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' TETRAHYDROFURAN ANTIFUNGALS
10 ~ BACKGROUND OF THE INVENTION

This inyention relates to tetrahydrofuran antifungals, (2R-cis)-4-[4-
- [4-[4-[[(5-(2, 4-dihalopheny!)htetrahydro-s-(1H-1 2 4-triazol-1-ylmethyl)-
o -tetrahydrofuran-s-yl]methoxy]phenyl]-z 4-dihydro-2-[esters and ethers of mono-'
or dxhydroxy-substntuted (C4-Cs) alkyl]-3H-1,2,4-triazol-3-one substituted
15 antifungals, and salts thereof, pharmaceutlcal compositions containing them,
and methods of treaﬁng and/or preventing antifungal _inféctions in hpste,
ificluding warm-blo_oded' animels, eSpeci_ally.- humans w_ith such tetrahydrofuran
antifungals. | o
| Intematlona! Publication Number WO 89/04829 pubhshed 1 June
20 1990 and USP 5,038, 676 (A.K. Saksena st al.) discloses (%) cis and () (;_g_§

antifungai compounds represented by the formula

cup—-@— —Z

" wherem X=F, Cl; Z_,owera!kyl (02»08) alkanoyl or phenyl '
substituted by 2-loweralkyl-3-ox0-1,2,4-triazol-4-yl,e.g., (+)-cis and (&) I_r_eg_s -1-
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[4-[[2- (2 4-d1ﬂuorophenyl)-2-[(1ﬂ-1 2,4-triazol-1 -yl)methyl]tetrahydro-4- :
furanyl]methoxy]phenyl]-4-(1-methylethyl)p:perazme However, WO 89/04829

- does not disclose the compounds of this invention.

Commonly—owned European Patent Pubhcatxon No 05399381,
'pubhshed 5 May 1993 discloses, for example, [(5R)-cis-4-[4-[4-[4-[[5- 2, 4-
dihaiophenyl)-5-(1H-1,2,4-triazol- 1-y!methyl) tetrahydrofuran-3—
'7yl]methoxy]pheny!]- -pnperazmyl]pheyny!)-z 4—d1hydro-2 (C1-C1o)alkyl)]-3H-

1,2,4-triazol-3-one antlfungals but does not disclose the compounds of this

Janssen U. S. Patent 4,791,111 discloses, for example, 1+)_c_:1§-4-[4-

- [4-[4-[[2-2,4-dichlorophenyl)-2-(1H-1,2,4-triazol-1-yIimethyl)-1,3-dioxolan-4-

yllmethoxy]phenyl]-1-piperazinyl}-2,4dinydro-2-(2-hydroxy-1-methylpropyl)-3H-
1,2,4-triazol-3-one. useful as an antimicrobial agent and having increased

solubility, but does not disclose the compounds of this invention.

Intemational Publication Number WO 95/17407, published 29
June 1995, discloses tetrahydrofuran antifungals, (2R-cis)-4-[4-[4-[4[[(5-(2,4-

: dihalophenyl-tetrahydro-s-(1H 1,2,4-triazol-1 -y'methyl)-tetrahydrofuran 3-

yl]methoxy]pheny!] 2 4-dxhydro-2-[mono— or d:hydroxy—subst;*uted (C3-Cs)

a!kyl] -3H-1,2, 4-tnazol-3-one substituted antaifungals, pharmaceuncally

~ acceptable esters, ethers and salts thereof, pharmaceutlca! compositions

containing them,' and methods of treating and/or preventing antifungal infections
in hosts, including warm-blooded animals, especially humans with such
tetrahydrofuran antifungals. | - |

International Pub!iéation Number WO 95/19983, published 27 July |

1885, discioseé azole-methyl substituted dioxolanes and tetrahydrofurans and

which are disclosed to be water soluble and to have 'ant'if'u'ﬁg"al activity. -~ T
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There is a need for brqad-spectrum antifungal agents having
increased solubility and having favdrable activity profile for treatirig systemic

fungal infections, especially Aggghgums_, gjm_g_g, Q_up_tmggu,s and

opportumstlc infections.

Y OF INVENTION

The present invention provides compounds represented by

formula |

wherein X is mdependently both For both CI or one X is
mdependently F and the other is zndependently Cl;

Ry is a straight or branched chain (C4.Cs) alkyi group substituted
by one or two groups convertible in wyo into hydroxy moieties or a
pharmacéutically acceptable salt thereof.

Preferably the group R{ df formula | convertible in vivo into a
hydroxy moiety, i.e., OH, is a polyeiher ester, phosphate ester or an amino acid
ester. ' - |
| ina préferred aspect of the present invention, there is provided

compounds represented by formula Il
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wherein X is independently both F or both Cl or one X is
independently F and the other is independently Cl; _
wherein Rz is a straight or branched chain (C4-Cs) alkyl group
 substituted by an amino acid ester groups convertible in vivo into & hydroxy
-5 . moiety or a phafmaceuticatly acceptable salt thereof. |
Preferably R2 in formula 1l is a straight or branched cham Cs alkyl
"group substltuted by an amino acid ester group convernbie in vivo into a
hydroxy moiety.
" In another preferred aspect the present mvent:on provudes a

10 compound represented by formula 1
' /M
N N /u\

‘wherein Rs is

.
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R'Mé _ g Me - -Me
"""g . —( . [T .
Me.ﬁ_ Mel,s | Me .
s< Me ) a—Me _'€Me
ll'“R11 s . _-\—\ . ' T R s
._Me/_R o o _Rny L 1",
rMe _ Me Me
] —S'-/_ _ mﬁ< o
IHR\” >l"H11 ' /<R11 !
Me R- -~ Me'R Me' S
»s’ ° o ' .H\\Me o . _S.LMe\
N, -~ -
R\\\\\--—Me ' ' S,-Me
_ or _\-
Ry1 : Ry

wherein Rq4 is an amind acid ester there-_of or a pharmaceutically acceptable salt -
thereof. |
5 . | ‘In another aspect o_f the present invention there is provided a compound

reprasented by the formula IV

v

. R % -
Whersin Rg = —CH(C2HSICHIReICHs o —CH(CHaICH(ReICHs

o

. @ -
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wherein Rg is an amino acid ester group convertible in vivo into

OH and the carbons with the asterisk () hasthe Ror S absolute configuration

or a pharmacsutically acceptable salt thereof.

The preferred group Re of formula IV convertible in vuvo into OH is .

an amino acid ester group

E DD IPTION OF THE INV N_Tl N AND OF THE PREFERRED
EMBODIMENTS ' |

The term *(C4-Cs) alkyl gro'up substituted by one or two hydroxy

rrioieties", as used herein meahs;str-éight_and' branched chain alkyl groups of

- four or five carbons including but not. limited to n- and iso- p-, sec-, iso- and tert-

butyl, and n-, seg_-,;_s_o tert and neo-pentyl substituted by one or two hydroxy '

moieties and includes R and S sterecisomers of such (C4-Cs) alkyi groups.

v 'Th'e term “hydroxy-substituted C4 or Cs alkyl group” as used

.herein means

| ‘CH(Csz)CH(OH)CHa —CH(csz)crucruOH —(Ch)z CH(OH)C,Hs
—CH(CH3)CH(OH)CH$ -CH(CHG)CH(OH)CI-!;, or —CH(02H5)0H20H
wherein each carbon with the asterisk {*) has the R or S absolute configuration.
| The term “group convertible ih vivo into OH" means a group '
transformable invivo into a hydroxyl group by e. g hydrolysis and/or by an
enzyme e.g. an esterase. Such groups include polyether esters, phosphate |
'-esters sulfate asters, heterocychc esters, alkanoate esters, alkenoate esters

'ammo ac:d esters and acid esters. Preferred groups convertuble wg into a

N hydroxy! group are the polyether estnrs, phosphate esters and ammo acxd L
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The tarm “ethérs"- means (a) straight_an'd branéhe_d chain * |
alkyloxy groups of one to twenty car.b-ons, preferably of §ne to eight carbons,
more _preferably one to six carbons; (b) polyethylene glycols, e.g. _PEG200 to
PEG 10000, preferably PEGZOO to 5000; and (_c) (C1-Cs) alkoxy or aryl(C4-Cs)

alkoxy groups of the forrmj!a ——O-(CHR17)9-Ar wherein Rq7 is (C1-Ce) straight. R

and branched chain alkyl andg=0to0 6, preferably 1 to 3and Aris phenyl
phenyl substituted by halo, especlally chloro and ﬂuoro or by mtro cyano and
tnhalomethyl especially tnﬂuoromethyl The (C1- Ce-)( alkoxy or aryl (C1-Cg)-
alkoxy groups which are convemently made by the well known anamson gther

Synthesxs Typically suitable ether groups include methoxy and ber'zoxy

-~ The term “"esters” means (a) polyether esters (b) phoéphate esters

(c) heterocyclic esters (d) alkanoate and alkenoate esters (e) amino-acid e,_st_e'rs o

(f) acid esters and (g) sulfate esters.

The term "po_lyethér' esters" as used herein means those polyether esters
1 . ) .
— O0-C -(CHR7)s—(OCHR;CHR;)—OR4 wherein

"\
represented by the formula
R7 is a straight or brancahed chain (C1-Csg) alky! group or hydrogen and s is an

inte"g'er from 1 to 6, 5reféiably s = 1to 3 and more pfcf'erabiy s =1 itis an'in'teger_

from 1 to 6; preferably t is 110 3, more preferably t is 2 or 3

R8isRyor ~—(CHRy)s~COR7 .

—CHCOH —*'C_H2002CH3 . Typically suitable polysther esters
include _ COCH20(CHZCH;0),CHg, .—COCHgo(QH2CHzo)2CH3' and

—COCH,O(CH,CH,0)3CH;

; preferably Rsis CH3 or CaHs or

“The term 'phosphate esters“ as used herem means those phosphate

acids esters reoresented by the formula
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LI
- —0C . HR7)rr(O) P—-(OW)2

—O{C Z(CHR7)n‘©

(CHRy)

- or

| Q |
Ol P (OW). , whereinzisOor 1; Ry is as

defined herein above and preterably is H; n and f are ind'ependehtly an integer

fromOto 6, misOor1and W |s H, CHaAr or OH " and wherein Ar is as

5 defined herein above. Typically suitable phosphate acids and esters include ,

0 e o
I ] |
- O—P—(OH.)_Z , — O_T—

o .
— O —P—(OCHCgHz)»
” O— - _3

R R
0 ~C——(CHg)p=O— P(OH)2

|
wherein m=n = 1 to 4; or —OC CH(CHa) O-P(OH)2 and pharmaceutxcally |
10 acceptable salts thereof |

The term "heterocyclic ester" as used herein means heterocyclic‘e_siers .
' f‘(CH R7)q N
| —Og CHR7)W—N '

.. represented by the formula. .~ ~ \(CHR"')“

wherein Ry isas

defined hersin above, W is an integerof from 110 5 preferably Wis 1 to 3; ""q'énd' T
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q' are independently 1 to 4, and q + q are preferably equal to2,8,4,0or5,andY -
is CHR7 -O-, NH, NRy, S, SO or SOz

Typically suitable heterocyclic esters rnclude :
o . 0 Y ana cr? /—\
-0 C'CHz'N —0 C-CHzN NH -—O C-CHzN S
S - ./ o _/

: B /~ \ /N R Y o
‘—0-CCHzN SO —OCCHzN. SO, —O-C-CHaN, - N-CHg
0

0GCCHN O and G
—— g 2 and _o 'CH ‘N

5 ' The term "alkanoate and alkenoate esters" as used herein means
straight or branched chain alkanoate .'or alkenoate groups optionally substituted
R by a hydroxy or ether morety or mrxtures of such alkanoates or alkencates.
Preferred alkanoate esters include acetate to decanoate, especrally
acetate to butanoate Preferred hydroxy substituted alkanoate ester include. Cq |
10 to Cg alkanoate substltuted one hydroxy moiety or one g1-Ca alkoxy group,

] 1

especially OCCHzOCHs, —OCCH,0H and —0-C~CH(OH)CH;

Preferred alkenoats. esters are the C1o-Czo a!kenoates and include C14 to 013
alkenoates, such as gs-?-hexadecenoate

The term *amino acid ester as used herein means a-aminoe!kanoyl-oxy
15 groups and includes natural i. e., (L)-a -amino acid ester groups, ‘e.g. the ester of
glycme i.e. OCOCH2NH?, dr-and poly peptldes esters thereof e. g unnatural o-
amino acid ester groups such as _ '
O-CO- CH(NHz)(CHz)a COzH, OCOCH(NHQ)(CH)zNHg OCOCH(NHQ)(CH)aNHz

and
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o -amino alkanoates' représented by the formula ;OCOCH(NR20R21.)R22.Whefem
Rso and Rzq are independently hydrogen or (C1-Cg) straaght or branched chain
alkyl groups or Rag and Ra1 together w:th N form a 4, 5 or 6 membered ring
optionally substituted with NR24, -O- or -S- and Rag is H, CHgz, CH20H,
CH(OH)CHs, CHaSH,

CHz CONHz, ~(CH2)2CONHz, CH(CHalz, CH(CHa)z, CH(CHz)CaHs,
(CH2)2SCHa, CH2,CO2H, (CH2)2CO2H, (CH2)4NHg, -CH2CeHs,
CNH, |

and pharmaceutically acceptable acid addition salts

thereof, or {C1-Cpg) straighi and bianched chain a'lkyl groups opiionally
substituted by Hydroxyl or NRogRo2q. F_’reférred émino acid acids are the natural
a\-amiho ac_id groups, d'ipept_ides e.g., glycyglycine, and o -aminoalkanoates
wherein Rag and Roq are each CH3z. The most preferred amino acid esters are
those derived from the natural a—-amino acids, L-alémﬁne. L-phenylanine,'
glycme L-leuc:ne, L-isoleucme and L-valine. |
- The term “acid ester” as used herein means those ac:d esters
- ] -
represented by the ‘ofmula | -___O-C; (CRrR7)e C—OH wherein P7 is as
defined herem above and k is an mteger of from 1to 8 Typlcally suutable acid
_ e_sters mcl_ude oxalic, malonic, 'su_ccsmc, giutanc and adipic acids as well as
RS
branched chain diacids such as™ . -—O C_ CHCRgCOR
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The compounds of the present invention thereof exhrbrt broad

spectrum antifungal activity in various jn vitro assays against Candida, other

yeasts, dematophytes, Aspergillus and opportunistic fungi. The in vitro

antifungal activity tests were performed via conventional broth dilution methods
in Sabouraud dextrose broth ("SDB“) medium and Eagles Mrnrmum Essentral

Medium (“EMEM") agamst a Iarge number of fungr Minimum Inhrbrtory

N Concentratrons ("Mle ). were measured after 24,48 and 72 hour tests. !n many

cases, Minimum: Fungicidial Concentratrons (" MFCS") were measured after 48

‘and 72 hours

The term opportumstrc fungi® mclude Crvtocoeeus, H zgglgsma,

m idioid sari --_uorPraccrdrrdan
Wangiell rothrix Pn umocystis,_Trichosporon as shown by in vivo activity |

in an appropriate animal species e.g. mouse, rat or rabbit. The compounds_of o

the inventions are expected to exhibit activity against many genera and'species
of protoza, bacteria, gram negatives, gram positives, anaerobes, including
Legmellamla Mycoplasma, Trepo ngrrra, Gardneralla, Trichomononas
and Trypanosoma - )

The preferred compounds of formula I wherein Ry1is
convemble in vivo into mono hydroxy-substituted C4 and Cs alky! groups,
exhrbrted the following M.L antn‘ungal actwrty in SDB against 37 species of
Asperqillus , flavus, fumigatus and other spec_:le_s. geometric mean MICs were in
the range of <0.05 to <0.81 (mcg/ml) and geometric mean MFCs were in the _
range of 0.42 to >3. 78 mcg/ml | o

‘The more preferred compounds of formula I wherem Ry is an amrno
ester group convertible in vivo into a hydroxy-substrtuted Cs alkyl group

exhibited (1) superior antrfungal activity as measured by geometnc mean MICs

_ and MFCs :n vanous m vrtro assays agarnst _albicans (N_26) Q }_<_ruse

(N=16),ng_ap_rga(ﬂ-9), Q_.:ggrcah (N=4), Q. stellatoidea (N 1) Q_
neoformans (N=3), and of the dernﬁatophy’tes, T.rubrum, T. mentagroph ﬂe .

