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Synthesis of a Multiple Target Receptor Tyrosine Kinase
Inhibitors ABT-869
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Abstract An efficient and convenient protocol for the synthesis of ABT-869, which is a multiple target receptor tyrosine
kinase inhibitors with novel structure and high inhibitory activity, was developed in seven steps from cheap and commercially
available of 3-fluoroaniline. The target molecular was obtained in 42.3% overall yield without any traditional purification

(column chromatography or crystallization). Ultrasonic reaction technology was introduced in the Suzuki coupling reaction
which is the key step of the preparation of ABT-869. The synthetic process was more suitable for industrialized production due
to the advantages of available starting material, simplicity and cheapness, well yield and purity (HPLC>99.0%).

Keywords receptor tyrosine kinase inhibitors; ABT-869; synthesis

ABT-869 (Linifanib, 1)/ FHHER: 22 7] F A —FhEE XS
g6 2H 2R A YT IR IR e T 2. e — i
R0 0 1) 22 8 1552 AT 2 T B (R TR I 57, b2 44
M N-[4-(3- Fk-1 H-V5] M -4-F) R HE ]-N"-(2- Gl -5- F L R
FOMREL 1), &) LRGN EE SR AT S ) 5 il A8
AR DA OG0 22 P sz AR TR IR Vg, A0 10 9 B AR
Al ¥ % 4K (VEGFR) Al i /N 4R A7 28 4 K K7 52 4k
(PDGFR) 5 i i 2 I il (TR W5 ), 2 — b 22 0
PR B 25, R A F R R I — RS RTK 4

* E-mail: jyzhang2004@]126.com; livhm@zzu.edu.cn

TIFR A f AT T R AT SRR IE AL S 2 —. IR RTIT 5T 45
WL, ABT-869 ] 7ENili41 21k ¢ 4] KDR i1k,
AT AN K i s BB LR v R, RN
Y rh BRI R U 258380 35, H i ABT-869
AT s R TIUYIIT 5 i B,

5% ABT-869 (14 B2 CkARIE AR £, Dai 20
L 2-36-6-IIK IS Mg e 4 JsUkl, 23R4, Suzuki I
i 3 2 RN HFsAY) ABT-869, HARILT 4
LR, (HIE T FHIEORE 2-56-6- TS F AN 5 A X &) 5,
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Figure 1 Total synthesis of ABT-869

P 4-(4-B KL 5E)- 1 H-W e-3-BE NS AN A 60%,
1M L7 2 28 Ml o B aliAk, A DL Tl Ak AR
Kruger %5 H(E T LA 2,6- &K I 4L 4f s kL4 R 471
SN AGF R R 3-28 -4-fng v, DL 1-960-2- 5 SRR IS -
4- WK 5 4- S 2R IR A R R 2 46 5 S AR 31 ) —
TR 1-(2-9-5- FHE R AR )-3-[4-(4,4,5,5- DY FI JE-1,3,2-
TR RN & e -2- ) R IR IR, A R TR R AR
Suzuki IR NAFE HARE A 1, BARIZ T 2R
B [RREAELE T FHGAAR S 53 58, Suzuki B SN I A
BAK, Z5A AR B, Wi T T Tk
Al LS IR A S . X AT IE T L 2,6- A
KHIEQ ARG R, SR, EEL. FH RN
Suzuki ISV IS HARMESY) ABT-869. HURLE X
FOLER Suzuki MR A T AR B T
T R N, i T SEE R A, (RSO AR A AR AR
(39.4%). b ABT-869 Ifn RS MMAILEAT, FFAHT
RIS G DM A P IR )% ABT-869 &% L2
BABEMS M. TR e % &, MR AR
H AT RF ABT-869 M ARG 7%, A, FRATTE X
ABT-869 &5 AHE sSURI STHRIRTE 75 AN A2, DATRD R
f2) MR LR IR, FRAL. MR, BRI . Wikt IR
A RINVAF RN CHE R Ak 3-50E-4- UG k(7); Lh 4-% 0
AT T AT AR e 6 (8) hy DR AR 28 48 4 S I 1 28] S B v [ A
10; FEfk 10 5 7 A2 H LS ABT-869 (1),
AR WL 1. T2 CABR I B A5 0 IR SRR I R i R
JEkt, DU 1) AR 145 T OB (Al 2-950-6- TR
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i, AERAMA 7 5 10 1 Suzuki MBI SN, BEACA KA
SCHRISTH R B AR A SR FH SCHR (7] 110 357 368 i 4k
SEE, MR T T A vh Gy TSI P R e A 4%
PENHEATARIBE,  LAAS S IR 803 R 2 6115 H ARtk S 9,
T2 prA b A o T BEAT 2B CCBR[5] 77 24 =
Hraifh), vLLEBH TN — RN, HH 1L T
FIIRE, ST A AL
1 ZR5iHE
1.1 HEWIWMERK
TR A, S Rehm =y 3, Xeg—4
MW Sandmeyer V. G 2 Fiow, [HECRIGAEIE 4
PETF BRI LA 92% IR IAIF BG4 3, %P8
WA ZT S e, PP LLEEH TR P ROV
A B IR AE %0 RN 2 B LA FH B 1 AS A2 1
PR, o DR A A R R 2 i A 0 AR B =4, T
BRI AN S, 2 o ik R v STV A A 11 P e e i A A i o
TRV GECR B 1.05 equiv. 7 AHIR R &8, £ R
IR 2 0 A B A AT BRI 2, A ok, i () A R
SO T, AR S N A BEREAT 54y, LI AT
Ao FH AL B - A i AR ER R A5G
12 LEMIWHEK

