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(4,5,6,7-Tetrahydroindol-2-yl)alkynes,
tetrahydroindoles with aroyl(hetaroyl)bromoalkyr@sethyl bromopropynoate in the prese

of K;CGQ;, regioselectively cyclize with hydroxylamine tdter 3- or 5-(4,5,6,7-tetrahydroindol
2-yl)isoxazoles depending on the acidity of thectiea mixture: in the presence of acetic acid 3
isomers are formedcd. 100% selectivity), while under neutral condits the reaction
switched to 5-isomers (94-97% selectivity).

synthesizedoy  cross-coupling of 4,5,6,7

2009 Elsevier Ltd. All rights reserved

1. Introduction

Isoxazoles and their derivatives are importantfetid for the
synthesis of various natural compounds and theigeners. The
interest in isoxazoles is steadily growing as tlaeg potent,
selective agonists for human cloned dopamine D4ptecs?
GABA, receptor antagoniét,COX-2;" tyrosine kinaseandHIV-

1 replicatiofi inhibitors, exhibit analgesic,antinflammatory’
anticancef,  antimicrobial  (including  antituberculdf),
antifungal** antiviral’® antipsychotid® and hypoglycemié
activities. Many known drugs (sulfisoxazof@s,antibiotics:
oxacillin, cloxacillin and dicloxacillit® isocarboxazide, a
monoaminoxidase inhibitor used in psychotherdmnd agarin,
which acts on the central nervous sysf@ncontain isoxazole
rings. Fused isoxazoles are present in the striafiranabolic
steroid$® and compounds possessing antimetastatic activity.

The high potential of isoxazoles as protecting fioms and
their tendency to be converted into other funclities ensure
their wide spread use in organic synthésis.

As important areas of isoxazole application intBnsthe
search for shorter and simpler routes to their hdegivatives,
including their ensembles with other heterocyclearticularly
with pyrrole or indole rings increases. The lattexry additionally
improve pharmaceutically targeted properties of¢hensembles.
This is supported for instance by the fact thatrgyt- and
indolylisoxazoles are selective inhibitors of pint&inase C°

used as fatty acid amide hydrolase inhibiforand agonists ai7
nicotinic  acetylcholine  receptofs, have anticance?,
antimicrobiaf* and anti-inflammatory activities.

Among the known methods of isoxazole synthesis3[2+
cycloaddition of 1,3-dipoles to alkynes and thectiem of
hydroxylamine with 1,3-diketone or anp-unsaturated ketones
are the most importaft. Although frequently used, majority of
the above routes lead to mixtures of regioisorfiéfsHowever,
in some cases, the reactions can be directeddotise formation
of a single isomer by changing either the procesulitions or
the substrate structure. For example, ethynyl letobearing
amino acid moieties react with hydroxylamine in gresence of
pyridine to form a mixture of regioisometswhile without
pyridine, selective oximation of the carbonyl growpith
following cyclization occurd’ On the contrary, for the selective
oximation of the carbonyl group in diphenylpropyesnpyridine
is required, whereas other isomer is formed wittdiwm
carbonaté®  Gemdifluoroethynyl  ketones  give  with
hydroxylamine both the expected isomers of isoxegolith or
without pyridine?®

In spite of that, the control of regioselectivitf/tbe isoxazole
synthesis remains a challenge for organic chemistry

A few known regioselective syntheses of isoxazolasprise
of the addition of hydroxylamine to-benzotriazolyle,f-
unsaturated keton8sand B-dimethylaminovinyl ketones, the
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reactions of chalcones with hydroxylamine hydroddie using  Table2
K,CO, as solid support under microwave conditidhs,
cyclization of a,f-unsaturated aldehydes/ketones witk-
hydroxyl-4-toluenesulfonamid®, a ruthenium (1)3* or
copper()®® catalyzed cycloaddition reaction between nitrile

with NH,OH

Cyclocondensation of 3-(4,5,6,7-tetrahydroindolfg¢propynones 3a-i

oxides and acetylenes, and also four-componentaittien of a sap,ds NHOHHCI/NaOAS A [ A Ng
terminal alkyne, hydroxylamine, carbon monoxided am aryl DMSO, 45-50 °C, 4 h R R2OH
iodide in the presence of a palladium cataf§st. 48
2. Result and discussion NH,OH-HCI / NaOH I\
3a N ON
Here we report an efficient regioselective synthesi (4,5,6,7- DMSO, 45-50 °C, 4 h R \ ’R2
tetrahydroindol-2-yl)isoxazoles that allows the pamation of 916
either 3- or 5-isomers from the same starting neltedepending - -
on media acidity Isoxazolest-16 Yield, % Isoxazoled-16 Yield, %
The method consists of the cyclization of (4,5,6,7- /N\ Ng 85 /N\ Oy o1
tetrahydroindol-2-yl)alkynes 3a-j with hydroxylamine. The b OH J \
former have been synthesized by cross-coupling ,6{647- 4 Ph P 49 D
tetrahydroindolesla-d with aroyl(hetaroyl)bromoalkynega-c
(Table 1) or ethyl bromopropynoate in the presefd€,CO,* N
N9 90 91
|
Tablel Me PH OH
5
The cross-coupling of 4,5,6,7-tetrahydroindoles 1a-d with
aroyl(hetaroyl)bromoalkyneza-c
88
O KyCO
<Z/N\§+Br:22 2-U3 /N\QO
1 R rt,1h 4
R 2a-c R R? 1
1a-d 3aj 76 (H
, , NMR)
Ethynylpyrrole3 Yield, %  Ethynylpyrrole3 Yield, %
/\
Q;B\(O 5437 52
3a H Ph
87 80
/\ /\
QD\(O 68% N 0O 44
3b Me Ph 3g O —
o) /N0
d NN 85 90
/) H Ph
N T _0O 71% N 48 9
3¢ Ph Ph -
A e)
NN 86
A\ Me Ph
N0 70% 67 10
3d N pn - .
Noteworthy, with the excess NaOH (in the system
NH,OH-HCI/NaOH, 1:1.5 molar ratio), 4,5-dihydroisoxkse
/) ols are not detected in the reaction mixture at all
= _0 43 41
3e me _ Apparently, in the presence of acetic acid, thachttof the
O NH,OH nucleophile at the3-acethylenic carbon of ketones
3-(45,6.7-Tetrahyromdol 2-y) 2 propynone@a readty Rl B LRI T RIER o ion takes
cyclize with hydroxylamine (10-fold excess) to give p y! group y

regioselectively  either  3-(4,5,6,7-tetrahydroin@ej)-4,5- place to deliver isoxazoles8), (Scheme 1).

