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5 24 EW.

fEn—ik e, prid ﬁ&L@%/% o
\C\% a
- O
o \@
N Nko
H

2 3
(a) MRS, A2 e S EGN, FR03 ey Bk

i, P (R AR A TR e TA] - S AR R

10 R D BRIV B NI TR), e e BE A R AR AR SE B s D00 BUR - 5 k
ARSI (9 77 (i TLC ¥:)#ff 08 i W28 %/%%Eﬂ&ﬁ%%%@%,ﬂ
LLIE AU 0y, AN e B A b e R R s PR o B ERAPE,  AEAS HRIES 2
T BBV E, 25 BRI AR AT R AR GUREBAR N DI 4 & Wﬁﬁ*$%ﬂ%
w RARE

15 ZiﬁzﬁﬁﬁﬁfN’7<¢¥ﬁ%&iﬁﬂj<ﬂiéE¢@Eﬁﬁié&?iéEFP B R Y R R

@58: m @4@
3 A@\)L‘N’/ )N:\:Qw - de I;Qw

(1) H 152 21 R T (3) 1) 5 Jd
5-FHEEGE 2L T Wb, £ 0 °C Mo flbmA i) - = ok R, £
i MR 1.5-2.5 /NI TLC Kl e B sg4e i, 198 e W B il i) B 6 [l A, T &

20 TROWEVES =k, 133 5-H A EELLMRET; Hod, 5-F R EE 20 /0] -Gt 480K FH R B8
JREE A: 0.5-1:1,

(2)2- RS0 1 I (4) PR 5 ke
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B AL BELL IR B S5-I BE 4L M = QIR A Ay T R, 48 100-120
°C A 3.5-4.5 /NBF, BRI ROER S R AR, s RS T S ek,
I GR OBE, eI st AR LT I8 4R ClE VS =k, 135 2-H B A iy
B, o, FILERLL R ETA S-FET LM = R EE /R A 0.2-0.5:0.2-0.5: 1,

(3)VRAL 2- FH L0 i (5) 1) £ Jk

7E 75-85 °C MR AR 24T, K 20 SR ()P 15 19 2- FFF A €20 i I s At 1+ e
() & ke, SRIE-Hkin N NBS f1 AIBN FIHRES Y. KNV AE 75°C i 15-17
/NI, TLC Rl s N 5E 4. e N RAH1 B =35 5 28 8h /KB s,  To/KIR IR T 15,
WA BB w e, Lk, 2-FE ARG A NBS A AIBN EE/R L4 :1:
1:0.005-0.02,

(4)N-"F 5 8 Ji 6 (1) 1) B 1%

PR 2-F B Al . AR TR = 4 AE 15 DMF W T %0 R ke 1.5-2.5
ANBF, TLC Ryl R B 5E4 5, TN 50 ml 7K, FEAH 10 ml —& A =k, &
I G0 H e AH F K6 = Uk P DK B PR BN 0 o R 4 75 381 149 e € o A4 FH R R 40
2, BRI AR NSRRI AT Y . Horh, AR 2-F 2 6 Jf& i R0 s 7 i i — &
Jl B R EE R 10 1-2:2-5,

b, SRR E X B ik

1DO #I#HIF) & H A&

BT AR M N-SSROERAT A RE -0 50 1DO JHlEHE, Bkar
UL Tl 2% TR A/ 2y 7 B IDO A5 1 60 0 IR AR 8 25 8L 14 98 2 24 5 10 1R 5 9
1 25 4 (o Bl e 256

Fr i 1 €0 IR ARG 25 L 5 0 T DA AT o] AN Ak 2 0 Bl AR A 1 AT IDO A 3 1
0 R AT 25 L (0008 B 2 R AR A e, Ahiksth, Pid B = R AR 25 ELAH S e ik
B PR, FIARIE . BERE. LW . B S R, OHEERG. SEM
o BERRBRERYL . A 2B AT PEE (B T B 2R PR BR S . S U R 4 AR )
POARAE « I (ELRE T 40 (3 00555 R0 45 98 )« BR 3500055 (497) 4 1) Py ot 5 4 % AH
IEEAk), 351 S s R0

EYRERARME, XxHHERLABRE:

(1) AR T — R0 A1 IDO MR, 585 - & WAL,
AN AT S N AN PR . Prid e & BE R AT IDO s v, R I B
W LA HE BB R 2 Wb R AR, B AT R WO (1396 7 Tee i 245 0 1) 5 6 1 H A
i

(2) AEWEEFEHL T KA B N-"REE O AT AW ik, & st 4 A
AEAERAE . SN AAHRA AR DTG RS s, T Tk A,

A A RARSE RG], B D RIEAR W] . MER A, T S A B WA
R AT BRI R W IE . R SS9 A W B S AR i se s vk, Tl
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SRR AT, SR IR R P B AT BRARSS AN, U 2o R
U Bs s vk A R B B, B SRt b il R B R el s D T
HARG B 40T

o) o o
a b R
o0 — o P N
N Nko N~
H
H 0
2 3 4
0) (@]
R R’
Br N 9 R N
N~ N~
o
5 ° 1

B YR 4
3% a. m-CPBA (2 eq.), CH,Cl,, RT;
IR b, EtN, U, B, 75%:

L% ¢. NBS, AIBN, CH,Cl,, [Bl#;
I d. K,COs, KI, DMF, Ji%.

