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60/018,926, filed June 4, 1996.
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This application incorporates material included in Disclosure Document

No. 398748, filed May 21, 1996.

BACKGROUND OF THE INVENTION
1. Eield of the Invention
10 The invention relates to compounds which act as prodrugs for the anti-
cancer agent paclitaxel and which are substantially water-solubie, as well as
pharmaceutical compositions containing such prodrugs and methods of treatment -

using such compositions.

2. Description of the Prior Art

15 Paclitaxel is a natura! diterpene product isolated from the Pacific yew tree
(Taxus brevifolia). It is a member of the taxane family of terpenes. It was first isolated
in 1971 by Wani et al. (J._Am. Chem. Soc., 93:2325, 1 971), who characterized its
structure by chemical and X-ray crystallographic methods.

Paclitaxel has been approved for clinical use in the treatment of refractory

20 ovarian cancer in the United States (Markman et al., Yale Journal of Biology and



Medi ci ne, -64: 583, 1991; McQuire et al., Aan. Intern. Med., 111:273, 1989)
It is effect chenot herapy for several types of neopl a ng
breast (Hol n’é’g’%%&{gl J. Nat. Cancer Inst., 83:1797, 1991) i’%ﬁ"‘#’g?’%én

approved for treat mant of breast cancer as vvel . It is a potenti al
candi date for treatnent of neoplasns in the skin 5 (Einzig et al., Proc.
Am Soc. din. Oncol., 20:46) and head and neck carcinomas (Forastire et

al . Sem OM&dicine? 45683, 1230, .MdBeire @tbyddnalisters ided ., pot€273,al 989y,  ithie
treatment of polycystic kidney disease (Wo et al., Nature, 368:750, 1994),

lung cancery f@@ﬁvfﬂr%ﬂe@otﬁéﬁpﬁ@%?évérélbt?}géé’ oﬁﬁé%% s$r?élH@ih HrB %’P(ﬁ-ﬁﬁm@ed

this has created signiticant ens I n op| ng s

i nj ectabl e i.nfusion for Ia u nti cancer thera
Sore f or miSEo Asﬂaiﬁ%c@ﬂ%r&feﬁﬁ?gr P8 ordesBias 6@@@"8@3@%%%’&’8
utilizing CREMOPHOR EL[err] (polyethoxylated castor oil) as the drug
carrier bedaesst cahceras welhxkis apolgntalicandidats fobireatmyented neerlaspisdn the skin
paclitaxel used in clinical testing under the aegis of the NCO has been

fornulsat ed éEmz%)%ﬂt QREMEREIGEMESIoR! Clin 18ncol. 200460 4hd elewdr AP deak Q:@P@homas
CREMOPHOR EL[ert], however, when adm nistered intravenously, is itself

toxi c and odu es_vas on or, r

(01T € 21 RESAGES o 3° L AR, 2R TERL HurinuhSLIRY Bhow {UBETRATT
type reactions observed during paclitaxel admnistration. In an attenpt to
i ncrease pdke if’?af(@ﬂ"ts()fsnﬂlwsp'{ik@”&Md"QQ?SGe(WCPQJﬁt alafNature.i368:250, 1§94), lung
formul ati ons, studies have been directed to synthesizing paclitaxel anal ogs
where the Eanaedé@drﬂaam@ition is derivatized with groups that woul d
enhance water solubility. These efforts have yielded prodrug conpounds t hat

are nore water-sol Wy & daafk 4Al§ slightly soluble in water and this has created significant

10 problems in developing suitable injectable and infusion formulations usefui for
anticancer chemotherapy. Some formulations of paclitaxel for IV infusion have been
developed utilizing CREMOPHOR EL™ (polyethoxylated castor oil) as the drug carrier
because of paclitaxel's agueous insoiubility. For example, paclitaxel used in clinical
testing under the aegis of the NCI has been formulated in 50% CREMOPHOR EL™

15 and 50% dehydrated alcohol. CREMOPHOR EL™, however, when administered
intravenously, is itself toxic and produces vasodilation, labored breathing, lethargy,
hypotension and death in dogs. It is also believed fo be responsible for the allergic-
type reactions observed during paclitaxel administration.

In an attempt to increase paclitaxel's solubility and to develop safer clinical -

20 formulations, studies have been directed to synthesizing paclitaxel analogs where the
2' and/or 7-position is derivatized with groups that would enhance water solubility.

These efforts have yielded prodrug compounds that are more water-soluble than the



-3- parent conpound and that display the cytotoxic properties upon

activation.. W%i,gg?p,rtant group of such prodrugs includes theperr0h ihis
salts of paclitaxel and docetaxel, particularly the 2'-nmethyl pyridi nium

acetate (2'-MPA) salts (see Nicolaou etal., Angew. Chim Int. Engl.,
33:1583-1587, 1994). 5 We have-recently discovered that the
paclitaxel oniumsalt 2'-MPA paclitaxel is difficult to prepare in

subst ant i al Pgreplcemraundaaad ﬁ[‘)@q display theecyitioXicspIopeRijes HROB\aativates. One
proposed in the scientific and patent literature are very low. This is

primarily begsartentt geup of subeseediigs! thduddsi tid 2'-oniunmrsalts hefp&oitdQ8b ahd
the salt in mxture with paclitaxel (and small anounts of other

i mpurities) ' X i i, trgaX i Ry

o vent corfeitpRe). B RARES HedPipy ol EBENS (2P AY$alS'tSer MiGolppu
deconposes rapid|ly, upon concentrafjion of the HPLC effluent, to paclitaxel
and very |i&% 'e%%@hﬂiﬂ@[v&w%ﬂé@gdﬁg poor yield of pure
prodrug oniumsalt is a major inhibition to devel opment of such a product
as a cbnmerci al | y vWablhavehaeendiyudiscaveredcthas dhehpapidaxelt arieim ssadi 2-MPA

material is extremely expensive 15 and it is not feasible to use

subst ant i al paplitadel is difficaft te prdpar@iresubistarntialig pae formudrel viglkisrdfsh@bupsisait BY
substantially pure prodrug end product. Inproved prodrugs of paclitaxel

whi ch are beeheiigddas 5RIp6RES ih @héﬂ@&i@htiﬂéhﬁégﬁtgﬁl}qﬁg\t{@*& é{r_?Heéerﬁ\ll\HgNgg% 8,

prepare in high yield and purity are required.

bl v, b SR8 B S BRLUR Y A T e i SR/ R it
cnown pac! | TIRRUE Wit BrgitArel bk smof 8enie Pt eibef Wb iR A bR naapatted
mesyl ?(tJ © pfpgra%g%tliéxgpgy aip?_%r i?\oangéh?ént containing excess acetate ion (e.g., ammonium
acetate), the salt decomposes rapidly, upon concentration of the HPLC effluent, to -
paclitaxel and very little of the 2'-MPA can be isolated. The poor yield of pure prodrug
onium salt is a major inhibition to development of such a product as a commercially
viable pharmaceutical because the paclitaxel starting material is extremely expensive
15 and it is not feasible to use substantial quantities of paclitaxel to produce minute
amounts of pure or substantiaily pure prodrug end product.

