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The presence of a cyclopentadienyl ligand brings about a 
complete shift of regioselectivity in  the Fe+-mediated dehy- 
drogenation of 1,8-diphenyloctane (1). While ”bare” Fe+, 
due  to the formation of an intramolecular sandwich-like com- 
plex, activates the internal C-4/C-5 positions of the alkyl 

chain, this chelate effect is no longer operative in  the gas- 
phase chemistry of Fe(C5Hs)+ with 1. Labeling experiments 
demonstrate that the C-1/C-2 and (to a minor extent) the 
C-2/C-3 methylene groups are  activated, and  a possible ori- 
gin of this remarkable ligand effect is discussed. 

In a previous study“] we demonstrated that the gas-phase Fe(’)- 
mediated dehydrogenation of 1,8-diphenylwtane (1) involves to 
> 92Y0 the internal methylene groups C-4/C-5. For the Fe+ com- 
plex of 1 the results clearly evidence the existence of a chekdte effect 
such that the “bare” Fe+ does not randomly attack various C-H 
bonds of the methylene chain. Rather, the metal ion most likely 
forms an intramolecular sandwich complex (Scheme 1) with the 
arene rings[2), thus preventing most of the alkane C-H bonds to 
interact with the metal ion. Model considerations indicate, how- 
ever, that at least two conformations (2 and 3) are conceivable in 
which the central C-4/C-5 region is brought in the vicinity (< 2.2 
A) of the metal ion, thus permitting the oxidative insertion of Fe+ 
in these unactivated C-H bonds. This interpretation gained further 
support by the study of stereospecifically deuterated d,l and meso 
precursors of [4,5-D2]-1 which provided evidence for the operation 
of isotopically sensitive branching (“metabolic switching”); this 
concept is well-known to exist in enzymatic and also to 
control the Fe(’)-mediated dehydrogenation of a,o-alkanedi~ls[~]. 
For the d,l form of [4,5-D2]-1 the path involving the “anti” confor- 
mer 2 is favored by a factor of 3.8 as compared with 3. Due to the 
operation of a kinetic isotope effect, for the meso form of [4,5-D2]- 
1 the branching ratio of the “anti” versus “syn” route is reduced 
to 1.4. 

In this paper we describe a further, independent test for the im- 
portance of a cooperative effect in the chemistry of “bare” Fe+ 
with a,w-diphenylalkane~[~]. It is well-established that Fe+ forms a 
much stronger bond to the C5H5 ligand than to C6H6 (87 versus 49 
kcal mol-1[6]). Consequently, on energetic grounds the formation of 
an intramolecular sandwich-like structure (i.e. 4) is no longer fav- 
ored in the reactions of Fe(C5H5)+ with 1. Rather, the Fe(C5H5)+ 
fragment may interact intermolecularly with 1 by generating, for 
example 5 (Scheme 2). In the latter complex, the transition metal is 
not capable of interacting with the internal positions of the flexible 
methylene chain, i.e. C-4/C-5. Instead, C-H bond activation is 
expected to include positions closer to the benzene ring. As demon- 
strated by the data listed in Table 1, this expectation is precisely 
born out experimentally: While for the reations with “bare” Fe+ 
the chemistry is confined to the internal part (C-4R-5) of 1[’1, for 
the Fe(C5H5)+ fragment this region is not accessible as evidenced 
by the absence of HD and D2 losses from the metastable ion mass 
spectra of Fe(C5H5)+ with l a .  Rather, chemistry is shifted to the 
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C-1, -2, -3 region. The data are in keeping with two competing 
1,2-elimination processes; the major part involves activation of the 
methylene groups of C-1/C-2 (> SOYO), and a minor path proceeds 
by activation of the C-2/C-3 region. Interestingly, as evidenced by 
the absence of H D  loss from the Fe(CsH5)+/l b complex, activation 
of the C-H bond of C-3 is subject to a huge kinetic isotope effect, 
thus resulting in a complete suppression of this path when deu- 
terium is attached to C-3. In conclusion, the present study reveals 
the existence of an extraordinary pronounced ligand effect[’] in 
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Table 1 
spectra 
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. Dehydrogenation products in the metastable ion mass 
of Fe+ and Fe(C,H,)+ complexes of 1,s-diphenyloctane 

isotopologues 1 a-dtal 

Ph[CH2]3[CD&[CH2]3Ph 8 8 84 100 - - 

(1 a1 
Ph[CH2]2CD,[CH2]2CD2- 97 3 - 100 - - 

- 100 - - 
[CHzIzPh (1bl 

PhCH2CD2[CH2]4CD2- 100 - 
CH2Ph (1 C) 

PhCDZ[CH2]&D2Ph 100 - - 20 80 - 

[a] Data are normalized to CH,-,D, = 100%. - Lb] Data are taken 
from ref."]. 

transition-metal-mediated dehydrogenation processes, and further 
work is indicated to probe the potential of these reactions. 
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Experimental 
The experimental setup has been described in earlier papers['s8]. 

Briefly, the organic substrates and ferrocene are introduced separ- 
ately by means of the heated direct-inlet system of a modified four- 
sector ZAB mass spectrometer with BEBE geometry ( B  stands for 
electric and E for electrostatic analyzer). In the chemical ionization 
source the mixture is bombarded with 100-eV electrons (repeller 
voltage ca. 0 V). The organometallic complexes were accelerated to 
8 keV kinetic energy, mass and energy were selected by means of 
B(l)/E(l) at a resolution of 3000-4000 (10% valley definition). Uni- 
molecular reactions occurring in the field-free region between E( 1) 
and B(2) were recorded by sanning B(2). Spectra were recorded on- 
line and 10-20 spectra were accumulated by using signal-averaging 
techniques employing the ADM Intectra data system. The syn- 
thesis of the labeled compounds has been described previously[']. 
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