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Abstract 

Heterogeneous ultrasound-promoted palladium-catalyzed carbonyl allylation by y-substituted allylic alcohols with 
tin(I1) chloride in non-polar solvents such as diethyl ether, diisopropyl ether and toluene was carried out stepwise 
(first, the formation of allylic tin intermediates by ultrasonication, followed by the allylation of aldehydes by the 
intermediates) to produce 1,4-disubstituted 3-buten-1-01s regioselectively in moderate yields. The regioselectivity 
(a-selection) in the ultrasound-promoted reaction is the inverse of that (y-selection) in the homogeneous palladium- 
catalyzed carbonyl allylation in polar solvents such as 1,3-dimethyl-2-imidazolidinone, DMF, DMSO and ethylene 
glycol. The more bulky the y-substituent, the higher is the a-regioselectivity. 
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Introduction 

The allylation of aldehydes (carbonyl allylation) with 
y-substituted allylmetal reagents, derived from y-sub- 
stituted allylic halides with metals or metal halides such 
as Mg, Ti, Cr, Mn, Zn, Si, Sn, Sb, Bi or Sm, usually 
occurs at -y-position of the allylmetal reagents with a 
diastereoselectivity [l]. y-Substituted allylic halides have 
been recently found to add selectively at cY-position to 
aldehydes with metals such as Mg/AlCl, and Ba [2]. 
We have reported palladium-catalyzed carbonyl ally- 
lation by allylic alcohols with tin(I1) chloride, which is 
superior to the allylation by allylic halides in the ease 
of preparation and storage of starting allylic compounds 
[3]. The palladium-catalyzed carbonyl allylation by y- 
substituted allylic alcohols in polar solvents, such as 
1,3-dimethyl-2-imidazolidinone (DMI), DMF, DMSO 
and ethylene glycol (EG), has led to the same y- 
regioselective addition as that of the usual carbonyl 
allylation by y-substituted allylic halides [4]. The re- 
gioselectivities in the palladium-catalyzed carbonyl al- 
lylation have proved to correlate with the dielectric 
constants of solvents; the lower the polarity of the 
solvents, the higher is the a-regioselectivity. The reaction 
in non-polar solvents such as diethyl ether, chloroform, 
dichloromethane and toluene is very slow, probably due 
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to the low solubilities of tin(I1) chloride in those solvents. 
Ultrasound has been used to activate metals such as 
lithium, magnesium, aluminium and zinc, accelerating 
their organometallic reactions [5]. We hoped to enhance 
the solubility of tin(I1) chloride locally in non-polar 
solvents by means of ultrasound irradiation. We here 
report an ultrasound-promotion method of palladium- 
catalyzed carbonyl allylation accompanying cu-regiose- 
lection by allylic alcohols with tin(I1) chloride in non- 
polar solvents, cf. ref. 6. 

Experimental 

Unless otherwise noted, all common reagents were 
used as obtained from commercial suppliers without 
further purification. All solvents were dried over des- 
iccant and were. distilled before being used. 
Bis(benzonitrile)dichloropalladium(II) was prepared by 
the literature procedure [7]. (E)-3-Cyclohexyl-2-propen- 
l-01 was prepared by the reaction of cyclohexanecar- 
baldehyde and ethyl diethylphosphonoacetate with t- 
BuOK, followed by reduction with DIBAL [S]. Ultra- 
sonication was carried out by internal irradiation using 
an ultrasonic disruptor Tomy UD-201. ‘H NMR spectra 
were recorded on a Jeol GX-270 (270 MHz) spec- 
trometer in CDCl,. IR spectra were recorded on a Jeol 
JIR-RFX 3001 FTIR spectrometer. Gas chromato- 
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TABLE 1. Dependence of regioselection on solvent in the allylation of 2 by 1" 

Entry Solvent 

(ml) 

Dielectric constant Time Yieldb of 3 

(h) (%) 

DMS0(3)d 46.6 136 34 
DMF(3)d 36.7 63 89 
n-BuOH(3)d 17.1 64 72 
THF(3)’ 7.6 25 72 
THF(3)/H,0(0.5) 6 74 
Et,0(3)d 4.2 72 8 
Et,0(3)/MeOH(0.3) 168 41 
Et,0(3)/EtOH(0.3) 168 76 
Et,0(3)/BuOH(0.7) 168 46 

0:lOO 
0:lOO 
694 

53:47 
0:lOO 

94~6 
85:15 
72:28 
85:15 

“The allylation of benzaldehyde (2, 1 mmol) by (E)-2-buten-l-01 (1, 1.5 mmol) was carried out with bis(benzonitrile)dichloropalladium 
(0.02 mmol) and tin(B) chloride (3 mmol) at 25 “C. bIsolated yields of the mixture of regioisomers based on benzaldehyde. 
The ratio was determined by ‘H NMR (GX-270) and GC (capillary column: PEG 20M, 0.25 mmx3 m, 155 “C). dSee ref. 4. 

Pd-2SnC12 
-OH - wSnCl3 

Scheme 1. 

not confirmed. The addition of other non-polar solvents, 
particularly toluene, to the ethereal solution did not 
give such good yields, but did enhance a-regioselectivity 
(entries 15 and 16). Yield and cY-regioselectivity were 
inversely affected by changes in the ratio of 1 to 2 in 

diethyl ether (method A, ultrasonication time 4 h); in 
the smaller ratio, a-regioselectivity was high but yield 
was low, and in the larger ratio, yield was high but LY- 
regioselectivity was low, as shown in Table 3. The 
lowering of a-regioselectivity in entry 4 was presumably 
caused by an increase of solvent polarity which ac- 
companied the addition of excess starting alcohol 1. 

