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ABSTRACT 

Silver(I) complexes [AgX(CNR] and [Ag(CNR)2]X (X = anionic ligand), containing an amide-

functionalized isocyanide, CNR = CN-C6H4-NHCOR, have been synthesized and their X-ray 

structures have been determined for [Ag(X)(CN-C6H4-NHCOCH3)] (X = NO3ˉ, CF3SO3ˉ) and 

[Ag(CN-C6H4-NHCOCH3)2]X (X = NO3ˉ, CF3SO3ˉ, BF4ˉ). All the crystal structures show a 

packing of polymeric chains formed through Ag–O=Camide interactions. These chains associate in 

layers through hydrogen bonds involving the amide group, and by further interactions of the 

metal ion with oxygen-donor moieties. Substitution of the Me group in the amide by a nonyl 

chain (R = C9H19) leads to neutral [Ag(NO3)(CN-C6H4-NHCOC9H19)] and ionic [Ag(CN-C6H4-

NHCOC9H19)2]X (X = NO3ˉ, CF3SO3ˉ, H25C12OSO3ˉ, BF4ˉ) mesomorphic complexes. All of 

them display smectic liquid crystalline phases compatible with the crystal structures found for 

the methyl derivatives, and FTIR/ATR spectroscopy confirms that the intermolecular 

interactions observed in the solid state are preserved in the mesophase. 
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INTRODUCTION 

 

Isocyanides (CNR) are versatile ligands of high importance in organometallic chemistry, 

catalysis, materials science, or diagnostic medicine.
1
 Their chemical behavior depends on the 

electronic and structural features of the R group, which modulates their properties and 

consequently those of their metal complexes. Isocyanides containing a second functional group 

are especially interesting. A number of these bifunctional isocyanides and their metal complexes 

have been used in catalysis,
2
 supramolecular chemistry,

3
 and nanochemistry.

4
 4-

Isocyanoacetanilide, CN-C6H4-NHCOCH3 is one of these functionalized isocyanides. Its 

synthesis was reported in 1997,
5
 but its coordination chemistry was not explored.  

Silver(I) is well known to exhibit different types of coordination geometries (linear, bent, 

trigonal planar, T-shaped, tetrahedral, trigonal pyramidal, etc.) in its complexes with multitopic 

ligands, generating a variety of 1D, 2D, and 3D architectures.
6,7

 These systems have been widely 

investigated for the rational design of functional solids on the basis of controlling intermolecular 

interactions and coordination bonds,
8,9 

but not many examples are based on silver complexes 

with functionalized isocyanides.
10,11

 These include complexes [AgX(CNR)] (X = anionic ligand) 

with a wide structural diversity ranging from monomeric to polymeric structures and involving 

different coordination geometries of the silver atom,
10b,11,12,13

 and also a few cationic bis-

isocyanide complexes [Ag(CNR)2]X.
10 

 

We therefore decided to study the coordination ability of 4-isocyanoacetanilide towards Ag(I), 

and explore the possibility of modifying the formation of different supramolecular structures by 

modulating the intermolecular interactions, which can be achieved through the amide group. 

These interactions include the formation of direct intermolecular hydrogen bonds not only 

between amide groups of different molecules,
14

 but also with water molecules or anionic ligands 
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present in the system. Moreover, the possibility that some interactions could be established 

between the metal atom and the amide carbonyl group should not be excluded. The features of 

the alkyl substituent of the amide can also play an important role to tune the properties of the 

complex. In this sense, it is hoped that the presence of a long alkyl chain on the amide group 

might lead to liquid crystalline materials. Although there are many reports on argentomesogens 

in the literature,
15

 mesomorphic complexes based on isocyanide silver derivatives are scarce.
16,17

  

Here we report 4-isocyanoacetanilide silver complexes [AgX(CNR)]  (X = NO3ˉ (2), CF3SO3ˉ 

