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(2R,3R)-3-Azolyl-2-(substituted phenyl)-1-(1H-1,2,4-triazol-1-yl)-2-butanols (III) were prepared from (2R,3S5)-
3-methyl-2-(substituted phenyl)-2-(1H-1,2,4-triazol-1-yl)methyloxiranes (21a—f) by a ring-opening reaction with
1H-1,2,3-triazole and 1H-tetrazole and evaluated for antifungal activity against Candida albicans in vitro and
in vivo. The optically active oxiranes (21a—f), which serve as the key synthetic intermediates, were synthesized
from 1-[(2R)-2-(3,4,5,6-tetrahydro-2 H-pyran-2-yl)oxypropanoylJmorpholine (24) and substituted phenylmagnesium
bromide (23) via six steps in a stereocontrolled manner. The 3-(1H-1,2,3,-triazol-1-yl)-(II1a) and 3-(2 H-2-tetrazolyl)-
2-butanol (IIId) derivatives showed strong protective effects against candidosis in mice.
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The incidence of systemic fungal infections such as
candidosis, cryptococcosis and aspergillosis has been
increasing recently due to an increase in the number of
immunocompromised hosts.? For the treatment of these
infections, the new antifungal azoles fluconazole® and
itraconazole,* which can be given orally, have been de-
veloped for clinical use.

In the course of our search for new antifungal agents,
we have synthesized a variety of sulfur-containing optically
active triazole derivatives I.1'> In the previous paper, we
described the synthesis and antifungal activities of sulfide
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Chart 1

* To whom correspondence should be addressed.

(Ia) and sulfonamide (Ib) derivatives of (2R,3R)-2-(2,4-
difluorophenyl)-3-mercapto-1-(1H-1,2,4-triazol-1-yl)-2-
butanol.?

We next focused on the antifungal activity of a nitro-
gen-containing triazole derivative with the general for-
mula II. We chose 1,2,3-triazole and tetrazole nuclei as
the -NR*R> moiety in II and designed optically active
(2R,3R)-3-azolyl-2-(substituted phenyl)-1-(1H-1,2,4-tria-
zol-1-yl)-2-butanols (IIT).® Varying the substituent R on
the benzene ring gave a variety of derivatives with different
physicochemical properties, which might influence the
potency of antifungal activity as well as the pharmaco-
kinetic characteristics. We chose 2.4-difluoro (2,4-F,),
4-chloro (4-Cl), 4-fluoro (4-F), 4-trifluoromethyl (4-CF),
4-trifluoromethoxy (4-OCF;) and 2-fluoro (2-F) groups”
as substituents R and prepared (2R,3R)-2-(substituted
phenyl)-3-(1H-1,2,3-triazol-1-yl)-1-(1H-1,2,4-triazol-1-
yl)-2-butanol (Ila), (2R,3 R)-2-(substituted phenyl)-3-(2H-
1,2,3-triazol-2-yl)-1-(1 H-1,2,4-triazol-1-y1)-2-butanol
(I1Ib), (2R,3 R)-2-(substituted phenyl)-3-(1 H-1-tetrazolyl)-
1-(1H-1,2,4-triazol-1-yl)-2-butanol (Illc) and (2R,3R)-2-
(substituted phenyl)-3-(2H-2-tetrazolyl)-1-(1H-1,2,4-
triazol-1-yl)-2-butanol (II1d).

In this paper, we describe the synthesis of compounds
IITa—d (1—20: Table I) as well as their antifungal activities
against Candida albicans in vitro and in vivo.

Chemistry

We previously established a route for the synthesis of
(2R,35)-2-(2,4-difluorophenyl)-3-methyl-2-(1 H-1,2,4-
triazol-1-yl)methyloxirane (21a) starting from methyl
(R)-lactate,”” and this oxirane was used as the key syn-
thetic intermediate for the preparation of our sulfur-
containing triazole derivatives (I) via a nucleophilic ring-
opening reaction at the 3-position.> In the case of the
synthesis of compounds ITla—d as well, (2R,3S)-2-(sub-
stituted phenyl)oxiranes (21a—f) could serve as the key
synthetic precursors. Thus, we prepared the oxiranes
21b—f via a route similar to that used for the synthesis
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of 21a as shown in Chart 2.

Grignard reaction of the amide 24, which was de-
rived from methyl (R)-lactate,’® with 4-Cl- (23b), 4-F-
(23¢), 4-CF;,- (23d) and 4-CF,;0-phenylmagnesium bro-
mide (23e) proceeded smoothly to give (R)-2-(3,4,5,6-
tetrahydro-2 H-pyran-2-yl)oxypropiophenone derivatives
(25b—e) in 74—100% yields. It has been reported that
2-F-phenylmagnesium bromide (23f) is unstable and liable
to produce triphenylene and polymers, presumably via a
benzyne intermediate.® In fact, the reaction of 2-
bromofluorobenzene (22f) with magnesium (Mg) to
produce 23f followed by the addition of compound 24
gave highly lipophilic substances as the major product,
but formation of a trace amount of the desired com-
pound 25f was observed. We then investigated the re-
action conditions necessary to obtain compound 25f in a
reasonable yield. Dawson and Burger reported that
Grignard reaction of 23f with diethyl chlorophosphate
could be conducted by the entrainment method using ethyl
bromide (EtBr).”” According to this method, 23f was
prepared in the presence of EtBr and allowed to react with
24. The desired propiophenone 25f was isolated in a 27%
yield. We continued our search for reaction conditions to
improve the yield and found that addition of the reagents
in reverse order was quite effective for this purpose, that
is, addition of Mg to a mixture of 22f, 24 and EtBr in
tetrahydrofuran (THF) followed by stirring brought about
the Grignard reaction to afford compound 25f in a 66%
yield. Finally, it was found that EtBr was unnecessary
when adding the reagents in reverse order.

