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WATER SOLUBLE CAMPTOTHECIN ANALOGS
BACKGROUND OF THE INVENTION

This invention relates to water soluble
camptothecin analogs, a pharmaceutlcal composition
comprising a tumor cell growth 1nh1b1ting amount of such
an analeg, and a method of inhibiting the growth of tumor
cells sensitive to such an analog in an animal in need
theraof. ,

The structure of the DNA helix within eukaryotic
cells imposes certain topological problems that the

.cellular apparatus must solve in order to use its genetic

material as a template. The separation of the DNA strands

iz fundamental to cellular processes such as DNA

replication and transcription. Since eukaryotic DNA is
organized into chromatin by chromosomal proteins, the ends
arelcohstrained and the strands cannot unwind without the
aid of enzymes that alter topology. It has long been
recognized that the advancement of the t;anscriétion or

‘replication complex along the DRA helix would be

50 facilitated by 2 swivel point which would relieve the

torsional strain generated during these processes.
Topoisomerases are enzymes that are capable of altering
DNA topology in eukaryotic cells. They are critical for
important cellular functions and cell prbliferation.
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There are two classes of topoisomerases in
eukaryotic cells, type I and type II. Topoisomerase I is
a monomeric enzyme of approximately 100,000 molecular _
weight. The enzyme binds to DNA and introduces a transient
single-strand break, unwinds the double helix (or allows
it to unwind), and subsequently reseals the break before
diss¢ciating from the DNA strand.

Topoxsomerase II consists of two identical
subunits of molecular weight 170,000. Topoisomarase II
transiently breaks both strands of the helix and.passes
another double-strand segment through the break. '

Camptothecin is a water-inseluble, cyfotoxic
alkaloid produced by Camptotheca accuminata trees
indigenous te China and Nothapodytes foetida trees

indigenous to India. Camptothecin and a few close

congeners thereof are the only class of compounds known to
inhibit topolsomerase T.

Inhibition of topoiscmerase II is the major
target of important commercial oncolytic agents (e,qg.,
etoposide, doxorubicin and mitoxantrone) as well gs other

.oncelytic agents still undergoing development .

Camptothecin (and its known congenezs) have no effect on
topoisomerase II and none of the known topoisemerase IT
inhibitors has any significant effect on topoisomerase I.

Camptothecin and its known tnp01somerase I
1nh1b1t1nq congengrs have not proven to be attractive for
clinical drug development as cytolytic agents because of
lack of clinical efficacy, unscceptable dose-limiting
toxicity, unpredictable toxicity, poor agqueous solubility,
and/or unacceptable shelf life stability. Therefore,
there is a need for t0901somerase I inhibiting agents
which aveid the undesirable features of camptothecin and
its known related topoisomerase I inhibiting congeners.
The compounds of this invention fulfill such néed,
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SUMMARY OF THE INVENTION

This invention relates to a compound of the
5 formula '

10

Formula (I)

15
wherein: . .
¥ is hydroxy; hydregen; cyano; —Cﬂzmﬂzﬁ or
formyl; _ . ' '
R is hydrogen when X is cyano; CH,NH, or
20 formyl; or R is -CHO or »CHle yhen X is hydrogen or
hydroxy; , _
- r! is -0-x%; ~5-8%; w-R2(RY); er
-N'-r2(2%)(rY), provided that when R! is
-N*—RZ(RSJ(RF) the compound is associated with a
25 pharmaceutically acceptable anion;
33,n3 and RY are the same or different and .
are selected from H; Cyg alkyl: C, . hydroxyalkyl:
C1_g Qlalkylamino; C, . dialkylamino-C, . alkyl;

Ci-6 élkylamino-cz -g alkyl; cz ¢ aminoalkyl or a 3—7
member unsubstituted or substituted carbocyclmc ring; and
when R' is -M-R%*(8%), the R? and &°
groups may ke combined together with the nitrogen atom to

which they are bonded to form a substituted or
unsubstituted heterocyclic ring which may contain
35 additional heteroatoms; ' '

or a pharmaceutipally acceptable salt, hyd;ate'or selvate

30
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thereof. . .
This invention alsc relates to a compound of the

4

formula

CE 330 2-0 .

Formula (IT)

-

The compound of Formula (II) is useful in preparing the

. compounds .¢f Formula (I).

By the term "carbocyclic¢ ring" is meant a fully
saturated, partially saturated or fully unsaturated ring
system. ‘

Preferred compounds of Formula (I) include those
wherein when X is hydroxy, R is dimethylaminomethyl,
N-morpholinomethyl, N-methylpiperazinylmethyl,
(4'-piperidine)N-piperidinylmethyl,
(2'-hydroxyethyl)aminomethyl, trimethylammoniummethyl,
cyclohexylaminomethyl, N-methylanilinomethyl,
ethoxymethyl, cycloprepylaminomethyl, N,N-dimethylamino-
ethyloxymethyl., N,N-dimethylaminoethylthiomethyl.
N,N—dimethylaminoethylaminomethyl, cyanomethyl, . aminoethyl
or formyl. Preferred compounds of Formula (I) algo
include those ¢ompounds whezein when R is hydrogen, X is
cyano, formyl or aminomethyl. Additional preferred
compounds of Formula (I) are those wherein X is hydrogen
and R is dimethylaminomethyl or N-morpholinemethyl.
Especially preferred are the compounds of Formula (I}
wherein R is dimethylaminbmethyl. particularly the
S~isomer form thereof.

This invention also relates to a pharmaceutical
campogitian comprising an effective, tumor cell growth —
inhibiting amount of a compound of Formula (I) and an
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inert pharmaceutically acceptable carrier or diluent.
This iovention alse relates to a method of
inhibiting the growth of tumor cells sensitive to a
compound of Formula {I) which comprises administering to
an animal, including a human, afflicted with said tumor
cells, an effective, tumor cell growth-;nh1h1t1ng amount

of such compound.

It is recogn;zed that due to the asymmetric
carbonr atom in the E ring of the compounds of Formula {I)
{(i.e.., carbon atom number 20), optical isomeérs will

exist. The S-isomer is the prefexred isomer, however the

R-isomer and racemic mixtura (racemate) are alse included
within the scope of the compounds of FPormula (1).

Pharmaceutically acceptable salts and their
preparatzon are well-known to those of skill in the art.
Preferred pharmaceutically accéptable salts of compounds
of Formula (I) include acetate, methane sulfenate and

- nydrochloride, such as mono— .and di-hydrochloride, as well

as alkali metal salts of compounds of Formula (I), such as
sodium, wherein the E-ring lactone has been subjected to
basic hydrolysis. ' |
Pharmaceutically acceptable.énicns of quatenary
salts are well-known to those of skill in the art.
Preferred pharmaceutic¢ally acceptable salts of compounds
of Formula (I) where ' is -N"-r%(x%)(r%)
include methane sulfonate and chloride.
N The compounds of Formula (I) may form hydrates or
solvates. It is known to those of skill in the art that
charged compounds form hydrated species when lyophilized
with water, or form solvated species when concentrated in
a solution with an appropriate organic solvent.

DETAILED DESCRIPTION OF THE INVENTION

- The compound qf’?orﬁula (I1) may be prepared
according to the procedure outlined in Example 22.
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The compounds of Formula (I) can be prepated f:om
10-hydroxycamptothecin via a Mannich reactionm.
Condensation of 10-hydroxycamptothecin with formaldehy@e
and.a primary or secondary amine (Mannich reaction) gives
all the compounds of Formula {(I) except the compound where
X is hydroqen. cyanc; or formyl and R is -N-R (Rs)
and R? and RS are the same and are H. -Alternatively.
10-hydroxycamptothecin can be formylated (Duff reaction)
to give 9—formy1~10—hy&:oxycamptothecin which can then
undergo condensation with amines followed by chemical
reduction with sodium cyano borohydride or catalytic
reduction (P4/C, H 2) to give products analogous to those’
derived via the Mannich reactzon as wnll as the compound
of Formula (I) wherein R} is -N-R® (R ) and R% and
R? are the same and are H. Compounds of Formula (I)
where R' is -NT RZ(R3)(R ) and Rz, r® and
r? are not H are obtained by treatment of the
corresponding compounds of Formula (1) in which Rl is
-N—Rz(Ra) with an alkylating agent. The Mannich
reaction is disclosed by Magarian et al., J. Pharm. Seci.,
56, 987 (1967). The Duff reaction is disclosed by Duff et
al., J. _Chem. Soc., 547 (1941). .

Compounds ¢of Formula (I) where Rl is 0—R2 or
S~R2 can be prepared from 9-dimethylaminomethyl-10-
hydroxycamptothecin or its salt by heating with the
appropriate alc¢ohsl or thiol in an inert solvent such as
dimethylformamide. When the free base is used, a small
amount of strong acid, such as hydrechloric acid, is
added. Such derivatives can alse be formed directly in the
Mannich reaction when the aleohol or thiol is included in
the reaction mixturs and a strong acid is added., or the
amine component is in the form of a streorg acid salrt.

the compoundé of Formula (I) where X is hydrogen,
¢yano, formyl or aminomethyl can be prepared from the
compound of Formula (II) by palladium-catalyzed '
cabonylation. Palladiuﬁ—Catalyzed Carbonylatioh of aryl

e~
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triflates is disclosed by Cacchi et al., Tetrahedraon
Letters, 27, 3931, 5541, (1986): Petrakis et al., J. Amer,
Chem. Soc., 109, 2831 (1987) and Chatani et al., J. Org.
Chem., 51, 4714 (1985). |

The starting material for the preparation of
compounds of Formula (1), i.e., io—hydroxydamptothecin, is
a natursl product found in the same plant as camptothecin
[(See, Wani et al., J. Org. Chem., 34, 1364 (1969)].
10—-methoxycamptothecin has alzo been isolated from the
same plant as camptothecin and can be converted to
10-hydroxycamptothecin by refluxing with hydrogen
bromide. Camptothecin ltself can alse be converted to
10-hydroxycamptothecin by reduction of the pyridine ring
followed by oxidation with lead tetraacetate [See, Yakult
Honsha K.K., Japanese Patent Application No. 9005188,
filed June 30, 1982]. Racemic 10-hydroxycamptothecin can
also be prepared by the method of Wani et al., J. Med.
Chem., 23, 554 (1980). A large number of methods for the
total synthesis for caemptothecin have been reported. See,
e.g., Hutchinson, Tetrahedron, 37, 1047 (1981), and
suffness and Coldel, “The Alkaloids. Chemistry and
Pharmacology", Brossi, A., ed., Vol. 25, Academic Press,
Orlande Florida, 73 (1385), for reviews. The most
practical route (hereinafter referred to as the Wani
route) for producing camptothecin which is racemic at the
‘carbon on the 20-position is described by Wani et al., J
Med Chem., 23, 554 (1980).

Utility of Comppunds of Formula (I)

ar Cytotoxicity ,

| 'The acetate salt of the compound of Formula
(I) wherein R is dimethylaminomethyl (S isomer)
(hereinaftqr referred to ae "Compound No. 18")
demonstrated potent antiproliferative activity in a
variety of cultured cell lines (Table 1). In a series of
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eight cultured human colon tumor cell lines, Compound Na,
18 was quite consistent in its cytotoxic poteney. For 2
brief exposure (2 hours) to the drug, the 50 percent
inhibitory concentration ranged from 0.12 - 2.1

1f the drug was left in the culture medium for the full
7-day period over which cells were allowed teo proliferate,
the ICsq valpés ranged from 3.9 ~ 75 ng/ml.

Three rodent tumor c¢ell lines and two “normal"
rodent cell lines were also evaluated for sensitivity to
compound No. 18. The R12/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
human colon tumor cell lines, CACO-2 and WiDR. The mouse
tumor c¢ell lines, L1210 lsukemia and Bl6é melanoma, were no
more sensitive to the Compound No. 18 than the human colon
tumor cell lines. In fact, the Blé melanoma cell line

seemed to be considerably less sensitive than the other

cell lines tested. Notably, B16 and L1210 are both gquite
sensitive to Compound No. 18 in vivo in therapeutic trials
in tumoerearlng mice.

The protocol used to evaluate the cytotoxlcxty of
Compound No. 18 in the cell lines listed in Table 1 was

. generally as follows:

The cell lines are used and maintained as
monolayer cultures in Minimal Essential Media {(Grand
Island Biological Co., Grand Island, N.Y.) supplemented
with 10% fetal calf serum in a 5% €O, humidified '
incubator at 37°C. Various concentrations of a Formula
{1) compound under sterile conditions were allowed to
react for 2 hours followed by aspiratien of medium or were
exposed cantinuausly. Plates are incubated for 7 days at

37°C in a co incubator. Medium was aspirated and cells
were fixed and stained with ethanel and Geisma stain. The

surviving cell population was determ1ned,by scanning the
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ii::.:;e:ltl? an image ana}yzer. The percent inhibition of
: ation was determined relative to cells incubated
in the abs?nce of drug. and the 50 percent inhibitory
concentration (IC.,) was determined by interpolation.
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18 To Tumor Cells in Culture

Cell Line . 1C- o {ug/ml)
2 Hr. Continuous
Exposure Exposﬁre
Human Colon Tumer Cell Lines .
SW~620 0.12 0.00es
- SKCO-1 0.23 0.0039
SW-84¢ 0.26 0.4016
DLD-1 0.44 @.015
LOVO .58 0.0097
HT-29 0.58 0,016
CACO~2 1.7 0.075
WIDR 2.1 0.025
Reodent Tumor Cell Lines , .
L1210 Leukemia 1.4 n.d.
X12/Tr Colon Carcinoma 3.9 0.084
Blée Melanoma ' n.t.x 0.62
Rodent "Normal" Cell Lines _
NRK52E (rat kidney 1.2 0.052
epithelium) '
IEC-6 (rat intestinal 3.9 0.017
epithelium)

*n.t. = not tested
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A variéfy of Formula (I) compounds were evaluated

for cytotoxicity against L1210 leukemia cells growing in

suspension culture (Table 2). Gells were exposed
continuously upon cloning into medium containing 0.2
percent Noble agar. After incubation at 37°C in a co,
incubator for 3 days., colenies were stained with viable
cell-specific formazan stain and, 24 hours later, were

enumerated by a colony counter (Biotran 1I, New Brunswick

Scientifie Co., Edison, NJ) adjusted to identify colonies
of more than 50 cells. The concentration which reduced
¢loning efficiency by 50 percent (Icso) was determined

by interpolation. Formula (I} compounds had IC., values
50 values which were indicative

Of 12 to 690 nM, i.e., IC

of oytotoxic activity. The related matural product,
lo~-hydroxy~ camptothecin, had an Icso of 18 nM.

Cytotoxic compounds of Formula (I) are potent inhibitors

of purified topoisomerase I. As indicated in the
following section related to in vive activity. a number of

Formula (I) compounds, although generally less aytotoxic

than l0-hydroxycamptothecin, had antitumor ac¢tivity
against L1210 leukemia in vivo which was equivalent or

superior to that of 1lo0-hydrogycamptothecin.

Compound No. 1§ was about 3-fold less potent than 10-
hydroxycamptotheein with vespect to cytotoxic petency
against L1210 leukemia cells in vitro, but exhibited in
vive tumor cell growth inmhibiting activity which was
generally superior to 10-hydroxycamptothecin in a variety

of rodent transplantable tumor models.

