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(57) Abstract

Derivatives of general formula (1), wherein R is an acyl grouping and R’
is a hydrogen atom, a monoester phosphate residue or a substituted carbamate
grouping, salt forms thereof and a preparation method therefor, are disclosed. O o
The use of said water-soluble compounds as a drug, as well as for preparing a R R
drug for treating cancer, is also disclosed. {O

¢

(57) Abrégé

La présente invention conceme des dérivés de formule générale (D),
dans laquelle R représente un groupement acyl et R’ représente soit un atome
d'hydrogene soit un reste phosphate monoester, soit un groupement carbamate Me
substitué, et ses formes salifies, et son procédé de préparation, Elle concerne
ainsi I'utilisation de ces composés hydrosolubles 2 titre de médicament, ainsi N
que pour la préparation d’un médicament destiné au traitament anticancéreux,
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WATER-SOLUBLE DERIVATIVES OF EPIPODOPHYLLOTOXIN,
PROCESS FOR THEIR PREPARATION,
THEIR USE AS MEDICINAL PRODUCT AND
THEIR INTENDED USE IN ANTICANCER TREATMENTS

Among the class of epipodophyllecids, certain
compounds such as etoposide or teniposide, which are
semisynthetic compounds derived from epipodophyllo-
toxin, obtained from natural lignan, are used in the
preparation of medicinal products for treating many
forms of cancer. They are currently considered as major
products of the therapeutic arsenal.

Among the various cancers treated with
compounds of this type, mention may be made of alveoclar
lung cancer, embryonic cumors, neuroblastomas, cancer
of tne kidney, lymphomas, Hodgkin’s disease, acute
leukemias, and even breast <cancer. Etoposide is
advantageously used in combination with other
anticancer  products and in  particular platinum
derivatives such as cisplatin.

The major drawback of this derivative, and
likewise of its related derivative teniposide, is its
lack of water-solubility. No water-soluble forms for
intravenous administration exist on the market. On the
contrary, the dissolution is currently carried out in
partially non-acueocus solvents, requires administration
by slow infusion and gives rise to certain undesirable
or even toxic effscts. There is thus a need for water-
soluble forms for products derived from this class of
compounds in order to improve the administration to the
patient, as well as its bicavailability. The present
invention thus relates to etoposide derivatives which
are water-soluble by means of the presence cof phosphate
or carboxylate functicnal groups whose organic or
inorganic addition salts form soluble species in water.
This aquecus formulation has the advantage of being
less toxic and easier to administer than the £forms
currently narketed.

The preparation of etoposide derivatives has
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given rise to considerable research and many patents,
and in particular 27 and 37 diester and 27, 3" and 4’
triester derivatives of etoposide have keen claimed in
patent FR 2,699,535-A1. Some of these derivatives have
shown activity equal to or greater than etoposide and
less toxicity. An additional improvement is now
provided by means of a solubility in water which
imparts to them ease of administration and leads to the
expectation of increased biocavailability by better
passage across the various biological membranes.

The 1literature mentions patents relating to
compounds similar to etoposide in which it is sought to
improve the water-solubility, in particular (Us
4,904,768, EP 0,369,369-A2, EP 0,196,618-41, EP
0,320,988, EP 0,415,453-A2).

The advantage of modifying the water-solubility
of the compounds by means of phosphate groups has been
used favorably in a few cases both in the field of
anticancer agents WO 8707609 and in the field of
analgesics (BE 893,563) but, despite everything, there
is nothing to suggest that the compound thus obtained
can fully retain an advantageous biological activity of
its own as well as the activity of the derivative from
which it is obtained.

It has been found that  phosphate and
carboxylate derivatives possess a water-solubility
which allows administration wvia an injectable route,
and woreover exhibit improved anticancer activity
relative to etoposide. The present invention therefore

relates to a compound of general formula I
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in which R’ repressnts either a hydrogen acom or a
phosphate moncester group oY & carbamata group of
-co-N- {R,R,) type where N(RR;)] reprasents aminodiacetic
groups and a polycyclic amina such as
3-aminoguinuclidine or an acyl group of phésphonoacetic
type H,0,P-CH,-CO or a radical R,

R represents an acyl group of formula
A-Z-CH,-CO
an SO,

where 2 represents an oxygen or sulfur atom,
group or a linear or branched C,., alkylene,

on condition that:
- in the cass wheres R'=R, that 1is to say criacyl
derivatives, A represents an aromatle ring possessing 2
salifiable function, with the exception of 2-hydroxyphenyl,
- in the case where R’#R, A represents a benzyl,
;;phchyl, heteroaryl or pheayl residue which is
substituted or unsubstitured, it being possible in this
cass for the phenyl to be subszicuted one, two, three,
four or five tinmes, irrespective of their
position on the aromatic ng, with idencical or

different ¢roups chosan from groups such as halogans,

"F, Cl, Bz, linear or cyclic C,; alkexy, C.; alkyl,

nﬂ:hy_-nealoxy, ocs,, CF,, NO,, CN, OCH.Aryl, OH, OPOMH,,
CH.20,H,, PO,H,, OCH,CO,H, COOH, CH,CO0Y, COCH,, CHO,
Z-A may also represent an OCH,CO.H, SOJ}QCOOH or POH,

group,
as well as its salts with therapeutically acceptable
and wacer-soluble, inorganic or aorganic acids or bases,
with the exception of the compounds for which R2=H, and
Z raprasents an oxygan atom or a sulfur acom, and

A rapreseats an aryl chosen from phanyl, phenyl-alkyl,
whic“ is C,-C, linear or branched, and naphchyl

radicals, and thas2z same radicals subscicutsd with on2
to thra2 substituentcs chosen from linsar or branched C.-
¢, alkoxy radicals optionally perhalogenated with

chlorine or fluorine atoms, linzar or branched C,-C
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alkyl vradicals and halogen atoms, in particular
chlorine or fluorine.

The compounds of general formula I will
advantageously be chosen with R’ <representing a
phosphate monoester (PO,H,) or carbamate CONR,R; group
and NR,R, representing an aminodiacetic or 3-amino-
quinuclidine group, R’ also representing a
phosphonoacetic group and their salts.

R is preferably chosen from the radicals:
phenoxyacetyl, 3,4-methylenedioxyphenoxyacetyl, 4-meth-
oxyphenoxyacetyl, 4-hydroxyphenoxyacetyl, 4-phosphono-
oxyphenoxyacetyl, 4 -carboxymethylphenoxyacetyl, 4-
carboxymethoxyphenoxyacetyl, 4-carboxyphenoxyacetyl, 4-
trifluorcmethylphenoxyacetyl, 4-trifluoromethoxyphen-
oxyacetyl, 4-chlorophenoxyacetyl, 4-nitrophen-
oxyacetyl, 4-fluorophenoxyacetyl, cyclohexyloxyacetyl,
phenylsulfonylacetyl, pentafluorophenoxyacetyl, 2- and
4-formylphenoxyacetyl, 4-cyanophsnoxyacetyl.

The present invention also relates to processes
for the preparation of a compound of formula I,
represented in Scheme 1 (route A), for which a
glycosylated intermediate of general formula II

P ° 5

rRo RO

is reacted with an intermediate of general formula III

to give an intermediacte IV

OH
O\///\/k/\
;[ o©
<0/L;/ﬁ\{/m(

R having the above meanings. R, is a protecting group,
for example benzyloxycarbonyl or a carbamate residue.

This preparation process 1is described in the prior
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patent FR 2,699,535 in Example 17. In order o give a
compound of formula IV in which R, is a protecting group
and R defined above. This derivative IV is deprotected
in its positicn 4’ (R,), either by hydrogenclysis or by
weakly basic hydrolysis to give the derivative I
(R"=H) . It is also possible to prepare the compounds of
formula I where R’=R by this method, wusing the
intermediate of formula III in which R, represents an
acyl group R, this method 1s also described in the
prior patent FR 2,699,535 in Example 1. Depending on
the compatibilities of the substituents R of the
glucosyl, it 1s also possible to synthesize the
compounds of formula I from etoposide itself (Route B).

In a first step, etoposide may be protected in
position 4’ (R,) with a group R,=benzyloxycarbonyl, or
with a guinuclidine carbamate group (R,= CONHj-
quinuclidinyl) obtained by successive reaction of
phosgene followed by 3-aminoquinuclidine on etoposide,
to give the intermediate V.

In general, the intermediates V are acylated
with acid chlorides derived from the groups R defined
above (formed by the action of oxalyl chloride), in the
presence of pyridine, in methylene chloride at low
temperature, with the proviso that the other functions
of the group R are inert under these c¢onditions,
otherwise, the phenolic, carboxylic or phosphonic
substituents are protected in the form of benzyl esters
or ethers respectively, thereby allowing unblocking, at
the next stage in the synthesis, by hydrogenolysis (V
giving I R'=H). The derivatives for which R’=R are
prepared from etoposide by triacylation on the
positicng 27, 3" and 4’ (rouze C).

In the case of the functional derivatives R
which are sensitive to the hydrogenolysis conditions
such as, for example, but not exclusively, the presence
of Cl or NO,, the protecting group chosen on the
position 4’ may be a carbamate derivative of CONH-3-
guinuclidinyl type or a carbonate or an ester of low

molecular weight, such as chloroacetates, which may be
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cleaved subsequently, inter alia, under weakly basic
conditions, for instance an agueous sodium bicarbonate
solution at low temperature, without influsncing the
stereochemistry of the trans lactons.

The final step I (R’'=H) giving I (R'=H
consists of a phosphorylation te form a ophosphate
monoester of the phenol or phenols witch POCL;, in the
presence of pvridine, followed by a slow hydreolysis in
agueous acidic medium.

Derivatives possessing a diacetlc carbamate
residue of R’=CON(CH,CO,H), type in position 4’ are
preparad by the action of phosgene on the compound of
formula I (R’=H) to form the non-isolated chloro-
carbonate intermediate (R‘=COCl), afrer which it is
reacted with the benzyl diester of aminodiacetic acid,
followed by a hydrogznolysis in order then to release
the acidic functions in free form.

The phosphonoacetic derivatives in position 4

are obtained by reacting cthe free phenol in cthis

position with diethylphosphonoacetyl chloride
(Synchesis 1978, 131) or dibenzylphosphonoacstic acid
(Tet. Let. 1974, No. 9, 711), after which the
phosphonic estar funccions ars hydrolysed  with
trimethylsilyl bromide, in the presence of pyridine in
acetonitrile, in the case of the ethyl esters, or by
hydrogenolysis, in the case of the benzyl esters. The
derivatives of formula I whers R‘=R, that 1is to say
those possessing the sams acyl substitution on the
positions 2”, 3" and 4°, are obtained, via route C, by
triacylation of etoposids itself wizh acyl grouss
AZCH,CO having a carboxylic function on ths group A
definsd above, protected Zfor example in benzyl ascer
form, which is subsequently deprotected by hydro-
genolysis.

) The carboxylic derivatives, or the phosphate or
phosphonate derivatives, thus obtained are salified in
water optionally in the presence of an “organic
cosolvent, by addition of organic or inorganic bases, or of
ion exchange resins in stoichiometric proportion relative to
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the acidities present, and, for example, with N-methylglucamine,
triethanolamine, lysine, etc.

The amorphous or crystalline salts are obtained by simple
freeze-drying.

Derivatives having basic functions may be salified by the
addition of inorganic or organic acids such as hydrechloric acid,
sulfuric acid, methanesulfonic acid, ethanesulfonic acid, maleic
acid and tartaric acid in stoichiometric proportions relative to
the Dbasicity of the derivative and lyophilization . or

crystallization is carried out.

