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Homoleptic copper(l) and silver(l) complexes [M(LAX (M = Cu, X = PR;; M = Ag, X = BF4 L-L =
0-CeH4(EMe),; E = S, Se, Te) have been prepared and characterized by analysis, FAB mass spectrometry, and
multinuclear NMR spectroscopyH, 7’Se,125Te, %3Cu, 19%Ag). Variable-temperature NMR studies have been
used to probe various exchange processes occurring in solution. Single-crystal X-ray structural studies show that
the Cu(l) complexes [Qu-CsHa(SeMe)} 2]PFs [trigonal, a = 13.29(2),c = 65.97(2) A, R8¢, Z = 18] and [Cu-
{0-CsHa(TeMe)} 5]PFs [trigonal, a = 13.632(6) A,c = 67.983(4) A,R3c, Z = 18] are isostructural and exist as
mononuclear species with chelating bis(seleno- and bis(telluroethers), respectively, whereas the single-crystal
structure of [Ad 0-CsHa(SeMe)} 2]BF4 [monoclinic,a = 19.273(7) Ab = 11.927(3) A,c = 20.405(6) A8 =
90.42(3y, P2i/c, Z = 4] comprises infinite chains of [A§u-0-CsHa(SeMe}} { 0-CsHa(SeMed} ", discrete

BF,~, anions and CbKCl, solvent molecules. The-CgHs(SeMe) ligands in the latter exist as a mixture of
invertomers within the infinite chains; the chelating ones adopttlesoarrangement while the bridging ones

occur as theL form. This is the first structurally characterized complex involving a bridgimienylene group

16 donor ligand and the first case of both invertomers occurring in a single complex.

Introduction would be the first examples involving a five-membered chelate

] ) ring bis(telluroether) (RTe(ChhTeR cannot be madé).
We have recently reported the synthesis of a variety of

homoleptic Ag(l) and Cu(l) complexes with bis(thioethers), bis- Experimental Section
(selenoethers), and bis(telluroethers) with alkane backbones RE-

(CH2).ER (R= Me, Ph;E= S, Sen=1-3; E=Te,n= 1 Physical measurements were made as described elsewhere.
n - 1 ) — ) S 1 - 1 ]

3 . . . Silver-109 NMR spectra were recorded on a Bruker AM360
1-3 - -
3)." Single-crystal X-ray studies have shown that, in the solid spectrometer at 16.75 MHz. Spectra were obtained from solutions in

S_tate, while the c_omplexes of RE(GEER contain Chglaﬂng CH.Cl, or CHNO; containing 5% of the deuteriated analogue to
ligands, those with RE(CHEER or RECHER are ligand-  provide the lock, in 10 mm o.d. tubes. Spectra were recorded by direct
bridged infinite polymers. The solution behavior of these observation from solutions containing the free radical relaxation agent
complexes has been probed by variable-temperature multinucleaMEMPO (TANOLY and with a 2 ulse delay, typically 20 000 scans
NMR (1H, 7’Se, 125Te, ®3Cu, 199Ag) spectroscopy, which being accumulated. A 9.1 mol drh solution of AgNQ in D,O
revealed extreme lability with no spirspin couplings or containing F&" as relaxation agent was used as zero refer@rithis
diastereoisomers (invertomers) observable even at the Iowest::zgg‘;;r'segmﬂEpvr:e:éorrgcg‘geg‘%trg;%n&rﬁfa?;c;‘g‘rf]":tgrgl'('g:'zr&é 60
temperatures studiedd. 180 K). Here we report a similar . L

. L . and referenced to [Cu(MeC 0 ppm) in MeCN at 300 K.
investigation of the complexes witb-phenylene-backboned [Cul W) (0 ppm) |

. Synthesis. The complexes were prepared by the same general
ligands,0-CeHa(EMe). The reasons for the present study were method described below. Complexes were made under a nitrogen

4-fold: the rigid o-phenylene backbone is expected to reduce atmosphere, and the silver samples were stored in sealed containers
ligand dissociation (cf. the-phenylene backbone effect in  wrapped in aluminium foil in a freezer. Most of the silver complexes
complexes 0b-CgHy(PMe&y), or 0-CsHa(AsMey),),*° which if are light sensitive to some degree, and some darken rapidly in solution
slowed sufficiently with respect to the NMR timescales would in diffuse daylight.

