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Quinoline and isoquinoline activated by phenyl chloroformate 
were allylated using indium and allyl bromides in THF at room 
temperature to give the corresponding allyldihydroquinoline 
and allyldihydroisoquinoline in good to high yields.

Introduction
The quinoline and isoquinoline ring systems are an important 
structural unit in naturally occurring alkaloids and synthetic 
analogues with interesting biological activities. Therefore, 
the development of new and efficient synthetic routes for the 
preparation of their analogs is of importance in both synthetic 
organic chemistry and medicinal chemisty.1 One method for the 
preparation of quinoline and isoquinoline analogs is C–C bond 
formation using organometallic compounds. Addition reactions 
of organometallic reagents with aza-aromatics activated by 
acyl chlorides have been of great importance for the synthesis 
of a variety of biologically active nitrogen heterocycles, 
including alkaloids.2 Recently, organometallic reagents such as 
allylsilane and allyltin have been widely utilized as useful carbon 
nucleophiles.3 However, the reagents suffer from several problems 
such as poor nucleophilicity,4 toxicity and their limited commercial 
availabilities.3f A fatal drawback of allylation using allylsilane has 
been observed in the allylation of activated isoquinoline using 
allylsilane, which gave a benzoisoquinuclidine derivative instead 
of allylated dihydroisoquinoline as a major product.3f A solution 
for these problems is allylation using an indium and allyl bromide 
protocol, which has been employed in the allylation of carbonyls 
with success.5

Results and discussion
We have recently reported that various allyl bromides and indium 
readily react with EEDQ (2-ethoxy-1-ethoxycarbonyl-1,2-dihydro-
quinoline) in THF in the presence of 1.2 equiv. of glacial acetic 
acid at rt to give allyldihydroquinolines in a regioselective manner.6 
As a result of ongoing research into indium mediated allylation, 
we wish to report the indium-mediated allylation of quinoline and 
isoquinoline activated by phenyl chloroformate in THF (Scheme 1). 
Allyldihydroquinoline and allyldihydroisoquinoline were success-
fully prepared under our indium mediated allylation condition.

(Barbier type). The allylation was examined in several solvents 
such as THF, DCM and ethanol; THF was found to be most 
efficient solvent as shown in Table 1.

With these results in hand, the allylations of quinoline 
and isoquinoline acylated by ethyl chloroformate or phenyl 
chloroformate were attempted using various amounts of indium 
and allyl bromide and the representative results are shown in Table 
2. While the reaction of quinoline and isoquinoline acylated by 
ethyl chloroformate (1.1 equiv.) with indium (1.1 equiv.) and allyl 
bromide (1.5 equiv.) in THF at rt gave 2-allyl-1,2-dihydroquinoline 
and 1-allyl-1,2-dihydroisoquinoline in 12.7% and 35.7% yields 
respectively (entry 1), the reaction using 2 equiv. of indium and 3 
equiv. of allyl bromide gave the corresponding dihydroquinoline 
and dihydroisoquinoline in high yields (entry 2). Isoquinoline was 
allylated faster than the quinoline under the reaction conditions. 
When phenyl chloroformate instead of ethyl chloroformate was 
utilized for the activation of quinoline and isoquinoline, reaction 
times were reduced, along with improved yields (entries 3, 4). It 
is noteworthy that the indium mediated allylation of isoquinoline 
under our conditions is the only way for the preparation of allylated 
isoquinoline via allylation.

Allylations of quinoline and isoquinoline activated by phenyl 
chloroformate with various allyl bromides were then carried out 
under our optimum conditions and the results are summarized in 
Table 3. The reaction of quinoline acylated phenyl chloroformate 
with allyl bromide proceeds smoothly to afford the 1,2-adduct, 
along with a small amount of the 1,4-adduct, depending on the 
allyl bromide (entries 1–4). However the major product in the 
reaction of activated quinoline with phenyl bromide under our 
reaction condition was the 1,4-adduct, probably due to steric 
effects (entry 5). The isoquinoline was allylated with various allyl 
bromides to give the corresponding 1-allylated isoquinolines in 
good to high yields (entries 1–5). The propargylation of activated 
quinoline with propargyl bromide gave 2-propargyldihydroquin
oline as a major product with 4-propargyldihydroquinoline and 
4-allenyldihydroquinoline as minor products (entry 6). The reaction 
of activated isoquinoline also gave the 1-propargyldihydoroiso-
quinoline as a major product, along with 1-allenyldihydroiso-
quinoline as a minor product (entry 3). However, the reaction 
of activated quinoline and isoquinoline with 1-bromo-2-butyne 
gave -allenyldihydroquinoline, with the 1,2-adduct as the major 
product, and -allenyldihydroisoquinoline under our reaction 
conditions respectively (entry 7).

