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New Ag' Organometallic Coordination Polymers and M (M = Cu'! and Co")
Inorganic Supramolecular Complexes Generated from New Fulvene-Type
Ligands
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Two novel fulvene-type organic ligands L1 and L2 have been
synthesized by aroylation reaction of substituted cyclo-
pentadienyl anions. L1 crystallized in the monoclinic space
group P2,, a = 6.7498(4), b = 20.5769(11), ¢ = 8.9532(5) A, p =
109.5060(10)°, and Z = 2. L2 crystallized in the triclinic space
group P1, a = 11.4126(10), b = 11.4763(10), ¢ = 11.7719(10)
A, 0= 67.050(2), p = 74.509(2), v = 61.148(2)°, and Z = 2. The
coordination chemistry of L1 and L2 has been investigated.
One novel Ag'-containing organometallic coordination poly-
mer 3, based on both Ag'~C and Ag'-N interactions, has
been synthesized by combination of L1 and AgClO, in a ben-
zene/dichloromethane mixed-solvent system. Two new M!-
containing [M = Cu" (4) and Co" (5)] supramolecular com-

plexes with seven-membered metalla-ring unit have been
prepared by combination of L2 and the corresponding
M(OACc),-2H,0 (M = Cu'" and Co") salts in ethanol. The isos-
tructural compounds 4 and 5 crystallized in the triclinic space
group P1 [4: a = 8.8808(5), b = 10.9928(7), ¢ = 14.2196(9) A,
a =99.9750(10), f = 95.8190(10), y = 93.5610(10)°, and Z = 1;
5: a = 8.7964(10), b = 10.8103(12), ¢ = 14.3765(15) A o=
99.681(2), B = 95.930(2), v = 93.429(2)°, and Z = 1]. In the
solid state, molecular complexes 4 and § are bound by strong
intermolecular N--:O-H hydrogen bonds in a hand-in-hand
fashion to give a novel one-dimensional chain motif.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

Introduction

The construction of new inorganic—organic coordination
polymers and supramolecular complexes through the
rational combination of organic ligands and metal ions is
of intense current interest.l' 731 Two types of organic ligands
have proven popular in construction of coordination poly-
mers or supramolecular complexes. The first type contains
heteroatom donors separated by various spacers such as bi-
pyridine-type or biphenyl-cyanide-type ligands, and the
second type contains sp> electron-rich carbon atoms, such
as small aromatic molecules and polycyclic aromatic hydro-
carbons.’] During the past decade, a number of inorganic
coordination polymers based on metal—heteroatom bond-
ing interactions and organometallic coordination polymers
based on metal—carbon bonding interactions have been
generated successfully with various structural motifs. In

[l College of Chemistry, Chemical Engineering and Materials
Scinece, and Shandong Key Laboratory of Chemical
Functional Materials, Shandong Normal University,

Jinan 250014, P. R. China

b1 State Key Laboratory of Crystal Materials,
Jinan 250014, P. R. China
E-mail: yubindong@sdnu.edu.cn

[l Department of Chemistry and Biochemistry, The University of
South Carolina,

Columbia, South Carolina 29208, USA

Eur. J. Inorg. Chem. 2003, 4017—4024

DOI: 10.1002/ejic.200300368

contrast, coordination polymers or supramolecular com-
plexes based on both metal—heteroatom and
metal—carbon bonding interactions have received consider-
ably less attention. In principle, such materials might exhi-
bit enhanced physical properties, such as electrical conduc-
tivity or fluorescence resulting from the synergy between
the two distinctly different types of interactions. We are in-
vestigating the coordination chemistry of fulvene-type li-
gands that could provide both heteroatom and carbon
atoms as coordination sites (Scheme 1). Recently, a series of
novel organometallic coordination polymers based on both
metal—carbon and metal—heteroatom interactions were
obtained in our laboratory.[®! Conversely, fulvene-type or-
ganic spacers act not only as multidentate ligands but also
as chelating ligands. Their specific geometry affords a good
opportunity to synthesize seven-membered metalla-ring
complexes that are not achievable easily with other 1,4-dike-
tone organic ligands.

We report here the synthesis and characterization of two
new fulvene-type ligands (L1 and L2), one new organomet-
allic coordination polymer [Ag(L1)(ClO,)]-*CH,Cl, (3),
based on both metal—heteroatom and metal—carbon inter-
actions, and two new M (M = Co", Cu") seven-mem-
bered metalla-ring supramolecular complexes, [Co(L2),-
(C,HsOH),] (4) and [Cu(L2),(C,HsOH),] (5), based on
them.

