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Synthesis and Crystal Structure of Triple-Helical Di-iron (I) Complex

GUO Dong LI Ji-Hui XIE Jing-Jing DUAN Chun-Ying® MENG Qing-Jin
( Coordination Chemistry Institute, The State Key Laboratory of Coordination Chemistry, Nanjing University, Nanjing 210093)

The self-assembly and structural characterization of the new iron (Il molecular helix Fe;L: was achieved from
an inexpensive and easy-to-prepare bis-bidentate Schiff base ligand, H:L, [(HO) (C1Hs) CH = N-N = CH(CoH:)
(OH) 1. The triple helical Fe:Ls molecule contains two iron () atoms and three ligands. Each metal center is bound
to three bidentate NO units to attain a pseudo-octahedral co-ordination geometry. The ligand wraps in a helical
arrangement around the two metal ions. It is suggested that the intramolecular and intermolecular -7 stacking
interactions play important roles in the metal-assisted self-assembling process. Crystal structure of the free ligand

was also reported for comparison. CCDC: 197370, 197371.
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0 Introduction order to design species presenting special structural and

functional features, it is of great importance to establizh

Within the field of supramolecular inorganic
the rules by which the controlling of the self-assembly

chemistry, self-assembly provides direct access to com- ) ‘ ]
process can be achieved through chemical programming

plex architectures comprising spatially and geometri-
by means of suitable components and assembling algo-

cally well defined arrays of metal ions'" 2. The struc-
rithms").

ture of the bridging group, the metal binding moiety,
Helical complexes have elegantly illustrated how

the metal coordination geometry as well as non-covalent ] . ]
the formation of specific architecturally complex as-

interactions all dictate the architecture obtained. In _ _
semblies can be directed by the interplay between rel-
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atively simple parameters, such as the stereoelectronic instruments SDT 2960 simultaneous DTA-TGA in a

preference of the metal and the disposition of binding
sites of helicands (helicating ligands). A helicate is
classically described as a discrete helical supramolec-
ular complex composed of one or more covalent organic
strands wrapped around a series of ions defining the
helical axis. Many helicates are derived from ligands,
which are obviously partitioned into two distinct
bidentate binding sites and a spacer linking them to-
gether. For a dinuclear triple helical architecture, it is
postulated'™ ®' that a chosen spacer should firstly have
enough rigidity that sterically prevents the two metal
binding sites from coordinating to a single metal centre
and secondly should introduce enough flexibility into
the ligand backbone to permit the ligands to wrap
around the metal-metal axis. Chiral helices will result
only when the two metal ions display the same absolute
configurations'”®. It is expected that the ligand used to
build triple helicates only needs to be able to transmit
the chirality from one metal center to another.

To establish our approach, ligand L with two NO
bidentate sites connected by a single bond was chosen
to address the challenge of creating triple-helical ar-
chitectures. It should be noted that this is the shortest
possible imine-based ligand system of this type'®!. The
rigidity of the ligand and the close proximity of the two
metal centers seem unfavorable for triple helicate for-
mation. A related system was reported by Ziessel, et.
ALl
by a single carbon atom with a N--*N separation of ca.

2. 3A.

in which the two nitrogen donors were separated

1 Experimental Section

1.1 Materials and Analyses

All chemicals were of reagent grade quality ob-
tained from commercial sources and used without fur-
(C, H and N)

were carried out on a Perkin-Elmer 240 analyzer. IR

ther purification. Elemental analyses

spectra were recorded on a VECTOR 22 Bruker spec-
trophotometer with KBr pellets in the 4000 ~ 400cm ~!
regions. Differential thermal analysis and thermogravi-

(DTA-TGA) were conducted on a TA

metric analysis

nitrogen atmosphere at a heating rate of 5C » min~'.
1.2 Synthesis of the Free Ligand

