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Introduction

Since the mid-1980s, transition metal alkynyl complexes
have been studied actively because their linear coordination
geometry, high stability, and p-electron conjugation point to
potential applications as precursors of nonlinear optical ma-
terials,[1] luminescence materials,[2] and rigid-rod molecular
wires,[3] which involve not only complexes with just one al-
kynyl group bound to the metal but also coordination poly-
mers that contain as many as a thousand M�C�C� linkages
in the polymeric chain �[M�C�C�Y�C�C]n� (Y=aromatic
spacer).[4] From the coordination chemistry viewpoint, tran-

sition metal alkynyl complexes can be regarded as derived
from the prototypical HC�C� ligand, which is isoelectronic
with cyanide (CN�), behaving as a good s donor and
modest p acceptor. The electronic characteristics of alkynyl
ligands have also been investigated in some detail using
spectroscopic and other structural techniques.[4a,5] In addi-
tion, the ethynide ligand can function as a good p donor
through pp–dp overlap with metal atoms to engender a
series of cluster complexes and multinuclear aggregates.[6]

Apart from the plethora of discrete metal alkynyl com-
plexes whose bonding modes range from simple m1 to rela-
tively complicated m4 types,[7] our recent studies on silver(I)
complexes containing ethynide and perfluorocarboxylate li-
gands have demonstrated that the resulting polynuclear
silver–ethynide aggregate,[8] symbolized by R�C�C�Agn

(R=alkyl or aryl, n=4 or 5), can be employed as a new
kind of metal–ligand supramolecular synthon[9] in the con-
struction of coordination networks. On the other hand,
much effort has been concentrated on prediction and con-
trol of the formation of supramolecular networks by tuning
various subtle factors, which commonly include the coordi-
nation preference of the central metal ion, the size and

Abstract: Supramolecular networks
constructed with the tBu�C�C�Agn

(n=4 or 5) metal–ligand synthon and
trifluoroacetate have been transformed
through the introduction of ancillary
terminal nitrile ligands, from acetoni-
trile through propionitrile to tert-
butyro ACHTUNGTRENNUNGnitrile, giving rise to a 2D coor-
dination network in AgC�
CtBu·3 AgCF3CO2·H2O (1), a 2D hy-
drogen-bonded network in AgC�
CtBu·5 AgCF3CO2·4 CH3CN·H2O (2), a
2D hybrid coordination/hydrogen-
bonded network in AgC�

CtBu·3 AgCF3CO2·CH3CH2CN·2 H2O
(3), and another 2D coordination net-
work in AgC�CtBu·4 AgCF3CO2·
(CH3)3CCN·2 H2O (4). Concomitantly,
the linkage modes between adjacent
ethynide-bound Agn aggregates in
these compounds are also changed. A
layer-type hydrogen-bonded host lat-
tice in isostructural AgC�

CtBu·4 AgCF3CO2·(R4N)(CF3CO2)·
2 H2O (R4 =BnMe3, 5 ; R4 =Et4, 6 ; R4 =

nPr4, 7) is obtained by introducing qua-
ternary ammonium cations as guest
templates, which occupy the interstices
and thereby mediate the interlayer sep-
aration. Use of the bulky nBu4N

+

cation leads to disruption of the host
network in AgC�CtBu·4 AgCF3CO2·3-ACHTUNGTRENNUNG[(nBu4N) ACHTUNGTRENNUNG(CF3CO2)] ACHTUNGTRENNUNG·H2O (8) with gen-
eration of a discrete dense nido-Ag5

cluster.
Keywords: alkyne ligands · host–
guest systems · layered compounds ·
silver · supramolecular networks

[a] L. Zhao, C.-Q. Wan, J. Han, X.-D. Chen, Prof. Dr. T. C. W. Mak
Department of Chemistry and Center of Novel Functional Molecules
The Chinese University of Hong Kong, Shatin, New Territories
Hong Kong SAR (Peoples Republic of China)
Fax: (+852) 2603-5057
E-mail : tcwmak@cuhk.edu.hk

Supporting Information for this article (refinement details for the X-
ray structural analysis) is available on the WWW under http://
dx.doi.org/10.1002/chem.200800968.