FEC IR 4 16, 58T COL ANRIR — NG P il
PFAT. A X b I 3% PR — PP IR AT R
P, 5 5 SR e P D e SR B A 2R K fi
B, [A) I R T AREA A (AL LR, S PRl A 2R B B
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M ] CO, VE R BILAIRFA, EHEH CO, UM [
AR A I S R ], R, R, G
2L, S AL B A
1.3 LEYSHERFHMK

R 1 R, Sl T AR BN S AT AT 2000 ) 45
RS T AV SR A3 7, LRI 23 431 3
ORI (DCC) A A KA, NH3("0) A 2 AL i 2%
a5, WAL= o Zeahs v oML 3 T Pyl i e e
5 WfE T, (HUYRAAAEA B2 ORIt 2% i) 45 5,
WAL 35%(# 1, Entry 8). 4 T H#EmlieR, Mitkaliftk
e, S0l T AR 484G, 24LL DCC
H 47K, 4-N,N-—" I BLHERE (DMAP) A AL 1 5 1
TEME (DCMD v ks T, SN IR R R R
(% 1, Entries 1~2). T DCM #HREEK, EREVIEE
R Sy ¥ FREAT i 5. ik A LA 1) 2% 2 R0 4 7K 51
FAEA TR R i £, TATRILLL 1-3- WA
H)-3- LKL — W E(EDCI) h 45K 571, DMAP 4 A7,
P EEI A 1.05 1 0.03 I BE K DA i WL 43 2 H AR ™
I 1, Entry 4). 7£% 1, Entries 5~7 11, BARKESE
1, Entry 4 FHZETCJL, (T A48 7K 0] sl AL 77 A
B, A

K1 LAY S WG RETSR
Table 1 Stydies on the preparation of compound 5

2 OWEXNAEY PRI

Table 2  Effect of temperature on the reaction yields

17/°C 25 60 80 120 140

Yeild/% 42.8 62.3 84.1 79.6 56.7

12 2 WA, PRI RIS 12 A G s Il LA A=,
R £ AR R ) P e A 7 tBANRESE A I N Tt =
TR B N IR E FE R R N, AE 80 °C IR IA B B
(84.1%), RLTt il FEWCER IO T B, v g2 ik i IR
T AR JEOR I S, AEERLE N 140 C RN
56.7%. A T 45 RN TE], /b Hp AR B AR OR, FRAT]
B S 2 30K R 30 B N 5 I ON 3812 S 8 D R A1 e I 3L
A5 R NI T
1.42 A5 AR 6936

L8 B il S R LRR 25, ROV A ER S, P
A2 I =2, DRI AE 2 SR 75 R RO [R5 T )R FH
b s AR THE 0% DMF, ST SOV R 60 °C,
5 n(10) < n(7) D n(EALFD=1.1 1 1 0.03 Hokl, #E
B IANE N 100 Hz, 554N [ s N I [R) 6 77 26 (1) 5
Wi, 25 LR 3.

