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Self-assembly of two-dimensional coordination polymers
from AgX (X = BF; , ClO4 , NO; and PF¢ ) and
2,6-dimethyl-3,5-dicyano-4-(6-methyl-2-pyridyl)-1,4-dihydropyridine
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Novel supramolecules of Ag(1) complexes of the type [Ag(2-ddph)][X] (2-ddph = 2,6-dimethyl-3,5-
dicyano-4-(6-methyl-2-pyridyl)-1,4-dihydropyridine; X = BF,~, 1, ClO4, 2, NO;™, 3 and PF4, 4)
have been prepared by self-assembly of AgX with 2,6-dimethyl-3,5-dicyano-4-(6-methyl-2-pyridyl)-
1,4-dihydropyridine (2-ddph) in MeOH-H,0. The elemental analyses and IR have been recorded
and all the complexes have been structurally characterized by X-ray crystallography confirming
that complexes 1-4 are two-dimensional coordination polymers. The anions BF;~ and PF¢ ™ in
complexes 1 and 4 are not coordinated to the Ag(r) atoms while the CIO,~ and NO3™ anions in 2
and 3 are coordinated to the metal centers through a monodentate oxygen atom. Complexes 1-3
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show 2-D brick-wall structures, while complex 4 shows square grids.

Introduction

The self-assembly of supramolecular structures using metal
coordination has become the focus of intense interest over the
past decade.! This is largely due to the range of potential
applications in electrical, magnetic and optical devices
and porous zeolite mimics.®> The specific properties of each
coordination network are directly related to its atomic structure,
which is a function of both the ligand and the metal. There
has been a resurgent interest on extended organic or organo-
metallic crystals based on hydrogen bonds and metal
coordination bonds.*® It is, therefore, important to try to
understand, and control, the interplay between the coordination
characteristics of the ligands and the metals, and the ultimate
shape of the self-assembled suprastructure.

Much study has centered upon the use of supramolecular
contacts between suitable molecules to generate multidimensional
arrays or networks. The design of supramolecular assemblies
via ligand design, the coordination characteristics of the metal
ion, and the length of the spacer, has resulted in a variety of
structural motifs.” Many topologically promising architectures
have been constructed for Ag(r) with bidentate building blocks
containing nitrogen donors. The various types of polymeric
structure include 1-D, 2-D and 3-D network structures.®
Despite some recent progress, the ability to predict and control
the supramolecular assembly of molecules remains elusive, and
much more work is required to understand the inter- and
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intra-molecular forces that determine the patterns of
molecular structure and crystal packing in the solid state. So
far, various ligands, such as bipyridine-type and biphenyl
cyanide-type ligands, have been used for supramolecular
building blocks.”!!

Various ligands have been used for supramolecular building
blocks, but exploitation of the tridentate ligand 2,6-dimethyl-
3,5-dicyano-4-(6-methyl-2-pyridyl)-1,4-dihydropyridine has until
recently been undeveloped. The ligand possess two function-
alities with pyridyl and the cyano groups. The affinity
of Ag™ for N-donor ligands, especially pyridine and the cyano
group, is well known. In this paper, we report four
novel supramolecular Ag(1) complexes of the types
{[Ag2-ddph)[[BE,]} ... [Ag(2-ddph)(CIO,)]... [Ag(2-ddph)(NO)].,
and {[Ag(2-ddph)][PFel} ...

Results and discussion
Syntheses

The ligand 2-ddph was prepared by the reaction of 6-methyl-2-
pydidinecarbaldehyde and 3-aminocrotonitrile in refluxing
ethanol, in accordance with the literature procedure.'> Complexes
of the type {[Ag(2-ddph)][BF,]}... 1, [Ag(2-ddph)(CIO,)].., 2,
[Ag(2-ddph)(NO5)].., 3 and {[Ag(2-ddph)][PF]}.., 4, were
prepared by reactions of AgX (X = BF4;, 1, ClO4, 2,
NO;™, 3 and PF4, 4) with 2-ddph in MeOH-H,O in the dark.
All these complexes are structurally characterized by X-ray
crystallography. Complexes 1-4 are all light-sensitive and
insoluble in most organic solvents; crystals suitable for
X-ray diffraction studies were obtained by layering a
methanolic solution of 2-ddph onto a solution of AgX
(X = BF,, ClO4, NO;3  and PFg4") in H,O.