" For example,

This Sheet Has Been Replaced
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Activity of Farmula. (1) Campovads Agalast £1210 Levkemfa fg yiern
and {a viva {n Mlew Bearing {p=isplantad Tomares

Campound ] . 2 4 ' o Yitrg derfvity
10 Yaa antitusor Activity . ’
Nusber . : ICsq . NYD 1% 4
{nk} tngskn) )
10~Mydroxycamptothecin -H Nydrogy 18 g L7
E] ““‘z"‘“a’z hydroxy 56 15 1200
tagntate salt)
23 ~LHa hydroty . - a2 ?$
1 H F(ca by hydrexy 180 2 s200
“% =CH,| IHCH CH OH . . hydroxy 40 az 75
(7 -4:4z hydroxy Eoane 100 LE
65 - n: tncn hydreny . i 7% »209
LA I -CH 6—0 hydrany an g 44
Y L T * hydroxy 110 25 131
95 -cnzu" hydraxy & &2 M2
"
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Table 2 {Cont’d}
Acrivity of Forowla €1} I.‘wnuﬁds Agalnst L1210 Ceukemia in yitxg
and {a vivg in Mice Braring ip-implanted Twmors
Compound [ X Io '!ﬂ..tﬂl Activity In ¥ivg Antitumor Activity
Hugher 1Cgg MIB 1S
{aM) {=mg/kg) {%)
105 -CNZOEHZCﬂ:’ hydroxy 48 25 11
1S -c_uzm{) hydroxy - 56 2 »>200
. - ] .
128 CH, BUITH, CH HCCH, ), hydroxy 49 _ raz 9
135 -CH20CI12CH2N*_1CH3IZ hydroxy not tested 42 188
4% —CHZSCHZCHZIM CH3) 2 hydrony 12 A2 112
158 -CH2N{ CH3 ¥ 2 hydrogen 65 15 a8
168 hydrogen cyano a9 3 106}
178 -CHZCH hydroxy 4106 12 3200 -
Y
1139 -th?_!{_,(l hdrogea 690' 13 144

el -

N0 AR
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Table 2 (Cant'd)
Aclivily of Fareiula (!} Compounds Agaiast LIZI0 Leukemia in vilrg
and ip zign in Mice Bearing ip-implanted Tumors
Cnmpbund 4 : _ X Ia Yitra Aclivity 1 Yivg Actitomor A:'tivlty
Number . ICsg MID - WS .
: . {nM} (mg7kg) (X}
198 hydrogea ~{d 62 nol Lested
265 hydrogen -EHZNHz 90 92 132
218 ' uCHéN{CHa)z hydraxy nol lested 54 200
{sodium salt)
225 ~CH, CHNH, o hydroxy 360 100 75

- . . - ﬁ . . .
For jn vive studies L1210 ¢2)ls were implanted t,p. (10 per mouse) and drugs were administered 1.p.

on Doys | and 5. Iacrease in lifespan {IL5) was based on median servival) time of grouvps of &6 mice treated
al_the maximally tolerated dese of the drugs.

*Highest douse tested {degree of activity Tikely greater at a higher dose leval)
Far in »ijro stedies L1210 cells were érown in suspessien culture and exposed to drugs continuously upan

cloning ol ceils into safl agar. Cloniag efficiency was determined. The 50 parcent iahibitery

cancentralion tICsoj was determined by inlerpo1$tion.-

AYl compuunds bisted above were effective inhibitors of lopoisomerase T and pﬁri{ied from hwae colon camrer

qL

i
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r b. In Vivo Tumor Cell Growth Inhibition
Compounds of Formula (I) were initially evaluated

for in gigg antitumor activity in mice bearing
intraperitoneally (ip)-implanted L1Zz10 leukemia (Table

5 2). Compound No. 1§ and Compoundg No. 48~135 proleonged
the lifespan of tumor-bearing mice by »>40 percent at theilr
respective maximally tolerated dose levels. Three
compounds - Compounds No. 1S, 6§ and 115 - were -
particularly active, prolonging lifeSPan_by 2200 percent

10 and producing long-term, tumor—free survivers. A number
of ¢ompounds had activity superior to that of the natural
product, 10-hydroxycamptothecin, to which Formula (I)
compounds are structurally related. For two of the
compounds -~ Compounds No. 75 and 138 - the highest dose

15 tested was not toxic, thus these compounds may have

.~ grester activity at higher dose levels. Nevertheless, at

the dose levels tested these compounds were active.

' Based on its high degree of activity and potency
in vive (i.e., low maximally tolerated dese) Compound No.
18 was evaluated in & number of transplanted murine tumeor
models. Compound No. 1S has a high degree of activity at
its maximally tolerated dose in a variety of animal tumor
models, including leukemias and solid tumors of diverse
histiotype. The spectrum of activity of Compound No. 1§
25 is gummarized in Table 3. A high level of activity was
seen in the majority of tumor models with only one of the
models, ip colon carcimoma 26 proving to be almest totally
refractory to the drug. Also two of the s¢ medels, colen
carcinoma 26 and Madison lung carcinoma, proved to be
somewhat refractory to the drug; i.e.. in these models,
modest activity, i.e., >70 percent inhibitiom of tumor
growth, was evident when mice bearing subcutaneous tumors
waére treated with Compound Ne., 18. In the other sc tumor
madels, high activity (greater than 80 parcent inhibition)
35 was exhibited. Notably, Compound No. 1§ administered ip

demonstrated high activity not only against ip tumor

-5 -

290

30
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models but in mice inoculated with tumors intravenously'
(iv) or subcutaneously (s¢). Curative activity was
evident in certain tumor models including ip— and
jv—-implanted P388 and L1210 leukemias and ive and
sc-implanted Lewis lung carcinoma. The level and spectrum
of activity of Compound No. 1§ in animal tumor models
compares favorabl? with the most broadly effective of the
known antitumor drugs such as cyclophosphamide, cisplatin
and doxorubicin. .

The resuits of these transplanted murine tumor
madel studies are summarized in greater detail in Table 4
which shows the prolongation of lifespan (ILS} or percent
inhibition of measurable (i.e., subcutaneous) solid tumer
growth achieved with optimal doses and coptimal schedules
of administration of Compound No. 18. Also ghown in Table
4 are results obtained in comparative studies on these
tumor models with the natural product parent compounds,
camptothecin and 10-hydroxycamptothecin. These results
wore achieved with ip or iv administration of Compound No.
18 on an intermittent schedule (i.e., every fourth or
seventh day}. In some instances, the results were
obtained with an eptimal treatment regimen in which

- Compound No. 1§ was administered on a split—dose regimen

(every 3 hours times 4) on each day of treatment as is
described in more detail below. Camptothecin and
10-hydroxycamptothecin wera always administered ss
suspensions ip due t¢ their insolubility in agqueous
vehicles. | ‘

It is evident from Table 4 that all three
compounds have a broad spectrum of activity in animal
tumor medels. Superior activity for Compound &o. 18 is
evident in several tumer medels including: ip L1210
leukemia, ip B16 melanoma, 'iv P388 leukemia, iv L1210
leukemia, s¢ Lewis lung carcinoma. S¢ Blé melanoma, &e& Blé
melanoma/F1l0 subline, s¢ colon carcinoma 51, and sc
Madison lung carcinoma. 10-Hydroxycamptothecin is quite
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active in ip implanted tumor models but has inferior
activity in tumor models in which the tumor is implanted
at a site distant to the site of drug administration; this:
drug has, at best, minimal activity in sc—lmplanted solid
tumor models. This is likely not due to the poor
solubility of 10-hydroxycamptothecin since camptothecin is
ggually insoluble but is quite actlve in gertain s¢ tumor
models., It is possihle that the aromatic hydroxyl group
of l0-hydroxycamptothecin is susceptible to first pass
conjugation and biliary excretion and, thus, the compound
does not achieve adequate concentrations in the systemic

. @irculation. Notably, Compound No. 18, which also has a

10-hydroxyl group. is bighly active in se and iv tumor
models. This may be due to the presence of the basic
side—chain in the 9-position ¢f Compound No. 18 which may
inhibit metabolism of the l0-hydroxyl group by steric
hindrance. hydrogen bending or internal salt formation.
10-Hydroxycamptothecin is highly active in ip colon
carcinoma 286 which is insensitive to Compound No. 1§ and
minimally sensitive to camptothecin., However, the same
tumoxr is refractory to l0-hydroxycamptothecin when
implanted sc yeét has medest sensitivity to Compound No, 1B
in this setting. ' -

In addition to the high degree and broad spectrum
of activity of Compound No. 1S as demonstrated in Table 4,
the compound also would appear to retain full antitumor
activity when adminigtered orally. This was demonstrated
in mice bearing sc-implanted Lewis lung carcinoma and is
described in detail below. Another characteristic of
Compound No. 18 is its retention of activity in sublines
of P3é8 leukemia which display resmstance to multiple
antitumor drugs as described below. As a major problem in
canger chemotherapy is smergence of resistant cell
populations which fail to respond to initlally effective
drug regimens as well as second~liné treatment regimens,
the availability of drugs to which resistant cells are not

. "

wanMmﬂ,
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management of cancer.
' The activity of Cempound No. 18 in e¢ach of the

fumor models which have been tested is described in more
detail in the following sectioms.

ip Tumor Models

The activity of Compound No.

or s8¢ onh various treatment schedules to mice bearing
ip—implanted tumors is shown in Table 5.
demonstrates the dose-dependency of the antitumor effect
of Compound No. 1§ in gix ip~implanted tumor models.

F3a8 Leukemia:

The data .

.lS administered ip

When given ip on Days 1 and 5 to

mice bearing ip P388 leukemia, Compound No. 1§ produced
»200 percent IL§ with 4/6 long-term survivors (cures) at
its maximally tolerated dose of 15 mg/kg.
were algo highly effective with increases. in lifespan of

125 and %2 percent.

Lower doses

This high degree of activity was

confirmed in another experiment described later (see
Table 8) in which the maximally tolerated dose produced

228 percent ILS with 2/6 long-term survivors.

Thus,

Compound No. 18 had curative activity in mice bearing ip

P288 leukenia.

L1210 Leukemia:

When given ip on Days 1 and 5,

Compound No. 18 was reproducibly active in mice bearing ip

In the representative experiment shown in
Table S, there was 219 percent ILS with 2/6 cures at the

L1210 leukemia.

maximally tolerated dose of 1% mg/kg.
seen at two lower doses as well.

evaluated on this schedule in eight additional dose
The percent ILS and long-term survivors

response studies.

obtained at the maximally tolerated doses in these
24% (0/8),

experiments were:

survivors.

»300% (5/6),

119% (0/6),

156% (1/6), 138% (0/6), 156% (2/6), 350% (2/6) and 138%
(1/6). Thus, in 8/9 experiments Compound No. 1§ produced
»100% ILS and in 6/9 experiments.there were long-teérm

Good activity was
Compound No. 1S was

I‘hns Sheet Has Been Rep laced
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Bl€ Melanoma; In this tumor medel, in which
Compound No. 1§ was markedly superior to. camptothecin and
10-hydroxycamptothecin (see Table ¢}, the drug produced
152 percent ILS at its maximally tolerated dose of

15 mg/kg given ip on Days 1., 3, 9 and 13. This result was

confirmed in a second experiment in which the highest dose
tested, 9.6 wg/kg., produced 130 percent ILS.

B16 Melanoma/F10 Subline: The F10 subline of BlG
melanoma is a highly metastatic subline of this tumor
which was selected by cloning., Compound.-No. 18 produced
105 percent ILS at its maximally tolerated dose.of
15 mg/kg given ip on Days 1, 5, 2 and 13. Activity, as
indicated by increases in lifespan of >40 percent, was
evident at two lower doses as well,

M5076 Sarcoma: The M3076 sarcoma is a metastatic
reticulum cell sarcoma vhich arose in the ovary of a
C5781/6 mouse and was established as a transplanted
tumor. This tumor, implanted ip, was sensitive to
Compound No. 1§ when the drug was administered sc as well
as by ip drug administration, The degree of activity was
virtually identical, 98 percent ILS and 105 percent ILS,

- by the two routes of administration on the split-dose

schedule of every 3 hours x 4 on Days 1, S and 5. This
schedule, as described below, appears to be optimal for

Compound No. 1§ in a number of tumor models. Compound -

No. 18 wag evaluated in 3 additional dose-response studies
in mice besring ip M5076 sarcoma; in these studies the
drug was given as a single dose on Days 1, 5 and 9 ip (75
percent ILS with 1/8 cures), as a single dose on Days 1,
5, 9'and 13 ip (71 percent ILS with 1/8 cures), and as a
single dose on Days 1, S, and 9 sc (57 pércenthLS). As
in iv and sc¢ tumor models (as described below), Compound
No. 18 appears to be most effective in ip M5076 sarcoema
vhen administered on a split-dose treatment regimen,
Nevertheless, regardless of schedule of administration,
Compound No. 18 is reproducibly active in this tumor model.

This Sheet Has Been Replaced

II||\||| lllll\ LR



10

135

20

23

30

35

-JO’

Colon Carcinoma 26: Colon carcinoma 26 is a
highly invasive and metastatic undifferentiated colon
tumor model. This tumor. on the schedule tested, proved
to be refractory to a maximally tolerated dose of Compound
No. 1§. - ' :

iv Tumor Models _

The activity of Compound No. 18 ;administered ip

“or iv to mice bearing systemic (iv-inoculated) leukemiasg

or Lewis lung carcinoms is shown in Table 6. The dose-
responsiveness and schedule-dependency of Compound No. 18
is clearly demonstrated by these studies.. In each of the
three tumor models, Compound No. 18 demonstrated curative
activity.

P388 Leukemis: P388 leukemia is generally much
legs drug-sensitive when implanted iv than when inoculated
ip. However, Compound No. 1S5 was highly active against iv
P388 ‘leukemia whether given at its maximally tolerated
dose on Days 1 and § ip (279 percent ILS with 2/6 cures)
or iv (250 percent ILS with 2/6 cures). In a third ,
experiment in this tumor model, Compound No. 18 produced
125 percent ILS with 1/6 cures at a max1ma11y tolerated
dose of 15 mg/kg given ip on Days 1 and 5.

L1210 Leukemia: Compound No. 1s_proved to be
reproducibly and highly active against iv-implanted L1210
leukemia. Extensive schedule dependency studies were
performed in this tumor model with the drug administered
iv. As demonsrrated in Table 6, administration en a
split-dose regimen resulted in a ‘higher degree of activity

~over a broader dosage range. Curative activity was seen

when the drug was administered iv on Days 2 and 6 as a
single dose or as four doses at 3 hour intervals. In
addition to the data shown in Table &, there are 10 dose-
response studies with iv-administered Cdmbcund Ne. 18 in
mice bearing iv L1210 leukeémia. fThe results are as
follows: Days 2 and 6, 171 percent ILS with 2/6 cures; 4
treatments at 3-hour intervals on Days 2 and €, >300

—
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percent ILS with 6/6 cures; three treatments at é~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
percent ILS with 2/7 cures; single treatments on Days 2
through 6, 143 percent ILS and 125 percent ILS; 2

‘treatments at 12-hour intervals eon Days & through 6, 193

percent ILS and 171 percent 1LS; a single dose on Day 2.
114 percent ILS; and 4 treatments at 3-hour intervals on
Day 2, 244 percent ILS with 1/6 cures. _Compound‘No. 18
would appear to be most effective when administered on an
every 3-hour schedule. It -is less effective when given
daily than when given every fourth day. The optimal
schedule from these studies was used for certaln solid
tumors as discussed above for ip M5076 sarcoma and as
described below. In a variety of tumor systems the degree
of activity is increased and the effective dosage range is
broader when Compound No. 18 is given on a split-dose
{(i.e. every 3 hours times 4) schedule. |

Lewis Lung Carcinoma: Lewis Lung carcinoma is a
highly metastatic, undifferentiated 1uﬁg:gance: which has
been used extensively for drug evaluation. This tumor
model is refractory to many of the established antitumor
drugs and, when used as a screening system, identified
very few compounds as active. Compound No. 18 is curative.
in this chemorefractory tumor model whekein the tumor is
inoculated iv resulting in tumer nodules in the lungs.

