| .. MATER SOLUBLE PRODRUGS OF AZOLE COVPOUNDS 5 BACKGROUND OF THE | NVENTI ON
This invention relates to novel water-soluble azole conpounds useful for
‘the treatnment of serious systenmic fungal infections and suitable for both
oral and, particularly, parenteral adm nistration. Mre particularly, the
invention relates to 10 novel water-soluble prodrugs having the general
fornulat RR OHOP-OXOA | OH whereiln Ais the non- hydr oxy portion of
a triazole antifungal conpound of the 15 type containing a secondary or
tertiary hydroxy group, R and R are each independently hydrogen or
(Cl-Co6)al kyl, or phaATERSOLUSLEPRODRUGHOF AZOLE COMPOENDS DESCRI PTI ON OF
THE PRIOR ART 20 Triazole antifungal conpounds are well known in the prior
art. O the several classes known, one particularly potent class contains
a tertiary hydroxyl group. For exanple, U S. Patent 5,648,372 discloses
that (2R 3R)-3-[4-(4- cyanophenyl)thiazol-2-yl]-2-(2,4-di
fluorophenyd )-1-(1 H 1, 2, 4-M_M as anti-fungal
activity. ~5I |~ ~ ~~I~ 1IM D of iﬁ{}g Nh* 167167* X1111111111
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This invention relates to novel water-soluble azole compounds useful for

the treatment of serious systemic fungal infections and suitable for both oral and,
particularly, parenteral administration. More particularly, the invention relates to

10 novel water-soluble prodrugs having the general formula:

wherein A is the non-hydroxy portion of a triazole antifungal compound of the
15  type containing a secondary or tertiary hydroxy group, R and R' are each
independently hydrogen or (C,;-C¢)alkyl, or pharmaceutically acceptable salts

thereof.

DESCRIPTION OF THE PRIOR ART

20
Triazole antifungal compounds are well known in the prior art. Of the
several classes known, one particularly potent class contains a tertiary hydroxyl
group. For example, U. S. Patent 5,648,372 discloses that (2R,3R)-3-{4-(4-
cyanophenyl)thiazol-2-yl]-2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-
25  butan-2-ol has anti-fungal activity.
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NGH\ ~ NS FNFCOCN The utility of this class of conmpounds is limted
by their Iow water solubility. For exanple, the solubility of the above
triazole conpound in water at 5 pH 6.8 is 0.0006 ng/nL. This greatly
i npedes devel opi ng suitable parenteral dosage fornms. One nethod of
addressing this probl emwas disclosed in European Patent Application
829478, where the water solubility of an2azole antifungal agent was 10
i ncreased by attaching a |inked am no-acid to the azole portion of the
nolecule NOH N+ Z/ NS 1:.) FN CNOFOCN Aternatively, W 97/28169
di scl oses that a phosphate noiety gan b@H, attached directly to the tertiary
hydroxyl portion of the anti-fungdal ‘ycong ndg e.g. the conpound having the
formula 15 ~PGBNa2 N ONN N F 3 P

F

CN

The utility of this class of compounds is limited by their low water
solubility. For example, the solubility of the above triazole compound in water at
S pH 6.8 is 0.0006 mg/mL. This greatly impedes developing suitable parenteral

dosage forms.

One method of addressing this problem was disclosed in European Patent
Application 829478, where the water solubility of an azole antifungal agent was

10  increased by attaching a linked amino-acid to the azole portion of the molecule

OH

NH O

CN

Alternatively, WO 97/28169 discloses that a phosphate moiety can be
attached directly to the tertiary hydroxyl portion of the anti-fungal compound, e.g.

the compound having the formula

15

CN



U.S. Patent 5,707,977 and WD 95/ 19983 di scl ose water sol ubl e prodrugs
having the general formula 0 "No__ ~ ON-JNN NSFON F 5 wherein Xis
‘OP(O)(OH) 2 or an easily hydrolyzable ester OC(O RNR R2. WD 95/ 17407
di scl oses wat er-sol ubl e azol e prodrugs of the general fornula 100 O ~ ~
NN~~~Nox NOL NN N FFwerein Xis P(O (OH) 2,
C(O-(CHR )"-OP(O (OH)2 or C(O-(CHR )" 3-(OCHR CHR )nOR2. 15 WD 96/ 38443
di scl oses wat er-sol ubl e azol e prodrugs of the general formula OR /N OO
NCN NANONR IN=~J\NO'z N-/ R

U.S. Patent 5,707,977 and WO 95/19983 disclose water soluble prodrugs

having the general formula
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5
wherein X is OP(O)(OH); or an easily hydrolyzable ester OC(O)RNR'R?,
WO 95/17407 discloses water-soluble azole prodrugs of the general
formula
10 '
0
wherein X is P(O)(OH),, C(O)-(CHR"),-OP(0)(OH); or C(0)-(CHR"),
-(OCHR'CHR'),,OR,.
15 |

WO 96/38443 discloses water-soluble azole prodrugs of the general

formula
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FF4 US Patent 5,883,097 discloses water-soluble am no acid azole
prodrugs such as the glycine ester 0 NNOONNNNHy N LF F The
‘introduction of the phosphonooxynethyl noiety into hydroxyl 5 containing
drugs has been disclosed as a nethod to prepare water-sol ubl e prodrugs of

hydr oxyl containing drugs.

Eur opean Patent Application 604910 discl oses

phosphonooxynet hyl taxane derivatives off the general formula 10 0 R3' Rs'
71R2" RA(OPANHOR "R2 RS dlie. ~\ O HO O AcO O'j- Ph wherein at

| east one of R', R'', R3',

R6' or R7' is OCH2OP(O) (OH) 2. European Patent

Appl i cati on 639577 Ud$.Peteotb88 1003 shisclosesorajensohuple amring aidareledsedrigst i ves of
the formul a T-S[J‘gaggﬂe%)lgg O(OH)2]n wherein T is a taxane noiety

bearing on the
hydr oxypr opanoyl oxy group;

on atom a substituted 3-am no-2-

nis 1l 2o0r 3; mis 0 or an integer from1l to 6

OOy

The introduction of the phosphonooxymethyl moiety into hydroxyl

5  containing drugs has been disclosed as a method to prepare water-soluble

prodrugs of hydroxyl containing drugs.

European Patent Application 604910 discloses phosphonooxymethyl

taxane derivatives of the general formula

10

R4©0)

;Jle 0

0

wherein at least one of R, R*", R*, R® or R”' is OCH,OP(O)(OH),.

European Patent Application 639577 discloses phosphonooxymethyl
15  taxane derivatives of the formula T-[OCH,(OCH,),OP(O)(OH),], wherein T is a

taxane moiety bearing on the C13 carbon atom a substituted 3-amino-2-

hydroxypropanoyloxy group; n is 1, 2 or 3; m is 0 or an integer from 1 to 6

inclusive, and pharmaceutically acceptable salts thereof.



i ncl usi ve, and pharnmaceutically acceptable salts thereof. 5 WD 99/38873

di scl oses 0- phosphonooxynet hyl ether prodrugs of a diaryl

‘1, 3, 4- oxadi azol one pot assi um channel opener. Golik, J. et at, Bioorganic &
Medi ci nal Chem stry Letters, 1996, 6:1837- 5 1842 discloses novel water

sol ubl e prodrugs of paclitaxel such as O_ Ph NH O AcO O CCH2OPQ(OH)2 Ph' v
"Gl . O O HO BzO AcO SUMVARY OF THE INVENTION 10 It has now been found
that triazole anti-fungal conpounds containing a secondary or tertiary
hydr oxyl group, includin 2R, 3R) - 3- L4- g4- .

cyanophenyl ) t hi azolW9S59[3p878 discloseriPphosphenoruviysthyl ethen pradrpgpota dipgnhzol - |

-yl) - but an- 2-193,4_0;3@&%“(;91;“@5;&@&13“@ GpdaE0drugs with superior properties
to those previously 15 disclosed by attaching a phosphate containing noiety
via a linking group. Specifically, the invention covers conpounds of the
formila: RR O HafuOXE A pifbleatl #RLARLIRI RnbishDE A0 1096 60gy7. PO i on of
a triazole antifungal conpo a secondary or
tertiary hydr oh8¢2 diselagss nRrved wgteRsolehiepredimps of paelitpxehsuchiaby hydr ogen or
(Cl-0C6) alkyl, or pharmaceutically acceptable salts thereof. 6

o
AcO (o}
PhJ\ﬂH o OCH;0PO(OH);
NN om,.
3] < < Yo
°=<o HOBzO AcO
.

SUMMARY OF THE INVENTION

10
It has now been found that triazole anti-fungal compounds containing a
secondary or tertiary hydroxyl group, including (2R,3R)-3-[4-(4-
cyanophenyl)thiazol-2-yl]-2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-butan-
2-ol, may be converted into prodrugs with superior properties to those previously
15 disclosed by attaching a phosphate containing moiety via a linking group.

Specifically, the invention covers compounds of the formula:

R R!
o)
1]
HO—I-I’—OXO-—A
OH

20 wherein A is the non-hydroxy portion of a triazole antifungal compound of the

type containing a secondary or tertiary hydroxy group, R and R! are each
independently hydrogen or (C1-C6) alkyl, or pharmaceutically acceptable salts

thereof.