allow metat-donor spir-spin couplings to be observed; reduced ~ Synthesis of [Cu(L-L)JPFs and [Ag(L-L).|BFs. The copper
dissociation rates might similarly permit identification of complexes were prepared by addition of [Cu(Me@R¥s (1 mmol)
invertomers; the alkane-backboned ligands show unusual to a solution of the ligand (2.1 mmol) in GAI, (10 cn¥). The reaction
frequency:oérdination shifts in th&Se and25Te NMR spectra mixture was refluxed for 10 min and then allowed to cool to room

d the eff f backb . hi fi temperature. Diethyl ether (20 &nwas added to precipitate the
and the effects of backbone unsaturation on this are o IntereSt'product which was filtered off, washed with diethyl ether{30 cn?),

finally, the [M{0-CsHa(TeMe)} o] complexes (M= Cu, Ag) and vacuum dried. Yields werea. 80%. Anal. Calcd for GHao-

® Abstract published idvance ACS Abstractdjarch 1, 1996. (6) Hope, E. G.; Kemmitt, T.; Levason, V@rganometallics1988 7, 78.
(1) Black, J. R.; Levason, WI. Chem. Soc., Dalton Tran$994 3225. (7) Endo, K.; Yamamoto, K.; Matsushita, K.; Deguchi, K.; Kanda, K.;
(2) Black, J. R.; Champness, N. R.; Levason, W.; Reid].&hem. Soc., Nakatsuji, H.J. Magn. Reson1985 65, 268.
Chem. Commuri995 1277. Black, J. R.; Champness, N. R.; Levason,  (8) Burges, C. W.; Koschmieder, R.; Sahm, W.; Schwenk, ZA.
W.; Reid, G.J. Chem. Soc., Dalton Tran$995 3439. Naturforsch., Sect. A973 28A 1753.
(3) Black, J. R.; Champness, N. R.; Levason, W.; Reid, G. Manuscriptin (9) PATTY: The DIRDIF program system. Beurskens, P. T.; Admiraal,
preparation. G.; Beurskens, G.; Bosman, W. P.; Garcia-Granda, S.; Gould, R. O.;
(4) Warren, L. F.; Bennett, M. Alnorg. Chem.1976 15, 3126. Smits, J. M. M.; Smykalla, C. University of Nijmegen, The Nether-
(5) Levason, WComments Inorg. Chemi99Q 9, 331. lands, 1992.

0020-1669/96/1335-1820$12.00/0 © 1996 American Chemical Society



Homoleptic Cu(l) and Ag(l) Complexes

Table 1. Crystallographic Dafa

Inorganic Chemistry, Vol. 35, No. 7, 1994821

complex [CYo-CeHa(SeMed} ]PFs [Cu{0-CeHa(TeMel}]PFs  [Agn{u-0-CeHa(SeMe)} on{ 0-CeHa(SeMed} ) (BF4)nnCH.LCI,
formula Q_GHZOCU F5PSQ CJ_GHZ()CUFGPTQ; C33H42AngzclesSQ
fw 736.7 931.2 1530.6
TIK 150 150 150
cryst syst trigonal trigonal monoclinic
space group R3c R3c P2i/c
alA 13.29(2) 13.632(6) 19.273(7)
b/A 13.29(2) 13.632(6) 11.927(3)
c/A 65.97(2) 67.983(4) 20.405(6)
o/deg 90 90 90
pldeg 90 90 90.42(3)
yldeg 120 120 90
V/A3 10 083(22) 10 940(2) 4690(2)
A 18 18 4
DJ/g cnr3 2.184 2.544 2.167
A(Mo Ka)/A 0.71073 0.71073 0.71073
u(Mo Ka)lem™® 7594 57.15 72.12
GOF 2.10 1.67 2.34
R(Fo) 0.040 0.025 0.045
Ru(Fo) 0.039 0.029 0.051
AR = 3iLi(IFoli = IFel)ibalFoli- Ry = [ZiLaWil|Foli — IFel)?Xi-awilFol ™2 GOF= [3{Ly(IFoli — IFcli)/oil/(n — m) = 1.

Table 2. Selected Bond Lengths (A) and Angles (deg) for

CuRPS: C, 35.0; H, 3.7. Found: C, 34.7; H, 3.7. Calcd for [Cu{ 0-CoHa(TeMeb} o]

CieH20CuRsPSe: C, 26.1; H, 2.7. Found: C, 25.5; H, 2.2. Calcd for
CiHo0CuRPTe: C, 20.6; H, 2.2. Found: C, 20.6; H, 1.9.