11
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and I._tgnsur_aus (N=6) (after 48 or 78 hours) c°mpared to fluconazole as well
as (2) superior anti-fungal activity in the foilowing in vive models: an Aspergilius
flavus and fumigatus-(four strains) in a pulmonary immuno- compromised
mouse model (!50-1XDX4D)- compared to other azoles e.g. itraconazole, and in
a Qan_d_da_a_b_c_an_s (four strains) systemic model with normal and compromised

mice (PO-1 XDX4D) compared to other azoles, e.g. fluconazole. The preferred

compounds of formula IV wherein Rg is a CH(CZH-")CH(RG)CH” ,-wherein Ra :

isa gro'up convertible in vivo into O_H exhibited supenor antifungal activity
comparable to the preferre__d componds of formula V wherein R1g is a hydroxy -
group such as those listed in Tables Q, R. and S. |

The jn vivo oral antifungal activity of the compounds of the present
invention were compared to azole antifungals, e.g., fluconazole in an

Asggrgrllu pulmonary mfectlon model in mice. The procedure of David

Loebenberg et al. entrtled “In vitro and In vivo Actlvrty of Sch 42427, The Active

Enantiomer of the Antifungal Agent Sch 39304*, Antimicrobial _Agents and

Chemiotherapy, (1992), 36, 498-501 was used. The Aspergillus flavus
N _
pulmonary model is also described in European Patent Application No.

0539 938Al pubhshed on 5 May 1983.

. The preferred compounds of formula i exh:brted supencr antifungal in

vitrg activity in SDB agamst 37 species of Asgergrllgs wrthl(a) geometric mean
MICs of < 0.05 to < 0.81 compared to fluconazole (geometric mean MIC > 32

and (b) with geometric mean MFCs 'of < 0.42 to >3.78 compared to fluconazole

 (geometric mean MFC > 32).

‘The Tables Q, R, and S hereinbelow display the superior in_vitro
antifungal activity of hydroxy derivatiVes derived from three preferred

compounds of formula il compared to ﬂuconazole Tabie Q dlsplays such

: antrfungal activity as the percentage “of strains of vanous fungiwithMICs < 1

mcg/mi for the three preferred compounds of formula i compared to

fluconazole. Table R displays the antifungal activity as the percentage of the

12
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same strains WEth MFCs < 1 mcg'/nil. ‘Table S displays the irr'fvi:rg MIC 9C vaiues
for hydroxy derivatives derived_ from the three preferred compounds of formule H
against the same Grganisms listed in Tables Q and R.

" The rrio_st- preferred compound of formula il where Rs =

Me
S

OCOCHaNH,

Me showed consistently higher serum levels in

mice, rats, dogs and monkeys foliowing oral dosing with a methyl cellulose

formulation compared to azoles of similiar structure and also exhibited very long
serum half lives following O.D._ dos_ing with good tissue distribution. The above .
listed most preferred compound of formula li} is not an inducer of various -

cytechrome P-450 liver drug metabolizing enzymes after oral administration in

" ‘an’in_vivo rat model

13
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TABLE Q
IN VITRO ANTIFUNGAL ACTIVITY FOR SELECTED COMPOUNDS OF
FORMULA it
5 -
PERCENTAGE OF STRAINS WITH MICs <1 MCG/ML .
| - - __(MCGML)
10 o — Rio=
I""F(- —( —(
' ' --OH ---OH
ORGANISM STRAIN ol | ELZ2
~ Aspergillus 37 100 100 100 o
15 Candida - . - o - -
albicans 26 100 _ 100 - 100 . 100
_ Candida . , - :
R krusei '16 P, __:.100. e -§00- - - R 10@ 0
20 | I
Candida _
tropicalis : ' _ ' :
& stellatoidea 5 - 100 100 100 - 100
25 Candida | o | o
- _glabrata 9. 22 22 33 0
Cryptococcus 3 100 - 100 100 0
~ neoformans :
30 - - .
' Dermatophytes & . 100 100 . 100 100
1.
14
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CINVITRO ANTIFUNGAL ACTIVITY FOR SELECTED COMPOUNDS OF
-~ FORMULA. III1

PERCENTAGE O_F STRAI_N_S WITH MFCs <1 MCGML

BGANISM TRAIN

Aspergillus 37

' Candida

albicans 26

'Candida

' Candida

tropicalis - -
& stellatoidea S

-Candida
‘\glabrata .9

Cryptococcus 3
neoformans

Defmatophytes 6

1.

(MCGMU

- Bio=
"".f —( —(
' - OH - <OH : ---OH
AR FLZ2
50 62 89 0
100 100 100 100
_-88- e 04 -100 -0
100 100 100 100
22 22 22 0
100 100 100 o
67 83 100 0
. o%,\{’81°
N

‘2 FlZ=fuconazle L
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. TABLE S
lN VITRO ANTIFUNGAL ACTIVITY FOR SELECTED COMFOUNDS OF
_ - FORMULA i1 -
MIC 90 Valves?
__(MCG/ML)
: Rm—
Me Me
“I!-R( "( »(
<0H <0H - ---OH

omaanisM stRANS M ° FLZ2
Aspergillus 37 o122 096 12 29
Candida o .

albicans 26 274 174 .139 .887
Candida . _ S _ T

krusei 16 - .058 014 A2 29.9
Candida '

tropicalis | ) _ . .

& s_tellatoidea 5 17 A17 .354 917
Candida o |

glabrata 9 28.8 17.1 28.8 208.3
Cryptococcus 3 .05 - .007 .101 25.9 -

._neoformans : : -
Dermatophytes 6 165 101 707 29.4

1.

2. FLZ= fluconazole

a. Mlmmum Inhibitory Concentratlons for 90% of the strams

The preferred compounds of the present invention of formula HI or

IV are soluble and/or suspendible m’ an aqueous medlum suxtable for lV or oral _-

administration and also exhibit superior in_vivo antn‘ungal activity agamst a

broad range of fungi after oral and parentéral e.g. N-administration in mice, rats,

16
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" dogs and monkeys The preferred groups convertible in vivo into the
correspondmg alcohols have a solubmty in aqueous medlum of at least about 1
to 50 mg/mi, preferabiy greater than or equal to about 10mg/ml and more |

preferably about 20 to about Sﬁmg/ml. The preferred estars and et_hers of

formula IV listed below wherein Rg is:

Me '
e Me . X
: s
g‘ Y\O/\/o\/\o/ﬁrOH ‘-Q-OYQ\N/\‘l -
Me M* 905 | o ‘\IN.'MG

(1111} R M e
ud O\'(\O/\,O\/\o/\,OMe -<,S-
S

O
. N
N M*g05 - e \g/\o

Me
—é;o O~ OMe ~ M7526
N AN '
Mé Y~‘o o Me
M* 905 | _és; '
. . . Q .
Me Me WK\N/\
S o ‘\,O
mlo /\/O\/\ /\/OMG }
| ™ 891 B Mo . o
g-Me : _ o : ' _é_ OP:3H2_.2NMG
e . : ) o o8 . .
O ALOMe . - ‘M S #\Me
", \,.(‘0' | - me o
| M* 817 | M .853.2
o Me ' '.,; _ ' sMe‘ e e
M+ 861 - ' M+*781.7

17
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"Ry R
Me _ 3 - Me
mnns R ) O . anesa .
g‘oMOﬁ .NMG . go - _OPOg3H2. 2NMG
Me (o) . Me 0 -
YL
M* 801 A+
M*881.3
o Me
o Me . S ‘
©. ensss R - o &o ~ 0P03H2‘2NMG
_ ,,O _ M _
Me \R‘OCHzcsHs ' - o N
- OCHyCeHs - M*8813
| M*g81.4 Me -
S
| . md <y on
Me o -0 _
_'g%”o' S M*759.3
Me \~OCH2CgHs — '
.. ... . ..0OCHsCeHs ... .. ... ... ... _ : o
. Me
| M*961.2. '""Q_OYMS
. - . Me o
Me ' M*742.4
h 10808 ) ',O Q . )
Me;; -C\R‘O _ OH. 2EtsN sMg oH
OH o II'H
M*873.3 me~ & Me
M*773.1
. Me . ' Me
s R o . _ ' ﬁ . O
. : e} R )
;go\P’: T 0-PoH .2NMG
Me | Lo 2NMe Me g OH
. M*781.é M* 839
m"nese Me Me
. N.‘ At ; . Ce e '.“OMe.
o e. Ol I U Me.R .
M* 865.7 “CgHyy )

18
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- Ry R,
R o - | 'Me :
Xl ~O R JENEN
< |
Me NH.CO.CH,CeHs - ' Me AO B
_m*ess M*B215
e o _ M NHpeHo!
ud I/\NHoncr . wE NH, ¢ HCI
- Me o
o o « 2 NMG
| OH
S CoRonwe S O,
M* 915.4 | 9299 ©
_ : - | Me -
Mo : o —dS
S : . ' o
o _ N - Mé _ ﬁ_ + 2 NMG
.Me.. O-P<OH * 2 NMG | _ O-\ OH.
mrotss o o |  mrezez OF

The mass spectral data presented herein as M+ are parent ions which
were determined by Fast Atom Bombardonment (FAB) technique and represent
5 the [M+H*], i.e. {molecuiar ion+1} peaks. '

The more preferred esters listed hereinabove are water soluble (eg >10mg/mi)

and readily convertible in'vivo_.td the corresponding alcohol compounds of the

formul V wherein_' R1igis

10

. or. . ..... .
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The most preferred esters are convertible in vivo into alcohols and include

those of compounds of formula IV wherein Rg is

Me o ~ Me | o
' » | | Q  CHRAN
S OCOCH,0(CH,CH,0)sMe O-C-CH,—N P
Me | Me o

| | \\(CHR)~
*2NMG - | - wherein'Y, R;and q are,
: : ~ as defined herem above
OPO3H2 | .
: ' and :

. : Me L
_{—-OCOCHzPoaHz | Me \ll/\NH2°HC' o
Me . ONMG ./ Me NH,, » HC! |
g OPOgH, "2NMG _{_ . . NHpewci
NS :

4 CHa Me NH, * HCI

O

N - The antifungal com.pdund_s of this invention represented by
formula I have the R absolute stereochemical configuration at the carbon in the
tetrahydrofuran ring bearing the di-hélop'nenyl and 1_!-_{,1,2,4§triazolf1-ylmethy!

- moleties, and the CHQO}? moiefy has the "cis" stereochemical conﬁéuraﬁon
10 relative to the 1H,1 ,2,4-triézol-1-y!met_hyl moiety. See the formulé I

hereinbelow.

and' Y=

s
’
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wherein Ry is a straight or branched_chéin ('C4-Cs)' alkyl group substituted by
one or two groups convertible in vivo into hydroxy maities, Which' preferably

exists as a single stereoisomer, but mixtures of stereocisomers are also

: contémplatéd as within the scope of this invention.

The compounds of formula I are generically but not specifically

- disclosed as the "cis" series, type ii, at col. 8 lines. 59-68 of Saksena et al. USP

5,039,676 and Example 68 at Col. 5, hne 16 to col. 52, line 44,

NERAL SYNTHETIC PREPARATIONS |
The C4 and Cs hydroky-substituted alkyl_group compounds useful

i o) prepare the compounds of this -inven_tion-m-ay' b'e prepared by use of the -

sequence of steps illustrated in the following Schemes I-VI. The compounds

of the present inventin are prepared by using the compound 20F of Schemesil, .. . ... '

and IV-VI in schemes Vil to X1B. In Scheme I, compound 3 is réadily preparéd

from commercially available compound 1 according to Examples 1a,lband ic.

Compound 4 is prepared by reaction of L(+) -diethyl tartarate ("L-DET") and

m‘blecular sieves in the presence of titanium tetra- lsopropomde (l-Pl’O)4T' in an '

a_protlc solvent, such as methylene chloride, at a temperature 0° to -35°C. See
fbr E;xample, T. Kats'gki,' K_.B. Sharpless, J. Am. Chem. Soc.. 102, 5974 (1980);
and '_;LQ;i, 484 (1981). An oxidizing agent, e.g. j_e_rtbetylhydrcpercxide .'(“TBHP“)
is added to this reaction mixture (step d of Scheme I) .. Compound 3 is added
and the.compo_und of formula 4 (when L(+)-diethyl tartarate is used) is
produced; Reacti_cin of compqu'nd 4 with 1u—1,2,4-triaiole in the presence of
ét'rbng base, e.g., NaH in an aprotic solvent, such as DMF, at 0°.'8'O.¥>C'. prOVides
the diol compound of formula 5. The primary hydroxy ._.group in compound 5 is

converted into a leaving group, e.g., mesylate or toSyléte (compound 6) by

reaction of 5 with, for example, mesy! chlonde (“MsC!") in an aprotac solvent, R

2.g., methylene chioride in the presence of base, e.g., tristhylamine ("EtgN*):— ==

Compound 6 is treated with strong base, e.g., sodium hydride (NaH) in an

21
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aprotic solvent, e.g., DMF at room _temperature to give oxirane compound 7.
Reaction of 7 with diethyl malonate in the presence of strong base, e.g., sodium
hydride in an a_pro'tic solvent, e.g., DMSO at 25°-75°C provides the lactone 8.
Reduction of 8'wlth_a metal "hydride, 'e;g., lithium borohydride (LiBH4) in an

o alcohol -e-.g.,- ethanol (EtOH),-. provides the triol 9. Conversion of the two primary

alcohols of 9 into leaving groups (mesylates or tosylates) by reaction of 8 with -
excess tosyl chloride in an aprotlc solvent, e. g. THF, in the presence of base,
e.g., EtaN, provides ditosylate 10. Compound 10 is contacted with strong base,
e..g.. NaH, in an aprotic solvent such as toluene at elevated temperatures of
100°-120°C to provide a mixlu're of two tosylates (cis and trans) which are
separated by chromatography to yield to the cis-tosylate 11. Reaction of ..

compoUnd 11 with alcohols HOY-in the presence ‘of strong base, such as NaH

-in an aprotic solvent, such as DMSO ata temperature of 25°-75°C provides C4

and Cs hydroxy-substltuted alkyl group compounds useful to prepare the

compounds of formula .