The conpounds of general forrmula | function as "prodrugs" when adm ni stered
in vivo, being converted to the biologically active parent azole in the
‘presence of al kali ne phosphatase. 5 Preferred anong the conpounds of
formula | are those wherein R and RL are both hydrogen. In a preferred
enbodi ment, A represents the non-hydroxy portion of a triazole antifungal
conpound of the type.containing a tertiaby hydroxy group. 10 In a nore
preferred enbodi nent of the above type conpounds, A can be R6 Ra NN IR3
"Rs N wherein R3 represents phenyl substituted by one or nore (preferably
1-3) hal ogen atonEThi&omoumbreﬁenm%all-foanul@I-BfurRBOIF eA9r Emediugs” Hvhelr  t aken

together wth rﬁggrfé e,p‘;’wesggshg cc%'dgrtebdztg tl@aou;lg@ aff@eagﬁfjesgfan?\t {:.’R)de g lliEenber ed

ni trogen contﬁ t1on y one or
nore groups sqhemmmmfmkdnwhﬁbqgmmx =0, phenyl substltuted by one or nore
groups selected fromCN, (C6H4)-OCH2CF2CHF2 and CH=CH ( C6H4) - OCH2CF2CHF2,
or phenyl substituted by one or nore groups sel ected fron1ha|ogen and 25
net hyl pyrazol yl . NiPtefergenneoptisd cimpguinistof fooyt lese those whéeindfagnd Rpr esent

i ncl ude triazoly pyrimdinyl, and thiazolyl. 7 Specific exanples of A
i ncl ude, but &FelHbEY ¥?¥?ted to, the follow ng:

In a preferred embodiment, A represents the non-hydroxy portion of a

triazole antifungal compound of the type.containing a tertiary hydroxy group.

10
In a more preferred embodiment of the above type compounds, A can be

wherein R3 represents phenyl substituted by one or more

(preferably 1-3) halogen atoms;

15
R4 represents H or CH3;

RS represents H, or taken together with R4 may represent =CH;

20 R6 represents a 5- or 6 membered nitrogen containing ring which may
be optionally substituted by one or more groups selected from halogen,
=0, phenyl substituted by one or more groups selected from CN,
(C6H4)-OCH2CF2CHF2 and CH=CH-(CgH4)-OCH2CF2CHF2, or
phenyl substituted by one or more groups selected from halogen and

25 methylpyrazolyl.

Nitrogen containing heterocycles which RO may represent include

triazolyl, pyrimidinyl, and thiazolyl.
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Specific examples of A include, but are not limited to, the following:

5
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N~NN F Fand 50F rNH FNy M FF F 14 F In addition to the
application of the present invention to structures 10 containing a
tertiary alcohol, it should al so be understood that this discovery can be
applied to anti-fungal agents which contain secondary al cohols. Sone

exanpl es of the non-hydroxy portion of triazole antifungal conpounds of the
type containing a secondary hydroxy grod@p include, but are not linited to,
the following: 15 FF NN< JNOO O~~~ NJN~~NNNFF NN< J
NOO

In addition to the application of the present invention to structures

10  containing a tertiary alcohol, it should also be understood that this discovery can
be applied to anti-fungal agents which contain secondary alcohols. Some
examples of the non-hydroxy portion of triazole antifungal compounds of the type
containing a secondary hydroxy group include, but are not limited to, the

following:

15
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- NAN FFNN No~/) NN<<~NN 5FF NNNNNAN 0-O/ N FF
NN <00 No- ONNNAN 10o0or 10 FFNN <J OO NONN- NAN
‘N DETAI LED DESCRI PTI ON As used herein "(Cl-C6)al kyl" refers to a straight
or branched chain 5 saturated aliphatic group having 1 to 6 carbon atons
such as nethyl, ethyl, n- 9 -

5 ’

10
or



propyl, isopropyl, n-butyl, sec-butyl, t-butyl, n-pentyl, n-hexyl, etc. The
term "pharmaceutically acceptable salt" as used herein is intended to

‘i ncl ude phosphate salts with such counterions as ammonium netal salts,
salts 10 with am no acids, salts with amnes and salts with other bases
such as piperidine or norpholine. Both nbno- and bis-salts are intended to
be enconpassed by the tern1"pharnaceutiyblly acceptabl e salts". Specific
enbodi ments include amonium sodium calcium magnesium cesium |ithium
potassium barium zinc, alumnum |ysine, arginine, histidine,

nmet hyl ami ne, ethylamne, t 15 butylam ne, cycl ohexyl am ne,

N- et hyl gl ucam ne, et hyl enedi & gl yci ne, procaine, benzathene,

di et hanol am ne, triethanol am ne perldlne and norpholine. For the nost
pwﬁewedeMmmnem ( R.'
cyanophenyl )t hi azol - 2,9- d|fluorophenyl) 1-(1 Fbl 2,4-triazol -1

-yl)-2- [(dlhydrogen pho phoﬁb%&)qe ]burane t- utylanlne and
|l ysine salts are 20 especially pre® Aed as single
pol ynorph crystalline solids of hlgh rit i t h~good Elub ity and

stability. The term "hal ogen" as used herein includes chloro, bromo, fluoro
and iodo, and is preferably chloro or fluoro, and nost preferably fl uoro.
25 11 The conpounds -of the present invention can be sol vated or

non-sol vated. A preferred sol vBELAILED BESCRIBTION npst preferred
enbodi mrent of the present invention is (2R 3R)-3-[4-(4- 5
gyaF?ghﬁnél ) thi aZO|A52u$éH] he?elﬁ2,(ﬁr-dg)?llt;ywh@&ﬁefwh)strﬁrgﬁﬂ.bi' brahcHed thanzol - | - ylbl)

- i hy rogen 0 n ax ut ane, or armaceutically acceptable
salt thereof.5? %ds g‘ffg‘a é')%la yngd t ﬁ’”i’or?p?twga“c cﬁﬁé’aﬁé ls‘b‘}‘ﬂbf‘nty (>10
mg/ L at  pH 7profyl Gsdpudpyl, ndutydHed-bikyl, CbapRagEntyl, hihekfigetgar ent conpound
which enables it to be used for parenteral adm nistration as well as oral

adm nistration. This 10 conpound is also stable in solution, can be
i sol ated in cryst alThernamf"pharmacedticadly acceptable salt" as used herein is intended to

include phosphate salts with such counterions as ammonium, metal salts, salts

10  with amino acids, salts with amines and salts with other bases such as piperidine
or morpholine. Both mono- and bis-salts are intended to be encompassed by the
term "pharmaceutically acceptable salts". Specific embodiments include
ammonium, sodium, calcium, magnesium, cesium, lithium, potassium, barium,
zinc, aluminum, lysine, arginine, histidine, methylamine, ethylamine, t-

15 butylamine, cyclohexylamine, N-methylglucamine, ethylenediamine, glycine,
procaine, benzathene, diethanolamine, triethanolamine, piperidine and
morpholine. For the most preferred embodiment, (2R,3R)-3-[4-(4-
cyanophenyl)thiazol-2-yl]-2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-2-
[(dihydrogen phosphonoxy)methoxy]butane, the t-butylamine and lysine salts are

20  especially preferred as they can be obtained as single polymorph crystalline

solids of high purity with good solubility and stability.

The term "halogen" as used herein includes chloro, bromo, fluoro and

iodo, and is preferably chloro or fluoro, and most preferably fluoro.

25



readily converted to parent drug in vivo. The conmpounds of the present

i nvention may be made by the followng general reaction schene. In this
‘met hod, A represents the non-hydroxy portion of 15 a triazole antifungal
conpound of the type containing a tertiary or secondary hydroxyl group, Pr
represents a conventional hydroxy-protecting groups such as t- butyl,

benzyl or allyl, and R and R are each iHdependently hydrogen or

(G -Co)al kyl . Mbst preferably, Rand R are both hydrogen. 0O RR PrOP-O

Pro Gl ORRL" RR IlIl A Prox 11 X OdPro PPOOGA - HOP-OO0-AIIl IV
OH 20 | To el aboiThe eoropountieofitbe prseent intventiontdan bp gelVatprhereran-obiisdund of

i nterest, e phosphate internediate IV by

O al kyl at | on Wi ?Iﬁ?e ?‘%ﬁ%gls a‘mh@rea?e?redl ate |1l in the presence of a suitable

base such as sodi um hydride, 25 potassi um hydride, sodium am de, sodium

t - but oxi de, pot assiigbd; Félfér&ale%odmé%f%ﬁ;és%ﬁttlmeﬂﬁéml(m BRj-3-qarisle,
pot assi um bi s(tri nmet hyl SI Ih am de, nbi nati ons thereof such as sodium

hydride plds soanaphenybihigze B 2HPI4dif] wr?@w&l -(il2.4-aeel o2t ep may be

carried out i CaARYAESh b 431
met hyl -tetr ah? r ofdhéhg{l\bh&bmkﬁmﬁ%ﬁ%%/qe&g?e?\dgcarbh%%akaftlet lyyI eét%frt\er ort

di met hyl acet artheteofafThis W@Mthl}ﬁ gwelf infproved ahvagus ®lubilyy ol Oang/miite
preferably beg}w g-ﬁp@m 2%u4 9 cégwgrgd Al tg@;p}} Wgs&ﬁrgﬁ]a@lvmcﬁfenméw 40 C.

The nost pref e is sodi'u referred solvent is
t et r ahydr of ur &n be Fed fmcnpraéfa@nmé&awnaaﬁdveﬂ' as grabéﬁ}wméif@lqliyail@gen

10  compound is also stable in solution, can be isolated in crystalline form and is

readily converted to parent drug in vivo.

The compounds of the present invention may be made by the following
general reaction scheme. In this method, A represents the non-hydroxy portion of
15  atriazole antifungal compound of the type containing a tertiary or secondary
hydroxyl group, Pr represents a conventional hydroxy-protecting groups such as t-
butyl, benzyl or allyl, and R and R! are each independently hydrogen or
(C,-Cg)alkyl. Most preferably, R and R' are both hydrogen.

o "
|
: o« 1 R R!
Pro R_ R o
m pro § I
A—OH :,','_OXO_A Ho—ll?—OXO—A
il ProO v OH

20 !

