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A variable-temperaturtH NMR study has been performed for the complexes [(AUL)C(PT@)R}]CIO4 [To =
CsHsMe-4; L = PPh, R = C(O)NMe, pyridyl-2 (py-2), C(O)Ph, C(0)gH4,OMe-4, C(O)GH4NO»-4, CO:Me,
CN; R = py-2, L = P(GHsOMe-4), P(GHi1)s, PMe)], [(AuPPhe){ux-{ C(PTa)(py-2)}{ Ag(n*-ONO)-
(OCI03)}]-H20, and [(AuUPPR A u>-{ C(PTw)(py-2)} (AuPPR)}](ClO4)2. The TaP—C(AuL), rotation is shown

to be restricted at room or lower temperatures. The estimated valueS*dor these processes lie in the range
67.3-42.2 kdmol~! and are attributed mainly to steric effects, although electronic effects could also be operative.
The crystal structures of{ AUP(GsH11)3} 2{ u-C(PTa)(py-2)}]CIO4 (2¢) and [(AuPPRB)A{ u-{ C(PPh)(py-2)}-
(AUuPPh)}(CF3S0s), (9'-2CH,CI,) have been determinedc crystallizes in the monoclinic system, space group
P24/n, with a = 14.056(3) A,b = 24.556(4) A.c = 19.110(3) A8 = 111.00(2 and,Z = 4. 9 crystallizes in
the monoclinic system, space gro@2i/c, with a = 17.232(6) A,b = 25.800(7),c = 18.005(7) A,5 =
96.77(3), andZ = 4.

Introduction Chart 1

Many interesting gold(l) complexes show weak attractive . Ph /Ph CO,R *
inter- and intramolecular Au(#)-Au(l) interactions'=3 For RaR R RO,C. ‘p\C,’_i
example, hypercoordinated complexes such as [C(§dL) /C\ \C/ MUl
[C(AuL)s] ", [RC(AUL)J*t, [N(AuL)s)?*, [P(AuL)s]?", [RP- LAU%—-AuL LAZ N
(AuL)4)2", or [P(AuL)]®" (L = triaryl- or trialkylphosphine), “AuL
prepared by Schmidbadif; 8 owe their stability to such weak
interactions. The tendency of the AuL units to form aggregates o4 o4
is termed “aurophilicity® and has been suggested to arise in 2 ,PPhs Q PPhy
part from relativistic effect8. PhsP C~cH PhaR /C\C/

We have reported a series of di-, tri-, and tetranuclear e \ 'Aul s _LAUfV_A}AuL
gold(l) complexes with carbonyl-stabilized phosphorus ylides LAU=IN LAu:‘.ﬁx
(see Chart 13715 Several crystal structures show one or two AuL “AuL

carbon atoms that bridge two AuL units with short aurophilic o
Au---Au contacts [2.862(13.078(1) A]21+-13.15 This interac-

tE-mail: jvs@fcu.um.es. tion narrows the AuC—Au angles to values [85.9(7)
FWWW:  http://www.scc.um.es/gilggol/. 91.1(6Y] far smaller than expected for Spybrid orbitals. The
;'i‘g‘?”: jones@xrays anchemnatiubs de. <1 1007 P—C bond distances [1.753(11).783(14) A] are intermediate
) Scsh?%b%r"i'gmé Bjﬁnfgegq >3 1o fugust 1, : between the standard C&pPR; bond distance in phosphonium
(2) Schmidbaur, HChem. Soc. Re 1995 391.
(3) Jones, P. GGold Bull. 1981 14, 159, 102;1983 16, 114;1986 19, (9) Vicente, J.; Chicote, M. T.; Cayuelas, J. A.; Fernandez-Baeza, J.; Jones,
46. P. G.; Sheldrick, G. M.; Espinet, B. Chem. Soc., Dalton Trank985
(4) Scherbaum, F.; Grohmann, A.;"Mer, G.; Schmidbaur, HAngew. 1163.
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Metalated Phosphonium Salts

Scheme 1
To, To
+ 4 R +
To-P To—P,
% \C/R N’ 2e
7/ \ D N
Au Au A’____\A
/ N u u
L L L L
a b
To, To
",,, ? +
To—P\\ /C:,\\‘/Me
2 ) Z\N
) \'& Me
Au----Au
N\
L/ L
c
Chart 2
/o\+ o N *
R— < /PR3 \ 7/ /PR3
/\ /\
Aueeeees A { Aureees Al {
L/ L L/ L
A B

salts [1.787(4F —1.893(8) A3 and that found in the related
carbonyl-stabilized ylide RR=C(CsF4sCN-4)CQGEL [1.722(3)
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(4), C(O)CeH4NO2-4 (5), COMe (6), CN (7); L = P(CsH4sOMe-4);

= P(pmp);, R = py-2 (2b)]. To a solution of the corresponding
phosphonium salt, [T CHR]CIO,, in acetone 1, 3—7) or dichlo-
romethaneZa, b) was added an excess of [Au(acac)L] [123,(3—7),
1:8 (2b)]. The resulting suspension was stirred [961), 38 h Qa),
24 h @b, 7),20 h @), 22 h @), 16 h 6), 44 h ©)] in the air @a, b, 3,

4, 6, 7) or under N (1, 5) and filtered over Celite. The solution was
concentrated (2 mL) and diethyl ether (20 mL) added to precipitate
the desired product, [(Auk)u-C(PTa)R}]CIO,, as an off-white solid,
which was recrystallized from dichloromethargiethyl ether, washed
with diethyl ether, and air-dried1 was also dried in an oven at 8C.

