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During the synthesis of an aminobenzylphosphonic acid bearing a boronic acid group at the ortho posi-
tion, surprisingly, formation of hydroxyborazaphosphonic acid occurred. This compound appeared to be
unstable in protic solvents.

� 2008 Elsevier Ltd. All rights reserved.
Boronic acids have found important applications in organic
chemistry. They are useful reagents, catalysts and intermediates
in organic synthesis.1–7 Also, they are interesting building blocks
used in supramolecular and analytical chemistry due to their abil-
ity to complex carbohydrates, catechols, amino acids and metal
ions.8–11 They also serve as analogues of transition states of prote-
olytic enzymes, which permit their application in medicine as
exemplified by the useful anticancer agent, Bortezomib, acting as
a proteasome inhibitor.12,13 In addition, they find application in
crystal engineering, which is due to the electron deficient character
of the boronic group.14

During our efforts to obtain aminobenzylphosphonic acids func-
tionalized with a boronic moiety at position 2 of the aromatic ring,
the formation of a non-trivial hydroxyl-boraza-aromatic fragment
was unexpectedly obtained. This structure is rare in organic chem-
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istry, with examples being hydroxyborazaphenanthrene deriva-
tives.15–17

Thus, 2-formylphenylboronic acid (1) was converted into the
corresponding Schiff base by refluxing with benzylamine in meth-
ylene chloride for 7 h. After removal of the volatile components,
the resulting crude (N-benzyl)benzylideneimine-2-boronic acid
(2) was reacted with diethyl phosphite in toluene. Removal of
toluene and slow crystallization from ethyl acetate resulted in a
crystalline product 3, which was obtained in 46% yield.18

The structure of compound 3 was identified by X-ray analysis.19–22

Although this compound is chiral, it crystallizes in a centro-
symmetric space group, which means that both enantiomers are
Figure 1. The X-ray crystal structure and the atom numbering scheme for one of
the enantiomers present in the crystal 3. Displacement ellipsoids are shown at the
40% probability level. The intramolecular C–H���O contact is shown with a dashed
line.



Figure 2. The arrangement of the molecules in the crystal of compound 3. Dashed lines show intra- and intermolecular C–H���O close contacts and intermolecular O–H���O and
C–H���p interactions. The geometry: H4���O1i 1.80(2) Å, O4���O1i 2.688(2) Å, O4–H4���O1i angle 175(2)�; H44���O1ii 2.54 Å, C44���O1ii 3.359(2) Å, C44–H44���O1ii angle 144�;
H12B���piii 2.57 Å, C12���piii 3.545(3) Å, C12–H12B���p[Cg(Ph)]iii angle 167�. Cg(Ph) is the centroid of the phenyl ring. Symmetry codes: (i) �x + 3/2, y � 1/2, �z + 3/2; (ii) x,
�y + 1, z � 1/2; (iii) �x + 1, �y + 1, �z + 1.
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present in the crystal. One of them is shown in Figure 1. Both the N
and B atoms are in planar, trigonal environments, which makes the
whole heterocyclic moiety planar, with the root mean square devi-
ation of the fitted atoms equal to 0.021 Å. The B–N, B–O4, B–C61,
N–C1 and N–C3 bond distances are 1.427(2), 1.359(2), 1.563(2),
1.468(2) and 1.460(2) Å, respectively, and are typical for such
atoms in these environments.19,20 This is consistent with Bsp2–
Nsp2p(p)–p(p) interactions with formal negative and positive
charges on B and N, respectively.

Due to the high annular tension in the five-membered ring,
some of the bond angles deviate significantly from 120�, with the
highest deviations observed for C51–C61–B [134.5(2)�], C11–
C61–B [106.6(2)�], O4–B–C61 [132.6(2)�] and N–B–C61
[106.0(2)�]. Both the hydroxyl O4–H4 and methylene C3 atoms
lie in the plane of the heterocyclic system, which is twisted at
83.6(1)� relative to the C14–C64 phenyl ring. The geometry at
the phosphonate P atom [P–O1 1.474(2), P–O2 1.574(2), P–O3
1.574(1), P–C1 1.820(2) Å, O1–P–O2 113.60(7)�, O1–P–O3
115.16(6)�, O2–P–O3 104.40(6)�, O1–P–C1 114.02(5)�, O2–P–C1
105.95(5)�, O3–P–C1 102.53(6)�] is deformed from the ideal tetra-
hedral shape, which is a common feature of the phosphonate
groups.21 The molecular structure of the compound is stabilized
by an intramolecular hydrogen bond between C3–H3B���O3
(Fig. 1): the H3B���O3 and C3���O3 distances are 2.41 and
3.099(2) Å, and the C3–H3B���O3 angle is 126�. Adjacent molecules
are joined to each other by intermolecular O4–H4���O1i and C44–
H44���O1ii contacts, in which the phosphonate O1 atom acts as a
bifurcated acceptor. The crystal structure is additionally stabilized
by intermolecular centrosymmetric C12–H12B���p[Cg(Ph)]iii inter-
actions, giving rise to a three-dimensional network. The packing
mode and the arrangement of the molecules within the crystal lat-
tice, along with the geometrical details and the symmetry codes of
the intermolecular interactions, are shown in Figure 2.

NMR studies in DMSO confirm the structure determined by
crystallography. However, in spectra recorded in CDCl3, three
phosphorus signals were observed. This might be a result of dimer-
ization due to dehydratation or hydrogen bonds formation.

The lack of a dimeric structure in the ESI-MS spectrum in aceto-
nitrile seemed to exclude these possibilities. However, an adduct of
compound 3 with one molecule of acetonitrile was clearly seen
when using both positive and negative ionization modes. When
ESI-MS was performed in a 1:1 mixture of DMSO and methanol,
a molecular ion peak for compound 3 was observed at m/z
358(�) accompanied by peaks at m/z 428(+) suggesting formation
of compound 4 (sodium salt) and at m/z 396(+), which most likely
derives from the formation of the sodium salt of compound 5.
When studies were performed in pure methanol, similar results
were obtained.

In conclusion, this observation confirms the fact that compound
3 readily reacts with methanol reflecting equilibria between com-
pounds 3, 4 and 5. In water, decomposition of compound 3 was ob-
served by ESI-MS.
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