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Chimica fisica. — Reactions o f diaryl—halogeno—ethylenes with 
sodium ethoxide — P art IV. Cis— and  tran s- i - p - a n y s i l - i—phenyl— 
2—chloro—ethylenes. Kinetics and Mechanism  (#). Nota di P a o l o  B e l 

t r a m e  e G a b r i e l e  C o r t i l i , presentata (**} dal Corrisp. M . S i m o n e t t a .

T he com petitive a-elim ination  (F.B .W . rearrangem ent) [i] and nucleo
philic substitu tion occurring in some i,i-d ia ry l-2 -h a lo g en o -e th y len es (I) in 
the presence of ethoxide ion in ethanol
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(III)

-R + H a n + E tO H

a: R =  H ; R ' =  OMe (cis)
b: R =  OMe ; R' =  H (trans)
c: R =  R ' =  H
d: R =  R' =  Me
e: R =  R' =  OMe
(Hai =  CI or Br)

have been studied previously [2] by (i) varying R and R ' on one or both 
of the phenyl groups and (ii) vary ing  the halogen.

S ubstituent effects were m easured in particu lar for the m ethoxy group, 
through the study  of the cis— and trans— m onosubstituted brom oderivatives 
( I -a -B r  and I-b -B r)  [2 a] and the disubstitu ted  derivatives I—e-B r and 
I—e—Cl [2 ò]. For brom ide ion as the leaving group, an increasing tendency 
towards a-elim ination  and rearrangem ent was found in the order (R , R '): 
H , H <  H, rir-O M e <  trans- OMe , H  <  OMe , OMe.

These kinetic studies have an inherent lim itation, because the second 
order ra te  constant k ' , obtained for the a-elim ination, appears to be the 
com bination of an equilibrium  and a ra te  constant. Indeed, the F. B. W . 
reaction is very probably  a two-step process, a fast abstraction of the proton 
being followed by slow rearrangem ent of the vinyl anion w ith concerted

(*) Work done at the Istituto di Chimica fisica -  Università di Milano. 
(**) Nella seduta del 13 novembre 1965.

32. -  RENDICONTI 1965, Voi. XXXIX, fase. 6.
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rem oval of the halide ion [3, 4, 5, 6]:

A r  \  / H  k i  A r
+  EtO“  EtOH-b

h r' /  Miai Ar'
(I) (IV) (III)

A pplication of the steady state approxim ation gives 
th a t reduces to

( 1) k' -  k1 k2lk_1

if k2<g. k_ \ . This is apparen tly  fulfilled in the case of A-butoxide in T -b u ty l 
alcohol as a base, since the ra te  of deuterium  exchange of 1, 1-d ipheny l -  
brom oethylene has been found to be m uch higher than  the  ra te  of conversion 
to diphenyl-acetylene [3^]. A lthough the corresponding behaviour of sub
strates (I) in ethoxide/ethanol solution has not been checked directly, it 
seems probable th a t eq. (1) holds, th a t is (I) and (IV) can be considered in 
equilibrium . In an y  case the, m easured effects would be a com bination òf 
influences on the acid-base equilibrium  and on the subsequent reaction.

For a better understanding  of the reaction m echanism , the kinetic beha
viour of the cis and trans isomers of i-^ -a ;n isy l-i-p h en y l-2 -ch lo ro -e th y len e  
(I-a -C l and I-b -C l) has been studied, in order to com pare them  w ith the 
o ther com pounds of the series.

E x p e r im e n t a l .

M aterials and products. —  D ry  ethanol for kinetics was prepared from 
T99.9 % ” com m ercial ethanol by treatm ent with m agnesium  and distillation. 
The solvent used for the U . V. m easurem ents was m ethanol R. S. (C. Erba).

P reparation  of cis— and trans- \—p —M ethoxy phenyl—\—phenyl—2-chloro- 
ethylanes (I—a—Cl and I -b —Cl) and identification of the products of reaction 
w ith ethoxide ion have been previously described [7].

