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Design, synthesis and study about the behaviours of liquid
crystals and gauge theory for these compounds are two main
concepts of this family of compounds. The calix[n]arenas are
a class of chalice-like macrocyclic molecules that have
recently attracted widespread attention as complex molecules
with liquid crystal behaviours. The calix[n]arenas have been
frequently used as ancilliary ligands for studying the chemistry
of transition and main group metals. The 1,3-bis(trimethyl
silyl)ether of p-tert-butyl calix[4]arene, [(t-Bu)calixTMS

2]H2,
has been synthesized and used as a dianionic ligand for Ge. The
complex of [(t-Bu)calixTMS

2]Ge exhibits exo/endo isomerism.
The structural properties of [(Rp)calixTMS

2]Ge, (Rpara =H, CH3,
t-Bu) and the inter conversion of exo↔ endo isomers were
investigated by the use of PM3 data.

Key Words: Calix[4]arenes, Ge-complex, PM3, Molecular
modeling, Liquid crystals.

INTRODUCTION

Calix[n]arenas are a class of macrocycles that have attracted much
interest because of their potentiality for forming host-guest complexes and
have been extensively investigated in various fields1-5. Calix[n]arenas with
various functions have been developed with remarkable progress by modify-
ing either the upper or lower rim6. Especially, for developing calix[n]arenas
as analytical reagents, upper or lower rim-modified calix[n]arenas have
been applied for ion and molecular separations7-10, as well as sensors such
as ion-and molecular selective electrodes and also liquid crystals11-14.

However, calix[n]arenas, which can be practically applied as effective
analytical reagents with enzyme-like activity, have not yet been developed.
Some of the complexes of these compounds were used as liquid crystals,
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such as [(t-Bu)calixTMS
2]Ge. Divalent Ge-complex i.e., [(t-Bu)calixTMS

2]Ge,
are readily obtained by the reaction of [(t-Bu)calixTMS

2]H2 with Ge[N(SiMe3)2]2.
For the Ge-system, the reaction yields sequentially two isomers, namely
exo- and endo-[(t-Bu)calixTMS

2]Ge, which differ in location of the Ge-atom
with respect to the calixarene cavity. The product of this reaction has been
structurally characterized by X-ray diffraction6,10.
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The exo- and endo- of [(Rp)calixTMS
2]Ge, (Rpara = H, CH3, t-Bu) described

here, therefore, constitute the first pair of the exo- and endo- isomers to be
structurally characterized. The alkyl groups (R = Me, t-Bu) play the role of
the "helm" for getting the two isomers. Also, the conformations, structural
properties and inter conversion of the exo-/endo- isomers were investi-
gated by SCF-MO PM3 calculations. There is good agreement between
the PM3 calculations and empirical results such as X-ray and 1H NMR
spectroscopy. The O-silylated calixarene complexes that combined from
C, Si and Ge have been applied in various fields.

EXPERIMENTAL

Because of the large number of atoms in 1-9 the SCF-MO PM3 calculations
were carried out on the geometries. In this study, the PM3 results show the
best results in agree with the experimental data (X-ray and 1H NMR) in
comparison with the other SCF-MO methods. The energy minimum geom-
etries were located by minimizing geometries of [(Rp)calixTMS

2]Ge, (Rpara

=H, CH3, t-Bu). The calculations were carried out by using MOPAC and
PC-Model packages15-18.

RESULTS AND DISCUSSION

Exo- and Endo-isomers of [(H)calixTMS
2]Ge: The data of semi-empirical

PM3 calculations for the exo- and endo- of [(H)calixTMS
2]Ge, 1-3 are summa-

rized in Table-1 and Fig. 1. The heats of formations in kcal mol-1, selected
structural parameters and the transition state structure for inter-conversion
of the exo- and endo-isomers were shown in Table-1 and Fig. 1. The energy
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surface for inter-conversion pathway of these isomers of [(H)calixTMS
2]Ge

was investigated in detail by changing the positin of Ge-atom in the cavity
of the complex and the results are summarized in Fig. 1. The endo-form
15.75 kcal mol-1 is more stable than exo-isomer. The barrier energy for
conversion of endo- to exo-isomer is 18.02 kcal mol-1.

For the endo- and exo-isomers the distances between Si-atoms are 5.42
and 6.75 Å, respectively. As shown in Table-1, the distances between
H-atoms at the para-position (r13 and r24) on aromatic rings are 9.50 and
9.54 Å for endo-, 8.28 and 9.42 Å for exo- and 9.55 and 10.1 Å for transition
state form. The distances of Ge-atom from oxygen atoms of O-TMS groups
are 2.31, 1.88 and 1.91 Å endo-, exo-isomers and the [TS], respectively.
The Ge-O bond lengths to the phenoxide moieties are 1.75, 1.67 and 1.74
Å for endo-, exo-isomers and the [TS], respectively.