SEHEG] 1 2-((Z FF BB FE)-8 BN IF[2,1-b ] MEE-0,12- "R (1a) &

BARDBRUT
;F?;(l) 6 -HIFE-1H-% 3PERE-1,4 -0 Eﬁ(3a)l§l’JAE}Z

Cf% Oﬁ

WEY) 2a (500 mg, 3 mmol) %/%ﬂ: 10 ml {4 — %LEF[FEP £0°C ™oy
HEM -G EZE R R (1.3 g, 6 mmol, 75%). £ = im0 Nk 2 s . TLC
For W B2 N 584 s TLUE RN B B T [ A, AR 10 ml 40 SRR = IR
BAMLEY) 3a (350 mg, 65%).

HB2). 8-F-2- Fﬁ%ﬂ&i%ﬁ 2,1-b | -6, 12: i (4) 05 B

I O\ﬂ@

tAEY) 3a (1 g, 5.6 mmol), 5-FHELL (0.93 g, 5.6 mmo)F =% (1.5 ml,
11.2 mmol) B &R F T T M 210 mD)H, £ 110 °C Findk 4 /. s
AZLEH, FaREABREET 2 ml & HF5EH, REHMA 2 ml L& 4B,
TR B AL 38, H 2 ml 1R SERYEE: =K, BRI liaib &Y 4a (1.1 g,
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75%)5

FAEH -

'H NMR (400 MHz, DMSO) & 8.50 (dd, J = 8.8, 4.2 Hz, 1H), 8.14 (s, 1H), 7.86
(d, J = 8.2 Hz, 1H), 7.82 — 7.76 (m, 1H), 7.76 —7.67 (m, 1H), 7.44 — 7.37 (m, 1H),
2.53 (s, 3H).

HB(3). 2 -(R i?%)& B2, 1-b | M 6,1 2- T (Sa) B B

[Eestgl ﬁg@

7+ 80 °C A& A et E’]%ﬁ:T MALEY) 4a (500 mg, 1.78 mmol) [ & H
$¢(3.6 mD)EE I F 4> =LA NBS (381 mg, 2.14 mmol) A1 AIBN (29 mg, 0.18 mmol)
FHREY) . RNEAE 80 °C i#k 16 /Mo TLC Rl je 584y, [ v 48 % i,
SRR, KB T 5, W45 15 2 /7 Y) Sa.

RAE -

"H NMR (400 MHz, CDCl5) & 8.66 (dd, J = 8.8, 4.0 Hz, 1H), 8.45 (d, J= 1.9 Hz,
1H), 8.04 (d, J = 8.3 Hz, 1H), 7.90 (dd, J = 8.3, 2.1 Hz, 1H), 7.61 (dd, J = 6.5, 2.6 Hz,
1H), 7.52 (td, J = 8.6, 2.7 Hz, 1H), 4.65 (s, 2H).

ZBMA) 2-(CHEEEFE)-8 -ERBRIF2-b]EM-6,12- TR (1)K &

i i
F F
Br N o N N
_ | _
N N
o) o)
1a

A5 Y) S5a (500 mg, 1.39 mmol), #hFR — H i (Dimethylamine hydrochloride)
(227mg, 2.78mmol), HLiL 4 (10mg)F = £} (0.5ml)7E Sml [¥) DMF 75 = iR i 4 2
NI o TLC AW s N 5E 4 )5, A 50 ml 7K, JiJ 10 ml 1% & FRA HJ(J/\E,
A VAR ARV =0, oK N T o R4 15 21 A e €0 1 A4 ] e JRe A 2
HERAEONAS Y 1a.

T -

'HNMR (400 MHz, CDCly) & 8.63 (dd, J = 8.8, 4.1 Hz, 1H), 8.33 (d, J = 1.5 Hz,
1H), 7.98 (d, J = 8.3 Hz, 1H), 7.87 (dd, J = 8.3, 1.8 Hz, 1H), 7.58 (dd, J = 6.5, 2.6 Hz,
1H), 7.48 (td, ] = 8.7, 2.7 Hz, 1H), 3.61 (s, 2H), 2.30 (s, 6H).

SEHEB 2 4 -((8 -T-6,12 - T FAC-6,12 - B BB IE 12,1 -b] - 2- 50 ) B 25 0R
HE-1-HERAUT B (1b) & Bk

HIR(D)-5 G A L) 1

%%(4) 4 -((8 -R-6,12 - T HAR-6,12 - T EERLI R I 12,1 -bHETE-2- 50 ) R IR
BE-1-FHEERUT B5(1b)H B K
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O O
F F
BrACﬁJ\N hNﬁN
BocN
N/ OC| d N/
O O

