Tetrahedron. Vol. 28, pp. 4147 to 4154. Pergamon Press 1972. Printed in Great Britain

SOLUTION CONFORMATION OF BIS(m-NITROPHENYL)
DISULPHIDE

G. C. PapPALARDO*
Istituto di Chimica Generale. Universita di Catania, Viale A. Doria, 95125 Catania, Italy

and

G. RONSISVALLE
Istituto di Chimica Farmaceutica, Universitd di Catania, 95125 Catania, Italy

((Received in the UK 5 April 1972: Accepted for publication 2 May 1972)

Abstract—The electric dipole moment of bis(m-nitrophenyl) disulphide has been measured at 25 and 45°
in benzene solution and the rotational conformations about C—S bonds have been detected by vector
addition. The results have shown that the molecule exists as solute in a preferred rigid conformation in
which both the phenyl groups are twisted of an angle of 40° in opposite sense from coplanarity with
respect to the sulphur valency plane.

The complete and exact analysis of the PMR spectrum in CDCI; has been performed and the parameters
obtained have been discussed.

The participation of the sulphur 3d-orbitals to the C—S bonds in the disulphide studied has been
postulated on the basis of the above proposed molecular conformation.

INTRODUCTION

THE crystal structure of diphenyl disulphide! and of some of its substituted
derivatives®~" has been determined by X-ray diffraction. The solution conformation
of a number of substituted diphenyl disulphides has been investigated by using
polarization methods such as dipole moments,®'° dielectric relaxation'! and
molar Kerr constants.!?

All these studies have shown that the —S—S— group exists in a rigid non-planar
conformation with a dihedral angle of about 90° between the planes of the valencies
of adjacent S atoms. However, the problem of the conformational preferences about
the C—S bond in diaryl disulphides has not yet been rigorously solved.

The degree of rotational freedom about the C—S bond in bis(o-nitrophenyl)
disulphide has been previously estimated'® using dipole moment data. Therefore
it has been of interest to investigate the bis(m-nitrophenyl) disulphide in which
electronic as well as steric effects are less than in the case of ortho-substitution.

The present paper thus reports, together with the electric dipole moment of bis(m-
nitrophenyl) disulphide in benzene solution at 25 and 45°, the complete exact analysis
of its PMR spectrum in CDCl,. The data obtained are discussed in terms of molecular
solute conformation.

RESULTS AND DISCUSSION
Dipole moment. The experimental data and the dipole moment value of bis(m-
nitrophenyl) disulphide are reported in Table 1.

* To whom correspondence should be addressed.
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TABLE }. WEIGHT FRACTIONS OF SOLUTE (w,), DIELECTRIC CONSTANTS (¢,,), SPECIFIC VOLUMES (v,,) AND

REFRACTIVE INDEXES (n,,) OF BIS(m-NITROPHENYL) DISULPHIDE IN BENZENE SOLUTION AT 25° AND 45°.

LISTED BELOW ARE TOTAL POLARIZATION P,, (ml), MOLAR REFRACTION R, (ml) AND DIPOLE MOMENT ¢
(DEBYE UNITS) TOGETHER WITH OTHER PARAMETERS FOR ITS EVALUATION

t = 25° = 45°
100w, Ey2 Uyy ny 100w, 1793 vy ny
(3970 2:3023 1-14151 1-49791 0-4646 22474 1:16625 1-48531
04812 2-:3083 1-14108 1-49802 0-5014 2:2501 1-16606 1-48535
0-5303 2-3118 1-14084 1-49808 05611 2:2564 1-16579 1-48541
05639 2-3143 1-14066 149813 06118 2:2580 1-16551 1-48547
0-6158 23179 114040 1-49819 06812 2-2641 1-16518 1-48554
07002 2-:3240 1-13997 1-49830 07223 2-2672 1-16497 1-48559
o €10 B Vio Pro Rp B

t=25° 713 22739 ~ 0308 114332 371273 802 333

t =45 7-59 2:2123 — 0496 1-16855 52205 802 477

a=deyy/dwy B =dv/dw, £ = lim,, 08y, 09 = lim,,_o0,;.

