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Abstract: The digold(l) complexes Aufu-CsH4PR)2 [R = Ph (La), Et (1b)] obtained by treatment of AuBr(Pgt

with o-LiCeH4PR, undergo addition with halogens or benzoyl peroxide to give metedtal bonded digold(ll)
complexes AbXa(u-CeHaPRo)2 [R = Ph, Et; X= 1 (24, 2b), Br (33, 3b), Cl (4a, 4b), O.CPh 6a, 5b)], which are
structurally similar to the bis(ylide) complexes Al{ u-(CH,)2.PR:} 2. The benzoate ligands Bb are monodentate
and the gole-gold bond length [2.5243(7) A] is significantly less than that in the diiod2#® [2.5898(6) A, 2.5960

(A) for independent molecules], reflecting the trans influences of the axial anionic ligands. The corresponding
complexes AuXy(u-CsHaPR)2 [R = Ph, Et; X= O,CMe (6a 6b), ONG, (7a, 7b)] are made from2—4 and the
appropriate silver salt. The axial anionic ligands undergo immediate scrambling when solutions<efAGQsHs-

PRy), and AwY 2(u-CeH4PRy), are mixed. The bridging §4PR; units also scramble rapidly on mixing solutions
of AuxX,(u-CsHaPPh), [X =1 (28), Br (38)] and AwXa(u-CeH4PEL), [X = | (2b), Br (3b)], but this occurs only
slowly for X = Cl and not at all for X= O,CPh, QCMe, or ONQ. Solutions of the diiodo complex&a, 2b and

the dibromo complexe8a, 3b isomerize cleanly to the digold(l) complexes Xu(u-R:PCGH4CsH4PRy) [R = Ph,

Et; X =1(8a, 8b), Br (93, 9b)] containing 2,2biphenylyl(diphenylphosphine) or 2;Biphenylyl(diethylphosphine),
respectively, as a consequence of a reductive elimination in whick-@ Bond is formed at the expense of two
Au—C bonds. In8b the Au—Au separation is 3.167(1) A and the phenyl rings of the biphenyl unit are almost
orthogonal. Qualitatively, the rates of isomerization of,Rp(u-CeH4PRy)2 to AuaXo(u-RoPGH4CsH4PR) are in

the order R= Ph> Et; X =1 > Br >> ClI; isomerization does not occur for ¥ O,CPh, QCMe, or ONQ. The
rates of thermal isomerization 8 and3aare first order in complex, only slightly sensitive to solvent polarity, and,
for 2a, inhibited by iodide ion. It is suggested that reversible loss of halide ion initiates aryl group transfer between
the gold atoms, thus allowing reductive elimination of-AQ bonds to take place at one center. Treatmeiaair
3awith an excess of iodine or bromine gives initially digold(l1l) complexéstransAuX 4(u-CeHaPPh)2 [X = |

1
(14), Br (15)], which are in equilibrium with monomers Aw{CsH4PPh) [X = | (16), Br (17)], as shown by*'P
NMR spectroscopy. These species isomerize at room temperature by internal electrophilic cleavage oft@eir Au
bonds to give stable gold(l) complexes of (2-halogenophenyl)diphenylphosphinepAXCgHsPPB) [X =1 (12),

Br (11)].

Introduction of the ligands, but are usually in the range 2-8010 A
) ) ) " indicative of a weak attractive interaction between the gold
An extensive family of binuclear complexes containing the  atoms cf. the interatomic distance of 2.88 A in gold metal. Many
framework Ay(LL") is knov_vn in which two linearly coor_dinated of these compounds undergo oxidative addition with an
gold(l) atoms are held in close contact by a pair of 1,3- equivalent of halogen, pseudo-halogen, or alkyl halide (XY) to
bifunctional ligands (LL) such as dithiocarbamate, JRCS] ", give either binuclear gold(Ifygold(ll) (5¢°—5c¢°) complexes
dithiophosphate, [F(OR}] ", methylenethiophosphinate, JXS)- containing a conventional electron-pair metaietal bond or
CHg|~, his(diphenylphosphino)methane, PEHPPh, bis- mixed-valent gold(l}-gold(lll) (5d°—5cf) complexes; in some
(diphenylphosphino)amines, MN(R)PPh (R = H, Me), cases, both isomers can be isolated (Scheme. 11" The
bis(diphenylphosphino) methanide, PPICHPPH]~, and phos- gold(ll)—gold(ll) complexes can also be oxidized further

L s .
Phorus bis(ylides) [P(CH)] . The Au-Au separatl_ons (4) Schmidbaur, H.Organogold CompoundsGmelin Handbuch der
in the complexes depend on the geometry and electronic naturénorganischen Chemie; Springer: Berlin, 1980; pp 2384.

(5) Hall, K. P.; Mingos, D. M. PProg. Inorg. Chem1984 32, 237.

® Abstract published i\dvance ACS Abstract©ctober 1, 1996. (6) Grohmann, A.; Schmidbaur, H. l@omprehensie Organometallic
(1) Present address: Department of Applied Chemistry, Royal Melbourne Chemistry 1| Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds.;
Institute of Technology, Parkville, Victoria. Pergamon: Oxford, 1995; Vol. 3, p 1.
(2) Puddephatt, R. The Chemistry of GolcElsevier: Amsterdam, 1978; (7) Schmidbaur, H.; Franke, Raorg. Chim. Actal975 13, 85.
pp 61 and 116. (8) Schmidbaur, H.; Mandl, J. R.; Frank, R.; Huttner, Ghem. Ber.
(3) Puddephatt, R. J. IBomprehense Coordination Chemistpywilkin- 1976 109 466.
son, G., Gillard, R. D., McCleverty, J. A., Eds.; Pergamon: Oxford, 1987; (9) Schmidbaur, H.; Wohlleben, A.; Wagner, F. G.; Van de Vondel, D.;
Vol. 5, p 861. Van der Kelen, GChem. Berl1977 110, 2758.

S0002-7863(96)01511-9 CCC: $12.00 © 1996 American Chemical Society



10470 J. Am. Chem. Soc., Vol. 118, No. 43, 1996

Scheme 1
|
S N o
R;N—C JC—NR, —= RyN—C| | i C—NR,
‘._ _.' _78()C N kg
S—Au—S S—-Alu—s
X

[AU(SQCNRQ)Q] [AUXQ]

R =Et, n-Bu; X =Br, I, SCN, SeCN

Scheme 2
A
/TN a1,
R2P PRZ —_—
\_AUJ
(|:1 «—PPhy
MeNO, or $
Au 2 Au
/ \ Me,CO / Vi
R,P PR, PhP. ClI
\_Alu_-/ Au—Cl
Cl
Scheme 3
I
I
S—Au
I / ‘ .
h,P Ph
12-CHCL 2\ - ?
S—Au |
PhyP PPh, L
" S—Au—S
I; / \
Ph,P J  PPhy
CH,15/1,2-C,H,Cly \ Aﬁ“ /
4

[

by halogens to give dinuclear gold(Hpgold(lll) com-
p|exes?,10,13,1&23

Apart from the methylenethiophosphinate and ylide com-
plexes, in which the metalcarbon bonds are probably stabilized
by the presence of the formally positively charged phosphorus
atoms, there are only a few examples of dinuclear gold

(10) Schmidbaur, H.; Wagner, E.; Wohlleben-HammerChem. Ber.
1979 112, 496.

(11) Calabro, D. C.; Harrison, B. A.; Palmer, G. T.; Moguel, M. K.;
Rebbert, R. L.; Burmeister, J. Ilnorg. Chem 1981, 20, 4311.

(12) Fackler, J. P., Jr.; Basil, J. @Drganometallics1982 1, 871.

(13) Schmidbaur, H.; Jandik, fhorg. Chim. Actal983 74, 97.

(14) Fackler, J. P., Jr.; Basil, J. BCS Symp. Sefl983 211, 201.

(15) Mazany, A. M.; Fackler, J. P., J3. Am. Chem. Sod 984 106,
801.

(16) Basil, J. D.; Murray, H. H.; Fackler, J. P., Jr.; Tocher, J.; Mazany,
A. M.; Trczinska-Bancroft, B.; Knachel, H.; Dudis, D.; Delord, T. J.; Marler,
D. O.J. Am. Chem. S0d.985 107, 6908.

