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(57) Abstract

The present invention relates to novel derivatives obtained by oxidation and the stereospecific reduction of - 10-deacetylbaccatine III,
and successive esterification with a variously substituted isoserine chain to prepare taxol analogues. The products of the invention have
cytotoxic and anti-tumoural activities and, when suitably formulated, can be administered by injection and/or orally.




taxol, extracted fromtissue culture of al bunmen of Taxus speci es,
havi ng a marked cytotoxic activity. 10 The present invention
relates to novel taxane- skel eton derivatives obtained by :
.sem synthesis and having a power f ul anti-tumoural activity.

The
20

derivatives of the_invention have fornula (1): [err]

o
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They can be qk%i%ﬁ 4|nto two series: 25 Q) t axane derivatives -
cont ai ni ng §o3 olefinic bond at the 11, 12- PS3EPO#3$&nd

a. hydroxy or acyl oxy (taxanes of
2 [err]

Diterpenes .'with taxane skeletons, and in
particular taxol, are known to have an anti-tumoural |
action against numerous human tumours. However, the use
of _;hese drugs, particularly taxol,_ involves some

S  drawbacks due to unwanted side effects. For this
reason, and since  these anti-tumoural treatments
rapidly induce resistance, the development of new
molecules whose use reduces the ‘problems observed in

-_clinical use is of interest. )

10 - The present invention relates to novel taxape-
skeleton derivatives 'obtained by semisynthesié and
having a powerful anti-tumoural activity. The

derivatives of.the invention have formula (1):

15
&ﬁ:z
i
L,
: IN 1
M
20 OH_
(1) |
They can be divided into two series: _
_25 -a) taxane derivatives containing a double oiefinic

bond at’ the 11,12~ position and a hydroxy or

acyloxy group at the' 10a-position (taxanes of

formula la)
This Sheet Has Been Reﬂlaced
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10 b) taxane derivatives cont ai ni ng a single bond

bet ween t iy sgizheyn atons in 11 and 12, the nmethyl ' @ I ng
a-oriented, and 57T7ﬂ1my—ﬁf—aeyLox¥ group in pos I on i Ferﬂ
(taxane of forR [err] 20 (1b)
(Rlerr] = OH « “acy W °‘“’ . In taxanes of general
formula (1), whi ch may be the sane or
dlfferent are a C[ 2 -
' :
OH
(ia) (33 = H; Ry = OH or acyloxy)
10 b) taxane derivatives containing a single bond

between the carbon atoms in 11 and 12, the methyl
in 12 _be:.ng a-or:l.ent.ed and a hydroxy or acyloxy

group in position 108 (taxane of formula 1b)

15

20

(1b) (83 = OH or acyloxy; Ry = H)

In taxanes of ‘general formula (1), R; and R,
which may be the same or different, are a Cq-Cg alkyl,
25 .CZ'CS alkenyl, aryl (preferably phenyl) or heteroaryl
group Rz can also be a tert-butoxy group.
In compounds of formula (1a), Ry is hydrogen and
R4 is a hydroxy or c2-08 acyloxy group.
In compounds of formula (1b), Ry is a hydroxy or
30 Co-Cg acyloxy group and R4 is hydrogen.

Taxanes of formula (1) = are prepared by



25 Cerr]-(Jerr

; al kenyl, aryl (preferably phenyl) or heteroaryl

‘group. R er VO3 so be' a tert-butoxy group. - | n BEFEBAMI8960S
‘formula (la), R3 is hydrogen and Rerr] is a hydroxy or (Jerr]-Cerr]
acyl oxy group, with the proviso that when R1 and R2 are phenyl, R4 is
~not acetyl .. I n conpounds of formula (1b), R err] is a hydroxy
or 30 Cerr]-Cerr] acyloxy group_.and R err] is hydrogen.

Taxanes of fornmula (1). are prepared3 by WO 96/ 03394

PCT/ EP95/ 02896 esterificating at the 13-posifion the SAbER' is¥ntdnleBd &
the 13-position the new syntones of formula (2), using suitably

activated isoserinefehmuba (2), using suitably activated isoserine chains
as acyiating agents, acco;ding to _Qhat reported in
literature for thé semisynthesis of taxol and its
_5 analogues) (see, for example, EP-A- 400971, 1992, Fr.
Dem. 86, 10400; E. bidier et al., Tetrahedron Letters
35, 2349, 1994; E. Didier at al., ibid. 35, 3063,

1994).

In formula (2)

10

15

(2)

wherein:

20 when a double olefinic bond is present at the 11,12-
position, Rg is a hydrogen atom, R4y and Rg are hydroxy,
C,-Cg acyloxy, alkylsilyloxy or 2,2,2-trichloroethoxy-
carbonyloxy groups; |
when a double olefinic bond is not present at the

25 11,12~ position, the methyl at the 12- position is a-
oriented, Ry is.a hydrogen atom, R3 and Rg are hydroxy,
Cy-Cg acyloxy, alkylsilyloxy or 2,2,2-trichloroethoxy-
carbonyloxy groups. ' |

In particular, syntones pf fo?mula (2a) are used

30 for the s?nthesis of the novél taxanes of formula (1a).

On. the other hand, syntones of formula (2b) are



as acyl ating agents, according to what reported in literature for
t he senisggiaﬁ%B of taxol and its 5 anal ogues) (see, for exanple

EP- A- 400 - Dem 86, 10400; E. Didier %‘ET’EP”'M % |
Tetrahedron Letters 35, 2349, 1994; E. Didier at al. i bid.
35, 3063, 1994). In formula (2) 10

[err] . (2) ' wherein: 20 when
a doubl e olefinic bond is present at th& 11,12- position, Rlerr] is a
hydrogen atom Rerr] and Rlerr] are hydroxy, C2- C8 acyl oxy,

al kyl si |yl oxy Oreﬁpio¥earlﬁ$&0rﬂﬁi h@ynthes:.s of the novel taxanes of
formula (1b).

10 !
| (2a) |
In syntohes (2a); a double olefinic bond "is
present at the 11,12- position, and a C,-Cg acyloxy
groﬁp 6r_ an optionally prétected hydroxy group are
15 present at the 10a - position. Therefore, in syntones
(2a), Rg is hydrogén,'R4 and Rg are hydroxy, acyloxy,
alkylsilyloxy (such as triethylsilyloxy, O-TES) or
2,2,2-trichloroethoxycarbonyloxy (O-CO-O-CHZCCI3, 0-
| TROC) groups. |
20
25
(2b)
In syntones (2b), the éarbon:atoms at the 11- and
12- p081t10ns are bonded by a single bond the methyl
30. - at the 12- p051t10n is a -orlented, and an acyloxy .

group or an optionally protected hydroxy group are



car bonyl oxy groups; when a double olefinic bond is not present at the
25 11, 12-° 1083%n, the net hyl at the 12- position is a- PCT/EPI501886t ed,
Rrerr] is a hydrogen atom R[err] and Rl err] are hydroxy, '
Clerr]-Cerr] acyloxy, "al kylsilyloxy or 2,2,2-trichloroethoxy-

car bonyl oxy groups. In parklcular syntones of formul a (2a) are
used 30 for the synthesis of the novel taxanes of fornula (Ia).

On the other hand, syntones of fornBl a (2b) are WD 96/ 03394

T P08 02000, BRA1eTS a5, 279 100 - pakyibe, retURLRYYO 0
(2b), Ry is hydrogen, R3 and Rg are hydroxy, acyloxy,
alkylsilyloxy (such as triethylsilyloxy, O-TES) or
2,2,2-trichloroethoxycarbonyloxy :(O-CO-O-CHZCCI3, o-

5 TROC) groups. _

B Aftér esterificating at the: 13- position the
syntones (2) with the isoserine chain, the protective'
groups are removed by conventional methods known in
literature, thérebi obtaining the novel taxanes of

10 Formula (1). '
10-Deacetylbaccatine | I1I (3), which can be‘
isolated from the leaves of nggg Baccata (G. Chauvidre
et coll., C.R. Acad. Sc. Ser. III, 293; 591 [1981]), is
used as the sole starting product for the preparation
15 of syntones (2a) and (2b). |
Syntones of formula (2a), which are not known in
literature, are obtained (Scheme 1) from (3) by
oxidation at the 10- position with copper (II) acetate,
to give diketone (4), and subsequent reduction with
20 sodium borohydride in the presence of cerium (III)
salts. _ _
The resulting product (2a, R; = H, R, = Rg = OH),
which is the epimer at the 10- position of (3), is
suitably proteéted at the 7- and 10- positions and used

25 for the synthesis of taxanes (1la).



