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2207674 PODOPHYLLOTOXI N .DERI VATI VES BACKGROUND OF THE | NVENTI ON 1. Field
of The Invention The present invention relates to 4'-phosphate derivatives
of epi podophyl | ot oxin glucosides, to their antitunor use, and to

phar meceuti cal conpositions containing these new agents. 11. . Description
of the Prior "Art Etoposide (VP-16, 1) and teniposide (VM26, I1) are
clinically useful anticancer agents derived fromthe naturally occurring

| i gnan, podophyllotoxin (l111); the class of conpounds including etoposide -
and teniposide is sonetimes referred to as 4'-demet hyl epi podophyl I ot oxj n

gl ucosi des. Etoposide and teni poside are active in the treatnment of a 28757i

variety of cancers includi nPOBCRHYLIGFOX BNBOERPEAFTVRING, Ovarian, breast,
t hyroi d, bLadder brain, non-lynphocytrc T€euke Hodgkin' s di sease.
Conpounds4l, and 11, and the method for producing then1are di sclosed in. U S
Pat ent 3%408, 441 to Wartburg et al and U S. Patent 3,524,844 to

Kel |l er-Juslen et al. The conpounds di scl osed therein, in particular

et oposi de and teni poside, serve as starting material for our preparation of
epi podophyl | ot oxi n glu003|de 4' -phosphat e derivatives of the present

T

I nventi on. o BACKGROUND OF THE INVENTION
I. Field of The Invention .

The present invention relates to_&'-phoophate
" derivatives of epipodophyllotoxin glucosides, to their
' artitumor use, and to pharmaceutical compositions containinq
these new aqents._ '

I1. Description of the Prior Art

Etoposide (VP-16, 1) and teniposide (VM-26, 11) are
clinically useful anticancer agents derived from the
naturally occurring lignan, podophylloéoxin-(lil); the class
of compounde_includinq etoposide and teniposide is sometimes
‘referred to as 4'-demethylepipodophyllotoxin glucosides.
Etoposide and teniposide are active in the treatment of a
variety of cancers including testicular. small cell lung,
ovarian, breast, thyroid, bladder, brain, non-lymphocytic
leukemia, and Hoquin s disease. D tim

COmpounde ] and 11, and the method for producing them
are disclosed in U.S. ‘Patent 3,408,441 to Wartburg et al and
U.S. Patent 3,524,844 to Keller-Juslen et sl. The compounds
disclosed therein, in particular etoposide and teniposide,
serve as starting material for our preparation of
epipodophyllotoxin glucoside 4'-phosphate derivetivea of the
present invention. _ -



[err] Phosphorylation of therapeutic agents containing a hydroxyl group has
been used as a neans for. drug latentiation; the phosphorylated derivatives
-may then be cleaved in vivo by a phosphatase to |iberate the active parent,
-nol ecul e. A brief discussion of phosphates as potential prodrugs is
included in the review article entitled "Rational for Design of
"Biologically Reversible Drug Derivatives: Prodrugs" (Sinkula and Yal kowsky,
J. Pharm Sci., 1975, 64:181-210 at 189-191). Exanples of phosphates of '
known antitunor agents include canptothecin (Japan Kokai 21-95,394 and
21- 95,393, Derwent Abst. No. 87-281016 and 87-281015, respectively) and
daurorubicin (U S. Patent 4,185, 111). Podophyl | otoxi n phosphate di sodi um
salt 1V was prepared by Seligman et al. However, the phosphate was not
hydrol yzed by prostatlc aci d phosphatase and did not show reduced toxicity
over the parent . | /3
59: 233-242). -2- -
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Phosphorylation of therapeutic agents containing a
hydroxyl group has been used as a means for drug.
latentiation; the phosphorylated derjvatives may then be
cleaved in vivo by a phosphatase to liberate the active
parent molecule. A brief discussion of phosphates as
potential prodrugs is included ih_the'rgview'article
entitled "Rational for Design of Biologically Reversible
Drug Derivatives: Prodrugs" (Sinkula and Yalkowsky, J.
Pharm. Sci., 1975, 64:181-210 at 189-191). Examples of

. phosphates of known antitumor agénta.incLude camptothecin '

(Japan Kokai 21-95,394 and 21-95,393, Derwent Abst. ﬁo. . \_)
87-281016 and 87-281015, respectively) and daurorubicin '
(U.S. Patent 4,185,111). | |

Podophyllotoxin phosphate disodium_salt 1V was prepared
by Seligman et al. However, the phosphate.wag not
hydrclyzed by prostatic acid phospha;;se-dnd did nét show |
reduced toxicity over the parent podophyllotdxin (Cahcer
Chemotherapy Reports Part I, 1975, 59:233-242). |



[err] ‘The present invention provi des phosphate esters of

- denet hyl epi podophyl | ot oxi n gl ucosi des which are active antitunor agents.
In particular, the dihydrogen phosphate of 4'-denethyl epi podophyl | otoxin
gl ucosi des and salts thereof are highly water-soluble thus providing a
super-i or pharnmaceuti cal advantage over the current therapeutic agents of
this class, etoposide and teniposide, which have nmininmal water solubility.
SUMMARY OF THE | NVENTI ON The present invention provides 4'-phosphate
derivatives of 4'-denethyl epi podophyl | otoxin glucosi des of general formula
V, and pharmaceutically acceptable salts thereof -3- [err] wherein [err]
is Hand [err] is selected fromthe group conS|sting of [err]alkyl; [err].
al kenyl ; Lerr]cycloal kyl; 2-furyl; 2-thienyl; 1err] aryl; Terr] aral kyl;
and [err]\_aral kenyl wherei n each of the ar onagrepeag i Ngs- may be unsubst i t ut ed
or substifuted with one or nore groups sel ectpd fromhalo, [err] alkyl,
[ err]al koxy, -hydroxy, nitro, and am no; ' :

\ : : The present invention provides phosphate esters of
4'-demethylepipodophyliotoxin_giucosides which are active
antitumor agents; In particular, the dihydrogen phosphate'
of 4'-demethylepipddophyl1otoxin glucosides and salts |
thereof are highly water-soluble thus providing a
superior pharmaceutical advantage over the cﬁrrent
therapeutic agents of this class, etoposide and teniposide,
which have minimal water solubility.

SUMMARY OF THE INVENTION
The present invention provides 4'-~-phosphate derivatives

: _'of 4'—demethylepipodophyllotoxin glucosides of general
- . £ormu1a ¥, and pharmaceutically acceptable salts thereof



and [err] are each [err]alkyl; or [err] and [err] :and the carbon to
which they are attached join to forma [err] cycloal kyl group; X is oxygen
or sulfur; R and R are independently selected fromthe group consisting ,
of H, [err] al kyl, A-substituted [err]al kyl, [err]cycloal kyl, Avsubstltuted
.[err]cycl oal kyl, [err]aryl, A-substituted aryI,'aIkyI substltuted aryl,
[err]aral kyl, A-substituted aral kyl, and al kyl -subsitituted aral kyl ;

wherein said A-substituents are one or nore groups sel ected fron1hydroxy,

al koxy, al kanoyl oxy, cyano, am no, al kylam no, dial kyl am no, carboxy,

al kyl thi o, nmercapto, nercaptothio, nitropyridyl disulfide, alkanoylam no,

al kanoyl, carbanoyl, nitro, and halo. -4- The salts of conpound V

i ncl ude both the nonoani oni ¢ and g he dianionic salt. The cation may be a
metal ion such as one from t heyalle ngtal or alkaline earth netal gtoups
or other comon netal ions; or NeTUS Qi t rogen-cont ai ni ng.group suﬁh as
anmoni um nono-, di-, or trlalkylannnnlu' or pyridinium The cation™&
preferably sel ected fromthe group co‘ﬁ' e\ Of sodi um potassi um

lithium cesium magnesium calcium ¢ armoni um and nono-, di -, and
HyCO 0CH,
'0\'4x
w0 Nort
v .

wherein R® is H:;nd rl is'éelected from the group consisting

of (cl_lo)alkyl;"Cz;lo)alkenylz (Cs_s)cy¢lda1ky1; 2-furyl;
2-thieny;; (cs_lo)atyl;-(c7_14)ara1ky1r_and (08614)ara1keny1
wherein each of the aromatic rings may be unsubstituted or
substituted with one or more groups selected from halo,
(cl_eéalkyl, (cl_a)alkoxy; hydrbxg, nitrg, and amino; or R
and R~ are each (Cl_a)alkyl; or R™ and R™ and the carbon to
which thgy_are attached join to form a (c5_6) cycloalkyl
group; X is oxygen or Sulfur:.R7 and R8 are independently
selected from the group consisting of H, (cl_s)'alkyl,
A-substituted (c1 5)a1ky1 (C3_6)cycloa1kyl; A-substituted
(c s)cycloalkyl (cs_lo)aryl; A-substituted aryl,
alkyl-substituted aryl, (c7;14)aralky1, A-substituted : N\
aralkyl, and alkyl-subsitituted aralkyl; wherein said

' A-substituénts are one or more groups selected from hydroxy,
alkoxy, alkanoyloxy, cyano, amino, alkylamino, dialkylamino,
carboxy, alkylthio, mercapto, mercaptothio, nitropyridyl
d1su1fide, alkanoylamino, alkanoyl carbamoyl nitro, and
halo.

1
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trial kyl ammoni um A preférred enbodi ment provi des, conpounds of formula V
wherein'[err] and [err] are both H, and pharmaceuti- cally acceptable salts
théereof. A nost preferred enbodi ment provides etoposide 4'-di hydrogen
phosphat e and t hi ophosphate, and their respective disodiumsalts Vla and
VIb. A further preferred enbodi ment provides [err] a: X =0 b: X =S
conpounds of fornmula V wherein [err] and [err] are the sane and are
selected fromthe group consisting of 2,2,2-trihalo- ethyl, 2-cyanoethyl,
[err] al kyl, phenyl, and phenyl al kyl, wherein the phenyl ring is optionally
substituted with al kyl, halogen, or nitro. -5- A further aspect of this
i nventi on provi The saltsucsrcpoinpephdr Yaindiude deoth athe asondanionit cand |the
and pharmaceu- i . cceptabl e I r T €L T erein Lery]

X are as previ oégﬁgiéé*?ng(é?;:gl ST%% &i)t—i,iggrﬁp%elr’é]i methf Péﬂa;ntgé'f et ]&;@
are each™ ndepefient thesalkalidmetah orcatkaline oparth imgtal ¢royps qr

al kyl, other common metal ions; or an organic nitrogen-containing
| group such as ammonium; -mono-, di-, or trialkylammonium, or
pyridinium. The cation is preferably selected from the
group consisting of sodium, potassium, lithium; cesium,
magnesium, calcium, aluminum, ammonium and mono-,di-, and
trialkylammonium. A preferred embodiment provides compounds
_ of formula V wherein R? and__R8 are both H, and pharmaceuti-
o ~cally acceptable salts thereof. A most preferred embodiment
provides etoposide 4'-dihydrogen phosphate and
thiophosphate, and their respective disodium salts VIa and

Vib. A further preferred embodiment provides

HaC CHy
__OpcoNa),

/ S _' Qt . s xs=0
: bt X = §

compounds of formula V wherein R? and R

are selected from the group consisting of 2,2,2-trihalo-
ethyl, 2-cyanoethyl, (cl_s)alkyl, phenyl, and phenylalkyl,
wherein the phenyl ring is optionally substituted with
alkyl, halogen, or nitro. ' '

8 are'the same and



[err] alkenyl, [err] cycloalkyl, A-substituted [err]-alkyl, A-substituted
[err] alkenyl, A-substituted [efr] cycloalkyl; or [err], and the nitrogen
to which they are attached together represent a 3- to 6-nmenbered ring; or
[err], [err] -, and the nitrogen to which they are attached together
represent a 3- to 6-nenbered ring; wherein said A-substituents are as
‘previously defined. Another aspect of the present invention provides :
di chl orophosphate intermedi ates of formula VIII wherein [err], [err] and X

are as previously defined; these agents are useful in the preparation of
conpounds of fornula V. -6- [err] Yet a further aspect of the present

I nventi on provides a process for preparing a conpound of fornula V wherein
[err] and R8 arfe IREYher AfPeqt m&fg{%q%ﬂ REBPAeR Antditumoxhi ch

conpri ses ghusplicapsamiddtd deriratives o dqamkh G1¥ ardiphadhdc¥u- .into a
conpeund(gﬁééiépnié Eﬁgﬁﬁfﬂrhifgflﬁqgfégp X are as previously defingd and

Gis a phos
group; and (c)

pro

ng group,
.. RS

renfovi ng the phosphate protecting

VII

wherein Rl, R°, and X are as previousiy defined; ¥ is C1,

OH, or NR4R5; Rz. R3,'R4{ and R° are each independently
selected from the gfduptconsisting of H, (cl-s) alkyl,
(cz_s) alkenyl, (C3_5) cycloalkyl, A-substituted (CI-S)
alkyl, A-substituted (Cz_s) alkenyl, A-substituted (c3_6)
cycloalkyl; or Rz,-R3, and the nitrogen to which they are.
attached together represent a 3- to 6-membered ring; or R4,
Rs, and the nitrogeh to which they are attached together , o/
represent a 3- to 6-membered ring; wherein said

- A-substituents are as previously defined.