(17) Fackler, J. P., Jr.; Trczinska-Bancroft,Brganometallics1 985 4,
1891.

(18) Dudis, D. S.; Fackler, J. P., Jnorg. Chem 1985 24, 3758.

(19) Murray, H. H., lll; Porter, L. C.; Fackler, J. P., Jr.; Raptis, RJG.
Chem. Sog Dalton Trans 1988 2669.

(20) Raptis, R. G.; Fackler, J. P., Jr.; Murray, H. H.; Porter, LJGAm.
Chem. Soc1989 28, 4057.

(21) Raptis, R. G.; Porter, L. C.; Emrich, R. J.; Murray, H. H.; Fackler,
J. P., Jrinorg. Chem.199Q 29, 4408.

(22) Raptis, R. G.; Fackler, J. P., Jr.; Basil, J. D.; Dudis, DInSrg.
Chem 1991, 30, 3072.
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J. P., Jrinorg. Chem.1993 32, 5576.
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complexes containing carbanionic ligands. The digold(l) com-
plexes Au(u-CsHiCHPPR-0),2* and Au{ u-C(SiMe3),CsHaN} 22
have been made from the reaction of gold(l) chloro complexes
with (o-lithio)benzyldiphenylphosphine and lithiated 2-bis-
(trimethylsilyl)methylpyridine, respectively; treatment of Aw-
CeH4CH2PPh-0), with an excess of bromine gives the digold-
(1) derivative AwBr4(u-CsH4sCH,PPh-0),.24 We have reported

in preliminary communicatio#82’ that the carbanionso{
diphenylphosphino)phenyl ando-fiethylphosphino)phenyl,
0-CsH4PRy(R = Ph, Et), give dinuclear cycloaurated compounds
Aulz(/,t-CeH4PR2)2 and Au|2X2(//£-C6H4PR2)2 (X = Cl, Br, |) and
that the cyclometalated units in the latter readily undergd_C
coupling. We now provide a detailed account of our studies
on these systems.

Results

Synthesis, Structure, and Reactions of Cycloaurated
Complexes. The digold(l) complexes Adju-CsHsPRy)2 [R =
Ph (La), Et (1b)] can be prepared as colorless, air-stable solids
in ca. 60% vyield by the action of the organolithium reagents
0-LiCgH4PR, on AuBr(PEg) at —50 °C in ether. The more
labile precursor AuCl(tht) (th 2,2,5,5-tetrahydrothiophene)
cannot be used because it is rapidly reduced to gold under these
conditions. All attempts to prepare cycloaurated complexes
directly from triphenylphosphine, e.g. by heating AuGMe)-
(PPh) or AuMe(PPhR) with or without added P4, led only to
decomposition. Complekais soluble only in dichloromethane
and chloroform, whereahh is soluble also in toluene and THF.
Both complexes show parent ions in their EI-mass spectra and
singlets in theiPP{1H} NMR spectra. The IR spectrum &
contains bands at 1563 (w), 1420 (w), and 723 (m) tthat
are characteristic ofo-metalated triphenylphosphine com-
plexes?®-30 These data are consistent with a dinuclear structure
containing linearly coordinated gold(l), which has been con-
firmed by an X-ray structural analysis df.26 The Au—Au
separation [2.8594(3) A] is in the expected range and is
significantly greater than the value of 2.776(1) A found in the
isosteric cation [Ap(u-NCsHsPMe-0),]%+ derived from 2-py-
ridyldimethylphosphiné?

The digold(l) compounds react with 1 equiv of halogen at
low temperature or of benzoyl peroxide at room temperature to
give the corresponding digold(ll) complexes Xu3(CeH4PR,)2
[R = Ph, Et; X=1(2a, 2b), Br (3a, 3b), Cl (44, 4b), O,CPh
(5a, 5b)] as air-stable solids in 6880% yields (Scheme 4).
The iodides are red, the bromides are orange, and the chlorides
and benzoates are yellow. The chloro compounds can also be
made conveniently by use of PhiGh place of C}. All the
compounds show singlets in théP{'H} NMR spectra that
are at higher frequency than those of the digold(l) complexes
(Table 1); the shielding increases in the order Br > Cl >
O.CPh. In thelH NMR spectra of2b—5b the diastereotopic
methylene protons of theg84PEb fragment appear as a pair
of multiplets in GDs, whereas in CBCI, the chemical shift
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1982 115 3085.
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difference is not resolved. TH&Au MdGssbauer spectra @g,
2b, and3aare in agreement with a gold(thgold(Il) formulation
for these compound®, and this is confirmed by the X-ray
structures of Au(u-CsHsPPh), (28)%7 and Awp(OCPh)(u-
CeH4PEL), (5b).

The molecular structure &b is shown in Figure 1; selected
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The anionic ligands in the digold(ll) complexes are readily
interchanged. The benzoato comple®asand 5b react with
lithium halides at room temperature to give the halide complexes
2a—4aand2b—4b, respectively. Conversely, treatment of the
halide complexes with a large excess of silver benzoate, acetate,
or nitrate forms the corresponding pale yellow digold(ll)
complexes ApY ;(u-CsH4PR)2 [R = Ph, Et; Y= O,CPh 63,
5b), O,.CMe (6a, 6b), ONG, (7a, 7b)], all of which show
singlets in theif!P{H} NMR spectra. Similar reactions occur
in the binuclear ylide serie¥. The IR spectra of the acetato
complexe$aand6b show intense bands ah. 1625 and 1590
cm! due tov(C=0) and at 12961300 cnt?! due tov(C—0),
the large separation between the two frequencies being typical
of monodentate acetate ligan@s Although assignment of the
mode of coordination of nitrate from IR spectroscopy is not so
clear-cut, the IR spectra ofa and 7b exhibit strong N-O
stretching bands at 1483500 and 12761255 cnt?, which
are close to the values reported for typical monodentate nitrato
complexes such as Re(GM)O; and [Co(NH)sNO3]2+.36:37In
4a and3athe bands due to gotehalogen stretching appear at
278 vs/261 s and 190 crh respectively; those idb and3b
could not be located owing to strong ligand absorption. The
values fordaand3aare significantly less than the corresponding
values in the bis(ylide) complexes &Xp{u-(CH,).PPh}, (X
= ClI, Br) (293 and 220 cm, respectivelyf8 indicative of
weaker gold-halogen bonds in the cyclometalated complexes.

On mixing solutions of digold(ll) complexes containing
different anionic ligands, i.e. AX(u-CeHaPPh), and AwY o(u-
C5H4PPQ)2 or AUZXZCM-CGH4PEE)2 and ALhYz(‘lft-CstlpEE)z,
at room temperature, an approximately statistical mixture of
AuXo(u-CeHaPRy)2, AuLY o(u-CeHaPRo)2, and Aw(X)(Y)(u-
CeH4PR,), is formed as a consequence of rapid exchange of
the anionic ligands. The presence of the mixed species is
evident from the observation of an AB quartétd ca. 75 Hz)

bond distances and angles are in Table 2. The monodentatén the 3!P{1H} NMR spectrum whose chemical shift usually

benzoate groups are located along the—Aw axis and the

eight-memberedI AuP—C—C—Au—P—C—(IZ ring is puckered,
as shown by the torsion angles-Ru—Au—P (—143.5),
C—Au—Au—C (—142.5), P~Au—Au—C (38.9), and P-Au—
Au—C (35.0). A similar though smaller puckering occurs in
2a, whereas ilathe AwP, unit is flat and the ring has a twist
“recliner” conformation in which the carbon atoms are displaced
by 0.40 and 0.25 A from the A®, plane?® The Au—Au
separation irfbb [2.5243(7) A] appears to be one of the shortest
so far reported for digold(Il) complexes. It is significantly less
than that in 2a [2.5898(6), 2.5960(7) A for independent
moleculesF’ in the monodentate benzoato bis(ylide) complex
Auy(0,CPh){ u-(CHy),PPh} , [2.587(1), 2.560(2) A for inde-
pendent moleculest and in the dibromo bis(ylide) complex
AuBrof u-(CH,),PPh} > [2.614(1) A]3* The trends reflect the
relative trans influences of benzoate and iodide or bromide
(OCPH < I7, Br7) and suggest that, for a given axial ligand,
the gold(lly—gold(Il) distance in the«-bis(organophosphino)-
phenyl complexes is slightly less than that in thbis(ylide)
complexes. The operation ofteans influence on a Aw-Au
bond is evident from a comparison of the AAu distances in
Auy(Br)(CH3){ (CH.).PPh}, [2.674(1)A}S with that in Aw-
Bro{ (u-(CH2),PPh},, and there is also evidence for the
transmission of the higtransinfluence of methyl through the
gold—gold bond to an axial goldhalide bond-216

(32) Takeda, M.; Takahashi, M.; Ito, Y.; Takano, T.; Bennett, M. A;;
Bhargava, S. KChem. Lett199Q 543.