(3)) and  [Ag(CNR)2]X  (X = NO3ˉ (4), CF3SO3ˉ (5), BF4ˉ (6)). Their X-ray diffraction structures 

show in all cases the formation of layered supramolecular structures supported by hydrogen 

bonding, and Ag–O interactions involving mainly the amide group and the anionic ligand present 

in the complexes. The same kind of complexes, but bearing a long alkyl chain as substituent on 

the amide group (CNR = 4-isocyanodecylanilide), display liquid crystalline behavior. The 

smectic mesophase generated is compatible with the solid-state supramolecular packing found in 

the methyl complexes. 

 

EXPERIMENTAL SECTION 

Materials and general methods. Commercial reagents and solvents were used as provided, 

unless specified, and the reactions were carried out under inert atmosphere. Elemental analyses 

were performed on a Perkin–Elmer 2400 microanalyzer. IR spectra were recorded in a Perkin 

Elmer Frontier spectrometer coupled to a Pike GladiATR-210 accessory. The spectra recorded at 

variable temperature were collected each 10 ºC to a rate of 10 ºC/min in the same apparatus.
 1

H-

and 
13

C-NMR spectra were recorded in Bruker AV–400 or Varian–500 MHz spectrometers, in 

deuterated acetone. Transition temperatures and enthalpies were measured by differential 
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scanning calorimetry, with a Perkin–Elmer DSC–7, using aluminum crucibles and at a rate of 10 

ºC/min. The apparatus was calibrated with indium (156.6ºC, 28.45 Jg
-1

) as standard. The textures 

of the mesophases were studied with a Leica polarizing microscope mod. DMRB, equipped with 

a Mettler FP–82HT hot stage and a temperature controller Mettler FP–90. 

Synthesis. Details on the synthesis and characterization of the isocyanides and its complexes are 

given in the Supplementary Information. 

X-Ray Crystallography. Crystal evaluation and data collection of 2, 3, 5 and 6 were performed 

on an Oxford Diffraction Supernova diffractometer, equipped with an Atlas charge-coupled 

device (CCD) area detector and a four-circle κ goniometer. Suitable single crystals were 

mounted in glass fibers. Data collection was performed with a Mo microfocus source ( = 

0.71073 Å) with multilayer optics. Data integration, scaling and empirical absorption correction 

was carried out using the CrysAlis Pro program package.
18

 Single-crystal X-ray diffraction data 

for 4 were collected on a Bruker SMART CCD using Mo Kα radiation, as previously 

described.
19

 The structures were solved by direct methods and refined anisotropically on F
2
.
20

 

All non-hydrogen atomic positions were located in difference Fourier maps and refined 

anisotropically. The structure was solved by direct methods and refined anisotropically on F
2
.
21

 

All non-hydrogen atomic positions were located in difference Fourier maps and refined 

anisotropically. The hydrogen atoms were placed in their geometrically generated positions. 

Compounds 2 and 6 were refined by the Flack method for the determination of the absolute 

structure.
22

 Both values of the Flack parameter are collected in Table 1. Details of crystal 

parameters, data collection, and structure refinements are given in Table 1. CCDC reference 

numbers for 2−6: CCDC 1011688-1011692.  
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Table 1.  Crystal data and structure refinements for complexes 2 – 6 

 2 3 4 5 6 

Formula C9H8AgN3O4 C20H18Ag2F6N4O9S2 C18H16Ag N5O5 C19H16AgF3N4O5S C18H16AgBF4N4O2 

Fw 330.05 852.24 490.23 577.28 515.03 

T (K) 293(2) 293(2) 298(2) 293 (2) 293(2) 