6

Another aspect of fhe'present invention provides
dichlorophosphate intermediates of formula VIII wherein Rl,
R® and X are as previously definéd;_these agents are useful
* in the preparation of compounds of fbrmuli'!.
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-7-  [err] optionally-converting the product of step (b) to a
pharmaceuti-cal |y acceptable salt. Phosphate profecting groups include, but
are not limted to, those within the definition of [err] given above except
H. DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein, unl ess otherw se
specified, the term"al kyl" neans straight or branched car bon chai ns;

"hal 0" includes bromp, chloro, fluoro, and iodo; "etopofos" is the conpound
et oposi de 4' - phosphate disodiumsalt [i.e. conpound Vial. The phenol group
of 4'-denet hyl epi podophyl.l ot oxin gl ucosides nmay be phosphorylated with '
phosphor ous .oxychl ori de and t hi ophosphoryl chloride to give the
correspondi ng di chl orophosphate and di chl orot hi ophosphate, respectively
(formula MII1). The phosphorylation rgaction is performed in a suitable
anhydro_§30rgan|c sol vent, for exanplé gestonjtrile, and preferably in the
presence of a tertiary am ne base, for¥ Mo N- di | sopr opyl et hyl am ne.

Yet a further aspect of: the present invention'provides
a process for preparing a compound of formula V wherein’R7
~ and Ra are both H and its pharmaceutically acceptable salts,
which comprises the steps of (a) convertznq a compound of
formula 1IX '

-into a compound of formula X whetéin-Rl,-Rs,,and X are as
previously defined and G is a phosphate protecting group;
(b) removing the phosphate protecting group; and (c)



'

The course of the reaction nmay be nonitored by thin ‘I ayer chromat ogr aphy
(TLC) by which the optinumreaction time may be judged by the appearance of
product or the disappearance of the starting material, or both. In our .
experience, the reaction period nmay take from about 4 hours to about 72
hours. The length of reaction tinme required appears to be related to the
‘qual ity of the phosphorous reagent used. The 4'-dichl orophosphat es of
formula VII|I are versatile internedi ates which nay subsequently react with
nucl eophiles to provide a variety of phosphate and thi ophosphate
derivatives. Thus the internmedi ates may be hydrol yzed to provide the
phosphates, and in the presence of a base the phosphate salts are. obtained.
For exanple, VIII treated with an.excess of aqueous sodi um bi carbonate
sol ution provi des t he corresponm‘-q, -phosphate di sodi um and -

\ N eg of other cations such &g‘

ei ther the corresponding phosphorodla Fol :
chl or ophosphor ononoami dat e.- Exanpl es of suit g am nes. include, but are
not limted to, ammoni a, primry am nes sudp~hs et hyl am ne,

"~ chl oroet hyl am ne, allyl am ne, dlnethylawr-o- o~9%an1ne hydroxyethylan1ne

|

opticnally converting the product of step (b) to a
pharmaceutically acceptable salt. Phosphate protecting
groups include, but are not limited to,. those within the
def1nition of R7 given above except H. '

DETAILED DESCRIPTION OF THE INVENTION

As used herein, unless otherwise specified, the term
"alkyl" means straight er-brenched carbon chains; "halo"
includes bromo, chloro, fluoro, and iodo; "etopofos" is the
compound etoposide 4?-phosphate disodium salt {i.e. compound
Vial.

 The phenol group of 4'-demethylepipodophyllotoxin
glucosides may be phosphorylated with phosphorous
oxychloride and thiophosphoryl chloride to give the
-cerresponding dichlorophbsphate and dichlorothiophosphate,
resp%étively (formula VIII) The phosphorylation reaction
is performed in a suitable anhydrous organic solvent, for .

example acetonitrile, and preferably in the presence of a
tertiary amine base, for example N,N-diisopropylethylamine.



L]

cycl ohexyl am ne, and am nocycl ohexanol ; and secondary am nes such as

di et hyl am ne, piperidine, ethyl methylam ne, nethyl am noet hanol,

et hyl-butyl am ne, and the |ike. The amount of the amine used relative to
that of the epidpodophyl | otoxin dichlorophosphate may be adjusted so as to
favor one or the other reaction product. For exanple, when a | arge excess

of the amne relative to the - - 9 - epi podophyll otoxin is used, the
symetri cal phosphorodlan1- date is obtained, i.e. conmpounds of formula VII
wherein Y is the same as [err]; the chlorophosphoronnnoanidate, I.e.

conpounds of formula VI mherein Yis O, may be prepared when a nore
controlled anount of the am ne is used. The chl orophosphor ononoam dat e may

sa e ol F?%&“‘?éﬁ‘é‘“‘dﬁc"“m PIeNG et {8 U7 24 L"é"“tﬂo dhed By, THER Yaye:®
unsymnet r¥-cal Yoido) %ﬁ%ﬁﬁ%a&ﬁ'ér ‘@bﬁ%ﬁ if"ﬂ'f')'hm %’1"%"& fpay
is [err] and |sbd|jti®qedntbf rchne [lppéari’lh@e aﬁbmm&m idxecthe eievhppearance
ilTustrated in dpephQl LOYEEhg SRt PLaE S ¥ Both 10 In our experience, the
reaction period may take from about 4 hours to about 72
hours. The length of reaction time required appears to be
related to the gquality of the phosphorous reagent used.

The 4'-dichlorophosphates of formula VIII are versatile
intermediates which may subsequently react with nucleophiles
to provide a variety of phosphate and thiophosphate
derivatives. Thus the intermediates may be hydrolyzed to
provide the phosphates, and in the presence of a base the
phosphate salts are obtained. For example, VIII treated:
with an excess of agueous sodium bicarbonate solution

provides the corresponding 4'-phosphate disodium and
4'-thiophosphate disodium salts; bicarbonates of other
cations such as potassium and ammonium may also be used to
provide the respective salts. The dichlorophosphate
intermediate V11l may react with amines to afford either the
corresponding phosphorodiamidate or the
chlorophosphoromonoamidate. Examples of suitable amines:
W include, but are not limited to, ammonia, primary amines

- such as ethylamine, chloroethylamine, allylamine,
dimethyiaminopropylamine, hydroxyethylamine;
cyclohexylamine, and aminocyclohexanol; and secondary amines
such as diethylamine.'pipefidine. ethylmethylamine,
methylaminoethanol, ethylbutylamine, and the like. The
‘amount of the amine used relative to that of the
epidpodophyllotoxin dichlorobhosphate may be adjusted so as
to favor one or the other reaction product. For example,
when a large excess of the amine relative to the -



[err] Phosphate triesters are conpounds of fornmula V wherein and [err]
are not H, and they may be prepared by treating a

4' - demet hyl epi podophyl | ot oxi n gl ucosi de with a hal ophosphate diester, [i.e
Hal -P(X)[err]. It has been found that this reaction is nost efficiently

.performed in acetonitrile in the presence of an organic trial kyl am ne base;

the preferred base is diisopropylethylamne. At |east one equival ent of the
- hal ophosphate [err] the am ne base is used, but both reagents are
preferably enployed in nolar equivalents in slight excess relative to that
of the epi podophyl | otoxin glucoside reactant. The reaction may be carried

ol evat eS”tys#%EBs{f’ﬁ*‘gﬁ&g““E“e podal SHIC B vnBolRl BT pRBRBKBEaTaREE Y ),
- may take upate éévebEPiuag eegocPBpeungecrfofiormypiacYllcwheneinpXosphat e

di esters [¢ne. sLﬂérLsnmt e -cea&eameaabhasssasﬂaﬁsﬂo&ma&he al eohol ward
e.g. phospho | or

pr epar ed fFBﬂ%PHE ﬁlthgPrﬁﬁg‘dgiinngﬁﬁggﬂagegésggr m‘?tbfs 5?8%‘5355|ble

to when a more controlled amount of the amine is used. The
chlorophosphoromoncamidate may be hydrolyzed to provide
compounds of fo:mﬁie VII wherein Y is OH or its salts, or it
may react further with a second amine to provide the
unsymmetrical phosphorodiamidate, i.e. compounds of formula

vir wherein Y is NR*RS and is different from NRZ 3.
"/
The above—described procedure is illustrated in the
following reaction scheme '
o/

B9~ L

;‘2'

e



prepare phosphate triesters by other routes, for exanple by first
convérting the phenol into a phosphite ester, e.g. by reacting with a
reagent such as [err], and subsequently oxi-dizing the phosphate to the
phosphate ester using e.g. mchloro perbenzoic acid. Phosphate triesters
may additionally serve as internediates in the preparation of conpounds of
formula V and salts thereof. Thus, for exanple, the di hydroxy phosphate
([err]) is obtained when the diphenyl ester ([err]=phenyl) is subjected to
catal yti c hydrogenati on. O her suitable phosphate protecting groups include
but are not limted to, 2,2,2-trich|roethy|, benzyl, cyanoethyl, - 12 -
p-nitro substituted phenyl, benzyl, phenethyl, and p-bronophenyl. The

di hydroxy phosphate ( V, [err]) are converted to base salts by reacting
with the~appropriate base, e.g. sodi um bicarbonate, armmoni um bicarbonate or
organi ¢c™rnes. Alternatively, the salts may also be - 13 -

excess

3 L 7 is
RERINH Hydroly:t
HaC OCH,

_P(X)Cle

rRZRO WRZR?

N ' :
' ' R’R‘nu Hydrolysis
. OCH,
: . } 8 OCHa . . P‘x) . P(X)
0P (%) “Raga / “NRZR?
R4S ua’a’

- 11 -



generated by eluting the di hydroxy phosphate through a columm of an
exchange resin containing the desired cation. Although the present

i nvention utilizes phosphorous oxychl oride, hal ophosphate diesters, and
their respective sul fur analogs as the phosphorylating reagent, it is to be
~under stood that other phosphorous reagents capabl e of phosphorylating
phenol s may al so be used, and appropriate reaction conditions and medi um
may be chosen according to the phosphoryl ati ng agent sel ected. The review
article entitled "Current Methods of Phosphoryl ati on of Biol ogical

Mol ecul es” (Synthesis, 1977, 737-52) contains further exanples of

phosphor yl at | phoagute ¥ dstetd Abe I Bl 8¢ Pormeig’ Y Rerpifl OF AL

or ant | AR Wy n %@%M myaﬁere%;’;?’tr‘ﬁlé PBys tReRkARGaA 10 al |
exper i nem'sdmeﬂ}ql[epﬂﬂodummmﬂm@lmbidet with unhallbpﬁbﬁphiﬁﬁ w

ot opos: ddipets? ﬁﬁ‘iﬁewﬂln%é"@‘*mﬁf‘d’ﬁ&ﬁ 3t pad, BoRE  SBERRCLARECY nae
di sodi umtddis rwn oo effigiently g”ﬁ@mﬁt ipcmcesonityidethe iv
route. | 3ralkhe0iPid séee@erdm origeific itillaARky1aRdnd’ Bdsk; c&hEENt were via

e e LN i s ons B0 oo Ehgposi oo v
equivalent of the halophosphate amf the amine base is used, '
but both reagents are preferabiyfemployed in molar
equivalents in slight excess relative to that of the
epipodophyllotoxin ‘glucoside reactant. The reaction may be W

. carried out at any temperature conducive to product
formation; however, slightly elevated temperatures, e.q.
30-40°C appear to facilitate the reaction'which;may take-up
to several days to go to completion. Symmetrical
halophosphate diesters [i.e. R7-R ] may be conventionally
"prepared from the alcohol and e.g. phosphoryl chloride, and
unsymmetrical ones [i.e. R #R ] may be prepared from the
alcohol and dihalophosphate ester. It is also possible to
prepare phosphate triesters by other routes, for example by -
first converting the phenol into a phosphite ester, e.g. by
reacting'with'a reagent such as (PhCHzo)zPN(i-pr)z, and
subsequently oxidizing the phosphate to the phosphate ester
using e.g. m=chloro perbenzoic acid. \_;'

Phosphate triesters may additionally serve as
_intermedzates in the preparation of compounds of formula ¥V
'and salts thereof. Thus, for example, the dihydroxy
phosphate ( V. R7=R =H) is obtained when the diphenyl ester
( V. R7=Ra=pheny1) is subjected to catalytic hydrogenation.
Other suitable phosphate protecting groups include but are
not limited to, 2,2,2-trichlmoroethyl, benzyl, cyanoethyl.

