Organometallics 1994, 13, 3415—3419

Articles

3415

Dinuclear Gold(II) Complexes Containing Two Different
Bridging Ligands. Crystal Structure of
[Auz{u-(CH2)2PPh2}{s-S:CN(CH:Ph);}Br;]

Manuel Bardaji," M. Conce Tpclon Gimeno,’ Peter G. Jones,*
Antonio Laguna,”' and Mariano Laguna®

Departamento de Quimica Inorgdnica, Instituto de Ciencia de Materiales de Aragon,
Universidad de Zaragoza-CSIC, E-50009 Zaragoza, Spain, and Institut fiir Anorganische und
Analytische Chemie, Technische Universitit Braunschweig, Postfach 3329,

D-38023 Braunschweig, Germany

Received March 28, 1994®

The oxidative addition of halogens to [Auz{u-(CHz):PPhg}{u-(PPhy),Y}IC1O, (Y = CH; or
NH) or [Aug{u-(CH2):PPho}(u-SoCNRs)] (R = Me, Et or CHoPh) leads to the gold(II) derivatives
[Auz{ﬂ-(CHz)zpphz}{/l-(Pth)zY}Xz]ClO4 or [Au2{/t-(CHz)zPth}(ﬂ-SzCNRz)Xz] (X = Cl, Br,
or I), respectively. The reaction of [Aua{u-(CHs):PPho}(u-S2CNRo)X,] with Ag(OCl10;)XPPhy)
or Ag(Ce¢Fs) gives the mixed-valence gold(I)—gold(III) complexes [Aug{(CHz):PPhg}(S.-
CNR;)(PPh;3):)(C104)s (R = Me, CHyPh) or [Aus{(CH3)sPPh2}(SsCNMe:)(CsFs)sl, respectively.
The structure of [Aug{u-(CHz):PPhy} {u-S:CN(CH3Ph);}Br;] has been determined by a single-
crystal X-ray diffraction study. It crystallizes in the space group P1 with a = 11.937(3) A,
b=12.105(2) A, c = 12.568(2) A, a = 80.04(2)°, § = 81.77(2)°, y = 71.58(2)°, and Z = 2. The
two gold atoms are part of an eight-membered ring with a twisted conformation; both exhibit

a square-planar geometry with a short gold—gold bond of 2.5653(10) A.

Introduction

In recent years, syntheses of dinuclear gold(II) com-
plexes have been investigated extensively. Most of
these dinuclear derivatives contain two identical bridg-
ing ligands, one on each side of the metal—metal
bond,!? and to the best of our knowledge, no hetero-
bridged complexes have been reported so far.

In the present paper we describe the preparation of
several hetero-bridged dinuclear gold(II) complexes
containing neutral (diphosphine) or anionic [dithiocar-
bamate or bis(ylide)] bridging ligands, by oxidative
addition of halogens to the corresponding hetero-bridged
gold(I) compounds. The molecular structure of [Aus{u-
(CH2)2PPho}{u-S:CN(CH2Ph)2}Brz] has been estab-
lished by X-ray studies.
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Results and Discussion

The reaction of the cationic complexes [Au{u-(CHg)s-
PPhy}{u-(PPhg)Y}]C104 [Y = CH; (dppm) or NH (dppa)],
previously described by us,!® with a slight excess of
halogen gives the corresponding gold(II) derivatives,
according to eq 1. The oxidation of the dppm derivative

Phy Ph,
e o~ ot be Al
Aiu Au Clog + X» - | X- Au —Au—X]| C104
PhP ~_PPhy PhyP _, PPh;
Y Y

M)
Y=CH;, X=Cl(1),Br(2),I1(8; Y=NH,X=Cl(4),Br (5),1(6)

