ELSEVIER

Available online at www.sciencedirect.com

science (hoinzer:

Tetrahedron
Letters

Tetrahedron Letters 47 (2006) 6479-6483

Efficient microwave-assisted synthesis of
1-(1 H-indol-1-yl)-2-phenyl-3-(1 H-1,2,4-triazol-1-yl)-
propan-2-ols as antifungal agents

Nicolas Lebouvier,® Francis Giraud,* Typhanie Corbin,* Young Min Na,®
Guillaume Le Baut,” Pascal Marchand® and Marc Le Borgne™*

aDepartment of Pharmacochemistry, BioCiT UPRES EA 1155, Faculty of Pharmacy, Nantes Atlantic University,
1 rue Gaston Veil, F-44035 Nantes, France
®Yang Ji Chemical Co. Ltd, 638-6 Sunggok-Dong, Ansan, 425-110 Kyoungki-do, South Korea

Received 21 November 2005; revised 28 March 2006; accepted 29 March 2006

Abstract—New conazole antifungals, in the series of triazole alcohols 23a-d and 24a—e incorporating an indole moiety substituted at
5-position by halogens, a cyano or 4-methoxyphenyl group, have been synthesized by ring opening of corresponding oxiranes 15 and
16. These dihalogeno intermediates and their congeneers could be prepared in high yields by Corey—Chaykovsky reaction under

microwave irradiation.
© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

In recent years, the increase of opportunistic fungal
infections and the emergence of azole resistance strains
have intensified the work of pharmacochemists to devel-
op new antifungal drugs.! Microwave-assisted organic
synthesis has also received great attention due to reduc-
tion in reaction times, minimization of by-products and
increased yields.? So the application of microwaves is a
particularly attractive tool for the preparation of key
intermediates and new bioactive molecules. Loupy
et al.>* have proved that antifungal intermediates such
as 1-(2',4’-dichlorophenacyl)azoles can be synthesized
by a selective microwave solvent free N-alkylation of
azoles with 2,2’ ,4’-trichloroacetophenone.

Oxiranes of 2-(1H-1,2,4-triazol-1-yl)acetophenones are
precursors widely used in the synthesis of conazoles.’
These intermediates are most often prepared by a
Corey—Chaykovsky epoxidation, performed in DMSO,
THF or ionic liquids, in the presence of (i) a base such
as NaH, KOH, or n-BuLi, and (ii) trimethylsulfoxonium
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iodide or trimethylsulfonium iodide.®® To the best
of our knowledge, no report of microwave-assisted
Corey—Chaykovsky epoxidation has been published up
to now. We have experimented the interest of this method
starting with phenacyltriazoles 8 and 9 and confirmed
the generality of the process using five other phenacyl-
triazoles 10-14.

In our ongoing interest in the preparation of new anti-
fungal compounds with indole moiety,® we describe in
the present work application of microwave irradiation
in the synthesis of various 1-(1H-indol-1-yl)-2-phenyl-
3-(1H-1,2,4-triazol-1-yl)propan-2-ols.

The general route for the preparation of indole deriva-
tives 23a—d and 24a-—e is reported in Scheme 1. The first
step consisted in the Nl-alkylation of 1H-1,2,4-triazole
by 2,2’ ,4'-trihalogenoacetophenones 1 and 2 and their
congeneers 3-7. Following the microwave solvent-free
and base-free procedure recently published,* our preli-
minary experiments gave nonreproducible results due
to the problem of homogenization of the reagents on
large scale in our focused microwave oven (open oven,
monomode system). Among the various experimental
conditions tested to synthesize 2-(1H-1,2,4-triazol-1-
yl)acetophenones 8-14, the Nl-alkylation was easily
performed in good yield, using K,CO;3; as a base in
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1 24-diF 8 24-diF
2 24-diCl 9 24diCl
3 4-F 10 4-F

4 4Cl 11 4-Cl
5 4-Br 12 4-Br
6 H 13 H

7 CH, 14 CH,

Scheme 1. Reagents and conditions: (a) K,CO3, 1H-1,2,4-triazole, CH3CN,

(P 50 W), 50 min; (c) NaH, indole derivative, DMSO, rt, 12 h.

acetonitrile for 50 min under microwave irradiation
programmed at 50 W, heating at a fixed temperature
of 85 °C.

