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Abstract: The properties of several hydrazon-diketone rotary switches with OH
groups in the stators (2-(2-(2-hydroxy-4-nitrophenyl)hydrazono)-1-phenylbutane-1,3-dione,
2-(2-(2-hydroxyphenyl)hydrazono)-1-phenylbutane-1,3-dione and 2-(2-(4-hydroxyphenyl)hydrazono)-
1-phenylbutane-1,3-dione) were investigated by molecular spectroscopy (UV-Vis and NMR), DFT
calculations (M06-2X/TZVP) and X-ray analysis. The results show that, when the OH group is in
ortho position, the E’ and Z’ isomers are preferred in DMSO as a result of a stabilizing intermolecular
hydrogen bonding with the solvent. The availability, in addition, of a nitro group in para position
increases the possibility of deprotonation of the OH group in the absence of water. All studied
compounds showed a tendency towards formation of associates. The structure of the aggregates was
revealed by theoretical calculation and confirmed by X-ray analysis.
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1. Introduction

The hydrazone functional group has found extensive use in medicine [1–6], supramolecular
chemistry (molecular switches and chelate ligands) [7–10] and in combinatory chemistry [11–13].
One important facet of hydrazine-group-containing compounds is the fact that upon appropriate
substitution they can exist in solution as a mixture of isomers. 1,2,3-tricarbonyl-2-arylhydrazones
are a typical example—they are presented in solution as an equilibrated mixture of intramolecularly
H-bonded E and Z isomers [14–16]. The position of the isomerization equilibrium can be altered by
catalytic amounts of acid or base. Upon external stimulation, a controlled switching between the
isomers is possible through C-N bond rotation, giving the name “rotary switches”. The position of the
equilibrium and the switching can be strongly affected by structural modifications, as has already been
shown [17–21].

Recently, the spectral properties of 1 (Schemes 1 and 2) were studied in respect of the possible
tautomerism and E/Z isomerization in solution [17,22]. The results show that the availability of the
OH group in the stator does not lead to azo-hydrazone tautomerism as could be expected at a first
glimpse. The compound exists as a mixture of isomers of the single ketohydrazone tautomer, as shown
in Scheme 1. In DMSO, due to the specific stabilizing effect of the solvent, only the E’ and Z’ forms are
presented [22,23]. Moreover, the availability of the OH group leads to some side effects, according
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to the spectral and crystallographic data [22,24]: compound 1 deprotonates at low concentrations in
DMSO and aggregates at high concentrations (10−4 M and higher), forming linear (E’-E’) aggregates.
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sketched in Scheme 3 as an example. Theoretical prediction of the stabilities of the individual forms 
is complicated by the large number of possible conformers. For instance, the tautomer I of 2 can be 
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Scheme 2. Sketch of the investigated compounds.

It is an interesting question whether the lack of tautomerism, the existence of the “ ‘ “ isomers
(indicating E’ and Z’ forms) and the side effects could be attributed to the strong electron acceptor
ability of the nitro group. To answer it, we have studied compounds 2 and 3, in which two effects
could be clarified: the role of the existence of a nitro group (2 vs. 1) and of the position of the OH group
by itself (2 vs. 3). A combined approach (theoretical calculation, UV-Vis and NMR investigations
in solution, and X-ray analysis in solid state) was applied, and the results obtained are presented in
the current communication. To best of our knowledge, no such comparative study of 1–3 has been
performed before.

2. Results and Discussion

The 1,2,3-tricarbonyl-2-arylhydrazones are potentially tautomeric compounds even without an
OH group in the stator. The possible tautomers include ketohydrazone, azoketone and azoenol forms,
depending on the substitution [25]. The availability, in addition, of an ortho or para OH group in the
stator makes the tautomeric situation even more complex. The possible tautomers of 2 are sketched in
Scheme 3 as an example. Theoretical prediction of the stabilities of the individual forms is complicated
by the large number of possible conformers. For instance, the tautomer I of 2 can be presented as
24 possible isomers (Scheme SI).
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shown in Table S1, the same conclusion can be drawn for 2 and 3. The theoretical calculations are in 
agreement with the NMR data in solution [22] and the recent crystallographic data [21]. In analogy, 
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shown in Figures 1 and 2, respectively. 
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We have shown theoretically that, in the case of 1, only tautomer I could be present [22]. As
shown in Table S1, the same conclusion can be drawn for 2 and 3. The theoretical calculations are in
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of the most stable isomers of 3(I) in DMSO. The corresponding relative energies for 5, taken from [24]
and 4, are given in brackets.

