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Abstract

Objective: To develop a new synthetic route for Vandetanib. Methods: 4-(2-fluoro-4-bromo-ami-
no)-6-methoxy-7-hydroxy-quinazoline (10) was prepared from vanillin (2) via phenolic hydroxyl
protection, oxidation, nitration, reduction, cyclization and chlorination to afford 7-benzyloxy-4-
chloro-6-methoxy-quinazoline (7), and then (7) coupled with 2-fluoro-4-bromoaniline, followed
by debenzylation, yield 33.1%. (1-methylpiperidin-4-yl)methyl 4-methylbenzenesulfonate (14)
was prepared from ethyl piperidine-4-carboxylate(11) by Leuckart reaction, reduction and then
reacted with p-toluenesulfonyl chloride, yielding 35.1%. In addition, 10 was reacted with 14 to
yield the antitumor drug vandetanib (1) with an overall yield of 11.6% (based on compound 2 and
11). Results: The structure of all products was confirmed by IR, TH-NMR and HR-MS. Conclusion:
The improved process has several advantages over those reported procedures, such as brief reac-
tion steps, mild conditions, and simple operations.
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HE: BAE—%ERNEMBER TEHE. Tk UBEZRNEHRER, SOmEETEAP. ik,

Wik, BE. FENERRIEBR7-FEHE-4-8-6- FEEEMM, F52-F-4-RERREBMARN,

ARG B TEEE A R 4- (2-FR-4-TR AR BE 2L ) -6- R E 2E-7- R BEvE IR (10), WL 33.1%; DA4-DRIE IR Z B AR
%}, ZLeuckart N- B4V [ B BEEEE B R L, 4R FIxd B AL SR BLAE B ER BS (14), I 35.1%.

BER10)M (14)ERMEXF THABE B NEME (). (DHEKRE11.6% (DHLEW(2)F
(11)i). &8: BthEYEFEFRMERLEEHERZTIR, tH-NMRATHR-MSEHERHIE. &5i6: &7
BAE T RRP R, RMAGEA. BERME.

K
JUEALJE, VEGFRNGIN, WEMLNE, £Ak, il

1. 53|

LA AR J8 (Vandetanib, 1)46% 2 FR N-(4-1R-2- 5 K 3%)-6- FF A -7-((1- FF R R I -4- 3% ) ) e e ik -4- frg
[N-(4-bromo-2-fluorophenyl)-6-methoxy-7-((1-methylpiperidin-4-yl)methoxy)quinazolin-4-amine] , & —Ff &
JRFRI R L E AR AY A4, DR I IR RIS 531 28 S BR USRI 1) 1) (T, T[] 478 FH T e 4 k2 1z 2 K B
TZAR(EGFR). I A 7 AE KN 722 A(VEGFR) RET A TREAAT. 7% 5 A K A 1248 R BRIk 410 o) 571
(EGFR-TKI)AMUA AT 4151 B EGF 5 3 1) M Je 4 it 144 L, 0w aei ek /) T Jek e 240 B P i 65 A B DL B Al
EGFR X e IS N B2 A0 45 5 A% 5, ATt mT B8 EA B s 28 B HI[1]-[3]. & FDA T+ 2011 44tk
#E 1 BT, TR MRS B AN IE & R HBR AR RS R R (1 FOIR IR Sl . B NIk IErE i
1T 1R YT I NSCLC(HE /N2 o fii e ) ) s R 15 o

KT LG R Rk 3 3008 B RIS E], E 2 DL JLA A R 4k: Thomas 5 [4] L&
FRONEGE R, S RN RS, AREME . IR, 3] 2-F -4 -5 FA R IR NG, 5
BERR R IR G, 2RISR 5 4-1R-2-8R IR N R B R B 55 OB, =08 3%;  Hennequin
EN[S] [6RHMBRGAME =R ARG ER, SRR M. B, Bk, mEIL AR 2-
RIE-A-R A S S-F AR A, @l S S Z SRR G, AR, 5 4-IR-2-5OR G B iR A%
— RIS, AW 1.55%. DL EBRERRR TUEREUR, 1 HERAE AT IR . RS H DL ESCERIT
Fefith b, SRASGHM T EG K L, A% Z I Scheme 1.

