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lsomerization of cis4 ,2-Diarylethylenesm Catalysis by Selenium, 
Methanesulphonic Acid, and Potassium t-Butoxide 

By Emanuele Mamarone,* Antonino Marno, Giancarlo Perrini, and Michele Torre, lstituto Dipartimentale 
di  Chimica e Chimica Industriale, UniversitA di  Gatania, Wale Andrea Doria 6, 951 25 Catania, Italy 

Second-order rate constants and activation parameters for the isomerization of cis-X-substituted-diphenylethylenes 
(X = p-OCH,, p-CH,, H, p-CI,  m-CI, or p - N 0 2 ) ,  cis-2-styrylfuran, and c;s-2-styryIthiophen have been measured in 
decahydronaphthalene using selenium (Se), methanesulphonic acid (MSA), and potassium t-butoxide (PTB) as 
catalysts. The catalyst effectiveness decreases in the order Se > MSA > PTB. Acid-catalysed isomerization is 
enhanced by electron-donating substituents, base-catalysed one is favoured by electron-withdrawing groups, and 
selenium-catalysed isornerization is not affected by substituents. The heterocyclic derivatives react faster than 
stilbene with all catalysts. A stepwise mechanism including addition and elimination of the catalysts IS proposed. 

,. I H I <  kinetics of isomerization of cis-stilbcne liave been 
widdy investigated using se!enium , I  sulpfiiiric acid ,2 

boron trifluori&,3 i o ~ l i n e , ~  I)latjnuni,5 and potassium t-  
butoxide ti as catalysts. 'Theoretical 7 and spectro- 
scopic studies prove that in cis-stilbene tile aromatic 
riiags are twistccl witli respect to the ethylene plane i:y 

H H 
L-./ 

X ( 1 1  ( D l  
x = p-OCH,, p - - C t j 3 ,  H ' Y - Q o r S  
P - - C I , m - C C I  ~t P-N02 

C L I .  30", and it  is wcll known tha t  Iri~r~s-stilbciie i b  tlie 
energetically more stable isomer owing to its 1)llanar 
configuration. 

We have been interested in the kinetic..; and inechanism 
of isomerization of cis-tliar-~.lacryloi~itrileh b y  seleniuiii 
(Se)  ,9 niethanesu!ylionic acict (nilSA) ,I* and potassium t- 
butoxide (PTB) as catalysts. IVe now report the rate 
constants and activation parameters ior the isurneriz- 
ation of cis-diarylethylents (I) and (11) in decall3dro- 
naphtlialene using- tile same catalysts as in the reaction 
of cliarylacrylonitriies, witli the aim of providing 
structure-reactivity relationships and details of the 
isomerization mechanism. 

RESULTS AND DISCUSSION 

'The kinetics of isoincrization o f  cis-tli~trS;lctliCrlerlcs ( 1 )  
and (11), followed by g.1.c. analysis of the cis- and t ram-  
isomers, obcys a first-order rate law to at  lcast OO'I(, 
completion. The pseudo-first-order rate constants in- 
crease linearlv on increasing the catalyst concentration, 
as shown in Figure 1. 

The intercepts of tlie log k ,  against catalyst concen- 
tration plots (Figure 1) are almost zero, indicating the lack 
of non-catalysed thermal isomerization. The scrond- 
orcler rate constants, obtained from tlie slopes of these 
plots, are reported in Tables 1 and 2, together with the 
activation parameters calculated at 170 "C. Selenium 

is the most effective catalyst, the rtlativc rates for tlic 
isoinerization of cis-stilhene at  890 "C being in the ratio 
734 : 20.6 : 1, for Se ,  AlSA, and PTB, respcctivcly. 

A comparison between the isomerization kinetics of 
tf iarjrleth ylencs and diarylacryloriitriles 9 3  shows 
remarkable differences. I n  fact, the higlier electron 
density on the double bond of diarylethylcncs favours 
acidic jclectr ophilir) isornerization , whereas hasc-cata- 
lysed isonirrjzation is faster for diarylacrylonitriles, in 
which the electroii-~,ithdrawing cyano-group favours 
initial attack oi tliv nucleophile and stabilizes tlie ncga- 
tive charge in the car'ixmionic intcrmediate. 