The oxirane intermediates were then obtained by the
Corey—Chaykovsky epoxidation, in the presence of tri-
methylsulfoxonium iodide and an aqueous solution of
NaOH, under microwave irradiation for 50 min (P
10 W). In the first assays (Table 1, entries 1-6), we deter-
mined the influence of solvent on the yield of epoxida-
tion of 9 at a temperature of 40 °C. The presence of a
biphasic system (aqueous solution of NaOH and organ-
ic solvent) was necessary to avoid the intermediates and
epoxide degradation. A solvent like dichloromethane,
chloroform, cyclohexane or toluene, at 40°C for
50 min, afforded epoxide 16 in very poor yields (entries
1, 2, 3, and 6) and no result was obtained with water
or DMSO (entries 4 and 5). The influence of reaction
temperature rise was studied in toluene which afforded
the purest compound (entries 6-9); a clear-cut increase
in yield from 5% to 52% and 97% was observed when
temperature moved from 40 to 60 °C and 80 °C; but
heating at 100 °C led to complete degradation of the
epoxide. This mild procedure (entry 8) afforded the de-
sired epoxides 15 and 16 in high yields without further
purification. The present protocol allowed to obtain
the corresponding oxiranes 17-21 (Table 2). Under sim-
ilar experimental conditions (80 °C for 50 min), but
using an oil bath, the same quantity of starting material
furnished 16 in only a 31% yield (entry 10).8 Moreover,
in comparison with the use of ionic liquids, the micro-

Table 1. Influence of solvent, temperature, and activation mode on the
yield of microwave-assisted epoxidation of phenacyltriazole 9

Entry Solvent Temperature (°C) Activation % Yield
1 CH,Cl, 40 MW 10W 26
2 CHCl, 40 MW I10W 7
3 Cyclohexane 40 MW I10W 6
4 Water 40 MWI0OW 0
5 DMSO 40 MW I10W 0
6 Toluene 40 MW I10W 5
7 Toluene 60 MW I0W 52
8 Toluene 80 MW 10W 97
9 Toluene 100 MW I0OW 0

10 Toluene 80 Oil bath 31

15
16
17
18
19
20
21
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Table 2. Synthesis of oxiranes 17-21 by Corey-Chaykovsky reaction
under microwave irradiation (conditions of entry 8, Table 1)

Compd R, % Conversion®
17 4-F 88
18 4-Cl 97
19 4-Br 76
20 H 90
21 4-CH; 100

2 Determined by 'H NMR.

wave application avoids the rearrangement of aceto-
phenones to 2-phenylpropanaldehydes due to the
absence of Lewis acidity.

Finally, the ring opening of oxiranes 15 and 16 was
achieved with various indoles to produce target com-
pounds 23a-d and 24a-e. The reaction was carried out
by addition of oxirane on the sodium salt of the corre-
sponding indole and stirring for 12 h; yields were gener-
ally satisfactory (45-90%) except for compounds 23a,
23b and 24e which were more difficult to purify. The
intermediate indoles 22a-d are commercially available;
5-(4-methoxyphenyl)indole 22e was prepared by Suzuki
Pd-mediated cross coupling reaction between 4-meth-
oxyphenyl boronic acid and 5-bromoindole 22¢. Among
the numerous experimental conditions found in the
1it.,!° we chose to carry out the Suzuki reaction by using
palladium acetate as catalyst and Ba(OH),'8H,O as base
in ethanol/H,O (1/1) for 10 min under microwave irra-
diation (40 W, 80 °C). The desired 5-(4-methoxyphen-
yl)indole 22e was obtained in a 66% yield. In similar
experimental conditions (80 °C, 10 min), operating with
the same quantity of starting materials, the conventional
heating gave a very poor yield of 22e (10%).