The total moment has been evaluated by vector addition as a function of the rota-
tion angles ¢ and ¢’ according to the relation pu = /(p2 + p? + p2). For the molecu-
lar model shown in Fig 1, the components along each axis are given by:

o ¢
U, = H3COSPCcos (90° - 5) — uscos ¢'cos <90° - 5) + 2(y, — ylkos;ws(ﬂ - 90°)

" ®
Uy = H3COS ¢sin (90" - —;—)) — };C0s @'sin (90" - E)

M, = ps3sin gcos(@ — 90°) — p,sin d'cos(f — 90°)

. o . M O
where p; = pa;_si Hz = Har—No, CO860°: i3 = pa; no,SING0°.

The following assumptions have been made:

(1) We use the group moments g,, g = 129 D'? and y,, _no, = 398 D.'*

(2) The dihedral angle between the sulphur valencies planes (&) is 96! and the
C-S-S angle () is 106".!

(3) The mesomeric moment value (u,) in bis(o-nitrophenyl) disulphide can be
neglected.!®. Since in bis(m-nitrophenyl) disulphide the interaction S—NO, is
obviously expected to be smaller than in the analogous ortho-substituted compound,
we consider in the present calculations g, = 0.

The possible rotational conformations of the molecule are defined by the rotation
angles ¢ and ¢’ described by each phenyl group in clockwise direction starting from
the structure shown in Fig 1. This model in which each phenyl group lies on the
xy plane and the meta-nitro groups are in a proximal position is obtained by rotation
angles ¢ = ¢’ = 0.

The results of the calculations are shown in Fig 2, where the contours 4-35 connect
all points for which p.,, = p .
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FiG 1. Bis(m-nitrophenyl) disulphide oriented along the coordinate system of axes. The
configuration in which ¢ = O and ¢’ = O is outlined

The points on the diagonal for which u,,. = 0:90 D correspond to the possible
conformations obtained by concerted rotation (i.e. by angles ¢ = ¢’} of the phenyl
groups in the same sense starting from the model in Fig 1 where ¢ = ¢’ = 0. The
poor agreement between this calculated dipole moment and the experimental value
(4-35 D) allow us to exclude free rotation about C—S bonds.

On the basis of the large differences between the measured dipole moment and
calculated values, we exclude also the possible conformations in which each phenyl
group lies on the valency plane of the adjacent S atom (¢ = ¢’ = 90°and ¢ = @' =
270°: Yoo = 090D; ¢ = 90°, ¢’ = 270°: u,. = 6:66 D).

However, inspection of the contour map shows* that the possible conformations
of bis(m-nitrophenyl) disulphide are given by the marked points 4, B, and 4, B’
on the contours 4-35. Scale molecular models indicate that the conformation in which
¢ = 40°, ¢ = 320° (A) or ¢ = 320°, ¢’ = 40° (A4') is unfavoured because of steric
and electrostatic repulsions between the meta-nitro groups.

* The conformation in which the angles are ¢ = ¢’ = 0 results unchanged if we consider a further
rotation of 360° for a phenyl group. Therefore the model in Fig 1 can be assumed as corresponding on
the map to the point in which the angles are @ = 0, ¢’ = 360° or, as is the same, ¢ = 360°, ¢’ = 0. We
now consider concerted rotation, i.c. by the same angles, of the phenyl groups about the C—S axes, but
in opposite sense to each other starting from the above stated molecular model: any of the possible con-
formations obtained corresponds on the map to a point that lies on the diagonal line given by the relation
¢ + ¢’ = 360°. Thus A, B, A’, B’ are the crossing points of this line with the contours for which g, =g,
(4-35 D).
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Thus we consider the molecule to exist as a solute in the twisted conformation
(Fig 3) arising from the model in Fig 1 by rotation angles ¢ = 140°, ¢’ = 220° or,
as is the same, ¢ = 220°, ¢’ = 140° (marked points B and B').

A further inspection of the contour map shows that the measured dipole moment
is also in satisfactory agreement with the calculated for a skew distal conformation
in which the aromatic rings are in planes perpendicular to each other (¢ = 180°,
¢’ = 270°), one group being in the C-S-S plane and able to accomodate the sulphur
p-electrons. This asymmetric conformation is to be abandoned on the basis of the
unlikely non-equivalent position of the two phenyl groups with respect to the C-S-§
planes. Moreover, we may exclude rapid interconversion between the phenyl rings
in this conformation, since oscillations of such amplitude would give rise to an
average dipole moment value very different from that of 4:35 D. However, further
precise choice will be made in favor of the conformation given by the point B on the
basis of the PMR spectral analysis discussed in the following section.

