; ~e3eAB>4 6TBQ v % *166166* 7 March 2003 WATER SOLUBLE PRODRUGS OF
H NDERED ALCOHOLS Background of the Invention 5 1. Field of the Invention
The presen el ates to novel water-soluble prodrugs of aliphatic
or aronat | WNMH@M droxyl group contdaini ng pharnmaceutical s.

articul arl resent invention concerns novel water-soluble
phosphonooxynetﬁ 10 ethers of hindered al cohol and phenol coMesimiAes
pharmaceuticals, such as canptothecin, propofol, etoposide, Vitanmin E and
Cycl osporin A The present invention also relates to intermediates used to
create the final pr@YFERsSQRUBEE | PRADRINGS ndl cilif NRERER deei®L$Hns cont ai ni ng
the novel 15 conpounds. 2. Background Art The successful delivery of a
pharmaceutical to a patient is of critical inportance in the treatnent of
20 di sor deBscktioweudr oft hreuSevehtirany clinical drugs with known properties
islimted by their very |low water solubility. As a result of |ow water
solubility these drugs nust be fornulated in co-sol vent pharnmaceuti cal
vehi cl es, nncl ugi pagsyef agtangsendngge surfactants have been shown to 25
| ead to severe Side effects in nunans that limt the clinical safety of
these drugs andThaerrfesent hanveastoent retateyertal dbseldeﬂ‘asteﬂ:-mowrml e,
canptotheC|n natur al . uct jsolate rom.har k t Chi nese
canpt ot hecRrppBuds C2it: 3riBRATE' s uafhirs bV AR o bREaRYeo T
strong ant tohtuaDhiAagt i Vph;{rinﬁcé&’dﬂ’:alsi n vpa/ﬁtﬁ@mmﬂypdelale nclmdaigtgqﬁraj or
tunmor types such as lung, breast, ovary, pancreas, colon and Mar ch
2003 st omaéAVERREBP aRANAAFNGNAREVEk| dfbher ~ TR bR hm%nhﬂﬂ%wﬂqwl

cel | ul e opo rase | Hi ggersy a §g§gﬁge of §WE§F
Ieadl#grtogg%§g§05|gkandhggggfgﬁnedaggﬁpB&eat%naTop I soner ase | tfing
essenti al pbekwacevhipagsh ﬁ@g@nﬁﬁbtempbothhelorg@mppaﬁpdmeatbpa&hd@wion
of the top ical featu of .DNA so_t hat cell _may replicat transcri be
and repai r THEABENG § nEOHmErSACTPST TR o FPERPERE e ES P hed T oThe
serious drawbaeksoftcaipiothetidtdes Lbedveny dikbdddn trd Fahern Z:Q}dlﬂfd(jéy
For biological studies it is necessary to dissolve the conpound in a strong
or gani ¢ sof§eie LADNMEO) PR rRac e ek i ht ECPRESHE 4@Nas CRNEA3PERSi dhe Mmolen
80: sal4 &@hg ha an undesirable drug formulation for human therapy.
Recenﬁly t 0gs of canptothecin with 15 noderate water solubility have
been approved in United States for treatnent of advanced ovarian cancer
(Hycantin) ,and EolgrectaH gaEcer (Canmptosar). Other drugs, like
canpt ot hecfn, t n&; ar problens are cyclosporin A (CsA), propofol,
et oposi de and 2@nYi t aliceebsfalphastiogerher olf) . ali khaamyidieciin, (A dhas
withinits structure a sterically hindered al cohol, a secondary al cohol in

this case.PESASPE f bFrmuPht e8rihlGabr eHBPPBEFRFRL hihol thE xtkFRR LRI 7 of q 16

17 s/ N 13 S 15 42Q 12 8 1T ch120Q3 K

NH- N%—B g %Wﬁégﬁo“%\bﬁe An exarr% s% a sterical i y%ﬁlgnger eécji],:mgoor% wat er

sol ubl e ph&nowni s ppopeaftdles ansanektrneted. By of bhelr( 2yverdi i dopr opsd tpdrenol )
solubility. As a result of low water solubility these drugs

must be formulated in co-solvent pharmaceutical vehicles,
including surfactants. These surfactants have been shown to
25 lead to severe side effects in humans that 1limit the
clinical safety of these drugs and therefore the treatment

of several disorders.
For example, camptothecin is a natural product isolated
from barks of the Chinese camptotheca tree, Camptotheca
30 accuminata. It has been shown to have strong anti-tumor
activity in several in vivo animal models including major

tumor types such as lung, breast, ovary, pancreas, colon and
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Propofol is fornmulated for i.v. clinical use as a o/w 5 emul sion. Not only
is propofol poorly water soluble, but it also causes pain at the site of
injection. This pain nust be aneliorated by using |lidocaine. Due to the
fact that it is fornulated as an enulsioh, it is difficult and questionable
to add other drugs to the formulation and physical changes 10 to the
fornul ati on such as an increase _.in oil droplet size can | ead t §aFehg003

enbol i sns, SEPBACA GANER s GNGhIMe Ldigd adtie Medanafast LR 4RI ofntprdidet ol
woul d provi S dv, S. C f:Qrmil.ationtco L pl
aqueous so‘lzﬂtgi oﬁgg%g%agou%gi%ggaci)rﬁego%otl%o?tér%%edr ags%?f b?ﬁggqéfgr g%lr ug
itsel f wascpacabes®f téreeprodiagdimy e mpepipatienand progrismeld 206181

friendly, and Bi naltg t here should be no toxicity.due to the vehicle. O her
poor |y wat BPSEBr ubl EOPRTEPTRETFS hihderdd pRERGIS aTe (PESLRRT carftéh Vs ug,

et oposigle apdp¥hkapile Erfbal phRet 0609ARI DAY ioR TaEd Pries@nlat VENtSON the
provides a water soluble formof al cohol and phenol containing drugs such
" as canpt ot KeEPARCdAGapr dFFFteite Wefh s péet thitcaapt@tHecMay cerpboiirise,
according t9.hlg.phesell LOyenti gasepie phesehapesxymethyl ethers of
canptothecin in the formoft the free acid and 10 pharmaceutically
acceptabl e salts thereof. The water solubility of the acid and the salts
facilitates preparation of phagnmaceutical fofjnul aj4 ons. All of the prodrugs
according to the present ipy Lonexhibil ¢ sipdfier_water solubility
conpared to their respectivéd F 0 hods devel oped for the
conpounds of the present inyg @
ot her water insoluble nmedié} e P
hi nder ed hydroxyl groups to tHé watler ati%es. Summary of the
I nvention 20 The invention described herein i vabved! new conposi tions of
matter. The invention relates to the water sol ubl e phosphonooxynet hyl
derivatives of al cohol and ph oqnt ai Ri eutical s represented by
the general formula I: OR o%ﬂg{i’é‘gm% neé%‘p%g%rhe above formula | is
the derivative of ROH, wherein ROH represents an al cohol - or

phenol - cont ai ni drug, ,such as canpt ot heci n, propofol,, etoposjide, vitamn
£ 'and 30 cycl ospOFi nSAELPHE hETAHGIE K ol AP Boerits ot 3 niVRy
that iz at 1kRaskdl, wAtkepresenbsianyl nteger Wiolo@icald St edh 2003 25
Wen n is 2, ROH is preferably a phenol-containing pharmaceutical, such as
pr oppo)I .dAE§©S§ﬁﬁVyd'é_@l ﬁ@bs%@h’ée dridgs anﬁlmn(ti_l LA eégrg%tléoﬂi%;lr@r%%@%ot
possi bl e [ erent p u y e ;
danazol , SQ%%%}E g(s[{Moésdt}er%Iﬁe,%oi ggé&‘ﬁ?tﬁ‘gfe ZC%(? at ol‘Il q%s(’)ne. %%Iéﬂlﬁés #yglr olgnen or
an al kali meeah BOnsaidhedwhdchodisuran potdessinabler dduddifiomanorl &t jprrot Hewat ed
am ne or p{lotonat ed am no }%I dng__(r1l| anﬁgot her ]rt:harma ut i cai_)l¥ accept apl e
ration. RZ HE2Ry oy RGEFP Br WRaY rEPal *Ror°IhcUudi ig™Eba _ﬁﬁleﬁot"éjs fum
or 10 14 t hihyAeeatd Platenat ed1apiNet9r RaPéotwsah edagpide@cCi th Ory@iedt her
pharmaceutical |y acceptable ration. After intravenous or oral '
adni ni st r aftefiest Horekreatnors QfcAMW D PHRALRA ICagcercofiEeamigimack
to the par y i osphat ase. 15 Accordingly, it is
an obj ect gPEt géﬂgiggéﬁ? g%\%ﬁ?l 3%§ﬁgl¢§é\a}gpbp derivatives of water
i nsol ubl e drugsOwheeh exighi,t Jdoe actamptiofhsad nyat ethagol Hate t ysimilas
anot her object _of the present invention go gevel o(g)%ﬁg%{vrmc uti cal
conposi tio §°B1le{“ﬁes‘%r EEF1S5PABEE o dGRFdundREORGH cSEﬁPP§é§1earla%%unt
of thegonpeupdial £or Ml shd-eskbphohsrnacentdecakhpaeeaptahl e canrigys It
is another object of the present invention to develop drug derivatives
havi ng goodishabi | ity atstgMatewel s asuittesicaldy rrdklir?ﬁfrpﬂ?gr k¥ eal 2
formulatl 0ggroRh Ul SkbyngP Difaknd@nclhiey vosAndy BRYRLILAACA, &
(E;)nd! ti On'sl'h 3 p;b g;l/ath)éhait :septrrodr u?fs. {B_rl e scri lot! ond030t e

aw ngs eegoaphWorngs/e elpmégenteappl i cati on are expl ai ne as
follows: Figure 1 illustrates an in vitro enzymatic conversion of propofol
prodrug to propofol. 6 7 March 2003 Figure 2 illustrates the bl ood
concentration change of propofol with respect to tinme fromadm nistration
of the propofol prodrug or Diprivan in a dog study. Figure 3 illustrates an
in vitro enzymatic conversion 5 of canptothecin prodrug to canptothecin.
Figure 4 illustrates the correlation between plasma concentration of
canptot hecin fromthe canptothecin prodrug and from canptothecin in organic
co-solvents for a rat study) 10




Detail ed Description of the Invention In the present specification, unless
ot herwi se specified or in context, the follow ng definitions apply.
"Phosphono-" neans the group -P(0)(OH) 2 and 15 "phosphonooxynet hoxy" or
"phosphonooxynet hyl ether" means generically the group - OCHzOP(0) ( OH) 2.

"Met hylthiomethyl" refers to the group -CHZSCH3. The present invention also
enconpasses conpounds wherein n=2 such that a "phosphonodi ( oxk Hefy[Po3

et her" generically neans the group 2 0 - 20CH20 P ( O0) ( OH) 2 .
"Canpt ot heci n noi ety” denotes noi ety contaflning the twenty carbon
canptothecin core framework including two fitrogen atons and four oxygen
atons as represented by the structural for a shown below with the

absol ute 25 configuration. 0 9 75 4 ~ 16 17|10 /~8/~6/~..~ ~ 14 11 ~ 13 N
2 3~ 15 20 12 1 Q19 OH |l a The nunberi ngHBYyst shown above is one used in
conventi onal canptothecin deriVﬁiﬂye ol | owed t hroughout the 7 7

March 2003 application. For exanple tlhe nofati C20 refers to the carbon
atom | abel ed as "20". "Canptofhecy ers to a compound havi ng

t he basic canptothecin core frane i s{|to be understood 5 that
canpt ot heci n anal ogues enconp@ss c ourdis i @cluding but not limted to the
foll ow ng conpounds: Topot ecan, idable from Sm thKline Beecham

I rinotecan (CPT-11), avail able from Pharmacia & Upjohn, 9-Am nocanpt ot hecin
(9AC), 9-Nitrocanptothecin (9NC), “WchasPaqen Bvailable from 10 d axo
Vel | cone, and DX-8951f (the previous six canptothecin anol ogues are
currently under clinical investigation and are described in a review
conduct ed by thgnPagkhing1¥esbr Cancest&pnea BLy hai sghdyed) aigsoMponad b r

( Decenber 1997%. Additional ly, several other non-limting Canptothecin 15
anal ogues @RiehlarehpBpéi ASi REBPPEPAL e@NbyNeEtBEBREGe are di scl osed by
Sawada et al., Current Pharmaceutical Design, Vol. I, No. 1, pp 113-132, as
well as United States Patents Nos. 5,646,159, 5,559,235, 5,401, 747,

5,364, 858, 5,342,947, 5,244,903, 5,180y722, 5,122,606, 5,122,526,

5,106, 742, 20 5, 053, 512, 5, 049, 668,\4. 981, 968 and 4, 894, 456.

Several pharmaceutical conpounds incluging their respective derivatives of

canpt ot hecin contain nore than one/“lnioxyl group, for exanple

10- hydr oxycanpt ot heci n, topotecan @nd Sevepal others listed in the above
references. 25 It is herein understQod/that the present invention may be
applied to nore than one hydroxyl groufN. This may be acconplished by
protecting the additional hydroxyl group—pfior to derivatization.
"Phosphono protecting groups” neans nofeties, which can 30 by enployed to
bl ock or protect the phosphono functional group. Preferably, such
protecting groups are those that n_be, renoved met hQds that do not
appreci ably affect the ?@%%fQ#EE:hg?h%TgﬁthprgﬁVﬁgﬁﬁ Og osphonooxy
protecting 8 7 March 2003 groups include for exanple benzyl (denoted by
"Bn"), tbutyl, and allyl groups. "Pharmaceutically acceptable salt" neans a
metal or an am Reopakblofis htomtilktcedphdsphane.graumiicaiwhisd tbe acadfwn 5
does not contribute significantly to the toxicity or biolqggical activity of
the actd veSBBAPOARd. N8 PAWiYe HfetRFCRAFTL Pﬂ%FLHeWPFFﬁiﬁﬁﬁ b&@as§45nlt
sodi um cah¢kdMeaRakkURL | RRGRETHEMs iZicNGf ARG AUBMUMLSA thi Phgfar ned
salts are sodium and potassiumsalts. Suitabl’e amnes salts are for 10
exanpl e, apmehiaratedmdtvhaming iidechim®l aRbfAe toetthd ehedt avhas, it is

gl ucam ne, fgl}:\qﬁ'igyegl lé%argnne?m@iélc e i\l:yglsn%,’if%rircl:lutllgI S ac%@e'sr%foenable

et hanol ami né; 10 nane but 'a Tew Preferred amné salts are 1Vysine,

argi ni ne, bhoetdayd ghtlesm deugandot rdret harmnka sbbit SandlS phiystifea 1s peeaigeat | on
and in the clainms, the term-0OCHZOP(0)(OH) 2 is intended to encanpass, both
the fridb atPdtifd S bRl eBEFR aPPy 3l CEHERARE sttt 811luRirePd atheS kot ext

i ndi cates gpgcifigdl lvn t Raing henbb@esAs d Leci ntendedy 0 We1as5PECta i the
present invention provides foor derivatives of alcohol and phenol contai ning

phar maceut Fbamscaglyhewable frordnug |of ROPP OO P~-BRULA FORY iifen &7l

derivative rding toe.f I e pr d,accor di, to
Fenct on' <e80ERCaTERaun PO Renko PG EoR BBRLEC 1008 KRB0 ddeys
0- 0"SMe ~ RO1QLOPLOHIY) 2 cbllld Vbe admixed with other drugs. If the

15 prodrug itself was painless, the prodrug may be more patient

=



~OMOP(QZ2) (QZ) Il wherein ROH represents an al cohol - or phenol - cont ai ni ng
drug, such as canptothecin, propofol, etoposide, vitamn E, 5 cyclosporin
A It is to be understood that the above pathway is just one of several

al ternate pat hways. These alternate pathhays w |l becone evident upon
review of the follow ng disclosure and exanples. An exanple of the above
Schenme 1 can be jllustrated 1(l)¥usi ng the conpound canpt.othecinMa¥¢h 2803 o be

under st ood ¥ h&Rdt Kesandchénad Lyr ENgpHI SRRMILE £ FondPXdGHITUIRE et dfifassed
by formul ayLpofithe gresentoddwment k@RerSUSB1881600SE L1 L0 @bV dered
Accordingly, another aspect of the present invenfion provides canptothecin
derivati vephehols awor theg anmticamegm Krug) /efopdsidep ahdd ¥Deombnh & O
Z+ B whi ch(i gcbugg thehf ]r:%; acid wherein Z is hydrogen and pharmaceutically
accept abl e (85PPE FREPEBP Whérein Z is netal 10 7 March 2003 or anmi ne.
Alternagively, TRemplraskhti nclwees i aedalsi erge datsrnmebauboe &asre dh

bot h occurrences. The preferred pharnmaceutically acceptable salts of a
conpound oflfBRfiil 4nF| PREBCA| KEPtadAiNg IFReIgSdiSHED idthi RRP B s iim anthd
pot assi um sabhsand §Ihe SAldeed nch udbngebehsbii| ahpo bidClhAnal Al e,

et hanol am ne, “argi nine, |lysine and N-nethyl glucam ne salts. The nost
preferred tobddieraptssefit canpeotherosn adar i placsyesnodxynethyh Ekhews| ude t he
foll owi ng co upds: .10 (20)-0;:phosphonooxynet hyl.canpt ot hecin, (20)-0
phosphonooﬁ?ﬂggﬂgggﬁwt ot hBci nt no-P%Fmdi -‘ggdi uriSal t,Pree beid®) aha

(20) - O-phogpheneesyaBERY ] ganpi etdeeal IONG At di - pAkassiFUm sahé, water

(20) - 0- phosphonooxynet hyl canpt ot heci n nono- or diarginine salt, .

(20) - 0- phosphBRdsk i HePhy LEEMECiChedich thenSatls orfafill fAtfs fiqparation
(20) - 0- phospho l; t dlfﬁﬁi J. or dj hyl,glucalm t
and (20)-O%Eosgﬁgﬁﬁgﬁ?%ﬁﬁéﬁaﬁ%t ot l(raém n (r%o'no- o}r)‘lgli- ITtSIE_:I ett%aenolaéal'gréﬁr?\re alt.
Conmpounds etcbodimba Hd thy lerewepar edvdntéotl yexhridmt20sopaptiorhecdrer
(shown as - according to the reactioon sequence shown in Schene 2:_Schene
B o O - BOReRR G bRaeg Ry FH4T —BEOPECE Y By PP | SPO9T - i ch
2003 A zxonpedRddsf dteemybad! Fbr( RkhyompicamrishWt atherrdEviet iigrantmesn be
prepared by treating canptothecin with di nmethyl sul foxide/acetic

anhydri de/ geet e atseful nfereconvengionepisHeany i AtBeRematR2r tinswluble

met hyl t hi o ay,l: her, .i on ; t - rre ndj .qtf e
phosphonooﬁ%%%%ﬁ??iet hgsﬁf%orrégﬁltﬁg@of %fltc}?)?rrlﬁlccgcl W%T%fyqagl;gccgﬁgﬁesﬂee% by
treati ng thedbbiyet beoupst hoNkchdosaternanidelandepivbettes. phosphat e

HOP(0) (OR)Z. In the third step, the phosphono protecting groups are renoved
to 10 provide a conmpound of forrmula Il. For exanple, a suitable phosphono
prot ecti ngs@hRAHPS) ofSthRBeNZNchBabnmay be renoved by catal ytic

hydr oenol ysTs. The general process of Scheme 2 for the preparation of a
conpotf of for®lPa | invemriopart HegFatPgdexetigired | ANYS1%ERene W 12

Scheme 3 / bmposhilons' ¥ GdH MBOAC2AAeH ior/ reidlds "td the water

soluble phosphonooxymethyl derivatives of alcohol and phenol

containing pharmaceuticals represented by the general

formula I:

