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Salts of the scissor-shaped racemic host 1,1′-
binaphthyl-2,2′-dicarboxylic acid with amines:
structure and thermal stability†

Ayesha Jacobs,*a Nikoletta B. Báthori,a Rodriguez Y. Kabwita and Edwin Weberb

The salts formed between racemic 1,1′-binaphthyl-2,2′-dicarboxylic acid (BNDA) and the amines

diethylamine (DEA), di-n-butylamine (DBA), cyclohexylamine (CHA) and dicyclohexylamine (DCHA) are

reported. Structure 1, (BNDA2−)(2DEA+), and 2a, (BNDA2−)(2DBA+), resulted from slow evaporation of a solution

of BNDA in the respective amine. A competition experiment whereby BNDA was dissolved in a mixture of 60%

DEA and 40% DBA resulted in a polymorph of 2a, namely 2b. Slow evaporation of dilute solutions of BNDA

with CHA and DCHA resulted in a mixed salt solvate 3, (BNDA2−)(3CHA+)(C7NO2H11
−)·CHA·H2O, and a salt

solvate, 4, (BNDA2−)(2DCHA+)·CH3OH·H2O, respectively. For all the experiments methanol was used as a

co-solvent due to BNDA insolubility with the amines. In structure 3 one of the CHA guests reacted with

carbon dioxide in the atmosphere to form a carbamate anion, C7NO2H11
−. The kinetics of desolvation for

salts 1, 2a and 2b were also determined.
Introduction

Scissor-shaped host compounds by virtue of their shape
provide interesting examples of supramolecular architecture.1

The classic models of this type are the 2,2′-disubstituted
1,1′-binaphthyls which possess a rigid skeleton coupled with
C2 symmetry. The polarity of the host can be altered by
changing the nature of the attached groups from hydroxyl to
amine and carboxylic acid functionalities. In our continued
study of organic amines2 we have chosen the racemic host
1,1′-binaphthyl-2,2′-dicarboxylic acid (BNDA) due to its strong
hydrogen bond donor characteristics to form suitable associ-
ations with selected amines. Amines are prevalent in the
atmosphere,3 water and soil.4 The atmospheric reaction rates
of amines and their potential toxicity have recently been
reviewed.5 BNDA is a versatile host readily forming inclusion
compounds with small organic guests including alcohols6

and xylenes.7 BNDA also forms four different solvates with N,
N-dimethylformamide8,9 and 1,4-dioxane10 depending on the
crystallization temperature. The use of BNDA in chiral studies
involving diamines has also been reported.11–13 Herein we
discuss the structures and thermal stabilities of the salts
formed by BNDA with diethylamine (DEA), di-n-butylamine
(DBA), cyclohexylamine (CHA) and dicyclohexylamine
(DCHA). The amines considered range from the straight
chain, low molecular weight and volatile DEA (normal boiling
point 328 K) to the dicyclic high molecular weight DCHA
(boiling point 529 K). These amines are used in the production
of industrially important chemicals,14 e.g. DEA is a precursor
for vulcanisation accelerators, and DBA is an intermediate in
the formation of agrochemicals and pharmaceutical products.
They are also utilised as corrosion inhibitors. Molecular
complexation provides an alternative route for the removal of
organic pollutants from the environment, and the potential
applications of supramolecular chemistry in the fields of
sensing and separation have been explored.15,16 We therefore
present the structures and thermal stabilities of the salts of
BNDA with the amines given in Scheme 1.

Experimental section
Crystal growth

For all the crystallisation experiments, methanol was used in
excess with a typical amine :methanol ratio of 1 : 20.

1, (BNDA2−)(2DEA+): 1 was obtained by slow evaporation of
a dilute solution of BNDA in DEA/methanol. Suitable crystals
were obtained after 1 day.

2a, (BNDA2−)(2DBA+): A solution of BNDA and DBA/methanol
was left to evaporate slowly under ambient conditions; crystals
were obtained after 1 day.

2b, (BNDA2−)(2DBA+): A polymorph of 2a was obtained by
slow evaporation of a solution of BNDA in a mixture of 60%
oyal Society of Chemistry 2014
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Scheme 1 Host BNDA and amine guests.
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DEA : 40% DBA with methanol used as a co-solvent. Crystals
were obtained after 1 day.

