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MEZBREHIFIFI OXi8006 K& BRH 5%

T

3 B3

L U S

INE '

(LT EZ R M E 330004)
CHFEREAERE g 200433)

WE  2-3-FRA-4- WA EIRHL)-3-(3",4",5"- = HI 5 2K FH B 2 )-6- H 40 2 15| R (O X8 006) BE T A A i i lE R &,
MR RIFHUEEE. HATRIE R 0Xi8006 24 B &R Bk, BRMZMHFRTZ. T m & ozt &
Y, W HE— 2 R R A8 R IR LR DUBRIN BRI RE S BRI ER, a7k, BE 34,5-
S HAEE A IR E AR BT I R . 55 5 i T AT B A i 3o 44 3 v AR RS T Y
Heck [ MAEE H OXi8006 1) AR5 ——2-75 £:-3-F5 MR AL BUARIG Wk, MTI4RAL T & R 4%, FRA R 52 m 2l 20%.

SERE A A AT, OXi8006; %% 50 /RN Heck 2N

Synthesis of a Tubulin Assembly Inhibitors OXi8006

Bi, Kaijian” Ye, Ji’

%k,a,b

Liu, Chunting®” Chang, Wanlin”

Zhang, Weidong Sun, Qingyan*?’

(“ College of Pharmacy, Jiangxi University of Traditional Chinese Medicine, Nanchang 330004)
(® College of Pharmacy, The Second Military Medical University, Shanghai 200433)

Abstract 2-(3'-Hydroxy-4'-methoxyphenyl)-3-(3",4",5"-trimethoxybenzoyl)-6-methoxyindole (OXi8006) was found to be a
strong inhibitors of tubulin assembly and showed excellent anticancer activity (ICso=1.1 pmol/L). Reported synthetic method
of OXi8006 suffered from some drawbacks, such as long steps and low overall yields. Therefore, developing more efficient
and practical protocols to synthesize OXi8006 is highly desirable. Firstly, we prepared aryl acetylene from commercially
available isovanillin in three steps. Then the aryl acetylene was converted to diaryl acetylene ketone by reacting with
3,4,5-trimethoxybenzaldehyde via nucleophilic addition and oxidation reaction. The key step of 2-aryl-3-aroyl-indole con-
struction was carried out between diaryl acetylenic ketone and o-iodo aniline by performing aza-Michael addition and subse-
quent intramolecular Heck reaction. The yield of developed synthesis over six steps is 20%.

Keywords tubulin assembly inhibitors; OXi8006; aza-Michael addition; Heck reaction

1988 4F Pettit /MH M Combretum caffrum F143 5545
BT 17 A HAM T RAEY, Sk R E AT A4
(CAL) I ] Fe A A 25 0 P f i, 0 22 e
YU ICso LB T gREE /R %, H BRI AR AT 245(CA4P)
HENIGRIIHEE R, XA T A-4 2540505 R
FTRARN] 2-(3-F2 -4 H A B 0K E)-3-(3" 4", 5"- = HH
S TR F 2L )-6- FH 480 R 15| D (OX8006) (WL ] 1) AR
ARANHIE HE R EUCso=1.1 pmol/L), MIfi4dil ik
K (BN, Glsy=3.45 nmol/L, JF EJm4HiR). HEf
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% i SCEE JAH G R FLBE R 21 A7 24 (0Xi8007) 1HE 474
18, OXi8007 BEWLELBENEINHZ Fh NSt furk, BA
R A7 P s e i, Glso=236 nmol/L, Hi 41| Jif e 41
)™=,

H I SCHRIRIE R OXi8006 &7k L EAH LT M
F: (1) Pinney ZBILU 7 22 2ONRIR FURL, &b M
RN O, 55 % S5 AL g WG RA, B ) i
5 = FH A R O P g Sl i e v B A 5O 340 2K R R
36 )\UB R BLECE 7% 2). (2) Flynn 2456 il 4-
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A optimization MeO = optimization MeO o
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MeO OH R R MeO N
CA-4 0OXi8006
\ M
MeO OMe

MeQ
o) O
A MeO
MeO

I o+
MeO O g_ O™Na H oJF“»—o' Na
Na . o4
CAP 0Xi8007 O Na
B 1 CA-4, CA-4P, OXi8006 LL K OXi8007
Figure1 CA-4, CA-4P, OXi8006 and OXi8007
NH,
Oy _H o e} B @\
' OMe

