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Effect of ortho substituents on the internal rotation processes and 
conformational preferences of 1,2=diaryl=1,1,2,2=tetrachloroethanes: 
a 'H and 13C NMR variable temperature and X-ray structural study 
Lucian0 Antolini, Ugo Folli, Dario Iarossi, Adele Mucci, Silvia Sbardellati and 
Ferdinand0 Taddei 
Dipartimento di Chimica, Universita, Via Campi 183, 41 100 Modena, Italy 

The conformational behaviour of 1,2-diaryl- 1,1,2,2-tetrachloroethanes, ortho,ortho'-disubstituted with CN 
(l), F (2) and C02CH3 (3), and of the mesityl derivative (4), has been studied in solution by variable 
temperature 'H and I3C NMR spectroscopy. The internal rotation processes around the exocyclic C-C and 
central C-C bonds appear to have similar energy barriers and thus behave differently from the compounds 
without ortho substituents, studied previously, which have a higher barrier for the interconversion of 
antilgauche conformers. At low temperature, compounds 1-3 exist as mixtures of gauche and anti conformers 
with the former prevailing; compound 4 is almost exclusively in the gauche form. The solid state crystal and 
molecular structure has been determined for compounds 2 and 3. The molecule of compound 2 has point 
symmetry T, which defines perfect staggering around the central C-C bond with the aromatic rings anti. The 
structure is affected by statistical disorder due to two alternate orientations of the phenyl rings. The crystal 
structure of compound 3 indicates one asymmetrical molecule in a gauche conformation. Statistical disorder 
involves both the methoxycarbonyl substituents at the phenyl rings; these latter display almost the same 
orientation with respect to the C(sp3) carbons, in both compounds. 

Coupling products of the type ArCCl,CCl,Ar are usually 
obtained in the reaction of ArCCl, derivatives with iron(I1) 
chloride in anaerobic conditions.' This reaction has been 
tested on several ArCCl, derivatives, where Ar is a substituted 
phenyl ring, and reductive coupling produces the main 
product. 

The 1,2-diaryl-1, 1,2,2-tetrachloroethanes with a meta and 
para CO,CH, substituent exhibit a temperature-dependent 
'H NMR spectrum originating in slow internal rotation 
processes around the exocyclic C(sp2)-C(sp3) and the central 
C(sp3)-C(sp3) bonds. The rotational barriers of these processes 
have been measured3 by means of a 'H DNMR study. The 
rotation with the higher barrier is that occurring around the 
central C(sp3)-C(sp3) bond, which is nearly 5 kcal mol-' more 
hindered than that around the C(sp2)-C(sp3) bond.? The 
gauche conformer has been found3 to be the more abundant, 
although theoretical calculations at the semiempirical level 
indicate that the anti conformer is more stable: conformer 
polarity seems to be responsible for the change in the relative 
conformer stability of the unperturbed molecules in polar 
solvents. The anti conformation characterizes the solid-state 
structure of these compounds with the ring in the per- 
pendicular4 orientation (being the two a-chlorine atoms on the 
same side of the phenyl ring). 

The presence of ortho substituents contributes further to the 
overcrowding of these compounds. In ortho,ortho'-dialkyl- 
substituted benzylidene dichlorides the internal rotation of the 
dichloromethyl group is fairly restricted with respect to the 
unsubstituted derivative yet the ground-state conformation 
retains a nearly planar-type orientation even with ortho 
substituents. In the 1,2-diaryl- 1,1,2,2-tetrachloroethanes the 
presence of ortho substituents can modify their conformational 
behaviour and influence the barrier for internal rotation 

t 1 cal = 4.184 J. 

R' cii3 

1 R = C N  
2 R = F  
3 R = COzCH3 

4 

around the two C-C bonds. Accordingly, we compared the 
conformational behaviour of the compounds in question with 
that of the meta and para substituted derivatives and of the 
unsubstituted molecule to determine, (i) whether the ortho 
substituents influence the antilgauche conformer ratio and the 
corresponding interconversion barrier, (ii) the type of con- 
former preference involved in the rotation around the exocyclic 
C(sp2)-C(sp3) bond and the effect on the interconversion 
barrier and (iii) what structural implications, if any, affect the 
conformational equilibria of these molecules in solution with 
respect to the solid state. 

The experimental techniques used were: variable temperature 
'H and I3C NMR spectroscopy for the conformational study 
of molecules 1-4 in solution and X-ray crystal and molecular 
structure determination for the compounds available in a 
suitable crystalline form. 

Experimental 
General procedures for the synthesis of 1,2-diaryl-1,1,2,2- 
tetrachloroethanes 
The appropriate aryltrichloromethane ( 10 mmol) was dissolved 
in CH,CN (40 cm3) (previously distilled from P,O, in Ar 
atmosphere); Ar was then continuously bubbled into the 
solution in order to obtain an inert atmosphere in the reaction 
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apparatus. FeC12-4H,0 (30 mmol) was introduced and the 
mixture stirred for 22 h at room temperature. The reaction was 
quenched by dilution with water (50 cm3) and the precipitated 
organic material was collected by filtration, washed with water 
and dried. Purification was achieved by crystallization from the 
solvent. The yields reported below refer to pure isolated 
products and no attempt was made to maximize the yields by 
adopting longer reaction times or higher reaction temperatures. 
2,2'-(1,1,2,2-Tetrachloroethane-l,2-diyl)bis(benzonitrile) (1). 

36%, mp 188-190 "C (benzene) (Found: C, 52.1; H, 2.1; N, 7.6. 
Cl,H8CI,N, requires C, 51.93; H, 2.18; N, 7.57%). 

1,l'-( 1,1,2,2-Tetrachloroethane-l,2-diyl)bis(2-fluorobenzene) 
(2). 12%, mp 145-1 48 "C (ethyl acetate) (Found: C, 47.3; H, 2.1. 
Cl,H,C1,F2 requires C, 47.23; H, 2.26%). 

(benzoate) (3). 16%, mp 162-164 "C (ethanol) (Found: C, 49.5; 
H, 3.2. Cl,H14C140, requires C, 49.57; H, 3.24%). 

1,l'-( 1,1,2,2-Tetrachloroethane-l,2-diyl)bis(2,4,6-trimethyl- 
benzene) (4). 82%, mp 137-1 39 "C (decomp.) (acetonitrile) 
(Found: C, 59.3; H, 5.5. C,,H,,Cl, requires C, 59.43; H, 

Dimethyl 2,2'-( 1,1,2,2-tetrachloroethane-l ,Zdiyl)bis- 

5.49%). 