© 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 4017
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Scheme 1. Synthesis of ligands L1 and L2

Results and Discussion

Synthesis and Structural Analysis of L1 and L2

Ligands L1 and L2 were prepared in moderate yields as
deep-yellow crystalline solids by the respective reactions of
4- and 3-cyanobenzoyl chloride with substituted cyclopen-
tadienyl anions, derived from 6,6'-dimethylfulvene and
p-methylphenyllithium and phenyllithium in diethyl ether at
0 °C (Scheme 1). L1 and L2 are very soluble in common
organic solvents, such as CH,Cl,, CHCl;, THF, and CsHs.
Their structures were determined by 'H NMR and IR spec-
troscopy, elemental analyses, and standard single-crystal X-
ray diffraction techniques. Their IR spectra show —CN ab-
sorption bands at v = 2250 cm~!. In the '"H NMR spec-
trum of L1 and L2 the proton resonances at 6 = 18.20 and
17.79 ppm as singlets, respectively, are due to the chelated
proton, which is hydrogen-bonded to the neighboring car-
bonyl group on the 1-benzoyl group.[®1 Their IR spectra
do not show absorptions above 1630 cm™! in the region
normally assigned to organic carbonyl groups. However, the
strong band at 1615 cm™! is consistent with the hydrogen-
bonded enol structure since conjugation and chelation lead
to a large shift of the carbonyl infrared band. The struc-
tures of L1 and L2 were further confirmed by X-ray diffrac-
tion techniques. The corresponding molecular structures of
L1 and L2 are shown in Figures 1 and 2, respectively; that
of L2 reveals that the two aroyl groups on the substituted
cyclopentadienylenyl ring are adjacent. The C—C bonds on

Figure 1. ORTEP plot of compound L1 with 30% probability
ellipsoids
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Figure 2. ORTEP plot of compound L2 with 30% probability
ellipsoids

the substituted Cp ring and also C(3)—C(6) and
C(4)—C(14) range from 1.377(2) to 1.468(2) A, which are
significantly shorter than a normal C—C single bond. Thus,
L2 is a fulvenel®® — an important organometallic moi-
ety.'% The enol hydrogen atom [H(1)] is hydrogen-bonded
to the carbonyl oxygen atom [O(2), dop)nay = 1.35(3)
A, 2£0(1)-H(1)»0O@2) = 171(2)° and do(y-o0@) =
2.464(18) A] to provide a hydrogen-bonded seven-mem-
bered ring. Interestingly, two —CgH,—CN-m rings and the
hydrogen-bonded seven-membered ring are not in the same
plane. The dihedral angles between the —CsH4—CN-m ring
and the seven-membered ring are 10.4(3) and 13.4(3)°,
respectively. In the solid state, two —m-CN functional
groups on L2 are oriented in opposite directions and the
terminal (—CN) N---N separation is 17.32(5) A. A similar
molecular structure was found for L1, with a slightly
shorter terminal (—CN) N-+N separation [16.88(5) A]. In
addition to the two —CN groups, the carbonyl and enol
groups in L1 and L2 could act as potential chelating coordi-
nating sites to bind transition metal ions into seven-mem-
bered metalla-ring-containing complexes; they could also
potentially be transferred to other types of organic func-
tional groups, such as heterocycles, by reaction with hy-
droxylamine, hydrazine or the like.l®®) Compounds L1 and
L2 are a new type of ligands that can be used to construct
polymeric compounds containing both inorganic and or-
ganometallic moieties.

www.eurjic.org Eur. J. Inorg. Chem. 2003, 4017—4024



New Ag' Organometallic Coordination Polymers

Synthesis and Structural Analysis of 3

Silver-containing polymeric compound 3,
[Ag(L1)(ClO4)]*CH,Cl,, was synthesized in 85% yield by
the combination of L1 and Ag(ClO4)-H,O in a benzene/
dichloromethane mixed-solvent system at ambient tempera-
ture. Crystals of 3 lose solvent molecules and turn opaque
within several minutes under ambient atmosphere, pre-
venting investigation of the host-guest chemistry of 3. Sin-
gle-crystal analysis revealed (Figure 3) a distorted tetra-
hedral coordination sphere around the silver atom, con-
sisting of two N-donors [N(1) and N(2)] from two ligands
L1 [Ag—N(1) = 2.242(2) and Ag—N(1) = 2.242(2) 2.190(2)
A], one O-donor [O(11)] from the ClO,~ counterion
[Ag—O(11) = 2.416(2) A], and one carbon atom [C(27)]
from the p-methylphenyl group on the third ligand L1. The
Ag—C distance is 2.763(3) A while the remaining Ag—C
contacts (> 2.958 A) are beyond the limits (2.47—2.80 A)
commonly observed in Ag'—aromatic complexes. Thus, the
benzene ring in L1 coordinates to the Ag' ion with an n!-
bonding mode, which is normally observed in

arene—metal complexes.[']