Structure of 2-ddph

The structure of 2,6-dimethyl-3,5-dicyano-4-(6-methyl-2-pyridyl)-
1,4-dihydropyridine is determined by '"H NMR, IR, elemental
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Table 1 Selected bond distances (A) and angles (°) for 2-ddph

N(1)-C(3) 1.146(5) N(Q2)-C(4) 1.151(5)
N(11)-C(16) 1.365(5)  N(11)-C(12) 1.381(5)
N(25)-C(24) 1.3334)  N(25)-C(26) 1.359(5)
N(3)-C(7) 1.139(5)  N(4)-C(8) 1.144(5)
N(31)-C(36) 1.361(5) NG31)-C(32) 1.385(5)
N(45)-C(44) 1.339(5)  N(45)-C(46) 1.349(5)
C16)-N(11)-C(12)  122.2(4) C(24)-N(25)-C(26)  117.6(3)
N(1)-C(3)-C(13) 178.6(5)  N(2)-C(4)-C(15) 176.2(5)
N(I1)-C(12)-C(1)  115.5(@)  N(@25-C(26)-CQ21) 121.3(4)
C(15)-C(16)-N(11)  120.2(4) C(36)-N(31)-C(32)  120.9(4)
N(1)-C(16)-C(2)  114.5(@)  N(3)-C(7)-C(33) 177.1(5)
N(Q25)-C(24)-C(23) 1233(4)  N(25-C(24)-C(14)  117.9(3)
C(44)-N(45)-C(46)  118.5(4) C(33)-C(32)-N(31)  120.7(4)
N(@)-C(8)-C(35) 178.95)  NG1)-C(32)-C(5)  114.5(4)
C(35-C(36)-N(31)  121.3(4)  N(45-C(44)-C(34) 118.1(4)
NG1-C36)-C(6)  114.5(4) N(45)-C(46)-C(41)  120.9(5)
N@5)-C(44)-C(43) 122.2(4)  N(45)-C(46)-C@7) 118.9(5)

analysis and single-crystal X-ray diffraction. In 'H NMR
spectrum of 2-ddph, the proton resonances are observed at
9.46 and 4.43 ppm as singlets, are attributed to the dihydro-
pyridine protons (-NH and —CH), respectively. The IR spectra
of 2-ddph shows a —-C=N group absorption band at
2198 ecm~'. Crystals of 2-ddph conform to the space group
P2;/n with eight molecules in the unit cell. Selected bond
distances and angles for 2-ddph are given in Table 1. Two
independent 2-ddph molecules are found in the asymmetric
unit of 2-ddph as shown in Fig. 1(a). The 2-ddph ligands are
not co-planar with the dihedral angle between the pyridine
and dihydropyridine rings averaging 90.4°. It can be seen
in Fig. 1(b) that the 2-ddph ligand forms hydrogen-
bonded loop structures in the solid state through the
self-complementary N-H---N hydrogen bonds. The H---N
distances in the N-H---N interaction are 2.070(1) and
2.121(2) A, with N-H---N angles of 170.1(2) and 174.1(2)°,
respectively. The packing diagram (Fig. 1(c)) of 2-ddph shows
2-D supramolecular layers in the solid state by intermolecular
hydrogen bonding between C—H groups of the pyridine rings
and the cyano nitrogen atoms in adjacent loops [C-H---N =
2.541(2) and 2.592(2) A and ,C-H---N = 145.52) and
131.5(3)°, respectively].

