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Abstract: The molecular recognition process and the ability to form multicomponent
supramolecular systems have been investigated for the amide of triphenylacetic acid and l-tyrosine
(N-triphenylacetyl-l-tyrosine, TrCOTyr). The presence of several supramolecular synthons within the
same amide molecule allows the formation of various multicomponent crystals, where TrCOTyr serves
as a chiral host. Isostructural crystals of solvates with methanol and ethanol and a series of binary
crystalline molecular complexes with selected organic diamines (1,5-naphthyridine, quinoxaline,
4,40 -bipyridyl, and DABCO) were obtained. The structures of the crystals were planned based on
non-covalent interactions (O–H···N or N–H+ ···O− hydrogen bonds) present in a basic structural motif,
which is a heterotrimeric building block consisting of two molecules of the host and one molecule of
the guest. The complex of TrCOTyr with DABCO is an exception. The anionic dimers built off the
TrCOTyr molecules form a supramolecular gutter, with trityl groups located on the edge and filled by
DABCO cationic dimers. Whereas most of the racemic mixtures crystallize as racemic crystals or as
conglomerates, the additional tests carried out for racemic N-triphenylacetyl-tyrosine (rac-TrCOTyr)
showed that the compound crystallizes as a solid solution of enantiomers.
Keywords: amino acid; cocrystals; molecular complexes; solid solution; trityl group

1. Introduction
Molecular recognition and formation of host-guest complexes are fundamentals of supramolecular
chemistry [1–4]. Nowadays, the emphasis is put on designing molecules that are able to interact in a
predictable way and provide functional systems in all states of matter. The formation of pre-defined
solid-state architectures from smaller, molecular building blocks containing the supramolecular
synthons in the molecular structure is the main goal of crystal engineering [5]. Similarly to retrosynthesis,
the supramolecular synthons were defined by Desiraju as “structural units within supermolecules that
can be formed and/or assembled by known or conceivable synthetic operations involving intermolecular
interactions” [6]. Therefore, the proper identification of supramolecular synthons within a given
molecular system, their capabilities, and limitations is an important step to understand how the
molecules interact and which type(s) of aggregates they may form. The common supramolecular
synthons are the carboxylic group and secondary amide functionalities, the latter is responsible e.g.,
for secondary structure of the proteins [7,8].
Even when considering the relatively long history of the research, the rational design of inclusion
(host-guest) compounds is still not a fully explored area [9]. Inclusion compounds are of interest
to materials chemistry due to their potential applications for the separation of gases and structural
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isomers. When the host molecule is an optically active chiral system, the formation of inclusion
compounds with racemic guests is often accompanied by enantiodiscrimination. Among the chiral
molecules used for this purpose, the natural amino acids are convenient substrates for the synthesis of
artificial host molecules [10–28].
The creation of cocrystals is in the interest of both materials and pharmaceutical sciences.
It is known that cocrystallization is one of the methods used in pharmacy in tuning properties of
materials [29,30]. One of the challenges in this field is obtaining materials that allow the most optimal
use of active substances. It has been proven that cocrystals of API’s (active pharmaceutical ingredient)
with free amino acids are more soluble in water, thus bioavailable [31,32]. Free amino acids are not
the only substances proved to be efficient in this application. Dipeptides are capable of creating
frameworks, which can be applied as containers for volatile drugs. Crystals of L-Val-L-Ala have been
applied as vessels for anesthetics [33].
Besides the use in pharmaceutical sciences, cocrystals are a scientific subject in the field of materials
chemistry [34,35]. Pseudopeptides based on L-tyrosine are able to form a porous structure, which can
absorb gaseous nitrogen [36]. Dipeptides such as di-L-phenylalanine build firm supramolecular
systems with a solvent molecule, which are potentially useful in developing new nanomaterials [37].
