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Abstract—The kinetics of the cis-frans isomerization of some aS-diaryiacrylonitriles has been investigated in
decahydrosaphthalene st 150-190" with selenium as a catalyst. The reaction is first order with respect to olefis and
112 spparent order with respect o catalyst Iromerization rate is incressed by clectron donating groups in the
a-pbeayl and by electron withdrawing ooes in the 8-pbenyl. Satisfactory correiations between Jog k and substi-
tuent ¢ values are observed. Evidence is obtained for a free radical mechanism. The results are consistent with a
reaction path involving the {ormation of 2 o-complex between the a-C atom and seleaium diradical, followed by &
free rotation around the single bond and removal of the catalyst. The effects of heteroaromatic nuclei linked to a-C
atom on the isomerization rate (pheayl > 2-furyl > 2-thienyl) indicate the lack of conjugation from heteroatom to
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the side chain in the rate determining step.

During recent decades, cis-frans isomerization of o8-
substituted ethylenes bas been extensively mvestmted
fornstbeorencalmtcmtandpom'bkapplmnon. The
interconversion of both isomers to equilibrium mixtures
originates from x-bond rupture followed by free rotation
of adjacent groups around the o-bond. The w-bond
rupture can be induced thermally’ and photochemically*
or by paramagnetic compounds® which determine the
formation of free radical intermediates in the reaction
path; moreovu.theacnono(pmnc’orumwds‘
bases,’ some metals® orposmvems favour a
mechanism which proceeds through ionic transition
states.

Selenium has also been used as catalyst in the
isomerization of olei acid,’ cis-stilbene'’ and some
cyclic dienes;'* however, in this case, the proposed
mechanism had not been developed sufficiently because
of the lack of suitable experimental information.

Following previous work oa the isomerization of cis-
a.ﬁdwyiethym" we report the kinetic results for
the isomerization of some cis-a8-diarylacrylonitriles 1
and 2 in decabydronaphthalene at 150-190°, with
selenium as catalyst.

This smdy. which involves substituent effects in both
phenyl ring systems, was undertaken to mvatmu: the
selenium-catalyzed isomerization mechanism. Moreover
we bope to contribute to the knowledge of the electronic
effects of the furan and thiophene cycles to the adjacent
double bond, in connection with the studies oa side chain
reactivity of S-membered heterocycles.*

{Presented to 2 Meeting of the Societh Chimics Itakana, Catania,
2,26 (1978).

$Preliminary experiments bave coofirmed thet: (i) the thermal
mw.nmewedwkﬁm,uumb (n’)thc
trans-somers undergo sclenium-catalyzed isomerization giving
only 3-4% of cis-isomers (equilibrium mixture); (i) the reaction
is always homogencous and after cooling the catalyst ppts in the
red modification.
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RESULTS AND DESCUSSION

Pure samples of each cis-isomer in deca-
hydronaphthalene were treated with different amounts of
seienium at constant temperature. The reaction medium
was homogeneous, selenium being completely soluble in
the substrate, owing to the fast formation of an adduct
between the olefin and selenium (w-complex), as sugges-
ted by Fitzpatrick and Orchin."""

Quantitative analysis of both isomers was carried out
by gaschromatography (Experimental), which was pre-
ferred to other techmiques for accuracy and reproduci-
bility of results and for its general applicability to the
examined compounds.

The reactions gave trans-isomers by excellent pseudo
first order kinetics with respect to the substrate.$ Table |
reports k, values st different catalyst concentrations for
the isomerization of a8-dipbenylacrylonitrile at 170" and
l?&'mdo!a-(z—&ienyi), B8-pbenylacrylonitrile at {70°.

