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Tertiary amines activated either by borane (BH3) or cyanobo-
rane (BH2CN) groups were α-C lithiated with sBuLi (2 equiv.)
and then treated with 2-isopropoxy-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane to produce the α-aminoboronate com-

Introduction

During the last 30 years much effort has been focused in
the area of pharmaceutical chemistry on the synthesis and
biological activity studies of boron analogues of α-amino
acids (α-aminoboronic acids 1), in which the carboxylic
acid moiety is replaced by a boronic acid moiety, as they
are highly effective inhibitors of serine proteases.[1] In ad-
dition, α-aminoboronic acids have been shown to be inhibi-
tors for proteosomes, arginase, NOS,[2] and cysteine en-
zymes.[3] The incorporation of a Lewis basic amine and a
Lewis acidic boronic acid functionality into the same mole-
cule is a notoriously difficult procedure, and synthetic
routes to these compounds are scarce. It is known that pri-
mary and secondary derivatives of α-aminoboronic acids
are not stable in their neutral form; however, they can be
stabilized either by forming their hydrochloride salts or by
converting the molecules into their amide derivatives.[4–6] In
this context, new effective methods to prepare amino and
related boron compounds will have a tremendous impact on
synthetic, bioinorganic, and pharmaceutical chemistry.[7–12]

The first synthesis of an α-amidoboronic ester was reported
by Matteson et al.,[13] and remains the standard method for
synthesis of α-aminoboronic acids; however, it is a multistep
method and is time consuming.

Deprotonation of tertiary amines can be promoted by a
Lewis acid, since on forming a complex a positive charge
develops on the nitrogen to inductively facilitate the re-
moval of a proton from the α-C position. This concept of
tertiary amine activation using Lewis acid activators was
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plexes of aminoboranes and aminocyanoboranes 2–7 in 70–
85% yields.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

introduced by Kessar and co-workers in 1991. These au-
thors used BF3 as an activator that facilitated the α-metal-
ation of several tertiary amine complexes.[14] Based on these
results, in 1995 Ebden and co-workers applied a similar ap-
proach to aminoborane complexes, which underwent inter-
esting metalation reactions.[15]

Trimethylaminocyanoboranes can also be easily α-depro-
tonated at the α-carbon and treated with various electro-
philes to give more complicated aminocyanoboranes, as
was recently reported by Takrouri et al.[16] The biological
and pharmaceutical activities of aminocyanoboranes
(A·BH2CN) and aminocarboxyboranes (A·BH2COOH)
and their amide, ester, peptide, and transition metal deriva-
tives have been investigated;[17] they have been shown to
possess anticancer,[18] antiosteoporotic,[19] antiinflamma-
tory,[20] and hypolipidemic properties.[20b,21] These mole-
cules have also been mentioned as possible boron carriers to
tumor cells for boron neutron capture therapy (BNCT).[22]

Based on the above results, we have now applied these
methods with a more complex electrophile. Thus, the
boron-containing electrophile 2-isopropoxy-4,4,5,5-tet-
ramethyl-1,3,2-dioxaborolane was mainly used to give the
α-aminoboronic ester attached to the cyano (BH2CN) or
borane (BH3) groups on the same molecule. In this work,
we report a novel, short, simple, and direct method to pre-
pare novel α-aminoboronate complexes of aminoboranes
and aminocyanoboranes in very good yields. Our method
starts from tertiary amines that are activated either by bo-
rane or cyanoborane groups. This, in turn, leads to selective
α-deprotonation. Reaction of the lithiated complexes with
a boron-containing electrophile gives the title compounds.

Results and Discussion

Preparation of Aminoborane Derivatives

We initially focused on 2-isopropoxy-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane as an electrophile in our study. Treat-
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ment of the borane adduct with two equivalents of sBuLi
in THF at –78 °C, warming to the room temperature, fol-
lowed by recooling to –78 °C and addition of the electro-
phile gave good yields of the desired α-aminoboronic acid
products 2 and 3 (Scheme 1, Table 1).

Scheme 1. Synthesis of α-aminoboronate complexes of aminobo-
ranes and aminocyanoboranes.

Table 1. α-Aminoboronic acid derivatives 2–7 prepared from ami-
noboranes or aminocyanoboranes.

Product X R� R Yield [%][a]

2 H Ph CH3 85
3 H 2-naph CH3 84
4 CN H CH3 83
5 CN H C4H9 70
6 CN H C9H19 80
7 CN H C12H25 70

[a] Yields after column chromatography.

