Notes

with Sarcoma 180 and 60-100 mg/kg per day for those with
leukemia L1210; each agent was injected intraperitoneally for six
consecutive days beginning 24 h after tumor implantation.
Determination of the sensitivity of ascitic neoplasms to these
agents was based upon the prolongation of survival time afforded
by drug treatments.
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Antimycotic Imidazoles. 2. Synthesis and Antifungal Properties of Esters of
1-[2-Hydroxy(mercapto)-2-phenylethyl]-1 H-imidazoles!

Keith A. M. Walker,* Donald R. Hirschfeld, and Michael Marx

Syntex Research, Palo Alto, California 94304. Received May 22, 1978

The synthesis of carboxylic and (thio)carbonate esters of 1-[2-hydroxy(mercapto)-2-phenylethyl]-1H-imidazoles,
some of which are formally related to miconazole and its analogues by replacement of an ether with an ester linkage,
is described. In antifungal bioassays a number of compounds display in vitro and, in a few cases, in vivo activities
comparable to that of miconazole. In this series lipophilicity within a relatively narrow range is shown to be a necessary,
although not sufficient, criterion for in vitro and, in particular, in vivo antifungal activity.

In connection with a program directed toward the de-
velopment of new broad-spectrum antifungal agents, we
became interested in compounds obtained by the formal
replacement of the ether linkage in the potent drug,
miconazole? (I), by an ester function, II (e.g., 6). Since it

Cl cl
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5-16,X=Y=0;Z = bond
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27-29,X=Y=2=
30, X=Y=0;Z=S8
31,32, X=8;Y=2=0
33,34, X=Z=8;Y=0
35-44,X=Y=8,Z=0

has been found by others?? and by ourselves? that max-
imum antifungal activity in 1-phenylethylimidazoles is
associated with 2,4-dichloro substitution in the benzene
ring, we retained this subunit in the majority of compounds
prepared. The nature of the ester linkage was extended
beyond simple esters to include carbonates and various
thio derivatives (see II).

Chemistry. Phenylethyloxy esters were prepared by
standard esterification procedures from the known? al-
cohols 1 and 2 and the corresponding acyl halide (Scheme
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I). Phenylethylthio esters were obtained by a different
route (Scheme II); the xanthates 35-44 were obtained via
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Table I. Esters Derived from 1-[2-Hydroxy(mercapto)-2-phenylethyl}-1H-imidazoles

