Inorganica Chimica Acta, 194 (1992) 81-84

Tris(w-aminoalkoxy)boranes
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Abstract

Tris(w-aminoalkoxy)boranes of the type B[O(CH;),NRR']; (n=2: R=R’=H, R=H and R'=CH,, R=R’=CHj,,
R=R'=CH, n=3: R=R'=H, R=R’=CH,;, R=R’'=C,H;) have been prepared by the reaction of either
B(OCH,); or (CH,);N-BH; with excess of w-aminoalcohols, HO(CH,),NRR’. "B NMR spectral data suggest
the occurrence of both intra- and intermolecular N-B coordination in these species.

Introduction

On the basis of chemical studies [1-3] and spectro-
scopic data [4, 5] it has been shown that B[O(CH,),1;N
(1) is stabilized by intramolecular N-B coordination.
This feature was subsequently confirmed by several
single-crystal X-ray diffraction studies [6-9], and a crystal
structure determination of B[O(CH,);]sN (2, as the
trihydrate) has demonstrated that intramolecular N-B
coordination also exists in this latter compound [10].
However, the experimentally determined B-N bond
distances are surprisingly long ranging from 1.65 to
1.69 A for 1 and found with 1.65 A® for 2. (Usually,
the B-N bond lengths in compounds containing four-
coordinate boron bonded to nitrogen are shorter than
1.60 A [11]. The longest known B-N bond involving
an isolated four-coordinate boron seems to be that in
CH,CH-BF, with 1.630 A [12]). The reported “'B
chemical shift data for 1 range from 16.1 to 10.7 ppm
[5, 13, 14], and 8(*'B) 1.0 ppm has been given for 2
[13]. The latter datum is in the range normally found
for 8(*'B) of species containing isolated four-coordinate
boron, whereas the former values seem to be in better
agreement with those found for trigonal boron in tries-
ters of the type B(OR); (containing only non-functional
hydrocarbon groups) with 5(*'B) 19-15 ppm [15].

Presumably, sym-tris(w-aminoalkoxy)boranes of the
type B[O(CH,),NRR'], (3, n=2 or 3) may also be
stabilized by intramolecular N-B coordination. Only a
few such compounds are known and the reported data
are  somewhat contradictory. For  example,
B[O(CH,),N(CH;),]; has been described as a non-
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volatile material [16], but a boiling point of 152 °C (12
torr) is given elsewhere [17]. Studies of the chemical
behavior of tris(w-aminoalkoxy)boranes have been lim-
ited to the preparation of some adducts with borane(3)
[16, 17], and the interaction of B[O(CH,),N(CHS,),],
with BF; (in a sealed tube at 110 °C) was found to
yield F,BO(CH,),N(CH,), [17].

Results and discussion

Preparative data

The reaction of diborane(6) with HO(CH,),NH, has
been reported to yield B[O(CH,),NH,], (3a) and a
polymeric material of the composition [BO(CH,),N],
[15]. The former compound (3a) was also obtained by
transesterification of B(O-n-C;H,), [18], and analogous
transesterifications employing B(OR); with R=C,H;
[19], n-C;H, [17] or n-C,H, [16] have also been de-
scribed. In the present work, the transesterification of
B(OCHs;), with HO(CH,),NRR'’ according to eqn. (1)
was used as a general and facile method for the
preparation of tris(e-aminoalkoxy)boranes.

B(OCH,), + 3HO(CH,),NRR’ —>

3CH,OH +B[O(CH,),NRR'], (1)
3

n=3

3e: R=R'=H
3f: R=R’'=CH,
3g: R=R'=CH;

n=2

3a: R=R'=H

3b: R=H, R'=CH,
3¢: R=R'=CH,
3d: R=R'=CH;

The reactions proceeded readily on heating a mixture
of the neat reagents to reflux for a few hours. It was
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found best to use an excess of the aminoalcohol, and
yields of the resultant esters in the order of 85-95%
were obtained.

Compounds of type 3 have also been prepared by
the reaction of diborane(6) with aminoalcohols [16].
Heating of a mixture of trimethylamine-borane with
an aminoalcohol to reflux (eqn. (2)) appears to be a
more convenient procedure, although relative long re-
action times (10-12 h) were generally required to ensure
yields of about 90%.

(CH;),N - BH; + 3HO(CH,),NRR' —
(CH;);N+3H,+3 (2)

When the latter reaction was performed with an excess
of (CH;);N-BH,;, a mixture of both 3 and
HB[O(CH,),NRR'], was obtained (as based on ''B
NMR data), which could not be separated; the formation
of a monoester of the type H,BO(CH,),NRR’ was
never observed.