To elaborate on the method, the antifungal parent compound of interest, II,
is converted into the phosphate intermediate IV by O-alkylation with chloride
intermediate III in the presence of a suitable base such as sodium hydride,

25  potassium hydride, sodium amide, sodium t-butoxide, potassium t-butoxide,
sodium bis(trimethylsilyl)amide, potassium bis(trimethylsilyl)amide, or
combinations thereof such as sodium hydride plus sodium
bis(trimethylsilyl)amide. This reaction step may be carried out in an inert organic

solvent such as tetrahydrofuran, methyl-tetrahydrofuran, methyl t-butyl ether,



5 Ester internediate IV is then subjected to a conventional deprotection
step to renove the hydroxyl-protecting groups Pr. The reagents used in
‘'such step will depend on the particul ar hydroxyl -protecting group used,

but will be well known +to those skilled in the art. The nost preferred
hydr oxy protecting group is the t 10 but%i group which can be renoved with
trifluoroacetic acid, hydrochloric acid formc acid in an appropriate
inert organic solvent. The inert solvent may be, for exanple, nethylene
chl oride, dichloroethane, nethylbenzene or trifluoronmethyl benzene. In the
case of the prdidthyletber aldpnabydaeiaoidest e Empetature bifram about O P &r 30 6t yl  ester,

it is preferred to do the deprotection i,n trifluproacetic acid in
net hyl gne 15 JRP Pfegeéalé{i' %%fwf 8Ft§tou 'R 4@%8’%“8 m%‘zﬁf” agfy 3 %bolft)g%?é nost

preferably at Phe hRPRlced bose @ soaRfitydAddand thelibst piefdted o016 | may then
be recovered and purified convgntiﬁnal rocedures such as reverse phase

by p e
C- 18 col urm cHFEHEEGFapnihedrossyeirart Rapd BkﬁrP&ESﬁIB[Wd“E‘?B' product | may, of
course, be gonverted by conventional neans to a desired pharmaceutically
acceptabl e salt as described above. 25 |t was |l ater, discovered that use of
purified reagent | [Estegijemediptely iy By subicgpdi W_“VW'@?%EHIQ‘PE‘Q"\#P
(approxi mat el y, l&ﬁ@w‘é%%)@}cﬁ}l-ﬁgte&tﬁ}% RO Pr. "R Fdab@is used BSALA §tOwiIN | oW

overall vyields of product wever, when a source of iodide ion is added
to the O al kyldspsndrpndheparigular hrdrgpdpeotectine groyp usedplat wilkbewell kKaqitmer nedi at e

IV is unexpectgeofe iitddaaaRGrt PhdiRost Prel?é?ﬁﬁigly%o? pr}f)n:b'l% & istignd ficantly 30

increasing the yield of final produc I's believed that the addition

of the iodi®e butyl grayn whigh qae deifemoived with ifligropestigaeid diydeschlore ad@dpf espondi ng
i odi de i nt er megi Rt Geilt bd an Hpropti€ ieRToBANR BivBk. THY iR olvent may be, for

example, methylene chloride, dichloroethane, methylbenzene or trifluoromethyl

benzene. In the case of the preferred deprotection step with the di-tertiary butyl

ester, it is preferred to do the deprotection step in trifluoroacetic acid in methylene

15  chloride at a temperature of from about 0 ° to 40 °C, most preferably at a

temperature of about 0-5 °C.

The final product I may then be recovered and purified by conventional
procedures such as reverse phase C-18 column chromatography or solvent

20  extraction.

End product I may, of course, be converted by conventional means to a

desired pharmaceutically acceptable salt as described above.

25 It was later discovered that use of purified reagent III gave fairly low
yields of intermediate IV (approximately 10-35% yield) in the above reaction,
resulting in low overall yields of product I. However, when a source of iodide ion
is added to the O-alkylation step of the above reaction, the yield of intermediate
IV is unexpectedly increased to up to about 90%, thus also significantly

30 increasing the yield of final product L. It is believed that the addition of the iodide



~P-OK Pro" 111, 5 and that use of this reagent results in a |arge
increase in yield of the phosphate internediate IV. The attenpt to

‘substitute preformed internmediate I11' directly for internediate Il in
the first step of the above reaction, however, was unsuccessful due to the
greatly decreased stability of iodide reagent 111" conpared to the 10
chloride intermediate Il11. An alternativd nethod which was successfu
involves wusing iodine in the O alkylation step along with chloride
internediate Il in the presence of base such as NaH (which al so may act
as a reduci ng iegeat refwt intileifu fouuktion pf the corresperdingdodide infeamedisie I 0fi ne i s
reduced to io%%l .ﬁi whi ch then converts <chloride internediate Il in
situto iodide internediate Il1l'" to facilitate this step of 15 the process.
The illustrative exanple bel ow shows the O al kyl ation step using el enental

internmediate V. By formng the iodigg oea [11" in situ by addition of
a source of iodide 20 ion or by reac&ﬁmno iodine and reagent II1l in the
presence of strong base, the greatﬂ? i ncreased yield of phosphate ester 1V
allows the final product Ito be also obtlined in greatly increased yield.
The sourcesof iodide ion is preferably sodiumiodide, but may also include
25 lithiumiodide, cesiumiodide, cadm um.i odide, cobalt iodide, copper

i odi de, rubi @hdithal weiofithis ageniiesults i alerecinaicase woiidd obte PP UM i odi de.
About 2-3  equhnal BMISTVOTThE E't’f‘erﬁ\xﬁm ABstRAt preftmBE NEdrAbdidie UPRSteRB fo£quUi val ent
of parent conpoun5 A-OH 14 en elenmental iodine is used in the coupling
step, about O.intemmedintediIlcinthe fibtetep obthejabenerfeactipn. dpweasl Wasgnsicegssflal ent , is

enpl oyed per eguivat El%gtl)péecreased stability of iodide reagent III' compared to the

10  chloride intermediate III. An alternative method which was successful involves

i odine which is the preferred nethod of caéé%Jng out this reaction to get
t
f

using iodine in the O-alkylation step along with chloride intermediate Il in the
presence of base such as NaH (which also may act as a reducing agent for the
iodine). It is believed that the iodine is reduced to iodide ion which then converts
chloride intermediate III in situ to iodide intermediate III' to facilitate this step of
15  the process. The illustrative example below shows the O-alkylation step using
elemental iodine which is the preferred method of carrying out this reaction to get

intermediate IV,

By forming the iodide reagent III' in sifu by addition of a source of iodide
20  ion or by reaction of iodine and reagent I1I in the presence of strong base, the
greatly increased yield of phosphate ester IV allows the final product I to be also

obtained in greatly increased yield.

The source of iodide ion is preferably sodium iodide, but may also include
25 lithium iodide, cesium iodide, cadmium iodide, cobalt iodide, copper iodide,
rubidium iodide, barium iodide, zinc iodide and calcium iodide. About 2-3
equivalents of the iodide salt is generally used per equivalent of parent compound
A-OH.



par-ent conpound A-OH. 5 The bases and sol vents which are used when iodi ne
or iodide ion is used are the sane as those descri bed above when reagent
111 is used per se. It will be understood that where the substituent groups
used in the above reactions contain certain reaction sensitive functional
groups such as amno or 10 carboxylate Eéoups whi ch mght result in
undesirabl e side-reactions, such groups y be protected by conventi onal
protecting groups known to those skilled in the art. Suitable protecting
groups and nmethods for their renoval are illustrated, for exanple, in
Protective G oups iWhaorelgamingl Bgdinentiesed in tiheayabingsten, abqusBido { fohn W ley &

Sons, 1991). It i Si.l . " ovdd pgﬁggkﬁg and end- 15
products are i%%PﬁﬁgﬂkﬁﬁﬁﬁgRkﬁﬂgﬂiggggng?a?ﬁg&gggéeﬁ% scC osﬁfe and
clains. It w |pardpecappuediAa®Ed t hat certain products within the scope of
formula | may have substituent groups which can result in formation of
optical isoners. It is intended that the present invention include within
its scope ad | such Thpbassahnd D0vents wimhsireaasedwhén iadine pr igdide onrs udedr es

thereof, i.e. R .0r_S- I i.c, for The r. utically active
conmpounds of t ?g]gisnvee?lsﬁ F%Sﬁ%r%r%g}o ?C)deab(é‘s/ee henarf:%ghglrlgﬁ%?ﬁﬁrl %t ed as

phar maceuti cal conpositions conprising, in addition to the active triazole
i ngredi ent, a pharnaceuticall C able carrier, adjuvant or .25 diluent.
The compounde fmy BLvaLRS fitstleeB ST RER. G FRMGY erdlh teath sarbie

oral ly, topi cakicyiony cpatiertreaimlrdagtidn sehsidvee funtisonal gionpy surh s Wndno bnj ect i on).

The phar euti,cal, conposi ti ons. e in,solid formsuch capsul es,

(bl eror  Roeeafttal BRgs e RigliT e Gp iPeG RS S8 toMn e gilBons: ons or

enmul si ons. Canpolsi protectsd by torivantaali ppstedtiny ghmppkeyvar edhdsa skified indhse formin
i dose cont ai ner h

anpules or in 30 I d contain addjtive uch as
SUspendi ng,  tibi ITPREOEHEE IUBLIG MRt ary Lo THeo BbAS LT B my be i n
ready-to- use fexampley ini Rrotk&tiveGrotsin fQrpanid SyntliceispisdoidérdtWoCreahe Ublen ti me of
delivery with \%i]gyu&tsaol?l!s,el 9\4F)hlIﬂselntgrl1jd%<ri1 tha?ssucﬁF'grro{elct%d'mﬁ'&e%'ediates and end-

15  products are included within the scope of the present disclosure and claims.

It will be appreciated that certain products within the scope of formula I
may have substituent groups which can result in formation of optical isomers. It
is intended that the present invention include within its scope all such optical

20  isomers as well as epimeric mixtures thereof, i.e. R- or S- or racemic forms.

