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Synthesis, Structural Characterization, and Luminescence Studies of Gold(l) and Gold(lll)
Complexes with a Triphosphine Ligand
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We have synthesized a series of trinuclear and tetranuclear gold(l) complexdzip)(AuX)] (dpmp = bis-
(diphenylphosphinomethyl)phenylphosphine=XCl (1), CsFs (2)), [Aus(u-dpmp)](CFsSGs)s (3), and [Au(u-
dpmp)Cl,)(CFsSGs)2 (4). Complex4 displays a rhomboidal geometry for the gold atoms with short-ggtald
distances of 3.1025(11) and 3.1059(14) A. We have also prepared the mononuclear and dinuclear gold(lIl)
complexes [g-dpmpY Au(CeFs)3}n] (n =1 (5), 2 (6)). The crystal structure d has been determined by X-ray
diffraction studies, which show that gold is coordinated to the central phosphorus although two isomers are observed
in solution. Treatment d® with gold(l) derivatives affords trinuclear mixed-valence gole@pld(l11) [(x-dpmp)-
{Au(CgFs)3} 2(AuX)] (X = CI (7), CsFs (8)). The luminescent properties of these complexes in the solid state
have been studied. Likewise, it has been found that the gold(l) complexes are luminescent but not so the gold-
(1) or mixed-valence complexes.

Introduction In this study we describe the synthesis of a series of mono-,
o ) di-, tri-, and tetranuclear gold complexes with the dpmp ligand,

One of the intriguing phenomena of gold(l) complexes is a \ith the gold centers in the oxidation states 1, 11, and mixed

weak gold-gold interaction, whose energy is similar to that of |y we report that gold(l) derivatives luminesce, while gold-

hydrogen bonds. This interaction has been rationalized by using(m) and mixed gold(l)-gold(Ill) complexes do not. The crystal

relativistic and cor_relation effecjﬂs. MosF of these gold(l) structures of [Au(u-dpmp)CloJ(CFsSOs). and [Au(GFs)s-

complexes possessing such gold interactions are luminésééent, (dpmp)] have been determined by X-ray diffraction studies. The

although Jones et al. reported recently that this interaction is tetranuclear derivative displays a rhomboidal geometry for the

not a necessary condition for the luminescence (at least in thegold atoms with short metaimetal distances.

case of diphosphine thiolate gold(l) compounds studied by

them)3 Experimental Section

The use O.f polyphosphlne I!gands favors.both the metal General. All the reactions were carried out under an argon
anters pr,OX'm'ty_ anq the Iumlnesperfchor Instance, the. atmosphere at room temperature. IR spectra were recorded on a Perkin-
tridentate ligand bis(diphenylphosphinomethyl)phenylphosphine gjmer 8g3 spectrophotometer, over the range 4GED cn, by using
(dpmp) has been employed to construct trinuclear derivatives Nujol mulls between polyethylene sheetd, 19F, and3!P{*H} NMR
containing Rh(l), Pt(ll), Pd(Il), Ag(l), Cu(l), Au(l), and Hg-  spectra were recorded on a Varian UNITY 300, GEMINI 2000, or
(In; all of them have shown to be luminescent when this Bruker ARX-300 apparatus in CDgbolutions (if no other solvent is
property has been studiéd. stated); chemical shifts are quoted relative to SiNexternal,'H),

CFCk (external *°F), and 85% HPOQ, (external 3*P). C, H, N, and S
analyses were performed with a Perkin-Elmer 2400 microanalyzer.
Melting points were measured on & &u apparatus and left uncor-
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327 (Au=Cl) cm . *H NMR (DMSO-dg): 6 7.8-7.2 (m, 25H, Ph),
4.32 (*g”, 2H,N = 12.6 Hz, P-CH,—P), 4.14 (“g”", 2H,N = 13.0 Hz,
P—CH,—P). H{3P} NMR (DMSO-dg): 0 7.8-7.2 (m, 25H, Ph), 4.33
(d, 2H,2)(HH) = 14.7 Hz, P-CH,—P), 4.16 (d, 2H, P-CH,—P). 3'P-
{*H} NMR (DMSO-ds): 6 25.6 (2P,2J(PP)= 56.6 Hz), 22.7 (1P).
Anal. Calcd for GoH20AUsClsPs: C, 31.95; H, 2.45. Found: C, 31.55;
H, 2.1. LSIMS (Wz, %, assignment): 1167 (100, [M CI]*).

[(u-dpmp){ Au(CeFs)} 5] (2). To a dichloromethane solution (10 mL)
of [Au(CeFs)tht]® (0.136 g, 0.3 mmol) was added dpmp (0.051 g, 0.1
mmol). The solution was stirred for 2 h. It was then concentrated to
ca. 3 mL. Addition of hexane afforde2ias a white solid which was
washed with hexane (% 5 mL). Yield of 2: 80%, mp 110°C
(decomp). IR: 956, 791 (Fs) cmt. *H NMR: ¢ 7.6—7.0 (m, 25H,
Ph), 3.50 (“q", 2H,N = 12.1 Hz, P-CH,—P), 3.00 (“q", 2H,N =
10.2 Hz, P-CH,—P). F NMR: 6 — 117.0 (m, 4k), —117.5 (m,
2F,), —160.2 (t, 2F), —161.3 (t, 1F), —164.0 (m, 4F), —164.8 (m,
2Fy). *P{H} NMR: 6 32.1 (2P2J(PP)= 71.0 Hz), 27.6 (1P). Anal.
Calcd for GoH20AusFisPs: C, 37.55; H, 1.85. Found: C, 37.9; H,
1.7. LSIMS Wz, %, assignment): 1598 (7, M|, 1431 (100, [M—
CeFs) ™).

