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Abstract: The effect of metal salts on the oxidation reactidrfacetylphenyl)ferrocenes was determined. For
the p- and mrisomers, the effect was accelerated, but for disomer, the effect was suppressed. This
suppressing effect was related to the chelateaamgaining the substrate and the metal ion.
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1. Introduction

The oxidation reaction of ferrocenes is one oftifpcal reactions of ferrocenes. Ferrocene is very
stable in air and the oxidation from Fe(ll) to Fg(is not easy. However, under acidic conditioibs,

is easily oxidized by air and is converted to feemmum ion. The reaction mechanism is shown in
Figure 1. Based on this mechanism, ferrocenenserted to ferrocenonium ion by the coordination
of a proton to the Fe atom followed by abstractibthe hydrogen atom to form ferrocenium i6A.
The oxidation of ferrocenes to ferrocenium ion wasy important for the interpretation of its
biological activity! for example antitumor activity? and synthesis of the bio-related compoufids.

For ferrocene derivative, which has a substitutirat,oxidation reaction rate is mainly influenced by
the electron densities of the intramolecular Femattetermined by the electronic effect of the
substituents. As an example, for the oxidatiorctiea of (p-substituted phenyl)ferrocenes, a linear
relationship was recognized between the rate cotssend the Hammett's substituent constants; the
reaction rate was mainly dominated by the electraifect of the substituents. However, for the
correspondingp-derivatives, the rate was influenced not only bg electronic effect, but also by
steric effects?

The steric effects shown by these derivatives sfelibbwings®?

() The interaction of the substituent with theramholecular Fe atom (the depression-effect for the
oxidation reaction)

For (o-methyl ando-hydroxyphenyl)ferrocenes, tlzesubstituents take an end conformation due to the
CH-d type interaction or OH-d type hydrogen bondneen the substituents and intramolecular Fe
atom. The electron densities of Fe atom are dsedely these interactions so that the oxidation
reactivities are lower than the correspondirigomers.
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Figure 1. Oxidation mechanism of ferrocene

(i) The chelate effect (the oxidation reactiocelerated effect)

For (o-acetyl, o-methoxycarbonyl, ana-methoxyphenyl)ferrocenes, coordination of the lgéta
proton can occur with the carbonyl or ethereal @xwyg The proton is transferred to the Fe atom by
formation of a chelate ring as shown in Fig. 2. eDa this chelate effect, the oxidation reactiohs o
theseo-isomers are accelerated when compared to thespamdingp-isomers.

!

Figure 2. Plausible conformation obfacetylphenyl)ferrocene in acidic conditions

Furthermore, for 1,1'- bigfacetyl- or (methoxycarbonyl)phenyl)ferrocenes, #loeelerating
effect disappeared. This was attributed to a pratansfer between the two carbonyl oxygéhs.

In this way, for ¢-substituted phenyl)ferrocenes, the characterstidation reaction occurs
by these specific steric effects around dksubstituents.

2. Results and discussion
2.1. The effect of metal salts on the oxidation reaction of (acetylphenyl) ferrocenes

To discuss the influence of the metal salts orottidation reaction, the oxidation reactions of
(acetyl phenyl)ferrocenes and phenylferrocene wardged out. The rate constants of these reactions
are summarized in Table 1. Based on these reduolts(p- and m-acetylphenyl)ferrocenes and
phenylferrocene, the reactivities in the preserfcd® salts were higher than those in the absehce o
the salts. On the other hand, forgcetylphenyl)ferrocene, the reactivities in thegence of the salts
were lower than those in the absence of the sdits; salts lowered the reactivity ob-(
acetylphenyl)ferrocene. The influence by the numifecharges of the metal ions was *M M*”
regardless of the position of the acetyl group.
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Table 1 The rate constants of (substituted phenyl)femesen the presence of metal salts

k x109s?
Entry X none MgCl,® CacCl,® | SrCl,® AICI;® YCIj®
1 H 3.00 7.19 8.03 6.62 4.47 5.46
2 p-acetyl 1.30 2.82 2.54 2.47 1.89 2.38
3 m-acetyl 2.80 5.09 5.59 4.68 2.75 3.09
4 o-acetyl 7.50 4.80 5.20 4.70 2.30 2.20

a (substituted phenyl)ferrocenes : metal saltl= 1:
2.2. The oxidation reactivity of (p- and m-acetylphenyl) ferrocenes

As mentioned in section 2.1, the oxidation reati@gi of - and m-acetylphenyl)ferrocenes
increased by the addition of the metal salts.