5 | - (2a) In syntones

(2a), a 3940l €finic bond is present at the 11, 12- glgmtlon
and a Jerr]- err] acyl oxy group or an optional |y HST8ES
hydroxy group are 15 present at the 10a - position. Therefore, in

synt ones (2a), R3 is hydrogen, R4 and R5 are hydroxy, acyl oxy,

al kyl silyloxy (such as triethylsilyloxy, OTES) or -
2,2,2- tr|chloroethoxycarbonyloxy (O CoO-CHerr]CO[err], O
TR@) gr oups 20 . _ [err]

Scheme 1

———t= 23 (R,=H, R, =R_sCH)
CeCly 3 45

20 The new secotaxane (5) is obtained as a by-product

of th_e reaction sequence given in Scheme 1 |

25

30 S (5)

Secotaxane (5) cah be used for the'".synthesi'_s of



13 .
(2b) In syntones (2b), the carbon atons at the 11- and
12- position¥Waead3d@nded by a single bond, the nethyl 30 RCTE®5/038%6

pesition is a -oriented, and an acyl oxy. . group or an °
optionally protected hydroxy group are WO 96/ 03394

PCT/ EP95/ 02896 : 5° present at the 10a
- position. Therefore, in syntones (2b), Rlerr] is hydrogen, R err]
and Rl err] are hydroxy, acyl oxy, al kyl silyl oxy (such as _

triethylsityloxy, Of-ur%axegrtaxanes with potential anti-tumoural activity.

The present invention also relates to novel
seco;axane-skeleton derivatives prepared by
semisynthesis and having a powerful anti-tumoural

5 activity. Said derivatives have formuia {5a)

RLCONH ™
10 : ]
s; 20
15 - . : (5a)
wherein:
Ry and R,, which can be the same or different, are a
C,~Coq alkyl, Co-Cg alkenyl, aryl (preferably phenyl)
or heterocaryl groups. Ré can also be tert-butoxy.
20' Taxanes of formula (5a) are prepared by

esterificating compound of formula (5) in position 13,
using the suitably activated isoserine chains as
acylating agents, as reported in literature for the
- semisynthesis of taxol and analogues thereof (see for

25 | example EP-A- 400,971; E. Didier et al., Tetrahedron
Letters 35, 2349, 1994; E. Didier at al., ibid. 35,
3063, 1994). The hﬁ*droxy groups of compoun_d'(S) can
'optio.nally be prptécted with suitable protective
groups, according to conventional methods.

30 ‘After the esterification of compound (5) at the

13- position with the isoserine chain, the protective



2,2,2-trichl oroethoxycarbonyloxy (O CO-OCHerr]CO[err], o 5 TROC)
gr oups After esterificating at the 13- p05|t|on t he

synt ones &?9%'313%4 the isoserine chain, the protective ST’EE’E%"’%%
removed by conventional nethods. known in literature, thereby

obtaining the novel taxanes of 10 Formula (1).

10- Deacet yl baccatine [11 (3), which can be I sol ated fromthe

| eaves of Taxus Baccata (G Chauviere g et coll., CR Acad. Sc. Ser.
I, 293, 591 [1981]), is . used as the sole starting product for the
preparation 15 gabupsnt anes 'z(ém)vexhd aciording to condymtibomsl ofmetivods a
(2a), -which are got known i_n Iterature, are qgbtained (Schene 1) from

(3) by i BBOMEN W (ASeratusey (FRSLBYH AAMIAG | FospErsRBes of

- to give diketoneg 64%1:111%”‘15% bsequent reduction wth 20 sodi um bor ohydri de
in the presence ceriu (rer) salts. The resulting
~product (2a, Rierr] =shntbopesr |of Rfermhla @2b), whickhiatle imot hknewnmim at
the 10- position of (3), is suitably protected at the 7- and 10-

posi tions afd usddtezature, @re Aancebtadned fanms 10-Heacetylbaggoatine

96/ 03394 III (3) (Scheme 2). It has been foundpﬁ IEP%5/ Ozg%gtlon
of (3) with m-chloroperbenzo:.c acid (MCPBA), the
.corr.e'sponcliing 13-ketoderivative (6) is obtained. After
protecting the hydroxyl at the 7- position with :
iO triethylsilyl chloride (TESCl), by reduction with (

sodium borohydride in ‘the presence of cerium (III)
salts, (6) gives syntone (2b) (R3 = OH, Ry = H, Rg = O-
TES), which can be useful for the synthesis'df taxanes
of formula (1b). The a -orientation of the methyl at
15 the 12- position in syntones (2b) has been deduceﬁ by
means of thorough studies using nuclear magnetic

resonance.



Schene 1

PCT/EP95/02896

WO 96/03394
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[err] 20

15
The new s (5) is obtained as a by-product of t 2t ion
sequence given in Scheme 1 [err] 25 $Ofmbsiidse

10

15

10

The products of the present invention were
screened for their cytotoxic effect on different tumour

cell lines, comparing their action with that of taxol.

- Table 1 shows the IC56 data, compared with'those found
for taxol, of the compounds 13-[(2R, 3S)-3-phenyl-2-

hydroxy-3-tert;butoxycarbonylamino-propanoyl]-lo-epi-
10-deacetylbaccatine III (1a,‘R1 = Ph, R, =tBuO, R3 =
H, R, = OH), 13-[(2R, 3$)-3-phenyl-24hydroxy-3-tert-
butoxycarbonylamino-propanoyl]-10-deacetyl-11,12-

dihydrobaccatine III (1b, Ry = Ph, Ry =tBuO, Ry = OH,

Ry = H), 13-[(2R, 38)-3-phenyl-2-hydroxy-3-tert-butoxy-
Carbonylamino-propanoyl]—C-seco-10-deacetylbaccatine'

1T (5a, R, = Ph, R, = 'tBu0) and 13-[(2R, 3§)-3-
isobutyl-z-hydrbxy-3-caproylamino-propanoy1]¥c—seco-10-

deacetylbaccatine (5a, Rl = isobutyl, R2 = caprovyl).

¢ This Sheet Has Been Reilaced
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15 | (5a) wher ei n: Rlerr] and

Rlerr], which can be the sane or different, are a CL,erIrEl’.-.Ci][err]

al kyl, C{WPPF0¢rr] al kenyl, aryl (preferably phenyl) PCT/EPE}0289

het eroaryl groups. Rerr] can also be tert-butoxy. 20 Taxanes of
formul a ( Sa=——are——precpareq by esterificating conpound of
formula (5) | M-posHETE oA B3N 'l! using the suitably activated isoserine
chains as acyi*dtrfg’ agentls, as reported in literature for the

seni synt hesi'ssot—taxof —and anal ogues t & eof (see for 25 exanple EP-A-
400,971; E. Didier, et al., Tetrahedron Letters 35, 2349, 1994, E
Didier at al., ibido 35 % 3063, 1994). The hydroxy groups of conpound
(5) can optioral |y bew psotected with suitable protective

groups, according t@ conventgondl methods. 30 e & Afger ghe
esterification of coppoungy g5)8at the « ©13-cposdtiad Wiih the

| soserine chain, thg pr ot @ct rve® VW 96/403394 #H #  #
PCT/ EP95/ 02896 S oo g ~ L9 N - .
- - N N v ®
o = o o~ b
3] -~ E
L] g
. N oy P
ol g o
N 3 ,
% - .
b
g i [
0 e SR T S S B | -
w 8 “ © O © o - +
. = Y ] - + L . L -
1] [+ ) o Q Cﬂ‘ ﬁ‘ q L3N - |
- i L L . - ) &
[ b =
— -l ¥
~ =
s ~ z
- o
o~ N
El © a 9 v < +
Q m © © o ©o ® o
~ H4 H H OH H N s
" 2 © ~ w © o ©o port
3 o . r B © e w0
) > 5 ° & ¥
- B
n m
~ 2
i ° 3
-l
o L -
— Fs ] -g
. - o o~
8 § = 2 B R R R F ®
n n 0
® 0o a
-3 <% o
« ] ol
LI I -
S o _ o
- ] 9
S 3 ‘E S 8 & o
(S -~ ' 8 & 4 ©
- 3 .2 8 e <
0 g . =
s y § 821 ;. &
_ enReplaced et E S|
" This Sheet Has Be . '-O‘ o ~ ~ o0 : ?
il 23 983 ¢b b
© o - i
\ 8 s 34 38



.

8 groups are renoved according to conventional nethods known

in literatur®Q9433%9¢by obt ai ni ng secot axanes of f or mul CT/ERY5/02896
Syntones of formula (2b), which are not known in 5 literature, are

al so obtained from 10-deacetyl baccati ne 11 (3) (Scheme 2). It has
been found that by oxidation .~ of (3) with mchloroperbenzoic acid
(MCPBA), the corresponding 13-ketoderivative (6) is obtained. After
protecting the hydroxyl at the 7- positionl@dith 10 triethylsilyl

chl ori de (TESA ), by .reduction m_hQr dride |nthe
presence of cerium (11])ComPouRdg,, f’%th( 6)d3gﬁfv%5er§ nt 8}1}85?}%}‘9{‘%

Rlerr] = H Rerr] rséserine dJiain BehaleCagikRelaseyll wry E:Bﬁnp%ﬁﬁhﬁesélﬁm
of taxanes of fornmula (1b). The [err] -orientation of the nmethyl at
15  the 12- positiswrpnisingoradv{iggems desn mg:ledolny the cebhdkanbines

thorough studies Pgéfgtaggc!ggr otrgagrnean%:. tumoura O“%{l stances such as
5 adriamycin and _cis-platinum. The differences between
taxol and these products are still more evident in in
vivo models, such as athyﬁic nude mouse with human
tumour implant. It has also been found that the
- compounds of the invention in which R, is an alkyl or
10 ~alkenyl group are surprisingly devoid of cardiotoxic
activity, wunlike taxol and its knowri derivatives,
- therefore they can favourably be ﬁsed in cardiopathic
- patients untreatable with taxol .and its known
derivatives. _ |
15 The compounds of the ihvention are suited for
incorporation in appropriate pharmaceutical formula-
tions for the parenteral and oral administrations. For
the intravenous administra’tibn, mixtures of polyetho-
Xxylated castor oil and ethanol, or liposomal prepara-
20 tions prepared with natural phosphatidyl choline or
mixtures of natural phospholipids in the presence of
cholesterol, are mainly used.
The exatnples_ given below | further illustrate the
invention. _ - |
25 Example 1. Preparation of 10-dehydro-io-deacetylbacca-
tine III (4). |
.10 g of 10- deacetylbaccatlne III (3) are suspended
in 350 ml of methanol to which 65 g of Cu(OAc), are
added. The suspension is continuously stirred at room
30 | temperature for 120 hoix_rs. The sali;s ar'e ‘filtered off

and the éolut.ion_is chromatographed on 100 g of silica



WO 96/ 03394

PCT/EP95/%%§96 9 [err] »
10 60338 products of the present i nventj on RS/EPIS/02896
screened for their cytotoxic effect on different tunDur - cell lines,

conparing their action with that of taxol.