~ Scheme Il provndes an alternative reactlon sequence to obtain

: compounds of the present mventaon Reaction of compound 11 with the

commercially available compound 12 in the presence of NaH gives compound

13. Hydrolysis of N:acetyl group in 13 is accomplished v_vlth‘ a strong base such

as NaOH in the presence of n-BuOH to provide compound 14. it should be

made clear that instead of N-acetyl group in compound 12, any other base
labile groups such as N-formyl, N-benzoyl, etc., can also be used to provide
c'orrespondlng N-formyl and N-benzoyi derivatives of compound 13. Reaction
of 13 with p-chloronltrobe’nzen'e in the presence of a hydrochloric acid |

scavenger such as KoCOg provides the nitro compound 15. Catalytic reduction

| _ of 15 in the presence of a platinum or palladium catalyst ylelds the amme 16.

o __Treatment of 16 wrth phenylchloroformate ln the presence of pyndme gives the

" urethane intermediate 17 Reaction of 17 with hydrazine yields the

semicarbazide 18 which is cyclized in the presence of formamidine acetate to

22
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furnish the key triazolone 19. _Alkylation of 19 according to Examples 18 and 20
provides the compo_uﬁds of structure ZOF lncluding C4 and Cs hydroxy-
substituted alkyl group compounde useful to prepare the compounds of formcla
| wherein Ry is defined as herelnabove' :

| Scheme lil provides a stereospecific access to the gis-alcohol 26

and ﬁ-tosylate 11 by app'lcatlon of enzyme chemistry. For Example reactlon

~ of the triol 9 with ethyl acetate in the presence of porcme pancreatic lipase glves

a singie monoacetate 21. The rema-mng prlmary hydrcxy group in 21-is

| protected by an acid labile group such as tetrahydropyranyl group to give a.

compound such as 22. Hydrolysis of the acetoxy group in 22'is accomplished
with a base such a KOH which provides 23. The remaining steps are: (i)
tosylation of compound 23 tc provide 24; (ii) cyclization ot 24 in the presence of |
-NaH to provide 25;- (iii) deprotection of THP. ether in 25 usmg an acid catalyst
such as p-toluene sulfonic acid (to give 26) followed by tosylation of the
resulting 26 to furnish the key intermediate 11. _

A detailed descnptlon ofa preferred preparation of l<ey
lﬁtermed:ate is disclosed in commonly cwned U. S. Patent Application Serial

No. ©8/055,268, filed April 30,_1993, which is hereby incorporated by reference.
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X=ForCl

Beagents: (a) NaOAc; (b) Wittig Reaction; (c) KOH; (d) L-DET, TBHP, (i-Pr)4Ti; (e) NaH,
1,2,4-triazole,DMF; (f) MsCl, EtsN, CHCly, 0-5°C; (g) NaH,DMF; (h) NaH, diethyimalonate,
DMSO, 50-55°C; (i) LiBHy, EtOH; (j) TsCl, EtsN, DMAP, CHaCl-THF (1:1, viv); (K) NaH,
toluene, 100°C; (l)Chromatography. (m) NaQY, DMSO.

.‘-
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! _t - 18 (cont. next page)
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(17 cont.)
S
X - ‘.“\_O—,—-\N_O_'i
NH
© N/ N
: NH,

w &

-----Reagents: -(a) NaH, DMF; -f'(b) NaCH, n-BuOH;. (¢} p-Cl-CgH,NO,,

TK,CO4, DMSO; ” (d) Hy, Pt-C; () CgHsOCOC, pyridine, CH,Cly; (f).

NH,NH,.H,0, H,0, dicxane; (g) formamidine acetate, DMF, 80°C; (h)
accordmg to Examples 19 and 20.

26
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SCHEME Il

Reagenis {a) Pofcine ;ﬁar'icré':atic-lipase -EtOAc (b) dihydropyran H*,
CH,Cly; (c) KOH; (d) tosy! chiloride, pyridine; (e) NaH, toluene; (f) H,0,
methanol, H*; (g) tosyl chioride, pyndme

27
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{IEME |
Meo—@-n -@—N NH
M Aq. HBr
() SEMCI

" Ho —O —O—N N-SEM 4

29

F

EETT- I
1(iﬁ)NaH DMSO
.30 X= SEM -

18 X=H _"—‘
20F X=Ry<—

28
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'~ SCHEME V.
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SCHEME VI

| -
coor T gX, A N b R, Ho
Y - Y —— —
OH _ OCHgPh
35 36 . 33

_ R is preferably CH;Ph d
R preferably CHj ' .

N-NHCHO
RI%

| | L | . OCHyPh

| e
I+N NHCHO

1X :

OCHoPh

- SYN isomer > 9:1
40

- . ' l -S ._ Me . '

. (a) pyrrolidine, r.t., 24 h; (b) R*-X, NaH, DMF; (c) RED-AL, toluene. -20°;
.(d) H,NNHCHO, MeOH; (¢) R*MgBr, E;0,-10°C tor.t., 24 b; () 17E of
~~Scheme V and procedure of Example 32d; (g) Hp, Pd, HCOOH, 80°C.

30
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ti t

' LG-(CHR7):CONa(43) o
Re(OCHR7CHR7WOH ————"—5—53=" g (OCHR,CHR7)O(CHR7)-COH
. " - Rg(OCHR7CHR7)r _

4.
Me

W . S
\ O-N\ ./NONVNMQ e OH

. 20F .

.DCCD, DMAP!, 44
CH,Cl,

I, S
"o~ Mo, 3= Oy (CHRO(CHRTCHR O

o

45X

1 DCCD = Dicyclohexylcarbodiamide
« DMAP = 4-(N,N-Dimethylamino)Pyridine

Table for Scheme VI

| R1= S Me
- . | .OH .

using 20F (X = F) Me
42 . 43 - 45 M.S.
— . — BV
— PGOCH2COH | COCHoOH |
PG = Protecting _ | 759.3 _
.| Group, e.g., CHoPh _ |
| CHa(OCHSCH?)30H | CICHRCORH -"-"-}_ " | COCH20(CHaCHaO)aMe -~ | 905
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42 43 45 M.S
CH3(OCH2CH2)OH | CICHoCOoNa -CCHO(CHaCHo0)Me 817
CH3(OCHaCH)20H | CICHoCOoNa -CCHO(CHaCH20)oMe 861
CH3(OCH2CH2)30H | CICHoCOpNa  ~ | -COCHp(CHaCHO)aMe -~~~ 1903 -
HORC(OCH2CHz)2 | CICHaCOzNa | -CCHaO(CH2CH2O)2Me 905
OH

. . . a
PEG2000 CICH2CO2Na -COCH20PEG2000

o : e . a

PEG5000 - CICH2CO2Na -COCH20PEG5000 |

- @ Arange in MS values were observed which corresponded to the molecular

‘weight range of the PEGZ_OO'O'_and PEG5000 used as starting materials.

Phosphate Esters

Scheme VINIA

| - g /—Me
(>— )2N-P-(OCHzCHg)y - F1= —<;
AR | o)

ole. +-Bu Me !
Tetrazole, +-BuOOH , P(OCH2CgHs)2 -
o
Pd/C, Hy,
AcOH, ETOH

\\\\\O_N N'@'N N S s - | -
_ —/ \=y\ OPOsH,

47« 2NMG

| B R
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| SCHEME VHIB

O

- r—Me {1 | R/ Me
20F, Ry = muﬁ - HO¢C ’CHR7)nLG (49) R, =t
o == OH B '

CHR7)Hal =
Me -DCCD DMAP, CHClz Me \lr( 7

LG=Hal oo o _
: : .0
ll . 50

RN Agop(oc:!-izJﬁHs)2 .
2. ACOH 10%PU/C, H, ETOH

Me

. N %Nlllmg “ E
ay 0"@‘ @' F‘qCHH-;)n-O-P(OH)g -

- Tgblg for Scheme VIIIA
| X=F

m.s.' (M+) |

781.8

781.7

- 873.3
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47 R? M.S. (M+)
Me 961.4
5 - |
(.
OP(OCH2CgHs)2
Me 961.2
o)
P
OP(OCH2CsHs)2
Table for Scheme VIIB
49 52Ry | - M.S. (MF)
HOCOCH:CI | Me | 839
| —S-<— 2ONMG
stem OCOCH2OPO3Hz
u /
. g
HOCO(CH2)4OH /__Me | | 881.3
o lllllﬁl _ | SNMG
v )i OCO(CH2)4OPO3Hz
" /
e
HOCO(CH2)sOH . /—Me 1 881.3
- . . '_; S . .
—-\ - 2NMG |
VS OCO(CH2)4OPOgH2
Me/ .

S-HOCOCH(.OH)CH ( o
HO ( ) 3 lmuRn . 0 OPO3H2 -

34

853.2
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| AR—N)OLN.... RM.e /LC HiOPh 34 AR_BL N.....é;MB CHzopﬁ
o \=y y OH DCCD, DMAP, CHyCl '
-]

' 55
20F
10%Pd/C, Hy,
EtOH, AcOH

' i Me i Me
ARN" l,\l-""(lﬁ A N <—-—(a) AR—N Ng‘i-.
. =N B YCHzO P\OCH Ph \=pn u s°\n/°H2°H
© 4 OCHzPh RO
- 87 . _ ' 56

l’(b)

i Me« __‘_,-' . ) (c) i Me
A R-—N Nuno R - P A R-’N N s p
\-—N O« ~CH20-R~0H \—-N 0 _~CH20-R~0H
Y OH - Y OH
58 S . O .2NMG Salt
: ' 58.2NMG

@0 >—N-—P(OCH2Ph)2, tetrazole, (ii) t-BuOOH; (b) 10% Pd/C, Hp, ETOH, AcOH:; (c) 2 NMG

35
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542 2 58By
0-(HO2CCH2CsH4OCH2Ph

o (HO2C(CH2)2CsH4OCH2Ph _si j(\/Q |
_ I o o} « 2 NMG
| - Me B LY |

. PCT/US96/07547

| MS. (M)
929.2

'929.9
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" Scheme  IX

+ 'Hal-(CHR;),COHal
| 62

Table for Scheme IX

37

PCT/US96/07547

ation t Heterocyclic Ester

Base ,

"o —Q‘ @" ?-N—ﬁ (CHR7)\,,, Hal

f(CHRﬁq N\

Y

\_(CHR7)q- J

60

o Me
S
=N S o e
Nz N - (CHRy)y—N -
Mg

\(CHR7)q- 7

Y

M.S. (M=)

828

847

(CHRy)q N '

N

L B2B.
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. SCHEME X

9 _ —Me
. I\ . S :
OO
__ \_J : \.—.-.N. S OH

NH.P

. .
Reagents: (a) R' COOH,. DCCD, DMAP, CHzClz; (b) HCI in dioxane

Where R'= CHg, CaHs, H; Ra= H, CHj3, CH50H, CH(OH)CH:;,. CHQSH.,. CHoCONH3,
CHgCHzCONHg, CFI(CHQ)Q, CHI(CHa).CHQCHa, CHgCHgSMe, CHoCCO,

CH2CH5C00", (CH2)4§H3, Hzc'Qs HgC-Q‘ORs . chm

Hac\(\ f'\r H H2CH20H20H20< " Ra= H, Phosphate ester, 8u|phate estern;

N

and P = N-tert-butoxycarbonyl '(N-t-Boc), or N-C'a'rbbbeﬁzsi!dxy' (N-Cbz)

38
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'SCHEME XIA

@.0)© |
Br Br o\ ,/40
o] - _ o _ . CHLO AP
70 o R PhCH, OCH,Ph
' 72 e :
| . o - @@
- o u ' . o e ¥ '
e e
AR—N\{LN 2 . AR-N\'}_N{ .
=N 3 0 ' ' =N S)=0
s 0.0 3
6 0 o 73 ?
. J_oH INMG | ~ B-OCHPR
0% “oH : . 07 “0oCHgPh
| Reagents (a) 2, 2, Z-mchloroefhanol (b) silver dibenzyl phosphate; (c) Zn, HOAc-THF
e
(d) SOCl,; (e) 20F, Rj=""= — /_ 3 () H,, 10% Pd-C; (g) 2eq. N- methyl glucamine.
SO H - . -
' Me
Ld
e

¢

39
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| SCHEME XIB
CHj3 l |

 HO” (@, (), © (@ _

80

84 _‘P\ H INMG
’ OH

Reagents (a) 2,2, Z—mchloroethanol DCCD DMAP,(b) N-bromosuucxmrr;;de,
-]

(c) silver dlbenzyl phosphate; @ Zn, HOAC-THF; (e) 20F, R;=""
s>.o H

DCCD DMAP; (), Hy, 10% Pd-C; (g) 2eq. N- metnyl glucamine'®

A0
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Scheme IV pro_vides'.ah’ additional reaction sequence to obtain the

C4 and Cs-hydroxy-substituted compouhds useful as intermediates for

* compounds of the present inve_nti'on} Compound 27 is pr'epared from the inethyl

~ ether of compound 12 in Scheme Il by subjecting the methyl ether of 12 to the

reactions of steps a to g of Scheme I Reaction of compound 27 with.aqueous
HBr or BBra gives phenolic oompo_qno 28. Beéotion of compound 28 with one
equivalent of NaH and subsequenit treatment with, for example, 2-(trimethyl)-
silylethoxymethy! chloride (*SEM-CI*)and DMF at ambieni temperatures :
produces SEM-protected compound 29. ',De_protonation of compound 29 With
NaH followed by reaction of the so-formed anion with tosylate 11 in DMF or
DMSO at elevated tefnperatures prodUces compound 30. The nitrogen
protecting_' group of 30, e.g., SEM is rémoved by treatment wiih, for example,
-6NHCI in methanol at ambieni—-témperatures for3 hrto proddce-compound 19.
Compound 19 Iis treated with NaH ‘and DMSO at 20°C for 3/4 hr. and thereaﬁor
alky!ated with Ri1X to pi'oduce compound I. In R1X, Rt is a C3-Cs alkyl group.
‘having at least one protected hydroxy moiety, e.g., O-SEM and X"is a leaving
Q‘foup, for example, brosylate Removal of the hydroxy protecting grodp from
compound 31, e.g., O-SEM is accomplished by, for exampie, 6NHCl in -
methanol to gwe C4-Cs hydroxy substituted a!kyl group compounds usefui to
prepare compounds of thls_ invention of formula i.
Scheme V provides a prefe_ired route for preparation.of the_'intermediates

for the compounds of this invenﬁon set forth in Soheme Il. The sodium salt of

compound 31 preparad by reaction of (4-[4-(4-mtrophenyl) 1-p|perazmyl]phenol o

with NaH in anhydrous DMSO at 50°-60° C for 30 mmutes is reacted with the .

2,4-diflurophenyl tos_ylate 11F,(compou_nd 11 ln.Sch_eme i -w_herem. X-F)-.for__-‘l h. .

- at 50°-70° C to provide, after flash .silic‘a'chromato_graphy or crystallization,
compound 15F (compound 15 in Scheme Il wherein X=F). Reduction of 18Fby

- hydrogenation in the 'pféé'e_hdé"'of"5_%'."Pd/C 'in""etha‘hol‘ containing 1 NHCl -

provided amino COmp_oun_d 16F .(.'c_o‘mpound 16 in Scheme Il wherein X=F).

