LETTER

579

Microwave Irradiation as an Efficient Tool for the Generation of N-Heter o-
cyclic o-Quinodimethanes. Synthesis of Polyheter ocyclic Compounds by

Diels-Alder Reactions

Angel Diaz-Ortiz,* MariaA. Herrero, Antonio de la Hoz, Andrés Moreno, José R. Carrillo
Departamento de Quimica Organica, Facultad de Quimica, Universidad de Castilla-La Mancha, 13071 Ciudad Real, Spain

Fax +34(926)295318; E-mail: Angel .Diaz@uclm.es
Received 13 December 2005

Abstract: Microwave irradiation provides a general methodol ogy
for the generation of o-quinodimethanes derived from 1,2,4-tri-
azine, pyrazole and 1,2,3-triazole. The cycloaddition reactions of
such compounds with electron-deficient dienophiles alow the
corresponding heteropolycyclic adducts to be obtained within 15
minutes in 51-87% yield.
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Heterocyclic o-quinodimethanes are unstable and reactive
dienes that must be generated in situ.® In solution and in
the presence of adienophile the o-quinodimethanes can be
intercepted in aDiels-Alder reaction.? Thisisthe basisfor
the synthesis of a wide range of polycyclic natural prod-
ucts.® Most of the papersin this area describe the genera-
tion of o-quinodimethanes in situ and trapping with
dienophiles to obtain the Diels-Alder adduct. In this re-
gard, the general application of these reactions has not
been fully explored.

The generation of o-quinodimethane derivatives generally
involves harsh reaction conditions under which the
reagents are heated to very high temperatures (frequently
up to 200 °C). Moreover, o-quinodimethanes rapidly
decompose or undergo intramolecular reactions in the
absence of an activated dienophile.

In the last decade, microwave irradiation under solvent-
free conditions has been shown to be a useful energy
source in a wide range of synthetic reactions. The rapid
heating induced by the radiation avoids decomposition of
reagents and/or products, reactions are cleaner and yields
are in many cases higher than those obtained by classical
heating.* For these reasons, the microwave approach
represents a very promising methodology to generate o-
quinodimethane derivatives.

Recently, we studied the microwave-enhanced reactivity
of non-activated dienophiles (aromatic alkynes and en-
amines) towards a pyrazine o-gquinodimethane. This
methodology allowed the corresponding quinoxaines to
be obtained in 33-43% yield.®
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Wewishto report here amicrowave-assisted approach for
the generation and Diels-Alder reactions of o-quinodi-
methane derivatives of 1,2,4-triazine, pyrazole and 1,2,3-
triazoles. These heterocyclic systems have not been as
widely studied as other systems (e.g., indole) and agener-
a synthetic application of o-quinodimethanes derived
from these nitrogen-bearing heterocyclesis lacking — per-
haps owing to the modest results achieved by classical
methods.

The 1,2,4-triazinering systemisakey component of com-
mercia dyes, herbicides and insecticides.® In addition,
some derivatives have shown wide antibiotic and antitu-
mor activities.” Pyrazoles have long been of pharmacol og-
ical interest as antianxiety,® antipyretic, analgesic and
antiinflammatory drugs’® as well as antimicrobials.’®
1,2,3-Triazole is the essential structural unit in a number
of drugs and some of these materials are also potent
HIV-1inhibitors,'* antimicrobial agents,*? or selective B,-
adrenergic receptor agonists.™®

In the last decade, Stephanidou-Stephanatou and co-
workers have studied the generation of o-quin-
odimethanes derived from pyrazole and 1,2,3-triazole.*
The Diels-Alder reactions with electron-deficient dieno-
philes afforded the corresponding adducts in 11-52%
yield.

We report here a general microwave-assisted synthetic
methodology to prepare, in good yields and within afew
minutes, heteropolycyclic compounds derived from 1,2,4-
triazine, pyrazole and 1,2,3-triazole.