(33) Porter, L. C.; Fackler, J. P.; Xcta Crystallogr., Sect. @986 42,
1128.

(34) Usm, R.; Laguna, A.; Laguna, M.; Jimez, J.; Jones, P. G. Chem.
Soc, Dalton Trans 1991, 1361.

lies between those of the symmetrical precursors (Table 3). More
surprisingly, when dichloromethane solutions of,B(u-CgHa-
PPh), (2a) and Auwl(u-CeH4PEL), (2b) are mixed at room
temperature, a new species havingRAAB quartet Jag ca.73

Hz) is formed immediately; this is presumably Asfu-CeHs-
PPh)(u-CsH4PEL) resulting from transfer of the §E.PR
ligands between the gold(ll) centers. The exchange is com-
pletely suppressed by addition of an excess oiNEt A similar
exchange occurs withil h for the bromo complexe®a and

3b and over a period of 2 weeks for the dichloro comple4as
and4b, but it is accompanied by isomerization of the precursors
(see below). The closest analogy to the scrambling of which
we are aware is the transfer of bis(ylide) groups between gold-
() centers, which has been used to prepare heterobridged digold-
(I) complexes such as A{u-(CHy)PPh} (u-S,CX)] [X
NMe,, NEt,, N(CH,Ph), OMe, OEt, Oi-Pr]3° These can be
oxidized with halogens to the corresponding digold(ll) com-
plexes AuXf{ u-(CH2)2PPh)2} (u-SCX),*>41which apparently
retain their identity in solution. In contrast to the behavior of

(35) Nakamoto, K.Infrared and Raman Spectra of Inorganic and
Coordination Compoundsrd ed.; Wiley-Interscience: New York, 1978;
p 232.

(36) Reference 35, p 244.

(37) Siebert, H.Anwendungen der Schwingungsspektroskopie in der
Anorganischen Chemi&pringer: Berlin, 1966; p 148.

(38) Clark, R. J. H.; Tocher, J. H.; Fackler, J. P., Jr.; Neira, R.; Murray,
H. H.; Knackel, H.J. Organomet. Cherml986 303 437.

(39) Bardajy M.; Connelly, N. G.; Gimeno, M. C.; Jinmez, J.; Jones,
P. G.; Laguna, A.; Laguna, Ml. Chem. So¢Dalton Trans 1994 1163.

(40) Bardaj) M.; Gimeno, M. C.; Jones, P. G.; Laguna, A.; Laguna, M.
Organometallics1994 13, 3415.

(41) Bardaj) M.; Jones, P. G.; Laguna, A.; Laguna, ®rganometallics
1995 14, 1310.
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Table 1. Elemental Analyses an#P NMR Data for Digold(l) and Digold(ll) Complexes ofs8,PR

Anal. [calcd (found)]

complex color %C % H % other o
Auy(CsH4PPh), (14) white 47.18 (46.87) 3.08 (3.12) 6.76 (6.52) (P) 36.4
Auy(CsH4PER), (1b) white 33.16 (33.10) 3.90 (3.84) 8.55 (8.67) (P) 34.6
Auzl,(CeH4PPh), (28) purple-red 36.95 (37.75) 2.41 (2.56) 5.29 (5.46) (P) -12.7
AuzBry(CsH4PPh), (32) orange 40.17 (39.73) 2.62 (2.50) 14.85 (14.78) (Br) 4.6
Au.Cly(CeH4PPh), (48) pale yellow 43.79 (43.48) 2.86 (2.78) 7.18 (7.49) (CI) 1.3
Auz(O,CPh)(CsH4PPh), (5a) yellow 51.83 (51.74) 3.31(3.18) 4.3
Auz(0,CMe)(CsH4PPh); (6a) pale yellow 46.44 (45.15) 3.31(3.21) 4.1
Auz(ONO,)»(CsH4PPh), (78) yellow 41.56 (41.38) 2.71 (2.44) 2.69 (2.10) (N) 5.4
Au,l(CeH4PER), (2b) rust red 24.56 (24.77) 2.89 (3.04) 25.95 (26.17) (1) -11.6
AuBry(CsH4PEb), (3b) orange 27.17 (26.47) 3.19 (3.20) 18.08 (18.12) (Br) -2.6
Au.Cly(CeH4PER), (4b) yellow 30.21 (30.36) 3.55(3.68) 8.92 (9.06) (CI) 3.0
Aux(O,CPh)(CsH4PER), (5b) pale yellow 42.25 (42.02) 3.96 (3.91) 8.2
Auz(O,CMe)(CsH4PEL) (6b) pale yellow 34.22 (34.55) 4.07 (4.07) 7.5
AuUz(ONO,),(CsH4PEL), (7b) pale yellow 28.32 (28.96) 3.33(2.82) 3.30 (2.56) (N) 10.5

aln CD.Cl,. P —12.6 (ds-toluene).c —3.9 (ds-toluene).? 1.5 (ds-toluene).

C132

Figure 1. Molecular structure of Ay(O.CPh) (CsH4PERL), (5b) with
atom labeling (hydrogen atoms omitted); ellipsoids show 30% prob-
ability levels.

Table 2. Selected Bond Distances (A) and Angles (deg) in
Auy(O,CPh)(u-CeH4PEL), (5b)

Au(1)-Au(2) 2.5243(7)

Au(1)-P(1) 2.336(4) Au(2}P(2) 2.333(4)
Au(1)-C(212)  2.01(1) Au(2yC(112)  2.04(1)
Au(1)-0(11) 2.126(9) Au(2y0(21) 2.088(8)
Au(1)-+-0(12) 2.97(1) Au(2¥-0(22) 3.02(1)
O(11)-C(1) 1.24(2) 0(21yC(2) 1.24(2)
0(12)-C(1) 1.18(2) 0(22¥C(2) 1.24(2)

Au@)-Au(1)-P(1)  84.11(8) Au(1}Au(2-P(2)  86.48(8)

Au(2)-Au(1)-0(11) 171.9(3)
Au(2)-Au(1)-C(212) 90.2(3)
P(1-Au(1)-O(11)  96.6(3)
P(1)-Au(1)-C(212) 174.2(4)
O(11)-Au(1)-C(212) 89.2(5)

Au(I¥Au(2)-0(21) 174.8(3)
Au(1¥Au(2)-C(112) 89.2(3)
P(YAu(2-0(21)  93.5(3)
P()Au(2)-C(112) 175.1(3)
C(112Au(2)-0(21) 90.5(4)

Table 3. 3P NMR Parameters of Digold(ll) Complexes
Containing Different Anions

R X, Y On O Jns(Hz)
Ph | (2a), Br (3a) -55 -11.9 77
Ph | 2a), O.CPh 6a) 0.3 -10.8 74
Ph Br 3a), Cl (4a) 05 —3.4 79
Et I (2b), Br (3b) —4.8 -9.6 75
Et I (2b), CI (4b) -0.8 -8.8 75
Et I (2b), O.CMe (6b) 3.1 -7.9 73
Et I (2b), O,CPh 6b) 3.6 —-8.0 73
Et Br (3b), Cl (4b) 1.7 -1.6 77

the bis(ylides), we observe no scrambling between the digold-
(I) complexesla and1b.

