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BACKGROUND OF THE INVENTION
[0002] U.S. Patent No. 6,121,451 to Henegar & Sih, incorporated herein by reference,
discloses a process for preparing the antineoplastic drug irinotecan, also known as 7-ethyl-
10-hydroxycamptothecin 10-[1,4"-bipiperidine]-1'-carboxylate or CPT-11 free base. In the
disclosed process, a compound therein identified as 14CPT (1) is first reacted with 1-(4-
hydroxy-2-aminophenyl)-1-propanone (II) to form an intermediate compound (IIT), which
is then reacted with 4-piperidinopiperidinecarbamyl chloride (IV) to produce CPT-11 free

base (V), as shown schematically below.
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Alternative materials and nethods for preparing irinotecan and ot her

t her apeutwoaBlogo4usef ul canpt ot heci n derivatives are desir @dTiusos/ssart .
SUMVARY COF THE | NVENTI ON [ 00041 Novel compounds are now provi ded, having
the formula (V) O O\I yO O NH2 (DTl) where R is hydrogen, an al kyl,
ar al kyl , hydrox , _carboxymet hyl, acyl oxynmethyl or trialkylsilyl
group, or a gro p - 2NR3R4 where Nis a |linking nitrogen atom and where

R3 and R4 are as~defN ei nbel ow. Al so\provided are salts of the
conpounds of fornula ( I) th pharmaceutig¢al |y acceptabl e anions. [00051
Options for R3 and R4 ae: oand R4 ar g i ndependently sel ected from
hydrogen and al kyl, al ke dr Oy oxya Kyl groups; (b) R3

i s hydrogen or an aIkyI alken |, h gxyal kyl group, and R4
is -COR5 where R5 is hydrogen & an N ~akKen hygr oxyal kyl or

al koxyal kyl group; or (c) R3 and R4 t aken tggethe the |inking

nitrogen atomforma saturated 3- to 7-nenber heterofycli ¢ group.

V) STAY

[0003] Alternative materials and methods for preparing irinotecan and other

therapeutically useful camptothecin derivatives are desired in the art.

SUMMARY OF THE INVENTION
[0004] Novel compounds are now provided, having the formula (VI)

()

N o

T
where R is hydrogen, an alkyl, aralkyl, hydroxymethyl, carboxymethyl, acyloxymethyl or
trialkylsilyl group, or a group —~CH,NR’R* where N is a linking nitrogen atom and where
R? and R* are as defined hereinbelow. Also provided are salts of the compounds of
formula (V1) with pharmaceutically acceptable anions.
[0005]  Options for R® and R* are:

(a) R® and R* are independently selected from hydrogen and alkyl, alkenyl,
hydroxyalkyl and alkoxyalkyl groups;

(b) R? is hydrogen or an alkyl, alkenyl, hydroxyalkyl or alkoxyalkyl group, and R*
is —COR® where R’ is hydrogen or an alkyl, alkenyl, hydroxyalkyl or
alkoxyalkyl group; or

(¢) R® and R” taken together with the linking nitrogen atom form a saturated 3- to

7-member heterocyclic group.

[0006] Compounds of the invention are useful intermediates in a process to prepare



[ 0006] Conpounds of the invention are useful intermediates in a process to
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00081 In yet another

or preparing a
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rinotecan (V) and salts thereof, for example the hydrochloride salt CPT-11. Thus,
according to another embodiment of the invention, a process is provided comprising a step
of reacting 4-amino-3-propionylphenyl-1,4"-bipiperidine-1'-carboxylate with the compound
of formula (I) above to form irinotecan.

[0008] In yet another embodiment of the invention, a process is provided for preparing
a compound of formula (VI). This process can be illustrated with respect to the
compound of formula (VI) where R' is an ethyl group, i.e., 4-amino-3-propionylphenyl-
1,4"-bipiperidine-1'-carboxylate. In this case the process comprises a step of reacting 1-(4-
hydroxy-2-aminophenyl)-1-propanone (II) with 4-piperidinopiperidinecarbamyl chloride
(IV) to form 4-amino-3-propionylphenyl-1,4'-bipiperidine-1'-carboxylate. By appropriate
modification of compound (IT) one of skill in the art will be able to make other compounds
of formula (VI) of the invention.

[0009] Typically, an irinotecan or CPT-11 product prepared by a process using
4-amino-3-propionylphenyl-1,4'-bipiperidine-1'-carboxylate will contain at least a
detectable amount of that compound. Thus, in yet another embodiment of the invention,
there is provided a pharmaceutical composition comprising a therapeutically effective
amount of irinotecan and/or a salt thereof and at least a detectable amount of 4-amino-3-

propionylphenyl-1,4'-bipiperidine-1'-carboxylate and/or a salt thereof. By its presence in a
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[0012] Compounds of formula (VI) above exist in free base form and in various

pharmaceutically acceptable salt forms, which are embodiments of the present invention.

