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Abstract—The structure of the title compound has been determined by single-crystal X-ray analysis and refined by
least-squares methods based on diffractometer data (1388 counter intensities, R 0.035). The crystals are monoclinic,
space group P2, with Z=2, a = 13.360(2), b= 5.755(1), c =10.318(1) A and B = 108.32(1)°. The atoms of each

naphthalene nucleus in the molecule are coplanar to within the rms value of 0.087

A, and the intramolecular

dihedral angle between the mean planes of those nuclei is 56°. Both the Bijvoet X-ray method and an analysis of
the circular dichroism spectrum indicate that the (+)-isomer has the (S)-configuration, providing a reference for the
correlation of configuration in the series of chiral 1,I’-binaphthyl-2,2"-sulphur-substituted derivatives.

The absolute stereochemical configuration of a range of
chiral biaryls substituted with elements from the first
short period have been determined by chemical cor-
relations' based upon a reference enantiomer of known
configuration, determined by the Bijvoet X-ray
method,>* and by the exciton analysis of the electronic
CD and absorption spectra of an isomer of each biaryl
considered.** In the I,1"binaphthyl series the CD
method is of limited applicability when the dihedral angle
between the molecular planes of the naphthalene
moieties lies near’ to 100°, or if the change in the
transition-dipole directions of the naphthalene chromo-
phore due to strongly auxochromic substituents is in-
determinate. The former ambiguity obtains in the series
of 1,1"-binaphthyls with a three-atom bridge between the
8- and the 8'-position.” In the case of the 2-thiath-
rimethylene member of this series the dihedral angle
between the mean planes is found to be 92.49°, from an
X-ray crystal and molecular structure determination, in-
cluding the measurement of Bijvoet-pair intensity-
differences.® The Bijvoet measurements assign the (R)-
configuration to the (-)-isomer,* providing a reference
for the chemical correlation of the configuration of the
other members of the series.’

The second type of uncertainty connected with the CD
assignment of absolute configuration in the biaryl series,
strongly auxochromic substituents, is present in (+) - 1,1’
- binaphthyl - 2,2’ - disulphide (dinaphtho - (2,1 - ¢,1',2’ -
eldithiin) 1 and other chiral derivatives of the enan-
tiomers of 1,I' - binaphthyl - 2,2’ - disulphonic acid,’
which remain unrelated as yet, either chemically or by
chiroptical methods, with an enantiomer of known
configuration. The disulphide group in the 1,1'-binaphthyl
1 is itself chromophoric, giving the substance a bright
yellow colour. Both the disulphide group and the 1,1'-
binaphthyl chromophore of the enantiomer 1 are in-
herently dissymmetric, and correlations between the
stereochemical configuration and the CD of a particular
electronic transition are available for each chromophore
individually.

The weak lowest-energy absorption band of 1 is the
analogue of the corresponding n—o* band of chiral
1,2-dithianes, and the negative CD of the (+)-isomer 1 at
388nm  indicates, from  previously-established

correlations, '®'? that the C-S-S-C bond system has the
cisoid form with M-helicity in this isomer (Fig. 1). The
assignment is congruent with the inference, from the
bisignate CD couplet in the 200-280region of the CD
spectrum of the (+)-isomer 1, a negative CD band at the
higher frequency associated with a positive CD band of
comparable magnitude at the lower frequency,’ that the
1,1'-binaphthyl chromophore has the (S)-configuration in
this enantiomer (Fig. 1). However, the two dissymmetric
chromophores are no longer individual in the isomer 1,
and the interaction between the two chromophores limits
the validity of the separate correlations. The 388 nm CD
and absorption band of 1 lies at a wavelength longer by
~100nm than expected for the n—¢* transition of a
cisoid C-S-S-C chromophore with a dihedral angle of
~60° between the two C-S bonds,'" and the transition
giving the 388 nm band of 1 probably has a substantial
n - w* character.