Chem. Eur. J. 2008, 14, 10437 – 10444 � 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 10437

FULL PAPER



shape of the ligands, the metal-to-ligand ratio, the rational
arrangement of the supramolecular synthon, the nature of
the counter-anion, and the solvents used in crystallization.[10]

In contrast, the role of ancillary ligands in manipulating
supramolecular assembly in crystalline solids is rarely inves-
tigated. In the present work, we utilize nitrile ligands as ad-
ditional components in the synthesis to induce the formation
of different coordination skeletons constructed with the tBu-
C�C�Agn (n= 4 or 5) supramolecular synthon and trifluor-
oacetate. Through variation of the steric bulk of added ni-
trile ligands, a series of silver(I) complexes, namely AgC�
CtBu·3 AgCF3CO2·H2O (1) and AgC�CtBu·
nAgCF3CO2·mRCN·x H2O (2, R=CH3�, n=5, m=4, x=1;
3, R=CH3CH2�, n=3, m= 1, x= 2; 4, R= (CH3)3C�, n=4,
m= 1, x=2) has been synthesized and structurally character-
ized. We have also investigated the inclusion properties of
the supramolecular host network in three isostructural com-
plexes, AgC�CtBu·4 AgCF3CO2· ACHTUNGTRENNUNG(R4N)ACHTUNGTRENNUNG(CF3CO2)·2 H2O (5,
R4 = BnMe3 where Bn= benzyl; 6, R4 =Et4; 7, R4 =nPr4), as
well as the generation of a discrete dense nido-Ag5 cluster
in AgC�CtBu·4 AgCF3CO2·3 ACHTUNGTRENNUNG[(nBu4N) ACHTUNGTRENNUNG(CF3CO2)]·H2O (8),
which are obtained with quaternary ammonium cations serv-
ing as guest templates.

Results and Discussion

We have previously reported the synthesis of the polymeric
complex [tBuC�CAg]n via the reaction of silver nitrate with
equimolecular lithium tert-butylethynide (generated in situ
from tert-butylacetylene and nBuLi) in THF under an inert
atmosphere of nitrogen at room temperature.[8b] We subse-
quently utilized a concentrated aqueous solution of
AgCF3CO2 and AgBF4, the latter being added to increase
the silver(I) ion concentration[11] requisite for dissolving
[tBuC�CAg]n, thus ensuring the formation of the tBu�C�
C�Agn (n=4 or 5) supramolecular synthon stabilized by
silver–ethynide interaction and argentophilicity.[12] The link-
age of these silver–ethynide aggregates by trifluoroacetate
groups and aqua ligands led to the formation of a relatively
rigid 2D coordination network in 1. Then complexes 2–8
were synthesized analogously by adding the corresponding
nitrile ligands or quaternary ammonium tetrafluoroborate
salts, respectively.

Crystal structures : In the crystal structure of AgC�
CtBu·3 AgCF3CO2·H2O (1; Figure 1a), the ethynide moiety
C1�C2 (1.213(7) �) is attached to a butterfly-shaped Ag4

basket in the m4-h
1,h1,h1,h2 mode, which is similar to the co-

ordination mode at each terminal of the �C�C�C�C� dia-
nion.[8af] The distances between the silver atoms range from
2.887(1) to 3.028(1) �, (less than twice the van der Waals
radius of the silver atom: 3.4 �), suggesting the existence of
significant Ag···Ag interaction.[12] Such an Ag4 basket con-
nects with its inversion-related partner by two trifluoroace-
tate groups, O5–O6 and O5A–O6A, in an anti-m3-O,O’,O’
mode (A) to produce a silver column along the [010] direc-

tion (Figure 1b). These Ag4 baskets are also linked by bridg-
ing trifluoroacetate ligands of the O1–O2 type in the syn-m3-
O,O’,O’ mode (B) to form another coordination column
along the [100] direction. These two kinds of coordination
columns are interwoven to form a honeycomb layer parallel
to the (001) plane. Interestingly, each hexagonal-honeycomb
cell is a metallacycle composed of six Ag4 aggregates and
four pairs of trifluoroacetate groups, with an inversion
center located at the center of each boundary. The CF3 moi-
eties and tert-butyl groups protrude on both sides of this

Figure 1. a) Atom labeling (50 % thermal ellipsoids) and coordination
modes of the tert-butylethynide ligands in AgC�CtBu·3AgCF3CO2·H2O
(1). Other ligands are omitted for clarity. Symmetry code: A �x,�y,1�z ;
B x,1+y,z ; C 1�x,�y,1�z. b) Layer structure in complex 1 composed of a
hexagonal array of fused macrocycles; each macrocycle consists of six
Ag4 aggregates connected by two types of O1�O2 (gray) and O5�O6
(black) trifluoroacetate groups. All hydrogen atoms, fluorine atoms,
water molecules, and other trifluoroacetate groups are omitted for clari-
ty.
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layer to prevent further linkage, whereas packing of these
honeycomb layers yields a series of 1.3 � 1.1 nm channels
along the c direction (Figure 1b).

