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2’- AND/OR 7- SUBSTITUTED TAXOIDS
TECHNICAL FIELD

The present invention relates to compounds having
anti-microtubule activity. In particular, the invention
relates to taxoid-based derivatives which demonstrate
prolonged anti-neoplastic activity and/or improved water-
solubility.

BACKGROUND OF THE INVENTION

Taxol, or paclitaxel as it is sometimes called, has
been ihvestigated as an anti-cancer agent. Taxol is a
plant product derived in minute quantities from the
needles and bark of the western pacific yew, Taxus
brevifolia. In chemotherapy, taxol is known as an anti-
microtubule agent and is thought to inhibit cell mitosis
through the enhancement of the rate of microtubular
assembly and prevention of microtubular depolymerization.
Numerous studies indicate that the agent has activity
against several malignancies. To date, its use has been
severely limited by, among other things, its short
supply, poor water solubility and immunogenicity.

The pacific yew is a rare, slow-growing tree which
is not typically cultivated. In addition, the anti-
neoplastic portions of the tree are very minute.
Extraction of these portions is complicated and costly.
One solution to the problem of short supply has been
suggested in U.S. Patent No. 5,019,504 which discloses an
artificial media for producing certain desirable
alkaloids. Alternatively, synthetic derivations such as
taxotere and taxol intermediates have also been reported.
See, for example, U.S. Patent No. 5,015,744.
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Hypersensitivity reactions from taxol administration
are known. See, for example, J. Clin. Oncol. 8:1263-1268
(1990) . Indeed, since taxoids are usually extracted from
a natural plant source, some hypersensitivity is
expected. Moreover, certain non-aqueous vehicles which
have been used to overcome the water solubility problems
of taxol have also been implicated in causing

hypersensitivity reactions.

Although taxoids hold promise as therapeutic agents,
there is a need to provide taxoid-based derivatives which
are more water soluble‘and/or are more active against a
wider range of virulent neoplasms than taxol.

SUMMARY OF THE INVENTION

The present invention is generally directed to 2'-
and/or 7- substituted taxoid-based compositions, methods
of their preparation and use in mammals. The inventive
compositions include a taxoid substituted in at least one
of the 2'- and 7- positions with a moiety of Formula (I):

0
I

(I) -0-C-(CH,),-X-R,
wherein:

n = zero or a positive integer, preferably one;

X = oxygen or NL, where L is selected from the group
consisting of hydrogen, C,, alkyls, aryls and aralkyls;
and ' '

R, = a group which enhances the water solubility
and/or therapeutic activity of the composition when
compared to the unmodified taxoid. R, represents
moieties capable of forming polymeric esters, simple or
polymeric carbonates. Such moieties can include
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functionalized, substantially nonantigenic polymers,
substituted or unsubstituted C,.,, alkyls. R, preferably
includes an alkyl-terminated polyalkylene oxide such as
monomethoxy polyethylene glycol, (mPEG). These aspects
provide compositions such as taxoid-7-carbonates, 2'-
taxoid-PEG-esters and/or simple taxoid-7-carbonates in
combination with 2’-PEG esters. Another particularly
preferred aspect of the invention is where (n) is one and
R, includes a polyethylene glycol.

The invention thus includes the following types of
taxoid-based compositiohs:

i) 7-carbonates; 2’'-carbonates;

ii) 7-polymeric esters; 2’-polymeric esters;

iii) 2’-polymeric ester-7-carbonates;

iv) 2’,7-disubstituted polymeric esters; 2',7-
disubstituted carbonates; and

v) combinations thereof.

In those aspects of the invention where the taxoid
is disubstituted, it is to be understood that the
moieties included in the 2’ and 7 position need not be
the same; bis-substituted taxoids, however, are within
the scope of the invention.

Methods of making and wusing the compositions
described herein are also provided.

DETAILED DESCRIPTION OF THE INVENTION

A. INTRODUCTION
The taxoid-based compositions of the present

invention contain substituents in the 2’ and/or 7
positions of the taxoid. These substitutions enhance
water solubility and/or improve therapeutic activity when
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compared to unmodified compositions.