[(AuPPhg)o{ u-C(PT03)C(O)NMez}]ClO,4 (1). Yield: 44%. Anal.
Calcd for GiHs7Au,CINOsPs: C, 52.09; H, 4.08; N, 0.99; Au, 28.01.
Found: C,51.88; H, 4.21; N, 0.98; Au, 28.12. Mp: 195(dec).Awm
=129Q 1-molt-cn? (3.4 x 1074 mol-L™Y). IR: »(CO) 1550 cm™.
NMR: 1H (60°C) 2.35 [s br, 9H, Me (To)], 3.31 (s, 6H, MeN), %1
7.5 (m, 42H, Ph) pprmH (20 °C) 2.15 [s, 3H, Me (To)], 2.47 [s, 6H,
Me (To)], 3.34 (s br, 6H, MeN), 6:58 (m, 42H, Ph) ppmiH (—40
°C) 2.16 [s, 3H, Me (To)], 2.51 [s, 6H, Me (To)], 2.98 (s, 3H, MeN),
3.79 (s, 3H, MeN), 6.48 (m, 42H, Ph) ppm3P{1H} 30.49 (s, PTé),
37.57 (s, PP ppm. Figure 1 gives thH NMR variable-temperature
study of complext.

[(AuPPh3){ u-C(PTos)(py-2)}1CIO,4 (2a). Yield: 87%. Anal.
Calcd for GaHssAu,CINO4Ps: C, 53.57; H, 3.92; N, 0.99; Au, 27.89.
Found: C,53.16; H, 4.43; N, 0.99; Au, 28.12. Mp: 18D(dec).Au
=116Q *mol*-cn? (2.5 x 10*mol-L~1). NMR: H (20°C) 2.37
(s br, 9H, Me), 6.64 [m, 1H, H5 (py)], 7-18.0 (m, 45H, To+ Ph+
py) ppm;*H (=40 °C) 2.18 (s, 3H, Me), 2.49 (s, 6H, Me), 6:5.9
(m, 46H, To+ Ph+ py) ppm;3P{*H} 31.08 (s, CPTg, 36.93 (d,
AuPPh) ppm.

[(AuPPh3){ u-C(PT03)C(O)Ph}]CIO,4 (3). Yield: 76%. Anal.
Calcd for GsHs6AUCINOsPs: C, 52.24; H, 3.92; Au, 27.37. Found:
C, 54.23; H, 3.95; Au, 27.03. Mp: 279C (dec). Ay = 108
Q~Lmolt-cn? (5.2 x 10*mol-L™Y). IR: »(CO) 1547 cmt. NMR:
1H (40°C) 2.35 (s br, 9H, Me), 7:38.4 (m, 47H, Ar) ppmiH (—60

A].17 To account for these data, we postulated that the bonding °C) 2.22 (s, 3H, Me), 2.54 (s, 6H, Me), 6-B.8 (m, 47H, Ar) ppm;
in these species could be described as being a hybrid betweer'P{1H} 30.84 (s, PTg), 37.41 (s, PP) ppm.

the resonance fornmes a diaurated phosphonium salt, amdan
ylidic form, in which a three-center two-electron bond is
responsible for the bonding interaction in the GAwoiety, and
the remaining p{-C) orbital forms a p(o-C)—dn(P) bond (see

Scheme 1. All the above-mentioned crystal structures also
display X—P distances [where X is the oxygen atom in the

C(O)R (R= OMe, OEt, Me, Ph, NMg moieties or the N atom
in the pyridyl-2 group (seé andB in Chart 2)] short enough
[2.73 —2.92 A] to allow some p(X)—dz(P) interaction.

In an attempt to obtain new data for the latter interaction

and/or the multiple-bond character of the ®Au, bond in such
species, we carried out a variable-temperatttedNMR study
on a series of complexes [(Aul{u-C(PTa)R}]CIO, (To =
CsHsMe-4). We found the rotation of Pg@round thex-C—P

bond to be restricted at room or lower temperatures in all these

complexes.

Experimental Section

[(AUPPh3){ #-C(PT035)C(O)(CeH4OMe-4)}|ICIO 4 (4). Yield: 54%.
Anal. Calcd for GeHsgAu,CINOegPs: C, 53.94; H, 3.98; Au, 26.81.
Found: C,53.91; H, 3.94; Au, 27.27. Mp: 208 (dec). Ay = 104
Q~1mol*cn? (4.2 x 104 mol-L™%). IR: »(CO) 1544 cm’. NMR:
1H (50°C) 2.39 [s br, 9H, Me (T0)], 3.82 (s, 3H, Me0), 6:8.6 (m,
46H, Ar) ppm;H (=60 °C): 2.21 [s, 3H, Me (To)], 2.54 [s, 6H, Me
(To)], 3.92 (s, 3H, MeO), 6.68.7 (m, 46H, Ar) ppm3P{*H} 31.28
(s, PTa), 37.52 (s, PPH) ppm.

