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The crystal structure of 1 : I  inclusion complex of hexyltrimethylammonium bromide (6TAB) and 
rac-1, 1’-bi-2-naphthol (BNP) was analysed by the X-ray diffraction method. It was shown that the 
bromide anion participates in a hydrogen bond with one of the OH groups of BNP (01-Br, 
3.22(1)A). The bromide anion also plays a role as the hydrogen acceptor of the OH group of the 
water molecule (OW-Br, 3.21(3)A). A strong hydrogen bond was found between the other OH 
group of BNP and oxygen of the water molecule (02-0W, 2.63(3)A). The short C-H-.C distances 
between hydrogen atoms of the alkyl chain together with the methyl groups and carbon atoms of the 
aromatic rings suggested C-H-x interactions. The atomic distances shorter than the sum of the van 
der Waals radius (2.97A) were C10-H6 2.85& C14.-H9 2.83,&, and C16,-Hl l  2.88.k The X-ray 
powder diffraction studies on the complex suggested that the complex crystals can be obtained by 
crystallization from the solution and also by mixing powdered samples in a mortar. 

Keywords: Hexyltrirnethylammonium bromide; Inclusion complex; Racemic compound; Crystal 
structure; Non-planar aromatic; Molecular interactions 

INTRODUCTION 

Recently, it was reported that amphiphilic onium salts such as ammonium and 
phosphonium salts form inclusion complexes with alcohol and phenol deriva- 
tives via hydrogen bond formation between the counter anion of the host onium 
cation and the hydroxyl group of the guest alcohol or phenol [ 11. In these com- 
plex formations, molecular recognition between the host and guest occured and 

* Corresponding author. Tel. :-81-423-88-7028, Fax:-81-423-88-7209. e-mail: 
okuyamak@cc.tuat.ac.jp 
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74 EMMANUEL MARFO-OWUSU et al. 

Me 

Me 

FIGURE 1 Chemical structures of host amphiphile and guest aromatic molecule. (a) Guest aromatic 
molecule: Rac- I,I’-Bi-Z-naphthof (BNP) (b) Host amphiphiles: n = 6, Hexyltrimethylammonium 
Bromide (6TAB) 

separation of isomers of the guest was accomplished [ 11. Interestingly, the for- 
mation of the inclusion complexes can be achieved by crystallization from solu- 
tion and also by mixing powdered samples in a mortar [2]. In these inclusion 
complexes it has been observed that most of the amphiphilic molecules take very 
similar two-dimensional smectic layers in the solid state. The smectic layers 
stack along the direction normal to the layer surface to make a three dimensional 
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6TAB INCLUSION COMPLEX WITH BNP 15 

crystal structure. The molecular arrangement in the smectic layer depends on the 
chemical structure of an element amphiphile. A typical case is observed in 
dialkyldimethylammonium salts, in which amphiphiles form a bimolecular layer 
with some tilt to compensate for the difference of cross-sections between the 
hydrophilic head part and the hydrophobic tail part [3,4]. Meanwhile, in the 
cases of monoalkyltrimethylammonium salts [ 5 ] ,  alkyl chains from both sides of 
the layer surfaces are usually packed together in an interdigitating manner and 
tilt against the layer surface to compensate for the large hydrophilic head part. 

It has been found that, when a chiral onium salt interacts with a racemic com- 
pound a successful enantiomeric resolution is accomplished [6]. For example, 
rac.-1,l’ -bi-Znaphthol (hereafter, BNP) was easily resolved by complexation 
with N-benzylcinchonidinium chloride, because this chiral onium salt forms a 
1 : 1 inclusion complex with (R)-(+)-1 , I’-bi-2-naphthol (hereafter, RBNP) selec- 
tively [6]. So far, the inclusion ability of a monoalkyltrimethylammonium halide 
with chiral or racemic guest molecules has not been reported yet. We have been 
successful in obtaining 1:l inclusion complexes of ammonium salts with short 
alkyl chains adducts with BNP and RBNP. The inclusion ability of hexyltrimeth- 
ylammonium bromide (hereafter, 6TAB) with either BNP or RBNP attracts 
attention to investigate the host-guest molecular recognition in these complexes 
and investigate further the probable optical resolution of BNP using a 
monoalkytrimethylammonium halide. Achieving the selective recognition of (+) 
or (-)-BNP by an amphiphilic molecule constitutes an important difficult task 
which is very challenging to the supramolecular chemist. Due to the industrial 
and pharmaceutical needs of chiral compounds, exploitation of economically 
acceptable optical resolution methods is a subject of considerable recent 
development. 