In order to investigate the validity of the spectroscopic
CD assignment of the (S)-configuration to the (+)-enan-
tiomer 1, the crystal and molecular structure of 1 has
been determined by X-ray diffraction, including the
measurement of Bijvoet pairs of reflection intensities. An
additional objective was a study of the packing modes of
the molecule 1 in the crystal. Like the parent molecule,"
1,1'-binaphthyl, the disulphide derivative 1 is expected to
spontaneously resolve on crystallisation from the melt
(racemate m.p. 214°, enantiomer m.p. 262°)° into a con-
glomerate of crystals which individually contain solely
either the (+)- or the (-)-isomer. Spontaneous optical
resolution by crystallisation from the melt or from solu-
tion is relatively rare, only 250 cases being identified as
yet.'* The principal method for the large-scale optical
resolution of racemates is entrainment, the seeding of a
melt or supersaturated solution of the racemate with a
crystal of one of the enantiomers, and the procedure is
confined to the minor class of racemates which spon-
taneously resolve on crystallisation.'* The investigation
of the molecular packing modes in examples of the minor
class of self-resolving racemates is relevant to extensions
of the entrainment method which, with other resolution
procedures, has enantioselective importance in phar-
macological and other biological applications of synthetic
racemates.'®
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Fig. 1. The absorption (upper curve) and CD spectrum (lower
curve) of (S) - (+) - 1,1' - binaphthyl - 2,2' - disulphide 1 in
cthanol solution.

EXPERIMENTAL

Materials. Samples of (- )- and (+) - dinaphtho(2,1 - c.1'2’ -
eldithiin 1 and of (-) - 4:4 - dimethyldinaphthof2,] - b,1'2" -
djf1 3Mdithiepine 2 were kindly supplied by Dr. W. L. F.
Armarego.’

Spectra. The absorption and CD spectra of EtOH solns of the
(+)cnantiomer 1 (Fig. 1) and the (-)-isomer 2 (Fig. 2) were
measured with a Cary 14 and a Jouan CD 185 instrument,
respectively.

X-ray study. Yellow needles of 1 were obtained from chloro-
form soln. The crystal employed for the X-ray diffraction analy-
sis had the dimensions 0.11x0.23x0.35 mm. Unit cell dimen-
sions were determined from Weissenberg photographs and were
subsequently refined on a diffractometer.

R' \\\k‘

00

2: RRR'=-S8S-C(CH,),-S -
3: R=R'=-SO,;H -

4: R=R"=-S80,CI

5: R=R=-SH

6: RR'=-§-S0,

Fig. 2. The absorption (upper curve) and CD spectrum (lower
curve) of (R) - (=) - 4:4 - dimethyldinaphtho{2,1 -b,1'2' - d](1,3}
dithiepine 2 in ethanol sotution.
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Crystal data. CxH,,S;, M = 316.41, monoclinic, a = 13.360(2),
b=57551), c = 10.31801) A, 8 = 108.32(1°, U=7153.11 A%, Z =2,
D, = 1.40, D, =1.395gcm™?, F(000) = 328, CuK, radiation, A =
1.54178 A, u(CuK,)=298cm", space group P2,.

The intensities were measured with CuK, radiation on an
Enraf-Nonius CAD-4 automated diffractometer operated in the
6~26 scan mode up to #=60°. Out of the 1573 unique
reflections observed, 1388 with |Fy| > 3o were employed for the
refinement. The intensity data were not corrected for absorption.

Structure determination. The structure was solved by the
heavy atom method and was subsequently refined employing
SHELX 76. All of the H atoms appeared in the difference
Fourier map and they were included in the refinement. Isotropic
and anisotropic thermal factors were adopted for the H and for
the other atoms, respectively. The final R value was 0.035 for the
(S)configuration of the enantiomer 1. Structure amplitudes were
calculated additionaily for the (R)-configuration by changing the
coordinates from (x, y,7) to (x, - y,2), followed by refinement.
Convergence was reached with R =0.044, The larger R value
suggests, but does not establish, that the (+)-isomer 1 has the
(S)-configuration. Accordingly Bijvoet pairs of related
reflections, (hkl) and (hkl), were compared in the Weissenberg
photographs taken about the a and the ¢ crystal axes. The
inequality relations show less ambiguously that the (+)-enan-
tiomer 1 has the (S)-configuration (Table 1).