dihydroisoxazol-5-ols 4-8 or 5-(4,5,6,7-tetrahydroindol-2-
ylisoxazoles 9-16 (Table 2). The cyclization can be easily

Scheme 1.

switched from the direction leading exclusivelyisoxazolesA-8 ) ) + %
to the formation of isoxazole3-16 by simple changing of the RN =0 H NS OH _ N
Ar ‘ Ar R

proton concentration in the reaction mixture. Wiies reaction R
is carried out in the presence of acetic acid {OH-HCl/NaOAc,  3ab,df
1:1 system), only isoxazole4-8 are formed, whereas under
neutral or basic conditions (NBH-HCI/NaOH (1:1 or 1:1.5
system), the cyclization takes another pathway todyrce

preferably (94-97% or entirely) isoxazok@46.
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The switch to the formation of isoxazol@sl6 occurs when
the of

the system NBOH-HCI/NaOAc is
NH,OH-HCI/NaOH system, which
electrophilic assistance and hence the common dximaf the
carbonyl group prevails. Interestingly, some othethynyl

replaced by

ketones react with hydroxylamine hydrochloride hie presence

of KOH to selectively yield 4,5-dihydroisoxazol-5-olse.i.the
reaction proceeds across the triple bghd.

In the case of 3-(4,5,6,7-tetrahydroindol-2-yl)+2pynoates
17a-c, easily available from 4,5,6,7-tetrahydroindoliesc and

ethyl bromopropynoat®, the cyclization with hydroxylamine

results in isoxazolinonek8a-c only (Scheme 2, Table 3).
Scheme 2.

Br—-’< NH,OH
OFt 2
la¢ ——— DMSO
KoCO3 OEt 45-50°C, 4 h 18a <

17a c
R =H (a), Me (b), CH=CH, (c)

4,5-Dihydroisoxazol-5-olg, 5, 7 undergo easy aromatization

when refluxing (benzene, 1 h) in the presence @H4$4,0 to
isoxazolesl9-21 in 73-92% yield (Scheme 3).

Scheme 3.
2 TsOHH,0
/N\ \ ROH /N\ No
. NO Na,SO0,, R =
R benzene, R2
4,57 reflux, 1 h 19-21
R2=Ph: R" = H (4, 19), Me (5, 20)

R" = Me, R? = 2-furyl (7, 21)

Under the same conditions dehydrationN\sfinylisoxazole6
is accompanied by devinylation to affolH-isoxazole19 in
58% yield (Scheme 4). Apparently this is a resuit tle
electrophilic addition of water to the vinyl groop isoxazole22
and subsequently decomposition of the hemian28alScheme
4).

Scheme 4.
Ty N TsOH-H,0 T\ NO H,0
N ¢ O N <.
OH -HO =
S P D Ph
6 22
/ \ 7\
. /No N N
/k0H pp, - MeCHO H ‘Ph
23 19

N-Vinyl-derivative 6 has been dehydrated with retentiorNef
vinyl group (Scheme 5) in boiling agqueous methamolthe
presence of NE€O, according to the published procedtfte.

Scheme 5.
/N\ /NO N82CO3 /N\ /No
OH MeOH/H,0 =
~ Ph reflux, 3 h ; Ph

3

In some cases (e.g., witlf R 2-thienyl) the aromatization

is unable to exert the(compound3, Table 3).

4,5-dihydroisoxazol-5-o0l occurs during the syetis

Table 3.
The isoxazoles 19-23, synthesized by dehydration of 3-(4,5,6,7-
tetrahydroindol-2-yl)-4,5-dihydroisoxazol-5-ols
Isoxazoles8 Yield, % Isoxazoles3 Yield, %

7\

N0 89 49

H Ph

19

/\

NTNO 91 79

Me

20 Ph

73

The cyclization of propynone3g in the presence of
NH,OH-HCI/NaOH is accompanied by the cleavage (unber t
action of hydroxide ion) of the acyl-acetylene botal give
terminal acetylene (Scheme 6) that agrees witlieeagports'*

Scheme 6.
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3. Conclusion

In conclusion, we have developed regioselectiveterdio
functionalized tetrahydroindole-isoxazole ensemblessing
nucleophilic addition of hydroxylamine to the tepbond or the
carbonyl group of (4,5,6,7-tetrahydroindol-2-ylaties, the
products of cross-coupling of 4,5,6,7-tetrahydroied with
aroyl(hetaroyl)bromoalkynes or ethyl bromopropyeodt the
presence of KCO; The synthesized compounds represent a new
family of promising precursors for the drug desigmtent
building blocks for heterocyclic synthesis.

4. Experimental section
4.1. General information

IR spectra were obtained on a Bruker IFS-25 spewdter
(400-4000 crit, KBr pellets or thin films) H (400.13 MHz),*C
(100.61 MHz) NMR spectra were recorded on a Brukeaince
400 instrument inCDCl;. The assignment of signals in thé
NMR spectra was made using COSY and NOESY expetsnen
Resonance signals of carbon atoms were assigned loadH-
¥C HSQC and'H-**C HMBC experiments. ThéH and *C
chemical shifts were referenced to HMDS. The chaméhifts
were recorded in ppm.

1-Phenyl-3-(4,5,6,7-tetrahydrd4tindol-2-yl)-2-propynone
3a was prepared according to the procedure rep&ttedhenyl-
3-(1-methyl- @b) and 1-phenyl-3-(1-benzyB¢)-4,5,6,7-
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tetrahydro-H-indol-2-yl)-2-propynones were prepared
according to the published procedtirand 1-phenyl-3-(1-vinyl-
4,5,6,7-tetrahydroH-indol-2-yl)-2-propynone3d was prepared
according to the literature proceddfe.