Bond Lengths

The silver complexes were prepared by addition of the ligand (2.1 1g(1)-cu(1) 2.5598(7) Te(BC(1) 2.130(7)
mmol) to a solution of anhydrous AgBEL mmol) in acetone (10 cfp Te(1)-C(2) 2.112(6) Te(2)Cu(l) 2.5299(8)
Ice cold diethyl ether was added to precipitate the product, which was  Te(2)-C(7) 2.141(6) Te(2XC(8) 2.134(7)
filtered off, washed with diethyl ether (8 10 cn¥), and vacuum dried. C(2-C(3) 1.401(8) C(2rC(7) 1.392(8)
Yields were 76-80%. Anal. Calcd for GH20AgBF:Ss: C, 35.9; H, C(3)-C(4) 1.390(9) C(4)yC(5) 1.37(2)
3.8. Found: C, 35.9; H, 4.0. Calcd forgEl,0)AgBF.Se;: C, 26.6; H, C(5)-C(6) 1.397(9) C(6)C(7) 1.391(8)
2.8. Found: C, 26.7; H, 2.2. Calcd fordEl,0)AgBF,Tes: C, 21.0; H,

2.2. Found: C,21.4; H, 2.3. Bond Angles

X-ray Crystallographic Studies. Crystallographic data are given ~ Cu(1}-Te(1}-C(1) 106.1(2) Cu(tyTe(1)-C(2)  98.3(2)
in Table 1 for the three structures. In each case the selected crystal €(1)-Te(1)-C(2) 94.7(2)  Cu(1yTe(2)-C(7)  97.8(2)
was coated with mineral oil and mounted on a glass fiber. Data ‘(I;g((ll)):gﬁg)):‘(l;é?i) 12?2(52()4) %7(7;&%)1_)%2)(2) 1?3'63(12()1)
collection used a Rigaku AFC7S four-circle diffractometer equipped Te(1)-Cu(1)-Te(2) 95‘59(1) Te(2}Cu(1)-Te(2) 129'74(5)
with an Oxford Cryostreams low-temperature attachment, using graphite- Te(1)-C(2-C(3) 116: 44) Te(BC@)y-C(7) 123:6( 4)
monochromated Mo K X-radiation. The intensities of three standard CR)»-CR2)-C(7) 120.0(6) C(2¥C(3)-C(4) 119.9(6)
reflections were measured after every 150 data. The structures werec(3)—c(4)-C(5) 120.0(6) C(4¥C(5)-C(6) 120.6(6)
each solved by heavy atom Patterson methadd developed by using C(5)-C(6)-C(7) 119.9(6) Te(2XC(7)-C(2) 124.4(4)
iterative cycles of full-matrix least-squares refinement and difference Te(2)-C(7)—C(6) 115.8(5) C(2yC(7)—C(6) 119.6(6)

Fourier syntheses which located all non-H atoms in the asymmetric

unit!® The weighting schemer* = o*(F) gave satisfactory agreement \yhich resulted in reduced residual electron density, R-factors, and esd’s
analyses in each case. on the atomic positions. All non-H atoms, except for the Cu atom,

[Cu{o-CGE4(TeN(;e)2i Z]PhF s No signifi%ant (;r ygltal fdecay gr rgove- were then refined anisotropically, while H atoms were included in fixed,
ment was observed. As there were no identifiable faces, the data were, . jateq positions. Attempts to refine atom Cu(1) with anisotropic
corrected for absorption using-scans. This compound crystallizes

) : . : . thermal parameters resulted in an unsatisfactory thermal ellipsoid and
in a trigonal space group, and the asymmetic unit comprises one-halfa significant increase in the R-factor and esd’s on the atomic positions
[Cu{o-CeH4(TeMe)} ] * cation in which the Cu(l) ion occupies a site Th'g p be d h h litv of th | P ilabl '
of 2-fold crystallographic symmetry(x, 0.25) (this 2-fold operation is effect may be due to the rather poor quality of the crystals available
generates the full cation), or& occupied PE- anion [P(1) occupies and (?orrespondmgly relatively poor d_ata. Howeyer, since the sFructure
a crystallographic 3-fold site, (1, ), with two fully occupied F atoms, of this complex was (_:Iearly establls_hed and isostructural with the
F(1) and F(2)], and onéls occupied PE anion [P(2) occupies a telluroether analogue, it was not considered necessary to recollect data
crystallographic 6-fold site, (1, 0, 0.5), with one fully occupied F atom]. On another sample. Selected bond lengths and angles are listed in Table
All non-H atoms were refined anisotropically, while H-atoms were
included in fixed, calculated positions. Selected bond lengths and
angles are listed in Table 2. ing data collection no significant crystal decay or movement was
[Cu{o-CeH4(SeMe}} ]PFe. This was a rather poor quality crystal  observed. As there were no identifiable faces, the data were corrected
which gave only relatively weak data; hence, the data set is slightly for absorption usingy-scans. The unit cell comprises a dinuclearfAg