Improved prodrugs of paclitaxel which are both highly soluble in water,

stable and relatively simple to prepare in high yield and purity are required.

SUMMARY OF THE INVENTION

20 We have prepared and tested for solubility and stability certain prodrugs ‘

i of paclitaxel which are 2'-onium salts like the prior art paclitaxel 2'-MPA, but which
have unexpected beneficial features not exhibited by the known paclitaxe! 2'-onium

salts. These include the 2'-methylpyridinium mesylate, phosphate and bicarbonate.




-4- I njectable ororal pharmaceutical conpositions may be prepared
conprising agueous _sol utions of the novel onium salts and, ' dds
addi ti onal d’ﬂapm%t ically acceptable ingredients. Said con%(%tsrhﬁag?ls may
be admi nistered to patients, e.g., by intravenous (I1V) infusion, bolus
injection or orally to treat paclitaxel- 8- responsi ve cancers and
tunors. DETAI LED DESCRI PTION OF THE | NVENTI ON The follow ng is the

‘structural formul a bfieqableior asatphafaceltizal camposiioss may heerepatdgrupising

section, attenpts have been made (particularly by N colaou et al.) to
create sol ughgedgs i valutivas of fcl ndvakebniuni shitar endp optidnediypl y zeditional
vivo to the active drug, by creating oniumsalts at the 2'- position of the

par ent conpgﬁg,ﬁlré?%{ﬁgglz})ﬁﬁeeﬁ?éﬂle rédlents. I3 E%Pé_siitiﬂn;% heayobeé QlmARiste?ed to

bei ng nost romthe standpoint of its pharmacol ogi cal

activity and_relative,l f s |.Cy ‘ LGl of
pacl i t el ) PrLsthee 5° Bydfofnpms MinhREhch ks IBHASH R JRU R WEat Bhb ek

paclitaxel. The procedures disclosed in the art for synthesizing the 2'-MA
salt yPel d FSROPSHSRACEIhaRd fUMASt nore than 65-70% pure, the renainder of

.the powder 5 consi sting of paclitaxel and other mnor inpurities. Wen

purification of the product
DETAILED DESCRIPTION OF THE INVENTION

The following is the structural formula of paclitaxel:

Paclitaxel

As discussed in the Background section, attempts have been made

(particularly by Nicolaou et al.) to create soluble derivatives of paclitaxel, which are

10 hydrolyzed in vivo to the active drug, by creating onium salts at the 2'- position of the
parent compound. The onium salt which is indicated in the prior art as' being most

preferable both from the standpoint of its pharmacological activity and relative lack of .



is attenpted by HPLC using an acetate buffer, however, the 2'-MPA that
glutessfrom ghgegasbaym in the presence of an excess of acet at ecasomperaes
rapidly and only m nute anounts of the pure product can be recovered. W
bave, t herefore, conceived of and synthesi ged new sol ubl e paclitaxel
2'-oniumsalts as soluble prodrugs for 10™" paclitaxel which, unlike

'-MPA, can be . t hesi,zed, and pur.i.fied in high yields d wi.t hout great.,
Bt cul ty onebLBERl e s A0 BhbH SheeieRel ik e BRI P b et
O particular _interest both in terns of its physical and pharnmacol ogi cal
properties iMPAhsaltehpaeifax®f formula | wherein X is the nesylate group
(CHerr]Sgerr]), 5 i.e., the oniumsalt having the follow ng structure:
The salts of Fornul aHe pegeteresydisdiessd imdherastiop syhihesizéng the 2'HéPRosalbyiettd
general procedure: 1. Paclitaxel and 2-fluoro-1-nethyl pyridiniumtosylate
(2- FMPT) arg dey powderdhab i ndtibadrenthzal 65-70% pirgathes rembinaet of éhg. pod@er

net hyl ene chloride. 2. Triethylam ne or another quaternary-conpound form ng
agent i addedsiing R darliesel A Bner Wifior impurfties. When purification of the product
is attempted by HPLC using an acetate buffer, however, the 2'-MPA that elutes from
the column in the presence of an excess of acetate decomposes rapidly and only
* minute amounts of the pure product can be recovered. We have, therefore, conceived
of and synthesized new soluble paclitaxel 2'-onium salts as soluble prodrugs for

10 paclitaxel which, unlike 2'-MPA, can be synthesized and purified in high yields and

without great difficulty. These salts have the following structural formula:

iy g

wherein X is CH,SO,", H,PO,” or HCO,".



3. The mxture is stirred or agitated at roomtenperature and evaporated to
dryness, preferably under vacuum The dry residue is dissolv | ond
organi c soIJ@ﬂP&§%¥broduce a sol ution appropriate for high pgg?ggﬁgH§§§

| i qui d chromat ography (HPLC), for exanple, 5 acetonitrile, and
chromat ogr aphed by reverse phase using a-8d xture of the same sol vent and
water as the first nobile phase for an initial period, during which al
fractions other than those containing the desired oniumsalt end product
are eluted. 4. The fractions containing the desired oniumsalt are then 10
el uted using a second nobil e phase conprising a solution of NaX {(wherein X
is as defined in Formula 1) in the sane water/organic solvent m xture as
the first nobile phase. 5. The fractions containing the oniumsalt are

col l ected, concent r@f pdrtifhrdhiepskt (Hoth ixamnd of iy dhieral bhaadhamacbRgical

produce an end 15 product residue. This residue may be further purified
by ‘extract ipaouib, iStwel ArhsounRl Grorh@an| W the Aidsh in%J"Qd -

chl ori de. n%érér—t]%gllszfrwesol ent (e.%ﬂ,i ﬁei@ﬁgﬁhﬁ a§1(fed tgagerggm I al_t%é@%)é
product. 6.. The salvent re e ated and,.the residue dried to obtain the
puri fféed pH'@dDE?.OW Salt h%v?ng %%%ﬂ%w'89§§@ﬁfurﬁnventi on al so conprehends a
nmet hod of treating a mammal i an patient having a tunor, cancer, or other

di sease condition responsive to paclitaxel treatnment by administering to
sai d patient a pharmaceutical conposition containing an effective disease

treati ng anount of a pac axel onium salt prodr according to the present
i nvention. Paclitaxel- r sive di seases whi chﬁ be

o

Paclitaxel-2'-méthylpyridinium mesylate

The salts of Formula | may be synthesized from paclitaxel by the following
general procedure:
1. Paclitaxel and 2-fluoro-1-methylpyridinium tosylate (2-
FMPT) are dissolved in a substantially dry organic solvent, e.g.,
10 methylene chloride.
2. Triethylamine or another quaternary-compound forming

agent is added to the foregoing mixture.



