Inorg. Chem.1998,37, 56575663 5657

Metal—Ligand Bonding in Coinage Metal—Phosphine Complexes: The Synthesis and
Structure of Some Low-Coordinate Silver(l)-Phosphine Complexes
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Reaction of AgBE with 2 equiv of PRP in acetonitrile followed by recrystallization from dichloromethane/
hexane yields the mixed phosphineitrile complex [(PRP)LAgNCCH;]BF, () as its dichloromethane solvate,
1-0.5CHCIl,. This solvate crystallizes in the monoclinic space gr@2ic with a = 22.928(5),b = 12.700(3),
c=25.156(5) A8 = 97.53(3}, andZ = 8. The acetonitrile ligand ih is loosely bound to the metal center and
easily lost, even in the solid state, without decomposition. Hence, recrystallization of dried sampleS©¥f}-

Cl, from CHxCly/hexane results in isolation of the novel low-coordinate phosphine complexPgRly]BF4 (I1).

Il crystallizes in the monoclinic space gro@2/c with a = 21.733(9),b = 12.272(4),c = 24.356(9) A8 =
95.01(3y, andZ = 8. In both cases, a weak interaction is present between a fluorine atom of theudén and

the silver cation. However, these interactions appear to be essentially electrostatic rather than dative in nature,
implying thatl is best considered a three-coordinate silver complex andltiigg rare, structurally characterized
example of a two-coordinate silvephosphine complex. These solid-state geometric assignments are supported
by 3P NMR studies, which reveal a A¢P coupling constant of 550 Hz fdr, consistent with the presence of

a linear two-coordinate complex in solution. The NMR data also indicate that the phosphine ligands are involved
in exchange processes, which are accelerated by the presence of a donor solvent such as acetonitrile. Comparison
of Il with its gold analogue supports the previously stated concept that gold atoms are smaller than silver atoms.
An analysis of 13 other isostructural pairs of silver and gold complexes culled from the crystallographic database

lends further support to this concept.

Introduction particularly in the case of gold, for which these effects are
especially pronounce®:* Interestingly, Schmidbaur and co-

The coordination chemistry of the coinage metals has been .
y g workers have recenthshown that, in at least a few cases, these

the subject of investigation for decadedistorically, interest - . .
in this area grew out of the diverse structural motifs displayed relativistic effects res_ult in go}gdhgand bonds th_at are shorter
than the corresponding silvetigand bonds or in effect that

by these superficially similar monovalent cations. More 4 . .
recently, interest has been renewed by both practical and,gOId atoms are smaller than silver atoms. Their calculations

theoretical concerns. An example of the practical motivations indicate that this counterintuitive observation should be a general
driving research in this area is the use of such coinage metalstructural feature for stru_cturally relateo_l gold and S|Ive_r
complexes as potential precursors to metal films via CVD comple>.<es.. quever, Wh'le. the theore’qcal basis .flor Fh's
(chemical vapor deposition) proces@eSheoretical interest has conclusion is fairly well established, experimental verification

been sparked by work which shows that these metals all displayis hindered by a lack of characterized isostructural pairs of silver-
the ability to form attractive nonbonding “metallophilic” interac- (1) @nd gold(l) complexes. This paucity of data is the result of

tions that can strongly influence the structure and properties in the tendency of these two metals to prefer different coordination

these material%. Calculations have shown that such interactions geometries, linear two-coordinate for gold and tetrahedral four-

are most likely the result of relativistic and correlation effects, coord!nate for silvet. In a few cases, isostructural two-
coordinate complexes have been prepared for comparison

* To whom correspondence should be addressed. purposes by USing Sterica"y bulky Iigands to enforce the
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Table 1. Crystallographic Data fol-0.5CHCI, andll

Bachman and Andretta

compound 1:0.5CHClI; Il

empirical formula Gs.sH3AgBCIFANP, CseH3z0AgBF4P,2
fw 802.74 719.22

temp —100°C —100°C

cryst syst monoclinic monoclinic
space group C2/c C2lc

unit cell dimensions

a=22.928(5) A
b=12.700(3) A
c=25.156(5) A

a=21.733(9) A
b=12.272(4) A
c=24.356(9) A

S =97.53(3) S =95.01(3Y)
volume 7262.3(25) A 6471.1(42) R
z 8 8
density (calculated) 1.468 g/ém 1.476 g/cm
absorption coeff 0.766 mm 0.770 mnt?t
F(000) 3256 2912
cryst size 0.32¢ 0.30x 0.22 mn¥ 0.48 x 0.25x 0.08 mn?
6 range for data collection 1.628.33 1.68-28.3T
reflns collected 30 109 26 688
indep refins 8834R(int) = 0.0346] 7863 R(int) = 0.0744]
data/param 8834/611 7859/572
final R indices RE 0.0324, wR2= 0.0716 R 0.0604, wR2=0.1316
goodness of fit (GOF) 1.065 1.147
extinction coeff 0.00017(3) 0.00012(5)

largest diff peak and hole 0.604 and.485 e A3 1.067 and—1.304 e A3

sftructurally characteri_zed two-coordinate phosphine cpmplex of E?Sb;leagémét&mggrg%cg%psatgsfo%ogr""gilEg;é'&'ifg;}'ssc:fmp'c
silver, [(PhP)Ag] ", without the use of sterically bulky ligands. 1-0.5CHCl,

The isolation of this species, for which there is a well-
characterized gold analogue, allows for the direct comparison X y z U(ea)
of Ag—P and Au-P bonding parameters, without the complica- ~ A9(1) 1918(1) 6322(1) 1202(1) 27(1)

tions _related to the use of sterically bulky ligands. Our E% iégigg %%EB S;SEB %‘7183
experimental results also prompted us to conduct a search of ) 2680(1) 7041(2) 1790(1) 52(1)
the crystallographic database for other isostructural silver and (1) 2862(1) 7270(2) 2211(1) 47(1)
gold complexes. This search yielded 13 additional isostructural C(2) 3087(3) 7559(3) 2762(2) 76(1)
pairs of complexes with varying coordination geometries ranging  B(1) 1636(2) 5414(3) 2493(1) 53(1)
from linear to tetrahedral. Comparison of these pairs strongly Egg iggggf{g Zggé% %%ggg g?gg
indicates that the conclusions reached by Schmidbaur®eiral. F(3) 2204(3) 5087(6) 2683(3) 77(2)
the basis of their more limited data are completely general. F(4) 1462(4) 6360(6) 2571(3) 127(3)
F(1A) 1727(5) 5079(6) 2000(4) 97(4)

; F(2A 1232(6 5099(8 2704(5 108(4
Experimental Procedures Fon  zuss) e os0m)  101(3)
F(4A) 1530(3) 6533(7) 2326(3) 78(2)

Preparation of [(PhsP);AgNCCH;|BF, (I). Under a nitrogen
atmosphere, 0.68 g of AgBR3.5 mmol) was dissolved in 15 mL of
dry CHCN. A solution of 1.83 g (7.0 mmol) of BR in 40 mL of SADABS. The structure was solved using direct methods and refined
CH:CN was then added in one portion. The mixture was swirled briefly On F? by full-matrix least-squares methods using the SHELXTL/PC
by hand to ensure complete mixing and then allowed to stand for 90 (V- 5.03) packagé. All non-hydrogen atoms were refined anisotropi-
min before the solvent was removed in vacuo to produce an opaquec@lly, while the hydrogen atoms were refined isotropically. During
oil, which slowly solidified on standing. This oil, or glassy solid, was the later stages of refinement, the fluorine atoms of the;[B&nion
redissolved in CKCl, (25 mL), and hexane was added dropwise to Were found to bg dlsorder_ed anq were modeled using two positions
the cloud point. Initially an oil began to separate from the solution; fOr €ach atom with a relative (refined) occupancy of 0.55/0.45. The
however, crystallization was induced by cooling the mixture €O final refinement converged with residuals of wiR2(= 0.0716 (all
overnight. X-ray quality crystals of-0.5CHCl, were isolated by ~ dat@), R1E) = 0.0324 ( > 20(1)), and GOF= 1.065. All relevant

decanting the supernatant to yield 2.60 g (92.5% based on Ag) of crystallographic information is included in Table 1, selected atomic
product: mp (uncorrected) 193395 °C; 'H NMR (CDCl;, ppm) coordinates and equivalent isotropic displacement parameters are

7.55-7.30 (m, 30H), 5.32 (s, 1H), 2.01 (s, 3H NMR (CDCh reported in Table 2, and the significant bond metricals are compiled in
ppM) 14 (d,Jag_p = 404 Hz); IR (KB, cn?) 2292, 2258. Tab': 3. Aeaiveis of L ferentia ——

Structural Study of 1+0.5CHCI,. A block approximately 032 (eDrg“C"") fina yzf‘fgmgfdﬁ“;i;;j'lze;f”)t'zaﬁalgngf‘?locggg';“‘
0.30x 0.22 mnd in size was cut from a larger crystal and mounted on y P g P '

a glass fiber using epoxy cement. All X-ray data were collected on a Cl,, which was removed directly from the mother liqguor and dried
Siemens SMART CCD system af100°C. The initial unit cell was briefly on a piece of filter paper. The measurement was carried out

. ; : .__under a dynamic Npurge using a heating rate of ®/min to a
determined using a least-squares analysis of a random set of reﬂeCt'on%aximum temperature of 22. Three endothermic processes were
collected from three series of 0.8vide w scans (20 frames/series), |

observed at (maximum signal values) 92.8, 103.0, and 20@.0

which were well distributed in reciprocal space. The intensity data Th - } }
. . ermogravimetric analysis was performed on another samydlé.
were then collected with 0°3wide @ scans and a crystal-to-detector 9 4 P 6

distance of 5.0 cm, providing a complete sphere of data to a maximum
resolution of 0'75.}:\ (.Bmax = 56.66). The data were corrected f‘.’T G. M. SADABS “Siemens Area Detector Absorption Correction”
Lorentz and polarization effects as well as absorption. The empirical Universita Gattingen: Gatingen, Germany, 1996.

absorption correction was made on the basis of equivalent reflection (8) SHELXTL-PG version 5.03; Siemens Analytical Instruments: Madi-
measurements using Blessing’s method as incorporated into the program son, WI.

(7) (a) Blessing, RH. Acta Crystallogr.1995 A51, 33—38. (b) Sheldrick,
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Table 3. Selected Bond Distances (A) and Angles (deg) for
1-0.5CHCI,

Table 5. Selected Bond Distances (A) and Angles (deg)Ifor

Ag(1)-P(2) 2.4177(12) P(HC(131) 1.824(4)
Ag(1)—N(1) 2.321(2) P(1)yC(121) 1.828(2) Ag(1)—P(1) 2.4219(13) P(2)C(221) 1.810(4)
Ag(1)—P(1) 2.4389(7) P(HC(131) 1.822(2) P(1)-C(121) 1.810(4) P(2)C(231) 1.814(4)
Ag(1)—P(2) 2.4395(7) P(2)C(211) 1.828(2) P(1)-C(111) 1.822(4) P(2)C(211) 1.822(4)
N(1)—C(L 1.126(3 P(2yC(221 1.818(2
cg1§—C((2)) 1-461E4§ P%C&ﬂ; 1-8248 P(2)-Ag(1)-P(1)  156.65(4) C(22BP(2)-C(231) 105.2(2)
P(1)-C(111) 1819(2) C(121)-P(1)-C(111) 105.0(2) C(22BP(2)-C(211) 106.0(2)
C(121)-P(1)-C(131) 104.6(2) C(23BP(2)-C(211) 104.0(2)
N(1)-Ag(1)-P(1)  116.37(6) C(12DP(1)}-Ag(l) 114.52(8) C(111)-P(1)-C(131) 104.4(2) C(22HP(2)-Ag(l) 118.05(14)
N(1)-Ag(1)-P(2)  113.11(6) C(13BDP(1)}-Ag(1l) 108.31(7) C(121)-P(1)-Ag(l) 119.02(14) C(23BP(2)-Ag(1) 113.11(13)
P(1-Ag(1)-P(2)  129.37(2) C(22DP(2)-C(231) 104.31(10)  C(111)}-P(1)-Ag(l) 110.18(14) C(21BHP(2)-Ag(1l) 109.32(14)
Ag(l) -N(1)-C(1) 148.9(2) C(22BP(2)-C(211) 103.04(10)  C(131)-P(1)-Ag(l) 112.45(14)
N(1)-C(1)-C(2)  178.7(4) C(231P(2)-C(211) 105.25(10)

C(111)-P(1)-C(131) 104.42(10) C(22HP(2)-Ag(1) 119.15(7)
C(111)-P(1)-C(121) 104.92(10) C(23BP(2)-Ag(1l) 110.21(7)
C(131)-P(1)-C(121) 105.28(11) C(21HP(2)-Ag(1l) 113.60(7)
C(111)-P(1)-Ag(l) 118.22(8)

Table 4. Atomic Coordinates x10* and Equivalent Isotropic
Displacement Parameters (& 10°) for Selected Atoms ofi

X y z U(eq)
Ag(1) 2644(1) 4837(1) 1249(1) 27(1)
P(1) 1669(1) 3894(1) 1066(1) 24(1)
P(2) 3478(1) 6052(1) 1065(1) 24(1)
B(1) 3442(2) 2789(5) 2395(2) 36(1)
F(1) 3105(1) 3551(2) 2068(1) 51(1)
F(2) 3340(12) 3070(23) 2936(9) 60(6)
F(2A) 3177(6) 2460(19) 2831(6) 55(4)
F(2B) 3560(29) 3287(38) 2874(16) 99(25)
F(3) 3251(12) 1749(16) 2320(13) 86(10)
F(3A) 3499(10) 1955(13) 2019(6) 72(4)
F(3B) 3077(16) 1861(35) 2500(27) 61(14) ) ) o ) )
F(4) 4068(13) 2829(29) 2368(15) 89(15) Figure 1. Diagram showing the cation of-0.5CHCI, with the _
F(4A) 4016(6) 3218(14) 2524(8) 47(6) displacement ellipsoids at 50% probability. The solvent molecule, anion,
F(4B) 3978(29) 2407(67) 2166(19) 95(23) and hydrogen atoms have been omitted for clarity. The numbering

scheme for all the phenyl rings follows the scheme shown for the
mg) handled in a manner identical to that used for the DSC study. numbered ring.
Two overlapping weight loss processes were observed between 85 and
120°C. The total weight loss for both processes was 10.3% (theoretical . .
weight change for complete loss of both @, and CHCN equals yield as a dichloromethane solvate).5CHCl,. The crystals

10.4%). No other processes involving a change in weight were Produced in this fashion are of X-ray quality, allowing for direct

observed up to 216C.

Isolation and Structure of [(PhsP),Ag]BF4 (Il). A small sample
(~250 mg) ofl-0.5CH.CI,, which had been stored for several weeks
as a solid, was redissolved ir-2 mL of CH,Cl,. Hexane was then

confirmation of the structure by crystallography. The unit cell
is composed of eight catieranion pairs and four molecules of
dichloromethane (residing on 2-fold axes). While the solvent
molecules make no short contacts with either the cation or anion,

added dropwise to the cloud point, and the mixture was allowed to the cations and anions appear to be loosely associated via weak
stand at room temperature for a few minutes, resulting in the formation g|ectrostatic interactions. The essential crystallographic details

of X-ray quality crystals. The absence of both the dichloromethane o, he found in Table 1, and the important bond metricals are
solvent and the acteonitrile ligand in this bulk sample was confirmed . .
compiled in Table 3.

by *H NMR and IR spectroscopy. Collection and reduction of the

crystallographic data were performed in a manner identical to that 'H NMR spectroscopy of fresh samplesl é9.5CHCI, shows
described above. Likewise, the structure solution and refinement were the presence of both the acetonitrile and dichloromethane, as
carried out in a similar manner. During the latter stages of refinement, well as the aromatic signals from the phosphine ligands. The
the [BR]~ anion was found to display rotational disorder around the integrated intensities for these signals are in good agreement
B(1)—F(1) vector. The disorder was modeled using three positions with expectations based on the observed solid-state structure.
for each atom of equal (0.33) occupancy. The refinement converged The3p NMR spectrum of consists of a doublet of broad peaks

with residuals of wR2= 0.1316, R1= 0.0604, and GOF= 1.147. centered at 14 ppm. As a result of the broad nature of these
The crystallographlc de_talls are compll_ed in Table 1, and selected atomic peaks, it is not possible to resolve the individt¥hg and1%Ag
coordinates and equivalent isotropic displacement parameters are . .
presented in Table 4. The significant bond metricals are reported in coupling cpnstants, but an average (_:(_)upllng constdad )
Table 5. can be estimated as 404 Hz. In addition to tHeNMR data,
Other spectroscopic and analytical data floiinclude the follow- solid-state IR spectroscopy also confirms the presence of the
ing: mp (uncorrected) 198:0199.5°C; 'H NMR (CDCls;, ppm) 7.55- acetonitrile ligand with absorptions at 2292 and 2258 &m
7.30 m;3P NMR (CDCk, ppm) 14 (d,"Jag—p = 550 Hz): IR (KBr, compared with 2292 and 2252 cinfor pure acetonitrile.
cmt) no absorptions were observed between 2600 and 1600, cm The acetonitrile ligand of, along with the dichloromethane
of solvation, is readily lost from the solid material with no
noticeable decomposition to produce [{PRAQ]BF, (II). This
The reaction of 2 equiv of triphenylphosphine with silver ligand elimination process occurs spontaneously from crystalline
tetrafluoroborate in acetonitrile followed by recrystallization of samples ofl -:0.5CHCI, stored under ambient conditions for
this oil from dichloromethane and hexane produces colorless several days. Alternatively, thermal analysis studies indicate
crystals of [(PBPLAgNCCH][BF 4] (1) (Figure 1) in excellent  that the same result may be achieved by heating the material to

Results
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Table 6. Comparison of Ag-P Bond Lengths for Representative
Aromatic PhosphineSilver(l) Complexe%

compd av Ag-P distance (A) ref
(PhP)AGNO; 2.369 11
[PhPAGCI, 2.382 12
1l 2.4198 this work
(PhPLAGNO; 2.434 10
| 2.4392 this work
[(MessPYRAgQ]™ 2451 5a, 9
[PhPAGIL 2.452 13
(PhPY,AGBr 2.458 14
[(PhPLAGCI] 2.476 14,15
[(PhPYAGBH], 2.496 14
(PhsP:AgBr 2.535 16
[(PhePRAG]BF 4 2.542 17
(PhsP):AgQCI 2.557 16, 18
(PhPRAG(NCS) 2.565 19
Figure 2. Diagram showing the cation df with the displacement [(PhsPXAQINO; 2.567 10a
ellipsoids at 50% probability. The anion and hydrogen atoms have been  (PhP)Ag 2.604 16, 17, 20
omitted for clarity. The numbering scheme for all the phenyl rings  [(PhsP)Ag]* 2.658 10a, 21
follows the scheme shown for the numbered ring. avalues are listed in order of increasing length.

approximately 110C for a short period of time (520 min). ) .
The 'H NMR spectrum of samples df produced by either of Il can be recrystalh;ed repeatedly from &Hb/hexane with
method shows an almost complete loss of the signals attributablen© apparent degradation.
to the acetonitrile and the dichloromethane. The IR absorptions As the highly crystalline nature of these two structurally
due to the acetonitrile ligand are also absent from these samplestelated compounds offers a unique opportunity to examine how
The 3P spectrum of these samples remains a broad doubletcoordination number and geometry affect the meligland
centered at 14 ppm; however, the peak widths narrow slightly, bonding, we undertook crystallographic studies of both species.
and the averaged AgP coupling constant increases to 530 Hz. The Ag—P bond distances ih 2.4395(7) and 2.4389(7) A, lie
Recrystallization of cruddl from CH.Cl./hexane yields at the short end of the range observed to date for silver
colorless X-ray quality crystals. After recrystallization, no phosphine complexes (Table 6) and, interestingly, are measur-
signals attributable to either acetonitrile or dichloromethane are ably shorter than those observed for the two-coordinate complex
detectable by!H NMR. The doublet observed in th&P Il (av 2.451 A)52° The loss of the nitrile ligand causes a small
spectrum remains centered at 14 ppm, with a further decreasecontraction of the Ag-P distances inl to 2.4177(12) and
in peak widths and a concurrent increase in the-Rgcoupling 2.4219(13) A. This latter pair of values is among the shortest
constant to 550 Hz. The structure &f was confirmed that have been observed for silvgghosphine complexes, with
crystallographically (Figure 2). As with, the unit cell ofll the most comparable distances being monophosphine complexes
consists of eight weakly associated cati@mion pairs. The  such as [P¥PAQCI]s (2.382 A) and P§PAgNG; (2.369 A).
key crystallographic parameters forare compiled in Table 1,  Sincell andlll are essentially structural analogues (vide infra),

and the important bond metricals are listed in Table 5. differing primarily in the identity of the aryl groups on the
_ _ phosphine ligands, the difference in bond lengths between these
Discussion two complexes (0.031 A) can be taken as a measure of the bond

Upon removal of the acetonitrile, a 2:1 mixture of triphen- lengthening caused by the steric repulsion of the methyl groups

ylphosphine and silver tetrafluoroborate initially yields an oily N the MesP ligand. _ _

semisolid material, which we were not able to identify unam- _In contrast to the short AgP bonds irl, the Ag-N distance
biguously but which most likely has the general formulation (2-321(2) A) is significantly longer than that observed for [Ag-
[(PhsPLAG(NCCHy),JBF4, n = 0—2. Recrystallization of this ~ (NCCHs)al[BF4] (2.266 A)? the only other structurally char-
material from CHCl,/hexane produces crystalline samples of acterized nitrile complex of silver. The weak nature of this
1-0.5CH,CI, in essentially quantitative yield. Allowing a solid  interaction is supported by the solid-state IR data, which show
sample ofl -0.5CHCI; to stand for several days or heating it to
approximately 110C for a short time leads to a loss of both  (11) Stein, R. A.; Knobler, Clnorg. Chem.1977 16, 242-245.

the NMR and IR signals associated with the acetonitrile and 83; 180, B gz:gg;:zg’ J gg;g' gﬂgﬁig;g 0 gigigigg'
dichloromethane. This conversion bto Il takes place with (14) Bow'maike'r', G. A; Efféndy; Harina, J. V.; HeaI)}, P.C.; Skeiton, B.
no noticeable decomposition; moreouéris stable indefinitely, W.; White, A. H.J. Chem. Soc., Dalton Tran$993 1387-1397.
even if no precautions are taken to protect it against light or (ig) (E:assler!h gtACLtaMC_rﬁta'l'09;-187_9PBE°’,5 kl7\/4_ A17_7V-Vh.t N
atmospheric moisture. The high degree of stability found for (16) Cﬂgﬁﬂagrsi 40, 1'{373561836’. o atei - A e, A, BUSE 5.

Il is somewhat surprising in light of the reported light sensitivity (17) Camalli, M.; Caruso, Anorg. Chim. Actal987, 127, 209-213.

of other low-coordinate silver complexes such as [(AP3s (18) Cassel, AActa Crystallogr.1981, B37, 229-231. _

AgJPFs (Il )° and (PBP}AGNO; (N = 1—4)1° Indeed, samples 1% gfyg‘;{ggﬁ' 1%5(? %”ézHigKé'fg’sggmar' K., Farina, V. Baba¢ta
(20) Hibbs, D. E.; Hursthouse, M. B.; Malik, K. M. A.; Beckett, M. A;;

(9) (a) Alyea, E. C.; Ferguson, G.; Somogyvari, lAorg. Chem.1982 Jones, P. WActa Crystallogr 1996 C52, 884-887.
21, 1369-1371. (b) Alyea, E. C.; Dias, S. A.; Stevensi®rg. Chim. (21) (a) Engelhardt, L. M.; Pakawatchai, C.; White, A. H.; Healy, PJ.C.
Acta 1980 44, L203—-L204. Chem. Soc., Dalton Tran4985 125-133. (b) Cotton, F. A.; Luck,
(10) (a) Barron, P. F.; Dyason, J. C.; Healy, P. C.; Engelhardt, L. M,; R. L. Acta Crystallogr.1989 C45 1222-1224. (c) Bowmaker, G.
Skelton, B. W.; White, A. HJ. Chem. Soc., Dalton Tran4986 A.; Healy, P. C.; Engelhardt, L. M.; Kildea, J. D.; Skelton, B. W.;
1965-1970. (b) Harker, C. S. W.; Tiekink, E. R. Acta Crystallogr. White, A. H. Aust. J. Chem199Q 43, 1697-1705.

1989 C45 1815-1817. (22) Jones, P. G.; Bembenek, E. Kristallogr. 1993 208 213-218.
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Figure 3. Diagram showing the relative orientation of the silver atom,
the acetonitrile ligand, and the [BF ion in the solid state for-0.5CH-
Cl,. Only the ipso carbons of the phenyl rings are included for clarity.
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similar to that observed in (BRAgBr. The behavior of the
silver—fluorine interaction also supports the proposed bonding
model. The shortest AgF distance il (2.65 A) is significantly
larger than the sum of the covalent radii (2.082R)Further-
more, in contrast to the decrease in-Ag distances seen moving
from | to Il, the shortest AgF distance actually increases
slightly to 2.67 A. If the Ag-F interaction were of a dative
nature (like the Ag-P interactions), it is reasonable to expect a
shortening of this distance rather than the observed effect. The
electrostatic model presented here is in apparent conflict with
the dative model previously invoked for [()sAgIBF4 (1V).17
However, comparison of the two structures indicates that the
interaction inlV is more directional and hence probably more
dative in nature than that observed for While the Ag-F
distance inlV (2.82 A) is slightly longer than that observed
for 1, IV displays a greater degree of pyramidality thanThe
sum of the angles around the silver atorm\Vihis only 353.2,

and the Ag atom is displaced more than twice as far (0.39 A)
from the P-P—P plane, with the direction of the displacement

The dashed lines indicate the closest contacts between the fluorine atomg)eing toward a fluorine atom.

and the silver and hydrogen atoms of the acetonitrile ligand.

very little shift in the C-N stretching frequencies in comparison

In light of the weak nature of the dative Ad\N bond inl
and the electrostatic nature of the silvéluorine interactions
in both I and Il, we decided to probe the coordination

with those for pure acetonitrile, and the ease by which the ligand environment of the silver atom in solution for both species using

is lost from the metal center’s coordination sphere. Another
interesting feature of the AgN bonding is the significant
deviation of the Ag-N—C bond angle (148.9(2)from linearity.
This nonlinearity is contrary to expectations based on simple
hybridization arguments and the bond angles observed forf(CH
CN)4Ag]™, which range from 1663to 179.7. The key to

3P NMR. Bothl andll display almost identical spectra in
chloroform consisting of a single broad doublet centered near
14 ppm. Interestingly, while the chemical shift is invariant,
the average AgP coupling constant is extremely sensitive to
both the identity  vs II') and history of the sample. Freshly
crystallized samples dfdisplay the smallest coupling constant,

understanding this unusual feature is to consider the relative 404 Hz; however, the coupling constant increases as the material

locations of the cation and the anion in the solid state. The
bend in the Ag-N—C angle is such that the acetonitrile moeity
is canted in the direction of the [BF anion (Figure 3). The

ages and loses the acetonitrile ligand from the silver’'s coordina-
tion sphere. Samples that are 2 weeks old, which show only
a small percentage~(6%) of the original acetonitrile byH

resulting orientation produces a short intermolecular contact NMR, typically display a coupling constant of approximately

(2.65 A) between one of the slightly acidic methyl protons of
the acetonitrile ligand and a fluorine atom of the [BFanion.

This distance is within the range expected for hydrogen
bonding?® hence, it seems logical to attribute this structural

530 Hz. Recrystallization of such “aged” samples to produce
Il results in a complete removal of any residual acetonitrile and
an increase in the coupling constant to its maximum value of
550 Hz. This process is, in principle, reversible, and indeed,

feature to hydrogen bonding rather than any unusual electronicthe addition of aliquots of acetonitrile to solutionslbfcauses

interaction between the ligand and the metal center.
As is often the case for weakly coordinating anions such as

tetrafluoroborate, the assignment of the coordination number

(and geometry) of the metal centerslimnd |l is somewhat

ambiguous. This problem arises because the anion’s position

relative to the cation indicates some form of weak interaction
between the two ions; however, it is possible to interpret this
interaction as either a very weak dative bond or simply an
electrostatic attraction. In the cases of bb#ndll, we favor

the latter interpretation for several reasons. Discounting the
[BF4]~ anion, the coordination geometry at the silver atorh in
is essentially trigonal planar. The silver atom lies only slightly
(0.15 A) above the PP—N plane, and the sum of the angles
around the silver atom is 358.81n a similar vein, the PAg—P

in 1l (156.65(49) is significantly larger than that observed in
three-coordinate species such as sfAgBr (124.14(5)).
Indeed, the angle observedlinis most similar to that observed
in its gold analogue [(PJP)AU]BF4 (167.3(1%).2* It is also
worth noting that the PAg—P angle inl (129.37(2)) is very

(23) (a) Pimentel, G. C.; McClellan, A. LThe Hydrogen Bondw. H.
Freeman: San Fransisco, 1960; pp 2893. (b)International Tables
For X-ray Crystallography MacGillarry, C. H.; Rieck, G. D., Eds.;
D. Reidel Publishing: Dordrecht, 1985; Vol. lll, p 273.

(24) Wang, J.-CActa Crystallogr.1996 C52 611-613.

a gradual broadening of the peak widths and a decrease in the
Ag—P coupling constant. When sufficient acetonitrile has been
added (2-3 equiv), the signals collapse into a very broad singlet
still centered at 14 ppm. Consistent with this result, only a
broad singlet is observed when a spectrurhafll is measured
in CDsCN. The broad nature of the phosphorus signals observed
for I andll is consistent with a ligand exchange process that is
reasonably fast in relation to the NMR time scale. The solvent
dependence of this exchange process seems to indicate that it
involves the binding of an external Lewis base to the silver
center to create an intermediate of increased coordination
number. These observations are similar to those reported by
Muetteries and Alegranti in their study of low-coordinate sitver
phosphine and silverphosphite complexes in solutigh.
Silver—phosphorus coupling constants have been used by
several research groups to examine the coordination geometry
around the silver center both in solution and the solid
state91014.17.2627 | g|| these studies, the magnitude of this
coupling constant is negatively correlated with the coordination
number of the silver center. The value observed|fo(530
Hz) agrees well with that seen for other two-coordinate species,

(25) Bondi, A.J. Phys. Chem1964 68, 441-451.
(26) Muetterties, E. L.; Alegranti, C. W. Am. Chem. So&972 94, 6386
6391.
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such aslll (552 Hzf" and [(p-TokP)LAg]™ (496 Hz)%6 In
contrast, fresh samples bfyield a coupling constant (404 Hz)
closer to those seen for (BAgBr (394 Hz)}* and [(PRP)-

Bachman and Andretta

Table 7. Comparison of Average MetaPhosphorus Bond
Lengths (A) for Pairs of Structurally Related Complexes of Gold
and Silver

Ag]BF,4 (318 Hz)17 while aged samples df (which contain structure type Ag Au  A® ref (Ag/Au)
small amounts of CECN) show an intermediate value. On the Coord. No.= 4
basis of these data, it is reasonable to conclude that contact[(PhsPuM]* 2.658 2.532 0.126 10a, 21/28
between the [BE~ anion and the silver center is lost on  (PhP)MCI 2557 2410 0.147 16,18/29
dissolution of the solid material, producing three- and two- (Ph‘PkM('\iCS/SCN)’ 2565 2.396 0169 19/30
, . . . [(dppexM] 2,515 2400 0.115 31/32

coordinate cations fol and Il, respectively. Such solution Coord. No— 3
behavior is consistent with the electrostatic solid-state model [(PRaPLM] * 2842 2384 0158 10a.17/33
presented above. (PhsP):MBr 2458 2323 0.135 14/34

As noted earlier]l bears a strong structural similarity to its ~ [N(CH.CH,PPB)M]* 2.464 2.360 0.104 35/35
gold analogue [(P#PRAU]X (X = BFs ", PR, NO37), 242" Coord. No.=2
offering an additional experimental opportunity to test the idea [(PhsP)M]* 2.420 2.315 0.105 this work/25, 27
recently proposed by Schmidbaur et al. that the covalent radius [('\/|<353|:‘)z|\/|]++ 2451 2352 0.099 58, 9/5a
of gold is smaller than that of silver. Comparison of the average %EEM\F’J;&W] 3'2%86 gggg 8'285 gg//g;
M—P bond distances (Table 7) for the [@PhAu]* cations and [(tcg%kM]+ 23832 2314 0069 40/41
for Il reveals that the average Ag bond length is indeed 0.105  [(dmpm)M,]?* 2.383 2298 0.085 42/43
A longer than the average AP bond length. This difference  PRPMNO; 2,369 2204 0.165 11/44

is similar to that reported for the corresponding [(MR@BM] *
cation$? (0.088 A) as well as the value reported on the basis
of relativistic theory (0.093 Aj>

If the trend seen for the BR and MegP systems is indeed
due to gold having a smaller covalent radius than silver, a similar
trend should be observed for all isostructural complexes of gold
and silver, regardless of coordination geometry. To test this
hypothesis as fully as possible, we have conducted a search o
the Cambridge Structural Database for isostructural pairs of
silver and gold phosphine complexes with coordination numbers
ranging from 2 to 4. Before discussion of the results of this
search, it is worth examining at least one of the criteria used in
the selection of the isostructural pairs. Comparison of the Ru
bond lengths in the three structures determined forsfh

(27) Staples, R. J.; King, C.; Khan, Md. N. |.; Winpenny, R. E. P.; Fackler,
J. P., JrActa Crystallogr 1993 C49, 472-475.

(28) Jones, P. GJ. Chem. Soc., Chem. Commu938Q 1031-1033.

(29) Jones, P. G.; Sheldrick, G. M.; Muir, J. A.; Muir, M. M.; Pulgar, L.
B. J. Chem. Soc., Dalton Tran&982 2123-2125.

(30) (a) Muir, J. A.; Muir, M. M.; Arias, S.; Campana, C. F.; Dwight, S.
K. Acta Crystallogr.1982 B38 2047-2049. (b) Muir, J. A.; Muir,

M. M.; Arias, S.; Jones, P. G.; Sheldrick, G. Morg. Chim. Acta
1984 81, 169-174.

(31) Harker, C. S. W.; Tiekink, E. R. T. Coord. Chem199Q 21, 287—
293.

(32) Bates, P. A.; Waters, J. Nhorg. Chim. Actal984 81, 151—-156.

(33) Jones, P. GActa Crystallogr.198Q B36, 3105-3107.

(34) Bowmaker, G. A.; Dyason., J. C.; Healy, P. C.; Engelhardt, L. M.;
Pakawatchai, C.; White, A. Hl. Chem. Soc., Dalton Tran4987,
1089-1097.

(35) Khan, Md. N. I.; Staples, R. J.; King, C.; Fackler, J. P., Jr.; Winpenny,
R. E. P.Inorg. Chem.1993 32, 5800-5807.

(36) Jones, P. &Z. Kristallogr. 1995 210, 896.

(37) Guy, J. J.; Jones, P. G.; Sheldrick, G.Atta Crystallogr.1976 B32
1937-1938.

(38) Camalli, M.; Caruso, Anorg. Chim. Actal988 144, 205-211.

(39) (a) Cooper, M. K.; Dennis, G. R.; Henrick, K.; McPartlin, Morg.
Chim. Acta198Q 45, L151-L152. (b) Muir, J. A.; Muir, M. M;
Pulgar, L. B.; Jones, P. G.; Sheldrick, G. Kcta Crystallogr.1985
C41, 1174-1176.

(40) Liu, C. W.; Pan, H.; Fackler, J. P., Jr.; Wu, G.; Wasylishen, R. E.;
Shang, M. JJ. Chem. Soc., Dalton Tran&995 3691-3697.

(41) Khan, Md. N. I.; King, C.; Fackler, J. P., Jr.; Winpenny, R. E. P
Inorg. Chem.1993 32, 2502-2505.

(42) Karsch, H. H.; Schubert, (Z. Naturforsch 1982 B37, 186-189.

(43) (a) Payne, N. C.; Puddephatt, R. J.; Ravindramath, R.; Treurnicht, I.
Can. J. Chem1988 66, 3176-3183. (b) Perreault, D.; Drovin, M;
Michel, A.; Miskowski, V. M.; Schaefer, W. P.; Harvey, P. Dorg.
Chem.1992 31, 695-702.

(44) (a) Barron, P. F.; Engelhardt, L. M.; Healy, P. C.; Oddy, J.; White,
A. H. Aust. J. Chem1987, 40, 1545-1555. (b) Wang, J.-C.; Khan,
Md. N. I; Fackler, J. P., JActa Crystallogr.1989 C45 1008-1010.

aA = dag-p) — dau-r). ® These two complexes are linkage isomers
with the following connectivity: AgNCS and AuSCN.

Au]*, differing only in the identity of the counterion, shows a
maximum bond length variation of 0.013 A, while the two
structural studies of [(MeP)»Ag] ™", also differing only in the

t(ilounterion, show a similar result (0.020 A). These anion-related

ifferences are much smallex25%) than the differences
arising from the identity of the metal atom (Ag vs Au). On the
basis of these data, it seems reasonable to assume that the
identity of a noncoordinated anion does not significantly affect
the M—P bond lengths and therefore that the identity of the
anion may be disregarded. Likewise, as long as there are no
significant sub-van der Waals contacts, the solid-state packing
does not seem to affect the MP bonding significantly.
Therefore, the pairs of compounds do not need to be isomor-
phous in order to make a useful comparison. Using these
criteria, the database search yielded 13 pairs of isostructural
complexes (Table 7). These results include two pairs of
complexes that are not perfectly isostructural. (1) The two
complexes incorporating the thiocyanate ligand are “linkage
isomers”, and 2) the RRAUNG; is strictly two-coordinate,
while the corresponding silver complex forms additional long
Ag—O interactions. However, these two pairs of complexes
were included because the bond lengths as well as the bond
length differences observed for them are consistent with those
seen in the other pairs. Overall, the observed-Ribond length
is indeed shorter than the correspondingAgbond length with
the differences ranging from 0.065 to 0.169 A and an average
difference of 0.120 A. Considering the diversity of structures
represented in this collection, the average value agrees very well
with the theoretical prediction (0.093 A), which is based on a
linear two-coordinate model. Indeed, if only the truly two-
coordinate complexes (i.e., excluding thezPKNO; com-
plexes) are considered, the average value for the difference is
0.093 A, in perfect agreement with theory.

Conclusions

This work shows that it is possible to prepare and isolate
low-coordinate phosphine complexes of silver(l) without the
use of sterically bulky ligands. Furthermore, such coordinatively
unsaturated complexes can persist in solution indefinitely in the
absence of any additional Lewis bases. In light of this finding,
we are presently investigating the useldndll as synthons
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