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The monohapto neutral 2-(diphenylphosphino)aniline (PNt@mplexes [Au(GFs)2X(PNHy)] (X = CsFs (1), ClI

(2)) have been obtained from [AugEs)s(tht)] or [Au(CsFs)2(4-Cl)]. and PNH, and the cationic [Au(€Fs)z-
(PNH)ICIO4 (3) has been similarly prepared from [Auf&s)2(OE®),]ClO4 and PNH or from 2 and AgCIQ.

The neutral amido complex [AugEs)2(PNH)] (4) can be obtained by deprotonation®fvith PPN(acac) (acac

= acetylacetonate) or by treatment of the chloro comg@exith Tl(acac). It reacts with [Ag(OCIg)(PPh)] or
[Au(OCIO3)(PPh)] to give the dinuclear species [AufEs){ PNH(MPPR)}]CIO4 (M = Ag (5), Au (6)). The
latter can also be obtained by reaction of equimolar amoundsaoid [Au(acac)(PPJ]; when the molar ratio of

the same reagents is 1:2, the trinuclear cationic complex [&&j& PN(AuPPR),}]CIO,4 (7) is obtained. The
crystal structures of complex&s-4 and7 have been established by X-ray crystallography; the last-mentioned
displays an unusual Au(jAu(lll) interaction.

Introduction 11 metal complexes of PNHhave been reporté#iand the only

) ) . oxidation state representedHd, with the exception of the Cu-

Polyfunctional ligands with P-, S-, or N-donor centers are (1) derivative [CU(PNH)](BFa4),.12

often instrumental in the preparation of a variety of polynuclear ~ there is a general acceptance of the relativistic effects
complexes. In the case of gold, these complexes may be usedyypipited by the elements of the third transition setBhese
for a number of applications, including chemotherapy, diag- effects reach a maximum at gold, and the topic has recently
nostics, electron microscopy, catalysis, and surface techndidgy. peen reviewed in terms of theoretical and experimental evi-
One such ligand is the P,N-donor 2-(diphenylphosphino)aniline gencels ajthough the theoretical understanding of such interac-
(PNH,), which has been employed for the synthesis of a number (ons sill remains in a preliminary stat® A strong attractive
of derivatives of W, Ni, Pd, Pt, Rh, Os, and Re in which it 5nq energetically favorable interaction has been observed
usually acts as bidentate chelating ligand and the nitrogen centelyatween gold(l) atoms @ configuration) in numerous poly-
is sometimes deprotonatéd! In contrast, only a few group  ,clear gold compound; 2 while gold(l)—gold(lll) interac-
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tions have only been previously described in mixed-valence g) or [Au(Cer)zw-Cl)]z(O.l _mmol. 0.119) was added PN{.2 mmol,
doubly bridged ylide systems where the gold centers are forced0.06 g). After 30 min of stirring the solution was concentrated to ca.

to be in close proximity2-25in the polynuclear sulfur-centered
complex [ S(AU.dppf)}{ Au" (CsFs)} JOTF (dppf = 1,1-bis-
(diphenylphosphino)ferrocengand in the derivative [AWu'" -
Mey(PMes)2(C4Fg)].2” It is notable that, apart from these, not
too many interactions have been observed in otHferdé’
systemg#

5 mL and addition of hexane (20 mL) precipitated complekes 2
as white solids. Yield: 731), 85% @). Aw: 3 (1), 3 (2) Q' cn?
mol~t. FAB/MS: [M]* atm/z= 975 (3%,1). Anal. Calcd for GeH16
AuFsNP (1): C, 44.35; H, 1.65; N, 1.45. Found: C, 43.8; H, 1.6; N,
1.4. Calcd for GoHiAUCIFioNP (2): C, 42.7; H, 1.9: N, 1.65.
Found: C, 42.85; H, 2.25; N, 1.95'P{'H} NMR (CDCl), 6: (1)
12.0 (m); @) 20.7 (m).**F NMR (CDCk), d: (1) —119.9 (m, 4F, ),

Taking these facts into account, we have centered our interest—157.1 [t, 2F 3J(Fy—F,) = 19.8 Hz, K], —161.0 (m, 4F, ), —121.9

on the study of gold(lll) derivatives of 2-(diphenylphosphino)-
aniline and their reactivity toward Au(l) or Ag(l) species in order
to establish whether they display unusual new metabtal
interactions.

Experimental Section

Reagents AgClO4 was purchased from Aldrich and used as received.
The compounds PN&F? [Au(CeFs)a(tht)],3° [Au(CeFs)2(u-Cl)]2,%* [Au-
(C6Fs)2(OEL),]ClO4,%% [Au(CeFs) (acac)3t Tl(acac)?® PPN(acacy?
[Ag(OCIO3)(PPh)],% and [Au(acac)(PPJi*¢ were prepared by litera-
ture methods.

Caution! Perchlorate salts with organic cations may be explosive.

Apparatus. Infrared spectra were recorded in the range 40200

(m, 2F, k), —157.5[t, 1F3)(Fn—Fp) = 19.9 Hz, K], —161.3 (m, 2F,
Fo); (2) —121.6 (m, 2F, ), —156.8 [t, 1F 3)(Fm—Fp) = 19.9 Hz, K,
—160.4 (m, 2F, B), —122.9 (m, 2F, ), —156.8 [t, 1F3)(Fn—Fp) =
19.9 Hz, ], —161.1 (m, 2F, ). *H NMR (CDCl), 6: (1) 7.58-6.64
(m, 14H, aromatic protons), 3.8 (m, 2H, MH(2) 7.72-6.67 (m, 14H,
aromatic protons), 3.9 (m, 2H, NH

Synthesis of [Au(GFs)2(PNH2)]CIO,4 (3). This complex was
obtained by two methods.