B. TAXOIDS gnd TAXOID DERIVATIVES
For purposes of the present invention, the term

"taxoid" includes all compounds within the taxane family
of terpenes. Thus, taxol (paclitaxel), 3’-substituted
tert-butoxy-carbonyl-amine derivatives (taxoteres) and
the like as well as other analogs available from, for
example, ESCAgenetics of San Carlos, CA are within the

scope of the present invention.

Taxol has the following structure:

Throughout the disclosure, the invention is
described with reference to taxol for illustrative
purposes. It is to be understood that the modifications
described herein are suitable for all taxoids and related
molecules. The only limitation on this provision is that
the selected taxoid must be capable of undergoing at
least one of the 2’ and/or 7 position modifications
described herein. Taxol, however, is a preferred taxoid.

C. 2' AND 7 POSITION SUBSTITUENTS
The substituents included in 2’'- and/or 7-

substituted taxoid-based compositions of the present
invention are set forth below as formula (I):

0
Il

(I) -0-C-(CH,),-X-R,



10

15

20

25

, 30

35

WO 95/11020 PCT/US94/12133

wherein:

(n) = zero or a positive integer;

X = preferably oxygen, although X can also = NL,
where L is selected from the group consisting of
hydrogen, C,, alkyls, aryls and aralkyls; and

R, = a group which enhances at least one of the
properties of water solubility and therapeutic activity
of the composition when compared to the unsubstituted
taxoid.

The compositions of the present invention are
described as being 2’- and/or 7-position carbonates when
(n) is zero or 2’ and/or 7 position polymeric esters when
(n) is a positive integer. Preferably, (n) .is zero or

one.

R, includes substituents such as:

a)  substantially nonantigenic polymers which
have been sﬁitably functionalized or activated for
attachment to the taxoid via the linking portion of (I)
or (I’), which is:

0
il

(1) -0-C- (CH,) ,-X~-; or

b) Ci.12, and preferably C,., alkyls or
substituted alkyls. The substituted alkyls can include
one or more hydroxy, amino, alkylthio, aryl and aralkyl
moieties. These are examples of simple carbonate
substituents.

D. 'R, SUBSTANTIALLY NONANTIGENIC POLYMERS
In the situations where R, includes substantially
nonantigenic polymers, such as polyalkylene oxides
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(PAO’s), mono-activated, alkyl-terminated PAQO’s such as
monomethyl-terminated polyethylene glycols (mPEG’s) are
preferred; bis-activated polyethylene oxides are also
contemplated for purposes of cross-linking taxoids or
providing a means for attaching other moieties such as
targeting agents. For example, the homobifunctional bis
succinimidyl carbonate of PEG disclosed in U.S. Patent
No. 5,122,614 or any other alpha, omega homo-substituted
polymer can be used. Moreover, heterobifunctional
polymers are also contemplated.

Although polyethylene glycols vary substantially by
weight, polymers having molecular weight ranges of from
about 200 to about 10,000 are‘usually selected for the
purposes of the present invention. Molecular weights of
from about 1,000 to about 7,500 are preferred and 2,000
to about 5,000 are particularly preferred.

In certain aspects of the invention, however,
particularly when the 2’ position of the taxoid is
substituted with a polymeric ester, the molecular weight
of the polymers selected is from about 20,000 to about
80,000. Polymers of from about 30,000 to about 50,000
are preferred, and polymers of about 35,000 to about
45,000 are espécially preferred.

The polymeric substances included herein are
also preferably water-soluble at room temperature. A
non-limiting list of such polymers include polyalkylene
oxide homopolymers such as polyethylene glycol (PEG) or
polypropylene glycols, polyoxyethylenated polyols,
copolymers thereof and block copolymers thereof, provided
that the water solubility of the block copolymers
maintained. 1In addition to MPEG, C,., alkyl- terminated
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polymers are also useful.

As an alternative to PAO-based polymers,
effectively non-antigenic materials such as dextran,
polyvinyl pyrrolidones, polyacrylamides, polyvinyl
alcohols, carbohydrate-based polymers and the like can be
used. Those of ordinary skill and the art will realize
that the foregoing list is merely illustrative and that
all polymeric materials having the qualities described
herein are contemplated. For purposes of the present
invention, "effectively non-antigenic" means all
polymeric materials understood in the art as being
nontoxic and not eliciting an appreciable immunogenic

response in mammals.

