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POLYMER-BOUND PACLITAXEL DERIVATIVES ]
The present invention is directed to polymer-bound
paclitaxel and polymer-bound paclitaxel derivatives
endowed with antitumor activity, to a method for their
preparation and to pharmaceutical compositions containing
then.
Paclitaxel (also named Taxol in several publications) is
a member of the taxane family of diterpenes, isolated and
chéracterized from an extract of bark of __Taxus
brevifolia I.; other analogues of paclitaxel are also
known and were prepared by semisynthesis starting from
10-deacetyi baccatin III, extracted from the needles of
Iaxus baccata 1,., see Wain et al. in JACs, 983, 2325
(1971) ana Lovelle et al., Proc. Am. Assoc. Cancer Res.,
31, p. 417, (1990). These compounds have been shown to
posseés potent antitumor activity, but they are very
slightly soluble in water and some toxic side-effects are
associated also with their administration by injection or
intravenous infusion using as carrier cremophor EL {TM) .
The present invention provides a polymer conjugate of the
formula I consisting essentially of:
from 90 to 99.9 mol % of units of the formula:
‘ &,

{

CH;~— C-CO~-NH~-CH,-CHOH~CH,

from 0.1 to 5 mol % units represented by the formula

—
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Taxus baccata L., see Wain et al. in JACS, 93, 2325 (1971) and Lovelle et
al., Proc. Am Assoc. Cancer Res., 31, p. 417, (1990). These conpounds have
been shown to 15 possess potent antitunor activity, but they are very
slightly soluble in water and sonme toxic side-effects are_associated al so
with their admnistration by injection or intravenous infusion using as
carrier crenmophor EL (TM. The present imvemntion provides ahi® She¥MRE Been R
conjugate of the 20 formula |I consisting essentigalLpy of:

99.9 nol %of units of the formula: [err] CH3- C CO CHZJMMHH,

eplaced

bl

0.1 to 5 nobl %units rep ed bythefor@la
o o HC,
n/lk ¥ .
- o--- -
hagd el
1 You |  Ococw

wherein one of R, and R, is a copolymer residue of the

formula

|
CH,

CHy—— Ci—CONH-CH,-CO—A—

5 and the other one is hydrogen atom;
from 0 to 9.9 mol ¥ of units represented by the formula
c!n, . )
CHy~— c!-coun-—cx,-co-A,-Nﬂ-ca,-cnon-cn,

wherein R is a phenyl or t-butoxy group, R, is H or an
10 aéetyl group, A and A, which may be the same or
different, represent a chemical single bond, an amino
.acid residue or peptide spacer selected from 8 Ala,
Gly, Phe-Gly, Phe-Phe-, Leu-Gly, Val-Ala, Phe-Ala, Leu-
Phe, Leu-Ala, Phe-Leu-Gly, Phe-Phe-Leu,. Leu-Leu-Gly, Phe-
15 Tyr-Ala, Phe-Gly-Phe, Phe-Phe-Gly, Phe-Leu-Gly-Phe, . Gly-

Phe-Leu-Gly-Phe,Gly-fAla, Phe-Gly-fAla, Phe-Phe-8Ala,



*0to 9.9 nol

REPLACENMENT. SHEET CH3 wherein one of R err] and [err] is a copolyner
residue of the formula [err] 5 and the other one is hydrogen atom from
% of units represented by the formula CH2 [err] wherein R is

a phenyl

10

1s

20

25

or t-butoxy group, [err] is Hor an

-3 -
Leu-Gly-SAla, Val-aAla-SAla, Phe-Ala-fAla, Leu-Phe-S8Ala,
Leu-Gly-fAla, Phe-Leu-Gly-fAla, Phe-Phe-Leu pgAla, Leu-
Leu-Gly-fAla, Phe-Tyr-Ala-fAla, Phe-Gly-Phe-B,_ Phe~Phe-
Gly;BAla, Phe-Leu-Gly-Phe-fAla or Gly-Phe-Leu-Gly-Phe-
BAala.

More particularly the present invention provides polymer
conjugates of paclitaxel and derivatives of paclitaxel
with improved water solubility and decreased toxicity.
Preferably, the mol % of units containing the paclitaxel
and paclitaxel derivatives is from 0.5 to 2, more
pieferably, the‘content of paclitaxel in the polymer was
from 2 to 10 ¥ (w/w), most preferred compounds are those
characterized by a content of from 4 to 7 % (w/w). The
wavy line denotes that the oxygen linked at position 7 of
the paclitaxel structure may be in both configurations,
i.e. 8 (natural) or «a.

Preferably R represents a phenyl group, R, is an acetyl
group and A is a Phe-Leu-Gly or Phe-Leu-Gly-fAla residue.
All the amino acid residues have the natural L-
configuration. According to a. preferred embodiment, the
polymer conjugate is a copolymer of l-methacryloylamino-
2-hydroxypropane, (methacryloylglycyl-phenylalanyl-
leucylglycyl)3-amino-2 hydroxypropane and 27~
(methacryloylglyéylphenylalany11eucylglycy1-8a1any1)
p%clitaxel;

The % w/w content was determined after enzymatic

hydrolysis by HPLC method analogous to that described in

Cancer Treatment Rep. 71 (1), 1987, p. 53-~59.
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10 acetyl group, A and [err] which my be the sane or
different, represent a chemcal single bond, an am no acid residue or
pepti de spacer sel ected from Jerr] Ala, Ay, Phe-A@y, Phe-Phe-,
Leu-@y, Val-Ala, Phe-Ala, Leu- Phe, Leu-Ala, Phe-Leu-Gy, Phe-Phe-Leu,.
leu-Leu-dy, Phe- 15 . Tyr-Al a, Phe-d y-Phe, Phe-Phe-Qy,

Phe- Leu-@y-Phe, dy- Phe-Leu-dy-Phe,&y-[err]Al a, Phe- d y- $Al a,
Phe- Phe-[err] Al a - 3s Ley- 5 J]Ala, Val-Ala-[err]Ala,

Phe- Al a-[err] Al'd, = ai-f' - &X ié, Leu-A@y-[err]Ala,

Phe-Leu-Gy-[errpdl 8, nPhgr PRGELRY &£ hlAlR p1&sihas various concentrations
of the poiymer-bound paclitaxel were added and at
appropriate time (24, 48, 72, 96 h) 100 ul were collected

5 and stored at -70°C until further processing.
Extraction procedure
Samples were extracted by adding 75 ul of Tetra Butyl
Ammonium Phos;;hate (TBAP) 0.5 M, 1250 pl CH,CN and 150 ul
of NaCl 5M and vigorously shacked for 20’ at 4°C.

10 After that time samples were spun at 15000 x g for 10’
"and the supernatants were collected and evaporated using
a high vacuum centrifuge . Samples were recovered by
adding 500 gl of MeOH:H,0 (75:25 V/V) and injected into

HPLC for determining the total paclitaxel percentage

15 = content.
HPLC system
Column : Nova Pak C,; (Waters) 3.9 ¥ 300 mm
Flow Rate : 1.5 ml/m
Detector : UV 231 nm
20 Injection : 20 pul

Mobile Phase

[ 14

57.5 % H,0 brought to pH 2

42.5 % CH,CN

The present invention also provides a process for
Jpreparing a polymer conjugate which process comprises

25 reacting a compound of the formula II
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Leu-Gy-[err]Ala, Phe-Tyr-Ala-[err]Ala, Phe-dy-Phe-[err], Phe-Phe-

Gy-[err]Ala, Phe-Leu-Gy-Phe-[err]A a or G y-Phe-Leu-TEis\¥héehidas Been Replaced
[err]Ala. Mre particularly the present invention provi

conjugates of paclitaxel and derivatives of paclitaxel

solubility and decreased toxicity. Preferably, the nol %o S
contai ni ng. the paclitaxel 10 and pael -t axel derivatives is from 0.5 -

wat er

uni

to 2, nore preferably, the content of paclitaxelHi t_IF pol ymer was from

2 to 10 % (ww, nost preferged conpounds are those cRBaracterized by a
content of from4 to 7 % ( The wavy Iinnéxienoteg t hgt the oxygen
| .

| i nked at position 7 of 1 he paclitaxe
configurations,

10

15

{ ruc/ugg, gay be in both

m Hac
2
R” - H O==- TN\ o (II)
H-A=——0 H 2
You ! OCOCH,

wherein one of A, and A, is a chemical bond and the other
one is A, and A, R and R; are as defined above, with an
activated polymer consisting essentially of from 90 to

99.9 mol % of units represented by formula

1
(lﬁ*z
CH;— C~CO-NH~CH,~CHOH~CH,
|

and from 10 to 0.1 mol % of units represented by the

l

CH,

| _
CH,— C~-CO~NH~CH,~CO-A~0- -NoO,

formula

wherein A; is as deL ined above and then treating the
resultant polymer conjugate with z-t;ydroxypropylamine.

Preferably the reaction between the compounds of the
formula II and the activated polymer is carried out in
an anhydrous polar organic solvent such as
dimethylsulfoxide or dimethylformamide optionally in
presence of an organic or inorganic bése such as an

alkaline carbonate, dimethylaminopyridine or



i.e. [err] ¢natural) or a. Preferably R represents a phenyl group, [err] is
_an acetyl group and Ais a Phe-Leu-Gy or Phe-Leu-Gy-[err]A a residue. Al
the ami no acid residues have the natural L- 20 configuration. According

to a preferred enbodi nent, the polynmer conjugate is a copolymer of
.1- met hacryl oyl am no- 2- hydr oxypr opane, s (et hacryl oyI gl ycyl - phenyl al anyl -
| eucyl gl ycyl ) 3-am no-2 hydr oxypr opane and

(et hacryl oyl gI

% w w content was (ﬁag!tix él"ﬁé%ny#' u%eér??féa% ﬁrp?&ﬁly%islybyb{i%énﬁ%&f@e

anal ogous to thgh-JdeSCHHPOd hourancer Treatnent Rep. 71 (1), 1987, p.
53-59.
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15

20
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The reaction is typically carried out at a temperature of
from 15 to 40°C, preferably at room temperature. The
alkaline carbonate 1is, for example, an alkali metal
carbonate or an alkaline earth metal carbonate.

Some of the starting compounds of the formula II are
known compounds, i.e. paclitaxel or paclitaxel analogues
or may be prépared starting from known compounds.

For example 7-epi derivatives may be prepared by

‘refluxing in toluene paclitaxel or its analogs in the

presence of a base (Na,CO; or diazabicycloundecene)

Other compounds of the formula .II are new, in particular
those in which A, is fAla residue and those in which °
either A, or A, represents di, tri, or tetra. peptide

spacer as defined above for A and are within the scope of

the invention.
The compounds of formula II wherein A, is not a chemical
single bond may be prepared by reacting a paclitaxel or a
paclitaxel analog with protected amino acid or peptide in
the presence of a condensating reagent, and with or
without the additional presence of a catalyst, preferably

at room temperature, followed by the removal of the

protecting group with known methods.

The condensation may be also carried out using activated
esters such as paranitrophenyl ester of peptide or amino
acid. Suitable condensing reagents include carbodiimides

—_—

such as dicyclohexyl carbodiimide (DCC).
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Enzymatic hydrolysis To 1 ml of nurine or human plasmas vari ous
concentrations of the polyner-bound paclitaxel were added and at
appropriate tine (24, 48, 72, 96 h) 100 ul were collected 5 and stored
at -70[err]C until further processing. Extraction procedure Sanples were
extracted by adding 75 ul of Tetra Butyl, Amoni um Phosphate (TBAP) 0.5 M
1250 ul [err] and 150 ul of NaCl 5M and vigorously shacked for 20" at

4[err]C 10 stfit@bildal ddtil 3| esi e PUn it i an thd -Pyriline
(DMAP), pyridine or triethylamine.

. Various known amino protecting groups can be ut;lized and

commercially available protected amino acid or peptides

5 can be utilized as the starting materials. Amino acids or

peptides protected with t-BOC, trityl, FMOC or

carbobenzyloxy (CBZ) can be utilized. Aamino Acid or

peptides procted with t-BOC, trityl or FMOC groups are
preferred.

10 The compounds of the formula II wherein A, is not a
chemical single bond may be prepared by protecting or
blocking the 2/-hydroxy group and then esterifying the 7-
position hydroxyl and then removing the 2’/-protecting or
blocking group.

15 More preferably, the compounds of the formula II wherein
A; is Gly or PBAla residue are prepared by reacting
paclitaxel with 2-3 equivalents of N-protected amino acid
to produce 2/,7-disubstituted paclitaxel, the 2’-position
amino acid is cleaved and then the 7-position amino acid

20 is deprotected.

Reaction of paclitaxel and the protected amino acid is
conducted in the presence of a condensing reagent and a
catalyst, like those above defined.

Cleavage of the 2’~am1no acid is conducted by adjusting

25 the pH of the 2/-7-(amino acid) paclitaxel solution to pH
7-7.4 for example by mixture of the 2/,7-di(amino acid)

paclitaxel in a phosphate buffer at pH 7-7.4 or with a

———
—
T e

slight excess of NaHCO,. This Sheet Ha
f [
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and the supernatants were coll ected and evaporated using a high vacuum
.centrifuge . sanples were recovered by adding 500 ul of [err] (75:25 VIV)
and injected into HPLC for determining the total paclitaxel percentage 15

content. HPLC system Col um : Nova Pak [err] (Waters) 3.9 x 300
.M Fl ow Rat e 1.5 m/ m Detector : UV 231 nm 20
I njection- : 20 ul Mobile Phask ~ 57.5 [err] brought to

pH 2 42.5 [erDerr-m:ee 1eosne néf | Vee rgn{l%% %lcsi% %rsO\go%dsuc%epc{ Vhdes fOrkl'nown

amino acid deprotection method, such as mild acid
treatment with, for example, acetic acid, or by
reduction.