45 Y) S5a (500 mg, 1.39 mmol), N-Boc Wk (N-Bocpiperazine) (546 mg, 2.78
mmol), ALEF (10 mg)fl =2 % (0.5 ml) £ 5 ml ) DMF 1, TZE M+ 2
AINEF . TLC Kl e B 5E 4 )5, BN 50 ml 7K, H 10 ml 4/ O Ba28 0 — ik, & 9F
APV KRG =00, B TR R T o 4 15 210 0 2 0 Bl A R AT 20 B )
BRAHOALEY 1b,

A -

"H NMR (400 MHz, CDCl5)  8.66 (dd, J = 8.8, 4.0 Hz, 1H), 8.39 (d, J = 1.5 Hz, 1H),
8.01(d, J =83 Hz, 1H), 7.90 (dd, J = 8.3, 1.8 Hz, 1H), 7.60 (dd, J = 6.5, 2.6 Hz, 1H), 7.51
(td, = 8.6, 2.7 Hz, 1H), 3.71 (s, 2H), 3.47 (m, 4H), 2.46 (m, 4H), 1.48 (s, 9H).

SEHLR 3 B-5-2- {%;@E 13 F AR 3R 12,1-b) @ﬁ%ﬂ@% 6,12- " (1c)& %
Br N F NﬁN F
ﬁ@ﬁ*@ e N/Lp
(@] (@]
1c

Sa

YR~ B (3) 7] SE i 1 1

BBE): 8-F-2-(TRBE-1-5E S WIWE IR 12, 1-b e -6, 12- “E (1) 8 & &

WAEY) 5a (500 mg, 1.39 mmol), N-HL ] % Pk 5 WK B (V-Bocepiperazine) (546
mg, 2.78 mmol), AL (10 mg)M =2 % (0.5 ml) 7E 5 ml [¥] DMF -3 i 4 4

2 /NI TLC A R N SE A G, AN 50 ml 7K, FH 10 ml MR CBEREM =K, &)

APV FZKGE =0 B TR R T o T4 15 21 i o 0 [l A4 o g v €0 [ 4G
it T 3 I R, AR A NIIA =IO 12T N = i
P 1 /NEEE, TLC (CHzClz/MeOH 10/1, Rf 0.2) Al e B 584, W 700 A8 ok He 5%
P FEBR, AGRY NaHCO; il 10 =T, ML LB (10 mD3)ZERE, A
BUAH RGeS, T, AR5 i 4 43 21 Bl 4R R AT 70 B9 45 31 s (B RS ) 1e.

A -

'H NMR (400 MHz, CDCLy) § 8.65 (dd, J = 8.8, 4.0 Hz, 1H), 8.37 (s, 1H), 8.00
(d, J=8.3 Hz, 1H), 7.89 (dd, J = 8.3, 1.6 Hz, 1H), 7.59 (dd, J = 6.5, 2.6 Hz, 1H), 7.50
(td, J = 8.7, 2.7 Hz, 1H), 3.70 (s, 2H), 3.51 — 3.44 (m, 4H), 2.46 (s, 4H).

SEHEB 4: 8-9-2-((4 - FF SRR R -1 -0 T ARSI IR [2,1-D W 1B -6,12- — T (1d)

I E R
O O
F F
BrﬁN hN&ij\)\N
N/ /NJ N/
O O
ba 1d
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AIR)-DIRG) A i) 1,

W B4): B-F-2-((4 -F IR -1-58) B BB 35 12,1 -b | e k-6, 12- B (1d)
6 R

&%) 5a (220 mg, 0.61 mmol), N-H HIKIEE(N-Methylpiperazine) (122 mg,
1.22 mmol), fil4LH (10 mg)fl =% (0.5 ml) #E 5 ml \j DMF H7E =i H fF 2
NI . TLC #5245, BN 50 ml /K, J 10 ml 2R OBEAEB =%, &)
AP KBE =00, TEH TR RN T4 o W4 15 20 (1) 3 10 [ A4 Bk A 0 B8 5
BRHOAEY 1d.

AL H P

'"H NMR (400 MHz, CDCl;) § 8.65 (dd, J = 8.8, 4.0 Hz, 1H), 8.38 (d, /= 1.5 Hz, 1H),
7.99 (d, J= 8.3 Hz, 1H), 7.87 (dd, J = 8.3, 1.8 Hz, 1H), 7.59 (dd, J = 6.5, 2.6 Hz, 1H), 7.50
(td, J = 8.7, 2.7 Hz, 1H), 3.50 (s, 2H), 2.59 (s, 8H), 2.38 (s, 3H).

S 5 8 -3 -2 (T MEWR-1-55 T BB R IE (2,1 -b) k-6, 12- i (1e)HY
A

LR BG) A L) 1.

ABRA4): 8 -F-2 -((DHERR-1-E ) R EIIF (2,1 -b) -6, 12- "B (1e)RY

B
o o
ﬁ@i ShOE
o o

5a 1e

A4 5a (500 mg,1.39 mmol), "HEME (242 mg,2.78 mmol), MALA(10 mg)
M= &} (0.5ml)7E 5 ml DMF e =\ i He 2 /M. TLC (EtOAc, Rf 0.5) faill Jx
NSEA G, A 50 ml /K, 10 ml 48R CHRAE =R, & IFFEPAHKEE =X,
G KBR IR A T4, IR 4 15 21 o (0 B AR HEE IR AE (EtOAC) 7 B a3 2llE b 54
leo

RAE -

"H NMR (400 MHz, CDCl5) § 8.66 (dd, J = 8.8, 4.1 Hz, 1H), 8.39 (s, 1H), 8.01
(d, J = 8.3 Hz, 1H), 7.90 (dd, ] = 8.3, 1.7 Hz, 1H), 7.60 (dd, ] = 6.5, 2.7 Hz, 1H), 7.51
(td, J = 8.6,2.7 Hz, 1H), 3.79 — 3.73 (m, 4H), 3.70 (s, 2H), 2.52 (s, 4H).