K inetics. — A  weighed am ount of organic compound was dissolved in 
a freshly prepared solution of sodium ethoxide in ethanol using a calibrated 
volum etric flask. C oncentrations were ca. 0.04 M in substrate and ca. 0.5 M 
in ethoxide ion. T he concentration of ethoxide ion was determ ined by 
titra tion  w ith 0.5 N hydrochloric acid.

$ m l samples were p ipetted  into Pyrex tubes, sealed and introduced 
in a therm ostat kept w ithin less than  ±  0.2°. T im ed samples were w ith
drawn, quenched by cooling and the content of the tube diluted to 50 ml with 
m ethanol in a volum etric flask, care being taken to dissolve the small sodium 
chloride crystals in the bottom  of the tube. Samples (3 ml) were p ipetted 
out of this flask and further diluted for the spectrophotom etric analysis of 
7>-anisyl-phenyl-acetylene, effected by m easurem ents at 305 m[x. The residual 
solution was used for the potentiom etric titration  of chloride ion by m eans of 
0.05 M silver n itrate. R eactions were followed usually to ca. 70% completion.

;c = c fa
slow ■ A r'—C =C —A r+ H al“
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Second-order overall ra te  constants (K) were obtained graphically  from 
linear plots of [2 .3 0 3 /^ —  d)] log \(b —  x)j(a— x)] vs. time; b =  in itial cone, 
of ethoxide ion; a =  in itial cone, of organic chloride; ;r =  concentration of 
chloride ion at tim e t.

The concentration of acetylenic product (y)  at tim e t  was obtained from 
the equation;

(2) y  =
£ -- £0

25650--£0 a.

where s0 and s are m olar extinction coefficients of the reaction m ix ture at 
A =  305 m  ( J i ,  at tim e zero and at tim e t respectively, w hilst 25650 represents 
the theoretical value for complete conversion to^)-anisyl-phenyl-acetylene[2^]. 
A t each tim e the ratio  of the am ount of acetylenic product to the total 
am ount of organic chloride reacted (y f x ) was evaluated; averaging along the 
course of the kinetic run  a “ fraction of elim ination ” Fy could be calculated:

Some (y/x)  values were discarded, since their deviation from the average 
value was m ore than  twice the m ean deviation. T he second order ra te  con
stan t (k '\  of the elim ination-rearrangem ent reaction was thus obtained for 
each run by the equation:

(4) k ' =  K - F y .

Both overall and elim ination ra te  constants were corrected for solvent expan
sion, by m eans of ratio  (dv&ldf).

R ate constants for the substitu tion reaction (kf) were obtained by  d if
ference: ks =  K —  k ’. A rrhenius activation energies AEa were evaluated 
from plots of the logarithm s of the ra te  constants vs. i/T . A ctivation 
entropies at 130° were calculated from the equation: A S a =  4-576 log A — 
— 61.130 (tal/m ole °K), where A  is the frequency factor (1-mol-1 sec-1). 
Probable errors of ra te  constants and of other kinetic param eters were eva
luated by standard  m ethods. A  typical run (I-a -C l ; tem p. == 139.6° ; 
a =  0.0401 M ; b =  0.5668 M; s0 =  386) gave the following results:

t im e
(m in )

0.0497 M AgN03 
(ml) IO4 -^ £ io4 -y ylx

] 105 0.405 42.8 IIÓO 134 O 3I3
3860 I* 12 118 3323 50.8 (0 .429)
5225 1,41 149 3791 58.9 0.395
6820 i -74 184 4708 68.6 0.373
Suo 1.97 208 4950 72.5 0-349
9630 2.19 231 5124 75.2 0.326

10985 2-37 251 5452 80.4 0.320
z3855 2.65 280 6076 90.4 0.323
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It was therefore obtained: =  F^==o.343 ; K=^3.093 • io ~ 6 1-m ol"1
sec"1 ; k' — 1.060 • io -6 1-m ol"1 sec-1 .

R e s u l t s .

Overall ra te  constants (K) from  titra tion  of chloride ion and “ fractions 
of elim ination ” (F^) from spectrophotom etric determ ination of the acetylenic 
product are shown in Table I; oc-elimination r a t e . constants (kr =  K-F^,) 
and substitu tion ra te  constants (ks =  K —  k ') are also listed.