5 Thus, for example, p'éclitaxel is allowed to react with 2-
3 mol. equivalent of N-protected amino acid (t.boc, CB2Z
or FMOC protected) in methylene chloride in the presence
of DCC and a catalytic amount of 4-dimethylaminopyridine.
In this manner, the protected amino acid is introduced at

10 2’ and 7-position. The 2’,7-bis amino acid derivative of
paclitaxel is allowed to stand in presence of NaHCO; in
H,0/MeOH for 2-5 hours, whereby selective deprotection at
the 2/-position occurs to yield the 7-substituted
derivative of paclitaxel. The protecting groups are

15 removed by appropriate deprotecting agent (e.g., acid,

"~ mild base or hydrogenolysis).
The activated polymer ié a synthetic, water soluble
polymer prepared by the copolymerization of N/-(2-
hydroxypropyl) methacrylamide with p-nitrophenylesters

20 of N-methacryloyl oligopeétides, as described in US-A-
4062831 and US-A-4097470.

The polymer conjugates of the formula I and the new
pac_ilitaxel derivatives of the formula II exhibit good
water solubility, biocompatibility and release the

25 paclitaxel or paclitaxel derivative in the plasma or
after internalization into cells by cleaving of the

oligopeptide spacers. —
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preparing a polyner conjugate which process conprises 25 reacting a
conpound of the formula |1 2 wherein one of A2 and A3 is a chem cal bond
and the other one is A, and A R and [err] are as defined above, with an
activated pol yner consisting essentially of from90 to 99.9 nol %of units
represented by fornmula 5 [err] and from10 to 0.1 nmol % of units
represented by the -9 -

Biological activity

Microtubule assembly and disassembly assay

Calf brain tubulin was prepared by two cycles of

assembly-disassembly (Shelanski M.L. Gaskin F. and Cantor
5 C.R., Proc. Natl. Acad.Sci. U.S.A. 70, 765-768, 1973) and

stored in liquid nitrogen in MAB (0.1 M MES, 2.5 M EGTA,

0.5 mM MgSO,, 0.1 mM EDTA, 0.1 mM DTT pH 6.4).

All the experiments were carried out on protein stored

for less than 4 weeks.

10 Before each experiment, the tubulin was kept 30 min at
4°C.

Assembly was monitored by the method of Gaskin et al
(Gaskin F., Cantor C.R. Shelanski M.L. J. Molec . Biol
89, 737-758, 1974). The cuvette (1 cm path) containing

15 tubulin (1 mg/ml) and 1 =M GTP was shifted to 37°C and
continous turbidity measurements were made at 340 nm on
‘Perkin-Elmer 557 Double Wavelenght Double Beam
Spectrophotometer equipped with an automatic recorder and
a termostatically regulated sample chamber.

20 After 30 minutes 4 mM caCl, was added and
depolymerisation was measured for 10 minutes as decreased
turbidity. At regular intervals of 15 minutes scalar
doses of the tested compounds were added and variations
in the turbidity were monitored. Data are espressed as

25 percentage of ripolymerisation induced by the tested

compounds. The results are shown in Table I.

- —_—
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formul a. 10

CH3- [err] -NO2 wherein [err] is as

defined above and the eating the resultant polynmer conjugate with
2- hydr oxypropyl am ne. Preferably the reaction between the conpounds of the

formula 11
anhydr ous

and the activated polyner is carried out in 15 an
pol ar organic sol vent such as di net hyl sul f oxi de or

di met hyl formam de optionally in present@ of an organic or inorganic base
such as an al kal i ne car bonat e, di met hyl am nopyri di ne or

10

15

20

In vitro drug sens:tivitz assay

Exponentially growing B16~F10 murine melanoma cells were
seeded (2 x 10°/ml) in RPMI 1640 medium were supplemented
with 10% heat-inactivated fetal calf serum and 2 mM
glutamine in 24 well-plates (Costar). Scalar
concentrations of tested compounds were added immediately
after seeding. The inhibition of cell growth was

evaluated by counting cells with a coulter counter after

‘72 hrs incubation. For each tested compound concentration

triplicate cultures were used. The antiproliferative

‘activity of the tested compounds was calculated from

dose~response curves and espressed as IC; {(dose causing

50% inhibition cell growth in treated cultures relative

to untreated controls). The result are shown in Table I.

Table I
rCOmpound prep;;;dAi;“wwwﬁﬁ;;gﬂig;-;;;;;;;fm;
0.5uM s5uM
H Example 1 0 15 19 “
| Example 9 79 145 47 “
| Example 3 46 86 23 “
Example 4 ' 0 10 11 “
Example 6 0 10 51

Reference compound :

Paclitaxel 41 96 39

This Sheet Has Been Repla

[T




triethylam ne. The reaction can typically be effected for from1 to 24
hours. The reaction is typically carried out at a tenperature of from15 to
40[err]C, preferably at roomtenperature. The 5 al kal i ne carbonate

is, for exanple, an alkali nmetal carbonate or an al kaline earth netal
carbonate. Sonme of the starting conpounds of the fornmula Il are known
conpounds, .i.e. paclitaxel or paclitaxeRlarral ogues or may be prepared

e o o BRI Sena e Sbree b B Febbine A ™
presence of a begeiVA? Gl oheafll 3P 46! QMRLENEL1ChOEE CAIPRYAHACRLL"®
’ with paclitaxel.
Mice
5 C57B16 female mice were obtained from Charles River
Italy.
Animals were 8 to 10 weeks old at the beginnind of the
experiment.
Drugs
10 Because bf its limited aqueous solubility, paclitaxel ﬁas
dissolved in a vehicle consisting of polyoxyethylated
castor oil (Cremophor EL) 50% and ethanol 50% and then
diluted with glucose .5% solution at the desidered
concentrations. The solution was slightly hazy and
15 precipitates formation was observed after short time.
The compound of example 6 was easily dissolved in glucose
5% and the reSulting'solution was clear for iong time
{more than 2 hours). Final concentrations were referred
to the paclitaxel content of the compound (4% of total).
20 Tumor
The murine melanoma B1l6F10 was used. A suspension of 10°
tumor cells in 0.2 ml was injected subcutaneously in the
flank of mice.
Tumor size was measured with caliper and tumor weight was

25 calculated with the formula:

az+p TTTe——
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those in which [err] is AAla residue and those in which 15 either [err]
or [err] represents di, tri, or tetra peptide spacer as defined above for
A and are within the scope of the invention. The conpounds of fornula I
wherein [err] is not a chemi cal single bond my be prepared by reacting a
paclitaxel or a 20 paclitaxel analog with protected am no acid or
peptide in the presence of a condensati reagent, and with or without the

addi tional presgng Ogdﬁi qgg&%igbnpreferably at roomtenperature, followed
by the renoval %%“gﬁé—prugﬁtrrng—gTbup wi th known nethods. 25 The
condensati on Map,Rg j8h%@1Co4hk5 G Alin USntS apeliitened 19y Checalsh asf its

par ani trophenyl ester of peptide or am no

poor solubility and vehicle toxicity.
The compound of example 6 was injected intravenously.

5 Both compounds were administered at day 1, 5, 9 after
tumor implantation.
The data reported in Table 2 show that the compound of
the present invention is more active than paclitaxel.
The dose of the polymer-conjugate is referred to the

10 paclitaxel content.

- Table 2

Compound Dose Tumor

(mg/Kqg) Inhibition (%)

Control

Paclitaxel 0/10

22 38 0/10

u | 33 92 1/7

) 15 Compound of ex. 6 14.6 77 0/9

IL . 22 79 o/10 “
—

TOX: number of mice which died for toxicity.
T0X determination was made when mice died@ before the
control or when significant body weight 1loss and/or

spleen and orfor liver size reduction were observed.

20 From the above data, it can be seen that the polymer
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acid. Syitabl e condensing reagents include carbodiimdes such as

di cycl ohexyl carbodiimde (DCC). - Suitable catal ysts I ncl ude

4- di met hyl am no-pyri dine (DVAP), pyridine or triethylamne. Various known
am no protecting groups can be utilized and commercially avail abl e
protected am no acid or peptides 5 can be utilized as the starting
materials.. Am no acids or peptides pr&Pécted wth t - BOC, trityl,

FMOC or car boggngul oxx. (GH0) 5an Beelibhbi Z68keAWlLY AShti¥t excellent

antitumor activity. These compounds, therefore, are
useful antitumor agents due to the lower tox}city and
increased water solubility as compared to paclitaxel or
5 its derivative. Examples of tumors that can be treate&
are for istance, sarcomas, carcinoma, lymphomas,
neuroblastoma, melanoma, myeloma, Wilms tumor, leukemias
and adenocarcinoma.
The improved solubility ad decreased toxicity of the
10 polymer-conjugates of the present invention means that
they are suitable for intravenous injection or infusion.
The dosage depends upon the age, weight and condition of
the patient. The dosage may be from 1 mg/kg body weight
to 1 g/kg body weight, preferably from 4 to 800 mg/kg
15 body weight. Typical formulations contain a guantity of
polymer-bound paclitaxel/polymerbound paclitaxel
derivative equivalent to 0.5, 1.5, 10, 20, 25, or 50 mg
of the active paclitaxel/paclitaxel derivative.
The polymer conjugates ‘may be formulated as
20 pharmaceutical compositions with a pharmaceutically
acceptable carrier or diluent. Any appropriate carrier or
diluent may be used. The solutions for intravenous
injection or infusion may contain as carrier or diluent,
?or example, sterile water or preferably they may be in
25 the form of sterile, aqueous or isotonic saline
solutions.

The following examples illustrate the invention.
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pepti des.procted with t-BOC, trityl or FMOC groups are preferred. 10

The conpounds of the formula Il wherein A3 is not a chémcal—single bond

may be prepared by protecting or blocking the 2'-hydroyy glrolu{p and then
&

esterifying the 7- position hydroxyl and then renoving Um Raplabdag oOr

bt ocki ng group. 15 More preferably, the conpounds o ?Wma”ll
wherein A3 is Gy or [err]Ala residue atregprepared by r i axel
with 2-3 equivalents of N-protected anmino acid to produce
2' ,7-di substi t ut eEkgmslld t1axel, the 2'-position amno acid is cl eaved and
then the 7-position amno acid 20 I s depr ot ect ed.
Copolymer of l-methacryloylamino-2-hydroxypropane,
1 (methacryloyl-glycyl-phenylalanyi—-leucyl-glycyI) amino-
2-hydroxypropane and 2’ {methacryloyl-glycyl-phenyl -
5 alanyl-leucyl-glycyl)paclitaxel.
To a solution of 1.4 g of copolymer of l1l-methacryloyl-
amino-2-hydroxypropane and N-(methylencarbonyl-Phe- Leu-
Gly 4-nitrophenoxy)methacrylamide, prepared according to
J. Kopecek et al., Makromol Chem 177, p. 2833 (1976), in
10 15 ml of anhydrous dimethylformamide were added 100 mg of
-paclita:kel and 15 mg of dimethylaminopyridine.
The yellow solution was stirred for 8 hours at room
temperature under anhydrous conditions. Then 2-hydroxy
propylamine (0.2 ml) was dropped into reaction flask, and
. 18 then the whole was stirred for 30 minutes.
The reaction solution was quenched with 0.3 ml glacial
acetic acid, concentrated under vacuum to a smail volume,
and then poured into 200 ml of acetone.
Ater 30’ mixing, the precipitate was filtered and washed
20 with acetone to yield 1.25 g of the title compound.
The paclitaxel content was 4.5% (evaluated by enzymatic
hydrolysis and HPLC analysis).
Unreacted paclitaxel was recovered from acetone solution.
- Example 2 .
25 2’ (N-trityl-phenylalanyl-leucyl~glycyl)paclitaxel
To a solution of 170 mg of paclitaxel in 16 ml of
acetonitrile were added 24 mg of dimethylamino-pyridine

and 150 mg" of N-trityl-phenylanyl-leucyl-glycine 4-



Reactign of: paclitaxel and the protected amno acid is conducted in the
_presence of a condensing reagent and a catalyst, |ike those above defi ned.
Cl eavage of the 2'-amno acid is conducted by adjusting 25 t he pH of

the 2'-7-(am no acid) paclitaxel solution to pH 7-7.4 for exanple by
.mxture of the 2',7-di (amno acid) paclitaxel in a phosphate buffer at pH
7-7.4 or wwth a slight excess of [err} 15 Beprotection of the amno acid is
conduct ed under a known ami no acid deprotection nethod, such as mld acid
nitrophenyl ester.
The yellow solution was stirred for 20 hours at room
temperature, and then evaporated under vacuum te dryness.
The residue was cromatographed on silica gel with ethyl-
5 acetate-hexane 35:25 as eluant, affording 380 mg of the
title compound.
'H-NMR(400 MHz, CDCl,):$
0.82 (d, J=6.4 Hz, 3H, é-Leu)
0.85 (d, J=6.7 Hz, 3H, é~Leu)
10  1.15 (s, 3H, 16)
1.26 (s, 3H, 17)
1.2-1.6 (m. 3H, B+B+y-Leu)
1.69 (s, 3H, 19)
1.85 (s, 1H, OH-1)
15 1.89 (m, 1H, 6f)
1.96 (d, J=1.2 Hz, 3H, 18)
2.14 (dd, J=5.9 Hz, J=13.5 Hz, 1H, B-Phe)
2.24 (s, 3H, CH,C0-10)
2.2-2.7 {(m, SH, CH,~14+OH-7+6a+fPhe+NH-Phe)
20 2.47 (s, 3H, CH,CO-4)
3.50 (m, 1H, a—Phe)
3.74 (&d, J=4.7 Hz, J=18.2 Hz, 1H, a-Gly)
3.80 (m, 1H, a-Leun)
3.83 (d, J=7.0 Hz, 1H, 3)
25 4.17 (a4, J=7.0 Hz, J=18.2 Hz, 1H, a’-Gly)
4.22, 4.33 (two-d, J=8.5 Hz, 2H, CH,-20)