The pharmaceutically active compounds of this invention may be used
alone or formulated as pharmaceutical compositions comprising, in addition to the
active triazole ingredient, a pharmaceutically acceptable carrier, adjuvant or

25  diluent. The compounds may be administered by a variety of means, for example,
orally, topically or parenterally (intravenous or intramuscular injection). The
pharmaceutical compositions may be in solid form such as capsules, tablets,
powders, etc. or in liquid form such as solutions, suspensions or emulsions.
Compositions for injection may be prepared in unit dose form in ampules or in

30 multidose containers and may contain additives such as suspending, stabilizing

and dispersing agents. The compositions may be in ready-to-use form or in



Al ternatively, the conpounds of the present invention can be adm ni stered
5in the formof a suppository or pessary, or they may be applied topically
inthe formof a lotion, solution, or cream Additionally, they may be
incorporated (at a concentration up to 10% into an ointnment consisting of
a white wax or soft, white paraffin base together with the required
stabilizers and/or preservatives. 10 ThelXonpounds of the invention are
useful because they possess pharnacol ogical activities in aninals,
including particularly manmal s and nost particularly, humans.

Speci fical |y, pohdercform ermeenstitutidnet phediseernf delivesnwith a suitable vgbisteluck or t he
treatment or pf %t\ég[}t‘l%a} of topical fungal infections, including those
caused by species of ndi da, Trichophyton, M crosporum or Epi dernophyton.
15 Additionally, they are useful for the treatnent of nucosal infections
caused by Candi da mleRafi @1y, thel EpoiRdd RtRDrédentusRetibmicdnhR alimfddidrant of
system c fungal infections caused, for exanple, by species of Candida

al bi cans, G yphdesoeemPf arppaHARIRS Pessapepiihey may fheam%ed tapisdlyginithe s

fum gatus, Cocgjdipi Q)‘ﬁ%m soBﬁB@%?%&hrq' 9@@§1’onmy5¥h‘é?hﬁ§'E@ﬂncﬁfpoﬂtéﬂs(hloiw ces. 20
Thus, accor di ng to another aspect of the invéntion, there is provided a
met hod of treatohmtralqnm@gallo%gf'@tﬂ QBRmEn coRsigef p sdie aaxrPhios Bhithg a
therapeutical | w6 g&ﬁ&e&a{g@th@mmfheQJqutrE@stmm&%é/orBreéerml%s particularly a
manmal i an host” and nost particularly a human patienht. The use of the 25
conpounds of the present invention as pharmaceuticals and the use of the
conmpounds gf the 'Fm@ned uhd to?ethmwsnﬁss ulre %%fe%@ nsg%gaseam@w Qs t he
treatment of fungal ctions are provi he dosag e to be

admi ni st ered déq@emaﬂglogw agtiviieyn m@mmclwng h@lg&?dx wammels asé nshpound

bei ng used, C 0 t

adm ni strati Oﬁﬁn@ﬁ%}l awun?%lsa%ggggﬁatl t@gﬁgg\wrﬂg %ﬁc’t)hset E’}gsn F‘kgtg’grﬂﬁ cul ar
situs and or gaefubfor beitregtmaneart melven®Bel efdopical finigal infectienst includiag thesef er r ed

dosage and r Omaﬁseg y]sgecies of Candida, Trichophyton, Microsporum, or Epidermophyton.

15  Additionally, they are useful for the treatment of mucosal infections caused by
Candida albicans. They can also be used in the treatment of systemic fungal
infections caused, for example, by species of Candida albicans, Cryptococcus
neoformans,  Aspergillus | Sflavus,  Aspergillus  fumigatus, Coccidioides,

Paracoccidiodes, Histoplasma, or Blastomyces.

20
Thus, according to another aspect of the invention, there is provided a

method of treating a fungal infection which comprises administering a
therapeutically effective amount of the compound to a host, particularly a
mammalian host and most particularly a human patient. The use of the
25 compounds of the present invention as pharmaceuticals and the use of the
compounds of the invention in the manufacture of a medicament for the treatment

of fungal infections are also provided.

The dosage to be administered depends, to a large extent, on the particular
30 compound being used, the particular composition formulated, the route of
administration, the nature and condition of the host and the particular situs and

organism being treated. Selection of the particular preferred dosage and route of



application, then, is left to the discretion of the physician or
veterinarian. In general, however, the conpounds nay be adm ni stered
‘parenterally or orally to mamralian hosts in an anount of from about 5

ng/ day to about 1.0 g/day. These doses are exenplary of the average case,
and there can be individual instances 5 where higher or |ower dosages are
merited, and such dosages are within thel&cope of this invention.
Furthernore, adm nistration of the conpounds of the present inventions can
be conducted in either single or divided doses. The in vitro eval uati on of
t he anti f ungal applicatipnst thes, isfleft he theodipwetio sofdhe physicianpoi meteninariem dan be
performed by d Nl t 1Nl I.0RL.hi . i C). The
MG s the conbaaeh dpivatn BF BBMRIEH:D e UihRlerEe BERERRL (BB o 0 7
test m croor gamamsmalidnrhopts arcan gequnhofferm elwouoh medhy tpitaues) galayhThesei ng t he
test conpound,incor ifLc ntratli ]Sy ated with
a fungal st ra?dﬁgsa%gi%g%@ﬂ%gl(g}{ttggflze?%%ecﬁgﬁ’ r?g(ﬁa%fee%an%r ﬁagldr@alngt%g&é The

pl at es are exawharebighs of trwer Hesapesesemestedrand bshriveages ark withad thgsapt h, and
the relevant c entrat.iongi not ed, .M croor gani Sns_whi c an _be used in
the test. i ncl careanisiee oS SnbisH NPT helid S&PreRopnyt on
spp., M cr ospoinventispgxan bEpordiected phyithersingld arcidddadrdosdsocci di oi des i mm ti s,
and Torul opsos gal brata. It should be recognized that, as prodrugs, sone
conpounds of the invention may not be active 20 in the in vitro test. The
in vivo eval uati on T itvirpsti#laiosof theanifueesb agtivities ehthe sempenndpel thear ri ed
out at a seggie : | i ] A i njection
or by or alpd adﬁyﬁlgggﬁﬁ%ﬁyﬁgg&% ede%hhlﬁfgﬁ%ﬁg%/@n@g{énﬁ%hﬁtgcu g%(rg t%nﬁ? a strain
of fungus 25 (M) Cemi@is the pensenirion pitest gpmpound whedhdnhibitedie Bowtlonpar i ng
the survival o : r ] i f e lLeyel s after
t he deat h of é%‘&%??ég?gg%%g?gugP@?aﬁ?gggﬁ?ﬁga%%&%ﬁ%%%%F%gﬁﬁ%ﬂFéﬁythe t est
conpound pr ovi eapodshincerpotatedtat @rspagfié recenthation,eis imdculatedewith offungab

! nfection is n&ltaﬁdaéld%QChT zﬂ? FSQE&QHan%tlef?rt@% 4 P?s@.mfh«# EM&E’ .e%Qarﬁﬂpft antially
increase the solubility of the parent triazole antifungal conpound and
al so rel eak®e t_ﬁqethe presence or absence of fungal growth, and the relevant concentration is

noted. Microorganisms which can be used in the test include Candida albicans,

Asperigillus fumigatus, Trichophyton spp., Microsporum spp., Epidermophyton

Sfloccosum, Coccidioides immitis, and Torulopsos galbrata. It should be

recognized that, as prodrugs, some compounds of the invention may not be active

20  inthe in vitro test.

The in vivo evaluation of compounds of the present invention can be
carried out at a series of dose levels by intraperitoneal or intravenous injection or
by oral administration to mice which have been inoculated with a strain of fungus

25 (e.g. Candida albicans). Activity is determined by comparing the survival of the
treated group of mice at different dosage levels after the death of an untreated
group of mice. The dose level at which the test compound provides 50%

protection against the lethal effect of the infection is noted.

30 The compounds of the present invention substantially increase the

solubility of the parent triazole antifungal compound and also release the



17 - bi oactive parent conpound (i.e. function as a prodrug) as denonstrated
in human |iver S9 experinents. |LLUSTRATIVE EXAMPLES 5 The foll ow ng
‘exanples illustrate the invention, but are not intended as a limtation
t hereof . The abbreviations used in the exanples are conventi onal
abbrevi ati ons well-known to those skilled in the art. Some of the
abbreviations used are as follows: 10 hlE hour(s) rt = roomtenperature
mol = mmole(s) g = gran(s) 15 THE = tetrahydrofuran nL = mlliliter(s)
L=1»I1iter(s) Et20 = diethyl ether EtOAc = ethyl acetate 20 TFA =
trifl uoroacet i Womovaparé2Gngounddi.c Hhretiomet Hprodrug)Cl43tehonsteatdtiohuiman | € I n t he
fol |l ow ng exarrlpl e$9 all. tenperatures are given in degrees 25 Centigrade.
Mel ting points REP 2 e T M ned on an el ectrot her mal apparatus and are not
corrected. Proton nucl ear magnetic resonance (I H NVMR) spectra were
recorded on a Bruker -500, Bruker AM 300 or_a Varian Gem ni 300
spectroneter. All spectra ver e IHEUSTRAJINEEXAMBLES, . Dpo unl ess ot herwi se
i ndi cated. Lhem cal shifts are reported in Sunits (ppm relative to

The following examples illustrate the invention, but are not intended as a

limitation thereof. The abbreviations used in the examples are conventional
abbreviations well-known to those skilled in the art. Some of the abbreviations

used are as follows:

10
h = hour(s)
rt = room temperature
mmol = mmole(s)
g = gram(s)

15 THF = tetrahydrofuran
mL = milliliter(s)
L = liter(s)
Et20 = diethyl ether
EtOAc = ethyl acetate

20 TFA = trifluoroacetic acid
CH,Cl, = dichloromethane
CH;CN = acetonitrile

In the following examples, all temperatures are given in degrees

25  Centigrade. Melting points were determined on an electrothermal apparatus and
are not corrected. Proton nuclear magnetic resonance (lH NMR) spectra were
recorded on a Bruker -500, Bruker AM-300 or a Varian Gemini 300
spectrometer. All spectra were determined in CDCI3 or D20 unless otherwise
indicated. Chemical shifts are reported in & units (ppm) relative to