- 12 -



the end of which tinme the nunber of surviviors was noted. Antitunor
activity is expressed as % T/C which is the ratio of the nedian surviva
tisme (MST) of drug-treated group to the MST of saline-treated control - 14
- group. A compound having % T/ C val ue of 125 or greater is generally
consi dered .to have significant antitunor activity in the P388 test. Table

| presents the results of the above-described eval uation; the maxi num % T/ C

val ues ‘and doses .giving that effect are reported. Table |I. Antitunor :
Activity Against Miurine P388 Leukem a. Dose* Compound of (ma/ kalini)
Rout e VBT(d) %/ C TUMOR CELLS | MPLANTED | NTRAVENOUSLY Exanple 1
140 |V 29.0 - 363 ( Et oposi de) pg

| P 20.5 p-nitreseubsiifused phenyl, benzyd, phenethyl, p 18. 0

12> Yoo 5 convertsd tovmRse-galty By.ErBRtiRECRALh T’BﬁERE%ggEii“fe 2

240 ‘balse, e.g. Bodium bicarbdnate, ammonium bicarbonate ety
organic amines. Alternatively, the salts may also be

225 (Etopos'de¥-bromoph néqo The dihydrok® phosphiate5( V, R Sng‘ﬂxalpée 8

- 13 -



( Et oposi de) 60 | P 25.0 250 Exanple 3

200 | P 15.5 155 (.Et oposi de) 100
| P 27.0 270 -~ Dose* Caonpound of (-mg/ kg/inj) Route |
- MST(d) %I/ C Exanple 7 240 ' | P 25..0 ' 250
( Et oposi de) 100 1P 26.0 260 Example 9
150 | P 19.5 217 (Etoposide) 100
| P 24.0 267 *Drugs were adnministered on day 5 and.8 unl ess

ot herwi se.specified (day 1 being the day of tunor inplantation). The
antitunor conpounds of the present invention have been denonstrated to be

active against tra | ant ed, tu S er nt a anl |.s. Specifically,
t he conmpofftPe®d ?%éx‘f ‘b*yi’f%% é‘:}f@(‘%ﬂ g%tﬂ %ﬁs"‘g’brﬂ ficantly
hi gher antédlumri of tarwidéxchdrsye atemiosicmtainirng Iﬂthmtredﬂwtiw ective

agent represents a highly water soluble pro-drug of et oposi de whi ch has
reduced antitunor activity in-vitro and is rapidly cleaved by al kal i ne

phosphat ase r eshdthough (thePresent dnyentign utdd izem phasphesions t hat is
rel eased cglpdhicrideNNLPplosptidte didsters,NArin 13¥1 Xvebpective

‘sulfur analogs as the phosphorylatinq reagent, it is to be
understood that other phosphorous reagents capable of
phosphoryléting phenols may also be'used, and appropriate
reaction conditions and medium may be chosen according to

the phosphorylating agent selected. The review article _
entitled "Current Methods of Phpsphorylation of Biological NS
Molecules" (Synthesis, 1977, 737-52) contains further

examples of phosphorylating agents and is hereby

incorporated by referenge.

BIOLOGICAL PROPERTIES

Representative compounds of the present invention were
evaluated for antitumor activity against transplantable
murine P388 leukemla In all experiments female CDF1 mice
implanted with a tumor inoculum of 106 ascites cells of P388
murine leukemia were used. In experiments using etoposide
4'-phosphate, its disodium salt, and etoposide 4'-thiophos-
‘phate disodium salt, tumor implantation and drug treatment \/
were both via the iv route. 1In all other experiments tumor
implant and drug treatment were via the ip route. In all
cases, however, the positive control, etoposide, was
administered ip.  The experiments lasted 28 to 46 days at
the end of which time the number of surviviors
was noted. Antitumor activity is expressed as % T/C which
is the ratio of the median survival time (MST) of
drug-treated group to the MST of saline-treated control

- 14 =



Accordingly, the present invention provides a nethod for inhibiting
manmal i an tunors whi ch conprises adm nistering an effective
tunor-inhibiting dose of an antitunor conmpound of formula V or VII to a
tumor ‘bearing host. For this jpurpose, the drug may be adm nistered by
conventional routes including, but not Iimted to, - 16 - I ntravenous,

I ntramuscul ar, intratunoral, iMramTeHal,JnHamehmic,andorm. A
further aspect of the present invention provides a pharnaceutical
conposition which conprises a Conpound of formula V or VIl and a
pharmaceutically acceptable carrier. The antitunor conposition may be nmade
up of any phar ngxreup.cald tompbapnrhpvlaqexfWVCthsldesofeﬂzsodfeqﬁéater is

adm ni stration. §F§égghq§ %BH§EﬁgfggnggshLb8n§i kygﬁpfOLﬁg%ﬁﬁ@?gsﬁﬁtggfty

for oral adm ni f1ron“suc ca su
granule§“¥I|qU|dnCG#po§ﬁﬁﬁoﬁSBt@r SnbleaanpnﬁgenssubhesneauhtSSefuthens

suspensi ons, SYiatRyeSHedliribed aedlaaﬁﬂaatlena ﬁaﬁiﬁaﬁeﬁtﬁyélvalues and
adm ni strati on §Pph as .S erlkﬁ % ?%F ES sus ensg $s or emnul sions. They
may al so be manGPEESLTAYING that; sTfeSt &re, FeROTEedy conposi tions which
can be dissolved in sterile

Table I. Antitumor Activit A ainst Murine P388 Leukemia.

gose*.

Compgund of _. {m gg&g[ ni) ) Rout MST(d) | "%T/C
TUMOR CELLS IMPLANTED' INTRAVENOUSLY
Example 1 140 v 29.0 363
(Etoposide) > 50 _ IP 20.5 256
Example 4 200 12 18.0 225
(Etoposide) ' 100 _ 1P 21.5 269
Example 8 | 125 IV 24.5 306
(Etoposide) 100 ) 1P 29.5 369
TUMOR CELLS IMPLANTED INTRAPERITONEALLY
' Example 2 240 | 1P 16.5 165
~ (Etoposide) 60 1P 25.0 250
Example 3 200 1»  15.5 155

(Etoposide) 100 . IP 27.0 270

- 15 -



wat’er, physi ol ogi cal saline or sone other sterile injectable nmediu

|nned|ately before use. Optinal dosages and regi mens for a given mamalian

host can be readily ascer't ai ned by those skilled in the art. It w

m

of

-

course, be appreciated that the actual dose used will vary according to the
particular conmposition formulated, the particular conpound used, the node
of application and the particular site, host and di sease being treated.

Many factors that nodify the action of the drug will be taken into account

i ncl udi ng age, weight, sex, diet, time of adm nistration, route-of
adm nistration, rate of excretion, condition of the patient, drug
conbi nati ons, reaction sensitivities and severity of the disease.

fol l ow ng exanpl.es are for.illustrative purposes only and shoul.d ns

construed Tompound f t he sdmerka/ini)17 - Roulte i nvenMS@idyhi ch &I/

The-'

defined solely by the Clains appended to this application..In the fokkemnng
exanpl es, proton and carbon nucl ear magnetic resonance (NWR) spectra. ‘(usi ng
‘[err] or [err] as an internal reference) and phosphorous NVR spectra (using

85% aqueougAanipglle 5 an ext er nalggoef er ence) welgp recordeg on a
(Etoposide) _ 100 L IP 26.0
Example 9 . - 150 . 1P " 19.5

{Etoposide) - .100 : 1P 24.0

250
260

217
267

“

*Drugs wére administered on day 5 and 8 unless'otherwise
specified (day 1 being the day of tumor implantation).

The antitumor compounds of the preseht invention have

' been demonstrated to be active against transplanted tumo
in experimental animals. Specifically, the compound

rs

represented by formula Via ("etopofos") shows significantly
higher antitumor activity than etoposide in the P388 test.

This selective agent represents a highly water soluble

pro-drug of etoposide which has reduced antitumor activity

in-vitro and is rapidly cleaved by alkaline phosphatase
resulting in the release of etoposide. The etoposide th

_ is released exhibits identical cytotoxicity to the paren
drug. - _

at
t

Accordingly, the present invention provides a method

for inhibiting mammalian tumors which comprises
administering an effective tumor-inhibiting dose of an

antitumor compound of formula V or VII to a tumor bearing
host. For this purpose, the drug may be administered by

conventional routes including, but not limited to,_

- 16 -
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Bruker WVMB60 spectroneter. Infrared spectra (IR) were determ ned on a
Per ki n- El mer 1800 Fourier Transform Infrared Spectrophotoneter. "Flash

chr omat ogr aphy" refers to the method described by Still (Still, W C.

Kahn, -M; Mtra, A; J. Og. Chem, 1978 43, 2923) and was carried out
using. E. Merck silica gel (230-400. nesh). Reverse phase chronatography was
carried out under a positive nitrogen pressure using Cl18 (Cctadecyl silane)
bonded to silica gel (40 - [err] dianeter, J. T. Baker supplier). Exanple 1
Et oposi de 4' - Phosphat e Di sodi um Sal t (Cbnpound Vla) A magnetically stirred
suspensi on of etoposide (2.30 g, 3.91 nml) in dry acetonitrile (210 nl)

dt t t dt
o o oo« SErEyaRsly SREMBLEIE el Gl Qs 1
nmol ) ddedintﬁthMPh!ﬁié'thdt¢E9#cooled to OC and [err] (666 ny, 4. 34

nmol ) was fadded vi a syringe over 30 seconds. The m xture was allowed to
slowy cone to roon1£g§3 gﬁture over 2-3.hours and stirri conti nued at
h

room tenperature for $% aspect of thePrefent, dnvan RFAV3des: &\
renoved and tr ephermaceutiical hgomposition dedsich Exinpri dee wplconpoubids of

mfu) nder was {fgaheta ' Sr VEL! & W PHasfil iR R AT P WReptabil %.rlhr.
1he antitumor composition may be made up of any
pharmaceutioal'form_appropriate for the desired route of
administration. Examples of such compositions'inciude solid
compositions for oral administration such as tablets,
— - capsules, pills, powders and granules, liquid compositions
for oral administration such as solutions, suspensions, '

. Syrups or elixirs and preprations for parenteral
administration such as sterile solutions, suspensions or
emulsions. They may also be manufactured in. the form of
sterile solid compositions which can be dissolved in sterile
water, physiological saline or some other sterile injectable .
medium immediateiy before use.

Optimal dosages and regimens for a given mammalian host
can. be readily ascertained by those skilled in the art. It
will, of course, be appreciated that the actual dose used
will vary accordinq to the particular composition
formulated the psrticular compound used, the mode of
application and the particular.site, host and disease being
treated. Many factors that modify the action of the drug
will be taken into account including age, weight, sex, diet,
time of administration, route of administration,:rate of
excretion, condition of the patient, drug combinations,
reaction sensitivities and severity of the disease.

The following examples are for illustrative purposes
only and should not be construed as limiting the scope of

-17 - :



~dei oni zed

80 m nut es,

.l ayer was

conbi ned aqueous | ayers were washed with ethyl
to a vacuumof 0.5 nmat roomtenperature for 1 hour to renove
sol vents. The aqueous portion was then applied to a 4 cm di aneter
whi ch had

"subj ect ed
di ssol ved

colum containing 15 cm of octadecyl m.|ane bonded to silica gel

[err] (110 m), the mixture was stirred at roomtenperature for
and then partitioned with saturated aqueous sodi um bi car bonate
(20 m) deionized [err] (125 m), and ethyl acetate (350 m ). The organic

further extracted with deionized [err] (1 x 50 m) and the

been packed in nethanol and equilibrated with [err]. After all of the

aqueous pailie mhmmplwmhtﬂmmm[ \m] eelebggou: ICJ.[ﬂ(ﬁjtfs] spbéhdad) to
ﬁng en 4:1 [err el'uted the product.

Ooncentrat %’% VE cH]at 0.5 torr provided 744 ng (36% of the pure

Alternatlvely | yophi | i zation px®vi des

the pure title GprEeeL Aowini ekdnplids), Py catbon nuBled®’) 3426,
1775, 1593, 1505 1486 1337, @@9 11%1 éb‘ﬁ 1 1034, 983, 927 888,

B AFRD2S A 88 o3 (s,

renove in

title conpound as a colorless solid.