4.46 (m, 1H, 7)
This Sheet Has Been Repl
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4.97 (dd, J=2.2 Hz, J=9.9 Hz, 1H, 5)




treatment with, for exanple, acetic acid, or by reduction. 5

Thus, for exanple, paclitaxel is allowed to react wwth 2- 3 nol. equival ent
of N-protected am no acid (t.boc, CBZ or FMOC protected) in nethyl ene
chloride in the presence of DCC and a catal ytic anmount of

4-di met hyl am nopyridine. In this manner, the protected amino acid is

I ntroduced.at 10 2' and 7-positionT ¥®e~2', 7-bis amino acid derivative

of paclitaxel is_alloywed to stand in presence of [err] in [err] for 2-5
hours, whereby 24t eFe’p‘r%t%’c*ti’d’fv & Xhe 2 -position occurs to yield

removed by approptt bt tachr A ntadt (e g . aoia 0 O oUPS ATe S
5.97. (dd, J=4.7 Hz, J=7.0 Hz, 1H, NH-Gly)
6.07 (dd, J=2.3 Hz, J=9.4 Hz, 1H, 3')

5 6.2-6.3 (m. 2H, 13+10)
6.8-9.2 (m, 30 H, 6- Ph)

6.95 (d, J=6.7 Hz, 1H, NH-Leu)
8.00 (d, J=9.4 Hz, 1H, NH-4')
Example 3 |

10 2’ (phenylalanyl-leucyl~glycyl)paclitaxel.

The compound 2’/ (N-Trit-Phe-Leu-Gly)paclitaxel (250 mg)
was dissolved into a mixture of glacial acetic (22 ml)
and water (6 ml) and the whole was stirred for 1 hour at
room temperature.

15 The solvents were evaporated in vacuum to the dryness,
the residue stirred with diethylether-hexane 1:1 for 30
minutes and filtered to obtain 160 mg of the title
compound.

FAB-MS: m/z 1171, M+H|*; 1112, M-CH,CO0H + 2H; 1051,

20 1024, 911, 603, 569, 509.

‘H-NMR(400MHz, CDC1,):§
0.88(d,J=6.4Hz,3H, § Len)
0.92(4,J=6.4Hz,3H, 6’ Leu)
1.13 (s, 3H, 16)

25 1.16 (s, 3H, 17)

1.4-2.0(m,4H,8+8’+yLeu+6f)
This Sheet Has Been Relilaced
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m | d base or' hydrogenol ysis). The activated polynmer is a synthetic, water
sol ubl e polynmer prepared by the copolynerization of N -(2- hydroxypropyl)
met hacryl am de with p-nitrophenyl esters 20 of N-net hacryl oyl

ol i gopepti des, as described in US-A- 4062831 and US- A-4097470. The pol yner
conjugates of the formula | and the nem% aclitaxel derivatives of the
formula Il exhibit good water solubili e bloconpatibility and rel ease

nternal i zats ot 1 0 otadf | EAE0 - LE A g L Pie Spacer o
2.23 (s, 3H, COCH;-10)
! 2.4-2.6 (m, 3H, 6a+l4+fPhe)

2.53 (s,3H,COCH;~4)

5 2.90 (dd, J=4.1Hz, J=13.5Hz, 1H,f’-Phe)
3.49 (dd, J=4.1 Hz, J=9.1Hz,1H, aPhe)
3.82 (d, J=7.3Hz,1H,3) '
3.9-4.1 (m,2H,a+a’Gly)
4.22, 4.33 (two-d, J=8.7 Hz, 2H, CH,-20)

10 4.27 (m, 1H, a-Leuv)
4.44 (dad, J=6.4Hz, J=10.8Hz,7)
4.98 (dd, J=2.4Hz, J=9.7 Hz,5)
5.61 (d, J=3.2Hz,1H,2’)
5.70 (4, J=7.3Hz,1H,2)

15 6.12 (dd,J=3.2Hz,J=9.4Hz,1H,3’)
6.2 (m, 1H, 13)

6.28 (s,1H,10) . . T

6.8-8.2 (m,21H,4-Ph + NHLeu) This Sheet Has Been Repla

1127 (@m0, ) [T

20 Example 4
Copolymer of 1l1-methacryloylamino-2-hydroxypropane, 1-

(methacryloyl—glycyl)aqino—2~hydroxypropane and
2’ {methacryloyl-glycyl-phenylalanyl-leucyl-
glycyl)paclitaxel.

25 To a solution of 1 g of copolymer of 1l-methacryloylamino-
2-hydroxypropane and N-(methylencarbonyl-4-nitro -
phenoxy)methacrylanmide, prepared according to P.

Rejmanova et al., Makromol. Chem. 178, p. 2159-2168, in



9 Biol ogical *activity Mcrotubul e assenbly and di sassenbly assay Calf brain
t.ubul in was prepared by two cycles of assenbly- dlsassemmkmm&ShekanB.1muﬂL

Gaskin F. and Cantor 5 C. R, Proc. Natl. Acad. Sci . 768
1973) and stored in liquid nitrogen in MAB (0.1 M NES,

[err] 0.1 mM EDTA, 0.1 mMDITT pH 6.4). Al the experi re carrled
out on protein stored for Iess than 4 wedi&.— 10 Bef ore each experi nent,

the tubulin was kept 30 mn
[)ml of anhydro dimethylformamide were added 100 mg of

2/ Phe-Leu-Gly-paclitaxel and 10 mg of
dimethylaminopyridine.
The yellow solution was stirred for 2 hours at room
5 temperature under anhydrous conditions. Then 2-hydroxy -
propylamine (0.15 ml) was added to the reaction solution,
and the whole was stirred for 30 minutes. The reaction
solution was quenched with 0.2 ml of glacial acetic acid,
concentrated under vacuum to a small volume and then

10 poured into 200 ml of acetone.

The mixture was stirred for 1 hours, the precipitate was
filtered and washed with acetone to field 960 mg of the
title compound.

The paclitaxel content was 6% (evaluated by enzymatic

15 hydrolysis and HPLC analysis).

Example S

Copolymer of l-methacryloylamino-2-hydroxy

=-propane, 1(méthacryloyl-glycyl)amino-z-hydroxypropane
and 2’ (methacryloyl-glycyl)paclitaxel.

20 To a solution of 1.6 g of copolymer of 1l-methacryloyl -
amino-2-hydroxypropane and N-(methylen-carbonyl-4-nitro-
phenoxy)methacrylamide in 16 ml of anhydrous dimethyl-
formamide were added 100 mg of paclitaxel and 20 mg of
.dimethylamino-pyridine. The yellow solution was stirred

25 for 20 hours at room temperature, then 2-
hydroxypropylémine (0.2 ml) was added, and the whole was
stirred for 30 minutes. The reaction solution was

quenched with 0.3 ml of glacial acetic acid, concentrated



4[err] C. Assenbly was nonitored by the nmethod of Gaskin et al (Gaskin F.
Cantor C.R Shelanski ML. J. Mlec . Biol 89, 737-758, 1974). The cuvette
(1 cm path) containing 15 tubulin (1 mg/mM) and 1 nM GIP was shifted to
37[err] C and continous turbidity neasurenents were made at 340 nm on

Per ki n- El mer 557 Doubl e Wavel enght Doubl e Beam Spect r ophot onet er
equi pped with an automatic recorder aﬁdl%.TernDstatically regul at ed sanpl e

O 20 A it o 145551, fpulth, B b Srad 5 280
reguiar intervahs of JaeBLAH! Cnit P AedoeoTal SHiAdP £ CMAAIS YRl e
: precipitate was filtered and washed with acetone to yield

1440 mg of the title compound.
5 The paclitaxel content was 2.75% w/w%
Example 6
Copolymer of 1l-methacryloylamino -2~hydroxypropane,i-
(methacryloyl-glycyl-phenylanyl-leucyl-glycyl)amnino-2-
hydroxypropane and 2‘(methacryloyl-glycyl-phenylalanyl-
10 leucyl-glycyl-falanyl)paclitaxel.

" To a solution of 620 mg of cop&lymer of l-metacrylamino-
2-hydroxypropane and N-(methylencarbonyl-Phe-Leu-Gly-4-~
nitro- phenoxy)ﬁethacrylamide in 6 ml of anhydrous
dimethyl-formamide were added 62 ng of 2/~

15 (Balanyl)paclitaxel, prepared according to N.F. Magri et
al, J Nat. Products 51 298-306, 1988, and 10 mg of
dimethylamino pyridine. The yellow solution was stirred
for 5 hours at room temperature under anhydrous
conditions.

20 Then 2-hydroxypropylamine (0.1 ml) was added and the
whole was stirred for 30 minutes.

The reaction solution was quenched with -0,15 .ml of
glacial acetic acid, concentrated under vacuum to a small
volume and poured in 150 ml of acetone. The mixure was

25 stirred for 1 hour, the precipitate was filtered and
washed with acetone to yield 5.85 mg of the title

compound.

The paclitaxel content was 4% w/w$ This Sheet Has Been RTlaced
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in the .turbidity were nonitored. Data are espressed as 25 per cent age
of ripolynerisation induced by the tested conpounds. The results are
shown in Table I. REPLACEMENT SHEET 07 JAN 1997 In vitro drug
sensitivity assay Exponentially grow ng B16- F10 nurine nel anoma cells were
-seeded (2 x [err] in RPM 1640 nedi um were supplenented with 10%

4

heat -i nactivated fetal calf serum and-=22fw5 gl utam ne I n 24
wel |l -plates é&bstar) Scal ar
Example 7

2’ ,7-di(carbobenzyloxy-f-alanyl)paclitaxel
To a solution of 200 mg of paclitaxel in 15 ml of
acetonitrile were added 400 ng of N,N’-
3 dicyclohexylcarbodiimide, 200 mg of carbobenzyloxy-f-
alanine and 60 mg of dimethylamino-pyridine. The reaction
mixture was. stirred for 20 hours, the precipitate was
filtered and the solvent evaporated under vacuum to
dryness.
10 The residue was chromatographed on silica gel with ethyl
acetate-hexane 1:1 as eluant, affording 300 mg of the
title compound.

FAB-MS: m/z 1264 M+H]*, 1204, 1130, 1070

e -
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concentrations of tested conpounds were added i nmedi ately after seeding.
The inhibition of cell growh was eval uated by counting cells with a
coulter counter after 72 hrs incubation. For each tested conpound
concentration 10 triplicate cultures were wused. The
antiproliferative activity of the tested conpounds was cal cul ated from
dose-response curves and espressed as [‘erzr]] (dose causing 50% i nhi bition

cell growth in tg;g&s‘dl cgltures relative to untreated controls). The result
are shown in Tab , Tabl e I Conpound

prepared in - 7-TelebeBeRaRaBve sihbRyi ath fak¥aTE! © 1

a7

145
To a solution of 171 mg of 2’7-di({carbobenzyloxy-§8-

alanyl)paclitaxel in 60 ml of methanol, were added 30 mg
5 of sodium bicarbonate and 7 ml of water . The reaction
. mixture was stirred for 3 houx_'s at rooiu temperature.
The methanol was evaporated and the product extracted
with ethylacetate.
The solvent was evaporated under vacuum to dryness,

10 affording 134 mg of the title compound.

Example 9

7-(Balanyl)paclitaxel

To a solution of 135 mg of 7-(carbobenzyloxy-

Bala_nyl)paclitaxel in 20 ml of methanol and 13 ml of
15 formic acid, was added 200 mg of Pd/C 5%. The reaction

mixture was stirred for 6 hours at room temperai:ure. The

catalyst - was filtered, washed with methanol and the

solvents were evaporated to dryness under vacuum. The

residue was dissolved in 8 ml of methanol and
20 precipitated with 150 ml of diethylether, affording 85 mg

of the title compound.

FAB-MS: M/z 925,M+H|* ; 947, M+Na|*

'H NMR(400MHz, CDCly): &

1.14 (4,3H,CH,~16)

23 1-20(s,3H, CHy=17) This Sheet Has Been:Rei

178 (o1 [T

1.85 (s, 3H,CH,-18)



Exampl e 3 46 86 23 2CL_. Exarrp_l_e__4
11 Exanple 6

51 Reference conpound : Paclitaxel Th’SShee‘HaSBﬁﬁRepraced

39 The copol yner-paclitaxel prepared in Exanple 6 wa mﬂ

agai nst B16 [err] murine nelanoma in con‘pp%lhson w th pa

C57B16 femmle mice were obtained fro arles River

10

15

20

25

2.17(s, 3H,CH,CO-10)
2.2-2.6(m, 6H,CH,~14+CH,~6+0COCH,CH,NH,)
2.42(s,3H,CH,C0-4)
3.0-3.2(m, 2H, OCOCH,CH,NH,)
3.90(d,J=6.8Hz,1H,3)

4.18, 4.31(two 4, J=8.2Hz,2H,CH,-20)
4.80(d,J=3.2Hz,1H,2’)
4.91(a,Jd=8.5Hz,1H, 5)
5.62(dd,J=10.2Hz, J=7.0Hz,1H,7)

5.66 (d,J=6.8Hz,1H,2)

'5.81(dd,J=2.9Hz, J=9.1Hz,1H,3’

6.17 (m,1H,13)
6.19(s,1H,10)

7.3-8.2 (m,16H,NH~4’+3-Ph)

Example 10

Copolymer of 1l-methacryloylamino-2-hydroxypropane, 1-
(methacryloyl-glycyl-phenylalanyl-leucyl-glycyl)amino-2-
hyroxypropane and 7- (methacryloyl-glycyl-phenylalanyl-
leucyl-glycyl-falanyl)paclitaxel.