4.2. General procedure of 1-hetaryl-3-(4,5,6,7-tetrahydro-1H-
indol-2-yl)-2-propynones 3e-j preparation

Equimolar amounts (0.5-1.0 mmol) of 4,5,6,7-
tetrahydroindole 1b-d and hetaroylbromoalkyne2b,c were
ground at room temperature with a 10-fold amoumptwkight) of
K,CGO; in a china mortar for 10 min. The reaction mixtgef-
heated (5-8°C) and within 10 min turned from yellworange-
brown. After 60 min the reaction mixture was placad the
column with ALO; and eluted witm-hexane to afford pure 1-
hetaryl-3-(4,5,6,7-tetrahydroHtindol-2-yl)-2-propynonee-j.

4.2.1. 1-(Furan-2-yl)-3-(1-methyl-4,5,6,7-
tetrahydro-1H-indol-2-yl)prop-2-yn-1-one (3e).

Yield 43%; yellow crystals; mp 138C; [Found: C, 75.92; H,
5.90; N, 5.39. gH1sNO, requires C, 75.87; H, 5.97; N, 5.53%;
vma{KBr) 2170 (=C), 1610 (C=0) cnt; oy (400.13 MHz,
CDCl,) 7.62 (1 H, ddJ 1.7, 0.8 HzH-5 of furan), 7.27 (1 H, dd,
J 3.6, 0.8 HzH-3 of furan), 6.57 (1 H, §1-3), 6.55 (1 H, ddJ
3.6, 1.7 HzH-4 of furan), 3.60 (3 H, s, NMe), 2.55-2.52 (2 H, m
CH,-7), 2.49-2.46 (2 H, m, C+4), 1.84-1.81 (2 H, m, C}6),
1.72-1.69 (2 H, m, CH5); 3¢ (100.6 MHz, CDGJ) 164.2, 153.1,
146.6, 135.7, 119.5, 118.9, 118.2, 112.0, 110.3},98.7, 30.7,
22.8,22.5, 22.3. 22.1.

4.2.2. 3-(1-Benzyl-4,5,6,7-tetrahydro-1H-indol-2-
yl)-1-(furan-2-yl)prop-2-yn-1-one (3f).

Yield 52%; yellow crystals, mp 11%C; [Found: 80.34; H,
5.89; N, 4.24. gH.gNO, requires C, 80.22; H, 5.81; N, 4.22%;
vma{KBI) 2163 (C=C), 1610 (C=0) cn; &y (400.13 MHz,
CDCly) 7.52 (1 H, ddJ 1.7, 0.8 HzH-5 of furan), 7.34-7.30 (2
H, m, H, Ph), 7.28-7.26 (1 H, m, }Ph), 7.12-7.10 3 H, m, H
Ph,H-3 of furan), 6.66 (1 H, 4]-3), 6.47 (1 H, ddJ 3.6, 1.7 Hz,
H-4 of furan), 5.21 (2 H, s, G 2.51-2.48 (2 H, m, CH7),
2.45-2.42 (2 H, m, CH4), 1.77-1.73 (2 H, m, C}b), 1.71-1.67
(2 H, m, CH-5); 8; (100.6 MHz, CDGJ) 164.1, 153.0, 146.6,
136.9, 135.6, 128.4, 127.1, 126.2, 120.0, 119.8.211111.9,
110.5, 95.1, 88.5, 47.8, 22.7, 22.5, 22.4, 22.3.

4.2.3. 1-(Furan-2-yl)-3-(1-vinyl-4,5,6,7-tetrahydro-
1H-indol-2-yl)prop-2-yn-1-one (39).

Yield 44%; yellow crystals, mp 114C; [Found: C, 77.11; H,
5.65; N, 5.30. GH1sNO, requires C, 76.96; H, 5.70; N, 5.28%;
Vmad KBF) 2167 (C=C), 1642 (NCH=CH), 1608 (C=0) crl; 5,
(400.13 MHz, CDGJ) 7.61 (1 H, ddJ 1.7, 0.8 HzH-5 of furan),
7.26 (1 H, dd,J 3.6, 0.8 HzH-3 of furan), 6.98 (1 H, dd] 16.1,
9.1 Hz, Hx), 6.66 (1 H, §J-3), 6.55 (1 H, ddJ 3.6, 1.7 HzH-4
of furan), 5.47 (1 H, dJ 16.1 Hz, H), 5.01 (1 H, dJ 9.1 Hz,
Hyp), 2.66-2.63 (2 H, m, CH7), 2.49-2.46 (2 H, m, C4), 1.83-
1.79 (2 H, m, CH6), 1.74-1.70 (2 H, m, Cb); 8¢ (100.6 MHz,
CDCl;) 164.5, 153.3, 147.2, 135.2, 129.8, 122.1, 12113.1,
112.4,110.1, 104.7, 95.1, 88.1, 24.0, 22.9, 228].

4.2.4. 3-(1-Methyl-4,5,6,7-tetrahydro-1H-indol-2-
yl)-1-(thiophen-2-yl)prop-2-yn-1-one (3h).

Yield 48%; yellow crystals, mp 14@; [Found: C, 71.40; H,
5.57; N, 5.11; S, 11.68%.,§1,sNOS requires C, 71.34; H, 5.61;
N, 5.20; S, 11.90%}ma(KBr) 2163 (C=C), 1598 (C=0) cnf; 5,
(400.13 MHz, CDG) 7.87 (1 H, dd,J 3.7, 1.2 Hz, H-5 of
thiophene), 7.63 (H, dd,J 4.9, 1.2 Hz, H-3 of thiophene), 7.14
(1 H, dd,J 4.9, 3.7 Hz, H-4 of thiophene), 6.59 (1 H,153),
3.61 (3 H, s, NMe), 2.56-2.53 (2 H, m, &), 2.50-2.47 (2 H,
m, CH-4), 1.85-1.80 (2 H, m, C#6), 1.74-1.70 (2 H, m, CH
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5); 6c (100.6 MHz, CDCJ)) 168.7, 144.9, 135.6, 133.4, 132.9,
127.7, 119.5, 119.0, 110.3, 95.5, 88.2, 30.8, 2285, 22.3,
22.1.

4.2.5. 3-(1-Benzyl-4,5,6,7-tetrahydro-1H-indol-2-
yl)-1-(thiophen-2-yl)prop-2-yn-1-one (3i).