To 50mL methanol containing 2-hydroxy-1-naphth-
aldehyde (3. 44g, 20mmol ), hydrazine hydroxide (0. 50
g, 10mmol) was added. After refluxing for 4h, vellow
solid (H.L) formed was isolated by filter and dried over
P:0s under vacuum. Yeild: 84% . Anal. Cacld. for
C2HisN:04s: C, 77.6; H, 4.7; N, 8.2. Found; C.
77.1; H, 5.0; N, 7.7. IR (em™’, KBr disk) 3251
(ven), 2852,1619, 1589, 1514, 1465 (ve.v, vi-r).
1263 ( vy v ).
1.3 Synthesis of the Dinuclear Triple Helix

To 25mL methanol containing ligand H-L (0. 51g,
1.5 mmol), Fe(NO:); - 9H.0 (0. 41g, lmmol) was
added. After finishing the addition, the solution was
stirred for 1h at room temperature. Black solid was
isolated by filter and dried over P.0s under vacuum.
Yield: 62%. Anal. Caled for CsHizNoOi2Fex: C.
66.9; H, 4.7; N, 9.4, Found: C, 67.7; H, 5.2;
N, 9.7. Dark-red crystals suitable for X-ray structural
determination were obtained by slow diffusion of diethyl
ether into a DMF solution.
1.4 Crystallography

Parameters for data collection and refinement of
complexes are summarized in Table 1. The intensities
of the free ligand and the title complex were collected
SMART-CCD diffractometer with
graphite-monochromatic Mo Ka radiation ( A =0. 71073
A) using SMART and SAINT program!"'!. The struc-

tures were solved by direct methods and refined on £°

on a Siemens

using full-matrix least-squares methods using SHELXTL
version 5. 11! | Anisotropic thermal parameters were
refined for non-hydrogen atoms. Hydrogen atoms were
localized in their calculation positions and refined using
riding model.

CCDC: 197370, 197371.
2 Results and Discussion

2.1 Synthesis and Crystal Structure of the Free
Ligand
Ligand H.L is prepared readily by simply mixing
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Table 1 Crystallographic Data
empirical formula C22H16N20: [C22H1N:0:]sFe:(C3HsNO),
formula weight 340. 37 1346.07
temperature /K 293(2) 293(2)
wavelength / A 0. 71073 0.71073
crystal system monoclinic triclinie
space group P2(1)/n Pl
a/k 13. 82(2) 8.547(2)
b/A 15.75(3) 6. 109(2)
c/A 16.02(2) 15.99(2)
a/ (°) 98.40(3)
B/ (°) 87.63(4) 87.63(4)
¥/ (%) 67.63(3)
volume /A> 834.4 3218.9
YA 2 6
density (calculated) / (Mg - m~?) 1. 355 1.511
absorption coefficient/ mm ™' 0. 088 0. 744
F(000) 356 1512
reflections collected 4080 20407
independent reflections 1462( R = 0. 103) 14279( R =0. 057)
goodness-of-fit on 7 1. 046 0. 827
final R indices[/ > 2a(1)] R:=0.048, wR,=0.138 R =0.052, wR.=0.068
R indices(all data) Ry =0.052, wR.=0. 148 Ri=0.124,wR.=0.077
largest diff. peak and hole/ (e + A %) 0.225 and -0.218 0.472 and -0. 285
OH
CHO
@@ + NH:-NH: - H:0 -hEL, @@
methane OH
CH\\
’|‘4 Y
MSen

2-hydroxy-1-naphthaldehyde and hydrazine hydrate in
methanol.

Molecule of ligand L (Fig. 1) is coplanar with the
midpoint of the N-N bond lying across on an inversion
center. The two nitrogen donors adopt a transoid con-
figuration and in the presence of metal ions, molecules
of ligand L are also able to function as a bis-
(bidentate) ligand. However, it should be noted that
such a strictly conjugated coplanar system seems unfa-
vorable for triple helical formation. Bond distances of
the Ar-CH =N-N = CH-Ar moiety are all intermediate
between formal single and double bonds, pointing to
extensive electron delocalization over the entire moiety.
Classical O - H---N hydrogen bonds between the OH

groups and the imine nitrogen atoms were also found.