B REEET A B DL = RO AG ERE, By R B )R B R AR R 3 B SR IK T4 [5]-[9] 3 R e i
AR 5 PR e R R A A B B A B 4, IR FE 2 H I e B IR AR SR 7 A K B 2R T HLS AL BRAR BR T, 7
A KA (58%), J5i K W] RE RO PEAE o A SO X PP BT K, ORI [ Lg% A, WD R H A
90%0LA b, 1 B AT KT 6 IR AR, AR 2 SCERIRIE, DARPZ IR M . P R R
BRAAT AV E N A B BERE, & PR, T B TSGR S, R A, A SCEEAE T L%
W, FEK R ERIEMEALT) . K5, F 150°C v 4 h RIAT 43 21 4l fE 4 i = RIR & 07~ i . B 2L 4-
WRIE F R L BR 9 S5O, STRRIRE 1) & B g Ze #7226 51 N\ Boc B2 E AT ORY, BRELIE JFAR /5 i Boc
R, BHOIARE. ASON AT B, B e i BT AR Y 12, X AR AT ORGP, T
HXAH B BRI, wTOUORG R OBV ER 2k, $Rmrm2, [RIN LR 7 A& 51 1K) Boc BRI A =90 LR
I . SR E RIS S S A B R RN 12 I JFARE 13, J7i2a@E & Dok ik e r=, b TR R 1



JUEABJE & T 20 7T

A
cl
MeO CHO MeO COOH
MeO CHO j@/ KMNO, j@(
B —— o o)
HO
2 3 4
MeO COOH COOH
HNO, Fe,CH3COOH I:[ HCONH,
—_— —_—T —_—
©/\o NO, ©/\ HCOOH
5
o cl
©/\O N/) reflux ©/\O N/) H2N
7 8 F Br
g
F Br F
j@/ F Br
HN
MeO CF;COOH HND/
_ >
\)N reflux MeO N
o) NZ J
HO N
9 10
—
B4
COOEt _HCOOH /@\1/ NaBH, TSCI N
HN HCHO EtOOC ZnCI2
11

F Br
HND/
MeO : J\\N
O/\o N/)
N
-
1

Reagents and conditions: a) PhCH,Cl; b) KMnOy; ¢) HNO;; d) Fe, AcOH; e) HCONH,/HCOOH; f) SOCI,/DMF; g) ; h) TFA;
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Scheme 1. Synthetic route of Vandetanib
Scheme 1. LB RAIE R EEL

PUSERER A o BEORE A B AU S5 H 30 B AL T, FLROBIHLEE[10] [11] LI 1o

2. KBS

WS B RNE, BERLERIE. A Bruker ARX-300 KZRIILIRAUNE; CARLOERBA
-1106 U7 E T4 IR I NICOLET Impact 410 40 4MG1EA, KBr [ 4 ; "H-NMR K% 435 4% ] BRUKER
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Figure 1. Reaction mechanism of compound 13
1. &M 13 BT [EH IR

ARX300 BUZRESLIRAN, CDClg NEF, TMS NPkR; itk i 53 GC-MS 2050 Z4< i B AL (E1-MS)l
5E o

HEENT(TLC) K GF,s, v 2 EHTE K 35 g (F Sl AL T R A 7] H1) 5 100 ml 0.8% 0¥ H L 4F
HERH(CMC-Na)/R A1, T 110°CiEtk 1 h 5 & T TEes & HZEN KRRy 100~200 H
I (75 S g EAY AT B2 ) i1li%) . TLC 28 ZF7 78 = B8 AN Hr A (T T 17 IR UG A B A TR S AT A 1)) R I
SHGI . BT RFI X AT CP B AR P25, R4S IR Ah, PG Ak b B A8 .