As seen from the figures, the stabilization is a result of the strength of the formed intramolecular
hydrogen bonds. While better proton-attracting ability of MeCO through the NH..OMe determines a
better stabilization of the E isomer, additional stabilization through OH..N bonding makes the E/Z
pairs more stable compared to E’/Z’ in 1 and 2. The effect of the nitro group in 1 leads to an overall
weak stabilization in the E/Z forms and a more pronounced stability of the “ ‘ “ isomers. In the
case of 3, the effect of the OH group is limited to a non-hydrogen bonding substituent and leads to
stabilization of the Z isomer. The predicted stabilization effect in the series 5 [22], 4 and 3 follows
the experimentally observed trend for a destabilization of the Z isomer (molar fractions of 15%, 10%
and 5%, correspondingly) going from electron acceptor to electron donor substituents in para position
in the stator [19]. Most probably, the absence of the OH..N hydrogen bonding in E’/Z’ of 2 and in 3
reduces the steric hindrance between the rotor and the stator, leading to an overall stabilization of the
corresponding isomers.

The solvation model used so far describes the solvent as a dielectric medium and does not take
into account the possible specific solute–solvent interactions. As known previously in the case of 1,
the proton of the OH group interacts with proton-acceptor solvents (such as DMSO), when it is not
involved in the intramolecular hydrogen bond with the rotor part, which leads to strong additional
stabilization of the “ ‘ “ isomers. The model of this specific solvent effect is illustrated in Figures 3
and 4, showing the most stable complexes with DMSO. As can be seen, the interaction between the
solvent molecule and the free OH proton in E’ and Z’ leads to their stabilization. Moreover, in 2E and
2Z, there are no conditions for the formation of any OH..O = SMe2 hydrogen bond, and the formed NH
. . . O = SMe2 is weak due to the low acidity of the NH proton and steric effect from adjacent functional
groups (Figure 3). The changes in the case of 3 are caused by reducing the electron donor ability of the
OH group and hence to a rise in the polarization of the N-H bond, leading finally to the stabilization of
the Z isomer.
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In addition to the relative stability of the isomers, the predicted positions of the 
long-wavelength bands in the absorption spectra are shown in Figures 1–4 as well. The absolute 
values should be considered with care due to the systematic blue shift of the used M06-2X 
functional. The relative changes indicate, as expected, that it is practically impossible to distinguish 
between the most stable isomers by means of UV-Vis spectroscopy. The absorption spectra of 2 and 
3, shown in Figure 5, indicate that there are no substantial changes in the spectral shape upon 
changing the solvent. This figure strongly supports the hypothesis, in analogy to 1; there is no 
tautomeric equilibrium, because the tautomers of 1–3 have different conjugated systems, and 
substantially different spectra could be expected upon changing the solvent [26]. It is seen that the 
observed long-wavelength absorption band consists of two sub-bands, whose intensity slightly 
varies with the solvent. They can be associated with the most stable isomers according to the 
theoretical predictions. However, the strong overlapping between them does not allow either precise 
estimation of the positions of the bands by derivative spectroscopy (Figure S1) nor a quantitative 
estimation of the isomers’ molar fractions [27]. 
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of the most stable isomers of 3(I) in DMSO, accounting for the specific solute–solvent interactions.