[Aus(e-dpmp)](CF3S0Os); (3). To a dichloromethane solution (30
mL) of [Au(tht);](CF:SOs)° (0.3 mmol, prepared in situ) was added
dpmp (0.101 g, 0.2 mmol). After stirring for 2 h, the solution was
concentrated to ca. 5 mL. Then, diethyl ether (20 mL) was added to
obtain3 as a white solid. Comple® was washed with diethyl ether
(2 x 5mL). Yield of 3: 82%, mp 160C (decomp). IR: 1257, 1223,
637 (CRSOs;) cm L. H NMR: ¢ 7.8-7.0 (m, 50H, Ph), 5.00 (m, 4H,
P—CH,—P), 4.22 (m, 4H, P.CH,—P). H{3'P} NMR: 6 7.8-7.0 (m,
50H, Ph), 5.05 (d, 4H2J(HH) = 14.4 Hz, P-CH,—P), 4.28 (d, 4H,
P—CH,—P). *P{1H} NMR: ¢ 36.4 (2P), 33.1 (1P), A,BB' spin
system withJaa: = 45,Jas = 45.5,Ja5' = 65, andJgg = 93 Hz. Anal.
Calcd for G7HssAusFeOgPsSs: C, 39.25; H, 2.85; S, 4.7. Found: C,
39.0; H, 2.8; S, 4.8. LSIMSnl/z, %, assignment): 1901 (85, [M
CRSQ3] "), 1601 (100, [M— 3CRSO; — 2H]Y).

[Au 4(u-dpmp).Cl,](CF3S0s), (4). This product can be synthesized
by three different ways: (a) To a dichloromethane solution (10 mL)
of complex3 (0.062 g, 0.03 mmol) at 6C was added GI(0.15 mmol
in CCly). The solution was stirred for about 2 h, and then it was filtered
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cmt HNMR: 6 7.8-7.0 (m, 25H, Ph), 3.42.0 (m, 4H, P-CH,—
P). 1%F NMR: 6 —119.3 (m, k), —121.3 (m, k), —122.4 (m, k),
—157.7 (t, k), —157.8 (t, ), —158.4 (t, k), —158.5 (t, F), —161.8
(m, Fy), —162.3 (m, F), —162.6 (m, k). SP{H} NMR of 5. ¢
12.9 (t,2)(PP)= 81.3 Hz) and-28.4 (d). 3*P{*H} NMR of 5" 14.7
(d, 2J(PP)= 47.8 Hz),—24.5 (d,2)J(PP)= 106.8 Hz) and-36.3 (dd).
Anal. Calcd for GoH20AuFsPs: C, 49.85; H, 2.45. Found: C, 49.6;
H, 2.15. LSIMS Wz, %, assignment): 1205 (20, [M- H]"), 703
(100, [Au(dpmp)]).

[(#-dpmp){ Au(CeFs)s}2] (6). (a) To a dichloromethane solution
(30 mL) of [Au(CsFs)s(tht)] (0.315 g, 0.4 mmol) was added dpmp (0.102
g, 0.2 mmol). The solution was stirred for 3 h, and then it was
concentrated to ca. 5 mL. Addition of hexane (20 mL) affor@eab
a white solid. A second fraction was obtained by concentration and
cooling to—18°C. Complex6 was washed with hexane 5 mL).

(b) To a dichloromethane solution (20 mL) 5f(0.06 g, 0.05 mmol)
was added [Au(EFs)s(tht)] (0.039 g, 0.05 mmol). The solution was
stirred for 3 h, and then it was concentrated to ca. 5 mL. Addition of
hexane (20 mL) afforde@ as a white solid. A second fraction was
obtained by concentration and cooling #dl8 °C. Complex6 was
washed with hexane (% 5 mL). Yield of 6: 75%, mp 225°C
(decomp). IR: 969, 793 (Fs) cm™. *H NMR: ¢ 7.8-6.8 (m, 25H,
Ph), 2.90 (dd, 2H2J(HH) = 14.7 and”?J(HP) = 9.1 Hz, P-CH,—P),
2.25 (“t", 2H, N = 13.5 Hz, P-CH,—P). H{3'P} NMR: ¢ 7.8-6.8
(m, 25H, Ph), 2.94 (d, 2HJ(HH) = 14.8 Hz, P-CH,—P), 2.29 (d,
2H, P-CH,—P). %F NMR: ¢ —120.8 (m, 2E), —121.2 (m, 2F),
—122.8 (m, 2k), —157.0 (t, 2F), —157.9 (t, 1K), —161.0 (m, 2F),
—161.6 (m, 2F), —162.0 (m, 2F). *P{*H} NMR: ¢ 14.0 (d, 2P,
2)(PP)= 47.0 Hz),—41.5 (t, 1P). Anal. Calcd for &HaoAUsFadPs:

C, 42.9; H, 1.55. Found: C, 43.05; H, 1.6. LSIM®V¢ %,
assignment): 1902 (4, [M), 703 (100, [Au(dpmp)]).

