Published on 01 January 1968. Downloaded by University of Reading on 25/12/2017 18:08:49.

554

View Article Online / Journal Homepage / Table of Contents for thisissue

J. Chem. Soc. (A), 1968

Nuclear Magnetic Resonance Studies of n-Bonding in Aminoboranes.
Partl. Ambient Temperature Spectra

By P. A. Barfield, M. F. Lappert,t and J. Lee,* Department of Chemistry, The University of Manchester Institute
of Science and Technology

The *H n.m.r. spectra at ambient temperatures of a number of aminoboranes with general formula ArB(X*) NMe, (1)
or PhB(X#)N(R)R2 (II) are reported both for pure liquids and for a variety of solutions. Positive evidence is
presented for restricted rotation about the boron-nitrogen bond for the compounds (a) of type (I) with Ar = Ph,
Xt = Br, Cl, NCO, Me or with Ar = p-MeOCgH,, X = Cl and (b) of type (II) with X2=Cl, R=Et, R?= Me or

with X2 = Cl, Rl = Pri, R2 = Me. The effects of varying the boron-substituent and the solvent upon chemical

shifts are considered.

REFERENCE to the possibility of back-donation of elec-
trons to a three-co-ordinate boron centre has frequently
been made and, in the case of open-chain aminoboranes
and cyclic borazines, the evidence for back-donation
of the nitrogen lone-pair towards the boron atom, z.e.
the creation of (p —» p) n-bonding, has previously been
summarised.! One consequence of the existence of such
bonding is a high degree of restriction to interconversion
between minimum energy conformations by 180°
rotation about the boron-nitrogen bond. Restrictions
of this kind are reflected in the observation of a tempera-
ture-dependence of the high resolution nuclear magnetic
resonance spectra; 2 atlow interconversion rates, distinct
absorption from individual rotational isomers is evident,
while at the other extreme of rapid interconversion time-
averaging occurs; in intermediate situations, the spectra
are more complex. As has been shown previously,3-8 the
barrier to rotation in certain aminoboranes is sufficiently
high to permit the observation of separate absorption

t Present addvess: The Chemical Laboratory, The University of
Sussex.
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from rotational isomers (rotamers) at ambient tempera-
tures. The present paper extends the range of amino-
boranes studied and describes nuclear magnetic spectral
observations at these temperatures. A subsequent
paper ® will be devoted to studies at higher temperatures
and the evaluation of kinetic parameters for the internal
rotational process.

EXPERIMENTAL

Starting Materials.—All the compounds studied in the
present work were prepared from appropriate aryldihalo-
genoboranes. Aryldichloroboranes were obtained by the
transmetalation of boron trichloride by tetra-aryltins.10-12
Dibromophenylborane was obtained through interaction
of boron tribromide and triphenylboroxine.’* Ethyl-
methylamine (not commercially available) was prepared
by reduction of the condensation product of ethylamine and
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formaldehyde.l4 Isopropylmethylamine was a gift from
Imperial Chemical Industries Ltd.

Aminochloroboranes.— Chloro(dimethylamino)phenyl-
borane PhB(Cl)NMe,, p-methoxyphenylchlorodimethylamino-
borane p-MeOCH B(Cl)NMe,, chiloro(ethylmethylamino)-
phenylbovane PhB(C)N(Me)Et, chloro(methylisopropyl-
amino)phenylborane  PhB(C)N(Me)Prl, chloro(methyl-
phenylamino)phenylborane PhB(Cl)N(Me)Ph, and t-butyl-
aminochlorophenylborane PhB(Cl)N(H)Bu® were obtained
by dehydrohalogenation of the appropriate amine-aryldi-
chloroborane adduct,'® or by a disproportionation procedure
analogous to that used for the preparation of chloroalkoxy-
boranes.1¢