 (Å) 0.71073 0.71073 0.71073 0.71073 0.71073 

Cryst syst Orthorombic Monoclinic Monoclinic Triclinic Monoclinic  

Space group P 21 21 21 P 21/n P 21/n  P-1 C1c1 

a (Å) 5.4990(4) 8.4116(4) 10.9803(18) 10.0223(7) 11.6416(5) 

b (Å) 9.3162(9) 11.5062(4) 15.495(3) 15.5062(11) 15.9955(4) 

c (Å) 21.4233(13) 29.4257(15) 12.646(2) 15.8636(11) 12.1545(4) 

α (deg) 90 90 90 95.755(6) 90 

β (ºdeg 90 94.295(4) 112.908(4) 102.232(6) 113.130(5) 

γ (deg) 90 90 90 104.701(6) 90 

V(Å
3
) 1097.51(15) 2840.0(2) 1981.9(6) 2299.3(3) 2081.40(13) 

Z 4 4 4 4 4 

 (mm
-1

) 1.843 1.620 1.057 1.029 1.025 

No. reflns 2055 5760 2853 9510 4810 

No. param 155 398 274 599 267  

GOF  (F
2
) 1.134 1.018 1.043 1.040 1.028 

Rint 0.0242 0.0394 0.0499 0.0532 0.0366 

R1 (I > 2σ) 0.0403 0.0595 0.0386 0.0733 0.0441 

wR2 (I > 2σ) 0.0777 0.1334 0.0824  0.1912 0.1131 

Flack param. 0.08(7)    -0.03(4) 

 

Powder X-ray diffraction. A Bruker D8 Discover A25 diffractometer operating with 

monochromatic Cu-K1 radiation (1.5406 Å) was used. Data were collected in Bragg-Bentano 

geometry using Si crystal as support and a linear Lynxeye detector. Theoretical PXRD patterns 

were generated from the crystallographic information files using the function provided by the 

Mercury software.  

 

RESULTS AND DISCUSSION 

Synthesis and characterization 
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The isocyanides 4-isocyanoacetanilide (1) and 4-isocyanodecylanilide (7) were prepared from 

the corresponding amine compounds by formylation to their N-formamides, followed by 

dehydration with bis(trichloromethyl)carbonate (“triphosgene”) to the isocyanides CNR (Scheme 

1). The isocyanides were isolated in good yield as pale yellow solids with not offending smell. 4-

Isocyanoacetanilide was reported some years ago by a slightly different method, with few 

characterization details.
5
 IR, 

1
H- and 

13
C-NMR spectroscopic data and C, H, N analysis are 

provided. 

 

Scheme 1.  Synthesis of the isocyanide ligands and their silver(I) complexes. i) HCOOH, toluene 

reflux. ii) 1/3(Cl3CO)2CO, NEt3, CH2Cl2     

 

 

The IR spectra of 1 and 7 are similar and show a strong ν(CN) absorption band at ca. 2120 

cm
-1

, strong C=O and N-CO stretching bands at ca. 1665 and 1540 cm
-1

 respectively, and a 

broad ν(N-H) band at ca. 3300 cm
-1

. These data suggest the existence of intermolecular 

association through lateral N-HO=C hydrogen bonding, as reported for acetanilide and for 
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benzamides.
23,24

 In the 
1
H NMR spectra of 1 and 7 in acetone-d6, the aryl hydrogen atoms appear 

at 400 MHz as two distorted "doublets" (AA'BB' spin system) at 7.42 and 7.74 ppm. A broad 

singlet (9.44 ppm) is observed for the N-H proton, and the alkyl hydrogen atoms appear in the 

range 0.8-2.1 ppm.  

Silver complexes [AgX(CN-C6H4-NHCOR)]  (R= CH3, X = NO3ˉ (2), CF3SO3ˉ (3); R = 

C9H19, X = NO3ˉ (8)) and  [Ag(CNR)2]X  (R = CH3 , X = NO3ˉ (4), CF3SO3ˉ (5), BF4ˉ
 
(6); R = 

C9H19, X = NO3ˉ (9), CF3SO3ˉ (10), H25C12OSO3ˉ (11), BF4ˉ
 
(12)) were prepared by reaction of 1 

or 7 with the corresponding silver salts in 1:1 and 2:1 molar ratio, respectively (Scheme 1). 