TMSO.__CH,
100% 9% _78%_ 95% 58%
a e f, 69%
OH 0TBS oTBS OTBS oTBS 0TBS

OMe OMe OMe

i 70%
MeO 0
H oTBS 9 34% O OMe

OTBS

Reagents and conditions: (a) DMAP, Et;N, TBSCI, CH,Cl, 0 ‘C tor.t., 12 h. (b) CHsLi, THF, 0 ‘C tor.t., 4 h. (c) PCC, CH,Cl,,0 C tor.t., 12
h. (d) (1) LDA, THF; (2) TMSCI, 0 C to r.t, 12 h. (e) Br,, CHxCl, 0 ‘C to r.t, 30 min. (f) N,N-dimethylaniline, 170 C, 12 h. (g)
o-dichlorobenzene, 165~170 C, 12 h. (h) TBAF, THF, 30 min

B2 Pinney ] OXi8006 & itk
Figure 2 Total synthesis of OXi8006 by Pinney

HARE-3-RHNAER LM, H5AMAR =M OB R il B, 55 4B ULAR 2K i &8 4% 30 v JR% 0 Rl R \¥|7\]
2% Sonogashira BEAE A 2K 2k, Bl 5 PR ALMEAL Y Heck [ W FIAR) 3R 2-77 F£-3-F7 BEIES| A (L 4), %6
FIRFRIEAL S SR Y OXi8006 FEAE 48, it 1 St 1A 3 BT OXi8006 A HUL IR, FHH4 Bl & El 20%, E/\
PRI IR 3] OXi8006 (WLE 3). LA M5k EARSL R4 -9

T 0Xi8006 ARk, HAE &I FEm: OMLK DT e

L. BICRIE, R, REawEile; otprs 1 SRS

T 170 CRi TFREL AEAERAAME, Z1FH 11 3C-BRREEE4FEEE)1-GA5SHER
Z, Gk HRekER; OF RN B 555 B #K)-2-IR E AR (5)89 A

FAMA CO, ARIF KEH & B2 Bk, A S P ST B R R 2 R I A, B TP
Z AR A PVERT IR B R e 2-BUAR-3-W L 1 RGBS 2 ), BT 3.4,5-= AN
RRUCHRIEIRIAE RS, J6E i OXi8006 MTTHM  mmsss e, SUCREL, W5 HHR(S). Hoihsk
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MeO OMe
o]
(0]
o
N
MeO H

OPr-i

OMe
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CF3

OXi8006

Reagents and conditions: (a) Pd(PPh;),Cl; 3 mol%, Et;N 2 equiv., Cul 6 mol%, CH3;CN, 18 °C, 1 h under N; (g). b) K,CO; 5 equiv., CO (g), 18

°C, 18 h. c) AICl; 4 equiv., CH,Cl,

B 3 Flynn £ OXi8006 & ik £k
Figure 3 Total synthesis of OXi8006 by Flynn

OMe

B ——

o
= U
MeO O OMe 50% e
MeO

i-PrO
5

Br
Oy H Oy H g Il
91% 90% 78% OMe
T a - c o
oH @ OPri b OPr-i OPr-i 80% d
OMe OMe OMe
1 2 3 4

OMe MeO :

H
OMe
(0]
OMe

OMe

Reagents and conditions: (a) i-PrBr, K,COs, acetone, r.t.. (b) CBrs, PPhs, Zn, CH,Cl,. (c) n-BuLi, dry THF, -78 °C. (d) (1) n-BuLi, dry THF,
-78 C, then 3,4,5-trimethoxybenzaldehyde; (2) MnO,, CH,Cl,, r.t.. (e) (1) dry DMSO, dry MeOH, 120 C; (2) Pd(OAc),, EtsN, dry DMF,

120 °C. (f) BCls, dry CH,Cl,, -20 C

B4 ASCITHI OXi8006 & i 2k
Figure 4 Total synthesis of OXi8006 in this article

RSLS AR LEEGIR AN, B A T BT ELR R, R
iR, LAY 1 ARALED 2 I, INGE B
FUPYT R4, AEKs S B TR MSE AT SCRRIRIE Y 48 h
AifEZE 20 h, HWRIER. EH58MEY 4 BILED 5
X 55 B b (R, BRATTZAR T LA A A
RO 2R IR B, (B B 2% B G 3RATTH IE
TR s IR, AR R R ORI SE A, MR
AT I B R R . T Oy AR R R AR S,
e R E R MnO, Fifb. BB R LA
J, 5 bR Hp A A T S A O 5 SRR 5.
12 2-(3-BEA-BRHFEXRE)3-3"4"5"-=ZRFEK
FR it 5L )-6-FR 55 £ 05|k (OXi8006) A & A%

WA S 5 2-I-5-F E R IR G e 46 340 S /- I Ak
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P B TR e P R A, b RAARTE R R AT . = 2 et
R RESD TN Heck N, R 2-75 F5-3-05 B LUK
M5| W, RIS B B P~ I ED N 2-(4- 4R 3E-3- S TR 46
BRI )-3-(3",4",5"- = F A 5k O R I ik )-6- P A4k M| ik
(6). AW 6 1E=FAGIINE ™ Bifsi s P B AR 3 2, 3R
4 HFr L &4 0Xi8006.

