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It has recently been reported that low temperature protonation of the cyclooctatetraene-

iron tricarbonyl complex, I, yields initially the cyclooctatrienyliron tricarbonyl complex,

11, which undergoes electrocyclic ring closure at -60° to the bicyclo[5.1.0]octadienyliron
tricarbonyl complex III. Earlier work by Davisonz had shown that in 92504 the deuteration is
stereospecific with the entering deuteron occupying the "inside" or endo position of the
methylene group. This 1s in contrast to the stereospecificity observed for protonation of
cyclooctatetraenemolybdenum tricarbonylsa but similar to the protonation of cyclooctatetraeneSb

which is predominately endo.
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The interesting question of the exact position and mechanism of protonation of I is still
unanswered from the data presently available. Several plausible possibilities exist. Protona-
tion at either 06 or C?, the internal positions of the uncomplexed diene molety, would lead
directly to the first observable ion, II. Viewing the CS'CG—CT'CS unit as a free diene, pro-
tonation at a terminal position {Cs or Ca} is reasonable and would yieldaion IV which could
rapidly give II. 1In analogy with simple dieneiron tricarbonyl complexes , protonation may
occur at &, or C, to yield initially V which could then isomerize to II.5 In view of the

I 4
extensive work on the direct protonation of transition metals,ab’6

another possible mechanism
is one in which the iron atom is initially protonated followed by migration of the iron-bound
proton te the 1igand?’8; but this mechanistic scheme would not be in accord with the observed

stereospecificity of protonation.

We report here the low temperature protonation of methylecyclooctatetraeneiron tricarbonyl,
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VI, which clearly establishes the position of protonation of both VI and I and yields interes-
ting data concerning substituent effects on the formation of the monocyclic complexes and
their relative rates of ring closure. ‘

Anet? has shown that VI exists almost exclusively (>95%) as the isomer with the methyl
group bound to one of the internal carbons of the bound diene unit as shown. In the following
analysis the assumption is made (see below) that this is the isomer which is protonated.

Protonation of VI at -120° in FSO3H--SOZF2 (1:3 v/v) ylelds a clear yellow solution whose
nmr spectrum10 at -80° exhibits a doublet (J=7Hz) at 73.18, and multiplets at t4.07, 5.48,
and 7.05. The integrated intensities of these bands are 0.33, 3.7, 2.0, and 2.0, respectively.
Two methyl singlets appear at 77.28 and 7.35 in the ratio of ca. 2:1 with a total integrated
intensity of 3.0. This spectrum is readily interpreted as a 2:1 mixture of complexes VII-a
and vII-b, 11

The appearance of the two methyl singlets indicates the formation of two isomeric complexes

in a ca. 2:1 ratio. In the region where the central proton H, of the pentadienyl system of

the monocyclic complexes should appear (ca. 3.2 in analogy wzth III) the spectrum exhibits

only a single band of relative intensity 0.33. This clearly indicates that the major isomer
(66%) must be VII-a having the methyl substituent at position 3. The appearance of the 13.18
signal as a doublet indicates the minor isomer (33%) must contain a methyl group adjacent to

the C3 position, otherwise the H3 signal would appear as a triplet analogous to the H, signal

for II. This minor isomer is assigned structure VII—b.12 The positions and integratzd inten-
sities of the remaining signals (assignments shown) are in accord with and support these
structural assignments.

When the FSO3H~502F2 solution is warmed to ca. ~60° both complexes VII-a and VII-b undergo
ring closures to VIII-a and VIII-b, The nmr spectrum of this mixture of complexes exhibits a
doublet (J=6Hz) at 12.37, a multiplet at 4.52, a doublet (J=6,5Hz) at 4.95, multiplets at 7.35
and 8.47 and methyl singlets at 6.90 and 7.60. The relative integrated intensities of these
signals are 0.63, 2.7, 0.64, 2.0, 2.0, 1.0, 2.0, respectively. These nmr data are in complete
accord with the expected formation of complexes VIII-a (66%) and VIII-b (33%2). The downfield
region of the spectrum where the central proton (H4) appears1 exhibits only one signal, a
doublet corresponding to 0.63 hydrogens which is as expected for the 2:1 mixture of isomers.
The minor isomer VIII-b has no proton at position 4 while in VIII-a the adjacent methyl group
causes the H4 signal to appear as a doublet. The methyl signals are assigned on the basis of
their integrated intensities, while the 14.95 doublet is tentatively assigned to HZ of VIII-a.
Additional assignments are shown and are in accord with expected values based on assignments
for III.l’2

The relative rates of ring closure of VII-a and VII-b were measured at -62° C. The first-
order rate constant for closure of VII-a to VIII-a is 3.5 x 10_4 sec_1 corresponding to AF* =
15.7 kcal/mole while the rate comstant for closure of VII-b to VIII-b 1is 7.0 x 10—4, AF¢ = 15.3
kecal/mole.

The formation of complexes VII-a and VII-b is consistent only with protonation of VI at
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C6 and C7, the internal positions of the free diene moiety.13 Regarding the methyl group as
only.a minor perturbation, the protonation of I clearly must also occur at Cg and Cy. These
results also suggest that for the electrophilic substitutions of I recently reported by
Lewis14 the attack of the electrophile probably also occurs at C6 and C7.

The effect of the methyl substituent upon relative rates of both formation and ring
closure of VII-a and VII-b is also of interest. If it is assumed that the charge distribution
in the iron-~complexed pentadienyl ion is similar to that in the uncomplexed ion then VII-a
would be expected to be more stable than VII-b. Such an agsumption could explain the forma-
tion of VII-a as the major isomer and, applying Hammond's postulate, explain alsoc why VII-b
undergoes electrocyclic ring closure more rapidly than VII-a,
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