The measured dipole mgment at 45° is 4-77 D. The small temperature coefficient
shows that the increase in the amplitude of oscillation about C—S bonds which
should accompany the rise of temperature agrees with the average dipole moment.
On this basis, bis(m-nitrophenyl) disulphide exists in an essentially rigid conformation
in which small torsional oscillations (up to ca 2°) about C—S bonds are possible.

Now it is clear that in aromatic disulphides hindered rotation about C—S bonds
is either due to partial double bond character (resonance effects) or due to the steric
effects of bulky ortho-substituents. In the present case of meta-substitution steric
effects are unlikely to be important in determining the potential energy barrier
hindering free rotation. On the other hand, in the above proposed favoured con-
formation each aromatic ring as a whole is twisted 40° from coplanarity with respect
to the valency plane of the adjacent S atom. This lack of coplanarity involves lack
of overlap between the sulphur 3p orbital and the 2p orbitals of the = system. This
view also agrees with a previous UV study's in which evidence was presented of
inhibited resonance interaction of the unshared p electrons of the S atoms with the #
electrons of the phenyl groups in bis(m-nitrophenyl) disulphide.

Thus it appears that electronic effects arising exclusively from the participation of
the sulphur 3d orbitals to the C—S bond are significant, and perhaps dominant, in
determining the preferred conformation as well as the potential barrier hindering
free rotation. Therefore in bis(m-nitrophenyl) disulphide the interaction between
the full p, orbital on the C atom (part of the aromatic ® bond) with an empty d orbital
on the S atom is present to the extent that both C—S bonds contain partial double
bond character.

The above conclusion is supported by the values of the rotation angles ¢ and ¢’
we have obtained for which one of the favourable positions for extensive p, — d,
overlap occurs.

PMR spectrum. Reasonable trial values of the chemical shifts have been estimated
assuming additivity of substituent effect!® in benzenethiol.!® Trial parameters for the
coupling constants have been taken from the analysis cited for benzenethiol and, partly,
on the basis of splitting patterns.

Table 2 gives the final parameters obtained by iteration of all the resolved lines.
Fig 4 shows the observed spectrum compared to the calculated one.

Theoretical Lorentz-shape pattern exhibits all the resonance lines of the observed
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TABLE 2. '"H-NMR SPECTRAL PARAMETERS FOR BIS(m-NITROPHENYL) DISULPHIDE (IN Hz)
(RMS error of the final iteration 0-038.)
Coupling constants Chemical shifts
Jaa Jas Jae Jas Jas Jse 2H 4H SH 6H
2:303 1-447 11993 8159 1:042  7-831 493797 486788 453-286 471-035
(0-:006) (0-035) (0012) (0016) (0-011) (0-024) (0-:0200 (0-018) (0-031) (0-023)

The probable errors of all the parameters iterated are given in parentheses.

spectrum and the computed intensities in satisfactory agreement with the experi-
mental. Moreover, it can be observed that the hydrogen chemical shifts values are
in the order H, > H, > Hy > H, as might have been expected for a meta-sub-
stituted benzenethiol. Thus, in agreement with the assumption on which the analysis
has been based, in the present case of bis(m-nitrophenyl) disulphide the phenyl
groups are not rendered distinct by the restricted rotation about C—S bonds above
elucidated by dipole moment considerations.

507 80

440 80

FiG 4. The observed and calculated 60 MHz 'H spectrum of bis(m-nitrophenyl) disulphide
in CDCl, (frequency markers in c¢/sec from tetramethylsilane)



Solution conformation of bis(m-nitrophenyl) disulphide 4153

The equivalence between the aromatic groups is due to the equal charge densities
close to the corresponding hydrogens of the rings. It can be also simply due to equal
shieldings from the S atoms. However, both hypotheses are consistent with the

proposed molecular conformation in which the rotation angles ¢ and ¢’ have equal
values with opposite signs with respect to each sulphur valency plane, since in this
position electronic as well as steric equivalence occurs between the phenyl groups of
the molecvle.