treated hy the invention include cancers, tunors, nalignancies,

unconter ol | e@vébsﬁﬁ@ﬁ or cellular proliferation secondary to tpesusor/ sy,
pol ycystic kidney di sease and mal ari a. Anpong the ‘cancers which may be
treated are hepatocellular carcinoma, liver netastases, cancers of the
gastrointestinal tract, pancreas, pr ost 2te and | ung, and 5 Kaposi's
sarcoma. The prodrugs of __the invention may be adm ni stered by IV infusion,
non- intravenous injec®i ORE Mixtraisstiesagiatedat 19pm Fﬁrﬁﬁ?ﬁ%weo?”% bol us.
The prodrugs may al so be administered orally to the patient in a suitable
dosage form al evapwatadtednmessj prefenablyr anddri vaowsin.abing gy edidueiisg agent
adm ni stered either (a) less than 0.5 hours 10 before, together with or

less than 0.5 Higdblvedfih arsecohy drganic sbweht b Sroddcd auwsaiuticef appropeiatd c) bot h
(a) and (b). Such bioavail ability-enhanci ng agent may be selected fromthe

group consisti gg ﬂ{?“ﬁ*‘%@ﬁ@gﬁ&mqﬁi& hhesaat ’raISME‘;(l;:P?_C‘B) 'fﬁycéﬁ?ﬁﬁl%\i, n,

di hydro cycl ospor! ro cyclosporin C, ace cycl osporin A

geni stein_.and rel.at i sof i i i i des,

7ot phi ne fnd. nBRpRTLe . SRgSRLPRatcEBapiEDY Felehss BRRRASE NG nBRPEbETS
cyclosporin A, cyclosporin C  cyclosporin D, cyclospgrin F, dihydro

cycl osporin A, thei $ame sovent @ﬂ%\s%t%aét%ﬁr%m% p&‘?égg%rp%? Initiad petieg,

phar maceuti cal conpositions containing the novel prodrugs as active

i ngredi ent s nagutieg wijchptibfractionstatben thpndbespcampming e desifesteaibime or |1V
dosage forns. Each dosage formincludes an effective anount of a prodrug

(one of the nogghk eRO prodyxiare eted.- 2' - oni um salts) and pharnmaceutically
inert ingredients, e.g., conventional excipients, vehicles, fillers,

e Sand one vy AT S O S8t o, 7
phar mace%i cal eﬂ:?é@q}:‘sirtd) raméeégﬁd ‘?ﬁ&ineaﬂﬁlué‘é Sctorrf?ﬁris?ﬁb as%mi%heof) rNaelX dosage
(wherein X is as defined in Formula ) in the same water/organic solvent
mixture as the first mobile phase.
5. The fractions containing the onium salt are collected,
concentrated and dried (for example by lyophilization) to produce an end
15 product residue. This residue may be further purified by extraction with
suitable polar organic solvents, such as methylene chloride. A non-polar
solvent (e.g., hexane) is added to precipitate the product.
6. The solvents are evaporated and the residue dried to obtain
the purified product.
20 The present invention also comprehends a method of treating a
. mammalian patient having a't'u.mor, cancer, or other disease condition responsive to
paclitaxel treatm_ént .by administering to said patient a pharmaceutical composition '

containing an effective disease treating amount of a paclitaxel onium salt prodrug

according to the present invention. Paclitaxel-responsive diseases which may be



forms include tablets, capsules, caplets, gelcaps, pills, liquid solutions,

suspensi ons r elixirs, powlers, |ozenges, m croni zedPQﬁr h&neand
osnoti c del |V8r9>/%%9y2t ens. Injectable and 1V dosage forns incl éﬁélggét oni c

saline solutions or dextrose solutions containing suitable buffers and
preservatives. Many such dosage forns an®-vehicles, and |istings of

I nactive ingredients therefor, are well-known in the art and are set forth
5 i n st ged@dby thetinvention inslufRe scamgers tumorhanatigranciesalnGriterfiled diss & bh
edition (1985). The follow ng are sone of the advantages of using one of

the novel Eémﬂéﬂﬂ%h%?aﬂd?ﬁsécbﬁaéma‘hs@lﬁé%jurﬂt pdifieysHE Witire9 dioaa@rErd SafirRd

can exi st as an aqueous pharnmacéutical solutioh ’'stored in a sterile via

|,
or bottl ed 3?12]03%“ é’zﬁéncéfsdm}?\(?&ﬁj% a)"ﬂbc@e t\é/eeg 'hle ﬁ%emar ca\%lhpmréorl%"

saline or 5 I N Water or Brysi ) og|

| ut be i nfused tient T to b
i ni ot o 1 EFoE. CRALR of M SRR OB A b St OB A7F e 3R

upon thawi ng and defrosting to roomtenperature for several hours be given
directy tKgapnéiqoaanc@ma 15 3. The drug can be stored in a
Dupl ex[err] bag (McGaw Laboratories) so that, upon breaking the seal, the
powder can m x wi t Fhelmrodnlgsesftthe isvearitiop may e admlinisterear by W drefusions @onn
wat er, and be administered directly to the patient. 4. Since the drug

20 s, “JEmeRbys T, RospRInesly A AN TR The g bt
W th anti - ajd A DY MrdSrddrBliPtcthe paRbhTInS 8iitdife dbb58E forfl ABKE I together
with an oral bioavailability-enhancing agent administered either (a) less than 0.5 hours

10 before, together with or less than 0.5 hours after, (b) from about 0.5-72 hours before,

or {c) both (a) and (b). Such bioavailability-enhancing agent may be selected from the

group consisting of cyclosporins A through Z, (Me-lle-4)-cyclosporin, dihydro

cyclosporin A, dihydro cyclosporin C, acetyl cyclosporin A, genistein and related
isoflavonoids, quercetin, calphostin, ceramides, morphine and morphine congeners.

15 Preferred enhancing agents are cyclosporin A, cyclosporin C, cyclosporin D,
cyclosporin F, dihydro cyclosporin A, dihydro cyclosporin C and acety! cyclosporin A.