LB 6 2-((4 -H FRIREE-1 - )y F BRI IR 2, - b P M -6,12- “HIANN S
J%

LB F LB 1,

HIR(2). 2 -T2, 1-b M -6,12- ]I (4b) I B BR
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O O
o, e
I v
3a 4b
th&Y) 3a (1.7 g, 9.6 mmol), 4L (1.4 g, 9.6 mmol)Fl = ZJi% (2.7 ml, 19.2
mmol) PEAEYET T HEMER8 mD)H, 7 110 °C Findk 4 M. RV
ARERE, BRI EABAELEIE, H2ml 8% CEEER =), 1920w 06k 1E
&% 4b (0.5 g, 20%).
AL H P
"H NMR (400 MHz, CDCl53) § 8.65 (d, J = 8.1 Hz, 1H), 8.25 (s, 1H), 7.94 (dd, J
= 7.8, 5.0 Hz, 2H), 7.85 — 7.75 (m, 1H), 7.71 — 7.64 (m, 1H), 7.44 (t, J = 7.5 Hz, 1H),

2.58 (s, 3H).
SEER(3). 2 - ERIRIED2, 1-b R B -6,12- B (5b) I & K

O O
ﬁj‘%@ Brﬁj‘;@
N~ N~
o o
4b 5b
7E 80 °C MIAALRY IS/, MALAY) 4b (262 mg, 1.0 mmol) 1 & H %
(5 mD)# W F 4> =LA NBS (381 mg, 2.14 mmol)Ff1 AIBN (29 mg, 0.18 mmol)[¥]

REY . RN HREE, oK%, KM T8, W45 E M wEe~
¥ 5b (245 mg, 91%).

(o} (0}
L — O

N~ /NJ N~

5b © 1f ©

59 5b (220 mg, 0.61 mmol), N-HIEEIREE (116 mg, 1.616 mmol), AL
(10 mg)F1 = 4} (0.5 ml) 7E 5 ml DMF F-F S35 N HEdE 2 /NiF . TLC Kl & W 58
45, A 50ml 7K, M 10ml SR CERZEH =R, & IFANUAHRIK¥E=, MG
IKER RN 45 W 4 15 21 10 2 5 [ 4R R IR A 7 S AR B B Ak &) 1f (120 mg,
55%).

RAEE A -

"H NMR (400 MHz, CDC13) § 8.66 (d, J = 8.1 Hz, 1H), 8.39 (s, 1H), 8.01 (d, J =
8.3 Hz, 1H), 7.94 (d, J = 7.5 Hz, 1H), 7.89 (dd, J = 8.2, 1.7 Hz, 1H), 7.82 (t, ] = 7.8
Hz, 1H), 7.45 (t, ] = 7.5 Hz, 1H), 3.71 (s, 2H), 2.71 — 2.41 (m, 8H), 2.33 (s, 3H).

Jk

Sz 7 IDO 055 V5 o A I
o N IDO H: R 5k () 4 8 . AE R AT b 3R OA L B HU R a4k 1 3%
Littlejohn %5 #t 1& [ Jj ¥ 3 47 (Takikawa O, Kuroiwa T, Yamazaki F, et al. J.
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Biol. Chem. 1988, 263, 2041-2048), %t & %% IDO [ 41 ] ¥ 1 3% SC R At
QBRI . fE 96 FLIR B 50 mM BERR AT ZE P (pH 6.5), 40 mM 4
& C, 400 pg/ml L EALE B, 20 pM T H L IDO BFIE & . 1 Bk
HAEWNMATEY L-0 2 AN A7 WAL S . RN AE 37°C FaE4T 60 20 B, N
AN 30% (w/v) =R LBl W&k, 96 FLEAE 65°C R 15 0 4f, iz
6 A B R SR AR B R IR @ R A, R )5 6000g e %% 5 70 Bl o B FLHL
100 pl RG24 # 208 10 96 FLAR N, TN 2% (w/v) R -(Z HEE 2 L) &
I 1 PR Vi, R PR 20 IR 1 2 S L 7 a6 T A T g AR ACAE 490 nm
A, SEge 2 R WK 1 s,

SR 8 A oA ] I IR A B A e

7 8] 52 A AR BE S LR s F— ZR A0S [ R B 1 il 5 400 o 7] Jse 3 - o e
VIR RE o DA N 3 FSE 0] Mg B (v~ [EDAE L, A4 i 46 1 e ik ] LA e S A 02 ] 38
P o

