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4-(Pyrimidin-2-ylamino)benzamide Derivatives: Design, Synthesis,
and Hedgehog Signaling Pathway Inhibition Study
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Abstract Hedgehog signaling pathway is a new therapeutic target for interventional cancer treatment. A novel series of
4-(pyrimidin-2-ylamino)benzamide derivatives were designed as hedgehog signaling pathway inhibitors based on our previ-
ously reported lead compound 1 and its structure activity relationship. Fourteen compounds were synthesized and the inhibi-
tory effects on hedgehog signaling pathway of these compounds were evaluated. The results demonstrated that all the com-
pounds presented good potency against hedgehog signaling pathway, and compound 8e was the most potent one with an ICs,
value of 5.0 nmolsL "', more potent than GDC-0449. Likewise, compound 8e displayed improved pharmacokinetic properties.
Keywords hedgehog signaling pathway; 4-(pyrimidin-2-ylamino)benzamide; synthesis; inhibition
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B Hh W 2 R R R R R 3 FIHLEL: ()35
A% Y Hh 30 #% 1) Pteh1, Smo, Gli 25 R £S48, 2595
i gRe A, A8 G I R 1) 5 I 4N e 9 (BCC) Rl RE4N Y
R BESUYLIAE A E] Ptechl, Smo 25 JE R 5878, (2)
B A7, 2 Hh FoAR I, Smo [RIFIIHIAE FH sk
55, MR R o ARk, R R A {2
HERT R . IR Hh {55 9 Tl JERIEAAAE TR
P g5l B JE/Ndiiufits . ArsUiR . B
e FUIE . ONSRRE . P IR SERE . (3) R T 4N i 2
Pi. ITAEA KRR W] Hh {5502 3 IR 40 o
(¥ BB R B, 5 R A DI AR OGP I AE ok,
WWIRE] Hh 55381 25 2 s (0 & A2 R i kol
F2, Hh {5 510 O BCA TF R8T ST s 2 i — A &
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H BT CH 24N Hh A5 530 B0 b 10 & i BB,
Hp B R ZE 7)1 vismodegib (GDC-0449)F 2012
AR 1 ARSI £ b 2 S R R (FDAYREVE ] -T-i677 630
[JBCC, [F]IFf vismodegib 1F 75 41 %k ToAth 22 Fi fifed 1)
IGARIRES. BRIt Ak, 4 sonidegib (NVP-LDE-225)
HATEEANIGIR T 1, #LoKI LY-2940680 FHifi vt = 1)
BMS-833923 (XL-139)MUALT-Ilfm IR 10 HAGREE, 1 4 S 1)
PF-04449913, % % ) LEQ-506 LA K X HH 24 & 1)
TAK-441 FEEAIXENE, HArdb T IgR 1 BIaFsT e
YT Hh {5575 2R R E NE (K697 A AR TR
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), H b S 1(1 2444 2 4-((5-H FE-4-(1- 1 JE- L -
W4 B Y I - 2- e ) B i )-N=(2- P - 5-(PE bR P i ) )
ZEHER N Hh f5 5 0 B 4RI L 1.3 nmoleL ™,
50T GDC-0449™). {H LBt i 04k A M HEAT 1 P 245250,
R (225 mg/kg) F/NRUHIURRIET:, BRI T 1%
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Figure 1 Design of target compounds
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A SCHE T JRUA 1) 4- (W -2~ 255 2R HH R e i B o )
WRR, WiAE AR, BIF. C I D MR, Wit
BT 144 4-((5- T H-4-(1- /1 HE- 1 H-PH -4 L) IR g -2
HE) B H )-N-(2- FF -5 (Mg bl FF ) 2R 35 ) 2 PR b e s A= 4,
HHEAT T 120 BIARAN Hh A5 5 00535 2 7 2k
1 ZR5HE
1.1 &8

H¥stb &%) 8a~8n )& ikt Schemes 1 1 2
Fros. AR S Y Sa~ SIS AT S % R/ ATTE 4R
A o iEDS o BRI a4k Sa~5h LUAH Y ()
2,4- 5 ERE 2a~2¢ AEIGIFEL, BL PA(PPh;),Cl, A ff
A7) 55 E PR R T S5 )3 453 3] Suzuki-Miyaura 28 AR~
Y, BE ER S R AT M. =R E R AL
AR, TR E 4R 3a~3f; B35 L5 AH W 6] 2 2K

fift; B ELEE S A DY 1 Z RN R R sk EL IR, M
M43 3|t A fk 5a~5h (Scheme 1A). JRI¥ 5k WILL 2-
A -4-VR-5- ke R an IRk, &0t Suzuki X,
Buchwald fiH€, 7Kf#, MIifi3k45 Sk (Scheme 1B). %f T
R A L, BT R TR R, A 2 A U 1 B
T 4 7, Froh s seeE 2 Mgl AR R G, BE
HEAT 4 4710 Suzuki EE, FEHKME, NI SURIRY)
(Scheme 1C). HARMEAH) 8a~8n 4% Scheme 2 112k
AT ARG R H AL &4 8a~ 81 & UL R R IR
YIohRIGIERL, SddEa . SR, SN E FEE
RIS, HLAY) 8m L 5a il dGiRl, %4k
NAFE] 6m, KRG N-(2-5 43K AT S AR
MRS, HARME G 8n (G 1, 156 Sa Fl 3-2 - 4-
RS OR R FR R4 &, AR5 /KR A3 21 T, o RIS RR A A2
A I, NI EL 65% I %45 31 8n.

