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V\ATER'SO;UBL-E Description This invention relates to

wat er ‘sol ubl e cama, a pharnmaceutical conpositio Il dgs# NQ
a tunor-cell growt DT eér@kﬂg%ﬁunt of such an anal og, and a #@%ﬁrj}éﬁ

i nhibiting the gromn "]HH |l's sensitive to such an analog in an

ani rak_ i it need the ure of the DNA helix wthin eukaryotic
-cells |nposes certain topologlcal probleﬁ&“that the cellul ar appa- ratus
nmust solve in order to use |t&ﬂPI"IF‘TI(‘ material as a tenplate. The ‘
separation of the DNA strands RERUAGED SHEEJFScel | 8Gar pfocesses such as
DNA replication and transcr|pE{@nmn&mmnepawhaﬂyoknﬁgabwo15 organi zed into
chromat i %Mby chronpsonal pr ot Whaidily engsgear. B conpksaimed| and the strands .
cannot u nd without the ai dmﬂ)rmg@)espamt al foagtPpol opy. It has Iong

been recogni zed that the advgrgemeiict of . bggdyggngﬁﬁgaflgnupr-replication
conpl ex along the DNA helix v | - poi nt which

Mld’ e h%“d prated by a swivp
- =brocesses.

woul d relieve the torsional s

_Topoi sonerases are enzynes that are capable of altering DNA topology in
eukaryotic cells. They arWARERtSQLUBLEr CAMFTOTHECIN ANALOGS

10

BACKGROUND OF THE INVENTION

This invention relates to water soluble
camptothecin analogs, a pharmaceutlcal composition
15 comprising a tumef cell growth 1nh1b1ting amount of such
an analoeg, 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
20 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
zé organized into chromatin by chromosomal proteins, the ends
are constrained and the strands cannot unvind 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
4o facilitated by a 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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portant cellular functions and cell proliferatiodl lﬁﬁ%ﬁ$&£MQq&&ﬁsses of

t opoi somerases in eukaryotic cells type | and type Is a
nononeri c enzyme of approxi mately 1Q0, 000 nol ecul ar m ﬂw
binds to DNA and introduces a trans&ent single- stra ds the
~doubl e helix (or allows it to unwind), and subsequent |y reseals t he ?reak
bef orejdi ssoci ati ng. {1 th str SQ co SIStS of two
identi%al subunits 3$9§§135§|gyéwgﬁgﬁ§%f7Ggp&SPJEEQﬁﬁi ‘
transi ent lgubaepasibotklisr atypeol thd mype<land ﬂ&@&aSGmandzﬂ I_1s I b
doubl e-str h | -insol ubl e,
Cytot oxi c Gl TeronaE b ea o ArarERins YU, JU I iR o0 o
Chi na and %1ﬂh‘pody‘ﬂfb§ poayméa bindss tion PNje ands imtnodices cmrmmmenn and
a few 6l osgiﬁgﬂaeeemahs& 8k ABWiRAOTHG QA P AP IHY to

i nhi bit topol Sonera tion top0|sonerase i's the najor targef

of i nportak¥ EBnﬂ%PéPQI)-oﬁ@@l pubseentd N £epeala JfvsikreakideEo¥abi cin
and m t oxadi§9p@iagingClerons tHl PNAORRYadd © agents still -undergoing

devel oprrent . Canptothec;goggyiéésigﬂggnszsts 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 -
indigencus te China and Nothapodytes foetida trees
15 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,

10

20

25

30

35



RS

congeners) have no effect on topoisonmerase Il and none of—the knowh—————
t opoi sonerase |1 inhibitors has any significant effect onpt.o Qé rase Id
J. Med. Chem 23, 5. 1980. pp 554-560: EP-A-0 074 256: and ihbsimbh o
-di scl ose canpt ot heci n anal ogues desgy i bed as having antitu : i Ve
Canptot hecin and its known topoi sonerase | inhibiting cong

.proven 1o be attractive for clinical drug devel opnent as cytolytic agents
because of |ack of clinical dJose-limting toxicity, -

~unpredi ctabl e toxicity, poor JtaBy 12 Y ¥/ or unaccept abl e shel f
life stability. Therefore. there is a need for’ top0|sonerase I inhibiting
agents which avoid the,undesirabl e feat s, of §%§ |ts known
rel ated topoi soneras thlﬁﬂyﬁPgFﬁB Eﬁﬁ@gﬁg 8 ¥ gn@é hIS

i nventi &n fgdfmblasuch need. SUMVARY OF THE® | NVENTI ON Th|s |nvent|on
relates to a conpound of the formulga Formula (1)

10

Formula (I)

15
wherein: . .
¥ is hydroxy; hydregen; cyano; —Cﬂzmﬂzﬁ or
formyl; _ . ' '
, R is hydrogen when 2 is cyano; CH,NH, or
20 formyl; or R is —CHO or -CH,, rY when X is ‘hydregen or
hydroxy; _
- r! is -0-8?; —S—R Nhnz(R?); or
-N*—RZ(R )(Rﬁ), provided that when rR! 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 -N-R? (R ), the R? and R° )
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
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wherein: X i §his eidgeh cyano -CH err]NH err] or fornmyl. Ris
hydrogen when err]NH err] or fornyl: or Ris -CHO or

-CH err] R -whe n or hydroxy: Rlerr] is -ORerr]: -S-Rerr]
-NRerr](Rerr or -NRerr](Rerrf)(Rerr]). provided that when R err]
Is =N err]- New]ﬁ{ar”(meﬂ])thecmmmmdisa& sociated with a
pharnaceiyl ﬁ#li afceptable'anion: or Rlerr] is cyano or CH err]NH err]
when X i § hy 2 Rerr],Rerr].and Rerr] are the sanme or different
and are selected fronTH15C§nvehtabhyh156[eeﬂhthmdtmwwmdqmpouﬁdﬂdﬁ the

di al kyl am no %% ;é] alkyl Cerr] alkylamno-Clerr] alkyl: Cerr]

am noal kyl e cycl oal kyl : and mhen R[err] iIs -N-Rerr](Rerr]), the

Rlerr] and R[err] gr oups nﬁ§3 <) ith the nitrogen atomto
which thgy are

10 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

15 gaturated, 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,

20 (4'—piperidine)N-piperidinylmethyl;
(2'-hydroxyethyl)aminomethyl, trimethylammoniummethyl,
cyclohexylaminomethyl, N-methylanilinomethyl,
ethoxymethyl, cycloprepylaminomethyl, N,N-dimethylamino-
ethyloxymephyl, N, N-dimethylaminoethylthiomethyl.

25 N,N-dimethylaminoethylaminomethyl, cyanomethyl, amincethyl .
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

| 30 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
33 campositlan comprising an effective, tumor cell growth —
inhibiting amount of a compound of Formula (I) and an



bonded to forma substituted or. unsubstit uted het er ocy ClHisCShédt Hg: HeénRepied

_ .that such heterocyclic ring is selected from norpholino, E"“B‘M‘lg‘ﬂl‘:
N net hyl pi perazi nyl; or (4'-+piperidino)Npiperidinyl;: or ally
acceptabl e salt, hydrate or sol+ate thereof. This inventi es to-
a;conpound_of the formula [err] Fornula “(11) The conpound of Formula (I1)
For mh o LRETFhBRaIEACRIS CAISTL ARORREADAS SaRRIeRST M Ldent ! CoPounes ¢
di met hyl am nomet hyhi gNifiventiee! i@ datlatdy e hy Iminss@zopy! met hyl
U1 aront SFHPRHLIE. FBe GERHEIORe FFRR CoLTR ARGV hRe Ryl
et hoxy ek Bitboukiac lo¥p Futthdd (Tjesdhiilch Nohpriises hadmin ieeehihgx et hyl
e SR Bl oot P BEECARTL R, L
al so i nckedd s, hosn eifanride Wemgm odidn drawth~inhibiting amount
of such compound. S - |
. It is recodnized that due to the asymmetric.
carbon atom in the E ring of the compounds of Formula {(I)
1¢ (i.e., tarbon atom number 20), optical isomers will
exist. The S-isomer is the prefexred isomer, however the
R-isomet and racemic mixture (racemate) are also included
within the scope of the compounds of Formula (I).
Fharmaceutically acceptéble'salts and their
i3 prepatation 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
20 godium, 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
25 of Formula (I) where R' is -8"-r%(r%)(x%)
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
. 30 with water, or form solvated species when concentrated in
a solution with an appropriate organic solvent.

DETAILED DESCRIPTION OF THE INVENTION

33 ~ The compound qf’?orﬁula (II) may be prepared
according to the procedure outlined in Example 22.



hydrogen, X is cyano fornyl or am nomethyl. Additional refETred -cofpotnds—
of Formula (1) are those wherein X is hydrogen and Ris d| onethl

or N-norpholinonethyl. Especially preferred are the conpoun ' amd
(1) wherein R is dinethylamnonethyl, particularly the S-is ﬂ

thereof. This invention also relates to a pharnmaceutical co

conprd sing an effective tunor cell gr@wth - inhibiting amount of a conpound
of Formula (1) and an inert pharnmaceutically acceptable carrier or diluent.
Thi's invention also relates to use of a conpound_of fofnula

manuf act &re of a nedi Taaceompowndscof nFpamndat {Ad €AR §Ro gé&Q&L§F°@ells
sensitive to g %g&pggggaﬁﬁtﬁghgyiﬁ il al hﬁlbacgggh@g@nthat due to the

asynmetric carb ring of t npqund f r
car bon atonw@@h@@ﬁSQD}QnoﬁfléﬁrhY§§ﬁ§V§aWPFPt §F§§£i§l$¥&?
preferred i s h?emxey bbesBebnaaRy %Mnreaqmlmmtwat(msﬁ@ieésare

al so |nclude n the sc f _the ¢conpauynds of Formul a
Pharnaceétlcéllytaécéﬁmﬁﬁpﬁg§a s Paxaulge L 3 (ih? ind WBaRe:

t hose of skikl 35Nk hg @h, B gr,r@d_- Qb&m\ylnm@mlcalgy— ple salts of
comounds ‘of £3°ga"a (18 108 AU S T, S B 2061,

10—hydroxycamptothecin can be formylated (Duff reaction)
to give 9—formy1~10—hy&:oxycamptothecin which can then

10 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

15 % are the same and are H. Compounds of Formula (I)

' where R} is -NT RZ(RB)(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

20 reaction is disclosed by Magarian et al., J. Pharm. Sci.,

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-

25 nydroxycamptothecin 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 alechol 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
35 compound of Formula (II) by palladium-catalyzed '
cabonylation. Palladiuﬁ—Catalyzed Carbonylatioh of aryl

30



as nono- and ﬂiiséhdeﬁbcﬂtbxﬂ(épﬂazd as well as alkali netal salts of conpounds

“of Fornul a (I),, m wherein the E-ring | actone has been
subjected to bé !l’l[lm ul nmgm Pharmaceutical 'y acceptabl e ani ons of
quat enary sal t to thode of skill in the art. Preferred
phar- maceutical |y acceptable salts of conpounds of Fornula (1) where

Rierr]l i striff¢atesRier diEdlosedd Oy @adchi red wik. peréershedibonate and
known 1o LRELEEE &L HsYh4 é'ﬁé'r QT RERRLR L E oLt ol B o' |
speci es wgkern.y@pd. i 2409 W23 M98 7 JoraridrChspanat etl sheci s Oren
R A arTe L DA A A S A R e
accord ng to the pﬂmaacajras:mm imeren ir o | the 2praparsvipounds of For mul a
(C:)z]dgﬁ? gg:ﬁﬂ{gﬂo@{ qj]y r%%i(%cr’r(rp thec@;o\tmi?%?%y?rg?gaﬁ?ggtg%g&gpg| mary or
secondaryaarﬁi#‘ém(%rﬂﬁwﬂﬁéa‘&%)uglm% same plant as camptothecin
[(See, Wani et al., J. Org. Chem., 34, 1364 (1969)].
10—-methoxycamptothecin has alzo been isolated from the
10 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
15 Honsha K.K., Jspanese 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,
20 o.g., Hutchinson, Tetrashedron, 37, 1047 (1981), and
suffness and Coldel, “The Alkaloids. Chemistry and
Pharmacology", Brossi, A., ed., Vol. 25, Academic Press,
Orlando 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).

25

Utility of Comppunds of Formula (I)

30
ar Cytotoxicity

‘The acetate salt of the compound of Formula
(I} wherem R is dmethylammome’chyl (5 isomar)
(here:.nafte_r referred to ae "Compound No. 18") _
35 demonstrated potent antiproliferative activity in a
variety of cultured cell lines (Table 1). In a series of



t he conmpounds of . Formula (1) except the conpound where

cyano: or fornyl

eplaced
and Rlerr] is -NRerr](Rerr]) and R[er ﬁﬁ
the.sane and are H. Al ternatively 10-hydroxycanpt ot hecin

(Duff reaction)

cyan

to give 9-fornyl-I€ hydroxycanpt ot heci-n which can then

undef go condensation with am nes followed em cal _red W th sodlum
DD b s Ored TSR | €0 Te EERoE. ¢old ol R i

1$f§rrf?

%Toducts

anal ogo %1U£§rﬁﬁft@eébﬂ§ﬂsﬂzﬂttf§ Megneghotertei etencyellmurtﬁe compound

of For a (1) Wwherein F%grr
are thehi%ﬁﬁzﬁﬁPQﬁ%‘ﬁ

ﬁﬁgst%f€$6 ﬁ%& £§L rgeg%err ?”d Rierr]

‘E%erﬂ;#ﬂﬁﬁﬁiﬁéﬁ ré?ﬁééﬁ@fé%ioﬁ“ﬂaﬁ@&ﬂrfgmﬁ[Brl? &nﬂdm[e;rL areInOEI? are
obt apne reatren e correspondin ounds a in
mhlch ?;%? he F“ﬂﬁfé?r}?&$e??]? RAFHEEHrs|a9§§HB S°5g§%: gywhnnlch

reacti onz-igayli
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Three rodent tumor cell 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. 1§ 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, Bl6 apd L1210 are both guite
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% CO, 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

tﬂecdob!rNhnaehaOeelsabereJalEbwedltScproIﬂfeEEﬂe(1967)

The Euff gafélonvéiugls%hgagg Q¥°Ru§f et 9% ng}mlChe”‘ Soc., 547 .(1941).



Compounds of Fornul a (I)'mhefe Rlerr] is O~R[err] or SR err] can be
“prepared from 9-di net hyl am nonet hyl - £0- hydr oxyc- anptothecin or its salt by
heati'ng with the appropriate ‘al cohol 'or thiol in an inert solvent such as

di met hy! fﬁi%@ﬁd%l%e%& ﬁ%it%@gaﬁ‘izfz%%egsﬁgeucieﬁmi BRIBY £2bnS ONg

acid, suc drochloric & derivatives can also be
formed di PEOLRESTALIRE Wamidetomaned F okl ctal eohbt sRCHRAGE] s

included if &R %?g@ﬁdg]dﬁ)@rﬁ iﬁ&l@héésm 1$F|§nﬁﬂsgggr?rft2e an}ne .
conponent is in the for rong acid, s e co unds” of Fornul a
(1) wher eCPREERFR r?{ggéh)wﬁﬁwﬁk#efwr% HBﬁe?%E?rnggaBéoﬁrepared from
the cdin pound of Fornula (I'1) by palladiumcatal yzed cabonyl ati on.

Pal | adi um cat al yzed carbonyl ation of aryl triflates.-is dis- closed by
Cacchi et al., Tetrahedraon Letters, 27, 3931, 5541. (1986): Petrakis et

al.. J. Aner. Chem Soc., 109. 2831 (1987) and Chatani—etal——J. Og.
Chem, 51,4714(1986). The starting material for the, rﬁ?&hf&’stﬂe%keﬁ'\ced

* conpounds of Forrmula (I), i.e., 10-hydroxycanptothe
product found in the sanme plant as canptothecin [|See, m&ﬂlmm\ E :
Chem ,1®4, 1364 (1969)]. 10-nethoxyca- nptothe0|n ha Iated
fronlthe sane plant as canptothecin and can be c nverted to 10- hydr oxycanp-

i5

20

25

30

35



tothecin by refluxing with hydrogen bromi de. Canptothécin itself can al so
- be converted to 10- hydroxycanptot hecin by reducti on of THidBheqpHas BdenrReplatedg
followed by oxidation with | éad tetragcetate [See, Yaku
Japanese Patent Application No. 9005188, filed June 30,15‘ i
10- hydr oxycanpt ot heci n" can al so be prepared by the neth ni et al.,
J. Med.l Chem, 23, 554 (1980). A | ar@ebdemler of nethods for the total
synt hesi s for canptothecin have been reported. See, e.g., Hutchinson,
Tetrahedron, 37, 1047 (-:1981), and Suffness and Col del, "The Al kal oi ds.
‘Chem i st r\Cwmit$hbe ey obdggbmpBundsNe .AlS ed. Tuvolr. C24 lsAdadelilt@ress,
Olando Florida, 73 (1985), for reviews. The nost practical route
(hereinafter referred to as.the Wani route) for produci ng .canptothecin
which i% racemc at_the carbon.on the 20:-position is described by Wani._ et
al., J Med Chem, 23, 554 (1980).- Utility of Conpounds of Formula (1) a:
Cytotoxicity The acetate salt of the conpound of Formula (1) wherein Ris
di net hyl ani nonet I§RLY &iner) (hereinafter refersrE@spaldd/Médnpound No.
1S") denonstrated potent antiproliferative actpviggy in acyaeh sy

cultured cell lines (Table 1). In .
( ) Exposure Exposure

10
Human Colon Tumer Cell Lines .
SW—~620 0.12 0.00es
- SKCO-1 | 0.23 0.0039
15 SW~948 0.26 0.016
 DLD-1 o 0.44  0.015
LOVO .58 0.0097
HT-29 0.58 0,016
CACO~2 - 1.7 0.075
20 WIDR _ - 2.1 0.025
Redent Tumor Cell Lines , . : .
11210 Leukemia | 1.4 . n.d.
X12/Tr Colon Carcinoma 3.9 0.084
25 Blé Melanoma ' : n.t.x 0.62
Rodent "Normal" Cell Lines - _
NRRS2E (rat kidney 1.2 . 0.052
_ epithelium) '
30 IEC-6 (rat intestinal | 3.9 0.017
' epithelium)

*n.t. = not tested
35 '



a series of eight cultured human col on tunor cell |ines, Conpound No.1lS was
. quite consistent in its cytotoxic potency For a brief exposure (2 hours) to
the drug. the 50 percent inhirbitory concentration ranged fromo0.12 - 2.1 If
the drug was left in the culture nediumfor the full 7-day period over
which cells were allowed to proliferéke the 1Jerr] values ranged from3.9 .
- 75 ng/m . Three rodent tunor cell lines and two "normal " rodent cel

li nesiwere al so evil vatietyoet sBasimulei {§)t coupepndadvrse esalpated 2/ Tr

rat colo r§§€5%§ﬁ§ &h o K andy, ti eRirRaldpl 1gel | 1ines
wer e evaﬁ%a ed In gegg%eggéfé??ngg?ygs?%ukghgaehgggfngluse qﬁ?%he human
col on tursuspensionpeulrenes{Izhdeec2) odeRPld sl WErRePEPOSHEd ar in

sensi ti viddnt nbiBai9agbonensbhiig IHURNmeAA LuiRiag g nps. CACO-2 and

W DR. _.The nouse tunp I nes, 2 eukem a and.B16 nel anoma, were_no
more SensPeFGRRE NeRAeCAEPBuNIARESE 1 EPFRRAtIRE AfmdT "Colidh & Ry cel | |

lines. | niﬁ@@batbbefBi%mh?BQWBcﬁahEebi perecetRdned Rawonsidlslabl y |ess

sensitive_than the.ather cell |ines,tested. abl 16 and 210 are both

Cuite sercbiivsbPEiBiibafliarsh TEain ohgy 28 TROTS,ARtSEr TEHE i n

t unor - beaghgerated Byeapeolong cosadetro (Biatrare e Newt Bmuigvigkof

Compound. 803 edp kfe' BS .Skl bbRCS N7)ShAY s ol ¥ ® el AP AbhYee

10 of more than 50 cells. The concentration which reduced

cloning efficiency by 50 percent (IC,,) was determined
by interpolation. Formula (I} compounds had IC., values
of 12 to €90 nM, i.e., ICsq values which were indicative
of oytotoxic activity. The related nmatural product,

15 1o-hydroxy- camptothecin, had an IC, 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

20 than l0-hydroxycamptothecin, had antitumor aétivity
against L1210 leukemia in vive which was equivalent or
superior to that of l0-hydroxycamptothecin. For example,
Compound No. 1§ was about 3-fold less potent than 10-
hydroxycamptotheein with vespect to cytotoxic petency

25 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.
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as follows: The cell lines are used and maintai ned as nonolayer Ttuttures in
M ni mal Essential Media (Gand Island Biol ogical Cﬂ!nsShe@%Qe&li gy N Y.)
suppl emented with 10% fetal calf seru ina 5%CJg |ncubator
at 37[err]C. Various concentrat.i ons a Formul a (I mmﬂ&mjﬂmﬂer sterile
conditibns were allowed to react for 2 hours followe tion of
medi um or were exposed continuously. Plates are incubated for 7 days at 37C
ina CJerr] incubator. Mediumwas aspirated and cells were fixed and
stained with ethanol and Geisma stain. The surviving cell popul ati on was
determ ned by 'scanning the plates with an i mage anal yzer. The percent
inhibition of proliferation was determned .relative to cells incubated in
the absénce of drug and the 50 percent inhibitory concentration (IC50) was
det erm ned py interpol ation.

Tabla 2

10 . I Activity of Farmula. (1} Campwunds Agalast L1210 Leukemia {g yitra ]
and {a viva {n Mlew Bearing {p=isplantad Tomares

15 Compaund ] . X ' 1o Yitrg dcrivity
18 Yaa antitusor Activity . )
Nusber . : ICsq . NYD 1% 4
{nig} {ng/ky) £4)
10~Mydroxycamptothecin -H hydroxy 18 g [7
15 -mzn(cnaiz ' hydroxy 55 15 y200
{agntate s21t)
20 ¥
23 ~LHa hydroty . - a2 ?$
1 H F(ca by hydrexy 180 2 s200
H 4, m:u cu oH ., _ hydroxy 2 I s
(7 -4:4z hydroxy Eoane 100 LE
65 - n: tncn hydreny . i 7% »209
L4 T -;Hz lo . hydrany Coen 242" 44
25 - T 10 hydroxy 130 25 131
9% -cnzu" hydraxy & &2 1
L ey cn
3
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0. 58

- 1%- 23

0. 016 DL.D-1
0.016 CACO 2

Li nes SW 620

SKCO- 1
0..26
0. 015
0. 58
0. 075

Table 1 Cytotoxicity of Conpound No. 1S to Tunmor Cells in Culture Cell
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'stain and, .24 ha | ater.. re enunerated by a colony counter (Biotran II.
New Brunsw cﬁ iﬁﬁiﬁﬁﬁﬁ%ﬂ eé.(\’j? Edi son, NJ) adjusted to identify col onies of -

nore than 50 ncent’r at i'“on’Ygui ch reduced cloning efficiency by
50 percent ( et.erm ned by

nterpolation. Formila-(l) conpounds

had 1 C[err] values of 12 to 690 nM i.e.. I(err] values which were
i ndi catlve of cyt ot @i ¢ Iactivia umbre CellatGrbwizh kst it , 10- hydr oxy- -

canpt ot hecin, had a f Cy, | cgﬁgwfaﬁéo ()
are pot.ent i nhi bi to&?@%ﬁ %feﬁ%]l%om gé%e"c?. 1 ndi a%*ggﬁ?fz%‘é{gﬁe

fol | owi ng €ect iimn wisteatard: tmmiar \dotdl ety \An ymice nbearingf Fornula (1)
" conpounds, .al Vg 3l 0SS ' 5 4r t ot heci n,
had anti tur%%’r'c a%‘%&%ﬁ ns 1@1?@#%‘%%%1?%@#%%@%}%hpi‘mggggpui val ent
or supe?i oMo tdsmpayind Moy dvSorarsh frepoirds Neor 48xb3H| RTOLBREEAND No. 1S

was about 3fedlid deisard YN uridialh e 1y Riya 2BP! 9LhoEbAettht haterpRAlr 1O
cytotoxic potency agal nst, L1210 | eukema,cells h‘n Vit ro, gut exhibited in
Vi vo tunmor T@IBECHISM PAFAMBL 1Y @W?W‘iﬁ%?c e¥8iSgenerafPy superior to

10-hydrony@ﬁ§dud3gﬂxl¢5m§bﬁﬁu§eﬂg;ois;ogsnanaramspLawéabLe t unmor nodel s.
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 dose) 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

290
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Table 2 Activity of formula (1) Conpounds Against L1210 Leykeil fuishe Bepfce
~and in vivo la'Mce [err] [err] Conmpound .

In Vitro Activity In Vivo Antitumor Activity Number ||II|I ||lIuJﬁJ

| err] . [err] [err HENM (ng/kg)

1% Hydr oxycanpt ot hoci n [err] hydr oxy

18- . 4, g

hydroxyl mode1s9 but. b1 miceq lﬂbsculaﬁ%d with tma&%oﬁi‘%%aé.fg?gussél}?)

(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 favorably with the most broadly effective of the
known antitumor drugs such as cyclophosphamide, cisplatin
and doxorubicin. | :

10 The results 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 tzeatment as i
described in more detail below. Camptothecin and
10-hydroxycamptothecin wera always administered ss
suspensions ip due to their insolubility in aqueous
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
malanoma/F10 subline, s¢ colon carcinema 51, and sc
Madison lung carcinoma. 10-Hydroxycamptothecin is quite
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42

150 -

hydr oxy

[err]

83 65

72 .

hydr oxy

- [err]

131 95

69 _
5
10
15
20
28
30
38

. @irculation.

[err]
75 35
42
250

hydr oxy 260
hydr oxy

[err]

[err]

200 45

- 42-71- 75 55
hydr oxy - 370

activ¢5an ip &%&a%@§e¢5tumor models but q§§r'ﬂ§6¥fﬁy
acrivity im#mor models im>42tich the tumop B6 implanted
at a site distany tofﬁﬁr%%%ﬁ of drug aéﬁ&?ﬁﬁﬁ%&#ion;.tggs‘
drug 4as, at bestllmirdmdl activity in sc—:.mplan%/ed solid
tumor models. This is likely not due to the poor
solubility of 10-hydroxycamptothecin since camptothecin is
equally insoluble but is quite active 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
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 bonding or internal salt formation.
10—Hydroxycamptothécin is highly active in ip colomn
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. :

100

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 P388 leukemia which display resistance to multiple
antitumor drugs as described below. As # major problem in
canger chemotherapy is smergence of resistant cell
populations which fail to respond to initlally effective
drug regimens as well as second-lineé treatment regimens,
the availability of d:ugs-to which resistant cells are not

. e
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[err] 8 theless, at the dose |evels tested these conpounds were acti ve.
- Based on its high degree of activity and potency in vivo (i:e., |ow

maxi mal ly tol erated dose) Conpound No. 1 S was evaluated in a nunber of
transpl anted nurine tunor nodels. Confound No. 1 S has a high degree of -
activity at its maximally tolerated dose in a variety of animal tunor

model s, 3 Nckpgdk o0y b8YERAINES sk 190 hiath et WNEigNA/E idiavetr SopECst ian yipee The
spectrum of "activity of Conpound No. 1 S is summarized in Table 3. A high
| evel of acPeRREIPMERE &£cC8NF&Te majority of tunor rmodels with only one of

the nodels, ip col onTeRy QICTANELEAE off demppUrad ie alifosin testelt |9€ reker act ory
Lo ol o parEmiind shi e B LS Ve D g s 110
5 detail in the following sectioms.
ip Tumor Models _
' The activity of Compound No. 18 administered ip

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

P2AB Leukemia: When given ip on Days 1 and 5 to
mice bearing ip P388 leukemia, Compound No. 1§ produced
>200 percent ILS with 4/6 long-term survivors (cures) at
its maximally tolerated dose of 15 mg/kg. Lower doses
were algo highly effective with increases. in lifespan of
125 and 92 percent. This high degree of activity was
confirmed in another experiment described later (see
Table 8) in which the maximally tolerated dose produced _
228 percent ILS8 with 2/6 long-term survivors. Thus, i
Coméound No. 18 had curative activity in mice bearing ip
P388 leukenia, .

L1210 Leukemia: When given ip on Days 1 and 5,
Compound No. 18 was reproducibly active in mice bearing ip
25 11210 leukemia. In the representative experiment shown in
Table S, there was 219 percent ILS with 2/6 cures at the
maximally tolerated dose of 1% mg/Rg. Good activity was
geen at two lower doses as well. Compound No. 1S was
evaluated on this schedule in eight additional dose
response studies. The percent ILS and long-term survivors
obtained at the maximally tolerated doses in these
experiments were: 44% (0/6), >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
survivors. : '
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refractory to the drug: i.e., in these nodels, nodest activity, i.e., >70
percent inhibition of tunor growth, was evident when m ce bearing

subcut aneous tunors were treated with Conpound No. 1 S. In the other sc
tunor nodels, high activity (greater-jhan 90 percent inhibition) was
exhi bited. Notably, Conpound No. 1S adm nistered ip denonstrated high

activity not only a QH¥R WBEEL | NDEUVRIEH W th
tunors |ntravenouslaiggaijgﬁLééggutaneo Curative activit
evi dent i nCoentcaind tNowrl e snarikedly rﬁj-lﬁﬁ%tl%dw W?%Fﬁﬁb@@lpsé%’dgﬂd
L1210 | euk ﬁE@E ég% | upee c@FGENpRBAULRE | eve
and spect rﬁ'm 0 % %o%%zgﬁél eﬂaﬂl%élv:ér;ﬁrl maéméu?m? gel S conpares
favorabl y Wi%2h percemst 1bS odlll Lo rPeEinyblnite HRr *HBWnSaRE; P nor drugs such

.as cycl bphgsy d&y@@d?lvgﬁspba@hnpgyg doxo| upi ghd. 1Fhe TRisl resafltt hese
transpl anted nmuti ne

Tabl o 4 ahi<sREHEREa: ke br EPGREd: FEROEIOENT LR aRRIFR S g, Pagreen do96' | "
i nhi bi ti-on wds¥@&asus bl Rglkge. prediegiansoupgreehtdILBnor growt h achi eved
1S "A'S6 shown i n TabieBeldBom3ZREE 558 Shel] "THeCEL S SAB IR MIE L
t hese tunomelardmawishat héghdyumakaptetiict sphldne eﬁnﬁbuﬁdsumwahp ]
10 which was selected by cloning., Compound-No. 18 produced
105 percent ILS at its maximally tolerated dose.of
15 mg/kg ygiven ip on Days 1, 5, ¢ and 13. Activity, as
indicated by increases in lifespan of >40 percent, was
evident at two lower doses as well.
15 M5076 Sarcoma: The M5076 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 adﬁinistered 5¢ 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, aé_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.
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tothecin and 1 O-hydroxycanptothecin. These results were achieved with ip
or iv admnistration of Conpound No. 1S on an intermttent schedule (i.e.,
every fourth or seventh day). In sone instances, the results were obtained
with an optimal treatment regimen in W%h Conpound -No. 1S was admi ni stered
.on a split-dose reginen (every 3 hours tinmes 4) on each day of treatnenft as

I's desgribed in nore detail bel ow )t ot.hecin =10 [L0% tot hecin’
wer e aﬁMays adninisEEl&ﬂ—Eéﬁgggﬁaﬁgggﬁs #ﬁﬁggéc?% 1#@F§y%ﬁ§§%§§?Fity in -

agueous veﬂiﬁh@y i*x(rais&ve}/iaﬁahhefthamlfabl end itfifar enitiatedeeaigipounds h?ve
a broad specirumof actiyity in_anim r é%gg? (o] - ity for
Corpound NBYRYE [odg i‘.de?fr‘#ni\én L 2 PR %ﬁ%ﬁ) Sr?@%gﬁgl%l ncl u |dn' :P?%&ﬁzlo

| eukeni a. tp Bé6regractoryetd a RASAmadlyeticdernatad Brse QkSPRPOYBI ewi s

| ung cqgcigona sc B16 nel anoma, sc B16 nel anoma/ F10 subline, sc col on
car ci noma 5% ARd sc Madi son | ung carci noma, 10-Hydroxycanptothecin is

quite acti iy Mumow Mededs ed tunmor nodels but as inferior activity in tumor

rodel s 10 WTCh, £ Sy c s 46l s 4 © 18 Hdiind grabedsiye of

sc-inpl ant 6F 401 it® Mids hRAring syRtenie IH&TJ;F%‘EJ-"&EA} oi?‘)’/ﬂéeﬁé‘r&s

sol ubi I'i ty of TewdsWARK WFePidecid sidae DRMPilidecei n Theeqoskey
'nsolUbj§ B pohsiVanesy dnd schefii&degdnddiB 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 curaes). In a third ,
experiment in this tumor model, Compound No. 18 produced
125 percent ILS with 1/6 cures at a maximally 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
23 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 tesulted in a -higher dégree 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 No. 18 in
mice bearing iv L1210 leukemia. The results are as
35 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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nodels. It is possible that the aromatic hydroxyl group of 1

- 0- hydroxycanptothecin is susceptible to first pass conjuga- tion and

biliary excretion and, thus, the conpound does not achieve a
. concentrations in the systemc circulgjion. Notably, Conpoun
‘al so has a 10-hydroxy group, is highly active in sc and iv t

dequat e
d No. 1S. which
unor nodel s.