In this aspect of the invention, the taxoid-polymer
conjugates retain at least a substantial portion of the
bioactivity of the taxoid moiety prior to conjugation.
For purposes of the present invention, the term
"substantial portion of the activity" means that at least
some therapeutic effectiveness is maintained. 1In any
event, the advantageous properties of higher aqueous
solubility, substantially longer circulating life and
reduced antigenicity, either alone or in combination
outweigh decrease, if any, of taxoid activity.

E. R, CARBONATE FORMING MOIETIES

As stated above, when (n) is a positive integer,
carbonates are formed in either or both of the 2’ and 7
positions of the taxoid. One particularly preferred
taxoid includes a 7-methyl carbonate moiety. Other
simple 7-position carbonates containing alkyl or aralkyl
moieties are possible using C,,, and preferably C,, alkyl
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or substituted alkyl groups within the reagents of
Formula (IV) which is described in Section G.

F. SYNTHESIS OF 2’ AND/OR 7 SUBSTITUTED TAXQIDS
The compounds of the present invention are prepared

in a manner which takes into account the higher
reactivity of the 2’- hydroxy group over the hydroxy
group in the 7- position of taxoids.

G. 2’ - SUBSTITUTED TAXOIDS
2'- substituted taxoid derivatives can be prepared

by reacting a taxoid with a reagent having the structure
of Formula (IV):

0
]

R,-X- (CH,) ,-C-R, (IV)

wherein R,, X and (n) are as previously defined and R, is
a group capable of being displaced by a nucleophilic
reagent. It is in this aspect of the invention that R,
is preferably a polymer having a molecular weight of from
about 20,000 to 80,000 as described above in Section D.
R, is preferably selected from halides, N-
hydroxysuccinimidyl (NHS), N-hydroxybenzotriazolyl, p-
nitrophenoxy, imidazolyls and the like. As used herein,
Formula (IV) is referred to a polymeric ester-forming
reagent or a carbonate forming reagent. NHS is the
preferred ester forming reagént; activated carbonates or
acid chlorides are preferred carbonate forming reagents.
Example 1 shows synthesis of a Formula (IV) reagent.

When X is NH, the reagent of Formula (IV) can be
formed, for example, by first reacting glycine ethyl
ester with PEG-chloride, followed by saponification,
reaction with'N—hydroxysuccinimide (NHS) in presence of
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dicyclohexylcarbodiimide (DCC).

“The 2'-substitution reaction with the compounds of

Formula (IV) is conducted in the presence of a inert

5 organic solvent such as methylene chloride, toluene,

tetrahydrofuran or DMSO and optionally in the presence

of a base. The preferred bases are selected form the

group ‘consisting of tertiary amines such as

' triethylamine, diisopropylethylamine and pyridine.
10 Pyridine may also serve as a solvent.

The reaction temperature should be below the
decomposition temperature of taxol, preferably from about
4°C to about 115°C, most preferable about 25 to 60°C.

15 The reaction is preferably being conducted with a slight
excess of the (Formula IV) acylating agent.

H.  PROTECTING REAGENTS
7-substituted taxoids are prepared by reacting a

20 starting taxoid derivative with a reagent capable of
providing a protective group in the 2’- position.
Protective reagents are shown as Formula (V) :

0
25 R,-X- (CH,) .-C-R,
(V)
wherein:
(X) is as defined above,
(m) is a positive integer, preferably one;
30 R, is selected from lower alkyls having 1 to 4

carbon atoms, aryls, polyalkylene oxides and the like;
and
R, is a group capable of being displaced by a
nucleophilic reagent such as those identified for R, of
35 Formula (IV). |
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One preferred protecting moiety is methoxy acetate (Mac) .
Reaction conditions for attaching the protecting group in
the 2’ position of the taxoid are the same as those set
forth above in Section G. Alternatives to the protective
reagents are simply those reagents of Formula (IV). This
can be advantageous when the artisan seeks disubstituted

taxoids.