In addition to the relative stability of the isomers, the predicted positions of the long-wavelength
bands in the absorption spectra are shown in Figures 1–4 as well. The absolute values should be
considered with care due to the systematic blue shift of the used M06-2X functional. The relative
changes indicate, as expected, that it is practically impossible to distinguish between the most stable
isomers by means of UV-Vis spectroscopy. The absorption spectra of 2 and 3, shown in Figure 5,
indicate that there are no substantial changes in the spectral shape upon changing the solvent. This
figure strongly supports the hypothesis, in analogy to 1; there is no tautomeric equilibrium, because
the tautomers of 1–3 have different conjugated systems, and substantially different spectra could be
expected upon changing the solvent [26]. It is seen that the observed long-wavelength absorption band
consists of two sub-bands, whose intensity slightly varies with the solvent. They can be associated
with the most stable isomers according to the theoretical predictions. However, the strong overlapping
between them does not allow either precise estimation of the positions of the bands by derivative
spectroscopy (Figure S1) nor a quantitative estimation of the isomers’ molar fractions [27].
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The conformational isomers existing in solution can be identified and quantified using NMR.
Due to their low solubility in acetonitrile, the investigations were performed in DMSO-d6. The
corresponding 1H NMR spectra of 2 and 3 in DMSO-d6 are shown in Figures S2 and S3. The data
from the NMR measurements are summarized in Table 1. The obtained data for chemical shifts can be
compared with those for 1 [22]. From the 1H NMR spectra of 2 and 3, it can be seen that, in both cases,
two isomers are present in DMSO-d6. The chemical shifts in DMSO-d6 for NH for the major and minor
form of 2 are at 14.55 ppm and 12.62 ppm, and for 3 at 14.48 ppm and 11.42 ppm. Based on the NH
signals, the ratio between the isomers is 80%/20% and 45%/55%, respectively for 2 and 3 (65%/35% for
1), which corresponds to ∆G values (RT) of 0.36, 0.82 and −0.11 kcal/mol for 1–3.

Table 1. 1H and 13C chemical shiftsf of the major form (minor form) of 1, 2 and 3 in DMSO-d6.

Compound 1 2 3

Conformers (%) 65/35 80/20 45/55

Protons 1H chemical shift
1 2.51 (2.56) 2.52 (a) 2.50 (2.44)
2′ - - 7.16 (7.27)
3′ 7.72 (7.70) 6.93 (ab) 6.74 (6.76)
4′ - 7.00 (ab) -
5′ 7.75 (7.85) 6.79 (ab) 6.74 (6.76)
6′ 7.21 (7.78) 7.09 (ab) 7.16 (7.27)
2” 7.91 (7.72) 7.82 (ab) 7.78 (7.73)
3” 7.55 (7.51) 7.51 (ab) 7.50 (7.52)
4” 7.67 (7.66) 7.61(ab) 7.59(7.65)

NH 14.14 (11.56) d 14.55 (12.62) 14.46 (11.42)
OH 11.56 (11.56) d 10.56 (10.56) c 9.58 (9.29)
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Table 1. Cont.

Compound 1 2 3

Carbons 13C chemical shift
1 30.67 (25.92) 30.62 (b) 30.48 (25.31)
2 198.08 (b) 197.49 (b) 197.03 (195.86) e

3 135.66 (b) 133.27 (b) 134.21 (132.15) e

4 191.95 (b) 192.25 (b) 194.96 (192.13) e

1′ 136.25 (b) 139.06 (b) 136.67 (135.54) e

2′ 145.99 (b) 146.76 (b) 118.31 (116.94)
3′ 110.60 (b) 116.19 (b) 116.50 (116.27) e

4′ 143.78 (b) 126.38 (b) 156.15 (154.43) e

5′ 116.78 (b) 120.53 (b) 116.50 (116.27) e

6′ 114.08 (b) 114.98 (b) 118.31 (116.94)
1” 137.96 (b) 133.27 (b) 139.34 (137.06) e

2” 130.75 (b) 130.49 (b) 130.32 (128.99)
3” 128.50 (b) 128.20 (b) 128.16 (129.14)
4” 133.10 (b) 132.30 (b) 132.05 (134.03)

a Could not be assigned due to overlap; b Could not be assigned due to low intensity; c The hydroxyl signals of the
two forms are overlapped; d The hydroxyl signals of two forms and the NH signal of minor form are overlapped;
e May be interchanged; f Numbering according to the Scheme 4.
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Scheme 4. Numbering of the carbon atoms in 1 (X1=OH, X2=NO2), 2 (X1=OH, X2=H) and 3 (X1=H,
X2=OH).