Complexla in dichloromethane reacts slowly with methyl
iodide at room temperature. In addition to a singled &6.0
due to starting material, th&'P{*H}NMR spectrum of the

resulting solution shows singlets &t—12.7 and 31.9 due to
the diiodide2a and its rearrangement product (see below); there
is also an AB quartet centered @9.05 and 6.07Jxs ca. 54
Hz), which may be due to the oxidative addition product
Auy(l)(Me)(u-CeH4PPh),. The latter compound was obtained
in a fairly pure state by repeated fractional crystallization, but
the small amount and apparent sensitivity to decomposition
prevented complete characterization. The initial addition of
methyl iodide tola, like the corresponding reactions with the
bis(ylide) complexes Agfu-(CH,)-:PR}> (R = Ph, Me), is
probably reversiblé;1?14.1&he methyl iodide adducts of the bis-
(ylide) complexes are reported to undergo photochemical
decomposition to the diiodo complexes and starting mat&ral.
Attempted addition of ethyl iodide tha gave only2a.

Methyl iodide shows no reaction with the digold(ll) complex
AuoBra(u-CeHsPPh), (38) at room temperature in dichlo-
romethane, but the presence of a catalytic amount of@sti -
PPh), (1a) induces rapid halide exchange to give a mixture of
AU2(|)(BI’)(/1-C5H4PP}))2 and ALk|2(‘Lt-C6H4PPh)2 (2&). A
similar though somewhat slower exchange occurs on addition
of lato a mixture of2aand benzyl bromide. These processes
may occur by an @-type of oxidative addition of methyl iodide
or benzyl bromide tola; this releases the halide ion that
exchanges with the labile halide groups2afor 2b. Similar
observations have been made in the bis(ylide) séfies.

Isomerization of the Digold(ll) Complexes. On heating to
ca. 50 °C for 4—6 h, toluene solutions of the digold(ll)
complexes2a, 2b; 3a, 3b; and 4a, 4b become colorless and
addition of hexane precipitates colorless compounds<Afu-
R.PGH4CsH4PRy) [R = Ph, Et; X=1 (8a, 8b), Br (9a, 9h),
and Cl (LOa 10b)] (Scheme 4). Analytical, molecular weight,
and3P NMR data are given in Table 4. X-ray studies8tf
and 927 have shown that these complexes contain’-2,2
biphenylyl(diphenylphosphine) and 2{@phenylyl(diethylphos-
phine), respectively, bridging gold(l) halide centers. The
molecular structure o8b is shown in Figure 2. The ligands
are formed by coupling of the chelatingaryl units at the
dimetal centers (Scheme 4). Each gold atom is, as usual,
linearly coordinated; the dihedral angles of the biphenyl units
are 88.6 (9a) and 101.5 (8b), and the gold atoms are separated
by 3.3013(5) 9a) and 3.167(1) A gb). Other features of the
structures are unexceptional. CompleeslO show singlet
31P NMR resonances that are markedly deshielded relative to
those of their precursord—4; the shielding increases in the
order Cl> Br > I, the reverse of that found f&—4. ThelH
NMR spectrum of8b provides clear evidence of coordination

(42) Fackler, J. P., Jr.; Murray, H. H.; Basil, J. OrganometallicsL984
3, 821.
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Table 4. Elemental Analyses, Molecular Weights, ait NMR Data for Digold(l) Complexes of RCH4CeH4PR
Anal. [calcd (found)]

complex mp {C) %C %H % X MW op?
Aual (PhPGH4CsH4PPh) (82) 260 dec 36.95 (37.41) 2.41 (2.41) 21.69 (21.79) 1170 (1194) 31.5(32.3)
AuzBr(PhPCGH4CeH4PPh) (99)° 218 dec 40.17 (40.72) 2.62 (2.78) 14.85 (15.78) 1076 (1051) 29.3 (29.4)
AuCly(PhPGH4CsH4PPh) (103) 202 dec 43.70 (44.72) 3.06 (3.42) 7.17 (7.64) 987 (976) 27.0 (27.8)
Aual(Et,PCH4CsH4PEY) (8b)ed nm 24.56 (24.73) 2.89(2.93) 25.95 (25.71) e 27.0

2In CD.Cly; values in parentheses idg-toluene.?% P calcd, 5.76; found, 5.660p[AUBr(ELPCH4CsH4PER)(9b)] 23.6 (CD:Cly).
9 0p[AuCl(Et,PCH4CsH4PER) (10b)] 21.0 (CD:CL,). ¢ Not measured.
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Figure 2. Molecular structure of Aslx(2,2-Et,PCGH4CsH4PEL) (8b)

with atom labeling (hydrogen atoms omitted); ellipsoids show 20%
probability levels. Distances: Au(®P(1) 2.234(6) A, Au(2}P(2) Z 8
2.275(6) A, Au(1y-Au(2) 3.167(1) A. 0 5000 10000

1
15000

of an axially dissymmetric ligand: there are two sets of reso- time(secs)

nances due to the diastereotopic methyl groups and four Figure 3. First-order rate plots from U¥visible spectroscopy for the
multiplets arising from two pairs of diastereotopic methylene isomerization of Aul2(0-CsHsPPh)2 (28) to Auzl2(2,2-PhPGHCeHa-
protons. PPh) (83).

The biphenylyl ligands can be isolated almost quantitatively
from the reaction of the digold(l) complexes with aqueous
ethanolic NaCN. Althougho-Et,PGH4CsH4PERL-0 has been
synthesized previously from 2;fthiobiphenyl and EPCI*3
the corresponding reaction with JACl does not give-Phy-
PGsH4CsH4PPh-0.4446 This compound has recently been made
independently by Ulimann coupling of (2-iodophenyl)diphen-
ylphosphine oxide and subsequent reduction with trichlorosi- isomerizations oRa and3aare clearly first order in digold(ll)

lane> i L i complex, the activation parameters derived from-tiisible

The isomerizations of the digold(ll) complex2s-4 to the spectroscopic measurements beiig = 81.9+ 0.2 kJ mot,
digold(l) complexes3—10 occur slowly in solution, even at  Aqt =58+ 0.5 J mot! K1, Eaq= 84.6+ 0.2 kJ mot for
room temperature, and are accelerated by UV light. Solutions 5 3ndAH* = 122.2+ 0.3 kJ motl, ASF = 41.5+ 0.9 J mot?
of the digold(ll) complexe$—7 containing benzoate, acetate, K1 and Ea = 124.9 + 0.3 kJ mot? for 3a. Although
and nitrate, respectively, as the axial ligand are either unchangediga5onaple first-order plots for the much slower isomerization
or und.ergo irreyersible decomp.osition on heating or irradiation; ot 44 were obtained in the temperature range-68 °C, the
there is no evidence for coupling of tlearyl units in these 165 did not vary sufficiently to allow accurate activation
compounds or in the precursor complext@sand 1b. Quali- parameters to be derived. The first-order rate constants for the
tatively, the rates of isomerization are in the ord@er> 3a isomerization of2a increase slightly with increasing solvent
>> 4aand2a > 2b. Monitoring of the thermal isomerization  q|arity (see Experimental Section), indicative of relatively little
of 2ato 8a, 3ato 9a, and4ato 10aby *'P NMR Spectroscopy  charge separation in the intermediate or transition state for the
in various solvents showed no detectable intermediate, aIthoughproceS§_7 The rate constants are also unaffected by the radical

in the first case a small amountd. 5%) of the digold() inhibitor benzoquinone, are slightly increased by the radical

(43) Allen, D. W.; Mann, F. G.; Millar, I. T.J. Chem. Soc. 1967 initiator azobis(isobutyronitrile) (AIBN), and are strongly
1869. reduced, though not completely suppressed, byNEt{(1—3

(44) Miyamoto, T. K.; Matsuura, Y.; Okude, K Ichida, H.; Sasaki, Y. mol per mol of2a).
J. Organomet. Chenl989 373 C8. - . -

(45) Desponds, A.; Schlosser, Nl.Organomet. Cheni996 507, 257. Reaction ,Of D|gOId(II) Complexes W'Eh H.alogen. Treat-