This may bgmﬁ(»;?eﬁl% %@ Pesee @irdde toseé widetménts &t chholzposition .
. I

of Conpoun

‘ch may inhibit netabolism of e 10: hydroxyl_group by
steric hi ndedtigtaly PRgeryHoh ARG &r 408 FIRFERY) %‘Lgoﬁ"hgpi éﬂ" clirek;
10- Hyd.ro?(ycz'ﬂ‘r%ééibékﬁéx&ﬁgi %ghi%mdugcﬂwewﬂé Posobaps car endoga 229hi ch is
i nsensitive to Conpoun : and m ni nA sensiti 0.ca cin
However , trﬂ??ﬁﬁﬁﬁtﬁﬁﬁrw?ghr%E%aE?B??‘t%1§@¥ﬁyﬁ?%?é%éﬁﬁ%o?ﬁegﬁﬁﬂihen
inplantéd:%hgﬁﬁ%ﬁas,nmdsspeﬁc@ﬁttIMStana01fbnpeuuanoILB$121this setting.
e

In addition to t

No. 15 as RRETRBEBASE n YebrLe s nPRE AR Binn HPcs SEERYERY & SHETCla
full gg;i}qgmr%?ptiWLS{amhﬁgvadp?ﬂbenErEBSQraISgngtpidgw&scqeﬁbn$t2aéfgi:n
e o o FF EREBREE, Fharriha, b RRehthguta R aonl el

bel ow. Ano Con
activity irDaybRin844operesnt| SLRewishni/ 6hcHFSEl ay Cormonnth

Sits retention o
dotolfultiple

antitumd0 dygg$a2ippear 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 certain

15

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.

20

been used extensively for drug evaluation. This

Lewis Lung Carcinoma: Lewis Lung carcinoma is a
highly metastatic, undifferentiated lung cancer which has

tumor

model is refractory to many of the established antitumor
drugs and, when used as a screening system, identified

25

very few compounds as active. Compound No. 18 is curative.
in this chemorefractory tumor model wheréin the tumor is

inoculated iv resulting in tumor nodules in the lungs.
Curative activity in this tumor model is an unusual

finding.

30 tumor models, Compound No. 15 is quite effective

Az e@vident from all three of the lv-inoculated

against

systemic tumors when administered ip as well as iv.

gc Tumar Models

Compound No. 18 was evaluated in ten solid tumeor

35

models in which tumors were implanted sc and drug was

administered ip, iv or orally (po). In these models
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descri bed below. As a major problemin cancer chenotherapy is enmergence of
~resistant cell populations which fail to respond to initially effective
drug. regi nens as well as second-line-22eatnent reginens, the availability
‘'of drugs to which resistant cells are not cross-resiistant should have a
si gni fi dantghtpeahopnatbivieyagsmessestedabyedegtiee | adt iinhijpisriaynpbund

No. 1S i h of th del.s -whi.ch : : I I, bed
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with 4/6 |ong-termsurvivors 1ts maximal ]y tol erated dose &f 15
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125 and 92 Bgr aBRreatields shisdh 19 R iYh BF vad 1ab V@ Sartd Hn imErs | 8an
survive for long periods with extremely large tumors which
10 often ulcerate and become infected. Compound No. 1S was
highly effective in 8 of the 10 sc soliditumor 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. ' ' -

15

20

. Lewis Lung Carcimoma: 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 of
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 nm® 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 9% percent inhibition of tumor
growth (TGI) with half or more of the animals showing no
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anot her experinent described later (see Table 8) in which the nmaximally

~ tol erated dose produced 228 percent ILS with [err] 9 2/6 long-term
survivors. Thus, Conpound No. 1S had -.cyrative activity in mce bearing ip
P388 | eukeni a. L1210 Leukemi a: Wen gfven ip on Days 1 and 5. Conpound No.
1S was reproduci bly active in mce bearing ip L1210 | eukemia. In the

f;gfgﬁfeﬂtsa;%vfggﬁesrbfﬁe&msbow iReTebke bf ibeserementl¢Dagyr d&X. | LS with
Furthermore, the maximally tolerated dose by both routes
of administration was virtually the same,:suggesting that
Compound No. 1§ has exceéllent biocavailability upon oral
5 administration. In this experiment, tumors eventually
grew at the site of implantation indicating either that ip
treatment. is optimal in this tumor model or that a longer
duration of treatment is required for curative activity.

Bl Melanoma: This metastatic melanoma model has
been widely used to evaluate and s¢reen for antitumor
drugs. When implanted sc¢, this tumor ig 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 prodﬁced 99 percent tumor growth inhibition (TGI)
with the majority of animals baving no measurable tumors
on Day 16 or 14 when control mice had tu@ors averaging 864
and 758 mm° in the two ¢xperiments. When given oh.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.

Blg Melanoma/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

10

15

20

25

3¢

35 -

This Shect Has Been Re 1!

i



maxi mal |y tol erated dose of 15 ng/kg. Good activity was seen at two | ower
doses as well. Conpound No. 1S was evaluated on this schedule in eight

addi ti onal dose response studies. The percent ILS and | ong-term survivors
obtained at the .maxi mally tol erate@ddoses in these experipents were: 44%
(07/6), >300% (5/6). 119% (0/6), 156% (1/6), 138% (0/6), 156% (2/6), 350%

S100% | LaRipALE bolefited Roder, CHRRE 1@@9“*3’5“"* - L

I men there wer e ter urvivors, B16
Mel anona: 1hhibhtedt tumerngdemthi bmﬂcrpa:mmu N¥e Bo8fsl SR kSel y
superi or 0 10 Xféz‘E) D € énd the drug
‘pr oduced igzggg%e%ﬁ%g’“% %stst%‘%’r%xa t ¢p o2 & bi &

ol er at ed dose, of % g given
i p on Daysumers, in gaatrzl mice werd t"'% g r?é’chafgizi‘%e% Y, é?gerl ment

in whi%kh shi ﬁestm
Mel anoma/ %?g SE%I i ne: The StFGiI%{ ?tcjit}l ﬁ:ﬁi&&&gygdﬁ

rggew ILS. BI6
anoma is axg gl

met ast at | BNSubRREE WELEHRP Wmlflﬂ?%se’r%c‘i%??wrﬁ g Cofpéund

No. 1S pragyeed reeuiRRTan 10 Ppericdrit imedeadd yid ol etedpan dOFBSOT 15 no/ kg

i ehpen 7 Pibiphetet Wi g Al oA FoRbehicsesces 10
ADJ-PCE Plagmacytoma: This tumor model, which is -
10 post akin to the human cancer of multiple @yeloma, was
. highly semsitive to Compound No. 1§ 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 sarccme implanted s¢
was quite sensitive to Compound No. 15 with >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. 1§ produced 73 '
percent tumor growth inhibition (T6I) in mammary
adenocarcinoma 16/C. As this tumorz ‘is net highly
metastatic. animals were not held for suﬁvivel.j
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-doses as well. M076 Sarcoma: The Mb076 sarconm is a netastatic .reticulum
cell sarcoma which arose in the ovary of a C57Bl/6-npuse and mas
established as a transplanted tunor. This tunor, i Ianted

-sensitive to Conpound No. 1S when the drug was adm s h%@ll as
~by ip drug adnministration. The degree afs activity wa entlca
98 percent I'LS and 105 percent [LS,. by the two. route atlon on

.the split-dose schedul.e of every 3’ hours x 4 -on Days 1, 5 and 9 Thi s-- _
"~ schedul e, as described bel ow, appears to be optimal for Conpound No.. 1S in

nbex of t fé%a ' i ti I
3022 respgnseug?Ldrggﬁ#%ﬁ%§§§§§gy££*%mé- O7éf§g%u§53ﬂe£§s?ﬁggg'S{ﬁgﬁes
t he drug waslgivdnmes mosialglbasidsenwiighy lysédahn @rig evslpetdemt |LS
o with 1/8 cup@skg ¥ 1%1'e’?:gﬁdetQ10 UhPHP ﬁlheSonggaaquBBEErﬁ%%?Qg)éce“t LS

with 1/8 cures); si'ngle dose on Da rcent
ILS). As |ﬁu{“9’-‘aﬁwd§,15c un&OW Nas Hés‘@'-ﬁ bedmbaiskpredoApoasdaNo. 1S

appear s° t oshagmestgedd em |o\ﬁe d BB IRYSe S?é@ﬁﬂ@n“@ﬁ“nﬁ%‘ B, St1gr eqon a
split-dose_t ul e of

r,e nt_re vert hel ess ardl ess of sche
admnlstralapgn3 nb%ﬁh%‘ ngigPQQQNQEﬁéF%? taE?HG@einﬁﬁ|§hPﬁﬁﬁ? node

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. _ ,

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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Col on Carcinoma 26: Col on carcinoma 26 is a hlghly |nva5|ve and statlc
undi fferentiated colon tunor nodel.. This tunor. on
proved to be refractory to a ﬁBXIﬁB||y tol erat ed d

iv Tumor Mbdel s The activity of Conpotdfd--No. 1S adnln v to
mce bearing system c (iv-inoculated) | eukem as or Lemns Iung carC|nona S
shown iy Tabl.e 6. The dose-responsiveness and schedul e- dependency

~ Conpound N8921Bsts Maddson, laneh Rancinembwithe A6 pargent TGI e@thtbﬁ t he

three tumpagRdahSy Q@m&&d\l@&s@ derpRsiy; ﬁ@e%ﬁrﬁmﬂx@@tm y. P388
ru

Leukem.a: P 88 Ieuken1a IS, general much g-sensitive when

i npl anted P LR A &R (SR TaaFment sahedkirie R V. 1 (&8 highly
gct ive a%gpe&tcemdw atew:@wmmlq{ 31%‘%% 'ctcﬁsé‘ﬁi“ fﬂédﬂségggrat ed "
0ose orp n rce W Y percen
05w o B0 Ao frare ARt BAY 117 @F 93 o tYREPPRERSoING

No. 1S prodexgétﬂﬁhnhﬂwuhﬁnIﬁﬁhomsinﬁudbnhﬁﬂismﬂcéiamexm@édylsmneaaﬂed dose
of 15 Mo/ kg9 ¥R® | b pdeive1y de¥1ecting 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.
Colon Carcinoma 26: In this highly invasive and
metastatic undifferentiated colon tumer, Compound No. 18
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" tumors such
as nonsmall cell lung cancer. ovarian adenocarcinoma.
acute nonlymphocytic leukemia, breast carcinoma and
certain lymphomas can 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 recutrent disease and
the abllity to induce subsequent meaningful remiseion,
even with highly intensive éombination regimens, is
greatly reduced. Characteristically, these recurrent
tumors prove to be refractory to drugs which ate
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1210 Leukem a: Conpound No. 1S proved to be reproducibly and highly active
agai nst iv-inplanted L1210 | euke- m a. Extensive schedul e dependency
studies were performed in this tumor nmodel with the drug adm nistered iv.

" As denpnstrated in Table 6, administration on a split-dose reginen resulted
in a higher degree of activity over’a?ﬁ?oader'dosage range. Curative
activiiy was seen when the drug was administered iy on Daysa Q?EP 6 as a

si ngl e dostICTAR G LY abder Jrechapistigailiyanarel atedqree; YYER dat a

shown in G ‘ Poy &8 PEASEnghipdi eomikklohy- adii stered
Conpound -EN%HL?‘S i#?n'e%%%%ﬂw &??/ L?LZlO' | eukem a. The | t.s are as

fol | ows: [RBENREMERRN @f.lmf%ﬁrg%trﬁsﬁﬁﬂﬁez}ﬁ EBFE?‘.‘tiie’ts E’@&Pﬁents at
3-hour | ntpi/én S V8l Paysvdsigated >8R0a PRURBAE LES1ubbhatbeiew.es: three
treat .rr%nts at 6- hOU{ |£t erval seon Daﬁs 2aangé§ ggo era_g%t IL%C%%g 2/ 7
cures: 2 tROGRRETEIAERAS. FUFFOF R cEHAF s ABRI AL FLAT IR 2R FHRY RLs
With 2/7 cef eshe StmbtbdtugateshitanoeDiyar] ghneughd6priédnmer cehttheS and
percont 1 0t Fend BESRUER, 12> abupRane HagbBiBelins Y] Lo cont i
and 4 treoaseociabed3whthrmibtidragsresiBapnze . 24R158r @@mqnﬁmx h 1/6
oo e sL e 47 HerL e gRlpi Bl iy oo i stere:
iversity 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
cyrotoxic 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 s 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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daily than when given every fourth -day. The optinmal schedule fromthese
studi es was used for certain solid tunors as di scussed above for ip M6076
sarcona and as described below. In a variety of tunor systens the degree of
-actirvity is increased and the effectlv gdosage range |s br oader. when

Co d No. 1S plit-d ' h t 4
cohbaure. Dew s LungorRPuRiofaas #oth By Rneiaw nd dF Hea e axt ati ¢
und:fferenP$a8ednﬁungscdbgaruhhbqh-hamdbaafoanhidnEﬁtesdsﬁsnwe!yhfgr dr ug
eval uat1 on un. | Sarefr Qs 477 « | she
antitunor %‘F‘%ggﬁggd%\%ﬁg% ﬁge'd Bg%rﬁﬁgéﬁ ﬁ@‘@?’@#@ﬁy‘f‘ en‘fi%'%?g% very few
conpounds #s¢iudede £ o€ooomadt iSor . 1S Hid sydoatorubigin larsd chenor ef ract ory
turor @debss’ggfﬁbc%ﬁ%éoa&@&eﬁmw%ts%dcMéfsea ddipdind B! nodul es

in the |lungs rative act
. These multldrug-reszstant ¢ell lines demonstrated the

exgected resistance to doxerubicin. P388/doxorubicin wag
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. 1§, 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.iormation’of water-soluble alkall metal salts of the
carboxylate form of the compound, A direct comparison of
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in this tunor nodel is an unusual finding. As evident - fromall three of the
I v-inocul ated tunor nodels, Conmpound No. 1S is quite effective against
system c tunors when adm nistered igras well as iv. sc Tunor Mbodels
Conmpound No. 1S was evaluated in tenh'solid tunmor nodels in which tunors

were igplanted sc and drug was administered ip,_iv,or orally 0). In these
.model s%nt’ih%rﬁﬁﬁeﬁﬂ@vih % achkewkded Wﬂ’@‘?&l%ﬂ?iﬁ_h?%ﬁit F’Bﬁgg‘f‘? t uror

grO\évth a}( édf”@tfi&ﬁ cﬁm;,sm_xwf)lmltvaé_s’ O@arﬂ'ﬂa?réuﬁrﬁnnﬂ&éw gggge. ally 2
e evi dent? (G R L TS [t b <. PR CARGRRDSRCPREPati 0 Sol fd
tunors suradimihistered ags adoDubions ein a53 aderesuee ¢t dnuDagst ilviand For
vari abre sl AipheR e lRognTof YA8 AL oheF LEprife HBPR aBRiEReN g
tunors whiexcess cbydtoehbbeiangeb@cane likelyedesQdpofimdmNo. 1S was hi ghly
oL et e pafoSkeLbS 3P, Shachifol B n RERLE SRTRIb BY HASaRL oW D Y
i nhi bi ti onesfthamityegenhof nthéed birgbhyl aminsmathylt grotp .i ndaah ng

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 IL$ for the .sodium 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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Lewi s lung carcinoma, B16 nel anoma, B15 nel anonma/ F10 subline, and Ms076
sarcoma was acconpani ed by pro- |longation of |ifespan. Even in the |ess
responsi ve tunor nodels. Madison |ung carcinoma and col on carci noma 26.
Conpound No. 1S had sone tunmor growth inhibitory activity with >70 per cent
.inhi-bition evident at the maxinally tg?ﬁ[@ted dose. Lewi s Lung Carci nona:
This highly netastatic |lung tunor was e nost sensitive to Conpound No. 1S
-of the Tunor nodels tested. ‘This is an unusual finding since Lewis |ung
carci noma has been widely used in thegghgdyg of antiturmor drugs and is
refractory to the majority of the known antitunor drugs. Wen given ip on
Days 1, 5, 9 and 13, Conpound No. 1S conpletely inhibited the growh of

Lewi s |ung carci nomagpectiuhuakl Boghl iy st nd Nkb @s 9 ny/ kg. At the:
maxi mal gy tol erated dose, 4 inﬁﬁgce w@@g Cﬁ%e .. At the time of tunor:
measurenent (Day 14), tunors It AfdPRh LB HOIRLS averaged 1685 mierr] in
volume. In a second experinment Conpound No. 1S was administered iv and po
on Days 1, 5 and 9. By both routes of adm nistration there was 99 percent
inhibition of tunmor growh (TA) with half or nore of the aninmals show ng
no evi dence of tunorTémer Héodéeélre of neasdcbhehty(DhyMagimalkdyt hernore, the

maxi mal | 'y Tolerated Dose
10 - - . :
ip Tumor Models
P388 Leukemia s 4+
L1210 Leukemia : : _ ot
- Bl§ Melanoma : : ++
Blé Melanoma/F1Q Subline ++
15 M5078 8arcoma ++
Colon Carcinoma 26 . -

iv Tumer Models

P38& Leukemia - ot
L1210 Leukemia : . B
20 Lewls Lung Carcinema : +++
sc_Tumor Models
‘Lewis Lung Carcinoma N e
Bié Melanoma ++
Bl6 Melanoma/F10 Subline ' ++
ADJ-PC6é Plasmagytoma ++
25 M5076 Sarcoma . ' ++
‘Mammary Adenocarcinoma 1l§/c ++
Colon Adenocarcinoma 38 4
Colon Adenocarcinoma 51 >
Madison Lung Carcinoma +
Colon Carcinoma 26 +
30

Compound No. 15 was administered ip or iv every fourth or

seventh day for 2 to 4 courses beginning 1 to 3 days-
following tumar implantation. o

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

++ = >100% increase in lifespan (ILS) or >90% inhibition
: of tumor growth (TGI) .
+

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

35

{!

This Sheet Has Been Replaced

IR




tol erated dose by both routes of adm nistration was virtually the sane,
~suggesting that Conpound No. 1S has excellent  bioavailability upon oral
admini stration. In this experinent, tunors eventual |y grew at the site of

i npl antation indicating either that ip treatment is optimal in this tunor
.model or that a longer duration of treatmgnt is required for curative
activit B16 Mel anoma: This netastatic | anoma nodel has been w dely used
to evaluate and screen for antitunor drugs. Wien inplanted sc. this tunor
is refractory to nost antitunor drugs. Conmpound No.. 1S was eval uated in
m.ce bearing sc B16 nel anoma in three dose response studi es. Wien given as.
a single dose on Days 1, 5 and 9, a naxi matd 9 tol erated dose of Conpound
No. 1S adm ni stered “g $rod£%ed 99 rcen tunD m gmnh i nhi bition
(TA) wigh the maj Ridi 9’6’1“’ A" a\/:rﬁ“cj m QS"' Y 'F?6¥°§"“’otﬁthb‘éy 16 or
14 when control mce had tunors avera I g’ 8 A nn{err] in the tmo
experi nents.

e?
descri bed above, Cowpound No. 1S pgodic di ed co ﬂﬂﬁ?ﬂmhﬂghahﬁg%
over a broader dosage range. Thi %nnh-&s&@mﬁifiipﬁmn.\éﬂa :Rth@uﬁﬁs o0 Gledt G
in other tunor_npdels. In the sc Bl6 nel anona npdel, tumprs eventual |y grew

in al'l treated aninmals and there were no cures. In thIS nmetastatic tunor
nodel , hpgever, theigon@sieds prol ongation of |ifespan which occurred with

P388 Leukomia . Curative Curative Curstive

L1210 Leukemia Curative 172% ILS 947 ILS
B16 Melanoma 152% IS - 36% ILS ' 95% ILS
816 Melanoma/f10 Subline - 108% ILS B8% ILS : 100% ILS
MS076 Sarcoma 108% ILS . 814 ILS 98% ILS
15 Calon Carcinoma 26 25% LS 50% ILS . Curative
iy Tumpr Hodels
P388 Leukamia Curative ' 8% ILS 40% TL8
L1210 Leukemia Curative 136% TLS 100% IL§
Lewis Lung Carcinoma Curativa ' not tested not tested
20 52 Tuger Madels
Lewis Lung Cartinoma Curative ©82% TG 4% 1GI
816 Melanama 100% TGY : 78% 161 not tested
B16 Melanomas/F18 Subline 100% TGI 50% 1GI S8% TGl
ADJ-PCA Plasmacytoma 100% 161 1007 TGI 76% TGI
MS076 Sarcoma 1W00% 16 100% 16l 66% TGI
25 Mammsry Adenocar¢inoma 18/c.  96% TGI 99% TGI &1% T6I
Calen Adenocarcinoma 38 95% TGI 100% - TG not tested
Calon Adenacareinema §1 82% TGL 78% TG not tasted
Madison Lung Carcinoma 8s% TG 3% TGl ' 33% TG
tolon Carginoma 26 72% TGl a 66% TGI 7% T6I

Activity shown was that obtained at a mazimally tolerated dose. [Drugs were agministared

30 ip or iv to tumor-bearing mice every fourth or seventh day for 2 ta 4 courses of
treatment beginning 1 to 3 days following tumor implantation. Values were determined
based on median suevival time and mean tymor volume ia groups of 6 to & mice in compiete
dose~résponse studies. .
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t'he conplete inhibition of tunor growmh. On the split-dose reginen there
was 52 percent ILS while a single ip dose of 24 ng/kg on Days 1, 5. and 9
prolonged |ifespan by 39 percent. On-ffai.s latter schedule iv adm nistration
resulted in 53 percent | LS. B16 Mel anonma/ F10 Subline: This subline of Bl16

nelanoqg. selected for increased ne if properties was simlar to the

parent 4816 nel ano 130, Treatnment ip
on Days 1, 5, 9 aﬁ?%*&éﬁ% & vé\%uf%ﬁ?bition at the
maxi mal | y tolerated dose. Tred 5 and 9 i nhi bited tunor

grow h by , E rets- ==

1927 and 1196 mmjerr]. Tumo g & ' ‘
there Were no cures. ghﬁf*@g) gﬁtnen /kg resulted in 70
v

percent increase |n Ilfespan
gave 38 pepgHE

TE LetRe : '
akin to the human cancer of mufti I e rryel Ofi%. was r;.zgry y sens@;ge to
Cohpound No. 1S administered ip on Days 1. & %9 andib¥% Tunors were

nmeasured on Day 19 and 3.8 92
10 13210 Leukemia A/ip 25 - toxic
' 15 219 2/6
g 138
5.4 g1
3.2 31
Blé Melanoma - . B/ip 28 toxic
15 15 152
: 9 100
5.4 52
3.2 43
Blé Melanoma/ B/ip 25 toxi¢
F10 Subline . | 15 . 105
’ 9 €8
20 5.4 63
3.2 37
MS076 Sarcoma C/ip 10 toxic
5 toxic
2.5 _105 o
1.2 T8 1/8
25 0.62 70 1/8
M5076 Sarcoms C/sc | 10 toxic
- 5 toxic
2.5 28
1.2 70 1/8
0.62 36
30 Colen B/ip 40 toxic '
Carcinoma 26 20 toxie
' 10 25
- 5
2.5 7

Treatment .schedules are; A = Days 1 and §; B = Days 1, 5.

35 9 and 13; C = every 3 hours x 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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averaged 828 mmB in volune in control mce. Conmpound No. 1S produced >90
percent inhibition of tunor gromh at four dose |levels at or bel ow the
maxi mal |y tol erated dose. There was 1 of 8 long-termtunor-free survivors
at each of the top three dose level s.-28-this tunor-is not hi ghly
. metastatic. nmedian survival tinme was not determ ned. Mb076 Sarcoma: The
Mb076 gar conma |nplanted SC was qwtx&&h%mlﬁlve to Conmpound No. 1S with >90
percent’ TG at t hrpgst ddsty lefy aleanpaurd Wel 018 aimi¥ioel Bgarbngr at ed dose.
Tumors were neasured on Day 17iwwewplanited| Tumond tunors averaged 1045
myerr]. The drug was adnministered ip on Days 1. 5.9 and 13, The drug was
not curatiTemén Mbdelnodel BueagmentngedDosPespan byl pedeng-T®E®Mary
Adenocar-ci noma 16/ C. This bfechefuilesfor ndoQ@/kd a tKéﬁsMamﬁQﬁN%W@Eﬁllne of

the spgtaneous mam Route of injection)
Administration
$388 Leukemia A/ip 25 279 2/8
15 132
9 100
. 5.4 58
: . 3.2 42
10 - ,
P388 Leukemia A/iv 25 toxig
19 ) 250 2/6
14 © 145
10 110
7.9 65 -
15 L1210 Leukemia A/ip 25 © toxic
' 15 171 1/6
9 136
5.4 93
3.2 57
L1210 Leukemia /iv. 10 toxic
: - 24 -~ »300 4/7
20 : 14 157
8.6 129
5.2 71
L1210 Leukemia B/iv 6 toxic
’ 3.6 »300 5/7
2.2 »300 1/7
25 1.3 243 2/1
0.78 186
Lewis Lung -B/ip 25 toxio
Carcinoma ) : 1S »200 7/
‘ : 9 111 r/7
5.4 37
30 3.2 1¢

Treatment schedules ate: A = Days 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

35 controls. Long-term survivors were, tumer—free on Day 45
for the leukemias or Day €0 for the solid tumors.

e
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mary tunor of the C3H nouse. Conpound No. 15 inhibited tunor growth by 96
. percent at the nmaximally tol erated dose of 10 ng/kg given ip on Days 1, 5,
9 and 13. Tunors were neasured on Day 19 when the average tunor volune in
control mice was 630 nmjerr]. In a seCddd experinment on the sane treat nent
‘schedul e, Conpund No. 1S produced 73 percent tunor growth inhibition (TQ)
in mammiry adenocarci noma 16/ C. As tHBableufor is not highly netastatic.

ani mal s were not hakgiritysefviCompousd o .AdénddnidtiiceoBel8inghi s

nonnet ast ati ¢ col on-tunor nndeBCHaapﬂeameﬁ«mumpnﬁﬁxi|n drug eval uation and
i s considere

No. 1S wasTNMﬁ#n%Q*de i p aEreatmemt e dd%@ser on a EBKit- dos@lﬂﬁglnen on

Days 3, 10,17 and 24. The nor8chednbdfed t fRArkgAt reffien wedtlessen
becauseSof the slow growth oROBEEsOfolid iRIBFEITRADrs wer e Ped@ARL® on Day

31 and averaged only 34934mf%i$Yriﬁlﬁﬂtreated controls. As | RWRGRS tunor
" nodel s, Co

produ0|ng (E@RY i nhibiti oB AP two dos®3l evels) °§%Gd act|V| (89
percent TG Rt dent on the single doselPegi men &§°mell
Adenocar ci noma 51: This is another sIOMFgromgng colon unor rmxg)8w$|ch has
proven to be refractory.to 3.2 _ 31
10 .
Lewis Lung F/iv 25 99 5/8
Carcinoma : i5 95 3/8
-9 - 93 1/8
5.4 87 4/8
Lewls Lung F/po 45 toxic
15 Carcinoma - 27 99 4/8
16 90 1/8
$.7 89 2/8
$.8 s1
Bl6 Melanoma F/ip 24 99 - 7/8
: ls 87 3/8
20 . 8.6 63 3/8
| 5.2 20 1/8
3.1 63 2/8
Bl6 Melanoma F/iv 25 toxic
. 15 99 1/8
9 96 : 6/8
5.4 79 3/8
25 3.2 54 2/8
B16 Melanoma C/ip & 100 7/7
: C 3.6 100 /7
2.2 %2 - 2/8
1.3 64 1/8
0.78 46 1/8
30

35
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nost antitunor drugs.

The protocol

used for this tunor was simlar to that

- of the col on adenocarci noma 38. Conpound No. 1S was active agai nst col on
adenocar ci nona 51 producing 88 percent TA with a single dose regi men and

92 percent. T@ on a split-dose treatnent.

_As in other tunors,

Conmpound No.

1S was effective over a broader dosageZﬁénge when given on the split dose

regi mneng Col on. adenocarci noma 51 was neasured on .Day 24 when contr ol
Madi son Lung Carci noma: Madi son | ung carci nona,

aver aged 766 nn[err].
the Lewis |ung carcinons,
nodel

with high netastatic activity.

tunors
li ke

is a ragbiey?gfCennyddndi ffer- entiated tunor

In contrast to the Lewis lung tunor,

the Madison lung t Besividhat Kopbauide s+ ik i Mapdmmried 1S. on a
singl e dose regimen given iv orfCpymplant®&iRUMRTS here is virtually no
tumor giSowth inhibition (28 percent TG).af a npxinally. tolerated dose On

two addi ti onal

eﬁggrlnents on 't he same treatnent schedule mnth the drug

gi ven ip, = 1S prEH é EeBﬁIy 5 °58rcent a 23 per e TG .
However, on the opti mal spli B tered
iv, did show activity agains & 88n IunénaSPEilﬁ vvlth 8? 'F TG at
the maxi mally tol erated g@@én1$ﬁgaﬁﬂﬁﬁ was somewhat |ess eff R%eSon this
treat ment sehedute
10 B1s Melanoma/ B/ip 25 100 7/8
Fl0 Subline 15 87
9 57
5!‘ 62
3.2 52
Bl6 Melanoma/ F/iv 25 97 6/8
15 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
' 2 100 g/82%xx
20 5.4 92 4/8%%%
3.2 923 3/8
M5076 Sarcoma B/ip 25 toxic
15 100 a8/8
g 98 6/8
5.4 92 3/8
25 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
30 Calen . G/ip 24 83 477
Adenocarcinoma 38 14 78 5/7
8.6 33 377
5.2 0 1/7
3.1 0 2/7
35
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when given ip (74 percent TG at the maximally tolerated dose). Madison

| ung tunors were neasured on Day 12 or 13 in two separate experinments when
“tunmdrs in control mce averaged 1571 and 942 mm{err]. respectively.
reflecting the rapid growmh rate of thiis tunor. Thus, even in a refractory
tunor the adm nistration of Conpound™®Rd§.” 1S on its optinal treatnent
regimep can result in significant tunor gromﬂh i nhi bition. Colon Carcinona
26: In this highly invasive and nmetastatic undifferentiated col on tunor.
Conpound No. 1S pro- duced onl yTahilgi AakContbd)growt h i nhibition (72

percent TG@) when given ip at its maximally tol erated dose on Days 1, 5 9
and 13. Tunors wedetisddy af Gonpound. Nherl& o tbice BRAsiRFer aged 1052

mierr]. It is unknown whet hers@oipianted TRl d denonstrate good
act|V|Ey in this tumr nodel if adninisterad on its opti

regi men. Ml tidrug Resistant Subllnes Although t he §t si gn

H‘l cant problem
f the n

in cancer THRPBEPYQERds is t Eeﬁﬁ 9§ﬁ Vlt
neopl asns to all of the avaP ents @H

n re another
maj or problemis the emer eﬁ@@ eS|st ceIIs fr qg%;g% usly
responsi ve tunors. Thenﬁéﬁépﬂﬁ§ lﬁ’é‘tlents wi th "chenosens t unors
such as nonRsraliwcell—iuhg -

ey

10 eoion H/ip

6 96 5/7
Adenccarcinoma 38 _ 3.6 93 &/7
2.2 74 &/7
1.3 . 68 4/7
0.78 83 2/7
Colen G/ip 24. BE 3/8
15 Adenocarcinoma 51 14 76 1/8
' 8.4 "853 1/8
5.2 36
3.1 34
‘Colen ' w/ip 3.6 92 4/8
. Adenocarcinoma 51 2.2 89 4/8
1.3 88 3/8
20 0.78 73 1/8
0.47 37
Madisen Lung F/iv 24 28 1/8
Carcinoma 12 0
§ 21
3 ]
25 1.5 0
Madisen Lung C/iv 3 toxie
Carcinoma : 1.5 8BS 3/8
0.75 &3 1/8
0.38 41 '
0 [ 1-9 0
30
35
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cancer. ovarian adenocarci noma, acute nonl ynphocytic | eukem a. breast
~carcinoma and certain | ynphomas can be placed into rem ssion by conbination
regi mens whi ch have becone established as front-li'ne therapy for these

di verse di.seases. However, in nost cases, patients present with recurrent
di sease and the ability to induce subsequent nean- ingful rem ssion, even
with hidhly intensive conbination regiﬁ%ﬁé, I s-greatly reduced. .
Characteristically, these recurrent tumors prove to be refractory to drugs
which are structurally and/or m&®Rd® sti(E#MY Ghrel ated to the drugs which
were initially enployed, to i nduce rem_ssion., Thispphenonenqn of nmultidrug
resi stance is curr%ﬁgFViBHiﬂﬁ Com ﬂ§E¢eN9-iﬂ§é§Pi 1% 83T nunber of

| aboratori es. Recent evidence SGGsRREENERS TWMOLSt i cati on and expression of

t he nul 3i drug—+06i-st—=aRco—(Rt)—gene—and-presence—of—the—rir—gere—~preduct ,

P170 nmenbrane. gl rotein, 4s associated.with mlti g resi ce. P170

purportedlgﬂgggbﬁgﬁg an eff por'(tj‘D i th Eggredigkéigékersity of

substrate specificity. Are r su %{%&Z ong g a%pn of
i B

the nmdr gene in certai N DAL I rea such as

t ) rs .
chronocyt oma and col on adenocar ci nonma coul d be responsible af Teast in part
for the inherent—drog—refractory—phe——motype—of—these—tunors:

10 colon B/ip - 20 toxic
Carcincma 26 10 72

) - 39

2.5 38

15 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. 5 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

20 *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

25 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.