Crystal data and X-ray structure analysis 
Intensity data were collected at room temperature on a CAD4 
diffractometer, using graphite monochromated Mo-Ka radi- 
ation and the w 2 6  scan mode. 

Compound 2: C,,H,CI,F,, M = 356.065. Monoclinic, a = 

682.8(4) A3 (by least-squares refinement on diffractometer 
angles for 25 automatically centred reflections, 1. = 0.710 69 A), 
space group P2'/a (no 14), 2 = 2, D, = 1.73 1 g cm 3 ,  F(OO0) = 
356. Colourless, air stable plates. Crystal dimensions 
0.28 x 0.21 x 0.14mm,y(Mo-K~) = 7.94cm-'. 

For data collection, co scan width was (0.50 + 0.35 tan 
O)", co scan speed 0.784.12" min". Of 1859 measured 
reflections (2 < 0 < 26") 874 had I >  341) and 738 were 
unique (R,,, = 0.015), and were used in the structure analysis. 
An empirical absorption correction based on the Y scan7 
was applied to intensities (0.900 d Tfactor d 0.998). 

The structure was solved by direct methods (SHELX86),' 
and refined through full-matrix least-squares calculations 
(SHELX76).9 The structure is affected by statistical disorder 
due to two opposite orientations of the phenyl ring, which differ 
by a rotation of about 180" around the C( 1)-C(2) bond (Fig. 1) 
[primed atoms are related to unprimed ones by an inversion 
centre at the midpoint of the C(1)-C(1') bond]. Disordered 
atoms at major sites [F(a) and H(7)] have an occupation 
factor = 0.816(6). Non-H atoms with full or major site 
occupancy were refined anisotropically, F atoms at minor sites 
isotropically, but with constraint to bond distance, and H atoms 
isotropically with a common temperature factor [except H(3) 
which was placed in a calculated position at a bond distance of 
1.0 A]. The weighting scheme, 1.35/[a2(Fo) + 0.000 277 FO2], 
with a(F,,) from counting statistics, gave satisfactory agree- 
ment analyses. During refinement, zero weight was assigned to 
the (040) reflection, which may be affected by secondary 
extinction. Final R and R, values are 0.028 and 0.029. 

Compound 3: Cl,Hl,C1404, M = 436.117. Monoclinic, a = 
11.359(2), b = 11.1 76(2), c = 14.840(2) A, p = 102.79(2)", 
V = 1837.2(8) A3 (by least-squares refinement on diffracto- 
meter angles for 25 automatically centred reflections, A. = 
0.710 69 A), space group P2,/n (no 14), Z = 4, D, = 1.576 g 
~ m - ~ ,  F(OO0) = 888, Colourless, air stable prisms. Crystal 
dimensions 0.22 x 0.17 x 0.15 mm, p(Mo-Ka) = 5.98 cm-'. 

For data collection w scan width was (0.55 + 0.35 tan 
O)", co scan speed 0.88-3.30" min-'. Of 4138 measured 
reflections (2 < 6 < 26") 1997 had Z 3 34Z) and 1729 
were unique (Rint = 0.022), and were used in the structure 

7.648(2), b = 12.539(3), c = 7.657(1) A, p = I1 1.58(1)", V = 

analysis. Linear and approximate isotropic crystal decay (5.0% 
during 47.9 h of exposure time) was corrected during 
processing. Absorption correction was deemed unnecessary. 

The structure was solved by direct methods (SHELX86),* 
and refined through full-matrix least-squares calculations 
(SHELX76).9 The structure (Fig. 2) is affected by statistical 
disorder arising from two different orientations for the 
methoxycarbonyl groups, which differ by a rotation of about 
180" around the bonds to the phenyl rings. A value of 0.5 for the 
site occupation factors of all disordered atoms was found to be 
satisfactory on the basis of atomic peak heights in Fourier maps 
and of some attempts at least-squares refinement. All non-H 
atoms were refined anisotropically, whereas the H atoms were 
constrained to ride in an ideal position on their bonded atoms, 
at a bond distance of 1 .O 8, with common isotropic B for phenyl 
or methyl hydrogens. Final R and R, values are 0.048 and 
0.050, respectively. 

Scattering factors were from SHELX76.9 Major calculations 
were carried out on a VAX 6310 computer. Tables of final 
fractional coordinates and full lists of bond distances and bond 
angles have been deposited at the Cambridge Crystallographic 
Data Centre.$ 

NMR Measurements 
'H and 13C NMR spectra were recorded at 400.13 MHz and 
100.61 MHz on a Bruker AMX-400 spectrometer equipped 
with a computer-controlled variable temperature unit (accuracy 
2 1 K) in 5 mm probes. C2H6]Acetone solutions (~0.05 mol 
dmP3) and, for compounds 1 and 3, also [2Hl]chloroform 
solutions ( - 0.01 mol dmP3) were employed. The solutions were 
close to the saturation limit. Chemical shifts 6 are given 
relative to Me4Si. Spectral parameters are: pulse width 90", 
10 ppm spectral width, 32 K data points for 'H and pulse-width 
45", relaxation delay 0.5 s, 80-160 ppm spectral width, 32 K 
data points for 13C. 13C NMR data were also obtained from 
' H-detected chemical shift correlation via heteronuclear mul- 
tiple-quantum coherence (HMQC) l' and l H-detected hetero- 
nuclear multiple-bond correlation (HMBC) experiments 
with standard pulse sequences. HMQC parameters: 1-2 ppm 
spectral width (a), 512-1024 complex points, 60-100 ppm 
spectral width (fl), 128-256 t l  increments with 32 scans per 
t l  value, relaxation and evolution delays 0.5 s and 3.07 ms, 
respectively. Zero filling in fl  and f2, sine function in fl  and 
sensitivity function in f2 (LB = 1-2) were applied before 
Fourier transformation. HMBC parameters: the same as for 
HMQC but 16-64 scans per t l  value, at 180 and 300 K, 
respectively, and delay for long-range coupling constants 
evolution 50 ms. 

The nuclear Overhauser effect and exchange spectroscopy 
with time-proportional phase incrementation (NOESY- 
TPPT) ' spectra were obtained with a standard pulse sequence. 
The parameters were: 0.5 s relaxation delay, 80 ms mixing 
time, 2 . 5 4  ppm spectral width, 1024 complex points, 128-256 
tl  increments with 8-16 scans per t l  value. A sine function 
(SSB = 8) was applied in f l  and f2 before Fourier trans- 
formation. 