C,H,N analysis, yields, and relevant IR and 
1
H NMR data are given as Supporting Information. 

The silver complexes were isolated as air stable yellowish solids. The compounds are only 

moderately light sensitive and only after prolonged exposure to light (more than one day) they 

darken slightly. Reaction of Ag(BF4) with these isocyanides in 1:1 molar ratio failed to give 

[Ag(BF4)(CNR)], due to the weakness of BF4ˉ
 
as ligand, affording instead the cationic bis-

isocyanide complexes 6 and 12. For the same reason, [Ag(CF3SO3)(CN-C6H4-NHCOC9H19)], 

could not be isolated pure and a mixture of the mono- and bis-isocyanide complexes was 

obtained.  

The IR spectra of the solid silver complexes (2–6 and 8–12) show, as expected, ν(CN) 

absorptions for the isocyanide group at higher wavenumbers (ca. 65 cm
-1

) than for the 

corresponding free isocyanides.
17

 In addition, their ν(N-H), ν(C=O) and ν(N-CO) bands appear 

in the same region as for the free isocyanides, suggesting similar intermolecular interactions in 

the complexes and in the uncoordinated isocyanides.
25

 Furthermore, the bis-isocyanide 

complexes display two ν(C=O) bands at ca. 1700 and 1675 cm
-1

, indicating two types of amido 

groups involved in different intermolecular interactions, as confirmed by X-ray diffraction 
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studies (see below).  In acetonitrile solution, the IR spectra are similar, but the ν(C=O) 

absorption appears in all cases as one intense band, at higher wavenumbers than in the solid 

state, revealing that the intermolecular interactions observed in the solid are not maintained in 

solution. 

 The 
1
H-NMR spectra of the silver complexes were recorded in acetone-d6, due to the low 

solubility of 2–6 in CDCl3, which suggests that the intermolecular interactions are broken in 

acetone solution. The spectra are quite similar to those of the free isocyanides, with small 

chemical shift differences as a result of coordination.  

 

X-ray diffraction structures. 

Compounds 2–6 have been characterized by single crystal and powder X-ray diffraction 

studies. The crystal data and experimental details are given in the Experimental Section in Table 

1. Bond lengths and angles are listed in Tables S1−S5 in the Supporting Information. The 

ORTEP plots and unit cells are also included, as well as the experimental and calculated PXRD 

diffractograms. These last graphs are included to show that the structures calculated by single 

crystal DRX are representative of the bulk. Only the triflate complexes deviate to some extent 

from the theoretical patterns. We attribute the deviations in 3 to the loss of the water molecule in 

the microcrystalline sample (as supported by C, H, N analysis). For 5, the presence of more than 

one polymorph is suggested. 

There is a common feature for all the crystalline structures of complexes 2–6: they are directed 

by Ag–O=Camide coordination between neighboring molecules so that linear polymers are formed 

(Figure 1). These polymers assemble through hydrogen bonding to make a layer and the layers 

pack together in such a way that the Ag(I) achieves pseudo-tetrahedral coordination and is 
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surrounded by the highest number of oxygen atoms. The molecules are achiral but in two cases 

(2 and 6) the structures are non centrosymmetric, probably due to that the molecular packing is 

governed by the electronic requirements of the metal center. Details are discussed below. 

 

 

Figure 1. Linear polymers formed by Ag–O=Camide coordination between neighboring molecules 

(green bond). (a) Antiparallel head-to-tail conformation in complex 2. (b) Parallel head-to tail 

conformation in complexes 3 – 6.  

 

Mono-isocyanide complexes 2 and 3. [Ag(NO3)(CNC6H4NHCOCH3)] (2). Compound 2 

crystallizes in the orthorhombic space group P2(1)2(1)2(1), with 4 formula units per unit cell. 