(46) In contrast, axially dissymmetric bis(phosphines) containing ad- ment of3awith 1 equiv of bromine at-78 °C gives a thermally
ditional ortho substituents, such as (6dimethylbiphenyl-2,2diy|)bis- unstable yellow solid of empirical formula AuRCsH4PPh).
(diphenylphosphine), can be made from the appropriate lithium reagent and
PhPCI: Schmid, R.; Cereghetti, M.; Heiser, B.; Saholzer, P.; Hansen, (47) Carey, F. A.; Sundberg, R. Advanced Organic ChemistryPart
H-J. Helv. Chim. Actal988 71, 897. A, Structure and Mechanisn@rd ed.; Plenum: New York, 1990; p 235.

complexlais formed by loss of iodine. In the first two cases,
the kinetics of thermal isomerization could be determined
conveniently either by UWvisible spectroscopy or, less
precisely, by3IP NMR spectroscopy in the temperature range
35—-60°C. Figure 3 shows typical first-order rate plots for the
isomerization oRa, at seven temperatures, and Figure 4 shows
the Eyring plot derived from such measurements. The thermal
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147 Scheme 5
X\
2 X, X PPh,
D —— / ’% oo P
3a X Ph,P Au /All\
- X Ph,P
=
5 151
X =1(14), Br (15) X =1(16), Br (17)
_ - X
Ph,P—Au=—X
16 . X=1(12), Br(11)
3.0 3.3
1T(K) to that of 2a with iodine. At—10 °C one observes a pair of
Figure 4. Eyring plot for the isomerization of Alb(CsH.PPh), (2a) doublets ¢ 33.2, 23.3Jas = 12.8 Hz) and singlets @t —75.5
10 Aual2(2,2-PhPGH4CeH4PPh) (83). and 4.6, in addition to a singlet &t—4.2 due to unchangezh

At 25 °C the only peaks observed are those)at75.5 and
35.7, and after 2 days only the latter remains.

These results are interpreted as shown in Scheme 5. The
compound formed initially is presumably a dimer &Xu(u-
CsH4PPh), (X =1, Br), characterized by &P AB quartet with
a small P-P coupling constant. This compound is clearly not
the expected symmetrical specie$3)( arising from trans

Figure 5. Molecular structure of Aulf-ICcH,PPh) (12) with atom
labeling (hydrogen atoms omitted); ellipsoids show 50% probability
levels. Distances: AtP1 2.253(4) A, Au-l 2.552(1) A, Au-1(2)
3.628(2) A, angle PAu—I(1) 173.4. 13

In CH,Cl, at room temperature this rapidly becomes colorless addition of halogen to each gold atom 2& or 3a, although
and the solution show®P NMR singlets att —75.5 and 35.1.  this species may be responsible for the singlet 4t6 in the
Over a period of days the first peak disappears at the expensddromination reaction. The spectra are, however, consistent with
of the latter. The final product isolated is the gold(l) bromide structuresl4 (X = 1) and15 (X = Br), in which the halides are
complex AuBrp-BrCsH4PPh) (11), which was identified by mutually cis on one gold atom and mutually trans on the other.
comparison with a sample prepared independently from (2- In the bis(ylide) series, bottranstrans- andcistrans-digold-
bromophenyl)diphenylphosphine. (llM) complexes can be isolated, the latter being the more
To obtain further information, the halogenation reactions have stable’182% The compounds responsible for the resonances at
been studied in situ BP NMR spectroscopy in Ci€l,. There 0 —94.5 and—75.5, which are in equilibrium witi4 or 15,

is no reaction betweeka and 1 equiv of iodine at55°C, but are probably cycloaurated monomers, A(XCsHsPPh) [X
after 20 min at—15 °C there are a pair of doublets at37.4 = | (16), Br (17)], the remarkably high shielding being

and 24.4 Jas = 4 Hz) and singlets ab —94.5 and 47.6, i characteristic of the cyclometalated four-membered #fngf,
addition to the singlet ai —11.7 due to unchangezh. As the Pt(0-CsH4PPh),, dp —52.24° These compounds finally isomer-

temperature is raised to 2&, the peak due t@a and the AB ize spontaneously td2 or 11 by transfer of X from gold to
quartet disappear and the intensities of the remaining singletscarbon and cleavage of the gold(Hgarbon bond.
increase. At 25C the singlet ab —94.5 disappears leaving The reaction of4a with an excess of Phlglat room

only the singlet ab 47.6. The colorless compound responsible temperature gives, after 30 min, small amounts of the chloro
for this peak has been identified by X-ray crystallography as analogues ofl4—17, as shown byP NMR spectroscopy, but
the gold(l) iodide complex of (2-iodophenyl)diphenylphosphine, after 2 h considerable decomposition has occurred and there is
Aul(o-IC¢H4PPh) (12), whose structure is shown in Figure 5; no evidence for the formation of Au@H{CICsH4PPh).

it cgntalns .the expected IlneaHAu—.I framework, there being (a8) Garrou, P. EChem. Re. 1981 81, 220,

no interaction between the aromatic iodine atom and the metal.  (49) Bennett, M. A.; Berry, D. E.; Bhargava, S. K.: Ditzel, E. J.;
The reaction of8awith bromine (1 equiv) is generally similar  Robertson, G. B.; Willis, A. CJ. Chem. SocChem. CommurL987, 1613.
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Scheme 6
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X RyP
21
Discussion

The oxidative addition chemistry of the digold(l) complexes
of CsH4PR(R = Ph, Et) resembles in its general features that
of the corresponding bis(ylide) complexes, but the digold(Il)
and digold(lll) adducts of gH4PR; are clearly more labile and
more prone to rearrange to derivatives of gold(l). In the digold-
(I1) complexes, this occurs by formation of a-C bond at the
expense of two AtC bonds; in the digold(lll) complexes the

rearrangement can be described as the formation by reductive

elimination of a CG-X (X = Br, I) bond at the expense of a

Au—C bond. The sequence depicted in Scheme 5 provides a

model for the electrophilic cleavage of some metzdrbon
o-bonds by halogens, for which a commonly accepted mech-

anism involves one-electron oxidation and subsequent nucleo-

philic displacement of the metal atom by half¥e52
Migration of the phosphorus atoms in the digold(ll) and

digold(lll) complexes between adjacent metal centers occurs
readily and is initiated by halide ion dissociation. In the case
of the digold(lll) complexes, the process is probably intramo-
lecular. The corresponding process in the digold(Il) complexes
would generate three-coordinate, monomeric gold(ll) species
(eq 1), which would be expected to be paramagnetic. Since

I R
X—Alu Au—X @:Au——x ¢}
RyP

R =Ph, Et; X =CI, Br, I

solutions of2—4 show no ESR evidence for the existence of

(50) Kochi, J. K. Organometallic Mechanisms and Catalysiaca-
demic: New York, 1978; pp 532542.

(51) Halpern, JAngew. Chem., Int. Ed. Endl985 24, 274.

(52) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, RR@ciples
and Applications of Organotransition Metal Chemistpd ed.; University
Science Books: Mill Valley, CA, 1987; pp 43443.

J. Am. Chem. Soc., Vol. 118, No. 43, 19965

paramagnetic species, the concentration of monomers, if any,
must be exceedingly low. It is also possible that phosphine
scrambling in2—4 occurs in a species formed by association
between two digold(ll) complexes. At present we cannot
distinguish between these possibilities.

There are a number of examples of reductive elimination from
digold ylide complexes, e.g. the irreversible loss of ethane from
AusMex{ u-(CH,),PMe} ,,” the reversible loss of alkyl halides
from Auy(R)(X){ u-(CH,).PPh} 2,6 and the irreversible loss of
propane from theu-methylene complex AdMes(u-CHy){u-
(CHy),PPh} 2,53 but the isomerization of the digold(ll) com-
plexes 2—4 to the digold(l) complexes8—10 is, as noted
previously?” an unusual case in which the product is retained
in the coordination sphere. The reductive elimination of two
o-bonded organic ligands from a metahetal bonded complex
is forbidden by symmetf¢ and there are few well-established
example$® We suggest that dissociation of the anionic ligands
in 2—4 initiates migration of ther-aryl group between the gold
atoms as shown in Scheme 6. In the light of the dispropor-
tionations shown in Schemes 1 and 2, the existence of small
amounts of undetected heterovalent goldipld(lll) species
18 formed from 2—4 by reversible dissociation of X is
plausible3® Dissociation of X from 18 could then induce aryl
group migration from gold(l) to gold(lll) giving species such
as19or 20in which both metat-carbono-bonds are formed at
the same atom. These are then presumed to undergo rate-
determining reductive elimination from the gold(lll) center to
give complexes8—10 containing the 2,2biphenylyl ligand,
possibly via ionic interemediates [AMRGH4CesH4PR:)JAUX 2]

(21). The analogous reductive elimination of alkanes from
trialkylgold(Ill) complexes, such as AuMEt(PPh), is believed

(53) Schmidbaur, H.; Hartmann, C.; Riede, J.; Huber, Bli&tuG.
Organometallics1986 5, 1652.

