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Abstract: Alkylthio and alkylsulfonyl derivatives of antifungal SM-8668 (3) were synthesized and estimated
for their activities in vitro and in vivo. Derivatives having pentylthio, heptylthio or nonylthio group showed
potent activities against both candidiasis and aspergillosis. The introduction of hydroxyl group at the end of
their alkyl chain made their activities stronger.

Imidazole and triazole antifungals are known as potent inhibitors of the cytochrome P450 monooxygenase
in the process of fungal biosynthesis of ergosterol,1-2) which is an important constituent of fungal cell
membrane. This enzyme oxidatively removes 14-c.-methyl group of lanosterol (1) by using O2 and
NADPH.3) Inhibition of this enzyme causes the accumulation of precursor 14-a-methyl sterols (lanosterol and
its biosynthetic derivatives), which leads to the destruction of cell membrane integrity.4) Imidazole and triazole
antifungals are believed to inhibit this enzyme by binding of heterocyclic nitrogen atom (at 3-position of
imidazole or at 4-position of triazole) to the protoheme iron atom and exclude oxygen atom which would
normally take part in the reaction.2,3) Since the target of the enzyme is 14-a-methyl group of lanosterol, a
logical inhibitor could be a lanosterol derivative with a heme binding component at the 14-o-methyl position.
Indeed, such a derivative 2 was reported to be an inhibitor of fungal ergosterol biosynthesis and was active in
vitro against Candida and dermatophyte strains.6)
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On the other hand, our research group previously reported that SM-8668 (3)7.8) was demonstrated to
have higher potency against a wide range of mycoses in animal experiments than fluconazole.9) Interestingly,
its erythro-isomer 4 showed much lower activity than 3 (d!-threo-isomer) both in vitro and in vive.?)
Moreover, the potent antifungal activity of 3 was only depended on (2R,3R)-isomer and was scarcely
depended on (25,35)-isomer, as we recently reported.‘o) It seems that (2R,3R)-3 has a similar structure to
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lanosterol as well as 2, since the aromatic ring of 3 can be regarded as the B ring of 1, and methyl group at 4-
position and methylene group at 1-position of 3 can also be regarded as 13-B-methyl group and 14-a-methyl
group of 1, respectively. On the basis of these results, we considered (2R,3R)-3 as a logical inhibitor of the
cytochrome P45( monooxygenase. As part of our search for active antifungal agents, we synthesized a new
series of analogs of 3 having a long alkyl group on sulfur atom. Such a kind of substituents should be
reasonable because they are regarded as the side chain of 1.

Synthesis

Corresponding long alkyl derivatives Sa-j and 6b-j were synthesized as shown below, in order to
investigate the structure-activity relationships on the length of R. Sulfides 5a-j were obtained by reaction of
epoxide 78) with sodium alkylthiolate in dimethylformamide. Sulfides Sa-j were respectively oxidized under
acidic conditions with hydrogen peroxide in presence of catalytic amount of sodium tungstate to give sulfones
6b-j in high yields.8)

In order to increase the hydrophilicity of Sd-h, we also synthesized derivatives 8d-h which had
hydroxy! group at the end of R group. It is expected that log P values of them become 1.5-1.7 point lower by
the introduction of hydroxyl group.11.12) Such derivatives 8d-h were respectively obtained by reaction of
epoxide 7 with protected (®-hydroxyalkyl)thioacetates 9d-h in methanol in presence of pottasium carbonate
followed by treatment with tetrabutylammonium fluoride in tetrahydrofuran. Sulfones 10f-h were prepared by
the same method for 6.
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Antifungal activities

The minimum inhibitory concentration values (MIC, pg/ml) against Candida albicans KB-8 and
Aspergillus fumigatus MTU600I are presented in Table.13) All the derivatives showed higher activity against
C. albicans than 3. In contrast, the highest activity against A. fumigatus was observed when the number of
carbon atoms on R was six (5f, in case of sulfide series) or eight (6h, in case of sulfone series). However,
these in vitro activity couldn't be directly reflected in their in vivo activities.