Diasteroselective epoxidation of 25b—f with Corey’s
reagent'® in dimethyl sulfoxide (DMSO) afforded the
oxirane derivatives 26b—f, which were diastercomeric
mixtures consisting of the desired (1’R,2R)-diastereomer
and the undesired (1'R,2S)-isomer in a ratio of ca. 4: 1.1V

This product (26b—f) was reacted with 1H-1,2,4-triazole
in the presence of sodium hydride (NaH) to obtain the
butanol derivatives 27b—f in 70—84% yields based on
25b—{. The tetrahydropyranyl group was removed with
p-toluenesulfonic acid (TsOH) followed by recrystalliza-
tion of the resulting diol to obtain the diastereomerically
pure (2R,3R)-diols 28b—f in 34—71% yields. The diols
28b—f were converted to the corresponding mesylates and
subsequent treatment with sodium methoxide (NaOMe)
in methanol (MeOH) gave the oxiranes 21b—fin 77—88%
yields.

The ring-opening reaction of the oxiranes 21a—f to give
the bis-azole derivatives I1I (1-—20: Table I) was then
investigated. The reaction of 21a with 1H-1,2,3-triazole in
the presence of NaH in dimethylformamide (DMF) gave
a mixture of two regioisomers, which were separated by
column chromatography on silica gel into the more polar
1 H-1,2,3-triazol-1-yl (1) and less polar 2H-1,2,3-triazol-2-
yl (7) derivatives in 24% and 18% isolated yields,
respectively. Substitution position on the 1,2,3-triazole
moiety in these two regioisomers was determined by
'"H-NMR measurement ; the two unequivalent protons of
the 1H-1,2,3-triazole moiety in 1 appeared as two singlets,
while the two equivalent protons in 7 appeared as one
singlet. The 1,2,3-triazole analogues, 2—6 and 8—12, were
prepared in the same way, and the isolated yields are
shown in Chart 3. As can be seen in Chart 3, the combined
isolated yields of IIIa and IIIb were around 50%; there-
fore, we tried to improve the yields by using a base other
than NaH. Alkaline metal carbonates such as lithium
carbonate (Li,COj;), sodium carbonate (Na,CO;), po-
tassium carbonate (K,CO;) and cesium carbonate
(Cs,CO;) were examined for effectiveness in the con-
version of 21a into 1 and 2. Among these carbonates,
K,COj; was found to give the best result, and the isolated
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HN/ *N
base/DMF
1Ila IIIb
R base IMla (isolated yield,%) IIIb
2,4-F, NaH 1(24) 7(18)
K,CO4 1(47) 736)
4-C1 NaH 2 (26) 8(28)
K,CO, 2(38) 8 (50)
4F NaH 3(24) 9(23)
K,CO, 3038) 9 48)
4-CF, NaH 4(32) 10 (24)
4-CF;0 NaH 5(23) 11 (29)
2F NaH 6(24) 12 (25)
K,CO, 647 12(32)
Chart 3

yields were 47% (1) and 36% (2). This reaction condition
was also applied in the synthesis of the 4-Cl, 4-F and 2-F
analogues, and a considerable improvement in isolated
yield was attained, as shown in Chart 3.

The synthesis of tetrazole derivatives (Illc,d) was first
attempted by using NaH as the base, 1 H-tetrazole and the
oxirane 21a. However, the benzofuran derivative 29, which
was possibly formed via isomerization followed by
intramolecular substitution, was obtained as the major
product instead of the desired ring-opening products (13
and 17: trace). We next examined bis(tributyltin)oxide
[(Bu;3Sn),0], because this metal reagent has been reported
to be effective in the synthesis of propanol analogues.!?
However, this reaction required a very long reaction period
(>7d), and the combined isolated yield of 13 and 17 was
less than 20% (Chart 4). On the basis of the satisfactory
results in the case of the 1,2,3-triazoles described above,
we tested alkaline metal carbonates, Li,CO;, Na,CO,,
K,CO; and Cs,CO;. In the case of tetrazoles , Li,CO,
was found to be the most effective, and the 1 H-1-tetrazolyl
(13: more polar) and 2H-2-tetrazolyl (17: less polar)
compounds were isolated by silica gel column chroma-
tography in 29% and 35% yields, respectively (Chart 4).
The structure of 13 was determined by X-ray crystallo-
graphic analysis (Fig. 1).

The 4-Cl, 4-F and 2-F analogues, IIIc (14—16) and IIId
(18—20), were prepared in the same manner as that used

Fig. 1.

Stereoscopic View of the Molecule of 13

for the synthesis of 13 and 17 in good yields, as shown in
Chart 4. In these pairs of regioisomers, the more polar
substances were assumed to be the 1H-1-tetrazolyl
compounds (14—16), and the less polar isomers were
assumed to be the 2H-2-tetrazolyl compounds (18—20)
by analogy with the case of 13 and 17.