30 tetramethylsilane (TMS) or a reference solvent peak and interproton coupling
constants are reported in Hertz (Hz). Splitting patterns are designated as follows:

s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad peak; dd, doublet



30 tetranethylsilane (TM5) or a reference sol vent peak and interproton
coupling constants are reported in Hertz (Hz). Splitting patterns are
‘designated as follows: s, singlet; d, doublet; t, triplet; g, quartet; in,
mul tiplet; br, broad peak; dd, doublet 18 of doublets; dt, doublet of
triplets; and app d, apparent doublet, etc. Mass spectra were recorded on
a Kratos Ms-50 or a Finnegan 4500 instrubent utilizing direct chenical
ionization (DCl, isobutene), fast atom bonbardment (FAB), or electron ion
spray (ESI). 5 Analytical thin-layer chromatography (TLC) was carried out
on precoated ofidoptdetsigit| dopblat efgriglesrandBap dapgarentslonbletz etd- Mismgpetia | i ght,
e rabor S withileBlacd ShAHAONSPGAL Fhfleath W0 RUARAAL Lt SALBRROTO! ybd! C
aci d. Reverse phase roma ogr aphy was or ned ass col um usi ng
Cl8 silica gelchémbuoslzm@nccaﬂposwteow Falsezpanabpmb@rd@m (EABA)OT&ICC}WIESSUF es
somewhat above 9%5@?@% ric pressure. EXAVPLE 1 15

(2R, 3R) - 3-[ 4- (3 enyl ) thiazol -2-yl]-2-(2,4-difluorophenyl)-1-(1H 1, 2,
4- triazol-4-yl)- 2 [(dl hydr ogen phosphonoxy) met hoxyl but ane, sodi um salt ONa
I N-ONa r 0 QO HAWthhiE-lagM cl’g&nﬁégr&l%y (TLC) was carried out on precoated

silica gel plates (60F-254) and visualized using UV light, iodine vapors, and/or
staining by heating with methanolic phosphomolybdic acid. Reverse phase
chromatography was performed in a glass column using C18 silica gel (Waters
10 Corporation Preparative C18 125A) at pressures somewhat above atmospheric

pressure.

EXAMPLE 1

15 (2R,3R)-3-[4-(4-cyanophenyl)thiazol-2-yl]-2-(2,4-difluorophenyl)-1-(1H-1,2 4-
triazol-1-yl)-2-[(dihydrogen phosphonoxy)methoxy]butane, sodium salt

20

25



A. (2R 3R)-3- 4-(4-cyanophenyl)thiazol-2-yl]-2-(2,4-difluorophenyl)-1-(1H
1,2,4-triazol- | -yl)-2-[(di-tert-butyl phosphonoxy)net hoxy] butane + 1-~
‘OHO ~Ocl O rN~OPNON=SONOO FN111 ~1 NS FN FIlI CNF 1V
CN 5 To a solution of (2R 3R)-3-[4-(4-cyanophenyl)thiazol-2-yl]-2-(2,4-

di fl uorophenyl )-1-(1H1,2,4-triazol-1-yl)butan-2-ol, 11, (8.74 g, 20 nmol)
in THE (40 nL) under a nitrogen atnosphe&te was added sodi um hydride (0.80
g, 60%in oil, 20 mmol) at rt. The resulting m xture was stirred at rt for

0.25 h and then di- tert-butyl
mmol ) was addetl. THeRBR»di{#-thcyenop @ f APIOR
reaction mxture wishd-hamolsl- y10n2e (3l et blﬁrﬂmhospborrotxmeIMBcentrat ed under
reduced pressure. The residue was dissolved in Et20 and was washed with

H20 and brine. The organic |layer wag dried over MgSO4 and s concentrated
under reduced pressure to obtain 1 g of crude subtitled npound, 1V,

as a gum A small por@u on of this chudg 15:,conpound was puyi f |ed by reverse

phase chromat ogF 18. was el ut e%/\m L.he CN H20,
20 an hem) 50%

38% CH3CN/ H20, NA:S H202 ife oro

phoshat e,

chl orolrret hyI |1 I 10.1% g, 40

containing fractign q-goncent rat el under ure |n order to
renmove CH3CN. The r t i ng\ aqueoustayer—was d with Et20.
The Et20 | ayers wer h brine, dried andf trated under
reduced pressure to atford ified subtitled conpo |V
v CN
S To a solution of (2R,3R)-3-[4-(4-cyanophenyl)thiazol-2-yl]-2-(2,4-

difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)butan-2-ol, I, (8.74 g, 20 mmol) in THF -
(40 mL) under a nitrogen atmosphere was added sodium hydride (0.80 g, 60% in
oil, 20 mmol) at rt. The resulting mixture was stirred at rt for 0.25 h and then di-
tert-butyl chloromethyl phosphate, 11T (10.3 g, 40 mmol) was added. The reaction

10  mixture was heated at 50 °C for 16 h. The reaction mixture was then allowed to
cool to rt and was concentrated under reduced pressure. The residue was
dissolved in Et,0 and was washed with H,O and brine. The organic layer was
dried over MgSO, and was concentrated under reduced pressure to obtain 17.0 g
of crude subtitled compound, [V, as a gum. A small portion of this crude

15  compound was purified by reverse phase chromatography on C-18. The column
was eluted with 30% CH3;CN/H,0, 38% CH3CN/H;0, 45% CH3CN/H;0 and then
50% CH3CN/H,0. The product containing fractions were concentrated under
reduced pressure in order to remove CH3CN. The resulting aqueous layer was
then extracted with Et,0. The Et,0 layers were washed with brine, dried and

20  concentrated under reduced pressure to afford purified subtitled compound, IV, as
a white solid. '"HNMR (300 MHz, CDCl;): & 8.35 (s, 1H), 7.98 (d, 2H, J=9), 7.76
(s, 1H), 7.71 (d, 2H, J=9), 7.63 (s, 1H), 7.36-7.27 (m, 1H), 6.86-6.78 (m, 2H),
5.53 (dd, 1H, J=28,6), 5.53 (dd, 1H, J=9,6), 5.17 (d, 1H, J=15), 5.03 (d, 1H,
J=15), 4.01 (q, 1H, J=7), 1.47 (s, 9H), 1.45 (s, 9H), 1.37 (d, 3H, J=7). MS [ESI

25  (M+H)"] 660.2 obs.



ite solid. 1 HNWR (300 MHz, CDC13): S 8.35 (s, | H, 7.98 (d, 2H,

7.76 (s, 1H), 7.71 (d, 2H, J=9), 7.63 (s, 1H), 7.36-7.27 (m 1H),
-6.78 (m 2H), 5.53 (dd, I H J=28,6), 5.53 (dd, 1 H J=9,6), 5.17 (d,
J=15), 5.03 (d, 1 H, J=15), 4.01 (q, 1H, J=7), 1.47 (s, 9H), 1.45 (s,
1.37 (d, 3H J=7). M5 [ESI+ 25 ( |-3+] 660.2 obs. 20 B.

23-[ 4- (4-cyanophenyl )t hi azol - 2-yl130 2- (2, 4-di f| uor ophenyl )-1- (I H
ri azol -1-yl)-2-[(di hydrogen phosphonoxy) net hoxy] but ane, sodium salt
| NOO-O-Oi N9 0 11 ONa Y deprotection N=S NYNNS NSF NF N 10
F F CN B/ CN(ZRIRe344-(Hevanophenyl)thiazol-2-yl]-2-(2,4-difluorophenyl)-1-(1H-
3R) - 3- [ 4- (4- cydidophromglt I}y 2 d diflydogeh pha@pliomoxty)mdihbkylbutanshsodim - 1- (1
H1, 2, 4-triazol-1-gbly-2-[(di-tert-butyl phosphonoxy)nethoxy]butane, 1V,
(17 g) was dissolved in CH2AA 2 (100 nL). To this solution was added TFA
(50 nmL) and the reaction m>qi e was stirred at rt for 10 0.98 h. The
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reaction m xture was then\c ntrated under reduced pressen’€ Mo the
resi due was added P, TEt 20 @dfectids) and EVQACZ(JLOQC nl). The pH
of the aqueous | ayge N mas-adjsysted to 7.6 by additfen o Na2CO3 and

then the organic anpl guequg | ayers were separated. F
t hen

a§jgeous | ayer was

F |
v eN CN

The crude (2R,3R)-3-[4-(4-cyanophenyl)thiazol-2-yl1]-2-(2,4-
difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-2-[(di-tert-butyl
phosphonoxy)methoxy]butane, IV, (17 g) was dissolved in CH,Cl, (100 mL). To
this solution was added TFA (50 mL) and the reaction mixture was stirred at rt for

10 0.25 h. The reaction mixture was then concentrated under reduced pressure. To
the residue was added H,O (200 mL), Et;0O (100 mL) and EtOAc (100 mL). The
pH of the aqueous layer was adjusted to 7.6 by addition of solid Na,COj; and then
the organic and aqueous layers were separated. The aqueous layer was then
subjected to reverse phase chromatography on 400 g of C-18 eluted with H;O to

15 5% CH3;CN/H;0. The product containing fractions were concentrated under
reduced pressure, frozen and lyophilized to afford 1.5 g of the subtitled
compound, I, as a white solid. (1.5 g, 12% over two steps). 'H NMR (500 MHz,
DZIO) 8 8.91 (s, 1H), 7.92 (s, 1H), 7.81 (d, 2H, J=8), 7.80 (s, 1H), 7.77 (d, 2H,
J=8), 7.21 (dd, 1H, J=15,9), 6.99 (ddd, 1H, J=9,9,2), 6.91 (ddd, 1H, J=9,9,2), 5.35

20 (dd, 1H, J=6,6), 5.29 (d, 1H, J=15), 5.21 (dd, 1H, J=6,6), 5.19 (d, 1H, J=15), 3.86
(g9, 1H, J=7), and 1.35 (d, 3H, J=’7); MS [(ESI" (M-H)" 546.1]; Anal. Calcd for
Ca3H sFaNsOsS,P1/Nay/3.5 H,0: C, 42.21: H, 3.85: N, 10.70: Na, 7.03. Found: C,
42.32: H, 3.83: N, 10.60: Na, 7.04.