[0013] Pharmaceutically acceptable salts of compounds of formula (VI) include

without restriction salts of the following acids: hydrochloric, hydrobromic, sulfuric,

methanesulfonic, phosphoric, nitric, benzoic, citric, tartaric, fumaric and maleic acids, and

mono- and dicarboxylic acids of formula CH;-(CH,),~-COOH and HOOC-(CH,),-COOH

where n is 0 to 4, for example malonic acid. The hydrochloride salt is particularly

preferred.

[0014]  In another embodiment of the invention a process is provided comprising a step

of reacting 4-amino-3-propionylphenyl-1,4'-bipiperidine-1'-carboxylate (the compound of

formula (VI) where R’ is ethyl) or a salt thereof with 14CPT ((4S)-4-ethyl-7,8-dihydro-4-

hydroxy-(1H)-pyrano[3,4-f]indolizine-3,6,10(4H)-trione), the compound of formula (I)

above, to form irinotecan or the corresponding salt thereof.
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can illustratively be carried out by m xing known conpounds (I1)
4-amino-3-propionylphenyl-1,4'-bipiperidine-1'-carboxylate is provided, comprising a step
of reacting 1-(4-hydroxy-2-aminophenyl)-1-propanone (II) with
4-piperidinopiperidinecarbamyl chloride (IV).
[0019]  This reaction can illustratively be carried out by mixing known compounds (II)
and (IV) together in a suitable solvent, for example pyridine. Alternatively, a solvent
system comprising methylene chloride, tetrahydrofuran, acetonitrile or the like together
with a suitable base such as triethylamine or diisopropylethylamine can be used as a
medium for the reaction. The product of the reaction can then be subjected to isolation
and purification steps, illustratively those described in Example 1 below, to yield 4-amino-
3-propionylphenyl-1,4'-bipiperidine-1'-carboxylate.
[0020]  Inyet another embodiment of the invention, a pharmaceutical composition or
drug substance is provided comprising (a) irinotecan and/or one or more pharmaceutically
acceptable salts thereof in a therapeutically effective total amount, and (b) 4-amino-3-
propionylphenyl-1,4'-bipiperidine-1'-carboxylate and/or one or more salts thereof in at least
a detectable amount. By a “therapeutically effective’” amount of irinotecan or salt thereof

is meant an amount useful as at least a single dosage amount for treatment of cancer. By a
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(b) a processtruddyalni#gnds reagents conpounds (I1) and (1'V) under
circunstances permtting these conpounds to react to form
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[ 00221 Tne foftowng exanpres rirustrate pects-of ttie present invention
but are [OR231 0 A solution 0of3.26 g (19.6 mmol) 2- ammo-5-hydroxyprop10phenone and 6.97 g

(26.1 mmol) 4-piperidinopiperidinecarbamoyl chloride hydrochloride in 35 ml pyridine was
stirred at room temperature for 13 hours. The pyridine was then evaporated and 20 ml
water and 120 ml ethyl acetate were added. The resulting organic phase was separated
and dried over sodium sulfate. The sodium sulfate was removed by filtration and 10 g
silica-60 was added to the filtrate, which was stirred to form a slurry. The slurry was
loaded onto a column of 20 g silica-60 (230-400 mesh) and eluted with a 95:5 (v/v)
methylene chloride/methanol mixture. The resulting product fractions were combined and
evaporated to provide a residue, which was then redissolved in a mixture of 20 ml
methylene chloride and 50 ml heptane. The resulting solution was evaporated to yield
6.22 g of 4-amino-3-propionylphenyl-1,4'-bipiperidine-1'-carboxylate as a yellow-green
solid, melting point 132.0-133.5°C.

[0024] 'HNMR (400.13 MHz, CDCL) § 7.46 (s, 1H) 7.03 (d, 1H, J=8.8 Hz), 6.64 (d,
1H, J=8.8 Hz), 6.2 (s, 2H), 4.35 (s, 2H), 2.95 (q, 2H, J=7.2 Hz), 2.5-2.9 (m, 9H), 1.4-1.7
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be construed as limtations. Exanple 1:
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4-am no- 3-pro lony eny i pi peridine-1"-carboxylate as prepared in

Exanpl e ﬂes(dﬁe%@dg;soliemmmﬂﬂ.j (amdméthigiPre ¢lldwéd cdmeathonmi anigturd ardmul a (1)
chromatographed on 20 g silica-60 (230-400 mesh), eluting with 95:5 (v/v) methylene

chloride/methanol (400 ml) and then 92.5:7.5 (v/v) methylene chloride/methanol (600 ml). -

The resulting product fractions were combined and evaporated to provide a residue,
which was then redissolved in 20 ml methylene chloride and washed with saturated
aqueous sodium bicarbonate solution (2 X 10 ml). The resulting organic phase was dried
over sodium sulfate and evaporated. Ethanol was added and the resulting solution
concentrated to a volume of 8§ ml before being allowed to crystallize overnight. The solids
were filtered and dried to yield 0.243 g of irinotecan (CPT-11 free base) as a pale yellow
solid.

