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Heck-type reactions involving organic halides proceed readily at or near room temperature when performed 
u nder sol id- I i q u id phase transfer conditions. 
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Heck-type reactions are a well known method for forming 

ving cis-addition of an organopalladium complex to a double 

L 
carbon-carbon bonds at unsubstituted vinylic positions, invol- R-pd-X I + ", ,c-c, - / R-cC-c--Pd-x 

L I bond followed by a palladium hydride cis-elimination1 
(Scheme 1). 

Several methods are available to generate the organopallad- 
ium intermediates.2 More interesting, in organic synthesis, is 

catalytic amount of a zerovalent palladium complex, pre- 

halides with vinylic substrates has therefore attracted much 
attention: the many results obtained since the initial studies3 
have been reviewed recently.4 However, a disadvantage of 
Heck-type reactions involving organic halides is the relatively 

I L their generation from readily available organic halides and a 

formed or formed in situ. The Pd-catalysed reaction of organic 

I 

I 
L 

",=C< + H-Pd-X 

X = halide 
L = ligand 

Scheme 1 
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high temperature (ca. 100 "C) required, compared to those 
employing organometallic reagents as starting materials.2 
Modified conditions have recently been reported5 which allow 
this type of reaction to be performed at lower temperatures 
(25-60 "C), but large amounts of the palladium catalyst were 
required (10, 20, or 100mole Yo) and the reaction was only 
successful with vinylic halides and aromatic halides having a 
nitro substituent. 

We now report that the Pd-catalysed vinylation of organic 
halides can readily proceed at or near room temperature 
under solid-liquid phase transfer conditions, using tetrabutyl- 
ammonium chloride as the phase transfer agent and sodium 
hydrogen carbonate as base. 

Table 1. Pd-catalysed reaction of PhI with CH2=CHC02Me at 30 "Czl 

Equiv. of Reaction Yo Yieldb of 
Entry NBu,Cl time/h YO Conversionh E-PhCH=CHCO,Me 

1 0 24 0 0 
2 0.1 24 20 20 
3 0.4 24 54 53 
4 0.4 48 100 94c 
5 0.8 24 97 97 

a Carried out in DMF in the presence of Pd(OAc), (0.01 or 0.02 
equiv.), NaHC03 (2.5 equiv.), and NBu4C1 (as indicated). b Deter- 
mined by g.1.c. analysis unless otherwise stated. Yield of isolated 
product. 

A high yield of methyl E-3-phenylpropenoate can be 
obtained at 30 "C in N, N-dimethylformamide (DMF) from 
iodobenzene and methyl acrylate in the presence of a catalytic 
amount of palladium acetate (1 or 2 mole "/o),  sodium 
hydrogen carbonate, and tetrabutylammonium chloride 
(Table 1, entries 4 and 5 ) .  No reaction was observed at the 
same temperature in the absence of tetrabutylammonium 
chloride. The yields and reaction times depend upon the 
nature and the concentration of the phase transfer agent. 
Tetrabutylammonium chloride is much more efficient than 
tetrabutylammonium hydrogen sulphate, trioctylmethylam- 
monium chloride, or tetrabutylammonium bromide, and the 
reaction rate increases with increasing concentration of 
tetrabutylammonium chloride (Table 1, entries 1 , 2 , 3 ,  and 5 ) .  

Various a,P-unsaturated esters, ketones, and aldehydes 
have been obtained at 20-30 "C in high yield with high regio- 
and stereo-selectivity (Table 2). These mild conditions for the 
Pd-catalysed vinylation of organic halides have been success- 
fully extended to thermally unstable vinylic substrates such as 
methyl vinyl ketone and acrolein. 

