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(n = 4, 5) (H;L = 2,2'-Bis(prop-2-ynyloxy)biphenyl)
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Summary: The three silver(l) coordination polymers [(Ag>L)-
(AgNO3)s(H20)] (1), [(Ag2L)0s(AgCF3CO2)((H20)2] (2), and
[(Ag2L)(AgCF3CO;),(CH3CN)3(uz-H20)] (3) have been con-
structed from the flexible multifunctional dianionic ligand L (H>L
= 2,2"-bis(prop-2-ynyloxy)biphenyl), providing experimental
evidence of coexisting uncommon intermolecular interactions
(cation—m and m—m in 1; cation—m and anion—m in 2;
C=N-+7 and C—H+**7 in 3) that stabilize their framework
structures.

The metal—s interaction has been amply exploited in building
novel molecular and framework architectures that may exhibit
a variety of useful electrical and electrochemical properties.'
Several other unconventional intermolecular interactions (H+++H,
anion—u, lp—, and argentophilic) also have these traits.>”’
Since the term “anion—s interaction” was used to describe the
interaction between the permanent quadrupole of Cg¢Fs and
various anions in 2002,** it has aroused considerable attention,
owing to its relevance to anion recognition and transport with
medicinal and environmental applications.*> Meanwhile, the
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Figure 1. Coordination mode of L in 1. Details are given in the
Supporting Information. Symmetry code: (A) 1 + x, y, z.

significance of attractive interactions between electron-rich
neutral molecules and aromatic 7 systems have also been
recognized.®

Noting that experimental evidence of the coexistence of the
aforementioned noncovalent supramolecular interactions is
mostly lacking, we have designed the new dianionic ligand L
(H,L = 2,2'-bis(prop-2-ynyloxy)biphenyl), which has two
pendant arms, each bearing a terminal ethynide moiety attached
to the conformational flexible biphenyl skeleton. The reaction
of HpL with silver salts is expected to generate metal—organic
frameworks (MOFs) consolidated by argentophilic,” silver-
(I)—ethynediyl,® and silver(I)—aromatic interactions,”’ and the
aromatic rings of L are potentially capable of partaking in
m-related interactions.

Herein we report the syntheses'® and structural characteriza-
tion'" of three new silver(I) double salts derived from [Ag,L],
as a starting material, namely [(AgoL)(AgNO3)s(H20)] (1),
[(Ag2L)o.s(AgCF3CO,)4(H20),] (2), and [(Ag:L)(AgCF;COy)s-
(CH3CN)3(u2-H20)] (3), in which L adopts different coordina-
tion modes to silver(I) atoms.

In the crystal structure of 1, the dianionic ligand L adopts a
synclinal conformation, in which the torsion angle C4—C9—
C10—Cl15 is 73.22° (Figure 1 and Figure S1 (Supporting
Information)). The independent ethynide groups coordinate to
a Agy cluster with different u4-1":7":np%n? and us-n"n>%y?
coordination modes. The edge-to-centroid distance between two
proximal phenyl rings from two different L ligands is 3.711 A,
indicating the existence of a significant edge-to-face w—ux
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Figure 2. (a) Polymer chain in 1 showing both silver—aromatic
and edge-to-face t—o interactions along the a axis. (b) Double-
layer structure of 1. Color scheme for atoms: Ag, purple; C, black;
O, red; N, blue.

stacking interaction (Figure 2a).'? Ligand L may be regarded
to exhibit a less symmetrical u,-7*:n” bonding mode composed
of an 1 silver—aromatic interaction with one ipso (C7) and
two ortho carbon atoms (C6 and C8) of the phenyl ring I,
together with an #? interaction with ipso and ortho carbon atoms
(C13 and C14) of phenyl ring II. The respective Ag—C bond
lengths of 2.393, 2.996, 2.570, 2.668, and 3.049 A all fall within
the range of silver—aromatic interactions.'* The Ag; aggregates
are additionally linked together through the bridging nitrate ions
and edge-to-face w—a stacking to give a double layer (Figure
2b). Such layers are associated together through offset face-to-
face r— stacking (spacing 3.43 A)'? between two adjacent