[0029] The irinotecan produced as above (0.216 g) was dissolved in 2 ml water and
0.43 ml 1M HCI and heated to 60°C to form a yellow solution. This solution was filtered
hot over powdered activated carbon (Darco™ G-60) (0.5 g). The filtrate was cooled and
seeded with 5 mg irinotecan hydrochloride crystals and allowed to crystallize overnight.
The solids were filtered, washed with water (2 X 1 ml), and suction dried under air to yield
0.123 g of irinotecan hydrochloride trihydrate as pale yellow crystals having a melting
point of 259.8°C.



above) (0.39 g, 1.5 mol) in 10 mM acetic acid was heated to 115C for 22
hours. The resulting mxture was distilled under vacuumto yield a bl ack
sem sol | dawpegioshd4es The residue was dissolved in a 95:5 (eCT)USIBL15§1 ene

chl ori de/ met hanol m xture and chromatographed on 20 g silica-60 (230-400
mesh), eluting with 95:5 (v/v) nethylene chloride/nethanol (400 m) and
then 92 WwHATOIS @l . x)ViEes ts¢/l ene chl ori de/ nmet hanol (600 ml). The resulting
product fractions were conbi ned and evaporated to provide a residue, which
was then r991&ﬁ@#ﬂﬁﬁh&%n%%xﬂbmﬁﬁﬁhy|e”e chloride and washed with saturated
aqueous sodi u I carbonate solution (2 X 10 m). The resulting organic
phase was dried over sul fate and evaporat ed. Ethanol was added and
the resulting solution con entrated to a volume of 8 m before being
allowed to crystallizelQve The solids were filtered and dried to
yield 0.243 g of irinotecan ( Yy pale yellow solid.

[ 00291 The irinotecan produce s dissolved in 2 ni
water and 0.43 nil 1 MHO an y
This solution was filtered hot over powde ed altlvated car bon (DarcoTM
G 60) (0.5 g). The filtrate was cool ed and xS ded with 5 ng irinotecan
hydrochl oride crystals and allowed to crystal ize %Vernlght The solids
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alkoxyalkyl groups; (b) R® is hydrogen or an alkyl, alkenyl, hydroxyalkyl or

alkoxyalkyl group, and R* is —COR’® where R’ is hydrogen or an alkyl, alkenyl,
hydroxyalkyl or alkoxyalkyl group; or (c) R? and R* taken together with the linking

nitrogen atom form a saturated 3- to 7-member heterocyclic group.
2. The compound of Claim 1 where R' is an ethyl group.

3.  The compound of Claim 1 that is a free base form of 4-amino-3-propionylphenyl-
1,4"-bipiperidine-1'-carboxylate.

4,  The compound of Claim 1 that is a salt of 4-amino-3-propionylphenyl-1,4'-
bipiperidine-1'-carboxylate with an acid selected from hydrochloric, hydrobromic,
sulfuric, methanesulfonic, phosphoric, nitric, benzoic, citric, tartaric, fumaric and
maleic acids, and mono- and dicarboxylic acids of formula CHz-(CH,),-COOH and
HOOC-(CH,),~-COOH where n is 0 to 4.

5.  The compound of Claim 1 that is a hydrochloride salt of 4-amino-3-propionylphenyl-
1,4'-bipiperidine-1'-carboxylate.

6. A process for preparing irinotecan or a salt thereof, the process comprising a step of
reacting 4-amino-3-propionylphenyl-1,4'-bipiperidine-1'-carboxylate or a salt thereof

with the compound having the formula



CH2NR3R4 where N is a linking nitrogen atom and where (a) R3 and R4 are

i ndependently sel ected from hydrogen and al kyl, al kenyl, hydroxyal kyl and
al koxyal kb ogrogagps; (b) R3 is hydrogen or an al kyl, al kenpCr/usgsitsiyal kyl
or al koxyal kyl group, and R4 is -COBS where R5 is hydrogen or an al kyl,
al kenyl, hydroxyal kyl or al koxyal kyl__group; or (c) R3 and R4 taken
together with the linking nitrogen forma saturated 3- to 7-nenber
het erocyclic group. 2. The conpou#s® nd where R is an ethyl group.
3. The compound of Caiml that is a fase form of

4- am no- 3- propi onyl phenyl - 1, 4" -bi pi pdridinge-1'-carboxylate. 4. The
conpound of Claiml that is a salt of 2 Q- 3- propi onyl phenyl -1, 4' -

bi pi peridine-1'-carboxylate with an acid| sel ected from hydrochl ori c,
hydrobromc, sulfuric, nethanesulfaqpi gegphosphoric, nitric, benzoic,
citric, tartaric, fumaric and naleic™ac d§f, and nono- and di carboxylic
acids of fornmula CH3-(CH2)Il COOH and (CH2)I'l COOH where nis 0 to 4.