O1A)

<]

Fig. 1 Molecular structure of the free ligand with the atom
numbering scheme
Symmetry code A: 2 ~x, 1 -y, 2- 2
Selected bond distances: N(1)-C(11), 1.285(2);
N(1)-N(1A), 1.387(2); O(1)-C(1) 1.344(4);
C(10)-C(11), 1.441(2)A.
The O(1)---N(1) separation is 2. 570(6) A and the an-
gle of O(1W) —H(10) --*N(1) 1s 151°, respectively.
Adjacent molecules of ligand L are organized into an
one-dimensional chain by strong - stacking inter-
actions of the aromatic rings in an offset fashion with a
the shortest interplanar atom:---atom separation of ca.
3. 31A for the parallel pair.
2.2 Crystal Structure of the Molecular Helix
The title complex crystallizes in a centrosymmetric

space group Pl, consequently the molecules occur as
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Table 2 Selected Bond Lengths(A) and Bond Angles(°)
Fe(1)-0(6) 1.910(3) Fe(1)-0(2) 1.925(2) Fe(1)-N(6) 2.172(3)
Fe(1)-0(5) 1.889(3) Fe(1)-0(1) 1.922(3) Fe(1)-N(5) 2.167(3)
Fe(1)-0(4) 1.921(3) Fe(1)-N(2) 2.136(3) Fe(1)-N(4) 2. 179(3)
Fe(2)-0(3) 1.921(3) Fe(2)-N(1) 2.122(3) Fe(2)-N(3) 2. 163(3)
0(6)-Fe(1)-0(4) 94.6(1) 0(4)-Fe(1)-0(2) 96.0(1) 0(4)-Fe(1)-N(2) 100.2(1)
0(6)-Fe(1)-N(6) 81.9(1) 0(2)-Fe(1)-N(6) 99. 1(1) 0(6)-Fe(1)-N(4) 96.6(1)
0(2)-Fe(1)-N(4) 165. 4(1) N(6)-Fe(1)-N(4) 84.6(1) 0(6)-Fe(1)-0(2) 97.9(1)
0(6)-Fe(1)-N(2) 165.2(1) 0(2)-Fe(1)-N(2) 81.2(1) 0(4)-Fe(1)-N(6) 164.8(1)
N(2)-Fe(1)-N(6) 83.6(1) 0(4)-Fe(1)-N(4) 81.2(1) N(2)-Fe(1)-N(4) 85.2(1)
0(5)-Fe(2)-0(1) 97.6(1) 0(5)-Fe(2)-N(1) 94.6(1) 0(1)-Fe(2)-N(1) 82.4(5)
0(3)-Fe(2)-N(5) 93.7(1) N(1)-Fe(2)-N(5) 86.6(1) 0(3)-Fe(2)-N(3) 81.6(1)
N(1)-Fe(2)-N(3) 84.9(1) 0(5)-Fe(2)-0(3) 98.9(1) 0(3)-Fe(2)-0(1) 97.3(1)
0(3)-Fe(2)-N(1) 166. 4(1) 0(5)-Fe(2)-N(5) 81.8(1) 0(1)-Fe(2)-N(5) 168.9(1)
0(5)-Fe(2)-N(3) 166.2(1) O(1)-Fe(2)-N(3) 95.9(1) N(5)-Fe(2)-N(3) 84.4(1)

racemic mixture of P and M configuration enantiomers,
as shown in Fig. 2. Each iron center is bound to three
ON binding units from three different ligands to attain
distorted octahedral coordination geometry with the
Fe---Fe separation of ca. 3.89A. Each ligand loses
two protons and coordinates to two metal centers as a
bis(bidentate) ligand to complete the helical fashion.
The Fe-O distance are in the range of 1.912(3) ~
1. 928(2)}; and the Fe-N distances are in the range of