with the stoichiometric amount of halogen leads to a
mixture of the starting gold(I) and the gold(II) complex;
it requires an excess of the halogen to be complete.
Complexes 1—6 are air- and moisture-stable solids at
room temperature, but they decompose slowly in solu-
tion, and are yellow (1, 4), orange (2, 5), or garnet (3,
6). They behave as 1:1 electrolytes in acetone solution
(Am ca. 120 Q-1 cm? mol~! for 5 x 1074 M solutions),
and their IR spectra show bands at 1100 (s, br) and 620
{m) em™~! which are characteristic of the ClO4~ anion;
bands at ca. 580 (m) and 278 (m) cm™! are due to v-
(Au—Cyjige)!! and v(Au—Cl),!? respectively. The FAB*
mass spectra show the peaks corresponding to the
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Table 1. Analytical and NMR Data for the Complexes
vield analyses (%)~ 3p{iH} NMR? IH NMR®
complex (%) C H N Oylide Ophos S(CH;—Au)
{Auy{p-(CH;):PPhy }(u-dppm)Cl1>]ClO4 (1) 65 40.05(40.3) 2.85(3.1) 40.9 (br) 19.6 (br) 2.75 (br)
[Auy{u-(CH2),PPh;} (u-dppm)Br;]C104 (2) 71 37.8(37.45 3.02.9) 44.7 (1)(18.4) 154(d) 2.85(br)
[Auz{p-(CH2)2PPhy } (u-dppm)I;]C10;4 (3) 75  34.4(34.85) 2.55(2.7) 53.8 (br) 93 (br) 3.07 (br)
[Auz{p-(CH2)2PPh;} (u-dppa)C12]C104 (4) 68 39.4(39.25) 3.6(3.05) 1.15(1.2) 413(1)(18.7) 62.7(d) 2.61 (m)
[Au{p-(CH;),PPh2}(11-dppa)Br,1C104 (5) 67 36.4(3645) 27(2.8) 1.15(1.1)  45.0(t)(18.1) 59.1(d) 2.70 (m)
{Auy{u-(CH;),PPh2} (u-dppa)lz]Cl0, (6) 62 33.6(33.9) 2.6(2.6) 1.05(1.05) 54.0(t)(18.4) 52.9(d) 2.88 (m)
[Auz{p-(CH2)2PPh;}(u-S2CNMe2)Cl2] (7) 76 25.7(25.55) 2.4Q.5) 1.4(1.75) 42.0(s) 2.66 (d)(8.8)
[Aua{p-(CH2),PPh,} (u-S2CNMe,)Br;] (8) 64 22.8(23.0) 2.35(2.25) 1.65(1.6) 45.2(s) 2.75 (d)(8.8)
[Au{p-(CH2),PPh3} (11-S2CNMe»)2] (9) 83 20.35(20.8) 2.2(2.05) 1.2(145) 52.2(s) 2.82 (d)(9.1)
[Auy{p-(CH2):PPh2} (1-S2CNE1)Cl,] (10) 67 27.4(217.6) 2.75(2.95) 145(1.7) 41.8(s) 2.60 (s)(8.8)
[Auz{p-(CH2),PPh;}(u-S2CNEt2)Br2] (11) 63  24.95(24.95) 2.6(2.65) 1.5(1.55) 44.9(s) 2.67 (d)(8.8)
[Auz{p-(CH3)7PPh,} (u-S2CNEt)I;] (12) 67  22.8(22.6) 2.2524) 12(14) 519 (s) 2.73 (d)(8.8)
[Au{p-(CH;),PPh, } {p-S,CN(CH,Ph),}CL,] (13) 77 36.4(36.65) 3.15(2.95) 1.0(1.45) 42.0(s) 2.62 (d)@8.5)
[Auz{p-(CH2),PPhy}{p-S2CN(CH,Ph),} Br] (14) 77 33.45(33.5) 2.6(2.7) 1.1(1.35) 455(s) 2.67 (d)(8.8)
[Aup{p-(CH2):PPh2} {p-S;CN(CH,Ph), };] (15) 66  30.45(30.75) 2.3(2.5) 1.1(1.25) 52.5(s) 2.79 (d)(8.8)
[Auz{(CH,):PPh;}(S,CNMey)(PPh;);](C104), (16) 68  44.2(43.9) 3.45(3.45) 1.00095) d d 2.79 (dd) (9.7,7.2),
1.83 (dd) (13.3,9.7)
[Auz{(CH2),PPhy}{S;CN(CH,Ph);}(PPh3)2)(Cl04)2 (17) 73 48.65(48.7) 3.7(3.65) 0.75(0.85) d d 2.87 (dd) (10.4, 6.2),
1.87 (dd) (12.7, 8.3)
[Au2{(CH,),PPh;}(S2CNMe,)(CeFs)2) (18) 64  33.0(32.8) 1.95(1.9) 1.05(1.3) 353 2.87 (d) (10.9),

1.57 (d) (13.0)

4 Calculated values in parentheses. # Recorded in CDCls, referenced to external H3PO,. ¢ Recorded in CDCl3 at 300 MHz, referenced to external SiMes.
Coupling constants in hertz are given in parentheses; s = singlet, d = doublet, dd = doublet of doublets, t = triplet, m = multiplet, br = broad. 7 See text.

cations [M — ClO4]* at m/z = 1061 (13%, 1), 1151 (0.5%,
2), 1062 (9%, 4), 1152 (14%, 5), and 1246 (30%, 6), except
for complex 8. The strongest peaks at m/z = 991 (1-3)
and 992 (4—6) correspond to [M — 2X — ClO4j*. The
NMR spectra are as expected (Table 1 and Experimental
Section). The 3!P{*H} spectra show a triplet at ca. é
41 (4), 45 (2, 5), or 54 (5) for the ylide phosphorus and
a doublet for the two phosphorus atoms of the diphos-
phine. The spectra of complexes 1 and 3 are not well
resolved. The 'H NMR spectra show the resonance of
the ylide methylene protons as multiplets (Table 1).

