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Structural modification and anti-cancer activity of noscapine
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Abstract: The structural modification of natural product represents a powerful tool for anti-cancer drug
discovery. Noscapine, as a phthalideisoquinoline alkaloid from opium, has been used as an over-the-counter anti-
tussive drug with excellent oral bioavailability and low toxicity. Recently, the potential of this compound as a
particularly attractive lead for anti-cancer drug discovery has been demonstrated. Multiple mechanisms, especially
the interference of tubulin polymerization, might be involved. Thereafter, various structural modifications based on
semisynthetic routes, which aims to improve the anti-cancer activity and pharmacokinetic properties, as well as to
probe the mechanism, has been performed. Several analogues are emerging as possible candidates as novel anti-
cancer therapies. This perspective mainly discusses the advancing noscapine and related analogues in the fight
against malignant disease in recent years. Furthermore, the future directions of this evolving field were also
preliminary prospected.
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Figure 1 Noscapine and other opium alkaloids
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Figure 2 The modification sites of three generations of noscapine

derivatives
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Table 1
noscapine derivatives

In vitro cell growth inhibitory effects of 9'-halogenated

IC,/umol-L*
Compound MCF-7 MDA-MB-231 CEM
3 1.0+0.2 33+04 1.9+0.2
4 33+0.38 8.2+0.6 23+0.7
5 1.9+03 35+04 1.2+0.3
6 456 +3.1 256+24 38.9+35
Noscapine 39.6+2.2 36.3+1.8 16.6 £ 2.4
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Figure 3 Synthesis of 9'-halogenated noscapine derivatives
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Figure 4  Synthesis of 9'-fluorinated noscapine derivative with a
cyclic ether substructure
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Figure 5 Synthesis of 9'-NO, noscapine derivative
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Figure 6 Synthesis of 9'-NH, noscapine derivative
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Figure 7 Typical snapshot of (a) compounds 12 (green stick) and noscapine (blue stick) bound to tubulin at colchicine binding site (PDB

code: 1SAQ) from a hybrid Monte Carlo simulation. (b) The enlarge view of the colchicine binding site with the bound ligands
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Figure 8 Synthesis of 9'-NH, noscapine derivative by Manchukonda
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Table 2 Phsicochemical descriptor (log P) of water-soluble 9'-
NH, noscapine derivatives

Compound 13a 13b 13c Noscapine
log P -2.10 -0.22 -0.73 2.54

Table 3 Comparison of IC; values of water-soluble noscapine
analogs in PC-3 cells

Compound 13a 13b 13c Noscapine
IC,/umol-L™ Not determined 490 Not determined 100
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Conditions:

13a: 3-Bromopropyltrimethy lammoniumbromide, Et;N, DMF, 90 °C,17 h;
13b: 1,4-Butanesultone, 2-propanol, refulx, 17 h;
13¢: 1,3-Propanesultone, 2-propanol, refulx, 17 h

Figure 9  Synthesis of water-soluble 9'-NH, noscapine derivatives
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Figure 11  Synthesis of folate-noscapine
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Figure 12 Typical snapshots of foalte-noscapine (a, ¢) and noscapine (b, d) bound to tubulin at the interface between a- and g-tubulin from

QPLD (quantum polarized ligand docking)

Table 4 1C,, of noscapine and 18 for various cancer cell types

IC,,/umol L™
Compound
A549 HCT116 DU145 T47D SKOV3  1A9
18 30 17 23 19 0.3 15
Noscapine 60 25 55 48 37 25

214 9-IREFSEMAT 2014 4F Porct EPLL 9'-Br
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14), HEFL T IR L b A P05t LR 40 e (MCF-7), &

HBr, Brs-H50
e

Table 5 In vitro cell growth inhibitory effects of compounds 3,
19 and 20
IC,_ /umol-L*
Compound st
Hela Jurkat
3 26+04 3.0+0.6
19 52+0.8 59+0.8
20 74+16 54+2.1

200 40 i (HeLa) 0=l /)N 240 L Jit e 240 i (A549) Fr1 38
FEVEVERS SO0 SR, IX BT A A B S R T 1 3 0k
FAE T, Hd ik &4 26b. 26d F1 26f i P B . B
1, X 34Nk A Wkt Hela 41 g 1) 37 486 51 3 74 (1C,, 18)
439124 9.0.9.2 #18.9 umol-L ™.
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Figure 13  Synthesis of 9'-alkylated/arylated noscapine derivatives using Suzuki coupling
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Figure 14  Synthesis of biaryl type noscapine derivatives using Suzuki coupling
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Figure 15 Click synthesis of 9'-traizolyl noscapine derivatives
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Table 6 Percentage growth against NCI-60 cancer cell lines in
vitro at 10 pmol-L™ concentration of compounds 29-31

