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Each of the two novel title transition metal coordination
polymers, namely catena-poly[[bis{[tris(2-pyridylmethyl)amine]-
cobalt(Il)}-u4-7,7,8,8-tetracyanoquinodimethanide(2—)]  bis-
[7,7,8,8-tetracyanoquinodimethanide(1—)] methanol disol-
vate], {[Co,(C12HaNy)(CisH1sNy)-](CroHyNy ), 2CH;0HY,,, (1),
and catena-poly[[[[tris(2-pyridylmethyl)amine]iron(IT)]-u,-
7,7,8,8-tetracyanoquinodimethanide(2—)] methanol solvate],
{[Fe(C1,H4N,)(CisH sN4)]-CH;0H},, (II), contains 7*-TPA
and cis-bridging TCNQ?~ ligands [TPA is tris(2-pyridyl-
methyl)amine and TCNQ is 7,7,8,8-tetracyanoquinodi-
methane], but the two compounds adopt entirely different
structural motifs. Compound (I) consists of a ribbon
coordination polymer featuring s TCNQ?™ radical anion
ligands bridging four different octahedral Co' centers. Each
formula unit of the polymer is flanked by two uncoordinated
TCNQ™ anions and two methanol solvent molecules. All three
TCNQ anions have crystallographic inversion symmetry. In
(IT), the 2; symmetry operator generates a one-dimensional
zigzag chain of octahedral Fe'' centers with ,-TCNQ*~
bridges. A methanol solvent molecule forms hydrogen bonds
to one of the terminal N atoms of the bridging TCNQ*~
dianion. To the best of our knowledge, these are the first
examples of one-dimensional coordination polymers forming
from cis coordination of two TCNQ ligands to octahedral
metal centers.

Comment

The ability of 7,7,8,8-tetracyanoquinodimethane anions
(TCNQ"™, n =1 or 2) to coordinate to transition metal frag-
ments and to act as bridging o-donor ligands (u,, i3, Or f4)
can be exploited to construct extended molecular assemblies.
Interest in this area has been spurred, in part, by several
observations of long-range magnetic order in TCNQ ™ -bridged
structures involving V, Mn, Fe, Co, and Ni ions (Vickers et al.,
2004, 2005; Clérac et al., 2003). A review of this area includes
descriptions of the various modes of coordination, as well as

compilations of IR, X-ray, and electrochemical data (Kaim &
Moscherosch, 1994).

For the case when exactly two TCNQ ligands coordinate to
an octahedral metal center, a search of the Cambridge
Structural Database (Version 5.29; Allen, 2002) using
CONQUEST (Macrae et al., 2006) indicates a preference for
trans TCNQ coordination to the metal center (Kunkeler et al.,
1996; Cornelissen et al., 1992; Oshio et al., 1995; Azcondo et al.,
1996; Sugiura et al., 1999; Choi & Suh, 2003; Ballester, Gil et
al., 1997, Ballester, Gutiérrez et al., 1997; Ballester et al., 1994,
2002, 2004). In this context, trans and cis refer to the relative
geometry of two ligands about a single metal center, and syn,
anti and gem describe the three possible u,-bridging geome-
tries of the TCNQ ligand. Additionally, there are examples of
four TCNQ ligands or TCNQ-TCNQ o-dimers coordinated
equatorially to an octahedral metal center to form
M(L,)(TCNQ), or ML,(TCNQ),(TCNQ-TCNQ), (Zhao et
al,, 1999; Shimomura et al., 2006). These complexes form
coordination polymers, three via u,-TCNQ bridging (two gem
and one syn) and one via (4-TCNQ bridging. To the best of
our knowledge, there is only one example of cis geometry
when only two TCNQ ligands are coordinated to an octa-
hedral metal center (Ballester, Gutiérrez et al., 1997) and no
examples that give rise to pseudo-one-dimensional coordina-
tion polymers, as occur in the title compounds, (I) and (II).
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The p4-bridging mode is also relatively rare, though not
unprecedented. The discrete complex [(u4-TCNQ){fac-Re-
(CO)5(bpy)}s]** has been formulated to contain neutral
TCNQ (Hartmann et al., 2001). The compounds [{M,(O,C-
CF3)4)2(114-TCNQ)-3(solvate)]o. (M = Rh, Ru or Mo) are
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Figure 1