30
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Thus, it is inportant to identify new agents which retain a high degree of
activity against tunors which express the nmultidrug resistance phenotype.
Such agents m ght hold prom se for further advances in the treatnent of.
chenbsen- sitive tunors (i.e by show ng efficacy in previously treated
patients or by killing the mdr subpopghgiLon as a conponent on front-1ine
conbi nation reginens) as well as for c ently nonresponsive tunors which
are inkensitive to avail abl e drugs because of inate expression of the ndr
gene Canptothecin has proved to be unusual in that it is one of the few
12 natural product cytotoxic agents that has not denonstrated
cross-resistance in the well-characterized tunor sublines which show the

mdr phenotype, i.e. P388 sublines resistant to doxorubicin, vincristine,
ansacrine, ellipticine or mtox- antrone. Since nost of the drugs which
~shown cross-resistance in nmultidrug resistandte@el| |ines are basic, it was
ex- o .

Lack of Cross-Resistance. to Compound Na. 18 of muitidrug
Resistant Sublines of P3BS Leukemia’

10 Compound - Dose . F388  P38B/0axorubicin  P38B/Mitaxantiroge
{mg/kg, ip. ILS NCX . ILS NCK ILS NEK
Days )} and 5) (%) (Yog) %Yy (Yog) - (%) (Yoo}
Compound No. 15 2§ toxic toxic . toxic
15 228 6.5 126 6.0 107 5.7
13 9 21 &.5 g0 2.2 79 3.8
5.4 128 3.5 - 33 Y 57 2.1
3.2 €7 1.9 14 0 29 ¢
Raxorydicin 9 233 6.5 14 0 - 7 o
5.4 186 4.6 19 0 4 0
8.2 172 4.3 24 ) ] 0
1.9 167 8.3 24 4 | v
20 1.2 117 3.0 15 il 0 G
Mitemycin 7.5 178 5.5 52 0.5 104 5.5
4,% 156 4.6 . 62 1,00 136 6.5
2.7 128 Y- 52 6.5 54 1.8
1.6 106 2.6 48 0.3 28 0
1.0 83 - 1.7 29 0 14 ]
25 '
30
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pected that the addition of a basic side-chain to the canpt ot hecin

- nol ecul e, as in Conpound No. 1S, would result in a conpound whi ch woul d be
tranéported out of cells by P170 gl ycoprotein and thus prove ineffective in
tunprs ex- pressing the nmdr gene. Co und No. 1S was evaluated in mce
bearin? P388 and its doxorubicin- and2fitoxantrone-resistant sublines
(Tabl e+8). Doxorubicin and mtonycin ¢ were included for conparison
P388/doxorubicin and P388/ mtoxantrone re- tained sensitivity to Conmpound
No. 1S. These nultidrug-resistant cell lines denonstrated the expected

resi stance to doxoruhicin. P388/doxorubicin was also resistant to mtonycin
c. Thus, Conpound No. 1S retains the antitunor activity in’

nultidéug resistant cell lines that is a characteristic of canptothecin.
Racem € Form of Conpound No. 1 All of the biological studies described
heretof ore were carried out with the S-isoner of Cbnpound No. ‘1, i.e., the

configuration at G20 which exists in naturally-occurring canptothecin and
10- hydr oxycanpt ot hecin. A racem c form of Conpound No. 1 was prepared by
total synthesis and was evaluated for antitunor activity in mce bearing ip
P388

10

15

20

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.

30
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| eukemi a (Table 9). The racem c form of Conpound No. 1S, hereafter referred
to as Conpound No. 1 RS, is highly active in P388 | eukem a, producing 165
percent ILS with 1/6 long-termsurvivors at a dose of 29 ng/ kg adm ni stered
ip on Days 1 and 5. Although not quite as active as Conpound No. 1S (cf
Tables 5 and 8), Conpound No. 1RS pegsesses excellent activity in this
tunor Joodel. Different Salt Forns of Conpound No. 1S Conpound No.1S is

wat er -sol ubl e by virtue of the presence of the basic side-chain at position
9 which forns salts with acids such as acetic acid, hydrochloric acid and
met hanesul fonic acid. The experinents described in Tables 2 through 9 were
performed with either the acetate oTagégrgchloride salts of Conpound No.

1S. A soluble formof Com pound No: can al so be prepared by basic
hydrol¥sis of the E-ring | actone of Conmpound No. 1S with the formation of
wat er - sol ubl e a ticas Ye@hiso f i14e conpound. A
‘direct conpari s%‘n@&b%ﬁtﬂéc%%?%y%%%%i%e, d\iiﬁ/dmrr%ch}gri de and

sodi um sal'ts of Conpourid Nbice Bepring, ipcBIdRLeWRSMER bearing iv L1210

| eukem a (Tabl e 10). The conpounds were adm nistered as solutions in 5%
dextrose iv on Days 1 and 5. The di hydrochl ori de

10
Compound Dose ILS Long—term
No. (mgrskg. ip, (%) ‘Survivors
Days 1 & S)
.15 .
1RS 29 165 1/6
14 135
20 7.2 BO
3.6 30
25

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 controls. Long-term
. survivers were tumor-free on Day 45.
30
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salt was forned upon addition of excess hydrochloric acid and the likely
results fromprotonation of the quinoline nitrogen in Ring B, as well as
the- nitrogen of the di nethyl am nonethyl group. Each salt formwas active in
this tunor. nodel with 100 percent ILS evident for the acetate, 175 percent
ILS for the hydrochloride, 133 percent4)LS for the di hydrochl oride, and 208
percentlILS for the sodiumsalt. The three acid salts were equi potent,

i.e.. they had identical maximally tolerated dose | evels of 15 ny/kg.
However, the sodium salt was about 3§$Q£ gﬂ]ess potent with a maxi-mally

tolerated.dose of 54 ng/ kg. Table 3 of -Activity of Conpound No. 1S
i n Ani mal Tunor Is Tunor

de Agtivity at
Ma 1y Tol -#g%* %ﬁy Forms of
++iIE?2§% Lguﬁé H%%%;Nﬁ? in cegbearlng 1v(§§%§0 Leukemia |

Compound " Dose ILS

No. (mg/kg. ip, (%)
Days 1 & 5)
10 :
18 (acetate 25 toxie
salt) o 15 100
9 83
5.4 &7
3.2 50
15 15 (hydrochloride 25 toxic
salt) 15 175
_ 9 128
5.4 92
3.2 . B0
18 (dlhydrochlorlde T 28 toxie
salt) 15 133
20 ) , 83
5.4 50
3.2 50
18 (sodium salt) 90 ‘ toxic
54 208
: 32 133
25 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
30 of ¢ mice relative to untreated controls.

35
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B16 Mel anoma | ++ B16
Mel anoma/ F10 Subl i ne ShcetHasBcen‘\ﬂiI 076 Sar coma

++ .Col on Carcinoma 26 iv Tunor Mdel s P388 Leuk
+++ L1210 Leukenia Lewi s Lung Carci noma
H++ 13 -4 -

1 pPharmaceutical 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
5 acceptable carrier or diluent. Thase compositxons are
prepared in dosage unit form appropriate for parenteral or
oral administratien. -

A compound of Formula (I) is administered in
conventional dosage farm prepared by combining a

10 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.

15 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,

20 agar, pectin, scacia, 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

a3 glyceryl distearate alone or with a wax, ethylcellulose,
hydroxypropylmethylcellulose, methylmethacrylate and the
like.

' A wide variety of pharmaceutical forms can be
employed. Thus, if a solid carrier is used, the

30 preparation can be tableted, placed in a hard qelatzn
¢apsule in powder. or pellet form or in the form. of a
troche or lozenge. The amount of solid carrxer will vary
wldely but preferably will be from sbout 25 mg to about
1-g. If a ligquid carrier is used, the preéparation will be

35 in the form of a syrup, omulsion, soft gelatin capsule,

" sterile injectable scolution or suspension in an_ampule or .



Table 3 (continued) Spectrum of Activity of Conpound No.1S in Animal Tunor
Model s Tunor NMbdel Activity at Maximally

Tol erated Dose sc Tunor Mbdels Lewis Lung Carci noma
+++ B16 Mel anoma

43 - ++ B16
Mel anoma/ F 10 Subl i ne _ ++ ADJ- PC6

Pl asmacyt oma : ++ Mb076 Sarcoma

++ Mammgry n r fﬂﬂ&ﬁe C : ion. : ++ Col on
Adenocar0|3§%§ 3 3o 98¢ liquid suspensio - ++ Col on

Adenocarci nona 51 To obtain a stable water soluble dose figrm, a
pharmaceutically acceptable salt of a compound of Formula
(1) is diésblved in an aqueous 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 combimnations 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 a
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 108 (see Table 2
for strudture), 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 administration and the particﬁlar
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 day3, preferably repeated about
every fourth week for four courses of treatment. . For oral
administration, the dose generally employed is from about
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Madi son Lung Carci noma + Col on
Car ci noma 26 + Conpound No.
1S . was adm nistered ip .or i v every fourth .or seventh day for 2 to 4
courses beginning 1 to 3 days f0||0?%fg t unor |nplantat|on +++ = curative
(>200% i ncrease in lifespan (ILS)) = >100% i ncrease in'lifespan (ILS) or

->90% i nhi bi-ti on of tunor growth (T@) + = >50% LS or >70% TA - = <50%ILS
or <70% TGhoTebl abhuEonsa | 2o lo 0y hoifacel Sreal becaduyotftaci n and 1

0- Fydroxycanptothe i n |n ‘a un1of Ani nal. Tunor dels Tu Mode
Conpound NeRei1§e rive aY@un’b’l QQurses of £Fa3-aeGky ESRGE quﬁ

appropriate intervals.
' The method for 1nh1b1t1ng the growth of animal
S 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

- 10 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.

15 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

20 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
25 extent. The following Examples are, therefore, to be
construed as merely illustrative and not a limitation of
the scope of the present invention in any way.’

30
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' |ncrease in Llfespa LS I ion of ‘Tunor. Growth (TG ) ip Tunor
Model s P388 Leukenmi gmqsgﬁe}H Bee“nin’- Bred!

- Curative : Curative
Curative L1210 Leuken‘“"’ll”“luml IIMIL . Cur ati ve 172%
I LS noma 152% | LS

36% I LS ) _ 95% | LS B16 Mel Oma/ F10 Subli ne. 105%-
LS ' 68% I LS g 100% | LS M6076 Sarcoma

105% 1Ly - 81% I LS _ 98% | LS Cot on Carci noma 26
25% I LS 50% I-LS ' - Curative iv Tunor Models
P388 Leukeni a EXDMBLES 75% | LS

40% I LS L1210 LewhAidchls Used For Transplantﬁﬂmiﬂi&?e Tumor Models136%ILS
100% I LS Lewi s Cung rci nona rati ve not -
tested not tested '

s The protocols utilized for the ‘evaluation of the

antitumor activity of Pormula (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

i0 follow the protoceols established by the National -

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

15 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 nsave sarcoma, th.e 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 a.nd the ¢olon carcinoma 26 are
ser:.ally transplanted as 8.c. solid tumors.

20

25

30

For therapeutic trials, tumors are aseptically removed
£rom donor mice and prepared as suspensions fér
implantation ip into test animals. The test animals
for the colon carcinoma 26 are female BALB/¢ mice

.35 (20~25'gm). The test animals for the other tumer.
models are syngeneic feMa}e F1 hybrid BﬁbZFl mice



sc Tunor Models Lew s. Lung Carci nona Curative

. 92% TG 4% TA B16 Mel anoma 100%
Td - T 78% Td not tested B16 Mel anoma/ F10
Subl i ne 100% TG 4l - 90% TG 58% TG

ABRJ- PC6_Pl asmacyt oma 100% TAd , 100% LGI
76% TG 1M6076 SHEebBl/6 x DBA/2). The inocubym, ¥eyel varies with thfyy, 1g

66% TG Col on Adppecas ctaye: 3%3ss leukemia 9686 Tboulated ar 10° 100% TG
not tested Cblon denocar ci noma 5

;. 92% 16 6
75[err] TG ells per moysg. t%%%%% \@Hﬁﬁ?&aAﬁEnbaaregnéﬂa 16/ ¢
| 96% 14 ' cells pePAHedsd, M5076 sarcoma 8t%6T6 10 cells per

5 = 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

10 of the Blé melanoma lines and 0.5 ml of a 5 percent
(wiv) brei of colon 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

15 dissolved or suspended 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,

20 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.
25

B. iy Tumor Models ¢

Tumors used in these studies - P388 leukemia, L1210
"levkesila 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
i.p. as ascites cell suspensions while the Lewis lung

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

0 -
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14 Tabl e 4 (continued) Conparison of Conpound No. 1S w th Canptothecin and
. 10- Hydr oxycanpt ot hecin-in a Spectrum of Ani mal Tunor Models Tunor Model

Conpound No. 1S Canpt ot heci n 10- Hydr oxycanpt ot heci n | ncr ease
in Lifespan (ILS) or Inhibition of Tudor~ G owt h (TG@) sc Tunor Models

NVadi son Lung *Car ci noma 85% TA" 63% TA '

33% Td | on

66% TG

: 0
37% TA Activit %%aﬁége‘}% %ﬁtaa}%,eattgygés@é%%ﬁ?pﬁ%q a¥ed dose.
Drugs were adm|nemdv&ﬁiﬁﬁbmwddnotamimennndtpmspxmpdnms smqunsbansh or
furor 1ol ant at i ViR fRESIE T HAEE R ERATY i Lol SBN 0 0 T
and mean tunor volmowe dre gyngsneic 6f emabe F, hybrid BGDZF mice .
] (CS7B1/6 x DBA/2). The 1nocu1um level varles 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
10 carcinoma is prepared as described above for Bl6
melaneoma. 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,
15 |
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 340
25 percent.

20

C. s.c. Tumor Models

Tumors used in these studies are maintained by serial
transplantation in syngeneic strains of mice - CS7BL/6
for Lewis lung careinoma, Bls melanoma and its F10
subline, MS076 sarcoma and colon adenocarcinoma 38;
BALB/c for colon carcinoma 26, ADI-PCE plasmacytoma :
Madison lung careinmoma and colon adenocarcinoma 51,
C3H for mammary adenccarcinoma 1l6/c. With the

30°

35 °
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m ce in conplete dose-response studies. Table 5 Activity of Conmpound No. 1S

“in M ce Bearing ip-inplanted Tunors Tunor -Model Tr eat nent

Dose (ng/ kg/ ILS (99 Long-"Ter m Schedul e/ Rout e of

i nj ection) ‘S @vlvors Adm ni strati on P388
Leukem a Aip- 30 - toxic 15

>200 25 2
11210 Leukeni o xcertida’ R% she M5076 sarcoph’®whilh is maintained adl
219 a i. zyGascltes cell suspension, all of -the tumors were

serially transplanted 'as s.¢. solid tumors.

5 For therapeutic trialé, tumors were 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

190 syngeneic female Fl hybrid B&D2F, mice (CS7Bl/6 =
‘DBA/2). ADJ-PC6 plasmacytoma and colon carcinoma 26
are evaluated in female BALB/g mice. Madison lung
carcinoma and colon adenocarcinoma 51 are evaluated in
syngeneic female F, hybrid CD2F, mice (BALB/c %

15 DBA/2). Mammary adenocarcinoma 1&/¢ is evaluated in
female C3H mice. The inoculum varies with the tumor.
Colon adenocarcinomas 38 is implanted as 2 mm
fragments by trochar. MS5078 sarcoma and ADJ-PCé
plasmacytoma are implantéd -as dell suspensions at 5 x

20 16° and 2 x 10° cells per mouse, respectively.

' Colon carcinoma 26, colon adencgarcinoma 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

25 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

30 . 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
35 dosage levels. Animalg are housed in shoebox cages
- and are monitored daily for mortality. At a time when
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5 .

. Mel anoma -

152-9
B16 Nblanona/
Subllne115

10

15

20

25

30

TI.

35

degrees Centigrade (°C)

138 5.4 81 3.2 31 B16
Blip - : 25 toxic 15
~ 100 5.4 52 3.2 . 43
Blip 49- .25 toxi ¢ F10

105 9 68
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
following tumor measurement.In this setting, 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
. Unless otherwise-indicated, all

—
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5.4

63 3.2 37 Mb076 Sarconma
~aip. 10 . ~toxic 15 Table 5 (conti nued)
Activity of Compound No. 1S.in Mce Bearing ip-inplanted Tumors Tunor Model
Tr eat nent Dose ( g/ kg/ -50- LS (9N Long- Term
Schedul e/ Rout e of I nj ection) Survivors

Adm ni syratyPNene starting materials were obtained from commercial

10

1s

20

25

30

35 -

sources.

. EXAMPLE 1
Preparation of (20 8) 1,2,6,7-tetrahydrocamptothecin
Camptothecin (32.0 g, 0.092 mol.) obtained from
Tainjain-SK&F Ltd., Tainjain, China,hwas cembined with
{prepared by pre~reduction of 8.0 g. amorphous

PtO, in 800 mL HOAc for 1.5 hour (h) under 1 atmosphere

(atm.) H,] and HOAc.(1.6 L). Reducticn 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 flltered'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 Pb(OAc), (64 g., 0.144
mol.)} in ome portion. The reaction was stirred under ar
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 oveinight. The resulting partially 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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10

15

20

25
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35

5 toxic 2.5 - 105 1.2 75
1/8 0.62" 70 _ 1/8 Mb076 Sarcona
Cl sc 10 : toxic 5 t oxi c

- 2.5 98 1.2 NS 70 1/8 0.62
36 Col on Carci nona - Blip. & : 40 toxic
26 20 3

The crude %ﬁﬁiure was comb;ned with 1.7 L 50% agqueous
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%
10-Hydroxycamptothecin, 1.2% l0~Acetoxycamptothecin, and
21.3% Camptothecin based on HPLC analysis.

EXAMPLE 3
'Prezaratlon_ggrjzo 8) 9-D1methy1amlnoggg_yl—lo—
hydroxycamptothecin Acetate Salt
10-Hydroxycamptothecin (20 ¢ which assayed at 62%

10~Hydroxycamptothecin and therefore contained 12.4 g,

34.1 mmol of 10-Hydroxyeamptothecip); 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 2C1,. CH4OH on

siliea gel). Thls system is suitable for following the
dlsappearance of 10-hydroxycamptothec1n but not for
mon1to§1ng the formation of product. 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.
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10 _ 255 5 2.5 7
Treatnment schedules are: A =Days 1 and 5: B=Days 1, 5 9 and 13: C =
every 3 hours x 4 on Days 1, 5 and 9 Increase-in |ifespan (ILS) is based on
medi an survival time of groups of 6 tﬁ%i mce relative to untreated
controls. Long-termsurvivors were tu free on Day 45 for the | eukem as

o ool B e I AR e b b ot S R B e 5
- Dose (ng/ kgh]ectlon Idf.St(li’é mateﬂ-ﬁl'g iher £ Brsivt VRI SsdDrdte & = 99%
! nJ ection) HA%m iy s&_@é)on( &8s LJ.‘)e yfa%ution at 350 miynih.
through & 50 mm x 600 mm steel column packed with 680 g
5 Whatman Partisil 40 ODS 3 with a 34 min linear grad1ent
~ from 100% solvent A to 40% solvent B (sclvent B = 99%
. CH;0H, 1% HOAc). The chromatography was monitored at
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, retentidn time 9 min.) were
pooled, concentrated and redissolved in a minimum of 0.5%
agueous HOAc and lyophllzzed to give 10.58 g (62%) of the
named product.
IR (KBr) 3400, 2960, 1740, 1650, 1590 em‘l., H NMR
15 (cpe1,/cp,0p) 1.04 (t,3,J=7Hz,Cl8),
1.96(¢,2,J=7H2,C19), 2.02(s,3.CH 30,
2.50(s,s8, (cas)zmn, 4.20(s,2.,ArCHN), 5.28
(d,1,J=19Hz,C17), 5.29(s,2, C5). 5. 50(d 1,J=19Hz, Cl?),
- 7.42(4,J=9Hz,Cl1), 7.67(s,L,Cl4), 8.05(d,J=9Hz,C12),
20 g8.s51(s,C7). Caled for C;3H,3N305 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.

10

25

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 mL) and 2:1 HOAc/EtOH (10 mL)
were cowmbined and stirred overnight. 10-Hydroxycampto—
_ thecin had reacted (tle, silica gél, 9:1 CH,Cl,/CH,OH)

30

35

—_—
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15 132 9 ' 100 5.4 58 3.2

42 P388 Leuken1a Aliv 25 toxic
19 250 2/6 14 145 10

110 7.9 - 65 L1210 Leuken | AP

25 taxic 15 “6%- 171 11/6 9

136 1

and the reaction was concentrated teo dryness, digsolved in
ca. 5 mL H,0 containing several drops of HOAc an@ the
insoluble material 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
10 ca™ H ¥MR (cDCL,/CD,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), §.2%(d,1,J=16Hz, C17), $76(4l, J—lSHz C17),
©7.27(s,1,Cl4), 7. 40(d,1,J=8Hz,C11). 8.07(dl,J=8Hz, c12),
13 8.36(s.1,C7). Caled. for Cpslipsliz0g CHCO,H
(mw=525.6): C €1.71; H,5.95; N.,8. 00 Fd.: C,61.30; H S.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 redissolved
in dilute ag. HOA¢ and chromatographed on MPLC (Whatman
Partisil 40 ODS3, 9 mm X 250 column) eluting with 0 - 20%
CHsoH 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
35 (RBr) 3400, 2960, 2910, 1740, 16%0, 1590 cm~t. I H NMR
(¢DC1 /CD OD) :

20

25

30

This Sheet Has Been R

O llll



5.4 93 3.2 57 L1210 Leukeni a

- Diiv ‘ 40 t oxi c 16 Table 6 (continued)
Acti'vity of Compound No. 1S in Mce Bearing iv-inplanted Tunors Tunor Model
Treat ment Schedul e/ Dose (ng/kg/ ILS (% Long- Ter m Survi vors
‘Rout e of . injection) Adnini%&fration

1 1.89(q,2,J=7Hz), 2.02(s,>3,CH,CO,H}, 2.37(s,3.NCH,),
2.65(m,8._piperazino—cﬂz),_4.21(5,2,ArCH2). :
5.26(s,2,05), 5.30(d4,1,J=16Hz,C17), 5.71(4,1,J=16Hz,C17),
7.45(d.1,3=7H2z,C11), B.05(d,1,J=7He,Ci12), 8.47(s,1,C7).

5 Calcd. for CogHyglNsOg 1 1/2 HOAC 174 H,0
(mw=528.1); C,61.41; H.,6.0), N,10.61. Fd: C,61.62: H,5.74;
N,10.93.

EXAMPLE 6 :
gggggggtlon 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
15 HOAc/EtOH (10 ml) were stirred for 20 hr. The
10-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
20 column) eluting with H,O (100 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 cn . 1M MR (CDCL,/CD,0D) .
(t,3,J=7Hz,C18), 1.3 -3.3 (m,19, piperidine, C19), ¢.11
25 (s,2,CH,N), 5.21 (s,2,C5), 5.25 (d,1,J=16Hz, Cl7). 5.70
- (d,1,3=16Hz,C17), 7.85 (d,1.J=THz,C11), 7.5% (s,1.C14),
8.00 (4,1,J=7Hz,C12), 8.35 (s5,1,C7). Caled. for
CaqHgg W05 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.

10

30

EXAMPLE 7 _
Pre aratlon of (20 §) 5- 2'~H drogyethylamino)

methyl-10-hydroxycamptothecin Acetate Salt
10-Hydroxycamptothecin (200 mg, 0.S5 mmol),
35 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-pimethylaminomethyl- 1D-hydroxycamptothec1n

acetate salt (65 mg, 0.14 mmol), prepared as described in
Example 3. was dissolved in CH,Cl, (ca. 70 mL) and
filtered. The filtrate was combined with methyl
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, 2950, 2900, 1760, 1660, 1600 cm >. IH JMR

. {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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9o 111 1754 . 37 3.2
- 16 Treatnment schedules are: A = Days 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 |ifespan

(ILS) is based on nedian survival gﬁspf groups of 6 to 8 mice relative to
untreated control s. Long term surviV wer e tunDr free on Day 45 for the
Ieukeniis or Day 60 for the solid tunors. gble 7

5.22(4,1.J=16Hz,C17), 5.67(4,1, J—16Hz 177,

7.62(4,J=7THz,C11), 7.71(s.Cl4), 8.16(d,1,I=7Hz.C12),

8.89(s,1,C7). Caled. for C, H, N.Og

CH SO H '

S5 .Fd.: €,49.36; H,5.15; N,7.53.
EXAMPLE 9

Preparation of (20 §) 9-Féermyl-1o-hydroxycamptotheein
10-Hydroxycamptothec1n (100 mg, 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 amud 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 EtOhe (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 50 mg (47%) of the title
25 compound. -An analytically pure sample was obtained by
' fractiovnally precipitating from appreximately 25% CHLOH
in CH,Cl, by slowly cooling and concentrating under &

stream of nitrogen. IR (KBr) 3400, 3100, 2950, 1755,

1o

15

20

30 (t.3.7=7Hz,C18), 1.96 (d,2,J=THz C19), 5.32 (d.1,J=14Hz,

€17), 5.33 (s,2,C5), 5.68 (d,1,J=14Kz, C17), 7.50
(d,1,J=9H2,C11). 7.67 (s,1,Cl4), 8.33 (d,1,J=9Hz,C12),
9.34 (s,1,C7), 10.85 (s,1,CHO). Caled for

Cp1Hy gN,061 M0 (mw = 410.38): C,61.46; H,4.42;
35 N,6.83. Pd: C,61.09; H.4.17; N,6.52,
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Acfivity of Conpound No. 1S in Mce Bearing sc-inplanted Tunors Tunmor Mbdel

- Tr eat ment Dose - - T4 M ce Schedul e/ (mg/ kg/ (%

wi t hout Route of i nj ection) , Palpable Adm ni stration

Tunors Lewi s Lung Blip t oxi ¢ Carci noma

15 100 8/8* 9 /8** 5.4 68 2/ 8
3.2 131 Lewis Lung %@ﬁﬂ?LE 16 99 5/8

Preparation of (20 8) 9—Cyclog;ppylamlnometnx;:
10-hydroxycamptothecin Hydrochloride salt

A mixture of 10-hydroxycamptothecin (254 mg, 0.7
$ mmol), prepared as described in Example 2, 37% aqueous
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. 2anal (C, H,.N,0.

C, S5.01; H, 5.57; N, 8.02., fFfound: €, 54.94; H, 5.18, N,
15 - 1 .

10

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 (1.5 mbl) was refluxed in 95% ethanol
253 (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 ).
30 caled.: C, 62.08; H, 5.27; N, 6.29. Found: C, 61.80; H,
5.22:.N, 6.12. FAB mass spectrum: m/e 423 (mt). IH
NMR (DMSO) 0.85 (t, 3), 1.1 (., 3), 1.9 (m, 2), 3.5
(s, 2), 4.8 (8, 2), 5.2 (s, 2), 5.4 (s, 2), 7.2 (s, 1),
7.7 (m, 2). 8.6 (8, 1).

20

35
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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«

lo-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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3.1 63 2/ 8 B16 Mel anoma Fliv 25 toxic 15

99 . 7/8 9 96 6/.8 5.4 79 3/8 3.2 54
2/ 8 B16 Mel anoma Cip 6 100 717 3.6 100
717 2.2 92 2/8 1,3 64 1/8 0.78 46 1/8
-59- -
l‘.

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

H,0). Caled.: C, 60.93; H, 6.11, N, 7.89. Found: C,
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 -
. 10 . regaratlon of (20 8) 9-N.N-Dimethylaminoethyl-

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 nL) and isopropanocl (10 mL), stirred
and filtered to give 60 mg (59%) of the title compound.
Anal. (C H N 0 HCl

20 58.77; H, S.72; N. 8.25. Found: C, 58.94, H, 4.92: N,
1 | _

1S

(5,6), 3.3 (2,2), 4.1 (s,2), 5.2 (s,2), 5.4 (5,2), 7.3
(s,1), 7.4 (d,1), 8.0 (4,1), 8.7 {s.1).

25 EXAMPLE 18
Preparation of (20 §) 9-N, Nhnzmethylamlnoethxl—
thlomethxl-lo-hzdroggcamptothec1n Hydroechloride
PR . .
A nmixture of B-dimeﬁﬁylaminomethylﬂ10~hydroxycampf
30

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.,
35 and the filtrate was concentratéd in vacuo to an oily

residue which was purified using reversed phase MPLC. Thae
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product was eluted u51ng 5% and 10% MeOH in H 0 to give

45 mg (41%) of the title compound as 2a yellow $01id,

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

This Sheet Has Been Replaced
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9 57 5.4 62 3.2 52 B16 Mel anoma/ Fliv ' 25

97 . 6/ 8 F10 Subline ' 15 97 7/8 9
- 60 2/8 5.4 34 1/8 3.2 22 1/8 ADJ- PC6
B/ip - 25 toxi c Pl asmacyt o[- . 15 100
7/ 7*** 9 100 8/8*** 5.4 92 4/ 8***
| 1l give 218 mg (40% yield) of the title compound. Anal.
(Cy5H2¥405 . - .
N,.10.42. Found: C, 55.91; H, 5.72; N, 9.86. “H NMR
(Cb OD)
5 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,S)~8-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).

10

15

: 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 ghree days to give 8.3 q of the title

20

25

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
30 (s, 1). Anal. (C H N 0 1HCl

Caled.: C, $3.96; H, 5.91; N, B8.21; Cl, 6.92. Found: C,

23.68; H, 5.61; N, 8.16; Cl, 6€.8A.

