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The sulfonyl groups around 1,4-disu bstituted-2,3,5,6-tetrakis(alkylsulfonyl)benzenes adopt an alternating orientation 
and the ring is highly twisted, with external torsion angles (S-Car-Car-S) of 46" and internal torsion angles 
( Ca r-Ca r-C, r-Ca r ) Of 2 3". 

The planarity of aromatic nuclei is one of the founding 
principles of structural organic chemistry. Loss of planarity and 
the concomitant decrease in aromatic stabilization must be 
energetically compensated elsewhere in the molecule.' Non- 
planar benzene rings are most commonly observed in heli- 
cenes,2 longitudinally twisted arenes3 and cyclophanes in which 
ring strain is relieved by bending the arene.4 Most hexasub- 
stituted benzenes5 and other sterically crowded derivatives (e.8. 
1,2,4,5-tetra-tert-butylbenzene6) retain their planarity by relief 
of non-bonding interactions through a combination of in-plane 
distortions of bond angles and lengths. More sterically demand- 
ing substituents are only accommodated by bending the benzene 
ring. Hexakis(trimethylsilyl)benzene7 and hexakis(trimethy1- 
germany1)benzeneg adopt shallow chair conformations possess- 
ing approximate D3d symmetry, with small Car-Car-Car-Car 
internal torsion angles (Si, 8.5"; Ge, 6.8") and larger X-Car- 
C,,-X external torsion angles. 1,3,5-Tris(N,N-dimethylamino)- 
2,4,6-trinitrobenzene9 and trialkyl 4,5,6-tri-tert-butyl- 
1,2,3-benzenetricarboxylates~O adopt boat conformations. A 
study of analogues of a series of hexasulfonylbenzene- 
containing liquid crystals11 led us to investigate the con- 
formation and molecular geometry of 1,4-dialkyl- 
tetrakis(alkylsulfony1)benzenes 1.t 

The a-methylenes of the side chains of 1,4-chloro- 
2,3,5,6-tetrakis(decylsulfonyl)benzene la  appear as an ABX2 
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Fig. 1 Variable temperature 1H NMR spectra (300 MHz, 10 mmol dm-3 
solution in [2H5]chlorobenzene): (a)  1,4-dichloro-2,3,5,6-tetrakis- 
(decylsulfony1)benzene la; (b)  1,4-dibuty1-2,3,5,6-tetrakis(propyl- 
sulfony1)benzene l b  

pattern in the lH NMR at room temperature, Fig. 1. Upon 
heating, the pattern broadens and the signals coalesce at 
approximately 75 "C with a barrier to interconversion of 
approximately 17 kcal mol-l (1 cal = 4.184 J). Similar 
dynamic behaviour is observed for analogues with other 
1,4-substituents, C6Xz(SOzR)4 (X = H, F, Me, alkyl).$ In order 
to obtain diffraction quality crystals to address the origin of this 
effect, we prepared 1,4-dibutyltetralus(propylsulfonyl)benzene 
l b  which displays similar dynamic NMR behaviour (Fig. 1). At 
high temperature (120 "C), the a-methylene and the benzylic 
methylene of l b  appear as sharp triplets with a 2 : 1 ratio. Upon 
cooling, the peaks are broadened, and eventually decoalesce (T, 
= 55 "C). At 20 "C, each asymmetric signal (ca. 6 3.5 and 4.3) 
is a composite of one of the sulfonyl a-methylene protons, and 
one of the benzylic protons. 
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Fig. 2 Structure of 1,4-dibutyl-tetrakis(propylsulfonyl)benzene lb:  
( a )  view of top face; (b) side view along C(3)-C(2) bond. Determination of 
the crystal structure at different temperatures indicates that static disorder is 
present for C(2), C(25) and C(26), orthorhombic Pbcu space group. 
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The crystal structure of l b  is shown in Fig. 2. The sulfone 
oxygens are arranged around the benzene ring on alternating 
faces to minimize dipolar interactions.13 This arrangement of 
sulfones and the presence of 1,4-alkyl groups around the ring 
imparts a pseudo-C2 symmetry which gives rise to diastereo- 
topic proton signals. 

The C6X2S4 core of the molecule is severely distorted from 
planarity, with formation of a twisted chair conformation. This 
core is shown in projection along a C,-Car bond in Fig. 2(b).§ 
There are large external torsion angles between substituents 
(average S-Car-Car-S, 45.6"; C~,-Car-Car-S, 33.8" and 1 1.4") 
and smaller internal torsion angles in the arene [average C( 1)- 

19.2'1. The average torsion angle in the ring is 14.9", and the 
average external torsion angle is 30.8'. This discrepancy 
between internal and external torsion angle is the result of 
pyramidali~ationl~ of the nominally sp2 aromatic carbons; S( I )  
and S(3) are bent 13" out of the plane containing the ips0 and 
ortho carbons. 

The Car-S bond length of l b  (average: 1.83 k 00.01 A) is 
longer than that of methyl phenyl sulfonel5 $1.773 A) whereas 
the S-Csu bond of l b  (average: 1.78 * 0.02 A) is unexceptional 
(S-CM,, 1.785 A in rhS02Me). The Car-Car bond lengths are 
unexceptional (1.40 A), and do not display a strong alternation 
around the ring. As a result of these distortions of bent length 
and torsion angle, C(3) and C(6) lie approximately 0.5 A out of 
the best-fit plane of the aromatic carbons, and S( 1) and S(3) lie 
over 1 8, from this plane. 

