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The reactions of the iridaphosphirene complex [Ir{=C(Bu)P(Cy)} (CO)(PPhs),] (Cy = cyclohexyl) with either [AuClI(tht)]
(tht = tetrahydrothiophene) or AgCl result in the products [Ir{=C(Bu)P[M(CI)](Cy)} (CO)(PPhs),], M = Au or Ag.
The aurated product can additionally be obtained on reaction of the iridaphosphirene with [AUCI(CNBu)], via loss
of the isocyanide ligand. Treatment of [Ir{=C(Bu)P(Cy)}(CO)(PPhs),] with [AuCI(PPhs)] in the presence of silver
triflate leads to the isolation of the salt, [Ir{==C(Bu)P[Au(PPhs)](Cy)}(CO)(PPh3),][SO3CF;]. Reaction of the
iridaphosphirene with PhHgCl in the absence or presence of silver triflate affords the mercurated species [Ii{ =C(Bu)P-
[Hg(Ph)](Cy)} (CO)(PPhs),]X, X = Cl or CF3SOs, respectively. The former exhibits a weakly mercury-coordinated
chloride ion. The X-ray crystal structures of all of the complexes are described.

Introduction Chart 1. Generalized;2vinyl, Metallacyclopropene, and
Metallaphosphirene Units
The recent interest in?-3-electron vinyl complexes has /R R &
centered on the diverse reactivity shown by these species R—¢ \c; R
toward nucleophiles and electrophiles and in isomerization /\\ /\ /\
L.M—C—R LM=C—Rr L,M=C—Rr

reactions to formy3-allyl and carbene complexédt has
recently been argued on the basis of structural and spectro
scopic evidence that they should be viewed, in many cases

as metallacyclopropene complexes rather thgrvinyl vinyl complexes has been problematic because of the variable
species (Chart T)In recent work, we have explored the iqation states accessible to transition metals. This often
analogy between phosphavinyl and vinyl fragments, and it 545 16 an oxidative coupling of the phosphaviny! fragment

has become clear that the former behave very differently than, give the 2,4-diphosphabicyclo[1.1.0]butaneCFBus, or

the latter within the coordination sphere of transitiamd its 1,2-dihydro-1,2-diphosphete valence isorttedxidative

main-groug e!ements. ) ] ) _coupling does not, however, occur in the reaction of Vaska's
These studies have been aided by our high-yield synthesis

‘conventional vinyl Grignard reagents. The extension of these
investigations to the formation of transition-metghospha-

of the phosphavinyl Grignard reagenk){CyP=C(Bu)-
MgCI(OEY)] (Cy = cyclohexyl)? which has been success-
fully exploited in reactions with main-group halides to yield
terminal phosphavinytmetal compounds, for example,
[Me,Sn{ C(Bu)=PCy},)],“? as well as unusual heterocyclic
compounds via phosphavinyl coupling reactiéhsThis
reactivity shows a marked departure from the chemistry of
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complex with £)-[CyP=C(‘Bu)MgCI(OEt)], which instead

Brym et al.
Preparation of [Ir {=C(‘Bu)P[Au(CI)](Cy) } (CO)(PPhy),] (2).

leads to the stable yet reactive iridaphosphirene complex, () [Ir{=C(Bu)P(Cy}(CO)(PPh)z] (100 mg, 0.11 mmol) was

[Ir{=C(Bu)P(Cy} (CO)(PPHh),], incorporating a three-
electron phosphidocarbene ligah@his complex has been
found to react readily with methyl iodide, acids, and

elemental chalcogens at the phosphirene P center to give

variety of A>-iridaphosphirene and iridaphosphirenium com-
plexes’ In contrast, the reaction of [l=C(Bu)P(Cy} (CO)-
(PPhy),] with carbon monoxide leads to the initial displace-

dissolved in tetrahydrofuran (10 mL), and a solution of [AuClI(tht)]
(34 mg, 0.11 mmol) in tetrahydrofuran (5 mL) was added-&8

°C. The reaction was slowly warmed to room temperature and
stirred for 20 h in the dark. VVolatiles were then removed in vacuo,

a

and the residue was taken up in a minimum volume of dichloro-
methane. This was layered with hexane, resulting in orange crystals
of complex2. Yield: 85 mg (73%).(b) [Ir{=C('Bu)P(Cy}(CO)-
(PPh);] (100 mg, 0.11 mmol) was dissolved in tetrahydrofuran

ment of a triphenylphosphine ligand and, ultimately, to the (10 mL), and a solution of [AUCI(C®U)] (34 mg, 0.11 mmol) in

oxophosphaallylic complex [{u3-O=C=C(Bu)P(Cy}-
(CO)(PPh)], via an intramolecular phosphaviryCO cou-
pling reactiorf

Other related work of ours dealing with metal complexes
bearing unsaturated phosphorus ligands centers on th

versatile ruthenium phosphavinyl compounds, {Re
C(H)BU}CI(CA)(PPh);] (A = O, S)3 These complexes
display a fascinating reactivity at both the phosphavinyl

tetrahydrofuran (5 mL) was added af78 °C. The solution was
slowly warmed to room temperature and stirred for 18 h in the
dark. The solvent was removed under vacuum and the residue
dissolved in a minimum volume of dichloromethane. Layering with

E!1exane resulted in orange crystal2ofvield: 46 mg (40%). Mp:

198-200 °C. IR (Nujol): 1980 p(CO)] cnrt 3P{1H} NMR
(CeDg): 6 13.9 [pseud. t, PRh2 x 2Jpp = 24 Hz], 9.5 [pseud. t,
PPh, 2 x 2Jpp = 24 Hz], —129.4 [m(br), PAuCI]. Variable-
temperaturé!P{'H} NMR studies did not lead to further resolution

phosphorus and the metal center. It has been discovered thagf the PAuCI signallH NMR (C¢De): 6 0.77-1.81 [m, 11H, Cy],
unprecedented dimetalated phosphaalkene species are a@-63 [s, 9H,'Bu], 6.79-7.87 [m, 30H, ArH]. MS (LSIMS)m/z
cessible through the addition of electrophilic metal fragments Acc. mass [M] 1160.2052, found 1160.2053; [M-CI] 1125.2364,
to these complexes. This prompted the investigations reportedfound 1125.2354. Anal. Calcd for,g1s0AuClIirOPs: C, 49.7; H,

here on the formation of bimetallic complexes of the
iridaphosphirene, [[=C(Bu)P(Cy} (CO)(PPh),], with metal
fragments of groups 11 and 12.