Method a. To a freshly prepared solution of [Au{Es)2(OEL),]CIO,
(0.2 mmol) was added PNH0.2 mmol, 0.06 g), whereupon a white
solid started to form. The mixture was stirred ®h to complete the
precipitation of3, which was filtered off and washed with diethyl ether.
Yield: 90%.

Method b. To an acetone solution @f(0.2 mmol, 0.17 g) was added

cm~*on a Perkin-Elmer 883 spectrophotometgr and ona Perkin-Elmer AgClO, (0.2 mmol, 0.04 g). After stirring of the solution for 2 h, the
FT-IR Spectrum 1000 spectrophotometer using Nujol mulls between AgCl formed was filtered off, the resulting solution concentrated in

polyethylene sheets. Conductivities were measured in cal6™* M

vacuo, and 20 mL of diethyl ether was added to precipBaie a white

acetone solutions with a Jenway 4010 conductimeter. C, H, and N solid. Yield: 85%.Aw: 78 Q! cn? mol~t. FAB/MS: [M]* atm/z =

analyses were carried out with a Perkin-Elmer 240C microanalyzer.

808 (87%). Anal. Calcd for H16AUCIF10NO4P: C, 39.7; H, 1.8; N,

Mass spectra were recorded on a VG Autospec using FAB techniques] 55. Found: C, 40.15; H, 1.45; N, 1.48P{'H} NMR (CDCl), ¢:

and nitrobenzyl alcohol as matrix and on a HP59987 A Electrospray.

H, °F, and3'P{*H} NMR spectra were recorded on a Bruker ARX
300 in CDC} solutions. Chemical shifts are quoted relative to SiMe
(*H, external), CFGI (*°F, external), and POy (85%) €'P, external).
Synthesis of [Au(GFs)2X(PNH2)] (X = CgFs (1), Cl (2)). To a
dichloromethane solution (20 mL) of [AugEs)s(tht)] (0.2 mmol, 0.16
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Organometallics1982 1, 1066.
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(35) Cotton, F. A.; Falvello, L. R.; Usg R.; Fornis, J, Toma, M.; Casas,
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45.1 (m).2% NMR (CDCk), 6: —121.3 (m, 2F, F), —154.1 [t, 1F,
3J(Fm—Fp) = 19.9 Hz, F], —159.8 (m, 2F, F), —122.0 (m, 2F, F),
—154.6 [t, 1IF2J(Fn—F,) = 20.1 Hz, ], —160.0 (m, 2F, ). *H NMR
(CDClg), 0: 8.03-7.51 (m, 14H, aromatic protons).

Synthesis of [Au(GFs)2(PNH)] (4). This complex was obtained by
three methods.

Method a. To a solution of [Au(GFs)z(acac)] (0.2 mmol, 0.13 g)
in 20 mL of dichloromethane under a nitrogen atmosphere was added
PNH; (0.2 mmol, 0.06 g); the solution immediately turned yellow. After
30 min of stirring it was concentrated to ca. 5 mL and hexane (20 mL)
was added to precipita#¢as a yellow solid. Yield: 36%.

Method b. To a dichloromethane solution &f(0.2 mmol, 0.17 g)
under a nitrogen atmosphere was added Tl(acac) (0.2 mmol, 0.06 g).
The mixture was stirred for 3 h, and the TICI formed was filtered off
over Celite. The resulting yellow solution was concentrated in vacuo,
and 20 mL of hexane was added to precipitdtas a yellow solid.
Yield: 54%.

Method c. To a solution of3 (0.2 mmol, 0.18 g) in 20 mL of
dichloromethane under a nitrogen atmosphere was added PPN(acac)
(0.2 mmol, 0.13 g); the solution immediately turned yellow. After being
stirred for 30 min, the solution was evaporated and diethyl ether was
added to precipitate the PPNCl@rmed, which was filtered off over
Celite. The resulting yellow solution was concentrated in vacuo, and
20 mL of hexane was added to precipitdtas a yellow solid. Yield:
57%. An: 2 Q71 c? mol~t. FAB/MS: [M]* at m/z = 807 (100%).
Anal. Calcd for GoHisAuFioNP: C, 44.65; H, 1.85; N, 1.75. Found:
C, 45.0; H, 2.0; N, 1.72*P{*H} NMR (CDClg), 6: 39.5 (m).**F NMR
(CDCh), 6: —121.3 (m, 2F, k), —156.8 [t, 1F 3)(Fn—F,) = 19.7 Hz,

Fol, —161.1 (m, 2F, B), —121.5 (m, 2F, F), —157.0 [t, 1F 3)(Fn—F)
= 19.9 Hz, ], —161.7 (m, 2F, F). *H NMR (CDCly), é: 7.60-6.44
(m, 14H, aromatic protons), 5.19 (s, 1H, NH).