The pharmaceutical compositions containing the novel prodrugs as active

ingredients may be any pharmaceutically acceptable oral, injectable or |V dosage

forms. Each dosage form includes an effective amount of a prodrug (one of the novel

20 paclitaxel-2'-onium salts) and pharmaceutically inert ingredients, e.g., conventional
excipients, vehicles, fillers, binders, disintegrants, solvents, solubilizing agents,

sweeteners, coloring agents and any other inactive ingredients which are regularly

included in pharmaceutical dosage forms for oral administration. Suitable oral dosage

forms include tabiets, capsules, caplets, gelcaps, pills, liquid solutions, suspensions



5. The drug is expected to be given IV with an infusion tine of about 1 to
about 120 hoysogigbsy @ dose of about 100 to about 300 ng/ M erptT/887/Tb08E

gl ven about every 1 to 3 weeks. The preferred dose is about 200 ng/r[err]
over about a 3-hour -10- period (it is recognized that doses may need to
be individualized dependi ng on the clini c8t condition of the patient). 6.
ecause the solubility of paclitaxel-2'-MPM and the other novel salts is
much hi gher ot lixirsf, powdesbi loZgnges,.amionenized padiaesaot dsmotic delvesy systams.
wth each dose 5 than for paclitaxel, thus permtting use of. this drug

i n pati ent s|njdctable @ndry dospgsdeths e dsstbsieaatse solatiorsocdextessd yelutiens t
failure, renal disease or excessive adrenal steroid secretions. 7. The

greater wat &sntémmgﬁduafb)é mﬁérsg ?résér?ﬁt\ﬁé‘suﬂllér@ mhmgé%ﬁﬁseana oemctz{s
iconcentrations t e site of ase (e.g., Intraperitoneal injections) or
di rectly 10 L.t e of .expect | ogenes ost-.an |opI asty

i ary)” 8. nhbitnddingsibn i BaenEn R, e elaabain i artaRd Heses forth
gi ven oraIIy once or several tinmes a day, i f necessary with or without a

bi oavabl abi iistgndart dexte such abeRemingtomis Phaduaceautical Sciehces;f7fmeditionX298%)k e
reached (>0.07 [err]M. 9. The prodrug wi || be useful in the adj ut ant
treatnent of varioushEaBRGkMgLEre sofer 6RfHe aB{/Qf%gés cFVddihgond @nqr\e novel

bl adder, esophageal and Kap05| s sarcoma) in |ow doses and for short

i nfusion t| gs raatrr? acl itaxel will be taken up by tunor cells
faster beca 'S no by Crenophor which is needed to

solubilize t he PT Od%.uq’he drug to be administered can exist as an aqueous pharmaceutical
solution stored in a stetile vial, or bottled as a lyophilized powder which, when diluted
10 with normal saline or 5% dextrose in water or other physiologically compatible

solutions, can be infused intravenously into patients.

2. The drug to be administered can be stored in a liquid solution that had

i been frozen and upon thawing and defrosting to room temperature for several hours

; be given directly to the patient.

15 3. The drug can be stored in 2 Duplex™ bag (McGaw Laboratories) so
that, upon breaking the seal, the powder can mix with the solvent, usually normal

saline or 5% dextrose in water, and be administered directly to the patient.

4. Since the drug solution does not contain Cemophor or any solubilizing

agent other than saline or dextrose solution, there is no routine need to premedicate

L e e S 2

20 with anti-allergy drugs (steroids, antihistamine, H, blocker).

i A A

5. The drug is expected to be given IV with an infusion time of about 1 to
about 120 hours with a dose of about 100 to about 300 mg/m? per dose given about

every 1 to 3 weeks. The preferred dose is about 200 mg/m? over about a 3-hour




10. The prodrug coul d be stabilized wthin inplantable bi odegradable 20

polyners and_surgically placed at or near the site of cancer g5 prod
rug will be ‘?’8?2’3@%& slowy and will provide the adequate | Og?‘?ﬁfs@ﬁi(ﬁ
concentrations of paclitaxel. 11. Because the rate of delivery of

paclitaxel fromthe prodrug to the hepat-ip- m crosones may be different from
paclitaxel previously exposed to -11- Crenophor, the rate and extent of

met abol i t e pariedugt isTBcogniged tiRAcdskaredy ne¢dtwbe iredivitalized ddpending notthée
the same conmpared to paclitaxel alone. 12. Due to the polarity of the

2' - VPM sal t.;; : & PRticphy t he mesyl ate conponent after it is given
to a patietﬁérﬁﬁgh{:?ﬁdﬂ%ﬁf con@;}eﬁli)hg conjugates will 5 be formed which

can interfere with P ; £l r :
ol ccul os. Thi s vi 16 BecarSE GBI AR PP Gy HERRRERbEE) calts i
drugs that are subject to this np. For this regason it is conceivable that
e ant | 1 LifBHorBhEEBandeT padiianl), Zrsrasier vobme i iy e Syt WEF erag chs®
greater than that of paclitaxel, especially in nmulti-drug resistant tunors.
10 5 than foFlpaditaixeb iusgpammttipp aseiaf this drag én pakients wath \wiirnmexpended

prodrugs of the invention and nethods of making the sane. These exanpl es

are not i ntrep@sfdisbayeysich aocongestivé heart faikne,irenal diseasg arexcossive asieenal
forth specific starting materials, reagents, reaction conditions,

purificati QeRiPseditisfs Or any other details which nust be utilized
exclusively 1n order to practice the present invention. 15

EXAWVPLE 1 Paclitaxe) - 2 NRL DN RtePL LTy NGRP et the drug to be administered in

high concentrations to the site of disease (e.g., intraperitoneal injections) or directly
10 at a site of expected angiogenesis (post-angioplasty injury).

8. The 2-MPM prodrug salts is orally bioavailable and may be given orally
once or several times a day, if necessary with or without a bioavailability enhancer to
be sure that adequate levels of paclitaxel are reached (>0.07 uM).

9. The prodrug will be useful in the adjutant treatment of various cancers

15 (breast, bladder, ovarian, lung, bladder, esophageal and Kaposi's sarcoma) in low
doses and for short infusion times (1-3 hours) since paclitaxel will be taken up by
tumor cells faster because it is not protected by Cremophor which is needed to
solubilize the prodrug.

10. The prodrug could be stabilized within implantable biodegradable

20 polymers and surgically placed at or near the site of cancer where the prodrug will be
released slowly and will provide the adequate local concentrations of paclitaxel.

