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Abstract

Variable temperature '*C NMR has been used to provide reliable activation
parameters AG*, AH* and AS™ for restricted rotation about the boron—nitrogen
bond in a series of di-s-butylaminophenylboranes.

Introduction

For some years we have been investigating the use of **C NMR spectroscopy to
examine both structure and dynamics in aminoboranes [2] and have shown that it is
a reliable technique for obtaining AG* values for the rotational barrier about the
boron-nitrogen bond in aminoboranes [3-6]. There has been considerable interest
in the nature of bonding in aminoboranes owing to the 7 bond character of the
boron-nitrogen bond, which has been compared with the isoelectronic
carbon—carbon bond in olefins [7-9].

In this paper we report AG*, AH* and AS™ values for the restricted rotation
about the boron—nitrogen bond in a series of substituted di-s-butylaminophenylbo-
ranes.

It is now generally accepted that the use of '>C NMR has several advantages over
'H NMR for the study of restricted rotation about the boron-nitrogen bond in
aminoboranes.

VT 'H NMR spectroscopy has a number of limitations, such as the difficulty in
assignment due to overlapping peaks and time consuming determination of AH™.

* For part XXX see Ref. 1.
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VT 3C NMR spectroscopy is a more attractive technique since the spectra are
much easier to interpret, and so coalescence temperatures are more readily de-
termined and AH* can be determined directly. The major limiting factor of the
technique is that for an accurate determination of AH™* the compound under
investigation must have a ratio of the largest isomer shift to the smallest of at least 5
and preferably higher.

Aminoboranes such as di-n-butylaminoboranes were not suitable because the
observed isomer shifts are relatively small (see Table 1). In contrast the di-s-butyl-
aminophenylboranes were found to give C NMR spectra with clearly resolved
isomer shifts (Av) for all of the carbon nuclei. In addition the isomer shifts (Ar)
often vary by several orders of magnitude within the same molecule and exhibit a
substantial range of coalescence temperatures (7.). We have therefore been able to
obtain values conveniently for AG* together with AH* and AS* without using the
time-consuming full line-shape analysis. With a few notable exceptions [10--13] only
values of AG* for the restricted rotation about the boron-nitrogen bond in
aminoboranes have been reported.

Table 1
VT >C NMR results for substituted di-s-butylaminophenylboranes .
c d c’ d’
Ph >a_b/ Ph >3' b,
\B === N = \B zz=*N
SRR A=
. N
¢ d’ c d
Compound Carbon  Av kq. T. AG* AH* AS*
Hz) (7Y (K) Kmol ™" (KJmol™") (JKmol™hH
Ph a 1001 2222 353 70.9 76.0 12.5
B-NBu} b 60.6 1344 348 71.3
F ¢ 312 693 339 713
d 220 484 333 70.9
Ph , a 1170 2599 373 74.6 65.2 26.0
~B-NBuj b 4.0 911 355 74.0
C1 c 100 222 - -
d 210 467 345 73.7
Ph a 1621 3598 362 71.3 86.1 414
~B-NBu3 b 69.3 1538 349 71.1
Br c 160 355 - -
d 239 531 3365 715
Ph a 125.5 2786 335 66.5 48.0 55.2
“B-NBuj 684 151.8 322 67.6
MeO ¢ 142 314 291 62.7
d 242 542 306 64.7
Ph a 176 391 384 82.9
OB-NBuf ¢ 117 259 375 822
a ¢ 98 218 375 81.7
d 78 173 367 81.6

“ Ref. 4.
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Results

The *C NMR spectrum of a selected aminoborane was recorded at ambient
temperature and at about —60°C (as a 30% v/v CDCl, solution) in order to obtain
values for the isomer shifts in the absence of exchange broadening. The coalescence
temperature for each isomer shift was determined by recording the *C NMR
spectrum at 1° C intervals in the region of each 7. The values for AG*, AH* and
AS™ are given in Table 1.