Growth percent/%

Cancer cell line

29 30 31
Leukemia 60-90 98-108 7-100
Melanoma 77-101 94-110 4-96
Non-small cell lung cancer 80-108 84-107 59-97
Ovarian 97-110 96-103 58-98
Colon 50-110 97-114 60-90
Renal 77-102 82-103 76-99
CNS 80-104 97-102 7-98
Breast 80-101 84-115 57-99
Prostate 59-104 100-106 78-107

1,3- BRI AR 2 — R WAL R, R
HPUREE PR RPN R S 2 R A s R TR
T O 5K ) 45 K TR, Nagireddy 285078 ik T4
Hefit b, LLO-Z LT AT T 31 Jy R, 85T Glaser-Hey
AR, il T — R 5 9L & 1,3- IR
AT AT AR 33a~33n (K 17).

X NC1-60 fif 987 41 it 11 735 £ 0 i % 05, 1L &
33g KA BRI E . 7E 10 pmol- LR E T,
339 LA KT 50% [ 4H i A K 0 ) 22405 T R 6 R A
1955 6 Fh 45 R Jegs A b T 2 IR 4 i R . TR LR
T &5 Jlgp g HCT-116 AT HT 29 4 fitd 2 A1 i TK-10 41 fifg
REA R MPUEG T, $MH) %2 5T 85%. BAh, 1EE
DL 62% (MY 22 & Rl 7 3R 14 33n, % B Glaser-Hey &
XAH R SLAE AR AT T 97 A BT R3E R, SR T EH
33n 4L 2 1) NCI-60 FI-F 342 K H 45 L 7E 95% LA |, 7%
PEAEE T RE A2 HH T BOK K 70 F 2 FFK 1 33n (41 i i
JESRE 7 F0 DA SR ) T AR BV ST | A i 456 M
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Figure 17  Synthesis of 9'-(1,3-dinynl) noscapine derivatives and 9'-ethynylnoscapine dimer

FEBETM, AT FEAR 1 P gvE

22 FNRITT

221 THRFEEAFRESERKAATT 20054,
Anderson [ BA AR A] T 1a th &, i@ i — B ke it B 4
L, & RS T- RIS T AT A 34 (1K118), TR I Z
B 1 5L A AR B 14D e 8 2 L 34 400 ) 3 B0, L 41
Ji 988 400 il HEK 293 A= K ) EC, & %1 15 pmol-L™* . A il
M2, 52 AR o] T AT, X BATAEY 2
BHYH HEK293 T S H#i. DAk, Z A7 A= (i /E F AL 8
NI RS R A AR A, FEAR R,

T 07 5 AE s AR =, N AT, A8 A T R e Rk A
Ak, B AT AE Y N — X HE X B S R A (1:1).
BE— S T R B, DR IR SRR B AR L S B

0]
<1

e
NaH, BnOH, DMF meo H
—_— O
120 °C, 14%
o
OMe BnO OMe
34
la 1:1 Mixture

Figure 18 Synthesis of 7-OBn noscapine derivative
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AL EN, W B 455 7 7-OH H8 Al T 35, HLiH iefu s
FIRAFLRE EfnH] (B 19). (HS2, 57-0Bn A T A
[, iZ AL A5 58 A2 L HEK293 41 il T G/M 11, i
R S AR AT 2 R, RIESUMRER, BiE
PERIBF T 1lafg T Rigig et (7). &35 —
R A SRR IR, 19 8 — R T R AT AE ) 36a~
36h (&1 20), iX S AT 49 v 3,4,5- = A SEHUR 1L &
W) 36a ] S 4 I 1 A B, G Yk 2 36e 1 36, 1M 4
3,4,5- = 4 5 36a ¥ oy 3,4- - F 4 2 36b. 3,4- 1 H
Jk A B -5-F 4 O 36C.3,4,5- = 4 3k 36d I B IR
FIL B ) S WP TE 1, R RE K 36e A1 36 B 4y
369 A1 36h i 5 74 A5 BA S5 1) S BAHMHI/E A (% 8).