T a b l e  I.

K inetic results fo r  reactions o f I-a -C l and  I -b -C l w ith  sodium ethoxide. 

(K , k! and ks in 1-mol—1 se c -1).

Temp. (oC) K- io6 k! • io6 k s - IO6

C2>-i-^-methoxyphenyl-i-phenyl-2-chloroethylene (I-a-Cl).

130.0 1.299 0.238 0.31 0 - 9 9

139.6 3 - 0 9 3 0 - 3 4 3 1.06 2.03

145.0 5.140 0.389 2.00 3 - 1 4

Trans-1-^-methoxyphenyl-1-phenyl-2-chloroethylene (I-b-Cl).

130.0 1.106 0.327 0.36 0.75

135 i 2.067 0.398 0.82 1.25

1 3 9 - 6 3.006 0.464 C-3 9 1.61

145.0 5 - 5 0 3 0.545 3.00 2.50

149.0 8.259 0 . 5 3 4 4.41 3 - 8 5

•Probable errors are less than i % for K, ca. 6 %  for k ' and 5 % for ks values.

T he A rrhenius equation is obeyed by all three types of constants in 
reasonable approxim ation. This m ight at first seem surprising, as K  is not 
the ra te  constant of a single reaction, but the sum of k ’ and ks ; m oreover, 
k r itself is p robably  a com bination of an equilibrium  and a kinetic constant. 
A pparen tly  the experim ental tem perature range was too restricted to discover 
any  deviation from “ A rrhenius ” behaviour. Therefore one can obtain  the
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relevant param eters, but their real significance is open to discussion. T he 
param eters referring to K are m erely empirical, useful for interpolation or 
lim ited extrapolation. If  k ' can be w ritten  as product of an ac id -base equ i
librium  constant and a ra te  constant k% for the elim ination-rearrange
m ent of the carbanion A r (A r') C = C  —  Cl“ (IV -C 1), then the AEa for k l 
is the sum of a heat of ionization AE*- and a true activation energy AE+ ; the 
A rrhenius equation should hold as long as AEZ- and AE+ are tem perature inde
pendent. Sim ilarly, each value of the apparen t activation entropy ASa ob ta
ined from k ' should be the sum of an ionization and true  activation  - value.

A rrhenius and therm odynam ic param eters referring to k ' and ks are 
given in T able II. In terpolated  or extrapolated  ra te  constants were calcu
lated from these data  as required.

T a b l e  II .

A pparent activation energy (AEa ; Kcal/m ole), frequency factor  (A ; l-m ol-1 
sec-1} dnd activation entropy (ASA ; cal/(mole °K)) fo r  reactions o f I - a —Cl and

I-b -C l.

Isomer

F.B.W. REACTION Substitution reaction

a e a log A ASa (130°) AEa log A ASa (1300)

I-a-C l ( c is ) ................ 41.8 l 6 . I +  12.7 25.6 7 - 9 — 25.1

I-b-Cl (trans) . . . . 44.8 1 7 . 9 +  20.7 28.2 9.2 —- 19.2

Probable errors are 1-2 Kcal for AEa ; 0.5-1 for log A; 2-4 e.u. for ASa  .

D is c u s s io n .

T h e  cis-  and tra n s-  isomers, I-a -C l and I-b -C l respectively, can be 
com pared, as to their kinetic behaviour, w ith the corresponding I - a -B r  and 
I -b -B r, for which kinetic data  at 1200 are available. The effect of the lea
ving group is quite large for k ' and  very small for the substitution ra te  con
stants:

T -  =  35.6 (cis) . ; 46.7 (trans) at 120°
/&RC1

^ = 1 . 4  t o )
k s{ RC1)

at 1200.
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T he im portance of ^ -su b stitu tio n  on the reactiv ity  of d iaryl-chloro- 
ethylenes results from  the sequence of data  in T able II I .