trunc_ated, with the final sr_lell at high angle, $520'< 50°, peing  {u-0-CeHa(SeMe)} { 0-CeHa(SeMe)} ;]2+ cationic repeating fragment,
terminated before completion. During data collection the intensities 1, discrete BE anions, and a CCl, solvent molecule. During

of the standard reflections decreased by 9.1%. A linear correction factor
was applied to the data to take account of this. This compound is
isostructural with [C{io-CsHa(TeMe)} 2]PFs, crystallizing in the same
trigonal space group and with very similar unit cell parameters. Similar
fragments are also observed in the asymmetric unit. At isotropic
convergence the data were corrected for absorption using DIFABS,

[Agn{ u-0-CeHa(SeMe}} o 0-CeHa(SeMed} n](BF 4)n-nCH.Cl,. Dur-

refinement some disorder was identified in thesBBnions. This was
modeled successfully by using partial F atom occupancies; the partial
F atoms refined to 50% occupancy. Thus, around B(1) there are two
fully occupied F atoms, F(1) and F(2), and four 50% occupied F atoms,
F(3)—F(6), while B(2) has eight 50% occupied F atoms surrounding
it, F(9)—(14). All non-H atoms, except for the partially occupied F
atoms, were refined anisotropically, while H atoms were included in
fixed, calculated positions. Selected bond lengths and angles are listed
in Table 4.

(10) TeXsan: Crystal Structure Analysis Package, Molecular Structure
Corp., 1992.
(11) Walker, N.; Stuart, DActa Crystallogr., Sect. A983 39, 158.
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Table 3. Selected Bond Lengths (A) and Angles (deg) for
[Cu{ 0-CeH4(SeMed} o]t

Bond Lengths

Se(1)-Cu(1) 2.419(2) Se(HC(1) 1.96(1)
Se(1)-C(2) 1.905(10) Se(2)Cu(1) 2.379(2)
Se(2)y-C(7) 1.93(1) Se(2yC(8) 1.92(1)
C(2)-C(3) 1.41(1) C(2yC(7) 1.39(1)
C(3)-C4) 1.39(2) C(4yC(5) 1.39(2)
C(5)—C(6) 1.38(2) C(6)-C(7) 1.42(1)
Bond Angles
Cu(1)-Se(1)-C(1) 106.5(4) Cu(1ySe(1)-C(2)  99.2(3)
C(1)-Se(1)-C(2) 96.2(4) Cu(1ySe(2-C(7)  99.0(3)
Cu(1)-Se(2)-C(8) 108.3(4) C(7)Se(2)-C(8) 99.3(5)
Se(1)-Cu(1)-Se(1) 114.05(10) Se(:Cu(l)-Se(2) 113.19(7)
Se(1)-Cu(1ly-Se(2) 94.20(7) Se(Cu(l}-Se(2) 129.2(1)
Se(1)-C(2)-C(3) 117.8(8) Se(HC(2)-C(7) 123.3(8)
C(3)-C(2-C(7) 118.8(10) C(2yC(3)-C(4) 121(1)
C(3)-C(4)-C(5) 119(1) C(4y-C(5)—C(6) 120(1)
C(5)—C(6)-C(7) 120(1) Se(2yC(7)-C(2) 124.1(8)
Se(2)-C(7)—C(6) 116.3(8) C(2)C(7)-C(6) 119(1)

Table 4. Selected Bond Lengths (A) and Angles (deg) for
[Agn{ u-0-CsHa(SeMe}} o 0-CeHa(SeMed} )™t

