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Abstract

An efficient, simple protocol for the addition of allylmagnesium chloride to the C@N bond of [4.3.0] boron heterobicycles afforded
five new dioxaboracyclononenes 4a–e in moderate yields (51–61%). The boronates were characterized by 1H, 13C, 11B and 2D NMR
experiments, and confirmed by X-ray analogues. The stereochemistry of the N–H, –CH2CH@CH2 and B–Ph fusion is always cis, as
established through NMR, and confirmed by X-ray structure of 4d. The structure of one of the addition products was established by
X-ray analysis showing that, in the solid state, it exists as a polymeric structure formed by hydrogen bonds between the amine proton
and the ester oxygen of the five-membered ring.
� 2008 Elsevier Ltd. All rights reserved.
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R = H, Cl, F, MeO, CN
The addition of organometallic reagents to the C@N
bonds of imines or imine derivatives has been well docu-
mented in the literature. Its application, however, has been
severely limited by the poor electrophilicity of the azo-
methine carbon. The electrophilicity of the carbon atom
of the C@N bond can be increased by N-alkylation,1

N-oxidation,2 N-acylation,3 or N-sulfonylation4 to give
reactive iminium salts, but this method requires the
removal of the activating groups to generate the free amine,
a procedure which is not always easy. For this reason,
another strategy has involved activation of the C@N bond
of the imines or imine derivatives by the coordination of a
Lewis acid5 with the nitrogen lone pair or by the addition
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of external promoters. In a previous paper,6 we reported
that the boron complexes derived from Schiff bases
undergo an acetolysis reaction to give the corresponding
dioxazaboracines containing all substituents on the same
side in good yields. Moreover, the organoboron com-
pounds have received considerable attention as potential
antibacterial reagents7 (1, Fig. 1). Recently we have also
reported that the imino Diels Alder reaction of boronates
affords 3,4-dihydroquinoline and 1,2,3,6-tetrahydropyri-
dine derivatives.8
NR R'= vinyl, aryl

1

Fig. 1.
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Continuing our investigations on boronates, we describe
herein the reactions of allylmagnesium chloride with differ-
ent bicyclic boron complexes (3a–e).

The synthesis of 3a–e was carried out following the
methodology reported by Farfán.6 This procedure involves
the condensation of salicyldehyde with the corresponding
aminophenol to give the tridentate ligands 2a–e. Treatment
of 2a–e with 1 equiv of phenylboronic acid in THF gives
boronates 3a–e with the elimination of 2 equiv of water
(Scheme 1). It is important to notice that 3e is a new com-
pound. It was obtained in a crystalline form allowing the
determination of its X-ray crystal structure (Fig. 2), which
showed that upon coordination the ligand adopts a geo-
metry that leads to a highly delocalized system with enhanced
stability, as described in the previous studies.6,9 Compound
3e was obtained as a pale yellow solid and was character-
ized by elemental analysis, mass spectrometry, IR, and
1H, 13C and 11B NMR spectroscopy.10
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Fig. 2. X-ray structure of 3e.
The X-ray analysis for 3e (Fig. 2) established the [4.3.0]
heterobicyclic structure.11 The value for the intramolecular
N–B donor–acceptor bond length for boronate 3e is
1.614(4) Å, which is the same as the unsubstituted boronate
3a (1.613(5) Å)12 and is in accordance with the N–B dative
bond distances for boronates, which are in the range from
1.586(2) to 1.681(5) Å.13 The bond angles around the
boron atom in 3e are in the range of 99.3(2)–113.0(3)�.
The lowest value corresponds to the O(2)–B(1)–N(1) bond
angle in the five-membered heterocycle, whereas the largest
corresponds to the O(1)–B(1)–C(15) bond angle; the values
are similar to those found in compound 3a.7

The environment of the boron atom can be evaluated by
the tetrahedral character (THC)13 showing a large distor-
tion (77%) due to high strain in the five-membered hetero-
cycle. The ring strain of the two heterocycles is perhaps
best expressed by torsion angles of 33.6(4)� for O(1)–
B(1)–N(1)–C(7) in the six-membered ring and O2–B1–
N1–C8–20.5(3)� of the five-membered ring.

The dioxaboracyclononenes 4a–e were obtained in
moderate yields (51–61%)14 by the addition of allylmagne-
sium chloride, to boronates 3a–e (3 h at 0 �C and then
30 min. at room temperature (Scheme 2)).15 It is important
to notice that the fusion of the [4.3.0] heterobicyclic system
is cis, as the dioxazaborocines described previously6,8

which provide a roofed conformation with respect to the
boron nitrogen bond. The spectroscopic data allowed com-
plete characterization for 4a–e. The IR spectra showed the
absence of the C@N group and the appearance of a new
band between 1609 and 1635 cm�1 corresponding to the
–CH@CH2 group and the mass spectra showed the mole-
cular ion for the boronates.

The NMR spectra show a singlet corresponding to the
NH group between 5.58 and 5.66 ppm. In solution, there
is no evidence for hydrogen bonding involving this group
although it is present in the solid state (vide infra) as shown
for 4d. The 11B NMR spectra of 4a–e show a broad signal
between 8.2 and 9.2 ppm, characteristic of boron atoms
tetracoordinated to two oxygen atoms, one nitrogen atom,
and one carbon atom.
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A crystal suitable for X-ray diffraction was obtained for
compound 4d and the molecular structure is shown in
Figure 3.11 The structure shows that all substituents are
on the same side. The stereochemistry is thus the same as
that of the acetolysis products.6 The N–B bond length
(1.705(3) Å) is larger than 3e and is similar to boronates
described in the literature.7,12 The difference in this value
may be attributed to an increase in bond distance on going
from sp2 to sp3 hybridization on the nitrogen atom. The
B–O distance is shorter in the six-membered (1.438(3) Å)
than in the five-membered heterocycle (1.491(3) Å) due to
higher annular tension in the five-membered ring. The
angles around the boron atom are approximately tetra-
hedral in the range between 100.28(14)� (O(2)–B(1)–N(1))
and 112.96(17)� (O(2)–B(1)–C(18)), and are similar to the
boronates described previously7,8 showing a THC value
of 78%.