Curative activity in this tumor model is an unusual
finding.

Az e@vident from all three of the lv-inoculated
tumor models, Compound No. 1§ is quite effective against
systemic tumors when administered ip as well as iv,

g¢ Tumar Models

Compound No. 18 was evaluated in ten selid tumor
models in which tumors were implanted sc and drug was

administered ip, iv or orally (po). In these models
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antitumor activity is assessed by degreeiof inhibition of
tumor growth at the site of tumer implantation. Tumors
are measured generally 2 to 3 weeks followlng tumor
implantation when large tumoxrs (>500 rom> ) are evident in
untreated control animals. For highly metastatic solid
tumers survival time can also be used as & measure of drug
activity. For less metastatic tumer models survival time
of untreated animals is highly variable and animals can
survive for long periods with extremely large tumors which
often ulcerate and become infected. Compound No. 1S was
highly effective in 8 of the 10 sc solid' tumor models,
inhibiting tumor growth by over 90 percent at its
maximally tolerated dose (Table 7). Complete inhibition
of tumor growth in the highly metastatic tumors including
Lewis lung carcinoma, B1l6 melanoma, B15 mélanoma/Flo
subline, and M5076 sarcoma was accompaniéd by prolongation
of lifespan. Even in the less responsive tumor models,
Madison lung carcinoma and colon carcinoma 26, Compound
No. 18 had some tumor growth inhibitory activity with >70

per cent inhibition evident at the maximally tolerated
dose. ' '

Lewis Lung Carcinoma: This highly metastatic
lung tumor was the most sensitive to Compound No. 1§ of
the tumor models tested. This is an unusual finding since
Lewis lung carcinoma has been widely used in the study af
antitumor drugs and is refractory to the majority of the
known antitumor drugs. Whken given ip on Days 1, 5, 2 and
13, Compound No. 1S completely inhibited the growth of
Lewis lung carcinoma in virtually all mice treated at 15
or 9 mg/kg. At the maximaily tolerated dose, 4 of B mice
were cured. At the time of tumor measurement (Day 14),
tumors in untreated controls averaged 1685 mm3 in
volume. In a second experiment Compound No. 18 was
administered iv and po on Days 1, 5 and 9. By both routes
of administration there was 99 percgent lnhlbltlon of tumor
growth (TGI) with half or more of the anzmals showing no

—_—_—

——
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evidence of tumor at the time of .measurement (Day 13).
Furthermore, the maximally tolerated dose by both routes
of administration was virtually the same,:suggesting that
Compound No. 1§ has exceéllent biocavailability upon oral
administration. In this experiment, tumors éventually
grew at the site of implantation indicating either that ip
treatment. is optiﬁal in this tumor model or that & longer
duration of treatment is required for curative activity.
Ble Melanoma: This metastatic¢ melancma model has
been widely used to evaluate and screen for antltumor
drugs. When implanted s¢, .this tumeor is. refractory to
most antitumer drugs. Compound No. 18 was evaluated in
mice bearing sc¢ Blé melanoma in three dose response
studies. When given as a single dose on Days 1, 5 and 3,
a maximally tolerated dose of Compound No. 18 administered
ip or iv produced 99 percent tumor growth inhibition (TGI)
with the majority of animals having no measurable tumors
on Day 16 or 14 when control mice had tumors averaging 864
and 758 mm° in the two ¢xperiments. When given on.the
optimal split-dase tieatment schedule described above,
Compound No. 18 produced complete tumor growth inhibition
over a broader dosage range. This ie consistent with the
results obtained in other tumor models. In the sc Blé
melanoma moadel, tumors eventually grew in all treated
animals and there were no cures. In this metastatic tumor
modéel, however, there was a prolongation of lifespan which
occurred with the complete inhibition of tumor growth. On
the split-dose regimen there was 52 percent ILS while a
single ip dose of 24 mg/kg on Days 1, 5, and 9 prolonged
lifespan by 39 percent. On this latter schedule iv.

- administration resulted in 53 percent ILS.

35 -

Bl6 Melanoms/F10 Subline: This subline of B1E
melanoma, selected for increased metastatic properties was
similar to the parent Bl6é melanoma in its responsiveness
to Compound No. 15. Treatment ip on Days 1, 5, 9 and 13
resulted in complete tumor growth inhibition at the
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maximally tolerated dose, Treatment iv on Days 1, 5 and 9
inhibited tumor growth by 97 percent at two dose levels.

In these experiments, tumors were measured on Day 16 and

tumors in control mice were very large, averaging 1927 and

1196 mms. Tumers in all treated groups éventually grew

and there wezre no cures., However, ip treatment at 25 .

mg/kg vesulted in 70 percent increase in lifespan (ILS):

iv treatment at the same dose level gave 38 percent ILS.
ADJ-PCE Plagmacytoma: This tumor model, which is

most akin to the human cancer of multiple myéloma, was

- highly sensitive to Compound No. 16 administered ip on

Days 1, 5, 9 and 13. Tumors were measured on Ddy 19 and
averaged 828 mm3 in volume in control mice. Compound

No. 18 produced >90 percent inhibition of tumor growth at
four dose levels at or below the maximally tolerated

dose. There was 1 of 8 long-term tumor-free survivors at
each of the top three dose levels. As this tumer is not
highly metastatic, median survival time was not determined.

M5076 Sarcoma:. The ME076 garcoma implanted s¢
was quite sensitive to Compound No. 18 wiﬁh >90 . percent
TGl at three dose levels at or below a maximally tolerated
dose. Tumors were measured on Day 17 when comntrol tumors
averaged 1045 mm®. The drug was administered ip on Days
1, 5, 9 and 13. The drug was not curative in this model
but prolonged lifespan by 31 percent. _ .

Mammary Adenocarcinoma 16/C: This breast tumor
model is a transplantable subline of the spontaneous
mammary tumor of the C3H mouse. Compound No. 15 inhibited
tumor growth by 96 percent at the maximaily tolerated dose
of 10 mg/kg given ip on Days 1, 5, 9 and 13, Tumors were
measured on Day 19 when the average tumor volume in
control mice was 630 mms. In a second experiment on the

- same treatment schedule, Compund No. 1S produced 73

percent tumer growth inhibition (TGI) in;mammary
adenocatcinoma 16/C. As this tumoz ‘is not highly
metastatic, animals weré not held for survival.:
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Colon Adendcarcinoma 38: This nonmetastatic
colon tumor model has been widely used in drug evaluation
and is c¢nside;ed:to_be.one of the more drug refractory
tumor models. . Compound No. 1S was administered ip as a
single dose or on a splithOSe regimen on Days 3, 10, 17
and 24. The more prolonged treatment regimen was chosen
because of the slow growth of this solid tumor. Tumors
were measured on Day 31 and averaged only 349 mm3 in
untreated controls. As in other tumor models, Compound
No. 1S was more effective on the split-dose schedule
producing >90 percent inhibition at two dose levels. Good
activity (89 percent TGI) was evident on the single dose
regimen as well. _ , o

Colon Adenocarcinoma 51: This is another
slow-growing colon tumor model which has proven to be
refractory to most antitumor drugs. The protocol used for
this. tumor was similar to that of the colcn adenocarc1noma
38:. Compound No. 18 was active agalnst colon
adenocarcinoma 51 producing 88 percent TGI with a single
dose regimen and 92 percent TGI on a split—dose
treatment. As in other tumors, Compound No. 1S was
effective over a broader dosage range when given on the
split dose regimen. Colon adenocarcinoma 51 was measured .
on Day 24 when control tumors averaged 766 mm3.

Madison Lung Carcinoma: Madison lung carcinoma,
like the Lewis lung carcinoma, is a rapidly-growing
undifferentiated tumor model with high metastatic
activity. 1In contrast to the Lewis lung'tumor, the
Madison lung tumor is not highly semsitive to Compound No.
1S. On a single dose regimen given iv on Days 1, S 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. 1S produced only 50 percent and 23
percent TGI. However, on the optimal split-dose regimen
Compound No. 1§, administered iv, did show activity
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against Madison lung carcinoma with 85 percent TGI at the
maximally toleratgd dose. The drug was somewhat less
effective on this treatment schedule when given ip (74
percent TCI at the maximally tolerated dose). Madison
lung tumors were measured on Day 12 or 13 in two separate
experiments when tumors in control mice averaged 1571 and
$42 mm°, respectively, refleeting the rapid growth rate
of -this tumor. Thus, even in a refractory tumor the
administration of Compound No. 18 on its optimal treatment
regimen <an result in significant tumor growth inhibition.

Celon Carcinoma 26: 1In this highly invasive and
metastatic undifferentiated colon tumer, Compound NMe. 1S
produced only marginal tumor growth inhibition (72 percent
TGI} when given ip at its maximally tolerated dose on Days
1, 5, 9 and 13. Tumors vere measursd on Day 15 when
control tumors averaged 1052 ms. It is’ unknown whether
Compound No, 18 would demonstrate good activity in this
tumor model if administered on its optimal split-dose’
regimen. '
Multidrug Resistant Sublines

Although the most sign1£1cant problem in cancer
therapeutics is the inherent ingensitivity of the common
neoplasms te all of the available agents or combination
regimens, another major problem is the emergence of
resistant tumor cells from previously responsive tumors.
The majority of patients with "chemosensitive" fumors suck
as nonsmall cell lung cancer. ovarian adenocarcinoma.
acute nonlymphocytic leukemia, breast carcinoma and

~¢ertain lymphomas ocan be placed into remission by

combination regimens which have become established. as

front~line therapy for these diverse diseases. However,

in most cases, patients present with regqurrent ‘disease and

the abllity to induce subsequent meaningful remission,

eveén with highly intensive combination regimens, is
greatly reduced. Characteristically, these recurrent
tumors prove to be refractory to drugs which are-
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structurally and/or mechanistically unrelated to the drugs
which were initially employed to induce remission. This
phenomenon of multidrug resistance is currently.being
intensively investigated in a number of laboratories.
Recent evidence suggests that amplification and expressien
of the multidrug resistance (mdr) gene and presence of the
mdr gene product, P170 membrane glycoprotein, is
asgociated with multidrug resistance. P170 purportedly
servee as an efflux transport pump with inecredible
diversity of substrate specificity. 'A recent paper
suggests that strong expression of the mdr gene in certain
previously untreated tumors such as pheochromocytoma and
colon adenocarcinoma could be responsible at least in part
for the inherent drug refractory phenotype of these tumors,

Thus, it is important to identify new agents
which retain a high deqree of activity against tumors
which express the multidrug resistance phenotype. Such
agents might hold promise for further advances in the
treatment of chemosensitive tumors {i.e. by showing
efficacy in previously treated patients or by killing the
mdr subpopulation as a component of front-line combination
regimens) as well as for currently nonresponsive tumors
which are insensitive to available drugs because of inate
expression of the mdr gene. Camptothecin has proved to be
unusual in that it is one of the few natural product
cytotoxic agents that has not demonstrated cross- '
resistance in the well-characterized tumor sublines which
show the mdr phenotype, i.e. P388 sublines resistant to
doxorubicin, vincristine, amsacrine, ellipticine or
mitoxantrone, S$ince most of the drugs which show cross-
resistance in multidrug resistant cell lines are basic, it
was expected that the addition of a basic side~chain to
the camptothecin molecule, as in Compound No. 18, would
result in & compound which would be transported out of
cells by Pl70 glycoprotein and thusfprove ineffective in
tumors expressing the mdr gene,
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Compound No. 18 was evaluated in mice bearing
P388 and its doxorubicin- and mitoxantrone~-resistant
sublines (Table 8). Doxorubicin and mitomycin ¢ were
included for c¢omparison. P388/doxorubicin and
P388/mitoxantrone retained sensitivity to Compound No.
18, These multidrug-resistant cell lines demonstrated the
expected resistance to doxerubicin. P388/doxorubicin was
alsgo resistant to mitomycin ¢. Thus, Compound No. 18
retains the antitumor activity in multldrug*reslstant cell
lines that is a characteristic of ‘camptothecin.
Racemic Form of Compound No, 1

- All of the biclogieal studles described

heretofore were carried out with the S~iscomer of Compound
No. 1, i.e., the configuration at C-20 which exists in
naturally-occurring camptothecin and
lo-hydroxycamptothecin. A racemic form of Compound No. 1.
was prepared by total synthesis.and was evaluated for |
antitumor activity in mice bearing ip P388 leukemia (Table
2). The racemic form of Compound No. 18, hereafter.
referred to as Compound No. -1RS, is highly active in P388
leukemia, producing 165 percent ILS with 1/6 1ang¥term
survivors at a dose of 29.mé/kg administered ip on Days 1
and 5. Although not quite as active as Compound No. 18
(cf Tables 5 and 8), Compound No. 1RS possesses excellent
activity in this tumor model. '
lefe;ent galt Forme of Compound No. 18 _

Compound No. 18 is water-soluble by v1rtue of the .
presence of the basic side—chain at position 9 which forms
salts with acids such as acetic acid, hydrochloric acid
and methanesulfonic acid. The experiments described in
Tables 2 through 9 were performed with either the acetate
or hydrochleride salts of Compound No. 1S. A soluble form

-of Compound No. 18 can also be prepared by baslc

hydrolysis of the E-ring lactone of Compound Ne. 18 with
the formation of water-soluble alkali metal salts of the
carboxylate form of the compound. A direct comparison. of
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the acetate, hydrochloride, dihydrochloride and sodium
salts of Compound No. 1§ was carried out in mice bearing
iv 11210 leukemia (Table 10). The compounds were
administered as solutions in 5% dextrose iv on Days 1 and
S. The dihydrochloride salt was formed upon addition of
excess hydrochleric acid and likely results from
protonation of the quinoclime nitrogen in Ring B, as well
as the nitrogen of the dimethylaminomethyl group. Each
salt form was active in this tumor model with 100 percent
ILS evident for the acetate, 175 percent ILS for the
hydrochloride, 133 percent ILS for the dihydrochloride,
and 208 percent ILS for the -sedium salt. The three acid
salts were equipotent, i.e., they had identical maximally
tolerated dose levels of 15 mg/kg. However. the sodium
salt was about 3.5-fold less potent with a maximally
tolerated dose of 54 myg/kg.
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Table 3

Spectrum of Activity of Compound No. 18
in Animal Tumor Models

Tumor Model

Activity at Maximally

Tolerated Dose

ip Tumor Models

P388 Loukemia
L1210 Leukemia

- Bl§ Melanoma : :

Blé Melanoma/F1Q Subline
M5076 Barcoma
Colorn Carcinoma 26

iv Tumor Models
P388 Leukemia
L1210 Leukemia
Lewls Lung Carcinema

sc_Tumor Models

‘Lewis Lung Carcinoma

Blé Melanoma

Bl6¢ Melanoma/Fic sSubline
ADJ-PC6é Plasmagytoma
M5Q¢7&6 Sarcoma

Colon Adenocarcinoma 38
Colon Adenocarcinoma 51
Madison Lung Carcinoma
Colon Carcinoma 26

‘Mammary Adenocarcinoma 16/c

+++
At
++
++
++

+H+
+++
+++

++4
++
++
4
4+
++
+e
b

Compound No. 15 was administered ip or iv every fourth or
seventh day for 2 to 4 courses beginning 1 to

following tumar implantation.