3, (BNDA2−)(3CHA+)(C7NO2H11
−)·CHA·H2O: The mixed

solvate salt was obtained by slow evaporation of a solution of
This journal is © The Royal Society of Chemistry 2014

Table 1 Crystal data parameters (salts of aliphatic amines)

Compound 1

Structural formula (C22H12O4
2−)(2C4H12N

+)
Molecular mass (g mol−1) 488.61
Data collection temp. (K) 173(2)
Crystal system Monoclinic
Space group C2/c
a (Å) 17.416(4)
b (Å) 11.358(2)
c (Å) 13.740(3)
α (°) 90
β (°) 92.41(3)
γ (°) 90
Volume (Å3) 2715.5(10)
Z 4
Dc, calc density (g cm−3) 1.195
Absorption coefficient (mm−1) 0.079
F(000) 1048
θ range 2.58–28.29
Limiting indices 0, 23; 0, 15; ±18
Reflections collected/unique 11 557/3282
Goodness-of-fit on F2 1.036
Final R indices [I > 2σ(I)] R1 = 0.0401; wR2 = 0.0969
R indices (all data) R1 = 0.0508; wR2 = 0.1041
Largest diff. peak and hole (e Å−3) 0.230; −0.167
BNDA and CHA/methanol. Crystals were obtained by slow
evaporation after 1 week.

4, (BNDA2−)(2DCHA+)·CH3OH·H2O: Crystals were formed
after 1 week by slow evaporation of a solution of BNDA in a
DCHA–methanol mixture.

Structure analysis

Cell dimensions were established from intensity data mea-
sured on a Nonius Kappa CCD17 or a Bruker DUO APEX II18

diffractometer using graphite-monochromated Mo-Kα radia-
tion. The intensity data were collected by the standard phi
scan and omega scan techniques and scaled and reduced
using DENZO-SMN19 or SAINT-Plus.20 All of the structures
were solved using direct methods and refined by full-matrix
least squares with SHELX-9721 refining on F2.

The program X-Seed22 was used as a graphical interface.
For all the structures the non-hydrogen atoms were located
in the difference electron density map and refined anisotropi-
cally. All hydrogens not involved in hydrogen bonding were
placed with geometric constraints and refined isotropically.
The hydroxyl hydrogens and the hydrogens attached to nitro-
gen were found in the difference electron density map and
refined isotropically. The crystal data results are summarised
in Table 1 (salts of aliphatic amines) and Table 2 (salts of
cyclic amines).

Thermal analysis

The thermal stabilities of the salts were determined using
thermogravimetric analysis (TG) and differential scanning
calorimetry (DSC). Crushed crystals were analysed on a
Perkin Elmer 6 series system using a purge gas of nitrogen at
20 ml min−1. Samples were analysed between 303–600 K at a
CrystEngComm, 2014, 16, 2462–2469 | 2463

2a 2b

(C22H12O4
2−)(2C8H20N

+) (C22H12O4
2−)(2C8H20N

+)
600.82 600.82
173(2) 173(2)
Triclinic Triclinic
P1̄ P1̄
9.5427(19) 11.8142(13)
12.417(3) 12.3251(14)
15.396(3) 13.3363(15)
81.62(3) 64.614(2)
79.45(3) 86.613(2)
75.37(3) 83.622(2)
1725.8(7) 1743.4(3)
2 2
1.156 1.145
0.074 0.073
652 652
2.06–27.15 1.69–27.14
0,12; ±15; ±19 ±15; ±15; −17, 16
15 256/7580 11 330/7593
1.042 1.012
R1 = 0.0449; wR2 = 0.1107 R1 = 0.0499; wR2 = 0.1206
R1 = 0.0661; wR2 = 0.1240 R1 = 0.0864; wR2 = 0.1395
0.248; −0.226 0.408; −0.232

http://dx.doi.org/10.1039/C3CE42215A


Table 2 Crystal data parameters (salts of cyclic amines)