In conclusion, we have successfully demonstrated that
the Corey—Chaykovsky epoxidation can be achieved
under microwave irradiation. This mild and original
procedure facilitates the access of oxirane precursors,
which can lead to various 1-(1H-indol-1-yl)-2-phenyl-
3-(1H-1,2,4-triazol-1-yl)propan-2-ols with antifungal
potency. This work constitutes a new illustration of
the utility of microwave application in the synthesis of
new bioactive compounds.
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Table 3. Experimental data of synthesized compounds 8-21 and 22e

Compd R, R, Yield* (%) Mp (°C) Molecular "H NMR (DMSO d)
formula
and weight
8 24-DiIF — 99 98-99 (CH,Cl,) lit."!  C;oH;F>N;0 5.89 (s, 2H), 7.35 (ddd, 1H, J=J =8.9 Hz,
103-105 (223.18) J=24Hz), 7.58 (ddd, 1H, J = 11.6 Hz, J=9.5 Hz,
J=24Hz),8.04 (d, 1H, J = 8.9 Hz),
8.06 (s, 1H), 8.53 (s, 1H)
9 2,4-DiCl — 98 106-107 (CH,Cl)  CjoH,CLN;O  5.90 (s, 2H), 7.67 (dd, 1H, J = 8.4 Hz, J = 1.7 Hz),
lit.'” 113-115 (256.09) 7.85 (d, 1H, J = 1.7 Hz), 8.00 (d, 1H, J = 8.4 Hz),
8.01 (s, 1H), 8.58 (s, 1H)
10 4-F — 91 78-79 (CH,Cl) lit.!!  C;oHgFN;O 6.03 (s, 2H), 7.48 (dd, 2H, J = J = 8.6 Hz), 8.07 (s,
73-75 (205.19) 1H), 8.18 (dd, 2H, J = 8.6 Hz, J = 5.5 Hz), 8.55 (s,
1H)
11 4-Cl — 90 121-122 (CH,Cl)  C;oHsCIN;O 6.03 (s, 2H), 7.77 (d, 2H, J = 8.9 Hz), 8.07 (s, 1H),
lit.'! 110-111 (221.64) 8.10 (d, 2H, J = 8.9 Hz, J = 5.5 Hz), 8.55 (s, 1H)
12 4-Br — 86 167-168 (CH,Cl,)  C,;oHgBrN;O 6.03 (s, 2H), 7.87 (d, 2H, J = 8.6 Hz), 8.02 (d, 2H,
lit.!* 178-180 (266.09) J=8.6Hz, J=5.5Hz), 8.06 (s, 1H), 8.54 (s, 1H)
13 H — 78 108 (CH,Cly/ CioHoN;0 6.03 (s, 2H), 7.64 (dd, 2H, J = 8.0 Hz, J= 7.5 Hz),
MeOH:95/5) lit."? (187.20) 7.76 (d, 1H, J = 7.5 Hz), 8.06 (s, 1H), 8.09 (d, 2H,
117-118 J=8.0 Hz), 8.55 (s, 1H)
14 4-CH; — 70 109-111 (CH5Cl,/  Cy;H;1N;O 2.45 (s, 3H), 5.99 (s, 2H), 7.44 (d, 2H, J = 8.0 Hz),
MeOH:95/5) (201.23) 7.99 (d, 2H, J = 8.0 Hz), 8.05 (s, 1H), 8.54 (s, 1H)