Complexes 2 and 5 react with Ag(OClO3)(PPhs) (molar
ratio 1:2) in dichloromethane with precipitation of AgBr,
but from the solution only the gold(I) derivative [Au{u-
(CH2)2PPho} {u-(PPho):Y}] (Y = CHz or NH) can be
isolated. The reaction of the nine-membered ring
complex [Au{u-(CHs)oPPho}(u-dppe)] (dppe = PPhoCHos-
CH;PPhy) with chlorine or iodine gives a mixture of
products, but no formation of the corresponding gold-
(II) complex was observed. The oxidative addition of
halogen to the hetero-bridged neutral gold(I) complexes
[Au{u-(CHj3):PPho}(u-SoCNRg)11® leads to the corre-
sponding gold(II) derivatives (eq 2).

th PhZ

P P
Hc” ‘<|:H2 H,C™ ~CH,
Au Alu + X —_— X —Au—Au—X
SY s S s
NR, NR,

@

R =Me, X =Cl (7), Br (8), I (9); R = Et, X = C1 (10), Br (11),
1(12); R = CH:Ph, X = C1 (13), Br (14), I (15)

Complexes 7—15 are orange (X = Cl or Br) or garnet
(X = I) solids, air- and moisture-stable at room tem-
perature, both in the solid state and in solution. Their
acetone solutions are nonconducting. The IR spectra

(12) Usén, R.; Laguna, A.; Vicente, J. Rev. Acad. Cienc. Exactas,
Fis., Quim. Nat. Zaragoza 1976, 31, 211.

Figure 1. Molecular structure of complex 14, with the
atom-numbering scheme. Radii are arbitrary.

show bands at 258 (m) (7), 267 (m) (10), or 272 (m) (13)
cm~! that are assignable to v(Au—Cl) and at ca. 570 (m)
em™! due to ¥(Au—Cyiige). The FAB* mass spectra show
the molecular cation peak (M), except for complexes 8,
12, or 15, at m/z = 798 (3%, 7), 981 (7%, 9), 826 (10%,
10), 915 (5%, 11), 950 (3%, 13), and 1039 (12%, 14).
Other peaks at m/z = 762 (39%, 7), 808 (45%, 8), 854
(565%, 9), 790 (55%, 10), 836 (35%, 11), 882 (65%, 12),
914 (36%, 13), 960 (55%, 14), and 1006 (45%, 15) are
due to [M — X]* and at m/z = 727 (17%, 7; 25%, 8; 20%
9), 755 (15%, 10; 20%, 11; 22% 12), and 879 (20%, 13;
25%, 14; 12%, 15) are due to [M — 2X]*.

The 3!P{*H} NMR spectra show a singlet at ca. 6 42
(7, 10, 13), 45 (8, 11, 14), or 52 (9, 12, 15) for the
phosphorus atom (Table 1), and the 'H NMR spectra
show a doublet at ca. § 2.7 for the ylide methylene
protons. The cyclic voltammograms of complexes 7—9
(in CHCl,, scan rate 200 mV s~1) show irreversible
oxidation waves with peak potentials at 0.72 (9) and
1.36 (8), and we do not observe any peak downto 1.5V
for 7. They also show irreversible reduction peaks at
—0.35 (9), —0.37 (8), and —0.44 (7) V.