[(AuPPhg)A{ u-C(PT03)C(O)(CeH4NO2-4)} JCIO4 (5). Yield: 90%.
Anal. Calcd for GsHssAu,CINO/Ps: C, 52.59; H, 3.73; N, 0.94; Au,
26.54. Found: C, 52.28; H, 3.79; N, 0.80; Au, 26.21. Mp: 180
Am = 115Q *molt-cn? (43.8 x 104 mol-L™Y). IR: »(CO) 1582
cm . NMR: *H (20 °C) 2.45 (s br, 9H, Me), #8.4 (m, 46H, Ar)
ppm; *H (=60 °C) 2.23 (s, 3H, Me), 2.56 (s, 6H, Me), 6:B.7 (m,
46H, Ar) ppm;3P{H} 30.14 (s, PTg, 37.51 (s, PP ppm.

[(AuPPh3){ u-C(PT03)CO,Me}]CIO, (6). Yield: 89%. Anal.
Calcd for GoHssAUClOsP;: C, 51.72; H, 3.91; Au, 28.27. Found:
C, 51.31; H, 4.20; Au, 27.92. Mp: 121C (dec). Ay = 110
Q~tmol~*cn? (5 x 104 mol-L™%). IR: »(CO) 1644 cm'. NMR:
1H (20°C) 2.38 [s br, 9H, Me (To)], 3.59 (s, 3H, MeO), %Z.7 (m,

IR spectroscopy, elemental analyses, conductance measurementsj2H, Ph+ To) ppm;*H (—40°C) 2.29 [s, 3H, Me (To)], 2.59 [s, 6H,
melting point determinations, and NMR spectroscopy were carried out Me (To)], 3.64 (s, 3H, MeO), 6:68 (m, 42H, Pht To) ppm;3P{*H}
as described elsewhef® Unless otherwise stated, NMR spectra were  31.29 (s, PTg), 37.17 (s, PP)) ppm. Figure 1 gives théH NMR

recorded in CDGl on a Varian Unity 300, at room temperature.
Chemical shifts are referred to TMSH) or HsPOy, [3P{*H}]. The
complex [ AuP(pmp}}o{ u-C(PTa)(py-2)} ICIO4 (2b) (pmp = CeHa-
OMe-4) was described previous§.

[(AuL) o g-C(PTo3)R}]CIO 4 [To = CeHsMe-4; L = PPhg, R =
C(O)NMe; (1), pyridyl-2 (py-2) (2a), C(O)Ph (3), C(O)GHsOMe-4

(16) Bram, A.; Burzlaff, H.; Hadawi, D.; Bestmann, Hcta Crystallogr.,
Sect. C1993 49, 1409.

(17) Vicente, J.; Chicote, M. T.; Fernandez-Baeza, J.; Fernandez-Baeza,

A.; Jones, P. GJ. Am. Chem. So0d.993 115, 794.

variable-temperature study of compléx

[(AuPPh3){ u-C(PT03)CN}CIO 4+H,0O (7). Yield: 91%. Anal.
Calcd for GgHszAu,CINOsPs: C, 51.41; H, 3.87; N, 1.02; Au, 28.58.
Found: C, 50.98; H, 3.85; N, 1.06; Au, 29.16. Mp: ZI5(dec).Am
= 125Q tmolt-cn? (5 x 10* mol-L™). IR: »(CN) 2158 cn™.
NMR: H 1.66 (s, 2H, HO), 2.43 (s, 9H, Me), 7:47.8 (m, 42H, Ph)
ppm;*H (—95°C, CLCD;) 2.34 (s, 3H, Me), 2.57 (s, 6H, Me), 6:8
(m, 42H, Ph) ppm&P{1H} 32.79 (t, PTe, Jep = 6.1 Hz), 36.95 (d,
PPh) ppm.

[{AUuPCys3} A u-C(PTos)(py-2)}ICIO4 (2¢). A suspension of [T

(18) Vicente, J.; Abad, J. A.; Fernandez-de-Bobadilla, R.; Jones, P. G.; PCH:(py-2)]CIO, (205.3 mg, 0.414 mmol) and [Au(acac)PL{Cy =

Ranirez de Arellano, M. COrganometallics1996 15, 24.

CeH11) (477.3 mg, 0.828 mmol) in acetone (30 mL) was stirred (4 days)
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Figure 1. Variable-temperaturéH NMR spectra of complexes and 6.

and filtered over Celite. The solution was concentrated (3 mL), and
diethyl ether (20 mL) was added to give a suspension, which was
filtered. Slow evaporation of the filtrate gave off-white crystal®of
Anal. Calcd for GsHge:AuCINOsPs: C, 52.23; H, 6.33; N, 0.97.
Found: C, 52.64; H, 6.42; N, 1.03. Mp: 222 (dec). Ay = 105
Q~Imol*cn? (2 x 10* mol-L™). NMR: 'H 1.28 (m, 33H, Cy),
1.80 (m, 33H, Cy), 2.40 (s br, 9H, Me), 6:6.8 (m, 16H, To+ py)
ppm;H (—50°C) 1.27 (m, 33H, Cy), 1.80 (m, 33H, Cy), 2.37 (s, 3H,
Me), 2.42 (s, 6H, Me), 6.67.8 (m, 16H, Tot py) ppm;3P{H} 31.35

(s, PT@), 56.83 (d, PCy) ppm.