Organic salts consisting of simple derivatives of L-phenylalanine and achiral carboxylic acids
create host-frameworks capable of enantioseparation of sulfoxides and nitriles [38]. Amino acids
are also subjects in exploration of the enantiodiscrimination processes utilizing zinc complexes,
gold nanoparticles, β-cyclodextrine, and resorcin [4] arenes derivatives [39–42]. These functional
materials can be applied as chiral selectors, which was proven by Carotti et al. in ligand-exchange
chromatography utilizing cysteine-based ligand and copper(II) ions [43]. The triphenylmethyl group
(trityl, Tr) is often used in synthetic organic chemistry for the protection of reactive hydroxyl, amino,
and thiol functionalities [44]. Recently, the usability of the trityl group has been expanded on catalysis
and medicinal chemistry [45–47]. We and others have shown that the stereodynamic propeller-like
trityl group, characterized by P- or M-helicity (i.e., has the sense of a twist of the phenyl groups) [48–54],
when attached to the permanently chiral inducer can act as a chirality reporter adapting its structure to
the chiral environment [46].
In the field of supramolecular chemistry, Tr is used for the construction of molecular machines
(e.g., wheel-and-axle molecules, molecular gyroscopes, and compasses) [55]. The trityl group,
when present in a chiral molecule, can act as a supramolecular protecting group, especially
for the amide N–H hydrogen bond functionality [56–60]. Crystals of enantiomerically pure
trityl-containing compounds are often composed of molecules differing in helicity of the Tr group. Mostly,
these derivatives form higher-order aggregates of the structure of pseudo-centrosymmetric dimers,
that is, both monomers are characterized by the same permanent chirality at the stereogenic centers
but the opposite helicities of the propeller.
Akazome has shown that in the N-tritylamino acids, the inclusion of guest molecules
might compensate for the loss of hydrogen bonding [55]. However, in the recent study,
Rychlewska and coworkers have demonstrated that the presence of additional functional groups
in N-triphenylacetylamino acids, which might act as strong hydrogen-bond acceptors, led to the
back-activation of the N–H group. This structural feature allowed the formation of various assemblies in
the solid-state by N-triphenylacetylamino acids with a simultaneous deviation from the propeller-like
shape of the trityl moiety [57]. It is worth noting that the poor shape complementarity of some
N-triphenylacetylamino acids led to the creation of crystals of low density characterized by the
presence of small structural voids [57].
Feeling that the problem of the formation of inclusion compounds by trityl-containing amino acids
is still at the initial stage of research, we decided to put the emphasis on the tracking of the abilities
of selected N-triphenylacetylamino acids, namely N-triphenylacetyl-l-tyrosine (TrCOTyr, Figure 1),
to form inclusion crystalline compounds, as well as tuning the structure of the host molecule in crystal
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Therefore, checking the possibility of forming a solid solution by molecules of rac-TrCOTyr, even if
2. Results and Discussion
statistically unlikely, seemed to us worth some effort.