Experimental Section

General Methods. All procedures were carried out under an

4.3%. Found: C, 50.1; H, 4.5%.

Preparation of [Ir {=C(‘Bu)P[Au(PPh3)](Cy)}(CO)(PPhy),]-
[SOsCF3] (3). [AuCI(PPh)] (53 mg, 0.11 mmol) and AgS{CF;
(28 mg, 0.11 mmol) were suspended in tetrahydrofuran (10 mL)
and stirred for 30 min at-78 °C. This solution was filtered into a
solution of [I{=C(BU)P(Cy)} (CO)(PPh),] (100 mg, 0.11 mmol)
in tetrahydrofuran (10 mL), also cooled #678 °C. A color change

inert argon atmosphere using standard Schlenk and gloveboxfl’om red to yellow was observed. The solution was allowed to warm
techniques. Solvents were dried and distilled using either potassiumto room temperature and was stirred for 18 h. All of the solvent
or Na/K alloy (tetrahydrofuran, toluene, diethyl ether, hexane) and was removed under a vacuum and the residue extracted with a
calcium hydride (dichloromethane). The solvents were freeze/thaw minimum volume of toluene. Slow cooling te:30 °C yielded
degassed prior to use. Infrared spectra were obtained using a Perkinorange crystals 08. Yield: 114 mg (74%). Mp: 7880 °C. IR
Elmer 1600 Series FTIR spectrometer with NaCl plates. NMR (Nujol): 1974 p(CO)] cnr ™. 32P{*H} NMR (CqDs): 0 41.4 [ddd,
spectroscopy was carried out using a JEOL Eclipse 300 spectrom-Au(PPh), 2Jpp = 341 Hz, “Jpp = 30 Hz, “Jpp = 7 Hz], 11.9
eter. All NMR spectra were obtained at 26. H NMR spectra [overlapping unresolved m, 2 PPh], —117.2 [d of pseud. t, IrPCy,
were run at 300.5 MHz!%F NMR spectra at 282.8 MHz, and  2Jpp= 341 Hz, 2x 2Jpp= 30 Hz]. 1%F{*H} NMR (C¢Ds): 6 —77.0
31P{1H} NMR spectra at 121.7 MHz. A pseudotriplet is denoted [S, CRSOy]. *H NMR (CDCly): 6 0.50-2.05 [m, 11H, Cy], 1.62

by pseud. t.13C NMR spectra of all of the compounds were [s, 9H,'Bu], 6.88-7.39 [m, 45H, ArH]. MS (ESywz (%): [M]*
complicated by overlapping multiplets in the aliphatic and aromatic 1388 (50), [M— PPh]* 1125 (100). Anal. Calcd for &HesAUFs-
regions, and these signals could not be confidently assigned.IrOsPsS:2.5(GHg): C, 57.5; H, 4.9%. Found: C, 57.4; H, 4.9%.
Electrospray (ES) and liquid secondary ion mass spectrometry Preparation of [Ir {=C(‘Bu)P[Ag(CI)](Cy)} (CO)(PPh)] (4).
(LSIMS) mass spectra and accurate mass spectra were obtainefir{=C(Bu)P(Cy} (CO)(PPHh),] (80 mg, 0.09 mmol) was dissolved
from the EPSRC Mass Spectrometry Center, University of Swansea.in tetrahydrofuran (10 mL), and a suspension of AgCl (13 mg, 0.09
Microanalyses were performed by Medac Ltd., Surrey, or at Uni- mmol) in tetrahydrofuran (5 mL) was added-af8 °C. The reaction
versity College London. Melting points were determined in sealed was slowly warmed to room temperature and stirred for 1 week in
glass capillaries under argon and are uncorrected. The complexeshe dark. No discernible color change was observed. Volatiles were
[Ir{=C(Bu)P(Cy} (CO)(PPHh)],6 [AUCI(CNBuU)],2 [AuCI(tht)] (tht then removed in vacuo, and the residue was taken up in a minimum
= tetrahydrothiophené),and [AuCI(PPh)]® were prepared ac-  volume of toluene. Slow cooling of this solution 680 °C yielded
cording to published procedures. All other reagents were used asred crystals of4. Yield: 90 mg (73%). Mp: 205207 °C. IR
received. (Nujol): 1976 p(CO)] cnm L. 31P{1H} NMR (CeDg): 0 14.6 [m(br),
PPh], 7.7 [m(br), PPH], —152.0 [doublet of m(br), PAGCEIpaq

= 702 Hz].*H NMR (CgDg): 6 0.25-1.94 [m, 11H, Cy], 1.64 [s,

(6) Brym, M.; Jones, C.; Richards, A. B. Chem. Soc., Dalton Trans.