A view of the asymmetric unit of (I), showing the atom-numbering scheme. Displacement ellipsoids are drawn at the 50% probability level and H atoms
have been omitted for clarity. [Symmetry codes: (i) —x, —y + 1, —z; (ii)) —x + 1, —y + 1, —z + 1; (iii)) —x, —y + 3, —z + 1; (iv) —x, —y + 2, —z + 1]

reported to contain partially reduced, but formally neutral,
bridging TCNQ (Miyasaka et al., 2000, 2006; Campana et al.,
1996). The ends of each {M,(O,CCF3),}, ‘barrel’ are coordi-
nated by two TCNQ ligands to give either a one-dimensional
chain (Mo) or two-dimensional sheets (Rh and Ru). In
contrast, [Ag(u4-TCNQ)]o (Shields, 1985) and a Cu analog
(Heintz et al., 1999) possess the ligand in the radical anionic
state and form three-dimensional structures comprised of two
interpenetrating networks. Shimomura et al. (2006) have
reported a porous framework consisting of Zn" ions bridged
by 14&-TCNQ’~ to form corrugated sheets that are connected
by 4,4'-bipyridine pillars. Most relevant to the present work,
[Mn'"(salen)(144-TCNQ)o s][Mn"(salen)(44,-TCNQ) s(CHs-
OH)] [Hjsalen is bis(salicylidene)ethylenediamine] contains
two crystallographically independent TCNQs, one anti-(i,-
TCNQ*™ and one p4-bridging (Oshio et al., 1995).

Our original goal was to exploit the bridging propensity and
radical property of TCNQ™ to prepare discrete magnetic
molecular squares with octahedral transition metal complexes
as the corners and radical anions as the edges. One reason for
this line of research was to prepare nanoscale fragments of the
above-mentioned magnetically ordered phases. To achieve
this, we chose the tripodal tetradentate ligand tris(2-pyridyl-
methyl)amine (TPA) to cap four of the available coordination
sites, leaving two cis sites on each metal center open for the
TCNQ™ binding necessary to close the square. Oshio et al.
(1993) have previously reported an [Mn(TPA)(TCNQ)-
(CH30H)] complex in which the Nycno—Mn—O angle is

90.5°, seemingly ideal for our goal of coordinating two cis-
TCNQ anions to form a corner building block.

Unfortunately, our first efforts in this area have not yielded
the desired squares. Instead, we have discovered that LITCNQ
reacts with Fe"TPA and Co"TPA complexes to give magnet-
ically unremarkable but structurally interesting coordination
polymers. In each case, a known reaction occurs involving
disproportionation of two TCNQ radical anions to yield the
diamagnetic TCNQ?~ (Grossel et al., 2000). Although the goal
of synthesizing molecular squares was not met, it is gratifying
to see two TCNQ?~ dianions coordinated cis to each metal
center, as would be required for square construction.

The asymmetric unit of (I) comprises one Co(TPA)-
(TCNQ)ys formula unit, two uncoordinated 0.5TCNQ™
located on inversion centers, and one methanol solvent mol-
ecule (Fig. 1). The Co" ion adopts a distorted octahedral
geometry, with the TPA ligand occupying four coordination
sites and two cis-coordinated TCNQ®~ ligands occupying the
remaining two sites. The Co—N bond lengths (Table 1) are all
within expected ranges (Allen, 2002; Macrae et al., 2006). The
coordinated TCNQ”~ ligand adopts a p4-bridging mode to
four different Co atoms, forming an infinite ribbon (Fig. 2).
The nonbonded TCNQ™ anions and methanol solvent mol-
ecules flank the ribbon on all sides. One of these nonbonded
TCNQ™ anions is nearly parallel with the ,-TCNQ*~ ligand
[dihedral angle = 2.05 (12)°; Fig. 3, TCNQ™ B] and the other
TCNQ™ anion is nearly parallel with the pyridyl group of the
TPA ligand [dihedral angle = 7.83 (19)°; Fig. 3, TCNQ™ A].
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Figure 2

A view of the structure of (I) down the a* direction, showing the one-
dimensional ribbon architecture. The methanol solvent molecules and
uncoordinated TCNQ™ anions have been omitted for clarity.