Scheme 1
Route A Route B . Route C
Etoposide
1] i Etopeside

Q
AR b BN
/o X O
\0’,‘\7\/"" © <O"k/|\)‘ °
H « N
0 i 0
3 s
A S
Mea” N ove Me0” X o
v R : v R
\ X 1} Diacylation
Deprotection 2} Dcpryotecticn

Triacylation

R'3R

Measurement of the water-solubilitv

The solubility in water of the salts of the phosphate or
carboxylate derivatives by addition of physiologically acceptable
organic amines such as, for example, N-methylglucamine,
triethanolamine or lysine, or the salts with inorganic cations
such as sodium or potassium, obtained in lyophilized form or by
extemporaneous addition of a base to the free acid compound, gave
the following results by way of example.

SH:#25067.RS1 10 July 1998
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Conpounds Salt % solubility
(weight/volume) expressed
in g per 100 ml of water

Example 1 N-methylglucamine 0.5

Example 3 N-methylglucamine 5

Example 4 N-methylglucamine 10

Example & N-methylglucamine 10

Example 6 triethanolamine 20

Example 6 lysine 20

Example 6 Sodium 1

Example 7 N-methylglucamine 10

Example 11 |N-methylglucamine 10

Example 21 |N-methylglucamine 10

Example 26 | N-methylglucamine 10

Example 27 |N-methylglucamine 0.5

The derivatives thus prepared are stable under
the wusual temperature and neutral and acidic pH
conditions. The phosphate derivatives on position 4’
have a chemical stability such as to be able to lend

.

themselves to different pharmaceutical formulations.

BIOLOGICAL EXPERIMENTATION

The molecules were tested in vitro in
biological experimentation and showed their valus as
anticancer agents in the feollowing tests.

Measurement of the inhibition of the activity
of topoisomerase II is made according to the procedure
described in the literature: “Nuclear topcisomerase II
levels corrslate with the sensitivity of mammalian
cells to intercalating Agents and Epipodophyllotoxins”,
I.D. Hickson et al., J. Biol. Chem. (1988), 263, 17724.

This measursment gave the following results.
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Test of inhibition of the activity

Compounds
of topoisomerase II (ED,, M)

Ecoposide 5.6 x 107
Etopofos > 107
Example 1 5.6 x 10°°
Example 3 3.2 x 107
Example 4 1.8 x 10°°
Example 6 3.2 x 1077
Example 7 5.6 x 10°°
Example 11 5.6 x 10°
Example 21 5.6 x 10°°
Example 26 5.6 x 10°°
Example 27 7.6 x 107

Comparison of etoposide with its soluble
4' -phosphate analog: etopofos (US-4,904,768) shows a
loss of in vitro activity. Here, the compounds of the
invention are found to be as active as, 1if not more
active than, etoposide. The groups R and R’ defined
above impart to the compounds of the invention an
increase by a factor of 10 to 100 in the inhibition of
the enzymatic activity in vitro relative to etoposide.

In view of these results, the wvalue of
compounds having anticancer activity equal to or higher
than that of etoposide, and less toxicity, on various
forms of cancers, such as, in particular, alveolar lung
cancer, embryonic tumors, neuroblastomas, cancer of the
kidney, pediatric tumors, hodgkinian and non-hodgkinian
lymphomas, acute leukemias, placental choriecarcinomas
and mammary aderocarcinomas may be appreciated.

These derivatives may also be used in
patholegies induced by human papilloma virus as well as
rheumatoid arthritis which may or may not be associated
with cancer pathologies.

Furthermore, these derivatives may be used to

increase the therapeutic efficacy of topoisomerase II-




10

15

20

30

35

_lo_

inhibitor compounds and ir particular the treatment of
tumors which normally do not respond tc the usual
therapy, that dis to say colorectal cancers and
melancmas. Furthermore, the value of these products
having, on the one hand, considerable water-solubility
which allows ready intravenous and orsl administration
and, on the other hand, better bicavailability than
that of etoposide, may be appreciated.

The present invention also relates to the
pharmaceutical compesitions comprising at 1leas:t one
compound of general formula I according to the
invention and a suitable excipient.

The pharmaceutical compositions may be
presented in a form which is suitable for
administration via an injectable route or via the oral
route in the form of capsules, gelatin capsules
or tablets at a dosage of from 2 to 200 mg/m° via the
injectable route and from 5 to 400 mg/m’ per 2¢ h via
the oral route.

By way of example and in a non-limiting manner,
the following examples describe the preparation of the

compounds of the inventiocn:

/
Example 1 - formula I R=<Cz>_or_xb
4'-demethyl-4-0-(2,3-bisphenoxyacetyl-4,6-ethylidene-fi-
D-glucosyl)epipodophyllotoxin~4’-deoxy-4'-phosphate.

To a solution of 4'-demethyl-4-0-(2,3-bisphen-
oxyacetyl-4,6-ethylidene-B-D-glucosyl)=pipodophyllo-
toxin {1 g, 1.16 mmol) in 50 ml of THF at 10°C are
added 0.22 ml (2.33 mmol) of POCl, and then 0.5 ml (3.5
mmol) of triethylamine. Stirring is continued for 30
min at this temperature. Hydrolysis is then carried out
by addition to the wedium of 20 ml of N hydrochloric
acid, followed by stirring overnight at room
temperature. The reaction medium is extracted with
ethyl acetate to obtain the phosphate derivative which
crystallizes from isopropyl ether in quantitative

yield.
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The characteristics are as follows:

m.p.°C ~ 175°C Anal. C.H,0,,P-1.5H,0; MW = 963.831
cC H

Calc. % 56.07 5.02

Found % 56.18 4.73
Mass spectrum (FAB) m/e 959 (M" + Na)
1H 200 MHz NMR CDCI, & 1.30 (3H, d, J = 4.4Hz, Hy"); 2.9
(1H, m, Hyj; 3.1 (1H, m, H,); 5.0 {(1H, dd, J = 8.8Hz,
H,”); 5.3 (1B, dd, J ~ 9.2Hz, H,*); 5.5 (13, s, OCH0);
5.7 (1H, s, OCHgO); 6.25 (2H, s, H,H,); 6.44 (1H, s,
H,) .

IR v (KBr) 2941, 1774, 1599, 1487.
N-Methylglucamine salt
The above phosphate derivative is suspended in

water and 2 eguivalents of N-methylglucamine in 0.1M
solution in water are added. The solution is agitated
by ﬁltrasound and diluted to 200 ml. After filtration,
the sclution is chilled and then lyophilized for 12 h.
The residue 1is then taken up in acetone and
crystallized, filtered dried to give 350 mg of a white
solid, m.p. = 135°C.

Anal. C,H,N.0, P-H,0; MW = 1345.256

Cc H N

Calc. % 52.88 6.06 2.08

Found % 52.69 5.86 1.68
IR v {(KBr) 3426, 1772, 1599, 1487.

NMR *H 200 MHz CDCl, & 1.22 (3H, d, J = 4.8Hz, H,”); 2.3
(6H, s, NCH,); 2.6-3.0 (2H, m, H,-H)); 5.36(1H, dd, J =
7.8Hz, H,); 5.74 (1H, s, OCHO); 5.97 (1H, s, OCH,Q);
6.15 (2H, s, H, ;

-H,); 6.5 (1E, s, H,); 7.10 (1H, s, H);
6.65 (2H, d, J = 8Hz, Ortho Ar}); 6.8 to 6.9 (2H, d,
J = 8Hz ortho Ar and 2H, t, J = 7Hz, para Ar); 7.24
(4H, m, meta Ar).
Sodium salt

The above phosphate derivative i1s stirred in
solution in acetone with an ijon exchange resin (Dowex
50 x 8 - 100) prepared by elution with N sodiunm
hydrqxide. The medium is diluted with water, filtered

and concentratad. The agueous residue is lyopkilized to
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give the disodium salt.
m.p.° ~ 190°C ‘Anal. C,H,,Na,0,P, ,H,0; MW = 1040.208
C H
Calc. 51.96 4.81
Found 51.56 4.51
By the same method as that of Example 1, but

using the corresponding intermediate compounds of

formula I (R’ = H), the following novel derivatives

\

4’ -demethyl-4-0-(2,3-bis-cyclohexyloxyacetyl-4,6-ethyl-

were prepared:

Example 2 - formula I

idene-B-D-glucosyl)epipodophyllotoxin- 4’ -deoxy-4" -

phosphate.
Yield = 90%
m.p,° ~ 160°C Anal. C,.H,0,,P-HO; MW = 966.920
C H
Calc. 55.89 6.15
Found 55.70 6.11

N-Methylglucamine salt

4’ -demethyl-4-0-(2,3-bis-cyclohexyloxyacetyl-4,6-ethyl-
idene-B-D-glucosyl) epipodophyllotoxind’ -deoxy-4" -
phosphate, bis(N-methylglucamine) salt.

Yield = 50%

m.p.° ~ 112°C Anal. C,H, N,0,,P-4H,0; MW = 1411.420
c H N
Calc. 50.21 7.07 1.99

Found 50.16¢ 6.60 2.30

N ST
—9 O R'=phosph

iy

R =CRO <7~
Example 3 - formula I
4’ -demethyl-4-0-(2,3-bis- (4-trifluoromethoxyphenoxy-
acetyl)-4,6-ethylidene--D-glucosyl)epipodophyllo-
toxin-4+ -deoxy-4'-phosphate, bis(N-methylglucamine)
salt.

Yield = 68%

m.p. ~ 132°C  Anal. CgN,NO,FF-2.6H,0; MW = 1541.840
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Calc. 47.52 5.37 1.82
Found 47.15 5.51 2.11

Example 4 - formula I R=F\ /° o + R=phosph

4’ -demethyl-4-0-(2,3-bis(4-fluorophenoxyacetyl)-4,6-
ethylidene-p-D-glucosyl) epipodophyllotoxin- 4’ -deoxy-4"' -
phosphate bis (N-methylglucamine) salt.

Yield = 60%

m.p. ~ 130°C  Anal. CuH,N,0,,F:P-2.7H,0; Md = 1363.240

cC H N
Calc. 50.17 5.88 1.98
Found 49.74 5.67 1.92
o]

0 NN
R= <O/1\) , R'=phosph
.

4’ -demethyl-4-0-(2,3-bis(3,4-methylenedioxyphenoxy-

Example 5 - formula I

acetyl)-4,6-ethylidene-f-D-glucoxyl)epipodophyllotoxin-
4’ -deoxy-4' -phosphate big(N-methylglucamine) =alt.
Yield = 50%

m.p. ~ 120°C  Anal. C,H,N,O,P-HO; MW = 1433.274
c H N
calc. 51.08 5.70 1.95

Feund 50.68 5.58 1.94

o]
R=R*0—%—~O—%7—t o
Example 6 - formula I OH
4’ - (4-phosphonooxyphenoxyacetyl) -4’ -demethyl-4-0-(2,3-
bis (4-phosphonooxyphenoxyacetyl) -4, 6-ethylidene-p-D-
glucosyl)epipodophyllotoxin.