4+

of tumor growth (TGI)

+

{!

*50% ILS or »70% TGIL
¢50% ILS or <¢70% TGI

3 days-

curative (>200% increase in lifespan (ILS))

++ = >100% increase in lifespan (ILS) or >90% inhibition
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Takle 4

Cumparison of Compound No. 1S with Camptothecin and 10-Hydroxycamptethecin

fn 3 Spectrum of Animal Tumor Mydels

Tumor Madel

Compaund

Mo, 18

Inereasqe {n Lifegpaa (IL5) ar Inhibition of Tymor Growth (TEI)

io Jumor Mpdels

PF388 Leukomia
L1210 Eeukgmia
B16 Melanoma

816 Melanoma/f10 Subline -

ME076 Sarcoma
Calon Carcinoma 26

iv Tuppr #gdels

P388 Leukemia
L1210 Leukemia
Lewis Lung Carginoma

s Tumar Models

Lewis Lung Carcinoma
816 Melanoms

B16 Melanoma/F10 Subline
ADJ-PCA Plasmacytoma
MS5076 Sarcoma

Mammsry Adenocar¢inoma 16/¢

Celen Adanecarcinoma 38
Calon Adenacareinema §1
Madison Lung Carcinoma
Colon Carginoma 26

Curative
Curative
182% IS
108% ILS
108% 1L$
250 ILS

Curstive
Curdtive

Curativa

Curative
100% TG
100% TGI
100% 161
0% TeI
96% TGl
95% TGI
92% TGL
asy TaI
72% TGl

Curative
172% 1LS
38% ILS
B8% ILS
. B1% LS
S0% ILS

8% ILS
136% ILS
not tested

- Q2% T6I
78% T6I
50% TGI

100% TGI

100% T5I
99% TGI

100% - TG
78% TG
3% 181
66% TGI

Lurstive
947 ILS
95% ILS
100% ILS
8% ILS

. Curative

40% LS
100% ILS
not tested

a% 1Gl
not tested
58% TGI
76% TGI
66% TGI
&1% TGI
not tested
not testeqg
33% TG
37% TGI

Activity shown was that obtained at & maximally tolerated dose.

brugs were adminigtered

ip or iv to tumor-bearing mice every fourth or seventh day for 2 ta 4 courses of

treatment peginaing 1 to 3 days following tumor implantatien,
based on median suevival time and mean tumor volume ia groups of 6 to & mice in complete

dose~résponse studies.
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Table $
Activity of Compound No. 18 in Mice Bearlng
ip-implanted Tumors

Tumor Model " freatment = Dose 118 Long-Term
Schedule/ (mg/kg/ (%) Survivors
Route of injection)
Admlnlstrat1on

P388 Leukem1a AJip 30 . toXic
200 4/6

[rpe
o
\D
[

L1210 Leukemia A’ip toxic

219 2/6

- N
Win O aWn
N b

[
i (7
[ aad o

Bl1é Melanoma - . B/1p toxic

=N

. N
w>
)

Bl Melanoma/ - B/ip

toxio
F10 Subline

- N
Werwvwe Wrwve

B s
i
-4

MS076 Sarcoma C/ip

o

oOMNOO QNN CO

1/8
1/8

o Nt
-4
A8 0

[ M)
~3
o

M5076 Sarcoma C/sc 1

LR
~4
<

1/8

s .

N
L 24
o

Colon  B/ip
Carcinoma 26

VY TS
wooo
Y

wn
M
=
133

2.5 7

Treatment .schedules are; A = Days 1 and §; B = Days 1, 5.
9 and 13; C = every 3 hours ¥ 4 on Days 1, 5 and &
Increase in lifespan (ILS) is based on median survival
time of groups of 6 to 8 mice relative to untreated
contreols. Long-term survivors were tumor-frée on Day 45
for the lé¢ukemias or Day 60 for the’ so0ligd tumors.
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- Table 6 _
Activity of Compound No. 18 in Mice Bearing

div—-implanted Tumors

Tumor Model Treatment Dose IL8"  Long-Term
Schedule/ {(mg/kg/ (%) survivors
Route of injection) '
Administration
$388 Leukemia A/ip 25 279 2/8
15 132
9 100
5.4 58
3.2 42
P388 Leukemia A/iv 25 toxic
19 : 250 2/8
14 © 145
10 110
7.9 65
L1210 Leukemia A/ip 25 © toxic
' 15 171 1/6
9 136
5.4 93
3.2 57
L1210 Leukemia Div. 40 toxic
24 -~ »300 4/7
14 157
8.6 129
5.2 71
L1210 Leukemia E/iv & toxig
' 3.6 »300 5/7
2.2 »300 1/7
1.3 243 2/7
0.78 186
Lewis Lung -B/ip 25 toxio
Carcinoma ' A5 »200 177
9 111 r/7
5.4 37
. 3.2 16
Treatment schedules are: A = Pays 1 and 5; B = Days 1. 5,
9 and 13; D = Days 2 and 6; E ~ every 3 hours x 4 on Days

2 and 6.

Increase in lifespan (ILS) is baged on median survival
time. of groups of & to 8 mice relative to untreated
controls. Long~term survivors were tumor—free on Day 45

for the leukemias or Day €0 for the solid tumors.
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Act1v1ty of Compound No. 18 in Mice Bearing
sc-implanted Tumors

~34~

Table 7

Tumor Model

Treatment Dose TGl Mice
Schedule/ (mg/kg/ (%) without
Route of injection) Palpable
Administration : Tumors
Lewis Lung B/1p 25 . toxic
Carcinoma 15 100 8/8%
9 93 7/8%*
5.4 68 2/8
3.2 31 )
Lewis Lung F/iv 25 99 S/8
Carcinoma : i5 95 3/8
-9 93 1/8
5.4 87 4/8
Lewis Lung F/po 45 toxic
Carcinoma 27 99 4/8
16 90 1/8
9.7 89 2/8
5.8 51
Blé Melanoma F/ip 24 99 7/8
14 57 3/8
8.6 63 3/8
5.2 20 1/8
3.1 63 2/8
Bl1é Melanoma F/iv 25 toxic
15 99 778
9 96 6/8
5.4 79 3/8
3.2 54 2/8
B16 Melanoma C/ip & 100 7/7
: 3.6 100 7/7
2.2 92 278 .
1.3 64 1/8
.78 46 1/8
This Sheet Has Been Replaced
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Table 7 (Cont'd)

Activity of Compound No. 1§ in Mice Bearing

sc-implanted ‘Tumors

Tﬁmor Model Treatment Dose TGI

Mice
Schedule/ (mg/kga/ . (%) without
Route of injection) Palpable
Administration Tumors
Bl Melanoma/ B/ip - 25 100 7/8
F10 Subline ) 15 87
8 .57
5 [ ] ‘ 62
3.2 52
Bl6 Melanoma/ F/iv 25 97 &/8
F10 Subline 15 97 7/8
' 9 €0 2/8
$.4 - 34 1/8
3.2 22 1/8
ADJI-PCE B/ip 25 toxic :
Plasmacytoma 1s 1060 TSR
' ' 2 1040 g/8%r%xx
5.4 92 4/8%%%
3.2 93 3/8
M5076 Sarcoma B/ip 25 = toxic
1% 100 g/8
g 98 6/8
5.4 92 3/8
- 3.2 64. 2/8
Marmary B/ip .20 toxic
Adenocarc1noma 16/C 10 96 5/8
5 6l 2/8
2.5 59 1/8
Calen G/ip 24 83 477
Adenocarcinoma 38 _ 14 78 5/7
8.6 35 377
5.2 N 1/7
3.1 0 277
heet Has Been Replaced
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Table 7 (Cont'd)

Actzvxty of Compound .No. 18 in Mice Bearing

sc—lmplanted Tumors

- This Sheet Has Been Replaced .

B i

Tumor Model Treatment Dose TGI . Mice
: Schedule/  (mg/ky/ . (%) without
Route of injection) Palpable
Administration TUnors
Colon . B/ip 6 98 577
Adenocarcinoma 38 _ 3.4 93 &/7
2.2 74 &/7
1.3 68 4/7
0.78 83 2/7
Colaon G/ip 24 88 3/8
Adenocarcinoma 51 14 76 1/8
' 8.4 "853 1/8
5.2 36
3.1 34
Colon © H/ip 3.6 92 4/8
. Adenocarcinoma 51 2.2 89 4/8
1.3 88 3/8
0.78 73 1/8
0.47 37
Madison Lung E/iv 24 28 1/8
Carcinoma 12 0
§ 21
3 ]
1.5 0
Madisen Lung C/iv 3 toxie
Carcinoma : 1.5 8BS 3/8
0.75 &3 1/8
0.38 41
0.19% M)
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Table 7 (Cont'd)

Activity of Compound: No. 18'in Mice Bearing
sc~-implanted Tumors

Tumor Model Treatment Dose TGI Mice
' Schedule/ {(ma/kg/ (%) without
Route of injeetion) . Palpable
Adminigtration Tumors
Colon Brsip - 20 toxic
Carcinoma 26 10 72
) - 39
2.5 38

Treatment schedules are: B = Days 1, 5, 9 and 13; C =

every 3 hours x 4 on Days 1, 5 and 9; F = Days 1, % and 9.
G = Days 3, 10, 17 and 24; H = every 3 hours ¥ 4 on Days
3, 10, 14 and 24

x4/8 leng-term, tumor—~free survivors

**2/8 long-term, tumor-free survivors
**2%1/8 long—term, tumor—-free survivors

Inhibition of tumor growth (TGl) is based on mean tumor

volume of groups of 7 or 8 mice relative to untreated

controls, Tumors were measured between Days 12 and 19
(except Day 24 for Colen 51 and Day 31 for Colon 38)., In
all but two experiments, all untreated control mice (21 or
24 mice/group) had measurable tumors. In B1l6/F10, Schedule
F, 21/24 contrel mice had measurable tumors. In the
experiment with Colon adenocarcinoma 38, 19/21 control
mice had measurable tumors.
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Lack of Cross-Resistance. to Compound Na. 18 of muitidrug
Resistant Sublines of P3BS Leukemia’

Compound - Dose 308 P38B8/0cxorubicin  P3BB/Mitsxantroge
{ma/kg, ip. ILs NCX . ILs NCK ILS NEXK
Days )} and 5) (%) (Yog) %Yy (Yog) - (%) (Yoo}
Compound No. 1§ 25 toxic toxic : toxic
15 228 6.5 126 6.0 167 5.7
9 N 8.5 g0 2.2 79 3.8
5.4 128 3.5 - 33 Y 57 2.1
3.2 87 1.9 14 0 29 ¢
RQaxorybicin 9 233 6.5 14 0 -7 ]
5.4 186 4.6 19 0 4 0
3.2 172 5.3 24 0 ] 0
1.9 167 5.1 24 8 ] v
1.2 117 3.0 19 1] 0 0
Mitomycin € 7.8 178 5.5 52 0.5 104 5.5
4.5 156 4.6 . 62 1.0 138 6.5
2.7 128 3.5 52 6.5 54 1.8
1.6 106 2.6 48 0.3 28 0
1.0 a3 - 1.2 29 0 14 Q
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Increase in lifespan (ILS) is based on median survival time
of groups of 6 mice. Net tumbr cell kill (NCR) is calgulated
.from median survival time by standard methods, since survival
time is a linear function of the log tumor cell burden, As the
mitoxantrone-resistant 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 than in P388 or
doxorubicin-resistant cell line.
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Table 9

Activity of Racemic Kixture of Compound No. 18
in Mice Bearing ip:P388 Leukemia

Compound Dose ILS Long—term
No. (mgrskg. ip, (%) ‘Survivors
Days 1 & S)
1RS 29 165 1/6
14 ' 135
7.2 BO -
3.6 30
Animals were implanted ip with 10% cells. Incredse in

lifespan (ILS) is based on median survival time of groups

of 6 mice relative to untreated contiols.

survivers were tumor—free on Day 45.

Long-term
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Table 10

Comparative Act1v1ty of leferent Salt Forms of
Compound No. 18 in Mice Besring iv L1210 Leukemia -

Compound " Dose ILS

No. (mg/kg. ip, (%)
Days 1 & 5)
18 (acetate 25 toxie
salt) o 15 100
9 83
5.4 67
3.2 50
1§ (hydrochloride 25 toxic
salt) 15 175
_ 9 128
5.4 92
3.2 . B0
18 (dlhydrochlorlde T 28 toxie
salt) 15 133
) i 83
5.4 50
3.2 50
18 (sodium salt) 90 ‘ - toxic
54 208
32 133
19 100
12 &7
6.5 33

Animals were iroculated iv with 106 cells, Inbréase Ain

lifespan (ILS) is based on median sutvival t;me of groups
of 6 mice relative to untreated c¢ontrols. .
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Pharmaceutical Composition and Method of Treatment

The pharmaceutical compositions of this invention
comprise an effective tumor cell growth—znhlbltlng amount
of a compound of Formula (I) and an inert pharmaceutically
acceptable carrier or diluent. Thase compositlons are
prepared in dosage unit form appropriate for parenteral or
oral administratien. :

A compound of Formula (I) is admlnlstered in
conventional dosage farm prepared by combining a
therapeutically effective amount (i.e., an effective tumor
growth inhibiting amount) of a campound of Formula (I)
(“active ingredient") with standard pharmaceutical
carriers or diluents aecording to conventional
procedures. These procedures may involve ﬁixihg.
granulating and compressing or dissolving the ingredients
as appropriate te the desired preparation.

The- pharmaceutical carrier employed may be, for
example, either a solid or liquid. Exemplary of solid
carriers are lactoge. terra alba. sucrose, tale, gelatin,
agar, pectin, acacia, magnesium stearate, stearic acid and
the like. Exemplary of liquid carriers are syrup, peanut
oil, olive o0il, water and the like. Similarly, the
earrier or diluent may include time delay matériai well
known to the art, such as glyceryl monostearate or
glyceryl distearate alone ar with a wax, ethylcellulose,
hydroxypropylmethylcellulose, methylmethacrylate and the
Iike.

A wide variety of pharmaceutical forms can be
employed. Thus, if a solid carrier is used, the
preparation can be tableted, placed in a hard qelatzn
¢apsule in powder. o; pellet form or in the form of a
troche or lozenge. The amount of solid carrier will vary
widely but preferably will be from sbout 25 mg to about
1-g. If a ligquid carrier is used, the preéparation will be

in the form of a syrup, emulsion, soft gelatinm capsule,
sterile injectable solution or suspension in an ampule or .
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vial or nonaqueous liquid suspension.

To obtain a stable water soluble dose form, a
pharmaceutically acceptable salt of a compound of Formula
(1) is diésblved in an équeous solution of an organic or
inorganic acid, such as 0.3M solution of succinic acid,
or, preferably, citric acid. If a soluble salt form is
not available, the compound of Formula- (1) is dissolved in
a suitable cosolvent or combinations thereof. Examples of
such suitable cosolvents include, but are not limited to,
alcohol, propylene glycol, polyethylene glycol 300,
polysorbate 80, glycerin and the like in concentrations
ranging from 0-60% of the total volume.