Bis(amino)arylboranes.— Bis(dimethylamino)phenyl-
borane PhB(NMe,),, #-methoxyphenylbis(dimethylamino)-
borane p-MeOCH B(NMe,),, bis(methylphenylamino)phenyl-
borane PhB[N(Me)Ph],, bis(methylamino)phenylborane
PhB(NHMe),, and bis(t-butylamino)phenylborane
PhB[N(H)But], were obtained by the dropwise addition of
dichloroarylborane (1 mol.), in light petroleum to a solution
of the appropriate amine (4 mol.), in light petroleum at
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to —78° and dry methyl alcohol (1-49 g., 1 mol.) was slowly
added. The mixture was set aside to attain room tempera-
ture and then gently warmed, dimethylamine (2-1 g., 1009,)
being evolved. Distillation of the residue gave (dimethyl-
amino)methoxyphenylborane (59 g., 78%). This com-
pound was also prepared by the dropwise addition of chloro-
(methoxy)phenylborane (16-4 g., 1 mol.), in light petroleum
(60 ml), to dimethylamine (9-6 g., 2 mol.), in the same
solvent (80 ml.) at —78°. The mixture was set aside for
3 hr., dimethylammonium chloride (84 g., 96%) was
filtered off, and the solvent was distilled off under reduced
pressure. Further distillation then gave (dimethylamino)-
methoxyphenylborane (12-0 g., 699%,).

Dimethylamino(fluoro)phenylborane, PhB(F)NMe, —
Chloro(dimethylamino)phenylborane (43 g., 3 mol.) and
antimony (111} fluoride (1-6 g., 1 mol.) were mixed together
at room temperature; an increase in temperature was
noted. After 2 hr., the mixture was distilled to give
dimethylamino(fluoro)phenylborane (3-5 g., 88%) and an un-
distillable residue.

The purity of all compounds was checked by elemental

—178°.12 (Dimethylamino)methylphenylborane microanalysis and by infrared spectrometry, using Perkin-
TaBLE 1
Elemental analyses and physical properties of new compounds
Found Calc.

Compound B. p. (°/torr) %goP C H B Halogen N C H B  Halogen N
PhB(F)NMe, ¢ ............ 62/3-0 1:50568 63-1 7-1 b b 9-5 637 7-3 7-2 12-6 93
PbB(CI)NMeEt ............ 82/0-2 1-5284 80-2 6-7 58 19-4 77 60-0 6-7 6-0 19-6 7-8
PbB(CI)NMePr! ......... 90/0-2 1-5193 62:0 7-6 5-4 181 7.2 616 77 56 182 7.2
PhB(Br)NMe, ............ 83/0-8 1-5654 45-4 51 5-0 37-8 856 453 5-2 5-1 37-8 6.6
PhB(Br)NMePh ......... 123/0-3¢ 1-5990 59-7 4:5 39 29-2 51 600 4-8 4-0 29-2 51
#-MeOCH,B(C)NMe, ... 95/0-4 15438 541 64 54 179 71 547 66 55 180 71
$-MeOC,H B(NMe)y...... 82/0-3 15256 638 89 52 134 641 92 53 13-6
PhB(OMe)NMe, ......... 70/4-5 1-4966 66-5 8:7 6:5 85 663 8:8 6-7 8-6
PhB(NMePh)y ............ 156/0-05 b 79-7 69 35 9-2 800 70 37 9-3

¢ Molecular weight by mass spectrometry and by cryoscopy in benzene = 151; cf. calculated value of 150-9. ® Not deter-

mined. ¢ Supercools, m. p. ca. 88°.

PhB(Me)NMe,, was prepared by reaction of a benzene solu-
tion of chloro(dimethylamino)phenylborane with an ethereal
solution of methylmagnesium iodide.!® 1,2-Bis(dimethyl-
amino)-1,2-diphenyldiboron %18 was prepared by treat-
ment of chloro(dimethylamino)phenylborane in dry xylene
with sodium.