As in diatryleth~kws there are two ccntres for catalyst 
attack (C, or c',) ; these reactions have tlic difficulty that 
ctianging the substituent in tlic aryl ring can change the 
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s ty  r y l t h  lo pli c 11 

rcgiochemistry of addition, so that non-linear Hammctt 
plots may be expected, as found in tlie bromination of 
cliarv1ethylenes.l' In fact, two lines meeting at  t I i c  

stilbene point.; are found in the Hamrnctt plots of the 
isonierization by MSA (Figure 2) .  
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The satisfactory linear correlation between log k ,  and  slopes in the Hammett plots (Figure 2) are less negative 

tlie (J ' values of the electrora-donating substituents (p (p' -0.35 _t 0.12 a t  170 "C), because the substituents are 
-0.92 & 0.07 a t  170 "C) suggests that  the acidic insulatcd by a iiietliylene group from tlie carbonium ion 
hydrogen atom of hlSA is transferred to the C, atom of centre, 

130 "C 
X -- fl-OCH, 1.99 

p-C€lJ 1.73 
r3 3.55 
trz-Cl 1.26 
p-Cl 1.88 
p-x:c ) a  2.5(i 

lT --= :c j 16.0 
S 11.6 

i m z / i  m0i-1 
170 "C 
8.49 
'7.67 

6.06 
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12.2 
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I90 "C 
3 8.0 
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69.9 

2!13 
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ANtl 4Stl 
ltcal mol-1 cal mol-l I<-* 

27.8 - 5.9 
28.8 -3 .8  
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cis-XC,I €4CI 1=CI€C6Hr, by mcthanc.su1phonic acid 

olcfin h y  fast rotation around the single bond and by loss 
of a (3-proton. 

Thc clectr l>n-wit l ic l ra~~ii~~ groups reverse the mode of 
addition and a $-carbocation is forrncd; tlie relative 

FIGU~ZR 3 I-Iammctt plots for the isomerization of 

X 

the isomcrization rate in a differcnt manner from acidic 
isonicriz;itioti. Initial attack of the alkoxide group on 
t he  C, or C p  ;itoms seeins to bc tlic ratc-(letenmining step. 

Nu 

The insensitivity of the selenium-catalysed isomeriz- 
ation to substituent effects (Figure 3 )  could be explained 
by a free radical mechanism, as in the corresponding 
isomerizatioii of diaryla~rylonitriles.~ Nevertheless, the 
diagnostic tests for a free radical reaction were un- 

TABLE 2 
Second-order ratc constants ( lo3 /tJl ~ n o l - ~  s-*) and activation parameters for the isonierization of cis- 

SC,€I,CI J=CIHC,FT, ant1 cis-3-C',)I,~--CH=CEIC,II, catalysecl by xiiethnnesulpl~onic acid ancl potassium t-butoxide 
~letliaiiesulp~ionic acid 1'0 tassium 

AH$/ ASXI t-butoxide 
150 "C 170 ' C  190 "C kcal rnol-1 cal mol-l I P  190 "C 

S -= P-CICH, ".'G 3.95 5.19 7.3 -54.1 0.0125 
p-c€13 O.!f!fX 1.27 1.S5 5.1 -61.0 0.0316 
I-I 0.453 0.789 1.11 7.9 --55.!1 0.0538 
p-Cl 0.380 0.3 60 0.730 5.5 -61.1) 0.0654 
m-C1 0.244 0.369 0.602 7.9 - 57.1 0.102 

Y = 0 1.32 1.67 2.75 6.2 - 57.8 0.1 19 
pxoa 0.183 0.313 0.503 9.0 -55.0 0.216 a 

S 3.28 6.06 15.1 13.9 -37.8 8.93 
0 103h, 0.0480 (160"), 0,111 (170') 1 mol-l s A H $  13.8 kcal mol-l; AS1 -46.3 caL1 Inol-l K The ' mean ' standard deviations of 

the rstiniated activatioii p ran ic tc rs  ai-e + 1 . 0  kcal r ~ i o l - ~  for AH: and 1- 3.0 c;i1 ~nol-' Ii ior &'iI values. 
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successful. In fact various kinetic runs carried out in 
the presence of dibenzoyl peroxide (radical initiator) or 
of hydroquinone (radical inhibitor) provide the same k ,  
values as under the standard conditions, within the 