Atomic scattering factors for the H atoms were taken from
Ref. 25, and for the S and C atoms, together with Af” and Af” for
the S atoms, from Ref. 26.

DISCUSSION

Molecular structure. Table 2 lists the final set of atomic
coordinates determined for (S) - (+) - 1,1’ - binaphthyl -
2,2 - disulphide with the atom-numbering scheme of 1.
The atoms of each naphthalene ring system are coplanar
to within the root mean square deviation of 0.087 A,
which is larger than the corresponding value (0.009 A)
determined for racemic 1,!’-binaphthyl,”” but less than
the displacements from coplanarity, up to 0213 A,
found® in the case of (R) - (-) - 8,8 - (2 - thiatrimethy-
lene) - 1,1’ - binaphthyl. The atoms of the two individual
benzene rings in a given naphthalene residue of 1 show
smaller displacements, 0.048 A for the ring exocyclically
bonded and 0.016 A for its annelated neighbour. The
angle between the mean planes of the two benzene rings
in a naphthalene residue is 171°. The intramolecular
dihedral angle between the mean planes of the two
naphthalene ring systems in 1 is 56°, and the correspond-
ing angle for the two C-S bonds of the C-S-S—C residue
is 62°. In the disulphide-bridged biphenyl analogue,
SH.8H-dibenzo[d f]{1,2]dithiocin, the dihedral angles are
57° between the aromatic mean planes and 54° between

Table 1. Determination of the absolute configuration. The corresponding structure factors |F.(hkl)P and [F(hkhP
calculated for the (S)-configuration and the observed qualitative inequalities

hok 2 Irc(hkz)l2 Oba. Irc(hiz)lz
7 1 3 6.8 < 8.4
T 1 2 18.5 > 14.4
2 4 3 39.7 < 42.3
10 2 3 26.0 > 21.2
1 1 9 16.8 > 13.7
3 s o 10.2 > 13.0
16 o 19.4 > 15.2
10 1 3 7.8 > 6.8
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Table 2. The fractional atomic coordinates (x10° for the hydrogen atoms, and x10* for the carbon and sulphur
atoms) with estimated standard deviations in parentheses

Atom x/a y/b z/c Atom x/a y/b z/c

s(l) 3066(1) 1412(5) 1597(1) c(26) -1119(3) 4184(10) -4139(5)
s(2) 3030(1) 4983(5) 1622(1) c(27) -406(3) 2394(10) -4116(5)
C{11) 2717(3) 2471(8) -1089(4) Cc(28) 566(3) 2324(9) -3124(4)
C€(12)  3270(3) 1047(9) -9(4) c(29) 855(3)  4044(8) -2090(4)
C(13) 3993(3) ~-647(9) -134(5) c(30) 104(3) 5785(9) -~2080(4)
Cc(14) 4204 (3) -886(9) -1339(5) H(13) 434(2) -189(2) 69(2)
c(1%) 4107(3) 702(10) -3596(5) H(14) 474(2) -191(2) ~145(2)
C(16) 3782(4) 2369(11) 5434(5) H(15) 462(2) =-54(2) ~370(2)
can 3110(3) 4120(10) 5580(4) H(16) 412(2) 242(2) -533(2)
c(18) 2743(3) 4192(9) 6685 (4) H(17) 289(2) 537(2) ~502(2)
c(19) 3062(3) 2467(8) 7718(4) H(18) 223(2) 526(2) -324(2)
c(20) 3777(3) 725(9) 7583(4) H(23) 130(2) 817(2) 103(2)
C(21) 1850(3) 3990(8) -1006(4) H(24) -28(2) 845(2) -94(2)
C(22) 1932(3) 5390(9) 121 (4) H{25) -146(2) 713(2) ~-309(2)
Cc(23) 1183(4) 7086(9) 144(5) H(26) -177(2) 416(2) 511(2)
C(24) 309(4) 7359(9) -968(5) H(27) -55(2) 110(2) 528(2)
C(25) -879(3) 5848(10) -3160(5) H(28) 108(2) 100(2) -319(2)