Pseudohalogenoboranes.—Samples of two pseudohalogeno-
boranes PhB(X)NMe, with X = NCS or NCO were pro-
vided by Dr. H. Pyszora.% 3

Aminobromoboranes.—(i)  Bromo(dimethylamino)phenyi-
borane, PhB(Br)NMe,. Dibromophenylborane (76 g., 1
mol.) and bis(dimethylamino)phenylborane (5-3 g., 1 mol.)
were mixed together and set aside for 2§ hr. The mixture
was then distilled under reduced pressure to give bromo-
(dimethylamino)phenylborane (11:2 g., 87%y).

(ii} Bromo(methylphenylamino)phenylborane
PhB(Br)N(Me)Ph. The method was entirely analogous to
(i), the second reactant being bis(methylphenylamino)-
phenylborane (9-0 g.).

(Dimethylamino)methoxyphenylboyane, PhB(OMe)NMe,.—
Bis(dimethylamino)phenylborane (8-2 g., 1 mol.) was cooled

" J. Graymore, J. Chem. Soc., 1931, 1490.

16 K. Niedenzu and J. W. Dawson, J. 4mer. Chem. Soc., 1860,
82, 4223.

1¢ 5§, H. Dandegaonker, W, Gerrard, and M. F. Lappert, J.
Chem. Soc., 1957, 2872,

Elmer models 21 (sodium chloride and calcium fluoride
optics) and 137 (potassium bromide optics) spectrometers.
Elemental analyses for compounds not previously docu-
mented are compared with calculated values in Table 1,
which also presents boiling points and refractive indices
(sodium D-line at 20°).

Nuclear Magnetic Resonance Measuyements.—'H n.m.r.
spectra were recorded at ambient temperature on the
following instruments: a Varian V 4300B (40 MHz) spectro-
meter belonging to Imperial Chemical Industries, Dyestuffs
Division, Blackley; a Varian A 60 (60 MHz) spectrometer
in the Faculty of Science of this University, a Varian HR 100
(100 MHz) spectrometer at the University of Salford, and
an Associated Electrical Industries R.S.2 (60 MHz) spectro-
meter in this department. Materials were examined both
as neat liquids and in 109, (w/w) solutions in carbon tetra-
chloride, methylene dichloride, and nitrobenzene. Tetra-
methylsilane was universally employed as internal standard.
Separations from the standard and internal separations
were determined by the usual audio side-band method.
Chemical shifts are given on the t scale.

17 R. J. Brotherton, H. M. Manasevit, and A. L. McCloskey,
Inorg. Chem., 1962, 1, 749.

18 H, N6th and W. Meister, Chem. Ber., 1961, 94, 509.

1 M, F. Lappert and H. Pyszora, Proc. Chem. Soc., 1960, 350.

20 M. F. Lappert and H. Pyszora, J. Chem. Soc., 1983, 1744.


http://dx.doi.org/10.1039/j19680000554

Published on 01 January 1968. Downloaded by University of Reading on 25/12/2017 18:08:49.

556

RESULTS AND DISCUSSION

Studies have been based upon the two molecular
systems, (I) and (II) [X! = F, Cl, Br, OMe, NMe,, Me,
NCO, NCS, or Ph(NMe,)B; X2=Cl, Br, NHMe,
N(Me)Ph, or N(H)But; R! = Me, Et, Pri, But, or Ph;
R2? = H or Me; Ar = Ph or »-MeOCgH,].

Ar\B_N/Me
0 NMe %2/ \pe
¢y an

In system (I); two N-methyl groups occupy two
chemically distinct but equally abundant electronic
environments; transfer of a particular methyl group
between environments occurs by rotation through 180°
about the BN bond. In system (II), the two rotamers
are not, in general, of equal stability and each R? (or R?)
group has two environments with correspondingly un-
equal abundance. Spectral analysis, both at ambient
and at other temperatures,® was facilitated by careful
choice of nitrogen substituents. By this expedient,

O'lip.p.m.