Yield 67%; yellow crystals, mp 12@; [Found: C, 76.60; H,
5.45; N, 4.20; S, 9.19.,6H;NOS requires C, 76.49; H, 5.54; N,
4.05; S, 9.28%]vmadKBr) 2157 (C=C), 1603 (C=0) cnt; &y
(400.13 MHz, CDG) 7.64 (1 H, dd,J 3.7, 1.2 Hz, H-5 of
thiophene), 7.58 (1 H, dd,4.9, 1.2 Hz, H-3 of thiophene), 7.32-
7.29 (2 H, m, K Ph), 7.26-7.23 (1 H, m, }Ph), 7.09-7.07 (2 H,
m, H, Ph), 7.03 (1 H, ddj 4.9, 3.7 Hz, H-4 of thiophene), 6.68
(1 H, s,H-3), 5.22 (2 H, s, Ch), 2.52-2.49 (2 H, m, CH7),
2.45-2.42 (2 H, m, CH4), 1.77-1.75 (2 H, m, Cb), 1.71-1.69
(2 H, m, CH-5); éc (100.6 MHz, CDGJ) 169.1, 145.2, 137.2,
135.9, 133.8, 133.4, 128.8, 128.0, 127.5, 126.89.412119.9,
110.9, 95.5, 88.3, 48.2, 23.1, 22.9, 22.8, 22.7.

4.2.6. 1-(Thiophen-2-yl)-3-(1-vinyl-4,5,6,7-
tetrahydro-1H-indol-2-yl)prop-2-yn-1-one (3j).

Yield 41%; yellow crystals, mp 97C; [Found: C, 72.41; H,
5.41; N, 4.86; S, 11.36.,@4:sNOS requires C, 72.57; H, 5.37;
N, 4.98; S, 11.40%Nma(KBr) 2164 (C=C), 1645 (N-CH=CH),
1593 (C=0) cnf; 8y (400.13 MHz, CDG)) 7.87 (1 H, ddJ) 3.7,
1.2 Hz, H-5 of thiophene), 7.65 (1 H, dil4.9, 1.2 Hz, H-3 of
thiophene), 7.14 (1 H, dd,4.9, 3.7 Hz, H-4 of thiophene), 6.99
(1 H, dd,J 16.0, 9.0 Hz, H), 6.68 (1 H, sH-3), 5.44 (1 H, dJ
16.0 Hz, H), 5.04 (1 H, dJ 9.0 Hz, H), 2.67-2.65 (2 H, m,
CH,-7), 2.51-2.48 (2 H, m, C4), 1.84-1.80 (2 H, m, Cib),
1.75-1.71 (2 H, m, CH5); 8¢ (100.6 MHz, CDGJ) 169.2, 145.2,
135.1, 134.1, 133.7, 129.8, 128.1, 122.1, 121.3.211105.1,
95.2, 87.6, 24.0, 22.9, 22.8, 22.7.

4.3. Synthesis of 5-aryl-3-(4,5,6,7-tetr ahydr o-1H-indol-2-yl)-
4,5-dihydroisoxazol-5-ols 4-8 (general procedure)

A solution of NHOH-HCI (2.088 g, 30 mmol) in 4@ (5 mL)
was added to a solution of NaOAc-8H(4.082 g, 30 mmol) in
H,O (5 mL). The resulting solution was added to aitsmh of 1-
aryl(hetaryl)-3-(4,5,6,7-tetrahydrd-tindol-2-yl)-2-propynone
3a,b,d-f (2.95 mmol) in DMSO (50 mL) and the reaction mietu
was stirred at 45-5Q for 4 h. The reaction mixture was cooled
to room temperature, diluted with water (100 mLY aaxtracted
with diethyl ether (5% 30 mL). Ether extracts were washed with
water and dried over N80O,. The residue, after removing
solvent, was fractionated by column chromatogragiiyOs;, n-
hexane : diethyl ether, 4 : 1) to afford target Sharyl-3-(4,5,6,7-
tetrahydroindol-2-yl)-5-aryl-4,5-dihydroisoxazole- 4-8 as
yellow, very viscous oil, which transforms to algel powder on
keeping. In the case of 1-(thiophen-2-yl)-3-(1-\iry5,6,7-
tetrahydro-H-indol-2-yl)prop-2-yn-1-oned) the product of the
reaction is 2-(5-(thiophen-2-yl)isoxazol-3-yl)-1nvi-4,5,6,7-
tetrahydro-H-indole @3).

4.3.1. 5-Phenyl-3-(4,5,6,7-tetrahydro-1H-indol - 2-
yl)-4,5-dihydroisoxazol-5-ol (4).

Yield 85%; yellow very viscous oil; [Found: C, 78;0H,
6.51; N, 9.90. GH1gN,O, requires C, 72.32; H, 6.43; N, 9.92%];
Vma{KBI) 3444 (OH), 3249 (NH), 1608 (C=N) ¢hms, (400.13
MHz, CDCL) 8.81 (1 H, br s, NH), 7.62-7.60 (2 H, mg #Ph),
7.39-7.34 (3 H, m, khp Ph), 6.11 (1 H, s, H-3), 3.53 (1 H, &,
16.9 Hz, CH of isoxazole), 3.39 (1 H, d] 16.9 Hz, CH of
isoxazole), 2.97 (1 H, br s, OH), 2.60-2.57 (2 H,Ghl,-7), 2.47-
2.45 (2 H, m, Ck#4), 1.80-1.78 (2 H, m, C#b), 1.73-1.72 (2 H,
m, CH-6); 3c (400 MHz, CDC}) 151.1, 140.7, 132.7, 128.5,
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128.3, 125.7, 118.8, 118.6, 124.5, 106.8, 49.45,233.0, 22.8, N, 9.45; S, 10.82%]yma(KBr) 1612 (C=N) cril; &, (400.13
22.6. MHz, CDCL) 7.50-7.49 (1 H, m, H-5 of thiophene), 7.43-7.41 (
4.3.2. 3-(1-Methyl-4,5,6,7-tetr ahydro-1H-indol - 2- ;"Og“' H-3 of thiophene), 7.40 (1 H, d#i16.0, 9.0 Hz, k), 7.11-
y1)-5-phenyl-4,5-di hydr oi soxazol-5-0l (5). .09 (1 H, m, H-4 of thiophene), 6.47 (1 HI&3), 6.42 (1 H, s,