This Sheet Has Been Replaced.
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78 15/7 EXAMPLE 19 | |

Preparation of (20 S) 9-Dimethylaminoethyl-10—

hydroxycamptothecin Dlhxdrochlorlﬁa Salt
9-Dimethylaminomethyl-10~-hydroxycamptethecin
5 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)
10 (q, 2 3 = 7.5), 3.01 (s, 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=298), 7.173 (s, 1), 8.23 (4, 1. J = 9), 9.07 (s, 1).
Anal. (C H N O |

- 50.37; H, 5.70; N, 7.66; €1, 12.93, Found: C, 50.76; H,
15 s5.64: N, 7.57; €1, 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 cm). 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, = !

30 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.
(CaMaaN30eNe | T
$.67; N, 8.60. Found: €, 56.21; H, 5.63; N, B.44.

20

25

35
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“Table 7 (Cont'd) Activity of Cbnpound No. 1S in Mce Bearing sc-inplanted
Tunors Tunor NModel Tr eat ment - Dose T4 M ce Schedul e/

(no/ kg/ | (% w t hout - G3-

1 . . EXAMPLE 21
Preparation of (20 §) 9-Dimethylaminomethyl-10-
hydroxycamptothecin Free Base |
A mixture of 10-hydroxycamptothecin (728 mg, 2.0
5 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 (8, 2), 5.4 (g, 2). 7.6 {s, 1),
15 7.7 (q. 2). 8.5 (s, 1).

10

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,
émmel). 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,. -

Anal; (C21H15N20 SF3). Caled.: C,50.81; K,3.05;
N.564. Found:C.51.38; H,3.42; N.4.99. IHNMR (coel,)

20

25

30

35" 7.6-7.9 (m,2), 8.2 (d 2), 8.5 (9,1) FAR mass specnrumrm/e

497 (M), 495 (M)~
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53 1/8 5.2 EXAMPLE 23 34
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, to the above formed triflate was added
triethylamine (0.4mlL, 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

vacu® and the residue was rriturated 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. S

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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“yield, 183mg.

1.5 85 3/8

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.
and dried.

The precipitated yellow solid was collected
The title compound was obtained in 82% crude
After purification by flash chromatography,
the title compound eluted with 2% MeOH in CH,Cl, and

115mg (67%) was obtained.

Anal. (€, H, N0, .
H, 4.22; N, 10.99.
Found: C, 65.89; H,é.os: N,
(CDCl —MeOD, )

(q. 2), 7.7 (s.l), 7.7-8.4 {m,3), 8.6 {s,1).

Mass spectrum m/e 374(MH )

1/2H,0 caled,: C, 65.96;"

10.66. LHNMR

\ _ EXAMPLE 25

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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0.75 63 1/8 0.38 41 0. 19 0 20 Table 7 (Cont'd)
. Activity of Conmpound No. 1S in Mce 'Bearing sc-inplanted Tunors Tunor Model
Tr eat ment Dose TG M ce Schedul e/

(mo/ kgl (% W t hout -Gk -
_1 period. After th1s time, the solvent was removed in
-vacue, and .the residue was purified by flash
chromatography (1-2% CHEOh, CH2 2) followed by
final purificatien using a Chromatotron (Harrison
S Research, Palo Alto, California). The title compound was
eluted with 2% MeOH in CH,Cl,. 20 mg {24%).
_Anal.: (Czl' Hyeo Nzos 1~1/3 0) ;alcd.:
C., 61.84; H, 4.69; N, 6.85,.
. Found: C, 61.83; H, 4.53; N, 6.37.
10 15 o (cpel,) |
S, 2), 5.4 (a, 2), 1.7 (d, 1), 7.8-8.3 (m, 3), 8.5 (s, 1),
9.9 (s, 1), Mass spectrum m/e 377 (MH*)

EXAMPLE 26

Preparation of (zosl_10~Ag;gg§g§§zlg§gggg§gggl§
Acetate salt _ :
‘A solution of l0~cyanocamptothecin, prepared as
described in Example 24, (160 mg, 6.4 mmol) in glacial
acetic acid (45 ml) was treated with activated raney
nickel and hydrogenated at 10 psi (1785.8 grams/cm) 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
¢3 product with 10% MeOH in water. After freeze-drying. 25

mg (15%) of the hygrescopic title cempound was obtained.

Anal.: (CZSHQBNBOG'G H,0). caled.; C,
50.63; H, 6.46: N, 7.73.

Found: €, 50.11; H, 6.57; N, 7.84.
301 '

15

20

5.2 {s, 2). 5.4 (s, 2}, 7.5 (s, 1), 7.7-8.1 (m, 3), 8.6
(S. 1)-' ’

35

—
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Rout e of

I nj ection) R Pal pabl e Adm ni stration
- Tunors Col on B/lip ) 20
t oxi ¢ Carci nona 26 10
72 5 39 2.5 38 Treat ment schedul es are:

Days 1, 5, 9 and 13; C = every 3 houréf& 4 on Days 1, 5 and 9; F = ,
1 5 and19 G = Days 3, 10, 17 and 23xaMP£Eemery 3 hours X 4 on Days 3, 10,

Days

B

* * %
RS LN W N s e R A NE At AL R

5

10

15

29

25

30

35 .

acetate salt

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), g (20 mg, 0,08 mmeol) and 99% formic acid
(0.08 b, 2tmol). The reaction was heated under argon at
60° for 6 hrs, concentrated in vacuo and treated with
water. Both the desired title compound and the major
by—-product, s-methylcamptothacin;'precipifated'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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***1/8 long-term tunor-free survivors Inhibition of tumor gromh (TA) is
based- on nmean tunor volune of groups of 7 or 8 mce relative to untreated
controls. Tunors were mnmeasured between s 12 and 19 (except Day 24 for
Col.on 51 and Day 31 for Colon 38). In arl£but tw experinents, al
untreated control nmice (21 or 24 mcef/group) had measurable tunors. In
B16/ F10,1Schgdyl e F.(@Ll/R4eqntrol nice had measurable tunmors. In the
experinent wth Col on &deddchrti nonma 38, 19/21 control mice had meas-

urabl e t uno®s.- Thablte & 1k Bf Trd8s- Resi stance to Conpound No. 1S of

Mil ti drug Reghusigant (Subdd nes; of P§8§35;_eukeg1 ao Conpound . Dose
P388 P388/ Doxor ubi ¢i n P388/ M t oxantrone (ng/ kg, ip, Days
LS (% Ndéa(ﬁsogipeqft@%% € 4fk E’(‘%g? ILS (% NCK (log) 1 and 5)
Conpound5hb 1S toxic - . t oxi c

t oxi c

{(m,4), 3.7 (m,4), 4.0 (s,z), 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
10 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
20 chromatography. The product was eluted with 4% and 5%

MeOH in CH c12 which gave 110 mg (33%) of the title
compound .

Rnal. (C H NO
60.75; H, 4.58; N, 9.66,

25 Found: €, 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), 5.2 (q,2), 7.5 (d,1), 7.6 (s5.1), 7.9
(4,1), 8.4 (s5.1). :

15

30

35



15 . 228 6.5 176 6.0 107 5.7 9

211 - 6.5 90 2.2 79 3.6 5.4 © 128
3.5 33 0 57 2.1 3.2 67 1.0
14 . 0 29 0. Doxorﬂ@ﬁbin 9 _ 233
6.5 14 0 | 156 4
19 1 4 0 3"E‘T"AHILE 38,5, 53 24
0 0 0 1.9 167 5.1 : 24 0
0 O 21 preparation of (20s)
' 10-Hydroxy-S-aminomethylcamptothecin Acetate Salt

5 A solutien 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

10 (1785.8 grams/cm) for & hrs. The catalyst was removed by
filtration and the filtrate was concentrated in vacuo to a
'so0lid residue. The concentrated filtrate was then
dissolved in water and purified by reverse-phase column
chromatography by eluting the product with 10% MeQH in

15 water (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

20 H, 6.90; N 6.38.

' ?ouﬂd: C. 43.82; H, 6.89; N, 5.7%.

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

25 7T11. Pharmaceutical Comgosition Examples

EXAMPLE, A
Parenteral Composition

To prepare a parenteral pharmaceutical compeosition

30 of this invention suitable for sdministration by injection,
100 mg of a water soluble salt of a compound of Formula
(I) is mixed with 10 ml of 0.9% sterile saline, and the
mixture is jinceorporated into a dosage unit form suitable
for administration by injection,

35 ' -
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Tabl e 8 (continued) Lack of Cross-Resistance to Conpound No. 1S of

Mul tidrug Resistant Sublines of P388 Leukenm a Conpound Dose

P388 ' P388/ Doxor ubi ci n P388/ M t oxantrone (ng/ kg, ip, Days
ILS(% NCK(Iog) ILS (%9 NCK (log) ILS (% NCK(Iog) 1 and 5) 1.2
117 3.0 19 . 0 ~jo- 0 0 Mtonycin C :
7.5 ' 178 5.5 52 . 0p5 104 5.5 4.5
156 he - 62 1.0 EXAMPLEB 6.5 2.7 128
3.5 52 CQaEi Compos itién 1.8 1.6 106 2.6
48 0.3 : son of?

0 14 1200 Hﬁ?@@&gs@% #H%Ilf (?Ma(cl%l“al t():gs S&r? 1%1 |%n

survi val ti me thfisghiowentdions 110de ma\N&tf taurammpsivndidd Fomor)l 3 sﬂdal‘-‘(ﬁ,ul at ed
5 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.

. ”’ﬁﬁ?iﬁ‘ti’iilfﬂfﬂ’mm

35 - ' . ';2.



from medi an survival time by standard nethods, since survival tinme is a ——
linear function of the log tunor cell burden. As the mtoxHM'@tﬂﬂmﬂﬁﬂmﬁm
. subline has a |l onger doubling.time than the other two cell

thi.s experiment, a smaller ILS is associatgd with greater NCK than i"n P388

or doxorubicin-resistant cell line.” Table 9 Activity of Racemic Mxture of

Conpounleo.ls in Mce Bearing i p P388 L&&MS Conmpound No. Dose

(my/ kg, Tp, Days 1 & ILS (99 Long-term Survivors 5) 1RS
.29 What is claibed is: : 1/6 14

135 7.2 80 3.6 30 Animals were

inplanted ip with 1Q[.er & cosiposnd w£r§§§eﬁQ¥mqlﬁespan (I1LS) is based on
medi an survival tinme of groups

5

10 yherein: . . -
.. X.is bydroxy; hydrogen; cyano; ~CH MH, ; or
formyl; ' :
R is hydrogen when X is cyano; CHZNH2 or
. formyl; or R is -CHO or -CH R when X 13 hydrogen or
15 hydroxy: . |
| R' is ~0-R%; -8-R%; -N-RZ(®Y); or
-N*—R?(R?)(R*), provided that when Rl is
—w*-R*(R?)(®*) the compound is associated vith a
vharmaceutically acceptable anion;: '
20 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
25 when R* is--N-R%(R%), the R? and R°
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:
30 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,
35 (4 -plper1d1ne)N—pxperzdlnylmethyl
{2’ -hydroxyethyl)amlnomethyl, tr1methy1ammon1ummethy1,
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of 6 mce relative to untreated controls. Long-term survi Vogmmr‘&“‘\u\l@n'l“\
tunor-free on Day 45. Table 10 Comparative Activity of Diff I

of Compound No. 1S in Mce Bearing iv L1210 Leukeni a Conpound” No.
Dose (nmg/kg, ip, Days 1 & 5) +E$ -(% 1S (acetate salt)
25

. toxic .. 100 9
83 5.4 1 cyclohexylamznomethy167N3mgthy1an111nomethy1 100 9

(hydrochloride, gallletny1, cyclop:onylam1nomet%§1 ¥, N-dimethylamino-
toxic 15
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
mixture.

125

1o

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, wherein 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 1s hydroxy; hydrogen; cyano; =CH,NH,: or
- formyl; '
35 ' Ris hydrogen when x is cyano; CH,NH

- 2 2 Qoxr
i - formyl; or R is -CHO or -CHza when X is hydrogen or

This Sheet Has Been Replaced




5.4 92 3.2

T 50 IS
(di hydrochl ori de salt) 25 (Um
toxic 15 133 - 22 Table 10 (c MLHMJH,”'I,””",
Conparative Activity of Different Salt F® s of Conpound No. 18
Bearlng v L1210 Leuken1a Conmpound No. Dose (ng/kg,

Rl is ~0aR2 S-R2 -N-R* (R ); or

w-r?2 (23 =Yy, provided that when r! is

- RZ(R?)(R ) the compound is associated with a
5 pharmaceutically acceptable anion:

. R.,R3 and R are the same or different and

are selected from H; cl g alkyl; C2 6 hydroxyalkyl;

¢ dialkylamino:’ Cy ¢ dlalkylammo-c2 6 alkyl:

ci 6 alkylammo--c2 6 alkyl; C, ¢ aminoalkyl or a 3-7.
10 member ungsubstituted or substituted carbocyclic rxng, ‘and

- when Rl is -N-R {RS), the Rz 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
15 additional heteroatoms; -
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, cyclopropylaminomethyl, N,N-dimethylamino-

- ethylexymethyl, N.N#dimethylaminoethylthiomethyl,

N, N-dimethylaminoethylaminomethyl. cyanomethyl, aminocethyl
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.

30 10. The composition of Claim 8 which is the

20

25

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

15
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32 | 50 1S (sodiumsalt)
1% 19 | toxie &4 R R

6.5 : 33 Anirg]s were inoculated iv with 10[err]
gells. Increase in lifespan (ILS) is based on nedian survival tine.of
groups of 6 mce relative to untreated controls. Pharnmaceutical Conposition
and Met hbd efcebrsa it The phar maceutical conpositions of this invention

conprise an effective tu hecq;olmggrsq\eti@ﬂ Y Ridig mediiictofis wwepound of
Formula (1) and an inert pharnmacéut] cally acceptable.carrig{ or dil uent.
These conposigriahpizechlnwitg edibydrochloride or sodium salt.
15. The compesition of Claim 8 which is in oral
5 dosage form. _
16. The composition of Claim 8 which is in
. parenteral dosage form. o . .
17. A compound for use as a medicament wherein

' sueh compound has the formula:
10 .

15

vherein: _
X is hydroxy; hydrogen; cyano; -CH,NH,: or

20 formyl; ; L :

R is hydrogen when X is cyano; CH,NH, or:
farmyl; or R is -CHOQ or —CH2R1 when X is hydrogen or
hydroxy. '

: R! is —o—az; -S-Rz; -NeRz(R3): or

25 x*-r2(x%)(r?). provided that when R® is
-N+—R;(R?)(R&) the compound is associared with a
pharmacedtically acceptable anion;

®%,R° and RY are the same or different and

: are selected from H; Ci6 alkyl; Coe hydroxyalkyl:
30 _ _

C,_g dialkylamino; C; . dialkylamino-C, . alkyl;
Ciug alkylamino—_cz_6 alkyl; Cyg amingalkyl or a 3-7
member unsubstituted or substituted carboeyclic ring; and
vhen &1 is —N—Rz(Rg). the R% and &%
groups may be combined together with the nitrogen atom to
as

“which they are bonded to form a substituted ox
unsubstituted heterocyclic ring which may contain

f

RN
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in dosage unit formappropriate for parenteral or oral adiiiN '
~conpound of Formula (I) is adm nistered in conventional dmml,mnﬂm”n“l
prepared by conbining a therapeutlcallé effective amount (t.€ , tan® s =
effective tunor gromﬁh i nhi biti ng amodft) of a compound of Fornula (1)
(“active ingredient") with standard pharnmaceutical carriers or diluents
accordin? to conventlogE% rocedures These procedures nmay involve m xing,
granul at f'ng L SoIV|ng the ingredients as 2& io rlate to
t he desi red.;megp Mnmeimﬂmynacwptmm ce3 ¥ erNPRAER 2 5

exanpl e, eltger €O|Id or liquid. Exenplary of solid carriers are Iactose,
terra al ba B2 talc, gelatin, agar, pectin, acacia, m,
stearate. stearic aciI8anchttempoued £epnpsarinop RRERPE QF/ ’i‘@?‘élé'tlélg
syrup, p%an%ﬁwg éﬁ%sﬁﬁn§foé 1m¥@1?ﬁm89d éfff ﬁgﬁ51§iﬁelgblguchhe carrier or

di | uent may eriral we ngwn the f such as
gl yceryl nnn@ampana@eWbergiycaﬁgn ﬂP@PéaﬁétésaPSnEhﬁrf & wax. ethyl -
cel lul ose, hydroxypropyl met hyl cel | ul-ose, nethylnethacrylate and the like. A
wi de variety of pharmaceuti cal fo%ns can be ‘enployed. Thus, if a solid

carrier is used, the preparation qan be tableted. pllaced in a hard gelatin '

capsul e i'n pomder or peIIet f Bra€ '-.forﬂ‘of a troche or Iozenge The
anount  y1p

y

15 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 hydrogen or
20 nydroxy;. :
RY is —0-R?; -s-R%; -N-R%(R%); ot
*t-r%(&%)(r%), provided that when R} is
-N+?R?(R3)(Rﬁ} the compound is associated with a
pharmaceut1ca11y acceptable anion;
23 : ,R; and R are the same or different and
are selected from H; Cl_ alkyl: Csg hydroxyalkyl,
Ci-6 dialkylamine; C, . dialkylamino—C, . alkyl:
Cy g alkylamino~C, . alkyl; C, . aminoalkyl or a 3-7
member unsubstituted or subst1tuted carbocyclic ring; and
when Rl is -N-RZ (R ), the %% 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

30

35

R e
e e
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t o about

ofssolid carrier will vary widely but preferably will ﬂﬂ ﬂﬂ
s 1 glIf aliquid carrier is used. the preparatlon l“ﬂl” ﬂ"l”

form of

a syrup, enulsion, -soft gelatin capsule. sterile ihjectdbl &

solution or suspension in an anpule or_vial or nonaqueous |iquid

suspensi

on. To obtain a stable water sHeabl e dose form a pharmaceu

acceﬁiable salt of a conpound of Fornula (1) is dissolved in,an aqu

solu
aci d. Ory

. the conpoun

dféfé‘ﬁb'wt Cﬁ%iﬁi%&% 18, sgii ubkeseide orumbs seLlav

| SSO din a sultable cosol vent or

conblmmgzﬁﬁﬁhrk#hkbltEﬁﬁnﬁm@%nﬁfO%u%%ﬂ%u??@B@@néosolvents i ncl ude,

not lim

pol ysor bat e 80,
of t%g Rt 5§ @Hﬁ‘g

ted to, 1§0hoﬂrnepﬁ9@ J%@n@mhxcz)b . wRet¥ch | pnchpldyesy ARG,
frln and the like in cincenééﬁxions ranging fro

Py lamdnenabls: « i Yrnekphal igen the formof a s

s *

tlcaIIy
eous

onvhErain @uginimethod novmpr $e5 3ENLRLEYRREND. BV & B Lof succinic

ai | abl e,
but are

m 0- 60@6
ol ution

of a seuN-ﬁgtmgI@;géfagghyygetngledlent I n an appropriate aqueous vehicle

such as

@%ter or laotogho . or degﬁ ?se solutions. For those F
(1) conpbtinde*RAT +H#+88: Plﬁﬁﬁé BpLActhELde chain in the 9- positio
as Cbnpoomdshybroﬁﬁeahyllaﬁiﬁeaetﬁymbetf;henhynammbmzemmeahy@hkal

salt of

_womtidn

18

20

éfcglgﬁésﬁ’i%#ghgafe%gfd ﬁﬂmé#ﬁfihgﬁﬂxgﬁ&ﬁﬂs of the E-ring

ethoxymethyl, cyclopropylamznamethyl M, N—dlmethylamlno-
ethyloxymethyl N, Nvdlmethylam;noethylthlomethyl
N, N;dlmethylamlnoethylamlnamethyl, 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 whi¢h is the racemic
mixture. ’ '
22. The use of Claim 20 wherein X is hydroxy and

R is dimethylaminomethyl. i

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

“galt.

25

30

35

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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by the sodiumsalt of Conpound No. 1S. It will be appreciag { v
- actual preferred dosages of the Formula (1) conpounds use(azlllmlm.mu“lnm”““l
conpositions of this invention will vary according to the partdculam s =
conpl ex bei ng used, the particular conpga[tion formul ated, the node of

adm ni stration and the particular site, 'host and di sease being treated.

Optinpal dosages for a qiven set _of conditfigng_.c b rBe@d by those
skilfed in the ar37usi%590559eﬂfi6n59m88 eiﬂegg?n§%§§fgﬁéﬁests in view of

t he abowgI@é@f&éﬂ@ﬂﬁahaéihé-tﬁﬁbrpaeemtgrehthd&hhibiténGOﬁ¢tﬂHétabse-

general l'y enployed is from20.to: 58 / .0of body surface area per day
for one ¥kerein ERAQsCONRPHEB aBFy°%e Qg?égkgggéf every fourth week for four

courses of treatment. For oral administration, the dose generally enployed
S fgpn1about 20 to about 150 nogknferr] of body surface area per day for
one to five days. with courses o} eat nent r%peated at appropriate
intervals. The method for i mhi g “‘e% gr oyt h of animal tunor cells
' cqordance with this invention
Athed with said tunor cells an

9 .
10 | 6

wherein:
X is hydroxy:@ hydroden; cyano; -CH NH,; ox
formyl; .. .
15 R is hydrogen when X is cyano; CH,NH, or
formyl;_or R ‘is -CHD or -CH2R1 vhen X is hydrogen ot
hydroxy: _
r} is -0-R?; -8-8%; -N-rZ(R%); or

vN*—Rz(R3)(R4), provided that when Rl is
~N+—Rz(33)(34) the compound is associated -with a
pharmaceutically acceptsblie anion:
_ R%,8% and R* are the same or different and
are selected from H; C,_, alkyl; €, . hydroxyalkyl:
Cy.¢ dialkylamino; C;_ . dialkylamino-C,_ . alkyl;
5 ¢, . alkylamino-C, . alkyl; C, . aminoalkyl or & 3-7
member unsubstituted or substituted carbocyclic ring; and

| when R' is -N-R%(®%), the R” and R’ -
groups may be combined together with the nitreogen atom to
which they are bonded to form a substituted or '
unsubstituted heterocyclic ring which may contain
additional hetercatoms; '

or a pharmsceutically acceptable salt, hydrate or solvate
thereof . ' . ' | '

2

20

30

35
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23 Wi ||l be administered parénterally or orally on a daily basi.s+inan

anount” sel ected from about 20 ng/nferr] to about 150 ng/nier
surfdce area for one to five days, with courses of treat mantmﬂgmigﬁlﬂum"l“l
appropriate intervals. The follow ng Exanftes illustrate (a) ®hecp s o
used for assessing the activity of various conpounds of Fornmula (I) in
transpl ant ed nurine tunn23nnq§lﬁomégﬁnahgfcpﬁg1fg{m gparation of the

Forrmula (1) conpounds used in the tom positions and nethods of this
invention, and (c) an oral and a parenteral pharmaceutical conposition of

this invention. Wthout further g%aggégtion, it is believed that one

skilled in the art can, using the™p Ohaef T eestyption B utilize the

present invention to its fullest-extent. i anpl es are.’

therefore, t'o be construed as nerely il| ustu pt-.a |imtation of
the scope of the present invention in any way. LS E o
.
Cﬂ‘ ox
10
- Formula (II)
13
20
25
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EXAMPLES |. Protocols Used For Transplanted Murine Tunor Mdels The:
protocols utilized for the evaluation of the antitunor activity of Fornula
(1) .tompounds are wel | -established and widely utilized by those skilled in
the-art of assessing the activity of drugs in preclinical tunor nodels.
These studies generally follow the pra% col s established by the National
Cancer Institute as described by Geran’®¥t al., Cancer Chem ot herapy
Reports, Part 3, Vol. 3, 1-103, 1972. A) ip Tunor Mdels Tunors used in

t hese studies - P388 | eukema and its doxorbicin - and

m t oxanrone-resi stant sublines. ‘L1210 | eukem a, B16 nel anoma, B16

mel anoma/ F10 subline. Mb076 sareonma and col on carci noma 26 .- are naintained
by serial transplantation in syngeneic strains of mce. For the |eukem as,
t hese t UWBSTRACE nuintained in DBA 2 mice. The Ms076 sarcoma, the Bl16

mel anoma and its F10 subline are maintained in C57BI/6 mice and the col on
sar ci NOMWAZFER SOIUBLE QAMPTOBNELIN ANALOGSe | eukeni as and the Mb076
sarcona are serially transplanted i.p. as ascites cell

This invention relates to water soluble camptothecin analogs, a phaunaéeutical
composition comprising h-tumor cell growth inhibiting amount of such an analog, and
a method of inhibiting the growth of tumor cells sensitive to such an analog in an

animal in need thereof,




suspensi ons whi | i nes and the col on cargesméra 2@5133635’?
. serially transpllmmm Imﬂwﬂml)d tunors. For therapeutic trials, {uWB~s
are aseptically r mce and prepared as suspensions for
inplan- tation ipg irfto‘te8t &nitals. The test aninals for the colon
carcinoma 26 are fenale BALB/c nmice (20-25 gn). Theﬂyeskwaﬁgﬂpk 105 [ngg
ot her tunor nodels are syngenelc fenare7¢[err] ybvr B @zF, LL o
(C57BI/6 x DB | evel varies wihft yipe QL. (0] '*ﬁ@%?""
| eukenia is inp ﬂﬁ ﬂi s per nouse, LlZngd%uﬁ ngé.%g' IR 5?
10[err] cells ﬁ ‘o s 828

Q76 darcoma at 5 x lOLprr],g
I npl antation o the 816 nmel anoma | i nes and t he colon %arC|n8ﬁ§ﬁ26 (gpgmd -----

tunors from don ' are mnced and honogen|4 d.in.loose fitting

t efl on- gl ass honmdbyent zer to give a tunor brei. tTH&: nﬂééul REGERTe!. 5. ére .0.5

m of a 10 percent (w,v) Dbrei e Bl llnes and 0.5 M of a b
percent (w.v) brei ofICoI cgm éPhgna§Zg Qﬁ#? I nocul afThisBheetrHag Been Replaced

random zed to treatnment groups conprised of 6- 8 n1ce each In
experinent, there are three groups ofy untreated control mce.

di ssol ved or sus- pended in. apprQRl.2&e 2 i cl es and given
variety of routes and schedul es of [aam over a range of dose
| evel s. Animals are housed in shoebsy e e_nonitored daiyy for
nortality for 30 (L1210), 45 (P388) : _

wherein:

X is hydroxy: hydrogen; cyano; ~CH2NH2: or
formyl:

R is hydrogen when X is cyano; CH NH or formyl:

or R is -CHO or —CHZR when x is hydrogen or hydroxy:
R is -0-r?; -s-r?; -n-r%{®%): or

-n*-r%(R*)(rR"). providea that when R' is
-N+—R2(R3)(R4) the compound is-'associated with a
pharmaceutlcally acceptable anion;

RZ.R3 and R4 are the same or dlfferent and are
selected from H; c1-6 alkyl: C2 6 hydroxyalkyl:; C
dialkylamino; C dialkylamino- C2-6 alkyl:; . 1 6
alkylamino-C alkyl; C aminoalkyl or a 3-7 member

1-6

1-6
2-6 2-6
unsubstituted or substituted carbocyclic ring; and
_ when RY is —N-RZ(R3); the R? and R> groups

may be.combined together with the nitrogen atom to which
they are bonded to form a substituted or unsubstituted
heterocyclic ring which may contain additional heteroatoms:
or a pharmaceutically acceptable salt, hydrate or solvate
thereof. ; '

2. The compound of Claim 1 wherein X is hydroxy and
R is dimethylaminomethyl, N-morpholinomethyl.
N-methylpiperazinylmethyl,
(4'-piperidine)N-piperidinylmethyl,
(2'—hfdroxyechyl)aminomethyl, trimethylammoniummethyl,



or 60 (B16, Ms076, coton—26)—days—Fhe—endpoint for activity is median

- survival tinme and |n relative to untreated controls. A
drug i s consi dered a ﬂmﬁﬂl"’“muﬂfnmllo nodels if it prolongs |ifespan by

[err] 40 percent. B. iv Funmdr Model s+ Tunors used in these studies - P388

| eukem a, L1210 | eukem a and Lewi s |ung carcinoma - are naintai ned by

serial transplantation in syngeneic strains of m ce. -BBA/2+forthe

| eukeni as and C57BI/6 for Lewi s |ung carci . The | EdiSeSHERT HA® BEENilal | y

transplanted i.p. as ascites cell suspensions while [he LREPEACEING

carcinoma is serially transplanted as a s.c. solid tumor. For—therapettic

trials, tunorsg ¥618?3§§P§ g%&gt ffbVﬁdmgEﬁngkyyyngﬂéfhﬁmd prepared as

suspensions for an- o test animals which for each tunor are
syngenei ¢ fena?EhF¥Em¢Phﬁybr¢!FEEEE@?%}?Tlh?%&FQKiyﬂﬁ/NT@@TX#Q%Samﬁﬂﬂr

i nocul um | evel e¥Ayt 88yMbthy 1 hemtwp&lﬁéchyn@xﬁmoc&&&hﬂui@ﬁaﬂxys I nocul at ed
at 10[err] cells cells

O[er
nouse, and Le NTghBeEQY%?ﬂbﬂ%?E?YgaEEnﬂTeﬁhY 1&9Qﬁﬁﬁy% Qélﬁﬁ%ﬁhy he
brei of Lew s bunfocmyltnonewherpirpRr kg asddm idnetl Xbbs-ecyamo Blfformyl

mel anoma.  Af t ept 4fiRhohBRRYY 31 PundEEEnak oL MU S 48 thoRL-

dimethylaminomethyl or N—morpholinémethyl.

3. The compound of Claim 1 which is the S-isomer.

4 The-compdund of Claim 1 which is the racemic
mixture. ' '

S. The compound of Claim 3 wherein X is hydroxy and
R is dimethylaminomethyl.

6. The compound of Claim 5 which is the acetate
salt. '

7. The compound of Claim 5 which - is the monohydro-
chloride, dihydrochloride or sodium salt. '

8. A pharmaceutical composition comprising a
compound of formula (I) as claimed in claim 1 and an inert

pharmaceutically acceptable carrier or diluent.

9. The composition of Claim 8 in which the compound
of formula (1) is in the form of the S-isomer and wherein
X is hydroxy and R is dimethylaminomethyl.

10. The composition of Claim 9 in which the compound
of formula (I) is in the form of the acetate, monohydro-
chloride, dihydrochloride or sodium salt.

-
14
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ment groups of 6'to 8 n1ce_eachf-Ln—eaGh—e*peflnent there are three.groups
of untreated control nice. ed or suspended in appropriate
agueous vehicles and gi Venim‘mf“mlmm!IHHWaH ous- treatment schedul es over.
a range of dosage |evels W el stare housed in ¥ and nonitored
daily for mortality for 30 (L1210). 45 (P388) or U{Seﬁﬁssﬂ HAS)
endpoint for activity is nedian survival tine and ncrea@u\@_;d %es an
relative to untreated controls. A drug is ggnsider €0 actTve—+h-thesg tunor
nodels if it prolongs |ifespan by [err]40 percent. 24 C. s.c. Tunor
Model s- Tunors used in these studies are maintained by serial -
transplantation in;gyngengi Gset bai Benpbulidc@or €2FRLAG flan hewelalieg

car ci noma, B16 melanoma and_its E10 subline, M5076 sarcoma and col on
adenocar ci norra”BS’ aBRLI?S/ gs a medicamen

The

12. The use of a compound of formula (I) as claimed
in claim 1 as an inhibitor of the growth of animal tumor

cells.