Synthesis of [Au(GFs){ PNH(AgPPhs)}]CIO4 (5). To a solution
of 4 (0.2 mmol, 0.16 g) in dichloromethane under nitrogen atmosphere
was added [Ag(OCIg)(PPHR)] (0.2 mmol, 0.09 g). After 30 min of
stirring the solution was concentrated in vacuo to ca. 5 mL, and addition
of diethyl ether (20 mL) precipitated compléxas a yellow solid.
Yield: 25%. Am: 83 Q7 cn? mol™. ES/MS: [M]" atm/z = 1177
(7%). Anal. Calcd for: GgH3pAgAUCIFoNO4P,: C, 45.15; H, 2.35;

N, 1.1. Found: C, 45.45; H, 2.5; N, 1.08P{*H} NMR (HDA, 298
K), 0: 45.2 (m, 1P, PPh, 14.1 (dm, 1P, AgPRh 3P{1H} NMR
(HDA, 223 K), &: 45.6 (m, 1P, PPJ), 13.0 [dd, 1P J(**°Ag—P) =
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803 Hz,J(*“’Ag—P) = 691 Hz, AgPPH. *°F NMR (HDA), 6: —121.0
(m, 2F, Ry, —158.2 [t, 1F2)(Fy—F,) = 19.9 Hz, ], —162.6 (m, 2F,
Fo), —121.7 (m, 2F, k), —158.9 [t, 1F,3)(F,—F,) = 19.9 Hz, K,
—162.7 (m, 2F, F). 'H NMR (HDA), 6: 7.79-6.52 (m, 14H, aromatic
protons).

Synthesis of [Au(GFs){ PNH(AuPPh3)}]CIO 4 (6). This complex
was obtained by two methods.

Method a. To a solution of4 (0.2 mmol, 0.16 g) in THF under
nitrogen atmosphere was added a freshly prepared solution of [Au-
(OCIOs)PPhH] (0.2 mmol) (obtained by addition of the equimolecular
amount of AgCIQ to a THF solution of [AuCI(PP$)] under nitrogen
at 0°C). After 30 min of stirring the solution was concentrated in vacuo
to ca. 5 mL, and addition of diethyl ether (20 mL) precipitated complex
6 as an orange solid. Yield: 42%.

Method b. To a solution of3 (0.2 mmol, 0.18 g) in 20 mL of

dichloromethane under a nitrogen atmosphere was added [Au(acac)-

(PPh)] (0.2 mmol, 0.11 g); the solution turned orange. After 30 min
of stirring the solution was concentrated to ca. 5 mL, and diethyl ether
added to precipitaté as an orange solid. Yield: 47%\w: 86 Q!
cn? mol~. ES/MS: [M]f atnm/z= 1266 (95%). Anal. Calcd for fgHso-
AUCIFoNO4P,. C, 42.2; H, 2.2; N, 1.05. Found: C, 42.45; H, 2.3; N,
1.4. 3P{H} NMR (CDCk), 6: 42.4 (m, 1P, PP}, 29.3 (s, 1P,
AUPPh). % NMR (CDCk), 8: —121.3 (m, 2F, ), —155.0 [t, 2F,
8J(Fm—Fp) = 19.7 Hz, K], —159.8 (m, 2F, ), —121.6 (m, 2F, F),
—155.1 [t, 1F23)(Fn—F,) = 19.7 Hz, K], —160.9 (m, 2F, ). *H NMR
(CDCl), 0: 8.05-7.07 (m, 14H, aromatic protons).

Synthesis of [Au(GFs){ PN(AUPPhs)2}[CIO4 (7). This complex
was obtained by two methods.

Method a. To a solution of3 (0.1 mmol, 0.09 g) in 20 mL of

dichloromethane under a nitrogen atmosphere was added [Au(acac)-

(PPh)] (0.2 mmol, 0.11 g); the solution became yellow. After 30 min
of stirring the solution was concentrated in vacuo, and addition of 20
mL of diethyl ether precipitated as a yellow solid. Yield: 50%.
Method b. To a dichloromethane solution 6f(0.1 mmol, 0.14 g)
under a nitrogen atmosphere was added [Au(acac}jP@hl mmol,
0.06 g); the solution turned yellow. After 30 min of stirring the solution

Fernandez et al.

Table 1. Details of Data Collection and Structure Refinement for

Complexes2 and 3

compd
2 3
chem formula GoH16AUCIF NP Gz1.H16AUCI4F10NO4P

cryst habit colorless trapezoid colorless prism
cryst size/mm 0.4k 0.40x 0.30  0.36x 0.18x 0.10
cryst system triclinic triclinic
space group P1 P1

A 9.8992(8) 9.241(2)
b/A 11.828(2) 13.752(2)
c/lA 13.672(2) 15.6517(10)
o/deg 110.194(16) 100.404(10)
pldeg 97.087(14) 102.338(10)
yldeg 106.108(12) 101.282(10)
VIA3 1400.1(4) 1853.5(5)

2 2
Ddg cm 3 2.002 1.855
M 843.82 1035.21
F(000) 808 998
T/°C —100 —100
20maddeg 50 56
u(Mo Ko)/mm~2 5.497 4.387
Transm 0.979, 0.522 0.999, 0.589
no. of reflcns measd 4975 12 666
no. of unique reflcns 4759 8884
Rint 0.0199 0.0383
Ra (F > 40(F)) 0.0225 0.0498
WRP (F2, all reficns) 0.0536 0.1244
no. of reflcns used 4759 8884
no. of params 403 457
No. of restraints 374 129
53 1.036 0.996
maxAple A3 0.979 1.742
compd
4 7

chem formula GoH1sAUF NP GsgH4gAU3ClsF10NO4P3
cryst habit yellow tapering prism  yellow prism

cryst size/mm
cryst system

was concentrated to ca. 5 mL, and diethyl ether was added to precipitate space group

7 as a yellow solid. Yield: 37%Anm: 79 Q1 cn? mol™t. ES/MS:
[M] T atm/z= 1725 (16%). Anal. Calcd for £H4sAUsCIF1oNO4Ps: C,
43.45; H, 2.45; N, 0.8. Found: C, 43.8; H, 2.7; N, B®{*H} NMR
(CDCly), 6: 46.3 (m, 1P, PP, 27.5 (s, 2P, AuPRh F NMR
(CDCly), 6: —116.2 (m, 2F, F), —153.7 [t, 2F 3)(Fn—F,) = 20.4 Hz,
Fol, —159.2 (m, 2F, §), —121.8 (m, 2F, F), —155.3 [t, 1F 3)(Fm—Fy)
= 19.9 Hz, K], —160.1(m, 2F, F). *H NMR (CDCl), d: 7.58-7.08
(m, 14H, aromatic protons).