41



- 10

15

20

25

- WO 96_/38443 - - . PCT/US96/07547

. Reaction of 16F with phenylchloroformate in anhydrous pyridine at 0-5°C for 2h.

provided phenylcarbamate 17F (compound 17 of Scheme Il wherein X=F).
Reaction of 17F with hydrazine hydrate in 1,2-dimethoxyethane at 80°C for 4h.
pkovided the se’mi_carbazide 18F (compound 18 of Scheme |l wherein X=F).
Reaction of 18F with formamidine acetaté and EtaN in 2-methoxyethanol under
dry argdn in stirréd reactor at 80°C overnight provided 3H-1,2,4-triazol-3-one
19F (compound 19 in Scheme il whéféin X=F.). Fieabtion of'compound _19(f)

with R1X in accordance with the procedure of Scheme IV broduced the C4-Cs
hydroxy-substituted compounds 20F use_ful to prepare the compounds of |

formula I

- Scheme VI provides an alternative, stereoselective route for

preparation of the intermediates for preferred compounds- of this invention. - -~ - -

Compound 35 (e.g. S-lactic acid methylester) is contacted with excess
pyrrolidine ih rriethylene chloride for 24 hours at room temperature to give
amide 36. Reaction of 36 and NaH-with for example, benzy! halide in DMF gave
37. .Selective'reductio'n of amide 37 with a 3.4M solution of sodium bis(2-
methoxyethéxy)alufninum hydride"("RED-Al“) in toluene at -20°C gave aldehyde
38. . Reaction of aldehydg 38 with HoNNHCHO _in meihan_ol gave 39 which was
reacted with a Grignard ;eagenf e g.'ethylmagnesium bromide in dry etherata
t_empera‘tdre of -10°C to room temperature for 24 hours to give 40 wherein the
ratio of the §,S isbmer: S,R isomer was 94:6. Whén the Grigand reaction was
done in the presence of 1._2'e’cjﬁi_valént’s_ of bis(trimethylsilyl)acetamide the SS to

SR 'rat_io was 89:1. Compou_nd 40 was reacted with compound 17F of Scheme

Vin toluens in thé_ presence of DBU"(1,8-diazab_icyclo[5.4.0]undec-7-ené) for six

hours at 80°C. Cyclization was effected by raising the temperature to 100°-

.. 110°C and contihding to r_naintain_:tﬁis tempefatur_ej overnight. _.A_f.ter_purifi_c_:atipn-___' o

via TLC, 20F was obtained. Treatment of 20F with hydrogen and 'péila”diﬁr'ﬁ"""""”

black in methanol containing formic acid heated to 60°C gave the crude product

42
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which was isolated and purified (via TLC) to give compound 20F ie. the
compound of formula V wherein. | |
e - : Me

' Ryo= and X =F, Mt=701"

The reaction of the Grignard reagent on the prqpanirnine 39
produces 40 wherein the absolute stereoéhemistry induced at the new chiral

center in 40 is substantially the'seme {i.e., S) as that at the chiral carbon in 39.

By the term “substantially the same" as used herein is meant the ratio of SSto

S:R (in e.g., 40) is greater than 9:1, preferably is g'reate_r' than 15:1 and most

praferably is at least 99:1.

The mass spectrai data presented herein as M+ are parent ions -

- which were determlned by Fast Atom Bombardonment (FAB) technrque and

~ represent the [M+H+] ie. {molecular ion+1} peaks.

N We consrder that Schemes 1-Vl set forth the preferred processes to
prepare the C-4-Cs alcohol mtermedrates for the compounds of this mventron
Other processes for prepanr_lg the alcohol intermediates for the compounds of
this invention are dl"sctosed_. in commonly-assigned U.S. Patent Apptication
Serial No. 08/425,129, filed 04/1 9/95 and Serial No. (Attorney's Docket No.
CDO475) filed 04/19/95; and these two patent applications are hereby
mcorporated by reference | |

Scheme Vil provrdes a general method tor preparation ot the
potyether esters of the present mventron The alcoholate of alcoho! ether 42

e.g. CH3(OCH20H2)3OH 1.e._, 42 wherein Ry = H and t = 3, was prepared by

. .. reaction, of 42 with excess strong base e.g. NaH in an anhydrous ether e.g. THF

"at ice bath temperatures 7 The so;’tormed reaction- mixture was stir‘red for several- -

hours i.e., 2 or more and the sodrum salt of acid 43 e.g. sodlum sa(t of

chloroacetic acid (43 wherern LGisa halogen(Hal) ,e. g. =Cl, Ry=H and s_1)

43
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was added thereto. The so-formed reaction mixture was stirred at ice-bath

temperatures and stirring was continued as temperature was allowed to warm o

room temperature'.' Water was carefully added to the reaction mixture and the

- polyether acid 44 was sepa_rated and purified_ oy conventional techniques.

To a solution of 44 in CH20|2 was added 1.3-1.5 equivalents of the -

) base 4-(N N-dxmethylammo)pyndme (“DMAP") and 20F wherein

. The temperature of the so formed reaction mlxture
was lowered by use of an ice bath and 1.3-1.5 equwalents of

dncyg_lehexy!caquqn_xmsce ("DCCD") was added thereto.. The so-formed reaction

10 dicy
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. —O{C]’\CHz*q?)n (O)m P(GW)z

mixture was continuously stirred as the temperature was aliowed to warm to -
room temperature-. The dicyélohekyl urea precipitate was removed and the
crude product isolated by conventional techriiques. The so formed residu_e was
pyrified by chromatography on silica gel to provide the pure compound [M + H}*
= 906 by FAB. By the approbriate substitution of diﬁe_rent starting materials 42
and 43 the compounds 45 listed in Table for Scheme Vi were prepared. The

MS ‘values for proddsts' '!isted under 45 in the Table for Scheme VII were

~ measured by Fast Atom Bombardment (“FAB").

Schemes Vil A-C |Ilustrate the generalised methods for preparing

_phosphate esters of this invention. Scheme VIIIA provndes a method for

~ preparation of phosphate esters of formula IV wherein Rsis

7 andz : m=n = 0 Compound 20F of |

" 'Scheme Il in methylene chiorids at room temperature was reacted with 1.5

equivalents of N,N-diisopropyl-dibenzylphosphoramide, and 3 equivalents of a
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base such as tetrazoie, followed by 1.5 equivatents of tert-butyl peroxide (3M in

tso-octane) for several hours The progress of the reactlon was followed by TLC

(5% methanol EtOAc v:v) on srhca gel The crude product in EtOAc was washed

with sodium thiosulfate and punfted usrng standard techmques to provide the

' dtbenzylphosphate ester 46. The dtbenzyl--ester groups of 46 were removed to

give 47 by treatment of 46 d:ssolved in equal volumes of ethanol and glacial
acetlc acrd in the presence of 10% Pd/C under a hydrogen atmosphere at room
temperature in a stirred reactor_ overnight. The reaction wa_s contrnu_ed until no
-starting material was found by TLC-(or NMR). The catatyst was removed. by
filtration and the crude phosphate ester 47 was purified by standard teChniques.
‘Treatment of 47 in methanol at room temperature with tWo equivalents of base -
e.g. NMG (or EtsN) provided 47 . 2N_MG. The compounds 46 and 47 prepared

"in"acco‘rdance'with'Sch:em'e VIA are listed in the Table for Scheme VIIA. |
~ Scheme VIIIB illustrates preparation of phosphate esters of

. |

- , —-0[ {CHRh= (O —PIOW),
formula IV wherein Rg = ' z=m=1andn=
o. Compound 20F dissolved i_n methylene chioride was treated with 1.3

equivalents of DMAD 1 '.,f3: eg'uivalents of DCCD and.1.3 equivalents of the acid

’ HO‘[C]'(CHZRﬂn'LG | | -
49 of the formula ' - eg., HOQC(CH2)4Br.|e z=1,n=4,

R7z=H and the leaving group LG is-a Hal e g. Br. The reaction was sttrred at
room temperature until no startrng matenal was found by TLC purmcahon of the
crude product gave bromide 50, a white solid wherein: ' '

' Me
S
_Ry= -'<;

____/"Oac(CHz)4Br e e

e ME L The bromtde 50n benzene was heated at 80°C

overnight with 1.5 equivalents of srlver dibenzylphosphate (available from




10

15

20

- 25

WO 96/38443 : - :  PCT/US96/07547

Sigma Chemical Co.; St. Louis). | The reaétion mixture was cooled and washed o
Mth aqueous base, e.g., K2COs. The crude product was separated and puriﬁed.
by silica gel column chromatography to give the dibenzyl phosphate ester 51.
Treatment of 51 in ethanolglacial ai_cetic acid with 10% Pd/C under a hydrogen .
atmosphere overnight at room temperature gave phosphate ester 52.
Treatment of 52 in methanol with two equwalents of base e. g NMG (qr Et3N)

gave 52 ¢ 2NMG.

Scheme VIIIC provides an alte_rnative procedufe for preparétiph of
phosphate esters of formula.lv wherein Ré is as define_d above for Schemé viiB
and z=1and n=1. The benzyl ether 6f methyl acetate 53 in'methanol-water

" and excess base e.g. KoCO3 were stirred overnight at room temperature to give
the benzy! ether 54. Reaction of a solution of 20F and 54 in niethy!ene- chloride -
with a 1.3 - 1.5 equivalents of DCCD and DMAP at room temperature overnighi
gavé ester 55. The benzyl ether group of 55 was removed by treatment with
excess 10% Pd/C in ethénol-glacial acid under a hydrbgen atmosphere at room
te'r'npe’ra_ture overnight. Purification of the crude product gave 5§6. Treatment of
56 with 1.5 equivalents of N4 N-dii'éopropyldibenzylphosphoramide and 3
equi_valents_ of tetrazole and followed by 1.5 equivalents of tert-butyl peroxide in

accordance with the pi'oc_;ed_ure of Scheme VIIIB gave dibenzyl ester 57.

" Removal of the dibenzy! groups with 10% Pd/C in ethanol-glacial acetic acid .

under hydrogen atmosphere gave (as described heremabove) phosphate ester -

' 58. Treatment of 58 w1th two equ:valents of base, e.g. NMG gave 58 » 2NMG

Additional phosphate esters of thxs mventxon of the formula '

lomg

o (?HR7)?- o’

(O)m—-P (W) wherem z= m-1 n=1or r 2, 1=0 or 1,'

and W=H, such as listed in the Table for Scheme VIIIC are prepared from

46
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compound 20F wherein Ry is the same as that used in Scheme VIIIA by
substituting equivalent amounts of' starting materials 54a and 54b for compound
54 and thereafter followmg the procedures shown in Scheme VIIIC.

Scheme IX :llustrates the preparatlon of heterocychc esters of the
- Me
S
S OH

Ry =

~ Me dissolved in

methytene chloride is reacted with compound 62 in the (Hal=Br or Cl, w=1-5,

e.g., CCH2-COCl) in presence of a base such as pyridine at a temperature of

- 0°-5°C for tour hours. The reaction was placed in a refrigerator overnight.

- Additional compound 62 and base could be added, if necessary,-end the -

reaction continued until no 20F 1s present by TLC. Purification of the crude
product by column chromatography on silica gel gave pure. 59 (w=1, HaI-C!)
Reaction of 59 with excess of the mtrogen heterocyclic compound 60 {e.g.,
Y=NH, R7=H and q=4) at a temperature of 50°~60°C for 1 hour produced 61.
Substitution of nitrogen heterocyclic 'compound 60 with a five and six membered -
C“ompomds, e.g. morpholine, N-methylpiperidine provided the compounds
listed in Table below Scheme IX. _ _

| ) Scheme X Hlustrates preparatlon of the amlno acid esters of this |
mventxon Compound 20F is contacted with excess N-(-butoxy camonyt o
-amino acid or ¢ -amino alkanoate in the presence of DCCD and DMAP inan .
aprotic solvent such as CH2012 at 00 to 25°C. The reaction is followed by TLC

and additional a -amino_ acid and DCCD are added, if necessary, to insure the

starting material 20F is completely converted into amino acid ester derivative

.64'. Compound 64 is treated HCI in dioxane to provide the a-amino acid ester .

as the acid addition salt 65. Puriﬁcation of the crude products is accomplished

by standard techmques When carbobenzoxy is used as the protectmg group, L

Other protecting groups may be used such as those disclosed in "Protective

47
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Groups in Organic Syrithesis‘ by T.W. Green and P.G.M. Wuts. John Wiley and
Sons 1991 NY at pages 97-98 or 389-394.
Schemes XIA and XIB illustrate the praparation of additional

phosphate esters of this invention of the

—ofc Z(CHRﬂn@

(CHRX
il

formula (O)m——P(OW)>
ori, and W=H.

In Scheme XIA, the benzoy! bromlde 70 is treated wuth 2,2 2-

, wherein z=f=m=1, n=0

trichloroethano! to produce the corresponding trichloroethyl ester. Treatment of

... the trichloroethyl ester with excess silver dibenzy! phosphate under conditions

10

15

20

similar to those used in Scheme VIIIC converted the benzyl bromide into a

dibenzyl phosphate ester Removal of the trichloroethyl ester group was

- accomplished by use of zinc in acetic acid - THF to give the dibenzyl phosphate

edter 72. Treatment of 72 with thlonyl chloride gave the corresponding acid
chlonde which was contacted with a solution of 20F in methylene chloride under
ccnd'txons of step one m Scheme VIIC to give ester 74. Removal of the
dabenzyl ester groups of 74 with 10% Pd/C under a hydrogen atmosphere as
described in Scheme VHIA produced the corresponding phosphate ester which
‘was treated with two equivalents o_f base e.g. NMG to provide 78. l.n Scheme
XIB; the 2-m-ethylpheh_ylacetic ac,id 80 was esterified with 2, 2, 2-trichloroethanol
and the so_-'formed ester was COnverted into corresponding the benzyl bromide
by treatm'ent with N-bromosuccinimide. The treatment of the benzyl bromide

with excess silver dibenzyl phosphate under conditions of Scheme VHIC

 provided the correspondmg dlbenzyl phosphate sster. Removal of the

- 25

" trichlorogthyl ester group was’ accomphshed with zinc in acetlc ac:d-THF to nge

dibenzyl phosphate 82. Treatment of a solution of 82 and 20F (wherexn Riis

48 .
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the same as in Scheme VIIIA) with DCCD-and DMAP provided the

corresponding phosphate ester. Treatment of the phosphate ester with two

'- equivalents of NMG gave c‘o'rhpound 84.

The alkanoate and alkenoate ‘esters of 20F are conveniently

- prepared by standard synthetic téchniques,- (for example, by reaction of the

anhydride or acid halide of the alkanoic acid cr alkenoic acid in tghe presence

‘of base e.g, pyridine) pro_dur_;é& the alkanoate or alkenoates of the compounds

of f_orm'ula'l. |
| The sulfate esters may be prep'ared' by reaction of the alcohol
compounds of formulas i to [V with sulfur trioxide in the presence of excess

pryridine at temperatures of 70°-90°C for at least 2 hours in accordance with -

“the procedure of R.M. Mofiarty et. al. Tetrahedron Letters, Vol. 35, No. 44, p .
-8103-8106 (1994).- - ~ -

The correépondi‘ng:' alcoholic compo‘uhds of formula | may aiso be

prepared by'reé'ction of compound 11 with aicohols of formula HOY: in the

- presence of a strong base, e.g;,- NaH in an aprotic solvent, such as DMSO.