The individual molecule (Figure 2a) consists of a silver atom coordinated both to the carbon of 

an isocyanide group (Ag–C 2.061(7) Å) and to one oxygen atom of the nitrate group (Ag–O 

2.304(5) Å), all distances falling within normal ranges.
12,13

 The O2NO–Ag–CNR angle is quite 

far from linearity (150.2(3)º), due to the existence of two additional intermolecular interactions 

between the silver atom and the oxygen atoms of an amide group and a nitrate moiety of 

neighboring molecules, as discussed below. 
 

The crystal packing of the complex shows association of molecules through an intermolecular 

AgONO2 interaction (AgO 2.552(4) Å) between crossed –NC–Au–ONO2 moieties in a head 
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to head disposition (dihedral angle –NC–Ag/Ag’–C’N’– close to 90°), to give a molecular 

arrangement in layers. The staggered association of this type of layers via AgO(amide) 

interactions (2.558(7) Å, in good agreement with standard values for bonding AgO 

contacts),
26,12f

 and NHONO2 hydrogen bonding, produces the crystal packing with zigzag 

sequences shown in Figure 2b. None of the NH hydrogen atoms was located in a difference 

Fourier map, so their positions were calculated with a riding model. The N(amide)O distance 

is 2.917(8) Å. After correction for a plausible N-H bond length based on neutron diffraction 

results,
27

 the estimated HO distance is 1.917(8) Å and the N-HO angle 162.8(4) º. The same 

corrections are applied for all hydrogen bonds discussed in this paper. 

 

 

 

Figure 2. (a) Asymmetric unit for 2.  (b) Crystal packing with zigzag sequences produced by the 

staggered association of perpendicular layers via AgO(amide) interactions and NHONO2 

hydrogen bonding. The perpendicular layers associate through AgONO2 interactions.  
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Therefore, two nitrate anions are coordinated to the metal center. Although in both cases Ag–O 

distances fall within short AgO contact distances found in nitrate silver salts,
28

 one of them 

(Ag–O = 2.304(5) Å) is shorter than the other (Ag–O = 2.552(4) Å), revealing more covalent 

character in the first case.
29

 The acetanilide moiety displays a trans conformation, favored by the 

interaction between the O-atom of the acetanilide and the ortho-H of the ring (OHaryl = 

2.362(5) Å), as usually found in acetanilides.
30

  Remarkably, in complex 2 the dihedral angle 

between the C=O and the ring (31º) is the highest for all the complexes 2–6, forced by the head-

to-tail molecular arrangement in the perpendicular layers.   

Complex 3 crystallizes in a monoclinic cell (space group P 21/n). Its asymmetric unit consists 

of two independent species (see Figure 3a), one neutral, [Ag(CF3SO3)(CNR)], and the other 

ionic, [Ag(H2O)(CNR)]CF3SO3. In the latter, a water molecule from the wet solvent has 

displaced the coordinated triflate group. This structure is less stable than 2, as the crystals 

become opaque over time, probably due to the loss of the water molecule.  

Both molecules build their own linear coordination polymer through intermolecular AgO=C 

interactions (Figure 3b). In turn, each kind of chain is connected to the other through weak 

interactions to build a layer (N-HO = 1.865(8) Å (172.8(4)º) and 1.872(7) Å (164.8(4)º), 

OH-O = 1.755(8) Å (169.6(6)º) and 1.805(8) Å (166.0(9)º). These layers are packed parallel, 

generating a layered structure driven by AgO interactions (AgOSO2CF3 = 2.874(5) Å and 

AgOH2 = 2.879(6) Å).
27

 All the triflate anions, whether coordinated or not, lie in the same 

interlayer space (Figure 3c). 
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Figure 3. (a) Compound 3 asymmetric unit. (b) View of three 1D polymeric chains formed by 

the expansion of the two molecules of complex 3. The association of these chains through weak 

interactions configures a layer. The interaction O-HO = 1.775(8) Å is not displayed for clarity 

in the drawing. (c) Monoclinic unit cell viewed down the b axis.  