0
I 1
R—0J/ _O P<OR I
ORZ | .
n

The above formula I is the derivative of ROH, wherein

25

ROH represents an alcohol- or phenol-containing drug, such
as camptothecin, propofol, etoposide, vitamin E and
30 cyclosporin A. In the above formula I, m represents an

integer that is at least 1, n represents an integer of 1 or



NOr;; ~OSCHB NS/HOP(OR)Zz/ / \ ~~\V NV~ ~00~-ORRif R = PhCH
and Z=HH2/Pd\ / ~\ \NOOP-OZ+ p Z 111 IV 11 7 March 2003 In the
first step, the free hydroxy group of the canptothecin is converted to the
correspondi ng net hyl t hi onmet hyl ether (-CCH2SCH3) group. This conversion may
be acconplished by reaction wth dinmethylsul foxide in the 13 7 March 2003
presence of acetic anhydride and acetic acid. This nethod, coh¥enaty 2RPdwn

as the Punder rd&RE&N oR wks JuccBOBf 1§y Pasfleredlyy &rirkhemeantaqind for
t hyl t hi W] t .-36049 ,
B 001 g. Nedb BReRr L erE o8 1o ar b0} PRSEeaas Euras pat ThASE) R TS

reaction idrugealfior cahickd iouiectalrleomtbenperatair eptanbfxirb 2- ddehaur s to
produce the _nethylthionmethyl ether. In _the second step of the reactiaon
Sequence, ERBL 0 RBCHGNENPRRE: ARt e 1 Konor s a o A HRor S SEHH ng
protectzd pheapheasexyiBEbik, eibgbquinbs URH! 2KBONGUERBYERSI N MaSrogen
successfully applied bi.BrlstoI-Nyers Squi bb for phosphonooxynethyl ati on of
taxol (Eur@p. Pab. 08b4810A1MeBRbOr FoONEdI THEWILRY t . STIER7, 1996)SS THUs, OB
compound 0f ; {g: f,Qr ’P};U 2, | ga.'rolt%n%ft%ﬁt edd o 'ﬁ%%%% Cr-_'e’&a”érﬁfnéng.cﬁrgm ted
phosphoric acId such as I'benzyl” phosphate. The reaction 1s carriéd out in
an inert oaggnotheal werirmueentdsatldyr avopafailan crnd dral ®feniat edydrogen

hydr ocar bon such as hyl ene chloride,and in the presence of np]ecul ar
o) eves  200Reatti oRLIELar FREAL ouf OBt HaoM S Eiber S0t ats N RRIATREIHI fHle

and prig ect edhpPRASRRONE Gorafi shAl & Uskthd No£XgepF ok 3nateaUiayan@Ntanid eative
to the nmethylthionethyl '‘ether. In the third step of the reaction sequence,
t he 25 phospHonoopherect Phgrgroaptiagely envyederiitel elebl @xkion. | s After
acconpli sh venti gnal ods : .1n the t such. jd- or
base-catal;gggxﬁéggggysig? hyg?%geno?§§%éf5?%%%%%$bn, %ﬁ%itré?{%igkl dg
exanpl e, catabytiiaghyts oderalnsi SIcardecoasdrtedr emmyle the brRezywarent
phosphono 30 protectin roup. Deprotecting methodol ogi es nmay be found in
standard t&8xt€s QMCHY§g°$Y9&SG?8€ °5n8h9$€gﬂFa9®tz, Protective groups in
organi s syt hesi ﬁccérd%b?%, pull i sheps, &Ng‘@c\éoré»‘f BiYe %&%%enl%p-irf‘ae'&gion 14
7 March 2003 The base salts of a conpound of formula I'l may be fornmed by
conventi on&p t denerilgpes demigiatiiNgscomfactwatgra covgeowid eof dwrgaul awhictiree

idwth i i ne, ' l e. | b i nclud
ﬁ;hro¥1gesgxgﬁgg#bgﬁégegggﬁ%ggyggFgonggggSgéiggﬁ?h Egotaggﬁﬁn;nfighﬁunl

cal cium bariunrtmageesatethécnCobfadt al offi ntie asce sent abievemi nes el ude
triethylam ne, amonia, |ysine, arginine, Nnethylglucanm ne, ethanol am ne,
procai ne, BENZ4PRI MhaMATEIAACH neCMPPaRbt PRI RE (TGS, Yehrsr ot Btd e,
cholingy 10.6behhano! aphfien tddmelianal aghne,andnt hed i k@e ThEMBASRASAE S
may be furthef purified by chromatography fol [ owed by |'yophilization or
crystal | i zarrmnlaCénpodndspbirmheeptésantyi aveaptahlar eaphbsphonooxynet hyl
et her pharmaceuticals such,as_15 canpt ot heci propofol.. efoposide

t ocopherol , etc&kThésphﬁpﬁﬁssﬁti8§P$§£ac% ptg%?e %%&?e?%rn%ng E%ﬁ? to

i nproved wakeelspl dhidg tdeovert iparLttaenipoyods shabebytgl aawWply I®vels
conveni ent pharmaceutical formul ati ons. Wthout being bound by theory, it

i s bel i eve@UthaPlehd ophFesicito SORRBARAY tetRer sfoz@lﬂfagttlr?élspr Hnt Wikt i on
are progrugsegl tReyRar e RhAAITRGHICAlSh Jd18 RNASRNON G st fbd s i @d Y
bei ng cl eaved upon contact with phosphatase in vivo to generate

subsequent ppteheipadgnectoaponpnddragsshown above, conpounds of the instant
invention are effective pharmaceutical or 25 therapeutic agents. For
exanpl e, conmpounds of fornmula Il of the present invention nmay be used in a
manner si nBkaert pekbat pdficaafpt ehBedrBwidge structure of the canptothecin
prodrug is shown above. Therefore, an oncologist_skilled in the art of 30
cancer treat menEhfi 19raE g eOf o tASc teiNt WAPROLEA Lihelie 28D FREMIRRT on,
an appg@prggt@o&&g@%qent protocol for adm nistering a conpound of the
present invention. The dosage, node and schedul e of adm nistration of
conpounds of thFsgumeerit i bhlaserabes pant i tul giEyor estzyimetted, eonmvewsion 15
7 March 2003 var ith th articul ar conpound enpl oyed. Thus a conpound of
t he fornul8§lPrﬁé9%%i B&ﬁgﬁugt&8t85°€P§°§Ey sui tabl e route of

adm ni stration, preferable parenterally; the dosage may be, for exanple, in
the range of about 0.1 to about 100 5 ng/kg of body weight, or about 5 to

500 ng/ n2. Conpounds of formula Il may al so be adm nistrated orally; oral
dosage may be in the range of about 5 to about 500 ng/ kg of body weight.
The actual dose used will vary according to the particular conposition of

formul ated, the route of 10 administration, and the particular site, host
and type of tunor being treated. Many factors that nodify the action of the
drug will be taken into account in determning the dosage including age,

Y



15 Anot her exanple is the propofol prodrug according to formula I of the
present invention. The structure of the propofol prodrug is shown below. O
O~-0~P O Z+ \ /| o0z Propofol Prodrug 20 In the above formula for the propofol
prodrug, Z is the sane as defined above §for formula Il. Therefore, an
anest hesi ol ogi st skilled in the art of anesthesia will be able to
ascertain, w thout undue experinentation, an 25 appropriate t 8af¢espf03

protocol for adhi@iseerdi idlasdgi@indhs pheodr esBRENEHIEAPNOFhaTWE dsage,

mode and Sﬁ?SﬁHk?lewia%m %gbééft' Ay, Of sGAMPAUGAS Qftfist JAURR | 8B gk not

particularty restricted, and™w Il vary wth the particular conpound

enpl oyed. Fhopofalcpnpdund of Doprivan? isuch drsy stifily?. March 2003 the

pr opof ol prodrug,na¥ bgbad j ni stered via any sgitable rogte of .

B ni stration, FBPATEr Aol Yl PAFERTET R ): Ehev UbEagE RTobeC [ SER A, i n

the range gt BLamptotABcHH/ Kgoadayntst eaggta€ROEGhNg to procedures for

i nduction of 5 general anesthesia or maintenance of general anesthesia.

Al ternatively, Fheugdnpburd BisTFatAfl athemgobecddhiansteededy purasnar al

i nfusi on, . NRY : HURLE £ 8t r ~g/k '

800~g/kg/n%§ﬁg ﬁ?%?g g?eg aé%éﬁglng torgr%%e u?gg ?%%5§§%#%§%gn éﬂ%¥kJé)

general 10aadesfhesi agampidileddcion and maigahdrance-eblivAGtsedAdbrona orrat

initiation and mai ntenance of | CU sedation. The present invention also

provi des pﬁEP ceutical conmpositions containing a pharmaceutically

ef fectjgre amount of conpound of formula I in conbination with one or nore

15 pharmaceutically acceptable carriers, excipients, diluents or adjuvants.

For exanpl BetabhpduRegscatipthenppésbhe Inventieon may be fornulated in the

formof tabletsy,pillg, POMPEL.ML X! Uigs. s £aPSU &8, | NLERIAD! es,cpalitdons,

suppositories, enulsions, drspersions, food premXx, and 1n 20 other

sui tabl e fepasifibdyomaynaktsntbetpanhéatdlleding daéifbtons speivie solid

conpositions, for exanple, freezedried agg, i f desired, _copbined with other
ch

phar maceut i cal | yPReEBRPEBre exdi§ithts. t HIGH conpbéPlilBHs2can 3

recon%&stuhgﬁogbhenggﬁyméehwayer,ophys¢ﬁé§9h&ﬁ$o§ ¢ 1 Ofeheo Mpddpe of
wat er and an organi c soOlvent, “such as propyl ene glycol, ethanol, and the

i ke, or soepevtihailytethke inpeapt ablOE€HA@EL QM Oiihedi diMd thibleflorenarde ot
parenteral administration. Typica har eutical ly acceptable carriers
are, 30 fof° §5ﬁpﬁ§f ﬁaﬁiﬁH%%Hhregﬁ&%ggfragggelé%%%?%%:n Hygggﬁgpnda§ﬁbars,
pot at 0 andeflBb#pasSkasChampsmgneswviarat aarmaie, shahc, thegebablghadpisono-

pol yal kyl ene gl ycols, _eth cel | ul ose, Eolyvinyl-gﬁrrolidone), cal ci um

I
car bonat e, dé{AFYBEERYE) P£86F6p9ﬁnﬁ§FF§ aYeMepBaziPepe8hR2BRt e, sodi um
carbong e, —ochfodu My @) @R083.9el atin, potassium carbonate, silicic acid.
The pharnaceuti cal preparation may al so contain non toxic auxiliary
subst ances such"@smptokbefyhngnopeeyér viegoteet thaietygementaininge thke as
for exanpl sorbitan, 5 nonol aurate,.friethano 1 ne ol eat e .
ol yoxyet h P EREY ToRBEPasy atarEhP EREFI (FPRaI i (A EoRh oct i abtigm tve
sul f osucci pateogand dtatnd ided Fouthexigkehow tighexper reppeaknpeacedurigss all
tenperatures are understood to be in Centigrade (C), when not 10 specifi ed.
The nucl eaPtREGRBERE r eSOREHEE ( NFRPYSpectdioWcharddteri dthts ral1qitis
chem ocad SQEBF§ Q@%t?é ressed in parts per mllion (ppm versus
t et ranet hyl si aﬁe TM5) as reference standard. The rel ative area reported
for the various shifts in the proton NVR spegfral data corresponds 15 to
t he nunber of hydrogen atons o§ a partigul ar |[f unct4 onal type in the
nol ecul e. The nature of theg, shi S 1B N J 'tg is reported as broad
singlet (bs), broad doubl et / broad quartet (bq),
singlet (s), multiplet (m, 1 (@)l 20 triplet (t),
doubl et of doubl et (dd), doubRef1DYyTPipl et Rdtlp) doubl et of quartet
(dg). The solvents enployed fof taking NWR spec\facﬁie acet one- d6
(deuterated acetone) DVMSQd6 (perdeuterodi met Wyl ddl f'oxi de), D20 (deuterated
wat er), CDCl1l3 (deuterochloroform and other conventional deuterated 25
sol vents. THe abREEY:AL QRS tURCAHRGHEIAb AL IGOMHRNI Nl 1 Rhbseyd A Ss1
wi dely enmployed 1n the“art. Some of which are: MS (mass spectronetry); HRVS
(hi gh resokampbnthasénspderivaeivey; And adet yEpllphedphehybyghtunB (flsst
atom 30 bonbardnent); mn (mnute); h or hrs (hour(s)); NS
(Ni odosucci ni mi de); DWVSO (di net hyl sul foxide); THF (tetrahydrofuran). The
foll owi ng exanples are provided to illustrate the synthesis of
representative conpounds of the instant 18 5 10 7 March 2003 invention
and are not to be construed as limting the scope of the invention in any
manner. One skilled in the art will be able to adapt these nethods, w thout
undue experinentation, to the synthesis of conpounds within the scope of




15 To a stirred suspension of sodiumhydride (150 ng, 6.2 mml) in dry HVWPA
(10 nm.), kept under an argon atnosphere, was added dropw se propofol (1.1
m. of 97% 5.7 mml) over 15 mnutes. The reaction m xture was then stirred
at room 19 7 March 2003 tenperature fof an additional 30 mnutes. To this
m xture was added dropwi se chl oronet hyl nethyl sulfide (550 ~1 of 95% 6.2
mol ) and then stirred at roomtenperature. After 20 hours, th#2f&aéfidn

M xt ure wadPPaiERELBRed WP¥ h taMRiengthehet il ot &2q 16eFEF SanBiobeiene
(20 mb). T e I s.sepapated and extracted with benzene (10
m.). The bgﬁgggg ??grgt ?%%él%rgio%‘gl ned, washed with water (2 x 3 nlL),
dried over sodlUﬁamptbaheplandne&agueétedfamdetoredumm@qmm&ﬂunangﬂuhe

resul ting resi dye .subj ect eg to coI é[q:lchro Si | |
ORI T Bl A s oo ERRFYOBR g v e astand e
title ozprrpeHae aéaﬁp@@mééﬂﬁs amalo eMS chMbshpalkz 8&%0\11&&&!%&&11%%
CDC13, b): 4 (d 9 Hz, 12 37 15 (s 3H) 3.37 (hept, J = 6.

9 Hz, 2H) bun I%t(sllrw;)ed 1o 1bhes, fq_’lH)OWlIBI: NRRPCRSAREL dtmcgce@n,

é? A(:}Ochlzgr%rgre %gppr opo? ?nz %%65%25#%5# AItl r rede%oaoq utf on n#ﬂea >

0- net hylthaoaﬁlhwprorﬂﬁm 2h4{hdfiaqg, k2. 5memmln), | o -thnyi et dnyd tesiehediror i de
30 L d t h d 1M sol ut f_SQzC12
o dry et RgPGhe. SHNGEFAE MBS CENRELA AN Cho G att 150 ver s PRI o8 The
reactign ngxhybe weas cphdd, ! &thd 0hx189 51 AUl Ehe Fr%916u|¥msclb< 20 st idei sane

tenperature and then for ‘three hours at room enperature. The sol vent was
evapor at edanadegueedaced cprresnlidy amderhes limawa lr @mmlqaulamﬁrm;raﬁe ed

by flash cqlumm r,onmat ogr aph I |, hexan [ te

t)c/) gi VZ 2. §8%§r€.§ rr?leI%) 28 }(?&ZI t;nt%?ézggorrpb un %‘aég (EgﬂFow 0|tl SC%%EP )

(1NI2—L;,)(;I [?/Eﬁn?nb?tﬂaﬁed[ W+thl3k¢5mgganaﬂé (ﬂ:blcémwﬁegsmga)cwis C8D)C£ gg) ;
e = S

26.84, 83. 34IO 18gd4sionally, 9%"6@%) °t§‘e§5 170_“151(-1%%11& G h R 5

124. 345 123n890qghéd. 3\5‘h1é}9 a%ént H@§b§n0f1r§% O’Eaé/’ml*@féi?éﬁ@@f OAre
di benzyl ester ?route 1) + Bn C1 O OBn 98% O O-O-P OB

OBn A mi xt dnec@bse)dctmorswmql prtopi)lrol (Sarzeng Pharmapsiu)t i ced swde%gn,
di benzyl phgsphate g, ) and t ol uen refl uxed
under an a? Eh ;Lt'n&)\]gphglre ?%rlggnﬁ%ﬂjt eg. v %pié %%xtﬁlﬁge&zgt(%ﬁs\é\? ST o

roomterrpenabur&s ayk fidd.eredssgf2e5, t be4s0l, ven, \§3s cayRBAratRM4n, YALUO,
the oily residue was purlfl ed by silica gel flash colum 20 chronat_é4qraphy

(9: 1 hexanérétRyPOdcet a? el @hd’¢hen P/l Aebdfe/ et Ryl2dcetlre) 2ot QpnEddr 43 g

(98% yiﬁdlaﬂgiﬁst Beoti &l 84608RQUNY 3§1a0%8l Low @i bosChle (NH3): [MH +, nlz
469, ifs 288 31 7' NBreh 30031H NVR (300" MHz, CDC13,8):1.17
(d,J = 6.8 Hz, $2Hpral. 33pkepnacgutiBadHz, cOkrposndy(d, iﬂchiderchz Qf&mr 5.01
(d, J- 7.8 Hz 7.12

SR (75ﬁﬁfbef€§§e g5 r19531585° o i ot gt o adiengy i d gl one
| 24. 07, 125n§ard29170, difuphd, 186r42, Bdbuple 141160 udodcahs: oSydd hesi s

of C)phosphonooxynethylpropofol di benzyl ester (alternate route-1): / O'SMe
SO topotecan and several others listed in the above referénces.

25 It is herein understood that the present invention may be
applied to more than one hydroxyl group. This may be
accomplished by protecting the additional hydroxyl group
prior to derivatization.

"Phosphono protecting groups" means moieties, which can

30 by employed to block or protect the phosphono functional

group. Preferably, such protecting groups are those that can

be removed by methods that do not appreciably affect the

rest of the molecule. Suitable phosphonooxy protecting



Ol 1 A+ OGP~ 0Bn OBn 8% (tw steps) O ~P~ OBn OBn To a stirred solution
of O-net hylthi onet hyl propofol 10 (1.45 g, 6.08 mmol) in dry nethyl ene
chloride (15 nL) under an argon atnosphere at 0-5C was added a 1M sol ution
of SA2C12 in dry nmethylene chloride (6.5 nlL, 6.5 mmol) over five m nutes.
The reaction m xture was stirred for 10 mnutes at 5C and three hours at
roomtenperature . Then the solvent was 15 evaporated under rle¥ggedd2003
pressure. TJheUPEsiki@iuds | fRgs 8r3BBLIedPFM2Y bl USTRALASS- BYadeBn2D, nbs
silver di h 3 9.1 mmol) was added, and the resulting

m xture mgg r * ugg ?%$y£5gg$% fes. The brown reaction mxture was cool ed
down to roon1tehﬁbaamaceuandaBDyfabtepédblAfﬁ@ﬂtﬂhmmﬁﬂwemtmamalemapanated
in vacuo, the 0|I esi.d urif silica gel flash colum .

chr ot ogr B8RS ( BH1ERBE aliBPerryPLEc BhEEE P e 470 E o AR 1S ERRLAY) o
give 2.1 goé85snyiel Qormfrithe e i td Byrciompauiich Bs eoyethew @blkicikiys pyroduct
had the sane Rf (TLC) 25 and 1H NWR spectrum (300 MHz, CDC13) as an

aut hent i c Bhpbpeical aghiyity 16f 2bhes artNmicchCamRRING. SyAthbiEs msftal

O D on SR YRR oL oS, (YA HIRL s ) s I
steps) To maghesied, suspen5|andofakmﬂ1mwmhyﬂ£Mﬂe (@IeﬂgrmédGOsaHtspen&:on

I |, 1. d t hox d
At mospher cS WS UBAAE PORSPSLBr SPOTar (DOUAAT D 270551 4 troFFeOVE S

m nut e angxéxﬁﬁléﬁsm ti BemBhXRYre wa&r%trdertmehlfn@r an aqdiitdto1bmiAdut es.
The resul ting honbgeneous sol ution was added dropmnse to a stirred solution
of chlor0|éﬁbﬁéﬁh9 eanine, m, 953caMBIG/ i n Mmeth Yt Htsgreifane (A yaidnever
15 m nutesy Xt yr. oSt h S il tgrged,, and
t hen the soY\;/-gfril %q’i%%ﬁeégcesé flmﬁll or o%%lggné %a%%g(/\e?eég e\rllgénor k? 4g aThe

r esi dual oféwwasahaﬂaﬂnadj|amiméueseltHPL@ﬂy%uﬂysﬂﬁbni)aramnﬁhes SQLutlon

was added silvei glbenz phosphat e é400 mol ), and the resulting
m xture waBStBY {9 %aamb €1 020 nbF SRS tpe etﬁ%lF%actlon m xture was cool ed

down ﬁQsr00”1teﬁﬁefﬁéUéﬁeéﬂéléhtiéﬁegndtDﬁ §HéV€D£1M§S eNapesahed in vacuo.
The oily residue was purified by silica ge [ash col um chr omat ogr aphy
(9:1 hexaneﬁD@tIiQ/Er QicEhltze mdlmh@mdqdlthemm@ﬂr@taWI bmél atk$ tfoegi wwcizD5 ny

(42~ yield t|tIe co I} 0, produ t had the
sane Rf (T%%? % spe I%ﬁ%% (K)%%%é %iﬁ%%) § " autheftic sgﬁ%le
Furt her tchhEeﬂbOV&nH&&GtE@nIspdﬁﬂﬂﬂﬂdkﬂﬁarthﬁﬁ Zﬁhét fFeegndercstdood & hat
ot her reagents may be used dependi ng on the desired conpound. For exanpl e,
when, a comPb®Rd®8f fornula | wherein n=2 is desired, the chl oroi odonet hane
may b%MﬁUbSt'tuéﬁg Whk eétCOBEOU@ﬂeSU%Qe%%n% CH%v%n@H%nC1prV¥6@§1>%d§ a
good | eavi ng grou 3 March 2003°5 10 15 20 Ic. Synthesis of
Ophosphon@@)@ﬁ@tg‘fﬁpr@éoﬁébobp@eﬁm phenel (CEnterimding mdmmaeutd @isve +
HOP OBn CBn 67 / kop ~CBn To a stirred solution of