(54) Trinquier, G.; Hoffmann, ROrganometallics1984 3, 370.

(55) Reference 52, pp 33353.

(56) In contrast with the isomerizations @& and 3a to 8a and 9a,
however, the processes shown in Schemes 1 and 2, and the disproportion-
ation of [AuX2(i-MNT)2] to [Au(i-MNT)2]~ and [AuXz]~ (i-MNT = 1,1-
dicyanoethylene-2,2-dithiolate), are promoted by coordinating solvents and
by added halide ion: Khan, M. N. |.; Wang, S.; Fackler, J. P.|nbrg.
Chem.1989 28, 3579.
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to occur from a three-coordinate intermediate Adétmed by (2-Bromophenyl)diphenylphosphine;BrCsHsPPh, was made either

dissociation of PP§#758 The groups that are eliminated occupy from the PdCﬂ(NCMe)z-catalyged reactlop betwe_erbromomdoben-

cis positions and the elimination is a symmetry-allowed process 2ene and diphenyl(trimethylsilyl)phosphine,.,PBiMe; (yield 61%}°

from a Y-shaped AurRmolecule®® Since the Al —C bonds or, less conveniently, by treatment @BrCgH4PCl with PhMgBr (2
) iv) 60 o 31pf 1 —

in 19 or 20 are mutually trans, distortion is required before they equiv).> Mp 110-112°C. *'P{*H} NMR (CD:Cl;) 6 =5.2 (s).

. - S . (2-Bromophenyl)diethylphosphine, o-BrCsH4,PEt,. To an ice-
can reach a geometry suitable for reductive elimination to occur; cooled solution of EtMgl (0.06 mol) i ether (50 mL) was added slowly

this process may represent one of the activation barriers to be, grcH,pcl, (8 g, 0.03 mol) in ether (60 mL), the temperature being
surmounted. The formation in the rate-determining step of salt- kept between 0 and BC. After being stirred overnight at room
like species such & or [Au" (0-CeH4PPh)2][Au'X 2], appears  temperature, the mixture was treated with a deoxygenated, saturated
to be ruled out by the fairly small dependence of isomerization solution of NH,CI (95 mL). After addition of some water to give two
rate on solvent polarity, although the cation in the latter case is layers, the ether layer was dried @$&), solvent was evaporated,
isoelectronic with the stable platinum(ll) complex &@sH4- and the residue was distilled in vacuo. The product was collected at
PPh),.49 111-112°C/0.8 mm (lit¥4 90—91 °C/0.15 mm). The yield was 5.4 g

Migration of the aryl group between the gold atomin4 (70%). *'P{’H} NMR (CD:Cly) 6 15.4 ().
may g:)roceed via a ni/vogelegtremhree cente? intermediate or Bis(u-(2-diphenylphosphino)phenyl)digold(l), Auwp(u-CeHaPPrp).

b (1a). A solution ofo-BrCe¢H4PPh (2.0 g, 5.9 mmol) in ether (40 mL)
transition state such a82 (Scheme 6). There are many was treated with a 1.6 M solution ofBuLi (3 mL) over 30 min to

struct_ur_ally (_:ha_racterlzed examples of gold(l) compounds give a colorless precipitate ab-LiCsHPPh+ELO S5 which was
containing bridging aryl group’; but none are known for gold-  washed with hexane. The yield was 1.4 g (5.1 mmol, 87%). This
(1) or gold(lll). It is noteworthy that the isomerization is  solid, suspended in ether, was added via cannula to a suspension of
initiated by reversible loss of the more polarizable anions |  AuBr(PE%) (1.6 g, 4.1 mmol) in ether (25 mL), the temperature being
and Br, less easily by Cl, and not at all by the excellent kept below—65°C. The temperature was then held-a40 °C for 2
leaving groups OCOC#t, OCOPHT, or ONG,~. One possible h and at room temperature for 1.5 h. The off-white solid was separated
explanation is that the heterovalent formulatidk®-20 are ?i’;””it)'on aé‘thHShed(;(“;%essl'_‘;e'% with e”;]e'x(go mL), g‘etha”g'

: ; mL), and hexane mL). It was then extracted with hot
fjlsfavc_)rec_i by the presence of hard, strongly electron-withdraw- dichloromethane (300 mL) and the extract was filtered through Celite.
ing axial ligands. Conversely, they should be favored by good

. L Evaporation gavda as a colorless, air-stable solid (1.2 g, 63%), m
electron donors; in support of this idea, we have found that the 21680 dec. g (129 ). mp

dimethyl complexes AiMey(CeHsPR,)2 (R = Ph, Et) adopt Bis(u-(2-diethylphosphino)phenyl)digold(l), Aux(u-CeH4PEL)z
structurel8 (X = Me) containing gold(l) and gold(ll)? These  (1b). The solution obtained by addition GEBuLi to 0-BrCsH,PEL
compounds, however, do not isomerize to Mes(u-R2- was added to a suspension of AuBr()Et ether. Workup as described
PGH4CsH4PRy), an observation that indicates the importance above gaveb in ca.60% yield, mp 228C; it is more soluble thatia
of an ionizable leaving group in promoting the-C coupling. in CH,Cl,, THF, and toluene!H NMR (CD.Cl,) ¢ 1.5 (dt,3Jpn = 19,
The longer Au-Au bond in Awl,(u-CsH4PPh), (2a) relative Jun =7, CHy), 2.1 (M, CH), 7.1-7.8 (M, GHa).

to that in Awp(O.CPh)(u-CsHiPEL). (5b) may also be a Dihalodigold(ll) Complexes, AuXa(u-CsH4PRy)2 [R = Ph, X =

| (2a), Br (3a), Cl (4a); R = Et, X = | (2b), Br (3b), Cl (4b)]. A
stirred suspension dfa or 1b (0.138 mmol) in dichloromethane (20
mL) at —70°C was treated dropwise with a solution of iodine, bromine,
or PhIC} (0.142 mmol) in dichloromethane, the temperature being kept
below —65 °C. In the case of iodine, toluene could also be used as

General Procedures. Most syntheses were performed under dry the reaction medium. After addition was complete, the flask was
nitrogen with use of standard Schlenk techniques, although the solid Shielded from light; the solution was then stirred-&t0 °C for 1 h, at

complexes were air-stable. Reactions with gold complexes were carried ~40 °C for 30 min, and finally at room temperature for 1 h. The
out in vessels shielded from light. The following instruments were Volume of the solution was reduced to about half under reduced pressure

significant factor, since the gold atoms have to be separated
further in the coupled product.