To calculste the reaction order with respect o
seleatum, it was necessary to know the molecular species
in solution. Selenium has the bexagonal structure and
dissotves as an 8-membered species (presumed to be
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Table 1. Dependence of the pscudo first order rate coostants oa the selenium coocentration and apperent order

with respect to catalyst
Selentiun 10° & (atn™h)
3
(10" g atom 1 ) Cbll;SClQ-C(CR)C C6KSC)0-C(CN)C H
170°C 170°C 190’C
1.52 2.53
2,22 2.78
2,44 1.9 2.82 7.89
3.61 3.77
4.67 4,11
5.01 3.14 4.14 11.9
7.28 3.32 5.07 14,2
Reaction Order 0,5240.13 0.4740.03 0.34+0.02

nw)uthownbycryowoptcmdebdhowoptc

ummnpencmdabletomduocﬂrecmhmlchlm“
The logarithmic plot between pseudo first order rate -
constants, for isomerization of a,8-diphenytacryloaitrile g

at 170°, and selenium stoichiometric concentration (g R

atom 17') is linear with a slope near to 1/2 (Fig. 1). The = neis2

same fractional order was found for the isomerization of -

a,8-diphenyiacrylonitrile at 190° and of a-(2-thicnyl), 2

B-phenylacrylonitrile at 170°. 26t
Thevaluuofp:wdoﬁmmmccoomntsat X

various temperatures, obtained with 5.01 x 10 g atom Iy Yy By
l' selenium, are reported in Table 2, together with the lou (Se) em~|"’
activation parameters calculated at 170°. The substituents oeilel. o

can produce opposite effects on the reaction rate: the

isomerization is in fact favoured by clectron donating  Fig. 1. Apparent order with respect to scicasum cooceatration for
groups in the B-phenyl and by electron withdrawing ones  the isomerination of cis-aS-dipbenylacrylonitrile in decaby-
in the a-phenyl ring. droaaphthalene at 170°C.

Table 2. Pscudo first order rate constants at 5.01 g atom 1™’ of seleninm and activation parameters at 170°C of some
cis-a 8 -diaryiacrylooitriles ia decahydronaphthalene

10° k, (atn’h) At Ast Act
150°C 170°C 190°C  (kcal mol™!) (cal mol™1K°?) (kcal wo1”l)
H CN
—c’ X=0 0.264  1.43 481 2.2 -8.9 2.1
Q/ c©{ s 0.0881 0,938 3.1 3.1 31 2.7
Hiz=0Gh 20.2
Ny 13.3
H H  0.788 4,16  11.9 26.2 -11.3 1.3
" CN
“e=c” H C 11.5
)@/ Q{ H MO, 0271 1.3 6.28 29.7 -5.8 2.2
Y OGH, H 0.339 2,18 5.72 26.8 ~11.6 31.9
oy, K 0.492 .24 9.00 27.8 <9,0 3.5
Ci H 0.0  3.42 11.6 25.4 -13.3 31.3
\ %o, H 2.01 6.88 25.6 23.9 -15.2 30.6
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Fig. 2. Depesdence of log £, oa o* nhesfotthminﬁonoldn-a-p—Y-MyU-pbayhaybmﬂe ©)and
of cis-a-phenyl,8-p-Z-phenyhacryloaitrile (A) in decahydrosaphthalene at 190°C.

Figure 2 shows the good correlation between log k; at
190° and o values of the substituents. Amlo.omplots

However, in order to check this hypothesis some diag-
nomchneucnmmwnedomtheaddinonofm!l
ofndnlmhibnot(bydroqmnooe)to

derivative, is: phayl>2furyl>2-thia|yl, whilst for
diarylethylenes is:  2-furyl > 2-thienyl > phenyl; at

experimental conditions the isomerization is
kmmﬂyleufavmnedomwnmmmﬂm
in ucnvanonpnnmem(abom 12-16 kcal mol ™! for
AH” and sbout 1 -lo'mm for preexponential factor).
the di

In
ably bonded at 8-C atom, as it bears the most of =-
clectron density, as indicated by electrophilic reaction
data for these compounds.” The C,-Se bood forma-
tion induces on the a-C atom an unshared electron,
which can be delocalized on the w-orbital of the adjacent
beterocycle (Fig. 3a). The observed reactivity order is in