(8) (a) Bruce, M. L.; Low, P. J. Adv. Organomet. Chem. 2004, 50, 179.
(b) Mak, T. C. W.; Zhao, X.-L.; Wang, Q.-M.; Guo, G.-C. Coord. Chem.
Rev. 2007, 251, 2311. (¢) Zhao, L.; Mak, T. C. W. J. Am. Chem. Soc.
2004, 126, 6852. (d) Zhao, L.; Mak, T. C. W. J. Am. Chem. Soc. 2005,
127, 14966.

(9) Wang, Q.-M.; Mak, T. C. W. Chem. Commun. 2002, 2682.

(10) Caution! Silver ethynide complexes are potentially explosive and
should be handled in very small amounts with extreme care. Synthesis of
[Ag>L],: HoL (0.6 g, 2.29 mmol) was dissolved in acetonitrile (50 mL).
Then silver nitrate (0.778 g, 4.58 mmol) and triethylamine (0.634 mL, 4.58
mmol) were added with vigorous stirring and the mixture was stirred
overnight under a nitrogen atmosphere in darkness. The pale yellow
precipitate that formed was collected by filtration, washed thoroughly with
acetonitrile (3 x 10 mL) and deionized water (2 x 10 mL), and then stored
in wet form at—10 °C in a refrigerator. Yield: about 1.48 g (~81%). IR: v
2054 cm™ ' (m, vc=c). Synthesis of [(AgL)(AgNO;3)s(H,0)] (1): AgNO;
(0.34 g, 2 mmol) was dissolved in deionized water (1 mL). Then [Ag,L],
(~30 mg) solid was added to the solution. After it was stirred for about
2 h, the solution was filtered and the filtrate left to stand in the dark at
room temperature for several days. During this time colorless blocklike
crystals of 1 were deposited in about 75% yield. Anal. Calcd for
CigH14AgsNgO2: C, 14.29; H, 0.93; N, 5.55. Found: C, 14.01; H, 0.97; N,
5.28. IR: v 2063 cm ™! (w, vc=c). Upon heating, compound 1 melts from
135 to 136 °C and then turns black and explodes. Synthesis of
[(AgaL)o5(AgCF;C0O0)4(H20),] (2): AgCF;CO; (0.440 g, 2 mmol) and
AgBF, (0.382 g, 2 mmol) were dissolved in deionized water (1 mL). Then
[AgoL], (~45 mg) solid was added to the solution. After it was stirred for
about '/, h, the solution was filtered and the filtrate stored at ~10 °C in the
refrigerator. One week later, colorless needlelike crystals of 2 were deposited
in about 60% yield. Anal. Calcd for C7H;0AgsF12011: C, 17.64; H, 0.87.
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transforms to a powder at 106 °C and decomposes above 260 °C. Synthesis
of [(Ag:L)(AgCF;CO0)7(CH3CN)3(u2-H20)] (3): AgCF3CO; (0.440 g, 2
mmol) and AgBF4 (0.382 g, 2 mmol) were dissolved in a mixture of
deionized water (1 mL) and acetonitrile (0.2 mL). Then [Ag,L], (~50 mg)
solid was added to the solution. After it was stirred for about '/, h, the
solution was filtered and left to stand in the dark at room temperature. After
several days, colorless platelike crystals of 3 were deposited in about 45%
yield. Anal. Calcd for C3gHa3AgoF21N30;7: C, 21.10; H, 1.07; N, 1.94.
Found: C, 20.85; H, 1.13; N, 1.57. IR: v 2063 cm ™" (W, vc=c). Compound
3 melts from 68 to 70 °C.
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Figure 3. (a) Coordination mode of L in 2. Details are given in
the Supporting Information. Symmetry code: (A) x, y, '/» — z; (B)
x, 1 +y, z. (b) Silver—aromatic and anion— interactions. (c) Layer
structure of 2. Color scheme for atoms: Ag, purple; C, black; O,
red. Terminal CF; groups are omitted for clarity.

phenyl rings II and C—H*+++O hydrogen bonds between 020
of one nitrate and two carbon atoms (C12 and C13) of phenyl
ring II in neighboring layers to give a 3D supramolecular
structure (Figure S2 (Supporting Information)).