10

15

20

25

30

| 14 |
gel eluting with a 6:4 hexane/ethyl acetate mixture. By

crystallisation from ligroin, 9.5 g of (4) are

obtained, M+ at m/z 542.
Example 2. Preparation of 10-deacetyl-10- ep:.baccatme
I1II (2a, R3=H, R4=R5=OH) and C-seco-10-deacetyl-
baccatine IiI.(S). -

A solution of 300 mg of (4) in 5 ml of methanol is

added with one equivalent of CeCly.3H,0, stirred at

room temperature for 5 minutes, then added with 80 mg
of NaBH,. The solution is treated with a NH,Cl
solution, e:x_tracted with  ethyl  acetate  and
c'hromatographed' on silica gel eluting with a '3:7
hexane/ethyl acetate mixture. 98 mg of (2a) (M+ at m/z
544) and 120 mg of (5) (M+ at m/z 546) are obtained.

10-Deacetyl-10-epibaccatine III has the following
14-NMR spectrum (CDC13): H2, d 5.68 J 6.8; H3, d 4.26 J
6.8; H5, 4 5.03 J 7.1; H7/13, m 4.76; H10, br s 5.20;
10 OH, br s 3.44; H16, s 1.14; Hi7, s 1.68; H18, s
2.22; H19, s 1.13; H20a, 4 4.33; H20b, 4 4.18; Ac, s
2.31; Bnz, br 8.12 J 8, br t 7.60 J 8, br t 17.49 J 8.
Example 3. Preparation of 10-deacetyl-13-dehydrobacca-
tine III (6) | |

3 g of meta_-chioroperbenzoic acid and 1 g of
sodium acetate are added to a suspension of 1 g of 10-
deacetylbaccat'ine III (3) in 100 ml of CH,Cl,. The
suspension is continuously stirred for 120 hours at
room temperature and then diluted with a 5% Na,CO4
aqueous solution.. The organic phase is washed with 5%
Na2C03 and evaporated to dryness. The residue is
purified on silica gel elut:.ng w1th a 3:7 hexane/ethyl

acetate mixture. 789 .mg of (6), M+ at m/z 542 are



-

Table 1 shows the 1 C50 data, conpared with those found 5 for taxol,

of the conpoWif#6033B- [ (2R, 3S)- 3-phenyl - 2- PCT/EPY5/02896
hydr oxy- 3-t ert - but oxycar bonyl am no- propanoyl ] - 10- epi -
10- deacetyl baccatine 11l (la, Rerr] = Ph, Rerr] =tBuO Rerr] =

H Rerr] :G-l).,

13-[ (2R, 3S)-3-phenyl - 2- hydroxy-3-tert-

but oxycar bonyl am no- pr opanoyl | - 10- deacetyl - 11, 12- 10 di hydr obaccati ne

11 (1b, Rlerr]

Ph, R[err] =t BuQ, R[err]1=5C]-I Rlerr]=H,
13-[ (2R, 39S) - 3- pheny}, o
car bonyl am no- propanoy

% §roxy 3-tert - but oxy- _
f Seco- 10- deacet yl baccati ne- 11 (5a,

Rlerr] = Ph, R err] ExampBeO4. ardepadatiohR of3S1o3deacetyl-11,12-dihydro-7-
i sobut yl - 2- hydroxy -3- capr oyl ami no- propanoyl ] - C-seco-10- 15
deacetyl baccatine (Saierh¥isil¥lrbapaaginer] 8Ef] ¢2pent fy=Of, Ry=H, Rg=0-

10

15

20

25

30

TES).
1.6 g of (6) are dlssolved m methylene chloride

and added with 370 mg of 4- dlmethylamlnopyrldlne and

2.5-ml of triethylsilyl chloride. After 2 hours at room

temperature, the reaction mixture is diluted with
methylene chlonde and washed with water. The organic

phase is concentz_‘ated_ to dryness. 1.72 g of a residue

is ob_tained, which is taken up with 150 ml of 95%
~ethanol and treated with 9 g of NaBH,. After 3 hours

the mixture is diluted with a NH,Cl solution and the
product is extracted with ethyl acetate. F_ollowing
chromatography on silica gel using a 7:3 hexane/ethyl
acetate mixture, 800 mg of (2b) (R3=OH, R,=H, Rg=0-TES)
are obtained. | _

Example 5. Preparation of 11,12-dihydro-7-TES-baccatine
III (2b, Ry=OH, R,=H, Rg=0-TES) and 11,12-dihydrobacca-
tine III (2b, Ry=OAc, Ry=H, Rg=OH)

. 500 mg of 10-deacetyl-11,12-dihydro-7-triethylsi-
lylbaccatine III (2b, R,=OH, R,=H, Rg=0-TES) are
reacted in anhﬁrdrous pyridine with 3 equivalents of
acetyl chloride at 0°C for 6 hours. The reaction
mixture is diluted with water and extracted with
methyle_ne chloride. After evaporation of the solvent,
the residue is crystallised from acetone/hexane. 510 mg
of 11,12-dihydro-7-TESbaccatine II_I _are'bbtained, M+ -at

m/z 702 III. The product is dis_solved in methanol and

~ treated with diluted HCl until c.omp'l'ete desilylation.

The reaction mixture is diluted with water, extracted
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16
witﬁ ethyl acetate and crystallisated"from agueous
methanol. 400 mg of 11,12-dihydrobaccatine III are
obtained, M+ at m/z 588. | | |
Example 6. Preparation of 13-[(2R, 3S)-3-phenyl-2-hy-
droxy-3-tert-butoxycarbonylamino-propanoyl]-11,12-dihy-
drobaccatine III (1b, Ry=Ph, R,=tBuO, R3=OAc, R,=H).

' 500 mg of 11,12-dihydrobaccatine III (2b, R3=OAc,
Ry=H, R5=O-TES) are dissolved in 20 ml df toluene with
0'..45 g of (4S, S5R)-N-tert-butoxycarbonyl-2,2-dimethyl-
phehyl-5-oxazolydinecarbokylic'acid, dicyclohexylcarbo-
diimide (1.03 eg) and N,N-dimethylaminopyridine (0.2
eq) at 80°C for 2 hours. The reaction mixture is washed
with water until the excess of the reagents is removed,
then cdncentraﬁed to dryness. The residue is treated
with methanol containing 1% formic acid for 4 hours at
room temberature. The methanol solution is diluted with
water, neutralised and extracted with ethyl acetate.
Thé. organic phaée is concentrated to dryne.ss and the
residué is'treaﬁed with a solution containing 1.5 eq of
di-tert-butyl cafbonate and sodium bicarbonate in 15 ml
of tétrahydrofuran. The reaction mixture is diluted
with water, extracted with- ethyl acetate and the
heteroacetic .phase is cOncenttated to. dryness. The
residue is takeh up with acidic methanol by
hydfoéhloric acid to complete desilylation. The
solution is then diluted with water and extracted with
ethyl acetate. The residue obtained by evaporation of
the'hetéroacatic phasé ig chromatographed_on silica gei

eluting with a 1:1 acetone/hexane mixture to remove the

_reactibh impurities. 580 mg of product are obtained, M+

'_at m/z 851.