Compound 3 4

Structural formula (C22H12O4
2−)(3C6H13N

+)(C7NO2H11
−)·C6H12N·H2O (C22H12O4

2−)(2C12H24N
+)·CH3OH·H2O

Molecular mass (g mol−1) 900.23 755.02
Data collection temp. (K) 173 K 173 K
Crystal system Triclinic Monoclinic
Space group P1̄ P21/n
a (Å) 14.254(3) 13.970(3)
b (Å) 14.900(3) 19.964(4)
c (Å) 15.067(3) 15.127(3)
α (°) 100.82(3) 90
β (°) 117.76(3) 97.88(3)
γ (°) 104.12(3) 90
Volume (Å3) 2571.1(9) 4179.0(15)
Z 2 4
Dc, calc density (g cm−3) 1.163 1.200
Absorption coefficient (mm−1) 0.077 0.078
F(000) 980 1640
θ range 1.51–26.39 2.12–27.47
Limiting indices 0, 17; ±18; −18,16 ±18; ±25;±19
Reflections collected/unique 10 477/8075 18 734/9505
Goodness-of-fit on F2 1.037 1.028
Final R indices [I > 2σ(I)] R1 = 0.0604; wR2 = 0.1686 R1 = 0.0440; wR2 = 0.1108
R indices (all data) R1 = 0.0786; wR2 = 0.1831 R1 = 0.0731; wR2 = 0.1259
Largest diff. peak and hole (e Å−3) 0.891, −0.361 0.257; −0.178

Fig. 2 Spacefilling diagrams of 1 with the DEA cation guests removed
indicating the voids occupied by the guests parallel to (a) [111̄] and
(b) [222̄].
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heating rate of 10 K min−1. Crystals of 1, 2a and 2b were
crushed and non-isothermal kinetics23,24 was performed
using TG experiments.

Results and discussion
Salts of aliphatic amines

Structures. For 1, the structure was solved in the space
group C2/c with one half of a carboxylate anion and one
diethylammonium cation in the asymmetric unit. The anion
lies on a twofold rotation axis with the diethylammonium
cation in general positions. A proton was transferred from
the carboxylic acid group of the BNDA to the nitrogen of the
amine. Each carboxylate oxygen is involved in a hydrogen
bond with a protonated amine nitrogen.

Two anions and two cations form a hydrogen bonded ring
which can be described in graph set notation25 as R4

4(12).
These rings result in a continuous zig-zag chain along [001]
(Fig. 1). The metrics of the hydrogen bonds for all the struc-
tures are listed in the ESI.†

The diethylammonium guests lie in constricted intersecting
channels as shown in Fig. 2. In Fig. 2b the distance between
2464 | CrystEngComm, 2014, 16, 2462–2469

Fig. 1 Hydrogen bonded chains in 1 along [001].
the naphthyl moieties is 11.3 Å (red arrow) while the distance
between the carboxylate ions is 4.7 Å (blue arrow).

The crystal structure of 2a was solved in the triclinic space
group P1̄. The asymmetric unit contains one dicarboxylate
anion and two dibutylammonium cations (Z = 2). One half of
one of the cations is disordered with site occupancy factors
of 0.35 and 0.65. The hydrogen bonded ring network (Fig. 3)
of the form R4

4(12) persists and is parallel to [001].
The DBA cations occupy intersecting channels which can

be viewed along [100]. The two independent DBA cations lie
in the [022] and the [011̄] directions (Fig. 4). The distance
between the naphthyl moieties is 16.1 Å (red arrow). This
This journal is © The Royal Society of Chemistry 2014
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Fig. 3 Hydrogen bonded network in 2, view along [100]. Only the major
component of the disordered DBA cation guest is shown for clarity.

Fig. 4 Packing diagram of 2a along [100] with the host anions in
spacefilling representation and the guest cations in ball and stick
representation.

Fig. 6 Hydrogen bonding in 2b, view along [010].

Fig. 7 Packing diagram of 2b down [010] with the host anions in
spacefilling representation and the guest anions in ball and stick
representation.
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value is larger than that obtained for 1, thus accommodating
the longer aliphatic chain of the DBA cation.

A competition experiment was performed by dissolving
the BNDA host in a 60 : 40 mixture of DEA :DBA. The crystals
only contained the DBA guest. The crystal structure of 2b was
also solved successfully in the space group P1̄ with one BNDA
anion and two DBA cations in the asymmetric unit (Z = 2).
However the unit cell parameters are different to 2a and thus
2a and 2b are polymorphs. The calculated PXRD patterns26

for 2a and 2b are shown in Fig. 5. One of the DBA cations
has an unusual bent conformation with one half of this
cation disordered (site occupancy factors of 0.92 and 0.08).
The packing is again characterised by the R4

4(12) hydrogen
bonding network (Fig. 6).

The packing of the host anions is similar to 2a in that the
DBA cations occupy intersecting channels which can be
viewed down [010] (Fig. 7). The two independent cations lie
in the directions [101] and [2̄02]. The void parallel to [2̄02] is
occupied by the ordered guest with one half of the bent DBA
cation at either end with the longest dimension of
This journal is © The Royal Society of Chemistry 2014

Fig. 5 Calculated PXRD patterns for 2a and 2b.
approximately 17.9 Å (red arrow). Thus the packing of the
host framework is flexible and the Z-shaped units have moved
further apart to accommodate the additional guest cations.