Figure 3

A view of (I) down the b axis, illustrating the hydrogen bonding (dotted
lines) with the methanol molecules and the packing of the uncoordinated
TCNQ™ anions.

The hydroxy group of the methanol is hydrogen bonded to an
N atom of a nonbonded TCNQ™ (Table 2). For charge
balance, the three TCNQ entities in the formula unit must
have a total charge of —4. The formal charges of —2 for the pi4-
TCNQ and —1 for the two uncoordinated TCNQs are
assigned based on the C—C bond lengths observed in the
crystal structure (see below).

The asymmetric unit of (II) comprises one Fe(TPA)-
(TCNQ) unit and one methanol solvent molecule (Fig. 4). The
Fe" ion adopts a distorted octahedral geometry, with a tetra-
dentate TPA ligand and two cis-coordinated TCNQ*~ coor-
dinated to the metal. The Fe—N bond lengths (Table 3) are
typical of other Fe'' low-spin TPA complexes (Allen, 2002;
Macrae et al., 2006). Each p,-TCNQ?~ ligand adopts an anti
bridging mode to form a zigzag chain propagating along the
crystallographic b axis (Fig. 5). The infinite chain is generated
by a 2, screw axis at (}, y, 1) (origin at 1) and neighboring
chains are related by inversion symmetry. The hydroxy group
of the methanol solvent molecule is hydrogen bonded to a free
N atom of the TCNQ?~ (Fig. 5 and Table 4).

X-ray crystallography can be used to confirm the oxidation
states of the TCNQ species in these materials. Successive
reduction of TCNQ leads to a progressive and characteristic
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Figure 4

A view of the asymmetric unit of (II), showing the atom-numbering
scheme. Displacement ellipsoids are drawn at the 50% probability level
and H atoms have been omitted for clarity. [Symmetry codes: (i) —x + 1,
y—h—z+LG) —x+Ly+L —z+1]

Figure 5

A view of (II) down the ¢ axis, showing the one-dimensional zigzag chain
architecture and the hydrogen bonding (dotted lines) with the methanol
molecules.

increase in benzoid character in the six-membered ring and a
lengthening of the exocyclic C—C bonds (Fig. 6) (Zhao et al.,
1996; Miyasaka et al, 2000). Table 5 lists selected intra-
molecular bond distances for the TCNQ anions in complexes
(I) and (I1), as well as typical values for TCNQ, TCNQ™ and
TCNQ?". In (I), there are three unique TCNQ anions,
denoted A, B and C (Fig. 3). The bond lengths in TCNQ A,
which is coordinated to Co'" in a p,-bridging mode, are
consistent with TCNQ?". The bond lengths in the uncoordi-
nated anions B and C are consistent with TCNQ™. These
oxidation state assignments give a total charge of —4 to
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The bond labeling used in Table 5.

balance the +2 charge of the two Co" ions and give an
empirical formula of [Col'(s,-TCNQ*™)(TPA),](TCNQ™),--
2CH;0H. In (II), the bond lengths in the one crystal-
lographically independent TCNQ anion indicate a charge of
—2, which balances the +2 charge of the Fe!® cation and gives
an empirical formula of [Fe"(1,-TCNQ?*")(TPA)]-CH;OH.