Experimental Section

used for spectroscopic measurements: Varian XL-2006Eat 200 and hexane was added. Precipitation of the product was completed
MHz, 31P at 80.96 MHz), Varian Gemini-300 BBH at 300 MHz 3P by cooling the solution to 6C. The solid was filtered, washed with
at 121.4 MHz), Varian VXR-300 (variable temperatui¢,at 300 MHz, ~ hexane, and dried in vacuo. Yields were—@D%. The chloro

31p at 121.4 MHz), VGA Micromass 7070F (medium resolution El complexesta and4b were also made by addition of chlorine in GCI

mass spectra), VG ZAB2SEQ (high resolution El and FAB mass 10120 1b. 2b-8b: 'H NMR (CD:Cl) 0 1.3 (dt, b = 7.5, Jous T
spectra), Perkin Elmer PE 683 and 1800 (infrared spectra as KBr disks P+ = 19), 2.6 (m, CH), 6.9-8.3 (m, GHa); 2b {*'P}(C¢Ds) 6 0.95

or Nujol mulls in the ranges 40600 and 4006150 cntt, (t, I = 7.5, CH), 1.75 (sxt, sepr= 7.5 Hz, CH), 2.11 (sxt, sepn
respectively), and Hewlett Packard HP 8450 (UV and visible spectra). = /-5 Hz, GHH).
The NMR chemical shiftsd) are given in ppm relative to TMSH) Bis(benzoato)digold(ll) Complexes, AW(O,CPh)(u-CeH4PR,), [R

and to 85% HPQ, (31P), both referenced to solvent. Coupling constants — Ph (52), Et (Sb)]. A stirred suspension dfa or 1b (0.163 mmol)
(J) are given in hertz. Elemental analyses and molecular weight N CHCI; (40 mL) was treated with an excess of solid benzoyl peroxide

determinations by osmometry in dichloromethane af@5Knauer) (0.245 mmol). The mixture, shielded from light, was set aside at room

were performed in-house. These data together with3ReNMR temperature for 48 h, and solvent was removed under reduced pressure.

chemical shifts are given in Tables 2 and 4. The yellow residue was stirred with ether h toremove the excess
Starting Materials. The compounds-BrCsHsPCh,® PhIChL,f and of benzoyl peroxide and again pumped to dryness. The solid was

dissolved in the minimum quantity of GBI, hexane was added, and

AuBr(PEg)®2 were prepared by the appropriate literature procedures. A : ;
the mixture was set aside at’G. The solid products were separated

(57) Tamaki, A.; Magennis, S. A.; Kochi, J. K. Am. Chem. Sod974 by filtration and washed with hexane. Yields were-8®%. Crystals
96, 6140. of 5b suitable for X-ray structural analysis were obtained from,CH

(58) Komiya, S.; Albright, T. A.; Hoffmann, R.; Kochi, J. KI. Am. Cl./hexane.
Chem. Soc1976 98, 7255. . — VA

(59) Bennett, M. A.; Welling, L. L.; Hockless, D. C. R. unpublished Other AuaY(u-CeHaPRo). Complexes [R= Ph, Et, Y = OAc
work; similar behavior is observed in the bis(ylide) series, see refs 7 and (6a, 6b), ONG; (7a, 7b)]. The dihalodigold(l) complexe8a—4a or
12. (63) Tunney, S. E; Stille, J. KI. Org. Chem1987, 52, 748.

(60) Talay, R.; Rehder, IZ. Naturforsch. B1981, 36, 459. (64) Hart, F. A.J. Chem. Socl96Q 3324.

(61) Lucas, H. J.; Kennedy, E. Rrganic Synthesedyiley: New York, (65) Hartley, J. G.; Venanzi, L. M.; Goodall, D. @. Chem. Soc1963
1955; Collect. Vol. llI, p 482. 3930.

(62) Coates, G. E.; Kowala, C.; Swan, J. Must. J. Chem1966 19, (66) Harder, S.; Brandsma, L.; Kanters, J. A.; Duisenberg, A.; van Lenthe,

539. J.J. Organomet. Chen1991, 420, 143.
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Table 5. Crystal and Refinement Data for Compourtits 8b, and12

Compd ALQ(OQCPh)(CeHADEb)z (5b) AU2|2(Et2PQaH4C6H4PEt2) (8b) AUl(thPQ;H;d) (12)
(a) Crystal Data

chem formula GaH3AU04P; CaooH26AULI P> CigH14AUlP
fw 966.55 978.13 712.06
cryst system monoclinic orthorhombic orthorhombic
unit cell dimens

a(A) 10.607(2) 15.984(3) 15.131(3)

b(A) 8.143(4) 9.064(4) 16.406(3)

c(A) 38.890(6) 18.047(3) 15.683(4)

B (deg) 96.14(2)

V (A3 3340(2) 2614(1) 3893(1)
space group P2,/c Pn&2; (No. 33) Pbca
D¢ (g cn3) 1.922 2.485 2.429
z 4 4 8
F(000) 1847.5 1768.00 2575.5
color, habit pale yellow needle colorless prism colorless prism

cryst dimens (mm)
w(cm™)

0.0% 0.33x 0.02
177.2 (Cu K)

0.19x 0.08 x 0.06
136.4 (Mo Ko)

(b) Data Collection and Processing

0.16x 0.21x 0.26
108.1 (Mo Ka)

diffractometer Rigaku AFC 6R Rigaku AFC 6S Rigaku AFC 6S
X-radiation Cu ko Mo Ka Mo Ka
T 26(1) 23(1) 20(1)
scan mode w—20 w—20 w—20
w-scan width 1.6+ 0.3 tané 0.80+ 0.34 tand 1.4+ 0.3 tané
26 limits (deg) 4-120 4-50.1 4-50
min, maxh, k, | 0,11 0,11 0,18
0,9 0,19 0,19
—43, 42 0,22 0,18
no. of reflcns
unique 4945 2656 3445
obsd 3371 1625 1828
[I'> 3o(l)] [1>3o(1)] [1>3o(1)]

abs corr (transm factors) analytical (0.3821766) analytical (0.4470.507)

(c) Structure Analysis and Refinement
structure soln Patterson meth&ts Patterson methoffs Patterson methods
refinement full-matrix least-squares full-matrix least-squares full-matrix least-squares
no. of params 379 234 199
weighting schemev [6%(F) + (0.0009F3 4FA[0X(EP) + (0.00EE27 [0*%(F) + (0.0004)7*
R(obsd data) (%) 4.3 3.4 3.4
Ry(obsd data) (%) 5.9 2.1 4.6
GOF 1.34 1.75 1.44

analytical (0.1680.248)

2b—4b were dissolved in CkCl, and treated with a 56200% molar Digold(l) Complexes AwXa(r-2,2-R,PCsH4CsH4PRy) [R = Ph,
excess of the appropriate silver salt AgX. The mixture was stirred for X =1(8a), Br (9a), Cl (10a); R= Et, X = | (8b), Br (9b), CI (10b)].
several hours; too short a reaction time occasionally gave some mixedThe digold(ll) complexes AaX,(u-CeH4PRy), (2a—4a, 2b—4b) (ca.
species Au(X)(Y)(u-CeHsPRy), (see below). The insoluble silver salts 0.1 mmol) were heated in toluene at %0 for 4—8 h, during which
were removed by centrifugation, the supernatant liquid was evaporatedtime the solutions became almost colorless. The same change occurred
to dryness under reduced pressure, and the solid product was washedver a period of days at room temperature in,CH, especially when
with hexane. Yields were quantitativéH NMR (CD.Cl,): 6a, 6 1.40 the solutions were exposed to sunlight or to a UV lamp. Addition of
(s, ©CMe); 6b, 6 2.05 (s, QCMe). hexane precipitated the colorless, crystalline digold(l) complexes, which
Anion Exchange in Digold(ll) Complexes. Equimolar amounts were recrystallized from toluene/hexane or dichloromethane/hexane.
of AUzXz(,Lt-CsH;;PRz)z and AL&Yz(‘ll-CGH4PR2)2 (Ca 0.005 mmo|) were Yields were 86-90%. 8b: H NMR (Cchlz) 0 0.92 (dt,JHH =17.5,
placed in an NMR tube, CiZl, was added, and &P{H} NMR Jen = 17.7, CH), 1.30 (dt,Jun = 7.5, Jen = 20.8, CH), 1.89 (gnt,
spectrum was recorded at room temperature. The equilibria giving rise S€pn= 7.5, CH), 2.36 (8-line m, sepea. 7), 2.86 (m, CH). X-ray
to Aux(X)(Y)(u-CeHaPRy), were established withil h of mixing, as quality crystals of8b were obtained by diffusion of hexane into a
shown by the appearance of an AB quartet in addition to the singlets dichloromethane solution.
due to the starting compounds. The data are summarized in Table 3. Displacement of 2,2Ph,PCsHsCsH4PPh, from Its Digold(l)
Phosphine Exchange in Digold(ll) Complexes.Equimolar amounts ~ Complexes. A suspension o8a (65 mg, 0.056 mmol) was suspended
of AuXo(u-CsHsPPh), and AwX »(u-CeH4PER), (ca. 0.005 mmol) were in ethanol (2 mL) and treated with a 5-fold excess of sodium cyanide
mixed in CD.Cl, and the3!P{H} NMR spectrum was recorded as N water (2 mL). The solution, which turned cloudy within 15 min,
described above. For % |, equilibrium was established immediately, =~ Was stirred overnight. The white solid was separated by filtration,
as shown by the appearance of an AB quarteiat —11.9,5s = washed with water (X% 2 mL), and recrystallized from hot hexane to
—13.3,Jps = 73 Hz. For X= Br, an AB quartet could be detected  give colorless crystals of 2;:PhPCH.CeHsPPh, mp 212°C. The
within 1 h ofmixing: 6x = —3.17,8s = —4.31,Jpg = 77 Hz. Over yield was 22 mg (75%)3'P NMR (CD.Clz) 6 —15.0(s). Anal. Calcd
a longer period isomerization occurred to give a mixtur@affoe 30.2] for CseHzgP2: C, 82.74; H, 5.40; P, 11.884, 522. Found: C, 82.77;
and9b [dp 23.7]; there was also a pair of doublets49.3, 23.7,) = H, 5.69; P, 11.62M (osmometry) 529.
5.9 Hz] assigned to ABr, (¢-2,2-PhPCH4CsH4PEL). For X = ClI, Kinetics of Isomerization of 2a to 8a and 3a to 9a.(1) A sample
an AB quartet §o = 2.3, s = 1.0, Jag = 78 Hz] appeared over a  of the digold(ll) complex (0.005 mmol) was dissolved under nitrogen
period of 2 weeks accompanied by singlets due to the isomerization in tolueneds in an NMR tube and placed in the NMR spectrometer set
productslOaand10b. In the case of X= I, addition of an excess of at the desired temperature. The rates of isomerization were determined
[EtsN]I completely suppressed scrambling. from the increase in peak height of the product or from the decrease in
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peak height of the starting compound, or by measuring integrals; data  The results ofin situ 3P NMR experiments are described in the