Thermal analysis and kinetics. The results of the TG and
DSC analyses are summarised in Table 3. The release of the
two DEA guests in 1 occur in two steps with a calculated
mass loss for each step of 14.8% (Fig. 8). During the release
of the second guest BNDA decomposes thus making it
difficult to determine the endpoint for this thermal event.
The DSC curve for 1 shows three endotherms which
complement the TG results with the BNDA melting at Ton =
577.9 K. The significant result as indicated by both the TG
and DSC curves is that the first DEA guest is released at Ton =
404.6 K which is 76.6 K above the boiling point of DEA
(normal boiling point 328 K). This indicates that the DEA is
tightly held within the structure partly due to the ionic
bonding between the (guest)–NH2

+ and the COO− groups of
the host. For 2a, there are again two mass loss steps in the
TG curve due to release of two moles of DBA. The calculated %
mass loss for the loss of one DBA guest is 21.6%. Again the
CrystEngComm, 2014, 16, 2462–2469 | 2465

Table 3 Thermal analysis results (salts of aliphatic amines)

Compound 1 2a 2b

H :G ratio 1 : 2 1 : 2 1 : 2
TG (calc % mass loss)
Step 1 14.8 21.6 21.6
Step 2 14.8 21.6 21.6
TG (exp % mass loss)
Step 1 13.9 20.7 20.6
DSC endotherm (Ton/K)
Peak 1 404.6 411.1 377.3
Peak 2 514.2 495.5 489.8
Peak 3 (broad) 577.9 566.0 564.0

http://dx.doi.org/10.1039/C3CE42215A


Fig. 8 TG and DSC curves of 1.
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DSC curve gives three endotherms. Interestingly the loss of the
first DBA guest is at Ton = 411.1 K which is this time
significantly below the boiling point of DBA (normal boiling
point 432.6 K). Thus the onset temperatures for the release of
the first guest for 1 and 2a are similar even though the boiling
points of the guests differ by 104.6 K. For 2b the guest is
released in two steps, each step corresponding to the release of
1 mole of DBA. Once again there are three endotherms in the
DSC curve corresponding to the loss of the guests followed by
the host decomposition. The release of the first DBA guest also
occurs at a lower temperature, 377.3 K, than the boiling point
of DBA. Comparison of the two polymorphs 2a and 2b show
that the onset for guest release is greater in 2a than in 2b and
the calculated density of 2a is also higher than that of 2b. Both
of these suggest that 2a is the more stable form.

Inspection of the onset temperatures (Ton) for each salt
and the normal boiling point (Tb) of the respective amine can
be used as tools to compare thermal stabilities of the salts.27
2466 | CrystEngComm, 2014, 16, 2462–2469

Fig. 9 Non-isothermal TG curves for (a) 1, (b) 2a and (c) 2b. Plots of log β v
The Ton − Tb values for 1, 2a and 2b were determined to be
76.6 K, −21.5 K and −55.3 K, respectively, indicating that 1 is
the most stable salt. The thermal analysis results correlate
with the calculated densities. The results of the competition
experiment whereby dissolution of BNDA in a 60 : 40 mixture
of DEA :DBA resulted in exclusively the DBA salt contrasts
the thermal analysis results, suggesting that salt 2b is
the kinetically preferred product. This is not unusual.
Fogagnolo et al.28 studied the selectivity of dehydrocholic
acid for the guests N-methyl-2-pyrrolidinone (NMP) and
dimethylformamide (DMF). NMP was preferentially enclathrated
when the mole fraction of NMP exceeded 0.3. The reported
Ton − Tb values for the DMF inclusion compound was −31 K
and that of the NMP inclusion compound was −42 K indicating
that DMF had greater thermal stability.

Kinetics of salt decomposition. Crushed crystals of 1, 2a
and 2b were analysed by TG using non-isothermal kinetics.
For 1, TG experiments were performed at heating rates of 1,
2, 10 and 16 K min−1. The first mass loss corresponding to
the loss of 1 mole of guest was analysed for all three salts.
For 1 (Fig. 9) calculations were completed over the α range
0.15–0.8

α = (mt − m0)/(m∞ − m0)

with m0 = initial mass and m∞ = final mass. Plots of log β vs.
1/T where β is the heating rate are given in Fig. 9. Activation
energies were calculated from the slopes:23,24

slope a 0 457. E
R

For 1 the activation energy range was determined to be
170.6–191.8 kJ mol−1. For 2a, TG experiments were conducted
This journal is © The Royal Society of Chemistry 2014

s. the reciprocal of the temperature for (d) 1, (e) 2a and (f) 2b.

http://dx.doi.org/10.1039/C3CE42215A


Fig. 10 Hydrogen bonding in 3.