11. Because the rate of delivery of paclitaxel from the prodrug to the

hepatic microsomes may be different from paclitaxel previously exposed to




|n a 50 m round bottom flask 360.2 ng (0.422 mof) paclitaxel and 155.4 ny

{ 0. 5549 nmol Wégg,gsgggw v) of 2-fluoro-1-nethyl pyridini um t osylpgtreudorVb7hk
re dissolved in 15 m of dry nethylene chloride. The reaction m xture was

tirred under 20 ° nitrogen atnosphere and 150 [err]L (1.076 mml, 2.55
quiv) of triethylanmine (TEA) was added td1this reaction nixture. The
olorless solution turned to a pale yellow color. The reaction m xture was

tirred for Cremephat.dee aater&s@rﬁ&t%mﬁsémtab@htamoQMﬁné@zg@ow%ﬁleicsn@rqapﬁb%

-12-" The residue (crude paclitaxel-2'-nethyl pyridiniumtosylate) was.
di ssol ved i M&ant M5) megtnoh berthé samedcdmaredito plactifaxel sloheat i on was
q&hromat ographed (total 4 injections) on a Waters 600E HPLC system using a

Vaters [err] Bondapalg, sTRe) t&ﬂ%élpma(n@@% POMEN, sil and rtaéegéﬁérahémdf)the :

The nobile phase was 76% acetonitrile and 5 24% waterfor the first

fi nut E

br oduct vas MYSYAIG SRR 5 EETNEFHoRL palich, 4 ﬁ@%@“ﬁﬁ‘”ﬁ% BBl wil.
NaCH S t he f t t.h duct II td
and 1yaphi | PECaTEHMRES AN e f%%'ﬁ%a@ﬁﬁﬁq?ﬁbﬁ%z@ug fofsin gt alfypiciransporter
chl ori de. The sol vent was evaporated 10 down to 50 m and approxi mately

FO m of hexeplecules. athiedvil deqst tchigherindraceiulpr tygia of apticaneer douge:thal ater e

evaporated and the residue was dried on a vacuum punp for one hour to

obt ai n the gebjectdo titisguetp. Pacthis eeesbnt isdehtezable that the sulituchor &92cany of

929, mp. deconposes at 119 [err]C. Product purity by HPLC is 98%

FXAMPLE 2 2.MPM after IV or oral administration may be greater than that of paclitaxel,
especially in multi-drug resistant tumors.

10 The following examples illustrate the novel onium salt prodrugs of the
invention and methods of making the same. These examples are not intended,
however, to limit the invention in any way or to set forth specific starting materials,

reagents, reaction conditions, purification procedures or any other details which must

be utilized exclusively in order to practice the present invention.

15 EXAMPLE 1
Paclitaxel-2'-Methylpyridinium Mesylate
In a 50 ml round bottom flask 360.2 mg (0.422 mmol) paciitaxel and 155.4
mg (0.5548 mmol, 1.31 equiv) of 2-fluoro-1-methylpyridinium tosylate (FMPT) were
dissolved in 15 ml of dry methylene chloride. The reacfion mixture was stirred under
20 nitrogen atmosphere and 150 uL (1.076 mmol, 2.55 equiv) of triethylamine (TEA) was
added to this reaction mixture. The colorless solution turned to a pale yellow color.
The reaction miﬁure was stirred for 70 minutes at room temperature and then -

evaporated to dryness.




15 . Characteristics of Paclitaxel 2'-MPM Solubility:
Dei oniczed wat er .5 mM) was added to three sanples of the 2

ng, 0.97 ng YWRAI% 986 nmg) and the flask sonicated for apprOX| Wg&%’gﬁt‘?( 1)
m nute. Solution was attained in two sanples (0.97 and 0.80 ngs), while the
| argest sanple required an additional 0.H421 to provide a free-flow ng

sol ution. The 20 upper Ilimt of this solubility has not been attained as
yet. Extraction: ThTigerestdUe @fudelpabslitakel 22ttty 1dTB|hm/\®rs?la@é)5«§e9é ¥Rdoivad
water (1 m) and vigorously stirred with CH err]cd[err]

organi c_phanss fisof LedehRticthd 9.95 fi s e&aﬁoﬁ(w}lto BneAgGERh @F@g}ﬁla

vacuo. The residue was wei ghe - conpare

i nput to gaueth ef fect,iv the, extracti [0CR dure. .Aver

return for REIORS G YRS EOEER SA’E%’BPS{'\%%%*E%H Bongra seef Shlvmn .
The stabilit of the prodrug in H20 and 0.2M NaCL was exam ned at both room
t enper at ur éH%OQJHH@ch‘@eﬂPWdéﬁ%T%H‘VBBhHl Themebilsnhasewas’6% acetpritriie and
(0.54 ng in 2 M) and NaCL (0.57 ng in 2 m) at roomtenperature were

exam ned at24%ovatentior éhe finst 12 mieuteal £vefything @xgeptithe diesined p)aduzt asredutaedd
24 hours. Data for H20, at room tenperature showed the drug to be

rel atively aHicthno®e mbtact Wadelred using/7a% abetdnitis aad 48t 78 M ddura 6%

after 24 hours At 4[err]C the product concentration was unchanged at 24
and 48 hourg @\ﬁ; sg? to 90% after 72 10 hours. The saline solution
shows no apparentt ang® %r the first ten mnutes at roomterrperature,

1-2%d 2 h id 70% af 24 A i C.4h
or aduct _concent r at 1K RIECUREK AR st g Pt eri colied and hioPhlrd The”

was

residue was extracted with 200 mt of methylene chloride. The solvent was evaporated
10 down to 50 ml and approximately 50 ml of hexane was added to precipitate the
product, All the solvents were evaporated and the residue was dried on a vacuum
pump for one hour to obtain the desired product, paclitaxel-2'-MPM, as a white solid,

402 mg (92%), m.p. decomposes at 119 °C. Product purity by HPLC is 98%.