2002 2800. 9H, 'Bu], 6.83-7.39 [m, 30H, ArH]. MS (LSIMS)wz Acc. mass
(7) Brym, M.; Jones, C.; Waugh, M. Chem. Soc., Dalton Tran2003 [M — CI* 1035.1749 ¥7Ag, %r), found 1035.1762
2889. ' ' ) '

Preparation of [Ir {=C('Bu)P[Hg(Ph)](Cy)} (CO)(PPh),]CI
(5). A solution of PhHgCI (31 mg, 0.10 mmol) in tetrahydrofuran
(10 mL) was added to a tetrahydrofuran solution (10 mL) of
[Ir{=C(Bu)P(Cy}(CO)(PPh);] (96 mg, 0.10 mmol) at-78 °C.
A color change from orange to yellow was observed. The reaction

(8) Eggleston, D. S.; Chodosh, D. F.; Webb, R. L.; David, L.Acta
Crystallogr., Sect. C1986 42, 36.
(9) Uson, R.; Laguna, A.; Vicente, J. Organomet. Chenml977, 131,
471.
(10) Schmidbaur, H.; Wohlleben, A.; Wagner, F.; Orama, O.; Huttner, G.
Chem. Ber1977, 110, 1748.
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Table 1. Crystal Data for Compoundd—6

2 3-1.5GHs 4 52.5GHs 6-2.5GHs
chemical formula %HsoAUC“I’OP3 C77,5d‘|77AUF3|f04P45 QsHsoAgC“I’oPg C71,d-|75CIHgIrOP3 C70H70F3HgIrO4P3$
fw 1160.41 1674.50 1071.31 1471.46 1550.02
crystal system monoclinic orthorhombic monoclinic triclinic monoclinic
crystal color orange orange red orange red-orange
crystal size 0.15¢ 0.12x 0.12 0.20x 0.15x 0.10 0.15x 0.10x 0.10 0.15x 0.15x 0.10 0.10x 0.10x 0.10
space group P2,/c Cc P2:/c P1 P2i/c
alA 13.311(3) 27.603(6) 13.390(3) 12.420(3) 17.465(4)

b/A 15.346(3) 12.948(3) 15.254(3) 13.105(3) 15.031(3)

c/A 22.193(4) 24.642(5) 22.148(4) 21.348(4) 26.819(5)

o/deg 90.00 90.00 90.00 96.30(3) 90.00

pldeg 105.03(3) 114.34(3) 104.21(3) 103.64(3) 102.68(3)

yldeg 90.00 90.00 90.00 107.03(3) 90.00

VIA3 4378.3(15) 8025(3) 4385.5(15) 3168.3(11) 6869(2)

z 4 4 4 2 4

calculated density (g/cfh 1.760 1.386 1.623 1.542 1.499

TIK 150(2) 150(2) 150(2) 150(2) 150(2)

u(Mo Ka)/mm~1 6.589 3.639 3.683 4.678 4.321

F(000) 2256 3332 2128 1462 3068

reflns collected 27851 25680 33893 27632 38982

unique reflns Rine) 9606 (0.1425) 14523 (0.0592) 9842 (0.0502) 10805 (0.0559) 11957 (0.0624)

Ry [I > 20(1)] 0.0584 0.0544 0.0311 0.0388 0.0596

WR (all data) 0.1392 0.1409 0.0664 0.0958 0.1608

residuale A—3 (max, min) 1.826;-1.802 1.729 (near Irl), 0.815,—1.127 1.607 (near Hgl), 3.298 (near Irl),
(both near Irl) —0.774 —1.334 (near Irl) —1.836 (near Hgl)

Table 2. Selected Metrical Parameters for Compleges and Related Complexes

complex Irt=C1 (A) P1-C1 (A) Ir—P1 (A) Tors. (dedd P—M—X (deg)
[Ir{=C(Bu)P(Cy} (CO)(PPh);] (1) 1.918(14) 1.753(13) 2.442(3) 77.9
[Ir{=C(Bu)P(Me)(Cy} (CO)(PPh),]I? 1.932(4) 1.738(5) 2.3280(11) 69.1
[Ir{=C(Bu)P[Au(CI](Cy)} (CO)(PPh),] (2) 1.909(9) 1.753(9) 2.356(2) 80.7 177.40(9)
[Ir{=C(Bu)P[Au(PPR)](Cy)} (CO)(PPh),]JOTf (3) 1.916(10) 1.768(10) 2.352(3) 86.5 179.12(11)
[Ir{=C(Bu)P[Ag(CI)](Cy)} (CO)(PPh),] (4) 1.916(3) 1.770(4) 2.3721(11) 82.8 172.41(4)
[Ir{=C(Bu)P[Hg(Ph)](Cy} (CO)(PPh),]CI (5) 1.923(6) 1.751(6) 2.3629(17) 73.4 168.17(18)
[Ir{=C(Bu)P[Hg(Ph)](Cy} (CO)(PPh),]OTf- (6) 1.928(9) 1.755(11) 2.356(2) 73.5 169.0(3)

aTors. = torsion angle between Cy afiflu substituents? P-M—X = angle of P-(Au,Ag,Hg)—(CI,PPh,Ph).

mixture was warmed to room temperature and stirred for 3 h.  X-ray Crystallography. Crystals of 2—6 suitable for X-ray
Volatiles were removed in vacuo, and the residue was dissolved in structural determination were mounted in silicone oil. Crystal-
dichloromethane (5 mL). Hexane was added until precipitation of lographic measurements were made using a Nonius Kappa CCD
the product began to occur. The solution was then cooled3® diffractometer using a graphite monochromator with Max K
°C to yield orange crystals @&. Yield: 93 mg (77%). Mp: 114 radiation ¢ = 0.710 73 A). The data were collected at 150 K, and
117°C. IR (Nujol): 1986 p(CO)] cm L. 31P{1H} NMR (C¢Dg): 0 the structures were solved by direct methods and refinelePday