Experimental

Hazard warning: Perchlorate salts are potentially explosive and
should be used in small amounts and handled with care (Wolsey,
1973). Preparations of air-sensitive compounds were carried out in a
nitrogen-filled Vacuum Atmospheres glove-box using standard
Schlenk techniques. Reagents were used as received except as noted
below. Solvents were distilled from the appropriate drying agent
under nitrogen: dichloromethane and acetonitrile were distilled from
P,Os, diethyl ether was distilled from Na/benzophenone, and
methanol was distilled from Na. All solvents were degassed with
glove-box N, prior to use. Tris(2-pyridylmethyl)amine and [Fe(TPA)-
(CH3CN),](Cl0O,), were prepared according to literature procedures
(Karlin et al., 1982; Zang et al., 1993, 1997). LITCNQ was prepared by
adding a boiling solution of Lil (400 mg, 3 mmol) in acetonitrile
(20 ml) to a boiling solution of TCNQ (210 mg, 1.0 mmol) in acet-
onitrile (200 ml). A dark-purple precipitate was collected by suction
(Bozio et al., 1975). IR spectra were measured using a MIDAC M-
series FT-IR spectrometer equipped with an ATR attachment.
Elemental analyses were performed by Desert Analytics, Tucson,

Compound (1)

Crystal data

[Coa(C1oHaN,)(CrsHisN4)o -
(C12HaNy),2CH,O

M, =1375.24

Triclinic, PT

a=8954(2) A

b=11371 (3) A

¢ =17.066 (4) A

o = 7345 (2)°

Data collection

Oxford Diffraction Xcalibur
diffractometer
11614 measured reflections

Refinement

R[F? > 20(F%)] = 0.047
wR(F?) = 0.105

S =086

5716 reflections

Compound (II)

Crystal data

[Fe(C1oH4N,)(CysHysN,)]-CH,O
M, = 582.45

Monoclinic, P2, /c

a=94197 (10) A_

b =18.2526 (18) A

¢ =17.0040 (18) A

B =105.275 (9)°

Data collection

Oxford Diffraction Xcalibur
diffractometer
15228 measured reflections

B =8555(2)°
y=7493 (2)° |

V =1608.3 (7) A®
Z=1

Mo Ko radiation

u =058 mm™"
T=100 (2) K

0.14 x 0.11 x 0.03 mm

5716 independent reflections
3386 reflections with 7 > 20(1)
Rine = 0.046

444 parameters

H-atom parameters constrained
Apmax = 047 & A3

Apmin = =051 ¢ A™?

V = 28203 (5) A’
Z=4

Mo Ko radiation

# =058 mm™!
T=100 (2) K

0.14 x 0.12 x 0.10 mm

5257 independent reflections
3180 reflections with 7 > 20(1)
Ry = 0.036

Arizona. Table 1 3
For the preparation of (I), a solution of LiTCNQ (42.2 mg, Selected bond lengths (A) for (I).
0.200 mmol) in methanol (3 ml) was added to a mixture of Col —N6 2019 (3) Col—N2 2124 (3)
Co(NOs),:6H,O  (29.1 mg, 0.100mmol) and TPA (29.0mg,  Co1—N5 2113 (3)  Col—N3 2129 (3)
0.100 mmol) in methanol (4 ml). The mixture was stirred for 3 h at Col—N4 2.122 (3) Col—N1 2.164 (3)
room temperature, and the blue-black precipitate that formed was -
N N Symmetry code: (i) —x, —y +2, —z + 1.
filtered off, washed with methanol and ether, and dried in vacuo.
Dark-green plates of (I) were crystallized from methanol-diethyl
ether by vapor diffusion at room temperature (yield 7.0 mg, 10%).
Analysis calculated for Cs;;HygCoN;;O: C 64.63, H 4.10, N 20.34%; Lal;le 2 bond A for (I
found: C 64.77, H 3.89, N 20.44%. IR (v, cm™"): 2188, 2176, 2140, ~ 1ydrogen-bond geometry (A, ) for (I).
2059, 824. D—H A D—H H--A D---A D—H --A
For the preparation of (II), the red solid [Fe(TPA)(CHs-
CN),](ClO,), (62.7 mg, 0.100 mmol) was dissolved in CH,Cl, (6 ml) ~ O1—HI--N9 0.84 2.829 (5) 172
to yield a yellow solution. A green solution of LITCNQ (42.2 mg,
0.200 mmol) in CH;0H (6 ml) was added, leading to a deep-green
solution. The solution was stirred for 3 h at room temperature and a Table 3
dark-blue solid was filtered off, washed with methanol and ether, and Selected bond lengths ( A) for (II).
dried in vacuo. Dark-orange bricks of (IT) were crystallized from
methanol-diethyl ether by vapor diffusion at room temperature Fel —N5 1.996 (3) Fel —N2 2.0767 (19)
(vield 6.2 mg, 11%). Analysis calculated for Cy;H,sFeNgO: C63.93,H ~ Fel—=N7 2.000 (2) Fel—N4 2077 (2)
1 Fel —N3 2.0611 (19) Fel—N1 2.0987 (18)
4.50, N 19.24%; found: C 64.01, H 3.50, N 20.50%. IR (v, cm™"): 2187,
2180, 2155, 2106, 822. Symmetry code: (i) —x + 1,y — 4, —z +1L
Acta Cryst. (2009). C65, m28—m32 Wang et al. + Co and Fe Cy,H4N4~CigH 15N, polymers m31
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Refinement

