Camptothecin derivatives and their uses Technical Field The present
invention relates to the field of medicinal chemistry, specifically to new
camptothecin derivatives that have antitumor activities and are soluble in
water, their uses and the pharmaceutical compositions containing the
same derivatives. Technical Background Camptothecin (abbreviated as
CPT hereinafter, J. Am. Chem. Soc., 1966, 88, 3888), which was
extracted and isqlated Iro ca,mg%oth,eca acumina(iaﬁg%/ Wall et al. for the
first time, is a pﬁﬂ)‘i@ﬁ,qgg RSB RSP ARAHITERL MSES ofit is a
pentacyclic structure with an S-type chiral center at the 20-position on
Ring E and a lactone structure near the chiral center. Although
campodthigEieldhas certain therapeutic effect on gastric cancer, rectal
cancer and the like, its clinical research is limited because of its poor
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made on the CPT molecular structure modifications to obtain CPT
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phaPHIBREE AT GRI. SoRReuRds Wit goadeafiactsiiave been synthesized.

Meanwhile, it has been found that the antitumor activity can be enhanced

bﬁigﬁt@?lfgg&% gmltgble group at the 9-position o'f 10-hyd.roxy

camptothecin. For example, Topotecan commercially available at present

is such a compound.  Unlike common inorganic bases and organic

be3eB LU R bl by eralidiéiditls (it Safs el {FodPss), which was
exttARLE '51§(P EHQ%&Q& %%@%o?ﬁ%ﬁ&%%a%%?%t Lﬁeﬁlnt%é%}@ mﬁewgtﬂsyrrole[&

solubility problem. One is to introduce a water-soluble group which can be

salified, such as amino groups, into the CPT Zompounds, and Topotecan

is such an example. The other is tdlinfroduce & provisional water-soluble

4-b%5%@m%%mﬁ%smmg i vivo'into theLPT car@maqwaﬂg structure with

Inotecan (compound 4, CPT-11), a water-soluble CPT drug, is such an
an xgmnpleal ceReringlsetOemnisig dooamiigniomdradsstsue prisiigly niae the chiral center.

present inventars have found that the compounds obtained by introduci 9 e
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clinf¥ithecfetowingifedrpedatb shenrin: Rolusiktly (alvataliod, 1ol Gide Rianehed
alkyl, or CI-ClI alkyl substituted by hydroxy and/or amino group) have

excallent anttumor aclivites, AMong these compounds, 3Ms NAYE.ations to obtain
excellent t erapeutic effects on Solid tumor Xenografts in tumor-bearing
CPhudevmices anthhigiier therapeutid indicesytherecindicatingdteprospestr of CPT

of these compounds for further development as_antitumor.dcugs 0 HQ O
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object of the present invention is to provide new camptothecin derivatives

camphoth i MBI CoRA 4R G YuBEr Salbisity thIGARE RS S G h HRgmpound.
compounds represented by the above formula Il.  Another object of the
pradintinuentiondsztaiprosceapth argracebtical dompgsitibhiscopmpridinge alkaloids,
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present invention is to provide uses of the above pharmaceutical
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proREESRNLIRRRIan Pavides the compoundswith the stoughdre.ceprasenigdunds, and
by the following formula I, their isomers, enantiomers or pharmaceutically

Iringieeaptemsioatitst ORI VDb HOrEwEHRin (T s, ceuduaaIRyinee.ca
branched alkyl, vinyl, hydroxyl, amino, or C1-C4 alkyl substituted by
hydroxy and/or amino groups, or allyl. Ih particular, R I may be a hydrogen
atom; methyl, ethyl, propyl, vinyl, ally!, butyl, and their possible isomers,
for example isopropyl, isobutyl; and hydroxymethyl, hydroxyethyl,
hydroxypropyl, aminomethyl, aminoethyl, aminopropyl and the like. = The
examples of the said pharmaceutically acceptable salts are salts which
are formed of the basic amine group of the piperidyl group introduced at
the 10-hydroxy group and pharmaceutically acceptable inorganic acid or

organic acid, and these salts can make the drugs soluble in water. As an
avamnle the inaraanic or oraanic acide can he hvvdrochlarie acid



1044'-piperidylpiperidine)carbonyloxy)-9-allylcamptothecin;

10-((4'-piperidylpiperidine)carbonyloxy)-9-isopropylcamptothecin;

104(4'-piperi dylpiperidine)carbonyloxy)-9-n-butylcamptothecin ;

10441-piperidylpiperidine)carbonyloxy)-9-isobutylcamptothecin;