14.0 [m(br), PP, 7.3 [m(br), PPH], —112.0 [m(br), PHgPh*H full matrix least squares (SHELX9%)using all unique data. All
NMR (CgDg): 6 0.73-2.04 [m, 11H, Cy], 1.54 [s, 9HBuU], 6.80— non-hydrogen atoms are anisotropic with H atoms included in
7.61 [m, 35H, ArH]. MS (LSIMS)m/z (%): [M]* 1205 (20), [M calculated positions (riding model). Crystal data, details of data
— PPh]* 943 (100). Anal. Calcd for §HssCIHgIrOPs: C, 52.4; collections, and refinement are given in Table 1. Selected metrical
H, 4.5%. Found: C, 52.2; H, 4.0%. parameters for2—6 are compiled in Table 2. The molecular

Preparation of [Ir {=C('Bu)P[Hg(Ph)](Cy)} (CO)(PPhs)s]- str.uctu.res of the complexes are depicted in FigureS &nd show
[SOsCF3] (6). A solution of [I{=C(Bu)P(Cy} (CO)(PPR),] (75 ellipsoids at the 30% probability level.
mg, 0.08 mmol) in tetrahydrofuran (10 mL) was treated with a
tetrahydrofuran solution (10 mL) of [PhHQ]OSOR; prepared in
situ from AgSQCF; (21 mg, 0.08 mmol) and PhHgCI (25 mg,
0.08 mmol) at—78 °C. A color change was observed from red to
yellow. The reaction was warmed to room temperature and stirred
for 18 h. Volatiles were removed in vacuo, and the residue was
extracted with toluene (5 mL). The solution was then cooled to
—30 °C to yield orange crystals @. Yield: 80 mg (75%). Mp:
101-103 °C. IR (Nujol): 2000 p(CO)] cnrt. S1P{'H} NMR
(CeDg): 0 12.6 [pseud. t., PRh2 x 2Jpp= 30 Hz], 7.4 [pseud. t.,
PPQ, 2 x 2Jpp: 30 HZ], —-109.1 [pseud. t., PHgPh,>2 ZJpp: 30
Hz]. ¥F{H} NMR (Ce¢Dg): 6 —77.0 [s, CESQ;. 'H NMR
(CeDg): 6 0.29-1.75 [m, 11H, Cy], 1.43 [s, 9HBU], 6.72-7.65
[m, 35H, ArH]. MS (ES)mVz (%): [M]* 1205 (100). Anal. Calcd
for CzoH7oFsHgIrO4P:S: C, 54.2; H, 4.6%. Found: C, 54.0; H,
4.3%.

Results and Discussion

The phosphorus center in the complex$iC(Bu)P(Cy} -
(CO)(PPh);] (1) has already been shown to display nucleo-
philic behavior in reactions with simple electrophiles such
as protonating and alkylating reagehthe reaction between
this iridaphosphirene and [AuCl(tht)] was expected to result
in displacement of the sulfur donor by the lone pair of the
phosphorus. This proved to be the case with the product
[Ir{=C(Bu)P[Au(CI)](Cy)} (CO)(PPh),] (2) being isolated
in good yield (Scheme 1). It is noteworthy that the reaction
of [AuCI(CN'Bu)] with 1 also led to the isolation of complex

(11) Sheldrick, G. M.SHELXL 97 University of Gdtingen: Gitingen,
Germany, 1997.
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Scheme 1. (i) AuCl(tht), — tht; (ii) AUCI(CN®BuU), — BUNC; (iii)
[(PhP)AU][OTH]; (iv) AgCl

[o]
/
) /Au
WP
oy () or i) ey /P
Ph3Pu,, i) or (ii Ph3Pu,,,
3 '-Irﬁc\tBu —_— 3 '|r¢C\tBu
Ph3P | PhsP |
co 1 co 2
) (iii)
OoTf
/CI |=Ph3j
/Ag Au
wP, \
ol i
Ph3Pu,,, i
3P "Ir/C\tBu Ph3Pu - /C\tBu
Ph3P | Ph3P
co 4 co 3

2, but in lower yield. Although it is a stronger donor to gold in)gus('ell-  Molecular St{f‘:‘”(‘j{;’ °f(§'{'=c|((8“(3f[ﬁuf.?]l(cyz)}égﬁ)zﬁpihf
. . . . . oelected bond lengtns ana angles (deq): = <. , AU

than tetrahydrothiophene, the |s_ocyan|de ligand can be i "="5300(2), Ir-C12 = 1.882(9), IE-C1 = 1.909(9), I1-P1 =

displaced from gold(l) complexes if a more favorable donor 2.356(2), Irt-P3= 2.358(2), Irt-P2= 2.359(2), P+-C1= 1.753(9), Pt

option is availablé? The *P{*H} NMR spectrum of2 ICf=C11-888%2)'7((341)fcclf;11-15F)01(10)11 28*2831)—25317;-140(%01%
. . .. . . rl— = . s rl— = . , ri— = i '
suggests that the cis disposition of the triphenylphosphine ¢y, 11 _p3='01 7(3) C1-Ir—P3=131.1(3). P1 Ir1—P3= 109.04(8),

ligands in the iridaphosphirene starting material is retained c12-1r1—p2= 96.2(3), C+-Irl—-P2= 122.0(3), P+Irl—P2= 101.47(8),
in the gold complex, as indicated by two overlapping doublet P3-Ir1—P2=102.53(8), C+P1-Irl = 52.9(3), P+Cl-Irl = 79.9(3).
resonances (pseudotriplets) at 13.9 and 9.5 ppm with a mutual