[(#-dpmp){ Au(CeFs)s} 2(AuX)], X = CI (7), CsFs (8). To a
dichloromethane solution (10 mL) 6f(0.095 g, 0.05 mmol) was added
[AuX(tht)] (0.05 mmol; X= CI (0.016 g), X= CgFs (0.023 g)). The
solution was stirred for 2 h, and then it was concentrated to ca. 1 mL.
Addition of pentane (15 mL) afforded the complexes as white solids.
A second fraction was obtained by concentration and cooling18
°C. Complexe§ and8 were washed with pentane 3 mL). Yield

through Celite. The clear solution was concentrated to ca. 2 mL, and ©f 7: 70%, mp 145°C (decomp). IR: 970, 793 (€s), 341 (Au-Cl)

diethyl ether (20 mL) was added to obtadras a white solid. (b) A
chloroform solution (30 mL) of compleg (0.103 g, 0.05 mmol) was
stirred overnight; then, it was filtered through Celite and concentrated
to ca. 5 mL. Addition of diethyl ether (20 mL) affordetas a white
solid. (c) To a dichloromethane solution (10 mL) of comp8(0.062

g, 0.03 mmol) was added HCI (0.15 mmol in.@). After stirring for

2 h, the mixture was filtered through Celite and concentrated to ca. 2
mL. Addition of diethyl ether (20 mL) afforded compléxas a white
solid. Yield: 90% (referred to gold), mp 20C (decomp). IR: 325
(Au—Cl) cm™% H NMR: 6 7.8-6.9 (m, 50H, Ph), 4.82 (d, 8RJ(HP)

= 13.3 Hz, P-CH,—P). *H{®'P} NMR: ¢ 7.8-6.9 (m, 50H, Ph), 4.81

(s, 8H, P-CH,—P). 31P{1H} NMR: 0 44.7 (4P), 23.1 (2P), A2 XX’

spin system with apparent coupling constanisi = Jax = 41, Jax:

= Jax = 33 Hz. IH NMR (—60 °C): 6 4.71 (m, P-CH,—P). IH-
{®P} NMR (=60 °C): 6 4.72 fJ(HH) = 15.2 Hz, P-CH,—P), 4.63
(P—CH,—P). 3P{1H} NMR (—60°C): 0 44.0 (4P), 22.1 (2P). Anal.
Calced for GeHsgAusCloFsOPsS,: C, 36.55; H, 2.7; S, 2.95. Found:
C, 36.55; H, 2.35; S, 2.6. LSIMS1(z, %, assignment): 2019 (27,
[M — CRSQOs)t), 935 (100, [AuCl(dpmp)TH).

[{Au(CeFs)s} (dpmp)] (5+5'). To a dichloromethane solution (10
mL) of [Au(CeFs)s(tht)]*° (0.079 g, 0.1 mmol) was added dpmp (0.051
g, 0.1 mmol). The solution was stirred for 2 h, and then it was
concentrated to ca. 2 mL. Addition of pentane (20 mL) afforge&’

as white solids. A second fraction was obtained by concentration and

cooling to —18 °C. The mixture was washed with pentane %23
mL). Yield of 5+5: 67%, mp 130C (decomp). IR: 969, 793 (Es)

(8) Usm, R.; Laguna, A.; Vicente, 1. Chem. Soc., Chem. Commun.
1976 353.
(9) Usm, R.; Laguna, A.; Laguna, M.; Jimez, J.; Gmez, M. P.; Sainz,
A.; Jones, P. GJ. Chem. Soc., Dalton Tran$99Q 3457.
(10) Usa, R.; Laguna, A.; Laguna, Mnorg. Synth.1989 26, 87.

cm L HNMR: 6 7.8-6.8 (m, 25H, Ph), 3.08 (m, 2H,-FCH,—P),

2.78 (m, 2H, P-CH,—P). H{3'P} NMR: ¢ 7.8-6.8 (m, 25H, Ph),
3.05 (d, 2H2)(HH) = 15.5 Hz, P-CH,—P), 2.71 (d, 2H, P-CH,—P).

F NMR: 0 —121.4 (m, 4k), —122.7 (m, 2E), —155.8 (t, 2F), —157.2
(t, 1Ry), —160.5 (M, 4F), —161.6 (m, 2F). 3P{*H} NMR: 6 11.5
(d, 2P,2)(PP) = 19.5 Hz), 8.6 (t, 1P). Anal. Calcd for ¢gHzo

AuzF3Ps: C, 38.25; H, 1.35. Found: C, 38.05; H, 1.2. LSIM¥%,

%, assignment): 703 (100, [Au(dpmp)]

Yield of 8: 60%, mp 14C°C (decomp). IR: 969, 794 ¢Es) cm L.

