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Introduction

mmol) in acetone (15 mL). The solution was stirred foh before
removing the solventn vacua The white oily solid was washed
several times with pentane, and the washings were discarded. The oil
was dissolved in dichloromethane (10 mL), and pentane was added
until the solution turned cloudy, whereupon the solution was stoppered
and placed in the freezer. A white solid formed, which was isolated
by filtration and driedin vacua (0.46 g, 45%). Anal. Calcd for
CaHeoAQBF,Shy: C, 26.2; H, 5.5. Found: C, 26.6; H, 6.0H NMR
(CDClg): 6 1.3 (br). Am (CHCly) = 27 Q* cn¥? mol™%.

The other complexes were prepared by the method described below.

[Ag(Me,Sb(CH,)sSbMe,),]BF 4. A solution of AgBF, (0.194 g, 1.0
mmol) in acetone (5 mL) was added in the dark to ice-cold:3he
(CH,)sSbMe: (0.7 g, 2.0 mmol) in acetone (10 mL). The solution was

We recently reported the Synthes|s and properties of a rangestirred fa 1 h and filtered before remOVing the solvémtvacua The

of homoleptic copper(l) stibine complex&s) which variable-
temperature NMR studies mainly utilizing tA&u nucleus were
used to confirm the presence of tetrahedral [Cu(§iR or
[Cu(L-L)2]" (L-L = R;Sb(CH)3SbR,, R = Me or Ph, etc.)
cations in solution. A comparison with related phosphine and
arsine complexes [Cul" (L = PRs, AsRs) showed that the

solid was washed with pentane, driecvacuq and placed immediately
in the freezer (0.6 g, 68%). Anal. Calcd forn#s:AgBF,Shy: C,
19.0; H, 4.1. Found: C, 18.7; H, 3.72H NMR (CDCh): ¢ 1.1 (s)
[2H] 1.3—1.7 (m) [H]. FAB mass spectrum (3-NOBAz found
M* 992, 798, 453; calculated for [A@--L),BFs]* 992, [Ag(L-L);]*
797, [Ag(L-L)]" 453 (based upoif®Ag, *?1Sb, 19B).

[Ag(SbPhs)4BF4. Yield: 70%. Anal. Calcd for @&HecAgBFs-

tendency to dissociate ligand in solution decreased in the ordersh,: C, 53.3; H, 3.7. Found: C, 53.3; H, 3.7A, (MeNQy) = 71

PR: > AsR; > SbR.! Here we report our studies of some
silver(l) stibines using®Ag NMR spectroscopy as the major
solution probe. Few reports of homoleptic silver(l) stibines have
been published? although phosphine and arsine analogues are
well-known and the tetrahedral cations [Ag(RRh+ and
[Ag(AsPhs)4] T have been structurally characteriZed.

Experimental Section

Physical measurements were made as described elseWwiSdrer-
109 NMR spectra were recorded at 16.75 Midnd copper-63 NMR
at 95.5 MHz on a Bruker AM360 and referenced to 9.1 mol&m
AgNO;s in DO (+47 ppm from the Ag resonance at infinite dilutiof)
and [Cu(MeCN)]* (0 ppm) in MeCN at 300 K, respectively. Molar
conductivities are reported for 1®mol dn3 solutions.

Q1 cn? molL.

[Ag(SbPhMe)4BF.. Yield: 70%. Anal. Calcd for GHs.Ag-
BF,Shy: C, 45.9; H, 3.8. Found: C, 45.8; H, 3.1H NMR (CDClL):
0 1.3(s) [3H], 7.2-7.6 (m) [10H]. Am (MeNG,) = 74 Q1 cn¥? mol™2.

[Ag(SbPhMey)4|BF4. Yield: 65%. Anal. Calcd for GHas
AgBF:Shy: C, 34.6; H, 4.0. Found: C, 34.6; H, 4.1'H NMR
(CDCly): 6 1.1 (s) [6H], 7.2-7.6 (M) [5H]. Am (MeNQ,) = 76 Q1
cm? mol~2.

[Ag{ SbMey(0-CeH4Br)}4]BF4.  Yield: 70%. Anal. Calcd for
CaHi0AgBBrFsShy: C, 26.9; H, 2.7. Found: C, 26.8; H, 2.2H
NMR (CD.Clp): 6 1.1 (s) [3H], 7.27.5 (m) [2H].

