WO 03/ 013503 PCT/ EP02/ 08185 C-2' METHYLATED DERI VATI VES OF PACLI TAXEL FOR
USE AS ANTI TUMOUR AGENTS The present invention relates to novel taxane
derivati vwe ldavisng antitunor activity and to the processesTiEP02/08185
preparation thereof. Mire particularly, the present invention relates to
t he compounds of forrmula (1): I 5 in which: Ris trifluoronethyl, phenyl,
2-furyl, 2-thienyl; Rl is t-butoxycarbonyl or benzoyl; R2 is hydroxy; R3

2-fury RL ISt butox . .
o bonnt 96 B 2usrhAAGED Fer e o badahihod MG VB hddins & .

c is different fromphenyl. 0 Conpounds of forrmula (I) are derivatives of
paclitaxel or of docetaxel, known drugs having antitunor activity.
Compounds of fornula (1) wherein R3 is hydrogen and R is phenyl are 10

described by Graengréfendl invehtibn @BRiTes JOC.novel kidxaheaderivati¥895haRgl811-
1815. Paclitaxel derivatives bearing a G 2'-nethylated (2R 3S) side-chain

are discl gegthrhyr Ketivitgtandlto the gf@éés%@%ﬂfhe M@paration therdff. PP 6495- 6498,
1996. WO 03/ 013503 PCT/ EP02/ 0818 2 Kant has denonstrated that this

structural nodMdreapa@ivul YC tfe prededdiihl6@ibn reRRBONIS AHRNEGMPBIRAE JMm
conparison wth the parent conpound paclitaxel in certain tests

(i nhibiti oforedulai(@y:ot ubul e depol yneri zation), due to better binding
affinity to mcrotubul es and better cytotoxicity toward KBVI. In

5 in which:

R is trifluoromethyl, phenyl, 2-furyl, 2-thienyl,

R! is z-butoxycarbonyl or benzoyl;

R, is hydroxy;

R; is hydrogen or, together with R,, it forms the residue of a cyclic
carbonate of formula: (I) | with the proviso that when R; is hydrogen, R
is different from phenyl. \|(|:

Compounds of formufa (I) are derivatives of paclitaxel or of docetaxel,
known drugs having antitumor activity.

Compounds of formula (I) wherein R; is hydrogen and R is phenyl are

10 described by Greene et al. in J. Chem. Soc. Perkin Trans.1, 1995, pp 1811-
1815. Paclitaxel derivatives bearing a C-2’-methylated (2R,3S) side-chain are

disclosed by Kant et al. in Tetrahedron, vol. 37, n. 36, pp 6495-6498, 1996.



5 addition, some of these taxanes synthesized from 14[ 3- hydr oxybaccatin
1,14- carbonate had i nproved water solubility. Finally, one of these
taxanes wonBailised a trifluoronethyl substituent at the C BPCpEPOLOKIBS i N
order to block the nmetabolic pathways 2ssociated with the cytochrone P-450
cl ass of enzynmes. The inproved pharnmacol ogi cal characteristics of these
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conpounds of "Tornu are-prepared by react a compoun formul a
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N The improved pharmacological characteristics of these new compounds may
10  well be related to the modification of the activity spectrum against various
cancer types.
Preferred compounds of the invention are the following:
(2’R,3’R)-13-[N-benzoyl-3-(2-furyl)-2-methyl-isoserinoyl]-baccatin
111,
15 (2’R,3’R)-13-[N-t-butoxycarbonyl-3-(2-furyl)-2-methyl-isoserinoyl]-baccatin
111
(2°R,3’§)-13-[N-t-butoxycarbonyl-3-phenyl-2-methyl-isoserinoyl]-14-
hydroxybaccatin III 1,14-carbonate;
(2’R,3’R)-13-[N-t-butoxycarbonyl-3-trifluoromethyl-2-methyl-
20  isoserinoyl]-14p -hydroxybaccatin III 1,14-carbonate;
(2°R,3’R)-13-[N-t-butoxycarbonyl-3-(2-furyl)-2-methyl-isoserinoyl]-
14 -hydroxybaccatin III 1,14-carbonate.
(2’R,3’R)-13-[N-t-butoxycarbonyl-3-(2-thienyl)-2-methyl-isoserinoyl]-

14-hydroxybaccatin III 1,14-carbonate.



Owv Il RCX®2H 5 wherein R and R, are as defined above. Conpound of fornula
(I'11) can be prepared fromthe corresponding alkyl esters, in particular
from t he wetobpi3sest er, known from Tetrahedron Asynm 200PCTAP)2/4£185- 1027
and J. Chem Soc. Perkin Trans.1 1995, 3811 - 1816, by hydrolysis in

al coholic solvents. The resulting acid, without i0o being isolated, can be

directly condensed with t catl 11 derivative of . forimula (1] in
t he presence o?ﬁ‘a CQ&?R%}H}CE %tg ﬁﬁemepaf%‘i 58%&&51‘8“&1&%9‘8%}16%

t hi onocar both e lﬁnd ﬂi met hyl am nopyrl d| ne in a suitable solvent. The
hydr oxy- pr 8 oup at the 7- poiﬁ*l on is renoved to afford the
desired conpounds of fornmula (1)>~.5 @rnatively, conpounds of formula
(I'l) can be reacted with WD 03A013
formula (1V) Oles R O/ \Boc whg ot =2 def| ned above. Conpound of
formula (1V) in which Ris phe f+J. Org. Chem 1991, 56,
1681 - 1684; Tetrahedron, 1402 Qf2, EP 5 400971, US

5,175, 315. Conpound of formula Ris trifluoronmethyl can be
F3C CF3 02s0 + ~I -- +

in which R, and R, are as defined above, and R, is a protecting group,

preferably triethylsilyl, with a compound of formula (III)
OMe

OMe

R1\N 0

R COH

5 wherein R and R, are as defined above.