Upon addition of acetonitrile in the course of crystalliza-
tion, the coordination skeleton of the ethynide moiety trans-
forms from m4 in 1 to a novel m5-h

1,h1,h1,h1,h2 mode in the
crystal structure of AgC�CtBu·5 AgCF3CO2·4 CH3CN·H2O
(2), in which Ag5 bearing two nitrile ligands (N3 and N4) is
attached to the butterfly-shaped Ag4 basket surrounding the
ethynide moiety C1�C2 to constitute an approximately
square-pyramidal Ag5 aggregate (Figure 2a). Another ni-
trile-bonded silver atom, Ag6, exhibiting tetrahedral coordi-
nation geometry connects with this Ag5 aggregate through
the linkage of two trifluoroacetate groups (O1–O2 and O7–
O8) through a syn-m3-O,O’,O’ mode B, thus generating a
hexanuclear silver–ethynide–carboxylate cluster. Such hexa-
nuclear segments are further bridged pairwise by inversion-

related trifluoroacetate groups O3–O4 and O3A–O4A, also
through syn ligation mode B, to produce a discrete Ag6-(m3-
O,O’,O’�CF3CO2)2�Ag6 structural unit. This unit is reminis-
cent of that observed in our previously reported complex
AgC�CtBu·6 AgCF3CO2·2 CH3CN·6 H2O,[8c] wherein less
acetonitrile was added to the crystallization solution. Link-
age of these discrete units by two hydrogen bonds (O1W–
O3 2.824 � and O1W–O9 2.806 �) engenders a column
along the b direction, which is further connected by relative-
ly weak hydrogen bonds C20–H···O6 (H···O 2.409 �) along
the c direction to yield a hydrogen-bonded layer parallel to
the bc plane (Figure 2b).

A m5 coordination mode for the ethynide moiety C1�C2
similar to that in 2 is also observed in AgC�
CtBu·3 AgCF3CO2·CH3CH2CN·2 H2O (3), although the more
bulky propionitrile ligand is employed in crystallization. No-
tably, pairs of such tBuC�C�Ag5 aggregates approach each
other so that they coalesce by sharing one slant edge
Ag2···Ag2A to generate a centrosymmetric octanuclear
silver segment (Figure 3a) with a propionitrile ligand ap-
pended to each Ag4. This octanuclear silver segment is fur-
ther stabilized by bridging trifluoroacetate groups (O5–O6
and O5A–O6A), and consecutive O1–O2 linkage by trifluor-
oacetate groups in the anti-m3-h

1,h2 mode produces a coordi-
nation silver column along the [100] direction. Subsequently,
the strong hydrogen bonds between the water molecule
O2W and the oxygen atoms of two trifluoroacetate groups
(O3–O4 and O5–O6) crosslink adjacent coordination silver
columns, resulting in the formation of a (4,4) network paral-
lel to the ab plane (Figure 3b).

When the bulkier ancillary ligand tBuC�N is employed,
two Ag5 aggregates around a pair of proximal ethynide moi-
eties in AgC�CtBu·4 AgCF3CO2· ACHTUNGTRENNUNG(CH3)3CCN·2 H2O (4) ap-
proach each other and consequently merge to form an octa-
nuclear silver aggregate by sharing one square edge (Fig-
ure 4a), in comparison with square-pyramidal edge-sharing
in complex 3. Each peripheral Ag···Ag edge of this Ag8 ag-
gregate is spanned by one trifluoroacetate ligand except for
Ag1, whose appended tert-butyronitrile ligand blocks liga-
tion of the trifluoroacetate group. Ag5 is attached to such
an octanuclear aggregate through the connection of two tri-
fluoroacetate groups of the O3–O4 and O5–O6 type in the
syn-m3-h

1,h2 mode. Furthermore, the Ag8 aggregates each
bearing two tert-butylethynide ligands are linked by trifluor-
oacetate groups of the O7–O8 type and the [Ag2(m2-
CF3CO2)2] bridging unit (constructed from the external
silver atom Ag5 and the O1–O2 trifluoroacetate group) to
form a (4,4) coordination network parallel to the ac plane
(Figure 4b).

