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Summary 

The ‘H NMR spectra, with IIB noise decoupling, of B(C2H3)3 and its Lewis 

acid-base adducts with NH3, N(CH3)3 and P(CH3)a are reported. The broaden- 
ing of the vinyl regions of the coupled spectra arises predominantly as the 
result of isotropic J( “B--‘H) coupling and is not a manifestation of quadrupolar 
effects. 

Introduction 

A nucleus with a spin greater than l/2 can often exert a dominant in- 
fluence on the line shape of the NMR absorption of the other magnetic nuclei 
in the same molecule. This influence can arise as a result of isotropic J coupling, 
nuclear quadrupole effects on the T, and/or TZ of the observed spin system, or 
a combination of these two effects. The nuclear quadrupole effects can be 
manifested at the observed nucleus if there is a non-zero value of the electric 
field gradient at the quadrupolar nucleus and there is a non-zero value of the 
isotropic coupling constant. A primary effect of a quadrupolar nucleus is to 
provide an efficient !J?‘* relaxation mechanism for a spin l/2 system. This is the 
so-called scalar coupling of the second kind [Z]. The phenomenon is analogous 
(mathematically) to the problem of chemical exchange and can be analyzed in 
this fashion_ A combination of several factors must be operational for scalar 
coupling to be an efficient T1 relaxation mechanism. This mechanism can be 
efficieqt if either: (a) the Larmor frequencies of the spin l/2 nucleus and the 
quadrupolar nucleus are nearly degenerate (e.g. 13C and 7vBr) [3] or (b) the 

* Taken in part from the thesis of L.W. Hall Cl]; Tennessee Eastman Fellow 19741975. 
** Authors to whom correspondence should be addressed. 
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absolute value of the isotropic coupling constant is large (>lOO Hz) and the T2 
relaxation time for the quadrupolar nucleus is very short (-10m6 to 10e7 s). An 
example of such a system has been discussed by Sharp [4] in the analysis of the 
“‘Sn relaxation time (T,) in %I,_ 

In the case of trivinylborane, if scalar coupling of l ‘B with l 3C or the vinyl 
protons occurs it would be expected to involve a T2 mechanism, since the effect 
of scalar coupling on T, decreases as the difference in resonance frequencies 
between the coupled nuclei increases_ In a 23.5 kG field the difference between 
the resonance frequencies of “B and 13C is 6.9 MHz while for protons the 
difference is 68.0 MHz. The 13C NMR spectrum of B(C2H3)3, with ‘H noise 
decoupling, consists of a broad resonance for the ol-carbons, showing poorly 
resolved B-C spin-spin coupling, and a sharp singlet for the terminal carbons 
[ 5,6]. Boron-11 noise decoupling does not cause any significant line narrowing 
of the a-carbon resonance even though other experiments in our laboratories 
have demonstrated that sufficient decoupling power was employed to remove 
boron-carbon spin couplings_ Apparently, the resonance due to 13Ca in B(C2H3)3 
is broadened by scalar coupling to the “B quadrupolar nucleus, which provides 
an effective T2 relaxation mechanism for the directly bonded 13C nuclei. In this 
example the apparent transverse relaxation rate (as indicated by the ‘jC line- 
width) is such that T,-’ > J(BC). When this condition exists the linewidth is 
controlled by the square of the coupling constant and the TZ of the boron 
nucleus_ Therefore, normal decoupling power ((20 watts) will have little or no 

effect on the 13C linewidth, i.e. the decoupling cannot remove the relaxation 
mechanism_ Spin decoupling can only remove the effects of spin-spin splitting. 

We have investigated the proton NMR spectra of trivinylborane and three 
of its Lewis acid-base adducts. The analysis of these spectra is presented and 
the effect of the ’ 'B nucleus on these spectra is assessed. 

Experimental 

All preparative work was carried out in a conventional high-vacuum system 
equipped with greaseless stopcocks. Trivinylborane was obtained either by the 
thermal decomposition of FB(C2H3)2 [7,8] or from the reaction of BBr, with. 
Sn(C2H3)4 [ 53. Adducts of trivinylborane were prepared by condensing equi- 
molar amounts of B(C2H3)3 and the respective base into a reaction tube at -196°C 
and allowing the tube to gradually warm to room temperature_ The thermally 
stable, white, solid adducts were characterized by their 13C, * ‘B, and ‘H (with 
llB noise decoupling) NMR spectra [S]. 

Proton (100.1 MHz) NMR parameters were obtained on a Varian Associates 
XL-loo-15 NMR spectrometer. Field/frequency lock was employed by locking 
to either ‘H or ZH. All chemical shifts are reported relative to tetramethylsi- 
lane. The spectra were analyzed using the LAOCN3 method*. By this meth- 
od an iterative calculation, based on the least squares criterion, is used to 
bring the calculated frequencies of assigned lines as close as possible to the 
corresponding observed lines. Chemical shifts and coupling constants are then 
obtained from this best fit. 
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Results and discussion r 