~168.9(1)°, respectively. The O-Fe-O and N-Fe-N
are in the ranges of 94.8(1)°~98.0(1)° and 83.6
(1)°~86.4(1)°, respectively. Bond distances of the
side chain are all intermediate between formal single
and double bonds,

calization over the entire moiety of each ligand. Coor-

pointing to extensive electron delo-

dination to the metal center forces interplanar twisting
between the two naphthyl rings of each ligands. The
dihedral angle is 85.2(3)° between the naphthyl rings

2.139(3) ~2.175(3)A, respectively. There are three ITand I, ca. 86. 1(4)° between the naphthyl rings Il
sets of bond angles O-Fe-N in the ranges of 81. 1(1)° and IV, and 68.2(3)° between the naphthyl rings V
~82.6(1)°, 93.8(1)°~100.1(1)° and 164. 8(1)° and VI, reaspetively, where the naphthyl rings from [

Fig. 2 Molecular structure of the title compound with the atom
numbering scheme
Hydrogen atoms and solvent molecules are omitted for

clanty

to VI are containing oxygen atoms O(1), 0(2). O
(3), 0(4), 0(5) and O(6), respectively. It is sug-
gested that the 77-7 stacking interactions are consid-
ered to be important in stabilizing this complex.

It is also interesting to find that the naphthyl rings
I and symmetry-related ring I[A(symmetry code A:
1 - x, —y, — z); the naphthyl rings IV and symmetry-

related ring V B(symmetry code B: —1+x, -1+ y.
z), the naphthyl rings I and symmetry-related ring
1-2z),
each other to form a two-dimensional sheets with
channels (Fig.3) . The dihedral angle for the stacked
pairs is 0° (II/ IIA), 3.7° (Il /VI) and 10.6° (IV /

V ), respectively. The shortest inter-planar atom -

VIC (symmetry code ¢: 1 — x, -y, connected

atom separation for the stacked pairs is 3. 43A( I/ I
A), 3.60A (VI/V) and 3.51A (I /VI) respectiv-

ley. Three DMF molecules per formula unit are found
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Fig.3 Molecular packing along the c-axis showing the
channelled structure

The guest molecules were omitted for clarity

to fill the channel. There are no obvisously interactions
between the guest and the two-dimensions sheets was
found.
2.3 Thermogravimetric Analysis

The most important factor in seeking and devel-
oping new molecular-based porous materials is whether
the frameworks of such materials are stable even after
removal of guest molecules!"?! As we know, many
porous systems, upon removal of the included guest
molecules, often undergo phase transitions to other
more dense structures!'*'*1, To evaluate the mobility of
the guests within the framework, we examined the
as-synthesized crystals by thermogravimetric techniques
(Fig. 4).
heated at a constant rate of 5C + min~'. A rapid
weight loss of 14. 3% was observed below 150°C cor-

responding to the liberation of all three DMF guests per

In flowing nitrogen, a crystalline sample was

formula unit (Caled: 14.0% ), and at the temperature
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8 100
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5
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temperature / C

Fig. 4 EG and TGA for compound 1 from 25 to 400°C

range of 150 ~300C ,
served. Beyond this temperature,
from 300 to 350C was observed and attributed to de-

composition of the framework. It is suggested that such

almost no weight loss was ob-

a weight loss step

a framework is retained in the absence of guest

molecules at 150° ~ 250°.

In conclusion, the present study shows the new
example of 2D channelled structure assembled from
triple helices. The assembly of helical units into a
metal-organic porous open framework is interesting both
in term of controlled aggregation of helices and porous
materials. The absence of counter ions and the signif-
icant large internal void make these and related mate-
rials exciting new candidates for examination of their
potential utilities in, for example, catalysis or separa-
tion processes. It is also worthy to note that although
the energy of -7 interactions is only 2 ~20kJ -
mol "', this kind of non-covalent bond has the potential
to assemble smaller and simpler fragments into the de-
sired cavities under favorable conditions, which is im-
portant in host-guest chemistry and has applications in

chemistry, biology and material science.
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