Conpounds with different substituents at the | soserine chain
behave si m wapbgreszsd he conpounds show surprising advaptpReso2ee’
taxol on the cell Ilines resistant to other anti-tunoural
substances such as 5 adrianmycin and cis-platinum The differences
bet ween taxol and these products are still nore evident in in

vivo nodels, such as athym c nude nouse with human t unour
inmplant. It has also been found that the 17 conpounds of the invention
in which Rlerr] is an alkyl or _10 al kenyl r p.are surpmsmgydvmd
of cardiotoxic x%’&?l%l fy, P’Lﬁﬂ'?‘f&th’hxﬁf (L!'l(zlgt's 3 fiodnbenzoylamino-

deri vati ves, ?%g{mﬂ ol &rgfﬁ%%%fﬂylg%ﬁ&ﬁn#&&ﬁég&%ﬁ@'CIII

patients untreatab axo derivatives
15 The conpEuy§sr z-mlne L EQRE | imp:n)are sui ted for

i ncorporation in approprljate pharma eutical " for tions for the
parenteral and oral admi $9&tr M9 on®f Fotl.,12~ dthql\éOTﬁTT§$eh69§at1ne (2b,

d
2t hmaglolsf rg';l OnBoso%r‘?ﬁ%par@ﬂﬁ/'Zo 5'tq o'lhgss) p?%lpar ggs\%\n%?%%r naflur a?g ml of

phosphatidyl cholig®1@éne - toge¥h¥rUnatofl rb'sttglrak RlaesPheR ) Prdserzog ez, 2-
presence of chol esterol, are mainly used The exanpl es

gi ven bel ow furt herdimétisyl-e4-cphémyl-5-oxaznkydinecariiexyl fxanpcddl. dicy-

Coeparati on of 10 Selugh 0 A oot lal B2 o3, agal B! ' - Aimagngjanino-
el y ot v FYEEIREB10) Gay) & ca0nc sckidgnclis suppens ibison
filtered off 10 mixture is washed with water until the excess of
reagents is removed, then concentrated to dryness. The
residue is treated with methanol containing 1% formic
acid@ for 4 hours at room temﬁerature. The methanol
solution is diluted with water, neutralised and

15 extracted with ethyl acetate. The organic phase is
concentrated_ to. dryness and the residué is taken up
~with methanol aclidic by hydrochloric acid to complete
desilylation. The solution is then diluted with water
and extracted with ethyl acetate. The residue obtained

20 'by ,evaporatipn_ of thé hetercacetic @ phase is
chromatographed on silica gel eluting with a 1:1
acetone/hexane mixture to remove the reaction
‘impurities. 530 mg of product are obtéined, M+ at m/z
855. | | -

25 - Example 8. Preparation of 13-[(2R',' 38)-3-phenyl-2-hy-
droxy-3-tert-but.oxycarbonylamino—pr’opanoy1] 10-epi-10-
deacetylbacgatine III (1a, R4=Ph, R2 =tBuO, R,=H,

4=CH). | | |
500 mg of 10 deacetyl-lo—epibaccatme II1II (2a,
: '30_ R3=K,--R4=R5=OH) are dissplved in 15 ml of_anhydrous

pyridine and treated for 5 minutes at 80°C with three



and the solution is chromat ogr aphed on 100 g of silica . WO 96/ 03394
14 gel eluting

PCT/ EP95/-0 g
with a 6:4 eg%%g*%thyl acetate mxture. By cryst al | | BEI/EPY5/028960M

l'i groin, 9.5 g of (4) are obt ai ned, M- at nfz 542.

Exanple 2. Preparation of 10-deacetyl-10-epibaccatine 5 Il (2a,
R err] =H, R4=R5=CH) and C-seco- 10- deacet yl - baccatine Il (5).
A solution of 300 ng of (4) in 5 mM of nethanol is added with one
equi valent of CeC[err].3Herr]O stir iy at room tenperature for
5 minutes, then adgadvaleht80 o t%@chl@ioe'é'ﬁgﬁﬁr%ra&bony}hechf&lﬁié O'?ngé-
‘treated wth a NHerr]d _ sol ution, extracté Wt ~ethyl
acetate and Cl) andonbhenr agdeled orto siddam temperatirieng wi b &£
37 methanol is added to decompose the excess TROC-Cl. The

solution is diluted with iced water and extracted with

5 chloroform} washing the organic 'phase with a
hydrochloric acid diluted solution. The organic phase

is evaporated'to dryness and the residue is treated at

room temperature for 24 hours with a toluene solution
containing three equivalents of (4S, 5R)-N-tert-

10 butoXycarbonyi—Z,2-dimethy1-4-phen?l-5—oxazolydinecar- -
bokylic acid, 3 equivalents of dicyclohexylcarbodiimide

and 0.2 equivalents of N,N-dimethylaminopyridine. The
reaction mixture is washed with water and the organic
phase is evaporated to dryness under vacuum. The

15 residue is taken up with methanoi énd'treated witﬁ one
| equivalent of p-toluenesulfonic acid for 48 hours,
after that is diluted with water and extracted with
ethyl. acetate. The organic phase is evaporated under
vacuum and the residue is taken up in 200 ml of a 1:1

‘26 acetic acid/ethyl acetate mixture and treated for 3
hours at 30°C with 11 equivalents of powdered zinc. The
solid material is filtered off and thée solution is
diluted with water, extracted with ethyl acetate and

- chromatographed on silica gei eluting with a 1:4 ethyl

25 acetate/hexane mixture. 512 mg of product (1a) are

.obtainéd, M+ at m/z 807.

Example 9. Preparation of 7,9-ditriethylsilyl-C-seco-

10-deacetylbaccatin§ III
A solution of (5) (200 mg, 0.37 mmol) in anhydrous
30 dimethylformamide (DMF) (5 ml), is added with imidazole
(75 mg, 1.11. mmol, ”3 eq. mol) and triethylsilyl

(



4

hexane/ethyl acetate m xture. 98 ng of (2a) (M- at nfz 544) and 120

mg of (5) (MVORSHI9% 546) are obtained. 15 PCT/EP95/02896
10- Deacet yl - 10- epi baccatine |11 has the fol|ow ng [err]HFNMR
spectrum (CDCl [err]): H2, d 5.68 J 6.8; H3, d 4.26 J 6.8; H5, d
5.03 J 7.1; H7/13, m4.76; H10, br s 5.20; 10 OH, br s 3.44; H16, s
1.14; H17, s 1.68; H18, s 2.22; H19, s 1.13; Herr]0a, d 4.33;
H20b, d 4.18; Ac, s 20 2.31; Bnz, br 84238, br t 7.60 J 8, br t 17.49
J 8. Exanpl P&kl 0N 1Gf d t9 Iyl 3- qﬁl\g:g@lc -

tine 111 (6) ‘éhﬁoreg@g??gﬁ%%{l&%& gr'og%fﬁenzc%lc gg‘% an _'1C33 ia mol)

sodi um acetate are addedtHed vesdtSimmshnirtotel ig aftilfred 2Por 10 minutes at
deacetyl baccatine 11l (3) in 100 mi  of CHerr]C[err]. The
suspension is cont FREBudIepbeTatuze . fBhe 1¥eackanns is checked ubaorﬁr-c (3:7

emperature and ¢ hefedabyt angh Uoa:AISRIRs ne mOEHR RSN Y,
The residue iss  3ff cmrtﬁée%r%au&ll@aempl qhut 'ﬁ&hd‘!itdh aig: Guenched by
hexane/ et hyl acetate mxture. 789 ng o 6), m z 542 are
~addition of water and Celu.te ’ and the precipitate is
filtered énd washed with water to remove DMF, then with
CHCly to remove the product. After purification by
column .cl‘;romatographj (9:1 hexanejethyl acetate to
10 elute silanol, then 6:4 hexane/ethyi acetate to elute
the product) 146 mg of the title product are obtaineci-
(51%). - | .
Example 10. Preparation of 13-[(2R,3S)-—3’-phet.1y1-2-
hydroxy-3-tert-butoxirc_arbonylamino-propanoyl-c-seco—10-
15 deacetylbaccatine III (5a, R;=Ph, R,=tBuO).
. A solution of the product obtained in example 9
(126 mg, 0.16 mmol) in anhydrous toluene (5 ml), is
added with 67.5 ing of dicyclohexylcarbodiimide (0.327
mmol, 2 mol. eq.), 105 mg of (4S,5R)-N-Boc-2-(2,4-
20 dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic
(0.327 mmol, 2 mol eq.) and 5 mg of 4-
dim_ethylaminopyridine. The mixture is  heated to 60°C
for 24 hours and diluted with a NaHCO; saturated
' aqueous solution and ethyl acetate. The residue is
25 purified by column chromatogrlaphy, (8:2 hexane-ethyl
acetate) to give 175 mg of the 13-ester (95%). The
residue is taken up with 50 ml of methanol/HCl (0.01%)
and the reaction mixture is left at r-oo'm temperature
for 1 hour. The solution is alkalinized to pH 5 and
30 concentrated to dryness under vacuum. The residue is

chromatographéd on a silica gel column_eluting with a



WO 96/ 03394 PCT/ EP95/ 02896

15 %bt ai ned Exanpl e 4. Preparation of

10- deacet VI %f’ triethylsilyl-baccati né’cl'rm”?@@%

Rl err]=CH =H R err TES) . 5 = 1.6 g of (6) are

di ssol ved |ﬁ'n’et Y. an—‘ " chl ori-de and added with 370 ng of

4- di nmet hylw:y."--'.' e e 2.5 mM of triethylsilyl chloride. After
2 hours at—room temperature, the Beaction'm'xture is diluted with
met hyl ene chl ori de and washed w th wat e?? The organic 10 phase is

concentrated to ‘.5'§5’1‘5."35Smetl.hgfeﬂe0‘c 2heYideemethandls ohiditiadk. V\/ﬂAﬁ’ﬂefs
taken up wth 150 m of ethanol and treated with 9 g o

