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) . ire high temperatures, longer r jon tim nd, in
Abstract: Condensation of phenol, 1,3-dihydroxybenzene an uire high temperatures, longer reaction times and

1,3,5-trihydroxybenzene with propynoic and propenoic acids a me cases, give lower yields.
ethyl acetoacetate using solid acid catalysts and microwave irraddicrowave irradiation in solvent-free conditions has well
tion produces coumarins in excellent yields. The use of heteroggemonstrated its utility as a convenient energy source in
esociated with conventional (Lewts) acid catalysts. This quik, Y Processe&.The rapid heating induced by the radi-
ficient and environmentally friendly procedure permits the synth .-tlon Iead.sf . the. formation of produpts under mild _re_ac-
sis of substituted coumarins as well as coumarins without 4-alkjP conditions with short reactions times, thus avoiding
substituents, which are the most difficult to synthesize. decor‘_npOSItlon_ or side-reactions and, in many cases, In-
Key words. phenols,a,B-unsaturated carboxylic acids, solid acig¢'€asing Fhe y_'el_ds' Recently, the u§e 6@, under ml-
catalyst, microwave, coumarin derivatives. crowave irradiation has played an important role in rate
enhancement in the Pechmann reaétiand in the syn-
thesis of some 3,4-dihydro-4-phenylcoumarins and 4-

Coumarin and its derivatives find their main application phenylcoumarins when montmorillonite K-10 clay is used

as fragrances, pharmaceuticals and agrochemicals.'? as a catalyst

There have been many synthetic routes to coumarins, in-  In this paper we report on the solid acid-catalysed reaction
cluding the Pechmann?® Perkin® Knoevenagel,® 0Of phenols with carboxylic acids possessing either none,
Reformatsky® and Wittig” reactions. However, the Pech- ~ one or two additional functions that are able to alkylate the
mann reaction has been the most widely applied method benzene nucleus. We examine the condensation of phenol
for preparing coumarins since it proceeds from very sim- (1), 1,3-dihydroxybenzene2) and 1,3,5-trihydroxyben-

ple starting materials and gives good yields of 4-substitut- ~ zene 8) with propynoic acid 4), propenoic acids) and

ed coumarins.® Various procedures have been developed, — ethyl acetoacetat€) using solid acid catalysts and micro-
andin all of these methods mixtures of thereagentsareal- ~ wave irradiation as a quick, simple and environmentally
lowed to stand overnight or for anumber of days, depend-  friendly preparation of coumarin or substituted coumarins
ing on their reactivity, or were heated above 150 °@Scheme 1). All the reactions were carried out at atmo-
Usually these reactions occur by electrophilic aromatkpheric pressure in a focused microwave reactor with
substitutions and generally employ non-regenerable cataeasurement and control of power and temperature. Con-
lysts such as metal chlorides and mineral acids. Howevégnsations were performed in the absence of solvent and
these conventional catalysts have to be used in excess &g@ftion conditions were optimised to obtain the best
they lead to increasing environmental pollution. yield *®

On the other hand, a modification of the Pechmann reac-
tion involves the use of anp-unsaturated carboxylic acid HO._ 0 Y 0. -0
and this permits the synthesis of coumarins substituted ; 4 \(;[j 710
either the pyrone, the benzene ring or Bdtlowever, itis v OH W !
one of the few ways to prepare coumarins that do not be \Q/ + or ot acid oot or
a 4-alkyl substituent, compounds that are impossible

. . HO. (0] Y. O. O
obtain by a normal Pechmann reaction approach. The 1 * ;/( s i
action was shown to proceed through esterification fo ~ ** #
lowed by ring closure, both of which are proton- X
catalysed?

Consequently, there is a need for efficient and heteroge-
neous catalytic methods for this reaction using inexperchemel
sive, easily handled and non-polluting catalysts.

sRue fr!a; se 2%?;[ e(’g c?;ms?gzlngcsﬂﬁ‘o?i/c Z?:Iildd rgg:gfsﬁﬁgssme results of a comparative study of the synthesis of cou-
S ZEOlItes,clay .~ .marins by classical heating using solid acid catalysts, both

result n simplified product recovery and a reduction 'With and without solvent, and microwave irradiation are

undesirable waste streams. However, such catalysts {fown in Table 1. From these results it is clear that the re-

1: X=Y=H; 2: X=H, Y= OH; 3: X=Y= OH, for compounds 7-12 see Table 1.
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action time is reduced from several hoursto only afew vyield (97%) by employing Amberlyst-15 under micro-
minutes on using microwave irradiation, indicating that ~ wave irradiation.
microwaves play an important role in rate enhancement in

these reactions. The products are also obtained in excel-

lent yields with the exception of the reaction of phenol ~ H° OH BO-A° mw  HO O\ #°
(entry 1), and thisisdueto the lower activation of the ben- \©/ * oq Solid acid catalyst -
zene ring. However, a similar reaction between phenol 2 p

and propenoic acid catalysed by Zeolite H-Betain toluene
at 111 °C after 24 h gave the corresponding coumarin$gheme2