X1
5. The conmpound of Ctaim1l that is a hydrohl oride salt of

4- am no- 3- propi onyl phenyl - 1, 4'-bipiperidine-I|'-carboxylate. 6. A process
for prepari hipotacemer aegaththereofprsapmed by dlrecpypcess RE ®ess conprising a step
of reacting 4-am no-3-propionyl phenyl -1, 4" -bi pi peridine-1'-carboxylate or
a salt Bher aqgfrocess fdr prépering fetihykd OHgdiaxycampsotheeimer 2 sgit orad/1hg9413

PCT/ US03/ 11551 O N QOH Q 7. . Irinotecan or. a.salt. thereof,prepared by the
process of PIO&PYH @m@smﬁa%’ﬁé@§ffgﬁqc?$$ gf?&?ﬂil%'a'Pf%lP ]?I}efyf-l,a-

0-hydr OXVCaﬁﬁip%hﬁﬁfe‘il“lc%o@laéblé 2 khenerbe witehe B5RSRDE hadRpehaaua fir st
step of reacti‘ng 4-am no- 3- propl onyl phenyl -1, 4" -

bi pi peri di ne-1'-carboxyl ate or a sal reof with the conpound having the
formula p NO

to form irinotecan or a salt thereof; and a second step of hydrolyzing the irinotecan
or salt thereof in an acid medium to form 7-ethyl-10-hydroxycamptothecin or a salt

thereof.

9.  7-Ethyl-10-hydroxycamptothecin or a salt thereof prepared by the process of Claim
8.

10. A process for preparing 4-amino-3-propionylphenyl-1,4'-bipiperidine-1'-carboxylate,
the process comprising a step of reacting 1-(4-hydroxy-2-aminophenyl)-1-propanone
with 4-piperidinopiperidinecarbamyl chloride.

11. A drug substance comprising irinotecan and/or at least one salt thereofin a

therapeutically effective total amount and 4-amino-3-propionylphenyl-1,4'-

bipiperidine-1'-carboxylate and/or at least one salt thereof in a detectable amount.

12. The drug substance of Claim 11 wherein the 4-amino-3-propionylphenyl-1,4'-

bipiperidine-1'-carboxylate is present in an amount not greater than about 5% by



OH Oto formirinotecan or a salt thereof, and a second step of

hydrol yzing the irinotecan or salt thereof in an acid nediumto form

7- et hyl - I Wolhgdsatycanpt ot hecin or a salt thereof. 9. PCT/US03/11551

7- Et hyl -1 0- hydr oxycanpt ot hecin or a salt thereof prepared by the process of
Claim 8. 10. A process for preparing
4-anino-3-pW@Eﬁbnylphenyl-1,4'-bipiperidine-l'-carboxylate, t he process
conprising a step of reacting 1-(4-hydroxy-2-am nophenyl)-I|-propanone wth
4- pi per i1di ndpé gengisdbstara o Eapin 1d himareid ¢he 4-amind-Hpropicylteayliced'conpri si ng

i rinotecan €nd/oa.a ,least _one salt thereof in a the SFEUti§a5J¥ effective
total amounbIPREHIESIHRRIYIT SEERY! BRBAVICUE! D0t ErefiEi Bl Feithdo% by

1' - car boxyl nand/ or at |east one salt thereof in a detectable amount. 12.
The drug substance of Claim 11 wherein the 4-am no-3-propionyl phenyl -1, 4" -

bi pi peridin - | a I resent .4 n,an.anmpunt .no reat gr than about
5% by BQVD%B%%SS&?%&%&? ? @?ﬁ%/lplil em\}%i% o7 'Pmﬂﬁ%lyk#%ﬁﬁgﬂ%'st ance of

G ai m 11 whibplefldinbe -darBétylfde BRERR Al ptRfYhot Lréater than about 1% by

bi pi peri dine-I"'-carboxylate is present in an anmount not greater than about
2.5% by wewgight. 14. The drug substance of Caim 11 wherein the

4- am no- 3- propi onyl phenyl -1, 4' - bi pi peridi ne-1"-carboxylate is present in
an anmount not greater than about 1% by weight. 10

10