876. 851, mafnelgs, readn

1H), 6.59
(g, 1H, J=5.

i(mte’w)ql &ﬁ?!(mﬁi) ard asm(mwm (smbltrtiltﬁﬂn)f! 85%83
ﬂﬁ@ou éebc‘ d, g™ aJn:7 *térnalt :@%M&L)J were Decorded on a
Bruker WM360 spectrometer. Infrered spectre (IR) were
determined on a Perkin—Elmer 1800 Fourier Transform Infrared
Spectrophotometer. "Flash chromatography refers to the
method described by Still (Still, W. C.; Kahn M.; Mitra,
A.; J. Org. Chem., 1978 43, 2923) end was carried out using
E. Merck silica gel (230-400 mesh) . Reverse phase -

- chromatography was carried out under ‘a positive nitrogen

pressure using cis (Octadecyleilane) bonded to eilice gel
(40 = ym diameter, J. T.;Baker supplier)

Example 1
Etoposide 4'-Phosphate Disodium Salt (Compound Via)

- A magnetically_stirred suepension of etoposide (2.30 g,
3.91 mmol) in dry acetonitrile (210 ml) was warmed to give a
nearly complete solution. The.solution was allowed to cool
to room temperature, and N, N-diisopropylethylamine (2.36 ml,
13.5 mmol) was added. The mixture was then cooled to 0°C
and POCI3 (666 mg, 4.34 mmol) was added via eyringe over 30
seconds. The mixture was ellowed to slowly come to room
tempereture.over_2f3 hours and etirring continued at room
temperature for 63 hours. At the end of this period 20% by
volume was removed and treated with diethylam;ne ee
described in Example 2. The remainder was treated with a

-solution of sodium bicarbonate (6.0 g, 71.4 mmol) §n

acetaté (250 ml) and then

a
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4.47-4.3S (M 2H), 4.24 (dd, 1H J=4.4 and 10.4Hz), 3.64 (s, 6H), 3.68-3.52
(m3H), 3.44-3.30 (m3H), 3.17-3.07 (m1H, 1.31 (d,3H, J=5.0H). 90 Mz
[err] NVMR [err] 178.5, 151.8, 148.1, 146.1, 135.0, 132.6, 130.9, 127.4,
109.9; 109.5, 107.4, 101.3, 100.4, 99.6, 79.2, 73.7, 72.7,. 72.2, 69.1,
67.1, 65.4,-55.6, -19- 42.8, 40.3, 37.5, 18.8. 146 MHz [err] NWR (D20) 6
3.79. Mass spectrum (FAB), me, 713 ([err] + H). [err] requires [err] , '
712. Anal. Calcd. for [err]: - C 48.89; H, 4.39; Na, 6.45. Found*: C, 48.72;
H, 4.56; Na, 6.56. *Adjusted for 8.16%[err] determi ned by Karl Fischer
anal ysis. Exanple 2 Etoposide 4'-(Bis-[N, Ndiethyl]phosphonan de) (vii,
X=0. [err]=met hgeiohtzed-H,0Y¢120rhl) [ ctheé mixture wadi sticredatxedmme 1,
209 by Vol UMe Of ohigrh€3EE" PBrPEO HERuELY! UhfiaObnéh PRELLE SRdawied vos
Y saturated agqueous sodium bicarbonate (20 ml) deionized H;0
(125 ml), and ethyl acetate (350 ml). The organic layer was
further extracted with deionized azo (1 x 50 ml) and the
combined agqueous layers were washed with ethyl acetate (250
ml) and then subjected to a vacuum of 0.5 mm at room
temperature for 1 hour to remove dissolved sclvents. The
agueous portion was then applied to a 4 cm diameter column
_ containing 15 cm of octadecylsilane bonded to silica gel
U which had been packed in methanol and equilibrated with HZO.
"After all of the aqueous portion was applied, the column was
eluted with nzo (175 ml) to remove inorganic salts and then
- 4:1 Hzoz_CH3OH eluted the product. Concentration of the
solvent at 0.5 torr provided 744 mg (36%)'o£ the pure title
compound as a colorless solid. Alternatively lyophilization
provides the pure title compound as a very_fluffy low

density solid.

IR (KBr) 3426, 1775, 1593, 1505, 1486, 1337, 1239,
1191, 1122, 1078, 1034, 983, 927, 888, 876, 851, 840, 697,
684, 664, 547 cm 1. S

w 360 MHz 'H NMR (D,0) & 6.93 (s,1H), 6.59 (s,1H), 6.27
(s.2H), 5.93 (d,2H), 5.09 (d,1H,J=2.8Hz), 4.83 | -
(q,1H,J=5.0Hz), 4.68 (d,1H,J=7.9Hz), 4.62 (d,1H,J=5.7Hz),
4.47-4.35 (m,2H), 4.24 (dd,1H,J=4.4 and 10.4Hz), 3.64
(s.6H), 3.68-3.52 (m,3H), 3.44-3.30 (m,3H), 3.17-3.07
(m,1H), 1.31 (d,3H,J=5.0Hz). -

90 miz *3c MR (D,0) & 178.5, 151.8, 148.1, 146.1,
135.0, 132.6, 130.9, 127.4, 109.9, 109.5, 107.4, 101.3,
100.4, 99.6, 79.2, 73.7, 72.7, 72.2, 69.1, 67.1, €5.4, 55.6,



di et hylam ne (4 nL) and stlrred at roomtenperature for 3 hours. The

sol vent was evaporated in vacuo and the |ight orange residue purified by
flash chromat ography on silica gel. Elution with 4% nethanol in met hyl ene
chloride provided 271.3 ng (46.9% of the pure title compound as a |ight
yellow solid. IR (XBr) 3408, 2974, 2936, 2877, 1774, 1598, 1508, 1486,
1467, 1421, 1383, 1339, 1234, 1191, 1162, 1130, 1098, 1079, 1037, 902, 858,
795, 713, 700, 544 [err]. -20- 360 MHz [err] NWR [err] 6.79, (s, 1H)
6.50 (s,1H), 6.20 (s,2H), 5.96 (ABg,2H), 4.87 (d, 1H,J=3.2Hz), 4.71 -
(g, 1H,J=5.1Hz), 4.61 (d, 1H,J=7.6Hz), 4.57 (d, 1H,J=5.2Hz), 4.39 (dd,1H J=9.1
and 10.2Hz) 582?461313:{_‘6’@"')8 74 (m1H), 3.65 (s,6H), 3.55 (m1lH, 3.40 -
(m1H), 3. 3]0 (m1 5 .83 (m1H), 1.37 (d,3H,J=5.1Hz), 1.10

(m 12H). 146 MHz [err] NWVR [err] 16.49. Mass spectrum (FAB), me, 779 .
([err} + H), 573 ([err] - sugar). [err] requires [err] , 778 Exampﬁe 3

Et oposi de 4' - ( Nﬁé %hfzhlné)wl.(]bozrg))smﬁcy.)gg.chl_ori de)

Mass spectrum (FAB), m/o, 713 (M + H). C29831Na2015P
requires u* . 712,
Anal. Calcd. for C,oHI;Na,0, P: C,48.89; H,4.39;
: ' - "+ Na,6.45. :
Fopnd*: C,48.72; H,4.56; - \
Na,6.56.

*Adjusted for 8.16% H O determined by Karl Fischer
analysis.

glo 2 - “ . |
Etogoside 4'-(Bis-|N,N-dieth11Iphosghonamide) (VII, X=0,

Rl=methyl, RG-H YN(EE),, r2=g3 =Et)

As indicated in Example 1,'20% by volume of  the
reaction product mixture of etoposide and POCl3 was added to
diethylamine .(4 mL) and stirred at room temperature for 3 _
hours. The solvent was evaporated in vacuo and the light w,
orange residue'ﬁurified-by flash chromatography on silica -
gel. Elution with 4% mefhanol'in methylene chloride
provided 271. .3 mg (46.9%) of the pure title compound as a
light yellow solid.

IR (KBr) 3408, 2974. 2936, 2877, 1774 1598, 1508,
1486, 1467, 1421 1383, 1339, 1234, 1191 1162, 1130, 1098,
1079, 1037 902 858 795 713 700, 544 cm'l. R
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(M, [err]=nethyl, [err]=H X=0, Y=C, [err]) A magnetically stirred
suspensi on of etoposide (2.00 g, 3.40 mmol) in dry acetonitrile (220 nl),
was warmed to give a nearly conplete solution. The m xture was cooled to
roomtenperature and treated with N, N-diisopropylethylamne (2.05 n, 11.8
mmol ). The m xture was then cooled to OC under [err] and phosphorous
oxychl ori de (624 ngy, 4.07 mol ) added by syringe over 30 seconds. The

m xture was magnetically stirred at OC for 2.5 hours and then at room
tenperature for an additional 1.5 hours. Bis-(2-chlorethylarine)

hydrochl orirde (1.82 g, 10.2 nmml) was then rapidly added followed

i medi ately by addlt ylyeth I n 0 1 '
The m xture was sti rjr ed%'{ roo?rﬁnsap% s 5‘ ?'( ﬁ’&tj’ésgi_égnign?‘ggoed in
vacuo tg.a vol Q{28 5.96 (ARg, (Zﬁls)solif@a |(Fl éﬁh)’ﬂaaﬁzdtei( 200 nl)
and met hahol  (Fqriae, 3 Bﬁt{ﬁsuw 10 (2018 ahsd (dZ H, J=S. !hi PH 5
buf fer (2 x 200 a a; dried over
[err]. Evapor & rg% Qﬁ'tﬁg"g'((ﬂ 3&%’?‘%&\%2%23 aﬁlae(g‘o?ﬁa wAr &8 was
purified by fl g 3®y,0Ba65r(aI6H)gN 3555 (m, g.m),WBLIGOB(t‘%im)L hanag-3010
methyl ene chl ordufld 1#) PRYAS B3 nd 2853 1757074l B8, B4EC182), 1.10

(m 12H).

146 Mz 1P NMR (CDC1,) 5 16.49.
— ~ Mass spectrum (FAB), m/e, 779 (M' + H), 573 (M’ -

sugar). c37H51N2014P requires M+, 778.

Example 3

Etoposide 4'-(N.N—|2-chloroethxllghosghorxl chloride)

(viI, Rl=methyl, R®=H, x=0, v=c1, RZ=R® =CH,CH.Cl)

A magnetically stirred suspension of etoposide (2.00 g,
3.40 mmol) in dry acetonitrile (220 mL), was warmed to give
a nearly complete solution. The mixture was cooled to room
temperature and treated with N,N-diisopropylethylamine (2.05
mL, 11.8 mmol). The mixture was then cooled to 0°C under N,
and phosphorous oxychloride (624 mg, 4.07 mmol) added by
;fringe over 30 seconds. The mixture was magnetically |
stirred at 0°C for 2.5 hours and then at room temperature

~ for an additional 1.5 hours. g;g-(2¥chlorethylamine)

hydrochloride (1.82 g, 10.2 mmol) was then rapidly added
followed immediately by additional N,N-diisopropylethylamine
(2.10 mL, 12. o) mmol) The mixture was stirred at room
temperature for 85 minutes, concentrated in vacuo to a
vqlume 9£ about 5 mL, and dissolved in ethyl lcetate_(400
mL) and methano1 (5 mL). The resulting solution wts washed
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title conpound as a colorless solid’ 360 Miz [err] NVMR [err] 6.82 (s,1H)

6.52 (s,1H), 6.27 (s,2H), 5.99 (d,2H), 4.90 (d, 1H,J=3.4Hz), 4.73
(q,1H,J=5.0Hz), 4.65-4.60 (m2H), 4.41 (m1H), 4.25-4.15 (m2H), 3.75-3.65
(m5H), 3.72 (s,6H), 3.60-3.23 (m9H), 2.91-2.80 (mMH, 1.38

(d,3H;,J=5.0Hz). 146 MHz [err] NWR [err] 11.16 and 10.96 (two peaks due

-to chiral phosphorous). Mass spectrum (FAB), me, 812, 810, 808. [err]

requires [err]. 809. Exanple 4 Etoposide 4'-Thi ophosphate D sodi um Sal t :
(Conpound VIb) A magnetically stirred suspension of etoposide (2.04 g, 3.47
mol) in dry acetonitrile (175 m) was warnmed to give a nearly conplete

SRR I I t
NN di sopt 3o DA o bazede 2 50208 *“?“%CO%“;Q AT
m xture wadl gﬁeﬂ do&P@ddF6’9CPXRJ NHQ§B#6§H§ fy| EVpBPFAtipn ofothe 4_17

anl) gas Cd??dntlQaﬁ!rhngelubﬁro&aﬁeesﬁéﬁﬂd anlendwaihpuﬁltluaebyas‘gb
allowed to ve urs rring -
conti.nued g? ggl*P&gkggggfﬂgggléﬁnggiﬁg geg isgns ? r@’ Byarmed to
[err] and mephyAene chloride to provide 1 25 g (45 4%) of the pure

title compound as a colorless solid.

360 MHz 1n NMR (CDCl,) § 6.82 (s,1H), 6:52 (s,1H), 6.27
(s,2H), 5.99 (d4,28), 4.90 (d,1H,J=3.4Hz), 4.73
(9,1H,J0=5.0Hz), 4.65-4.60 (m,2H), 4.41 (m,1H), 4.25-4.15
(m,2H), 3.75-3.65 (m,5H), 3.72 (=,€H), 3.60-3. 23 (m,9H), W,
2.91-2.80 (m,1H), 1. 38 (4, 3H, J=5. OHz).
146 MH2 31? NMR (CDCls) 6§ 11.16 and 10.96 (two peaks
due to chiral phosphoroue)

Mass spectrum (FAB), m/e,"aiz; 810, 808.
. + 5 '
C33R34C13N0, 4P requires M* (°C1) 809.
Example 4 : S _
Etoposide 4'-Thiophosphate Disodium Salt (Compound VIb)

A maQnetioally stirred suspension of etoposide (2.04 g,

3.47 mmol) in dry acetonitrile (175 mL) was warmed to give a \;/
' nearly complete solution. The solution wes;ellowed to cool

to room temperature and N,N-diisopropylethylamine (2.00 nmL,

11.5 mmol) was then added thereto. The mixture was then

cooled to 0°C and thiophosphoryl chloride (0.720 g, 4.17

mmol) ‘was added via syringe over a 30 second period.' The
mixture was allovwed to slowly warm to room temperature over

2-3 hours and stirring continued at room temperature for 16
‘hours. The mixture was then warmed to 30-35°q“end.kept at
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t hat t{enperature for an additional 4 hours. A major new spot of higher Rf

t han etoposi de was observed by TLC (5@6[err] iln [err]). The reaction

m Xture was treated with solid sodi um bicarbonate (7.4 g) and then
deionized [err] (100 nL) was added. The m xture was stirred at 28-25C for
1.5 hours and at roomtenperature for 1.5 hours. The m xture was
partitioned with deionized [err] (200 niL), saturated aqueous sodi um

bi carbonate (30 nlL) and ethyl acetate (300 nmL). -Further workup and reverse
phase chromat ography was perforned according to the procedure delineated in
Exanple 1 to provide 1.03 g (40.8% of the pure title conpound as a

(290 °°8 59 |y Lefilasaiicy W #’d‘?*&? 15 9 By g 6‘&% 2}k ndu?