3 IMIN DR
Table 3 Effect of reaction time on the yields

Time/min 5 10 15 20 25

Yield“/% 63.9 79.3 88.2 86.4 84.1

Entry Condensatior.l Catal.yst/ Solvent Yield/%
agent/1.05 equiv. equiv.

1 DCC DMAP/0.02 THF 58

2 DCC DMAP/0.02 DCM 61

3 DCC HoSu?/1.05  THF 77

4 EDCI DMAP/0.03 THF 89

5 EDCI HoBt?/0.03  THF 88

6 DIC HoBt/0.03 THF 91

7 PFPOH HoBt/0.03 THF 90

8 DCC No catalyst  THF 35

“ HoSu=N-Hydroxysuccinimide; * HoBt=N-Hydroxybenzotriazole; ¢ DIC=
N,N-diisopropylcarbodiimide; ¢ PFPOH= 2,3,4,5,6-Pentafluorophenol.

14 LEM1HEK

HraMA 7 5 10 8IS Suzuki MBS N HIA HARME S
Y ABT-869 (1), ASCHEETF T Tk b DASEE IR s S
IR T R A R SN DA N, V- R R R AT K Ay
7, KoCOs AT, b S5 W it 5 R 75 8V FH I [ )
RN P AT T 552
1.4.1 REX B 6% R

AT B AR AT, B n(tb &
10) : n(fb & T) - n(EAFD=1.1 1 1 2 0.03 Rl fH]
e SRR PR M O e I R, 2 AN [ il PRS0 S I %
(RIS, 45 gk 2.
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NIRRT VSR R

M 3w, EUAE T, A 10 min 5inlikF)
79.3% AT, Bt A NI TR) R SE K, i B B
SNV 15 min JTikF] 88.2%, W RIS AE K 7= F A MEAN
R, WTREE RN AW VBB I R AR T B RE )
N T BEARECAR, FoAT B J5 SRS A 770 ) FH S PR 24k &
Y711 mol%, 7t 60 C I, HAPE MY 15 min Y2
KB T 88.2%. Mk, &% Suzuki IS (AL
ZANAESNE N 100 Hz @A AR T, %8 n(10)
n(7) : n(HEAFN=1.1:1:0.01 £k, T 60 CPUEME
M 52 Y. 15 min.

2 it

R, BATERE T — 4w R N 2 B K %
ABT-869 {771k, MEINVERAT 2 45 1 R R E(2), AR
R PR AR T (3t 2 7 T ARk B B B AP ] 4K 2-
H-6-TZR I, LL 2-9i-6-MIR FH LR (¥ 1 25 A1 Suzuki
RIBE SN A SR R, it 7 AP IV LL 42.3% 1 SR
B[R T HEsE S, S3CHHILE, BARBERK, H2
JSURLERMY 23 75, T ImAsE; 28 N BT I UAR IR, mT
AXRCER]; LAY 1 AR, AT AU
N5, R U I R e S A KA By T, 3K
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LR N iy S AT N TR (o A (o e |
SN, S AR T %A RN R, TR g KA
RT T A0 S N IR P TR A I i S 45 2 ) B3
N E RN, TP S A T AT IS BT 99%
M2, Jom 28, BE a1 Tk A,

3 XKWL
3.1 UEHIKF

T A AR AR 5 AL 23R R N R WA, TR O,
i TLC 8¢ HPLC k2. 45 4% H MEL TEMP 1002
4% AL (35 [E Barnstead International 23 7)), WJE
TRZEEIE. "TH NMR 1 *C NMR 43 % 1 Bruker-400 %4
KR LR AXAE 400 F11 100 MHz I 5E, TMS A N b5, B
1§ [ ESI £ K1 Waters Micromass ‘A &) Q-Tof MicoTM
JRRESGINSE . FES AT R Waters-2695 = R0RAH (21 i3%
{352, Kromasil C-18 taiA:. R I S W 28 4 1 2 Lb
B AR A PR 7 427 () BILON-1000D 7 Js2 i .
3.2 XWAHE
32,1 3-FAEE(3)69E K