In this complex, the torsional angle between Si-O bonds for endo-,
exo-isomers is zero (0°) and for [TS] is equal to 17°. The summation distance
of Ge-atom that it passes from endo- to exo- positions was calculated 0.7 Å
(it was determined by geometrical calculations). The length of gradient
positions of Ge-atom from endo-isomer to [TS] is 0.24 Å. This change
position for exo-isomer to transition state is 0.46 Å.

Exo- and Endo-isomers of [(CH3)calixTMS
2]Ge:  The selected struc-

tural parameters, the heats of formation in kcal mol-1 and the results of
SCF-MO PM3 calculations for the exo- and endo-isomers and the transition
state of inter-conversion of [(CH3)calixTMS

2]Ge were summarized in Table-1
and Fig. 2. The energy surface and the barrier energy for the pathway of
the isomers inter-conversion of [(CH3)calixTMS

2]Ge were investigated in
detail by changing the position of Ge-atom in the cavity of the complex.
The exo- form (18.75 kcal mol-1) is less stable than endo- isomer. The
barrier energy for the isomerization of endo- and exo-isomers was obtained
26.44 kcal mol-1. The distances between Si-atoms for endo- and exo-isomers
are 5.32 and 5.96 Å, respectively. This length for [TS] of 4 and 6 were
obtained 6.0 Å. The distances between C-atoms of para-CH3 groups (r13

and r24) on aromatic rings are 10.05 and 9.92Å for endo-, 9.00 and 11.00 Å
for exo- and 9.60 and 10.50 Å for transition state form. The distances of
Ge-atom from oxygen atoms of O-TMS groups are 2.38, 1.96 and 1.92Å
endo-, exo-isomers and the [TS], respectively. The Ge-O bond lengths to
the phenoxide moieties are 1.81, 1.82 and 1.80 Å for endo-, exo-isomers
and the [TS], respectively.

The O-Ge-O bond angle for the exo-isomer (153°) is notably larger
than is observed for simple (RO)2Ge complexes (ca. 86-92°). This bond
angle for endo-isomer was obtained 134° and it is more near to the O-Ge-O
bond angle of (RO)2Ge complex.
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TABLE-1
SELECTED STRUCTURAL PARAMETERS FOR 1-9 ([(R)calixTMS

2]Ge),
THE HEATS OF FORMATIONS IN (∆H°f) kcal mol-1, BOND LENGTH (rxy)

IN Å, BOND ANGLE (Θwxy) AND TORSIONAL ANGLE (Φwxyz) IN °

O
OO O

SiSi

R

R

R R

Ge

CH3

H3C

H3C

H3C

CH3

CH3a

b
c

d

e

f
g

1
2

4 3

 
 

Selected structural 
parameters Endo-isomer [TS] Exo-isomer 

R=H     
 ∆H°f -231.3 -213.28 -215.55 
 ∆∆H°f 0.00 18.02 15.75 
 rab 1.74 1.74 1.67 
 rbc 1.89 1.91 2.31 
 rcd 1.89 1.91 2.31 
 rde 1.74 1.74 1.67 
 rfc 1.81 1.80 1.75 
 rcg 1.81 1.80 1.75 
 rae 5.42 5.72 6.75 
 rfg 3.62 3.59 3.16 
 r13 9.50 9.55 8.28 
 r24 9.54 10.10 9.42 
 Θbcd 

168 170 159 
 Θfcg 

172 180 130 
 Φabde 

0 17 0 

R=CH3     
 ∆H°f -268.46 -242.02 -249.71 
 ∆∆H°f 0.00 26.44 18.75 
 rab 1.74 1.75 1.74 
 rbc 1.96 1.91 2.38 
 rcd 1.96 1.91 2.38 
 rde 1.74 1.75 1.74 
 rfc 1.81 1.80 1.82 
 rcg 1.81 1.80 1.82 
 rae 5.32 6.00 5.96 
 rfg 3.62 3.61 3.27 
 r13 10.05 9.60 9.00 
 r24 9.92 10.50 11.00 
 Θbcd 

134 170 153 
 Θfcg 

171 180 128 
 Φabde 

0 23 8 
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Selected structural 
parameters Endo-isomer [TS] Exo-isomer 