EXAMPLE 2
15 Characteristics of Paclitaxel 2'-MPM
Solubility: Deionized water (0.5 mi) was added to three samples of the 2'-
MPM (1.54 mg, 0.97 mg and 0.80 mg) and the flask sonicated for approximately one
(1) minute, Solution was attained in two samples (0.97 and 0.80 mgs), while the
largest sample required an additional 0.1 ml to provide a free-flowing solution. The
20 upper limit of this solubility has not been aftained as yet.
Extraction: Three samples (1.2, 1.0 and 0.98 mg) were dissolved in water
(1 ml) and vigorously stirred with CH,Cl, (1 ml). The organic phase was transferred

to a clean, tared vial and concentrated in vacuo. The residue was weighed and



88% at 72 hours. EXAVPLE 3 15 Stability of Paclitaxel

2' - Methyl pynjgoglsdesnr Acet ate The onium salt paclitaxel -2' - MPAPRIIT/2{46 ed
by the nethod of N colaou et al., Angew. Chim Int. Engl., 33:1583-1587
(1944). A 2.40 ng/ M solution of the paclitaxel-2'-MA was prepared by

di ssolving the salt (10.2 ng) in a sol utildn of water (3.024 m) and

.pol yet hyl ene glycol (1.234 m). Sanples of this sq]ution wer rozen. .20
{The frozen commsired Rethe dh calalRel te 0ttt iﬁ’%‘?%ssaﬁg th%n@é@ﬁtygd
with CHerr]CN (50 [err]). An aliquot (50 [err]) was renoved and.dituted to
a final volproesdire2(Xverage fetuirt for this extraction-ves dboub Ad Yepbinesrfical.a HPLC

(20 [err] injection). -14- Analysis conditions were as follows: Colum:
Vydak RP C18 (#218Ti¥pddouk Stabitity: A4 s1ability ofties progirddibiH.© amdo2M NaCl was
50% MeOH/ 80 mM NH err] QAc Fl ow rat e: 1.5mM/mn. 5

Resl to° A PRIUAPS 2 PelLros [ eilreraiit hi: refigergfed conditions, SEPES |
iz.n ) %G;egmz\é 8@8@%%%%@ %\rgaa(f\?advl (b.%?tmhé 2 %5 gtrrogﬁ\atléﬁnﬁer&t%re were examined
at two minute time infervals (0 through 12 minutes), 2 hours and 24 hours. Data for
H,0, at room templerature showed the drug to be relatively unchanged after 2 hours,
with product concentration down to 56% after 24 hours. At 4°C the product
concentration was unchanged at 24 and 48 hours but decreased to 90% after 72
10 hours. The saline solution shows no apparent change for the first ten minutes at room
temperature, 1-2% drop at 2 hours and a decrease to 70% after 24 hours. At4°C the

product concentration was unchanged at 24 hours, was 91% at 48 hours and was

88% at 72 hours.
EXAMPLE 3
15 Stability of Paclitaxel 2'-Methylpyridinium Acetate

The onium salt paclitaxel-2'-MPA was prepared by the method of Nicolaou
et al., Angew. Chim. Int. Engl,, 33:1583-1587 (1944). A 2.40 mg/mi solution of the
paclitaxel-2'-MPA was prepared by dissolving the salt (10.2 mg) in a solution of water

-(3.024 mi) and polyethylene glycol (1.234 ml). Samples of this solution were frozen.
20 The frozen samples were slowly warmed to room temperature and homogenized with
CH,CN (50 pi). An aliquot (50 pf) was removed and diluted to a final volume of 200

ul with deionized H,O and analyzed via HPLC (20 pl injection).



o et o it et e 1

Paclitaxel @38-40 mns (15% Unknown peak @42 mns (10% Stability (Room
Tenperature) 1 Hour 6 Hours 18 Hours 42 Hours 66 H?E{'/;Iggﬁ%ﬁé
0

Hours 2' - NPAY9P8/58947 oy 78% 69 73%
73% Paclita. % 14% 14% 17% 13% 15%
Unkno. % 8% 8% * 14- 10% 8% 12%

*both co-eluted, produced a | arge broad peak. 20

Stabi|ity (4] err]C)AdalfidiconditnsQUsre as foldwdiour s _ 42 Hours 66 Hours 2
Weeks 2'-MPA % 85% 75% 73% 79% 73% :

79% Paclita. % 15% 1% 10% 0 ' 9%
5% column: Vyda%ﬁ%im(#zwgf%%}it%%

25 Unkno. % 14% 17% A . 5
= It was
%Mﬁ%g’&? at

: 4.@
10% *No peak el uted t forth in Exanple 2,
significantly nore sf&lﬂf’get%et he 2'-MPA sal tSQ")g%
4[err]C (refrigerated_condition). Wile the MPA salt had degraded to 73%
after 18 hours at thikloveig@rature, the MPM sal. m/mini5- remai ned unchanged
at 4 Gat 24 hours anWayetemgfifiter 72 hours had®Semymaded only to 88-91%
Run time: 45 mins.

Results:
A freshly prepared solution of the 2'-MPA derivative (0.53 mg/ml) in CH,CN
provided an HPLC trace with three major peaks -
10 2'-MPA peak @ 28-30 mins (75%)

Paclitaxel @ 38-40 mins (15%)
Unknown peak @ 42 mins (10%)

Stability (Room Temperature)
1 Hour 6 Hours 18 Hours 42 Hours 66 Hours 90

15 Hours
2-MPA% 78% 78% 69 73% 79% 73%
Paclita. % 14% 14% * 17% 13% 15%
Unkno. % 8% 8% * 10% 8% 12%

*both co-eluted, produced a large broad peak.

20 Stability (4°C)
1 Hour 6 Hours 18 Hours 42 Hours 66 Hours 2

Weeks

2-MPA % 85% 75% 73% 79% 73% 79%

Paclita. % 15% 11% 10% 9% 11% 9%
25 Unkno. % * 14% 17% 12% 16% 10%

*No peak eluted
As set forth in Example 2, the 2'- MPM onium salt was significantly more
stable than the 2'-MPA salt in aqueous solution at 4°C (refrigerated condition). While

the MPA salt had degraded to 73% after 18 hours at this temperature, the MPM salt



EXAMPLE 4 Paclitaxel -2'-Met hyl pyridi ni um Phosphate 5 The sane
procedure iswidsigyed as decribed in Exanple 1 with respect tBRCI/HEITARITAPV
salt up to the point of injection of the crude 2'-nethyl pyridiniumtosylate
into the HPLC colum. 18 ng of the tosylate were injected into the colum
as follows: Columm conditions: Gadient d48fventdeli very starting at 50%

CH3CN and 10 50% 5 NaH err ] err] to
70% CH er emaitedwnchangad ite € at@4 ewrs and eot?ae?cﬁ%%l .°U2£. pag d;gf%‘#ﬁ‘% By
mcron) Flowrate: 9.0 ml/mn Wavel ength: 254 nm 15 Paclitaxel el uted
after 2.55t51889t%. The oniumsalt paclitaxel-2[err]- nethyl pyridinium
phosphate (X = Herr]PO[err] in Formula 1) eluted after 14.60 mnutes. It
has t hus been shown that there are provided net hods whi ch achi eve the

vari ous objects of the invention and poAgipia 8@ wel | adapted to neet the
condi tions of 20 practical use. As variousS possible enbodi nents m ght be

. ANgas Jua be made in the
lfenmbodi nents set forth above

arious.,cha

: S 'a---. etiaBls all matters herein
described are to be interpreted as illustrative and naot in a limtin
kense.5 25 The Serme prasasluss indallanes s Aeetbae 4l EXamPls havil EBERHS by
Letters Patent is set forth in the follow ng clains. o

the 2'-MPM salt up to the point of injection of the crude 2'-methylpyridinium tosylate

into the HPLC column. 18 mg of the tosylate were injected into the column as follows:
Column conditions:
Gradient solvent delivery starting at 50% CH,CN and

10 50% 5 mM NaH,PO, to 70% CK CN over 15
minutes.