) 2R f%(8.0 g, 71.8 mmol) IIAFES 150 mL
ZEIB7K I 250 mL = [, SR JE A 6 mol/L 1 H,SO,
(24 mL, 144 mmol), TEUKERAH M 0~2 C i
B NaNO, (5.2 g, 74.4 mmol)/K¥W(25 mL), HiHE%E 1k
RIS, W0 KT (23.4 g, 141.6 mmol)/K ¥ (30 mL),
FnsEteE AARTF R =, S H¥ 50 mL
I AR IR AN B A MM BHA R ke 30 min 5 &
2 ZWR(100 mL X 2)AHL, & IFAHUR, R iRk
(30 mL)JE¥, Jo/K NaySO, T e W 4i 13 2R AL &
Y3 (14.7 g, WK 92%). AW LT E—Palitk, H
BT F— &N, "H NMR (400 Hz, CDCl;) d: 6.98~
7.03 (m, 2H), 7.37~7.43 (m, 1H), 7.42~7.48 (m, 1H).
HR-MS (ESI) calcd for C¢HsFI [M+H]" 223.0089, found
223.0091.

322 2-F-6-FEK T BR(4) 896 A%,

7 250mL PY FgENi A i 3-8 (3) (18.9 g, 85.0
mmol), N, fRH#"F, WA LEHEBIFRE—78 C, %I
N 2.0 mol/L — 5 N2 FEA (LDA) 1) VU L HE R (THF)
(51 mL, 102.0 mmol). %I E FHFE 30 min J5,
CO, MG R, R R H IR N5 11
AT R S E AL 2 h, SRIG AR A 10 mL /K
VK. ek 28 H AR 7 PSRRI J, N 200 mL K,
FH 2 mol/L 42521 pH Hy 3.0, #tFE 10 min J5, 7=4EH
R, fE, AL LEEN, FTESESTRES
&Y 4 (222 g, W 93%). BHEHIT N NV ICH
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4ifk. '"H NMR (400 Hz, DMSO-dg) d: 7.69~7.75 (m,
1H), 7.16 ~7.22 (m, 2 H). HRMS (ESI) caled for
C;HsFIO, [M+H]" 267.0163, found 267.0166.
323 2-A-6-FLK F BLAE(S) 09 AR

¥ 2-F-6-T A I R(7.0 g, 26.4 mmol) I\ E#&47 30
mL THF [¥) 100 mL = GefiH, HEFE M E I 1-(3-
TN FE)-3- 23K R W (4.4 g, 28.6 mmol) Fll
4-N,N-"_FF LA IE(70 mg, 0.26 mmol), ZkLEHFE 10 min
JE NN 30 mL IR Z (T 5 5L 28%), =ild FHidE 3 h, &
MWEEH. JEZE L THF, A LR 4.1 30 mL JEHKIK H
RN E AL BRI Atk ek, AN JC KB BR B 11, WK
i+, RBIAAEENEY S (6.2 g WE 89%). m.p.
153~155 C; 'H NMR (400 Hz, DMSO-dy) 0: 7.58~7.64
(m, 1H), 7.08~7.16 (m, 2H), 5.54 (s, 2H). HR-MS (ESI)
caled for C;HsFINO [M+H]" 266.0315, found 266.0318.
3.2.4  2-F-6-FKF HE(6)49 4%,

O 2-5-6-TOK HEERZ(5.0 g, 18.9 mmol)JIA 100
mL = LB, I JG/K THF (40 mL). = Z#%(3.4 mL,
24.5 mmol), =ZWRHFE, W= LREH2.9 mL, 20.7
mmol)!"%, FEIWEBEFE 2 h 5, I 20 mL KK N, Yk
JRZEFR THF, Ml (i, gk, 81T, Saa
AR & 6 (4.2 g, W 90%). m.p. 50~52 C (LA
[1: 48.5~50.5 C), '"H NMR (400 Hz, DMSO-dy) o:
7.58~7.62 (m, 1H), 7.19~7.22 (m, 2H). HR-MS (ESI)
caled for C;H,FIN [M+H]" 248.0126, found 248.0129.
3.2.5 1H-3-BIL-4-BE73| v (7) 095 AR,