(d, 1H, J= 8Hz) SRPt DL aliﬂhe}” RE/fthan stoposide msznjnetvsz! ¥dTLE, §5%. 3

and 10.5 d&l%jgéi@ﬁba ©165-.3. The Peddtion Mmixtuze 0&3Ui'n8937w§tﬁ7
&0

(m 1H), 1 31 ( wﬁ?@ &‘ﬂ“%‘i’?@%mr%( 535)-@9’”5%5 5Led7§6 (f£66!

H -
+ -[[N, N— bi [s(er2mﬂ)| o taddedhni (Thie- mmwmytip’regyhﬁaiﬁnaﬂﬁofphales
(Vll X=0, [efdurs Mnd lat (¥on tempetathire 0108t RblirsY=[ Phel mixture

was partitioned with deionized H 0 (200 mL), saturated
agqueous sodium bicarbonate (30 mL) and ethyl acetate (300
mL). Further workup and reverse phase chromatography was
performed according to the'procedure delineated in Example 1

~ to provide 1.03 g (40.8%) of the pure title compound as a
colorless solid.

' 360 MHz H NMR (D,0) § 6.93 (s,1H), 6.60 (s,1H), 6.27
(s,2B), 5.93 (d,2H), 5.09 (d,1H,J=2.8Hz), 4.83
(q.1H,J=5.0Hz), 4.68 (d,1H,J=7.8Hz), 4.63 (d,1H,J=5. 7Hz),
4.47-4.35 (m,2H), 4.24 (dd,1H,J=4.3 and 10.5Hz), 3.64 |
(s,6H), 3.67-3.52 (m,3H), 3.47-3.29 (m,3H), 3.17-3.07
(m,1H), 1.31 (d,3H,J=5.0Hz).

Mass spectrum (FAB), m/e 728 (M ). 706 (M + B - Na).
C,.H..Na.0, . PS requires m* . 728. -

29731 2 15
N~ _ xgmgle 5 _ o
Etoposide 4'- N-bis(2-chloroethyl)amino]=[N-(3-hydroxy=

propyl)amino] lphosphate (VII, x-o Rl-methxl, 86=H.
Rz-Ra'Z-chloroeth 1. Y=-NH(CH,),OH

‘A magnetically'stirred sdlution_of the compound:of
Example 3 (280 mg, 0.346 mmol) in Cazcl2 (3 ml) was treated
with a solution of 3-amino-l-propanol (33.5 mg, 0.446 mmol)
in CH,C1, (1 ml). After 5 minutes additional |
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A magnetically stirred solution of the conpound of Exanple 3 (280 ng, 0.346 )

mml) in [err] (3 M) was treated with a solution of 3-am no-1-propano
(33.5 ng, 0.446 mmol) in [err] (1 m). After 5 mnutes additional - 23 -
3-am no- 1- propanol (31.0 ny, 0.413 mol) in absolute nmethanol (0.5 m) was
added.- The reaction m xture was purified by direct application to 4 :
preparative TLC plates (1 nmm E. Merck silica gel) which were developed
using 5-8 %f[err] in [err]. El ution of the desired product band using 5%
[err] in ethyl acetate followed by evaporation in vacuo and then further
drying at 0.1 torr provided 185 ng (63% of the pure title conpound as a

col orless ssﬂiﬂﬁéﬁr-t &pﬁioﬂlﬁsimwro ﬁaaﬁm?g (23 %J\ﬂgG[:[‘g] GNQ/&F;

7.20 |
Eggr] 2H) éﬁ‘ 'b‘“ 54“@% 'E"h'? ﬂ{%édﬂ 57‘&1 Fearhl °'h"t§4‘t¥ ‘{Qﬁ 2H) 4.40
(m 1H), 4. mmm (by ®ifect. afiplicatidisto GHpreparativas TUO pli

R 1 0 0 e e atdon 0 SERARY M i g S
OH in lution of the desir roduct band using :
Sx casoa 1n ethyl acetate followed by evaporation in yacuo
and then further drying at 0.1 torr provided 185 mg (63%) of
the pure title compound as a colorless solid (mixture of
diastereomers at phosphorus)
360 Mz 1B NMR (coc1 ) & 7. 20 (br s, m), 6.80 (s, 1H), Y,
6.50 and 6.48 (2s, 1H), 6 26 and 6.25 (2s, 23), 5.97 (4,
2H), 4.88 (m, 1H), 4.73 (q, 1H), 4.64-4.57 (m, 2H), 4.40 (m,
1H), 4.21-4.13 (m, 2H), 3. 71, 3.70 (28, 6H), 3.71-3. 06 (m,
18H), 2.90-2.80 (m, 1H), 1. 37 (d, 3H).
Mass Spectrum (FAB), m/e, 849, 851 (n + B, 3¢,

3t_;:l) 36 47C12N2015P requires M 848 ( Cl) and 850
Cl).

37
(

Example 6 o I .
Etoposide .

‘(3-nitropyridyl-2-yl}.

A_mirpure of the compound of Example 3 (248 mg, 0.306
mmol) and zé(BQnitropyridyl)'l-(z-aminoethyl) disulfide
hydrochloride (105 ‘mg, 0.393 mmol) was treated with CHZCl

- {7 ml) followed by the addition of diisopropylethylamine

2

- 24 -
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[err]

Exanpl e 6 Etoposide

-[[ N, N-bi s(2- chIoroethyI)anrnoI [N—[2-[(3-nLtro-pyridyI-

-yI)drsqurde]etth]]anrno]phosphate (VIl. X=0, [err]=nmethyl, [err]=H,
[err]=2-chl oroethyl, Y=NHerr]-SS- (3-nitropyridyl-2-yl.). A mxture of the
conpound of " Exanple 3 (248 ng, 0.306 mml) and -
2-(3-nitropyridyl)-1-(2-am noethyl) disulfide hydrochloride (105 ng, 0.393
mol) was treated with [err] (7 m) followed by the addition of

di i sopropyl et hyl am ne - 24 - (100 [err], 0.570 nmol) and dry net hanol
m). The resulting solution was stirred at roonrtenperature for 1.5

(0.5

hours and then

pl at es (1 mm

et hyl

ate

acetate

torr

provrded

o 7578 i e ) bl o G 5B oy i

Emltﬁnwrsqmmmww shixnes afambos .mm-[tme] for 3.5yl
7 PutI¥ L6 Wy Arddie mﬂﬂ&téaﬂrto@r weo%tr 0.1

1 7 75 30 of the dre title conpoynd yel | gw- br own’

sol i d (mixtureR}FeRA m,o&.) Merc eilica qel) which

- 4'-diphenyl ghosghate (R . R

(

vere developed using 4-5% CH OH in ethyl acetate. Elution
of the desired product band usinq 5% ca OH in ethyl acetate

‘followed by evaporation in vacuo and then further drying at

0.1 torr provided 231.7 mg (75.3%) of the pure title
compound as a yellow-brown solid (mixture of diastereomers
at phosphorous).

| IR (KBr) 1774, 1598, 1584, 1559, 1509, 1486, 1456,
1421, 1397, 1342, 1236, 1160, 1128, 1096, 1038, 1004, 926,

857, 747, 699 cm™1.

360 MHz 'H NMR (CDC1,) 5 8.81 and 8. 77 (2m, 1H), 8.48
(m, 1H), 7.33 (m, 1H), 6. o (s, 1H), 6.51 and 6.50 (2s, 1H),
6.26 (br s, 2H), 5.97 (d, 2H), 4.89 (m, 1H), 4.73 (q, 1H).
4.65-4.52 (m, 3E), 4.41 (m, 1H), 4.24-4.14 (m, 2H), 3.71,
3.70 (2s, 6H), 3.71-2.85 (m, 19 E), 2.68 (br s, 1H, OH),
2.37 (br s, 18, OH), 1.37 (d, 3H). -

Mass Spectrum (FAB), m/e, 1005, 1007 ot LB 35¢1,

351). Caofa7C1,N .0, gPS, Tequires M*, 1004 (3°c1) and 1006
cl). .

37

Example 7

Etoposide
6. =H, | —R gghenxl)

A magnetically etirred suspension of etoposide (10.50
g. 17.84 mmol, dried over P,0g at 80°C/0.5 torr) in dry

- 25 -



IR (KBr) 1774, 1598, 1584, 1559, 1509, 1486, 1456, 1421, 1397, 1342, 1236,
1160, 1128, 1096, 1038, 1004, 926, 857, 747, 699 [err]. 360 MHz [err] NMR
lerr] 8.81 and 8.77 (2m 1H), 8.48 (m 1H), 7.33 (m 1H), 6.81 (s, 1H
6.51 and 6.50 (2s, 1H), 6.26 (br s, 2H), 5.97 (d, 2H), 4.89 (m 1H), 4.73
(g, 1H), 4.65-4.52 (m 3H), 4.41 (m 1H), 4.24-4.1t4 (m 2H), 3.71, 3.70
(2s, 6H), 3.71-2.85 (m 19 H, 2.68 (br s, 1H OH), 2.37 (br s, 1H OH),
1.37 (d, 3H). Mass Spectrum{FAB), nie, 1005, 1007 ([err] + H, [err],
[err]). - [err] requires [err], 1004 [err] and 1006 Exanple 7 Etoposide

4' - di phenyl phosphate (é;grﬂ =phenyl) A magnetically stirred suspension of
et oposi de §cetui griliey. Qnﬂ){_), WwAS kreated witl i Rpropyleathylaninedry

et 0posi de AEEQ i1 L | VRS renkad [kt il sSHICD tmedry
W 24,1 a‘"{“""%;c/ B e <PenaiyL SHIARRSerglabl 12,80 o

added’ neatrms'i )a9 i'\t'@ H h?ﬂ#@%@%&sﬁ!@d‘mﬂ The mixture Was ¢ s

‘at [err] atishredh ywder Ny [faxf twee huymsitd SORQ ati whilete poiitdinlitovF

di phenyl  ¢he etoposide had dissolved. Additional diphenyl
chlorophosphate (1.80 ml, ‘8.68 mmol) was added and the
reaction_mixturé was_héld at 45‘0 for 72 hours. After more
of the amine base (0.75 ml, 4.3 mmol) and diphenyl
chlorophosphate (0.80 ml, 3.86 mmoi) vwere added, the mixture
was stirred at 40-45°C for 27 hours, treated with more
_diphenyl chlorophosphate (0.40 ml, 1.93 mmol), and
maintained at 40-45°C for 22 hours. Isopropanol (20 ml) was
then added, the solvent was evaporated in vacuo, and the
solid residue was dissolved in CH,C1, (500 ml), and
partitioned with H,0 (400 ml). The agueous layer was
further extracted with CH2C12 (100 ml) and the combined
organic extracts were washed with brine (250 ml) and dried
(Nazso4/Mgso4).._thary eyaporatidn followéd'by flash
chromatography:on sil;ca gel psingfz-3% cason in'CHzclz
provided 12.50 g (85%) of the pure title compound as a
colorless solid. |

FAB MS m/e (relative intensity) 820 (M+H)'.