Results 
Crystal structures 
Table 1 contains selected interatomic distances and bond and 
torsion angles, for both structures: atom numbering refers to 
Figs. 1 and 2. The molecule of compound 2 has point symmetry 
1, which defines perfect staggering around the C( 1)-C( 1 ') bond 
with aromatic rings anti. The latter are closely perpendicular to 

1 For details of the CCDC deposition scheme, see 'Instructions for 
Authors (1995)', J. Chem. SOC., Perkin Trans. 2, 1995, issue 1. 
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Table 1 Selected bond distances (A), bond angles (") and torsional angles (") for compounds 2 and 3 (atom numbering refers to Figs. I and 2)" 

Compound 2 Compound 3 

C(2)-C( 1 jc( 1 'tC(2') 
Cl(l)-C(l j C (  l'bC(2') 
CI( 1)-C(1)-C( l'tCl(2') 
Cl(2 j C (  1)-C( 1 ')-C(2') 
C1( 1 jC(l)-C(2 jC(3) 
Cl( l t C (  1)-C(2 jC(7)  
C1(2)-C( I)-C(2 jC(3) 

C(3jC(2)-C(ljC(l') 
C(7jC(2)-C(ljC(1') 

Cl(2)-C( l)-C(2)-C(7) 

1.785(3) 
1.790(3) 
1.581(6) 
1.523(4) 
I .329(4) 

104.5(1) 
108.3(3) 
11 1.3(2) 
107.0(3) 
110.5(2) 
114.7(3) 
115.5(3) 
I22.7(3) 
115.3(3) 

180 
- 55.1(4) 

67.9(2) 
57.0(4) 

145.1(3) 

29.5(4) 
88.5(5) 

- 34.8(4) 

- 150.5(3) 

-91.6(5) 

CI( 1 j C (  l)-C1(2) 
C1( 1 t C (  1 tC(2) 
C1( 1 j C (  1 )-C( 3) 
C1(2)-C( 1)-C(2) 
C1(2tC( 1 )-C( 3) 
CI( 3tc(2)-c1(4) 
C1(3tC(2)-C( 1) 
cl(3 jC(2)-C( 13) 
C K 4 t W t C (  1) 
C1(4)-C(2)-C( 13) 
C(2tC( 1 W ( 3 )  
C( 1 t C ( 2 t C (  1 3) 
C(4t-C(3tC(8) 
C(14 jC(13 jC(l8)  
C(5tC(4tC(3) 
C(9tC(4tC(5) 
C(19jc(14)-C(13) 
C( 19)-C( 14)-C( 15) 

C(3tC( 1 j c (2 tC( l3)  
CI( 1 j C (  1 j C ( 2  j C (  13) 
CI( I)-C( I)-C(2)-C1(3) 
C1( 1 )-C( l tc(2tc1(4)  

C1(2)-C(l t C ( 2  jCl(4) 
C1(2)-C( l)-C(2)-C( 13) 
C1(3)-C(2)-C( 1 jC(3) 
C1(4)-C(2)-C( 1 )-C(3) 
C1( 1 j C (  1)-c(3 jC(4) 

C1(2)-C( 1)-C(3)-C(4) 
Cl(2 jC(l)-C(3)-C(8) 
c ( 2 t c ( l  )-C(3tC(4) 

Cl(2 j C (  ltC(2)-C1(3) 

Cl(1 jC(l)-C(3 jC(8) 

C(2)-C( I)-C(3 jC(8) 
C( 1 jC(2)-C( 13 j C (  14) 
C( 1 jC(2)-C( 1 3 j C (  18) 
Cl(3 jC(2)-C( 13)-C( 14) 
Cl(3 jC(2)-C( I3 j C (  18) 
C1(4)-C(2)-C( 13)-C( 14) 
C1(4)-C(2)-C( 13)-C( 18) 
C(3FC(4r-C(9t0(1) 
C(3tC(4jc(9F0(2) 
C(5tC(4tC(9)-0( 1) 
C(5)-C(4FC(9k0(2) 

C(l3)-C(l4jC(19j0(4) 

C(15)-C(14)-C(19)-0(4) 

C( 1 3)-C( 14 j C (  19tO( 3) 

C(15jC(14)-C( 19)-O(3) 

1.798(6) 
1.802(6) 
1 .79 1 (6) 
1.804(6) 
1 .590( 8) 
1.517(8) 
1 .544( 8) 
1.489(9) 
1.489(9) 

104.2(3) 
107.1(4) 
1 1234) 
107.4(4) 
108.9(4) 
10443) 
108.3(4) 
1 10.8(4) 
1 08.8( 4) 
108.8(4) 
1 16.0(5) 
1 15.3(4) 
1 17.2(6) 
1 16.7(6) 
1 19.4(6) 
11335) 
127.7(6) 
112.1(6) 

- 64.4(7) 

- 173.3(3) 
- 60.4(5) 
- 6 1.9(4) 

5 1.0(5) 
173.5(4) 
60.2( 6) 

173.1(4) 

152.6(5) 

37.7( 6) 
1 00.6( 7) 

98.7(7) 

62.0(5) 

- 23.1 (7) 

- 138.1(5) 

- 83.6(7) 

- 86.0(7) 
- 24.6(8) 

- 138.8(6) 

- 70.0(8) 

150.6(5) 

36.5(7) 

1 15.6(7) 
109.8( 7) 
- 64.6(7) 
- 7449) 

1 10.4(8) 
104.8(7) 
- 70.3(8) 

a '  - - symmetry transformation 1 - x, --y, -2 of the reference coordinates. 

the planar -C(2jC( 1 )-C( 1')-C(2')- moiety (Fig. 1) the dihedral 
angle between mean planes being 88.6". Being related by an 
inversion centre, the phenyl rings lie on parallel planes, and 
C1 atoms bonded to the same C atom are displaced in the same 
side (above or below) of these planes. It is of interest to note 
that the same molecular conformation and symmetry require- 
ments have been previously observed for two para-substituted 
1,2-diphenyltetrachloroethane~.~*~~ Nevertheless, in the present 
case, the structure was found to be affected by statistical 
disorder, which arises from two alternative orientations of the 
phenyl rings differing by a rotation of 180" around the C(sp3)- 

C(sp2) bonds. Major and minor sites have occupancy factors of 
0.8 16(6) and 0.184(6), respectively. A fairly rare C,,-H F 
hydrogen bond interaction could play a role in this type of 
disorder. In fact, interatomic distances involving the F atom of 
the molecule with lower occupancy [F(b) 0 C(7) = 3.000 A; 
F(b) H(7) = 2.23 A] and the subtended C-H 0 .  F angle 
(144") are consistent with an attractive intermolecular hydrogen 
bond.I5 The crystal packing is characterized by only a few 
intermolecular distances less than 3.60 A, mainly involving the 
fluorine atom. 

