (CDCl;, 400 MHz) $8.12 (s, 1H), 8.04 (d,
J =8.8 Hz, 1H), 7.83 (d, T = 1.2 Hz, 1H), 7.77 (dd, J = 6.0 and 2.4 Hz, 1H),
7.66 (dd, J =6.8 and 1.6 Hz, 1H), 6.72 (d, J = 8 Hz, 1H), 4.20 (bs, NH,),
2.24 (s, 3H); PC NMR (CDCl;, 100 MHz) §171.1, 156.3, 148.3, 134.6,
130.0, 127.3, 126.4 (q, J = 65.5 Hz,1C), 123.0 (q, J = 5.6 Hz, 1C), 122.4,
122.1, 118.9 (q, J = 5.6 Hz, 1C), 114.5, 17.2; HRMS (ESI, m/z) for
CisHpoF3N,S  caled 308.0595, found 308.0597; Anal. caled for
CisHpF3NoS: C, 58.43; H, 3.60; N, 9.09. Found C, 58.50; H, 3.60; N,
9.09.

$m i 32 %
ko BT > ST A & F & kK (Yang,C.C,;Lin, S.D,;

Yu, H. S. J. Dermatol. Sci. 1997, 14,162) » ABA K wmppE (BCC) &
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B £ B #H#E{%7 Pw (American Type Culture Collection) (Manassas,
VA) %454 RPMI1640 32 % K& + B 7 10%86 4 & ~ 100 U/mL #
% G#o 100 pg/ml #idg4sM % (Gibco, BRL) -» #£4 5 mM EDTA
(Gibco, BRL) ®3#1% » BCC éafe # E &4 (passage) ° 34 37C

BBEIBT U 5% CO 8% -

B S5 Tt

* ORI A 2 7 ks N oA 28t R (Kao, C. 8., Yu, H. 8. J. Invest,
Dermatol. 1992, 98,734) - B T @47 Kb B4 - M — B E ey F g
4t 3% B & 0.75 mW/em” 2 448 3% & 365 nm( Vilber Lourmat, Moune
La Vallee, Cedex, France ) o f& #47 % /M R R4 AT » 32 % 2 4w i 8 24 4 pM
ZAEGERXAFRRE (0-4 yM) 695 F K 6 BT 4 NFHATR
12 o 32 3 o 4 B 9 A B BB 4% 7% (PBS )i 4> 444 & PBS ¥ 42 1 J/em®
UVA #ATRH s & RN Rasled AL nASEAA02W
A B Atz 3t B4 A UVX % 43 (UVP, San Gabriel, CA, USA) B & -
Z A MBPRATHRRIE » £ PBS B EwE e - FAABKOTR
WK EmETZR -

$m B 7 75 %

M fEE R & MIT B8 a4 > b A —BRE T dRK
B ABKACERREFRHMITERAFENFLEANREBHES
MHk-BmEz i ®l 2500 mf/FLL ERAEL OFLILAERT -

24
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BBMABIEEG BRI M ZALA MBI R E 24 050 2%
A ERESR - B X 10 L 2 MTT F AR - 3258 €4 37 °C T8
E205 AAGTLERTEEMN 100 )L —F 55 (DMSO) ¢ » i
LA 8% 2 X, 5 #7 % (MRX-II, Dynex technology, Chantilly, VA )#* 540nm

% G1 (Sub-G1) BB 4#

 BCC @ fr 4 4 uM fbA-4h & 1 Jom® UVA K32 0 48 24 /]~ 05 8 4}
%o @HEEUMEOBELBECKE  wieBA (pellets) R F7
50%A LBE Y EN-20C B % - LB R - Al A PBS vk — kit
4% 100 pg/mL RNase A z 0.5 mL PBS ¥ # 37°C F 34 20 5-4% ©
£ 400g B S KRBT K S 2B wAar 50
pg/mL =ik &g (propidium iodide » PI) 2z PBS 250 puL o =+ 448 7%
B, FACSscan 7 & 4w 2. 4% ( Elite ESP, Beckman Coulter, Brea, CA) R &
10,000 {8 4= o & DNA 4 & - & K B /] 2L Windows Multiple Document
Interface (WinMDI) #2854 - DNA 48 b Wk @ R = # &7 GO/GI