104(41-piperidylpiperidine)carbonyloxy)-9-hydroxymethylcamptothecin; |

Owine piperichd piperidive) eaduegsy oxyidn plyd tbx yathgit amipatsttsdeine drund that the
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e compounds of the pre ent invention can be synthesized by the same

repraseettibthaththailohdygthesizingl rivatecaR as rHpart€d mkyie rOx irdnched alkyl, or

T ethads have been reported in many references (e.g, Chem.. . .
Cr- GRS OBT G5 71 PHESTORAG 0 hein e St A i Amone
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alkaloid of the formulaHOis reacted wit?@?os ene or solid phosgene to

mOghERT & A FERfoPRIE BT BT S it IS CanGTHEN tRE GhiRaEY Begpect of these
compHRIideraRmReHOd B i teact ekt Pipgsidylpiperidine (compound 7) to

obtain the objective product. In Scheme 2, piperidylpiperidine is reacted

with phosgene or solid phosgene to obtain an chloroformic acid amide

compound 8 at first, andktclsl_e/_rithg ,th&cii\r}ed chloroformic acid amide

compound 8 is reacted WitH'\p/jfrrdle[%iéi:bﬁ uinoline alkaloid in scheme 1

to obtain the objective product. 'fScheme(a] 0 0.--(>HGOCI2-11-Cl Comp

ml n d7C cm pou nd8 Both of the above schemes use the common

organic synthetic reactions. Referripg, to the related documents on

synthetic reaction, an ordinary skilled person can carry out these

actions, For brevity, the detailed description is omitted herein. . The e

e il T L OB S L B piSiartPotubiy n
watetnvention can be prepared by the conventional methods. For brevity, the

detailed description is omitted herein. It is possible to form water-soluble

$AlSREFOEHIRY iRvhRighemical property of the compounds of the present
invention.  The present invention also provides a pharmaceutical
pmesiion somprsing adhcrapeutically eficcie amount oLHhe. AOOYE ivcs win
compound and a conventiona pharmaceu%ga(f adjuvant, The "effective
high ampuhbt iscthenaandugdodf dbiateimpouactihaisiel enotigldmpapidvephgented by the
b disease condition and does not produce severe side effects. The safe and
abovg deraia mount of the compound depends on the specific conditions
such as age, body weight of the subject, therapeutic indication, .
Adaihsistasio T ditereenr sy oftipadsiepy ady rdthearelited thergsifigrtcomprising
the a%%%e“gaem Egt e%?r{dd gpvaawgsﬁeu"tlcal adjuvan.t includes pharmaceL_Jtch:aIIy
acceptable carriers, and the "pharmaceutically acceptable carrier" means

one or more compatible solid or liquid filler(s) or excipient(s) which is/are

Stitatiethsr AbiRTAR bEIR eSS Mutitavs EhGERGRISUIRS? e BRRJIT IEtfrptothecin

derivi@NE o PR asRmPatibling hersinmeanagreh component of the
composition can be blended one another while the pharmacodynamic

jon aof the, compound cannot be decreased obyiously. Some examples :
S R B S S M e Y A PR
comglsidosefspetpaty dactosié;aaten), fstanaivf steetmast.corn starch, potato starch,

etc.), cellulose and its derivatives (such as sodium carboxymethycellulose,

sqdium&tayicelilase. seleseRcelalp MIRracysaling Gelinlosg, 8lEed by the

acrylic resins, sodium polyacrylate, polyvidone, polyethylene glycol,
follopirgdsaretin/letieimenmoste srandogefatin philicacyeticaly asteatiblasdts.

magnesium stearate, calcium sulfate, vegetable oil (such as soybean oil,

sesame oil, peanut oil, olive oll, etc.). It also can be emulsifier (such as

Tween0), wetting agent (such as sodium dodecylsulfate), plasticizer (such

as dibutyl sebacate), coloring agent, flavouring agent, stabilizer,

preservative, nonpyrogenic water and the like. The choice of the carrier

used in the composition of the present invention depends on the

administration mode of the compound, and a person skilled in the art can

select the carrier which is suitable for specific administration mode

according to the prior art.  The present invention also provides the

dosage forms of the above pharmaceutical composition. The dosage form
mav he crntahle for aral adminictratinn intravvenaiic inieactinn



Embodiment of the Invention Preparation Examples Preparation Example

1 Preparation of

104(4'-piperidylpiperidine)carbonyloxy)-9-allylcamptothecin(CPT-4)  One

gram (1.25 equivalent weight) of piperidylpiperidine chloroformic acid

amide (compound 8) was dissolved in 70mL of dichloromethane,

10-hydroxy-9-allylcamptot N in(1g, 1 equRvalent weight) was dissolved in

70mL of anhydrous pyridi nd h ! romethane solution

was added into the anhydrous pyrlln ution Nn\d collng condition.

