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STABLE [3]- AND [4]FERROCENOPHANE CARBONIUM 1ons!
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The stabilization mechanism of the w-complex carbonium ions containing metals
and aromatic rings is an important subject in the chemistry of the ﬂ?-complexes.z-l3
In order to obtain information for explana}ion of the stabilization, we examined

PMR spectra of some hydroxyferrocenophanes in trifluorocacetic acid ( TFA ).

Ra 2 #R
A-ring I:R =R,=H 3
I1:R =Me,R,=H A ] H vI:R=Me
III:R =H,R,=Me Fe VII:R=Ph
B-ring IV:R1=R2=Me
R

*
[3]Ferrocenophan-6-0ls and [4]ferrocenophan-7-ol wused in the present study
were prepared by reduction with LiA1H4, or by the Grignard reaction with CHBMgI,

of the corresponding ketones synthesized by the known methods.14’15

The
signals of PMR spectra were assigned by means of the double resonance technique
as described in the previous paperl3 ( Table 1 ).

The PMR spectra of the 6- and 7-hydroxyferrocenophanes in TFA showed the for-

mation of the corresponding stable ferrocenophan-6- and 7-carbonium ions I - V.

The splitting patterns of the Cp ring protons were the same as those of the carbo-

* The melting points of the corresponding hydroxyl derivatives to the cation I-V

were as follow: I: 159.5-162¢, II: 114,5-115.5°¢, III: 98-98.5°¢, IV: 121.5-122¢°
and V: 127-1289,
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nium ions VI and VII,13 except for the overlapping signals. The distinction in
the chemical shifts among the interannular bridge protons indicates that each spe-
cies in TFA takes a definite conformation but has no rapid inversion.16’17
In the spectra of the [3]ferrocenophan-6-carbonium ions I-IV, the coupling
constants between the ortho protons in the A-ring were ca. 3.2 Hz, a value similar
to those of the ions VI and VII, while the constans in the B-ring were 2.8 Hz.
Furthermore, in the carbonium ions I and III, both having a methine proton at 6

position, the long-range coupling between the H, and H6 protons was observed in

3
the same coupling constant as those of the cations VI and VII ( 0.8 Hz ). In

spite of their bridged form, these results provide evidence for the existence of
the electronic interaction between the cationic center and the A-ring due to near

3

co-plana,lity.1 Consequently, it has been suggested that the carbonium ions are

stabilized by the "hyperconjugation"3 mechanism.

However, a direct "metal participation"z’4

in addition to the hyperconjugation
for the stabilization of the carbonium ions can not be denied by the above results.
The P-ferrocenylcarbonium ion V in which the cationic center is apart from the Cp
ring was considerably stable (no decomposition during ca. 1.5 hr at room tempera-
ture), although its stability was somewhat lower than the other cations I-IV, In
the PMR spectrum of the C7—carbonium ion V, the ring protons appeared at the higher
fields than the other cations, and the coupling constants between the ortho protons
of both A- and B-ring were 2.8 Hz. Therefore, there should be no direct inter-
action between the ®-electrons of the rings and the positive charge of the carbinyl
carbon. The stabilization of the carbonium ion V would be due to a direct "metal
participation",2’4 since there is no stabilizing factor in the cation except for
the Fe atom. The considerably high field shift of the H7 proton would arise from
approach of the proton to the Fe atom.

The proton at 5' position of the cation V appeared at the highest field among
the B-ring protons, and the behaviour in the shifts of the B-ring protons was the
same as that of the A-ring protons, while in the cations I-IV the 5' protons reso-
nated at the lowest field among the B-ring protons. The anomalous shifts of the
16

ring protons in the cations I-IV would arise from their ring-tilted conformation.

Then, it is concluded that the unusual behaviour in the PMR spectra of ferro-
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cenylcarbonium ions is not only based on simple electronic effecis but reflects
their molecular deformations which result from the interaction both between the
rositive charge of the cationic center and the %-electrons of the Cp ring and

between the charge and the Fe atom.
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