. ) _ H of isoxazole), 5.08 (1 H, d,16.0 Hz, H), 5.02 (1 H, d,) 9.0
Yield 90%; yellow very viscous oil; [Found: C, 78;8H, Hz, Hy), 2.72-2.69 (2 H, m, CH7), 2.55-2.52 (2 H, m, CH4),
vma(KBr) 3432 (OH), 1595 (C=N) cff) &y (400.13 MMz, \up, “cpch) 163.7, 156.9, 132.6, 132.5, 129.3, 128.0, 127.8,
CDCly) 7.64-7.62 (2 H, m, biPh), 7.40-7.34 (3 H, m,1Hp Ph), 1569 1204, 120.3, 112.5, 105.7, 98.6, 24.7,, 286, 23.0.

6.11 (1 H, s, H-3), 3.79 (3 H, s, NMe), 3.58 (14, 16.9 Hz,
CH, of isoxazole), 3.46 (1 H, d} 16.9 Hz, CH of isoxazole), 44. Synthesisof 3-aryl(hetaryl)-5-(4,5,6,7-tetrahydro-1H-
2.97 (1 H, br s, OH), 2.56-2.53 (2 H, m, €, 2.48-2.45 (2 H, indol-2-yl)isoxazoles 9-16 (general procedure)

7, LA 241 CE9) LTS E 1 s sounon o o (088 g 20l n 0 6 )
e ' ' = s 5 o "~ was added to a solution of NaOH (1.8 g, 45 mmolH® (5

125.8, 120.4, 118.3, 113.0, 1055, 51.2, 33.2,,22%1, 23.0, mL). This was added to a solution of 1-aryl(hetpB44,5,6,7-

22.2. tetrahydro-H-indol-2-yl)-2-propynones3a-i (2.95 mmol) in
4.3.3. 5-Phenyl-3-(1-vinyl-4,5,6,7-tetrahydro-1H- DMSO (50 mL) and the reaction mixture was stirred%50°C
indol-2-yl)-4,5-dihydroisoxazol-5-ol (6). for 4 h. The reaction mixture was cooled to roommgerature,

Yield 90%; yellow very viscous oil; [Found: C 73;86, 6.60;  diluted with water (100 mL) and extracted with tidtether (5x
N, 9.18. GgH,N,O, requires C, 74.00; H, 6.54; N, 9.08%]; 30 mL). Ether extracts were washed with water arieddover
Vma{KBI) 3414 (OH), 1642 (N-CH=C}J, 1595 (C=N) cri. 54 Na,SO,. The residue, after removal of solvent, was ctlyséal
(400.13 MHz, CDG)) 7.63-7.61 (2 H, m, biPh), 7.53 (1 H, dd, from acetone / O (1:1) to afford target 3-aryl(hetaryl)-5-
J 16.0, 9.0 Hz, K), 7.38-7.36 (3 H, m, kp Ph), 6.18 (1 H, s, (4,5,6,7-tetrahydroHi-indol-2-yl)isoxazol 9-16 as light yellow
H-3), 5.09 (1 H, dJ 16.0 Hz, K), 5.05 (1 H, dJ 9.0 Hz, H,), crystals.

3.58 (1 H, dJ 16.8 Hz, CH of isoxazole), 3.45 (1 H, d, 16.8 ) B ) e 5
Hz, CH, of isoxazole), 2.99 (1 H, br s, OH), 2.70-2.68H2m, sl'fi'sldxizi?ee’zg')_s (4,5,6,7-tetrahydro-1H-indol -2
f';§71)’7€'50'2'47 (2 H, m, CH), 1.81-1.77 (2 H, m, Cb), Yield 85%: light yellow crystals, mp 146-148; [Found: C
.75-1.70 (2 H, m, CH6); 8. (100.6 MHz, CD(CJ) 151.5, 140.6, ; . . - ]
134.1, 133.1, 128.6, 128.4, 125.6, 120.5, 120.3,.61105.6, /0-8% H, 6.13; N, 10.79.@HeN,O requires C, 77.25; H, 6.10;
N, 10.60%]; vma(KBr) 1620 (C=N) cri; &y (400.13 MHz,

105.5,51.0,24.8, 23.4,23.3, 22.8. CDCl3) 8.42 (1 H, br s, NH), 7.82-7.80 (2 H, mpPh), 7.44-

4.3.4. 5-(Furan-2-yl)-3-(1-methyl-4,5,6,7- 7.42 (3 H, m, Hhp Ph), 6.45 (1 H, d) 2.3 Hz, H-3), 6.43 (1 H,
tetrahydro-1H-indol-2-yl)-4,5-dihydroisoxazol-5-ol s, H of isoxazole), 2.64-2.61 (2 H, m, &H), 2.54-2.51 (2 H, m,
(7). CH.-4), 1.86-1.80 (2 H, m, CHb), 1.78-1.73 (2 H, m, C}b);

Yield 80%, yellow crystals, mp 97C; [Found: C, 67.30; H, &c (100.6 MHz, CD(CJ) 164.5, 162.8, 131.3, 129.9, 129.3, 128.9,
6.39; N, 9.66. GHgN,Ozrequires C, 67.12; H, 6.34; N, 9.78%]; 126.9, 119.6, 118.2, 109.2, 93.5, 23.6, 23.1, 22%.

Vmad KBr) 3393 (OH), 1595 (C=N) cth &, (400.13 MHz, 4.4.2. 5-(1-M .
.4.2. 5-(1-Methyl-4,5,6,7-tetrahydro-1H-indol-2-
CDCly) 7.42-7.41 (1 H, mH-5 of furan), 6.53-6.52 (1 H, nH-3 yl)-3-phenylisoxazole (10).

g‘f;g%”h 6537,\],32)6 ¢ (THH"‘ Jrhean), Esc'};o(fli;;(:z;j)‘ Yield 86%; light yellow crystals, mp 116-11%; [Found: C,
8, NMe), 4 ’ '\ 77.67; H, 6.61; N, 9.71.:gH:5N,O requires C, 77.67; H, 6.52; N,

S0 ptes e ot oo 20 s 0 0SS o
T ’ G ' 7.83-7.82 (2 H, m, BPh), 7.45-7.43 (3 H, m, Hp Ph), 6.48 (1

(2 H, m, CH-5), 1.73-1.68 (2 H, m, CHB); 8¢ (100.6 MHz, /" /i % 121 H, s, H of isoxazole), 3.71H3s, NMe).