The phenolic derivative of formula I corres-
ponding to R=R’=4-hydroxyphenoxyacetyl 1is described in
patent FR 2,699,535-A, in Example 16, prepared via route
A. 1 g of this derivative (9.6 mmol) is placed in 50 ml
of THF at -10°C under a nitrogen atmosphere and 1.2 ml
(8.7 mmol) of triethylamine are added, followed by
dropwise addition of 0.53 ml (5.8 mmol) of POCl,, and
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stirring is continued for 30 min. After filtration of
the triethylamine hydrochloride formed, the THF is
evaporated off. The residue is taken up in 1N HCl and
stirred at room temperature for 30 min. The white
precipitate 1is filtered off, washed with water and
dried wunder vacuum at 560°C overnight. 8C0 wmng of
derivative are obtained in the form of free phosphate.
Yield = 80%.
m.p. ~ 160°C  Anal. CgH,,0,,P, MW = 1278.898
Mass spectrum (FAB) m/e: 1277 (M'-1)
IR (KBr) v (ecm-1) 3404, 1768, 1603, 1500, 1485, 1203,
1086.
NMR 1H 200Mz ({(DMSO) &: 1.23 (3H, d, J = 4.26Hz H,.);
3.03 (2H, m, H,-H,); 5.37 (2H, m, Hu.-H.); 5.77 (1H, s,
O-CH,,); 5.97 (1H, s, O-CH,,.); 6.3 (2H, s, H,.-H.).

The glucamine salt is prepared in a similar
manner to that of Example 1, but with addition of 3
equivalents o¢f N-methylglucamine. The compound is
obtained directly after lyophilization, in a vyield of
88%, giving the following analyses:

m.p. ~ 155°C  Anal. C,H,,N,0,.P, MW = 1864.54
C H N
Calc. 47.67 5.62 2.25
Found 47.26 5.62 2.38
IR (KBr) v (cm-1): 3458, 1768, 1604, 1500, 1485, 1199,
1084 .

0 /

R:ro—i’——@omb re %peC
Example 7 - formula I OH OH
4’ -demethyl-4-0-(2,3-bis (4-phosphonooxyphenoxyacetyl) -
4,6-ethylidene-f-D-glucosyl) epipodophyllotoxin-
4’ -deoxy-4’-phosphate.

By the same sequence of reactions as for

Example 6, but wusing the derivative of formula I
(R=4-hydroxyphenoxyacetyl and R’=H), described in
patent FR 2,699,535-A, in Example 20, the compound is
obtained in a yield of:
m.p. ~ 130°C  Anal. C,H,N.,0.P, 6H,0; MW = 1822.503

43%3
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cC H N
Calc. 43.49 6.08 2.31
Found 43.30 5.88 2.77
IR (KBr) v (cm-1) : 3429, 1763, 2508, 1199, 1084.

/
R:g%&%?_~%c~<:j>_d—jb
Example 8 - formula I =

4’ - (4-phosphonomethylphenoxyacetyl) -4/ -demethyl-4-0-
(2,3-bis (4-phosphonomethylphenoxyacetyl)-4,6-ethyl-
idene-p-D-glucosyl) epipodophyllotoxin.
lst stage: 4-benzyloxyphenylmethyl diethyl phosphonate

1 g (4.3 x 107 mol) of 4-benzyloxybenzyl
chloride are maintained at reflux for 6 h with 0.9 ml
{5.15 x 107 mol) of triethyl phosphite. The reaction
medium is filtered through 150 g of Si0, and eluted with
a mixture of heptane/ethyl acetate (20/80) to give,
after evaporation, 1.4 g of the phosphonate derivative
(yield = 100%) .
2nd stage: 4-hydroxyphenylmethyl diethyl phosphonate

In an autoclave, 1.1 g (3.3 x 102 mol) of the
benzyloxy derivative of the 1st stage are hydrogenated
under a hydrogen pressure of 7 bar in the presence of
200 mg of 10% palladium-on-charcoal in 15 ml of a
mixture of ethyl acetate/ethancl (90/20) at a
temperature of 80°C for 12 h with stirring. After
filtration of the catalyst, the filtrate is evaporated
under reduced pressurs to give 800 mg (100% vyield) of
the phenolic derivative.
3rd stage: diethyl phosphonomethylphenoxyacetic acid

To a THF solution (250 ml) of 2.7 g (11 mmol)
of the above phenolic derivative are added 1.3 g
(26 mmol) of NaH (50% dispersion) at room temperaturs,
after which 1.8 g (13 mmol) of Dbromoacetic acid are
introduced and the reaction medium is maintained at
reflux for 8 h. The reaction medium is poured onteo 1 1
of ice-water and extracted with ethyl ether. The
aqueous phases are acidified to pH 1.2 and extracted
with ethyl acetate, dried and evaporated to give 3.1 g

(94% yileld) of the acetic derivative.
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'H  200MHz NMR (CDCl,) & 8.09 (multiplet,  1H,
exchangeable) 7.16-7.26 (dd, 2H, J = 8Hz, 2Hz, aromatic

H), 6.85 (2H, d, J - 8Hz, aromatic H), 4.6 (2H, s,
OCH,CO,H), 4.0 (4H, m, phosphonate =aster OCH,), 3.12
(20, 4, J = 21.7Hz, CH,P), 1.23 (6H, t, J = 7Hz,

phosphonate ester OCH,CH,) .
4th stage: condensation of the acid obtained in the 3rd
stage With etoposide

To 3 g (10.2 mmol) of the above acid obtained
in the 3rd stage, dissolved in methylene chloride
(15 ml) and 0.2 ml of DMF at 0°C under nitrogen, are
added dropwise 1.4 g (11.2 mmol) of oxalyl chloride
and, after a considerable evolution of CO,, the reaction
medium is allowed to return to room temperature. The
mixture is cooled again to 0°C :In crder to introduce a
solution containing 1 g (1.7 mmol) of etoposide and 2 g
(25.5 mmol) of pyridine in methylene chloride (45 wl)
dropwise. At the end of the addition, the medium is
stirred for a further 4 h while returning to room
temperature. After evaporation under reduced pressure,
the reaction medium 15 taken wup in toluene and
evaporated and the residue 1s stirred with ethyl
acetate and N-hydrochloric acid. After extraction, the
organic phase is washed with chilled sodium bicarbonate
solution and then with saturated NaCl solution,
separated by settling, dried and evaporated to give a
brown foam which is chromatographed on Si0, (98/2
CH,Cl,/MEOH eluent) and gives after evaporation a solid
residue of 220 mg (10% yield), mass (FAB) m/e 1441 (M').
'H NMR 200MHz gives the characteristic peaks of these
molecules: (CDCl,) & 7.20 (6H, m, arom-phosphonate H),
6.65-6.93 (6H, d, J = 8.4Hz, arom. phenoxy H) 6.75 (1H,
s, H), 6.47 (1H, s, H,), 6.24 (2H, s, H, and H.), 5.87
(1H, s, OCHEC}, 5.61 (1H, s, OCHO), 5.35 (1H, t, H,.),
5.05 (1H, t, H.), 3.0 (6H, d, J = 21Hz, CH,
phosphonate) .
5th stage: Hydrolysis of the phosphonic esters

220 mg (0.16 mmol) of the phosphonic triester

derivative obtained in the 4th stage are placed in CH,CN
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(50 ml) at 0°C under nitrogen and 0.26 ml of pyridine
(3.2 mmol) are added, followed by dropwise addition of
0.49 g (3.2 mmol) of trimethylsilyl bromide. Stirring
is continued for 24 h while returning to room
temperature. The mixture is evaporated to dryness, the
medium is taken up in N HC1l, the product precipitates
out and the white precipitate is filtered ofZI and
rinsed with water until neutral. The precipitate is
dissolved in methanol, filtered and evaporated. The
residue is taken up in water and crystallized to give
120 mg of the phosphonic derivative (57% yield).
m.p.° = 190°C Anal. C,H,0,,P, 5H,0; MW = 1301.41
C H
Calc. % 51.68 5.34
Found % 51.91 4.90

IR v (KBr) 3431, 2922, 1774, 1608, 1512, 1485
'H 200MHz NMR (CD,0D) & 7.15-7.23 (6E, m, arom.
methylphosphonic H), 7.04 (1H, s, H,), 6.9 (2H, d, arom
phenoxy H), 6.8 (2H, 4, arom phenoxy H), 6.67 (2H, d,
arom phenoxy H), 6.50 (1H, s, Hy), 6.35 (2H, s, H,,H.),
5.85 (1H, s, OCH), 5.58 (1H, s, OCH.0), 3.05 (2H, d,
CH,P), 2.9 (1H, dd, H,), 1.3 (3H, 4, H,.).

By the same reaction as for Example 8, 4th
stage or Example 25, the following compounds are
prepared (route C) by triacylation on etoposide,

starting with the corresponding acids A-Z-CH,-CO,H:

R= <C\\/‘*°/~<O R = COCHPOH,
Example 9 - formula I = -
4’ - (phosphonoacetyl) -4’ -demethyl-4-0-(2,3-bisphenoxy-
cetyl-4,6-ethylidene-B~D-glucosyl)epipodophyllotoxin.

To a solution of 400 mg (2 mmol) of diethyl
phosphonoacetic acid in 5 ml of CH,Cl, and 3 drops of
DMF under nitrogen at 0°C are added 266 wg (2.1 mmol)
of oxalyl chloride. Stirring is continued for 15 min at
0°C and then a solution of 500 mg (0.583 mmol) of 4’-
demethyl-4-0- (2,3-bisphenoxyacetyl-4,6-ethylidene-B-D-
glucosyl)epipodophyllotoxin in 5 ml of CH,CL, and 184 mg

{188 ul, 23 mmecl) of pyridine are introduced into the
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reaction medium at 0°C. The contact 1s maintained for
2.5 h and the reaction medium is then poured onto
N HCl. The organic phase 1is separated out after
settling, washed with NaCl solution, dried and
evaporated. The residue 1is crystallized from ethyl
ether to give a white precipitate (450 mg, 75% yield).
320 mg (0.31 mmol) of this derivative are placed, with
stirring, in 10 ml of acetonitrile in the presence of
470 mg (0.4 ml, 0.31 mmol) of trimethylsilyl bromide
and 240 mg (0.25 ml, 0.31 mwmol) of pyridine, at room
temperature for 6 h.

After evaporation, the residue is taken up in
N HCl to give a white so0lid which is filtered off,
washed with water and dried. 180 mg (57% yield) of the
phosphonic derivative are obrained.
m.p.° - 140°C Anal. C,,H,0,P 2H,0 (MW = 1014.996)

C H
Calc. % 55.61 5.06
Pound % 55.87 4.80
IR v (KBr) 3431, 1774, 1601, 1487
'H 200MHz NMR (CDCL,) & 7.16-7.27 (4H, m, m-arom. H),
6.68-6.95 (7H, m, o.p.-arom H, H), 6.44 (1H, s, H),
6.24 (2H, s, H,.-H.), 5.82 (1H, s, OCH,0), 5.56 (1H, s,
OCH,0), 5.32 (1H, dd, H,), 5.02 (1H, t, H,.), 3.2 {(m,
3H, CH,P, H,), 1.32 (d, 3H, J -~ 4.4Hz, H,)}.
/_1< o
R=CR 7 \\_.og o W=Cd/\gm%
Example 10 - formula I = '
4' - (phosphonoacetyl) -4’ -demethyl-4-0-(2,3-bis(4-tri-
fluoromethoxyphenoxyacetayl) -4, 6-ethylidene--D-gluco-
syl)epipodophyllotoxin. N-methylglucamine salt.

This derivative is obtained by the same method
as for Example 9, but starting with the derivative of
formula I for which R=4-trifluoromethoxyphenoxyacetyl
and R’=H.

