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The tandem  Michael  addition/decarboxylation  of
(thio)coumarin-3-carboxylic acids with indoles has been
developed and the biologically important indole-3-substituted
dihydrocoumarins were obtained in good to excellent yields
under catalyst-free conditions.

Both indoles! and 3, 4-dihydrocoumarins? are the privileged
structures of a large number of heterocyclic compounds in nature.
The derivatives of the compounds of these two families exhibit a
broad spectrum of biological and pharmacological properties,3*
which exist in numerous drugs and biologically active natural
products. Due to the high significance of these two classes of
compounds in drug discovery, the synthesis of the compounds
containing both of these two moieties is highly desirable.
However, up to now, only few methods are available for the
synthesis of indole-3-substituted dihydrocoumarins. In 2006,
Tang et al reported a Mg(OTf). catalyzed tandem reaction
involving consecutive Michael additions between indoles, 3-
nitrocoumarins and methyl vinyl ketones which gave rise to
multi-functionalized 3,4-dihydrocoumarins.® Recently, Mattson
disclosed conjugate addition of indoles to coumarins using urea
palladacycles as a hybrid catalyst to prepare this motif.® Besides
conjugate addition, multicomponent reaction can also be
employed to produce indole-3-substituted dihydrocoumarins.
Srivastava et al reported a saccharin-based functional ionic liquid
mediated multicomponent reaction involving Knoevenagel
condensation and Michael addition to yield the indole-3-
substituted dihydrocoumarins efficiently.” Despite the above
protocols to prepare indole-3-substituted dihydrocoumarins, there
are still drawbacks such as the lack of substrate generality and
use of expensive catalyst and reagents. Thus the avoidance of use
of precious catalyst and materials is highly desirable for organic
chemists. During our great interest in manipulation of coumarin
derivatives, we have developed a facile catalyst-free tandem
addition/decarboxylation of 2-alkylazaarenes with
(thio)coumarin-3-carboxylic acids via sp® C-H activation for
efficient construction of azaarenes substituted 3, 4-
dihydro(thio)coumarins.® As a continuation of this work and
development of efficient and green manner to construct
biologically active molecules,® herein we present a facile catalyst-
free tandem Michael addition/decarboxylation reaction to
construct indole-3-substituted dihydrocoumarins in one step from
simple and readily available indoles and coumarin-3-carboxylic
acids (Scheme 1).
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Scheme 1 Tandem Michael addition/decarboxylation of indoles with
(thio)coumarin-3-carboxylic acids.

Our initial study commenced with the conjugate addition of
ss 2-methylindole 1a with coumarin-3-carboxylic acid 2a in the
presence of 10 mol% Sc(OTf)s (Table 1, entry 1). To our delight,
the decarboxylative product 3a was obtained in dioxane at 120°C
in high yield (96%). However, if CH3CO2H (10 mol%) was
exploited as catalyst, product 3a was afforded only in very low
e yield (Table 1, entry 2). The most intriguing result was that when
this reaction was conducted under catalyst-free condition, the
desired product 3a could be obtained in excellent yield (98%)
after isolation (Table 1, entry 3), which was superior to that using
Lewis acids or Brensted acids as catalysts. The employment of
es other solvents, e.g. THF, DMF, CFsCH20H, DCE and toluene,
led to inferior yields (Table 1, entries 4-9), which demonstrated
that the option of solvent was critical this reaction. Furthermore,
the lower temperature was detrimental to the yield of the
transformation (Table 1, entries 10-11). With the optimized
70
Table 1 Optimization of Reaction Conditions @

mCOOH H
+
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1a

Cat.
_
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3a

Entry Cat. Solvent Temp.(°C)  Yield(%)°
1 Sc(OTf)3 dioxane 120 96
2 CH3COOH dioxane 120 24
3 - dioxane 120 98
4 THF 120 87
5 DMSO 120 0
6 DMF 120 59
7 CF3CH,0H 120 52
8 DCE 120 56
9 toluene 120 64
10 dioxane 100 75
11 dioxane 80 72

2 Reactions were conducted with 1a (0.4 mmol), 2a (0.2 mmol), catalyst
(10 mol%) in 1 mL solvent for 48 h. ° Isolated yield.
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Scheme 2 Substrate scope of indoles and coumarin-3-carboxylic
acids ab
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2 Reactions were conducted with indoles 1 (0.75 mmol), coumarin-3-
5 carbpxylic acid 2 (0.3 mmol) in 2 mL dioxane at 120°C for 48 h. ® The
yields indicated are the isolated yield by column chromatography.