IR (KBr) 3460, 2925, 1775, 1601, 1490 cm™l.

s MR (CDC1,) 6 7.28 (m,8H), 7.15 (m,2H), 6.78 (s,1H),
6.47 (s,1H), 5.95 (m,2H), 4.85 (d,J=3.5Hz,1H), 4.71 (m,1H),
4.60 (d,J=7.6Hz,1H), 4.56 (d,J=5.1Hz,1H), 4.38 (m,1H),
4.22-4.13 (m,2H), 3.72-3.60 (m,1H), 3.48 (s,6H), 3.54-3.28

- 26 -
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chl-or ophosphate (1.80 m, 8.68 nml) was added and the reaction mxture was
hel-d at 45C for 72 hours. After nore of the anm ne base (0.75 m, 4.3 mol)
and diphenyl chl orophosphate (0.80 m, 3.86 nmol) were added, the m xture
was stirred at [err] for 27 hours, treated with nore diphenyl

chl or ophosphate (0.40 m, 1.93 mmol ), and naintained at [err] for 22 hours.
| sopropanol (20 m) was then added, the solvent was evaporated in vacuo,
and the solid residue was -dissolved in [err] (500 m), and partitioned with
[err] (400 m ). The aqueous | ayer was further extracted with'[err] (100 m)
and the conbined organic extracts were washed with brine (250 m) and dried

[err] . Rotary evaporation foll owed bé%;Iash chromat ography on silica gel
using 2-3% [ ém:BH)p Per?] (BdodTlRe2 12 32 g1RB6%G. T8 mid)pule 3Sit1 e conpound
as a colorle}a,sengHzfgﬁ)NB me (relative intensity) 820 [err] . IR (KBr)

3460, #@25, 1775, 1601, 149 | err]. 7.2 8H), 7. 15

(m 2H) 2@% 78 (s, 1#5‘?96.91?168; [1%{']‘%45?;{ | M,éfé‘%"%,%%s@ﬂz?m}@m. 71
(m 1H), 4.60C(6pJ20;6Hz51, 4.56 (d, J=5. 1Hz, 1H), 4.38 (m 1H), 4.22-4.13
(m2H), 3.72-3.60 (m1H), 3.48 (s, 6H), 3.54-3.28 - 26 -

Example 8

=CH,; RO=n, Rr7=R®=m)

_Platinum oxide (0.198 g, 0.87 mmol) from a freshly

W opened bottle (Aldrich Chemical Co.) was added to a )

' solution of etoposide 4'-diphenyl phosphate (product of
Example 7; 0.79 g, 0.962 mmol) in 95 mL of absolute ethanol.

The solﬁtion was hydrogenafed on @ Parr apparatQSfundg;

Etoposide 4'-rhosphate (V; R1

45-50 PSI for 4 h at room tempe:aﬁure. The reaction mixture
was filtered thfough a pad of celite using'ethQnol aé _
eluent. (Ihe word 'Celite' is a registered Trade Mark). Concentration
in vacuo andcnyingfmmu‘Péoszﬁnr14-h.§3}EEgg;nijded'ﬂxadesinai
product as a white solid (0.627,94%):

FAB MS m/e (relative intensity) 669 (M+B)* .
IR (KBr) 3420, 2930, 1778, 1604, 1498 cm™l.
\ 1y MR (-'DMso-ds)'__a_s 6.93 (s,1H), 6.46 (s,1H), 6.12
(s,2H), 5.94 (m,2H), 5.17 (bs,1H), 4.86 (_ci,J#3.93Hz,1H)_._
4.64 (q,J=7.5,5.8Hz,1H), 4.51-4.42 (m,2H), 4.20 '
(d,J=10.7Hz, 1H), 4.01 (dd,J=12.1,5.3Hz,1H), 3.51 (s,6H),
3.51-2.75 (m,7H), 2.83 (m,1H), 1.16 (d,J=5.1Hz,3H).
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(m3H), 3.23 (dd,J=14.2,5.3Hz, 1H), 2.78 m1H), 1.35 (d,J=5.1Hz,3H). Anal. ?
Calcd. for [err] : C,60.00; H 5.04. Found: C, 60.20; H, 5.16. Exanple 8

Et oposi de 4'-phosphate (V. [err} ) Platinum oxide (0.198 g, 0.87 mmol)
froma freshly opened bottle (Al drich Chem cal Co.) was added to a solution
of etoposide 4'-di phenyl phosphate (product of Exanple 7; '0.79 g, 0.962
mmol) in 95 nmL of absol ute ethanol. The solution was hydrogenated on a Parr
apparatus under 45-50 PSI for 4 h at roomtenperature. The reaction m xture-
was filtered through a pad of celite using ethanol as eluent. (The word
"Celite' is aregjstered Trade Mark). Concentration in vacuo and drying _
over [err] for mmwmsm \#chdaﬂi J5 ds3.25d 1310dycleys 72 Wkl 2,s0l i d

(0.627, 94) n 6 R.( 440 2930,
1778, 1604, 128,334 a[er &dg’)-;ﬁ 6‘3’(’5??’8& 59? 3 0 T
(s, 1H), 6. ) 5, 89., 0. -m72~l)7 911- ﬁH) 6742865§d7.1 5598Hz4:BHp,\,A— 64
(q,J=7.5, 5.38Ha 10 §h$4Z(m2H) 420(dJ10 7Hz, 1H), 4.01
(dd, J=12. 1, 5. SFEIFD 3751 (s, 6H), 3.51-2.75 (m7H), 2.83 (nllkb 1.16
(d,J=5.1Hz, 3H). - 27 - -

Anal. Calcd. for C,gH340,cP. 0.85% Hy0: C,50.95; E,

$.11. Found: C,51.42; H,b4.97.

]

5

Example 9

Eto oside 4'-bis 2 2 2=-trichlorethyl hos hate VIII.

6 1y R -R =cazcc1a) -

R=CH,, R =H, R =

The procedure described in Example 7 vas repeated using
bis(2,2, 2-trichloroethy1)chlorophosphate to provide the
title compound in '100% yield as a colorless solid following
flash chromatography on silica gel.

IR (KBr) 1780, 1610, 1490 1415, 1345 1240, 1040 960,
725 cm™l.

300 MHz IH NMR (CDC13) § 6.81 (s,1H), 6.49 (s,lH), 6.27
(s,2H), 5.98 (dd,2H), 4.88 (d,1H,J=3.4Hz), 4.82-4,70 (m,5H),
4.64 (d,1H,J=7.6Hz), 4.61 (d,1H,J=5.3Hz), 4.41 (dd,1H),
4.25-4.13 (m,2H), 3.75 (m,lH), 3.73 (s,6H), 3. 56 (m,1H),
3.43 (dd4, lH), 3.34-3.24 (m, SH), 2. 91-2 82 (m,lH), 1.38

' (d, 3H J=4. 9Hz)

mass spectrum (FAB), m/e = 928.9848 (M‘+H).

Cy3H3gClg0;, P requires 928.9872.
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C NWMR (DMSO-[err]) [err] 174.5, 151.2, 151.1, 147.7, 146.2, 126.1, 132.3,
128.8, 109.8, 109.7, 107.9, 101.5, 101.2, 98.5, 80.0, 74.3, 72.7, 71.7,
67.6, 67.2, 65.7, 55.8, 43.0, 37.1, 20.2, 18.S. Anal. Calcd. for [err].
0.85% [err]: C/50.95; H b5.11. Found: C /51.42; H 4.97. Exanple 9 . -
Et oposi de 4'-bis(2,2,2-trichlorethyl)phosphate (VI Il [err])_ The procedure
described in Exanple 7 was.repeated using bis _
(2,2,2-trichloroethyl)chl orophosphate to provide the title conmpound in 100%
cyi el d as a colorless solid following flash chromatography on silica gel. IR
(KBr) 1780, 1610, 1490, 1415, 1345, 1240, 1040, 960, 725 [err]. 300 MHz
[err] NWR [ egamfdeS8h0(s, 1H), 6.49 (s,1H), 6.27 (s,2H), 5.98 (dd,2H), 4.88
(d, 1H, J=3. 4Hz), fﬁ?Z?O (mb5H), 4,64 (d,1H J=7.6Hz), 4.61 (d, 1H, J=5. 3Hz),
4.41 (dd, 1H) 4. 25 4. 13 (m 2H), 3 75 (ran) 3. 73 (s 6H) 3.56 (m1H), 3.43
'Nphp s6) B .

. G mass
spectrum (FAI%) ’-ﬂosgha% 8. 9848 ([err] +H) '

Method A

Commercial Dowex 50 x 8-100 cation exchange resin in the hydrogen
form (20 g, Aldrich Chemical Co.) was treated with excess 1N NaOH.
 (The word 'Dowex' is a registered Trade Mark). The resulting resin in
. ' Na+ form was packed into a 2 cm colum and equilibrated with water.
‘Etoposide 4'-phosphate (product of Example 8, 1.25 g, 1.87
" mmol) dissolved in 25 ml of deionized water was applied to.
" the top of the packed column and the column was eluted with
water. Fractions containing the title compound were pooled,
filtered, and lyophilized to yield 1.15 g of the title -
compound as a white and fluffy material. SR

Method B

To 2.90 g (4.34 mmol) of crude etoposide 4‘-§hogphate_
(product of Example B) was added deionized water (50 ml) and
sodium bicarbonafe {3.00 g, 35;7 mmol). The mixture was.
stirred at room temperature for 30 minutes during which time
Co2 evelution'Ceased. The mixture was then chromatographed
as described in Example 1. Elution with deionized water
(300 ml) and then 4:1 HZO/CH3OH provided 1.90 g (61%) of
pure title compound as a fluffy white solid following
lyophilization. : ' :
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[err] requires 928.9872. - 28 - Exanpl e 10 Et oposi de 4'-phosphate
di sodium salt from etoposide 4 -phosphate Met hod A Commerci al Dowex 50 x
8- 100 cation exchange resin in the hydrogen form (20 g, Aldrich Chem cal
~Co.) was treated with excess 1N NaOH. (The word 'Dowex' is a registered
Trade Mark). The resulting resin in Nat+ formwas packed into a 2 cm colum
and equilibrated with - water. Etoposide 4'-phosphate (product of Exanple 8,
1.25 g, 1.87 nml) dissolved in 25 nl of deéionized water was applied to the
top of the packed colum and the colum was eluted with water. Fractions
containing the title conpound were pooled, filtered, and |yophilized to
yield 1.15 g of the title conpound as a white and fluffy material. Method B
To 2..90 g (4.34 mmol ) of crude etoposide 4'-phosphate (product of Exanple

8) was added deionized water (50 m) and sodi um bi carbonate (3.00 ga.35.7
Eﬁagggﬁﬁg

mol ) .

ure was stirred at

roomtenperature for 30 minutes during

mhlch time [err] evolution ceased. The m xture was then chronatographed
The general procedure described in Example 2 is

repeated with the exception that the diethylamine used
therein is repl;ced by the amines listed below to provide
the corresponding _etoposide 4'-phosphorodiamidates.

Amine Compound V11 (X=0, Rl=methyl,
| RS=m, v=nrZ%R%) o
_ | G
B2 33
propylamine ' H CH,CH,CH,’
ethanclamine H CH,CH,OH
methoxyethylamine B CH CR OCH :
N-acetylethylenediamine B Hzm{zGizPC(O)C'HS
2-methylallylamine H CHZCH(CH )=CH
allylamne H CH Ch=CH
- dimethylaminopropylamine B (Q'la)zN(CHs)ZN'l
' N-methyl ethylenediamine B H2!\!(31-12C!i'l2N(3!-l3
triflucroethylanmine B cnzcr3
2damipbethanethiol H CHzcﬁst-
cyclohexylamine R cyclohexyl _ _
2-amino-l-methoxypropane H CH(CHs)CHzocaa. . N
2-(ethylthio)~ethylamine H CHzt_:H'zSCBzCHs '
chlorcethylamine ' 3 CHZCHZCI
4-aminocyclohexanol B
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as described.in Exanple 1. Elution wth deionized water (300 ml) and then
4:1 [err] provided 1.90 g (61% of pure title conpound as a fluffy white
solid follow ng |yophilization. -29- Exanpl e 11 The general procedure
descri-bed in Exanple 2 is repeated with the exception that the diethylam ne
used therein is replaced by the amnes listed below to provide the
correspondlng et oposi de 4' - phosphor odi ani dates. Am ne

Compound VIl (X=0, [err]=nethyl, [err]=H Y=[err]) [err]

[err] propylam ne H [err]

et hanol am ne _ H [err] methoxyethyl am ne
H [err] N-acetyl et hyl enedi am ne H

[err] 2-nethylallylamne H [err] al Iyl am ne
H [err] dimethylam nopropyl am ne

[err] MNegrethyl enedi am ne =

trifl uoroethyl§#$%% _ "H éémPound Vil (x= ° R iregﬁgfj

R6=g, Y-nnzn )

B2 : 3

R
ethylmethylamine CH3 CHZC33
ethylbutylamine ' CH,CH, (CH, ) ,CH,4

" methylaminoethanol CH3 * CH,CH,OH
bis(2-chloroethyl)amine CH,CH,C1 C32c32C1

— 2-propylaminoethanol CH,CH,CR, . CH,CH,O0H
3-methylaminopropionitrile CH3 CH2CH2CN
piperidine - R%+R3 = -(CH,)g"

Example 12

The general proceduté described in Example 3 is repeated.
with the exceptioh that the b1s(2-chloroethyl)amine used there
' is replaced by the amines listed below to provide the
corresponding etoposide chlorophoroamidates. '

1

Amine - Compound VII (X=0, R =methyl,
- | R®=m, v=c1)
9 82 2

propylamine H CHZCHZCH3
ethanclamine H CH,CH,0R
methoxyethylamine H CH,CH,0CH,
N-acetylethylenediamine H HéNCHéQHzNC(O)CHQ
2-methylallylamine | CHZCH(Cas)-CH
allylamine H cn CH=CH
dimethylaminopropylamine H ((I-I ) 2N(Cl-13)2hH
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2- am noet hanet hi ol

H

[err] 2-(ethylthio)-ethylam ne

: cycl ohexyl 2?anino-1-nethoxypro

chl or oet hyl am ne
4- am nocycl ohexanol

Conpound VI |

et hyl net hyl am ne

[err]

[err] bis(2-chloroethyl)am ne

H

H
H.
H- 30 -

[err]

Am ne
(X=0Q, [err]=nethyl, [err] ) [err]

[err] met hyl am noet hanol

2- propyl am noet hanol
3- et hyl am nopropionitrile

[err]

= [err] Exanple 12 The general
Exanple 3 is repeated with the exception that the bjs(2-chloroethyl)

[err]
[err]
[err]

[

[

[err]

used there Aminep| aced by t he ani fenpeund ¥IIpeX<wow R
correspondi ng et oposi de chIorophOmBaﬂid&kag.