15 24-DiIF — 97 Colorless oil C;1HoF,N;0 2.99 (d, 1H, J=4.9 Hz), 3.13 (d, 1H, J=4.9 Hz),
(237.21) 4.62 (d, 1H, J = 14.7 Hz), 4.81 (d, 1H, J = 14.7 Hz),
7.05 (ddd, 1H, J=8.5Hz, J=2.4Hz, J=0.9 Hz),
7.24 (ddd, 1H, J=10.3 Hz, J = 8.5 Hz, J = 2.1 Hz),
7.31 (ddd, 1H, J=10.7 Hz, J = 9.2 Hz, J = 2.1 Hz),
7.94 (s, 1H), 8.43 (s, 1H)
16 2,4-DiCl — 97 Red oil C1HoCLN;O 297 (d, 1H, J=4.5Hz), 3.17 (d, 1H, J=4.5 Hz),
(270.11) 4.58 (d, 1H, J = 14.9 Hz), 491 (d, 1H, J = 14.9 Hz),
7.15(d, 1H, J=8.2 Hz), 7.39 (dd, 1H, J = 8.2 Hz,
J=2.1Hz), 7.70 (d, 1H, J = 2.1 Hz), 7.95 (s, 1H),
8.44 (s, 1H)
17 4-F — 8P Red oil C;1H,,FN;0 2.90 (d, 1H, J = 4.9 Hz), 3.05 (d, 1H, J = 4.9 Hz),
(219.22) 4.69 (d, 1H, J = 15.0 Hz), 5.06 (d, 1H,
J=15.0 Hz), 7.20 (dd, 2H, J = J = 9.2 Hz), 7.45 (dd,
2H, J=9.2 Hz, J = 6.7 Hz), 7.95 (s, 1H), 8.42 (s, 1H)
18 4-Cl — 95 Red oil C1H|(CIN;O 290 (d, 1H, J=4.9 Hz), 3.08 (d, 1H, J=4.9 Hz),
(235.67) 4.67 (d, 1H, J = 15.0 Hz), 5.10 (d, 1H, J = 15.0 Hz),
7.43 (s, 4H), 7.95 (s, 1H), 8.43 (s, 1H)
19 4-Br — 76° Red oil C;iHoBrN;O  2.89 (d, 1H, J =4.9 Hz), 3.08 (d, 1H, J=4.9 Hz),
(280.12) 4.66 (d, 1H, J=15.0 Hz), 5.11 (d, 1H, J = 15.0 Hz),
7.36 (d, 2H, J = 8.6 Hz), 7.57 (d, 2H, J = 8.6 Hz),
7.95 (s, 1H), 8.43 (s, 1H)
20 H — 90® Yellow oil C;1H;|N;0 2.89 (d, 1H, J = 5.0 Hz), 3.03 (d, 1H, J = 5.0 Hz),
(201.23) 471 (d, 1H, J = 15.0 Hz), 5.06 (d, 1H, J = 15.0 Hz),
7.25-7.49 (m, 5H), 7.93 (s, 1H), 8.41 (s, 1H)
21 4-CH; — 98 Yellow oil C1,H5N;0 2.30 (s, 3H), 2.86 (d, 1H, J = 5.2 Hz), 3.00 (d, 1H,
(215.25) J=5.2Hz), 4.68 (d, 1H, J = 15.0 Hz), 5.03 (d, 1H,
J=15.0Hz), 7.17 (d, 2H, J = 7.9 Hz), 7.29 (d, 2H,
J=17.9Hz), 7.94 (s, 1H), 8.40 (s, 1H)
22e — 4-OMePh 66 98-99 (Cyclohexane) C;sH;3NO 3.81 (s, 3H), 6.50 (d, 1H, J = 2.8 Hz), 7.03 (d, 2H,
(223.27) J=28.8Hz), 7.37 (dd, 1H, J= 8.4 Hz, J = 2.0 Hz),

7.40 (d, 1H, J=2.8 Hz), 7.48 (d, 1H, J = 8.4 Hz),
7.61 (d, 2H, J = 8.8 Hz), 7.78 (d, 1H, J = 2.0 Hz),
11.14 (s, 1H)

#Isolated yield.
® Conversion determined by 'H NMR.