Mz AR E R B AT -

BB E K G A8-3 (Caspase-3) HA&9#
824 FBAE > mBB M D EECUE  BUAPBS k- e
A B st 25 pl/1 x 10° Emp 2 R RIEN AW R REER
(lysis buffer) F 3 4% 2 39 & 1t - 3 H & % 4548 A 5289 (R&D Systems,

25
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Minneapolis, MN) » £ 52 4°CF 3L 12,000 rpm &£ 10 448 » £ A L
FRIEA A L ELISA AARzZ bk REFRRBBREEE-3 2F
Moo R AFIGALRE £ 097 BT -

Bt &4 V (Annexin V) fog{b B9t (propidine iodide, PI) 8544

BT HERBFRETHiagAC RG> BCC R4
Z AR FRE (0-4 uM) 25 F X 6f 3L 4 /|85 - A 24 /NEFR
e R R OME S-S 0 BREREHNEA RN (Bender
MedSystems, Vienna, Austria) & & A w BB &G VFITC k8 2
106 18 ém fits 3 SA S B4R R B > R LEIFE > Mgl PI & - Rt
2 B 45 2L WinMDI k38 7547 -

HERK
4% BCC &b 4 tmpl (5x10° cells/well) AN 6 FLIZAB L o &a
Bt 4 M @ X 6f B2 48548 0 24 1 J/om? UVA BB 4t - 4888 5% 24 /)

BpfE > ABRTRSRA 200 AT HRE -

RN ERAHETERE
ABTH&EmpNEREMEZIEE  #A - LR_ABAR
(2’,7’-dichlorofluorescein diacetate »* DCFH-DA, Molecular Probes) 4

AFBARBFLFB - Lwie ¥ €212 DCFH-DA &AM

26
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#74 DCFH 8 > R a8 F R %47 - DCFH A& AN > 2e#d
RN ZBALAXALR  BRALAHSHEALZ DCF - it B
A4t 8,5 (Sigma) » —EFKHBAEFERE » LRNEERE P&
Ao tmipfe ol X 6f (0-4 pM) A AT - ¢ LB AL 88 (800 U/mL)
BAE - £ B #ITH > DCFH-DA (10 uM) & LB A3 4K
Z4af P A 37C30 5 - MAZBAGUAXWBRBRRE -2,7-Z R
%% (DCF) #4R FL-1 X3 Bisk -

SmRBEm (AYmt) 234

#BCCm Bo 3% A7 35-mm3g o P - 37 R IE AT A3 48 Bk K24
NEE o fE3R1 Jem® UVARR S AT © fa i € 140 ~ 2904M2 X 6FR R 2 - i
EEBR LM s € RE G - Hf il 400g8E L5458 ML
AW > 34 F 8 F100 nM/ml DiOCg# #] (Molecular Probes, Eugene,
OR) ¥ # 830448 > £ APBSH# e ® R LR FNPBS P o A L 2IH
FACScanii & éafg 4 (Elite ESP, Beckman Coulter, Brea, CA) #4748 %
4 (FL-1{5 R £ > %38 78 & $530/30nm ) » 7 B 5 Windows Multiple

Document Interface ( WinMDI) #:8& 5-# o

ATPAE B RRREZAE
M RATPZ EERBEBAT-BAFBREAHE L  REHF
FARRERZE o UAE)RE Z6MUVAREHR » XPPHHEBBCa g

b oltm e MR EE Y SN o O ERmERRE KEL

27
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F BRI EATP - 4o jis 9 ATP 48 8 5 R4 ATPLite 547 £ 48 ( Perkin