'H NMR: § 7.6-6.8 (m, 25H, Ph), 3.12 (m, 2H,-FCH,—P), 2.71
(m, 2H, P-CH,—P). H{3P} NMR: 6 7.6-6.8 (m, 25H, Ph), 3.16
(d, 2H,2J(HH) = 15.8 Hz, P-CH,—P), 2.74 (d, 2H, P-CH,—P). 1%F
NMR: ¢ —117.4 (m, 26-Au'), —121.4 (m, 8F), —122.6 (m, 4k),
—155.9 (t, 4F), —157.3 (t, 2F), —157.9 (t, 1B-Au'), —160.7 (m, 8F),
—161.7 (m, 4k), —163.0 (M, 2R-Au'). 3P{H} NMR: 6 21.0 (t,
1P, 2J(PP) = 11.9 Hz), 11.2 (d, 2P). Anal. Calcd forsg120Aus-
ClFssPs: C, 39.2; H, 1.3. Found: C, 38.8; H, 1.35. LSIM®&/g, %,
assignment): 1431 (100, [M-5E5]").

Crystal Structure Determinations of 4 and 5. Crystal data and
details of both the data collection and the structure refinemedt of
and5 are given in Table 1. Crystals @f1CH,Cl, were grown from
dichloromethane/isopropyl ether. A colorless plate ca. 63020 x
0.09 mm was mounted in inert oil on a glass fiber. A total of 7613
intensities were registered using monochromated Mor&diation ¢
=0.710 73 A, Dnax= 50°) on a Siemens P4 four-circle diffractometer;
6795 unique reflectiondR,: = 0.0518) were used for all calculations.
Cell constants were refined from setting angles of 66 reflections in the
range & = 10—25°. Absorption corrections based gnscans were
applied; transmission factors 0.538.948. The structure was solved
by direct methods and refined anisotropicallyfhusing the program
SHELXL-93! H atoms were included using a riding model. Disorder
in the dichloromethane solvate was observed: partial occupancies were
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A

—

~

Inorganic Chemistry, Vol. 37, No. 20, 19985127

VNN
Ph,P”  PhP PPh VTN
thP/\PhP/\Pth thP/\PhP/\Pth ?l | 2 F’thI’ FI’F’h PPhy
e e AY----- dpm .
Au..-\‘Cst Au__ﬂ.\Cst Au Au A|u pmp o A = A= AaC |
FsCe” | * FsCe” cl C I l
CeFs CeFs Ph,P PPh  PPh,
: [Au(CeF)a(tht] N~ N
f} U{LgF5)3l
5 [Au(CgFs)a(tht)} 5 3AUCIhY)
1.5[AuCI(tht)]
PN Phop” PrP” PPh,
PhP”  PhP PPh, 2[Au{CF 5)a(tht)} 3[Au(CeF 5)(tht)] | | |
CeFs | sCeFs =~ dpmp - liu- ---Au-----Au
u ]
s b I
FsCe” | FsC¢ | CeFs CeFs CeFs
CeFs CeFs
. 1.5{Au(tht)}(CF3S03) 2
AuX(tht _
)I( [AuX(tht)) Ph -
P
Au thFl’/\FI’Pf\Pth \
HCl or CHC|3 thP Au PPh2
Au----Ay----- Al CF3S0. P
thP/\PhP/\Pth A | (CFsS0dds - —0unr | A (CF4504)
Al CeFs AI CeFs PhoP PPh  PPhy -~ Au\ ? Cl _Au 39U3)2
u u heS P
7 v 2[Ag(CF3S03)(PPhg)] , “au”
FsC FsC. g Au
58 <13er sve ést WAuPPh)ACFSDy | Phop | PPh, ]
? \_’gh

X = C1(7), C4Fs (8)

Table 1. Details of Data Collection and Structure Refinement for

the Complexed and5

4-1CHCl, 5
empirical formula G7H50AU4C|4FGOGPGSQ CsoHa0AUF15P3
fw 2254.76 1204.61
space group P1 P2(1)lc
V (A3 1990.7(7) 4500(2)
VA 1 4
Deaic(g cnT3) 1.881 1.778
a(h) 11.167(2) 12.930(2)
b (A) 13.495(3) 16.378(3)
c(A) 15.468(3) 21.262(9)
o (deg) 107.21(2) -

S (deg) 102.02(2) 91.99(2)
y (deg) 108.50(2) -

T(°C) —100 —100
A(Mo Ka), A 0.71073 0.71073
u(Mo Ka), cmi't 77.13 34.75

Ra (F, F > 40(F)) 0.0631 0.0438
WRP (F?, all reflcns)  0.1826 0.0941

*R(F) = JIFol — IFll/ZIFol. *WR(F?) = [3{W(Fo* — F?)?}/

2{W(Fo)F°%.

used for the chlorine atoms during the final stage of refinement. No
hydrogen atoms were located for this molecule. The composition and

of 64 reflections in the rangef2= 20—32°. Absorption corrections
based ony scans were applied; transmission factors 0-68861. The
structure was solved by direct methods and refined anisotropically on
F2 using the program SHELXL-93. H atoms were included using a
riding model. The final wRF?) was 0.0941 for all reflections, with a
conventional Rf) of 0.0438 for 622 parameters without restrairgs;

= 1.045; maxAp = 1.419 ek3.