Figure 3. ORTEP plot of compound 3 with 30% probability
ellipsoids

In the solid state, the silver centers are connected by L1
through the two terminal —CN groups into mild zigzag
one-dimensional chains which further associate into inver-
sion-related pairs by Ag—C organometallic interactions
along the crystallographic [211] direction (Figure 4). In ad-
dition, the ladder-like chains stack together to create two
kinds of rectangular channels: large ones along the crystal-
lographic [100] direction (crystallographic dimensions of
the rings ca. 14 X 12 A), which are filled by CH,Cl, guest

o e

Figure 4. One-dimensional organometallic chain found in 3 (along
crystallographic [211] direction), H atoms, ClO4~ counterions and
CH,Cl, guest molecules are omitted for clarity

Eur. J. Inorg. Chem. 2003, 4017—4024 www.eurjic.org
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Figure 5. Top: channels in 3 (down the « axis), H atoms are omitted
for clarity; bottom: channels in 3 (down the [011] direction),
H atoms are omitted for clarity

molecules (Figure 5, a), and small ones (around 10 X 10
A) that extend along the crystallographic [011] direction, in
which both ClO,~ counterions and CH,Cl, guest molecules
are located (Figure 5, b). Extended frameworks composed
of organic spacers containing heteroatom donors via
metal —heteroatom coordination bonds™ and organometal-
lic coordination polymers generated from smaller aromatics
and also polycyclic aromatic hydrocarbons based on
cation—m interactions’ are well established; however,
supramolecular complexes based on both metal—aromatic
carbon and metal—heteroatom interactions appear to be
quite unusual. A related example is the coordination of the
rigid tridentate ligand 1-(4-cyanobenzoyl)-6-(4-cyano-
phenyl)-6-hydroxy-3-(4-phenylcyclohexyl)fulvene with Ag-
OTf in benzene that led to the open-framework material
[Ag2(C33H26N,0,)(H,0),(SO5CF3),]:0.5CsHg, which
contains 21 X 15 A parallelogram-like channels in which
benzene guest molecules are located.[®¥ The smaller chan-
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nels found in 3, however, differ in shape (rectangle-like in
3, Figure 5) due to the different coordination mode of the
silver(1) ion and the different templating effect of coun-
terions.

To confirm L1 as a chelating ligand to bind metal ions
by two carbonyl oxygen atoms, M(OAc),2H,O (M = Cu™,
Co'") were used instead of inorganic Ag! salts in the reac-
tions in ethanol. Elemental analyses and IR spectra showed
that the resultant compounds have the chemical formula
[M(L1),(C,HsOH),]. Unfortunately, no single-crystal struc-
tures were obtained. To confirm the structures by single-
crystal X-ray diffraction, ligand L2 was treated instead of
L1 under the same conditions.

Synthesis and Structural Analysis of 4 and 5

Synthesis

Complexes 4 and 5 were synthesized by solution reac-
tions between the new L2 and Cu(OAc),2H,O and
Co(OAc),2H,0 in ethanol, respectively. When a solution
of L2 in ethanol was treated with Cu(OAc),2H,O and
Co(OAc),:2H,0, respectively, in a metal/ligand molar ratio
of 1:2, compounds 4 and 5 were obtained as neutral molec-
ular compounds with seven-membered metalla-rings. It is
noteworthy that the coordination chemistry of L2 with
transition metal templates Cu'' and Co" is independent of
the metal/ligand molar ratio. For example, ratios of 2:1 and
even 3:1 yielded 4 and 5 as the only products.