13. The use of a compound of formula (I) as defined
in claim 1 in the manufacture of a medicament having tumor
cell growth inhibiting activity.

l4. A compound of the formula (II)
CF.S0,-0

3772

(11)
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for ‘col on carci noma 26 ADJ- PC6 pl asmacytoma Madi son | ung car g gemeé and
cql on adenpes 3 : adenocar ci noma 16/ c. =Mkt-ir-ttte

exception p i $ maintained as a |.ailg§ghges cel
suspensi on 2 &E@u g iy k l |y transpla

tunors. Fo 1 ti-Page $0 pagerodk were asepti cal onor
m ce and pf dpaPewinge) ipagtchnt. 4 ipogeds..c. |into test anl,lllmnﬁmmmmmnml mal s
for Lewi s dibstirgti nopaged16 torplgetbm and 7igt s F10 subl i rfe, "M6876°saf cona
and col on pdenocarci noma 38 are syngeneitc female F[err ybrid B6D2F[ egr]
ﬂh&arS&fEEBrk&\SZBE

mice (C57B /EATEEBNQECE&EF..R!IQ.(%.l..%?WHC toma and col

eval uat ed G0 300 SR g, Nam VT et Suate EX ci ngma anBERIACED _
adenocarci noma 51 are eval uat ed in syngeneic female err]

mce (BALB/c x DBA/2). Mammary adenocarcinoma 16/c is evaluated in female

C3H mice. The i nocud umd doeesg tBe L L QRAFHINS ol ARRATo L iGoRBEMBBaT s

i npl anted as 2 mm fragnents by trochar: Ms076 sarconma and ADJ- PC6

pl asmacytoma are inplanted as cell suspensions at 5 x 106 and-2-x_106 cells

per nmouse, respectively. Colon carcinoma 26, colon adenocarcin ma 51 Lew s

| ung carcinoma, Mdison |ung carci oma and B16 nel anona and it ehBeplaced
are inplanted as tunor breis pg(epard as descri bed above in. l ,Eli,,"’

~wherein:

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

R is hydrogen when X is cyano; CHZNH2 or formyl:

or R is ~CHO or —CHZRl when X is hydrogen or hydroxy:
'Rl is -O-RZ: -S-RZ: —N—RZ(R3): or
+ 2 3 4 . .. : l .
~-N -R (R")(R"), provided that when R 1is
-Nf—R (R )(RQ) the compound is associated with a
pharmaceutically acceptable anion;
2 _3 o4 . ' ®
R”,R” and R are the same or different and are
selected from H; C1—6 alkyl: C2—6 hydroxyalkyl: C
2_6 alkyl: 01_6

1-6
dialkylamino; c1—6 dialkylamino-~C
::\l.kylami.no-c2 6 alkyl: C2—6 aminoalkyl or a 3-7 member

unsubstituted or substituted carbocyclic ring; and

J‘ .
=y £

When Rl is -N- R%}R 3., gthe R2 and qréups
® ’.i"
may be comblned together with the nltrogen atom to which
they are bonded to form a substituted or unsubstituted

heterocyclic ring which may contain additional heteroatoms:



-

a volune of 0.5 nl. The brei con ' percent (w v) except for
col on carc%%%ﬁmmﬁeiﬁmmm&‘mﬂﬁﬁ!mﬁkn was 5 percent (wv).
After tunor ipo ' biagdar e zed £o0+re of Z or 8
mce. In ea(':hﬂnscéﬁLe%ms(mm,Imllp re are three groups of ,ulit$ SHtEET HASHBEEN [ ni ce.
Drugs are di ss%‘“ﬂ%l‘ﬂ%ﬁﬂ ded in appropriate aque}ous vBBPIACER and @i ven
by a variety of I ni stration and treatnent SChedU t&3~ OV a
range of dosage levels. Animals are housed’3 ™ shoebox cages and are
nonitored daily for- nortality. At a tinme when untreated control aninmals
have | arge neasurab] e tunors. rall r] S |
animal s are nB&sfr® frﬁa%%?%b‘%%??:gl chéFgg‘nlgf%:gsggm{’t ha%d%/ﬁgr)]iogr scQ)alIE“}ialpteer and
tunmor vol une taecabtul ated by the fornmula: length x (wwdth)2 x 0.5. Tine
for tunor ”Eaagg?ggﬂﬁsﬁéhdﬁpgegggtcgapghgegifferent rates of tunmor growth
u t

of the different nors: -the nost rapirdly growing tunors such as the Lew s
and Madi son lung tunors, B16 nel anoma -and its F10 subline were neasured
between Days 12 angda}6ecoddénsheen @EOWDARyd LORYSamptetheabunedttat | ater
time points - 17 days, for MpQ76, sar r S

adenocar ci non'§°f8‘Fi,XeE§88a§§9f gﬁAﬁi’%@B‘%&%"%ﬁ‘é‘g W%.Laél% co onycarci noma

26, 24 days femicel o6 gileaoadicitheneompoundd 61 Haymular (Eb|e¥rcept the

: : - 1.
adenocarCInOW%o%%bund where X is hydrogen, cyano or formyl and R 1is

—N—Rz(R3) and Rz and R3 are the same and are H; or

(b) formylation of 10-hydroxycamptothecin to yield
9—formyl;lo-hydroxycamptotheéip which is then subjected to
condensation with the appropriate amines followed by
reduction with sodium cyano borohydride or cata1ytic

reduction; or

(c) treating the appropriate compounds of Formula (I)
wherein Rl is -N;RZ(R3) with an alkylating agent to
obtain the corresponding compounds of Fromula (I) wherein
Rl is —N+—R2(R31(R4) and Rz. RB and R4 are not H; or.

(d) heating 9-dimethylaminomethyl-10-hydroxycampto-
thecin or its salt with the appropriate alcohol or thiol
in an inert solvent to form compounds of Formula (I)

wherein Rl is O-Rz: or

(e) subjecting the trifluoromethylsulfonate of
.10-hydroxycamptothecin to palladium-catalyzed
carbonylation.

2. The process of Claim 1 wherein X is hydroxy and
R is dimethylaminomethyl. N—morpholinometh?l.
N-methylpiperazinylmethyl, i -t
(4'—pipetidfne)N—pipé:idinyimethyl. ;
(2'-hydroxyethyl)aminomethyl, trimethylammoniummethyl.
cyclohexylaminomethyl, N-methylanilinomethyl.



The bndpoi nts for activity are nmean tunor vol une, percent tunor g'r.o.wth:
i nhibition relative: s and the nunber of animals:w thout
pal pabl e tunors on t ﬂﬂmﬂ‘ ment. A drug_is_considered active in

these tunor nodels i r]70 per cen TH[gqls t1 MASORE
grow h at or bel ow a w tael erat ed dose. Aﬂﬁéastat c tunors
I ncl udi ng: Lewi s and Madi son | ung tunors, colon and B16

mel anoma and its F10 subline. tunnr-bearkndsnfce are nonitored for survival
time as well. For the |ess matastatic tunor nodels, tunor-bearing mce are

killed foll ow ng tunor rreasureTéa) gf_ihls seté ﬁn |ncrt§aze Ln

|i fespan of [é’rq]wmﬁé:rbé’ént GYe loproryd Al nep ey dyi NeNc 8 LBF CBY L8™ARPTvi t v .

I'l. Synthesis 4ﬁn¢13nymduhynﬁ NRNqnﬁmnuﬂjnahnnbbehvmthmumnghgynthetic

exanples, te rature I ol I ot hekw .

I ndi cat ed, aIrTﬁ\‘F ‘H%etﬁ |I§‘g}%rra rlq% sm\%ergei tgglarllléJ eﬁﬁgrln cgmgﬁgrl

sources. EXAMVRUE ﬂorlmeiparcm ivhrersfin 20 ig) hydrogep aadr Zhyi§r 6¥aRpt of REMYA
or amlnomethyl, or wherein X is hydrogen_and R is

dimethylaminomethyl or N-morpholinomethyl.

3. - The process of Claim 1 in which the compound of
formula (I) so prepared is in the form of the S-isomer.

4. The process of Claim 1 in which the compound of
formula (I) so prepared is in the form of the racemiq
mixture.

5. The process of Claim 3 wherein in the compound
of formula (I) so prepared X is hydroxy and R-is dimethyl-
aminomethyl. :

6. The process of Claim 5 in which the compound of
formula (1) so prepared is in the form of the acetate,
monohydrochloride, dihydrochloride or sodium salt.

8. A process for preparing a pharmaceutical
composition comprising which comprises bringing into
association a compound of the formula (1) as described in
claim 1 and a pharmaceutically acceptable carrier or
diluent.

9. The process of Claim 8 in which the compound of
formula (I) is in the form of the S-isomer and wherein X
is hydroxy and R is dimethylaminomethyl.

10. The process of Claim 9 in which the comﬁound of
formula (1) is the acetate, monohydrochloride,

dihydrochloride or sodium salt.

I'hls Sheet Has Been Replaced
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Canptothecin (32.0 g, 0.092 nol.) obtained from Tai njai n- SK& Ltd.,
Tai njain, China, was conbine i [err] [pre- pared by pre-reduction of

8.0 g, anorphous Ch r HOAc for 1.5 hour (h) under 1
at nosphere (atm) m | ll}u ﬂ L). Reduction was abeekipt m
H2 for 8.5 h. wh[J* ‘a fring the m xture. Ab?¥$éﬁgﬁﬁ$gg ?ﬂﬂ%
time, the theoretical anDunt of H err] had been absorhed (sRE nore
than 4.1 L) and the uptake of H2 had sl owed’Zonsi derably. The reaction was
degassed with a streamof Ar for approximately 10 m nutes (mn.), and then
filtered through a celite pad which was washed w th HOAc 420(;2 r%gn The .
resul ting sol ution Was (AcBCPFA®Ei BPEI PrERAEHRI {1 TR HY t15h M ded
in Exanple 2. EXAMPLE 2 Preparation of (20 S) 10-Hydroxycanptothecin To the

vigorously stirred solution of 1,2,6,7-tetrahydrocanptothecin. prepared as
descri bed above in Exanple 1. '

FBSOZ_O

Formula (11)

wherein such process comprises heating a mixture of
10-hydroxycamptothecin, an inert solvent, a base and a
trifluoromethanesulfonyl triflating reagent.

Sheet Has Been Replaced
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stirred under—A—for 30 min., and:

25 was added Pb(OAc)4 (64 g., O. 14'3unT" in one portion. The reaction was

Concentrati

Herr]O (1 L
wi th addition
and air dried
44. 3% 10- Hydr oxycanpt ot
Canpt ot heci n based on high pressure |iquid chromatogra

(What - man Part¢Edim® ms&,@ccéﬁtpgoﬁ @] &l !t?g/#lg—{[ grr] O . 'The cru
0 uxed overnight. The

.gave a gummy residue
o een Replgdeti br own sol i i
_ err] O (200 nmL), pressed dry with a rubber dam
‘e resulting partiiﬂly wet pr '

YRR 0

was filtered off. washed

i AritAS BERN/

ecin, 26.9% 10-Ac- oxycanpt ¢ )
HRERDACED A ysi

was conmbined with 1.

reaction was cool ed and concentrated to approxi mtely 50-100 nL. ‘Ice cold

Herr]O (1 L) was added mnskd re€ci pi 5 fi of f
i 11 ons ile ool d H[erri%(égsoﬁn%%p%éégésagté Z?yéé\ﬂh‘?%&gdréﬁbeﬁfh%aﬁnrm:

hi gh vacuum for 2 days to give 21.16 g. of material which

addi ti onal
dri-ed under

cont ai ned 70. 9% 10- Hydr oxycanpt ot heckn, 1.2% 10- Acet oxycanpt ot heci n, and

Formula (1)

wherein:

X is hydroxy: hydrogen; cyano: -CH,NH_ ; o
formyl;

R is hydrogen w i : |
g hen X is cyano: CH NH, or fgqppy;.

or R is -CH - 1 . i
O or CH,R™ when X is hydrogen or hydroxy;

r: is -O-RZ: —S-Rz; —N-RZ(R3):-dr.
-N:-Rz(R3)(R4). provided that when R is
-N -R (R3)(R4) the compound is associated wity a
pharmaceutically acceptable anion:

RZ.R3 ana r* are the same or different
and are
selected from H: Ci_¢ alkyl: C, . hydroxyalky), ¢
dialkylamino: e dialkylémino—Cz_6 alkyl; c
allt:ylamino—cz__6 alkyl:; Cz_s aminoalkyl or a 3};Gmember
unsubstituted or substituted carbocyclic ring;

1-6

and

when R' is —N—RZ(R3), the R® ana R® groupg
may be combined together with the nitrogen.atom to which
they are bonded to form a substituted or unéubstituted
heterocyclic ring which may contain additiona) heteroatoms:

washed with

re



21. 3% Canpt ot heci n based on HPLC 3 Preparation of (20°9)
9- Di et hyl ami nonet hyl - 10- hydr. ox,yc% @cl! e Sal t 1
0- Hydr oxycanpt ot heci n mhlch roxycapptothecin

20
and t her ef or e Taxhest ﬁﬁnﬁ mmol of 10- Hydr oxycaFﬂﬂScﬁHfﬂlmS BEEN

prepared as des Ie 2 was conbi ned with HPAc (6RBPIMcED 37%
aqueous CH[err] rOX|nater 149 .nmol ) and 46%-atteots—
di met hyl am ne ( nL approximately 109 'midl) and stirred for
approxi mately. 18 h and the thin layer chromatography (tic) indicated some
remi ning startdng MbehaVeutildanty $ockytiel Lahle! blqcatbobi] gthonce
silica gel). This's emis sul e for fol lowing the di sappearance of
10- hy- droxycamenQQRHn but not for nonitoring the formation of product.
Addi tional 37%@Etenys sYidheprddedds Monpiiwedxi mately 72 mml ), and 40%
aqueous di nethylamne (6 ni, approximately 53 mml) was added and stirring
was continued for an additional 24 h. The reaction was concentrated to
dryness, triturated (4t ohdeheaicm o HAE- My doxy dampttetbdcandwiilid sol i d
was washed withe t . 50% : e ' id
wei ghed 6.3 g hd 1&98;3@ Ut P A e dENG P iy BR s@'&'o‘ﬁﬁa%@

amine to give all the compounds of Formula (I) except the

compound where X is hydrogen, cyano or formyl and Rl is

—N—RZ(R3) and R2 and R3 are the same and are H; or

{(b) formylation of 10-hydroxycamptothecin to yield
9—formy1slo-hydrokycamptothecin which is then subjected to
condensation with the appropriate amines followed by
reduction with sodium cyano borohydride or catalytic
reduction; or

(c) treating the appropriate compounds of Formula (1)
wherein Rl'is —NTRZ(R3) with an alkylating agent to
obtain the corresponding compounds of Fromula (I) wherein
Rl is —N+—R2(R3)(R4) and Rz, R3 and R4 are not H; or

(d) heating 9—dimethylaminomethyl—lo-hydroiycampto—
thecin or its salt with the appropriate alcohol or thiol
in an inert solvept to form compounds of Formula (I)
wherein R1 is O—RZ: or

(e) subjecting the trifluoromethylsulfonate of -
10-hydroxycamptothecin to palladium-catalyzed
carbonylation.

2. The process of Claim 1 wherein X is hydroxy and
R is dimethylaminomethyl, N-morpholinomethyl,
N-methylpiperazinylmethyl.
(4'-piperidine)N-piperidinylmethyl,
(2'-hydroxyethyl)aminomethyl, trimethylammoniummethyl.
cyclohexylaminomethyl, N-methylanilinomethyl.



recover edcanpt ot heci n by HPLC (V\hat S 350% : '
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3. The process of Claim 1 in which the compound of

formula (I) so prepared is in the form of the S-isomer.-

4. The process of Claim 1 in which the compound of
" formula (I) so prepared is in the form of the racemic
mixture. | '

5. The process of Claim 3 wherein in the compound
of formula (1) so prepared X is hydroxy and R is dimethyl-
aninomethyl. '

6. The process of Claim 5 in which the compound of
formula (I) so prepared is in the form of the acetate, .
monohydrochloride, dihydrochloride or sodium salt.

8. A process for preparing a pharmaceutical
composition comprising which comprises bringing into
association a compound of the formula (1) as described in

claim 1 and a pharmaceutically acceptable carrier or
diluent. : -

9. The process of Claim 8 in which the compound of
formula (I) is in the form of the S-isomer and. wherein X
is hydroxy and R is dimethylaminomethyl.

10. The process of Claim 9 in which the compound of
formula (I) is the acetate, monohydrochloride,
dihydrochloride or sodium salt.
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Formula (1I)

wherein such process comprises heating a mixture of
10—hyd£oxycamptothecin. an inert solvent, a base and a
trifluoromethanesulfonyl triflating reagent.

12. A compound of'the formuia (I1)

CF3502—0

(11)
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10- Hydr oxycggepiigabieci n” (100 ng, 0.27 mmol ), prepared as described in

Exanmple 2, 2:1 HOAc/EtOH (10 m.), 37%aq. CHerr]O (0.5 nL) and

N- Met hyl pi per s inentiof refaes tof wateneaiuble casmeisiineeipjangiegs. 3 PRAPASeHtifahompesitipf} comprising a tumor

10- Hydr oxy cesfrprowth inhibiting amount of such an analog, and a method of inhibiting the growth of tumor cells sensitive to such -
an analog in an animal in need thereol. -

The structure of the DNA helix within eukaryotic cells imposes certain topological problems that the cellular appa-
ratus must solve in order lo use its genetic material as a template. The separation of the DNA strands is fundamental
to cellular processes such as DNA replication and transcription. Since eukaryotic DNA is organized into chromatin by
chromosomal proteins. the ends are constrained and the strands cannot unwind without the aid of enzymes that alter
topology. it has long been recognized that the advancement of the transcription or replication complex along the DNA
helix would be facilitated by a 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 im-
portant cellular functions and cell proliferation. :

There are two classes of topoisomerases in eukaryotic cells. type | and type Il. Topoisomerase | 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 1o unwind), and subsequently reseals the break before dissociating
from the DNA strand.

Topoisomerase il consists of two identical subunits of molecular weight 170,000. Topoisomerase |l transiently
breaks both strands of the helix and-passes another double-strand segment through the break.

Camplothecin is a waler-insoluble, cytotoxic alkaloid produced by Camptotheca accuminata trees indigenous to
China and Nothapodyles foetida trees indigenous to india. Campiothecin and a few close congeners thereof are lhe
only class of compounds known o inhibit lopoisomerase I.

Inhibition of topoisomerase Il is the major target of important commercial oncolylic agents (e.g.. etoposide. doxo-
rubicin and mitoxantrone) as well as other oncolytic agents still undergoing development. Camptothecin (and its known
congeners) have no effect on lopoisomerase Il and none of the known lopoisomerase Il inhibitors has any significant
effect on topoisomerase |.

J. Med. Chem. 23, 5. 1980. pp 554-560: EP-A-0 074 256 and JP-A-59-51259 disclose camptothecin analogues
described as having antitumour activity. '

Camptothecin and its known topoisomerase | inhibiting congeners have not proven to be altractive for clinical drug
development as cylolytic agents because of lack of clinical efficacy. unacceptable dose-limiting toxicity, unpredictable
toxicity, poor aqueous solubility, and/or unacceptable shelf lite stability. Therefore. there is a need lor lopoisomerase
| inhibiting agents which avoid the undesirable features of camptothecin and its known related topoisomerase | inhibiting
congeners. The compounds of this invention fulfill such need.

SUMMARY OF THE INVENTION

This invention relates to a compound of the formula
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Formula (I)

wherein:

X 15 hydroxy. hydrogen cyano -CHyNH,. or formyl. .

R is hydrogen when X is cyano. CH,NH,, or formyl: or R 1s -CHO or -CH,R! when X is hydrogen or hydroxy:
R! is -O-R2; -S-R2 -N-R2(R?): or -N*-R2(R3)(R%). provided that when R is -N*-R2(R3)(R%) the compound Is as-
sociated with a pharmaceutically acceptable anion: or R! is cyano or CHyNH, when X is hydroxy: )
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Ex arrpl e ?poxgpnp rqretﬁn ﬁ@}qrﬂfqﬁ@ble( q_@@erlng NA topology in eukaryotic cells. They are critical for im-
portant cellular funcnons and cell proliferation.

There are two classes of topoisomerases in eukaryotic cells. type | and type II. Toponsomerase | 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 dissociating
from the DNA strand.

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

Camptothecin is a water-insoluble, cytotoxic alkaloid produced by Camptotheca accuminata trees indigenous to
China and Nothapodytes foetida trees indigenous to India. Camptothecin and a few close congeners thereof are the
only class of compounds known to inhibit topoisomerase |.

Inhibition of topoisomerase Il is the major target of important commercial oncolytic agents (e.g.. etoposide, doxo-
rubicin and mitoxantrone) as well as other oncolytic agents still undergoing development. Campiothecin (and its known
congeners) have no effect on topoisomerase 1l and none of the known topoisomerase Il inhibitors has any significant
effect on topoisomerase 1.

J. Med. Chem. 23, 5, 1980, pp 554-560: EP-A-0 074 256: and JP-A-59-51259 disclose camptothecin analogues
described as having antitumour activity.

Camplothecin and its known topoisomerase | inhibiting congeners have not proven to be attractive for clinical drug
development as cytolytic agents because of lack of clinical efficacy, unacceptable dose-limiting toxicity, unpredictable
toxicity, poor aqueous solubility, and/or unacceptable shelf life stability. Therefore, there is a need for topoisomerase
linhibiting agents which avoid the undesirable features of camptothecin and its known related topeisomerase | inhibiting
congeners. The compounds of this invention fulfill such need.
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SUMMARY OF THE INVENTION

This Sheet Has Been Replaced
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This invention relates 1o a compound of the formula

Formula (1)

wherein:

X is hydroxy: hydrogen: cyano: -CH,NH,: or formyl:

R is hydrogen when X is cyano: CHyNH, or formyl: or R is -CHO or -CH,R! when X is hydrogen or hydroxy:

R! is -O-R2: -S-R% -N-R2(R3): or -N--R2(R3)(R%). provided lhat when R! is -N*-R2(R3)(R4) the compound is as- .
sociated with a pharmaceutically acceptable anion: or R is cyano or CHZNH2 when X is hydroxy:
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Formula (II)

The compound of Formula (ll) is useful in preparing the compounds of Formula (l).

Preferred compounds of Formula (1) include those wherein when X is hydroxy. R is dimethylaminomethyi, N-mor-
pholinomethyl, N-methylpiperazinylmethyl, (4'-piperidine)N-piperidinylmethyl, (2"-hydroxyethyl)aminomethyl. trimeth-
ylammoniummethy!. cyclohexylaminomethyl. N-methylanilinomethyl, ethoxymethyl, cyclopropylaminomethyl, N.N-
dimethylaminoethyloxymethyl. N.N-dimethylaminoethyithiomethyl, N.N-dimethylaminoethylaminomethyl. cyanome-
thyl, aminoethy! or formyl. Preferred compounds of Formula (1) also include those compounds wherein when R is
hydrogen. X is cyano. formyl or aminomethyl. Additional preferred compounds of Formula (l) are those wherein X is
hydrogen and R is dimethylaminomethyl or N-morpholinomethyl. Especially preferred are the compounds of Formula
(1) wherein R is dimethylaminomethyl, particularly the S-isomer form thereof.

This invention also relates to a pharmaceutical composition comprising an effective. tumor cell growth - inhibiting
amount of a compound of Formula (1) and an inert pharmaceutically acceptable carrier or diluent.

This invention also relates to.use of a compound of formula (I) the manufacture of a medicament for use in inhibiting
the growth of tumor cells sensitive to a compound of Formula (i).

It is recognized that due to the asymmetric carbon atom in the E ring of the compounds of Formula (1} (i.e.. carbon
atom number 20), optical isomers will exist. The S-isomer is the preferred isomer, however the R-isomer and racemic
mixture (racemate) are also included within the scope of the compounds of Formula ().

Pharmaceutically acceptable salts and their preparation are well-known to those of skill in the art. Preferred phar-
maceutically acceptable salts of compounds of Formula () include acetate, methane sulfonate and hydrochloride. such
as mono- and di-hydrochloride, as well as alkali metal salits of compounds of Formula (1), such as sodium. wherein the
E-ring lactone has been subjected to basic hydrolysis.

Pharmaceutically acceptable anions of quatenary salts are well-known to those of skill in the art. Preferred phar-
maceutically acceptable salts of compounds of Formula (1) where R is -N+-R2(R3)(R4) include methane sulfonate and
chloride.

The compounds of Formula (1) 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 so-
lution with an appropriate organic solvent.

DETAILED DESCRIPTION OF THE INVENTION

The compound of Formula (11} may be prepared according to the procedure outlined in Example 22.

The compounds of Formula (I) can be prepared from 10-hydroxycamptothecin via a Mannich reaction. Conden-
sation of 10-hydroxycamptothecin with formaldehyde and a primary or secondary amine (Mannich reaction) gives all
the compounds of Formula (1) except the compound where X is hydrogen: cyano: of formyl and R! is -N-A2(R3) and
R2 and R3 are the same and are H. Alternatively. 10-hydroxycamplothecin can be formylated (Duff reaction) lo give
9-Tormyl-10-hydroxycamplothecin which can then undergo condensation with amines followed by chemical reduction
with sodium cyano borohydride or catalytic reduction (Pd/C. H,) lo give producls analogous to those derived via the
Mannich reaction as well as the compound of Formula {l) wherein R! is -N-R2(R3) and R2 and R?2 are the same and -
are H. Compounds of Formula (1) where R1 is -N+-R2(R3){R%) and R2. R3 and R* are not H are oblained by treatment
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CH[ er r | Clijeem edd dhamni ei74), JTO). etieh. b1 4rer(eds). The filtrate was conmbi ned Wt h
met hyl net Haa etsrthgfrmm‘aleor the preparation of compounds of Formula (1), i.e., 10-hydroxycamptothecin, is a natural
product found in the same plant as camptothecin [See, Wani et al., J. Org. Chem., 34, 1364 (1969)]. 10-methoxyca-
mptothecin has also been isolated from the same plant as camptothecin and can be converted to 10-hydroxycamp-
tothecin by refluxing with hydrogen bromide. Camptothecin itself can also 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. 3005188, filed June 30. 1982]. Racemic 10-hydroxycamptothecin can also be prepared by the method
S of Wanietal.. J. Med. Chem., 23, 554 (1980). A large number of methods for the total synthesis for camptothecin have
been reported. See, e.g., Hutchinson, Tetrahedron, 37, 1047 (1981), and Suffness and Coldel, *The Alkaloids. Chem-
istry and Pharmacology", Brossi, A.. ed., Vol. 25, Academic Press, Orlando Florida, 73 (1985), for reviews. The most
practical route (hereinafter referred to as the Wani route) for producing camplothecin which is racemic at the carbon
on the 20-position is described by Wani et al.. J Med Chem., 23, 554 (1980).

Utility of Compounds of Formula (1)

a: Cytotoxicity

The acetate salt of the compound of Formula (I) wherein R is dimethylaminomethyl (S isomer) (hereinafter referred
to as “Compound No. 18*) demonstrated potent antiproliferative activity in a variety of cultured cell lines (Table 1). In
a series of eight cultured human colon tumor cell lines, Compound No. 1S was quite consistent in ils cytotoxic polency.
For a brief exposure (2 hours) to the drug. the 50 percent inhibitory concentration ranged from 0.12 - 2.1 If the drug
was left in the culture medium for the full 7-day period over which cells were allowed to proliferate. the ICg, values
ranged from 3.9 - 75 ng/ml.

Three rodent tumor cell lines and two "normal” rodent cell lines were also evaluated for sensitivity to Compound
No. 1S. The K12/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 cell lines, L1210
leukemia and 816 melanoma, were no more sensitive to the Compound No. 1S than the human colon tumor cell lines.
in fact. the B16 melanoma cell line seemed to be considerably less sensitive than the other cell lines tested. Notably,
B16 and L1210 are both quite sensitive to Compound No. 1S in vivo in therapeutic trials in tumor-bearing mice.

The protocol used to evaluate the cytotoxicity of Compound No. 1S 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% CO, humidified incubator at 37°C. Various
concentrations of a Formula (I) compound under sterile conditions were allowed to react for 2 hours followed by aspi-
ration of medium or were exposed continuously. Plates are incubated for 7 days at 37°C in a CO, incubator. Medium
was aspirated and cells were fixed and stained with ethanol and Geisma stain. The surviving cell population was
determined by scanning the plates with an image analyzer. The percent inhibition of proliferation was determined
relative to cells incubated in the absence of drug and the 50 percent inhibitory concentration (IC5q) was determined
by interpolation.
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precipitate was filtered. dissolved in Herr]O (10 nL). washed with Et CAc
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EXAMPLE 9 -
2 h Exposure | Continuous Exposure
Human Colon Tumor Cell Lines
SW-620 0.12 0.0065
SKCO-1 0.23 0.0039
SW-948 0.26 0.016
DLD-1 : 0.44 0.015
LOVO 0.58 0.0097
HT-29 0.58 - 0.016
CACO-2 1.7 0.075
WIDR 2.1 0.025
Rodent Tumor Cell Lines .
o L
L1210 Leukemia 1.4 n.d.
K12/Tr Colon Carcinoma 39 0.084
B16 Melanoma nt * 0.62
Rodent "Normal” Cell Lines .
NRKS52E (rat kidney epithelium) 1.2 0.052
IEC-6 (rat intestinal epithelium) 3.9 0.017

*n.t. = not tested

A variety of Formula (1) compounds were evaluated for cytotoxicity against L1210 leukemia cells growing in sus-
pension culture (Table 2). Cells were exposed continuously upon cloning into medium containing 0.2 percent Nobel
agar. After incubation at 37°C in a CO, incubator for 3 days. colonies were stained with viable cell-specific formazan
stain and, 24 hours later, were enumerated by a colony counter (Biotran Il. New Brunswick Scientific Co., Edison, NJ)
adjusted to identify colonies of more than 50 cells. The concentration which reduced cloning efficiency by 50 percent
(ICgp) was determined by interpolation. Formula (1) compounds had ICg, values of 1210 690 nM. i.e.. ICg, values which
were indicalive of cytotoxic activity. The related natural product. 10-hydroxy- camptothecin, had an 1Cgy of 18 nM.
Cytotoxic compounds of Formula (1) are potent inhibitors of purified topoisomerase I. As indicated in the following

- section related to in vivo activity, a number of Formula (1) compounds, although generally less cytotoxic than 10-hy-
droxycamptothecin. had antitumor activity against L1210 leukemia in vivo which was equivalent or superior to that of
10-hydroxycamptothecin. For example. Compound No. 1S was about 3-fold less potent than 10-hydroxycamptothecin
with respect to cytotoxic potency against L1210 leukemia cells in vitro. but exhibited in vivo tumor cell growth inhibiting
activity which was generally superior to 10-hydroxycamptothecin in a variety of rodent tranéplantable tumor modeis.