L 5,
) Y]
M cn
Vo D o
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muhsmsmechammmbuthefmfmd:
cis-w-complex between olefin and the diradical selenium,
followed by o-complex formation. The free rotation
around the simple o bond and the consecutive formation
of trans-x compiex yields the trans-isomer, with remo-
val of the catalyst which initiates again the reaction

,E'-

The observed substituent effects are consistent with &
mechanism involving an intermediate complex, since the
mcdctamnnnsuepdependsonthepounooofmbm-
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Fig. 4. Scheme of the reaction mechanism.

withdrawing groups increase the isomerization rate. If
bowever the substituent is in the S-phenyl ring, the
o -compiex is stabilized by electron donating groups. In
this case the kinetic control is determined by o-complex
formation (step 3).

A further support to the proposed mechanism is given
by the sign of p* values (Fig. 2). Positive py* values
mdmuthncounmbonmtbemwnonsmeum
important than in the initia] state,” according to the
formation of a o-complex bearing a saturated C atom.
Negative p;z* values indicate, instead, the greater con-
jugation in the o-complex with respect to the initial state.
Negative p* values have been found in several free
radical reactions, as the halogenation of substituted
toluenes and the beazoylperoxides decomposition.”

The reactivity sequence of heteroaromatic nuclei
(phenyl > 2-furyl > 2-thienyl) can be explained in terms
of side chain electron demand. Analogous sequence to
that bere found has been observed for the reactions of
arylsulphony! chlorides with aniline® and for the acid
hydrolyses of arylanilides.”® These reactions are

.
™}

log k, , diorylethylenes

1 1 1 1 1

diarytocryloniiriles

log k, ,

1 1 1 1

-0.8 -0.6

Fig. $. Correlation of log k, at

-0.4 -0.2

*
T L erectrophilic)

190°C for the isomerization of diarylethylenes with o° electrophilic values, (©):

correlation of log k, at 190°C for the isomerization of diarytacrylonitriles with o* (ArCN IR stretching) values, ().



Kinetics and mechanism of selent yzed i zation of some cis diaryi ieri

the adjacent C atom is electron deficient, a greater con-
jugation in the transition state is possible, and reactivity
follows the order of the ¢ electrophilic values (Fig. 5).

EXPERIMENTAL

Materials. The cis-a 8-disrylacrylonitriles were obtained by
the method of Codinglon and Mosettig,” by the following reac-
tions series: (i) Condensations of the appropriate arylcarbox-
‘yaammmuxm.mmomm,num
afford the cis-phenyicinsamic acids; (i) Reactions of their
Wummamm,mm (i)
cis-diaryiacrylonitriles were obtained by debydration of amides
with PO io xyleoe.
The trans-af-diarylacylonitriles were prepared by cooden-
sations of the appropriate arylacetonitrile and aryicarboxaldebyde
in EtOH with NaOEL®
Physical constants, snalytical C, H, N data, UV and PMR
spectra, conformational studies oo the cis and trans isomers here
investigated, mdonthewcmeompomds.mnpomdma
separate paper.”
Se powder biack and decahydronspbthalene (commercial
products) were used without further purifications.
Kinetic procedure. To amounts of cis-isomer in
10l of decabydronsphthelene (0.01 0.07 mol '), plsced in a
glass-stoppered bottle and maintained st constant temp., were
Mmhmmmmwd&(fuwﬂyn

Gas-chromatographic
E:hﬁmovﬂCmmt.‘l‘hcloﬂovmeohmnmmed
0 mx4mm siainless sicel cootaining 25% methylsilicone
polymer Se 30 oo a Chromosord P (60-80 mesh) at 220°. Helium
was used as gas carrier. The chromatographic areas are propor-
tional to the relative concentrations of both isomers, being the
area correction {actors near to 1.0.

All kinetic messurements were carmied out in duplicate to at
Jeast 75-80% isomerization; jess than 69% deviation between the
two rate constants values was observed.
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