1% H 1 5 2 Buchwald-Hartwig A8 RIS, S 7K

[

(A) 3a to 5g and 3e to 5h
A 0
cl .1 R R
1 b X - d N =
O S T o G AR e s
P I~ N N N N Y
R” N al N" Cl H H
28~ 26 32~ 3f 4a ~ 4f 5a~ 5h
. ) ) 5a: R'=Me, R?=H,A=A1,Y =CH;
3a: R1 Me, R2—H A=A1; 4a: R1 Me, R2 H, A=A1; 5b: R' = Me, R2=H, A= A2, Y = CH:
2a:R'=Me RZ=H;  3b: R1 Me, R2 H A=A2  4b:R'=Me, R2 H, A= A2 5c: R = Me, R2=H, A=A3,Y = CH:
2b:R'=H, R2=H: 3c: R1 Me, R2—H A=A3; 4c: R1 Me, Rz_H A =A3; 5d: R' = Me, R2=H, A = Ad, Y = CH:
2c:R'=H R2=Me; 3¢ R1 MeZR H A=A4; 4d:R MezR H, A= A4 Se:R'=H RE=H, A=Al Y=CH:
3e.R1 H,R2 H, A= At; 4e.R1 H,R’Z—H,A A1, 5::R'=H, R2 = Me, A=Al Y = CH:
3:R'=H,R?=Me, A=A1; 4f:R'=H,R?=Me A=AT1; 5g:R' = Me, R2= H, A= A1, Y =N:
5h: R1-H R?=H,A=A1,Y=CF
®) N N-N N
/
/ /
Br 7 o Q
b d
el T O
P P “
NEe N~ N NTON
H
2k 3k 5k
/
C / —
(©) NN l/\l N
cl cl 0 [ o 7 o)
e F
F3C\{§)N\ 30\6)[\1\ @0/ FaC O/L> FsC ‘ N OH
~
N~ cl N" N PN N/)\N
H N" N H
2l 3l 4 51

Reagents and conditions: (a) Pd(PPh;),Cl,, TEA, DMF, H,0, 80 °C for 12 h, 1-methyl-1H-pyrazole-4-boronic acid pinacol ester for 3a (33%),
3e (78%), 3f (46%), 3k (99%); 1-ethyl-1H-pyrazole-4-boronic acid pinacol ester for 3b (62%); DMF, 45 C, 22 h, pyrazole for 3¢ (97%),
1H-1,2,4-triazole for 3d (21%); (b) Pd(OAc)., BINAP, Cs,COs3, dioxane, reflux for 12 h, methyl 4-aminobenzoate, 43%~94%; (c) Pd(OAc).,
BINAP, Cs,CO3, dioxane, reflux for 12 h, 6-amino-3-pyridine carboxylic acid for 5g, 71%, 4-amino-3-fluorobenzoic acid for 5h, 49%; (d) NaOH,
MeOH/H0, reflux overnight, 85%~100%; (e) methyl 4-aminobenzoate, DIPEA, -BuOH, r.t., overnight, 49%; (f) Pd(PPh;),Cl,, TEA, DMF,
H,0, 80 ‘C for 12 h, 1-methyl-1H-pyrazole-4-boronic acid pinacol ester, 27%; (g) NaOH, acetone/H0, reflux overnight, 86%

Scheme 1
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Jx\ . s A d A cl 2SS :
R2 \N H \Y OH RZ N H R N H Y

Y
8a~ 8l
6a ~ 6i, 6k ~ 61 7a~7i, 7Tk~ 7l
] 2 /
_ /
A (0] ’/\l N f;l*N
R! S d 7 (e} 7
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sSen - ol
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5a ~ 5h, 5k ~ 51 NN \N)\N
' 6m H 8m
from Sa‘ £
/ / /
N—N N—N N—N
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Reagents and conditions: (a) HATU, DMF, DIPEA, 85 C, overnight, 3-aminobenzyl alcohol, 3-amino-4-methylbenzyl alcohol, 3-amino-
4-fluorobenzyl alcohol, or 2-amino-4-hydroxymethylpyridine, 34% ~92%; (b) SOCI,, CH.Cl,, r.t., 1 h, 64%~90%; (c) morpholine or
1-methylpiperizine, DMF, K,COs, KiI, r.t., overnight, 43%~89%; (d) HATU, DMF, DIPEA, 3-amino-4-methylphenol, 85 C, overnight, 55%; (e)
K,COs;, DMF, N-(2-chloroethyl)morpholine hydrochloride, 55%; (f) HATU, DMF, DIPEA, methyl 3-amino-4-methylbenzoate, 85 C, overnight,
19%; (g) NaOH, MeOH/H;0, reflux, overnight, 100%; (h) HATU, DMF, DIPEA, morpholine, 85 °C, overnight, 65%

Scheme 2

1.2 L&4AY Hedgehog 15518 B& NI 143

KH Gli-luciferase reporter Jj ikl %¢ 8 1R
IRHRGGRI Hh W ERIE T, BT A R HAse S 21 Hh
I A R LR 1.

S5 B OR 14 ML S 0T Hh £330 3% 5 R 90 H 84T
(RIS k. AN TR S 2 (R AR X ¥ Tk R s Aok, G
LAY 8e 4f Hh (RFIHIE 4 5.0 nmoleL ™!, W&55 T
Je W1, HE T GDC-0449, 1% Z 4 il v s i i1k
&1, Hrp A& 8g 4F Hh (R3MH1E 4 6.3 nmoleL ™!,
IS T 8e, XT3 1, 3T GDC-0449; H &)
8a 1 8b X} Hh [R5 E 43514 9.4 F1 8.6 nmoleL ',
55T GDC-0449; LA AW TESE 12.8~133.2
nmolsL ™" 2 ], K K55T GDC-0449. Z R 5L W
FIBOR R TR W (1) B FRERE R FEIAREE ) 5] N 5L
TR AR 5-HEE(OE Y 1)>5,6 LHUR(IL &
Y 8e, ICs5o=5.0 nmoleL ")>6-H R EY) 8f, 1Cs,=
15.0 nmolsL ™ ") >5-= 4 I (L&Y 81, 1C5y=24.5
nmoleL ). (2) B FRWEIEIAAL ML IR 3525 R F(fk
51 8k, 1Cso=30.5 nmoleL "), J§i[An] AESE t THEmEER
BAEMWANAR T, HAWDNEHEZZ A6, X
BATZ BRI R 5. (3) A FR 4-nIE eIy 1 47 F 3k
A0 IR, I YERRR(L A4 8b, IC5o=8.6 nmolsL "),
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A IR N HA 1-nt R = UM IR, S R, S
ARG Ay 1-H K- 1 H-E M -4- K2 (54 8e, 1Csy=
5.0 nmoleL ™ ")>1-ZJE-1 H-MtMe-4-FE(fh 54 8b, 1Cso=
8.6 nmolsL")> 1H-MEM-1-JL (b 54 8¢, 1C5=12.8
nmoleL ") > = M54 8d, 1C50=30.5 nmoleL ™).
(4) C FREysEm: R AIERE IR (L5 8g, 1Cso=
6.3 nmolsL™'; 8j, ICsp=23.4 nmolsL "), JF¥: F[%; C ¥F
SIA®, H D BN (LEY) 8h, 1C5,=48.9
nmoleL "), i%E FB&. (D) D FREUR K400 D PR JEAR
KT (A1) 8a, IC5o=9.4 nmol-L "), ¥& 1k NF#; D 3F
TRIRAR Kt e B (1 &) 8i, 1C5o=78.8 nmoleL™"), %
PE R R D R ISEE A N E LAY 8m,
ICso=23.5 nmoleL ™ "YFI¥RIE(L &Y 8n, 1Cs5o=133.2
nmoleL "), &M %,
1.3 k&Y 8e IR MERMIK

