Data collection
Enraf-Nonius CAD-4
diffractometer
w/20 scans
Absorption correction: none
2939 measured reflections
2771 independent reflections
1676 reflections with
1> 20(D)
Riny = 0.0372

Refinement

Refinement on F?

RIF* > 20(F*)] = 0.0678
wR(F?) = 0.2370

S =1.017

2726 reflections

229 parameters

H atoms riding

RICHARD C. CAMBIE et al.

Omax = 25°

h=-13 -0
k=-23 -0
I=-9-59

3 standard reflections
every 100 reflections
frequency: 60 min
intensity decay: none

(A/0)max = —0.008

Apmax = 0.552 e A7

Apmin = —0.600 e A3

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

w = U[oX(F2) + (0.1112P)?
+ 2.3877P]
where P = (F2? + 2FH)3

Table 1. Selected geometric parameters (A, ° )

Cl1—C19 1.688 (5) 04—C6 1.425 (5)
01—C1 1.352(5) C3—ClIS 1.395(7)
02—Ci3 1.225 (5) Ci5—Cl16 1.333(7)
03—Cl6 1.355(6) C18—C19 1.477 (6)
03—C4 1.363 (5) C19—C20 1.416 (7)
C18—C19—Ch 115.2(4) C5—C6—04 110.6 (3)
C20—C19—CI 118.2 (4) C7—C6—04 108.0 (3)
C14—C13—02 120.3 (4) C4—-03—C16 104.1 (4)
C12—C13—-02 121.1 (4) C2—C1—01 116.8 (4)
Ci4—C1—01 121.8 (4)

C5—C6—C18—C19 68.0 (5) C6—C18—C19—Cl1 106.8 (4)

The diffraction pattern was rather weak, falling off rapidly
with 6. The low intensity of the data, particularly for high
@ reflections, contributes to the rather high residual. H atoms
were placed geometrically and refined with a riding model
(including free rotation about C—C bonds for the methyl
group), and with Uis, constrained to be 1.2Ueq of the carrier
atom.

Data collection: CAD-4 Software (Enraf-Nonius, 1989).
Cell refinement: CAD-4 Software. Data reduction: local
programs. Program(s) used to solve structure: SHELXS36
(Sheldrick, 1990). Program(s) used to refine structure:
SHELXL93 (Sheldrick, 1993). Molecular graphics: SHELXTL
(Siemens, 1994). Software used to prepare material for publi-
cation: SHELXL93.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: NA1287). Services for accessing these
data are described at the back of the journal.
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Abstract

The stereochemistry of 2,2’-diaminodiphenyl disulfide
hemihydrate, C;;H;,N,S,.0.5H,0, differs significantly
from that of the corresponding anhydrous compound.
The conformational difference is a consequence of
the O—H---N and N—H- - -O intermolecular hydrogen
bonding between the Ci,H,N,S, and water molecules.
The molecule is characterized by a skewed central
moiety with a C—S—S—<C torsion angle of 75.2 (1)°.

Comment

Two products were obtained in an attempt to prepare the
tridentate Schiff base N-(2-mercaptophenyl)-2-hydroxy-

" 1-naphthaldimine from 2-hydroxy-1-naphthaldehyde and
2-aminothiophenol in a template condensation reaction,
namely, N, N -[dithiobis(o-phenylene)]bis(2-hydroxy-1-
naphthaldimine), as a yellow precipitate in lower yield,
and 2,2’-diaminodiphenyl disulfide in higher yield. The
latter crystallized as a hemihydrate, (I), in the form
of regular transparent ochre prisms from a red-brown
solution in methanol at low temperature.

NH, NH,

0.5H,0

@

The stereochemistry of diphenyl disulfide is known
(Lee & Bryant, 1969; Sacerdoti, Gilli & Domiano,
1975), together with many substituted diaryl disulfides
(Lee & Bryant, 1970; Spirlet, Van den Bossche, Dide-
berg & Dupont, 1979; Ricci & Bernal, 1969, 1970; Mak,
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Yip, Chan, Smith & Kennard, 1989). The results of
our investigation revealed that the presence of a water
molecule significantly changes the molecular confor-
mation. The structure (Fig. 1) exhibits essentially the
same bond-length pattern as the anhydrous form (Lee
& Bryant, 1970). The main feature of the central part
of both the hemihydrate and anhydrous 2,2’-diamino-
diphenyl disulfide (Lee & Bryant, 1970) is a skewed
conformation with very different C—S—S—C torsion
angles [75.2 (1) and 90.5 (3)°]. The S—S bond length
in disulfide compounds is correlated with the C—S—
S—C torsion angles, being around 2.031 (7 = 75-105°)
or 2.070 A (7 = 0-20°) (Allen et al., 1987). The anoma-
lous S1—S2 bond distance of 2.073 (1) A, witha Cl11—
S1—S2—C21 torsion angle of 75.2(1)°, could be ex-
plained only by the presence of the phenyl-ring amino
substltuents The C—N bond distances of 1.382 (4) and
1.384 (4) A imply that the NH, groups are pyrami-
dal, containing an sp>-hybridized N atom (Allen et al.,

1987). The existence of O—H- - -N-type hydrogen bonds
also depends on the presence of nitrogen lone-pair elec-
tron density. All other bond distances are normal. The
dihedral angle between the phenyl rings is 35.9 (1)°.

The water molecule is disordered over two sites, each
0.37 A from the twofold axis. The 2,2'-diaminodiphenyl
disulfide and water molecules are linked through three
moderately strong and a relatively weak hydrogen bond
(Table 2). Through these, the disulfide molecules are
connected by the water molecules into infinite puckered
ribbons along the a axis.

