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Syntheses of allyldihydroquinolines: indium-mediated allylations
of EEDQ in the presence of acetic acid

Ji Hee Lee, Jin Sun Kweon and Cheol Min Yoon*

Graduate School of Biotechnology, Korea University, Sungbuk-ku, Anam-dong 1, 5-ka, 136-701, Seoul, South Korea

Received 24 May 2002; revised 14 June 2002; accepted 19 June 2002

Abstract—Indium-mediated allylations of EEDQ with various allyl bromides in the presence of 1.2 equiv. of acetic acid at rt gave
the corresponding allylated dihydroquinolines with high � selectivities in high yields. The allylations of EEDQ with limited
allyltins and allylsilane in the presence of BF3·Et2O at rt gave the corresponding allylated products in high yields. © 2002 Elsevier
Science Ltd. All rights reserved.

Addition reactions of activated aza-aromatics with
organometallic reagents are of great importance for the
synthesis of biologically active nitrogen compounds
including alkaloids.1 Generally, aza-aromatics were
activated by chloroformate and acyl chloride. Nucle-
ophilic reactions of allylic metal reagents such as
allyltins and allylsilanes have been extensively studied
to introduce allylic groups as a versatile carbon func-
tionality.2 The Yamaguchi group reported that allyltins
react readily with activated aza-aromatics in chemo and
regioselective manner, providing an efficient method for
introducing allylic substituent into nitrogen heterocy-
cles.3 Although allylsilanes were widely utilized as an
useful carbon nucleophiles, it has been proven that they
are not nucleophilic enough to react with pyridine
acylated by methyl chloroformate.3a

Considering that the allylsilanes are less reactive4 and
allyltins are toxic in addition to anhydrous condition

and commercial availability of two reagents, an alterna-
tive and complementary allylating reagent which is
nontoxic and reasonably reactive is needed to be devel-
oped. As the reagent, in situ generated allylindium has
been emerged as a new protocol in allylation.5

EEDQ, 2-ethoxy-1-(ethoxycarbonyl)-1,2-dihydroquino-
line, has been known as a coupling reagent6 in the
peptide synthesis and as a reagent in the protection of
2-hydroxycarboxylic acid.7 The two reactions are
reported to proceed through a mixed carbonic anhy-
dride 4 formed from carboxylic acid adduct 3, which in
turn is formed from N-acylquinolinium ion 2 as shown
in Scheme 1. Involvement of N-acylquinolinium ion as
an intermediate occurs to us that EEDQ could be
allylated using allylating reagents under controlled con-
dition. The success of allylation in the presence of a
carboxylic acid as an activating agent are depending on
the relative nucleophilicity of allylindium and carboxyl-

Scheme 1.
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ate. If the nucleophilicity of allylindiums toward N-
acylquinolinium ion 2 is better than that of a carboxyl-
ate, allylated dihydroquinolines could be obtained suc-
cessfully.

Here, we report efficient indium mediated allylations of
EEDQ with various allyl bromides and indium, and
allylations of EEDQ with allyltins and allylsilane.
EEDQ was allylated using various allyl bromides (1.2
equiv.) and indium (1.2 equiv.) in the presence of 1.2
equiv. of acetic acid in THF at rt to give the corre-
sponding allylated dihydroquinolines in high yields
(Scheme 2). EEDQ also was allylated using 1 equiv. of
allyltributyltin, prenyltributyltin and allyltrimethylsi-
lane in the presence of BF3·Et2O (1.1 equiv.) in methyl-
ene chloride at rt to give the corresponding allylated
dihydroquinolines in high yields (Scheme 3).

The indium-mediated allylations were studied systemat-
ically in the presence of various amounts of acetic acid
as one of carboxylic acids (Table 1)8 and in various
solvent systems such as DMF, THF, EtOH and water
(Table 2). At first, a systematic study using allyl bro-
mide as a model was conducted to find the optimum
amount of acetic acid in THF as shown in Table 1. In
the absence of acetic acid, the reaction of EEDQ using
1.2 equiv. of allyl bromide and 1.2 equiv. of indium at
rt after 24 h gave a mixture of �- and �-allyldihy-
droquinolines in overall 25% yield.9 The low yield
seemed to be ascribed to the slow formation of N-
acylquinolinium ion in the absence of activating
reagent. The reaction gave allyldihydroquinolines as a
mixture of � and � regioisomers in 34 and 39% overall
yields, respectively, in the presence of 0.1 and 0.5 equiv.
of acetic acid (entries 2 and 3). In the presence of 1.2
and 2 equiv. of acetic acid, the reactions were complete
in 1 h to give a mixture of �- and �-allyldihydroquino-
lines in 93 and 91% overall yields, respectively. �- and
�-Allyldihydroquinolines in all four reactions were
obtained in similar ratio (about 12:1), irrespective of
overall yields. Therefore, 1.2 equiv. of acetic acid was
an optimum amount of acetic acid.

The allylations of EEDQ with allyl bromide and prenyl
bromide in the presence of 1.2 equiv. of acetic acid at rt
were studied in various solvent systems such as DMF,
ethanol, THF and water, and the results are shown in
Table 2. Among four solvent systems, THF was iden-
tified to be the best solvent system. The allylations with
allyl bromide and prenyl bromide in THF gave the
corresponding allylated products in 93 and 84% yields,

respectively (entry 3 of Table 2). The allylations of
EEDQ with allyl bromide in DMF and ethanol were
complete in 1 h (entries 2 and 4) in relatively low yields.
The low yield in other solvent systems attribute to the
formation of quinoline as a side product. For example,
quinoline in the allylation of EEDQ with allyl bromide
in water after 1 h was obtained in 42% yield (entry 1).
Therefore, a choice of solvent was THF.