conditions in hand, the scope of indoles was investigated and the
results are given in Scheme 2. A series of indoles reacted with 2a
under the optimized condition to produce the corresponding
10 products 3b-3i in modest to excellent yields. Notably, the
substituents in the phenyl ring of indole have a significant
influence on the reactivity. The electron donating group still gave
the desired product in excellent yields (Scheme 2, 3b).
Conversely, an electron-withdrawing substituent such as fluorine
15 Will decrease the nucleophilicity of C3 of indole, thus affording
lower yield (Scheme 2, 3c, 3i). When the N-methyl and N-benzyl
protected 2-methylindoles were exploited as substrates, the
analogous products were generated in moderate yields (3d, 69%
and 3e, 53%). The bulky 2-phenyl indole and 7-methyl indole are
2 also tolerated (Scheme 2, 3f, 3g). Indole gave lower vyield
compared to the electron rich 2-methyl indole and 7- methyl
indole (Scheme 2, 3h). Subsequently, a variety of coumarin-3-
carboxylic acids were examined (Scheme 2, 3j-3p). Different
from substrate 1, the substrates 2 with electron-donating groups
25 gave inferior results and electron-withdrawing groups gave better
results (Scheme 2, 3j-3p) It can be rationalized that the electron-
withdrawing groups such as Cl, Br and NOz in phenyl ring of

coumarin-3-carboxylic acids can increase the electrophilicity of
the alkene to facilitate the conjugate addition effectively.

3 Interestingly, when C6, C8-positions of phenyl ring were
substituted with two bulky tert-butyl groups, the corresponding
product 3p could still be isolated in good yield (70%).

Encouraged by the success of coumarins-3-carboxylic acid, we
extended the substrate scope to thiocoumarin-3-carboxylic acid
35 since thiocoumarin derivatives also exhibit a broad spectrum of
pharmacological properties.®'® Gratifyingly, when thiocoumarin-
3-carboxylic acid 4 was allowed to react with indoles 1, the
corresponding indole-3-substituted 3, 4-dihydrothiocoumarins 5
could be isolated in good to excellent yield (Scheme 3).
40
Scheme 3 Reaction of thiocoumarin-3-carboxylic acids with
indoles 2b
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@ Reactions were conducted with indoles 1 (0.75 mmol), thiocoumarin-3-

45 carbpxylic acid 4 (0.3 mmol) in 2 mL dioxane at 120 °C for 48 h. ® The
yields indicated are the isolated yield by column chromatography. ©
Reation time was 30 h.

To elucidate the reaction mechanism, control experiments
so Were carried out with ethyl coumarin-3-carboxylate 6a, 3-acetyl
coumarin 6b, coumarin-3-phenylsulfone 6c, coumarin 6d and
2H-chromene-3-carboxylic acid 6e under the standard condition.
Remarkably, no reaction occurred and all the substrates remained
intact even in the presence of TfOH catalyst or the reaction
ss temperature was raised to 140 °C. Thus it can be concluded that
the carboxyl group in C-3 position of coumarin was indispensable
for the success of this reaction.!! The failure of the reaction of
2H-chromene-3-carboxylic acid 6e might be rationalized that
without synergistic activation of alkene by carboxylic group and
s lactone moiety, Michael acceptor is not electrophilic enough for
the conjugate addition.
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Scheme 4 Control experiments

According to the experimental results, a possible mechanism
was proposed as follows: the alkene of coumarin-3-carboxylic
s acid is rendered electrophilic synergistically by carboxylic group
and lactone moiety, while hydrogen bond formation between
nitrogen atom and hydroxyl group not only render alkene more
electrophilic but also bring the indole close to electron deficient
double bond for subsequent conjugate addition to afford
10 intermediate A. A subsequent rearomatization followed by
decarboxylation furnishes the product 3.
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Scheme 5 Proposed mechanism.

s Conclusions

In summary, we present a facile catalyst-free tandem Michael
addition/decarboxylation of indoles with (thio)coumarin-3-
carboxylic acids for the efficient construction of indole-3-
substituted  3,4-dihydro(thio)coumarins. A broad scope of

20 coumarins, thiocoumarins and indoles has been defined and the
coupled products were isolated in good to excellent yields. This
tandem reaction provides an efficient and novel protocol to
construct this biologically important architecture without catalyst
in one step.
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