Prepardtion of (20 S) 9-Fornyl-10-hydr oxycanpt ot hecin

10<$Hydr oxycanpt ot heci,n (100 ng, 0.27 mmol), prepared as described in

Exanpl e 2, hexanet hyl enetetraamne (0.80 g, 5.5 nmmol) and trifluoroacetic
acid (TFA) (15 mL) were refluxed under argon for 20 h. The reaction was
con- centrated, conbined Mith Herr]O (15 nL) and stirred for 1 hr. .Herr]O
(75 nL) was added and the pH was adjusted to 8.4 by the addition of NaHCGCS.
The aq. phase was washed with EtOAc (3 x575 mL), acidified to pH 1.5 with 3
N HCl and then extracted with EtQAc (5 x 75 nlL). The conbi ned organic
extracts were washed with IN HQ (5 x 75 1), Herr]O (75 nL), and
saturated aqueous NaC (25 nL), and concentrated. The residue was then
purified by flash chronat agwity efrimyis((1) comewes Hiinse RIS Ldvisgaiarittsh t he crude

mat eri al preabsorbed on a 1 cnfX¥Eg AP IR B REPEY /™SO err]). The product
was eluted with 1 % CHerr]OHin CHerg grr],to give 50 ng (47% of the
title conpound. An analytically pure sa = obtained by fractionally
precipitating from approxi mately 25% CH err] CHerr]C[err] by slowy
cooling and concentrati ng under a Wmsia&iin of ni gen. IR (KBr) 3400, 3100,
2950, 1755, (t,3,J=7Hz, C18), 1.96 (d,2,J=7Hz CI9), 5.32 (d,1,J= 14Hz, C17),
5.33 (5,2,05), cagedd (0, L, J=g4Hz, CIL7), 7.bU (0, L, J=9HZ, Clakltea alridony
(s,1,C14), 8. 3%1:!#1‘,!@«%#612) , 9.34 (s,1,C7),
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{acatate taly)
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10. 85 %’s,l,CHO). Calcd for (err]Herr]Nerr]derr]1 Herr]O (mv = 410. 38):
C 61.46: H 4.42: N 6,83, Fd: C 61.09: H 4.17: N 6.52. EXAMPLE 10 .
Preparation of (20 S) 9-Cycl opropyl am nonet hyl - 10- hydr oxycanpt ot heci n
Hydrochl ori de salt A m xture of 10-hydroxycanptothecin (254 ng. 0.7 mmol),
prepared as described in Exanple 2. 37% aqueous formal dehyde (1.0 m), :
cycl opropyl am ne (400 ng, 0.7 nmmol) in glacial acetic acid (16 nL) and

et hanol (8 m_) was ‘stirred overnight at &fbient tenperature and

concentrated in vacuo to dryness] The I‘(FSI due was titurated with water.
filtered and dried to give 260 .:(75%_ ield) of the named conpound as an °
acetate salt which was converted|tZo thejnamed hydrochl oride salt by
triturating with 0.1 N HCl. Anal (:C%err]H[.err Nperg |l asr b 85.01: H
5.57: N. 8.02 Found: C. 54.94: H NF 1)= 46’°(s )= 4.8 (s, 2),
5.2 (s, 2), 7.2 (s, 1), 7.5 (q, :’): 8.6{(s, 1). EXAMPLE 11 Preparation of
(20 S) 9- Et hoxynet hyl - 10- hydr oxyq arrpt otlhecin A mixture of
10- hydr oxycanpt ot hecin (364 ng, 120 rgol), prepared as descri bed in Exanpl e
2. di net hyl am ne 52( & 8 9 9 e ™ ==
] -k
' g
|
s 2 >
£ 3 s
;3 < 8% ® v S &4 N W O O 9
\r = ggs T & ¥ g -~ v @ 2 3
> B :
= £ 4 <
~ §3 rris5d,zék
* 3 = $ S 3 8 3 3 % 3 9
r g x 2 2222 %=
i o =
= =
P |
g 's *:ANAN
- c;», §"§”
.‘? [ xNz&zN o~
2 5 QUNS S “
< = S 8 § (:J
< s 32 2 3 3 £ 38
— SN i e e Dl P - A
o N S S S A - )
8 2L ¢ ¢ 48 3923
- - - - - - = = ==
3 2 '
Q.
£32
o




hydro¢hl oride (90 ng, 1.1 mml) and 37% aqueous formal dehyde (1.5 nL) was
refluxed in 95% ethanol (25 nL) for 5-1/2 hrs. The reaction was
concentrated to a small volunme and the precipitated product was coll ect ed
and dried. Purification by silica gel chromatography eluting wth 3% MeOH
in CHerr]OJ[err] gave 85 ng (20% vyield) of the named conpound. Anal. '
(derr]Herr]Nerr](Jerr]). Calcd.: C 862.08: H 5.27: N, 6.29. Found: C,
61. 80: HyeRel theloseQevdid testbd BeddBEHpot e Gltelatiive.nT € 423 (MHerr]).[err]H NMR
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(sc). Curative activity was evndent in certain tumor models including ip- and iv-implanted P388 and L1210 leukemias
and iv- and sc-implanted Lewis lung carcinoma. The level and spectrum of activity of Compound No. 1§ in animal
tumor models compares favorably with the most broadly effective of the known antitumor drugs such as cyclophos-
phamide, cisplatin and doxorubicin.
The results of these transplanted murine tumor model 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 tumor growth
- achieved with optimal doses and optimal schedules of administration of Compound No. 1S. Also shown in Table 4 are
\/ results obtained in comparative studies on these tumor models with the natural product parent compounds, camp-
tothecin and 10-hydroxycamptothecin. These results were achieved with ip or iv administration of Compound No. 1S
on an intermittent schedule (i.e.. every fourth or seventh day). In some instances, the results were obtained with an
optimal treatment regimen in which Compound No. 1S was administered on a split-dose regimen (every 3 hours times
4) on each day of treatment as is described in more detaii below. Camptothecin and 1 0-hydroxycamptothecin were
always administered as suspensions ip due to their insolubility in aqueous vehicles.

It is evident from Table 4 that all three compounds have a broad spectrum of activity in animal tumor models.
Superior activity for Compound No. 1S is evident in several tumor models including: ip L1210 leukemia. ip B16 melano-
ma., iv P388 leukemia, iv L1210 leukemia, sc Lewis lung carcinoma, sc B16 melanoma, sc B16 melanoma/F 10 subline,
sc colon carcinoma 51, and s¢ Madison lung carcinoma. 10-Hydroxycamptothecin is quite active in ip implanted tumor
models but as 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-implanted solid tumor modeis. This is likely not due to the
poor solubility of 10-hydroxycamptothecin since camptothecin is equally insoluble but is quite aclive in cerlain sc tumor
models. It is possible that the aromatic hydroxyl group of 10-hydroxycamptothecin is susceptible to first pass conjuga-
tion and biliary excretion and, thus, the compound does not achieve adequate concentrations in the systemic circulation.
Notably. Compound No. 1S. which also has a 10-hydroxy group. is highly active in sc and iv tumor models. This may
be due to the presence of the basic side-chain in the 9-position of Compound No. 1S which may inhibit metabolism of
the 10-hydroxy! group by steric hindrance. hydrogen bonding or interal salt formation. 10-Hydroxycamptothecin is
highly active in ip colon carcinoma 26 which is insensitive to Compound No. 1S and minimally sensitive to camptothecin.
However, the same tumor is refractory to 10- -hydroxycamptothecin when |mplanted sc yet has modest sensitivity 1o
Compound No. 1S 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 administered orally. This was demonstrated in
mice bearing sc-implanted Lewis lung carcinoma and is described in detail below. Another characteristic of Compound
No. 1S is its retention of activity in sublines-of P388 leukemia which display resistance to multiple antitumor drugs as
described below. As a major problem in cancer chemotherapy is emergence of resistant cell populations which fail to
respond to initially effective drug regimens as well as second-line treatment regimens. the availability of drugs to which
resistant cells are not cross-resistant should have a significant impact on the management of cancer.

The activity of Compound No. 1S in each of the tumor models which have been tested is described in more detail
in the following sections. :

ip Tumor Models

The activity of Compound No. 1S administered ip or sc on various treatment schedules to mice bearing ip-implanted
tumors is shown in Table 5. The data demonstrates the dose-dependency of the antitumor effect of Compound No. 1S
in six p-implanted lumor models.

P388 Leukemia: When given 1p on Days 1 and 5 to mice bearing ip P388 leukemia. Compound No. 1S produced
>200 percent ILS with 4/6 long-term survivors (cures) al its maximailly tolerated dose of 15 mgrkg. Lower doses were
also highly efiective with increases in lifespan of 125 and 92 percent. This high degree of aclivity was confirmed in °
anolher experiment described later (see Table 8) in which the maximally tolerated dose produced 228 percent ILS with



purifiéhtion was obtained using a silica gel MPLC colum. and the product
was” eluted with 2% MeOH in CHerr]C[err]. The product fractions were.
conbi ned and concentrated in vacuo to give 77 ng (24% of the naned
conpound as a yellow solid. Anal. (Cerr]Herr]Nerr](err] 5.47: N, 8.32.
Found: C. 66.97: H 5.69: N 7.91. DCl mass spectrum me 484 (MHerr])
[err]H NMR (CDCL) 2), 5.5 (q, 2), 6.9 (m 5). 7.5 (s. 1). 7.9 (q, 2), 8.4
(s, 1). EXAMPLE 13 Preparation of (20 S)

9- Cycl ohexyl ami nonet hyl - 10- hydr oxycanpt ot heci n Hydrochl oride salt A mixture
of 10- hydroxycanptothecin (364 ng. 1.0 nmmol ), prepared as described in

Exanpl e 2. 37% aqueous | . 28 formal dehyde (1.5 nl), cyclohexylam ne (1.8
. . . . . - -
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b. In Vivo Tumor Cell Growth Inhibition

Compounds of Formula (1) were initially evaluated for in vivo antitumor activity in mice bearing intraperitoneally
{ip)-implanted L1210 feukemia (Table 2). Compound No. 1S and Compounds No. 4S-13S prolonged the lifespan of
tumor-bearing mice by >40 percent al their respective maximally tolerated dose levels. Three compounds - Compounds
No 1S. 6S and 11S - were particularly aclive. prolonging lilespan by >200 percent and producing long-term tumor-
free survivors. A number of compounds had aclivily superior to thal of the natural product. 10-hydroxycamptothecin.
lo which Formula (1) compounds are structurally related. For iwo of the compounds - Compounds No. 7S and 13S -*
the highest dose tested was not toxic. thus these compounds may have greater activily at higher dose levels Never-



stirred overnight at anbient tenperature and concentrated in vacuo to
dryness. The residue was purified on a reversed phase col um (MPLC) el.uting
with 15% agq. MeOH contai ning 0.02% gl acial acetic acid. The named conpound
as an acetate salt was obtained after concentration to a small vol une and

| yophilization (250 ny, 47% . The acetate salt was converted to the-naned
hydrochl oride salt by addition of 0.1 N HC , and the salt was collected by
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816 Mela_gomalF1O Subline: The F10 subline of B16 melanoma is a highly metastatic subline of this tumor which
was selected by cloning. Compound No. 1S produced 105 percent ILS at its maximally tolerated dose of 15 mg/kg
given ip on Days 1, 5, 9 and 13. Activity, as indicated by increases in lifespan of >40 percent, was evident at two lower
doses as well. ' _

M8076 Sarcoma: The M5076 sarcoma is a metastatic reticulum cell sarcoma which 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. 1S

N when the drug was administered sc as well as by ip drug administration. The degree of aclivity 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, 5 and 9. This schedule, as described below, appears to be optimal for Compound No. 1S in a number of
tumor models. Compound No. 1S was evaluated in 3 additional dose-response studies in mice bearing 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, 5. and 9
s¢ (57 percent ILS). As in iv and s¢ tumor modals (as described below). Compound No. 1S appears to be most effective
in ip M5076 sarcoma when administered on a split-dose treatment regimen. Nevertheless, regardless of schedule of
administration. Compound No. 1S is reproducibly active in this tumor model.

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 lo a maximally tolerated dose of Compound No. 1S.

iv Tumor Models

The activity of Compound No. 1S administered ip or iv io mice bearing systemic (iv-inoculated) leukemias or Lewis
lung carcinoma is shown in Table 6. The dose-responsiveness and schedule-dependency of Compound No. 1S is
clearly demonstrated by these studies. In each of the three tumor models. Compound No. 1S demonstrated curative
activity.

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

o However, Compound No. 1S was highly active against iv P388 leukemia whether given at its maximally tolerated dose
on Days 1 and 5 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. 1S produced 125 percent ILS with 1/6 cures at a maximally tolerated dose of 15 mgkg
given ip on Days 1 and 5.

L1210 Leukemia: Compound No. 1S proved to be reproducibly and highly active against iv-implanted L1210 leuke-
mia. Extensive schedule dependency studies were performed in this tumor model with the drug adminisiered iv. As
demonstrated in Table 6, administration on 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 6, there are 10 dose-response studies with iv-
administered Compound No. 1S in mice bearing iv L1210 leukemia. The 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 6, >300 percent ILS with 6/6 cures: three
treatments at 6-hour intervals on Days 2 and 6. 200 percent ILS with 2/7 cures: 2 treatments at 12-hour inlervals on
Days 2 and 6. 229 percent ILS with 2/7 cures: single treatments on Days 2 through 6. 143 percent ILS and 129 percent
ILS: 2 treatments at 12-hour intervals on Days 2 through 6. 193 percent ILS and 171 percent ILS: 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.
1S would appear to be most effeclive when administered on an every 3-hour schedule. It is less effective when given
daily than when given every lourth day. The optimal schedule from these studies was used for certain solid tumors as
discussed above for ip M5076 sarcoma and as described below. In a variely of tumor systems the degree of activity
is increased and the effective dosage range is broader when Compound No. 1S 1s given on a split-dose (i.e. every 3
hours times 4) schedule. )

Lewis Lung Carcinoma: Lewis Lung carcinoma is a highly metastaltic. undifferentialed Iung cancer which has been




4.92: N, (s.6), 3.3 (s,2), 4.1 (s,2), 5.2 (s,2), 5.4 (s,2), 7.3 (s,1), 7.4
(d,1), 8.0 (d,1), 8.7 (s.1). EXAMPLE 15 Preparation of (20 S) i

9- N. N- Di et hyl am noet hyl t hi onet hyl - 10- hydr oxycanpt ot heci n Hydr ochl ori de
Salt A m xture of 9-dinethyl am nomet hyl - 10- hydr oxycanpt ot heci n

hydr ochl-ori de salt (100 ng, 0.2 mmol ), prepared substantially as described
i n Exanpl e 18, and 2-di net hyl am noet hari@t hi ol (13 nL) was heated at
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~ atthe site of tumor implantation. Tumors are measured generaily 2 to 3 weeks following tumor implantation when large
tumors (>500 mm3) are evident in untreated control animals. For highly metastatic solid tumors survival time can also
be used as a measure of drug activity. For less metastatic tumor 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, B16 melanoma, B15 melanoma/F10 subline. and M5076 sarcoma was accompanied by pro-
N longation of lifespan. Even in the less responsive lumor models., Madison lung carcinoma and colon carcinoma 26.
Compound No. 1S 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. 1S of the tumor
models tested. This is an unusual finding since Lewis lung carcinoma has been widely used in the study of antitumor
drugs and is refractory to the majority of the known antitumor drugs. When given ip on Days 1. 5. 9 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
maximally tolerated dose, 4 of 8 mice were cured. At the time of tumor measurement (Day 14). lumors in untreated
controls averaged 1685 mm? in volume. In a second experiment Compound No. 1S was administered iv and po on
Days 1. 5 and 9. By both routes of administration there was 99 percent inhibition of tumor growth (TGI) with half or
more of the animals showing no 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. 1S has excellent
bioavailability upon oral administration. In this experiment, tumors eventually grew at the site of implantation indicating
either that ip treatment is optimal in this tumor modet or that a longer duration of treatment is required for curative activity.

816 Melanoma: This metastatic melanoma model has been widely used to evaluate and screen for antitumor
drugs. When implanted sc. this tumor is refractory to most antitumor drugs. Compound No. 1S was evaluated in mice
bearing sc 816 melanoma in three dose response studies. When given as a single dose on Days 1. 5 and 9, a maximally
tolerated dose of Compound No. 1S 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

o 758 mm?3 in the two experiments. When given on the optimal split-dose treatment schedule described above., Compound
No. 1S produced complete tumor growth inhibition over a broader dosage range. This is consistent with the results
obtained in other tumor models. In the sc B16 melanoma model. tumors eventually grew in all treated animals and
there were no cures. In this metastatic tumor model, 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. '

B16 Melanoma/F10 Subline: This subline of B16 melanoma. selected for increased melastatic properties was
similar to the parent B16 melanoma in its responsiveness to Compound No. 1S. Treatment ip on Days 1,5, 9and 13
resulted in complete tumor growth inhibition at the 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 mm3. Tumors in all treated groups eventually grew and there
were no cures. However, ip treatment at 25 mg/kg resulted in 70 percent increase in lifespan (ILS): iv ireatment at the
same dose level gave 38 percent ILS.

ADJ-PC6 Plasmacytoma: This tumor model. which is most akin to the human cancer of multiple myeloma. was
highly sensitive to Compound No. 1S administered ip on Days 1. 5. 9 and 13. Tumors were measured on Day 19 and
averaged 828 mm? in volume in control mice. Compound No. 1S produced >90 percent inhibition of tumor growlth at
four dose levels at or below the maximally lolerated dose. There was 1 of 8 long-lerm lumor-[ree survivors al each of
the top lhree dose levels. As this tumor is not highly metastalic. median survival time was not determined. .

M5076 Sarcoma: The M5076 sarcoma implanted sc was quite sensitive 10 Compound No. 1S with >90 percent
TGl at three dose levels at or below a maximally tolerated dose. Tumors were measured on Day 17 when control




ylenedianine (100 my, 1.1 mmol), 37% aqueous formal dehyde (1.5 nL) in
glfaci al acetic acid (25 nmL) and ethanol (10 mL) was stirred at room
tenperature for 64 hrs. The solvents were renoved in vacuo, and the solid
resi due was treated with water (10 nlL) and isopropanol (10 nmL) containi ng
3N HCl (3 nL): The finely precipitated solid was collected. washed with :
i sopropanol and dried to give 218 ng (40% yield) of the title conpound.
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salt. prepsyoesh a%ﬁm 9&8 Fe@hh@é’w Oalfps XRNPANE 28 TN Hhdrdor@bldad 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.

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 colon adenocarcinoma 38. Compound
No. 1S was active against 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

N\ 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 undiffer-
entiated tumor model with high metastatic activity. In contrast lo the Lewis lung tumor, the Madison lung tumor is not
highly sensitive to Compound No. 1S. On a single dose regimen given iv on Days 1. 5and 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 TG!. However, on the
optimal split-dose regimen Compound No. 1S, administered iv, did show activity against Madison lung carcinoma with
85 percent TGI at the maximally tolerated dose. The drug was somewhalt less efiective on this treatment schedule
when given ip (74 percent TGl at the maximally tolerated dose). Madison lung tumors were measured on Day 12 or
13 in two separate experiments when tumors in conltrol mice averaged 1571 and 942 mm3. respectively. reflecting the
rapid growth rate of this tumor. Thus, even in a refractory tumor the administration of Compound No. 1S on its optimal
treatment regimen can result in significant tumor growth inhibition.

Colon Carcinoma 26: In this highly invasive and metastatic unditferentiated colon tumor. Compound No. 1S pro-
duced only marginal tumor growth inhibition (72 percent TGl) when given ip at its maximally tolerated dose on Days
1. 5. 9 and 13. Tumors were measured on Day 19 when control tumors averaged 1052 mm3. It is unknown whether
Compound No. 1S would demonstrate good activity in this tumor model if administered on its optimal split-dose regimen. -

Multidrug Resistant Sublines

Although the most significant problem in cancer therapeutics is the inherent insensitivity of the common neoplasms
toall 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" tumors such as nonsmall cell lung’
cancer. ovarian adenocarcinoma, acute nonlymphocytic leukemia. breast carcinoma and certain lymphomas can be
placed into remission by combination regimens which have become established as front-line therapy for these diverse
diseases. However. in most cases, patients prasent with recurrent disease and the ability to induce subsequent mean-
ingful remission, even with highly intensive combination regimens, is greatly reduced. Characteristically, these recurrent
lumors prove lo be refractory to drugs which are structurally and/or mechanistically unrelated to the drugs which were
initially employed to induce remission. This phenomenon of multidrug resistance is currently being intensively investi-
gated in a number of laboratories. Recent evidence suggests that amplification and expression of the multidrug resist-
ance (mdr) gene and presence of the mdr gene product, P170 membrane glycoprotein. is associated with multidrug
resistance. P170 purportedly serves as an efflux transport pump with incredible diversity of substrate specificity. A
recent paper suggests that strong expression of the mdr gene in certain previously untreated tumors such as pheo-
chromocytoma and colon adenocarcinoma could be responsible at least in part for the inherent drug refraclory phe-
notype of these tumors.

Thus. itis important to identify new agents which retain a high degree of activily against lumors which express the
multidrug resistance phenotype. Such agents might hold promise for further advances in the trealment of chemosen-
sitive lumors (i.e by showing efficacy In previously treated patients or by killing the mdr subpopulation as a component
on front-line combination regimens) as well as for currently nonresponsive tumors which are insensitive to available’
drugs because of inale expression of the mdr gene. Camplothecin has proved to be unusual in that it is one of the few



| yzed™for 2.5 equivalents of acetic acid and 0.75 equival ents of water (8.5
gf 14.5 mmol based on a nol ecul ar wei ght of 585) was dissolved in O 1. N
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mol by HPE’EP%?Pa"Y;y& Iwgyk? bep'faéffﬁ? d:out of cells by P170 glycoprotein and thus prove ineffective™in tumors ex-

pressing the mdf gene.

Compound No. 1S was evaluated in mice bearing P388 and its doxorubicin- and mitoxantrone-resistant sublines
{Table 8). Doxorubicin and mitomycin ¢ were included for comparison. P388/doxorubicin and P388/mitoxantrone re-
tained sensitivity to Compound No. 1S. These multidrug-resistant cell lines demonstrated the expected resistance to
doxorubicin. P388/doxorubicin was also resistant to mitomycin ¢. Thus, Compound No. 1S retains the antitumor activity
in multidrug-resistant cell lines that is a characteristic of camptothecin.

Racemic Form of Compound No. 1

All of the biological studies described heretofore were carried out with the S-isomer of Compound No. 1, i.e., the
_configuration at C-20 which exists in naturally-occurring camptothecin and 10-hydroxycamptothecin. A racemic form
of Compound No. 1 was prepared by tolal synthesis and was evaluated for antitumor activity in mice bearing ip P388
leukemia (Table 9). The racemic form of Compound No. 1S, hereatfter referred to as Compound No. 1RS, is highly
N\ active in P388 leukemia, producing 165 percent ILS with 1/6 long-term survivors at a dose of 28 mg/kg administered
ip on Days 1 and 5. Although not quite as active as Compound No. 1S (cf Tables 5 and 8). Compound No. 1RS
possesses excellent activity in this tumor model.

Different Salt Forms of Compound No. 1S

Compound No. 18 is water-soluble by virtue 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 hydrochloride salts of Compound No. 1S. A soluble form of Com-
pound No. 1S can also be prepared by basic hydrolysis of the E-ring lactone of Compound No. 1S with the formation
of water-soluble alkali metal salts of the carboxylate form of the compound. A direct comparison of the acetate, hydro-
chloride. dihydrochloride and sodium salts of Compound No. 1S was carried out in mice bearing iv L1210 leukemia
(Table 10). The compounds were administered as solutions in 5% dextrose iv on Days 1 and 5. The dihydrochloride
salt was formed upon addition of excess hydrochloric acid and the likely resulils from protonation of the quinoline
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 sodium 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
lolerated dose of 54 mg/kg.

Nt : Table 3
Spectrum of Activity of Compound No. 1S in Animal Tumor Models

Tumor Model Activity at Maximally Tolerated Dose
ip Tumor Models
P388 Leukemia . P
L1210 Leukemia +4+4
B16 Melanoma ++
B16 Melanoma/F 10 Subline ++
M5076 Sarcoma -+

Colon Carcinoma 26 -

iv Tumor Models

P388 Leukemia 4+
L1210 Leukemia ' -
Lewis Lung Carcinoma i+




as_described in Exanmple 3. was dissolved in 0.4 NHC (6 n., 2.4 mol),

| yophi li zed and punped under high vacuum for 40 h. to give 0.269 g of.the
title conpound. [err]H NWR (CDCl [err]/CDlerr]OD) (q, 2 J =7.5), 3.01 (s,
6), 4.85 (s, 2), 5.31 (d. 1, J =16), 5.36 (s, 2), 5.65 (d, 1, J = 16),
7.64 (d; 1. J=9), 7.73 (s, 1), 8.23 (d, 1, J =9), 9.07 (s, 1). Anal. (C
H NO 50.37: H 5.70: N, 7.66: O, 12.9313Found: C, 50.76: H 5.64: N, 7.57:
cd, 12.61. EXAWVPLE 20 Prepar ation ofab.@ao(cg).mued)

A AR ?ﬁ',.' l%'?\e@s’ﬁmﬁﬁé'@w&%@ NG, A TR s°an?de}smn g 0.2 |
mol ), prepared as dumpiMAsel i n Ex- anpl b 3, M"W‘Y%é(@’é’da%‘t'%a@q%hl sodi um

hydr oxi c‘e (4.5 mL. G@Gc#bnonwmedels and the so| ution was passed through an HP- |20
resin corum (Z X, ﬁn{ﬁrcmo je TesTn was Washed Wi watrer_( 250 L) and the

product was el ug 1 m xture of|waterand net hang[ Fractions
contai nijng the Q{ m%ro ?‘g%ﬁ)l ned, copcentrated to a snall vol ume and

| yophilifzed to of title|conmpound. IR(nuLoI) 0.65 (m 3),
1.8 (m 2), 2.8, GSr):o 2) 421([3, 2%,q4 5](s 52)1%71(qé302)|:7.§
(s, 1), |7.8 (s rrH err] N err err] Na O/ . Found:
C  56. 21: H, 5. nrh R ng !c%rﬁa{s}c _

(e} én bnocarcmoma 38 ++
Colon Adenocarcinoma 51 ++
Madison Lung Carcinoma +
Colon Carcinoma 26 +
Compound No. 1S was administered ip or iv every fourth or seventh day for 2 to 4 courses beglnmng 1103
N\ days following tumor implantation.

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

++ = >100% increase in lifespan (ILS) or >90% inhibition of tumor growth (TGI)
+=>50% ILS or >70% TGl

- = <50% ILS or <70% TGl

Table 4

Comparison of Compound No. 18 with Camptothecin and 10-Hydroxycamptothecin in a Spectrum of Animat Tumor
Models

Tumor Model! Compound No. 1S Camptothecin 10-Hydroxycamptothecin

Increase in Lifespan (ILS) or Inhibition of Tumor Growth (TGl)

ip Tumor Models

P388 Leukemia Curative Curative Curative
L1210 Leukemia Curative 172% ILS 94% ILS
B16 Melanoma 152% ILS 36% ILS 95% ILS
B16 Melanoma/F10 Subline 105% ILS 68% ILS 100% ILS
Ml M5076 Sarcoma 105% ILS 81%ILS 98% ILS
Colon Carcinoma 26 25% ILS 50% ILS Curative

iv Tumor Models

P388 Leukemia Curative 75% ILS 40% ILS
L1210 Leukemia Curative 136% ILS _ 100% ILS
Lewis Lung Carcinoma Curative not tested not tested

s¢ Tumor Models

Lewis Lung Carcinoma Curative 92% TGl 4% TGI
B16 Melanoma 100% TGl 78% TGl nol tested
B16 Melanoma/F10 Subline 100% TGl ' 90% TGl 58% TGl
ADJ-PC6 Plasmacytoma ' 100% TGl 100% TGl 76% TGl
M5076 Sarcoma 100% TGl 100% TGl 66% TGl
Colon Adenccarcinoma 38 96% TGl 100% TGl not tested
Colon Adenocarcinoma 51 92% TGl 75% TGl not tested

Mammary Adenccarcinoma 16/c 96% TGl 99% TGI 61° TGI




EXANPLE 21 Preparation of (20 S)

9-+Di met hyl am nonet hyl - 10- hydr oxycanpt ot heci n Free Base A mxture of .

10- hydr oxycanptot hecin (728 ng, 2.0 mml), prepared as described in Exanpl e
2. in glacial acetic (50 nL), ethanol (20 nmL), 37% aqueous fornal dehyde (3
m.) and 40% aqueous dinethylamne (3 nL) was stirred at roomtenperature

for 20 h. The solvents were renoved u reduced pressure: the residue was
heated at 50 under h| gh vacuum for :{aba“a&qm{n&éd ur at ed with |sopropanol (10
m) top w—sot--d

con uun AB
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10- hydr okycanpt ot heci n To a M xt unirease il Orekpanl 1105y yOABRIoAbil e Trowd @pAr ed ag

&

descri befr TH, Ige Z, A4y, 4. Ommot ) T DVF (A0 was added

t ri et hy| m ;n l ’I’)mm! ) fnl | nmq% h\l add Hl 11 nE r‘l)'fGI TG
I IH”? o ()

N- phenyl golon arcuno %&"ﬂr&%esm foni ’529%{ 2. Og, 6 66% TGI 37% TGl

Activity shown was that obtained at a maximally tolerated dose. Drugs were administered ip or iv to tumor-
bearing mice every fourth or seventh day for 2 to 4 courses of treatment beginning 1 to 3 days following tumor
implantation. Values were determined based on median survival time and mean tumor volume in groups of 6 1o 8
mice in complete dose-response studies.

_ Table 5
o Activity of Compound No. 1S in Mice Bearing ip-implanted Tumors
Tumor Model Treatment Dose (mg/kg/ ILS (%) Long-Term
Schedule/Route of injection) Survivors
Administration
P388 Leukemia Aip 30 toxic
15 >200 4/6
75 125
38 92
L1210 Leukemia Aip 25 toxic
15 219 2/6
9 _ 138
5.4 81
32 31
B16 Melanoma Brip 25 toxic
: 15 152
N 9 ’ ' 100
54 52
3.2 43
816 Melanoma/ Bfip 25 toxic
F10 Subline
15 105
9 68
5.4 63
3.2 37
M5076 Sarcoma Clip 10 toxic




The réaction was heated at 50[err] for 3 h. The solvent was renoved in
vacuo and the residug was triturated with water filtered and dried. A,

t heoreti cal
spot on thin layer chro-

A smal |

Anal .

.81: H, 3.05: N. 564. Found:

yield of the crude product was obtained essentially as a single
mat ogr aphy (TLC) showi ng a snal
sanpl e was purified by flash chronmatography on silica gel
eluting the product with 2% MeCOH in CHBerr]G Terr].
(C[err]H[err]N[err]C{err]SF[err])

origin inpurity.

col um by

C, 51, 38: H=3—42—N4- er+Hp —f— 60— —8-
8.5 (s, 1) _FAB nmss soeéﬁ‘f"' i rprapones NG {3 i MigeBparing rmalapted)Tupos\VD| E 23
Pr epar at i onTedor 4226) [9- Ditreatret am| normesdyrgtkenyt jot hedisy%ihe Long-Term
trifluor@met hanesul f gn&thedudRuRES) injection) Survivors
9- di net hyl am nonet hyl |- 1@dmipigiraisny canpt ot heci n acletate salt wap nade in sitd
as follows. A mxturg of 9-di nethyl am nénmet hyl -]10- hydexsxycanpt ot heci n
acetate gsalt. prepargd as described in B&nple 3. (482, 1npol) in
N. N- di mef hyl f or mam dg ( DVF) under [argon 1240nL) was tred@ed Wth 1/8
2.6-lutidine (268ng. [2. 5mol ) and |N-phemgRt ri f|juor onetane sul f oni mede
(0.54g, 1 5 mmol). ThHe reaction m|xture was was| stirred
M5076 Sarcoma Cisc 10 toxic
5 toxic
25 98
1.2 70 1/8
0.62 36
~ Colon Carcinoma B/ip 40 toxic
26
20 loxic
10 25
5 5
2.5 7
Treatment schedules are: A = Days 1 and 5: B = Days 1, 5. 9and 13: C = every 3 hours x 4 on Days 1. 5 and
9 Increase in lifespan (ILS) is based on median survival time of groups of 6 to 8 mice relative to untreated controls.
Long-term survivors were tumor-free on Day 45 for the leukemias or Day 60 for the solid tumors.
Table 6
Activity of Compound No. 1S in Mice Bearing iv-implanted Tumors
Tumor Model Treatment Schedule/ Dose (mg/kg/ ILS (%) Long-Term Survivors
Route of injection)
Administration
o P388 Leukemia Aip 25 279 2/6
M’ 15 132
9 100
54 58
3.2 42
P388 Leukemia Aiv 25 toxic
19 250 2/6
14 145
10 110
7.9 65
L1210 Leukemia Alip 25 toxic
15 171 1/6
9 136
5.4 93
32 57
L1210 Leukemia Dfiv 40 toxic




overnf ght at

roomtenperature.
triethylamne (0.4n,. 3 Omol).

Then,

to the above forned triflate was added

pal I adi um acetate (8ng. 0.04muol)

tri phenyl phosphi ne (20rrg 0 08mml ) and concentrated formc acid (O. dSnL

2mmol ) The reaction was heated at 60[err] for 8 hrs.
removed-in vacuo and the residue was triturated with a small
Herr]O and filtered. The dried,

crud

|nsoluble solid wei ghed 550ny.

The sol vent was

anount of
|t

was puri-fied by flash chronat ographﬁkon Sili c% gel colum by eluting sone
starting triflate with triphenylpho g4 feoptigued) o1 ¢ 250y (7099 of
9- net hyl ganp- 30 tot/‘h@ésmct‘»@&n@ '\(020% Mig Beajeg 'V'I"lplaete‘é:E\mGund as free bape
(4% IVEOHJ I N Fob@NddbiICl [ B friehynent@BHdasid e t bdsh lvi@et hy| selidondt eongfrerh Survivors
0- hydr oxycanpt ot heci n Wi t h AQfoMeOH |i n Chrfeetioh)) CI [€rr]. Somg of the title
conpound|was convert ed| t oAsrhiastamet atle salt by treatnment witlh dilute acetip
aci d. 24 >300 a7
14 157
8.6 129
5.2 71
L1210 Leukemia E/iv 6 toxic
36 >300 57
22 >300 7
1.3 243 27
0.78 186
~ Lewis Lung Blip 25 {oxic
Carcinoma
15 >200 "7
9 111 V7
5.4 37
32 16
Trealment schedules are: A = Days 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 based on median survival time of groups of 6 to 8 mice relative to untreated controls.
Long-term survivors were tumor-free on Day 45 for the leukemias or Day 60 for the solid tumors.