I. 7-SUBSTITUTED TAXOIDS
Once the 2’- position of the taxoid has been

protected or substituted, the 7-carbonate or 7-polymeric
ester can be formed by reacting a 2’-protected taxoid
with a Formula (IV) reagent. As was described earlier,
when (n) of (IV) is zero, a 7-carbonate is formed. When
(n) is an integer, a 7-polymeric ester, for example, is
formed. The reaction conditions, solvents, etc. are the
same as those identified above. An illustrative
compound, 2’-Mac-7-substituted taxol is shown below:

The resulting 2’ protected taxoid is then reacted
with a reagent of Formula (IV) to provide a 7-carbonate
group or a 7-PAO ester. If desired, the 2’-protective
group can be removed with an equivalent of a nucleophile
such as a primary amine such as ethanolamine after the

final 7 position modification has been carried out.
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The 7-substituted taxoid derivatives can also be
prepared by reacting a 2’'- protected taxoid with e.g.
phosgene, or derivative thereof such as triphosgene,
carbonyl diimidazole or bis succinimidyl carbonate
followed by reaction with an alcohol of the formula R,0H
to replace the leaving group (Z) in the 7-position. See
Figure (VI) below as an illustration. (Z) = chlorine,
carbonyl imidazole, succinimidyl carbonate, etc.; R, is

the same as that described above.

(VI)

This intermediate is then reacted with an alcohol of
the formula R,0H to replace the leaving group (Z). The
protecting group in the 2’ position and shown as (P) can
also be removed as described above, if desired.

J. 2', 7 DISUBSTITUTED TAXOIDS
bis-2’, 7- disubstituted taxoid derivatives can be

prepared by reacting a suitable taxoid with about 2
equivalents éf & carbonate-forming or ester-forming
reagent of Formulé:(IV) under the conditions set forth in
section G. Alternatively, different moietiés can be
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attached by first carrying out the 2’ modification with
one reagent of Formula (IV) and thereafter with a second

Formula (IV) reagent for the 7- position modification.

K. METHODS OF TREATMENT

Another aspect of the present invention provides
methods of treatment for various medical conditions in
mammals. The methods include administering an effective
amount of a modified taxoid which has been prepared as
described herein to the mammal. The compositions are
useful for, among other things, treating neoplastic
disease, reducing tumor burden, preventing metastasis of
neoplasms ana preventing recurrences of tumor /

neoplastic growths.

The amount of modified taxoid used in the treatment
methods is generally described as that amount which
effectively achieves the desired therapeutic result in
mammals. Naturally, the dosages of the various modified
taxoids will vary somewhat depending upon the taxoid
moiety and the modifications made at the 2’ and/or 7
position. In general, however, modified taxoid is
administered in amounts ranging from about 5 to about 500
mg/m? per day, based the amount of the taxoid moiety in
the conjugate. The range set forth above is
illustrative and those skilled in the art will determine
the optimal dosing of the conjugate selected based on
clinical experience and the treatment indication.

The modified taxoid of the present invention can be
included in one or more suitable pharmaceutical
compositions for administration to mammals. The
pharmaceutical compositions may be in the form of a
solution, suspension, tablet, capsule or the like,
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prepared according to methods well known in the art. It
is also contemplated that administration of such
compositions may be by the oral and/or parenteral routes

depending upon the needs of the artisan.
EXAMPLES

The following examples serve to provide further
appreciation of the invention but are not meant in any

way to restrict the effective scope of the invention.

EXAMPLE 1
PREPARATION OF PEG-5000 N-HYDROXY SUCCINIMIDE ACTIVE
ESTER

Potassium t-butoxide (1.7 g, 14.0 mmol) was added to
50 g (10 mmol) of dried methoxypolyethylene glycol (MW
5000) in toluene and stirred for 30 minutes. Ethyl
bromoacetate (3.4 g, 20.0 mmol) was then added and the
reaction mixture was refluxed for 24 hours. The reaction
mixture was then evaporated to dryness, dissolved in
methylene chloride, washed with water, dried over sodium
sulfate and evaporated to dryness followed Dby
recrystallization from 2-propanol. The PEG-ester thus
obtained (48 g) was subjected to hydrolysis in 0.1 M NaOH
(500 ml) at room temperature for 5 hours. After
acidification to Ph 5, the product was extracted with
methylene chloride. After the workup as above, the
product was recrystallized from 2-propanol (yield 44 g).

The PEG-acid obtained above (40 g, 8 mmol) was
dissolved in 400 mL of methylene chloride and treated
with diiso-propylcarbodiimide (1.51 g, 12 mmol) at 0°C.
After 30 minutes, N-hydroxysuccinimide (1.84 g, 16 mmol)
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was added and stirred at room temperature for 3 hours.