~

(R)-"Tosylate” Séries 3

wherein X = F or Cl

. SR st Y 2 W )\'\%’Fh o

and Ry = a (C4-Cs) alkyl group substituted by one or two hydroxy moieties.
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Compounds of this invention repcese'nte_d by formula | exhibit
broad spectrum antifungal activity, in conventional antifung'el' screening tests,
against human and animal pathogens, such as the following: Aspergillus,

Blastomyces, Candida, Clyptacoccus; Coccidicides Epidermophyton,

_ Fonsecaea Fusarium, Mucor, Saccharomyces, Torulopsis, Tr:chophyton

_Trfchasporon Sporothrix and Pneumocysztts

The preferred compounds of formula IV eXhibit'topicaL' 'ofat and '

parenteral antifungal activtty in in_vivo tests in animals and such activity is
unexpectedly better than that of existing antifungal agents e. g.' itraconazole and .
fluconazole as well as that of the azole compounds specifically disclosed by
Sakeena- et al. in USP 5,039,676 and International Publication No. |
WO 93/09114. | o | |

The antifungal compounds of formula | and pharmaceuttca!
compositons of this invention are expected to exhtbtt anti-allergic, anti-
mﬂammatory and tmmunomodulatmg activities, broad spectrum antiinfective
activity, e.g., annbactenal antl-protozoal and antiheiminthic activities.

v The present mv_e_ntlon also provides a composition for treating or
preventing fungal infections comprising an antifungally eﬁec_tive amount of a
compound represented by formula | or a pharmaceutically acceptable salt |
thereof and a pharmaceutlcally acceptabte carrier or diluent therefor.

The pharmaceutical compositions of the present_ invention may
also c_ontain a fungicidally 'eﬁective amo_unt of other antifun_gal compounds such
as cell wall active compound. - The term “cell wall active compound”, as used

herein, means any compound that interferes with the fungal cell wall and

. includes, but is not limited to, compounds such as papulacandin's,

echinocandins, and aculeacins'as well as fungal cell wall inhibitors such as
ntkkomycms, e.g, mkkomycm K and others whtch are descrtbed in USP

5, 006 513 which is hereby mcorporated by reference
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The pharmaceutically. acceptable salts ot the compounds of the
present invention include pharmaceutically acceptable acid and _base addition

salts.
The preferred pharmaceutically acceptable acid addition salts are

- nontoxic acid addition salts formed by adding to the compounds of the present =

invention about a calculated amount of a mineral acid, such as HCl HBr,.
H2804, HNO3 or H3PO4, or of an organic acrd such as an alkyl or arylsulfomc .

acid such as methanesulfonl_c, |S1th|on|c, para- toluenesulfonic, naphthylsulfonic

~ and the like.
10

The pharmaceutically acceptable bases found suitable for uSe in

- the present invention are those which form -pharmaceutically acceptable salts of

the acidic pharmaceutically acceptable esters of the antifungal compounds of
formulas I, 1, il or IV and mclude suitable organic and inorganic. bases
Suitable orgamc bases include primary, secondary and tertiary alkyl amines,
alkanolamines, aromatic amines, alkylaromatic amines .and cyclic amines.
Exemplary organic amines include'the pharmaceutically acceptable bases
sdlected form chloroprocalne, procaine, piperazine, glucam'ine, N-
methylglucamine, N-N-dimethyl gl'ucamine ethylendediamine, diethanolamine,
dllsooropyla'mine diethylamlne N;benzylenediamine diethanolamine,
dusopropylamme dlethyramme, N- benzyl- -phenylethylamine, N-

'dibenzylethylenedlamme, chohne clemlzole triethylamine ("ETsN“)
tns(hydroxymethyl)ammomethane, or D-glucosamine. The preferred organic
bases include N-mathyl glucamine ("NMG"), diethanolamine, and

tris(hydroxymethyl) aminomethane ("flfllé");. Use of two equivalents of NMG in

- this invention is more preferred. The suitable inorganic bases also inciude
- alkal: metal hydroxides such as sodium hydroxide. | -
| The pharmaceutlcal composmons of the present lnventlon may be -

adapted for any mode of administration e.g., for oral parenteral ‘g SC 1Mk lv

and IP, topical or vaginal administration or by inhalation (orally or intranasally)
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Such oompositi_ons are formulated by combining the compound of formulalor
an equivalent amount of a pharmaceutically acceptable salt of oompound | with
an suitable, inent, p‘harmaoe_uticaliy- acceptable carrier or diluent.

Examples of suitable compositions include solid or liquid

- compositions for oral administration such as tablets, capsules, pills, powders,

granules solutions, suppositories, troches. Iozenges, suspensions or’
emulsnons A solid carrier can be one or more substances whtch may also act
as diiuent_s, flavoring agents, solubilizers, lubricants, suspending agents,
binders or tablet disintegrating agent_s; it can also be an encapsulating material.
In powders, the carrier is a finely divided solid which is in admixture with the
finely divided active compound. In the tablet, the active compound is mixed with

carrier having the necessary binding properties in suitable'propo_rtions and

-compacted in the shape and size desired.

Topical dosage forms may be prepared aocordin'_g to procedures
well known in the art, and may contain a variety of ingredients, excipients and
additives. The formuiations for topicai use include ointments, creams, lotions,
po’iivders aerosols, pessanes and sprays. | |

__ - For preparing supposrtones, a low melting wax such as a mixture
of fagty acid glycerides or___c_ocoa butter is first melted, and the active ingredients
are dispersed homogeneousiy therein as by stirring. The molten hornog'eneous
mixture is then poored into convenient sized molds, allowed to cool and thereby
solidify. |

- Liquid form preparatrons include soiutions suspensions and
emuisnons As an exampie may be menhoned water or water-propyiene giycoi
solutions for parenteral injection. Liquid preparations can also be formulated in

solution with an appropriate amount of a hydroxypropyl a- B or -y-cyciodextrin

. having 2 to 11 hydroxypropyl groups per molecule of cyclodextrn, polyethylene

~ glycol, e.g., PEG-200 or 'oro'p"yiehe glyeol, which solutions may also contain

water. Aqueou_s solutions ‘suitable for oral use can be prepared by adding the
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active component in water and adding suitable colorants, flavors, stabilizing,
sweetening, solubilizing and thickening agents as desired. Aqueous
suspensions suitable for oral usé can be made by dispersing the active

component in ﬁnely'divided form in water. A particularly preferred aqueous

----p_harmaceutical compositioh- may be prepared from the compounds of foi'mulas l

to IV tog._ethler_ with hydroxypropyl-B-cyclodextrin in water. The use of derivatives .

' of &, B- and y-cyclodextrins, for example, hydroxpropyl--cyciodextrin are

disclosed by N. Bodor USP 4,983,586, Pitha USP 4,727,064 and Janssen
Ph'armaceutical international Patent Application No. PCT/EP 84/00417. :

The pharmac_eutical Cqmpositions of the present invention may be
prepared by admixing the bharmacéutically écc:eptable cafrier, eg., a

hydroxypropy!-f-cyclodextrin in water, and' adding thereto an antifungally

- effective-amount of a drug of the present invention. The solution so formed is -

filtered, and opticnally, the water may be removed by well known methods, e.g.. -

rotatory evaporation or lyophilization. The formation of the solution may take
place at a temperature of about 15°to 35°C. The water is normally sterilized
whter and may also contain pharmaceutically acceptable salts and buffers, e.g.,

phosphate or citrate as well as preservatives. The molar ratio of the antifungal

“compound of formula | tq__h_ydfoxpropyl-B-c_:yc!ddextrin is about 1:1 to 1:80,

preferably 1:1 to 1:2. Nd‘rmally the hydroxypropyl-B-cyclodextrin is present in
molar excess. | o

Also included are solid form preparations w_hidh _afe intended to be

- converted, shortly before use, into liquid form pfépération_s for either ‘6rai or

‘parenteral administration.  The sohd form preparations intended to be convertéd

to qu'uid form may contain, in addition, to the active materials, such as

cofnpb_und_s of this invention, and ‘optionally a cell wall active compound,

sspacilly  fungal il wall ;.. a nkkamyci, favorants, colorants,

"s"té'bilii’éf's";"fbdffé'r's;“"a'ftifﬁ:ial" and natural 'sWe’eteh_ers, dispersants, thickeners,

solubilizing agents and the like. The solvént utilized for preparing .the liquid
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- form preparations may be water, isotonic water, e_thanol, glycerin. polyethylene

glycols, propylene glycol, and the like, as well as mixtures thereof.
Parenteral forms to be tnjected mtravenously, intramuscularly, or |

subcutaneously are usually in the form of a sterile solutton and may contain

- salts or glucose to make the sol.mon isotontc

The topical dosage for humans for antn‘ungat use in the form of a

pharmaceutical formulation compnsmg a_ compound of formula | (usually in the =~

concentration in the range from about 0.1% to about 20% preferably from about

0.5% to about 10% by weight) together with a non -toxic; pharmaceuttcauy

'acceptable topical carrier, is apphed daily. to the affected skin until the condmon

~ has improved.

In general, the oral dosage for humans for antifungal use ranges

from about't'mg'per- kilogram of b_ody-wei_ght- to-about 30 mg per kilogram of - . . .
body weight per day, in single or divided doses, with about 1 mg per kilogram of

body weight to about 20 mg per kilogram of body weight per day being

preferred and the dose of about 1 mg per kilogram of body weight to about 10
mg per kilogram of body weight per day being most preterred. '

, in general, the parenteral dosage for humans for antifungal use
ranges from about 0.25 mg per kilogram of body _wetght per day to about 20 mg
kilogram of body weight per day, in single or divided doses, with about 0.5to
about 10 mg per kilogram of body wei.ght pet' day being preferred. |

The exact amount frequency and penod of administration of the

compounds of the present mventlon for antnungal use will vary, of course,

depending upon the sex, age and medtcal condition of t_he patent as well as the

severity of the infection as determined by the attending clinician. . |
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N EXPERIMENTAL

- The compounds of this invention are prepared in accordance with

" Schemes 11X hereinabove and thé_fdlloWing Examples using comrﬁercially

available starting materials. -

OAc |

£

2-Acetyloxy-1 -{2,4-diﬂu6roghenyl)’ethghbhe

Add 191 g of 2-chloro-2",4-difluoroacetophénsne (Aldrich = -

Chemical Co‘.) to a mixture of 246 g of sodium acetate, 3 g of Nal, and 3 L of
DMF. Stir the mixture at 20°C for 18 hr. then concentrate itto 1.L. Pour'thé |
resndue into 6 L of cold dilute aqueous HC! and extract with EtOAc. Wash the
xtract with brine, dry it.over anhydrous Na2304, filter the so-formed m:xture

and evaporate the filtrate to leave a residue. Chromatograph the residue on

silica gel, eluting with CHCl-2-hexane to obtain 198 g of the title compound.

| .OAc

| _ OA_c | ' o
- R +MePhgPBr + Na-HMDS —>
- | S THF

- 1- 4-D|ﬂu rophen | -2- I c ate .
Suspend 131 g of MePhaPBr in 270 mL of mechamcaily-stlrred

dry THF at 20°C Add 393 mL of 1M Nal\(Me3Sc)g in THF, siowly at first then = T

rapidly over 5 min. while applyang just enough ice coohng to maintain the
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temperature at < 23°C. Stir the so-formed mixture for 1 hr at 20°-24°C, cool it to
~-70°C, and stir it another 1/2 hr. Then add thereto a solution of 65.5 g of the.
product of Example 12 in 140 mL of dry THF, at a rate slow enough to keep the

temperature below -70°C. Continue to stir the so-formed reaction mixture in the

*cold bath overnight during which the temperature rises to 20°C. Add 50 mL of

EtOAc to the so-formedf suspension, and then add 3 L of hexane. ,Alloyv the so-

" formed mixture to stand for ~15 min., and suction-filter to remové Ph‘_:;PO. While |

10

the filter cake is still damp, transfer it to a'beaker_. Triturate the_ cake thoroughly

‘with 1/2 L of hexane and suction-filter again to remove the remainder of product.-

Wash the combined hexane filtrates with 2 x 1 L of a 1:1 (v/v) MeOH-water, and

then with brine. Dry the orga'nic layer over MgSO4, filter and evaporate the

- filtrate to leave a red oil. Add 1.5 L of hexane and sucnon-futer through a Celite

o "'-pad to leave a clear yellow solution. Chromatograph the yellow oil on silica gel,

18

20

elutmg thh 1/2 L of hexane, then 1L of 15:1(v/v) hexane-EtOAc Comblne the

homogeneous fractxons to yield 38 6 g of the title compound as an oil.

v F OAc : F OH
| . @)l\/_+ o — @)k/
. | F | | F’

EXAMPLE 1ic

4-Diftuor .h nyl)-2-propenol,
D:ssolve 40 g of the product of Example 1b in 400 mL of dioxane. - |

: Add a solunon of 18 g of 85% KOH in 315 mL of water. Stir the so-formed

mixt_ure. vigorously for 1 hr, and then pour the mixture into 1 L of Et20. Separate
the aqueous layer and extract it with 250 mL of EtO. Combine the organic

extracts, and wash them with water and then brine. Dry the organic extract over

i .':'.'.'.'..F‘.‘.."?h_)_/?“f?“?__KZC03' and add 10 g 'o{charooal thersto. Filter, and evaporate the

fiitrate to leave 31.3 g of the title compound as a straw-colored oil.
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. EXAMPLE 1d

-{=)-[2-[2-(2.4-Difluorophenyloxiranylimeth
Add 33g of activated 3A molecular sieve powder to a solution of

13g of L-(+)-diethyl tartarate in 2.3L of CH2Cls, and cool the so-formed mixture

to -5°C. “Add a solution of 15.4 mL of titanium tetra-isopropoxide in 100 mL of

- CHaCl2 aver 2-3 minutes and then cool the so-formed mixture to -22°C. Add

109.5 mL of a 5.5 M solution of tert-butylhydroperoxide in 2,2,4-trimethyl--
pentane over 4-6 minutes, and cool the s'o-formed rrriXture to -25°C. Stir the |
mixture at -25°C for 25 minutes and then _add a. solotion of 40g of 2-(2,4-
diﬂuoroph_e'nyl)-s-propenol of Exarnple 1c in 100 mL of CH2Cl» over 3-4 -
minutes.  Stir the so-formed mixture at -27°C for 4 1/2 hour. Add 102 mL of 30%

aqueous sodium hydroxrde saturated with NaCl and stir the- so-formed mixture

"~ while warming to +10°C over a 1/2 hour penod Add thereto 100 g of anhydrous

MgSO4 and 33g of Celite, and stir 1/2 hour at +10°C. Suction-filter the mixture,
wash the so-formed filter cake with 1.2 L of diethyl ether (Et20) and then 1.5L of
toluene and dry the combined organlc layers over anhydrous MgSQOy. Filter the

orgamc layer, and evaporate the filtrate in vacuo to form a residue. Drssolve the

| residue in 1L of Eth and suctron-frlter the mrxture to remove xnsolubles
- Suction-filter the filtrate through 100g of silica gel, and wash the pad with 200
- mL of fresh Et20. Evaporate the filtrate in vacuo to give 419 (94%) of the crude

[ofF

titte compound as a yeuowi's'h' oil, - 36.7° (c=l, | MeOH); PMR (CDClgz) 8
7.40(m, 1H) 8. 85(m 2H) 3. 95(m 2H) 3. 31(d 1H), 2.84 (d, 1H) 1. 91(m 1H,

deutenum exchangeable)
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Follow the procedure of _Exampie 1d_, except substitute an

equivalent. amount of D-(-) diethyl tartarate in place of L-(+) diethyl tartarate to .

