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Abstract The title compound, 2-(phenylethyl)ammonium
hydrogensquarate hemihydrate, was synthesized and
structurally and spectroscopically characterized by a single
crystal X-ray diffraction and solid-state polarized IR
spectroscopy of oriented colloids in a nematic host. The
crystal structure consists of two crystallographically inde-
pendent 2-(phenylethyl)ammonium cations, joined in a 2D
hydrogen-bonded network with hydrogensquarate anions
and solvent water molecules. Surprisingly, the crystallo-
graphically non-equivalent cations exhibit differing pseudo
T and G trans configurations.
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Introduction

As a part of our systematic structural and spectroscopic
studies of amino acid derivatives (Kolev et al. 2007,
2009a, b, c, d, e; Koleva et al. 2009a), we now report the
characterization of 2-(phenylethyl)ammonium hydroge-
nsquarate hemihydrate (Scheme 1). 2-(phenylethyl)amine
as a catecholamine-related biogenic amine is an endoge-
nous ligand for mammalian trace amine-associated
receptors and may act as a neuromodulator that regulates
neuronal activity in basal ganglia (Holmes et al. 2005).
The full understanding of the competitive receptor bind-
ing manner of small molecules requires knowledge of the
conformational preference of these molecules depending
mainly on the protonation processes. Experimental studies
on the correlation of the structure and spectroscopic
properties of 2-(phenylethyl)ammonium derivatives are
relatively rare. Only the crystal structures of several
2-(phenylethyl)ammonium salts have been previously
reported (Fig. 3; Hlel and Smiri 1999; Huh et al. 2006;
Rademeyer et al. 2006; Abdi et al. 2004, 2005; Ishida
et al. 1983; Ebina et al. 1994; Willett 1990; Mitzi 1999;
Mitzi et al. 2002; Tsoucaris 1961; Groh et al. 1997).
Corresponding hydrogensquarates of the organic salts
have been also systematic studied by Yesilel et al. 2006,
2007, 2008. Hence, in this paper, we focus on the cor-
relation of the structure and IR-spectroscopic properties of
the 2-phenylethylammonium cation in the solid state
using a single crystal X-ray diffraction and solid-state IR-
polarized (IR-LD) spectroscopy of oriented colloids as a
suspension in a nematic liquid crystal (Kolev et al. 2007,
2009a, b, c, d, e; Koleva et al. 2009a). The preferenced
conformers of tryptammonium molecule in the solid state
is discussed by comparing our present data with the
previously reported structures.
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Scheme 1 Chemical diagram of 2-(phenylethyl)ammonium hydrog-
ensquarate hemihydrate (1)

Experimental
Methods

The X-ray diffraction intensities were measured in the ®
scan mode on an Oxford Diffraction Xcalibur' ™2 diffrac-
tometer with a Sapphire2 CCD using Mo K, radiation. The
data were corrected for Lorentz and polarization effects.
An absorption correction was carried out in a semi-
empirical manner based on multiply scanned reflections
(Blessing 1995). The crystal structure was solved by direct
methods using SHELXS-97 and refined by full-matrix least
squares refinement against F~ using SHELXL-97 (Sheld-
rick 2008). The crystallographically independent [5-phen-
ylethylammonium cations were each found to be
disordered over two sites with occupancies of, respectively,
53:47 and 50:50. Anisotropic displacement parameters
were introduced for non-hydrogen atoms with the excep-
tion of those affected by disorder. Standard similar distance
restraints were applied to the disordered cations and the
phenyl groups were fitted as regular hexagons. Hydrogen
atoms attached to carbon atoms were placed at geometri-
cally calculated positions and refined with the appropriate
riding model. The initial torsion angles of the ammonium
groups were determined via a difference Fourier synthesis
and refined while retaining the tetrahedral geometry. The
positions of the hydroxyl hydrogen atoms were confirmed
from the difference map and subsequently constrained to
calculated positions and refined by allowing them to ride
on their parent oxygen atoms. The water hydrogen atoms
were located in a difference Fourier synthesis and refined
with a U,y value of 1.2 times that of the parent oxygen
atom and holding the O-H distance at 0.84(2) A. Relevant
crystallographic structure data and refinement details are
presented in Table 1.