These results confirm that a skew conformation can be excluded because of the
strong difference observed between the rotation angles of the aromatic rings.

In the course of our experiments it has been tested that solvent effects on the
chemical shifts are absent and that the spectral pattern is unaffected by the change of
the solvent. Consequently, the conformational preference of the disulphide studied
is independent of the medium.

EXPERIMENTAL

Bis{m-nitrophenyl) disulphide was a commercial Aldrich Chemical Co. product, purified to 99-96%, by
several recrystallizations from alcohol to constant m.p. (78°) and &,y,,.

The dipole moment was determined at 25° and 45° 4+ 0-01° in benzene soln using the apparatus, tech-
nique of measurement, solvent constants and method of assessment of purity of the same described in
detail elsewhere.!® The dipole moment value was evaluated by the Halverstadt and Kumler'® and the
Guggenheim'® methods. The probable error in p has been estimated to be +0-01 D at 25° and +002D
at 45°.

The PMR spectrum has been recorded on a Varian Ass. Model A60-A nmr spectrometer at a probe
temp of ca 38°. TMS as an internal reference was added to the 15 mol% soln of the disulphide in CDCI$.

The sweep linearity of the spectrometer was initially tested and the spectrum calibrated using the usual
side-band method. The transition frequencies were measured averaging the results of three recordings
(forward and backward) of the spectrum. The r.m.s. error over a resonance line has been estimated to be
0-05 Hz.

The iterative LAOCQON 111 computer program2° (run on a CDC 6600 computer) was used to analyse
the 60 MHz hydrogen resonance spectrum of bis(m-nitrophenyl) disulphide.

The analysis has been based on the assumption that the compound could be regarded as a disubstituted
benzene:

REFERENCES

! J.D. Lee and M. W. R. Bryant, Acta Cryst. B 25, 2094 (1969)

% J. Toussaint, Bull. Soc. Chim. Belges 54, 319 (1945)

3 L. G. Vorontsova, Z. V. Zvonkova and G. S. Zhdanov, Soviet Phys. Cryst. §, 668 (1961)
4 E. Shefter and T. I. Kalman, Chem. Commun. 1027 (1969)

$ J. 8. Ricci and 1. Bernal, J. Am. Chem. Soc. 91, 4078 (1969)

¢ J.S. Ricci and 1. Bernal, J. Chem. Soc. B, 806 (1970)

7 J.D. Lee and M. W. R. Bryant, Acta Cryst. B 26, 1729 (1970)

* CDCl, was chosen because of solubility difficulties in other solvents.



4154 G. C. PapPALARDO and G. RONSISVALLE

. N. Gur’yanova, Zh. Fiz. Khim. 24, 479 (1950)

. N. Vasil’eva and E. N. Gur’yanova, Ibid. 33, 1976 (1959)

. C. Pappalardo and S.Pistara, J. Chem. and Eng. Data 17, 2 (1972)

. J. Aroney, Hera Chio, R. J. W. Le Févre and D. V. Radford, austral. J. Chem. 23, 199 (1970)

-J. Aroney, R. J. W. Le Fevre, R. K. Pierens and L. K. Hera The, Ibid. 21, 281 (1968)

. C. Pappalardo and G. Ronsisvalle, Tetrahedron Letters 3351 (1971)

14 C. P. Smyth, Dielectric Behaviour and Structure, p 253. McGraw-Hill, New York (1955)

15 G. Leandri and A. Tundo, Ann. Chim. Italy 48, 180 (1955)

16 J. A. Pople, W. G. Schneider and H. J. Bernstein, High-resolution Nuclear Magnetic Resonance, p 262.
McGraw-Hill, New York (1959)

17 H. B. Evans, Jr,, A. R. Tarpley and J. H. Goldstein, J. Phys. Chem. 72, 2552 (1968)

'® 1. F. Halverstadt and W. D. Kumler, J. Am. Chem. Soc. 64, 2988 (1942)

19 E. A. Guggenheim, Trans. Faraday Soc. 45, 714 (1949)

20 §. Castellano and A. A. Bothner-By, J. Chem. Phys. 41, 3863 (1964)