Bond Lengths

Ag(1)—Se(1) 2.681(2) Ag(HrSe(2) 2.708(1)
Ag(1)—Se(3) 2.596(1) Ag(HySe(4) 2.703(1)
Ag(2)—Se(5) 2.673(1) Ag(2ySe(6) 2.861(1)
Ag(2)—Se(7) 2.658(2) Ag(2ySe(8) 2.587(1)
Se(1)-C(1) 1.94(1) Se(HC(2) 1.938(10)
Se(2)-C(7) 1.92(1) Se(2)yC(8) 1.96(1)
Se(3)-C(9) 1.95(1) Se(3)C(10) 1.95(1)
Se(4)-C(12) 1.92(1) Se(4)C(13) 1.93(1)
Se(5)-C(18) 1.928(9) Se(5)C(19) 1.95(1)
Se(6)-C(20) 1.94(1) Se(6)C(21) 1.92(1)
Se(7)-C(26) 1.93(1) Se(AHC(27) 1.95(1)
Se(8)-C(28) 1.92(1) Se(8)C(29) 1.94(1)
Bond Angles
Se(1)-Ag(1)—Se(2) 79.64(4) Se(HAg(1)—Se(3) 118.92(5)
Se(1)-Ag(1)—Se(4) 115.51(5) Se(2Ag(1)—Se(3) 128.67(5)
Se(2)-Ag(1)—Se(4) 102.68(4) Se(3)Ag(1)—Se(4) 108.76(4)
Se(5)-Ag(2)—Se(6) 113.88(4) Se(5Ag(2)—Se(7) 106.62(5)
Se(5)-Ag(2)—Se(8) 119.40(4) Se(6)Ag(2)—Se(7) 73.75(5)
Se(6)-Ag(2)—Se(8) 104.66(5) Se(HAg(2)—Se(8) 128.58(5)
Ag(1)—Se(1)-C(1) 102.1(4) Ag(1)ySe(1)-C(2) 97.0(3)
Ag(2)—Se(7)-C(26) 94.4(3) Ag(2ySe(7yC(27) 101.8(4)
C(26)-Se(7-C(27) 99.8(6) Ag(2)ySe(8)-C(28) 101.7(3)
Ag(2)—Se(8)-C(29) 99.9(3) C(28ySe(8)-C(29) 100.5(4)
C(1)-Se(1)}-C(2) 99.0(5) Ag(1ySe(2)-C(7) 97.1(3)
Ag(1)—Se(2)-C(8) 101.4(3) C(7rSe(2)-C(8) 98.9(4)
Ag(1)—Se(3-C(9) 101.7(3) Ag(1)Se(3>C(10) 103.6(3)
C(9)—Se(3)-C(10) 99.7(5) Ag(1ySe(4y-C(12) 99.3(5)
Ag(1)—Se(4y-C(13) 93.4(3) C(12)ySe(4)-C(13) 100.9(5)
Ag(2)—Se(5)-C(18) 84.6(3) Ag(2ySe(5r-C(19) 102.5(3)
C(18y-Se(5)y-C(19) 101.4(5) Ag(2ySe(6)-C(20) 115.1(4)
Ag(2)—Se(6)-C(21) 91.3(3) C(20ySe(6)-C(21) 99.6(5)
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Figure 1. View of the structure of [C{o-CsHa(TeMe)} " with
numbering scheme adopted. Ellipsoids are drawn at 40% probability.

major ions with no peaks corresponding to dimetallic species,
although the X-ray structure (below) showed that the{[é&qg
CsHa(SeMed},]|BF4 was a ligand-bridged polymer in the solid
state. Similar behavior was also observed for complexes of RE-
(CHy)3ER ligandst2which are also polymeric. This presumably
reflects rearrangement of these labile complexes in the matrix
and shows that the absence of di- or poly-metallic ions in their
FAB mass spectra does not allow one to infer chelated monomer
structures for the solids.

X-ray Crystal Structures. Crystals of suitable quality for
single-crystal X-ray diffraction studies were grown for the two
copper complexes at20 °C by layering CHCI, solutions with
ethanol and for the silver bis(selenoether) complex by vapor
diffusion of diethyl ether into a CCl, solution of the complex.
Repeated attempts to obtain crystals of the silver bis(telluroether)
complex foundered on the poor solution stability of this material.
In contrast several batches of crystals of both the copper and
silver bis(thioether) complexes were produced from ethanol/
CHCI; but on examination all proved to be twinned.

The crystal structure of [Qu-CsHa(TeMek}s]™ shows
(Figure 1) tetrahedrally coordinated Cu(l) ions bonded to two
chelatingo-CgH4(TeMe), ligands giving discrete mononuclear
cations, with Cu(1)Te(1) = 2.5598(7) and Cu(H)Te(2) =
2.5299(8) A. This is the first structurally characterized example
of a telluroether complex involving five-membered chelate
rings!? The Te-Cu—Te angles involved in the five-membered
chelate rings are significantly smaller than the 1@8pected
for a regular tetrahedron, reflecting the restricted bite angle of
theo-phenylene bis(telluroether) ligand. The overall geometry
is therefore a distorted, flattened tetrahedron. This telluroether
complex is isostructural with the selenoether analogue{ ¢Cu
CeHa(SeMel} )PFs, which shows (Figure 2) tetrahedrally
coordinated Cu(l) ions bonded to four Se donors from the two
chelating bis(selenoether) ligands, with CutBe(1)= 2.419-