Application of the ultrasound promotion to various 
palladium-catalyzed carbonyl allylations 

Ultrasound-promoted palladium-catalyzed allylation 
of some aldehydes with some allylic alcohols was carried 
out under the same conditions as those of entry 10 in 
Table 2 (eqn. (2)). The results are summarized in 

TABLE 2. Ultrasonic promotion in the allylation of 2 by 1 in various non-polar solvents 

Entry Solvent Dielectric constant Method” Timeb 

(h) 

Yield’ of 3 

(%) 

CY:+ 

1 hexane 
2 toluene 
3 Bu,O 
4 Bu,O 
5 i-Pr,O 
6 i-Pr,O 
7 Et,0 
8 Et*0 
9 Et*0 

10 Et,0 
11 EttO 
12 Et*0 
13 Et,O-hexane(l:l) 
14 Et,Odioxane(l:l) 
15 Et,O-toluene(l:l) 
16 Et,O-toluene(4:l) 

1.89 
2.24 
3.06 
3.06 
4.99 
4.99 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 

A 4 0 
A 4 0 

A 4 24 
B 4 30 
A 4 10 
B 4 56 
A 2 17 
B 2 38 
A 4 56 
B 4 76 
A 8 46 
B 8 44 
A 4 15 
A 4 20 
A 4 21 
A 4 34 

68:32 
65:35 
72:28 
67~33 
82:18 
83:17 
78:22 
7525 
80:20 
81:19 
78:22 
82:18 
89:ll 
92:8 

“Method A: ultrasonic irradiation at -10 “C to the solution of 1 (3 mmol), 2 (1 mmol), SnCl, (5 mmol) and PdClz(PhCN)z (0.02 
mmol). Method B: ultrasonic irradiation at -10 “C to the solution of 1 (3 mmol), SnCl, (5 mmol), and PdCIZ(PhCN)Z (0.02 mmol) 
followed by the addition of 2 (1 mmol) at 25 “C. Wltrasonication time. ‘Isolated yields of the mixture of regioisomers based 
on benzaldehyde. dThe ratio was determined by ‘H NMR (GX-270) and GC (capillary column: PEG 20 M, 0.25 mm X 3 m, 155 
“C). a: EIZ = 75125-88112. y: synlanri = 75125-83117. 
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TABLE 3. Influence of the ratio of 1 to 2 on yield and LY- 2-01 and linalool may be more easily dehydrated than 
regioselectivity primary y-substituted allylic alcohols by ultrasonication. 

Entry 2 Yield of 3 
(mmol) (%) 

cU:y” 

1 0.5 1 2ob 96:4 
2 2 1 32’ 80:20 
3 3 1 56’ 78~22 
4 5 1 54’ 65:35 

“The ratio was determined by ‘H NMR (GX-270) and GC (capillary 
column: PEG 20 M, 0.25 mmx3 m, 155 “C). ‘Isolated yields 
of the mixture of regioisomers based on (E)-2-buten-l-01. 
‘Isolated yields of the mixture of regioisomers based on ben- 
zaldehyde. 

The ultrasound-promoted palladium-catalyzed car- 
bony1 allylation by y-substituted allylic alcohols in non- 
polar solvents thus exhibits cu-regioselectivity, the inverse 
of regioselectivity (y) in the palladium-catalyzed car- 
bony1 allylation in polar solvents. 
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Table 4. Aromatic aldehydes bearing an electron-with- 
drawing group caused the a-regioselective allylation 
(entries l-3), in contrast with aromatic aldehydes bear- 
ing electron-donating groups, such as salicylaldehyde, 
4-methoxybenzaldehyde and piperonal. Aliphatic al- 
dehydes such as cyclohexanecarbaldehyde and heptanal 
were also utilized for the ultrasound-promoted ally- 
lation; the a-regioselectivities were quite high but the 
yields were low (entries 4 and 5). Allylic alcohols with 
a more bulky substituent than methyl at the y-position 
exhibited high a-regioselectivity (entries 6-8). The al- 
lylation of benzaldehyde with a-substituted allylic al- 
cohols, such as 3-buten-2-01 and linalool, produced the 
same products as those of the allylation with y-sub- 
stituted allylic alcohols, such as 1 and geraniol, in low 
yields (21%, (~:y= 9O:lO; 14%, a:y= 99:l) respectively. 
In the case of linalool, non-polar by-products were 
detected by TLC but those structures were not deter- 
mined. Secondary or tertiary alcohols such as 3-buten- 
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TABLE 4. Ultrasound-promoted palladium-catalyzed carbonyl allylation by method B” 

Entry 

1 
2 
3 
4 
5 
6 
7 
8 

Alcohol 

R’ 

Me 
Me 
Me 
Me 
Me 
CH,(CH,), 
Me,C=CH(CH& 

c-C,H, I 

RZ 

H 
H 
H 
H 
H 
H 
Me 
H 

Aldehyde Yieldi’ 
R’ t%) 

4-MeOOCC6H, 83 
4-NCCsH, 51 
4-CIC,H, 49 
c-CbHi I 15 
C,H,, 23 
CbH5 57 

C~HS 46 
C&I5 69 

Ratio’ 

(Y:y 

84:16 
69:31 
66:34 
95:5 
91:9 
98:2 
9O:lO 
99:l 

E:Z 

86:14 
85:15 
93:7 
71:29 
56:44 
67:33 
d 

99:l 

syn:anti 

48:52 
56:44 
57:43 
52:48 
84:16 
70:30 
d 
d 
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and/or GC (capillary column: PEG 20 M, 0.25 mm X 3 m). dThe ratio of stereoisomers (E:Z or syn:anti) was not confirmed. 
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