2. Experimental procedures

2.1. Alkylation of 2-chloroacetophenone 2

To a solution of 2,2’,4'-trichloroacetophenone 2 (2.50 g,
11.19 mmol) in 40 mL of acetonitrile was added 1H-

1,2,4-triazole (1.55 g, 22.37 mmol) and K,CO;3 (3.09 g,
22.37 mmol). The reaction mixture was irradiated for
50 min in a microwave oven (Discover, CEM), pro-
grammed to obtain reflux with a maximum power out-
put of 50 W. After cooling, the mixture was filtered
and evaporated under reduced pressure. The residue



6482

N. Lebouvier et al. | Tetrahedron Letters 47 (2006) 6479-6483

Table 4. Experimental data of synthesized compounds 23a-d and 24a-e

Compd R;

R,

Yield (%)

Mp (°C)

Molecular formula

and weight

"H NMR (DMSO-d)

23a

23b

23c

23d

24a

24b

24c¢

24d

24e

2,4-DiF

2,4-DiF

2,4-DiF

2,4-DiF

2,4-DiCl

2,4-DiCl

2,4-DiCl

2,4-DiCl

2,4-DiCl

F

Cl

Br

CN

Cl

Br

CN

4-OMePh

25

18

90

80

73

47

45

46

10

125-126
(Hexane)

96-97
(Hexane)

132-133
(Hexane)

115-116
(Hexane)

145-147
(Hexane)

157-158
(Hexane)

167-168
(Hexane)

165-167
(Hexane)

128-130
(Hexane)

CioH;5F3N4O
(372.34)

C19H15C1F2N40
(388.80)

C19H15BrF2N4O
(433.25)

C20H15F2N50
(379.36)

C19H15C12FN40
(405.25)

C]gH] 5C13N4O
(421.71)

C19H 1 5BrC12N4O
(466.16)

C20H15B1'C12N50
(412.27)

C26H22C12N402
(493.38)

4.54 (d, 1H, J = 14.8 Hz), 4.58 (d, 1H, J = 14.2 Hz), 4.69
(d, 1H, J = 14.8 Hz), 4.88 (d, 1H, J = 14.2 Hz), 6.30 (s,
1H), 6.37 (d, 1H, J = 3.1 Hz), 6.85 (ddd, 1H, J = 8.6 Hz,
J=J=24Hz), 692 (ddd, 1H, J=J =92 Hz,
J=2.5Hz), 7.19 (d, 1H, J= 3.1 Hz), 7.27 (dd, 1H,
J=7.0Hz, J=2.5Hz), 7.16-7.27 (m, 2H), 7.36 (dd, 1H,
J=92Hz, J=43Hz), 7.82 (s, 1H), 8.34 (s, 1H)

4.53 (d, 1H, J = 15.0 Hz), 4.59 (d, 1H, J = 14.4 Hz), 4.70
(d, 1H, J = 15.0 Hz), 4.88 (d, 1H, J = 14.4 Hz), 6.30 (s,
1H), 6.38 (d, 1H, J = 3.1 Hz), 6.85 (ddd, 1H, J =8.9 Hz,
J=J=24Hz), 7.14-7.25 (m, 2H), 7.08 (dd, 1H,
J=8.5Hz, J=18 Hz), 7.28 (d, 1H, J = 3.1 Hz), 7.39 (d,
1H, J=8.5Hz), 7.52 (d, IH, J = 1.8 Hz), 7.83 (s, 1H),
8.34 (s, 1H)

4.54 (d, 1H, J = 14.8 Hz), 4.59 (d, 1H, J = 14.2 Hz), 4.70
(d, 1H, J= 14.8 Hz), 4.88 (d, 1H, J = 14.2 Hz), 6.31 (s,
1H), 6.38 (d, 1H, J = 3.1 Hz), 6.85 (ddd, 1H, J = 8.2 Hz,
J=J=24Hz), 7.15-7.27 (m, 2H), 7.18 (dd, 1H,
J=89Hz, J=1.5Hz), 7.27 (d, 1H, J= 3.1 Hz), 7.36 (d,
1H, J=8.9 Hz), 7.67 (d, 1H, J = 1.5 Hz), 7.83 (s, 1H),
8.34 (s, 1H)

