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Synthesis of the first amine–dicarboxyboranes and their derivatives
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The first amine–dicarboxyboranes and their dimethyl esters
are synthesized from amine–dicyanoboranes via [amine–
bis(ethylnitrilium)hydroboron(2+)] tetrafluoroborates,
[amine–bis(C-hydroxy-N-ethyliminium)hydroboron(2+)]
cations and amine–bis(N-ethylcarbamoyl)boranes; C-me-
thoxy-N-ethyliminium groups adjacent to boron undergo
unusual hydrolysis.

Amine–carboxyboranes have been known for two decades,1 and
their biological and pharmaceutical activities have been ex-
tensively studied.2 Amine–carboxyboranes and related com-
pounds have shown anticancer,3 antiosteoporotic,4 anti-in-
flammatory5 and hypolipidemic6 properties. Since the
preparation of the first representative of amine–carboxyboranes
they have been generally considered to be the boron analogues
of the protonated amino acids,7 based on the isoelectronic
relation between C–N+ and B–N bonds. On the other hand,
amine–carboxyboranes can be regarded as analogues of ali-
phatic carboxylic acids, since the B–N bond is not only
isoelectronic but also isosteric to the C–C bond, according to
Langmuir’s definition.8 In contrast to amino acids, amine–
carboxyboranes do not form chelates with transition metal ions
and their pKa values are approximately 6 units larger than those
of amino acids.9 These facts, along with many qualitative
observations, suggest that the R3N–B group has a marked
electron-donating effect towards its substituents.10

Here we report the synthesis of the first amine–dicarboxy-
boranes, the boron analogues of geminal dicarboxylic acids.
Our long-term project, directed towards the synthesis of boron-
substituted amine–carboxyboranes,11 was initiated for two
reasons. First, the introduction of new functional groups (here a
second carboxylic group) offers potential biological activity.
Second, the substitution of a hydrogen for an electron-
withdrawing substituent on the boron is expected to increase the
stability of the B–H bond, and brings the electron distribution of
the carboxylic group closer to that in aliphatic carboxylic
acids.

The synthetic sequence is outlined in Scheme 1.† The amine–
dicyanoboranes 1a–d were readily synthesized by base ex-
change (Table 1). The reaction between 1a–c and Et3OBF4 in

refluxing CH2Cl2 afforded the [amine–bis(N-ethylnitri-
lium)hydroboron(2+)] tetrafluoroborates 2a–c. Owing to their
low solubility in CH2Cl2, pure 2a and 2c could be isolated from
the reaction mixtures in 80–88% yields. However, 2b could not
be separated from the excess Et3OBF4, but it did not cause the
formation of byproducts in the subsequent reactions. 2d could
not be obtained at all, though both mono- and di-ethylated
products were formed in the initial stage, but later they
decomposed when a significant amount of starting material was
still present. NMR monitoring of the ethylation reactions
showed significant amounts of 1 and/or 2 besides the inter-
mediate [amine–cyanoethylnitriliumhydroboron(1+)] cations
during the whole reaction period even when only 1 mol equiv.
of Et3OBF4 was employed. Consequently, there is only a
surprisingly small difference between the rates of the consec-
utive steps, and preparation of the pure intermediates does not
seem feasible.

Water readily adds to 2a–c in 50–70 min in water or in 1 m
HCl at room temp. affording [amine–bis(C-hydroxy-N-ethyli-
minium)hydroboron(2+)] tetrafluoroborates 3a–c. 3a could be
prepared and characterized as a solid,‡ since it precipitated from
water. Such stability of protonated aliphatic amides in aqueous
medium is quite unusual,12 and is probably due to the strong
electron-releasing effect of the R3N–B group. Water addition
also takes place when 2a–c are exposed to moisture.

In 1 m NaOH 2a–c were transformed to the corresponding
amine–bis(N-ethylcarbamoyl)boranes 4a–c within 5 min, and
the pure products were obtained from the CH2Cl2 extracts of the
alkaline solutions. 4d and e were synthesized from 4a or b
employing base exchange reactions (Table 1). Protonation of 4
leads to 3: addition of 50% HBF4 to a concentrated aqueous
solution of 4a resulted in the precipitation of 3a.

In contrast to amine–N-ethylcarbamoylboranes, the acidic
hydrolysis of amine–bis(N-ethylcarbamoyl)boranes 4, presu-
mably via 3 cations formed in situ, required vigorous condi-
tions, probably owing to the much larger steric hindrance of the
acyl carbons.14 4a and e could be transformed into the amine–
dicarboxyboranes 5a§ and e. Best yields (60%) were achieved

Scheme 1 (a A = quinuclidine; b A = Me3N; c A = pyridine; d
A = DMAP; e A = piperidine). Reagents and conditions: i, 2.5 mol equiv.
Et3OBF4, CH2Cl2, reflux, 6–10 h; ii, H2O, room temp. 50–70 min; iii–iv, 1
m NaOH, room temp. immediate; v, HBF4, H2O room temp., immediate; vi,
1 m HCl, 120 °C, 1.5 atm, 10 min; vii, 7.5 mm HBr–MeOH, room temp.,
5–10 min; viii, 0.05 m HCl, 60 °C, 15 min; ix, MeOH, room temp. 5–10
min.