Structure of complexes 1-3

The crystal structures of complexes 1-3 belong to the
space group P2;/c. The representative asymmetric units and
ORTEP diagrams showing the geometry of Ag atoms
in complexes 1 and 2 are depicted in Fig. 2 while Table 2
lists the bond distances and angles around Ag for complexes
1-3. The Ag atom which is coordinated by two cyano nitrogen
atoms from two different 2-ddph ligands [Ag-N = 2.299(2)
and 2.311(3) A] and one pyridyl nitrogen atom from another
2-ddph [Ag-N = 2.226(2) A] is distorted triangular planar in
complex 1 [£LN(1)-Ag-N(4A) + ~N(1)-Ag-N(3B) +
£ N(3B)-Ag-N(4A) = 355.4°]. The asymmetric unit and the
coordination environment of complex 3 is similar to complex
2, in which Ag atoms are additionally bonded to a
monodentate oxygen atom of the anion groups. In complexes
2 and 3, the Ag atoms which are coordinated by two cyano
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Fig. 1 (a) An ORTEP drawing of 2-ddph. (b) The packing diagram of
2-ddph showing self-complementary N-H---N hydrogen bonds
forming the loops. The methyl groups and other hydrogen atoms
are omitted for clarity. (c) The packing diagram of 2-ddph showing the
2-D supramolecular layer.

nitrogen atoms from two different 2-ddph ligands
[Ag-N = 2.293(2) to 2.495(3) A], one pyridyl nitrogen atom
of another 2-ddph [Ag-N = 2.235(4) to 2.267(2) /OX] and one
monodentate oxygen atom of the anion [Ag—-O(1) = 2.48(3)
and 2.431(7) A] are best described as having distorted
tetrahedral configuration.

The structural difference between complexes 1, 2 and 3 are
that the BF,~ anions in 1 are not coordinated to the Ag(r)
atoms whereas the ClO;~ and NO;™ anions in 2 and 3
coordinate to the metal center through a monodentate oxygen
atom. It is seen from Table 2 that the Ag—Ncyan, distances are
longer than the Ag—N,y iy distances in complexes 1-3, while
the average Ag—N distances to the Ag atoms are all similar in
these three complexes. The bonded 2-ddph ligands are not flat
in complexes 1-3 with dihedral angles between the pyridine
and dihydropyridine rings of 102.7, 101.9 and 82.8°, respec-
tively. Each Ag(1) is coordinated to three 2-ddph ligands and
each 2-ddph bridged three Ag(l) atoms in these three
complexes. The cyano groups of 2-ddph ligands bonded to
the Ag(1) atoms are not linear and the Ag-N-C angles are
142.5(2), 169.5(3)° for 1, 170.5(4), 140.0(4)° for 2 and 132.6(2),
175.5(3)° for 3, respectively.
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Fig. 2 (a) An ORTEP drawing of the asymmetric unit for 1. (b) An
ORTEP drawing of the asymmetric unit for 2. (c) A view of the local
coordination of Agin 1. (d) A view of the local coordination of Ag in 2.

Noticeably, the 2-ddph ligand bridges Ag(1) through the
pyridyl nitrogen atoms and the nitrogen atoms of the cyano
groups, generating a head-to-tail aggregated {Ag(2-ddph)},
14-membered ring, Fig. 3(a). The {Ag(2-ddph)}, rings are
further extended into a 2-D wave-like layer by sharing Ag(1)
joints and 2-ddph edges, Fig. 3(b) for 1. The 2-D brick-wall
structures of complexes 1-3 contain 30-membered rings
(Fig. 3(c)), in which four Ag(1) atoms are at the apexes of
the rectangle and the length and width of the rectangle are
defined by the distances from cyano to cyano groups and
cyano to pyridyl groups. It can been seen from Table 3 that the
sizes of the rectangles and the Ag---Ag distances in the
{Ag(2-ddph)}, rings for complexes 1-3 are similar, although
slight differences have been found for complex 3.

Table 2 Selected bond distances (A) and angles (°) for complexes 1-4

Complex 1

Ag-N(1) 2.226(2) Ag-N(4A)* 2.299(2)
Ag-N(3B) 2.311(3)

N(1)-Ag-N(4A) 124.46(8) N(1)-Ag-N(3B) 140.25(9)
N(4A)-Ag-N(3B) 90.60(9)

Complex 2

Ag-N(1) 2.235(4) Ag-N(3A) 2.299(5)
Ag-N(4B) 2.354(4) Ag-O(1) 2.48(3)
N(1)-Ag-N(3A) 124.87(14) N(1)-Ag-N(4B) 137.28(16)
N(3A)-Ag-N(4B) 91.64(16) N(1)-Ag-O(1) 113.1(7)
N(3A)-Ag-0O(1) 85.5(8) N(4B) -Ag-O(1) 88.7(8)
Complex 3