Anal . ‘(CJerr]Herr]N[err]Qerr]. 2.5Herr]O. Calcd.: C58.81: H, 6.12: N
8.23. Found: C, 58.60: H 5.88: N 7.88: [err]HNVR (CDCl[err]) (s,2),.5.2
(s,2), 5.4 (9,2, 7.3 (d,1), 7.5 (d,1), 7.6 (2,1), 80 (d,1), 3.3 (S,1)
Mass Spectrum m e 406 (MH err]) EXAVPLE 24 Preparation of

10- Cyanoecanptot hecin A solution of tributyltin cyanide (444ng, 1.4nmol) and
t et raki stri phenyl phosphi ne pal | adium (276ng, 0. 6mmol ) in 1.2-dichl oroet hane
(20nL) was heated to reflux under argom#or 2 h to forma ) ’
pal | adi umtin-cyani de conpl ex. Then e tr fl uor onet hyl sul f onat e of

10- hydr oxycanpt ot heci n d as 266ny, 0.6m)
was added and refp\ﬁ& é)}ésggo(ﬁ?‘i‘?ﬂ f gﬁﬁps%??b%gﬁn n was
concentrat ed to 1/3 of its or| iturated with an equal

vol ume of

dried. The

purification by flash chro
MeOH in CHerr]C [err]

d | d, f
: ;pgtgd el ggq \Hggwt g(r)/o

alned Anal .

3 Tumo
(derrlHerr]Nerr]Qerr O Calcd.: C, 65.96: H 4.22: N 10. 99..
Lewis Lung B/ip 25 toxic
Carcinoma 15 100 8/8*
9 99 7/8%%
5.4 68 2/8
3.2 31
. Lewis Lung F/iv 25 99 S/8
N Carcinoma 15 95 3/8
: 9 93 1/8
S.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 S1
B16 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
Bl6 Melanoma F/iv 25 toxic
. 15 99 7/8
s 9 96 6/8
~ 5.4 79 3/8
3.2 5S4 2/8
Bl6 Melanoma C/ip 6 100 R V4
' 3.6 100 1/7
2.2 92 2/8
1.3 64 1/8
0.78 46 1/8



Found:” C, 65.89: H, 4.06: N, 10. 66. [err]HNVR (CDCl [err]-MeODerr]) (q,2).
757 (s,1), 7.7-8.4 (m3), 8.6 (s,1). Mass Spectrumm e 374(MH err]) EXAMPLE
25 Preparation of (20S) 10-Fornyl canptothecin A flane dried flask was
charged with the trifluronethylsul fonate of 1 0-hydroxycanptothecin.
prepared as described in Exanple 22. (100 ng, 0.22 nmmol). freshly distilled
tetrahydrofuran (THF) (10 nL) and tetrakis triphenyl phosphi ne pall adi um (10
ng, 9 mol ). Carbon nonoxi de (CO was bggbl ed into the reaction for-3 mn.
and then the reaction m xture was_sto ed vvlth a CO bal l oon and i nmersed
in an oil bath at 50. Wiile stlfrlaibrjrg 1~"n a syringe punp. a solution -

of Bu[err]SnH (0.7 y THF add d dr vmse over a 4 hr
period. After thi ﬁ 'r%"ﬁ'h% s%‘?% 4%%3%2;% ?‘F? B‘”&ﬁd the residue
was purified by flash chromato r]O—I CHerr]dJ[err])

fol | owed by—+rna+-1mwT+Ttafreﬁ—usrﬁg—a—€h+ﬁﬁa+e++eﬁ—€+b+++seﬁ-Feeea+eh.
Palo Alto, Tﬁﬁkaﬂ ). The npou Mas el ut W th 29 CH in
CH[err]CI[err Bab§(24%ﬁc§ta eg‘}(qer rr] [err rﬁ{cf Herr]O.
Calcd.: C, 61.84: H 4.69: ou f FOUI’]CL.‘J Palpable
Administration Tumors
B16 Melanoma/ B/ip - 25 100 /8
F10 Subline 15 87
: 9 57
L 5.4 62
N 3.2 52
B16 Melanoma/ F/iv 25 97 6/8
F10 Subline 15 97 7/8
9 60 2/8
5.4 34 1/8
3.2 22 1/8
ADJ~-PC6 B/ip 25 toxic
Plasmacytoma 15 100 7/T%%x%
9 100 8/8%%x=
5.4 92 4/8%%x%
3.2 93 3/8
M5076 Sarcoma B/ip 25 toxic
15 100 8/8
9 98 6/8
5.4 92 3/8
" 3.2 64 2/8
Mammary B/ip 20 toxic
Adenocarcinoma 16/C 10 96 5/8
S 61 2/8
2.5 59 1/8
Colon G/ip 24 89 4/7
Adenocarcinoma 38 14 78 S/7
8.6 55 3/7
5.2 ) 1/7

3.1 0 2/7



H 4.53: N 6.37. [err]HNWR (CDO[err]) s. 2). 5.4 (q, 2). 7.7 (d. 1),
7.8-8.3 (m 3), 85 (s, 1). 9.9 (s, 1). Mass spectrumme 377 (Md[err]).
EXAMPLE 26 Preparation of (20S) 10- Am nonet hyl canptothecin Acetate salt A
sol ution of 10-cyanocanptothecin, prepared as described in Exanple 24, (160
ng, 0.4-mol )- in glacial acetic acid (45 nmL) was treated with activated
raney ni ckel and hydrogenated at 1785.8 grans/cnjerr] (10 psi) for 7 hrs.
The catal yst was renoved by filtration through supercel and the filtrate
was concentrated in vacuo. The solid red?due was purified by medi um
pressure chromatography on revengsd Phagedid dn by eluting the product
with 10% MeOH in water. After freeze-drying, 25 ng (15% of the hygroscopic
title compound was@biwifgdos Abepouhdl Kot | seinl Miee lEdaridg H err] O) .
Calcd.: C 50.63: H 6.46: N, de+dmpkentéd Cumb@s 11 H 6.57: N 7.64. 5.2
(s, 2), 5.4 (s, 2), 7.5 (s. 1), 7.7-8.1 (m 3). 8.6 (s, 1). EXAWPLE 27

Tumor Model Treatment Dose TGI Mice
Schedule/ (mg/kg/ (%) without
Route of injection) Palpable
Administration Tumors
Colon H/ip 6 96 . 5/7
Adenocarcinoma 38 3.6 93 6/7
' 2.2 74 a7
NG 1.3 68 4/7
0.78 53 2/7
Colon G/ip 24 88 3/8
Adenocarcinoma 51 14 76 1/8
8.6 . 53 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 F/iv .24 28 1/8
Carcinoma 12 0
6 21
. 3 0
Nt 1.5 0
Madison Lung C/iv 3 toxic
Carcinoma 1.5 85 3/8
g.75 63 1/8
0.38 41



Prepafation of (20S) 10- Am nonet hyl canpt ot heci n acetate salt A solution of
10- cyanocanpt ot hecin., prepared as described in Exanple 24. (160 ng. 0,42
mmol) in glacial acetic acid (45 nL) was treated with activated Raney hrs
The catal yst was filtered through supercel (95% S[err]derr]) concentrated

I n vacuo and purified on a reversed phase columm The product eluted in 10%
MeOH H err] O (containing 0.02% acetic acid). After pooling the fractions
concentrating to a small volume and lygphilizing the title conpound was
obt ai ned 26ngy (14% Anal (CHNOH 646, N 7 73. Found: C. 50.11: H
6.57: N. 7.64. 52(s.2). 5 5(s.2)Tablg(d {Co8s '@h 3) 8.6(s.1). 31 EXAMPLE

28 I .
Activity of Compound No. 1S in Mice Bearing

sc-implanted Tumors

Tumor Model Treatment Dose TGI Mice
Schedule/ (mg/kg/ (%) without
_Route of injection) Palpable
Administration Tumors
Colon B/ip - 20 toxic
Carcinoma 26 10 72
5 39
Y 2.5 38

Treatment schedules are: B = Days 1, S, 9 and 13; C =
every 3 hours x 4 on Days 1, S and 9; F = Days 1, S and 9;

G = Days 3, 10, 17 and 24; H = every 3 hours x 4 on Days
3, 10, 14 and 24

*4/8 long-term, tumor-free survivors
**2/8 long-term, tumor-free survivors

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

Inhibition of tumor growth (TGI) is based on mean tumor volume of groups of 7 or B mice relative to untreated controls.
Tumors were measured between Days 12 and 19 (except Day 24 for Colon 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 B16/F10, Schedule F, 21/24
control mice had measurable tumors. In the experiment with Colon adenocarcinoma 38, 19/21 control mice had meas-
urable tumors.

Table 8
Lack of Cross-Resistance to Compound No. 1S of Multidrug Resistant Sublines of P388 Leukemia
Compound Dose P388 P388/Doxorubicin P388/Mitoxantrone
(mg/kg, ip. Days\ ILS (%) | NCK (log) | ILS (%) | NCK (log) ILS (%) NCK (log)
1 and 5)
Compound No. 18 25 toxic toxic toxic

15 228 6.5 176 6.0 107 57
9 211 6.5 90 2.2 79 36
5.4 128 3.5 33 0 57 2.1

3.2 67 1.0 14 0 29 0

Doxorubicin 9 233 6.5 14 0 7 0

54 156 46 19 0 4 o]

32 172 53 24 0 0 0

1.9 167 5.1 24 0 0] 0




Prepatrati on of (20S) 9-Mrpholinonmet hyl canptothecin A 1 mmol sol ution of
the trifluoronethyl sul fonate of 10-hydroxy-9-norphol i nonet hyl canpt ot heci n,
prepared as described in Exanple 23, in dry DVF (25nL) was treated with
triethylamne (0.4 nL), Pd (acetic acid)[err] (8 mg 0.04 mml), Plerr] (20

ng, 0.08 mmol:) and 99% formc acid (0.08 nL, 2nmmmol ). The reaction was :
heat ed under argon at 60 for 6 hrs, congentrated in vacuo and treated with
S/a';rg{ hy:Bot []mE Ee desired title corrpo%glgaa ng;,Jgg)\ ma| orwgy product )
\.:ull'Jl. Ot1rett |I I CCT I Li:u. Uu UUL \PAV RN | dAall
oo ok B o PBYSISTRE Picorprot i Aot PP Toup g P o BoRBLPSare
canpt ot hleci Romend so| at edokry el (it i on AEB 1% Mp OHP3pG§A0@piutiginr | ¢l [Fﬁﬁﬁfﬂﬂlmdﬁomﬁg
1399 . Eljution.with 2p4 b IoayCHer 4] PNER k;gb 08y et NRck lidd) rL@rmpu NGcK @8)
ng, 20%| Anal.: (C[ err 1I-§[,eswf Nlerr]dJerr] 65.78: H 5.74: 2. Found
C, 65.87—H—5796: 900 VBESY SRPECITURp T € 24% (VR ET T 1 (mdr), 30
(m4), 40 (s.2), 5. (3,2), 5.6 (q,2), 7.5 {d, 1), ¥.6 (s, }) 7.7(d. 1), 8.p
(d, 1), 9 Opmadinykihc EXPVPLE 229 Prepapat | onsef {20%) 0.5 104 55
10- Hydr gxy- 9- cyanonef hyl cafgt ot hegig 46 62 1.0 136 6.5
27 128 35 52 0.5 54 18
1.6 106 26 48 . 0.3 29 0
1.0 83 1.7 29 0 14 0
Increase in lifespan (ILS) is based on median survival time of groups of 6 mice. Net tumor celi kill (NCK) is calculated
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 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.
Table 9
Activity of Racemic Mixture of Compound No. 1S in Mice Bearing ip. P388 Leukemia
Compound No. Dose (mg/kg. ip. Days 1 & ILS (%) Long-term Survivors
5)
1RS 29 165 1/6
14 135
7.2 80
36 30
Animals were implanted ip with 108 cells. Increase in lifespan (ILS) is based on median survival time of groups
of 6 mice relative to untreated controls. Long-term survivors were tumor-free on Day 45.
Table 10
Comparative Activity of Different Sall Forms of Compound No. 1S in Mice Bearing iv L1210 Leukemia
\\:/ Compound No. Dose (mg/kg, ip. Days 1 & 5) ILS (%)
1S (acelate salt) 25 toxic
15 100
9 .83
5.4 67
3.2 50
18 (hydrochloride salt) 25 " toxic
15 175
9 125
5.4 92
3.2 50
1S (dihydrochloride salt) 25 toxtc
15 133
9 &3




A nixt'ure of 9-trimet hyl anmoni umrmet hyl - 10- hydr oxycanpt ot heci n

net hanesul fonate salf, prepared as described in Exanple 8, (0.42g, 0.8
mmol) in 95% EtOH (35 nlL) and sodi um cyani de (1.26g, 25 mol) was refl uxed
under argon for 3 hrs. Solvent was renoved in vacuo, water was added (20
m.) and-the pH adjusted to 1.5 with 3N HCl. The precipitated crude .solid
was col lected and dried. Purification wa2 acconplished by flash silica gel
col umm chr omat og- raphy The producfamm (E‘Antktu&ﬂ with 4% and 5% MeOH in

O et ] e B L A By ey A

-0}
o

G T R W [ o™
(m2). 4|2 (s.2) ComesunddNor) ~ 5 3 ({ ) Dpsegmple. ipyOayyi g5y s 1)| 7. éLS(((%) 1),

8.4 (s,1). EXAVMPLE 30 Preparation pf (20S) 5.4
10- Hydr oky- 9- am nonet hyl canpt ot hec{ n Acetate Sa¥2 A sol utionf of 605ﬁg (0.05
mm) of 1P-hydroxy-9-cyanonet hyl canpt ot hecin. prepared as desfcribed in
Exanpl e P9, i n'ylsediunmedalacetic acid] (30 nl) was9 reated with japprosxieat el y| 1
g (wet weight) of activated Raney [1785.8 grangf cn) for 6 hrls. The20gat al y|st

m

was renojed by filtration and the filtrate was3Zoncentrated |in vacls to a
solid repidue. The _ 19 100
: 12 67
6.5 33

Animals were inoculated iv with 108 cells. Increase in lifespan (ILS) is based on median survival time of groups
of 6 mice relative to untreated controls.

Pharmaceutical Composition and Method of Treatment

:\./"

The pharmaceutical compositions of this invention comprise an effective tumor cell growth-inhibiting amount of a
compound of Formula (1) and an inert pharmaceutically acceptable carrier or diluent. These compositions are prepared
in dosage unit form appropriate for parenteral or oral administration.

A compound of Formula (I) is administered in conventional dosage form prepared by combining a therapeutically
effective amount (i.e.. an effective tumor growth inhibiting amount) of a compound of Formula (I) (*active ingredient”)
with standard pharmaceutical carriers or diluents according to conventional procedures. These procedures may involve
mixing, granulating and compressing or dissolving the ingredients as appropriate to the desired preparation.

The pharmaceutical carrier employed may be. for example, either a solid or liquid. Exemplary of solid carriers are
lactose, terra alba, sucrose, talc. gelatin, agar, pectin, acacia, magnesium stearate. stearic acid and the like. Exemplary
of liquid carriers are syrup. peanut oil, olive oil, water and the like. Similarly, the carrier or diluent may include time
delay material well known to the art. such as glyceryl monostearate or glyceryl distearate alone or with a wax. ethyl-
cellulose, hydroxypropylmethylicellulose, methylmethacrylate and the like.

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 gelatin capsule in powder or pellet form or in the form of a troche or lozenge. The amount
of solid carrier will vary widely but preferably will be from about 25 mg to about 1 g. If a liquid carrier is used. the
preparation will be in the form of a syrup. emulsion. soft gelatin capsule. sterile injectable solution or suspension in an
ampule or vial or nonaqueous liquid suspension.

To obtain a stable water soluble dose form. a pharmaceutically acceptable salt of a compound of Formuta (1) is

N\ dissolved in an aqueous 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 (l) is dissolved in a suitable cosolvent or
combinations thereof. Examples of such suitable cosolvents include. but are not limited to, aicohol. 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 a-solution of a salt form of the active ingredient in an appropriate
aqueous vehicle such as water or isotonic saline or dextrose solutions. For those Formula (1) compounds which do not
have a basic side-chain in the 9-position such as Compounds No. 2S and 10S (see Table 2 for structure), an alkali
metal salt of the carboxylate formed on alkaline hydrolysis of the E-ring lactone would yield a soluble salt as exemplified
by the sodium salt of Compound No. 1S.

it will be appreciated that the actual preferred dosages of the Formula (1) compounds used in the compositions of
this invention will vary according to the particular complex being used, the particular composition formulated, the mode
of administration 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 conventional dosage determination tests in view of the above
experimental data. For parenteral administration, the dose generally employed is from 20 to 150 mg/m2 of body surface
area per day for one to five days. perferably repeated about every fourth week for four courses of treatment. For oral
administration. the dose generally employed is from about 20 to about 150 mg/m? of body surface area per day for
one lo live days. with courses of treatment repeated at appropriate intervals.

The method for inhibiting the growth of animal tumor cells sensitive to a compound of Formula (1) n accordance
with this inventicn comprises administering to a host animal afflicted with said tumor cells an efiective tumor growth- |
inhibiting amount of a compound of Formula (1). As described above. during the course of treatmenl the active ingredient



concentrated filtrate was then dissolved in water and purified by _
rever se- phase col um, chromat ography by eluting the product with 10% MeOH in
water (containing 0.02%glacial acetic acid). The appropriate fractions
were collected. concentrated to a snall volune and freeze-dried overni ght
yielding 23 ng (33% of the title conpound. Anal.: CHNOH 6.90: N 6.38.,
Found: C 43.82: H 6.89: N 5.79. 5.0(3.2) 5.1 (s,2), 5.4(s.2),7.2(s,1),
7.5(d, 2) witde 4drtinididred pardnteradMNEHoRRESY daffy@asiSR AR Sfiduni 3i3ciEaRM o6 264G leRanbht 150
Par ent er alynengeapiuithdamred Gor PieaPive Gayd, A EsRieS b arbatRéhticpauialdt dpp@priaeOiidiasd. t | ON
of this i nvmatoliavingExanbpses liastrkie (a) el protatcblisedibt 3sesding theac@ty df Gious EOBpoBHsBf Fornula *
wat er soliuiblransgigrtdd nakineurom modaln () bé chemicanplegarétion ofitte Frimuad!) vdntpbundusat! inafe cBm9%
steril e seditiopsand meibods hidhininvention.&nd () dnerband e pareriatal pirrmaaceuticad sargpesition pitthis iovention.
sui tabl e fd‘?’“haﬁl'ﬁ“h?@??%%“%ﬁisb?“"i’ﬁ‘ij"lé(ﬁ"? ghifled BIOARIER. Bingihg Precgitp erstripliemutilize the

present invention to its fullest extent. The following Examples are. therefore, to be construed as merely illustrative and

not a limitation of the scope of the present invention in any way.

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 Chem-
otherapy Reports, Part 3, Vol. 3, 1-103, 1972.

N A) ip Tumor Models

Tumors used in these studies - P388 leukemia and its doxorbicin - and mitoxanrone-resistant sublines. L1210
leukemia, B16 melanoma, B16 melanoma/F 10 subline. M5076 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 B16 melanoma and its F10 subline are maintained in C57BI/%6 mice and the colon sarcinoma
26 is maintained in BALB/c mice. The leukemias and the M5076 sarcoma are serially transplanted i.p. as ascites cell
suspensions while the 816 melanoma lines and the colon carcinoma 26 are serially transplated as s.c. solid tumors.

For therapeutic trials, turnors are aseptically removed from donor mice and prepared as suspensions for implan-
tation ip into test animails. The test animals for the colon carcinoma 26 are female BALB/c mice (20-25 gm). The test
animats for the other tumor models are syngeneic female F, hybrid BED2F, mice (C57BI/6 x DBA/2). The inoculum
level varies with the type of tumor: P388 leukemia is inoculated at 108 cells per mouse, L1210 leukemia at 105 or 106
cells per mouse, M5076 sarcoma at 5 x 108 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 B16 melanoma lines and 0.5 mi of
a 5 percent (w:v) brei of colon carcinoma 26. After tumor inoculation. mice randomized to treatment groups comprised
of 6-8 mice each. In each experiment, there are three groups of untreated control mice. Drugs are dissolved or sus-
pended in appropriate 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 (P2388)

. or 60 (B16, 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 > 40 percent.

B. iv Tumor Models

Tumors used in these studies - P388 leukemia, L1210 leukemia and Lewis lung carcinoma - are maintained by
serial transplantation in syngeneic strains of mice. DBA/2 for the leukemias and C578V/6 for Lewis lung carcinoma.
The leukemias are serially transplanted i.p. as ascites cell suspensions while the Lewis lung carcinoma is serially
transplanted as a s.c. solid tumor.

For therapeutic trials, tumors were aseptically removed from donor mice and prepared as suspensions for implan-
tation into test animals which for each tumor are syngeneic female F, hybrid B6D2F, mice (C57BI/6 x DBA/2). The
inoculum level varies with the type of tumor: P388 leukemia is inoculated at 106 cells per mouse, L1210 leukemia at
105 or 10€ cells per mouse, and Lewis lung carcinoma at 0.25 ml of a 10 percent (w.v) brei. The brei of Lewis lung
carcinoma is prepared as described above for B16 melanoma. After tumor inoculation, mice are randomized lo treat-
ment groups of 6 to B mice each. In each experiment. there are three groups of untreated control mice.

Drugs are dissolved or suspended in appropriate aqueous vehicles and given i.p. or i.v. on various lreatment
schedules over a range of dosage levels. Animals are housed in shoebox cages and monitored daily for mortality for
30 (L1210). 45 (P388) or 60 (Lewis lung) days. The endpoint for activity is median survival time and increase in lifespan
relative 1o unirealed controls. A drug is considered active in these tumor models if it prolongs lifespan by 240 percent.



To prépare an oral pharnaceutical conposition of this invention. 100 ng of
a‘conpound of Formula (1) is mxed with 750 ng of lactose. and the m xture
is incorporated into an oral dosage unit form such as a hard gelatin
capsul e which is suitable for oral adm nistration 32 Claims 1. A
compound of formula (1): [err] wherein: X is hydroxy: hydrogen: cyano:
-CH err]NHerr]. or formyl: 24

C. s.c. Tumor Models

Tumors used in these studies are maintained by serial transplantation in syngeneic strains of mice - C57BLS for *
Lewis lung carcinoma, B16 melanoma and its F10 subline, M5076 sarcoma and colon adenocarcinoma 38: BALB/c
for colon carcinoma 26, ADJ-PC6 plasmacytoma Madison lung carcinoma and colon adenocarcinoma 51, C3H for
mammary adenocarcinoma 16/c. With the exception of the M5076 sarcoma, which is maintained as a i.p. ascites cell
suspension, all of the tumors were serially transplanted as s.c. solid tumors. '

For therapeutic trials, tumors were aseptically removed from donor mice and prepared for implantation s.c. into
test animals. The test animals for Lewis lung carcinoma, B16 melanoma and its F10 subline, M5076 sarcoma and
colon adenocarcinoma 38 are syngeneic female F; hybrid BED2F, mice (C57BI/6 x DBA/2). ADJ-PC6 plasmacytoma
and colon carcinoma 26 are evaluated in female BALB/c mice. Madison lung carcinoma and colon adenocarcinoma
51 are evaluated in syngeneic female F, hybrid CD2F, mice (BALB/c x DBA/2). Mammary adenocarcinoma 16/c is
evaluated in female C3H mice. The inoculum varies with the tumor. Colon adenocarcinomas 38 is implanted as 2 mm
fragments by trochar. M5076 sarcoma and ADJ-PCB plasmacytoma are implanted as cell suspensions at 5 x 106 and
2x 108 cells per mouse, respectively. Colon carcinoma 26, colon adenocarcinoma 51. Lewis lung carcinoma, Madison
lung carcinoma and B16 metanoma and its F10 subline are implanted as tumor breis prepared as described above in
a volume of 0.5 ml. The brei concentration was 10 percent (w:v) except for colon carcinoma 26 for which the brei
concentration was 5 percent (w:v). After tumor inoculation, mice are randomized to treatment groups of 7 or 8 mice.

N In each experiment, there are three groups of untreated control mice.

Drugs are dissolved or suspended in appropriate aqueous vehicles and given by a variety of routes of administration
and treatment schedules over a range of dosage levels. Animals are housed in shoebox cages and are monitored daily
for mortality. At a time when untreated control animals have large measurable tumors (generally >500 mm?3), tumors
in all animals are measured in perpendicular diameters with a vernier caliper and tumor volume is calculated by the
formula: length x (width)2 x 0.5. Time for tumor 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, B16 melanoma and
its F10 subline were measured between 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-PC8 plas-
macytoma and colon carcinoma 26, 24 days for colon adenocarcinoma 51. and 31 days for colon adenocarcinoma 38.
The endpoints for activity are mean tumor volume. percent tumor growth inhibition relative to untreated controls and
the number of animals 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 maximally toleraled dose.

For highly metastatic tumors including: Lewis and Madison lung tumors, colon carcinoma 26 and B16 melanoma
and its F10 subline. tumor-bearing mice are monitored for survival time as well. For the less metastatic tumor models,
tumor-bearing mice are killed following tumor measurement. In this setting. an increase in lifespan of 30 percent is
considered to be evidence of drug activity.

Il. Synthesis of Compounds of Formuia ()

“Inthe following synthetic examples, temperature is in degrees Centigrade (°C). Unless otherwise indicated, all of
the starting materials were obtained from commercial sources.

EXAMPLE 1

Preparation of (20 S) 1,2,6.7-tetrahydrocamptothecin’

Camptothecin (32.0 g, 0.092 mol.) obtained from Tainjain-SK&F Ltd.. Tainjain, China. was combined with Pt0 [pre-
pared by pre-reduction of 8.0 g. amorphous PtO, in 800 mL HOAc for 1.5 hour (h) under 1 atmosphere (atm.) H,] and
HOACc (1.6 L). Reductlion was carried out at 1 atm. H, for 8.5 h. while vigorously stirring the mixture. At the end of this

~ time, the theoretical amount of H, had been absorbed (slightly more than 4.1 L) and the uptake of H, had slowed
considerably. The reaction was degassed with 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 following reaction described in Example 2.

EXAMPLE 2

Preparation of (20 S) 10-Hydroxycamptothecin

To the vigorously stirred solution of 1.2,6,7-tetrahydrocamptothecin. prepared as described above in Example 1.



R is hydrogen when X is cyano: CH2NH2 or fornyl: or Ris -CHO or
-CHerr]Rerr] when X is hydrogen or hydroxy: Rerr] is -ORerr]:
-S-Rerr]: -NRerr](Rerr]): or -Nerr]-Rerr](Rerr])(Rerr]), prOV| ded
that when Rerr] is -NRerr](Rerr])(R4) the conpound is associated with a
pharmaceutically acceptable anion: or R err] is cyano or CH err] NH.err] :
when X is hydroxy: Rlerr], Rerr] and R[239r] are the sane or different and
are sel egheshabd AL, (64 &1d. 14 lmedlin on%&l‘ dn] THRYEHCRN YW ditbd unGdrew fof 3ochiall éﬁy] |aﬁ18ﬂuh”h0-
C err] alrkylac), keoatissdivedl dovidearmtiorogald ®gummyadsiayd whidb[ves rrijuratiwiioad éojd HON1 IGledive]a
cycl oal kyght brewrcsolivhehich Rpefiteded pis wadNedRjitbrapditiohl @e £did HoO1(298 miRj. presspd dmwith regbe] dam -
groups nasd dirariecnvirpiadrhe ergeiingeartially wét prodlest epneinestyd 3% tivelrexycaminiobpcin. Re e dpéc-
bonded t gloREITAIANesI8E 23 17 %@P&‘“eﬂﬁgﬂﬁﬁ’s@lhﬁﬁ P’éif”ﬁé%“é’rcb@%‘PQ’%PhY HREC )P pisd Wbt
that suc H‘aﬁéf'%ﬁ"é PSP Age I} %%9?1'139“’5'

ture S qu u n dov rpighf. The reaction was cooled
N;]m?t hyl J)con SF 8? @Sﬁ% wg( E;H F E %{rgc tate as ﬁred off,
phar rrace %«T addt ona cecol g; h¥§ b§r am an Kgl d der hva mf 2 days
corrpound . 31 tf e ﬁé@w ookl AR ke, anc
N- mor p Lecm aé’gﬁt) Mprc dAhifAE aZl ny
(4 p| per| di ne) N-pi peridinyl nethyl, (2'- hydroxyet hyl ) am nonet hyl ,

tri met hylggammpugiaummet hyl . cycl ohexyl am nonet hyl . N-net hyl ani |i nonet hyl ,
et hoxynmet hyl, cycl opropyl am nonet hyl, N, N-di net hyl am noet hy-
Preparation of (20 S) 9-Dimethylaminomethyl-10-hydroxycamplothecin Acetate Salt

10-Hydroxycamptothecin (20 g which assayed at 62% 10-Hydroxycamptothecin and therefore contained 12.4 g,
_ 34.1 mmol of 10-Hydroxycamptothecin). prepared as described in Example 2, was combined with HOAc (620 mL),
N\ 37% aqueous CH,0 (12.4 mL, approximately 149 mmol) and 40% aqueous dimethylamine (12.4 mL. approximately
109 mmol) and stirred for approximately 18 h and the thin layer chromatography (tlc) indicated some remaining starting
material (tic'in 9: 1 CH,Cl,. CH3OH on silica gel). This system is suitable for following the disappearance of 10-hy-
droxycamptothecin but not for monitoring the formation of product. Additional 37% aqueous CH,0 (6 ml. approximately
72 mmol), and 40% aqueous dimethylamine {6 mL. approximately 53 mmol) was added and stirring was continued for
an additional 24 h. The reaction was concentrated to dryness, triturated with 0.5% aqueous HOAc (1 L). filtered and
the solid was washed with additional 0.5% aqueous HOAc (500 mL). The dried solid weighed 6.3 g and was 94%
recovered camptothecin by HPLC (Whatman Padisil 10 ODS 3 50% CH3OH/H,0O, retention time 9 min.). The combined
aqueous filtrates were extracted with EtOAc (3 x 600 mL), and petroleum ether (600 mL) and then lyophilized.
Chromatography of the crude residue was achieved by injection of the material in solvent A (solvent A = 99% H,O,
1% HOAc) (600 mL) and elution at 350 mUmin. through a 50 mm x 600 mm steel column packed with 680 g Whatman
Partisil 40 ODS 3 with a 34 min linear gradienl from 100% solvent A to 40% solvent B (solvent B = 99% CH,OH. 1%
HOAc). The chromatography was monitored at 410 nm and 1L {ractions 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 min.) were pooled.
concentrated and redissolved in a minimum of 0.5% aqueous HOAc and lyophilized to give 10.58 g (62%) of the named
product.
IR (KBr) 3400, 2960, 1740, 1650, 1590 ¢cm1. 'TH NMR (CDCI,/CD,OD) 1.04 (1.3.J=7Hz.C18), 1.96(q.2.J=7Hz.
C19), 2.01(s.3,CH,CO,) 2.50(s.6.(CHj),NH), 4.20(s.2, ArCH,N). 5.28 (d,1.J=19Hz.C17). 5.29(s.2.C5). 5.50(d.
1,J=19Hz,C17), 7.42(d.J=9Hz.C11), 7.67(s.1.C14), B.05(d.J=9Hz,C12), 8.51(5.C7). Calcd for C53H53N405 1 HOAC 1
N Ho,O (mw = 515.5) : 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 o dryness and
later rechromatographed with similar material isolated from other runs.