Fig. 11 Packing diagram of 3 with the host anions in spacefilling
representation and the guests in ball and stick representation.

Fig. 12 Hydrogen bonding in 4.
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at 2, 8, 16 and 32 K min−1. The first mass loss step for the
release of the DBA guest was analysed over the α range
0.1–0.93. The activation energy for this desolvation was
158.1–196.9 kJ mol−1. TG experiments for 2b were performed
at 2, 4, 8, 16 and 32 K min−1. An activation energy range of
126.6–144.2 kJ mol−1 was obtained for α = 0.1–0.87. For all
the salts the activation energies are high which is expected
due to the ionic nature of the hydrogen bonds which
maximise the hydrogen bonded interactions. We note that
the lowest activation energy range was obtained for 2b which
is consistent with the Ton − Tb results and the observation
that the largest channel size was found for structure 2b.

Salts of cyclic amines

Structures. The crystal data for the salts 3 and 4 are
summarized in Table 2. For 3, the structure was solved in P1̄
with an unusual stoichiometry. The asymmetric unit comprises
one dicarboxylate anion, three cyclohexylammonium cations, a
cyclohexylamine molecule, a carbamate anion C7NO2H11

− and
a water molecule (Z = 2). The capture of carbon dioxide by
amines to form a carbamate is well known and has been
studied as a means to remove CO2, a greenhouse gas, from
the atmosphere.29 CO2 is also an undesired component of
natural gas, and aqueous solutions of alkanolamines are
predominantly used for its removal.30 A 1 : 1 molecular complex
of cyclohexylaminium and cyclohexylcarbamate31 has been
reported whereby in an attempt to form a solvate of
1,5-dichloro-trans-9,10-diethynyl-9,10-dihydroanthracene-9,10-diol
with cyclohexylamine, both the amine solvate and the
carbamate ion precipitated. In the current structure all of the
CHA units (protonated, neutral and carbamate) have the
expected chair conformation. For the carbamate, the CO2

−

group occupies the equatorial position. Two of the carboxylate
oxygens of the host are disordered with site occupancy factors
of 0.91 and 0.09. One of the cyclohexylammonium cations is
disordered with site occupancy factors of 0.81 and 0.19.
A second cyclohexylammonium cation is presented with four
extra peaks in the difference electron density map. Several
attempts made at modelling the disorder were unsuccessful
due to the high thermal parameters obtained in the final
refinement. Also the water molecule is positioned in close
proximity to this CHA cation with d(N–O) = 2.736 Å. The
distance between the hydrogen of the water and the highest
residual peak of 0.89 e Å−3 is a very short 0.708 Å. The
hydrogen bonding in 3 is complex with a number of hydrogen
bonded ring networks including the R4

4(12), R
3
4(10) and R5

5(14)
modes (Fig. 10). The water molecule forms part of the latter
ring as a donor to the carbamate anion and also acts as a
donor to the cyclohexylamine.

All of the hydrogens attached to the nitrogens of the
cyclohexylammonium cations are involved in hydrogen
bonding either to a carboxylate oxygen or to a carbamate
oxygen. In contrast, the amine hydrogens of the neutral
CHA do not participate in hydrogen bonding. Two of these
intricate hydrogen bond units are connected by virtue of the
inversion centre.
This journal is © The Royal Society of Chemistry 2014
The BNDA2− anions in 3 pack in a zig-zag arrangement
along [001] with the guests in open channels parallel to [100].
This is illustrated in Fig. 11.

Structure 4 was solved successfully in P21/n. The asymmetric
unit contains a dicarboxylate anion, two dicyclohexylammonium
cations, a methanol molecule and a water molecule. Again we
observe the hydrogen bond network (Fig. 12) involving two
cations and two anions forming a chain running along [1̄22].
However here both the solvent water and methanol molecules
now partake in the hydrogen bonding. A water molecule forms
a bridge between two of the hydrogen bonded rings with the
methanol also acting as a hydrogen bond donor to the ring.

For 4 the host anions pack to form layers along [100] with
the guests sandwiched between the layers of host anions as
shown in Fig. 13.