Results and Discussion

The reaction of bis(diphenylphosphinomethyl)phenylphosphine
(dpmp) with [AuClI(tht)] (tht= tetrahydrothiophene) in molar
ratio 1:3 in dichloromethane gives an insoluble, white salid
This complex is insoluble in most common organic solvents,
but it is soluble in dimethyl sulfoxide (DMSO), which allows
us to characterize it by means of NMR and mass spectrometry.
1 reacts with another dpmp to give [A-dpmp}Cl;]Cl (see
Scheme 1). The latter, which can be synthesized by reaction
of dpmp and [AuClI(tht)] (molar ratio 2:3), has recently been
described by Che et &. We also carried out the reaction of
dpmp with [Au(GFs)(tht)] or [Au(tht)](CFsSQy) in the ap-
propriate molar ratio to obtain complex2snd3 (see Scheme
1). These derivatives are air and moisture stable, white solids
at room temperature. Their IR spectra show absorptions at 327

related parameters are based on a 1:1 ratio dichloromethane/complex(1) ¢cm™* due to»(Au—Cl),*? 956 and 791 cm' from the

although the exact value cannot be determined. The finaFfjR¢as
0.1825 for all reflections, with a conventional R(of 0.0632 for 431

pentafluorophenyl group®(2), and 1257, 1223, and 637 cfn

from triflate anion$* (3). Thel°F NMR spectrum of shows

parameters. A total of 46 restraints were applied involving local phenyl the pattern of two different pentafluorophenyl groups in a 2:1

ring symmetry (FLAT/SAME SHELXL93)S= 0.955; maxAp = 2.56
e A3 (located at the gold atoms).

proportion. In the3P{*H} NMR spectra two types of phos-
phorus in 2:1 ratio are observed: and 2 show an AB spin

Crystals of5 were grown from dichloromethane/pentane. A colorless system with signals centered at 25.6 (2P) and 22.7 (1P) ppm

plate ca. 0.30x 0.26 x 0.11 mm was mounted in inert oil on a glass
fiber. A total of 10058 intensities were registered using monochromated
Mo Ko radiation ¢ = 0.710 73 A, Brax = 50°) on a Stoe-Siemens
four circle diffractometer; 7905 unique reflectiori®,{ = 0.0482) were
used for all calculations. Cell constants were refined from setting angles

(11) Sheldrick, G. M.SHELXL 93: A Program for Crystal Structure
RefinementUniversity of Gdtingen: Gitingen, Germany, 1993.

(Jas = 56.6 Hz) forl and 32.1 (2P) and 27.6 (1P) ppiag =
71.0 Hz) for2, while 3 shows a more complicated spin system

(12) Usm, R.; Laguna, A.; Laguna, M.; Fraile, M. N.; Jones, P. G.;
Sheldrick, G. M.J. Chem. Soc., Dalton Tran986 291.

(13) Usm, R.; Laguna, A.; Gafey J.; Laguna, Mlnorg. Chim. Actal979

37, 201.

(14) Stang, P. J.; Huang, Y.; Arif, A. MOrganometallics1992 11, 231.
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(A2A",BB’) centered at 36.4 (2P) and 33.1 (1P). In{HeNMR
spectra, two signals are always found for the methylene protons.
A TH{3P} NMR experiment carried out for compleixshows
two doublets for these protons, which means that there are not
two different methylene groups, but that the two protons in each
methylene are diastereotopic, as it is found for the free
triphosphine ligand. The same result was obtained when the
IH{3P} NMR experiment was carried out for compleéx
Furthermore a COSY experiment carried out for this derivative
shows that these two signals for the methylene protons are
correlated, which means that an unique isomer is preser® for
although it can exist in two isomers (cis/trans, regarding the
orientation of the central phenyl grous).The LSIMS mass
spectrum of2 shows the parent peak atz (%) = 1598 (7),
while for 3 a peak is observed at 1901 (85), corresponding to
[M-CF3SQ;]T; the base peaks appear at 1167 MCI] ™), 1431
(IM—CsgFs] ™), and 1601 ([M— 3CRSO; — 2H]), respectively,
for 1-3. Figure 1. Molecular structure of the cation of complex(solvent
We tried to oxidize these complexes to obtain mixed-valence omitted). Ellipsoids are drawn at the 50% probability level, and all H
gold derivatives; but, only complicated mixtures were obtained. atoms have been omitted.
And yet, only when chlorine was added to compBexa unique
product was obtained, the tetranuclear gold(l) compgleX his E?)E)]!](E)Ig.)(4§e|ected Bond Lengths [A] and Angles [deg for
product can also be obtained by reaction3ofvith HCI in
dichloromethane or by stirring in chloroform overnight (see 238:251()23) é'fé%‘al) '2%((11—-))252)2) § '33562(;84)
Scheme 1), but not by adding (PPN)CI (PPX N(PPh)."); AU2)-P(2) 2.264(4) Au(2yCi(1)  2.306(4)