sol-
compd A X Y Z R formula mp, °C vent? analyses®
5 24Cl, O O 4-CIC,H, C,:H,;,CI,N,0,-HNO, 195-196.5 cC CHN
6 24Cl, O O 2,4-Cl,CH, c,H,,CI,N,0,- HNO, 163.5-165 dec CcC (C/H,N
7 24Cl, O O 4-t-BuC,H, C,,H,,CI,N,0,(COOH), 202-205 dec F CHN
8 24CI, O O 4-O,NC,H, C,H,;CLLN,0,(COOH), 200-202.5 dec F C/HN
g 24CI, O O 4-CIC,H,CH, C,,H,,Cl,N,0,-HNO, 154-155.5 dec E CHN
10 24-Ct;, O O 4-CIC,H,CH=CH C,,H,,CI,N,0,-HNO, 182-183 C C/HN
11 24Ci, O O n-C.H,, C,:H,,C1,N,0,-HNO, 124-126 dec E CHN
12 24Cl, O O n-C,H,, C,,H,,Cl,N,0,-HNO, 99-100.5 E C,H,N
13 24Cl,, O O n-C H,, C,,H,,CI,N,0,-HNO, 84.5-86.5 D C,HN
14 4-C1 o O 2-CIC,H, C,H,,CI,N,0,(COOH), 201-203 dec G C,HN
15 4-Ci O O 4-CIC,H, C,,H,,C,N,0,-HNO, 193-195.5 dec F H,N;C°
16 4-Cl O O 4-CIC,H,CH, C,,H,,CL,N,0,(COOH), 158-159.5dec F CHN
17 24-Cl, 8§ (6] 4-CIC,H, C,,H,,Cl,N,08-HNO, 149-150.5 dec E C/H,N
18 24-Cl, S o 2-CIC,H, C,;H,,CI,N,08-HNO, 159-161 dec C C,H,N
19 24-Cl, 8 (0] 4-MeC H, C,,H,,Cl,N,08-HNO, 162-164.5 dec A C/HN
20 2,4-ClI, S 0] C,H,CH, C,,H,,CI,N,0S-HNO, 115-116 dec E C,HN
21 24-Cl, S o 4-FC,H,CH, C,,H,,Cl,FN,08.HNO, 125-126.5 A C/H/N
22 24Cl, S (0] 4-CIC,H,CH, C,,H,,CI,N,08-HNO, 136.5-139 dec A CHN
23 24-Cl, S8 0 trans-C(H,CH=CH C, H,,CI,N,0S-HNO, 139-141 dec H (C,HN
24 24Cl, 8 o] CH, C,;H,,CI,N,0S-HNO, 142-143 A C/HN
25 24-Cl, S o n-C,H,, C,,H,,Cl,N,08-HNO, 122-123.5 dec E C/HN
26 2,4-Cl, S 0 n-C.H,, C,,H,,CI,N,08-(COOH), 133.5-1345dec E C,H,N
27 24Cl, O O O nCH, C,;H,,CL,N,0,-HNO, 108-112 dec B C,HN
28 24Cl, O O O =naCH, C,,H,,C,N,0,-HNO, 92.5-95.5 dec E CHN
29 4-Cl 0O O O 4CICH, C,,H,,CLN,0,(COOH), 152-152.5dec G C,H;)Nd
30 24Cl, O O S nC,H, C,:H,,CI,N,0,S8.(COOH), 161.5-165 dec C CHN
31 24-CiL, S O O nCH, C,H,,CI,N,0,S-HNO, 112.5-114.5dec E C,H,N
32 24Cl, S O O nCH, C,.H,,CI,N,0,8-HNO, 99-101 E C/HN
33 24Cl, 8 O S8 C.H, C,;H,,Cl,N,08,-HNO, 157.5-160.5dec E C,H,N
34 24Cl, S 0 3 tCH, C,.H,,CI,N,0S8,-HNO, 163-166.5 dec H C,HN
35 2,4-Cl, S S O C,H c H,,Cl,N,08,-HNO, 142.5-143 dec H C,H,N
3 24C, S S O nC,H, C,.H,,CI,N,08,-HNO, 140-141.5 E CHN
37 24ClL, S S 0 i-C,H, C,;H,,Cl,N,08, - HNO, 125-126.5 dec E C,H,N
38 24-Ci, 8 S O n-CH, C,.H,,CI,N,08, HNO, 120-121.5 dec E C,HN
39 24-Cl, S8 S O i-CH, C,.H,,CI,N,08,-HNO, 148.5-150 dec E CHN
40 24-Cl, S S O nCH,, C,,H,,C,N,08,-HNO, 118.5-119.5dec E C,H,N
41 24-Cl, 8 S O oCH,, C,,H,,C,N,08,-HNO, 139.5-140.5dec E C,H,N
42 24Cl, S S O nC,H, C,,H,,C,N,0S8,-HNO, 107-113 dec E CHN
43 24-Cl, 8 S O C,H,CH, C,.H,,C1,N,08,-(COOH), 107-111 dec E C,H;N¢
44 4-C1 S S 0 nCH, C,,H, CIN,08,-(COOH), 151-152.5dec A C,H,N

5

¢ Recrystallization solvents: A, acetone; B, benzene-hexane; C, EtOAc-EtOH; D, EtOAc-Et,0; E, EtOAc; F, EtOH; G,
MeOH; H, acetone-EtOAc. ¥ Unless otherwise stated, the analyses are within £0.4% of the theoretical values, € C: caled,
50.96; found, 51.46. 9 Analysis performed on free base. ® N: caled, 5.46;found, 6.06.

the known?® chloro compounds 3 and 4 and the appropriate
potassium dithiocarbonate salts. Hydrolysis of the ethyl
xanthate ester 35 (sodium hydroxide-methanol) produced
the sodium thiolate, acylated in situ as above to give the
corresponding thiol esters or thiocarbonates, 17-26 or
31-34. All final products were isolated as the nitrate or
oxalate salts (Table I).

Biological Results. Compounds were evaluated in
vitro against the following: fungi (broth dilution assay)
Microsporum audouini (M.a.) or Microsporum gypseum
(M.g.), Epidermophyton floccosum (E.f.), Trichophyton
mentagrophytes (T.m.), Candida albicans ATCC 10231
(C.a. 1), Candida albicans ATCC 14053 (C.a. 2), and
Cryptococcus neoformans (C.n.); bacteria (broth micro-
dilution assay®) Staphylococcus aureus ATCC 12600 (S.a.),
Streptococcus faecalis ATCC 14506 (S.f.), Corynebac-
terium acnes ATCC 11828 (C.ac.), Erysipelothrix insidiosa
ATCC 19414 (E.i.), and Pasteurella multocida ATCC
19427 (P.m.). In vivo experiments were conducted using
a vaginal C. albicans infection in mice according to the
method of Wildfeuer.” Test compounds were applied as

2% formulations in an aqueous propylene glycol cream®
for 4 days b.i.d.

