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Abstract

The feasibility of indirect eiectrochemical activation of nucleophilic substitution in scveral non-uctive aryl and vinyl halides with
[CpFe(CO),]~ by means of a specially introduced mediator (a reversible redox couple A/A" ") has been demonstrated. The efficiency of
different mediators for several aryl and vinyl halides as well as the corresponding o-aryl and o-vinyl derivatives of (n®-
cyclopentadienyDirondicarbonyl has been examined. It was shown that by carefully selecting the mediator it becomes possible to perform
the electrochemically induced substitution reaction even in those cases where the substitution products are reduced irreversibly and at less

cathodic potentials than the initial substrates.

Kevwards: Tron; Mediator; Redox catalysis: Electrochemistry

1. Introduction

Nucleophilic substitution in aryl and vinyl halides
with metal-containing nucleophiles is one of the impor-
tant ways for obtaining new compounds with a
carbon(sp® )-metal e-bond. We have previously studied
[1.2] the electrochemically promoted aromatic nucleo-
philic subsdtution in low(Sy Ar)-active and non-uctive
aryl halides with carbonylmetallates of Fe. Mo and W
using cyclic voltummetry (CV), the rotating ring-disc
clectrode (RRDE) technique and preparative-scale elec-
trolysis. We showed [1,2] that the potential-controlled
electrolysis of aryl halides in the presence of the
[CpFe(CO),]~ (electrochemically generated from the
dimer complex [CpFe(CQO),},) is a convenient way to
synthesise  a-aryl(n°-cyclopentadienyl)irondicarbonyl
derivatives.

However, the proposed method has some limitations.
The electrochemical reduction of the nucleophilic sub-
stitution products (o-aryl derivatives of (n’-cyclo-
pentadienyDirondicarbonyl) is irreversible and involves
C-M o-bond breaking [1,2). Therefore, even if electro-
chemically promoted, this reaction can be carried out
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only with substrates that are more readily reduced than
the corresponding metallocomplexes.

Several ways can be envisaged to overcome this
restriction and to extend the number of substrates that
are active in the electrochemically induced nucleophilic
substitution. First, it is known that using & mercury,
rather than a platinum, electrode [3] can effectively
promote the reduction of organic halides, whereas the
reduction of e-aryl (n*-cyclopentadienylirondicarbonyl
derivatives is significantly less influenced by the elec-
rode material [1,2). Therefore, replacing the platinum
working electrode with mercury would allow the
nucleophilic substitution reaction to be performed even
with those substrates for which the electrochemically
activated reaction at Pt is impossible [1.2]. However, for
a number of aryl halides (e.g. p-iodotoluene [1]) and
several vinyl halides [4] changing the electrode material
is still insufficient because, even at an Hg electrode, the
reduction of corresponding o-aryl derivatives of (n°-
cyclopentadienyl)irondicarbonyl occurs almost at the
same potentials as the reduction of the initial substrates.

Yet another way of involving a wider range of
substrates into electrochemically activated nucleophilic
substitution is their indirect electrochemical reduction
by the mediator mechanism [5]. Under these conditions,
the substrate reduction occurs in an homogeneous redox
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reaction with the components of a specially introduced
redox couple A/A ™ rather than by an ordinary electro-
chemical mechanism, The use of such mediator reduc-
tion can significantly promote the reduction of organic
halides and decrease the relative contribution of the
competing reactions both at the electrode and in the
electrode vicinity, thus increasing the yield of the target
products.

In this work we demonstrated the feasibility of the
electrochemically promoted nucleophilic substitution re-
action in several aryl and vinyl halides with cyclopenta-
dienylirondicarbony! anion [CpFe(CO), ], using homo-
geneous redox-catalysis even in those cases when direct
electrochemical activation of this reaction cannot be
performed. A detailed description of the homogencous
redox-catalysis mechanism can be found elsewhere [6).
However, there are some questions that require special
consideration.