R=CMe3     
 ∆H°f -343.43 -304.68 -315.33 
 ∆∆H°f 0.00 38.75 28.10 
 rab 1.74 1.75 1.75 
 rbc 1.90 1.91 2.80 
 rcd 1.90 1.91 2.80 
 rde 1.74 1.75 1.75 
 rfc 1.82(1.84) 1.81 1.82(1.82) 
 rcg 1.82(1.84) 1.81 1.82(1.82) 
 rae 5.28 6.10 5.86 
 rfg 3.60 3.65 3.40 
 r13 10.50 9.70 9.22 
 r24 12.00 11.00 11.20 
 Θbcd 

130 170 151 
 Θfcg 

168 180 128 
 Φabde 

0 28 15 

 
The torsional angle between Si-O bonds for endo-, exo-isomers are 1°

and 9° and for [TS] is equal to 23°. The summation distance of Ge-atom
that it passes from endo- to exo-positions was calculated 0.71 Å (it was
determined by geometrical calculations). The length of gradient positions
of Ge-atom from endo-isomer to [TS] is 0.25 Å. This change position for
exo-isomer to transition state is 0.47 Å.

Exo- and Endo-isomers of [(t-Bu)calixTMS
2]Ge:  The data of semi-

empirical PM3 calculations for the exo- and endo- of [(t-Bu)calixTMS
2]Ge,

7-9 are summarized in Table-1 and Fig. 3. The heats of formation in kcal
mol-1, selected structural parameters and the transition state structure for
inter-conversion of the exo- and endo-isomers were shown in Table-1 and
Fig. 3. The energy surface and the barrier energy for the pathway of the
isomers inter-conversion of [(t-Bu)calixTMS

2]Ge, 7 and 9 were investigated
in detail by changing the position of Ge-atom in the cavity of the complex.
The endo- form 28.10 kcal mol-1 is more stable than exo-isomer. The barrier
energy for the isomerization of endo- and exo-isomers was obtained 38.75
kcal mol-1.

The conversion of [(t-Bu)calixTMS
2]Ge to its endo-isomer has been

observed to occur over a 1 h at 80 °C, as monitored by 1H NMR spectroscopy.
The distances between Si-atoms for endo- and exo-isomers are 5.28

and 5.86 Å, respectively. This length for [TS] of 7 and 9 were obtained 6.1
Å. The distances between C-atoms of para-CH3 groups (r13 and r24) on
aromatic rings are 10.5 and 12.00 Å for endo-, 9.22 and 11.20 Å for exo-
and 9.70 and 11.00 Å for transition state form. The distances of Ge-atom
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Fig. 1. Inter-conversion process of the exo- and endo- of [(H)calixTMS
2]Ge, 1↔ [2]↔ 3

Fig. 2. Inter-conversion process of the exo- and endo- of [(CH3)calixTMS
2]Ge, 4↔ [5]↔ 6

Fig. 3. Inter-conversion process of the exo- and endo- of [(t-Bu)calixTMS
2]Ge, 7↔ [8]↔ 9

from oxygen atoms of O-TMS groups are 3.10 Å (X-ray: 3.50 Å), 1.95 Å
(X-ray: 2.5 Å) and 1.91 Å endo-, exo-isomers and the [TS], respectively.
The Ge-O bond lengths to the phenoxide moieties are 1.82 Å (X-ray: 1.84
Å), 1.82Å (X-ray: 1.77 Å) and 1.81 Å for endo-, exo-isomers and the [TS],
respectively.

It is worth to mention that, despite the observation that the dative inter-
action between Ge-atom and the trimethylsilyl ether groups is shorter for
the exo-isomer, the endo-isomer is evidently the more thermodynamically
stable as judged by the observed endo- and exo-isomerization. Thus, the
Ge-O dative interactions in the exo-isomer are presumably weak and
insufficient to compensate for other structural changes which accompany
for the isomerization.

The O-Ge-O bond angle of 3 for the exo-isomer is 138° (X-ray: 100°)
and is notably larger than simple (RO)2Ge complexes (ca. 86-92°). One
factor which favours the endo-isomer being the more stable is concerned
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with the possibility that the calixarene conformation is such that it furni-
shes a more appropriate bite angle for Ge-atom in the endo-position than
for Ge-atom in the exo-position. Thereby, suggesting that there is less strain
for the endo-isomer, so that it may be more thermodynamically favoured
than exo-isomer.

The tensional angle between Si-O bonds for endo-, exo-isomers are 4°
and 16° and for [TS] is equal to 28°. The summation distance of Ge-atom
that it passes from endo- to exo-positions was calculated 0.73 Å (it was
determined by geometrical calculations). The length of gradient positions
of Ge-atom from endo-isomer to [TS] is 0.25 Å. This change position for
exo-isomer to transition state is 0.48 Å.