T he natu re  of the leaving group and of the ^ -su b stitu en ts  has a rem ar
kably  different influence on the ra te  coefficiencts k f and ks : while the sub
stitu tion reaction has some S^Ar character (Cl ^  Br, w ith electron-releasing 
substituents decreasing the constant), the F. B. W . reaction has a strong 
“ elem ent effect ” , in agreem ent w ith values previously found [2^] and is 
favoured by  m ethyl and m ethoxy substituents.

T a b l e  II I .

p —Substituents effect on F . B . W. and substitution reactions o f some diaryl— 
chloro—ethylenes (I—Cl) w ith ethoxide ion.

Temp. =  130.0° k ' and ks in b rno l-bsec-1

Reactant I-c-Cl [2 Ó] I-d-C l [2 à] I-a-C l I-b-Cl I-e-C l [2 b\

R = H CHs H OCH3 OCH3

R '= H c h 3 OCHs H OCH3

k '- 106 0.20 0.25 0.31 0.36 0.52

Relative rates 1 1.25 i * 55 1.8 2.6

ks- io® 2.25 0.44 0.99 0.75 0.53

Relative rates 1 0.20 0.44 0.33 o- 24

The effect of the leaving group on the latter reaction corresponds to a 
dehydrohalogenation in which C—H al bond breaking is advanced in the tra n 
sition state of the ra te  lim iting step. One m ight envisage complete a—elim i
nation preceding the rearrangem ent, but such a hypothesis has been discardefl 
because the trans-stereospecificity usually  displayed by the F. B. W . reac
tion [3a, 4] is hard ly  consistent w ith a carbene interm ediate (L.

T he enhancem ent of k r due to m ethoxy groups follows a well-defined 
sequence (R , R ' : H  , H <  H , cis-OMe <  trans-OMe , H <  OMe , OMe) that 
is also found for com pounds I—Br. As to the num erical significance of such 
an effect, it should be rem em bered th a t electron-releasing ^ -su b stitu en ts  
cannot but depress the acid ionization of the substrate, and therefore, the

(1) The only reported example of non-stereospecificity refers to reactions with sodium 
hydroxyethoxide in boiling ethylene glycol [8] but such a high temperature could have led 
to isomerization.
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increase in k ! should be the net result of a negative effect on the pre-equi
librium  and a positive effect on the subsequent slow reaction, w ith the la tte r 
predom inating.

Since the F. B .W . reaction is favoured m ore by a m ethoxy  group on 
the trans (m igrating) thaq  on the cis (non m igrating) benzene ring, an in ternal 
nucleophilic attack  of the m igrating  aryl-group on the C -H al bond is ind i
cated. The presence of a carbanionic charge at the site o f a ttack  does not 
provide a prohibitive barrier because C -H al bond breaking should be so 
m uch advanced w ith respect to the m igration of the aryl-group th a t the 
charge is largely displaced from carbon to the halogen atom  (Hal = " B r or Cl).

M olecular orbital calculations [9] have shown th a t a ^ -m e th o x y  sub
stituen t should lead to a gain  in Tu-electron energy for the F. B. W. re a r
rangem ent, on both the fixed phenyl or the m igrating  phenyl, but the effect 
has been shown to be g reater for the m ethoxy substituent on the m igrating  
group, favouring the order of reactiv ity  found experim entally.

A pparent activation energies and entropies from k t constants are rea
sonable values for a vinylic non-activated substitution w ith a fairly  rigid 
transition  state. T he values for AEa and ASa of the F. B. W. reaction fall 
in a typical range for this kind of process [2 i]; their high values result 
from a com bination of ionization and true activation values, but so far 
they  cannot be split into the respective term s.
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R iassunto. — È stata studiata, nel campo di temperature da 130 a 1490 C, la cinetica 
delle reazioni del, cis— e del trans— 1— fenil— 1—fi—metossifenil-2-cloroetilene con ioni etilato in 
etanolo; le due reazioni di oc-eliminazione con trasposizione a fenil—̂-metossifenil-acetilene 
e di sostituzione nucleofila sono state seguite mediante titolazione degli ioni cloro e determi
nazione ;> spettrofotometrica del prodotto acetilenico.

I risultati sono confrontati con quelli ottenuti m precedenza da altri diaril-alogeno- 
etileni.