(2) and Cu(1ySe(2)= 2.379(2) A. These CuSe distances
compare well with those reported for other selenoether com-

Additional material available from the Cambridge Crystallographic plixes, e.g. [CyMeSeCHSeMe)|"", d(Cu—Se)= 2.40-2.46
Data Centre comprises H atom coordinates, thermal parameters, and®® and [Cu([16]aneSg)(SO:,CFs) ([16]aneSg = 1,5,9,13-

full listings of bond lengths and angles for the three structures.

Results and Discussion

The synthesis of the complexes was straightforward, affording
white (bis(thioether) and bis(selenoether)) or yellow (bis-
(telluroether)) powders. The silver complexes darken slowly

on exposure to light. The [A@-CsHa(TeMe)} 2]BF4 complex

was poorly soluble in CkCl,, CHCl, or MeCN but was more

soluble in MeNQ or HCONMe, although in these the complex
decomposed slowly even in the dark, depositing a fine blac
powder. The other complexes were easily soluble in all the
above solvents. The FAB mass spectra of all six complexes

(3-NOBA matrix) showed [M(L-L)]" and [M(L-L)]* as the

tetraselenacyclohexadecar#{Cu—Se)= 2.42-2.52 A13 The
angles around the central Cu atom in {GtCsH(SeMe}} ] ™
show deviations from tetrahedral geometry similar to those
observed for [C{io-CeH4(TeMe)},]*. The o-phenylene bis-
(telluroether) and bis(selenoether) ligands in these complexes
adopt anesoconfiguration, with both Me groups on each ligand
directed to the same side of the plane defined by the aromatic
ring.

A single-crystal X-ray analysis of the corresponding 1:2

K metalp-CgHai(SeMe) complex incorporating Ag(l), [Afo-

(12) Hope, E. G.; Levason, WCoord. Chem. Re 1993 122, 109.
(13) Batchelor, R. J.; Einstein, F. W. B.; Gay, |. D.; Gu, J. H.; Pinto, B.
M. J. Organomet. Chen199], 411, 376.
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Figure 2. View of the structure of [C{0-CsHa(SeMe}},]"™ with
numbering scheme adopted. Ellipsoids are drawn at 40% probability.
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Figure 3. (a)View of the dinuclear [Ag u-0-CsHa(SeMe)} A 0-CeHa-
(SeMe}} )%t repeating unit in the asymmetric unit with numbering
scheme adopted. Ellipsoids are drawn at 40% probability. (b) View
down the a-axis of the cationic chain polymer, [Afy-0-CeHa-
(SeMe)}n{0-CsHa(SeMeld} " (Ag atoms are shaded).

CeHa(SeMe)d} o|BF4, reveals a very different arrangement from
the Cu(l) analogue. The structure shows (Figure 3a,b) infinite
chains of [Ag{ u-0-CsHa(SeMe)} o 0-CsHa(SeMed} || cations
with discrete BE~ anions maintaining electroneutrality. Each
Ag(l) atom coordinates to both Se-donors of one chelating bis-
(selenoether) and to one Se-donor of each of two bridging bis-
(selenoethers). One of the bridging ligands then links to the
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Table 5. 'H NMR Data

complex

dlppn?

[Cu{ 0-CeHa(SMe)} 2] PFs
[Cu{ 0-CeH4(SeMe)} -]PFs

[CUW 0-CeH4(TeMe)} 7]PFs
[Ag{ 0-CeHa(SMe)} ;]PFs
[Ag{ 0-C6H4(SeMe)} 2]BF4

[Ag{0-CsHa(TeMe)} ;|BF

2.74 (s, 6H), 7.56.7.90 (m, 4H)

2.62 (S, 6H), %JSeH =95 HZ),
7.47-8.0 (m, 4H)

2.38 (s, 6H), 7.46:8.10 (m, 4H)

2.60 (s, 6H), 7.357.54 (m, 4H)

2.58 (S, 6H) {JS&H =10 HZ),
7.37-7.85 (m, 4H)

2.32 (s, 6H), 7.278.10 (m, 4H)

a|n CD,Cl,, at 300 K unless indicated otherwieCDsCN.