coupling of 24 Hz. Because of the similar coupling constants [Au(PPhy)]OTf (OTf - = CRSO;™), which was filtered into
between the three phosphorus nuclei of the B 5 tetrahydrofuran solution of compléx After the reaction
iridaphosphirene ligands, pseudotriplets were observed in themixture was stirred for 18 h at room temperature, workup
spectra of all of the complexes discussed here, whenyielded3 as an orange crystalline solid (Scheme 1). The
sufficient resolution was obtained. The aurated phosphoru531p{ 1H} NMR spectrum of this complex proved to be highly
center of2 gives rise to an unresolved multiplet resonance giagnostic because it exhibits a low field resonance at 41.4
at —129.4 ppm in this spectrum. Th|s represents a shift of ppm for the Au(PP¥ moiety showing coupling to the
approximately 28 ppm to lower field compared to the hasphorus nuclei of both the iridaphosphirefie{= 341
corrgspondlng feature ih indicating a d.ecr(.ease in shielding Hz) and iridium-bonded triphenylphosphine liganég =

pf this phosphorus center upon coordination. Moreover, the 35 gnq 7 Hz). The iridaphosphirene phosphorus also shows
increase of the/(CO) absorption from 1954 cm for 1 to a coupling to the three inequivalent Rigands as a doublet
1980 cnt! for 2 indicates a subtle decrease in electron ¢ pseudotriplets at117.2 ppm {Jpp = 341 Hz,2Jpp= 30

delrzjs;ty atthe rr%?]tal cente”r as a result offc?]ordmatlcl)n t0 the ;) The resonance for the PAlyands was observed as an
gold fragment. The overall composition of the complex Was ,reqqlved multiplet at 11.9 ppm. In addition, the presence

confirmed by accurate mass spectrometry and m|croanalyt|calof the triflate counteranion was indicated by a singlet in the

data. 1% NMR spectrum of the complex at77.0 ppm. The small

Crystélls ?f C(()jr.?fple.xz sufltab(;g rffl)r X—ra%/hanalys“s tyvere ¢ shift in »(CO) absorption in the solid-state infrared spectrum
grown by slow dilfusion ol a dichioromethane solution ot 4, 1974 co1 for 3 from 1980 cmit in the neutral precursor

Fhe gomplex mtg hexane. The molecular structure is deplctedSuggests that the positive charge on the complex is mainly
in Figure 1. This, and the structures of the other prepared : .
associated with the gold(l) center.

complexes, will be discussed in the structural section of this ) o ) )

paper (see below). .Th|s reactlv-lty differs markedly from that of triaryl- or
On the basis of the isolobal analogy with*Hthe trlalkylphosp_hlnes, for which ava;t array of gold(l) adducts

[Au(PRy)]* fragment has been referred to as the “cluster &€ known, in tha_lt comple8 consists of a gold(l) center

chemist's proton”. Given that [J—C(Bu)P(Cy}(CO)- bonded to two different phosphorus environments. Many

(PPh);] (1) is readily protonated, it was decided to explore 9°ld(l) complexes of the form [(f®)AuX] rearrange (par-

this analogy with respect to the iridaphosphirene. Abstraction fially or completely) to the homoleptic ion pairs {RAul-

of the chloride ligand from [AuCI(PR) at low temperatures ~ [AUX2], such as the complexes reported recently by Schmid-

using silver triflate resulted in the in situ generation of Paur and co-workers, (BR)AUS(O}R, which are in

equilibrium with the homoleptic ion pair [(BR)AU][Au-

(12) (a) Bachman, R. E.; Bodolsky-Bettis, S. A.; Glennon, S. C.; Sirchio, {S(O)ZR} 2],13 Similarly, (P@P)AuCN disproportionates to
S. A.J. Am. Chem. So00Q 122, 7146. (b) Wilton-Ely, J. D. E. T ;
Schier, A.; Schmidbaur, HOrganometallics2001, 20, 1895. (c)
Wilton-Ely, J. D. E. T.; Ehlich, H.; Schier, A.; Schmidbaur, Helv. (13) Roembke, P.; Schier, A.; Schmidbaur,JHChem. Soc., Dalton Trans.
Chim. Acta2001, 84, 3216. 2001, 2482.

3278 Inorganic Chemistry, Vol. 44, No. 9, 2005



Auration, Argentation, and Mercuration Reactions

Chart 2.
2 [(R3P)AuX] + 2PR’;

R = Alkyl, Aryl; X = Noncoordinating Anion
—>  [Au(PR3)]X + [Au(PR'3),]X

yield [(PhsP)AU][AUCN_].* This behavior is often found

in gold thiolates when 2 equiv of LAuCI react with KSR to
yield [L,Au]™ and [(RS)Au] .15 Attempts to make asym-
metric bis(phosphine) complexes of gold(l) have foundered
in the majority of cases through such rearrangements (Chart
2)_15

This behavior is not limited to phosphines, as shown in
the reaction of the 1,2,4-triphospha-3,5-ditertiarybutylcyclo-
pentadienyl anion K@#Z;Bu,) with (Et;P)AuCl to yield
[Au(P3C,Buy),][AU(PEt),]. 16 A rare example where this does
not take place is the preparation of [(CpEEIGCH,PPh)-
Au(PPR)]OTf from the treatment of [(CpFefi,CH,PPh)-
AuUCI] with [(PhsP)Au]OTf” Another example is a carba-
boryl phosphine complex reported by Jones and co-woiRers.

Single crystals of complexX3 were obtained, and a
structural analysis was carried out (Figure 2). This confirmed
the formulation as [{=C(Bu)P[Au(PPh)](Cy)} (CO)(PPh)]-

OTf (3) and showed the triflate counteranion to have no
interaction with the cation. The structure is discussed further
below.