After the reaction was completed, the solvelit was evap fated under

reduced pressure. The residue was subjected to silica gel column

chromatography, and 1.25¢g of CPT-4 yellow solid was obtained. IHNIVIR

(DI:VISO-do) (ppm) :1.01 (3H, 1), 1.58-1.90 (10H, m), 1.80-1.99 (211, m),

2.89 d), 4.45 (2H, dd), 4.94 (1H, dd), 5.11 (1H, dd), 5.14 (2H, s), 5.15 m),
wirerem (B4, 18)Hy 65¢a fplksd, 81194 (ppchiyd galikyl( 1¥g) . mdHoy); 3100q1 9r1C1-Cy alkyl
s@);ﬂért@@ ﬂ} |ﬂy&bx§ Zr]dgr'_éngﬂo %ngzblr gi‘l}l ]'I’n B&ﬁf&ﬁfﬁt'ﬁn I'I:I@@y)elengdrogen atom;

Preparation of

mi@&kﬂp{b@fi@ﬂpb@@‘id@ﬁé‘)é&%%kﬂ poestitld cermptotive ch@xTispprepyl, isobutyl;
ari%q{ﬁf&%e%@? amlde eﬁl@ﬁr% gqnmﬁm%af RIRGLIdY 'B{% IR byl and the

chloroformic aci compound 8) was dissolved in 70m

lilgichloromethane, 10-hydroxy-9-ethylcamptothecin (1g, 1 equwalent
weight) was dissolved in 70mL of anhydrous pyridine, and the above
dictlerometharnd telstio phaasedded iniocthe e by atsspyidinersebutitned of the

under.coolin ndltlon ter the rea tlon W pleted, the solvent was
SR BT TIPSR SFRRIVE CF e A S LS bt Effgecutcally
acge)aisl i invagehicoridtogsaphiy, adiddaddddes 0 LPhnlnygdaue galid Waskle in water. As an
obai z?; IHNMR (DMSO-d6) (p é% pm); 1.01 (3H, 0, 1.20 (3H, t), 1.58-1.90
RO PRI, DB T B) XYY, PR EHct, ppopghoric acid,
acﬂldcldd};fﬁ;&éaﬁ%hb &)id 215 {ddHoddiaReu (b cd)i®.00 (IH, m), 7.47 (1H,
d), 7.65 (1H, s), 8.11 (1H, d), 8.67 (114, s)0 Preparation Example 3

Pr@{:@éﬁ%ﬁn e compounds of the present invention are as follow
104(4%piperidylpiperidine)carbortyloxy)-9- propylcamptothecm(CPT 3)

oné-§rarmiperigsligenidaiestheighty bf piséviypetielite chlorofonnic acid
am@a@em&%@ﬁm&%@m&%& LR R diblgromethane,

10-hydroxy-9-propylcamptothecin {1g, | €quivalent weight) was dissolved
in 704 phenyidrausipyyisingyang)theabavandichlespmethane solution
was added into the anhydrous pyridine solution under cooling condition.
AftértHe rwattrniveadicorerstdxihed sbiemumetbeeiraporated under

re to 8] li el column
o D P A R inect 1w
(DMSA! dﬁ)@(pbinl)pelld)&el@lfbou)ymm%%wyléalﬁgtdtﬁﬁxnm), 1.82-1.90 (2H,

-4.99 (2H. m 3.09,3.22 (211, 1), (1H, b), 4.45 (2H,
ddﬁolééppﬁe?%plgei%ﬁ 1%é loé%’) H Obﬁt"’?é%%]fl e)dé 7.47 (11-1, d),
7.68- ((E'Hp@)?r@ﬂall(dmdl}rd)pﬁt@mﬂmﬂ)é}hﬁdrpmémmmmles The
fol ng har cologi ests were performe the above
o T e R R R s
Exkihti(allepiphmkibbmprmthhé)@ﬂ@xyima)@edthfmysﬁemmmothaé@PO
1-mediated supercoiled pBR322 relaxation assays were used to test the
effee comaandPIt dba dicesth Etedsiite con TOPThesinsdyimatie saotivitelrothps that of

sy6@lsirae Systemabrig. répdﬂ&ﬁﬁﬁiﬂlme%r: F@.aﬁﬁg%oﬁghmﬁpMBgted in many
N T-4 activ t i inhibit the TOPO I-mediate
res?ﬂ%lé%cs:gwlédczg Iﬁe ax E%T\? Eﬁqé %%r?z?#fgn of the CPT-4 active metabolite

was stronger than that of CPT, TPT (Tépotecan) and SN38 (the active
metabolite of Trinotecan) at the same concentrations.