The composition may also be in the form of &
solution of a3 salt form of the active ingredient in an
appropriate agqueous vehicle such as water or isotonic
saline or dextrose solutioms. Fot those Formula (I)
compounds which do not have a basic side-chain in the

" 9-position such as Compounds No. 28 and 10§ (see Table 2

for structure), an alkali metal salt of the. carboxylate
formed on alkaline hydroly51s of the E-ring lactone would
yield a soluble salt as exemplified by the sedium salt of
Compound No. 18.

It will be apprecxated that the actual preferred-
dosages of the Formula (1) cempounds used in the

-compositions of this invention will vary according to the

particular complex being used, the particular composition
formulated, the mede of sdministration and the particular
site, host and disease being treated. Optimal dosages for
a given set of conditions can be ascertained by those
skilled in the art using conventioeonal dosage determihation
tests in view of the above experimental data. For
parenteral admlnlsttatzon, the dose generally employed 15
from about 20 to about 150 mg/m of body surface area

per day for one to five days, preferably repeated about

every fourth week for four courses of creatment. . For oral
administration, the dose generally employed is from about

This Sheet Has Been Rep laced
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20 to about 150 mg/m2 of body surface area per day for
one to five days, with courses of treatment repeated at
approprlate intervals.

The method for 1nh1b1t1ng the growth ¢f animal
tumor cells sensitive to a compound of Formula (I) in
accordance with this invention comprises administering to
a host animal afflicted with said tumor cells an effective
tumor growth—inhibiting amount of a compound of Formula
{(I}. BAs described above, during the course of treatment
the active ingredient will be administered parenterally or
orally on a daily basis 1n an amount selected from about
20 mg/m2 to about 150 mg/m of hody surface area for
one to five days, with courses of treatment repeated at
approprxate intervals.

The following Examples illustrate (a) the protocol
used for assess;ng the activity of various compounds of
Formula (I) in transplanted murine tumor models, (b) the
chemical preparation of the Formula (I) compounds used in
the compositions and methods of this invention, and (c) an
oral and a parenteral pharmaceutlcal composition of this
invention.

Without further elabsration, it is believed that
ene sKilled in the art can, uging the preceding

" description, utilize the present invention to its fullest

extent. The following ExXamples are, therefore, to be
construed as merely illustrative and not a limitation of
the scope of the present invention in any way.

’
T ————————ee
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EXAMPLES

_Protocols Used For Transplanted Murine Tumor Models

The protocols utilized for the evaluation of the
antitumor activity of Formula (I) compounds are
well-established and widely utilized by those skilled
in the art of assessing the activity of drugs in
preclinical tumor models. These studies generally
follow the protocols established by the National

Cancer Institute as described by Geran et al., Cancer
Chemotherapy Reports, Part 3, Vol. 3, 1-103, 1972.

A) ip Tumor Models

Tumors used in these studies -~ P388 leukemia and its
doxorbicin - and mitoxanipneéresistant sublines., L1210
leukemia, Bl6 melanoma, Blé melanoma/Fl0 subline,
¥5076 sarcoma and colon carcinoma 26 - are maintained
by serial transplantation in syngeneic strains of
mice, For the leukemias, these tumors are maintained
in DBA/2 mice. The M5076 sarcoma, the Blé melanoma
and its F10 subline ate maintained in €57Bl/6¢ mice and
the colon sarcineme 26 is maintained in-BALB/¢ mice.
The leukemias and the MSU7T6 sarcoma are serially
transplanted i.p. as ascites cell suspensions while
the Bl§ melanoma lines anﬂ the ¢olon carcinoma 26 are
serlally transplanted as 8.c. solid tumors.

For therapeutic trials, tumors-are ageptically removed

£rom donor mice and prepared as suspensions for

implantation ip into test animals. The test animals
for the colon carcinoma 26 are female BALB/¢ mice
(20~25'gm). The test animals for the other tumor.
models are syngeneic feMa}e F1 hybrid BﬁbZFl mice
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(C57B1/6 x DBA/2). The inoculum level varies with the

type of tumor: P388 leukemia is inoculated ar 106
cells per mouse, L1210 leukemia at 10° or 106
cells per mouse, M5076 sarcoma at S x 106 cells per

mouse. For implantation of the B16 melanoma lines and
the colon carcinoma 26, s.c. tumors from donor mice
are minced and homogenized in loose fitting
teflon-glass homogenizer to give a tumor brei. The
inoculum levels are 0.5 ml of a 10 percent (w:v) brei
of the Blé melanoma lines and 0.5 ml of a 5 percent
(wiv) brei of colen carcinoma 26. After tumor
inoculation, mice randomized to treatment groups .
comprised of 6-8 mice each. In each experiment, there
are thiee groups of untreated control mice. Drugs are
dissolved or suspéended in apﬁiopriata aqueous vehicles
and given by a variety of routes and schedules of

“administration over a range of dose levels. Animals

are housed in shoebox cages and are monitored daily
for mortality for 30 (L1210), 45 (P388) or 60 (Bl6,
M5076, colon 26) days. The endpoint for activity is
median survival time and increase in lifespan relative
to untreated controls. A drug is considered active in

these tumor models if it prolongs lifespan by > &0
percent.

B. iy Tumor Models ¢

Tumors used in these studies - P388 leukemia, L1210

“leukesiia and Lewis lung carcinoma - are maintained by
‘serial transplantation in syngeneic strains of mice,

DBA/2 for the leukemias and G57Bl/6 for Lewis lung
carcinoma. The leukemias are serially transplanted
i1.p. as ascites cell suspensions while the Lewis lung

carcinoma is serially transplanted a¢.a g.¢. solid
tumor .

P
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For therapedtic trials, tumors were aseptically
removed from donor mice and prepared as suspensions
for implantation into test animals which for each
tumor are 5yngeneic'female Fy hybrid BED2F, mice .
(C5781/6 ¥ DBA/2). The inoculum level varies with the
type of tumor: P388 leukemia is inoculated at 105
cells per mouse, L1210 leukemia at: 105 or 10°

cells per mouse, and Levis lung carcinoma at 0.25 ml
of a 10 percent (w:v) brei. 'The brel of Lewis lung
carcinoma is prepared as described above for Blé
melanoma. After tumor inoculation, mice are
randomized to treatment groups of 6 to 8 mice each.
In each experiment, there are three groupa of
untreatea control mice,

Drugs are dissolved'ot suspended in appropriate
agueous vehicles and given i.p. or i.v. on various
treatment schedules over a range of dosage levels,
Animals are housed in shoebox cages and monitored
daily for mortality for 30 (L1210), 45 (P388) or &0
(Lewis lung) days. The endpoint for. activity is

- median survival time and increase in lifespan relative

to untreated controls. A drug is considered active in

these tumor models if it prolongs lifespan by 40
percent.

C. s.c. Tumor Models

Tumors used in these studies are maintained by serlal
transplantation in syngeneic strains of mice - CS7BL/6
for Lewis lung carcinoma, B1l6 melanoma and its F10
subline, MS076 sarcoma and colon adenééarcindma 38;
BALB/c for colon carcinoma 26, ADJ-PCE plasmacytoma :
Madison lung careimema and colon adenocarcinoma 51,
C3H for mammary adenocarcinoma l6/c. With the

This Sheet Has Been Replac
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exceptlon of the MSD?S sarcoma. whlch is malntalned as.
a 1.p. ascites cell suspen51on, all of -the tumors were
serially transplanted 'as s.¢. solid tumors.

For therapeutic trialé, tumors. wgre aseptically
removed from donor mice and prepared for.implantation
s.c. into test animals. The test animals for Lewis
lung carcinoma, Bl6 melanoma and its F10 subline,
M5076 sarcome and colon adenocarcinoma 38 are
syngeneic female F, bybrid B&D2F, mice (CS7Bl/6 =x

‘DBA/2}. ADJ-PCé plasmacytoma and colon carcinoma 26

are evaluated in female BALB/g mice. Madison lung
carcinoma and colon adenocarcinoma 51 are evaluated in
syngeneic female Fl_hybtid CD2F1 mice (BALB/¢ 5
DBA/2). Mammary adenocarcinoma l&/¢c is evaluated in
female C3H mice. The inoculum varies with the tumor.
Colon adenocarcinomas 38 is implanted as 2 mm
fragments by trochar. MS076 sarcoma and ADJ-PC6
plasmacytoma are implantéd .as cell suspensions at 5 x
108 and 2 x 10° cells per mouse, respectively.

Colon carcinoma 26, colon adenecarcinoma 51, Lewis
lung carcanoma.,Madlson lang carcinoma and Ble
melanoma and its F10 subline are implanted as tumor

‘breis prepared as desc¢ribed above in a volume of 0.5

ml. The brei concentration was 10 percent (w:v)
exéept for colon carcinoma 26 for which the breil
concentration was 5 perdent (w:v). After tumer
inoculation, mice are randomized to treatment groups -
of 7 or 8 mice. In each experiment, there are three
groups of untrested control mice.

Drugs are dissolved or susﬁended'in appropriace

agueous vehicles and given by a variety of routes of

‘administration and treatment' schedules aover a range of

dosage levels., Animals ar¢ housed in shoebox cages
and are monitored daily for mortality. At a time when

This Sheat Has Been ‘{eplacéd h
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untreated control anzmals have large measurable tumors
(generally »500 o ), tumors in all animals are
measured in perpendlcular dlameters with a vernier
caliper and tumor volume 1s calculated by the
formula: length x (wldth) X 0.5. Time for tumoer
measurement 'is dependent on the different rates of
tumor growth of the-different tumors: the most _
rapidly growing tumors such as -the Lewis and Madison
lung tumors, Blé melanoma and its F10 subline were
measured batween Days 12 and 16. The slower growing
tumors were measured at later time points - 17 days
for M5076 sarcoma, 16 or 19 days for mammary
adenocarcinoma 16/c, 19 days for ADJ-PCE plasmacytoma
and colon carcinoma 26, 24 days for colen
adenocarcinoma 51, and 31 days for colon
adénocarcinoma 38. The endpoints for act1v1ty are
mean tumor volume, percent. tumor growth inhibition
relative to untreated controls and thé number of
anlmals without palpable tumors on the day of
measurement. A drug is considered active in these
tumor models if it produces >70 percent inhibition of
tumor growth at or below a maximﬁlly tolerated dose.

For highly metastatic tumors includiné: Lewis and
Madison lung tumors, colon carcinoma 26 and Bl§
melanoma and ifs F10 subline, tumor-bearing mice are
monitored for survival time as well. For the less
metastatic tumor models, tumor-bearing mice are killed
fpllowing'tumor measurement.In this sétting. an

‘increase in lifespan of »30 percent is considered to

be evidence of drug activity.

Synthesig of Compounds of Formula (I)

In the following synthetic examples, temperature is in

degrees Centigrade (°C). Unless otherwise indicated, all

—
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of the starting materials were obtained from commercial
sources.

) EXAMPLE 1
Preparation of (20 8) 1,2,6,7-tetrahydrocamptothecin
Camptothecin (32.0 g, 0.092 mol.) obtained from
Tainjain-sKsF Ltd., Tainjain, China, was combined with
{prepared by pre~reduction of 8.0 g. amorphous
PtO, in 800 mL HOAC for 1.5 bour. (h) under 1 atmosphere
(atm.) H,] and HOAc-(1.6 L). Reduction was carried out
at 1 atm. Hz for 8.5 h. while vigorously stirring the
mixture. At the end of this time, the theoretical amount
of H, had been sbsorbed (slightly more than 4.1 L) and
the uptake of H, had slowed considerably. ' The reaction
was degassed wzth a stream of Ar for approximately 10

- minutes (min.), and then filtered through a celite pad

which was washed with HOAc (200 mL).
The resulting solution was used immediately in the
fellowing reaction described in Example 2.

EXAMPLE 2 :

Preparation of (20 §) l0-Hydroxycamptothecin

To the vigorously stirred solution of
1,2,6,7-tetrahydrocamptothecin; prepared as described
above in Example 1, was added Fb(OAc) , (64 g.. 0.144
mol.) in ome portion. The reaction was stirred under Az
for 30 min., and all of the Ph(OAc) had dissolved.
Caoncentration gave a gummy residue wh:ch was triturated
with ice cold. H,0 (1 L) to give a light brown solid
which was filtered off, washed with additional ice cold
H,0 (200 mL), pressed dry with a rubber dam and air
dried overnight. The resulting partislly wet product
contained 44.3% 10-Hydroxycamptothecin, 26.9%,
10—Acetoxycamptothec1n, and 23.1% Camptothecin based on
high pressure liquid chromatography {HFLC) analysis .
{Whatman Partisil § ODS3 Rac II GO% CH OH/HZO)
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The crude mixture was combined with 1.7 L 50% aqueous
HOAc and refluxed overnight. The reaction was cooled and
concentrated to approximaﬁely 50~100 mL. Ice cold H20
(1 L) was added and the precipitate was filtered off,
washed with additional ice cold Hzo (200 mL), pressed
dry with a rubber dam, and dried under high vacuum for 2
days to give 21.16 g. of material which contained 70.9%

lo-Hydrbxycamptotheéin, 1.2% L0~Acetoxycamptothecin, and
21.3% Camptothecin based on HPLC analysis.

EXAMPLE 3 :
'Prézaration_ggrjzo 8) 9=-bDimethylaminomethyl—10-
hydroxycamptothecin Acetate Salt
10-Hydroxycamptothecin (20 ¢ which assayed at 62%

10-Hydroxycamptothecin and therefore contained 12.4 g,

34.1 mmol of 10-Hydroxycamptethecin), prepared as
described in Example 2, was combined with HOAc (620 mlL),
37% agqueocus CH,Q (12.4 ml, approximately 149 mmel) and
40% aqueous dimethylamine (12.4 mL, approximately 109
rmmol) and stirred for approximately 18 h and the thin
layer chromategraphy (tle) indicated some remaining .
starting material (tlc in 9 : 1 CH,C1l,. CH,OH on

silica gel). This system is suitable for following the
disappearance 6f 10-hydroxy¢amptothecin but not for
monit¢§ing the formation of pioduct. Additional 37%
aqueous CH,0 {6 ml, spproximately 72 mmol), and 40%
agqueous dimsthylamine (& mlL, approximately 53 mmol) was
sdded and stirring was continued for an additional 24 h.
The reaction was concentrated to dryness, triturated with
0.5% agqueous HORc (1 L), filtered and the solid was washed
with additional 0.5% aqueocus HOAG (500 mL). The dried
solid weighed 6.3 g and was 94% recovered camptothecin by
HPLC (Whatman Partisil 10 ODS 3 50% CH,OH/H,0,

retention time 9 min.). The conbined agqueocus filtrates
were extracted with EtOAc (3 x 600'mL), and petroleum
ether (600 mL) and then lyophilized.