The asymmetric unit of compound 3 contains one crys- 
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Fta) 

C V )  
Fig. 1 ORTEP ' drawing of the molecular structure of compound 
2 showing the atom numbering scheme and thermal motion ellipsoids 
(50%) for non-H atoms 

Fig. 2 Atom numbering and thermal ellipsoids (40%) for non-H 
atoms of compound 3. Asterisked atoms have alternate half-site 
occupation factor; oxygen atoms occupy average positions. 

tallographically independent, unsymmetrical molecule. The 
structure ofcompound 3, Fig. 2, is affected by statistical disorder 
involving both the methoxycarbonyl groups to the same extent. 
They display two different orientations which arise from a 
rotation of ca. 180" around the bonds to the phenyl rings. As a 
result, their methyl carbons are equally distributed over two 
alternative positions (and appear twice in Fig. 2), whereas the 
carbonyl and Me0 oxygens become indistinguishable and their 
locations are consistent with average positions. Our C-0 bond 
distances are very close to the mean values between C-0 and 
C=O bond lengths in esters.16 Mean planes through these 
(disordered) methoxycarbonyl groups make dihedral angles of 
62.2" and 70.5" with those of the phenyl rings to which they are 
bonded. The most interesting structural feature is a gauche 
conformation of the molecule, characterized by a C(3)-C( 1)- 
C(2)-C( 13) torsional angle of 64.4(7)". The existence of 
gauche conformers in 1 ,2-diaryl derivatives of I ,  1,2,2-tetra- 
chloroethane has previously been observed by means of NMR 
spectra in acetone s ~ l u t i o n , ~  but never in the solid state. 
Torsion angles about C( 1)-C(3) and C(2)-C( 13) show that the 
phenyl rings have very similar orientations with respect to 
C(sp3) carbons. Furthermore, their values compare well with 
those observed in compound 2 and other 1,2-diaryltetra- 
chloroethanes of known ~ t r u c t u r e . ~ " ~  The molecular packing 
of the compounds is characterized by many van der Waals 
distances of less than 3.60 A; the shortest ones involve methyl 
carbons and C1 or 0 atoms. 

As regards bond distances and bond angles involving C(sp3) 
carbons, satisfactory agreement between corresponding values 
in the two compounds is found. Furthermore, the present 
results confirm the previously observed C-Cl and C-C bond 
lengthening and bond angle deformations which occur in 1,2- 
diaryltetrachloroethanes. 

NMR spectra and variable temperature results 
The 'H and 13C spectra of the compounds were recorded 
mostly in C2H,]acetone solution (owing to the higher solubility 
compared with [2H,]chloroform as solvent) and to the lower 
temperature limit attainable in the former solvent without the 
samples freezing. Nevertheless, a number of spectra were also 
recorded in [2Hl]chlorof~rm solution at room temperature. 
The 'H and 13C chemical shifts at room temperature were 
assigned by inspection of the ID, HMQC l o  and HMBC '' 
spectra. The signals were assigned to the different conformers 
detected at lower temperature by the combined application of 
several approaches: direct inspection of the spectra, analysis of 
the integrated areas of the signals, analysis of the NOESY-TPPI 
spectra, multiplet simulation of parts of the spectra when 
second-order multiplets are present and by employing the 
DNMR5 program. 

The 'H and 13C chemical shifts are reported in Tables 2-5 
and conformer labelling refers to Scheme 1. For compound 1, on 

R R  R 

A1 A2 A3 

G1 G2 G3 G4 

Scheme 1 Conformers of compounds 1 4  generated in internal 
rotation around the C(sp3)-C(sp3) and C(sp2)-C(sp3) bonds (G and A 
stand for gauche and anti) 

lowering the sample temperature, the 'H NMR signals became 
broad, while at 180 K narrow and separate multiplets were 
observed which correspond to at least four conformers, in 
different amounts, as can be seen in Fig. 3. Assignments are 
reported in Table 2. The coalescence temperature is lower than 
in the corresponding meta and para isomers of compound 3, 
examined previously by us, and freezing of internal rotation 
around the C(sp2)-C(sp3) and C(sp3)-C(sp3) bonds seems to 
occur within the same temperature range. 

The 13C spectrum of compound 1 in [2H,]acetone at 300 IS 
shows the presence of seven signals; that of the CCl, carbon is not 
detected either directly or by the HMBC technique, although, in 
principle, a cross-peak between 6-H and CCl, should be 
observed owing to the existence of a 3J(H,C) value of 5 Hz or 
less. At 180 K the signals of two conformers are clearly evident 
(Table 2), while those of the other conformers are lost in the noise. 
A reliable assignment was possible only for the signals appearing 
between 120 and 114 ppm. In [2Hl]chloroform solution the 'H 
and, to a lesser extent, the I3C chemical shifts differ from those in 
C2H6]acetone. The most interesting feature in the former solvent 
is that the signal of CC1, was clearly detected at 300 K, conformer 
interconversion probably being faster in [2Hl]chloroform. 
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Table 2 'H and 13C chemical shifts" (8) at 300 and 180 K, conformer assignments and populations for derivative 1 in [ZH,]acetone 

Conformer assignment ' 
T/K and population 3-H 4-H 5-H 6-H 

300 

180 G2,48 

G1,43 

A2/A 1,  5 

G3,4  

7.82 
7.68' 
7.85 

(7.60) 
7.72-8.14 

(7.47-7.89) 
8.18 

(7.93) 
8.15 

(7.90) 

7.74 
7.54' 
7.84 

(7.64) 
7.85-7.82 

(7.65-7.62) 
7.9 1 

(7.71) 
7.79 

(7.59) 

7.75 
7.65' 
7.97 

(7.67) 
8 .OO-7.63 

(7.70-7.33) 
8.04 

(7.74) 
7.50 

(7.20) 

8.01 
8.16' 
8.54 

(8.34) 
8.49-6.98 

(8.29-6.7 8) 
8.45 

(8.25) 
7.00 

(6.80) 

Conformer assignment 
TIK and population c- 1 c-2 c-3 c-4 C-5 C-6 CN CCI 2 

300 

180d G2 
G1 

137.7 115.6 137.8 133.0 133.4 135.6 118.4 e 
136.9' 114.2' 136.3' 131.9' 131.1' 134.6' 117.1' 96.4' 

114.2 117.3 97.7 
114.8-1 16.2 117.2-120.5 f 

a 'H Chemical shifts in parentheses are corrected for the substituent effect: see text. According to Scheme 1 .  ' [2Hl]Chloroform solution. Only the 
signals assigned unambiguously are reported. ' Not observed. J- Three signals of similar intensities are present at 98.4, 97.7 and 96.0 ppm, and 
the two first entries most probably belong to this conformer. 