Preparation of ths N-methylglucamine salt:
810 mg (0.7 mmol) of the phosphonic derivative in
ethanol (15 ml) and 0.5 ml of acetone are introduced,
after which 14.1 ml of a 0.1N solution of
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N-methylglucamine (1.41 mmol) in ethanol are introduced
dropwise with stirring. Stirring is continued for 1 h.
The reaction medium 1s evaporated and the residue 1is
taken up in water and then filtered (0.45 p filter).
The aqueous solution is lyophilized and the residue is
taken up in isopropanol, crystallized, filtered and
dried to give 740 mg (65% yield) of N-methylglucamine
salt.
m.p.° = 120°C Anal. C,H,N,F,0,,P-3.5H,0; MW = 1600.47
C H N

Calc. % 47.28 5.42 1.75

Found % 46.95 5.47 2.07
IR v (KBxr) 3426, 1774, 1601, 1500, 1487

— —C0,
R= |-o_.<’__\/\__o/ Yo R'= CON
Example 11 - formula I — 0

4’ - (dicarboxymethylaminocarbonyl) -4’ -demethyl-4-0-
(2,3-bis (p-hydroxyphenoxyacetyl) -4, 6-ethylidene-§-D-
glucosyl) epipodophyllotoxin.
l1st stage: preparation of the benzyl diester of
amincdiacetic acid

To a sclution of 10 g (439.6 mmol) of glycine
benzylester hydrochloride in 200 ml of CH,CN are added
13.7 g (99 mmol) of K,CO,, and 8 ml (49.6 mmol) of
benzyl bromoacetate dropwise. The medium is stirred at
room temperature for 2 days. 200 ml of water are added
and the medium is acidified to pH 2-3 with concentrated
HCl1 and then extracted with ethyl acetate in order to
obtain 12 g (80% yield) of the diester used in the
following step.
2nd stage: preparation of the carbamate

A solution of phosgene (0.79 ml, 1.5 mmol) in
toluene at 1.93 M 1is introduced inteo 50 ml of
acetonitrile and then cooled to -10°C under a nitrogen
atmosphere. 820 mg (0.76 mmol) of 4'-demetehyl-4-0-
{2,3-bis (p-benzyloxyphenoxyacetyl) -4, 6-ethylidene-B-D-
glucosyl)epipodophyllotoxin in 13 ml of acetonitrile
and 0.24 g of diisopropylethylamine are introduced

dropwise. The reaction medium is stirred for 2 h at
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-10°C, after which 0.24 g of the benzyl diester of
aminodiacetic acid, chtained in the 1lst stage, in 6 ml
of acetonitrile is added at -5°C. Stirring is continued
for 6 h. The reaction medium is next evaporated and
then filtered through 8i0, and eluted with a solvent
gradient: 70/30 and then 60/40 and finally 50/50
petroleum ether/ethyl acetate in order to obtain 700 mg
(65% yield) cf the benzyl diester derivative.
3rd stage: hydro-enclysis of the benzyl functions

700 mg of the derivative obtained in the 2nd
stage are placed in solution in a mixture of 13 ml of
ethyl acetate and 3 ml of ethanol, 1in an autcclave
under a hydrogen atmosphere in the presence of 70 mg of
10% palladium-on-charcoal. Stirring is continued for
24 h and the reaction medium is then filtered and
evaporated. The residue is crystallized from isopropyl
ether in order to obtain 480 mg (92% vyield}) of the
diacid derivative.
m.p.° ~ 150°C Anal. C.H,NO,, MW = 1047.94

C H N
Calc. % 57.31 4.71 1.34
Found % 57.07 4.96 1.13

IR v ({KBr) 3433, 1768, 1603, 1512, 1485, 1460, 1236,
1199
‘E 200MHz NMR (DMSO) &6 9.03 and 85.98 (2H, 2s, CO,H,
exchangeable), 6.45-6.67 (10H, wm, H;, H,, ArH), 6.21
(2H, s, H,, H.), 6.0 (1H, s, OCHO}, 5.79 (1H, s,
OCH0), 5.32 (2H, m, H, and H,), 3.39 (s, N-CH,-COH),
1.20 (3H, d, H,.).

By the same mwethod as in Example 11, 2nd stage,
but using the corresponding intermediate compounds of
formula I (R‘=H), the following novel derivatives were

prepared.

s

/
r= Od\o LR’z CON (GHCOOH)
Example 12 - formula I -
4’ - (dicarboxymethylaminocarbonyl) -4’ -demethyl-4-0-
(2,3-biscyclohexyloxyacetyl-4,6-ethylidene-f-D-gluco-

syl)epipodophyllotoxin.
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Yield 98%

170°C Anal. C,H,NO,, MW = 1028.037

"

m.p.°

rR=cgo— d Yo R = CON (GHCOOH
Example 13 - formula I =
4 - (dicarboxymethylaminocarbonyl) -4 -demethyl-4-0-(2,3-
bis(p-trifluoromethoxyphenoxyacetyl)-4,5-ethylidene-f3-
D-glucosyl) epipodophyllotoxin.
Yield = 87%

m.p. ~ 150°C  Anal. C,H,NO,F, MW = 1183.94
C H N
Calc. 3 52.75 4.00 1.20

Found % 52.64 4.10 1.30

/
a- \_0" o r=coniccoon
Example 14 - formula T = .
4' - (dicarboxymethylaminocarbonyl) -4’ -demethyl-4-0-
(2,3-bisphenoxyacetyl-4, 6-ethylidene-f-D-glucosyl) -
epipodephyllotoxin.
Yield = 25%
m.p. ~ 170°C  Anal. C,H,N O,,-H,0 MW = 1033.955
C H N
Calc. % 58.08 4.97 1.35

Found % 58.43 5.05 1.28

R=HOCO~  ,— .

Example 15 - formula I 0*<:;?_O o %
4'-demethyl-4-0-(2,3-bis- (4-carboxymethoxyphenoxy-
acetyl) -4, 6-ethylidene-f-D-glucosyl) epipodophyllotoxin,
N-methylglucamine salt.
lst stage: benzyl 4-hydroxyphencxyacetate

To a suspension of 10 g (59 mmol) of p-
hydroxyphenoxyacetic acid in 100 ml of CH,Cl, at 0°C
under a nitrogen atmosphere are added 0.2 ml of DMF
followed by dropwise addition of 9 g of oxalyl chloride
(71 mmol). Stirring is continued for 12 h at room
temperature, then 7.7 g (71 mmol) of benzyl alcohol are
introduced and stirring is continued for & h at room

temperature. The reaction medium is poured onto chilled
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armoniacal solution and is extracted with methylene
chloride. The organic phase 1s washed withk N HCIL,
separated by settling, dried and evaporated. The
residue is filtered through 150 g of 8510, and eluted
with a heptane/ethyl acetate mixture (75/25) to give
3.8 g {25% yield) of a white solid.
'H 200MHz NMR (cpCl,) 6 7.36 (SH, s, Ar), 6.75 (4H, 4,
ArOH), 5.24 (2H, s, CH, Ar), 4.61 {(2H, s, OCH,CO}.
2nd stage: 4-benzyloxycarbonylmethoxyphenoxyacetic acid

3.8 g of the phenol obtained in the 1lst stage
are maintained in refluxing THF (200 ml) irn the
presence of 1.3 g of NaH (60% dispersion) and 2 g of
bromoacetic acid for 48 h. The reaction medium is then
poured onto ice and extracted with isopropyl ether and
then with ethyl acetate. The agueous phase is acidified
and extracted with CH,Cl, to [lacuna] 2.8 g (60% yield)
of a cream-colored sclid.
'H 200MHz NMR (CDC1l,) & 7.35 (SH, s, Ar), 6.78 (4H, s,
AYQ), 5.15 (2H, &, CHAr), 4.55 (2H, s, OCH, esterx),
4.45 (2H, s, OCH, acid)
3rd stage: coupling of the acid of the 2nd stage with
4’-benzyloxycarbonyletoposide

To 1.75 g (5.5 mmel) of the acid of the 2nd
stage dissolved in 40 ml of CH,Cl, with 0.2 ml of DMF
are added dropwise at 0°C under a nitrogen atmosphere
770 wmg (6.1 muol) of oxalyl chloride. Stirring 1is
centinued for 2 h at room temperature, After cooling to
0°C, a solution of 1 g (1.38 mmol) of 4’-benzyloxy-
carbonyletoposide and 1.1 g {1.38 mmol) of pyridine in
10 ml of CH,Cl, is then added. After stirring for 3 h at
room temperature, the reaction medium 1is concentrated,
taken up in ethyl acetate and washed with water, then
with chilled sodium bicarbonate solut:on, after again
washing with N HCl1 and then with saturated ©NaCl
solution, the organic phase is separated out after
settling, dried and evaporated tc give 800 mg (66%
vield) which are directly hydrogenolysed in the
following stage (TLC 8i0, 20/80 heptane/EtOAc Rf=0.9)
4th stage: hydrogenolysis
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800 mg (0.6 mmol) of derivative obtained in the
3rd stage are placed under a hydrogen atmosphere at
atmospheric pressure in 15 ml of ethyl acetate and 5 ml
of ethanol in the presence of 100 mg of palladium-on-
charcoal, with wvigorous stirring for one hour. The
catalyst is filtered off and the filtrate is
evaporated. The residue 1is taken wup 1in acetone,
filtered again and evaporated to give the debenzylated
derivative quantitatively (650 wmg). This derivative is
converted into the N-methylglucamine salt by addition
oI 2 equivalents of a 0.1 M solution of
N-methylglucamine in an EtOH, H,0-acetone mixture. After
stirrirg for 1 h, the solution is evaporated, taken up
in H,0, filtered through a 0.45 p filter and lyo-
philized, and 700 mg of the carboxylic derivative are
thus obtained.
Mm.p. ~ 130°C  Anal. CgH,N,Os, 6H,0; MW = 1503.422

C H N
Calc. % 50.33 6.30 1.86
Found %¥ 49.89 5.93 2.18

IR v (KBr) 3427, 1772, 1618, 1508, 1425, 1205, 1087
'H 200MHz NMR (DM50) & 7.04 (1H, s, H,), 6.59-6.70 (8H,
m, OArO), 6.47 (:H, s, H,), 6.13 (2H, s, H, and H,),
5.96 (H, s, OCH,0), 5.73 (1H, s, OCHLO), 5.33 (2H, m,
H,. and H,), 2.46 (6H, s, NCH,), 1.20 (3H, d, J=4Hz,
H,.) .

By the same sequence of reactions as in Example
15, but using the appropriate reagents, the derivatives

oI general formula I (R’=H) are obtained:

/
~— .
- 7\ R=
Example 16 - formula I R—HOC9*<;3}_O ©

4’ -demethyl-4-0-(2,3-bis(4-carboxyphenoxyacetyl) -4,6-
ethylidene-fB-D-glucosyl) epipodophyllotoxin

Using 4-benzyloxycarbonylphenoxyacetic acid,
according to the process of Example 15, the carboxylic
derivative is obtained in a yield of 45%.
m.p. ~ 170°C  Anal. C,;H,.0;, '1.3H,0 MW = 958.469
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C H
-Calc. % 58.28 4.81
Found % 58.19 4.85
N-Methylglucamine salt
F = 138°C Anal. C,H,N,C,,-5H,0 MW = 1425,355
C H N
Calc. % 51.40 6.22 1.97
Found % 51.27 5.85 2.19

/
R = HOCO! o o /F=
Example 17 - formula I

4’ -demethyl-4-0-(2,3-bis(4-carboxymethylphenoxyacetyl) -
4,6-ethylidene-fB-D-glucosyl)epipodeophyllotoxin.