Fig. 1. The molecular structure of (I) with the atomic numbering
scheme. Displacement ellipsoids are drawn at the 30% probability
level.

Experimental

The title compound crystallized as a hemihydrate in the form
of regular transparent ochre prisms from a methanol solution
at low temperature.

Crystal data
C12H12N252.0.5H20 Mo Ko radiation
M, = 257.37 A =0.71069 A

Ci2H\2N,S,.0.5H,0

Monoclinic
12/a

a=18781(5 A
b=5292(1)A
c=24948(7) A

B = 90.47 (2)°
V=12479(1) A’
Z=8

D, =138 Mg m™?
Dy, not measured

Data collection

Phillips PW1100 diffractom-
eter

w scans

Absorption correction:
semi-empirical i scan
(Stoe & Cie, 1992¢)
Tmin = 0.781, Trnax = 0.858

3086 measured reflections

2784 independent reflections

Refinement

Refinement on F

R =0.031

wR = 0.051

S=1.12

1343 reflections

154 parameters

H atoms riding (C—H
0.95 A) others from AF
map

Cell parameters from 24
reflections

# = 9.0-14.5°

u =041 mm~!

T=295K

Prism

0.60 x 0.43 x 0.30 mm

Ochre

1343 reflections with
1> 20()

Rine = 0.015

Omax = 27°

h=-24 - 24

k=0-—>6

1=0- 31

3 standard reflections
frequency: 90 min
intensity decay: 2.3%

w = 1/[c*(F,) + 0.0015F2]

(A/0)max = 0.001

Apmax = 0.19 ¢ A‘

Aprin = —=0.19 e A~3

Extinction correction: none

Scattering factors from Inter-
national Tables for X-ray
Crystallography (Vol. IV)

Table 1. Selected geometric parameters (A, °)

S1—S2 2.073(1) N1—CI12 1.382 (4)
S1—Cl1 1.769 (3) N2—C22 1.384 (4)
$2—C21 1.769 (3)
$2—S1—Cl1 1019 (1) S1—82—C21 103.1(1)
Table 2. Contact distances (A)

1...ow 3.076(8)  OW--.NI% 3.330 (1)
NI-.-OW* 3.001(7)  OW---N2" 3.038(9)
Symmetry codes: (i) { —x,y — 1, =z (i) x,y — 1, 2; (iii) L — x,y, —z;
(iV)X— '%‘y 1 -

H atoms attached to C atoms were calculated as riding atoms,
with C—H = 0.95 A. The amino and disordered water H atoms
were revealed from a AF map with one of the two water H
atoms placed on the twofold axis. All H atoms were included
in the structure-factor calculations with isotropic displacement
parameters set at 1.2U., of the atom to which they were
attached. The water molecule occupancy factor of 0.5 was
unambiguously proved by the refinement procedure.

Data collection: DIF4 (Stoe & Cie, 1992a). Cell refine-
ment: DIF4. Data reduction: REDU4 (Stoe & Cie, 1992b).
Program(s) used to solve structure: NRCVAX SOLVER (Gabe,
Le Page, Charland, Lee & White, 1989). Program(s) used to
refine structure: NRCVAX LSTSQ. Molecular graphics: NRC-
VAX ORTEPII (Johnson, 1976). Software used to prepare ma-
terial for publication: NRCVAX TABLES (version of January
1994).
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Abstract

The structure of the title compound, C;3H,0;,, has
been determined. The torsion angles of the glycosidic
linkage connecting the two sugar residues, oy (H1'—
C1'—02—C2) and 9y (C1'—02—C2—H?2), have val-
ues of —62.7 (2)° and —28.6 (2)°, respectively. The con-
formation in the crystal is similar to that obtained by
energy minimization in vacuo using the HSEA (hard-
sphere exo-anomeric) force field. A chain of seven inter-
residue hydrogen bonds, involving all possible H-atom
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donors in the molecule is observed. The chain is termin-
ated by a ring O atom as an acceptor.

Comment

The three-dimensional structure of an oligosaccharide is
governed by the glycosidic torsion angles ¢y and v¥y.
Their values determine the overall shape of an oligosac-
charide and it is important to have an accurate measure-
ment of these for an understanding of conformational
aspects of the glycosidic linkage and for recognition
processes between proteins and carbohydrates.

We have determined the crystal structure of
methyl 2-O-a-p-mannopyranosyl-3-p-glucopyranoside,
(I) (Fig. 1). The major degrees of freedom, the gly-
cosidic torsion angles @y and ¥y, and the exocyclic
torsion angles for hydroxymethyl groups, w, show val-
ues in the expected regions of conformational space.
Thus, for the glycosidic linkage between the two sugar
residues, the torsion angles ¢y and ¥y are —62.7 (2) and
—28.6(2)°, respectively. The ¢y (HI—C1—O1—C7)
torsion angle for the glucose residue is 49.7 (2)°. For
both ¢y torsion angles, the values are in the conforma-
tional region where the exo-anomeric effect (Thggersen,
Lemieux, Bock & Meyer, 1982) contributes to energy
stabilization.

HO OH

HOH,C

Fig. 1. The molecular structure of (I) showing 50% probability
displacement ellipsoids. H atoms are drawn as small circles of
arbitrary radii.

The exocyclic torsion angles for the constituent
monosaccharides have ' (05'—C5'—C6'—06¢') =
63.5(2)° (gauche—trans) for the mannose residue and
w (05—C5—C6—06) = —65.2(2)° (gauche—gauche)
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