JU»L Y

2:67 7 7-:03
Ficure 1 'H spectrum of chlorodimethylaminophenylborane,
PhB(Cl)NMe,, at 100 MHz in 109, (w/w) solution of carbon

tetrachloride. The sweep rate was increased between the two
main absorption regions

unnecessary complication due to spin-spin interaction
was minimised. It is assumed that the bonds around
boron are planar disposed. If there were considerable
delocalisation of the nitrogen lone-pair into the B-N
bond, the same could well be true for the bonds about
nitrogen. However, if this is not the case, i.e., if the
bond disposition is pyramidal, no spectroscopic com-
plication would arise. Nitrogen inversion would merely
cause transfer of an alkyl group to an electronically
equivalent environment in an enantiomorphic structure.
To all intents and purposes, then, we can assume mole-
cular planarity about the B~N bond.

(a) Compounds of Type (1).—Except in cases where the
X substituent contains hydrogen atoms and where,
therefore, the spectrum will have corresponding addi-
tional absorption, spectra are typified by the particular
example of chlorodimethylaminophenylborane,
PhB(Cl)NMe,. The 100 MHz spectrum of a 109, (w/w)
solution in carbon tetrachloride is presented in Figure 1.
The complex low field absorption, centred upon ~ 2-67,
is assigned to the B-phenyl substituent. The two bands
centred upon = 7-03 were separated by 15-0 Hz, but this
decreased to 9-0 Hz at a radiofrequency of 60 MHz, an
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observation typical of the existence of an internal
chemical shift. The bands were assigned to the N-
methyl groups, significant differential shielding probably
arising from the large diamagnetic anisotropy of the
vicinal phenyl substituent,5 although a non-equivalence
has recently been observed 2! in the absence of this
group. The observation of differential shielding in
chlorodimethylaminophenylborane is indicative of re-
stricted internal rotation about the B-N bond. On the
basis of the general theory for the collapse of an internal
chemical shift due to exchange between two equally
abundant chemical sites,%?2 the rate of exchange of
methyl groups between the two minimum energy posi-
tions is less than 30 sec.; excess of this rate would
produce a single maximum in the absorption system, 7.e.,
coalescence. Detailed consideration of the rotational
kinetics will be described in a subsequent paper.?

The essential features which characterise the spectrum
of chlorodimethylaminophenylborane are also exhibited
by several other compounds of type (I). Table 2 sum-
marises the results of 60 MHz measurements, both for
neat liquids (where these exist at ambient temperatures)
and for solutions in carbon tetrachloride, methylene
dichloride, and nitrobenzene. Noteworthy exceptions
to the pattern described above are when X = NCS
(CCl, solution), F, and NMe,; in these cases, the methyl
absorption is represented by a single band, due
apparently to a large rate of rotamer interconversion.
In fact, this structure persists even at temperatures as
low as 223°k.

(b) Compounds of Type (I1).—60 MHz Spectral results
are summarised in Table 3. Asin the case of compounds
of type (I), data for any 'H absorption due to the
substituent X2 is not tabulated. Chemical shifts for
N-methyl groups are, in general, similar to those found
in type (I) molecules. A significant difference occurs for
molecules with a N-phenyl substituent. A low-field shift
in these cases is presumably associated with the particip-
ation of nitrogen lone-pair electrons in the aromatic
w structure, ¢.e., a negative mesomeric effect from the
phenyl group. As with type (I) compounds, no spin—
spin splitting was ever observed for the N-methyl
absorption (excluding 13C satellite formation); this is
compatible with the zero moment of 12C and rapid
quadrupolar relaxation of 1N, 19B, and !B nuclei.

For the neat liquid chloro(ethylmethylamino)phenyl-
borane, PhB(CI)N(Me)Et, at 60 MHz and ambient
temperature, the methyl absorption comprises two
bands with a mean t 7-24 and of approximately equal
integrated intensity (and width), thus implying near
equality in the populations of the two methyl environ-
ments, This approximation has been accepted in the
analysis of variable temperature results.? Absorptions
from the ethyl group occurred at mean = values of 6-90
for methylene and 9-02 for methyl, and both consisted
of overlapping systems. In the former case, two over-
lapping 1:3:3:1 quartets gave an observed

