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Seco-baccatin III derivatives of formula:

RH

wherein R, R,-R_, [R'] R, [R"'] R”, and [R'"'] R are
disclosed herein; pharmaceutical compositions comprising
seco-baccatin 111 derivative; and methods for treating cancer,
arthritis, and inhibiting angiogenesis in an animal compris-
ing administrating to a patient in need thereof a therapeut-
cally effective amount of a seco-baccatin III dernivative are
disclosed.
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SEMI-SYNTHETIC TAXANES WITH
ANTITUMOR AND ANTIANGIOGENETIC
ACTIVITIES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application 1s a continuation of PCT/EP01/00386
dated Jan. 15, 2001.

FIELD OF THE INVENTION

The present invention relates to seco-baccatin 111 deriva-
tives.

TECHNICAL FIELD

Taxane-skeleton diterpenes, in particular Pacliataxel and
Docetaxel, are at present used 1n medicine for the treatment
of tumors of different origin.

However, the presently available taxane derivatives have
remarkable side eflects and also quickly induce resistance,
analogously to other antitumor drugs.

The present invention relates to derivatives of seco-
baccatine 111, which 1s disclosed 1n U.S. Pat. No. 5,756,776,
characterized by bioavailability through the oral route,
reduced toxicity and extremely high antiangiogentic activity.

SUMMARY OF THE INVENTION

The compounds of the present invention have the follow-
ing general formula (I)

R —CO—NH

RH‘

wherein

R and R, which can be the [sane] same or different, are
hydrogen, a C,—C, acyl group, an optionally substi-
tuted aroyl group or a —CONR R, wherein R, and R,
which can be the same or different, are C,—C, alkyl,
benzyl, or phenyl groups;

R, 1s hydrogen or forms with R; a carbonate or thiocar-
bonate residue;
R, 1s hydrogen, —OR. group, wherein R. 1s hydrogen, or
it forms with R, a carbonate or thiocarbonate residue;
R, 1s a benzoyl group optionally substituted at the meta-
position, or hetaroyl group;
[R'] R’ is hydrogen or a C,—C, alkyl group:;
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2
[R'']R"is a C,—C, alkyl, a C,—C, alkenyl, aryl or hetaryl;
[R"'] R is a C,~C, alkyl, C,—C,, acyl, aryl group or
tert-butoxy group, with the proviso that R and R, cannot be
both hydrogen.

L1

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

A C,—C,, acyl group 1s preferably a formyl, acetyl,
n-propanoyl, n-hexanoyl group.

An optionally substituted aroyl group 1s preferably
benzoyl, optionally substituted with one or three substituents
selected from halogen atoms or C,—C, alkyl, C,—C, alkoxy,
C,—C, haloalkyl, C,—C, haloalkoxy, cyano, nitro groups.

A meta-substituted benzoyl group is preferably a 3-halo-
benzyl or 3-methoxybenzoyl group.

A hetaroyl group 1s preferably a 3- or 6-membered
heteroaryl having one or two oxygen, nitrogen or sulfur
atoms 1n the ring and substituted with a carbonyl group, for
example 2- or 3-thenoyl, micotinoyl, 2- or 3-furoyl.

Aryl 1s preferably phenyl and hetaryl i1s preferably 2- or
3-furyl, 2- or 3-thienyl, 2- 3- or 4-pyridyl.

A preferred group of compounds of formula (I) 1s that 1n
which:

R and R,, which are the same, are a C,—C, acyl group,
an optionally substituted benzoyl group as defined
above or a CONR R, group, more preferably R and R
are acetyl or 3,4,5-trimethoxy-benzovyl;

R, 1s hydrogen;

R, 1s hydrogen;

R, 1s benzoyl;

R' 1s hydrogen or methyl;

R" 1s C,—C, alkyl or C,—C,. alkenyl, more preferably
1sobutyl or 1sobutenyl;

R™ 1s a tert-butoxy group.

A Turther group of preferred compounds 1s the one 1n
which R 1s hydrogen and R, 1s an acyl, aroyl or CONRR,
group as defined above, R, and R, are hydrogen, R, 1s
benzoyl, R, 1s hydrogen or methyl, R" 1s C,—C, alkyl or
C,—C, alkenyl and R™ 1s tert-butoxy.