Experimental Example 2 In vitro anti-tumor activity 1. Sulfonyi

rhodamine B (SRB) protein staining assays were used to detect the

inhibition of tumor cell proliferation of the compound. The results showed

the CPT-4 active metabolite could effectively inhibit the proliferation of the

tumor cells at lower concentrations (table 1) , Its mean value of 1050(115.2
thirteen tumor cel] lines was lower than that of the control

bt RIS TP TR HNf N TR S AP o B ROl
(9- NC) (167.0 nM). Meanwhile, the conﬁpound had selectivity to tumor cell
lines originated from dlfferentlitlsbuésther%ln the lung cancer, rectal

4 p]5ARGERANEMRAs FRRsErsell linds were.gens 'tfg/%L@th%EJhosg&{eV& solid

metabollte and liver cancer, gastric cancer and ovarian cancer were less

phosgeRE D ARSI SABRRHRY T abllsstarabre Ihpliaiod agyd cliiside

comRetaboliecirtib ket thipepmiifesatian.qt tuipamaetisCalldin@se objective product.
IC50(meanSD)(nM) TPT SN38 9NC CPT-4 active metabolite HL-60
R3R8r1.82 6.70=1.26 20.57+2.56 9.18+0.20 A549 28.09+6.80 5.90+1.61
31.95+3.72 4.6811.32 NCI-H23 122.14+36.30 234.39+115.95
70. 34+14Rss 10.57+1.20

CompoundB

CN NH compound? C
Ty é@g@

In Scheme 2, piperidylpiperidine is reacted with phosgene or solid phosgene to obtain an

chloroformic acid amide compound 8 at first, and then the obtained chloroformic acid amide
compound 8 is reacted with pyrrole[3, 4-b]quinoline alkaloid in scheme 1 to obtain the objective

product.

[Scheme 2]

OO w022 OO0 8
N
N H 2 {_ No Ny SN
Compound? Compound8 ¢ N/ N " o
HO /

Both of the above schemes use the common organic synthetic reactions. Referring to the
related documents on synthetic reaction, an ordinary skilled person can carry out these reactions.

For brevity, the detailed description is omitted herein.

The pharmaceutically acceptable salts of the compounds of the present invention can be
prepared by the conventional methods. For brevity, the detailed description is omitted herein. It is
possible to form water-soluble salts according to the chemical property of the compounds of the

present invention.



SGC-7901 488.67+96.52 465.00+75.35 98.00+6.87 318.00+51.39

MKN-28 411.68+188.46 303.48,v56.04 115.81+6.48 57.28+45.56 RC{-1

16 38.02+2.19 12.87+5.40 13.71+1.40 7.20+2.37 HCT-15 14.40+4.41

6.13+4.07 9.59+0.48 10.40+1.52 BEL-7402 420.33+79.66 135.63+34.72
58.80+10.65 313.00=24.04 SMMC-7721 1382.85+171.56 378.70+66.43 .
138020053525 0h466idr + 336.6Provides a pharmaceutical composition comprising a

therapeutically effective amount of the above compound and a conventional pharmaceutical
adjuvant. The “effective amount” is the amount of the compound that is enough to improve the
disease condition and does not produce severe side effects. The safe and effective amount of the
compound depends on the specific conditions such as age, body weight of the subject, therapeutic
indication, administration route, course of treatment, any other related therapy and the like. The said
pharmaceutical adjuvant includes pharmaceutically acceptable carriers, and the “pharmaceutically
acceptable carrier” means one or more compatible solid or liquid filler(s) or excipient(s) which
is/are suitable for human beings and must have enough purity and enough low toxicity. The
“compatibility” herein means each component of the composition can be blended one another while
the pharmacodynamic action of the compound cannot be decreased obviously. Some examples of
the pharmaceutically acceptable carriers are saccharide (such as glucose, sucrose, lactose, etc.),
starch (such as corn starch, potato starch, etc.), cellulose and its derivatives (such as sodium
carboxymethycellulose, sodium ethylcellulose, cellulose acetate, microcrystalline cellulose, etc.),
acrylic resins, sodium polyacrylate, polyvidone, polyethylene glycol, polyoxyethylene monostearate,
gelatin, silica gel, talc, stearic acid, magnesium stearate, calcium sulfate, vegetable oil (such as
soybean oil, sesame oil, peanut oil, olive oil, etc.). It also can be emulsifier (such as Tween®),
wetting agent (such as sodium dodecylsulfate), plasticizer (such as dibutyl sebacate), coloring agent,
flavouring agent, stabilizer, preservative, nonpyrogenic water and the like. The choice of the carrier
used in the composition of the present invention depends on the administration mode of the
compound, and a person skilled in the art can select the carrier which is suitable for specific

administration mode according to the prior art.