0- nethylthlon%?%prropo?o? % hg, 0.38 nmmol) in dry nethylene chloride (2
m.) under an argon at nosphere werge- added omdere activated 4~ nol ecul ar
sieves (100 ng), and then a sol utjon of d Ip osphate (127 ng, 0.45
mmol ) and N-iodosuccinimde (1G2 | )Tin tetrahydrofuran
(2 mL). The reaction m xture was red) at erature for one hour,
filtered, and diluted wth nethyl chl é%lde (3 ). The resulting

sol ution was washed with a solution of sodiumthiosulfate (2 nL of a 1M
solution), a saturated solution of sodium bicarbonate (3 nm.), brine (5 nL),
dried %ver a nlyﬁﬁréeéﬂv§66Nﬁﬁl§quﬁ9§W%KFQnﬁﬁﬁﬁ#¥ﬁnEupﬁat@efHHQRﬁﬁﬁﬁ and
concentr at u i p ed b cqa.gel flash
col um chr%gg?ga¥gg Qo(gﬁg ﬁ%égﬁé 2 ﬁgﬁuﬁﬁé?a%%§&?ogﬁ|%%ﬁ% % %g (67% yi el d)
of the title conmpound as a yellom10|l Thi s product had the same Rf (TLC)
and 1H NMR spectrum (300 MHz, CDC13) as an authentic sanple. 25

30



24 5 10 15 7 March 2003 Ic. Synthesis of O phosphonooxynet hyl propof ol

di benzyl ester Ol | OH+ CI1~0O- P OBn NaOH, Bu 4 N+ Br OBn 45% (alternate
route-4): Ol | P~ OBn OBn To a solution of propofol (38 ng of 97% O0.21
mml) in nethylene chloride (1 nL) was added tetrabutyl ammoni um broni de (10
ng, 0.03 nmmol) and a solution of sodium hydroxide (40 ng, 1 nmmol) in water
(0.2 nL). The heterogeneous mixture was stirred for 15 mi nut &sMaqheR0@3

sol uti on ofCR®PRrbnet hyl di benzyl phosphate (104 ng, 0.32 mmol) in methyl ene
chloride (1 nL) was added and the reaction m xture was stirred vigorously

for eight hours he .m xtunpe @_tohéh\ il uted J\@j 5&111 I hl oride (10
m.), washed wit%é{](z mL) ,~dried osf%er sodi ussulf at ,P?&??@éred, and

evaporated in vacuo. The oily residile was purified byvsilica gel flash

col um chr omat ogr aphy (hexane, 20:1 hexane/ethyl acetate, and 10:1

hexane/ et hyl acetate) to give 44 ng (45% yield) of the title conpound as a
yellow oil. This product had the sane Rf (TLC) and 1H|NMR spectrum (300
MHz, CDC13) as an authentic sanple. Further to the abgove reaction Ic
(alternate route-4) it is to be understood that the r¢agent: O C |1~0O-P ~Bn
OBn 20 25 7 March 2003 cw he 'ge*@g' ed by the foll ow ng
formula: 3 ~P-OCOY R4 O OYerei n (sz(pg)s(ents a | eaving group, R3 and R4
are each a hydrogen atom an organig group or an inorganic group and Y 5 is
a phosphate protecting group. Exanples of |eaving groups include chlorine,
brom ne, iodine, tosylate or any other suitable |eaving group. Exanples of
phosphat e phetethi NRO|r otsré sehtusle gt otelntogl -gr aups gdheaio lt-eygrraaimilng

bl ock the reactivity of the phosphate grou nd permt selective 10

di spl acemeRtY%i t §UFRe afuct trﬁqsrreccnd?'spﬂ’ﬁ‘&gﬂgﬂ' r 85EPPBAIC EX YyPEL Mo fErsuch

bl ocki g grpEPSshHeiden but ake not {4 mgeedyhachanayl, ahhy! . ther tdve
butyl and isopropyl, ethyl and (3cyanoethyl. 15 lc. Synthesis of

O phosphonpakiywy hyilspr 0pdt obngi shzgevesabr alileraatgt e0atdmays): Ghes® O _
I I O Na+_+ ~pP~ P~ o / O-P= B n. 1o a Stirr
suspensi ona%Fggrg%Fgm a%]ﬁagg?‘ﬁ%l%g\ogfogew&ﬁ?%&erg S%irne‘fﬁeﬁﬂeréf c}-‘?\de
0.91 mmol ) foblowyndi desbbayetbaned (xamplemder an argon at nosphere was

added 20 dropw se propof.ol §172 ~.1 of 97% 0.90 mml) over five m nutes.
The resul ting mMRt FERRAS sPfr idd af‘b?B%mS?tcé‘r?ﬁ@r at ur@T¥ oPeart R tLahed 20

mnut g TQsiNE WRd UESmYBSnd henAdRe 16 SOl utd ops oft f opgal defwds o4
bi s(di benzyl phosphono) acetal (500 ng, 0.88 nmmol) in dry 26 5 10 7 March
2003 di et bbby et hhree( 3 sdhemeFhe amctappl hixible e Was stihered campaourds

tenperature fgr 20 hgugs afnod I&utlean t 0%‘ f or 2.35 our s, Tge m'xturgl was
then filteFea GRa°tHe &8 vent™was vggor Fed i T Vhcud" Y Thet B v SPEST dife was
purified byhsséi caigeedf | alsbiveol umdcshd Digl por eyt HdreXadshedd: bf the
hexane/ et hyl acetate, and then 1:1 hexane/ et h%/l acetate) to give 29 ng (7%
yield) of PRESENE| e 10YRPGERE aPPYdaow FPPLIHReCHR odHEE INAGIVRE sdhe R

(TLC) 13nd AELOMR speebr ¥8h3P9 Mz, CDC13) as an authentic sanple. Id.
Synt hesi s of O phoSphoaooxynet hyl propofol: O ~P~ OBn H2 Pd / C O O OBn 15

o7+

which include the free acid wherein Z is hydrogen and

pharmaceutically acceptable salts thereof wherein Z is metal



O~P~ OH O O OH To a solution of 0-phosphonooxynet hyl propofol di benzyl

ester (115 ng, 0.245 mml) in nethanol (10 nL) was added pal | adi um on
carbon (10% 20 ng). This mxture was stirred under an atnosphere of
hydrogen (1 atm for 1.5 hour. The catallyst was renoved by filtration
through Celite, and the filtrate was evaporated at reduced pressure to give
70.5 ng (100% yield) of the title co ound as_a col orless oi 17, Ml 4B%% on
standl ng aftr 8B Eenpdrdtaine tiFARNE- r? a Fw Hpcd udﬁ?zdLlS‘FldsZG"hﬁ-‘feNl\/R
(300 Mz, @Cféorﬂ@tgﬁ §)am1rjre1)9n(151@t14 Gc&grérgceém") 3.46 (sext, J =6.8
Hz, 2H), 5 (d 2H) , 5 (m _3H .13C NWR (75 M1z,

acet one- d6 8) ThQ4 pZﬁF?fBErlzéﬁ mgermgaeeslcghl% aqczaptgg:lelzgaga;s 149, 46,

gghggphon oxérrewr?%y grzg%o]?"%l]agl égdl am %%aq% ﬂs incllﬁdlﬁgl C]:lt}ByU@rf 2.

Na2C03 593% &1, p- &iacr podNeas Joum sl Lt s 0N arfd 0-gahiasphardaey newluarieref ol
di benzyl ester (1,05 2.24 mmpl) in tetrahydrofuran (100 nli) was added
wat er (5 nHl%}aIYb%M%%rum‘bﬁl%‘é‘?%%l?f&U% 300 tRARC HAl i Gy xt (R W,

stirred ungfglm(dglqge[@ Igétg§[@luggm9@@ H9uE s The catal yst was renoved by
filtration through Celite, and the filtrate was treated with a sol ution of

sodi um car bonat'éhﬁydrIaQet(ZaSrﬁ?r@eIIﬁQ mergfodianent s 2. 12X nmsamp tRih e

evapor at ed c p [e d resi I
xtract ed GFFATBEREEY 5 PSR (T oS g, chRiBhs g e
dryneds (argon-stperasphonsokpnytieybpanptotheand, t he resul ting solaad +@s

dried overnjght in vacuo, washed with ether 54 Xx 4 nmL), hexane (2 x 4 nl),
and agai n BrPeRh ?%OQéﬁlﬂﬁﬁ?ﬁlﬁ?%FﬂEh%%Bnng“P 8% yith d) dirsphaup ¢ (S21t,

d Mz 28 00
K/ﬂzrrpoggo aE)@- m@’-f}ﬁoQ?Mgﬁéoxfﬁggﬁyigﬁ%to{%g§§+zqéor%oepct?r ?i péd’%Mﬁ!}Lﬁ@m

5.27 (d, Js&ly,5 K20) 2ﬂyph¢sgsoonpx3m|¢thylcamgsotzhwamh 2008-| | orSyrtiesi s

of O Phosphonooxy et h he t hesi.s .of
Ophosphon%lé%‘/%%(%y Jr cog@e&b en(%z%/}fm tqucamﬁt@t%e-%‘n BPaN Br-
Me / Nis OBBr~ tleQB}‘Birer +s€lLtQ >] 2®Bn©-@rbéiﬂl%dod%ﬂd\&hmcmmwﬂmrpf
chl or onet hyl d| benzyl phosphat e (323 5 0.98 mvol ), al phat ocopherol (409
my of 970,M8292 mmoP¥, an@lf%fm%wwngﬁﬁ?@m%ﬁn br otttle (3GN%hy, 0l 1Rl )

in be“Ze“epﬁésﬁh%n%ﬁﬁ@rérﬁgllc)%lgmgeaé‘ﬁélélﬁ0'xh'&ﬂl&ﬂ A SQAHI LD A 1 (0 MY

in 0.2 nL of water he resulting reaction m xture was
vi gorousl ysalfrred at roomterrperature for two hours 10 under an argon

at nosphere. The mxturg gtp dJs benzene %%’Od % d W t h
water (3 x 3 nmLyoMBriRASovér Tadhe sﬁlla\yat s FITREF an c&vgpor ated
under 2eduegfppPbERSUie. T@BoxbﬁOV\@s OI©-YOI-H)ESI£H;@1V@§11¢)UFHJI athdy rsdddiciargel
flash col um chronmat ography %%0 1 hexane/ ethyl acetate) to 15 give 336 ng

(51 o yiel 859BENEReShPYNelBoRPOERE 45 a yellow oil. Me FABVSH(NBA): [M +,
nmz 720. 29 7 March 2003

Scheme 2
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1H NWR (500 MHz, CDC13, 8) : 0. 8 (m 12H) , 1.21 (s, 3H) , 1.27 (m 24H),
1.75 (m 2H), 2.06 (s, 3H), 2.11 (s, 3H), 2.14 (s, 3H, 2.54 (t, J = 6.8
Hz, 2H), 4.97 (m 4H), 5.20 (d, J = 9.3 Hz, 2H), 7.31 (m 10H. 5 Ilb.

Synt hesi s of O phosphonooxynet hyl - al phaltocopherol: 0 1.H2, Pd/ C~ 100% 0 To
a sol ution of 0-phosphonooxynethyl -al pha -tocopher ol dlbenzyl ester (88 ny,
0.12 mmol) in tetrahydrofur an 10 nL) was added pal | adi um on “cH#¥én 2090,
15 ng). The m x®ufFemRay¥net iafr rd‘l‘\‘ﬂ]él’ Bh! aﬁ%EBHEFEl%eH9M?‘O§éﬁe€1 f or
10 10 m nu § heypgac niypgpmg)l a n ed TLO) .
The cat al y%\t?ﬁ\e/vgs rrenﬁgveélaeg filtrati oﬁﬂbfhrg%g%t ?1 %taﬁ?ﬁg%##?%at éﬁh&é}s
evapor at eddametmdll@@tlfcpxé@sﬂa@etaqdamlmmrmehé@lcemwaamm The t|tIe conpound
was obt ai ned |n an a% unt ofco7n0 100%Néhel d) as_a bé; wni sh vgrl,{ ch
was 15 unst abl ett T t PSR ur & CSPABVERPKEA) | 1M +5€ IEe54 [M Na] +,
mz 563 (NBé&chHylihiomdhyli lethed z i 7 conve2@ed WbCftI?@O%dﬂraaspﬁtﬂi irpi s
of Ophosphonoox nmet hyl - al pha-tocopherol 0 1. HZ, Pd / C 2. Na2CQ03 89% Me O
To a sol utPHAtSE %de%QEHBﬁBBWW?EWlaPEHﬁrt dE@Bﬁ@PBFI G’lfbér?fwﬂé’sﬂé’r (100
mg, 0.14 mppid ikt eldRAMEANAEANL(10: ALl « Pryas raddegupakt agdi-ung ofy, cagbon
(10% 18 ng). The m xturé was stirfed under an at nosphere of hydrogen (1
atm for Slmithﬁmesmamedealaaldys*ﬂrqmtr@nw@dsmateI tipatPoriORMhe ough Cdld t e,
the filtra %ﬁ \/\8 evaporat ted or%ten% rature at reduced pressurg and
the resul t iy (%)é was d? %Pv%la i R 8t REP FHBS Fhe EERSYSSol'di on
was t hen tpeawdevmat heafpb@@eous sfmihilen of . sedirurekumis ) de (shlithyme i n
100 nmL of water 0.28 mmol ), and the resulting mxture was stirred at room
t enper at urBNPIPNANC NPKOLERELBEhGFOIRASE vics REMWDNedEBAE PRAE BGuESROYsithse
was washedb%vl &gtgwg_{c(g rgggggliggsghen 15 dried in vacuo for 20 hours to
give 73 ng (89% yield) the title conmpound as a gray solid. FABVG+( TG G :
[ VH| +, MZTBGSQG[DHFE]-N&?HQC%S_ @(i? Sehame Qynﬁdntestbeofpma:taecratsioirubbé a
derivatives of cagpt%thﬁcirn W al so_he furt ed as oIfI Qus

di sodi um s&PtPO 3PS 19718 %r%% 5655 1Azt Sgprp-iied in

20- O Blrosppenenxyret hyl canptothecin 0 O | -P-OH O—l IIIa Synt hesi s of
20- O et hyl t hi onet hyl canpt ot hecin: ODVSO ~N ~ ~O Ac 20 N~ p 92% OH O To
a suspensi on of canmptothecin (5.0 g, 14.3 muol) in dinmethyl sul foxide (250
nm.) was added acetic anhydride (125 nL) and acetic acid (35 nmL). The

het er ogeneous m xture was vigorously stirred at roomtenperature for 24
hours, poured into ice (800 m.), stirred for 30 mnutes, and then extracted
with nmethylene chloride (4 x 100 nlL). The conbi ned net hyl ene chl ori de
extracts were washed with water (2 x 100 nlL) and dried over magnesi um

sul fate. The nethyl ene chloride was renoved at reduced pressure to give a
browni sh solid. The solid was dissolved in a m ni num vol unme of nethyl ene
chloride. This solution was filtered and diluted with a 10fol d excess of
hexane and then kept overnight in the refrigerator. The precipitated solid
was filtered off, washed several tines wth hexane, and dried to give 5. 38
g (920 yield) of the title conpound as a |ight brown powder. aZ0l123.6 (c

0. 55, CHC13)



5Me 32 5 10 15 20 25 FABMS+(NBA) : [MH +, mlz 409. 7 March 2003 1H NMWR
(400 MHz, CDC13, 8) : 0.93 (t, J= 7.2 Hz,3H),2.11(sext, J =7.6 Hz, 1H)
2.29 (sext, J =7.6 Hz, 1H),2.30(s,3H), 4.58(s, 2H), 5.33 (s, 2H), 5.40(d, J
= 17.2Hz, 1H),5.62 (d, J= 17.3 Hz, 1H), %248 (s, 1H),7.69 (t, J= 7. 1Ft 1H)
7. 86(t, J =7. 1 Hz, 1H) , 7. 96 (d,J = 8 . 1 Hz, 1H) ,8. 25(d, J--
1H), 8.42 (s, 1H). 13C NMR (75 MHz, CDC13, 8) : 7.76, 14.89, 3%“090200@9
92, 66. 6 cwqmﬁxﬁ 76.57, 97.51, 122.63, 128.02, 128.09, 128.30, 129.71,
130. 64, 131. 11, 145.14, 146.10, 148.88, 152.27, 157.43, 169.34, 169.73.
[11Db. Synthe5|s of 20- C)phosphonooxynethylcanptotheC|n di benzyl ester: HO
~-0Bn NIS_ OBn 76% 0 R o-~-0Bn OBn To @ well stirred suspension of
20- Onet hyl t hi omet hyl canpt . 00llg 44 mol ) and powder ed,
activated 4 ~1 nol ecul ar S i hydrofuran (20 nL) was added
a suspension of N odosucs 3¢ . ] 38~, 8.44 mmol) and
di benzyl phosphate (2.20 g,” 7. 88 ) 'n e hylGene chloride (12 nL). The
resulting m xture was vigorously s i rredat ©Hom tenperature for 30
mnutes, filtered, and diluted with ethyl acetate (300 nlL). The sol ution
was mashed w th aqueous sodi um t hi ospibete,d/Aed 2 x 15 nlL), water (2 x 20
m.), brine (50 nL), and dried over |magnesi um sul fate. The m xture was
filtered and the sol vent was evapo at eg under reduced 33 7 March 2003
pressure. The brown oily residue was plrlfled by silica gel flash colum
chronatography (98: 2 ethy and dried in vacuo overni ght
to give 1.19 g (76% vyi el und as a ¥Ellom/foan1 aZo
-43.1 (c 0.55, CHC13) . BM ; ] Ry z 639. NVR (400 MHz,
CDC13, 8) : 0. 91 (t, J-- 7.4V, 3 go (Sext, J-- 7.4 Hz, 1H), 2.26
(sext, J-- 7.4 Hz, 1H), 5.06 (m 4H), 5.28 9] 3H), 5.35 (d, J-- 17.0 Hz,
1H), 5.48 (2xd, J-10.5 Hz, 1H), 5.64 (d, J FE 1H), 7.59 (s, 1H)
7.67 10 (t, J = 7.0 Hz, 1H), 7.80 ( , J = T. i ; 7.94 (d, J-8.0 Hz,
1H), 8.13 (d, - 8.5 Hz, 1H), 8.35 .%E%ggié NNR (100 MHz, CDC13, 8) :
7.73, 29.53, 32.49, 49.86, 66.74, 6 .3 2 78.48, 88.99, 89.04, 98.09,
121.55, 127.65, 127.70, 127.90, 128 01 128. 25 128. 35, 128.36, 129.62, 15
130.48, 130.97, 135.45, 135.55, 145.479 145.82, 198.76, 152.15, 157.18,
168.67. lllc. Synthesis @ nmet hyl canpt ot hecin: HzZ, Pd / C
51%1 -OBnl OBni '-COH
20- 0- phosphonooxynet hyl ster (500 ng, 0.78 mol) in
t et rahydrofuran (100 20 was added 6XIIad|un1on car bon
(10% 500 ng). This m xture was stlwredzﬂhq5 ?? at nosphere of hydrogen

O'W”"OR
OR

ifR=PhCHzand Z=H | Hy/Pd

Il

In the first step, the free hydroxy group of the
camptothecin is converted to the corresponding
methylthiomethyl ether (-OCH,SCH3) group. This conversion may

be accomplished by reaction with dimethylsulfoxide in the



34 7 March 2003 (1 atnm) for 35 mnutes. The catal yst was renoved by
filtration through Celite. The Celite was then washed with tetrahydrofuran
(300 nL) and the conbined filtrates were evaporated at reduced pressure.
The resulting green solid was 5 washed wPth ether (2 x 20 nL), hexane (50
m.), dried in vacuo, and then dissolved in hot nethanol (60 nL). The

sol ution was fil tereg, concent r teg a(ﬁ redgced pressur e to_~Jo"#chy 6P Uhre.
After standfHeRESr 8dmATHET a B BIF b7€ oA AFE L the? SHF ut FBASWEEHObed i n
the refrigesahéhl pverNb@ht . ad0 die csumsted | inadreal Pial e dhate fadithgy med
overnight was filtered off and dried in vacuo to give 155 ng of the title
compound agpplied| by BsisdolTHEerns| Sautbbwderc Ltstiomettd y1a tHony gl fune

and kept i refrigerator for one hour to give digj.o of
t he pr oduc‘?é}t{ﬁ%t al yield: 183 ng 15 (51~). FABNB+((%&K)%%'[EII\7IE]'J%O&?9§%, [M
+ Na] +,5 m Bid8ig. MéH NMRer4D8t dHz6, D2B7, BYI96) . 95 (t, Jsse7.5 Hz, 3H)lso 2. 25
(m 2H),4.98 (d,_J = ZE%, 5.14 (2xd,,J =9.3Hz, 1H),5.22(2xd, J = 8.9
Hz, 1H), 5’8‘4%8%?39-9?%%%;1 o5 - gis fé.uagziléflz@al 1?579‘1543(%,
1H ., 7 . BSoft . tdmpdratdkg, 1Hind? fof7(04-32= housHZtolHprodhce86 dith J =
8 . 2 Hz, 1H) , 8. OT()d,J =8.5 Hz, 1H), 8.44 (s, 1H). Chemcal structure and
purity of méehptbaieneteyt eterconfirmed by 1H NVR spectroscopy of its

o sodium sal 4" e 25, Lo 1o g1 L o s S gl ani el s o

20- O filtos phetiopkyhbdhgt cpbpteatheci i sHZcoRdekt€d41865 e 1T draddsgromiiamg un) :

I'-CBnICBnI'%éJ—Hg—(T aso!uti?‘nof . _ .
20- 0- phos pRbRBBRyFEt hy PE& ROEYREE YdnzyIeE8%er (56081fy, o7eAd WHRAWR in
tetrahydrofykear§ 100 Whk andalsan10y MopWasd agge@ﬁ@akbadwg@r@n sRfiban (10

0, 500 ng). The mixture was stirred under an atnobsphere of hydrogen (1 atm
for 30 m nfees. pPhgaphenedxmte sl atamive@ oyt #x 01 r atbusen .Hadudi (@A LG,

Celite was i t t dr of 100 , and the i,ne
filtrates %ey\?épfg%%@égh%\nﬁt%gg%' aﬁuﬁ%ﬁ@ é%?%(ﬁl on’o )séodiaum 88?“%%{%2% goyfdr ate
(97 M35 n Pophubat erl Qs/&madgd wWithwisiedapatairdmader addc et qierssid e
and t he het erogenepus aqueous residue was diluted with water (10 nlL) and

extract ed ARPFPREFYF aCdfatsdch2 a8 FIR§NZhePReIRPRTRg VBRI SRaFEHSFeridbus

sol ution wag,ackdifige witih hydrochi aric agid1i00) t81pkRL. Theck esuld i ng
precipitate was filtered off and dried in vacuo overnight to give 145 ng
(41~ yi el dyebfabpdrofurenconpoidnd kalegymitedy sdiydkoxrbon 3@udh d. as

Synt hesi s di sodi um s .7 Mar 2003 _.of .