Considering the consistent appearance of a layer structure
in AgC�CtBu·nAgCF3CO2 double salt systems (see above),
we subsequently introduced various quaternary ammonium
ions as guest templates in the expectation that they would
play significant roles in affecting the formation of the host
framework. In the crystal structure of AgC�
CtBu·4 AgCF3CO2· ACHTUNGTRENNUNG(BnMe3N) ACHTUNGTRENNUNG(CF3CO2)·2 H2O (5), the ethy-
nide moiety C1�C2 (1.207(7) �) adopting a m5-h

1,h1,h1,h1,h2

Figure 2. a) Atom labeling (50 % thermal ellipsoids) and discrete Ag6�
(m3-O,O’,O’-CF3CO2)2�Ag6 structural unit in AgC�
CtBu·5AgCF3CO2·4CH3CN·H2O (2). All hydrogen atoms, CF3 moieties,
and methyl groups of acetonitrile are omitted for clarity. Symmetry code:
A 1�x,1�y,�z. Selected bond distances (�): C1�C2 1.191(7), Ag···Ag
2.875(1)–3.065(1). b) Layer interwoven by hydrogen bonding along the b
and c directions.
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coordination mode is still enveloped in a square-pyramidal
Ag5 basket (Figure 5a), in which the Ag···Ag distances range
from 2.807(1) to 3.092(1) �. Except for the m3 O7–O8 tri-
fluoroacetate group, each other trifluoroacetate group spans
an Ag···Ag edge through the m2 mode. Two such Ag5 baskets
are bridged by inversion-related trifluoroacetate groups
(O7–O8 and O7A–O8A) to generate an Ag5-(m3-h

1,h2-
CF3CO2)2�Ag5 building unit. These building units are fur-
ther linked by hydrogen bonds between O1W and two
CF3CO2 groups (O1–O2 and O9–O10), and between O2W
and the other two (O3–O4 and O5–O6), to generate a 2D
hydrogen-bonded network parallel to the (010) plane (Fig-
ure 5b)). Herein, all tert-butyl moieties are located within
the plane of the 2D hydrogen-bonded network, in sharp

contrast to the 2D networks in 1–4 with tert-butyl species
sticking almost vertically out of the plane. This difference
mostly results from steric hindrance of the included quater-
nary ammonium cations.

The 2D hydrogen-bonded networks are stacked layer by
layer along the b direction, with an interlayer separation of
13.970 �. The BnMe3N

+ guests that are accommodated in
the interstices between adjacent networks are stabilized by a
series of weak C�H···O and C�H···F hydrogen bonds be-
tween the alkyl moieties of quaternary ammonium cations
and trifluoroacetate groups (Figure 6).

A totally identical layer-type host lattice also exists in the
crystal structures of AgC�CtBu·4 AgCF3CO2· ACHTUNGTRENNUNG(Et4N)-ACHTUNGTRENNUNG(CF3CO2)·2 H2O (6) and AgC�CtBu·4 AgCF3CO2· ACHTUNGTRENNUNG(nPr4N)-ACHTUNGTRENNUNG(CF3CO2)·2 H2O (7), which can be properly described as iso-
structural complexes of 5. Notably, the separation between
adjacent hydrogen-bonded layers can be tuned by varying
the bulk of the hydrophobic organic cations. With the in-
crease in steric volume of quaternary ammonium cations in

Figure 3. a) Atom labeling (40 % thermal ellipsoids) and two edge-shared
Ag5 aggregates in AgC�CtBu·3 AgCF3CO2·CH3CH2CN·2H2O (3). Some
hydrogen atoms and CF3 moieties are omitted for clarity. Symmetry
code: A �x,1�y,1�z. Selected bond distances (�): C1�C2 1.195(9),
Ag···Ag 2.808(1)–3.105(1). b) Hybrid (4,4) network in 3 connected by co-
ordination bonds (m3-h

1,h2 O1�O2) along the a direction and hydrogen
bonds (O5–O2W 2.866 � and O3�O2W 2.787 �) along the b direction.
All hydrogen atoms, tert-butyl groups, and CF3 groups are omitted for
clarity.

Figure 4. a) Atom labeling (50 % thermal ellipsoids) in AgC�
CtBu·4AgCF3CO2· ACHTUNGTRENNUNG(CH3)3CCN·2H2O (4) and linkage of trifluoroacetate
groups around the centrosymmetric Ag8 aggregate. Other ligands or
atoms are omitted for clarity. Symmetry code: A �x,1�y,1�z ;
B 1�x,1�y,1�z ; C x�1,y,z ; D �x,1�y,�z ; E x,y,1+z. Selected bond dis-
tances (�): C1–C2 1.219(5), Ag···Ag 2.848(1)–3.151(1). b) (4,4) coordina-
tion network in 4 linked by trifluoroacetate groups O7�O8 and [Ag2(m2-
CF3CO2)2] bridging units to form a (4,4) coordination network parallel to
the ac plane. All hydrogen atoms, tert-butyl groups, and CF3 moieties are
omitted for clarity.
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the order BnMe3N<Et4N<nPr4N, the corresponding inter-
layer separation changes from 13.970 � through 15.075 � to
15.143 �.

