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WATER SOLUBLE CAMPTOTHECIN ANALOGS 

BACKGROUND OF THE INVENTION 

This invention relates to water soluble 
camptothecin analoqs, a pharmaceutical composition 

. . 

15 comprisinq a tumot cell gro~th inhibiting a.mount of such 
an analog, and a method· of inhibiting the s~owth of tumor 
cells sensitive to such an analog in 8.!l animal in need 
thereof.· 

The structure of ~he DNA helix within eukaryo~ic 

- -~ ...... :"·:· ·.. =·· 

•20 cells imposes cer~ain topological problems that. the 
cellular apparatus mu~t solve in order to use its qenetic 
material as a template. The separation of the DNA strands 
is fundamental to cellular processes such as DNA 

replication and transc.ription. Since euka.ryotic DNA is 

25 organized into chromatin by chromosomal proteins, the ends 
are constrained and the strands cannot unwind without the 
aiQ cf enzymes tha.t alter ~~pology. It has lo~g been 
recoqnized that the advancement of the tJ;&uicript_ion or 
replication.complex along the DNA helix ~ould be 

30 

3S; 
.. 
.... 

~· 

facilitated by a. swivel point which would relieve the 
. I ' 

torsional strain generated during these processes. 
Topoisomerases ate enzymes that are capable of altetin9 
DNA topology in eukaryotic cells. ~hey are cri~ipal for 
important cellular fWlctions ano cell proliferation. 
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l 'there a.re two classes of topoisomerases .in 
eukaryotic cells·, type I and type II. Topoisomerase r is 
a monomeri.c enzyme of approximately 100,000 molecular . 
weiqht. The enzyme binds to DNA and introduces a transient 

S sinsle-strand break, unwinds the double helix (or allows 
it to Wlwind}, and subsequently reseals the.break before 
dissociatinq from the DNA strand. 

Tapoisomerase Ii consists of two identical 
subunits of molecular wei~ht 170,0~0. Topoisornerase II 

10 transiently breaks both stra.nds of the helix and.passes 
another double-strand segment throuqh the break. 

Camptothecin is a water-insoluble, eytotoxic 
alkaloid produced by Camptotheca aecurninata trees 
indiqenous to China and ttothapodYtes f getida trees 

15 indigenous to India. Camptothecin and a fe~ close 
conqeners thereof are the only class of compounds known to 
inhibit topoisomerase I. 

Iiihibiticn of topoisomerase II is the ~ajor 
target of impo.rtant commercial oncolytic aqents (e' q." 

20 etoposide,. doxorubiein and mitoxantrone) as well es other 

25 

30 

35 

.oncolytic agent$ still undergoinq develop~ent. : 
Carnptothecin (and its known congeners> have no effect on 
topoisomerase II and none of the kncwn topoisomerase II 
inhibitors has any significant effect on topoisomerase I. 

Camptotheoin and its known topoi$omerase I 
inhibitinq conqen~rs have not proven to be attractive for 
clinical drug development aG cytolytic agents because of 
lack of clinical efficacy, unacceptable dose-limiting 
toxicity, unpredictable toxicity, poor aqueous solubility, 
and/or una.cceptable.shel~ life sta))ility". Therefore, 

- r 
thete is a need for topoisomerase I inhibit~nq aqen~s 
which avoid the undesirable features of camptothecin and 
its known related topoisomerase I inhibitini co~qeners. 
The compounds of this invention fulfill such need. 



-J-
l 

S~Y OF.THE INVENTIOM 

This invention rela~es to a compound of the 

5 formula 

10 

Formula .<I) 
15 

wherein: 
X is hydroxyi hydrogen; cyano; -cH2NH2; or 

form.yl; 
R is hydroqen when X is cyano; cH2NM2 or 

20 formyl; or R is -CHO or -cH2R1 when X. is.hydroqen or 
hydroxy; 

a1 is -O-R2 i -s-a2; -N-R2 CR~); .or 
-N~-~2 (R3 )CR4 ), provided that .when R1 is 
-N+-R2(R3)(R4) the compound is a6sociated with a 

25 pharmaceutically acceptable anioni 
a2 ,a3 and a' are th& same or different and. 

are selected from H; c1_6 alkyl; c 2_
6 

hydroxyalkyl; 
C1_6 dialkylaminOi c1~6 dialkylamino-C2_6 alkyl; 
c

1
_ 6 alkyla.mino-c2_6 alkyl; c2_6 aminoalkyl or a 3-7 

30 m.etnber unsubstituted or substftuted carbocyclic ring; and 

when R
1 is -N-R

2
(R

3
), ·~· R

2 and· a3 

g~oups may be combined togeth~r with the·~itroqen atom to . . 
which they are bonded to £orm a substituted or 
unsUbstituted heterocyclic ring which may oont~in 

35 additional hete:roa.toms; · · 
or a pharmaeeuti~ally acceptable salt, hydrate or solvate 
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1 thereof. 

s 

10 

This invention also relates to a compound of the 
formula 

Formula CIU 

The compound of Formula (II) ·is useful in prepar il19 the 
compounds .. of !'ormula ( 1 > • 

By the term "carbocyolic rinq" is lt\&ant a fully 
15 saturated, partially saturated or fully unsaturated r~ng 

system. 
Preferr&d compounds of Formula (I) include those 

Wherein when X is hydroxy, R is dimethylaminomethyl, 
N-mo-i:pholinomethyl, N-methylpiperazinylmethyl, · 

20 (4'-piperidine)N-piperidinylmethyl,. 
{2'-hydroxyethyl)aminomethyl, trimethylaimncniummethyl, 
cyclohexylaminomethyl, N-methylanili~omethyl~ 
ethoxymethyl, cyalopropyla.minomethyl, N,N-aimethylam~no­
e~byloxymethyl. N,N-dimethyla.rninoethylthiomethyl~ 

25 N,N-dimethylaminoethylaminomethyl, cyanomethyl,. aminoethyl 
or formyl. Preferred compounds of Fo:mula (I) ~lso 
include those compounds whe~ein ~hen R is hydro9en1 x is 
oyano, fo~myl o~ aminomethyl. AQditional preferred 
compounds of Foi:mula (I) are those where.in X iG hydroqen 

30 and R is dimethylaminomethyl or N-morpholinomethyl. 
Especially preferred are the co~pounds of Formula (I) 
wherein a is dimethylaminomethylt particula~ly the 
a-isomer form thereof. 

This invention also relat$S to a pharmaceutical 
35 oompo~ition eomprisinq an ef£~c~ive, tumo~ cell growth -

inhihi~ing amount of a compound of Formula CI) and an 



l iner~ pharmaceutically acceptable carrier or diluent. 
Thi.s invention a.lso· rel ates to a method of 

inhibitin~ the growth of tum.or cells sensitive to a 
compo'Und of Formula {I) which comprises adminis~erinq. to 

s an animal, including a. h"Wnan.,- afflicted with said tumor 
cells, an effective, tmnor aell qrowth-inhibiting amount 
·of such compound. 

It is recognized.that due to the asymmetric. 
carbon atom i~ the E rin9·of the compounds of Formula (I} 

lO ( 1. e."' carbon atom number 20), optical isomecs wi 11 
exist. The s-isomer is the preferred isomer, however the 
R-isomet and racemic mixture (racemate) are also included 
within the scope of the compounds of Formula Ct). 

Pha~maceutically acceptable· salts and their 
15 preparation are well-known to those of skill in the art. 

Prefer~eo pharmaceutically acceptable salts of compounds 
of Formula (I) include acetate, methane sulfonate .and 
hydrochloride, such as mono- .and di-hydrochloride, as well 
as alkali metal salts of compounds of Formula CI), such as 

20 sodium, wherein the E-rinq iactone has been,subjected to 
bagic hydrolysi$. 

Pharmaceutically acceptable.anions of quatenary 
salts are well-known to those of skill in the art. 
Preferred pharmaceutically acceptable salts of compounds 

25 of Formula {I) where R1 is -N+-R2{R3)(R4) . 
include methane sulfonate and chlo.r~de. 

The co~pounds cf Formula (1) may form hydrates or 
solvates. It is known to ~hose of skill in the art that 
eharqed compounds form ·hydrated specie~ when lyophilized 

30 with_ water, or form solyated. species When ooneentrated in 
a solution with an appropriate orqanic solvent. 

DEtAILED DESCJIPTION OF THE INVENTION 

35 The· compound of Formula CII) may be p~epared 
according to the procedure outlined in Example 2.2.. 



i The compoun~s of Formula (I) can be prepa~ed from 
10-hydroxycamptothecin via a Mannich re~ction. 

Condensation of 10-bydr~xycamptothecin with formaldehy~e 
and.a primary·or secondaty amine (Mannieh· reaction) gives 

5 all the compounds of Formula (I) except the compound wher~ 
X is hydroqen; cyano; or formyl an4 a1 is -N-R2{R3 ) 

and R2 and R3 are the same and a~e H. ·Alternatively, 

10-hydroxycampt~thecin can be formylated (D~ff ~eaction) 
to. give 9-formyl-10-hyd~oxyeamptothecin which can then 

10 undergo condensation with amines followed by chemical 
" 

reduction with sodium cyanc borohydride or catalytic 
reduction (°l?d/C, H2) to give products .analogous to those· 
derived Yia the Mannich ~eaction as well as the compound 
of Fotmula (I) wherein R1 is -N-R2(R3) and a2 and 

15 R3 are the same and are H. Compounds of Formula (I) 
where R1 is -N+-R2 (R3 )(R4 ) and R2 , R3 and . 

R4 ar~ not H a~e obtained by treatment of the 

correspondinq compounds of Fotmula {!) in which R1 is 
-N-R2 CR3 ) with an alkylatin9 aqent. The Mannich 

20 reaction is disclosed by Ma.garia.n et ·al,', J. Pha.rm.. Sci. , 

56, 987 (1967). The Duff reaction is disclosed by Duff et 

al., J. Chem. Soc., s•7 (1941). . . 

Compounds of Formula (I) where R1 is· O-R2 or 
S-R2 can be prepared from 9-dimethylaminomethyl-10-

25 hydrokycamptothecin or its salt by heating with the 

a~propriate alcohol or thiol in an inert solvent sueh as 

dimethylformamide. When the free base is used, a small 

amoWlt of strong acid, such as hydrochloric acid. is 
added. Such derivatives can also ~e formed directly in the 

30 Mannich reaction when the alcohol or thiol is included in 

the ~eaction mixture and a stronq acid is added1 or the 

amine c~mponent is in the form of a strong acid salt. 

35 

the co~pounds of Formula (I} where x is hyd~ogen, 

cyano, formyl or aminomethyl can be prepared from the 
compound of Formula (II) by palladium-catalyzed 

cabonylation.. Palladium-catalyzed i:arbonylation o( a.ryl 
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l triflates is disclosed by Cacchi et al., Tetca.hedraon 
Letters,~. 3931, 5541, (1986): Petrakis et al., J. Amer. 
~hem. soc., io9, 2831 (1987) and Chatani et al.,. J. Org. 
Chem •• g, 4714 ·(1986). 

5 The starting material for the preparation of 
compounds of Formula. (I), i.e., 10-hydroxycamptothecin, is· 
a natural product found in the same plant as camptothecin 
[See, Wani et al., J. org. Chem., 34, 1364 (1969)]. 
10-methexycamptothecin has also been isolated from the 

10 same plant as camptothecin and can be conve~ted to 
10-hydro:xycamptothecin by tefll.minq with·hydroqen 
bromide. Camptotheein itself can also be -converted to 
10-hydroxycamptothecin by reduction of the pyridine ring 
followed by oxidation with lead tetraacetate (See, Yakult 

15 Honsha 'K.K., Japanese Patent Application: No. 9005188, 

filed June 30, 1982]. Racernic 10-hydroxycamptothecin can 
also be prepared by the method of wani et al., J. Med. 
Chem., R1 554 (1980) .. A large number· of methods for the 
total synthesis .. for ca.m.ptothecin have been reported. See, 

20 a.g'., Hutehinson .. Tetrahedron, u., 1047 (19Si), and 
suffness and Coldel, 11 The Alkaloids. Chemistry and. 
Pharmacoloqy", Brossi, ~. " ed. , Vol .. 25, Academic Press, 
Orlando Florida, 73 (1983), for reviews. The mo$t 

25 

30 

p~actical route (hereinafter referr~d to as the Wan.i 
route) for producing camptothecin whic,h is racemic at the 
carbon· on the 20.-]!0Sition is described :by Wani et al. t J 

Med Chem., aJ, SS4 (1980). 

t1tility of Com;pounds of Formula (I)· 

a:· cttotoxic i ty 
'?be acetate salt.of the compound of Formula 

CI) wherein R is dimethylaminomethyl cs isomar) 
(hereinatte.r referred to as "Col'\pound No. lS .. ) .. 

35 demonstrated potent antiproliferat1ve ae~ivity in a 
variety of cultured.cell lines. (Tabla l). In a series of 



. 
l eight cultured human colon tumor cell lines, compound No, 

is was qui,te consiste:g.t ·1n its cytotoxic potency. For a 

brief .eXposure (2 hours) to the drug, the so percent 
inhibitory concentration ranged from 0.12 - 2.1 

5 If the druc; was left in the cul°ture mediUm ·£or the full 

7-day period over which cell.s were allowed to proliferatel 

the 1c50 val_ues ranged from 3. 9 - 75 ng/ml. 
Three rodent tum.or cell lines and two "normal" 

rod&nt cell lines were also evaluated for sensitivity to 

10 Compound No. l~. The ~12/Tr rat.colon carcinoma and the 

rat kidney and intestinal epithelial cell lines were 

evaluated in the same experiment using the endpoint used 

in the human colon tumor cell experiments. These rodent 
cells were similar in sensitivity to the least sensitive 

15 hilman colon tumor cell lines, CAC0-2 and WiDR.. The mouse 

tumor eell lines, Ll2lO leukemia and B16 melanoma, were no 

more sensitive to the C0tnpoun.d No. lS than the _human colon 
tumor cell lines. In fact, the s16 melanoma cell line 
seemed to be considerably less sensitive than the other 

20 cell lines tested.· No~a'.bly, B16 and L1210 .ar.e both quite 

sensitive to Compound No. 15 i!! ~ in therapeutic trials 

in tumor-b~arinq mice. 
the protocol used to evaluate the cytotoxicity ot 

• 
compound No. lS in the cell lines. listed in 'rable l wa.s 

25 . generally as follows: 

~he cell line& are used and maintained as 
monolayer cultures in Minimal Essential Media (Grand 

Island Biological Co., Grand Island, N.Y.) supplemen~•d 

with 10% fetal calf serum in a 5\ co
2 

hmnidified 
30 in~u.bator at 37°C. various coneentrations of a Formula 

(1) compound under sterile conditions were allowed to 
react fot 2 hours followed by aspiration of medium or wete 
exposed con~inuously. Plates are incubated for 7 days at 

37°C in a co2 incubator. Medium was aspirated and cells 
35 ~erG fixed and stained with ethanol a:nd Geisma stain. The 

survivin~ cell population was determined:by scannin~ the 



' _q_ 

1 plates with an im~se analyzer. The percent inhiaition of 
proliferation was determined relative to cells incubated 

in the absence of drug.and the 50 percent inhibitory 
concentration (IC50 ) ~as determined by interpolation. 

5 
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20 

25 

30 

35 



l 

s 

lO 

15 

20 

25 

30 

JS 

-10- ··1iii[i~f 
Table l 

cytotoxicity of Compound No. lS ~o Tum.or Cells in Cul~ure 

cell Line 

Human colon Tum2r Cell Lip.es 

SW-620 

· SKCO-l 

SW-948 
I>t.t>-1 

LOVO 

HT-29 

CAC0-2 
Wit>l 

~odent Tumor Cell Lines 
t.1210 Leukemia 
Kl2/Tr Colon Carcinoma 
Bl6 Melanoma 

Rodent: "Norma.l 1' Cell Lines 

NR1(52E {rat kidney 
epitheliwn) 

IEC-6 (rat intestinal 
epithelium) 

*n.t. = not: tested 

___ . rc50 Cµg/ml} 

2 Hr. Continuous 
Zxposut'e 

0.12 

0.23 

0.26 

0. 44 

o..ss 
o.ss 
1.7 

2.l 

n.t.* 

1.2 

3.9 

. 
~osura 

0.0065 

0.0039 

0.016 

0.015 

0.0097 

0. 016" 

0.075 

0.025 

n.d. 
0.084 

0.62 

0.052 

O.Ql7 
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l A variety of Formula (I) compo:unds were evaluated 

5 

for cytotoxieity against Ll210 leu~emia cells qrowinq in 
suspension culture (Table 2}. Cells were exposed 
continuously upon cloning in~o medium containinq 0.2 
percent Noble agar. After incUbation at 37°C in a co2 
incubator for 3 days, colonies were stained with viable 
cell-specific formazan stain and, 2' hour~ later, were 
enume~ated by a colony cou~ter (Biotran·II, New Brunswiok· 
Sci9ntifi~ Co.t Edison, NJ) adjusted to identify colonies 

10 of more than so .cells. The concentration which reduced 
cloning efficiency by so· percent (Ic50 > ~as determined 
by interpolation. FQr~ula {I) compoUtLds had IC50 values 
~f 12 to 69~ nM, i.e., Ic50 values which were indicative 
of cytotoxic· activity. The related natural ptoduct~ 

15 1o~hydroxy- ca.mptothecin, had an Ic50 of ia nM. · 

Cytotoxic compoWl.ds of Formula (I) are potent inhibitors 
of purified topoisomerase ~· As indicated in the 
following section related to in vivo activity. a number of 
Formula (I) compounds, although generally less cytotoxic 

20 than 10-hydroxycamptothecin, had antitumor activity 
aqainst Ll210 leukemia in vivo which was equivalent.or 
superior to that of 10-hydroxycamptothecin. For example1 
Compound No. lS was about 3-fold less potent than 10-
hydroxycamptothsein with ~espe~t to cytotoxic potency 

25 against· Ll2lO leukemia cell• in vitro, but elehibited in 
vivo tumor cell qrow1:h inhibit·ing activity w~ich was 
qenerally superior to 10-~ro"Xyca.mptothecin in a variety 
of rodent transplantable. tumor models. 