Crystallography of 2c. See Figure 2 for the ORTEP diagram of
this compound. Tables 1 and 2 give crystallographic data and selected
bond lengths and angles. The crystal was mounted in inert oil on a
glass fiber and transferred to the cold gas stream of the diffractometer
(STOE STADI-4 with a Siemens LT-2 low-temperature device). Data
were collected using monochromated Mao.Kadiation to &nax 50°.
Absorption corrections were based gnscans. The structure was
solved by the heavy-atom method and refined anisotropicallf“on
(program SHELXL-93, G. M. Sheldrick, University of ‘@mgen).
Rings C(11)-C(16) and C(71yC(77) were disordered over two . . . .
positions and were refined isotropically. Hydrogen atoms were included Figure 2. ORTEP diagram of compleXc showing the atom labeling.
using a riding model. An extensive system of restraints was applied E!liPSoids are drawn at the 50% probability level, and H atoms are
to light-atom displacement parameter components and local ring omitted for clarity.
geometry. Other data: independent reflections, 10 809; parameters,a 1:10 mixture of acetorediethyl ether (3x 40 mL). The extracts
649; restraints, 849%(F?), 1.065; maximumip, 0.96 e A=, were filtered through Celite, and the filtrates were concentrated to

[{Au(PMe3)} A u-C(PTos)(py-2)}1CIO4 (2d). To a solution of dryness. The residue was suspended in 20 mL of acetone, agd [To
[AuCI(PMej3)] (287.7 mg, 0.932 mmol) in acetone (30 mL) was added PCHy(py-2)]CIO, (115.1 mg, 0.233 mmol) was added to the suspension,
Tl(acac) (367.8 mg, 1.212 mmol). The resulting suspension was stirred which was then stirred for 20 h. The reaction mixture was concentrated
for 16 h and evaporated to dryness, and the residue was extracted withto ca. 2 mL, and diethyl ether (20 mL) was added to precipi@deas
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Table 1. Crystal Data for Complexe®c and 9'

2c g
mol formula Q3H94AU20|NO4P3 ngHeaAU3C|4FGN06P4SZ
M, 1451.68 2198.07
space group P2:/n P2i/c
a(d) 14.056(3) 17.232(6)
b (A) 24.556(4) 25.800(7)
c(A) 19.110(3) 18.005(7)
S (deg) 111.00(2) 96.77(3)

V (A3 6158(2) 7949(5)
z 4 4

T (K) 143(2) 173(2)
AR 0.71073 0.71073
Peaic (Mg/md) 1.566 1.837
F(000) 2924 4264

u (mmY) 6.588 5.8559
R12 0.042 0.052
wR2 0.094 0.158

a2R1 = Y||Fo|—|Fc||/3|Fol for reflections withl > 20(1). PwR2 =
[XIW(F?2 — FAAIY[W(F?)?]°® for all reflections;wt = ¢2(F?) +
(aP)? + bP, whereP = (2F2 + F.?)/3 anda andb are constants set by
the program.

Table 2. Selected Bond Lengths (A) and Angles (deg) for
Complex2c

Au(1)-C(1) 2.099(7)  Au(l¥C(1)-Au(2)  90.4(3)
Au(2)-C(1) 2.094(7)  C(L-Au(l)-P(1) 179.1(2)
Au(l)-Au?)  2.9757(9)  C(LyAu(2)-P(2) 172.6(2)
Au(1)—P(1) 2.276(2) P(3)C(1)-Au(l) 111.2(3)
Au(2)-P(2) 2.279(2) P(3}C(1)-Au(2) 115.5(3)
C(1)-P(3) 1.762(7)  C(2YC(1)-P(3) 113.5(5)

an off-white solid, which was recrystallized twice from acetedethyl
ether (1:4). Yield: 20%. Anal. Calcd for:gH43AuCINO4Ps: C,
38.11; H, 4.17; N, 1.35. Found: C, 38.03; H, 4.34; N, 1.25. Mp:
149 °C (dec). Am = 125 Q *mol~*-cn? (3.8 x 10°* mol-L™1).
NMR: H (20°C) 1.44 (d, 18H, MeP3Jpy = 10 Hz), 2.40 [s, 9H, Me
(To)], 6.55 (m, 1H, py), 7.27.8 (m, 16H, To+ py) ppm;*H (=50
°C, ChCDy) 1.36 (d, 18H, MeP2Jpy = 10 Hz), 2.32 [s, 3H, Me (To)],
2.38 [s, 6H, Me (To)], 6.55 (m, 1H, py), 7=Z.8 (m, 16H, To+ py)
ppm; 3P{H} —1.75 (s, PMe), 31.39 (s, PTg) ppm.

[(AuPPhs)z{ u-{ C(PTos)(py-2)H{ Ag(n*O2NO)(OCIO3)}]-H20 (8).