Elmer, Boston, MA ) ARt Z AR RATHE -

FaRERREBF BRk
424 % 100 pg/mL PMSF - 2 yg/mL #pAk&§ (aprotinin) ~ 2 pg/mL
347’8 @ 858k (leupeptin ) #7100 pg/mL £ /b2 K4 8yRIPAL #% (1
x PBS4&#7i& * 1% NP-40, 0.5%% §ME8k4% > 0.1%SDS) ¥ > AR
#& 2 BBC#a f SABRAT & 3f dm 6 A4 o 4214,000g 33305348 7% > KA
Bradfords# (Bio-Rad) B/t L EFR T 2% 6K » H— ki (lane)
40mgz % & B N 10% &9 SDS-R RMELEE BB F 4T - BRIR > Mk e
B EEEB I EE—f 2% (PVDF) ¢ (Millipore, Bedford, MA) -
BB TR TAEES%IRAS 4452 PBS +0.1% Tween 20 (PBS-T)
P ifFE (block) — /) BF - APBS-TH Eipiett - 2B UL A8 —
BIBRA T BT HEME NE > KN4SC T RATHEBER - sLINK (46
kDa) ~p38 (38kDa) ~ERK(42+44 kDa) Z % F % #kHi 28 $247p-JNK ~
p-p38 * p-ERK Z /s &, ¥ #: 4% # 1% A Santa Cruz Biotechnology ( Santa
Cruz, CA) B E - #idl$ &k & 2 & F k41 % A Chemicon Int. Inc.
(Temecula, CA) 8% § « ££6f-UVA & 52 77 € 4§ 25pM E 8k % (Sigma, #
S A~ RA2ZFF ATP &g dp##) &1 10°'MATP (Sigma) #
Mhp A AR U AR EERNR o FEBE AR ZRIRGALBERILTE
— %38 (Santa Cruz Biotechnology) REZ TFAELNE - FHE U

PBS-Ti#k4:k1544% » A @\ F R4 E 5 % 8 8 (Western Lightning

28

5.14 .




1444371
, . 5.14

Chemiluminescence Reagent Plus) (Perkin Elmer Life Sciences, Boston,
MA) # R HRBTR - BE—MHEaHBUEFTUXLAZFERNE
Tk B0 3 o4 ek B 1% % % (Eagle Eye Image System ) ( Stratagene,

La Jolla, CA) 4##f

st ar ¥
HERUAFEERFE LT > UG 747 & %4754 (SPSS,
‘ SPSS Inc., Chicago, IL) ° #4af £ & mAStudentthtiy £ #4754 © AT A 8
WA F 0 PA<0.05#EFRBEN -

xH2 #X%
o B 17 55 B
BUVASZE ) K6HBCCla fo 5 M 2 % B € UMTT 5 #7 5k 37
o BBCCtafe AR EIREZ X6 (BPX6° £ &R, Z6-CF; AR ZH)
‘ RN > 2448 B X1 Vem® UVAR ST - 824/ 5l 1k » )% bm LVE
W e o B3AMTT W ARB AN BHRE - X6ORE B4 uMeF » &1
Jem>UVAR 444 2 ta 07575 £ H050% & T %1 J/em? UVAR 44 2
EFAHFARRT KA BEZRE  AUUVAR AT 40 88 04 yM K 6347
FRE - ARNAELRAREZHBa BCCH #2025+ 0541 J/em’
UVAR S » mBaf3 5% 5 % B71 ~ 655045% - shob » s BB IR 8T
ot R BUVAR S £ 2 UMRIE R 6K IE  6-UVAF AR S eodpslis

M AEBRHRMUBCCaEFr R mipsrt (B3B) -

29
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i RGLR KR

B THEHLAHOHBCCaE Z i AT ZHE Uik
Wk MR R i ZDNCA S - BB AR SRy & M8
(hypodiploid) DNA (sub-Gl#tid) - H &= je A« Z 4 H R U H
DNA&# A 1t o $5BBCéafis LA4uM & B & 524/ 85 > B X1 Jem” UVA
R4 0 824/ 5B 4L 0 BAEAPIRAA o B4 % #A 1000018 &a A 2
FACScanift X s o 48 2 #f B3 £ KRGl DNAR e ta i AT F -
22% (iE4l4a) ~6.5% (6a) ~13.4% (6b) ~29.2% (6¢) ~24.4%
(6d) ~6.5% (6e) ~354% (6f) ~13.6% (6g) + 13.8% (6h) -
14.8% (6i) #v 64% (6j) (%khTwwpitrEZAS ) « anX
6fit 4 EBCClale ¥ 2 R.5& % 49RG1 R f Bob o B Ak — 5