20" 0. phospBEBOkS Tet Ry REAEFoPHE i NIRRT 100967 ° PREECBIRE She g

ZusFerz_eii onR@a_ﬁcéwQDog- ghﬁfphmﬂx%%mghydugagptatm t heddm ( g ’d@\ple];:%‘alrdlpol )Nd-i n
euteri um oxi de (0,5, was added a eut eri um oxi de sol uti on of sodi um

bi car bonat éo?%?)uéﬁ“&*mb%ﬁ4 M % oPEPF Rt 2 PIRSPNO T HTe Beter GFénebBednidft ure

was soni caigdefor -fseweghwb@éntgz)giﬂ@l@tmlw heR® 9enRaYs, 159 iWnlthyaf the
title product. 1H NWVR (400 MHz, D20, after 10 mn., 96% I actone, 4% I0
carboxyl atethey: 1.05 (t, J = 7.2 Hz, 3H), 2.27 (m 2H), 4.57 (d, J = 18.8

Hz, 1H), 4.70 ( J,.=_18,9. Hz, 5. Q6 %%, - .3, J =5 4 . LH)
5.18 (dd, J = 2 60§ g H%,E%EH) O? 5t (%,eaf%%ofa. 7PNy "Eng (d.
J = 1838 Hghodbhond. oltecting Tgdours Ak, rémbleds, THY, débbBckimg2H)s
7.81 (d, J =158, 3 Hz , 8. 17 (s, 1H . ,
accomplished by conventional methods well known in the art
such as acid- or base-catalyzed hydrolysis, hydrogenolysis,
reduction, and the like. For example, catalytic
hydrogenolysis can be used to remove the benzyl phosphono-
30 protecting group. Deprotecting methodologies may be found in
standard texts, such as T.W. Green and P.G.M. Wutz,

Protective groups in organic sythesis, J. Wiley publishers,
New York, NY, 1991, pp. 47-67.



I11d. Synthesis of 20-0O phosphonooxynet hyl canpt ot heci n di sodi um sal t
(alternate run 1): 1. HZ, Pd / C 2. NaHC03 53% 1 '-OBn | OBn 1 '-O Na+ | _
O Na+ 37 7 March 2003 To a solution of

20- 0- phosphonooxynet hyl canpt ot heci n di béhzyl ester (78 ng, 0.122 mmol) in
tetrahydrofuran (10 nL) and water (3 nlL) was added pal |l adi um on carbon
(10% 80 ng). The mxture was stirred under an at rmsfphere of ThiRfiBge’X 1 5
atm) for 30 ninttesPaffe Eatifysfwds FemBoBRILyPF i iforauilen Thr dijgh &Sl ite

and the fitsrale Vh@f tc%%%te%‘i’;l\éﬂnta*l aBeéHH?SHésSOiH%P@l %ﬂ%ﬂ%&rﬁfr onat e
(20 mg in 0.5 nL of water, O. mmol ) . e yellow precipitate was Tiltered

of f, washe@lomwmlmdreoﬁylf@me\udlal cIrE déreeandcn;ldl wdthn avaial obgs@eod5 wiphl0

(57%yie|d of thetltl C und ovvn SO|Id amxture of |ts
| act one fof'm (2% and %ts%%g)ﬁboxyﬁg%%gf or M {18% ](rb uﬂsﬁ NVRY 4O
Synt hesi s @érﬁ&a&@@osﬁmm@m@jm@@mfo@mm di sethsisiga) t 1(1¢Iht1e1mnat e

run 2): 1. H2,Pd/C 2. N80%1 '-OBn |l OBn OOI | -P-ONa+ | O Nat+ 15 To a
sol ution o?a%%l‘@“ph%éﬁh‘&ﬁoo%?%?ﬁ%/‘F’Eanﬁf-BFheéPFl BLHBARYM e 808 SUEEG0ES,

0.78 mmol )arhf‘né@t EﬁBYQH@f l*&&%'ét@u%@%m%le angH &1, (Bydlle Wogrgdfedepaly-adi um

on carbon (10% nmg). This mxture was sti rred under an a?rmsphere of
hydr ogen (memy@glmam;mm nut exthariel amiteg yst W dadmeved byeR@aftihliteat i on

coni ned TR P e dRe bR b L (Eh ST S bRk A e bR e
carbonat e dyeltiedgo (H0imG, | Dr2ethandlaaiee , ald 72hamblike. Tehéalb)a@eofslau&rs was

evapor at ed at reduced Eressure and the residue was di ssol ved
March 2003%3¥ wa®er TRIShAE) . PYRAThEHer BYenEBESMATREGAR M as fé’)ltltoét’@fjed%th

et hyl acetﬂ@gﬁ@l%zé@ﬂ?r)o@“@rﬁé@@ﬁiz@tmﬂ and the resul ting aqueous

hombgenous sol ution was evaporated to dryness under a stream of argon at
room tenperatur@omn'@@l@srem @de wasthiei ed presgodo overmvemtion gi verz00 ng
(80%vyield), of the title co oundpéorange mixture o its

olid
et et S PP e ASE SIS p SRR s B TLXI 1T 8l | 'S

bypr odéct scdmytdthddR), |ptepoBynf heetspokide, tocopherol, etc. The
20- O phosphonooxynet hyl canpt ot heci n NaHCO~ 100% 10 nmonosodiumsalt: | '-0O
Hl OH | ®PRoagauiieglly acceptable salt forms exhibit improved

water solubility over parent compounds thereby allowing more
convenient pharmaceutical formulations. Without being bound
by theory, it is believed that the phosphonooxymethyl ethers
20 of the present invention are prodrugs of +the parent
pharmaceuticals; the phosphono-oxyethyl moiety being cleaved
upon contact with  phosphatase in vivo to generate
subsequently the parent compound. As shown above, compounds
of the instant invention are effective pharmaceutical or
25 therapeutic agents.

For example, compounds of formula II of the present
invention may be used 1in a manner similar to that of
camptothecin. The structure of the camptothecin prodrug is
shown above. Therefore, an oncologist skilled in the art of

30 cancer treatment will be able to ascertain, without undue
experimentation, an appropriate treatment protocol for
administering a compound of the present invention. The
dosage, mode and schedule of administration of compounds of

this invention are not particularly restricted, and will



To a continuously sonicated suspension of

20- Ophosphonooxynet hyl canpt ot hecin (5 ng, 10 ~.unol) in deuterium oxide
(0.5 nL) was added dropwi se a deuterium oxide solution of sodium

bi carbonate until conpl ete honogeni zati 8 was 15 achi eved (21 ~1 of 0.44 M
solution - 9.2 Etnol). A yeIIOM/hoanenous solutlon of the t|tIe coq?ound
was obtai ned. 1H NWVR 5400 VHz, D20, Q} 1. OQHS ﬁ?

L 2.23(m 23T 401 B, the= P td ol ary gomep Hst P%]OE% S?EuﬁH)‘i ofpeHRd 5 =
9, 7, J = P Hhe lhrma146 (ddmdy=%8, %dﬁﬁ%l@t]r'%edlwflaS (@uﬂ:aﬁllaG 7
Hz, 1H), 5.50 (d,J =16.7Hz,1H), 7720 (t, J = 7.3 Hz,
1H), 7. 46(rmqm9e7o$6edm191&t8an19@; Qp§fega92e(§ar§pWerallyggthewﬁp@@ggoog

[11f. Synt he of onQo (o) Nyl ysine P- OH
| ot LTy ot 00k R SraRBER, 1SR O V2eT 0 L3t BREBBME: T
20 Oph@sphmmbb;yﬁﬁtbyuyawpughhemdr(&bdq; ﬂiko—ﬁ@@)mghmﬂeutempuunﬁsoxﬁde

(0.5 m.) was added dro E?a deut r|un1OX|de soluihon of - S|ne 25al of

0.43 M sol tR¥®Bhre 1b. I? OuREi P %Prf;PEFétﬁSrrﬁﬁé Zat PGﬁ 5&8ﬁ| d. A
yel | ow horgpgengustgel Uﬁdﬂ?;ﬂs oboft hgpbirtl & ceapomzmasso@bt %E'mﬁg c;f* MR ( 400
VMHz, D20, 940 | actone carboxylate, 8): 1.02 J =7.2

Hz 1H), 1. w@(qnhthI—DThel agtpel 2d9sel. gse(immalz aQF»IPrQlOQ (tOJt:he7 5

Hz, = 6. 43 J 52
o, 10y |5 PRI g PPy Oy FogyiResat ™ e 02 il ThE 1,
5. 41 @aa, Jad!ﬂ:ﬁu?stHZatﬂ.dﬂ) 5n53 t(h:b Jparﬂ:ﬁicﬁlSersJJﬂ-@,, 7h8§t(ta,n]:l =t yYpdHof 1H)
7.30 (s, 1H),7.49 J =8.4 Hz ,. 7.04 (s, 1H. lllg.
Synt hesi s ©f12H- ’é?bﬂ%sﬁﬁ&ﬁ&&?yn@@ﬁvl CARHBth slar dpa%f%etéa aotiol gf
L-argi ni ne JO0% 4, H N3 1H3dE /dh & N8 OaBeBunk %T%@:&&Ndlwu%ll'ﬁé
soni cat ed suspension of 20-0 phosphonooxynet hyl canptothecin (5 ng
~.mol) in desREL | mm:bm:ideg(@gs mseana s iRtdeandr bhei phyaidedt @qnﬂht@qr@e
sol ution Ofthﬁe nlne é27 ~1 of 0.40 M 10.8 ~.unol) until conplete 5
honngenlza?lon chi eved. A yeIIOM/hoanenous solution of the title
conpoursd was obAmm@lr HAahRe( 408 Mize, P26p8fol brAriig, dce&rdﬂr@ 1-Jd) ,
1. 66 (m2 1. 89 (m 2H) , 2.25 (m 2H) 3.20 (t,J=6. 8Hz, 2H)
77(t,d - etermplaifl)  af 4¢hed, PHesqnt oFRVERS iAMg ’éféle ﬁif@qt@ra—lz"fllq)he 5.12
(dd, J= 9. gro% @10§¥ dflg 1395ﬁg@h Heﬁb@:J— 6.1 Hz, 1H),5.40 (d, J =
16. 7Hz, 1H). 5 =16, 7 Hz, 7.20(t, J = 7.3 Hz, 1H), 7.29(s, 1H),
7. 47(n12FD 7. 66 (d J =8. 3 Hz, 8.03(s,1H). Il1lh. Synthesis of
20-C>phosphonooxynethy|canptothecin nethybglucanine salt: 7 March

2003 41 I N
0oz
Propofol Prodrug
20

In the above formula for the propofol prodrug, Z is the same
as defined above for formula II. Therefore, an
anesthesiologist skilled in the art of anesthesia will be
able to ascertain, without undue experimentation, an
25 appropriate treatment protocol for administering a compound
of the present invention. The dosage, mode and schedule of
administration of compounds of this invention are not
particularly restricted, and will vary with the particular

compound employed. Thus, a compound of formula I such as



L- net hyl gl ucani n~ 10000 RO ~-OHOHHH\ + HNH OHOHO RO~ OH To a
conti nuously sonicated suspensi on of 20-0phosphonooxynet hyl canpt ot hecin (5
ng, 10.9 ~nol) in deuteriumoxide (0.5 nL) was added dropwi se a deuterium
oxide solution 5 of (D)-N-nethylglucam Aé (21 ~1 of 0.51 Msolution - 10.7
~mol ) until conpl ete honogeni zati on was achi eved. A yell ow hormgenous
solutlon of the title _conpound was obtained, 1H NVR (400 MHz,’ Y@(gh 8§03

.02 (t,J Bhe. Bmepsdpl, ZP%‘PFH‘?QI—B“W ﬁ?(édméP&Stgr?@ (2 ZWYS sgy table

2 3.
igb.gzt,1E§$Q%§F%f%%gﬁlﬁl%gka%t%n,_gééfégabgy p%ge%@éralwyé tﬁé(@o%ige

1H), 5.41 fay JXesl 6.forzexampls,53i0d, the-16.arde, @H) 07523t<ét 1Q mg7kgy Hz
1H), 7. 49( Mar ch 200 42
0 Snneadtlnfs g’ Belobathy Tl hutorddirdd) ed? ufalBEGENZOGE
Me ~O @ HG&EL D /ard KB OHIYE nah Qtenontl® Gbf\ cjéderal Oand¥rhedil .<~ R
O~"-0H OH 7 March 2003 4' - O phosphonooxynet hyl et oposi de di benzyl Me \ /O
~0 HO OH /Ztltlematw?dzmthBucamRBPn@) ofphogmpla Igmayobe EsioiEak o

O~ -0Bn ggr@n§@lr%ltl' Q 1Qfs ﬁﬁll Ortg{@t BMEaQé%@W'@OSP@@t ex6Rp9eN. i
2.05 mol ), oposi de (300 ng, O. ,
the

range of Zug/kg/mln to 800pg/kg/m1n administered

according to procedures for maintenance of general
10 anesthesia, initiation and maintenance of MAC sedation or
initiation and maintenance of ICU sedation.

The ©present invention also provides pharmaceutical
compositions containing a pharmaceutically effective amount
of compound of formula I in combination with one or more

15 pharmaceutically acceptable carriers, excipients, diluents
or adjuvants. For example, compounds of the present
invention may be formulated in the form of tablets, pills,
powder mixtures, capsules, injectables, solutions,
suppositories, emulsions, dispersions, food premix, and in

20 other suitable forms. They may also be manufactured in the
form of sterile solid compositions, for example, freeze-
dried and, if desired, combined with other pharmaceutically
acceptable excipients. Such solid compositions can Dbe
reconstituted with sterile water, physiological saline, or a

25 mixture of water and an organic solvent, such as propylene
glycol, ethanol, and the 1like, or some other sterile
injectable medium immediately before use of parenteral
administration.

Typical of pharmaceutically acceptable carriers are,

30 for example, manitol, urea, dextrans, lactose, non-reducing
sugars, potato and maize starches, magnesium stearate, talc,
vegetable oils, ©polyalkylene glycols, ethyl cellulose,
poly(vinyl-pyrrolidone}, calcium carbonate, ethyloleate,

isopropyl myristate, benzyl benzoate, sodium carbonate,



43 7 March 2003 tetrabutyl anmoni um brom de (164.4 ng, 0.51 mml) in
tetrahydrofuran (0.5 nmL) was added powdered potassi um carbonate (352.4 ny,
2.55 nmmol ). The resulting reaction m xture was vigorously stirred at room
tenperature for 35 5 minutes. The m xturl@ was then directly purified by
silica gel flash colum chromatography (30:1 nethyl ene chloride/ methanol)
to give 272 ng (61%yield) of the title conpound as a white SoMpPEFWERP? nore
than 95% oﬁelﬁ’élflrans %‘?"eﬁ‘*’e%@ﬁ%m stGayrbodediened. $OLEFABIE+H( NB%}d' [MVAPe mz

879. 1H N 41 J H) 79..(br s,
1H ., 2.86 é@%ﬁ%‘g S%E b TeB)arat‘lLon g(a%dd 2l 1910‘;@5‘513- £°8 Hzto%ﬁ)Cb
3.35 (m 2h-l)1x131d5y(t shbs&.a&ce]s 8$0Ha 1+a)s;3 sggamln:yl;n@, 66 p(mse&H)J,ng,
3.74(m 1H) 19 5 4.20(t,J), = 8.5,J = 8.

10.3,J =9.¥ FElngH)agg“Z S+ 60T 1608 5 10k HAS 1H§°r AFXQ“%&IG( ? dfibigas

. 6Hz, 1"3) , flondBbGrdts, 5. 0 fﬁZleﬂ-IanolaﬂmanZ (bleats, 4H§)ol]§)'<9x &chﬁ?e(r@ J
L7.3.3 = 4 .30, 4H), 5.54 (dd.J =11.7. 3 =5, 1}z, 11 5. 59(dd, J= 11.3, J =

5.1 Hz, 1H)m9n99t€arétea so@ eI 6. Jerirabphtate 51 (dioghyles. szﬁ(%dlum
1H), 7. 33 €DGl3, b) : 20.21, 37.49, 41.00, 43.78,
A ( %?%39%%&%%@9(7%5%9. 08, i )

56. 07, 66. 69. 14, 73.01, 73.29, 74.47, 79.70,
92.55, 92.62, 99n70, thel. 5IOll©w1ﬁQ 1@?p®@im@@ga13 25 oLEQIB® s ,127 .82
127.97, 12

835 3288 8erti3,8000133 O 3808, L35I8 30
147. 14, 14 e"?@érig‘ér% 215, ufgerstapdp oo Bt ’%ﬂﬁf §&i s g When no

4 Opl@SDBpa@@xyaat hyties opasd deir Mmag@e@lw Hee s6hakkt . (NMR Ve G5 6kt ¥ 1~ OB
CBn 7 March 2003 Me ~O O HO OH H~ ~\ "100%/ ", O O Me0 OMe O O ~'-CH OH To

a sol uti oncbardcterphbsphonmbemethy|dtanpios destiilféazy(d)esespreg6ed riy

n5) . The nbREhPe Rt SLLLF-GR oIS akeRENoepiior 2 By ool Cﬁ@?%“sg?%’ 10

mnutes. Thereatat¥st s¥afdaeAPVEThEY Fé14t Bhé Onatdd oupdieddd e,f@nd the
t et rahydr of uran was evaporated at reduced pressure. The resulting reS| due

was dried VAr¥aego std ffisvelnethy ErocmyiMR)) seectralt dete

V\:hl te | +

150 (Ho PR of hasolieh Kitng UK BRY s g é%?
= 7 8 Hz, 1t'|)1pe3 B (tdte ) molleklel. = The3 Hatukl), of. 58hém st s 3. aﬁs?(sl;o 6H)
, 4 Hz, 1H) , 4 . 8
L THe, 1H)muitH?Lpiiﬁc%HY Jlg répﬂfte%H) as 4@”&@ (c?l“ﬁl%dc% dﬁalr'ch bz‘ﬁ%%d
5.3Hz, 1H), 4066164, J 5d5> 0 H&oaaH) tr&pa%t(d bty ,3. ?bﬂdé,dlki)q@x&?e(tbrseb
7H) , 540(dd J = o J = 7.8Hz, 1H) 543de—1o4, J= 7.5 Hz, 1 ,
5. 89 (dd girglethy, ﬁm) s\ulj;gpéeﬂH) )6. AiP(t@lefH) dle. mla(rstetlHﬂq

G D RS PRSRBER TR G AR e § 1
(dt), and doublet of quartet (dq). The solvents employed for
taking NMR spectra are acetone-d6 (deuterated acetone) DMSO-
d6é (perdeuterodimethylsulfoxide), D;0 (deuterated water),
CDC1l3 (deuterochloroform) and other conventional deuterated