(1:(')323(35)1%522'13'4581'2’3 %42'1 ,Olgg.g, 21322'72’21819'0’ HBIA1, 550256 (2 H, m, CH7), 2.54-2.51 (2H, m, Ci#), 1.89-1.83
D THE D ABG, 35 L 85 £20 LI (2 H, m, CH-6), 1.76-1.71 (2 H, m, C}b); 8, (100.6 MHz,
4.3.5. 3-(1-Benzyl-4,5,6,7-tetrahydro- 1H-indol - 2- CDCl,) 165.0, 162.4, 133.3, 129.9, 129.4, 128.9, 1261®.8,
yl)-5-(furan-2-yl)-4,5-dihydroisoxazol-5-ol (8). 118.7, 110.4, 95.7, 32.0, 23.4, 23.1, 23.0, 22.8 {elative
Yield 87%; yellow crystals, mp 114-126; [Found: C, 73.03; intensity), m/z: 278 (100) — M 250 (32), 249 (21), 162 (17), 91
H, 6.19; N, 13.39. GH,,N,O; requires C, 72.91; H, 6.12; N, (9), 77 (21), 51 (6).
13.24%]; vma( KBI) 3376 (OH), 1596 (C=N) cih &, (400.13
MHz, CDCk) 7.42-7.41 (1 H, mH-5 of furan), 7.26-7.24 2 H, 4 4 3 5_(1-Benzvi-4.5.6.7-tetrahvdro-1H-indol-2-
m, Hm Ph), 7.21-7.17 (1 H, m, pPh), 7.00-6.98 (2 H, m, ¢ y,')_'3_'phény”§2§gzol’e . etrahydro-2H-indo
Ph), 6.50-6.49 (1 H, nHl-3 of furan), 6.37-6.36 (1 H, ni{-4 of Yield 91%:; light yellow crystals, mp 144-14€; [Found: C,

furan), 6.23 (1 H, s, H-3), 5.57 (1 H, 816.4 Hz, CHP), 5.52 g 431175 56N 7.67. GH,N,0 requires C, 81.33: H, 6.26; N,

L1508 e O 915 (L o doo s cor S0 D ety EE0 e e o
e i I ' 7.72-7.71 (2 H, m, HPh), 7.40-7.39 (3 H, m, ip Ph), 7.30-

brs, OH), 2.53-2.50 (2H, m, GH), 2.46-2.43 2 H, m, CH¥), 750 o' 1 " CH,Ph), 7.22-7.19 (1 H, m, iCH,Ph), 6.99-

1.79-1.74 (2 H, m, CH5), 1.73-1.69 (2 H, m, C}B); 5¢ (100.6

MHz, CDCL) 151.5, 151.3, 143.2, 138.6, 135.6, 128.6, 127.00-27 (2 H. m, I8 CH,Ph), 6.57 (1 H, s, H-3), 6.29 (1 H, s, H of
’ D o 7 2 o - "“Isoxazole), 5.33 (2 H, s, GAh), 2.58-2.55 (2 H, m, GH}),

126.5, 120.3, 119.1, 113.9, 110.7, 108.1, 101.6,,448.4, 23.5, 2.49-2.47 (2 H, m, CK7), 1.83-1.78 (2 H, m, Ci), 1.76-1.72

232,231,223 (2 H, m, CH-5); 6¢ (100.6 MHz, CDGCJ) 164.7 (O-C=), 162.3
4.3.6. 2-(5-(Thiophen-2-yl)isoxazol-3-yl)-1-vinyl- (C=N), 138.0 (CCH,Ph), 133.4 (C-5 of pyrrole), 129.7 §®h),
4,5,6,7-tetrahydro-1H-indole (23). 129.2 (G Ph), 128.7 (& Ph, Gn CH,Ph), 127.2 (@ Ph), 126.7

Yield 79%; light yellow solid, mp 97C; [Found: C, 69.05; H, (CoPh), 125.8 (6 CH,Ph), 119.7 (C-2 of pyrrole), 119.2 (C-4 of
5.41; N, 9.22; S, 11.06.,@4,iN,OS requires: C, 68.89; H, 5.44; pyrrole), 111.11170.3 Hz, C-3 of pyrrole), 95.9 5.9 Hz, CH
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of isoxazole), 48.1 (CHPh), 23.4 (CH5), 23.1 (CH-7), 22.9
(CH-6), 22.1 (CH-4).

4.4.4. 2-(3-Furan-2-yl)isoxazol-5-yl)-1-methyl -
4,5,6,7-tetrahydro-1H-indole (12).

Yield 91%; light yellow crystals, mp 120-122; [Found: C,
71.71; H, 6.35; N, 10.20.,6H:¢N,O, requires C, 71.62; H, 6.01;
N, 10.44%]; vma{KBr) 1622 (C=N) cri; &y (400.13 MHz,
CDCl,) 7.53-7.52 (1 H, m, H-5 of furan), 6.90-6.89 (1rhl, H-3
of furan), 6.51-6.50 (1 H, m, H-4 of furan), 6.48H, s, H-3 of
pyrrole), 6.40 (1 H, s, H of isoxazole), 3.69 (31 NMe), 2.57-
2.56 (2 H, m, CH7), 2.51-2.50 (2 H, m, C{4), 1.85-1.84 (2 H,
m, CH-6), 1.73-1.72 (2 H, m, C}b); éc (100.6 MHz, CDG))
164.7, 154.9, 144.7, 143.7, 133.5, 119.5, 118.8.711110.6,
109.9, 95.1, 32.0, 23.4, 23.1, 23.0, 22.2.

4.4.5. 1-Benzyl-2-(3-furan-2-yl)isoxazol-5-yl)-
4,5,6,7-tetrahydro-1H-indole (13).

