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Abstract
[C3H10N][C12H24BO4]·B(OH)3, orthorhombic, Fdd2 (no. 43),
a = 30.3986(6) Å, b = 40.4094(13) Å, c = 7.0603(2) Å,
V = 8672.8(4) Å3, Z = 16, Rgt(F ) = 0.0324, wRref (F 2) = 0.0828,
T = 153 K.

CCDC no.: 2341015

Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

1 Source of materials

All experiments were carried out under a dry argon atmo-
sphere using standard Schlenk technique [5].

In a representative experiment 2.223 g pinacolborane
(0.0174 mol, TCI – Tokyo Chemical Industry) were placed in a
50mL round bottomflask. About 10 mL 1,2-dimethoxyethane
(Acros Organics, distilled from CaH2) were added. The
resulting solution was stirred at room temperature and
cooled in an ice bath (ice/NaCl) to −20 °C. O-Triethylsilyl-N-
n-propylcarbamate (0.855 g, 0.0039 mol, synthesized ac-
cording to [6]) was slowly added into this solution within
5 min while a gas evolution was visible. The dropping funnel
was flushed with about 5 mL of 1,2-dimethoxyethane. The
clear solution was stirred at room temperature for a week.
Then, the solution was heated under reflux for about 1 h.
Afterwards, the solution was stirred at room temperature
until a white precipitate was formed. After standing an
additional night at room temperature, the viscosity of the
solution had increased. Crystals suitable for single crystal
X-ray diffraction were obtained from this suspension after
standing 6 months at room temperature. Colourless prisms,
m.p. 130 °C.

2 Comment

Pinacolborane is utilized for a variety of transformations like
iron-catalysed alkene hydroboration, catalytic enantioselective
hydroboration of ketones and imines, and other types of
hydroborations [7–9]. Herein we describe the crystal structure
of an ionic borate complex formed out of pinacolborane and a
silylcarbamate. The crystal structure was obtained as side
product during our work about the hydrogenation of carba-
mates of aluminium and silicon [10–13].

Table : Data collection and handling.

Crystal: Colourless prism
Size: . × . × .mm
Wavelength: Mo Kα radiation (. Å)
μ: .mm−

Diffractometer, scan mode: STOE IPDS , rotation method
θmax, completeness: .°, %
N(hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: X-RED/X-AREA [], SHELX [, ], ORTEP- []
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The asymmetric unit contains one molecule boric acid,
B(OH)3, a bispinacolylborate anion, [Bpin2]−, and an n-pro-
pylammonium cation, CH3–CH2–NH+

3. These are linked to
each other by hydrogen bonds as shown in the figure. The
boron atom B2 in boric acid is planar coordinated by the
three oxygen atoms O5, O6, O7 (sum of O–B–O angles is 360°).
The hydrogen atoms at O5 and O6 are orientated towards the
neighbouring oxygen atoms O4 and O2, forming hydrogen
bonds to the [Bpin2]− anion. The boron atom B1 is distorted
tetrahedrally coordinated by the four oxygen atoms of the
pinacolyl groups. The angles O1–B1–O2 and O3–B1–O4 are
smaller with values of 103.8(1)° and 103.9(1)°, respectively.
This can be explained with the coordination of the pinacolyl
units, which form fivemembered rings with the boron atom.
These small inner-cyclic angles are compensated by larger
angles between both pinacolyl units which spread up to a
value of 117.5(2)° for O1–B1–O4. The B–O bond lengths are
similar as in comparable compounds [14–16]. The [Bpin2]−

anion is linked to the n-propylammonium cation via a
hydrogen bond N1–H1F⋯O3. Further hydrogen bonds from
the n-propylammonium cation to symmetry equivalent ox-
ygen atoms from neighbouring boronic acid molecules form
an infinite network of molecules parallel to the crystallo-
graphic a axis.

There are three related crystal structures in the litera-
ture. These contain boric acid, B(OH)3, the bispinacolylbo-
rate anion, [Bpin2]−, and different ammonium ions to
compensate the negative charge of the [Bpin2]− unit. These
cations are tetra-n-butylammonium [14], dibenzylammo-
nium [15], and 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

B . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
O . () . () . () . ()
O . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
B . () . () . () . ()
O . () . () . () . ()
HO . () . () . () . ()*
O . () . () . () . ()
HO . () . () . () . ()*
O . () . () . () . ()
HO . () . () . () . ()*
N . () . () . () . ()
HD . () . () . () . ()*
HE . () . () . () . ()*
HF . () . () . () . ()*
CAa . () . () . () . ()
HAa . . . .*
HBa

. . . .*

Table : (continued)

Atom x y z Uiso*/Ueq

CAa . () . () . () . ()
HAa . . . .*
HBa

. . . .*
CAa . () . () . () . ()
HAa . . . .*
HBa

. . . .*
HCa . . . .*
CBb

. () . () . () . ()
HCb . . . .*
HDb

. . . .*
CBb

. () . () . () . ()
HCb . . . .*
HDb

. . . .*
CBb

. () . () . () . ()
HDb

. . . .*
HEb . . . .*
HFb . . . .*

aOccupancy: . (), bOccupancy: . ().
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azepin-1-ium (protonated DBU) [16]. The combination of
boric acid with [Bpin2]− and alkylammonium ions results in
complicated patterns of intermolecular interactions in these
crystal structures; similar as in the structure which is pre-
sented here. As can be seen from the available structural
analyses, the combination of these three structural elements
allows the formation of unique networks of hydrogen bonds.

3 Experimental details

The carbon-bound H atoms were geometrically placed (C–
H = 0.98–0.99 Å) and refined as riding atoms with
Uiso(H) = 1.2–1.5Ueq(C). The disordered n-propyl group was
refined with a split atom model. Site occupation factors for
parts A and B were refined to 0.66/0.34, respectively. Re-
straints were applied to keep the bond lengths of the disor-
dered propyl group to sensible values.
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