Compound 3a is a solid and 3e is a very viscous
material; the other species of type 3 are all fairly high
boiling liquids. The pure esters boil without foaming,
and all are quite sensitive to moisture.

"B NMR Spectra

The B chemical shifts for boron esters of the type
R,BOR’ (R and R’=non-functional organic substit-
uents) range from 54 to 45 ppm, from 32 to 25 ppm
for species of the type RB(OR'),, and from 19 to 15
ppm for B(OR); compounds. On the other hand, 5(*'B)
is normally found in the 10 to —5 ppm range for
compounds containing isolated four-coordinate boron
atoms [15].

The chemical shift §('B) 14.5 recorded for
B[O(CH,).]sN (1) in the present work is quite different
from that reported for B[O(CH,);;N (2) with 8(*'B)
1.0 [13]. (The latter datum is in good agreement with
the presence of four-coordinate boron.) In contrast,
the intramolecular B-N distances of the two cited species
in the solid state have been found to be essentially
identical [6-10]. Although the 8(*'B) value of 1 is
slightly solvent-dependent (see ‘Experimental’), it was
found to be independent of the concentration for 3.7
to 0.5 mol.% solutions (in CDCl;).

A "B chemical shift of 13.8 ppm was recorded for
the ester B[(O(CH,),N(CH,).); (3c). This value was
not affected by addition of either triethylamine, die-
thylamine or n-propylamine. On the other hand, §(*'B)
was found to be concentration dependent. For example,
the cited signal of 3¢ (13.8 ppm) was observed for a
14.2 mol.% solution. At a concentration of only 3.7
mol.%, a shoulder appeared at 10.4 ppm, which at a
concentration of 1 mol.% accounted for about 10% of
the total boron. At a concentration of 0.3 mol.%, the

major signal was now observed at 11.7 ppm and a
shoulder at 10.5 ppm accounted for about 15% of the
total boron.

Similar observations were made for the 'B NMR
spectra of other species of type 3. At a concentration
of 26.6 mol.%, only one 'B NMR signal was observed
for B[O(CH,),NHCH,], (3b) at 5.0 ppm (h,, =350 Hz).
The signal sharpened and migrated on dilution and
8(*'B) 5.5 (hi,=160 Hz) was observed for a concen-
tration of 13.8 mol.%, 8(*'B) 5.7 (h,,=120 Hz) for a
9.3 mol.% solution, and §(*'B) 6.0 (k=100 Hz) for
a 5.3 mol.% solution. On further dilution to a con-
centration of 2.2 mol.%, the main signal (75%) was
observed at 6.3 ppm (h;,=90 Hz) and a second signal
emerged as a shoulder at 9.4 ppm. For a 1 mol.%
solution, the main signal was observed at 6.6 ppm
(h12=80 Hz; 75%) and a clearly separate second but
broad signal at 9.7 ppm (#,,=1000 Hz) appeared. At
a concentration of only 0.2 mol.%, the signal at 6.5
ppm now accounted for only 40% of the boron, and
the major signal was observed at 9.8 ppm (k,,=300
Hz).

The effect of the concentration on the *'B chemical
shift was best seen for solutions of BJO(CH,),N(C,H;),]s
(3d); relevant data are summarized in Table 1. (Over
the range from —38 to 40 °C, there was essentially no
effect of temperature on the given chemical shift data.)

TABLE 1. !B NMR data for solutions (in CDCl;) of variable
concentrations (mol.%) of B[O(CH,),N(C,Hs),]; (3d)

Concentration Signal #1 Signal #2
5("'B) Area 5(MB)* Area
(%) (%)
10.8 17.3 (425) 100 — —
1.0 17.4 (285) 97 121 (350) 3
0.5 17.3 (310) 84 12.1 (325) 16
0.2 17.0 (410) 60 11.8 (475) 40
0.1 17 (shoulder) 25 11.7 (570) 75

*hy, data in parentheses.

TABLE 2. B NMR data for solutions (in CDCl,) of variable
concentrations (mol.%) of B[O(CH,),N(C,H;).]; (3g)

Concentration  Signal #1 Signal #2
s(''B)* Area  §(U'B) Area
(%) (%)
53 17.5 (320) 100 - -
1.8 17.6 (290) 95 12.4 (?) 5
0.7 17.6 (260) 90 12.3 (340) 8
0.3 17.6 (270) 80 12.2 (380) 20
0.15 17.5 (290) 66 12.2 (400) 34

*h,, data in parentheses.