To a solution of2a (328.0 mg, 0.232 mmol) in acetone was added an
equimolar amount of AgN® The resulting suspension was stirred
for 20 h in the dark and filtered over Celite. The solution was
concentrated (1 mL), and diethyl ether was added to preciptae
an off-white solid, which was recrystallized from dichloromethane
diethyl ether. Yield: 86%. Anal. Calcd forggHs/AgAuU.CIN,OgPs:

C, 47.28; H, 3.59; N, 1.75. Found: C, 46.88; H, 3.91; N, 1.80. Mp:
153 °C (dec). Am = 137 Q *mol*cn? (4.3 x 1074 mol-L™).
NMR: *H 1.65 (s, 2H, HO), 2.41 (s br, 9H, Me), 6.71 [m, 1H, H3
(py)], 7.1-7.6 (m, 44H, Pht+ To + py), 8.31 [m, 1H, H6 (py)] ppm;
1H (—90°C, CLCD,) 2.10 (s, 3H, Me), 2.60 (s, 6H, Me), 6-8.5 (m,
46H, Ph+ To + py) ppm;3P{1H} 23.41 (s, PTg), 37.35 (s, PP}
ppm.

[(AuPPhg){ u-{ C(PTos)(py-2)} (AuPPhg)}1(ClO 4)2 (9). To a solu-
tion of 8 (84.1 mg, 0.053 mmol) in acetone was added [AuCI@Ph
(26.2 mg, 0.053 mmol). The resulting suspension was stirred for 1.5
h and filtered over Celite. To the solution was added Na&aD

(14.9 mg, 0.106 mmol), and the suspension was stirred for 2.5 h and
then concentrated to dryness. The residue was extracted with dichlo-

romethane, the extract filtered through Celite, and the solution
concentrated (2 mL). Addition of diethyl ether ga®as an off-white
solid. Yield: 79%. Anal. Calcd for &H70AuUsCIoNOgPs: C, 49.35;
H, 3.58; N, 0.71. Found: C, 49.26; H, 3.45; N, 0.84. Mp: T&Z
Anm = 214Q~*mol -cn? (2.3 x 104 mol-L™%). NMR: H (50 °C)
2.41 (s, 9H, Me), 6.67.8 (m, 60H, Pht+ To + py), 8.60 [m, 1H, H6
(py)] ppm;*H (0 °C) 2.28 (s, 3H, Me), 2.51 (s, 6H, Me), 6:6.8 (m,
60H, Ph+ To + py), 8.60 [m, 1H, H6 (py)] ppm3P{*H} 21.84 (s br,
NAUPPh), 27.66 (s, PTe), 36.69 (d, CAUPP§ Jpp = 6.4 Hz) ppm.
[(AuPPhs)o{ u-{ C(PPhs)(py-2)} (AuPPhs)} [(CF3SOs)2-2H,0
(9-2H,0). To a solution of [(AuPP¥Au-{C(PPh)(py-2)}-

Inorganic Chemistry, Vol. 36, No. 22, 1994941

Figure 3. ORTEP diagram of comple® showing the atom labeling.
Ellipsoids are drawn at the 50% probability level, and H atoms are
omitted for clarity.

Table 3. Selected Bond Lengths (A) and Angles (deg) for
Complex9’

Au(1)-N 2.0900(12)  Au(®-C(1)-Au(d)  97.2(6)
Au(2-C(1)  2.120(14) C(JAu(2)-P(2)  171.9(4)
Au(3)-C(1)  2.09(2) C(IrAu(3)-P(3)  171.2(4)
Au(l)-Au2)  3.175(2) P(4yC(1)-Au(2)  104.7(7)
Au(2)-Au(3) 3.1570(13) P(4)C(1)-Au(3)  107.4(8)
Au(l)-Au(3) 3.0427(12) P(4)C(1)-C(12)  116.5(11)
Au(l)-P(1)  2.245(4) N-Au(1)-P(1) 162.6(4)
Au(2-P(2)  2.281(4)

Au(3)-P(3)  2.284(4)

C(1)-P(4) 1.81(2)

(AUPPh)}](ClO4),*? (107.5 mg, 0.055 mmol) in acetone (20 mL) was
added potassium triflate (20.9 mg, 0.112 mmol). The resulting solution
was stirred fo 1 h and concentrated to dryness, the residue was extracted
with dichlorometane (20 mL) and was filtered through Celite, and the
solution was concentrated to 2 mL. Upon addition of diethyl ether
(30 mL) 9'-2H,0 precipitated as a white solid which was filtered off
and vacuum dried. Single crystals®f2CH,ClI, suitable for an X-ray
diffraction study grew by slow diffusion of diethyl ether into a
dichloromethane solution of'. Yield, 84%. Anal. Calcd for
CsoHesAUsFNOP,S,: C, 46.55; H, 3.32; N, 0.68. Found: C, 46.92;
H, 2.97; N, 0.75. Mp: 146C. Au = 237 Q 1-molt-cn? (1.5 x

104 mol-L~%). NMR: 'H 1.69 (s, 4H, HO), 6.8-7.9 (m, 63H, Pht

py), 8.72 [m, 1H, H6 (py)lppm3P{1H} 22.69 (br, NAUPP¥), 27.83

(s, CPPBH), 36.98 (d, CAUPP} 3Jpp = 5.3 Hz) ppm.