Compound of formula (III) can be prepared from the corresponding
alkyl esters, in particular from the methyl ester, known from Tetrahedron
Asymm. 2001, 12, 1015-1027 and J. Chem. Soc. Perkin Trans.1 1995, 1811
- 1816, by hydrolysis in alcoholic solvents. The resulting acid, without

10 being isolated, can be directly condensed with the baccatin III derivative of
formula (II), in the presence of a suitable condensing agent, for example di-
2-pyridyl thionocarbonate and dimethylaminopyridine in a suitable solvent.
The hydroxy-protecting group at the 7- position is removed to afford the
desired compounds of formula (I).

15 Alternatively, compounds of formula (II) can be reacted with



N~0NR5 R5 R5 = C6H4 p-Ove (3R, 4S) 1 TesO TesO ,CF3 CF3 OBoc O H

(3R, 4R) (3R, 4R) Compound of formula (1V) in which R is 2-furyl can be

prepar ed woasniasg from (3R 4R)-4- (furan-2 -yl)- 3 -hydr ®CYAEP82/08185

-nmet hyl -azetidin-2 -one, known fromJ. 410 Org. Chem 1999, 64, 4643, 4651,

according to the follow ng schenme: //~-N\ 0 H(3R .4R) 0 TesO L-_ / TesO

|V OH TesO CF3 RS {3R:~4R) (3R, 4R) i) N\~ 0~ H O Boc (3R 4S) H
%P/E}?% bfaﬁ"\/) ) ( ) i) (3R, 4S)

(3R 4S) i)*°RRoER Hi i) Bo&%g’ Et 3N DMAP/ OC to 25C
——:_I.“\ IV
—N
o/ \Boc

wherein R is as defined above.
Compound of formula (IV) in which R is phenyl is described in J. Org.
Chem. 1991, 56, 1681 - 1684; Tetrahedron, 1992, 48, 6585 - 7012, EP
5 400971, US 5,175,315.
Compound of formula (IV) in which R is trifluoromethyl can be

prepared according to the following scheme

*LiQ TesO
= 5 " per
O\fs/o +
7 o SRS
(3R 4S) (3R, 4R) (3R 4R)
R5= C¢H,-p-OMe l
TesO
TeS? \\CF3 g \\\\CFa_
‘_
j;N\ J;N\
J Boc O H
(3R, 4R) (3R, 4R)

Compound of formula (IV) in which R, is 2-furyl can be prepared starting
from (3R,4R)-4-(furan-2-yl)-3-hydroxy-3-methyl-azetidin-2-one, known from J.
10 Org. Chem. 1999, 64, 4643, 4651, according to the following scheme:

07 N\ (O NN 07"\
HO A TesO A= TesQ

- ~ I’) - o ”') - ~
e e
];N N N
O \H O \H O “Boc
(3R4R) (3R,4S) (3R,4S)

i): TesCI/DMF/25 °C ; i) Boc,O/Et3N/DMAP/O°C to 25°C



WO 03/ 013503 PCT/ EPO2/ 08185 5 Conpounds of fornmula (11) are known fromJ.
Med. Chem 1997, 40, 267 - 278. The reaction between conpound (I1) and
conpound WDMp/o13soxarried out in aprotic solvents under i RETtEPaY/0I8phere. 5
Typically, the reaction is carried out & a tenperature of about -40C -5C
in the presence of sodi um hexanet hyl di sil azane. The hydroxy- protecting

br esent | Zvieﬁt RS taftelE afy FREHEr ol i MPG. ERERRCT Zardey

cells of tgg t, lung, ovary, colon, prostate, io0 kidney, pancreas, as
wel | as ag %st el l's resistant to known anticancer drugs such as
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sol ution, suppo sion, dispersion
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pol ysor bat e and et posone prepara prepared w hataral or
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abbrevi ati ons are as f ES = triethylsi
di met hyl f og iy GRh dMiam{Binvinblastine and platinum derivatives.

Therefore, the invention is directed to pharmaceutical formulations
containing an effective amount of a compound of the invention, together
with pharmacologically acceptable carriers and excibients. More

15 particularly, the compounds can be formulated in the form of tablet, powder,
granulate, capsule, injectable solution, suppository, emulsion, dispersion,
and the like. For the intravenous administration, mixtures of Chremophor L
and ethanol, polysorbate and ethanol or liposome preparations prepared with
natural or synthetic phosphatidylcholine, | or mixtures of natural

20 phospholipids in the presence of cholesterol, are preferably used; for the
oral administration, soft-gelatin capsules are preferably prepared in which
the product is solubilised in polysorbates, PEG or mixtures thereof,
optionally in the presence of phospholipids. Compounds (I) can be
administered to humans at concentrations ranging from 50 to 500 mg/m?.