30 
-·---------------

ili1iU11iiftr 
35 
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and .i,Q ilia tn Hice BHriAg 1p-'imitbnted l...oTs_ 

l.n 

II x lo Yi.t..qa Acti~fly 1n ~ An\;tumor ~ttivit~ 
tcso ,JtllJ JLS 
(nH> (mg/~9} {%) 

-ctt20C"zCtC3 
h~4rl,IC)' 48 2S 131 

-fJI tnt-Q 
.2 

hydroKr - 56 25 >20D 

-CH
2
llfcH

2
CH1N(CM

3
t
2 

h~a1roky 49 >42• . 94 

-CH20C"2C"zN~C"31z hydroxy n.,t le$telt 42 188 

-CH
2

5CH2ttt2H4Ctt3ll bydr0i11y 12 42 112 

-CH2:N( CH
3
t
2 

l\ydri>ge11 fi5 15· ea 
l\ydrogen C')laf\O &O _3 100 

-CH2CH tivdroicy 400 u >.ZOO. 

-CH20 h~rOl}ell 690 13 144 
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l1' 

Co111p1>und R x .Ia !li.JJ:a Activil7 1Jl -~ Ant It u1110r A,· t'i v fly 
N11111b~r [C51 MTD IL~ 

(nH) (1119/.gJ (%) 
-~----- --- ------ --------- --- - ------
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20S hydrogen -CH2~H2 90 92: U2 

21~ .. ''V"<cH3>2. hy<trc.Ky nol lesled S4 >200 
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2:tS -CH
2
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2
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b. In Viyo ~wnor Cell GroWth Inhibition 
Compounds of Formula {I) were initially evaluated 

for in vivo antitumo~ activity in mice bea~inq --
intrap~rito~eally (ip)-implanted LlZlD leukemia (Table 

5 2). Compound No. ts and Compounds No. 4S-l3S prolonged 

the lifespan of tumor-bearing mice by >40 percent at thQir 
respective maximally tolerated dose level~. Three 

compounds - Compounds ·No. is, 6S and llS ~were · 
particularly acti~e,, t;irolonging lifespan_ by >200 percent 

10 and. produc;in9 lonq-term, ·tumor-free survivors. A number 
of compounds had activity superior to th~t of the natural 
·product~ 10-hyd~oxycamptotheein# to which Fo~~ula (I) 
compounds are structurally related. Fo~·two of the 
compounds - Compounds No. 7S and 138 - th~ hiqhest dose 

15 tested was not toxic, thus these compounds may have 
qre~ter activity .at higher dose levels. ·Nevertheless, at 
the dose levels tested these compounds were active. . . . ~ 

Based on its hi~h de9ree of activity and potency 
in vivo {i.e., low maximally tolerated dose) Compound No. 

20 lS was evaluated in a numbei: of transplanted murine tumor 
models. Compound No. lS has a. high deiree of activity at 
its maximally tolerated dose in a var.iety.of animal tumor 
models, includinq leukemias and solid_ tumors of diver5e 
histiotype. The spectrum of activity of compound No. lS 

25 is sununa~ized in Table J. A high level of activity was 
seen in the majority of tum.or models with only one of the 
models, ip colon ·carcinoma 26 p~oving to b~ alm~st totally 

refrac::toty to the drug . .Also two of th·e se models~ co1on 

careinoma 26 and·Madison lunq ~arcinoma. proved to be 
30 somewhat refractory to the drug; i.e., in' these moaels .. 

modest activity, i.e., >70 percent inhibition of tumor 
g~owth, was evident when mice bearing subcutaneous tumors 
were treated with Compo\1.Il.d No. is. In the other sa tumor 
models, hiqh activity (9reater than 90 par9ent inhibition) 

35 was exhibited. Notably, Compound, No. lS administered ip 
demonstrated high a~tivity not only aqains~ ip twnor 
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l models but in miee inoculated with tu.mots intravenously 
(iv) or subcutaneously (sc). Curative activity was 
evident in certain tum.or models including ip- and 
iv-i~planted P388 and Ll210 leukemias and iv- and 

5 so-implanted Lewis lung carcinoma. The level and spectrum 
of activity of CQ~pound No. lS in animal. tumor models 
compares favoracly with the most Droadly effective of the 
kn.own antitumor drugs such as cyclophosphamide, cisplatin 
and doxorubicin. 

10 The results of these transplanted murine tumor 
model studies are summarized in qreater detail in Table 4 
which shows the prolonqation of lifespan (ILS} or percent 
inhibition of measutable (i.e., subcutaneo~s) $olid tumor 
qrowth achieved with optimal doses and optimal schedules 

15 of administration of Compow:i.d Nq •. is·. Also sho\11?1 in Table 

4 are results obtained in comparative Gtudies on these 
tumor models with the natural product parent compounas, 
camptoth•cin and 10-hydr.oxycampt:othecin. These resul t.s 

. . . 

~ere achieved with ip or iv administration of Compound No. 
20 lS on an intermittent schedule (i.e., every fourth or 

seventh day}. In some instances:, the results wete 
obtained with an optimal tr;eatment regimen in which 
Compound No. lS was administered on a spi"it-dose regimen 

25 

30 

(every 3 hours t"imes 4) on each day of t:cee.tment as is 
described in more detail below •. Camptoth~cin and 
lO-hydtoxyoamp.tothecin were always a.dminist~J:"ed. as 

suspensions lp due to their insolubility in aqueous 
vehicles. 

It is evident from Table 4 that all three 
compounds have a broad specti:um of act:ivi~y i·n animal 
tumo~ models. Superior activitY. for compoWld ~o. lS is 

aqident in several tumor models includinq: ip ~1210 

leukemia.,, ip Bl6 melanoma, _:iv P388 leukemia, iv Ll210 
leukemia, sc Lewis lun~ ca~cinoma. so Bl6 melanoma, ae· Bl6 

35 ·melmoma/!'10 subline, sc colon carcinoma· 51, and sc 

Madison lun9 eareinoma. lo-Hydroxycampt~theein is quite 
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1 active in ip implanted tumor models ~ut has inferior 

ac~ivity in tumor models in which the tumor is implanted 

at a site distant to .the site of drus a~inistration; .this· 

drug has~ at best; minimal activity in sc~implanted solid 

5 tumor models. This is likely not. due t~ the poor 

solubility of 10-hydroxycamptothecin since camptothecin is 

equally insolµble but is quite a.ctive in certain sc tumo~ 
models. It is possible that the aromatic hydroxyl group 

of lO-hydroxycamptothecin is susceptible to first pass 

10 conj1lqation and biliary excretion and, thus, the compound 

does not achieve ade~ate concentrations in the systemic 

ci:coulation. Notably-, Compound No. lS, which. also has a 

10-hydt'oxyl qr;oupr is highly aetive in sc .. and iv tumor 

models. This may be due to the presence.of the.basic 
15 side-chain in 'the 9-po.si tion of Compound No. lS which may 

inhibit metabolism of the 10-hydroxyl group by steric 

hind.ranc_e. hydroge~ bonding or int~rnal salt formation. 
lO~Hydroxycampto~hecin is highly active in ip colon 

ca~cinoma 26 which is insensitive to Compowid No. lS and 
20 minimally sensitive to camp~othecin. Ho~ever, the same 

tumor is refractory to 10-hydroxyeamptothecin when 
implanted sc yat has modest sensitivi:ty to Compound No, lS 

in this setting. 
In addition to the high deqree and broad spectrum 

25 of activity of Compound No. lS as demonst·rateri in 'l'able 4, 

the compound also would appear to retain ·full a.ntitwnor 
activity when administered orally. !rhis was demonstrated 

in mice beatinq sc-implanted Lewis lung carcinoma and is 
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described in detail belov. An.other characteristic of 
Compound No. lS is its r·etention of activ.ity in sublines 

of PJBS leukemia which display resistance to multiple 
antitumor druqs as described below. As ~ major problem in 
eancer chemotherapy is emergence of resistant cell 
populations which fail tp ~espond to initially.effective 

drug regimens as well a.s second-line tt'eatment regimens, 
. . 

the availability of dru9$ ·to which resistant cells are not 
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l. c.ros&-resistant should have a significant impact on the 

manaqement of cancer. 
The activity of Compound' No. is.in .each of the 

tumor models which have been te$ted is described in more 

5 detail in th& following sec·tions. 

ip Twnor Mode!§. · 
The activity of Compound No. lS adin.inistered ip 

or sc on various treatment schedules to mice bearinq 
ip-implanted tumors is shown in Table s. The data . 

10 demonstrates the dose-dependency of the ant~twnor ·effect 
of Compound No. lS in six ip-implanted tumor models. 

P38B Leukemia: When given ip on Days l and 5 to 
mice bearing ip P388 leuke~ia1 Compound No. lS produced 
>200 per~ant lLS with 4/6 long~~erm survivors (cures) a~ 

15 its maximally tolerated dose of 15 mq/kg. Lower doses 
we~e also highly effective with increase$, in lifespan of 
125 and 92 percent. This high de9ree of :activity was 
confirmed in another experiment described later (see 
Table 8) in which the maximally tolerated dose produced 

2 0 228 percent !t.S with- 2/6 lon9-tarm s.urvivo~s. · Th.us~ 

Compound No. lS had curative activity in.mice bearing ip 

P388.leu~eroia. 

Ll210 Leukemia: When qiven ip on Days 1 and s, 
Compound No. lS was reproducibly active in mice bearing ip 

25 Ll210 leUkemia. In the r~presentative expetiment shown in 

Table s, there was 219 percent ILS with.2/6 ~ures at the 
maximally tolerated dose of .1~ mq/kq. Good act~vity was 
seen at two lower doses as well .. Compound No. ~s_was 
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evaluated on this schedule in eiiht additional dose 
response ~tud1es. The percent ILS and long-term survivors 
obtained at t~e maximally tolerated doses in these 
experiments were: 44\ (0/6), )30"0% (5/r:i), 119% (0/6), 

156% (1/,), 138\ (0/6), ·156% (2/6)a ~50% (2/6) and 133% 

(1/6). Thus. in 8/~ egperi.ments Co.mpound No. lS pt"oduced 
~100% ILS and in 6/9 experiroents.there were lon9-term 
survivors. 



1 Bl6 Melanoma; In this t\lltlor model, in.which 
compound No. lS was markedly superior to.~amptothecin and 
io-hyd:rox:ycampt.othecin {see Table 4}, the drug produced . 
lS2 percent ILS at its maximally ~olerated dose of 

5 15 mq/kg given ip on Days 1, 5, 9 and 13. This result was 
confirmed in a second experiment in which the highest dose . . 
tested, ,,s rog/kg1 produceo 130 percent ILS. 

816 MelanomaLFlO Subline: The FlO subli~e of Bl6 
melanoma is a bi9hly metastatic subline o~ this ~umor 

lo which was selected by cloninq. Compound-No. lS produ~ed 
lOS percent ILS at its maximal~y tolerated dose.of 
15 mg/kg given ip on Days l, 5, 9 and 13. Activity, as 
indicated by increases in lifespan of )4~ pereent, was 
evident at two lower doses.as well. 

15 M5076 sarcoma: ~he M5076 sarcoma is a.metastatic 
reticulum. ce-11 sarcoma which arose in the. ovary of a 
C57Bl/6 mouse and was established as a transplanted . . 
tumor. This tumor, implanted ip, was sensitive to 
Compound No. lS when the .drug was adtninis:Cered &C: as wel.l 

20 as by ip drug adminhitra.tion. The deqree cf activity was 
virtually identical, 98 percent !LS and l.05 percent ILS .. 

. by the two routes df administration on the split-dose 
$ohedule of every 3 hours x 4 on Days 1, · s and 9. This 
sche~~le, as. described below, appears to be optimal for 

25 Compound ~o. lS in a number of tumor models.· Compound 
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No. lS was evalu•ted in 3 additional dose-response studies 
in mice bearinq ip MS076 sarcoma; in these studies the 
drug was given as a sinqle.~ose on nays l, sand g ip (75 
percent ILS with l/8 cures), as a single dose on Days 1, 
5, 9'and 13 ip (71 percent ILS with 1/8 c~res), and as a 
sinqle dose on nays 11 s, and 9 so. (57 p~.rcent. ;lLS>. As 

in iv a.n.d sc tum.or models (as describQd below), Compound 
No. lS appears to be most effective in ip M5076 sa~eoma 
whe~ "'.~inistered on a. spl.it-doee t:i::eatment z:eg:Lmen, 
Nevertheless, regardless of schedule of administration, 
compound No. lS is reproducibly active in this tumor model . 

. --- ----

1iii1iiil 
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l Cplon carcinoma 26: colon carcinoma 26 is a 
highly invasive and metastatic undifferentiated colon 
tumor model. This tumor. on the schedule tested, proved 
to be refracto'y to a maximally tolerated dose of Compound 

5 No. lS. 

iv Tumor Models 
The activity of Compound No. lS :administered ip 

or iv to mice bearing systemic (iv-in~culated) leukemias 
or Lawis lunq catcinoma is shown in Table 6. ~he_ dose-

10 responsiveness and schedule-dependency o~ Compound No. lS 
is clearly demonstrated by these studies .. In S2:dh Of the 
three tumor models, Compound No. lS demonstrated curative· 
aeti:vity. 

P388 Leukemia: P388 leukemia is generally much 
15 less drug-sensitive when implanted iv than when inoculated 

ip. However, Compound No. lS was hiqhly active against iv 
P388 ·leukemia whether 9i~en at its maximally tolerated 
dose on Days l and s ip (279 percent !LS with 2/6 cures) 
or iv (250 pe~cent ILS with 2/6 cures). In a third . 

20 experiment in this tumor model, compound No. lS 'produced 
125 percent ILS with 1/6 cures at a maximally tQler~ted 
dose of 15 mg/kg ~iven ip on Days 1 and 5~ 

25 
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Ll210 Leukemia:. Compound No. 1s:proved ~o be 
reproducibly and hiqhly active against iv;implanted Ll2lO 
leukemia. Extensive schedule dependency studies ~ere 
perf o~med in this tumor model ~ith the d~uq adm~nistered 
iv. As demonstrated in Tal>le 6, adm.inist~ation··cn a 
split-dose regimen resulted in a·hiqher degree of activity 
over a br~ader dosage ran9e. curati~e activity was seen 
when .the druq was ~dministered iv on Days·1 and 6 as a 

sinqle dose ~r as four doses at 3 hour intervals. In 
adaition'to the data shown in Tabla 6. there are 10 dose-
response $tudie$ with iv-administer~d Compound No. lS in 
mice bearinq iv Ll210 leukemia. The results are as 
follows~ Days 2 and 6, 171 percent !LS with 2/6 cures; 4 
treatments at 3-hour int@rvals on Days 2 and 6, )300 
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l percent ILS with 6/6 cures; three treatme~ts at 6-hour 
intervals on Days 2 and ~, 200 percent ILS with 2/7 cures; 
2 treatments at.12-hour intervals on Days 2 and 6, 229 

pe~cent ILS with 2/7 cures; singie treatments on Days 2 
S through 6, 143 percent ILS and 129 ~ercent ILS; :2 

treatments at 12-hour intervals on Days 2 through 6, 193 
percent !LS and 171 p~tcent !LS; a single· dose on Day 2, 
114 percent ILS; and 4 treatments at 3-hour intervals on 
Day 2, 24~ percent ILS with 1/6 ~ures. compo~d .No. lS 

l.O would appear to be most effective when administered on an 
every. 3-hour schedule. It ·is less effective when given 
daily than ~hen giv.en every fourth dar· The optimal 
schedule from these studies was used fer certain solid 

'' 

tumor~ as discussed above f gr ip MS076 sarcoma and as 
15 described belo~. In a variety of t\U'L'lor systems the degree 

of activity is increased and the effectiye dosage range is 
·broader when Compound No: lS is given on a split-dose 
(i.e. every 3 hours times 4) schedule. 

Lewis Lung Carcinoma.: Lewis LUl'.19' carcinoma: is a 
20 hiqhly metastatic, undifferentiated lun9·~ancec which has 

been used extensively_ for ~ruq evaluation. This t-wnor 
~odel is refractory to many of the establ~shed ~titum.or 
drugs and, when used as a scree~ing syste~1 identified 
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very few compounds as active. Compound ijp. lS is curative. 
in this chemorefractory tumor model whe~e~n the tumor is 
inoculated iv resulting in tumor nodulea·in the iungs. 
curative activity in .this tumo~ model is' a.n unusual 
finding-. 