TE B 5 15 R 95 I rh e AA i, JRATT 2530 LR AR A
SN Z R R AT I, e R I P A T8 K R
i 771, 120 C )i 80 h Wt iy (W3R 1), {HASLEFRRE
FAEGE R, B NI Ay 72 h fet. 7ERE S
WL T N Heck NG 6 B FRATER 7 2 Fb
FOAEAGTR S B SIA TR A A B R A B OREE IR . =2
& R AT, A NN- 3 R N ML R,
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120 CRHEFE SN, IR SR 8] A SCRRIRIE ) 6 h 4E
K& 14 h, KRFEm T RBBCRILE 2).

=3 WA 7 TSP LRl RN RS Yo e T o

Table 1 Studies on the preparation of arylamino-propenone
intermediates
Entry Base  Solvent #/°C  Time/h Yield/%
1 K,CO; DMF 80 8orl6 0
2 K,CO; DMF/H,0 80 8orl6 0
3 K;PO, DMF 80 8orl6 0
4 MeOH 80 8orl6 0
MeOH/DMSO
5 120 24 19
ViV =1:1
MeOH/DMSO
6 120 48 51
ViV =1:1
MeOH/DMSO
7 120 72 68
ViV =1:1
MeOH/DMSO
8 120 80 70
Vv =1:1

R2 LB 6 E T

Table 2 Studies on the preparation of compound 6

Entry Base Catalyst Solvent #°C  Time/h Yield/%
Pd(OAc),,
1 Ag,CO; PPh, CH;CN 110 14 0
Ag0,
2 KOAc Pd(OAc), DMF 110 14 0
3 Ag,CO; Pd(PPh;); CH;CN 115 15 0

N

EttN  Pd(OAc), DMF 120 6 50
EtN  Pd(OAc), DMF 120 14 72

2 Zhig

AR VLBRAN BRI 2 22 NG TR AL, & s
SR p R A, K 2 5 AR A A e i 4400 5 AR IR
AorF W Heck MAAEH OXi8006 AT 4L, FHL
it A5 R B 7€ ik OXi8006 114 . 33k 3ot 24303 7 ZR I Ak
e Heck J N4 AE %, AR T M8t i 2-75 %-
37 T 5 1| Wk 225 ) TR I 3% O % 1, IR T G
OXi8006 PR, H 2 Lh 20% MR E ST H
FRr=, Rt — B SRR R RO TR A T
2= E T B

3 SLEES

31 X5

'H NMR #1 *C NMR 435Il 1 Bruker-500 %Y k% 1 345
{XAE 500 MHz #1125 MHz Jll3E, TMS NP bR, 5 LA
Agilent 1100LC/MSD (70 eV)Z i A 5E. 1% A
O S A g . 2 JE AT (TLC) FIAE 2 A 43 ) A
WWARE Bl T A E B R GF254 A%k
AT 200~300 HF:ZEHTRER. S2i6 BT A EURHS 4

(9]
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Hréati.
32 ZLWHE
3.2.1 3-F7 A A-4-F AR T EE(2)89 &k

B HAE LR (5.0 g, 32.86 mmol), K,CO; (6.8 g, 49.29
mmol)¥& TN EAF, FEIMAE R T EERAE, TR
W, M ANFREIEIRG.1 g, 65.72 mmol). =L
P20 hJE, RMSEHES RBARAIE. R
SREHR AR, MRS T 28R B8, KR IKH
5% NaOH /KW, MoFI& Kok, ToKBER TR,
EZE, FAFHIRIA 2 (5.8 g, %% 91%). "H NMR (500
MHz, CDCly) &: 9.82 (s, 1H), 7.43 (dd, J=8.2, 1.9 Hz,
1H), 7.40 (d, J=1.8 Hz, 1H), 6.96 (d, J=8.2 Hz, 1H), 4.63
(dt, J=12.2, 6.1 Hz, 1H), 3.92 (s, 3H), 1.38 (d, J=6.1 Hz,
6H); >C NMR (126 MHz, CDCl;) 6: 191.1, 155.8, 148.0,
130.2, 126.6, 112.8, 111.0, 71.4, 56.3, 22.0; ESI-MS m/z:
1952 [M+H]", 217.3 [M+Na]". W55 5600 ik
RoE — 50
322 4-22-Z B RTHK)3-F A AA-1-F AELR
(3)89 & A%