2.1. Polymorphs and Solvates of TrCOTyr·and rac-TrCOTyr
2. Results and Discussion
The crystal structure of TrCOTyr (polymorph I) has been reported recently [42]. The compound
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2.1. Polymorphs
andorthorhombic
Solvates of TrCOTyr·and
rac-TrCOTyr
into a 2D motif through two types of O–H···O hydrogen bonds. In the first one of the COO–H···O
The crystal structure of TrCOTyr (polymorph I) has been reported recently [42]. The compound
type, the acceptor is a tyrosine phenyl group. The second one is formed by O–Hphenyl ···O(=C)amide
crystallizes in the orthorhombic (P212121) space group, where the molecules of TrCOTyr are linked
interactions. The carboxylic C=O group does not participate in O–H···O interaction, but is involved in
into a 2D motif through two types of O–H···O hydrogen bonds. In the first one of the COO–H···O
C–H···O interaction. The change of crystallization conditions, involving the replacement of methyl
type, the acceptor is a tyrosine phenyl group. The second one is formed by O–Hphenyl···O(=C)amide
alcohol with isopropyl (or tert-butyl) alcohol, allowed us to obtain a second polymorphic form of
interactions. The carboxylic C=O group does not participate in O–H···O interaction, but is involved in
TrCOTyr. The second polymorph of TrCOTyr crystallized in a monoclinic (P21 ) space group. In the
C–H···O interaction. The change of crystallization conditions, involving the replacement of methyl
crystal of polymorph II, molecules of TrCOTyr are bound through O–H···O hydrogen bonds and
alcohol with isopropyl (or tert-butyl) alcohol, allowed us to obtain a second polymorphic form of
formed a chain around the 21 axis (Figure 2, Table SI-1). The molecules of TrCOTyr used all available
TrCOTyr. The second polymorph of TrCOTyr crystallized in a monoclinic (P21) space group. In the
oxygen atoms for the intermolecular interaction, while the NH group is covered by the trityl group,
crystal of polymorph II, molecules of TrCOTyr are bound through O–H···O hydrogen bonds and
formed a chain around the 21 axis (Figure 2, Table SI-1). The molecules of TrCOTyr used all available
oxygen atoms for the intermolecular interaction, while the NH group is covered by the trityl group,
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led to isostructural crystals of solvates TrCOTyr·MeOH and TrCOTyr·EtOH, respectively. In these
crystals, TrCOTyr would act as a host, while the function of a guest has been performed by a molecule
of the solvent.
The molecular structure of TrCOTyr·MeOH is shown in Figure 4. The asymmetric unit
of the solvates consists of two independent molecules of N-triphenylacetyl-l-tyrosine and two
molecules of alcohol (methanol or ethanol, respectively). Amide molecules formed homodimeric,
pseudo-centrosymmetric building blocks, linked by carboxylic R22 (8) supramolecular synthon (Figure 4,
for hydrogen bonds parameters see Table SI-1).

the molecular conformation. The molecular structure of TrCOTyr in both polymorphic forms was
compared (Figure 2a, Table SI-2). In the tyrosine part, the molecule showed high agreement,
whereas the conformation of the trityl group changes from MMM in polymorph I to MPM for
polymorph II. Changing the scheme of intermolecular interactions has been traced by analyzing the
Hirshfeld surfaces of both polymorphic forms (Figure 3) [62]. Noticeably, for polymorph II, the
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Figure 4. (a) The molecular structure of TrCOTyr·MeOH with displacement ellipsoids shown at the 50%
Figure 4. (a) The molecular structure of TrCOTyr·MeOH with displacement ellipsoids shown at the
probability level, hydrogen bonds are presented as dashed lines (compound crystallize as solid solution
50% probability level, hydrogen bonds are presented as dashed lines (compound crystallize as solid
of enantiomers – model of disorder for the asymmetric molecule shown in the frame, minor position
solution of enantiomers – model of disorder for the asymmetric molecule shown in the frame, minor
indicated by thinner bonds); (b) 1D motif via hydrogen bonds in crystal structure; (c) molecule of
position indicated by thinner bonds); (b) 1D motif via hydrogen bonds in crystal structure; (c)
methanol trapped between molecules of N-triphenylacetyltyrosine.
molecule of methanol trapped between molecules of N-triphenylacetyltyrosine.

In the crystal structure, the homodimeric building blocks are linked via hydrogen bonds and
the nitrogen atom of the amide group is involved in N–H···O interactions. The molecules of solvent
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Unexpectedly, the solvates TrCOTyr·MeOH and TrCOTyr·EtOH crystallized as solid solutions of
Unexpectedly, the solvates TrCOTyr·MeOH and TrCOTyr·EtOH crystallized as solid solutions
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and D in the solvates with methanol and ethanol, respectively. The HPLC analysis of the samples
crystallization confirmed the presence of the 8% admixture of N-triphenylacetyl-d-tyrosine.
used for crystallization confirmed the presence of the 8% admixture of N-triphenylacetyl-D-tyrosine.