RN GAE: A8 500 pl M AR R, SEIIA 50 mM IR AN 22 M (pH . 6.5),
40 mM 42 C, 400 pg/ml A AEEE, 20 uM T H A #E, 300 mM JEY) L-tA %
W% B[R] IS N 100 mM #1157, RS 37 CRRIR 5 0B, FE R IR AN 2
IIAAFARRL IDO B, [ NAE 37°C R EEAT 30 2081, I 30%(w/v) =& L1 200
wl fff R P28 1b, RNAKR BRAE 65 CHI# 15 408l , i 2 52 BN FRBE R R 20 18 51 R R
TR, SRS 12000 rpm B 10 4380, BB 55K 2%(w/v)Xt-— F & 3
IR ) ORISR A, T EEFR UK I 490 nm K38, UL v~[EMEIK, sLiesh
Bk 1 iR,

SEHE] 9 FPHIFISEELAIW & Ki /E#l e

7 500 pl A RNAR RS, ZElIAN 50 mM BERR BT 22 0 (pH 6.5), 40 mM 4
& C, 400 ug/ml WLEACE B, 20 pM W H I, 0B 100, 250, 300 mM
JEY) L-CA IR, £ — DIRPIWREETS, & 8 I AR ZR 1 20 i I AN [R)I FBE A &
Yy, RAW 37 CHER S 2 8F, Fm EIRESWA A 10 ul IDO (£ 20 nM),
 37°C R HEAT 30 2040, A 30%(w/v) =8 LR 200 pl e N &k, [ NARRAE
65°C KA I 15 73, A2 58 BN B R IR 2018 2R IR 20 1% 1 Ak, 2R )5 12000
rpm 250 10 438, T RiE 5 SRR 2%(w/v) Xt - 2 S5 DR H IR 1 £ TR v TR ) I
N, FEEAROR I 490nm P K38 . L Dixon 1 BIE (/v ~[1]) ] 5E 4k A 4 (1 4 51
FIZEM, BLS/H~[IMEE, 3203500 Ki {5, SRR uE 1 Jirx.

SR 10 H0E AN HIR B 1Cs BT 5E

Ze 50 mM BEFRENZ2 P (pH 6.5), 40 mM 4iE & C, 400 pg/ml i EALEA
fig, 20 uM VL EE, M) L-(a 2R 150 mM A0 700 VR4 o 4000500 ik B2 D 100,
200, 400, 600, 800, 1000, 1200 uM JE5 K 37°C LRIk 5 08k, M EBRAEW
MM IDO . Jx NAE 37°C R REAT 30 2381, A 30%(w/v) =& LR 200 ul )%
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N2k, NARRAE 65°CHn# 15 708, A2 58 A FHBE R IR 208 21 R IR 2018 (1)
Ak, SRJE 12000 rpm FEHE 10 20 8f, B 200 pl B35 55K TR 2%(w/v)sf- — FH & 4
R SRR A, RIREIR 5 2 RN = A (1) 3 B vl A ) AR (X AE 490 nm
R, P 45 SRR 1Cso vHE AR vH &L 13 B HI R ICso fB, SCResi Rk 1 o

7N o
O COy
Indoleamine 2, 3-dioxygenase
IDO NH3*
NHCHO

Jso% TCA, 60°C, 15 min
o coy
‘\ NH3*
\ O
N@—{ NHCHO
/ H

SEHEG] 11 PEAE RN HIIR AL 1C50(48 Hg) i)l &

I HE T A Lipofectamin 2000 415 Fif pcDNA3.1-hIDO B##% HEK 293 41 /iU . 7F
1 KPP R 2 i, HEK293 40 i 5 7745 4 ik DMEM, & 50 U/mL & %
%, 50 U/mL 5852, 10%FBS, 37°C, 5%CO, ¥9%., UG5k 24 h J5, IIANFF
WY, BE —BONT G, B RIS — 96 FLB T, A 10 pL 30%(w/v) =& LR,
7E 65°CHn#R 15 min A 2 58 B H BER IR 2R W R IR AR AL, $RJ5 12000 rpm &0
10 min, HUEARR 2%o(w/v)Xf — F 2 H o8 I GEREIRTR G B, B o KRR
7E 490 nm ARG OGAE, SER A R WER 1w,

COy
NH,*
@ 3
N
H
O COy
wNH3+
s
N/\@\

N/
Amax =490 nm |

A B SRR 7-11 B59%, 3 seiidl 1-6 Hl4 AL &% IDO S P 2E4T
Wy, FHHETER SRR @ AR DO MHIF 1-HERAZIR(-MT, ) EN
PR, MR AR 1 PR

R 1 BRSO NSRRI R RTZE DI IDO S0 i 2

thE W 155 2 A4 K; (uM) ICso (uM) ICso (UM)
(1&51H) (40 )
1-MT > 1t 34 380 18.4
St 1 T e 0.31 0.11 1.01x107°
St ) 2 5 e 7.21 1.88 0.64
SEHt ) 3 I 7€ 1t 4.12 0.68 7.38x107?
St 5 4 5 e 2.64 0.50 2.24x1072
SEHt ) 5 T e 0.47 0.40 1.21x107°
SEHt 5 6 5 e 5.97 2.52 0.97
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SEHEE] 12 T 40 a3 5 SE 58