therefore, it is HCI and not chlorine which is producing the PUAUL-PE)  1647(2) AuQayAu(l)-Au(2) 67.75(3)
. . u — . u u(l)—Au .
reaction. The process was monitored by NMR spectroscopy at PCY-AUQR)-CI(1) 169.1(2) Au(la}Au(2)-Au(l) 112.25(3)

room temperature. Apart fror@ and 4, some other products C(21)-P(1)-C(11) 108.8(7) CEBP(L)-C(1) 106.3(8)
were observed but always in a low proportion and accompanied c(11)-P(1)-C(1)  103.9(7) C(2B-P(1)-Au(l) 113.1(5)
with some gold decomposition. Compléxeacts with triflate- C(11}-P(1)-Au(1) 107.7(5) C(1)yP(1)-Au(1) 116.6(5)
(phosphino)silver(l) salts to give compléxagain along with C(31)-P(2)-C(1a) 107.7(7) C(LHP(2)-C(2) 108.3(7)
bis(phosphine)gold(l) as byproduct. C(lay-P(2)-C(2) 102.4(7) C(BBP(2)-Au(2) 110.4(5)

Complex 4 is a white solid, whose main features are as g%i);gg);é%g) %%’_g% g@i;é%_ﬁggi)l) 11%)@..%((58))
follows: the presence of a medium intensity absorption at 325 c(2)-pP(3)-C(41) 102.4(8) C(BP(3)-Au(l) 111.5(5)
cm! from v(Au—ClI) in the IR spectrum; an AA'XX' spin C(2-P(3y-Au(l) 114.4(5) C(41)yP(3)-Au(1) 111.2(5)
system in the?'P{ 1'__|} NMR spectrum centered at 44.7 _(ZP) a Symmetry transformations used to generate equivalent atoms: a,
and 23.1 (1P), which points out the presence of two triphos- —x +'3 —y + 1, -z + 1.
phines; one doublet for the methylene protons in#HeNMR

spectrum, vl/hich becomes a singlet iﬁll-ﬁ( %P} NMR experi- related polynuclear gold(l) derivatives, such as jéwdpmp)-
ment. The!H NMR spectrum at-60 °C sho_vvs a multiplet (SCN)Y][SCN]CI,1® where gold atoms are in a nearly linear
centered at 4.71, which becomes an AB spin systemlid-a chain, or [Au(u-dpma}Clo]X, (X = PR, NOs~; dpma=
{*'P} NMR experiment, as expected for the diastereotopic {(diphenylphosphino)methyphenylarsiney? where gold atoms
methylene protons, although in this case the chemical shifts aregre in a bent chain.
very similar. The3'P{'*H} NMR spectrum at-60 °C stays The P-Au—P and P-Au—Cl units are bent (164.7(2) and
almost unchanged; therefore, it is unclear whether a fluxional 169.1(2), respectively). Thus, the direction of the bend
process, which might be taking place, can make diastereotopicfacilitates the approach of the gold atoms. -AAu distances
protons equivalent at room temperature. The LSIMS ‘Mass (3,1025(11) and 3.1059(14) A) are of the same order as the
spectrum ShOWSfl peakmiz (%) = 2019 (27), corresponding  yajyes found in other polynuclear gold(l) complexes containing
to [M — CR;SG;] ™, while the base peak appears at 935 GAU  gpmp or related phosphine ligands: longer than those found in
Cl(dpmp)]). [Aus(u-dpmp)Clo]Cl (2.946(3), 2.963(3) A¥¢ [Aus(u-dpmp)]-

The geometry of this tetranuclear derivative was confirmed [SCNJ; (3.0137(8), 3.0049(8) A¥ or [Aua(u-dpma)Cla]X » (X
by an X-ray diffraction study. The molecular structure of the = PR~ NO;™) (2.965(1)-3.110(2) A} (for most of the values
cation of4 is shown in Figure 1; selected bonds and angles are found in the latter complex), but shorter than those observed in
shown in Table 2. The cation of is centrosymmetric and [(u-dpma)(AuCly] (3.131(1), 3.138(1) Ay or [Aus(u-dpmp)-
displays a rhomboidal geometry for the gold atoms with short (SCN)][SCN]CI (3.057(1)-3.150(1) A}¢ (for most of the
metat-metal distances (AtAu—Au, 67.75(3) and 112.25(8)  values found in the latter complex). AC! bond distances
Au---Au, 3.1025(11) and 3.1059(14) A). The diagonal-Au  (2.306(4) A) are as expected for-Au—Cl units. Au-P bond
Au distances are 3.461(2) A (AuAu2a) and 5.154(2) A |engths (2.264(4), 2.323(4), and 2.326(4) A) are normal and
(Aul—Aula). This rhomboidal geometry has been observed compare well with those found in the related polynuclear
for other loose Al clusters'® but it contrasts with that seenin  complexes mentioned hereinab&¢é617Au2—P2 and Au2a

(15) (a) Chiari, B.; Piovesana, O.; Tarantelli, forg. Chem 1985 24, (16) Li, D.; Che, C.; Peng, S.; Liu, S.; Zhou, Z.; Mak, T. C. W.Chem.
366. (b) Beck, J.; Sttde, J.Angew. Chem., Int. Ed. Endl986 25, Soc., Dalton Trans1993 189.
95. (c) Cerrada, E.; Laguna, A.; Laguna, M.; Jones, PJ.GChem. (17) Balch, A. L.; Fung, E. Y.; Olmstead, M. M. Am. Chem. Sod.99Q

Soc., Dalton Trans1994 1325. 112,5181.
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P2a, 2.264(4) A, are shorter than the others, probably as a
consequence of the minor trans influence of ClI.