2.1. S-S E-4FREXPHE)HI&

H A 2 #8(15.2 g, 0.1 mol)¥E T~ ZBEB0 mi)H, AN AZE (6.1 g)FIZK(6 ml), InFAHE 2 m, 24
Je FATE R R 2Hin 16 ml &40k, PREFRE RIS 6 h, BERE— NSRS AR . R IR TEHLER
N VKA I, 58 R Hh e AT I 45 i, FH SR BE%, L8 T80 20.3 g 38 (0044 3, ISt 84%, mp61~63°C
(SCHR[12]: mp63~64C).
2.2. 3-HFE- .- FTREXARONSIZ

WA 3 (14.7 g, 58 mmol), 15 g KMnO, LA = I keifirf, I3 170 ml PIEEAT 150 ml 7K (78R
AW, MAEER L h, . BEZA LR, FHERR A, W 10% HCLIAWR, ¥ PH |
2~3, A KEABYUEr A, g, K. B8 14.8 g HERK 4, YR 93.5%, mpl70~172°C (SCHR[13]:
mp171~173°C).
2.3. 4-FEE-5-ASE-2-HEFRFRO)WHIE

¥tk &4 (14.8 g, 62 mmol) 188 in A 215°C 150 mIIKASER T, fRIFFRE R ML h, 153,
FINEI200 mIK KRB AP, A REEOTUEER, TIEETE, BT 5 H OREE L 1515.2 g4 4,
I %78.5%, mp161~163°C (SCHR[5] [6] 163°C~165°C). *H-NMR (CDCls) 8: 11 (s, 1 H, -COOH), 7.08 (s, 1 H,
6-H), 7.26 (s, 1 H, 3-H), 7.34~7.51 (m, 5 H, Ph-H), 5.2 (5, 2 H, Ph-CH»-0-), 3.9 (s, Ph-OCHj).

2.4. 2-FE-AFEE-5-PEAFXHR(6)AVHIE

PR 5 (59, 12.5 mmol)% T+ 150 ml vKEEELH, HitHETH 2 90°CIY, 1818 T 20 min WANA 7 g Fe ¥3(C2
W), B3 h, fhjE, JRHADREMUKEERRVERIEDE, AEREOETERL, M 150 ml 4K, B RKEEREE
BYTE A A 150 ml CHLCI, (3 x 50 m)ZEHY, &IFANLZE, BT, A5 10% HCI 50

O,



JUEABJE & T 20 7T

ml, HARIEAER, i€, R 15% NaOH %W pH = 12, HUTIEBR AR, B KA T A 505
JERNAF IR B (O E AR 6, B2 TS AR 3.1 g, 77 % 70.1%. mp102~105°C (3CHk[7] 102°C)."H-NMR (CDCl5)
5: 11 (s, 1 H, -COOH), 7.34~7.75 (m, 5 H, Ph-H), 5.22 (s, 2 H, Ph-CH,-0), 3.9 (s, 3 H, -OCHs), 3.4 (s, 2 H,
-NH,).

2.5. - B-6- FA S RENR -4 - B (7) O B &

K16 £ 6 (0.8 g, 3 mmol) A 10 ml F B ) = UG8 b, BN 1.5 ml Jo/K FR R, N, £, F 150°C
NIRNE 4 b JEAFHEE FA B GO Y BB SR K LB 50 ml KOKIR ST, AR EIERER B UTIE A
HI CH,Cl, (3 x 10 m)ZEHL, HUAHLZ, FIEKBE=IR, FHTCKRREN T, k78 290679 11545 0.69
g kRO R 7, 77 % 87.3%."H-NMR (DMSO-dg) 6: 7.91 (s, 1 H, 2-H), 7.23 (s, 1 H, 8-H), 7.47 (s, 1 H, 5-H),
7.35~7.44 (m, 5 H, Ph-H), 4.06 (s, 1 H, N-H), 5.26 (s, 2 H, Ph-CH,-0), 3.88 (s, 3 H, -OCHy).

