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Abstract 

The inclusion compounds of 14-hydroxy-14- 

toluenyldibenzo[a:j]xanthene (H) with the guests acetone 

(H ACE), pyridine (H PYR) and N,N-dimethylformamide 

(H DMF) were all successfully solved in the triclinic 

spacegroup  P-1  with  unit  cell  dimensions  for  H ACE: 

a = 9.415(2) Å , b = 9.730(2) Å , c = 12.994(3) Å , a = 

82.65(3), b = 76.69(3), c = 88.67(3), Z = 2; for H PYR: 

a = 9.482(2)  Å ,  b = 10.169(2)  Å ,  c = 13.089(3)  Å , 

a = 106.59(3), b = 95.91(3), c = 90.35(3), Z = 2 and for 

H DMF: a = 9.537(19) Å , b = 10.055(2) Å , c = 13.129(3) 

Å , a = 79.18(3), b = 74.42(3), c = 86.46(3), Z = 2. The 

thermal stabilities for all compounds were investigated and 

in particular the kinetics of desolvation for the DMF com- 

pound was determined using both isothermal and non- 

isothermal methods. 
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Introduction 

 
Xanthenol host compounds have been successfully 

employed to form a variety of host–guest complexes with a 

range of properties. The aristotype is the host 9-(4- 

methoxyphenyl)-9H-xanthen-9-ol, which we have studied 
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extensively. This produces dimers which are linked by 

hydrogen bonds from the hydroxyl donors to the oxygens of a 

neighbouring molecule. The packing is such that it yields 

cavities that accommodate a variety of aromatic guests such 

as benzene and the isomers of xylene [1]. This packing 

pattern persists with larger aromatic guests with fused rings 

such as naphthalene, anthracene and pyrene, with the host to 

guest ratio remaining at 1: . Interestingly the latter com- 

pounds can be synthesized by grinding the solid hosts and 

guests directly [2]. The packing pattern can be changed, 

however, if one has a guest which is a strong hydrogen bond 

acceptor. This occurs with the inclusion compound formed 

between this host and N,N-dimethylformamide (DMF) [3] 

which displays (Host)–OH (Guest) hydrogen bonding with 

a host:guest ratio of 1:1. The related host 9-(3-chlorophenyl)- 

9H-xanthen-9-ol behaves in a similar fashion and the struc- 

tures with aromatic guests and pyridine have been studied 

and correlated with their kinetics of desolvation and guest 

exchange [4]. The host 9-(1-naphthyl)-9H-xanthen-9-ol 

forms inclusion compounds with acetone [5] and 1,4-diox- 

ane and the kinetics of desorption of the latter compound 

have been analysed [6]. We now present the structural and 

kinetic results of the inclusion compounds formed by the 

novel ‘butterfly’ host 14-hydroxy-14-toluenyldibenzo[a:j] 

xanthene (H) with acetone (H ACE), pyridine (H PYR) and 

N,N-dimethylformamide (H DMF). The atomic numbering 

is shown in Scheme 1. 

 

 
Experimental 

 
The host compound was synthesized according to pub- 

lished methods [7]. Crystals of all three compounds were 

grown by slow evaporation of the host in their respective 

guests. 
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Scheme 1  Host atomic numbering scheme and guests used in this 

study 

 

Structure Analysis 

 
Data collection was carried out on a Kappa CCD diffrac- 

tometer using graphite-monochromated MoKa radiation. 

 

The strategies for the data collections were determined 

using COLLECT software [8] and the intensity data were 

scaled and reduced using DENZO-SMN [9]. The structures 

were solved by direct methods using SHELXS-97 [10] and 

refined by full-matrix least-squares with SHELXL-97 [11], 

refining on F
2
. The program X-Seed [12] was used as a 

graphical interface. The positions of all non-hydrogen 

atoms were obtained by direct methods and thereafter these 

atoms were refined anisotropically. The crystal data is 

given in Table 1. 

 
 

Thermal Analysis 

 
Thermogravimetry (TG) and differential scanning calo- 

rimetry (DSC) were performed on a Perkin-Elmer PC6- 

Series system. TG and DSC experiments were performed 

over the temperature range 303–550 K at a heating rate of 

10 K min
-1 

with a purge of dry nitrogen flowing at 30 mL 

min
-1

. The samples were crushed and placed in crimped 

but vented aluminium pans for DSC analyses. 