BTHEY 8¢ MMAIMNEMERLF, HIHIEME T
PEZ5 GDC-0449, [KEXT 8e ¥4 Py 248 kAT T HFST.
HE5WED 1 2ARNE U LL R W3R 2.

iR LT 1, A 8e 75 1 mg/kg 4241
WUR, FFEEA 124718 heng 'smL ™", E LAWY 1; 8e
()23 AT T2 =1(T,,,=0.93 h); B4 8e [If kL2
WL WAT R T BN (Crax=2295.06 ngemL "), iZMif&#x
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K1 BEEMLEY 4-(WNE-2-5 50K T BEIZAT A4 (1 Hh A5 53l B v
Table 1 Hh signaling pathway inhibition for 4-(pyrimidin-2-ylamino)benzamide derivatives
ICs/ It 1Cs0/! 1
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x2 ALEY) 8e MZGAUNE TR ¢

Table 2 Pharmacokinetic profile of compound 8e

Compound Cinax/(ngemL™") AUC/(heng 'smL™") V,/(mLekg™") Cl/(mLeh""*kg™") MRTy¢/h  t/h
1 2051.08 1186.43 903.45 859.35 0.81 0.75
8e 2295.06 1247.18 1057.58 806.28 0.72 0.93

“ Compound 8e (as well as 1) was formulated using 5% DMA +5% Solutol HS-15, iv 1 mg/kg.

(RH R T BRI S 2570 B T SRAS 2o A 3 B ). Lk
5 8e 5 1 14022454, 8e 76 B INK 5 ALHRk G T HIE, %
TN S AL RN BEAAAEARIAE L, A& 8e 11 5 0T
FHEE, oz AR VE T, AN 2 A S0 i it

2 #ig

AHFFTLL 4-(WEWE -2- 2 55 ) A% PG Jrie i 48 45 4 O i
fih, 7656 TGP 1A REAE S A ROG R I kit |,
WREX A PR, B FR. C FAFI D BRARAR, Wit & T
14 ANBr 7Y 4-(wsing -2-28 ) K AL 2% Hh f5 55 30
I, FFFAT T HIEIRA Hh 5 S EE e L, ¥120
i TIZRWEWIRBOCR, IR T — ANt
L& 8e, ARG TSR T FIYEZS GDC-0449; b5
X} 8e AT ST, KIN 8e 5453 1 AHLL, H
R A A S, AAMEE TG, SR
X} 8e HEAT T IR N IR I BIESY, AT HERE 12228 4- (e -
2-F F) A F IRt SR 1) Hh 057 A 9.

3 HEWL
3.1 UESIKFH

it A0 ("H NMR) A5 3% (PC NMR)R T Bruker
BioSpin AG (Ultrashield Plus AV-400)7 k%t 34
%€, CDCl; 8, DMSO-ds N7, TMS AW hx; ik
(ESI-MS)K ] Agilent G6120 BAPUZLHT ST (Sl 52,
SHETEEHRMS) K Q-Tof micro PYZEAT €47 I (i) 5
RSN 52 5 AT JZ 0T A2t ek IR 8k 75 g v AL
7, HA R TR SR T A A Al B Sy b AL
32 LWHE
321 AFERERT &

2-5-5- FF BE -4-(1- Y 5 - | H-PHE -4 56 ) I 1 (v 7] 44
3a) (& e K 2,4- — &(-5- F LR E (900 mg, 5.52
mmol). 1-FF 56 -1 H-IHE M -4- B ER AT B2 B (1.13 g, 5.43
mmol). M =R~ F A (388 mg, 0.55 mmol). =24
J1%(1.56 g, 15.42 mmol) A1 1.5 mL /K %] 20 mL N,N-—F
S B (DME)H, ZA RS, 80 CRMV 12 h. [ RV
WK, “EREAEI 3 K, ANUES I E RS
KRG 3 IR, ANUZETKER RN TG Lk, I
WRAEZALZENT VR © (LR LER)=3 © 1174,
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Bk 382 mg, #F 33%. '"H NMR (400 MHz,
DMSO-d) 6: 8.53 (s, 1H, ArH), 8.49 (s, 1H, ArH), 8.09 (s,
1H, ArH), 3.94 (s, 3H, NCH3), 2.40 (s, 3H, ArCH;); MS
(ESI) m/z: 209.1 [M+H]".

A((5- F 4= (1 FFY - L= bk A -4 D Y 8 1 -2 ) 5
SO IR R RIS (R R A4 da) & B 2-50-5-F Jk-4-(1-
FH - 1 H-MLE M-4- 565 5 (328 mg, 1.57 mmol). 4-ZFE0K
F I F 6333 mg, 2.20 mmol). Pd(OAc), (35 mg, 0.16
mmol), 1,1-B25-2,2-X KB (BINAP) (197 mg, 0.32
mmol)Fl Cs,CO; (1287 mg, 3.95 mmol)Ji %] 10 mL 4,
NI R RN 12 he 2EUE, W YE S &R JE T
[V @ M(CROER)=2 © 11708, 1330 imfi ik 319
mg, H& 63%. '"H NMR (400 MHz, DMSO-dj) d: 9.87 (s,
1H, NH), 8.39 (s, 1H, ArH), 8.36 (s, 1H, ArH), 8.11 (s, 1H,
ArH), 7.93~7.95 (m, 4H, ArH), 3.96 (s, 3H, NCH3), 3.81
(s, 3H, OCH3) , 2.33 (s, 3H, ArCHs); MS (ESI) m/z: 324.2
[M+H]".