The presence of small amounts of N-triphenylacetyl-d-tyrosine and the pseudo-centrosymmetric
The presence of small amounts of N-triphenylacetyl-D-tyrosine and the pseudo-centrosymmetric
arrangement of the amide molecules in the solvates with methanol and ethanol prompted us to
arrangement of the amide molecules in the solvates with methanol and ethanol prompted us to
study the crystallization of the intentionally obtained racemic mixture of N-triphenylacetyltyrosine
study the crystallization of the intentionally obtained racemic mixture of N-triphenylacetyltyrosine
(rac-TrCOTyr)
inin
more
detail.
(rac-TrCOTyr)
more
detail.
InIn
thethe
crystal,
thethe
rac-TrCOTyr
molecules
formed
centrosymmetric
dimmers,
but carboxylic
R22 (8)
crystal,
rac-TrCOTyr
molecules
formed
centrosymmetric
dimmers,
but carboxylic
supramolecular
synthonsynthon
is not observed
(Figure 5).
As in5).
theAs
structure
of enantiomerically
enriched
8 supramolecular
is not observed
(Figure
in the structure
of enantiomerically
TrCOTyr,
oxygen all
atoms
are involved
O–H···Oinhydrogen
bonds and
the NH
not
enrichedall
TrCOTyr,
oxygen
atoms arein
involved
O–H···O hydrogen
bonds
and group
the NHdoes
group
participate
in
intermolecular
interactions.
Interestingly,
rac-TrCOTyr
crystallizes
as
a
solid
solution
does not participate in intermolecular interactions. Interestingly, rac-TrCOTyr crystallizes as a solidof
enantiomers
refined occupancy
factors
for enantiomers
the measured
crystal
are 0.90:0.10
solution of and
enantiomers
and refined
occupancy
factors for in
enantiomers
in the
measured
crystal (d:l).
are

Figure5. 5.(a)
(a)Molecular
Molecularstructure
structure of
of centrosymmetric
centrosymmetric dimmer
Figure
dimmer in
in crystal
crystalof
ofrac-TrCOTyr,
rac-TrCOTyr,hydrogen
hydrogen
bondsare
arepresented
presentedasasdashed
dashedlines
lines(compound
(compound crystallize
crystallize as
as solid
solid solution
solution of
bonds
of enantiomers–model
enantiomers–model
disorderfor
forthe
theasymmetric
asymmetricmolecule
moleculeisisshown
shown in
in the
the frame,
frame, minor position
ofof
disorder
position indicated
indicatedby
bythinner
thinner
bonds)
and(b)
(b)molecular
molecularpacking
packinginincrystal
crystalstructure.
structure.
bonds)
and

Crystals
rac-TrCOTyr·MeOH
rac-TrCOTyr·EtOH
solvates
are isostructural
and, as
Crystals
of of
rac-TrCOTyr·MeOH
and and
rac-TrCOTyr·EtOH
solvates
are isostructural
and, as expected,
expected,
they are isostructural
with TrCOTyr·MeOH
and TrCOTyr·EtOH
solvates.
The compound
they
are isostructural
with TrCOTyr·MeOH
and TrCOTyr·EtOH
solvates. The
compound
crystallized
P 1 and the
asymmetric
of solvates rac-TrCOTyr·MeOH
and rac-TrCOTyr·EtOH
ascrystallized
P 1 and the as
asymmetric
unit
of solvatesunit
rac-TrCOTyr·MeOH
and rac-TrCOTyr·EtOH
consisted of one
consisted
one molecule
ofmolecule
TrCOTyrof
and
one molecule
of methanol
or ethanol,
respectively. Both
molecule
of of
TrCOTyr
and one
methanol
or ethanol,
respectively.
Both rac-TrCOTyr·MeOH
rac-TrCOTyr·MeOH
and
rac-TrCOTyr·EtOH
a solid solution
of enantiomers
andblock,
the
and
rac-TrCOTyr·EtOH
crystallized
as a solidcrystallized
solution of as
enantiomers
and the
main building
main
building
block,
the
centrosymmetric
homodimers,
were
disordered.