Under the optimum conditions, indium-mediated allyl-
ations of EEDQ with various allyl bromides gave the
corresponding allylated dihydroquinolines with high �
selectivities in high yields as shown in entries 1–7 of
Table 3. Quinoline was formed in all of the allylations.
The reaction of EEDQ with propargyl bromide gave a
mixture of �-propargyldihydroquinoline and �-
allenyldihydroquinoline in a 1:3.3 ratio in an overall
33% yield (entry 8). The allylation of EEDQ with

Scheme 3.

Table 1. Allylation of EEDQ using indium in THF

Entry Acetic acid (equiv.) Time (h) Yield (%)a

None 24 251
0.12 24 34

3 39240.5
1.24 1 93

5 2 1 91

a Isolated yields.

Table 2. Allylations of EEDQ in various solvent systemsa

SolventEntry Time (h) Yield (%)b

Water1 1 30
2 74 (44)cEthanol 1
3 93(84)cTHF 1

74 (5)c14 DMF

a Indium (1.2 equiv.), allyl bromides (1.2 equiv.) and acetic acid (1.2
equiv.) were used.

b Isolated yields in the reaction of allyl bromide.
c Isolated yields in the reaction of prenyl bromide.

Scheme 2.



J. H. Lee et al. / Tetrahedron Letters 43 (2002) 5771–5774 5773

Table 3. The allylations of EEDQ with various allyl bromides

cinnamyl bromide gave a mixture of � and � regioiso-
mer in 4:1 ratio, each of which is consisted of two
diastereoisomers in about 1:5 and 1:1.5 ratio, respec-
tively (entry 6). The reaction of crotyl bromide also
gave a mixture of � and � regioisomers in 9:1 ratio,
each of which is consisted of two diastereoisomers in
about 1:1.3 and 1:1.5 ratio, respectively (entry 7). The
ratios of two diastereoisomers and two regioisomers
were determined by the 1H NMR spectrum.

While allylations of quinoline acylated with phenyl
chloroformate using allyltin and allylsilane have been
reported,3f the allylations of EEDQ with allyltin and
allylsilane have not been known, to the best of our
knowledge. EEDQ was allylated using allyltins (1
equiv.) and allylsilane (1 equiv.) in the presence of
BF3·Et2O (1.1 equiv.) as a Lewis acid and the results
are shown in Table 4. The reactions of allyltins were
complete in 15 min at rt to give the corresponding



J. H. Lee et al. / Tetrahedron Letters 43 (2002) 5771–57745774

Table 4. Allylation of EEDQ with allyltin and allylsilane
in the presence of BF3·Et2O

Substrate Yield (%)aTimeEntry

891 2.5 hAllyltrimethylsilane
Allyltributyltin2 15 min 94

3 Prenyltributyltin 15 min 100 (3.6:1)b

a Isolated yields.
b Ratio of � and � regioisomers.

Foundation (KOSEF) made in the program year
2001.
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allylated dihydroquinolines in high yields. The allyla-
tion of EEDQ with allyltributyltin and allyltrimethyl-
silane gave only �-allyldihydroquinoline in high yield.
The reaction of prenyltributyltin gave a mixture of �-
and �-prenyldihydroquinolines in 3.6:1 ratio. Further
studies on the allylation of EEDQ and its analogs with
various allyltins and allylsilanes are under investigation.

In conclusion, indium-mediated allylations of EEDQ
with a variety of allyl bromides in the presence of
indium and acetic acid gave the corresponding allylated
dihydroquinolines with high � selectivities in high
yields. However, the reaction of propargyl bromide
gave �-allenyldihydroquinoline and �-propargyldihy-
droquinoline in low overall yield. The reaction of
EEDQ with allyltin, prenyltin and allylsilane gave the
corresponding allylated products in high yields.

Experimental

A typical procedure of indium-mediated allylations of
EEDQ : To a solution of EEDQ (50 mg, 0.20 mmol) in
HPLC grade THF (3 ml) was added allyl bromide (22
�l, 0.24 mmol), indium (28 mg, 0.24 mmol) and acetic
acid (14 �l, 0.24 mmol) sequentially. The resulting
solution was stirred for 1 h and the reaction was
monitored by TLC using a solution of ethyl acetate and
hexane (1:4). The reaction was concentrated under
reduced pressure. The concentrate was chro-
matographed on silica gel using a solution of ethyl
acetate and hexane (1:10) to give a mixture of �- and
�-allyldihydroquinolines in 12.4:1 ratio in 93% overall
yield (45.9 mg).

A typical procedure of allylations of EEDQ using allyl-
tributyltin and allyltrimethylsilane : To a solution of
EEDQ (50 mg, 0.20 mmol) in HPLC grade of methyl-
ene chloride (3 ml) was added allyltributyltin (65 �l,
0.20 mmol), BF3·Et2O (28 �l, 0.22 mmol, 1.1 equiv.)
sequentially. The resulting solution was stirred for 15
min (reaction was monitored by TLC using a solution
of ethyl acetate and hexane (1:2)) and the reaction was
concentrated under reduced pressure. The concentrate
was chromatographed on silica gel using a solution of
ethyl acetate and hexane (1:10) to give an �-allyldihy-
droquinoline in 94% yield (46.4 mg).
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