21 H. Né6th, personal communication,
22 H. M. McConnell, J. Chem. Phys., 1958, 28, 430.
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1:3:4:4:3:1 sextet, whilst in the latter, overlap of to restricted rotation about the B-N bond and the
1:2:1 triplets yielded an observed 1:3:3:1 quartet. consequent isomerism. Contributions were proposed
In dilute carbon tetrachloride solution, not only were from structures (I1I) and (IV), it being assumed that the
there shifts in the absorption centroids but there were structure with spatially proximate alkyl groups could be
differences in the splitting patterns (Figure 2). The eliminated on steric grounds. The *H magnetic reson-
methylene absorption becameal :3:3:2:3:3: 1septet ance spectrum of bis(methylamino)phenylborane at
and the triplets from the two methyl environments were ambient temperature comprised two main regions of
distinctly separated (there was also a slight change absorption, one associated with phenyl at v 2:66 and the
in the ratio of integrated intensities of the N-Me bands). other with the remaining hydrogens at = 7:-42. These

TaBLE 2
Chemical shifts (on the t-scale) of compounds of type (I), ArB(X!)NMe,
109, solution in 109, solution in
Pure liquid 109, (w/w) solution in CCl, CH,Cl, PhNO,
Xt Ar 7 (NMe,) * At < (Ar) ¢ 7 (NH) Are T (NMe,) Are 7 (NMe,) At e
Br Ph 7-18 0-298 2-67 7-03 0-233 7-04 0-233 7-05 0-225
Cl1 Ph 7-26 0-214 2-67 7-03 0-150 7-04 0-142 7-09 0-150
NCS Ph Solid 2-65 7-07 f * * * *
NCO Ph Solid 2-65 7-156 0-092 * * * *
Me k Ph 7-32 0-070 2-60 7-18 0-125 7-18 0-134 7-24 0-075
F Ph 7-35 f Insoluble 7-20 f 7-25 f
OMe J Ph 7-47 { 0-026° 2-73 7-35 g 7-35 d 7-36 d
0-290 ¢
NMe, Ph 7-49 f 2-73 7-35 f 7-36 f 7-36 f
Cl $-MeOC,H, 7-24 0149 2-86 7-06 0-105 * * * *
NMe, $-MeOC H, 7-51 f 3-00 » 7-40 f * * * *
Ph(NMe,)B Ph Solid 2-85 7-11 f * * * *

* Not studied.

s Modulus of internal chemical shift (p.p.m.) for two Me environments (4-0-004 p.p.m. except where otherwise stated). * 1-0-01
p-p-m. ©At253°k. ¢ Single band, several Hz wide. °Mean value. /Single band; width at half-height <(1-0 Hz. 7 Single band;
width at half-height = 13-0 4 0-5 Hz. * 7 (OMe) = 6-26 in both cases. *‘ Centroid of complex absorption. J ¢ (OMe) in CCl, =
6:62. * 1 (Me) in CCly = 9-48.

TaBLE 3
Chemical shifts (on the =-scale) of compounds of type (II) PhB(X2)N(R!)R?
Pure liquid 109, (w/w )solution in CCl,
X2 R! R? T NR2? Az tNR'® 7 (BPh)4 < (NRY? Ate  (NR) b
Cl Et Me 7-24 0-189 | CH, 6-90 2-70 7-05 0-117 { CH, 6-83
| CH, 9-02 CH, 8-80
Cl Pri Me 7-27 0-193 CH,; 9-01 2:70 7-19 0-142 CH, 8-80°
Cl Ph Me Solid 2-85 6-58 e f
Br Ph Me Solid 2:70 6-50 e f
N(Me)Ph Ph Me Solid 3-:00 7-05 e f
N(H)Me H Me * * 2-66 7-42 e T4hi
Cl H But * * 2-50 8-57 e g
N(H)Bu* H But * * 2.80 8-84 e 7-34

* Not studied.

2 Modulus of internal chemical shift (p.p.m.) for two NMe or NBu! environments (4+0-004 p.p.m.). ?» Mean values. ¢ CH
absorption barely distinguishable above noise level; =t 5-5. ¢ Centroid of complex absorption. ¢ Single band. / Not dis-
tinguished from BPh. ¢ Not observed, probably very broad. * Very broad. ¢ Overlaps partially with NMe absorption.