25 The following examples illustrate the invention in greater detail.

The abbreviations used are as follows:

TES = triethylsilyl, DMF = dimethylformamide; DMAP = (N,N-
dimethylamino)pyridine; NaHMDS = sodium hexamethyldisilazide;



di met hyl am no) pyri di ne; NaHVDS = sodi um hexanet hyl di si | azi de; WD 03/ 013503
PCT/ EP0O2/ 08185 6 LiHVDS = |ithium hexanet hyl di sil azide; THE =

t et r ahydrwbuwsamsoHVPA = hexanet hyl phosphoric triam de. ERAQVHPE/18185

(4S, 5R) - 3-B enzoyl - 2- (2, 4-di net hoxyphengl ) - 4- (furan-2-yl)-5-nethyl 5

oxazol i di ne-5-carboxylic acid nmethyl ester (0.128 g, 0.285 mmol) in

meait um . TheH SR Ch et eiladtie: T 5 RepSar AR R

saturated NH4C solution and extracted with ethyl acetate. The aqueous
phase was E’fﬂp?ﬁ’é(hip%%sf’gﬁr% (F14H1%9, NaHSO4 and extracted with ethyl 1o

acetate. The ome was dried and the solvent was evaporated off.

The residue (1 ded to a toluene solution of 7-TES-baccatin I
(0.04 g, 0.057

and i et hyl anf hopg i aPsBA YRS R e dstomhalY Da Y Tl Rer e e
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Cr-H J1=57feHesidle™dP eq) Wad addedo a toluene solution of 7-TES-baccatin III
(0.04 g, 0.057 mmol) in the presence of di-2-pyridyl thionocarbonate (1 eq)
and dimethylaminopyridine (0.5 eq) at 20°C under argon atmosphere. The
reaction mixture was heated at 60°C for 80 hours with stirring. After
15 addition of ethyl acetate, the reaction mixture was extracted with brine. The
organic phase was washed with brine, then dried and evaporated.
Chromatography (SiO,, ethyl acetate/n-hexane, 1:1) afforded (2°R,3’R)-13-
[N-benzoyl-N,0-(2,4-dimethoxybenzyliden)-3-(2-furanyl)-2-
methylisoserinoyl]-7-TES-baccatin III (0.023 g, 2.28 mmol, 40%). The
20 compound has the following characteristics:
'"H NMR (CDCl,): 8 = 0.61 (m, 6H, 3CH,), 0.95 (t, 9H, 3Me), 1.22 (s,
3H, Me), 1.27 (s, 3H, Me), 1.68 (s, 3H, Me), 1.89 (m, 1H of C6-H), 2.10-
2.25 (m, 2H of C14-H), 2.21 (s, 3H, Me), 2.24 (s, 3H, Me), 2.33 (s, 3H,
Me), 2.50 (m, 1H of C6-H), 2.65 (s, 3H, Me, OAc of C-4), 3.90-4.0 (m, 8H,
25  6H of 2 Me, 1H of C3-H, and 1H of OH), 4.12 (d, 1H, of C20-H, J=8.0 Hz),
4.32 (d, 1H, C20-H), 4.58 (m, 1H of C7-H, J,=5.8 Hz, J,=10.2 Hz,), 4.95
(dd, 1H of C5-H, J,=1.5 Hz, J,=9.6 Hz), 5.55 (b, 1H of C3'-H), 5.70 (d, 1H
of C2-H, J=5.7 Hz), 6.30-6.40 (m, 2H), 6.40-6.50 (m, 3H), 6.54 (s, 1H),



(dd, IHof C5-H J,=1.5 Hz, J2=9.6 Hz), 5.55 (b, 1H of C3'-H), 5.70 (d, 1H
of C2-H, J=5.7 Hz), 6.30-6.40 (m 2H), 6.40-6.50 (m 3H), 6.54 (s, 1H), WO
03/ 013503WP@3NERAR/ 08185 7 6.82 (s, 1H), 7.20-7.40 (m SHCTHEPONYSISS
7.40-7.50 (m 3H, arom, 7.54-7.60 (m71H, aron), 8.04-8.07 (m 2H, arom.
Thi s conmpound (0.023 g, 2.28 nmmol) was dissolved in CH2C12 (3.0 nl) and
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was extracte &ﬁp g&ofz@'{?{)‘%ﬁ, SO Vint was dried and evaporated. The

resi due » LR 3hedg P 49n A*HB%ane/ et hyl acetate, 1:1) to afford
0.019 g (0.02 89
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accor di 209/0 }\g?)g?gﬁﬁ%r%,f*@ﬁ{ H%gggcs' g_}EEMéiﬁafT@b?niE aif gy 093,91 6023
Cl4-H), 2.24 (s, 3H, Me), 2.40 (m, 1H of C14-H), 2.49 (d, 1H, OH of C7-
H), 2.55 (m, 1H of C6-H), 2.65 (s, 3H, Me), 3.75 (s, 1H, OH), 3.82 (d, 1H

a1

of C3-H, J=7.2 Hz), 4.21 (d, 1H of C20-H J=8.4 Hz), 4.31 (d, 1H of C20-
15 H), 4.40 (m, 1H of C7-H), 4.95 (dd, 1H of C5-H, J,=1.5 Hz, J,=9.6 Hz),
5.66 (d, 1H of C2-H), 5.79 (d, 1H, of C3'-H, J=9.5 Hz), 6.26 (s, 1H of C10-
H), 6.30 (m, 1H of C13-H), 6.41 (m, 2H, 2-furyl), 7.12 (d, 1H, NH), 7.33
(m, 2H, arom), 7.44 (m, 1H, 2-furyl), 7.46 (m, 1H, arom), 7.52 (m, 2H,
arom), 7.60 (m, 1H, arom), 7.67 (m, 2H, arom), 8.19 (m, 2H, arom).
20 EXAMPLE 2