In analogy to 1 [22,24] and following the theoretically predicted relative stabilization, it can be
concluded that in DMSO there is an equilibrium between E’ (major) and Z’ (minor) forms in 2 and
between E and Z of 3. The theoretically predicted values for the chemical shifts of the NH proton
of the major and minor form at 2 and 3, respectively, are 14.61 ppm (2E’) and 13.67 ppm (2Z’) and
14.51 ppm (3E) and 13.44 ppm (3Z), i.e., the theoretical results are consistent with the experimental
ones. Although the NMR determined Gibb’s free energies are lower comparing the predicted relative
energies (∆E), the latter correctly predict the general trend of stabilization of the Z’ isomers (3 > 1 > 2)
with a good linearity (∆G = 1.28 × ∆E − 0.98, R2 = 0.92).

Three additional factors influence the conformational equilibrium in 2 and 3 in solution, namely
the temperature, the concentration and the water content of the used solvent. As previously shown in
the case of 1, a spontaneous deprotonation (loss of OH proton) occurs in diluted solutions of dry proton
acceptor solvents [22], leading to a new red-shifted band. Actually, 1 is almost fully deprotonated
in dry DMSO (Figure S4), while, as seen in Figure 5, deprotonation in 2 is weak and negligible in 3.
Obviously, the effect of the nitro group is decisive in this case. Upon addition of water, the equilibrium
is fully shifted towards the neutral isomers (Figure S5). According to the theoretical calculations
(Table S2), deprotonation does not substantially change the isomers’ ratios.

The concentration is an essential factor determining the deprotonation of the investigated
compounds. In 2, as in 1, the increase in the concentration leads to a decrease in the content of the
deprotonated form, as shown in Figure 6. No such effect is observed in 3.
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The results above indicate that the association is a possible reason for the observed changes. The
theoretical calculations and X-ray data (Figure 7 and Scheme 5) suggest that cyclic aggregates are
formed in the case of 2. In the solid state, compound 2 exists as an E’ conformer, stabilized via a cyclic
dimer. The major difference with 1 is in the shape of the aggregate—again, the E’ form is stabilized in
1, but in form of a linear aggregate [24]. The stability of the E’-E’ cyclic dimer in 2 is probably due
to the stronger proton acceptor properties of the CH3CO group compared to the PhCO moiety of 1.
The formation of aggregates, as in 1 [22,24], limits the deprotonation, which explains the observed
concentration effects.
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The increase in the concentration did not lead to significant spectral changes in 3 (Figure 6).
This is also expected since the OH group is not polar enough in this particular case, but some linear
aggregation cannot be excluded. According to the theoretical simulations (Figure S6) and the crystal
structure (Scheme 6), linear E-E aggregates are expected in solution.
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The availability of crystallographic data for the series 1–8 allows qualitative estimation of the
strength of the existing intra- and intermolecular hydrogen bonding according to Steiner [28] and
Jeffrey [29]. The corresponding bond length and angles are collected in Table 2. According to the
classification given in [28], the existing N-H . . . O hydrogen bonds are classified as moderate ones
using the H . . . A and D . . . .A distances and the D-H . . . A angle. It seems that the strength (at least in
solid state) of this bond is almost independent on the substitution in the stator. In the cases where this
bond is bifurcated, namely 1, 2 and 6, the contribution from N-H . . . O(=C) is the dominant one. This
explains why, according to the theoretical calculations using the solvent only as media, the E and Z
isomers are always more stable compared to the “ ‘ “ ones. The data in Table 2 show clearly that the
formation of associates through intramolecular hydrogen bonding with strong directionality (D-H . . .
A angle > 160◦) has a noticeable stabilizing effect.

Table 2. Parameters of the hydrogen bonds of the studied compounds, taken from their crystallographic data.