2.6. - E E-4-5-6-FA F R EEMK (8) BV I &

Bk &) 7 (1.8 g, 6.4 mmol)iE T 20 ml ) SOCHL, i, N 2 i DMF, 1375 % (IR MK,
DA RN, 221230 0.5 ml HERE, B EIEHOETE, K2 1h RMN5E4, WEIEER, 2125 A 100 ml
VKK, EEE, BT R ERE R, Sl It S KRR E D, T E 1.86 g, 73 96.9%. ‘H-NMR (CDCly) o
7.97 (s, 2 H, Ph-H), 7.33~7.47 (m, 5 H, -OCH,-Ph-H), 7.27 (s, 1 H, 2-H), 5.26 (s, 2 H, -CH,-), 3.88 (s, 3 H,
-OCHa)-

2.7. 4-(4-R-2-AERE)-7-FEE-6-FHFEEMH ) RFI&

4-YR-2-BARRI B % W VU T R AL #2(3.22 g, 10 mmol) 7 T 10 ml &4, 7E 15 min MM A& IR
(0.53 ml, 10 mmol) {517 (2.5 mil)i&, N e S == B 30 min 51818 N 0.82 ml ARk NE, R
HI7E 40°C LAR, e = iR HE 15 min JE4hiE, 132 3 @M AR SRR £, FHE T /K R 1508518 IR
0 15% NaOH ¥ PH = 12, A At AT, H AR ABEE x 10 m)ZEE, WEAHIE, KRR
BT AR, R 28 RV RS B A R, BT KA T, #3113 g, 773 70.2%. mp40~42°C (SCHR[14]:
mp41~42°C). *H-NMR (CDCls) §: 7.14 (dd, J = 10.7, 2.1 Hz, 1 H), 7.05 (ddd, J = 9.1, 0.9, 0.4 Hz, 1 H), 6.66 (t,
J=8.9 Hz, 1 H), 3.60 (d, -NH,, 2 H).

HALE4 8 (0.95 g, 3.2 mmol), 4-1-2-5 A 1#%(0.7 g, 3.6 mmol), 22 ml S ELINIE 90°C, HEFkH 4
h, BUUEAR, AHEZEME, JHRKRARFE. THF. CH.ClL, i, #THAEE M 0.973 g,
72 #% 75.8%. H-NMR (DMSO-dg) d: 8.27 (5, 1 H, 2-H), 7.26~7.50 (m, 10 H, Ph-H), 5.27 (s, 2 H, Ph-CH,-0),
4.0 (s, 1 H, -NH-), 3.89 (s, 3 H, -OCH3).

2.8. 4-(4-R-2-FAEE)-7- B 5 6 FAGEEMN(10) B %I &

LAY 9 (0.973 g, 2.2 mmol), Ny R TEH FAE 10 ml =5 B F R 2 h, AHIE=E, FI8EIA
15 ml VKK H, ARsp e sk, MIEKIEUHE T 40 ml HEEh, GRARE, SIEREEER, HE
K PH =9, Belkzk, AHEGIEAEmR, I, HIEPHE S TS 0425 g 72, 723 60%. 'H-NMR
(DMSO-dg) 5: 8.29 (s, 1 H, 2-H), 7.07~7.78 (m, 5 H, Ph-H), 4.06 (s, 1 H, -NH-), 5.0 (s, 1 H, -OH), 3.95 (s, 3 H,
-OCH3).

2.9. N-ER & -4-IRNE B (13) B9l &%
¥ 4-IRIE FF IR 2 B8 (1 g, 6.4 mmol) 818 in 2 0°C f B BRVA VR (5 mI)H, 48 5 F-¥ 0 5 ml 37% 9 BE VAR,

O,
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YERFAE O°CHHE 15 min, THRZ B 24 h 506 28 B & i AR, BR80T 10 ml CH,Cl, ¥
W, NN 0.5 g NaHCO3, AAMA R, RELfidE 1 h JEiduE, Ko E 281073 0.86 g v 3% (iR
A N-FRIE-4-RIE R 2016 12, 773 78.9%, AN B4 EIRN T — LRI .