Using 4-benzyloxycarbonylmethylphenoxyacetic
acid, according to Example 15, the acetic derivative is
obtained (66% yield).

m.p. ~ 150°C  Anal. C,,H,O,,  2H,0 MW = 1008.932
C H
Calc. % 58.33 5.19
Found % 57.74 4.85
Mass spectrography (FAB) m/e 972 (M)

By the method of Example 15, 3rd stage only,

the following derivatives are prepared:

7N f_{( R =
Example 18 - formula I Fo\o ¥ 0 T
4’ -demethyl-4-0-(2,3-bis(phenylsulfonylacetyl)-f3-D-
glucosyl)epipodophyllotoxin.
Yield = 92%
m.p. = 248°C  Anal. C,H,,0,8, MW = 976.790

C H
Calc. % 56.72 4.65

Found % 56.40 4.66

FooF ,
N {
AR / A\ C =
reF— N.d o R=

Example 19 - formula I ¢
4’ -demethyl-4-0-(2,3-bis(pentafluorophenoxyacetyl)-f-D-
glucosyl)epipodophyllotoxin.

vield = 75% Anal. C,H,,0,,F, MW = 1036.75
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_25_
c H
Calc. % 52.13 3.30
Found % 51.88 3.25%

/
N S g
R=f,c— W0 o R

Example 20 - formula I —
4’ -demethyl-4-0-(2,3-bis (4-trifluoromethylphenoxy-
acetyl) -f-D-glucosyl)epipodophyllotexin.

Yield = 53% Anal. C,H,,0,.F, MW = 982.820
C H
Calc. % 56.86 4.256
Found % 56.78 4.22

/
/
R :
/N . R"=phospha
Example 21 - formula I R“<;:>—SQ °

4’ -demethyl-4’ -deoxy-4’-phosphate-4-0-(2,3-bis(phenyl-
sulfonylacetyl)-4,6-ethylidene-p-D-glucosyl) epipodo-
phyllotoxin.
Bis (N-methylglucamine) salt

Using the method of Example 1, but with the
compound of Example 18, the phosphate derivative is

obtained in the form of the N-methylglucamine salt.

Yield = 60% Anal. CyH,,N,0,,PS,3.8H,0
F-~148°C
MW = 1492.85
C H N
Calc. % 49.79 5.5% 1.97
Found % 47.47 ?.85 1.88
F

/

.
A

N
re i N_d Yo

Example 22 - formula I F} £
4’ -demethyl-4’-deoxy-4’-phosphate-4-0-(2,3-bis-

. R =phospha

(2,3,4,5,6—pentafluorophenoxyacetyl)—4,6-ethylidene-B-
D-glucosyl)epipodophyllotoxin.
Bis (N-methylglucamine) salt.

Using the method of Example 1, but with the
compound of Example 19, the phosphate derivative is
obtained in the form of N-methylglucamine salt.

vield = 78%
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m.p. ~ 140°C  Anal. C,H,F,,N,0,,P-3.5H,0; MW = 1507.147
C H N
calc. 5 45,11 4.88 1.78
Found % 45.34 4.67 1.82

/
Example 23 - formula I R:%C——<;j>_0f~$o oneser
4’ -demethyl-4’-deoxy-4’-phosphate-4-0-(2,3-bis(4-tri-
fluoromethylphenoxyacetyl) -4, 6-ethylidene-p-D-gluco-
8yl) epipodophyllotoxin. Bis(N-methylglucamine) salt.
Using the method of Example 1, but with the
compound obtained in Example 20, the phosphate
derivative is obtained in the form of the
N-methylglucamine.
Yield = 33%
m.p. = 120°C  Anal. C,H,N,0,,F,P-4.15H,0; MW = 1538.170
C H N

Calc. % 47.63 5.59 1.82
Found % 47.16 5.12 1.84
~
I 7N _g
Example 24 - formula I R=R —H069<ij>—

Route C

4’ -demethyl-4’ - {4-carboxyphenoxyacetyl)-4-0-{2,3-bis(4-
carboxyphenoxyacetyl) -4, 6-ethylidene-[-D-glucosyl) epi-
podophyllotoxin -~ glucamine salt.

1st stage: Condensation of 4-benzyloxycarbonylphenoxy-
acetic acid with etoposide

To a solution of 4.9 g (17 mmol) of 4-benzyl-

oxycarbonylphenoxyacetic acid in 100 ml of CH,CI, and
0.2 ml of DMF are added dropwise at 0°C under nitrogen
2.4 g (18.7 mmol) of oxalyl chloride, and, after
stirring for 2 h at room temperature, 2 g {3.4 mmol) of
etoposide dissolved in 15 ml of CHCl, and 3.2 g
(41 mmol) of pyridine are introduced dropwise at 0°C
into this solution. After warming to rcom temperature
over 3 hours, the reaction medium is poured oanto N HC1
and then extracted with CH,Cl, and washed with NaHCO,

solution and saturated NaCl successively in order to
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obtain, after evaporation, a crude product which 1is
chromatographed on Si0, by elution in a heptane/EtOAc
mixture (60/40). 1.8 g (38% vyield) of trisubst:ituted
derivative are obtained, which product is used directly
in the following step.
2nd stage: Hydrogenolysis
1.5 g (1.07 mmol) of the above benzyltriester is
hydrogenolysed in the presence of hydrogen at
atmospheric pressure in a mixture of EtOH (15 ml) and
EtOAc (60 ml) with 300 mg of 10% palladium-on-charcoal,
with vigorous stirring for 8 h at room temperature. The
catalyst is filtered off and the evaporated Ziltrate is
chromatographed on 8i0, and eluted with a CH,Cl,/MeOH
mixture (96/4) in order to obtain a white solid
(600 mg, 50% vyield). The glucamine salt prepared
directly, is obtained by placing 3 equivalents of an
agueous 0.1M solution of N-methylglucamine in an
EtOH/H,0 mixture (80/20), and this solution is added to
the solution of the triacid in acetone. A gummy
precipitate is obrtained, and the medium is evaporated
and then taken up in H,0 and filtered through a 0.45%5 yu
filter. The filtrate is then lyophilized in order to
obtain the glucamine salt. Yield = 50%
m.p.~135°C Anal. C.,H,,N,0,-7H,0 MW = 1836.103

c H N

Calc. & 50.37 6.32 2.29

Found % 49.99 5.77 2.43
IR v (KBr) 3404, 1772, 1604, 1545, 1385, 1086.
‘H 200MHz NMR (DMSQ), 7.77-7.85 (6H, m, Ax), 7.1 (1H, s,
H,), 6.89, 6.79, 6.64 (6H, d, J=8.7Hz, Ar0O), 7.08 (1H,
s, Hy), 6.46 (1H, s, Hy), 6.26 (2H, s, H, and H.), 6.13
(1, s, OCHO), 5.95 (1H, s, OCH0), 2.42 (9H, s, N-
CH,), 1.20 (3H, d, J=4.9Hz, H,.).

/
7Z2aNNrah
R=R = HOCE ™ o
Example 25 - formula I - \;;>_

4’ -demethyl-4’-carboxymethylphenoxyacetyl-4-0-(2,3-bis-
(4~carboxymethylphenoxyacetyl) -4, 6-ethylidene-fi-D-glu-
cosyl)epipodophyllotoxin.
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This derivative is obtained by the same method
as for Example 24, but using benzyloxycarbonylmethyl-
phenoxyacetic acid. Yield = 20%
m.p.~150°C Anal. C,H, O, -1.4H,0; MW = 1150.703
C H
Calc. % 592.63 4.81
Found % 5%.19 4.84

R=R=H0dﬁgﬂf—\_dﬁﬂ

Example 26 - formula I N4
4’-demethyl-4’-carboxymethoxyphenoxyacetyl-4-0-(2,3-
bis (4-carboxymethoxyphenoxyacetyl) -4, 6-ethylidene-f-D-
glucosyl)epipodophyllotoxin - N-methylglucamine salt.

This derivative is obtained by the same method
as for Example 24, but using benzyloxycarbonylmethoxy-
phenoxyacetic acid. Yield = 84%

m.p.-110°C Anal. CuH,,N,0,,-6.3H,0 MW = 1912.036

C H N
Calc. % 50.25 6.30 2.20
Found % 50.13 6.17 2.56

=C 0 0 .R=P
Example 27 - formula I R l—<::>_- ek

4’ ~demethyl-4’ -deoxy-4’-phosphate-4-0-(2,3-bis (4-
chlorophenoxyacetyl) -4, 6-ethylidene-B-D-glucosyl)epi-
podophyllotoxin.
Preparation of the intermediates (route B)
4’ -demethyl-4’-(3-quinuclidinylaminocarbonyl)-4-0-(2,3-
bis (4-chlorophenoxyacetyl)-4,6-ethylidene-B-D-gluco-
syl)epipodophyllotoxin.
lst stage: 4'-(3-quinuclidinylaminocarbonyl)etoposide
formula V R, = COHN 3-quinuclidinyl

To a 1.93M solution of phosgene in acetonitrile
(8.8 ml, 16.9 mmol) cooled to 0°C under nitrogen is
added dropwise a solution of etoposide (5 g, 8.49 mmol)
in 200 ml of CH,CN and 2.74 g (21.2 mmol) of N,N-diiso-
propylethylamine over 10 wmin, after which 1.07 g
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(8.49 mmol) of 3-aminogquinuclidine dissolved in 20 ml
of CH,CN are introduced. The medium is stirred for 2¢ h.
After evaporation, the residue is chromatographed on
Si0, with a mixture of solvents: CHCl,/MeOH/NH,OH
(93/7/0.7) and then (90/10/1). 1.67 g (26% vyield) of
carbamate product V, which 1is homogenecus on TLC, 1is
obtained, and is immediately reacted in the 2nd stage.
2nd stage: Condensation with p-chlorophenoxyacetic acid

To a solution of 1.68 g (8.98 mmol) of
p-chlorophenoxyacetic acid in chloroform (40 ml) and
0.5 ml of DMF at 0°C under a nitrogen atmosphere are
introduced dropwise 1.25 g (9.88 mmol) of oxalyl
ckloride. Stirring is continued for 1 h. This solution
iz then added dropwise to the solution of the etoposide
derivative obtained in the 1st stage (L.66 g,
2.24 mmol) in 60 ml of chloroform and 1.77 g of
pyriaine at 0°C. This new solution is stirred for 5 h
while returning to room temperature. The reaction
medium is then poured onto N HCl (100 ml), separated by
settling and then washed with saturated NaCl solution,
dried and evaporated to give an o0il which is
chromatographed on silica. Elution with a mixture of
CHC13/MeCH/NH,OH (95/5/0.%) gives 1.97 g (60% yield) of
the derivative in the title of Example 26. The hydro-
chloride 1is formed therefrom (by addition of a
saturated ether solution of hydrochloric acid gas to
the solution of the base in acetone. After szirring for
10 min, the precipitate obtained is filtered off
slowly, washed with ether and dried (50% yield).
m.p.~180°C Anal. C,H.,CLl,N,0,-HCl-2H,0 MW = 1150.422

c H N
Calc. % 55.33 5.08 2.43
Found % 55.74 4.96 2.61

Mass spectrum (FAB) m/e 1077 (M%)
3rd stage: hydrolysis

To a solution in 70 ml of acetone of 1.08 g of
the derivative of the 2nd stage are introduced 30 ml of
saturated NaHCO, solution. The medium is stirred for 2

days, the acetone is evaporated off and the medium is
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acidified with concentrated HCl to pH 2 and is then
extracted with methylene chloride. Chromatography
on 5i0, (97/3 CH,C1l,/MeOH elution) gives the derivative
of the title cof Example 27. A further chromatcgraphy on
510, (1/1 petroleum ether/EtOAc elution} gives, after
evaporation, a residue which crystallizes from
isopropyl ether (200 mg, yield=21%).
m.p.-125°C Anal. C,.H,,C1,0, MW = 925.730
C H

Calc. % 58.38 4.57

Found % 58.63 4.69
Mass spectrum (FAB) m/e 924 (M+-1)
IR v (K3r) 3458, 1774, 1618, 1491.
'H 200MHz NMR (CDCl,) & 7.15-7.22 (4H, m, Ar), 6.75 (1H,
s, HJ), 6.77 (2H, 4, J=8.8Hz, ArQ), 6.64 (21, d,
J=8.8Hz, Ar0), 6.51 (1H, s, H), 6.22 (2H, s, H, and
Hg.), 5.91 (1H, s, OCHOO), 5.71 (1H, s, OCH0), 5.33 (1H,
€, J=9Hz, H,.), 5.02 (1H, t, J=7.8Hz, H,), 4.91 {1H, 4,
J=7.8Hz, H,.), 4.83 (1H, d, J=3.2Hz, H,), 4.6% (1H, q,
Hy), 3.1 (1H, 4d, H), 2.9 (1H, m, H,), 1.34 (3H, 4,
J=5Hz, H,.).
Preparazion of the phosphate:

This derivative is obtained according to the
procedure of Example 1, but using the derivative
obtained in the 3rd stage.