HEEHR(2.69 g, 41.2 mmol), PPh; (8.1 g, 30.9 mmol),
CBry (13.7 g, 41.2 mmol)i& T /K &Rk, AR
1, F 0 CHiFE &4 2 (2.0 g, 10.3 mmol), N
SEEEFTHR B RSP 4 h, [N SEEE, WJE, WYE,
JENTREVCREE) @ V(LR ZBR)=45 & 11135 g (i 4
3 (324 g 7% 90%). m.p. 73~74 ‘C; '"H NMR (500
MHz, CDCLy) §: 7.39 (s, 1H), 7.23 (d, J=2.0 Hz, 1H), 7.07
(dt, J=7.8, 3.9 Hz, 1H), 6.85 (d, J=8.4 Hz, 1H), 4.52 (dt,
J=12.2, 6.1 Hz, 1H), 3.87 (s, 3H), 1.38 (d, J=6.1 Hz,
6H); *C NMR (126 MHz, CDCl3) d: 150.8, 147.0, 136.6,
128.0, 122.3, 115.6, 111.6, 87.3, 71.7, 56.1, 22.2; ESI-MS
m/z: 349.0 [M+H]", 371.1 [M+Na]". ¥ & S0 EE
5 5w SCik s — 2.

323 4-F A -3-F 7 AR T H(4)89 &%

&9 3 (1.00 g, 2.86 mmol)i& T 5/K THF, @AM+
1, T—78 CHidE, B18HIN 1.6 mol/L [1IET F4l
THF % (5.34 mL, 8.55 mmol). i HI 58 B AR5 iR 4k
SR HE 1 h, HIHEE =R 1 b RESEEMA
15 mL H,O %K, Et,O REHL, 1A KR, KRR
B, W4dE, ENTREEVCR ) @ V(LR ZTE)=40 :
1A G SEE 4 (042 g F5F 78%). mp. 68~
69 ‘C; '"H NMR (500 MHz, CDCly) §: 7.09 (dd, J=8.3,
1.9 Hz, 1H), 7.01 (d, J=1.9 Hz, 1H), 6.80 (d, J=8.3 Hz,
1H), 4.51 (dt, J=12.2, 6.1 Hz, 1H), 3.85 (s, 3H), 2.98 (s,
1H), 1.36 (d, J=6.1 Hz, 6H); >*C NMR (126 MHz, CDCl;)
5. 151.4, 147.0, 125.9, 119.2, 114.2, 111.8, 84.0, 75.6,
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71.7,56.1, 22.1; ESI-MS m/z: 191.1 [M+H]", 213.2 [M+
Nal*. 1 5 B 5 e i STk ks — 550,
324 3-3-FRAHKA-TFALKR)1-345-=F A%
F)-2-He K T ER(5) 89 A AR

154 4 (0.40 g, 2.10 mmol)iA T JG/K THF, G/ 1R
P1, —78 CTHidk, 188N 1.6 mol/L IE T IE4 UK
W(THF)¥(1.31 mL, 2.10 mmol), % hn5¢ S iR
FEAREEREHE 1 h 5 PR IN SR VA T THF (1 3,4,5- =%
FEIEFEE0.41 g, 2.10 mmol), MIREHHE 0.5 h J5THE
BERSLHAE 2 h. KE5EE, A H0 %K, EtOAc
L, WA KGR, LK T8, W4h, Er
HVCAMEE) @ MR LEE)=5 1118 0.71 g iR E
Y, MeREE ST oK CHCL, I MnO, (0.64 g, 7.35
mmol), 30 CHiF: 10 h. KM EEE, g, WRkYE, Hehm
A AEEES (0.65 g, 72F80%)™. m.p. 136~137 C;
'H NMR (500 MHz, CDCl;) 6: 7.50 (s, 2H), 7.29 (d, J=
1.8 Hz, 1H), 7.27 (d, J=1.8 Hz, 1H), 7.17 (d, J=1.7 Hz,
1H), 6.89 (d, J=8.4 Hz, 1H), 4.54 (dt, J=12.1, 6.1 Hz,
1H), 3.96 (d, J=4.4 Hz, 9H), 3.90 (s, 3H), 1.39 (d, J=6.1
Hz, 6H); *C NMR (126 MHz, CDCly) 6: 177.0, 153.3,
153.2, 147.4, 143.6, 132.5, 127.5, 119.7, 111.98, 111.9,
107.0, 94.5, 86.5, 71.9, 61.2, 56.4, 56.2, 22.1; ESI-MS m/z:
385.2 [M+H]", 407.4 [M+Na]". HRMS (ESI) calcd for
CaHys06 [M+H]™ 385.1676, found 385.1689.
32,5 2-(4-F A A3-FE AARKKL)3-(3"4"5"-=
P AR P A )-6-F A A IR (6) 89 6%