To examine the effect of the metal ions, the oxahateactions with phenol or salicylic acid
were carried out. As a result, the oxidation reagtof (p-acetylphenyl) ferrocene increased (Table
2). The accelerated effect by the metal salts vl due to either the metal ions or chloride ion.
The result in which the oxidation reactivity incsed by salicylic acid having a cation binding apili
indicated that metal ions have a suppressing effdate chloride ion has an accelerating one.

It is well known that ferrocene is decomposed byglenphilic reagents to form the ¥e
ion Therefore, chloride ion, which is a weak nucldtshwould decompose the ferrocene
nucleus. To confirm this supposition, the experiteeto detect Fe* and Fé * ions by 1,10-
phenanthroline and potassium thiocyanate, respgtiwere done. As the results’Fand F&* ions
were confirmed when the reaction solution became,lthat is to say, ferrocenium ion was formed.
These results indicate that ferrocene is oxidiaethb Fé *ion formed from the ferrocene nucleus.

That is, the metal ion suppresses the oxidatiowctiogg but chloride ion accelerates the
reaction. Forg andmacetylphenyl)ferrocenes, the oxidation reactigitieould become higher by
the metal salts as the final result of these sig5omg and accelerating effects.

H 14,15

Table 2 The rate constants gf-Gcetylphenyl)ferrocenes in the presence of sordéiaels

Entry X metal salt? additive ° k x10%s?
1 p-acetyl MgCl, none 2.82
2 p-acetyl MgCl, phenol 4.43
3 p-acetyl MgcCl, salicylic acid 6.13
4 p-acetyl MgcCl, (o-acetylphenyl)ferrocene 5.67
6 o-acetyl MgCl, none 4.80
5 o-acetyl MgcCl, (p-acetylphenyl)ferrocene 4.63

a: (substituted phenyl)ferrocenes : metal salt uatld 1:1:1

2.3. The oxidation reactivity of (o-acetylphenyl)ferrocenes

The oxidation reaction obfacetylphenyl)ferrocene was suppressed by the rseltal as

mentioned in section 2.1.
The oxidation reaction opfacetylphenyl)ferrocene mentioned in section 2.8 eaxried out

in the presence obfacetylphenyl)ferrocene instead of salicylic acik a result, the reaction gf~(

acetylphenyl)ferrocene was accelerated as wellithssalicylic acid. Furthermore, the reactivity of
(o-acetylphenyl)ferrocene was similar to that withaadlitives. These results show that (
acetylphenyl)ferrocene has the cation binding igbilith the same degree as salicylic acid, theeefor
it forms a chelate ring with the metal ions (Fij. Fhe metal ion would cause the crowded
conformation around the intramolecular Fe atomcWimterferes with the approach of catalytic
proton or F&*ion. Moreover, the reaction rate wittfMvas faster than with M. This would be due
to the high charge density on the ion surface &slydormation of the chelate ring.
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Figure 3. Plausible conformation ob{acetylphenyl)ferrocene in the presence of metal i

For (0-acetylphenyl)ferrocene, the accelerating effectlpride ion should exist. However,
the remarkable suppressing effect by formatiorhefdhelate ring suppresses the accelerating effect:

Overall, the oxidation reaction of-acetylphenyl)ferrocene was suppressed

3. Experimental

3.1. Syntheses

(Substituted phenyl)ferrocenes were synthesizad fesrocene based on a previously reported
proceduré?

3.2. Measurements of oxidation reactivity

The oxidation reactions were carried out usinghtdmacetic acid as the catalyst at@O0 The mixed
solvent was ethanol: dioxane (9:1). The metaksaltluded MgGl, CaC}, SrCh, AlICIs, and YCh.
The conversion was measured by analyzing the amaininreacted ferrocenes by HPLC. The rate
constants were calculated as a pseudo-first oed@tion regarding the ferrocene derivative.
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