To broaden the investigation of the coordinating abilities
of [Ir{=C(Bu)P(Cy}(CO)(PPh);] (1) to include other
electrophilic metal fragments, the complex was treated with
an equimolar quantity of silver chloride. Because of the well-
known light sensitivity of silver compounds, the reaction was
conducted in the dark. Unlike the experiments detailed here,
no discernible reaction was observed after 1 day, and so,

the reagents were allowed to react over an extended period

(ca. 1 week). Ultimately, a good yield of the silver analogue
of complex 2, namely, [I{=C(Bu)P[Ag(C)](Cy)}(CO)-
(PPh),] (4), was obtained (Scheme 1). The spectroscopic
data for this complex are similar to those for the gold
complex,2, with the exception of a higher-field iridaphos-
phirene phosphorus resonance-452.0 ppm in it$'P{*H}
NMR spectrum. Additionally, this signal displays a one-bond
coupling of 702 Hz to the spin-actiV®"1*Ag (I = ;) nuclei.
Once again, suitable single crystals were grown and a
structural study was undertaken. This allowed a direct

comparison to be made between the isomorphic structures

of the gold and silver complexes (see Figure 3 and the
structural discussion below).

In our recent work on the synthetically versatile ruthenium
phosphavinyl complexes, [RE=C(H)'Bu} CI(CA)(PPh),]

(14) Isab, A. A.; Hussain, M. S.; Akhtar, M. N.; Wazeer, M. I. M.; Al-
Arfaj, A. R. Polyhedron1999 18, 1401.

(15) Gimeno, M. C.; Laguna, A. I@omprehensie Coordination Chemistry
II; McCleverty, J., Meyer, T. J., Eds.; Elsevier: Amsterdam, The
Netherlands, 2004; Vol. 6. Laguna, A. I6old — Progress in
Chemistry, Biochemistry and Technolo@chmidbaur, H., Ed.; John
Wiley & Sons: Chichester, U.K., 1999. Puddephatt, R. Témpre-
hensve Coordination ChemistryWilkinson, G., Ed.; Pergamon:
Oxford, U.K., 1987; Vol. 7. Puddephatt, R. Chemistry of Gold
Elsevier: Amsterdam, The Netherlands, 1978.

(16) Al-Ktaifani, M. M.; Hitchcock, P. B.; Nixon, J. Rl. Organomet. Chem.
2003 665, 101.

(17) Barranco, E. M.; Crespo, O.; Gimeno, M. C.; Lagunalndrg. Chem.
2000Q 39, 680.

(18) Crespo, O.; Gimeno, M. C.; Jones, P. G.; Lagunada Crystallogr.,
Sect. C200Q 56, 46.

Figure 2. Structure of the cationic component of{f=C(Bu)P[Au(PPh)]-
(Cy)}(CO)(PPR);JSOsCFs (3). Selected bond lengths (A) and angles
(deg): Aut-P4= 2.299(3), Aut-P1= 2.308(3), Irt-C12= 1.870(10),
Irl—C1= 1.916(10), Irt-P1= 2.352(3), Irt-P2= 2.353(3), Irt-P3=
2.391(3), P+ C1 = 1.768(10), O+C12 = 1.143(12), P4Aul—P1 =
179.12(11), C121r1—C1= 98.7(4), C12-Ir1—P1= 144.9(3), C+Ir1—
P1=47.6(3), C12-Irl—P2= 93.5(3), CkIrl—P2= 129.7(3), P+Ir1—
P2=101.91(9), C12Irl—P3= 102.5(3), C+Ir1—P3= 126.6(3), P*+
Irl—P3= 106.53(10), P2Irl—P3 = 97.35(10), C+P1-Irl = 53.1(3),
P1-Cl1-Irl = 79.3(4).

Figure 3. Molecular structure of [f=C(Bu)P[Ag(CI)](Cy)} (CO)(PPh),]
(4). Selected bond lengths (A) and angles (deg)—IE6 = 1.884(4), Irt-
C1 = 1.916(3), Irt-P3 = 2.3572(10), Irt-P2 = 2.3574(10), Irt-P1=
2.3721(11), Ag+CI1 = 2.3242(13), Ag+P1 = 2.3522(13), P£C1 =
1.770(4), P¥C7 = 1.868(4), O+ C6 = 1.148(4), C6-Ir1-C1 =
102.94(15), C6Ir1—P3=96.76(11), C+Ir1—P3= 120.35(10), C6Ir1—
P2=91.19(11), C+Ir1—P2=131.93(10), P3Ir1—P2= 102.77(4), C6
Ir1—P1=150.20(11), CIr1—P1= 47.29(11), P3Ir1—P1= 98.77(4),
P2-Ir1-P1 = 109.82(4), Cl+Agl—-P1 = 172.41(4), C+P1-Ir1 =
52.71(12), P+ C1-Irl = 80.00(14).

(A =0, 9), it was discovered that organomercury halide
reagents add across the RR bond to provide complexes
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Scheme 2. (i) PhHgCI; (i) [PhHg]OTT; (i) AgOTf
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of the form [RY P(HgR}=C(H)Bu} CI(X)(CA)(PPh),] (R &
= Me, Ph, ferrocenyl, Cl; X= Cl, 1).3>¢ This prompted us  Figure 4. Molecular structure of [f=C(Bu)P[Hg(Ph)](Cy} (CO)(PPh)-

to investigate the reactivity of fr=C(Bu)P(Cy}(CO)- CH3| (25)-Piﬂe;fzg;;?;‘g)'egggg(1A) 3”?9%8%'1973) (:1;9%11*84@212;52(-3)8?(16_),
. . g2—-P1=2. , Hg =2. L =1. ,r
(PPh),] (1) toward phenylmercury chloride. Stirring a ~7'_ 1.923(6), IrL-P2 = 2.3576(16), It P1= 2.3629(17), Irt-P3 =

solution containing a 1:1 mixture of the reagents, initially at 2.3805(19), P+C1 = 1.751(6), 0+C18 = 1.167(7), C12Hg2—P1 =

—78 °C and then at room temperature, for a period of 3 h Ilfi3-1071(18)é 905122“951;:11: lljgo-Béglf)i 'Z;CH?:Z;IClll: ;9-6172(?)5,3%95
. ri— = . s r1—-pP2= . s rl—-pPZ2= . )
led to the formation of [f=C(Bu)P[Hg(Ph)](Cy}(CO)- C18—Ir1—P1=( )146.69(18), Ci—lrl—P:E ) 46.84(18), P2—Ir1—P§. %

(PPh)ICI (5) in 77% yield (Scheme 2). In this case, the 101.49(6), C18Ir1-P3= 90.81(19), CIrl—P3= 133.20(18), P2Ir1—
31pf1H} NMR spectrum of the complex was found to be P3=98.63(6), Ptirl—P3=111.45(6), C+P1-Irl =53.3(2), P+-C1-
less diagnostic than those ®f4 because the resonances at Il =79.9(2).