Crystal Structure Determinations. The crystals were mounted in

inert oil on glass fibers and transferred to the cold gas stream of a
Siemens P432), Siemens SMART J), or Bruker SMART 4, 7)
diffractometer. Data were collected using monochromated Mo K
radiation ¢ = 0.710 73 A) inw-scan mode3, 3) or with w- and¢-scans
(4, 7). Absorption corrections were applied on the basig-afcans for
2, whereas fof3, 4, and 7 the program SADABS, based on multiple
scans, was used. The structures were solved by Patt&st)rof direct
methods 8, 7) and refined onF? using the program SHELXL-9Y.
All non-hydrogen atoms were refined anisotropically, except for solvent
carbon. Aminic hydrogens were located and refined using distance
restraints for2 and 4. Other hydrogen atoms were included using a
riding model. Further crystal data are given in Table 1.

Special Details of Refinement3: The structure contains two poorly

on full occupation of these siteg: The structure contains three
dichloromethane sites, two of which are disordered over an inversion

M

F(000)

T/°C

20maddeg

u(Mo Ko)/mm=2
transm

no. of reflcns measd
no. of unique reflcns
Rint

R2 (F > 40(F))

wRP (F2, all reflcns)
no. of reflcns used
no. of params

no. of restraints

s

maxAple A-3

0.2% 0.15x 0.12
triclinic
Pl
10.0862(8)
14.8036(12)
19.3597(16)
99.163(3)
98.068(3)
104.580(3)
2712.2(4)
4

1.977
807.37
1544
—130
60
5.575
0.945, 0.683
29 022
15390
0.0466
0.0349
0.0617
15390
783
737
0.802
1514

0.32x 0.16x 0.09
triclinic
1

13.4946(12)
14.2351(12)
18.5302(16)
77.029(3)
84.443(3)
83.508(3)
3437.1(5)
2

1.927
1994.13
1904
—130
60
6.726
0.862, 0.555
59 536
19933
0.0459
0.0227
0.0651
19933
864
296
1.034
2.190

. . T AR(F)= X||Fo | — |Fll/ZIFo |. "wR (F?) = [E{w(Fe* — FH3/
resolved molecules of dichloromethane, of which one is disordered over s{w(F2)2}1°5 w! = ¢3(F2) + (aP)? + bP, whereP = [F2 + 2F 3/
an inversion center. The composition and derived parameters are based anda andb are constants adjusted by the progra®= [Z{w(F.?
— FA3/(n — p)]°5, wheren is the number of data aruithe number

of parameters.

center and are poorly defined. The composition and derived parameters
are based on two dichloromethane molecules per molecule of complex.Results and Discussion

Most major features of residual electron density are in the solvent
region.

(37) Sheldrick, G. M.SHELXL-97, a program for crystal structure
refinement University of Gdtingen: Gidtingen, Germany, 1997.

As mentioned above, only a few gold(l) complexes containing

the N,P-donor ligand PNjhave been reported to dateand
no gold(lll) complex at all; our first objective was thus the

synthesis of compounds of this type. Accordingly, treatment of
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aR = C¢Fs. Key: (i) [AuRs(tht)]; (i) 1/2 [AuRa(u-Cl)]2; (iii) [AUR 2(OE®),]CIO4; (iv) AgCIO4; (V) [AuRz(acac)]; (vi) Tl(acac); (vii) PPN(acac);
(viii) [Ag(OCIO3)(PPh)]; (ix) [Au(OCIO3)(PPh)]; (x) [Au(acac)(PPB)]; (i) 2 [Au(acac)(PPH)].

PNH, with the gold(lll) starting materials [Au(§Fs)s(tht)] or
[Au(CgFs)2(u-Cl)]2 in the appropriate molar ratio, as illustrated
in Scheme 1, leads to the synthesis of the neutral gold(lIl)
complexes [Au(GFs)s(PNH)] (1) or [Au(CeFs)CI(PNH)] (2),

in each of which the ligand is monodentate, coordinating the
gold center through the phosphorus atom.

Complexesdl and2 are air- and moisture-stable solids, soluble
in most common organic solvents and insoluble in hexane, with
elemental analyses and physical and spectroscopic properties
in accordance with the proposed stoichiometry. Their IR spectra
show thev(N—H) stretching absorptions at 3380 and 346 (
and 3370 and 3472) cm™! and also bands assignable to the
pentafluorophenyl groups bonded to gold(AT)3!

The3P{'H} NMR spectra show a single resonance at 12.0
(1) or 20.7 @ ppm that appears as a multiplet because of
coupling with fluorine. In thé®F NMR two groups of signals,
each corresponding to one type of pentafluorophenyl group, areFigure 1. Structure of cq_mpound_ in the crystal_showing the atom
observed with relative intensities 2:1)or 1:1 @), confirming numbering scheme. Radii are arbitrary. For clarity, only the aminic H