Yield 88%; light yellow crystals, mp 144-146; [Found: C,
76.41; H, 6.04; N, 7.92. £H,(N,O, requires C, 76.72; H, 5.85;
N, 8.13%];vma KBF) 1613 (C=N) cnil; 84 (400.13 MHz, CDG))
7.48 (1 H, ddJ 1.8, 0.7 Hz, H-5 of furan), 7.29-7.25 (2 H, m,
Hm Ph), 7.22-7.18 (1 H, m, piPh), 6.97-6.95 (2 H, m, ¢1Ph),
6.81 (1 H, dJ 3.4, 0.7 Hz, H-3 of furan), 6.57 (1 H, s, H-3 of
pyrrole), 6.47 (1 H, dd] 3.4, 1.8 Hz, H-4 of furan), 6.24 (1 H, s,
H of isoxazole), 5.31 (2 H, s, G 2.57-2.54 (2 H, m, CH7),
2.49-2.46 (2 H, m, CH4), 1.81-1.77 (2 H, m, C}b6), 1.76-1.70
(2 H, m, CH-5); 8: (100.6 MHz, CDGJ) 164.3, 154.7, 144.4,
1435, 137.8, 133.6, 128.7, 127.2, 125.7, 119.4.211111.5,
111.3,109.7, 95.1, 48.0, 23.3, 23.0, 22.9, 22.1.

4.4.6. 2-(3-(Furan-2-yl)isoxazol-5-yl)-1-vinyl-
4,5,6,7-tetrahydro-1H-indole (14).

This compound is isolated as mixture with 2-ethyhylinyl-
4,5,6,7-tetrahydroindole. Yield 76%H NMR); 5, (400 MHz,
CDCl,) 7.46 (1 H, dd) 3.6, 1.0 Hz, H-5 of furan), 7.39 (1 H, dd,
J 5.0, 1.0 Hz, H-3 of furan), 7.10 (1 H, d#i5.0, 3.6 Hz, H-4 of
furan), 7.02 (1 H, ddJ 15.9, 8.8 Hz, K), 6.54 (1 H, s, H-3 of
pyrrole), 6.39 (1 H, s, H of isoxazole), 5.16 (1d{J 15.9 Hz,
Hg), 5.13 (1 H, dJ 8.8 Hz, H), 2.67-2.64 (2 H, m, CH7), 2.55-
2.52 (2 H, m, Ck#4), 1.85-1.79 (2 H, m, C#6), 1.77-1.72 (2 H,
m, CH-5).

4.4.7. 1-Methyl-2-(3-thiophen-2-yl)isoxazol-5-yl)-
4,5,6,7-tetrahydro-1H-indole (15).

Yield 80%; light yellow crystals, mp 74-7%&; [Found: C,
67.29; H, 6.00; N, 9.69; S, 11.33,68:6N,OS requires C, 67.58;
H, 5.67; N, 9.85; S, 11.28%];.(KBr) 1616 (C=N) cr; 5,
(400.13 MHz, CDG) 7.47 (1 H, dd,J 3.6, 1.0 Hz, H-5 of
thiophene), 7.39 (1 H, dd,5.0, 1.0 Hz, H-3 of thiophene), 7.10
(1 H, dd,J 5.0, 3.6 Hz, H-4 of thiophene), 6.46 (1 H, s, Hf3 0
pyrrole), 6.37 (1 H, s, H of isoxazole), 3.69 (3+INMe), 2.59-
2.55 (2 H, m, Ck7), 2.53-2.50 (2 H, m, C{#), 1.88-1.82 (2 H,
m, CHy-6), 1.76-1.70 (2 H, m, C}b); 8¢ (100.6 MHz, CDGJ)
165.5, 158.1, 134.0, 131.7, 128.1, 127.8, 127.®.012119.3,
111.1, 96.1, 32.5, 23.9, 23.6, 23.4, 22.7.

4.4.8. 1-Benzyl-2-(3-(thiophen-2-yl)isoxazol-5-yl)-
4,5,6,7-tetrahydro-1H-indole (16).

Yield 90%; light yellow crystals, mp 112-11€; [Found: C,
73.51; H, 5.40; N, 7.80; S, 9.09,8,,N,0S requires C, 73.30;
H, 5.59; N, 7.77; S, 8.90%km(KBr) 1612 (C=N) cri; &y
(400.13 MHz, CDG) 7.36-7.35 (2 H, m, H-5, H-3 of
thiophene), 7.30-7.26 (2 H, m,nHPh), 7.23-7.19 (1 H, m,
Ph), 7.07-7.04 (1 H, m, H-4 of thiophene), 6.9866(2 H, m, tb
Ph), 6.56 (1 H, sH-3 of pyrrole), 6.21 (1 H, s, H of isoxazole),
5.32 (2 H, s, CkPh), 2.58-2.55 (2 H, m, GH), 2.49-2.46 (2 H,
m, CH-4), 1.84-1.78 (2 H, m, C¥b), 1.76-1.71 (2 H, m, CH

Tetrahedron

5); éc (100.6 MHz, CDC)) 164.6, 157.5, 152.8, 137.9, 133.6,
131.0, 128.8, 127.5, 127.2, 127.1, 125.8, 119.8.311111.3,
95.8, 48.1, 23.3, 23.0, 22.9, 22.1.

4.5. Synthesis of 2-(5-arylisoxazol-3-yl)-4,5,6,7-tetrahydr o-
1H-indoles 19-21 (general procedure)

A solution of 3-(4,5,6,7-tetrahydroindol-2-yl)-5y&#4,5-
dihydroisoxazol-5-0M4, 5, 7 (1 mmol) in benzene (10 mL) was
refluxed in the presence gfTsOH-HO (0.009 g, 0.05 mmol)
and NaSQ, (0.284 g, 1 mmol) for 1 h. The cooled reaction
mixture was poured into diethyl ether (30 mL) arastved twice
with solution of NaHC@, NaCl and finally with HO, dried over
MgSQ,. After removal of solvent, the residue was pudfiey
column chromatography (4Ds, n-hexane : diethyl ether, 10:1) to
afford 2-(5-arylisoxazol-3-yl)-4,5,6,7-tetrahydrétindole 19-
21

4.5.1. 2-(5-Phenylisoxazol-3-yl)-4,5,6,7-tetrahydro-
1H-indole (19).