. This Sheet Has Been Replaced
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Chromatography of the crude residue was achieved by
injection of thé material ‘in solvent A (solvent A = 998%
H,0, 1% HORec) (600 mLl) and elution at 350 mL/min.
through a 50 mm X 600 mm steel column packed with 680 g
Whatman Partisil 40 ODS 3 with a 34 min linear grad1ent
from 100% solvent A to 40% solvent B (solvent B = 99%

. CH;0H, 1% HOAc). The chromatography was monitored at
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410 nm and 1L fractions were collected and those which
assayed at 299% pure by analytical HPLC (Whatman Partisil
10 ODS 3 50% CH,OH/H,0, retention time 9 minr) were
pooled, concentrated and redissolved in a minimum of 0.5%
aqueous HOAc and lyophllzzed to give 10.58 g (&62%) of the
named product. _ o
IR (KBr) 3400, 2960, 1740, 1650, 1590 em‘l., H NMR
(CDC1,/CD,0D) 1.04 (t,3,J=THz,C18),
1.96(¢,2,J=7H2,C19), 2.02(s,3.CH 30,
2.50(s,s8, (CH3)2NH). 4.20(s,2.,ArCHN), 5.28
(d,1,J=19Hz,C17), 5.29(s,2,C5), 5. 50(d 1.J=19Hz, c17),
7.42(4,J=%Hz,Cl1), 7.67(s,1,Cl4), 8.05(d,JI=9Hz,C12),
8.51(s,C7). Calcd for CyatlyaNa0g 1 HOAC 1 H,0
(mw = 515.8) : C,58.24; H,5.67; N.8.15. Fd: C,58.55;
H5.22; N,8.54. Pb analysis ¢ 14.5 ppm.
Additional named product material which was >90% pure
by HPLC (see, above) was concentrated to dryness and later

rechromatoegraphed with similar material isolated from
other runs.

EXAMPLE 4
Preparation of (20 S) S-Morghollnomethzl —10w

hxdragzcamptotheczn Acetate Salt _
10—Hydroxycamptothec1n (100 mg, 0.27 mmol),

prepared as. described in Example 2, 27% aqueous CH20
(0.5 mL), morphollne (0.1 rl.} and 2:1 HOAC/EtOH (10 mL)
were conbined and stirred overnight. 10-Hydroxycampto—

_ thecin had reacted (tle, silica gél, 9:1 CH,Cl,/CH,OH)

—_—
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and the reaction was concentrated teo dryness, digsolved in
ca. Sml H 20 containing several drops of HOAc and the
insoluble materlal was filtered off. The filtrate was
lyophilized and the lyophilizate was chromatogtaphed (15 mm
x 250 mm silica medium pressure liquid chromatography
(MPLC), eluting with CH,Cl, containing 0 -2% CH,OH) to
give a residuve which was dissolved in dilute agqueous HOAc
aﬁd lyophilized to give 53 mg (38%) of the title compound.
IR (KBr) 3400, 3100, 2960, 2920, 2840, 1740, 1650, 1590

' B R (cDel,/cn,0D) B
1.94 (¢,2,3=7Hz,C19), 2.73(m.4,morphilino~
CHZN). 3.83 (m, 4,morph111no—CH20) 4.15 (s,2,ArCH,N),
3. 26(8 2,C5), §,25(d,1,J=16Hz, Cl7), $76(d1, J—lGHz Cl17).

" 7. 27(5 1,Ci4), 7.40(4,1,J=8Hz,C1l1), 8.07(d41, J-S_Hz,CIQ.),
15

8.36(s.,1,C7). Calcd. for C25 25 3 CH3C°2H

(mw=525.6): C,61.71; H,5.95: N.8. oo Fd.: G,61.30; H,5.44;
N,8.35.

EXAMPLE S

Preparation of (20 &) $-N-Methylpiperazinvimethyl~

10-hydroxycamptothecin Agetate Salt |

10-Hydroxycamptothecin (100 mg, 0.27 mmol), prepared
as described in Example 2, 2:1 HORc/EtOH (16 mL), 37% ag.
CH,0 (0.5 mL) and N-Methylpiperazine (0.1 mL) wetre
combined and stirred for 20 hr, l0«Hydroxycamptothecin
had reacted (tlc 9:1 CH2612/€H OH) and the reaction
was concentrated, dissolved in H 20 (50 mL) and washed with
EtOAc (5 x 20 mlL) and petroleum ether (20 mL) and the
aqueous phase was lyophilized. The residue was redisgolved
in dilute ag. HOAc and chromatographed on MPLC (Whatman
Partisil 40 ODS3, 9 mm X 250 column) eluting with 0 - 20%
CﬂsoH in “z° ¢containing 0.02% HOAc. The desired

‘material was pooled and concentrated and the residue was
. lyophilized to give 67 mg (46%) of the title compound. IR

(KBr) 3400, 2960, 2910, 1740, 1650, 1590 cm~t. H NMR
(¢DC1 /CD OD) :

This Sheet Has Been R

N llll



10

15

20

25

30

35

_\5‘4 -

1.89(q,2,J=7Kz), 2.02(s,>3, CHBCOZH), 2.37(s, 3,NCH3).
2.685(m,8, plperazlno—cﬁ ). 4.21(s,2,ArCH, Y,

5.26(s,2,05), 5.30(4.1, J-lGHz c17), 5. 71(d 1,J=16Hz,C17),
7.45(d.1,3=7H2z,C11), B.05(d,1,J=7He,Ci12), 8.47(s,1,C7).
Caled. for CogHyglNsOg 1 1/2 HOAC 174 H,0

(mw=528.1); C,61.41; H.6.01, N,10.61, Fd: C,61.62; H,5.74;
N,10.93.

EXAMPLE €

Pregaratlon of (20 8) 9~(4'-~Piperidinopiperidinyl)

methzl—lo-hzﬁrogzcamgtothec1n Acetate Salt

10-Hydro#ycamptothecin (100 mg, 0.27 mmol),
prepared as described in Example 2, 4-piperidinopiperidine
(160 mg, 0.60 mmol), 37% aqueous CH,0 (0.5 mL) and 2:1
HOAC/EtOH (10 mL) were stirred for 20 hr. The
1¢0-Hydroxycamptothecin had reacted (tle, silica gel, 9:1
CH clz/CH OH) and the reaction wds conc¢entrated,

dissolved in 1% aqueous acetic acid, fxltered and

lyophilized. MPLC (Whatman Partisil 40 obsz, % x 250 0
column) eluting with H,0 (108 mL) and then 0 ~80% |
CHaoH in .02% agueous HOAC gave 44 mg (30%) of the title
compound after lyophilization. IR (KBr) 3400, 2940, 1745,

1660, 1590 em Y.l mm (€pel,/cD, o)

(t,3.J=7Hz,C18), 1.3 -3.3 (m,19, piperidine, C19), 4.11
(s,2,CH,N), 5.21 (s,2,C5), 5.25 (d,1,J=l6Hz, C17), 5.70
(d,1,J3=16Hz,C17), 7.85 (d,1.J=7Hz,C11), 7.5% (s,1.Cl4),
8.00 (4,1,J=7Hz,C12), 8.35 (s5,1,C7). Caled. for
C31“35.N4°s 1 1/2 H,0 (mw=631.7):C,58.94; '
H,6.22; N,8.81. Fd. €.59.02; H,6.44; N,8.53.

EXAMPLE 7 _
Pre aratlon of (20 S§) 9- 2'~H drogyethylamino)
methyl-10-hydroxycamptothecin Acetate Salt
10-Hydroxycamptothecin (200 mg, 0.S5 mmol),

prepared as described in Example 2, paraformaldhyde

(16 mg, 0.355 mmol), ethanolamine (61 mg, 1.1 mmol), and
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HOAc (6 mL) were stirred for 48 hr after which most of the
10-Hydroxycamptothecin had reacted. The reaction was
concentrated, redissolved in dilute HOAc (200 mL) and
washed with EtOAC (4 x 30 mL) and petroleum ether (30 mL)
and the resulting ag. soln was lyophilized. The crude
lyophilizate was dissolved in H,0 (50 mL). MPLC

(Whatman Partisil 40 ODS3, 15 mm X 250 -mm column) eluting
with H,0 (100 mL) followed by 0 -10% CHZOH in .02%

HOAc in H,0 gave 88 mg (33%) of the title compound after
lyophilizatlon IR (KBf) 3400, 2980, 2940, 1750, 1570
em™l. H MMR (CDCL,/CD,OD)

7Hz,C18), 1.89(g,2.J=7Hz,€1%3), 2.00(s,3 HOAc)
3.03(m,2,CH,NH), 3.75 (m,2,CH,OH), 4. 49(s,AzCH HNH)
§5.24(s,2,C5). 5.30(4,1,J=16,C17)., 5.70(&.1.J=16Ha,017),
7.41(d,1,J=8Hz.C11), 7.61(s,1,Cl4), 8.00 (d,1, J=8Hz,C12),
8.48(s,1,C7). Calcd for C23H23N O, HOAC 1 7/8 _

HZO (mw=531.3): C,56.52; H,5.83; N 7.91, Fd.: C€,56.,07;
H,$.40; N,8.27.

EXAMPLE 8

Preparation of (20 B) 9—Tfimethx1ammoniummethy;flo—

hydroxycamptothecin Methanesulfonate Salt

9-Dimethy1aminomethy1—10thdroxycamptothecin
acetate salt (65 mg, 0.14 mmol), ptepared as described in
Example 3. was dissolved in CH,Cl, (ca. 70 mL) and
filtered. The filtrate was combined with nethyl
méthanesulfonate (1 ml), cooled and partially concentrated
under a stream of argon (Ar). After 4 hr the solvent was
concentrated to 1/2 voelume and cooled. The precipitate
was filtered, d;ssolved in Hzo (10 mL), washed with
EtOAc (3 % 10 mL) and then petroleum ether (10 mL) and
lyophilized to give 50 mg (60%) of the title compound. IR
(KBr) 3400, 2550, 2900, 1760, 1660, 1600 cm . T H NMR

. {cnel /Ch aD)

2.01(g,2,J=THz,C19), 2.78 (s,33, éH 3504), _
2.94(s,9 ,N(CH,),). 4.72(s,2.ArCH,N), 5.20(s,2,C5),
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5.22{4,1.,0=16Hz,C17), 5.67(d,1,0=16Hz.C17),
7.62(4,J=7THz,C11), 7.71(s,Cl4), 8.16(d,1,J=7Hz,C12),
8.89(s,1,C7). Calcd. for C
CH SO H '

24125N305

. Fd.: €,49.36; H,5.15; N,7.53.

EXAMPLE 9 .
Preparation of (20 §) S~Formyl-l¢-hydroxycamptothecin
10-Hydroxycamptothecin (100 my, 0.27 mmol),
prepared as described in Example 2, '
hexamethylenstetraamine (0.80.g, 5.5 mmol) and
trifluoreacetic acid (TFA) (15 ml.) were refluxed under
argon for 20 h. The reaction was concentrated, combined

‘with H,0 (15 mL) and stirred for 1 hr. H,0 (75 mL)

was added aud the pH was adjusted to 8.4 by the addition
of NaHCO,. The ag. phase was washed with EtOAc (3 x 75
mL), acidified to pH 1.5 with 3 N HCl and then extracted
with EtOAe (5 x 75 mL). The combined organic extracts
were washed with 1N HCL (5 x 75 mL), H,0 (75 mL), and
saturated aqueous NaCl (25 mbL), and concentrated. The
residue was then purified by £lash chromatography (1 cm x
15 em silica with the crude material preabsorbed on a 1 cm
x 1 em plug of Nazso4)i The product was eluted with

1% CH,OH in CH,Cl, to give $0 ng (47%)'of the title
compound. -An analytically pure sample was obtained by
fractiovnally precipitating from appreximately 25% CHLOH
in CH,Cl, by slowly cooling and concentrating under a
stream of nitiigeni IR (KBr) 3400, 3100, 2950, 1755,
(t.3.9=7Hz,C18), 1.96 (d.2,J=TH2 C19), 5.32 (d.1,J=14Hz,
Ci7), 5.33 (s.2,C5), 5.68 (d.,1,J=14Hz, Cl17), 7.50
(d,1,3=9H2,C11), 7.67 (s,1,Cl4), .33 (d,1.J=9Hz,C12),
9.34 (s,1,C7), 10.85 (s,1,CHO). Caled for

C21H14N,06% H 0 (mw = 410.38): C,61.46; H,4.42;
N,6.83. £d: C,81.09: H.4.17; N,6.52.
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| EXAMELE 10
'Pzeparatlon of (20 8) 9—Cyclog;ppylamlnometnz;:
10-hydroxycamptothecin Hydrochloride salt

A mixture of 10-hydroxycamptothecin (254 mg, 0.7
mmol), prepared as described in Example 2, 37% agqueous
formaldehyde (1.0 mL), c¢yclopropylamine (400 mg, 0.7 mmol)
in glacial acetic acld (16 mL) and ethanol (8 mL) was
stirred overnight at ambient temperature and concentrated
in vacuo to dryness. The residue was titurated with
- water, filtered and dried to give 260 mg (75% yield) of
“the named dompound'as an acetate salt which was converted
to the named hydrochloride salt by triturating with 0.1 N
HCl. Aanal (C,,H,,N,0q

C, S5.01; H, 5.57; N, 8.02., fFfound: €, 54.94; H, 5.18, N,
: 1 .

X (m, 1), 4.6 (s, 2}, 4.8 (g, 2), 5.2 (s, 2), 7.2 (s, 1),
7.5 (q, 2), 8.8 (s, 1).

EXAMPLE 11

Preparation of (20 §) 9—Ethogxgethil~10—hydr6§zcamgtothecin
© A mixture of l0-hydroxycamptothecin (364 mg,

1.0 mmol), pfepared as described in Example 2,

dimethylamine hydrochloride (90 mg, 1.1 mmol) and 37%

agueous formaldehyde (1.% mbl) was refluxed in 95% ethanol

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

small volume and the ptecipitated product was collected

and dried. Purification by silica gel chromatography

eluting with 3% MeOH in CH,Cl, gave 85 mg (20% yield)

of the named compound. Anal. (C,.H 22“20 ).

Caled.: C, 62.08; H, 5.27; N, €.29. Found: C, 61..80; H,

5.22:.N, 6.12. FAB mass spectrum: m/e 423 (mt). IH

NMR (DMSO) 0.8% (t, 3), 1.1 (t. 3), 1.9 (m, 2), 3.5

(s, 2), 4.8 (8, 2), 5.2 (5, 2), 5.4 (s, 2), 7.2 (s, 1),

7.7 {m, 2). 8,6 (8. 1).
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. EXaMPLE 12 .
Preparation of (20 §) 9- (N—Methzlanllinomethzl2—10-
hydroxycamptothecin

A mixture of 10-hydroxycamptothecin (25¢ mg, 0.7
mmol), prepared as described in Example 2. 37% agueous
formaldehyde (1.0 mL), N-methylaniline (0.75 mi. 0.7 mmol)
in glacial acetic acid (16 mL) and ethanol (8 mbL) was
stirred at ambient temperature for 40 hrs. After
concentration to an oil, partial purification was obtained
by silica gel chromatography eluting with 1.2 and 3% MeOH
in CH,Cl,. The product fractions still contained -

-methylaniline. Further purification was obtained using a

silica gel MPLE column, and the product was eluted with 2%
MeOH in CH cl The product fractions were combined .
and concentrated in vagtio to give 77 mg (24%) of the named
compound 3s a yellow solid. Anal;

(CogHa5N305 '

$.47; N, 8.32. PFound: C, 66.97; H, 5.69; N, 7.91. DCI
mass spectrum: m/e 484 (MHT). 1H NMR (CDCL )

2), 5. 5 (g. 2), 6.9 (m, 5), 7.8 (s, 1}, 7.9 (g, 2), 8. 4
(s, 1).