L . o . atoms are shown.
their cis disposition. The resonance of the aminic protons

appears in théH NMR at 3.8 (1) or 3.9 @) ppm. Finally, the  found in2 compare reasonably well with those found in [CI-
peak from the molecular ion is observed in the mass spectrum cyre),Auf PhPCH(AUNGHs)PPh} AuCI]% (2.037(18), 2.052-
of 1 (FAB+) atm/z= 975 (3%) with an experimental isotopic (20) A) and [AUCI(CH)A PhPCHPPBO} ] (2.042(5), 2.070-
distribution in accordance with calculation. Other peaks corre- (5) A). The longer of the distances mentioned above are in the
sponding to various fragments are also found: [Adfd)s- range of values found in tris(pentafluorophenyl) gold deriva-
(PNH)] ", [AU(CeFs)(PNH;)] T, and [AU(PNH)] " atm/z=808  {jyes40 The Au-Cl distance is (2.3230(11) A), shorter than in
(50), 641 (100), and 474 (70%) ih or [Au(CeFs)2(PNH,)]* [CI(CeFs)2Au{ PRPCH(AUNGHs)PPh} AuCI]38 (2.337(8) A),
and [Au(PNR)]* atm/z = 808 (65) and 474 (100%) i2. [AUCI(CH3){ PhbPCHPPRO} ] (2.391(1) A), and [AuGH

The crystal structure & was determined by X-ray diffraction (PPh)]*! (2.347(4) A for the chlorine trans to the triphenylphos-
studies on a crystal obtained by slow diffusion of hexane into phine; cf. 2.273(4) and 2.282(2) A for the mutually trans chorine
a solution of the complex in dichloromethane. The gold center atoms) but longer than the bond trans to N in [Ag(CH-
is coordinated by the ipso carbon atoms of two pentafluorophe- NO)J*2 (2.265(3)-2.278(4) A). It resembles the distances
nyl rings, one chlorine, and the phosphorus atom of the PNH
ligand (Figure 1) and exhibits a square planar geometry with (38) Uson, R.; Laguna, A.; Laguna, M.; Manzano, B. R.; Sheldrick, G.
angles from 86.09(14) to 93.32(2( selection of bond lengths M.; J. Chem. Soc., Dalton Tran3985 2417

; f : (39) Paul, M.; Schmidbaur, HChem. Ber1996 129 77
and angles is shown in Table 2). The greater trans influence of(40) See, for example: Bella, P. A.; Crespo, O.: Fernandez, E. J.: Fischer,

the PNH ligand, compared with chlorine, is reflected in the A. K.; Jones, P. G.; Laguna, A.; Lopez-de-Luzuriaga, J. M.; Monge,
Au—C distances. The bond trans to chlorine is 2.038(4) A, M. J. Chem. Soc., Dalton Tran999 4009 and references therein.

(41) Bandori, G.; Clemente, D. A.; Marangoni, G.; Cattalina]JLChem.
whereas that trans to PNHs 2.068(4) A. There are few Soc.. Dalton Trans1973 866.

examples in the literature of gold(ll) centers coordinated by (42) Bruni, B.; Ferraroni, M.; Orioli, P.; Speroni, Bcta Crystallogr.1996
two carbon atoms, a chlorine,ca P donor atom. The distances C52, 1423
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Table 2. Bond Lengths (A) and Angles (deg) far

Au—C(21) 2.038(4) N-C(32) 1.383(5)
Au—C(11) 2.068(4) C(35C(36) 1.402(5)
Au—Cl 2.3230(11) C(31)C(32) 1.411(5)
Au—P 2.3853(10) C(32)C(33) 1.390(6)
P—C(31) 1.812(4) C(33)C(34) 1.378(6)
P—C(51) 1.821(4) C(34)C(35) 1.382(6)
P—C(41) 1.819(4) C(35)C(36) 1.370(5)
C(21-Au—C(11) 86.09(14) C(36)C(31)-P 119.1(3)
C(21)-Au—Cl 176.53(10) C(32}C(31)-P 121.6(3)
C(11)-Au—Cl 90.84(10) N-C(32)-C(33) 119.3(4)
C(21)-Au—P 93.32(10) N-C(32)-C(31) 122.1(4)
C(11)-Au—P 176.96(10) C(33)C(32)-C(31) 118.6(4)
Cl-Au—P 89.83(4)  C(34YC(33)-C(32) 121.0(4)
C(31)-P-C(51)  108.77(17) C(33)C(34)-C(35) 120.5(4)
C(31)-P-C(41)  105.44(17) C(36)C(35)-C(34) 119.7(4)
C(51)-P-C(41)  104.75(17) C(35)C(36)-C(31) 121.0(4)
C(31)-P-Au 112.31(13) C(46}C(41)-P 119.6(3)
C(51)-P-Au 114.21(12) C(42}C(41)-P 120.4(3)
C(41)-P-Au 110.74(12) C(56)C(51)-P 118.7(3)
C(16)-C(11-Au 122.6(3)  C(52}C(51)-P 121.5(3)
C(12)-C(11-Au 121.8(3)

(2.324(2), 2.325(2) A) trans to S found in [fNPPR][Au-
(S:C2B10)Cl2].4 A longer Au—P distance (2.3853(10) A) is
found in2, compared with other phosphinogold(lll) complexes,
such as [Me-GH3{ NHPPhAuU(CsFs)s}2] (2.346(2), 2.358(3)
A),%0 NBus[{ Au(CeFs)3(PPRCHPPR)} ,Au]*4 (2.367(2) A), or
[AuMesPPh]4 (2.347(6) A). It is similar to that observed in
[CeHa{ NHPhAU(CgFs)s}{ N(AUPPh)PPRAU(CeFs)3} ] (2.3829-
(15), 2.3615(16) A0

The C(31)-C(32) distance between the two carbons of the
PNH, skeleton is 1.411(5) A. The amine group forms an
intramolecular hydrogen bond to a fluorine atom—N02-
F10, with H-F 2.30(4) A and N-H-F 161(4Y.

In complexesl and?2 the ligand is monodentate, but it can

Fernandez et al.