The esterification of the hydroxyls at C-7 and C-9
induces, compared with known compounds, an increase 1n
the cytotoxic activity on the resistant cell lines as well as
improved absorption through the oral route. The compounds
of the invention are less potent than Paclitaxel, taken as the
reference drug, in binding with tubulin, while keeping
comparable cytotoxicity on the sensitive cancer lines. These
compounds mainly differ from those of prior art in the
antiangiogenetic activity. Table shows the 1n vivo activity of
some C-seco-10-dehydro-10-deacetyl-7,9-bisacetyl-
baccatine III and C-seco-10-dehydro-10-deacetyl-7.,9-
bisacetyl-1,14-carbonate-baccatine III derivatives having
the same 1soserine chain.

The antiangiogenic activity was evaluated by means of
the Matrigel test, 1n which angiogenesis 1s induced by FGF-2
(150 mg/pellet) adsorbed on a Matrigel pellet (12.5 mg/ml,
0.5 mL) mjected subcutaneously in C57/BL6N mice.

The tested compound was administered through the oral
route daily or through the intraperitoneal route on alternate
days, at the shown concentration. After 7 days, the angio-
genic response was evaluated by measuring the hemoglobin
content 1n the pellets, according to the procedure by Drab-

kin.
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TABLE

In vivo antiangiogenetic activity of the compound of example II.

Compound Hemoglobin g/dl %
Control 0.01 = 0.001 —
FGF-2 0.03 = 0.001 +300
Example II

90 mg/kg 1.p. 0.015 = 0.001 -50
150 mg/kg p.o. 0.009 £ 0.001 -70
Example VII

50 mg/kg 1.p. 0.014 —-40
100 mg/kg p.o. 0.009 -70

The compounds of the mvention are prepared by reacting
C-seco-10-dehydro-10-deacetyl-7,9-hydroxy baccatine III
described 1n U.S. Pat. No. 5,756,776 with a carboxylic acid
reactive derivative (chloride or anhydride), according to
known acylation methods.

The C7 and C9 diesters can be prepared by using at least
two equivalents of the reactive derivative. The carbamate
groups can be mtroduced with conventional methods, for

example by reaction with phosgene and an amine of fer'mula
R, R,NH.

The resulting compounds are then reacted, according to
known procedures, with an 1soserine derivative, usually an

oxazolidine derivative, which, by acid treatment under mild
conditions gives compounds (I).

The compounds of the invention are characterized by low
systemic toxicity: at doses eflective in 1nhibiting the tumor
growth they induce neither weight loss nor evident neuro-
toxicity; 1n the nude mouse transplanted with human tumor
cells, a dose of Paclitaxel, used as the reference drug,
exerting the same antitumor activity, also mduces tremors
and weight loss up to 20%.

The compounds of the present invention, thanks to their
high water solubility, can be easily formulated 1n injectable
preparations.

Compounds (I) can also be formulated in the form of
conventional oral compositions (capsules or tablets).

Thanks to theiwr low toxicity, compounds (I) can be
administered intravenously at dosages up to 600 mg/m” and
orally at dosages up to 1000 mg/m*. Dosages can be
decreased to 50 mg/m” in the treatment of rheumatoid
arthritis.

The following examples further illustrate the mvention
without limiting 1ts scope.

EXAMPLE I

Preparation of C-seco-10-dehydro-10-deacetyl-7.9-
bis-acetyl-baccatine III

A solution of 300 mg of 10-dehydro-10-deacetylbaccatine
[II 1n 5 ml of methanol 1s added with 1 equiv. of CeCl,.3H,0O
and the reaction mixture 1s stirred for 10 min. After complete
dissolution, 80 mg of NaBH, are added 1in small portions.
After 10 min the solution 1s treated with an equal volume of
a NH,Cl aqueous solution and extracted with CH,Cl,. The
ehlerlnated solvent 1s removed, the residue 1s taken up in 1
ml of pyridine, cooled to 0° C. in 1 h, then added with 150
mg of acetic anhydride. The solution i1s left to stand for 2 h
at 0° C., then diluted with 10 ml of water and back- extracted
with CH Cl,. The chlorinated solvent 1s distilled off under
vacuum and the residue 1s chromatographed on silica gel
cluting with a mixture of n-hexane/ethyl acetate to obtain
260 mg of C-seco-10-dehydro-10-deacetyl-7,9-bis-acetyl-
baccatine III (m/z 630).
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EXAMPL,

(L]

11

Preparation of 13- (2R, 35)-3-iso-butyl-2-hydroxy-
3-tert-butoxycarbonylamino-propanoyl |-C-seco-10-
dehydro-10-deacetyl-7,9-bis-acetyl-baccatine 111