NaBH[.err] . Aftercﬁyﬂbaulhzat:.ontﬁeom ethyd acetiate od8di ng @me[t@r]:gle
solution and the duct: racted with ethyl acetate. Follow ng
15  chromat ogra‘b?l'?p%'ﬁng ??%aoﬁ ®¥hg a 7:3 hexane/ et hyl acetat e

m xture, 800 g ga,&%?g (ﬂerr;}r&hrﬂf&?] +¥ Hﬁ%lf@i&ﬁh -isobufye-2-

obt ai ned. Preparation 11, 12-di ydro 7- TES- baccati ne

111 (2b, R er r] ﬂﬂr&ﬂ3}e&brﬁbamin@-ﬂ'ﬁibamm1-la-seed+h9dr obacca- 20
tine Il (2b, Rlerr]=0Ac, R err]=H r] =0H) of
10- deacet yl - 11, 1¢ea|¢¢.§mlbaqcaﬂ@ h§1%|(53' R1=FR, b%zc‘&??ﬁ%ﬂm (2b,

S)[”elr&} ;g_lvm tﬁ[grre]q;l Al 8 tgpg 50 end eproductr%%gaq(illedn Mhedatitie o
(126 mg, 0.16 mmeol) in anhydrous toluene (5 ml), is
added with 67.5 me of dlcyclohexylcarbodnmlde (0.327

10 mmol, 2 mol. eq.), 140 mg of (48,5R)-N-caproyl-2-(2,4~
'dimethoxyphenyl)-4eisebutyl-5-oxaquidinecarboxylic
acid (0,327 mmol, 2 mol eqg.) and 5 mg of " 4-
dimethylaminopyridine. The mixture is heated to 60°C
for 24 hours and diluted with a NaHCO; saturated

15 aqueous solution and ethyl ‘acetate. The residue is
Ipurified by eolumn chromategraphy (8:2 hexane-ethyl
acetate) to give 175 mg of the 13-ester (95%). The
residue is taken up with 50 ml of methanol/HC1 (0.01%)
and the reaction mixture is left at room temperature

20 for 1 hour. The solution is alkalmzzed to pH 5 and
concentrated to dryness under vacuum. The residue is
.chromatographed on a silica.gei coluliln eluting with a
98:2 methylene chloride-methanol - mixture.  After
crystall:.zatlon from ethyl acetate, 88 mg of the title

25 compound are obtained.
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acetyl chloride at O[err]C for 6 hours. The reaction 25 mxture 1is
diluted w t"WO9%i(@3384 and eﬂm“ﬂ mﬂmmumm met hyl ene chPOT/EPIS0285%t er
evaporation of the solvent, is crystallised from

acet one/ hexane. 510 ng of ©1,"12%di fiydto- 7- TE catine'lll are
obt ai ned, M- at mz 702 I11. The product is |ssQJv€d Iﬁ'ﬁEt. gl and
30 treated with diluted HOJ until conplete desillation,- Thg
reaction mixture is diluted with water, ex21acted'tzzz:AgQEEV@6394
PCT/ EP95/ 02896 16
acetate and crysteﬂ$¥é§§§xlfron1aqueous met hanol . 400 ng of
11, 12-di hydrobaccatine II1l -are obt ai ned, M+ at niz 588.
Exanplte 6. Preparation of 13-[(2R, 3S)-3-phenyl-2-hy- 5
dr oxy- 3-tert - but oxykar baxndesmii-syrrhgtaimtagxahnk bF didrynula (1) drobaccatine
11 (Ib, Rlerr]=Ph, Rerr]=tBuO Rerr]=0Ac, Rerr]=H). 500 ng
of 11, 12-di hydrobaccatine 11 (2b, R3=0Ac, R %r] =H, R err]=0 TES)

0. 4F g# 2S,

are di ssol ved %n 20 ml of toluene with
5R)-N-tert-but xycarbonykjﬁﬂg'dlnethyl
8

Cad ) ovesn
[V
.

| )

.
[ )
w

10

(1) _ _ ’
wherein: | .
Rl and_Rz, which can be the same or different, are a
15 Cl-c8 alkyl, Cy-Cg alkenyl, aryl or heteroar?l group;
R, can be also a.tert-butoxy group;
when a double olefinic bond is'present in positions 11,
12, R3 is a hydrogen atom, Ry ié a hydroxy or a CZ—CS-
- acyloxy group;
20 when a double olefinic bond is not present in positions
11, 12, the methyl in position 12 has a -orientation,
R is a hydroxy or a Cz-csfacyloxy group, and Ry is
hydrogen. .
2. As a compound adcording to claim 1, 13-[(2R, 38)-
25 B-phenyl-2-hydroxy-3-tert-butoxycarbonylamino—propano-
¥l]l-10-epi-10-deacetylbaccatine I1I, of formula (1a)

. This Sheet Has Been Relplaced

o

3



10 phenyl -5- oxazol ydi necar boxylic acid, di cycl ohexyl car bo- diimde

(1.03 eq) L N- di met hyl am nopyridine (0.2 eq) at 80[err]C for 2
hours. The‘ggggj\%%n m xture i s washed with water unt PETERES/E#Ess of
t he reagents is renoved, t hen concentrated to dryness. The residue

s treated 15 wth—metthanol containing 1% formc acid for 4 hours at

room t enper at nol solution is diluted with ‘wat er,

neutraliseiﬂ ﬁﬂ& Eﬂﬂ; gith et hyl acetate. The organic phase is

concentr at t he résidue is treated with a solution
- 8

containing 1.5 eq of 20 di-tert-butyl nd sodlun1b|carbonate

in 15 nm of tetrahydrofuran. I's diluted
with water, extracte et hyl het er oaceti c
phase is concentrate &Ehpdry S oK aken up
W th acidic nethanol ) onplete

desi |l yl ati on. The and

extracted with

: ed by g\aporation of
t he heteroacstic phase f gatographed 96 ' eluting with
a 1:1 acetone/ hexane m xture remove theCH 30} g purities. 580
nmg of product are obtained, M- at n z A" O 96/ 03394
PCT/ EP95/ 02896 :
(1a)
wherein Ry = phenyl, Ry = tert-butoxy, Ry = H, Ry = OH.
10 3. As a compound according to claim 1, 13-[(2R, 38)-
3-phényl-2-hydroxy-3-tert-butoxycarbdnylémino-propa-

noyl]-ll,12-dihydrobaccatine III, of formula (1b)

15
20
(1b)
where R1 ='phenyl, R2 = tért-butoxy, Ry = acetoxy and
. R4 = H. . .
25 4, A process for the preparation of the compounds

according to claim 1, in which process syntones of

formula (2)

30



17 Exanple 7. Preparation of 13-[(2R, 3S)-3-benzoyl am no-

3- phenyl - 2- WY@968§3% opanoyl ] - 11, 12- di hydr obaccatine |11 - PCT(EPB5/02896
Rierr]=R[err]=Ph, R err]=0Ac, R err]=H). 500 ng  of

11, 12- di hydro- 7- TES- baccat i ne (2b, 5 R3=0Ac, R4=H—R5=0-TES) are
dissolved in 20 m of t ol uene toget her Wit h 1~§“‘*Uf—fﬂ£}—-_____

5R) - N- benzoyl - 2, 2- di met hyl - 4- phenyl - 5- oxazol ydi n aci'd,-
di cy- cl ohexyl carbodii m de (1.03 eqR3and N, N-di meag, ﬂw w””m |

pyridine (0.2 eq) at 80[err]C for 2 hours. Th@ reaction

washed with water -until the exce s4rgents is r enoved,
then concentrated to dryness. The S/ reated with nethano
containing 1% formc acid for ure. The

met hanol solution is di ised and 15

extracted with ethyl acetate.
concentrated to dryness and theéi:"
acidic by hydrgchloric acid to ' )
is then diluted with water and e¥§3actpd etate. The
resi due obtained 20 by evapor at.i on of O tf -'ete oacetic phase
S chromat ogr aphed on silica gel_,el ugl ng : _
- acet one/ hexane m xture to remove & reacttTon i mpurities.
- 530 ng of product are obtained, Mt at niz (2) 855. 25 Exanpl e 8.
" Preparation of 13-[ (2R, 3S)-3-phenyl -2-hy-
droxy-3-tert-but oxyamAiyd am no- propanoyl ] - 10-epi - 10-
deacetyl baccatine 111 (la, Rerr]=Ph, R err] =t BuQ, Rl err]=H,

) 10 when a double olefinic bond is present in position

N th et hanol
The sol ution

11,12, R4 is hydrogen,.R4 and Rg are hydroxy, C,~Cg~
acquxy, alkylsilyloxy or 2,2,2-
trichloroethoxycarbonyloxy groups;
when a double olefinic bond is not present in position
15 11,12, the methyl in position 12 is a ~oriented, Ry is
hydrogen, R3 and Rg are hydroxy, C,-Cg-acyloxy,
alkylsilyloxy  or 2,2,2-trichloroethoxycarbonyloxy
groups; |
are subjected to estefifiéation, according to known
20 methods, with suitably activated and/or protected
- isoserine derivatives, thereby introducing the acyl

group in position 13.

lzCOﬂl 4]
25
(ﬁhere Ry and Rz have the meanings as in claim 1),

30 and the protective groups are subsequently removed

according to known methods.