 

 
 

Table 1  Crystal data and refinement parameters 
 

 H ACE H PYR H DMF 

Compound C28H20O2     C3H6O C28H20O2     C5H5 N C28H20O2     C3H7NO 

Mw, gmol
-1

 446.52 467.54 461.54 

Temperature, K 113(2) 113(2) 113(2) 

Crystal system Triclinic Triclinic Triclinic 

Space group P-1 P-1 P-1 

a, Å 9.415(2) 9.482(2) 9.537(2) 

b, Å 9.730(2) 10.169(2) 10.055(2) 

c, Å 12.994(3) 13.089(3) 13.129(3) 

a,   82.65(3) 106.59(3) 79.18(3) 

b,   76.69(3) 95.91(3) 74.42(3) 

c,   88.67(3) 90.35(3) 86.46(3) 

Volume, Å 3 1148.8(5) 1202.3(5) 1191.1(5) 

Z 2 2 2 

l, mm-1
 0.082 0.080 0.082 

F(000) 472 492 488 

Crystal size, mm 0.37 9 0.29 9 0.24 0.34 9 0.27 9 0.23 0.33 9 0.29 9 0.25 

Index ranges -11 B h B 11; -11 B k B 11; 

-14 B l B 15 

-11 B h B 11; -12 B k B 12; 

-15 B l B 15 

-11 B h B 11; -12 B k B 12; 

-15 B l B 15 

No. of reflections collected 6,678 8,681 8,322 

No. of unique reflections 3,986 4,531 4,331 

Data/restraints/parameters 3,986/2/314 4,531/2/327 4,331/0/332 

Goodness-of-fit 0.989 0.938 1.022 

qcalc, gcm-3
 1.291 1.291 1.287 

Final R indices [I [ 2r(I)] R1 = 0.0636, wR2 = 0.1462 R1 = 0.0443, wR2 = 0.1027 R1 = 0.0475, wR2 = 0.1195 

R indices (all data) R1 = 0.1206, wR2 = 0.1771 R1 = 0.0911, wR2 = 0.1199 R1 = 0.0808, wR2 = 0.1366 

Largest difference peak and hole, eÅ -3 0.507 and -0.596 0.181 and -0.252 0.270 and -0.218 



1 3 

J Chem Crystallogr (2009) 39:163–168 165 
 

 

 
 

 

Results and Discussion 

 
Structures 

 
The structure of H ACE is triclinic, spacegroup P-1 with 

Z = 2. Both the host and guest molecules are located in 

general positions. In the final refinement all the hydrogen 

atoms were found in the difference electron density map 

and were refined in calculated positions with geometric 

constraints and common isotropic temperature factors. The 

hydroxyl hydrogen was also located and refined with a 

simple bond length constraint based on the O O distance 

of the hydrogen bond between the host and the acetone 

guest [13]. The five rings of the host are practically flat and 

the tolyl and hydroxyl moieties are orthogonal to this 

plane. The structure is stabilised by a (Host)–OH O 

(Guest) hydrogen bond as shown in Fig. 1. The metrics of 

this and the other hydrogen bonds for all the compounds 

 

 

 

 
 

Fig. 1 Thermal ellipsoid plot at 50% probability indicating the 

hydrogen bonding in H ACE 

are given in Table 2. The host molecules form a supra- 

molecular network with weaker offset p p stacking 

between adjacent layers involving the naphthyl rings of the 

hosts. The shortest interaction occurs between the aromatic 

ring represented by atoms C2–C7 of one host molecule and 

the aromatic ring of another host molecule represented by 

atoms C12–C17. The distance between the centroids of the 

rings was measured as 3.584 Å . The tolyl groups act as 

spacers  between  the  layers  and  are  linked  via  C–H   p 

interactions to neighbouring hosts, the most significant 

being a close contact of 2.758 Å  (C–H   p-centroid of the 

tolyl moiety) with a C-H p angle of 151 . The packing for 

all three structures is shown in Fig. 2. The acetone guests 

are located in zigzag channels (approximate dimensions 

5.80 Å 9 4.72 Å ) [14] running in the [100] direction. 

The structure of  H PYR (ORTEP [15]  plot given  in Fig. 

3) is essentially similar, in that it exhibits a (Host)– OH 

N–(Guest) hydrogen bond (Table 2) and the packing is 

such that the pyridine molecules are located in channels 

running in the [001] direction. These are shown in Fig. 4 in 

which the guest molecules have been omitted and the host 

atoms are drawn using van der Waals radii. The metrics of 

the channels are approximately 6.54 Å 9 5.08 Å . 

The structure of the H DMF compound displayed dis- 

order in the positions of the guest atoms. The carbonyl 

oxygens were located in two distinct positions, and were 

refined with site occupancy factors of 0.5 each. The 

refinement yielded acceptable thermal parameters and both 

partial oxygens are located within hydrogen bonding ran- 

ges (Table 2). This is shown in Fig. 5. Zigzag channels 

(6.03 Å 9 6.15 Å ) of guest molecules run parallel to [100]. 

H DMF and H ACE are isostructural with respect to the 

host packing. The distance between the host layers mea- 

sured as the distance between pyranyl oxygens is 

approximately  6.135  Å   for  H DMF  and  5.960  Å   for 

H ACE. For the pyridine structure the distance between the 

layers has diminished to 4.989 Å . 

We have employed the programme Crystal Explorer which 

calculates the Hirschfeld surfaces of a molecule in a 

crystal structure and depicts all the molecular interactions 

of a given targeted molecule with its neighbours [16–18]. 