 

Bis-isocyanide complexes 4–6. [Ag(CNC6H4NHCOCH3)2]X (X = NO3ˉ (4), CF3SO3ˉ (5) and 

BF4ˉ (6)]. Compounds 4, 5, and 6 crystallize in the monoclinic P21/n, triclinic P-1, and 

monoclinic Cc space groups, respectively, and their structures have many features in common 
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(see Supporting Information for structural details). The cation [Ag(CNR)2]
+
 has a bent shape (C-

Ag-C = 151 – 145º) and the amide groups of both isocyanides are placed in an anti-

conformation. These cations [Ag(CNR)2]
+
 are associated through intermolecular AgO=C 

interactions (AgO distances: 2.446(4) Å in 4, 2.385(5) and 2.440(6) Å in 5 and 2.444(4) Å in 

6) giving a corrugate polymeric chain (Figure 4a). Each chain is disposed parallel to another 

(Figure 4b), generating a layer through intermolecular C=OHortho interactions. Taking 

compound 4 as a representative example, the estimated OH distance is 2.224(9) Å, and the C-

HO angle is 159.9(4)°.
27

 Thus, both C=O amide moieties of the bis-isocyanoacetanilide 

silver(I) complexes have different functions: one of them makes a link to a silver ion to build a 

1D polymer; the other links the polymeric chains through weak hydrogen bonding, as suggested 

by the IR spectra discussed before.  

Each layer is located parallel to another, generating a layered crystal packing (Figure 4c is a 

representative example). In 4 and 5 the layers are associated by pairs in such a way that the anion 

links one layer by OH-N hydrogen bonding and the other by O–Ag interactions (O2NOH-N, 

OH = 1.893(8) Å, (175.6(4)º), 1.921(5) Å (172.0(8)º), Ag–ONO2 = 2.648(5) Å for 4, 

CF3O2SOH-N, OH: 1.797(1) Å (171.2(5)º), 1.893(1) Å (170.5(5)º) and 1.888(1) Å 

(169.9(5)º), AgOSO2CF3 = 2.943(6) for 5). In complex 6, the BF4ˉ anion links to the layers 

through hydrogen bonds (N-HF = 2.039(7) Å, (164.8(4)º) and 2.484(1) Å (162.6(4)º)) as a 

result of its non-coordinative nature. The Ag(I) position occupied in 4 and 5 by the anions is 

saturated in 6 by a free C=O moiety of an amide group (AgO=C = 2.725(4) Å).  
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Figure 4. Molecular arrangement for 4. (a) Corrugate polimeric chain corresponding to the 

association of the cations. (b) View of the layer arrangement through intermolecular C=OHortho 

interactions. (c) Unit cell for 4 as a representative example of the layered structure of the bis-

isocyanide complexes.  

The complexes reported here make a significant contribution to the so far scarce number of 

structurally described Ag(I)-isocyanide complexes.
10-13

 At variance with structures previously 

reported, the use of a bifunctional isocyanide-amido ligand has allowed us to obtain polymeric 

layered structures. In addition, in contrast to other silver coordination polymers reported,
31

 in our 

case the structures obtained are governed by the several amido interactions with the metal and 

other groups and by the oxophilicity of Ag(I), while the influence of the anion is less important. 
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Mesomorphic behavior 

Compounds 1–6 melt with decomposition above 170 ºC. In contrast, although 4-isocyano-

decylanilide 7 is not a liquid crystal itself, all its silver derivatives 8–12 display liquid crystal 

behavior. The anionic ligands are the same small groups as in 2–6 (NO3ˉ, CF3SO3ˉ, BF4ˉ
 
) except 

for complex 11, where the use of a large dodecylsulfate anion (H25C12OSO3ˉ) bearing a long 

alkyl chain is meant to induce possible modifications of the mesogenic properties (melting point 

and kind of mesophase, for example) as a consequence of structural distortions produced by the 

presence of a chain in the anion. Optical, thermal and thermodynamic data are collected in Table 

2. 