The crystal structure of complex 14 (as a 1:1 dichlo-
romethane solvate) has been determined by X-ray
crystallography (Figure 1). It possesses the general
features of dinuclear gold(II) complexes: an eight-
membered ring, which here has a twisted conformation
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(the angle between the vectors C(4)—S(1) and C(5)—S-
(2) is 24°), and a transannular metal—metal bond. The
Au(1)—Au(2) distance is 2.5653(10) A, which is shorter
than the 2.614(1) A in the symmetrical [Auz{u-(CHz)o-
PPh;}Br3l€ or the 2.570(5) m (BusN)o[Aug(u-MNT)e-
Br,]” (MNT = 1,1-dicyanoethylene-2,2-dithiolate). Ylide
gold(IT) complexes usually present gold—gold bonds that
follow the trend Cl < Br < I ([Aug{u-(CH3):PR:}X51: R
= Ph, X = C], 2.600(1),13 X = Br, 2.614(1) A% R = Me,
X = I, 2.654(1)'* A). The Au—Au distance in our
complex is one of the shortest known; cf. the complex
(BugN)o[Aug(u-MNT)2Cle]? with 2.550(1) and [Aua(u-
SPPhyCH,);Cl,]*5 with 2.553(1) A, in both cases involv-
ing sulfur donor centers at gold (as in complex 14). As
far as we are aware, no crystal structures have previ-
ously been reported for dinuclear dithiocarbamate gold-
(IT) complexes. The two Au—Br distances differ signifi-
cantly, Au(1)—Br(1) 2.5022(14) and Au(2)—Br(2)
2.5253(14) A, whereas intermediate values are found
in  [Aug{u-(CHy);PPhs}Br;] [2.516(1) A]® and
(BugN)o[Aua(u-MNT);Brz] [2.510(8) A7 Au—Br bond
lengths are usually ca. 2.41 A.16 There are no obvious
reasons for the asymmetry; the shortest relevant inter-
molecular contact is Au(2)—Br(2;1 ~x,1 —y, —2) 4.10
A. The Au—S bond lengths 2.337(3) and 2.338(3) A are
slightly longer than in the gold(I) dimer [Aup{u-(CHy)s-
PPh,}(u-S2CNEt,)] [2.293(6)—2.326(6) A, two indepen-
dent molecules]!® and the gold(II) complexes
(BugN)o[Aug(u-MNT);Br] [2.294(13) and 2.303(13) Al
The Au—C lengths 2.075(10) and 2.076(10) A are similar
to those in other ylide gold(II) complexes.

The two gold atoms exhibit essentially square-planar
geometry, with minor distortions. The five atoms Au-
(2) and its immediate neighbors are coplanar to within
0.008 A (mean deviation), whereas at Au(1), S(1) lies
0.17 A out of the best plane of the other four atoms
(mean deviation 0.007 A). The C—Au—S angles are
174.8(3) and 172.8(83)°; cf. values from 174.7(5) to 178.8-
(6)° in the related gold(I) derivative [Aug{u-(CHg)s-
PPhy}(u-S2CNEty)], where there are short gold—gold
contacts (rather than formal bonds) of 2.8679(15) and
2.8665(15) A. The chain Br—Au—Au—Br is almost
linear (angles 178.6, 178.7°).

The gold(II) complexes 9 and 14 react with Ag-
(OCl103)(PPh3)!7 in a manner different from that of
complexes 2 and 5. The precipitation of Agl and AgBr,
respectively, is also observed, but from the solution
complexes of the stoichiometry [Au{(CHgz)sPPhg}(Ss-
CNR2)(PPh;3):] (R = Me (16) or CH2Ph (17)) are ob-
tained. Complexes 16 and 17 are air- and moisture-
stable light yellow solids. They behave as 1:2 electrolytes
in acetone solution (Am ca. 215 Q7! cm? mol~!). The
IR spectra show bands at 1100 (s, br) and 620 (m) cm™!
which are characteristic of the ClO4~ anion, but it is
not possible to assign the vibration v(Au—Cyig.), prob-
ably because it is masked by bands due to the PPh;s and
dithiocarbamate ligands. The highest peak of the FAB*

(13) Murray, H. H.; Fackler, J. P., Jr.; Porter, L. C.; Mazany, A. M.
J. Chem. Soc., Chem. Commun. 1986, 321.
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Casas, J. M.; Ara, L. Inorg. Chem. 1987, 26, 1366.
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mass spectrum for 16 appears at m/z = 1350 (2%) and
corresponds to the cation [M — ClO4]*.

The NMR spectra of these complexes are different
from those expected for gold(II) derivatives, and an
isomerization to the corresponding mixed-valence gold-
(I)—gold(III) complexes, similar to that reported by
Fackler,'® has occurred. The decision however, is not
straightforward as to which isomer (A or B) has been

CH; — Au—PPh, 2+ S— Au—PPh; |2
Ph,P” RN=_
CHy S SSar
Ph,p” Au\ S>= NR; PhsP/ \CHZ/ e

or

A B

formed. The 3!P{!H} NMR spectra show two doublets
[6 42.51 and 35.99, J(PP) = 8.7 Hz (186), and 42.53 and
35.92, J(PP) = 8.8 Hz (17)] and a singlet [6 29.91 (16)
and 29.83 (17)]. The two doublets are very similar to
that found for other Aul—CH;—PPh,;—CHy;—Au!—PPh;
systems!® and can be assigned to the ylide phosphorus
and the PPhgs bonded to gold(I) (isomer A), respectively.
The resonance at higher field (singlet) should correspond
to the PPh; bonded to gold(III), which favors structure
A (for B it should be a doublet).

The 'H NMR spectra show the presence of two
different ylide CH; groups, which appear as a doublet
of doublets (Table 1). Also two resonances are observed
for the methyl (18) or methylene (17) groups of the di-
thiccarbamate ligands (see Experimental Section), which
should be compatible with both structures A and B.