Quinoline and phenyl chloroformate were chosen as a 
model substrate and an activating agent for the optimization 
of allylation at the beginning of the research. When an 
allylindium suspension prepared by stirring a solution of indium 
(2 equiv.) and allyl bromide (3 equiv.) in DMF at rt for 20 min was 
allowed to react with N-phenoxycarbonylquinolinium salts prepared 
by the reaction of quinoline with phenyl chloroformate in DMF for 
3 min at 0 °C (Grignard type), 2-allyl-1,2-dihydroquinoline was 
obtained after 16 h in 34.2% yield (entry 1, Table 1). However, 
direct addition of indium and allyl bromide to phenoxycarbon-
ylquinolinium salts increased the yield to 52.6% after 16 h at rt 

Scheme 1

Table 1 Allylation of quinoline using allyl bromide and indium in various 
solventsa

Entry Solvent Time/h allyldihydroquinolineb(%)

1 DMF (Grignard type) 16 34.2
2 DMF (Barbier type) 16 52.6
3 THF (Barbier type) 0.5 81.0
4 DCM (Barbier type) 16 6.2
5 Ethanol (Barbier type) 24 No reaction
a Quinoline (0.77 mmol), phenyl chloroformate (1 equiv.), allyl bromide
 (3 equiv.), indium (2 equiv.) and solvent (4 ml) were used in the reaction.
b Isolated yield of only 2-allyl-1,2-dihydroquinoline. Trace amount of 4-
allyl-1,4-dihydroquinoline was formed and not separated.
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nitrogens of quinoline and isoquinoline. The 2.2 equiv. of phenyl 
chloroformate was used in the reaction of 6-hydroxyquinoline 
due to the hydroxy group and the reaction gave a mixture of allyl-
hydroxydihydroquinoline and allyldihydroquinoline phenyl 
carbonate in high yield (entry 2).

In summary, the indium mediated allylation reaction of quinoline 
and isoquinoline activated by phenyl chloroformate with various 
allyl bromides and propargyl bromides in THF efficiently give 
the corresponding allylated dihydroquinolines and dihydro-
isoquinolines in good and high overall yields. The indium 
mediated allylation of isoquinoline under our conditions gave 

For the extension to our method to quinoline and isoquinoline 
derivatives, allylation of several quinolines and isoquinolines with 
allyl bromide was attempted under our optimum reaction condi-
tions and the results are shown in Table 4. The electron sufficient 
quinoline and isoquinoline acylated with phenyl chloroformate in 
THF were efficiently allylated in the presence of allyl bromide and 
indium to give the corresponding dihydroquinoline and dihydro-
isoquinoline in good to high yields (entries 1, 2, 3 and 6). However, 
the reaction of electron deficient quinoline and isoquinoline was not 
working at all (entries 4 and 5) or it gave the corresponding allylated 
product in low yield (entry 7), due to the low nucleophilicity of the 

Table 2 Allylation of quinoline and isoquinoline with allyl bromide and indium in THFa

Entry Alkyl Indium Allyl bromide 2-Allyl-1,2-dihydro- 1-Allyl-1,2-dihydrioiso-
 chloroformate (equiv.) (equiv.) quinoline %b(Time) quinoline %b(Time)

1 Ethyl 1.1 1.5 12.7 (1.5)c (24 h) 35.7 (1 h)
2 Ethyl 2 3 84.8 (7.2)c (24 h) 80.8 (1 h)
3 Phenyl 1.1 1.5 52.5(1.9)c (1 h) 66.8 (0.5 h)
4 Phenyl 2 3 88.8(3.5)c (0.5 h) 92.8 (0.5 h)

a Quinoline (0.77 mmol), chloroformate (1.1 equiv.), allyl bromide, indium and THF (4 ml) were used in the reaction. b Isolated yield of 1,2-adduct. c Isolated 
yield of 1,4-adduct.

Table 3 Indium-mediated allylation of quinoline or isoquinoline in THFa

 Entry Allyl bromides Allylquinolinesb Allylisoquinolinesb

 1 Methyl-2-(bromomethyl)acrylate  

 2 2,3-Dibromopropene  

 3 Methallyl bromide  

 4 Crotyl bromide  

 5 Prenyl bromide  

 6 Propargyl bromide  

 7 1-Bromo-2-butyne  

a The reaction time was 0.5 h. b Isolated yields. c Ratio of 1,4-propargyl and 1,4-allenyl adduct was determined by 1H NMR.



2 1 7 2 O r g .  B i o m o l .  C h e m . ,  2 0 0 4 ,  2 ,  2 1 7 0 – 2 1 7 2

the corresponding allylated adducts in high yield, which is 
not available using the mild allylating agent, allylsilane. Our 
method was identified to be efficient for the allylation of electron 
sufficient quinoline and isoquinoline after activation by phenyl 
chloroformate.

Experimental
General procedure

To a solution of quinoline or isoquinoline (0.77 mmol) in HPLC 
grade THF (4 mL) was added phenyl chloroformate (1.1 equiv.) 
at room temperature. After stirring at that temperature for 0.5 h, 
indium (2 equiv.) and allyl bromide (3 equiv.) were added to the 
solution of acylated quinoline and isoquinoline solution. The 
resulting mixture was stirred at room temperature for 30 min. The 
reaction was monitored by TLC using an eluent of ethyl acetate 
and n-hexane (1 : 10). The reaction mixture was concentrated and 
purified by silica gel column chromatography with ethyl acetate and 
n-hexane (1 : 20) to give the corresponding adducts.
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Table 4 Allylations of the substituted quinolines or isoquinolines with allyl bromide

Entry Substrate Allylquinolines or allylisoquinolinesa

1  

2b  

3  

4  No reaction

5  No reaction

6  

7  

a Isolated yields. b Phenyl chloroformate (2.2 equiv.), indium (2 equiv.) and allyl bromide (3 equiv.) were utilized. c Parenthesis yield is that of 1,4-adduct.