2

Ci23)

Cl22)

Figure 2. Structure of the cation of compouBdn the crystal showing
the atom numbering scheme. Radii are arbitrary. For clarity, only the
aminic H atoms are shown.

solvents and insoluble in hexane. Its physical, analytical, and
spectroscopic properties agree with the proposed stoichiometry.

In the IR spectrum ofl, apart from the absorptions from the
perfluorophenyl groups, a sharp band at 3409 tms now
observed arising from the NH group. Compared waththe
resonance of the phosphorus atom appears #R{$H} NMR
at higher field because of the deprotonation of the;kbup.
This effect is also shown in théd NMR spectrum, where the
signal of the NH is now located at 5.19 ppm. In its mass
spectrum (FAB-) the parent peak atvVz = 807 corresponds to
M,

To determine the structural differences betweeand 4,
single crystals of both complexes were grown by diffusion of

also behave as bidentate chelating ligand when treated withpexane in a solution of the respective complex in dichlo-

equimolecular amounts of [AugEs)2(OEL)2]ClO4. This reac-
tion leads to the new cationic complex [Aufe)2(PNH,)]CIO4

(3), which is soluble in chlorinated solvents and acetone and
insoluble in diethyl ether and hexane. It behaves as a uni-
univalent electrolyte in acetone solutions, and its elemental
analysis and spectroscopic properties agree with the propose

stoichiometry.

The infrared spectrum @& displays a broad band at3520
cm~1 from the NH group and bands from the perfluorophenyl
groups similar to those observed 2nbesides bands from the
anion at~1100 (vs, br) and 623 (m) cm.46 The3P{1H} NMR
signal of the ligand is located at 45.1 ppm. THE NMR of 3
is similar to that registered for compleX, and in its mass
spectrum (FAB-) the peak corresponding to the molecular
cation appears atr/z = 808 (87%), while the largest peak
located atwz = 474 corresponds to the fragment [Au(PNH.

The neutral amido complex [AugEs)2(PNH)] (4) can be
obtained by deprotonation 8fwith PPN(acac) or by treatment
of the chloro complexX with Tl(acac). Furthermore, reaction
of the free ligand with the (acetylacetonato)gold(lll) derivative
[Au(CeFs)2(acac)] also leads to the synthesisdothrough an

alternative pathway (see Scheme 1). This complex is obtaine
as a stable yellow solid, soluble in most common organic

(43) Crespo. O.; Gimeno, M. C.; Jones, P. G.; Laguna).AOrganomet.
Chem.1997, 547, 89.

(44) Fernandez, E. J.; Gimeno, M. C.; Jones, P. G.; Laguna, Ae#-0
de-Luzuriaga, J. MOrganometallics1995 14, 2918.

(45) Stein, J.; Fackler, J. P.; Paparizos, C.; Chen, HJWAmM. Chem.
Soc.1981 103 2192.

(46) Hathaway, B. J.; Underhill, A. El. Chem. Socl1961, 3091.

romethane and their crystal structures were determined by X-ray
diffraction.

Compound3 contains one independent formula unit in the
unit cell, whereas compound contains two independent

olecules. In both complexes the gold atoms are bonded to
wo pentafluorophenyl rings and chelated by the BN8) or
[PNH]~ (4) ligands. The gold centers lie in the plane formed
by the four donor atoms and exhibit square planar geometries
(Figures 2 and 3). The narrowest angle is always that restricted
by the chelating ligand (see the selection of angles and bond
lengths in Tables 3 (compour®) and 4 (compound})).The
distances Au-C are 2.019(6), 2.073(7) A i8 and 2.041(4),
2.067(4) A for one of the molecules #hand 2.053(4), 2.050-
(5) A in the other. The values iB clearly indicate a higher
trans effect of the PRIgroup than the Nklgroup. In compound
4the Au—C distances are more similar, indicating a higher trans
effect from the deprotonated NH group than from NAThe
additional electron density delocalized through the-Al+C
bonds is reflected in both the AtN and N-C distances. The
Au—N distance in3 is 2.107(5) A, whereas those found 4n

gqare 2.028(4), 2.024(4) A. Similarly, the-AC distance i3 is

1.474(9) A, whereas those found #are shorter, 1.356(6),
1.359(6) A. No noticeable differences are observed in th€C
bond lengths between the carbon atoms bonded to the donor
atoms (P and N) in the PNHor [PNH]™ ligands when
comparing both structures or compared wihThe Au-P
distances (2.3222(18) A i8, 2.3254(13), 2.3174(13) A i#)

are shorter than those found farin 3 the Au—N bond distances
compare well with those found in the derivatives [AdE).-
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]
cr2/4

Figure 3. Structure of compound in the crystal showing the atom numbering scheme. Radii are arbitrary. For clarity, only the aminic H atom

is shown.

Table 3. Selected Bond Lengths (A) and Angles (deg) Sor

Au—C(51) 2.019(6) P-C(31) 1.797(7)
Au—C(41) 2.073(7) P-C(12) 1.798(7)
Au—N 2.107(5) P-C(21) 1.803(7)
Au—P 2.3222(18) N-C(11) 1.474(9)
C(51)-Au—C(41)  88.6(2) CBLP-C(21) 110.3(3)
C(51)-Au—N 177.02) C(12yP-C(21)  108.2(3)
C(41)-Au—N 93.5(2) C(31P-Au 106.9(2)
C(51)-Au—P 92.90(18)  C(12)P-Au 100.3(2)
C(41)-Au—P 172.17(19) C(2BDP-Au 121.2(2)
N—Au—P 84.81(16) C(1HYN—Au 116.6(4)