adjacent Ag atom above, while the other links to the Ag atom
below. Each Ag atom is therefore four-coordinate to a distorted
tetrahedral array of Se atoms. The -A8e bond lengths lie
within the range 2.592.86 A. The range of bond lengths is
greater than observed in other silver(l) selenoether complexes,
e.g. [Ag(PhSeCHCH,CH,SePh),|"", d(Ag—Se) = 2.643-
2.695 Al and [Ag(MeSeCHCH,SeMe)]*, d(Ag—Se)= 2.610-
2.638 A3 Interestingly, the [Ag{u-0-CsHa(SeMed} o 0-CeHa-
(SeMe)} " polymer involves different stereoisomeric forms
of the 0-CgH4(SeMe) unit. The chelating ligands adopt the
mesoconfiguration, while the bridging ligands adopt the
form. This is the first structurally characterized example where
both isomeric forms of a coordinated bis(thioether), bis-
(selenoether), or bis(telluroether) ligand have been observed in
one specie¥ Itis also a very rare example of bridging behavior
by ano-phenylene-backboned bidentate ligand.

Multinuclear NMR Studies. The NMR data are sum-
marized in Tables 57. The!H NMR data (Table 5) are
relatively uninformative exhibiting singl&Me) resonances with
small shifts from the free ligand values. Single methyl
resonances were also observed on addition of free ligand at 300
K, demonstrating fast exchange. Even when the,@p
solution of [CY 0-CgH4(TeMe)} 2]PFs containing added ligand
was cooled to 170 K, a single Me resonance was still observed.

The 77SgH} and 125Te{1H} spectra of the appropriate
complexes proved much more informative (Table 6). At 300
K only single resonances were seen and little changé in
occurred on cooling the solutions. All copper(l) and silver(l)
complexes of RE(CH,ER ligands we have examintd
exhibited unusudbw-frequencycoordination shifts, but as can
be seen from Table 6, the coordination shifts in {GCsH4-
(SeMe)} o)PFs, [CU 0-CeHy(TeMe)}2]PFs, and [AQ 0-CeHy-
(TeMe)},]BF4 are tohigh frequency Anomalously, that in
[Ag{ 0-CsHa(SeMe)} ,]BF 4 is to low frequency. The interaction
of the “free” lone pair on each coordinated Se or Te center with
the delocalized aromatic system could be the source of the
anomalous coordination shifts; such interactions are likely to
be subtly dependent upon the orientation of the substituents with
respect to the plane of the benzene rings. Although single
resonances were observed at 300 K in the presence of the
appropriate added free ligand, on cooling exchange slowed, and
separate resonances for free and bound ligand were clearly
resolved belowca. 210 K for the bis(selenoether) complexes
and belowca. 240 K for [CU 0-CgHa(TeMe)} 2]PFs. The poor
solubility of [Ag{0-CsHa(TeMe)} 2]BF, in chlorocarbons pre-
vented low temperature studies. Uniquely tF&Te{1H}
spectrum of [Cflo-CgHy(TeMe)}o]PFs below ca. 220 K
resolved into several resonances (Figure 4). These resonances
cannot be due to couplings $6%Cu for which two overlapping
1:1:1:1 quartets would be expecttdand we attribute them to

(14) Granger, P. IAransition Metal NMRPregosin, P. S., Ed.; Elsevier:
Amsterdam, 1991; p 265. Black, J. R.; Levason, W.; Spicer, M. D.;
Webster, M.J. Chem. Soc., Dalton Tran$993 3129.
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Table 6. ""Se and'?Te NMR Data
complex o0("’Se or'®Te)/ppnbe comment

[Cu{0-CeHai(SeMed} ]PFs  +214 (300 K),+216 (180 K) fast exchange with added ligancta. 210 K

[Ag{o-CsHa(SeMe}};|BF,  +180 (300 K),+180 (180 K) fast exchange with added liganda. 210 K

[Cu{0-CeHa(TeMe)}]PFs  +506 (300 K),ca. +515 (180 K) several resonances resofu@. 220 K; fast exchange with added ligar@40 K
[Ag{0-CsHa(TeMe)},]BF4 +433 (300 K),+432 (245 K) fast exchange with added ligand down to mp of solvent

arge,| = Y, 7.58%,D. = 2.98;1%Te, | = 1/,, 6.99%,D. = 12.5. Recorded in C}I|,/CD.Cl, unless otherwise statetlRelative to external
neat MeSe or MgTe at 300 K.° 0-CgHa(SeMe), 6 = 200; 0-CeHs(TeMe), 6 = +376.9 MeNO,/CDsNO,.