MeMgBr, BnOH,
Toluene-THF

.
120 °C, 50%- 80%

Figure 19 Synthesis of 7-OH noscapine derivative

Table 7 Tubulin polymerization and A549 cell growth assays

EC,,/umol-L*

Compound Tubulin poly- Colony-forming

o MTS assay
merization assay assay
Vinblastine 0.2 0.000 9 0.000 5
Noscapine >50 25 Not determined
35 0.7 0.6 0.5
42 0.3 0.097 0.084

Table 8 Effects on cell cycle distribution

Compound  Conc./umol-L*  G,/% SI%  G,/M/%
DMSO 0.5 48 39 13
Noscapine 50 6 18 76
34 10 28 57 15
36a 1 24 65 11
36e 10 28 62 10
36f 25 28 62 10
38 10 24 65 11

AL, ABATTE A T 7-SBn Al 7-Ar A T (& 21).
7-SBn A 38 7E 10 pmol- L™K E R, [FREFH I HEK 293
YT S (R 7), H 2K EEFEACE] 1 pmol- L& J1L-F
WAWEE . 1 7-Ar 8] T 39, HIV A RIS
B -

222 THNREFRE/FTBKRABATT AT
7 A4 W0 1 T 3E AL 35 A1 B Buchwald-Hartwig 15 55
N, BT — R T AL RIS BRI AT T AT AE ) 41~ 44
(1 22)89, K38 S 7 2% A I 1, AL R 22 1) S A Ak
(R AR, Hodn 7-NH, AR T 42, Son i i 5 i

RCI, K5CO4, BugNI (cat.)
55°C, NMP
OMe
X X X X
MeO~ i “OMe OMe o i “OMe EtO OEt
OMe OMe -0 OEt
36a 36b 36¢ 36d

X X X
N — S
/d sd d
36e 36f 36g

Figure 20  Synthesis of 7-O-substituted noscapine derivatives

Ji 8 9 1, T A R B R I T GL/M A, i R A
AT 1aff) 250 fi (8). [FIIS & A4 S 5 s L A T
7-OH A3 W] T 35, 483 42 kb HE F T % 40 i SNU398 Al
PLC/PRF/5, IC,, 43 ) ik %] 94.3 F1 237.4 nmol-L™, ifii 35
(11 1Cs, # KT 2 umol-L* ™, 41, Anderson 27 i
i B 1) S8 A% AR S B, DR A AR 0 17 e = 3 P Tk
AL, AR T T-SHAR R T 45 A 7 AL G B AT T
fT A 46 (F 23), X AT AE )6 HEK293 4t A H 1)
G,/M 1] 22 7] 3% 90%

223 THNBMEE/EFRHEERKBATITEY
2011 4, Mishra Z£U 4 — R 51 7 7 ok 48 3k 5 2 H ok
ARBARKI TR A T A1 EW) 47~51 (K 24). £ & T
FE A, Al AT R ) NaN,/Nal/140 °C/4 h i) J5 v 3k 47 F 3
BEBR o BT R SR T SR AR I R AR, 2P
W T E SRR R A . X EERTAE YN i e
I LR e R e R R 2 i S5 22 R A e 1 B
N H PG IR AT TR A A B ) 4 T M R B R
PEo o, 7-OAC TSR T 47 18 K 22 $ 8 41 g & 4R
o e LS BT JR IS P, 7-OCOPh A AT T 48 it
A /N 20 it il 468 ABA9 At A L A 4 ) 0 ) M, T 7-
OCONHR AR H] T 49~51 X [ 1fiLj55 CEM 4 i 41 ] 3 4
AR (£9).

224 WERFARET T 20154, Mishra [31 B i 4k 45
1E 9B 5 NIRRT, BT — R 57 A0 A 9 R BUAAR
AR T T AW 52~55, FEIAR T B AT AT X T A1 AR
PC-3 1 3, it 35 MDA-MB-231 4 g () 410 ] 1% 149 (1]
25). SEUGRE, ML T PC-3 40 R, X DU R AT E W xt
MDA-MB-231 4 ffl F P34 B ROR BN R, AT
52 ~55 X} MDA-MB-231 4il fis & 1 IC,, (& b % 7 1
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39a 39b
Figure 21  Synthesis of 7-SBn & 7-Ar noscapine derivatives