Conventional and polarized IR-spectra were measured
on a Thermo Nicolet OMNIC FTIR spectrometer (4,000—
400 cm™ ", 2 cm™! resolution, 200 scans) equipped with a
Specac wire-grid polarizer. Non-polarized solid-state IR
spectra were recorded using the KBr disk technique. The
oriented samples were obtained as a colloid suspension in a
nematic liquid crystal ZLI 1695. The theoretical approach,
experimental technique for preparing the samples, proce-
dures for polarized IR-spectra interpretation and the vali-
dation of this new linear-dichroic infrared (IR-LD)

@ Springer

Table 1 Crystal and refinement data for the title compound (1)

Empirical formula (CgH,N)(C4HO,)-0.5 H,O

M, 488.48
T (K) 110 (2)

7 (A) 0.71073
Crystal system Monoclinic
Space group P2,/c

a (A) 10.921 (2)
b A 9.032 (2)
c(A) 25.327 (7)
B® 98.84 (2)
Volume (A% 2,468.6 (10)
z 8

Peate (Mg m™) 1314

u (mm™Y) 0.101

F (000) 1,032

0.29 x 0.13 x 0.15
278 < 0 < 25.00
33,581/4,332 (Rin. = 0.076)

Crystal size (mm)
0 Range for data collection
Reflections collected/unique

Observed reflections [/ > 26 ()] 2,009
Goodness-of-fit on F? 0.883
R, I > 20 (D] 0.066
wR, (all data) 0.180
Residuals (¢ A7) 0.57/—0.41

orientation solid-state method for accuracy and precision
have been previously presented. The influence of the liquid
crystal medium on peak positions and integral absorbances
of the guest molecule bands, the rheological model, the
nature and balance of the forces in the nematic liquid
crystal suspension system, and morphology of the sus-
pended particles have also been discussed (Ivanova et al.
2004, 2006, 2007, 2008; Tchapkanov 2008; Tchapkanov
and Zareva 2008). The positive ESI mass spectra were
recorded on a Fisons VG autospect.

The UV spectroscopic data were obtained on Evolution
300 spectrometer in a 1-cm quartz cell in ethanol solution
(Uvasol, Merck).

Synthesis

The title compound (1) was synthesized by mixing
2-(phenylethyl)amine (0.122 g, 1.00 mmol) with squaric
acid (0.111 g, 0.97 mmol) dissolved in 10 ml water. The
resulting mixture was continuously stirred for 4 h at 30°C.
Colorless crystals were obtained after ca. 1 week when the
solvent was allowed to evaporate slowly. The product was
filtered off and air-dried. The most intensive signal in the
positive ESI mass spectrum is that of the peak at m/z
123.66, corresponding to the singly charged -cation
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Fig. 1 Representation of the asymmetric unit of the title compound
(1) showing the atom labeling scheme and illustrating the disorder of
the cations

[CsH,N1t with a molecular weight of 123.19. The nega-
tive ESI mass spectrum shows a peak at m/z 113.55 cor-
responding to singly charged [C4HO,4]™ with a molecular
weight of 113.06.

Results and discussion

The title compound (1) crystallizes monoclinic in the space
group P2,/c with all atoms occupying general positions.
Figure 1 depicts the asymmetric unit. The crystal structure
comprises two crystallographically independent 2-(phenyl-
ethyl)ammonium cations and hydrogensquarate anions and
a co-crystallized water molecule. Molecular geometry
parameters lie within the expected ranges. The 2-(phenyl-
ethyl)ammonium cations are both disordered over two sites.
The hydrogensquarate anions form common hydrogen-
bonded a-chains (Koleva et al. 2009b) running along the
crystallographic a axis direction with O3-H2---O5 (x + 1,