Comp. Type D-H . . . A Bond
Distances [Å] D-H . . . A

Angle, [◦] Ref.
D-H H . . . A D . . . A

1
intramolecular N-H . . . O(=C) 0.896(9) 1.890(7) 2.565(1) 130.6(7)

[24]intermolecular N-H . . . O(-H) 2.266(9) 2.619(1) 103.1(6)
(linear dimer) O-H . . . O(=C) 0.85(2) 1.89(2) 2.738(1) 176(1)

2
intramolecular N-H . . . O(=C) 1.03(3) 1.79(2) 2.567(4) 128(1)

current workintermolecular N-H . . . O(-H) 2.242(8) 2.609(4) 99(1)
(cyclic dimer) O-H . . . O(=C) 0.92(6) 1.79(7) 2.677(4) 161(6)

2
intramolecular N-H . . . O(=C) 0.873 1.898 2.572(1) 132.5

[30]intermolecular N-H . . . O(-H) 2.257 2.617(1) 104.5
(complex with water) O-H . . . OH2 0.908 1.736 2.678 170.2

3
intramolecular
intermolecular
(linear dimer)

N-H . . . O(=C) 0.95(2) 1.83(2) 2.565(2) 132(2)
current work

O-H . . . O(=C) 0.93(3) 1.75(3) 2.667(2) 168(2)
4 intramolecular N-H . . . O(=C) 0.82(2) 1.93(2) 2.581(2) 135(2)

[31]6 intramolecular
N-H . . . O(=C) 0.91(2) 1.85(2) 2.561(2) 133(2)
N-H . . . O(-Me) 2.26(2) 2.609(2) 102(1)

7 intramolecular N-H . . . O(=C) 0.86(3) 1.89(3) 2.559(3) 133(2)
8 intramolecular N-H . . . O(=C) 0.935 1.866 2.594(2) 132(8) [32]

The absorption spectra of 2 and 3 in DMSO in the temperature range of 20–70 ◦C are shown
in Figure 8 and Figure S7. In both compounds, it can be seen that with increasing temperature,
the absorption maximum of the neutral form (~400 nm) decreases slightly, while the amount of the
deprotonated form absorbing at ~500 nm increases.
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The result can be interpreted in analogy to 1 [22]. Increasing the temperature leads to the
destruction of existing aggregates, which subsequently facilitates the deprotonation of the monomers.
The temperature effect was strongest in 1 (Figure S8), followed by 2 (Figure 8) and lowest for 3
(Figure S7). This indicates that 1 has the highest tendency to aggregate again related to the effect of the
nitro group. The percentage contents (in %) of the two neutral isomers were determined by measuring
NMR spectra as a function of the temperature (Table S3). It could be thereby shown that the ratio
does not change significantly (Figures S9–S11), which probably indicates that they exist in the form of
associates in the concentration range used in NMR.
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3. Materials and Methods

3.1. Synthesis

Reagents and solvents were analytical grade, purchased from Sigma-Aldrich Chemical Co.
and used as received unless otherwise stated. Fluka silica gel/TLC-cards 60778 with fluorescence
indicator 254 nm were used for TLC chromatography. Merck silica gel 60 (0.040–0.063 mm, Merck,
Darmstadt, Germany) was used for flash chromatography purification of the products. LC/MS
was carried out on a Bruker MicrOTOF-QIII-system with an ESI source with nebulizer 1.2 bar,
dry gas 10.0 L/min, dry temperature 220 ◦C, capillary 4500 V, and end plate offset −500 V, Bruker,
Hamburg, Germany. The title 2-(2(2-Hydroxy-4-nitrophenyl)hydrazono)-1-phenylbutane-1,2,3-trione 1,
2-[2-(2-Hydroxyphenyl)diazenyl]-1-phenyl-1,3-Butanedione 2 and 2-[2-(4-Hydroxyphenyl)diazenyl]-1-
phenyl-1,3-Butanedione 3 were synthesized as follows.