Rl err]=0H). 500 nmg of 10-deacetyl-10-epibaccatine 111 (2a,

30 Rlerr]=H, Rerr]=Rerr]=CH) are dissolved in 15 m of anhydrous
pyridi ne WMPH033Mt ed for 5 mnutes at 80[err]C with three PCI/ERSOZI603394

PCT/ EP95/ 02896 18 equi val ent s of
trichl oroemde (TROC Cl) and then cooled to room

.tenperature thanol is added to deconpose the excess

TROC CI J’,mm"'muﬂ'ﬂm#"irs di I ut ed with iced water and extracted with

form organi #4 phase wi'th ~a

hydrochl or| ¢ aci % dil %tse‘QnsqlnLite'r%d%ﬁ% Orag%nﬁ:dmﬁfeof formil® QvAporated
e

to dryness and t reSidue .i's treat room tenperature for 24

hours with a tol uene sol ution cont ai RI ng three equivalents of
(4S, 5R)-N-tert- 10 Ry
but oxycar bonyl - 2, 2- di net hyl - 4- pheny“&foxaz\§di ngfar-. boxylic acid,

_/ .2 egui val ents of
®mshed with water
ader vacuum The

3 equival ents of dicycl ohexyl carboWi
N, N- di met hyl ami nopyri di ne.. Th
and the orgapic phase i s

10
wheréin: _ _
when a double .olefinic bond is preseﬁt in posifion
11,12, R4 is hydrogen, R'4 ahd"Rs are hydroxy, C,-Cg-
acyloxy, alkylsilyloxy or 2,2,2-trichloroethoxycarbo-
15 nyloxy groups; '
when a doublé olefinic bond is not present in position
il iz " the methfl in position 12 is a -oriented, Ry is
a hydrogen atom, Rg and Rg are hydroxy, CZ-Cs—acyloxy,
alkylsllyloxy or 2,2,2- tr1chloroethoxycarbonyloxy
. 20 | groups.

6. As an intermediate,' a compound of formula (5)

25

30 | (5)

7. A semisynthetic secotaxane of formula 5a



15 residue is taken up with net dW|th one
equi val ent wfo gsrdsgdauenesul fonic z‘ ﬂﬂ mﬁl #lﬂ;@ﬂi af t efc1INk02996

diil uted with water and extracted w acet ate. The organic

phase i s evaporated under vacuum and the resi due d.s—takemup T 200
m of a 1:1 20 acetic acid/ethyl - acetate m xture arid it ﬁﬁ@%ﬁegtﬁafs

hours at 30[err]C with 11 equival ents of powdered zinc.] The '%eplaced
‘material is filtered off and the solution2$s di | uted V\n% M“l“ll
extracted with ethyl acetate and chr omat ogr aphed on sil# g
with a 1:4 ethyl 25 acetate/ hexane mxture. 812 g, of product (Ia)
are obt ai ned, M+ at nfz 807. angf e . Pgepar ati on of
7,9-ditriethylsilyl-C seco- 10- deace€ baccitinefl || A
solution of (5) (200 ng, 0.37 mol) in yahYyreesS 30 di met hy®or mani de
(DVF) (5 m), is addedrygONM | M dagl e o/5 ny, 1\ mmolf 3 eq. nol)
and triethylsilyl 0§96/ 03¥P4 ? \
PCT/ EP95/ 028 2° i 19 cXl oride (TES)
(186 m, 167.°3 ng, 1. 30 31609 nol anddl he reacyl on m xture is
stirred for 10 m nutes Bt "{‘
“ » [
-9 »
_ 20

(5a)
10 wherein:
Ry and Ré, which can be the same or different, are a
C1-C20 alkyl, C,-Cgq alkenyl, afyl or heteroafyl group,
R, can also be a tert-butoxy group. '
8. As compound according to claim 7, 13-[(2R,38)-3-
.15 phenyl-2-hydroxy-3-tert-butoxycarbonylamino-propanoyll--

C-seco-10-deacetylbaccatine III, of formula $S5a

20

25 - (5a)
wherein Ry = phenyl, Rz = tert-butoxy. _
9. As compound according to the claim 7, 13-[(2R,38)-
3-isobutyl-z-hydroxy-3-caproy1aminotpropénoyl-c—seco-—
10-deacety1baccatihe ITI of formula 5a wherein
30 Rl-lsobutyl Rz-caproyl | -

10. A process for the preparat:.on of the compounds



roomtenperature. The reaction is checked by TLC (3:7 hexane- et hyl

acet at e, e starting material O0.10, 5 “Rf of the . 80).

The reacngﬁiigfgggﬂg_gg_by__~_ addition of water and ngﬁﬁg#@@F and

t he preci pi filtered and washed with water to renove DNF
then with ‘ ﬁlmnurennve the product. After purification by

- colum' chronma !ﬂ@ﬂm ane/ ethyl acetate to 10 elute silanol,
then 6:4 hexa t dtet’até to el utegg t he product) 146 ng of the

title product are obtalned (51%. Exanple 10. Preparation

of 13-[(2R 3S)aGeqhding-e claim 7, wherein compound of formula 5

hydr oxy- 3-tert - but oxycar bonyl am no- pr opanoyl - C-seco 10- 15

deacetyl baccatine Il (5a, R[err] =Ph, )

of the product obtained in exanpl.

anhydrous toluene (5 M), is

di cycl ohexyl car bodi i m de (g 327

(4S,5R)-N-Boc-2-(2,4- 20

di met hoxyphenyl ) - 4- phenyl -

nol eq.) and 5 ng H

m xture is heated to 60[err]C

NaHCO err] saturated aqueou sol gt i

is 25 purified by colum chrotatgdra

acetate) to give 175 ng of the 1pp er residue is

taken up with 50 m of nethanol/HO (0)\01% d the reaction m xture

is left at roomtenperature for hour . e solution is alkalinized

to pH 5 apgl 30 concentrated to drynessqggpder vacuum The residue is

chromat ographed on a silica gel colum elutlng with a )

is subjected to esterification, according to

A solution
0.16 mml) in

5 ng of

eq,PH 105 ny of

(0.327 mol, 2
pyridi ne. The
iluted with a
acetate. The residue
hexane- et hyl

conventional methods, with derivatives  suitably
activated and/or protected at the isoserine chain,

thereby introducing the acyl group in the 13-position

15
20
(wherein R; and R, have the ﬁeanings defined in
claim 7), ' |
thereafter removing the protective groups, according to
conventlonal methods.
25 11. Pharmaceutical compositions containing taxanes
according to claims 1-3 and 7-9.
12. Pharmaceutical compositions according to claim 11
having anti-tumoural action.
13. The use of taxanes according to claims 1-3 and 7-9
30 for the preparation of medicaments useful for the

treatment of cancer.



}

20 98: 2 met hyl ene  chl oﬁfle-—ﬁ%{—harnol_nj_x_ture After

c{r)yst.al lji Zawoes/g3594M e]t hyl acet at of the ti 'EI((ZaR 393 (gqﬁgg/dfyl;sare
obt ai ne Exanpl e 11. l’ﬂ uu m i sobuty

5 hydr oxy- 3- capr oyl am no- pr opa 'g J”" deacet yl baccati ne
111 (5a, Rerr]=Ph, R[err] =pentyl ). * A solution of the product
obtained in exanple (126 ng, 0.16 nmol) in anhydrous tol uene (5

m), is added with 67.5 ng of dicyz? ohexyl carbodiimde (0.327 10
mmol, 2 nol. eq) 140 mgeof S4Sf5 t_'I\I-ca proyl - 2-(2, 4-

axanes ccording to claim 1 or 7,
wherein Rz is an alkyl or alkenyl group, for the
preparation of medicaments useful for the treatment of

cancer in cardiopathic patients.



dinefhoxyphegéo) 4-i1sobutyl - 5- oxazolldlnecarboxyllc acid (0, 327

‘ol , 2 nol Po/833845 g of -4 di met byl A nopyri di ne. Peempexbishe
is heated to 60[err]C faﬂrm24 hqpfg'“aﬁdi diluted with a.-
NaHCJ err] saturated 15 adquequs. *dorifi-hn__anid ethyl acetate. The
.residue is . purified by colum chromatography- (8:2 hexane-ethyl
‘acetate) to give 175 ng of the 13-ester (95% . The residue is taken
up with 50 m of nethanoI/HG (0. Ol%@ . and the reaction mxture is
left at room tenperag JE. 3 o zed to
pH 5 and concentra

chromat ographed on a silica gel colum eluting with a 98: 2
nmet hyl ene chl ori de-nmet hanol m xture. After crystallization from
ethyl acetate, 88 ny of PhESFPERes 25WitBonpdiftRAf e ob¥aifkans. and  in

particular taxol are known to have an anti-tumoural
action against numerous human tumours. However, the use

of these drugs, particularly taxol, @nvolves some

S drawbacks due to wunwanted side effects. For this
reason, and since these anti-tumoural treatments
rapidly induce resistance, the development of new
molecules whose. use reduces the problems observed in
clinical use is of 'interest.'*.' \psm Pace j'A i

- 10 The present invention relates to novel taxane-
skeleton derivatives' obtained by semisynthesis and

having a powerful anti-tumoural activity. The

derivatives of the invention have formula (1):

15
20
(1)_
They can be divided into two series:
25 a) taxane derivatives containing a double olefinic
bond at the 11,12- position and a hydroxy or
. acyloxy group at the 10u-position (taxanes of
formula 1a
1a) : ; ~This Sheet een
: : g\\..t eplaced
FEPLACEMENT S1E€T IIIIIIHIIIIHIIMIIIII
17 FEB 1997 ‘
Lt s 5.+ ‘!
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21 CLAINS . 1. @ A seni-synthetic.taxane of formula (1)
~5 : [err] . "

WO 93/02067 (Nippon Steel) of February 4, 1993,
discloses for istance 10~alfa~acetyl~-taxol, extracted
from tissue culture of albumen of Taxus species, having

a marked cytotoxic activity.