Structural Analysis of Compounds 4 and 5

Compounds 4 and 5 are isostructural and crystallize in
the triclinic system. For example, the Cu'' center lies in an
octahedral coordination environment defined by four O-do-
nors from two bidentate ligands L1 and two O-donors from
two coordinated ethanol solvent molecules (Figure 6). The
octahedral coordination polyhedron is slightly distorted —
all angles around the copper center deviate significantly
from 90° [O(1)—Cu—0(2) = 93.85(7)°, O(1)-Cu—0(3) =
87.77(8)°, O(2)—Cu—0(3) = 96.99(8)°]. The Cu—O bond
lengths on the basal plane are 1.9318(15) and 1.9451(16) A,
respectively, which compare well with the Cu—O distance
found in copper—oxygen complexes (e.g., [Cu(Cg-
0,CL)(C,H4N5)L12 [Cu(HLOX)Ni(N3)],-2CH;OH!13),
The distances between the copper center and the two axial
O-donor atoms are the same [dc,—o = 2.390(2) A], again
consistent with the corresponding bond lengths in, for ex-
ample, Ag[Cu(2-pyrazinecarboxylate),](H,O)(NO5)!'4 and
[Cu(HBIP)(C,04)(H,0)]-2H,0.l'3 1,2-Diketone or 1,3-di-
ketone compounds are known to chelate transition metal
ions into five- or six-membered metalla-ring systems which
engender less strain (Scheme 2),['8! because the atoms on
the rings are allowed to adopt more closely their natural
bond angles. However, seven-membered metalla-ring com-
plexes generated from 1,4-diketone-containing ligands and
transition metal ions are much less known, probably due
to conformational strain.['®] L2 reported herein, however, is
perfect for the synthesis of such complexes because of its
specific molecular geometry. In 4, the carbon—carbon bond

4020 © 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

lengths on the substituted Cp ring and also the exocyclic
carbon—carbon double bonds are almost the same as their
corresponding bond lengths in the free ligand L2 [ranging
from 1.393(2) to 1.457(2) A]. The four —CN groups in 4
are uncoordinated as two pairs oriented in opposite direc-
tions. The IR spectrum of 4 shows that the —C=N stretch
(2260 cm™!) in 4 is essentially unchanged from that of the
free ligand L2, indicating that the nitrile nitrogen atom does
not enter the coordination sphere of the Cu'! center. A simi-
lar ~ phenomenon occurs in the reaction of
[Ru,{O>C(CH,)sCHj}4] in toluene and [Cu(hfacac),]-H,O
(hfacac = hexafluoroacetylacetonate) in dichloromethane
with 4-cyanopyridine and 3-cyanopyridine, respectively.['”]
The discrete molecular 1:2 adducts
[Ru,{O,C(CH,)¢CHj}4(4-cyanopyridine),] and [Cu(hfa-
cac),(3-cyanopyridine),] were obtained instead of the ex-
pected 4-cyanopyridine- and 3-cyanopyridine-bridged tran-
sition metal complexes. 4-Cyanopyridine and 3-cyanopyrid-
ine spacers have been used as bridging ligands to link tran-
sition metal species into dimers and polymers.'®!1 Tt
appears that the nitrile N-donor atom has a poor coordin-
ating ability to effectively link 3d metal ions. For example,
in [Cu(4-cyanopyridine)4(H,O)(ClO,),], the nitrile nitrogen
atom only weakly coordinates with copper centers through
a “semi-coordinated” bond [Cu—N=C 2.649(4) A], which
is much longer than a normal Cu—N coordinative bond.?"
It is noteworthy that 4 contains uncoordinated N-donors,
which have recently been suggested as potential new metal-
containing building blocks,?!! that could be connected by
other suitable metal ions (Ag* or Cd>", for example) or
unsaturated metal complexes via bonding interactions with
the free nitrile nitrogen atoms in L2 (a possibility that we
are pursuing).

Figure 6. ORTEP plot of compound 4 with 30% probability
ellipsoids

In the solid state (Figure 7) the neutral building blocks 4
arrange parallel to the crystallographic ¢ axis, and moreover
are bound by strong intermolecular N--O—H hydrogen
bonds in a hand-in-hand fashion to create a one-dimen-
sional chain motif along the crystallographic b axis. The
hydrogen-bonding system in 4 consists of the one uncoordi-

www.eurjic.org Eur. J. Inorg. Chem. 2003, 4017—4024
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Scheme 2. Five-membered metalla-ring (a); six-membered metalla-
ring (b); seven-membered-ring (c)

Figure 7. Hydrogen-bonded one-dimensional chain motif found in
compounds 4 and 5; hydrogen bonds are shown as dotted lines;
this view is down the a axis

nated nitrogen atom N(1) on a —CN group with the hydro-
gen atom H(3) on the coordinated ethanol molecule O(3)
of a neighboring Cu' complex. The N(1)---H(3) distance is
1.94(2) A. The corresponding O(3)--N(1) distance is
2.906(4) A, and the corresponding O(3)—H(3)-*N(1) angle
is 170(4)°. The existence and structural importance of
strong hydrogen-bonding interactions generated from —CN
(as the hydrogen-bond acceptor) are now well established
and have been observed in many compounds.??l These
strong hydrogen-bonding interactions contribute signifi-
cantly to the alignment of the molecules of 4 in the crystal-
line state. The intrachain Cu---Cu distance is 10.99(3) A.
In compound 5, the Co'! center adopts a distorted octa-
hedral {CoOg} coordination sphere, which is identical with
the {CuOg¢} coordination environment found in 4. In the
corresponding single-crystal structure of 5 (Figure 8) the
Co—O0 bond lengths on the basal plane lie in the range of