EXAMPLE 13

Preparation of (20 §) S—Cyclohexylaminomethyl«

10-hydroxycamptorhecin Hydrochloride salt

A mixture of l0-hydroxycamptothecin (364 mg, 1.0
rmol), prépared as described in Example 2, 37% aguecus
formaldehyde (1.5 mL), cyclohexylamine (1.3 mL, 10 mmol)
in glacial acetic acid (25 mL) and ethanol (12 mL) was
stirred overnlght at ambient temperature and concentrated

" in vacuo to dryness.  The residue was purified on a

reversed phase column (MPLC) eluting with 15% ag. MeQH

containing 0.02% glacial acetic acid. The named compound
as an acetate salt was obtained aftér concentration to a
small volume and lyophilization (250 mg, 47%). The

—_—
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acetate salt was converted to the named hydrochloride salt

. by addition of 0.1 N HC1l, and the salt was collected by

filtration. Anal. (C27H29N305

Hy0). Caled.: C, 60.93; H, 6.11, N, 7.89. Found: C,
1

1.0-2.0 (m, 10), 3.1 (s, 1), 4.5 (s, 2), 5.2 (5, 2), S.4

(s, 2), 7.2 (s, 1), 7.9 {g., 2), 8.9 (s; 1).

EXAMPLE 14 -

regaratlon of (20 §) g-N. N-Dimethylamincethyl-

oxymethyl-- 10—hydroxvcam2tothec1n Hydrochloride Saslt
A mixture of 9-dimethylaminomethyl-10-hydroxycamp~ _

tothecin free base (100 mg, 0.2 mmol), prepared as
described in Example 21, in z—dlmethylamlnoethanol (4 mL)
containing 3 drops of 3N HCl was heated under argon at

80°C for 24 hrs. The semi-solid reaction mixture was

treated with HZO'(S nmL) and isopropancl (10 mL), stirred

and filtered to give 60 mg (59%) of the title compound.
Anal. - (C H N 0 HCl

58.77; H, S.72; N, 8.25. Found: C, 58.94, H, 4.92: N,

1 _ _ :
(s,6), 3.3 (5.,2), 4.1 (5,2)., 5.2 (s.2). 5.4 (5,2)_4 7.3
{(s,1), 7.4 (&,1), 8.0 (&8,1), 8.7 {s.1).

EXAMPLE 15
Preparation of (20 §) 9-N, Nhnzmethylamlnoethxl—

thlomethxl-lo—hzdroggcamptothec1n Hydroechloride
Salt

A mixture of B-dimeﬁﬁylaminomethylﬂ10~hydroxycampf
tothecin hydrochloride salt (100 mg, 0.2 mmol), prepared
substantially as described in Example 18, and

- 2-dimethylaminoethanethiol

(13 mL) was heated at 85°C under argon for 5 hrs. The

. insoluble s0lid (excess thiol) was removed by £iltration.,

and the filtrate was concentrated in vacuo to an eily
residue which was purified using reversed phase MPLC. Thae
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product was eluted using 5% and 10% MeOH in H,0 to give

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

Anal. (€, H,oN,0gS

'49.34; H, 5.79; N, 6.90. Found: C, 45.98; H, 5.82; N,
1

(s,6), 4.4 (s,2), 5.3 (s,é}, 7.1 {(d.1)., 7.2 (s.1), 7.6
(d.1), 8.2 (s.1).

: . EXAMPLE 16 :

Préparation of (20 §) 9-N,N-Dimethylamincethyl-—

aminomethyl-10-hydroxycamptothecin Dlhydrochlorlde

Salt .

A m1xture of lo-hydroxycamptothecln (364 mg, 1.0
mnol) prepared ‘as described in Exanple 2, N,N-dimethyl-
ethylenédiamine (100 mg, 1.1 mmol), 37% agqueous
formaldehyde (1.5 mL} in glacial acetic acid (25 mL) and
ethanol (10 mL) was stirred at room temperature for 64
hrs. The solvents were removed in vacuo, and the solid
residue was treated with water. (10 mLi and isopropanol (10
mL) containing 3N HCl (3 mL). The finely precipitated
solid was collected, washed with isopropanol and dried to
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give 218 mg (40% yield) of the title compound. Anal.

(C,gH, gV, Og

N,.10.42. Found: C, 55.91; H, $.72; N, 9.86. ~H NMR

(Cb op)

5.1 (m.4), 5.4 (q,2), 7.3 (d,1), 7.5 (s,1), 7.8 (4,1), 8.4
{s,1).

EXAMPLE 17
Preparation of (20 R,8)~9-Dimethylaminomethyl—10-
‘hydroxycamptothecin Acetate Salt
The title compound is prepared as described in
Example 3 except that the starting material is racemic
10-hydroxXycamptothecin prepared according to the method of
Wani et al., J. Med. Chem., 23, 554 (1980).

: EXAMPLE 18 o

Preparation of (20 §) 9-Dimethylamincethyl=—10-—

hydroxycamptothecin Monohygrochioridgzgglt

9-Dimethylaminomethyl~10-hydroxycamptothecin
acetate salt, prepared as described in Example 3, which
analyzed for 2.5 equivalents of acetic acid and 0.75
equivalents of water (8.5 g, 14.5 mmol based on & molecular
waight of 585) was dissolved in ¢.1 N hydrochleoric acxd
(170.mL, 17 mmol), lyophilized and pumped under high
vacuum for three days to give 8.3 g of the title

1

J =7.5), 1.98 (q, 2, J = 7.5), 2.95 (s, 6), 4.77 (s, 2),
5.33 (s, 2), 5.36 (4, 1, I = 16), 5.62 (&, 1, J = 16),
7.89 (d, 1, I = 9), 7,66 (s, 1}, 8,20 (4, 1, J = 9), 8.86
(s. 1}). apal. (C H N 0 1HCl

Caled.: C, $3.96; H, 5.91; N, B8.21; Cl, 6.92. Found: C,
93.68; H, 5.61; N, 8.16; Cl, 6€.8A.
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EXAMPLE 19 o
Preparation of (20 S) 9-Dimethylaminoethyl-10—

hydroxycamptothecin Dlhxdrochlorlﬁa Salt
9-Dimethylaminomethyl-10~-hydroxycamptethecin
acetate salt (0.389% g, 1.07 mmol by HPLC analysis),
prepared as described in Example 3, was dissolved in 0.4 N
HC1 (6 mL, 2.4 mmol), lyophilized and pumped under high
vacuum for 40 h. to give 0.269 ¢ of the title compound.
B MR (CDCL 4CD QD)

{4, 23 =17.5), 3.01 (=, 6), 4.85 (s, 2}, 5.31 (4, 1,

J = 16), 5.36 (s, 2), 5.65 (d, 1, J = 16), 7.64 (4, 1,
J=29), 7.73 (s, 1), 8.23 (4, 1. J = 9), 9.07 (s, 1).
Anal. (C H NO . |

50.37; H, 5.70; N, 7.66; €1, 12.93. Found: C, 50.76; H,

5.64; N, 7.57; Cl, 12.61.

EXAMPLE 20 -
Preparation of (20 §) 9-Dimethylaminoethyl-10-
hydroxycamptothecin Sodium Salt
9-Dimethylaminomethyl~10~hydroxycamptothecin
acetate salt (100 mg,.0.2 mmol), prepared as described in’
Example 3, was treated with 0.1 N sodium hydroxide (4.5
mL, 0.45 mmol) and the solution was passed through an HP=20

. resin column (2 % 22 om). The resin was washed with water

(250 mL) and the product was eluted with a 1:1 mixture of
water and methanol. Fractions containing the product were
combined, concentrated to a small volume and lyophilized
to give 98 mg (98%) of title compound. IR (nujol)

“lo.65 (m, =~ !
3), 1.8 (m, 2), 2.8 (s, 6), 3.0 (m, 2), ¢.21 {5, 2), 4.5
(s. 2), 7.1 (g, 2), 7.2 (s, 1), 7.8 (s, 1). BAnal.
(CpgH, W20, Na | - A
$.67; N, 8.60. Found: €, 56.21; H, 5.63; N, B.44.
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EXAMPLE 21

Preparation of (20 §) 9-Dimethylaminomethyl-10-

hydroxycamptothecin Free Base |

A mixture of 10-hydroxycamptothecin (728 mg, 2.0
mmol}, prepared as described in Example 2, in glacial
acetic (50 mL), ethanol (20 mL), 37% agqueous formaldehyde
(3 mL) and 4o%laqueous dimethylamine (3 mL) was stirred at
rodm temperature for 20 h. The solvents were removed
under reduced pressure; the residue was heated -at S0°
under high vacuum for 2 h and triturated with isopropanol
(10 mL) to precipitate the title compound (561 mg, &4%) as
a yellow solid. TFAB mass spectrum: m/e 422 (™Y,
) (CPC1,/CD,OD) - ' |
(s, 6), 4.3 (s, 2), 5.2 (s, 2), 5.4 (q. 2). 7.6 (s, 1),
7.7 {q, 2). 8.5 (s, 1).

EXAMPLE 22 -

Preparation of the tgiglurormethylsulfohate

(triflate) of (208) lo-hydroxycamptothecin

To a mixture of 10—hydroxydamptotheuin prepared
as described in Example 2, (1. 449, 4. Omwmol) in DMF (40mL)-
was added tr1ethylam1ne {1.2g9, 12mmol) followed by
addition of N-phenyl-trifluoromethanesulfonimide (2.0g,
émmol). The reaction was heated at 50° for 3 hrs. The
solvent was removed in vacuo and the residue was
triturated with water filtered and dried. A theoretical
vield of the crude product was obtained essentially as a
single spot on'thin layer chromatography (TLC) showing a
small origin impurity. A small sample was purified by
flash chromatography on silica gel column by eluting the

. Produet with 2% MeOH in CH,Cl,.

nal; (C21H15N20 SF3). Calcdfz C,50.81; H,3.05;
N,564. Found:C,s]. 38; H,3.42; N,4.99. IHNMR (cpel,)

7.6-7.9 (m,2), 8.2 (d 2), 8.5 (s,1) FAB MASs Spectrum m/e
a97 (Mu™), 495 (¥-H)~
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EXAMPLE 23

Preparation of (208) '

S-—Dimethylaminomethylcamptothecin

The trifluoromethanesulfonate of (208)

9-dimethylaminomethyl~10-hydroxycamptothecin acetate salt

was made in situ as follows. A mixture of .
2-dimethylaminomethyl~10-hydroxycamptothecin acetate salt,
prepared as described in Example 3, (482mg, lmmol) in
N.N-dimethylformamide (DMF) under argon (40ml) was treated

with 2,6-lutidine (268mg, 2.5mmol) and

N-phenyltrifluorométhane sulfonimide (0.54g, 1.5 mmol).
The reaction'mixture was was stirred overnight at room |
temperature. Then, t¢ the above formed triflate was added
triethylamine (0.4mL, 3.0mmol), palladium acetate (Smg,
0.04mmal), tr:phenylphosphlne (20mg, 0.08mmcl) and

concentrated formic acid (¢.08mL, 2mmol). The reaction

was heated at &0° for 8 hrs. The solvent was removed in

vacuo and the residue was triturated with a small amount
of H,y0 and f£iltered. The dried, crude insoluble solid

weighed 550mg. It was purified by flash chromatography on
silica gel column by eluting some starting tr1flate with

tr;phenylphosphate to yield 285mg (7%) of
3-methylcamptothecin, 88mg (20%) of the title compound as
free base {4% MeOH in CH2c12). and some |

trifluromethylsulfonate of 10-hydroxycamptothecin with 10%

MeOH in CH2C12. Some of the title compound was

converted to the acetate salt by treatment with dilute
acetic acid. o

Anal. (625H27N306 . 2.5H20). Caled.: C, 58.81:;

H, €.12; N, 8.23. Found: C, 58.60; H, 5.88; N, 7.88;
HNMR (CDCl )

(s.2)., 8.2 (s 2}, 5.4 (g,2), 7.3 (4,1), 7.5 (4,1) 7.6
(2,1), 8.0 (4,1), 3.3 (8.1)

Mass Spectrum m/e 406 .(MHT)
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EXAMPLE 24

Preparation of 10-Cyanocamptothecin _

A solution of tributyltin cyenide (444mg, 1.4mmol)
and tetrakistriphenylphosphine palladium (276mg, ©0.6émmol)
in 1,2~dichlorcethane (20mL) was heated to reflux under
argen for 2 hrs to form a palladium~tin-¢yanide complex.
Then the trifluoromethylsulfonate of
10-hydroxycamptothecin, prepared as described in Example
22, (266mg, 0.6mm) was added and reflux1ng was continued
for 3.5 hrs. The reaction was concentrated to 1/3 of its

-original volume and triturated with an egual volume of

diethylether. The precipitated yellow solid was collected
and dried. The title compound was obtained in 82% crude

“yield, 182mg. After purification by flash chromatography,

the title compound eluted with 2% MeOH in CH,Cl, and
115mg .(67%) was obtained.

Anal. (C,,H, N0, . 1/2H,0 Caled.: C. 65.56;"
H, 4.22; N, 10.99. o
Found: C, 65.89; H,é.os: N, 10.66. IHNMR
(CDC1,-Me0D, )

(q. 2), 7.7 (s.l), 7.7-8.4 {m,3), 8.6 {s,1).
Mass spectrum m/e 374(MH )

_ EXAMPLE 25

‘?reparation of 52052 10~Formylcamptothecin

A flame dried flask was charged with the
trifluromethylsulfonate of 10-hydroxycam9tothec1n.
prepared as described in Ezample 22, (100 mg, 0.22 mmol),
freshly distilled tetrahydrefuran (THF) (10 mL) and
tetrakis triphenylphosphine palladium (10 mg, 9 mmol).
Carbon monozide (CO) wge bubbled inte the reaction for 3
min, and then the reaction mixture was stoppered with a CO

balloon and immersed in an oil bath at 50°. While -

stirring and using a syringe pump, a solution of Bu, SnH:
{(0.73 mL) in dry THF (3 mL) was added dropwise over a 4 hr
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period. After this time, the solvent was removed in

-vacue, and .the residue was purified by flash

101

15

20

25

.Anal.: (Czl, HIG‘ NZO

chromatography (1-2% CHEOh CH2 2) followed by

final purificatien using a Chromatotron (Harrison
Research, Palo Alto, California). The title compound was
eluted with 2% MeOH in CH,Cl,. 20 mg {24%).

5'1~173 20) ;alcd.:

C., 61.84; H, 4.69; N, 6.85,.

Found C, 61.83; H, 4.53; N, 6.37.

H NMR (CDCl )

S, 2), 5.4 (a, 2), 1.7 (4, 1), 7.8-8.2 (m, 3), 8.5 (s, 1),
9.9 (s, 1), Mass spectrum m/e 377 (MH*)

EXAMPLE 26

Preparation of (zosl_10~Am1nomethzlcamptothec1n
Acetate salt

‘A solution of l0~cyanocamptothecin, prepared as
described in Example 24, (160 mg, 6.4 mmol) in glacial
acetic acid (45 mlL) was treated with activated raney
nickel and hfdrogenated at 10 psi (1785.8 grams/om) for 7

hrs. The catalyst was removed by filtration through

supercel and the filtrate was concentrated in vacuo. The
s0lid residue was purified by medium pressure
chromatography on reversed phase column by eluting the
product with 10% MeOH in water. After freeze-drying. 25
mg (15%) of the hygrescopic title compound was obtained.

- Anal.: (Czs 23 306 6 H20). Caled.; C,

30

35

50.63; HI‘ 6 46: NI 7-73- .
Found: €, 50.11; H, 6.57; N, 7.84.
l .