~After the workup as above, the PEG-active ester was

purified by recrystallization from 2-propanol and
characterized by NMR and non-aqueous titrations.

EXAMPLE 2
- PREPARATION OF 2’'- PEG 5000 ESTER TAXOL

Taxol (25 mg, 0.029 mmol) was dissolved in 1 mL
anhydrous pyridine in a sample tube. To this solution
300 mg (0.058 mmol) of the PEG-active ester prepared as
above was added and the tube was securely capped. The
tube was heated at 60°C and the reaction was monitored by
HPLC. When the reaction was more than 90% complete the
reaction mixture was evaporated to dryness and purified
by preparative HPLC (yield 60 mg). The product was
characterized by NMR, IR and FAB-Mass spectra.

EXAMPLE 3
PREPARATION OF 7- METHYL CARBONATE TAXOL

The N-Hydroxysuccinimidyl ester of methoxyacetic
acid (Mac-NHS) a Formula (IV) reagent, was prepared as
follows: N-Hydroxysuccinimide (2.53 g, 22.0 mmol) was
suspended ingrlo mL of methylene chloride along with
methoxyacetyl chloride (2.17 g, 20.0 mmol). Thereafter,
a solution containing diisopropylethylamine (2.84 g, 22.0
mmol) in 15 mL of methylene chloride was added. After
stirring at room temperature for 4 hours, the reaction
mixture was washed with water, dried over sodium sulfate
and evaporated to dryness. The crude product was
recrystallized from 1:1 ethyl acetate-hexane(yield 2.4 g,
64%) . The product was characterized by IR, NMR and
elemental analysis. |
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Taxol 2’ -methoxyacetate (2’/-MAc-taxol) was prepared
by heating taxol (100 mg, 0.117 mmol) with MAc-NHS (86
mg, 0.46 mmol) in 1 mL anhydrous pyridine at 60°C until
more than 99% of the taxol was converted to the product.
11 mg of methanol was added to the reaction mixture and
after 15 minutes, dissolved in methylene chloride and
subjected to the work up procedure as described above
(yield 95 mg, 88%). The product was characterized by NMR
and FAB-mass épectya.

Substitution of the 7-position was accomplished by
treating 2’-MAc-taxol (50 mg, 0.054 mmol) with methyl
chloroformate (26 mg, 0.28 mmol), and pyridine (22 mg,
0.28 mmol) in 1 mL anhydrous methylene chloride for 5
hours at 25°C. After extraction with water to remove
excess reagent, ethanolamine (3.4 mg, 0.056 mmol) was

added and stirred at room temperature overnight. After

workup as above, taxol 7-methyl carbonate was obtained,

which was characterized by NMR and FAB-Mass-spectra
(yield 40 mg, 75%).

EXAMPLE 4
PREPARATION OF 2'-PEG 5000-ESTER-7-METHYL CARBONATE
TAXOL

Taxol 2’'-PEG ester (30 mg, 0.005 mmol) prepared
according to Example 2 was dissolved in 1 mL of methylene
chloride and treated with methyl chloroformate (4.8 mg,
0.05 mmol) and pyridine (4 mg, 0.05 mmol). The reaction
mixture was heated to 60°C for 5 hours. After the workup
described above, the crude product obtained was purified
by recrystallization from 2-propanol (yield 21 mg, 70%).
The product was characterized by NMR and FAB-Mass

spectra.
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WE CLAIM:

1. A taxoid-based composition, comprising a taxoid
substituted in at least one of the 2’- and 7- positions
with a moiety of the formula:

0
Il

(I) -0-C-(CH,),-X-R,

wherein:

n = zero or a positive integer;

X = oxygen or NL, where L is selected from the group
consisting of hydrogen, C,, alkyls, aryls and aralkyls;
and

R, = a group which enhances at least one of the
properties of water solubility and therapeutic activity
of the composition when compared to the unsubstituted

taxoid.
2. The composition of claim 1, wherein said taxoid
is taxol.
3. The composition of claim 1, wherein X = oxygen.
4. The composition of claim 1, whereinn = 0 or 1.
5. The composition of claim 4, wherein R, is

selected from the group consisting of substantially
nonantigenic polymers, C,.,, ‘alkyls and substituted
alkyls.