Table 4. Selected Bond Lengths (A) and Angles (deg) 4or

Au—N 2.028(4) AG—N' 2.024(4)
Au—C(41) 2.041(4) AU-C(31) 2.050(5)
Au—C(31) 2.067(4) AU-C(41) 2.053(4)
Au-P 2.3254(13) Au-P 2.3174(13)
P—C(1) 1.786(4) P-C(1) 1.791(4)
P—C(11) 1.792(4) P-C(21) 1.803(5)
P—C(21) 1.803(4) P-C(11) 1.805(4)
N—C(2) 1.356(6) N-C(2) 1.359(6)
N—Au—C(41) 176.70(17) NAU'—C(31) 91.25(17)
N—Au—C(31) 94.10(16) N-Au'—C(41) 178.91(17)
C(41-Au—C(31) 88.42(15) C(3)-Au'—C(41) 89.77(16)
N—Au—P 82.09(13) N-Au'—P 82.98(13)
C(41)-Au—P 95.44(12) C(3)—Au—P 173.01(12)
C(31)-Au—P 175.99(11) C(4)-Au'—P 96.04(12)
C(1)-P-C(11)  1102(2) C(-P—-C(2I)  109.8(2)
C(1)-P-C(21)  108.9(2) C()-P-C(1l)  105.96(19)
C(11)-P-C(21)  106.96(19) C(Z1-P—C(1l) 108.5(2)
C(1)-P-Au 100.42(16) C()—P—AU' 99.54(16)
C(11)-P-Au 116.92(15) C(2)-P—AU' 114.72(15)
C(21)-P-Au 113.18(15) C(11—-P—Au' 117.42(15)
C(2-N—Au 122.03) C(@-N-AuU 121.2(3)

(Fepy)lClO4 (2.076(7), 2.089(7) A) and [Au(§Es)s(Fcpy)F’
(2.101(3) A). A longer bond was found in [Au(TPB)N]é
(TPB = 3,7-dimethyl-1,5,7-triaza-3-phosphabicyclo[3.3.1]-
nonane) (2.22(1) A, in which the gold center is chelated by the

center through the nitrogen and two carbon atoms [Au(DPPY)-
(PPh)], [Auz(DPPYy(dppm)], and [Au(DPPY)(dppe}] (dppm

= bis(diphenylphosphino)methane, dppél,2-bis(diphenylphos-
phino)ethane) (distances between 2.019(16) and 2.040(1) A).

As mentioned above, we were especially interested in the
synthesis of mixed gold(IIl-M(l) compounds, to determine
whether metatmetal contacts can also appear in such com-
pounds. Thus, we treated the neutral derivadverith [Ag-
(OCIG;)(PPh)] or with a freshly prepared solution of [Au-
(PPh)]CIO4 (1:1), isolating the new cationic complexes
[Au(CgFs)2{ PNH(MPPR)}ICIO4 (M = Ag (5), Au (6)). Com-
plex 6 can also be obtained by direct reaction3fvith an
equimolecular amount of [Au(acac)(P#h These species are
obtained as yellow5) or orange ) air- and moisture-stable
solids, soluble in chlorinated solvents and acetone and insoluble
in diethyl ether and hexane. They behave as uni-univalent
electrolytes, and their analytical and spectroscopic properties
agree with the proposed stoichiometry.

Their 3'P{1H} NMR spectra display a new resonance from
the PPh bonded to the M(I) center. In the case of silver this
signal appears at room temperature as a doublet of multiplets
centered at 14.1 ppm that splits into a doublet of doublets
centered at 13.0 ppm when the temperature is decreased to 223
K. This pattern is due to the coupling of the phosphorus atom
of the triphenylphosphine ligand with both NMR-active isoto-
pomers of silver {°°Ag and1%7Ag) with coupling constants of
803 (©Ag—P) and 691 °’Ag—P) Hz. In the3P{*H} NMR
of 6 the resonance of the PPligand is located at 29.3 ppm.
The phosphorus of the PRPgroup appears at 45.8)(or 42.4
(6) ppm.

Similarly to our observations in thd NMR spectrum of3,
the resonance of the aminic proton seems to be masked by those
corresponding to the aromatic protons in these two complexes,
while the1%F NMR is similar to that registered f@.

Finally, the peak due to the molecular cation is observed in

phosphabicyclo derivative). Shorter distances have been foundthe mass spectra (B atm/z= 1177 (7,5) or 1266 (95%5).

in other pyridine derivatives, such us [fdpk-(OH)}-Cl,]CI
(dpk = di-2-pyridylmethanedioN,N')*° (2.039(5), 2.042(5) A)
or in [AuCIl3(CeH/NO)]J*2 (2.021(9) A) and in compounds in
which 2,6-diphenylpyridine (DDPY) is coordinated to the gold

(47) Barranco, E. M.; Crespo, O.; Gimeno, M. C.; Jones, P. G.; Laguna,
A.; Villacampa, M. D.J. Organomet. Chenl999 592 258.

(48) Assmann, B.; Angermaier, K.; Paul, M.; Riede, J.; Schmidbaur, H.
Chem. Ber1985 128 891.

(49) Sommerer, S.; Jircitano, A. J.; Westcott, B. L.; Abboud, K. A.; Krause
Bauer, J. AActa Crystallogr.1997 C53, 707.

These spectra also display other peaks corresponding to the
fragments [AgPP4}™ or [PNH(AuPPR)]™ at mz = 670 (45,
5) or 736 (50%,6), respectively.