25 solvents.
The abbreviations used herein are conventional
abbreviations widely employed in the art. Some of which are:
MS (mass spectrometry); HRMS (high resolution mass
spectrometry); Ac (acetyl); Ph (phenyl); FAB (fast atom
30 bombardment); min (minute); h or hrs (hour(s)); NIS (N-
iodosuccinimide); DMSO (dimethylsulfoxide) ; THF
(tetrahydrofuran).
The following examples are provided to illustrate the

synthesis of representative compounds of the instant



0O Bn 10 15 salt: M~0IY1 0 ~0 HO~~ O CHO .~ ~0 0/ ", O\ MO/ QW 0 O
O - IP-ONaONa To a solution of 4'-0-phosphonooxynet hyl et oposi de

di benzyl ester (200 ng, 0.227 mml) in tetrahydrofuran (10 nL) was added
pal | adi um on carbon (100, 45 ng). This B xture was stirred under an

at nosphere of hydrogen (1 atm for 25 m nutes. The catal yst was renoved by
filtration, through Celite. The filtrate was evaporated at.red&EFpt&Ssure,

and the reSTYRIEVRE RF B EnNPhC S, P EEhAUS ga%%%félgblilgdtﬁﬁs S&C®Sol ved
in an aquepus 180! Uhi0Rt Pbnsedi umybireamRenatehd i@ Mepfi - 486 M+ Q1334
mmol ). The resul ting heterogeneous m xture was m xed wth activated carbon,
stirred fdre a felle 96t? MaectapZ003 Higfif es,mefphodwdms t hehthputer etndhieough
ad40 ~mfilte The h ou I Ies f|| S ed to
give 140 RGN "ERe i) BvaShsshna Gk soRRRbEC¥oTHERl L hETe

t han 95% csfcdm%stemﬁgchﬂmﬁttgn retiai ned. sﬁeEABNB&(LNﬁA)ils[:Nbi]sed m Fo#43,

M- Na + 2 nz 721, , 699. N (400 _MHz, D20,
£3): 1.37 (ec?ﬂ“fp '5211er tl’%—l} Oﬁ[\ﬁﬁ”(nrﬂ _ﬁzf)ampﬁ.e\«?? (C‘f(ﬂ’ecjl\tZRCS §al¥s=" 86 g,
1H), 3.48 {ip1AHdq, 3h@5e(7€1:3|'|)t:1’%s795(§a§fg1 a4e2hdddeod e @oﬁstﬂue‘@ As

Hle)10441(tJ— 1H), 4.49 (dd,J = 10.5,J =8.
1H), 4. 68( diimgiting 7 Hém @H)ampAemf ¢hip sit@HEiaH)is 4the9;(eqeate5 u@eHz

(oxa) 3 =S5 & 3 gvsY, e 06, aibertifieghatsd 1EnPaPils ahion Bl

1H), 71@0(SsalH)s laﬁcNM%s( 126t bhinet 20, amcnilih 18al¥d. 4, 4Shéeb, adkalil,

68. 70, 70.41, 72.40, 75.46, 75.95, 76.95, 82.46, 102.88, 103.66, 104.62,
111. 14, 175563 sakiognay 3ue 455eq 3 7oy Qf 7€ 9ol ¥ St 43, 154. 94, 20
181.61. 31P NMR (200 MHz, D20, b) : s (2.19) . V. Synthesis of
Phosphonooxynet hyl ati ng Agents Va. Synthesis of chloronethyl di benzyl
phosphate 59.12, 94.87, 130.73, 166.3¥AMBLESO Ag+ O-P(OBn)2 C1-62 o |

Cl-Cl A-O P(0OBN) 2 97 7 March 2003 To a refluxed sol ution of

chl or oi odonet hane (25 g of 97% 0.14 nol) in toluene (HPLC-grade, 30 ni)
was added Bj |Issaithbdianof OrPhplsphenodxfmagthPlPidpsddl) i n several portions
over 20 m nutes. Refluxing was continued for one 5 hour. After the reaction
m xture was cool ed dowmn to roomterperature and filtered, the solvent was
evapor at ed under reduced pressure. Yhe oily residue was purified by silica
gel flash col um chromat ography (7; hexane/e| yl acetate) to give 3.63 g
(62% vyield) of the title conpo RS a WOWPLO()@IL FABVMS+(NBA) : [ MVH +,
mz 327 1H NVR (300 MHz, CDC1l 10(()d\J—8 0 Hz, 4H , 5. 63 (d,
J =15.7 Hz, 2H), 7.36 (s, 10 BC NVR (75 MQ CDC13, 8) 69. 68, 69.75,
73.33, 73.42, 127.93, 15 128.51, 1%8.63, 135.07. Vb. Synthesis of dibenzyl
(p-tol uenesul fonenet hyl ) phosphate: p© d-CH2-OP(OBn)2 + Me S02- O Ag+ ~
TsO0-CH2-O-P(OBn) 2 99% To a stirred/solution of silver p-toluenesul fonate
(600 ng, 2.15 mmol) in dry acetonitrile (3 nm.) was added 20 chl or onet hyl

di benzyl phosphate (150 ng, 0.46 mmol) under_an argon atnosphere. After the
reacti on i Fenthesis of @d‘“PGPYQ-EhP:S{!}P‘s}hX%PF@Bﬂg ekimperature, the sol vent
was renoved, and the reS| due extracted with ether (3 x 3 nL). The conbi ned

extracts were filtere vaporated, and dried in vacuo to
M
85%
15 To a stirred suspension of sodium hydride (150 mg, 6.2
mmol) in dry HMPA (10 mL), kept under an argon atmosphere,

was added dropwise propofol (1.1 mL of 97%, 5.7 mmol) over

15 minutes. The reaction mixture was then stirred at room



48 7 March 2003 give 210 ng (990 yield) of the title conpound as a white
solid. EIMS: [MH+ mz 463. 5 1H NVR (300 MHz, CDC13, 8) : 2. 37 (s, 3H ,
4 .91 (2xd, J=7. 9 Hz, 4H, 5.61 (d, J = 14.2 Hz, 2H), 7.29 (m 12H),
7.78 (d, J - 8.4 Hz, 2H). Wth respect L% the above reaction Vb, as
explained also in Ic above, the reagent: 10 Cl-CH2- O P(OBn}~ can be
generically represented by the following formula: R3 O ~Y R4 ¥rohV2qKerei n
all synmbol'CMRYFIHFSahBTalHefPReHI @BV e 301 5MiRUt &SNt ASsi &b Mdiimbir&enhyde

“no-p & G b e PhboSiah oAl LI SEEI LI s 8%ary

tol uene (1% 97L) evasmadded =id vetiedli benzybghasphaden (BepgratfuBe MmalfterThe
resulting m xture was refluxed for 15 m nutes 20 under an argon at npsphere.
The mi xt urd RRUESrentReoF 8ACHLIM Po*tob YafpBratuFéCRRE PifheSEdXTFREN t he

sol vent Was. Syane @ €dr | 1LY ARUP- ad8Cp8hb¥nk eshgur s TR hhLeduly l%é/![eirca

gel flash colum chromatography (1:1 hexane/ethyl acetate and then hyl
acet ate) tweyi eeparatsd owirsh cidtngvted t hsrkh  p@nzeller cH 12008Ler.ysTakl i zed

B e e el r g ARG € By,
= 7. 9 HZmi8H) drbed48vét,sddbum 341Bati, 2h)l, evapOr&dted2Qhierl3edii¥Bd( 75
MHz, CDC13, 8) : 69.54, 69. 61, 86.48, 127,88, 128.48, ,|128.55, 135.10,

135, 20. VIPLSSHHi%restRE Fe R PhiRphohbBxy Rt Ayt cY2f ospBi ERtAI HOHECPUM \ O 0
| H3 01y - -dh Mathh dHbiy Ovcl espeiea A ﬁ%eYLa- SHELOER S Of then 4:1

O net hyl t hi onet hylcycl osporin A: HO i O--N NH-~NCH3 O Cycl osporin A
MeS DVSO (heGHBhed AcROrofNTNH-tN GESe0 1GMd o3pdBhh Aitdda sauSpehsi tntdke

Cycl osporin A in dinethyl sul foxide (250 nL) is added acetic anhydride (125
n) and acetTRPHE £° %OCO?LCN/EJI’eCSnS S003 (35 nl). The heterogeneous mxture is
vigorously stirred at roomtenperature for 24 hours, poured into ice (800
m.), stirred for 30 mnutes, and then extracted with nethylene chloride (4
x 100 ni) .EBHE cldhdind&d zreclyl ene chloride 5 extracts are washed with water
(2 x 100 nL) and dried over magnesium sulfate. The nethylene chloride is
renoved at reduced pressure to provide a product. The product is further

purified by IMR ces@el MBBy ouBCOgy adhy. 1194 VI, Synt hesd sHef 12H), 2.37
o phosghonooxyrret hyl aycl osporin_A di benzyl
1 (s, "3H), "3.37 (hept, J = 6.9 Hz, 2H), 4.86 (s, 2H), 7.12 (s,
3H).%3C NMR (75 MHz, CDCl;, &8): 15.40, 23.98, 26.68, 78.12,

124.04, 125.05, 141.74, 152.20.

Ib. Synthesis of O-chloromethylpropofol:

0" Ssme S02Cl2 0" ¢l
83%

To a stirred solution of O-methylthiomethylpropofol

20 (3.00 g, 12.5 mmol) in dry methylene chloride (30 mL), kept
under an argon atmosphere, was added a 1M solution of SO,Cl;

in dry methylene chloride (12.2 mL, 12.2 mmol) at 5°C over

five minutes. The reaction mixture was stirred for 10 minutes



ester: M@ S\I0O iH3 O w--NNH-~NCH3 0 Cyclosporin AO NS + HO'P-OBn -a
GBn 0 BnO IPA Bn0 0 CH3 O --N NH-"N CH3 0 Cyclosporin A To a well stirred
suspensi on of 015 nethyl thionmet hyl cycl osporin A and powdered, activated 4
nmol ecul ar sieves (5 g) in tetrahydrofurdR (20 nmL) is added a suspension of
N-i odosuccinim de (2.00 g of 95% 8 44 rrrml) and d| benzyl phosphate 52 20 g,

7.83 mol n et hyl ene chl ori de The
vi gor ousl| g/aEtl lhteedg%e at- FBETALE er%ﬁ EhFBr h gsrgql‘mst e?Ed T

di | uted W tbmsd Fduacet atge( 34 1Reht Theasol ébapara-@eavashaaewtfk@m@ws
sodiumthiosulfate (10% 2 x 15 nlL), water (2 x 20 m.), brine (50 nL), and
dri ed overPhegpiess uansul the ebrone meaighali sl | Mélsecplmldflt% bbil Vidrash s

evapor at ed, 2 su er |du i PY, d a gel
flash col urrﬁ ron%%%?%%ﬁ%ﬁrﬂél gselljbﬂg%s I@rc éﬁ%’d% Vic. Sé%/ﬂrf esi s
of Oprﬁosp@mpmb@hetdmygnbyel Psp6Irgn (B3% OyBecudAertht(Ber titH2, deédip@undHR=O w
--N NH'"N CH3 Iosporln AOHOPHO\O Oi HBOw--NNH"NCH3 O

Cycl ospori® )&eJTJo ¥t ution of 0-phosphonooxynet hyl cycl osporin A di benzyl
ester in tetrahydrofuran (100 nmL.) and water (5 nlL) is added pall adi um on
carbon (10% 500 ). This mxture is stirred under an atnosphere of

hydr ogen (QIM$ njNHor: I¥Ini od 2s22Gnel Mt ARpdt, i/ 7 fdred by filtration
through Celite. The Celite is then washed with tetrahydrofuran (300 nm.) and
the conbined filtrates are evaporated at reduced pressure. The resulting
solid is washedgr W sboewner (cbc&azoamn hexag (PO0=nk)o @i, eciziHr) vagzusp and
then dissolved in hot methanol The solution is filt

concent r at édlerE., rédﬁcéd9 pfrléss%hl)er t5) ol svL Al ure.1 5Af (Eter 38 aﬁ%ﬁ ARt (Tom

over niht. e &R5aeal 1973 goect ph14Fe ERaCh or iRd oVer night Jbe i1tk of

and dried ifgovaeguo to give the t|tIe conpound as a solid. The filtrate is
concentrated to ~1 nlL volunme and kept in the refrigerator for one hour to
gi ve additional product. Bl OLOG CAL EVALUATI ON Compounds of the pr esent

i nvention e r t lﬁgﬁ%i,” v

formul a | ﬂévegg’eghegsgl l%g }&?Jirh vitr gwlﬁig?%gg%o?\}é%%g% n st i'es.
In all of {(heaeesludi es the prodrugs were 52 7 March 2003 converted into
their pharnmaceutically active parent conpounds. (1) Solubility Estinate of

Propof ol Prodrug in Water
. P OBn —OBn
O//\\Cl Ag+()/ /’\\ s
98%

A mixture of O-chloromethylpropofol (2.20 g, 9.7 mmol),

15 silver dibenzylphosphate (3.85 g, 10.0 mmol) and dry toluene
(50 mL) was refluxed under an argon atmosphere for 45
minutes. The mixture was cooled down to room temperature and
filtered. After the solvent was evaporated in vacuo, the oily
residue was purified by silica gel flash column

20 chromatography (9:1 hexane/ethyl acetate and then 1:1
hexane/ethyl acetate) to give 4.43 g (98% yield) of the title

compound as a yellow oil.

CIMS (NH3): [MH]Y, m/z 469, [MH+ NH3]*, m/z 486.



5 The water solubility of propofol prodrug is approximately 500 ng/ nlL based
on HPLC anal ysis of saturated aqueous solution. (2) in vitro conversion of
propofol prodrug to propofol 10 The in vitro conversion of propofol prodrug
to propofol was performed using al kal i né! phosphatase in glycine buffer pH
10.4 medium 25 nlL of a 100 ug/nL propofol prodrug solution in glycine
buffer wag prepared. One m|lineter was saved for a zero tine CAt?QAd the

remai ni ng H4 NMR weQ0 1MH%) a€B@lim & 370 Wat é8 bat F ©6D Hi, of2H) 0. 3-8§/ nL
al kal i ne p hat ase } Ci buf f | ut,i gn s,add toct m., of
propofol p g%’?dg Lilol uéﬂ"%%%y,m %@d’, ga'n r ({P’ur%ed ??tﬁg' wgﬁzaf Bé?ﬁ. %é’SJrrL
sanpl es wer €/ rendved2ii, 55.40, (20, J3G, A® HLH, 20),, 12012180, 249, 3082 and

360 mi nutes. To eachlﬁg sanple, 10 uL of glacial acetic acid was added

i medi at el §ot 01QEbp tHe BMBynetd cMEeacCD6Rs, TRE : s@dl’ds wef e5hss&Ped Shy
FPLC L auaniidaley LNE PESPRS Ol 194 08 101 886 B OBy Oy 0 CORGENL KA 1R 4Dhe
results of the'in Vitro conversion are shown in Figure I” The§e résulfs
denonst r atlsSs .14t tlHe .39, pAdépobdl prodrug is a substrate for al kaline
phosphat ase. (3) Gross Toxicity Evaluation in Rats Propofol prodrug was
prepared for i.v. injection at a concentration of 68 ng/nL in 0.90 Sodi um
Chl ori de Iy .ecéythesis USP. otﬁﬂhas?aaﬁeakyﬁatwlﬁﬁop&ﬁwa&manifl365@&% of
propofol. The propofol prodrug solution was filtered through a 0.22 um

nyl on menbiedfernater rogtaddd ni stration. The eval uati on of the propofol
prodrug on rats was conducted with two nmal e Harl en Sprague-Dawl ey rats

wei ghi ng 53 A March 2003 820 and 650 g. The 820 rat recei ved 200 ulL of
t he propofol prodrug i.v. formulatio equi val ent tllo_o%nng/ kg oF ]

. ! ; ?

in the tail n. bl ood | e vies\taken fromgtdfeNtal |l verm\(wit P—OBn
hepari ni zec 9?)\%1%’{ eﬁ)ggg’so @- 9%2015 -:d-au-t_és}'i—Jh ¢ Q)?EQ/ “0Bn
recei ved a dose of the mild sedative{ Met aphane 3%t ster® r ecei¥i ng t he
propof ol prodryg— ormulation. The 650-¢ rat was injected with 2t

propofol prodrag fornulation in the fail vein and a bl ood sanpgl e was taken
fromthe tail vein (with heparinized 10 syringe) after approximtely six

m nutes. The bl opod sanples from both rats re assa for propofol _b
TPLC The resulte o R TR Shor BT brsar ugpt ol Cet oo asdies i eg oferal
simlap. Bothyags becanmmub$t eadyraf test oy fea nem eisde byl 5 NRVEr unast
their righting reflex. Based on 15 visual observations, the rats fully
recover ed &g aguadre gimyEEhsirepred O °tnjrast added 8| d¥dsedubien ¢f ofOHBh

rats confirned the presence of. propof ol rough HPLC anal ysis. The rats did
ot “dt opl A scge BEEEREEGRr ortTHENR o e pidpof BropiBtity. KSR afive
Phar macokifiehjte £Vatnat E88ct NoRofSx AubEakEBC @it ReC R udyo | RYRLVESTat

Di privan or the propofol prodrug was perfornmed in a dog wwth a sufficient
washout per°Codnbettherer $toudisest Therblteogerancent r aheonsheeseldener wased
using.HPLC with fluorescence detection while 25 hrain actjvity was

moni t oPed SHARPTARSY eé(l&dglrecfreg}éﬁégph%F%@?‘é’b%y (B TP oo\é\@si M35t he

dog, the dogamasdd i ndfwl dedolgehbon wagsplyaeed,in tde eans) pf theideg, and
the Il egs of the dog were bound to mnim ze novenent and ot her outside

stimul i scliezipaosphade of 3the pfopot-dl 3098n tHesdfidedr aimdrwafbe
act1vi t.y %glﬁ %gnnﬁi&xfflfréc'm ! ¥ eFR0LEQr efjor 4%4 1711%{:.89 qu?é T%gown
eval uation of the propofol blood concentration versus tine was conducted

Wi th a beagdachiginghmhigturédé3 vag Applex nddwhy t® nicooh bt enquknesiteakandpri or

to inpection to b sed faor standard curve preparatiqon and a zero ti,
bl 00028 | PMCoTRE it St oy ST Sr01 4G GrYRBOREr et 10r TCHg0f SFepPoaYug
forml ati aneqiie/al epls t 0 phiritFikd of RF opefialicei @ igejlect iraRshn tkeieaphal ic

vein. Two nL bl ood sanples were taken fromeither the cephalic (not the
same vei n Ayt dd@piyat i ofP ilnj echevanaftridinle), ferftdtd, ortBaphendud vein

(wi th heparinize i ftec 1, . , 240 £220,:ard, 3 Lyt ter
t he injec?%%%#&ﬁﬁggﬁhsg%b gge&eﬁg gﬁgg ?éééngaﬁggf g&?lgé,gf535g1§3F§%4o,
300, 360, ctifhouard dt4d yehldwesoiBl oDllisappbaéscwehad ekheastmd RA r(@maye t he
propofol i diately after 15 ing.ta fromthe dog. The do s fasted
P or aptr oxiiiac 8 JBYsABHE L, 1550 4 edafiingap et oF DI o SRR o
prodrug formul ation. After the 120 m nute sanple was taken, the dog was
allowed to drink water. Food was given to the dog after the 480 mnute

bl ood sanple was 20 obtai ned. The dog's regular diet was Hlls' Science

D et Mintenance. The dog was on a |ight/dark cycle of 12 hours of |ight
per day. The concentration of propofol in the blood sanples was determ ned
using HPLC with fluorescence detection. The 25 results are shown in Figure
2. The bl ood extraction and HPLC net hods used were based on work reported
by Plumer (1987) with m nor nodifications. The sanpl e preparation and

o o r — o a o B Y




The HPLC system consi sted of the foll ow ng Shi madzu conponents: LC-| QAT
punps, SCL-10A systemcontroller, RF 353 15 fluorescence detector, and
SIL-10A auto sanpler. The HPLC paraneters were as follows: excitation at
275 nm and emission at 320 nm flow raté2at 1 nl/min; injection volune was
3-30 ~L dependi ng on propofol concentration. The HPLC col um _was a Zor bax

RX-C18, 15.cmx 4,6 nmi.d ,.5.umparticle size. 20 i | e PHa¥%¥r R opls

00 50 (v1 3 nc SYOHPEPTP S 1o ARBCR S Re b FiF RAES BuFLEPREIL7 &8 EoFbbi | o
Phase B wagaBlaribtd dotvd-p) ;:acetonitrile: water: THF. Mbile Phase B was
used to clean the colum after the thynol and propofol eluted using Mbile
Phase A (4.2 and 7.4 m nutes, respectively). 25 The dog exhi bited signs of

anest hesi a upon\i njectio N%é bot h forYul ati ons bas on vi sual \observati ons
and EEG patterng. The dog Hovered from anest hesi g,f5,0m bot h formul at@ons

in 20-30 ni Pr opof &l ~Bhgod Al s pesul t AT RaM | nj ¢CT1on okt he—0oB
é)éi‘prom_anft_e_f‘.ﬁyt Pom‘?hjeei—i—e#‘—ﬁn&—»u @z Ko

propof ol pr nO (59 oBn
Sol ubility ESTi\rate of Canptotheci n prodruqg in 4kt stEpie waten sol ubility
of the canptothegcin prodrug is greate han 50 ng/ nL based on }isual and
HPLC anal ysi s. 56 7 March 2003 (6) “Canptothecin Prodruq (p-¢pt) Enzymatic
Study A 16 ug/nlL p-cpt was cleaved with acid phosphatase (0.02 units/nL of
p-cpt solution), The i .M cjtr puf . d th

Pemper ature wata7t: SThoragngasBsaith bt 308 U hhriBE, a3, AL S0s

moni t or ed dyspt€E orHPLIC Ranan®el eosl, MP. 024%mpal adsi wpyp hdismtatiex yafHaare pH
4, 76% acetonitrile 10 gol um: Zorbax RX-C18, 15 cmx 4.6 i.d., 5 um
particPe size’ Detkkt i oHEeB70PMm RERR ovF HRPPRELA | HEF AGWFho HIPRUSE from
bovi ne pr [ . ,Jh esdd ts,15,a o] i [ resul ts
denonstr a?@%%%éfhggggn&{oa{ec% pr %d?ﬁghﬁgi \th}besrPrd;t Igyég%gsbhogﬁattg%es.
(7) Pharnmecedkineing Sixtyref whbe s€ampeat et nafr addiigibsabhg 1Batsirites.