The
refined
occupancy
the centrosymmetric homodimers, were disordered. The refined occupancy factors showed that the
factors showed
the enantiomers
ratio
in (d:l)
measured
crystals
60:40 (D:L) for
andmethanol
80:20 (D:and
L),
enantiomers
ratio that
in measured
crystals is
60:40
and 80:20
(d:l),isrespectively
respectively
for
methanol
and
ethanol
solvate.
ethanol solvate.
2.2. Host-Guest Complexes of TrCOTyr
At the next stage of the study, we decided to obtain a series of host-guest complexes of
TrCOTyr. We anticipated that the incorporation of a guest molecule between the carboxylic groups
would increase the distance between the amide molecules. According to the ‘hydrogen-bond rules’
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form supramolecular tapes stabilized by two types of O–H···O hydrogen bonds. The first is, as
shown previously, O–Hphenyl···O(=C)amide interaction and the second is O–Hphenyl···O=COH hydrogen
bond (Table SI-1, Figure SI-3).
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Figure 7. (a) Molecular structure of (TrCOTyr)2 ·BIPY (compound crystallizes as solid solution of
Figure 7. (a) Molecular structure of (TrCOTyr)2·BIPY (compound crystallizes as solid solution of
enantiomers – model of disorder for the asymmetric molecule shown in the frame, minor position
enantiomers – model of disorder for the asymmetric molecule shown in the frame, minor position
indicated by thinner bonds), displacement ellipsoids shown at the 50% probability level; (b) molecular
indicated by thinner bonds), displacement ellipsoids shown at the 50% probability level; (b)
tape stabilized by hydrogen bonds and π···π interaction. Distances are in angstroms.
molecular tape stabilized by hydrogen bonds and π···π interaction. Distances are in angstroms.

Crystals of rac-(TrCOTyr)2 ·BIPY turned out to be isostructural with that of enantiomerically
Crystals of rac-(TrCOTyr)2·BIPY turned out to be isostructural with that of enantiomerically
enriched (TrCOTyr)2 ·BIPY crystals. The rac-(TrCOTyr)2 ·BIPY also crystallized as a solid solution of
enriched (TrCOTyr)2·BIPY crystals. The rac-(TrCOTyr)2·BIPY also crystallized as a solid solution of
enantiomers and the refined occupancy factors indicated that the ratio of S and R enantiomers in the
crystal was 70:30. It is worth emphasizing that the substitutional disorder concerns only one
molecule of the amide in the heterotrimer. To date, only one similar example has been reported in
the literature— the solid solution of enantiomers in co-crystal of ibuprofen and 4,4′-bipyridyl [64].
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Figure 8. (a) Molecular structure of TrCOTyr·DABCO (model of disorder for the DABCO dimer
Figure 8. (a) Molecular structure of TrCOTyr·DABCO (model of disorder for the DABCO dimer
shown in the frame), (b) molecular gutter filled by DABCO cationic dimers, (c) molecular packing in
shown in the frame), (b) molecular gutter filled by DABCO cationic dimers, (c) molecular packing in
crystal structure.
crystal structure .2.3. Differential scanning calorimetry
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2.3. Differential
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of DSC curves recorded for them is shown in Figure 9. For all of the investigated samples, in the first
The DSC analyses were particularly important for characterizing of the solvates. A comparison
heating cycle the melting of a given solvate was observed. For TrCOTyr·MeOH solvate, melting
of DSC curves recorded for them is shown in Figure 9. For all of the investigated samples, in the
(Tonset = 76 °C) and crystallization (Tonset = 106 °C) occurred, whereas for TrCOTyr·EtOH solvate,
first heating cycle the melting of a given solvate was observed. For TrCOTyr·MeOH solvate, melting
melting was
divided into two stages, with two maxima
on the DSC curve (peak T1 = 101 °C and T2 =
◦ C) occurred, whereas for TrCOTyr·EtOH solvate,
(T118
= 76As◦ C)
and
crystallization
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onset°C).
