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As part of our current study of mixed boron tri- 
halide adducts [l] we have studied the adducts of a 
number of carboxylic esters [2] . We now report that 
mixed boron trihalide adducts of benzoate esters 
undergo a reaction to give (ester)*BFi ions. 

Benzoate ester/BF,/BC13 solutions in CDCIJ or 
in CHzClz give low temperature “F spectra as shown 
in Fig. 1A. The major peaks are assigned to (ester). 
BFnC13, (n = l-3) dd t a UC s as in Table I, consistent 
with chemical shifts of mixed boron trihalide adducts 
of other oxygen donors [24], and confirmed by the 
application of ‘pairwise interaction’ NMR parameters 
[5]. Electron-donating and withdrawing para-substi- 
tuents have only small effects (“1.5 ppm) on the 19F 
chemical shifts of specific adducts, much less than the 
effects of changing the halogens. This is in keeping 
with the general observation that local diamagnetic 
effects are less important than other effects in 
determining 19F chemical shifts [6]. 

These systems give an additional “F resonance in 
the -135 to -139 ppm region that has no analogue 
in acetate ester-mixed boron trihalide adduct systems 
[2] . The chemical shifts are consistent with the few 
known oxygen-donor D,BF’, ions [4, 71 and chem- 
ical shift variations with the donor molecule’s para- 
substituent are roughly twice as great as for the 
D*BFnC13, resonances (3.1 ppm VS. approximately 
1.5 ppm), suggesting a species involving two donor 
molecules. Especially suggestive is the observation of 
a resonance of identical chemical shift in the cor- 
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Fig. 1. -48 “C 19F NMR spectra of benzoate ester/BFa/ 
BCls systems in CDQ3 ; 3: 1: 1 mol ratio. A, ester is methyl 
benzoate alone; B and C, esters are methyl benzoate and 
methyl para-methoxybenzoate in a 1: 1 molar ratio (B) and a 
1.53: 1 molar ratio (C). C also shows peaks due to decomposi- 
tion products which have not yet been investigated. 

responding ester/BF3/BBr3 system, indicating that 
the heavy halogen is not incorporated. 

Confirmation that D?BF: cations are present 
comes from samples containing more than one benzo- 
ate ester. These give low-temperature “F spectra con- 
sisting of a superposition of the separate adduct 
spectra, but with an additional peak between the 
D,BF’, peaks of the two esters (Fig. lB, C), assigned 
to the mixed-donor cation DD’*BFl. This peak can 
be detected in all cases in which the chemical shift 
separation of the D,BF’, resonances is sufficient 
(Table 11). Incorporation of methyl paru-methoxy- 
benzoate in the cation is favoured due to its enhanced 
electron-donating ability (Fig. 1B and IC). Chemical 
exchange is sufficiently rapid that only a single Dz- 
BF> resonance can be observed at ambient tempera- 
ture. Chemical exchange also affects the other adduct 
resonances; the D*BF,Cl and D’*BF&l resonances are 

TABLE 1. r9F Chemical Shifts of Methyl Benzoate Adducts.a 

Benzoate para CH30 H F NO2 

Substituent X 

Hammett oP of Xb -0.27 0.00 +0.06 +0.78 

D* BF3 -146.4 -145.7 -145.7 -144.5 

D*BF2Cl -122.7 -122.1 -122.2 -121.3 

D l BFCl2 -107.4 -107.4 -105.3 -106.9 

D2BF; -138.6 -137.1 -137.0 -135.4 

aPpm from internal CFCls, CDC13 solution, -48 “C. bReference 9. 
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TABLE II. r9F Chemical Shifts of DD’BF: Cationsa purified boron trihalides onto 0.5 M solutions of the 
esters in CDC13. The samples were sealed under high 
vacuum, warmed slowly to -50 “c, and mixed by 
repeated inversion at this temperature. 

Methylbenzoate 
para-substituents 

Chemical Shift 

D D’ 

H CH30 -137.8 
H NOz -136.4 

CH30 F -137.8 

CH30 NOa -137.0 
F NOz -136.1 

*PPm from internal CFQ3, CDC13 solution, -48 “C. 

sometimes resolved at -48” (Fig. 1C) but usually 
only an averaged resonance is observed (Fig. 1 B). 

The ionic species are not observed in the ester/BF3 
systems in the absence of a heavier-halogen boron 
trihalide. This is consistent with the reaction 

ester + ester*BF*X * (ester)aBFi + X- (1) 

i.e., a mixed boron trihalide adduct must be present 
initially. Furthermore, the DaBF: peak is small when 
X = Cl but may be large when X = Br, consistent with 
Br- being a better leaving group. 

Displacement of a heavy halide ion from D*BH2X 
adducts by neutral donors is an effective method for 
preparing DaBHi cations [8]. We are investigating the 
scope of the analogous reaction (eqn. 1) for the 
preparation of DaBFi cations. 

Experimental 

Solutions and reagents were handled in a nitrogen- 
filled dry box. NMR samples were made up on a high- 
vacuum system by condensing known amounts of the 

19F NMR spectra were obtained on a Bruker 
WE-60 Fourier Transform NMR spectrometer operat- 
ing at 56.4 MHz. Varying numbers of 30’ pulses up 
to 2,000 were accumulated. The transformed spectra 
contained 4K data points. Chemical shifts were deter- 
mined from an internal hexafluorobenzene secondary 
standard (-161.4 ppm from CFC13 at -48 “c in 
CDC13, temperature-dependent) and converted to 
ppm to low field of CFC13. 

Acknowledgement 

We thank the Natural Sciences and Engineering 
Research Council of Canada for financial support of 
this work. 

References 

1 J. S. Hartman and J. M. Miller, Adv. Inorg. Chem. Radio- 
them., 21, 147 (1978). 

2 M. J. Bula, J. S. Hartman, and C. V. Raman,J. Chem. Sot. 
Dalton, 725 (1974); J. S. Hartman, B. D. McGarvey and 
C. V. Raman, to be published. 

3 M. J. Bula, D. E. Hamilton, and J. S. Hartman, J. Chem. 
Sot. Dalton. 1405 (19721. 

4 1. S. Hartman and G. J. Schrobilgen, Inorg. C’hem., 13, 
874 (1974). 

5 J. S. Hartman and J. M. Miller, Inorg. Chem., 13, 1467 
(1974). 

6 K. A. K. Ebraheem and G. A. Webb, Progress in NMR 
Spectroscopy, II, 149 (1977). 

7 3. S. Hartman and P. Stilbs, submitted for publication. 
8 G. E. Ryschkewitsch, Chapter 6 in ‘Boron Hydride Chem- 

istry’, E. L. Muetterties, editor, Academic press, New 
York, 1975. 

9 E. S. Gould, ‘Mechanism and Structure in Organic Chem- 
istry’, Holt, Rinehart and Winston, New York, 1959, p. 
221. 