12.1 JELRRE R 2 40 P 43 5 (i R /D B UK E 40 4 0 R U B A -

1. Wrsihb st 2 HUN R, A a R BGR L, JREREA RP1640 H 97T 6 cm
TGRES A E P

2. 7E 50 mL B0VEHON 100 um iR, BN BY J1BTRE, AR TR N BT, /b
i RP1640 [ EIfRYEH

3. IIAHEE W 2 A5 ARB bk T 40 H 43 BT

4. 800g /KB 20 min, FOEEWAEBARSS 3 )2, IR

5. IR Z 40, N RP1640 3554k, WfRlybss. =ik, 250 g B0 10 min Y
LA

6. WEBiFed, F RP1640 Rrge i d B4, 400uit%L.

12.2 LLC(Lewis lung carcinoma, Lewis flij&)40 foAb 2.
. WG R FREL(EBE DMEM, 10% FBS), PBS ¥k 1-2 X;
I 0.25% BB AL,
W, AR TR, KAIRET R, HE R 1.5 mL BHOE T
CED, W2 BiE, N 1 mL DMEM 5% 77 5 B B A0
C M2 E 2 C(RIRE 25 ng/mL), WATIRZ), 37 °C, /K 30 min;
.RP1640 ¥t 3 &, 4ifvh$ 5

12.3 LD

1 CBAFEE Y LLC 40 2x10* AS/FLORIESAm ), BT 40 10° AN/FLOR M40
M), A 96 FLHL, B RP1640 (10%FBS), #h5F% 200 pL;

2. A, BN 50 uM IDO IR, BT 37 C. WAL 95%. 5% CO, Ik
FEM TSR, B5FR 72 hy

3. WST-1 A& ME T 40 Pa I, BEFR{CE 450 nm KA R AE ;

4. WHE T BRI R

T k40 S HE R (%) = [45 25 L(T #RE4If+ LLC 40i+IDO #il#)) OD 14

W REFL(T R4+ LLC 402)OD {E]/X AL(T W E4iife+ LLC 41f2)OD {H
x100%

12.4 SEHER

2 bR S A R N-R AR EATAE (DR BT 40 B B8 5 1 AE

AN W =AW N -

I-MT

SETEB 1

SETEY 2

SETE 3

SETE 4

SETERY 5

SEHER 6

T 21 38 5 R

4.88%

38.48

40.64

41.24

50.27

39.40

13.84

FEB yprib e
1. LLC Lewis PR g 3. i FEMENE C57BL/6 /NI, AT 20+1g, W H |
WSS TP ty, SPF L = METE . IO AEH R ACK Lewis i 40 i
W FE N 1x107/mL 41 J S8 o 7E T B 3/ S AR/ RURCR B2 R RS, 48 Rl 0.2 mL.
2. LW HRTBEED: DRV 5 H, A 10 X, JHRHAAUSEE
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0.5% % HA A4 240, HEREGZ; -HEARRA-MT)EFI=A N 150 mg/ke, &
FIEH N 75 mg/kg, HEHEZ: 8-F-2-((4 - BENREE - 150 F B g D612, 1-b s e
-6, 12- I RN AN 150 mg/kg, RAIEA A 75 me/kg, FEBGH ., ELGHA
7 RIGHEF IR, 2 G dkEen 2 21 RIFW S KA Ol . MBS Y R TT 4Rl =
R K A% () AN A 12 (b), FEBE— Ml B — %, B AR =ab ?/2. 1525 )5 vk H 3 b
Fe/NER, RUERRE, ALK -

3. MPIRHIRITER: DAY G 24— JH LM G b 27607, 45 8-3i
2-((4 -HUEEBRES- -0y O IR R {2, 1-b ] mkish-6, 1 2- AL b WA N Lewis e
g (R AR A I 2 2 BIH0H], R E S AT RIS 28 20 RMARIEA BB I sd AR i, 1T
AR T8 2559 10 KRB, 1-MT 1 1452505 30 13 RERAERE .. IR AR

AP IR BRE MR R A 62.15% A0 32.35%, ARG F F5 24 24 110 P 98d 0 1 SR 40 T Ky
46.62%A1 27.00%. MBI EEAE, mflE 8-5-2-((4 - EIRIG. 150 H Ehi ik gt
[2,1-bJWa IR -6, 12- [ AT 1-MT BRI 412 0 A 57.8%H 28.2%. 8-Fi-2-((4 -

SRV R o

4. ERSHRBIEESEH: DR THEMME 480 J5, BEYL A 4 A, F4H 10 K,
M EARIAE] S mm I, FTIRG 2. STA S LIAEE 0.5% CMCOR LT 4 2 40),
VEBE Yy, 1-MT 4, 252584 200 mg/kg, HEHZ: 8-F-2-((4 -F LR -3 F
EIBE IR 2, - -6, 12- A, 2R 200 me/kg, WEHGY BPEA, 4
ZiE N 100 mg/kg, FBERIKIN, B 8-5-2-((4 ~HHERURIE-1- 50 HEED I
[2,1-bE IRI-6,12- R IZIE A, 8-50-2-((4 - T RER MR- 150 HF 0 s B 2, 1 b e