The present invention also provides the dosage forms of the above pharmaceutical composition.
The dosage form may be suitable for oral administration, intravenous injection, intramuscular

injection and the like, such as powder, tablet, capsule, etc.

The compounds of the present invention have anti-tumor activity, so the compounds of the
present invention and the pharmaceutical composition containing the compounds may be used to
prepare medicaments for tumor treatment, and further to treat tumors, and also can be used as the

intervention therapy of the tumors.



MCF-7 386.95+45.61 72.95+15.56 62.59=19.76 35.41+25.15 M DA

-MB-435 49.71+6.05 3.42+1.53 18.50=6.14 9.89+0.25 MDA -MB-468

176.45+97.46 95.64+36.91 64.87+29.65 17.28+8.84 HO-8910

1379.71+44.421 119.11170.95 226.68=40.76 238.50+161.36 8 2.

The multidrug resistance cell line K562/A02 and its parent K562 cell line

wWirecgsedtode véllater thencintiemisititinig gesisiaticemndithetiCiRTaddactivelity in water.
Themcgetablcl)rlliée T‘pe_IC Pe'gtq adriatlr_n)écin t 1f62 and K562/A02 cells were
NeGAE AN BY 1AW, epeBel) ‘A RESRBHe Factor (RF) was

140.24. The results showed that CPT-4 active metabolite had equivalent

tdXe5tiEies pbthedIPIHBES and showed obvious anti-multidrug resistance

effect, and the effect was stronger than that of TPT and SN38 (the results

wege showrsintfigURI 2, wetiereine{A)plE50sibftMDRPKIG624ABR drdpitscoiled pBR322
relaggrgnt K562 cells; (B) Resistant Factor). Experimental Example 3. In vivo

anti-tumor activity Human rectal cancer fICT-116 cells or human lung

cancer SPC-A4 cells were inoculated into armpits of nude mice. When the

VORIh&erbaaiory Fadueaesisance 20thafR 3 4neliva areiwebivere

separated to different cages at random and CPT-4 at different

dogcéntratie tiss arxpenmeltshlineaprasd dniflavead GBIY-administratedtthreacer HCT-116
Xentima%% Der \é/ee%c.eThe results showed the compound can significantly inhibit

Re grow T of tutmor xenografts, and the effect was equivalent to that of

CPT-11 (water soluble CPT drug, Ithnotecan). The results were shown in
TaBI& Phone T rerimental therapeutic effect of CPT-4 on human lung cancer SPC-A4

xenografts in nude mice.
Embodiment of the Invention
Preparation Examples
Preparation Example 1
Preparation o’f 10-((4’-piperidylpiperidine)carbonyloxy)-9-allylcamptothecin(CPT-4)

One gram (1.25 equivalent weight) of piperidylpiperidine chloroformic acid amide (compound
8) was dissolved in 70mL of dichloromethane, 10-hydroxy-9-allylcamptothecin (1g, 1 equivalent
weight) was dissolved in 70mL of anhydrous pyridine, and then the above dichloromethane solution
was added into the anhydrous pyridine solution under cooling condition. After the reaction was
completed, the solvent was evaporated under reduced pressure. The residue was subjected to silica

gel column chromatography, and 1.25g of CPT-4 yellow solid was obtained. "HNMR (DMSO-dy)
(ppm) : 1.01 (3H, t), 1.58~1.90 (10H, m), 1.80~1.99 (2H, m), 2.89 (4H, b), 3.09 (1H, b), 3.71 (2H,
d), 4.45 (2H, dd), 4.94 (1H, dd), 5.11 (1H, dd), 5.14 (24, s), 5.15 (1H, d), 5.66 (1H, d), 6.00 (1H,
m), 7.47 (1H, d), 7.65 (1H, s), 8.11 (1H, d), 8.51 (1H, s).

Preparation Example 2

Preparation of 10-((4’-piperidylpiperidine)carbonyloxy)-9-ethylcamptothecin(CPT-2)
6



Table 2. Experimental therapeutic effect of CPT-4 on human rectal cancer
HCT-116 xenografts in nude mice. Group Dose Administraion mode
Number of animals Body weight (g) TV (mm3) RTV T/C (%) Atthe
beginning At the end At the beginning At the end do 621 Control 0.2m1
per i,

