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N,N’-Bis(2-hydroxycyclohexyl)-trans-
cyclohexane-1,2-diamine: a structure
reanalysed at low temperature

The title compound, C,gH3,N,O,, has been prepared and its
solid-state structure redetermined at low temperature. The
crystalline structure contains only RSSR and SRRS diastereo-
meric pairs occurring in alternating layers within the crystal,
reinforcing the idea that a high degree of diastereoselectivity
is attained in the reaction of polyamines and cyclohexene
oxide. The compound crystallizes in space group C2/c and the
molecule sits on a crystallographic twofold axis.

Comment

The title compound, (I), has been prepared and good crystal
quality permits a clear elucidation of the solid-state structure.
A previous study (de Sousa et al, 1997) of the solid-state
structure of (I) was not reported in any detail due to the
collection of an inadequate data set as a result of poor crystal
quality. The design of new ligands to optimize both the
observed selectivity patterns towards metal ions and the
coordination sphere hydration of metal complexes for diag-
nostic techniques in medicine requires careful investigation of
novel structural features (Hancock, 1992a,b; de Sousa et al.,
1991) in ligand architecture.

Iy

Compound (I) has four donor atoms, two O and two N, and
represents an example in which donor atoms are linked via
cyclohexanediyl bridges that are more rigid than the flexible
ethylene bridge counterparts. The structure consists of a single
RSSR and SRRS diastereomeric pair. The (R,R)-trans-1,2-di-
aminocyclohexane moiety has both trans-2-hydroxycyclohexyl
substituents exhibiting S,S chirality, whereas the (S,S)-trans-
1,2-diaminocyclohexane moiety has both trans-2-hydroxy-
cyclohexyl substituents exhibiting R, R chirality. These occur as
alternating RSSR and SRRS enantiomeric layers within the
crystal. This is in line with the observation that cyclohexene
oxide is a useful synthetic reagent for producing rigid highly
preorganized pendent donor groups with remarkable
diastereomeric selectivity (de Sousa et al, 1997), in which
hydrogen bonding during the reaction is believed to assist in
the stereochemical control (Cobb & Marson, 2001).

The cyclohexanediyl bridges adopt the expected chair
conformation and puckering of the bridge between the two N
atoms accommodates the N1—C7—C7'—N1' torsion angle of
—67.27 (17)° [symmetry code: (i) 2 —x, y, 3 — z]. The puck-
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Figure 1
Alternating enantiomeric layers in the structure of (I), viewed along
[100]. H atoms have been omitted for clarity.

Figure 2

The molecular structure of (I), showing the atom-labelling scheme and
50% probability displacement ellipsoids. Atoms labelled with the suffix a
are at the symmetry position (2 — x, y, 1 — z).

ering observed for the cyclohexanediyl bridge between the
two N atoms results in a slight flattening of the chair confor-
mation which rationalizes the marked deviation from ideal
strain-free values for the torsion angles C8—C7—C7'—C8'
and C7'—C7—C8—C9 that are 453 (2) and —50.19 (16)°,
respectively. This observed flattening of the chair conforma-
tion allows for the possible consideration of a weaker inter-
molecular C—H- - -O interaction between atom H8A on the
cyclohexanediyl bridge between the two N atoms and atom O1
of the hydroxycyclohexyl moiety in the adjacent layer at a
C- - -O distance of 3.3800 (16) A. Bond angles involving the N
atoms show significant deviation from what is expected for an
sp>-hybridized state. Although the bonds involving atom
H111, C7—N1—H111 and C2—N1—H111, have values of 108
and 109°, respectively, conforming with tetrahedral geometry,
the value of 116.61 (9)° for C2—N1—C7 reflects the rotation
of the 2-hydroxycyclohexyl moieties towards the molecular
cavity as defined by the donor N and O atoms on metal
complexation.

Rotation of the 2-hydroxycyclohexyl moieties facilitates
hydrogen bonding, as supported by previous MM?2 calcula-

Figure 3
Motifs, viewed along the [101] direction, describing the hydrogen-
bonding network.

tions (de Sousa et al., 1997). The rotation of the 2-hydroxy-
cyclohexyl groups that serves to maximize hydrogen bonding
within the cavity has the added benefit of simultaneously
decreasing H---H repulsions occurring between adjacent
cyclohexenyl bridges. Atoms H2 and H8B are separated by
2.82 A. The distance between equivalent H atoms in the
copper complex of compound (I) decreases to a value short of