Ag-N(1) 2.267(2) Ag-N(4A) 2.293(2)
Ag-N(3B) 2.495(3) Ag-O(1) 2.431(7)
N(1)-Ag-N(4A) 120.41(8) N(1)-Ag-N(3B) 126.84(8)
N(4A)-Ag-N(3B) 89.83(9) N(1)-Ag-O(1) 122.35(19)
N(4A)-Ag-O(1) 106.4(2) O(1)-Ag-N(3B) 81.50(18)
Complex 4

Ag-N(1) 2.236(3) Ag-N(4A) 2.185(3)
Ag-N(3B) 2.304(3)

N(1)-Ag-N(4A) 138.24(10) N(1)-Ag-N(3B) 108.86(11)

N(4A)»Ag-NGB)  112.62(11)

¢ Symmetry transformations used to generate equivalent atoms:
A —x +3, =y + 1, —zz(B): —x + 3,y — 1/2, —z + 1/2 for 1;
(A: —x + 2, -y + 2, —z;(B): —x + 2,y + 1/2, —z + 1/2 for 2;
(A:—x+1,—y,—z;(B): —x + 1,y — 1/2, —z + 1/2for 3; (A): x — 1,
v, z; (B): x, —y + 1/2, z—1/2 for 4.

In complexes 1-3, the 2-D networks are further linked by
the anions and through Ag---X interactions (X = O or F),
N-H---X and C-H---X (X = O, F, N) hydrogen bonds to
form 3-D supramolecular structures [Ag---F = 2.581(2)-
3.227(3) A, C-H---F = 2.5452) A, /. C-H---F = 164.02)°,
N-H---F = 1.988(2)-2.135(1) A, /N-H---F =
142.7(1)-162.82)° for 1; C-H.--O = 2.007(1)-2.2392) A,
[/ C-H---0 = 141.0(1)-159.4(3)° for 2; Ag---O = 2.692(3) A,
C-H---O = 2.455(2)-2.546(3) A, O-H---N = 2.864(2) A,
O-H---0 = 2.594(2)-2.907(3) A for 3]. Fig. 4 shows a
representative packing diagram for 2.

Structure of complex 4

A single-crystal X-ray structural analysis of crystals of 4,
obtained by layering a methanolic solution of 2-ddph on top
of an aqueous solution of AgPFg, revealed the formation of a
complex of {[Ag(2-ddph)][PF¢]},. The structure of complex 4
was solved in the space group P2;/n. Selected bond distances
and angles are listed in Table 2. The asymmetric unit of 4,
Fig. 5(a), contains one Ag atom, one PF¢  anion and one
2-ddph group. The bonded 2-ddph ligands are not flat with the
dihedral angle between the pyridine and dihydropyridine rings
being 87.3°. Along the ¢ axis, adjacent Ag(1) atoms are linked
to each other through the cyano nitrogen atoms of the
tridentate 2-ddph ligands to form an infinite zigzag chain
(Fig. 5(b)). The Ag---Ag distance in the molecular chain
separated by the bridging 2-ddph is 6.805 A. Fig. 5(c) shows
the coordination geometry about the Ag metal center.
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Fig.3 (a) ORTEP drawing showing the coordination geometry of the
silver metal center and the Ag,(2-ddph), building blocks in 1-3. (b) The
packing diagram shows the Ag,(2-ddph), building blocks bound
together by Ag-N bonds into a two-dimensional framework in
complexes 1-3. (c¢) The rectangular 2-D network formed by the
tridentate 2-ddph ligands and Ag(1) atoms. Only the Ag atoms, cyano
groups and parts of pyridyl groups of 2-ddph are shown for clarity.