The reaction of complex 9 with Ag(CgF5)%° leads to the
precipitation of Agl, and the mixed-valence gold(I)—gold-
(IIT) complex (18) is obtained from the solution as a
yellow solid. It is air- and moisture-stable at room
temperature and nonconducting in acetone solutions.

The IR spectra show two bands at 838 (m) and 801
(m) em~1, implying the presence of two different C¢F5
groups.2! This is also confirmed by the °F NMR
spectrum (see Experimental Section). The !H NMR
spectrum shows two doublets corresponding to two
different ylide CH; groups (Table 1) and two singlets
for the CHj3 groups (see Experimental Section). Only a
singlet is observed in the 3'P NMR spectrum (Table 1).
These data confirm the formation of a mixed-valence
complex (as for 16 and 17), instead of the gold(II)
derivative.

The chemical shifts for the ylide groups in 16—18
suggest that the three complexes have the same struc-
ture and point to isomer A, with a CH; bonded to gold-
(III) (2.79—2.89 ppm) and the other to gold(I) (1.83 ppm
when trans to the phosphine and 1.57 ppm when trans
to the aryl ligand).

Experimental Section

IR spectra were recorded on a Perkin-Elmer 559 or 883
spectrophotometer, over the range 4000—200 cm™, by using

(18) Fackler, J. P., Jr.; Trzcinska-Bancroft, B. Organometallics 19865,
4, 1891,

(19) Cerrada, E.; Gimeno, M. C.; Jiménez, J.; Laguna, A.; Laguna,
M.; Jones, P. G. Organometallics 1994, 13, 1470.

(20) Usén, R.; Laguna, A,; Abad, J. A. J. Organomet. Chem. 1983,
246, 341,

(21) Usén, R.; Laguna, A.; Garcia, J.; Laguna, M. Inorg. Chim. Acta
1979, 37, 201.
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CH;—Au~—~CgFs S— Au—CgFs
PhyP RaN
CHy_ S s ~CHa,
/A“\ NR, /Au\ _Peh;
FsCq S or FsCs CH,
A B

Nujol mulls between polyethylene sheets. 'H, !°F, and %P
NMR spectra were recorded on a Varian UNITY 300 in CDCl;
solutions; chemical shifts are quoted relative to SiMe, (exter-
nal, 'H), CFCl; (external, °F), and H3PO, (external, 31P). C,
H, and N analyses were performed with a Perkin-Elmer 2400
microanalyzer. Conductivities were measured in acetone
solution with a Philips PW 9509 apparatus. Melting points
were measured on a Biichi apparatus and are uncorrected.
Mass spectra were recorded on a VG Autospec using FAB*
techniques.

Electrochemical studies were carried out using an EG and
G Model 273 potentiostat, in conjunction with a three-electrode
cell. The auxiliary electrode was a platinum wire, and the
working electrode was a platinum bead. The reference was
an aqueous saturated calomel electrode (SCE) separated from
the test solution by a fine-porosity frit and an agar bridge
saturated with KCl. CHCl; solutions were 5 x 10°¢ M in
complex and 0.1 M in [NBuJ[PF¢] as the supporting electro-
lyte. All potentials are standardized against the [Fe(y-
CsHs)ol*—[Fe(-CsHs)o] and [Fe(-CsMes)o]*—[Fe(n-CsMes)s]
couples as internal standards (E° = +047 and —0.09 V,
respectively).

The yields, C, H and N analyses, and 3'P{'H} and some 'H
NMR data are listed in Table 1.

Syntheses. [Aug{u-(CH3):PPh;}(u-dppm)X:IClO, [X =
Cl1 (1), Br (2), I (3)]. To a solution of [Aug{u-(CH2);PPhqo}(u-
dppm)IC10,41° (0.082 g, 0.075 mmol) in dichloromethane (20
mL) at 0 °C was added a slight excess of halogen (0.09 mmol,;
Cly, Brs in CCl, solution; I 0.024 g). The mixture was stirred
for 90 min and then was concentrated to ca. 5 mL. Addition
of diethyl ether (20 mL) afforded complexes 1—-8. 1: mp 160
°C dec; 'H NMR 6 7.95-7.26 (m, 30H, Ph), 4.78 (br, 2H,
PCH:P), 2.75 (br, 4H, CHs—Au). 2: mp 150 °C dec; 'TH NMR
6 7.93—-7.24 (m, 30H, Ph), 4.96 [t, 2H, J(PH) = 12.6 Hz,
PCH.P], 2.85 (br, 4H, CH;—Au). 3: mp 104 °C dec; 'H NMR
0 7.84—17.26 (m, 30H), 5.26 [t, 2H, J(PH) = 10.6 Hz, PCH.P],
3.07 (br, 4H, CHg—Au).

[Aua{s-(CHz2):PPh;}(u-dppa)X:]Cl04 [X = Cl (4), Br (5),
I (6)]. To a solution of [Aux{u-(CHjz)ePPhs}(u-dppa)]Cl0,0
(0.082 g, 0.075 mmol) in dichloromethane (20 mL) at 0 °C was
added a slight excess of halogen (0.08 mmol; Cl,, Br; in CCl,
solution; I 0.021 g). The mixture was stirred for 60 min and
then was concentrated to ca. 5 mL. Addition of diethyl ether
(20 mL) led to complexes 4—6. 4: mp 130 °C dec; *H NMR 6
8.84 (s, 1H, H—N), 7.80-7.41 (m, 30H, Ph), 2.61 (m, 4H,
CHy—Au). 5: mp 147 °C;'H NMR 6 8.92 (s, 1H, H—N), 7.83—
7.41 (m, 30H, Ph), 2.70 (m, 4H, CHo—Au). 6: mp 135 °C; 'H
NMR 6 9.22 (s, 1H, H—N), 7.80—7.40 (m, 30H, Ph), 2.88 (m,
4H, CHy—Au).

[Aug{pu-(CHy):PPh;y} (u-S2CNR;3)X:]1 (R = Me, X = C1 (7),
Br (8), I (9); R = Et, X = Cl1 (10), Br (11), I (12); R = CH_-
Ph, X = C1 (13), Br (14), I (15)]. To a solution of [Aus{u-
(CH3):PPhy}(u-S2CNR2)]' (0.1 mmol; R = Me, 0.073 g; Et,
0.075 g; or CH,Ph, 0.088 g) in dichloromethane (20 mL) was
added the stoichiometric amount of halogen [0.1 mmol; Cls,
Bry, in CCly solution; I, 0.025g]. After stirring for about 15
min at room temperature, the solution was concentrated to
ca. 5 mL. Addition of diethyl ether (20 mL) led to complexes
7—15. 7: mp 140 °C dec; '"H NMR 6 7.76—7.56 (m, 10H, Ph),
3.45 (s, 6H, Me), 2.66 [d, 4H, J(PH) = 8.8 Hz, CH,—P]. 8:
163 °C; 'H NMR ¢ 7.80—7.52 (m, 10H, Ph), 3.44 (s, 6H, Me),
2.75[d, 4H, J(PH) = 8.8 Hz, CH,—Pl. 9: mp 109 °C; ‘H NMR
6 7.90—7.40 (m, 10H, Ph), 3.41 (s, 6H, Me), 2.82 [d, 4H, J(PH)
= 9.1 Hz, CH.—P]. 10: mp 102 °C dec; 'H NMR 6 7.80—7.43
(m, 10H, Ph), 3.84 [q, 4H, J(HH) = 7.0 Hz, CH,—N], 2.60 {d,
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Table 2. Selected Bond Lengths (A) and Angles (deg) for

Complex 14
Au(1)—C@) 2.075(10) Au(1)—S(1) 2.337(3)
Au(1)—Br(1) 2.5022(14) Au(l)y—Au(2) 2.5653(10)
Au(2)—C(5) 2.076(10) Au(2)—S(2) 2.338(3)
Au(2)-Br(2) 2.5253(14) S(1H—C() 1.729(11)
S(2)y—C(1) 1.717(11) P—C(5) 1.777(10)
P—C@4) 1.785(11) P—C(41) 1.816(9)
P—C(31) 1.817(11) C(1)~N 1.335(13)
C(2)—N 1.455(12) C(2)—C(11) 1.534(14)
C(3)~N 1.477(13) C(3)—C21 1.513(13)
C(4)—Au(1)—S(1) 174.8(3) C4)—Au(1)—Br(1) 88.9(3)
S(1)—Au(1)—Br(1) 87.17(8) C(4)—Au(l)—Au(2) 90.0(3)
S(1)—Au(1)—Au(2) 93.97(7) Br(1)—Au(l)—Au(2) 178.55(3)
CO)—AuD)—~S(2)  1728(3)  C(3)—Au(2)—Br(2) 86.5(3)
S(2)—Au(2)—Br(2) 86.30(8) C(5)—Au(2)—Au(l) 94.2(3)
S(2)—Au(2)—Au(l) 92.98(7) Br(2)—Au(2)—Au(l) 178.74(3)
C(1)—S(1)—Au(l) 110.14) C(1)—S(2)—Au(2) 110.3¢4)
C(5)—P—C4) 105.0(5) C(5)—-P—C@41) 108.8(4)
C4)y—P—C(41) 111.4(4) C(5)—P—C(@31) 112.2(4)
C(4)—P—C(31) 111.0(5)  C@l)—P—C@31) 108.4(4)
N—C(1)—S8(2) 118.3(8) N—C(1)—S8(1) 118.5(8)
S2)—C(1)~-S(1) 123.1(6) N—-C(2)—C(11) 114.3(8)
N—C@3)—C(21) 111.5(9) P—C(4)—Au(l) 105.5(5)
P—C(5)—Au(2) 111.8(5) C(1)—N—C(2) 121.8(9)
C(1)—N—C(3) 123.009) C(2)—N—C(3) 115.1(8)