N-Methylglucamine salt:
Yield = 70%
m.p.~140°C Anal. C,H,CL.N,0,P-6H,0 MW = 1461.49
c H N
Calc. $ 48.49 5.8 1.%0
Found % 48.78 5.55 1.88

R=R'=HOCT ~07 ™y~
Example 28 - formula I o

4’ -demethyl-4’-carboxymethoxyacetyl-4-0-(2,3-bis-
carboxymethoxyacetyl-4, 6-ethylidene-B-D-glucosyl) -
epipodophyllotoxin.

This derivative is prepared according to the

method of Example 24, 1st and 2nd stage, in which
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benzyloxycarbonylmethoxyacetic acid is used instead of
the 4-benzyloxycarbonylphenoxyacetic acid, to give suc-
cessive yields of 77% and 75%.
m.p.=138°C Anal. C,H,,0,,-H,0 MW = 954.805

c H
Calc., % 51.57 4.85
Found ¥ 51.22 4.72
Mass spectrum (FAB) m/e 959 (M +Na)

R=R'=Hcc0\so§\_/
Example 29 - formula I o
4'-demethyl-4’-carboxymethylsul fonylacetyl-4-0-(2,3-
biscarboxymethylsulfonylacetyl-4,6-ethylidene-B-D-
glucosyl) epipodophyllotoxin.

This derivative is prepared as for the above,
according to the method of Example 24, 1st and 2nd
stages, using benzyloxycarbonylmethylsulfonylacetic
acid, in successive yields of 55% and 90%.
m.p.~165°C Anal. C,H,,0,,S, H,0 MW = 1098.98

c H
Calc. % 44.81 4.22
Found % 44.94 4.34
Mass spectrum (FAB) m/e 1103 (M'+Na)

Example 30 - formula I R=HOCOCHCHCO R =

4’-demethyl-4-0-(2,3-biscarboxymethoxyacetyl-4,6-ethyl-
idene-f-D-glucosyl) epipodophyllotoxin.

This derivative is obtained by the method
described for Example 15, 3rd and 4th stages, but using
benzyloxycarbonylmethoxyacetic acid instead of benzyl-
oxycarbonylmethoxyphenoxyacetic acid. The successive
yields are 42% and 71%.

M.p.~192°C Anal. C,H,0, -0.2H,0 MW = §24.32
C H
Calc. % 54.59 5.20
Found % 54.81 5.23
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Example 31 - formula I R=R=jPO,CHC
4’ -demethyl-4- -phosphonoacetyl-4-0-(2,3-bisphosphono-
acetyl-4,6-ethylidene-(3-D-glucosyl)epipodophyllotoxin.
This derivative is obtained in an identical
manner to the method of Example 2¢, 1st and 2nd stages,
but using dibenzylphosphonoacetic acid (Tet. Let. 1974,
No. 9, 711). The changes relative to Example 24 are as
follows: the first stage is carried out at 0°C, with a
return to room temperature over 18 h; the hydro-
genolysis in the second stage is carried out in the
solvent: 25 ml THF and 50 ml EtOH, and the reaction is
carried out at 0°C for 4h. The yields are successively
34% and 83%.
m.p.~184°C Anal. C,H, 0,P, 4H,0 MW = 1026.58
o H H,0

Calc. % 40.94 4.81 7.02

Found % 40.95 4.38 7.54
Mass spectrum {(FAB) m/e 955 (M'+1)

Example 32 - formula I R = HO.PCHCO, R =
4’ -demethyl-4-0-(2,3-bisphosphonocacetyl-4, 6-ethylidene-
B-D-glucosyl) epipodophyllotoxin.

This derivative 1is obtained in an identical
manner to the method of Example 15, 3rd and 4th stages,
but using dibenzylphosphonoacetic acid, already used
for Example 31.

The hydrogenolysis stage is carried out using a
solvent mixture: THF/ELOH (30/70) at 0°C for 4h. The
derivative is thus obtained in an overall yield of 45%.
m.p.-168°C Anal. C,,H,,0,,P, MW = 832.605
Mass spectrum (FAB) wm/e 833 (M'+1).

The following compounds according to the

invention were also prepared:
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4’ -demethyl-4’-deoxy, 4’ -phosphate-4-0-(2,3-bis(4-
cyanophenoxyacetyl) -4, 6-ethylidene~f-D-glucosyl) epi-
podophyllotoxin., N-methylglucamine salt.
m.p.~205°C Anal. C,H,N,0,,P-6H,0 = 1112.93
c H N
Calc. % 51.56 5.06 2.56
Found % 51.11 4.27 2.31
4’ -demethyl-4‘-deoxy, 4’ -phosphate-4-0-{2,3-bis (4-
nitrophenoxyacetyl) -4, 6-ethylidene-[}-D-glucosyl)epi-
podophyllotoxin. N-methylglucamine salt.
m.p.~190°C Anal. C,H,N,0,,P-4H,0 = 1098.88
C H N
Calc. % 49.18 4.68 2.55
Found % 49.38 4.25 2.46

4’ -demethyl-4' -deoxy, 4’ -phosphate-4-0-(2,3-bis(4-
methylphenoxyacetyl) -4, 6-ethylidene-B-D-glucosyl) epi-
podophyllotoxin.

m.p.~190°C  Anal. C,,H,N,0,,B-1.25H,0 = 987.378

C H
Cale. % 57.12 5.21
Found % G55.6 5.04
4’ -demethyl-4-0-(2,3-bis(4-phosphoncoxyphenoxyacetyl) -
4,6-ethylidene-p-D-glucosyl) epipodophyllotoxin.
N-methylglucamine salt.
m.p.~145-150°C Anal. C,HgN,0,,P,-1.5H,0 = 1466,240
C H N
Calc. % 48.33 5.71 1.91
Found % 48.46 5.93 2.09
4’ ~-demethyl-4’-deoxy-4-phosphate-4-0-(2,3-bis(4-
hydroxyphenoxyacetyl) -4, 6-ethylidene-P-D-glucosyl) -
epipodophyllotoxin., N-methylglucamine salt.
m.p.~145°C Anal. C,H,N,0,,P-H,0 = 1377.26
c H N
Calc. % 51.45 5.93 2.03
Found % 51.44 6.17 2.04

CORRECTED SHEET (RULE S1)
ISA/EP
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4’—demethyl-4'~(3—quinuclidinylaminocarbonyl)—4—O-(2,3—bis—
(3,4-methylenedioxyphenoxyacetyl)~4,6-ethylidene-B—D—
glucosyl) epipodophyllotoxin,

4’—demethyl—4'—(3—quinuclidinylaminocarbonyl)—4—0—(2,3-bis(4—
5 chlorophenoxyacetyl)—4,6—ethylidene—ﬁ—D—
glucosyl)epipodophyllotoxin,

4’—demethyl—4'—deoxy—4'-phosphate—4—o—(2,3—bis(4-
chlorophenoxyacetyl)-4,6—ethylideneﬁﬁ—D—
glucosyl)epipodcphyllotoxin,

10 4’-demethyl—4’—(3—quinuclidinylaminocarbonyl)—4—0—(2,3—bis(4-
nitrophenoxyacetyl)—4,6—ethylidene—B-D—
glucosyl)epipedophyllotoxin,

4’—demethyl-4’-deoxy—4'-phosphate—4—o-(2,3-bis(4—
methoxyphenoxyacetyl)—4,6-ethylidene—ﬁ—D—
15 glucosyl)epipodophyllotoxin,

. EXAMPLE A

‘i Preparation of 4’ -demethyl-4-0-(2,3-bis (3-pyridyloxyacetyl) -
::k 4,6—ethylidene-B—D—gluocosyl)epipodophyllotoxin. Formula I:
il R -

20 Oxalyl chloride (12.4 mmol, 1.6 g, 1.1 ml) is added dropwise at

room temperature to a solution of 3-pyridyloxyacetic acid
:u.ﬁ hydrochloride (1.6 g, 8.3 mmol) in a DMF (20 ml) and CH,C1,
et (20 ml) mixture. The reactants are left in contact for one
hour and then the solution thus obtained is added, d;opwise at
0°C, to a solution of 4' - (carbobenzyloxy)etoposide (1 g,
1.38 mmol) in CH,CL, (25 ml) in the presence of pyridine

BMH:SH:#25067.RS | 10 July 1998
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(62 mmol, 5.5 g, 5.6 ml). After the reactants have been in
contact for 2 hours, the reaction mixture is poured onto water
and then extracted with CH,Cl,. The organic phase is washed
with water and then dried over anhydrous sodium sulphate.
After filtering and evaporating the solvent under reduced
pressure, a cream foam is obtained which crystallizes from
ethanol and which, by purification by flash chromatography on
35-70 pm silica with ethyl acetate as eluent, gives a pure
crystalline product (0.8 g, 60%). These crystals are taken up
in a CH,Cl, (80 ml) and methanol (20 ml) mixture in order to be
hydrogenclysed under a hydrogen atmosphere at room temperature
in the presence of 10% Pd/C (100 mg) . After the reactants have
been in contact for two hours, the catalyst is filtered off and
then the sclvent is evaporated under reduced pressure to give

a white foam.

The dihydrochloride is formed by precipitating the latter from
ethanol by addition of isopropyl alcohol saturated with gaseous
hydrochloric acid. The filtered precipitate is rinsed with
ethyl ether and then dried under vacuum at 60°C. 0.6 g.
Yd: 87%.

Overall yield: 52%

Ci3HaN,0,5° 2HC1- 3H,0: 985.770. M.p.: 150°C

TLC system: 100 Ethyl acetate (R,: 0.5)

HPLC C8 SYMMETRY WATERS, 5 um, 250 x 4.6 mm, A: 220 nm,
flow rate: 1 ml/min, CH,CN/H,0/KH,PO, 6.8 g/1, pH 4 (40/60):

retention time: 10 min 71 s.