4.60 (d, 1H, J = 15.0 Hz), 4.63 (d, 1H, J = 14.5 Hz), 4.79
(d, 1H, J = 15.0 Hz), 4.90 (d, 1H, J = 14.5 Hz), 6.33 (s,
1H), 6.54 (d, 1H, J = 3.4 Hz), 6.84 (ddd, 1H, J =8.2 Hz,
J=J=25Hz), 7.12-7.26 (m, 2H), 7.38 (d, 1H,
J=13.4Hz),7.45(dd, 1H, J=8.6 Hz, J= 1.2 Hz), 7.54 (d,
1H, J = 8.6 Hz), 7.85 (s, 1H), 8.03 (d, 1H, J = 1.2 Hz),
8.35 (s, 1H)

4.60 (d, 1H, J = 14.4 Hz), 4.74 (d, 1H, J = 15.0 Hz), 4.91
(d, 1H, J=15.0 Hz), 5.29 (d, 1H, J = 14.4 Hz), 6.38 (s,
1H), 6.38 (d, 1H, J = 3.7 Hz), 6.97 (ddd, 1H,
J=J=92Hz, J=24Hz), 7.20 (d, H, J=3.7 Hz), 7.22
(dd, 1H, J = 8.9 Hz, J = 2.1 Hz), 7.27 (dd, 1H, J = 4.6 Hz,
J=24Hz), 7.36 (d, 1H, J=8.9 Hz), 7.49 (dd, 1H,
J=92Hz, J=43Hz), 7.62 (d, 1H, J=2.1 Hz), 7.80 (s,
1H), 8.33 (s, 1H)

4.61 (d, 1H, J = 14.7 Hz), 4.75 (d, 1H, J = 15.0 Hz), 4.92
(d, 1H, J = 15.0 Hz), 5.29 (d, 1H, J = 14.7 Hz), 6.38 (s,
1H), 6.39 (d, 1H, J = 3.7 Hz), 7.12 (dd, 1H, J=8.9 Hz,
J=2.0Hz),7.22(dd, 1H, J=8.5 Hz, J= 2.1 Hz), 7.23 (d,
1H, J=3.7Hz), 7.33 (d, 1H, J = 8.5 Hz), 7.52 (d, 1H,
J=89Hz), 7.54 (d, 1H, J=2.0 Hz), 7.62 (d, 1H,
J=2.1Hz), 7.81 (s, 1H), 8.33 (s, 1H)

4.62 (d, 1H, J = 14.3 Hz), 4.74 (d, 1H, J = 15.0 Hz), 4.92
(d, 1H, J=15.0 Hz), 5.28 (d, 1H, J = 14.3 Hz), 6.38 (s,
1H), 6.38 (d, 1H, J = 3.4 Hz), 7.21 (dd, 1H, J=8.9 Hz,
J=2.1Hz), 7.23 (d, 1H, J=3.4 Hz), 7.24 (dd, 1H,
J=89Hz, J=18Hz), 7.35 (d, 1H, J = 8.9 Hz), 7.48 (d,
1H, J=8.9 Hz), 7.62 (d, 1H, J = 1.8 Hz), 7.68 (d, 1H,
J=2.1Hz), 7.80 (s, 1H), 8.32 (s, 1H)

4.67 (d, 1H, J = 14.7 Hz), 4.78 (d, 1H, J = 15.3 Hz), 5.01
(d, 1H, J=15.3 Hz), 5.29 (d, 1H, J = 14.7 Hz), 6.42 (s,
1H), 6.55 (d, 1H, J = 2.8 Hz), 7.20 (dd, 1H, J=7.3 Hz,
J=2.1Hz), 7.31 (d, 1H, J=7.3 Hz), 7.33 (d, 1H,
J=2.8Hz),7.48 (dd, 1H, J=7.6 Hz, J = 1.2 Hz), 7.63 (d,
1H, J=2.1 Hz), 7.65 (d, 1H, J = 7.6 Hz), 7.84 (s, 1H),
8.05 (d, 1H, J= 1.2 Hz), 8.35 (s, 1H)