thE&¥ 5 (0.20 g, 0.52 mmol), 2-fl-5-FF A FE A%
(0.16 g, 0.62 mmol)¥% T o7k HiF 517K DMSO HITR G
WV v=1:1), @WAHEP, 120 CFHHE 72 b 7
SEYE, HEENVCAME) @ (LR ) =7 1135t
[ A< e E) A4 R L HR 1A T 6K DMF, NS R 4
(11.6 mg, 0.052 mmol), = Z.fi%(0.21 g, 2.08 mmol), &,
LRy 120 CHEHE 14 h. M FEEE, HENT(PE/EtOAc=
50 DfFEEELK 6 (131.4 mg, 7% 50%). mp. 195~
197 “C; '"H NMR (500 MHz, CDCl;) &: 8.61 (s, 1H), 7.93
(d, J=9.3 Hz, 1H), 6.99 (s, 3H), 6.91 (dd, J=4.7, 2.4 Hz,
2H), 6.75 (dd, J=5.0, 3.1 Hz, 2H), 4.17 (dt, J=12.2, 6.1
Hz, 1H), 3.86 (s, 3H), 3.79 (s, 6H), 3.67 (s, 6H), 1.20 (d,
J=6.1 Hz, 6H); *C NMR (126 MHz, CDCl;) &: 191.9,
157.5, 152.7, 1512, 147.4, 142.4, 141.4, 136.5, 134.7,
125.0, 123.4, 122.6, 121.1, 117.5, 112.9, 111.8, 107.5,
94.7,71.9, 60.9, 56.1, 55.9, 29.8, 22.1; ESI-MS m/z: 506.2
[M+H]", 5284 [M+Na] . HRMS (ESI) caled for
CH3,NO, [M+H]" 506.2173, found 506.2158.
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32,6 2-(3-F&-4-F BAHKERKHK)3-(3"4"5"-=F &
FOR W BE AL )-6-F A AL 3R (0Xi8006) 69 A Ak,

&% 6 (40 mg, 0.079 mmol)i&E T IE/K — & H ¥,
EAARYY, T—20 CHiEE, 221850 1 mol/L ) BCl; —
SR (0.316 mL, 0.316 mmol), N ETHEE =
kS EE 2 W) R sE B, A KR, &
FRBERCE, JooK B BR AN T4, 5 1) 2% AR SR A5 38 0 [ 44
0Xi8006 (29 mg, 7“3 78%). m.p. 188~190 C; 'H
NMR (500 MHz, Acetone-dg) o: 7.89 (d, J=8.7 Hz, 1H),
7.02 (d, J=2.3 Hz, 1H), 6.92 (d, J=3.2 Hz, 3H), 6.86 (dd,
J=8.7, 2.3 Hz, 1H), 6.83~6.81 (m, 1H), 6.79 (d, J=8.3
Hz, 1H), 3.84 (s, 3H), 3.79 (s, 3H), 3.68 (s, 6H), 3.67 (s,
3H); *C NMR (126 MHz, Acetone-ds) 0: 192.1, 158.2,
153.7, 148.8, 147.3, 143.9, 142.1, 137.9, 136.5, 126.6,
1242, 122.9, 122.3, 117.1, 113.3, 112.1, 108.23 (s), 95.5,
60.6, 56.4, 55.9 (2XC); ESI-MS m/z: 4642 [M+H]",
486.4 [M+Na]*. HRMS (ESI) calcd for CoH,sNO; [M+
H]" 464.1704, found 464.1716.

5 Bh 1 Bl (Supporting Information) 51L& ¥ 5 i 1%
X EERFRE AT BL A 9 AR T 19 35 (http://sioc-journal.
cn/) BN #L.
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