Table 3 'H and chemical shifts" (8) at 300 and 180 K, conformer assignments and populations for derivative 2 in C2H,]acetone 

Conformer assignment 
T/K and population 3-H 4-H 5-H 6-H 

300 

180 G2, 31 

GI ,  57 

A2/A 1,9 

G3. 3 

7.06 
13.14' 
7.05 

6.947.42 
(7.24-7.72) 
7.47 

(7.77) 
7.42 

(7.72) 

(7.35) 

Conformer assignment 
TIK and population c- 1 c -2  c - 3  

7.56 
4.38' 
7.64 

(7.64) 
7.64 

(7.64) 
7.71 

(7.71) 
7.64 

(7.64) 

7.22 
0.41 ' 
7.42 

(7.67) 
7.42-7.08 

7.42 
(7.67) 
6.97 

(7.22) 

(7.67-7.33) 

7.73 
8.10' 
8.14 

(8.14) 
8.11-6.89 

(8.1 1-6.89) 
8.1 1 

(8.1 1) 
6.75 

(6.75) 

c-4 c-5 C-6 CCI, 

300 

180d G2 

G1 

124.5 161.3 118.5 134.8 124.6 135.0 96.6 

123.9 160.8 118.6 135.8" 125.6 135.9 96.7 
6.0d 256.5 ' 25.5' 9.7d 3.7d < O S d  

5 S d  255.2 25.0' 6.0d 

5.8-4.7d 255.2--255.7d 24.7-25.1 6.2' 
123.4-124.0 160.8-161.6 118.3-1 19.3 135.8' 125.4-125.1 135.6133.8 96.7-96.6 

'H Chemical shifts in parentheses are corrected for the substituent effect: see text. According to Scheme 1. ' "J(H,F) coupling constants in Hz. 
"J(C,F) coupling constants in Hz. ' Two signals separated by a very small chemical shift difference (a few tenths of ppm) are present. 

Even for compound 2, the behaviour at different temperatures 
indicates that the barriers for internal rotation around the 
exocyclic C(sp')-C(sp3) and central C(sp3)-C(sp3) bonds 
should not differ significantly. At 180 K the internal rotation 
processes are slow and at least five sites exist for proton 
exchange. The NOESY-TPPI reveals the principal exchange 
pattern, and it appears from the relative intensities of the cross- 
peaks that the rates of exchange are not the same for all the 
conformers. Direct acquisition of the I3C spectra does not 
allow the CCl, signal to be detected; it is nevertheless observed 
by the HMBC technique [Fig. 4(a)]. An HMBC experiment 
run at 180 K enabled the contextual assignment of both proton 
and carbon signals to be performed for the two major 
conformers [Fig. 4(b)]. The existence of long-range correlations 
of the type between the 6-H, 4-H, 3-H and C-2 of the same 
phenyl ring, clearly visible in Fig. 4, allowed identification of 
the protons belonging to the same molecular framework. A 

TOCSY experiment l 8  run at the same temperature presented 
exchange as well as bond-correlated cross-peaks and was of no 
help in further disentangling the complex 'H spectrum. 

The spectral behaviour of compound 3 is more complex. 
The methyl group 'H signal at temperatures below room 
temperature behaves in accordance with the presence of two 
internal processes of the types occurring in the meta and para 
isomers,, even though freezing of internal motions occurs at a 
lower temperature in compound 3. The signals of the CH, 
group at 180 K indicate the presence of at least two conformers 
(three-site exchange), one more abundant than the other. The 
spectral region of the ring protons shows broad signals at 180 K 
which can be assigned by the NOESY-TPPI technique, as 
reported in Table 4. Besides the rather large chemical shift 
difference between the two signals of 6-H, 2.2 ppm, in the more 
abundant conformer, 4-H also shows two separate signals 
which could be explained by molecular distortions due to the 
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Table 4 'H and 13C chemical shifts" (8) at 300 and 180 K ,  conformer assignments and populations for derivative 3 in C2H6]acetone 

Conformer assignment 
T / K  and population 3-H 4-H 5-H 6-H CH3 

300 

180 G1,96 

A2/Al, 2 

G3,2 

7.25 7.64 
7.16' 7.40 
7.25-7.49 7.69-7.52 

(6.5 5-6.79) (7.59-7.42) 

Conformer assignment ' 
T / K  and population c-1 c-2 c-3 c-4 

7.38 7.52 3.62 
7.26' 7.49' 3.65' 

(7.58-6.93) (8.33-6.13) (3.83) 
8.30 

(8.20) 
6.59 

(6.49) 

7.78-7.13 8.43-6.23 3.15-3.80 

C-5 C-6 CH3 CO CCl, 

300 133.8 137.2 129.8 131.7 129.6 134.0 53.3 170.7 99.2 

" 'H Chemical shifts in parentheses are corrected for the substituent effect: see text. According to Scheme 1. In [ZH,]chloroform. 

Table 5 'H and 13C chemical shifts" (S) at 300 and 180 K, for derivative 4 in ['H,]acetone 

TIK 2,6-CH3 3-H/5-H 4 C H 3  
~~~ ~ 

300 2.34 6.88 2.21 
180 2.97-1.46 7.05-6.77 2.15 

(7.45-7.22) 

T / K  2,6-CH3 4-CH3 C-1 C-2/C-6 C-3/C-5 C-4 CCI, 
~~~ ~ 

300 28.2 20.6 134.0 142.2 135.0 140.6 103.3 

a 'H Chemical shifts in parentheses are corrected for the substituent effect: see text. 