BnSH, K,CO;, o
DMEF, 10 °C

— >~ 38R=SBn O

= 39a-3%e R=Ar

Pd(PPh;)s, ArB(OH)s,,
2 mol-L"' aqueous, Nay,CO;,
LiCl, toluene, 80 °C

F,’“tBu

O pd'OAc

40

Tf,0, pyridine,

CHyCl, 0°C 37.R=0Tf

BnNH; (or aqueous MeNH;),
40 (4 mol %), Ba{OH);*8H,0,

a,a,a-trifluorotoluene-H,0 (2:1), 110 °C

1a. R=OMe MeMgBr, BnOH,
35.R=0OH :! toluene-THF, 120 °C

41-44
41. R=NHBn, R'=H 10% Pd/C,
Bry, H,0 42. R=NH,, R=H H,, MeOH
48% HBr 43. R=NH,, R'=Br

44. R=NHMe, R'=H

Figure 22  Synthesis of 7-alkylated noscapine derivatives using Pd catalyst

TIO  OMe

NaSH, NMP, 80 °C

E—— »~ 45R=SH

= 46 R=H
Pd(OAc),, MeOH, E;N,
1,3-bis(diphenylphosphino)propane,

37 DMSO, 80 °C

Figure 23  Synthesis of noscapine derivatives by Anderson

Table 9 In vitro cell growth inhibitory effects of 7-alkylated
noscapine derivatives
IC,/umol-L*
Compound
A549 CEM MCF-7 MIAPaCa-2 PC-3
Noscapine 73.0 20.0 45.0 70.0 51.0
47 3.2 15.5 166.0 1.0 9.3
48 4.5 49.0 34.0 1.7 4.8
49 5.6 1.7 49.0 49.0 6.6
50 50.0 250.0 182.0 1.0 83.2
51 25.0 7.1 74.1 24.5 49.0

HOREARFA I 38 KA B L7, 258 2.2.2.5.3.9 Al
20 pmol-L*. X EEATAEYI MR T T, SR I H 5
o TR B A A T, O R S R O AR T I 2R
Ao B, fiT A9 52~55 5 & A AR 4 &
Wy ) N 55 £ 6.44 £6.26 £ 3121 £ 1 pmol-L*, £

B REIBEA T U R AR 38 R 1 5

225 KAMMBEATITEY SCEAKBHERIATT R
BT R TG B L) 7 — R M . T Henary
SR IUAE AN AT T 9L Bl N K s P P 24 = A
FTLE W (0 R 35 1, TR B 1 AR 7 AL AT KV PR R
T FL TR IE AT AE Y 13a~13c¢ (1 it T8 %,
Henary %:%7E 7-OH # 7] '] 35 &% 9'-Br-7-OH JS A T 52
f TR 23 b, 51N 2 h s R S5 /K 1 3 [ (18 26),
HHCT — RBK VST T AT 42 %) 56a~56¢.57a~
57c. L&Y 56b.56¢ F157b LA LA H] T 5 A B
HAREIEEE, YR B AT T g s T —
ZWIAE, WE IR RS, FE HLER X DU o 8 2
Z (A 50 B g T e« 7L R R B) R
EMPUITEETE (R 10).



B WAE: TR S M O S R R e - 2753 -

NaN3/Nal, DMF,
140 °C, 4 h

Dimethylamino pyridine, Ac,0,
CH4CN, 50 °C, 6 h for 47

or K5C0Os, benzoylchloride,

80 °C, 8 h for 48

Dimethylamino pyridine,
CH,Cly, RNCO, 1., 6-8 h

49 R=CONHEt
50 R=CONHPh 47 R=COMe
51 R=CONHBn 48 R=COPh

Figure 24  Synthesis of 7-alkylated noscapine derivatives

R AXAB T A2 B v 24470 7KV A R 1 2 1) A 280
Ko 20154F, M\ 7-OH HSA] T 35 Hi A, I A Bl = 20
() i Ak 2 O, Mishra 21 BA B3 & &% T — % 41 7-O-
BESR A AT T AT 4) 60a~60m™ ™ (18 27.28). ixX it 7-
O-¥E & &My, 58.60a~60c.60e A1 601 &7~ Hi AL T 95
AT PR (3R 10).

