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Summary 

A new aromatic substitution reaction of styrene by arylamines 

such as aniline. _p-toluidine. p-anisidine. p-chloroaniline, and 

p-nitroaniline in the presence of palladium(I1) acetate has been - 
found to give (E)-stilbene, (E)-p-methylstilbene, (E)-p-methoxy- - 
stilbene. (E)-p-chlorostilbene, - and (E)-p-nitrostilbene. respect- 

ively . in modest yields. 

We have reported that the double bond of olefins undergoes 

substitution by suitable aromatic compounds in t11n presence Of 

pallndium(I1) salts_' This reaction is now widely recognized 

as one of the key reactions in the coupling of olefins with 

aromatic compounds catalyzed by palladium complexes. We have 

found that primary arylamines (Ar-NHR) can function as an 

arylating agent by C-N bond cleavage when treated with palladium 

+ - c=cw + NH3 
Dioxane-AcOH 

XrR, CR3, OCH3, Cl, NO2 
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salts and acetic acid and report arylation reactions of styrene 

by aniline, p-toluidine. p-anisidine. _ p-chloroaniline, and E- 
- - 

nitroaniline. Thus, when a mixture of aniline. styrene. palla- 

dium(I1) acetate (equimolar amounts of each) and acetic acid in 

dioxane or acetonitrile was heated at reflux for 8 hr. there was 

obtained a-24-5% yield of (E)-stilbene* (based on aniline used) 

together with acetanilide. 1,4-diphenylbutadiene. biphenyl. (E)- 

p-aminostilbene.** 
*** 

ammonia. and metallic palladium. 

:;imilarly. p-toluidine. p-anisidine. p-chloroaniline. and 

p- and m-nitroaniline gave the corresponding <E)-stilbene deriva- - - 
tives- Table I summarize-: the results and shows that aniline 

TzLble I. Fm-mxtion of Stilbrnes by Rex-tion of Aniline3 uiih Styrenr” 

dniline (E)-Srilbene Yield. cb 

dni 1 ine 

Aniline 

p-Toluidine 

Stilbene 

Srilbene 

p-EeLhplstilbene 

25= 

19d 

me 

p-dnisidine 

p-Sitrozmiline 

m-Sitroanil ine 

p-Yethoxystilbene 

p-Sitrostilbene 

n-Sitrostilbene 

3oe 

II= 

17e 

p-Chloroaniline p-Chlorostilbent 40e 

aReactions were km charging aniline. styrene. and pnllsdium ilcetate (1.05 rmol each) 

using nceric acid (I.75 ml) and dioxane fIO.8 al) as solvent virh stirring at rcflux 

for 6 hr under air. 

b 
CC yieId based on anilines used. 

‘AretoniLrile was the solvent. 

d&e:ani 1 ide (645). 1.4-diFhenylbuLadiene < 10%). and biphenyl (rracel also rere formed. 

eConsidf-rab?e zu!mu~~s of the crrrresponding acrtnnil idr derir-rtt ives (~crc fomc.d v-in 

condensation r*f anilinrs nod acetic acid. 

*It was confirmed by control experiments that stilbene was formed 

in the direct reaction of aniline and styrene. and not in the 

reaction of styrene and acetanilide which was formed by conden- 

sation-of aniline and acetic acid_ 

**Interestingly. only a trace amount of the usual aromatic sub- 

stitution product. <E)-E-aminostilbene was formed, presumably 

because of the protonation of aniline by acid. 

***Formation of-ammonia was confirmed by.kssler!s~reagent:. 
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derivatives can function as the arylating agent through C-N bond 

cleavage _ The C-N bond cleavage of aniline by palladium also 

was confirmed by the following experiment_ Bubbling of carbon 

monoxide at atmospheric pressure into a refluxing mixture of 

aniline, palladium acetate ( 1 mm01 each), acetic acid 

(1.75 ml), and acetonitrile (10 ml) with stirring for 8 hr. and 

subsequent addition of bromine at -78°C and methanolysis furnished 

methyl benzoate in 16% yield. 

Although the yield of stilbenes is still low*. the character- 

ristic feature of this new reaction is that the reaction can be 

performed in acidic medium, in contrast to the arylation by aryl 

halides which is carried out under basic conditions. 2 The 

mechanism of this reaction, especially that of the C-N bond cleav;- 

age step, is not yet clear at this stage. Two mechanism may be 

considered. One involves oxidative addition of Ph-hi2 to Pd(0) 

to form a Ph-Pd-NH2 species and the other involves a PhN-Pd'IOAc 

intermediate_ $ 

PFe believe this to be the first demonstration of arylation 

of olefins by aniline derivatives by way of C-N bond cleavage by 

palladium_ Studies are currently underway to explore the scope 

of this new aromatic substit:ltion of olefins by arylamines- 
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-*The.problem is to prevent the formation of acetanilide which 

is-formed predominantly fralm the reaction of aniline with acetic 

acid. although acetanilide formed can be removed from th.e :,. ._ 
-reaction-mixtures by treating with coned. HCl. 