the C-S bonds of the C-S-S—C residue."* The dithiin ring
of 1 has a skew-boat conformation with an angle of 52°
between the S-S bond and the exocyclic binaphthyl
C(11)-C(21) bond.

The bond lengths and bond angles of 1 are similar to
the corresponding values found in analogous molecules
(Table 3). The exocyclic C{11)-C(21) bond of 1 has
virtually the same length as the corresponding bond
(1.475 A) in racemic 1,1-binaphthyl,'” and the S-S bond
of 1 is only 1% larger than that (2.035A) of the di-
sulphide-bridged biphenyl analogue.' The molecule 1 is
sterically overcrowded, with short non-bonded in-
tramolecular separations between the atoms, C or H, at
the 18- and the 28-positions, or the 19- and 28-positions,
and C(19)...C(29) (Table 4).

Crystal packing. The molecule 1 has C, symmetry
with the two-fold molecular rotation axis nearly parallel
to the crystal ¢ axis and the S-S bond almost parallel to
the crystal b axis (Fig. 3). If closely packed, an enan-
tiomer with C, symmetry is expected '° to crystallise in
the orthorhombic space group P2,2,2, whereas the (S)-
(+)-isomer 1 crystallises in the monoclinic space group
P2,. The absence of closest packing in the crystal struc-
ture of 1 is connected with a preferred packing mode,
found also in the crystal of dibenzyl disulphide,* where
the S atoms are in intermolecular contact, forming
infinite S-S...S-S... chains. In the lattice of 1 the
infinite sulphur chains extend along the crystal b axis
with the van der Waals®' separation of 3.700 A, com-
pared with the corresponding distance of 3.634 A in
dibenzyl disulphide.®® The small intermolecular S...S

separation in these lattices suggests a S-S interaction
analogous to that of the thiathiophens where non-bonded
intramolecular S...S separations are commonly inter-
mediate between the van der Waals contact distance and
the single-bond length.?

Configurational correlation. The establishment of the
(S)-configuration for the (+)-isomer 1 provides an ab-
solute reference for the configuration of the enantiomers
to which 1 is chemically related.® A wider range of
enantiomers is chemically correlated® with the (R)-(-)-
antipode of 1, all derived from (-) - 1,1'binaphthyl - 2,2’ -
disulphonic acid 3, including the corresponding (-)-di-
sulphonyl chloride 4, (-)-dithiol § and (-)-thiolsul-
phonate 6, together with the (—)-S,S-isopropylidene
derivative 2. As Walden inversions are improbable in the
reactions employed,” all of these (—)-enantiomers are
assigned the R-configuration. The assignment is sup-
ported by the CD spectrum of the (—)-isomer 2 (Fig. 2).
The bisignate CD couplet in the 200-250 nm region of the
spectrum arises from the coupling of the two long-axis
polarized naphthalene 'B, transitions, the in-phase
coupling giving a right-handed helical charge-displace-
ment along the C, molecular axis for the (R)-configura-
tion, while the out-of-phase coupling produces a left-
handed helical charge displacement along the direction
perpendicular to the mean molecular plane for that
configuration.’ The in-phase and the out-of-phase coup-
ling modes lie at the higher and the lower frequency,
respectively, so that the observed sign-order of the
bisignate CD couplet implies the (R)-configuration for
the (-)-isomer 2 (Fig. 2).
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Table 3. The bond lengths (A) and bond angles (°) of J,1-binaphthy)-2,2disulphide