- I 
I h 

I 1 z 1 I 1 1 1 I 

8.6 8.4 ' 8:2 ' 810 ' 7.8 7.6 7.4 7.2 7.0 6.8 
PPm 

Fig. 3 'H Spectrum of derivative 1 at 180 K 

severe overcrowding caused by ortho substituents. In the X-ray 
structure of this compound it is observed that the phenyl ring 
axis through the C( 1)-C(4) atoms is not coincident with the axis 
of rotation of the ring about the C(1)-C(a) bond, and a 
significant degree of deformation of the ring from planarity is 

also present. The spectral changes as a function of temperature 
are qualitatively similar in [2H,]chloroform solution, a t  least 
in the temperature range where it could be followed, and the 
6-H signal moves to a higher field as sample temperatures 
are lowered, as in [2H,]acetone. This behaviour might be 
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Fig. 4 HMBC Spectra of derivative 2 at (a) 300 and (6) 180 K 

associated with an increase in the population of G1 and G3 
conformers at lower temperatures. 

The CCl, signal is not observed in the I3C spectrum at 300 K 
and is detected only by the HMBC technique: the signal is 
stronger at  lower temperatures. Signals due to CCl, and CO 
were detected through the long-range correlations with 6-H and 
3-H, respectively. In C2H ,]chloroform solution this signal is 
detected directly at 300 K. The I3C signals at 180 K are broad 
above coalescence, and faster exchange with respect to 
compounds 1 and 2 is apparent. The slow exchange already 
observed in the proton spectrum is nevertheless present. It was 
not possible in this case to exploit an HMBC experiment at this 
temperature in order to assign 'H major signals, nor was a 
TOCSY experiment any more useful, for the reasons given 
above. For compound 4, the 'H spectrum reveals the presence 
of only one conformational equilibrium. The ortho methyl 
groups and 3-H, 5-H give only one signal at room temperature: 
these signals split at low temperatures passing through 
coalescence (at ca. 210 K for the ortho-CH, groups and 1 9 s  
200 K for 3-H, 5-H). The signal of 4-Me is not appreciably 
affected by the temperature being lowered. These results 
suggest that the internal motion affecting the modification of 
the observed spectrum is that occurring around the C(sp2)- 
C(sp3) bond, and this could occur in either one gauche or one 
anti form of a very biased rotation equilibrium around the 
central bond. The spectral features at low temperature would 
appear to be consonant with the presence of a predominant 
gauche form. 

The complexity of the spectra due to the presence of several 
multiplets originating from at least three conformers, and the 
similar magnitudes of the two barriers to internal rotation 
around the two C-C bonds, did not allow a complete line- 
shape simulation to be performed at different temperatures in 
order to estimate the thermodynamic parameters for the 
internal rotation processes. Simplified procedures were 
nevertheless applied in order to arrive at approximate 
estimates of the barriers to conformer interconversion, results 
being obtained for compounds 3 and 4. In compound 3, the 
spectral behaviour as a function of temperature resembles 

that found in the corresponding meta and para  isomer^,^ and 
anti + gauche interconversion appears to affect the observed 
spectrum. The line-shape of the methyl groups signal at 190- 
220 K was simulated with the DNMR5 program." A three- 
site exchange problem was solved: two equally populated sites 
for the predominant gauche conformer and one (7%) for the anti 
form. The aromatic region of the spectrum was also employed 
to the same end by considering a four-nuclei, two-site exchange 
within the gauche form. The activation energies, E,, are: for the 
rotational process around the exocyclic C(sp2)-C(sp3) bond, 
8.5 4 0.2 kcal mol-'; and for internal rotation around the 
central C(sp3)-C(sp3) bond, 8.1 f 0.6 kcal mol-'. Although 
these values must be considered rather approximate, the 
barriers for the two rotational processes are nevertheless very 
close to each other. 

For compound 4, a two-spin (uncoupled), two-site problem 
relative to the aromatic protons was solved in the temperature 
range 180-220 K. The activation energy obtained for rotation 
around the C(sp2)-C(sp3) bond is 10.4 2 0.2 kcal mol-', the 
order of magnitude being close to that found3 in compounds 
without ortho substituents. 

Application of the inverse-detection HMBC technique to 
the systems here studied deserves some comment. It is well 
known that this technique enhances the relative responses of 
quaternary carbons with respect to those obtained in a normal 
I3C one-dimensional spectrum acquired with the same short 
relaxation delay. A further improvement can be expected on 
the basis of what has been observed when the inverse-detection 
HMQC technique is applied to a system undergoing chemical 
exchange: l9 the relative line-width of I3C resonances, which 
appears broad in the one-dimensional spectrum, is improved in 
the HMQC spectrum. The latter effect can play an important 
role in the detection of the CCl, signals at 300 K in derivatives 
2 and 3, yet it is difficult to understand why this signal does 
not appear in the HMBC spectrum of derivative 1 at the same 
temperature. 

HMBC also yielded better results than a TOCSY experi- 
ment l 8  when a system was below the coalescence temperature 
both in the fl and in the f2 part of the two-dimensional 
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Table 6 Ranges of substituent independent (see text) 'H chemical 
shifts (4 of gauche and anti rotamers of 1 ,Zdiphenyl- I ,  1,2,2- 
tetrachloroethanes" 

2-H 3-H 4-H 5-H 6-H 
~ ~ ~~ 

anti 7.89-8.32 7.61-7.81 7.40-7.49 7.61-7.81 7.89-8.32 
gauche 7.88-8.33 7.64-7.82 7.36-7.81 7.18-7.46 6.014.75 

" 6-H in the gauche form is under the screening influence of the adjacent 
phenyl ring. 

spectrum, as occurs for derivative 2 at 180 K, thus allowing 
identification of the protons belonging to the same molecular 
framework. 

Discussion 
A feature which appears to distinguish the ortho-substituted 
derivatives of 1,2-diaryl-l, 1,2,2-tetrachloroethanes from their 
isomers without ortho substituents is the height of the barriers 
for internal rotation. In the compounds here examined the 
barriers for rotation around the C(sp2)_C(sp3) and C(sp3)- 
C(sp3) bonds are close to each other and of the order of 8-10 
kcal mol-', while in their meta and para isomers a higher 
barrier, 13-14 kcal mol-', was found for the internal rotation 
around the central C-C bond. Thus, ortho substituents lower 
the barrier for rotation around the central C-C bond and 
only slightly affect that around the C(sp2)-C(sp3) bond, at 
least between the orientations of the gauche conformers 
that could be observed (from two perpendicular orientations 
of the phenyl ring with the ortho substituents in opposite 
directions). 