Figure 8.
ellipsoids

ORTEP plot of compound 5 with 30% probability

Eur. J. Inorg. Chem. 2003, 4017—4024 www.eurjic.org

2.0059(19)—2.0226(16) A. The distance between the Co!!
center atom and the axial O-donor atom is 2.1385(19) A,
which is significantly longer than the equatorial Co—O dis-
tance. However, it is similar to the bond lengths in other
Co™ compounds.?3

In the solid state, compound 5 presents the same hydro-
gen-bonded one-dimensional chain as in 4 (Figure 7). The
N---H distance is 1.94(2) A and the corresponding O--N
distance is 2.906(4) A, with a corresponding O—H--N an-
gle of 170(4)°.

Luminescent Properties

The fluorescence properties and potential applications as
light-emitting diodes (LEDs) of aromatic organic mol-
ecules, all-organic polymers and mixed inorganic—organic
hybrid coordination polymers have been investigated.>¥
Owing to the higher thermal stability of inorganic—organic
coordination polymers and the ability to alter the emission
wavelength  of organic materials, syntheses of
inorganic—organic coordination polymers by the judicious
choice of organic spacers and transition metal centers can
be an efficient method for obtaining new electroluminescent
materials.>>) The luminescent properties of the free ligand
L2, and its metal complexes 4 and 5 have been investigated
in the solid state and CH,Cl, solution. In the solid-state
spectra of L2, 4, and 5 (Figure 9) L2 exhibits one emission
maximum at 523 nm and complexes 4 and 5 exhibit emis-
sion bands that are blue-shifted to 346 nm and 347 nm,
respectively; however, the fluorescence intensity was not en-
hanced. The emission maximum of L2 in CH,Cl, is at
542 nm, and those of complexes 4 and 5 in CH,Cl, are
blue-shift to 518 nm and 521 nm, respectively (Figure 10).
Due to its instability, the luminescent properties of 3 could
not be investigated. In summary, the emission color of free
L2 is significantly affected by its incorporation into the M-
containing (M = Co'" and Cu'") complexes.

L2
4
5
Relative
Intensity
1 1 T 1
300 400 500 600

Wavelength (nm)

Figure 9. Photo-induced emission spectra of L2, 4, and 5 in the
solid state at room temperature
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Figure 10. Photo-induced emission spectra of L2, 4, and 5 in
CH,Cl, at room temperature

Conclusions

The two new fulvene-type ligands L1 and L2, synthesized
by the aroylation of substituted cyclopentadienyl anions,
have been shown to be tridentate or bidentate chelating li-
gands to coordinate transition metal ions into coordination
polymers or supramolecular complexes. The specific coordi-
nation behavior of ligand 1 resulted in a novel a Ag'-con-
taining organometallic coordination polymer (3) based on
both metal—carbon and metal—heteroatom interactions.
The special geometry of 2 resulted in complexes 4 and 5
with unusual seven-membered metalla-ring structures. In
the solid state, 4 and 5 adopt a novel hydrogen-bonded one-
dimensional chain motif. We are currently preparing new
such fulvene ligands, with different substituted organic
functional groups, so as to construct various new transition
metal complexes and coordination polymers (including di-
metallic polymeric compounds) with potentially novel
structures.

Experimental Section

Materials and Methods: 4-Cyanobenzoyl chloride, 3-cyanobenzoyl
chloride, 6,6'-dimethylfulvene, and aryllithium were prepared ac-
cording to literature methods.[”? Inorganic metal salts were pur-
chased from Acros and used without further purification. Infrared
(IR) samples were prepared as KBr pellets, and spectra were ob-
tained in the 400—4000 cm ™! range using a Perkin—Elmer 1600
FTIR spectrometer. '"H NMR spectroscopic data were collected
using a JEOL FX 90Q NMR spectrometer. Chemical shifts (3) are
relative to TMS. Element analyses were performed with a
Perkin—Elmer Model 240C analyzer.

