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Allylindium and propargylindium reagents in situ generated from the reactions of indium with allyl halides and 
propargyl halides could participate as nucleophiles in Pd-catalyzed substitution reactions of allyl carbonates to 
produce 1,5-dienes and 1,5-enynes in good yields. ^-Hydride elimination products were produced in case of 
carbonates having 糸hydrogens. Because organoindium reagents obtained from allyl or propargyl halides and 
indium have previously not been used to Pd-catalyzed allylic and propargylic substitution reactions, these 
results should provide more opportunities for the development of new C-C bond forming reactions.
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Introduction

The Pd-catalyzed nucleophilic substitution reactions of 
allyl esters and carbonates with a variety of nucleophiles are 
very important transition metal-catalyzed processes.1 Although 
the stabilized carbanions2 and various transmetalating agents 
(Sn, Al, Zr, Li, and Mg)3 have been reported for metal- 
catalyzed nucleophilic substitution reactions, development 
of easily available allyl and propargyl transmetalating agents 
is still needed due to further functionalization of C-C 
multiple bonds in products.4 The use of allyl- and propargyl
stannanes as coupling partners has attracted much attention 
as a result of their availability and air- and moisture-stability, 
as well as compatibility with a variety of functional groups.5 
Preparation of allyl- and propargylstannanes is generally 
accessible, whereas such procedures are sometimes inade
quate and the requisite allylmetals and propargylmetals are 
difficult to obtain. Ideally, allylmetals and propargylmetals 
must be prepared in situ from the reaction of metals with 
allyl and propargyl halides. The major advantage of organo- 
magnesium and organolithium compounds as coupling 
partners is their availability.6 However, these reagents show 
low functional group tolerance and ^-hydride eliminations 
occurred due to their basicity. Therefore, the development of 
new allylmetals and propargylmetals in Pd-catalyzed nucleo
philic substitution reactions was explored to overcome these 
difficulties. Our interest applying indium metal to organic 
synthesis7 has led us to investigate the participation of 
indium organometallics in metal-catalyzed reactions.8 In this 
paper, we report that in situ generated allylindium and 
propargylindium reagents can be applicable to allylic and 

propargylic substitution reactions of allyl carbonates 
catalyzed by Pd (0) as nucleophiles (Scheme 1).9

Results and Discussion

Reactions of Allyl Carbonates with in situ Generated 
Allylindiums from Indium and Ally H지ides. At the 
outset, the catalytic activity of several palladium complexes 
was examined in the reaction of trans-cinnamyl methyl 
carbonate with allylindium, which was in situ generated 
from the reaction of allyl bromide and indium. Among the 
catalysts studied, 1 mol % of Pd2dba3CHCl3 showed high 
catalytic activity. Other palladium complexes, such as 
Pd(CH3CN)2Cl2, Pd(PhCN)2Cl2, PdCh, BnPd(PPh3)2Cl, and 
Pd(PPh3)4 produced trans-1-phenyl-1,5-hexadiene in low 
yields. Among the ligands studied, tri-o-tolylphosphine gave 
the best results. Of the catalytic systems examined, the best 
results were obtained with 1 mol % of Pd2dba3CHCl3 and 8 
mol % of (o-Tolyl)3P in THF at 65 oC under a nitrogen 
atmosphere, producing 1-phenyl-1,5-hexadiene in 90% yield 
with regioselectivity. Also, allylindium reagent obtained 
from the reaction of 1 equiv of indium with 1.5 equiv of allyl 
bromide gave the best result as a coupling partner. The use 
of less than 1 equiv of indium and less than 1.5 equiv of allyl 
bromide resulted in sluggish reaction and gave lower yields.

To demonstrate the efficiency and scope of the present 
method, we applied this catalytic system to a variety of allyl 
halides and allyl carbonates. The results are summarized in 
Table 1. For the allyl halides as precusor of nucleophile, the 
presence of various substituents at the a and / position 
effected on product yields. When allylindium derived from

Scheme 1
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Table 1. Pd-catalyzed allylic substitution reactions of allyl carbonates with allylindium reagents

Entry Allyl Carbonates Allyl Halides Products Yield (%)a

1

2

3

4

5

6

7

8

9

10

80

90

83 (1 : 1)b

44

81c (4 : 1)b

81。(2.5 : 1)b

57c (2 : 1)b

78

90

84 (1.4 : 1)e

^Reactions performed in the presence of 1 mol % of Pd2dba3CHCl3 and 8 mol % of (o-T이yl)3P in THF at 65 oC, unless otherwise noted. bIsomeric ratio. 
c[2,6-(MeO)2Ph]3P was used as ligand. ^PhaAs was used as ligand. eDiastereomeric ratio.