RZBEH o

$m B A L A

PR G- 3CMER ARBATY  RREZHmBRT
#4742 — (Shi, Y. Mol Cell 2002, 9,459) - BilchzE & G i§-3 275 1%
ARBALEERAL - BENARGERBEH A » Bf-UVARER
BCClaft Z GBI & G -3 % M4 8 Am (p<0.01) (E4A) - &
# > BBCtap il Jem” UVABSTF » 20~ 2~ fod pM2Z XO6KE » T
¥4 tmp A+ (annexin V'/PI') £ 5 %)3%0.2% ~ 19.5%F27.5% - 48

B sEAd et RABKY (amnexin V/PT) (EH4IB) - st}

30
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TH-UVAHE ¥ miZ tafo AT ERTRR A A > B EAA
BREEA T REFLRE - VEZRERBABRB X GVPIL &
VBT AEdalag  BMUVAREALEREZ R ATHE
(B4C) - BRERHEB T —$H ABCCEILN » B6f-UVAS R Z K
BBEEFZ BB CRFIZHR -

e 4558 o R L5

MRS OBEET  REBAERBRERCE N FTHAEL A
&, (Hail, N. Jr. Apoptosis 2005, 10,687) » A @it a2z 4+ & -
teEnmp AT Z@iRc (Hildeman, D. A; Mitchell, T,
Teague, T. K.; Henson, P.; Day, B. J.; Kappler, J.;Marrack, P. C. Immunity.
1999, 10,735) - B TR X EFR AN B RET S REBA-UVAS R Z g8
WA EADCFH-DAF R 5 A ¥ o RH,0,2 & ¥ - & R BT
6f-UVABZ ¥ 3b. 1 4m i MH, 0,38 Au - sb4h > i F 4L 886 88 3 by 4 84
M 6f-UVAR 2 BBCéa o2 3 e B EmE 2 2 € (ESA) - &
SBBEM (AVy) FEHBBRERHTREEZHLE Bl k&R
RoAYRZ B B TBEYR —FHRFH > BABREGRD Rk
TAV Z BB RBFAFRCERTEZ T Heimp A& Bk
AEARBEHUVARHE » 2 FHEAWELEART EUE
AW, o £2300 ~ 204 pMZ 6f-UVAE 1% » W EBBCtafis » UDIOCi
BfreaBFURABEETN - FHELENRGBRI B RS
B S ABESCHMNERSa (redshift) o 2BSBY A » M

31
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UMK E S 2 B EREZ tmfis  BCClalo MAY K B BE 2 6y - ATP
RapiE  RERESeBERRI TS BRET BN ZATP
HAN oA BHHREARES - BENREREZEH A » U254
UMz 6f-UVA & 32 2 BCCéa g 2 4a s ) ATP4 & % % T i# T 430%Fv

45% (B5C) -

F 4o {RFLE G (MAPKs) #4828 7F
ATHEMUVAREZ mBAT T £HE 6 UL 2 SR
fetd 0 bR E MAPK Z#t (subfamilies) R3FAEH 445 H A FILE
G ZEN - RN ARERE LI A - BBC mfa & 4 yM R E
z 6f-UVA g3 » Aok ibsa g sME 3% A 5 38 (p-ERK) Foafisfib
p38 (p-p38) &3 jm - 484 ERK v p38 » X 6f-UVA £ 2 2 BBC 4m
3t 7 & 20 5% INK MAPK z s s 1t (B 6A) - B4 A T % # MAPK
Z LA T R B Btafp ATP 6 R AT et fe 4 M 6f-UVA
HAT > FAUFMFE (LR E—KAL FF ATP &R &)
R ATP BRI - &R - UAFMEER L ATP FREAH ERK 278

oK rrm (B 6B) -

BB EBRHEFERIBCINAFATREHERB
2o BEEARPNZERREBL  URTREGFANEPHR T - K5
By 2 abWREYEBAAF L RETHAGOKRE  LATFRE
BFREBRAFEAHAS - R KB EFRETLHEFTTHEURAZIRAR