6. The composition of claim 5, wherein said
substituted alkyls comprise a member of the group
consisting of hydroxy, amino, alkylthio, aryl and aralkyl
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moieties.

7. The composition of claim 5, wherein said
substantially nonantigenic polymer is a polyalkylene

oxide.

8. The composition of claim 7, wherein said

polyalkylene oxide comprises an alkyl terminal.

9. The composition of claim 8, wherein said alkyl-
terminated polyalkylene oxide is a monomethyl-terminated
polyethylene glycol, (mPEG).

10. The composition of claim 5, wherein said
substantially non-antigenic polymer has a molecular
weight of from about 200 to about 10,000.

11. The composition of claim 10, wherein said
substantially non-antigenic polymer has a molecular
weight of from about 1,000 to about 7,500.

12. The composition of c¢laim 11, wherein said
substantially non-antigenic polymer has a molecular
weight of from about 2,000 to about 5,000.

13. The composition of claim 5, wherein said
polymer is selected form the group consisting of dextran,
polyvinyl pyrrolidones, polyacryl amides, polyvinyl
alcohols and carbohydrate-based polymers.

14. The composition of claim 2, wherein said taxoid
is substituted in the 7 position with a methyl carbonate

moiety.
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15. The composition of claim 14, further comprising

a polymeric ester in the 2’ position.

16. A method of preparing a taxoid-based
composition, comprising reacting a taxoid with a reagent

of the formula;

0o
n
R,-X- (CH,) ,-C-R, (IV)
wherein:
(n) = zero or a positive integer;

X = oxygen or NL, where L is selected from the group
consisting of hydrogen, C,, alkyls, aryls and aralkyls;
and

R, = a group which enhances at least one of the
properties of water solubility and therapeutic activity
of the composition when compared to the unsubstituted
taxoid.

R, = a group capable of being displayed by a
nucleophilic reagent.

17. The method of claim 16, wherein said taxoid is
taxol.

18. The method of claim 16, wherein X = oxygen.

19. The method of claim 16, wherein n 0 or 1.

20. The method of claim 19, wherein R, is selected
from the group consisting of substantially nonantigenic
polymers, C,,, alkyls and substituted alkyls.

21. The method of c¢laim 20, wherein said
substituted alkyls comprise a member of the group
consisting of hydroxy, amino, alkylthio, aryl and
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aralkyl moieties.

22. The method of claim 21, wherein said
substantially nonantigenic polymer is a polyalkylene

oxide.

23. The method of claim 16, further comprising
reacting said taxoid with a protective reagent of the
Formula (V)

0
i

R,-X- (CH,) ,-C-R,
(V)

wherein:

(X) is oxygen or NL, where L is selected from the
group consisting of hydrogen, C,, alkyls, aryls and
aralkyls;

(m) is a positive integer;

R, is selected from lower alkyls having 1 to 4
carbon atoms, aryls, polyalkylene oxides and the like;
and

R, is a group capable of being displaced by a
nucleophilic reagent, prior to said reacting step with
reagent of Formula (IV).

24. A method of treating a taxoid-susceptible
condition in mammals, comprising administering an
effective amount of a taxoid composition of claim 1.

25. The method of claim 24, wherein said taxoid

composition is taxol.

26. The method of claim 25, wherein said taxoid is
substituted in the 7-position with a methyl carbonate

moiety.



WO 95/11020 PCT/US94/12133

20

-

27. The method of claim 26, wherein said taxoid is

substituted in the 2’-position with a polymeric ester.

28. The composition of claim 5, wherein said
substantially non-antigenic polymer has a molecular
weight of from about 20,000 to about 80,000.

29. The composition of claim 28, wherein said
substantially non-antigenic polymer has a molecular
weight of from about 30,000 to about 50,000.

30. The composition of claim 29, wherein said
substantially non-antigenic polymer has a molecular
weight of from about 35,000 to about 45,000.

31. The composition of <c¢laim 7, wherein said
polyalkylene oxide is a homobifunctional polyalkylene
oxide, the alpha terminal thereof linked to X. '

32. The composition of claim 31, wherein the omega
terminal of said polyalkylene oxide is linked to a
taxoid.
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