Conclusion

In conclusion, the PM3 calculatins provide a picture of isomerizations
of the exo- and endo- of [(R)calixTMS

2]Ge, compounds as examples of
O-silylated calixarenes both the structural and energetic points of view.
The results show that the alkyl groups (R = Me, t-Bu) play the role of the
"helm" for getting the endo-, exo- geometries. It seems that, the sizes of Rpara

groups of aromatic rings are affected on the barrier energy of conversion
endo↔exo isomers and the structural parameters. The isomer inter-conver-
sion of [(t-Bu)calixTMS

2]Ge has been observed by X-ray and 1H NMR spectro-
scopy. There are good agreement results between PM3 calculations and 1H
NMR spectroscopy. The structures of exo- and endo- of [(t-Bu)calixTMS

2]Ge
have been determined by X-ray diffraction. The results of X-ray and PM3
calculations show good agreement.

ACKNOWLEDGEMENTS

The author gratefully acknowledges colleagues in the Chemistry
Department of The University of Queensland, Australia, for their useful
suggestions during sabbatical opportunity. The author also acknowledged
to Mrs. Somayeh (Taherpour) Bahramnezhad.

REFERENCES

1. I. Higler, P. Timmerman, W. Verboom and D. N. Reinhoudt, Eur. J. Org. Chem., 2689
(1998) and their references in.

2. T. Kappe, J. Incl. Phenom. Mol. Recogn., 19, 3 (1994).
3. A. Ikeda and S. Shinkai, Chem. Prep. Proced. Int., 24, 437 (1992).
4. C.D. Gutsche, Acc. Chem. Res., 16, 161 (1983).
5. J. Vicens and V. Böhmer, Calixarenes a Versatile Class of Macrocyclic Compounds,

Kluwer Academic Publications, Netherlands (1992).
6. M.G. Gardiner, G.A. Koutsantonis, S.M. Lawrence, P.H. Nichols and C.L. Raston,

J. Chem. Soc. Chem. Commun., 2035 (1996).
7. V. Bohme, Agnew. Chem. Int. Ed. Engl., 34, 713 (1995).

Vol. 20, No. 4 (2008) Study of [(R)CalixTMS
2]Ge Macrocycles  2747



8. A.M.A. Van Wageningeu, J.P.M. Van Duynhoven, W. Verboom and D.N. Reinhoudt,
J. Chem. Soc., Chem. Commun., 1941 (1995).

9. M.M. Olmstead, G. Sigel, H. Hope, X. Xu and P.P. Power, J. Am. Chem. Soc., 107,
8087 (1985).

10. T. Hascall, A.L. Rheingold, I. Guzi and G. Parkin, Chem. Commun., 101 (1998) (and
the literature sited there in).

11. P. Jacopozzi and E. Dalcanale, Agnew. Chem. Int. Ed. Engl., 36, 613 (1997).
12. W.M. Abdou, Y.O. Elkhoshnieh and A.A. Kamel, Phosphorus Sulfur Silicon Rel. Elem.,

119, 225 (1996).
13. D.J. Cram, M.E. Tanner and R. Thomas, Agnew. Chem. Int. Ed. Engl., 103, 1024

(1991).
14. K. Otho, T. Oshoma, T. Kakoi and F. Kubota, Sep. Sci. Technol., 33, 1905 (1998).
15. M.J.S. Dewar, E.F. Healy and J.J.P. Stewart, J. Chem. Sc. Saradat Trans., 80, 227

(1984).
16. J.J.P. Stewart,QCPE 581, J. Comput. Aid. Mol. Des., 1, 4 (1990).
17. O. Ermer, Tetrahedron, 31, 1849 (1975).
18. J.W. McIver Jr., Acc. Chem. Res., 7, 72 (1974).

(Received: 13 April 2007;          Accepted: 7 January 2008)           AJC-6173

2748  Taherpour et al. Asian J. Chem.

THE 15 TH INTERNATIONAL SYMPOSIUM ON
ORGANOSILICON CHEMISTRY

1 — 6  JUNE  2008

JEJU, KOREA

Contact:
ISOS-XV Secretariat, 1F Haeoreum Bldg.,
748-5 Yeoksam-dong, Gangnam-gu,
Seoul 135-925, Korea.
Tel:+82-2-566-6067, Fax:+82-2-566-6087,
E-mail:isos@isos-xv.org,
Website: http://www.isos-xv.org/