32
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HRiR  EREAFBEAATAOHN T EEFHEANEA P
& o

AF RO B RA TGI8 T e FREMATHHESL
MU RERARS FRATHSEARGUE S8 RS
ZR O BRRAFERFRAZHHAEE -

RAEPRAZHE EFRBIRS  HFo B E HARZ —&
HREAE A ENPERETELRNNAAR G EELE > Ko F)
H—EEZ H IR AR AR R ASE -

Lo A B BRGIRAZ R THEFAERZIETES » RF
584 MHEHREFFEARAXTAHBRYRIEALT R A
ERAHLAREAERFARAT ZHMAEMIERS > FIFE & EBER
EHBRETERNATRARAZBR LN ZLERRE 2F
RAGR  AAFAAZIAHPHRANA TRIALERR R -
Bk BRTHIBRACRERETHEAREEHHLRANBFRE
o fEX o BEL NS UPUS L FRBTHNE B
BB AR AZPHEHNERRN -

GEAEELD

B 188~ 7 2-XLXHE4¢ (2-Phenylbenzothiazoles) &)4ti%

B 2 BE7 T 2- (4-B2 %) ¥ %ok (2- (4-aminophenyl ) benzothiazoles )

(R6) IRBESARRE - BEFHKHF (1) Aka:X=Cl weg>

33
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B Fikb:X=0H"SOCl,» X &H-(2) HF4RB LK 135C -
(3) KsFe(CN)g k&8 » NaOH > 90 °C - (4) H,/Pd/C 10% ~ CH,Cl,

25C -

B 3ATT 6UVA g 1% - (A) R BCC mfg#iet
6f 2 B & R JE th &k » 4 tm o 48 2 B 7L 2500 mfie 2 96 FLAR B 32 HBRK -
E¥ @i E - i 6fFUVA B RREmABERT (M=ZEH4) 4
384 4 /NEEOR | Vom” 9 R SR IRSE < 24 1B SRR BB L
FRAMITHRE BREZERRZBBELLL - (B) BT EH4H
BNERBH UVA REEUARX 6 RE 6UVARF A R S mH i
M AR B EZ RN RBHATER 4M e X 6f 3 HE R R HK -

R smAgLh > *p <0.05 0 **p<0.01 -

B 487 6f-UVA REHMmi BT -(A) R AT T 5Bt
Wi & -3 (caspase3) 2B A M A bt & RMEKRE - HHME
Bk Qi MR MK RERCE & % (chromophore ) p-#% & ¥ & (pNA »
p-nitroaniline ) » £ T &% & 405mm A4 A EHEFL - (B) MEMER
Bz 6fUVA £33 2 BBC =B /28 - BBC ‘e e @ m ¥4 B L PI &
& REAYAWBABDYPS €8 —ARBEE V - FITCL6M
WA - (C) RAMEREURBEHESV /PIRLERARES
Frafotafe At - B —AHFRY 10000 18 &0 A Xién ik 57 - BB
THBEEARANYTRER  REHAZRAERHBM - ARG

34
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Agth » ** p<0.01 -

B 5ETT 6-UVAHREREZHE (A) 6fF-UVA SRZFHLAH
%4 BCC b A AL LURERE 6f£UVA REEX
DCFH-DA i & % BBC fmfe 2 tm fo 8t - £ @ AL .88 (— 4 H0, %%
B) AL TAZ ROS stk HHM - (B) h&» 6f-UVA #% » BBC
bz R SRR T (AVn) - IR0~ 25 HM 2 KX 6f RFE 4/
B > &5t 1 Vem® UVA 8BS #1454 DIOCe % &30 31 Bp S F 7 48 ik &
L5k 2 R A AR A - M P 8 AR B B R &
s 2 BT Atk o A A 10000 18 4a i & SR X ST R A 0 (C)
BB itz ATP &+ 500 uM 2 E#MBRE - £ZRIEHEH