Table 3 The Ag---Ag distances (1&) in the {Ag(2-ddph)}, rings and
the sizes (A) of the rectangles for complexes 1-3

Complex Ag --Ag Length Width
1 3.902 11.135 7.810
2 3.959 11.214 7.886
3 4.511 11.467 7.888

The Ag atom, which is coordinated by two cyano nitrogen
atoms from two different 2-ddph ligands [Ag-N = 2.185(3)
and 2.304(3) /OX] and one pyridyl nitrogen atom from another
2-ddph [Ag-N = 2.236(3) 10\], formed a distorted triangular
planar in complex 4 [ /. N(1)-Ag-N(4A) + £ N(1-Ag-N(@3B) +
£ N(3B)-Ag-N(4A) = 359.7°]. The silver metal center adopts
a slightly distorted triangular planar coordination geometry.
Each Ag(1) coordinated to three 2-ddph ligands and each
2-ddph bridged three Ag(r) atoms in complex 4. The cyano
groups of 2-ddph bonded to the Ag(r) atoms are bent and the
Ag-N-C angles are 158.9(3) and 160.5(3)°, respectively. The

Fig. 4 Packing diagram for 2 showing the interactions between the
layers.

cyano groups in complex 4 bonded to Ag(1) atoms with linear
C—C-N angles of 177.8(4) and 174.5(4)°, respectively. When
looking down the b axis, 2-D grids were formed by zigzag
chains (Fig. 5(c)), while 21-membered grids are formed by
three Ag() atoms and two 2-ddph ligands. A schematic
drawing of the 2-D frameworks of complex 4 is shown in
Fig. 5(d), where the Ag atoms are linked through the bent
2-ddph ligands. The complex shows rectangular Ag- - -Ag distances
of 6.655 x 6.805 A% In complex 4, the 2-D networks are
further linked by the anions and through N-H---F [N-H---F =
2.151(2)-2.546(1) A, . N-H.--F = 146.1(3)-164.5(2)°] and
C-H.---F [C-H---F = 2316(1)-2.466(2) A, / C-H---F =
138.6(2)-139.0(1)°] hydrogen bonds to form 3-D supra-
molecular structures. Fig. 5(e) shows a representative packing
diagram for 4.

The small anions BF,~, ClO4~ and NO;™ in complexes 1-3
link 2-D cationic layers through Ag---X (X = F or O)
interactions and/or C—H---X and N-H- - -X hydrogen bonds,
while the large PF¢™ anions in 4 interact through C-H- - -F and
N-H- - -F hydrogen bonds among 2-D nets. The size of the
counterion may affect the structures of the Ag(1) complexes
containing 2-ddph ligands. All the Ag(1) ions in complexes 1-4
bridge through tridentate 2-ddph ligands forming 2-D frame-
works, with complexes 1-3 forming 2-D brick-wall structures
and complex 4 forming 2-D grids. Fig. 6(a) shows one type of
the tridentate 2-ddph ligands upon coordination to Ag(1) ions
being converted into linear ligands forming 2-D brick-wall
structures in complexes 1-3, while another type of ligand
converted into bent ligands form 2-D grids in complex 4 as
shown in Fig. 6(b).

Conclusions

In this study, the coordination chemistry of AgX (X = BF,,
ClO4~, NO;7, PF4) with 2,6-dimethyl-3,5-dicyano-4-
(6-methyl-2-pyridyl)-1,4-dihydropyridine was investigated.
The synthesis and structures of four novel complexes
[Ag(2-ddph)][X] have been successfully accomplished. Unique
2-D brick-wall structures were seen in complexes 1-3 and
complex 4 shows square grids, in which the Ag(1) atoms and
2-ddph ligands form 30- and 21-membered rings, respectively.
The results indicate that the coordination chemistry of the
2-ddph ligand is versatile. It is also shown that the 2-D
networks adopted by complexes 1-3 were hardly altered by
changing their counter ions.
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Fig. 5 (a) An ORTEP drawing of the asymmetric unit for 4. (b) A
zigzag chain formed by the bidentate 2-ddph groups and Ag centers
running along the ¢ axis. (c) The polymeric structure of 4. (d)
Schematic drawing for complex 4. (¢) A diagram showing the inter-
actions among the square cationic grids of 4 and PF¢~ anions.