The coupling of (4S5,5R)-N-Boc-N,0-(2,4-dimethoxybenzyliden)-3-
phenyl-2-methylisosene methyl ester (J.Chem.Soc. Perkin Trans.
1995,1811-1816) (0.154 g, 0.336 mmol) with 7-TES- baccatin III 1,14-
carbonate! (0.05 g, 0.067 mmol) according to procedure described in

25 example 1 afforded 0.021 g (0.023 mmol, 34%) of (2'R,3’S)-13-(N-Boc-2-
methyl-3-phenylisoserinoyl)-14p-hydroxybaccatin III 1,14-carbonate.

The compound has the following characteristics:

'H NMR (CDCl,): & = 1.28 (s, 9H, 3Me of t-Boc), 1.30 (s, 3H, Me of



met hyl - 3- phenyl i soseri noyl)-14(3- hydroxybaccatin I1l 1, 14-carbonate. The
conpound has the follow ng characteristics: '"HNWR (CDC13): 8 = 1.28 (s,
9H, 3Me oWotesBosy3 1.30 (s, 3H, Me of WD 03/013503 PCT/ EPORTEPLBE8188 C- 15),
1.38 (s, 3H M of C15), 1.41 (s, 3H, Bk of C2'), 173(s 3H, Me of

C-8), 1.84 (s, 3H M of CG12), 1.92 (m 1H of C6-H), 2,26 (s, 3H M, OAC

24y 3 5aCal e 1038 thiToe S5 ST AR Y fﬁ@?? (o, ybfBne G o
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ghhéb o SCaBrt Sk, 37, DL, FECITHR a8 (d, TP PoT Y, 4 BB, Vere
arggtnhglt rmiﬁ; g9411§09§g212pjz§;4g)65| ﬁqd?&m)gﬂquéndh%gﬁg%W'lg%thfﬁ]HQder w0
sat ur at ed ot oy 2Ry e Rt g)vaw(at Y], Geesans ¢ 3he

or gani ¢ phase Was r| e at'ed un e ’reduced pressu

Chr omat t f or ded
0.190 g (0B 9“8%|613$%)?8¥%3§ﬂ§§§03£9??m T 50 PSR PO, fikin) ﬁyiz%@sorzoe
t hyl by @0, = 0 C13); IR (CDCl3, CM
ggooysogéeégg Py0059 (ol ). BT e A3 o ’NI\/R)(CDC1§%): 5 065
(m 6H,, 3 CH2) g 3 9H 3 M), 1.19 (s, 3H Me), 4.54 (s, 1H), 6.27
1H 2-fur m 1H, 2-furyl), 6.72 (b, 1H NH), 7.40 (m 1H,

(2 CL;” yh); 13"5%,@@9@-@1“%!&@13& 41atkan2-¢9)-8 ik thyia Ze tiddhlonebl- O
Triethyl silyl chloride (0.316 g, 2.1 mmol) and imidazole (0.100 g, 1.5
mmol) were added to a stirred solution of (3R,4R)-4-(furan-2-yl)-3-hydroxy-
3-methyl-azetidin-2-one (0.167 g, 1.0 mmol) in DMF (6.0 ml) at 25°C under
15 argon atmosphere. The reaction solution was quenched after 4 h with a
saturated NH,Cl aqueous solution and extracted with ethyl acetate. The
organic phase was dried and concentrated under reduced pressure.
Chromatography of the residue (Si0,, ethyl acetate/n-pentane, 1:2) afforded
0.190 g (0.67 mmol 67%) of (3R,45)-4-(furan-2-yl)-3-triethylsilyloxy-3-
20 methyl-azetidin-2-one: [a]p*° = + 42.8 (¢ 1.04, CHCl,); IR (CDCl,, cm™):
3600-3000, 3413, 2957, 1768, 1458, 1377, 1012; 'H NMR (CDCl,): 8 = 0.65
(m, 6H, 3 CH,), 0.95 (t, 9H, 3 Me), 1.19 (s, 3H, Me), 4.54 (s, 1H), 6.27 (d,
1H, 2-furyl), 6.28 (m, 1H, 2-furyl), 6.72 (b, 1H, NH), 7.40 (m, 1H, 2-furyl);
BH NMR (CDCly): & = 5.71 (CHy), 6.73 (Me), 19.3 (Me), 61.0 (CH),
25 89.1(C), 108.1 (CH), 110.5 (CH), 142.7 (CH), 150.9 (C), 171.5 (C).
b) (3R,45)-1-tert-butoxycarbonyl-3-triethylsilyloxy-4-(furan-2-yl)-
3-methyl-azetidinone

A solution of the derivative from the previous step (0.060 g, 0.21 mmol),



25 89.1(C, 108.1 (CH), 110.5 (CH), 142.7 (CH), 150.9 (O, 171.5 (O. b)
(3R, 4S)-1-tert-butoxycarbonyl -3-triethylsilyloxy-4-(furan-2-yl)-