To a solution of 1500 mg of copolymer of l-methacryloyl-
amino-2-hydroxypropane and N-(methylencarbonyl-Phe-Leu-

Gly-4nitrophenoxy)methacrylamide in 13 ml of anhydrous

dimethylformamide were added 135 ule of 7-

(Balanyl)paclitaxel and 20 mg of dimethylaminopyridine.
The yellow solution was stirred under anhydrous
conditions for 5 hours at room temperature.

Then 2-hydroxypropylamine (0.2 ml) was added , and the



Italy. Animals were 8 to 10 weeks ol d at the beginning of the experinent.
Drugs 10 Because of its |imted aqueous solubility, paclitaxel was

tli ssolved in a vehicle consisting of polyoxyethylated castor oil (Crenpphor
EL) 50% and et hanol 50% and then diluted with glucose 5% solution at the
desi dered concentrations. The solution, was slightly hazy and 15
precipitates formati on was observed aft & Short tine. The conpound of

cloar for I'ong Tiebd (a8 cOHHEed rot 0 S RimHtPRE ncent rat i ons vere ref or 1 od
The reaction solution was quenched with 0.3 ml of glacial
. acetic acid, concentrated under vacuum to a small volume
and poured in 250 ml of acetone. The mixture was stirred
5 for 1 hour, the precipitate was filtered and washed with

acetone to yield 1520 mg of the title compound.

The paclitaxel content was 7.8% w/w%.

This Sheet Hag Been R}ilaced |
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to the paclitaxel content of the compound (4% of total). 20 Tumor The
murine nel anoma B16FI 0 was used. A suspension of [err] tum)r ‘cells in 0.2

m was injected subcutaneously in the flank of nice. \M‘muul‘

measured with caliper and tunor weight was 25 cal mm\m

formul a: a2+b 2 REPLACEMENT SHEET 24
 CLAIMS

1. A polymer conjugate consisting essentially of: from

90 to 99.9 mol % of units represented by the

formula

-g-

CH, — C~CO-NH-CH,~CHOH-CH; ;
l

from 0.1 to 5 mol ¥ of units represented by the

formula

0 o WG
ANJ\Z')\O---
s
1

10 wherein one of R, and R, is a copolymer residue of

the formula

i
CH,

CH; —-(‘Z-CONH-CH ~CO-A—

and the other one is hydrogen atom;

15 from 0 to 9.9 mol % of units representea by the

formula

This Sheet Has Been Rerh
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-12- Drugs admnistration Paclitaxel was given intraperitoneally because of
its poor solubility and vehicle toxicity. The conpound of exanple 6 was
Tnjected intravenously. 5 Bot h conpounds were adm ni stered at day 1, 5,
9 after tunor inplantation. The data reported in Table 2 showthat t he

compound of the present invention is nore active thammﬂﬂu&m lmlﬁ dose
of the polynmer-conjugate is referred to 2he-10
Tabl e 2 Conpound Dose Tunor Tox

I
CH,

I
CH; — C-CONH~-CH,-CO-A,~NH-CH,-CHOH-CH,

|
wherein R is -a phenyl or t-butoxy group, R; is H or an
acetyl group, A and A; which may Be the  same or
5 different, represent a chemical single bond, an amino
acid residue or peptide spacer selected from § Ala,
Gly, Phe-Gly, Phe-Phe-, Leu~Gly, Val-Ala, Phe-Ala, Leu-
Phe, Leu-Ala, Phe-Leu~Gly, Phe-Fie-Leu, Leu-Leu-Gly, Phe-
Tyr-Ala, Phe-Gly-Phe, Phe-Phe-Gly, Phe-Leu-Gly-Phe, Gly-
io Phe-Leu~Gly-Phe,Gly-8Ala, Phe-Gly-fAla, Phe~Phe-fala,
Leu-Gly-ﬁAla, Val~-Ala-SAla, Phe-Ala-gAla, Leu-Phe-fSAla,
Leu-Gly-8Ala, Phe~Leu~Gly-fAla, Phe-Phe-Leu pSAla, Leu-
Leu-Gly-fAla, Phe-Tyr-Ala-fAla, Phe~Gly-Phe-f, Phe~Phe-
Gly PBAla, Phe-Leu-Gly-Phe-fAla or Gly-Phe-Leu-Gly-Phe-
15 BAla. _
2. A polymer conjugate according to claim 1, in which
R represents a phenyl group, R; is an acetyl group and A
is a Phe-Leu-Gly or Phe-Leu-Gly-fAla residue.
3. A polymer conjugate according claim 1 or 2, which
20 is a copolymer of 1l-methacryloylamino-2-hydroxypropane,
(methacryloylglycyl-phenylalanylleucylglycyl)3-amino-2
hydroxypropane and 2‘/~-{methacryloylglycylphenylalanyl-
leucylglyqyl-Balanyl) paclitaxel.

" This Sheet Has Been Repla
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(my/Kg) . Inhibition (% Control - Paclitaxel
14. 6 53 0/ 10 22

92 1/7 15 conpound of ex. mn‘\m !“\g ‘ﬁ“‘ 0/9
22 79 0/10 TOX: nurrber of Ied for

toxicity. TOX determination was made when nice di®d ‘before the control or
when significant body weight |oss and/or,gpleen and or/or liver size
reduction were observed. 20 Fromt he above data, it can be seen that

the pol yner 4. A process for preparing a polymer conjugate as
defined in claim 1, which process comprises reacting a

compound of the formula II

wherein one of A, and A, is a chemical bond and the other
3 one is A, and A, R and R, are as defined in claim 1, with

an activated polymer consisting essentially of from 90 to

99.9 mwol $ of units represented by formula

('!H, This Sheet Has Been Replaced
oo cncuoncs, NN
{
10 and from 10 to 0.1 mol % of units represented by the
formula l
— cH,
CHy=— cg-co—m:-cn,-co-a‘-o- -NO,

' wherein A, is as defined in claim 1 and then treating

15 the resultant polymer <conjugate with 2-hydroxy-
propylamine.
5. A process according to claim 4, in which the

reaction is carried out in an anhydrous polar solvent at



REPLACEMENT -SHEET - 13- conjugates of the present invention exhibit
excel lent antitunor activity. These conpounds, theérefore, are useful

"antitunor agents due to the lower toxicity and in bility
sas conpared to paclitaxel or 5 its derlvatlvejmﬂm’mmﬂm%rs t hat
£an be treated are for | stance, sar conmas car ci nomay s
neur obl ast oma, nel anoma, nyel oma, WI s 27unor, | eukem as and
adenocar ci noma. The inproved solubility ad decgeased tOX|C|t¥ of the
a temperature of from 15 to 40°C for from 1 to 24 hours,
in the presence of an organic or inorganic base.
: 6. A compound of the formula II as defined in claim 4
wherein A, represents di, tri or tetra peptide spacer as
5 defined in claim 1 for.A.
7. A process for preparing a Compound-of the formula
.II as defined in claim‘ 6, which process comprises
reacting a paclitaxel or a paclitaxel analog with desired
protected ami:no acid or peptide in the presence of a
10 condensating reagent or using activated esters and with
or without the additional presence of a catalyst and then
removing the protecting groups.
8. A compound of formula II a.ts defined in claim 4
wherein A, represents fSAla or di, tri or tetra éeptide
15 spacer as defined in claim 1 for A.
9. A process for preparing a compound of the formula
II as defined in claim 8, which process compriséé either
(1) protecting or blocking the 2/~hydroxy group:  of
paclitaxel and esterifying the 7-position hydroxyl and
20 then removing the 2/-protecting or blocking group, or
(ii) reacting paclitaxel with 2-3 moles of the desired N-
— protected amino acid to produce 2/,7-disubstituted taxol,
cleaving the 2’/-position amino acid and then deprotecting
the 7-position amino acid.
25 10. A pharmaceutical composition comprising, as active
ingredient, a polymer conjugate as defined in claim 1, 6

or 8 and a pharmaceutically acceptable diluent or

carrier.
This Sheet Has Been Reﬁlaced
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10 pel ynmer-conj ugates of the present invention neans that they are
suitable for intravenous injection or infusion. The dosage depends upon the
age, weight and condition of the patient. The dosage nmay_be from 1 ny/kg
vody weight to 1 g/kg body weight, prefergbly from 4-to 800 ng/ kg 15

Body wei ght. Typical formulations contain a quantity of. pol yner-bound

pacl i taxel / pol ymer bound paclitaxel derivative equivalent to 0.5, 1.5,
10, 20, 25, or 50 ny of the active pa sﬁ%éggpaclitaxel derivative. The
pol yrner conj ugat es may be f or mul at ed as 20 phar maceut i cal

conpositions wth a pharmaceutically acceptable carrier or diluent. Any

appropri ate carrier or didiuafi TGP HR8tralhS SRILVARIGLEOr | Nt ravenous

|
5 CH, (a)

{
CH, — C~CO=-NH-CH,~CHOH-CH, :
I

10 o o
) (b
A 3 Orwrna }
A
Ry
15
|
CH,
l {(c)
CHy— cl:-coxm-cu,-,co-a-
20
CH,
S |
CH, — C~CONH~-CH,~CO-A,~NH=CH;~CHOH-CH, (a)
|
|
25 A polymer conjugate consisting essentially of from 90

to 99.9 mol % of units represented by formula (a); from 0.1

preg

to 5 mol % of units represented by formula {(b), wherein one

of R, and R, is a copolymer residue of formula (c), and the

T

: Ths&m
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injection or9nfusion may contain as carrier or diluent, for exanple,

sterile water or preferably they may be in 25 the form of sterile,
aqueous or isotonic saline solutions. The follow ng exanples illustrate
t'he inventi on. - 14 - Exanple 1 Cbpolyg;r_of

1= met hacryl oyl am no- 2- hydr oxypr opane, 1
(et hacryl olyal.veuls iendt Al onu - eley £ 0LV Y 02 B rnck W T GPane
represented by formula (d), wherein R is a phenyl or t-
butoxy group, R; is H or an acetyl group, A and A, which may
be the same or different, represent a chemical single bond,
5 an amino acid residue or peptide spacer selected from g Ala,
Gly, Phe-Gly, Phe-Phe, Leu-Gly, Val-Ala, Phe—Ala, Leu-Phe,
Leu-Ala, Phe-Leu-Gly, Phe-Phe-Leu, Leu-Leu-Gly, Phe-Tyr-Ala,
Phe-Gly-Phe, Phe-Phe-Gly, Phe-Leu-Gly-Phe, Gly-Phe-Leu-Gly-
Phe, Gly-f-Ala, Phe-Gly-BAla, Phe-Phe-fBAla, Léu-Gly—ﬁAla,
10 Val-Ala-fAla, Phe-Ala-fAla, Leu-Phe-fBAla, Leu-Gly-BAla, Phe-
Leu-Gly-$Aala, Phe-Phe-Leu-fAla, Leu-Leu-Gly-BAla, Phe-Tyr-
Ala-fAla, Phe-Gly-Phe-B, Phe-Phe-GlyfSAla, Phe-Leu-Gly-Phe-
BAla or Gly-Phe-Leu-Gly-Phe-BAla. The compounds are endowed
with antitumo¥ activity and show improved water solubility
15 and decreased toxicity in comparison with paclitaxel or its
known analogs. A method for their preparation and

pharmaceutical compositions containing them are also

described.

This Sheet Has Been R laced
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. TWosn3-2 W
-5 al anyl -1 eucyl -glycyl)paclitaxel. To a solution of 1.4 g of copol yner

of 1-nethacryl oyl - am no- 2- hydr oxypr opane and (nephyig@gmngg.m Lfy
Ay 4-nit rophenoxy) ne - de, prepared accqr g gk t@ridn - WQCQ {)ac@-

Makr omol  Chenrt AREiole), in 10  15|nfref, @nhydrous paged .47
di net hyl f or T W £d 1140 ng of paclitax Ima,nd.l:l.S ng of~ o, p )
di met hyl am nopyt i di ne. I llow sol uti on was g8 hourz§ at %ﬁ& »
tenperature u dr(h?\hlﬁﬂ cpnditions. J:I'h_en 2- y roxy propyII &t rie (‘0*"12g 3
was dropped i fjtq : ask) and 15 t hem the whol e was stlrrgid for
30 mi nut es. saction sol utidn was quenched Wi DRATE OFRECEIRT at.. 74

acid, concentr ) uumto a small vol une, '

POLYMER-BOUND PACLITAXEL DERIVATIVES.