3.1.1. 2-(2(2-Hydroxy-4-nitrophenyl)hydrazono)-1-phenylbutane-1,2,3-trione 1

The synthesis of the compound 1 has been described previously [22].

3.1.2. 2-[2-(2-Hydroxyphenyl)diazenyl]-1-phenyl-1,3-butanedione 2

A solution of 2-aminophenol (0.2728 g, 2.5 mmol) in concentrated hydrochloric acid (1.5 mL)
was cooled in an ice bath for 30 min with stirring. Sodium nitrite (0.1725 g, 2.5 mmol) was added
gradually in small portions over 30 min. The diazonium salt was left stirring in the cold for 45 min
and added slowly over 30 min into a well-cooled stirred mixture of sodium acetate (1.5 g, 18.3 mmol)
and 1-phenylbutane-1,3-dione (0.4061 g, 2.5 mmol) in absolute ethanol (15 mL). The mixture was
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stirred in an ice-bath for 3 h, and then left to warm to room temperature over 12 h. The solid was
filtered off and washed with water (3 × 25 mL) to give a light brown solid. The ethanol portion was
evaporated under reduced pressure to give dark brown solid. The combined solids were dissolved
in dichloromethane (30 mL) and washed with water (3 × 50 mL) and the organic portion dried over
anhydrous sodium sulfate, filtered and the solvent evaporated under reduced pressure to obtain a
crude brown solid. This was purified by flash column chromatography using a silica flash column
and ethyl acetate-dichloromethane (1:20) as eluent to give the pure compound as a light brown solid
(0.48 g, 68%). HRMS-ESI (m/z): (M + H) calculated for C16H14N2O3, 282.1004; found 282.1084.

3.1.3. 2-[2-(4-Hydroxyphenyl)diazenyl]-1-phenyl-1,3-butanedione 3

A solution of 4-aminophenol (0.2728 g, 2.5 mmol) in concentrated hydrochloric acid (1.5 mL)
was cooled in an ice bath for 30 min with stirring. Sodium nitrite (0.1725 g, 2.5 mmol) was added
gradually in small portions over 30 min. The diazonium salt was left stirring in the cold for 45 min and
added slowly over 30 min into a well-cooled stirred mixture of sodium acetate (1.5 g, 18.3 mmol) and
1-phenylbutane-1,3-dion (0.4061 g, 2.5 mmol) in absolute ethanol (15 mL). The mixture was stirred in
an ice bath for 3 h, and then warmed to room temperature over 12 h. The solid was filtered off and
washed with water (3 × 25 mL) to give a yellow solid. The ethanol portion was evaporated under
reduced pressure to give a dark yellow solid. The combined solids were dissolved in dichloromethane
(30 mL) and washed with water (3 × 50 mL) and the organic portion was dried over anhydrous
sodium sulfate, filtered, and the solvent evaporated under reduced pressure to obtain a crude brown
solid. This was purified by flash column chromatography using a silica flash column and ethyl
acetate-dichloromethane (1:20) as eluent to give the pure compound as a light-yellow solid (0.52 g,
74%). HRMS-ESI (m/z): (M + H) calculated for C16H14N2O3, 282.1004; found 282.1066.

3.2. Spectral Measurements

Spectral measurements were performed on a Jasco V-570 UV-Vis-NIR spectrophotometer, equipped
with a thermostatic cell holder (using Huber MPC-K6 thermostat with precision 1 ◦C), in spectral
grade solvents.

The 1H-NMR and 13C-NMR spectra were recorded at 600 MHz and 150 MHz or 400 MHz and
100 MHz on a Bruker Avance II+ 600 or Bruker Avance III 400 spectrometer using CDCl3 or DMSO-d6

as a solvent and TMS as internal standard.

3.3. X-ray Measurements

Single crystals of C16H14N2O3 (2) were obtained from a mixture of ethanol:water (5:1) by slow
evaporation. A suitable single crystal was selected and mounted on a loop with oil and measured on a
STOE IPDS 2T diffractometer. The crystal was kept at 200 K during data collection. Using Olex2 [33],
the structure was solved with the ShelXT [34] structure solution program using intrinsic phasing and
refined with the ShelXL [35] refinement package using least squares minimization. All the crystal
structures have been deposited at the CCDC 1858058 (1), 1993960 (2) and 1993961 (3).