We have also synthesized gold(lll) derivatives containing this
triphosphine ligand by using a different approach (see Scheme
1). The reaction of dpmp with [Au(§Fs)s(tht)] in a 1:1 molar
ratio affords a mononuclear complex, which is a mixture of
two isomersb and5', because of the coordination of gold to
the central or the lateral phosphorus. This is to our knowledge
the only dpmp mononuclear derivative with two free phospho-
rus, which can be used to further coordination. Furthermore,
the addition of [Au(GFs)s(tht)] in 1:1 molar ratio evolves
cleanly to the formation of a unique derivatige which can
also be obtained from [Au(gEs)s(tht)] and the triphosphine.
Dinuclear derivatives of dpmp are less common than trinuclear,

and only some palladium and platinum derivatives have been 2

reported® Complex6 reacts with [AuCI(tht)] or [Au(GFs)- Fi4

(tht)] to give the mixed-valence gold(IHgold(l)—gold(lll) F13é

derivatives7 and8. Figure 2. Molecular structure of comple&. Ellipsoids are drawn at

Complexesc—8 are air and moisture stable, white solids at the 50% probability level, and all H atoms have been omitted.
room temperature. In the IR spectra absorptions at 331 (
cm™1, due tov(Au—ClI), and at ca. 970 and 795 ¢ from the
pentafluorophenyl groups{8), are observed. The&'P{1H}
NMR spectrum of [Au(GFs)s(dpmp)] shows an AX spin Au—C(11) 2.078(6) A-C(31) 2.079(7)
system because of an isomer with gold attached to the central Au—C(21) 2.082(7) AuP(2) 2.356(2)
phosphorus and an AMX spin system for the isomer with gold C(11)-Au—C(31) 87.6(3) C(1LyAu—C(21) 172.2(3)
coordinated to a lateral phosphorus. These isomers appear C(31)-Au—C(21) 89.5(3)  C(1LyAu—P(2) 92.4(2)
approximately as a 45:55 mixture (615). Complex5' should C(31)-Au—P(2) 171.8(2)  CHAU-P(2) 91.5(2)
be a racemic mixture after the central phosphorus becomes chiral . .
because of the coordination of the metallic fragment. For the 980metry if necessary. Moreover, the ligand accepts an
other complexes th&P{1H} NMR spectra always show anX additional AuX unit and th_e pentafluoroph_enyl groups from
spin system: one kind of phosphorus, whose chemical shift staysAURS can rotate (only two kind of ortho fluorl_ne are observed)
almost unchanged (14.0, 11.5, and 11.2 ppm, respectively), anc®Ven at—60 °C, although6 does not react with an excess of
a second one, whose chemical shift changes strongly becaus&ither [Au(GFs)s(tht)] or [Au(PPR)] ™. Therefore, the explana-
of its different coordination €41.5, 8.6, and 21.0 ppm, tion of the'®F NMR spectra 06—8 is unclear and should be
respectively). Moreover, the coupling constant phospherus related to their stereochemistry. Moreover, we deplore the fact
phosphorus goes down: from 47.06rto 19.5 in7 and 11.9 that we have been unable to get crystals good enough to solve
Hz in 8. At any rate, the said values are smaller than those the X-ray structure o6. As stated above, théF NMR spectra
found in the pentafluorophenyl gold(l) compléx71 Hz). As of 7 and_8 show only two kinds of pentafluoropheny! rings in
found in the previous gold(l) trinuclear complexes, there are a 2:1ratio. Furthermore, another pentaf_luorophenyl is pbserved
two signals for the methylene protons in thé NMR spectra,  for 8 because of the Au(s) fragment. Finally fol5 two kinds
which become two doublets in #{31P} NMR experiment of Au(C_Zng)g units are observed as expected for the presence
(except for5 which spectrum is more complicated). Once again, ©f tWo isomers.
this finding means that the methylene protons are diastereotopic. The LSIMS mass spectra &f-6 show the parent peaks at