Zero point nine five gram (1.25 equivalent weight) of piperidylpiperidine chloroformic acid
amide (compound 8) was dissolved in 70mL of dichloromethane, 10-hydroxy-9-ethylcamptothecin
(1g, 1 equivalent weight) was dissolved in 70mL of anhydrous pyridine, and the above
dichloromethane solution was added into the anhydrous pyridine solution under cooling condition.
After the reaction was completed, the solvent was evaporated under reduced pressure. The residue
was subjected to silica gel column chromatography, and 1.24g of CPT-2 yellow solid was obained.
"HNMR (DMSO-dg) (ppm): 1.01 (3H, 1), 1.20 (3H, 1), 1.58~1.90 (2H, m), 1.80~1.99 (2H, m), 2.89
(4H, b), 3.09 (1H, b), 3.21 (2H, q), 4.45 (2H, dd), 5.14 (2H, s), 5.15 (1H, d), 5.66 (1H, d), 6.00 (1H,
m), 7.47 (1H, d), 7.65 (1H, s), 8.11 (1H, d), 8.67 (1H, s).

Preparation Example 3
Preparation of 10-((4’-piperidylpiperidine)carbonyloxy)-9-propylcamptothecin(CPT-3)

One gram (1.25 equivalent weight) of piperidylpiperidine chloroformic acid amide (compound
8) was dissolved in 70mL of dichloromethane, 10-hydroxy-9-propylcamptothecin (1g, 1 equivalent
weight) was dissolved in 70mL of anhydrous pyridine, and the above dichloromethane solution was
added into the anhydrous pyridine solution under cooling condition. After the reaction was
completed, the solvent was evaporated under reduced pressure. The residue was subjected to silica

gel column chromatography, and 1.17g of CPT-3 yellow solid was obtained. "HNMR (DMSO-d)
(ppm) :1.01 (3H, t), 1.12 (3H, t), 1.59 ( 2H, m), 1.82~1.90 (2H, m), 1.80~1.99 (2H, m), 2.89 (4H, b),

3.09, 3.22 (2H, 1), (1H, b), 4.45 (2H, dd), 5.14 (2H, s), 5.15 (1H, d), 5.66 (1H, d), 6.00 (1H, m),
7.47 (1H, d), 7.65 (1H, s), 8.11 (1H, d), 8.51 (1H, ).

Experimental Examples

The following pharmacological tests were performed by using the above prepared compound

CPT-4 of the present invention.

Experimental Example 1 Inhibition of TOPO I in a cell-free system,
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TOPO I-mediated supercoiled pBR322 relaxation assays were used to test the effect of the
CPT-4 active metabolite on TOPO I enzymatic activity. In this cell-free system (Fig. 1, wherein,
RLX: relaxed DNA; SC: supercoiling DNA), the CPT-4 active metabolite could inhibit the TOPO

I-mediated supercoiled DNA relaxation. The inhibition of the CPT-4 active metabolite was stronger

than that of CPT, TPT (Topotecan) and SN38 (the active metabolite of Irinotecan) at the same

concentrations.
Experimental Example 2 In vitro anti-tumor activity

1. Sulfonyl rhodamine B (SRB) protein staining assays were used to detect the inhibition of

tumor cell proliferation of the compound. The results showed the CPT-4 active metabolite could
effectively inhibit the proliferation of the tumor cells at lower concentrations (table 1) , Its mean

value of ICso (115.2 nM) to thirteen tumor cell lines was lower than that of the control compounds
TPT (378.6 nM), SN38 (218.5 nM) and 9-nitrocamptothecin (9-NC) (167.0 nM). Meanwhile, the
compound had selectivity to tumor cell lines originated from different tissues. Wherein the lung
cancer, rectal cancer and breast cancer cell lines were sensitive to the CPT-4 active metabolite, and
liver cancer, gastric cancer and ovarian cancer were less sensitive (the results were shown in Table
1).

Table 1. The CPT-4 active metabolite inhibited the proliferation of tumor cells

IC50(mean+SD)(nM)
CPT-4 active
Cell lines TPT SN38 9NC metabolite
HL-60 23.28+1.32 6.70+1.26 20.57+2.56 9.18£0.20
A549 28.09:6.80 5.90+1.61 31.95+3.72 4.68+1.32
NCI-H23 122.14+36.30 234.39+£115.95 70.34+14.58 10.57%1.20
SGC-7901 488.67+96.52 465.00+75.35 98.00+6.87 318.00+51.39
MKN-28 411.68+188.46 303.48+56.04 115.81+6.48 57.28+45.56
HCT-116 38.02+2.19 12.87+5.40 13.71£1.40 7.20+2.37
HCT-15 14.40+4.41 6.13+4.07 9.59+0.48 10.401.52
BEL-7402 420.33+79.66 135.63+34.72 58.80+10.65 313.00+24.04
SMMC-7721 1382.85+171.56 378.70+66.43 1380.20+25.00 466.17+107.60
MCEF-7 386.95+45.61 72.95+15.56 62.59+19.76 35.41£25.15
MDA-MB-435 49.71£6.05 3.42+1.53 18.50+6.14 9.89+0.25
MDA-MB-468 176.45£97.46 95.64+36.91 64.87+29.65 17.28+8.84
HO-8910 1379.7144.42 1119.11£170.95 226.68+40.76 238.50+161.36
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mg/kg, q3wx3 .1 CPT-415i.t6620.317.810020 17251 1.8 + 3.99
mg/kg, q3wx3

2. The multidrug resistance cell line K562/A02 and its parent K562 cell line were used to
evaluate the anti-multidrug resistance of the CPT-4 active metabolite. The ICsq’s of adriamycin to
K562 and K562/A02 cells were 0.493 and 69.141uM, respectively, and Resistance Factor (RF) was
140.24. The results showed that CPT-4 active metabolite had equivalent toxicities to both cell lines,
and showed obvious anti-multidrug resistance effect, and the effect was stronger than that of TPT
and SN38 (the results were shown in figure 2, wherein (A) ICs’s of MDR K562/A02 and its parent
K562 cells; (B) Resistant Factor).

Experimental Example 3. In vivo anti-tumor activity

Human rectal cancer HCT-116 cells or human lung cancer SPC-A4 cells were inoculated into
armpits of nude mice. When the volume of the tumors reached 100 ~ 200 mm”, the nude mice were

separated to different cages at random and CPT-4 at different concentrations or normal saline was
intravenously administrated three times per week. The results showed the compound can
significantly inhibit the growth of tumor xenografts, and the effect was equivalent to that of CPT-11

(water soluble CPT drug, Irinotecan). The results were shown in Table 2 and Table 3.

Table 2. Experimental therapeutic effect of CPT-4

on human rectal cancer HCT-116 xenografts in nude mice.

Dose Administraion Number of animals Body weight (g) TV (mm®)
mode
Group At the At the end At the At do d,, RTV e
beginning beginning the (%)
end
Control  0.2ml per iv. 12 12 20.0 20.7 93458  3360%754 1428
animal
CPT-11 15 iv. 6 6 20.7 183 10160 171486 1.9 437
mg/kg, +1.1
q3wx3
CPT-4 15 iv. 6 6 20.3 17.8 10020 172451 1.8+ 399
mg/kg, 0.5
q3wx3
CPT-4 7.5 iv. 6 6 19.5 172 94#£30  289+£108 3.8+ 831
mg/kg, 2.2
q3wx3
CPT-4 3.75 Lv. 6 6 20.2 17.0  92+27 720£75 8.4+ 18.9




0.5 CPT-47.5iv. 6 6 19.5 17.2 9430 289108 3.8 + 8.31 mg/kg, q3wXx
2.2 CPT-43.75 |

mg/kg, 2.0
q3wx3

Table 3. Experimental therapeutic effect of CPT-4

on human lung cancer SPC-A4 xenografts in nude mice.

Dose Administration Number of Body weight (g) TV (mm?)
mode animals /e
Group At the At At the At do dao RTV %
beginning  the beginning  the
end end
Control 0.2ml per iv. 12 12 18.2 224  108+56 4361+988
animal 46220
CPT-11 15 mg/kg, iv. 6 6 18.2 18.7 121434 55£39 0.5 0.5 1.13
q3wx3
CPT-4 15 mg/kg, iv. 6 6 17.3 17.5 10628 55499 04+£07 0.88
g3wx3
CPT-4 7.5 mg/kg, L. 6 6 17.5 193 108+61 1153%£172 14%5.5 314
q3wx3
CPT-+4 3.75 iv. 6 6 17.8 193 104+22 19314533 19£5.5 414
mg/kg,q3wx3

Note: The tumor in one nude mouse in CPT-4 15 mg/kg group was completely regressed.
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i6620.217.09227 72075 8.4+ 18.9 mg/kg,2.0 g3wx3 Table 3.

Experimental therapeutic effect of CPT-4 on human lung cancer SPC-A4
xenografts in nude mice. DoseAdministrationNumber ofBody weight (&WW’LP
(mm3) modeanimals GroupAt theAtAt theAtdod,0RTV

beginningthebeginningthe endend Control0.2m1 periv121218.222.410856
4361988 animal4620 CPT-1115 mg/kg,Lv,6618.218.71213455390.5

0.51.13 g3wx3 CPT-415 mg/kg,iv.661 7~ 517551062855990.4 0.70.88

g3wx3 CPT-47.5 mg/kg,iv,6617.519.310861115317214 5.531.4 q3wx3
CPT-43.75iv.6617.819.310422193153319 5.541.4 mg/kg,q3wx3 Note: '
Thie tinfBPRE Bitle FRIGEFHTIUER fReCBRY 18 RiBIRY é?saﬂg SCEdifhpikgERpceutically

acgggt%%?es sea‘?t',
R1
N @]
- me
§ HC / °

wherein R; is H, C1-Cy4 alkyl, C;-Cy4 branched alkyl, vinyl, hydroxyl, amino, or C;-Cy4 alkyl

substituted by hydroxy and/or amino group, or allyl.

2. The compound or its pharmaceutically acceptable salt according to Claim 1, wherein the

said compound is selected from the group consisting of the following compounds:

10-((4’ -piperidylpiperidine)carbonyloxy)-9-methylcamptothecin;
10-((4’-piperidylpiperidine)carbonyloxy)-9-ethylcamptothecin;
10-((4’-piperidylpiperidine)carbonyloxy)-9-propylcamptothecin;
10-((4’-piperidylpiperidine)jcarbonyloxy)-9-allylcamptothecin;

10-((4’ -piperidylpiperidine)carbonyloxy)-9-isopropylcamptothecin;
10-((4’-piperidylpiperidine)carbonyloxy)-9-n-butylcamptothecin;
10-((4’-piperidylpiperidine)carbonyloxy)-9-isobutylcamptothecin;
10-((4’-piperidylpiperidine)carbonyloxy)-9-hydroxymethylcamptothecin;
10-((4’-piperidylpiperidine)carbonyloxy)-9-hydroxyethylcamptothecin; and

10-((4’ -piperidylpiperidine)carbonyloxy)-9-aminomethylcamptothecin,
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MCSLLP Claims 1. A compound represented by the following general

formula 1, or ts pharmaceutically acceptable salt,  wherein R1 is H, MCSLLP

CI-C4 alkyl, C1-C4 branched alkyl, It iyl hydroxyl, amino, or CI-C4 alkyl

substituted by hydroxy and/or amino group, or allyl. 2. The compound

or its pharmaceutically acceptable salt according to Claim 1, wherein the

said dhmpourting seleceberfener tidlyrngprebitsistirigeerdine folfdwing or 2, wherein
ounds: 104

theﬁFbé)ﬂwfﬁ?ﬁ%‘? ﬁig) E%Eﬁ,?ﬁ&%lsga ﬁ’?&tW&f&%iﬁBfSﬂ‘?@ (p%reactlon of the said compound

iperidy Rige carbo 9-eth am othec
ARy e o e B e A ol gggect aid or
witRipeHdyipiesriging)earbonyloxy)-9-all yl eamptothecin; 104(4'
-piperidylpiperidine)carbonyloxy)-9-isopropyl camptothecin;
1044'-piperidylpiperidine)carbonyloxy)-9-n-butyleamptothecin, 1 04(4'
-p|‘ﬂ)eﬁdﬁﬂﬁ‘b’éfﬁ‘ﬂ‘|1f*féjcé?ﬁ]é’ﬁ§}P@Ry§991%§m&y? c‘é sipBiedin;effective amount of the

4'-piperid eridine arbon )-9- h droxymeth ptothecin;
0055’() ad) éreﬁtls ﬁ&g@#ﬁdﬁlg rﬁ%ceg ??b)fg) sglhyﬁcrcé%}//%hﬂ %? mto{hec(l?n I an(rzlmmumrlal

p113594;§ euggggg@\;gﬁpen di ne)carbonyloxy)-9-aminomethyleamptothecin.
MCSLLP e compound or its pharmaceutically acceptable salt
according to Claim 1 or 2, wherein the said pharmaceutically acceptable
saftidlke sﬁalftrmmgwi'@lr@nmeelswrr@amréhl@mr@@m&c@ihﬂﬁ@iarthew‘rthl pharmaceutical
hydrochloric acid, sulphuric acid, phosphoric acid, acetic acid,
CORMHBASHCTAER) B HITOHS I S FOIESSB o S GR o
pharmaceutical composition comprising a therapeutically effective amount
of thejcompeynd apdtsphanpagertisaly atsepiablersakaceding:t@ Claim 1 for
Claim 1 and a conventional pharmaceutical adjuvant. 5. The
prphaitp acewticalconopdsitienmeoteidimgotaliGlaem 4, wherein the said
pharmaceutical composition is prepared in the dosage form of oral or
inj n istratio 6 Use.of the ¢ d 0
o L ARt R L ORI ¥ proping u medicament for
mnedicamentfopihedieatment of tumor diseases. 7. Use of the
pharmaceutical composition according to Claim 4 for preparing a
medicament for the treatment of tumor diseases.