1 1 1 1 1 1 1 1 1 1 1 1  

-0.2 0.0 0.2 0.4 0.6 0.8 U 

Hainmett plots for the isomcrization of FIGURE 3 
cis-XC,H,CH=CHC,H, by selenium and potassiuni t-butoxicle 

range of experimental error. The lack of sensitivity to 
the substituent effects requires that complex formation 
involves the vinyl group specifically in a rate-determining 
step. As selenium has a remarkable ability in inter- 

"\ ? 7 

acting with the x-electron of olefins,l. lo enhanced reac- 
tivity occurs. This fact could justify the poor selectivity 
with regard to substituent effects, according to the 
reactivity-selectivit y principle. l2 

The isomerization rates of cis-2-styrylfuran and cis-2- 
styrylthiophen are faster than that of cis-stilbene with 
all catalysts, because of the ability of the heterocyclic 
nuclei to stabilize both positive and negative charges 
better than benzene ring.13 

The reaction rates depend largely on activation 
entropies. The selenium-catalysed isomerization is 
faster in spite of high AHf values, whereas the acidic 
isomerizations show lower AH3 and highly negative ASf 
values, in agreement with the polar structure of the 
transition state.14 

EXPERIMENTAL 

Materials.-cis- and trans-Diarylethylenes were prepared 
by a Wittig reaction between equimolar amounts of benzyl- 
triphenylphosphonium chloride and the appropriate arene- 
carbaldehyde in the presence of EtONa in EtOH. The 
separation of the isomers was carried out by column 
chromatography on alumina : cis- and trans-XC,H,CH= 
CHC,H5 (X, m.p. or b.p./mmHg), cis-P-OCH,, 9S-1OO0/ 
2 ; 15 trans-p-OCH,, 136-1 37" ; l6 cis-p-CH,, 110-1  12"/ 
2 ;  15 trans-p-CH,, 119-120"; l5 cis-H, 105"/2; 1 5 9 1 6  trnns- 

H,  124'; l7 cis-p-C1, 90"/0.05; trnns-fi-Cl, 129"; 1 5 9 1 6  

cis-m-C1, 92"/0.06;* trans-m-C1, 73-74"; l6 cis-p-NOZ, 
62-63"; l7 trans-p-NO,, 156-157'; l5 cis- and tram-2- 
C4H,YCH=CHC,H5 (Y, m.p. or b.p./mmHg), c i s - 0 ,  79-- 
80"/0.05; l9 trans-0, 54-55"; cis-S, 92"/0.3; 2o trans-S, 
1 1  1 O . 2 0  

Decahytlronaphthalene, black selenium powder, niethane- 
sulphonic acid, and potassium t-butoxide (cotiirnerci;il 
products; AnalaR grade) were used witliout furtlwr 
purification. 

Kinetic Procedure.-The reaction medium was homo- 
geneous in all cases. In particular, selenium is completely 
soluble in the substrate, owing to the rapid forrnation of a11 

adduct between the olefin and selenium (n-complex) , l*  lo 

'I'o cis-isomer solution in decahydronaphthalenc ( 5  nil ; 
ca. 0.15 in01 l-l), placed in a glass-stoppered bottle and 
maintained at constant temperature, catalyst solution 
(5 ml) was added (for catalyst concentration see 1;igure 2 ) .  
At suitable intervals, portions were removed by a micro- 
syringe and analysed by g.l.c,, using the procedure pre- 
viously described.l? lo 

All kinetic measurements were carried out in duplicate ; 
less than 6% deviation between the tux) rate constants 
values was observed. 

We thank the C.N.R., Rome, for financial support. 
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Satisfactory combustion analytical data (C and * This work. 
H) were found. 
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