4=((5- F J5 -4-(1- F L - 1 - Mt o4 y s i -2 ) 51
FRKHRR (P AMA Sa)E R F 4-((5-FHE-4-(1-F -
1 H- 1k Me-4- 5 g -2 - ) 2 ) R FH R FE R (314 mg, 0.97
mmol)Fl NaOH (122.5 mg, 3.05 mmol)Jn%] 15 mL F/j§¥
H BN 3 mL K, RIS WA RV, 1 mole
L' HCl M7 pH & 3~4, 8T8, A3 300
mg, HF 100%. '"H NMR (400 MHz, DMSO-d;) J: 10.00
(s, IH, NH), 8.43 (s, 1H, ArH), 8.38 (s, 1H, ArH), 8.13 (s,
1H, ArH), 7.90~7.93 (m, 4H, ArH), 4.14 (s, 3H, NCH;),
2.34 (s, 3H, ArCH;); MS (ESI) m/z: 310.1 [M+H]".

N-(2-5-5-F4 L 4L )-4-((5- T Bk -4-(1- F - 1 -,
Wge-4- YR I -2- 5 ) B ) R I e (6) (1) 5 s % 4-((5-
FH 5 4-(1- F i - L - ML AR -4 5 Y e - 2- 366 ) 2 3k ) O T IR
(350 mg, 1.13 mmol). 3-Z4HE-4-JK FE(222 mg, 1.57
mmol). 2-(7-1 &K 3 = ME)-N, NN N'- DU FF I i 7 Fe g
FREE(HATU) (430 mg, 1.13 mmol)fl N,N- 5S¢ 3E 2%
(DIPEA) (950 mg, 7.35 mmol) 1% 10 mL DMF 1, %<
R, 85 CRMVIERL. In) S N sk, S e A X
3 W, BHUEAIFG AR S AL KB wsE 3 Ik, AL
JA G TE KB BR B T4 5 1 08, SEMOR 46 J5 4 AT )2 b
TR © VTR =20 : 1155, BG4 165
mg, Y& 34%. '"H NMR (400 MHz, DMSO-dj) d: 9.75 (s,

Chin. J. Org. Chem. 2014, 34, 1407~1416
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CONH, 1H), 9.65 (s, 1H, NH), 8.39 (s, 1H, ArH), 8.36 (s,
1H, ArH), 8.11 (s, 1H, ArH), 7.94~7.96 (m, 4H, ArH),
7.56 (d, J=8.0 Hz, 1H, ArH), 7.19~7.25 (m, 2H, ArH),
5.18 (t, J=6.0 Hz, 1H, OH), 4.48 (d, J=6.0 Hz, 2H,
PhCH,0), 3.96 (s, 3H, NCH3), 2.33 (s, 3H, ArCH;); MS
(ESI) m/z: 433.2 [M+H]".

N-(2-F5-5- 50 AL )-4-((5- T Hk-4-(1- FF - 1 -,
M4 L YR E -2 - ) B ) 2K F I Jle (7a) (1) 5 B K N-(2-
-5 FH DR G )-4-((5- FH 3 -4-(1- F 2R -1 H-NE k-4 - 356
MBI -2 - ) 2 ) 2K FFEA%(80 mg, 0.18 mmol) i E] 15 mL
AT, B T AER0.5 mL)w £ R N,
WY1 h RNV IBRAE, K E, 7358 AR A 75 me,
W% 90%. '"H NMR (400 MHz, DMSO-d) J: 9.76 (s, 1H,
CONH), 9.65 (s, 1H, NH), 8.39 (s, 1H, ArH), 8.36 (s, 1H,
ArH), 8.12 (s, 1H, ArH), 7.93~7.97 (m, 4H, ArH), 7.53
(d, J=8.0 Hz, 1H, ArH), 7.15~7.26 (m, 2H, ArH), 4.52
(s, 2H, PhCH,CI), 3.96 (s, 3H, NCH;), 2.34 (s, 3H,
ArCH;); MS (ESI) m/z: 451.2 [M+H]".

4-((5- F = -4-(1- 1 - 1 H-4- itk e 5 y s i -2- 6 ) 5
e )-IN=(2- 0 -5 -( bk i Y e ) 24 5 ) 4 P i (8a) 114 45
B N-(2-58-5- 50 3 2R 5 )-4-((5- H 3 -4-(1- F - LH-Y
M4 By I -2 - ) 2 56 ) 2R F I (35 mg, 0.08 mmol)«
bk(8 mg, 0.09 mmol). BRIEZHF(21 mg, 0.15 mmol)FHfill
1L#H(1.5 mg, 0.01 mmol) N E] 10 mL DMF 1, ZS RS,
S NI NG S oK, TR, AR
A - V(B =20 : 1153, 19648
mg, ), WK 71%, HPLC 4% 97.77%, m.p. 165~167 C.
'H NMR (400 MHz, DMSO-dy) 6: 9.87 (s, 1H, CONH),
9.80 (s, 1H, NH), 8.40 (s, 1H, ArH), 8.37 (s, 1H, ArH),
8.12 (s, 1H, ArH), 7.95 (s, 4H, ArH), 7.56 (d, J=8.0 Hz,
1H, ArH), 7.17~7.25 (m, 2H, ArH), 3.96 (s, 3H, NCH,),
3.58 (s, 4H, morpholine-H), 3.46 (s, 2H, NCH,Ph), 2.37 (s,
4H, morpholine-H), 2.34 (s, 3H, ArCH;); >C NMR (100
MHz, DMSO-ds) &: 170.13, 166.24, 164.71, 159.81,
157.92, 152.68, 142.23, 138.25, 136.71, 131.82, 130.35,
129.58, 127.97, 126.81, 126.32, 121.63, 117.58, 107.25,
65.73, 61.63, 52.79, 38.91, 17.71; MS (ESI) m/z: 502.3
[M+H]"; HRMS caled for C,;H,FN,O, [M+H]"
502.2367, found 502.2359.