Since mediator A must possess a standard redox
potential more positive than the reduction potential of
substrate S, there are three possible cases of the reac-
tants’ potential arrangement. (A denotes the redox po-
tential of the mediator, § and P are the observed peak
potentials of the organic halide and the nucleophilic
substitution product respectively):

A03, ASP, PAS,
:Eml
H ] b ¢

- afed o pated
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In all previous work (e.g. see Ref, [5) and references
cited therein) on  homogeneous redox-catalysis  of
Sk 1-reuctions, the reduction of nucleophilic substitu-
tion products (P) is one-electron and reversible, so that
the rudical anions (P ) formed are sufficiently stable,
and no further fragmentation oceurs, P simply gives
buck its extra electron to the neutral form of the catalyst
(A) and/or the substrate (8) in the solution bulk. This
depends on the mutual arvangement of the reagent re-
duction potentials on the electrochemical scale (cases a
and b). However, in our cuase the reduction of the
nucleophilic substitution products (a-aryl and o-vinyl
derivatives of (n5=cyC|0pentmlicnyl)imndicurbenyl)) is
irreversible [7] and gives rise to their destruction. There-
fore, the mediator reduction of the nucleophilic substitu-
tion products. which may occur when the reduction
potential of the product is less cathodic than the poten-
tial of organic halide (case &) or their potentials are
close (case b, should be avoided.

However, the efficiency of the catalytic reduction
process depends not only on the difference between the
redox potentials of the wnediator und the substrate (or
the product), but also on other fuctors such as the
mediator and substrate structural compatibility, kinetics
of the reaction, etc. [8). Therefore, it should be possible
to select a mediator such that it would be efficient in the

catalytic substrate reduction even if the observed poten-
tial of the substitution product is less negative than that
of the substrate (case a). In particular. this may be the
case when the structures of the substrate and the product
are considerably different. For instance, the presence of
the bulky organometallic fragment CpFe(CO), can be
supposed to decrease the efficiency of the catalytic
reduction of g-aryl and o-vinyl (%’-cyclopen-
tadienylirondicarbonyl complexes compared with or-
ganic halides.

In this work we demonstrate the feasibility of the
mediator electrochemical activation of reaction of aryl
and vinyl halides with CpFe(CO); accompanied by
irreversible reduction of the reaction products. This can
be accomplished by caretully selecting the mediator and
the reaction conditions.

As for the case ¢, this arrangement of the reagent
reduction potentials results in a high probability of
further reductive destruction of the initially formed (if
any) radical anions of the substitution products at the
electrode. If the substitution product is formed in the
solution bulk, its concentration gradually increases as
the reaction occurs until its reduction at the electrode
dominates over its formation in the solution. Therefore,
this case does not seem to be a good prospect and will
not be examined here.

2. Results and discussion

The redox potentiuls of several reversible organic
redox couples that can be used as the cutalysts (media-
tors) of aryt and viny!l halides reduction are presented in
Table 1. They were measured at PUand Hg electrodes
under the same conditions as the electrochemically in-

Table 1

Reduction potentials of the compounds studied (CH CN, 0,05M
a-Bu NBF,. Ag/ApCl/KCE, 20°CY, potential values corrected Tor
IR-drop

Compounds - E¥ (V)
Py Hg
Subsirdges
P CH (H H, | 260° 1.93
C H,l 253 1.86
(£)-PhCH ~CLPh)Br 2.02 1.82
{(Z)-PhCH = (\Ph)Br Lox .77
Produces
£-CH C H FlCO),Cp 215 198
C, HFe(CO,Cp 2.08 1.96
(£ PhCH = QUPRFACO),Cp 2.04 182
{Z)-PhCH= QP CO),Cp 210 R
Mediutory
Anthracene 1.68 1.94
Benzophenone 1.82 1.79
o-Dicyanobenzene 1.67 1.65

: The potential of the Fc /Fc” couple i our conditions is +0.43V,
" Potentials are measured in DMSO: ¢ Data wken from Refs. (9.10].
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duced nucleophilic substitution reactions. As expected,
the potential values of these compounds are independent
of the electrode material.