Phar macoki neti c experinents involving the dosing of male Sprague-Daw ey
rats with FRf nﬁ?éﬁ&&h‘égofhoc“}?@e@&ﬁﬁtsot%’ﬁ%’r oA %1g 284G dc SRR T FOwer e
under t akeng e d Waof QF Fh aldfONsh Pl v 4 NEIGRAIINLINE A Ny PROIT Ugs t hab yersg,
exam ned consisted of the prodrug dissolved in 15 nM 25 phosphate, pH 4.0
and cdfpt odhecidimgitdealyettiana ofganit cosnt véht suintheed.ol Thivks ngraasctaon
summary of_the pharmacokineti xperinents: A vol.une of the capptothecin

pr odr ug forPJr“rﬁ‘éIFGf of38r TAMptS hgan 8 Eﬁ?‘éﬁbn%\%%eﬁ?gpar alggﬁn 5
concent r at §8Iwv&o: 3@ndhahea ettesgse@fi e Bto il cheth aanpierdhasidb et

wei ght could be given_to the rat. The forpulation was given to the rat

usi ng an i NRwelesiguédnrieta A st h‘élf’f%q]tv‘?%géipartciﬂél%eof (HRECT@Fradyy odd
sanpl es wef) taken. i@ 8P hadyel i s GAENUS 814 OC a4 801 2, I Jrghie | L@y ar
vein of the rat. Both cannul as 57 7 March 2003 were rinsed wth

hepar ili%i zetg sal i Ok pndbr, tandsehente swht g atl ¥ep iwasz ek fdalxade fdur ilfy t he
study. The_rats_ wer nes tized wi th _sqdium pentobarbital prior to
Tnaer tion BITERRS T UBEEaF  CARndFas ChRY RO S S netr St irPh 28arhe
pent obar bi t@hpehtdtunte t hdt Wiytebee, r atheWweselpeAtedwds oo add ngipad
during the study and tracheotom zed. Bl ood sanpl es of approximtely 150 ~ZL
were takenVdf¥or tldedolihy Hiffiducervas punmifipd hy sidicgo, geb, sihd 90
mnutes af ¢eruddiech et S4L ARty P8 o1 OhueBnt Pethel 10ckehee THRADkERY APl es
were placed in mcrocentrifuge tubes and centrituged for 20 seconds at

appr oxiOmat e¢xand&O0Xthylpracek B ult caldigpeot2 8F My adidd friehddactf Bhsod igampl e
was transferred t#) a secong m cro enggi.fuge Eubg. Al ?. ul. _15 %#l q tc)of
chilled acet™RTHHT 125 wasY5H48Y Pottné prakhl ihg PRS % Sp&PREI &F |

vortexed fafd S enmnédpecArdmO (3boakigpotpols)chisl badasededaiphesppaée (0. 1
M pH 7.2) was then added. The contents in the mcrocentrifuge tubes were
vortexed for 5 EeEtRs BAJTERBNEPPIEge§aFErOR0 L§eddide raa tap frovkiemat el iF
15000 20 r natanpt r d PLC a r et at
4C and ana %nzgﬁagg%ggﬁai ﬁcjrizacQti onsalf %ﬁééﬁlﬁ% g‘bgt % (t%gﬁ%sgggég@%}ﬁe oH

f ol | oRiSng Bhé netdal reoshporrposndlL C- | GAF perpnp Bl - ¥ersysbencommound | ef RF
535 fluorescence detector, SIL-10A aytosanpler (set .at 4C), and 25 CIO 10A
col um oven®{T&nper at’th& &t I}Itzl 3% geﬁlégEPL&h%arCMé)rl O\%\e«ggﬁé‘ef FMA¥ows:
excitationp@t SUPsHIft @k eny S5 Ona atcdgdSourid fdum rade at-Giadg-aup-clihe
HPLC col um was a Hypersil ODS, 15 cmx 4.5 mmi.d., 5 umparticle size.
The nobi | e"HREREN wasl 75 IBPhMesTdNgnOBERYBphat e, pH 6.5/ 25% 30 acetonitrile
(v/v) wth 25 nM tetrabutyl ammoni um di hydr ogen phosphate added as an
ion-inpairing reagent. As can be seen in the graph (Figure 4) the prodrug
provi des canptothecin plasma | evel s which are equivalent to 58 7 March
2003 those attained fromdirect injection of canptothecin in organic
co-solvents. The graph provides the nean with standard deviation for five

oy - . a




5 59 7 March 2003 1 2 3456 7 89 10 11 12 W claim 1. A conpound
according to formulal: OROOP~-ORI | ~OR2 mn wherein, RO- is a residue
of an al cohol -contai ni ng or phenol containing pharmaceutical conpound, Rl

i s hydrogen or an alkali metal ion or a?protonated amine or a protonated
amno acid, R2 is hydrogen or an alkali nmetal ion or a protogaﬁg&mag&ﬂ@ or
a protonated amno acid, and nis an integer of 1 or 2; mis an’integer of
at least 1; and pharmaceutically acceptable salts thereof, excluding taxane
derivati vere Of s{hehé9igubE D-dHISPhoncokEMEERy 1 Prop6Edl 2HiKenkglcidstel i S a
t axane noi ety bearing on the Cl3 carbon atom a substituted

3-am no- 2- OXYy group; yis 1, 2 or 3; x is 0 or an integer
from1l to 6 inclusive. 1 2. The conpound according to claim 1, wherein said
2 al cohol -contai Ri ng or phenol -contai ning conpound is sel&cted 3 fromthe
group consi sting/o0fcanpt ot heci n, canpt ot heci n 4 anal ogueg,—pr opof 0O

et oposide, vit/=\in E and cyclosporifj A. 1 3. The conpount{ accordingi&o

claim1, wh k@l i+ et al prappef RINEG Rz gch i/nﬁs(ﬁe’ ﬁ%%ﬁ“y
] y ang lithiu 4,

)
selected 3 he group consiiﬂ)ngkﬁ%}sodiugm%ﬁota-
A conpound seTegted fromthe group ¢ sting of: 60 March 2003 O O +Z

O/IPA+Z OO0OCH3—OS O NNNH | CH3 O Cyclosporin A akpd—O H3CO ~ OCH3 O
O1 ~OP-0OZ+ ~/f~ Z+ p'Z+ OZ+ OP-O_ Z+ O Z+ 2 wherein Zis selected from
the group consisting of hydrogen, 3 alkali netal ion, and am ne; 4 and
pharmaceutically acceptable salts thereof. 5 5. The conpound according to
claim 4, whereif,eachf g REARRALENd Y SEAGKILA HilBLHRA popUR oEONaSt | ng
of sodium tronetham ne, triethanolam ne, triethyl am ne, "argi ni ne, |ysine,
et hanolbamimg, aifd 38 metdly) ghiocadfynemethylene chloride (2 mL) under an

argon atmosphere were added powdered, activated 4A molecular
sieves (100 mg), and then a solution of dibenzylphosphate
(127 mg, 0.45 mmol) and N-iodosuccinimide (102 mg of 95%,
0.43 mmol) in tetrahydrofuran (2 mL). The reaction mixture
10 was stirred at room temperature for one hour, filtered, and
diluted with methylene <chloride (30 mL). The resulting
solution was washed with a solution of sodium thiosulfate (2
mL of a 1M solution), a saturated solution of sodium
bicarbonate (3 mL), brine (5 mL), dried over a mixture of
15 sodium sulfate and magnesium sulfate, filtered, and
concentrated in vacuo. The oily residue was purified by
silica gel flash column chromatography (1:1 hexane/ethyl
acetate) to give 120 mg (67% yield) of the title compound as
a yellow oil. This product had the same R¢f (TLC) and 'y NMR
20 spectrum (300 MHz, CDCl;) as an authentic sample.

25



61 7 March 2003 1 6. A conpound according to formula Ill: ROS-CH3 ( I | |
) 2 wherein, 3 R-0- is a residue of an al cohol -containing or phenol 4
cont ai ni ng pharmaceuti cal conpound, excluding taxol; 5 and pharmaceutically
acceptable salts thereof. 1 7. A conpouﬁﬁ according to clain16 mherein
said 2 compound is selected fromthe group consisting of:

N N L O 0ol ey A 0 B G A EL A o

4 R-0- is a residue of an al cohol -containing or phenols containing
phar maceuti cal conmpound, excluding taxol, 6 Y is a phosphono protecting
group, and 7 n i\s an integer of 1 or 2; 8 and pharmaceutical Ny acceptabl e

salts thereof. — A conpound cordlng to claim8, wherein/sard 2 ﬁ
conpound i s geFected fron1the gr_u onsisting of: @ O Y YO 9H§ Op
NH_ | CH3 clospaTi @A 6Bﬁ NaOH, Bu4 N" Br _O(?BE'N

45%

(alternate route-4):

To a solution of propofol (38 mg of 97%, 0.21 mmol) in
methylene chloride (1 mL) was added tetrabutylammonium
5 bromide (10 mg, 0.03 mmol) and a solution of sodium hydroxide
(40 mg, 1 mmol) in water (0.2 mL). The heterogeneous mixture
was stirred for 15 minutes. Then a solution of chloromethyl
dibenzylphosphate (104 mg, 0.32 mmol) in methylene chloride
(1 mL) was added and the reaction mixture was stirred
10 vigorously for eight hours. The mixture was then diluted with
methylene chloride (10 mL), washed with water (2 mL), dried
over sodium sulfate, filtered, and evaporated in vacuo. The
oily residue was purified by silica gel flash column
chromatography (hexane, 20:1 hexane/ethyl acetate, and 10:1
15 hexane/ethyl acetate) to give 44 mg (45% yield) of the title
compound as a yellow oil. This product had the same R (TLC)

and 'H NMR spectrum (300 MHz, CDCl;) as an authentic sample.
Further to the above reaction Ic (alternate route-4) it

is to be understood that the reagent:
0O

o Cl 0 OBn



and OH3C0 ~ OCH3 'OCQ OO IP-OYmoy OYl Oy Ol | P-OY I OY 3 wherein Y
is a phosphono protecting group. 1 10. The conpound according to claim S8,
wherein said 2 phosphono protecting group is selected fromthe group 3
consisting of a benzyl group, a t-butyl 2group, an allyl 4 group, and other
accept abl e phosphate protecting groups. 1 11. A pharnaceutical conposition,
conpri si ng: 63 7 March 2003 2 an effective amount of a’cHgsBun3
accor di ng ¢3! daidRneriFaddy FeRrFRaPhEEDY BRI {ohtReani ™A er. 1 12.
A process for preparing a conpound of claim4, 2 conprising: 3 renoving a
phosphono protecting group froma c ou 4 according to one of the
follow ng formula: Cyclosporin A5 erei’n_Y_is the phosphono protecting
group; and 6 recovering the prod \ R p¥ocess for preparing a
conmpound of claim®6, 2 conprisi ngﬁ %Jgactd)ﬁgya conpound of the formula
R-0-H 4 wherein, 5 RO is a residue of an al cohol -containing or phenol 6

cont ai ni ngwl’?é"?éi@%?‘“ﬂe%@%s@ﬁ%o%ndleﬁ?(iqc%d%f@uﬁ axfb, a@dORM g+&~eXEhOg O |
H3 O--NNH-~N1T CH3 69 7 March 20 and pharmaceutical ly acceptabl e
sal ts therkepdro@mi abomli renhpkrgahfioxigdeuien dthealpr ékenganiot dtewpcaadhydri de

0, and, 30SLL5 ACkla NS5 0o BERXELL00, P! Oty Lot GRS
accor di ng igciwddenulghllddineR- Oobofiné3 (iddind, ) tosylate or any other
suitable leaving group. Examples of phosphate protecting

groups include protecting groups that temporarily block the
reactivity of the phosphate group and permit selective

10 displacement with the nucleophilic displacement reaction.
Examples of such blocking groups include but are not limited

to benzyl, allyl, tertiary butyl and isopropyl, ethyl and B-
cyanoethyl.

15 Ic. Synthesis of O-phosphonooxymethylpropofol dibenzyl ester

(alternate route-5):

0]
O-Nat + BIOSP o~ _PTOBn — —» o o o

To a stirred suspension of sodium hydride (36 mg of a

60% dispersion in mineral oil, 0.91 mmol) in dry
dimethoxyethane (2 mL) under an argon atmosphere was added

20 dropwise propofol (172 pul of 97%, 0.90 mmol) over five
minutes. The resulting mixture was stirred at room
temperature for an additional 20 minutes. To the mixture was
then added the solution of formaldehyde bis-
(dibenzylphosphono)acetal (500 mg, 0.88 mmol) in dry



456789 101112 1 2 3 4 wherein, RO- is a residue of an

al cohol - cont ai ni ng or phenol containing pharnmaceutical conpound, excl uding
taxol ; and pharnmaceutically acceptable salts thereof, with

N-i odosucci nam de and a protected phospRbric acid of fornula HOP(0)(QY),
wherein Y is a phosphono protecting group; and recovering the roduct 15

The process, accordr ng to clgr m 14, :‘Ivi\éerer n the phos hono r ot’e@@iH g
is select oﬁ‘& st 7] o‘feaé:tk}é%ﬁbwl’b wast Shafyrdg

and an aII rﬁ)&gp lj?:t g_“?% I‘Il szes5 % urs
adm ni sterr ng to atien | n nee ere an fectr ve anount

conposi ti mheacmmﬂmn@ tasckhem flltérédd. afhe tmiet mmmeomasn@xtapmdaauem 16,
wherein said 2 conpound is _admnistered orally,, 1 18. The nmethod accordi ng

to claimi15? WREFEr nTEEI @12 Yo diRsoive |"§asadﬁ’rfﬂ§3c%4 e]BYpérlenF@r gely tlasgs 374

5 6 78 9 dOdrn 1hdchdtodmaptfy Lheh&inkd 2021 Hekad 24 rdA ?afé:e?c%t%8 230 31
32 33 34 7 March 2003 19.” Use "of a corrpound according to formul a I as a

medi canmentthe®. 1The h%@n@d@@hdﬂngaqed'a@leér Mma9givkere meBai 6% c(mpédhd les a

pr opof ol Y e ngjnjt r oduc et fec
The use ac@é‘% d?}n%i/? g&ﬁ%&rnh?dlgaeéj e| no‘"gaorOl cg%lpﬁ echP: &es pr opo clﬂe
deri vati ves; afmt.q) hearrrled’rfbanmtsﬂms:mm i FIOUMIMHBCIEDE LY. a22.anTheutdemmdiend

accordi ng to formulal, OROOP-ORI | ~ORZ mn wherein, RO is a residue
of propof of? MPHE s hydrogen or an alkali netal ion or a protonated am ne or
a protonat ed amno acid, RZ is hydrogen or an alkali netal ion or a
protonated am ne or a protonated amno acid, and nis an integer of 1 or 2;
and pR&r na%@ut$m¢h%%(ﬁpm®%mmﬁebrlp£@°% conpound accor di ng
to claim22, wherein the alkali nmetal ion of RL and Rz is independently

sel ected from the gryup consisting of sodium potassium¥nd |ithium 66
35 36 37 38 39 40 41 ¥2-43 44 4p 46 47 48 49 50 51 52 53 55 56 gy 58 59
60 61 62 63 64 656G 67 24. A dlonpound O ~CH-O ~ ~ -Q=_2% 0- z+ 7 March

ect eeN{ 1 oA Bngr oumzthsﬁl st | n ydr ogeq, RKOH

2003 wherein Z i

metal ion and ahy an® n i 9 anOBﬁ eger macegtr CaHy
accept abl e sal t s\Mt-h&éreof. 25. The corrpoung1 a(,/%ordr ng™e< cl ar m 24, wherein Z
i s independently sel¥ i
tromet ham ne, triethénol am ne, triethylam ne, arginine, Aysine,

et hanol am ne and N-fret hyl agl ucam ne. 26. The conpound atcording to formul a
IV,

To a solution of O-phosphonooxymethylpropofol dibenzyl
ester (115 mg, 0.245 mmol) in methanol (10 mL) was added
palladium on carbon (10%, 20 mg). This mixture was stirred
under an atmosphere of hydrogen (1 atm) for 1.5 hour. The

15 catalyst was removed by filtration through Celite, and the
filtrate was evaporated at reduced pressure to give 70.5 mg
(100% yield) of the title compound as a colorless oil,

unstable on standing at room temperature.

FABMS- (GLY): [M-H]", m/z 287.

20 'H NMR (300 MHz, acetone-dg, &): 1.19 (d, J 6.8 Hz, 12H),
3.46 (sext, J = 6.8 Hz, 2H), 5.45 (d, J = 9.7 Hz, 2H), 7.15

(m, 3H).'®C NMR (75 MHz, acetone-dg, &): 24.2178, 27.1496,
94.63, 94.65, 124.08, 126.30, 142.46, 152.32.



/OY R O,O0p n pY wherein R0 is a residue of propofol Y is a phosphono
protecting group, and nis an integer of 1 or 2; and pharmaceutically
acceptabl e salts thereof. 27. A conpound 0 OCHg-0-11 -OY OY wherein Y is
a phosphono protecting group. (1V) 67 288 69 70 71 72 73 74 75 76 77 78 79
80 81 82 83 84 85 86 87 88 89 7 March 2003 28. The conpound accordln%
claim 27, wherein said phophonoprotecting group is sel ected T SR tthe ﬁ?oup
consi sting of a benzyl group, a t-butyl group, an allyl group, and other
acceptab|eIBUOS?Hﬁhesﬂé0&5CéiﬁﬁbiﬁKBﬂ&bxjH&th&l@&%b@E&QUHisaaiﬁﬂnﬁﬂﬁfIiOn
conprising an effective anesthetic anount of the conmpound according to
claim 22 and a pharnaceutically acceptable carrier. 30. A nethod of

treat ment which produces an anesthetic effect conprising admnistering to a
patient in need thgreof an effective anesthetic anmount\of the conposition
of claim29. 31. A/pfrarmaceuQ) cal conposition conprisi an effecxlve

anest heti ¢ anmopatof the cong Qgpacdoﬁﬂbﬂémio anyeaé of clai nsl 23 %§
a pharmaceut i @ aC@ ¥ \c i er2. NgCQOA net @
h co 0

crﬁdﬁb*
anest hetic ef i yatient in nQ}dNa+

pr i §8x nrnrgyerPng t
t hereof an effe ve anesthetic anmount 8P”& he conpoumny according to any one
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disodium salt:

To a solution of O-phosphonooxymethyl-alpha-tocopherol

dibenzyl ester (100 mg, 0.14 mmol) in tetrahydrofuran (10 mL)

5 was added palladium on carbon (10%, 18 mg). The mixture was
stirred under an atmosphere of hydrogen (1 atm) for 5
minutes. The catalyst was removed by filtration through
Celite, the filtrate was evaporated at room temperature at
reduced pressure, and the resulting residue was dissolved in

10 ether (2 mL). The ether solution was then treated with an
aqueous solution of sodium hydroxide (11.2 mg in 100 mL of
water, 0.28 mmol), and the resulting mixture was stirred at
room temperature for 10 min. The ether phase was removed and

the aqueous phase was washed with ether (3 x 3 mL) and then

15 dried in vacuo for 20 hours to give 73 mg (89% yield) of the

title compound as a gray solid.