Thermal analysis and kinetics. The TG curve for 3 shows a
three step mass loss mechanism followed by decomposition.
The first mass loss (calc 6.9%) corresponds to the loss of
water and carbon dioxide. The second (calc 11.0%) and third
(calc 11.0%) mass losses coincide with the successive release
of one mole of CHA. Thereafter the resultant salt decomposes.
The DSC curve also displays multiple broad endotherms
corresponding to the decomposition pathway described above
(Table 4).

For 4, the first mass loss observed in the TG curve corre-
sponds to the release of methanol and water (combined calc
mass loss of 6.7%, exp mass loss = 6.5%). The TG results
CrystEngComm, 2014, 16, 2462–2469 | 2467
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Fig. 13 Packing diagram of 4 with the host anions in spacefilling
representation and the guests in ball and stick representation.

Table 4 Thermal analysis results (salts of cyclic amines)

Compound 3 4

TG (calc % mass loss)
Step 1 6.9 6.7
Step 2 11.0 13.2
Step 3 11.0 11.2
TG (exp % mass loss)
Step 1 7.5 6.5
Step 2 11.7 12.2
Step 3 11.0 11.5
DSC endotherm (Ton/K)
Peak 1 336.6 337.8
Peak 2 381.8 370.3
Peak 3 443.9 393.9
Peak 4 525.9 429.6
Peak 5 457.5
Peak 6 515.6
Peak 7 583.4 (broad)
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suggest that DCHA dissociates into one CHA and one
cyclohexane molecule. The second and third mass losses of
12.2% (exp) and 11.5% (exp) correspond to the successive
loss of CHA and cyclohexane, respectively. The release of the
remaining DCHA is difficult to determine experimentally
because the tail end of this thermal event occurs simulta-
neously with the decomposition of the host. The DSC curve
is complex with seven endotherms. The first endotherm
(Ton = 337.8 K) is due to the release of water and methanol,
followed by the release of CHA and cyclohexane at Ton =
370.3 K and Ton = 429.6 K. The remaining DCHA is lost at
515.6 K. The extra peaks at Ton = 393.9 K and 457.5 K suggest
reorganisation of the structure following the release of water,
methanol, CHA and cyclohexane which all participate in the
hydrogen bonded network.

The conformational flexibility of the BNDA cation can be
considered by inspection of the torsion angle C2–C1–C1′–C2′.
For the five structures these are 1: −79.9°, 2a: −91.1°, 2b:
78.0°, 3: −110.6° and 4: −112.6°. There is a significant varia-
tion in the torsion angles with a difference of 34.6° between
the torsion angle for structure 2b and structure 4. These
values are consistent with those found for other BNDA salts.
A search of the CSD32 (version 5.34, November 2012) for
organic structures involving the BNDA cation revealed
2468 | CrystEngComm, 2014, 16, 2462–2469
19 structures with the abovementioned torsion angle varying
from 66.3° obtained when (S)-BNDA is combined with
(11R,12R)-9,10-dihydro-9,10-ethanoanthracene-11,12-diamine
with guests ethanol and water,13 to −104.0° when (S)-BNDA
is combined with (1R,2R)-diphenylethylenediamine with guests
pentanol and water.11

Conclusion

The racemic scissor shaped host 1,1′-binaphthyl-2,2′-dicarboxylic
acid forms constant hydrogen bonded ring networks of the
form R4

4(12) with the aliphatic amines diethylamine and
di-n-butylamine. These associations involve two dicarboxylate
anions and two cations. A competition experiment whereby the
host was dissolved in a 60 : 40 diethylamine : di-n-butylamine
mixture resulted in a polymorph of the 1,1′-binaphthyl-2,2′-
dicarboxylate di-n-butylammonium salt. The thermal analysis
results and the calculated densities show that the salt formed
with diethylamine (1) was the most stable, followed by the
dibutylamine salt (2a) and the least stable was the polymorph
2b. The salts involving the cyclic amines gave more complex
structures with the incorporation of solvent molecules. In
particular, the salt obtained from slow evaporation of the host
in cyclohexylamine contained one dicarboxylate anion, three
cyclohexylammonium cations, a cyclohexylamine molecule, a
carbamate anion and a water molecule in the asymmetric unit.
The hydrogen bond network is extensive and includes a
number of hydrogen bonded ring networks: R4

4(12), R
3
4(10) and

R5
5(14). Thus 1,1′-binaphthyl-2,2′-dicarboxylic acid provides a

flexible host framework for the incorporation of both the
aliphatic and the alicyclic amines studied by virtue of its
distinctive scissor shape.
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