In contrast to complex 1, L in 2 lies on a crystallographic
2-fold axis and takes a symmetric anticlinal conformation with
a C4—C9—C9'—C4' torsion angle of 142.44°. The ethynide
group coordinates to a Agg cluster of symmetry 2 with the us-
n'm'm*y*m?* coordination mode (Figure 3a and Figure S3
(Supporting Information)). Three phenyl carbon atoms (C6, C7,
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and C8) coordinate to the silver atom Ag5 by an unusual u-1°
mode™!'* with bond lengths of 2.661, 2.345, and 2.874 A,
respectively. These moieties are further connected together
through coordination interactions between silver atoms and
trifluoroacetate ligands to produce a two-dimensional coordina-
tion/organometallic polymer (Figure 3c). Notably, the short
distances (09 +++C8 = 3.28 A; 09 +++ center = 3.65 A) between
one oxygen atom (09) of the coordinated trifluoroacetate group
and the phenyl ring indicate the existence of a weak anion—u
stacking interaction*>'>'® (Figure 3b). This may be rationalized
by the fact that the s-electron density of the ring is polarized
upon bonding to a positively charged silver(I) center. Recent
calculation has made it clear that very favorable interaction
energies, short equilibrium distances, and strong synergic effects
can be achieved when different noncovalent interactions (cat-
ion—u, anion—z, and/or —s) coexist in the same system.'’
Though the coexistence of cation—s and anion—u interactions
has been found in organometallic cavitands,'® to our knowledge
complex 2 is the first structure that has both cation (Agh—m
and anion—u interactions in a metal—organic coordination
polymer.

In complex 3, L takes the synclinal conformation with a
C4—C9—C10—C15 torsion angle of 69.11°. Two centrosym-
metry-related L ligands are bound to a Agjc aggregate, in which
the independent ethynide groups display different us-1":n":n*:
n?m* and us-n' "' :m*n? coordination modes (Figure 4a and
Figure S4 (Supporting Information)). Short distances between
the nearly parallel acetonitrile ligand and phenyl ring indicate
C—H-+*7 and C=N--7 interactions, which are comparable
with results in the literature'®?° (Figure 4b). Though the first
experimental proof for significant interactions between neutral
electron-rich acetonitrile and electron-deficient aromatic rings
has been reported recently,60 the concurrence of C—H-«++ 7 and
C=N"--7 interactions for one acetonitrile molecule is a new
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Figure 4. (a) Coordination mode of L in 3. Symmetry code: (A) 2
—x,1—y,1—2z (b) CH***sr and CN -+ interactions in 3.

mode that is crucial in the context of its host—guest supramo-
lecular chemistry.?! The formation of these noncovalent interac-
tions may be related to the coordination of acetonitrile to the
silver(I) ion (Ag9). The Ags aggregates are further intercon-
nected through bridging trifluoroacetate ligands and argento-
philicity between symmetry-related Ag5 ions to give an infinite
chain (Figure S5 (Supporting Information)).

The present study has established that L is an flexible
multifunctional dianionic ligand with its biphenyl skeleton
exhibiting synclinal and anticlinal conformations, and its tethered
ethynide moieties can adopt u4- and us-ligation modes upon
bonding to silver(I) centers. The resulting Ag,—L—Ag, (n =
4, 5) aggregate may be regarded as a new metallo-ligand
supramolecular synthon for coordination/organometallic network
assembly, which gains stability through manifestation of the
less common intermolecular silver—ethynide, argentophilicity,
cation (Ag")—aromatic, and anion—z interactions.
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