Similar observations were made for the B NMR
spectra of the esters derived from 3-aminopropanols.
For example, the "B NMR spectrum of
B[O(CH,);NH,]; (3e) exhibited a small peak near 20
ppm (5% of the total boron at 19.7 mol.% concentration)
and a strong signal at 1.04 ppm (h,,=235 Hz). The
latter signal sharpened on dilution (9.6 mol.%: 1.7 ppm,
h,,=125 Hz) and a slight intensity increase (to 10%)
of the low-field signal (now at 20.2 ppm) was observed.
At 5.3 mol.% concentration, the signal at 20.4 ppm
(h1,=210 Hz) accounted for 15% of the total boron,
and the high-field signal was observed at 2.4 ppm
(h1,=100 Hz). On further dilution, a third peak, §(*'B)
1.5, appeared, which at 1 mol.% concentration was
extremely broad (h,, c¢. 1500 Hz) and accounted for
90% of the total boron, whereas the two previously
observed signals (now at 20.5 ppm, A,,=240 Hz; and
at 3.8 ppm, k,, =90 Hz) were of about equal abundance.
A 9 mol. % solution of B[O(CH,),N(CH,).]; (3f) showed
only one sharp signal at §(*'B) 7.5 (h,,=180 Hz). At
a concentration of 1.8 mol.%, the signal had shifted
slightly to 7.8 ppm and a shoulder appeared near 10.3
ppm; and at 0.2 mol.%, the signal consisted of a
considerably broader peak (h,,=300 Hz) with two
distinct maxima at 7.3 and 6.9 ppm, respectively. The
1B NMR spectrum of B[O(CH,);N(C,Hs),); (3g) ex-
hibited a single peak at relatively high concentrations.
The intensity of this signal decreased on dilution and
was accompanied by the emergence of another reso-
nance signal. These data are summarized in Table 2.

Conclusions

The outlined "B NMR data suggest the occurrence
of different types of concentration-dependent N-B in-
teraction for the tris(w-aminoalkoxy)boranes. It seems
reasonable to assume that at low concentrations in-
tramolecular coordination as shown in I is most likely.
However, with increasingly higher concentrations, in-
termolecular coordination may become more feasible
and could result in cyclic structures such as II. Alter-
natively, linear coordination may also be possible. For
example, the low-field peak observed in the 'B NMR
spectrum of 3e near 20 ppm would suggest the presence
of three-coordinate boron, which may well reflect a
terminating moiety of a chain-type structure as is shown
in L
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It is worth noting that in all cases the tris(w-amino-
alkoxy)boranes exhibited only one *'N NMR signal (at
room temperature). As compared to those of the w-
aminoalcohols, this signal is observed at about 7 ppm
lower field for the corresponding boron compounds
derived from the ethanol derivatives with primary or
secondary nitrogen, whereas no clear trends are ap-
parent in the other cases.

Experimental

Elemental analyses were performed by the Schwarz-
kopf Microanalytical Laboratory, Woodside, NY. Melt-
ing points (uncorrected) were determined on a Mel-
Temp block. All reagents were obtained from Aldrich
Chemical Co., Milwaukee, WI.

NMR spectra were recorded for solutions in CDCl,
(unless otherwise noted) on a Varian VXR-400 ('B,
*N) or XL-200 (*'B) or GEMINI-200 ('H, “C) in-
strument. Chemical shift data are given in ppm with
positive values indicating downfield from the reference
(internal (CH,),Si for 'H and C NMR, external
(C,H;s),0-BF; for "B NMR, external NH,; for *N
NMR). Abbreviations are: s =singlet, d =doublet, t = tri-
plet, q=quartet, p=quintuplet, m=unresolved mul-
tiplet, and an asterisk denotes a broad signal. Coupling
constants J are given in Hz. All *C NMR spectra were
recorded in the proton-decoupled mode; *N chemical
shifts for the w-aminoalcohols are summarized in
Table 3.

B[O(CH;),]sN (1)

NMR data: §(*H) 3.95 (1H, t, J=6), 3.15 (1H, t,
J=6); 6(*'B) 14.5 (s, h,,=60 Hz); 6(*>C) 61.8, 59.0.
Lit.: 8(*'B) 10.7 (in H,O) [14], 11.2 (in CDCL) [14],
14.2 (unspecified solvent) [13], 16.1 (in CCL,) [5].
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TABLE 3. N NMR data for w-aminoalcohols

w-Aminoalcohol 5(°N)
H,N(CH,),0H 14.60
CH,HN(CH,),0H 17.85
(CH,),N(CH,),0H 19.73
(C,Hs),N(CH,),0H 37.36
H,N(CH,);OH 20.67
(CH,),N(CH,),0H 25.08
(C;H;),N(CH,);0H 4531

Preparation of B[O(CH,),,NRR']; (3)

General Procedure A. A mixture of 3 molar equivalents
of aminoalcohol and 0.8 molar equivalent of B(OCH;),
was heated to reflux for 3 h. Subsequently, methanol
was distilled off under atmospheric pressure and the
residue was distilled under vacuum. Excess of ami-
noalcohol distilled off first and the desired ester was
obtained in 85-95% yield.