The spectrum of chloro(methylisopropylamino)phenyl- figures were derived from the spectrum of a 109, solution
borane, PhB(C])N(Me)Pri, follows the general pattern of the material in carbon tetrachloride at 60 MHz; the
outlined above. The NMe absorption consisted of two observed spectrum was substantially the same as an

bands, with relative intensities 1-00:1-33 at ambient Ph Ph
temperatures both in the pure liquid and in carbon | |
tetrachloride solutions. Asin the previous case, solution H\N / B\N R R\N / B\N AR
in carbon tetrachloride assisted resolution of the bands | | | |
associated with the larger alkyl group. R H H H
The bis(alkylamino)phenylboranes, PhB(NHR),, have azn a

interesting spectral features. With one exception, the early 40 MHz recording. In these spectra, only a single
infrared spectra 12 show two NH stretching bands, separ- band for the non-phenyl hydrogens was clearly observed.
ated by about 23 cm.?; the exception is the tertiary The relative areas of the two regions were 1-0: 1-5 (low
butyl compound (R = But) where only a single band field : high field); this may be compared with expect-
at 3428 cm.™., is observed. These results were attributed ations of 1-0:1-6 for overlapping NH and NMe, and
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1-0:1-2 if the absorption at r 7-42 is entirely due to
NMe. At 100 MHz, however, the high-field system
separated clearly into two components of relative inten-
sities 1:0 and 1-5 and separated by 0-53 4 005 Hz
(Figure 3). In addition, a very broad absorption

1WWMMMW‘WF L""

1 | 1 | 1
65 70 7-5 80 85 7
Ficure 2 1!H-alkyl spectrum of chloro(ethylmethylamino)-
phenylborane, PhB(CI)NMeEt, at 60 MHz in 109 (w/w)
solution of carbon tetrachloride

H—

»*

‘:
1 L
¥
Ficure 3 'H NHMe spectrum of bis(methylamino)phenyl-
borane, PhABN(NHMe),, at 100 MHz in 109, (w/w) solution of
carbon tetrachloride. The bands marked with asterisks are

markers with 20-00 Hz spacing

occurred on the high-field side of the two bands. This is
associated with NH, the broadening being distinctive
and probably of quadrupolar origin. Integration of the
parts of the high-field system supported the latter
assignment. The interpretation of the two sharper
bands in terms of isomer abundance is, unfortunately,
not unambiguous. If the two methyl environments in
(ITI) are similar to one another but distinct from the
single environment in (IV), an isomer abundance ratio
[(III) : (IV) or its inverse] of ca. 1-5 is indicated. If, on

28 K. Nakanishi, ‘ Infrared Absorption Spectroscopy,’ Holden-
Day, San Francisco, 1962, Appendix 1/NMR, p. 223.
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the other hand, one of the environments in (III) is similar
to that in (IV) and these are distinct from the remaining
environment in (III), an abundance ratio of caz. 4-0 is
indicated. The latter situation seems the more likely,
but in either case, (IV) is probably the more abundant
species on steric grounds. No doubling of bands was
observed for the corresponding t-butylamino-derivative;
this may be due to (i) a lower barrier to rotation, imply-
ing the unimportance of a steric factor, or (ii) the stabilis-
ation of a single isomer, e.g., (IV), or (iii) a small internal
chemical shift for different rotameric forms.