76 50 mL — G, A 2-5-6-MR FIG(1.0 g,
4.05 mmol), FHIE T EE(15 mL)% i, =35 12
4 85%MI/KAWE2 mL), SRJGHAN,, T4 105 C
KN4 h Ja, AN, gk 25 HIE T RE S 0 30 mL UK,
bt 5 min, AR, b8, T, 3R] AL
AL B T (0.95 g, W 91%). m.p. 154.0~155.0 ‘C(X
BRAEE): 152~154 °C); 'H NMR (400 Hz, DMSO-dq) o:
5.04 (s, 2H), 6.91~6.95 (m, 1H), 7.29 (d, J=8.8 Hz, 1H),
7.34 (d, J=8.2 Hz, 1H), 11.78 (s, 1H). HRMS (ESI) calcd
for C;H,IN; [M+H]" 260.0550, found 260.0552.
32.6  1-(2- #-5- F AR AR )-3-[4-(4,4,5,5- 19 F k-
1,3,2- = R 34 The-2-3) R PR (10) 89 5 A%,

£ 50 mL =R, IALEY 8 (1.0 g, 4.5
mmol)FIH K 10 mL, #i7E 50 C, SN2 hn 5 i B g
9 (0.76 g, 5.1 mmol), N85 gkEEAHE R 3 h, R
FHER BRI I f B 455, HidE FFEA 0 °C, AT,
&S UEDEH] 20 mL HUEAYER, JEDFTH 5 13 1 0 ] 44
&M 10 (1.3 g, WEE 77%). /DR L2 L fi 45
AR E] mop. 201~202 CCCHRED: 200~202 C). 'H
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NMR (400 Hz, DMSO-d) d: 1.30 (s, 12H), 2.32 (s, 3H),
6.74~6.81 (m, 1H), 7.10~7.18 (m, 1H), 7.45 (d, J=9.0
Hz, 2H,), 7.66 (d, J=9.0 Hz, 2H), 8.02 (d, J=6.0 Hz, 1H),
8.56 (s, 1H), 9.22 (s, 1H). HRMS (ESI) calcd for C;H;IN;
[M-+H]" 371.2335, found 371.2338.

32.7  1-[4-(3-BI-1H-"3| vk -4- )R I]-3-(2- #-5-F
HR (1) # oA,

W3- FH-4- TG 7 (0.52 g, 2.0 mmol) A F|iE A
RN, RFEMALEY 10 (0.80 g, 2.2 mmol),
K,COs (0.50 g, 4.7 mmol), AT (= 2RI &t
(70 mg, 0.10 mmol), PYEWEM(15 mL), 7K(3.0 mL),
THE A 60 C, HiF: NI AR EE R 100 Hz) W
15 min, MW ETR. SUE, SRR TINK 20 mL, HH4RR L
(20 mL X 2)AHX, AU HF £ £R /KR4t K vk
T 1IR. TG7K NapSOy T 5 il s M 2, WA 35 4
MALEY 1 (0.65 g, WK 88.2%). 4 LIEHEL: RS
ABT-869 4li iy, HPLC 4} 99.42%. m.p. 210~211 ‘C(X
BRAE: 209~211 C); 'H NMR (400 Hz, DMSO-d;) o:
2.27 (s, 3H), 4.34 (s, 2H), 6.77~6.84 (m, 1H), 6.88 (dd,
J=6.1, 1.7, 1H), 7.12 (dd, J=11.5, 8.5 Hz, 1H), 7.30~
7.39 (m, 2H), 7.39~7.43 (m, 2H), 7.60 (d, J=8.5 Hz,
2H), 8.01 (dd, J=7.9, 2.2 Hz, 1H), 8.54 (d, J=2.7 Hz,
1H), 9.23 (s, 1H), 11.71 (s, 1 H); *C NMR (DMSO-dj) d:
21.2, 108.1, 110.6, 114.4 (d, J=20.0 Hz), 117.8, 118.6,
120.5, 122.2 (d, J=7.5 Hz), 126.1, 126.4 (d, J=10.1 Hz),
129.1, 132.6, 133.0 (d, J=3.6 Hz), 135.0, 138.9, 141.6,
147.8, 149.7, 151.6. HRMS (ESI) caled for CyHoFNsO
[M-+H]" 376.4069, found 376.4071.
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