4-((4-(1- 2. - | H=NHE W -4 )-5- P R 0 e -2- 6 ) 41
B )-IN-(2- F -5V bl 5 25 ) 24 5 ) 2 Y T e (8b) 1) &
B R HARBLRH 2559 8a 1K1J77244145 8b, 1k
f£(27 mg, 76%), HPLC #{i[% 97.03%, m.p. 241~242 C.
'H NMR (400 MHz, DMSO-dy) 6: 9.77 (s, 1H, CONH),
9.67 (s, 1H, NH), 8.42 (s, 1H, ArH), 8.37 (s, 1H, ArH),
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8.14 (s, 1H, ArH), 7.95 (s, 4H, ArH), 7.29 (s, 1H, ArH),
7.22 (d, J=17.6 Hz, 1H, ArH), 7.10 (d, J=7.6 Hz, 1H,
ArH), 4.25~4.27 (m, 2H, NCH,), 3.57 (s, 4H, mor-
pholine-H), 3.36 (s, 2H, PhCH,N), 2.34~2.36 (m, 7H,
morpholine-4H+ ArCH3), 2.21 (s, 3H, ArCH,), 1.44 (t,
J=17.2 Hz, 3H, CHs); *C NMR (100 MHz, DMSO-d;) :
164.82, 159.67, 159.15, 157.39 145.43, 142.92, 139.46,
137.38, 135.17, 132.59, 132.34, 132.27, 130.07, 126.87,
122.73, 120.42, 118.35, 110.53, 66.26, 62.08, 53.27, 49.48,
17.86, 16.99, 15.12; MS (ESI) m/z: 5123 [M+H]";
HRMS caled for CoHyN;0, [M+H]" 512.2774, found
512.2781.

A-((5- FF F-4-(LH-NHE M- 1 -3 W g -2- 356 ) & 3 )-N-(2-
FH L -5-((4- PR RE IR W - 1 - ) PR ) DR G ) 2R R G e (8e) R &
B R AL 75604 8, B [EA(29 mg, 34%),
HPLC 4/ 98.20%, m.p. 206~208 C. 'H NMR (400
MHz, DMSO-d;) d: 10.08 (s, 1H, CONH), 9.70 (s, 1H,
NH), 8.64 (s, 1H, ArH), 8.56 (s, 1H, ArH), 7.94~7.96 (m,
3H, ArH), 7.89 (d, 2H, J=7.6 Hz, ArH), 7.28 (s, 1H,
ArH), 7.22 (d, J=7.6 Hz, 1H, ArH), 7.09 (d, J=7.2 Hz,
1H, ArH), 6.67 (s, 1H, ArH), 3.44 (s, 2H, NCH,Ph),
2.51~2.53 (m, 8H, piperazine-H), 2.42 (s, 3H, ArCH;),
221 (s, 6H, NCH;+ ArCH;); *C NMR (100 MHz,
DMSO-d¢) 0: 164.81, 162.95, 157.64, 154.64, 143.40,
142.85, 136.59, 132.58, 130.11, 129.61, 128.54, 127.13,
126.78, 126.41, 117.59, 110.83, 107.91, 60.55, 52.59,
49.50, 42.65, 17.68, 16.65; MS (ESI) m/z: 497.3 [M+H]";
HRMS caled for C,sH33NsO [M+H]" 497.2777, found
497.2785.

4-((5- F J5-4-(1H-1,2,4- = Z M- 1- 6 ) g -2- 8 ) &
HE)-N-(2- F JE-5-((4- FH MR R - 1 - ) P ) DR ) A 1k g
SD)FIA K KA 770115 8d, 1A 4(28 mg,
46%), HPLC #1iJi¥ 98.00%, m.p. 213~215 C. 'H NMR
(400 MHz, DMSO-dg) 6: 10.23 (s, 1H, CONH), 9.70 (s,
1H, NH), 9.34 (s, 1H, ArH), 8.67 (s, 1H, ArH), 8.40 (s, 1H,
ArH), 7.99 (d, J=8.8 Hz, 2H, ArH), 7.89 (d, J=8.4 Hz,
2H, ArH), 7.28 (s, 1H, ArH), 7.22 (d, J=7.6 Hz, 1H,
ArH), 7.08 (d, J=7.6 Hz, 1H, ArH), 3.43 (s, 2H,
NCH,Ph), 2.51~2.53 (m, 8H, piperazine-H), 2.42 (s, 3H,
ArCH3), 2.21 (s, 6H, NCH;+ ArCH;); *C NMR (100
MHz, DMSO-ds) J: 164.76, 163.49, 157.75, 153.13,
152.91, 144.52, 143.04, 136.42, 135.86, 132.10, 129.97,
128.52, 127.19, 126.84, 126.26, 117.83, 111.69, 61.51,
54.45, 52.12, 45.33, 17.64, 15.32; MS (ESI) m/z: 498.3
[M+ H]"; HRMS caled for CpHpN,O [M + H]*
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498.2730, found 498.2739.

4-((4-(1- PP -1 FE- L P-4 SR Y W -2- ) 2 DK )-N-(2-
FH -5 (P bk s FEY 56 ) 24 ) A Y PG 2 (8e) PR 45 il A AT
AR 5043 8e, A [EI1A(47 mg, 53%), HPLC 44 )%
98.54%, m.p. 240~242 C. 'H NMR (400 MHz, DMSO-
dg) 0: 9.87 (s, 1H, CONH), 9.66 (s, 1H, NH), 8.44~8.47
(m, 2H, ArH), 8.13 (s, 1H, ArH), 7.97 (s, 4H, ArH), 7.29
(s, 1H, ArH), 7.22 (d, J=38.0 Hz, 1H, ArH), 7.17 (d, J=
5.2 Hz, 1H, ArH), 7.09 (d, J=7.6 Hz, 1H, ArH), 3.94 (s,
3H, NCH;), 3.55~3.57 (m, 4H, morpholine-H), 3.44 (s,
2H, PhCH;N), 2.34~2.36 (m, 4H morpholine-H), 2.22 (s,
3H, ArCH;); *C NMR (100 MHz, DMSO-d) 6: 164.86,
159.77, 159.09, 158.23, 143.83, 138.05, 136.51, 135.46,
132.21, 131.06, 129.99, 128.45, 126.95, 126.50, 126.33,
120.94, 117.55, 108.03, 66.14, 62.01, 53.08, 38.90, 17.67,
MS (ESI) m/z: 4843 [M+ H] ' ; HRMS caled for
CyH3N,0, [M+H]" 484.2461, found 484.2470.