In our paper presented earlier on, we reported on the crystal structure of 6TAB 
with RBNP [8] but in this paper the crystal structure of the 6TAB inclusion com- 
plex with BNP will be discussed. The 6TAB and BNP molecules are termed as 
host and guest molecules respectively. 

EXPERIMENTAL AND CRYSTAL STRUCTURE DETERMINATION 

Preparation of Hexyltrimethylammonium Bromide Complex 
with rac-I , 1’-bi-2-naphthol 

The 6TAB was purchased from Tokyo Chemical Industry Co.Ltd, whilst the 
BNP was purchased from Wako Chemical Industry Ltd, Tokyo, Japan. 
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76 EMMANUEL MARFO-OWUSU et al. 

The 6TAB complex with BNP (hereafter, 6TAB/BNP) was prepared by treat- 
ing 6TAB with BNP in the molar ratio of 1:l in an ethylacetate/acetone 
(2mV8ml) solvent mixture. The mixture was simultaneously stirred and warmed 
at 30-40"C for 20 mins. This was then covered with perforated plastic thin wrap 
and kept in an incubator at 20°C for 4-6 days to obtain colourless needle-like 
single crystals. The crystals were removed from their viscous solutions and 
cleaned with diethylether and kept for X-ray diffraction studies. 

X-ray Powder Diffraction 

The X-ray diffraction of powdered samples of the hodguest mixture 
(6TABfBNP) was measured by a Rigaku RAD-C diffractometer operated at 
40kV and 30mA and with a scan speed of lO"/min. The X-ray powder diffraction 
patterns (Figure 2) for the powdered sample of the 6TAB complex was compared 
with simulated powder patterns based on atomic coordinates of the respective 
single crystals. The simulated powder pattern was performed by using the teXsan 
crystallographic software package of the Molecular Structure Corporation [9]. 

(Simulated from determined structure) I I 

FIGURE 2 X-ray powder diffraction patterns of mixed powdered sample and simulated powder pat- 
terns of 6TAB/BNP 
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6TAB INCLUSION COMPLEX WITH BNP 17 

Intensity Data Collection 

The determination of the unit cell dimensions and collection of the X-ray inten- 
sity data for the complex crystal were carried out using a four-circle diffractome- 
ter (Rigaku AFCSR) fitted with graphite monochromatized CuKa radiation 
(A = 1.5418A). The cell constants and orientation matrix for data collection were 
obtained from a least-squares refinement using the setting angles of 25 carefully 
centered reflections in the range of 78.98<2€)<79.82". The intensity data was col- 
lected at 298K in the W-26 scan mode with a scanning speed of 8"/min and a 
scanning width of Aw = (1.68 + 0.30 tan€))". Three reference reflections were 
measured after every 100 reflections. No decay correction was applied to the 
intensity data. An empirical absorption correction based on azimuthal scans of 
several reflections was applied. The data was corrected for Lorentz and polariza- 
tion effects. The parameters for data collection and crystal data for the complex 
crystal are summarised in Table I. 

TABLE I Crystal data and data collection details for the 6TABBNP complex 

Molecular Formular C9H22N+Br-.0.C20HI 2 0 2  

Formular Weight 524.50 

Space group Pi 
a/A 10.217( 1) 

blA 16.953(2) 
C I A  9.0924(9) 
do 93.461 (10) 
PI" 11 1.126(8) 

YI" 105.806( 10) 
volume/A3 1391.2(3) 

Z 2 
Dcalc /g cm-3 1.25 

548 
0.20 x 0.20 x 0.15 Crystal dimensions /mm 

h(CuKa)/cm-' 22.3 
Maximum 2W" 120 
No. of Reflections Measured Total: 441 5 

Unique: 4143 

1805 (I>2a(I)) No. of Observed Reflections Used 
for Refinement 

R-factor 0.085 

Rw 0.386 
Goodness-of-fit 1.97 
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78 EMMANUEL MAEWO-OWUSU et al. 

Determination and Refinement of the Crystal Structure 

The crystal structure was solved by direct method (SIR92) [lo] and expanded 
using Fourier technique (DIRDIF94) [ 111. The non-hydrogen atoms were refined 
anisotropically. Since the hydrogen atoms attached to 01,  02, and OW could not 
find their position in the difference Fourier map, they were not included in the 
calculation. All the other hydrogen atoms were introduced by geometrical calcu- 
lations but not refined. 