Fig. 1 presents the voltammograms which are typical
of the mediator reduction of the substrates (here for
iodchenzene). The originally reversible reduction of the
mediator becomes irreversible on adding the subsirate;
the current of the mediator reduction increases. A crite-
rion for the mediator efficiency is the value of the
excess of the substrate that must be added to the
solution to completely suppress the mediator radical-an-
ion reoxidation (the corresponding peuk in the voltam-
mograms disappears). This quantity is designated as
C%/C* (where C> and C* are the concentrations of
the substrate and the mediator respectively). The ab-
sence of the peak of A~ reoxidation implies that A
was chemically oxidised in the solution rather than at
the electrode. This means that homogeneous redox-
catalysis occurs. The higher the efficiency of the homo-
geneous electron transfer in the solution, the lower the
value of C*/C™.

The experimental data on the efficiency of ditferent
mediators in the reduction of several aryl and vinyl
halides and the comesponding o-aryl and o-vinyl
derivatives of (n*-cyclopentadienylirondicarbonyl at a
Pt electrode are presented in Table 2. As inferred from a
comparison of mediator and substrate reduction poten-
tials, the best catalyst for the iodobenzene and p-iodo-

Fig. 1. Cyclic voltammograms obtained at a Pt electrode in CH.CN
with 0.05M n-Bu,NBF, as a supporting electrolyte: (a) 5x 10 M

anthracene (- - -)% (b) a mixture of 5x 10" *M anthracene and
1%10"* M iodobenzene (—————).

toluene reduction is anthracene. The gap between the
anthracene and aryl halide reduction potentials, AE =
ED, o — ERY, is smallest at the Pt electrode (Table 2)
being 0.55V and 0.62V for iodobenzene and p-iodo-
toluene respectively. The peak of the anthracene radi-
cal-anion reoxidation disappears almost completely at
only a twotald excess of these aryl halides (Table 2). At
the same time, the reduction of o-phenyl and o-tolyl
derivatives of (n’-cyclopentadienyl)irondicarbonyl by
anthracene radical-anion is significantly less efficient
than in the previous case of aryl halides. This is illus-
trated by the form of the anthracene cydlic voltammo-
gram: the reoxidation peak of the anthracene radical-an-
ion disappears only at about a fourfold excess of o-aryl
(9 -cyclopentadienyl)irondicarbonyl derivatives (Table
2). These observations confirm the hypothesis of the
influence of the nature of the substrate (aryl halide or
organometallic cumplex) on the catalytic efficiency.
Therefore, it could be expected that using anthracene as
a mediator would allow one to perform ¢lectrochemical
activation of the nucleophilic aromatic substitution in
iodobenzene and iodotoluene with CpFe(CO); anions.

If a nucleophilic substitution reaction does occur, the
addition of nucleophile to the aryl halide-mediator sys-
tem must result in the reappearance in the cyclic
voltammograms of the reoxidation peak of the mediator
radical-anion A/A . The reaction sequence is as fol-
lows:

clectrode

[Cpre(COY], + 26~ 5™ 2[Cpre(cO),] (1)
PR SN )
A +HRX e (RX) +A (3)
(RX) =R +X (4)
R+A"5S"R +A (5)
R + [CpFe(CO),| = [RFe(CO),Cp] (6)

solution -

[REe(CO),Cp] ~+RX = RF(CO),Cp + (RX)

(7)
[RFe(CO),Cp]  + A = RFe(CO),Cp + A (8)
[RFe(CO),Cp] ~ = R+ [CpFe(CO);] (9)
R+c¢ “5R (10)

iast
(R = aryl, vinyl)
A~ can be found in the solution only if the equilibrium
in Eq. (8) is shifted to the right, i.e. if A™ docs not

reduce the nucleophilic substitution product. Therefore.
the observations of the peak of A~ reoxidation in the
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Table 2
Data on homogeneous redox catalysis of the reduction of aryl and vinyl halides and corresponding o-aryl and g¢-vinyl derivatives of
(n*-cyclopentadienylirondicarbonyl (Pt, 0.05M n-Bu ,NBF,, Ag/AgCl/KCl, 26°C, C* = 5 X 10 * M); potential values corrected for /R-drop