The use of an excess of sBuLi is necessary to get high
yields, as using a lower amount of sBuLi resulted in reduced
conversion to product and recovery of unreacted starting
material. We suspect that this may be due to the known
instability of organolithium reagents in THF.[23] It is also
possible that some limited destruction of the borane com-
plexes occurs by nucleophilic attack of sBuLi, resulting in
partial consumption of the base. Adventitious water may
also be involved.[15]

The products were stable enough to be purified on silica
gel and were isolated as solids. However, these products
should be stored at low temperature, otherwise they decom-
pose slowly to give back the starting material.

Preparation of Aminocyanoborane Derivatives

In an analogous manner, trialkylaminocyanoboranes
were lithiated with sBuLi and then treated with 2-isopro-
poxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane to give the
oily alkyl α-aminoboronic acid derivatives 4–7. The desired
products were purified on silica gel in high yields and in
high purity (Scheme 1, Table 1).

Products 2–7 were fully characterized by 1H, 13C, and
11B NMR spectroscopy, GC/MS, FT-IR spectroscopy, and
elemental analysis. In the borane products 2 and 3 a new
stereogenic center is created in the benzylic position, which
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means that the methyl groups attached to the nitrogen be-
come diastereotopic and peaks for each group are evident
in both the 1H and 13C NMR spectra. The methyl groups
on the pinacol are also diastereotopic and peaks for each
of the two methyls appear in the 1H and 13C NMR spectra.

The 4,4,5,5-tetramethyl-1,3,2-dioxaborolane group
causes a high-field shift of the benzylic proton in the 1H
NMR spectra in products 2 and 3 and also for the methyl-
enic protons in products 4–7 in comparison with the start-
ing materials. In the 13C NMR spectra of all products typi-
cal pinacol peaks are observed at δ = 24 [C(CH3)2] and
84 ppm [C(CH3)2]. No peaks are observed for the carbon
in the α-position to the boron due to the rapid relaxation
of this boron-bound carbon.[24] Two peaks are observed in
the 11B NMR spectra of all the products: a positive boron
chemical shift appears as a singlet at δ = 29–30 ppm, which
is typical for a boron substituted with two oxygens, and a
negative boron chemical shift, which is typically associated
with tetracoordinate boron, appears as a quartet for prod-
ucts 2 and 3 at δ = –9 ppm or as a triplet for products 4–7
at δ = –14 ppm. These results agree with results published
in the literature.[25] Typical peaks are also observed in the
FT-IR spectra [2236–2407 (B–H), 2196–2199 (C�N), 653–
752 cm–1 (B–N)].

Conclusions

A series of novel α-aminoboronic acids 2–7 that also bear
a borane or cyanoborane group have been prepared in a
one-pot reaction in very good yields. This method involves
short reaction times and is applicable to prepare diverse α-
aminoboronic acids.

Experimental Section
Materials and Instrumentation: Solvents were dried with sodium/
benzophenone and freshly distilled before use. All reactions were
carried out under dry nitrogen in oven-dried glassware. Melting
points were determined on a Fisher scientific melting point appara-
tus. Infrared spectra were run for samples as neat films for liquids
and in KBr disks for solids on a Bruker Vector 22 FT-IR spectro-
photometer. 1H, 13C, and 11B NMR spectra were recorded with
a Varian Unity spectrometer (300, 75, and 96 MHz, respectively).
Elemental analysis was performed in-house at the Hebrew Univer-
sity Microanalysis laboratory. Chemical shifts were recorded rela-
tive to an internal standard (SiMe4) for 1H and 13C NMR and an
external standard (Et2O·BF3) for 11B NMR spectroscopy. Liquid
chromatography was performed by column chromatography with
the indicated solvent system on Merck silica gel 60 (0.040–
0.063 mm).

Synthesis: All aminoboranes complexes were prepared from borane
methylsulfide and the corresponding amine using the literature
method.[15] Trimethylaminocyanoborane was prepared from tri-
methylamine hydrochloride and sodium cyanoborohydride using
the literature method.[26] All other cyanoboranes were prepared
analogously as in the literature.[16] The electrophile 2-isopropoxy-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane was prepared using the lit-
erature method.[27] All other chemicals were obtained from Sigma–
Aldrich and used as received without any further purification.
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General Procedure. Synthesis of 2: A solution of sBuLi in cyclohex-
ane (1.3 , 2 mmol) was added dropwise to a solution of (dimeth-
ylbenzylamino)borane (0.149 g, 1 mmol) in THF (2.5 mL)
at –78 °C. The solution was stirred for 30 min at –78 °C, then it
was warmed up to room temperature for 30 min, before cooling
down to –78 °C again and addition of 2-isopropoxy-4,4,5,5-tet-
ramethyl-1,3,2-dioxaborolane (0.186 g, 1 mmol) in one portion. Af-
ter 2 min the cooling bath was removed, and the reaction mixture
was stirred for 30 min at room temperature. A saturated NaHCO3