Antifungal Activity

The bis-azole derivatives 111 (1—20) were evaluated for
antifungal activity against C. albicans TA in vitro and in
vivo, and the results are shown in Table II. The in vitro
assay was carried out by a paper disc method (Disc)*® on
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21la—c,f e 1IId
R base solvent e (isolated yield, %) IIId
24-F, (Bu3Sn),0 toluene 13 (6) 17 (9)

(Bu3Sn),0 DMF 13(5) 17(12)

Li;CO;4 DMF 13 (29) 17 (35)

4-Cl Li,CO4 DMF 14 (28) 18 (49)
4-F Li,CO4 DMF 15 (20) 19 (44)
2.F Li;CO; DMF 16 (29) 20 (33)

Chart 4

yeast nitrogen base (YNB) medium and an agar-dilution
method'® on YNB and peptone-yeast extract—glucose
(PYG) media at pH 7.0. The in vitro activities are expressed
as the diameter (mm) of the growth inhibition zone around
a paper disc soaked in a 1 mg/ml solution of the test
compound and as the minimum inhibitory concentra-
tion (MIC; ug/ml). C. albicans TA-infected CDF, mice
(Charles River, Japan) were used for the in vivo assay,>®
and the activity is expressed in terms of ED, (mg/kg; the
dose of the test compound which allowed 50% of infected
mice to survive after oral administration). C. albicans TA
cells were infected intravenously, and the test compounds
were administered orally.

All bis-azole derivatives (1—20) showed growth-
inhibitory activity against C. albicans TA in the paper disc
assay, but the observed MIC values against C. albicans
TA on YNB and PYG media were mostly in the range of
50—100 ug/ml or more. Lower MIC values (6.25—12.5 ug/
ml on PYG medium) were though observed with 7 and
17. Such high MIC values against C. albicans on con-
ventional culture media have often been observed with
triazole antifungals such as fluconazole.

In the in vivo assay, most of the bis-azoles III were found
to have a strong protective effect against C. albicans TA
infection in mice. All 1H-1,2,3-triazol-1-yl derivatives

(IMTa), 2,4-F,- (1: EDs,, 0.28mg/kg), 4-Cl- (2: EDs,,
0.18 mg/kg), 4-F- (3: EDs,, 0.45mg/kg), 4-CF;- (4: EDg,,,
0.18 mg/kg), 4-CF,0- (5: EDs,, 0.32mg/kg) and 2-F-
phenyl (6: EDs,, 0.35mg/kg), had potent activity com-
parable or superior to that of fluconazole (EDs,, 0.29—
0.35mg/kg). 2H-1,2,3-Triazol-2-yl derivatives (I1Ib), 2,4-
F,- (7: EDsq, 0.39mg/kg), 4-Cl- (8: EDs,, 2.0mg/kg),
4-F- (9: EDs,, 2.0 mg/kg), 4-CF;- (10: EDs,, 0.71 mg/kg),
4-CF;0- (11: EDs,, >4.0mg/kg) and 2-F-phenyl (12:
EDs,, 1.41 mg/kg), also showed in vivo antifungal activity
but were inferior to the corresponding 1H-1,2,3-triazol-1-
yl derivatives (I11a).

In the case of 1H-1-tetrazolyl derivatives (IIlc), the
2,4-F,- (13: EDs,, 0.38 mg/kg) and 2-F-phenyl (16: EDs,,
0.35mg/kg) compounds were more potent than the 4-Cl-
(14: EDs,, 0.77mg/kg) and 4-F- phenyl (15: EDs,, 2.0
mg/kg) derivatives. Activities of 2H-2-tetrazolyl com-
pounds (I1Id), 2,4-F,- (17: EDs,, 0.18 mg/kg), 4-CI- (18:
ED;y, 0.35mg/kg), 4-F- (19: ED,, 1.54mg/kg) and
2-F-phenyl (20: ED5,, 0.32 mg/kg), were superior to those
of the corresponding 1H-1-tetrazoyl compounds (IIlc).
Within this tetrazole series (Illc, d), the 2,4-F,-phenyl-2H-
2-tetrazolyl derivative (17) was the most potent, being
about two times more active than fluconazole.
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Experimental

Melting points were determined using a Yanagimoto melting point
apparatus and are uncorrected. IR spectra were measured with a Horiba
FT-200 Fourier-transform IR spectrometer. 'H-NMR spectra were taken
on a Varian Gemini-200 spectrometer with tetramethylsilane as the
internal standard. The following abbreviations are used: s=singlet,
d=doublet, t=triplet, q =quartet, m =multiplet, br =broad. The optical
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rotations were recorded with a JASCO DIP-370 digital polarimeter.
Reactions were followed by TLC on TLC plates, Silica gel 60 F,4,
precoated (E. Merck), or by HPLC using an octadecyl silica (ODS)
column (A-303; Yamamura Chemical Laboratories Co.). Chromato-
graphic separations were carried out on Silica gel 60 (0.063—0.200 mm,
E. Merck).
(2R)-4’-Chloro-2-(3,4,5,6-tetrahydro-2 H-pyran-2-yloxy)propiophenone

(25b, Table III) A mixture of Mg (turnings, 7.47 g, 307 mmol) and 22b
(20 g, 104.4 mmol) in THF (350 ml) was stirred vigorously to initiate the
reaction. When the reaction temperature reached 40 °C, the mixture was