Fig. 2 Projection of the crystal
structure of 1 along the a axis
direction. The disorder of the
cations is not shown for clarity
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Fig. 3 3D graph of ¢; (i = 1, 2, Scheme 1) in different conformers
of crystallographically determined 2-(phenylethyl)ammonium salts:
(1) = 2-(phenylethyl)ammonium hydrogensquarate hemihydrate;
(Hlel and Smiri 1999; Huh et al. 2006; Rademeyer et al. 2006; Abdi
et al. 2004, 2005; Ishida et al. 1983; Ebina et al. 1994; Willett 1990;
Mitzi 1999; Mitzi et al. 2002; Tsoucaris 1961; Groh et al. 1997);
crystal structures with two crystallographically non-equivalent mol-
ecules in the unit cell (the name definition of the CCDC code is used
for comparing compounds)

y — 1,z)and O8-HS8---O2 (x, y + 1, 7) distances of 2.470(3)
and 2.474(3) A, respectively. Two o-chains are stacked
via rt---m interactions in the c axis direction and are connected
by hydrogen bonding interactions of the co-crystallized
water molecules with O9-H9A---02 (—x + 1, —y, —2)
and O9-H9B---O2 (x, y — 1, z) distances of 2.837(3) and
2.817(3) A, respectively. The ammonium groups form
hydrogen bonds to the hydrogensquarate anions as well to
the water molecules with N-H---O distances in the range
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Fig. 4 Non-polarized IR-(1)
and difference IR-LD (2)
spectra of
2-(phenylethyl)ammonium
hydrogensquarate hemihydrate .
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Fig. 5 Non-polarized IR-(1) and reduced IR-LD spectrum (2) of (1)
after the elimination of the band at 695 cm™'
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Fig. 6 UV spectrum of (1) in ethanol

2.782(9)-2.992(9) A. This leads to the formation of 2D
hydrogen-bonded sheets extending in the ab plane, which are
stacked in the c axis direction (Fig. 2). Similar to the cation in
the previously reported crystal structure of bis(tyrammonium)
sulfate dihydrate (Kolev et al. 2009c), the 2-(phenyl-
ethyl)ammonium cations in 1 exhibit pseudo 7 and G trans
configurations. In other (2-phenylethyl)ammonium salts
(Fig. 3), T trans conformers are generally observed. In our
case, one of the cations in the structure exhibits the lowest
recorded value of the ¢ (Scheme 1) dihedral angle leading
to the pseudo G trans conformer, which is a unique case
(Fig. 3), but typical for tyrammonium cations in the crystals.
In the unit cell, the mean planes of the phenyl rings of the
crystallographically non-equivalent cations are tilted at an
angle of ca. 75.4° to one another.
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The interpretation of the IR spectrum of compound
studied is difficult within the whole middle IR-spectro-
scopic region, due to the strong overlapping effects of the
bands corresponding to stretching OH modes (voy) of
hydrogensquarate anions and water, with the highest fre-
quency maximum being at 3,407 cm~' (Fig. 4). The
Evan’s hole effect of this hydrogen bonded system is
observed at 833 cm ™! (Fig. 2) (Koleva et al. 2009b). The
bands at 1,805 and 1,652 cm ™! are typical for the vé_g and
ve&_o vibrations of the hydrogensquarate anions. In the IR
spectrum in Fig. 4, we can define the band of out-of-plane
vibrations of benzene ring of the cation within the 800-
600 cm™' IR region. The elimination of the band at
695 cm ™! (4-y4,) leads to disappearance of the maximum
at 742 cm™ ' (11-ycy) of same symmetry class (Fig. 5).
However, the observed multicomponent character of these
bands is a result of the Davydov splitting effect (Koleva
et al. 2009b), typical for IR spectra of crystals with dif-
ferently oriented molecules in the unit cell.

The UV spectrum of 1 in ethanol (Fig. 6) is character-
ized by series of bands of the benzene fragment in the
p-phenylethylammonium cation, i.e. K- and B-bands
at 218 nm (¢ =12 3121mol 1™ cm™") and 260 nm
(¢ =988 1 mol ™' cm™"). The low intensity maximum at
330 nm (¢ = 762 1 mol ™! cm_l) belongs to the n — n*
transition of the hydrogensquarate species.
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