solution (10 mL) was then added, the layers were separated, and
the aqueous layer was extracted with diethyl ether (2×10 mL); the
combined organic layers were dried with sodium sulfate. After
evaporation of all the volatiles the residue was purified by column
chromatography on silica gel (2.5% EtOAc in petroleum ether) to
give N,N-dimethyl-N-[phenyl(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)methyl]aminoborane (2) as a white solid, m.p. 93–95 °C,
(0.235 g; yield: 85%). 1H NMR (CDCl3, 25 °C): δ = 1.22 [s, 6 H,
C(CH3)2], 1.28 [s, 6 H, C(CH3)2], 2.36 (s, 3 H, NCH3), 2.70 (s, 3
H, NCH3), 3.83 (s, 1 H, PhCH), 7.35 (m, 5 H, Ph) ppm; BH could
not be detected. 11B NMR (CDCl3, 25 °C): δ = –9.1 (q, J =
96.25 Hz), 29.4 ppm (s). 13C{1H} NMR (CDCl3, 25 °C): δ = 24.7,
24.8, 47.0, 52.1, 84.3, 128.6, 129.0, 132.5, 132.9 ppm; BC could not
be detected. IR (KBr): ν̃ = 2363 cm–1 (B–H), 2321 (B–H), 2270 (B–
H), 1469 (C–N) 664 (B–N) ppm. MS (EI): m/z = 275 [M+], 261,
246, 231, 217, 202, 187, 172, 157, 132, 127. C15H27B2NO2 (275):
calcd. C 65.45, H 9.81, N 5.09; found C 66.25, H 9.80, N 5.12.

Preparation of N,N-Dimethyl-N-[naphthalen-2-yl(4,4,5,5-tetra-
methyl-1,3,2-dioxaborolan-2-yl)methyl]aminoborane (3): White so-
lid, m.p. 108–110 °C, (0.275 g; yield 84%). 1H NMR (CDCl3,
25 °C): δ = 1.23 [s, 6 H, C(CH3)2], 1.30[s, 6 H, C(CH3)2], 2.42 (s, 3
H, NCH3), 2.78 (s, 3 H, NCH3), 4.01 (s, 1 H, PhCH), 7.54 (m, 4
H), 7.84 (m, 2 H), 7.95 (s, 1 H) ppm; BH could not be detected.
11B NMR (CDCl3, 25 °C): δ = –9.0 (q, J = 94.38 Hz), 29.1 ppm
(s). 13C{1H} NMR (CDCl3, 25 °C): δ = 24.5, 24.6, 46.9, 52.0, 84.1,
126.3, 126.7, 127.5, 127.9, 128.1, 129.91, 129.95, 132.4, 133.0,
133.1 ppm; BC could not be detected. IR (KBr): ν̃ = 2361 cm–1 (B–
H), 2311 (B–H), 2269 (B–H), 1468 (C–N), 632 (B–N) ppm. MS
(EI): m/z = 327 [M+], 313, 298, 283, 269, 254, 239, 224, 209, 184,
129, 127. C19H31B2NO2 (327): calcd. C 69.72, H 9.48, N 4.28;
found C 70.27, H 9.37, N 4.30.

Preparation of N,N-Dimethyl-N-[(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)methyl]aminocyanoborane (4): The crude product was
purified by column chromatography with 20% of EtOAc in petro-
leum ether as eluent to give a yellow oil (0.186 g; yield 83%). 1H
NMR (CDCl3, 25 °C): δ = 1.27 {s, 12 H, [C(CH3)2]2}, 2.68 (s, 2 H,
NCH2B), 2.79 [s, 6 H, N(CH3)2] ppm; BH could not be detected.
11B NMR (CDCl3, 25 °C): δ = –14.1 (t, J = 103.12 Hz), 29.6 ppm
(s). 13C{1H} NMR (CDCl3, 25 °C): δ = 24.6, 52.0, 84.5 ppm; BC
could not be detected. IR (neat): ν̃ = 2354 cm–1 (B–H), 2330 (B–
H), 2199 (C�N), 1470 (C–N), 752 (B–N) ppm. MS (EI): m/z = 224
[M+], 209, 194, 184, 170, 155, 127. C10H22B2N2O2 (224): calcd. C
53.57, H 9.82, N 12.50; found C 54.01, H 9.69, N 12.70.