630 mg of C-sero-10-dehydro-10-deacetyl-7,9-bis-acetyl-
baccatine 111 are dissolved 1n 5 ml of toluene and added with
335 mg of dicyclohexylcarbodiimide (DCC), 500 mg of
(45,5R)-N-Boc-2-(2,4-dimethoxyphenyl)-41sobutyl-5-
oxazolidine-carboxylic acid and 20 mg of
4-dimethylaminopyridine. The solution 1s heated at 60° C.
for 24 h, then treated with ethyl acetate and a NaHCO,
saturated solution. The organic phase 1s dried and filtered
through silica gel to remove urea. The solvent 1s evaporated
to dryness under vacuum and the residue 1s taken up in
methanol/hydrochloric acid, keeping a temperature of 0° C.
for 1 h. The solution 1s neutralized to pH 5, then diluted with
water and the desired compound 1s back-extraeted with
CH,CI,. The solvent 1s evaporated ofl to obtain 700 mg of
3-[(2Rj 3S)-3-1so-butyl-2-hydroxy-3-tert-
butoxycarbonylamino-propanoyl|-C-seco 10-dehydro-10-
deacetyl-7,9-bis-acetyl-baccatine III.

EXAMPLE

111

Preparation of 13- (2R, 3S)-3-phenyl-2-hydroxy-3-
tert-butoxycarbonylamino-propanoyl}-C-seco-10-
dehydro-10-deacetyl-7,9-bis-acetyl-baccatine 111

630 mg ol C-seco-10-dehydro-10-deacetyl-7,9-bis-
acetyl-baccatine III are dissolved i 5 ml of toluene and
added with 335 mg of DCC, 325 mg of (45,5R)-N-Boc-2-
(2,4-dimethoxyphenyl)4-1sobutyl-5-oxazolidine-carboxylic
acid and 20 mg of 4dimethylaminopyridine. The solution 1s
heated at 60° C. for 24 h, then treated with ethyl acetate and
a NaHCO, saturated solution. The organic phase 1s dried and
filtered through silica gel to remove urea. The solvent is
evaporated to dryness under vacuum and the residue 1s taken
up 1n methanol/hydrochloric acid, keeping a temperature of
0° C. for 1 h. The solution 1s neutralized to pH 5, then diluted
with water and the desired compound 1s back-extracted with
CH,CI,. The solvent 1s evaporated ofl to obtain 700 mg of
13-](2R, 3S)-3-1so-butyl-2-hydroxy-3-tert-
butoxycarbonylamino-propanoyl |-C-seco-10-dehydro-10-
deacetyl-7,9-bis-acetyl-baccatine III, which is crystallized
from ethyl acetate to yield 645 mg of pure compound.

EXAMPLE

IV

Preparation of C-seco-10-dehydro-10-deacetyl-7.9-
bis-trimethoxybenzoyl-baccatine 111

A solution of 546 mg of C-seco-10-dehydro-10-deacetyl-
baccatine III 1n 3 ml of pynidine 1s added with 375 mg of
trimethoxybenzoyl chloride in small portions. After 3 h the
solution 1s poured into 30 ml of water and extracted with
CH,Cl,; the organic phase 1s washed with acids until pyri-
dine 1s completely removed. The solvent 1s evaporated ofl to
obtain 905 mg of C-seco-10-dehydro-10-deacetyl-7,9-bis-

trimethoxybenzoyl-baccatine III. (m/z 936).

EXAMPLE V

Preparation of 13- (2R, 3S)-3-phenyl-2-hydroxy-3-
tert-butoxycarbonylamino-propanoyl}-C-seco-10-
dehydro-10deacetyl-7,9-bis-trimethoxybenzoyl-
baccatine 111

930 mg of 13-[ (2R, 3S)]-C-seco-10-dehydro-10-deacetyl-
7,9-bis-trimethoxy-benzoyl-baccatine 111 are dissolved 1n 15
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ml of toluene and added with 335 mg of DCC, 525 mg of
(4S, 5R)-N-boc-2-(2,4-dimethoxyphenyl)4isobutyl-5-
oxazolidinecarboxylic acid and 20 mg of
4-dimethylaminopyridine. The solution 1s heated at 60° C.
for 24 h, then treated with ethyl acetate and a NaHCO,
saturated solution. The organic phase 1s dried and filtered
through silica gel to remove urea. The solvent 1s evaporated
to dryness under vacuum and the residue i1s taken up in
methanol/hydrochloric acid, keeping a temperature of 0° C.
for 1 h. The solution 1s neutralized to pH 5, then diluted with

water and the desired compound 1s back-extracted with
CH,CI,. The solvent 1s evaporated off to obtain 940 mg of
13-(2R, 38)-3-1sobutyl-2-hydroxy-3-tert-
butoxycarbonylamino-propanoyl |-C-seco-10-dehydro-10-
deacetyl-7,9-bis-trimethoxybenzoyl-baccatine 111, which 1s
crystallized from ethyl acetate to yield 878 mg of pure
compound.