TasLe II.  Antifungal Activity of Bis-azoles (I1I) against C. albicans TA

In vivo In vitro cooled to 35°C in a water bath and 22b (38.9 g, 203 mmol) was added
dropwise to the mixture over a period of 10 min, keeping the reaction
I p.o. Disc MIC temperature at 34—40 °C. The mixture was stirred at 30°C for 1 h and
ED,, YNB YNB PYG then cooled at 0°C in an ice bath. A solution of 24 (60 g, 246 mmol) in
(mg/kg) (mm) (ug/ml) (ug/ml) THF (60 ml) was added dropwise to the mixture over a period of 15 min.
The resulting mixture was stirred at room temperature for 3h, then a
Iila saturated aqueous solution of ammonium chloride (aqueous NH,Cl,
1 0.28 45 > 100 100 120ml) and water (100 ml) were added, and the whole was extracted
2 0.18 35 >100 50 with ethyl acetate (AcOEt, 500 ml). The extract was washed with water
3 0.45 36 > 100 100 and brine and dried over magnesium sulfate (MgSQO,). The solvent was
4 0.18 37 > 100 >100 evaporated in vacuo and the residue was chromatographed on silica gel
5 0.32 40 > 100 > 100 (900 g). Elution with hexane-AcOEt (30:1—-10:1, v/v) gave 25b (66 g)
6 0.35 18 >100 100 as a pale yellow oil.
I1Ib The reaction of 24 with Grignard reagents (23c—e) was carried out
7 0.39 48 > 100 6.25 in a manner similar to that described above to afford the correspond-
8 2.0 40 100 50 ing propiophenone derivatives (25¢c—e), and their spectral data are
9 2.0 37 100 50 summarized in Table III.
10 0.71 41 >100 >100 (2R)-2'-Fluoro-2-(3,4,5,6-tetrahydro-2 H-pyran-2-yloxy)propiophenone
11 >4.09 42 >100 >100 (25f, Table III) Method [: Mg (turnings, 2.36 g, 98 mmol) was added
12 1.41 28 > 100 100 to a mixture of 22f (15.8 g, 90.1 mmol), EtBr (0.95g, 8.7 mmol) and 24
IIc (20 g, 82mmol) in THF (200ml) and the resulting mixture was stirred
13 0.38 40 > 100 100 vigorously to initiate the reaction. Stirring was continued for 2h, then
14 0.77 32 > 100 100 aqueous NH,Cl (80ml) and water (80 ml) were added, and the whole
15 2.0 27 > 100 100 was extracted with AcOEt (400 m}). The extract was washed with water
16 0.35 39 >100 100 and brine and dried over MgSO,. The solvent was evaporated in vacuo
111d and the residue was chromatographed on silica gel (150 g). Elution with
17 0.18 40 100 12.5 hexane-AcOEt (10: 1-7:1, v/v) gave 25f (13.7 g) as a pale yellow oil.
18 0.35 40 >100 100 Method 2: Mg (11 g, 452 mmol) was added to a mixture of 22f (37.5 g,
19 1.54 30 > 100 100 213 mmol) and 24 (100 g, 410 mmol) in THF (450 ml) and the mixture
20 0.32 40 >100 50 was stirred vigorously to initiate the reaction. When the reaction
Fluconazole 0.29—0.35 18 > 100 100 temperature reached 40 °C, the mixture was cooled to 35°C in a water

bath and 22f (41.75g, 239 mmol) was added dropwise to the mixture

a) A life-span-prolonging effect was observed at the dose of 4 mg/kg. over a period of 25 min, keeping the reaction temperature at 40—55°C.

TasLe III.  (2R)-2-(3,4,5,6-Tetrahydro-2 H-pyran-2-yloxy)propiophenones (25)
Yield IR (neat) [a]p (¢, %)
25 R (%) Appearance 'H-NMR (in CDCl3) & Vo °C}

cm~ ! (in MeOH)

b 4Cl 99 Colorless oil  1.46, 1.52 (3H, d each, J=7Hz), 1.10—2.10 (6H, m), 3.30-—4.02 (2H, m), 1697 +41.5
4.57—4.76 (1H, m), 4.90, 5.15 (1H, q each, J=7Hz), 7.30—7.60 (2H, m), (2.5)

7.85—8.20 (2H, m) (25}
¢ 4F 99 Paleyellowoil 1.46, 1.53 (3H, d each, /=7 Hz), 1.40—1.92 (6H, m), 3.31—3.58 (1H, m), 1695 +7.8
3.63—3.96 (1H, m), 4.55—4.80 (1H, m), 4.92, 5.17 (1H, q each, J=7Hz), (0.61)

7.06—7.18 (2H, m), 8.03—8.17 (2H, m) {20}
d 4CF, 74 Paleyellowoil 148, 1.54 (3H, d each, J=7Hz), 1.36-1.92 (6H, m), 3.31—3.58 (1H, m), 1700 +45.6
3.63—3.97 (1H, m), 4.58—4.78 (1H, m), 4.92, 5.18 (1H, q each, J=7Hz), (0.66)