The fingerprint plots for all three structures are shown in 

Fig. 6. In Fig. 6a, the fingerprint plot for H ACE the spike 

labelled ‘1’ is due to the O–H   O(Guest) hydrogen bond 

 
 

Table 2  Hydrogen bond parameters 
 

Inclusion compound Donor (D) Acceptor (A) D   A/Å D–H/Å H   A/Å D–H   A/  

H ACE O2 O1G 2.869(3) 0.958(2) 1.921(2) 170(2) 

H PYR O2 N1G 2.794(2) 1.104(1) 1.691(1) 178(1) 

H DMF O2 O1G 2.802(3) 0.95(2) 1.86(2) 172(2) 

 O2 O2G 2.638(3) 0.95(2) 1.81(2) 144(2) 
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Fig. 2  Packing diagrams of (a) 

H ACE down [100], (b) H PYR 

down [100], (c) H DMF down 

[100], (d) H ACE down [010], 

(e) H PYR down [010] and (f) 

H DMF down [010] 

 

 

 

 
 

Fig. 4  Channels of H PYR down [001] with the guests omitted and 

the host atoms represented using van der Waals radii 

 

Fig. 3  Thermal ellipsoid plot at 50% probability for H PYR 

 
interaction. The peak at ‘2’ is due to the H H interactions, 

that at ‘3’ is due to the C–H O(Host) interactions of the 

pyranyl oxygen on the host with neighbouring hydrogens 

and the peaks at ‘4’ are associated with C–H p interac- 

tions. We have evaluated the approximate percentages of 

these intermolecular interactions for all three structures and 

they are given in Table 3. Figure 6b shows the fingerprint 

plot for the H PYR structure. This has similar features to 
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Table 3  Intermolecular interactions reported as a percentage 

Inclusion compound H ACE H PYR H DMF 

H   H 55 56 55 

C–H   p 11 12 11 

O–H   O(Guest) 

O–H   N(Guest) 

6 

– 

– 

3 

6 

– 

C–H   O(Host) 3 3 2 

 

 
Table 4  Thermal analysis data 

 
 

Inclusion compound H ACE H PYR H DMF 
   

 

H:G ratio 1:1 1:1 1:1 

TG exp % mass loss 12.2 17.1 – 

TG calc % mass loss 13.0 16.9 – 

DSC Ton  (K) Endotherm 352.6 385.9 368.0 

Exotherm – 429.6 429.5 

Endotherm 524.4 529.0 538.7(broad) 

 

Fig. 5 Structure of H DMF indicating the disordered guest (thermal 

ellipsoid plot at 50% probability) 

Fig. 6a except that the spike labelled ‘2’ is broader. For the  

H DMF structure we have only shown the map corre- 

sponding to one of the disordered DMF oxygens (O1G), 

this being representative of the structure. The general 

features are similar to those of the other two maps. The 

similarities in the packing are also reflected in the values 

given in Table 3 where the only significant difference is in 

the Host Guest hydrogen bond which is weaker in the 

H PYR structure. 

 
Thermal Analysis and Kinetics 

 
The results of thermogravimetry (TG) and differential 

scanning calorimetry (DSC) are reported in Table 4. For 

the H ACE compound there are only two endotherms, the 

first due to guest release and the second which is associated 

with the melting of the host. For H DMF and H PYR there 

is an additional exotherm which occurs before the host melt 

and which we associate with a possible phase change. 

We analysed the kinetics of desolvation of the H PYR 

compound using  both isothermal  and non-isothermal 

techniques. The isothermal runs were carried out at four 

different temperatures between 363 and 383 K. The mass 

loss data were converted to a (extent of reaction) versus 

time curves. These were found to fit the first order rate law 

F1: kt = -ln (1 - a) and the corresponding Arrhenius plot 

of ln k versus T
-1 

is shown in Fig. 7. The slope yields an 

activation energy of 94.0 (11.2) kJ mol
-1

. We subjected 

this compound to non-isothermal kinetic runs according to 

the method of Flynn and Wall [19]. We employed heating 

rates (b) ranging from 1 to 20 K min
-1 

and analysed the 

ensuing    decomposition    curves    for    two    stages    of 

 

 
 

Fig. 6  Fingerprint plots for (a) H ACE, (b) H PYR and (c) H DMF 
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Conclusions 
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The compound 14-hydroxy-14-toluenyldibenzo[a:j]xan- 

thene forms strong hydrogen bonds with suitable guests. 

The structures are further stabilised by weak van der Waals 

interactions between host molecules largely due to the 

presence of fused aromatic rings. 
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Fig. 7  Arrhenius plot for the desolvation of H PYR 
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Fig. 8 Plot of -log b versus 1/T for the desolvation of H PYR where 

the symbol r represents 10% of the decomposition step and j 
represents 20% of the decomposition step 

 
decomposition, namely 10 and 20%. The resulting plots of 

-log b versus T
-1 

are shown in Fig. 8, and yield activation 

energies ranging from 79 to 95 kJ mol
-1

, in fair agreement 

with the value obtained from the isothermal method. 

This is similar to the activation energy found in the 

desolvation of 9-(3-methoxyphenyl)-9H-xanthen-9-ol with 

aniline which has a value of 108(8) kJ mol
-1  

[20]. 
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