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The debated problem of the relaiive reactivity of olefins snd aceiylenes to-
ward electrophilic reagentsz’Bahasprompted both prerimwntal3 and theoretical4
studies in order to compare the ease of Tormation or the relative stabilities of
saturated and unsaturated cationic intermediates. The electrophiles exploited so
far for this purpose have been halogens, sulphenyl derivatives, anc protons. To
our knowledge, no sinilar siudyv hes been carried out with a coumon electrophile
such as a carbonium 1on. As an extension of our research on the Lewis acid cecta~
lysed addition of alkyl halides to acetylenes5 we wish to report the preliminary
results of a study of the reactivities of phenyl-substituted olefins and acety-
lenes toward diphenylmethyl chloride, i.e., toward a fairly stable carboniuwm 1on.

A competition method was chosen since a conventional kinetic spproach was
made difficult by the heterogeneous nature of our reactions. In a typical exper~
iment 25 mmol of each unsaturated compound were allowed to react with 5 mmol of
diphenylmethyl chloride (I) in the presence of 0.5 mmol of powdered wnhydrous
zinc chloride in 90 ml of boiling dichloromethane until most of (I) was consumed.
Chromatography of the reaction residue on silica gel permitted separation of the
excess of the reagents from the reaction products, whose relative amounts were
determined by integration of the NMR spectrum of their mixture. The results ob—
tained in the competition reactions of diphenylacetylene (II)} with trans- and
cig-stilbene (IV) and (V) and of 1-phenylprop-1-yne (III) with trans- and cis~
1-phenylprop-i-ene (VI) and (VII) are reported in the Table.

The products isolated from the competition reactions were carefully compared
with those obtained in addition reactions carried out independently in the same
conditions, following equations [I] and [II]. This excluded formation of signif-
icant amounts of products of oligomerisation and/or co-oligomerisation of the

unsaturated substrates and alsoc of products of addition of the hydrogen chloride
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formed in the cyclisation reactions. The structure of all the reaction products
was consistent with a2 mechanism of electrophilic auidition.5

With the exception of the reactivity ratio diphenylacetylene : cis-stilbene,
which will be discussed later on, the daia reported in the Table clearly show a
comparable reactivity of phenyl-substiluted olefins and acetylenes in our reac-
tion conditions. The analogy with the relative reactivity values reported by
Yates et al. 3a for the hydration of similarly substituted unsaturated compounds,
where ratios k /k

—olefin’ —acetylene
gest a similar behaviour of the proton and of carbonium ions. However, the coin-

in the range of 0.65-1.5 were found, would sug-

cidence between the two series of results might ve fortuitous, since they were
obtained 1n media of very different polarity. In fact, the proton addition was
carried out in oqueous sulphuric acid;3a in this case, the similar reactivity of
double and triple bonds was mainly imputed to differential solvation of the in-
termediates. This interpretation cennot be applied to our carbonium ion additions,
which indicate that acetylenes mey be as reactive as olefins also in a weakly
polar medium. In our system, therefore, other factors are amplicated in the egua-
lisation of reactivity. As a matter of fact, recent worlk from this 1aboratory6
has shown that also in the pro*on addition solvation effects are unlikely respon-
sible for the equalisation of reactavity of double and triple bonds.

A steric factor, related to the size of the carboniuwn ion used as an elec-

7

trophile, is probably responsible for the unusually low reactivity of cis—-stil-
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TABLE

nesults of the competition reactions

o Reagent Acetylene Olefin Reactivity

Substrates ratio = adducts [%] adducts [%] ratio 2

PHO=CER 1:5:5  (VIII)[74.7]+ (x)[1.4] (x11)[23.9] 3.2
trens-PhCH=CHPR  4.5.40  (vIII)[60.0]+ (x)[0.3] (XII)[39.7] 3.0

PhC=CPh 1:5:5 (viII)[o4.7] + (x)[5.3] not detectable ==

SLs=PhCH=CHPR 4.9, 2:11.3 (VITD)[ca.920+(x)[ca. 5]  (X1I)[e2.31S > 300

PLO=CMe 1:5:5 (1x)[20.6] + (x1)[14.4] (x111) [65.0] 0.5

trans-PhCH=CHlle

1:9:4.5 (IX)[25.17 + (x1){21.6] (x111) [53.3] 0.4

Ph=CMe 1:2:2 (Ix)[44.0] + (x1){33.8] (x111) [22.2] 3.5
Las=PaCH=CHMe 1.3 7:5.5 (Ix)[33.2]+ (X1)[36.5] (XII1) [30.3] 3.4

2 Ratio diphenylmethyl chloride : acetylene :o%ffin(Ppproximatefigures).-ECalcu-
lated on the zctual amounts of reagents used. —Formed at the estimated limit of
detection of the NIIR spectrum of the mixture of adducts.

bene (V). In our conditions (V) was found at least 100 times less reactive than
trans-stilbene (IV). An analoguous reactivity ratio was reported in the litera-
ture by Brackman and Plesch8 in a study on the cationic oligomerisation of stil-
benes 1in hydrocarbon solvents; cis—stilbene was found more reactive than trans-
stilbene in the initiation step (corresponding, in the conditions used, to the
addition of a proton) and ca. 100 times less reactive in the propagation step
(corresponding to the addition of a protonated stilbene, i.e,, of a1,2-diphenyl~-
ethyl carbonium ion). This was mainly imputed to steric inhibition of resonance
in the carbonium-ion addition transition state of cis-stilbene. An explanation
of this kind may account also for our addition reactions, where repulsive inter-
actions between the bulky diphenylmethyl group and the phenyl groups of the stil-—
bene moiety may as well be presumed. This is indirectly confirmed by the results
obtained in the addition to 1-phenylprop-1-enes (VI) and (VII), where a diminished
steric crowding decreases the difference in reactivity between the two isomers.

Besides the reactivity data, we wish to point out another interesting fea—
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ture of our addition reactions, which indicates that both ¢is and trans olefins
react via an identical intermediate. We have noticed the stereospecific forma-

tion, both in the addition to stilbenes and to 1-phenylpropenes, of the same ge-
ometrical isomer of 1,2,3-triphenylindane (XII) and 1,3-diphenyl-2-methylindane
(XIII) respectively. On the basis of their NMR spectra and by comparison with the
other isomeric indanes, synthesised independently,9 to indanes (XII) and (XIII)

the trans~trans configuration (XIV) was assigned.

Ph
.
\
‘

R=Ph, m.p. 125-126
(x1v) o
R R=Me, m.p. 91-92
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