7.70—7.76 (2H, m), 8.14 (1H, d, J=8.2Hz), 8.2 (1H, d, J=8.2 Hz) {20}
e 4-OCF, 100 Pale yellow oil  1.47, 1.52 (3H, d each, J=7Hz), 1.33—2.0 (6H, m), 3.30—4.0 (2H, m), 4.55— 1699 +42.8
4.85 (1H, m), 4.91, 5.16 (1H, q each, J=7Hz), 7.20—7.38 (2H, m), 8.07—8.24 (2.8)

(2H, m) (25}
f 2F  66° Paleyellowoil 143, 1.56 (3H, d each, J=7Hz), 1.39—2.01 (6H, m), 3.32—3.61 (1H, m), 1700 +14.5
48 3.71—3.98 (1H, m), 4.65—4.88 (1H, m), 4.97, 5.19 (1H, q each, J=7Hz), (0.5)

7.08—7.29 (2H, m), 7.46—7.57 (1H, m), 7.83—7.88 (1H, m) {20}

a) In the presence of EtBr. b) Without EtBr.
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The resulting mixture was stirred at 35—40°C for 1.5h then cooled in
an ice bath. Aqueous NH,Cl (200 ml) and water (200 ml) were added,
and the whole was extracted with AcOEt (300 ml x 2, 100 ml). The extracts
were combined, washed with water and dried over MgSO,. The solvent
was evaporated in vacuo and the residue was chromatographed on silica
gel (1 kg). Elution with hexane-AcOEt (15: 1-6: 1, v/v) gave 25f (49 g)
as a pale yellow oil.

2-(4-Chlorophenyl)-2-[(1R)-1-(3,4,5,6-tetrahydro-2 H-pyran-2-yloxy)-
ethylJoxirane (26b) Under a nitrogen atmosphere, trimethylsulfox-
onium iodide (67.8g, 308 mmol) was added portionwise to a stirred
mixture of NaH (60% oil dispersion, 11.8g, 295mmol) and DMSO
(450 ml) under ice cooling over a period of 45 min. The resulting mixture
was stirred at room temperature for 45min and then cooled in an ice
bath. A solution of 25b (69 g, 257 mmol) in DMSO (100 ml) was added
to the mixture and the whole was stirred at room temperature for 2 h.
The mixture was poured into cold water (600ml) and extracted with
AcOEt (400ml, 300mlx2). The extracts were combined, washed
successively with water (150 ml x 2) and brine (100ml), and dried over
MgSO,. The solvent was evaporated in vacuo to give 26b (74.5g) as a
pale yellow oil, which contained a mineral oil and was used for the next

Vol. 43, No. 3

step without purification. A part of the product was purified by
chromatography on silica gel (hexane~AcOEt, 20: 1 —5: 1, v/v) to afford
26b as a colorless oil. IR (neat): 2493, 1558, 1540, 1508, 1456, 1120 cm ™1,
"H-NMR (CDCl;) 6: 1.10—1.26 (3H, m), 1.40—1.95 (6H, m), 2.68—2.80
(1H, m), 3.00—3.37 (1H, m), 3.42—3.95 (2H, m), 4.09, 4.25 (1H, q cach,
J=6.6Hz), 4.68—4.94 (1H, m), 7.22—7.58 (4H, m).

In a similar manner, 26c—f were prepared and used for the next step
without purification.

(3R)-2-(4-Chlorophenyl)-3-(3,4,5,6-tetrahydro-2 H-pyran-2-yloxy)-1-
(1H-1,2,4-triazol-1-yl)-2-butanol (27b, Table IV) 1H-1,2,4-triazole (42.1
g, 610mmol) was added portionwise to a stirred mixture of NaH
(60% oil dispersion, 22.2 g, 560 mmol) and DMF (300 ml) over a period
of 30 min under a nitrogen atmosphere at 0 °C. The mixture was stirred
for 15min at room temperature and the solution of 26b obtained above
(52g) in DMF (50 ml) was added. The resulting mixture was stirred at
80°C for 4h with stirring. After being cooled, the mixture was diluted
with water (400 ml) and the whole was exiracted with AcOEt (200 ml x 3).
The extract was washed with water and brine and dried over MgSO,.
The solvent was removed in vacuo and the residue was chromatographed
onsilica gel (500 g). Elution with hexane~AcOFt (3:2)— AcOEt—acetone

TasLe IV. (3R)-2-(Substituted phenyl)-3-(3,4,5,6-tetrahydro-2H-pyran-2-yloxy)-1-(1 H-1,2,4-triazol- 1-yl)-2-butanol (27)

(N. ou{t

~ NS oTHP

N=/

X
R
e
27 R Y(loe/k; Appearance 'H-NMR (in CDCl,) §
o

b 4-Cl 84 Pale yellow oil ~ 0.92—1.18 (3H, m), 1.40—1.95 (6H, m), 3.40—3.66 (I1H, m), 3.70—4.95 (6H, m), 7.15—8.06
(6H, m)

c 4F 727 Paleyellow oil 0.9, 1.13 (3H, d each, J=6.4Hz), 1.40—1.95 (6H, m), 3.40—3.60 (1H, m), 3.74—4.17 (2H, m),
4.30—5.01 (4H, m), 6.90—7.55 (4H, m), 7.74—8.07 (2H, m)

d 4-CF, 81.7  Pale yellow oil  1.02, 1.13 (3H, d each, J=6.4Hz), 1.45—1.98 (6H, m), 3.46—3.63 (1H, m), 3.88—4.32 (3H, m),
4.55—4.91 (3H, m), 7.36—7.58 (4H, m), 7.77—7.97 (2H, m)

e 4-OCF,; 808 Pale yellow oil 0.95—1.95 (9H, m), 3.40—3.60 (1H, m), 3.75—5.00 (6H, m), 7.05—8.09 (6H, m)

f 2-F 70 Pale yellow oil  0.99, 1.12 (3H, d each, /=6.2Hz), 1.45—1.89 (6H, m), 3.40—3.60 (1H, m), 3.74—4.17 (2H, m),

4.29—5.02 (4H, m), 6.92—7.50 (4H, m), 7.71—8.09 (2H, m).

a) Based on the propiophenone 25.