Figure 4
Hydrogen-bonding network, emphasizing the intermolecular interactions
along the [101] direction.
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the sum of the van der Waals radii of 2.4 A for two H atoms
(de Sousa et al., 1997). This interaction therefore becomes
considerably important on complexation of metal ions and
especially so with an increase of metal ion radius. Within the
molecule of (I), the formation of an S(8) motif (Bernstein et
al., 1995) is defined by an intramolecular O—H- - -N hydrogen
bond with the amino atom N1 acting as an acceptor, involving
H112, and O1 at (2 —x, y, ; — z) across a crystallographic
twofold axis. Atom N1 additionally acts as a hydrogen-bond
donor via H111 to O1 in the hydroxy moiety of the molecule at
(x —1, 1 —y,1—2), generating, via a c-glide at y = 1, a C(5)
chain running parallel to the [101] direction. This hydrogen
bond is reinforced by an identical hydrogen-bond interaction
between the amino atom at (x —3%, $ —y, 1 — z) and the O
atom of the hydroxy moiety at (2 —x, y, $—z) that is
symmetrically equivalent through a centre of inversion and
results in the formation of an R3(16) motif Bernstein et al.,
1995). The [101] motif is, therefore, best represented as a chain
of rings C(5)[R3(16)] with adjacent R3(16) rings being alter-
nately twisted through an angle of 82.2°. There are two
parallel pairs of C(5)[R3(16)] chains running through the unit
cell that are symmetrically related through a twofold screw
axis. Chains within each pair are symmetrically related
through a twofold axis of rotation. These hydrogen-bonding
chains form links between the alternating SRRS and RSSR
enantiomeric layers.

Experimental

Compound (I) was synthesized as reported in the literature (de Sousa
et al., 1997) to obtain the crude compound. This was isolated in a pure
form by executing further synthetic procedures, as have been recently
reported by Cobb & Marson (2001). trans-1,2-Diaminocyclohexane
and cyclohexene oxide were both obtained from Merck.

Crystal data

CsH3,N,0, D,=1152Mgm™

M, =310.47 Mo Ko radiation
Monoclinic, C2/cn Cell parameters from 975
a=118682(17) A reflections
b=17512(3) A 6 =2.4-29.3°

¢ =10.2790 (15) A i =0.07 mm™"

B =123.074 (2)° T=123(2)K

V =17902 (5) A®
Z=4

Plate, colourless
0.40 x 0.34 x 0.12 mm
Data collection

Bruker SMART 1K CCD 1514 reflections with I > 20([)

diffractometer Rin = 0.024
w scans Omax = 26.5°
Absorption correction: none h=-8—14
5446 measured reflections k=-21—->21
1852 independent reflections I=-12 - 10

Refinement

w = 1/[o*(F,?) + (0.0842P)*
+ 0.6514P]
where P = (F,> + 2F2)/3
(A6 ) max = 0.001
APmax = 030e A7
Apmin = —026 € A3

Refinement on F?

R[F? > 20(F%)] = 0.044

wR(F?) = 0.131

§=1.03

1852 reflections

108 parameters

H atoms treated by a mixture of
independent and constrained
refinement

Table 1 .

Selected geometric parameters (A, °).

C2—N1-C7 116.61 (9) C7—N1—H111 108.0 (10)
C2—N1—HI111 109.0 (10)

C7'—C7—C8—C9 —50.19 (16) N1—C7—C7'—N1! —67.27 (17)
C8—C7—C7—C8§' 453 (2)

Symmetry code: (i) 2 —x,y,3 — z.

Table 2

Hydrogen-bonding geometry (A, °).

D-H--A D—H H-A DA D—H---A
N1—HI111.--01* 0.885 (17) 2.172 (17) 3.0273 (14) 162.2 (14)
O1—H112 - NI 0.99 (2) 1.82(2) 2.8021 (14) 170.3 (17)
C8—HS8A---01" 0.99 2.56 3.3800 (16) 140
Symmetry codes: (1) 2 —x,y, 5 —z; (i) x — 5,3 —y, 2 — %

With the exception of H111 and H112, which are involved in
hydrogen bonding, all H atoms were located in a difference map then
positioned geometrically and allowed to ride on their respective
parent atoms, with U,(H) = 1.2U.,(CN,0). H111 and H112 were
located in a difference map and refined independently of their parent
atoms.

Data collection: SMART-NT (Bruker, 1998); cell refinement:
SAINT-Plus (Bruker, 1999); data reduction: SAINT-Plus; program(s)
used to solve structure: SHELXS97 (Sheldrick, 1997); program(s)
used to refine structure: SHELXL97 (Sheldrick, 1997); molecular
graphics: PLATON (Spek, 1990); software used to prepare material
for publication: SHELXTL (Bruker, 1999).

The authors are grateful to the University of the Witwa-
tersrand and the H. E. Griffin Trust for their financial support.
We also thank the Jan Boeyens Structural Chemistry
Laboratory at the University of the Witwatersrand for the use
of their computational facilities.
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