Rotation around the two C-C bonds generates a number of 
ground state conformations, the most significant being depicted 
in Scheme 1: Gl-G3 and Al,A2 of perpendicular type and 
A3,G4 of planar type. The latter are a series of conformations 
with different orientations of the ortho substituents. The planar 
type conformations are expected to be of higher energy than the 
perpendicular ones owing to the coplanarity of the central 
C(sp3)-C(sp3) bond with the phenyl ring. These conformations 
were found3 to be insignificant for the meta and para 
substituted derivatives. Furthermore, the X-ray solid-state 
structures of compounds 2 and 3 show that these adopt the 
perpendicular conformation. Accordingly, conformations A3 
and G4 were not considered among the number of significative 
conformers of compounds 1-4. 

The 'H and 3C chemical shifts measured at low temperature 
allow a reasonable assignment of the rotational conformers 
detected in the NMR spectra. 

A direct comparison of the 'H chemical shifts of the rotamers 
is rather tricky owing to the effect of ortho substituent(s) on 
chemical shifts. We have therefore tried to achieve ranges of 
chemical shift values characteristic of one particular proton in 
one conformer, independent of substituent effects. The ranges 
reported in Table 6 are obtained from the 'H chemical shifts of 
the anti and gauche conformers of the meta and para isomers of 
compounds 1 and 3 and of the 3,3'-bis(pyridine) derivative by 
employing substituent contributions in an additive fashion.20 
For the protons in position 2 and 6,  and those in positions 3 and 
5, a clearly different range in the gauche conformation is evident 
and reflects the effect of the ring current contribution of the 
other phenyl ring. The experimental chemical shifts observed at 
low temperature for the different rotamers of compounds 1-4, 
corrected for the substituent effect and reported in Tables 2-5 in 
parentheses, can thus be employed for conformational assign- 
ments. Allowing for the qualitative character of substituent- 
effect additivity on chemical shifts, the conformer assignments 
for compounds 1-4 and the ranges of chemical shift values 

reported in Table 6 show an acceptable consistency. For the 
anti form, present in small amounts, the A2/A1 configuration 
cannot be deduced from 'H spectra: in a polar solvent, the more 
polar A 1 form (expected from bond-moment composition) 
should become more abundant. The rather large amount of 
conformer G2 in compounds 1 and 2 (Tables 2 and 3), which is 
apparently the most sterically hindered, is rather surprising. 
The assignment seems, nevertheless, to be confirmed by the fact 
that the resonances of C-2 and that of the CN group for 
compound 1, in the conformer G1, are split, that at higher field 
being close to that of the conformer G2: the substituent in one 
of the phenyl rings of the conformer G1 is oriented like those 
of the conformer G2. The same conclusion probably applies to 
the ' 3C chemical shift of CCl, as well. 

The presence of the C02CH3 group in derivative 3 should, in 
principle, lead to further complications owing to the additional 
conformational requirements of this group. The X-ray structure 
of this molecule in the solid state shows that the C02CH3 
groups are oriented with their planes almost perpendicular to 
that of the phenyl ring, and this is also likely to be the case in 
solution since the 'H chemical shifts of compound 3 (Table 4) 
are systematically at a higher field (particularly that ortho to the 
C02CH3 group) than expected not only from the substituent 
effect of this group but also by comparison with those of the 
corresponding meta substituted deri~ative.~ For this com- 
pound, one conformer is predominant and detection of the 
signals of the other conformers is problematical. The methyl 
group resonates at 3.62 ppm, i.e. at higher field than in the meta 
derivative3 (3.84 ppm), and this agrees with the predominant 
presence of the gauche form, where one of the methyl groups 
should be screened by the second phenyl ring. 

For compound 4, the results of NMR spectra point to the 
almost exclusive presence of one conformer, the different 
chemical shifts of 3-H and 5-H, and of the ortho methyl groups 
at low temperature, indicating one conformer of the gauche 
type. In benzylidene dichlorides, ortho-disubstituted with two 
methyl groups, the 'H and 3C chemical shifts measured ' at low 
temperature are consistent with a frozen conformation of nearly 
planar type, yet their values show a markedly different trend 
with respect to those of compound 4. In the latter, the chemical 
shift difference between the two ortho methyl groups is far 
higher (1.51 us. 0.35 ppm), as is that between 3-H and 5-H (0.28 
us. 0.14 ppm). Furthermore, in compound 4 the 13C chemical 
shifts of the C-2/C-6 is at 7.5 ppm higher field with respect to 
C-4, but only 0.6 ppm in the benzylidene dichloride.' In 
compound 4, the gauche conformation of the Gl-G3 type, 
where one methyl group is screened by the second phenyl ring, 
seems to us to be preferred. 

In compounds 1-4 the gauche conformations appear to be 
preferred, in solution, over the anti ones. The same kind of 
conformer preference was found previously for the derivatives 
of 1,2-diaryl- 1,1,2,2-tetrachloroethane without ortho substitu- 
ents. In polar solvents, this preference seems to be due to the 
more polar character of the gauche conformer, since, at least for 
the derivative without ortho substituents, the anti conformer is 
more stable as a free molecule. This conclusion was derived3 
from theoretical semiempirical calculations. 

Energy calculations for the molecules in question with the 
semiempirical AM 1 /MNDO method 2' have also been per- 
formed 22 but the findings do not afford any reliable evidence 
enabling conclusions regarding conformations to be drawn. A 
large number of energy minima is found in the potential energy 
surface calculated as a function of the internal rotation degrees 
of freedom. Sets of these minima have very similar energy values 
and correspond to conformers with different dipole moments: 
an order of stability referring to the molecules in solution and 
compared with the experimental relative stability of the 
conformers must therefore be open to question. 
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Tetrasubstituted ethanes were investigated by Riichardt and 
co-workers 2 3  using force field (MM2) calculations: 24 experi- 
mental rotational barriers, conformational equilibria and dipole 
moments were found to be satisfactorily reproduced by this 
empirical approach. Information was also obtained 2 3  on the 
degree to which internal strain affects the thermal stability of 
these molecules. From tests carried out on polychlorinated 
ethanes within the framework of the force-field method 2 5  we 
found poor agreement between the calculated and experimental 
heats of formation of these molecules and concluded that the 
method was unlikely to afford reliable insight into the complex 
conformational problems associated with compounds 1 4 .  The 
useful qualitative information obtained from AM 1 /MNDO and 
force-field calculations (MM2) is that the gauche conformers 
have dipole moments higher than the anti forms and the former 
should thus be favoured in solution. For compound 3 the 
C0,CH3 group is not coplanar with the aromatic ring and, in 
the different conformers of this molecule, the dihedral angle 
between their planes ranges between 60 and 80°, in agreement 
with the result of the X-ray structure determination and in line 
with the interpretation of the 'H chemical shifts. Finally, for 
compound 4, the gauche conformer of perpendicular type turns 
out to be 2.5 kcal mol-' more stable than the other conformers, 
and this form is the one expected to be the most populated even 
in solution, as in fact concluded from the interpretation of the 
NMR results. 

