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The first metal complex of di-2-pyridylmethanone p-nitro-
phenylhydrazone (dpknph), i.e. the title compound, fac-
[ReCl(C17H3N50,)(CO);]-C,H4OS, crystallizes as well sepa-
rated pseudo-tetrahedral DMSO (DMSO is dimethyl sul-
foxide) and pseudo-octahedral fac-[ReCl(dpknph)(CO);]
moieties. Two N atoms from dpknph, three C atoms from
the carbonyl groups and one chloride ion occupy the
coordination sphere around rhenium. The coordinated
dpknph ligand forms a six-membered ring in a boat
conformation, with the pyridine rings in a butterfly formation.
The p-nitrophenylhydrazone moiety is planar, with all C and N
atoms in sp*-hybridized forms. The molecules pack as stacks of
interlocked fac-[ReCl(dpknph)(CO);]-DMSO units via a
network of non-covalent bonds that include solute-solute,
solvent—solute and 7—7 interactions.

Comment

The development of molecular systems sensitive to their
surroundings is of interest because of their rich physico-
chemical properties, reactivity patterns, and applications in
devices employed in photonic, electronic and sensing techni-
ques (Drain et al., 2001; Luo et al., 2001; Prasad & Williams,
1991; Bosshard et al., 1995; Czerney & Grummt, 1997). The
synthesis of di-2-pyridylmethanone p-nitrophenylhydrazone
(dpknph) and its tricarbonylrhenium complex, fac-[Re-
Cl(dpknph)(CO);], have been reported (Bakir & Abdur-
Rashid, 1999). Optical and thermodynamic measurements on
fac-[ReCl(dpknph)(CO);] in polar solvents have revealed
strong solvent—solute and solute—solute interactions, and facile
interconversion between two charge-transfer bands (Bakir et
al., 2000). Manipulation of the charge-transfer bands in fac-
[ReCl(dpknph)(CO);3]-DMSO, (I), led to the use of these
systems, ie. fac-[ReCl(dpknph)(CO);] and surrounding
solvent molecules, as spectrophotometric sensors for a variety
of substrates that include metal ions. The structure of (I) is
reported here and compared with the structures of

tricarbonylrhenium compounds containing a-diimine ligands,
e.g. di-2-pyridyl ketone oxime (dpk-oxime) and hydroxydi(2-
pyridyl)methoxide (dpkO,0OH).
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A displacement ellipsoid plot of (I) is shown in Fig. 1, and
Table 1 contains selected bond distances and angles. Two N
atoms of the bidentate chelating dpknph ligand and two
carbonyl C atoms occupy the equatorial positions in fac-
[ReCl(dpknph)(CO);] and the two axial positions are occu-
pied by a carbonyl C atom and a Cl atom. The N,N-chelating
dpknph molecule forms a six-membered Rel —N1—C15—
C—C25—N2 metallocyclic ring in a boat conformation. The
N—Re—N bite angle of 83.32 (12)° is of the same order as
those reported for tricarbonylrhenium compounds of N,N-
bidentate polypyridyl-like ligands containing six-membered
rings (Bakir, 2001; Gerber et al., 1993, 1995). For example, an
N—Re—N bite angle of 84.6 (4)° was reported for dpkO,0OH
in [ReOClL(dpkO,0H)] (Gerber et al., 1993, 1995) and a bite
angle of 80.27 (19)° was observed for dpk-oxime in fac-
[ReCl(dpk-oxime)(CO);]-DMSO (Bakir, 2001). The carbonyl
groups are in facial positions, with an average C—Re—C bond
angle of 89.4 (3)°. The Re—C, Re—N and Re—Cl bond
distances are normal and similar to those reported for fac-
[ReCl(dpk-oxime)(CO);]-DMSO (Bakir, 2001) and a variety
of tricarbonylrhenium compounds of the type fac-[ReCl(L-
L)(CO)s], where L-L is an a-diimine ligand (Horn & Snow,
1980; Xue et al., 1998; Yam et al, 1995, 1998; Gibson et al.,
1998). For example, in fac-[ReCl(‘Bu,bpy)(CO);], the Re—C,
Re—N and Re—Cl bond distances are 1.935 (9)/1.935 (9)/
1.896 (3), 2.169 (6)/2.170 (5) and 2.476 (2) A, respectively
(Yam et al., 1995). The p-nitrophenylhydrazone moiety in (I) is
planar, with all C and N atoms in sp”-hybridized forms.