3- et hyl -wpasiodisnbne A sol uti on of the derivative from t h@eCpmPo2/er18s st ep
(0.060 g, 0.21 mmol ), WO 03/013503 PCT/€P02/ 08185 9 DWVAP (0.010 g), and
triethylamne (88 1, 0.63 mmol) in CHCl12 (3.0 M) at OC was added with a
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6. 0 086 i SUSEg- ss@P%Sﬁz%@-?pé%ﬂﬁZ‘;’? 4d 8{3% K msphere. The sol Ut on
was cool ed tov\;zlf? sﬁ\lfﬂ\ér?g &sgblgt 'C}'i'CiLg,t 1.4 cdbehr’m Sgﬁ 5?825139%3'?2;6 added

drop by drop é t enperat ure was “f our

hour s Jhersgpciion %queﬂm;msh 641! B NEFL), d@@o(gm) Lunfores

extracted acetate and dried. "Aftet evaporat’ion

Ea) v YR RS ol @ pep 7 TergsEETan, Mgt o3s
(m, 1H, 2-furyl), 7.37 (m, lH, 2 furyl); "H NMR (CDCl,): & = 5.6 (CH,),
6.5 (Me), 23.0 (Me), 27.8 (3 Me), 62.7 (CH), 83.3 (C), 85.4 (C), 108.9
(CH), 110.3 (CH), 142.4 (CH), 147.9 (C), 148.7 (C), 167.7 (C).

15 ¢) (2'R,3’R)-13-[N-Boc-2-methyl-3-(2-furanyl)-isoserinoyl]-baccatin III
The B-lactam from step b) (0.082 g, 0.214 mmol) and 7-TES-baccatin

III (0.060 g, 0.086 mmol) were dissolved in THF under argon atmosphere.
The solution was cooled to —45°C. NaHMDS (solution 1.0 M in n-hexane,
2.5 eq) was added drop by drop with stirring. The temperature was raised to
20 —20°C in four hours. The reaction was quenched with saturated NH,Cl; the
mixture was extracted with ethyl acetate and dried. After evaporation of the
solvent, the crude was purified by chromatography. The reaction product
was dissolved at 0°C in 1:1 MeCN/pyridine solvent. A solution of
HF/pyridine (70/30) was added drop by drop (0.1 ml /10 mg of reagent).
25 The reaction mixture was stirred a 0°C for 1 h, then at 25°C for 6 hours,
then extracted with ethyl acetate. The extracts were washed three times with

saturated CuSO, and water and dried over anhydrous MgSO, to give 0.035 g
(0.041 mmol, 48%) of the title product:



HF/ pyridine (70/30) was added drop by drop (0.1 m /10 ng of reagent). 25
The reaction m xture was stirred a OC for 1 h, then at 25C for 6 hours,

t hen ext rwotmed13sms h et hyl acetate. The extracts were wash@dTiEPOIBES183 mes
with saturated CuSO4 and water and dril@d over anhydrous MgSO4 to give
0.035 g (0.041 mmol, 48% of the title product: WO 03/013503
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EXAMPLE 4

(2'R,3’R)-13-[N-Boc-2-methyl-3-(2-furanyl)isoserinoyl]-14p-

hydroxybaccatin III 1,14-carbonate

15 7-TES-14B-hydroxybaccatin III 1,14-carbonate (0.080 g, 0.125 mmol)
was coupled with (3R,4S5)-1-tert-butoxycarbonyl-3-triethylsilyloxy-4-(furan-
2-yl)-3-methyl-azetidinone (0.12 g, 0.312 mmol) in the conditions described
in example 3c, affording (2'R,3’S)-13-[N-Boc-2-methyl-3-(2-
furanyl)isoserinoyl]-3’,7-diTES-14p-hydroxybaccatin III 1,14-carbonate

20 (0.087 g, 0.0775 mmol, 62%) was obtained: '"H NMR (CDCl;): & = 0.5-0.6
(m, 12H, 6 CH,), 0.85-0.95 (m, 18H, 6 Me), 1.25 (s, 3H, Me), 1.29 (s, 9H,
3Me), 1.31 (s, 3H, Me), 1.56 (s, 3H, Me), 1.75 (s, 3H, Me), 1.92 (m, 1H of
C6-H, J;, = 14.3 Hz), 2.02 (s, 3H, Me), 2.20 (s, 3H, Me), 2.51 (m, 1H of
C6-H), 2.71 (s, 3H, Me), 3. 76 (d, 1H of C3-H, J = 8.1 Hz), 4.26 (q, 2H of

25 C20,J = 8.5 Hz), 4.44 (m, 1H of C7-H, J, = 10.8 Hz, J, = 7.0 Hz), 4.85 (d,
1H of C14-H, J=7.0 Hz), 4.89 (m, 1 H of C5-H, J,= 1.8 Hz, J, = 9.8 Hz),
5.24 (d, 1H, 1H of C3'-H, J = 10.0 Hz), 5.28 (d, 1H of NH), 6.10 (d, 1H of
C2-H), 6.26 (d, 1H of 2-fury1), 6.38 (m, 1H of 2-furyl), 6.42 (s, 1H of C10-