[Ag(Ph2Sb(CHy)sSbPhy),BF4.  Yield: 72%. Anal. Calcd for
CssHs,AgBFsShy: C, 46.9; H, 3.8. Found: C, 47.0; H, 3.7H NMR
(CDCly): 6 2.2 (m) [3H], 7.2=7.4 (m) [10H]. Am (MeNO,) = 72
Q- 1cnm?mol~t. FAB mass spectrum (3-NOBA)z found M 1293,

Complexes were made under a dinitrogen atmosphere and the701; calculated for [Ag(L-Lj]* 1293, [Ag(L-L)]* 701.

silver(l) complexes stored in sealed containers wrapped in aluminum
foil in a freezer.

[Ag(SbMe3)4|BF4. A solution of AgBR (0.195 g, 1.0 mmol) in
acetone (5 mL) was added in the dark to an ice-cold solution of gbMe
(ca. 6 mmol) in diethyl ether (60 mL). The solution was filtered, the
solvent removedh vacug and the white solid placed immediately in
the freezer. (0.45g, 53%). Anal. Calcd for:B:6AgBF:Shy: C, 16.7,

H, 4.2. Found: C, 16.2; H, 4.2!H NMR (CDCl): ¢ 1.1 (s). Anm
(CH,Cl,) = 26 Q7 cn? mol™™.

[Ag(SbEts)4BF4. A solution of AgBFR (0.194 g, 1.0 mmol) in

acetone (5 mL) was added in the dark to ice-colgSBt(0.84 g, 4.0
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[Cu(SbPhMe,)4]PFes. A solution of ligand (0.69 g, 3.0 mmol) in
dichloromethane (10 mL) was added to a solution of [Cu(MefN5;
(0.38 g, 0.75 mmol) in dichloromethane (10 mL). The mixture was
refluxed for 20 min and cooled, and diethyl ether (50 mL) was added.
The solution was reduced in volume to approximately 20 mL. The
off-white precipitate formed was isolated by filtration, dri@dvacuq
and recrystallized from dichloromethandiethyl ether. Yield: 59%.
Anal. Calcd for GH4CuRPSh: C, 34.1; H, 3.7. Found: C, 34.1;
H, 3.9. H NMR (CDCl): 4 1.15 (s) [6H], 7.3-7.4 (m) [5H].

[Cu(SbPhMe)4)PFs.CH.Cl,.  Yield: 60% Anal. Calcd for
Cs3Hs«ClL,CuRPSh: C, 43.7; H, 3.7. Found: C, 44.1; H, 4.0H
NMR (CDCls): 6 1.3 (s) [6H], 5.3 (s) [H], 7.257.4 (m) [20H].

[Cu{SbMey(0-CeH4Br)}4]PFe. Yield: 65%. Anal. Calcd for
CaoHaBrsCurPSh: C, 26.7; H, 2.8. Found: C, 26.7; H, 3.00H
NMR (CD.Cly): ¢ 1.15 (s) [3H], 7.17.5 (m) [2H]

X-ray Structure Determination of [Ag(SbPhz)sBF4CH.Cl.
Suitable air-stable colorless crystals were obtained frorsGGH diethyl
ether mixtures and mounted directly from the mother liquor in a cold
dinitrogen gas stream (150 K) on a Rigaku AFC7S diffractometer.
Selected experimental parameters are given in Table 1. Cell dimensions
were obtained from 25 carefully centered reflections (43.20 <
44.9). Atotal of 9555 reflections were recorded£4260 < 45°) using
Mo Ko X-rays and a graphite monochromator, and during the data
processing, intensities were corrected for decay (1%) using the check
reflections and for absorption using-scan data. The structure was
solved by direct methodgo locate non-H atoms, and at a later stage

(8) teXsan: Single Crystal Structure Analysis Softwaréersion 1.7;
Molecular Structure Corp.: The Woodlands, TX 77381, 1995.
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Table 1. Crystallographic Data for [Ag(SbB]BF4CH.Cl. /)

mol formula  GaHeoAgBF:Sh-CH,Cl, T, K 150 s ~N
fw 1606.94+ 84.93 d(calcd), gcm?® 1.678 Y C<42)ﬂ
space group P2y/c (No. 14) z 4 C(44)5 =0
a A 12.134(2) A(MoKo), A 0.710 69 cusy <X
b, A 23.374(2) u, et 20.10 ‘
¢ A 23.602(2) Re 0.029 (R C(50) s
8, deg 90.67(1) R 0.027 Y )
v, A3 6693(1) @9’” C(49) N )\)
(=
AR = 3|[Fol — IFdl/ZIFol. Ry = [SW(Fo — F)FSWFAY. = \X }L cas) o)
C(14) D