L)

aly
. _grve the crude title compound [ ]5 '+33 9° (c=l, MeOH)

Purnfy a portlon of the crude compound by silica gel

o3

chromatography to obtain a Sample_ homogeneous by TLC, + 40.0° (c=,

| bi.s'solvé" 891 gof 1ﬁ-1,24-tnazole in 150 mL of 'a'n'h-y'dro‘ué DMF - R
and cool so-formed mixture to 0-5°C. Add 2.81g of sodium hydride (60% oil
dispersion) and stir the so-formed mixture 30 minutes at room temperature. Add
thereto 10.9 g of the product of Example 1d._ Stir the_'so-formed reaction mixture .
for 2 hours at 60-70°C. Cool f_he mixture to room temperature, add thereto 10 mi

of H20 and evaporate it in vacuo to give a residue. Dissolvé the rasidue in 100

- mL of Ha0 and 900 mi of éthyl acetate (EtOAc). Extract the HoO layer with

another 250 mL of EtOAc. Wash the combined EtOAc extracts with 100 mL of
brine. Dry the' EtOAc extraCts over énhydroUS MgSO4 and evaporate. Triturate
the so-formed oily resxdue with 10 mL of CHQClz and add 100 mL of Eth Stir

- the CHQClg-Etgo mixture for 1 hour at room -temperature. Filter to give 11 2g

(75%) of the title compound [ ]25 -70.7 (c=1.0 MeOH) mass speotrum (FAB):
256 [M+H]+ Recrystalllze 1 0g of the filtered product from 5 mL of CH30N to

[of5-

glve 0 839 of the tltle compound m p 99 100°C 71 5° (c-1 O MeOH)

¢ fO!‘ C11H11F2N3021/20H30N 52. 27C 4, a7H
17.78N, 13.78F; Found: 52.26C, 4.58H, 17.54N, 13.78F; PMR(DMSO) 8§ 8.25

g
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(s1), 7.66(s,1), 7.33, (m,1), 709(t1) 6.90(t, 1), 572(s 1), 5.05(t,1), 453(s2)

3.61(m,2).

Follow the procedure of Example 3, except substltute an

equwalent quantxty of the product of Example 2 in place of the product of

(o5

Example 1 to give the title compound; MP. 95- 101°C +70.0° (c=1.0,

MeOH). The PMR and Mass spectra were consistent with the structure of the

title compound.

=XAMP

. methanesufonate |
Suspend 10. 9 g of the powdered product of Example 3 in 150 mL

of CH2C|2 Add thereto 8.95 mL of tnethylamme and cool to the so-formed
mlxture 0-5°C. Add 3.64 mL of methanesulfonyl chlorlde in 20 ml of CHoClp
over 10.min. Stir the so-formed mixture for 1 hour at room _temperature. Cool it
to 0-5°C, extract with 100 mL of cold (0-5°C) 5% KH2PO4, fo!lbﬁed by 100 mL of
cold (0-5°'C) H20, _fo!!ow;d_ by 50 mL of bririé. Dry the separated drganic Ia,yér
over anhydrous MgSO4'and evépofate to obtain' 15-7’ g'(ge%) of the title |
[M+H+]+; PMR (CDCl3) & 7.95 (s,1), 7.82 (s 1), 7. 53(m 1), 6:81(m, 2) 4.84(d,1), -
4.65(d,1), 4.46(m, 2) 3. 05(s 3).

- ..methanesulfonate . .~
Follow the procedure of Example _5,"_55{5é5t"§&b's;.t'i'tﬂt'é'éh"'mm'

equivalent quantity of the product 6f Example 4 in place bf the product of
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Example 3 to give'the title compound . The PMR is consistent with the structure

“of the title compound.

~ Dissolve 13.7g of the product of Example 5 in 200 mL. of __
anhydrous DMF and cool the s'_o_-fqrmed solution to 10-15°C. Add thereto 1.71g

. of sodium hydride (60% oil dispersion) and stir th'e so-formed reaction mixture at

room temperature for 80 minutes. Concentrate jn vacuo to 50 mL. Add thereto
200 mL of cold H20 (0-5°C) and extract with 3 x200 mL portions of EtOAc.
Wash the combined EtOAc extracts _with 100 mL of brine. Dry the EtOAc extracts .

over anhydrous MgSQ4 and evaporate it to give 10.8 gofa residue. Apply the -

‘residue in CH2Cls to a cb_lumn of 400 g of MPLC grade silican gel previously . ..

prepared by slurry packing with CH2Cla containing 1 mL of EtaN per liter. Elute "
with 1 liter, each of 25, 50 and 75% EtOAc; CH2Cla (v/v) followed by 2 liters of
EtOAc. Combine the fractions to give 6.92g (68%) of the title compound. Mass
spdctrum (FAB): 238 [M+HI¥; PMR (CDCl) 87.97(s,1), 7.77(s,1), 7.07(m, )
6.73(m.2); 4.73(d,1), 4.41(d, 1), 2.84(d 1), 2.78(d,1).

- Follow the procedure of Example 7, except substitute an

~ equivalent amount of the product of Example 6 in place of the product of

Example 5 to give the title compound. [PMR is consistent with the structure of the

title compound].
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-ylimethyl hvdro-3-furancarboxyl

Dissoive 9.35 mL of diethyl malonate in 70 mL of anhydrous

DMSO. Add 2.2_4g of sodium hydride (60% oil dispersion) in 2-. portions and étir

: 'th'e so-formed reaction mixture at room temperature for 1 hour. Add 6.65 g of

the product of Example 7 and stir 18 hours:at 50-55°C.. Cool td room
temperature and pour the reaction mixture into a well-stirred mixture of 500 mL

of.KH2P04, 500 mL of brine, and 1 liter of EtOAc. Separate and extract the H2O

layer with another 300 mL of EtOAc. Wash the combined EtOAc extracts with - -

500 mL of brine, 'Dry the EtOAc extracts over anhyd.rous MgSO4 and evaporate

to give an oil. Apply the oil with CH2Cl2 to a column of 400 g MPLC grade silica

gel prepared with hexane. Elute with 500 mL of hexane, followed by 2 fiters of “

- 50% EtOAc: hexa_ne (v/v), followed by 2 liters of EtOAc. Combine fractions to
~ give 8.66g (80%) of the title compound. Mass spectrum (FAB): 352[M+H]+, PMR |

(CDCla) d 8.08(s,2), 7.91(s,1), 7.71(s,1), 7.42(m,1), 7.13(m, 1), 7.85(m,2),
4.60(m,4), 4.10(m,4), 3.49(1,1), 3.14(1,1), 3.89(m,4), 1.18(m.8).

: 4-1riaz'g' -1-

yhmethyijte xrg'hquo-a-furancg:bo_xyla:g

Follow the proce'cllu'r'e of Example 9, except substitute an -

" equivalent amount of the product of Example 8 in place of the product of B

Example 7 to give the titlé compound. _[PMR and mass spectra are consistent |

with the structure of the title compound].

-
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ntanediol

Diesolve 8.5 g of the-.product of Example 9 in 125 mL of Ef_OH and -
add 2.15 g of LiCl. Cool. the stirre'd mixture to 0°C and add 1 92 g of NaBHg4 in |
portions. Stir the mixture for 18 hr wrthout further coohng Add 125 mL of MeOH
and 10 mL of Hz20 to the mixture and stxr for 4 hr. Evaporate the mixture to
dryness and extract the preczpitate-wuth warm EtOH. Evaporate the extract to
dryness, add 200 mL ef THF io _the residue, and sonicate the stirred mixture for
15 min. Filter_ the mixture and evaporate the filtrate. Chromatograph the residue

on silica gel, eluting with CHaCla-MeOH-NH4OH (95:5:1) v/v/v) to obtain 3.9 g of

 the title compound. Mass spectrum (FAB): 314 (M+H+); PMR (DMSO)§.
8.25(s,1), 7.69(s,1), 7.35(m,1),.7.13(m, 1), 6.94(m, 1), 6.27(s,1), 5.16(t,1),
| 4_.44(m.4), 3.39(m, 1), 3.20(m, 1), 3.05(t,2); 2.11(m,1), 1.52(m,1).

pentanediol

Follow the procedure of Example 11, except substitute an

equavalent amount of the product of Example 10 in place of the product of
Example 9 to give the title c_ornpound. Chromatograph a portion of the crude

produet on silica gel eluting with CHZCIZ-MeOH NH40H to give a product

| homogeneous by TLC. Dlssolve the material in HgO and fﬂter and lyophmze

' o
the f:ltrate to give the title compound N ]25 + 54. 50 (c-1 0, MeOH)
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Dissolve 4. 4g of the product of Example 11 n 50 mL of CH2Clo-

THF (1 1, viv). Add 4. 7 mL of EtaN and 180 mg of N,N- dlmethylammopyndme
and cool the solution to 0°C. Add thereto 5 9 g cf g—toluenesulfonyl chlonde in

portions and stir the so-formed reac*lon mlxture at O°C for 1/2 hour, and then stir .-

it at room temperature for 5 hours. ‘Add 100 mL of EtOAc and suction-filter the

mixture. Concentrate the filtrafe; -a_c_!d thereto 150 mL of EtOAc, and wash with

5% aqueous KH2PO4. Wash the organic layer with cold aqueods 5% NaHCOag;,

" “then with saturated brine, and then dry it over anhydrous MgSOQg4. Filter the

mixture, and evaporate the filtrate. Chromatograph the residue on silica gel,

~ eluting with EtOAC-hexane to give.-6.4.g (73%) of the title ccmpqund_, PMR. ...

(CDClg) 8 7.95(s,1), 7.67(m,5), 7.30(m,6) 6.70(t,2), 4.74(d, 1), 4.53(d,1),
4.13(m,1), 3.97(m,1), 3.8(m,2), 2.43(s.6), 1.95(m,2), 1.77(m,1). Mass spectrum
(FAB): 622 [M+H]*. |

‘W

EXAMPLE 14

‘Follow the procedure of Example 13 except substitute an

equivalent amount of the product of Exampie 12 in place of the product of

. o o S
Example 11 to obtain the titie compound, [_ _'D -+ 14.2° (c=1, MeOH).
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" furanmethanol.4-toluenesulphonate _
Dissolve 6.3g of the product of Example 13 in 150 mL of toluene

and heat the so-formed 30lutibn to 100°C. Add 2.4g of 60% NaH dispersion in |
oil portionwise, and theh heat the so-formed reéction_ mixture at reﬂwg untii
cyclization is complete (approx. 3-4 hdurs). Cool the mixﬁJre and decaht the
solution from excess NaH. Wash the solution with cold 5% aquéous KH2PO4. |
Evaporate the organic layer to form a residue and chfomato_grap’h the residue

on silica gel, eluting with acetcne-hexane to obtain 1.6g (35%) of the title

compound as the less po.lar qf the two products, ['q% - 39.4‘_’(0£1,“CHC13); o
PMR (CDCI;;) 3 8.09 (s,1), 7.88 (m,3), 7.3_1 (m,;3), 6.81(m,2), 4.52(ABq,2),
3.99(m, 1), 3.85(m, 1), 3.70(m, 1), 3.59(m, 1), 2.49(m,2), 2.47(s,3), 1.90(m,1). - -
Masé spectrum (FAB): 450 [M+H]}*. | . |

methyll-tetrahvdro-3-furanmethanol.4-toluenesulphonate
FollOw--the__procedure of Example 15, except substitute an

~equivalent amount of the product of Example 14 in place of the product of

(o

Example 13 to give the title compound,

+40.3° (¢=0.3, CHCI3), mp 96-

- 98°C.

 EXAMPLE 17

" The title compound is prepared starting with the tosylate of T

Example 15 and 4-[4-(4-nitrophe’nyl)-1-pi'perazinyl]pheno'l (Example 3a of usP
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- 4,791,111) and using the synthetic scheme outlined in Scheme V and J.

Heeres, et al., J. Med, Chem 1984, Vol 27, p894-900 at 898 and 900.

a. 2-0-SEM Ether of -2 3-Butanediol |
To a stirred solution of 4.95¢g of (ZR, 3R)-2,3-butanediol, (55 mm_oles) and

9.3g of SEM-CI (55.7 mmoles) in 55 mi of anhydrous DMF at O_°C were added in -
four portions 2.34g of 60% oil-dispersed NaH (58.5 mmoles) over 10 min. The

- resulting mixture was stirred' at.' 0°C for 4 hours and at ambient temperature

overnight. The turbid reaction mixture was poured onto 0.5L of 5% KH2 'PO4 |

solutlon and extracted with 2 x 300 m! of ether; the combined ethereal solutron'

was washed once with drstrlled water saturated brine, dned over MgS0O4 and

'e\)aporated to give a colorless liquid. Flash chromatography over 350g srlrca

gel with 1L of 7% ETOAC/Hexane, 2L of 10% ETOAC/Hexane and 1L of 15%
ETOAC/Hexane gave 1. 74g of the title compound (yield 14.4%) |

MS:(MeH)=221.  ©

b. Brosylation _
A mtxture of 0. 7g of the 2- O-SEM ether of Example 18(a) (3. 18 mmoles)

| "and 0.97g of 4- bromobenzenesulfonyl chloride (3. 82 mmoles) in 5ml of

~ anhydrous pyridine was stirred under N2 atmosphere at ambrent temperature

for 6 hours. The reddish slurry reaction mlxture was diluted with 50ml of ice-

cold water, extracted with 2 x 25mi of ether. The combined sthereal solution -

" was washed wrth 2 x 25ml of 1 % CuS0y4 solution, distilled water, saturated

' brine; dried over MgSO4 and evaporated to give a reddish oily residue. Flash
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chromatography over 50g silica gel with 1L of 10% ETOAC/Hexane gave 1.02g
of the brosylate as a colorless llqurd (yreld 72.9%) -
[ ] = -3 69° (CHCly ; c=1) .

c. Alkylation Bgagtigh | L

- Amixture of 0.98g of the bros'ylate of Example 1'8(b) (2.23 mmoles),
0.69g of the 3H-1,2,4-triazol-3-one o_f Example 17'(1.12 mmoles) and 0.379 of
cesium carbonate (1.12 mmoles) in 20 m! of anhydrous DMF was stirred at 80°C

under N2 overnight {(~20 hours) The reactlon mixture was diluted wrth 100m! of

_lce-cold water, extracted with 2 x 50 ml of ethyl acetate. The combined organic

. solutlon was washed once with dlstllled water, saturated brlne dried over

MgSO4 and evaporated to glve a brown solld resrdue Flash chromatography of
the residue over 125g silica gel with 1.2L of 80% ETOAC/Hexane gave 0. 327g
of the product as a tan solid (yield 35.7%) MS—(M+H)+—81 7. '

_ d..,Acxgrg Hydrolysis of 18(c) to the title product

A mixture of 0.32g of the SEM-ether of Example 18(c) and 6mi of 6N HCl
s_olutlon in 6mi of methanol was stirred at ambient temperature for 4 hours and
was evaporated under r'e'duced'prless_ure. The residue was diluted with 5ml of
ice water, carefully basified wi_th 10% NazCO3 solution until pH=8-9 was

obtained.- Extraction of the so-formed reaction mixture with 2 x25rhl of CH> Clp

~ followed by washmg with saturated bnne drying over MgSO4 and evaporation

o gave a tan solid. Filtration of the tan solid through a 50g silica gel column and

25

elution with 0.75L of 4% MeOH/CHQClg gave 0.26g of title product as a tan
042 = .23.65° (CHCly ; c...l)

solid, yield 96.6%. MS:(M-;_-H)+=687;

B e T e e
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To a stirred solution of 0_._72_g'_- of the ZfoSEM '_ether,of.Exampte 18(a)

(3.27 mmoles), 2.1g of triphenyl phosphine (8.06) ‘and 1.2 of p-nitrobenzoic

acid (7.17 mmoles) in 30mi of dry benzens at 0°C were added, dropwise,

' 1.25mi (8.06 mmoles) of diethyl azodicarboxylate ("DEAD"). The so-formed .

clear yellow solution became turbid and the mixture was stirred at ambient

-~ temperature for 2 hours, and mixture loaded on a 100g'silica gel column.