TABLE V.

(2R,3R)-2-(Substituted phenyl)-1-(1H-1,2,4-triazol-1-yl)-2,3-butanediol (28)

Analysis (%)

28 \((.‘)Zl)d (;"0 Il)virg))’ Formula Caled (Found) 'H-NMR (in CDCl,) § IRCVm(EBr)
c H N

b 4Cl 60 9091 C,,H,CIN,O, 5384 527 1570 097 3H,d, J=THz), 3.48 (1H, 5), 4.12 (1H, q, /= THz), 436 (IH, 3380, 1600,

(A) (53.62 539 1575) br), 454 (iH, d, J=142Hz), 471 (IH, d, J= 142 Hz), 7.16 2H, d, 1512, 1493,

‘ J=$.8Hz), 7.23 (2H, d, J=8.8 Hz), 7.87 (IH, 5), 7.95 (IH, 5) 1365, 1277

¢ 4F 50 102103 C,,H,,FN,0, 5736 562 1672 097 (3H, d, J=6.4Hz), 287 (IH, d, J=8.2Hz), 4.12 (1H, q, J— 3240, 1604,

(A-H) (5759 577 16.73) 6.4Hz), 433 (IH, s), 4.54 (IH, d, J= 14Hz), 472 (1H, d, /= 14Hz), 1512, 1360,

6.92—7.03 (2H, m), 7.15—7.24 2H, m), 7.72 (1H, 5), 7.87 (1H, s) 1280, 1225

d  4CF, 47 133—135 CH,F,N;0, 5183 4.68 13.95 097 3H, d, J=6.4Hz), 2.98 (IH, d, J=8 Hz), 417 (IH, q, J— 3520, 1620,

(A-H) (5174 465 1398) 6.4Hz), 449 (1H, 5), 4.59 (IH, d, J= 14Hz), 475 (1H, d, J=14Hz), 1515, 1412,

7.37 QH, d, J=9Hz), 7.5 (2H, d, J=9Hz), 7.75 (1H, s), 7.87 (1H, s) 1340, 1135

e 4O0CF, 71 103—104 C,H,F,N;0, 4921 445 1324 098 GH, d, J=6.4Hz), 2.90 (IH, d, J=7.6Hz), 4.14 (IH, m), 438 3180, 1595,

(IPE) (4949 450 1326) (IH,s),4.56 (IH, d, J=14.4Hz), 473 (IH, d, J— 14.4Hz), 7.14 QH, 1511, 1415,

d, J=8.4Hz), 7.20—7.32 (2H, m), 7.75 (IH, s), 7.88 (IH, 3 1371, 1279

f 2F 62 65—66 C,HFN;0, 5736 562 1672 098 3H, d, J=6.4Hz), 2.54 (1, d, J=9.8 Hz), 432—4.42 (IH, m), 3400, 1510,

(Et,0) (5748 558 16.88) 4.72 (1H,s), 480 (1H, d, J=14Hz), 4.89 (IH, d, J= 14 Hz), 1490, 1405,