Table 3. Atomic Coordinates (x10%) and Equivalent
Isotropic Displacement Parameters (A2 x 10%) for

Complex 14

x y z Uleq)
Au(l) 2186.8(4) 5536.4(3) 2580.0(3) 20.7(3)
Au(2) 4172.1(4) 5778.0(3) 1657.2(3) 21.0(3)
Br(1) 248.6(10) 5272.2(10) 3443.0(8) 30.6(6)
Br(2) 6104.1(10) 6039.8(10) 712.1(8) 30.2(6)
S(1) 1507(3) T428(2) 3074(2) 31(2)
S(2) 3400(3) 7822(2) 1296(2) 33(2)
P 4177(3) 3180(3) 2717(2) 26(2)
C) 2231(10) 8330(9) 2234(8) 30(4)
C(2) 2446(10) 10290(9) 1658(8) 30(4)
C(3) 817(9) 10024(10) 3037(8) 314)
C@) 2724(10) 3804(9) 2278(8) 28(2)
C(5) 5054(10) 3988(9) 1868(8) 28(3)
N 1853(8) 9480(8) 2304(7) 29(4)
C(11) 1885(10) 10916(8) 608(8) 33(5)
C(12) 1999(10) 12002(9) 198(7) 35(6)
C(13) 1574(11) 12582(9) —785(8) 42(6)
C(14) 1059(11) 12055(9) ~1361(9) 40(6)
C(15) 959(10) 10962(9) —980(7) 37(6)
C(16) 1364(10) 10399(9) 12(7) 36(5)
C(21) 1187(9) 10392(7) 3990(8) 36(5)
C(22) 1943(10) 9573(9) 4693(8) 40(6)
C(23) 2277(10) 9910(10) 5575(8) 43(7)
C(24) 1859(10) 11057(8) 5745(8) 42(7)
C(25) 1132(11) 11887(10) 5068(8) 43(7)
C(26) 800(10) 11562(9) 4178(8) 37(6)
C@31 4735(9) 1619(9) 2605(6) 29(5)
C(32) 4548(10) 797(8) 3482(8) 37(7)
C(33) 4956(11) —376(8) 3366(8) 45(8)
C(34) 5534(10) —729(10) 2407(6) 37(7)
C(35) 5696(11) 68(8) 1538(8) 39(7)
C(36) 5309(11) 1248(8) 1622(8) 39(7)
C(41) 4193(7) 3368(9) 4117(7) 33(3)
C(42) 5271(9) 3267(9) 4471(7) 31(3)
C(43) 5293(9) 3445(10) 5535(7) 34(4)
C(44) 4259(7) 3697(10) 6217(8) 35(4)
C(45) 3191(10) 3801(11) 5850(7) 41(4)
C(46) 3150(9) 3625(9) 4789(7) 33(3)
CI(1) 9250(5) 3877(4) 1646(4) 93(4)
Cl(2) 8120(4) 2089(4) 1566(4) 85(3)
C(6) 8664(15) 3193(15) 828(12) 83(12)

4H, J(PH) = 8.8 Hz, CH,—P], 1.33 [t, 6H, CH3]. 11: mp 160
°C dec; *"H NMR 6 7.79-7.45 (m, 10H, Ph), 3.83 [q, 4H, J(HH)
= 7.2 Hz, CH,—N], 2.67 [d, 4H, J(PH) = 8.8 Hz, CH;—P], 1.27
[t, 6H, CHs]. 12: mp 90 °C; 'H NMR 6 7.82—-7.34 (m, 10H,
Ph), 3.81 [q, 4H, J(HH) = 7.1 Hz, CH;—N}, 2.73 [d, 4H, J(PH)
= 9.1 Hz, CH,—P], 1.25 (t, 6H, CH3). 13: mp 130 °C; ‘H NMR
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6 7.77—7.19 (m, 20H, Ph), 5.04 (s, 4H, CH,—N), 2.62 [d, 4H,
J(PH) = 8.5 Hz, CH;—P]. 14: mp 132 °C dec; (HNMR 4 7.71—
7.17 (m, 20H, Ph), 5.00 (s, 4H, CH;—N), 2.67 [d, 4H, J(PH) =
8.8 Hz, CH,—P]. 15: mp 120 °C dec; ‘H NMR 6 7.90—7.10
(m, 20H, Ph), 5.01 (s, 4H, CH;—N), 2.79 [d, 4H, J(PH) = 8.8
Hz, CH—Pl.