Substrate, S or Product, P Mediator, A AE=E(A/A ") — ER9(S) cS/ch ryre
(V)
p-lodotoluene Anthracene 0.62 0 0.34
1 0.09
2 0.05
Benzophenone 0.78 0 0.23
1.2 0.13
25 0.07
38 0.03
o-Dicyanobenzene 0.93 0 0.33
2 0.24
4 0.13
1 0.07
13 0
lodobenzene Anthracene 0.55 0 0.34
1 0.09
2 0
Benzophenone 0.71 0 0.20
1.25 0.06
2 0.02
25 0
o-Dicyanobenzene 0.88 0 0.33
24 0.25
5 0.04
7 0
(E)-Bromestyibene o-Dicyanobenzene 0.35 0 0.37
2 0
(Z)-Bromostylbene o-Dicyanobenzene 0.31 0 0.40
1 0.20
2 0.08
4 0
#-Phenyl-n’- Anthracene 0.10 0 0.30
eyclopentadienyl-
irondicarbony! C H,Fp
| (.15
2 0.08
4 0
Benzophenone 0.20 0 0.20
1 0.4
2 0.10
3 0.09
4 0.08
o-Dicyanobenzene 0.41 0 030
2 0.7
3 0.27
. h) 0.27
a-Tolyi-n*- Anthracene 0.17 0 027
cyclopentadinyl-
irondicarbonyl
p-CHC H,Fp
| 0.20
2 0.10
B 0.05
Benzophenone 0.33 0 0.20
| 0.15
2 0.42
4 0.10
o-Dicynnobenzene 0.48 0 0.27
2 0.27
4 0.27
5 0.27
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Table 2 (continued)

Substrate, S or Product P Mediator, A AE=FE(A/A ") — EX4(S) cs/ch P/E
V)

o{E)-1.2- o-Dicyanobenzene 0.37 0 0.40

diphenylvinylcyclo-

pentadienylirondicarbonyl,

PhCH-=CH(PhFp
1 0.20
2 0.08
4 0

Notes: C%/C* (C"/C*) are the ratios of the substrate (product) and mediator concentrations; I°/{¢ is the ratio of the currents of mediator

anion-radical oxidation and mediator reduction in the CV experiments.

cyclic voltammograms can serve as an indicator that the
target reaction (Eq. (6), Eq. (7)) does occur.

However, in the case of anthracene, when the nucle-
ophile — (%®-cyclopentadienyl)irondicarbonyl anion
— is added to the reaction mixture, the peak of the
anthracene radical-anion reoxidation does not appear in
the voltammograms. This implies that the equilibrium in
Eq. (8) in this case is shifted to the left, and the relative
contributions of reactions in Eq. (9) and Eq. (10) are
quite significant in preventing the formation of an aro-
matic nucleophllic substitution product. In other words,
even though anthracene seems to be an efficient media-
tor of this reaction according to the redox potentials
data, the electrochemical activation of nucleophilic sub-
stitution with it is impossible. The same behaviour was
also observed for p-iodotoluene.

However, the nucleophilic substitution can be per-
formed when less effective mediators (e.g. o-dicyano-
benzene) are used. Thus, a fivefold excess of iodoben-
2ene and an elevenfold excess of p-iodotoluene with
respect 1o the mediator are required to completely sup-
press the o-dicyanobenzene radical-anion reoxidation
(Table 2). The lower efficiency of this mediator origi-
nates from a higher gap between the reduction poten-
tials of the mediator and the substrate, which results in
less effective electron transfer from the mediator (o-di-
cyanobenzene radical anion) to the substrate (Eq. (3)).

