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The mechanism of pericyclic organometallic reactions *.
Competitive [4,4]-sigmahaptotropic rearrangement
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Abstract

The anti-2-2H labeled 3 + 2 adduct of tricarbonyl(n*-cycloheptatriene)iron and
tetracyanoethylene undergoes a thermal rearrangement to the 6 + 2 isomeric com-
plex, exclusively labeled at the anti position of the methylene group. Rate studies
reveal no kinetic isotope effect. These observations exclude a hydrogen transfer
mechanism, and suggest a pericyclic [4,4]-sigmahaptotropic (on) rearrangement.

Introduction

Consider the rearrangement of the 3 + 2 adduct I of (n*-cycloheptatriene)Fe(CO),
and tetracyanoethylene (TCNE) to the corresponding 6 + 2 isomer II (eq. 1).
Although both isomers have the same bicyclo[4.2.1lnonane framework, I is a
n',m°-0,m-allylic complex having the methylene group within the four carbon chain,
whereas II coordinates to the metal in a n*-butadiene 7-bonding mode with the
methylene group at the one carbon bridge.

In principle, two intramolecular mechanistic pathways could account for this
rearrangement. One involves a hydrogen transfer from the syn-2 to syn-7 position
(eq. 1a), presumably via formation of a metal hydride intermediate. The alternative
rearrangement pathway consists of a 1,4-C(8) migration to position 3 (eq. 1b). Both
processes involve a concomitant metal shift. In process (a) the iron migrates from
C(7) to C(2), whereas in (b) migration takes place from C(3) to C(6). There is ample
precedent for both pathways. Isomerizations involving the hydrogen transfer reac-
tion have been encountered for tricarbonyliron complexes [2] as well as for many
other transition metal complexes [3]. These metal hydride-shift reactions are also the
major pathway in numerous transition metal catalyzed isomerizations [4]. The

* For the preceding paper in this series see Ref. 1.
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alternative coupled carbon-metal rearrangements of type (b), termed sigmahapto-
tropic (on) reactions [5], occur most frequently in coordinated bicyclic olefins [6].
Structural and kinetic studies suggest that these reactions are concerted [5,7]. A
detailed molecular orbital analysis of the pericyclic [4,4]-0m rearrangement specifi-
cally presented herein has been reported before [8].

In order to distinguish between the two mechanistic pathways, the 2H-labeled
o,m-allylic complex I-d was prepared by cycloaddition of (2-anti->H-n*-cyclohep-
tatriene)Fe(CO); (I1II-d) [9] with TCNE (eq. 2) [10], and was subjected to the
thermal conditions used for the parent compound I [8].
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Results and Discussion

The '"H NMR spectrum depicted in Fig. 1b shows that I-d is more than 95%
labeled at the anti (to metal) position. Especially notable is the absence of the anti-2
proton signal at § 2.42 (cf. Fig. la). Heating of I-d in acetone at 50 ° C for several
days resulted in a clean conversion into a single product, readily identified as the
anti-*H 6 + 2 adduct 1I-d (Fig. 1d) by the singlet at 8 1.53 of the methylene syn-H
and absence of the anti-H signal at 2.07 (c¢f. Fig. 1c). No scrambling of the
deuterium could be detected by NMR, clearly indicating that no hydrogen shift
occurred.

Further evidence for the absence of a metal hydride shift was obtained from a
study of the a-secondary kinetic isotope effect [11]. Thus, the rearrangement was
followed by '"H NMR in acetone-d, as described before [8]. The first order rate
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Fig. 1. '"H NMR spectrum of (a) I, (b) I-d (acetone-dy), (¢) I, and (d) 1I-d (chioroform-dl )

constants for the rearrangement at 42°C were kp=(1.29 + 0.01) X 107> s~ ! and
ky=(1.23+£0.02) x107° s~! (Fig. 2). In addition, a run was carried out in which
equimolar amounts of I and I-d were subject to the reaction conditions. The 'H
NMR spectrum of the initial mixture was compared with that taken after about 96%
conversion; the ratio of the deuterated to non-deuterated residual starting material
was estimated as 1.0 + 0.2, which implies that ky/k = 1.00 + 0.06. These experi-
ments clearly reveal the absence of an a-secondary isotope effect for the rearrange-
ment, which, together with the NMR analysis (Fig. 1) exclude a hydrogen transfer
mechanism in favor of a carbon—metal [4,4]-sigmahaptotropic rearrangement.
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Fig. 2. Plots of In % I (@) and In % I-d (W) vs. time (min) (acetone-d,, 42° C).
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A final point regarding the intramolecular mode of the reaction deserves com-
ment. We have previously shown [8] that the presence of cyclohexadiene, or the
powerful dienophile (carbomethoxy)maleic anhydride (CMA), in the reaction mix-
ture did not affect the rearrangement course. This was taken as evidence for the
absence of a cycloreversion—-addition pathway. In order to pursue this argument
further we carried the 1-d — II-d rearrangement to completion in the presence of an
excess of the unlabeled cycloheptatriene complex. The sole 6 + 2 adduct isolated
was the labeled isomer II-d.

It may thus be concluded that the mechanism of the I — II transformation is a
true pericyclic [4,4]-0n rearrangement, a concerted reaction in which a o-bonded
group and a metal fragment exchange bonding sites antarafacially, in a single
kinetic step [8].

Experimental

(2-anti-* H-n*-cycloheptatriene)Fe(CO), (I1I-d) was prepared as described by
Brookhart [9], from (cht)Fe(CO); and NaOMe in MeOD. The deuterated complex
was purified by column chromatography (Merck Kieselgel 60, hexane). The 'H
NMR (CDCl,) spectrum at the methylene region shows a single broad signal at &
2.39 of the syn proton.

The 3 + 2 adduct I-d was prepared as described by Green [10], by reactions of
III-d with freshly sublimed TCNE, in CHCIl,;. The crystalline product which
separated from the reaction mixture was washed with CHCl, and used without
further purification. The '"H NMR spectrum in (CD,),CO is shown in Fig. 1b.

Rearrangements were carried out in acetone solutions at 50°C. The product
(I1-d) was recrystallized from CH,Cl,/hexane [12]. The '"H NMR spectrum in
CDC(l, is shown in Fig. 1d. ‘

The kinetic experiments were performed in NMR tubes. Dilute solutions (10-20
mM ) of 1I-d in (CD,),CO were purged with nitrogen and were sufficiently stable
during the experimental period.

NMR spectra were recorded on a Bruker AM300 spectrometer equipped with an
ASPECT 3000 data system. The sample temperatures were measured with a
Eurotherm 840/T digital thermometer, and are estimated to be correct within
+0.5°C.
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