Crystallography of 9'-2CH.Cl,. See Figure 3 for the ORTEP
diagram of this compound. Tables 1 and 3 give crystallographic data
and selected bond lengths and angles. Details are @& favith the
following exceptions: Siemens P4 diffractometer; solution by direct
methods; C and N atoms all isotropic; two ordered molecules of
dichloromethane in the structure. Other data: independent reflections,
10 418; parameters, 568; restraints, 288?), 1.082; maximumAp,

248 e K3,

Results

Synthesis of Complexes.We have prepared a series of
complexes [(AuUL{ u-C(PTa)R}]ICIO4[To = CgHsMe-4; L =
PPh, R = C(O)NMe; (1), pyridyl-2 (py-2) @a), C(O)Ph @),
C(O)GH4OMe-4 @), C(O)GH4NO2-4 (5), COMe (6), CN (7);

R = py-2, L = P(pmp} (2b) (pmp = Cs¢H4OMe-4), PCy (Cy
= CgH11) (20), PMe; (2d)] in the same way described for their
homologs with PPh-uiz., by reacting the corresponding
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Scheme 2 Crystal Structures of Complexes 2c and 9 The X-ray
[RPCH,RIX + 2 [Au(acac)L] crystal structure _of{[AuPCys} z{ﬂz-C(PTQg)(py-Z)}]C|Of1 (2c)_
shows features similar to those of other analogous ylide digold-

‘- 2 Hacac (1) compounds{AuP(pmpX} o u2-C(PTa)(py-2)} |CIO, (2b)12

and [(AuPPR){ u>-C(PPR)C(O)NMe}]CIO,4 (1) (here and

R AL below we add a prime to the homologslef9 containing PPk

X = Clo, X |x instead of PTg).1* Surprisingly, in spite of the bulky phosphine
R “AuL PCy; bound to Au(l) in2c, the Au(l)y--Au(l) distance [2.9757

. (9) A] is similar to those oRb [2.949 (1) A] or1' [2.938 (1)
A] and lies in the usual range 3.8 0.25 A found in related
%gNOa \iAuL(acetone)]* complexes:® The values of the Au(2)C(1)—Au(1) angle [90.4
(3)°] and the P(3)-C(1) distance [1.762 (7) A] ir2c are also
uL

similar to those found ireb [88.9(4F, 1.753(11) A] orl'

Al
[88.4(7¥, 1.783(14) Al.

L The synthesis of the trigold complex [(AuPfpu-{ C(PPh)-
N—AgONO (py-2)} (AUPPh)}](CIO,), was described previousl. Here we
R 0CIO; report the crystal structure of the analogous triflate complex
To 8 (9), which we assume to be similar to that of the complex
Ph 8 [(AuPPhy){ u-{ C(PTa)(py-2)} (AUPPh)}|(ClO4)2 (9), studied
R L R R in this paper. The crystal structure ®&freveals that the lone

pair of the pyridine group is used to bond a third AupRioiety

and that Au(l)-+Au(l) short contacts [3.0427(128.175(2) A]
between the three gold atoms are present. The rotation of the

pyridine ring (compare structuB in Chart 2 and8 or 9 in

To. PPhs C(O)‘ONO2 ) Scheme 2) was first observed in the structure of com@l&%1s

Variable-Temperature IH NMR of the Complexes. Figure

To PPhy C(O)NMe, (1)
Ph PPh; C(O)NMe; (1')
To PPhy py-2 (2a)
To P(pmp); py-2  (2b)

To

To PCys  py2  (2¢) To PPhs COMe ©) 1 shows the Me region of thiél NMR spectra of complexeb
To PMe; py2 (2d) Ph PPhy CO,Et (6" and 6, revealing that the singlet observed at room or higher
To PPhy C(O)Ph (3) To PPhy CN @) temperatures for the three Me (To) groups splits at low

temperatures into two 2:1 singlets (see-2261 ppm region in
— Figure 1). This is a feature common to all complexes9.
To= Me py-2= N pmp = ‘@‘OMG Calculated values for the free energy of activatidg*2° of
\_// ; 9 O
the P-C torsional processes are given in Table 4 and range

from 42.2 to 67.340.8) kImol~1. Complexes are ordered in

. . decreasing values &G*. The diference\ betweenAG* of
1,12 ! -
phosphonium salts (BBCHR)CIO, with [Au(acac)L} a given complex and that of the next one in the Table 4 are

(acacH'z acetylacetone;.see Scheme 2). ) also calculated to facilitate comparisons.