The present invention is directed to polymer-bound
paclitaxel and polymer-bound éaclitaxel derivatives
endowed with antitumor activity, to a method for their
preparation and to pharmaceutical compositions containing

5 then.
Paclitaxel (also named Taxol in several publications) is
2 member of the taxane family of diterpenes, isolated and
cﬁaracterized from an extract of bark of __ Taxus
brevifolia L.; other analogues of paclitaxel are also
10 known and were prepared by semisynthesis starting from
10-deacetyl baccatin III, extracted from the needles of
Xus baccata 1., see Wain et al. in Jacs, 93, 2325
(1971) and Lovelle et al., Proc. Am. Assoc. Cancer Res.,
31, p. 417, (19%0). These compounds have been shown to
15 posseés potent antitumor activity, but they are very
slightly soluble in water and some toxic side-effects are
associated also with their administration by injection or
intravenous infusion using as carrier cremophor EL (TM).

The present invention provides a polymer conjugate of the

20 formula I consisting essentially of:

from 90 to 99.9 mol % of units of the formula:
: |
CH,
{
CH;=—— C~CO-NH~-CH,~CHOH~CH,

from 0.1 to 5 mol % units represented by the formula

oy



and then poured into 200 ml of acetone. Ater 30' m xing,
was filtered and washed 20

conpound. The paclitaxel

hydrol ysis and HPLC anal ysis). Unreacted paclitaxel
acet one sol ution.

2' (N-trityl -phenyl al anyl -1 eucyl -gl ycyl ) paclitaxel To a sol ut}i g
in 16 m of acetonitrile were added 24 ng of

of - BFErityl - phenyl anyl
R;O

of paclitaxel

4-

10

15

di et hyl am no- pyridine and 150 ng

the precipitate
wth acetone to yield 1.25 g of the title
conterit was 4.5% (eval uated by enzymatic

was recqv EMENT SHEET
Example 2 25 HEPEAC SHEE

" 87 JAN B9

eucyl - gl ycine

?
i

wherein one of R, and R, is a copolymer residue of the

formula

]
CH,

CH;— c‘-coua-cnz—co-—a—

and the other one is hydrogen atom;

from 0 to 9.9 mol ¥ of units represented by the formula

‘iﬁz
CHy~ C-CONH~CH,;~CO-A,~NH-CH,~CHOH~CH;

!

wherein R is a phenyl or t-butoxy group, R, is H or an

acetyl group, A and A; which may be the same or

different, represent a chemical single bond, an amino

acid residue or peptide spacer selected from f Ala,

‘Gly, Phe-Gly, Phe-Phe-, Leu-Gly, Val-Ala, Phe-Ala, Leu-

Phe, Leu-Ala, Phe-Leu-Gly, Phe-Phe-Leu, Leu-Leu-Gly, Phe-

Tyr-ala, Phe-Gly-Phe, Phe-Phe-Gly, Phe-Leu-Gly-Phe, Gly-

Phe-Leu~Gly~Phe,Gly-fAla, Phe-Gly-fAala, Phe-Phe~ffAla,



REPLACEMVENT SHEET ni trophenyl ester. The yel|OM/SO|Ut;Qﬂ_MBS~83FPFed¢Fﬂr 20
hours at roomtenperature, and then evaporated under Jaﬁgnu_ﬁcEMEMh‘iHE’éTs. The
resi due was cronat ographed on silica gel with ethyl- b acerdr e- hekaine

35:25 as eluant, affording 380 ng of the title conmpoupd r N%B(4DO
MHz, CDCl 3):[err] 0.82 (d, J=6.4 Hz, 3H, 6-Leu) 0.85 {d ﬁjﬁm H

6-Leu) 10 1.15 (s, 3H, 16) 1.26 (s, 3H 17)

-3 -

Leu-Gly-fAla, Val-Ala-SAla, Phe-Ala-BAla, Leu-Phe-fAla,
Leu-Gly-fAla, Phe-Leu-Gly-fAla, Phe-Phe-Leu fSAla, Leu-
Leu-Gly~-fiAla, Phe-Tyr-Ala-fAla, Phe-Gly-Phe-ﬂ,. Phe-Phe-
Gly;Bala, Phe-Leu-Gly-Phe-f8Ala or Gly-Phe-Leu-Gly-Phe-
5 -Bala.
More particularly the present invention provides polymer
conjugates of paclitaxel and derivatives of paclitaxel
with improved water solubility and decreased toxicity.
Preferably, the mol % of units containing the paclitaxel
10 and paclitaxel derivatives is from 0.5 to 2, more
pfeferably, the content of paclitaxel in the polymer was
from 2 to 10 % (w/w), most preferred compounds are those
characterized by a content of from 4 to 7 % (w/w). The
wavy line denotes that the oxygen linked at position 7 of
15 the paclitaxel structure may be in both configurations,
i.e. B (natural) or e.
Preferably R represents a phenyl group, R; is an acetyl
group and A is a Phe-Leu-Gly or Phe-Leu-Gly-fSAla residue.
All the amino acid residues have the natural L-
20 configuration. According to a preferred embodiment, the
polymer conjugate is a copolymer of 1l-methacryloylamino-
2-hydroxypropane, (methacryloylglycyl-phenylalanyl-
leucylglycyl)3-amino-2 hydroxypropane and 217~
(methacryloylglycylphenylalanylleucylglycyl—ﬁalanyl)
25 paclitaxel.

The % w/w content was determined after enzymatic

hydrolysis by HPLC method analogous to that described in

Cancer Treatment Rep. 71 (1), 1987, p. 53-59.



1.2-1.6 (m 3H, [err]+err]+y-Leu) 1.69 (s, 3H, 19) 1.85 (s, 1H, OH1) 15
*1.89 (m 1H, 6[err]) 1.96 (d, J=1.2 Hz, 3H, 18) 2.14 (dd, J=5.9 Hz, JlsL3 5

Hz, 1H, [err]-Phe) 2.24 (s, 3H OH3CO 10) 2.2-2.7 (m ~- HEET
CH err] - o 7+6% err] +[ err] Phe+NH Phe) 20 2. 47 (sﬁﬂ,ﬁﬂﬁ

1H, a-Phe) 3.74 (dd, J=4.7 Hz, J=18.2 Hz, 1H, a-Qdy) 3.8d (
3.83 (d, J=7.0 Hz, 1H 3) 97 JAN139JI

R

- 4 - | B

Enzymatic hydrolysis
To 1 ml of murine or human plasmas various concentrations
of the polymer-bound paclitaxel were added and at

appropriate time (24, 48, 72, 96 h) 100 ul were collected

5 and stored at -70°C until further processing.
Extraction procedure
Samples were extracted by adding 75 ul of Tetra Butyl
Ammonium Phosﬁhate (TBAP) 0.5 M, 1250 ul CH,CN and 1:50 ul
of NaCl 5M and vigorously shacked for 20‘ at 4°C.
10 After that time samples were spun at 15000 x g for 10
and the supernatants were collected and evaporated using
a high wvacuum centrifuge . Samples were recovered by
adding 500 gl of MeOH:H,0 (75:25 V/V) and injected into
HPLC for detc;.mining the total paclitaxel percentage
18§ ° content.
HPLC system
Column : Nova Pak C,; (Waters) 3.9 % 300 mm
Flow Rate : 1.5 ml/m |
Detector : UV 231 nm
20 Injection H 20 gl
Mobile Phase 3 57.5 % H,0 brought to pH 2
42.5 % CH,CN
The present invention alsoc provides a process for
preparing a polymer conjugate which process comprises
25

reacting a compound of the formula II



25 4.17 (dd,

Hz, 2H, [err] 4.46 (m 1H, 7) 4.97 (dd, J=-2[err] Hz,
REPLACEMENT SHEET - 16 - 5.44 (d, J=2.3 Hz, 1H, 2') 5.
2) 5.97 (dd, J=4.

1H, 3")

10

15

J=7.0 Hz, J=18.2 Hz, 1H a'-dy) 4.22, 4
9

7 Hz, J=7.0 Hz, 1H, NHQy) 6.07 (dd,

wherein one of A, and A; is a chemical bond and the other
one is A, and A, R and R; are as defined above, with an
activated polymer consisting essentially of from 90 to

99.9 mol % of units represented by formula

1
i

CHy=— C-CO~NH-CH,~CHOH~CH,
|

and from 10 to 0.1 mol % of units represented by the

I

CH,
|
CH;— C-CO-NH-CH,~CO-A,~0- -NoO,

formula

wherein A, is as deL ined above and then eating the

resultant polymer conjugate with 2-hydroxypropylamine.

Preferably the reaction between the compounds of the

formula II and the activated polymer is carried out in

an anhydrous polar organic solvent such as

dimethylsulfoxide or dimethylformamide optionally in

presence of an organic or inorganic base such as an

alkaline carbonate, dimethylaminopyridine or




5 6.2-6.3 (m 2H, 13+10) 6.8-9.2 (m 30 H, 6- Ph)
1H, NH Leu) 8.00 (d, J=9.4 Hz, 1H, NH4') Exanple 3 10}. REPLACEME
2' (phenyl al anyl -1 eucyl - gl ycyl )pacl itaxel. The conpound 3
(N-Trit-Phe-Leu-dy)paclitaxel (250 ng) was di ssol ved
glacial acetic (22 mM) and water (6 nl) and the whole
hour at roomtenperature. 15 The solvents were eva

the dryness, the residue stirred with diethylether-hexahe 11 for 30
mnutes and filtered to obtain 160 ng é6f-the title

triethylamine. The reaction can typically be effected for

from 1 to 24 hours.

The reaction is typically carried out at a temperature of

from 15 to 40°C, preferably at room temperature. The

S alkaline carbonate is, for example, an alkali metal

carbonate or an alkaline earth metal carbonate.

Some of the starting compounds of the formula II are

known compounds, i.e. paclitaxel or paclitaxel analogues

or may be prépared starting from known compounds.
10 For example 7-epi defivatives may be prepared by
refluxing in toluene paclitaxel or its analogs in the
presence of a base (Na,CO; or diazabicycloundecene)
Other compounds of the formula .II are new, in particular
those in which 3, is fAla residue and those in which
15 either A, or A; represents di, tri, or tetra peptide
spacer as defined above for A and are within the scope of
the invention.

The compounds of formula II wherein A, is not a chemical

single bond may be prepared by reacting a paclitaxel or a

20 paclitaxel analog with protected amino acid or peptide in
the presence of a condensating reagent, and with or
without the additional presence of a catalyst, preferably
at room temperature, followed by the removal of the
protecting group with known methods.

25 |

The condensation may be also carried out using activated

esters such as paranitrophenyl ester of peptide or amino

acid. Suitable condensing reagents include carbodiimides

such as dicyclohexyl carbodiimide (DCC).



conpound. FAB-MS: nifz 1171, M+H1+; 1112, [err] + 2H;
911, 603, 569, 509. [err] [err] 0.88(d,J=6.4Hz,3H, 6 Le
0.92(d, J=6.4Hz,3H, [err]' Leu) 1.13 (s, 3H, 16) 25

1.4-2.0(m4H, [err]+[err]" +[err]Leu+6[err]) 1.69 (s,3H 19)}1.791

(dJ=1. 2Hz, 3H, 18)

10

15

20

25

-7 -
Suitable catalysts include 4-dimethylamino-pyridine
(DMAP), pyridine or triethylamine.

Various known amino protecting groups can be ut;lized and
commercially available protected amino acid or peptides
can be utilized as the sta;ting materials. Amino acids or
peptides protected with t-BOC, trityl, FMOC 6r
carbobenzyloxy (CBZ) can be utilized. Amino Acid or
peptides procted with t-~BOC, trityl or FMOC groups are
preferred,

The compounds of the formula II wherein A, is not a
chemical single bond may be prepared by protecting or
blocking the 2/-hydroxy group and then esterifying the 7-
position hydroxyl and then removing the 2/~protecting or
blocking group.

More preferably, the compounds of the formula II wherein
A, ié Gly or pfAla residue are prepared by reacting
paclitaxel with 2-3 equivalents of N-protected amino acid
to produce 2/,7-disubstituted paclitaxel, the 2/-position
amino acid is cleaved and then the 7-position amino acid
is deprotected.

Reaction of paclitaxel and the protected amino acid is
conducted in the presence of a condensing reagent and a
catalyst, like those above defined. |
Cleavage of the 2’-amino acid is conducted by adjusting
the pH of the 2’-7-(amino acid) paclitaxel solution to pH
7-7.4 for example by mixture of the 2‘,7~di(amino acid)

paclitaxel in a phosphate buffer at pH 7-7.4 or with a

slight excess of NaHCO,.




- 17 - 2.16 (dd, J=6.0 Hz, J=13.8Hz, 1H, 14) 2.23 (s, 3H, COCH3-10) 2.4-2.6
(m 3H, 6[err]+14+[err]Phe) 2.53 (s, 3H COCH3-4) 5 2.9
J=13.5Hz, | H [err]'-Phe) 3.49 (dd, J=4.1 Hz, J=9.1Hz, | H, apHEFrLa :
J=7.3Hz, 1H,3) 3.9-4.1 (m2Herr]+a' Gy) 4.22, 4.33 (two-d,}JES. 7 Hz, 2H,
CH2- 20) 10 4.27 (m 1H, a-Leu) 4.44 (dd, J=6.4Hz, J=10{8Hz 77 JAN 1997

T

-8 - |

Deprotection of the amino acid is conducted under a known
amino acid deprotection method, such as mild acid

treatment with, for example, acetic acid, or by

reduction.