Microanalysis: calculated % found % corrected %
C 55.43 52.97 52.39
H 4.54 4.93 5.11
N 2.87 2.81 2.84
EXAMPLE B

Preparation of 4’-demethy1—4’—(3—pyridyloxyacetyl)54—0—(2,3-
bis(3—pyridyloxyacetyl)—4,6—ethylidene-B-D-glucosyl)
epipodophyllotoxin. Formula I:

BMH;:SH:#25067.R51 10 July 1998
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Oxalyl chloride (25.5 mmol, 3.2 g, 2.2 ml) is added dropwise at
room temperature to a solution of 3-pyridyloxyacetic acid
hydrochloride (2.2 g, 17 mmol) in a DMF {20 ml) and cHyC1,
(20 ml) mixture. The reactants are left in contact for one
hour and then the solution thus obtained is added, dropw1se at
0°C, to a solution of etoposide (1 g, 1.7 mmol) in CH,CI,
(25 ml) in the presence of pyridine (85 mmol, 6.7 g, 6.8 ml).
After the reactants have been in contact Ffor 2 hours, the
reaction mixture is poured onto water and then extracted with
CH,Cl,. The organic phase is washed with water and then dried
over anhydrous sodium sulphate. After filtering and
evaporating the solvent under reduced pressure, a cream foam is
obtained which, by purification by flash chromatography on 35-
70 pm silica with ethyl acetate as eluent, gives us a pure
golid product (1.3 g, 76%).

The trihydrochloride is formed by precipitating the latter
from 2-butanone by addition of isopropyl alcchol saturated with
hydrochloric acid. The filtered precipitate is rinsed with
ethyl ether and then dried under vacuum at €0°C. (1.3 g).

CsoHyyN301,° 3HCL- 1H,0: 1121.33. M.p.: 150°C

TLC system: 100 Ethyl acetate (Ry: 0.25)

HPLC C8 SYMMETRY WATERS, 5 pm, 250 x 4.6 mm, A: 220 nm,

flow rate: 1 ml/min, CH,CN/H,0 (1/1)

retention time: 11 min 91 s.

Microanalysis: calculated ¥ found % corrected %
c 54 .43 53.56 53.58
H 4.57 4.77 4.67
N 3.81 3.83 3.75

For the case where NRR, is a polycyclic amine, the examples

below are given:

:SH-#25067.RS1 10 July 1998
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EXAMPLE C

Preparation(sf4’—demethyl—4’—(3~quinuc1idinyl—aminocarbonyl)—
4—0—(2,3—bis(4—fluorophenoxyacetyl)—4,6-ethylidene—ﬁ—D—
glucosyl)epipodophyllotoxin. Formula T:

H

F. N
.- . 1/

The 1.9M solution of phesgene in toluene (2.3 mmol, 1.2 ml) is
added :to acetonitrile (80 ml) at -10°C under a nitrogen
atmosphere. A mixed solution composed of 4‘-demethyl-4-0-(2,3-
bis(4-fluorophenoxyacety1)—4,6«ethylidene—B—D~glucosyl)
epipodophyllotoxin (1 g, 1.15 mmol) and diiscpropylethylamine
(2.9 mmol, 0.37 g, 0.5 ml) in acetonitrile (20 ml) is then
added dropwise. The reactants are left in contact for 15 min
and then a solution of 3-aminoquinuclidine (1.26 mmol, 0.16 g}
in acetonitrile is added at -5°C. After the reactants have
been in contact for 5 min, the reaction mixture is evaporated
under reduced pressure. The oily residue is purified by flash
chromatography on 35-70 pm silica, elution being carried out
with a chloroform/methanol/aqueous ammonia (90/10/1) mixture,
in order to obtain, after evaporation under reduced pressure,
a foam which crystallizes from ethyl ether. The hydrochloride
is formed in acetone by addition of ether saturatsd with
hydrochloric acid and then addition of ethyl ether. The white
solid obtained is filtered off and then dried under vacuum at
50°C (0.52 g, Yd: 42%).
Cs3HsaFoMN;0," HC1+ H,0: 1063.034. M.p.: 160°C
TLC system: CE,Cl,/MeOH/NH,OH (90/10/1) (Re: 0.64)

Microanalysis: calculated & found % corrected %
c 60.92 60.27 59.88
H 5.21 5.31 5.31

N 2.68 2.65 2.63

10 July 1998
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EXAMPLE D

Preparation of 4’—demethyl—4’—(3-quinuclidinylaminocarbonyl)-4—
O—(2,3-bis(phenoxyacetyl)—4,6-ethylidene-B-D-glucosyl)
epipodophyllotoxin. Formula I:

I

N,
QY

The 1.5M solution of phosgene in toluene (2.3 mmol, 1.2 ml) is
added to acetonitrile (80 ml) at -10°C under a nitrogen
atmosphere. A mixed soluticn composed of 4’ -demethyl-4-0-(2,3-
bis(phenoxyacetyl)—4,6—ethylidene-B-D-glucosyl)
epipodophyllotoxin (1 g, 1.15 mmol) and diisopropylethylamine
(2.9 mmol, 0.37 g, 0.5 ml) in acetonitrile (20 wl) is then
added dropwise. The reactants are left in contact for 15 min
and then a solution of 3-aminoquinuclidine (1.26 mmol, 0.16 g)
in acetonitrile is added at -5°C. After the reactants have
been in contact for 5 min, the reaction mixture is evaporated
under reduced pressure. The oily residue is purified by flash
chromatography on 35-70 pm'silica, elution being carried out
with a ¢hloroform/methancl/aquecus ammonia (90/10/1) mixture,
in order to obtain, after evaporation under reduced pressure,
a foam which crystallizes from ethyl ether. The hydrochloride
is formed in acetone by addition of ether saturated with
hydrochloric acid and then addition of ethyl ether. The white
solid obtained is filtered off and then dried under vacuum at
50°C (0.4 g, Yd: 33%).
CssHsslNy0p9 HCL- 2H,0: 1081.524. M.p.: 190°C
TLC system: CH,C1,/MeOH/NH,0H (90/10/1) (Rs: 0.35)

Microanalysis: calculated % found % corrected %
C 60.89 58,96 58.85
H 5.49 5.55 5.68

N 2.68 2.62 2.59

10 July 1998
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EXAMPLE E

Preparation of 4’—demethyl-4’—(3—quinuclidinylaminocarbonyl)—4—
O-(2,3—bis(4—trifluoromethoxyphenoxyacetyl)—4,6-ethylidene~6—D—
glucosyl)epipodophyllotoxin. Formula I:

CF, H

“ Oy Y

5 The 1.9M solution of phosgene in toluene (1.37 mmol, 0.72 ml)
is added to acetonitrile (50 ml) at -10°C under a nitrogen
atmosphere. A mixed solution composed of 4’ -demethyl-4-0-(2,3-
bis(4—trifluoromethoxyphenoxyacetyl)—4,6-ethylidene—B—D—
glucosyl)epipodophyllotoxin (0.7 g, 0.68 mmol) and diisopropyl-

10 ethylamine (1.7 mmol, 0.22 g, 0.2 ml) in acetonitrile (10 ml)

iz then added dropwise. The reactants are in contact for
15 min and then a solution of 3-aminoquinuclidine (0.68 mmol,
0.09 g} in acetonitrile is added at -5ocC. After the reactants

have been in contact for 5 min, the reaction mixture is

. 15  evaporated under reduced pressure. The oily residue is
e purified by flash chromatography on 35-70 um silica, elution
:;:} being carried out with a chloroform/methancl /aquecus ammonia
e (90/10/1) mixture, in order to obtain, after evaporation under

: reduced pressure, a foam which crystallizes from ethyl ether.
2. 20 The ethanolsulphonate  is formed in ace-one by addition of one
’ equivalent of ethanolsulphonic acid and then addition of esthyl

RS ether. The white solid obtained is filtered off and then dried
s under vacuum at 50°C (0.45 g, Yd: 50%).
et Cs7HgoFelNa0,,8" 1.2H,0: 1324.785, M.p.: 170°C
P 25 TLC system: CH,Cl,/MeOH/NH,0H (90/10/1) (R,: 0.4)
:::: Microanalysis: calculated % found % corrected %
SRtH c 52.54 51.16 51.67

H 4.64 4.72 4.74

N 2.15 2.13 2.11

2’,%\
Bﬁf;%xx-~2sos7 RS 10 July 1998
A , //

Y et/

[ SRR




e

- 40 -

It will be understood that the term "comprises" or its
grammatical variants as used herein is equivalent to the term
"includes" and is not to be taken as excluding the presence of

other elements or features.

10 July 1998
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The claims defining the invention are as follows:

1. Compound of the general formula I
/YO
0]
RO” g
Q

e
L ( o
.- . O "'-..< I
* oo ; O
(L EX] -
LR X
. e
. o
oe o0 MeQ ) OMe
: . .. 4]

~g:
% in which R’ represents either a hydrogen atom or a phosphate

L**¢*,5 monoester group or a carbamate group of -CO-N-(R,R,) type where
R, and R, represent an acetic¢ group or form together with N a
E'J'. polycyclic amine or an ac¥l group of phosphonoacetic type H,0,P-
. CH,-CO or 2 radical R,

R represents an acyl group of formula

A-Z-CH,-CO

where Z represents an oxygen or sulfur atom, an SQ, group or a

linear or branched C,, alkylene,
o on condition that:

- in the case where R’ = R, that is to say triacyl

15 derivatives, A represents an aromatic ring possessing a
salifiable function, with the exception of 4-hydroxyphenyl,
- in the case where R’ # R, A represents a benzyl,
naphthyl, heteroaryl or phenyl residue which is substituted or
unsubstituted, it being possible in this case for the phenyl to
20 be substituted one, two, three, four or five tires,
irrespective of their position on the aromatic ring, with
identical or different groups chosen from‘halogen, F, Cl, Br;
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linear or cyclic C,-Cs alkoxy, C,-Cs alkyl, methylenedioxy, OCF,,
CF;, NO,, CN, OCHAryl, OH, OPOH,, CH,POH,, PO,H,, OCH,CO,H, COOH,
CH,COOH, COCH, and CHOQ groups,

Z-A may also represent an OCH,CO,H, SO0,CH,CO0H or POH, group,
as well ag its salts with.therapeutically acceptable and water-
soluble, inorganic or organic acids or bases, with the
exception of the compounds for which R’ = d, and Z represents
an oxygen atom or a sulfur atom, and A represents an aryl
chosen from phenyl, phenyl-alkyl, which is C,-C, linear or
branched, and naphthyl radicals, and these same radicals
substituted with one to three substituents chosen from linear
or branched ¢,-C, alkoxy radicals optionally perhalogenated with
chlorine of fluorine atoms, linear or branched c.-c, alkyl
radicals and halogen atoms.

2. A compound according to claim 1 wherein the polycyclic
amine is 3-aminoquinuclidine.

3. A compound according to claim 1 or claim 2 wherein the
halogen is selected from chlorine and fluorine.

4. Compound according to any one of claims 1 teo 3,
characterized in that R’ represents a phosphate monocester group
(PO;H,) or a carbamate group CONR,R, and NR,R, represents an
aminodiacetic group or a J-aminoquinuclidine group, R’ also
represents a phosphonoacetic group, and salts thereof.