6.92—7.03 (2H, m), 7.19—7.45 (2H, m), 7.80 (1H, s), 782 (1K, s) 1270, 1210

a) Recrystallization solvents: A, ethyl acetate; H, hexane; IPE, diisopropyl ether; Et,O, diethyl ether.
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TasLE VI. (2R,35)-3-Methyl-2-(substituted phenyl)-2-(1H-1,2,4-triazol-1-yl)methyloxiranes (21)
Analysis (%)
: o [edp (e, %)
21 Yield - mp (O) = gl Caled (Found) IH-NMR (in CDCl,) 6 Rv (KB 0ecy
(%) (Solvent) c " N cm (in McOH)
b 4-Cl 88 5153  C,H,CIN;O 57.72 4.84 16.83 1.63 3H, d, J=5.8Hz), 3.15 (1H, q, /J=5.8 Hz), 4.44 (1H, 1597, 1508, —32.5
(IPE) (57.63 4.89 16.83) d, /=14.8Hz), 4.87 (1H, d, J=14.8Hz), 7.10 (2H, dt, J= 1484, 1344, (1.0)
6.6, 7.24 Hz), 7.24 (2H, dt, J=6.6, 2.2Hz), 7.87 (1H, s), 1273
. 7.95 (1H, s)
¢ 4-F 77 54—55 C,,H,FN,0  61.79 519 18.02 1.64 (3H,d, J=56Hz), 3.16 (IH, q, J=5.6Hz), 445 (IH, 1605, 1515, -9.8
(IPE) (6132 523 17.92) d, J=15Hz), 4.84 (1H, d, J=15Hz), 6.89—7.00 (2H, m), 1435, 1350, (1.0)
7.09—7.19 (2H, m), 7.87 (1H, s), 7.93 (1H, s) 1272, 1220
d  4CF, 85 81—82 C,H,F,N,0 5512 427 1483 1.65(3H, d, J=5.6Hz), 3.17 (IH, q, J=5.6Hz), 447 (I1H, 1620, 1510,  —15.7
(IPE) (54.86 428 14.80) d, J=15Hz), 4.94 (1H, d, J=15Hz), 7.30 2H, d, J= 1425, 1330,  (1.05)
8 Hz), 7.53 (2H, d, J=8Hz), 7.87 (IH, s), 7.98 (1H, s) 1270, 1165
e 4OCF, 8 8283 C,H,,F,N,0, 5218 404 1404 164 (3H,d, J=54Hz),3.17 (1H, q, J=54Hz), 446 (1H, 1598, 1512,  —24.8
(IPE) (5237 410 14.07) d, J=14.6Hz), 4.88 (1H, &, J=14.6Hz), 7.11 2H, d, J= 1450, 1346,  (1.0)
9Hz), 7.21 H, d, J=9Hz), 7.89 (1H, s), 7.97 (1H, s) 1272, 1228
f 2-F 77 72—74  C,,H,,FN;0 61.79 5.19 18.02 1.65 (3H, d, J=5.6 Hz), 3.22 (1H, q, J=5.6 Hz), 4.46 (1H, 1598, 1480, =173
(IPE-H) (61.49 517 18.29) d, /=14Hz), 492 (IH, d, J=14Hz), 6.98—7.10 (3H, m), 1410, 1350, (1.0)
7.18—7.29 (1H, m), 7.82 (1H, s), 7.93 (1H, s) 1250, 1105

a) Recrystallization solvents: IPE, diisopropyl ether; H, hexane.

(4:1) gave 27b (53 g) as a colorless oil.

The reaction of 26e—f with 1H-1,2,4-triazole was carried out in a
manner similar to that described above to give 27c—f (Table IV).

(2R,3R)-2-(4-Chlorophenyl)-1-(1 H-1,2,4-triazol-1-yl)-2,3-butanediol
(28b, Table V) TsOH hydrate (28.6 g, 150 mmol) was added to a solution
of 27b (53 g, 150 mmol) in MeOH (500 ml). The mixture was stirred at
room temperature for 1 h and then neutralized with an aqueous solution
of sodium bicarbonate (aqueous NaHCQO,;). The resuiting mixture was
concentrated in vacuo to ca. 100 ml and extracted with AcOEt (400 ml x 3).
The extract was washed with brine, dried over MgSO, and evaporated
in vacuo. Crystallization of the residue from AcOEt gave 28b (12.5g,
31.2%) as white powdery crystals. The mother liquor was concentrated
in vacuo and the residue was chromatographed on silica gel (350g).
Elution with AcOEt-MeOH (50:1-25: 1, v/v) followed by crystalliza-
tion from a mixture of dichloromethane (CH,Cl,) and diisopropy! ether
(iso-Pr,0) gave additional 28b (11.5 g, 28.7%).

The diols 28¢—f (Table V) were prepared from 27c¢—f in a manner
similar to that described above.

(2R,35)-2-(4-Chlorophenyl)-3-methyl-2-(1 H-1,2,4-triazol-1-yl)methyl-
oxirane (21b, Table VI) Methanesulfonyl chloride (6.25 g, 54.5 mmol)
was added to a mixture of 28b (12.4g, 46.3mmol) and triethylamine
(7.6 ml, 54.5mmol) in AcOEt (200 ml) at 0°C. The mixture was stirred
at room temperature for 45min, then washed successively with water
and brine, and dried over MgSQO,. Evaporation of the solvent in vacuo
gave an oil, which was dissolved in a mixture of NaOMe (28% in MeOH,
10.5g, 55mmol) and MeOH (150 ml). The mixture was stirred at 0°C
for 15min, and then concentrated in vacuo. The residue was extracted
with AcOEt (150 ml), and the extract was washed successively with water
and dried over MgSO,,. Evaporation of the solvent in vacuo gave a solid
mass, which was purified by silica gel column chromatography (150 g,
AcOEt-CH,Cl,-MeOH, 16:4:1, v/v). Evaporation of the eluent and
crystallization of the residue from iso-Pr,0 gave 21b (10.2g)'® as
colorless needles.

The oxiranes 21e-—f (Table VI) were prepared in a manner similar to
that described above.

(2R,3R)-2-(2,4-Difluorophenyl)-3-(1 H-1,2,3-triazol-1-yl)-1-(1 H-1,2,4-
triazol-1-yl)-2-butanol (1, Table I) and (2R,3R)-2-(2,4-Difluorophenyl)-3-
(2H-1,2,3-triazol-2-yl)-1-(1 H-1,2,4-triazol-1-yl)-2-butanol (7, Table I)
Method A: NaH (60% oil dispersion, 0.87 g, 21.8 mmol) was added
portionwise to a solution of 1 H-1,2,3-triazole (2.06 g, 29.9 mmol) in DMF
(50ml) at 0°C and the mixture was stirred at room temperature for
10 min. Compound 21a (5.0 g, 19.9mmol) was added and the resulting
mixture was heated at 80 °C for 10h. After being cooled, it was poured

into ice water and the whole was extracted with AcOEt (200 ml x 3). The
extract was washed with brine (100mlx 2), dried over MgSO, and
concentrated in vacuo. The residue was chromatographed on silica gel
(150 g, AcOEt—CH,Cl,-acetone, 1 : 1, v/v). The eluent containing a less
polar isomer was concentrated and the residue was crystallized from
iso-Pr,0 to afford 7 (1.14 g) as a colorless crystalline powder. The eluent
containing the more polar isomer was concentrated in vacuo and the
residue was crystallized from iso-Pr,O to give 1 (1.53g) as colorless
crystals.

