484 J. CHEM. RESEARCH (S), 2000

SHORT PAPER J. Chem. Research (S),
2000, 484-485

Microwave-promoted palladium catalysed Heck cross

coupling reaction in water'
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Palladium-catalysed vinylation of aryl halides in water without org anic cosolvent via microwave irradiation under
phase transfer conditions to give the trans-stilbenes and substituted trans-cinnamic acid in good to high yield.

Palladium-catalysed reactions of organic halides with alkeneTable 1 Fast palladium-catalysed coupling reaction of aryl
(Heck type reaction) are known to be a very convenieniodides with alkenes under microwave irradiation®

method for forming carbon—carbon bonds at unsubstitute(Product® R v Yield(%)c M.p./ Lit.
vinylic positions! This reaction is greatly facilitated when °C m.p.d
performed under phase transfer conditions using a tetraalky

ammonium salt in conjunction with an inorganic baséso g; EE E?)OH g; lggjgg gg
this reaction can even be realised in water using the, p-HO,CC;H, COOMe 92 236-238 238
Pd/M,CO,/QX (QX is quaternary ammounium salt) catalyst 3d p-O,NC,H,  Ph 89 152-154 155
system.2 Recently, the use of additives such as silveigl)  3e 0-O,NC,H, Ph 86 70-72 72
thallium(l) salts> organotrifluoromethanesulfonatés, 3f p-CH.CeH,  Ph 89 119-120 120
tetraphenylphosphonium satts’or Ph,PX/ clay® and perflu- 39 p-CHCeH, COOH 93 197-198 198

orinated phosphinéhave provided marked improvements in *All product gave satisfactory IR, 'H NMR, and MS. "Unless

. . indicated otherwise the reactions were carried out in the pres-
Heck-type reactions. However, most substrates for coupllngence of K,CO, using [Pd(PPh,),Cl,-TBAB as catalyst in H,0 at

require reaction times ranging from hours to days for full375 w for 10" min under argon. cisolated yield. 9Dictionary of
conversion. In 1996, Hallberg reported the first palladium-Organic Compounds, ed. J. Buckingham and F. Macdonald,

catalysed carbon—carbon formation promoted byChapman and Hall, London, 6th edn., 1996.
microwaves® A series of fast Heck-reactions were completed

in a few minutes by the flash heating methodofggy. . . . .
y g Gay We investigated the effect of different mole ratios on the reac-

Microwaves are known to accelerate many organic reac-. f ot ith iod d . radiati
tions in polar solvents or in absence of solvent and som on of styréne with 1odoarenes under microwave Irradiation.
he results show the best mole ratio is

important reviews have been publisHé®Recently, we have PhI:PhCH=CHK,CO,[Pd(PPh),CL-TBAB = 1:1.5

also reported the synthesis of chiral glycerol selenide éthers . . : ;

and glycerol sulfide ether¥* under microwave irradiation 3h06'12£t5r'£r'g?érwgaqglvesglsg;ln\iﬁset'%gfgﬁghne %fffecszt ?ngfeﬁm
conditions. Several microwave-assisted paIIadium-catalyzetlﬁz)doarenes It was fo%lmd that the activities of cata>ll sts are in
reactions have been recently repofeH:1°Aqueous reaction the following sequence 'TBAB>TBAI>TBAC>PEG-31/OO We
conditions offer a safe, economic and enviromental friendlyhave also ing\]/est?gated tHe effects of irradiation power aﬁd time
alternative in ~organic = synthesis. We herein reporton the reaction. It was found that the highest yields of com-

gﬁ!iﬂ?emgﬁaﬁysi? aﬂ?gksoﬁ\?grﬁ)':lsn%nf?ﬁ“ogi d'n it\al\llgge:/vler: ounds3a—gare obtained at a power level of 375 W for 10
y org 9 y in continuous irradiation.