Experimental
General procedures

All manipulations were carried out under air. The visible
absorption spectra were recorded on a Hitachi U-2000
spectrophotometer. IR spectra were obtained from a Jasco
FT/IR-460 plus spectrometer. Elemental analyses were
obtained from a PE 2400 series II CHNS/O analyzer.

HC._
N t Ag(l) i
nze_ S e=n ion @ “‘
" |Nr s
H
()
HIC._
I
Ny ‘ Ag(l)ion @ 'A.
N=C. ~_C=N
e l \ ‘ cHy
H
(b)

Fig. 6 (a), (b) Tridentate 2-ddph ligands coordinate to Ag(r) ions
forming two types of 2-D frameworks.

Materials

The reagents AgX (X = BF,, ClO4, NO; and PF¢)
were purchased from Aldrich Chemical Co. The ligand 2,6-
dimethyl-3,5-dicyano-4-(6-methyl-2-pyridyl)-1,4-dihydropyridine
was prepared according to a known procedure.'?

Syntheses

The complexes were synthesized by reaction of AgX (X =
BF,, ClO4, NO3™ and PF¢ ™) with 2,6-dimethyl-3,5-dicyano-
4-(6-methyl-2-pyridyl)-1,4-dihydropyridine in MeOH-H,O in
the dark.

1. 2,6-Dimethyl-3,5-dicyano-4-(6-methyl-2-pyridyl)-1,4-di-
hydropyridine (2-ddph) (0.025 g, 0.10 mmol) in 5 ml MeOH
was layered onto a solution of AgBF, (0.019 g, 0.10 mmol) in
5 ml H,O. The resulting solution was slowly diffused for
several weeks and kept in the dark to give colorless crystals.
Yield: 0.014 g (32%). Anal. Calc. for C;sH4AgBF4Ny: C,
40.49; H, 3.17; N, 12.59. Found: C, 40.23; H, 3.13; N, 12.60%.
IR (KBr disk, cm™'): 3338(br), 3284(m), 3122(m), 3078(m),
2841(m), 2209(m), 1660(m), 1600(m), 1571(m), 1507(m), 1435(m),
1390(m), 1325(m), 1282(m), 1170(m), 1099(m), 1015(s), 994(m),
829(m), 782(m), 684(m), 519(m).

2. Complex 2 was prepared as for 1. Yield 0.012 g (28%).
Anal. Calc. for C;sH 4AgCIN4Oy: C, 39.37; H, 3.08; N, 12.24.
Found: C, 39.32; H, 3.03; N, 12.25%. IR (KBr disk): 3317(m),
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Table 4 Crystal data for 2-ddph and complexes 1-4

Compound 2-ddph 1 2 3 4

Formula C15H|4N4 C|5H]4AgBF4N4 C|5H|4AgC1N404 C15H|4AgN503 C]5H14AgF6N4P

M 250.30 44498 457.62 420.18 503.14

Crystal system Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic

Space group P2y/n P2y/c P2/c P2y/c P2y/c

alA 11.3722(19) 10.6811(8) 10.682(3) 10.598(3) 6.6550(8)

b/A 15.558(4) 11.9175(9) 11.957(4) 11.630(3) 20.7600(18)

c/A 15.257(3) 13.2109(10) 13.386(4) 13.640(3) 13.537(2)

BI°. 94.475(10) 102.1170(10) 102.245(7) 103.949(4) 102.726(12)

VA3 2691.2(10) 1644.2(2) 1668.5(7) 1631.6(7) 1824.2(4)

Z 8 4 4 4 4

D/g cm ™3 1.236 1.798 1.822 1.711 1.832

F(000) 1056 880 912 840 992

u(Mo-ch)/ranm” 0.077 1.273 1.397 1.259 1.258

AMo-Ka)/A 0.71073 0.71073 0.71073 0.71073 0.71073

Range (20) for data collection/® 4.32-50.00 3.90-52.08 3.90-52.12 3.96-52.12 5.00-49.98