P . INEEZ R TT AR B podd K AR () N a4 (b), BERE— RIE— k., PR AR
=ab /2. 25k HIISL e/ &, B E, WAL
5. BRI HITER: /PRE 200 meke [ 8-F5-2-((4 -HIHEUREE 1) H L)

AACE R TR LU W] B 2 23], OF B 8-50-2-((4 -HEERRIG - 155 I RE IS DG R 2, 1-b]

R DR M- 1 -y G ST JF[ 2, 1-D YR I -6,12- . 1-MT. HEEE, 8-5-2-((4 -

15.68%- 51.45%- 72.48%. HAZEAE N —FhimpR Ew ALy 25, BAR JLT-gE ]
B (P A, ABAERGEERIER, SER R RN RARTE . L BEA . D
SIS o T R-F-2-((4 - FENR - 1A T B0 s e 3R 12, 1-b s k-6, 12- i s 25 R
EARET IR IR, HEeB RFEE G ARG, A /D BUATE IEW . B
B NV E R

X LeB 2 B RRUGE 2,1 -b | BRI -6, 1 2 - I 1 B A R VR PR B
IR A SE ] 1,
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o} o
oLy, — L

I v

3a 4b

th&Y) 3a (1.7 g, 9.6 mmol), 4L (1.4 g, 9.6 mmol)Fl = ZJi% (2.7 ml, 19.2
mmol) PEAEYET T HEMER8 mD)H, 7 110 °C Findk 4 M. RV
ARER G, BRI ERARSEIE, H2ml 48 OB =R, 5338 AR
&% 4b (0.5 g, 20%).

FAEH P -

"H NMR (400 MHz, CDCl;) & 8.65 (d, J = 8.1 Hz, 1H), 8.25 (s, 1H), 7.94 (dd, J
= 7.8, 5.0 Hz, 2H), 7.85 — 7.75 (m, 1H), 7.71 — 7.64 (m, 1H), 7.44 (t, J = 7.5 Hz, 1H),
2.58 (s, 3H).

A sE 5] 9-11 Jr ik 1) 77 25 5 56) LU A8 P 7540 6 900 R0 3% 1, TDO 490351 3% 42 4
A IC50 &y 997.25uM, Ki AR ICso AWM H .

MR TR B s g Hgs b rl DUE Y, HEBLA SORH I IDO Wil DL HA
FALEH AL S AT LG, A s AL S W BoAT 7 %A% 19 IDO SNG4 . HAkdt,
AT A SR 2401 IDO B 1-MT, A HiE &I ASNRTAT R 1Cs,
EAEREAR T 1-3 MRS, X B s G W BAT 120 0L 3 11 IDO N 1

ERERIE, ARG NG YA — 5 5 B A0+ 7 AR AL & W) (ke L4
A PDAHLE, JE 7 T A et AR 3 . LA - Segh Ry R R AT 2
1{¥) TDO FRIRIAH b, FL3an it P B HA AN 2K A St o A B Al L 4k
EUER TR I, A HEAL G ) 5 SL ISR A A 3 D T Y X 2
BRI B AME DL o XL, A HIE AL S Y SR R I SR, A
P2 AR

A5 A B W5 T 1 B 5 SCRR S0 1 SR 2%, 3 45— 3 SCik
SRR 25T RE . BANRIFERE, (EBIUET ARV RV BT, A
LR RN BT LR A 1 SRR B T, TR (T SR 9T A
B B 5 97 B 5 0 9
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A SR

Lo Ff NSRRI M SR B, AT, Pridfin A B ~aC 1 B
ZNINEAT ABUEAW

R1
D@
N/
(@]
1
A H
R &
R? 4 -NR’R*;

A R, RY & @M ik 3 FA: H. BRI AR BRI C1-C4 Lkt B
PRI B A BAR 1) C2-C4 M . BRI B AR BUAR G C2-C4 e bE o AR Y ml A& BRAR 1)
C3-C6 i,

g R R* 54048 1 U5 7 S8 FM BOBUAR B AR B 6 5-7 JeZs3k, Horp, ik
(1) 5-6 LM B HA 122 MR T, o2 MEH FAHMZ R F: O, S;

BTk AR R A ] B — A a2 AN SR T (R &R 1 R AR FHRE A
N EBACIEER . C1-C4 Edk . C1-C4 pifQKESE . Ja AR P 3L (P 3% U T S 3Rk %)
X 2

2. WIAURIEESR 1 BTid i NSRS il AT Ay, HAMEAE T, R. R*&H
MOTHEE H R C1-C4 %eks; sl R RY S A AR I &5 1L A 4 Bl BAC B o B
(K1 5-6 JTCHIAIIR, Hodr, Fridfy 5-6 JCMIAIA EHA 1 82 MR T, AUEER 1
ANEH FHRZEIRT: O,