Table 1 Syntheses employing base exchange
MeCN

A·BHX2 ——? AA·BHX2

Yielda

Product A AA A : AA X t/min T/°C (%)

1a 4-CN-pyb Qc 1 : 1.03 CN 5 25 96
1b 4-CN-pyb Me3N(g) — CN 15 25 97
1d 4-CN-pyb DMAP 1 : 1.03 CN 5 25 100
4d Me3N DMAP 1 : 1 CONHEt 240 80 88

Qc DMAP 1 : 10 CONHEt 180 80 67
4e Me3N Piperidine 1 : 100d CONHEt 300 80 93

Qc Piperidine 1 : 30d CONHEt 600 80 81
5d Qc DMAP 1 : 10 COOH 360 80 83e

5e Qc Piperidine 1.25d COOH 60 80 30e

6e Qc Piperidine 1.25d COOMe 180 80 50

a Yields are not optimized. b For preparation see ref. 13. c Q = quinuclidine.
d The reaction was run in piperidine. e The crude product was a mixture of
5 and its salt formed with the corresponding base. Pure 5d, e were obtained
from the suspension of the crude products in 0.1 m HCl.
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for 5a in 1 m HCl, at 120 °C. 4b–d completely decomposed at
even lower temperatures and/or less acidic solutions to the
corresponding amine hydrochlorides. The lower hydrolytic
stability of 4b and c may be due to the relatively weak B–N
bond in these complexes. On the other hand, the B–N bond in
both 4d and 5d is presumably stronger than in 4a and 5a, since
4d and 5d could be prepared via a base exchange reaction
(Table 1) from 4a and 5a. In accordance with our expectations,
preliminary observations (salt formation during base exchange,
–COOH chemical shifts) suggest that amine–dicarboxyboranes
are stronger acids than amine–carboxyboranes. Decomposition
during the hydrolysis of 4d in acidic medium may be the
consequence of the strong electron-donating property of DMAP
(4-dimethylaminopyridine), which increases the hydridic char-
acter of the hydrogen attached to the boron. Such phenomena
have been reported in the case of amine–(alkyl)carbamoylbor-
anes.15

Similarly to amine–carboxyboranes,16 all amine–dicarboxy-
boranes 5a, d, e can be conveniently esterified in methanol in
the presence of a catalytic amount (3 mol% relative to carboxyl
groups) of HBr. Hydrolysis of the resulting amine–bis(methox-
ycarbonyl)boranes 6a, d, e yielded the corresponding amine–
dicarboxyboranes in minutes at 50 °C at pH ≈ 1. The latter
reaction might offer a different, mild route to amine–dicarbox-
yboranes, so we attempted to synthesize 5 through the path 2?
7 ? 6 ? 5, since the acidic hydrolysis of alkylimidate salts
[RC(ORA)NNRBRAAA]+ typically yields the corresponding esters
RC(O)ORA.17 [Amine–bis(C-methoxy-N-ethyliminium)hydro-
boron(2+)] tetrafluoroborates 7a–c were readily obtained in
minutes after dissolving 2a–c in methanol. Unexpectedly, the
hydrolysis of 7a–c does not result in the formation of 6a–c even
in 1 m HCl (Scheme 2). Instead, NMR studies of the hydrolysis
of 7a, b showed release of methanol, and the resulting [amine–
N-ethylcarbamoyl-(C-methoxy-N-ethyliminium)hydroboron-
(+1)] tetrafluoroborates 8a, b could be isolated.¶ Further
hydrolysis of 8a leads to a mixture of 4a and quinuclidine–
N-ethylcarbamoylmethoxycarbonylborane 9a in both 1 m HCl
and 1 m NaOH, producing more 4a in alkaline medium.
Hydrolysis of 8b follows a similar pattern, but yields other
products as well. 7c undergoes no reaction in 1 m HCl at
25–80 °C, but it slowly decomposes to give boric acid and
pyridinium chloride at 100 °C. Our results for 7c are in
agreement with those observed in the acidic hydrolysis of
pyridine–(C-methoxy-N-ethylimino)borane.18

In conclusion, we have investigated three different synthetic
methods for the preparation of amine–dicarboxyboranes, boron
analogues of geminal dicarboxylic acids. Based upon our

findings three amine–dicarboxyboranes and their derivatives
have been prepared and several more compounds of this type
may be synthesized in the future.
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Footnotes and References

* E-mail: bgyori@tigris.klte.hu
† General comments: all manipulations, except those involving aqueous
solutions, were performed using general Schlenk techniques under dried
and O2-free nitrogen atmosphere. All solvents were absolutized before use.
All new compounds were characterized by analytical and spectroscopic
methods.
‡ Selected data for 3a: nmax (KBr)/cm21 3353 (OH), 2468 (BH), 1618
(CNN); 1H NMR (360 MHz; [2H6]acetone): d 1.20 (6 H, t), 1.89 (6 H, dt),
2.04 (1 H, spt), 3.24 (6 H, br t), 3.45 (4 H, m); 11B NMR (64.2 MHz;
acetone; BF3·OEt2): d 25.8 (s), 210.8 (d, J 105 Hz).
§ Selected data for 5a: nmax (KBr)/cm21 2448 (BH), 1655, 1635 (CNO); 1H
NMR [360 MHz; (CD3)2SO]: d 1.72 (m), 1.93 (spt), 3.28 (dt), 10.7 (br s);
11B NMR (64.2 MHz; Me2SO; BF3·OEt2): d 210.4 (br d).
¶ Selected data for 8a: nmax (KBr)/cm21 3398, 3237 (NH), 2460 (BH),
1637, 1576, 1535, 1487, 1465 (amide bands); 1H NMR (360 MHz; CDCl3):
d 1.16 (3 H, t), 1.30 (3 H, t), 1.87 (6 H, dt), 2.07 (1 H, spt), 3.04–3.19 and
3.28–3.42 (6 H, m), 3.28 (2 H, m), 3.53 (2 H, m), 4.37 (3 H, s), 7.05 (1 H,
br s), 11.2 (1 H, br s); 11B NMR (64.2 MHz; CHCl3; BF3·OEt2): d21.2 (s),
212.4 (br d).
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