Table 10 Comparison of IC,; values in various cell lines

IC,,/umol-L™*
Compound

PC-3 HelLa MIA Paca-2 T24
57b 19 66 30 3.3

56b 29 53 40 32

56¢ 55 53 18 4

Noscapine 100 436 105 83

9'-Br-noscapine 182 436 Not determined 191

NaN;/Nal

DMF, 140°C, 3 h

Figure 25 Synthesis of di-substituted noscapine derivatives

Table 11
HelLa cell

Anti-cancer activity of noscapine glycoconjugates in

Compound 58 60a 60b 60c 60e 601
IC/umol-L* 394 1072 292 436 726 426

23 FIURBAT

231 N-EHREBEN-HRRSPHERKATT T4
#2002 4%, Aggarwal ZEUH ik A Ak 2 FER A RO, B
B 67 0 F 2, 3 1 5 R SRR R A S SRR I8 R
ERT — FR 5 N-Z B IN-BR AR S PR RS AR T T Rk
¥163~70, HULTF4E 15 INARAS T T I & (K 29).
232 IMEARIIBRIT AT LALHFERIEE JE PR Tk
RIRAT T A7, e F R EE AR R, A
% T i, 2012 4 DeBono M5 1 F F kPR ER R S 11
RIBAT T HTEY) . AATE S R IR 02k B X A s 4%
HH P A TRk, R R T S A AR T R R S N, BT AR K
P A 62a, £ 04 5 RN JBE BR HE,  EA R R T T
RIAEM 71, B 5 s ke BE A & R ES .  wURR S
SR ER G R N, 15 38— RIIAEE S RIS AT T
T A 72~76 (1 30.31), H o G,/M T4 il 3% M = T
W] THEERSI TR 12T, BIERYW, R THEY 72
A, K43 N-Jot 5 IR B AT A5 4 %o 470 P 98 3 2 ) B2 T 75
FALATVE T, N-Z8 FF I 25 AR A A2 40 LU A . 1 N AR
AR BT Y EE AL, T2 S, X T N-T
LR N-SE I SR AT AR 0ol U, SR SR AR (R PP Ik 2 B
2GR R ) T R AR 41 i T G,/M B FE b B
N-JR 2% fi7 25 90 Eb TR B 0 N-B R 37 26 4 58 EL 3, 76 N-
JREATAEY T, 75a K1 75 %F PC-3 fIl MCF-7 4 id & If1 9t
etk 194 5 9 e A

2.3.3 N-BEEEEBVRABRI T 0TS il ok frie A Uk 1
gt Ruita e, REH — KA T AR,

54 R=NHEt
55 R=NHBn
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Br
o
G
o

o}
< NaN3, Cu,0, < g
(o} ; e i Me
L-proline Conditions H
MeO
DMSO, 100 °C o
24h
o]
OMe RO OMe
56a-56¢
0 @ C]
<o ( O | S6a, 57a. R= \(\/\T:‘ Br
2 o “"Me
NaNj, Nal, . e Ho H H A0
DMF, 140°C,4h  MeO M Conditions o §6b, 57b. R= sz
R O 5 S 8§ i
o S OMe 56¢, 57¢. R= \(\/\530
OMe HO OMe RO P ‘HO
1a 35 57a-57c
CORAIODE: . -com e e e s s s s s
56a, 57a: 3-Bromopropyltrimethylammoniumbromide, Et:N, DMF, 90 °C, 17 h;
56b, 57b: 1.4-Butanesultone, 2-propanol, refulx, 17 h;
S6¢, 57¢: 1,3-Propanesultone, 2-propanol, refulx, 17 h
Figure 26  Synthesis of water-soluble 7-alkylated noscapine derivatives
e ¢
(o] O
B

NaNj, Nal, DMF
e ————

140 °C, 12 h, 70%

OMe

Figure 27  Activation of 7-O position for click reaction

Table 12 Changes in the percentage of cells arrested at the G,/M
phase, along with EC,, values for active compounds

Change in cell population
g pop EC,,/umol-L™*

Compounds at G,/M/%
PC3  MCF-7 Caco-2 PC3 MCF-7

Noscapine 2 2 3 Not assayed  Not assayed
72e 96 86 43 6.70 =10
73c 86 58 47 >10 5.27
73d 81 168 48 >10 391
74a 67 105 28 >10 >10
74b 79 170 27 7.70 4.18
75a 133 172 60 6.7 3.58
75b 123 156 47 14.40 12.1
75e 134 155 61 8.40 7.53
759 68 14 49 =10 >10
75h 78 99 42 =10 >10
75i 102 117 33 =10 111
76a 147 153 20 =10 4.87

IR PR FREZ M AEDEHY . e K,
2019 4, Yong 27 6'fi7 5] N it I 22 AN =R R L, Kt
LRERIEIR R, A Rl T 4245 I f A R e 45 R 1)
BRI TATAEY 77~80 (K32). XEHTAEM R E

Acetone, K,C0;,
B0O°C, 12 h, 75%

OMe

R IR AT T 1a B R A 22 73 R AR, )
16 8 41 i BELY T G,/M B . IS ) s3I, fiTAE
) 79a~79¢.79j.79m. 790.79979s-79u. 80b ., 80h X}
MCF-7 fl PANC-1 41l f ] EC,, # /N T 2 umol-L™*,
ok A ik 35 B A P T 26 47 79) B firh 8 7 2 A 1) I g
IR (EC,, {H: MCF-7 41 Jiid 560 nmol-L™"; PANC-1 4fl ffil
980 nmol-L™*; MDA-MB-43541i/1 271 nmol-L*; SK-MEL-
5 41l ffg 443 nmol-L™"). 79q 7E NCI-60 H 3 17 41 fifd 4 7
S0 R I, X T I 40 P SRR 2R R 4 A i e A
i 35 i e L B 9 4 L A B 7L e A e R A 3 )
A KIS 1, 1C,, /T 500 nmol L™, 4551 & % 2 3R
JR 41 il MDA-MB-435 il SK-MEL-5, Gl 7] L4335 2|
271 nmol-L™* #1443 nmol-L*. 79q 7] WL (3% 1t B 45 5%
VIR 3 6'0 5 N S 45 A e I 2 5 R B+
BENEY SMEEANS G/

234 N-BREWIAITHTES el TEE T REUR
FONHEE, TR F A o B PR v R R R, 2003
F, McCamley 2@ i A L 25 36 4L, SR B EE =
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R-N; (592-59m)

CuSOyMNaAsc (0.1:0.2 equiv)

THF/H,0 (1:1) 16 h, 80%. 0
or Cul, DIPEA, CH,Cly, 12 h, 95%
N
58 M-
R 60a-60m
R=
0]
’%ﬂ)‘ S&ﬂ’*" éﬂ/ és\? 5&,4)» m """ e BE%&%
o n
Aﬁgj AcO %% BnO \’D Me BnO OMe
6l]a ﬁod 60f
.-O Me Me O
-0 0 X o
0 OMe %“0 Me ﬂ)\SJ y“:: "Lp ,,h::e Mé O:LS_JM.O Mo
Me ..S.ao “Me » k) )‘*Me
0 (o]
0i & OH
Me 60j 60k
0. ..0 Me
3,/\|/\0 X 3{\]/\ m*g}w&
OH & “0' Mo Mo
Me=-0
Me 601 60m
Figure 28 Synthesis of noscapine glycoconjugates via Cu(l) catalyzed click reaction
R|=
MeO OMe
61b R=Br I
63a-63b 64a 65a
Fe(Ill)-citrate/
} citric acid Cl MeO
: L KO O
<O O 66a C 67a 68a
NH
o
H* F
MeO H
28 CC
o
MeG  OMe Meq  OMe 69a 70a
63a-70a R=H 62a R=H
63b R=Br 62b R=Br

Figure 29  Synthesis of N-carbamoyl/N-thiocarbamoyl noscapine derivatives

RN, AT — RAIN-BFHEAURAS T TATAEY) (B133). NUE%F (K, = 38 + 4 pmol-LY), 24 F4b T 15 i 52
FERF SO B BRI S5 B R AR I AT B BER 9B T T (K, = 54 £ 9.1 pmol -L )2,

BB h, KIS T A AT AN MR O 235 SBR[, 1-bIEMEE R IR AT T T
OB, 6 ST, R T IS T ROURRI G ST . M2, 10 e 2 B e 24 R G 2 U T R A2 e R R e A%
Horp62a.81c.81F.81i.81j V& Pk B £ (% 13), HAEME LG, ITAER, 1X—HH & 45 ¥R 40 0 o 2 4 e 90
B A A et R IR AR, BRI BB AAL B R MRS R AR I P
& 81f >62a >81i > 81c >81j, 81f H5IME R ML A HAEPUIIR J71H, Andreani 5P R BLIX — 454, vl it
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N'\.
H 1. m-CPBA, CHCl;, 0°C
2. HCI, 95%

FeSO4+TH,0,
MeOH, -5 °C, 78%

NaBHy/BFyELO, O
THF, r.t., 78%

Figure 30  Synthesis of nornarcotine containing cyclic ether

HE EA RS RETUMBEEN . BT —KIN,
)T Hg5R A AT T PR I 14, Nagireddy [4] A M 6'-
R T 62a th Kk, i8I SR AZ BRI 3R 6 1556
PR SOE, B BT — ZR A WK I [2, 1-b] HE e 455 4 )
HE AT T AT AW 84a~840 (K34)™9. i Ik AL S v
PR, N T-F2IETB 0T T 35 ok, AT TIE A e 7R Ar T
fi14:4 86a~860.