3. WIRCRIEESR 1 BRI N- S B 28 AT A Y, HASEAE T, FTidi R A

Vo /N B /TN /N \
AR A BRI [ R AL e, N N BN N AN N o N N

Hordr, < RIRERA S

BTk AR 5 e ] B i — A sl 2 AN SR FHE B AL BRI AR . C1-C4
%ﬁ X % o

v R N R e R S 1 e, HARAEA T TR AT A i g5 A T = T

/N /N
R2 = 7NuN7§ BocNuN—g HN N g N /,‘\,\

o, BridBUREE RP VIMOIR W IR B — e B iE, R DA EUR .
5. WIBCRIEESR 181 4 Brid i N-"FIE e fi kAT 428, HAFIEET, ke
Wk B AN EY)
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“@&9 BW@&Q Wﬁ@@@f
oo o ool

6. mﬂﬂﬁklﬁ4% %Nrﬁ@ HAUTEN Ii%%%%ﬁ&,A%ﬁT
T, WP IR

0 O
1 R 1
B N R 4d> R? N
N/ N/
(0]

(d) BRI, f CHERAET, %TS%A%W4t2$ﬁé%Mﬁi
R’H N, B3 14669,

X, RS RPAyE X F.

7. WIRURIZESR 6 FTid ik, HAFEE T, Frid i D B (d) 2 ik

10 PE(c): .

(c) EMEHEwRIH, %t4%A%%/ﬁﬁU&F B stEy; Bt
Hh, % (R RAGE A 2 NBS.
v AR EE SR 4 PR ) NN Ul AT A T, R R
15 T, &%&WT.

0 (o] (o]
R']
Crmo— L8, — T
T
N N~ o N
H 0
2 3 4
0 (e}
R R
. Br N — » R? N
N~ N
0 @]
5 1

R'=H,F

2= — BocN N— -
R N N— Bod § HN N

HARE B

(1) HREFE LR I (3) 1A B

5-HEFETA &7 T4 & e, 48 0 C Rt AR -SUL E R g, £
20 = FHEFE 1.5-2.5 /NEF s TLC fill e 3584 s 138 e BT B (2 [l A4, H &

VAR |
0 N—%
N, / PN
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ME CHRVES =X, 193] 5-H LRI Horbr, 5-FHEEE 200 A) -Gt 4 08 1T IR A8
IREE e (0.5-1):1;

(2) 2-H JE 0 14 i (4) (1) 65

WL BRI IR BT 5-9BE L0 = S IR B e i TR, 48 100-120
°C NN 3.5-4.5 /N, AR &4 T2, e R T & e,
FMANCIR OBS, BRI E ARSI IEH O CERUEG =k, 2] 2-H A%
i, Hor, WEEER LR BT S-BE LM = ZBE IR HE R (0.2-0.5):(0.2-0.5):1;

(3) AR 2-FH A0 % [ (5) (1) 6 1

7E 75-85 °C MR AR 24T, K 20 SR ()P 15 19 2- FFF A €20 i I s At 1+ e
() — S e, ARG AL NBS 1 AIBN RS Y, NI 75°C I 15-17
/NEF, TLC K s W 5E 45 R NV IRVA B0 B =305 28 8k b, To/K AR BR Al 4t
WA BN E =Y Hodr, 2-F AN R NBS F1 AIBN BE/R LE A -1
1:(0.005-0.02);

(4) N-"FJE 60 1% 1 (1) 19 A

BRAR 2-H L LR . BRI LA = &A1 DMF Wb T =i R Bk 1.5-2.5
ANBE, TLC A e B 524 )5, N 50 ml 7K, TR 10 ml & PR =, &
1 U e AH K58 = P e KB BR B T8 s IR AR 15 21 1 o € [ AR F R IR 43
B, R ER N-"REEREEAT A o, WA 2- 11 i i A g 7 i f — &
i BE IR LE 110 (1-2):(2-5)

O, —FRUIACRIZESR 1 8% 4 AT IR (19 N-F 58 60 i A7 A8 9048 ) 46 TS A /8ky6 7
HAT IDO A 5 1 6 2 1 A U 25 6L 14 3 38 2 R AE 15008 1 25 0 v T 1 A

10, —FPRCRIZESR 1804 Frid = 1t &P sdt 2527 Evliesz s i &,
HESEE T, M+

(i) 4% IDO F07HI 7]

(i) Tl 2% €0 2 B AU 28 SLAH D0 1 25 90 5

(iii) AP EG YT M IDO.

1. —FZPAaGY, HAMEET, BEQUUARIZESR 18304 Fridm=1
&), S22 BrrEesz s DU (i) 2 2% BT B2 (AR

12, —# IDO 15, HAFEAET, WA wACRIE KR 1 804 Frd )= 1 (&4,
RSN 1B 7= (o

13, — AR AN EVR T PE R AE] IDO yEPER vk, HASIEAE T, Frid ik ads
IR AR AR SR 1 4 AR 1 E Y, B BRI
5 RN G

14, — PPl 897 2 R AR U R ELAH S 2 A S i vk, HARREAE
T T 7B B T AR E WO R 18 4 Prid rg sk 1 A eIt 25
AR S A B R RS, TR A A A

15, — Py L BRAC U S ELAH OO W 0 vk, HARRIEE T, ik ik
¥ T R G0 VA I A R AR SR 1 8 4 TR paC 1 S, sy )
Rz
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