The °F NMR spectrum ob shows three different ortho and Mz (%) 1205 (20) and 1902 (4), while farand8 only highly
meta fluorine (in a 1:1:1 ratio) but only two para fluorine (in a fractionated peaks are obtained; the base peaks appear at 703
2:1 ratio). The latter points out that the two Awf&)s units ([Au(dpmp)I*) for 5-7 and at 1431 ([M— 5CeFs]™) for 8.
are equivalent, and the former, that the pentafluorophenyl rings  The crystal structure of complexhas been established by
in cis position cannot rotate. By heating a solution in toluene- X-ray diffraction. Apparently at-18 °C only the isomer with
ds, it has been determined that the coalescence temperature igold attached to the central phosphorus atom crystallizes,
85 °C; therefore, above this temperature there is no hindered although3!P{H} NMR data show the presence of the two
rotation and only two kinds of pentafluorophenyl rings in a 2:1 isomers in CD{ solution even at-60 °C. The molecular
ratio are observed. On the contrary, only two kinds of ortho Structure is shown in Figure 2; selected bonds lengths and angles
fluorine are observed (2:1 ratio) in an acetahesolution at are shown in Table 3. The gold(lll) center displays a distorted
room temperature; this solvent dependence points out to ansquare planar coordination that tends toward a tetrahedral one:
association/dissociation process rather than a simple rotation the dihedral angle between the planes formed by A&2-C21
as shown elegantly for a P&CsFs complex by Espinet and co-  and C3+Au—C11is 10.9. There are no interactions between
workers!® Although the AuR fragment has important steric ~ gold center and the lateral phosphorus atoms of the triphosphine.
requirements, the dpmp ligand should be able to accommodateAu—C bond distances (2.078(62.082(7) A) are similar to the
them by coordination to the most external phosphorus in a translongest values found in other tris(pentafluorophenyl)gold(lil)
complexes, such as [AugEs)s(S,C-PEs)] (2.037(3)-2.076-

(18) (a) Guimerans, R. R.; Olmstead, M. M.; Balch, A.lhorg. Chem 4) A),20 [(u-S;C-PEB){ Au(CsFs)3}2] (2.048(16)-2.090(13)

1983 22, 2223. (b) Yamamoto, Y.; Tanase, T.; Ukaji, H.; Hasegawa, 20 -
M.; Igoshi, T.; Yoshimura, KJ. Organomet. Cheni995 498, C23. A)' or NBu[{Au(CeFs)sPPRCHPPR} 2AU] (2.057(8)-2.080
(c) Balch, A. L.; Catalano, V. dnorg. Chem 1992 31, 2569.

(19) Casares, J. A.; Coco, S.; Espinet, P.; Lin;y8.Organometallicsl995 (20) Usm, R.; Laguna, A.; Laguna, M.; Castilla, M. L.; Jones, P. G.;
14, 3058. Fittschen, CJ. Chem. Soc., Dalton Tran$987 3017.

Table 3. Selected Bond Lengths [A] and Angles [deg] for
Complex5
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Figure 3. 300 K absorption spectra of compléx(—), 3 (---), 4 Figure 4. 300 K emission spectra of compléx(—, excitation 370
(— —), and8 (-+x++) in CH,ClI, solution. nm), 3 (— —, excitation 420 nm), and (- - -, excitation 370 nm) in

the solid state.

(8) A).2 The Au—P bond distance, 2.356(2) A, is of the same at 500 nm for complexeg and 4 is not clear yet; different
order as Au(lll)-P bond distances found in other gold(lll) assignments for this emission have been propdsedc25
derivativesz!~24 Dinuclear gold(l1) complex6, which contains both triphosphine
The optical properties of the complexes were measured, and pentafluorophenyl ligands as derivat8/eut two gold(lll)
except for5 because it is a mixture of isomers. The optical centers instead of three gold(l) centers, is not luminescent. This
absorption spectra in dichloromethane (compleXe3 4, and  finding supports the metal-centered character of the emission
8) are plotted in Figure 3; the absorption spectr& ahd7 are observed in our gold(l) complexes and the unlikelihood of this
very similar to8. Similar absorption bands are observed for emission being ascribable to the ligand. Although a gold(l)
solid samples. The absorption spectra of gold(lll) and gold- center is included, derivativésand8 are not luminescent, which

(1)—gold(ll) complexes show one absorption band about 250 points out the absence of any interaction between gold(l) and
nm; no absorption at wavelengths higher than 300 nm is detectedgold(lIl) atoms.

in these compounds. The trinuclear gold(l) derivatives show
absorption bands about 310 nm for compoinand 350 nm  Conclusions
for compound3. The tetranuclear gold(l) compound is between
the two cases. The red-shift in trinuclear gold(l) complexes

has been attributed to weak geldold interactiong® geometry for the gold atoms and showing short gajdld
The solid state emissions at 300 K have been studied, and i
o X SHEE contacts. We have also synthesized a mononuclear gold(lll)
the results are shown in Figure 4. Optimal excitation was gerivative with two free phosphorus, capable of furthering
observed in the low-energy side of the absorption bands, due ., rgination and yielding dinuclear gold(lil) and trinuclear gold-

presumably to auto absorption of the emitting light. Tri- and (—gold(lll) complexes. We have shown that gold(l) deriva-
tetranuclear gold(l) complexes are luminescent, except for the a5 luminesce, while gold(lll) and mixed gold¢yold(ll)
insoluble complexl. Emission is evidently related to gold- complexes do not.

(—gold(l) interaction, being most intense for trinuclear com-
plexes. An emission about 600 nm (for compRxs typical Acknowledgment. We thank the Direc¢io General de
for a metal centered transition as found in the analogue Investigacim Cientfica y Tecnica (Project PB97-1010-C02-
derivative [Au(u-dpmpy(SCNY].26 The origin of the emission ~ 01) for financial support.

We have prepared tri- and tetranuclear gold(l) derivatives with
the triphosphine dpmp, the former having a rhomboidal
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