20

25

Elution of the column with 15% ETOAC/Hexane gave 1.5g of the 3- [3

-nltrobenzoate having the S absolute com‘rguratron (95% yield) MS: 219

- (M*- 150), 252 (M* - 117).
15 | | s |
b. Basic Hydrolysis of the p-Nitrobenzoate

v A solution of 1 -12g:of of the p-nitrobenzoate of Example 19(a) (3 mrho!es)
and 3.5ml of 1N NaOH solution in 20mi of methanol was stirred at’ ambrent
temperature for 3 hours. Solvents were evaporated and the residue was drluted

with 10mI of distilled water, and extracted. with 2 x 20mi of ether. The combined

ethereal solution was washed once with saturated brine dried over MgSO4 and

' evaporated to give 0. 67g of the correspondrng alcohol as a colorless ltqurd

(~100%), whrch was used drrectly for the next reactron wrthout further

purrfrcatron

Followrng the procedures of Exampte 18(c) and (d) the trtle compound

"was prepared in 32% overall yield in 3 steps from’ the products of Example 19(b)

- o [a]D = -23.65° (CHCl; ; c=1)
and of Example 17. MS: [M+H]+=687,
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a. Formation of TBDP th
To a solution of 0.9g or (R)-(-)-1,3-butanediol (10 mmoles), 1 .5g of

imidazole (22 mmoles) in 10 ml of anhydrous DMF at 0°C were added 3ml of t-

_ butylchlorodiphenyisilane ("TBDPS“) (11 mmoles) over 3 minutes.- The reaction

mixture was stirred at 0°C for 4 hours, diluted with 50m| of ice-cold water and

extracted with 2 X 30mi of ether The aqueous phase was back extracted wrth
S0m| of ether and the combmed ethereal solution was washed once wnth |
saturated brine, dried over MgSQO4 and evaporated to give a cdlorless resrdu_e.
Flash t':hromatography' over 1509 siiica gel with 1.5L of 5% EtOAC/Hexane and
1L"%f 10% EtOAC/Hexane 'gave'_z,_87g of the'TBDP.S ether (87.5%)

| [0 = +0.64° (CHCly ; c=1) |

To a solution of 0. 9849 'of TBDPS ether of Example 20(a) (3 mmbles) in |
7ml of anhydrous pyridine were added 0. 8459 of 4-bromobenzenesulfonyl

chloride (3.3 mmoles). The reaction was run and worked-up and punfled in

~ accordance with the procedure of Example 18(b) and 1.02g of the brosylate was

| [0]** = +2.45° (CHCl, ; c=1)
obtained in 61.1% yield; MS: [M+23}+ = 569/571; ©°
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c., Aﬂet_on
| ' The brosylate of Example 20(b), 0. 959 (1.74 mmoles) was reacted with -

the compound of Example 17. accordrng to the procedure of Example 18(c) to

| provrde 0.49g of correspondrng alkylated product, yreld 60.3% MS: (M+H)+ 925

[0} = -32.27° (CHClz; c=1)

- d_s_ld&_liudm.lsﬁ

10

15

20 .

25

~ The compound of Example 20(0), 0. 32g. (O 35 mmoels) was hydrolyzed

by 6N HCl so!utron in accordance with the procedure of Example 18(d) to give

0. 229 of the title compound (yreld 02, 4%) MS: M+ = 686; [M+Na]+ = 709

[a] -38.52° (CHCl, ; c-1)

Alternatively a solution of 0.19g of the compound of Example 20(c) and -
60mg of tetrabutylammonium'ﬂuorid'e (0.23 mmoles) in 5ml of THF was stirred at
ambient temperature for 24 hours. The brown solution was concentrated toa

syrup. Flash chromatography of the syrup over 50g silica gel with 0.5L each of

- 2% and 4% MeOH/CH2Cl2. gave 0.11g of the title compound (yreld 88 7%)

The procedures of Example 20 were followed except an equivalent

“amount of S-(+)-1 ,S-butanedio'l*was substituted for the corresponding R
enantiomer. An overall 31.8% yield of the title compound was obtained in four

- steps; MS=[M+H]}* = 687.-

o~
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"o, Benzyiation

To a solution of 10g of (2R, 3R)-(-)-2,3-butanediol (111 mmoles) in 40ml
of anhydrous CH2Clp and 80m| of cyclohekane at 0°C were added 1ml of

triftuoromethanesulfonic aéid (TtOH), followed 'b'y dropwise addition .of 21mil of

* benzyl trichloroacetimidate (113 mmoies). The resulting slurry was stirred at

ambient temperature overnight, diluted with 125ml of hexane and filterad. The

-combined fi ltrate was concentrated to a yellow syrup. Flash chromatography of

the ye!low syrup over 250g silica gel with 1 5L of 7% ETOAC/Hexane, 2L of
15% ETOAC/Hexane and 2L of 25% ETOAC/Hexane, 1.5L of 10%

MeOH/CH:Clz gave 1 1.88g of the 2-monobehzyl ether of the starting material

(7%.5% yield) and 2.03g of unreacted starting material MS: [M+HJ*: 181.
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b. Mitsunobu Reaction |
- The 2-moncbenzyl ether of Example 22(a), 5.4g, was converted into 6.6g

of the 3- benzoate ester (yield '6'6.9_%) by Mi,tsunobu reaction in accordance

~ with the procedure of Example 19(a); MS: [M+H]+*= 330.

C__KQ.ELHME_&

The 5. Sg of the prcd.rct of Example 42(b) was subjected to alkaline -
hydroiysrs accordlng to the procedire of Example 19(b) to give 2.33g of the 2-
monobenzyl ether of (2R, 3S) -2,3- butanedlol (yield 80.3%) (M+H)* = 181;
[a] = -23.75° (CHCl; ; c-1)

d&mg_o_tbc_a&Mﬂle_

To a stirred solut:on of 3. 14g of the product of Example 22(c) (17.44
mmoles) and 3.8mil of dr-rsopropylethylamme (2.82g, 21.8 mmoles) in 30mi of
anhydrous CHQC’Q at ambient tempe_rature were added 3.8mi of SEM-CI (3.64g, -
2_1 -8 mmoles) in one portioh'. ' Furning formed a_nd'th_e .resulting. )rellow solution
was stirred for 20 hours. The orange-colored reaction mixture was evaporated
uhder reduced pressure and the solid residues were partitioned between ether
and water. The ethefeal solution was washed once with distilled water,
saturated brine, dried over mg 504 and concentrated to give the crude product.
Flash chromatography of rhe crude product over 200g silica gel with 2L of 3%
ETOAC/Hexane gave 5 Sg of the 3 O SEM ether of the product of Example

..22(c) (98% yreld) asa colorless hqurd MS [M+H]+ = 311
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A mrxture of 5.25g of the product of Example 22(d) (16 94 mmoles) and

0.59 of 10% Pd/C'in 150m! of m_e_thanol was hydrogenated under atmospherrc

pressure for 6 hours. Catalysts were filttered and washed with additional

methanol The combined filtrate was concentrated to give a coloriess liquid.

Flash chromatagraphy of the llqwd over 100g silica gel with 2L of 10%

ETOAC/hexane 3.53g of the free alcohol (yleld 95%) asa colorless quurd MS:"

174, 103.

t. Brosylation

" The product of Example" 22(e)'1'g was converted into 1.52g 'of' the

corresponding brosylate in 76. 2%yleld in accordance wrth the procedure of
[o]3’= -1.53° (CHCly ; e=1) -

18(b);

‘. Alkylation Reaciton

The brosylate of Examp’le 22(f), 1.48g of was reacted with the product of

[a] = -32.69° (CHClg ; c=1)

h. Acidic Hvdr l sis

. Example 17 to give 0.75¢g of the 2-alkylated triazol-3-one (yreld 54.3%);

Hydrolysrs of 0. 7g of the product of Example 22(g) in accorcdance with

colored solid (vield 86.7%);

[02° = -32.69° (CHCl3 ; c=1)

72

the procedure of Example 18(d) gave 0. 51g of the title compound as a cream-
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| a. Mitsunobu Reaction

The product of step e of Exampie 22 (1.99g, '9.05 mmoles) was reacted

with p-nitrobenzoic acid in accordance with the ptocedure Exarhple 12(a) to

give 3.3g of product_(y_ield 98.8%); MS = [M+H]+=221. -

b. Alkaline Hvdrolvsis

The product of step (a) of t_his_ Example (2.36g, 6.4 mmoles) was |
hydrolyzed by 7mi of 1N NaOAc to give 1.18g of the 3-O-SEM ether.of (2S.,SS)-
é'a-butanedsol (yield 83.7%). MS: [MsH]* = 221 | o

[a] = +55 15° (CHCl; ; C-1)

-

c. Brosylate Formation

- The'product of ws'tep (b) of this Exai'nple (1 '159 were converted into the
brosylate i in accordance wnh the procedure of Examp!e 18(b) to give 3 47g of

the brosylate (yield 97.7%) .

d_mmm&m_&@_cus_s

The procedures of Example 18(c) and (d) were followed except the

compound.
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4

a.  The methyl ester of (S)-Iaétic acid was converted into the corrésponding

benzyloxymethyl ether in accordance with the procedure of W. C. Sitill, et al.

 Tetrahedron Letters, 21, 1035-1038 (1980).

~ b. Reduction to the Aldehyde

20

aE

DIBAL-H, 37.7mi of a 1M solution, was added dropwise to a stirred

- solution of'7.67g of the ester of stép (a) of this Example in toluene at -78°C (dry

ice/acetone bath) under an atrhdsphere of niirogen. After 6 min. methanol
{10ml) followed by an aqueous aolution of Rochelles salt were added. After
Warming to rdom temperature the moisture was partitioned between ETOAc and
water. The organic phas_e was s_éparated, washed with water, dried (MgSQOy)
and concentrated to produce the crude aldehyde which was used in the next
step without purification. |
b. Grignard Step | |

The THF. éoluﬁon of 8oml 'o_'f' 1 molar solution 6f the‘l ethyl magnesium
bromide Grignard reagent was added dropwise_ to a stirred THF solution of the
crude aldeh_yde. obtained from step' (b) ot this Exa}nple at -78°C (dry ice/acetone
bath) under an atmosphere of nitrogen. After the addition was complete, the

resulting mixture was allowed to warm slowly to room temperature overnight

~ and stirred for a further period of 48 h. An aqueous solution of Rochelles salt

—~was ‘added and then the resuiting mixture was partitioned between acetone and

water. The organic phase was separaied, washed with water, dried (MgSQOa)

74




10

15

20

W0 96/38443 o . | PCT/US96/07547

and concentrated. The residue was purified by column chromotography on

silica gel using ETOAC/Hexane (1:10) as eluant to give

(i) non-polar aleohol (2S,38) 2.319;31%, as a colorless o_i!'.'
~ (i) - amixture of both alcohols, 1.23g; 41% . _ |
' ”and

_'(i'ﬂ) polar alcohol (2S, 3R) 1 23g, 6%, as a colorless oil.

c. Brosylation of polar alcohol

4-Bromobenzenesulphonyl chloride (1.035g, 4.1 mmoles) was added to

- a stirred solution Qf (0.605g, 2.7 m'moles) the polar (2S, 3R) alcohal of step (b) of

this Example and 2.20g (5.9 mmo!es)'of DMAP in CHxCl2 at room temperature

—under an atmosphere of nitrogen. The reSulting mixture was stirred for 12 h.

and then partitioned be’tWeeh ETOAC and water. The organic phase was

 separated, washed with water, dried and concentrated. The residue was

purified by column chrométography on silica gel usihg ETOAC/Hexahe (1:10)

as*eluant to give the desired brosylate (85%) as a.'.coi_orles oil. -

d. Alk lation and acidic hydrol is

The procedures of Example 18(c¢) and (d) were followed except the (2S,

SR) bosylate of step (c) of this Example was substntuted for that used in Example

- 18(c). The ac:dxc hydrolysis produced the tntle compound as a white solid, mp

© 170-172°C.
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" The procedures of Example 24 were followed except the non-polar
(2S,38) alcohol from step (b) of Example 24 was converted into the (28, 38)-3-
brosylate. Alkylation of the brosylate followed by acidic hydrolysis of the SEM
protecting group in accordance with the procedures of Example 24(d) provxded

the title compound

hyl-2(R)- 2 4-r|zl--

The procedures of Example 24 were followed except the methyl ester of

(R)’ lactic ester was substituted for the methyl ester of (S)-lactic acid in step (a) of

-Example 24, The (2R, SS) alcohol was used in steps {¢) and (d) to provrde the

The procedures of Example 26 were followed except the (2Fl,__3R) alcohol

was used in steps (¢) and {(d) to provide the title com'pou'nd.
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~ a. Reduction

To methyl (3H)-hydroxyvalerate (5.289, 40.0 mmoles) d:ssolved in 100m| -
of anhydrous THF at 0-5°C was added dropwise 60ml of a 1M "THF solution of
LiAlH4 (60 mmoles). The solution was allowed to warm to ambient temperature

and to the so-formed mixture was addéd - sequent_ially;-'-z.s-ml_.- of water,

B dropwiée,' 2.5mL of 15% NaOH and?.SmL of water. The so-formed reaction
mixture was stirred at ambient temperature for 4 h. The inorganic solids.were .- ... .