4-((4- F1 H5 -6-(1- F o - L FI- DL M -4 35 Y i e -2 3 ) 2
HE)-N-(2- HIHE-5-((4- HT R IR IR - 1- 3 ) FF 266 ) 2 F I %
BOIA G RAAL kG 8f, B 14(90 mg,
79%), HPLC 4] 97.72%, m.p. 197~199 ‘C. '"H NMR
(400 MHz, DMSO-dy) 6: 9.86 (s, 1H, CONH), 9.68 (s, 1H,
NH), 8.42 (s, 1H, ArH), 8.12 (s, 1H, ArH), 7.96~8.00 (m,
4H, ArH), 7.30 (s, 1H, ArH), 7.23 (d, J=38.0 Hz, 1H,
ArH), 7.09 (d, J/=8.4 Hz, 2H, ArH), 3.93 (s, 3H, NCHs),
3.57 (s, 2H, ArCH,N), 3.43 (s, 3H, NCHj3;), 2.37 (s, 8H,
piperazine-H), 2.21 (s, 3H, ArCH3;), 2.17 (s, 3H, ArCHj;);
BC NMR (100 MHz, DMSO-ds) o: 167.66, 164.87,
159.63, 158.82, 144.06, 141.18, 137.97, 136.56, 132.20,
130.91, 130.03, 128.46, 127.19, 126.92, 126.24, 121.05,
117.42, 107.19, 61.15, 53.82, 51.23, 44.79, 38.94, 23.67,
17.67; MS (ESI) m/z: 511.3 [M+H]"; HRMS calcd for
CaoH3sNgO [M+H]" 511.2934, found 511.2941.

6-((5- F 35 -4-(1- Y L - 1L H- bt e -4 5 Y s i -2 5 ) 5
B )-N-(2- P k- 5-( N bk Y66 ) 4 5 ) L e - 3- FHY e 2 (8g)
(G i K I ARBMIR % 46 75615 8g, A A A 4(23 mg,
41%), HPLC 4l 97.43%, m.p. 160~162 C. 'H NMR
(400 MHz, DMSO-dy) 6: 10.02 (s, 1H, CONH), 9.88 (s,
1H, NH), 8.88 (s, 1H, ArH), 8.48 (d, /=8.8 Hz, 1H, ArH),
8.42 (d, J=8.8 Hz, 2H, ArH), 8.34 (dd, J=38.8, 2.4 Hz,
1H, ArH), 8.15 (s, 1H, ArH), 7.29 (s, 1H, ArH), 7.24 (d,
J=17.6 Hz, 1H, ArH), 7.11 (d, J=17.2 Hz, 1H, ArH), 3.97
(s, 3H, NCH3), 3.57 (s, 4H, morpholine-H), 3.44 (s, 2H,
NCH,Ph), 2.36 (s, 7H, morpholine-H+ ArCHs), 2.22 (s,
3H, ArCH;); C NMR (100 MHz, DMSO-d) J: 163.66,

1414 http://sioc-journal.cn/

© 2014 Chinese Chemical Society & SIOC, CAS

159.60, 157.35, 157.07, 155.43, 147.92, 139.45, 137.49,
136.11, 135.59, 132.34, 132.27, 130.07, 126.96, 126.57,
122.81, 120.22, 118.23, 110.66, 66.15, 61.99, 53.09, 38.90,
17.66, 16.77; MS (ESI) m/z:499.3 [M+H]"; HRMS calcd
for C,7H30NgNaO, [M+Na]™ 521.2389, found 521.2398.

3- G5 -4-((4-(1- FF 355 - LH- b I -4 R y I e -2- 6 ) 4
)~ IN-(3-(PEh bR S ) 4 25 ) 2 A 1t fie (8 1) 5 e >R H]
FRALIR 77725045 8h, 3 (A5 437 mg, 37%), HPLC 4fi%
97.58%, m.p. 191 ~193 ‘C. 'H NMR (400 MHz,
DMSO-d) 6: 10.17 (s, 1H, CONH), 9.17 (s, 1H, NH), 8.45
(d, J=5.2 Hz, 1H, ArH), 8.40 (s, 1H, ArH), 8.30 (t, J=8.0
Hz, 1H, ArH), 8.10 (s, 1H, ArH), 7.89 (d, J=9.6 Hz, 2H,
ArH), 7.74 (m, 2H, ArH), 7.32 (t, J=8.0 Hz, 1H, ArH),
7.19 (d, J=4.8 Hz, 1H, ArH), 7.05 (d, J=7.2 Hz, 1H,
ArH), 3.92 (s, 3H, NCH3), 3.57~3.59 (m, 4H, mor-
pholine-H), 3.46 (s, 2H, ArCH,N), 2.36~2.38 (m, 4H,
morpholine-H); *C NMR (100 MHz, DMSO-d;) o:
163.86, 163.84, 159.64, 159.23, 158.31, 152.67, 139.06,
138.20, 131.24, 131.09, 129.04, 128.35, 124.28, 124.08,
122.00, 120.78, 119.06, 114.53, 108.48, 66.17, 62.57,
53.18, 38.92; MS (ESI) m/z: 488.2 [M+H]"; HRMS calcd
for C,6H,7FN;0, [M+H]" 488.2210, found 488.2219.

4=((5- F 5 -4-(1- T L - 1 - by -4 y s i -2 L ) 51
HE)-N-(4-( Py IpR S5 FFY 56 ) g -2- 3 ) 2 Y I e (8i) 11 5
KRR 7004 8i, B (A8 44(47 mg, 39%), HPLC
4 95.64%, m.p. 205~207 ‘C. '"H NMR (400 MHz,
DMSO-dg) 6: 10.49 (s, 1H, CONH), 9.81 (s, 1H, NH), 8.40
(d, J=8.0 Hz, 2H, ArH), 8.32 (d, J/=4.0 Hz, 1H, ArH),
8.21 (s, 1H, ArH), 8.13 (s, 1H, ArH), 8.06 (d, J=8.0 Hz,
2H, ArH), 8.32 (d, J=8.0 Hz, 2H, ArH), 7.12 (d, J=8.0
Hz, 2H, ArH), 3.98 (s, 3H, NCH3), 3.61~3.62 (m, 4H,
morpholine-H), 3.53 (s, 2H, ArCH,), 2.41 (s, 4H, mor-
pholine-H), 2.34 (s, 3H, ArCHs); C NMR (100 MHz,
DMSO-ds) 0: 165.85, 160.00, 158.54, 157.80, 153.13,
149.51, 148.13, 145.10, 139.80, 132.68, 129.40, 125.96,
120.88, 120.17, 117.68, 117.51, 114.79, 66.65, 61.98,
53.67, 39.32, 17.23; MS (ESI) m/z: 4853 [M+H]";
HRMS caled for C,cH,sNsNaO, [M+Na]® 507.2233,
found 507.2242.