Thus, for example, p%clitaxel is allowed to react with 2~
3 mol. equivalent of N-protected amino acid (t.boc, CBZ
or Fmoé protected) in methylene chloride in the presence
of DCC and a catalytic amount of 4-dimethylaminopyridine.
In this manner, the protected amino acid is introduced at
10 2’ and 7-position. The 2/,7-bis amino acid derivative of
paclitaxel is allowed to stand in presence of NaHCO; in
H,0/MeOH for 2-5 hours, whereby selective deprotection at

the 2’-position occurs to yield +the 7-substituted

derivative of paclitaxel. The protecting groups are

i5 removed by appropriate deprotecting agent (e.g., acid,

mild base or hydrogenolysis).
The activated polymer is a synthetic, water soluble
polymer prepared by the copolymerization of N’/-~(2-
hydroxypropyl) methacrylamide with p-nitrophenylesters
20 of N-methacryloyl oligopeétides, as described in US-A~
4062831 and US-A-4097470.
The polymer conjugates of the formula I and the new
paclitaxel derivatives of the formula II exhibit good
water solubility, biocompatibility and

release the

25 paclitaxel or paclitaxel derivative in the plasma or

after internalization into cells by cleaving of the

oligopeptide spacers.



4.98 (dd, J=2.4Hz, J=9.7 Hz,5) 5.61 (d, J=3.2Hz, 1H,2") 5.70 (d,
'J:7.3(Hz,1H, 2) 15 6.12 (dd,J=3.2Hz, 3=9. 4Hz, 1H,3') 6.21 (m 1H, 13) 6.28

s, 1H,10) 6.8-8.2 (m21H 4-Ph + NHLeu) 7.87 (d,J=9.4Hz, 1H MNA-—26
Exanple L CbpolyneE of 1-rrethacry|oy|amno-2-hydroxypropaﬁ‘5?’~dcﬁ'VIENT SHEET
(met hacryl oyl -gl ycyl) am no-2-hydroxypropane and ]
2' (met hacryl oyl - gl ycyl - phenyl al anyl -1 eucyl - glycyl)paclitdxel .07 JAN 1997

- 0 -

Biological activity
Microtubule assembly and disassembly assay
Calf brain tubulin was prepared by two cycles of

, assembly-disassembly (Shelanski M.L. Gaskin F. and Cantor

5 C.R., Proc. Natl. Acad.Sci. U.S.A. 70, 765-768, 1973) and
stored in liquid nitrogen in MAB (0.1 M MES, 2.5 mM EGTA,
0.5 mM Mgso,, 0.1 mM EDTA, 0.1 mM DTT pH 6.4).
All the experimeﬂts were carried out on protein stored
for less than 4 weeks. |

10 Sefore each experiment, the tubulin was kept 30 min at
4°C.
Assembly was monitored by the method of Gaskin et al
(Gaskin F., cantor C.R. Shelanski M.L. J. Molec . Biol
89, 737-758, 1974). The cuvette (1 com path) containing

15 tubulin (1 mg/ml) and 1 mM GTP was shifted to 37°C and

continbus turbidity measurements were made at 340 nm on

Perkin-Elmer 557 Double Wavelenght Double  Beam

Spectrophotometer equipped with an automatic recorder and

a termostatically regﬁlated sample chamber.

20 After 30 minutes 4 mM CaCl, was added and
depolymerisation was measured for 10 minutes as decreased
turbidity. At regular intervals of 15 mnminutes scalar
doses of the tested compounds were added and variations
in the turbidity were monitbred. Data are espressed as

25 percentage of ripolymerisation induced by the tested

compounds. The results are shown in Table I.



25

phenoxy) met hacryl am de, pr epar ed accordi ng

to ™ ‘ 1i.
Chem 178, p. 2159-2168, in - 18 - 10 m of %ﬁéﬁbngéHa
di et hyl f or mam de were added 100 ng of 2 Phe- Leu- Q&

Makr onol .

10 ng

1o

15

20

To a solution of 1 g of copolynmer of 1-nethacryl oyl am no-
2- hydr oxypr opane and N- (et hyl encar bonyl -4-nitro

-pacl it axel

of di net hyl ani nopyridine. The yell ow sol utipn} ws7 kAN 199d f
hours at room5

an
or

t enper at ure under anhydrous conditi nE.” Then 2- hydr
- 10 - — T

10X

In vitro drug sensitivity assay

Exponentially growing B16-F10 murine melanoma cells were
seeded (2 x 10‘/ml) in RPMI 1640 medium were supplemented
with 10% heat-inactivated fetal calf serum and 2 mM
glutamine in 24 well-plates {Costar). Scalar
concentrations of tested compounds were added immediately
after seeding. The inhibition of cell growth was

evaluated by counting cells with a coulter counter after

72 hrs incubation. For each tested compound concentration

triplicate cultures were used. The antiproliferative
activity of the tested compounds was calculated from
dose-response curves and espressed as IC;, (dose causing
50% inhibition cell growth in treated cultures felative

to untreated controls). The result are shown in Table I.

Table I
llCOmpound prepared in Tubulin Assembly % |.IC, (uM)
0.5pM SN )

Example 1 0 i5 19
Example 9 79 145 47
Example 3 46 86 23
Exanple 4 ) 0 10 11
Example 6 0 10 51
Reference compound :

Paclitaxel 41 96 39




propylam ne (0.15 nl) was added to the reaction solution

1] .
30 m nutes. The reaction solution was quenchaoR UE%E@F%EB
gl acial acetic acid, concentrated under vacuumto a snal ol umre and theE
rge
/i gl d
b

stirred for

10 poured into 200 m of acetone. The m xture was st
the precipitate was filtered and washed with acetone to \
title conpound. The paclitaxel content was 6% (eval uated
hydrol ysis and HPLC anal ysis). Exanple 5 Copol ynmer of
| - met hacryl oyl am no- 2- hydr oxy -propane,i1 -

¢ § QAN B9ur
960 ng of
nzymati 't 1L

h

[72]

11°)

1( et hacryl oyl - gl ycyl ) am no- 2- hydr oxypr opane

10

1s

20

25

The copolymer-paclitaxel prepared in Example 6 was tested

in vivo against Bié F10 murine melanoma in comparison

with paclitaxel.

Mice

C57B16 female mice were obtained from Charles River
Italy.

Animals were 8 to 10 weeks old at the beginning of the
experiment.

rugs

Because of its limited agueous solubility, paclitaxel Qas
dissolved in a vehicle consisting of polyoxyethylated
castor oil (Cremophor EL) S50% and ethanol 50% and then
diluted with glucose 5% solution at the desidered
concentrations. The solution was slightly hazy and
precipitates formation was observed after short time.

The compound of example 6 was easily dissolved in glucose
5% and the resulting solution was clear for iong time
(more than 2 hours). Final concentrations were referred
to the paclitaxel content of the compound (4% of total).
Tumor

The murine melanoma B16F10 was used. A suspension of 10%
tumor cells in 0.2 ml was injected subcutaneously in the

flank of mice.

Tumor size was measured with caliper and tumor weight was

calculated with the formula:

a+p
2




and 2' (met hacryl oyl -gl ycyl ) paclitaxel. 20 To a solution of 1.6 g of
copol yner of 1-nethacryloyl - am no-2-hydroxypropane and
N- (et hyl en- car bonyl - 4-ni tro- phenoxy)nethacrylamde in 16 ml of anhydrous

di mret hyl - forrmam de were added 100 ng of paclitaxel and

20— f .
di met hyl am no- pyri di ne. The yel |l ow sol ution was stirred Z%EPLXCEMWT SH%T

hour s at

10

15

20

room tenperature, t hen 2- hydroxypropyfamne (0.2 m
was added, and the whole was stirred for 30 m nutes. Th

was quenched with 0.3 nl of glacial ac&t#é acid, concenirfted

U

|

L e o A s

Prugs administration

Paclitaxel was given intraperitoneally because of its

poor solubility and vehicle toxicity.
The compound of example 6 was injected intravenously.

Both compounds were administered at day 1, 5, 9 after

tumor implantation.
The data reported in Table 2 show that the compound of
the present invention is more active than paclitaxel.

The dose of the polymer-conjugate is referred to the

paclitaxel content.

Table 2
_VCOmpound Dose Tumor Tox
(mg/Kg) Inhibition (%)
H Control . - - -
| Paclitaxel 14.6 53 0/10
22 _ 38 .0/10
33 92 147 i
Compound of ex. 6 14.6 ‘77 0/9
22 79 0/10

TOX: number of mice which died for toxicity.
TOX determination was made when mice died before the
control or when significant body weight 1loss and/or
spleen and or/or 1liver size reduction were observed.

From the above data, it can be seen that the polymer

eqct LN Ut o

=]




- 19 - under vacuumto a small volunme, and then poured into 200 m of
acetone. The m xture was stirred for 1 hour, the pregqt E friteted
ACEMENT SHEET
. e
2 "

and washed with acetone to yield 1440 ng of the titl

paclitaxel content was 2.75% w w% Exanpl e 6 Copol yneg jof E

1- nmet hacryl oyl am no - 2-hydroxypropane, 1- : 07 JAN ©97 §
(met hacryl oyl - gl ycyl - phenyl anyl -1 eucyl - gl ycyl ) am no- 2- {hydr oxypr opane and
2' (et hacryl oyl - gl ycyl - phenyl al anyl - 10 Pr—— e

|
| eucyl -glycyl -[err]al anyl ) paclitaxel T ¥ a solution ¢f 620 ng of copol yner-

of 1-netacrylan Nos, aeidr XY REIPANE ANk N LUBLEYLSNCIHRRRY - LS it V-4

antitumor activity. These compounds, therefore, are
useful antitumor agents due to the lower tox;city and
increased water solubility as compared to paclitaxel or
5 its derivative. Examples of tumors that can be treated
are for istance, sarcomas, carcinoma, lynphomas,
neuroblastoma, melanoma, myeloma, Wilms tumor, leukemias
and adenocarcinoma.
The improved solubility ad decreased toxicity of the
10 polymer-conjugates of the present invention means that
they are suitable for intravenous injection or infusion.
The dosage depends upon the age, weight and condition of
the patient. The dosage may be from 1 mg/kg body weight
to 1 g/kg body weight, preferably from 4 to 800 mg/kg
15 body weight. Typical formulations contain a gquantity of
poiymer-bound paclitaxel/polymerbound paclitaxel
derivative equivalent to 0.5, 1.5, 10, 20, 25, or 50 mg
of the active paclitaxel/paclitaxel derivative.
The polymer_ conjugates ‘may be formulated as
20 pharmaceutical compositions with a pharmaceutically
acceptable carrier or diluent. Any appropriate carrier or
diluent may be used. The solutions for intravenous
injection or infusion may contain as carrier or diluent,
for example, sterile water or preferably they may be in

25 the form of sterile, agueous or isotonic saline

solutions.

The following examples illustrate the invention.



nitro- phenoxy)nethacrylamde in 6 m of anhydrous di met hyl - f.oromm de

wer e added 62 ny of 2'- 15 ([err]al anyl : rEpal
according to NNF. Magri et al, J Nat. Products 51 2% 1988-=anyd 10
ng of dinmethylam no pyridine. The yellow sol ution wasis héurs

at room tenperature under anhydrous conditions. 2C
2- hydroxypropylamne (0.1 m) was added and t he whol ¢
m nutes. The reaction solution -was quenched wth
acetic acid, concentrated under vacuumtega_small vol ul UL LT T
m of acetone. The m xure was 25 stirred for 1 hour=The preC|p|tate
was filtered and gxample 1

Copolymer of l-methacryloylamino-2-hydroxypropane,

1 (methacryloyl-glycyl-phenylalanyi-leucyl-glycyl)amino-

2-hydroxypropane and 2! {methacryloyl~glycyl-phenyl -
5 alanyl-leucyl-glycyl)paclitaxel.

To a solution of 1.4 g of copolymer of 1-methacryloyl-

amino-2-hydroxypropane and N-{methylencarbonyl-Phe- Leu-

Gly 4~-nitrophenoxy)methacrylamide, prepared according to

J. Kopecek et al., Makromol Chem 177, p. 2833 (1976), in

10 15 ml of anhydrous dimethylformamide were added 100 mg of
paclitaxel and 15 mg of dimethylaminopyridine.
The yellow solution was stirred for 8 hours at room
temperature under anhydrous conditions. Then 2-hydroxy.
propylamine (0.2 ml) was dropped into reaction flask, and
15 then the whole was stirred for 30 minutes.
The reaction solution was guenched with 0.5 ml glacial
acetic acid, concentrated under vacuum to a smail volune,
and then poured into 200 ml of acetone.
Ater 30’ mixing, the precipitate was filtered and washed
20 with acetone to yield 1.25 g of the title compound.
The paclitaxel content was 4.5% {(evaluated by enzymatic
hydrolysis and HPLC analysis).
Unreacted paclitaxel was recovered from acetone solution.
Example 2
25

2/ (N-trityl-phenylalanyl-leucyl-glycyl)paclitaxel
To a solution of 170 mg of paclitaxel in 16 ml of
acetonitrile were added 24 mg of dimethylamino-pyridine

and 150 mg of N-trityl-phenylanyl-leucyl-glycine 4-



washed with acetone to yield 5.85 ng of the title conpound. The paclitaxel

content was 4% w woo - 20 - Exanmple 7 )

2',7-di (carbobenzyl oxy-[err]-al anyl)paclitaxel To a spp h 2@0rpp jof
paclitaxel in 15 m of acetonitrile wer e added Wﬁﬂmjﬂ@ﬁ of
NN - 5 di cycl ohexyl carbodiimde, 200 ng of cafbpbenz

al ani ne and 60 ng of dinethylam no-pyridine. The reac

10

15

20

25

pn07 YllA%lX%-&er ]

- 15 -

nitrophenyl ester.