Figure 1
A view of the structure of (I), with displacement ellipsoids drawn at the
30% probability level.
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The packing of molecules (Fig. 2) shows antiparallel stacks
of (I), with the p-nitrophenylhydrazone (P-NO,-C¢H,~NH-
N) moieties from adjacent stacks in a face-to-face orientation.
The interplanar distance between the phenyl rings of
approximately 3.45 A is of the same order as the m-stacking
distances in aromatic and charge-transfer compounds and is
shorter than the interplanar distance of 4.97 A reported for
the pure benzene dimer (Glusker et al., 1994; Batchelor et al.,
2000; Williams, 1993). The antiparallel arrangement of the
p-nitrophenylhydrazone moieties facilitates the formation of
intermolecular non-classical C—H---O hydrogen bonds
between the nitro O4 and OS5 atoms and the pyridine H14 and
H24 atoms. A classical intramolecular N—H- - -O hydrogen
bond, a non-classical intramolecular C—H---O hydrogen
bond and a non-classical intermolecular C—H- - -Cl hydrogen
bond were observed between DMSO and fac-[ReCl-
(dpknph)(CO);] (Fig. 3). In addition, side-to-side inter-
molecular hydrogen bonds were observed between adjacent
carbonyl groups, nitro groups and pyridine rings, i.e. C22—
H22A-..02 and C23—H23A---O5. The bond distances and
angles (Table 2) of the classical hydrogen bonds between the
DMSO O6 atom and the amino N4—H4 group of the hydra-
zone moiety are similar to those reported for a variety of N—
H- - -O hydrogen bonds (Bakir, 2001; Sherrington & Taskinen,
2001; Uppadine et al., 2001; Glusker et al., 1994; Pan et al.,
1997). For example, in 5-nitro-2-thiophenecarboxaldehyde 4-
methylphenylhydrazone form I (NTMPH-I), two different
N—H- - -O hydrogen bonds, with O—H = 2.0-2.3 A N-O =
3.01-3.18 Aand N—H.-.0 = 161-160°, were observed (Pan et
al., 1997). The non-classical hydrogen bonds are of the same

Figure 2
A view showing the packing of (I).

Figure 3

A view showing classical and non-classical hydrogen bonds between
DMSO and fac-[ReCl(dpknph)(CO);] moieties. [Symmetry codes: (A) x,
v (B)x,2—yi+5(O)x,1-yl+z(D)1—-x2-y,2—12]

order as the sum of their van der Waals radii; for example, the
van der Waals O—H distance is about 2.8 A (Glusker et al.,
1994; Pan et al., 1997). The non-covalent interactions observed
in this interlocking system (solute—solute and solvent—solute)
may account for the optical and molecular-sensing behavior of
(I), as any slight interaction between this system and its
surroundings may disrupt the weak non-covalent interactions
present. This is consistent with the low values of the activation
parameters reported for the interconversion between the
charge-transfer bands in fac-[ReCl(dpknph)(CO);] (Bakir et
al., 2000) and the low values for the bond energies of non-
covalent interactions (Vishweshwar et al., 2001). The layer
arrangement of (I) and the planar hydrazone moiety may also
account for the observed fast electronic transfer in fac-
[ReCl(dpknph)(CO);] compared with dpknph (Bakir &
Abdur-Rashid, 1999). Studies are in progress to grow single
crystals of the uncoordinated dpknph molecule, with the aim
of comparing its structure with the structure of (I).

In conclusion, structural studies of (I) revealed the presence
of weak non-covalent interactions that include solvent-solute,
solute-solute and m-stacking interactions, and which may
account for the interlocked charge-transfer bands and mole-
cular sensitivity of fac-[ReCl(dpknph)(CO);] in polar solvents.

Experimental

fac-[ReCl(dpknph)(CO);] was synthesized as described previously
(Bakir & Abdur-Rashid, 1999). Reagent grade DMSO used for the
crystallization was thoroughly deoxygenated prior to use. When fac-
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[ReCl(dpknph)(CO);] was allowed to stand in DMSO for several
days at room temperature, yellow—green crystals of (I) were obtained.
A single crystal was selected and mounted on a glass fiber with epoxy
cement and used for data collection.