the reaction of allyl iodide with indium reacted with trans- 
cinnamyl methyl carbonate in the presence of Pd(0) catalyst, 
the desired product was obtained in 80% (entry 1). trans- 
Cinnamyl methyl carbonate was treated with 3-bromocyclo- 
hexene and indium to provide 3 -trans-cinnamyl cyclohexene 
and 3-(1'-phenyl-2'-propenyl)-1-cyclohexene in 83% yield 
(isomeric ratio = 1 : 1) which were produced from the 
proximal and distal attack of indium reagent to the oxygen 
substituent (entry 3). The reaction of trans-cinnamyl methyl 
carbonate with 戸ethoxycarbonyl allylindium gave 4- 
ethoxycarbonyl-1-phenyl-1,5-hexadiene in 44% yield due to 
low nucleophilicity of the stabilized indium reagent (entry 
4). Although allyl acetates are commonly used for the 
various types of Pd-catalyzed substitution reactions, the 
reactions of allyl acetate with allylindium did not proceed. 
Allyl carbonates derived from phenyl vinyl ketone (entries 
5-7) and chalcone (entries 8-10) produced the desired 1,5- 
dienes in good yield under the present conditions. Although 
the methyl carbonate from 1-phenyl-4-penten-3-ol and 
geraniol reacted with allyl halide (Br and I) and indium, the 
desired product was not obtained and a complicated TLC 
was obtained.

Reactions of Allyl Carbonates with in siu Generated 
Propargylindiums from Indium and Propargyl H지ides. 
On the bases of allylic substitution reactions, we studied 
reactions of trans-cinnamyl methyl carbonate with in situ 
generated propargylindium reagent derived from propargyl 
bromide and indium. The results are summarized in Table 2. 

THF was the solvent of choice among the reaction media 
tested (entries 4 vs 5). Of the catalytic systems examined, the 
best results were obtained with 2 mol % of Pd2dba3CHCl3 

and 16 mol % of (o-Tolyl)3P in the presence of LiCl as an 
additive in THF at 65 oC for 1 h under a nitrogen atmosphere 
to furnish regioselectively trans-6-phenyl-5-hexen-1-yne in

Ph^^^^OCO2Me + ^^^Br/In a

1 2

Table 2. Reaction optimization of propargylic substitution reactionsa

Entry
1 2 ln

(equiv)
Additive

Solvent Temp 
(oC)

Time 
(hr)

Yield
(%)b

1 1 1.5 1 THF 65 18 0
2 1 1.5 1 DMF 100 18 0
3 1 3 2 THF 65 18 0
4 1 1.5 1 LiCl THF 65 18 71(23)
5 1 1.5 1 LiCl DMF 100 15 0
6c 1 1.5 1 LiCl THF 65 18 58(39)
7 1 3 2 LiCl THF 65 18 78(16)
8d 1 1.5 1 LiCl THF 65 18 82(15)
9。 1 3 2 LiCl THF 65 1 95(92)e

aReaction performed in the presence of 1 mol % of Pd2dba3CHCl3 and 8 
mol % of (o-T이yRP, unless otherwise noted. bGC yields were obtained 
on the basis of an internal standard (dodecane). Numbers in parenthesis 
indicate recovered GC yield of starting material. c4 mol % of Pd(PPh3)4 
was ued. 。2 mol % of Pd2dba3CHCl3 and 16 mol % of (o-Tolyl)3P was 
used. eIsolated yield.
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Table 3. Pd-catalyzed propargylic substitution reactions of allyl carbonates with propargylindium reagents"

Entry Carbonates Propagyl Halides Time (hr) Products Yield (%)b

1

2

3

4

5

6

7

92

74

72

88

65

63

88 (1 : 1)c

81 (1 : 2)c

78

8510

9

“Reactions performed in the presence of 1 equiv of carbonate, 3 equiv of propargyl bromide, 2 equiv of ln, 3 equiv of LiCl, 2 mol % of PdzdbaaCHCL, 
and 16 mol % of (o-T이yl)3P in THF at 65 oC, unless otherwise noted. bIsolated yields. cIsomeric ratio.

92% yield via proximal attack of indium reagent (entry 9). 
No allenic substitution product is formed in any reactions. 
The use of lithium chloride was critically important for 
successful reactions (entries 3 vs 9). Also, propargylindium 
reagent obtained from the reaction of 2 equiv of indium with 
3 equiv of propargyl bromide gave the best result as a 
coupling partner (entries 8 vs 9).

With these results in hand, trans-cinnamyl methyl 
carbonate reacted with organoindium reagent derived from 
3 -bromo-1 -butyne and indium to give trans-3 -methyl-6- 
phenyl-5-hexen-1-yne in 74% yield via proximal attack to 
the oxygen substitution (entry 2 in Table 3). trans-3,6- 
Diphenyl-5-hexen-1-yne was regioselectively produced in 
72% yield in case of 3-bromo-3-phenyl-1-propyne (entry 3). 
Treatment of the methyl carbonate from 1-phenyl-2-propen- 
1-ol with propargylindium reagents gave the desired product 
via distal attack due to the steric hindrance (entry 4). 
Organoindium reagents in situ generated from 3-bromo-1- 
butyne and 3-bromo-3-phenyl-1-propyne and indium pro
duced 1,5-enynes in 65% and 63% yields, respectively 
(entries 5 and 6). Reaction of methyl carbonate of trans-1- 
phenyl-1,4-pentadien-3-ol with propargylindium reagent 
provided trans-6-phenyl-4-vinyl-5-hexen-1-yne and trans- 

4-phenyl-5,7-octadien-1-yne in 88% yield (isomeric ratio = 
1 : 1, entry 7). Subjecting this carbonate to 3-bromo-1- 
butyne and indium afforded a 27% yield of trans-3-methyl- 
6-phenyl-4-vinyl-5-hexen-1-yne and a 54% yield of trans-3- 
methyl-4-phenyl-5,7-octadien-1-yne (entry 8). Contrary to 
results above, when methyl carbonates of geraniol and 1- 
vinyl-1-nonanol were treated with propargylindium, 1,3- 
dienes were produced via /^-hydride elimination (entries 9 
and 10).