The yellow solution was stirred for 20 hours at room
temperature, and then evaporated under vacuum to dryness.
The residue was cromatographed on silica gel with ethyl-

acetate-hexane 35:25 as eluant, affording 380 mg of the

title compound.

'H-NMR (400 MHz, CDCl;):§

0.82 (d, J=6.4 Hz, 3H, é&§-Leu)

0.85 (d, J=6.7 Hz, 3H, &-Leu)

1.15 (s, 3H, 16)

1.26 (s, 3H, 17)

1.2-1.6 (m. 3H, $+B+y-Leu)

1.69 (s, 3H, 19)

1.85 (s, 1H, OH-1)

1.89 (m, 1H, 68)

1.96 (d, J=1.2 Hz, 3H, 18)

2.14 (dd, J=5.9 Hz, J=13.5 Hz, 1H, S-Phe)
2.24 (s, 3H, CH,CO-10} '

2.2-2.7 (m, 5H, CH,~14+OH-7+6a+8Phe+NH-Phe)
2.47 (s, 3H, CH,CO-4)

3.50 (m, 1H, a-Phe)

3.74 (dd, J=4.7 Hz, J=18.2 Hz, 1H, a-Gly)
3.80 (m, 1H, a-Leu)

3.83 (4, J=7.0 Hz, 1H, 3)

4.17 (dd, J=7.0 Hz, J=18.2 Hz, 1H, a’~Gly)
4.22, 4.33 (two-d, J=8.5 Hz, 2H, CH,~20)
4.46 (m, 1H, 7)

4.97 (44, ng_‘.‘z Hz, J=9.9 Hz, 1lH, 5)



m xture was. stirred for 20 hours, the precipitate was filtered and the
'sol vent” evapor ated under vacuumto dryness. 10 The residue was

chromat ographed on silica gel with ethyl acetate-hexane 1:1 as el uant,

affording 300 nmug of the title conmpound. FAB-MS: mlz 1264 ,
1130, 1070 - 21 - Exanple a 7- (carbobenzyl oxy-[err]al ahy ,%ﬁg%ﬁE%LéFEET
07 JAN 1997
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5.44 (d, J=2.3 Hz, 1H, 2')

5.71 (d, J=7.0 Hz, 1H, 2)
5.97 (dd, J=4.7 Hz, J=7.0 Hz, 1H, NH-Gly)
6.07 (dd, J=2.3 Hz, J=9.4 Hz, 1H, 3')
5 6.2-6.3 (m. 2H, 13+10)
6.8-9.2 (m, 30 H, 6- Ph)
6.95 (d, J=6.7 Hz, 1H, NH-Leu)
8.00 (4, J=9.4 Hz, 1H, NH-4’)

Example 3

10 2’ (phenylalanyl-leucyl~glycyl)paclitaxel.

The compound 27 {N~Trit-Phe-Leu-Gly)paclitaxel (250 mg)
was dissolved into a mixture of glacial acetic (22 ml)

and water (6 ml) and the whole was stirred for 1 hour at
room temperature.

15 The solvents were evaporated in vacuum to the dryness,

the residue stirred with diethylether-hexane 1:1 for 30

minutes and filtered to obtain 160 mg of the title

compound.
FAB-MS: m/z 1171, M+H|*; 1112, M~-CH,CO0H + 2H; 1051,
20 1024, 911, 603, 569, 509.

'"H-NMR (400MHz, CDC1,):§

0.88(d,J=6.4Hz,3H, § Leu)

0.92(d,J=6.4Hz,3H, &’ Leu)

1.13 (s, 3H, 16)
25 1.16 (s, 3H, 17)

1.4-2.0(m,4H,B+8 +yLeu+6f)

1.69 (s,3H, 19)

1.91 (&,J=1.2Hz,3H,18)




To a solution of 171 ng of 2'7-di (carbobenzyl oxy-[err]- al anyl)paclitaxel

in 60 mM of nethanol, were added 30 ng 5 of sodi um bi carbonate and 7 ni
of water . The reaction m xture was stirred for 3 hours at room

et hyl acetate. The sol vent was evaporated under vacuumto

tenperature. The net hanol was evaporated and the prOd“Ct;ﬁﬁﬁﬁﬁﬁ@ﬁﬂﬁﬂ‘gthf

affording 134 ng of the title conpound. Exanple 9 7-
([err]al anyl)paclitaxel To a solutio of 135 nmg of

07 JAN %97

7- (car bobenzyl oxy- [err]al anyl)paclitaxel in 20 m of methahol and 13 ni

15 formc agifs s added BPOsiTs HuF ;1% The reacfion

of

2.23 (s, 3H, COCH,-10)
g 2.4-2.6 (m, 3H, 6a+l1l4+fPhe)
2.53 (s,3H,COCH,~4) °
5 2.90 (dd, J=4.1Hz, J=13.5Hz, 1H,B’~Phe)
3.49 (dd, J=4.1 Hz, J=9.1Hz,1H, <aPhe)
3.82 (d, J=7.3Hz,1H,3)
3.9-4.1 (m,2H,a+ta’Gly)
4.22, 4.33 (two-d, J=8.7 Hz, 2H, CH,-20)
10 4.27 (m, 1H, a-Leu)
4.44 (dd, J=6.4Hz, J=10.8Hz,7)
4,98 (dd, J=2.4Hz, J=9.7 Hz,5)
5.61 (d, J=3.2Hz,1H,27')
5.70 (d, J=7.3Hz,1H,2)
15 6.12 (dd,J=3.2Hz,J=9.4Hz,1H,3’)
6.21 (m, 1H, 13)
6.28 (s,1H,10)
6.8-8.2 (m,21H,4-Ph + NHLeu)
7.87 (d4,J3=9.4Hz,1H,NH-4')
20 Examnp ;e 4

Copolymer of 1-methacryloylamino-2-hydroxypropane, 1-

(methacryloyl-glycyl)amino-2-hydroxypropane and

2’ (methacryloyl-glycyl-phenylalanyl-

glycyl)paclitaxel.
25

leucyl-~-

To a solution of 1 g of copolymer of l-methacryloylamino-

2-hydroxypropane and N-(methylencarbonyl-4-nitro -

phenoxy)methacrylamide, prepared according

Rejmanova et al., Makromol. Chem. 178, p. 2159-2168,

to - P.

in




n1xture was stirred for 6 hours at roomtenperature. The catalysi—was 1
filtered, washed with nethanol and the solvents were evapor tWLﬁﬁFM:&%@ﬁgET

under vacuum The residue was dissolved in 8 n of nethanol
precipitated with 150 m of diethylether, affording 85 ng o h?)?ELAN%W97
conpound. FAB-Ms: Mz 925 MtH ; 947, MtNal] [err] H NVR(40

CDC[err]):

3H, CH3- 18)

10

15

20

25

at

6 1.14 (s,3H CH err]16) 25 [err] 1.79 [err] 1i857(°,

- 18 -
10 ml of anhydro dimethylformamide were added 100 mg of
2 Phe-Leu-Gly-paclitaxel and 10 mg of
dimethylaminopyridine.

The yellow solution was stirred for 2 hours at room
temperature under anhydrous conditions. Then 2-hydroxy -
propylamine (0.15 ml) was added to the reaction solution,
and the whole was stirred for 30 minutes. The reaction
solution was quenched with 0.2 ml of glacial acetic acid,
concentrated under vacuum to a small volume and then
poured into 200 ml of acetone.
The mixture was stirred for 1 hours, the precipitate was
filtered and washed with acetone to field 960 mg of the
title compound.
The paclitaxel content was 6% (evaluated by enzymatic
hydrolysis and HPLC analysis).

xample 5
Copolymer of l-methacryloylamino-2-hydroxy

- =propane, 1(méthacryloyl-glycyl)amino-z-hydroxypropane
and 2’ (methacryloyl-glycyl)paclitaxel.

To a solution of 1.6 g of copolymer of l-methacryloyl - )
amino-2-hydroxypropane and N-(methylen-~carbonyl-4-nitro-
phenoxy)methacrylamide in 16 ml of anhydrous dimethyl-
formamide were added 100 mg of paclitaxel and 20 mg of

dimethylamino-pyridine. The yellow solution was stirred

for 20 hours at room temperature, then 2-
hydroxypropyl&mine (0.2 ml) was added, and the whole was
stirred for 30 minutes. The reaction solution was

guenched with 0.3 ml of glacial acetic acid, concentrated




REPLACENENT SHEET - 22 - 2.17 (s, 3HCH3CO- 10) 2.2-2.6 (m gﬂufmngMFQ 42
(s, 3H, [err] 3.0-3.2 (m [err] 5 3.90(d, J=6. 8Hz, 1H, 3) 4=~31(two

d, J-8.2Hz, 2H, CH err]-20) 4.80(d, J=3.2Hz, 1H,2') 4.91(d, J= 5
5. 62(dd, J=10. 2Hz, J=7.0OHz, |, 7) Wﬁ?ﬁ w93

.
T L e

A p o ook 4 b

e i o o % by e

- 19 ~
under vacuum to a small volume, and then poured into 200
nl of acetone. The miiture was stirred for 1 hour, the
precipitate was filtered and washed with acetone to yield
1440 mg of the title compound.

5 The paclitaxel content was 2.75% w/w%
Example 6
Copolymer of 1l-methacryloylamino -2-hydroxypropane,l-
{methacryloyl-glycyl-phenylanyl-leucyl-glycyl)amino-2~
hydroxypropane and 2’(methacryloyl-glycyl-phenylalanyl-

10 leucyl-glycyl-falanyl)paclitaxel.

" To a solution of 620 mg of copélymer of l-metacrylamino-
2-hydroxypropane and N-(methylencarbonyl-Phe-Leu-Gly-4-
nitro- phenoxy)methacrylamide in 6 ml of anhydrous
dimethyl~-formamide were added 62 mg of 27—~

15 (Balanyl)paclitaxel, prepared accordiné to N.F. Magri et
al, J Nat. Products 51 298-306, 1988, and 10 mg of
dimethylamino pyridine. The yellow solution was stirred
for S5 hours at 1room temperature under anhydrous
conditions.

20 Then 2-<hydroxypropylamine (0.1 ml} was added and the
whole was stirred for 30 minutes.

The reaction solution was quenched with '0,15 -ml of
glacial acetic acid, concentrated under vacuum to a small
volume and poured in 150 ml of acetone. The mixure was

25 stirred for 1 hour, the precipitate was filtered and

washed with acetone to yield 5.85 mg of the title

compound.

The paclitaxel content was 4% w/w3



10 5.66 (d,J=6.8Hz, 1H,2) 5.81(ddJ=2.9Hz, J=9.1HzIH,3' 6.1

6.19(s, 1H,10) 7.3-8.2 (m 16H NH4 ' +3-Ph) 15 Exa & Actiead ﬁHEﬁT of
1- nmet hacryl oyl am no- 2- hydr oxypr opane, 1-

(et hacryl oyl - gl ycyl - phenyl al anyl -1 eucyl - gl ycyl ) am np- 2- ¥r w%ﬁoa e
and 7-(nethacryl oyl -glycyl-phenyl al anyl -

| eucyl -gl ycyl -[err]al anyl ) paclitaxel. 20 To a sol

copol ymer of 1-nmethacryl oyl - am no-2-hydroxypropane
(et hyl encar bonyl - Phe- Leu- d y-4ni t rogenroxy) et hacryl
anhydr ous :

Example 7?7

2’,7-di(carbobenzyloxy-f-alanyl)paclitaxel

To a solution of 200 mg of paclitaxel in 15 ml of

acetonitrile wvere added 400 ng of N,N’-
5 dicyclohexylcarbodiimide, 200 wmg of carbobenzyloxy-f-

alanine and 60 mg of dimethylamino~-pyridine. The reaction

mixture was. stirred for 20 hours, the precipitate was

filtered and the solvent evaporated under vacuum to
dryness.

10 The residue was chromatographed on silica gel with ethyl

acetate-hexane 1:1 as eluant, affording 300 mg of the

title compound.

FAB-MS: m/z 1264 M+H|*, 1204, 1130, 1070



di met hyl f or mam de wer e added 135 ngy of 7-
.([err]al anyl)paclitaxel and 20 ng .of dinethylam nopyridine. 25 The
yellow solution was stirred wunder anhydrous conditiquns.far 5 hours

at roomtenperature. Then 2-hydroxypropylanne (0.2 m) waq RESEACEMENTASHEE

REPLACEMENT SHEET - 23 - whole was stirred for 30 m nutes. |The~reaetton
sol ution was quenched with 0.3 nm of glacial

acetic acid, donce
under vacuumto a small vol une 393kﬁd1997

10

15

20

25

Example 8

7-(carbobenzyloxy-falanyl)paclitaxel

To a solution of 171 mg of 2/7-di({carbobenzyloxy-g-
alanyl)paclitaxel in 60 ml of methanol, were added 30 mg
of sodium bicarbonate and 7 ml of water . The reaction
mixture was stirred for 3 hou:;s at roo;m temperature.

The methanol was evaporated and the product extracted
with ethylacetate.

The solvent was evaporated under vacuum to dryness,

affording 134 mg of the title compound.

Example 9

7-(Balanyl)paclitaxel

To a solution of 135 mng of 7-(carbobenzyloxy-
Balat_nyl)paclitaxel in 20 nl of methanol and 13 ml of
formic acid, was added 200 mg of PA/C 5%. The reaction
mixture was stirred for 6 hours at room temperature. The

catalyst - was filtered, washed with methanol and the

solvents were evaporated to dryness under vacuum. The

residue was dissolved in 8 ml o©f methanol and

precipitated with 150 ml of diethylether, affording 85 mg
of the title compound.