N-methylethylenediamine
Trifluoroethylamine '
2-amincethanethiol
cyclohexylamine
2-amino-l-methoxypropane
2-{ethylthio)-ethylamine
chlorcoethylamine
4-aminocyciohexanol
ethylmethylamine
ethylbutylamine
methylaminoethanol
diethylamine
2—propylaminoethinol'

J-methylaminopropiconitrile '
piperidine

‘Example 13

The general procedure in Example-s is repeated with the

)
S

o oxomom Mmoo

e HER

33

err] cycl ohexyl am ne
H .

pane

[err]
err]

[err]
[err] ethyl butyl am ne
[err]
[err]

[err] pipéridine.

procedure described in

M ne
thyilde t he :

HNCHCHNGH;
CH,CFy
| CH,CH,SH

‘cyclohexyl -
CH(CH;)CR,OCH,
CH

,CH,SCHCH,

CHZCHzcl

4=

OH cyclohexyl

CH,CH,
(CH;)5CH,
CH.CH.OH

2 2

CH.CH

cu
CH

2CHy -
2CB,0H

ZCHZCN

-(cnz)s' .

excebtion that the 3-aminopropanocl used therein is replaced by the
following amines to provide the corresponding unsymmetrical etoposide

phosphorodiamidates.
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v

Am ne _ ~ Conpound VI
H

propylan1ne

(X=0, [err]=methyl,

H* [err] met hoxyet hyl am ne

[err] N acetyl ethyl enedi am ne

e
[err]

2-nmet hyl al | yl am ne H. [err] aIIyIan1ne

H _ [err] dimethyl am nopropyl am ne H

[err] - 31 - Anm ne Compound VI1 (X=0, [err] nethyl,
[err]=H, Y=A) [err] [err] N—nethylethylenedlan1ne

H [err] Tr|fluoroethylan1ne H '

[err] 2-am noet hanet hi ol [err]

cycl ohexyl am ne "H cycl ohexyl

2-am no:: 1~nethoxypropane ~H [err]

2 (et hyﬁ"m 0) - et i e ne H Compound VI1 ()(%@r IﬁF—ﬁM}QﬁOEt hyl am ne

[err] 4-aninocyclgﬁe

4 OH cycl ohexyl ethylnethylanine

g '

propylamine R cnzcxzcaa
ethanolamine : B CH,CH,0H
methoxyethylamine B CH CH OCH

_ N-acetylethylenediamine B Halu-lzmzm(o)ms
2-methylallylamine H zcn(cns)_cgz
allylamine ' H CH CH-CH
dimethylaminopropylamine H : (GHS)ZN( 21“
_N-methylethylenediamine B HZNCHZCHZNCHs
trifluorogthylamine H CH2CE‘3
2-aminoethanethiol H CHZCHZSH
cyclohexylamine H cyclohexyl
2-amino-l-methoxypropane H CH(CH3)CH20CH3
_2-(ethylthio)-e;hyla@ine H CH,CH,SCH,CH,
chloroethylamine H cnzcnzc1
4-aminocyclohexanol ;| 4-0OH cyclohexyl
_ethyimethylamine CH, CH,CH, '
ethylbutylamine CI_-!ZCH3 (CH2)3CH3
methylaminoethanol Cﬁs . CHZCHZOH

o/ bis(2-chlorcethyl)amine. CH,CH,C1 CH,CH,Cl
2-propylaminocethanol _ cnzcnzcna cnzcazon
_ 3-methy1amin9propio,nitr11e | ) 0‘1"13 5 cuzcazcn_
piperidine R +R™ = -(Cﬁz)s-
Example 14

iﬁa'\P-an[R ” R2=R =c1'a" CH,C1)

[err]=H Y=d)
[err] et hanol am ne

[err]

The general procedure described in Example 7 is repeated
with the exception that the diphenyl chlorophosphate used
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et hyl but yl am ne [err] [err] methyl am noet hano
[err] [err] diethylam ne [err]

.[err] 2-propyl am noet hanol [err] [err]

3- et hyl am nopropionitrile [err] ' [err] piperidine

[err]

[err] Exanple 13 The general procedure in Exanple 5 is
repeated with the exception that the 3-am nopropanol used therein is
repl aced by the foll owing am nes to provide the correspondlng unsymet ri cal

et oposi de phosphorodi am dates. - 32 Am ne Compound
VII (X=0, [err]=methyl, [err]=H, Y—[err]) [err] - [err]
propylam

therein is rrglar net%

tPﬁ chlorophosphatkgrihsﬁEEaBQHQG‘@8

[err] N—a@@PVﬁé@h}hGn§er§ﬁp§endinq etgposide 4'-phosphate Biesters

2- methy| al(ydog mirtem
H

[err]

ethyl, Ro=H,HR’=R°=R described beliew)l. al |yl anine \&
[err] dimet.hyl am nopropyl am ne H

chlorophosphates I(RO)EP(0161|.”

R = methyl

ethyl
benzyl
p-nitrobenzjl
p-nitrophenyl
p-bromobenzyl

' p-nitrophenethyl
cyanoethyl .
o-(t-butyl)phenyl

Example 15

~ The general procedures described ih Examplés l to 16 are-
repeated with the exception that the etoposide starting

materials used therein are replaced with the corresponding
teniposide compounds to provide the corresponding tenippside

products. -



N- et hyl et hyl enedi am ne H [err]

trifluoroethylam ne H [err]

2- am noet hanet hi ol H _ [errr“cyckeheﬁﬂ4mn431__»
H - cycl ohexyl 2-am no- 1- net-hoxypr opane

[err] 2-(ethylthio)-ethylanmine H ”'m n'",”m””"’
chl or oet hyl am ne H [err]

4- am nocycl ohexanol H : 4- CH cyclohexyl

et hyl net hyl am ne [err] [err] ethyl butyl am ne
[err] [err] nethylim noethanol [err]

[err] bis(2-chloroethyl)am ne [err] [err]

2- propyl ani noet hanol [err] o [err] '

3- nethylaannoproplonltrlle [err] [err] piperidine

[err] [err] Exanple 14 §8IMSneral procedure described in

Exanple 7 is repeated with the exceptlon t hat the di phenyl chl orophosphate
used - 33 - t herei ed ¢hl orophosphates |isted bel ow
to provide tlhe C(r)kr rce"én% %ng’@é’tgg’ oét:‘ql r‘1'-3'tr-l'1"§l*3sphate di esters (X=0, .
[err]=methyl, [err]=H, [err]=R desgfi bed bel ow).

wherein

R6 is H and R1 is selected from

(Cy.y0)alkyl: (C,_ ;g )alkenyl; (Cg_c)eycloalkyl; 2-furyl;

2-thienyl; (C6 10)aryl- (C7 14)aralkyl; and

(c8 14)aralkenyl wherein each of the aromatic rings may

be unsubstituted or subst;tuted with one or more groups

selected from halo, (C}_a)alkyl, (Cl_s)alkoxy,_hydroxy,
N - nitro, and amino; or R~ and r® are each (c1 a)alkyl' or
' R1 and Rs and the carbon to which they are attached join
to form a (c 6) cycloalkyl group:

._ X is oxygen or sulfur;
37 and R® are independently selected from
| H, (C,_g) alkyl, A-substituted (C,_c)alkyl,
(c3 6)cycloalkyl A-substituted (C3 6)cycloalkyl
(C 6~ 10)aryl A-substituted aryl, alkyl-substituted aryl,
(c7_14)ara1ky1. A-substituted aralkyl, and
alkyl-subsitituted
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~chl orophosphates [err] R = nethyl ethyl benzyl p-nitrobenzyl p-nitrophenyl
p- bronobenzyl p-nitrophenethyl cyanoethyl o-(t-butyl)phenyl Exanple 15 The
general procedures described in Exanples 1 to 16 are repeated with the

exception that the etoposide starting materials used therermare—t+eptaced

- with the correspondi ng teni posi de conpounds to pro ndi ng
t eni posi de products. -34 - CLAI M5 A conpound haﬂl "”, E'ﬁﬁmﬁm}[e”]
wherein [err] is Hand [err] is selected from

L]

aralkyl; wherein said A-substituents are one or more gtoups
selected f:om_hydroxy,'alkoxy,_alkanoyldxy, cyano, amino, _ij
alkylamino, dialkylamino, carboxy, alkylthio, mercapto, =
mercaptothio, nitropyridyl dlsulfzde, alkanoylamino, alkanoyl,
carbamoyl, nitro, and halo.

2. The compound of Claim 1 having the formula

 HyC OCHy
9\94}.
MO~ S on
wherein RY, R® and X are as previcusly defined.

3. The compoﬁnd.of'C1aim 1 wherein R® is H and R!

or 2-thienyl.

is methyl

6 1

4. The compound of Claih 2 wherein R* is B and R™ is methyl

_or 2-thienyl.
5. The compound of Claim 2 wherein R® is H and R is methjl.

6. '-The'compound of Claim S wherein_x is oxygen.
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[err] alkyl; [err] alkenyl; [err]cycloal kyl; 2-furyl; 2-thienyl; [err]
aryl® [err] aralkyl; and [err]aral kenyl mhereln each of-the—aronatlc rlngs
may be unsubstituted or substituted with one or nore gro

hal o, [err]alkyl, [err]-alkoxy, hydroxy, nitro, and am nzﬂi‘! EE“'@

[err] are each [err] alkyl; or [err] and [err] and th

they areattached join to forma [err] cycloal kyl group; X is oxygen or
sulfur; [err] and [err] are independently selected fromH, [err] alKkyl,

A—substltuted7[err]§b5ybamégﬁﬁh 8¥c£gg&5yg wﬁe?ggﬁtktﬁgeguﬁ? &, cycloalkyl

[err] aryl, A substituté Substitute err| aral kyl ;

A-substi t ut edgar al kyl héBﬂaééK!hcﬁ!@§'hbbéb%ﬂb1e3§a1t of2kALKEbmp WGQBE'n
said A-substituents are one_or nore grouB sel ected fron1hydroxy, al koxy,
ajfy|

al kanoyl 6%, cyano, AnfR¥, PEPREAIRENGL kyl anmi no, carboxy, al kylthio,
mer capt o, nercaptothio, nitropyridyl disulfide, alkanoylam no, alkanoyl,
carbanoyl, ni®ro, afe haRdt 2. ofhe conpound of Claim 8 Haﬂrﬁgntﬁéefornula

-said salt is the sodium salt.

- 10. The compound etoposide 4'-phosphate disodium salt.

. H
N
HyC OCH,
P(ONa)a
2l
0
11. The compound etoposide 4'-thiophosphate disodium salt.
CH, 0
N
H
OH
-
( 0
',
)
H,C CH,
n -
S

- 37 -
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[err] P wherein [err] and X are as previously defined. 3. The conpound
of Claiml wherein [err] is Hand [err] is nethyl or 2-thienyl. 4. The

. conmpound of Claim2 wherein [err] is Hand [err] is nethyl or 2-thienyl. 5.
The conpound of Claim2 wherein [err] is Hand [err] is nethyl. 6. The
conpound of Claim5 wherein X is_oxygen. -36- 7. The conpound of
claim5 wherein X is sulfur. 8. A pharmaceutically acceptable salt of

t he conpound of any precedlng claim 9. ““
.claim8 wherein the said salt is the SOdI um nmm H“I“““E onpound
et oposi de 4' - phosphate disodiumsalt. [err] Z¥1.¢The cbnpourtd et oposi de

4' -t hi ophosphate disodiumsalt. [err] - 37 -

12. The compound of claim 1 wherein R7 is selected from \éﬁ
' (C,.g)alkyl; A-substituted ' '

(c1 s)alkyl. (c3 6) cycloalkyl, A-substituted (03 s)
cycloalkyl; _(06 lo)aryl A-substituted aryl;

- alkyl-substituted aryl; (01_14)nrt1ky1;=A-subatitued
aralkyl; and a1ky1-substituted~lralkyl and Rg\is Hor a
group within the definition of R’; wherein the A |
substituents are as previously defined.

X o’

13. The compcund of Claim 12 wherein R® is H and R! is methyl

or 2-thienyl. o
14. The compoupd of C1iim 13 wherein R7 and Rs are

independently selected from (C; .)alkyl; halo-substituted

(c1 S)alkyl. cyano-substituted (c1 S)alkyl (c5 1o)aryl

and (c7 14)aralkyl wherein the ring portion of said aryl

and arylakyl groups is optionally substituted with a

group selected from alkyl halo, and nitro.
15. The compound of Claim 12 wherein R® is methyl.
16. The compound of Claim 13'Qherein X is oxygen. J
17. Ihe compound of Claim 16 wherein R’ and RP are e#ch

phenyl.