Bond lengths in the 6TAB molecule were restrained during refinement calcula- 
tions. All C-C bonds were restrained to 1.520A with weight 0.001, and the four 
N-C bonds to 1.490A with weight 0.001. The atomic distances between Cl-C2, 
C1 -C3, Cl-C4, C2-C3, C2.-C4, C4...C6, C5..C7, C6.-C8, and C7...C9 were 
restrained to 2.520A with weight 0.001 to maintain appropriate values for bond 
angles in the host molecule. The crystal structure was refined by the full-matrix 
least-squares method (SHELXL-93) [ 121. The R-value of 0.085 was obtained for 
1805 observed reflections, 307 variable parameters and 19 geometrical restraints. 
The function minimised was XW(F~-F:)~ where w = [02(F2> + (aP)2 + bP1-l. 
and a = 0.0973, b = 1.1944, P = (F: + 2FC2)/3. The goodness of fit was 1.97. 
The maximum and minimum peaks on the final-difference Fourier map corre- 
sponded to 0.30 and -0.29e-/A3, respectively. All the calculations performed 
during data processing, crystal structure analyses were done using teXsan soft- 
ware package for crystal structure analysis of the Molecular Structure Corpora- 
tion [9]. The final fractional atomic coordinates, anisotropic thermal parameters, 
bond lengths and angles and tables of observed and calculated structure factors 
for the complex have been deposited at the Cambridge Crystallographic Data 
Center, 12 Union Road, Cambridge, CB2 lEZ, UK. 

RESULTS AND DISCUSSION 

Powder Diffraction Pattern of 6TAB/BNP Complex 

Most of the strong peaks in the powder diffraction patterns (Figure 2) correspond 
to the peaks in the simulated diffraction patterns, which suggest that the complex 
crystal can be obtained by crystallization from solution and also by mixing pow- 
dered samples in a mortar. The molecular structure and atomic numbering 
scheme for the complex is shown in Figure 3. 

Crystal Structure of 6TAB/BNP Complex 

The packing structure and crystal data of the complex are shown in Figure 4 and 
Table I respectively. The host/guest ratio of the complex is 1: 1. 
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6TAB INCLUSION COMPLEX WITH BNP 79 

ow 

FIGURE 3 Molecular structure and atomic numbering of 6TABBNP. The 40% probability ellipsoids 
are shown. Hydrogen atoms are omitted for clarity of the structure 

Molecular Conformation 
The dihedral angles in the alkyl chain part are in the range of 180 f 25" with 

the exception of C6-C7-C8-C9 [-64(8)"]. In Figure 3, it is observed that C3 has a 
larger temperature factor than other carbon atoms in the host and guest mole- 
cules. The observed temperature factor for the carbon atoms in 6TAB molecule 
indicate significant thermal motion of atoms in the 6TAB molecule. In the 6TAB 
molecule, the average bond lengths and angles are : 1.52(5)A for the C-C bond, 
112(3)O for the C-C-C angle, 1.53(3)A for the N-C bond, and 109.2(2)" for 
C-N-C angle. In the naphthol moieties all the C-C, C-0 bond lengths, C-C-C 
bond angles and C-C-C-C dihedral angles showed similar values found in (k) 
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80 EMMANUEL MARFO-OWUSU ef al. 

FIGURE 4 Stereo drawing of 6TABlBNP viewed along the a-axis 

-l,l'-bi-Znaphthol [ 131. The dihedral angle between the two naphthol planes 
defined by 01,ClO ,..., C19 and 02,C29 ,..., C20 in BNP is 87.1(1)". The mean 
deviations from the planarities of these naphthol moieties are 0.0111(1) and 
0.0168(2)& respectively. 

Crystal Packing 8nd Host-Guest Interactions 

The crystal packing arrangement of 6TABBNP viewed along the a-axis is illus- 
trated in Figure 4. The bromide anion participates in a hydrogen bond (Figure 5 )  
with one of the OH groups of BNP (01-Br, 3.22(1)A). The bromide anion also 
provides the hydrogen acceptor of the OH group of the water molecule (OW-Br, 
3.21(3)A). A strong hydrogen bond was found between the other OH group of 
BNP and oxygen of the water molecule (02-0W, 2.63(3)A. The short C-H-.C 
distances between hydrogen atoms of the alkyl chain together with methyl 
groups and carbon atoms of the aromatic rings suggested an existence of C-H.-7c 
interactions (Figure 5).  The atomic distances shorter than the sum of the van der 
Waals radius (2.97A) are C10-H6 2.85Ai, C14-H9 2.83& and C16-Hll 
2.88a. 
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6TAB INCLUSION COMPLEX WITH BNP 81 

FIGURE 5 The C-H-n interactions, and hydrogen bonds observed in the 6TABIBNP complex. The 
broken lines represent C-H-.r interactions, whilst the dotted lines represent hydrogen bonds 
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