5. Compound according to any one of claims 1 to 4,
Characterized in that R ig chogen from the radicals:
phenoxyacetyl, 3,4—methylenedioxyphenoxyacetyl,
4-methoxyphenoxyacetyl, 4-hydroxyphenoxyacetyl,
4—phosphonooxyphenoxyacetyl, 4-carboxymethylphenoxyacetyl,
4—carboxymethoxyphenoxyacetyl, 4-carboxyphenoxyacetyl,
4—trifluoromethylphenoxyacetyl, 4-trifluoromethoxy-
phenoxyacetyl, 4-chlorophenoxyacetyl, 4-nitrophenoxyacetyl,
4~fluorophenoxyacetyl, cyclohexyloxyacetyl,
phenylsulfonylacetyl, pentafluorophenoxyacetyl, 2 and 4
formylphenoxyacetyl, 4-cyanophenoxyacetyl. '

6. Compound according to one of Claims 1 to 35,
characterized in that it is chosen from organic or inorganic
salts of:

4’ -demethyl-4- -deoxy-4‘ -phosphate-4-0-(2,3-bis-

10 July 1998
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phenoxyacetyl-4,6-ethylidene-B-D—glucosyl)epipodo«
phyllotoxin,
. 4’—demethyl«4'—di(carboxymethyl)aminocarbonyl-4~o—
(2,3«bisphenoxyacetyl—4,6-ethylidene-B—D-glucosyl)-

5 epipodophyllotoxin,
. 4’ -demethyl-4¢’ -phosphonocacetyl-4-0-(2,3-big-
phenoxyacetyl-4,6-ethylidene-B-D- clucosyl}eplpodo-
phyllotoxin,
. 4’ ~demethyl-4’ -deoxy-4'-phosphate-4-0-(2,3-bis(4-

10 trifluoromethylphenoxyacetyl)-4,6-ethylidene-ﬁ-D-
gluceosyl)epipodophyllotoxin,

. 4’-demethyl~4’-di(carboxymethyl)aminocarbonyl—4-0-
(2,3-bis(4-trifluoromechoxyphenoxyacetyl)-4,6-ethyl—
idene-B-D-glucosyl) epipodophyllotoxin,

15 e 4’ -demethyl-4‘ -deoxy-4' -phosphate-4-0-(2,3-bis (4-
trifluoromethoxyphenoxyacetyl)-4,6—ethylidene-ﬁ-D—
glucosyl)epipodophyllotoxin,

. 4’ -demethyl-4’ -phosphonoacetyl-4-0-(2,3-bis(4-tri-
lfluoromethoxyphenoxyacetyl) 4,6-ethylidene-p-D-

20 glucosyl)epipodophyllotoxin,

. 4'—demethyl—é’-(4-phosphon00xyphenoxyacetyl]-4—0-
., (2,3-bis(4-phosphonooxyphenoxyacetyl)—é,s—echylidene—ﬁ-
f2:: D-glucosyl)epipodophyllotoxin,
'ﬁ;f . 4’ -demethyl-4’ -deoxy-4‘ -phosphata-4-0-(2,3-bis(4-
:?Zf 25 phospnonooxyphenoxyace vl)-4,6-ethylidens-3-D-gluco-
DL syl) epipodophyllotoxin,
§2'3 . 4’-demethyl—é’—di(carboxymethyl)aminocarbonyl—4—0-
(2,3-biscyclohexyloxyacetyl-4,G—ethylidene-B-D-gluco-
A syl)epipodophyllotoxin,
S 30 . 4‘-demethyl-4'-deoxy-4’ ~phosphate-4-0-(2,3-bis-
:Q cyclohexyloxyacetyl)-4,6~ethylidene-B—D—glucosyl)epi-
P podophyllotoxin,
cere . 4’-demethyl—4’-(3—quinuclidinylaminocarbonyl)-4-0-
Teees (2,3-bis-(3,4-methylenedioxyphenoxyacetyl)-4,6-ethyl—

35 idene-B-D—glucosyl)epipodophyllocoxin,
. 4’ -demethyl-4’ -deoxy-4'-phosphace-4-0-(2,3-bis-
(3,4-methylenedioxyphenoxyacetyl)-4,6-ethylidene—B-D-
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glucosyl) epipodophyllotoxin,

. 4’ -demethyl-4’-deoxy-4‘-phosphate-4-0-(2,3-bis-
(2,3,4,5,6-peECafluorophenoxyacetyl)-4,6-ethylidene,5—
D-glucosyl)epipodophyllotoxin,

S e 4’ -demethyl-4’-decxy-4’-phosphate-4-0-(2,3-bis{a-
fluorophencxyacetyl) -4,6-ethylidene-B-D-glucosyl)epi-
podophyllotoxin,

. ¢'-demethyl-4’-(3-quniuclidinylaminocarbonyl) -4-0-
(2,3-bis{¢-chlorophenoxyacetyl) -4,6-ethylidene-f-D-

10 glucosyl)epipodophyllotoxin,
. 4’ -demethyl-4‘-deoxy-4’ -phosphate-4-0-(2,3-bis(4-
chlorophenoxyacetyl) -4,6-ethylidene-B-D-glucosyl)epi-

podophyllotoxin,

. 4’ -demethyl-4’-deoxy-4'-phosphate-4-0-(2,3-bis-
15 phenylsulfonylacetyl)-4,6-ethylidene-f-D-glucosyl)epi-

podophyllotoxin,

. 4'-demethyl-4‘—(4-carboxyphenoxyacetyl)—4—0—(2,3:

bis (4-carboxyphenoxyacetyl) -4, 6-sthylidene-B-D-gluco-
syl)epipodophyllotoxin,

20 e 4’ -demethyl-4' - (4-carboxymethylphenoxyacetyl) -¢-0-
{2,3-bis(¢-carboxymethylphenoxyacetyl)-¢,s-ethylidene-

i.'" f-D-glucosyl)epipodophyllotoxin,

:k:} . 4’ -demethyl-4' - (4-carboxymethoxyphenoxyacetyl) -4-
e’ 0-(2,3-bis(4-carboxymethoxyphenoxyacetyl) -4,6-ethyl-
:izﬁ 25 idene-P-D-glucosyl)epipodophyllotoxin,

:a:i . 4’—demethyl-4-o-(2,3-bis(4—carboxymethoxyphenoxy—
2 acetyl)-4,6-sthylidene-p-D-glucosyl) epipodophyllotoxin,
e, . 4’ -demethyl-4-0-(2,3-bis(4-carboxymethylphenoxy-
fetedt acetyl) -¢,6-ethylidene-B-D-glucosyl) epipodophyllo-

:-. * 30 COXil’l,
e . 4’ -demethyl-¢’-(3-gquinuclidinylaminocarbonyl) -4-0-

(2,3-bis(4-nitrophenoxyacetyl)-4,6-ethylidens-f-D-glu-

: cosyl)epipodophyllotoxin,

IH . 4’-demethyl-4¢’ -deoxy-4'-phosphate-4-0-(2,3-bis(4-
35 methoxyphenoxyacetyl) -4, 6-ethylidene-B-D-glucosyl)epi-
pedorhyllotoxin, ’ :

. 4’-demethyl-4’-deoxy-4' -phosphate-4-0-(2,3-bis(4-
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cyanophenoxyacetyl)—4,6—ethylidene—B—D-glucosyl)
epipodophyllotoxin,

. 4'—demethy1—4’—deoxy—4’—phosphate—4-0~(2,3~bis(4~
nitrophenoxyacetyl)—4,6—ethylidene—B—D—glucosyl)

5 epipodophyllotoxin,

. 4'—demethy1-4’—deoxy-4'—phosphate—4—0—(2,3~bis(4—
methylphenoxyacetyl)—4,6—ethylidene-B—D—glucosyl)
epipodophyllotoxin,
. 4’—demethyl-4—0-(2,3—bis(4—phosphonooxyphenoxyacetyl)~4,6—

10 ethylidene—ﬁ-D-glucosyl)epipodophyllotoxin,
° 4’—demethyl—4'—deoxy—4’—phosphate—4—0—(2,3—bis(4—
hydroxyphenoxyacetyl)—4,6—ethylidene—ﬁ—D—glucosyl)
epipodophyllotoxin,
7. Compounds according to Claim 6, characterized in that

15 the agents salifying the acidic functions are more particularly
chosen from amines such as N-methyl-glucamine, lysine and
triethanolamine, or cations such as sodium or potassium, and in
that the agents salifying the basic functions are more
particularly chosen from inorganic or organic acids such as

20 hydrochloric acid, sulfuric acid, methanesulfonic acid,
ethanolsulfonic acid, maleic acid angd tartaric acid.
8. Process for the preparation of a compound according to
one of Claims 1 to 6, characterized in that a glycosylated
intermediate of general formula II

/Vo
5 o]
25 © II
RO 0
S is reacted with an intermediate III
socn. III

OMe

MeO

m
g HM‘. BH:#25067 RS1
Qe
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for which R is defined above and R4 is a protecting group, for
example benzyloxycarbenyl or a carbamate radical, which product
is deprotected in order to obtain the compounds of formula I
R’=H, and which is reacted with suitable reagents in order to
obtain the compounds of formula I R’zH.

9. Process for the preparation of & compound according to
any one of Claims 1 to 6, characterized in thar etoposide
protected in position 4’ with a benzyloxycarbenyl or
quinuclidene carbamate group of formula V in which R4 is
defined above is reacted with an acylating reagent of A-Z-CH,CO
type to give, after hydrogenolysis or hydrolysis, the compound
of formula I R’=H.

O
HO HO
o]
0 v
< o
o l|.,,|<
o
MeO OMe
R4
10. Process for the preparation of a compound according to

any one of Claims 1 to 6, characterized in that etoposide is
reacted by triacylation in order to obtain the compounds of
formula I where R’=R=A-Z-CH,CO, & possessing a salifiable
function. ‘

11. Process for the preparation of the salt of a compound
according to any one of Claims 1 to 7, characterized in that
the acidic compound is treated with a stoichicmetric amount of
base, or of ion exchange resin, and in that freeze-drying or

crystallization is carried out.

pMH:SH: #25067 RS 1 10 July 1998
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12, Process for the preparation of the salt of a compound
according to any one of Claims 1 to 7, characterized in that
the basic compound is treated with a stoichiometric ameunt of
the acidic agent and lyophilization or c¢rystallization is
carried out, '

13. The compound according to any one of Claimg 1 to 7, as
medicinal product.

14. Pharmaceutical composition, characterized in that it
comprises at least one compound of formula I according tc any
one of Claims 1 to 7, and a suitable excipient. ’

15. A method of anti-cancer treacment which method
comprises aduministering to a patient in need of such treatment
a therapeutically effective amount of a medicament comprising
as an active ingredient a compound of formula I according to
one of Claims 1 to 7.

16. A method according to claim 15 wherein the cancer
includes alveoclar lung cancer, embryonic tumors,
neuroblastomas, cancer of the kidney, pediatric tumors,
hedgkinian and non-hodgkinian lymphomas, acute leukemias,
placental choriocarcinomas and mammary adenccarcinomas.,

17. A method according to claim 15 wherein the therapeutic
efficacy of topoisomerase II-inhibitor compounds is increased
for the treatment of tumors which do not respond to the usual
therapies.

18. A method according to claim 17 wherein the tumdrs are
colorectal cancers and melanomas.

19. A method of treatment of rheumatoid arthritis and
complaints caused by the human papilloma virus which method
comprises administering to a patient in need of such treatment
a therapeutically effective amount of a medicament comprising
as an active ingredient a compound of formula = according to

any one of claims 1 to 7.

DATED: 10 July 1998
CARTER SMITH & BEADLE

Patent Attorneys for the Applicant:
PIERRE FABRE MEDICAMENT

i #25067 881 . 10 July 1998




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS

