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Abstract 

Addition of l,l’-bis(diphenylphosphino)ferrocene (dppf) to AgNO, or [Ag2(N03)2(p-dppf)21 at room temperature gives rise to a 
homoleptic dppf complex [Ag,(p-dppfXdppf&]*+ (1). Single-crystal X-ray diffractometric analysis of its PF6- salt revealed a 
dinuclear structure with dppf singly and symmetrically bridging two trigonal planar Ag’ centres each of which contains a chelating 
dppf. The chelate angle [105.6(2)“] is significantly more acute than the P-Ag-P angles subtended between the &elate and the 
bridging ligands [127.2(2)“]. Complex 1 reacts further with dppf to yield a biskhelate) complex [Ag(dppD&PF6). Metathetic 
reactions of [Ag,(NO&F-dppfl,] with Na+ or K+ salts of X- (X = Cl, OCN, SCN, Et,NCS,) at room temperature readily 
give good yields of, respectively, [Ag(p-Cl&dppfll,, [Ag,(~-NC0,N),(~-dppn21, [Ag,(Cc-SCN-S,N),(dppD,l, and 
[AB,(S,c=NEt~)~(~-dppf)~l. 

Key worak Silver; Ferrocene; Nitrate 

1. Introduction 

The complexity of Ag’ diphosphine complexes is 
accentuated by the variable coordination modes of the 
ligand and geometries of the metal [l]. Numerous 
structural variations may result especially when the 
diphosphine [e.g. l,l’-bis(diphenylphosphinoIferrocene 
(dppf)] responds to the geometrical constraints of the 
co-ligands [2]. A typical example is found in the re- 
cently isolated [Agz(N0,),&dppf12] whereby two Ag’ 
centres are bridged by two dppf and chelate-bridged by 
two nitrato groups [2]. The potential lability of the 
latter also renders this complex a facile precursor for 
disilver dppf complexes. In order to examine such 
dissociation, and the stability and rigidity of the resul- 
tant [Agz(dppfj212’ metallacyclic ring, we report here 
some metathetic reactions of the complex with a series 
of coordinating and non-coordinating anions. No re- 
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lated work has been reported on other Ag’ diphos- 
phine complexes, though similar chemistry of Ag’ 
monophosphine complexes is known [3]. 

2. Results and discussion 

A new dicationic complex formulated as [Ag ,( p- 
dppfXdppf1212+ (1) is isolated from a mixture contain- 
ing molar equivalents of dppf and [Ag2(N03j2(p- 
dpp0,]. The same complex can be obtained by adding 
dppf to a methanol solution of AgNO, in a ratio of 
1.5: 1.0. Anionic exchange with NH,PF, or NaBF, 
gives rise to corresponding salts of 1. Single-crystal 
X-ray diffractometry was carried out on the PF,- com- 
plex of 1, and revealed a dicationic molecular core 
comprising two {Ag(dppf)) moieties singly bridged by a 
dppf group (Fig. 1). This complex represents another 
example of the boexistence of chelating and bridging 
dppf. A survey of literature work on dppf complexes 
unveiled a host of chelates [4], and, more recently, 
bridges [5] and less prominently, unidentates [6]. Coex- 
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Fig. 1. Perspective view of the structure of [Ag2(.CL-dppfXdppf)zHPFg12 
(1) showing only the cation and half of the molecule which is 
centrosymmetric at the iron centre Fe(2) of the bridging dppf ligand. 

istences are also occasionally reported of two or more 
of the above coordination modes in a single complex 
[2,71. 

The crystallographically imposed C, symmetry of 
the structure implies a symmetrical disposition of the 
bridging dppf ligand with respect to the two Ag’ moi- 
eties (Cp - * . Cp torsional twist 180”). The different 
steric demands of dppfs in bridging and chelating 
modes impose some significant distortions on the trigo- 
nal planar Ag’ centres (P-Ag-P bond angles range 
from 105.6(2) to 130.7(2)“). The biting of a dppf chelate 
on a trigonal planar metal centre was not anticipated 
since virtually all the dppf chelates found in the litera- 
ture are associated with metals in tetrahedral, octahe- 
dral or pyramidal geometry [4]: The bite angle [P(l)- 
Ag(l)-P(2), 105.6(2)“] resembles more of a tetrahedral 
angle [8] and probably approaches the maximum for a 
dppf chelate. This unusual bite on a trigonal planar 
Ag’ is made possible by a facile torsional twist of the 
ferrocenyl skeleton and achieved without any apparent 
strain on the substituted cyclopentaodienyl (Cp) rings. 
The Ag-P lengths (mean 2.500(7) A) for the chelate 
are only marginally longer than the bridging Ag-P link 
(2.458(6) A). A similar difference was observed be- 
tween the bridging and chelating phosphines in 
[Ag,(HCO,X~-dppf) (q2-dppf),l 121 whereby the Ag’ 
geometry is tetrahedral. The co-planarity of the phos- 
phorus atoms with the Cp rings is essentially main- 
tained. 

Of special interest is the preferred singly-bridging 
arrangement to a triply-bridging skeleton proposed for 

P 

Tl 

/“c, p.,, m, 

P P 
-p -p 

other [Ag2(P-P)J2’ (P-P = dppm [91 and dmpm [lo]> 
complexes. Molecular cores of the latter type have 
been witnessed in other metal systems such as Pd” 
[ 111, Pt I1 [ 121 and Au’ [ 131. Despite the many character- 
istics shared between dppf and the hydrocarbon-based 
diphosphines, the bulky backbone of the former does 
not appear to favour a triply-bridging arrangement. A 
dppf chelate is also more sustainable than a 4-mem- 
bered dmpm/dppm chelate. That the [(dppf)M(p- 
dpp0M(dppf>12’ core is preferred to [M(y-dppf)sM12’, 
independent of the size of the metal, is demonstrated 
in the recent characterization of the analogous [Cu,- 
(p-dppfXdppf),]X, (X = QO,, BF,) [14]. Several 
workers have identified an “end-over-end” intramolec- 
ular mechanism through which one of the phosphorus 
atoms in the chelate in ((T~~-P-P)A~(~L-P-P)~A~] [(I) in 
Scheme l] flips across to the adjacent metal [91. This 
form of chelate to bridge transformation is probably 
responsible for the formation of many tribridged-com- 
plexes (II). On the contrary, formation of complex 1 
can be viewed as a result of a migration of the tetrahe- 
drally-bound P atom of one of the bridges to the 
2-coordination metal (III). This form of bridge to 
chelate transformation as a form of steric release ap- 
pears to have no literature precedence but should 
favour the bulky phosphines like dppf. The chelate 
angles observed in 1 and other Ag’ complexes indicate 
that dppf is geometrically suited to both chelate and 
bridging states whilst phosphines with a small bite such 
as dppm would favour a bridging mode in a d” system. 
The 31P NMR spectrum of 1 comprises a major species 
[15*] with the expected [AB,X], spin for 1 [SP, 1.35, 
6P, 2.22 ppm; J(P,-Agx) = J(P,-Agx) = 328, J(P,- 
P,) = 22 Hz]. The P-Ag coupling is typical of an sp2 

* Reference number with asterisk indicates a note in the list of 
references. 
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A g  I [16]. This spectrum is essentially unchanged from 
r.t. to - 50°C. 

Formation of 1 from [Ag2(NOa)E(/Z-dppf)2] and 
NH4PF 6 is evidenced even in the absence of added 
dppf. This points to the instability of the electron 
deficient [Ag2(g,-dppf)2] 2+ core especially in the solid 
state and requires intermolecular transfer of dppf to 
achieve stabilization. A recent report on the formation 
of [Ag(dppf)][CIO 4] from AgCIO 4 and the dppf ligand 
[17] would require further experimental support. The 
cation formed could be dimeric and hence identical to 
that generated from [Ag2(NOa)2(dppf)2]. Despite the 
bulk of the phosphine environment, complex 1 is sus- 
ceptible to coordination expansion. This is exemplified 
by its reaction with excess dppf to give the sterically 
congested complex [Ag(dppf)E](PF 6) (2). Structure of 
the analogous [Ag(dppe)E](NO 3) has been reported 
[18] but the dppm analogue is too unstable to be 
isolated [9]. Unlike the dppe complex, complex 2 ex- 
hibits well-resolved Ag-P couplings in its alp NMR 
spectrum at r.t. The observed I°9Ag-P direct coupling 
of 248 Hz is consistent with a phosphine-bound tetra- 
hedral Ag I [16]. Similar bis(dppf) chelates have been 
reported in [Hg(dppf)2](BF4) 2 [19] and [Ir(dppf)2]BPh4, 
the latter showing that the diphosphine ligands exert a 
severe steric distortion from planarity on the central 
metal [20]. The NO 3- salt of I easily metathesizes with 
CI- or NCS- to give the covalent [AgEXE(/.t-dppf) 
(dppf) 2] (X = CI or SCN respectively) which are only 
sparingly soluble in common organic solvents except in 
CHEC12 or CHCI 3. Conductivity data also point to 
complex neutrality with some slight dissociation. The 
{(dppf)Ag(/.~-dppf)Ag(dppf)} skeleton is presumably re- 
tained in the process of ligand exchange. IR spectrum 
of the latter suggests the thiocyanato to be N-bonded 
[3a]. 

Metathetic reactions of [AgE(NO3)E(/~-dppf)2] with 
other coordinating anionic salts M+X - (M = Na, K; 
X = CI, OCN,  SCN, Et2NCS 2) at r.t. readily give rise 
to [Ag(/z-Cl)(~-dppf)]4 (3), [Ag2(/z-NCO,N)2(/~- 
dppf) 2] (4), [Ag2(/x-SCN-S,N)E(dppf)2] (5) and 
[AgE(SECNEtE)2(/J,-dppf) 2 ] (6) respectively in good 
yields. Molecular-weight measurement of 3 (mw 2545) 
suggested it to be tetrameric in solution. Similar te- 
tranuclear structures have been found in Ag4(/~-O 2- 
CCHa)4(/z-dppf)  2 [2] and [Ag4(/x-NOa)z(/x-dppm)4]- 
(PF6) 2 [21]. Complex 4 shows a strong v(CN)st r at 2153 
cm-1 which is indicative of a bridging -NCO group 
[22]. Molecular weight measurement suggested it to be 
dimeric in solution. Complex 5 shows the v(CN)~t r at 
2100 cm -1 (with a shoulder peak at 2087 cm -1) and a 
weaker l,,(CS)st r a t  812 cm-k  The former implies a 
terminally S-bonded thiocyanate [3a] but the latter is 
more consistent with an N-bonded ligand [3a]. Though 

the affinity of A g  1 for soft donor ligands (e.g. S-donors) 
is well-known [23], M-NCS bonding predominates in 
thiocyanato phosphine complexes of Ag I [24]. We 
favour a dimeric structure for 5 with dppf in a chelat- 
ing and the thiocyanato in an end-to-end bridging 
mode. A similar structure is found in [Ag2(/~-SCN- 
S,N)2(PPh3) 4] which consists of a quasiplanar 
{Ag2(SCN) 2} core [25]. Dithiocarbamato monophos- 
phine complexes of Ag I have been reported [26]. Com- 
plex 6 gives a v(CN)st r at 1478 and v(CS)st r at 988 with 
a shoulder peak at 997 cm-1. These data are incompat- 
ible with either a unidentate [27] or a typical chelating 
dithiocarbamato ligand [27]. We propose a semi-bridg- 
ing ligating mode with one S donor for each ligand 
anchored onto each Ag I site, and the other S weakly 
linked to both metal sites. A related coordination mode 
has been found in [Ag(S2CNEt2)] 6 [28]. The dppf 
bridges thus remain intact in the molecular core. 

3. Conclusion 

This study demonstrates the lability of the nitrato 
ligands in [Ag2(NO3)2(/x-dppf)2]. Whether the resul- 
tant metallacycle {AgE(/~-dppf)2] is sustainable de- 
pends on the nature of the incoming ligand. Since 
interconversion of bridging and chelating coordination 
modes for dppf is facile, dimerization or fragmentation 
of the disilver complex is easily envisaged. The present 
report also established the identity of the [Ag 2(P-P)3 ]2 + 
molecular core. Surprisingly, though such a cation was 
inferred in a recent stability study of Ag(I)/dppm in 
solution, it is notably absent in dppe and dppp solu- 
tions [29]. 

4. Experimental section 

4.1. General 
All reactions were performed under pure dry argon 

using standard Schlenk techniques. The reaction flasks 
were generally shielded by Al foil from direct labora- 
tory light. [Ag2(NO3)E(/~-dppf)2 ] was prepared as ear- 
lier described [2]. dppf was prepared either by a litera- 
ture method [30] or purchased commercially. All other 
chemical reagents were commercial products and used 
as received. The procedures and instruments used were 
as described previously [2]. All NMR spectra were 
recorded in CDCI 3 solution. The 31p shifts are exter- 
nally referenced to 85% H3PO 4. All infrared spectra 
were recorded in KBr disc. Molecular weight measure- 
ments were carried out by Galbraith Laboratories, Inc. 
in Knoxville, TN, USA using Vapour Pressure Osmom- 
etry with a Knauer-Dampfdruck osmometer with 
CH2CI 2 as solvent. Conductivities were measured us- 
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ing a Conductivity 1000 electronic conductiometer with 
a cell constant of 0.55 cm -I. Elemental analysis was 
carried out in the Microanalytical Laboratory of our 
Department in NUS. The presence of solvates in crys- 
talline samples was confirmed by ‘H-NMR analysis. 

4.2. Synthesis of [Ag,(~-dpp~(dppf))z1(PF6)2 (1) 
This complex can be prepared from [Ag,(NO,),(p- 

dppf),] and dppf in 1: 1 molar ratio in MeOH but the 
following direct method was adopted because of its 
ease and better yield. 

AgNO, (0.020 g, 0.120 mmol) in MeOH (15 cm3) 
was transferred dropwise via a teflon delivery tube to a 
solution of dppf (0.100 g, 0.18 mmol) in THF (15 cm3). 
The mixture was stirred for 45 min after which excess 
NH,PF, (cu. 0.05 g) in H,O (5 cm3) was introduced. 
The resultant suspension was stirred further for 3 h, 
filtered, and the precipitated solid washed with copious 
H,O to remove all the simple salts. The dried crude 
sample was recrystallized from CH &l,/ hexane mix- 
ture to give 1. (0.11 g; 85%). (Found C, 54.85; H, 3.80; 
Ag, 9.18; F, 10.03; Fe, 6.93; P, 9.60%, C1a2Hs4Ag2F12 
Fe,-Ps requires C, 54.89; H, 3.85; Ag, 9.57, F, 10.12; 
Fe, 7.44, P, 10.99%). v_(PF,-) (cm-‘): 837s; S, 
7.49-7.06 (m, 60H, Ph), 4.49 (s, 8H, Cp), 4.24 (s, 8H, 
Cp), 4.04 (s, 4H, Cp), 3.55 (s, 4H, Cp); 6, (233 K) 
-144.33 (s, 2P; J(PF) 713 Hz), 1.35 (dt, 2P; J&P) 
328 Hz, J(PP) 21 Hz), 2.22 (dd, 4P; J(AgP) 328 Hz 
J(PP) 23 Hz) (and weaker resonances at 6.19 (dt), 
= 5.5 (td), = 3.3 (dt) presently unidentified). Resolu- 
tion of lo7Ag-P and ‘09Ag-P couplings was not ob- 
served. The spectral pattern is essentially unchanged 
between 298 and 223 K). 

The BF,- complex can be prepared similarly by 
using NaBF, as the ion-exchange agent. 

Metathesis of the nitrate salt of 1 with NaCl and 
KSCN in MeOH yielded the following products which 
could be purified by recrystallization from CH,CI,/ 
hexane: [Ag$l,(p-dppfxdppf),] * 2CH,Cl, (0.042 g; 
62%) (Found C, 59.75; H, 4.04; Ag, 10.58; Cl, 3.96; Fe, 
8.77; P, 9.12, C,,H,,Ag,Cl,Fe,P, requires C, 58.93; 
H, 4.18; Ag, 10.18; Cl, 3.34; Fe, 7.90; P, 8.77%). Molar 

* conductivity A,,,. 7.86 (CH,Cl,) 0n-‘cm2M-1. [Ag,- 
(SCN-IV),&-dppfXdppf>,l (0.044 g; 63%) (Found C, 
62.77; H, 4.17; N, 1.35; Fe, 7.75; P. 9.28; S, 4.22, 
C,,H,N,Ag,Fe,P,S, requires C, 62.61; H, 4.24; N, 
1.40; Fe, 8.40; P, 9.30; S, 3.21%). The Ag analysis was 
hampered by interferences. v,,(NCS) (cm-‘): 2088. 
Molar conductivity A,: 15.71 (CH,CI,) R-‘cm2M-‘. 

4.3. Synthesis of [Ag(dppf)),l(PF,) (2) 
The complex can be prepared from complex 1 and 

dppf in 1: 1 molar ratio in THF but the following 
method is more direct and affords a better yield. 

A methanolic solution (25 cm3) of AgNO, (0.031 g, 
0.18 mm00 was introduced by a teflon tube to a 
solution of dppf (0.20 g, 0.361 mmol) in THF (20 cm3). 
The mixture was stirred for 30 min after which it was 
evaporated to low volume in uucuo. The dark orange 
precipitate thus resulted was isolated by filtration and 
recrystallized from CH,Cl,/ hexane mixture to give 
[Ag(dppf),](NO,) - $CH,Cl, (0.20 g, 87%) (Found C, 
62.57; H, 4.53; N, 1.36; Ag, 9.62; Fe, 8.53; P, 9.88%, 
C,,,H,,NAgC12Fe203P~ requires C, 62.27; H, 4.35; 
N, 1.06; Ag, 8.16; Fe, 8.45; P, 9.38%). v,,(NO,-) 
(cm-‘): 1384s, 1333s; 8, 7.34-7.06 (m, 4OH, Ph), 4.42 
(s, 8H, Cp), 4.10 (s, 8H, Cp); 6, - 3.46 (d; J&P) 
248Hz). The BF,- or PF,- complexes can be prepared 
by metathesis in MeOH. [wdppf),l(PF,) (Found C, 
59.50; H, 4.07; Ag, 6.84; F, 7.04; Fe, 8.13; P, 11.32%, 
C,,H,,AgF,Fe,P, requires C, 59.98; H, 4.14; Ag, 7.92; 
F, 8.37; Fe, 8.20; P, 11.37%). v,,(PF,) (cm-‘): 836s; 
6, 7.36-7.07 (m, 4OH, Ph), 4.44 (s, 8H, Cp), 4.10 (s, 
8H, Cp); 6, - 3.23 (d; J(AgP) 251 Hz), - 143.64 (sep, 
J(PF) 712 Hz). 

4.4. Synthesis of I/lg2(~-NCO),(CL-dppf),l (4) 
An aqueous solution (3 cm3) of KNCO (0.050 g, 0.62 

mmol) was delivered by a teflon tube to a MeOH 
solution (50 cm3) of L4g2(N03)2(~-dppf)21 (0.130 g, 
8.97 x 10e2 mmol). Precipitation rapidly occurred and 
the resultant suspension was stirred for’ 6 h. Upon 
settling of the precipitate, the solution was carefully 
filtered off and the residue dried and recrystallized 
from CH,Cl,/hexane mixture to give complex 4. 
(Found C, 59.81; H, 3.93; N, 1.93; Ag, 13.97; Fe, 7.68; 
P, 9.43%, C70H,,N2Ag2Fe202P, requires C, 59.69; H, 
3.98; N, 1.99; Ag, 15.32; Fe, 7.93; P, 8.80%). Mw 1433. 
v,,(NCO) (cm-‘): 2153s; 6, 7.50-7.30 (m, 4OH, Ph), 
4.07 (s(br), 16H, Cp); 6, 0.99 (s(br)). 

4.5. Syntheses of [Ag(p-Cl&dppf)l+, (3) Ug,(p-SCN- 
S,N),(dppf,$I 6) and I;le2(S,CNEt,),(~-dppf),l (6) 

These follow the method described for 4 by using 
NaCl, KSCN and Na,S,CNEt, as the metathetic 
reagents. For 3 (0.035 g, 52%) (Found C, 58.26; H, 
4.05; Ag, 14.11; Cl, 3.48; Fe, 7.47; P, 8.92, Cr3hHrr2- 
Ag,Cl,Fe,Ps requires C, 58.53; H, 4.05; Ag, 15.46; Cl, 
5.09; Fe, 8.00; P, 8.88%). mw 2545. S, 7.64-7.31 (m, 
80H, Ph), 4.08 (s, 32H, Cp); 6, -3.37 (s(v br)). For 5 
(0.067 g, 67%) (Found C, 58.77; H, 4.00; N, 1.87; Ag, 
14.17; Fe, 7.08; P, 9.48; S, 5.23%, C7,H,,N2Ag2- 
Fe,P,S, requires C, 58.36; H, 3.92; N, 1.94; Ag, 14.97; 
Fe, 7.75; P, 8.60; S, 4.45%). MW 1244. v_(NCS) 
(cm-l): 21OOs, 2087sh, 812m; S, 7.57-7.27 (m, 40H, 
Ph), 4.34 (s, 8H, Cp), 4.22 (s, 8H, Cp); S, -0.94 (s(v 
br)). For 6, which crystallizes as hexane solvate (0.037 
g, 47%) (Found C, 59.64; H, 5.44, N, 1.58; Ag, 11.02; 
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Fe, 6.10; P, 7.37; S, 8.73, Cs,+H90N,Ag,Fe,P,S, re- 
quires C, 59.10; H, 5.31; N, 1.64; Ag, 12.64; Fe, 6.54; P, 
7.26; S, 7.51%). v_ 1478s (CN), 997sh, 988m KS) 
(cm-‘); 6, 7.81-7.31 (m, 40H, Ph), 4.24 (s, 8H, Cp), 

TABLE 1. Atomic coordinates (X 104) and equivalent isotropic 

temperature factors (A* x 103) for [Ag,(CL-dppfXdppf),l[PF,], (U,, 
defined as one third of the trace of the orthogonalized U tensor) 

Atom x Y z u eo 

Ml) 
Fe(l) 
Fe(2) 

P(l) 
HP 
P(3) 
P(4) 

F(l) 
F(2) 

M3) 
P(5) 
F(4) 
F(5) 

F(6) 
F(7) 
F(8) 

F(9) 
c(l) 
C(2) 
c(3) 
c(4) 
C(5) 

C(6) 
C(7) 
C(8) 

c(9) 
CilO) 

cxll) 
C(12) 
Ct13) 
c(14) 
CM 
C(16) 
C(17) 
Ctl8) 
Ct19) 
c(20) 
c(21) 

c(22) 
c(U) 
Cc241 
c(25) 
C(26) 
c(27) 
Ct28) 

c(29) 
c(30) 
Ci31) 
Cc321 
C(33) 
cc341 

2077(2) 

5291(3) 
0 

3421(5) 
3118(6) 

160(5) 
5OOb 

5284(16) 

4082(18) 
5753(19) 

- 1286(14) 
- 1258(21) 
- lllO(32) 

- 317(22) 

- 2240(21) 
- 2009(15) 

- 50x28) 
5377(25) 
6387(28) 
6509(25) 
5505(22) 
4827(20) 

4186(22) 
5170(27) 
5850(23) 
5262(22) 
4224(19) 
2516(14) 
2450 
3249 
4114 
4180 
3381 

299703) 
2805 
2859 
3105 
3297 
3243 

180206) 
1272 
1404 
2066 
2596 

2464 
3551(17) 
3990 
4592 
4754 
4315 
3713 

2969t2) 
2843(3) 
5000 

1561(5) 
3697(5) 
3460(5) 
5000 

5713(13) 

4806(20) 
397205) 

- 46ti13) 
- 1421(18) 

366W 
- 1023(49) 

315(22) 
- 790(14) 

- 94(30) 
1302(18) 
1454(23) 

1770(25) 
1840(20) 

154418) 
4223(20) 
434809) 
4097(21) 
3841(19) 

394N18) 
115(16) 

- 897 
- 1778 

- 1648 
- 636 

246 
83701) 
978 

1918 
2717 

2576 
1636 

502CX15) 
5997 
6926 
6878 
5901 
4972 

1883(19) 
1230 
1585 
2593 
3245 
2890 

2742(2) 

22%(3) 
5000 
3543(5) 
129N5) 
3387(5) 
5000 

401803) 
465404) 
4602(14) 

229(13) 
- 279(16) 

734(24) 
691(31) 

- 207(19) 

108402) 
- 618(22) 
2226(20) 
2087(30) 

2@38(29) 
3496(22) 
3111(20) 

244400) 
2473(22) 
1639(23) 

1074(20) 
1607(19) 
3259(12) 
3237 
3493 
3772 
3794 

3538 
545404) 
6371 
6587 
5886 
4969 
4752 

92(15) 
- 334 

- 162 
436 

862 
690 
50305) 

-174 
- 1005 
- 1159 
- 482 

349 

460) 
53(2) 
53(3) 
47(3) 
53(3) 

4ti3) 
74(7) 

11802) 

14605) 
15704) 
121(14) 

68(9) 
15507) 
267(31) 

92(H) 

29t6) 
297(36) 

62(15) 

loo(21) 
82(20) 

6415) 
4904) 

5405) 
69(17) 
6906) 
5604) 
39(12) 
76(17) 
85(19) 

8409) 
87(19) 
61(14) 
4303) 

5003) 

66(16) 
6004) 
6005) 
57(15) 

4803) 
67(16) 

llo(19) 
174(30) 
140(30) 

7206) 
53(14) 

9009) 
116(25) 
117(26) 

91(20) 
71(16) 

5404) 

Table 1 kontinued) 

Atom x Y z u 

Ci35) - 179506) 4611(14) 2842(11) Z14) 

c(36) - 2424 5490 2373 6506) 
Ct37) - 1960 6249 1783 69(17) 
c(38) - 868 6129 1662 67(17) 

Ct39) -239 5250 2131 58(14) 
CM) - 703 4491 2721 4103) 
Ct41) - 162(15) 1885(19) 2637(13) 77(18) 

c(42) - 390 929 2666 9422) 
c(43) -771 376 3507 9321) 
CM -923 779 4319 125(26) 
c(45) - 695 1735 4291 88(19) 

co - 314 2288 3450 5504) 
c(47) - 1192(22) 4342(21) 5009f22) 63(16) 

c(48) - 1095(27) 4315(24) 5903(22) 74(18) 

cx49) - 58W 3678(22) 6018(24) 67(17) 

Ct50) 43904) 3353(20) 5158(23) 62(15) 
c(51) - 240(21) 3727(21) 452109) 48(13) 

4.21 (s, 8H, Cp), 4.04 (q, 8H, Et; J(HH) 6.9 Hz), 1.32 (t, 
12H, Et; J(HH) 6.1 Hz); 6, - 6.730 (s(br)). 

4.6. X-ray crystallography 
[Ag2(11-dppfXdppf)zl[PF61z (l), mw = 2063.13, crys- 

tallizes as golden plates in space group Pl (no. 2) with 
a = 13.410(4), b = 13.417(4), c = 15.163(5) A, (Y= 
77.74(3), p = 75.94(3), y = 72.58(3)0 and 2 = 1. 
Diffraction measurements were made at 18°C on a 
Nicolet R3/MV system (graphite-monochromatized 

TABLE 2. Selected bond lengths &I and angles c). 

AgW-P(1) 2.518(7) Agtl)-P(2) 2.481t7) 

AgW-P(3) 2.458(6) 

Fe(l)-c(l-5Xav) 2.06(3) Fe(l)-a6-1OXav) 2.03(3) 
Fe(2)-C(47-51Xav) 2.08(3) 

PWc(5) 1.83(3) P(l)-c(16,22Xav) 1.80(2) 
P(2xxlO) 1.81(3) P(2)-C@3,34Xav) 1.84(2) 
P(3)-C(51) 1.75(3) P(3)-c(40,46Xav) 1.83(3) 

P(4)-FU-3Xav) 1.59(2) P(5)-F(4-9Xav) 1.56(4) 

PWAgWH2) 105.6(2) P(l)-AgW-P(3) 123.7(2) 
P(2)-Ag@P(3) 130.7(2) 

AgW-P(l)-C(S) 116.7(8) Ag(l)-P(l)-Ct16) 114.1(7) 
AgW-P(lkC(22) 113.5(5) Agtl)-P(2kCtlO) 106.0(9) 
AgWP(2)-c(28) 117.3(7) Agtl)-P(2)-Cc341 119.7(8) 
AgW-P(3)-c(51) 1180) Ag(l)-P(3)-C(40) 118.2(6) 
Agtlk-P(3)-c(46) 106.0(6) 

AgW atom is - 0.0232 A under plane constituted with 

P(l), P(2), P(3). 

Symmetry transformation: a( - x, - y, - z). 
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MO K, radiation, A = 0.71073 A using a single crystal 
(0.22 X 0.20 X 0.02 mm) selected from a batch sample 
of generally poor quality. The intensities (28,, = 40”, 
4486 unique data) were corrected for absorption and 
structure solution was accomplished by Patterson and 
Fourier methods. 

Chem. Z&t., 7 (1971) 87; (c) B.K. Teo and J.C. Calabrese, J. Am. 
Chem. Sot., 97 (1975) 1256. 

One of the two independent PF,- groups is located 
on a site of 1 symmetry, whereas the other occupies a 
general position and necessarily exhibits half site occu- 
pancy. For the latter group intraatomic distance re- 
straints of P-F = 1.54 A- 0.02 and F * - - F = 2.18 f 0.03 
w were imposed in least-squares refinement. All non- 
hydrogen atoms except the F atoms of the second PF,- 
group were refined anisotropically, and all hydrogen 
atoms were introduced in their idealized positions with 
assigned isotropic temperature factors. All calculations 
were performed on a DEC MicroVAX-II computer 
using the SHELXTL-PLUS system [31]. Convergence for 
2764 observed data [ I F, I > 3a(FJ and 505 variables 
was reached at R(I;) = 0.080 and Z?(wF’) = 0.092 with 
w = [(+2(F,) + 0.0005 IF, I 2J-‘. 

4 S. Onaka, Bull. Chem. Sot. Jpn., 95 (1986) 2359; T.Hayashi, M. 
Konishi, Y. Kobori, M. Kumada, T. Higuchi and K. Hirotsu, J. 
Am. Chem. Sot., IO6 (1984) 158; C.E. Housecroft, SM. Owen, 
P.R. Raithby and B.A.M. Shaykh, Organometallics, 9 (1990) 1617; 
A.L. Bandini, G. Banditelli, M.A. Cinellu, G. Sanna, G. Minghetti, 
F. Demartin and M. Manassero, Inorg. Chem., 28 (1989) 404; 
W.R. Cullen, T.-J. Kim, F.W.B. Einstein and T. Jones, 
Organometallics, 2 (1983) 714; W.R. Cullen, F.W.B. Einstein, T. 
Jones and T.J. Kim, Organometallics, 2 (1983) 741; W.R. Cullen, 
F.W.B. Einstein, T. Jones and T.J. Kim, Organometalks, 4 (1985) 
346; V. Scarcia, A. Furlani, B. Longato, B. Corain and G. Pilloni, 
Inorg. Chim. Acta, 153 (1988) 67; M. Adachi, M. Kita, K. Kashi- 
wabara, J. Fujita, N. Iitaka, S. Kurachi, S. Ohba and D. Jin, Bull. 
Chem. Sot. Jpn., 65 (1992) 2037; G. Bandoli, G. Trovo, A. 
Dolmella and B. Longato, Inorg. Chem., 31(1992145. 

The final atomic parameters are given in Table 1, 
and selected bond lengths and bond angles are listed in 
Table 2. 

5 S. Onaka, A. Mizuno and S. Takagi, Chem. Lett., (1989) 2037; 
Y.K. Yan, H.S.O. Chan, T.S.A. Hor, K.-L. Tan, L.-K. Liu and 
Y.-S. Wen, J. Chem. Sot., Dalton Trans., (1992) 423; T.S.A. Hor, 
H.S.O. Chan, K.-L. Tan, L.-T. Phang. Y.K. Yan, L.-K. Liu and 
Y.-S. Wen, Polyhedron, 10 (1991) 2437; T.S.A. Hor, L.-T. Phang, 
L.-K. Liu and Y.-S. Wen, J. Organomet. Chem., 397 (1990) 29; 
T.S.A. Hor and L.-T. Phang, Polyhedron, 9 (1990) 2305; P. Kalck, 
C. Randrianalimanana, M. Ridmy and A. Thorez, New J. Chem., 
12 (1988) 679; ST. Chacon, W.R. Cullen, MI. Bruce, 0. bin 
Shawkataly, F.W.B. Einstein, R.H. Jones and A.C. Willis, Can. J 
Chem., 68 @90~ 2001; T.J. Kim, SC. Kwon, Y.H. Kim, N.H. 
Heo, M.M. Teeter and A. Yamano, J Organomet. Chem., 426 
(1992) 71. 

5. Supplementary material available 6 F. Neumann and G. Suss-Fink, J. Organomet. Chem., 367 (1989) 

List of thermal parameters and structure factors for 
[Ag,(p-dppfXdppf),][PF& are available from the au- 
thors. 
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