Preparation of L1: A solution of 4-cyanobenzoyl chloride (1.80 g,
10.8 mmol) in anhydrous diethyl ether (20 mL) was added dropwise
to a solution of substituted cyclopentadienyl anions (16.2 mmol) in
anhydrous diethyl ether at 0 °C, which in turn was derived from
6,6'-dimethylfulvene (16.2 mmol) and 4-methylphenyllithium
(16.2 mmol) in anhydrous diethyl ether. The mixture was then
stirred at room temperature overnight. The solvent was then re-
duced to about 10 mL under vacuum. Hexane was added and an
orange solid precipitated that was washed with hexane several times

4022 © 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

and stirred in HCI (5% in water) overnight. The final product was
purified by column chromatography on silica gel (CH,Cl,/hexane,
6:5) to afford an orange crystalline solid in 50% yield. IR (KBr
pellet, cm™1): v = 3110 (w), 2250 (s), 1635 (s), 1600 (s), 1575 (m),
1540 (vs), 1500 (m), 1475 (s), 1413 (vs), 1410 (s), 1365 (s), 845 (m).
'H NMR (90 MHz, CDCls, 25 °C, TMS, ppm): § = 18.20 (s, 1 H,
OH), 7.85 (s, 8 H, C¢Hy), 7.25, 7.20 (d, 2 H, CsH3), 6.57 (t, 1 H,
CsH;). C5 H 3N,0, (456.52): caled. C 77.78, H 4.01, N 8.64; found
C 77.80, H 4.00, N 8.66.

Preparation of L2: A solution of 3-cyanobenzoyl chloride (1.47 g,
8.87 mmol) in anhydrous diethyl ether (20 mL) was added dropwise
into a solution of substituted cyclopentadienyl anions (13.3 mmol)
in anhydrous diethyl ether (20 mL) at 0 °C, which derived from
6,6'-dimethylfulvene (13.3 mmol) and phenyllithium
(13.3 mmol) in anhydrous diethyl ether. The mixture was then
stirred at room temperature overnight, and the solvent then re-
duced to about 10 mL under vacuum. Hexane was subsequently
added and an orange solid precipitated, which was then washed
with hexane several times and stirred in HCI (5% in water) over-
night. The final product was purified by column chromatography
on silica gel (CH,Cl,/hexane, 3:2) to afford an orange crystalline
solid (1.0 g, 51%). IR (KBr pellet, cm™!) ¥ = 2995 (m), 2885 (w),
2250 (s), 1615 (s), 1590 (s), 1555 (m), 1525 (s), 1490 (m), 1435 (s),
1415 (s), 1347 (s), 760 (s). '"H NMR (90 MHz, CDCl;, 25 °C, TMS,
ppm): & = 17.74 (s, 1 H, -OH), 7.99-7.51 (m, 8 H, CsHy), 7.25 (s,
5 H, C¢Hs), 696 (s, 2 H, CsH,), 1.61 (s, 6 H, CHjy).
C30H,,N,0,°0.5CH;0H (458.52): caled. C 79.82, H 5.23, N 6.11;
found C 79.80, H 5.22, N 6.10.

Preparation of 3: Compound 3 was synthesized in 85% yield by
layering a benzene solution (4 mL) of Ag(ClO4)-H,O (9.5 mg,
0.046 mmol) over a dichloromethane solution (4 mL) of L1
(13.9 mg, 0.03 mmol). IR (KBr pellet, cm™"): ¥ = 2998 (s), 2920
(w), 2280 (s), 2250 (m), 1615 (w), 1595 (s), 1540 (w), 1510 (s), 1435
(m), 1410 (m), 1350(s), 1255 (vs), 1180 (s), 1100 (vs), 850 (s).
C3,H,6AgCIsN,Op (748.77): caled. C 51.28, H 3.47, N 3.74; found
C 51.49, H 3.54, N 3.75. Crystals of 3 lose solvent molecules and
turn opaque within several minutes under ambient atmosphere, and
so the host-guest chemistry of 3 could not be investigated.

Preparation of 4: A mixture of L2 (24 mg, 0.054 mmol) and
Cu(OAc),2H,0 (5 mg, 0.027 mmol) in anhydrous EtOH (15 mL)
was heated under reflux for 5 min and allowed to cool. The result-
ant clear red-brown solution was allowed to stand for a week at
room temperature. Deep brown crystals were then collected,
washed with hexane and dried in air (80% yield). IR (KBr pellet,
cm™1): ¥ = 3510 (br), 2990 (m), 2260 (s), 1600 (m), 1584 (s), 1555
(vs), 1530 (s), 1490 (w), 1450 (w), 1415 (s), 1360 (m), 1335 (s), 1310
(s), 775 (s). Cg4Hs54CuN4Og (1038.65): caled. C 73.94, H 5.20, N
5.39; found C 74.01, H 5.30, N 5.36.