Further extending the alkyl chain length by introducing
nBu4N

+ into the system, we eventually arrive at a packing
of discrete molecular moieties in AgC�CtBu·4 AgCF3CO2·
3 ACHTUNGTRENNUNG[(nBu4N) ACHTUNGTRENNUNG(CF3CO2)]·H2O (8), in which the bulky cations to-
tally interrupt the 2D hydrogen-bonding network (Fig-
ure 7b). The Ag5 aggregate surrounding the ethynide moiety

C1�C2 (1.168(15) �) in 8 exhibits a kind of closed nido-
square-pyramidal cage structure with Ag···Ag square edges
ranging from 3.118(1) to 3.174(1) �, which differs greatly
from the reported Ag5 aggregates of tBuC�C� or PhC�C�

ligands[8c,d] with a trapeziform four-membered base (Fig-
ure 7a). Although the ethynide moiety is located about
0.66 � outside the Ag4 square base and the C1�Ag4 bond
length (2.31(1) �) is much longer than the congener bond
length of 2.1–2.2 � in 1–7, this closed nido-Ag5 cluster is
still stabilized by as many as seven trifluoroacetate groups
by bridging the Ag···Ag edges. This is analogous to one half
of the previously reported bicapped square-antiprismatic
C2@Ag10 aggregate, the largest discrete ethynide-encapsulat-
ing silver cage stabilized by eleven trifluoroacetate groups
and two 4-hydroxyquinoline ligands.[13]

Figure 5. a) Atom labeling (50 % thermal ellipsoids) of AgC�
CtBu·4AgCF3CO2· ACHTUNGTRENNUNG(BnMe3N) ACHTUNGTRENNUNG(CF3CO2)·2 H2O (5) and two carboxylate-
bridged Ag5 aggregates. Other ligands are omitted for clarity. Symmetry
code: A �x,1�y,1�z. b) 2D hydrogen bonding network in 5. Hydrogen
bond distances (�): O1W�O2 2.799, O1W�O9 2.806, O2W�O3 2.829,
O2W�O6 2.777. All fluorine atoms and BnMe3N

+ cations are omitted
for clarity.

Figure 6. Packing of hydrogen-bonded layers, which are separated by
BnMe3N

+ ions, in the crystal structure of 5. Other ligands are omitted
for clarity.

Figure 7. a) Perspective drawing (40 % possibility) of nido-Ag5 aggregate
in AgC�CtBu·4AgCF3CO2·3 ACHTUNGTRENNUNG[(nBu4N) ACHTUNGTRENNUNG(CF3CO2)]·H2O (8). b) Packing of
discrete molecular species viewed along the c direction. The black circles
indicate the nBu4N moieties.
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There are three independent nBu4N
+ ions in the asym-

metric unit. Packing of the discrete [Ag5ACHTUNGTRENNUNG(C�CtBu)-ACHTUNGTRENNUNG(CF3CO2)7ACHTUNGTRENNUNG(H2O)]3� and nBu4N
+ ions is shown in Figure 7b.

Effect of nitrile ligands : The coordination skeletons and 2D
networks observed in 1–4 lead to the following generaliza-
tions.

1) With the addition of different nitrile groups, two Agn

(n= 4 or 5) aggregates approach mutually and eventually
merge together by sharing one vertex or one edge.
Table 1 lists the separations of the two nearest tert-butyl-
ethynide moieties on one side (defined by the distance
between their terminal carbon atoms) in 1–4, which vary
in accordance with the transformation of linkage mode
between two Agn (n= 4 or 5) aggregates from carboxyl-
ate-bridged to edge-shared.

2) The nitrile-bonded silver atom changes its role from
being peripheral in 2, through basal in 3, to apical in 4,
which to some extent reflects the relative crowding
around the tBu-C�C�Ag5 supramolecular synthon.

3) On addition of the acetonitrile ligand, some coordination
bonds of the 2D network in 1 are broken, and the ex-
panded 2D network in 2 is totally linked by hydrogen
bonds; this can be explained by the fact that nitrile li-
gands always bond to a peripheral silver atom of tBu�C�
C�Agn (n=4, 5) and sterically prevent the linkage of
carboxylate ligands (CF3CO2

�) from forming a higher-di-
mensional coordination network. Coordination by bulki-
er and more hydrophobic nitrile ligands, such as
CH3CH2CN in 3 and (CH3)3CCN in 4, further hinders
the proximal approach of the trifluoroacetate groups and
water molecules. This causes two Ag5 aggregates in 4 to
condense into one Ag8 aggregate by sharing one
common Ag···Ag edge, which leads to reduction of the
number of trifluoroacetate groups required for charge
balance. On the other hand, silver trifluoroacetate moiet-
ies that are expelled from the coordination sphere of the
ethynide-encapsulating silver aggregate by the bulky ni-
trile groups spontaneously constitute [Ag2(m2-CF3CO2)2]
bridging units to link the aforementioned congregated
Ag8 segments to re-form a 2D coordination network.
Consequently, variation of the bulkiness of ancillary ter-
minal nitrile ligands leads to successive realization of a
2D coordination network in 1, a hydrogen-bonded 2D
network in 2, a hybrid coordination/hydrogen-bonded
2D network in 3, and a new 2D coordination network in
4.