Table 7. 53Cu and!®°Ag NMR Data

complex O(83Cu or1%Ag)/ppnP comment
[Cu{ 0-CeHa(SMe)} 7]PFs no resonances obsd 36080 K or with added ligand
[Cu{ 0-CeH4i(SeMe)},]PFs no resonance obsd 36080 K or with added ligand
[Cu{0-CeHa(TeMe)} 2]PFs —109 (w2, = 4500 Hz) resonance broadens on cooling, disappeeas240 K
[Ag{ 0-CsHa(SMe)}-|BF, +788 (300 K),+846 (180 K) +803 (300 K),+848 (180 K) with added L-L
[Ag{ 0-CsHa(SeMe)} ;]BF,4 +912 (300 K) +867 with excess L-L
[Ag{0-CsHa(TeMe)} ;]BF +1128 (300 K) +1164 (300 K) with added ligand

aRecorded in CHCI,/CD,CI, unless otherwise stated3Cu, | = %/,, 69%; = = 26.528 MHz,D. = 365, quadrupole moment0.211 x 1028
m?;, 85Cu, | = 3/, 31%,E = 28.417 MHz,D. = 201, quadrupole moment0.195 x 10728 n?; 109Ag, | = Y,, 48.2%,= = 4.653,D. = 0.276.
b Relative to [Cu(MeCNyjJBF, in MeCN at 300 K or 9.1 mol drr? solution of Ag" in H,O/D,0.

resonance would be expected due to fast exchange). The shifts
in 6(19°%Ag) to high frequency with added ligand and with
decreasing temperature in [fgrCsHa(SMe)} 2]BF4 and [Ag-
{0-CgH4(TeMe)} 2]BF,4 are similar to those observed in other
systems (although the actuavalue for the thioether systems

is still lower than observed previously in complexes with

RSCHCH,SR ligands¥, but [Ag{ o-CeH4(SeMe}} ;]BF4 is again
W/ anomalous (cf. thé’Se data above) in that, in the presence of
exces®-CgHy(SeMe), 6(109g) shifts tolow frequency In the

absence of observable spigpin couplings the species present
T T T T T T cannot be identified with certainty, but it may be that in the
650 600 550 300 450 400 350 presence of excess ligand a species such a§7Ag-CeHs-
ppm (SeMeX}{n1-0-CsHa(SeMe)} 5]BF, may form (cf. the X-ray

Figure 4. '?5Te{*H} NMR spectrum of [C{io-CsHa(TeMe)} 2]PFs in structure of the 1:2 complex).
CH.CI; at 180 K.

the different invertomer®. Pyramidal inversion rates are very  conclusions
sensitive to the metal cent&rand this is the first observation
of (Igfvtﬁg?m:ésc:)npp?e?g:ﬁ pllelxglegﬂlfgggitﬁ eMe)}JPFs These studies of the:—phenylene-backpongd group 16 ligands
exhibited a%3Cu NMR resonance and then only over a limited have _rev_ealed fur_ther the complexme_s N group 1.1 metal
temperature range (Table 7). The resonance of the quadrupolafordination chemistry. On the four objectives for this study
63Cu nucleus is only observable when quadrupolar relaxation delineated in the Introduction, three have been achieved to some

is slow, in effect in environments approaching cubic symmetry; €xtent and only the attempts to observe smipin couplings

fast ligand dissociation or distorted environments cause the betweert?”2%1g or 6¥65Cu and’’Se or'#Te were unsuccessful.
resonance to be unobservably brd4adThe 1°Ag NMR Coupling to the quadrupolar copper nuclei would only be
resonances were observed for all three complexes (Table 7),.expected under certain very specific conditions where the
although the combination of long relaxation time, poor sensitiv- environment of the copper slowed the quadrupolar relaxation
ity, and low resonance frequency makes this a relatively difficult sufficiently. Couplings to thé = 1/, silver isotopes would be
nucleus to study. The observed chemical shifts of the{pAg  expected to be easier to observe but would be lost due to a
CeHa(TeMe)}2|BF, and [Ad 0-CeHa(SeMe)}2|BF4 are similar - fast-exchange process, and it is likely that, with high lability in
to those observed in AgSe/Fepecies, but that of [Ad 0-CeHa- group 16 ligand complexes of silver, a process such as reversible
(SMe}}2|BF, is at a lower frequency than other Agspecie3 chelate ring opening is still significant even at low temperatures.
and may indicate that on average less than four sulfur donors
are coordinated per Ag ion in solution (only a single averaged Acknowledgment. We thank the University of Southampton
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