The literature synthesis of [Au(acac)(Rj#® —reaction of We postulated that the bonding in all these species could be
Ti(acac) and [AuCI(PP)]—has been successfully applied 0 yescribed as a resonance between foanamd b, in which a
synthesize its homologs with P(pra@nd PCy. The reaction  hree_center two-electron bond is responsible for the bonding
between Tl(acac) and [AuCI(PMg gave the corresponding  interaction in the CAumoiety and the remaining @¢C) orbital
acetylacetonategold(l) complex as an oil, which decomposed  .5.id form a pr(a-C)—~dx(P) bond (see Introduction and
after_mani_pulation. Its preparatiom situ and sut_)sequent Scheme 1). In the solid state, the existence of@p—dz(P)
reaction with [TePCHy(py-2)]CIO, gave complex2d in 20% intramolecular interaction [where X is the oxygen atoni ior
yield. _ 3—6 (seeA in Chart 2) or the nitrogen atom i (seeB in

Reactions between (38CHR)CIO; and [Au(acac)L] [L= Chart 2)] is a reasonable hypothesis according to th€Rand
PPh, P(pmp)] were carried out in 1:32a,b and3—7) or 1:8 P---N distances measured from the crystal structurei$ ¢%.73
(1) molar ratios. Excess of [Au(acac)L] prevented contamina- A),112b (2.82 A)12 2¢ (2.85 A; this work), ands’ (2.92 A)?
tion of the digold complexes with the monosubstituted products, gecause thesengo-C)—dz(P) and pr(X)—dx(P) interactions
[Au{CH(PTQy)R}L]CIO,.1*? The solubility of [Au(acac)L] [L  could explain the restricted rotation of the jPogroup around
= PPh, P(pomp}] in 1:10 acetonediethyl ether or dichlo-  the p-C bond, we have prepared and studied derivatives with
romethane-diethyl ether mixtures allowed its separation from gifferent substituents. Unfortunately, the method required for
the reaction products. However, when the reaction 0&{To  the synthesis of these complexes (see Scheme 2) does not allow
PCHy(py-2)]CIO; and [Au(acac)(PCGy] was carried out ina  them to be prepared with all possible substituents.

1:3 or 1:5 molar ratio, the excess of the latter was difficult to According to Table 4AG* decreases, for dinuclear com-
eliminate. As expected, when the reaction was performed in aplexes containing AuPRior AuP(pmp} groups, in the ordet

1:2 molar ratio, a mixture of2c, [Au(acac)(PCy)], and [R = C(O)NMe, 65.6 kimol"1] > 3-5 [R = C(O)(aryl),
[Au(PCys){ CH(PTa)(py-2)}]ClO4 was obtained. Extractionof g3 9-59.6 kdmol-1 > 2ab (R = py-2, 58.9-58.5 kimol-1)

the dried mixture with acetorediethyl ether (1:10) and slow > g (R = COMe, 57.7 kdmolY) > 7 (R = CN, 42.2);i.e., it
evaporation of the extract gave single crystalaf is lower when R is more electron-withdrawing and smaller. The

The trinuclear complexes [(AUPBK u2-{ C(PTa)(py-2)}- higher AG* values are associated with the most sterically
{Ag(17>-O:NO)(OCIOs)}]-H20 (8) and [(AuPPR)A{ uo-{ C(PTa)- demanding L ligand (PGyin 2c), whereas lowAG* values
(Py-2)} (AUPPR)}](CIO4). (9) were obtained as described for  correspond to the smaller R group (CN#or L ligand (PMe
their homologs with PPh(see Scheme 25. in 2d). The influence of electronic factors can be judged by

(19) Gibson, D.; Johnson, B. F. G.; Lewis,JJ.Chem. Soc. A97Q 367. (20) Shanan-Atidi, H.; Bar-Eli, K. H. Phys. Chem197Q 74, 961.
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Table 4. Calculated® AG* Values for the P-C Torsional Process in the Complexes [(Ax{ld-C(PTa)R}]CIO,

L R To(K) ov (Hz) AG* (kJ-mol-1 £ 0.8) A
2c PCy: py-2 308 16 67.3
1 PPh C(O)NMe 323 109 65.6 o
9 PPh py-2(AUPPHh) 308 71 64.9 o
4 PPh C(0)(GHiOMe-4) 313 97 63.9 o
3 PPh C(O)Ph 308 96 62.7 L2
5 PPh C(O)(GHiNO-4) 293 98 59.6 St
2b P(pmp) py-2 288 81 58.9 o
2a PPh py-2 288 94 58.5 o4
6 PPh COMe 283 94 57.7 o8
8 PPh py-2(AgONO)(OCIO,) 288 151 57.7 °
2d PMey py-2 258 21 55.7 20
135
7 PPh CN 208 70 42.2

comparingAG* values in complexes8—5. The decreasing
values (especially fob) with increasing electron-withdrawing
ability of the R groups could indicate decreasing(g-C)—
drz(P) bonding, according to our model.

Because the donating ability of the [AulLinoieties should
increase with the basicity of the L ligands, one would expect
that more basic phosphines would reinforce thgopC)—
dz(P) interaction and correspondingly would decreasg*
values in the seriec [pKo(PCys) = 9.65F122> 2d [pK4(PMes)
= 8.65F2 >> 2b [pK4(P(pmp}) = 4.57F123 > 2a [pK4(PPh)
= 2.73]2122 However, the order found &c > 2b = 2a > 2d,
which can be accounted for in terms of steric hindrance of the
phosphines (PGy> PPh > PMey).