Role played by quaternary ammonium cations : In contrast
to reported host–guest complexes mostly composed of hy-
drogen-bonded organic compounds with quaternary ammo-
nium ions serving as guest templates for charge balance and
space filling,[14] the 2D host network in 5–7 is constructed
through the linkage of carboxylate-bridged Ag5�(m3-h

1,h2-
CF3CO2)2�Ag5 building units by a series of hydrogen bonds,

the integrity of which can be maintained in the presence of
quaternary ammonium cations from BnMe3N

+ through
Et4N

+ to nPr4N
+ . The separation between adjacent layers in

the host network can be tuned by varying the bulk of the
hydrophobic organic cations. However, disruption of this
host–guest structure in complex 8 is achieved by introducing
the bulkier spectator cation nBu4N

+ into the system. This
can be rationalized by the premise that when the interlayer
separation of the hydrogen-bonded host network increases
sufficiently, additional trifluoroacetate groups can approach
and bind to the tBu�C�C�Agn (n= 4, 5) aggregate to gener-
ate a discrete dense nido-Ag5 cluster.

Conclusion

Through synthetic and structural characterization of a series
of eight silver(I) complexes containing tert-butylethynide
and trifluoroacetate, we have established a general method-
ology to construct coordination and hydrogen-bonded net-
works through the metal–ligand supramolecular synthon
tBuC�C�Agn (n=4, 5). The influence of the bulk of ancil-
lary terminal nitrile ligands on the coordination environ-
ment of the ethynide moiety and the resulting network
structure was also investigated, leading to transformation
from a 2D coordination network in 1, through a hydrogen-
bonded 2D network in 2, to a hybrid coordination/hydro-
gen-bonded 2D network in 3, and eventually to a new 2D
coordination network in 4. This approach offers a viable
means of controlling the crystallization process other than
those involving conventional metal–ligand factors. More-
over, investigation of the inclusion behavior of the layer-
type hydrogen-bonded host lattice in isostructural com-
plexes 5–7 generated by quaternary ammonium cations as
guest templates indicates that a high degree of tunability of
the interlayer separation can be realized by varying the bulk
of the entrapped spectator cations up to a critical limit,
beyond which the network transforms to zero-dimensional
as observed in complex 8.

Experimental Section

Reagents : 3,3-Dimethylbut-1-yne (Alfa Aesar, >98%) and n-BuLi in
hexane (Merck, 1.6 m) were available commercially and used without fur-
ther purification. Tetrahydrofuran (THF) was purified by refluxing over
sodium and benzophenone. All other reagents were of analytical grade
and used as received. Infrared spectra were obtained from KBr pellets
on a Nicolet Impact 420 FTIR spectrometer in the 400–4000 cm�1 region.

Table 1. The separation of the two nearest tert-butylethynide moieties on
one side (S) in 1–4 and linkage mode transformation.

Complex 1 2 3 4

S [�] 7.14 7.84 3.98 3.99
linkage
mode

bridged by
CF3CO2

�

groups

bridged by
CF3CO2

�

groups

pyramidal
edge shared

square
edge
shared
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Elemental analysis (C,H,N) was performed by the Medac Ltd Brunel Sci-
ence Center, UK.

CAUTION! Silver–ethynide complexes are potentially explosive and
should be handled with care and in small amounts.ACHTUNGTRENNUNG[AgC�CtBu]n : In a 100 mL Schlenk flask, THF (20 mL) was cooled to
�78 8C in a cold bath. Then nBuLi (1.6 m in n-hexane, 4.4 mmol) was
added through a syringe, and the mixture was stirred for 15 min at
�78 8C. A solution of 3,3-dimethylbut-1-yne (0.329 g, 4.0 mmol) dissolved
in THF (5 mL) was added dropwise. The cold bath was then replaced by
an ice-water bath and the mixture was stirred for 2 h. Under a stream of
nitrogen, AgNO3 crystals (0.680 g, 4.0 mmol) were added to the flask and
dissolved gradually while the mixture was stirred overnight. A white pre-
cipitate of crude [AgC�CtBu]n was isolated by filtration, washed several
times with THF, and finally with de-ionized water. Yield: 0.524 g
(69.3 %); IR (KBr): ñ=2056 cm�1 (m, C�C).