Preparation of N-Methyl-N-[(4,4,5,5-tetramethyl-1,3,2-dioxaborol-
an-2-yl)methyl]butylaminocyanoborane (5): The crude product was
purified by column chromatography with 20% of EtOAc in petro-
leum ether as eluent to give a yellow oil (0.186 g; yield 70%). 1H
NMR (CDCl3, 25 °C): δ = 0.95 (t, JH,H = 15 Hz, 3 H, CH2CH3),
1.26 {s, 12 H, [C(CH3)2]2}, 1.68 [m, 4 H, CH3(CH2)2], 2.60 (s, 2 H,
NCH2B), 2.74 (s, 3 H, NCH3), 2.99 (m, 2 H, NCH2CH2) ppm; BH
could not be detected. 11B NMR (CDCl3, 25 °C): δ = –15.5 (t, J =
103.5 Hz), 29.5 ppm (s). 13C{1H} NMR (CDCl3, 25 °C): δ = 13.7,
20.1, 24.6, 25.4, 49.9, 62.6, 84.4 ppm; BC could not be detected.
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IR (neat): ν̃ = 2407 cm–1 (B–H), 2338 (B–H), 2197 (C�N), 1467
(C–N), 653 (B–N) ppm. MS (EI): m/z = 266 [M+], 251, 227, 212,
198, 184, 169, 154. C13H28B2N2O2 (266): calcd. C 58.64, H 10.52,
N 10.52; found C 58.75, H 10.33, N 10.32.

Preparation of N-Methyl-N-[(4,4,5,5-tetramethyl-1,3,2-dioxaborol-
an-2-yl)methyl]nonylaminocyanoborane (6): The crude product was
purified by column chromatography with 20% of EtOAc in petro-
leum ether as eluent to give a yellow oil (0.269 g, yield 80%). 1H
NMR (CDCl3, 25 °C): δ = 0.87 (t, JH,H = 13.2 Hz, 3 H, CH2CH3),
1.26 {br. s, 22 H, [C(CH3)2]2 + (CH2)5}, 1.66 (m, 4 H,
NCH2CH2CH2), 2.59 (s, 2 H, NCH2B), 2.74 (s, 3 H, NCH3), 2.98
(m, 2 H, NCH2CH2) ppm; BH could not be detected. 11B NMR
(CDCl3, 25 °C): δ = –14.6 (t, J = 104.0 Hz), 30.2 ppm (s). 13C{1H}
NMR (CDCl3, 25 °C): δ = 14.0, 22.6, 23.3, 24.6, 26.8, 29.12, 29.17,
29.3, 31.7, 49.8, 62.9, 84.4 ppm; BC could not be detected. IR
(neat): ν̃ = 2337 cm–1 (B–H), 2236 (B–H), 2197 (C�N), 1466 (C–
N), 663 (B–N) ppm. MS (EI): m/z = 336 [M+], 297, 282, 254, 240,
185, 170, 156, 142, 128, 114, 100, 84. C18H38B2N2O2 (336): calcd.
C 64.28, H 11.30, N 8.33; found C 63.55, H 11.21, N 8.37.

Preparation of N-Methyl-N-[(4,4,5,5-tetramethyl-1,3,2-dioxaborol-
an-2-yl)methyl]dodecylaminocyanoborane (7): The crude product
was purified by column chromatography with 20% of EtOAc in
petroleum ether to give a yellow oil (0.255 g; yield 70%). 1H NMR
(CDCl3, 25 °C): δ = 0.87 (t, JH,H = 13.2 Hz, 3 H, CH2CH3), 1.26
{br. s, 28 H, [C(CH3)2]2 + (CH2)8}, 1.72 (m, 4 H, CH3CH2CH2),
2.59 (s, 2 H, NCH2B), 2.74 (s, 3 H, NCH3), 3.00 (m, 2 H,
NCH2CH2) ppm; BH could not be detected. 11B NMR (CDCl3,
25 °C): δ = –15.3 (t, J = 104.23 Hz), 29.6 ppm (s). 13C{1H} NMR
(CDCl3, 25 °C): δ = 14.0, 22.6, 23.3, 24.6, 26.8, 29.1, 29.2, 29.42,
29.47, 29.5, 31.8, 43.3, 49.8, 62.9, 84.4 ppm; BC could not be de-
tected. IR (neat): ν̃ = 2362 cm–1 (B–H), 2339 (B–H), 2196 (C�N),
1465 (C–N), 667 (B–N) ppm. MS (EI): m/z = 378 [M+], 339, 324,
310, 296, 282, 268, 254, 240, 226, 212, 198, 184, 170, 156, 141, 126,
111, 96. C21H44B2N2O2 (378): calcd. C 66.66, H 11.64, N 7.40;
found C 65.77, H 11.48, N 7.54.
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