3.82 (s, 3H), 4.59 (d, 1H, J = 14.7 Hz), 4.80 (d, 1H,
J=15.0Hz), 4.90 (d, 1H, J=15.0 Hz), 5.32 (d, 1H,
J=14.7Hz), 6.40 (s, 1H), 6.44 (d, 1H, J = 3.1 Hz), 7.03
(d, 2H, J = 8.6 Hz), 7.24 (dd, 1H, J = 8.9 Hz, J = 3.4 Hz),
7.40 (d, 1H, J=8.9 Hz), 7.42 (d, 1H, J = 3.1 Hz), 7.44—
7.53 (m, 1H), 7.57 (d, 1H, J=8.2 Hz), 7.61 (d, 2H,
J=8.6Hz), 7.64 (d, 1H, J=3.4 Hz), 7.71 (s, | H), 7.80 (s,
1H), 8.34 (s, 1H)
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was diluted with H,O and extracted with ethyl acetate;
then the organic layer was washed with brine, dried over
anhydrous sodium sulfate, and concentrated in vacuo.
The residue was purified by silica gel column chroma-
tography using dichloromethane as eluent to obtain 9
as white crystals in a 98% yield.

2.2. Corey epoxidation of phenacyltriazole 9

To a solution of 2-(1H-1,2,4-triazol-1-yl)-2’,4’-dichloro-
acetophenone 9 (0.15 g, 0.59 mmol) in 5 mL of toluene
was added trimethylsufoxonium iodide (0.26 g,
1.17 mmol) and sodium hydroxide (0.23 g, 5.86 mmol,
20% in aqueous solution). The reaction mixture was
irradiated for 50 min in a microwave oven programmed
to maintain a constant temperature (80 °C) with a max-
imum power output of 10 W. After cooling, the mixture
was extracted with ethyl acetate; the organic layer was
washed with brine, dried over anhydrous sodium sulfate,
and concentrated in vacuo to give 16 (97%) as a red oil.

2.3. Suzuki coupling with 5-bromoindole 22¢

Under argon atmosphere, to a solution of 5-bromo-
indole 22¢ (0.80 g, 4.08 mmol) in 10 mL of ethanol/H,O
(1/1) was added 4-methoxyphenylboronic acid (0.76 g,
4.90 mmol), Ba(OH),"8H,0, (3.84 g, 12.24 mmol), and
palladium acetate (0.08 g, 0.41 mmol). The reaction mix-
ture was irradiated for 10 min in a microwave oven pro-
grammed to maintain a constant temperature (80 °C)
with a maximum power output of 40 W. After cooling,
the mixture was filtered and concentrated in vacuo.
The residue was diluted with H,O and extracted with
chloroform. The organic layer was washed with brine,
dried over anhydrous sodium sulfate, and concentrated
in vacuo. The residue was purified by recrystallization
in cyclohexane and 22e was obtained as white crystals
in a 66% yield.

2.4. Ring opening of oxirane 16

Sodium hydride (0.08 g, 3.47 mmol) was dissolved in
DMSO (20mL) and S5-fluoroindole 22a (0.47 g,
3.47 mmol) was added portionwise. After 1h, 2-(2,4-
dichlorophenyl)-3-(1H-1,2,4-triazol-1-yl)-1,2-epoxypro-
pane 16 (0.72 g, 2.67 mmol) in 5SmL of DMSO was
added, and the mixture was further stirred for 12h
under argon. The mixture was diluted with H>,O and
extracted with ethyl acetate. The organic layer was
washed with brine, dried over anhydrous sodium sulfate,
and concentrated in vacuo. The residue was purified by
silica gel column chromatography (ethyl acetate/hexane:
1/1) and 24a was obtained as a yellow powder in a 73%
yield.

Experimental data of all synthesized compounds are
gathered in Tables 3 and 4.
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