6-((5- PP e -4-(1- FFT - 1 H- NG M -4 Ry i i -2 ) 5
FE)-N-(2- H FE-5-((4- F JEWR e - 1- 3% ) HH 3 ) 2R 3 ) i e -3-
IR R (8j) M B: SRATARALI D7 i 6015 8, H el 4k
(27 mg, 51%), HPLC 4liJ¥ 97.70%, m.p.>250 C. 'H
NMR (400 MHz, DMSO-d;) 6: 10.02 (s, IH, CONH), 9.88
(s, 1H, NH), 8.89 (s, 1H, ArH), 8.43~8.48 (m, 3H, ArH),
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8.37 (d, J=9.6 Hz, 1H, ArH), 8.16 (s, 1H, ArH), 7.31 (s,
1H, ArH), 7.25 (d, J=7.6 Hz, 1H, ArH), 7.12 (d, J=7.6
Hz, 1H, ArH), 3.97 (s, 3H, NCH,), 3.37 (s, 2H, NCH,Ph),
2.51~2.54 (m, 8H, piperazine-H), 2.37 (s, 3H, ArCH;),
2.24 (s, 6H, NCH;+ ArCH;); *C NMR (100 MHz,
DMSO-dg) d: 164.16, 159.75, 157.67, 157.01, 155.52
147.87, 139.56, 137.35, 136.18, 135.43, 132.29, 132.31,
130.09, 126.85, 126.49, 122.85, 120.31, 118.13, 110.79,
65.23, 57.98, 55.09, 45.27, 38.90, 17.29, 16.57; MS (ESI)
m/z: 512.3 [M+H]"; HRMS calcd for C,gH3sNoO [M+
H]" 512.2886, found 512.2895.

4-((4-(1- FF L1 - -4 Y G e -2- 6 ) B )-N-(2-
FH -5 (4- FH - 1-WR W 5 ) ) 2 35 ) 4 I e (8K) I &
B SRAAILG 780145 8k, BEEE R85 mg, 74%),
HPLC #iiJ%¥ 99.40%, m.p. 165~167 ‘C. 'H NMR (400
MHz, DMSO-d,) d: 9.64 (s, 1H, CONH), 9.46 (s, 1H, NH),
8.26 (s, 1H, ArH), 8.18 (d, J=6.0 Hz, 1H, ArH), 7.92 (d,
J=6.8 Hz, 3H, ArH), 7.84 (d, J=8.8 Hz, 2H, ArH), 7.29
(s, 1H, ArH), 7.22 (d, J=7.6 Hz, 1H, ArH), 7.08 (d, J=
7.6 Hz, 1H, ArH), 7.04 (d, J=4.0 Hz, 2H, ArH), 3.90 (s,
3H, NCH;), 3.46 (s, 2H, ArCH,N), 3.40 (s, 4H, piperazine-
H), 2.45 (s, 4H, piperazine-H), 2.37 (s, 3H, NCH;), 2.21 (s,
3H, ArCH;); ”C NMR (100 MHz, DMSO-d) J: 164.82,
155.91, 147.85, 144.95, 141.13, 136.57, 136.47, 135.54,
132.20, 130.00, 129.01, 128.56, 126.91, 126.23, 125.39,
119.71, 116.58, 112.08, 106.20, 61.28, 54.05, 51.51, 44.71,
38.93, 17.68; MS (ESI) m/z: 496.3 [M~+H]"; HRMS calcd
for C20H34N,0 [M+H]" 496.2825, found 496.2833.

4-((5- =5 1 Fk-4-(1- F 6 - 1 =ML -4 3 Y -2 - )
FA ) -N-(2- 1 JE-5 - (Mehb PP ) 456 ) A FH W5 e (8I) 1R 5 ol
KA 772015 81, [t 4424 mg, 48%), HPLC
4 95.04%, m.p. 148~150 ‘C. '"H NMR (400 MHz,
CDCl3) § 8.68 (s, 1H, CONH), 8.19 (s, 1H, NH), 8.04 (s,
1H, ArH), 7.94 (d, J=8.8 Hz, 3H, ArH), 7.83 (d, J=8.4
Hz, 2H, ArH), 7.64 (s, 1H, ArH), 7.51 (s, 1H, ArH), 7.21
(d, J=7.6 Hz, 1H, ArH), 7.11 (d, J=7.6 Hz, 1H, ArH),
4.01 (s, 3H, NCH3y), 3.73 (t, J=4.0 Hz, 4H, morpholine-
H), 3.51 (s, 2H, PhCH,N), 2.47 (s, 4H, morpholine-H),
2.35 (s, 3H, ArCH;); *C NMR (100 MHz, DMSO-d) o:
164.72, 160.49, 157.70, 157.17, 142.47, 139.62, 136.38,
135.53, 132.85, 132.24, 130.01, 128.47, 128.00, 126.95,
126.42, 125.84, 123.15, 118.72, 118.13, 66.15, 62.01,
53.09, 38.93, 17.64; MS (ESI) m/z: 5523 [M+H]";
HRMS calcd for CosHaoF3N,0, [M+H]" 552.2335, found
552.2346.
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4=((5- F 5 -4-(1- T L - 1 - by -4k y s i -2 L ) 51
HE)-N-(2- F JE-5-(2- M Wbk £ 5 %) 2R 58 ) 2K F I Ji (8 m) 1)
HEC R AR T 0045 8m, A A 44 (68 mg,
55%), HPLC 4liJif 96.75%, m.p. 198~200 C. 'H NMR
(400 MHz, DMSO-d;) 0: 9.78 (s, 1H, CONH), 9.60 (s, 1H,
NH), 8.40 (s, 1H, ArH), 8.36 (s, 1H, ArH), 8.12 (s, 1H,
ArH), 7.95 (s, 4H, ArH), 7.16 (d, J=8.4 Hz, 1H, ArH),
7.02 (d, J=2.4 Hz, 1H, ArH), 6.76 (dd, J=8.4, 2.4 Hz,
1H, ArH), 4.07 (t, 2H, OCHy,), 3.97 (s, 3H, NCH3), 3.59 (t,
4H, J=4.0 Hz, morpholine-H), 2.69 ~2.73 (m, 2H,
NCH,), 2.54~2.56 (m, 4H, morpholine-H), 2.34 (s, 3H,
ArCH;), 2.17 (s, 3H, ArCH;); *C NMR (100 MHz,
DMSO-dg) 0: 164.81, 159.54, 158.06, 157.23, 156.49,
144.18, 139.30, 137.43, 132.20, 130.69, 128.50, 126.04,
125.07, 120.38, 117.05, 112.41, 111.71, 66.12, 65.37,
56.96, 53.59, 38.82, 17.08, 16.76; MS (ESI) m/z: 528.3
[M+H]"; HRMS caled for C,oH3;N,NaO; [M+Na] "
550.2543, found 550.2553.