Bond

S(1) -cQ12)
C{11)-C(21)
c{1l)-c{12)
€{11)-C(19)
c(12)-c{13)
Cc(13)-C(14)
C(14)=C(20)
c{15)-c(20)
Cc(15)-c(16)
cQ16)-c(17)
c(17)-c(18)
c{18)-C(19)
c€(19)-c(20)

Bonds

C(12)-5{1)~ S(D)
s$(1) -C{12)-C(11)
C(12)-C(11)-C(21)
C(12)-C(11)-C(19)
C(19) < (11)-C(21)
s(1) -C(12)-c(13)
C{11)=C(12)-c(1})
C(12)-c(13)~cQ24)
C(13)-C(14)~C(20)
€{16)~C(15)-C(20)
c(15)-c(16)-c(1?)
c(16)-C(17)-c(18)
Cc{17-c(18)~C(19)
C(18) -C{19)~C(20)
c(18)-C(19)~C(11}
C€(20)-C{19) ~-C(11)
€(19)=C (20} ~C(15)
C€(19)-C(20)~C{14)
C(14)-C(20)-C(1S}

Length (R)

1.775(4)
1.476(5)
1.393¢(5)
1.444¢(5)
1.406(6)
1.365(6)
1.423(6)
1.419(6)
1.355(7)
1.389(7)
1.376(6)
1.421(6)
1.419(6)

Angle (*)

98.1(2)
118.6(3)
122.1(3)
116.7(4)
121.1(3)
118.6(3)
122.8(4)
119.8(4)
120.0(4)
120.8(4)
120.1(4)
121.5(4)
120.0(4)
118.1(4)
122.6(4)
119.3(4)
119.4(4)
120.0(4)
120.5(4)

Bond

$(2) -C(22)
${1) -8(2)
C(21)-C(€22)
C€(21)-C(29)
c({22)-C(23)
C(23)-C(24)
C(24)-C(30)
C€(25)-C(30)
C(25)-C(26)
c{26)-C(27)
c(27)-C(28)
c(28)-C(29)
C(29)-C(30})

Bonds

€(22)-5(2) -s(1)
S(2) -C(22)-C(2))
C(22)-C(21)-C(11})
C{22)-C(21)-C{29)
c9-ci2lr-c(11)
S{2) -C(22)-C(23)
c{21)-c({22)-c{(23)
C€{22)-c(23)-C(24)
C(23)-C(24)-C(30)
C(26)-C(25)-C(30)
c{25)-c{26) -c(27)
C(26)}-C{27)-C(28)
C{27)-C(281-C(29)
C(28)-C(29)-C(30)
c(28)-C(29)-C(2))
c{30)-C(29)-C(2})
€(29) -C(30)-C(25)
C(29)-C(30)-C(24)
C(24)-C(30) C(2%)

Length (k)

1.782(4)
2.056(2)
1.390(5)
1.442(5)
1.4041(6)
1.365(6)
1.419(6)
1.431(6)
1.363(6)
1.398(6)
1.379(6)
1.417(5)
1.420(5)

Angle (®)

97.8(2)
118.6(3)
122.3(3)
116.6(3)
121.1(3)
118.2(3)
123.2(4)
119.5(4)
120.2{4)
120.5(4)
120.5(4)
120.8(4)
120.6(4)
118.2(4)
122.3(4)
119.3(4)
119.3(4)
119.9(4)
120.7(4)

Table 4. Non-bonded intramolecular atomic separations (A)

Atoms 1 3] Atoas )
8(1) +-+ c(21) 3.082 1) +o- H(LD) 2.897
curees 8(2) 3.058 5(2) +ee B(23) 2.863
cl e €(28) 2.980 Cl11) -+ - H(28) 2.687
C(12) v+« C{22) 3.10% C{18) +~+ H(28) 2.917
c18)+-+ c(a1) 2.981 (19} o~ H(28) 2.625
C(18)+++ €(28) 3.165 caLyee KB 2.611
C(1B8)+++ C(29) 3.155 C(28) *»+ H(18) 2.824
C19) »++ €(28) 317 C(29) =+ H(18) 2.57
c19)vee €(29) 3.156 H{1B) +++ H(28) 2.902
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Fig. 3. A projection of the crystal structure of (S) - (+) - 1,1’ - binaphthyl - 2.2' - disulphide 1 on the plane
perpendicular to the b-axis of the crystal.