Table 2. Optical, thermal and thermodynamic data of silver compounds 8 – 12 

 

Compound Transition
a
 T

b
  

ºC 
ΔH 
kJmol

-1 
ΔS 
JK

-1
mol

-1 

8 C – SmA 

SmA – dec. 

102.6 

160
c
 

13.3 

– 

35.4 

– 

9 C – SmA 

SmA – dec. 

90.5 

200
c
 

23.9 

– 

80.5 

– 

10 C –X 

X – C’ 

C’– SmA  

SmA – I 

77.3 

94.9 

137.5 

167.6 

37.1 

-12.6 

29.3 

9.6 

105.9 

-34.3 

71.4 

21.8 

11 

 

C – C’  

C’ –C’’  

C’’ – SmA  

SmA – I  

63.7 

100.8 

123.5 

138.1 

-4.4 

16.8 

12.8 

3.2 

-13,1 

44,9  

32,3  

7,8  

12 C – SmA 

SmA – dec. 

144.1 

175
c
 

25.3 

– 

60.6 

– 
a
 Cr–Cr’, crystalline phases; SmA, smectic A mesophase; I, isotropic liquid; dec., 

decomposition; X is a fluid phase that could not be identified because, as soon it is formed from 

C, an exothermic transition converts it in the solid phase C’. 
b 

Data referred to the first DSC 

cycle starting from the crystal. 
c
 Microscopy data.  

 

All the mesomorphic silver complexes display only a smectic A mesophase (SmA). This is a 

very common mesophase in ionic liquid crystals,
32

 identified in polarized optical microscopy by 
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its characteristics fan shaped focal conic texture (Figure 5). Some compounds show crystal-to-

crystal transitions before melting. Although most of them undergo decomposition upon reaching 

the clearing point to the isotropic state, the SmA phase is stable in a large temperature range.  

 

Figure 5. Polarized optical microscopic texture (100) observed for 10 (chosen as a 

representative example) upon cooling from the isotropic liquid at 154 °C. 

 

The order in the melting and clearing points of mesomorphic ionic complexes for the 

series [Ag(CNR)2]X  (9–12) shows a dependence on the anion. All of them melt to a SmA phase, 

and two of them (9 and 12), decompose at clearing. The melting temperatures follow the trend 

NO3ˉ < C12H25OSO3ˉ < CF3SO3ˉ < BF4ˉ. Interestingly, the clearing temperatures follow a 

different trend C12H25OSO3ˉ < CF3SO3ˉ < BF4ˉ < NO3ˉ, in which the lowest clearing temperature 

corresponds to C12H25OSO3ˉ. This behavior can be rationalized with the support of the structural 

information of their analogous methyl derivatives 4–6.  

In X-ray studies of ionic mesophases the positions of the anions are hard to localize, and 

it is also difficult to get crystals of the compounds having long alkyl or alkoxy chains for a single 

crystal study. It is usually believed that small anions will find some place close to the metal 

center of the complex cation so as to maximize stabilizing coulombic interactions. In this study, 
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the single crystal results on 4–6 support this belief and allow us to consider that this structural 

arrangement is a reasonable starting point for the discussion. It should be considered from the 

beginning that complex 11 clearly differs from the others in spatial requirements and nature of its 

anion, and differences in behavior should be expected. Since segregation of hydrophilic and 

lipophilic molecular zones is a usual driving force for the anisotropic packing in liquid crystals, it 

is reasonable to imagine that C12H25OSO3ˉ will have a strong tendency to situate the SO3ˉ head 

close to the metal as it happens with CF3SO3ˉ, and the long alkoxy chain in the same zone as the 

long chains of the cation. In related mesomorphic ionic silver amine complexes [Ag(NH2-n-