4=((5- F 5 -4-(1- T L - 1 - by -4k y s i -2 L ) 51
HE)-N-(2- FFH - 5-( N bk -4~ PP 89 35 ) 24 ) 28 PP 5 fie (8m) )
% SR HARUG 76045 8n, B EAE R (43 mg, 65%),
HPLC 4% 99.88%, m.p. 172~174 “C. 'H NMR (400
MHz, DMSO-d;) d: 9.81 (s, 1H, CONH), 9.77 (s, 1H, NH),
8.41 (s, 1H, ArH), 8.38 (s, 1H, ArH), 8.13 (s, 1H, ArH),
7.97 (s, 4H, ArH), 7.45 (s, 1H, ArH), 7.36 (d, J=8.0 Hz,
1H, ArH), 7.22 (d, J=7.6 Hz, 1H, ArH), 3.97 (s, 3H,
NCH3;), 3.62~3.64 (m, 8H, morpholine-H), 2.35 (s, 3H,
ArCH3), 2.30 (s, 3H, ArCH;); *C NMR (100 MHz,
DMSO-dg) 0: 168.68, 165.01, 159.54, 158.05, 157.24,
14431, 139.30, 136.64, 135.08, 133.08, 132.20, 130.34,
128.58, 125.80, 124.98, 124.29, 120.38, 117.09, 117.06,
66.08, 52.55, 38.90, 17.90, 16.75; MS (ESI) m/z: 512.3
[M+H]"; HRMS caled for C,gH,)N,NaO; [M~+Na] "
534.2230, found 534.2241.

3.2.2 ARShapH| Hh 12 T8 E M R ik

Hh 5 [ 454 TR A48 A Pteh 530G Hh i@ %, 35
A K7 Gli-1 A5 — 541 Hh B B R R R0, A
S JTVERIEE Gli-1 Reporter-NIH3T3 £ i YL 4 bk,
AL 8 X GLi-1 Wi B (1) K 9 e B i & FE R SR
Gli-luciferase reporter 7%l i %¢ 68 1A 5 55 K5
I Hh I8 B E, FARIIR 772 0T IA FRATT CARGE 14
B,

MEMES: 41ld: Gli Reporter-NIH3T3 4l i (5 H
NIH/3T3 4fi); ATCC® CRL-1658™; 13741 A kLR
UURL SR A R B 9% 5L (DMEM) + 10%  Jifi 4 1l 35
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BHLLE

MRIEX

(FBS)+ 1 pg/mL MM 7% 2 (Puromycin); & 7): Dual-
Luciferase® Reporter Assay # I3 7 £, Promega, Cat#:
E1910. R3¢ Bghr{ (PHERAstar FS).

SR IR: WAEXT SO A K 1K Gli Reporter-NTH3T3
Aif, LL2X10YFLE8R T 96 FLAH, 37 CHLIE T CO,
RFRAm B R R . 3 R, Fral AR KAl 96 FLAR
JER R LR AR TR, LB 0.5% FBS. 0.7 pug/mL
Sonic Hedgehog (SHH)#sNFIME TR, BHIEIL G4 LA
IRIRFRIERCE, LL 300 nmoleL ™' JTUR, —AHEAIEHRE,
B8 ALK, —HAEEH(DMSO)N 0.1%. B
% SHH, A& 259 XTI, e —41A % SHH, A
T TR REE IR T 37 CCHLE T CO, K57
Fik5 9% 48 h. f# 1] Dual-Luciferase™ Reporter Assay il
RFIEAIN Luciferase 72 ¢0.

Hm AL B AN A =SHH ¥4 %O E/AkE
SHH #2052 1A

G5 I S A W IR R AR 5 ' it Him i
Prism5.0 (GraphPad WG it #fr, STt &
I 1Cso (B B 2 ds KAA ) 50% 0T 7 AL S 4 1)
WED).

323 ARAHREERT *

1 & W 10 A 2 ARSI 3 SR H T 3 B A% - AL )
(Sprague-Dawley, SD) K FEEAT. EHC 6 FL e fa Rt 1
SD KRGy 180~240 ), LA 1 mg/kg M4
277 \(iv 477 N 5% DMA+5% Solutol HS-15), 3 HL SD

1416 http://sioc-journal.cn/
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KREES THAY) 8e AW 1 mg/kg, 3 1 SD ARl
A TAAEW 1 B | mg/kg, KIS TE] A4 2 min, 5
min, 15 min, 30 min, 1 h, 2 h, 4 h, 6 h, 8 h, 10 h F1 24 h.
KN A] S5 A LA EE LS, 4 °C R, 4000 r/min 2540 5 min.
M3 24 A YITE(1% HCOOH M1k CHCN F)JE, &
F LC-MS/MS Fill; 25543 #1 K WinNonlin 5.2 3,
RGeS SR AL AW 1 mg/kg 5 25430 112 250
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