In order to evaluate the influence of ther(X)—dz(P)
interactions on the restricted rotation of the RTio solution,
we have prepared and studied the trinuclear compl8&xesl9

kJmol™1, the highest values corresponding to the most crowded
square planar complexes of Pd or Pt. For the torsion of the
substituents at the phosphorus atom about th€ BondAG*
(kJ'mol™Y) values of 16-37 are found for PPh 38—40 for
PPh{Bu),, and 63.6 for P(Meg)(Mes = mesityl). As far as

we are aware, only one phosphonium salt [[P(ME€]*] has
been studied, &AG* value of 83.5 kdmol~! being found for

the torsion of the mesityl group about the-€ bond? From

the published data it is apparent that steric rather than electronic
factors are dominant in determining barriers to rotation about
the P-metal or P-C bonds.

The 'H NMR spectra of compled (see Figure 1) and the
ylide TosPCHC(O)NMe show, in the range-55 to —80 °C,
slow rotation of the NMggroup around the NC(O) bond on
the NMR time scale AG* 52.3 and 44.7 kinol™,
respectively). This phenomenon is well-known for amiéfes.

(see Scheme 2), in which such interactions are precluded byThe experimentahG* values lie in the range 4590 k3mol~1.2

the coordination of the pyridyl N atom to the third metal atom.
Any significant contribution of the #-N interaction in2a to
the restricted rotation of the PTaonoiety in solution can be
discarded according to the similar or greater valueA@&*
obtained for complex8 or 9, respectively, with respect to that
of 2a[AG*(8) — AG*(2a) = —0.8 kImol™1; AG*(9) — AG*-

(2a) = 6.4 kJmol™Y. These data also indicate (i) the unobserv-
able effect of the p(o-C)—dn(P) bonding on theAG* of
rotation of the PTe moiety in solution (otherwise, the values
of AG* in 8 and9 should be lower than that &fa because
coordination of a third metal must remove electron density from
the o-C atom) and (ii) the importance of steric effects shown
by the high value oAG*(9) — AG*(2a).

All the above data suggest that the restricted rotation studied
is mainly due to steric effects but that some less extensive
electronic effects could be operative. Such electronic effects
work in the direction predicted by our bonding model (see
Scheme 1). Several authors have studied dynamic intra-
molecular processes of transition metal complexes containing
phosphine ligands. They fouffeP® the AG* values for the
torsion about the metalP bond to range from 36 to 60

(21) Goel, R. G.; Allman, TCan. J. Chem1982 60, 716.

(22) streuli, C. A.; Henderson, W. A. Am. Chem. S0d.96Q 82, 5791.

(23) Goetz, H.; Sidhu, ALiebigs Ann. Cheml965 682, 71.

(24) Bayler, A.; Bowmaker, G. A.; Schmidbaur, Horg. Chem.1996
35, 5959.

This restricted rotation is mainly attributed to the ability of the
oxygen atom to polarize the-€0 bond, thus increasing the
C—N bond order. Indeed, the crystal structure of [(AuB)Rh
{u-C(PPR)C(O)NMe}]CIO, reveals a short ENMe; bond
distance and a planar geometry at nitrogken.

Conclusions. A variable-temperaturéH NMR study on a
series of di- or trinuclear complexes derived from{FEHR]™
phosphonium salts shows, for the first time, the rotation of PR
around a P-Cyky bond to be restricted at room or lower
temperatures. Although the phenomenon can be mainly at-
tributed to steric effects, the concurrence of minor electronic

(25) Bushweller, C. H.; Lourandos, M. Znorg. Chem.1974 13, 2514.
Chudek, J. A.; Hunter, G.; MacKay, R. L.; Kremminger, P.; Sghlo
K.; Weissensteiner, WJ. Chem. Soc., Dalton Tran499Q 2001.
Davies, S. G.; Derome, A. E.; McNally, J. .Am. Chem. So4991,
113 2854. DiMeglio, C. M.; Luck, L. A.; Rithner, C. D.; Rheingold,
A. L.; Elcesser, W. L.; Hubbard, J. L.; Bushweller, C. #H.Phys.
Chem.199Q 94, 6255. Fanizzi, F. P.; Lanfranchi, M.; Natile, G.;
Tiripicchio, A. Inorg. Chem1994 33, 3331. Howell, J. A. S.; Palin,
M. G.; McArdle, P.; Cunningham, D.; Goldschmidt, Z.; Gottlieb, H.
E.; Hezroni-Langerman, Dnorg. Chem1991, 30, 4685. Hunter, G.;
Weakley, T. J. R.; Weissensteiner, \l..Chem. Soc., Dalton Trans.
1987 1545.
(26) Ginter, H.NMR Spectroscopylohn Wiley & Sons: New York, 1980;
p 234 ff.
(27) Haushalter, K. A.; Lau, J.; Roberts, J. D.Am. Chem. Sod.996
118 8891. Wiberg, K. B.; Rablen, P. R.; Rush, D. J.; Keith, T.JA.
Am. Chem. Sod 995 117, 4261.



4944 Inorganic Chemistry, Vol. 36, No. 22, 1997 Vicente et al.

effects cannot be neglected. The valuesA®@* due to the Acknowledgment. We thank the Direcéio General de
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67.3-42.2 kdmol~1. The basicity of the phosphines attached
to the gold atoms seems not to affédB*, whereas their size
does have an effect. An increase of 12rkdI~? in the AG*
values is observed when PMé exchanged for PGy In
solution, the influence of the intramolecular@)—dz(P)
interactions (X= N in complexe<) on AG* can be ruled out. IC970367D
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