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Mechanism of Displacement Reactions at Tetrahedral
Boron. Triethyl- and Trimethylamine-Borane
Substrates

Sir:

The tetrahedrally bonded boron atom is isoelectronic
with the tetrahedral carbon atom and bears a formal
negative charge. It was therefore of interest to ex-
amine the nucleophilic displacement reactions which
occur at such boron atoms and to attempt a mech-
anistic correlation with similar displacement reactions
which occur at carbon centers. If mechanistically
similar paths were found, the effects of substrate charge
type and related solvent effects, among others, could be
elucidated. The previously reported! displacement
of trimethylamine from trimethylamine-borane by
tertiary phosphines suggested the use of similar reac-
tions in a mechanism study. In addition, the ready
availability of a variety of B-alkyl? and B-aryl®
tertiary amine-boranes allowed the effect of substitu-
tion at boron to be examined* in terms of stereoelec-
tronic effects.

(n-Bu)P + RBH,NMe; —> (n-Bu)sP-BH:R + NMe;
R = H, alkyl, and aryl

In the displacement reactions reported here,® tri-n-
butylphosphine (I) was employed as the nucleophile in
o-dichlorobenzene solution with (C,H;);NBH,; (II),
(C2H5)3NBD3 (III), and (CH3)3NBH3 (IV) as sub-
strates. Tri-n-butylphospine-borane was established
as the product of the displacement reactions by isola-
tion and comparison with authentic material.! All
kinetic experiments were conducted at 49.6°.

The reaction of I with II was examined using the
colorimetric analytical method.? The crude rate data
obtained from runs pseudo-first-order in I obeyed the
integrated first-order equation to about 809, completion.
The calulated second-order rate constant (2.55 X
10—* 1. mole.™! sec.™!) was not altered by the initial
addition of triethylamine (0.2 M). Substitution of
deuterium for hydrogen on the boron atom of II was
accomplished using the exchange procedure of Davis,
et al® The III obtained was approximately 859, iso-
topically pure as determined from its infrared and !'B
n.m.r. spectra. This material was employed as the
substrate in reactions with I under conditions identical
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with those employed with II. Within experimental
error, no a-deuterium isotope effect was observed since
a second-order rate constant of 2.58 X 10— 1. mole. !
sec.”! was observed. This observation is in agree-
ment with the second-order nature of the reaction and
the previously described” absence of a-deuterium ki-
netic isotope effects in bimolecular nucleophilic displace-
ment reactions at tetrahedral carbon centers.

The reaction of IV with I was examined using the
flow method and low conversions to product. The
calculated second-order rate constant (1.34 X 10—¢ 1.
mole—! sec.”!) was approximately one-half that ob-
served in the case of IT and suggests that the latter sub-
strate is the more reactive due to greater internal steric
repulsions which are partially relieved in the bimolec-
ular transition state.

Further work is in progress and will be reported at a
later date.
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Displacement Reactions at Tetrahedral Boron.
Trimethylamine—Alkyl- and Arylboranes
Sir:

As a portion of our study of nucleophilic displacement
reactions at tetrahedral boron, we have examined the
kinetics of the reaction of tri-z-butylphosphine (I)
with a series of trimethylamine-alkylboranes! and a
series of trimethylamine-arylboranes.? All phosphine-

(n-Bu);P + RBH;N(CHa); —> (#-Bu)P-BH;R + N(CHy)s

borane reaction products were prepared by the dis-
placement of trimethylamine from the corresponding
trimethylamine-borane with I and gave satisfactory
elemental analyses. All kinetic data are presented in
Table I and were obtained using the previously de-

TABLE I
CoLLECTED KINETIC DATA

First-order Second-order

R in Temp., rate constant, rate constant,

RBH:N(CHa)s °C. sec.”! X 10¢ 1. mole~1 sec. 7! X 10
n-Butyl 29.5 0.267 0.167°
Isobutyl 29.5 0.697 0.070°
sec-Butyl 29.5 1.90 0.361
sec-Butyl® 29.5 1.48 0.351
#-Butyl 29.5 17.6 ¢
Phenyl 30.0 ¢ 1.16
p-Anisyl 30.0 1.22 1.39
p-Bromophenyl 30.0 ¢ 1.26
p-Tolyl 30.0 c 1.11
o-Tolyl 30.0 ¢ 5.15
Mesityl 30.0 63.9 54.6

¢ Calculated from rate data determined at 40.1 and 49.8°.
b Substrate sec-C4H,BD;N(CHj):. © Kinetic term too small
to detect if present.
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