gftz:liigeuss"\}\%t?'gf\;vﬁgzigeecshnogggzéggg a;rmg?r:} reﬁﬁgg? The effectiveness of the microwave irradiation and conven-
y P y tional heating for the formation of compourts-ghas been

microwave irradiation to give the desiredns-products excu- compared and results are summarized in Table 2 and Table 3.

sively. The reaction is shown in Scheme 1 and results are SUMe results showed that the synthesis of compoBadsy
marized in Table |. under microwave irradiation were 18-42 times faster than

under conventional heating and yields of compoBadgare
Rl + —— PAPPECLIKLO R very low for 10 minutes under conventional reflux. This ratio
Y  TBAB,H,O,MWI v between the reaction time using conventional reflux and
Ar microwave irradiationt{/t_ ) under same conditions, quan-
tifies the microwave heating effect.
1 2 3a—g In conclusion, we have described a microwave-prompted
Heck reaction in water. Using this method, we can largely
R Y R Y decrease the reaction cost and avoid the use of organic sol-
vents. The results show that the microwave irradiation pro-
3a |Ph Ph 3e [2-O,NCH, |Ph vides the same selectivity, with respect to halide displacement
3b |Ph COOH 3f [4-CH,CH, |Ph as compared to the original reaction.
3c |4-HO,CCH, |COOMe3g |4-CH,CHH, |COOH Experimental
3d 4'02NCGH4 Ph Microwave irradiation was carried out with a commercial microw_ave
oven GlanzZWP 750B at 2450 HHNMR spectra were recorded in

CDCl, on a BRUKER PT 80A Spectrometer using tetramethylsilane

* To receive any correspondence. as internal standard. Chemical shifts were reportedliagppm. IR

T This is a Short Paper, there is therefore no corresponding material ispectra were measured with an Alpha centauri FI-IR spectrometer as
J Chem. Research (M). KBr dics. Mass spectra were recorded on a QP-1000A GC-MS using
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Table 2 Comparison of time and yields on the formation of compounds 3a-g using microwave and conventional heating?

Conventional Microwave
Product heating® heating
t/ min Yield(%) ‘Power/ W t/ min Yield (%)° te/ tow
3a 420 85 375 10 91 42
3b 180 88 375 10 88 18
3c 420 90 375 10 92 42
3d 180 80 375 10 89 18
3e 180 80 375 10 86 18
3f 420 84 375 10 89 42
3g 300 54 375 10 93 30

aThe reactions were carried out in the presence of K,CO, using [Pd(PPh;,),Cl,]- TBAB as catalyst in H,0 under argon. PReflux tem-
pepature (95 °C). Isolated yield.

Table 3 Comparison of yields on the formation of compounds 3a-g using microwave and conventional reflux?

Conventional Microwave
Product heating heating
t/ min Yield (%)° Power/W t/ min Yield (%)
3a 10 10 375 10 91
3b 10 15 375 10 88
3c 10 5 375 10 92
3d 10 12 375 10 89
3e 10 12 375 10 86
3f 10 8 375 10 89
3g 10 11 375 10 93

2 The reactions were carried out in the presence of K,CO, using [Pd(PPh,),Cl,]- TBAB as catalyst in H,0 under argon. PReflux
temperature (95 °C). Isolated yield.

the electron impact mode (70eV). Melting points were determined 3
with an Eletrothermal micromelting point apparatus and were uncor-
rected. All solvents were used without further purification.
[Pd(PPh),Cl,] was prepared according to ref. 18. The remaining 4
chemicals were obtained from commercial sources. All reactions
were conducted under an argon atmosphere.

Preparation of compounda—g: A mixture of styrene (7.5 mmol),
aryl iodides (5 mmol), KCO, (2.079,15 mmol), [Pd(PBhCI,] 6
(0.179,0.25 mmol), tetrabutylamine bromide (0.1g, 0.3 mmol) and 7
H,O (10 ml) was irradiated at 375W for 10 minutes by microwaves
under argon. The mixture was cooled and acidified with dilute HCI, g
then extracted with BED (20 mlx 3). The organic phase was dried
over magnesium sulfate. The dried ethereal solution was concentratedg
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