At the same time, the lower efficiency of the mediator

in the electrochemical activation of organic halide im-
plies a lower reactivity towards the substitution product
because the potential gap between the mediator and the
product also increases (except for case ¢ (see above),

which is not considered here). Furthermore, the lower

rate of the electron transfer from the mediator to the
substrate results in the reaction zone moving into the
bulk of the solution. This will decrcase the relative
contribution of the side reactions in Eq. (9) and Eq.
(10), which occur at the electrode, thus increasing the
yield of the target reactions in Eq. (6) and Eq. (7).

The above considerations are illustrated in Fig. 2.
Fig. 2 presents cyclic voltammograms of o-dicyano-
benzene taken in presence of iodobenzene and
CpFe(CO);. A distinct peak for the o-dicyanobenzene

radical-anion reoxidation is observed. This indicates
that the target reaction (Eq. (6)) does occur, resulting in
formation of the nucleophilic substitution products. The
same behaviour is observed when p-iodotoluene is used
as a substrate. In both cases the CV curves were taken
at the mercury rather than the platinum electrode. The
reason is that at platinum the reduction of o-dicyano-
benzene and the nucleophile — [CpFe(CO),}~ — for-
mation from [CpFe(CQ), ], occur almost simultaneously
(ERY= —1.67V and —1.65V respectively), and the

125.AA

200
ERed

Fig. 2. Cyclic voltammograms obtained at an Hg electrode in CH 1CN
with 0.05M n-Bu,NBF, as a supporting elcctrolytc @ 5x107*'M
0- duy.mobenzcnc (-~ ) (b) a mixwre of 3% 10" ' M iodobenzene
and 5% 10°*M o-dicyanobenzene (- - ); (c) the same as (b) on
addition of 3X107*M [Cch(CO)I]I ). The rcference
electrode was aqueous Ag/AgCl/KCl, the scan rate was 200mVs”
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intetference of these two processes distorts the real
pattern of the mediator behaviour. At a mercury elec-
trode. the two processes are separated because, while
the mediator reduction potential remains constant (Table
1). the nucleophile formation potential becomes less
negative (— 1.50V). The results obtained indicate that,
despite the lower efficiency of o-dicyanobenzene in the
reduction of iodobenzene and p-iodotoluene, the former
is a better catalyst for the nucleophilic substitution in
these substrates with [CpFe(CO),]” than anthracene.

The electrochemical activation of the nucleophilic
substitution reaction can also be performed for some
non-active vinyl halides such as E- and Z-isomers of
bromostylbene. This wuas confirmed by the cyclic
voltammograms of o-dicyanobenzane in the presence of
E- or Z-isomers of bromostylbene and [CpFe(CO),],.
which were very similar to those obtained for o-di-
cyanobenzene in the presence of iodobenzene and
[CpFe(CO), ], (Fig. 2). It should be noted that there are
only a few instances of electrochemically activated
nucleophilic substitution in vinyl halides [11,12]. The
first reaction of this type was the interaction of
iron(Dporphyrine  with HBrC=CH(C H ,~Cl-p) {11].
Recently, we have demonstrated [12] the electrochemi-
cally promoted nucleophilic substitution in several
polyfluorovinyl halides with {[CpFe(CQ),]~ anion,

The feasibility of an clectrochemically induced medi-
ator nucleophilie substitution reaction in the above aryl
and vinyl systems was also confirmed by preparative-
scale electrolysis, The results are presented in Table 3,
ft can be seen that the use of mediators enables one to
ity out the nueleophilie substitution teaction with
[CpF(CO), ] for those subsirates, where the reaction

Table 3

without mediator does not occur both at Pt and Hg
electrodes (e.g. for p-iodotoluene and E-bromostyl-
bene). The preparative-scale electrolysis of p-
iodotoluene in the presence of [CpFe(CO),], yields
only traces of the o-p-tolyl derivative of (n>-cyclo-
pentadienyl)irondicarbonyl. Performing this reaction in
the presence of o-dicyanobenzene leads to a substantial
increase in the yield of the substitution product,
CpFe(CO),C¢H ,CH ;-p (Table 3).