As evident from all three of the iv-inoculated 
tumor models, Compound No .. lS is quite effective a9ainst 
systemic tumors when administe~ed ·1p as well as iv. 

ae Tumor Models 
Compoµnd No. is wa..s evalua:"Ced in ten sol id tutnoi: 

models in which tUitlors were·implan.teo sc •nd drug was 
adroinisteted ipl iv or orally (po). In these models 

·-·---··--



1 antitumot" activity is assessed by degree of inh~bftion of . . 
twnor growth at the site of tumor implanta~ion .. Tumors 
are measured qen~tally 2.to 3 weeks foll~win9 tUrnor 
implantation when larqe tumors (>500 mm.3 ) are ev,ident in 

5 untreated control animals. For highly m.e"tastat_ic solid 
tumots survi·val time can also be used as a measure of dru9 
activity. For less metastatic tumor models· survival time 
of untreated animals is highly variable and ani~als can 
survive for lonq perio~s with ext•emely large tumors which 

10 often ulcerate and become infected. Com~pund No. lS was 
hiqhly effective in 8 of the 10 sc solid; tumor mo~els, 
inhibitinq tumor qrowth by ove~ 90 pe~ce~t at its 
maximally tolerated dose (Table 7). Comp:lete inhibition 
of tumor growth in the highly metast~tic tum.ors includinq 

15 Lewis lung carcinoma, !16 melGnorna, 815 melanoma/Flo 
sublinet ~d M5076 sar~oma was accompanied ~y prolonsation 
of .lifespan. Even in the less responsive tumor models, 
Madison lung carcinoma ·and colon carcinoma 26, Comp~und 
No. lS had some tumor qrowth inhibitory activity with >70 

20· per cent inhibition @vident at the maximally tolerated 
dose; 

Lewis Lung Carcinoma: This hiq~ly metastatic 
lung tumor was the ~st sensitive to conwound No. lS of 
the t\Unor models tested. This is an unusual finding' $ince 

25 Lewis· lunq carcinoma has be~n widely used in the study of 
antitumot: drugs and is ref·ra.ctory to the majority of the 
known antitumor druqs. When 9ivef.l ip on Days 1, S, 9 and 
13, Compound No. lS completely inhibited .the qrowth of 
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Lewis ·1ung carcinoma in virtually all mice treated at 15 
or 9 mg/kg. At the maximally tolerated dose, 4 of 8 znice . I 

were cured. At the time "of tumor measurement (Day lil), 
ti.imor~ in untreated controls averaged 1685 nun3 in 
volume. In a second experiment Compound.No. lS'was 
administered iv and po on Days 1, 5 and 9. By both rcutes 
of ad.ministration· there was 99 percent inhibition of tumor 
qrowth (TGI) with half or more of ·the an~mals showing no 
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l evidence of turno~ at the time of.measurement (Day 13). 
Furtherrnote, the ~aximally tolerated dose by both routes 
of administration was virtually the same;:suqgesting that 
Compound No. lS has excellent bioavailability upo~ oral 

S administration. In this e~eriment, tumors eventually 
gtew at the site ~f implantation indicating either that ip 
tr~atment.is optimal in this tumor model~~ that a lonqa~ 
duration of treatment is requi~ed for curat~ve activity. 

Bl6 Melanoma: This metastatic melanoma model has 
10 been widely used to evaluate and screen for ant~tumor 

drugs. When implanted sc, .this tumor is.refractory to 
most antitumor dtugs. Compound No. lS was evaluated in 
mice bearing se Bl6 melanoma in three dose response 
studies. When given as a single dose on ~ays ·1, 5 and 9, 

15 a maximally toleratQd dose of Compound No. lS administered . . 
ip or iv produced 99 percent tumor ·~rowth inhibition (TGI) 
with the majority of animals having no measu~able tumors . 
on Day 1$ or 14 when control mice had tumors averaging 864 
and 7$8 nun3 in the two experiments. Whe~ qiven on the 

20 optimal split-dose tieatment schedule desc:t:ihed .above, 
CompQ\J.n.d No. lS produced complete tumor growth.inhibition 
over a broader dosage rang·e. This is. consistent with the 

results obtained in other tumor models. In the ·sc Bl6 
melanoma model, tumors ev&ntually grew in all t~eated 

25 animals and there were no cures. In this metastatic: tumor 
model~ however, there was a prolonqation of lifespan which 
occu~red·with the complete inhibition of tumor growth. On 
the split-dose regimen the~e was 52 percant ILS while a 

30 
sinqle ip dose of 24 m9/kg on Days l, 5, and 9 prolonged 
lifespan by 39 pe·rCQnt. On this latter schedule iv 

' 
ad.m~niJStration resulted in 53 percent Its·. 

Bl& Melanoma/Flo ·Subline: Thi:s :subline of Bl6 

melanoma, $elected· for in~rea.sed metast:atic p:z:operties was 
simil~~ to ~ne pa•ent Bl~ melanoma in its responsiveness 

35 to Compound No. lS. Treatment ip on Days l, s, 9 and 13 

resulted in comple~e tumor srowth inhibi~ion at the 
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maKimally tole~ated dose. Treatment iv o~ Day~ 1, 5 and 9 
inhibited tumor growth by 97 percent at two dose levels. 
In these experiments, tumors were measured on Day 16 and 

tumo~s in control mice were· v~ry l•r9e, ~veraginq 1927 and 
1°196 mm3 . Tumors in all treated groups eventually grew 

and there wete no cures. However, ip treatment at 25 
mg/kg ~esulted in ye percent increase in lifespan CILS); 

iv treatment at the same dose level 9ave ~a percent ILs.· 
.ADJ-PC6 Plasmacytoma: This twnor model, which is 

10 most akin to the human cancer of multiple myeloma. was 
' - ' I ~ 

hiqhly sensitive to Compound No. lS administered ip on 
Days 1, s, g and 13. tumors were measured on Day 19 and 
averaged 828 zm.3 in volume in control mice. Co~pouno 
No. lS produead >~0 percent inhibition of· tumo.r growth at 

15 four dose levels at ot below the maximally tolerated 
dose. Thete was 1 of 8 long-term tumor-free survivors at 
each of the top three dose levels. As thls tumor is not 

highly metastatic1 median surviva~ time was not.determined. 
MS076 Sarcoma:. The M5076 ga~coma implanted se 

20 was quite sensitive to .compQund No. lS wi~h >90.percent 

TGI at three dose leveis at o~ below a maximally to~e~ated 

dose. Tumors ve~e measured on Day 17. "When c::ontro1 t\lm"ors 

a.veraged 10.45 mm3 . The drug was administ'ered. ip on Da.ys 

1, 5, 9 and 13. ·orhe dtu9 was not curative in this model 

25 but prolougeq lifespan ~y 31 percent. 
Ma~arv Adenocarcinoma l6/C: This breast t-wnor 

model is a tran$plantable :s\l.bline of the spontaneous 
mammary tumor of the C3H mouse. compound No. 15 inhibited 
tumor growth by 96 percent at the maximally tolerated dose 

30 of 10 mq/ki given ip on Days 1, s, 9 and, 13. TUmors were 
measured on Day 19 when the average tumor volume in 
control mioe was 630 mm3 . In a ~econd e~eriment on ~he 
same treatment schedule, Compund No. lS ~reduced 73 
percent tumor qrowth inhibition (TGI) in. ,mammary · 

35 a.denocarc:inoma 16/C. As this tumor: ·is n~.t hiqhly 

metastatic. animals were not held ~or su~vival.'. 

\ 
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l Colon Adenocarcinoma 38: This nonmetastatic 

5 

colon tumor mod~l has been widely used in drug evaluation 
an~ .~,s c'?nside!=ed_ to .be. one of .the more drug refracto-ry -
tumor models. _Compound No. lS was administered ip as a 
single dose or on a split-dose regimen on Days 3, 10, 17 
and 24. The more prolonged treatment regimen was chosen 
because of the slow growth o-f this solid tumor. Tumors 
we~e measured ~n Day 31 and averaged only 349 mm3 in 
untreated controls. As in other tumor models, .Compound 

lO No. lS was more effective on the split-dose schedule 
produc1ng >90 percent inhibition at two dose levels. Good 
activity (89 percent TG~) was evident on the single dose 

1s· 

regimen as well. 
Colon Adenocarcinoma 51: This is another 

slow-growing co1on tumor model which has ·proven to be 
refractory to most antitumor drug~. ~he protocol used for 
this.tumor was· similar to that of the.colon .adenocarcinoma . .- ·. . . . . . . . . 

3_8 i _Compound No. lS was. active aqai.nst- colon 
aderiocarcinoma 51 producing 88 p~rcent TGI with a s"ingle 

20 dose r_egimen and 92 percent TGI ·on a split-dose 
t-reatment. As in other tumors, Compou.nd Nq. lS was 
effective over a broader dosage range when given on the 
spli_t dose re·gimen. Colon adenocarcinoma 51 was measured 
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on Day 24 when control tumors averaqed 766 mm3 . 
Madison Lung Carcinoma: Madison lung carcinoma, 

like the' Lewis lung carcinoma, is a rapidly-growing 
undifferentiated tumor model with high metastatic · 
activity. In contrast to the Lewis lung tumor, the 
M~dison lung tumor is not highly sensitive to Compound· No. 
lS. On a single dose regimen given iv on Days 1, 5 and 9, 
there is virtually no tumor growth inhibition (28.percent 
TGI) at ·a maximally tolerated dose. On two _additional . 
experiments on the same treatment· schedule with the drug 
given ip, Compound No. lS produced only 50 percent and 23 
percent TGI. However, on th~ optimal split~dose regimen 
Compound No. lS, administered iv, did show aqtivity 
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agains~ Madison lung carcinoma with as percent TGI at· the 
maltimally tolerated dose. The drug was somewhat less . ' 

effective on this treatment schedule when given ip (74 

percent TGI at the maxilnally tolera'ted dose). Madison 
lunq tumors wete measured on Day 12 or 13 in t~o separate 
expei:inients when t-wnors in cont·rol mice averaged 1571 and 
942 Ifal3 , ~espectively, refleetinq the rapid growth rate 
of .thi$ tumor. ~hus, even in a refractory tumot ~he 
administ~ation of Compound No. 18 on its optimal treatment 

10 ~egimen oan result in ~ignificant tumor· gro~th inhibition. 

15 

Colon Catcinoma 26: In this hiihly invasive and 
metastatic undifferentiated colon tumor, Compound No. lS 
produced only marginal tumor growth inhibition (72 percent 
T~I) when given ip at its m~ximally tolerated dose on Days 
l, 5, 9 a~d 13. Tumors vere measured on Day 19 when 
control tumors averaqed 1052 mm3 . It is. unknown whether 
Compound No. lS would demonstrate good activity in this 
twnor model if .administered on its optimal split-dose 
reqimen. 

20 ~ul~idrug Resistant Sublines, 
' 

Althouqh t,he most S.i9%lif ~cant problem in cancer 
the~apeutics is the inheren~ insensitivity of the common 
neoplasms ta all of the available agents or combination 
tegimens,. another major problem is the emergence of 

25 resistant tumor c:ells ftom previously responsive tumors. 
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The majorit;.y of patients with '1ch.emo$Gmsitive" tU!tlors such 
as nonsmall ·eell lunq cancer, ovarian adenocarcinoma~ 
acute nonlymphocytic le'Ukemia, breast carcinoma and 
CQrtain lymphomas oan be placed into remission by 
combination regimens which have become established_. as 
front-line tharapy for these diverse diseases. However·, -in most cases1 patientG present with requrrent disease and 
the ability to induce sUbse~ent meaningful remission, 
even with highly intensiv• coi:abination reqimens. i~ 

greatly reduced. Cha..racteristically, these reo.urz;ent 
tumors prove to be refractory to drugs -which are· 
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structurally and/or mechanistically unrelated to the druqs 

which were initially employed ~o induce remissi~n. This 

phenomenon of multidrug resistance is c~rrently being 

intensively investigated in a number cf laboratories. 

Recent evidence sugqests that amplification and expression 

of the multidru9 resistar.i.ce· (mdr) gene and presence of the 

mdr sene produc~, Pl70 membrane qlycoprotein, is 

associated with multidru9 resistanQe. Pl70 purportedly 
serves as an efflux transport pump with incredible 

1 0 diversity of s'Ul:>s~rate specificity. 'A recent p~per 
su99ests that .strong expression of the mdr gene in certain 
previously un~reated .tumorG·such as pheochromocytoma and 

colon adenocarcinoma eouJ..d be responsible at least in part 

for the inherent dru9 refractory phenotype of these tumorsi 
15 Thus~ it is important to identify new asents 

which retain a high deqree of activity against tumors 
which express the rnultidrug resistance phenotype. Such 
agents ttd9ht hold promise for furthe:t advances in the 
treatment of cheroosensitive tumors (i.e. by showing 

20 efficacy in previously treated patients or by.killinq the 
mdr subpopulation as a component of fron~-line combination 

reqimens) a.s well as for cu1'rently nonresponsive tumors 

which are insensitive to available drugs because of inate 

expression of the mdr gene. camptothecin has· proved to be 
25 unusual in that it is one of the few natutal produet 

cytotoxic agenta that has n~t demonstrated cross­
resistance in the ·well-char~et•rized tumo~ sublines which 
show the mdr phenotype, i.e. P388 sublines resistant to· 

doxorubicin, vincristine, amsacrine~ ellipticin~ or 
30 mitoxantron.e, Since most of the drug-s wh_ich shot.Ar c:r:oss­

resistance in multidruq resi.$tant cell lines are basic' it 

was expected that the addition of a basic side-chain to 

the eamptothecin mole~ul~~ as in Compound No. lS, would 

result in a compound which would be ttansporte~ out of 
35 cells cy Pl70.qlycop:r:otein and thus.'prove ineffective in 

tumors exptes•ing the mdr qene. 
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Compound No. is was e~aluated in mice bearing 
P388 and its doxorubic~n- and mitoxantrone-resistant 
sublines (Table S). Doxorubicin and mitomycin c were 
included for comparison. P388/doxorubicin and 
P388/mitoxanti:one retained.sensitivity to compound No. 
lS. These multidruq-resistant ~ell lines demonstrated the 
eXpected resistance to doxorubiain. P388/doxorubioin was 
also ~esistant to mitomycin c. Thus, Compound No. lS 
retains the antitumor activity in multidru9-resistant cell 

lD lines that is a characteristic of ·oamptothecin. 
Ra~emic Form of Compound No. l 

All of the oiologieal studies described 
heretofore were carried out ~ith the S-isomer of Compound 
No. l, i.e., the configuration at c-20 which exists in 

15 naturally-occurring camptothecin and 
10-hyd~oxycamptothecin. A ~acemic form of Compound No. l · 
~as prepared by .total $ytl.th~sis' ahd was evaluated for 
antiturnor activity in mice ~earin9 ip P38B leuke~ia ('l'able 
9). .'I'he racemic form of Compound No. lS~ hereafter. 

20 referred to a.s Compo\lnd No. :uts, is highly active in l?388. 
leukemia, prod~~in9 165 percent iLS with l/6 long-term 
survivors at a do•e of 29 mg/kg administered ip en Days l 
and 5. Although not quite as active as Compound No. lS 
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(cf Tables 5 and 8), Compound No. lRS possesses excellent· 
activity in this tumQ~ ·model. 
:Diffe,ent Salt Forms of Compound No .... lS 

Compound No. lS is water-soluble by vittue of the . 
presence of the basic side-chain at position 9 which forms 
salts with.acids such as ace~ic acid, hydrochloric acid 
and methanesulfonic acid. The experiments described in 
Tables 2 throuqh g were performed With either the acetate 
or hydrochloride salts of Com.pound No. lS. A soluble form 
·of Compound.No. lS can also be prepared by basic 
hydrolysis of the E-rinq laetone of Compound No. lS with 

the. fo~mation of water-soluble alkali metal salts of the 
c~rbo~late form of the compound.. ·A direct oomparison. of 

--------- ·---·--------
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the acetate, hydrochloride, dihydrochloride and sodium 
salts of Com~ound No. lS was carried out in mice bearing 
iv L1210 leukemia (Table 10). The c::ompounds _were· 

administered as solutions in 5\ dex~rose iv on Days l and 
s. The dihydrochloride salt was formed upon addition of 

excess hydrochloric acid and likely results from 
protonation of ~he quinoline nitroqen in Rini B, as wall 
as the nitrogen of the dimethylaminomethyl qroup. Each 
salt form was active in this tumor model with 100 percent 

lO ILS ovident fo.r the acetate~ 175 percent ILS for the 
hydrochloride, 133 percent !LS for the dihydrochloride, 
an4 208 percent ILS for the·Sodium sale. The three acid 
salts were equipotent, i.e.# they had identieal maximally 
tolerated dose level~ of .15 mg/kg. However, the sodium 

15 salt was about 3.5-fold less potent with a maximally 
tolerated dose of 54 ?l'lg/kg_. 

20 

2.5 

30 

35 
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Table 3 

Spectrum of Activity of Compound No. lS 
in Animal TU.mor Models 

Tumot Model 

ip TU:mor Models 
• 

pjgg LCiiukem.ia 
Ll210 Leukemia. 
8115 Melanoma 

Activity at Maximally 
Tolerated Dose 

BlG Melanoma/Flo S.ubline 
is M5076 sarc;:oma 

Colon Carc.inoma 26 

+++ 
+++ 
++ 
++ 
++ 

iv Tumor Models 

P388 Leukemia 
t.1210 Leukemia 

20 
Lewis Lun9 carcinoma. 

+++ 
+++ 
+++ 

sc Tumor Models 

·Lewis Lung carcinoma 
Bl6 Melanoma 
Bl6 Melanoma/Flo subl1ne 
ADJ-PC6 Plasmacytoma 

25 MS076 Sarcoma . 

+++ 
+-t­
i++ 
++ 
++ 
++ 
"t'"i-

30 

Mammary Adenocarcinoma 16/c 
Colon Adenocarcinoma 38 
Colon Adenocatcinoma 51 
Madison Lung Carcinoma 
Colon Carcinoma 26 

++ 
+ 
+ 

Compound No. lS was administered ip or iv every fourth or 
seventh day for 2 to 4- cout-ses l:>e9innin9 l to 3. da.ys·· 
following tumor impla.nt~tion. . 

+++=curative (>200% inc~e~se in lifespan (ILS)) 
++ c )100\ increase in lifespan (It&> or >90% inhibi~ion 

35 of tu.mor ~rowth (TGI) 
+ • >SO·\ ILS or >70% T~I 
- Q <50\ ILS or <70% TGI 

--·--·--·---
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Ta.Isle 4 

CQmpari5Qn of Compound No. lS ~i~h CampiDthecin and 10-HydrQ•Yt~mptqthe~1n 

in a Spec~r~m o~ Animal Tumor Models· 

Turnol"' Hodel C:ompound 
Np. ti Comptpthecin lO~Hxdro¥iu:amR,t.oth~in 

Iru:re-a.u iri l..ifespat1 (IlS) or Inhibi tiQn of T1,1mor G·rowtl'I (TGIJ 

;g .Iumo~ tJQdels 

P388 Leuk•mia . Cui-at; va Curati..,e Cur;i.t;i •ie 
L1210 leuk111mia Curative 172'!. tlS 947! lLS 
Sl6 Melanoma lSZ~ !1.S 36f. IlS 95~ ILS 
Bl6 Mel•noma/FlQ SubHne 105X IlS 68X Il.S lOOX ILS 
MS0?6 Sarcoma 105" 11.S 8l'K rLS 9$7. ILS 
~o1on Carcinoma. 26 '.2.SX' ILS so~ ILS Cur"ativ.; 

~ TMmpr t1ad.tl s 

P38S Ltuicemia Cur"ative 7$~ IL$ 40%. l lS 
1.12.10 Leukel!'ia Cur"lt hoe .136t !LS 100%. ILS 
L~w;$ Lung ·car~incma Curuive n.ot test~d not hsted 

s,c I~r Hau1.s. 

Lewi$ Lung C~rcinoma C1,1ri.t i vq 92~ TGI d% tGI 
816 Me1 anoll'lll 1ooi TGI 78% TGI not. tuUd 
816 M•lanoma/flO S~blin• 100% TGI 91),; t~I S8% TGI 
ADJ-PC6 Plasmacytom& 100~ TGI 1001. TG1 76% TGl 
MS076 Sarcoma lOoi TS! Tooi TGI 661. TG! 
Ma~m•~Y Ad•~o~arc,noma 16/c 961 TGI 9~ TGf 61~ TGI 
Co1o~ Ade"ocar~ino~a. 38 9G" TGI 1001'-TGZ not tested 
Colon Adenotareinoma. 51 92'!L TGI 15% TCU not: tested 
Mad~sori Lung Carc:;no111a. 85" TGI 53X TGI 33>!. TGI 
Co1on Carcinoma 26 72~ TGI 66Y. rGr 377. YGI 

Act\v;ty shg~n was that obtained at a roa~imal11 tolerated dose. Drugs wtre aqministe~•d 
JQ ip Or iv t.O tumOr•bHril'lg mice Ivery fourth or Seventh day for 2 t.a 4 C'CllJCHS Of 

~reaiment ~•ginning 1 to 3 days following tU111ar implantation. Va1ues ~e~e determined 
based on median survival t;me and mean tumor volume in groopg of 6 to 8 ~fc• in co~p1ete 
dose-r~spo"se stud\es. 

JS 
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Table 5 
Activity of Compound No. lS in Micg Bearing 

ip-implanted Tumors 

Tumor Model Treatment · 
Schedule/ 
Route of 

·Administration 

P3"ea Leukemia I A/ip 

Dose lLS 
(m9/kg/ (\) 
injection) 

3o 
15 
7.5 
3.8· 

toxic 
>200 
125 

9:2 

Long--Term 
Survivors 

4/6 

lO L1210 Leukemia A/ip 25 toxic 
219 
138 

15 

20 

25 

Bl6 Melanoma ·· 

Bl6 Melanoma/ 
Flo Su.bline 

MS076 Sarcoma 

MSD76 Sarcoma 

. Blip 

B/ip 

C/ip 

C/$C . 

15 
9 
5.4 
3.2 

25 
15 

9 
5.4 
J.2 

25 
.15 

9 
5,4 
3.2 

10 
5 
2.5 
1.2 
0.62 

10 
5 
2.5 
1~2 
0.62 

81 
31 

toxic 
152 
100 

52 
43 

to"ic 
105 

68 
63 
37 

toxic 
toxic 
.105. 

7S 
70 

toxic 
toxic 
. 98 

70 
36 

2/6 

l/8 
1/8 

1/8 

30 Colon 
Carcinoma 26 

Blip 40 
20 
10 

toxic 
toxie 
25 

35 

s 
24~ 

5 
7 

Treatment.schedules are: A~ Days 1 and 5; B •Days l, 5, 
9 and 13; C e every 3 hours x 4 on Days l. 5 ahd 9 
Increase in lifespan (ILS) is based· on median survival 
time of qroups of 6 to 8 mice relative to untreated 
controls. Lonq-term survivors ~ere tumor-free on Day 45 
fo~ the leukemias or Day 60 for th.e·solid tumors. 

------·------····-----·---
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Table 6 
Activity of Compound No .. lS in.Mice Bearirig 

iv-implanted Tumors 

Tumor Model Treatment 
Schedule/ 
Route of 

Administration 

P388 Leukemia A/ip 

P388 Leukemia A/iv 

Dose 
(mq/kg/ 
injection) 

25 
15 

9 
5.4 
3. 2. 

25 
. 19 

14 
io· 
7.9 

Its· 
(\) 

279 
132 
100 

58 
,2 

toxic 
250 
145 
110 
65. 

Long-Term 
survivors 

2/6 

2/6 

15 L12.l O Leukemia A/ip :25 
15 

toxic 
171 
136 

93 
57 

l/6 

20 

25 

30 

35 

L12lO Leukemia· 

L1210 Leukemia 

Levis Lung 
Carcinoma 

D/iv. 

E/iv 

· B/ip 

9 
5.4 
3.2 

40 
24 
14 

8.6 
S.2 

6 
3.6 
2.2 
1.3 
0.78 

2S 
l5 

9 
5.4 
3.2 

toxic 
>300 

157 
12.9 

71 

toxic 
>300 
)300 

243 
186 

toxio 
)200 
lll 
37 
16 

4,/7 

5/7 
1/7 
2/7 

7/7 
l/7 

?reatment schedules are: A·;;; nays 1 a.nd·'~; B =Days i .. s, 
9 and 13; D = Days 2 and. 6; E ~ eve~y 3 hours x 4 on Days 
2 and 6. 

Increase in lifespan (tLS) is based on median survival 
time.of qroups of 6 to 8 mice relative to 'Untreated 
c9ntrols. Long-term survivors "'7ere. tum.o:-fz;ee on Day 45 
eor the leukemias or Day 60 for th~ solid tum.ors. 

----·-··----. 
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l Table 7 
P.c:tivity of. Compound No. lS in Mice Bearing 

sc-implanted Tumors 

Tumor MoC!el Treatment Dose TGI Mice 
Schedule/ (mg/kg/ (\) without 

5 Route of injection). Palpable 
Administr:ation Twnors 

Lewis Lunq B/lp 25 toxic 
carcinoma. 15 100 8/B* 

9 99 7/8** 
s. 4. .68 2/8 

10 3.2 31 

Lewis Lung F/iv 25 99 5/8 
Car:cinoma 15 95 3/8 

9 93 l/8 
s." 87 4/8 

I.ewifi Lung F/po 45 toxic 
15 Carcinoma 27 gg 4/8 

16 ·90 1/8 
9.7 89 2/8 
s.a Sl 

Bl6 Melanoma F/ip 24 99 7/8 
14 S7 3/8. 

20 8.6 63 3/8 
5.2 20 l/8 
3.1 63 2/8 

Bl& Melanoma F/iv 25 toxic 
15 gg 7/8 

g 96 6/8 
5,4 79 3/8 

25 3.2 54 2/8 

Bl6 Meltmoma Clip 5 100 7/7 
3.6 100 7/7 
2. 2. 92 2/8 
l.3 64 1/8 
0.78 46 1/8 

30 

35 
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Table 1 {Cont'd) 

1'.<;:ti.vity of Compound No. lS in Mice 
sc~implanted·TUmors 

. Bea.rin<J 

s· 
Tumor Model 'treatment Dose TGI Mice 

Schedule/ .(mq/kg/ . (%) without 
ttoute of injection) Palpable 

Administration Tum.ors 

10 Bl6 Melanoma./ Blip 25 100 7/8 
r10 SUbline 15 87 

g 57 
S.4 62 
3.2 52 

Bl6 Melanom•/ F/iV 25 97 6/8 
15 FlO Subline 15 97 7/8 

9 60 2/8 
S.4 34 1/8 
3.2 22 l/8 

Al>J-:PC6 B/ip 25 toxic 
l?lasrnacytoma lS 100 7/7*1:* 

20 
9 100 8/8~tll~:lr 

5.4 92 4/8*** 
3.2 93 3/8 

M5076 Sarc:oma Blip 25 toxic 
15 100 8/8 

9 98 6/B 
5.4 92 3/8 

25 3. 2. 64. 2/8 

Marornary B/ip 20 toxic 
Adenocarcinoma 16/C 10 96 5/8 

5 61 2/B 
2.5 59 l/8 

30 
Colon G/ip 24 89 4/7 
Adenocarcinoma 38 14 78 5/7 

8.6 SS 3/7 
5.2 0 1/7 
3.1 0 2/7 

35 
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Table. 7 C Cont'd} 

Activity of Compound: No. is· in Mice Bearing 
sc-implanted T\llt\ors 

Tumor Model Treatment 
schedule/ 
Route of 

Administration 

Dose 'l'GI 
(mq/kg/ . (\) 
injection) 

Mice 
without 
Palpable 

Twnors 

lO Colon 
Carcinoma 26 

Blip 2D 
10 

toxic 
'"i'2 
39 
38 

s 
2.5 

15 Ttea.tm.ent schedules a.re: B = Days 1, 5, 9 and 13; C ... 
every 3 hour$ x 4 on Days l, 5 and 9; F ... Days 11 S and 9; 
Gs Days 3, 101 17 and 24; H = every 3 hours x 4 on Days 
3, 10, 14 and 24 

20 

t4/8 lonq~term, tumor-free survivors 

••2/8 long-term, tumor-free survivor5 

*11 *1/8 long-term, tumor-free survivors 

Inhibition of tumor growth (TGl) is b~sed on mean tumor 
-volume of qroups of 7_o~ 8 mice relative to untreated 
controls. Tumors were measu~ed between Days 12 and 19 
(except Day 24 for Colon 51 an~ Day 31 for Colon 38). In 

25 all but two experiments; all untreated control mice (21 or 
24 mice/group) had measurable tumors .. In Bl6/Fl0, Schedule 
F, 21/24 control mice had measu~able tumors. In the 
experiment with Colon adenocareinoma 38,, 19/2i. control 
mice had measurable tumors. 

30 

35 This Sheet Has Been Replaced 
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Ta.file 8 

l~ck of Cross-Reststinee.ta·CompDund No. is of Mu1tidrug 
Rtsistiilllt Sublines of P38S Leukemia· 

Co111po1Jnd Oost f 3fll3 els~~gg~gc~~ici.a eJSlb!t!i t~UDtCl21l£ 
(ing/k9, ip, tlS NCl< ILS NCJC. ILS NCI< 
Oays l and 5) ( t') (1 og) (,;)' (1og) t~) (log} 

Compound No. IS ZS toxit toxic toxic: 
15 228 6.5 176 G.a l07 S.7 
9 2H 6.S 90 2.2 79 3.6 
S.4 l28 3.5 33 0 57 2.1 
3.Z S7 l.O 14 0 29 0 

Ooll:orubicin 9 233 6.S 14· 0 7 IJ 
5.4 156 4.6 19 0 4 0 
l.2 \72 S.l a-<1 0 0 a 
1.9' 167 s., Z4 Q 0 Q 
1.2 117 3.0 19 0 0 0 

MHomyCil'I C 7.$ l78 5,5 S2 o.s 104 S.5 
4.S 15& 4.6 62 , .o' 136 6.5 
(.7 11& 3.S 52 o.s sci 1.8 
1.6 106 c.6 48 0.3 29 0 
1.0 83 1.7 29 0 l4 0 

-·------
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Increase in lifespan (l~S) is based on median survival time 
of groups of 6 mice. Net tumbr cell kill {NCK) is calculated 

.from median survival time by standard!methods, Gi~ee. sucvival 
time is a linea~ function of the log tumor cell burden. As the 
mitoxantrone-re•1stant subline has a longer doubling time than 

25 the other two cell lines used in this experiment, a smaller .ILS 
is associated with greater NCK th8l"l in P388 or 
doxorubicin-resistant cell line. 

30 

35 
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Table 9 

Act·ivity of Ra.eernic Mixture of· Compound No. lS 
in Mice Bearing ip:P388 Leukemia 

Compound Dose II.S Lon9'-term 
No. (mq/kq, ip. (%) ·survivors 

Days l & 5) 

lRS 29 165 1/6 

14 135 

7.2 80. 

3.6 so 

Animals were implanted ip with io6 cells. Inc~ease in 

lifespan Ctt.S) is based on median survival time of. groups 

of 6 mice relative to untreated conttols. Long-term 
sutvivors were tumor-free on Day 45. 



41 
l 

'table to 

Comparative Activity of Different Salt Forms of 
s compound No. lS in Mice Bearin9 iv Ll210 Leukemia 

Compound Dose ILS 
No. (mg/kg. ip, (\) 

Days l & 5) 

10 
lS (acetate 25 toxic 

salt) 15 100 
·9 83 
S.4 67 
342 50 

15 1S (hydrochloride 25 toxic 
:salt) 15 175 

g 125 
$.4 92 
3,2 50 

lS (dihydrochloride 25 toxic 

20 
salt) lS 133 

9 63 
5.4 so 
3.2 50 

lS (sodium salt) 90 toxic· 
54 208 
32 133 

25 19 100 
12 67 
4.5 '33 

Animals were inoculated iv with 106 cells. Increase.in 

30 lifespan (ILS) is based on median survival time of qroups 
of G·mice relative to untreated oont~ols. . 

35 

--------· 
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l Pharmaceutical Compos.i tion and Me~hod' of 'l'.-eatment 
The pharmaceutical compositions'of this invention 

comprise an effective tumor cell growth-inhibiting a~ount 
of a compound of· formula {I) and an .inert pharmaceutically 

. 5 acceptable c:arr.ier or diluent. These c:o~t'ositions are 
prepated in dosage unit form appropriate for parent;eral or 
oral aaministration. 

A compound of Formula {I) i.s administer·ed in 
conventional dosaqe form prepared by combining a 

10 therapeutic·ally effective amount {i.e., an effective tumoJ; 
grpwth inhibiting amount) of a compound of Formula (I) 

{"active ing~edient") with standard pharmac.euti"cal 
carriers or diluents according to conventional 
procedures. 'l'hese procedures may involve mixing, 

15 granulatinq and compressing or dissolving the ingredients 
as appropriate to th~ desired preparation. 

The· pharmaceutical carrier employed may be, for 
example, either' a solid or liquid. Exemplary of solid 
carriers are lactose.· terra alob:a., sucrose~ talc, gelatin, 

20 agar, pectin, acacia; magnesium stearate, stearic acid and 
the like. Exemplary of liquid ca~riers are syr~p, peanut 
oil, olive oil, 11tater and the like. $itn.ilarly, the 
carrier or diluent may include time delay material well 
known to the art, such as glyceryl monostearate or 

is glycetyl distea~ate alo~e o~ with a wax, ethylcellulose, 
hydroxypropylmethylcellulose, methylmethacry.l~te and.the 
like. 

A wide variety of pharmaceutical forms can be 
em.ployed. Thus, if a solid carrie~ is used, the 

30 p~eparation can be_ tableted, placed in a hard qelatin 
capsule in powdar·or pellet form or in the form- of a · . . 
t~oche or lozen9e. The amount of solid car~ier·will vary 
'Nidely hut pt:"efera.t>ly will be.from about 25 mg to a.bout 
l·q. If a liquid carrier is used, the.preparation will be . . 

JS in the fo~m of a syx-up1 emulsion, soft gelatift cap$ule, 
sterile inje·ctable solution or suspension in an ampule or . 
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l vial or nonaqueous liquid suspension. 
To obtain a stable water soluble dose form, a 

pharmaceutically acceptable salt of a compound of Formula . . 
(I) is dissolved in an aqueous solution Qf an organic or 

5 inorganic. acid, such a~ o.JM $Olution of succinic acid, 
or, prefe~ably,·citric acid. If a $Oluble salt fo~m is 
not available, the compound of Formula·(!) is dissolved in 
a suitable cosolvent or combinations thereof. Examples of 
such suitable cosolvents include, but are not limited to, 

10 alcohol, propylene glycol, polyethylene glycol 300, 

polysorbate 80, glycerin and the like in concentrations 
ranqing from 0-60% of the total volume. 

The composition may also be in the form of a 
solution of a salt form of the active ingredient in an 

15 appropriate aqueous vehicle such as water Qr isotonic 
saline or dex~rose solutions. Fot those Fo~mula (I) 
compounds which do not have .a basic Gide-chain in the 
9-position such as Compounds No. 2S and lOS (see Table 2 
for structure), an alkali metal salt of the.carboxylate 

·20 formed on alkali;n~ hydrolysis of the E-ring lactone would 
yield a soluble salt as exemplified by th~ sodium salt of 
Compound No. lS. 

It will be appreciated that the actual preferred­
dosages of the Formula (!) compounds used in the 

25 ·compositions of this. invention will vary according to the 
particula~ complex being used., the particular eomposition. 
f ormul•ted, the ~ode of administration and the particular 
site, ·host and disease being t+eated. Optimal dosaqes for:: 

30 

35 

a given set of conditions can be ascertained by those 
skilled in the a~t using conventional dosage determ.i~ation 
tests in view of t~e above exi?erimental data. For 

. . 
patentaral admini$t~ation, the dose qenerally employed is 
from about 20 to about lSO mq/m2 of body surface are.a 

per day for one. to t1v~ c1ays ,. pref,.erably repeated about 
every fourth week for four courses of treatment .. For oral 
administration. the dose generally employ~d is from about 

ii1ii1fihf' i 
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l 20 to about 15~ mg/m2 of body sutf ace area per day for 
one to five days, with courses of treatment repeated at 
appropriate intervals. 

The method for inhibiting- the gro~h of animal 
S tuinor cells sensitive ~o a co~pound of Formula (I) in 

accordance with this invention comprises administering to 
a host animal afflicted with said tumor cell$ an effective 
tumor qrovth-inhibiting amoun~ of a compound of Formula 
{I). As described above,. during the 90\1.rse of t::t:Qatm~nt 

lO the active ing:r:edient will be. administered parenterally or 

orally on a daily basis in an amount selected from about 
20 mg/m2 to ~bout 150 mq/m2 of body surface area for 
one to five days, with course$ of treatment repeated. at 
appropriate inte~vals. 

15 The followinq Examples illustrate (a) the protocol 
used for assessing the activity of various compounds o~ 
Formula (I) in transplanted murine tumor models, (b) the 

. . 
chemical preparation of the Formula CI) compounds used in 
the compositions and methods of this invention. and (c) an 

20 oral and a parenteral phatmaceutical composition of this .. 
invention. 

Without fu:cther elabor.ation, it is believed that 

one skilled in the·&rt can, usinq ~he preceding 
description1 utilize the pre&ent invention to its fullest 

25 extent. The following Examples a~e, therefore, _to he 
construed as merely illustr~tive and not a limitation of 
the scope of the present invention in any Yay. · 

30 
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EXAMPLES 
I .. Protocols Used For Transplanted Murine Tumor Models 

S The protocols utiliz.ed for: th~ ·evaluation of the 
antitumor activity Of Formula (I) compounds are 
well-established and wide:iy utilized by those skilled 
in the art of as·sessinq the activity of dru9s in 
preclinical t'Umor modeis. These studies generally 

10 follow the p~otocols established by the National 

cancer Institute as described by Garan et al., Caneer 
Chemotherapy Reports, Pa~t 3, Vol. 3, l-103. 1972. 

15 A) ip Twnor Models 

Tumors used in these studies - P388 leukemia and its 
doxorbicin - and mitoxanrone~resistant sublines1 Ll210 
leukemia, Bl6 melanoma. Bl6 melanoma/Flo subline, 

20 M5076 sarcoma and colon c·arcinoma 26 - ax:e maintained 
by serial transplantation- in synqeneic strains.of 
mice, For the leukemias, these tumors a~e·maintained . : . . 
in DBA/2 mice. The MS016 sarcoma, the B16 melanoma 
and it• PlO subline are ma.int~ined in C57ln/6 mice a.nd 

25 the colon sareinom.a 26 is ~aintained in·BALB/c mioe. 
~he leukemias and the 'MS076 sarcoma are serially 
transplanted i.p. as ascites. cell suspensions while 
the 816 ~elanoma lines and the eolon ca~cinoma 26 are 
~eria.ily transplanted as s.c. solid tumors. 

30 

For therapeutic trials~. ~ors are aseptically ~emoved 
·from donor mice and pcepare~ as suspensions for 
implantation ip in-eo te.s't animals. The test animals 
for the colon carci~oma ~6 a~e !emale BAI.Bio mica 

. 35 (20-25· gm). The test '.anima;Ls for the othe~ tumor. 
models are syngenei9 fema~e F1 hybrid B6D2F1 mice 



1 (C57Bl/6 x DBA/2). The inoculum level varies with the 

type of tumor: P388 leukemia is inoculated at 10 6 

cells per mouse, Ll210 leukemia at io 5 or io 6 

cells per mouse, M5076 sarcoma at S x io6 cells per 
5 mouse. For implantation of the B16 melanoma lines and 

the colon carcinoma 26- s.c. tumors from donor miee 
are minced and ho~ogeni~ed in loose fitting 
teflon-g-lass horoaqenizer to qive a tumor brei." ~he 

inoculum levels are 0.5 ml of a 10 pe'rcent (w:v} brei 
10 of the Bl6 melanoma line$ and o.s ml of a s·percent 

(w:vj brei of colon carcinoma 26. After tumor 
. . 

inoculation, mice_ randomized to treatcn.ent groups 
comprised of 6-8 mice each. In each experimen~, the~e 

are thtee groups of untreated control mice. Drugs are .. 
lS · dissolved or suspended in appropriate aqueous vehicles 

and given by a variety of: routes.and schedules of 
·administration ove~ a ran.ge of dose levels .. Animals 
a~e housed in shoebox caqes and are.monitored daily 
for mortality for 30 (Ll210), 45 (P388) or 60 (Bl6, 

20 MS076. colon 26) days. The endpoint for activity. is 
median survival time and increase in lifespan relative 
to untr:ea.ted controls. A drug is ~ons~.dered active in 
these tumor models if it prolongs· li~espan by 2 40 
percent. 

25 

30 ' 

35 .. 

B. iv Tumor Models 

'rumors used in these studies - P388 leukemi~, L1210 
·1eultecnia and Lewis lunq ~arc~noma - ate maintained by 
serie.1 transplantation in synqeneic straj.ns of mice, 
D~A/2 for.the leukemias a~d C57Sl/6 for Lewis lunq 

oareinoma. The leukemias are serially transplanted 

i.p. _as ascites cell suspensions while the Lewis lung 
carcinoma is serially transplanted ~s.a s.c. solid 
tum.or. . . 

• 



1 For thetapeuti.c trials, tumors were aseptically 

removed from donor mice and prepared as suspen~ions 
for implantation into test animals ~hich for each 

tumor ~re syngeneic female F1 hybrid S6D2F1 mice . 
5 (CS7Bl/6 x DBA/2). The inocul\Jl'll level varies with the 

type of tumor: PJ88 leukemia is inoculated at io 6 

cells. per m~use, Ll2lO leukemia. at·lo5 or io6 

cells per mouse, a.n.d L~is lung' c·at:cinoma at O. 2o ml 
of ·a 10 pex-cent {w:v) bre·i. · The brei of Lewis lunq 

10 ~arcinoma is prep&red as .described above.for Bl6 

melanoma. After tum.oc_i~oculation, mice are 
randomized .to treatment qroups of 6 to 8 .mice each. 
In each experiment, there are three groupa of 
untreated cont_rol mice. 

15 

Drugs are dissolved or susperided in approp~iate 
aqueous vehicles and given i.p. Ot i.v. on-various 
tr~atment ~chedules over a range of dosage levels. 
Animals are housed in shoebox caqes and monitored 

20 daily for mortality for 30 (Ll210), 45 (P388) or 60 

(Lewis lung) days. ".rhe endpoint.for. activity is 
median survival time and increase _in lifespan relative 
to \Ultreated controls. A drug is considered active in 
these tumor· mod.els if it prolongs lifespan by 1_40. 

25 percent. 

30 .. 

35 

c. f ·C· Tumor Mosjels 

irumors used 1n these studies are maintained by serial 
transplantation in syngeneic $trains of mice - C57BL/6 
for Lewis lung carcinoma.- Bl6 melanoma and its FlO 
subline. MS076 sa~coma and colon adenocarcinQma 3S; 
SALB/~ for colon carciri.Qma 26, ADJ-PC6 plas:macyt:<?ma. 
Madison lung ca~ci~~ma and colon adenocarcinoma 51. 
C3H for miUM'lary aaenoaarc:i:nonia. 16/c. With the 



........ 

·-~4~, 

l exception of the M5076 · sarcoma1 which is maintained as 

a i. p. asc:ites cell suspension, all of ·the tumors we.J:e 
serially transplanted·as s.e. solid tumors. 

5 For therapeutic trials, twnors were aseptically 
removed from donor mice and prepared .for.implant~~ion 
s.c. into test animals. The test animals for Lewis 
lung carcinoma, Bl6 melanoma and its FlO subline, . . 
M5076 sarcoma and colo~ adenoearcino~a 38 are 

lO syngeneic female F1 hybrid B6D2F1 mice· ·(C57Bl/6 x 

·DBA/2). ADJ-PC6 plasmacytoma and colon carcinoma.26 
are evaluated in female BALBI~· mice. Madison lung 
ca.:r:cinoma and colon adenocarcinoma 51 are evaluated in 
syngeneic female f 1 hybrid CD2F1 mice {~B/c lt 

15 DBA/2}. Mammary adenocal;cinoina 16/C is evaluated. in 
female C3R mice. The .inoeulwn varies with the tumor. 
Colon adenocarcinomas· 38 is implanted as 2 mm 
fra9lnents by trochar. MS076 sarcoma and ADJ-PC6 
plasmacyeoma are ~mplanted .-as cell suspensions at 5 x 

20 106 and 2 x io6 cells.pet mous&1 respectively. 
Colon carcinoma. 26, colon adenoaa.rcinoma 5l, Le"'i-s 
lung carcinoma,_Madison lunq oarcipoma and Bl6 
melanoma and its Flo subline a~e implanted as tumor 
breis prepared as described above in a volume of o.s 

25 ml. Th:~ brei conoentration·. was 10 percent (w:v) 
except for colon carcinoma 26 for which the brei 
concentration was s percent (w:v). Afte~ tumor 

inoculation, mice are randomized to treatment q~oups· 
of 7 or 8 ~ice. · In each egpe~iment1 there .are three 

30 groups of untreated control mice . 

.. 
. Drugs ate aissolved ot suspended in appropriate 

aqueous vehicles and qiven by a variety of routes of 
a.dminist>::ation and· treatment·: schedules over a range of 

35 dosa~e levels. Animals a~e housed in shoebox cages 
a~d ate monitoted daily. for mortality. At a time when 

TI:is SJ:i..e~t Has Been Replaced . 

. I illllll ·llHI! llll 1111111 . .. .. . ...... . . . ~ 

. · .. ; - . ··;=:;'--~.-
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l untreated control animals ··have large measura:ble tumors 
<generally _>500 rnm3), tumors in all animals are·. 
measured in perpend~cular' di~eters with a vernier 
cali.per and tumor volume is calculated by the 

5 formula: lenqth x (width) 2 x o. 5 ·. Time for tumor 
measurement·is dependent· en the d~!fetQnt rates of 
tumor growth of the different tumors~ the most 
rapidly growing tumors such as·the Le~is and Madison 

10 

15 

20 

25 

30 

35 

lung twno~s, 816 melanoma and it$ FlO ~ubline were 
measured between Days 12 and 16~ The slower 9rowin9 
tumors were measured at lat~r time points - 17 days 
for M5076 . sarcoma, 16 or 19 days for _mammary . . 
adenooaroinoma 16/c, 19 days for ADJ-PCE plasm.ac~oma 
and colon carcinoma 26r. 24 days for colon 
adenocarcinoma 51. and 31· days for co~on 
ad.enocarcinoma 38. The endpoints for activity are 
mean tumor volume, percent tumor q~owth inhibiti9n 
relative to untreated controls and the number of 
animals without palpable tumors on the day of 
measurement. A drug is considered act·ive in the~e 
tumor models if it produces >70 percent inhibition of 
tumor growth at or below a maximally tolerated dose. 

For highly metastatic tumors ineluding~ Lewis and 
Madison lung twnors,_colon carcinoma 26 and Bl6 
melanoma and its Flo subline, tumor-bearihg mice are 
monitored for·survival time as well. For the less 
m~tastatio tUl\'\or models, tumor-be&ring mice are killed 
following tumor measurement.In this setting, an 
inc~ease in lifespan of L30 peFcent i$ oonside~ed to 
be evidence 0£ drug ~ctivity. 

II. Srnthesis of Conipounds of Formula (I) 

In the followinq synthetic ex~ples, .tempetatuie is in 
degrees Centiqrade ( °C). Unless otherwise·· indicated, a.11 



l of the starting materials were obtained from commerci~l 
sources. 

EXAMPLE l 
5 Preparation of (20 s2 l,2,6,7-tetrahydrocam2tothecin 

Camptothecin {32.0 91 0.092 mol.) obtained ~rom 
Tainjain-SK&F Ltd., Tainjain, China, was combined with 
Pt 0 [prepared by pre-reduction ·of a·. o g. am~rphous 
Pto2 in soo mL -HOAc: for l. s hour. Ch) under l atmosphere 

10 (atrn.)°H2 ] and HOAc:(l.6 L). Reduction was· carried ~ut 
at 1 attn. H2 for 8.5 h. while vi9orousl)' stirring the 
mixture. At the end of this time, the theoretical am.qunt 
of H2 had· been· absorbed (slightly more ·than. 4, 1 L) and 

the uptake of H2 had slowed considerably. ·The reaction 
15 was degassed with a stream of Ar for approximately 10 

minutes (min,), and then filtered ~hrouqh a celite pad 
which was washed with HOAe (200 mL). 

20 

25 

The resulting solution wa~ used immediately in the 
followins ceaction described in Example 2. 

Preparation of (20 S) lQ-H~droasvca.mptothecin 

To the vigorously stirred· solution of 
1,2,6,7-tetra.hydrocamptothecin;. prepared· as described 
above :in Ex~ple 1, was added Pb(OAc) 4 (64 q., 0.144 
mol.) in one portion. The reaction was stirred under ·Ar 
for 30 min.-,. and all of t~Q P'b(OAc) 4 had dissolved. 
Concentration gave a 9urmny ~esidue which was triturated 
with ice cold-H2o {l L) to give a liqht brown solid 

30 which was filtered off~ washed with additional ice eold 
H2o (200 mL), pressed dry with a rubber dam and air · 
dried ovetnight. The resulting ·partially wet product 
contained 44.3% 10-Hydroxyeamptothecin, 26.9%. 
10-Acetoxycamptothecin, and 23.1% Ca.n'lptotnecin based on 

35 ·high pressure ·liquid chromatography (HPLC) analysis . 
(Wh$.tman Pa.rtisil 5 ODS3 Rae II 60\ CH30H/H20). 

! 
; 
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10 

The crude mixture was combined ~ith 1.7 L 50% aqueous 

HOAc and reflu~ed overnight. The reaction was cooled and 
concentrated to approximately so-100 mL. Ice.cold H2o 
{l L) wa$ added and the precipitate was filtered off, 
\lashed with additional ice cold H2o (200 mL) ,· pressed 

dry with a rubber dam, and d~ied under high vacuum f o~ 2 
days to 9ive 21. lEi g. of material which contained 70. 9% 

l 0-Hydroxyc a~ptothe·c in, l : 2 % i.o-Acetoxycamp-i:othec in, and 

21. 3% .Camptothecin based on HPLC analysis.· 

EXAMPLE 3 
Preparation of {20 Sl 9-Dimethylaminomethyl-lO­
hYdroxycamptothecin Acetate Salt 
10-HYdroxyaamptothecin (20 q which assayed at 62% 

15 10'-Hydroxyc·amptothecin and therefore contained 12. 4 g, 
34.l mmol of 10-Hydroxyoamptcthecin), prepared as 
described in Example 2, was combined with HOAc {620 m.L), 

37% aqueous CH
2
0 {12.4 mL, approximately 149 mmol} and 

40% aqueous dimethylamine (12.4 mL, approximately 109 
20 mmol) and stirred for approximately 18 h and the thin 

layer chromatography (tlc) indicated some re~aining . 
startinq material (tlc in ·9 : l CH2cl2 , CH30H on 
silica gel). T~is system is_suitable for following the 
disappea~ance of 10-hydroxy~amptothecin but not.for 

25 monitoring the formation of product. Additional 37% . 
aqueous CH2o ( 6 ml, .&ppJ;"o~imatel~ 72 mmol), and 40% . 

aqueous dimethylamine (6 mL, approximately 53 mmol) was 
added and stirtinq was continued for an additional 24 h. 
'?he reau:tion was concentrated to dryness, ttiturated with 

30 0.5% aqu.eous HOAo Cl ·L), filtered ~nd the solid was washed 
with additional 0.5\ aqueous HOAc (SOO mL). The dried . 
solid weighed 6.3 ~ and was 94\ reco~ered camptothecin by 

HPLC (Wha~an Pattisil 10 ODS 3 50% CH30H/H20, 
retention time 9 min.}. ~he coml;>i~ed aqueous filtrates 

35 were extracted with EtOAC (3 X 6oo:mL), and pet~oleurn 
ether (600 mL) and then lyophili~ea. . 

... __ _ 
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- ---------------------- ------------------

' Chromatography of the crude residue was achieved by 
injection of the material ·in solvent A (solvent A= 99% 
H

2
o, 1% HOAe) (600 mt} and elution at 350 mL/min. 

through a so mm x 600 mm· steel column packed with 680 q 
Whatrnan Partisil 40 ODS 3 with a 34· min linear gradient 
from 100' solvent A to 40% solvent E (solvent B = 99% 
CH30H, 1%_ HOAc}. The chromatography was monitored at 
410 mn and lL ftactions were collected and those.which 
assayed at 199% pure by analytical HPLC (Whatman .Part_isil 

10 10 ODS 3 50% CH
3

0H/Hz.O, retention time 9 min.) were 
pooled1 concentrated and redissolved i~ a minimum of 0.5% 
aqueous HOAc and lyophilized to qive 10.58 g (62%) of .the 
named product. 

IR (XB:r ). 3400, 2960, 17 40, 1650, 1590 om -l. _ 1H NMR 
15 (CDCI3 tCD

3
0D) l.04 {t,3,J=7Hz~Cl8), 

l.96(q,2,J=7Hz,Cl9), 2.0l(s,3,cg3c0
2 > 

2,50(s,6,(CH3 ) 2NH), 4.20(s.2.ArCH2N), S.28 
(d,l1J~l9Hz,Cl7), 5.29(s,2,C5), 5.50(d,l.J=l9Hz,Cl7), 
7.42.(d,J=9Hz,Cll), 7.67{-s,l,Cl4), S.05(d,J=9Hz,Cl2), 

20 8.5l(s,C7). Caled fo~ c23H23N3o5 1 HOAc 1 H20 
Cmw = 515.S) ; C,58.24; H,5.67; N,8.15. Fd: C,58.SS; 
HS. 22; N, 8. 54. Pb .analysis < 14. 5 P.PRl• 

Additional named product material which was >90\ pure 
by HPLC (see, above) was conoentrated to dryness and later 

25 rechroma.toqraph_ed -with simila·r material isolated fi:::om 

30 

other runs. 

EXAMPLE 4 
Preparation of (20 S).9-Morpholinomethyl:....10-

. . 
hydrcxycamptotheGin ~cetate Salt 
io-Hydroxycam.ptothecin ( lOO mg, o .. 27 mm.ol), 

pi;epared as_. described in Example 2,. 37% aquieous ~20 (o.s-rtiI,), morpholine (O.l mL) and 2:1 HOAc/EtOH (lO mL) 
~ere combined and stirred overnight. io-Hydroxycam~~o-

35 thecin had reacted (tlc, silica q~l, 9:1 CH
2
c12/CH3oH) 

---------·----



l and the reaction was concentrated to dryness, dissolved in 
c:a. 5 mL H20 oontaining several drop~ of HOAc and the. 
insoluble material was filtered off, The filtrate was 
lyophili~ed and the lyophilizate was chromatographed (15 mm 

5 x 2SO nun silica medium pressure liquid chromatosraphy 
{MPLC), eluting with CH2c12 containing o -2% CH30H) to 
~ive a residue which was dissolved in dilute aqueous HOAc 
and lyophilized to qive 53 mg (38%) of the title compound. 
IR (KBr) 3400. 3100, 2960, 2920, 2840, 1740, 1650, 1590 

lO cm-1 ,H NMR. (CDc131cn30D) 

l. 94. (q, 2 .J=iHz ,Cl9),. 2. 73{rn, 4,morphilino- · 
CH2N), 3.83 (m,4,morphilino-CH20> 4.19 (s,2,ArCH2N), 
S.26(s,2,C5),· 5.2S(d,l,.J=l6Hz, Cl7), 57G(dl,J:ol6Hz,Cl7), 

. 7.27{s,l,Cl4L 7.40(d,l,J ... 8Hz,Cll)1 8.07(dl,J•SHZ,Cl2), 

lS 8.36(s,l,C7). Calcd. fo~ c25H25N306 CH3C02H 

20 

(mw=52S.6): C,61.71; H.S.95; N,8 .. oo. Fd.:· C,61.30; H,5.44; 
N',8.35. 

.EXAMPLE S 

Rreparation of (20 S) 9-N-Methylpiperazinylmethyl-
10-hyd~oxycamptothecin Acexate Salt 
10-aydroxycatnptothecin · ( 100 mq, O. 27 _mmol), ptepared 

as described in Example 2, 2:1 HOAc/EtOH (10 mL), 37\ aq. 
CH20 (0.5 mL) and N-Methylpiperazine (O.l mL) were 

25 combined and stirred ~or 20 hr. 10-Hydroxycampt~thecin 
had r·•a.C!ted (tlc 9: 1 cH2c12;cH~OH) a.n.i?- the reaction 
was concentrated, dissolved. in H20 {SOmL) and washed with 
EtOAc (5 x 20 mL) and petroleum ether (20 mL) and the 
aqueous phasQ was lycphilized.. The residue was redissolved 

30 in dilute aq. HOAc and chronratographed on MPLC (Wb.atman 
Partisil ~O ODS3r 9 mm x 250 column) eluting with o - 20% 
CH30H in H2o eontaininq 0.02% HOAc. The desired 
material was pooled and concentrated a.no the restdue was 
lyophilized to qive 67 mq (4,,) of the title compound. IR 

35 (KBr) 3400, 2960,· 2910., 1740, l6:SO, 1590 cro-1 • 1H mm. 
(CDCl /CD OD) 
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-S4-

l. 89 (q. 2, J=7Hz) , 2. 02_( s, >3, CH
3
co

2
H}, 2. 31 ( s, 3 ,NCH3 ) , 

2. GS{m ... 8, piperazino-CH
2
), 4. 21 ( s, 2 ,ArCH2 ), 

5~26(s,2,C5), 5.30(d,l,J~l6Hz,Cl7), S.7l{d,l,J=l6Hz,Cl7), 
7.45(d11,J~7Ht,Cll), 8.05(d·,l,J-=7Hz,Cl2); 8.47(s,l,C7). 

Ca.led. for C25H2a·N405 l l/2 HOAc l/4 H20 
(mw=528 .. 1); C,6l.4:1; H.6.0l, N,l0.61. Fd: C,~l.62! H,5.74:: 

N,10.93. 

EXAMPLE 6 

P,£epara.tion _of ('20 S) 9-( 4 1 -Pipei:idinopiperidiiiYll 
methyl-10-hydro!)':caroptothecin ~etats Salt 
10-Hydroxycaroptothec~n (100 mg, 0.27 mtnol), 

prepar&d as described in E~ample 2, 4-pipetidinopiperidine 
(100 m9, 0.60 mmol), 37% aqueous CH2o (0.5 mL) and 2:1 

15 ROAc/EtOH ( 10 mt) were stirred .for 2.0 hr. The 

10-H-ydroxycamptothGcin had reacted (tlc, silica gel, 9:1 
CH2 c12/CH30H) and the reaction w~s concentc~ted, · 

di.ssolved in. l\ aqueous acetic acid, filtered, and 

lyophili~ed. MPLC (Whatman Pa~tisil 40 ODS3, 9 x 250 mm 

20 column) eluting with H2o {~oo mL) and then o -80% 
ca3oH in .02\ aqueous HOAc qave 44 m.q (30%) of the title 
compound aftet lyophilization. IR (KBr) 3400, ·2940, 1745, 
1660, .1590 cm-l. 1H NMR (CDC13tet>30D) 
(t,3,J=7Hz,Cl8), l.3 -3.3· Cm .. 19, piperidine, Cl9), 4:.11 

25 {s,2,CH
2
N), 5.21 (s,2,C5),. 5.25 (d,l.,J==l6Hz, Cl1L 5.70 

(d,l,J=l6Hz,C17), 7.85 (d,l.J•7Hz,Cll), 7.59 (s,·l,Cl4), 

8.oo (d,l,J=1Bz,c12), 8.35 (s,l,C7}. caled. for 
C31H36 .N4o5 1 1/2. H20 {mw=631.7):C,S8.94i 

30 
H,6.22; N,8.81. Fd. C.~9.02; H16.44; N,8.53. 

EXAMPLE 7 

,i:tepara.i;.ion of .i20 S) 9-(2 '-Hydt:oxyeth_lla.mino) 
~ethyl-10-hydroxycamptothecin Acetate Salt . 
10-Hydroxycamptothecin (2~0 mg, 0.55 rom.ol), 

35 prepared. as described in Example 2, paraforma1dhyde 
(16 mq, o.ss mrnol), ethanolamine (61 mq, 1.1 mmol), and 



l HOAc { 6 rnL) were stirred for 4.8 hr after wh.ich most of the 

10-Hydroxycamptothecin had reacted. The reac~ion was 
. I 

concentra~ed, r~dissolved in dilute HOAc (200 rnL) and 
washed with EtOAC (4 x 30 mL) and petroleum ether (30 mL) 

5 and the resulting aq. soln was lyophilized. The crude 
lyophilizate was dissolved. in H2o (50 mL). MPLC 
(Whatman Partisil 40 ODS3, 15 r:nm x 25D·mm column} eluting 
with H2o (100 mL) follove~ by O -io% CH30H in .02% 

HOAc in H2o gave SS mg (33%) of the title compound after 
10 lyophiliza.tion. IR (I<;Sr) 3400, 2980, 2940, 17SO, 1570 

cm-1 . 
1

H NMB. (C:CC1
3

/cD
3

01)} .. 

7H~ 1 Cl8), 1.89(q,2,J=7Hz,Cl9), 2.00(s,3,HOAc), 

3.03(m,2,CH2NH), 3.75 (m,2,CH20H), 4.49(s,ArCH2NH), 
5 . 2 4 ( s • 2 , CS) • 5 • 3 0 ( d I l , J = 16 , c i 7 ) ' 5 .. 7 0 { d , l ' J = l 6HZ ' cl 7 } , 

15 7.41(d,l,J-8Hz.Cll), 7.6l(s,l,Cl4), 8.00 (d11,J="8HZ,Cl2L 

8.48(s,l,C7). Calcd for C23H23N306 HOAC 1 7/8 . 

20 

H20 (mw=531.3): C,56.52; H,s.·83; N,7.91. Fd.: C,5tL0'.7; 

H,S.40; N,8.27. 

EXAMPLE 8 
Preparation of (20 Sl 9-Trimethvla.mmoniwnmethyl-10-
hydro?fYcamptothec in Methanesulfonate Salt 
9-Dimethylaminomethyl-lO~hydroxycaroptothecin 

acetate salt (65 mg, 0.14 mmol), prepared as described in 
25 Example 3. was dissolved in CH2c12 (aa. 70 rnL) and 

filtered. The filtrate was combined with methyl 
methanesulfonate (1 mL), cooled and partially cohcentrated 

under a stream of a.rgon (Ar>.. After 4 hr the sol vent wa'li 

concentrated to 1/2 volume and cooled. The precipitate 
30 was filtered, dissolved in a2o (10 mL). washed with 

EtOAc (3 x 10 mL) and then petroleum ether {10 mL). and 
lyophilized to give 50 mg (6~%) of the title compound. IR 

(:KBr) 3400, 2950, 2900, 1760, 1660, 1600 cm-1 . 1H NMa 
.· ( CDC:l /OJ) OD) 

35 2.0l(q,2,J ... 7H~,Cl9), 2.78 {s,)3,CH
3
so

3
), . 

2.94Csr9,N{CH3 ) 3 ), 4.72(s,2,ArCH2N), S.20(S,2,CS), 

-·····-·----



l 5. 22{d, L J-=16Hz, Cl 7), S. 67(Q., l ,J•l6Hz-,Cl 7), 

7;62(d,J=7Hz,Cll), 7.7l(s,Cli), S.16(d,l,J=7M2,Cl2), 

8.89(S,l,C7). Caicd. fot C24H25N305 
CH SO H 

5. Fd.: C,49.36; H,s .. 1s·; N,7.53. 

EXAMPLE 9 
Pr~paration of (20 S) 9~Formyl-lO-hydro?'Ycamptotheci~ 

10-Hydroxycamptothecin (100 mq, 0.27 mmol), 
10 prepared as described in Example 2, 

hexamethylenetett a a.mine ( O . 80 .· 'g, 5 • s. mmo l) and 
trifluoroacetic acid {TFA) (15 mt) we~e refluxed under 
argon for 20 h. The reaotion was concentrated, combined 

·With H2o (lS mL} and stirred for l hr. ·H2o {75 mL) 
15 was added and the.pH was adjusted to 8.4 by the addition 

of NaHC03 . The a~. phase was washed with EtOAc· (3 x 7S 
mL)·, acidified t:o pH l. s with 3 !! HCl and then extracted 
with EtOAe (5 x 75 mL). The combined organic extracts 
were wa$hed with lH HCl (5 x 75 mL), H2o (75 mL), and 

20 saturated aqueous NaCl (25 mL), and concenttated. The 
residue was then purified by flash chromatography Cl cm x 
15 cm silica with the crude material pteabsorbad on a 1 cm 
x l cm plug- of Na2so4 L The product was elu1:ed with 
1% CH30H in CH2cl2 to 9ive 50 mg (~7%)_of the title 

25 compound. ·An analytically pure sample was obtained by 
fractionally precipitating from approximately 25% CH30H 
in CH2cl2 by slowly coolinq and concentratinq under a 
stre~m of nitrogen. IR (KBr) 3400, 3100, 2950, 1755. 

30 

35 

-l l 

(t,3,J=7HZ,Cl8), 1,96 (d,2,J•7HZ Cl9), 5.32 (d,l1J=l4Hz, 
Cl7), 5.33 (s,2,CS), S.68 (d,l,J~l4Hz, C17),' 7.SO 

(d,l1J=9Hz~Cll), 7.67 (s,l,Ql4), s.a3 (d,1.Jz9Rz,Cl2), 
9.34 {s,l,C7), 10.85 (s,l1C!!O). Calcd :Cor 

C::21Kl6N206 1 K2o_(mw'"" 4.10.38): C,61..46; ·H,4.42; 
N~6.8l. Fd! C,&l.09; H.4.17; N,6.S2. 

1iiii1ma1r 



1 

- lb1·, 

EXAMPLE 10 

P~e~arati?n of (20 S} 9-CyclopropylaminomethYl­
i·O-hydroxyca.m.Etothecin Hydrochloride sa.l t 

A mixture of lO~hydroxycam.ptotnecin (254 m9, 0.7 

S mmol), prepared as described in Example 2, ·37\ aqueous 

formaldehyde (l.O mL), cyclop~opylamine (400 mg. 0.1 mm.al) 
in glacial acetic acid (16 mL) aµ.d·ethanol (8 rnL) was 
stirred overnight at ambient temperature and concentrated 
!!'! vacuo to dryness, The res_idue .w~s· titurated with 

10 w4ter, filtered and dried to qive 260 mq (75% yield) of 
. . . 

the named compound as an acetate salt which was converted 
to the named hydtochloride salt by triturating with 0.1 N 
HCl. Anal Cc24H23N3o5 
C, 55.0l; H, 5.57; N, a.02. Found; c, 54.94; H, 5.18. N, 

15. l 

{rn, l) r '• 6 { S, 2)' 4 • 8 (SI 2.) 1 5 • 2 ( S 1 2) I 7 • 2 (SI 1) I 

1.s (q, 2>, s.6 cs~ i). 

EXAMPLE ll 

20 PreJ?..t}ration of (20 s2 9-EthoXYSet.hyl-lO-hydrcxvca.mptothecin 

A mixture of 10-hydroxycamptothecin <.364 mg, 
l.O mmol), prepared as described in Example 2, · 
dimethylamine hydrochloride (90 mg, l.l mmol) and 37% 
aqueous formaldehyde (l.5 mL) was refluxed in 95% ethanol 

25 (25 mL} for 5-1/2 hrs. The reaction was concentrated to a 

small Yolume and the precipitated product was colle~tea 
and dried. Purif ieation by silica qel chromatography 
elutin9 with 3% MeOH in CH2ci

2 
gave BS mg {20% yield) 

of the named compound. Anal. Cc23H22N2o6>. 
30 Calcd.: c, 62.08; H, 5.27; N, 6.29. Found: c, 61.80; H, 

5.22;.N, 6.12. FAB mass spectrum; m/e 423 (MH+), 1H 

35 

NMR ( t>MSO) o . 8 S Ct , 3 ) , 1 . l < t • 3 ) , 1 • 9 ~ m, 2 L 3 • 5 

( S I 2 ) t 4: o 8, ( E5 I 2 ) I 5 • 2. ( $ I 2 ) I 5 • 4 ( S I 2) r 7 • 2 ( $ 1 l ) , 

1.1 (m, 2>. a •. 6 (s6 1). 

.• 

----------·-----



l EXAMPLE 12 

Preparation of (20 S) 9-{N-Methyl.a.nilinomethyl)-10-

hydroxycamptothecin 
A m~xture of ia-hydroxycamptothecin (254 mg, o.7 

5 romol), prepared as described in Example 2 ~ 3·7% aqueous 
formaldehyde (l. o mL), N-methyla.niline { o. 75 mL, o. 7 .mmol) 

in.glacial acetic acid {16 roL) and ethanol (8 mL) was 
stirred at altlbient temperature for 40 hrs. After 
concentration to an oil, partial purification was obtained 

10_ by silica gel chromatoqi:aphy elµtinq vitb 1,2 and 3% MeOH 

in CH2ci2 • The pt:odu_ct fractions still contained N­
methyla.niline. Further purification was obtained usinq a 
s.ilic:a gel MPLC column, and the product was eluted with 2% 

MeOH in cH2c12 . The product fractions were combined 
15 an.d concent.rated in va.auo to give 77 mg (2.4.\) of the named 

compound.as a yellow _solid~ Anal. 

20 

25 

30 

{C2.8H25~30~ 
S.47;_ N,. 8.32. 

mass spectrum: 
Found: c, 66.97; H, S.G9; N. 7.91. 

m/e 484 (MH+). 1H NMR (CDCL) 
DCI 

2), s.s (q, 2), 6.9 (m, SL 1.s (s, 1), 7.9 (q, 2), s.4 

(s, 1). 

!XJ.\MPL! 13 

FEeparation of (20 s~ 9-Cyelohexvlaminornethyl;­
!O".'"hydroxycam~ot:heo;in Hydrochloride salt 
A mixture of 10-hydroxycamptothecin (364 ~9' l.O 

mmol),. prepared as described in Example 2, 37\ ac;rueous 
formaldehyde (1,5 mL), cycloh.exylamine (l.3 ~. lO mmol) 
in glacial acetic acid (25 mt.) and ethanol (12 mL) was 
stirred overniqht at ambient temperatu~e and concent~ated 
in vacuo to dryness. The residue was pu~ified on a 
reversed phase column (MPLC) eluting- with 15% ·aq, MeOH 

containinq 0.02\ qlacial acetic a~id. ·rhe named compound 
35 · as an aeetate_ salt was obtained ~fte~ concentration to a 

small volume ~d lyophilization (250 mg, 47\). The 

i11iii1iUf: 
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-- J>9 -
i· acetate salt was converted to the named hydrochloride salt 

by addition of 0.1 N HCl, and the salt was collected by 
filtration. Anal. {c

27
H29N3o-5 

H
2
0), Calod.: C., 60.93; H, 6.ll, N. 7.89. Found: C, 

s l 

. 10 

l-0-2.0 (m, 10),. 3.1 (s, lL 4.5 (s,· 2). s.2 (s, :2), 5-.4 
(s, 2), 7.2 Cs, l), 7.9 (q, 2), 8.9 {s~ l). 

~PLE 14 · 
Preparation o~ (20 S) 9~N.N-DimetlJYlaminoethyl­
oxymethy1-10-hydroxyc·amptotheain H?drochloride §alt 
A mixture -of 9-dirnethylamino~ethyl-lO-hydro:xycamp­

tothec:in free base {100 mg, _0.2 mmol), prepared a.s 
described in Example 21, in 2-dimethylaminoetha.nol (4 mL) 

lS containing 3 drops of 3N HCl was heated under arqon at 
·ao~c for 24 hrs. The semi-solid.reaction mix~ure was 
treated with H2o (5 mL) and isopropanol (10 tnt.),. stirred 
and filt~red to give 60 mg (59%) of the title compound. 
Anal.· (C H N 0 HCl 

20 58.77; 

(s,6)'. 

{s,1), 

25 

H, 5.72; N .. 8.25. Found: c, 58.94, H, 4.92; N. 
l 

3.3 Cs,2), 4.1 {s,2)r '5 .2 (s,..2), 5.4 (s,2), 7,3· 
7.4 (d,l), a.o ( d, l), 8.7 (s.l). 

EXAMPLE lS 
Preparation of (20 SJ 9-N.N-DimethylaminoethYl"";, 
thiomathyl-10-hydroxycampto~heein Hydrochloride 
~ 
A mixture of 9-dimethylaminomethyl-lO-hydroxycamp~ 

30 tothecin hydrochloride salt (100 mg, ~.2 mmol). p~epared 
substanti~lly as described in Example 18, ant;i 
2-dimethyl aminoethaneth-i o 1 
(13 mL) was heated at 85°C under arqon for s hrs, The 

.. insoluble solid ·(excess thiol) was removed by filti:ation,. 
3S and the ·filtrate was concentrat,ed ~ vacuo to an oily 

residue which was purified using reversed phase MPLC. The 

-- -·--------------
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5 

10 

. - (.eD ~ 

product was eluted ·using 5% and 10% MeOH ip H20 to· g_ive 

45 mg (41%) of the title compound as a yellow solid. 

Anal. (C25H2aN305S 
.49.34; R, 5.79; N, 6.90. Found: C, 48.98; H,· 5.82; N, 

l 

($,6), 4.4 (s,2), 5,3 (s.2), 1.1 (d,l). 7.2 (s.l), 7.6 

(d,t), 8.2 (s,l). 

. EXAMPLE 16 

PriiJa.aration of (20 S) 9-N,N-llimethylaminoethyl­

aminoroethyl-10-hydro?(ycamptothecin~ Pihydrochloriae 
Salt -
A mixture of 10-hydroxycamptothecin (364 mg, l.O 

mmol} prepared as described in Example 2, N,N-dimethyl-
15. ethylenedia.mine (100 mg, 1.1 mmol), 31\.aqueous 

formaldehyde (l.5 mL) in glacial acetic acid (25 m.L) and 
ethanol (10 mL) was $ti"rred at room t:empera.ture for 64 

hrs. The solvents were removed in vacuo, and the solid 
-~~ 

residue .was treated with water. (10 mL) and isopropanol (10 
20 mL} containing JN HCl (3 mL). . The finely precipitated 

solid was collected, washed with isopropanol atid dried to 

25 

30 

35 
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l give 218 mq (~0% yield) of the title compound. Anal. 

{C258 28N405 
N', .10.42. Found: c, 55.91; H, 5.72; N, 9.86. 

1
H NMR 

(CD OD) 

5 5.l (m,4L 5.4 {q,2), 7,3 (d,l), 7.5 (s,lL 7.8 (d,l), 8.4 

(s,l). 

10 

15 

EXAMPLE 17 
iteparation of (20 R.S)-9-Dirnethylaminomethyl-10-
·hydroxycarnptothecin Acetate s~lt 
The title compound is prepated as descr~b&d in 

Example 3 exaept that the starting material is racemic 
10-hydroxycam.ptothecin prepared according to the method of 
Wani et al.# 3. Med, Chem., £1, 554 (1980), 

EXAMPLE l8 

Preparation of (20 S) 9~Dimethylaminoethyl~10-
rYdroxycamptothecin Monohydrochloride Salt 
9-Dimethylaminomethyl-lO-hydi::oxycampi;otllecin 

20 acetate salt, prepared as described in Example ~, which 

analyzed for 2. S equiva.lents of acetic acid and o. 75 . 
equivalents of. water (8.5 g, 14.S nimo~ based on a molecular 
weight of 585) was dissolved in 0.1 ~hydrochloric acid 
{170. mL, 17 mmol), lyophili·zed and pumped under high 

25 vacuum for thte.e days to giv~ 8.3 q of the title 
l 

J - 7.s); 1.98 (q, 2~ J e 7.5), 2.95 (s, 6}, 4.77 (s, 2), 

S.33 (s, 2), 5.36 {d, l, J • 16), 5.62 (d, l, J ~ 16), 

~.59 (d, 1, J • 9), 7.66 (s. 1), 8,20 (d, l, J ~ 9), 8.86 
30 ( s, 1) • Anal . ( c . ·H N O lHCl 

35 .. 

Calod.: C1 53.96; H, 5.91; N, B.21; Cl, 6.92. Found: c, 
53.68; H, 5.61; N. 8.16; Cl, 6.84. 

.. 
------·------·--
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EXAMPLE 19 . . 
P~eparation of (20 s) 9-Dimethylaminoethyl-l~ 

hYdro?£tcamptothecin D~hydrochlori~e Salt 
~-Dimethylaminomethyl-10-hydroxycamptothecin 

5 acetate salt ( o. 389 q, 1. 07 ramol by HPLC analysis), 

prepared as described in Example 3, was dissolved in 0.4 N 

HCl {6 mL, 2.4 mmol), lyophilize~ and pumped undet high 

vacuum for 40 h. to give 0.269 g of the title compound. 

R NMR. ( CDCl ~cD· ~D) 
l 0 . ( q I 2' J = 7 . 5 ) '· 3 • Q l ( 6 , 6 } t 4 , 8 5 ( S / 2 ) f 5 • 3 l ( d I l 1 

J = 16), s.~6 cs, ·2}, s:ss (d, 1, J = 16), 7.64 (d, i, 

J = 9), 7.73 (s, l), 8.23 {d, l .. J' = 9), 9.07 Cs, 1). 

Anal . ( C H .N 0 . 

50.37; H, 5.70; N, 7.66; Cl, 12.93. Found; C, 50.76; H, 

15 5.64; N, 7.57; Cl, 12.61. 

20 

25 

30 

EXAMPLE 20 

Preparation of (20 S) 9-Dimethylaminoethxl-10-

hyproxYcamptothecin Sodium Salt 
9-Dimethylaminomethyl-10-hydroxycamptothecin 

acetate salt (100 mq,.0.2 mm.ol), prepared as desc•ibe4 in 

Example 3, was treated with 0. l N sodium hydroxid:e C 4 . 5 . .... . 
mL, 0.45 nunol) and the solution was passed through an KP-20 

resin column (2 x 22 cm). The resin ~as washed with water 

(250 mL) and the prod~ct was eluted with a l:l mixture of 

water and. methanol. Fractions containing the product were 
cotnbined, concentrateo to a small volume and lyophiliaed 

to 9ive 9~ mg {98%) of title compound. IR (-nujol) 

-l 0.6S tm, 1 

3), 1.8 (m, 2), 2.8 (s, 6), 3.0 Cm, 2), 4.21 (s, 2.) r 4·. 5 

(s, 2) #' 7.1 (q, 2), 7.2 Cs, 1), 7.8 C's.·l). 1>inal. 

(C23H24N306Na 
S.57; N .. 8.60. Found: · c, 5Ei.2l; H, 5.65; N, B .. 44 • 

.------··-------·-· 
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EXAMPLE 21 
Preparation of (20 S) 9-Dimethylaminomethyl-10-' 

hydro?SYeamptothecin Free Base 
A mixture 0£ lO-hydroxycamptnthecin (72S mg, 2.0 

5 mmol}, prepared as described in ~ample 2, in glacial 
acetic (SO mL), ethanol (20 mL), 37% ~queous formaldehyde 
(3. mL} ·and 40% aqueou5 dimethylamine (3 mL) was stirred at 

room temperature for 20 h. The solvents were removed 
under reduced pressure; ~he re$idue was heated ·at soa 

10 under high vacuum for 2 h and triturated with isopropa.nol 
(10 mL) to precipitate the title compound {561 mq, 64%) as 
a yellow solid. FAB mass spectrum! m/e 422 {MH+). 
1H NMR (CPCl3 /ct>30D) 
(s, 6), 4.3 (s, 2), s.2 <•- 2)" 5.4 (q, 2). 7.6 {s, 1), 

15 7.7 (q, 2). s.5 (s, 1). 

EXAMPLE 22 · 

~reparation of the trifl:urormethylsv.lfonate 
(triflate} of (20S) lO:h~droxvcamp~othecin 

20 ~o a mixture of 10-hydroxycamptothecin, prepared 
as described in Example 2, (l.44g, .4.0mmol) in DMF {40mL) . . . 
was added triethylamine (1.iq, 12mmol) followed by 

addition of N-phenyl-trifluoromethane$ulfonimide (2.09, 
6mntol). The reaction was b.eated at 50° for 3 hrs.· The 

25 solvent was removed in vacuo and the residue was 
- -.,=..:;.. 

trit~rated vith water filtered and dried. A theoretical . . . 

yield of the crude product was obtained essentially as a. · 

single spot on·thin layer chromatography (~LC) showing a 
small origin impurity. A small sample was purified by 

30 flash chromato9raphy on silica gel column by eluting the 

35·· 

product with · 2\ Me.OH in CH2C12 . 

Anal; <C21H1sN207SF3>· calcd.~ C,50.81~ 
N,564. Found:C,51.38; H,3.42; N,4.99. 

H,3.05; 
l.HNMR. ( COCl ) 

3 

7.6-7.9 (m,2), s.2 (d,..2), s.s (s,1) FAS mass spec-crum m/e 
497 (MH.+),.495 (M-H)-
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1 EXAMPLE 23 

PreEaration of {20$) 
9-Dimathylami~omethylcamptothecin 

!rhe trifluoromethanesulfonate of (20Sl 
5 9-dirnethylaminomet.hyl-lO-hydi::oxyc~ptoth~cin acetate salt 

was made in situ as follows. A mixture of. --
9-dimethylaminomethyl-lO-hydroXycamptothecin acetate salt, 
prepared as described iri c;xample 3. (48.2m9, lmmol) in 
N,N-dimethylformamide (DMF) under arqon (40mL) was treated 

10 ·with 2,6-lutidine {268mg, 2.5mmol) and 
N-phenyltr;fluoromethane sulfonimide (0.549, 1.s mmol). 
The rea.ction•mixture was was st~rred overn~qht at room . 
temperature. Then, to the above formed triflate·vas added 
triethylamine (0.4mL, 3.0mmol), palladium acetate (8mq, 

· 15 o.04nunol), triphenylphosphine (20mg, o.oammol) and 

concentrated formic acid {0.0SmL, 2rntnol). The reaction 
was heated at 60° for 8 hrs. The· solvent was removed in ---... 

vacuo and the residue was triturated with a small amount 
0£ H2o and filtered. The dried, crude insoluble solid 

20 weighed ssomq, .It was pu.rified by flash chi:omatography ~n 
silica gel _eolumn by eluting- some $tartinq triflate with 
tr iphenylphosphate to yield 2.Sm9 ( 7%) _of 
9-methylcamptothecin, 88mg "(:20%} of the title compound as 
free base (4% MeoH in CH2Cll>' and some 

25 trifluromethylsu1.fonate of 10-hydroxycampt:othecin with 10% 
MeOH in CH2c1 2 . 'some of the title compound was 
c~n~erted to the acetate salt h~ treatment with dilute 
ac:etic acid. 
Anal. (C25H2,N306. 2.SH20). Calcd,: c, 58.81; 

30 H, 6~12: N, 8.23. Found: C, 58.60; ij, S.88; N, 7.88; 
1HNMR (CDC13 ) 

35 

(s,2).1 s.2 {s,2}, S.4 (q,"2), 7.3 {d,1), ·1.5 {d,l) 7.6 
(2,1), 8.0 (d,l), 3.3 (S,1) 

Mass Spectrum m/e-406 .(MM~) 
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l EXAMPLE__!! 

PreRaration of 10-c;yanocamptotheci_e 
A solution of ttibutyltin cyanide (444mg, l.~mmol) 

and tetrakistriphenylphosphine palladium (276mg, ~.6mmol) 
5 in l, 2-dichlo:roethane (20mL) was heated to reflux under 

arqon for 2 hrs to form a palladium-tin-cyanide complex. 
Then the trif luotomethyl~ulfonate of 
10-hydroxycamptothecin, prepa~ed as described in Example 

. . 
22, (266m<J, ·0.6nim) was added and reflux~ng was continued 

10 for 3. 5 hrs·. The reaction was concentrated to l/3 of its 

. original vol'\lrne and triturated with an equal volume ~£ 
diethylether. The precipitated yellow solid was collected 
and d!:ied. The title. compound was OJ?t·ained in 82% crude. 

· yie:ld1 lBlmq. After purification by flash chromatography, 
. 15 the title compound eluted with 2% MeOH in. CH2ci2 and 

ll5mg .(67%) was obtained. . 

Anal. (C21H15N304 • l/2H20 talod.: c, 65.96;. 

H, 4 .. 22; .N, l.O. 99. 

20 Found: C, 65.89; H,4.06; N, l0.66. 1HNMR. 

(CDCl3-MeOD4 ) 

25 

30 

35 

(q,2), 7.7 C~,l), 7.7-8.4 (m,3), 8.6 ls,l). 
Mass spectrum m/e 374(MH+) 

EXAMPLE 25. 

P3=e:e,a.ration of (20S) 10-Forrnylcamptothecin 
I 

A flame dried flask was cha~ged ~ith the 
trifluromethylsulfonate of lO-hydra~ca.m.ptothecin, 
prepared as described in Example 22, (100 mq·, o. 22 mmol), 
freshly distilled tetrahydrofuran (THF) (10 mL) and 
tetrakis triphenylphosphine~palladium (10 mg, 9 nunol). 
Carbon monoxide (CO) wts b~bled into the teaction for 3 
min, and then the reaction mixture was stopper ad with a· CO 
balloon and immersed in an oil bath at 50°. While · 
stirring and usin9 a syrinqe puro.p. a solution of B~3snH· 
( O. 73 mL) in dry THF· (3 mL) was added dropwise over a 4 hr 

------------·~----
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l. period. Aft.er: this time, the solvent was removed lg 
vacuo, and .the residue was pu~ified by flash 
chromatography (l-2% CH

3
0H, CH2cl 2) folloved by 

final purification using a Chroma~otron (Harrison 
S Research, l?alo Alto, California). The title. compound was 

eluted with 2% MeOH in CH2ci2 , 20 mg {24%). 

Anal.: (C21' Hl6' N20S'l-l/3 H20). Calcd.: 
C, 61.84; H, 4.69; N~ 6.864 · ~ 

Found : C, 61 . 83 ; H, 4. • 53 ; N, 6 . 31 . 
lO 1H NMR { CDCl } 

3 

15 

s, 2L 5.4 ~q, 2), 7.7 {d, lL 7.8-B.3 (m, 3), 8.5 (s. 1), 
9.9 (s~ 1). ~ass spectrum m/e 377 (MH~). 

EXAMfLE 4~ 
Preparation of (20S} 1-0-~inomethYlcamptothecin 
Acetate salt 

. A solution of lo-cyano·camptothecin, prepared as 
described in Example 24., (160 mg, 0.4 mmol) in glacial 
~cetic acid (45 mt) was treated with activated ~aney 

20 nickel and hydrogenated at 10 psi ( l 785. 8 gr.ams/cm) for 7 
hrs. The catalyst was removed by filtration through 
su.perc:el and the filtrate was COl_l.Centrated in vacuo. The 
solid residue was purified by medium pressure 
chromatography on reversed phase·column by elutinq the 

25 product with 10% MeOH· in_water. After freeze-drying, 2S 
mg (15%) of the hygroscopic title compound was obtained. 
Anal.: (C23H2-3N306"6 H20). Calcd.; c, 
50.63; H, 5.46; N, 7.73. 
Found : C , 5 0 • 11 ; H, 6 • S 7 ; N ., 7 • 6 4 • 

30 1 

5.2 'cs .. 2). s .. 4 (s. 2), 7.5 (s, l). 7.7-8.l (in, 3), 8.6 
(s, l). 

35 .. 
,--------·---
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EXAMJ?LE 27 

Prepa.rat~n of <ios>. io_-Aminomethyl_camptotheoiJ_l. 

acetate salt 
A solution of io-cyanoca~ptothecin. prepared as 

S described in Example 2~, (160 mg, o.42·mmol) in glacial 
acetic acid (45 mL) was treated with activa~ed Raney . 

hrs. The catalyst ~as filtered through supercel (9S\ 
Si02 ), concentrated 1a vacuo and purified on a reversed 

10 phase column. The product eluted in 10% MeOH H2o 
(containing 0.02% acetic aci~). After pooling the 
fractions, co~centratinq to a small volume and 

·lyophilizing1 the title compound ~as obtained, 26 ~g (14%). 
Anal.: (C H N 0 

15 H, 6.-46; N, 7.73. 

20 

Found: C1 50.11; H, 6.57; Nr 7.64. 
1 

S.2(s,2), i.s{s,2), 7.5($,l)~ 8.0(m,3), B.6(s,l) . 

. 
EXAMPLE 28 

PreE!tation of (206)· 9-Morpholinomethylca.mptothecin 
A 1 mmol solution of the trif ~uoromethylsulf onate 

of 10-hydroxy-9-rnorpholino.methylcamptotheein, prepared as 
described in Example 23, in dry DMF (25mL)_ was treated 

25 with triethylamine (0.4 mL), Pd (acetic acid)
2 

(8 mg, 
~.04 tl'lmol), ~ (20 mg1 o.os mmol) and 99\ formic acid 
Co.os .mL. 2mmol). The re~ction was heated under a~qon at 
60° for 6 hrs, concentrated in vacuo and treated with 

---~;;...., 

water. Both the desired.title compound and the major. 
30 by-product, 9-methylcamptothecin,· precipitated out (300 

mq) and were collected by filtration silica. gel flash . 
·chromatography purification. 9-methyl camptothecin was 
isolated by elu~ion in 1% MeOH in CH2c12 (45 mg, 
1~%). Elution ~itn 2\ MeOH in CH2cl2 gave the title 

35 · compo'IJ.Ild ( 93 mCJ, 20\) • 

----·----·---

iiiiii1ifiHii . 
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Anal.: (c25H25N3o5 
65.78; H, 5.74; N, 9.20. 

--··----------------

Found: C, 65.87; H, 5.96; N. 9.00. 

Mass spectrum m/e 448 (MH+) 
l 

{ro,4), 3.7 (m,4), 4.0 (s,2), S.3 (3,2), 5.6 (q,2)~ 7.S 
(d,1), 7.G {s.l), 7.7(d,l). 8.2 (d,l),·9.0 (s,1). 

EXAMPLE 29 
Pre;earation of (20S.l 
10-Hydroxy-9-eyanomethyleamptothecin 
A mixture of 9-trimethylammoniummethyl-10-

hydroxycamptothecin ta.ethanesulfonate salt, pt'epared as 
described in Example s, (0,42q, Q.a minol) in 95% EtOH (35 

15 mL) and sodium cyanide (l.26g, 25 romol) was refluxed under 
argon for 3 hrs. Solvent was temoved in vacuo, water was 
added (20 mL) and the pH adjusted· to 1.5 with 3N Hcl. The 
precipitated crude solid was- coll'ected and dried. 
Purification was accomplished by flash silica gel column 

20 chroma~ography. The product vas eluted with ~% and 5\ 
MeOH in CH_acl2 which gave ll:O mg (33\) of the title 
eom.pound. 
Anal. (C H N 0 
60.75; H, 4.58; N, 9.66, 

25 Found: c, 60.63; H, 4.64; N, 9.60. 
l 0.9 (t,3), 1.8 (m,2)1 4.2 

30 . 

35 . 

(s12)~ 5.2 (s,2), S.~ (q,2), 7.S (d,l), 7.6 (s,l), 7.9 
(d,l), 8.4 js.1). 
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l EXAMPLE 30 

Prepara~;on of {20S) 
JO-Hygroxy-9-aminome'thylcaJiiptothecin Acet,!te. Salt 

5 A solution of 60 ·mg (0.15 mm) of 
10-hydro~-9-cyanomethylcamptothecin, prepared as 
described in Example 29, in. g~acial acetic acid (30 mL) 
was treated with approximately l gm (wet weight) of 
activated aan:ey 

10 (1785.a grams/cm) for 6 ~rs. The catalyst was removed by 
filtration and the filtrate was concentrated in vacuo to a 

· solid residue. The concentrated filtrate was then 
dissolved in water and purified by reverse-phase column 
chrom~tog~aphy by eluting the product with 10% MeOH in 

15 ~a.tez: (containing O. 02% glacial ae~tic acid) . The· 
· a.pprop~iate fractions were collected, concentrated to a 
small vol'llltte and freeze-dried overnight yieldin9 23 mg. 
{33\) of the title compound. 
Anal.: C H N 0 

20 !!1 6.90; ~ 6.38. 

Found: .c. 43. 82; H ... 6. 89; N, !L 79. 
l 

5.0(3,2), s.i(s,2), s.4(s~2), 7.2(s~l), 7.5{q,2)1 e.4(s,l). 

25 III. Pharruaceutieal Composi,lion Examples 

30 

JS 

EXAMPLE A 
Parenteral Com:eosition 
To prepare a parenteral pharmaceutical composition 

of this invention suitable for -.dministrati_on by injection .. 
100 mq of a water soluble salt of a compound of Formula 
CI) is mixed vith 10 m:l of 0.9\ sterile saline, and the 
mixture is incorporated into a dosage unit form suitable. 
for administration by injection. 

ii1ii1ili iii 
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Or~l Compo~ition 

-10-
EXAMPLE B 

To prepare an oral pharmaceutical composition of 

this invention, 100 mq of a oompo\lnd.of Formula (I) is 

5 mixed w.ith 750 mg o·f lactose, and the mixture· is 

incorporated i~to an· oral dosaqe unit form·, . such as a hard 

gelatin c~psule, which is suitable for·oral administration. 

10 

15 

20 

25 

30 

35 
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What is claimed is: 

-ll­
CLAIMS" 

i. A compound of the formula: 
a 

I 1111111111111 11111 1111111 1111 
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10 wher.ein: 
X -is hyc:3-roxy; ~y~roqen; r;yano; -CH2lffl~ ;· ot 

.formyl; 
R is hydrogen when X is cyanOi. CH2NH2 or 

f ormyl; or R is -CHO· or -cH2R1 when X is hydro.gen or 
. . . 

15 hyd:r:oxy; 
R1 is. -o-R2 ; -s-R2 ; -N-R2 (R3); or 

-N+-R.2 (:R3 }ca4 >, provided that when it1 is . 
-N+-R2CR3 )(R4 } the compound is associated ~ith a 
pharmaceutically acceptable ani.on; · 

20 :R2 ,a3 and R4 are the same or different and 
are selected from H; c1_6 alkyl; c2_6 hydro:xralkyl; 
c 1_6 dialkylamino; c1_6 dialkylamino-c2_6 alkyl; 

· c 1_ 6 alkylamino-c2~6 alkyl' c2_6 aminoalkyl or a 3-7 
member u.nsUbstituted or substituted carbocyclic rinq; and 

25 when R1 is·-N-R2(R3}, the·R2 and a3 

qroups may be combined to~ether _with the nitrogen atom· to 
which they are bonded to form a substituted ot 
unsubstituted hete~ocyclic ring _which may contain 
additional heteroatoms; 

30 or a pharmaceutically acceptable salt, hydrate or solvate 
thereof. 

2. The compound of Claim 1 wherein X is hydroxy 

and R is dimethylaminomethyl~ N-morpholinome~hyl, 
N-methylpiperazinylme~hyl, 

.35 (4'-piparidine)N-piperidinylmethyl, 
. I ' 

_(2'-hydroxyethyl)aminomethyl, trimethY.lammoniummethyl, . 
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1 eyclohexylaminomethyl, N-methylanilinomethyl, . 
ethoxymethyl, cyclopropylaminornethyl, N,N-dimethylamino­

ethyloxymethyl, N, N-dimethyl ai:ninoethyl thiocnetl:iyl , . 

· N ,N-dim:e.thylaminoethyl aminomethyl, · oyanomethyl, amino ethyl 

5 or forl\'l.yl; or ·wherein lt is hydrogen and X is,cyano, formyl 

o:r aminome-ehyl ;. or wherein X is hydroqe~ _and R is 
d:i.methyl.aminomethyl ·or N--m.orphOlino~ethyl. 

15 

.20 

25 

30 

35 

3. The compound of Claim l which is· the s-i·somer. 

· 4. The compound of Clairo i which is the racemie 

s. The compound of Claim·3 ~herein X is hydro~ 

and R is dimethylaminomethyl. 
6, The compound· of Claim 5 ~hieh is the. acetate 

salt. 
7. The ~ompound of. Clai~ s which is the 

. . 

monobydro~hl~ride, dihydrochloride or sodiui:n salt. 
a. A pharmaceutical composition comprisin~ an 

effeetive ~umor cell.qro'-'th-inhibitin9 amount of an active 
ingredient a~d an inert pharmaceutically acceptable carrier 
or diluent, wherein said composition is usef~l for 
il\hibitinq the growth of animal tumor cells sensitive to 
the actiV'e "inqcedient,, and wherein the active ingredient 
is a compound·of the formula: 

wherein: 
X is hydroxy; hydtoqen; cyano; -cH2NH2 ; or 

·formyl; 
~ is hydrogen when X is cyano; ·Cf!

2
NH or 

1 t 2 . 
fotmyl; or R is -CHO o~ -cH2R when x.is hyd~ogen or 
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1 hydJZoxy; 
R1 is -o.:..a2 : -s-R2 ; -N'-R

2
(R

3
) ;_ or 

-N+-R2 (R3 )(R4), t>ro~tided that 1Jhen R
1 

is . 

-N+-R2 ca3 ){R4) the compound is associa~ed. with a 
5 pha.rroaceutioally acceptable anion: 

R~.R3 and ~4 are the same or different and 
are- sele~ted from H; ~1 ..... 6 a.lkyl.; c.2_6_ hydroxya~kyl i 
cl-6 d~al~yla.inino;' cl-6 dialkylamino-~2-6 alkyl; 
c1_-

6 
alkylamino-c2_6 a.lkyl; c2 _ 6 aminoalkyl or a. 3-7. _ 

10 member.unsubstituted· ox; .substituted carboeyclic ring; -and 

·when a~ is· -N-R2<R3),.the R2 .and R3 · ·. . . .. . . . . 

·· ~roups -may be -combined ~ogethet with the nitrogen atorn·to 
\lhich they are honded to form a sub~tituted or 
~substituted ~eterocyclic rinq which may co~~ain 

15 additional heteroatomsi 
or a pharmaceutically acce~table salt, hyQrate or solvate 
thereof. 

9. The composi t'ion of_ Claim 8 wherein .X is 
hydroxy and R is dimethylaminomethyl. N-morpholinomethyl, 

20 N-methylpiperazinylmethyl,. 
(4'-piperidine}N-piperidinylmethyl, 
(2 1 -hydro~ethyl)aminomethyl, trimeth~lammoniummethyl, 

cyclohexylaminomethyl, N-methylanilinomethyl, 
ethoxymethyl. cyclopropylaminometbyl. N,N-d:i.~ethylamino-

25 ethyloxymethyl. N,N-dimethylaminoethylthiomethyl, 
N,N-dimethylaminoethyla.rninometbyl, cyanomethyl, aminoethyl 
or formyl; or whe~ein R is hydroqen and X is cyano, formyl 
or aminomethyl; or.wherein X is hydrogen and R is 

30 
ditnethyla.mi:a.om.ethyl or N-morpholinomethyl. _ 

10. The composition of Claim 8 which is the 
S-isom.er. · 

ll. The composition of Claim 8 which is the 
racemic .mixture. 

12. The composition of Claim 10 whe~ein X is 
35 hyd:r:oxy and R is dimethylaminomethyl .. 

13. The co~position bf Claim 12 which is the 
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1 acetate salt. 
14. The composition of Claim 12 which is the 

monohy4rochloride, dibyd~ochlo~ide or sodium salt. 
15. .The composi tiotl of Claim 8 which is in oral 

S .dosage form. 
16. ·The composition of Claim 8 which is in 

parenteral dosaqe form. 
17. A compound for use as a medicament whe~ein 

sueh compound has the totmula: 
10 

R 

0 
15 

0 

vherein: 

20 formyl~ 

R 

formyl; Ot' 

is bydro9en when Xis cyano;.CH2N112 or· 
R is -CHO or -ctt2R1 vhen.X ~s hydroqen or 

hydroxy; 
R1 is ~R2 ; -s-R2 ; -N~R2 CR3 ): Ot 

25 -N+-R2 CR3 )'(R4 ), provided that vhen R1 is 

-~+-R2 {R3 >c~'> the cornpo~d ·is associa~ed with a 
pharmaceutically acceptable anion; 

30 

R2 ,R3 and ~4 are the same o~ different and 
are selected from H; C1_ 6 alkyl; c2_6 hy~roxyalkyl; 

c1_6 dialkylamino; c1_
6 

dialkylamino-c2_6 alkyl; 
c 1_6 alXyla.mino~c2_6 alkyl; c 2_6 aminoalkyl or a 3-7 

member ~subst~tuted or substituted carbocyelic ~ing; and 
vhen a1 is -N-~2 Ca3 ), the a2 and t 3 

qroups may ~e combined to9ether with the n1ti:og:en atom to 
35 ··whic:h· thoy are honded to form a sul:>stituted or . . . . 

unsubstituted heterocy~lic ring which may contain 
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l additional heteroatoms; 
or a pharmaceutically acceptable salt, hydrate or solva~e 

thereof. 
18 .. A co~pound for use in a method of inhibitinq 

S the growth of animal t\llt\Ot cells sensitive to such 
· compound wherein such compoun~ i·s of the formula: 

10 

15 wheJ:ein: 

formyl; 
R·is hydrogen when Xis cyano; cH2~2 OT: 

formyl; or R is -CHO or -cH2R1 when ~ is hydrogen or 
20 bydtoxyi. . 

. R1 is -O~A2 i -S-R2 ; -N-R2 CR3); or 
-N+-R2(R3 ){~4 ), p~ovided that when R1 is 
-N~-R2 (R3 )CR4 } the compouna is assoei~ted vith a 
pharmaceutically acceptable anion; 

25 a2 ,R3 and R4 are the same o' different and 
are selected from H.;; c

1
_

6 
alkyl; c2_ 6 hydroxyalkyl; 

c
1

_
6 

dialky1arctino.i. c1_ 6 dialkylamino-c2~6 alkyl;. 

c
1

_ 6 a.lkylamino-Ci_6 alkyl; c 2_ 6 aminoalkyl or a. 3-7 · 
member unsubsti~uted or substituted ~arbocyclic ring; and 

30 w~en a1 is ~N-R2 (l3 ), the a2 and a3 

qroups may be combined· toget~er wit~ ~he nitroqen atom to 
which they are_ bonded to f·orm a substituted or 
unsubstituted heterocyclic ring which may contain 
additional heteroatoms; · 

35 ··or a pharmaceutically a.ceepta.ble . .salt, hyor1;te oz:- solvate 
thereof, 

---------------~ 

'fh. Sheet Has Be.en RePlaccd ' . 

\l\l\l\l\HI \\\\ . 
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l ~herein such method comprises administering to an animal 
afflicted with said tumor cells1 ari effective, tumor cell 
growt:h ·inhibiting amount of such compound.· 

19. The use of c·laim 18 wherein X is hydroxy and 

S R is dimethylaminom&thyl, .N-morpholinomethyl, 
.N-methylpiperazinylmethyl, .· ., 
(4'-piperidine)N~piperidinylmethyl, 

. . . . 
{2'-hydroxyethyl)ain~nometnyl,.trimethylammoniumme~hyl, 

cyclohexylaminomethyl, N~methylaniliriomethyl, 
lO ethoxymethyl, cyclopropylaminomethy~, .N,N-d_imethylam.ino-. . 

e.thyloxymetthyl·, N. N-dimethyl am;inoethyl thiomethy l , . . · 
N .N-dimethyl~inoethylaminomethyl ,- cyanome·thyl, aminoethyl 
o~ fo~myl; or wherei~ R is hydroqen and X is cyano. £ormyl 
or aminomethyl; or wherein X is hydJ.:oqen and R is 

15 dimeth.ylam'inom.eth:yl or N-roorpholinometh:)'l • 
20. The use of Claim 18 which is the s-isomer. 
21. The use of Claim 18 whieh is the racemic 

mixture. 
2~. The use of Claim 20 wherein x is ·hydroxy and 

2o '.R. is dimetbylaminomethyl. 

25 

30 

35 

23. The use of Claim 22 which is the acetate 
salt. 

24. The use of Claim 22 which- is the 
monohydrochloride, dihydrochloride or sodium salt. 

25. The use of Claim 18 wherein the compound i$ 
administered o~ally. 

26. · The use of Claitn 18 wher:ein the compound. is 
administered pa~enterally. 
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27. The use of a compound in the manuf~cture of 

a medicamen~ having tumor cell growth inhibiting activity. 

wherein the compo\J:Ild is of the forrnulai 

wherein: 

£ormyl; 
R i$ hydrogen ~hen x is ~yano; CH2NH2 or 

formyl; _or R "is -CHO or -cH2R1 ~hen ~ is hydrogen or 

hydroxy; 
Rl is -o-R2 ; -s-a2 : -N-R2 (R3); or 

-N+-R2 {R3 )(R4 ), p~ovided tha~ when ~l is 

20 -N+-a2 ca3 )(R4 ) the compound is associated·wi~h a 

pharmaceutically acceptable anion; 
R2 ,R3 and R4 are the same or different and 

a~e selected from Hi c1_6 alkyl; c 2_G hydroll'Y'alkyl; 
c1_6 dialKylarnino; c1_6 dialky~amino-c2_6 alkyl~ 

25 c1_6 alkylamino-c2_6 alkyl; c2_ 6 aminoalkyl or a 3-7 

member unsubstituted or substi"tuted carbocyclic. i;ing;' and 

when R1 is -N-tt2 (R3 ), 1.:he R.2 and R3 . 

groups may be combined toqethet with the nit~osen atom to 

which they are bonded to form a substituted or 
30 un$Ubstituted heterocyclic ring which may contain 

additional hete~oatoms; 
or a pharmaceutically acceptable salt~ hyd~ate or solva~e 
thereof. 

35 

---... ~ 

1iii1ilhf 
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l 28. A compound of the f orrnul a : 

s 

10 

Formula (Il) 

lS 

20 

25 

.· 

30 

·35 . 
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