Preparation of 5: A mixture of L2 (24 mg, 0.054 mmol) and
Co(OAc)>2H,0 (7 mg, 0.027 mmol) in anhydrous EtOH (15 mL)
was heated under reflux for 5 min and allowed to cool. The clear
red solution was allowed to stand at room temperature for 3 d.
Deep red crystals were collected, washed with hexane and dried in
air (95% yield). IR (KBr pellet, cm™1!): v = 3475 (br), 2995 (m),
2260 (s), 1600 (m), 1585 (s), 1560 (vs), 1530 (s), 1494 (s), 1440
(w), 1430 (m), 1415 (s), 1360 (m), 1315 (s), 775 (s). Cs4Hs4CoN4Og
(1034.04): caled. C 74.27, H 5.22, N 5.42; found C 74.27, H 5.23,
N 5.38.

Crystal Structure Determination: Suitable single crystals of L1, L2
and 3—5 were selected and epoxied in inert oil onto thin glass fib-
ers. X-ray intensity data were measured with a Bruker SMART
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Table 1. Crystallographic data for L1, L2, and 3
L1 L2 3
Empirical formula C3|H24N202 C30H22N202'0.5CH3OH C32H26AgC13N206
Formula mass 456.52 458.52 748.77
Crystal system monoclinic triclinic triclinic
Space group P2, P1 P1
a [A] 6.7498(4) 11.4126(10) 10.0147(8)
b [A] 20.5769(11) 11.4763(10) 12.6221(10)
¢ [A] 8.9532(5) 11.7719(10) 14.1054(11)
a [°] 90 67.050(2) 108.9110(10)
B 109.5060(10) 74.509(2) 92.025(2)
v 1] 90 61.148(2) 112.2560(10)
VA3 1172.14(11) 1237.57(19) 1535.5(2)
Z 2 2 2
p(caled.) [g/lem?] 1.293 1.230 1.620
w(Mo-K,) [mm~!] 0.079 0.079 0.378
Temperature [K] 150 293 150
No. of refl. (I > 30) 5247 5084 6280
Residuals:

R1; wR2 (all data) 0.0434; 0.0868

0.0919; 0.1066 0.0428; 0.0866

APEX CCD-based diffractometer system (Mo-K, radiation, A =
0.71073 A)A Recollection of the first 50 frames at the end of the
process revealed no significant crystal decay. The raw frame data
for all new compounds were integrated into SHELX-format reflec-
tion files and corrected for Lorentz and polarization effects using
SAINT.®] Corrections for incident and diffracted beam absorption
effects were applied using SADABS.[®! All structures were solved
by direct methods and refined against /2 by the full-matrix least-
squares technique. Hydrogen atoms were calculated and refined as
riding atoms; all non-hydrogen atoms were refined with anisotropic
displacement parameters. For compounds 4 and 5, one C¢H4,CN
group of the C30H,;N,O; ligand was found to be rotationally dis-
ordered over two orientations in ratios of 0.675:0.325 (4) and
0.78:0.22 (5). Solution and refinement in the space group P1 did
not remove the disorder; the space group P1 was therefore retained.
Crystal data, data collection parameters, and refinement statistics
for L1 and L2 and 3—5 are listed in Tables 1 and 2. Selected in-
teratomic bond lengths and bond angles for L1 and L2 and 3—5
are given in Tables 3, 4, 5, 6, and 7. CCDC-175505 (L1), -191568

Table 2. Crystallographic data for 4 and 5

4 5
Empirical formula CUC64H54N4O6 C0C64H54N406
Formula mass 1038.65 1034.04
Crystal system triclinic triclinic
Space group Pl Pl
a[A] 8.8803(5) 8.7946(10)
b [A] 10.9928(7) 10.8103(12)
¢ [A] 14.2156(9) 14.3765(15)
a [°] 99.9750(10) 99.681(2)
BI°] 95.8190(10) 95.930(2)
v [°] 93.5610(10) 93.429(2)
VA3 1355.19(14) 1336.0(3)
zZ 1 1
p(caled.) [g/lem?) 1.273 1.285
w(Mo-K,) [mm~] 0.459 0.378
Temperature [°C] 293 190
No. of refl. (I > 30) 5525 4706
Residuals:

R1; wR2 (all data) 0.0655; 0.1330 0.0728; 0.0939

(L2), -175506 (3), -191569 (4), and -191570 (5) contain the sup-
plementary crystallographic data for this paper. These data can be
obtained free of charge at www.ccde.cam.ac.uk/conts/retrieving.