25



subj ected to reverse phase chromat ography on 400 g of C-18 eluted with H20
to 15 5% CH3CN H20. The product containing fractions were concentrated
‘under reduced pressure, frozen and |yophilized to afford 1.5 g of the
subtitled conpound, I, as a white solid. (1.5 g, 12%over two steps). 'H
NVR (500 MHz, D20) S8.91 (s, 1 H, 7.92 (s, | H, 7.81 (d, 2H, J=8), 7.80
(s, 1 H, 7.77 (d, 2H, J=8), 7.21 (dd, 21 H, J=15,9), 6.99 (ddd, 1 H
J=9,9,2), 6.91 (ddd, I H J=9,9,2), 5.35 20 (dd, 1 H, J=6,6), 5.29 (d, I H,
J=15), 5.21 (dd, I H J=6,6), 5.19 (d, 1 H J=15), 3.86 (q, IH J=7), and
1.35 (d, 3H, J5i4pit-bMy] EHl&EShethi NhbBphatedBl: 1] ; Anal . Cal cd for

C23H18F2N505S1 . , 42.21: H, 3.85: N, 10.70: Na, 7.03. Found:
C, 42.32: H 3.83: N, 10. 60: Na, 7.04. 25 21 Di-tert-butyl chloronethyl
phosphate, |1 Ipj-teh-bust &hmuinyihypahbgphatreeltmway BEARAORY &y off te foll@yinpe made by
any of the follow ng nethods. Method 1 Silver di-t-butyl phosphate (6.34
g, 20 mml), viRstBedswas prepared by m xing di- t-butyl phosphate (obtained
fromdi-t-butyl phosphite by the nethod of Zw erzak 10 and Kl uba,
Tetrahedron, 1971, 27, 3163) with one equivalent of silver carbonate in 50%
aqueous acet orethed & and by |yophilizing to dryness, was placed together
wi t h chl oroi odonet hane (35 g, 200 mml) in benzene and stirred at room
tenper at ure f agilvéSdihrtsutyl Phphi®a@Gt34@n20inxiol)l @hichsvas bﬂepaeedelcy mhdhgdie filtrate

T e 15 and ‘BTt ehahtn baren e PRORp by I AR actf ons

were concant l’aﬁfﬂ@@uﬁaQTdfaﬂﬁB&SrS, 1971, qbtaasm) Wnk‘rﬁorﬁ:&hﬁwilkr&df sibepeiihattl 1(3. 7 g,
o ) M+ =
Z ég/(; YI e:\/g% hod B ?O‘D"\élgueo%]é? mmle ang Ey pthzmg to « r?ess was g'laée%’togjé%]@ . MB (

with chloroiodomethane (35 g, 200 mmol) in benzene and stlrred at room

temperature for 18 hrs, The reaction mixture was filtered and the filtrate

concentrated under reduced pressure. The residue was chromatographed on silica
15  and eluted with 2:1 hexanes-ethyl acetate. Appropriate fractions were

concentrated to dryness to obtain the subtitled compound IIT (3.7 g, 71% yield):

]H NMR (CDCl3) 6 5.63 (d, 2H, J=17), 1.51 (s, 18H); MS (MH+ =259).

Method 2

20
Tetrabutylammonium di-t-butyl phosphate was prepared by dissolving di-t-butyl
phosphate [ 20g, 94 mmol (obtained from di-t-butyl phosphite by the method of
Zwierzak and Kluba, Tetrahedron, 1971, 27, 3163)] in methanolic
tetrabutylammonium hydroxide (47 mL of 1M solution, 47 mmol). The reaction

25  mixture had a temperature of 23 °C and pH of 4.33. The pH of the reaction
mixture was adjusted to 6.5-7.0 by addition of methanolic tetrabutylammonium
hydroxide (48 mL of 1M solution, 48 mmol) over 0.2 h. The reaction mixture
was stirred for 0.5 h at approximately 26 °C and then was concentrated under
reduced pressure at a bath temperature below 40 °C. The crude residue was

30 azeotroped three times by adding toluene (3x100 mL) and then the mixture was

concentrated under reduced pressure. The crude residue was then triturated in



20 Tet rabut yl ammoni um di -t - butyl phosphate was prepared by dissol ving
di-t-butyl phosphate [ 20g, 94 mmol (obtained fromdi-t-butyl phosphite by
‘the method of 2w erzak and Kl uba, Tetrahedron, 1971, 27, 3163)] in

met hanol i ¢ tetrabutyl ammoni um hydroxide (47 mL of | Msolution, 47 nmol).
The reaction 25 m xture had a tenperature of 23 C and pH of 4.33. The pH of
the reaction mxture was adjusted to 6.2 7.0 by addition of nethanolic

t et rabut yl ammoni um hydroxide (48 nL of | Msolution, 48 mmol) over 0.2 h.
The reaction mxture was stirred for 0.5 h at approxinmately 26 C and then

was concent r at herges (0°09 fitaetand RSk RlidvadcdiRttd by‘eﬁ‘manat washedel ow 40 C.
The crude residue was 30 azeotroped three ti rr(gs o] gfg toI uene (3x100
nL) and then tW& #miimre apeynt of spld dxanss ad drifdiore! Yty plessure. The

crude residue t&\?a%u&ilﬁrnn&ﬁbﬁﬂar at)lﬂ‘}il ;Jhesp%ate a§9k~@hté@h@n@z§4 ((g@c”)“hefxﬁéthé{ h and then
the solid was coll ected by filtration, th a m ni num amount of

col d hexanes dmowgsg@nge@trgqet;}gnc&r fedpeed P&S%e @ﬁd th?‘btflﬂéﬁﬁf’( Wealdnoni um
di -t-butyl phagphat ?Zoe}ﬁL)"‘foV\"l" hi theSBlid Has oRidet@By TG WadNel withihquor was

concentrated under reduced pressure and then triturated in cold 5 hexanes
(20 ni) for | minimyme ameritef aeld hexsnesead ddedsy gfvelaseeand 61PP hashed with a

mi ni mum anount@f, nf J_?lﬁ?ﬁﬁ'& 28b Qldphgaﬂh%@ al £’wﬂlté/§‘oh@ f@%lgﬁdz[ggvﬁa jof

tetrabutyl ammnl um osp te as a white so g), 32.5¢g

total (779] (771%§o4\1§@1|uuw te&r@mryéﬁauﬁwtanrﬁbhb%yhpbpspbatb(&ng, sphate (218
, 480 mol
ghl or oi odome% hdéﬁeﬁ%@3%833&2@@%?3@@%séjﬂ'ogﬁﬁ'écﬁ&lérgnoﬁé]eétl?agmgct i on

m xt ure wal) st@0GgedS¥rmmabdiver lohmpt rt . Bhepeagtion mixtyrel wah&titred@® concent r at ed
under reduced pueSSHNS | & ms aéhxmaﬁﬁhgagawﬁnﬁ &%Qée\ﬁgﬁesw EhgQignd

filtered to renbve white s recipitat eorg nic | ayer
was washed w tt‘nsx@atwnsalusedehﬂcﬁai@ anddilterqd g Emoﬁewtlmf solids whishbadyani ¢ | ayer

vas an dri e&@d@{aé&ﬁ%@%@% %;f v%s%sﬂ@ ‘%gg%ﬁﬁ?gd Rigcéaent rated under
pressure ield e rown ol

HZO/brme (1/1). The organic layer was then dried over magnesium sulfate,

15 filtered and concentrated under reduced pressure to yield a red brown oil (320 g).
The red brown oil was subjected to chromatography on silica gel (800g) eluted
with 20% EtOAc/Hexanes, 25% EtOAc/Hexanes then 30% EtOAc/Hexanes. The
product containing fractions were concentrated under reduced pressure to yield a
golden oil. The oil was diluted with CH,Cl, (30 mL) , concentrated under

20  reduced pressure and then dried under vacuum to yield the subtitled compound I1I

(61.3g, 49% yield). 'H NMR (Benzene-dg) 6 5.20 (2H, d, J=15), 1.22 (18H, s).
Method 3

25  Todochloromethane (974 g, 402 mL, 5.53 mol) at 25°C was treated with
tetrabutylammonium di-z-butylphosphate (250 g, 0.553 mol). The phosphate was
added portionwise over 10 minutes. The heterogeneous mixture became a clear
pink solution after approximately 15 minutes. The mixture was stirred for three
hours, and the iodochloromethane was then removed by rotary evaporation with a

30  bath temperature of <30°C. The residue was taken up in 1 L ¢-butyl methyl ether

and stirred for 15 minutes to precipitate tetrabutylammonium iodide by-product.