AgC�CtBu·3 AgCF3CO2·H2O (1): AgCF3CO2 (0.220 g, 1 mmol) and
AgBF4 (0.382 g, 2 mmol) were dissolved in deionized water (1 mL).
[AgC�CtBu]n (�0.1 g) was added to the solution, which was then stirred
for about 5 min, filtered off, and placed in the ambient environment for
evaporation. After one week, colorless crystals of 1 were collected. Yield
�30 %; dec.>115 8C; IR (KBr): ñ =2008 cm�1 (m, C�C); elemental anal-
ysis calcd (%) for C12H11F9O7Ag4: C 16.57, H 1.27; found: C 16.44, H
0.93.

AgC�CtBu·5 AgCF3CO2·4 CH3CN·H2O (2): [AgC�CtBu]n (�0.1 g) was
added to concentrated aqueous solution (1 mL) of AgCF3CO2 (0.224 g,
1 mmol) and AgBF4 (0.383 g, 2 mmol) in a beaker with stirring until satu-
ration. The excess [AgC�CtBu]n was
filtered off. Acetonitrile (0.1 mL) was
added to the filtrate, then the solution
was placed in the ambient environ-
ment for evaporation. After a few
days, colorless crystals of 2 were col-
lected. Yield�35 %; m.p. 62.6–64.7 8C;
IR: ñ =2013 cm�1 (v w, C�C); elemen-
tal analysis (%) for
C24H23F15O11N4Ag6: found: C 19.84, H
1.68, N 3.57; calcd: C 19.53, H 1.57, N
3.80.

AgC�CtBu·3 AgCF3CO2·CH3CH2CN·
2H2O (3) and AgC�CtBu·4AgCF3CO2·
(CH3)3CCN· ACHTUNGTRENNUNG2H2O (4): The method of
synthesis was similar to that for com-
plex 2, but employed propionitrile and
tert-butylnitrile, respectively, instead of
acetonitrile. Compound 3 : m.p. 52.7–
54.2 8C; IR: ñ =2017 cm�1 (m, C�C);
elemental analysis (%) for
C15H18F9O8NAg4: found: C 19.43, H
1.53, N 1.20; calcd: C 19.11, H 1.92, N
1.48. Compound 4 had a melting point
ranging from 75.1 to 76.3 8C. IR
(KBr): ñ=2010 cm�1 (v w, C�C); ele-
mental analysis calcd (%) for
C19H22F12O10NAg5: C 19.15, H 1.61, N
1.18; found: C 19.05, H 1.86, N, 0.92.

AgC�CtBu·4 AgCF3CO2· ACHTUNGTRENNUNG(BnMe3N)-ACHTUNGTRENNUNG(CF3CO2)·2 H2O (5): AgCF3CO2

(0.220 g, 1 mmol) and AgBF4 (0.382 g,
2 mmol) were dissolved in deionized
water (1 mL). Then [AgC�CtBu]nACHTUNGTRENNUNG(�0.1 g) and (BnMe3N)BF4 (�0.1 g)
were added to the solution, respective-
ly. After the solution had been stirred
for about 10 min, the excess
(BnMe3N)BF4 was filtered off, and the
solution was placed in the ambient en-
vironment for evaporation. After a
few days, colorless crystals of 5 were

collected. Yield �20 %; m.p. 81.8–82.7 8C. IR (KBr): ñ=2008 cm�1 (v w,
C�C); elemental analysis calcd (%) for C26H29F15O12NAg5: C 22.76, H
2.13, N 1.02; found: C 22.98, H 1.94, N 0.80.

AgC�CtBu·4 AgCF3CO2· ACHTUNGTRENNUNG(Et4N) ACHTUNGTRENNUNG(CF3CO2)·2 H2O (6), AgC�CtBu·4 Ag-ACHTUNGTRENNUNGCF3CO2· ACHTUNGTRENNUNG(nPr4N) ACHTUNGTRENNUNG(CF3CO2)·2 H2O (7), and AgC�CtBu·4 AgCF3CO2· ACHTUNGTRENNUNG3ACHTUNGTRENNUNG[(nBu4N) ACHTUNGTRENNUNG(CF3CO2)]·H2O (8): These were obtained by similar methods of
synthesis to 5, but utilizing (Et4N)BF4, (nPr4N)BF4 and (nBu4N)BF4, re-
spectively, instead of (BnMe3N)BF4.