Table 2. %Ag and®Cu NMR Data

complex 5(°Ag)? comments r\/f\_'(ﬂ) (
J

[Ag(SbMes)4|BF,4 1085 Q = >/
[Ag(SbEt)4]BF 1031 c® (20) j
[Ag(SbMePh)|BF, 1113 1188 at 180 K ¢
[Ag(SbMePh),|BF, 1119 1185 at 180 K ) Ne()
[Ag{ SbMe(0-CeH4Br)}JBF, 1082 N fC) e
[Ag(SbPh).|BF 1166 1193 at 180 K o C‘ c(62)
[Ag{Me,Sb(CH)sSbMe},]BF, 1120 B
[Ag(ASPhy)4|BF 4 1056 Q W
[Ag(PPh)4|BF.° 1124 4
%gﬂggmgggﬁig _%?é gfggzy) _%gg gi 122& Figure 1. View of the cation in [Ag(SbP§4]BF4CHxCl, showing

Cuf SbMe(0-CeH4B)1 4P —190 (24003 —164 (550) at 185 K the atom-numbering scheme. H atoms have been omitted for clarity,

[Cul &(O-CeHaBO}IPFs (2400) (550) and the thermal ellipsoids are drawn at the 40% probability level.
a|n CH,Cl,—10% CDCl, at 300 K all resonances are singlets. Shifts

relative to 9.1 M AgNQ in H,0. ?31P{1H} NMR: at 300 K,0 = +5 Table 3. Selected Bond Lengths (A) and Angles (deg)

(s); at 180 K,0 = +5.75, two doubletsiJ(**°Ag—3'P) = 260 Hz, Sb(1)-Ag(1 2 7297(6 Sh(3}Aq(1 2 7227(6
1J(9%Ag—31P) = 230 Hz.¢§(%%Cu) relative to [Cu(MeCNJBF, in SbEZ)):Ag&g 2:7269§63 Sbg?l-})Agglg 2:7200263
MeCN at 300 K,wy; in parentheses/Hz.

Sb-C 2.126(6)-2.143(6) B-F  1.29(1)}-1.32(1)
the methylene chloride of solvation became apparent. Hydrogen atoms C—C (phenyl)  1.35(1)1.41(1)
were introduced in calculated positions_ wBH) = 1.23eq(_C) where Sh(1)-Ag(1)-Sh(2) 109.67(2) Sb(®Ag(1)-Sb(3) 110.56(2)
C is the bonded C atom. Full-matrix least squérasing 6435 Sb(1)-Ag(1)-Sh(3) 108.76(2) Sb(2Ag(1)—Sh(4) 108.34(2)
reflections { > 3¢(l)) and 766 refined parameters convergedte Sb(1)-Ag(1)-Sb(4) 110.95(2) Sb(3)Ag(1)—Sbh(4) 108.56(2)
0.029. Full listings of crystal data, atomic coordinates and thermal
Fﬂa;gamz:;r;, and bond lengths and angles are given in the SUpport'n%orresponding gold(l) cation [Au(SbBE* is knowr® (Au—

' Sh = 2.647(1)-2.655(1) A), and the closest copper analogue
appears to be [Cu(ShR]" (R = p-CeHsF)® (Cu—Sb =
2.547(1), 2.556(1) Aj.

[AgL 4]BF4 (L = SbMe;, SbEg, SbMePh, SbMePh SbPh, The 19%Ag NMR spectra of the [Ag(Sb#4]BF; complexes
SbMe(0-CeH4Br)) and [Ag{ R.Sb(CHy)3SbRy} 2]BF4 (R = Me, in CHxCI, at 300 K (Table 2) consist of single resonances in
Ph) (Table 2) were obtained by reaction of anhydrous AgBF the ranged ca. 1030-1170. Marked high-frequency shifts of
with the appropriate ligand in acetone or dichloromethane. All the resonances occur on cooling, an effect observed in other
are air-stable white solids, soluble in chlorocarbons, MeCN, and Ag(l) complexe€ The resonances were not affected by addition
MeNQ,. Several of the complexes are light sensitive, darkening of excess of the corresponding free ligand, showing that
slowly in the solid state and more rapidly in solution when dissociation to lower coordination number species was not
exposed to fluorescent laboratory lighting. For the [Ag(§8R significant. The complex [AgMe,Sb(CH,)sSbMey} 2]BF 4 had
cations, FAB mass spectra (3-NOBA matrix) revealed a similar 6(*°°Ag) of 1120 consistent with an Ag$lzenter,
[Ag(SbRy),]* (n= 1, 2, 3) but no tetrakis(stibine) ions, similar  but despite several attempts at different temperatures, a convinc-

Results and Discussion

to the results with the corresponding copper(l) compléxEse ing resonance was not observed from ACH solutions of
FAB spectrum of [AgPhSb(CH)3:SbPh} ;]BF4 showed [Ag(L- [Ag{ PhSb(CH)3SbPh} 7]BF4. This may be in part due to poor
L)n]* (n=1, 2) ions, while that of [AgMe,Sb(CH,);SbMe)} 2] solubility but may also reflect ligand exchange processes (cf.