This Sheet Has Been Reilac
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?
wher ei n: err] and Rerr], which can be the sane or different,
are a 15 "‘(ﬂ%ﬁ’%ﬁ“qerr] al kyl, derr]-(ferr] al kenyl, arwc‘mms/ozs%
het'er oaryl group; . R[err] .can. be. also a tert- butoxy group;
when a double ol efinic | dhﬁ'ls ‘present. dnppositions 11, 12, R[err]
is a hydrogen atom R[ i S48 yidooxy off a CJerr]- C[err] acyl oxy
group; 20 when a doubl e ol é eI S not present in positions
11, 12, the methyl in position 12 has a -oﬂﬁbntatlon Rerr] ¢is a
hydroxy or a (ferr]-Cer acy, ou a e en
wi th the proviso that mhg%eQ}$£?H g?rrﬁhiﬁpﬁg%§baF ‘“véggiﬁgdoﬁﬁfé
bond connects p05|tscm&eh&dariabrl&hd&[remﬂtcmm effect eamedyfferent tuflour °
As a compound accordin tQ claiml1, 13-[(2R, 3S)-

3- phenyl - 2- hydr oxy- §eﬂgrtlﬁﬁ§oxfﬁﬁP %Hﬁ?ﬁﬂerEEHBR with that of taxol.

Table 1 shows the IC50 data, compared with those found

5 for taxol, of the compounds 13-[(2R, 38)~3-phenyl-2-
hydroxy-3-tert-butoxycarbonylamino-propanoyl}-10-epi-

10-deacetylbaccatine III (1a, Ry = Ph, R, =tBu0, R =
H, Ry = OH), 13-[(2R, 3S)-3-phenyl-2-hydroxy-3-tert-
butoxycarbonylamino-propanoyl]-10-deacetyl—11,12-

10 dihydrobaccatine III (1ib, Ry = Ph, R, =tBuO, Ry = OH,
Ry = H)}, 13-[(2R, 3S)-3-phenyl-2-hydroxy-3-tert-butoxy-"
carbonylamino-propanoyl]-C-seco~10-deacetylbaccatine
111 (5a, B, = Ph, R, = tBu0) and 13-[(2R, 35)-3-
isobutyl-2-hydroxy-3-caproylamino-propanoyl]-C-seco-10-

15 deacetylbaccatine (5a, Ry = isobutyl, Ry = g;g;aftjl

REPLACEMENT SHEET
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[err]

= H, Rerr]

39) -
noyl ] -

10

15

20

25

N\;& ) . )
17 FEB 1997
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wherein R err] :-'phen'yl-, Rlerr] = tert-butoxy, R err]

=W@96/0333 3. As a conpound according to clai m FcTABS{AR
3- phenyl - 2r-hydr.oxy-.3-tert.-but oxycar bonyl am no- propa- - -
11, 12-di hydrobaccatme I

of:, fﬂf(ml a (1b) 15 [err]

Gli1“\

{l

20 - .
98:2 methylene chloride-methanol  mixture. After
crystallization from ethyi acetate, 85 mg of the title

compound are obhtained.
Rxample 11. Preparation of 13—f(ZR,3S)-3-isobutyl-2—

hydroxy—3—caproylamino—propanoyl—c-s§é<'>—10—
deacetylbaccatine III (5a, R1=Ph, R2=y%h.

A solution of the product obtained in example 9
(126 mg, 0.16 mmol) in anhydrous toluene (5 ml), is
added with 67.5 mg of dicyclohexylcarbodiimide (0.327
mmol, 2 mol. eq.), 140 mg of (4S,5R)-N-caproyl-2-(2,4-
dimethoxyphenyl )—4-isobuty1fs-oxazolidinecarboxylic
acid (0,327 mmol, 2 mol eg.) and 5 mg of .4—
dimethylaminopyridine. The mixture is heated to 60°C
for 24 hours and diluted with:- a NaHCO; saturated
agqueous solution and ethyl acetate. The ‘residue is
purified by column chromatography (8:2 hexane-ethyl
acetate) to give 175 mg of the 13-ester (95%). The
residue is taken up with 50 ml of methanol/HC1l (0.01%)
and the reaction mixture is left at room temperature
for 1 hour. The solution is alkalinized to pH 5 and
concentrated to dryness under vacuum. The residue is
chromatographed on a silica gel column eluting with a
98:2 methylene chloride-methanol mixture. = After

crystalliz.ation from ethyl acetate, 88 mg of the title

compound are obtained.

REPLACEMENT SHEET
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20 where Rlerr] =
= phenyl, Rlerr] = tert-butoxy, ebbdwp
. 22(rjrpounds N[(équsfc?brdizﬁg t4. IA' pr(icess for the pr.gparR[at ?glﬁ@pgf}%%ﬁéy
3 ' .ding to claiml1, in whi - SR
- formul a (2) 30 - \\D 06/03394 % - 'ch process syntones of
PCT/ EP95/ 02896 AR

o

S Iy

R RAFEE

CLAIMS

1. A semi-synthetic taxane of formula (1)

10

wherein: | _ '
Ry and'Rz; which can be the same or different, are a
15 Cl-csialkyi; Cz-Cslalkenyl, aryl or heteroaryl group;
R, éaﬁ be also a tert-butoxy group;
' when a double olefinié bond:is"présent in positions 11,
12, Ry is a hydrogen. atom, R4_is a hydroxy or a C,p-Cg-
a;ylox} group;
20 - when é double olefinic bond is not present in positions
11, 12, the methyl in position 12 has a -orientation,
Rq is a hydroxy or a C2—C8—acyloxy'group, and Ry is
hydrogen.* \P\)SER‘T PAGE -&ig‘
2 As a compound according to claim 1, 13-[(2R, 3s)-
25 3—phehy1—2—hydroxy—3-tert-butoxycarbonyiamino—propano—
| yl]—10-epi—lO-deacetylbaccatine III, of formula (1a)

4+

30

-_

This Sheet Has Been
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[Err] ' wherein: 10 . when a double olefinic bond is

- present in position 11,12, R[err] i's hydrogen, R err] and R.err]
~are hydroxy, C2-C8- _ acyloxy, ... alkylsilyloxy or
-2,2,2- trlchlorpephoxycarbony OXy groups;
~olefinic bond is not present..in,posi t'l‘c‘)nl' 15214 11, 12, 'mum m"ﬂngmlll tion
12 is a -oriented, Fm(t4--w»-ééhvdpgg§n R[err] and er marse
- hydroxy, ({err]- C[err] acyl oxy, al kyl si | yl oxy or
2,2,2-trichl oroet hoxycar I Lo \ r j € t o
esterlflcatlon acconﬂé%ﬁytgﬁén&W$%ﬂég ER?EO&§ an& %ﬁgﬂyl dnd a

activated and/ or Pl SLIETd EBond cohﬁ@éﬁél@@sda:mo\n&tlms arid]eneby R, is not

~introducing the acyl group in position 13.
acetyl.
AEPLAEIENT Sieer |
| A7 FEB 997 _;
eet Has Been Replaced
n||||ut|||umn|\fl|



E:F;r]m 1)25 and th((a"‘heﬁgtz[te”] and Rlerr] have the meani ngs as in
ceor di né]”?&"%ﬁ?ﬁ/m Tetho p C I \./e_.:_ gr'?__UpS ‘are subsequercT/E95029%6ved

- ?err] ] T °

C).

= [y
mmnunnummm '
RCONH H

Ry and Ry, which can be the same oOr different, are a

Cl—czo alkyl, Cz-cs alkenyl, aryl or heteroaryl group/,

R, can also be a tert-butoxy group. '

8. As compound according to claim 7, 13-[(2R,38)-3-
15 phenyl-z-hydroxy—3-tert—butoxycarbonylamino-propanoyl]-'

C-seco-lO'-deacetylbaccatine 111, of formula S5a

20

REPLACEMENT SHEET

17 FEB 1997

25 ' (5a)

wherein Ry = phenyl, R, = tert-butoxy.