The refinement of the crystal structure for 4d revealed
positional disorder in the allyl moiety. Figure 2 shows that
the boron-phenyl moiety, the –CH2CH@CH2 fragment,
Fig. 3. X-ray structure of 4d.

Fig. 4. Polymeric structure for 4d formed by intermolecular hydrogen
bonding.
and the hydrogen attached to the nitrogen atom have a
cis disposition. The molecular packing reveals that the
interaction present at the oxygen (O-2) and hydrogen
atoms (NH) forms a polymeric structure in the solid state
(Fig. 4). The NH� � �O(2) intermolecular distance is
2.234 Å and the N–H–(O2) angle is 168.16�.

In conclusion, boron complexes derived from tridentate
ligands are readily formed leading in all cases to [4.3.0]
heterobicyclic structure containing dative N–B bonds as
evidenced by X-ray analysis of compound 3e. Further-
more, it was shown that coordination of the nitrogen atom
to boron is responsible for the polarization of the C@N
bond and the facile and stereoselective reaction16 with
nucleophiles such as allylmagnesium chloride, leading to
the products having all substituents in a cis configuration.
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H-11, H-13), 6.88 (1H, dd, J = 7.7, 1.8 Hz, H-6), 6.81 (1H, td, J = 7.7,
1.1 Hz, H-5), 6.71 (1H, d, J = 8.1 Hz, H-10), 5.82 (1H, m, H-15), 5.58
(1H, s, NH), 5.13 (1H, d, J = 10.3 Hz, H-16a), 4.80 (1H, d,
J = 17.2 Hz, H-16b), 4.17 (1H, dd, J = 11.0, 4.4 Hz, H-7), 2.99 (1H,
dt, J = 14.7, 10.6 Hz, H-14a), 2.62 (1H, dt, J = 14.7, 4.4 Hz, H-14b),
2.23 (3H, s, Me-12) ppm; 13C NMR (100 MHz, CDCl3): d 157.1 (C-9),
155.7 (C-2), 132.8 (C-15), 131.7 (C-o), 131.2 (C-4), 130.3 (C-11), 128.3
(C-6), 128.1 (C-3), 128.0 (C-p, C-m), 127.8 (C-8, C-12), 123.5 (C-1),
122.6 (C-16), 120.8 (C-5, C-3), 113.2 (C-10), 64.9 (C-7), 39.0 (C-14),
20.8 (Me-12) ppm; 11B NMR (128 MHz, CDCl3): d 8.4 ppm. Anal.
Calcd for C23H22BNO2: C, 77.76; H, 6.24; N, 3.94. Found: C, 77.37;
H, 6.48; N, 3.89. For 4e: mp 180–182 �C as a red solid (yield: 0.068 g,
60%) IR (KBr): mmax 3223, 2921, 2851, 1594, 1471, 1299, 1224, 1053,
952, 760, 704 cm�1; MS (m/z, 70 eV, %), 355 (M+, 6), 314 (31), 278
(2), 236 (47), 209 (100), 77 (6), 51 (3); 1H NMR (400 MHz, CDCl3): d
7.67 (2H, dd, J = 7.5, 1.6 Hz, H-o), 7.36–7.32 (3H, m, H-m, H-p), 7.26
(1H, td, J = 7.3, 1.8 Hz, H-4), 7.12 (1H, d, J = 7.3 Hz, H-6), 7.03 (1H,
t, J = 7.9 Hz, H-11), 6.88 (1H, dd, J = 7.3, 1.8 Hz, H-3), 6.83 (1H, t,
J = 7.3 Hz, H-5), 6.67 (1H, d, J = 7.9 Hz, H-10), 6.53 (1H, d,
J = 7.9 Hz, H-12), 5.90 (1H, dtd, J = 17.0, 13.9, 10.3 Hz, H-15), 5.58
(1H, b, NH), 5.24 (1H, d, J = 10.3 Hz, H-16a), 5.08 (1H, d,
J = 17.0 Hz, H-16b), 4.18 (1H, dd, J = 10.9, 4.2 Hz, H-7), 3.11 (1H,
dt, J = 13.9, 10.9 Hz, H-14a), 2.64 (1H, dt, J = 13.9, 4.2 Hz, H-14b),
2.30 (3H, s, Me-13) ppm; 13C NMR (100 MHz, CDCl3): d 159.3 (C-9),
155.8 (C-2), 132.8 (C-15), 131.7 (C-o), 130.6 (C-13), 130.4 (C-4, C-11),
128.3 (C-3), 128.0 (C-p, C-m), 127.3 (C-8), 124.6 (C-1), 122.9 (C-16),
121.0 (C-5), 120.9 (C-6), 120.6 (C-12), 11.2 (C-10), 63.0 (C-7), 39.8
(C-14), 17.5 (Me-13) ppm; 11B NMR (128 MHz, CDCl3): d 8.5 ppm.
Anal. Calcd for C23H22BNO2: C, 77.76; H, 6.24; N, 3.94. Found: C,
77.79; H, 6.43; N, 3.90.

16. A single product was detected by 1H NMR Spectroscopy (400 MHz)
of the crude reaction.
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