Evaluation of AG*

AG™ is accessible for each isomer shift, A», and coalescence temperature, T,
using a relationship derived by Pople [14}: AG* =19.1 T, [9.97 + log,o(T./A»)] (kJ
mol ™). For isomer shifts > 50 Hz the AG* values should be accurate to within
+1. kJ mol~'. An error of +1°C in 7, gives an uncertainty of 0.21 kJ mol ™! in
AG* and an error of +10% in Aw gives an uncertainty of 0.42 kJ mol ™' and 7, is
generally accurate to +3°C and 4v to +2 Hz.

Evaluation of AH* and AS™

While an accurate determination of AG* requires knowledge of only one isomer
shift and one coalescence temperature, AH™* can only be determined when a range
of at least 3 isomer shifts are known. Furthermore an accurate determination of
AH* requires the ratio of largest isomer shift to the smallest to be at least a factor
of 5.

The first order rate constant, ky, for the rotation about the boron—nitrogen
bond, can be calculated for each isomer shift, A», using a relationship which has
been derived for a unimolecular process involving exchange between two equally
populated species [14]: kg =7/ V2 Av or —2.22 Av. An Arrhenius plot of Inkr,
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Fig. 1. Arrhenius plots for di-s-butylamino(X)phenylboranes.
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against 1/T, will therefore have a slope of —AH* /R from which AH* is evaluated
(see Fig. 1).
AS* was evaluated using the relationship AG* = AH* — TAS™.

Discussion

Values of AG*

With a few exceptions reports on restricted solution about the boron—nitrogen
bond in aminoboranes quote AG* values as an expression of the barrier to rotation.
The AG* we obtained show that the halo compounds are of the same order, with an
expected lower value obtained for the alkoxy compound. It is noteworthy that our
value for chlorodi-s-butylaminophenylborane (74.1 kJ mol~') is the same as that
determined by use of '"H NMR [15].

Values of AH*

The results indicate the following order of energy of rotation about the
boron-nitrogen bond: Br > F > Cl > MeO. Except for the positions of the fluoro
compound, this order is the same as that obtained for the substituted dimethyl-
aminophenylboranes [11)], and can be rationalised on electronic grounds. One might
expect a greater back-donation to boron from chloring than bromine. Such back-
donation would result in a decrease in donation from nitrogen to the boron—nitro-
gen bond, and so a lowering of the barrier to rotation, in accord with results
observed. Reports [16,17,18] suggest that oxygen is a more efficient 7-donor than
chlorine towards boron, and therefore the lower value observed for the methoxy
compound is to be expected. The value observed for the fluoro compound needs
clarification. Barfield [11] was unable to obtain a value for dimethyl-
aminofluorophenylborane owing to the appearance of only a single methyl band in
the 'H NMR spectrum, which suggested a low barrier to rotation. We have
previously demonstrated by *C NMR studies that the barrier to rotation is
dialkylaminofluorophenylboranes is higher than expected [4]. In the case of dial-
kylaminofluorophenylboranes there are at least two factors affecting the barrier to
rotation, namely (a) the high electronegativity of fluorine which would result in a
high value for AH™, and (b) the fact that fluorine is a more efficient w-donor
towards boron than chlorine or bromine, which would reduce the barrier to rotation.
The observed value of AH™* for the fluoro compound suggests that the effect of (a)
is greater than (b).

Values of AS™

A plot of AS* vs. AH* indicates that for the halogen compounds there is an
isokinetic relationship suggesting that for all these compounds a similar mechanism
operates.

Experimental
The *C NMR spectra were recorded on a JEOL-PS-100 spectrometer using the

FT mode and the temperature of the sample was varied by passing a stream of
heated air or cold nitrogen over the probe.
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The compounds used in the investigation were prepared by established methods
follows: chlorodi-s-butylaminophenylborane [19], bromodi-s-butylaminophenyl-

borane [20)], di-s-butylaminofluorophenylborane [21], di-s-butylaminomethoxyphen-
ylborane [22] and di-s-butylaminoethanethiophenylborane [23], chloro-di-n-butyl-
aminophenyiborane [19].
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