The red brown oil was subjected to chromatography on silica gel (800g)
eluted wth 20% Et OAc/ Hexanes, 25% Et OAc/ Hexanes then 30% Et QAc/ Hexanes.
‘The product containing fractions were concentrated under reduced pressure
to yield a golden oil. The oil was diluted with CH2Cl2 (30 niL) ,
concentrated under 20 reduced pressure and then dried under vacuumto yield
the subtitled conmpound I'll (61. 3g, 49@6§1eld). "H NWR (Benzene-d6) 6 5. 20
(2H, d, J=15), 1.22 (18H, s). Method 3 25 | odochl oronethane (974 g, 402
m., 5.53 nol) at 25C was treated with tetrabutyl ammoni um
di - t - but y| phoskstrabuylempeniym igdige yassmpvedihyevagwiss fimtien theayigh g giteged
portionw se OVgfes Ahnbi Ak Gifrate 0% &ﬁéeﬁ{rawg},ﬁ% Blapbidlin RERINEVACHC! ear  pi nk
solution after approximately 15 mnutes. The nmixture was stirred for three
hours, and theonigedhSdrowirhefld andyndenied di@ppwYriyy rotary evaporation
with a 30 bath tenperature of <30C. The residue was taken up in 1 L t-butyl
nmethyl ether and stirred for 15 mnutes to precipitate tetrabutyl amoni um
i odi de by-product. 23 Tetrabutylann?niun1ig$%de was renoved by vacuum

ssif

filtration through a sintered gla unnel \yYThe filtrate was concentrated
by rotary evaporation to an oil . whic® contagned a 5:1 nmixture of Ill and

undesired diner inmpurity o O {E¥F0€ﬁ=¢€LED '_g;<g_n O 5 111" The mxture
can be purified by a silica gel chro@atography toNobtain Il as pure

conpound i% N"-60%yield as an oil. 10 13"

The mixture can be purified by a silica gel chromatography to obtain 11 as pure

compound in ~60% yield as an oil.

10
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20: 25 24 EXAWPLE 2

(2R, 3R) - 3-[ 4- (4- cyanophenyl ) t hi azol -2-yl ]-2-(2, 4-di fl uorophenyl)-1-(1
(di hydrogen phosphonoxy) nmet hoxy] butane 5 01_~ OH
OC I/N ~P11 NON=SONOOO F N/ Illl NNS NaH, THF,

‘H1,2,4- triazol-1l-yl)-2-

0/ NO -

lz F

N F11 CNF IV CN CF3COCH CH2Cl 2 G—IOﬁ),llNOO—l NON=SFN F | CN

EXAMPLE 2

(2R,3R)-3-[4-(4-cyanophenythiazol-2-yl]-2-(2,4-difluorophenyl)-1-(1H-1,2,4-
triazol-1-y})-2-[(dihydrogen phosphonoxy)methoxy]butane

|
o

o—‘r’o\/c'
I

NaH, THF, |

il CN

CF,COOH
CHaCl;

A, An oven dried, 1L round-bottom flask equipped with a mechanical stirrer,
nitrogen inlet adapter, pressure-equalizing addition funnel fitted with a rubber

10 septum and temperature probe was charged with sodium hydride (2.89 g, 0.069
mol, 60%) and THF (50 mL). To this stirred suspension, (2R,3R)-3-[4-(4-
cyanophenyl)thiazol-2-yl}-2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)butan-
2-0l, 11, (10 g, 0.023 mol) in 30 mL of THF was added dropwise over 20 minutes

at room temperature. After stirring for 45 minutes, a solution of iodine (2.99 g,



A. :An oven dried, 1 L round-bottom flask equi pped with a nechani cal
stirrer, nitrogen inlet adapter, pressure-equalizing addition funnel
fitted wwth a rubber 10 septum and tenperature probe was charged with

sodi um hydride (2.89 g, 0.069 nol, 60% and THE (50 nmL). To this stirred
suspensi on, (2R, 3R)-3-[4-(4- cyanophenyl)thiazo |-2-yl]-2-(2,4-difl
uorophenyl)-1-(1 H1,2,4-tri azol- | -ylgfbutan- 2-ol, 1l, (10 g, 0.023 nol)
in 30 nL of THE was added dropw se over 20 m nutes at roomtenperature.
After stirring for 45 mnutes, a solution of iodine (2.99 g, 25 0.0115
mol ) in THE (3B0WBolwadHEUdemldrepwiddal dopyisdovend huinatesifaldveddd by

dropwi se additjon .of n 1 1]
(13209, 0. chseresy KRR ltnithud 6y B KhERAGBTEA M CITEIE. e
was stirred f ar.03% mélpeh8ss mrnt@hﬂurtlmln(ﬁet oTleargitien mixtire wae atirréddfior 4 The

conpl etion of the reaction 5 was ro ess HPLC. The reaction
m xture was pdittEdt phub] e tOcPBF‘Hle{%g‘?EPC‘tO%OBE gmpletion of thedeasiohhase was

separated and Ratjiel 8¢ inthbles€HPYE. TREREAOR nliRture i dm@wt«:fasldconbl ned
organi c extract was washed with 10% sodiumthiosul éSO nL), water (50

mL), brine (50v3en(10¢mLadThs\rareonnpfiies Vamieapied ard e&ﬁact%w ReYat ed under

reduced pr eSSLHcﬁalTeSB 9'SU%Lgﬂh@th}é%r{'nﬂ\‘iéd)érbarﬁggxtﬁctgwas vﬂa%e'dnmﬁhr wegss HPLC -
97% pure). The cru product was used " B. To a

r ound- bot t om fsogig té@a#lﬁsséép R hvafﬁa@wemfrbbglﬁq (rSPé‘rL) @GélOVﬁg"%gﬁfﬁumpH pr obe
and N2 inlet- %tf&t@tand\@fﬁlc&ﬂ@{egﬁﬁid& %u@d%&zﬁre & gi d&%fﬂ%@%\{ﬁzﬂé g) in

CH2C12 (23 i) and cooled to C. his stirre ution, tritluoroacetic
acid 15 (818 ninpreggss BRidad 9s7rVowr§/) Jhelcrs»dﬁ product wgp ugdfag g’ ieéWpIBete t he
reaction. The conpletion of the reaction was judged by in-process HPLC.
The reaction mxture was poured into a cold solution of 2N NaOH (64 nlL).
The reaction m.xt urle avaend-teromdskeeuinped with magidticstimeracamlig@bahgdi m) to

br oduct as bi s Rt Shared e ARUASUPSERNIROEARANM 02, ' 1 T0' o)
and filtered t@iﬂﬂ]l;gdﬁ anlhedd afole@adb DE. Tolthes stiredsoliriidr, triftueroavet aadi di f i ed
wth IN HqS to ]g) was agdeed owqy ar?‘ siti(rjl’ed rfor} httlotclor%ple{eq}gleur%}ldtio\rq@%he
completlon of the reaction was judged by in-process HPLC. The reaction mixture
was péured into a cold solution of 2N NaOH (64 mL). The reaction mixture was
extracted with t-butyl acetate (2 x 65 mL) to remove all the organic impurities.
The aqueous layer containing the title product as bis sodium salt was treated with
20  activated charcoal (10 g) and filtered through a bed of Celite. The clear filtrate
was acidified with 1N HCl to pH 2.5. The free acid, the title product, was
extracted into ethyl acetate (2 x 50 mL). The combined organic layer was washed
with w'ater, dried over MgSO;, filtered, and the filtrate concentrated under
reduced pressure to afford 3.39 g of crude title product.
25

30



extoracted into ethyl acetate (2 x 50 nL). The conbi ned organic | ayer was
washed wth water, dried over MgSO4, filtered, and the filtrate
‘concentrated under reduced pressure to afford 3.39 g of crude title
product. 25 30 26 EXAWMPLE 3 Bis |ysine salt of

(2R, 3R) - 3-[4- (4-cyanophenyl )t hi azol -2-yl]-2-(2,4- difluorophenyl)-1-(1
H1,62,4-triazol-1-yl)-2-[(di hydrogen 5 sphonoxy) nmet hoxy] but ane The above
obtained title product from Exanple 2 was di ssolved in nethanol (75 nli)
and to this L-lysine (1.8 g) was added and heated at 60 C for 4.5 h. The
hot reaction mixture was filtered t hEX4d¥MPIE Bed of Celite. The filtrate 10
was concentrated to about 5 nm., m xed with ethanol (100 nL) and heated to
65 Cto crystallize the his |ysine salt. The salt was collected on a
Buchner f unnelBis byside dali fd2RBA8%5- [*W-ggmmwlmnmthmai 2y1F3-(4-0of the title
conpound as_an, optl: EXAMPLE 4 Tert-butyl am ne
salt of (2 R 3RSl Y ARephes f ¢F - 2- (2, 4-

di fl uorophényIphesbhbﬂo)dyﬁrﬁetﬁqwmutanazol - -yI ) - 2-[ (di hydr ogen

phosphonoxy) met hoxy] but ane 20 A solution of title product of Exanple 2 was
di ssolved in 50 nL of ethyl acetate and to this was added t-butyl am ne
(5.3 nlL) under nit MThgebove bhrineddtd product ﬂbthpm@swastdissolecﬁ iat 40 C for

about 1 hour to cr Ilize,th roduc he bi ut salt was
col l ected on d“%'ﬂ?&‘ﬁﬁ@?’?&)r?ﬁ%fo tgﬁg’ P %.é 9‘38&&%9?3 éldz%ggl(?g‘?’d 2.21 g of
the title conpumATiAsShodreablidn MRturewss Higeted thioGgh $Bddi F CeBté. The filtrate

10 was concentrated to about 5 imL, mixed with ethanol (100 mL) and heated to 65

°C to crystallize the bis lysine salt. The salt was collected on a Buchner funnel
and dried under vacuum to afford 3.71 g of the title compound as an off white

crystalline solid.
15 EXAMPLE 4

Tert-butyl amine salt of (2R,3R)-3-[4-(4-cyanophenyl)thiazol-2-yl]-2-(2,4-
difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-2-[(dihydrogen
phosphonoxy)methoxy]butane

20

A solution of title product of Example 2 was dissolved in 50 mL of ethyl
acetate and to this was added t-butyl amine (5.3 mL) under nitrogen. The reaction
mixture was stirred at 40 °C for about 1 hour to crystallize the product. The bis t-
butyl amine salt was collected on a Buchner funnel and dried under vacuum to

25 afford 2.21 g of the title compound as an off white crystalline solid.