were collected at 15-min intervals.

(2) Enough of the digold(ll) complex to give an absorbance between

0.5 and 1.5¢a.1—4 x 1072 M) was placed under nitrogen in a quartz
cell of path length 1 cm containing a small stirrer bar. Toluene was

text.

Bromo{ (2-bromophenyl)diphenylphosphing gold(l), AuBr(o-
BrCsH4PPh,). This compound was prepared following the literature
method for AuBr(PE§).®?> Sulfur dioxide was bubbled through a

added and the sealed cell placed in a thermostated sample holder. Thaolution of K[AuBr] (885 mg, 1.59 mmol) in ethanol (20 mL) until
solution was stirred at the desired temperature and the rates ofthe color had changed from deep red to turbid yellow. The excess of
isomerization were determined from the decrease in absorbance at 4580, was displaced by nitrogen and to the stirred solution was added

(2a) and 337 nm &a).

Both methods gave good first-order rate plots over 80% of the
reaction. Line-fitting and calculation of errors in the activation
parameters were carried out with the IGOR PRO prodramhe data
are listed in the formk; (10* s%) [T (K)]: 2a — 8a (UV/vis) 0.39

(308.6), 0.51 (310.8), 0.72 (313.3), 1.20 (316.6), 1.37 (318.2), 1.88

(320.6), 2.37 (323.5), 3.69 (328.52a— 8a (P NMR) 0.11 (299.5),

0-BrC¢H4PPh (542 mg, 1.59 mmol) suspended in ethanol (20 mL).
After 15 min, the off-white product was separated by filtration, washed
thoroughly with ethanol, and dried in vacué'P{*H} NMR (CD,Cl,)
0 35.3(s). Anal. Calcd for GHi,AuBrP: C, 34.98; H, 2.28.
Found: C, 34.97; H, 1.93.

Crystallography. The crystal and refinement data for compounds
5b, 8b, and12 are summarized in Table 5. All structures were solved

0.21 (302), 0.32 (304.5), 0.45 (309), 0.64 (311.5), 1.45 (316.5), 2.10 by use of Patterson meth&&s° and refined by use of full-matrix least-

(319). 3a— 9a(UV/vis) 0.08 (317.7), 0.11 (320.6), 0.20 (323.7), 0.26
(326.5), 0.38 (328.5).3a— 9a (**P NMR) 0.07 (311.5), 0.10 (314),
0.12 (316.5), 0.21 (319), 0.23 (321.5), 0.34 (324). Addition ef31
mol of [EuN]I per mol of 2ain tolueneeds reduced the value df; at
323 K from 2.3x 104 to 0.1-0.2 x 104 s™%. The rate constants
10%; (s™Y) measured by'P NMR spectroscopy for the isomerization
of 2ato 8a at 308 K in various solvent mixtures were 0.34 (toluene),
0.82 (1:1 toluene/acetone), 1.04 (&), 1.24 (1:1 toluene/MeOH),
and 2.75 (CHCI/MeOH). The similarly measured rate constants in
tolueneds containing, separately, AIBN and benzoquinone were 0.86
x 1074 and 0.26x 10°“ s™1, respectively.

Reaction of AwXa(u-CeH4PPhy), with an Excess of Halogen. (1)
A stirred solution of AuBr(CsHsPPh), (3a) (113 mg, 0.105 mmol)
in dichloromethane (15 mL) contained in a flask shielded from light
was cooled in dry ice and treated dropwise with a solution of bromine
(16.7 mg, 0.105 mmol) in dichloromethane (5 mL). Stirring was
continued fo 1 h and the solution was allowed to warm t&@. During
this time, a yellow crystalline solid precipitated. It was separated by
filtration at 0°C while being shielded from light and was dried in vacuo.
The yield of [AuBR(CsH4PPh)], was 65 mg (53%). Anal. Calcd for
CisH1AUBRP: C, 34.48; H, 2.41; Br, 25.49; CI, 0.0; P, 4.94. Found:
C, 34.12; H, 2.12; Br, 24.16; Cl, 0.57; P, 4.32. THE{'H} NMR

squares analysis. All non-hydrogen atoms were refined anisotropically;
hydrogen atoms were included in calculated positions withtHC=

0.95 A andU(C) = 1.2Ue, (C). The configuration foBb was set by
refinement in each enantiomorph. Calculations for structGbeand

12 were carried out with the XTAL3.2 packadethose for8b were
performed with teXsar?
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spectrum measured immediately at room temperature showed singlets
atd —75.5 and 35.1; over a period of hours, the former disappeared at JA961511H

the expense of the latter, which was identified as being due to AuBr-

(0-BrC¢H4PPh) (see below) 11).
(2) A stirred solution of Audla(u-CsHsPPh), (2a) (25 mg, 0.027
mmol) in CHCI, (2 mL) was treated with an excess of iodine (28 mg,

(68) Sheldrick, G. M. SHELXS-86. I€rystallographic Computing;3
Sheldrick, G. M., Kiiger, C., Goddard, R., Eds.; Oxford University Press:
Oxford, England, 1985; pp 175189.

(69) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P;

0.108 mmol) at room temperature. The clear red solution was stirred Garcia-Gande, S.; Gould, R. O.; Smits, J. M. M.; Smykalla, C. PATTY:
for 10 min and then zinc dust was added to remove the excess of iodine.The DIRDIF Program System, Technical Report of The Crystallography
After 2 h the solution was colorless. The precipitate was removed by Laboratory; University of Nijmegen, The Netherlands, 1992.

centrifugation and the solvent was evaporated in vacuo to give an off-

white foam (40 mg). A single crystal obtained by layering éDE
solution with hexane was identified as AICsH4PPh) (12) (see
below). 3%P{*H} NMR (CD,Cl,) ¢ 47.6, (GDs) 47.0.

(67) IGOR PRO: Wave Metrics Inc., Lake Oswego, OR 97035, 1995.

(70) FOURR: Stewart, J.; Holden, J.; Doherty, R.; Hall, S. R. XTAL3.2
Reference Manual; Lamb: Perth, 1992.

(71) Hall, S. R.; Flack, H. D.; Stewart, J. M., Eds. XTAL 3.2 Reference
Manual. University of Western Australia, Geneva and Maryland. Lamb:
Perth, 1992.
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