18. The compound of Claim 14 vwherein R’ and 8% are each
2,2,2-trichloroethyl.
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12. The conpound of claim1 wherein [err] is selected from[err]alkyl;
‘A-substituted [err] alkyl; [err] cycloal kyl; A-substituted [err]

cycloal kyl; [err]aryl; A-substituted aryl; alkyl-substitu :

[err]aral kyl; A-substitued aral kyl; and al kyl -substi tut "and [err]
is Hor a group within the definition of [err]; wherein vﬂ@!{m MI‘IH ts
are as previously defined. 13. The conpound of C aim 12+ H
and [err] is methyl or 2-thienyl. 14. The conpound of Caim 13 mhereln
[err] and [&err] are independently selected from/[err]alkyl;

hal o-substituted [err] al kyl; cyano-substituted [err]alkyl; [err]aryl; and
[err] aral kyl; wherein the ring portion of said aryl and arylakyl groups is
optionally substituted with a group selected fromalkyl, halo, and nitro. -
15. The conpoung, ofAan,pai,,;ehwwa@lau{ okhuis nethyl. 16. The.conpound of
C ai m 18¢wherein X is oxygen. 17. The conpound of Claim 16 wherein [err]
and [err] are each phenyl. 18. TH§ conpound of Cla|n114 mhereln [err] and
[err] are each 2,2, 2- trichl or oat

wherein Rl, Rs, and X are as previously defined; Y is Cl,.

CH, or NR4R5; Rz, Ra,_R4, and RS are each indépendently
selected from : : H, (C s) alkyl,
(c2 5) alkenyl, (c3 6) cycloalkyl A-substituted (C1 5)
alkyl, A-substituted (c 5) alkenyl A-substituted (c3 5)
cycloalkyl; or Rz R ’ and the nitrogen to which they are
attached together represent a 3 to 6 membered ring; or
R4, Rs, and the nitrogen to which they are attached

" together represent a 3 to 6 membered ring; wherein said
A-substituents are as previcusly defined .

20. The compound of Claim 19 wherein R® is H; Rl-iq methyl or
2-thienyl; Y is Cl or NR‘RS:'X is oxygen or sulfur; and
Rz,'Rs, R4 and Rs are independently selected from

B, (C,y.g) alkyl, halo substituted (Cy.5)
alkyl, hydroxy substituted (61 5) alkyl, and nitropyridyl
disulfide substituted (C1 s) alkyl.
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19. A conpound having the formul a [err] wherein [err] and X are as
previously defined; Yis O, OH or [err] and [err] are each
i ndependently selected from: - - H, [err] alkyl, [err] .

al kenyl, [err] cycloal kyl, A-substituted [err] aIkVTT—A?§Ub§TTTUTeﬁ—[err]
al kenyl, A-substituted [err] cycl oal kyl ; [err] nto

whi ch they are attached toget her represent a3d3to 4"“'”“““’““']‘ ﬂ r [err]
and t he nitrogen to which they are’attached togetherTepresent 2
menbered-ring; wherein said A-substituents are-as previously deflned 20
The compound of G aim19 wherein [err] is H, [err] is methyl or 2-thienyl;
Yis d or [err]; X is oxygen or sulfur; and [err] and [err] are

i ndependent |y seleécted fromH, [err] alkyl, halo substituted [err] alkyl,

hydroxy sapst itne Qﬁbﬂ;@éﬁﬂd%kﬁlaﬂﬂdzolﬁﬁé’w{xﬂ&'iﬂ'&\%&éxﬁie substit uted

[err] alkyl. - 39 - 21 The compound of Cla|n120 erein Xis oxygen
- 22. The compound of c131m 21 wherein R1 is methyl.
23. The compound of c1aim 22 wherein Rz end R3 are each

2=-chloroethyl; and Y is ci.

24. The compound df'CIEiﬁniﬁ'wﬁereih"Y'ig'ﬁg4§§:

25. The compound of Claim 24 wherein R?, Rsé R4;Lahd R are  \/

each ethyl.
26. The compound of Claim 24 wherein R? and R® are each

2-chloroetbyl} Ré is H; and RS is 3-hyd;§xy§fopy1.'

2 3

- 27. The compound of Cla;m 24 wherein R’ and R™. are each

2-chlorocethyl; R* is H; and R® is

0,N

-CH,CH -s-s'-;' \>-
Srrave N
28. A pharmaceutically acceptable salt of the compound' N\

- of any of claims 12 to 27.



22. The conpound of Claim 21 wherein [err] is methyl. 23. The conpound
of Claim22 wherein [err] and [err] are each Z-ChlOrogLnXL“—éﬂgHX—¥ECE;rm
24. The conpound of Claim 22 whereinY is [err] 25 The conpoun

24 wherein [err] and [err] are each ethyl. 2

Claim24 wherein R and R are each 2-chl oroethyl; [errﬂmﬂlﬂmn ?f’",
is 3- hydr oxypropyl . 27. The conmpound of Claim 24 whereih [‘ert] Mnds|[err]
are each 2-chloroethyl; [err] is H and [err] is 02N [err] 28. A

phar maceutical ly acceptable salt of the conpound of any of clains 12 to 27.
- 40 - 29. Aninternediate having the fornmula [err] wherein [err] and

X are as preV|oust defined. 30. The conpound of Claim29 wherein [err] is

H [err] is thﬁn mqu;acb@gavu&t thEndcoomglaund of C ai m 29 wherein
[err] [§ H [err] is nethyl; and X A is sul fur.

) AR

€ ®

0
HyC CHy .
IPICIt
o/ X
whereip Rl, Rs, and X are as previously defined.
30. The compound of Claim 29 wherein R6 is H; RY is methyl;
' and X is oxygen. '
31. The compound of Claim 29 whereip RG is H; R1 is methyl;
- and X is sulfur.
32. A pharmaceutical composition which comprises an antitumor
effective -amount of a compound of any of claims 1-29
o/ '

‘and a pharmaceutically acceptable carrier.

33. A composition accdtding to Claim 32 wherein said compound
is etoposide 4'-phosphate disodium salt.

34.”'A compound of any of claims 1 to 29 for use in a method
for inhibiting mammalian tumor by administering to a
tumor bearing host an effective antitumor amount of
said compound.
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32. A pharnmaceutical conposition which conprises an antitunor effective _
anount of a conpound of any of clains 1-29 and

acceptable carrier. 33. A conposition accordl ﬂ mm m ere| n sai d «
conpound i s etoposide 4'-phosphate dlsodlun1salb B4.L Arcorfpodnd of any of

claims 1 to 29 for use in a method for inhibiting mammalian tunor by
adm nistering to a tunor bearing host an effective antitunor anount of said

conpoud®. - Ztoposids 4'-phagphate disefbamhaadttdfepduaen dnla for use in a
met hod for i nfutHdd b BB L rmammlﬁém eaﬁaerbpgaaﬁlﬁikuapi

gearlng
host an effective antitunor anoun % sald salt: ) A process ?
preparing a défbirmeR qqﬂ?#ﬁﬁrﬁﬁ%ﬁ[%ﬂr?fﬁﬂﬁFbYﬁ P@FFFumoraﬁﬂ°Nntare as
preV|oust(ﬂﬁfrggtdnségmharnaceutlcaIIy acceptabl e salt thereof which
conprises the steps of: (a) converting a conpound of fornula I X -42+.

36. A process for preparing a compound of the formula

. 1“6 | e
wherein R R™, and X are as p*ev~ous def-ﬁed or a

pharmaceutically lcceptable salt therecf which comprises the
steps of: ' ' )

(a) converting a compound of formula IX

-42-



i"nt_o @ conmpound of formula X [err] wherein [err] and X_are as previously
defined, and Gis a phosphate protecting group. (b) renoving the phosphate— .

pyotecting group; and (c) optionally converting the proqm, EI
into a pharnmaceutically acceptable salt. 37. The process "ﬂ "ilmglmmm
wher.ei n said converting step conprises reacting a conpound of¢ férntl as

with a conpound of the formula Hal-P(X)[err], wherein Hal is a hal ogen, and
X and -G are as previously defined, in acetonitrile or [err]CN, and in the
presence of a trialkylamne. - 43 - 38. A process for preparing a
.conmpound of Claim 1l which conprises the steps of: (a) reacting a conpound

of formula (1) [e{é]lbvgpporﬁpg‘gﬁo‘ﬁ:d{%%féxla P(X)[err] wherein [err] and

X are as defined 1 ai m nce of a hydrogen

{~(
]
\/ A
. 1 6 :
_ wherein R™, R™, and X are as previously defined, and G is a
phosphate protecting group.
(b) removing the phosphate protecting group; and
(c) opticnally converting the product of step (b) into a
pharmaceutically acceptable salt.
37. The process of Claim 36 whereih'said converting step
comprises reacting a compound of formula IX with a
compound of the formula Hal-P(X)(O-G)Z, wherein Bal is a
_ halogen, and X and G are as previously defined, in
W, acetonitrile or (CZ-S)CN' and in the presence of a

trialkylamine.



. acceptor to forman internediate of fornmula (2) [err] and (b) hydrolyzing
a conpound of fornula (2) optionally in the presence of a base to forma

" .conpound of formula (3) or a pharmaceutically acceptable salt thereof - or
[err] (c) reacting a conmpound of forrmula (2)_with at | east one equival ent
each of [grr] and [err] wherein [err] and [err] are as defined in Cdaiml
with the proviso that [err] and [err] aré n “ﬂ'ﬂ"‘"{'ﬂlﬁﬂn"m the presence
of a hydrogen acceptor; and wherein one of [ optionally
converting the conpound into a pharmaceutical |y dccépt 8bl salt by
treatment with a base. 39. A process for preparing a conpound of Claim 19
whi ch conprises the steps of: (a) reacting an intermediate of fornula (2)

with an anine of formula [err] wherein [err] and [err] are as defined in
Cl ai m 188. orAapr@cw@saébmtpmmpgtinqhereompoundooﬂqGatnmpbuwhioh fonggla

(4) [erghmprises the steps of:

&

(a) reacting a compound eflformula (1)

- -\
1)
with a compound of formula P(X)Cl wherein R1 R®, and X are
as defined in 01a1m "1, and in the presence of a hydrogen
acceptor to form an 1ntermed1§t':_e__c_>_f_‘,formu1a (2)
/

2)

and |
(b) hydrolyzing a compound of formula (2) optionally in the
presence of a base to form a compound of_formula (3) or a
pharmaceutically acceptable salt thereof

e



and (b) optionally reacting a conpound of formula (4) with a 45

5 second amne of fornula [err] wherein [err] and [err}—%&+%i£}4k#+4¥ai44l

Glaim 19, or an acid-addition salt thereof, to forn1a ormul a
(5) [err] or (c) hydrolyzing a conpound of fornula (4) w‘mw mule
presence of a base to forma conpound of formula (6) or ly
acceptabl e sal% thereof [err] =~ - 47 - 40. A process as clained in claim
36, 38 or 39, substantially as described in any of the foregoi ng Exanpl es.
41. A conpound of the respective fornula specified for the product,

prepared by a process as clained in claim36, 37, 38, 39 or 40. 42. A
phar maceuti cal conposition which conprlses an

'ng

1y

(% })

or ' H

(c) reacting a compound of formula (2) with at least one

70H and RSOHr wherein R7 and Ra are as
7

o/ equivalent each of R
defined in Claim 1 with the proviso that R
both H, and in the presence of a hydrogen acceptor; and

wherein one of R7 or RB

and 8 are not

| is H, optionally converting the
compound into a pharmaceutically acceptable salt by
- treatment with a base.

39. A process for preparing a compound of Claim 19 which
comprises the steps of:

(a) reactlng an intermediate of formula (2) wlth an amine

of formula HNR2R3 wherein R2

19, or an acid addltion salt thereof-to form a compound of

and R3 are as defined in Claim

formula (4)

(4)




antitunor effective anount of a conpound as claimed in claim4l, and a

- pharmaceutical ly acceptable carrier.
) . ° ——'_—'_'_’_—_—_—_—_____'_’____.—

N A

‘and _
- (b) optionally reacting'a compound of formula (4) with a
second amine of formula HNR4R5 wherein R4 and RS are as '

defined in Claim 19, or an acid- addit1on salt thereof to ‘\’

form a compound of formula (5) '

§)

or : _
(¢) hydrolyzing a’ébmpound.of”fb;ﬁhii (4) optionally in the

presénce of a base to form a compound of formula (6) or a

pharmaceutically acceptable salt thereof

1




LT

- 47 -

40.. A process as claimed in claim 36, 38 or 39,
substantially as described in any of the forégoing
Examples. _ ‘

41. A compound of the respective formula specified
for the product, prepared by a process as claimed in
claim 36, 37, 38, 39 or 40, '

42. A pharﬁaceutical composition which comprises an
antitumor effective amount of a compound as claimed in

claim 41, and a pharmaceutically acceptable cérrier.




