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DESCRIPTION

Technical Field

[0001] The present disclosure belongs to the field of natural medicine and pharmaceutical
chemistry and relates to novel fangchinoline derivatives, in particular 7-substituted
fangchinoline derivatives, to a process for the preparation of these compounds, compositions
containing such compounds and their use in preparing antineoplastic medicaments.

Background

[0002] Fangchinoline, or FAN (also known as Hanfangchin B), is a bisbenzylisoquinoline
alkaloid extracted from the root of the Chinese herb fangji powder. Fangchinoline is naturally
present in the root of fangji family plant Stephania tetrandra S. Moore, the root of Cyclea
peltata Diels and the root and rootstock of thalictrum dichocarpum sutchuenense.
Fangchinoline is a natural calcium antagonist and has remarkable therapeutic effects on many
diseases. For example, it has broad-spectrum anti-inflammatory and antibacterial effect, anti-
hypertension effect, anti-diabetic effect, anti-hepatic fibrosis effect, and protective effect on
brain cells. Recent studies have found that it also has significant anti-tumor effect, such as the
inhibiting effect on W-256, Ehrlich's ascites carcinoma, and S-45, has inhibiting effect on KB
cells and Hela cells, and exhibits strong inhibiting effect on human transplanted liver cancer
7402 and 7405 cell lines.

[0003] It is reported that fangchinoline exhibits inhibition on human colon cancer cell line LoVo.
In the experiment, nude mice bearing the tumor are subjected to successive administration for
60 days. The results show that, as compared with the control group, the tumor in the
administered group remarkably shrinks and grows slowly, and the microvessel density is
significantly lower. In addition, during the administration, the mice do not exhibit adverse
reactions. This demonstrates that fangchinoline has tumor inhibiting effect in vivo with minimal
side effects (Zhenjun Wang et al., Use of fangchinolin in vascularization inhibiting medicine [P].
CN1511528A. 2004).

[0004] Changdong Wang et al. studied the inhibiton of fangchinoline on human prostate
cancer cell PC3. The results showed that the inhibiton of fangchinoline on the PC3 cell is dose
and time dependent. The studies on the cell cycle process indicateed that the inhibiton of
fangchinoline on the PC3 cell is related to the increase of cells in G1/S phase. In addition,
fangchinoline exhibits in vivo antitumor activity by diminishing the tumor volume and promoting
the apoptosis and exhibits inhibition on the transplanted tumor PC3 in nude mice (Changdong
Wang, et al. Fangchinoline induced G1/S arrest by modulating expression of p27, PCNA, and
cyclin D in human prostate carcinoma cancer PC3 cells and tumor xenograft[J]. Biosci.
Biotechnol. Biochem. 2010, 74(3):488-493).
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[0005] Yalin Tang et al. studied the combination of G-quadruplex DNA with fangchinoline to
improve the stability of G-quadruplex, thereby reducing the cell proliferation and promoting
apoptosis. The experimental results for in vitro antitumor cell proliferation indicate that G-
quadruplex DNA, after its combination with fangchinoline, exhibits good inhibiting effect on
human leukemia cell line HL-60, human gastric cancer cell line BGC-823, human liver cancer
cell line Bel-7402 and human nasopharyngeal cancer cell line KB (Yalin Tang et al., Novel use
of bisbenzylisoquinoline alkaloids [P]. CN 101371839A. 2009).

[0006] Up to now, there have been few reports on the structural modification and activiy of
fangchinoline. Recent years have witnessed studies by Fengpeng Wang et al. on the structural
modification of fangchinoline, but reports on the related pharmacodynamics activity data have
not yet been seen (Fengpeng Wang et al., Dibenzylisoquinoline alkaloids and its preparing
process and medical composition [P]. CN 1293196A. 2001).

[0007] Akusa Michinori et al. disclosed fangchinoline derivatives in which the 7'-position
hydroxyl group had been modified with an alkoxy group or a benzyloxy group. These
compounds show antitumor activity. However, no other substituents have been tested and only
few data concerning the antitumoral effect of these derivatives are provided (Akusa Michinori
et al., Bisbenzylisoquinoline derivative, JPH02134382).

[0008] The present disclosure conducts structural modification of fangchinoline at its 7'-
position hydroxyl group, determines the antitumor acitivity thereof and discovers that a portion
of the novel compounds exhibit significantly improved antitumor acitivity.

Summary

[0009] The invention is defined by the appended claims.

[0010] One object of the present disclosure is to provide novel 7-substituted fangchinoline

derivatives particularly of formula (l), or a pharmaceutically acceptable salt thereof
OCH3W

OCH,
1
wherein

W is -OCHR-, -OSO,-, or -OC(O)-;

Z is selected from the group consisting of H, C4-Cg alkyl optionally substituted with a
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substituent, Co-Cg alkenyl optionally substituted with a substituent, C3-C7 cycloalkyl or

cycloalkenyl optionally substituted with a substituent, heterocyclyl optionally substituted with a
substituent, aryl or heteroaryl optionally substituted with a substituent, and RyR3NCH,CH(OH)-,

or

Z and R4, together with the carbon atom to which they are attached, form C3-C7 cycloalkyl

optionally substituted with a substituent;
Rqis H, or

R4 and Z, together with the carbon atom to which they are attached, form C5-C7 cycloalkyl

optionally substituted with a substituent;

R, and Rj3 are independently H, C4-Cg alkyl or Co-Cg alkenyl optionally substituted with
hydroxyl, C1-Cg alkoxy, halogen, C3-C7 cycloalkyl or cycloalkenyl, aryl or heteroaryl, or

R, and Rj, together with the nitrogen atom to which they are attached, form 3-7 membered

nitrogen-containing heterocycle; said nitrogen-containing heterocycle optionally comprises an
additional heteroatom selected from oxygen, sulfur and nitrogen and is optionally substituted
with a substituent;

wherein said substitutent is selected from the group consisting of halogen, amino, C4-Cg alkyl
amino, di(C4-Cg alkyl)amino, nitro, cyano, hydroxyl, C4-Cg alkoxy, C¢-Cg haloalkoxy, thiol and
C1-Cg alkylthio; for said aryl, heteroaryl, C3-C7 cycloalkyl or cycloalkenyl, heterocyclyl and
nitrogen-containing heterocyclyl, said substitutent is also selected from the group consisting of
C1-Cg alkyl, hydroxyl C4-Cg alkyl and C4-Cg haloalkyl;

wherein when W is -OCHo-, Z is not ethyl, n-propyl or isopropyl; when W is -OC(O)-, Z is not
ethyl or propyl.

[0011] The second object of the present disclosure is to provide a process for preparing the 7-
substituted fangchinoline derivative of formula (1) of the present disclosure:

O_ Ry
P
{ J 0 x\Q/I\ P N\CH ’ [ J ™ O—I\\\\;/‘I\ /N\CH
o T T e
P 2 ~ N
BLTJ\O/L\\( | T J \OJ ]
OCH, OCH;
FAN 11

the 7-substituted fangchinoline derivative of formula (I-1) is produced by reacting fangchinoline
(FAN) with a corresponding alkyl or aromatic sulfonyl chloride (R4'SO2CI) in the presence of an

alkali at room temperature, wherein R’ is selected from the group consisiting of H, C¢-Cg alkyl
optionally substituted with a substituent, Co-Cg alkenyl optionally substituted with a substituent,

C3-C7 cycloalkyl or cycloalkenyl optionally substituted with a substituent, heterocyclyl optionally
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substituted with a substituent, and aryl or heteroaryl optionally substituted with a substituent, in
which said substituent is as defined in claim 1;

OCH, OCH; .,
,J ,,,OH /l\ o R2
: HiCO BuOK S oo
/ﬂ[ \[// . tR;x, DMSO /H/J\ tf [
l /] . © S \/N\CH3 —_— /J‘ § (6] B e, N GHs
N J N |
CHo o 2y CHy o o
N ’ [
R o
OCH; OCH,
FAN 12

the 7-substituted fangchinoline derivative of formula (1-2) is produced by reacting
fangchinoline (FAN) firstly with a strong alkali and then with a corresponding halohydrocarbon
(R2'X) in the presence of an alkali at room temperature or under heating conditions, wherein

Ry' is -CHR4Z, in which R1 and Z are as defined in claim 1 without Z being RoR3NCH>CH(OH)-;

ol
%y ey
D R PPN Ry'COH B 2NN
P N J I | DMPA AN H |
[ J o Wt Nopp - DCC, DCM ] Oy /N“CHg
EH ) 2 ] " \(I\ZII/-i | /‘
3 2 & ~
L) 10
L S (o
OCH (gCHg
FAN -3

the 7-substituted fangchinoline derivative of formula (1-3) is produced by reacting
fangchinoline (FAN) with a corresponding organic acid (R3'CO2H) in the presence of a

condensating agent and an alkali at room temperature, wherein R3' is C4-Cg alkyl optionally
substituted with a substituent, Co-Cg alkenyl optionally substituted with a substituent, C3-C7

cycloalkyl or cycloalkenyl optionally substituted with a substituent, heterocyclyl optionally
substituted with a substituent, or aryl or heteroaryl optionally substituted with a substituent, in

which the substituent is as defined in claim 1;

OH R
OCH; OCH, 1 Ry
“OH 1) {BUOK, DRISO o ~NRY
e X Heo
Cl ‘ 3 g,

s

(ID>—/ E’\O

g iy N‘/""u
h 2y RyRsNH i
CHy L/ | EtOH CHy =
*ﬁ} \j/\L\O/
OGH; OCH3
FAN 14

the 7-substituted fangchinoline derivative of formula (1-4) can be produced by a two-step
reaction: firstly reacting fangchinoline with potassium tert-butoxide and chloromethyl propylene
oxide to give an intermediate, and then reacting this intermediate with a corresponding organic
amine to give the product, wherein R4’ and Rs' are defined as Ry and Rz in claim 1.

[0012] The third object of the present disclosure is to provide a pharmaceutical composition
comprising the compound of the present disclosure. Said pharmaceutical composition
comprises at least one compound of the present disclosure and optionally a pharmaceutically
acceptable excipient.
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[0013] The fourth object of the present disclosure is to provide the use of the compound of the
present disclosure or a pharmaceutical composition comprising said compound in the
manufacture of a medicament, in particular an antitumor medicament. Correspondingly, the
present disclosure provides a method for treating a subject suffering from tumor, comprising
administering to the subject in need thereof an effective amount of at least one compound of
the present disclosure. Said tumor is particularly selected from leukemia, multiple myeloma,
lymphoma, liver cancer, gastric cancer, breast cancer, cholangiocellular carcinoma, pancreatic
cancer, lung cancer, colorectal cancer, osteosarcoma, melanoma, human cervical cancer,
glioma, nasopharyngeal carcinoma, laryngeal carcinoma, esophageal cancer, middle ear
tumor, prostate cancer and the like.

[0014] The present disclosure also relates to the compounds of the present disclosure used
for treating a tumor.

Brief Description of the Drawings

[0015]
Figure 1 is a curve showing the dynamic effect of BS-FC-308 on body weight of nude mice;

Figure 2 is a curve showing the dynamic effect of BS-FC-308 on the volume of Hep G2
transplanted tumors in nude mice;

Figure 3 shows the effect of BS-FC-308 on the size of Hep G2 transplanted tumors in nude
mice;

Figure 4 shows the effect of BS-FC-308 on the weight of Hep G2 transplanted tumors in nude
mice;

Figure 5 shows the inhibiting effect of BS-FC-308 on Hep G2 transplanted tumors in nude
mice;

Figure 6 is a curve showing the dynamic effect of BS-FC-308 on the body weight of nude mice;

Figure 7 is a curve showing the dynamic effect of BS-FC-308 on the volume of te KCL-22M
transplanted tumors in nude mice;

Figure 8 shows the effect of BS-FC-308 on the size of KCL-22M transplanted tumors in nude
mice;

Figure 9 shows the effect of BS-FC-308 on the weight of KCL-22M transplanted tumors in
nude mice;

Figure 10 shows the inhibiting effect of BS-FC-308 on the KCL-22M transplanted tumors in
nude mice.
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Detailed description

[0016] The invention is defined by the appended claims.

[0017] The present disclosure provides a novel fangchinoline derivative with antitumor activity,
in particular a 7-substituted fangchinoline derivative of formula (I), or a pharmaceutically

acceptable salt thereof,
OCHj,
W

OCH35
1
wherein

W is -OCHRj-, -OSO,-, or -OC(O)-;

Z is selected from the group consisting of H, C4-Cg alkyl optionally substituted with a
substituent, Co-Cg alkenyl optionally substituted with a substituent, C3-C7 cycloalkyl or

cycloalkenyl optionally substituted with a substituent, heterocyclyl optionally substituted with a
substituent, aryl or heteroaryl optionally substituted with a substituent, and RoR3NCH,CH(OH)-,

or

Z and R4, together with the carbon atom to which they are attached, form C3-C7 cycloalkyl

optionally substituted with a substituent;

R1is H, or R4 and Z, together with the carbon atom to which they are attached, form C3-C7

cycloalkyl optionally substituted with a substituent;

R, and Rj3 are independently H, C¢-Cg alkyl or C»>-Cg alkenyl optionally substituted with
hydroxyl, C1-Cg alkoxy, halogen, C3-C7 cycloalkyl or cycloalkenyl, aryl or heteroaryl, or

R, and Rj, together with the nitrogen atom to which they are attached, form 3-7 membered

nitrogen-containing heterocycle; said nitrogen-containing heterocycle optionally comprises an
additional heteroatom selected from oxygen, sulfur and nitrogen and is optionally substituted
with a substituent;

wherein said substitutent is selected from the group consisting of halogen, amino, C4-Cg alkyl
amino, di(C4-Cg alkyl)amino, nitro, cyano, hydroxyl, C¢{-Cg alkoxy, C4-Cg haloalkoxy, thiol and
C1-Cg alkylthio; for said aryl, heteroaryl, C3-C7 cycloalkyl or cycloalkenyl, heterocyclyl and
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nitrogen-containing heterocyclyl, said substitutent is also selected from the group consisting of
C1-Cg alkyl, hydroxyl C4-Cg alkyl and C4-Cg haloalkyl;

wherein when W is -OCHo-, Z is not ethyl, n-propyl or isopropyl; when W is -OC(O)-, Z is not
ethyl or propyl.

[0018] When W is -OS0»-, the compound of formula (1) of the present disclosure corresponds

to formula (1-1)
Q. Ry
N

HaCO

OCH3

-1
wherein Z=R4', which is selected from the group consisting of H, C4-Cg alkyl optionally
substituted with a substituent, Co-Cg alkenyl optionally substituted with a substituent, C3-C7

cycloalkyl or cycloalkenyl optionally substituted with a substituent, a heterocyclyl optionally
substituted with a substituent, an aryl or a heteroaryl optionally substituted with a substituent;
wherein said substitutent is as defined in the above formula (I).

[0019] When W is -OCHR4-, R1 and Z are defined as in the above formula (I) but Z is not
RoR3NCH>CH(OH)-, the compound of formula (I) of the present disclosure is of formula (1-2),

OCHj3

1-2
wherein Ry’ is -CHR4Z.

[0020] When W is -OC(O)-, the compound of formula (l) of the present disclosure is of formula
(1-3),
Q

ocHs
O 3
H,CO

R 1
O N.
CHs
7
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S/\OM

OCH;

-3

wherein R3'=Z, which is C1-06’ alkyl optionally substituted with a substituent, C>-Cg alkenyl
optionally substituted with a substituent, C3-C7 cycloalkyl or cycloalkenyl optionally substituted
with a substituent, heterocyclyl optionally substituted with a substituent, aryl or heteroaryl
optionally substituted with a substituent; wherein said substituent is as defined in the above
formula (1).

[0021] When W is -OCHy- and Z is RoOR3NCH5CH(OH)-, the compound of formula (I) of the

present disclosure is of formula (1-4),
OH Rs'

OCH3O /_Lv N—R,’

0 I

OCH;5

1-4

L]

wherein R4’ and Rg' are defined as Ry and Rj in the above formula (1).

[0022] According to the first embodiment, the present disclosure relates to a 7-substituted
fangchinoline derivative of formula (l) or a pharmaceutically acceptable salt thereof, wherein W
is -OS0,-; Z is selected from the group consisting of H, C41-Cg alkyl optionally substituted with a

substituent, C»>-Cg alkenyl optionally substituted with a substituent, C3-C; cycloalkyl or

cycloalkenyl optionally substituted with a substituent, heterocyclyl optionally substituted with a
substituent, and aryl or heteroaryl optionally substituted with a substituent; wherein said
substitutent is selected from the group consisting of halogen, amino, C4-Cg alkyl amino, di(C1-

Cg alkyl)amino, nitro, cyano, hydroxyl, C4-Cg alkoxy, C¢-Cg haloalkoxy, thiol and C4-Cg alkylthio;
for said aryl, heteroaryl, C3-C7 cycloalkyl or cycloalkenyl, and heterocyclyl, said substitutent is
also selected from the group consisting of C4-Cg alkyl, hydroxyl C4-Cg alkyl and C4-Cg
haloalkyl.

[0023] In the above embodiment, preferably, Z is selected from the group consisting of C4-Cg
alkyl aryl optionally substituted with a substituent, and aryl or heteroaryl optionally substituted
with a substituent; wherein said substituent is selected from the group consisting of halogen,
amino, C1-Cg alkyl amino, di(C4-Cg alkyl)amino, nitro, cyano, hydroxyl, C4-Cg alkoxy, C4-Cg
haloalkoxy, thiol, and C4-Cg alkylthio; for said aryl and heteroaryl, said substituent is also
selected from C4-Cg alkyl, hydroxyl C¢-Cg alkyl and C4-Cg haloalkyl.
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[0024] In the above embodiment, more preferably, Z is selected from the group consisting of
C1-Cg alkyl optionally substituted with a substituent, phenyl optionally substituted with a

substituent; wherein said substituent is selected from the group consisting of halogen, C4-Cg
alkoxy and C¢-Cg haloalkoxy; said phenyl can also be substituted with a substituent selected

from the group consisting of C¢-Cg alkyl, hydroxyl C4-Cg alkyl and C1-Cg haloalkyl.

[0025] In the above embodiment, most preferably, Z is phenyl optionally substituted with C4-Cg
alkyl.

[0026] In the second embodiment, the present disclosure relates to a 7-substituted
fangchinoline derivative of formula (l) or a pharmaceutically acceptable salt thereof, wherein W
is -OCH»-; Z is selected from the group consisting of C¢-Cg alkyl optionally substituted with a

substituent, Co-Cg alkenyl optionally substituted with a substituent, C3-C7 cycloalkyl or

cycloalkenyl optionally substituted with a substituent, heterocyclyl optionally substituted with a
substituent, aryl or heteroaryl optionally substituted with a substituent, RoR3NCH,CH(OH)-; R»

and R3 are independently H, C4-Cg alkyl, or C»>-Cg alkenyl, which are optionally substituted with
hydroxyl, C1-Cg alkoxy, halogen, C3-C7 cycloalkyl or cycloalkenyl, aryl or heteroaryl, or Ry and
R3 together with the nitrogen atom to which they are attached form 3-7 membered nitrogen-

containing heterocycle; said nitrogen-containing heterocycle optionally comprises an additional
heteroatom selected from the group consisting of oxygen, sulfur and nitrogen and is optionally
substituted with a substituent;

wherein said substitutent is selected from the group consisting of halogen, amino, C4-Cg alkyl

amino, di(C4-Cg alkyl)amino, nitro, cyano, hydroxyl, C¢-Cg alkoxy, C4-Cg haloalkoxy, thiol and
C1-Cg alkylthio; for said aryl, heteroaryl, C3-C7 cycloalkyl or cycloalkenyl, heterocyclyl and

nitrogen-containing heterocyclyl, said substitutent is also selected from the group consisting of
C4-Cg alkyl, hydroxyl C1-Cg alkyl and C4-Cg haloalkyl.

[0027] In the above embodiment, preferably, Z is aryl or heteroaryl optionally substituted with a
substituent; wherein said substitutent is selected from the group consisting of halogen, amino,
C1-Cg alkyl amino, di(C4-Cg alkyl)amino, nitro, cyano, hydroxyl, C4-Cg alkoxy, C1-Cg haloalkoxy,
thiol, C4-Cg alkylthio, C1-Cg alkyl, hydroxyl C¢-Cg alkyl and C4-Cg haloalkyl.

[0028] In the above embodiment, more preferably, Z is phenyl optionally substituted with a
substituent selected from halogen, C4-Cg alkyl, C4-Cg haloalkyl, C1-Cg alkoxy, hydroxyl C4-Cg

alkyl and C4-Cg haloalkoxyl.

[0029] In the second embodiment, preferably, Z is RoR3NCH>CH(OH)-; Ro and Rj3 are
independently H, C4-Cg alkyl or C»-Cg alkenyl optionally substituted with hydroxyl, C1-Cg alkoxy,
halogen, C3-C7 cycloalkyl or cycloalkenyl, aryl or heteroaryl, or R» and Rj together with the

nitrogen atom to which they are attached form 3-7 membered nitrogen-containing heterocycle;
said nitrogen-containing heterocycle optionally comprises an additional heteroatom selected
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from the group consisting of oxygen, sulfur and nitrogen and is optionally substituted with a
substituent; wherein said substitutent is selected from the group consisting of halogen, amino,
C1-Cg alkyl amino, di(C4-Cg alkylyamino, nitro, cyano, hydroxyl, C4-Cg alkoxy, C¢-Cg haloalkoxy,
thiol, C4-Cg alkylthio, C4-Cg alkyl, hydroxyl C¢-Cg alkyl and C4-Cg haloalkyl.

[0030] In the above preferred embodiments, preferably, said nitrogen-containing heterocycle is
piperidinyl, piperazinyl, morpholinyl, thiazinyl, pyrrolidinyl, oxazolidinyl or thiazolidyl, the
substituent being optionally substituted with a substituent selected from the group consisting of
halogen, amino, C1-Cg alkyl amino, di(C4-Cg alkyl)amino, nitro, cyano, hydroxyl, C4-Cg alkoxy,
C4-Cg haloalkoxy, thiol, C1-Cg alkylthio, C¢-Cg alkyl, hydroxyl C4-Cg alkyl and C¢-Cg haloalkyl,
more preferably, said nitrogen-containing heterocycle is piperidinyl optionally substituted with
C4-Cg alkyl, thiazinyl optionally substituted with C1-Cg alkyl, piperazinyl optionally substituted

with N-cyano.

[0031] In the above preferred embodiments, preferably, said Ry and R3 are independently H,
methyl, ethyl, hydroxyethyl, cyclopropylmethyl, allyl, methoxypropyl, or furfuryl.

[0032] In the second embodiment above, preferably, Z is Co-Cg alkenyl or C3-C7 cycloalkyl or

cycloalkenyl; more preferably, Z is vinyl, 1-methylvinyl or cyclopropyl.

[0033] In the third embodiment, the present disclosure relates to the 7-substituted
fangchinoline derivative of formula (l) or a pharmaceutically acceptable salt thereof, wherein W
is -OCHR¢-, Z and R together with the carbon atom to which they are attached form C3-Cy

cycloalkyl optionally substituted with a substituent, wherein said substituent is selected from the
group consisting of halogen, amino, C4-Cg alkyl amino, di(C4-Cg alkyl)amino, nitro, cyano,
hydroxyl, C1-Cg alkoxy, C4-Cg haloalkoxy, thiol, C¢-Cg alkylthio, C¢-Cg alkyl, hydroxyl C4-Cg alkyl
and C4-Cg haloalkyl. Preferably, Z and R¢ together with the carbon atom to which they are

attached form a cyclopentyl or cyclohexyl.

[0034] In the fourth embodiment, the present disclosure relates to the 7-substituted
fangchinoline derivative of formula (l) or a pharmaceutically acceptable salt thereof, wherein W
is -OC(Q)-; Z is selected from the group consisting of C1-Cg alkyl optionally substituted with a

substituent, Co-Cg alkenyl optionally substituted with a substituent, C3-C7 cycloalkyl or

cycloalkenyl optionally substituted with a substituent, heterocyclyl optionally substituted with a
substituent, and aryl or heteroaryl optionally substituted with a substituent;
wherein said substituent is selected from the group consisting of halogen, amino, C4-Cg alkyl

amino, di(C4-Cg alkyl)amino, nitro, cyano, hydroxyl, C{-Cg alkoxy, C4-Cg haloalkoxy, thiol and
C1-Cg alkylthio; for said aryl, heteroaryl, C3-C7 cycloalkyl or cycloalkenyl and heterocyclyl, said
substituent is also selected from the group consisting of C¢-Cg alkyl, hydroxyl C4-Cg alkyl and
C4-Cg haloalkyl.
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[0035] In the fourth embodiment above, preferably, Z is phenyl, pyridyl, or pyridazinyl, each of
which is optionally substituted with a substituent selected from the group consisting of methyl,
ethyl, isopropyl, amino, methylamino, dimethylamino, diethylamino, methoxyl, trifluoromethoxy

and halogen.

[0036] Some of the 7-substituted fangchinoline derivatives of the present disclosure are shown
below. It is observed by measurements that they exhibit an antitumor activity superior to or at
least comparable to that of fangchinoline. These examples are only intended to further
illustrate the present disclosure but not to make any restriction over the scope of the present

disclosure.
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[0037] Some data for the compounds listed above are shown in the following table:

Comlpl):)ound N]!glr?nclljlfr M\?,Lei;l#tar Appearance} State rg;ilt?o]:%z)
B9 | CasHagN20gS | 76291 ferl'%\‘,\t, Powdery 57
B?&C' Ca3HasNoOgS | 748.88 ;3 erll %3,5 P%Vgﬂde i 54
BOTC |CagHagFaN0gS| 74079 | White | FOomdeny 60
ST | CaaHasFNOg | 716.84 ferl'%\‘,\t, Powdery 45
ngFzC_ C43H45N30g 699.83 ;3 erll %\fl P%Vgﬂde i 21
nggc' CasHasF3NoO7 | 782.84 White P‘;ﬁﬂgw 19
B%bFAfC' CaqHaqFoNoOg | 734.83 ;3 erll %;\t, P%Vgﬂde & 13
B |CuHuCIFNOg| 75128 | Bram | Powden | g
B O | CasHauCIFNO | 751.28 ferl'%\‘/\t, Solid 24
B%bFSC' C41H46N20g 662.81 5(;:%3/5 P%ﬁﬂde Y 34
B%}ZC' C40H44N20g 648.79 ;Berl' %;\t, P%ﬁﬂde & 46
83_4:50_ C45H48N207 728.87 ;Ber; %\1/\’[/ P%ﬁﬁde Y 46
BoTe | CasHasFaN2Og | 766.84 ferl'%\‘,\t, Powdery 42
Bg'ﬁc' C44H44CIFN2Og{  751.28 ferl'%\‘,\t, P?Sgﬂg i 23.9
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Corgana] Vel [ Wi [paraee] s | 2o
B | CasHagN:Os | 676.84 ferl'%\‘/\t, Solid 44
B%—;C- C41Ha6N206 |  662.81 5(;:%\15 P%ﬁﬂdery 25
P50 | CagHasNsO7 | 713.82 ferl'%\‘/\t, Solid 21
P50 | CagHasNsO7 | 713.82 ferl'%r\‘,\t, Powdery 66.9
ngic' C41H44N207 676.80 Ser;%\]/\t/ Pc?sgﬁldery 36
P50 | CatHaNsO7 | 693.83 ferl'%r\‘,\t, Powdery 40
55 | CatHaN3O7 | 693.80 White | POwaery 10
823:80' CyeHagN3O7 | 755.90 %:%\"At, P%ﬁﬂdery 35
ngFgC' C4s5HaF3N20g | 796.83 Séll%r\]/\t/ Pc?sgﬁldery 38
P51 | CaaHaFoN07 | 748.81 White | POwaery 47
BS-FC-311] CagHagNoOg | 772.88 ferl'%\‘/\t, Powaery 19
82'1':30' Ca2H4oN407 714.81 Ser;%\]/\t/ Pc?sgﬁldery 28
5357 | conones | o | St [Pt |
82'1':50' CaqH42CIFNO7 1 765.27 Ser;%\]/\t/ Pc?sgﬁldery 49
B%]FSC' C3gHa3N3O7 | 665.77 5(;:%\15 P%ﬁﬂdery 29
oo | CasHagN:0g | 722.82 White | POwery 29
Bibﬁc' Ca7HgoN4O7 792.47 Ser;%r\]/\t/ Pc?sgﬁldery 26
BibFZC' C45H55N308 765.4 5(;:%\15 P%ﬁﬂdery 21
B%ZC' C45H55N307 749.4 5(;:%\15 P%ﬁﬂdery 27
B0 | CoHaoNiOr | 7e24s | BUOM | Powdeny | g
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Comlpl):)ound “/;glr?ncllj lI:r M\?,leei;l#tar Appearance} State rg;ilt?o‘:%z)
8%:50_ C44H53N307 735.39 Ser;%r\]/\t/ P%ﬁﬂdery 05
BibFE;C' CasHssN3O7 | 723.39 ;rl'%x P%gﬁgry 03
BEE;C' CasHs3N3Og | 739.38 ;rl'%x P%gﬁgry 30
B‘Z;)ZC' CaeHs5gN4O7 | 778.98 Ser;%\],\t, F’%V(\)/ﬁgry o5
B‘Z;)ZC' C44H53N307 735.91 Ser;%\]/\t/ F’%V(\)/ﬁgry 20
83-1F00- C46H57N307 763.96 Ser;%r\]/\t/ P%ﬁﬂdery 08
Bi‘ff‘ C4oHagF3N307 | 763.84 Ser;%\],\t, F’%V(\)/ﬁgry o1
Bi-1F40- C42H51N30g 725.87 Ser;%r\]/\t/ P%ﬁﬂdery 9
BEHFE;C_ C44H53N308 751.37 Ser;%r\]/\t/ P%ﬁﬂdery 17
Biﬁc' Ca4H53N307S | 767.36 Ser;%\],\t, F’%V(\)/ﬁgry 23
Bi}FgC' C45H56N407 764 .41 Ser;%\],\t, F’%V(\)/ﬁgry 26
Bi}FgC_ C45H55N30g 765.4 Ser;%r\]/\t/ P%ﬁﬂdery 28
BE'ZFOC' CaeHsgN4O7 | 778.43 Ser;%\],\t, F’%V(\)/ﬁgry 38
Bi'zﬁc' C45H53N507 7744 Ser;%r\],\t, F’Osgloilgry o4
Bi_ZFZC_ C46Hs58N4Og 794.43 Ser;%r\]/\t/ P%ﬁﬂdery 35
Bf{'zic' C44H55N308 753.92 Ser;%\]/\t/ F’%V(\)/ﬁgry o7
B§,_2F50_ Cy45H51N30g 761.37 Serl'%\‘l\t, P%ﬁﬁdery 28
BS5})F10' C44H44N207 712.84 White F’%Vgﬁgry 10
B%bFZC_ C45H46N207 726.87 White P%ﬁﬁdery 8
B%})Ff' Cy45H46N20g 742.87 White P%ﬁﬁdery 9
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Corgana] Vel [ Wi [paraee] s | 2o
BT | CasHaNsO7 | 741.88 White | POwaery 7
BSCT | CagHsaNsO7 | 783.97 White | POwaery 8
P206 | CasoNoOr | 7592 | ST | Poueey 9
PSS | CasHasNzO7 | 727.86 White | POwaery 10

[0038] The compounds as follows are particularly preferred according to the present
disclosure: BS-FC-102, BS-FC-104, BS-FC-204, BS-FC-207, BS-FC-208, BS-FC-213, BS-FC-
216, BS-FC-220, BS-FC-221, BS-FC-304, BS-FC-308, BS-FC-311, BS-FC-315, BS-FC-403,
BS-FC-405, BS-FC-409, BS-FC-410, BS-FC-417, BS-FC-421. It is discovered that they exhibit
an antitumor activity against at least one type of tumor that is significantly superior to that of
unmodified fangchinoline.

[0039] The compounds as follows are most preferred according to the present disclosure.

They exhibit an excellent antitumor activity fully superior to that of fangchinoline.

OCH3;

BS-FC-104

7-benzenesulfonyl fangehinoline

OCH;
BS-FC-221

7-isobutcnyloxy fangchinoline

O/
OCH,
o/
o OCH,
(6] N.
Tty CH3
N
CHj3 Z
o ‘
OCH3 OCH3
BS-FC-308 BS-FC-311



7-(N,N-dimethylamino-benzoyloxy)-fangchinoline

OH
OCHGO/—k/N

HsCO
0 N.

. CH
N 3
CH3 O

9
OGH;
BS-FC-403

7-(1-piperidyl-2-hydroxy-propoxy)-fangehinoling

OCH;

BS-FC-409
7-(1-N-allylmethylamino-2-hydroxy-
propoxy)-fangchinoline
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7-(3,5-dimethoxy-benzoyloxy)-fangchinoline

OGCH,

BS-FC-405

7-(1=cyclopropylmethylaminoe-2-hydroxy-
propoxy )-fangchinoline

OH
" Jel

H,CO
o) N
“CH
N ’
CH3 2 | O
[
o)
OCH,
BS-FC-410

7-(1-(3-methyD)piperidyl-2-hydroxy-
prapoxy)-fangchinoline

OCH;
BS-FC-421

and, 7-(1-N-cyanopiperazinyl-2-hydroxy-propoxy)-fangchinoline

[0040] The present disclosure relates to salts, solvates, hydrates, adducts, complexes,
polymorphs and prodrugs of the compounds of formula (1) of the present disclosure.

[0041] As used herein, the term "alkyl" refers to a straight or branched alkyl containing
designated number of carbon atoms. The alkyl can comprise 1-6, 1-5, 1-4 or 1-3 carbon
atoms. Examples of alkyl include, but not limited to, methyl, ethyl, n-propyl, isopropyl, tert-butyl,
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n-pentyl, and n-hexyl.

[0042] The term "alkenyl" refers to a straight or branched alkenyl containing designated
number of carbon atoms. The alkenyl can comprise 2-6, 2-5, 2-4 or 2-3 carbon atoms.
Examples of alkenyl include, but not limited to, vinyl, allyl, butenyl, and isobutenyl.

[0043] The term "alkynyl" refers to a straight or branched alkynyl containing designated
number of carbon atoms. The alkynyl can comprise 2-6, 2-5, 2-4 or 2-3 carbon atoms.
Examples of alkynyl include, but not limited to, acetenyl and propinyl.

[0044] The term "C3-C7 cycloalkyl or cycloalkenyl" refers to a 3-7 membered monocyclic
hydrocarbon radical having either a saturated or an unsaturated ring. C3-C7 cycloalkyl or

cycloalkenyl can be cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclopropenyl
and cyclohexenyl.

[0045] The term "aryl" refers to a monocyclic aryl or polycyclic aryl, fused or unfused,
containing 6-14 (such as 6-12, 6-20) carbon atoms. In the case of polycyclic aryl, at least one
ring is aromatic. Aryl can also be fused with a heterocyclyl. Examples of aryl include phenyl,
biphenyl, naphthyl, 5,6,7,8-tetrahydronaphthyl, 2,3-dihydrobenzofuranyl, etc.

[0046] The term "heteroaryl" refers to an aromatic ring group having 1-4 heteroatoms (e.g. 1,
2, 3 or 4 heteroatoms) in the ring as ring atom(s). A heteroatom refers to nitrogen, oxygen or
sulfur. A heteroaryl can be a monocyclic heteroaryl having 5-7 ring atoms or a bicyclic
heteroaryl having 7-11 ring atoms. Said bicyclic heteroaryl should comprise at least one
aromatic heterocycle, and the other ring can be aromatic or non-aromatic, with or without a
heteroatom. Examples of heteroaryl include such as pyrrolyl, pyrazolyl, imidazolyl, oxazolyl,
pyridinyl, pyrimidinyl, furanyl, thiophenyl, isoxazolyl, indolyl, etc.

[0047] The term "heterocyclyl" refers to a non-aromatic cyclic group containing 1-4
heteroatoms (e.g. 1, 2, 3 or 4 heteroatoms) as ring members. A heteroatom refers to nitrogen,
oxygen or sulfur. A heterocyclyl can be a monocyclic heterocyclyl having 4-8 ring atoms (such
as 4-7 membered ring, 5-7 membered ring and 5-6 membered ring) or a bicyclic heterocyclyl
having 7-11 ring atoms. A heterocyclyl can be either aromatic or non-aromatic. Examples of
heterocyclyls include azacyclobutyl, pyrrolidinyl, pyrrolinyl, tetrahydrofuryl, dihydrofuryl,
piperazinyl, piperidyl, morpholinyl, thiomorpholinyl, tetrahydropyranyl, tetrahydrothienyl, etc.

[0048] The term "nitrogen-containing heterocyclyl" refers to a "heterocyclyl" as defined above
that comprises at least one nitrogen atom as a ring member.

[0049] The term "halogen" refers to fluorine, chlorine, bromine or iodine.

[0050] The term "alkylamino" refers to an amino group substituted with one or two alkyls
defined as above.
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[0051] The term "alkoxy" includes alkyl-O-group, wherein the alkyl is defined as above.
[0052] The term "alkylthio" includes alkyl-S-group, wherein the alkyl is defined as above.

[0053] The term "pharmaceutically acceptable adducts and complexes of the compounds of
formula ()" refers to the product formed by a compound of the present disclosure with further
combined small molecule or biological macromolecule via a non-chemical bond or non-
covalent intermolecular force.

[0054] As used herein, the term "pharmaceutically acceptable salts of the compounds of
formula ()" can be exemplified by organic acid salts formed by an organic acid bearing a
pharmaceutically acceptable anion. These organic acid salts include, but not limited to,
tosylate, methanesulfonate, malate, acetate, citrate, malonate, tartrate, succinate, benzoate,
ascorbate, a-ketoglutarate, and a-glycerophosphate. Suitable inorganic salts may also be
formed, including but not limited to, hydrochloride, sulfate, nitrate, bicarbonate and carbonate,
phosphate, hydrobromate, hydriodate salts and the like.

[0055] A pharmaceutically acceptable salt may be obtained using standard procedures well
known in the art, for example by reacting a sufficient amount of alkaline compound with a
suitable acid that provides a pharmaceutically acceptable anion.

[0056] As used herein, the term "polymorph" means a solid crystalline form of the compound
of the present disclosure or a complex thereof. Various polymorphs of one same compound
may exhibit different physical, chemical and/or spectroscopic properties. The different physical
properties include, but not limited to, stability (e.g., thermal or light stability), compressibility
and density (which are important for formulation and manufacture of the product), and
dissolution rate (which may affect its bioavailability and absorbability). Differences in stability
may result in a change in chemical reactivity (e.g., differential oxidation, such that a dosage
form comprised of one polymorph discolors more rapidly than one comprised of another
polymorph) or mechanical properties (e.g., in storage, crushed parts of the tablet of a
kinetically favored polymorph is converted to a thermodynamically more stable polymorph) or
both (e.g., tablets composed of one polymorph are more susceptible to breakdown at high
humidity). Different physical properties of various polymorphs may affect their processing. For
example, one polymorph may be more likely to form a solvate or may be more difficult to be
filtered out or purified by washing than another one due to, for example, their different particle
shapes or size distributions.

[0057] As used herein, the term "hydrate" means such a compound of the present disclosure
or a salt thereof as further comprising a stoichiometric or non-stoichiometric amount of water
bound via non-covalent intermolecular forces.

[0058] Unless otherwise indicated, the term "prodrug” used herein means a derivative of an
inventive compound that, via hydrolyzation, oxidization, or other reactions under a biological
condition (in vitro or in vivo), can provide a compound of this disclosure. A prodrug may only
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become active upon such a reaction under a biological condition, or may have activities in its
unreacted form. Typically, a prodrug can be prepared using known methods, such as those
described in Burger's Medicinal Chemistry and Drug Discovery (1995) 172-178, 949-982
(Manfred E. Wolff, 5th edition), Prodrugs and Targeted Delivery by J. Rautio (2011) 31-60
(Wiley-VCH, Methods and Principles in Medicinal Chemistry, Vol. 47), and Fundamentals of
Medicinal Chemistry (2003) by G. Thomas, 195-200 (Wiley).

[0059] The two chiral centers of the 7-substituted fangchinoline derivatives in the compounds
of the present disclosure have the stereochemical structure represented by the structural
formula (I). The stereochemical definitions and conventions used herein generally follow
MCGRAW-HILL DICTIONARY OF CHEMICAL TERMS (S. P. Parker, Ed., McGraw-Hill Book
Company, New York, 1984); and ELIEL, E. AND WILEN, S., STEREOCHEMISTRY OF
ORGANIC COMPOUNDS (John Wiley & Sons, Inc., New York, 1994). Many organic
compounds are present in optically active forms, i.e., they have the ability to rotate a plane of
plane-polarized light.

[0060] The "antitumor activity" as used herein refers to direct inhibition or killing of tumor cells
or tissue. The examples of the present application partially determine the antitumor activity of
the compounds of the present disclosure.

[0061] The terms "treatment", "treating”, "treat” and the like used herein refer generally to
obtaining a desired pharmacological and/or physiological effect. The effect may be prophylactic
in terms of completely or partially preventing a disease or symptoms thereof and/or may be
therapeutic in terms of partial or complete stabilization or cure of a disease and/or adverse
effects caused by the disease. "Treatment" as used herein covers any treatment of a disease
in a subject, including: (a) preventing the disease or symptoms from occurring in a subject who
is predisposed to the disease or symptoms but has not yet been diagnosed as having it; (b)
inhibiting the symptoms of a disease, i.e., arresting its development; or (c) relieving the
symptoms of a disease, i.e., causing regression of the disease or symptoms.

[0062] The compounds of the present disclosure can be prepared through a conventional
organic chemistry synthesis process. For example, the 7-substituted fangchinoline derivatives
of formula (1) of the present disclosure are prepared as follows.

Q_Ry
=
S el PSS
{NI SO \I”N‘CH;; ’ [NT TO Ty ‘TN‘CHg
| A
CH; o~ T CHy 7~ 2
eNe e
(O T (o}
OCH;4 OCH3;
FAN -1

[0063] The 7-substituted fangchinoline derivative of formula (I-1) can be produced by reacting
fangchinoline (FAN) with a corresponding alkyl or aromatic sulfonyl chloride (R1'SO2Cl) in the
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presence of an alkali at room temperature.

[0064] The alkali used in the above reaction can be either an organic or an inorganic alkali.
Examples can be such as triethylamine, diisopropylethylamine, sodium hydroxide, etc. The
organic sulfonyl chloride can be either a commercially available starting material or prepared
from an organic sulfonic acid.

[0065] The above reaction typically takes place in a solvent. The solvent for the reaction
includes, but not Ilimited to, dichloromethane, acetonitrile, N,N-dimethylformamide,
tetrahydrofuran, etc.

OCH OCH ,
“OH ‘o-Re
H;CO {BUOK H;CO
S, wme L0
g "CH, g N\CHs
) N
N
8] o
OCHs OCHs
FC -2

[0066] The 7-substituted fangchinoline derivative of formula (1-2) can be produced by reacting
fangchinoline (FAN) firstly with a strong alkali and then with a corresponding halo hydrocarbon
(R2'X) in the presence of an alkali.

[0067] The alkali used in the above reaction includes, but not limited to, organic alkali such as
potassium tert-butoxide, sodium ethoxide, and potassium ethoxide. The chlorohydrocarbon
can be a commercially available starting material.

[0068] The temperature of the above reaction depends on the reactivity of the
chlorohydrocarbon and can be either at room temperature or under heating condition, such as
at a temperature of 30 to 80 °C.

[0069] The above reaction typically takes place in a solvent. The solvent used for the reaction
includes, but not limited to, dimethylsulfoxide, acetonitrile, N,N-dimethylformamide and
tetrahydrofuran.
(@]
OCH OCH
3()H SOJ'I\RB-
H,CO

Ry'COH
\ DMPA
“CcH,  DCC,DCM

OCH3 OCH3



DK/EP 2805954 T3

FC 1-3

[0070] The 7-substituted fangchinoline derivative of formula (1-3) can be produced by reacting
fangchinoline (FAN) with a corresponding organic acid (R3'COoH) in the presence of a

condensating agent and an alkali at room temperature.

[0071] The alkali used in the above reaction includes, but not limited to, an organic alkali, such
as triethylamine, diisopropylethylamine, and dimethylaminopyridine. The organic acid can be a
commercially available starting material and an organic acyl chloride may also be used in this
reaction.

[0072] The temperature of the above reaction depends on the reactivity of the organic acid
and can be either at room temperature or under heating condition, such as at a temperature of
30 to 60 °C.

[0073] The above reaction typically takes place in the presence of a condensating agent. The
condensating agent herein can be, but not limited to, an organic condensating agent, such as
diisopropylcarbodiimide, dicyclohexylcarbodiimide, etc.

[0074] The esterification reaction typically takes place in a solvent but it may also take place in
the absence of a solvent. The solvent used includes, but not limited to, an organic polar
solvent, such as dichloromethane (DCM), tetrahydrofuran (THF), N,N-dimethylformamide
(DMF), dimethylsulfoxide (DMSQ), etc.

OH Ry
OCH OCH N
“oH 1)tBuOK DMSO 30/_k/N Re
H300 H,CO
N
“CH
2) Ry/RsNH
CH3 £ EtOH | O
N
0
OCHS OCH;4
FC I-4

[0075] The 7-substituted fangchinoline derivative of formula (1-4) can be produced by a two-
step reaction:

1. (1) reacting fangchinoline with potassium tert-butoxide at a low temperature and add
chloromethyl propylene oxide dropwise at an ice bath temperature. The reaction lasts 30
min to 2 hr, followed by extraction to give the substituted intermediate.

2. (2) reacting this intermediate with a corresponding organic amine to give the product.
The temperature of the amination depends on the reactivity of the organic amine and it
typically needs heating, such as at a temperature of 80 to 120 °C.
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[0076] The amination typically takes place in a polar solvent. The solvent used includes, but
not limited to, ethanol, tetrahydrofuran (THF), N,N-dimethylformamide (DMF),
dimethylsulfoxide (DMSOQ), etc.

[0077] In formula (I-1), (I-2), (I-3), and (I-4), R4, Ry, R3 and R4 are defined the same as in the

above formula (1).

[0078] The starting materials for the above reaction, such as organic acids, organic amines,
organic sulfonyl chloride and organic acyl chlorides, are all commercially available. The
fangchinoline material can be either obtained by extraction from natural products or
commercially available.

[0079] Conventional chemical conversion processes may be used to practice this disclosure.
One skilled person in the art can determine suitable chemical agents, solvents, protecting
groups, and reaction conditions for these chemical conversions. Relevant information are
described, for example, in R. Larock, Comprehensive Organic Transformations, VCH
Publishers (1989); T.W. Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 3rd
Ed., John Wiley and Sons (1999); L. Fieser and M. Fieser, Fieser and Fieser's Reagents for
Organic Synthesis, John Wiley and Sons (1994); and L. Paquette, ed., Encyclopedia of
Reagents for Organic Synthesis, John Wiley and Sons (1995) and subsequent editions thereof.

[0080] Protecting groups refer to the groups that, upon being attached to an active moiety
(e.g., a hydroxyl or amino group), prevent the moiety from interference in a subsequent
reaction and, after the reaction, can be removed through a conventional method. Examples of
protecting groups for a hydroxyl include, but not limited to, alkyl, benzyl, allyl, trityl (also known
as triphenylmethyl), acyl (e.g., benzoyl, acetyl, or HOOC-X"-CO-, wherein X" is alkylidene,
alkenylene, cycloalkylene, or arylene), silyl (e.g., trimethylsilyl, triethylsilyl, and -
butyldimethylsilyl), alkoxylcarbonyl, aminocarbonyl (e.g., dimethylaminocarbonyl,
methylethylaminocarbonyl, and phenylaminocarbonyl), alkoxymethyl, benzyloxymethyl, and
alkylmercaptomethyl. Examples of protecting groups for an amino include, but not limited to,
alkoxycarbonyl, alkanoyl, aryloxycarbonyl, aryl-substituted alkyl and the like. Protecting groups
for hydroxyl and amino have been discussed in TW Greene and P.G.M. Wuts, Protective
Groups in Organic Synthesis, 2nd. Ed., John Wiley and Sons (1991). All hydroxyl and amino
protecting groups can be removed by a conventional method after the reaction.

[0081] The present disclosure also provides a pharmaceutical composition comprising the
compound of formula (1) of the present disclosure.

[0082] The present disclosure provides a pharmaceutical composition which comprises at least
one compound of formula (I) of the present disclosure as defined above and optionally a

pharmaceutically acceptable excipient.

[0083] The methods for preparing various pharmaceutical compositions having a given
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amount of active components are known or will be apparent to those skilled in the art in light of
this disclosure. As described in REMINGTON'S PHARMACEUTICAL SCIENCES, Martin, E.W.,
ed., Mack Publishing Company, 19th ed. (1995), the methods for preparing such
pharmaceutical compositions include incorporation of other suitable pharmaceutical excipients,
carriers, diluents, etc.

[0084] The pharmaceutical preparations of the present disclosure are produced by known
methods, including mixing, dissolving, or freeze drying processes.

[0085] The compounds of the present disclosure may be formulated into a pharmaceutical
composition and administered to a subject in a route suitable for the selected administration
manner, e.g., orally or parenterally (for example, by an intravenous, intramuscular, topical or
subcutaneous route).

[0086] Thus, the present compounds may be systemically administered, e.g., orally
administered, in conjugation with a pharmaceutically acceptable carrier such as an inert diluent
or an edible carrier. They may be enclosed in hard or soft gelatin capsules, or may be
compressed into tablets. For therapeutic oral administration, the active compound may be
combined with one or more excipients and may be taken in a form of ingestible tablet, buccal
tablet, troche, capsule, elixir, suspension, syrup, wafer, and the like. Such a composition or
preparation should contain at least 0.1% of the active compound. Of course, the proportion of
active compound in the compositions and preparations mayvary and may be from about 1% to
about 99% by weight of a given unit dosage form. In a therapeutically useful composition, the
active compound is present in an amount such that an effective dosage level is achieved.

[0087] A tablet, troche, pill, capsule and the like may also comprise a binder, such as gum
tragacanth, arabic gum, corn starch or gelatin; an excipient such as calcium
dihydrogenphosphate; a disintegrating agent such as corn starch, potato starch, alginic acid
and the like; a lubricant such as magnesium stearate; and a sweetening agent such as
sucrose, fructose, lactose or aspartame; or a flavoring agent such as peppermint, wintergreen
oil, or cherry flavor. In case the unit dosage form is a capsule, it may comprise, in addition to
the above materials, a liquid vehicle such as a vegetable oil or polyethylene glycol. Various
other materials may be present as coatings or otherwise modify the physical form of the solid
unit dosage form. For instance, a tablet, pill, or capsule may be coated with gelatin, wax,
shellac or sugar, etc. A syrup or elixir may contain an active compound, a sweetening agent
such as sucrose or fructose, a preservative such as methylparaben or propylparaben, a dye
and a flavoring agent (such as cherry or orange flavor). Of course, any materials used in
preparing unit dosage forms should be pharmaceutically acceptable and substantially non-toxic
in the amounts employed. In addition, the active compound may be incorporated into a
sustained-release preparation or in a device.

[0088] The active compound may also be administered intravenously or intraperitoneally by
infusion or injection. An aqueous solution of the active compound or its salt may be prepared,
optionally mixed with a nontoxic surfactant. Also can be prepared is dispersion in glycerol,
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liquid polyethylene glycol, triacetin, or a mixture thereof, or in an oil. Under ordinary storage
and use conditions, these preparations contain a preservative to prevent the growth of
microorganisms.

[0089] The pharmaceutical dosage forms suitable for injection or infusion may include a sterile
aqueous solution, a dispersion or a sterile powder comprising active ingredient (optionally
encapsulated in liposomes), which are adapted for an extemporaneous preparation of a sterile
injectable or infusible solution or dispersion. In all cases, the final dosage form must be sterile
and stable liquids under the manufacture and storage conditions. The liquid carrier or vehicle
may be a solvent or a liquid dispersion medium comprising, for example, water, ethanol, a
polyol (for example, glycerol, propylene glycol, liquid polyethylene glycol, and the like), a
vegetable oil, a nontoxic glyceryl ester, and a suitable mixture thereof. A proper fluidity can be
maintained, for example, by formation of liposomes, by maintenance of the required particle
size in the case of dispersion or by the use of a surfactant. The prevention of microorganism
can be achieved by various antibacterial and antifungal agents, such as parabens,
chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, an isotonic agent is
preferably comprised, such as sugar, buffer agent or sodium chloride. Prolonged absorption of
an injectable composition can be obtained by the use of a composition of the agents for
delaying absorption, for example, aluminum monostearate and gelatin.

[0090] An injectable sterile solution is prepared by combining a required amount of the active
compound in a suitable solvent with various additional desired components as listed above,
followed by filtration and sterilization. For sterile powder used to prepare an injectable sterile
solution, the preferred preparation process is vacuum drying and freeze drying techniques,
which yield a powder of the active ingredient plus any additional desired ingredient present in
the previous filtered sterile solution.

[0091] Useful solid carriers include finely divided solids such as talc, clay, microcrystalline
cellulose, silica, alumina and the like. Useful liquid carriers include water, ethanol or ethylene
glycol or a water-ethanol/ ethylene glycol mixture, in which the compound of the present
disclosure can be dissolved or dispersed at an effective content, optionally with the aid of a
non-toxic surfactant. An adjuvant (such as a flavour) and additional antimicrobial agent can be
added to optimize the properties for a given application.

[0092] Thickening agent (such as a synthetic polymer, a fatty acid, a fatty acid salt and ester, a
fatty alcohol, a modified cellulose or a modified inorganic material) can also be used with a
liquid carrier to form a spreadable paste, gel, ointment, soap and the like for applying directly
to the skin of a user.

[0093] The amount of the compound or an active salt or derivative thereof required for a
treatment varies depending not only on the selected particular salt but also on the
administration route, the nature of the condition to be treated and the age and condition of the
subject, and will be ultimately determined at the discretion of the attendant physician or
clinician.
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[0094] The above formulations can be present in a unit dosage form which is a physically
discrete unit containing a unit dosage, which is suitable for administering to a human or other
mammalians. The unit dosage form may be a capsule or a tablet, or a plurality of capsules or
tablets. Depending upon the intended particular therapy, the amount of the active ingredient in
a unit dosage form can be varied or adjusted in the range of about 0.1 mg to about 1,000 mg
or more.

[0095] The present disclosure also provides the use of a compound according to the present
disclosure or a pharmaceutical composition comprising the compound of the present
disclosure in manufacture of a medicament, especially an antitumor medicament. Accordingly,
the present disclosure provides a method for treating a subject suffering from tumor,
comprising administering to the subject in need thereof a therapeutically effective amount of at
least one compound of the present disclosure. The 7-substituted fangchinoline derivatives of
the present disclosure or a pharmaceutically acceptable salt thereof can be used, for example,
for the treatment of leukemia, multiple myeloma, lymphoma, liver cancer, gastric cancer, breast
cancer, cholangiocellular carcinoma, pancreatic cancer, lung cancer, colorectal cancer,
osteosarcoma, melanoma, cervical cancer, glioma, nasopharyngeal carcinoma, laryngeal
carcinoma, esophageal cancer, middle ear tumor, prostate cancer, etc.

[0096] The present disclosure will be explained in more detailed by the following examples.
However, it should be understood that the following examples are intended for illustration only
but not to limit the scope of the present disclosure in any way.

[0097] The raw chemicals used in the following examples are commercially available or may
be obtained by a synthesis method known in the art.

Example 1: The synthesis of compound BS-FC-102

[0098]
OCH;
OH
H,CO
O
N
CH3 =
oy l
OCH; OCHj;
Fangchinoline BS-FC-102

wherein DIPEA is N,N-diisopropylethylamine.
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[0099] To dichloromethane (2 mL) were added fangchinoline (120 mg, 0.2 mmol) and
paratoluenesulfonyl chloride (56 mg, 0.29 mmol), followed by N,N-diisopropylethylamine (51
mg, 0.39 mmol). The reaction solution was heated up to 40°C and stirred for 2 hours. After the
reaction was completed, the reaction solution was washed with saturated salt solution. The
separated organic phase was dried with anhydrous sodium sulfate and rotavapped. The
resulted crude product was separated and purifed through preparative thin layer
chromatography (dichloromethane: methanol=8:1) to give the bright yellow powdery compound
BS-FC-102 (73mg, yield 49%).

[0100] LC-MS: retention time: 1.11 min (95.24%); m/z 763 [M+H]*, 382 [1/2M+H]*.

"H NMR (301 MHz, partial assignment of signals in CDCI3) & 1.23(s, 3H, CH3), 2.41(s, 3H, N-
CH3), 2.90(s, 3H, N-CH3), 3.15(s, 3H, OCHj), 3.41(s, 3H, OCH3), 3.92(s, 3H, 12-OCH3),
5.84(s, 1H, 8'-H), 6.17(s, 1H, 5-H), 6.28(d, 1H, J=9Hz, 11'-H), 6.43(s, 1H, H- benzene ring),
6.59(s, 1H, H-benzene ring), 6.88(m, 3H, H- benzene ring), 7.11-7.17(m, 3H, H- benzene ring),
7.41-7.50(m, 3H, H- benzene ring).

[0101] Compound BS-FC-104 was prepared by reacting fangchinoline with benzenesulfonyl
chloride according to the process for preparing BS-FC-102 using the same reagents: LC-MS:

retention time: 0.99 min (100%); m/z 749.0 [M+H]*, 374.9 [1/2M+H]".

[0102] Compound BS-FC-105 was prepared by reacting fangchinoline with
trifluoromethylsulfonyl chloride according to the process for preparing BS-FC-102 using the
same reagents:

LC-MS: retention time: 1.03 min (90.45%); m/z 741.0 [M+H]*, 371.1 [1/2M+H]".
TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.73(s, 3H, N-CH3), 3.01(s, 3H,
N'-CHj3), 3.53(s, 3H, 6'-OCHj3), 3.83(s, 3H, 6-OCHj3), 3.96(s, 3H, 12-OCH3;), 6.05(s, 1H, 8'-H),

6.42(m, 2H, H-benzene ring), 6.55(s, 1H, H- benzene ring), 6.71(s, 1H, H- benzene ring),
6.96(m, 2H, 2H- benzene ring), 7.52(m, 1H, 14'-H).

Example 2: The synthesis of compound BS-FC-206

[0103]

OCH; OCH,

Fangchinoline RS_FM2NA
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P N

wherein: t-BuOK is potassium tert-butoxide.

[0104] To dimethylsulfoxide (2 mL) was added fangchinoline (80 mg, 0.13 mmol), followed by
the addition of potassium tert-butoxide (22.5 mg, 0.1971 mmol) at 0 °C. The reaction solution
was warmed to room temperature and stirred for 0.5 hr. 3-fluoro-4-chloro benzyl chloride (26.5
mg, 0.12 mmol) dissolved in dimethylsulfoxide was added dropwise to the reaction solution.
The reaction solution was heated up to 40 °C and stirred for 2 hr. After the reaction was
completed, water (20mL) was added to the reaction solution and dichloromethane (5 mLx3)
was used for extraction. The organic phases were combined, washed with saturated salt
solution and rotavapped. The resulted crude product was separated and purifed through
preparative thin layer chromatography (dichloromethane: methanol=10:1) to give the bright
yellow powdery compound BS-FC-206 (23.6mg, yield 24%).

LC-MS: retention time: 1.10 min (99.12%); m/z 751 [M+H]*, 376 [1/2M+H]*. TH NMR (301
MHz, partial assignment of signals in CDCI3) & 2.55(s, 3H, N-CH3), 3.48(s, 3H, 6'-OCHj),
3.76(s, 3H, 6-OCHS3), 3.94(s, 3H, 12-OCHs), 5.81(s, 1H, 8'-H), 6.60(s, 1H, H- benzene ring),
6.74 (m, 1H, H- benzene ring).

[0105] Compound BS-FC-201 was prepared by reacting fangchinoline with parafluorobenzyl
chloride according to the process for preparing BS-FC-206 using the same reagents: LC-MS:

retention time: 1.13 min (85.98%); m/z 717.0 [M+H]*, 359.0 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.53(s, 3H, N-CH3), 2.59(s, 3H,
N-CHsj), 3.41(s, 3H, 6'-OCH3),3.61(s, 3H, 6-OCH3), 3.92(s, 3H, 12-OCHsj), 5.77(s, 1H, 8'-H),

6.36(s, 1H, H- benzene ring), 6.46(s, 1H, H- benzene ring), 6.53(s, 1H, H- benzene ring), 6.78-
6.89(m, 5H, H- benzene ring), 7.11-7.36(m, 3H, H- benzene ring).

[0106] Compound BS-FC-202 was prepared by reacting fangchinoline with 3-bromomethyl
pyridine according to the process for preparing BS-FC-206 using the same reagents: LC-MS:

retention time: 0.79 min (92.16%); m/z 700.1 [M+H]*, 350.5 [1/2M+H]*.

[0107] Compound BS-FC-203 was prepared by reacting fangchinoline with paratrifluoro-
methoxybenzyl bromide according to the process for preparing BS-FC-206 using the same
reagents:

LC-MS: retention time: 1.21 min (94.06%); m/z 782.9 [M+H]*, 392.0 [1/2M+H]".

TH NMR (301 MHz, partial assignment of signals in CDCI3) & 2.43(s, 3H, N-CH3), 2.52(s, 3H,
N-CHs3), 3.49(s, 3H, 6'-OCH3), 3.75(s, 3H, 6-OCH3j), 3.94(s, 3H, 12-OCH3), 4.34(d, 1H, J=8.1
Hz), 4.70(d, 1H, J=8.1 Hz),5.89(s, 1H, 8'-H), 6.31(d, 1H, J=8.4, 11'-H), 6.40(s, 1H, H- benzene
ring), 6.47(s, 1H, H- benzene ring), 6.60(s, 1H, H- benzene ring), 6.86(d, 2H, J=8.7 Hz, H-
benzene ring), 6.93(m, 3H, H- benzene ring), 7.06(d, 1H, J= 8.4 Hz, 13'-H),7.13(d, 1H, J= 8.1
Hz, 13'-H), 7.42(d, 1H, J=8.1 Hz, 14'-H).

[0108] Compound BS-FC-204 was prepared by reacting fangchinoline with 2,3-difluorobenzyl
bromide according to the process for preparing BS-FC-206 using the same reagents: LC-MS:
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retention time: 1.11 min (99.35%); m/z 735.0 [M+H]*, 368.0 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.36(s, 3H, N-CH3), 2.55(s, 3H,
N-CHs3), 3.37(s, 3H, 6'-OCH3), 3.74(s, 3H, 6-OCH3), 3.92(s, 3H, 12-OCH3), 4.46(d, 1H, J=8.1
Hz), 4.65(d, 1H, J=8.1 Hz), 5.75(s, 1H, 8'-H), 6.27(d, 1H, J=8.4, 11'-H), 6.35(s, 1H, H- benzene
ring), 6.46(s, 1H, H- benzene ring), 6.51(s, 1H, H- benzene ring), 6.86(m, 2H, H- benzene
ring), 6.95-7.13(m, 4H, H- benzene ring), 7.15(dd, 1H, J=2.1,8.1 Hz, 13'-H), 7.36(dd, 1H, J
=2.1,8.1 Hz, 14'-H).

[0109] Compound BS-FC-205 was prepared by reacting fangchinoline with 3-chloro-4-
fluorobenzyl bromide according to the process for preparing BS-FC-206 using the same
reagents:

LC-MS: retention time: 1.09 min (96.28%); m/z 751.2 [M+H]*, 376.2 [1/2M+H]*.
TH NMR (301 MHz, partial assignment of signals in CDCI3) & 2.41(s, 3H, N-CH3), 2.61(s, 3H,
N'-CH3), 3.41(s, 3H, 6'-OCH3), 3.75(s, 3H, 6-OCH3), 3.94(s, 3H, 12-OCH3), 5.79(s, 1H, 8'-H),

6.32(m, 1H, 11'-H), 6.36(s, 1H, 5-H), 6.49(s, 1H, H-benzene ring), 6.54(s, 1H, H-benzene ring),
6.82-6.99(m, 3H, H-benzene ring), 7.11(m, 2H, H-benzene ring), 7.34(m, 1H, 14'-H).

[0110] Compound BS-FC-208 was prepared by reacting fangchinoline with bromomethyl
cyclopropane according to the process for preparing BS-FC-206 using the same reagents: LC-

MS: retention time: 1.06 min (95.93%); m/z 663.0 [M+H]*, 332.0 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCI3) & 2.71(s, 3H, N'-CH3), 3.41(s, 3H,
6'-OCHj3), 3.75(s, 3H, 6-OCHa3), 3.94(s, 3H, 12-OCH3), 5.79(s, 1H, 8'-H).

[0111] Compound BS-FC-213 was prepared by reacting fangchinoline with bromopropylene
according to the process for preparing BS-FC-206 using the same reagents:

LC-MS: retention time: 1.04 min (97.48%); m/z 649.1 [M+H]*, 324.9 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.39(s, 3H, N-CH3), 2.62(s, 3H,
N'-CHj3), 3.39(s, 3H, 6'-OCHj3), 3.75(s, 3H, 6-OCHj3), 3.93(s, 3H, 12-OCH3j), 5.97(s, 1H, 8'-H),

6.30(m, 2H, H-benzene ring), 6.53(m, 2H, H-benzene ring), 6.87(m, 3H, H-benzene ring),
7.15(m, 1H, 13'-H), 7.38(m, 1H, 14'-H).

[0112] Compound BS-FC-215 was prepared by reacting fangchinoline with paramethoxybenzyl
bromide according to the process for preparing BS-FC-206 using the same reagents: LC-MS:

retention time: 1.03 min (89.37%); m/z 729.2 [M+H]*, 365.1 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.56(s, 3H, N-CH3), 3.38(s, 3H,
6'-OCHs), 3.75(s, 6H, OCH3), 3.93(s, 3H, 12-OCHs), 5.79(s, 1H, 8'-H), 6.39(m, 1H, H-benzene
ring), 6.51(m, 2H, H-benzene ring), 6.79(m, 1H, H-benzene ring), 6.91(m, H-benzene ring).

[0113] Compound BS-FC-216 was prepared by reacting fangchinoline with paratrifluoro
methoxybenzyl bromide according to the process for preparing BS-FC-206 using the same
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reagents:

LC-MS: retention time: 1.08 min (94.44%); m/z 767.1 [M+H]*, 384.0 [1/2M+H]".

[0114] Compound BS-FC-217 was prepared by reacting fangchinoline with 6-chloro-2-
fluorobenzyl bromide according to the process for preparing BS-FC-206 using the same
reagents:

LC-MS: retention time: 1.06 min (95.06%); m/z 751.2 [M+H]*, 376.2 [1/2M+H]*.
TH NMR (301 MHz, partial assignment of signals in CDCI3) & 2.46(s, 3H, N-CH3), 2.76(s, 3H,
N'-CH3), 3.34(s, 3H, 6'-OCHj3), 3.79(s, 3H, 6-OCH3), 3.93(s, 3H, 12-OCH3), 6.26(m, 1H, 11'-H),

6.34(s, 1H, 5-H), 6.44(s, 1H, H-benzene ring), 6.50(s, 1H, H-benzene ring), 6.74(m, 1H, 10'-
H), 6.80(m, 2H, H-benzene ring), 7.16(m, 3H, H-benzene ring), 7.40(m, 2H, H-benzene ring).

[0115] Compound BS-FC-220 was prepared by reacting fangchinoline with iodocyclopentane
according to the process for preparing BS-FC-206 using the same reagents:

LC-MS: retention time: 1.00 min (99.74%); m/z 677.1 [M+H]*, 339.0 [1/2M+H]*.
TH NMR (301 MHz, partial assignment of signals in CDCI3) & 2.42(s, 3H, N-CH3), 2.72(s, 3H,
N'-CH3), 3.37(s, 3H, 6'-OCH3), 3.74(s, 3H, 6-OCH3), 3.93(s, 3H, 12-OCH3), 5.89(s, 1H, 8'-H),

6.35(m, 2H, H-benzene ring), 6.51(s, 1H, H-benzene ring), 6.53(s, 1H, H-benzene ring),
6.83(m, 1H, H-benzene ring), 6.89(d, 1H, J=8.1 Hz, H-benzene ring), 7.16(dd, 1H, J = 2.1, 8.1
Hz, 13'-H), 7.42(dd, 1H, J=2.1, 8.1 Hz, 14'-H).

[0116] Compound BS-FC-221 was prepared by reacting fangchinoline with 3-bromo-2-
methylpropylene using the same reagents as above according to the process for preparing BS-
FC-206:

LC-MS: retention time: 1.00 min (99.72%); m/z 663.2 [M+H]*, 332.0 [1/2M+H]".

Example 3: The synthesis of compound BS-FC-304

[0117]
OCH;

COOH

: DIC, DIPEA, DMAP

OCH3 OCH3

Fangchingline BS-FC-304
wherein: DIC is N,N'-diisopropylcarbodiimide; DMAP is 4-dimethylaminopyridine.

[0118] To dichloromethane (2 mL) were added fangchinoline (80 mg, 0.13 mmol) and
cyclopropanecarboxylic acid (17 mg , 0.2 mmol), followed by N,N'-diisopropylcarbodiimide (34
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mg, 0.26 mmol), 4-dimethylaminopyridine (16 mg, 0.26 mmol) and N,N-diisopropylethylamine
(34 mg, 0.26 mmol). The reaction solution was heated up to 40°C and stirred for 2 hours. After
the reaction was completed, dichloromethane (20mL) was added to the reaction solution,
which was then washed with saturated salt solution. The separated organic phase was dried
with anhydrous sodium sulfate and rotavapped. The resulted crude product was separated and
purifed through preparative thin layer chromatography to give an off-white powdery compound
BS-FC-304 (54.7mg, yield 52%).

LC-MS: retention time: 0.80 min (100.0%); m/z 677 [M+H]*, 338 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCI3) & 2.52(s, 3H, N-CH3), 2.77(s, 3H,
N-CHs3), 3.45(s, 3H, 6'-OCH3), 3.85(s, 3H, 6-OCHs), 3.93(s, 3H, 12-OCH3), 5.99(s, 1H, 8'-H),

6.29(m, 1H, 11'-H), 6.40(s, 1H, H-benzene ring), 6.48(s, 1H, H-benzene ring), 6.56(s, 1H, H-
benzene ring), 6.87(m, 1H, H-benzene ring), 6.90(d, 1H, J = 8.1Hz, H-benzene ring), 6.95-
7.13(m, 4H, H-benzene ring), 7.13(d, 1H, J= 8.7 Hz, 13'-H), 7.36(d, 1H, J = 8.7 Hz, 14'-H).

[0119] Compound BS-FC-301 was prepared by reacting fangchinoline with 3-pyridine
carboxylic acid according to the process for preparing BS-FC-304 using the same reagents:
LC-MS: retention time: 0.92 min (96.55%); m/z 714.2 [M+H]*, 357.6 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 3.73(s, 3H, 6-OCHs), 3.95(s, 3H,
12-OCHj3), 6.45(s, 2H, H-benzene ring), 6.90-7.12(m, 3H, H-benzene ring), 7.35(m, 1H, H-

benzene ring).

[0120] Compound BS-FC-302 was prepared by reacting fangchinoline with 4-
pyridinecarboxylic acid according to the process for preparing BS-FC-304 using the same
reagents:

LC-MS: retention time: 0.96 min (98.29%); m/z 714.0 [M+H]*, 357.5 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.03(s, 3H, N-CHj3), 2.53(s, 3H,
N'-CH3), 3.48(s, 3H, 6'-OCHj3), 3.71(s, 3H, 6-OCHj), 3.93(s, 3H, 12-OCH3j), 6.46(s, 2H, H-
benzene ring), 6.79(m, 1H, H-benzene ring), 6.90(m, 1H, H-benzene ring), 7.09-7.29(m, 2H,
H-benzene ring), 8.69(m, 2H,).

[0121] Compound BS-FC-305 was prepared by reacting fangchinoline with N-methyl-D-alanine
according to the process for preparing BS-FC-304 using the same reagents:

LC-MS: retention time: 0.75 min (99.65%); m/z 694.2 [M+H]*, 347.5 [1/2M+H]*.

[0122] Compound BS-FC-307 was prepared by reacting fangchinoline with N,N-
dimethylglycine according to the process for preparing BS-FC-304 using the same reagentse:

LC-MS: retention time: 0.92 min (95.29.00%); m/z 694.0 [M+H]".

[0123] Compound BS-FC-308 was prepared by reacting fangchinoline with N,N-dimethyl
aminobenzoic acid according to the process for preparing BS-FC-304 using the same
reagents:
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LC-MS: retention time: 1.13 min (91.31%); m/z 756.0 [M+H]*, 378.5 [1/2M+H]".

[0124] Compound BS-FC-309 was prepared by reacting fangchinoline with
paratrifluoromethoxy benzoic acid according to the process for preparing BS-FC-304 using the
same reagents: LC-MS: retention time: 1.15 min (91.13%); m/z 797.2 [M+H]*, 399.2
[1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.07(s, 3H, N-CH3), 2.39(m, 3H,
N-CHs3), 3.54(s, 3H, 6'-OCHj3),3.72(s, 3H, 6-OCHj3), 3.95(s, 3H, 12-OCH3), 6.42(s, 2H, H-

benzene ring), 6.87(m, 2H, H-benzene ring), 7.10(m, 1H, H-benzene ring), 7.17(m, 1H, H-
benzene ring), 7.20(m, 1H, H-benzene ring), 7.66(m, 1H, H-benzene ring).

[0125] Compound BS-FC-310 was prepared by reacting fangchinoline with 3,5-difluorobenzoic
acid according to the process for preparing BS-FC-304 using the same reagents:

LC-MS: retention time: 1.11 min (98.02%); m/z 748.9 [M+H]*, 374.9 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.12(s, 3H, N-CH3), 2.23(s, 3H,
N-CHsj), 3.67(s, 3H, 6-OCH3), 3.90(s, 3H, 12-OCH3), 6.37(s, 1H, H-benzene ring), 6.86(m, 3H,

H-benzene ring).

[0126] Compound BS-FC-311 was prepared by reacting fangchinoline with 3,5-
dimethoxybenzoic acid according to the process for preparing BS-FC-304 using the same
reagents:

LC-MS: retention time: 1.11 min (99.22%); m/z 773.0 [M+H]*, 387.0 [1/2M+H]*.

[0127] Compound BS-FC-313 was prepared by reacting fangchinoline with 4-pyridazine
carboxylic acid u according to the process for preparing BS-FC-304 sing the same reagents:

LC-MS: retention time: 0.89 min (95.53%); m/z 715.1 [M+H]*, 358.1 [1/2M+H]*.

[0128] Compound BS-FC-314 was prepared by reacting fangchinoline with tetrahydropyran-4-
carboxylic acid according to the process for preparing BS-FC-304 using the same reagents:

LC-MS: retention time: 0.89 min (97.72%); m/z 721.1 [M+H]*, 361.0 [1/2M+H]*.

[0129] Compound BS-FC-315 was prepared by reacting fangchinoline with 6-chloro-2-
fluorobenzoic acid according to the process for preparing BS-FC-304 using the same reagents:

LC-MS: retention time: 1.04 min (99.51%); m/z 765.2 [M+H]*, 383.2 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.38(s, 3H, N-CH3), 3.47(s, 3H,
6'-OCHs), 3.69(s, 3H, 6-OCHs), 3.94(s, 3H, 12-OCH3), 6.03(s, 1H, 8'-H), 6.50(m, 3H, H-

benzene ring).

[0130] Compound BS-FC-318 was prepared by reacting fangchinoline with carbamic acid
according to the process for preparing BS-FC-304 using the same reagents:
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LC-MS: retention time: 0.73 min (95.42%); m/z 666.1 [M+H]*, 333.5 [1/2M+H]".

[0131] Compound BS-FC-324 was prepared by reacting fangchinoline with glutaric anhydride
according to the process for preparing BS-FC-304 using the same reagents:

LC-MS: retention time: 0.97 min (98.81%); m/z 723.0 [M+H]*, 362.0 [1/2M+H]".

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.84(s, 3H, N'-CHs), 3.50(s, 3H,
6'-OCH3),3.73(s, 3H, 6-OCH3), 3.95(s, 3H, 12-OCHj3), 6.00(s, 1H, 8'-H), 6.30(m, 2H, H-
benzene ring), 6.36(m, 1H, H-benzene ring), 6.40(m, 1H, H-benzene ring), 6.56(m, 1H, H-
benzene ring), 6.90(s, 2H, H-benzene ring), 7.25-7.37(m, 3H, H-benzene ring).

[0132] Compound BS-FC-501 was prepared by reacting fangchinoline with benzoic acid
according to the process for preparing BS-FC-304 using the same reagents:

LC-MS: retention time: 2.30 min (96.19%); m/z 713.0 [M+H]*, 357.1 [1/2M+H]".

"H NMR (301 MHz, partial assignment of signals in CDCI3) & 1.87 (s, 3H), 2.49 (s, 3H), 2.73-

2.62 (m, 2H), 2.90 (s, 3H), 3.54 (d, 4H), 3.71 (dd, J = 8.6, 5.2 Hz, 10H), 3.76 (s, 1H), 3.93 (s,
3H), 6.84 (dd, 9H, H-benzene ring), 7.87-7.30 (m, 6H, H-benzene ring).

[0133] Compound BS-FC-502 was prepared by reacting fangchinoline with paramethylbenzoic
acid according to the process for preparing BS-FC-304 using the same reagents:

LC-MS: retention time: 2.44 min (97.24%); m/z 727.1 [M+H]*, 364.2 [1/2M+H]".

H NMR (301 MHz, partial assignment of signals in CDCl3) & 1.25 (s, 1H), 1.32 (s, 1H), 1.96-

1.87 (m, 2H), 2.36 (s, 6H), 3.06-2.44 (m, 9H), 3.21 (s, 1H), 3.51 (t, 6H), 3.68 (s, 3H), 3.92 (s,
3H), 7.20-5.66 (m, 12H, H-benzene ring), 7.75-7.41 (m, 2H, H-benzene ring).

[0134] Compound BS-FC-503 was prepared by reacting fangchinoline with
paramethoxybenzoic acid according to the process for preparing BS-FC-304 using the same
reagents:

LC-MS: retention time: 2.36 min (95.46%); m/z 743.0 [M+H]*, 372.1 [1/2M+H]*.

"H NMR (301 MHz, partial assignment of signals in CDCl3) & 2.03 (s, 4H), 2.39 (s, 3H), 2.84-

2.50 (m, 7H), 3.00 (s, 2H), 3.24 (s, 1H), 3.52 (t, 6H), 3.69 (s, 3H), 3.83 (s, 3H), 3.92 (s, 3H),
7.18-5.69 (m, 12H, H-benzene ring), 7.66 (d, 2H, H-benzene ring).

[0135] Compound BS-FC-504 was prepared by reacting fangchinoline with paramethylamino
benzoic acid according to the process for preparing BS-FC-304 using the same reagents: LC-

MS: retention time: 2.32 min (100%); m/z 742.0 [M+H]*, 372.0 [1/2M+H]".

"H NMR (301 MHz, partial assignment of signals in CDCl3) & 2.05 (s, 3H), 2.17 (s, 3H), 3.27-

2.38 (m, 15H), 3.48 (s, 1H), 3.63 (s, 1H), 3.69 (s, 3H), 3.87-3.72 (m, 3H), 3.92 (s, 3H), 7.23-
5.72 (m, 10H, H-benzene ring), 8.12-7.31 (m, 4H, H-benzene ring).

[0136] Compound BS-FC-505 was prepared by reacting fangchinoline with 4-(diethylamino)
benzoic acid according to the process for preparing BS-FC-304 using the same reagents: LC-
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MS: retention time: 2.66 min (92.21%); m/z 784.1 [M+H]*, 392.6 [1/2M+H]*.
TH NMR (301 MHz, partial assignment of signals in CDCl3) & 1.18 (t, J = 7.0 Hz, 6H), 7.60

(dddd, 4H), 1.39-1.27 (m, 4H), 1.67 (dd, 1H), 2.36 (s, 3H), 2.65 (dd, 5H), 2.98 (dd, 2H), 3.45
(dd, 6H), 3.67 (s, 3H), 3.90 (d, J = 16.6 Hz, 3H), 4.31-4.11 (m, 1H), 7.25-5.53 (m, 10H, H-
benzene ring).

[0137] Compound BS-FC-506 was prepared by reacting fangchinoline with
paraisopropylbenzoic acid according to the process for preparing BS-FC-304 using the same
reagents:

LC-MS: retention time: 2.72 min (99.20%); m/z 755.0 [M+H]*, 378.0 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 1.26-1.17 (m, 9H), 2.02-1.52 (m,

4H), 3.08-2.40 (m, 13H), 3.48 (s, 1H), 3.63 (s, 2H), 3.68 (s, 3H), 3.93 (s, 3H), 4.34-4.09 (m,
1H), 7.24 - 5.38 (m, 11H, H-benzene ring), 8.25-7.29 (m, 3H, H-benzene ring).

[0138] Compound BS-FC-507 was prepared by reacting fangchinoline with paraaminobenzoic
acid according to the process for preparing BS-FC-304 using the same reagents:

LC-MS: retention time: 2.16 min (100%); m/z 728.0 [M+H]*, 364.0 [1/2M+H]".

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 1.42-1.26 (m, 9H), 1.79-1.59 (m,

2H), 2.80- 2.48 (m, 4H), 3.04 (s, 3H), 3.56 (d, 3H), 3.77-3.67 (m, 3H), 3.95 (d, 3H), 4.25-4.18
(m, 3H), 6.60-5.69 (m, 4H, H-benzene ring), 6.83 (dd, 2H, H-benzene ring), 7.13 (s, 1H, H-
benzene ring), 7.34 (d, J = 8.1 Hz, 1H, H-benzene ring), 7.65-7.42 (m, 3H, H-benzene ring),
7.70 (dd, J =5.7, 3.3 Hz, 1H, H-benzene ring), 8.23-8.02 (m, 1H, H-benzene ring).

Example 4: The synthesis of compound BS-FC-400

[0139]
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[0140] Fangchinoline (1 g, 1.64 mmol) was added to dimethylsulfoxide (5 mL), followed by the
addition of potassium tert-butoxide (560 mg, 4.91 mmol) at 0°C. After the mixed solution was
stirred for 0.5 hr at room temperature, cyclochloroethane (180 mg, 1.97 mmol) dissolved in
dimethylsulfoxide (2mL) was added dropwise thereto. The reaction solution was heated up to
40°C and stirred for 3 hr. After the reaction was complete, water (50mL) was added to the
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reaction solution at 0 °C and dichloromethane (10 mL*4) was used for extraction. The organic
phases were combined, washed with saturated salt solution, dried and rotavapped. The
resulted product BS-FC-400 was directly used in the subsequent reaction without purification.

LC-MS: retention time: 0.88 min (92.01%); m/z 665.0 [M+H]*, 333.1 [1/2M+H]*.
TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.38(s, 3H, N-CH3), 2.70(s, 3H,
N'-CHj3), 3.38(s, 3H, 6'-OCH3), 3.70(s, 3H, 6-OCHs), 3.90(s, 3H, 12-OCH3), 6.00(m, 1H, 8'-H),

6.24(m, 2H, H-benzene ring), 6.46(m, 2H, H-benzene ring), 6.86-7.00(m, 3H, H-benzene ring),
7.11(m, 1H, 13'-H), 7.36(m, 1H,14'-H).

Example 5: The synthesis of compound BS-FC-418

[0141]
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[0142] Compound BS-FC-400 (100 mg, 0.15 mmol) obtained from the last step was added to
ethanol (2 mL), followed by the addition of N-methyl-piperazine (30 mg, 0.3 mmol). Under
airtight conditions, the reaction solution was heated up to 120°C and reacted for 3 hr. After the
reaction was completed, the reaction solution was concentrated to give a crude product, which
was then separated and purifed through preparative thin layer chromatography
(dichloromethane: methanol=8:1) to give the white powdery compound BS-FC-418 (30mg,
yield 26%).

LC-MS: retention time: 0.7 min (96%); m/z 764.9 [M+H]*. 383.2 [1/2M+H]".

TH NMR (301 MHz, partial assignment of signals in CDCI3) 8 2.34 - 2.15 (m, 10H), 2.59 - 2.40
(m, 10H), 2.65 (t, J=4.4 Hz, 4H), 2.80 - 2.70 (m, 3H), 2.96 - 2.83 (m, 4H), 3.36 - 3.22 (m, 6H),
3.45 - 3.37 (m, 2H), 3.58 - 3.45 (m, 3H), 3.73 (t, J = 3.2 Hz, 5H), 3.91 (s, 5H), 598 (d, J=2.2
Hz, 1H), 6.32 - 6.27 (m, 2H), 6.52 - 6.47 (m, 2H), 6.88 - 6.77 (m, 3H), 7.13 (dd, J = 8.2, 2.4 Hz,
1H), 7.34 (dt, J= 8.1, 2.5 Hz, 1H).

[0143] Compound BS-FC-401 was prepared by reacting compound BS-FC-4 with 4-
dimethylamino pyridine according to the process for preparing BS-FC-418 using the same
reagents:

LC-MS: retention time: 0.71 min (95.72%); m/z 793.1 [M+H]*, 397 .4 [1/2M+H]*.
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TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.30(s, 3H, N-CHj3), 2.38(s, 6H,
N-(CH3)2)2.64(s, 3H, N'-CH3), 3.35(s, 3H, 6'-OCH3), 3.74(s, 3H, 6-OCH3), 3.92(s, 3H, 12-
OCHs), 5.98(s, 1H, 8'-H), 6.30(m, 2H, H-benzene ring), 6.52(m, 2H, H-benzene ring), 6.84-
6.86 (m, 3H, H-benzene ring), 7.14(m, 1H, 13'-H), 7.34(m, 1H,14'-H).

[0144] Compound BS-FC-402 was prepared by reacting compound BS-FC-4 with 3-hydroxy
piperidine according to the process for preparing BS-FC-418 using the same reagents: LC-MS:
retention time: 0.74 min (93.36%); m/z 766.1 [M+H]*, 383.8 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.29(s, 3H, N-CHj3), 3.33(s, 3H,
6'-OCHs), 3.70(s, 3H,6-OCHs), 3.89(s, 3H, 12-OCHys), 6.03(m, 1H, 8'-H), 6.27(m, 2H, 5,11'-H),

6.46(m, 1H, H-benzene ring), 6.52 (m, 1H, H-benzene ring), 6.80(m, 3H, H-benzene ring),
7.12(m, 1H, 13'-H), 7.34(m, 1H, 14'-H).

[0145] Compound BS-FC-403 was prepared by reacting compound BS-FC-4 with piperidine
according to the process for preparing BS-FC-418 using the same reagents:

LC-MS: retention time: 0.75 min (88.00%); m/z 750.0 [M+H]*, 375.7 [1/2M+H]".

TH NMR (301 MHz, partial assignment of signals in CDCI3) & 2.30(s,3H, N-CH3), 2.62(s, 3H, N'-
CH3), 3.34(s, 3H, 6'-OCH3), 3.71(s, 3H, 6-OCH3), 3.92(s, 3H, 12-OCHs), 5.97(s, 1H, 8'-H),

6.25(m, 2H, H-benzene ring), 6.48(m, 2H, H-benzene ring), 6.77(m, 3H, H-benzene ring),
7.09(m, 1H, 13'-H), 7.33(m, 1H,14'-H).

[0146] Compound BS-FC-404 was prepared by reacting compound BS-FC-4 with N-isopropyl
piperazine according to the process for preparing BS-FC-418 using the same reagents: LC-
MS: retention time: 0.73 min (95.62%); m/z 793.1 [M+H]*, 397.4 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCI3) & 1.16(m, 6H, CHs3), 2.29(s, 3H, N-
CH3), 2.67(s, 3H, N'-CH3), 3.39(s, 3H, 6'-OCH3), 3.70(s, 3H, 6-OCH3), 389(s, 3H, 12-OCH3),
5.98(m, 1H, 8'-H), 6.24(m, 2H, H-benzene ring), 6.48(m, 2H, H-benzene ring), 6.86(m, 3H, H-
benzene ring),7.11(m, 1H, 13'-H), 7.33(m, 1H, 14'-H).

[0147] Compound BS-FC-405 was prepared by reacting compound BS-FC-4 with
cyclopropane methylamine according to the process for preparing BS-FC-418 using the same
reagents: LC-MS: retention time: 0.78 min (96.5%); m/z 736.1 [M+H]*, 368.8 [1/2M+H]".

'H NMR (301 MHz, partial assignment of signals in CDCl3) & 2.32(s, 3H, N-CH3), 2.91(m, 3H,
N'-CH3), 3.38(s, 3H, 6'-OCH3), 3.68(s, 3H, 6-OCH3), 3.90(s, 3H, 12-OCH3), 6.08(d, 1H, 8'-H),

6.29(m, 2H, H-benzene ring), 6.50(s, 2H, H-benzene ring), 6.76(m, 1H, 10'-H), 6.83(m, 2H, H-
benzene ring), 7.14(m, 1H, 13'-H), 7.34(m, 1H,14'-H).

[0148] Compound BS-FC-406 was prepared by reacting compound BS-FC-4 with N-
ethylmethylamine according to the process for preparing BS-FC-418 using the same reagents:

LC-MS: retention time: 0.72 min (86.27%); m/z 723.9 [M+H]*, 362.7 [1/2M+H]".
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[0149] Compound BS-FC-407 was prepared by reacting compound BS-FC-4 with N-
methylethanolamine according to the process for preparing BS-FC-418 using the same
reagents:

LC-MS: retention time: 0.73 min (93.23%); m/z 740.1 [M+H]*, 370.8 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.28(s, 3H, N-CHj3), 2.38(s, 3H,
N-CH3), 2.68(m, 3H, N-CH3), 3.35(s, 3H, 6'-OCH3j), 3.73(s, 3H, 6-OCH3), 3.91(s, 3H, 12-
OCHj3), 6.02(m, 1H, 8'-H), 6.28(m, 2H, H-benzene ring), 6.45(m, 1H, 10-H), 6.52(s, 1H, 5'-H),
6.84(m, 3H, H-benzene ring), 7.13(m, 1H, 13'-H), 7.34(m, 1H, 14'-H).

[0150] Compound BS-FC-408 was prepared by reacting compound BS-FC-4 with N-
methylhomopiperazine according to the process for preparing BS-FC-418 using the same
reagents:

LC-MS: retention time: 0.69 min (94.45%); m/z 779.0 [M+H]*, 390.2 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.31(s, 3H, N-CHj3), 2.39(s, 3H,
N-CH3), 2.53(m, 3H, N-CH3), 3.34(s, 3H, 6'-OCH3j), 3.72(s, 3H, 6-OCH3), 3.89(s, 3H, 12-
OCHs), 6.01(d, 1H, J=8.1 Hz, 8'-H), 6.29(m, 2H, H-benzene ring), 6.49(m, 2H, H-benzene
ring), 6.76-6.83 (m, 3H, H-benzene ring), 7.13(m, 1H, 13'-H), 7.34(m, 1H, 14'-H).

[0151] Compound BS-FC-409 was prepared by reacting compound BS-FC-4 with N-
allylmethylamine according to the process for preparing BS-FC-418 using the same reagents:
LC-MS: retention time: 0.76 min (91.38%); m/z 736.1 [M+H]*, 368.8 [1/2M+H]".

'H NMR (301 MHz, partial assignment of signals in CDCl3) & 2.33(s, 6H, N-CH3), 2.60(m, 3H,
N-CH3), 3.35(s, 3H, 6'-OCH3), 3.73(s, 3H, 6-OCHs), 3.91(s, 3H, 12-OCH3), 6.02(s, 1H, 8'-H),

6.30(m, 2H, H-benzene ring), 6.50(m, 2H, H-benzene ring), 6.79-6.88 (m, 1H, H-benzene
ring), 7.13(m, 1H, 13'-H), 7.34(m, 1H, 14'-H).

[0152] Compound BS-FC-410 was prepared by reacting compound BS-FC-4 with 3-
methylpiperidine according to the process for preparing BS-FC-418 using the same reagents:
LC-MS: retention time: 0.80 min (100.00%); m/z 764.1 [M+H]*, 382.9 [1/2M+H]*.

"H NMR (301 MHz, partial assignment of signals in CDCl3) & 2.28(s, 6H, N-CH3), 2.61(m, 3H,
N-CH3), 3.25(s, 3H, 6'-OCH3), 3.64(s, 3H,6-OCH3), 3.90(s, 3H, 12-OCHgs), 5.99(s, 1H, 8'-H),

6.27(m, 2H, H-benzene ring), 6.50(m, 2H, H-benzene ring), 6.75-6.83 (m, 3H, H-benzene
ring), 7.12(m, 1H, 13'-H), 7.31(m, 1H,14'-H).

[0153] Compound BS-FC-413 was prepared by reacting compound BS-FC-4 with
trifluoroethylamine according to the process for preparing BS-FC-418 using the same
reagents:

LC-MS: retention time: 0.70 min (81.20%); m/z 763.8 [M+H]*, 382.7 [1/2M+H]*.

[0154] Compound BS-FC-414 was prepared by reacting compound BS-FC-4 with
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ethanolamine according to the process for preparing BS-FC-418 using the same reagents:
LC-MS: retention time: 0.71 min (80.58%); m/z 725.9 [M+H]*, 363.7 [1/2M+H]".

"H NMR (301 MHz, partial assignment of signals in CDCl3) & 2.32(s, 3H, N-CH3), 2.69(m, 3H,
N-CH3), 3.35(s, 3H, 6'-OCH3), 3.72(s, 3H, 6-OCH3), 3.91(s, 3H, 12-OCHsj), 6.02(d, 1H,

J=8.7Hz, 8'-H), 6.28(m, 2H, H-benzene ring), 6.48(s, 1H, H-benzene ring), 6.52(d, 1H, J = 1.8
Hz, H-benzene ring), 6.85(m, 3H, H-benzene ring), 7.11(m, 1H, 13'-H), 7.36(m, 1H, 14'-H).

[0155] Compound BS-FC-416 was prepared by reacting compound BS-FC-4 with morpholine
according to the process for preparing BS-FC-418 using the same reagents:

LC-MS: retention time: 0.75 min (90.99%); m/z 752.1 [M+H]*, 376.8 [1/2M+H]".

"TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.32(s, 3H, N-CHs), 2.63(m, 3H,
N'-CH3), 3.36(s, 3H, 6'-OCH3), 3.66(s, 3H,6-OCHs3), 3.93(s, 3H, 12-OCH3), 5.98(m, 1H, 8'-H),

6.33(m, 2H, H-benzene ring), 6.51(m, 2H, H-benzene ring), 6.85(m, 3H, H-benzene ring),
7.13(m, 1H, 13'-H), 7.35(m, 1H, 14'-H).

[0156] Compound BS-FC-417 was prepared by reacting compound BS-FC-4 with
thiomorpholine according to the process for preparing BS-FC-418 using the same reagents:
LC-MS: retention time: 0.78 min (100%); m/z 768.0 [M+H]*, 384.8 [1/2M+H]".

"H NMR (301 MHz, partial assignment of signals in CDCI3) & 2.31(s, 3H, N-CH3), 2.64(m, 3H,
N'-CHj3), 3.31(s, 3H, 6'-OCHj3), 3.73(s, 3H, 6-OCHj3), 3.91(s, 3H, 12-OCH3;), 5.98(s, 1H, 8'-H),

6.28(m, 2H, H-benzene ring), 6.50(m, 2H, H-benzene ring), 6.83(m, 3H, H-benzene ring),
7.11(m, 1H, 13'-H), 7.35(m, 1H, 14'-H).

[0157] Compound BS-FC-419 was prepared by reacting compound BS-FC-4 with 4-
hydroxypiperidine according to the process for preparing BS-FC-418 using the same reagents:
LC-MS: retention time: 0.71 min (88.32%); m/z 765.9 [M+H]*, 383.7 [1/2M+H]".

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.27(s, 3H, N-CH3), 2.62(m, 3H,
N'-CHj3), 3.33(s, 3H, 6'-OCHj3), 3.71(s, 3H, 6-OCHj3), 3.90(s, 3H, 12-OCH3), 5.97(s, 1H, 8'-H),

6.28(m, 2H, H-benzene ring), 6.50(m, 2H, H-benzene ring), 6.83(m, 3H, H-benzene ring),
7.09(m, 1H, 13'-H), 7.34(m, 1H, 14'-H).

[0158] Compound BS-FC-420 was prepared by reacting compound BS-FC-4 with N-
ethylpiperazine according to the process for preparing BS-FC-418 using the same reagents:
LC-MS: retention time: 0.72 min (94.99%); m/z 779.1 [M+H]*, 390.3 [1/2M+H]".

"H NMR (301 MHz, partial assignment of signals in CDCI3) & 2.29(s, 3H, N-CH3), 2.50(m, 3H,
N'-CHj3), 3.35(s, 3H, 6'-OCH3), 3.73(s, 3H, 6-OCH3), 3.91(s, 3H, 12-OCH3), 5.97(m, 1H, 8'-H),

6.29(m, 2H, H-benzene ring), 6.50(m, 2H, H-benzene ring), 6.84(m, 1H, 10'-H), 6.84(m, 2H, H-
benzene ring), 7.14(m, 1H, 13'-H), 7.31(m, 1H,14'-H).

[0159] Compound BS-FC-421 was prepared by reacting compound BS-FC-4 with N-
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cyanopiperazine according to the process for preparing BS-FC-418 using the same reagents:
LC-MS: retention time: 0.77 min (92.20%); m/z 775.1 [M+H]*, 388.3 [1/2M+H]".

"TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.31(s, 3H, N-CH3), 2.66(m, 3H,
N'-CH3), 3.34(s, 3H, 6'-OCH3), 3.71(s, 3H, 6-OCH3), 3.89(s, 3H, 12-OCHj3), 5.96(s, 1H, 8'-H),

6.29(s, 2H, H-benzene ring), 6.50(m, 2H, H-benzene ring), 6.90(m, 3H, H-benzene ring),
7.09(m, 1H, 13'-H), 7.32(m, 1H,14'-H).

[0160] Compound BS-FC-422 was prepared by reacting compound BS-FC-4 with N-
hydroxyethylpiperazine according to the process for preparing BS-FC-418 using the same
reagents:

LC-MS: retention time: 0.67 min (92.80%); m/z 794.9 [M+H]*, 398.2 [1/2M+H]*.

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.28(s, 3H, N-CH3), 2.66(m, 3H,
N'-CHs), 3.34(s, 3H, 6'-OCH3), 3.71(s, 3H,6-OCH3), 3.89(s, 3H, 12-OCH3), 5.96(s, 1H, 8'-H),
6.28(s, 2H, H-benzene ring), 6.48(m, 2H, H-benzene ring),6.82(m, 3H, H-benzene ring),
7.09(m, 1H, 13'-H), 7.32(m, 1H,14'-H).

[0161] Compound BS-FC-424 was prepared by reacting compound BS-FC-4 with 3-
methoxypropylamine according to the process for preparing BS-FC-418 using the same
reagents:

LC-MS: retention time: 0.74 min (85.62%); m/z 753.9 [M+H]*, 377.7 [1/2M+H]".

TH NMR (301 MHz, partial assignment of signals in CDCl3) & 2.30(s, 3H, N-CHs), 2.67(m, 3H,
N'-CHs), 3.30(s, 3H, O-CH3), 3.44(s, 3H, O-CH3),3.73(s, 3H,6 -OCH3), 3.92(s, 3H, 12-OCHy3),

6.00(d, 1H, J=9.6Hz, 8'-H), 6.29(m, 2H, H-benzene ring), 6.50(s, 1H, H-benzene ring), 6.53(s,
1H, H-benzene ring), 6.78(m, 1H, 10'-H), 6.86(s, 2H, 13,14-H), 7.19(dd, 1H, J=2.1,8.4 Hz, 13'-
H), 7.36(dd, 1H, J=2.1,8.4 Hz, 14'-H).

[0162] Compound BS-FC-425 was prepared by reacting compound BS-FC-4 with
furfurylamine according to the process for preparing BS-FC-418 using the same reagents:

LC-MS: retention time: 0.77 min (87.94%); m/z 761.9 [M+H]*, 381.7 [1/2M+H]*.

Example 6: Evaluation of the 7-substituted fangchinoline derivatives of the present
disclosure for their anti-leukemia activities

(1) Experimental materials

[0163] Leukemia cell lines: leukemia cell lines: K562/adr (drug-resistant, chronic myeloid
leukemia, CML), NB4 (acute promyelocytic leukemia, AML), Kasumi-1 (acute myeloid leukemia
M2 type, AML-M2), Jurkat (acute lymphoblastic leukemia, ALL), all of which were donated by
Cancer Research Institute of Zhejiang University, China; and H9 (acute lymphoblastic
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leukemia, ALL), which was purchased from China Center for Type Culture Collection.

[0164] Reagents: The standard sample of fangchinoline (FAN) was purchased from Ci Yuan
Biotechnology Co., Ltd., Shaanxi, China; and the 7-substituted fangchinoline derivatives
according to the present disclosure.

Main apparatuses: an incubator (Model: Thermo Scientific 3111) and a microplate reader
(Model: Bio-Rad iMark).

(2) Experimental method

[0165] 6000 well-growing leukemia cells were obtained and inoculated into wells of a 96-well
cell culture plate. The culture medium was a RPMI-1640 cell culture medium containing 10%
fetal bovine serum. After adding the 7-substituted fangchinoline derivatives of different
concentrations the next day and mixing uniformly, the plate was placed in a carbon dioxide cell
incubator (5% CO») at 37°C and incubating for 72 hours. Then the viable cell concentration
was determined by the MTT method. In this experiment, the cell viability in control group (not
treated with any compound) was set as 100%, and the cell viability (%) after treatment and the
half maximal inhibitory concentration of the compound for the leukemia cell growth at 72 hours
(ICsg value 72 hours, ug/mL) were calculated.

(3) The experimental results

[0166] The experimental results are shown in Table 1.

[0167] Table 1 shows that the 7-substituted fangchinoline derivatives of the present disclosure
can induce the cell death of human chronic myeloid leukemia cells, acute myeloid leukemia
cells and acute lymphocytic leukemia cells and inhibit the growth of these leukemia cells.
Compared with fangchinoline per se, the 7-substituted fangchinoline derivatives of the present
disclosure exhibit significantly enhanced anti-leukemia cell activities, wherein the anti-K562/adr
(drug-resistant, chronic myeloid leukemia, CML) activity of the 7-substituted fangchinoline
derivatives BS-FC-403 and BS-FC-410 of the present disclosure is particularly significant and
increased by more than 7-fold over fangchinoline; the anti-Jurkat (acute lymphoblastic
leukemia) activity and the anti-H9 (acute lymphoblastic leukemia) activity of BS-FC-308
increased more than 4-fold and 3-fold respectively over fangchinoline; the anti-NB4 (acute
promyelocytic leukemia) activity of BS-FC-104, BS-FC-311 and BS-FC-410 increased by more
than 2-fold; additionally, the anti-Kasumi-1 (acute myeloid leukemia M2 type) activity of BS-FC-
311 increased by almost 2-fold over fangchinoline.

Table 1: Determination of the inhibiting concentrations of the fangchinoline derivatives on
leukemia, human multiple myeloma and lymphoma cell growth (72h, 1Csq (ug/mL) value and

ICgqp (ug/mL) value).
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K562/ADR Kasumi-1 NB4 Jurkat HO9
Compoundj IC50 § IC90 § IC50 § IC90 § IC50 § 1C90 { IC50 § IC90 § IC50 § 1C90
FAN 036 413 {111 {411 {058 § 259 { 1.73 | 5.25 § 240 § 6.60

BS-FC- {040 §3.03 {193 {432{038;094 ;072197 {240 ;6.40
102

BS-FC- {042 {265 {095 ;368 {028 ;092045 3.03§1.00;4.99
104

BS-FC- {038 {192 {129 ;{316 039 {257 §223 {386 §220; 3.70
204

BS-FC- {0.28 {235 {097 {401 {048 ;248 {0.75{1.88 §2.01§4.28
208

BS-FC- {038 {1.72 { 093 { 3.66 { 0.66 { 2.32 § 0.64 { 3.29 § 2.20 ; 4.00
213

BS-FC- {060 {215 {322 {722 {099 {293 {142 {291 {180 3.30
216

BS-FC- {043 {4.00 {115 §3.72 { 066 § 3.16 § 0.93 { 3.09 § 3.23 | 6.64
220

BS-FC- {033 {131 {100 339057 {188 §052{189]§196 ; 4.00
221

BS-FC- {044 {3.00 {154 {394 {124 399081294 §360;7.05
304

BS-FC- {0.08 {047 { 0.81 § 1.90 {§ 0.37 { 0.98 § 0.36 { 1.62 § 0.70 } 1.80
308

BS-FC-311§ 048 { 2.83 { 0.57 { 1.85{ 0.22 { 0.96 { 0.51 { 0.98 { 1.20 { 2.00

BS-FC- {0.26 {214 { 085 { 3.04 { 0.33 { 1.32 { 0.59 { 1.24 § 2.00 ; 3.77
315

BS-FC- { 0.05 { 0.83 { 0.88 { 2.00 { 0.30 { 0.78 { 0.58 { 0.96 { 0.88 § 1.90
403

BS-FC- {060 §{1.73 {076 { 1.75 § 047 { 0.95 { 0.56 { 0.99 § 1.45 ; 2.90
405

BS-FC- {016 { 1.38 { 146 § 482 { 0.59 { 1.76 § 1.02 { 3.33 § 0.90 { 2.00
409

BS-FC- {0.05{0.63 {084 {186 {028 {091 ;064 {161 §1.13}; 2.00
410

BS-FC- {019 §215 {145 {363 {099 ;286 {124 547 {130 ; 3.60
417

BS-FC- {0.21 {143 {095 ;255{0614§{161§097 379 §1.00}; 2.80
421

Example 7: Evaluation of the 7-substituted fangchinoline derivatives of the present
disclosure for their anti-human multiple myeloma cell activities
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(1) Experimental materials

[0168] Myeloma cell lines: RPMI8226 (multiple myeloma), purchased from Fuxiang Bio-tech
Co. Ltd., Shanghai, China.

Reagents: the same as in Example 6.

Main apparatuses: a Thermo Scientific 3111 incubator and a Bio-Rad iMark microplate reader.

(2) Experimental method

[0169] 6000 well-growing cells were obtained and inoculated into wells of a 96-well cell culture
plate. The culture medium was a RPMI-1640 cell culture medium containing 10% fetal bovine
serum. After adding the 7-substituted fangchinoline derivatives of different concentrations the
next day and mixing uniformly, the plate was placed in a carbon dioxide cell incubator (5%
COy) at 37°C and incubated for 72 hours. Then the viable cell concentration was determined

by the MTT method. In this experiment, the cell viability in control group (not treated with any
compound) was set as 100% and the cell viability (%) after treatment and the half maximal
inhibitiory concentration of the compound for cell growth at 72 hours (ICsg value 72 hours,

pg/mL) were calculated.

(3) The experimental results

[0170] The experimental results are shown in table 2.

[0171] Table 2 shows that some 7-substituted fangchinoline derivatives of the present
disclosure can induce the death of human myeloma cells and inhibit the growth of these tumor
cells, wherein the anti-RPMI8226 (multiple myeloma) activity of the 7-substituted fangchinoline
derivatives BS-FC-417 of the present disclosure increased by 2-fold over fangchinoline.

Example 8: Evaluation of the 7-substituted fangchinoline derivatives of the present
disclosure for their anti-human solid tumor effect

(1) Experimental materials

Human solid tumor cell lines:
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[0172] Hep-2 (laryngeal carcinoma), A549 (human lung cancer), CaES-17 (esophageal cancer
cell), PC-3 (prostate cancer), CNE (nasopharyngeal carcinoma cell) and SK-OV-3 (ovarian
cancer cell), all of which were purchased from China Center For Type Culture Collection; RKO
(human colon adenocarcinoma cell), MGC-803 (human gastric cancer cell), MG-63
(osteosarcoma), and U87-MG (malignant glioma cell), all of which were purchased from
Fuxiang Bio-tech Co. Ltd., Shanghai, China; PANC-1 (pancreatic cancer), Becap37 (human
breast cancer cell), Hela (human cervical cancer cell) and Hep G2 (human liver cancer cell), all
of which were donated by Cancer Research Institute of Zhejiang University, China.

Reagents: the same as in Example 6.

Main apparatuses: a Thermo Scientific 3111 incubator and a Bio-Rad iMark microplate reader.

(2) Experimental method

[0173] 6000 well-growing human solid tumor cells were obtained and inoculated into wells of a
96-well cell culture plate. The culture medium was DMEM High Glucose cell culture medium
containing 10% fetal bovine serum. The plate was placed in a carbon dioxide cell incubator
(5% CO) at 37 °C and incubated for 24 hours. After added with 7-substituted fangchinoline
derivatives of different concentration and mixing uniformly, the plate was placed in a carbon
dioxide cell incubator (5% COs) at 37 °C and incubated for 72 hours. Then the viable cell
concentration was determined by the MTT method. In this experiment, the cell viability of
control group (not treated with any compound) was set as 100% and the cell viability (%) after
treatment and the half maximal inhibitiory concentration of the compound for the leukemia cell
growth at 72 hours (ICgq value 72 hours) were calculated.

(3) The experimental results

[0174] The experimental results are shown in Table 2.

[0175] Table 2 shows that the 7-substituted fangchinoline derivatives of the present disclosure
can induce the death of human solid tumor cells and inhibit the growth of these tumor cells. As
compared with fangchinoline per se, the 7-substituted fangchinoline derivatives of the present
disclosure exhibit remarkably enhanced anti-human solid tumor cell activity, wherein the 7-
substituted fangchinoline derivatives of the present disclosure BS-FC-403, BS-FC-405 and BS-
FC-410 exhibit particularly significant enhancement: their anti-PANC-1 (pancreatic cancer),
anti- Becap37 (human breast cancer cell) and anti-Hep G2 (human liver cancer cell) activities
increased by almost 3-fold or more than 3-fold over fangchinoline per se and their anti-U87-
MG (malignant glioma cell) activity increases by more than 1.5-fold; the anti-PC-3 (prostate
cancer), anti-SK-OV-3 (ovarian cancer cell) and RKO (human colon adenocarcinoma cell)
activities of BS-FC-403 increased by almost 3-fold or more than 3-fold over fangchinoline per
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se; the anti-A549 (human lung cancer) activity of BS-FC-308 increased by more than 3-fold;
the anti-MG-63 (osteosarcoma) activity of BS-FC-221 and BS-FC-403 increased by more than
2-fold; the anti-Hela (human cervical cancer cell) activity of BS-FC-311 and the anti-CaEs-17
(esophageal cancer cell) activity of BS-FC-403 and BS-FC-405 both increasd by almost 4-fold;
the anti-CNE (nasopharyngeal carcinoma cell) activity of BS-FC-403, BS-FC-405 and BS-FC-
421 increased by almost 3-fold; the anti-Hep-2 (laryngeal carcinoma) activity of BS-FC-311,
BS-FC-403, BS-FC-405 and BS-FC-409 increased by more than 2-fold; additionally, the anti-
MGC-803 (human gastric cancer cell) activity of BS-FC-403 and BS-FC-410 also increased by
more than 2-fold over fangchinoline per se.

Table 2: Determination of the inhibitory concentrations of the fangehinoling derivatives on

human sotid tumor ccll growth (72h, TCsy (ug/mL) value and ICoy (ug/mL) valuc).

RPMI 8226 AS549 PANC-1

Compound 1C50 1C90 1C50 1C90 1C50 1C90

FAN 0.04 0.50 3.26 9.81 3.14 11.64
BS-FC-102 0.14 0.77 2.41 6.55 3.16 6.75
BS-FC-104 0.12 0.50 1.57 3.94 2.01 10.79
BS-FC-204 0.42 1.58 2.16 3.94 2.23 6.85
BS-FC-208 0.13 0.50 2.51 13.05 2.87 8.31
BS-FC-213 0.12 0.50 2.19 4.92 3.46 10.36
BS-FC-216 0.13 0.77 2.70 5.90 3.62 7.25
BS-FC-220 0.12 0.50 2.55 4.97 2.79 7.68
BS-FC-221 0.11 0.46 1.20 3.18 1.42 4.65
BS-FC-304 0.16 0.98 2.24 5.59 3.73 10.39
BS-FC-308 0.12 0.25 0.99 3.16 2.38 8.53
BS-FC-311 0.13 0.49 1.36 4.38 2.95 4.80
BS-FC-315 0.13 0.48 1.85 3.48 1.61 5.52
BS-FC-403 <0.125 0.13 1.84 6.34 1.03 3.17
BS-FC-405 0.05 0.44 1.94 5.89 1.14 3.34
BS-FC-409 0.04 0.50 2.98 8.43 3.17 7.14
BS-FC-410 <0.125 0.25 1.71 6.80 1.11 3.77
BS-FC-417 0.02 0.50 3.77 11.70 5.55 9.00
BS-FC-421 <0.125 0.25 3.78 10.16 2.96 7.01

Table 2 (continued)

Becap-37 MG-63 Hep G2 RKO
Compound 1IC50 | 1IC90 | IC50 | IC90 | IC50 | 1C90 | IC50 | 1C90
FAN 1.79 6.2 1.7 3.7 1.81 | 523 [ 0.92 | 3.11
BS-FC-102 2.49 4 3.18 | 483 | 1.56 | 3.94 | 144 | 233

BS-FC-104 1.92 394 | 271 | 3.88 | 1.44 3.9 074 | 1.76
BS-FC-204 4.87 7.89 2.6 35 373 1 796 | 1.66 | 2.95
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BS-FC-208 2.35 5.55 1.6 2.5 1.94 | 595 | 1.64 | 4.64

BS-FC-213 2.54 5.29 2.4 3.8 212 | 592 | 158 | 3.46

BS-FC-216 3.36 5.3 34 5.5 254 | 591 | 169 | 5.79

BS-FC-220 3.19 6.1 2.8 3.6 237 | 7.01 1.25 | 3.73

BS-FC-221 1.91 3.86 0.8 1.9 148 | 437 | 137 | 2.76

BS-FC-304 3.15 722 | 232 | 572 | 249 [ 942 | 179 | 345

BS-FC-308 1.03 1.95 1.3 1.8 1.12 | 435 | 0.71 1.51

BS-FC-311 1.53 3.03 2 4.37 1.4 276 | 1.32 | 3.24

BS-FC-315 2.1 3.79 2.4 3.9 139 | 374 | 1.15 | 2.23

BS-FC-403 0.59 2.09 0.6 1.3 055 |1 223 1 034 | 0.79

BS-FC-405 0.74 1.88 | 0.96 1.7 0.71 1.7 046 | 0.92

BS-FC-409 1.44 4.8 1.1 199 | 1.27 | 324 | 0.65 | 1.27
BS-FC-410 0.73 2.48 1.1 1.7 0.66 | 1.51 | 044 | 0.95
BS-FC-417 2.42 6.16 2 3.6 1.8 579 | 1.09 | 2.27
BS-FC-421 1.15 3.96 1.6 2.4 1.16 | 325 | 0.61 | 2.33

Table 2 (continucd)

UR7-MG Hela CaEs-17 CNE
Compound 1C50 1€C90 1€50 | 1C90 | TC50 1C90 1C50 190
FAN 1.12 3.79 1.96 6.12 1.94 8.98 2.40 5.70

BS-FC-102 1.79 5.39 1.44 | 339 | 247 7.91 3.50 6.90
BS-FC-104 1.63 4.50 1.00 | 342 | 2.00 7.42 2.50 4.90
BS-FC-204 2.38 9.10 0.50 1.00 | 460 @ 1432 | 2.70 5.20
BS-FC-20% 1.99 7.48 1.74 | 4.00 1.79 6.87 2.70 6.00
BS-FC-213 1.85 9.23 1.68 | 3.89 1.68 9.16 2.70 5.60
BS-FC-216 2.11 7.74 1.58 | 384 | 3.10 7.59 3.38 7.34
BS-FC-220 2.28 7.03 143 | 3.71 | 2.60 9.32 3.20 7.60
BS-FC-221 1.13 4.50 071 1.90 1.53 5.60 1.80 3.80
BS-FC-304 1.68 4.97 1.87 { 465 | 235 10.72 | 3.80 7.20
BS-FC-308 1.27 3.75 0.89 1.90 | 0.93 3.92 1.90 3.60
BS-FC-311 1.25 3.80 0.50 | 2.89 1.95 7.37 1.83 5.04

BS-FC-315 1.34 3.24 1.50 | 3.35 1.84 3.86 3.30 6.60
BS-FC-403 0.71 1.73 090 | 296 | 043 1.99 0.87 220
BS-FC-405 0.70 1.41 1.25 | 200 | 049 1.95 0.80 1.70
BS-FC-409 1.07 2.68 1.05 | 352 | 091 4.90 0.95 3.94
BS-FC-410 0.67 1.19 1.33 | 241 0.76 4.30 1.10 240
BS-FC-417 1.49 4.25 1.73 | 447 | 1.82 7.67 1.66 5.24
BS-FC-421 1.05 2.75 0.88 | 2.78 | 0.88 9.43 0.87 3.87

Tabl¢ 2 (continued)
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Hep-2 MGC-8§03 PC-3 SK-OV-3
Compound | IC50 | 1C90 | IC50 | 1C90 | IC50 | 1C90 | IC50 | 1C90
FAN 360 | 1004 | 1.08 | 642 | 408 | 764 | 361 | 1449

BS-FC-102 3.99 11.05 1.71 4.95 3.17 5.85 1.92 8.07
BS-FC-104 3.18 10.22 1.36 4.28 2.50 5.51 1.88 3.79
BS-FC-204 3.18 8.31 2.94 8.50 3.80 6.39 12.23 16.00
BS-FC-208 3.27 8.05 1.49 5.98 3.07 5.91 3.77 7.85
BS-FC-213 3.63 9.90 1.49 6.02 3.24 7.37 5.00 11.78
BS-FC-216 3.69 7.88 2.72 3.98 3.95 7.45 6.19 11.23
BS-FC-220 4.20 10.27 1.40 3.96 4.55 7.61 541 14.25
BS-FC-221 1.90 5.78 1.19 3.93 3.00 546 2.38 3.94
BS-FC-304 4.95 12.24 1.87 10.25 | 4.02 10.50 6.45 15.38
BS-FC-308 3.08 6.05 0.57 1.99 2.40 3.49 1.31 1.93

BS-FC-311 1.64 4.85 1.40 4.79 3.08 8.39 2.87 3.96
BS-FC-315 3.66 6.40 1.21 3.02 2.95 5.02 2.99 6.81

BS-FC-403 1.76 5.66 0.40 4.14 1.49 3.96 1.03 3.85

BS-FC-405 1.67 4.81 0.88 3.59 2.53 3.69 1.54 3.50
BS-FC-409 1.79 5.54 0.94 16.00 | 2.89 5.80 2.82 9.85

BS-FC-410 2.25 8.00 0.49 321 2.85 3.89 1.39 5.59
BS-FC-417 2.36 6.03 1.49 12.89 | 3.68 9.36 4.60 12.91
BS-FC-421 1.92 8.95 0.84 4.44 2.72 6.07 2.36 11.01

Example 9: Evaluation of the in vivo anti-tumor activity of the 7-substituted
fangchinoline derivative of the present disclosure BS-FC-308 and preliminary
evaluation of its toxicity.

Experiment 9-1: The inhibiting effect of BS-FC-308 on the transplanted tumor of liver
cancer in nude mice

(1) Experimental materials

[0176] Liver cancer cell lines: Hep G2 (human liver cancer cell line);
Animal: BALB/c nude mice (immunodeficient mice), 8 weeks, female, purchased from
Shanghai Laboratory Animal Center of Chinese Academy of Sciences, China.

(2) Reagents:
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[0177] BS-FC-308 (synthesized from experiments);
Erlotinib hydrochloride (Shandong Zibo Kai-Mei-Yuan Pharmaceutical Co. Ltd.)

(3) Main apparatuses:

[0178] A cell incubator (Thermo Scientific, 3111);
A laminar flow rack (Suhang Experimental Animal Equipment Factory, DJ-2).

(4) Experimental method

[0179] Under sterile conditions, the Hep G2 cells in the logarithmic growth phase were

respectively collected and injected subcutaneously in an amount of 2.3x107/0.2mL/nude mice
(cell viability>90%) into the left subaxillary of the nude mice, thus establishing a transplated
tumor model of liver cancer in nude mice. The mice were administered from the second day
after inoculation. The experimental group was intragastrically administered with the
experimentally designed amount, the negative control group was intragastrically administered
with sterile water, and the positive control group was intragastrically administered with erlotinib
hydrochloride. Each mouse was intragastrically administered in 0.4 ml each time and 3 times a
day, at 8:00, 14:00 and 20:00, with 6-hour intervals. The administrations were successive for
10 days. The day before administration was deemed as Day 0 and the weight and tumor size
of the mice were determined every 5 days to produce a dynamic plot on weight and tumor
growth (the experimental results are presented as mean +SD). On Day 28, the mice were
sacrificed and the tumors were taken out and weighed. The tumor inhibition rate (%) after the
effect of the medicament was calculated based on a tumor inhibition rate of the control group
being zero.

[0180] The experimental data for each group were analyzed by using the One-way ANOVA
method in the SPSS 19.0 statistical software and were compared with the control group for
significance of difference.

Table 3: The effect of BS-FC-308 on the weight of the nude mice

Number of .
Group Dosage animals Body Weight (g)
(mg/kg/time) " : ~ ,

Initial Final Initial Final

Sterile water -- 3 3 22.4+0.21 { 21.4+0.91
Erlotinib

hydrochloride 20 3 3 21.4+0.26 { 20.4+1.72
BS-FC-308 35 3 3 21.8+£0.62 { 19.0+0.49

Table 4: The effect of BS-FC-308 on the Hep G2 transplanted tumor in the nude mice
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Group Dosage Mass of tumor { Tumor Infgibition rate
(mg/kg/time) (mg) (%)
Sterile water -- 1281+353.53 --
hy;ggﬂ?gtr’i ‘o 20 839:270.62 34.5
BS-FC-308 35 566+112.26* 55.82
Note: as compared with the control group, * means P<0.05.

[0181] Figure 1 shows the curve displaying the dynamic effect of BS-FC-308 on the body
weight of nude mice.

[0182] Figure 2 shows the curve displaying the dynamic effect of BS-FC-308 on the volume of
the Hep G2 transplanted tumors in nude mice.

[0183] Figure 3 shows that BS-FC-308 significantly reduces the weight of the Hep G2
transplanted tumors in nude mice.

[0184] Figure 4 shows the effect of BS-FC-308 on the weight of the Hep G2 transplanted
tumors in nude mice.

[0185] Figure 5 shows the inhibiting effect of BS-FC-308 on the Hep G2 transplanted tumors in
nude mice

[0186] As is shown in the above tables and figures, in the in vivo animal experiments, at the
dosage of 35mg/kg/time and three administrations per day, BS-FC-308 can effectively inhibit
the growth of the Hep G2 transplanted tumor of the liver cancer cell with an inhibition rate of
55.82%. During the administration, the animal's body weight was reduced, which indicates
certain toxic and side effects on the animal by the compound. After the administration stops,
however, the animal's weight rebounded.

Experiment 9-2: The effect of BS-FC-308 on the transplanted tumor of leukemia in nude
mice.

(1) Experimental materials

[0187] Leukemia cell lines: KCL-22M (human chronic myeloid leukemia mutant strain);
Animal: BALB/c nude mice (immunodeficient mice), 8 weeks, female, purchased from
Shanghai Laboratory Animal Center of Chinese Academy of Sciences, China.

(2) Reagents:
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[0188] BS-FC-308 (synthesized from experiments).

(3) Main apparatuses:

[0189] A cell incubator (Thermo Scientific, 3111);
A laminar flow rack (Suhang Experimental Animal Equipment Factory, DJ-2).

(4) Experimental method

[0190] Under sterile conditions, the KCL-22M cells in the logarithmic growth phase were

respectively collected and injected subcutaneously in an amount of 1x107/0.2mL/nude mice
(cell viability>90%) into the left subaxillary of the nude mice, thus establishing a transplated
tumor model of leukemia in nude mice. The mice were administered from the second day after
the inoculation. The experimental group was intragastrically administered with the
experimentally designed amount while the negative control group is intragastrically
administered with sterile water. Each mouse was intragastrically administered in 0.4 ml each
time and 3 times a day, at 8:00, 14:00 and 20:00. The administrations were successive for 10
days. The day before administration was deemed as Day 0 and the weight and tumor size of
the mice were determined every 5 days to produce a dynamic plot on weight and tumor growth
(the experimental results are presented as mean +SD). On Day 25, the mice were sacrificed
and the tumors are taken out and weighed. The tumor inhibition rate (%)was calculated after
the effect of the medicament based on a tumor inhibition rate of the control group being zero.

[0191] The experimental data for each group were analyzed by using the One-way ANOVA
method in the SPSS 19.0 statistical software and were compared with the control group for
significance of difference.

Table 5: The effect of BS-FC-308 on the body weight of the nude mice

. Number of animals BodyWeight (g)
Groups Dosage (mg/kg/time) - . s ,
Initial Final Initial Final
Sterile water {-- 3 3 20.2+0.2 18.91£2.07
BS-FC-308 {30 3 3 19.510.2 15.41£1.51
Table 6: The effect of BS-FC-308 on the KCL-22M transplanted tumor in the nude mice
Group (mgﬁ(Sga/’Sri " Mass of tumor (g) Tumor In(r;/iob)ition rate
Control -- 2037.7+964.58 --
BS-FC-308 30 520.7+248.54* 74.45
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iNote: as compared with the control group, * means P<0.05. §

[0192] Figure 6 shows the curve displaying the dynamic effect of BS-FC-308 on the body
weight of nude mice.

[0193] Figure 7 shows the curve displaying the dynamic effect of BS-FC-308 on the volume of
the KCL-22M transplanted tumors in nude mice.

[0194] Figure 8 shows the effect of BS-FC-308 on the size of the KCL-22M transplanted
tumors in nude mice.

[0195] Figure 9 shows the effect of BS-FC-308 on the weight of the KCL-22M transplanted
tumors in nude mice.

[0196] Figure 10 shows the inhibiting effect of BS-FC-308 on the KCL-22M transplanted
tumors in nude mice.

[0197] As is shown in the above tables and figures, in the in vivo experiments, the present
experiment verified that, at the dosage of 30mg/kg/time and three administrations per day, BS-
FC-308 can effectively inhibit the growth of the KCL-22M transplanted tumor of leukemia cell
with an inhibition rate of 74.45%. During the administration, the animal's weight was reduced,
which indicates certain toxic and side effects on the animal by the compound. After the
administration was stopped, however, the animal's weight rebounded.
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Patentkrav
1. 7-substitueret fangchinolinderivat med formlen (I), eller et farmaceutisk

acceptabelt salt deraf,
OCH,
-

OCH,4
5 I

(1) hvor W er -OCH>-;
Z er R2R3NCH2CH(OH)-,
Rz 0og Rs uafhaengigt er H, Ci-Ce-alkyl eller C2-Cs-alkenyl eventuelt
substitueret med hydroxyl, Ci-Ce-alkoxy, halogen, Cs3-C7-cycloalkyl eller

10 cycloalkenyl, aryl eller heteroaryl, eller
R2 0g R3, sammen med nitrogenatomet som de er forbundet med, danner
3-7 leddet nitrogenholdig heterocykel; naevnte nitrogenholdige heterocykel
omfatter eventuelt et yderligere heteroatom valgt fra oxygen, svovl og
nitrogen og er eventuelt substitueret med en substituent;

15 hvor substitutenten er valgt fra gruppen bestdende af halogen, amino, Ci-

Cs-alkylamino, di(Ci-Ce-alkyl)amino, nitro, cyano, hydroxyl, Ci-Cs-alkoxy,
Ci-Ces-haloalkoxy, thiol, Ci-Cs-alkylthio, Ci-Cs-alkyl, hydroxyl Ci-Cs-alkyl og
Ci-Ce-haloalkyl

20 2. 7-substitueret fangchinolinderivat eller et farmaceutisk acceptabelt salt deraf
ifglge krav 1, hvor naevnte nitrogenholdige heterocykel er piperidinyl, piperazinyl,
morpholinyl, thiazinyl, pyrrolidinyl, oxazolidinyl eller thiazolidyl, som eventuelt er
substitueret med en substituent valgt fra gruppen bestédende af halogen, amino,
Ci-Ces-alkylamino, di(Ci-Ce-alkyl)amino, nitro, cyano, hydroxyl, Ci-Cs-alkoxy, Ci-

25 Ces-haloalkoxy, thiol, Ci-Cs-alkylthio, C1-Ce-alkyl, hydroxyl Ci-Cs-alkyl og Ci-Cs-
haloalkyl.

3. 7-substitueret fangchinolinderivat eller et farmaceutisk acceptabelt salt deraf
ifglge krav 2, hvor naevnte nitrogenholdige heterocykel er piperidinyl eventuelt
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2

substitueret med Ci-Ces-alkyl, thiazinyl substitueret med Ci-Cs-alkyl, eller
piperazinyl eventuelt substitueret med N-cyano.

4. 7-substitueret fangchinolinderivat eller et farmaceutisk acceptabelt salt deraf
5 ifglge krav 1, hvor R2 og R3 uafhangigt er H, methyl, ethyl, hydroxyethyl,
cyclopropylmethyl, allyl, methoxypropyl eller furfuryl.

5. 7-substitueret fangchinolinderivat eller et farmaceutisk acceptabelt salt deraf
ifglge krav 1, valgt fra gruppen bestdende af de fglgende forbindelser:

E Cb/ “““ "\\’_‘,,»N =
X o
i ! o 1://"\\:

- z j
N j"\aﬁ‘@ :

QOCHa

O AN,
( gy \’) CHy
8o
CHy ™ A

BE-FC-403 BS-FC-405

7-{ Lovslopropyvlmethyvlamite- 2-lydeoxy-

74 -piperadyt-2-hydrosv-propexy)-lingehinclin propoxy fangehinofin

10

N g ’
N S ﬂ/\*\"\/\r CHs
CHy 2"\ &

Lo

\\\\7/ \Of\\,«‘
OCH;

BS-FCH0G BS-FC410
T-{ 1-(3-methy Dpipeadyl-2-hydroxy-
proposy -fangehincha

7-{ I-N-allybusthvlamino-2-bydraxy-
propasy -lngehinolin
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OCHj;
BS-FC-421

0og 7-(1-N-cyanopiperazinyl-2-hydroxy-propoxy)-fangchinolin.

6. Fremgangsmade til fremstilling af det 7-substituerede fangchinolinderivat med
formlen (I),

OCH,
1)
Cl
o: /
N. N.
CH, CHj

2) Ry/Rs'NH
OCH,4 OCH,
FAN 1-4

det 7-substituerede fangchinolinderivat med formlen (I-4) er fremstillet med en
totrinsreaktion: fgrst reageres fangchinolin med kalium-tert-butoxid og
chlormethylpropylenoxid for at give et mellemprodukt, og derefter reageres dette
mellemprodukt med en tilsvarende organisk amin for at give produktet, hvor R4’
og Rs' er defineret som Rz og Rz i krav 1.

7. Farmaceutisk sammensaetning, omfattende det 7-substituerede
fangchinolinderivat eller et farmaceutisk acceptabelt salt deraf ifglge et hvilket

som helst af kravene 1-5 og eventuelt en farmaceutisk acceptabel excipiens.

8. 7-substitueret fangchinolinderivat eller et farmaceutisk acceptabelt salt deraf
ifglge et hvilket som helst af kravene 1-5 til anvendelse som et antitumormiddel.

9. 7-substitueret fangchinolinderivat til anvendelse ifglge krav 8, hvor tumoren er
valgt fra gruppen bestdende af leukaemi, multipel myelom, lymfom, levercancer,
mavecancer, brystcancer, cholangiocellulzert karcinom, cancer i bygspytkirtlen,

lungecancer, kolorektalcancer, osteosarkom, human cancer i livmoderhalsen,
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4

gliom, naesesveaelgkarcinom, strubekarcinom, spisergrscancer, mellemgretumor,

melanom og prostatacancer.
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