AR AT 8 i 1 T e 26 W, - i 8] 44k 83 1 85 %
T B 2 i MIAPaCa-2 LA 1 (1 Bt Jiev e v 28 (83,
IC,,=2.7+1.2 umol-L™; 85,1C,,=7.3+0.7 umol-L ). {E

<O . R
(0] N‘R
H"" H O

MeO

72a-72e 74“'741’
o R{)l’. OCI, Et;N, CH,Cly,
RX, CsCO;, MeCN, < r.t., 24 h, 83%-85%
reflux, 18 h, 56%-81% g NH
H*
MeO H
Q

RCOCI, Et;N, CH;
r.t, 3 h, 53%-68%

7
RNCO/RNCS, Mbk

0 : rt., 3 h, 59%-98%
MeO Ho

g e

MeO OMe
73a-73d

75a-75j: X=0
76a-76h: X=8

Table 13 In vitro cell growth inhibitory effects of N-alkylated
noscapine derivatives
IC_/umol-L*
Compound CEM HelLa A549 MCF-7
62a 89+06 209+1.8 416x21 33.6%13
8la 83+04 19414 37.7:18 312%15
81b 9.0+04 212+21 424+23 341:x16
81c 100+08 23.7+15 49025 382%25
81d 7.7+03 179+09 335+17 287:08
8le 75+06 17.3+07 321+16 278x13
81f 67+03 153+05 269+14 245:08
81g 11.9+0.8 283%21 61.3+31 458122
81h 69+05 158+05 280%15 253%1.2
8li 95+07 223+12 454%25 360%19
81j 136+13 324+24 723%35 526%3.8
Noscapine 145+25 240+29 729+46 42327

D, 3K AT i A ph T S5 e e ] T o 1 i
S R ARG ST . N-DR I I IR m] T AT 2R
84a~840, KZ RIH AR N yhigEt:, R A
14 ) 84a 5 T MIAPaCa-2 3= B H ¢ 5 (1) #1013 14
(1C;, = 4.2+ 0.6 umol-L™). O-BKMEFFIEREITH] | f74:4)
86a~860 (1B RCR R AT, Jorh, (54860 % T
MIAPaCa-2 [Pt iR R A (1C,,= 3.6 £ 1.3 umol-L ™).
SR, K 860 £ K rfr ey BRI BE R B BT AS AT AR
) 86m 7E MIAPaCa-2 1 [ 3% PE H1 5 7 (IC,, = 48.7 +
3.9 umol-L™"). It 4k, 86b. 86c Fil 86e 7 MIAPaCa-2
A IR R A AR S ) B R 3 4 (86D, IC,, = 3.9 £
0.6 umol-L*; 86c, IC,, = 4.2 + 1.4 umol-L™; 86¢, IC,, =
6.9 + 1.4 umol-L™).

R=

Et Pr Bn (CH;sPh  (CH,),OH

T2a T72b Tlc T2d T2e

Me Et Ph B
IR TN T T s e R S B S T
OPh  OBn

Tda T4b

'NHEt NHnPr NHnBu NHnPem NHPh NHBn NHQZ-CIPh)
75a  75b 7S¢ 75d 75 75f 758

NH(3-CIPh)  NH(4-CIPh) NH(3,5-(CF;),Ph)

_____ L L . B
NHEt NHnPr NHnBn NH(2-CIPh) NH(3-CIPh) NH(4-CIPh) NH(3,5-(CF3),Ph)
76a  76b  76e 76d T6e 761 76

Figure 31  Synthesis of N-acyl noscapine derivatives containing cyclic ether
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(i) NaBH,/BF;+E,0, THF, 60 °C, 4 h; (ii) CSI, BnOH, E;N, DCM, 0 °C, 1 h; (iii) MeSO,Cl, Et;N, DCM, 25 °C, 16 h;
(iv) R-SO,Cl or R R;N-SO,Cl, EtsN or DBU, DCM, 25 °C, 16 h; (v) Hy, Pd/C, AcOH, MeOH, 25 °C, 16 h.