The other substrates investigated can, in principle,
enter into direct electrochemically activated reactions
because, in this case (at least on mercury), the reduction
potential of the product is more cathodic than that of the
substrate [1]. However, even at the Hg electrode this
potential separation is small and results in extremely
low yields of the target products in the direct electro-
chemically activated reaction. The application of media-
tor redox catalysis allows us to dramatically increase the
reaction yield. For instance, the maximal yield of the
substitution product for iodobenzene was 15%, even
when the potential scanning electrolysis technique was
used [1]. With o-dicyanobenzene, the yield of the sub-
stitution product increased to 45%.

Interestingly, the electrochemically induced mediator
nucleophilic substitution in vinyl halides with
[CpFe(CO),]™ is not stereoselective. The nucleophilic
substitution in either E- or Z-isomers of vinyl halides
yields a mixwre of E- and Z-isomers of
Cple(CO),CPRY=C(PhH with the E-isomer dominat-
ing, regardless of the initial vinyl halide contiguration,
This suggests that the reaction involves the formation of
a radical-anion species that can undergo isomerisation.
This species can be either RHal - or [RFC(CO),Cp) -

The rexults of the preparative-scale electrolysis of aryl and vinyl hatides in the presence of [CpFe(COY, ], (Hg, 0.25M a-Bu ,NBF,, CH CN,

Ag/AgCl/KCl 20°C)

Substrate Electrolysix Electrolysis Nucleophitic Preparative

potentiat (V) ¢ duration, (h) substitution product yield (%)
PCH(CH I potential ® eyeled 3.4 pCHC HFp © lruces

feort = 195w - 1.55%
P-CHLC H, Tinthe = 1,80 k| P CHC H Ep © 43
presence of X 10 M
o-dicyanobenzene
C.H,l potential cyeled 2 C HFp 15

from =190t ~ 1,58
C.H.lin the presence =178 K C H.Fp EN
of $x 10 'M
o-dicyanobenzene
F-PhCH = C(Ph)Br in the -~ 1,78 3 E-PhCH= CPRIFp 41
presence of 3 x 10 * M
valicyanobenzene

Z-PWCH = CPWFp 20
Z-PhCH=CTUPBE w the -1.75 3.3 E-PhCH = C(PhIFp 32
presence of S X 10 4 M
o-dicyanobenzene
Z-PhCH=CPh)Fp 13

* No IR comection made. ® Rate of potential cycling e =3500mVs ' ¢ Fp = Fe(CO),Cp.
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R Ph e isomeri-P!
>—_—< - ’ﬂ. 2ation ; <
Ph Br
H isomeri- Ph
_—
Br Ph lmn Ph Br

Ph 1}

i'nf- l Br
Q ” Ph
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Scheme 1.

(Eq. (3) and Eq. (6)). It is known [13.14] that the
reduction of vinyl halides results in their isomerisation.
For example, the electrochemical reduction of monobro-
momaleic acid yields the mixture of maleic and fumaric
acids [13). In this case, a likely explanation of the
preferential formation of the E-isomer is the sterically
less hindered conformation of the radical-anion of the
substitution product which minimises the repulsion of
the phenyl group and the bulky organometallic fragment
CpFe(CO), (Scheme 1),

Therefore, we have demonstrated that homogencous
redox-catalysis makes it possible to considerably extend
the range of the substrates entering the clectrochemi-
cally induced nucleophilic substitution at the sp-hy-
bridised carbon atom with metal-containing nucle-
ophiles. By carefully selecting the mediator one can
perform the substitution reaction even in the case when
the substitution products are irreversibly reduced at less
cathodic potentials than the initial substrates. This ap-
proach seems to be rather general and, in our opinion,
can be applied not only to nucleophilic substitution, but
also to a wider range of electrochemically activated
processes involving organic and organometallic com-
pounds.

3. Experimental details

Instrumentation, purification of solvents and general
procedures of electrochemical measurements  and
preparative electrolysis were the same as previously
described [1].