14.0, 7.3, and—112.0 ppm all appeared as broadened
multiplets. Variable-temperatuféP{H} NMR studies did

not lead to greater resolution of any of these signals. The
H NMR data for the complex support its proposed formula-
tion, as does its elemental analysis and mass spectru
(LSIMS), which displays a molecular ion atz = 1205. In

a GDs solution, the compound gradually decomposes,
leading to the crystallization of [IrCI(CO)(PB)] and the : :
deposition of elemental mercury. A singlet observed at 255.0 treatment of the complex with AGOTT to give {=C(Bu)P-
ppm in the3P{1H} spectrum of the decomposition mixture [Hg(PM](Cy} (CO)(PPR),]OTT (6) (Scheme 2). The same
was tentatively assigned to the phosphaalkene, (€y)P .°°”.‘p'ex could.be prepared by a more direct route usmg.the
C(Ph)Bu. A mass spectrum was also obtained for this in situ preparation of [HgPh]OTf and its sut;lseqluent reaction
compound and showed a correlation between the observed"Ith II{=C(BU)P(Cy}(CO)(PPh);] (1). The*'P{*H} NMR
isotopic abundances and their simulated values for the spectrum of6 is better resolved thgn_ that 6fand shows
molecular ion. It is worth mentioning that the related resonances of the expected multiplicity at 12.6, 7.4, and

iridaphosphirenium cation, F=C(Bu)P(H)(Cy}(CO)- —109.1 ppm. The(CO) absorption in the solid-state infrared

(PPh),]*, has previously been shown to decompose via a spectrum is at 2000 cm, a small (14 cm?) increase in
1,2 shift of the phosphorus-bound hydrogen to give the frequency compared to that of {t=C(Bu)P[Hg(Ph)](Cy)-

CO)(PPB),ICI (5). This may suggest that the positive charge
phosphaalkene, (Cy¥C(H)Bu (*!*P NMR § 257)’ ( - _
A structural investigation of comple$ revealed the is not solely resident on the mercury but may be shared with

chloride to have a weak “T-shaped” interaction with the the iridium center. Single crystals of complek were

mercury center. This is depicted in the molecular structure OPtained by cooling a toluene solution of the complex. A
of the complex in Figure 4. Although the synthesis of structural study was carried out, and the structure of its cation

is shown in Figure 5.

structurally characterized. This is mainly due to their
propensity to undergo symmetrization reactions in solu-

tion'®22 in an interesting parallel to the golghhosphine
complexes. The mercurated iridaphosphirene complexes

rT}eported here show no tendency toward symmetrization
behavior in solution.

It was found that the chloride & could be abstracted by

complexes of the form [(BP)HgMe]X was reported by

Coates and Lauder in 1962]_mercurated phosphorus com- The isolation and structural characterizatiorbafnd6 is
plexes have been scarcely investigated, and only two interesting because this reactivity does not simply mirror
phosphine compounds, [(dpb)HgMélipb= ortho-diphenyl- reactions of other species with phosphorus lone pairs (e.g.,

phosphinobenzoat®)and [(PhP)HgMe]NG:, 2 have been  trialkyl- or triarylphosphines) with organomercury halides
and it provides two new and unusual examples to add to the

(19) Coates, G. E.; Lauder, A. Chem. Soc. A965 1857. very small number of structurally investigated HB bonds.

(20) Barbaro, P.; Ghilardi, C. A.; Midollini, S.; Orlandini, A.; Ramirez, J.
A.; Scapacci, GJ. Organomet. Chen199§ 555 255.

(21) Lobana, T. S.; Sandhu, M. K.; Povey, D. C.; Smith, G.JAMChem. (22) Lobana, T. S.; Sandhu, M. K.; Povey, D. C.; Smith, G. W.; Ramdas,
Soc., Dalton Trans1988 2913. G. J. Chem. Soc., Dalton Tran$989 3339.
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(PPh),]I.7 It is also worth noting that the angles of the-r1
C1-P1 triangular unit do not change significantly (with
respect to that ii) upon coordination of the secondary metal
fragments.

The relative sizes of gold and silver atoms have been
the subject of an interesting study by Schmidbaur and
co-workers’® using a pair of isomorphous complexes,
[M(PMes;);]BF4 (M = Au, Ag; Mes= mesityl). In contrast
to the values usually quoted for the ionic or covalent radii
of Au(l) and Ag(l), where silver is smaller or equal in size
to gold?® the data from the structures of this pair indicated
that the M—P distance is smaller for M Au by 0.09(1) A.
Similarly, the lengths of AutP1 for2 and Ag1-P1 for4
also indicate that the bond length in the gold comp@Bxig
shorter by around 0.1 A. However, it should be noted that
the M—CI distances show a much smaller difference, with

Figure 5. Structure of the cationic component of{f#=C(Bu)P[Hg(Ph)]- Aul—CI1 being approximately 0.02 A shorter than Agl

gdCy)})(C}?)(lfg?)gl[Sgsl%gs(lg)(Bh SbeFl’elctec; Egggg)lelng_ﬂése (A)1 %gi (iilg;illes CI1. This may be attributable to the difference in covalency
eg): Hg =2. , Hg =2. r =1. , .
IN—C1 = 1.928(9), Irk-P3 = 2.355(3), Ir-P1 = 2.356(2), Ir-P2 = between the M-P and M-ClI bonds, a factor not present in

2.393(3), P+C1 = 1.755(11), O+C6 = 1.112(13), C13Hgl-P1 = a pair of homoleptic gold and silver complexes.