General Procedure B. Approximately 0.75 molar equiv-
alent of (CH,);N - BH; was added to 3 molar equivalents
of aminoalcohol. The mixture was slowly heated (oil-
bath) and a clear solution resulted which was heated
to reflux for 1215 h. Excess of aminoalcohol was distilled
off under vacuum and the desired ester was purified
by distillation; yields ranged from 80-95%.

B[O(CH,),NH,]; (3a)

Melting point (m.p.) 96-98 °C. Lit.: m.p. 74 °C (after
sublimation) [17]; m.p. 95-98 °C, b.p. 126-127 °C (8
torr) [18]. NMR data: §('H) 3.70 (1H, t, J=5), 2.95
(1H, t,J=5), 2.70 (1H, s); 6(*'B) 6.8 (s, h, =225 Hz);
8(C) 63.4, 42.8; 6(*°N) 21.54.

B[O(CH,),NHCH;]; (3b)

Boiling point (b.p.) 78 °C (1.5 Torr). Lit.: b.p. 109
°C (11 torr) [17]; 65 °C (0.5 torr) [18]. NMR data:
5(H) 3.73 (2H, t, J=6), 3.6*(1H, s), 2.76 (2H, t, J=6),
2.43 (3H, s); 6(*'B) 6.1 (s, h1,,=90 Hz) (see also text);
8(1°C) 59.3, 52.1, 34.4; 8(°N) 24.93. Lit. [19]: 6('H)
397 (2H, 1), 3.23 (1H, s), 2.90 (2H, t), 2.60 (3H, s).

B[O(CH,),N(CH;),]; (3c)

Boiling point 110-111 °C (2 torr). Lit. [17]: b.p. 152
°C (12 torr). NMR data: 5("H) 3.84 (1H, t, J=6), 2.51
(1H, t, J=6), 2.30 (3H, s); 5("'B) 13.8 (h,,=200 Hz)
(see also text); 8(°C) 60.6, 60.1, 45.4; 5(**N) 23.63. At
—25 °C: 8(*'B) 9.9.

B[O(CH;);N(C;H;);]; (3d)
Boiling point 169 °C (2 torr). Lit. [19]: b.p. 152 °C
(0.8 torr). NMR data: §('"H) 3.84 (2H, t, J=6.5), 2.59

(4H, unresolved m), 1.03 (3H, t, J=7); 6(*'B) 17.5 (s,
hi2=300 Hz) (see also text); 8(*’C) 61.4, 53.4, 474,
11.5; 8(1N) 40.76.

B[O(CH;);NH.]; (3e)

Boiling point 70-74 °C (8 torr). NMR data: §('H)
3.62 (1H, t,J=>5), 2.87 (1H, t,J=5), 2.87 (1H, t, J=5.5),
2.6* (1H, s), 1.65 (1H, p, J=5.5); 86("'B) see text; 5(*C)
59.0, 39.5, 32.5; 8(*°N) 21.18.

B[O(CH,);N(CH3).]; (3f)

Boiling point 158 °C (3 torr). Lit. [19]: b.p. 205 °C
(0.6 torr). NMR data: §('"H) 3.68 (1H, t, J=6), 2.48
(1H, t, J=7), 2.28(3H, s), 1.69(1H, p, J=6); 8('B) 7.5
(h12=180 Hz) (see also text); 8(**C) 59.6, 56.5, 44.6,
29.2; 8(**N) 27.61. Lit. [17]: 8(*H) 4.09 (1 H, t), 2.70
(1 H, t), 2.50 (3 H, s), 1.86 (1 H, p).

B[O(CH,);N(C;Hs).]; (3g)

Boiling point 190-192 °C (2 torr). NMR data: §(*H)
3.80 (1H, t,J=7), 2.55-2.45 (3H, m) 1.66 (1H, p, J=6),
1.0 (3H, m=two overlapping t (/=7) at 1.01 and 1.00);
8("'B) see text; 8(**C) 60.8, 48.6, 46.2, 28.2, 10.9; 6(**N)
43.15.
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