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◦ C and T
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curve (peak
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that
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Figure 9. DSC curves of TrCOTyr·MeOH (blue), TrCOTyr·EtOH (red), rac-TrCOTyr·MeOH (green),
Figure 9. DSC curves of TrCOTyr·MeOH (blue), TrCOTyr·EtOH (red), rac-TrCOTyr·MeOH (green),
rac-TrCOTyr·EtOH (pink). The first heating cycle is shown as dashed lines and the second heating cycle
rac-TrCOTyr·EtOH (pink). The first heating cycle is shown as dashed lines and the second heating
is shown as solid lines.
cycle is shown as solid lines.

In the second heating cycle, we observed endothermic peaks corresponding to the melting of
In the second heating cycle, we observed endothermic peaks corresponding to the melting of
the amide. Interestingly, only for TrCOTyr·MeOH after decomposition of the solvate, the remaining
the amide. Interestingly, only for TrCOTyr·MeOH after decomposition of the solvate, the remaining
amide crystallized as a mixture of both polymorphs. The complex endothermic peak is a set of three
amide crystallized as a mixture of both polymorphs. The complex endothermic peak is a set of three
transformations—melting of polymorph II of TrCOTyr (Tonset = 174 ◦ C), melting of polymorph I
transformations—melting of polymorph II of TrCOTyr (Tonset = 174 °C), melting of polymorph I (Tonset
(Tonset = 199 ◦ C), and peak at T = 216 ◦ C (Tonset = 212 ◦ C), which additionally confirms the presence of
= 199 °C), and peak at T = 216 °C (Tonset = 212 °C), which additionally confirms the presence of
rac-TrCOTyr. That small peak appears also for the measurement carried out for TrCOTyr·EtOH. These
rac-TrCOTyr. That small peak appears also for the measurement carried out for TrCOTyr·EtOH.
conclusions were confirmed by powder measurements of decomposition products (Figure SI-7 and
These conclusions were confirmed by powder measurements of decomposition products (Figure
SI-9).
SI-7 and SI-9).
The DSC curve recorded for TrCOTyr·QX was characterized by a more complex shape (Figure 10).
The DSC curve recorded for TrCOTyr·QX was characterized by a more complex shape (Figure
Upon increasing the temperature, melting of the molecular complex TrCOTyr·QX is observed
10). Upon increasing
the temperature, melting of the molecular complex TrCOTyr·QX is observed
(Tonset = 120 ◦ C) and that process is finished with a phase transition (small exothermic peak at
(Tonset = 120 °C) and that process is finished with a phase transition (small exothermic peak at T = 133
T = 133 ◦ C), the formation of (TrCOTyr)2 ·QX is postulated. Another endothermic peak appears at
°C), the◦formation of (TrCOTyr)
2·QX is postulated. Another endothermic peak appears at T = 154 °C
T = 154 C (Tonset = 148 ◦ C) and it stays in agreement with the melting point of (TrCOTyr)2 ·QX
(Tonset = 148 °C) and it stays in agreement with
the melting point of (TrCOTyr)2·QX appointed in the
appointed in the DSC experiment (Tonset = 145 ◦ C). The last broad peak at 190 ◦ C resulted from melting
DSC experiment (Tonset = 145 °C). The last broad peak at 190 °C resulted from melting of the
of the polymorph II of TrCOTyr. The second endothermic peak on the DSC curve recorded for the
polymorph II of TrCOTyr. The second
endothermic peak on the DSC curve recorded for the
(TrCOTyr)2 ·QX sample is observed at 210 ◦ C (Tonset = 205 ◦ C) and corresponds to melting of polymorph
(TrCOTyr)2·QX sample is observed at 210 °C (Tonset = 205 °C) and corresponds to melting of
I of TrCOTyr.
polymorph I of TrCOTyr.