13

only 6% yield©
Open-chain products were not detected in any of tlTable 2: Synthesis of 7-hydroxy-4-methylcoumarin catalysed by solid
above cases. acid catalysts using microwave irradiation or classical methods.
. ; . Fod . Reaction conditions®

Onthe ot_her hand, on employing microwave |rrad|af[|0n | Entry Catalyst  |Microwave irradiation Thermal Heating | Yield %
the reaction of 1,3-dihydroxybenzene and propynoic ac| 1 Amberlyst |5 min 60W 90°C” 97
(entries 3-6) we selectively obtained couma8rand9 2| sulutioacid,® | 2 min Unknown temp 2

. . . . . . mberlyst 4 h toluene reflux 81
with an improvement in the yield in the synthesis of 7-hy| 4 Mont. K10 4h150°C 96
drOXyCOUmarin $) * molar ratio 1,3-dihydroxybenzene:ethyl acetoacetate (1:1)

® Temperature determined at the end of the reaction

Moreover, under microwave conditions (entry 9) we were

able to avoid the formation of 3,4,6,7-tetrahydroben-

zo[1,2-b:5,4-b']-dipyran-2,8-dione, a compound that iAs can be seen in Table 2, the reaction time was lower in
formed by two consecutive reactions when a solvent gemparison to classical conditions (entriegs13 and 4)
used in the reaction (entry 1%1). while yields were improved in relation to previously re-

In order to assess the efficiency of our procedure, ethyl £2rted microwave conditions using mineral acids (entries
etoacetate was allowed to react with 1,3-dihydroxybe|Jr-V_S- 2). These facts demonstrate the utility of using solid
zene (Pechmann reaction) as an approach to 4-substit €tfis: Moreover, under our reaction conditions the hy-

7-hydroxycoumarins. In this case three steps, i.e. trans@&2lYSis oOf thep-keto ester is avoided, whereas this reac-

terification, hydroxyalkylation and dehydration, are intion iS produced to a significant extent (entry 3) when

volved. It is well know that both transesterification angation exchange resins are used.

hydroxyalkylation reactions can be proton-catalySett. In conclusion, the synthesis of a range of coumarin deriv-
Hydroxy-4-methylcoumarin, which is a useful startingatives has been achieved using heterogeneous catalysts
material in the synthesis of an insecticide (Hymerainder microwave irradiation. Two types of reaction, i.e.
cromone), is obtained in this reactiorgimas quantitative the reaction of phenols with,3-unsaturated carboxylic

Tablel: Synthesis of coumarin derivatives without 4-substituents, catalysed by solid acid catalysts using microwave irradiation or classical
methods.

Reaction conditions
Entry Substrate Reactant | Ratie® Catalyst Microwave irradiation” Thermal Heating Product Yield %
1 @/"H ”")/’ 1:12 | Dowex 50X2-200 15 min 180W 120 °C @(0;/(0 41
2 1 Z 4 1:1.2 Dowex 50X2-200 15 min 120 °C 7 Z 0
. HO 0.0
3 1:1.5 | Dowex 50X2-200 10 min 30W 120 °C m 8:69 + 9:31
4 HO. OH HO.__O 1:1.5 Dowex 50X2-200 4 min 30W 84 °C 8 +/ 8:56
0.0
S \O/ ; 4 1:1.5 Dowex 50X2-200 10 min 120 °C 8: <1
2 Z
6 1:1 Amberlyst ** 20 h. p-CIC¢H,CH; 150 °C 4 8:40
OH
7 | ™ 1 mo_o | 1:15 | Dowex 50X2-200 11 min 30W 80 °C o 0 98
8 3 /j . | 1115 | Dowex 50X2-200 11 min 80 °C 10 # 47
OH OH
9 1:2 Mont. KSF 10 min 30W 95 °C 72
HO. OH HO.__0 HO 0.0
10 \©/ j 1:2 Mont. KSF 10 min 95 °C m 0
11 2 _ 1:1 Amberlyst™ 4 h toluene reflux n 73°
1z | " 1w o 12 Mont. KSF 10 min 180W 110°C Ho O 84
13 3 j s 1:2 Mont. KSF 10 min 110°C 12 22
OH OH

* molar ratio phenol derivative:carboxylic acids
® Temperature determined at the end of the reaction
¢ In addition to this product trace amounts of 3,4,6,7-tetrahydrobenzo[1,2-b:5,4-bldipyran-2,8-dione were detected.
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acids and the Pechmann reaction, are readily catalysed by
cation-exchange resins such as Dowex or Amberlyst and
Montmorillonite. By choosing the appropriate reactants a
variety of coumarin derivatives can be synthesized.
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