EXAMPL.

(L]

VI

Preparation of C-seco-10-dehydro-10-deacetyl-7,9-
bis-acetyl-baccatine I1I 1,14-carbonate

1 ¢ of 10-deacetyl-14p-hydroxybaccatine III 7,74
carbonate, prepared as disclosed 1n U.S. Pat. No. 5,698,712,
are dissolved 1n methanol and treated with 6 g of Cu(OAc)2
and the reaction mixture 1s stirred for 120 hrs. The salt 1s
filtered off, the solvent 1s removed and the residue 1s
chromatographed on silica gel column, eluting with a 6:4
mixture ol hexane/ethyl acetate, to obtain 0.9 g of
10-dehydro-10-deactyl-14,p-hydroxy-baccatine III
1,14carbonate (M+368). 300 mg of this compound are
dissolved 1in methanol and treated with 1 equiv. of
CeCl;.3H,0 and the reaction mixture 1s stirred for 10 min.
After complete dissolution, 80 mg of NaBH, are added 1n
small portions. After 10 min the solution 1s treated with an
equal volume of a NH,Cl aqueous solution and extracted
with CH,Cl,. The chlorinated solvent 1s removed, the resi-
due 1s taken up 1n 1 ml of pyridine, cooled to 0° C. 1mn 1 h,
then added with 150 mg of acetic anhydride under stirring.
The solution 1s left to stand for 2 h at 0° C., then diluted with
10 ml of water and back-extracted with CH,Cl,. The chlo-
rinated solvent 1s distilled off under vacuum and the residue
1s chromatographed on silica gel eluting with a mixture of
n-hexane/ethyl acetate to obtain 250 mg of C-seco-10-
dehydro-10-deacetyl-7,9-bis-acetyl-baccatine III 1,14-
carbonate (m/z 658).

EXAMPLE VII

Preparation of 13-[ (2R, 35)-3-1sobutyl-2-hydroxy-3-
tert-butoxycarbonylamino-propanoyl]-C-seco-10-
dehydro-10-deacetyl-7,9-bis-acetyl-baccatine III 1,
14-carbonate

600 mg of C-seco-10-dehydro-10-deacetyl-7,9-bis-
acetyl-baccatine III 1,14-carbonate are treated as described
in Example 11, to obtain 680 mg of the title compound.
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What 1s claimed 1s:
[1. A compound of formula:

RIN—CO—NH O

R'" —CO—NH s,

R ()il

-
-
-~
C

0A

%"IIIIH-

OKk; y

wherein R and R, are each independently hydrogen, a
C,—C,s acyl group, an aroyl group which may be
substituted or unsubstituted, or —CONR R;

R, is hydrogen or R, forms a carbonate [or thiocarbonate]
with R;;

R, is [hydrogen,] /Zvdrogen or —OH, or R, forms a
carbonate Jor thiocarbonate] with R,;

R, 1s a benzoyl group which 1s unsubstituted or substi-
tuted at the meta position or a hetaroyl group;

R, and R, are a C,—C, alkyl group, a benzyl group, or a
phenyl group;

[R'] R’ is hydrogen or a C,—C, alkyl group;

[R"']R"is a C,—C, alkyl group, a C,—C, alkenyl group,
an aryl group, or a hetaryl group; and

[R"'] R is a C,—C, alkyl group, a C,—C, acyl group,
an aryl group, or a tert-butoxy group, with the proviso
that both R and R, cannot be hydrogen.

2. The compound of claim 1, wherein both R and R, are

a C,—C, 4 acyl group, an aroyl group which may be substi-
tuted or unsubstituted, or —CONR R-;

R, 1s hydrogen;

R, 1s hydrogen;

R, 1s benzoyl;

[R'] R’ is hydrogen or methyl;

[R"]R"is a C,—C, alkyl group or a C,—C alkenyl group;
and

[R*''] R is a tert-butoxy group.