Acknowledgements—We thank Dr. G. W. Vane™ and Dr. W. S.
Brickel® for the. CD spectra of 1 and 2, and the SRC for

support.

'S. Yamada and H. Akimoto, Tetrahedron Letters 3967 (1968);
Tetrahedron 21, 5999 (1971).

3H. Akimoto, T. Shioiri, Y. litaka and S. Yamada, Tetrahedron
Letters 97 (1968); H. Akimoto and Y. Itaka, Acta Cryst. B2S,
1491 (1969).

’K;}lmta and J. Tanaka, Bull. Chem. Soc. Japan 4, 2747
(1973).

“R. Grinter and S. F. Mason, Trans. Faraday Soc. 68, 274 (1964).
5S. F. Mason, D. R. Roberts and R. H. Seal, Tetrahedron 30,
1671 (1974).

$I. Hanazaki and H. Akimoto, J. Am. Chem. Soc. 94, 4102 (1972).
'M. M. Harris, P. K. Patel, S. Singh and D. L. Marshall,
Tetrahedron Letters 3161 (1978); M. M. Harris and P. K. Patel,
J. Chem. Soc. Perkin I1, 304 (1978).

%]. D. Korp, L. Bernal, M. M. Harris and P. K, Patel, Tetra-
hedron Letters 4099 (1979).

*W. L. F. Armarego and E. E. Turner, J. Chem. Soc. 13 (1957).

1°R. W. Woody, Tetrahedron 29, 1273 (1973).

":.1.9%. Neubert and M. Carmack, J. Am. Chem. Soc. 96, 943

).

TET Vol. 31, No. 10—L

12§, Hagishita and K. Kuriyama, J. Chem. Soc. Perkin II, 686
(1974).

BR. E. Pincock and K. R. Wilson, J. Am. Chem. Soc. 97, 1474
(1975).

“A. Collet, M. J. Brienne and J. Jacques, Bull. Soc. Chim. Fr.
127 (1972); 494 (1977).

1S. H. Wilen, A. Collet and J. Jacques, Tetrahedron 33, 2725
(1977).

'G. Blascke, Angew. Chem. Int. Edn. 19, 13 (1980).

K. A. Kerr and J. M. Robertson, J. Chem. Soc. (B), 1146 (1969).

'8G. H. Wahl, Jr., J. Bordner, D. N. Harpp and J. G. Gleason,
Ibid. Chem. Comm., 985 (1972).

A 1. Kitaigorodsky, Molecular Crystals and Molecules, Table 2,
p. 34. Academic Press, London (1973).

25 D. Lee and M. W. R. Bryant, Acta Cryst. B25, 2497 (1969).

L. Pauling, The Nature of the Chemical Bond (3rd Edn), p. 260.
Cornell U.P., London (1960).

2A_F. Cameron, Molecular Structure by Diffraction Methods
(Edited by G. A. Sim and L. E. Sutton), Vol. 2, p. 87. Chemical
Society, London (1974).

3G, W. Vane, Thesis, University of Exeter (1965).

W, S. Brickell, Thesis, University of East Anglia (1970).

BR. F. Stewart, E. R. Davidson and W. T. Simpson, J. Chem.
Phys. 42, 3175 (1965).

B International Tables for X-ray Crystallography, Vol. 4. Kynoch
Press, Birmingham (1968).



