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Summary

The temperature dependence of the 'H NMR spectrum of the title compound
was studied over the temperature range 0—115°C. Two conformers were detect-
ed. The conformational isomerism is caused by a restricted rotation about the
bond between the alkyl group and the complexed aromatic ring. The AG* value
for the interconversion amounts to 16.9 kcal mol™*, which is substantially smali-
er than the corresponding AG* value for the free ligand. This decrease is ascribed
to additional steric strain between the alkyl and the fricarbonylchromium groups
in the conformers of the complex.

Introduction

In a previous paper [1] we described the 'H NMR spectra of (1'-t-butyl-2',2'-di-
methylpropyl)-mr-(tricarbonylchromium)benzene and the corresponding free
ligand. In both compounds the two ortho (and meta) protons are inequivalent at
room temperature. Equivalence can be obtained dynamically by a rapid intercon-
version of the conformers I and II. In an earlier study on some 3,4-disubstituted
(1'-t-butyl-2',2"-dimethylpropyl)benzenes [2] the barrier to rotation about the
C,—C, single bond was determined at 22 keal mol~!.
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" Recently, we have determined the molecular geometry of (1't-butyl-2',2'-di-
methylpropyl)-w-(tricarbonylchromium)benzene [3]. Since the molecule pos- -
sesses no strain-free conformations, it seemed worthwhile to determine the in-
fluence of steric interactions between the CH-t-Bu, group and the Cr(CO); group
upon the barrier to rotation about the C;—C, bond in the complex. This paper
presents a study of the temperature dependence (0—115°C) of the 'H NMR
spectra of the title compound.

Resﬁlts and discussion

1H NMR spectra of the compound, dissolved in tetrachloroethene containing
cyclosilane as internal standard, were recorded on a Varian XL-100-15 spectre-
meter equipped with a variable temperature accessory.

Spectra of (1'-t-butyl-2’,2’-dimethylpropyl)-m-(tricarbonylchromium)benzene
at 0 and 115°C are shown in Fig. 1. The assignment of the signals of the aromatic
protons follows that given earlier [2]. This assignment was based on steric over-
crowding [4], which may cause hindering of solvation [5]. The behaviour shown
in the spectra points to the presence of two rotamers about C,—C,,, I and II,
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Fig. 1. 147 NMR spectra of (1'-t-butyl-2’,2'-dimethylpropyl)-m-(tricarbonylchromium)benzene
(numbering according to formula III). Co
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TABLE 1
COALESCENCE TEMPERATURES, FREQUENCY DIFFERENCES AND FREE ENERGIES OF ACTI-

VATION FOR THE CONFORMERS OF (1 ' t-BUTYL-2' L2 -DIMETHYLPROPYL)-m-(TRICARBONYL-
. CHROMIUM)BENZENE IN TETRACHLOROETHENE

(standard deviations in parentheses)

Aromatic protons t-Bu protons
2 6 3 5
T CC) 74(3) 58(3) 66(1)
AvS (Hz) a2(1) 8(1) 38.6(0.5)
‘AGT at T (keal mol™?) 17.3(0.4) 17.5(0.4) 16.9(0.2)

Q@ Extrapolated to the coalescence temperature.

which exchange slowly at 0°C. At higher temperatures the exchange rate increas-
es and the signals of the aromatic protons coalesce to an AA’'BXX’ pattern. More-
over, the two signals of the protons of the t-Bu groups coalesce to a single line.
The coalescence temperatures and the barriers to rotation, which have been cal-
culated using the simplified formulas [6] with a transmission coefficient of 1, are
given in Table 1.

The most accurate value of AGi;, (16.9 keal mol™?) is obtained from the co-
alescence of the t-Bu signals. The barrier to rotation about the C,—C, bond in
(1'-t-butyl-2’,2'-dimethylpropyl)-m-(tricarbonylchromium)benzene is substan-
tially lower than the corresponding one in the free ligand (AG#s, 22.2 keal mol™
[2]). A comparison of the molecular structures of the title compound [3] and
1-(4-methoxyphenyl)-2,2,6,6-tetramethylcyclohexanol [7], which resembles the
free ligand, gives confidence that the geometry around the C,—C, bond is similar,
with the exception that in the complex C,, is forced, by 0.41 A, out of the aro-
matic plane away from the Cr(CO); group [3]. The exchange between conform-
ers I and II via a clockwise rotation of the CH-t-Bu, group about the C,—C, bond
in I (or an anti clockwise rotation in II) seems highly improbable because of the
very unfavourable interactions between the t-Bu groups and the Cr(CO); group
on the same side of the ring, which should occur in the transition state of this
rotation. Therefore, the conversion of conformer I into conformer II is restricted
to an anti clockwise rotation (in I). In this transition state the interaction be-
tween the alkyl and the Cr(CO); groups is negligible. The decrease of the barrier
to rotation about the C,—C, bond in the complex as compared with the free li-
gand is ascribed to a relief of steric strain between these two groups in this transition
state. Thus, the strain present in the initial state (conformers I and IT) of the
complex must be about 5 kcal mol™! larger than in the free ligand *.
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* It should be noted, however, that the two possible pathways for interconversion have equal proba-
bilities in the free ligand, but not in the complex; for the comparison, the AG" value obtained for
the complex is expected to be increased by 0.5 kcal mol~1 due to a statistical factor in AS™ [8].
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