Although the mechanism of the reaction of allylindiums 
and propargylindiums with allyl carbonates in the presence 
of Pd(0) catalyst is not clear at the present moment, we 
assume that organoindium reagents play the similar role to 
soft nucleophiles of Trost-Tsuji reaction.1 This and other 
plausible mechanistic pathways are under investigation.

In conclusion, we have demonstrated that allylindium and 
propargylindium reagents in situ generated from the reaction 
of indium with allyl halides and propargyl halides could 
participate in Pd-catalyzed substitution reactions of allyl 
carbonates to produce 1,5-dienes and 1,5-enynes. /-Hydride 
elimination products were produced in case of carbonates 
having /hydrogens. Because organoindium reagents derived 
from allyl and propargyl halides and indium have previously 
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not been applied to Pd-catalyzed substitution reactions of 
carbonates, these results should provide more opportunities 
for the development of new C-C bond forming reactions.

Experiment지 Section

Typic지 Experiment지 Procedure for Allylic Substitu
tion Reactions. To a solution of PdzdbaaCHCL (5.2 mg, 1 
mol %) and tri-o-tolylphosphine (12.2 mg, 8 mol %) in THF 
(1 mL) was added trans-cinnamyl methyl carbonate (96 mg, 
0.5 mmol) at room temperature under a nitrogen atmosphere. 
After 15 min, allylindium reagent in situ generated from 
allyl bromide (91 mg, 0.75 mmol) and indium (57 mg, 0.5 
mmol) in THF (1 mL) was added and the mixture was stirred 
at 65 oC for 24 h. The reaction mixture was quenched with 
saturated aqueous NaHCO3. The aqueous layer was extract
ed with ether (3 x 15 mL), and the combined organic layers 
were washed with water and brine, dried with MgSO4, 
filtered and concentrated under reduced pressure. The 
residue was purified by silica gel column chromatography 
using n-hexane to give trans-1-phenyl-1,5-hexadiene (71 
mg, 90%): 1H NMR (CDCh, 400 MHz) S 7.34 (2H, d, J = 
7.4 Hz), 7.29 (2H, t, J = 7.9 Hz), 7.19 (1H, t, J = 7.1 Hz), 
6.41 (1H, d, J = 15.9 Hz), 6.23 (1H, dt, J = 15.7, 6.6 Hz), 
5.88 (1H, tt, J = 10.4, 6.6 Hz), 5.06 (1H, d, J = 17.2 Hz), 
4.99(1H, d, J = 9.7 Hz), 2.33-2.23 (4H, m); 13C NMR 
(CDCl3, 100 MHz) S 138.1, 137.8, 130.2, 130.1, 128.5, 
126.9, 125.9, 114.9, 33.6, 32.4; HRMS (EI) calcd for C12H14 

158.1096, found 158.1095.
Typical Experimental Procedure for Propargylic Sub

stitution Reactions. To a solution of PdzdbaaCHCL (10.4 
mg, 2 mol %), tri-o-tolylphosphine (24.4 mg, 16 mol %) and 
lithium chloride (63.6 mg, 1.5 mmol) in THF (1 mL) was 
added trans-cinnamyl methyl carbonate (96 mg, 0.5 mmol) 
at room temperature under a nitrogen atmosphere. After 10 
min, propargylindium reagent in situ generated from pro
pargyl bromide (166 mg, 1.5 mmol) and indium (114.8 mg, 
1 mmol) in THF (1.5 mL) was added and the mixture was 
stirred at 65 oC for 1 h. The reaction mixture was quenched 
with saturated aqueous NaHCO3. The aqueous layer was 
extracted with ether (3 x 15 mL), and the combined organic 
layers were washed with water and brine, dried with MgSO4, 
filtered and concentrated under reduced pressure. The 
residue was purified by silica gel column chromatography 
using n-hexane to give trans-6-phenyl-5-hexen-1-yne (72 
mg, 92%): 1H NMR (400 MHz, CDCh) S 7.4-7.1 (5H, m), 
6.46 (1H, d, J = 15.9 Hz), 6.26 (1H, dt, J = 15.8, 6.5 Hz), 
2.5-2.3 (4H, m), 1.99 (1H, t, J = 2.5 Hz) 13C NMR (CDCh, 
100 MHz) S 137.8, 131.6, 128.9, 128.8, 127.6, 126.5, 84.2, 
69.3, 32.4, 19.1.
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