[Auz{(CH2):PPh:} (S:CNR:)(PPhs).](C104); [R = Me (16),
CH:Ph (17)]. To a solution of complex 9 (0.049 g, 0.05 mmol)
or 14 (0.052 g, 0.05 mmol) in dichloromethane (30 mL) was
added Ag(OClO;3)(PPh3)'7 (0.047 g, 0.1 mmol). After 1 h of
stirring at room temperature in the dark, AgX was removed
and the solution evaporated to ca. 5 mL. Addition of diethyl
ether (20 mL) led to precipitation of complexes 16 or 17. 16:
mp 148 °C; 'H NMR 6 7.64-7.18 (m, 40H, Ph), 3.15 (s, 3H,
Me—N), 3.10 (s, 3H, Me—N), 2.79 [dd, 2H, J(PH) = 9.7 and
7.2 Hz, CHy—Au], 1.83 [dd, 2H, J(PH) = 13.3 and 9.7 Hz,
CH;—Aul. 17: 128 °C dec; 'H NMR ¢ 7.78—6.83 (m, 50H, Ph),
4.52 (s, 2H, CH,—N), 4.33 (s, 2H, CHs—N), 2.87 [dd, 2H, J(PH)
= 10.4 and 6.2 Hz, CHy—Au], 1.87 [dd, 2H, J(PH) = 12.7 and
8.3 Hz, CHy—Aul.

[Aug{(CH3);PPh;}(S:CNMe;)(CeF5)2] (18). To a freshly
prepared solution of AgCeF5? (0.22 mmol) in anhydrous diethyl
ether (40 mL) was added an anhydrous dichloromethane
solution (20 mL) of complex 9 (0.098 g, 0.1 mmol). After
stirring the mixture for 35 min at room temperature in the
dark, Agl was removed and the solution evaporated to ca. 5
mL. Addition of hexane (20 mL) led to precipitation of complex
18. 18: mp 92 °C dec; '"H NMR 6 7.70—7.36 (m, 10H, Ph),
3.26 (s, 3H, Me), 3.17 (s, 3H, Me), 2.87 [d, 2H, J(PH) = 10.9
Hz, CH;—P), 1.57 [d, 2H, J(PH) = 13.0 Hz, CH.—Au}; 1°F NMR
—116.80 (“d”, 2 F,), —120.25 (“d”, 2 F,), —157.47 (m, 1 Fyp),
—161.48 (m, 2 F), —162.54 (m, 1 Fp), —164.08 (m, 2 Fy).

X-ray Structure Determination of Compound 14. Crys-
tal data: 14'CH2C12, CsoHsoAllzBl‘zClzNPSz, Mr = 1124.29,
triclinic, space group P1, a = 11.937(3) A, b = 12.105(2) A, c
=12.568(2) A, o = 80.04(2)°, B = 81.77(2)°, y = T1.58(2)°, V =
1689.4(6) A3, Z = 2, D, = 2.210 Mg m~%, F(000) = 1052, /(Mo
Ko)=0.71073 A, 4 = 11.4 mm~, T = —100 °C.

Data Collection and Reduction. Single crystals of
compound 14 in the form of yellow plates were obtained by
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slow diffusion of diethyl ether into a dichloromethane solution.
A crystal of size 0.30 x 0.20 x 0.04 mm was mounted in inert
oil (Type RS 3000, donated by Riedel-de-Haén), transferred
to the cold gas stream of a Siemens R3 diffractometer, and
used to collect 6866 intensities to 26max 50° (monochromated
Mo Ka radiation). An absorption correction based on y-scans
was applied, with transmission factors 0.33—1.0. Merging
equivalents gave 5960 independent reflections (Rins 0.031). Cell
constants were refined from setting angles of 50 reflections in
the range 26 20—23°. Structure Solution and Refinement.
The structure was solved by the heavy-atom method and
subjected to anisotropic full-matrix least-squares refinement
on F? (program system SHELXL-93).2 Hydrogen atoms were
included using a riding model. The weighting scheme was w™!
= [6%(F?) + (aP)? + bP], where 3P = F,2 + 2F(2. Refinement
proceeded to wR(F?) 0.115 for 5958 reflections, conventional
R(F) 0.037 for 361 parameters and 287 restraints (S = 1.02;
maximum Ag 1.8 e A-3),

Selected bond and angles are collected in Table 2; atomic
coordinates in Table 3.
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