Table 3. Interatomic distances [A] and bond angles [°] with esti-
mated standard deviations (in parantheses) for 1

C(1)—C(2) 1.4142) C(1)-C(5) 1.378(2)
C(1)-C(22) 1.516(2) C(2)—C(3) 1.386(2)
C(3)—C(6) 1.419(2) C(3)—C(4) 1.476(2)
C(6)—0(1) 1.270(2) C(6)—C(7) 1.488(2)
C(7)—C(8) 1.396(2) C(13)—N(1) 1.136(2)
CQ)-C(1)-C(5)  107.02(14) CQ)—C(1)—C(22) 124.76(14)
C(1)-CQ2)-C(3)  110.87(13) C(6)—-C(3)—C(2)  125.69(14)
O(1)—-C(6)—C(7)  114.23(14) C(9)—C(10)—C(11) 120.77(15)
C(10)—C(11)—C(12) 119.90(15) N(1)—C(13)—C(10) 177.6(2)

Table 4. Interatomic distances [A] and bond angles [°] with esti-
mated standard deviations (in parantheses) for 2

C(1)-C(2) 1.337(2) C(1)-C(5) 1.415(2)
C(1)-C(22) 1.513(2) C(2)—C(3) 1.427(2)
C(3)-C(6) 1.386(2) C(3)—C(4) 1.468(2)
C(6)-0(1) 1.307(2) C(6)—C(7) 1.483(2)
C(7)—C(8) 1.380(3) C(13)—N(1) 1.134(3)
C(2)-C(1)—-C(5)  106.94(16) C(2)—C(1)~C(22)  128.09(16)
C(1)-C(2)—C(3)  11042(16) C(6)—-C(3)—C(2)  125.46(17)
O(1)-C(6)-C(7)  112.90(16) C(9)—C(10)—C(11) 119.5(2)

C(10)-C(11)—C(13) 118.9(2) N(1)-C(13)—C(11) 178.2(3)

Table 5. Interatomic distances [A] and bond angles [°] with esti-
mated standard deviations (in parentheses) for 3 (symmetry trans-
formations used to generate equivalent atoms: #1: x — 2,y — 1, z

- L#: —x+ 1, —y+1,—z+ L#: —x+ 1, -y —z+ 1;
Hé:x +2,y+1,z+ 1)

Ag—NQ)#1 2.190(2) Ag—N(1) 2.242(2)
Ag—0(11) 2.390(2) Ag—0(11) 2.416(2)
Ag—CQN#2 2.763(3)

NQ)#1-Ag—N(1) 136.21(8) NQ)#1—-Ag—O(11) 117.55(7)

N(1)—Ag—O(11)  100.86(8) N(2)#1—Ag—C(27)#2 108.55(8)
N(1)—Ag—CQ7)#2 82.23(8) O(11)—-Ag—CQ7)#2  100.75(7)
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html [or from the Cambridge Crystallographic Data Centre, 12 Un-
ion Road, Cambridge CB2 1EZ, UK; Fax: (internat.) + 44-1223/
336-033; E-mail: deposit@ccdc.cam.ac.uk].

Table 6. Interatomic distances [A] and bond angles [°] with esti-
mated standard deviations (in parantehses) for 4 (symmetry trans-
formations used to generate equivalent atoms: #1: — x + 1, —y +
I, —z+1)

Cu(1)—0(1) 1.9318(15) Cu—0(2) 1.9451(16)
Cu—0(3) 2.390(2)

O(DH#1—Cu—0(1) 180.007)  O(1)#1—Cu—OQ)#1 93.58(7)
OQ)#1-Cu—0(3) 83.01(7)  O(2)—Cu—0(3) 96.99(8)
O(H)—Cu—0(3)  87.778)  0B3)—C(3NH—C(32) 112.2(8)
C6)-0(1)-Cu  131.58(15)  C(14)—0(2)—Cu 135.22(15)
CBD-0(3)—Cu 131.7(5)  OQ)—C(14)—C(15) 113.72)

Table 7. Interatomic distances [/j\] and bond angles [°] with esti-
mated standard deviations (in parantehses) for 5 (symmetry trans-
formations used to generate equivalent atoms: #1: — x + 1, —y +
I, —z+1)

Co(1)-0(1) 2.0059(19) Co—0(2) 2.0226(16)
Co—0(3) 2.1385(19)

O()#1—Co—0(1) 180.00(7)  O(1)#1—Co—OQ2)#1  90.98(7)
OQ)#1-Co-0(3) 8582(7)  0O(2)—Co—0(3) 94.18(7)
0(1)-Co—0(3)  88.288)  O(3)—-C(31-C(32) 114.0(3)
C(6)-0(1)-Co  130.50(18)  C(14)—0(2)—Co 137.03(18)
C(31)-0(3)-Co  126.83(18)  O(2)—C(14)—C(15)  113.9(2)
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