BF; showed similar fragment ions and a significant feature ref 6).
corresponding to [AgL-L),BF4]*. The presence of the latter The%Ag chemical shifts of [Ag(AsP{|BF. and [Ag(PPB)d]-
suggests that these distibine complexes may be polymeric.  BF4 were unaffected by the presence of excess ligand, although
The structure of [Ag(SbRJ]BF4-CH,Cl, consists of discrete  the phosphine complex did not exhibit ar§”1%Ag—3'P
cations containing the tetrahedrally coordinated Ag ion (Figure coupling at room temperature, consistent with fast exchange
1) as well as the BF anion and solvate molecule. There is demonstrated previously ByP NMR spectroscop¥* TheH
no crystallographic symmetry imposed on the cation, but NMR spectra at 300 K (Experimental Section) are unexcep-
inspection of the AgSb distances and SAg—Sb angles  tional. For complexes of the SbfMes - (n = 1, 2) ligands,
(Table 3) shows values close to ideal. The only other-&f addition of the appropriate free ligand results in a sirige)
distances reportéd(2.679(1), 2.711(1) A) are found in a resonance, consistent with fast exchange. Cooling the solutions
carborane species and are a little shorter than those in the presertp —95 °C failed to resolve separate resonances for bound and
compound. Several examples of structurally characterized

[Ag(EPhs)4] ™ cations (E= p4 ASS) have been reported. The (10) Vicente, J.; Arcas, A.; Jones, P. G.; Lautned.Zhem. Soc., Dalton
' Trans.199Q 451.

(11) (a) Muetterties, E. L.; Alegranti, C. W. Am. Chem. S0d.972 94,

(9) Park, Y.-W.; Kim, J.; Do, YInorg. Chem.1994 33, 1. 6386. (b) Socol, S. M.; Verkade, J. Gorg. Chem1984 23, 3487.




3430 Inorganic Chemistry, Vol. 35, No. 11, 1996 Notes

free ligands, indicating that exchange was fast down to low to steric effects, both the reduced cone angles along the series
temperatures. From the¢d and19°%Ag NMR results, it seems  PR; > AsR; > SbR; (fixed R) and the larger radius of Ag(l)
that while ligand exchange is facile in thes®¥ dystems as  compared to Cu(l). However, the weaker donor power of stibine

expected, the equilibrium [Ag(SBR]™ = [Ag(SbRs)3]t + ligands may also reduce the tendency to dissociation from these
SbR; lies well to the left. electron-rich metal centets.

Data on three further examples of [Cu(ShffPFs complexes Acknowledgment. We thank the EPSRC for support
are included in Table 2; generally their spectroscopic properties (A.M.H.), access to the Chemical Database Service at Dares-
are similar to those reported previoudlyHowever, the®3Cu bury, and funds to purchase the X-ray diffractometer.

resonance of [GisbMe(0-CsH4Br)} 4]PFs was unusually broad i i . -
at room temp[eciature,Qf)ut i?[ SAhazi)Ae]neFfi both on cool%ng and in § Supporting Information A_vallfslble: Ll_stlngs of complete crystal

L L S ata and structure determination details (Table S1), non-hydrogen
the presence c_)f ad‘?'ed S_t'b'ne' Th's IS the first indication of a positional and thermal parameters (Tables S2 and S3), hydrogen
tendency to dissociate ligand which is suppressed by excess)gsitional and thermal parameters (Table S4), bond lengths (Table S5),
ligand" and may reflect the steric crowding produced by the and bond angles (Table S6) (11 pages). Ordering information is given
o-bromo substituent. [Cu(PBBIPFs and [Cu(AsPk)4]PFs both on any current masthead page.
show significant ligand dissociation in solution, in marked 1C9515618
contrast both to their silver analogues and to the stibine
complexes of both metal ions. This may be attributed largely (12) Champness, N. R.; Levason, Woord. Chem. Re 1994 133 115.