Yield 89%; light yellow solid, mp 208-216C; [Found: C,
77.11; H, 5.98; N, 10.49. ,¢H,¢N,O requires C, 77.25; H, 6.10;
N, 10.60%]; vma(KBr) 1620 (C=N) cri; &y (400.13 MHz,
CDCl3) 8.77 (1 H, br s, NH), 7.79-7.77 (2 H, moI®h), 7.47-
7.41 (3 H, m, bh,p Ph), 6.61 (1 H, s, H of isoxazole), 6.37 (1 H,
s, H-3 of pyrrole), 2.64-2.61 (2 H, m, GH), 2.55-2.52 (2 H, m,
CH,-4), 1.85-1.80 (2 H, m, Cb), 1.79-1.74 (2 H, m, C}b);
8¢ (100.6 MHz, DMSOdg) 6 169.6, 158.1, 132.1, 131.7, 130.7,
128.4,126.9, 119.3, 118.9, 110.6, 99.0, 24.8,, 283, 23.7.

4.5.2. 1-Methyl-2-(5-phenylisoxazol-3-yl)-4,5,6,7-
tetrahydro-1H-indole (20).

Yield 91%; light yellow solid, mp 98-108C; [Found: C, 77.38;
H, 6.36; N, 10.21. ¢H;gN,O requires C, 77.67; H, 6.52; N,
10.06%]; vimax(KBr) 1616 (C=N) crit; &, (400.13 MHz, CDG)
7.80-7.78 (2 H, m, biPh), 7.47-7.41 (3 H, m,p Ph), 6.62 (1
H, s, H of isoxazole), 6.38 (1 H, s, H-3 of pyrol8.82 (3 H, s,
NMe), 2.59-2.56 (2 H, m, CH7), 2.55-2.52 (2 H, m, C{4),
1.89-1.83 (2 H, m, CH5), 1.76-1.71 (2 H, m, C}b); 8¢ (100.6
MHz, CDCL) 168.1, 157.3, 133.1, 129.9, 128.9, 127.5, 125.8,
120.5, 118.1, 110.4, 98.4, 32.7, 23.4, 23.1, 22®2; MS
(relative intensity), m/z: 278 (100) —'M274 (16), 250 (34), 249
(10), 176 (23), 173 (31), 148 (20), 105 (36), 91, @& (36), 51
(8).

4.5.3. 2-(5-(Furan-2-yl)isoxazol-3-yl)-1-methyl-
4,5,6,7-tetrahydro-1H-indole (21).

Yield 73%; light yellow solid, mp 86C; [Found: C, 71.71; H,
6.35; N, 10.04. GH:¢N,O, requires C, 71.62; H, 6.01; N,
10.44%)]; vma(KBr) 1651 (C=N) cril; 8y (400.13 MHz, CDG))
7.52-7.51 (1 H, m, H-5 of furan), 6.88-6.87 (1 H, K3 of
furan), 6.54 (1 H, s, H-4 of isoxazole), 6.52-6(3H, m, H-4 of
furan), 6.37 (1 H, s, H-3 of pyrrole), 3.80 (3 H,NMe), 2.59-
2.57 (2 H, m, Ci#4), 2.54-2.51 (2 H, m, Cj7), 1.89-1.83 (2 H,
m, CH-5), 1.76-1.70 (2 H, m, C#6); 6. (100.6 MHz, CDG))
160.1, 157.1, 144.0, 143.6, 133.4, 120.3, 118.3,,911110.8,
110.2, 98.3, 32.8, 23.5, 23.2, 23.1, 22.3.

4.6. 2-(5-Phenylisoxazol-3-yl)-1-vinyl-4,5,6,7-tetranydro-1H-
indole (22).

A solution of NaCGO; (1.0 g, 9.43 mmol) in kO (5 mL) was
added to a solution of 3-(1-vinyl-4,5,6,7-tetrahgiddol-2-yl)-5-
aryl-4,5-dihydroisoxazol-5-06 (1.151 g, 4.66 mmol) in MeOH
(24 mL). The reaction mixture was refluxed for 3Tthe MeOH
was evaporated under reduced pressure, and theuwsyleyer
was extracted with Ci€l, (3 x 15 mL). The combined organic
extracts were dried over anhydrous,8@,, and the solvent was
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evaporated under reduced pressure. Column chromagtoyg Russian Fund for Basic Research (Grant No. 13-0%91
(SiO,, n-hexane/BEO, 10:1) of the residue afforded isoxaz8te  NNSFC).
(0.663 g, 49%) as light yellow solid, mp 102-1%® [Found: C,
78.57; H, 6.24; N, 9.55. GH,sN,O requires C, 78.59: H, 6.25; N, Referencesand notes
9.65%]; vma{KBr) 1615 (C=N) crit; 8y (400.13 MHz, CDGQ) 1. Baraldi, P. G.; Barco, A.; Benetti, S.; Pollini, B.; Simoni, D.

7.79-7.77 (2 H, m, B Ph), 7.47-7.41 (4 H, m, iHp Ph, H), Synthesis 1987, 857—-869.
6.62 (1 H, s, H of isoxazole), 6.45 (1 H, s, H-3pgfrole), 5.09 2. Rowley, M.; Broughton, H. B.; Collins, I.; Baker,;FEmms, F.;
(1 H, d,J16.0 Hz, H), 5.03 (1 H, dJ 8.9 Hz, H), 2.73-2.70 (2 Marwood, R.; Patel, S.; Ragan, CJ.IMed. Chem. 1996, 39, 1943—

H, m, CH-7), 257-254 (2 H, m, GH4), 1.83-1.76 (4 H, m, 1945.

. Frolund, B.; Jorgensen, A. T.; Tagmose, L.; Stehshd.;
CH2'5'6)' 3¢ (100'6 MHz, CDQD 169.1, 157.5, 133.0, 130.6, Vestergaard, H. T.; Engblom, C.; Kristiansen, lnéhez, C.;

129.5, 128.0, 126.3, 121.2, 120.7, 112.8, 106.6,0.®9.4, 22.3, Krogsgaard-Larsen, P.; Liliefors, J.Med. Chem. 2002, 45, 2454—
24.1, 23.5, 23.4. 2468.
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