3.1. CoHsl and [CpFe(CO), I

0.035g (1 X 107" mol) of [CpFe(CO),], was dis-
solved in 10ml of CH,CN in an electrochemical cell
and potentiostatically controlled electrolysis was per-
formed at a potential of —1.85V until the current
decreased to 20% of its initial value.

0.034¢g (1.67 X 10™* mol) of C HI was added to
the solution of [CpFe(CO),]” obtained and cycling
electrolysis was carried out, the potential being swept
from —1.90 to —-1.55V at a scan rate of 500mVs~'.
After separation of the reaction mixture the following
compounds were obtained: the initial iodobenzene
(0.022¢) CpFe(CO),C(H, (0.003g, 15%) (MS, m/:
(I, %). 254 [M]* (]S 5), 226 [M COl* (40), 198
[M = 2CO]* (70), 56 [Fe]* (100)), and CpFe(CO),1
(0.015 2, 79%) (MS, m/z (1, %) 304 [M]* (73), 276
[M - CO]* (19.5), 248 [M - 2CO}* (63), 183 [M —
2CO - Cp]* (100)).

3.2. C,Hs 1 and [CpFe(CO), ], in the presence of

o-dicyanobenzene

After preparative electrolysis of 0.035g (1 X
10~ * mol) of [CpFe(CO), ], and 0.041 g (2 X 10~* mol)
of C,H;l in the presence of 0.007 g (5 X 107> mol) of
o-dicyanobenzene at a potential of ~1.75V, the follow-
ing compounds were isolated: CpFe(CO),C H,
(0.008 g, 45%), CpFe(CO),1 (0.006¢, 30%) and initial
iodobenzene (0.027 g).

3.3 pIC H,CR, and [CpFe(COML L, in the presence of

o-dicvanobenzene

After electrolysis of 0.035g (1 X 1074 mol) of
[CpFe(CONL |, 0.044 ¢ (2 X 107 % mol) of p-1C H,CH,
and 0.006g (5% 10 > mol) of o-dicyanobenzene were
added 1o the solution of [CpFe(CO),] and poentiostat-
ically controlled electrolysis was performed at a poten-
tinl of = LBOV. From the reaction mixture, the follow-
ing compounds were isolated: CpFe(CO),C H CH -p
(0,009, 43%) (MS, m/z (I %) 268 [M]" (20), 240
(M = COJ]* (44), 212[M - 2COJ* (100), CpFe(CO), 1
(0.010¢, 35%) and initial p-iodotoluene (0.023 ).

3.4. (E)-PhCH=C(Ph)Br and [CpFe(CO), [, in the
presence of o-dicvanobenzene

After preparative electrolysis of 0.035 g (1 X
107* mol) of [CpFe(CO), ), and 0.059 g (2 X 107" mol)
of (£)-PhCH=C(Ph)Br in the presence of 0.006g (0.5
X 107* mol) of o-dicyanobenzene at a potential
-~ 175V, the following compounds were isolated: (£)-
CpFe(CO),C(Ph)=C(Ph)H (0.015¢. 41%) (R, = 0.67,
benzene/hexane = 1/5) and (Z)-CpFe(CO),-
C(Ph)=C(PMH (0.007 g. 20%) (R, = 0.78,
benzene /hexane = 1 /5) (mass-spectra of both isomers
are identical, m/z: 356 [M]*, 328 [M —~ COJ]*, 300
[M = 2C0O)*, 179 [M - Fe(CO),Cpl*. 121 [CpFe]*).
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3.5. (2)-PhCH=C(Ph)Br and [CpFe(CO),l, in the
presence of o-dicyanobenzene

After preparative electrolysis of 0.035g (1 X
10~* mol) of [CpFe(CO), ], and 0.051 g (2 X 10~* mol)
of (Z)-PhCH=C(Ph)Br in the presence of 0.006g (0.5
X 107% mol) of o-dicyanobenzene at a potential
—~1.75V, the following compounds were isolated: ( E)-
CpFe(CO),C(Ph)=C(Ph)H (0.007g, 32%) and (2)-
CpFe(CO),C(Ph)=C(Ph)H (0.003 g, 13%).
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