R[F? > 20(F%)] = 0.037
wR(F?) = 0.086
§=0.84

5257 reflections

372 parameters

H-atom parameters constrained
Apmax =059 ¢ A7°

APmin = —022 ¢ A7

Table 4 .
Hydrogen-bond geometry (A, °) for (II).
D—H---A D—H H---A D---A D—H.--A
O1—HI1---N8 0.84 2.07 2.889 (3) 166
Table 5 .
Intramolecular bond distances (A) for the TCNQ species in (I) and (II).
Species a b c d e
TCNQT 1.345 1.448 1.374 1.441 1.140
TCNQ™ § 1.374 1.423 1.420 1.416 1.153
TCNQ> ¥ 1380(9) 1395(9) 14919(9) 1392(9) 1.167 (9)
TCNQ>™ Ain(I) 1375(4) 1383(4) 1476 (4)  1405(4)  1.156(4)
1.403 (4) 1386 (5) 1164 (4)
TCNQ™ Bin(I)  1357(5) 1414(5) 1417(5) 1410(5) 1.154(5)
1.420 (5) 1420 (5) 1149 (4)
TCNQ™ Cin(I) 1363 (5) 1410(4) 1419(4) 1409 (5) 1153 (4)
1.418 (4) 1422 (5) 1152 (4)
TCNQ* in (I) 1384 (3) 1401 (3) 1468(3)  1416(4) 1.155(3)
1386 (3) 1402(3) 1471(3)  1402(4) 1158 (3)
1.395 (3) 1397 (3) 1156 (3)
1.393 (3) 1397 (3) 1157 (3)

+ References: Zhao et al. (1996); Miyasaka et al. (2000).

H atoms were treated using a riding model, with aromatic C—H =
095 A and Uyo(H) = 12U.4(C), methylene C—H = 0.99 A and
Uiso(H) = 12U.4(C) and methyl C—H = 0.98 A and Ug(H) =
1.5U4(C). The hydroxy H atoms were located in a difference map
and subsequently treated as riding, with O—H = 0.84 A and Uiso(H) =
1.5U4(0O).

For both compounds, data collection: CrysAlisPro (Oxford
Diffraction, 2007); cell refinement: CrysAlisPro; data reduction:
CrysAlisPro. Program(s) used to solve structure: SHELXS86 (Shel-
drick, 2008) and WinGX (Farrugia, 1999) for (I); SHELXS97 (Shel-
drick, 2008) for (II). For both compounds, program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
SHELXTL/NT (Sheldrick, 2008); software used to prepare material
for publication: SHELXTL/NT (Sheldrick, 2008).

The authors gratefully acknowledge the National Science
Foundation (grant Nos. CHE-0518220 and CHE-0131128) for
funding this research and the purchase of the Oxford
Diffraction Xcalibur S single-crystal diffractometer, respec-
tively.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SQ3174). Services for accessing these data are
described at the back of the journal.
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