79d i-Pr
79 n-Bu
791 s-Bu 79s Ph 80g NH(i-Bu)

791 3 3-difluorocyclobutyl 79y 2-CIPh
79m thiophen-2-yl

R=

79 Me 79n thiophen-3-yl 80b NHMe
79b Et 790 furan-2-yl 80c NHEt
79¢ n-Pr 79p furan-3-yl 80d NEt,

79q N-methylimidazol-4-yl 80e NH(n-Pr)
79r N-methylpyrazol-4-yl 80f NH(i-Pr)

79g CH,CF; 79t Bn 80h NH(cyclopropyl)
79h cyclopropyl 79u 4-MePh 80i NHicyclopentyl)
79i cyclobutyl 79v 2-OMePh 80j NH(cyclohexyl)
79§ cyclopentyl 79w 3-OMeFPh 80k azetidin-1-yl
79k cyclohexyl 79x 4-OMePh 801 piperidin-1-yl

80m morpholin-4-yl
79z 3-CIPh 80n  N-methylpiperazin-1-yl

79aa 4-CIPh

Figure 32 Synthesis of N-sulfonyl and N-sulfamoyl noscapine derivatives

1a

R=
Br
O O™ O OO Y Y Y
Br O,N H,CO UV o o o
81a 81b 8lc 81d 8le 81f 81g 81h 81i 81j

Figure 33  Synthesis of N-alkylated noscapine derivatives

3 HMMXARE

F R 7 WL 35.
4 REERZE

MNAE AL J7 L0 24 %% A8 S iR 2, 2 258 R
TTRA T RAFHIH AT AT 5c. B, fEid 202
HErp, 20 SR IR T4 U R TG M R B K T,
XA AT T HEAT TR B A 5, AR SO AL s ], T
BT AR T . PRI T —HE A 0T
KA e, Hod 9 -Br Al T, Ve AR AR
AT, HATC A T IDWHIG R 7T, F T 2 Fh S iAo
HETT o RN, AR T R 24551 R, 7% ik Y
K © fEM S Z B, MR R AN I
. ETASRT T S5AHXT A%, B Re 2R, AR50 R MK
2 M DA A s e s, BRI T S5 4 2 RIS T T A7 AR
4 B, AR TR R @ FEFNLGIA B, B
(VR R R G R RIE . a0 B RTIR, JmT T AT A= il o bt

o
I.m-CPBA,DCM £ 8 R-Br
2.2 mol-L*' HCI ) e KI, K,CO;
3. FeSO,TH,0 MeO H Acetone
S8,
o
OMe MeO OMe

W O B A 5, AT PR 4E I T G/M Y, aE ik
PUA 2257 240 R AU AE o (R —Se i PR 1)
&4, W 7-BnO F T T, TS5 e 44 i S A 1) BH i
EH, X 7850 R0, A T AR 48 oAl B g pil il o 3L
;K EME R SHEEASGS, &AM ATNERE, AR
Tt — AT, @ AR TR A BE REE
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(i) 4-(chloromethyl)thiazole-2-amine, K;CO;, K1, acetone, rt, 4 h; (ii) 4-(chloromethyl)-thiazole-2-amine, K;CO;, K1, acetone, reflux, 4 h; (iii) 82a-820, 2-propanol, reflux, 12 h

Figure 34 Synthesis of noscapine imidazothiazole derivatives

Both the introduction of hydrophobic and polar groups, especially Br, NHs, Ph,
could improve anti-tumor activity. The introduction of reactive acrylate and
aldehyde are ineffective in improving the activity. More favorable
pharmacokinetic and pharmacodynamic properties were observed for the
compounds with water-soluble groups or other antitumor structures at the amino
group of 9'-NH; noscapine.

The compounds with N-aryl and N-benzyl
display better anti-tumor activity, while the
introduction of alkyl only lead to a slight
improvement of anti-tumor activity. The
introduction of acyl, carbamoyl, ester,
thiocarbamoyl, sulfonyl and sulfamoyl could
also improve the activity. Further
improvement was observed when a phenyl was
installed at these groups.

The anti-tumor activity basically remains
unchanged when carbonyl was replaced
by a methene, while the metabolic
stability was significantly improved.

The introduction of hydroxyl, amino, aryl, acyloxy, and carbamoxy groups
at this position leads to enhanced anti-tumor activity, and 7-OH-noscapine
and 7-NHs-noscapine display optimal activity. It is noted that 7-BnO-
noscapine and 7-BnS-noscapine also exhibit improved activity via a S
phase arrest, which suggests that a new mechanism other than the inhibiton
of tubulin might be involved. The introduction of water soluble groups,
such as quaternary ammonium salt, sulfonic acid and sugar, could enhance
anti-tumor activity and improve oral bioavailability and water solubility.

Figure 35 Structure-activity relationship of noscapine
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