The proton NMR spectrum of trivinylborane was first reported by Good 
and Ritter [lOI who, at 60 MHz, observed an eight line multiplet, centered at 
T 3.4. More recently the proton spectra of various Group Ill3 and IIIA vinyl 
derivatives have been investigated [ 111. The vinyl ‘H resonance lines observed 
in the spectrum of (C&H&Yl- N(CH& were found to be very broad, presuma- 
bly due to both aluminium-27 quadrupolar and spin--spin coupling effects. Due 
to this broadening an unequivocal analysis of the spectrum could not be obtain- 
ed. We have observed a similar broadening of the ‘H NMR spectrum of B(CzH& 
obtained at 100.1 MHz. The l’B coupled ‘H spectrum of B(&H&, shown in 
Fig. 1, consists of two distinct regions. The more deshielded region contains 
four resolved resonances while the other region is very broad and poorly resolv- 
ed. The ratio of the integrated intensities of the +.vo regions is 112 respectively- 
An initial assumption, later confirmed by complete analysis, was that the four 
most deshielded resonance lines represent H(T) (see Table 3.). In a monosubstitut- 
ed vinyl compound the geminal proton, relative to the substituent, generally 
gives the most deshielded vinyl ‘I-I resonance [11,123. Furthermore, a general 
characteristic of J(HH) in monosubstitu~d vinyl compounds is that Jt,,, > 

&is > J&z, [X3]. Therefore, if it is assumed that Fermi contact interaction is 
still dominant * ‘B would be expected to spin-spin couple more weakly with the 
geminal protons than with either of the vicinal protons. Also, the large splittings 
exhibited by the deshielded multiplet are consistent with the argument that 
vicinal proton-proton coupling constants are larger than geminal couplings in 
monosubstituted vinyl compounds. 

Boron-11 noise decoupling in the case of the proton spectrum of B(C~1E-I~)~ 
causes significant line narrowing, as seen in Fig. 2, and allows an accurate spectral 
analysis to be made. In this way, the ‘II NMR spectra of ~vinylborane and its 
l/l adducts with (CH3&N, H3N and (CH3)J? have been assigned, The parameters 
obtained are listed in Table 1. The accuracy of the spectral analysis of (GH&P - 
B(C2H3)3 is limited due to the overlapping of several of the resonance lines of 
both H(2) and H(3). Because of tl~is;un~bi~ous first-order approximations 
for JzJ, Jz4 and JS4 (see Table 1) cannot be made. Upper and lower limits for 

Fig. 1. 100S MHZ 1~ NMR spectrum of BIC2H3)2. 



TABLE 1 

PROTON NMR SPECTRAL PARAMETERS = 
.-- 

Compound 61 62 63 Ji2 d J13 J23 514 524 534 

B(cZH3)3 ’ 6.1 6.1 6.2 13.3 19.4 4.x 
H3NBW~H3~3 c 6.3 5.6 5.1 13.3 19.6 3.9 
<=WjNB(C2H3)3 = 6.2 5.6 5.3 13.3 19.4 4.9 
<C=&G’B(C+H3)3 c*e 6.5 5.8 5.6 13.2 29.5 4.7 6.9 5.2 1 0.2 5.2 I 0.2 

* Protons are labelled as indicated: 

’ 10% solution in ThlS. c “505% solution in f&D& ’ Signs of J(H-Ii) were not experimentally determined. 
J;z and J13 were assumed to be positive, based on sign determinations for the monosubstituted ethylene 
derivatives 1133. Best fits mere then obtained when 523 was assumed to be positive. e J(31P-t H(CRx) 
10.0 Hz. 

these parameters can be obtained, however, by a comparison of the linewidth 
at half-height of the signals due to the overlap of two resonance lines with the 
linewidth at half-height of a signal representing a single resonance line. A series 
of values for these parameters ranging from the upper to lower limits can then 
be utiiized by the LAOCN3 method [9] to obtain the best values for these 
coupling constants. 

It has been observed that addition compounds generally have larger inter- 
nal ‘H chemical shifts than the uncoordinated Lewis acid [ll) and this observa- 

Fi’ig 2. t13 decoupled 100.1 MHz tH NMR spectrum of BCQH3)3. 
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tion can be seen to be valid for B(CtH3)3 and the three addition compounds 
studied. For B(C,H,), the order of shielding of the vicinal protons is reversed 
upon adduct formation. In B(C&H,), the most shielded resonance is that of the 
proton trans to boron, while the cis proton gives the most shielded vinyl resonance 
in the adducts studied. 

Considerable attention has been given to the problem af obtaining a better 
understanding of the nature of the B-C bond in vinylboranes [14]. 
Carbon-13 NMR spectroscopy has been found to be a sensitive probe for detect- 
ing mesomeric interactions between the vinyl x-systems and the vacant pz orbital 
of boron in these systems [6]_ We were interested in determining whether small 
changes in the vinyl m-systems of B(CZH& that would occur with the removal 
of boron’s vacant pa orbital upon adduct formation, might be reflected by the 
‘II NMR parameters of these compounds. As can be seen in Table 1, adduct 
formation causes little change in the values of the proton-proton coupling 
constants in B(C2H3)3. This is in accord with previous work on ethylene in 
which the x-contribution to vicinal proton-proton coupling constants, 3J, has 
been calculated to be only 1.5 Hz f15], The proton chemical shifts appear to be 
sensitive to adduct formation. However, the interpretation of these chemical 
shifts and any relationship with the occurrence of B-C n-conjugation.in B(CzH& 
is unclear. 

In summary, the proton NMR spectra of B(CZH3)3 and its adducts illustrate 
that broading of the ‘H NMR spectra of compounds containing organic groups 
directly bonded to a quadrupolar nucleus can, in many cases, be the result of 
unresolved spin-spin coupling, and not the result of quadrupolar relaxation 
effects. Such broadening can be removed by noise decoupling. Hence, the 
analysis of the *H NMR spectrum of (C2H3)&I - N(CH3)3, previously alluded to, 
also may be facilitated by the inclusion 27Al spin decoupling. 
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