' re'moved by filtration and the filtrate I'was evaporated to givé 4.31g of (3R)-1,3-' _

pentanediol.

b_;Q-_QEM_emg.Ltomﬁtm

The procedure of Example 18(a) was followed except an equwalent
quantnty of the product of step (a) of th:s Example was subsntuted for the (2H
3R)-2 3-butanediol to provde the tltle compound

-c_l\mw_qnu_gamgn

The procedure of Example 19(a) was followed except that an equwalent

quantity of the product of step (b) of this Example was substituted for the 2-SEM

ether of (2R,3R)-2,3-butanediol to g:ye 3.34g of the correspondmg p-

nitrobenzoate.
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The procedUre of Example 19(b) was followed except that an equivalent

quantity of the p-nitrobenzoate ester of step (c) of this Example was used to

provide 1.88g of the 1-O-SEM ether of (3S)-1,3-pentanediol. -

e. Brosylation, Alkylation and Acid Hydrolysis

The procedures of Example 18 (b), (c), and (d) were followed except that

an equivalent'quantity of the product of step (d) of this Example was substituted

for the corresponding 1-0-SEM ether of (ZR 3R) 2, 3-butanediol used in
Example 19(b) to produce 1.04g of the title compound of this Example
[0)2°= -8.42° (CHCly; c=1)

-3-hvdr 1-3H-1.2.4-triazol-3-On

The procedures (a) and (b) of Example 28 were followed to produce the
-O-SEM-(SR) -1,3-pentanediol whlch was converted directly into the 3R
brosylate by following the procedures of Example 18(b). The 3R brosylate was

used to alkylate the product of Example 17 in accordance with the procedures of

'Example 18(c). The so-formed product was sUbjected to acidic hydrolysis in -

accordance with the procedures of Example 18(d) to provide 368mg (90% yield)
[a] = -47.11° (CHCIS_ ; c=1) o

Of the title compouhd
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A solution of (28)-3-b0téne41-,2-diol which was burchased frdm Eastman

- Kodak, (3g, 0.034mmoles) in 40mL of ethanol was hydrogenated in the . -

presence of 300mg of 10% Pd/C overnight. The so-_fqrm_ed reaction mixture was

_ﬁ_!t_e_réd through celite. The so-férmed filter cake was washed with ethanol and

~ the combined fitrates were evaporated to provide 2.08g (68% ield) of the title

10

compound.

b. 1-O-SEM g:her formation. bl_'qulatgﬂ, alkylation and acidic hydrolysis

" The procedures of Example 18(a) - (d) were followed except that an

equivalent amount of the .produ'ct" of step (a) of this Exampl_e was substituted for

- the (2R, 3R) 2,3-butanediol of Example 18 to provide'the title compound .
[]3 = -24.3° (CHClg; 0=1)

15

20

The procedures of Example 30 were _follo’wed except that an equivalent |

quantity of (2R)-3—butene‘-'1,2-di01'(avéilable from Eastmand Kodak) was

| "s'ub's_ﬁtuted_ for (28)-3-bute_né-1,2-dio! in step (a) of Example 30. The =

proéedures of EXample 30(b) wer_é there after fqllowed to produce _the title .
[of2’ = -29.4° (CHCl ; ¢=1)

compound
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wﬂmgm;am To a solution of the S-(O-benzy!)lactlc

- acid pyrrolidene amide prepared. in accordance w:th the procedure of

Tetrahedron, 1989, vol. 45, pages 57-67 (59, 0.0214 mol.) dissolved in 20 mi of

toluene cooled to in a ice methanol bath was added slowly with stirring 4.25 mi

or RED-AL (3. 4M solution of sodium 'bis(2-methoxyethoxv) aiuminurn hydride) in

toiuene available from Alidrich Chemical Cataiogue #19, 619-3). The solution .

was stirred fro 5 hrs quenched with 2.5 ml of acetone and thereafter with 35 ml

of 2NHCI. The so-formed mixture was extracted with EtoAc. The organic

extracts were washed with water,'NaHC_03 and brine, dired over NazSQ4 and

ev‘aporated to give the titled product. - |

-2-{Benzyloxy)-N-(Formylamino

ropanimine.

The

propionaidehyde of step fa)_ (1g, 1_6.09 mml) was added dropwise to a solution

of formyl hydrazine (0.73g, 12'18 mmol) dissolved in 5 mi of mf-‘-thano! The so-

formed reactxon mixture was stu'red overmght The solvent was removed by

evaporatlon and the so-formed resxdue was stlrred with ethyl ether. The

undissolved excess formyl hydraznne was removed by ﬂltratlon and the ether

was removed to provnde a res;due ‘which was chromatographed on silica gel(/)

using 20% EtoAc hexane (v v) to glve 805 'ng of the title product as a hght

- yellow waxy solid havmg strong UV actlvsty, ms [M + H]+ = 207
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Ethylmagnesium bromide (1.3 ml, 3.9 mmol, 3.0 molar in ethyl ether) was

added to a stirred solution of 200 mg, 0.97 mmol of the propaniniine’ of step (b)

- in 10 mi of ethyl ether at 0°C. The so-formed reaction mixture was stirred- :

overmght at room temperature and quenched with water. The orgamc Iayer was

- separated and the solvent removed to provide a res:due whnch was

chromatographed on silica gel using 30 to 50% of EtoAc:hexane (v v) to provnde

- 113 mg, (50 % vyield) of the title compound as an oil. Th_e_ ratio of S,S isomer:..

S,R isomer in the product was' 94:6. When the reaotioh was repeated in the

- presence of 1.2 equivalent of bis(frimethylsilyl)" acetamide the S,S:S,R ratio’

improved to 99:1 MS: [M + HJ* =237

d. Q@zetmﬁe_agr_
A so!utlon of 156.3 mg, 0. 66 mmoi of the product of step (c) and 400 mg

0.60 mmol of 17F of Sc_heme v and 1 mole of DBU (1,8-diaza brcycio

[S?4.0]undec-7-ere) in volume was stirred at 80°C for six hours; the temperature

was raised to 100° to 110°C ari'd .stirririg waé continued at this temperature
overnight. The reaction__r._n'ixture_ was allowed to cool to room temperature and

the stirring was continued over_th_e weekend. The solvent was removed by

evaporation and the crude product was purified on preparative TLC (80%

EtoAc) heXane V‘V) to provide 200 mg of the benzyl ether of the ﬁile product of
this example asa foamy sohd MS [M + H]+ 792 This cychzatxon reactlon is the o
invention of Mergelsberg, Gala et. al. Wthh rs drsclosed in commonly-owned

U.S. Patent Application S.N. (attorney's D_o_cket #CD0475), filed 04/19/95.
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e. Hydrogenolysis .
To the solution of the benzyl ether (190 mgs , 0.24 mmol) of step d

-di_ssolved in 10 ml of methanol was' added _40 mg of Pd black on carbon and 4

“mti of formic acid. The re_ac_tio'n flask was seafed wi'th' a ballon and heated at

" 80°C for four hours. The catalyst was removed by filtration through a celite cake

10

- 15

20

25

ahd the filtréte was poured into cold water. The pH of the so-formed solu_tion'
was adjusted to a value of 4 to 5 with amonia. The so-formed mixture was |
extracted with EtoAc. The organic layer was separted énd dried ox_)er NasS04.
The solvent was removed to provide.'a crude product which was purified on
preparative TLC (5% methanol: CH2CL2, v-v) to give 95 mg of the title
compound of this example (57% yield) as a tan- solid. MS : [M+ HlF = 701

o] =-28.4 (¢, = 1.0, CHCla)

Tri“z I-1-vimethvl)-3-FuranviMethoxv]Phenvyll-1-PiperazinvilPh n§ -24f

A.  To a solution of N Cbz-glyclne (315 mg) N,N-

dlmethylammopyndme (DMAP, 200 ‘mg), and compound of Example 24 (900

- mg) in CHg_Clg (50 mL) at 0°C, add dlcyclohexylcarbodl_umude. (DCCD, 280 mg). .

Stir the solution at 0°C for 30 min., then at room temperature for 1 hr.. Add _

additibnal N- Cbz-glycine (700 mg) and then increments of DCCD at 20 min.

mtervals unt:l the react:on is compiete by TLC. Pour the reaction mixture into

—..5% aqueous KH2PO4 and extract wnth EtOAc Wash the EtOAc extracts three

" times os with 5% aqueous KH2P04, then with brine, and dry the extracts over

anhydrous MgSQOg4. Filter, evaporate the filtrate, and chromatograph the residue |
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to obtain the N-Cbz-glycinyl ester (1.3 g). [Mass spec. found: (FAB) 892
(M+H¥)] | | o S

B.  Stir a solution of the N-Cbz-glycinyl ester of étép A above in 100

' mL MeOH-96% HCOOH (10:1) in s_ealed-_flask with a safety valve. Add 30 mg
irjl'_cre_m.gnts of pal!adium b !ack at-ISO min intgervals until the rea'_ction is complete
by TLG (6-14 ). Suction-fiter the mixture, add 12 N HC (0.5 mL} to the fitrate
" and evaporate the so-formed mixture to dryness. Add 'wéier'(100mL) and
-activated carbon (0.8 Q) to the r‘es_idde, suction-filter on a 0.45u hylon '
membrane. . Lyophilize the filtr_é.te to provide 356 mg of the title compound.
[Mass spec. found: (FAB) 795 (M+H+).] - |

Follow the procedure. of Example 33 except substitute an e_quivaierit ‘
~amount of any other N-carbonbehzoxy'or N-tert-butoxycarbonyi protected

natural amino. acid to obta_in the corresponding natural o. —~amino acid ester

~ hydrochloride of the compound of Example 2.

Example 35

Follow the procedure of Example 33 except substitute an equivalent

- Quantity __of___!}I__,'N_‘Zc_i_i'(:arbobenzoxy- 2','4-di,éminobutanoic acid for N-Cbz-glycine to -
obtain the title compound.. __ VA
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Example 36 -
{-)- [(9R)-C|s1-4-[4-[4-f4-[[5-(2 4-D|ﬂuroohenvl‘)-TetrahvdrCLS-HH -1.2.4-

Triazol-1 -vlmethvn-3 FuranvﬂMethoxv]Phenvn -1- Ploerazmvl]Phenvll-z 4-

.-Alamn Hydrochl ride s l

Follow the procedure of Example 33 except substltute an equivalent
quantity of N-carbobenzoxy-L-aIamne for N-Cbz-glycine to obtam the title

compound.

Example 37

N The compounds of formula 20F pre'pa'red-in' accordance with the

procedures of Examples 1 32 and Schemes [-V1 are listed hereinbelow: -
_R

'\{/ 3

NN

L]

o Me : ' s _'Me“ o ' Me
. I""iqg - —, . - ’( . '. “IHK
" , - . --OH , - )=OH ,

ml P md® Mé
- M* 701 - M* 701 o Mm* 701
—nge R A Me | _f{-\Me
111 OH ! : . ' '
e B OH OH
M* 701 M* 701 M* 701
rMe Me Me
i ,_8-’ qu(
mOH: >mOH ) /<OH .
Me R’ Me R Me' S
MY 687 M* 687 M*’ 687
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_ S, R Me ' | o S Me
N - o N o _
) ' : \<OH. . _\—\ , _-t\
. Me/S R I OH ' . - OH’
. . . + 6 .
M* 687 M e87 e
R \\\\\"‘ Me . s ,—Me’ _
oH o OH
M* 687 S M*e87
. g Me
1150000
: _ : _ : E“ OH .
the above-listed compound 20F wherein Ry = Me
was prepared by substitution of an equnvalent amount of (2R, 3R)-2 3- butanedxol .
for the 2-monobenzyl ether of (2R,3S) butanediol used. in step d of Example 22. . -
The product so formed was treated in accordance wnth the procedures of steps f |
g, and h of Example 22. The above-listed compound 20F wherein '
s Me . :
S ;EIIOH - .
10 Ri= Me _ was prepared by substitution of an equivalent‘ amount of the 2- -

‘O-SEM ether of 2R,3R butanedlol for the startmg material used i :n step d of
Examiple 22. The product so formed was thereafter teated in accordance wnth

the_procedures of steps ¢, f, g, and h of Example 22.
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10 IIIIII mmm T

1. A compound represented by the formula |

5
B wherein X is independently both F or both Cl or one X is
| __'i__ndependentiy F and the other is independently Cl; -
10 - Ryisa straxght or branched chain (C4-Cs) alkyl group substnuted

by one or two groups convertrble in vivo into one or two hydroxy moretles,

N ora pharmaceutlcally acceptable salt thereof.

2. A compound of claim 1 wherein R1 is a straight or br_anched
15  chaif (C4-Cs) alkyl groupjs'ubstituted by one or two amino acid ester groups

,each convertible in vivo into a hydroxy moiety.

86
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3. . Aco‘mpound represented by the formula i

wherein X is independently both F or both C or one X is

independently F and the other is independently CI;

wherein Rz is a (C4-Cs) alkyl substituted by an amino acid ester

- group convertible in vivo into a hydroxy moiety;

or a pharmaceutically acceptable salt thereof.
4 A compound_ of claim 3 wherein Rs is a Cs alky! group

substituted by an amino acid ester group convertible in vivo into a hydroxy

moisty and each Xis F. .
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. o 5. A compblind of claim 1'_ wherein Ry is & hydroxy-subsfituted -

Ca- or Cs-alkyl group éelect'ed from:
_CH(Csz)CH(R4)CH3 , EH(CZHS)CHZCH2R4

—(CH)sCH(R)CAHs , CH(CHs)CH(R4)CH3-
—&H(C,HJCH R,  and —CH(CHgICHCHaR,

10

5
wherein R4 is émino-aci'd ester group convertible in vivo-into OH
" and the carbons with the astensk(*) have the RorS absolute conflguratton ora
pharmaceutncally acceptable salt’ thereof |
6. A compound represented by formula il T
. O}‘ N (Rs
N \
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- wherein Rs is

lllll
lllR" Y

_(Me

/3Ry,

—?(-Me

R4y
Me/S.

_spMe

Ryy =

~Me
"l"..R(- .

PCT/US96/07547

=R,y ,
Me/S '

wherein R11 is an amino acid ester group convertible in vivo into a

hyéroxy group, or a phé?maceutically acceptible salt thereof
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7. A compound represented by the formula IV

o

. R

—\ | ?\l\{’ °
N N_VN

. * Y * ¥ '

“ wherein Rg = —CH(Cz_Hs)CH(Hs)CHa o —CH(CH3)CH(Re)CHg
wherein Rg is an amino acid ester group convertible in Viyo into

OH and the carbons with the asterisk (*) has the R or S absolute configuration or

a pharmaceutlcally acceptable salt thereof. |

8. A compound of claim 7 wherein Rg is a dlpeptlde ester

_group.

b - 9. A compound of claim 7 wherein the dlpept:de ester group is

the ester of glycylglycme ie., -0COCH2NHCOCH2NH2
0. A compound of c!alm 7 wherem the amino acid ester group
is the ester of glycine, i. e. -OCOCHgNHg | __
_ 11. A compound of claim 7 wherein the amino acid ester group
is the ester of 2,4-diaminobutahoic acid, i.e., -OCOCH(NHg)(CHQCHg)NHg
12. The compound of claim 7 wherein the amino ac1d ester
group is an ester of Ieucme ie. -OCOCH(NHQ)CHQCH(CHS)Q _ |

13. The compound of claim 7 wherein the amino acid ester

group is an ester of lsoleucme i.e., -OCOCH(NH2)CH(CH3)CH2 CHa.

14, The compound of claim 7 wherein the am:no acsd eeter |

- group is an ester of valine, i.e., -OCOCH(NH2)CH(CH3)2.

90
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15.  The compound of claim 7 wherein

‘Ro= CH(CoHsICH(ReICHs

16. - The compound of claim 7 or 15 wherein

~ §/—CHs
e 3
o Re

HC™ | THIS SHEET HAS BEEN.

REPLACED | ..

17.  The compound of clairh 7 wherein the amino acid ester =~~~

group is

O—C-—CH,-N

18. __.fA_pharméceutical compositidn for treating or preventing

fungal infection corr;prising an antifungally effective amount of & compound of

any preceding claim together w'it'_h a pharmaceutically acceptable carrier
therefor. N | |

19 A method of treatmg and/or preventmg fungal mfectnons in a

‘mammal afflicted with same which comprises admxmstenng an antifungally-

~ effective amount of a compound of any preceding cl_aam sufficient for such

.. treating or preventing.

25

mode of admlmstratlon is oral or parenteral.

v

20. The pharmaceutlca! ‘composition of cianm 18 wherem the -
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