FABMS+ (TG/G): [MH]*, m/z 585, [M + Nal®, m/z 607

The synthesis of water soluble derivatives of

camptothecin will also be further detailed as follows:
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IITa. Synthesis of 20-O-methylthiomethylcamptothecin:

To a suspension of camptothecin (5.0 g, 14.3 mmol) in

dimethylsulfoxide (250 mL) was added acetic anhydride (125
5 mlL) and acetic acid (35 mL). The heterogeneous mixture was
vigorously stirred at room temperature for 24 hours, poured
into ice (800 mL), stirred for 30 minutes, and then extracted
with methylene chloride (4 x 100 mL). The combined methylene
chloride extracts were washed with water (2 x 100 mL) and
10 dried over magnesium sulfate. The methylene chloride was
removed at reduced pressure to give a brownish solid. The
solid was dissolved in a minimum volume of methylene
chloride. This solution was filtered and diluted with a 10-
fold excess of hexane and then kept overnight in the
15 refrigerator. The precipitated solid was filtered off, washed

several times with hexane, and dried to give 5.38 g (92%
yield) of the title compound as a light brown powder. also-

123.6° (c 0.55, CHClj).
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'y NMR (400 MHz, CDCli, 8): 0.93 (t, J = 7.2 Hz,

(sext, J = 7.6 Hz, 1H), 2.29 (sext, J = 7.6 Hz, 1H),
3H), 4.58 (s, 2H), 5.33 (s, 2H), 5.40 (d, J = 17.2

5 5.62 (d, J = 17.3 Hz, 1H), 7.48 (s, 1H), 7.69 (t, J
1H), 7.86 (t, J= 7.1 Hz, 1H), 7.%96 (d, J = 8.1 Hz,
(d, J= 8.5 Hz, 1H), 8.42 (s, 1H).

3¢ NMR (75 MHz, CDCls;, &): 7.76, 14.89, 33.90, 49.9

71.02, 76.57, 97.51, 122.63, 128.02, 128.09, 128.30,

10 130.64, 131.11, 145.14, 146.10, 148.88, 152.27,
169.34, 169.73.

3H), 2.11
2.30 (s,
Hz, 1H),

= 7.1 Hz,

1H), B8.25

2, 66.68,
129.71,
157.43,

IIIb. Synthesis of 20-0-phosphonooxymethylcamptothecin

dibenzyl ester:

f
HO—P—0Bn NIS,,
OBn 76%

4SMe

To a well stirred suspension of

15 methylthiomethylcamptothecin (1.00 g, 2.44 mmol) and

powdered, activated 4 A molecular sieves (5

g) in

tetrahydrofuran (20 mL) was added a suspension of N-

iodosuccinimide (2.00 g of 95%, 8.44 mmol) and

dibenzylphosphate (2.20 g, 7.83 mmol) in methylene
20 (12 mL). The resulting mixture was vigorously stirre

temperature for 30 minutes, filtered, and diluted w

chloride
d at room

ith ethyl

acetate (300 mL). The solution was washed with aqueous sodium

thiosulfate (10%, 2 x 15 mL), water (2 x 20 ml),

brine (50

mL), and dried over magnesium sulfate. The mixture was

25 filtered and the solvent was evaporated under

reduced

U
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!4 NMR (400 MHz, CDCls, &): 0.91 (t, J= 7.4 Hz, 3H), 2.09
(sext, J= 7.4 Hz, 1H), 2.26 (sext, J= 7.4 Hz, 1H), 5.06 (m,
4H), 5.28 (m, 3H), 5.35 (d, J= 17.0 Hz, 1H), 5.48 (2xd, J=
10.5 Hz, 1H), 5.64 (d, J = 17.3 Hz, 1H), 7.59 (s, 1H), 7.67
10 (t, J = 7.0 Hz, 1H), 7.80 (t, J = 7.1 Hz, 1H), 7.94 (4, J=

8.0 Hz, 1H), 8.13 (d, = 8.5 Hz, 1H), 8.35 (s, 1H).

3¢ NMR (100 MHz, CDCls, &): 7.73, 29.53, 32.49, 49.86, 66.74,
69.37, 69.44, 78.48, 88.99, 89.04, ©98.09, 121.55, 127.65,
127.70, 127.90, 128.01, 128.25, 128.35, 128.36, 129.62,

15 130.48, 130.97, 135.45, 135.55, 145.47, 145.82, 148.76,
152.15, 157.18, 168.67.

IIIc. Synthesis of 20-O-phosphonooxymethylcamptothecin:

To a solution of 20-O-phosphonooxymethylcamptothecin

dibenzyl ester (500 mg, 0.78 mmol) in tetrahydrofuran (100
20 mL) and water (5 mL) was added palladium on carbon (10%, 500

mg). This mixture was stirred under an atmosphere of hydrogen
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) 1Y Soo R i s B s e Y Bkt @Rt
U&' () - by $h04ddRd (jvithy $H0ARIE ( @)}iOQ&Lﬁmm), bepnz0| {30 ' mPyj)j,j jdxddd 1Q)n| ! !
10% 1 1&1(35éﬁ$, 1%%% ({Bgl@?é%ggglveé) 1n hot methanol (60 mL). The
solution was filtered, concentrated at reduced pressure to
~10 mL volume. After standing at room temperature for one
hour, the solution was placed in the refrigerator overnight.

10 The crystalline precipitate that had formed overnight was
filtered off and dried in vacuo to give 155 mg of the title
compound as a yellow solid. The filtrate was concentrated to
~1 mL volume and kept in the refrigerator for one hour to

give an additional 28 mg of the product. Total yield: 183 mg
15 (51%) .

FABMS+ (NBA): [MH]Y, m/z 459, [M + Nal®, m/z 481.

4 NMR (400 MHz, D0, &): 0.95 (t, J = 7.5 Hz, 3H), 2.25 (m,
2H), 4.98 (d, J = 5.0 Hz, 2H), 5.14 (2xd, J = 9.3 Hz, 1H),
5.22 (2xd, J = 8.9 Hz, 1H), 5.48 (d, J = 17.0 Hz, 1H), 5.60

20 (d, J = 16.9 Hz, 1H), 7.54 (s, 1H), 7.56 (t, J = 7.7 Hz, 1H),
7.77 (¢, J = 7.2 Hz, 1H), 7.86 (d, J = 8.2 Hz, 1lH), 8.01 (d,
J = 8.5 Hz, 1H), 8.44 (s, 1H).

Chemical structure and purity of the product were also
confirmed by 'H NMR spectroscopy of its disodium salt, formed
25 from the acid and two mole equivalents of sodium bicarbonate

in Dzo.
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10 treated with an aqueous solution of sodium carbonate hydrate
(97 mg in 2 mL water, 0.78 mmol). THF was evaporated at
reduced pressure and the heterogeneous aqueous residue was
diluted with water (10 mL) and extracted with ethyl acetate
(2 x 3 mL). The resulting yellow homogeneous solution was
15 acidified with hydrochloric acid (10%) to pH=1. The resulting
precipitate was filtered off and dried in vacuo overnight to
give 145 mg (41% yield) of the title compound as a yellow
solid.
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for a few minutes to give a yellow homogenous solution of the

title product.

'y NMR (400 MHz, D,0, after 10 min., 96% lactone, 4%

10 carboxylate, 8): 1.05 (t, J= 7.2 Hz, 3H), 2.27 (m, 2H), 4.57
(d, J = 18.8 Hz, 1H), 4.70 (d, J = 18.9 Hz, 1lH), 5.06 (dd, J
= 8.3, J= 5.4 Hz, 1H), 5.18 (dd, J = 7.6, J = 5.5 Hz, 1lH),
5.45 (d, J = 16.7 Hz, 1H), 5.59 (d, J = 16.8 Hz, 1H), 7.34
(t, J= 7.1 Hz, 1H), 7.41 (s, 1H), 7.60 (m, 2H), 7.81 (d, J =

15 8.3 Hz, 1H), 8.17 (s, 1lH).

IIId. Synthesis of 20-0O-phosphonooxymethylcamptothecin

disodium salt (alternate run 1):

O
1.Hy, Pd/C
2. NaHCO;
——
,,,,, o 53%

O—T—OBn
OBn
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IIId. Synthesis of 20-0-phosphonooxymethylcamptothecin

disodium salt (alternate run 2):

1.H, Pd/C
2. NaHCO;
—_—
80%

15 To a solution of 20-0O-phosphonooxymethylcamptothecin
dibenzyl ester (500 mg, 0.78 mmol) in tetrahydrofuran (100
mL) and water (5 mL) was added palladium on carbon (10%, 500
mg). This mixture was stirred under an atmosphere of hydrogen
(1 atm) for 30 minutes. The catalyst was removed by
20 filtration through Celite. Celite was washed with
tetrahydrofuran (50 mL), and the combined filtrates were
treated with an aqueous solution of sodium carbonate hydrate
(90 mg in 2 mL of water, 0.72 mmol). Tetrahydrofuran was

evaporated at reduced pressure, and the residue was dissolved
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10 monosodium salt:

OH

To a continuously sonicated suspension of 20-0-
phosphonooxymethylcamptothecin (5 mg, 10 pmol) in deuterium
oxide (0.5 mL) was added dropwise a deuterium oxide solution
of sodium bicarbonate until complete homogenization was

15 achieved (21 pl of 0.44 M solution = 9.2 pmol). A yellow

homogenous solution of the title compound was obtained.

'H NMR (400 MHz, D,0, 8): 1.00 (t, J = 7.2 Hz, 3H), 2.23 (m,
2H), 4.40 (d, J = 18.8 Hz, 1H), 4.50 (d, J = 18.8 Hz, 1H),
5.10 (dd, J = 9.7, J = 5.9 Hz, 1H), 5.26 (dd, J = 9.0, J =

20 6.1 Hz, 1H), 5.39 (d, J = 16.7 Hz, 1H), 5.50 (d, J = 16.7 Hz,
1H), 7.20 (t, J = 7.3 Hz, 1H), 7.28 (s, 1H), 7.46 (m, 2H),
7.66 (d, J = 8.4 Hz, 1H), 8.02 (s, 1H).
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L-lysine
— =
100%

To a continuously sonicated suspension of 20-0-

phosphonooxymethylcamptothecin (5 mg, 10 pmol) in deuterium

oxide (0.5 mL) was added dropwise a deuterium oxide solution

of L-lysine (25u1 of 0.43 M solution = 10.7 pmol) until
complete homogenization was achieved. A yellow homogenous

solution of the title compound was obtained.

'y NMR (400 MHz, D,0, 94% lactone, 6% carboxylate, 8): 1.02
(t, J = 7.2 Hz, 1H), 1.49 (m, 2H), 1.73 (m, 2H), 1.88 (m,
2H), 2.25 (m, 2H), 3.03 (t, J= 7.5 Hz, 2H), 3.76 (t, J= 6.0
Hz, 1H), 4.43 (d4, J = 19.0 Hz, 1H), 4.52 (d, J = 18.9 Hz,
14), 5.11 (dd, 0= 9.7, J= 5.8 Hz, 1H), 5.27 (dd, J= 9.2, J
= 5.8 Hz, 1H), 5.41 (d, J = 16.7 Hz, 1H), 5.53 (d, J = 16.7
Hz, 1H), 7.23 (t, J = 7.4 Hz, 1H), 7.30 (s, 1H), 7.49 (m,
2H), 7.68 (d, J= 8.4 Hz, 1H), 7.04 (s, 1lH).

Illg. Synthesis of 20-0O-phosphonooxymethylcamptothecin

arginine salt:
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To a continuously sonicated suspension of 20-0-

phosphonooxymethylcamptothecin (5 mg, 10 pmol) in deuterium

oxide (0.5 mL) was added dropwise a deuterium oxide solution

of L-arginine (27 pl of 0.40 M, 10.8 pmol) until complete
5 homogenization was achieved. A yellow homogenous solution of

the title compound was obtained.

'H NMR (400 MHz, D0, 8): 1.02 (t, J = 7.1 Hz, 1H), 1.66 (m.
2), 1.89 (m, 2H), 2.25 (m, 2H), 3.20 (t, J= 6.8 Hz, 2H), 3.77
(t, J = 6.0 Hz, 1H), 4.40 (d, J= 19.0 Hz, 1H), 4.49 (d, J=

10 18.8 Hz, 1H), 5.12 (dd, J= 9.7, J= 6.0 Hz, 1H), 5.29 (dd, J=
8.8, J= 6.1 Hz, 1H), 5.40 (d, J = 16.7 Hz, 1H), 5.51 (d, J =
16, 7 Hz, 1H), 7.20 (t, J = 7.3 Hz, 1H), 7.29 (s, 1H), 7.47
(m, 2H), 7.66 (d, J = 8.3 Hz, 1H), 8.03 (s, 1H).

IITh. Synthesis of 20-O-phosphonooxymethylcamptothecin N-
15 methylglucamine salt:



Y 109488 ()-! =Fvt A; & $10%488& () - & $10%8&8& ()- & $10%8&8& () -

5WeaD' $& $109%488' () - & $109%4&&' ()- FKPTYZbI - A; & $1094.8&8&' () -

5WeaD' $&! $10%488 () - & $10%8&8& ()- & $10%8&& ()- & $10%&& ()- b} 2A:

& $10%488! $10%488 () - & $10%&& ()- & $10%&S ()- & $10%8&8& () -

& $10%4&& ()- & $10%4&& ()- nN2A; & $10948&8& ()- & $10948&8& ()- & $109%48&& () -

&1 $1004.8& ()- & $L0%EL ()- 5VeaD'$mMM A & $10%8& () - & $10%1a@n 2003

8! $1004.8& ()- 5WaD' $&&I 109488 ()- & $109%A8&’ () -

5WaD’ $( & $10¥ o SIQAEL, () - & $100&L ()
0 O e

& $109%4.&&! §
& $109%4 &8 ngr V: 2084 &! $10¢
& $10%4.&8& () - 948&' () - N O
0] ]i’_OH O—T_O
OH H H OH
~Nt OH
N

OH OH

To a continuously sonicated suspension of 20-0-
phosphonooxymethylcamptothecin (5 mg, 10.9 pmol) in deuterium
oxide (0.5 mL) was added dropwise a deuterium oxide solution

5 of (D)-N-methylglucamine (21 pl of 0.51 M solution = 10.7

umol) until complete homogenization was achieved. A yellow

homogenous solution of the title compound was obtained.

4 NMR (400 MHz, D)0, 8): 1.02 (t, J = 7.3 Hz, 3H), 2.25 (m,
2H), 2.78 (s, 3H), 3.20 (m, 2H), 3.65 (m, 2H), 3.80 (m, 3H),

10 4.11 (m, 1H), 4.44 (d, J = 18.9 Hz, 1H), 4.53 (d, J = 19.0
Hz, 1H), 5.12 (dd, J = 9.8, J = 5.9 Hz, 1H), 5.27 (dd, J =
9.2, J = 5.9 Hz, 1H), 5.41 (d, J = 16.7 Hz, 1lH), 5.53 (d, J
16.7 Hz, 1H), 7.23 (t, J = 7.4 Hz, 1H), 7.49 (m, 2H), 7.69
(d, J = 8.4 Hz, 1H), 8.05 (s, 1H).
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IVa. Synthesis of 4'-O-phosphonooxymethyletoposide dibenzyl

ester:

K2CO3, Bus NBr
61%

MeO OMe MeO OMe
OH <\/O
O_?_OBn
OBn

To a solution of chloromethyl dibenzylphosphate (670 mg,
5 2.05 mmol) , etoposide (300 mg, 0.51 mmol), and
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mixture was vigorously stirred at room temperature for 35

5 minutes. The mixture was then directly purified by silica gel

flash column chromatography (30:1 methylene
chloride/methanol) to give 272 mg (61% yield) of the title

compound as a white solid with more than 95% of the trans

stereochemistry retained.

10 FABMS+ (NBA): [MH]*, m/z 879.

'H NMR (400 MHz, CDCls, &): 1.41 (d, J = 5.0 Hz, 3H), 2.79 (br
s, 1H), 2.86 (m, 1H), 2.97 (br s, 1H), 3.30 (dd, J = 14.2, J
= 5,3 Hz, 1H), 3.35 (m, 2H), 3.45 (t, J = 8.5, J = 8.0 Hz,
1H), 3.59 (m, 1H), 3.66 (s, 6H), 3.74 (m, 1H), 4.19 (m, 1H),

15 4.20 (t, J = 8.5, J = 8.0 Hz, 1H), 4.42 (dd, J = 10.3, J =
9.1 Hz, 1H), 4.60 (d, J = 5.2 Hz, 1H),4.64(d, J = 7.6Hz, 1H),
4.76 (q, J = 5.0 Hz, 1H), 4.92 (d, J = 3.4 Hz, 1lH), 5.03 (dd,
J = 7.3, J= 4.3 Hz, 4H), 5.54 (dd, J = 11.7, J = 5.1 Hz,
1H), 5.59 (dd, J = 11.3, J = 5.1 Hz, 1H), 5.99 (d, J = 3.5

20 Hz, 2H), 6.26 (s, 2H), 6.51 (s, 1H), 6.84 (s, 1H), 7.33 (m,
10H) .

3¢ NMR (75 MHz, CDCls, 8): 20.21, 37.49, 41.00, 43.78, 56.07,
66.32, 67.87, 67.97, 69.06, 69.14, 73.01, 73.29, 74.47,
79.70, 92.55, 92.62, 99.70, 101.57, 101.72, 107.89, 109.13,

25 110.55, 127.82, 127.97, 128.15, 128.35, 128.43, 132.40,
133.08, 135.68, 135.78, 136.49, 147.14, 148.73, 152.18,
174.90.
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To a solution of 4’'-0O-phosphonooxymethyletoposide
dibenzyl ester (20.5 mg, 0.023 mmol) in tetrahydrofuran (2
mL) was added palladium on carbon (10%, 5 mg). The mixture

5 was stirred under an atmosphere of hydrogen (1 atm) for 10
minutes. The catalyst was removed by filtration through
Celite, and tetrahydrofuran was evaporated at reduced
pressure. The resulting residue was dried in vacuo to give 16

mg (100% yield) of the title compound as a white solid.

10 FABMS+(NBA): [MH]*, m/z 699.

'H NMR (400 MHz, CDCls / DMSO-dg¢, 8): 1.29 (d, J = 5.0 Hz, 3H),
2.78 (m, 1H), 3.21 (m, 2H), 3.29 (t, J = 8.6, J = 7.8 Hz,
1H), 3.37 (dd, J = 14.0, J = 5.3 Hz, 1H), 3.52 (m, 2H), 3.62
(s, 6H), 4.09 (m, 1H), 4.17 (t, J = 8.1 Hz, 1H), 4.38 (dd, J
15 = 8.8, J = 8.7 Hz, 1H), 4.44 (d, J = 7.6 Hz, 1H), 4.48 (d, J
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5 IVe. Synthesis of 4'-O-phosphonooxymethyletoposide disodium
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salt:

To a solution of 4'-O-phosphonooxymethyletoposide

dibenzyl ester (200 mg, 0.227 mmol) in tetrahydrofuran (10

mL) was added palladium on carbon (10%, 45 mg). This mixture

10 was stirred under an atmosphere of hydrogen (1 atm) for 25
minutes. The catalyst was removed by filtration through
Celite. The filtrate was evaporated at reduced pressure, and

the residue was dried in vacuo. The resulting white solid was
dissolved in an aqueous solution of sodium bicarbonate (2.9

15 mL of 0.136 M = 0.394 mmol). The resulting heterogeneous

mixture was mixed with activated carbon, stirred for a few
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15 1H), 7.00 (s, 1H).

3C NMR (125 MHz, D,0, 8): 22.13, 40.74, 43.56, 46.11, 59.12,

68.70, 70.41, 72.40, 75.46, 75.95, 76.95, 82.46, 94.87,

102.88, 103.66, 104.62, 111.14, 112.82, 113.23, 130.73,

135.45, 135.74, 140.22, 149.56, 151.43, 154.94, 166.36,
20 181.61.

3'p NMR (200 MHz, D20, 8§): s (2.19).

V. Synthesis of Phosphonocoxymethylating Agents
Va. Synthesis of chloromethyldibenzyl phosphate

0

Cl-CH,-1 I
C1-CH-O-P(OBn),

- 1
Ag+'O-P(OBn), 0
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Vb. Synthesis of dibenzyl (p-toluenesulfonemethyl) -
phosphate:

0 0
I ) I
CLCH,-O-P(OBn), + MeOSOz—O Agt ____, TsO-CH,-O-P(OBn),
99%

To a stirred solution of silver p-toluenesulfonate (600

mg, 2.15 mmol) in dry acetonitrile (3 mL) was added

20 chloromethyl dibenzylphosphate (150 mg, 0.46 mmol) under an
argon atmosphere. After the reaction mixture was stirred for

21 hours at room temperature, the solvent was removed, and

the residue extracted with ether (3 x 3 mL). The combined

extracts were filtered, evaporated, and dried in vacuo to
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wherein all symbols are the same as defined above.