Method B: A mixture of 21a (14.6g, 58.1 mmol), 1H-1,2,3-triazole
(6.2g, 87.1 mmol) and K,CO, (24 g, 174mmol) in DMF (140 ml) was
heated at 80 °C for 21 h. AcOEt (140 ml) was added to the mixture, and
the insoluble material was filtered off. The filtrate was evaporated in
vacuo and the residue was partitioned between AcOEt (200 ml) and water
(200 ml). The organic layer was washed with brine (150 ml x 2) and dried
over MgSO,. Purification by silica gel chromatography followed by
crystallization in the same manner as that described in method A gave
1(8.7¢g)and 7 (6.7 g).

The reaction of 21b—f with 1 H-1,2,3-triazole in the presence of NaH
or K,COj; was carried out in a manner similar to that described above
to give the compounds 2—6 and 8—12 (Table I).

(2R,3R)-2-(2,4-Difluorophenyl)-3-(1 H-tetrazol-1-yl)-1-(1H-1,2,4-
triazol-1-yl)-2-butanol (13, Table I) and (2R,3R)-2-(2,4-Difluorophenyl)-
3-(2H-tetrazol-2-yl)-1-(1H-1,2,4-triazol-1-yl)-2-butanol (17, Table I)
Method C: A mixture of 21a (11g, 43.8 mmol), 1H-tetrazole (3.3 g,
47 mmol), (Bu3Sn),0 (2.2ml, 4.3 mmol) and DMF (220 ml) was heated
at 110°C for 7d. The mixture was cooled, the solvent was evaporated
in vacuo and the residue was partitioned between AcOEt (500 ml) and
brine (150 ml). The organic layer was washed with brine (150 ml), and
dried over MgSO,. The solvent was evaporated in vacuo and the resi-
due was chromatographed on silica gel (2kg). Elution with AcOEt—
CH,Cl,~acetone (2:1, v/v) gave 17 as a less polar substance, which
was treated with 4N HCl in AcOEt to give 17-HCI (1.8g) as a col-
orless powder. The eluent containing the more polar isomer was con-
centrated to give 13 (0.65 g) as a colorless crystalline powder.

(2R,3R)-2-(4-Chlorophenyl)-3-(1 H-tetrazol-1-yl)-1-(1 H-1,2 4-triazol-
1-yl)-2-butanol (14, Table I) and (2R,3R)-2-(4-Chlorophenyl)-3-(2H-
tetrazol-2-yl)-1-(1H-1,2,4-triazol-1-yl)-2-butanol (18, Table I) Method
D: A mixture of 21b (2.0 g, 8.0mmol), 1 H-tetrazole (1.11 g, 15.9 mmol),
Li,CO; (5.86g, 79 mmol) and DMF (40 ml) was heated at 110°C for
8h with stirring. The mixture was cooled, AcOEt (100 ml) was added,
and the insoluble material was removed by filtration. The filtrate was
concentrated in vacuo and then the residue was dissolved in AcOEt
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(150 ml). This solution was washed with brine (50 ml x 2) and dried over
MgSO,. The solvent was evaporated in vacuo and the residue was
chromatographed on silica gel (200 g, CH,Cl,-acetone, 3:1-2:1, v/v).
The eluent containing the less polar isomer was concentrated and the
residue was crystallized from iso-Pr,O to give 18 (1.26g) as a colorless
crystalline powder. The eluent containing the more polar isomer was
concentrated to give 14 (0.72 g) as a colorless oil. This oil was dissolved
in AcOEt and treated with HCI to give 14-HCI (0.80 g) as a colorless
powder.

The reaction of 21a,¢,f with [ H-tetrazole in the presence of Li,CO,
was carried out in a manner similar to that described in method D to
obtain I-tetrazolyl (13, 15, 16) and 2-tetrazolyl (17, 19, 20) derivatives
(Table I).

6-Fluoro-2-methyl-3-(1H-1,2,4-triazol-1-yl)methylbenzofuran (29)
Compound 21a (0.502 g, 2 mmol) was allowed to react with 1H-tetrazole
(0.28 g, 4 mmol) according to method A. The product was purified by
silica gel chromatography (AcOEt-CH,Cl,, 4:1) to give 29 (0.045g,
10%) as colorless crystals. mp 105—106 °C (from iso-Pr,0). 'H-NMR
(CDCly) 6: 2.52 (3H, s), 5.38 (2H, s), 6.96—7.01 (1H, m), 7.12—7.28
(2H, m), 7.96 (1H, s), 8.00 (1H, s). Anal. Caled for C,,H,,FN;0: C,
62.33; H, 4.35; N, 18.28. Found: C, 62.11; H, 4.39; N, 18.15.
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