Crystal data

[ReCl(Cy7H13N50,)(CO)s]-C,HOS
M, =703.13

Monoclinic, C2/c

a=21.104(2) A

b =14486 (2) A

c=18962 (2) A

B =116.408 (7)° _

V =5192.0 (10) A®

Z=8

Data collection

Bruker P4 diffractometer

260/w scans

Absorption correction: ¥ scan
(XSCANS; Bruker, 1996)
Tmin = 0.157, Tyax = 0.188

5397 measured reflections

4562 independent reflections

3969 reflections with 7 > 20(1)

Refinement

Refinement on F?

R[F? > 20(F*)] = 0.027

wR(F?) = 0.064

§=1.08

4562 reflections

339 parameters

H atoms treated by a mixture of
independent and constrained
refinement

D, =179 Mgm™

Mo Ko radiation

Cell parameters from 30

reflections

0 =10.7-22.4°
n=491 mm-
T=298(12)K
Irregular, yellow—green
0.42 x 0.38 x 0.34 mm

1

Rine = 0.027

Omax = 25.0°

h=-1—25

k=—-1—17

l=-22—20

3 standard reflections
every 97 reflections
intensity decay: none

w = 1/[c*(F,?) + (0.026P)*
+8.0P]
where P = (F,” + 2F.2)/3
(A6 ) max = 0.002
APmax =037 A3
Apmin = —0.85¢ A3

Table 1 .

Selected geometric parameters (A, °).

Rel—Cll 2.4654 (13) N3—C 1.293 (5)
Rel—Cl 1.900 (5) N3—N4 1.345 (5)
Rel—C2 1.914 (5) N4—C31 1.394 (6)
Rel—C3 1.902 (5) N5—C34 1.458 (7)
Rel—NI1 2.200 (3) N5—04 1.232 (7)
Rel—N2 2.193 (4) N5—05 1.220 (6)
Cl—Rel—C2 90.3 (2) C3—Rel—ClIl 177.63 (15)
Cl—Rel—C3 88.8 (2) NI—Rel—N2 83.32 (12)
C2—Rel—C3 89.2 (2) C—N3—N4 122.0 (4)
C2—Rel—N1 92.06 (16) N3—N4—C31 116.4 (4)
C2—Rel —N2 17334 (17) 04—N5-05 124.0 (5)
C3—Rel—N2 95.75 (17)

Table 2 .

Hydrogen-bonding and short-contact geometry (A, °).

D—H.--A D—H H---A D---A D—H---A
N4—H4---06 0.93 (5) 1.85 (5) 2.775 (5) 169 (4)
C4—HA4C.---03 0.96 2.85 3.364 (8) 115
C5—H5C---Clt 0.96 2.83 3.716 (7) 153
Cl4—HI14A.- - -04" 0.93 2.55 3.353 (7) 145
C22—H22A. - -02™ 0.93 247 3.393 (6) 174
C23—H23A---05" 0.93 2.54 3.436 (7) 163
C24—H24A.- --05" 0.93 253 3.308 (7) 142

Symmetry codes: (i) x,1—y,z—% (i) 1—x2—y,2—z (i) x,1—y,3+z (iv)
x2—yi+z

The H atom involved in the amine-to-solvent hydrogen bond was
refined without constraints. All other H-atom positions were assigned
by assuming idealized geometry, with C—H distances of 0.96 and
0.93 A for aliphatic and aromatic H atoms, respectively. The DMSO
molecule was slightly disordered such that the S atom existed in two
different positions; the major orientation had an occupancy of
0.847 (4).

Data collection: XSCANS (Siemens, 1996); cell refinement:
XSCANS; data reduction: SHELXTL (Bruker, 1997); program(s)
used to solve structure: SHELXS97 (Sheldrick, 1990); program(s)
used to refine structure: SHELXL97 (Sheldrick, 1997); molecular
graphics: SHELXTL; software used to prepare material for publi-
cation: SHELXTL.

The author acknowledges The University of the West
Indies, and the Inter-America Development Bank for funds to
establish the X-ray laboratory at The University of the West
Indies—Mona Campus.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: DA1194). Services for accessing these data are
described at the back of the journal.
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