169.0(3), C6-Ir1—C1 = 99.1(5), C6-Irl—P3= 97.3(4), CHIr1-P3= : : ;
125.0(3). C6-Ir1—P1 = 146.2(3), CEIr1—P1= 47.1(3), P3-Ir—P1— Crystallographically investigated mercurphosphorus

102.38(9), C6-Ir1—P2 = 91.9(4), C+Ir1—P2 = 133.5(3), P3-Ir1—P2 bonds are rare, and it was only in 1988 that the first
:191-‘;3(3)(5’“”"’2: 112.17(10), C+P1-Irl = 53.5(3), P+-C1~ structurally characterized complex of mercury(ll) containing

a phosphorus ligand was reported, namely,sfHgPh]-
NOs.2* The P-Hg bond length in this complex is 2.431(2)
A, which is slightly longer than in the structures &f

Complexes2—6 can all be described as having heavily [2-4037(18) A] and [2.405(3) A]. However, the HgC
distorted trigonal bipyramidal iridium geometries with the Pond lengths for the compounds BP#gPh]NQ [2.090(5)
carbonyl ligands and P1 in axial positions, whereas the two Al, 5 [2.083(6) A], and6 [2.105(9) A] are all in the same
phosphines and C1 occupy the equatorial positions. The P1 range and are very similar to that for PhHgCl itself [2.044(9)
C1 bond lengths for the complexes (Table 2) are very close Al.?” The Hg2-ClI1 distance of 2.7959(17) A ifiis greater
to that found for their precursor [li=C(Bu)P(Cy}(CO)- than the sum of the atomic radii of the elements (2.5A)
(PPh);] (1) [1.753(13) AP and the related complex but less than the sum of the van der Waals radii (3.324),
[Cp(CORW=C(Ph)-P(PhY#-W(CO)}] [1.775(8) A} and so, it is best described as a counteranion interaction.
The Ir—C1 distances do not vary significantly in the The “T-shape” motif [P+Hg2—CI1 = 89.67(6), C12—
complexes discussed here and are similar to the value foundHg2—CI1 = 100.81(18j] is not uncommon for mercury
in the precursol, that is, 1.918(14) A, which is close to the compounds and has been observed, for example, in the
mean value (1.918 A) for all crystallographically determined structure of [PBPHGPhINQ, in which the NQ~ counter-
Ir—C double bond$? Similarly, the iridaphosphirene phos-  anion has a similar interaction with the cation. Unlike
phorus center of each complex retains the pyramidal phHgCI, which has been reported as being exactly litear,
geometry found in comple, and the torsion angles between compoundss and 6 both show significant deviations from
the cyclohexyl andtert-butyl substituents (73-486.5) linearity at mercury, PHg—C = 168.17(18) and 169.0(3),
clearly indicate that the PC ligands within the iridaphos-  respectively, which is presumably due to steric reasons in
phirene rings of2—6 are better described as phosphido 41 complexes. In addition, the HeCl interaction in5
_carbenes_ tham?-phosphavinyls. The greatest torsion angle could add to the deviation seen in that compound.
is found in the structure of [{=C(Bu)P[Au(PPh)](Cy)}-

((.:O)(PPB)Z][SO?,’CFS], (3), probably as a result of the bulky (25) Bayler, A.; Schier, A.; Bowmaker, G. A.; Schmidbaur,dJHAm. Chem.
triphenylphosphine ligand attached to the gold center. The Soc.1996 118 7006.

Ir—P1 bond Iengths seen in comple&sG are all shorter (26) As cited in ref 15: (a) Emsley, The Element2nd ed.; Clarer)don:
Oxford, U.K., 1991. (b) Greenwood, N. N.; Earnshaw,@Ghemistry

than that in the precursql [2.442(3) A] because of a of the ElementsPergamon: Oxford, U.K., 1984; p 1368. Huheey, J.;
decreased electron density at P1, which results from its Keiter, E. A.; Keiter, R. L.Inorganic Chemistry Harper Collins

: : : College: New York, 1993. (cYCH Periodic Table of the Elements
coordination to a secondary metal fragment. Interestingly, VCH:gWeinheim, Germanyf }’980_ (©RC Handbook of Chemistry

Structural Discussion

however, the -P1 distances are all greater than those in and Physics76th ed.; Lide, D. R., Ed.; CRC Press: New York, 1995
t _ 6. (e) Based on Shannon, R. Bcta Crystallogr., Sect. A976 32,
the methylated complex [r=C(Bu)P(Me)(Cy}(CO) 51
(27) Wilhelm, M.; Saak, W.; Strasdeit, . Naturforsch200Q 55h, 35.
(23) Huy, N. H. T.; Fischer, J.; Mathey, Rrganometallics1988 7, 24. (28) (a) Clementi, E.; Raimondi, D. L.; Reinhardt, W.P.Chem. Phys.

(24) Survey of the Cambridge Crystallographic Database, October 2004. 1963 38, 2686. (b) Bondi, AJ. Phys. Cheml964 68, 441.
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Conclusions complexes, to be explored. The crystal structures of the

This paper details the reactivity of the iridaphosphirene mercurated species double the number of crystallographically

complex, [I{=C(Bu)P(Cy} (CO)(PPh),] (1), toward elec- determined Heg-P bonds in the literature.
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