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3.1. Synthesis and Crystallization
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[57]. rac-N-triphenylacetyl-tyrosine) was synthesized according
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were obtained
slow evaporation of acetone
to
give small colorless
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Thewith
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·NPHD.
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(TrCOTyr)
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analysis
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2
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of (TrCOTyr)
2·QX 2
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for analysis
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in the vessel.
Cocrystals
(TrCOTyr)
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N-triphenylacetylL-tyrosine
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4,4’-bipyridyne
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molar
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analysis
analysis
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2
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in the solution. Cocrystals of (rac-TrCOTyr)2·BIPY were obtained according to the same
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procedure.
Crystals of (TrCOTyr)·DABCO were obtained by dissolving N-triphenylacetyl-l-tyrosine and
Crystals
(TrCOTyr)·DABCO
were obtained
dissolving
N-triphenylacetylL-tyrosine
and
DABCO
in 1:1of
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After oneby
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tiny crystals,
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3.2. X-Ray Analysis

3.2. X-Ray
Analysis data for monocrystals were collected at 130 K with an Oxford Diffraction SuperNova
The diffraction
diffractometer using Co Kα radiation (λ = 1.54184 Å). The intensity data were collected and processed
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with the use of CrysAlis PRO software (v. 1.171.38.46; Rigaku Oxford Diffraction, Oxfordshire, England).
The structures were solved by direct methods with the program SHELXT 2014/7 [65] and refined by
full-matrix least-squares method on F2 with SHELXL2014/7 [66]. The carbon-bound hydrogen atoms
were refined as riding on their carriers and their displacement parameters were set equal to 1.5Ueq(C)
for the methyl groups and 1.2Ueq(C) for the remaining H atoms. The hydrogen atoms of OH and NH
groups were located in electron-density difference maps. In the final cycles of refinement, they were
included in the calculated position and treated as riding atoms. Absolute structures of the compounds
were specified by the synthetic procedure and confirmed using Flack parameter [67].
Crystal data, data collection, and structure refinement details are summarized in Table SI-1.
Powder patterns were registered with a four-circle SuperNova diffractometer (Oxford Diffraction,
Oxfordshire, England) using Cu Kα radiation (λ = 1.54184 Å), equipped with mirror monochromator
and CCD detector (Atlas, Agilent Technologies, Oxfordshire, England). A 0.3 mm pinhole collimator
was used and the detector was set at 70 mm from the sample. The exposure time was fixed to 300 s per
scan and images were collected with a 300 degrees phi rotation.
Powder diffractograms have been shown in Figure SI-5–SI-21.
3.3. Differential Scanning Calorimetry (DSC)
Melting points were determined using the DSC method in DSC 214 Nevio (NETZSCH, Selb,
Germany). Samples were between 6–8 mg, closed in aluminum pans and stored under nitrogen
atmosphere (flow rate: 30 mL/min). In the first heating cycle, the heating ramp was set from 25 ◦ C
to 160 ◦ C with heating rate 5 ◦ C/min. At this temperature, samples were held for 5 min in isotherm.
In the next step, the samples were cooled from 160 ◦ C to 50 ◦ C with the cooling rate of 5 ◦ C/min and
then were in constant temperature for 5 min at 50 ◦ C. The last step was heating samples from 50 ◦ C to
250 ◦ C with heating rate 10 ◦ C/min.
Alternatively, the measurements were carried out in one run and the heating ramp was set from
25 ◦ C to 260 ◦ C with heating rate 5 ◦ C/min.
Registered DSC curves have been shown in Figure SI-22–SI-33.