Column: Vydac prep. 2.2 x 25 cm (10 micron)
Flow rate: 9.0 mi/min
Wavelength: 254 nm
" Paclitaxel eluted after 2.55 minutes. The onium salt paclitaxel-2'-
methylpyridinium phosphate (X~ = H,PO,” in Formula 1) eluted after 14.60 minutes.

It has thus been shown that there are provided methods which achieve the

various objects of the invention and which are well adapted to meet the conditions of
20 practical use.

As various possible embodiments might be made of the above invention,
and as various changes might be made in the embodiments set forth above, it is to be
understood that all matters herein described are to be interpreted as illustrative and
not in a limiting sense.

25 What is claimed as new and desired to be protected by Letters Patent is

set forth in the following claims.




-16- WE CLAIM 1. Paclitaxel-2'-nethyl pyridiniumnmesylate. 3.
Pacl i t.axel - 2' - met hyl pyri di ni um bi carbonate. 4. A nethod of p

2' - oni um salWO@8/5§93¢| i t axel having the follow ng formul a: [err ere| n X
is CHerr]Serr],Herr]PJerr] or HCOerr], said nethod conprising: a)
form ng a mxture by dissolving pacli taxd- and a 2-hal o- 1- oni um tosyl ate
salt in a substantially dry organic solvent; b) adding a quaternary
conmpound fWHETChAIBgent to the mi xture; c) Stirri ng or agitating the mxture
and evaporating it to |leave a dry residue; d) dissol w ng the dry residue

in a second organi ¢, FRiceREl- B'Q'namytbsyﬂélrmm@heﬁylam sui ta Ie
performance |iquid chromatography (HPLC); e) chomat ogra hi "l

by reverse phase HpLG R8I bEnetryRlyamisthighdsphatext ur e of sal

- (

3, Paclitaxel-2'-methylpyridinium bicarbonate.
4. A method of producing a 2'-onium salt of paclitaxel having the following

formula:

wherein X~ is CH,SO;", H,PO,” or HCO;", said method comprising:

a) forming a mixture by dissolving paclitaxel and a
2-halo-1-onium tosylate salt in a substantially dry organic
solvent;

b) adding a quaterﬁaw compound forming agent to
the mixture;

c) stirring or agitating the mixture and evaporating it

to leave a dry residue,



solvent and water as a first nobile phase for an initial period during
whi ch “al | fr@gjdsmesz70t her than those containing the desired opcORSSHIOT4end
product are eluted fromthe colum; and f) causing the fractions containing
t he—-destredonrumsalt product to el ut e‘1f7r omthe colum by using as a

secongrieRml. solution of NaX inh'a m xture of said second sol vent
and ml"fml‘mnﬁmmlal S affi.ned as %bo e. 5. A.nethod accordi.ng to claimi4
wher efn Sai'd 2- hal of oni uffl t BEFPING e aﬁyffﬁat%-'ﬂ-%é%%%m%'%i um t osyl at e.
6. A method according to claim4 wherein said substantially dry organic
sol'vent is methyl ensolvantdeipteduce a solyiien stitakle rahigh RESOFNANES 4 wher ei n
sai d quaternary conpound form ng agent is triethylamne. 8. A nethod
according to clai m qgutdeheomatayraplse(MROCHr gani ¢ sol vent is acetonitrile.
9. A nethod according to claim4 wherein Xis CHerr]SOerr] 10. A nethod

according to claim4 \Aheéyidho?hétég:lﬂgﬁmldﬂeegdmtiowbyﬁeméélpﬁagécordi ng to
claim4 wherein X is HCO err] -18- 12. A nethod according to claim4

wherein al | fracti oppel i LAKSI@RLLAS HERG £RIHIR Wiasc0gdi n the

desired oniumsalt pro are collected, €oncen

solvent and water as a first mobile phase for an initial
period during which all fractions other than those containing
the desired onium salt end product are eluted from the
column; and
f) causing the fractions containing the desired onium
salt product to elute from the column by using as a second
mobile phase a solution of NaX in a mixture of said second
solvent and water, wherein X is defined as above.
5. A method according to claim 4 wherein said 2-halo-onium tosylate is
2-fluoro-1-methylpyridinium tosylate.
6. A method according to claim 4 wherein said substantially dry organic
solvent is methylene chloride.
7. A method according to claim 4 wherein said quaternary compound
forming agent is triethylamine.
8. A method according to claim 4 wherein said second organic solvent is
acetonitrile.
9. A method according to claim 4 wherein X" is CH,SO;".
10. A method according to claim 4 wherein X" is H,PO,".

11. A method according to claim 4 wherein X isHCO,".



:and drieqd to produce an end product residue. 13. A nethod according to
~claim12 Wnersi Q %?Jéd end product residue is further purifiegdppsdxigraction
‘with a suitabPe /B r organi c solvent and the subsequent addition of a
inon-pol ar solvent to precipitate the purified oniumsalt end product. 14. A
'met hod according to claim13 wherein sai® polar solvent is nethyl ene

tchl ori de and said non-polar solvent is hexane. 15. A _nmethod cgor?i ng.to
Iclai m 13 wher ei n Bai dA posthpd asgoring o EiaimWhersia aélrf@féwaﬁ@?%itr&j rgmt e
precipitation of the purified end product and said purified end product is
t hen dri edPLC&olunmmethichdcarftainteatiesicechomumsalt prndpcttare solleaied ezanegniratesh a
paclitaxel - responsive disease condition conprising the admnistration to

sai d patigy dhéd & ppideetdnvendperagerdsi@ad.i ng anount of a 2'-oniumsalt of
;pacl i taxel having Phe foll owi ng formul a: -19- 17. A method according to

pacli taxel having f | 17. Am ._
whorain x 15 H or11p8 SREY BNl ool 1 Z R R EA BRI §

HCO[err] 20, A method according.to claim1 rej ' i Ltd on
T's sel ebrfbanef BiarEoy Pote o e sBhE el dBaRIad e MoRSTusEAgkN
iuncontrolled tissue or cellular prol i,f,erat'hon secondary to ti ssug I.njury,
\pol ycyst i additiemefa dioseraiar spiventdp areepitate t %P%ﬁﬁ%&"%%é?@ieﬁ'& RrBCEPtai m 20
‘wherein said disease is a cancer

: 14. A method according to claim 13 wherein said polar solvent is methylene

‘ chloride and said non-polar solvent is hexane.
i

15. A method according to claim 13 wherein said polar and non-polar

*_ solvents are evaporated after precipitation of the purified end product and said purified

end product is then dried.