The results of the prophylactic efficiencies against murine systemic candidiasis and aspergillosis are also
summarized in Table.14) Almost all control mice died within 3 days after infection, whereas a considerable
number of mice treated by oral administration of the triazole derivatives (10 mg/kg/dose for candidiasis or 50
mg/kg/dose for aspergillosis) survived appreciably longer. Sulfides having odd carbon atoms on R (5a,e,g,i)
and sulfones having less than two carbon atoms on R (3 and 6b) were shown to have good efficiencies against
candidiasis and aspergillosis. Especially, 3, Sa and 6b were shown to have potent activity, even though their

in vitro activity was lower than those of longer side-chain derivatives. Perhaps because of their excellent
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pharmacokinetics, they could show such a strong activity in spite of their relatively weak in vitro activity.13)

They should show higher serum concentration in protein-free form, owing to their low affinities for serum

proteins based on their hydrophilic properties.16) On the other hand, it is surprising that sulfides 5e,g,i

showed remarkable activity against both candidiasis and aspergillosis with reflecting their in vitro activity
though they were much more hydrophobic than 3, Sa or 6b.

On the basis of these results, we prepared and tested the activities of their hydrophilic analogs 8d-h
having hydroxyl group at the end of R group. As expected, hydroxyl analogs 8e and 8g showed better
efficiencies against both candidiasis and aspergillosis than their alkyl analogs Se and Sg. The synthesis and
evaluation of their further derivatives, which have other hydrophilic substituents such as amino, substituted
amino or carboxyl group, are now on investigating.

[Table] Antifungal activities of sulfur-containing triazole derivatives 5, 6 and 8

Compound Ror R’ MIC (ug/ml) Mean survival days (d.) 2
C. albicans A. fumigatus C. albicans ® A. fumigatus ©
fluconazole d 0.78 400 10 (0.7) 28(2.0)¢€
SM-8668 (3) methy! 0.20 12.5 10 (1.6) 10 2.1
Sulfides 5
Sa methyl 0.025 1.56 10 (0.8) 9.8(1.3)
5b ethyl 0.10 12.5 4.4 (0.6) 1.0 (1.0)
Sc n-propyl < 0.013 0.78 9.9 (0.6) 2510
5d n-butyl <0.013 0.78 9.9 (0.6) 2.5(1.0)
Se n-pentyl <0.013 0.39 92024 6.8 (1.8)
st n-hexyl <0.013 < 0.20 10 (0.7) 2229
5g n-heptyl <0.013 0.39 8.6 (0.0) 7.2(1.5)
Sh n-octyl < 0.013 313 5.0(0.8) 1.8 (1.0)
Si n-nonyl < 0.013 0.78 9.1 (0.6) 8.0 (2.1)
5j n~decyl <0.013 25 58(0.8) 1.6 (1.3)
Sulfones 6
6b ethyl 0.20 6.25 8.3(2.0) 10 2.1)
6¢c n-propyl 0.20 12.5 7.6 (0.6) 4.1 (3.7
6d n-butyl 0.20 25 0.4 (0.8) 3.6 (3.7)
6e n-pentyl 0.10 12.5 2.6(0.8) 1.6 (2.6)
(3} n-hexyl < 0.013 6.25 0.9 (0.4) 1.12.5)
6g n-heptyl <0013 313 1.3 (0.8) 1.6 (1.5)
6h n-octyl < 0.013 0.78 0.6 (0.8) 1.0 (1.0)
6i n-nponyl <0.013 <020 3.9 (0.6) 1.5@2.1)
6j n-decyl <0.013 313 1.1 (0.8) 1.6 (1.3)
Sulfides 8
8d (CH2)40H 0.20 6.25 250.1) 3.2(2.6)
8e (CH3)sOH 0.025 0.78 9.8 (1.6) 10 (3.5
8f (CH?)6OH <0.013 0.78 2.8 (L. 2.8 (2.3)
8g (CH2)70H <0.013 0.78 10 (0.1) 9.7 (1.5)
8h (CH2)g0H <0013 <0.20 432.0) 35(5.3)
Sulfones 10
10f (CH2)6OH 0.39 100 1.4 (0.9) 3.1(1.8)
10g (CHp)70H 0.39 25 1.0 2.0 1.2(1.5)
10h (CH2)80H 0.10 6.25 0.5 (0.4) 3.02.9)

2 In vivo activity was determined in mice. The triazole derivative was administrated orally. Mean survival days of
control mice on the same conditions are given in parentheses. b 10 mg/kg/dose of the triazole derivative was used.
€ 50 mg/kg/dose of the triazole derivative was used. 9 See ref. 17. € Only in this case, 100 mg/kg/dose of

fluconazole was used.
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