3Me), 1.31 (s, 3H, M), 1.56 (s, 3H, M), 1.75 (s, 3H, M), 1.92 (m 1H of
C6-H, J6 6 = 14.3 Hz), 2.02 (s, 3H, M), 2.20 (s, 3H M), 2.51 (m 1H of
C6- H) Z.Wmo(i/mssm—l, Me), 3. 76 (d, 1H of C3-H, J = 8.1 HzpCTAPRGOS1ES 2H of
25 C20, J 85Hz) 4.44 (m 1H of C7-H, J1 = 10.8 Hz, J2:70H2) 485
(d 1H of Cla-H, J = 7.0 Hz), 4.89 (m 1 Hof C5-H Ji= 1.8 Hz,
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azeti di n-2-dne A sol ut
i 3 ed 1
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5S) - 2- t ext |
O g. Chté(fn 3’5262(5341 43- 465182@(0 4 dded with

al Msolu I ( a KH_30

Mo S%fg?lg{f b! Nﬁgé’ﬁd@w@ %ﬂq'eh)mnoffhﬁu%?l) %40769 1#f ben-
furyl), 6.47 (d, 1H of C13-H), 7.42 (m, 1H of 2-furyl), 7.44-7.50 (m, 2H,
arom), 7.58-7.62 (m, 1H, arom) 8.02-8.08 (m, 2H, arom).

EXAMPLE 5

15 a) (3R,4R)-3-Hydroxy-1-(4-methoxyphenyl)-3-methyl-4-trifluoromethyl-
azetidin-2-one

A solution of (28, 5S5)-2-tert-butyl-2,5-dimethyl-[1,3]dioxolan-4-one

(described in J. Org.Chem., 1999, 64,4643-4651) (0.344 g, 2.03 mmol) in

THF was added with a 1 M solution of LIHMDS (2.4 ml, 2.4 mmol) in THF

20 at —78°C. After 30 min, the solutions of HMPA and N-(4-methoxy

phenyDtrifluoroacetaldimine (0.81 g, 4.00 mmol) were added in succession

(THF:HMPA = 85:15). After 4 h the reaction mixture was treated with 5 ml

of a IM aqueous solution of CH;CO,H at —78°C, extracted with 1N HCI, then

with NH,Cl, ﬁnally with brine. The organic phase was dried (Na,SO,) and the

25 solvent was evaporated off under reduced pressure. Chromatography of the

residue (SiO,, EtOAc/n-pentane, 1:2) afforded 0.25 g (0.91 mmol, 45%) of

the title p-lactam (3R,4R): [a]p*® = +28.4 (¢ 1.01, CHCl,); 'H NMR (CDC13):

8 =1.70 (d, 3H, Me, J = 1.2 Hz), 3.02-3.10 (b, 1H, OH), 3.78 (s, 3H, OMe),



phenyl )trifluoroacetaldimne (0.81 g, 4.00 nmmol) were added in succession
(THF: HMPA = 85:15). After 4 h the reaction mxture was treated with 5 nl

of a 1M awoeewus3ssdl uti on of CH3CO2H at -78C, extracted w POTIHROHAZISS t hen
with NHACI, finally with brine. The ordani c phase was dried (Na2SO4) and
the 25 solvent was evaporated off under reduced pressure. Chronatography of

of - the ti 953 @ ithchai (56 Bap O ol %ﬂﬁ?n 3 500 PR NMEICHONTR e
(P olybiasss eyebsn 3o+ 3504, 34 ?9#?149*32; @37 Ce
(o, a3 if%z“dz’z(;ﬁ%%?%@ ST s e T T s, O3
(3R, 48" 315 i obhy s (PR Prrie AR et metonscnyond methyl-+-
ol ) b e BER I gzl e Ss?fo "0 a1g, 2.0 mmbl) and o
et m el 2o S pg R A0S P B RGO, o
ond 9o RS BN S NIPRIE LA AR ISR OB 5.,
(ODCI3, o) oy 23575 208 R 4 TBurikid el Ao daRbiur i MR ARG i =
) Ty eglhe 0 st R g it
12 9. 8H?%) §%‘5£1cﬁﬁ%ecse]s}%e7u%§ ng)ma)HggraEhég t&Fforti 4P 38 g(@: 82 mlmol 2§§%)HZ)
oo At DO Bt mosorm by s Esony &
was added gMROEBY1I" 8= 01 i3 (ATER I3 ANG. $£ (1, Wi, (IMe) N 653E3H, Me),
3.79 (s, 3H, OMe), 4.22 (q, 1H, Jyr = 5.9 Hz), 6.85-7.40 (m, 4H, arom); °H
NMR (CDC13): & = 5.7 (CH,), 6.6 (Me), 23.4 (Me), 55.5 (OMe), 64.3 (q,
15 CH, J =32 Hz), 84.0 (C), 114.4 (2 CH), 119.5 (2 CH), 123.6 (CF,, J = 283
Hz), 129.8 (C), 157.1 (C), 167.1 (C).
¢) (3R,4R)-3-triethylsilyloxy-3-methyl-4-trifluoromethyl-azetidin-2-one
A solution of compound from b) (0.30 g, 0.77 mmol) in acetonitrile
(13.0 ml) was added a drop by drop with ammonium and cerium (IV) nitrate
20 (1.5 g, 2.74 mmol) in water (20.0 ml) and further water (30 ml) in 2 h at -
50°C. The mixture was diluted with water (30 ml) and extracted with ethyl
acetate. The organic phase was washed With saturated NaHCO,, saturated
NaHSO; and again with saturated NaHCO;. The organic layer was dried and
concentrated in vacuo. The residue was subjected to column
25 chromatography (SiO,, CH,Cl,/ethyl acetate, 3:1) to afford the title product
(0.168 g, 0.59 mmol, 77%): 'H NMR (CDCl;): 8 = 0.69 (m, 6H, 3 CH,),
0.94 (t, 9H, 3Me), 1.60 (s, 3H, Me), 3.77 (q, 1H, Jyr = 6.2 Hz), 6.20-6.45
(b, 1H, NH); "*"H NMR (CDCl,): & = 5.8 (CH,), 6.8 (Me), 23.7 (Me), 61.0