FAB-MS: M/z 925,M+H|* ; 947, MiNa|*

'H NMR(400MHz, CDCl,): §

1.14 (£,3H,CH,~16)

1.20(s,3H,CH,~17)

1.79 (s,3H,CH,~19)

1.85 (s, 3H,CH,-18)



and poured in 250 m of acetone. The mixture was stirred 5 for 1 hour,

the precipitate was filtered and washed with acetone to vyi

ﬁLd_4529 Aot

the title conpound. The paclitaxel content was 7.8% w W% REPEAK}EM%IAW&T
1. A pol yner conjugate consisting essentially of: from9Q tp=9979 ol %
of units represented by the formula 5 07 JAN 1997

2.17(s, 3H,CH,C0-10)
2.2-2.6(m, 64,CH,~14 +cu,¥5+ococnzg:gznuz)
2.42 (s, 3H,CH,C0-4)
3.0-3.2(m,2H, OCOCH,CH,NH,)

5 3.90(d,J=6.8Hz,1H,3)
4.18, 4.31(two d, J=8.2Hz,2H,CH,-20)
4.80(d,J=3.2Hz,1H,2")
4.91(d,J=8.5Hz,1H,5)
5.62(ad,J=10.2Hz, J=7.0Hz,1H,7)

10 5.66 (d,J=6.8Hz,1H,2) |
5.81(dd,J=2.9Hz, J=9.1Hz,1H,3’
6.17 (m,1H,13)
6.19(s,1H,10)

15 Example 10

Copolymer of 1i-methacryloylamino-2-hydroxypropane, 1-
(methacryloyl-glycyl-phenylalanyl-leucyl-glycyl)amino-2-
hyroxypropane and 7-(methacryloyl-glycyl-phenylalanyl-

leucyl~-glycyl-falanyl)paclitaxel.

20 To a solution of 1500 mg of copolymer of l-methacryloyl-

amino-2-hydroxypropane and N-{(methylencarbonyl-Phe-Leu-

Gly-4nitrophenoxy)methacrylamide in 13 ml of anhydrous

dimethylformamide were added 135 mng of 7~

(Balanyl)paclitaxel and 20 mg of dimethylaminopyridine.

25 The yellow solution was stirred wunder anhydrous

conditions for 5 hours at room temperature.

Then 2-hydroxypropylamine (0.2 ml) was added , and the



[err] ; fromO0.1 to 5 nol %of units represented by the formula 10

wherein one of [err] and [err] is a copolyner residue of tTE”furﬁu+a~Ee+1?-»
and the other one is hydrogen atom 15 from 0 to{9REPLAGEMENG:SHEET

units represented by the formula [err]

07 JAN 997

- 23 -

whole was stirred for 30 minutes.
The reaction solution was quenched with 0.3 nl of glacial
acetic acid, concentrated under vacuum to a small volume
and poured in 250 ml of acetone. The nmixture was stirred
for 1 hour, the precipitate was filtered and washed with
acetone to yield 1520 mg of the title compound.

The paclitaxel content was 7.8% w/w%.



[err] [err] V\,herel N ofieinyl or t-butoxy group, R3 is Hor an acetyl
group, A andg REMJACEME%)S"E the same or different, represent a chenical
single bond, § o—acid reskdue or peptide spacer sel ected from

[err] Ala, " eiPhe-, Leu-dy, Val-Aa, Phe-Ala, Leu- Phe,
Leu- Al a, PheiiL eu, Leu-Leu-Qy, ﬂlm H mm H’u G y- Phe,
Phe- Phe- Gy, | Pk ;Y 10 Phe- Le ll H’H] l nr] Al a,

Phe-Q3 y-[errlh
Phe- Al a- [ err ] err]AIa LeL?-GIy[err]Ala Phe Leu GIy[err]AIa
Phe- Phe-Leu [err] Al a, Leu-Gy-[err]Ala, Phe-Tyr-Ala-[err]Ala,

Phe-d y-Phe-[err], Pﬁe e- Ay [err]Ala, Phe-Leu-QAy-Phe-[err]Ala or

d y- Phe-Leu-d Y1.Phe A polymer conjugate consisting essentially of: from

90 to 99.9 mol % of units represented by the

formula
5
|
CH,
|
ca,—tlz—co-nn—-ca,-cnoa-ca, H
from 0.1 to 5 mol % of units represented by the
formula
(o} e
R0
1
10 wherein one of R, and R, is a copolymer residue of
the formula
{
CH,
CH,— cI:-coun-cn,-co-A-
and the other one is hydrogen atom;
15 from 0 to 9.9 mol % of units represented by the

formula



15 [err]Ala. 2. Apolyrrer copj ugate according to claiml1, in which R

- represents a phenyl qgroupy—R3 acetyl group and Ais a Phe-Leu-Q@y or
Phe-Leu-G y-[err] ,&Tagma(}m . A pol yner conjugate according claim1l

or 2, which 20 118 po ymer pfy 1-met hacryl oyl ami no- 2- hydr oxypr opane,

(et hacryl oyl gl ycyf rpﬂ elicyl gl ycyl ) 3--anino-2 hydroxy%‘opane and

- (et hacryl oyl g eucyl gl ycy! - ﬁ“““\ ““)\ i t axel .

- 26 -

CH; — C~CONH-CH,~CO~-A,~NH~CH,~CHOH~CH,
|
wherein R is ; phenyl or t-butoxy group, R; is H or an
acetyl group, A and A; which may be the same or
S different, represent a cheniéal single bond, an amino
acid residue or peptide épacer selected from g Ala,
Gly, Phe~Gly, Phe-Phe-, Leu-Gly, Val-Ala, Phe-Ala, Leu~
Phe, lLeu-Ala, Phe-Leu-Gly, Phe~FlLe-Leu, Leu-Leu-Gly, Phe-
Tyr-Ala, Phe-Gly-Phe, Phe-Phe-Gly, Phe-Leu-Gly-Phe, Gly-
10 Phe-Leu-Gly-Phe,Gly-fAla, Phe-Gly-fAla, Phe-Phe-~fAla,
Leu-Gly~fAla, Val-~Ala-fAla, Phe-Ala-fAla, Leu-Phe-fSAla,
Leu~Gly-BAla, Phe~Leu-Gly-SAla, Phe-Phe-Leu fala, Leu-
Leu~Gly=-fAla, Phe-Tyr-Ala-fAla, Phe~Gly-Phe-f8, Phe-Phe-
Gly PBAla, Phe-Leu-Gly-Phe-fAla or Gly-Phe~Leu-Gly-Phe-
15 BAla. -
2. A polymer conjugate according to claim 1, in which
R represents a phenyl group, Ry is an acetyl group and A
is a Phe-Leu-Gly or Phe-Leu-Gly-fAla residue.
3. A polymer conjugate according claim 1 or 2, which
20 is a copolymer of 1-methacryloylamino-2-hydroxypropane,
(methacryloylglycyl-phenylalanylleucylglycyl)3-amino-2
hydroxypropane and 2’~(methacryloylglycylphenylalanyl-
leucylglycyl-falanyl) paclitaxel.



4. A process for , WQN‘MW SHEFIEr conj ugate as defined in claim i1,
whi ch process conpri ound of the fornmula Il O wherein one
I a
QQgi%gﬁ%t

S
of A2 and [err] is a ghk d it he other 5 one is A and A R
and R3 are as defined}ih an activated pol ymer consi sting
essentially of from99 tQ _99.9 nnl. %Jff units repres orrrula [err]
- Jerr] 1 10 and fromlO to 0.1 % of units rglmg#m(i'

formul a

- 26 -

4. A process for preparing a polymer conjugate as

defined in claim 1, which process comprises reacting a

compound of the formula IT

wherein one of a, ana A; is a chemical bond and the other

5 r ]
one 1s A, and A, R and R, are as defined in claim 1, with
an activated polymer consisting essentially of from 90 to

99.9 mol $ of units represented by formula

{
CH,

|
CHy~C-CO-NH-CH,~CHOH~CH,

10
. and from 10 to 0.1 mol % of units represented by the
formula I
—_ cH,
1
CHy— ci-co-un—cn,-co-a,-o— -No,
wherein A, is as defined in claim 1 and then treating
15
the resultant polymer conjugate with 2-hydroxy-
propylamine.
5.

A process according to claim 4, in which the

re . . . :
action is carried out in an anhydrous polar soelvent at



CH3- [err] wher ined in claiml1 and then treating 15
- the resultant REHUMENENT ﬁﬂﬂﬁu ate wth 2-hydroxy- propylamne. 5.
A process accqrdrmg—to-ctaim 4, in which the.reaction is carried out

i n an anhydr ous {pd| : at -27- a tenperature of from15 to 40C
for froml to 24 hoﬁﬁf‘?ﬁm r 3

A phar maceut i call donpasi tion-cefpdising of an org Wﬂ,ﬁ”’l "mmﬂ" base. 6.

I sing, as activ
a temperature of from 15 to 40°C for from 1 to 24 hours,

- 27 -

in the presence of an organic or inorganic base.
. 6. A compound of the formula II as defined in claim 4

wherein A, represents di, tri or tetra peptide spacer as
5 ~ defined in claim 1 for A.

7. A process for preparing a compound of the formula

II as defined in claim‘ 6, which process comprises
reacting a paclitaxel or a paclitaxel analog with desired
protected amino acid or peptide in the presence of a
10 condensating reagent or using activated esters and with

or without the additional presence of a catalyst and then
removing the protecting groups.

8. A compound of formula IX és defined in claim 4
wherein A, represents fAla or di, tri or tetra .peptide

15 spacer as defined in claim 1 for A.

9. A process for preparing a compound of the formula

II as defined in claim 8, which process comprises either
(i) protecting or ‘blocking the 2’/-hydroxy group  of

paclitaxel and esterifying the 7-position hydroxyl and

20 then removing the 2/-protecting or blocking group, or

{ii) reacting paclitaxel with 2-3 moles of the desired N-

— protected amino acid to produce 2’,7-disubstituted taxol,

cleaving the 2‘-position amino acid and then deprotecting
the 7-position amino acid.

25 10. A pharmaceutical composition comprising, as active

ingredient, a polymer conjugate as defined in claim 1, 6

or 8 and a pharmaceutically acceptablé diluent or

carrier.

Sheet Has Been RTlaced

T




5 I ngredi ent, a polyner conjugate as defined in claim1l and a
phar maceutically acceptable diluent or carrier. 7. A pol yner conjugate as
defined in claim1l substantially as hereinbefore described with reference

to 10 any on =5 6 and 10. 8. A process for
preparing a poly rﬂE@meeé% d, fined in claim1l substantially as herein
described with re€fefence to any dn

of Exanpges 1 to 10.
.7 JIM 997

ABSTRACT

POLYMER-BOUND PACLITAXEI: DERIVATIVES

5 CH, (a)
i
CHQ —— C“CO‘NH"CH1-CHOH-c83 H
]

10 QO HiC

(b)

15

1
CH,

{c

20 |
CH,

|
CH * Semannt C~ CONH—CH:—CO—A, =N H"’ cHz"CKOH".CH} ( d )

\

25 A polymer conjugate consisting essentially of from 90
to 99.9 mol % of units represented by formula (a); from 0.1
to 5 mol % of units represented by formula (b), wherein one

of R, and R, is a copolymer residue of formula (c), and the



10

15
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other one is hydrogen atom; from 0 to 9.9 mol % of units
represented by formula (d), wherein R is a phenyl or t-
butoxy group, R, is H or an acetyl group, A and A, which may
be the same or different, represent a chemical single bond,
an amino acid residue or peptide spacer selected from 8 Ala,
Gly, Phe-Gly, Phe-Phe, Leu-Gly, Val-Ala, Phe-Ala, Leu-Phe,
Leu-Ala, Phe-Leu-Gly, Phe-Phe-Leu, Leu-Leu-Gly, Phe-Tyr-Ala,
Phe-Gly-Phe, Phe-Phe-Gly, Phe-Leu-Gly-Phe, Gly-Phe-Leu-Gly-
Phe, Gly-f-Ala, Phe-Gly-BAla, Phe-Phe-gAla, Leu-Gly-gAla,
Val-Ala-fBAla, Phe-Ala-fAla, Leu-Phe-fAla, Leu-Gly-BAla, Phe-
Leu-Gly-fAla, Phe-Phe-Leu-fAla, Leu-Leu-Gly-Bala, Phe-Tyr-
Ala-fAla, Phe-Gly-Phe-B8, Phe-Phe-GlyfBAla, Phe-Leu-Gly-Phe-
BAla or Gly-Phe-Leu-Gly-Phe-BAla. The compounds are endowed
with antitumor activity and show improved water solubility
and decreased toxicity in comparison with paclitaxel or its
known analogs. A method for their preparation and

pharmaceutical compositions containing them are also

described.
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a temperature of from 15 to 40°C for from 1 to 24 hours,

in the presence of an organic or inorganic base.

6. A pharmaceutical composition comprising, as active
ingredient, a polymer conjugate as defined in claim 1 and

a pharmaceutically acceptable diluent or carrier.

7. A polymer conjugate as defined in claim 1
substantially as hereinbefore described with reference to

any one of Examples 1, 4, 5, 6 and 10.

8. A process for preparing a polymer conjugate as
defined in claim 1 substantially as herein described with

reference to any one of Examples 1 to 10.
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