HALE4 12 (0.86 g, 5 mmol), 0.3 g NaBH,, 0.51 g ZnCl, A F] 20 ml F1FE/K THF A1, [\ 2 h, &
LA E R R, S22 00 50 ml 10% NH,ClHEH, A KESIEER, )5 HE (15 ml x 2)ZHL, AL
JEMRIR AT #hK . TEK TG E S TE KRR T4, IR 281871145 0.45 g i3 toutiRBiA 13, 7%
69.2%. 'H-NMR (CDCl;) d: 3.66 (s, 1 H, -OH), 3.42~3.45 (d, J = 6, 2 H, -CH,-0), 2.84~2.87 (d, J = 9, 2 H,
2-CHy-N-), 2.25 (t, 3 H, -CH3), 1.88~1.96 (d, J = 2.4, 2 H, 2-CHx-N-), 1.71~1.76 (d, J = 15, 2 H, 3-CH,"),
1.24~1.33(d, J = 2.7, 2 H, 3-CH,-), 1.41~1.46 (s, 1 H, -CH-).

2.10. 4-FAELFHARR-(N-FR&-4-URNE) B (14) KOl &

FALE9 13 (0.92 g, 7.2 mmol)7E T JE7K 16 ml & H e, SN 3 ml JTE/K = 2%, vKigvA#1%] 0°C,
AU R S0(7.2 mmol, 1.12 g), In5e/E R FiHE 4 h, 8 ml /K & Eekks, 7lH
PRI PRI B TR AN MR KPR JE INE /K BRBR BN T4 I 28 A7), 18 1.55 g ¥RAS S (iR ik 14, 7=
% 77%. 'H-NMR (CDCly) J: 7.26~7.29 (d, J = 9, 2 H, 2,2'-Ph-H), 7.67~7.79 (d, J = 3.6, 2 H, 3,3"-Ph-H),
3.21~3.23 (d, J = 6, 2 H, -O-CH,-), 2.41~2.47 (t, J = 12, 3 H, Ph-CHy), 1.71 (t, 3 H, N-H), 1.25 (5, 1 H, -CH-),
1.10~1.14 (m, 8 H, -CH,").

2.11. 4-(4-3R-2-BARBL B )-6-FAFE-7-[(1-FF EIRIE-4-5) AR B EMR (LB E, DEIBIE

A 10 (2.0 g, 5.22 mmol). L&) 14 (1.7 g, 5.91 mmol). K,COj3 (1.5 g)#& T 20 ml DMF w1, %
BEAEE 10 min 5, ZUARY FFHEE 95°CI M 2 h, SRJ5H 40 ml VKK BRI i, A K BE B iie A4 i,
g, HEEPIRE LS 1T 1.33 g KA EM AR ED 1, =2 47%, mp240~243°C. IR (KBr): 3174, 2932,
2837, 1618, 1578, 1503, 1456, 1422, 1389, 1365, 1242, 998, 777 cm *. *H-NMR (DMSO-d) 6: 8.39 (s, 1 H,
2-H), 7.87 (s, 1 H, 8-Ph-H), 7.67 (s, 1 H, 5-Ph-H), 7.49~7.64 (m, 3 H, 3",5",6'-Ph-H), 6.24 (s, 1 H, -NH-), 3.95
(m, 5 H, -OCHj, O-CH,-), 2.73 (M, 4 H, -CHj, -CH-), 1.98 (m, 4 H, 3',5-CHy-), 1.17 (m, 4 H, 2',6'-CHy-).
HR-MS Calcd for CpH,,BrFN,O,: 475.1139, Found: 475.3804

3. &

A Bk, PR 7 KE7EN 33.1%, HERIRG 9] 15.5%, A RCEEREE D H TS
BT AS EE . B BER &R R 35.1%, AUV IRE & 1 BOC BREFHITRY", [BD BRAEHE, 7 R4,
BAE RS Tkt A
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