2 EHmb Az B R YA - REB @Mk  *p<0.05-** p<00l -

B 6 B %A EP S a4 R BR T 6f-UVA # BCC ém i £ 2 MAP i
zEaExRAVE - (A) 9§ 4 Al BN F FLR AL 2 6f-UVA &~ %k
b S AL R 36 SR A T HURR L Fo 7R B SRR R o B PO SPEE ] - A ] %
FHEATERD LN EHETGRBMER - (B) RIRAFHFE
(oligomycin). (25 uM) #v ATP (1 x 10-4M) #f4& F S48 fLZ sapR st

ERAEpuss (pERK) 2 AR FUAELHR -
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1444371

+ - PEHEHEE

. —~ #%BEACVARBANAGIBREIFRETRELARE
BEImERFZEBE RO EHORE AP RBEas

a4 Xo6ibeth

’ -P:— g 5'(‘..6‘1’ %Rl?-%H * Cl-loﬁﬁﬁi ® Cl-loﬁbﬁ.%ﬁcl-m@ﬁﬁt ’

BREHRC o}k -

2. WweHEMNGERARIEZRAL AP AGHEELLTES
® BB ZEMETRASE SARAVRERAETHREMKESR
Fh—EEGBRASBI  RBHAESAZELAENHE

3% o
3. WwYFEHNEBEIRZAR  AVHAREEFARE -

4, WweHEHNERAFIBExAR > EPZK6iLshikitbaUVAE
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2013 % 6 A 27 B 4HAR

1t -

5. wPHEHNEBRIRZAR AV ZEAY L kBl GEE W

fieL & A Rl

6. WwHFRMRBASRZ AR > £+ HEE @R =1 NH,0,

R& Y-
®
7. wPHEHNEAFBEL AR AP B L mad ekl
Hﬁ’@’fﬁ (A‘Pmt) —F[% °
8 wPHEHEBALIBZAR  EFA6F&HR AH -~ 6-Et »
6-OMe ~ 6-Me ~ 7-OMe #,6-CF; + AR, H#,CH; -
® 9. WwPHEMEBRIBEZRAL  HFA6FHR AH - 6-Et-

6-OMe ~ 6-Me ~ 7-OMez,6-CF; » AR, AH -

10, wPHEFEBEFEIB2Z AL HPX6P &R AH - 6-OCH; -

6°Et§i6‘CF3 ? _H.Rz?)CH_‘; °

11 e FEHMEBR1BZAE A R6F &R B6-CF; > AR5
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A~BRC
B 1
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514
B 2
R COX
A B
YR . i 0
| 1. f‘lf a 1:l‘l O\ 92 2
- + N —
R 1oFb H
NH, NO. NO,
1 2 3
R 3 8 Ry
JLNZ N Rz 3 Rel | S>_©7N
H -_— Ul P I':I{ Oy
4 .. NG, 5 .
7 1 R2 63391 =H, R2=H; 6 R, =6-Me, Ry =H
S , 3 6c:R1=6-Et, R2=H, 6d: Ry =70Me,Rs=H
4 - R‘l-—'l- 2 1 NH Ge: F|| = 6-0Me, Rz =H; 6t R1 = G-CFS, Rg =H
' N 2 6g:Ry=H, Ry=CHj; 6h: Ry = 6-Et, Ry = CH,
4 3 5" 6l: Ry = 6-OCHy, Ry = CHg; 6f: Ry =6-CF3, Ry = CHjy
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& 3A

150

B fEER (%)

# 3B

125

mpptriE® (%)

0.25 0.5 1
EHHE (J/cn')
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B 4C

48 4 1 4 i,

Pl

Bt &k a-FITC
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514
% 6A
6f (u M) 0 2 4
p-p% _

B 6B

FaA ATP
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