Comparison of the conformational behaviour of these 
molecules in solution and their solid-state molecular structure 
shows the perpendicular orientation of the rings to be a feature 
in common. The conformation in the solid state is mainly 
dictated by packing requirements, and the different rotamer 
found for compounds 2 and 3, A and G, respectively, should 
indicate that there is no great energy difference between gauche 
and anti conformers: in compound 2 the anti form seems to be 
stabilized by intermolecular H F interactions. A shift of the 
conformational equilibrium toward the gauche forms in polar 
solutions thus seems quite likely, as is favoured on statistical 
grounds by their chiral character. In compound 3, moreover, 
the disorder characterizing the CO,CH, groups would appear 
to indicate that different orientations of this group, below and 
above the phenyl ring, do not differ greatly in energy. 

Acknowledgements 
Financial support from the Italian National Research Council 
(CNR) is warmly acknowledged. Thanks are also due to the 
following Interdepartmental Centers of Modena University: 
CIGS for the use of the Bruker AMX/400 and CAD4 
spectrometers and CICAIA for the use of the VAX 6310 
computer. 

References 
1 A. Cornia, U. Folli, S. Sbardellati and F. Taddei, J.  Chem. Soc., 

2 U. Folli, F. Goldoni, D. Iarossi, S. Sbardellati and F. Taddei, 
Perkin Trans. 2 ,  1993, 1847 and refs. therein. 

J. Chem. SOC., Perkin Trans. 2, 1995, 1017. 

3 L. Antolini, U. Folli, A. Mucci, S. Sbardellati and F. Taddei, 
J. Chem. Soc., Perkin Trans. 2, 1994, 1 107. 

4 G. H. Penner, T. Schaefer, R. Sebastian and S. Wolfe, Can. J. Chem., 
1987,65, 1845. 

5 A. P. Yakubov, D. V. Tsyganov, L. I. Belen'kii, V. S. Bogdanov, 
B. I. Ugraak and M. M. Krayushkin, Tetrahedron, 1991,47, 5237. 

6 W. J. E. Parr and T. Schaefer, Acc. Chem. Res., 1980,13,400. 
7 A. C. T. North, D. C. Phillips and F. S. Mathews, Acta Crystallogr., 

8 G. M. Sheldrick, SHELX86: Program for Crystal Structure 

9 G. M. Sheldrick, SHELX76: Program for Crystal Structure 

10 A. Bax, R. H. Griffey and B. L. Hawkins, J. Magn. Reson., 1983,55, 

11 A. Bax and M. F. Summers, J. Am. Chem. SOC., 1986,108,2093. 
12 G. Bodenhausen, H. Kogler and R. R. Ernst, J. Magn. Reson., 1984, 

13 C. K. Johnson, ORTEP, Report ORNL-3794, Oak Ridge National 

14 J. Garbarczyk and M. Krolikowska, Z. Crystallogr., 1992,198,320. 
15 I. D. Brown and D. Altermatt, Acta Crystallogr., Sect. E, 1985,41, 

16 F. H. Allen, 0. Kennard, D. G. Watson, L. Brammer, A. G. Orpen 

17 C. B. Le Master, C. L. Le Master and N. S. True. Documentation of 

Sect. A ,  1968,24351. 

Solution, University of Gottingen, Germany, 1986. 

Determination, University of Cambridge, England, 1976. 

301. 

58,370. 

Laboratory, Oak Ridge, TN, 1965. 

244. 

and R. Taylor, J. Chem. SOC., Perkin Trans. 2, 1987, Sl. 

18 

19 

20 

21 

22 

23 

24 

25 

Changes to DNMR5 for DOS-Based Personal Computers and 
VAX 11/750 QCPE Program QCMP 059. Quantum Chemistry 
Program Exchange, Indiana University, USA, 1989; D. S. 
Stephenson and G. Binsch, DNMR5: Iterative Nuclear Magnetic 
Resonance Program for Unsaturated Exchange-Broadened Band- 
shapes; QCPE Program 365, Quantum Chemistry Program 
Exchange, Indiana University, USA, 1979. 
L. Braunschweiler and R. R. Ernst, J. Magn. Reson., 1983,53, 521; 
D. G. Davis and A. Bax, J. Am. Chem. Soc., 1985,107,2821. 
V. J. Robinson and A. D. Bain, Magn. Reson. Chem., 1993,31, 865 
and refs. cited therein. 
P. Sohar, Nuclear Magnetic Resonance Spectroscopy, CRC Press, 
Boca Raton, 1983, vol. 2. Substituent contributions for ortho, meta 
andpara positions are: CO,CH,, 0.7, 0.1,0.2; CN, 0.25,0.2, 0.3; F, 

M. J. S. Dewar, E. G. Zoebisch, E. F. Healy and J. J. P. Stewart, 
J. Am. Chem. SOC., 1985,107,3902. 
MOTECC91. Modern Techniques in Computational Chemistry, 
ed. E. Clementi. International Business Machines Corporation, 
Kingston, New York 12401, USA. ESCOM, Science Publishers B.V., 
1991. An IBM AIX/RS6000 workstation was employed. 
W. Barbe, H.-D. Beckhaus, H.-J. Lindner and C. Ruchardt, Chem. 
Eer., 1983,116, 1017; W. Barbe, H.-D. Beckhaus and C. Ruchardt, 
Chem. Eer., 1983, 116, 1042; K. H. Eichin, H.-D. Beckhaus, 
S. Hellmann, H. Fritz, E.-M. Peters, K. Peters, H.-G. Von 
Schnerung and C. Ruchardt, Chem. Eer., 1983,116, 1787; G. Kratt, 
H.-D. Beckhaus, H.-J. Lindner and C. Ruchardt, Chem. Eer., 1983, 
116,3235. 
U. Burkert and N. L. Allinger, Molecular Mechanics, Am. Chem. 
SOC. Monographs, M. C. Caserio, ed., ACS, Washington, DC, 1982. 
PCMODEL-PI. A Molecular Modeling Software, Serena Software, 
Bloomington, IN, 1990. 

-0.3,0, -0.25;CH,, -0.15, -0.1, -0.15. 

Paper 4/04640D 
Received 28th July 1994 

Accepted 16th December 1994 