9. As compound according to the claim 7, 13-[(2R,38)-
3-isobutyl- Z-hydroxy-S-caproylamlno-propanoyl C-sedo-
10~-deacetylbaccatine III of formula 5a wherein

PENT ,
30 Ri-lsobutyl R2=c Yl.
10. A process for the preparatmn of the compounds
PR BEREA L Q‘#‘[‘



X0 wherein: ~ Rerr] and R err], which can be the.§ane~onﬂdi$femkd ,

are a Clerr]-derr] alkyl, Cerr]-Cerr] alkeny}, aryl_ or heteroar

group, ~Rerr] can also be a tert-butoxy group. Date 8,0..2..\825{?.c139?p0q,nd

according to claim7, 13-[(2R 3S)-3- 15 | ‘

phenyl - 2- hydr oxy- 3-t ert - but oxycar bonyl @m no- pr opanoyl ] -

[C- Se_i:O- 10- deacet WaaccatraRTiricl TARANESIwLtE 0o I - TUHOURAL ACTIVITY
err

Diterpenes with  taxane skeletons, and  in
particular taxol, are known to have an anti-tumoural
action against numerous human tumours. However, the use
of these drugs, . particularly taxol, involves some

5 drawbacks due -to unwanted side effects. For this
reason, and since . these anti-tumoural treatments
rapidly induce resistance, the developmeht of new
molecules whose use reduces the problems observed in
clinical use is of int;reSt. WO 93/02067 (Nippon Steel)
of February 4, 1993, discloses for instance 10-alfa-acetyl-

taxol, extracted from tissue culture of albumen of Taxus

species, having a marked cytctoxic activity.

.10 The present invention relates to novel taxane-
skeleton derivatives obtained Dby semisynthesis and
having a powerful anti-tumoural activity.  The
derivatives of the invention have formula (1):

15
20
(1)
They can be divided into two series:
25 a) taxane derivatives containing a double olefinic

bond at the 11,12~ position and a hydroxy or

acyloxy 'group at the 10a-position (taxanes of



25 wherein Rierr] 'phenyl Rlerr] = tert-but oxy.. .o -9--._ | As
conpound according to the claim 7 13-[ (2R, 39) - e
3-isobutyl -2- hydroxy- 3- capr oyl am no- propanoyl - G- seco-

10- deacetyl baccati ne 11 of formula 5a wherei n' 36
R[err]=isobutyl, Rerr]= pentyl. 102 A process for. 1he prepar atlon of

t he conpounds WD 96/ 03394 PCT/ 95/ 02896

- 25- o

'RLCHH
{

2
i
s
L)

(ia) (R3 = H; Ry = OH or acyloxy)
i0 b) taxane derivatives containing a single bond .
between the carbon atoms in 11 and 12) the méthyl
n 12 being a-oriented, and a hydroxy or acyloxy

i
group in position 108 (taxane of formula 1b)

15

20

(1b) (Ry = OH or acyloxy; B, = H)

In taxanes of general :Eormu.‘_La (1), Ry and Ry,

which may be the same or different, are a Cl-cs alkyl,

25 C,-Cg alkenyl, aryl. (preferably phepyl) or heteroaryl
group. R, can ‘also be a ter.t—bL_ltoxy group.

In compounds of formula (la), Rz 1is hydrogen and

k., is a hydroxy or C,-C, acyloxy group, with the proviso

that when R, and R, are phenyl, R; is not acetyl.

In compounds of formula (ib), R3' is a hydroxy or
30 C,-Cg acyloxy group and Ry is hydrogen.

‘Taxanes of formula (1) are  prepared by



lerr] 10 wher ei n: R[err] and R[err] whi ch can be the
same or different, are a C[err] C[err] aIkyI C[err] Cerr] alkenyl
aryl or heteroaryl group; Rl err] can dl'sa'lbe a terts- bt oxXy “group.:

8. As conpound according to cIa|n17 13-[ (2R, 3S)-3- i 15 Qii\nq w37 5
phenyl - 2- hydr oxy- 3-tert - butoxycarbonylan1no propanoth‘F? : E
C-seco 10- deacetylbaccatlne 11, of formula 5a ’v*:mf#g- |

10
Thé products of the present invehtion were
screened for their cytotoxic effect on different tumour
cell lines, comparing their_action with that of taxol.
Table 1 shows the ICgg data, compared with those found
5 for:_taxol, of the compounds 13-[(2R, -3S)-3-phenyl-2-
hydroxy—B—tert—butoxycarbonylamino—propanoyl]-io—epi—

10~deacetylbaccatine III (1a, Rq = Ph, R, =tBu0, Ry =

H, Ry = OH), 13-[(2R, 3S)-3-phenyl-2-hydroxy-3-tert-
butoxycarbonylamino~propanoyl]}~10-deacetyl-11,12-~

10 - dihydrobaccatine III (1b, Ry = Ph, R, =tBuO, Ry = OH,
Ry = H), 13-[(2R, 38)-3-phenyl-2-hydroxy-3-tert-butoxy-
carbonylamino-propanoyl]-C-seco-10-deacetylbaccatine
III (5a, Ry = Ph, Ry = tBu0) and 13-[(2R, 3S}-3-
isobutyl~2—hydroxy—3—éaproylamino—propanoyl]—C—seco—lO—

15 deacetylbaccatine (5a, Rl = isobutyl, Rz = pentyl: ):
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26 according to claim7, wherein conpound of.-fermuta 5" "% 5
[err] .10 is subjected to esterifitation;" “'"_;,_a,’_c_;,(:o'@fl di ng
to conventi onal met hods, ‘wth deri vati ves -ﬁ_syi;;t‘;__‘f"a)bl'\%i” i

activated and/or protected at the isoserine chain%
i ntroducing the acyl group in the 13-position 15 .==

20

98:2  methylene chloride-methanol  mixture. After

crystallization from ethyl acetate, 85 mg qf the titie
compound are obtained. _
Example 11._ Preparation of 13-[(2R,38S)-3-isobutyl-2-
5 hydroxy—3—caproylamino-propanofl-c—seco—l0— '
deacetylbaccatine III (5a,'Rl=Ph,.R2=peqqd;.).
A solution o'f'- ‘the product obtained in example 9
(126 mg, 0.16 mmol) in anhydrous toluene (5 ml), is
- added with 67.5 'mé of dicyclohexylcarbodiimide (0.327
10 mmol, 2 mol. eq.), 140 mg of (4S,5R)-N-caproyl-2-(2,4-
diméthoxyphenyl)—4—isobutyl—5—oxazolidinecarboxylic
acid (0,327 mmol, 2 mol eq.) and 5 mg of 4-
dimethylaminopyridine. The. mixture is heated to 60°C
for 24 hours and diluted with a NaHCO4 satu;ated
15 aqueous solution and ethyl acetate. The residue is
purified by column chromatography ' (8:2 hexane-ethyl
aéetate)_ to give 175 mg of the 13-ester (95%). The
residue is taken up with 50 ml of methanol/HCl (0.01%)
_ and the reaction mixture is left at room temperature
20 for 1 hour. The solution is alkalinized to PH 5 an_d-
concentrated to dryness under vacuum. The residue is
chromatographed on a silica gel column eluting with a
1 98:2  methylene chloride-methanol  mixture. After

crystallizétion from ethyl acetate, 88 mg of the title

25 compound are obtained.
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27 14. The use of taxanes according to claim1l or 7, -
1. A semi~synthetic taxane of.formula (1)
5
R-CONH
H
U g
N
3
OH
10
(1)
wherein: _ '
R4 and Ry, which éan be the éame or different, are a
15 'Cl—cs alkfl, 02—08 alkenyl, aryl or heterocaryl group;
R, can be also a tert-butoxy group;
wheﬁra dbuble olefinic bond is present in positions 11,
12; R is a hydrogen atom, 34 is a hydroxy or a CZ-C8—
acyloxy grbup; '
20 when a double olefinic bond is not présent in positions
i1, 12, the methyl in position 12 has a -orientation,
R4 is a hydroxy or a Cz—Cs—acyloxy group, and Ry is
hydrogen, with the proviso that when R, and R, are phenyl
and a double bond connects positions 11 and 12, R, is not
acetyl.
2. As a compound according to claim 1, 13-[(2R, 35)—«
25 3-phenyl-2-hydroxy-3-tert-butoxycarbonylamino-propano-

yl]410—epi—lO—deacetylbaccatine I1T, of formula (1a2)
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wherein: _
R, and R,, which can be the same or different, are a
Cl—czo_alkyl, C,-Cg alkenyl, aryl or heteroaryl group,
RZ can also be a tert-butoxy group.
8. As compound according to claim 7, 13-[(2R,3S)-3-
phenyl—2—hydroxy—3—tert—butoxycarbonylamino—propanoyl]-

C~seco-10-deacetylbaccatine III, of formula 5a

(5a)

wherein Ry = phenyl, Ry = tert-butoxy. .
9. As'cbmpound acéording to the claim 7, 13-[(2R,38)-"
3-isobutyl-2-hydroxy-3-caproylamino-propanoyl-C-seco-
10-deacetylbaccatine __iII of formula 5a wherein
R1=isobutyl,.R2=(}EHQﬂ;,_

10. A process for the preparation of the compounds