Irrediation of bromoderivatives 1, 2 or 3 under solvent-
free conditions in the presence of Nal and a small amount
of DMF (0.1 mL, the presence of asmall amount of DMF
is necessary to dissolve the sodium salt) gave the corre-
sponding o-quinodimethane. Subsequent cycloadditon
with electron-deficient dienophiles afforded the corre-
sponding cycloadducts within 15 minutes in 51-87%
yield (Figure 1 and Scheme 1).% The results are given in
Table 1.

These findings clearly demonstrate that microwaveirradi-
ation provides an excellent way to induce the generation
and Diels-Alder cycloaddition of heterocyclic o-quino-
dimethane derivatives.

All of the products were characterised on the basis of their
spectroscopic and analytical data. Reactions were con-
ducted until the starting bromoderivative had completely
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disappeared. It should be noted, however, that reaction
conditions have not been optimised.

The use of precursor 1 and subsequent elimination of two
equivaents of HBr allowed aromatic products to be ob-
tained.® Precursors 2 and 3 afforded aromatic cyclo-
adducts with triple-bonded dienophiles (such as DMAD)
and p-benzoquinone. However, other double-bonded
dienophiles (N-methylmaleimide and DEAD) led to non-
aromatic adducts.

Bromoderivatives 2 and 3 were prepared from the corre-
sponding diols 17 and 18, respectively, through a nucleo-
philic substitution reaction. In order to increase the
sustainability of the methodology, we performed these
transformations using anionic liquid under microwave ir-
radiation.

In accordance with a recent study by Leadbeater,'” we
prepared and used theionic liquid 19 to obtain 2 and 3. Ir-
radiation of a mixture of the diol, TSOH, the ionic liquid
and xylene (1 mL) at 150 °C for 3.5 minutes afforded the
bromoderivatives2 and 3in 66 and 61% yield, respective-
ly (Scheme 2).28 In the classical procedure, treatment of
the diol with PBry/DMAP in CH,Cl, at room temperature
for 24 hours gave compounds 2 and 3 in 51% and 40%
yield, respectively. These results again demonstrate the
synergy between ionic liquids and microwave irradiation
to accelerate reactions and increase product yields. This
work also constitutes the first application of this reaction
in heterocyclic compounds.
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In conclusion, in this work we have applied microwave
irradiation in the generation and Diels-Alder cycloaddi-
tion of severa heterocyclic o-quinodimethanes. The re-
sults represent a general synthetic procedure to prepare,
within a few minutes, a wide range of heterocyclic com-
pounds in good yields. The novelty of thiswork is not the
synthetic approach employed but the application of
microwave heating in the development of a general syn-
thetic procedure to prepare interesting heteropolycyclic
products in good yields.

Tablel Cycloaddition Reactions between Bromoderivatives 1-3 and Electron-Deficient Dienophiles 47 under Microwave Irradiation

Entry Substrate Dienophile Temp (°C) Product Yield (%)
o) 0
r/N
1 1 | N—Me 90 Lo N—Me 68
N
N
o o)
4 8
r/N CO,Me
2 1 MeO,C—==—CO,Me 90 Lo | 55
5 >N CO,Me
9
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Tablel Cycloaddition Reactions between Bromoderivatives 1-3 and Electron-Deficient Dienophiles 47 under Microwave Irradiation