20 (1.5 9, 2.74 mol) in water (20.0 m) and further water (30 M) in 2 h
at - 50C. The mxture was diluted with water (30 m) and extracted with
et hyl acwDaB®135The organi ¢ phase was washed wi t h sat ur at @dTNPHIG3 35
saturated NaHSG3 and again with saturdgBed NaHCO3. The organic |ayer was
dried and concentrated in vacuo. The residue was subjected to colum 25

o oduct (G0 AdHs § = 8238l (G 23&5&%‘&?5&%@55 (o A 3
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7- TES- 14( 35 yfif0x9aGkat i@ Dl ):(@=0889%m O 1 3BAR))) 0.95 (t, 9H, 3Me), 1.52
(s, 9H, 3Me), 1.63 (s, 3H, Me), 4.10 (q, 1H, Jyr = 6.2 Hz); "H NMR
(CDCl,): 8 = 5.6 (CH,), 6.5 (Me), 23.5 (Me), 27.8 (3 Me), 63.2 (q, CH, J =
15 32 Hz), 84.7 (C), 122.8 (CF;, J =281 Hz), 147.2 (C), 167.4 (C).
e) (2'R,3’R)-13-[N-Boc-2-methyl-3-trifluoromethylisoserinoyl]-14f-
hydroxybaccatin IIT 1,14-carbonate
The reaction of 7-TES-14B-hydroxybaccatin III (0.080 g, 0.11 mmol)
with the compound from d) (0.103 g, 0.27 mmol) according to the procedure
20 of example 4 afforded the 7,3'-di-TES-derivative of the title compound (0.071
g, 0.063 mmol, 57%): 'H NMR (CDCl;): 8 = 0.62-0.72 (m, 12H, 6 CH,),
0.88-0.95 (m, 18H, 6 Me), 1.25 (s, 9H, 3 Me), 1.31 (s, 3H, Me), 1.52 (s, 6H,
2Me), 1.63 (s, 3H, Me), 1.90 (m, 1H of C6'-H), 2.00 (s, 3H, Me), 2.19 (s, 3H,
Me), 2.48 (m, 1H of C6-H), 2.58 (s, 3H, Me), 3. 74 (d, 1H of C3-H, J = 7.5
25 Hz), 4.24 (q, 2H of C20, J = 8.8 Hz), 4.41 (m, 1H of C7-H, J, = 10.6 Hz, J, =
6.4 Hz), 4.74 (m, 1H, C3'-H), 4.83 (d, 1H of C14-H, J= 6.9 Hz), 4.86 (m, | H
of C5-H, J;= 1.90 Hz, J, = 9.8 Hz), 5.10 (d, 1H of NH), 6.10 (d, 1H of C2-H),
6.40 (s, 1H of C10-H), 6.42 (m, 1H of C13-H), 7.44-7.50 (m, 2H, arom),



with the conpound fromd) (0.103 g, 0.27 mmol) according to the procedure
20 of exanple 4 afforded the 7,3 -di-TES-derivative of the title conpound
(0.071 g,w0.008850301 , 57%: 'H NVR (CDC13): S = 0.62-0. 72PCmWEPL2b§186 CH2),
0.88-0.95 (m 18H, 6 Me), 1.25 (s, 9H 1§ M), 1.31 (s, 3H M), 1.52 (s,
6H, 2Me), 163(5 3H, M), 1.90 (m 1Hof C6' -H, 2.00 (s, 3H M), 2.19
(s, 3H,
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(l 3#44(; lio?nrg);[r? goé%jy@a ‘goﬁs ag{ﬁﬁ bl qur%yl Si yfggggqu?Whl en-

2-yl)-3-nmet hyIE%AXeMﬁ@%ne (0.36 g, 0.936 mol) in the conditions described
in exanple 3c

(2'R,3’R)-13-[N-Boc-2-methyl-3-(2-thienyl)isoserinoyl]-14p-
hydroxybaccatin III 1,14-carbonate
7-TES-14B-hydroxybaccatin III 1,14-carbonate (0.24 g, 0.375 mmol)
15 was coupled with (3R,45)-1-tert-butoxycarbonyl-3-triethylsilyloxy-4-(thien-
2-yl)-3-methyl-azetidinone (0.36 g, 0.936 mmol) in the conditions described
in example 3c.
After the pfotection with HF/pyridine solution the title compound was
obtained as a white solid (0.189 g, 2.1 mmol, 55%): '"H NMR (CDCl,): § 1.25
20 (s, 9H, 3 Me), 1.28 (s, 3H, Me), 1.43 (s, 3H, Me), 1.75 (s, 3H, Me), 1.86 (s,
3H, Me), 1.92 (m, 1H of C6'-H, Js, = 14.3 Hz), 2.24 (s, 3H, Me), 2.55 (m,
1H of C6-H), 2.63 (s, 3H, Me), 3. 73 (d, 1H of C3-H, J = 8.0 Hz), 4.26 (q, 2H
of C20, J = 8.5 Hz), 4.38 (m, 1H of C7-H, J, = 10.8 Hz, J, = 7.0 Hz), 4.86 (d,
1H of C14-H, J = 7.0 Hz), 493 (m, 1 H of C5-H, J;= 1.8 Hz, J, = 9.8 Hz),
25 5.26(d, 1H, 1H of C3'-H, J= 9.5 Hz), 5.44 (d, 1H of NH), 6.12 (d, 1H of C2-
H), 6.28 (s, 1H of C10-H), 7.07 (dd, 5.0, 3.6 Hz, H-3 thienyl), 7.16 (dd, 3.6,
1.0, H-4 thienyl), 6.47 (d, 1H of C13-H), 7.35 (dd, 5.0, 1.0, H-5 thienyl),
7.44-7.50 (m, 2H, arom), 7.58-7.62 (m, 1H, arom) 8.02-8.08 (m, 2H, arom).