Compound 6 melted from 97.6 to 98.7 8C. IR (KBr): ñ=2009 cm�1 (v w,
C�C); elemental analysis calcd (%) for C24H33F15O12NAg5: C 21.32, H
2.46, N 1.04; found: C 21.40; H 2.18; N 0.89.

Compound 7 had a melting point ranging from 76.9 to 78.2 8C. IR (KBr):
ñ= 2006 cm�1 (v w, C�C); elemental analysis calcd (%) for
C28H41F15O12NAg5: C 23.89, H 2.94, N 0.99; found: C 23.74, H 3.21, N
0.83.

Compound 8 melted in the range 90.2 to 91.7 8C. IR (KBr): ñ= 2006 cm�1

(m, C�C); elemental analysis calcd (%) for C68H119F21O15N3Ag5: C 37.86,
H 5.56, N 1.95; found: C 37.42, H 5.40, N 1.80.

X-ray crystallographic analysis : Data for complexes 1–8 were collected at
293 K with MoKa radiation on a Bruker SMART 1000 CCD diffractome-
ter with frames of oscillation range 0.38. During data reduction, an empir-
ical absorption correction was applied using the SADABS program.[15]

All structures were solved by direct methods, and non-hydrogen atoms
were located from difference Fourier maps. All non-hydrogen atoms,
unless otherwise noted, were subjected to anisotropic refinement by full-
matrix least-squares on F2 using the SHELXTL program.[16] The parame-

Table 2. Crystallographic data of compounds 1–8.

Compound 1 2 3 4

formula C12H11F9O7Ag4 C24H23F15O11N4Ag6 C15H18F9O8NAg4 C19H22F12O10NAg5

formula wt. 869.67 1475.67 942.75 1191.69
crystal system triclinic monoclinic triclinic triclinic
space group P1̄ P21/c P1̄ P1̄
a [�] 9.150(1) 15.600(1) 9.957(3) 9.924(1)
b [�] 10.815(1) 11.119(1) 11.438(3) 11.526(1)
c [�] 12.026(1) 25.696(2) 13.168(4) 15.604(2)
a [8] 81.705(2) 90 111.976(3) 109.782(2)
b [8] 76.977(2) 106.189(1) 105.137(3) 95.015(2)
g [8] 68.048(2) 90 101.157(3) 90.565(2)
V [�3] 1073.1(2) 4280.5(5) 1269.4(6) 1671.6(3)
Z 2 4 2 2
1c [gcm�3] 2.685 2.287 2.456 2.360
m [mm�1] 3.074 2.809 3.145 2.990
R1

[a] (I>2s) 0.0331 0.0349 0.0393 0.0324
wR2

[b] (all data) 0.0876 0.0896 0.1088 0.0983
GOF 1.050 1.035 1.026 1.106

5 6 7 8
formula C26H29F15O12NAg5 C24H33F15O12NAg5 C28H41F15O12NAg5 C68H119F21O15N3Ag5

formula wt. 1371.82 1351.83 1407.94 2157.00
crystal system triclinic triclinic triclinic orthorhombic
space group P1̄ P1̄ P1̄ Pnma
a [�] 10.449(2) 10.198(1) 10.394(1) 26.905(3)
b [�] 14.109(2) 14.492(2) 14.488(2) 25.495(3)
c [�] 14.447(2) 15.666(2) 15.259(2) 13.836(2)
a [8] 88.877(3) 107.575(2) 97.042(2) 90
b [8] 82.121(3) 105.789(2) 96.745(2) 90
g [8] 81.972(3) 96.712(2) 97.298(2) 90
V [�3] 2089.0(5) 2073.4(4) 2241.3(4) 9491(2)
Z 2 2 2 4
1c [gcm�3] 2.175 2.127 2.080 1.508
m [mm�1] 2.422 2.437 2.260 1.108
R1

[a] (I>2s) 0.0430 0.0487 0.0440 0.0594
wR2

[b] (all data) 0.1180 0.1400 0.1240 0.2288
GOF 1.013 1.023 1.011 0.989

[a] R1 =� j jFo j� jFc j j /� jFo j . [b] wR2 = {�[w ACHTUNGTRENNUNG(Fo
2�Fc

2)2]/�[wACHTUNGTRENNUNG(Fo
2)2]}1/2.
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ters for the crystal data and X-ray structure analysis are summarized in
Table 2. The refinement details are described in the Supporting Informa-
tion. CCDC-679283 (1), 679284 (2), 679285 (3), 679286 (4), 679287 (5),
679288 (6), 679289 (7), and 679290 (8) contain the supplementary crystal-
lographic data for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via www.ccdc.cam.
ac.uk/data_request/cif.
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