3. The compound of claim 2, wherein R and R, are acetyl
or 3,4,5-trimethoxybenzoyl.

4. The compound of claim 2, wherein [R"'] R"” is isobutyl
or 1sobutenyl.

5. The compound of claim 1, wherein R and R, are acetyl
or 3,4,5-trimethoxybenzoyl and [R''] R” is isobutyl or
1sobutenyl.

6. The compound of claim 1, wherein R 1s hydrogen;

R, 1s a C,—C, 4 acyl group, an aroyl group which may be
substituted or unsubstituted, or —CONRR;

R, and R, are hydrogen;

R, 1s benzoyl;

[R'] R’ is hydrogen or methyl;

[R'"]R"is a C,—C, alkyl group, a C,—C, alkenyl group;
and

[R"'] R is a tert-butoxy group.
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7. The compound of claim 1, selected from the group

consisting of

[13-[ (2R, 3S)-3-iso-butyl-2-hydroxy-3-tert-
butoxycarbonylamino-propanoyl|-C-seco-10-dehyrdo-
10-deacetyl-7,9-bis-acetyl-baccatine 1II]

I3-[(2R, 38)-3-iso-butyl-2-hydroxy-3-tert-
butoxycarbonylamino-propanoyl|-C-seco-10-dehydro-
10-deacetyl-7,9-bis-acetvi-baccatine 11,

[13-[(2R, 3S)-3-phenyl-2-hydroxy-3-tert-
butoxycarbonylamino-propanoyl|-C-seco-10-dehyrdo-
10-deacetyl-7,9-bis-acetyl-baccatine 1II]

I3-[(2R, 385)-3-phenv/-2-hydroxy-3-tert-
butoxycarbonylamino-propanoyl]-C-seco-10-dehydro-
10-deacetyl-7,9-bis-acetyl-baccatine III,

[13-[(2R, 3S)-3-phenyl-2-hydroxy-3-tert-
butoxycarbonylamino-propanoyl]-C-seco-10-dehyrdo-
10-deacetyl-7,9-bis-trimethoxybenzoyl-baccatine III]

I13-[(2R, 385)-3-phenvi-2-hydroxy-3-tert-
butoxycarbonylamino-propanoyl]-C-seco-10-dehydro-
[ 0-deacetyl-7,9-bis-trimethoxybenzovi-baccatine 111,

[13-[(2R, 38S)-3-phenyl-2-hydroxy-3-tert-
butoxycarbonylamino-propanoyl|-C-seco-10-dehyrdo-
10-deacetyl-7,9-bis-acetyl-baccatine III 1,14-
carbonate]

I13-[(2R, 38)-3-phenvi-2-hydroxy-3-tert-
butoxycarbonylamino-propanoyl|-C-seco-10-dehydro-
[0-deacetyl-7,9-bis-acetyl-baccatine III 1,14-
carbonate.

8. A pharmaceutical composition comprising the com-
pound of claim 1 and a pharmaceutically acceptable carrier.
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9. A pharmaceutical composition comprising the com-
pound of claim 2 and a pharmaceutically acceptable carrier.
10. A pharmaceutical composition comprising the com-
pound of claim 3 and a pharmaceutically acceptable carrier.
11. A pharmaceutical composition comprising the com-
pound of claim 4 and a pharmaceutically acceptable carrier.
12. A pharmaceutical composition comprising the com-
pound of claim 5 and a pharmaceutically acceptable carrier.
13. A pharmaceutical composition comprising the com-
pound of claim 6 and a pharmaceutically acceptable carrier.
14. A pharmaceutical composition comprising the com-
pound of claim 7 and a pharmaceutically acceptable carrier.
15. A method of treating cancer comprising administering
to a patient in need thereof a therapeutically eflfective
amount of the compound of claim 1.

16. The method of claim 15, wherein the compound 1s
administered to the patient intravenously 1n an amount of up
to 600 mg/m”.

17. The method of claim 15, wherein the compound 1s
administered to the patient orally 1n an amount of up to 1000
mg/m-~.

18. A method of treating rheumatoid arthritis comprising
administering to a patient 1n need thereof a therapeutically
ellective amount of the compound of claim 1.

19. The method of claim 18, wherein the compound 1s
administered to the patient in an amount of up to 50 mg/m=.

20. A method of mhibiting angiogenesis comprising
administering to a patient 1n need there of a therapeutically
ellective amount of the compound of claim 1.

¥ ¥ # ¥ ¥
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