CnH2n+1)2]X (X = NO3ˉ, BF4ˉ),
33

 it has been established that the melting point mainly involves 

the “melting of the chains” (that is, the increase of gauche/all trans ratio of carbon 

conformations, which decreases the length and increases the curling of the chain), whereas the 

clearing point (SmA–I transition) involves the disruption of the anion-cation interactions and the 

ordered arrangement. According to this, the stronger barrier to formation of an isotropic liquid 

(clearing temperature) is expected and found for the smaller anions, which are easier to 

accommodate close to the metal center and create the stronger coulombic interactions (NO3ˉ, 

BF4ˉ); amongst them, NO3ˉ, which additionally can make chemical bonding to the metal, 

displays the higher clearing temperature. The bulkier CF3SO3ˉ shows a lower clearing 

temperature. Finally, the size of C12H25OSO3ˉ increases in the region close to the metal center as 

its chain curls as a consequence of the melting of chains (the anion becomes less linear and more 

round), which contributes to weaken the coulombic interactions and facilitates the SmA to I 

clearing transition.  

Regarding the type of molecular association in the mesophase, it is important to note that no 

significant changes are observed in the IR spectra of the materials in the solid state at room 
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temperature and in the mesophase (Figure 6). This suggests that a supramolecular arrangement 

similar to the solid state is basically maintained upon melting. However, it is worth noting that 

the wavelengths of the C–H stretching modes, which appear just below 3000 cm
-1

, slightly 

increase with temperature. The process is reversible, and the initial wavelength values are 

recovered upon cooling, suggesting an increasing gauche/all trans ratio of the configurations of 

the chains as the temperature increases, as expected.
34

   

 

  

Figure 6. IR by ATR spectra of 9 in the solid at room temperature (upper curve) and in the SmA 

mesophase (lower curve). a) N-H and –CH2- stretching region. b) C=O and N-C=O stretching 

region  

 

Comparing the mesogenic behavior of 8-12 with that of their analogous silver complexes 

bearing a para-alkoxyphenylisocyanide (Ag-API),
17 

both cases display smectic mesophases. 

However, while Ag-API shows a SmC phase in addition to a SmA, our complexes show only a 

SmA with higher melting points due to the amide interactions. The same amide interactions 
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stabilize better the mesophase, reaching clearing points 10-50 ºC higher than the Ag-API 

complexes.  

CONCLUSIONS 

We have isolated unusual silver(I) complexes with the bifunctional 4-isocyanoacetanilide and 

4-isocyano-decylanilide ligands. These complexes are promising models of building blocks to 

prepare rationally supramolecular systems. The isocyanide function coordinates to the metal 

center, and the amido function is able to establish hydrogen bonds and other weak interactions 

through the amide group. In fact, the silver 4-isocyanoacetanilide complexes 2–6 generate 

layered crystal superstructures through weak interactions (AgO, OH-N, FH-N and/or 

OH-O) suitable to prepare mesomorphic materials. In effect, using a nonyl substituent (instead 

of methyl) in the 4-isocyanoacetanilide ligand gives rise to the mesomorphic 4-isocyano-

decylanilide complexes 8–12, which display stable smectic mesophases in a wide range of 

temperatures. These results demonstrate the ability of the amide group to modulate the 

supramolecular structure and properties in these silver complexes with functional isocyanides. 
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For Table of Contents use only 

 

SYNOPSIS 

The first examples of metal complexes derived from an amido-functionalized isocyanide (CNR = 

CN-C6H4-NHCOR, R = Me, C9H19) are reported. The methyl derivatives show a layered 

crystalline structure based on the assembling of polymeric chains formed by Ag—O=Camide 

interactions, which is retained in the smectic mesophase produced with R = C9H19. 

 

 

 

 
 


