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]3C NMR SPECTRA AND BONDING SITUATION OF THE B~C BOND IN ALKYNYLBORANES
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]30 NMR spectra of boron substituted alkynes reveal that the B-carbon is
deshielded by ca. 21 ppm by a B(O-g_-C4H9)2 group. This clearly indicates the

presence of a B-C m-bonding in alkynylboranes.

Boron is less electronegative than carbon, as is evident from Pauling’s electronegativities
(2.0 for boron and 2.5 for carbon).]) Therefore, a boron atom should exert an electron donating
inductive effect toward a neighboring carbon atom. On the other hand, the vacant p-orbital of
boron should accept electrons from a neighboring m-electron system. Accordingly, the m-electron
withdrawing effect is opposed by the electron donating inductive effect. It is well known that,

in the case of vinylboron derivatives, the withdrawing effect overcomes the donating one, as is

shown by a pair of resonance structures (eq 1).2)
~_ I - ~ s
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These results Tead to a postulation that a similar B-C w-bonding must exist in alkynylboron

derivatives (eq 2). In fact, a one-sentence description on such a conjugation has appeared previous-
1y.2a) However, a curious thing is that any experimental evidence has not been demonstrated there.za)

To our best knowledge, there is no literature on the evidence for such a B-C w-bonding.

~ + -
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As a part of our broad study on organoboranes, we have obtained ]30 NMR spectra of alkynylboranes

and wish to report here clear evidence for the presence of the B-C m-bonding (eq 2). Di-n-butyl

acetyleneboronate (I) and di-n-butyl 1-hexyne-1-boronate (II) were prepared according to the known

2¢c)

procedure.3) ]3C signals were assigned by the method previously described. The data are
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Table. ]30 Chemical Shifts for Acetylene Derivatives.® R'CEECa'R’
Compound R R® S CB (ppm) s C, (ppm) JCBH (Hz)
I H B(O—E;C4H9)2 91.4 b 240
I n-C g B(0-n-C4Hg),  104.9 b
111 H H 70& 705 2495
Iv n-C4Hg H 84.0%(85.7)% 68.6%(70.0)%
g3.0d 66.04

§-13C FT NMR spectra were examined with a Varian XL-100-15 spectrometer at 25.2 MHz; compounds were

dissolved in CGD6’ which was served as an internal standard and an internal lock. Chemical shifts

C

CGDG 128.7, errors were + 0.1. E-The signal was not obvious owing to

were converted to éc, using §

2¢)

the neighboring boron. € Ref. 4 and references cited therein. g-Ref. 5 and references therein.

summarized in the Table. Evidently, the B-carbon is strongly deshielded by the boron substituent;
21.4 ppm for I and 20.9 (otherwise 19.2 or 21.9) ppm for II.

The effect of the boron substituent in saturated alkylboranes is weak on the B-position, as is
exemplified by the chemical shifts of (CHyCH,)3B (8C, 7.9 6) or 9.3 7)) and ethane (8C4 5.9). 4)
The a-effect of the boronate group for the triple bond, which was not available from the present
study, is estimated to be ca. 5 ppm from the data on the corresponding saturated and unsaturated
boranes. Consequently, the present results evidently indicate that the resonance structure of the
B-C w-bonding (eq 2) contributes considerably to the ground state of alkynylboranes.

References

1) L. Pau]ing,“The Nature of the Chemical Bond? 3rd ed., Cornell Univ. Press, Ithaca, N. Y. (1960).

2) (a) M. F. Lappertf‘The Chemistry of Boron and Its Compounds? ed. by E. L. Muetterties, Wiley,
New York, N. Y. (1967), p. 482. (b) D. S. Matteson,“Progress in Boron Chemistrj? Vol. 3, ed. by
R. J. Brotherton and H. Steinberg, Pergamon, New York, N. Y. (1970), p. 117. (c) Y. Yamamoto
and I. Moritani, Chem. Lett., 57 (1975) and references cited therein.

3) D. S. Matteson and K. Peacock, J. Org. Chem., 28, 369 (1963).

4) J. B. Stothersf‘Carbon—]3 NMR Spectroscopyf’Academic, New York, N. Y. (1972).

5) G. C. Levy and G. L. Ne]sonf(Carbon-13 Nuclear Magnetic Resonance for Organic Chemist§? Wiley-
Interscience, New York, N. Y. (1972).

6) D. J. Hart and W. T. Ford, J. Org. Chem., 39, 363 (1974).

7) Our result is somewhat, but not essentially, different from the reported va]ue.6) This must be

due to the difference of experimental conditions (private communication from Prof. W. T. Ford).

(Received March 22, 1975)