After the protection with HF/ pyridine solution the title conpound was
obtained as a white solid (0.189 g, 2.1 mol, 55%: '"H NWR (CDC12): 5 1.25
20 (s, 9HyVOR3WEXRN3 1.28 (s, 3H, M), 1.43 (s, 3H, M), 1. 7PCTEPIBEISIE),
1.86 (s, 3H M), 1.92 (m 1H of C6'-H156-6"= 14.3 Hz), 2.24 (s, 3H, M),
2.55 (m 1H of C6-H), 2.63 (s, 3H M), 3. 73 (d, 1H of C3-H, J= 8.0 Hz),
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wi th the signoid-Emax nodel using non- ear regression, welghte y the

reci procal (@fckhhe MeaaRnOf Mdie U &Y &iEane! T8ptoud§Packard) automated
luminometer. For each drug/cell line, the dose-response curve was plotted

and the IC50 values were calculated from the concentration-effect curve

15 obtained in three tests with the sigmoid-Emax model using non-linear
regression, weighted by the reciprocal of the square of the predicted effect. The

resulting IC50 values after continuos exposure to the tested compounds for

72 hours are reported in the following table:

Table
20

Compound A2780wt A2780cis A2780tax A2780adr

Paclitaxel 53+13 4.6 +0.7 4498 + 123 2688 £454
Es.1 3.1+0.2 29+0.1 420 £ 93 61.4+3.9
Es.3 29+0.1 33102 312 £ 61 413+7.4
Es.2 2.53+1.47 1.7+ 0.4 299 + 77 52.9+16.2
Es.5 4.64 £ 2.58 28+0.6 285+ 60 79.3+£19.9
Es.4 5.9+0.7 25103 309 £3.7 27.1 £10.1
Es. 6 3.7+04 29+0.2 160.4 + 32 93.2+204




resulting 1C50 values after continuos exposure to the tested conpounds for
72 hours are reported in the followng table: Table 20
Conmpound AR 030 35BY 80ci sA2780t axA2780adr Paclitaxel 5.3 1. PCTEPOD0SAE3198
1232688 454 Es. 13.1 0.22.90. 14209361.43® Es.32.9 0.13.3 0.2312 6141.3
7.4 Es.22.53 1.471.7 0.4299 7752.9 16.2 Es.54.64 2.582.8 0.6285
6079. 3 19%%. 9 0.72.5 0.330.9 3.727.1 10.1 Es. 63.7 0.42.9
0.2160. 4 : .4 WD 03/013503 CLAIMS 1. Conpounds of formula (1): 16
| PCT/EP02/08185 in which: 5 Ris trifluoronethyl, phenyl, 2-furyl,
2-thienyl; R s t-buto ar bon or benzoyl; R2 is hydroxy; R3 is

hydr ogen of: tG@&W%ﬁyﬁq@u?ﬁﬁ)fom the residue of a cyclic carbonate
of formula: o\ with the proviso that when R3 is hydrogen, ¢ Ris different
from phenyl. 2. As conpounds of formula (1): (2°R 3 R)-13-

[ N-benzoyl - 3- (2-furyl)-2-nmethyl -i soseri&codl]-baccati nill;

in which:
5 R is trifluoromethyl, phenyl, 2-furyl, 2-thienyl,
R! is t-butoxycarbonyl or benzoyl,;
R, is hydroxy;
R; is hydrogen or, together with R,, it forms the residue of a cyclic

carbonate of formula: | with the proviso that when R, is hydrogen,

.
R is different from phenyl. (Il
2.  As compounds of formula (I):
(2’R,3’R)-13-[N-benzoyl-3-(2-furyl)-2-methyl-isoserinoyl]-baccatin
III;
(2’R,3’R)-13-[N-t-butoxycarbonyl-3-(2-furyl)-2-methyl-isoserinoyl]-
baccatin III;
(2°R,3’5)-13-[N-t-butoxycarbonyl-3-phenyl-2-methyl-isoserinoyl]-14-
hydroxybaccatin III 1,14-carbonate;
(2’R,3’R)-13-[N-t-butoxycarbonyl-3-trifluoromethyl-2-methyl-
isoserinoyl]-14-hydroxybaccatin III 1,14-carbonate;
(2’R,3’R)-13-[N-t-butoxycarbonyl-3-(2-furyl)-2-methyl-isoserinoyl]-
14-hydroxybaccatin III 1,1 4-carbonate.
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antitumor getiyity.

4. The use of the compounds of formula (I) for the preparation of a

medicament with antitumor activity.