CLAIMS We claim 1. A conpound of the formula 5 RRO OHOP-0 OCOA OH
wherein A is the non-hydroxy portion of a triazole antifungal conpound of
‘the type containing a secondary or tertiary hydroxy group, and R and Rl
are each independently hydrogen or (Ci -C6)alkyl, or a pharmaceutically
acceptable salt 10 thereof. 2. A conpound of claim1 wherein A represents
t he non-hydroxy portion of a triazole atifungal conpound of the type
containing a tertiary hydroxy group. 15 3. A conpound of claim2 wherein A
is agroup of the formula R 4 NNL R3 R6 N wherein R3 represents a
phenyl group substituted by one or norGLABMI®gen atons; R4 represents
hydrogen or CH3; 20 R5 represents hydrogen, or taken together with R4 may
represent =CH2WecRfn:represents a 5- or 6-nenbered nitrogen-containing ring
whi ch may be optionally substituted by one or nore groups selected from
hal ogen, =0, 28 phenyl substituted by one or nore groups selected from CN,
(C6H4) - OCH2CH2CHFA @mthouir6iHhé foedih - OCH2CF2CHF2, or phenyl

5
R R
o]
HO—FII"—OXO-A
OH
!
wherein A is the non-hydroxy portion of a triazole antifungal compound of the
type containing a secondary or tertiary hydroxy group, and R and R are each
independently hydrogen or (C1-Cg)alkyl, or a pharmaceutically acceptable salt

10  thereof.

2. A compound of claim 1 wherein A represents the non-hydroxy portion of

a triazole antifungal compound of the type containing a tertiary hydroxy group.

15 3. A compound of claim 2 wherein A is a group of the formula

wherein R3 represents a pheny! group substituted by one or more halogen atoms;

R4 represents hydrogen or CH3,

20
RS represents hydrogen, or taken together with R4 may represent =CH2:

RO represents a 5- or 6-membered nitrogen-containing ring which may be

optionally substituted by one or more groups selected from halogen, =0,



subsituted by one or nore groups selected from hal ogen and

nmet hyl pyrazolyl. 5 4. A conpound as clainmed in claim3 wherein R3 is

‘2, 4-di fluorophenyl. 5. A conmpound as clained in claim4 wherein R4 is
methyl and R5 is hydrogen. .10 6. A conpound as clained in claim5 wherein
R6 is 4-(4-cyanophenyl)- thiazol-2-yl. 7. A conpound of claim®6 wherein R
and Rl are each hydrogen, or a 15 pharnﬁ%eutically acceptabl e salt

t hereof. 8. The conpound naned

(2R 3R)-3-[4-(4-cyanophenyl )thiazol -2-yl]-2-(2,4- difluorophenyl)-1-(1

H 1,2, 4-triazol - 1- y| pheny} gubstityied by eve orpse prevprorieyise e .LGeHMe, or a

phar maceutical ly acc t Lepf ) talli bis |ysine
salt of (2R 3R)-3-] 4-%? - yP?rnop emrlfi/?ﬁt ﬁﬁa(ggﬁ?&gCHgaﬁzéﬁﬁ, o pﬂen?le

yl1-2-(2, 4- di f 1 uor oplkesasthied by bre drimdorPgréugsistideed from-hloger?anki( di hydr ogen
phosphonoxy) met hoxy] but.ane. 25 10. The crystalline tertiary-butylam ne salt
of (2R 3R)-3-[4-(4- Evﬂﬁgﬁﬁgﬁai)thiazol-2-y|]-2-(2,4-dif|uorophenyl)-l-(l

H1, 2, 4-trigzol- | -yl)-2- [(dihydrogen phosphonoxy) net hoxy] butane. 11. A
conmpound of claiml1l where Ais 29 FN N=1S_FNF

4. A compound as claimed in claim 3 wherein R3 is 2,4-difluorophenyl.

5. A compound as claimed in claim 4 wherein R4 is methyl and R is

hydrogen.

10

6. A compound as claimed in claim 5 wherein RO is 4-(4-cyanophenyl)-

thiazol-2-yl.

7. A compound of claim 6 wherein R and Rl are each hydrogen, or a

15  pharmaceutically acceptable salt thereof.

8. The compound named (2R,3R)-3-[4-(4-cyanophenyl)thiazol-2-y1]-2-(2,4-
difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-2-[(dihydrogen
phosphonoxy)methoxy]butane, or a pharmaceutically acceptable salt thereof.

20
9. The crystalline bis lysine salt of (2R,3R)-3-[4-(4-cyanophenyl)thiazol-2-

y!]-2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-2-[(dihydrogen
' phosphonoxy )methoxy ]Jbutane.

25 10.  The crystalline tertiary-butylamine salt of (2R,3R)-3-[4-(4-
cyanophenyl)thiazol-2-yl]-2-(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-2-
[ (dihydrogen phosphonoxy)methoxy]butane.

1. A compound of claim 1 where A is
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F .5 12. A conpound of the formula R R

t he non-hydroxy portion of a triazole antifungal conpound of the
‘cont ai ning a secondary hydroxy group, and R and Rl can each i ndepe

be hydrogen or (C 1 -0C6)alkyl,
thereof. 13. A conpound of claim 12 wherein Bis either:

OHOP-OO-B OHIA wherein Bis

10 type
ndent |y

or a pharmaceutically acceptable salt
FF NNNj OO

ONN_ NN 1531 FFNN < NJOO 30OWNNAN N N FFNN < JOO

10

15

12,

wherein B is the non-hydroxy portion of a triazole antifungal combound of the

type containing a secondary hydroxy group, and R and R! can each independently

be hydrogen or (C1-Cg)alkyl, or a pharmaceutically acceptable salt thereof.

13. A compound of claim 12 wherein B is either:



NO _ ONN_NAN FFNNO \" JOO N- ONNN--TNN 5F/ F NN

<< JONO ~0ONN-NAN or 1032 FFNN < OO NJO\ON NNAN N
“14. A nethod for the treatnent of fungal infections, which conprises

31




adm nistering an effective antifungal anmount of a conpound of claim1, or a
5 pharmaceutically acceptable salt thereof, to a mammalian host in need
thereof. 15. A pharmaceutical conposition conprising a conpound of claima1,
or a pharnmaceutically acceptable salt thereof, . in adm xture with a
pharmaceutically acceptable adjuvant, diluent, or carrier. 10 16. A
process for the preparation of a water-s32 uble prodrug of the formula R RO
O HOP-OXOA OH 15 wherein A is the non-hydroxy portion of a triazole
antifungal conpound of the type containing a secondary or tertiary hydroxy
group, Rand R are each independently hydrogen or (Cl-C6)al kyl, or a

phar maceutical |y acceptabl e _salt Lhereof, whi ch conprises 20 (a) reacting
a conmpound of the fornula A- rein Ais the non-hydroxy portion of a
triazole antifungal cogpound he type containing a secondary or

tertiary hydroxy grou git' conpound of the formula, 33 Pro ORRL Prons
P-0 C 11l in which E& d'RY

are as_defiped above ani Pr represents a
hydroxyl -protecting group In angi @ ox/gany @ Gt he presence of
base at a tenperature of from 5 abg 25C 10 50C't o\ £ r;r)njn\intermsdi ate

of the formula R R PrON it Pro-- PO OA

14, A method for the treatment of fungal infections, which comprises
administering an effective antifungal amount of a compound of claim 1, or a

5  pharmaceutically acceptable salt thereof, to a mammalian host in need thereof.

15. A pharmaceutical composition comprising a compound of claim 1, or a
pharmaceutically acceptable salt thereof, in admixture with a pharmaceutically
acceptable adjuvant, diluent, or carrier.

10

16. A process for the preparation of a water-soluble prodrug of the formula

R R

(o]

1}
HO—?—OXO—A

OH

15  wherein A is the non-hydroxy portion of a triazole antifungal compound of the
type containing a secondary or tertiary hydroxy group, R and R! are each
independently hydrogen or (C;-Cg)alkyl, or a pharmaceutically acceptable salt

thereof, which comprises

20 (a) reacting a compound of the formula A-OH wherein A is the non-hydroxy
portion of a triazole antifungal compound of the type containing a secondary or

tertiary hydroxy group with a compound of the formula



V. wherein Pr, A Rand R are as defined above, and 10 (b) renoving the
protecting groups Pr by conventional neans to produce a conpound of the
formula RRL OHOP-0 OCOA OH 15 and, if desired, converting said conmpound
| by conventional neans to a pharmaceutically acceptable salt thereof. 17.
The process of claim 16 wherein the protecting group Pr is tertiary-butyl.
20 18. The process of claim 16 wherein t3% solvent used in Step (a) is
tetrahydrofuran. 34 19. The process of claim 16 wherein the base used in
Step (a) is sodium hydride. 20. The process of claim 16 wherein starting
material AAOHis 5 NOHNS NFN F(C):I\IRR1

ProO__ii X

pro— P 0" Cl

in which R and R! are as defined above and Pr represents a hydroxyl-protecting
group in an inert organic solvent in the presence of base at a temperature of from

5  about 25°C to 50°C to form an intermediate of the formula

o R R!
Pro_h X

PrO/P—o O-A

v

wherein Pr, A, R and R! are as defined above, and

10

(b)  removing the protecting groups Pr by conventional means to produce a

compound of the formula

R R!
HO—II"I—O O—-A
OH
i

15

and, if desired, converting said compound I by conventional means to a

pharmaceutically acceptable salt thereof.

17.  The process of claim 16 wherein the protecting group Pr is tertiary-butyl. .
20

18.  The process of claim 16 wherein the solvent used in Step (a) is

tetrahydrofuran.



34

19.  The process of claim 16 wherein the base used in Step (a) is sodium

hydride.

20.  The process of claim 16 wherein starting material A-OH is

CN