Tt vt

16. A method of treating a mammalian patient suffering from a paclitaxel- .
responsive disease condition comprising the administration to said patient of an
effective disease treating amount of a 2'-onium salt of paclitaxel having the following

formula;

0 R O D

wherein X" is CH,S0O,", H,PO,” or HCO,".




{ N

selected fromthe group consisting of hepatocellular carcinoma, |iver

hret ast ases, Gﬁ@@g{ggzpf the gastrointestinal tract, pancreas, pcaaisdvfeasd
l'ung, and Kaposi's sarcoma. 22. A nmethod according to claim 16 wherein said
niumsalt is co- admnistered to the patient together with an effective
anount of an oral bioavailability- enharﬂcq ng agent selected fromthe group
onststing of cyclosporins A through Z, - | le-4)-cycl OSpOI’I n, dihydro

ycl.osporin A di Aydrf "WBP@@EBWdW@OaEﬁ'%&@Me@W@ﬁ A8 pdhPPA__ 23 A method
according to claim22 wherein said bioavailability enhanci ng age
sel ected from t he 1§ dumetbad ascondingto dgiot H8 pirereinA usmP(&,poru n Mm l"l!L“HI "m “ il
cyclosporin D, cyclosporin F, dihydro cyclosporin A, dihydro cyclasp

and acetyl cycl osperiA mesthdd acloni whiamc%WHwemwaGOp 22 wherein the
enhanci ng agent is adm nistered either a) about 0.5-72 hrs. before, - 20-

b) less than 0.5 A %‘:fg@tﬁo ta‘&@@r‘dhfp’ tdVeldim®is gﬂﬁigﬁhgﬂg%{%%efc%ﬂﬁﬁn iQr

c) both about O0.5- ore and again | es ore

Sal't. 25, Saleptd, 187 AP, BBSEHAG A T drRoL e b g wiqtudled

§ tissue or cellular proliferation secondary to tissue injury, polycystic kidney disease and
malaria.

21. A method according to claim 20 wherein said disease is a cancer

selected from the group consisting of hepatocellular carcinoma, liver metastases,
cancers of the gastrointestinal tract, pancreas, prostate and lung, and Kaposi's
; sarcoma.
1 22. A method according to claim 16 wherein said onium salt is co-
| administered to the patient together with an effective amount of an oral bioavailability-
enhancing agent selected from the group consisting of cyclosporins A through Z, (Me-
lle-4)-cyclosporin, dihydro cyclosporin A, dihydro cyclosporin C and acetyl cyclosporin
A.

23. A method according to claim 22 wherein said bioavailability enhancing
agent is selected from the group consisting of cyclosporin A, cyclosporin C, cyclosporin
D, cyclosporin F, dihydro cyclosporin A, dihydro cyclosporin C and acetyl cyclosporin
A

24. A method according to claim 22 wherein the enhancing agent is
administered either

a) about 0.5-72 hrs. before,




iadm ni stered to the patient orally. 26. A method according to claim16
whereih said L Lt is adm nistered to the patient intrav 7. A
‘dosage form cﬁ%%?ﬁg 2'-onium salt of paclitaxel. having the%g#%“ﬁé‘
formula: O [err] wherein Xis CHerr]SOerr] Herr]P[err]Jor HCO[err] 28. A
‘dosage formaccording to claim27 wherei20X is CHerr] S[err] -21- 29. A
dosage formaccording to claim27 wherein Xis Herr]PJerr] 30. A dosage
formaccording to clai nbpleshthas h5xri befats|togethed with/ordesatierf 05nhr.
jaccording to claim27 suitable for oral adm nistration, said dosage form

bei ng sel ected fromthe giftep qronsi sting of tablets, capsules, caplets,
gelcaps, pills, liquid solutions, suspensions or elixirs, powders,

| ozenges, micronized pagy ib@tﬁ%bagﬁo.%sf@m& sé%ﬂeva%cvag%fﬁnsg@ma??o.swosage
)formaccording to claim<27 suitable for 1ntravenous mnistration
conpri sing an aqueous sol

ton pf 1.d ani | Azdosage form
according to claim 32 Meﬁg}(ﬁes&g&@dﬁ%@hépgﬁ3@%9%13@[ gﬁgﬁsot oni c saline
‘solution or a dextrose solution, 34. A nethod of treating a manmal i an
spati ent  suf HeragginisteatiopRiithe i sllsponsi ve di sease conditions whil e
ijpreventi ng or reducing rR/per sensitivity and
] 25. method according fo claim 16 wherein said onium salt is

administered to the patient orally.

26. A method according to claim 16 wherein said onium salt is

administered to the patient intravenously.

27. A dosage form containing 2-onium salt of paclitaxel having the
following formula:

wherein X is CH,S0O,", H,PO, or HCO,™ .

28. A dosage form according to claim 27 wherein X is CH,S0,"
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allergic reactions, said nethod conprising the admnistration to the
pati ent of agy@ddisoii ve di sease-treating anount of paclitaxel p2rasmnrnusal t
according to claim4.

-21-

29. A dosage form according to claim 27 wherein X is H,PO,".

’ 30. A dosage form according to claim 27 wherein X is HCO,".

31. A dosage form according to claim 27 suitable for oral administration,
said dosage form being selected from the group consisting of tablets, capsules,
caplets, gelcaps, pills, liquid solutions, suspensions or elixits, powders, lozenges,
micronized particles and osmotic delivery systems.

32. A dosage form according to claim 27 suitable for intravenous
administration comprising an aqueous solution of said onium salt.

33. A dosage form according to claim 32 wherein said aqueous solution
is an isotonic saline solution or a dextrose solution.

34. A method of treating a mammalian patient suffering from paclitaxei-
responsive disease conditions while preventing or reducing hypersensitivity and
allergic reactions, said method comprising the administration to the patient of an

effective disease-treating amount of paclitaxel-2'-onium salt according to claim 4.

R R AR