5.2 {s, 2). 5.4 (s, 2}, 7.5 (s, 1), 7.7-8.1 (m, 3), 8.6
(S. 1)-' ’
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EXAMPLE 27
Preparation of (208) 10-Amlnomethylcamptothecln
acetate galt
A solution of l0-cyanocamptothecin, prepared as
described in Example 24, (160 mg, 0.42 'mmol) in glacial
acetic acid (45 mL) was treated with activated Raney

hrs. The catalyst was filtered through supercel (95%
SiOz), concentrated in vaguo and purified on a reversed
phase column. The product eluted in 10% MeOH Hzo
(containing 0.023% acetic acid). After pooling the -
fractions, concentrating te a small volume and

‘lyophilizing., the title compound was obtained, 26 mg (14%).

Anal.: (C H WO
Hl 6446: Nl 7.73- .
Found: €, 50.11; H, 6.57; N, 7.64.
1 . >

5.2(s.,2), 5.5(s,2), 7.5(s,1), 8.0(m,3), B.G(Sll).

EXAMPLE 28

Preparation of (208) $-Morpholinomethylcamptothecin

A 1 mmel solution of the trifluoromsthylsulfonate
of 10-hydroxy-9-morpholinomethylceamptothecin, prepared as
described in Example 23, in dry DMF (25mL) was treated
with triethylamine (0.4 mL), P4 (acetic acid), (8 mg,
0.04 mmol), § (20 mg, 0,08 mmeol) and 99% formic acid
(0.08 b, 2tmol). The reaction was heated under argon at
60° for & hrs, concentrated in vacuo and treated with
water. Both the desired title compound and the major
by-product, $-methylcamptothecin, pzeclp;tated out (300
mg) and were collected by filtration silica gel £lash .
chromatography purification. S-imethyl camptothecln wasg
isolated by elution in 1% MeOH in CH Cl (45 mg.

13%). Elution with 2% MeOH in CH cl2 qave the title
com@ound (93 mg, 20%). :

3
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Angl.: (CZSHZSNBOS

65.78;, H, 5.74; N, 9.20.

Found: €, 65.87; H, 5.96; N. 9.00.

Mass spectrum m/e 443 ™)

{m,4), 3.7 (m,4), 4.0 (s5,2), 5.3 (3,2), 5.6 (¢,2), 7.5

(d,1), 7.6 (s.1), 7.7(d,1). 8.2 (4,1}, 9.0 (s,1).
EXAMPLE 29

Preparation of (208) .

10-Hzgggger:gyandmethylcamptothecin _

A mixture of 9-trimethylammoniummethyl-10-
hydroxycamptothecin methanesulfonate galt, prepared as
described in Example 8, (0.42g, 0.8 mmol) in 95% EtOH (35
ml) and sodium cyanide (1.26g, 25 mmol) was refluxed underx
argon for 3 hrs. Solvent was removed in vaguo, water was
added (20 mL) and the pH adjusted to 1.5 with 3N HCl. The
precipitated crude solid was collected and dried.
Purification was accomplished by flash silica gel column
chromatography. The product was eluted with 4% and 5%
MeOH in CH,Cl, which gave 110 mg (33%) of the title
compound. ' :

Anal. (¢ H NO

60.75: H, 4.58; N, 9.66,

Found: C, 60.63; H, 4.64; N, 9.60,
1 0.9 (t,3), 1.8 (m,2), 4.2

(s.2), 5.2 (s,2), 5.3 (g,2)., 7.5 (d,1), 7.6 (5.1}, 7.9
(4,1), 8.4 (s5.1). :
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EXAMPLE 30

Preparation of (208)

10-Hydréxy~9—amiqgggtgylcamptothecin Acetate Salt

A solution of 60 mg (0.15 mm) of
10-hydroxy~-9—-cyanomethylcamptothecin, prepared as
described in Example 29, in glacial acetic acid (30 mL)
was treated with approximately 1 gm (wet weight) of
activated Raney
(1785.8 grams/cm) for € hrs. 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
chromatography by eluting the product with 10% MeQH in
vater (containing 0.02% glacial acetic acid). The

appropriate fractions were collected, concentrated to a

small volume and freeze-dried overnight yielding 23 mg
(33%) of the title compound,

Anal.: C H N0

H, 6.90; N 6.38.

Found: ., 43.82; H, 6.89; N, 5.7%.
1 : '

5.003,2), 5.1i(s,2), 5.4(s,2), 7.2(s,1), 7.5(g,2), 8.4(s,1).

III. Pharmaceutical Comgosition Examples

EXAMPLF, A

Farenteral Composition : -

To prepare a parenteral pharmaceutical compeosition
of this invention suitable for adm1n1strat1on by injection,
100 mg of a water soluble salt of a compound of Formula
(I) is mixed with 10 ml of 0.39% sterile saline, and the

mixture is jinceorporated into a dosage unit form suitable
for administration by injection,

———
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EXAMPLE B

Oral Composition '

To prepare an oral'pharméceutical composition of
this invention, 100 mg of a compound of Formula (I) is
mixed with 750 mg of lactose, and the mixture is
incorporated into an oral dosage unit form, such as a hard
gelatin capsule, which is suitable for-oral administration.
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CLAIMS

What is claimed is:

1. A compound of the formula:

whersin: . . -
" X.is bydroxy; hydrogen; cyano; ~CH NHZF or

formyl;
R is hydrogen when X is cyano; CHZNH2 or
formyl; or R is -CHO or -CH R when X 13 hydrogen or
hydzoxy: . |

®! is -0-R%; -8-R?%; -N-R3(®%); or
—N* R (R?)(R ). prov1ded that when Rl is
—w*-R*(R?)(®*) the compound is associated vith a
vharmaceutically acceptable anion;: '

3R2,R; and rt aré the same or different and
are selected from H; C, . alkyl; C, . hydroxyalkyl:
Ci 6 dialkylamino; Cig dialkylamino—cz_s'alkyl;
Ci-g allcylamim:--(.':z__6 alkyl; C, ¢ aminoalkyl or a 3-7
member unsubstituted or substituted carbocyclic ring; and

when R* is-—N—Rz(Ra), the B% and R3
groups may be combined together with the nitrogen atom to
which they are bonded to form a substituted ox
unsubstituted heteroecyclic :ing_vhich may contain
additional heteroatoms:
or a pharmaceutically acceptable salt, hydrate or solvate
thereof. .
' 2. The compound of Claim 1 wherein X jis hydroxy
and R is aimethylaminomethyl, Nemorpholinomethyl,
N-methylpiperazinylmethyl,
(4 -plper1d1ne)N—pxperzdlnylmethyl
{2’ -hydroxyethyl)amlnomethyl, tr1methy1ammon1ummethy1,
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1 cyclohexylamznomethyl N‘methylan111nomethY1
ethoxymethyl, cyclopropylaminomethyl, W, N"‘3‘1““"‘13)-"-Y19*""”“0"
ethyloxymethyl, ¥, N;dlmethylamlnoetnylthlomethyl
N, N-dlmethylamxnoethylamlnomethyl -gyanomethyl, amlnoethyl
5 or formyl; or wherein R is hydrogen and X is cyano, formyl
or amlnomethyl, or wherein X is hydroqen and R is
dlmethylamlnomethyl ‘or N—morphollnomethyl
3. The compound of Claim 1 which is the S~isomer.
. 4. The compound of Claim 1 which is the racemic
10 mixture. :
5. The compound of Claim-3 wherein X is hydroxy
and R is dimethylaminomethyl. : - "
6. The compound of Claim 5 which is the acetate
salt. ' ' '
s '7. The compound of Claim 5 which is the
monohydrochloride, dihydrochloride or sodium salt.

" 8. A pharmaceutical composition comprising an
effective tumor cell ¢growth-inhibiting amount of an active
ingredient and an inert pharmaceutically acceptable carrier
or diluent, vwherein said composition is useful for
inhibiting the growth of animal tumor cells sensitive to

‘the active ‘ingredient, and wherein the active ingredient
is a compound'of the formula! '

20

25

30

wherein:
X 1g hydroxy; hydrogen; cyano; -CH,NH,: or
- formyl; '
3? ' Ris hydrogen when x is cyano,'CHz 5 OF

formyls; oF R is —CHO or -CH2R when X is hydrogen or
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hydroxy;
R} is ~0-r?: -S-R%; —-R° (R ); or
wt-r? (23 (Y, provided that when r! is
| N* RZ(R?)(R ) the compound is associated with a
pharmaceutically acceptable anion:
R.,R3 and R are the same or different and

are selected from H: C, . alkyl; C2 6 hydroxyalkyl;

¢ dialkylamino:’ Cy ¢ dlalkylammo-c2 6 alkyl:
ci 6 alkylammo--c2 6 alkyl; C, ¢ aminoalkyl or a 3-7.
member unsubstituted or substituted carbocyclxc rxng, ‘and

- when Rl ig -N-R (RS), the R and R?

groups may be combined together with the nltrogen atom Lo -
which they are bonded to form a substituted or
unsubstituted'heterocyclic ring which may contain
additional hetercatoms; :
or a pharmaceutically acceptable salt hydrate or solvate
thereof .

9. The composition of Claim 8 wherein X is
hydroxy and R is dimethylamincmethyl, N—morphol1nomethy1
N-methylpiperazinylmethyl, .
{4'-piperidine)N-piperidinylmethyl.
(2'~hydroxyethyl)aminomethyl, trimethylammoniummethyl,
cyclohexylaminomethyl, N-methylanilinomethyl,

~ ethoxymethyl, cycloprapylaminomethyl, N, N-dimethylamino-
- ethylexymethyl, N,N-dimethylaminoethylthiomethyl,

N,N-dimethylaminoethylaminomethyl. cyanomethyl. aminoethyl
or formyi; or wherein R is hydrogen and X is cyano, formyl
or aminomethyl: or wherein X is hydrogen and R is
dimethylaminomethyl or N-morpholinomethyl.

10. The composition of Claim 8 which is the
S-isomer. ' ' '

. 11. The compos1tion of Cla;m 8 which ig the
:acem:.c mlxtur e.

12. The composition of Claim 10 wherein y 4 1s
hydroxy and R is dlmethylamlnomethyl -

13. The composition ot Claim 12 which is the

. 5 This Sheet Has Been Rep

(R Iwa i




10

15

20

23

30

as

* [ L Ll s *

Sl -

acetate salt. .

14. The composition of Claim 12 which is the
monchydrochloride, dibydrochloride or sodium salt.

15. The compesition of Claim 8 which is in oral
dosage form. _

16. The composition of Claim 8 which is in

. parenteral dosage form.

17. A compound for use as a medxcament where1n

' sueh compound has the formula:

wherein:

X is hydroxy; hydrogen; cyano; -CH,NH,: or
formyl; . . . -
R is hydrogen when ¥ is dyano;'CHzNHz or
farmyl; or R igs -CHQO or -CH Rl when ¥ is hydrogen or
hydroxy.

Rl is —o—az; -S-Rz; -NeRz(R3): or

(R }(R ). provided that when R is
+_p? (R )(R ) the compound is associated with a
pharmaceutlcally acceptable anion;

®%,R° and RY are the same or different and
are selected from H; C, . alkyl; C, . hydroxyalkyl:
Ci ¢ dialkylamino; C, . dialkylamino-C, . alkyl;
C,.g dlkylamino-C, . alkyl; C, amincalkyl or a 3-7
member unsubstituted or substituted carboeyclic ring; and

vhen &1 is —N—Rz(Rg). the R% and &%
groups may be corbined together with the nitrogen atom to

“which they are bonded to form a substituted or

unsubstituted heterocyclic ring which may contain

I
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additional heteroatoms, ’
or a pharmaceutically acceptable salt, hydrate or solvate
thereof .

18. A compound for use in a method of inhibiting
the growth of animal tumox cells sensitive to such

- compound wherein such compound is of the formula:

wherein: _ . :

X is hydroxy: hydrogen; cyano: 'CHZNHZ; or
formyl: _

R 'is hydrogen when X is cyano; CHZHBZ oT
formyl; or R is ~CHO or -CH2R1 when X is hydrogeh or
hydroxy;, .

RY is —0-R?; -s-R%; -N-R%(R%); ot
*t-r%(&%)(r%), provided that when R} is
-N*ra?(k3)(nﬁ) the compound is associated with a
pharmaceut1ca11y acceptable anion;

.R? and R* are the same or different and
are selected from H; Cl_ alkyl: Csg hydroxyalkyl,
Ci-6 dialkylamino; Ciug d1a1ky1amino—c2 é alkyl;
Cy.¢ 3lkylamine-C, . alkyl; C, . aminoalkyl or 2 3~7
member unsubstituted or substituted garbocyclic ring: and

when R} is *N;R?(Ra), the 2 and R° '

groups may be combined together with the nitregen atom to
which they are bonded to form a substituted or
unsubstituted heterocyclic ring which may contain
additional hetercatoms: ‘

*

-Or a pharmaceut:cally acceptable salt, hydrate oxr solvate

thereof

'__,..-——"—’_’_— —

ISR
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wherein such method comprises administering tc an animal

afflicted with said tumor cells, an effective, tumor cell
growth inhibiting amount of such compound.’

19. The use of Claim 1B wherein X is hyﬂroxy and
R is dimethylamlnamethyl .N~-morpholinomethyl,

N-methylpiperazinylmethyl.

{&' —plperldlne)N;pxper1d1nylmethy1
(2 —hydroxyethyl)aminomethyl tr;methylammonzummethyl,
cyclohexylaminomethyl, N-methylanilinométhyl,
ethoxymethyl, cyclopropylaminomethyl, N, N—dlmethylamlno-
ethyloxymethyl N, Nvdlmethylam;noethylthlomethyl
N.N-dimethylaminoethyl ammomethyl , cyanomethyl, aminoethyl
or formyl; or wherein R is hY&rogen and X is cyano, formyl
or "aminomethyl: or wherein X is hydrogen and R 1s
dimethylaminomethyl or N~-morpholinomethyl,
20. The use of Claim 18 which is the S—isomer.
21. The yse of Claim 18 which is the racemic
mixture. ' '
22. The use of Claim 20 wherein X is hydroxy and

R is dimethylaminomethyl. )

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

“galt.

2¢. The use of Claim 22 which. is the .
monohydrochloride, dihydrochloride or sodium salt.

25. The use of Claim 18 wherein the compound is
administered orally

26. ' The use of Claim 18 whereln the compound is
admlnlstered parenterally
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27. The use of a compound in the manufacture of
a medicament having tumor cell growth inhibiting ac¢tivity.
wherein the compound is of the gormula:

wherein:
X is hydroxy:@ hydroden; cyano; -CH NH,; ox
formyl; ..
R is hydrogen when X is Tyanoc; CH ,NH, or
formyl; or R’'is -CHD or -CHZR when % is hydrogen ot
hydroxy, _
Rl is —O-Rz: —S~R2: —N-Rz(RS): or
vN*—Rz(R3)(R4), provided that when Rl is
N+—Rz(33)(34) the compound is associated -with a
pharmaceutically acceptable anion:
_ ®2,8° and ®* are the same or different and
are selected from K; cl-s alkyl; €, . hydroxyalkyl:
Ci-g dialkylamino; C dialkylamino—cz'6 alkyl:
Cig alkylamino-C, . alkyl, Co g aminoalkyl or a 3-7
member unsubstztuted or substltuted carbocyclic ring; " and
when R is —N—R (R.), the R2 and R3
groups may be combined together with the nitrogen atom to
which they are bonded to form a substituted or
unsubstituted heterocyelic ring which may contaln
additional hetercatoms;

or a pharmaceutlcally acceptable salt hydrate or solvate
thereof. '
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A compound of the formula -

CF.S0,-0 .

3

2

- Formula (II)
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