Crystal Data for C16H14N2O3 (M = 282.29 g/mol): triclinic, space group P-1 (no. 2), a = 5.8853(12)
Å, b = 8.0633(16) Å, c = 15.944(3) Å, α = 77.760(15)◦, β = 88.887(16)◦, γ = 68.978(15)◦, V = 688.9(2) Å3,
Z = 2, T = 200 K, µ(Cu Kα) = 0.785 mm−1, Dcalc = 1.361 g/cm3, 5325 reflections measured (14.428◦ ≤ 2θ
≤ 138.228◦), 5365 unique (Rint = 0.0571, Rsigma = 0.0392) which were used in all calculations. The final
R1 was 0.0712 (I > 4 u(I)) and wR2 was 0.2505 (all data).

Single crystals of C16H14N2O3 (3) were obtained from a mixture of ethanol:chloroform:water
(10:1:2) by slow evaporation. A suitable single crystal was selected and mounted on a loop with oil and
measured on a STOE IPDS 2T diffractometer. The crystal was kept at 298(2) K during data collection.
Using Olex2 [33], the structure was solved with the ShelXT [34] structure solution program using
intrinsic phasing and refined with the ShelXL [35] refinement package using least squares minimization.
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Crystal Data for C16H14N2O3 (M = 282.29 g/mol): triclinic, space group P-1 (no. 2), a = 6.3843(4) Å,
b = 8.0018(5) Å, c = 15.0129(10) Å, α = 96.235(5)◦, β = 101.298(5)◦, γ = 107.252(5)◦, V = 706.78(8) Å3,
Z = 2, T = 298(2) K, µ(MoKα) = 0.093 mm−1, Dcalc = 1.326 g/cm3, 8242 reflections measured (2.812◦ ≤
2θ ≤ 52.618◦), 2808 unique (Rint = 0.0164, Rsigma = 0.0146) which were used in all calculations. The
final R1 was 0.0390 (I > 2σ(I)) and wR2 was 0.1142 (all data).

3.4. Quantum-Chemical Calculations

Quantum-chemical calculations were performed using the Gaussian 09 program suite [36]. M06-2X
functional [37,38] was used with the TZVP basis set [39]. This fitted hybrid meta-GGA functional
with 54% HF exchange has especially been developed to describe main-group thermochemistry and
non-covalent interactions, showing very good results in the prediction of the position of the tautomeric
equilibrium in azonaphthols possessing intramolecular hydrogen bonds [40] and in the description of
the proton transfer reactions in naphthols [41,42]. All structures were optimized without restrictions,
using tight optimization criteria and an ultrafine grid in the computation of two-electron integrals
and their derivatives, and the true minima were verified by performing frequency calculations in the
corresponding environment. Solvent effects are described by using the Polarizable Continuum Model
(the integral equation formalism variant, IEFPCM, as implemented in Gaussian 09) [43]. The absorption
spectra of the compounds were predicted using the TD-DFT formalism. TD-DFT calculations were
carried out at the same functional and basis set, which is in accordance with conclusions about the
effect of the basis set size and the reliability of the spectral predictions [44–46].

4. Conclusions

The effect of the position of the OH group and the availability of a nitro group substitution in the
stator was investigated in solution by means of DFT calculations, NMR and UV-Vis spectroscopy. The
results indicate that, when the OH group is in ortho position, the E’ and Z’ isomers are present in DMSO,
stabilized by intermolecular hydrogen bonding with the solvent. The availability, in addition, of a
nitro group in para position increases the possibility for deprotonation of the OH group in the absence
of water. In all studied compounds, a clear tendency towards formation of associates is evident. The
obtained X-ray data explain the types of the possible homo-aggregates and correspond very well to the
theoretical predictions. The obtained results, revealing the effect of the structural modifications in the
stator and the influence of the environment, could be useful in the design of new rotary switches.
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