(continued)
Entry Substrate Dienophile Temp (°C) Product Yield (%)
o) o)
7
3 2 | N—Me 150 N\ | N—Me 80
N
(e} I|3h (e}
4 10
CO,Me
N/
4 2 MeO,C——=——CO,Me 110 \ 51
5 ’T‘ CO,Me
Ph
11
EtO,C CO,Et
N @CT/ 2
N
5 2 N 110 N N 62
SCO,Et '}‘ >Co,Et
6 Ph
12
0 0
6 2 115 N \/ | 58
|
0 Ph o)
7 13
0 o)
N
7y
7 3 | N—Me 150 N m’\'“"e 87
N
0] IIDh o
4 14
N CO,Me
N |
8 3 MeO,C———CO,Me 140 \ 68
5 ’T' CO,Me
Ph
15
EtO,C CO,Et
2 \N //N N/ 2
| NC I
9 3 “COo,Et 120 N ~Co,Et 66
6 Ph
16
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and the corresponding dienophile (2 equiv) wasplaced in an
open vessel and irradiated at 10 W in afocused microwave
reactor (Discover®, CEM) for 15 min. The crude product
was purified by flash column chromatography (silicagel,
Merck type 60, 230400 mesh) using hexane—-EtOAc asthe
€eluent to obtain the adduct.

Data for 8: mp 204-205 °C. *H NMR (500 MHz, CDCl,):
8=3.35(s,3H, CHy), 8.60(s, 1H, H-5), 9.05 (s, 1 H, H-9),
10.14 (s, 1 H, H-3) ppm. *C NMR (125 MHz, CDCly):

8 =25.0(CH,), 126.0(C-5), 126.3(C-9), 132.2, 135.7 (C-9a
and-4a), 143.9, 149.6 (C-8aand -5a), 165.6 (C=0). MS(El):
m/z= 214 [M"].

Datafor 10: mp 165.5-166.5 °C. *H NMR (500 MHz,
CDCl;): 6=2.86(dd, 1H,J = 7.3,15.4 Hz, H-4),2.90 (s, 3
H, CH,), 2.93(dd, 1 H, J=7.3, 16.1 Hz, H-10), 3.23 (dd, 1
H,J=1.6,154Hz, H-4),3.34(dd, 1 H,J=1.6, 7.3 Hz, H-
5),3.36(dd,1H,J=1.8,7.3Hz,H-9),3.55(dd,1H,J = 1.8,
16.1 Hz, H-10), 7.37 (t, 1 H, J= 6.3 Hz, p-H Ph), 7.44 (t, 2
H,J=6.3Hz, mH Ph), 7.46 (t, 2H, J = 6.3 Hz, 0-H Ph),
7.47 (s, 1 H, H-3) ppm. C NMR (125 MHz, CDCly): 6 =
21.1(C-4),21.7 (C-10), 25.3 (CH3), 39.6,39.9 (C-5and -9),
123.5 (m-C), 127.5 (p-C), 129.3 (0-C), 137.7 (C-3), 179.0,
179.4 (C=0), 115.2, 135.9, 139.1 ppm. MS (El): m/z 281
[M7].

Datafor 16: yellow ail. *H NMR (500 MHz, CDCl,): § =
1.26 (m,6H, 2x CH;),4.21(m,4H,2x CH,), 451 (brs, 2
H, H-4aand -7a), 5.30 (br s, 2 H, H-4b and -7b), 7.54 (m, 5
H, Ph) ppm. $3C NMR (125 MHz, CDCly): § = 14.4 (CH,),
42.0,44.3 (C-4 and -7), 63.2 (COOCH,), 122.3 (p-C), 129.3
(m-C), 129.9 (0-C), 140.7 (ipso-C), 155.3, 155.6 (COO0),
136.3 ppm. MS (El): m/z= 345 [M*].
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Experimental Procedure.

A mixture of hydroxyderivative 17 or 18 (1 equiv), ionic
liquid 19 (2.8 equiv), PTSA (2 equiv) and xylene (1 mL) was
placedin an closed vessel and irradiated at 15 W in afocused
microwave reactor (Discover®, CEM) for 3.5 min (final
temperature 150 °C). The organic layer was separated from
this two-phase system. The ionic liquid was washed with
xylene (2 x 1 mL). The combined organic layers were dried
with MgSO, and the solvent removed at reduced pressure.
The resulting bromoderivatives, 2 or 3, can be directly
employed or purified by flash column chromatography
(silicagel, Merck type 60, 230400 mesh) using hexane—
EtOAc 2:1 asthe eluent.
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