GOF* 1.008 1.017 1.087 1.121 1.047

Final R indices R1 = 0.0656, R1 = 0.0315, R1 = 0.0433, R1 = 0.0336, R1 = 0.0305,

I > 20(D]" wR2 = 0.0927 wR2 = 0.0942 wR2 = 0.0773 wR2 = 0.1044 wR2 = 0.0648

R indices (all data) R1 = 0.1739, R1 = 0.0391, R1 = 0.0889, R1 = 0.0390, R1 = 0.0340,
. wR2 = 0.1103 wR2 = 0.1021 wR2 = (0.0884 wR2 = 0.1100 wR2 = 0.0666

Largest diff. peak, hole/e A~3 0.167, —0.154 0.513, —0.775 0.472, —0.730 0.486, —0.879 0.524, —0.709

C R = YNIF| — [Fll[SIF|. " wRy = [Dw(FS = FOYow(FST 2w = 1[e*(F) + (ap)* + (bp)), p = [max(F,” or 0) + 2(F2)]/3;a = 0.0000,
b = 0.6484, 2-ddph; a = 0.0750, b = 0.0000, I; @ = 0.0250, 5 = 0.0000, 2; a = 0.0000, b = 0.6468, 3; a = 0.0000, b = 3.9307, 4. * Quality-of-fit =

[Zw(‘Foz‘ - ‘Fcz‘)z/Nobscrvcd - Npalamclcrs]]]/?

3241(m), 3185(m), 3076(m), 2993(m), 2942(m), 2840(m),
2203(m), 1659(m), 1599(m), 1571(m), 1506(m), 1435(m),
1380(m), 1323(m), 1281(m), 1132(s), 1089(m), 925(m),
838(m), 623(m), 521(m).

3. Complex 3 was prepared as for 1. Yield: 0.013 g (31%).
Anal. Cale. for C4H,AgNsOs: C, 35.50; H, 2.55; N, 14.79.
Found: C, 35.65; H, 2.49; N, 14.76%. IR (KBr disk): 3281(br),
3195(m), 3094(m), 2999(m), 2950(m), 2847(m), 2199(m),
1655(m), 1659(m), 1600(m), 1514(m), 1379(m), 1281(m),
1165(m), 1103(m), 1034(m), 909(m), 824(m), 777(m), 657(m),
605(m), 532(m).

4. Complex 4 was prepared as for 1. Yield: 0.018 g (35%).
Anal. Calc. for C7H14AgFsN4P: C, 38.73; H, 2.67; N, 10.63.
Found: C, 38.81; H, 2.65; N, 10.58%. IR (KBr disk): 3367(br),
3237(m), 3184(m), 3096(m), 2933(m), 2831(m), 2200(m),
1434(m), 1395(m), 1267(m), 970(m), 844(m), 558(m).

X-Ray crystallography

The diffraction data for 1 was collected on a Bruker P4
diffractometer, which was equipped with graphite-monochromated
Mo-Ka (A(Mo-Ka) = 0.71073 1&) radiation. Data reduction
was carried by standard methods with use of well-established
computational procedures.'® Basic information pertaining to
crystal parameters and structure refinement is summarized in
Table 4. The structure factors were obtained after Lorentz and
polarization corrections. The positions of the heavy atoms,
including the silver atoms, were located by the direct method.
The anions of 1 and 4 are disordered with fluorine atoms
located equally over two positions. The anions in 2 and 3 are
also disordered with the oxygen atoms in two positions with
0.4 : 0.6 occupancy. For the ligand 2-ddph and complex 4, all
the hydrogen atoms, except the methyl hydrogen atom, H27A,

H27B and H27C in 2-ddph and H16A, H16B, H16C, H27A,
H27B, H27C, H28A, H28B and H28C in 4, were located in the
difference electron density map and refined isotropically. The
hydrogen atoms of 1-3 and H27A, H27B and H27C in 2-ddph
and H16A, H16B, H16C, H27A, H27B, H27C, H28A, H28B
and H28C in 4 were placed in geometrically calculated
position using the HADD program and refined using a riding
model. The remaining atoms were found in a series of
alternating difference Fourier maps and least-square refine-
ments.'* The final residuals of the final refinement were
R; = 0.0656, wR> = 0.0927. The crystallographic procedures
for 2-ddph, 2, 3 and 4 were similar to those for 1. Basic
information pertaining to crystal parameters and structure
refinement is summarized in Table 4.
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