Both protons of the PNKligand can be replaced by AuPPh
groups, and thus the trinuclear complex [Agfg){ PN-
(AuPPh)2} ICIO4 (7) was obtained by reaction & with [Au-
(acac)(PP¥)] (1:2) in dichloromethane or by treatment@®fvith

(50) Wong, K.-H.; Cheung, K.-K.; Chan, M.C.-W.; Che, C.-Rrgano-
metallics1988 17, 3505.
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Table 5. Selected Bond Lengths (A) and Angles (deg) Tor

Au(1)—-C(11) 2.046(3) Au(2yP(2) 2.2395(9)
Au(1)-N 2.079(3) Au(2)-Au(3) 2.9749(3)
Au(1)-C(1) 2.088(4) Au(3¥N 2.104(3)

Au(1)-P(1) 2.3113(9)  Au(3}P(3) 2.2505(9)
Au(1)—Au(3) 3.3219(3) P(1yC(41) 1.790(3)

Au(2)-N 2.077(3) N-C(46) 1.438(4)

C(11)-Au(1)-N  176.81(12) P(3YAu(3)—Au(l) 145.15(3)
C(11)-Au(1)-C(1) 87.07(13) Au(2-Au(3)-Au(l) 67.190(8)
N—Au(1)-C(1) 95.03(12) C(41)P(1)-Au(l) 100.33(12)
C(11)-Au(1)-P(1) 93.39(9) C(2BHP(1)-Au(l) 115.46(11)
N—Au(1)—P(1) 84.47(8) C(3HP(1)-Au(l) 113.34(12)

C(L)-Au(L)-P(1)  179.12(10) C(6HP(}-Au(®) 111.91(11)
C(11)-Au(l)-Au(3) 145.26(9) C(51}P(2)-Au(2) 116.96(11)
N—AU(1)-Au(3)  37.68(7) C(71rP(2)-Au(?) 108.04(11)
C(L)-Au(l)-Au(3) 82.50(9) C(91}P(3)-Au(3) 115.42(13)
P(1-Au(l)-Au(3) 97.52(2) C(10BP()-Au(3) 112.42(12)
N—Au(2)—P(2) 174.17(7) C(8BPB)-Au(3) 109.89(12)
N-Au(2)-Au(3)  44.99(7) CMA6YN-Au)  116.5(2)
Figure 4. Structure of the cation of compourdn the crystal showing ~ P(2)-Au(2)-Au(3) 129.33(2) C(46yN—Au(l)  116.0(2)
the atom numbering scheme. Radii are arbitrary. H atoms are omitted N—Au(3)—P(3) 176.53(8) Au(2yN—Au(l)  114.51(12)
for clarity N-Au(3)-Au(2)  44.29(7) C(46yN—Au(3)  110.14(18)
' P(3)-Au(3)-Au(2) 136.84(3) AUYN—-Au(B)  90.72(10)
N-Au@d)-Au(l)  3717(7) Au(lyN-Au(3)  105.15(12)

an equimolecular amount of the same acetylacetonate derivative.

This complex is obtained as a yellow solid with physical (5)_a(3)2.9749(3) A) is present. The Augipu(lll) distances
properties S|m_|lar to those observe_d ﬁ_)and analytical data in (Au(1)—Au(2) 3.4961(3) A, Au(L}Au(3) 3.3219(3) A) are
accordance with the proposed stoichiometry. noteworthy and may indicate the presence of weak interactions
The *!P{H} NMR spectrum of7 shows two resonances at  peqyeen the gold(l) and gold(lll) centers. We have previously
46.3 (PPB) and _27_'51(A”PP57 ppm, the latter with a higher  qrawn attention to this possibility, as indicated by short gold-
intensity, while in its"H NMR spectrum only signals due to (1) _gold(IIl) distances in some of our complexes and also by
aromatic protons are observed. The peak corresponding to thpeoretical studie52The difference in the AtC bond lengths
molecular cation also appears in the mass spectrun (687 is appreciable (2.046(3), 2.088(4) A), with the longer bond trans
atm'z = 1725 (16%). to the phosphorus atom. This situation resembles that found in

Finally, X-ray diffraction studies were carried out on a single 3 The Au(llN—N (2.079(3) A) and Au(lll}-P (2.3113(9) A)
crystal of7 grown by slow diffusion ofh-heptane in a solution  pond distances are similar to those foundin

of 7 in dichloromethane. The molecule involves a [PN]gand
that chelates a gold(lll) center, also bonded to two pentafluo-
rophenyl rings. The nitrogen atom is also bonded to two AyPPh
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fragments (Figure 4) resembling the structure found in the der Chemischen Industrie, and the CAI (Caja de Ahorros de la

trinuclear complex of 8-aminoquinolirfé.The gold(lll) center Inmaculada) for financial support.

exhibits the usual square planar geometry. As seen in complexes Supporting Information Available:  CIF files of crystal data, data
2—4, the narrowest angle is, once again, that restricted by the collection and s_olutlon_ and refinement paramete_rs, bond_dls_tance's and
bite angle of the ligand (NAu(1)—P(1) 84.47(8)) (see Table angles, and anisotropic thermal pararpeters. This material is available
5). Linear geometry at both gold(l) centers is observed, with free of charge via the Internet at hitp://pubs.acs.org.

N—Au(2)—P(2) 174.17(7)and N-Au(3)—P(3) 176.53(8). An 1C0100875

intramolecular interaction between the two gold(l) centers (Au-

(52) (a) Crespo, O.; Canales, F.; Gimeno, M. C.; Jones, P. G.; Laguna, A.
Organometallics1999 18, 3142. (b) Canales, F.; Gimeno, M. C.;
(51) Schmidbaur, H.; Kolb, A.; Bissinger, Piorg. Chem1992 31, 4370. Laguna, A.; Jones, P. @rganometallics1996 15, 3412.