Steric and electronic interactions between bulky and dipolar 
substituents of 1 are relieved by orientation of neighbouring 
sulfone oxygens on opposite faces of the molecule, and the long 
C,,-S bond. Although the alternating orientation of substituents 
around the ring relieves alignment of dipoles, it does not 
alleviate the electrostatic repulsion between positive ends of 
neighbouring sulfonyl groups. Since the 1,4-~ubstituents hinder 
in-plane bending, these interactions can only be relieved by out- 
of-plane distortions. These distortions result in large external 
torsion angles and a puckered ring with slightly pyramidalized 
sp2 arene carbons. The out-of-plane distortion of the benzene 
ring of l b  (i.e. 22.7" internal torsion angles), owing to both 
strong steric and electronic interactions, is substantially larger 
than that experienced by arenes bearing bulky non-polar 
substituents.7.8 The influence of other structural features on the 
geometry of arenes substituted with polar groups is under 
investigation. 
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C-C-C(4), 22.7 " ; C( 2)-C-C-C( 5), 2.9" ; C( 3)-C-C-C( 6), 

Footnotes 
t Tetrasulfones 1 were prepared by the reaction of excess sodium 
alkylthiolate and 1,4-dialkyltetrahalobenzenes and subsequent oxidation 
with MCPBA. X-Ray quality crystals of l b  were obtained by slow solvent 
exchange of methanol into a THF solution. Selected data for la: 'H NMR 
(300 MHz, CDC13) diastereotopic protons: 6 3.44,4.17 (ABX,; *I 13,7 Hz); 
I3C NMR (CDC13) aromatic signals: 6 143, 152; IR (KBr) vlcm-] SOz 
asym and sym. str. 1287, 1 140. lb :  IH NMR, diastereotopic protons: 6 3.45, 
4.20 (br. m); IR v/cm-I SOz asym and sym. str.: 1307, 1146. 
$ Coalescence temperatures ("C) for R = decyl: X = H, < -40; X = F, 
-35; X = Cl, 75; X = Me, 70. 
§ Selected crystal data for lb :  a = 19.324(4), b = 9.7140(2), c = 33.462(7) 
A; T = - 100 "C. Average bond lengths: C,,-S 1.83 k 0.01, C,<, 1.40 k 
0.01 A. Torsion angles: C(7)-C( 1)-C(2)-S( I) 33.3", S( l)-C(2)-C(3)-S(2) 
45.0", S(2)-C(3)-C(4)-C( 17) 13.0", C,,-C,,-S-C 82.8". Out-of-plane (be:t 
fit C6 plane) displacements: C(2) 0.53, S(1) 1.12, C(5) 0.51, S(3) 1.05 A. 
Pyramidalization (out-of-plane bend angle of substituent from C,, rho-CLpso- 
Corthu plane): C(7) 0.8, S(1) 13.4, S(2) 6.4, C(11) 0.8, S(3) 11.8, S(4) 8.1". 
Atomic coordinates, bond lengths and angles, and thermal parameters have 
been deposited at the Cambridge Crystallographic Data Centre. See 
Information for Authors, Issue No. 1. 

References 
1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

T. T. Tidwell, Tetrahedron, 1978, 34, 1855; F. Bickelhaupt, Pure Appl. 
Chem., 1990, 62, 373; A. Greenberg and J. F. Liebman, Strained 
Organic Molecules, Academic, New York, 1978. 
K. P. Meurer and F. Vogtle, Top. Crdrr. Chem., 1985, 127, 1. 
R. A. Pascal Jr., W. D. McMillan, D. Van Engen and R. G. Eason, J .  Am. 
Chem. Soc., 1987,109,4660. 
P. M. Keehn and S. M. Rosenfeld, Cyclophanes, Academic, New York, 
1983. 
I. Bar and J. Bernstein, Tetrahedron, 1977, 33, 3177, and references 
cited therein. 
A. van Bruijnsvoort, L. Eilermann, H. van der Meer and C. H. Stam, 
Tetrahedron Lett., 1968, 2527. Hexa-tert-butylbenzene has not been 
prepared. 
H. Sakurai, K. Ebata, C .  Kabuto and A. Sekiguchi, J .  Am. Chem. Soc., 
1990, 112, 1799. 
W. Weissensteiner, I. I. Schuster, J. F. Blount and K. Mislow, J .  Am. 
Chem. Soc., 1986,108,6664, 
J. M. Chance, B. Kahr, A. J. Buda and J. S. Siegel, .I. Am. Chem. Soc., 
1989, 111, 5940. 
G. Maas, J. Fink, H. Wingert, K. Blatter and M. Regitz, Chem. Ber., 
1987,120, 819. 
N. Spielberg, Z.  Luz, R. Poupko, K. Praefcke, B. Kohne, J. Pickardt and 
K. Horn, Z. Naturforsch., A Phys. Sci., 1986, 41, 855. 
F. Maiolo, L. Testaferri, M. Tiecco and M. Tingoli, . I .  Org. Chem., 198 I. 
46, 3070, and references cited therein. 
Alternating orientations of substitutents has been observed elsewhere: 
e.g. 1. I. Schuster, W. Weissensteiner and K .  Mislow, J .  Am. Chem. Soc., 
1986, 108, 6661. 
L. W. Jenneskens, E. N. van Eenige and J. N. Louwen, New J. Chem., 
1992, 16, 775. 
I. Hargittdi, in Organic Sulfur Chemistry: Theoretical and Experimental 
Advances, ed. F. Bernardi, 1. G. Csizmadia and A. Mangini, Elsevier, 
1985, pp. 68-132. 