When allylic alcohols are used as the olefinic compounds, it 
is known that the Heck-type reaction of aromatic halides leads 
to the formation of carbonyl Compounds (Scheme 2).4 This 
reaction also proceeds near room temperature when perfor- 
med under solid-liquid phase transfer conditions. As shown in 
Table 3, no reaction was observed at 30°C with iodobenzene 
and prop-2-en-1-01 in the presence of palladium acetate (1 or 

Table 2. Regio- and stereo-selective Pd-catalysed synthesis of unsaturated esters, ketones, and aldehydes from organic halides and vinylic 
substrates.^ 

Organic Vinylic Reaction 
halide substrate Temp./"C Time/daysb Product '/o Yieldc 

1 E-PhCH=CHCO,Me 94 
E-m-MeC6H4CH=CHC02Me 94 

p-ClC6H41 20 2.5 E-p-CIC,H,CH=CHC02Me 98 
E,  E-C,H&H=CHCH=CHCO,Me 80d 
E,  2-C4HyCH=C HCH=CHCO,Me 5 d  

25 3 E-rn-MeC6H4CH=CHCOMe 97 
p-CIChH4I 25 2 E-p-CIC,H,CH=CHCOMe 98 
p-MeOC6H41 25 3 E-p-MeOC6H,CH=CHCOMe 97 

I ,  3 E,  E-C,H,CH=CHCH=CH CO Me 88d 

>, 3 

PhI CH,=CHCO,Me 30 
rn-MeC6H41 

,1 

E-PhCH=CHCOMe 98 
30 2 i  

" 1 

E-C4H,CH=CHI 
CH,=CHCOMe 25 2 PhI 

rn-MeC6H41 

9 3  

E,  2-C,H,CH=CHCH=CHCOMe 6d 
90 

E-m-MeC6H4CH=CHCH0 87 

E-C,HyCH=CHI 
20 2.5 E-PhCH=CHCHO 

,, 9 ,  

PhI CH?=CHCHO 
rn-MeC,H,I 

9 3  p-ClChH41 E-p-CIChH,CH=CHCHO 89 

a RX(l equiv.), vinylic substrate (1.5-2 equiv.), P ~ ( O A C ) ~  (0.01 or 0.02 equiv.), NaHCO, (2.5 equiv.), NBu4Cl (1 equiv.), in DMF. 
Reaction conditions are not optimized; the reaction may be complete in a shorter reaction period. c Yield of spectroscopically pure 

product, isolated by chromatography on silica gel, unless otherwise stated. d Determined by g.1.c. analysis. 

Table 3. Regioselective Pd-catalysed reactions of aromatic halides with allylic alcohols at 25-30 "C 

Organic 
halide 

PhI 

> 3  

m-MeC6H41 

m-MeChH41 
p-CICGH4Id 

p-ClC,H,Id 

Allylic 
alcohol 

CH2=CHCH20H 

3 .  

,r 

7 

1 

CH,=CHCH( 0H)Et  

Equiv. of 
NBu4Cl 

0 
0.15 
0.4 
0.7 
0.95 
1 
1 
1 
1 

% Conversionb Product (Yo yield)b 

PhCH2CH2CH0 (0) 
(19) 
(47) 
(63) 
(91) (82)' 

3 

0 
25 
61 
74 

100 
100 m-MeC6H4CH2CH2CH0 (90)= 
100 p-CIC,H,CH*CH2CHO (85)' 
100 m-MeC6H4CH2CH2COEt (90)' 
100 p-CIC,H,CH,CH,COEt (94)' 

a RX (1 equiv.), allylic alcohol (1.5 equiv.), Pd(OAc), (0.01 or 0.02 equiv.), NaHCO, (2.5 equiv.), NBu4CI (as indicated), in DMF, 24h, 
30 "C, unless otherwise stated. Determined by g.1.c. analysis unless otherwise stated. c Yield of spectroscopically pure product, isolated 
by chromatography on silica gel. d Reaction temperature 25 "C. 
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Scheme 2 

2 mole Yo) and sodium hydrogen carbonate in DMF, unless 
tetrabutylammonium chloride was present. The reaction rate 
was again found to increase with increasing concentration of 
tetrabutylammonium chloride. Various p aryl ketones and 
aldehydes have thus been prepared from aromatic halides and 
allylic alcohols, at 25-30°C, in high yields and with high 
regioselectivity (Table 3). 

These solid-liquid phase transfer conditions allowing Heck- 
type reactions involving organic halides to proceed at or near 
room temperature may give this reaction a wider applicability 
in organic synthesis. 
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