Results and Discussion

The test results, summarized in Table II, show that
broad-spectrum in vitro antifungal activity, as well as
activity against Gram-positive bacteria and P. multocida,
is retained in a large number of compounds when the ether
linkage present in miconazole and its analogues is replaced
by an ester group. Furthermore, it is clear that this activity
is not limited to the isosteric acyloxy group but extends
to carbonates and various sulfur analogues. We have found
that the antifungal activity in this series is markedly
influenced by lipophilicity. As an index of lipophilicity
in this series, R,, values of selected compounds were de-
termined by reverse-phase TLC?® using miconazole as the
standard. The relative lipophilicities were then expressed
in terms of AR, [R,, (compound) - R, (miconazole)],
positive values indicating compounds more lipophilic than
miconazole.! These values are included in Table II.
Inspection shows that, in general, compounds differing



‘sAesse [el191oRqNUE 9y} 10] pIepue}s
2DUAIDJa1 A1) SE PISN SeM UDAWRIUDY 5 “(%g) UONB[NWLIO) [BDIdWWO)) ; “TW/dn ¢ ‘g ) Jua/87 T ‘T ') a19m KeSSe SIy} Ul 5|0ZeUOdIW 10} sanfey , ‘(Pajoojul PqUINU
[2101)/(pa1nd sjewliue) jo onjey p UOHL[NULIOY WEaDd %7 ul A[jewidesenul parjdde punoduwo) , UoNN(IP SIYy3 18 Y1moi3 [erpaed sajousp < , "Pojso) [3Aa] }S9MO[ S2JOUAP > ,

Journal of Medicinal Chemistry, 1978, Vol. 21, No. 12 1337

10> (114 1 114 T FUAwreyuod
0 /63198 10> g o1 o1 T £0> 0§ o€ g 10> g s[ozZEUOdTW
330+ g 0g 0g 0T €0 g 44
120~ £0> o1 0g 1 10> 0T 4
€31+ 1 0g 00T 1 00T < > A001) A001) 08 1 0g 4 2
eV o+ 1> A8) A8) g 10> g ¥
LEO+ ot1/0 T 001 001 < o1 € 1> A€) A8) € 10> € oy
LTO+ go> o1 0g S 10> g 6¢
610+ 6/9 1 (138 oe £ 10> € 8¢
¥10- £0> 0g 00T o1 10> 01 LE
00— 8/9 £0> 0g 001 1] 10> 01 9¢
L3 0~- 6/1 1 0g 0¢g 10> 10> G Ge
G000+ 1 00T 001 o1 g g 0g 0g g 10> 01 143
300 g 00T 001 < 0g o1 1> 00T 00T o1 10> g gg
280+ 1 (133 001 0¢ I 1> 00g< 00g< 0T 10> 0¢ ze
¥10- £0> 0g 0¢ i} 10> og £
g 008 00g 0¢ 10> 0g¢ 0g
80— 001< 00T < ot 01 00T 6%
oV o+ g 0g 00¢ o1 10> 01 82
LT0- 0g 001 00T 0g £0> 0g L%
Yo+ 8/T 1 0g 001 og t > o1 ot o1 10> 0g 92
S0°0— 01/0 I 0g 001 0¢ 10> (113 14
o1 00¢g 00¢ 00T T 001 <4
800~ > o1 ot o1 10> 0g 4
1> 00T 00T 0g 10> 0g< 44
1> 001 00T 0¢ 10> 0g 12
gV 0 1> 001 00T 0g 10> 0g 0z
600 > 01 ot 01 10> og 61
T I 1 001 001< 0¢ (138 > 0¢ 0g 0T 10> (1] 8 81
€00 oT/L 1 001< 001< 00T S 1> o1 o1 o1 10> o€ LI
V0 0¢ 0S o1 T o1 91
180 o1 001< 001 < 001< 001 00T ST
670~ 001 00T o1 g 0S PI
0T’ T+ 1 i}s 001< 00T o1 1> 00g < 008 < 00T < 1 001 < €1
0T 0+ 8/1 1> 0e 0g or 10> 01 A
910~ £ 00T 001 0g 10> og It
> 00g< 00g< ot 10> ot o1
wo- € 001 001 0g 10> 00T 6
¥60- 00g< 00g < o1 £€°0 gg 8
910+ t o1 o1 01 1 o1 L
20— g 008 00¢ og 10> o€ 9
680~ 6/1 g 008 00¢g 0g 10> 00T S
(1x03 095) . 000 wq EC 007D IS L uy ‘4] 1029 W, iq W W pdwod
Wyv  uiuorag .
“ur 0 TW/37 4 (OI}IA UI) UOHIGIYUL [€307 JO [SAI] }SIMO]
[euidea