Both in the neat liquids and in the various solutions,
chemical shifts for N-methyl in the compounds of type
(I) studied here are intermediate between values 2 for

MeN= (v ~ 7-7) and MeN= (v ~ 67). The shifts re-
ported in the present work are in harmony with other
published data.48

For a common, inert medium—as we might expect to
be the case for dilute solutions in carbon tetrachloride—
the NMe, chemical shift may be expected to reflect the
extent of participation of the nitrogen lone-pair in B-N
n-bonding. Increased positive charge on the nitrogen,
occasioned by such an effect, would presumably diminish
the electronic shielding of the methyl hydrogen nuclei
and thereby decrease the © value. If donation of = or
lone-pair electrons could arise also from the non-amino-
boron substituents, this would diminish the necessity of
nitrogen lone-pair donation for satisfaction of the boron
‘ deficiency.” For all except two of the compounds of
type (I) two of the boron substituents remain invariant
as phenyl and dimethylamino, only the third being
varied. For such cases, one might expect v (NMe,) to
increase as the mesomeric effect (4-4£) of the variable
substituent increased. On this basis, Table 2 indicates
an order of +M as follows: Br < Cl <« NCS << NCO <
Me < F << OMe, NMe,; Ph{NMe,)B is not included in
thelist. Although spectral studies both in other solvents
and for neat liquids have been less extensive, the order
seems to be preserved in these cases. The two p-
methoxyphenyl compounds also conform to expectation
on the basis of the above order of mesomeric effect.
With the possible exception of Me, the substituent order
seems to be in accord with traditional arguments based
upon the reactivity of organic molecules and also with
the Lewis acid behaviour of three-co-ordinate boron
compounds.

Two significant effects were observed (see Tables 2 and
3) in the H absorption of compounds having an N-
methyl group, when these were dissolved in any of the
three solvents used in this investigation. (a) The
separation of the rotameric doublet, A+, where this was
observed, decreased; the only exception was (dimethyl-
amino)methylphenylborane. A similar observation .25
has been reported for amides. (4) = (NMe) Is signifi-
cantly decreased. With the possible exception of

24 J. C. Woodbrey and M. T. Rogers, ]‘. Amey. Chem. Soc.,
1962, 84, 13.
25 J, V., Hatton and R. E. Richards, Mol. Phys., 1960, 3, 253.
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(dimethylamino)methylphenylborane, the three solvents
have essentially the same effect on compounds of type (I).
The choice of solvents was based upon the following.
(a) They offer a range of dielectric constants; the values
are: % CCl, 2-238/20°, CH,Cl, 9-08/20°, and PhNO,
34-8/25°. (b) Neither hydrogen-containing solvent ab-
sorbs between t 6-5 and © 80, the absorption region for
N-methyl. (¢) They were all apparently inert towards
the solutes, despite the fact that nitrobenzene behaves as
a Lewis base towards haloboranes.?” Had this been the
case in the present study, a significant shift of the
N-methyl resonance to high field would have been
expected for the nitrobenzene solutions in comparison
with corresponding solutions in carbon tetrachloride.
Reference to Table 2 shows that this is not the case.
The difference in behaviour between pure liquids and
solutions is probably due to significant interaction be-
tween molecules in the former case. The various effects
of the medium upon shielding coefficients have been
presented previously.?® Here, increased shielding
of N-methyl on increasing the proximity of identical
molecules would occur if the negatively charged boron
caused repulsion of electronic charge along the nitrogen—
carbon bond (as it would do if the atom were very close
to the positively charged nitrogen). The electrostatic
field (E) of the neighbouring molecule would not have to
be too large, otherwise an opposing deshielding effect 2
26 ‘ Table of Dielectric Constants of Pure Liquids, Circular

514,” National Bureau of Standards, Washington, 1951, pp. 5,
18.
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(cE?) would predominate. (Two other effects which
would probably deshield the hydrogen nuclei are,
(a) imtermolecular co-ordination of nitrogen lone-pair
electrons into a B-N ‘bond,” and (b) increased intra-
molecular co-ordination by the electrostatic field of an
adjacent dipolar molecule.) Molecular attraction might
also lead to an increase in shielding from the diamagnetic
anisotropy in a phenyl group of an adjacent molecule.?
This could also be responsible for the effect upon A+ if
the methyl groups are, on the average, differently spaced
and differently orientated to the phenyl plane. The
absence of such effects in the nitrobenzene solvent is then
perhaps anomalous, but may possibly be rationalised in
terms of a different solute-solvent intermolecular
attraction.
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