EXAMPLE 4

Preparation of (20 S) 9-Morpholinomethyl-10-hydroxycamptothecin Acetate Salt

10-Hydroxycamptothecin (100 mg. 0.27 mmol), prepared as described in Example 2, 37% aqueous CH,O (0.5
mL), morpholine (0.1 mL) and 2:1 HOAC/EIOH (10 mL) were combined and stirred overnight. 10-Hydroxycamptothecin
had reacted (tle, silica gel, in 9:1 CH,Cl,/CH,OH) and the reaction was concentrated to dryness, dissolved in ca. 5 mL
H,O containing several drops of HOAc and the insoluble material was filtered off. The filtrate was lyophilized and the
lyophilizate was chromatographed (15 mm x 250 mm silica medium pressure liquid chromatography (MPLC). eluting
with CH,Cl, containing 0 -2% CH4;OH) to give a residue which was dissolved in dilute aqueous HOAc and lyophilized
to give 53 mg (38%) of the title compound. IR (KBr) 3400. 3100. 2960. 2920, 2840. 1740, 1650, 1590 cmy! H NMR
{(CDCI,/CD,0D) 1.94 (q.2.J=7Hz.C19). 2.73(m.4.morphilino-CH,N). 3.83 (m.4.morphilino-CH,0) 4.19 (s.2. ArCH,N).
5.26(s.2.C5), 5.25(d.1.J=16Hz. C17). 576(d1.J=16Hz.C17). 7 27(s.1.C14). 7.40(d.1.J=8Hz.C11). 8 07(d1 J=8Hz
C12). 8.36(s.1.C7). Calcd. for CogHasN4Og CH4CO,H (mw=525 6): C.61.71: H.595. N.8 00. Fd.: C.61 30 H 544 N.
8.35.
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solved in dilute aq. HOAc and chromatographed on MPLC (Whatman Partisil 40 ODS3, 9 mm x 250 column) eluting
with 0 - 20% CHZOH in H,O 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'l. TH NMR (CDCI /CD OD) 1.89(q.2,J=7Hz), 2.02(s,>3,CH;CO,H), 2.37(s,3,NCH,). 2.65(m.8. piperazino-CH,). .
4.21(S,2.ArCH,), 5.26(s.2,C5), 5.30(d,1.J=16Hz,C17), 5.71(d,1.J=16Hz,C17), 7.45(d.1,J=7Hz,C11), 8.05(d.1.J=7Hz,
C12), 8.47(s,1,C7). Caled. for CogHgN4Og 1 172 HOAC 1/4 H,O (mw=528.1): C.61.41: H.6.01, N,10.61. Fd: C.61.62;

H.5.74: N,10.93.
EXAMPLE 6
S Preparation of (20 S) 9-(4"-Piperidinopiperidinyl) methyl-10-hydroxycamptothecin Acetate Salt .

10-Hydroxycamptothecin (100 mg. 0.27 mmol), prepared as described in Example 2. 4-piperidinopiperidine (100
mg, 0.60 mmol)}, 37% aqueous CH,O (0.5 mL) and 2:1 HOAC/EtOH (10 mL) were stirred for 20 hr. The 10-Hydroxyc-
amptothecin had reacted (tic, silica gel, 9:1 CH,Clo/CH30H) and the reaction was concentrated. dissolved in 1% aque-
ous acetic acid, filtered. and lyophilized. MPLC (Whatman Partisil 40 ODS3. 9 x 250 mm column) eluting with H,O
(100 mL) and then 0 -80% CH,;0H in .02% aqueous HOAc gave 44 mg (30%) of the title compound after lyophilization.
1R (KBr) 3400, 2940. 1745, 1660. 1590 cm-'. 'H NMR (CDCl5/CD4,0D) 1.3.J=7Hz.C18). 1.3 -3.3 {m.19. piperidine.
C19). 4.11 (s.2.CH,N), 5.21 (s5.2,C5). 5.25 (d.1.J=16Hz, C17), 5.70 (d,1.J=16Hz.C17), 7.85 (d. 1.J=7Hz.C11). 7.59 (s,
1,C14), 8.00 (d,1,J=7Hz.C12), 8.35 {(s,1,C7). Calcd. for CaiHagNgO5 1 1/2 HyO (mw=631.7):.C.58.94: H.6.22. N.8.81.
Fd. C,59.02: H.6.44; N.8.53.

EXAMPLE 7

Preparation of (20 S) 9-(2’-Hydroxyethylamino)methyl- 10-hydroxycamptothecin Acetate Salt

10-Hydroxycamptothecin (200 mg, 0.55 mmol), prepared as described in Example 2. paratormaldhyde (16 mg,
0.55 mmol), ethanolamine (61 mg. 1.1 mmol), and HOAc (6 mL) were stirred for 48 hr after which most of the 10-Hy-
droxycamptothecin 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 aqg. soln was lyophilized. The crude lyophilizate
was dissolved in H,O (50 mL). MPLC (Whatman Partisil 40 ODS3, 15 mm x 250 column) eluting with HyO (100 mL)
followed by 0 -10% CH;0H in .02% HOAc in H,O gave 88 mg (33%) of the title compound after lyophilization. IR (KBr)
3400, 2980, 2840, 1750, 1570 cm™'. 'H NMR (CDCI,/CD40D) 7Hz.C18). 1.89(q.2./=7Hz.C19). 2.00(s.3.HOAc). 3.03
{m.2,CHyNH), 3.75 (m.2,CH,0H), 4.49(s,ArCH,;NH), 5.24(s,2,C5), 5.30(d.1.J=16.C17), 5.70(d.1.J=16Hz.C17), 7.41
(d.1.J=8Hz.C11). 7.61(s.1.C14), 8.00 (d.1.J=8Hz,C12), 8.48(s,1.C7). Calcd for Cy3Hp3NsOg HOAc 1 7/8 H,O
(mw=531.3): C.56.52: H.5.83: N.7.91. Fd.: C.56.07: H,5.40: N,8.27.

EXAMPLE 8

Preparation of (20 S) 9-Trimethylammoniummethyl-10-hydroxycamptothecin Methanesulfonate Salt

9-Dimethylaminomethyl- 10-hydroxycamptothecin acetate salt (65 mg, 0.14 mmol), prepared as described in Ex-
ample 3, was dissolved in CH,Cl, (ca. 70 mL) and fitered. The filtrate was combined with methyl methanesulionate
{1 mL). cooled and partially concentrated under a stream of argon (Ar). After 4 hr the solvent was concentrated lo 1/2
volume and cooled. The precipitate was filtered. dissolved in HyO {10 mL). washed with EtOAc {3 x 10 mL) and then
pelroleumn ether (10 mL) and lyophilized 10 give 50 mg (60%) of the litle compound. IR (KBr) 3400. 2950. 2900. 1760.
1660. 1600 cm™! 'H NMR (COCI /CD OD)
201(q.2.J=7Hz.C19). 2.78 (s.>3.CH,;S0O3). 2.94(S.9.N(CH3)4). 4 72(s.2.ACH,N). 520(S.2.C5). 522(d.1.J=16Hz
C17). 5.67(d.1.J=18Hz.C17) 7 62(d.J=7Hz.C11). 7.71(s.C14). 8.16(d.1.J=7Hz.C12). 889(s.1.C7). Calcd. for )
Ca4H2gN40s CH SO H Fd: .49 36: H.5.15: N.7.53.
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10-Hydroxycémptolhecin (100 mg, 0.27 mmol), prepared as described in Example 2, hexamethylenetetraamine
(0.80 g, 5.5 mmol) and trifluoroacetic acid (TFA) (15 mL) were refluxed under argon for 20 h. The reaction was con-
centrated, combined with H,O (15 mL) and stirred for 1 hr. H,0 (75 mL) was added and the pH was adjusted to 8.4
by the addition of NaHCO,. The aq. phase was washed with EtOAc (3 x 75 mL), acidified to pH 1.5 with 3N HCl and
then extracted with EtOAc (5 x 75 mL). The combined organic extracts were washed with 1N HCI (5 x 75 mL), H,O
{75 mL), and saturated aqueous NaCl (25 mL). and concentrated. The residue was then purified by flash chromatog-
raphy (1 cm x 15 cm silica with the crude material preabsorbedona 1 cm x 1 ¢m plug of Na,SO,). The product was
eluted with 1% CH3OH in CH,Cl,, to give 50 mg (47%) of the title compound. An analytically pure sample was obtained
by fractionally precipitating from approximately 25% CH4OH in CH,Cl, by slowly cooling and concentrating under a
stream of nitrogen. IR (KBr) 3400, 3100, 2950, 1755, (1,3,J=7Hz.C18), 1.96 (d.2,J=THz C19).5.32 (d.1.J=14Hz, C17).
5.33 (s.2,C5), 5.68 (d,1.J=14Hz, C17), 7.50 (d,1.J=9Hz,C11), 7.67 (s,1.C14), 8.33 (d.1,J=9Hz.C12), 9.34 (s.1.C7),
10.85 (s,1,CHO). Caled for CoqH;gNaOg1 HoO (mw = 410.38): C.61.46; H.4.42: N.6.83. Fd: C.61.09: H.4.17: N.6.52.

EXAMPLE 10

Preparation of (20 S) 9-Cyclopropylaminomethyi-10-hydroxycamptothecin Hydrochloride salt

A mixture of 10-hydroxycamptothecin (254 mg. 0.7 mmol), prepared as described in Example 2. 37% aqueous
tormaldehyde (1.0 mL), cyclopropylamine (400 mg, 0.7 mmol) in glacial acetic acid (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 compound as an acetate salt which was converted 1o the
named hydrochloride salt by triturating with 0.1 N HCI. Anal (Cy4H53N;O5 C, 55.01: H. 5.57: N. 8.02. Found: C. 54.94:
H.5.18,N, (m, 1), 46 (5. 2).48(s. 2). 5.2 (5. 2). 7.2 (5. 1). 7.5 (q, 2). 8.6 (s. 1).

EXAMPLE 11

Preparation of (20 S) 9-Ethoxymethyl-10-hydroxycamptothecin

A mixture of 10-hydroxycamptothecin (364 mg, 1.0 mmol), prepared as described in Example 2. dimethylamine
hydrochloride (90 mg, 1.1 mmol) and 37% aqueous formaldehyde (1.5 mL) was refluxed in 95% ethanol (25 mL) for
5-1/2 hrs. The reaction was concentrated 1o a small volume and the precipitated product was collected and dried.
Purification by silica gel chromatography eluting with 3% MeOH in CH,CI, gave 85 mg (20% vyield) of the named
compound. Anal. (CagHpoN,Og). Caled.: C. 62.08: H, 5.27: N, 6.29. Found: C, 61.80: H. 5.22: N, 6.12. FAB mass
spectrum: m/e 423 (MH*). 'H NMR (DMSO) 0.85 (1, 3). 1.1 (t. 3), 1.9 (m, 2), 3.5 (s. 2). 4.8 (s. 2), 5.2 (s. 2), 5.4 (s. 2),
7.2(s, 1), 7.7 (m, 2), 8.6 (s, 1).

EXAMPLE 12

Preparation of (20 S) 9-(N-Methylanilinomethyl)-10-hydroxycamptothecin

A mixture of 10-hydroxycamptothecin (254 mg, 0.7 mmol), prepared as described in Example 2, 37% aqueous
formaldehyde (1.0 mL). N-methylaniline (0.75 mL, 0.7 mmol) in glacial acetic acid (16 mL) and ethanol (8 mL) 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 N-methylaniline. Further
purification was obtained using a silica gel MPLC column. and the product was eluted with 2% MeOH in CH,Cl,. The
product fractions were combined and concentrated in vacuo to give 77 mg (24%) of the named compound as a yellow
solid. Anal. (CpgHy5N30g 5.47: N, 8.32. Found: C. 66.97: H. 5.69: N. 7.91. DCI mass spectrum: m/e 484 (MH*) 'H
NMR (CDCL ) 2). 5.5 (9, 2). 6.9 (M. 5). 7.5(s. 1). 7.9 (q. 2). 8.4 (s. 1).

EXAMPLE 13

Preparation of (20 S) 9-Cyclohexylaminomethyi-10-hydroxycamptothecin Hydrochloride sait

A mixture of 10-hydroxycamptothecin (364 mg. 1.0 mmol), prepared as described in Example 2. 37% aqueous
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formaldehyde (1.5 mL). cyclohexylamine (1.3 mL, 10 mmol) in glacial acetic acid (25 mL) and ethanol (12 mL) was
stirred overnight at ambient temperature and concentrated in vacuo to dryness. The residue was purified on a reversed
phase column (MPLC) eluting with 15% aq. MeOH containing 0.02% glacial acetic acid. The named compound as an *
acetate salt was obtained after concentration to a small volume and lyophilization (250 mg, 47%). The acetate salt was
converted to the named hydrochloride salt by addition of 0.1 N HCI, and the salt was collected by filtration. Anal.
(CozH3gN30g H,0). Caled.: C, 60.93: H, 6.11, N, 7.89. Found: C, 1.0-2.0 (m, 10). 3.1 (s, 1), 45(s. 2). 5.2 (s. 2}, 5.4
(s.2),7.2(s.1).7.9(q, 2),8.9 (s, 1).

EXAMPLE 14

Preparation of (20 S) 9-N,N-Dimethylaminoethyloxymethyl-10-hydroxycampiothecin Hydrochioride Salt

A mixture of 9-dimethylaminomethyl-10-hydroxycamptothecin free base (100 mg. 0.2 mmol). prepared as de-
scribed in Example 21, in 2-dimethylaminoethanol (4 mL) containing 3 drops of 3N HCI was heated under argon at
BO°C for 24 hrs. The semi-solid reaction mixture was treated with H,O (5 mL) and isopropanol (10 mL). stirred and
filtered to give 60 mg (59%) of the title compound. Anal. (C H N O HCI 58.77: H, 5.72: N. 8.25. Found: C, 58.94, H,
4.92: N, (s.6). 3.3 (5,2), 4.1 (5.2), 5.2 (5,2). 5.4 (s.2), 7.3 (s.1), 7.4 (d.1), 8.0 (d.1). 8.7 (s.1).

NN EXAMPLE 15

Preparation of (20 S) 9-N.N-Dimethylaminoethylthiomethyl-10-hydroxycamplothecin Hydrochloride Salt

A mixture of 9-dimethylaminomethyl-10-hydroxycamptothecin 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 solid (excess thiol) was removed by filtration. and the filtrate was concentrated in vacuo to an
oily residue which was purified using reversed phase MPLC. The product was eluted using 5% and 10% MeOH in H,O
1o give 45 mg (41%) of the title compound as a yellow solid. Anal. (Cy5HpgN3OsS 49.34: H. 5.79: N, 6.90. Found: C.
48.98: H. 5.82: N, (s.6), 4.4 (s,2), 5.3(s,2), 7.1 (d.1), 7.2 (s.1), 7.6 (d.1). 8.2 (s.1).

EXAMPLE 16

Preparation of (20 S) 9-N, N-Dimethylaminoethylaminomethyl-10-hydroxycamptothecin Dihydrochloride Salf

A mixture of 10-hydroxycamptothecin (364 mg. 1.0 mmol) prepared as described in Example 2. N.N-dimethyleth-

ylenediamine (100 mg, 1.1 mmol), 37% aqueous 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 mL) and isopropanol (10 mL) containing 3N HCI (3 mL). The finely precipitated solid was collected.

s washed with isopropanol and dried to give 218 mg (40% yield) of the title compound. Anal. (CogHpgN4Og N. 10.42.
Found: C. 55.91: H, 5.72; N, 9.86. TH NMR (CD OD) 5.1 {m.4), 5.4 (q.2). 7.3 (d,1). 7.5 (s.1). 7.8 (d.1). 8.4 (s.1).

EXAMPLE 17

Preparation of {20 R S)-9-Dimethylaminomethyl-10-hydroxycamplothecin Acetate Salt

The title compound is prepared as described in Example 3 except that the slarting material is racemic 10-hydrox-
ycamptothecin prepared according to the method of Wani et al., J. Med. Chem.. 23, 554 (1980).

EXAMPLE 18

Preparation of (20 S) 9-Dimethylaminoethyi-10-hydroxycamptothecin Monohydrochloride Sait

9-Dimethylaminomethyl-10-hydroxycamplothecin acelate salt. prepared as described in Example 3 which ana-
lyzed for 2.5 equivalents of acetic acid and 0.75 equivalents of water (8.5 g. 14.5 mmol based on a molecular weight
of 585) was dissolved in 0 1 N hydrochloric acid (170 mL. 17 mmol). lyophilized and pumped under high vacuum (or
lhree days to give 8.3 g of the tille compound J =7.5). 1 98(q. 2. J = 7 5). 2.95(s. 6) 477 (s. 2). 5 33 (s. 2) 5 36 (d.
1.J16).562(d. 1.J=16).759(d. 1.J=9). 766 (s. 1). 820 (d. 1. J = 9). 8.86 (5. 1). Anal (C HN O 1HCI Calcd
C.53.96 H.591: N.8.21: C. 692 Found: C. 53.68: H. 5.61: N, 8.16: Cl. 6.84. )
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EXAMPLE 19

Preparation of (20 S) 9-Dimethylaminoethyl-10-hydroxycamptothecin Dihydrochloride Salt

9-Dimethylaminomethyl-10-hydroxycamptothecin acetate salt (0.389 g. 1.07 mmol by HPLC analysis). prepared
as described in Example 3. was dissolved in 0.4 N HCI (6 mL, 2.4 mmol), lyophilized and pumped under high vacuum
for 40 h. to give 0.269 g of the title compound. *H NMR (CDCIy/CD4OD) (g, 2 J = 7.5), 3.01 (s, 6), 4.85 (s. 2), 5.31 (d.
1,J=16),5.36(s.2).565(d, 1.J=16),7.64(d, 1. J=9). 7.73(s. 1). 823 (d. 1. J = 9), 9.07 (s. 1). Anal. (C H NO
50.37: M. 5.70: N, 7.66: Cl, 12.93. Found: C, 50.76: H, 5.64: N, 7.57: CI, 12.61.

EXAMPLE 20

Preparation of (20 S) 9-Dimethylaminoethyi-10-hydroxycamptothecin Sodium Salt

9-Dimethylaminomethyl-10-hydroxycamptothecin acetate salt (100 mg, 0.2 mmol), prepared as described in Ex-
ample 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 x 22 cm). 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) 0.65 (M, 3). 1.8 (m, 2). 2.8 (s, 6). 3.0 (m. 2). 4.21 (s. 2), 4.5 (s, 2).
7.1(q. 2). 7.2 (s, 1), 7.8 (s. 1). Anal. (Ca3Ho4N3OgNa 5.57: N, 8.60. Found: C, 56.21: H. 5.65: N, 8.44.

EXAMPLE 21

Preparation of (20 S) 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% aqueous formaldehyde (3 mL) and 40% aqueous dimethylamine (3 mL) was stirred at
room temperature for 20 h. The solvents were removed under reduced pressure: the residue was heated at 50° under
high vacuum for 2 h and triturated with isopropanol (10 mL) to precipitate the title compound (561 mg, 64%) as a yellow
solid. FAB mass spectrum: m/e 422 (MH*). 'H NMR (CDCI,/CD,0D) (s. 6). 4.3 (s. 2). 5.2 (5. 2). 5.4 (q, 2). 7.6 (s. 1).
7.7(9.2). 85 (s, 1). -

EXAMPLE 22

Preparation of the trifluromethylsulfonate (triflate) of (20S) 10-hydroxycamptothecin

To a mixture of 10-hydroxycamptothecin, prepared as described in Example 2. (1.44g. 4.0mmol) in DMF (40mL)
was added triethylamine (1.2g, 12mmol) followed by addition of N-phenyl-trifluoromethanesulionimide (2.0g. 6mmol)
The reaction was heated at 50° for 3 h. The solvent was removed in vacuo and the residue was triturated with water
filtered and dried. A theoretical yield of the crude product was obtained essentially as a single spot on thin layer chro-
matography (TLC) showing a small origin impurity.- A small sample was purified by flash chromatography on silica gel
column by eluting the product with 2% MeOH in CH,Cl,.

Anal. (Cp1H;gN,O7SF,). Caled.: C,50.81: H.3.05: N.564. Found: C.51.38: H.3.42: N.4.99. "HNMR (CDCl,) 7.6-7.9 (m.
2). 8.2 (d.2), 8.5 (s,1) FAB mass spectrum m/e 497 (MH*), 495 (M-H)

EXAMPLE 23

Preparation of (208) 9-Dimethylaminomethylcamplothecin

The triflucromethanesulionate of (20S) 9-dimethylaminomethyl-10-hydroxycamptlothecin acetate salt was made
In silu as follows. A mixture of 9-dimethylaminomethyl-10-hydroxycamptothecin acelate salt. prepared as described In
Example 3. (482mg. 1mmol) in N.N-dimethylformamide (DMF) under argon (40mL) was treated with 2.6-lutidine
(268mg. 2.5mmol) and N-phenyltrifluoromethane sulfonimide (0.54g. 1 5 mmol). The reaction mixture was was stirred
overnight at room temperature. Then. lo the above formed triflate was added triethylamine (0.4mL. 3 Ommol). palladium
acelate (8mg. 0.04mmol). triphenylphosphine (20mg. 0 08mmol) and concentrated formic acid (0.08mL. 2mmol} The
reaction was heated at 60° for 8 hrs. The solvent was removed in vacuo and the residue was lriturated with a smali_
amount of H,O and filtered. The dried. crude insoluble solid weighed 550mg. It was purified by flash chromatography
on silica gel column by eluling some starting Lriflale with triphenylphosphale to yield 25mg (7%) of 8-methylcamp-
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tothecin, 88mg (20%) of the title compound as free base (4% MeOH in CH,Cl,). and some trifluromethylsulfonate of
10-hydroxycamptothecin with 10% MeOH in CH,Cl,. Some of the title compound was converted to the acetate salt by
treatment with dilute acetic acid. .
Anal. (CasHa7N;0g . 2.5H,0). Caled.: C. 58.81: H,6.12: N 8.23. Found: C, 58.60: H, 5.88; N. 7.88: THNMR (CDCl,)
(s.2). 5.2 (s.2), 5.4 (.2). 7.3 (d.1). 7.5 (d.1). 7.6 (2.1), 8.0 (d.1), 3.3 (S.1) Mass Spectrum m/e 406 (MH*)

EXAMPLE 24

Preparation of 10-Cyanocamptothecin

A solution of tributyitin cyanide (444mg. 1.4mmol) and tetrakistriphenylphosphine palladium (276mg. 0.6mmol) in
1.2-dichloroethane (20mL) was heated to reflux under argon for 2 h to form a palladium-lin-cyanide complex. Then the
trifluoromethylsuifonate of 10-hydroxycamptothecin. prepared as described in Example 22. (266mg, 0.6mm) was added
and refluxing was continued for 3.5 hrs. The reaction was concentrated to 1/3 of its original volume and triturated with
an equal volume of diethylether. The precipitated yellow solid was collected and dried. The title compound was obtained
in 82% crude yield. 183mg. After purification by flash chromatography. the title compound eluted with 2% MeOH in
CH,Cl, and 115mg (67%) was obtained.

Anal. (CpyH;gN30, . 1/2H,0 Caled.: C, 65.96: H. 4.22: N, 10.99.
Found: C, 65.89: H.4.06; N, 10.66. "HNMR (CDCl;-MeODy,) (q.2). 7.7 (s.1), 7.7-8.4 (m.3), 8.6 (s.1). Mass Spectrum
m/e 374{MH*)

EXAMPLE 25

Preparation of (20S) 10-Formylcamptothecin

A flame dried flask was charged with the trifluromethylsulfonate of 10-hydroxycamptothecin. prepared as described
in Example 22. (100 mg, 0.22 mmol). freshly distilled tetrahydrofuran (THF) (10 mL) and tetrakis triphenylphosphine
palladium (10 mg, 9 mmol). Carbon monoxide (CO) was bubbled inlo 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 BuaSnH (0.73 mL) in dry THF (3 mL) was added dropwise over a 4 hr period. After this time. the solvent
was removed in vacuo, and the residue was purified by flash chromatography (1-2% CH,OH, CH,Cl,) followed by final
purification using a Chromatotron (Harrison Research. Palo Alto, California). The title compound was eluted with 2%
MeOH in CH,Cl,. 20 mg (24%). Anal.: (Cyy. Hyg. NoOs.4.1.3 HyO). Caled.: C, 61.84: H. 4.69: N. 6.86. Found: C. 61.83:
H.453: N, 6.37. 'H NMR (CDCly) s. 2). 5.4 (q. 2). 7.7 (d. 1). 7.8-8.3 (m. 3). 8.5 (s, 1). 8.9 (s, 1). Mass spectrum m/e
377 (MH*),

EXAMPLE 26

Preparation of (20S) 10-Aminomethylcamptothecin Acetate sait

A solution of 10-cyanocamptothecin, prepared as described in Example 24, (160 mg. 0.4 mmol) in glacial acetic
acid (45 mL) was treated with activated raney nickel and hydrogenated at 1785.8 grams/cm? (10 psi) for 7 hrs. The
catalyst was removed by filtration through supercel and the filtrate was concentrated in vacuo. The solid residue was
purified by medium pressure chromatography on reversed phase column by eluting the product with 10% MeOH in
water. After freeze-drying, 256 mg (15%) of the hygroscopic title compound was obtained. Anal.: (Cy3H53N30g.6 Ho0).
Caled.: C. 50.63: H, 6.46: N, 7.73. Found: C. 50.11: H. 6.57: N, 7.64. 5.2 (5. 2). 5.4 (s, 2), 7.5(s. 1). 7.7-8.1 (m. 3). 86
(s. 1).

EXAMPLE 27

Preparation of (20S) 10-Aminomethylcamplothecin acetate salt

A solution of 10-cyanocamplothecin. prepared as described in Example 24. (160 mg. 0.42 mmol) in glacial acelic
acid (45 mb) was trealed with aclivated Raney hrs The catalysl was filtered through supercel (35% SiO,) concentrated
In vacuo and purified on a reversed phase column The product eluted in 10% MeOH H,O (conlaining 0 02% Acetic
acid). After pooling the fractions concentraling 1o a small votume and lyophilizing. the title compound was oblained
26 mg (14%,). Anal: (CHNOH.6.46: N. 7 73. Found: C. 50.11: H. 8.57: N. 7.64. 5 2(5.2). 5 5(s.2). 7 5(s 1} 20(m 3)."
8.6(s.1).
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"EXAMPLE 28

Preparation of (20S) 9-Morpholinomethylcamptothecin

A 1 mmol solution of the trifluoromethylsulfonate of 10-hydroxy-9-morpholinomethylcamptothecin, prepared as
described in Example 23, in dry DMF (25mL) was treated with triethylamine (0.4 mL), Pd {acetic acid), (8 mg. 0.04
mmol), P4 (20 mg, 0.08 mmol) and 89% formic acid (0.08 mL, 2mmol). The reaction was heated under argon at 60°
for 6 hrs, concentrated in vacuo and treated with water. Both the desired title compound and the major by-product,
9-methylcamptothecin, precipitated out (300 mg) and were collected by filtration silica gel flash chromatography puri-
fication. 9-methyl camptothecin was isolated by elution in 1% MeOH in CH,Cl, (45 mg, 13%). Elution with 2% MeOH
in CHyCl, gave the title compound (93 mg, 20%).

Anal.: (CogHasN4Og 65.78: H, 5.74: N. 9.20. Found: C. 65.87: H, 5.96: N. 9.00. Mass spectrum m/e 448 (MH*) (m.4).
3.7 (m4). 40 (s.2), 5.3(3.2), 5.6 (9.2). 7.5 (d.1). 7.6 (s.1). 7.7(d.1). 8.2 {d.1), 9.0 (s.1).

EXAMPLE 29

Preparation of (20S) 10-Hydroxy-9-cyanomethylcamptothecin

A mixture of 8-trimethylammoniummethyl-10-hydroxycamptothecin methanesulfonate salt, 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 under argon
for 3 hrs. Solvent was removed in vacuo, water was added (20 mL) and the pH adjusted to 1.5 with 3N HCI. The
precipitated crude solid was collected and dried. Purification was accomplished by flash silica gel column chromatog-
raphy. The product was eluted with 4% and 5% MeOH in CH,CI, which gave 110 mg (33%) of the title compound.
Anal. (C H NO 60.75: H. 4.58: N, 9.66. Found: C. 60.63: H. 4.64: N, 9.60. 0.9 (t.3). 1.8 (m.2). 4.2 (s.2). 5.2 (s.2). 5.3
{9.2), 7.5 (d.1). 7.6 (s.1), 7.9 (d. 1), 8.4 (s,1).

EXAMPLE 30

Pfeparation of (208) 10-Hydroxy-9-aminomethylcamptothecin Acelate Salt

A solution of 60 mg (0.15 mm) of i0-hydroxy-3-cyanomethylcamptothecin. prepared as described in Example 29,
in glaciat acetic acid (30 mL) was treated with approximately 1 g {wet weight) of activated Raney (1785.8 grams/cm)
for 6 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% MeOH in water (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 HNOH. 6.90: N6.38. Found: C, 43.82: H, 6.89: N. 5.79. 5.0(3.2), 5.1(s.2). 5.4{s.2), 7.2(s.1). 7.5{q.2). 8.4(s.1).

IN. Pharmaceutical Composilion Examples
EXAMPLE A

Parenteral Composition

To prepare a parenteral pharmaceutical composition of this invention suitable for administration by injection, 100
mg of a water soluble salt of a compound of Formula (1) is mixed with 10 ml of 0.9% sterile saline, and the mixture is
incorporated into a dosage unit form suitable for administration by injection.

EXAMPLE B

Oral Composition

To prepare an oral pharmaceutical composition of this invention. 100 mg of a compound of Formula (I} 1s 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 lor oral administration
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Claims

1.

10.

11.

A compound of formula (l):

(1)

wherein:

X is hydroxy: hydrogen: cyano: -CH,NH,: or formyl:

R is hydrogen when X is cyano: CHyNH, or formyl: or R is -CHO or -CH,R! when X is hydrogen or hydroxy:
R is -O-R2: -S-R2; -N-R2(R3): or -N*+-R2(R3)(R4). provided that when R1 is -N+-R2(R3)(R%) the compound is
associated with a pharmaceutically acceptable anion: or R! is cyano or CHyNH, when X is hydroxy:

R2, R%and R4 are the same or different and are selected from H: C, g alkyl; C,.¢ hydroxyalkyl: C, ¢ dialkytamino-
C,.g alkyl: C,.g alkylamino-C, g alkyl: C,.¢ aminoalkyl or C5.; cycloalkyl, and

when R! is -N-R2(R3), the R? and R3 groups may be combined together with the nitrogen atom to which they
are bonded to form a substituted or unsubstituted heterocyclic ring provided that such heterocyclic ring is
selected from morpholino. N-methylpiperazinyl, or (4'-piperidino) N-piperidinyl. or a pharmaceutically accept-
able sait. hydrate or solvate thereof.

The compound of Claim 1 wherein X is hydroxy and R is dimethylaminomethyl. N-morpholinomethyl. N-methyl-
piperazinylmethyl. (4'-piperidine)N-piperidinylmethyl, (2'-hydroxyethyl)aminomethyl. trimethylammoniummethyl.
cyclohexylaminomethyl. N-methylanilinomethyl, ethoxymethyl. cyclopropylaminomethyl, N.N-dimethylaminoethy-
loxymethyl, N,N-dimethylaminoethyithiomethyl. N.N-dimethylaminoethylaminomethyl, cyanomethyl. aminoethyl or
formyl. or wherein R is hydrogen and X is cyano. formyl or aminomethyl: or wherein X is hydrogen and R is dimeth-
ylaminomethyl or N-morpholinomethyl.

The compound of Claim 1 which is the S-isomer.

The compound of Claim 1 which is the racemic mixture.

The compound of Claim 3 wherein X is hydroxy and R is dimethylaminomethyl.

The compound of Claim 5 which is the acetate salt.

The compound of Claim 5 which is the monohydrochloride. dihydrochloride or sodium salt.

A pharmaceutical composition comprising a compound of formula (I} as claimed in claim 1 and an inert pharma-
ceutically acceptable carrier or diluent.

The composition of Claim 8 in which the compound of formula (1) is in the form of the S-isomer and wherein X is
hydroxy and R is dimethylaminomethyl.

The composition of Claim 9 in which the compound of formula (1) is in the form of the acetate. monohydrochloride
dihydrochloride or sodium salt.

A compound for formula (1) as claimed in claim 1 for use as an active therapeulic substance.
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13.

14.

15.
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A cémpound of formula (I) as claimed in claim 1 for use as an inhibitor of the growth of animal tumor cells,

A compound of formula () as claimed in claim 1 for use as an inhibitor of the growth of animal tumor cells, wherein
said animal is human.

The use of a compound of formula (1) as defined in claim 1 in the manufacture of a medicament having tumor cell
growth inhibiting activity.

A compound of the formula (1)

CF 3SOZ—O

(1I)