4. Conclusions
In this study, we would intend to show the possibility of N-triphenylacetyl-tyrosine to form
host-guest complexes. It has been found that N-triphenylacetyl-tyrosine form crystals that have
inclusion properties. The enantiopurity of the starting material is not a prerequisite. The molecules of
enantiomerically enriched and racemic N-triphenylacetyl-tyrosine form multicomponent inclusion
compounds. The potential for hydrogen bonding of the secondary amide groups is well-known,
but the NH group of TrCOTyr is active only in crystal structure of solvates with methanol and ethanol.
In other structures, we did not observe any hydrogen bonding that involves N–H proton of amide
functionality, which confirmed the protecting role of the trityl group in crystal engineering.
There are several types of recognition elements that are involved in guest binding. The most
important one is the amide carboxylic group that serves as a donor of the hydrogen bond, whereas
the amine nitrogen atoms from the guest molecule serve as an acceptor. This resulted in formation
of heterotrimeric basic supramolecular motifs that might form higher-order cyclic structures. In the
most interesting case of (TrCOTyr)2 ·BIPY, characterized by the wheel-and-axle structure, the basic
heterodimers form tape bound by O–Hphenol ···O=C hydrogen bonding network, further stabilized by
π···π interactions between the bipyridyl and the amide phenyl ring of the adjacent molecules. However,
the increase of amine basicity led to the formation of ionic species, which should be considered rather
as salt, not as host-guest complex.
Solvates of N-triphenylacetyl-tyrosine with methanol and ethanol are isostructural, regardless of
the optical purity of the host and the type of the solvent. The carboxylic groups form dimeric structures,
whereas the phenolic hydroxyl group is a hydrogen bond donor to the solvent molecule. Noticeably,
the change of the solvent to a more bulky 2-propanol or tert-butanol did not provide respective
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solvates. Instead, the second polymorph of N-triphenylacetyl-l-tyrosine was obtained. In the crystal
of polymorph II of TrCOTyr, the monomers are linked by COOH···O=Camide hydrogen bonds.
The presence of a bulky trityl substituent allowed for the formation of a solid solution from
racemic mixture of TrCOTyr and its solvates and host-guest complexes. The sterical requirements of
the trityl make sense of the chirality at the stereogenic center being of no relevance to the formation of
supramolecular assemblies.
Supplementary Materials: Supplementary materials can be found at http://www.mdpi.com/1422-0067/20/20/
5004/s1.
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Kwit, M. Double helicity induction in chiral bis (triphenylacetamides). RSC Adv. 2015, 5, 83448–83458.
[CrossRef]
Prusinowska, N.; Czapik, A.; Wojciechowska, M.; Kwit, M. Dynamic optical activity induction in the
N-alkyl-N’-trityl ureas and thioureas. Org. Biomol. Chem. 2019, 17, 7782–7793. [CrossRef] [PubMed]
Jacques, J.; Collet, A.; Wilen, S. Enantiomers, Racemates and Resolutions; Wiley: New York, NY, USA, 1981.
Spackman, M.A.; Jayatilaka, D. Hirshfeld surface analysis. CrystEngComm 2009, 11, 19–32. [CrossRef]
Etter, M. Hydrogen Bonds as Design Elements in Organic Chemistry. J. Phys. Chem. 1991, 95, 4601–4610.
[CrossRef]
Chen, S.; Xi, H.; Henry, R.F.; Marsden, I.; Zhang, G.G.Z. Chiral co-crystal solid solution: Structures,
melting point phase diagram, and chiral enrichment of (ibuprofen)2(4,4-dipyridyl). CrystEngComm 2010, 12,
1485–1493. [CrossRef]
Sheldrick, G.M. SHELXT—Integrated space-group and crystal-structure determination. Acta Crystallogr.
2015, 71, 3–8. [CrossRef] [PubMed]
Sheldrick, G.M. Crystal structure refinement with SHELXL. Acta Crystallogr. 2015, 71, 3–8. [CrossRef]
Parsons, S.; Flack, H.D.; Wagner, T. Use of intensity quotients and differences in absolute structure refinement.
Acta Cryst. 2013, 69, 249–259. [CrossRef] [PubMed]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