OAIA Ul

Notes

SAINIAIDY [elddeqiiuy pue [efunjijuy [ 3qel,



1338 Journal of Medicinal Chemistry, 1978, Vol. 21, No. 12

substantially in lipophilicity from miconazole (as estimated
by R, measurements) show reduced in vitro activity (e.g.,
compounds 5, 6, 8, 13, and 42). The most active com-
pounds have R, values close to miconazole in the case of
aromatic esters (e.g., 7, 17, 19, 23, and 43) and close to or
slightly greater than miconazole for alkyl esters (e.g.,
compounds 12, 26, 31, 34, 38, 39, and 44). However, al-
though some differences in activity exist between com-
pounds of similar structure and AR, (e.g., 18 compared
with 5 and 6), the activity of the series as a whole is re-
markably constant for different types of esters having the
same lipophilicity. Unfortunately, the in vitro data were
found to be too imprecise for regression analysis, a finding
also reported by others for related compounds.!' The poor
activity of compound 6, a direct analogue of miconazole,
is thus readily explained on the basis of its excessive
hydrophilicity. Significant in vivo activity against C.
albicans was associated only with compounds having an
R, close to that of miconazole (i.e., AR, ~ 0-+0.2)
{(compounds 17, 36, and 38), although this is clearly not
the only factor determining in vivo activity (compounds
12 and 25). None of the compounds tested demonstrated
in vivo activity superior to the miconazole standard.

It has thus been shown that formal replacement of the
ether linkage in miconazole and analogues by an ester
function gives compounds which generally retain broad-
spectrum antifungal activity, the most active compounds
displaying activity comparable to that of miconazole.

Experimental Section

Melting points were determined in a Thomas-Hoover capillary
melting point apparatus and are uncorrected. Ultraviolet spectra
were determined in methanol with a Cary 14 instrument. Infrared
spectra were obtained in KBr with a Perkin-Elmer 237B spec-
trometer. NMR spectra were obtained with Varian A-60 and
HA-100 instruments, and mass spectra were determined with a
Varian-MAT CH4 spectrometer. Elemental analyses were
performed by the Analytical Department of Syntex Research,
Institute of Organic Chemistry, and are within £0.4% of calculated
values.

1-[2-(2,4-Dichlorophenyl)-2-(2,4-dichlorophenylcarbo-
nyloxy)ethyl]imidazole Nitrate (6). To a stirred, ice-cold
solution of 1 (0.64 g, 0.0025 mol) in 2 mL of Et;N and 30 mL of
dry tetrahydrofuran was added dropwise 2,4-dichlorobenzoyl
chloride (0.65 g, 0.0031 mol) in 10 mL of dry tetrahydrofuran.
The mixture was stirred overnight at room temperature, the
solvent evaporated, and water added. The product was extracted
with ether, the extracts were washed and dried (MgSQ,), and the
nitrate salt was precipitated by dropwise addition of 70% HNO,.
Recrystallization from EtOAc-EtOH gave 0.89 g (72%) of 6, mp
163.5-165 °C dec.

Compounds 5, 7-16, and 27-30 were prepared in a similar
manner (Table I).

1-[2-(2,4-Dichlorophenyl)-2-(ethoxythiocarbonylthio)-
ethyl]imidazole Nitrate (35). A mixture of 3 (HCI salt, 20.0
g, 0.0641 mol) and anhydrous potassium ethyl xanthate (20.0 g,
0.125 mol) in 300 mL of absolute EtOH was stirred at room
temperature for 3 days. After removal of the solvent and addition
of water, the product was extracted with ether, the extracts were
washed with water and dried (MgSO,), and the ether was
evaporated. The resulting oil was chromatographed on silica gel
eluting with 15% acetone in CH,Cl,, and the pure product was

Notes

dissolved in ether and treated dropwise with HNO;. The pre-
cipitate was collected and recrystallized from acetone to give 21.0
g (77.2%) of 35, mp 142.5-143 °C dec.

In a similar manner compounds 36-44 were prepared (Table
D.
1-[2-(2,4-Dichlorophenyl)-2-(4-chlorophenylcarbonyl-
thio)ethyl]imidazole Nitrate (17). To sodium hydroxide (0.16
g, 0.004 mol) in 40 mL of anhydrous MeOH under N, was added
35 (0.42 g, 0.001 mol). After the mixture was stirred for 20 min
at room temperature, 1.0 g of anhydrous K,CO; and 0.5 mL of
p-CICsH,COCI were added, and the mixture was stirred for 15
min. After evaporation of the solvent and addition of water, the
residue was extracted with ether, and the extracts were washed,
dried (MgSQ,), and treated with HNO,. The precipitate was
collected and recrystallized from ethyl acetate to give 0.36 g (76 %)
of 17. mp 149-150.5 °C dec.

Similar reaction of the thiolate derived {rom 35 with the
appropriate acyl halides furnished compounds 18--26 and 31 -34.
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