15 Ve. Synthesis of formaldehyde bis(dibenzyloxyphosphono) -

acetal:

l I-CH,-I I I
Ag+ O-P(OBn), —ﬁj.* (BnO),P-O-CH,-P(OBn),

To a solution of diiodomethane (4 mL, 50 mmol) in dry

toluene (15 mL) was added silver dibenzylphosphate (3.0 g,

7.8 mmol). The resulting mixture was refluxed for 15 minutes

20 under an argon atmosphere. The mixture was then coocled down
to room temperature and filtered. Then the solvent was
evaporated in vacuo. The oily residue was purified by silica

gel flash column chromatography (1l:1 hexane/ethyl acetate and
then ethyl acetate) to yield a yellowish o0il which then
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4y NMR (300 MHz, CDC3, &): 5.03 (d, J = 7.9 Hz, 8H),5.49 (t, J
5 = 14,3 Hz, 2H), 7.30 (m, 20H).

3¢ NMR (75 MHz, CDCl;, §&8): 69.54, 69.61, 86.48, 127.88,
128.48, 128.55, 135.10, 135.20.

VI - Synthesis of O-Phosphonooxymethylcyclosporin A:

0
|

HO—IP w
HO / ‘W

0
CH O

NH---

Cyclosporin A

10 VIa. Synthesis of O-methylthiomethylcyclosporin A:

O
DMSO
(|:H3 Aczo (|:H3 i
--N ---N NH---
|
CH3 0]
Cyclosporin A Cyclosporin A

To a suspension of Cyclosporin A in dimethylsulfoxide

(250 mL) is added acetic anhydride (125 mL) and acetic acid
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The heterogeneocus mixture is vigorously stirred at

poured into ice (800 mL},

and then extracted with methylene

The combined methylene chloride

(2 x 100 mL) and dried over

methylene chloride is removed at

a product. The product is

further purified by silica gel chromatography.

10 VIb.

aster:

—)
o]

Cyclosporin A

=4

To a

15 methylthiomethylcyclosporin A and powdered,
(5 g)

suspension of N-iodosuccinimide

molecular sieves

and dibenzylphosphate

chloride (12 mL).

20 at room temperature for 30 minutes,
(300 mL).
aqueous sodium thiosulfate (10%,
(50 mL),
filtered and the

with ethyl acetate

mL), brine
mixture 1is

25 reduced pressure.

column chromatography.

well

and dried over magnesium sulfate.

Synthesis of O-phosphonooxymethylcyclosporin A dibenzyl

BnO——! \T
/ o
NIS \l

+ Ho—‘P-—OBn _— ‘f“a Q
OBn N N NH-
bu, 6
Cyclosporin A
stirred suspension of O-

activated 4 A
(20 mL)
(2.00 g of 95%,

7.83

is added a

8.44 mmol)

in tetrahydrofuran

(2.20 q, mmol) in methylene

The resulting mixture is wvigorously stirred

filtered, and diluted
The solution is washed with
2 x 15 mlL), (2 x 20

The

water

solvent 1is evaporated under

The residue is purified by silica gel flash
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VIc. Synthesis of O-phosphonooxymethylcyclosporin A:

BnO HO
\ HZ/ Pd/C W

o] ————— 0]
?H3 O ?HB O
NH--- ---N NH---
] |
CHy O CH3 0
Cyclosporin A Cyclosporin A

To a solution of O-phosphonooxymethylcyclosporin A
dibenzyl ester in tetrahydrofuran (100 mL) and water (5 mL)
is added palladium on carbon (10%, 500 mg). This mixture is
stirred under an atmosphere of hydrogen (1 atm) for 35
minutes. The catalyst is removed by filtration through
Celite. The Celite is then washed with tetrahydrofuran (300
mL) and the combined filtrates are evaporated at reduced
pressure. The resulting solid is washed with ether (2 x 20
mL), hexane (50 mL), dried in vacuo, and then dissolved in
hot methanol (60 mL). The solution is filtered, concentrated
at reduced pressure to ~10 mL volume. After standing at room
temperature for one hour, the solution 1is placed in a
refrigerator overnight. The crystalline precipitate that
forms overnight is filtered off and dried in vacuo to give
the title compound as a solid. The filtrate is concentrated
to ~1 mL volume and kept in the refrigerator for one hour to

give additional product.

BIOLOGICAL EVALUATION

Compounds of the present invention are novel
pharmaceutical agents; representative compounds of formula I
have been evaluated in in vitro and in vivo conversion

studies. In all of these studies the prodrugs were
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converted into their pharmaceutically active parent

compounds.

(1) Solubility Estimate of Propofol Prodrug in Water

The water solubility of propofol prodrug is
approximately 500 mg/mL based on HPLC analysis of saturated

agueous solution.

(2) 41in vitro conversion of propofol prodrug to propofol

The in vitro conversion of propofol prodrug to propofol
was performed using alkaline phosphatase in glycine buffer
pH 10.4 medium. 25 mL of a 100 pg/mL propofol prodrug
solution in glycine buffer was prepared. One millimeter was

saved for a zero time point and the remaining 24 mlL were

placed in a 37°C water bath. 960 pL of a 0.1 mg/mL alkaline
phosphatase in glycine buffer solution was added to the 24
mL of propofol prodrug solution, mixed, and returned to the
water bath. 1.5 mL samples were removed at 5, 10, 20, 30,
40, 0, 90, 120, 180, 240, 300, and 360 minutes. To each
sample, 10 pL of glacial acetic acid was added immediately
to stop the enzymatic reaction. The samples were assayed by
HPLC to quantitate the propofol prodrug and propofol
concentration. The results of the in vitro conversion are
shown in Figure 1. These results demonstrate that the

propofol prodrug is a substrate for alkaline phosphatase.

(3) Gross Toxicity Evaluation in Rats

Propofol prodrug was prepared for i.v. injection at a
concentration of 68 mg/mL in 0.9% Sodium Chloride Injection,
USP. This concentration 1is equivalent to 36 mg/mL of
propofol. The propofol prodrug solution was filtered through
a 0.22 pm nylon membrane prior to administration.

The evaluation of the propofol prodrug on rats was

conducted with two male Harlen Sprague-Dawley rats weighing
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5 minutes. The 650 g rat received a dose of the mild sedative

Metaphane®

prior to receiving the propofol prodrug
formulation. The 650 g rat was injected with 125 pL of the
propofol prodrug formulation in the tail vein and a blood
sample was taken from the tail wvein (with heparinized

10 syringe) after approximately six minutes. The blood samples
from both rats were assayed for propofol by HPLC.

The results of the propofol prodrug injection in both
rats were similar. Both rats became unsteady after a few
minutes, but never lost their righting reflex. Based on

15 wvisual observations, the rats fully recovered from the
propofol prodrug injections. Blood removed from both rats
confirmed the presence of propofol through HPLC analysis.

The rats did not display signs of discomfort due to the
propofol prodrug.

20 (4) Pharmacokinetic Evaluation in Dogs

A pharmacokinetic study involving Diprivan® or the
propofol prodrug was performed in a dog with a sufficient
washout period between studies. The blood concentrations
were determined using HPLC with fluorescence detection while

25 Dbrain activity was monitored with two lead
electroencephalography (EEG). Prior to dosing the dog, the
dog was blindfolded, cotton was placed in the ears of the
dog, and the legs of the dog were bound to minimize movement
and other outside stimuli so that the effect of the propofol

30 on the dog’s brain wave activity could be most efficiently

monitored.
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level. The dog received a volume of Dlprlvan® or propofol
prodrug formulation equivalent to 7 mg/kg of propofol via
injection in the cephalic vein.

Two mL blood samples were taken from either the
cephalic (not the same vein as the formulation injection
site), jugular, or saphenous vein (with heparinized syringe)
after 1, 3, 5, 10, 15, 20 and 30 minutes after <the
injection. Blood samples were also taken after 60, 90, 120,
180, 240, 300, 360, 480, and 1440 minutes. Blood samples
were extracted to remove the propofol immediately after
being taken from the dog. The dog was fasted for
approximately 20 hours prior to receiving the Diprivan® or
propofol prodrug formulation. After the 120 minute sample
was taken, the dog was allowed to drink water. Food was
given to the dog after the 480 minute blood sample was
obtained. The dog’s regular diet was Hills’ Science Diet
Maintenance. The dog was on a light/dark cycle of 12 hours
of light per day.

The concentration of propofol in the blood samples was
determined using HPLC with fluorescence detection. The
results are shown in Figure 2. The blood extraction and
HPLC methods used were based on work reported by Plummer
(1987) with minor modifications. The sample preparation and
assay procedure used were as follows:

To a 1 mL sample of blood, 10 pL of thymol internal
standard (20 pg/mL) and 1 mL phosphate buffer (0.1 M, pH
7.2) were added, vortexing to mix after each addition. Five
mL of cyclohexane was then added and the samples were mixed

at 75 rpm for 20-30 minutes. The organic layer was separated
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by 1 minute of centrifugation at approximately 2000 zrmp.

Approximately 4.5 mL of the organic layer was transferred to
a tube containing 50 pL of dilute tetramethylammonium
hydroxide (TMAH) solution at approximately 1.8% (w/v). The
5 solvent was evaporated to dryness under a stream of nitrogen
and reconstituted with 200 pL of Mobile Phase A. The samples
were centrifuged at 15,000 rmp for 30 seconds to remove any
particles, and the supernatant was injected on the HPLC.
Standard curve samples were prepared by spiking 1 nL

10 aliquots of the initial blood with propofol at
concentrations 5, 1, 0.5, 0.1 and 0.01 npg/mL. These
standards were treated the same as the samples.

The HPLC system consisted of the following Shimadzu
components: LC-10AT pumps, SCL-10A system controller, RF 353

15 fluorescence detector, and SIL-10A auto sampler. The HPLC
parameters were as follows: excitation at 275 nm and emission
at 320 nm; flow rate at 1 mL/min; injection volume was 3-30
pL depending on propofol concentration. The HPLC column was a
Zorbax RX-C18, 15 cm x 4.6 mm i.d., 5 um particle size.

20 Mobile Phase A was 60:40 (v/v) acetonitrile: 25 mM phosphate,
15 mM TBAP Buffer pH 7.1. Mobile Phase B was 80:10:10 (v/v/v)
acetonitrile: water: THF. Mobile Phase B was used to clean
the column after the thymol and propofol eluted using Mobile
Phase A (4.2 and 7.4 minutes, respectively).

25 The dog exhibited signs of anesthesia upon injection of
both formulations based on visual observations and EEG
patterns. The dog recovered from anesthesia from both
formulations in 20-30 minutes. Propofol blood levels
resulting from injection of the propofol prodrug approximate

30 those from injection of Diprivan®.

(5) Solubility Estimate of Camptothecin prodrug in water

The water solubility of the camptothecin prodrug 1is

greater than 50 mg/mL based on visual and HPLC analysis.
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(6) Camptothecin Prodrug (p-cpt) Enzymatic Study

A 16 png/mL p-cpt was cleaved with acid phosphatase (0.02
units/mL of p-cpt solution). The media was 0.09 M citrate
buffer, pH 4.8 and the temperature was 37°C. The conversion of

p-cpt to camptothecin was monitored by HPLC.

HPLC Parameters:

MP: 24% potassium  phosphate buffer pH 4, 76%
acetonitrile

Column: Zorbax RX-C18, 15 cm x 4.6 mm i.d., 5 um
particle size

Detection: 370 nm UV

Flowrate: 1 mL/min
Acid phosphatase from bovine prostate (sigma). The results
are shown in Figure 3. The results demonstrate that the

camptothecin prodrug is a substrate for phophatases.

(7) Pharmacokinetic Study of the Camptothecin Prodrug Using

Rats

Pharmacokinetic experiments involving the dosing of
male Sprague-Dawley rats with formulations of the
camptothecin prodrug and camptothecin were undertaken. The
two formulations of the camptothecin prodrug that were
examined consisted of the prodrug dissolved in 15 mM
phosphate, pH 4.0 and camptothecin dissolved in organic co-
solvents. The following is a summary of the pharmacokinetic
experiments:

A volume of the camptothecin prodrug formulation or
camptothecin formulation was prepared at a concentration so
that a dose equivalent to 1 mg camptothecin per kg weight
could be given to the rat. The formulation was given to the
rat using an indwelling cannula in the left jugular vein of
the rat. Blood samples were taken via an indwelling cannula

located in the right jugular vein of the rat. Both cannulas

mn
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were rinsed with heparinized saline prior to use and

contained heparinized saline during the study.

The rats were anesthetized with sodium pentobarbital
prior to insertion of the jugular cannulas and kept
anesthetized with sodium pentobarbital during the study. The
rats were placed on a 37°C heating pad during the study and
tracheotomized. Blood samples of approximately 150 pL were
taken prior to dosing and after 1, 3, 5, 10, 15, 20, 30, 45,
60 and 90 minutes after the formulations were given to the
rat.

The blood samples were placed in microcentrifuge tubes
and centrifuged for 20 seconds at approximately 15000 rpm. A
50 pL aliquot of plasma from each blood sample was
transferred to a second microcentrifuge tube. A 150 uL
aliquot of chilled acetonitrile was added to the plasma and
the preparation is vortexed for 5 seconds. A 450 puL aliquot
of chilled sodium phosphate (0.1 M, pH 7.2) was then added.
The contents in the microcentrifuge tubes were vortexed for 5
seconds and centrifuged for 20 seconds at approximately 15000

rpm. The supernatant was transferred to an HPLC autosampler

set at 4°C and analyzed (50 pL injections).
The HPLC system consisted of the following Shimadzu
components: LC-10AT pump, SCL-10A system controller, RF 535

fluorescence detector, SIL-10A autosampler (set at 4°C), and

CTO-10A column oven (temperature set at 30°C). The HPLC
parameters were as follows: excitation at 370 nm and emission
at 435 nm; flow rate at 2 mL/min. The HPLC column was a
Hypersil ODS, 15 cm x 4.5 mm i.d., 5 pm particle size. The
mobile phase was 75% 25 nM sodium phosphate, pH 6.5/25%
acetonitrile (v/v) with 25 mM tetrabutylammonium dihydrogen
phosphate added as an ion-impairing reagent.

As can be seen in the graph (Figure 4) the prodrug

provides camptothecin plasma levels which are equivalent to
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those attained from direct injection of camptothecin in

organic co-solvents. The graph provides the mean with
standard deviation for five rats which received prodrug and

six rats which received camptothecin.
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We claim:
1. A compound according to formula I:
H 1
R—O /OR I
m
wherein,

R-O0- is a residue of an alcohol-containing or phenol-
containing pharmaceutical compound,

R' is hydrogen or an alkali metal ion or a protonated
amine or a protonated amino acid,

R® is hydrogen or an alkali metal ion or a protonated
amine or a protonated amino acid, and

n is an integer of 1 or 2;

m is an integer of at least 1;
and pharmaceutically acceptable salts thereof,
excluding taxane derivatives of the formula

T-[OCH; (OCH;) xOP (O) (OH) 2]y

wherein, T is a taxane moiety bearing on the C1l3 carbon atom
a substituted 3-amino-2-hydroxypropanoyloxy group; y is 1, 2

or 3; x is 0 or an integer from 1 to 6 inclusive.

2. The compound according to c¢laim 1, wherein said
alcohol-containing or phenol-containing compound is selected
from the group consisting of camptothecin, camptothecin

analogues, propofol, etoposide, vitamin E and cyclosporin A.
3. The compound according to claim 1, wherein the
alkali metal ion of R! and R® is each independently selected

from the group consisting of sodium, potassium and lithium.

4. A compound selected from the group consisting of:
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ﬂ CH; O
P—0'Z" Y
éYZ+ o fo}

/\O-—

CH;

Cyclosporin A 0
and 0]

2 wherein 72 is selected from the group consisting of hydrogen,
3 alkali metal ion, and amine;

4 and pharmaceutically acceptable salts thereof.

5 5. The compound according to claim 4, wherein each Z
is independently selected from the group consisting of
sodium, tromethamine, triethanolamine, triethylamine,

arginine, lysine, ethanolamine and N-methylglucamine.
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1 6. A compound according to formula III:
VN

R—O~ “S—CH; (111)
2 wherein,
3 R-0- 1is a residue of an alcohol-containing or phenol-
4 containing pharmaceutical compound, excluding taxol;
5 and pharmaceutically acceptable salts thereof.
1 7. A compound according to claim 6, wherein said

2 compound is selected from the group consisting of:

CH;~_ _O

0~ Ss—cH, Y

o]
H;C CH; 0
H;C
CH;
o)
H;C

H3csw

1
CH, O

Cyclosporin A

and O _-5—CHs

1 8. A compound according to formula IV:

R—o<\/ j p Y (1V)
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wherein,

R-0- 1is a residue of an alcohol-containing or phenol-
containing pharmaceutical compound, excluding taxol,
Y is a phosphono protecting group, and

n is an integer of 1 or 2;

w ~J & s W

and pharmaceutically acceptable salts thereof.

1 9. A compound according to c¢laim 8, wherein said

2 compound is selected from the group consisting of:

Cyclosporin A

and O\/O—P—OY

3 wherein Y is a phosphono protecting group.

10. The compound according to claim 8, wherein said
phosphono protecting group is selected from the group

consisting of a benzyl group, a t-butyl group, an allyl

SHwWwN

group, and other acceptable phosphate protecting groups.

1 11. A pharmaceutical composition, comprising:
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an effective amount of a compound according to claim '1;

and

a pharmaceutically acceptable carrier.

12. A process for preparing a compound of claim 4,
comprising:
removing a phosphono protecting group from a compound

according to one of the following formula:

O/\

Il
O—ll’—-OY

H;C

H;C

0 i O
[ w
YO—P
/o
YO \ OCHs
0 0 0]
CH, O I
| O—P—0Y
N NH- [
w oY
CH; O
Cyclosporin A 7 ﬁ
and OvO—Il’—OY
0)'¢

wherein Y is the phosphono protecting group; and

recovering the product.

13. A process for preparing a compound of claim 6,
comprising:

reacting a compound of the formula R-0O-H,
wherein,

R-0O- is a residue of an alcohol-containing or phenol-

containing pharmaceutical compound, excluding taxol,
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and pharmaceutically acceptable salts thereof,

with dimethylsulfoxide in the presence of acetic anhydride
and acetic acid; and

recovering the product.

14. A process for preparing a compound of claim 7,
comprising:
reacting a compound according to formula III:

R—0" S—CH (111)

wherein,
R-0- is a residue of an alcohol-containing or phenol-
containing pharmaceutical compound, excluding taxol; and
pharmaceutically acceptable salts thereof,
with N-iodosuccinamide and a protected phosphoric acid of
formula HOP(O) (0Y), wherein Y 1is a phosphono protecting
group; and

recovering the product.

15. The process according to claim 14, wherein the
phosphono protecting group 1is selected from the group
consisting of a benzyl group, a t-butyl group and an allyl

group.

16. A method of treatment which comprises
administering to a patient in need thereof an effective

amount of a composition according to claim 11.

17. The method according to claim 16, wherein said

compound is administered orally.

18. The method according to claim 16, wherein said

compound 1s administered parenterally.
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19. Use of a compound according to formula I as a

medicament.

20. The wuse according to claim 19, wherein said
compound 1is a propofol derivative and the medicament
produces an anesthetic effect.

21. The use according to c¢laim 19, wherein said
compound excludes propofol derivatives and the medicament

has anti-tumor activity.

22. The compound according to formula I,

0
I 1
R—0J{ _O P<OR I
ORZ | .
n

R-0 is a residue of propofol,

wherein,

R' is hydrogen or an alkali metal ion or a protonated amine or
a protonated amino acid,

R? is hydrogen or an alkali metal ion or a protonated amine or
a protonated amino acid, and

n is an integer of 1 or 2;

and pharmaceutically acceptable salts thereof.

23. The compound according to claim 22, wherein the
alkali metal ion of R' and R? is independently selected from

the group consisting of sodium, potassium and lithium.
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24. A compound

~CHF 0P —0 7*
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wherein Z 1is selected from the group consisting of

hydrogen, alkali metal ion and amine, and n is an integer of

1 or 2; and pharmaceutically acceptable salts thereof.

25. The compound according to claim 24, wherein Z is

independently selected from the group consisting of sodium,

tromethamine, triethanolamine, triethylamine,

lysine, ethanolamine and N-methylaglucamine.

26. The compound according to formula IV,

ﬁ/ov

wherein

R-0 is a residue of propofol

Y is a phosphono protecting group, and
n is an integer of 1 or 2;

and pharmaceutically acceptable salts thereof.

27. A compound

0 —CHz=0—p —OY

QY

wherein Y is a phosphono protecting group.

arginine,
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28. The compound according to claim 27, wherein said

phophonoprotecting group is selected from the group
consisting of a benzyl group, a t-butyl group, an allyl
group, and other acceptable phosphate protecting groups.

29. A pharmaceutical composition comprising an effective
anesthetic amount of the compound according to claim 22 and a

pharmaceutically acceptable carrier.

30. A method of treatment which produces an anesthetic
effect comprising administering to a patient in need thereof
an effective anesthetic amount of the composition of claim

29.

31. A pharmaceutical composition comprising an effective
anesthetic amount of the compound according to any one of

claims 23-28 and a pharmaceutically acceptable carrier.

32. A method of producing an anesthetic effect which
comprises administering to a patient in need thereof an
effective anesthetic amount of the compound according to any

one of claims 22-28.



