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The free nido-diphosphine anions [(PR2),C2BsH10]~ (R = Ph, 'Pr) show luminescence properties whereas the closo-
diphosphines [(PR2).C,BioH1o] do not. Four families of three-coordinate complexes of stoichiometry [Au-
{ (PR2)2C,B1oH10} L]JOTf (L = tertiary phosphine) and [Au{ (PR,).C,BgsH10} L] have been studied in order to analyze
the influence of the closo- or nido-nature of the diphosphine, the monophosphine coordinated to gold and the
substituent at the diphosphine on the luminescence of the complexes. Only the nido-derivatives show luminescence.
The maxima of the emissions are shifted to lower energies than those of the corresponding free nido-diphosphines.
When the substituent at the diphosphine is phenyl, a new emission appears, which has been assigned as arising
from a metal to ligand charge transfer [Au—u*(L)] excited state.

Introduction our studies on carborane chemistry, we have recently reported
i i ) the luminescence properties of tetranuclear gold clusters of
The synthe3|_s and properties of dlcalﬂasododeca-_ stoichiometry [Au{ (PR,)sC:BsH1g} sL5] (L = AsPh or PR).2
boranes were first reported at the_ end of 1963, and Wies- | these complexes, two of the gold atoms were formally
boeck and Hawthorne showed in 1964 that iho- assigned oxidation stat¢1, and the other two zero; we

carborane [1,2-éB1oHi7] could be partially degiadédo proposed that the Aut1) centers were responsible for the
afford the correspondingido-species [7,8-€BsH12] ~. Since
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Diphosphines

Closo-diphosphines
1A, R =Ph; 1B, R = 'Pr

Complexes

OTf

R =Ph, L = PPhs (1), PPh,Me (2), P(4-Me-CgHy)s (3)
R ='Pr, L = PPhy (4), PPhyMe (5), P(4-Me-C¢Hy); (6)

Figure 1. Ligands and complexes studied.

observed light emission. This result supports the view that,
in the case of gold clusters, thé®dyold(l) centers, which

are only a short distance from each other, are the centers

responsible for the luminescenteNevertheless, in addition
to the gold(l)-gold(l) bonding interaction, the role of the
environment around these centers cannot be neglected; thu
recent reports by Che and co-workers address the-gold
ligand bonding as the salient factor affecting the photolu-
minescence of gold(l) complex&s!? As far as we know,
these complexes, and the recently repdfteehf(n>:!-
CpCMeCB;oH10C);] which shows photo-, electro-, and
mechanoluminescence, are the only luminescenho-
carborane derivatives containing transition metals.

Three-coordinate gold(l) complexes have also been shown

to exhibit luminescenc&: 2! Che et aP? have recently
analyzed the role of gotdgold interactions in such homo-

leptic three-coordinate systems. In the present extension o

our studies of carborane chemistiue analyze the lumi-

nescence behavior of complexes (Figure 1) of stoichiometry

[Au{ (PRe)2CoB1oH10} LIOTT and [AW{ (PR.)2CzBgH1} L] (OTS
= CRSO0;; L = tertiary phosphine; R= Ph,'Pr) and evaluate
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R ='Pr, L = PPhy (10), PPhyMe (11), P(4-Me-CgHy); (12)
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Nido-diphosphines
2A,R=Ph; 2B,R="Pr

=Ph, L = PPh; (7), PPh,Me (8), P(4-Me-CgHy); (9)

Table 1. Excitation and Emission Spectra for thelo-Diphosphines
andnido-Complexes

ex em(nm) em (nm) em (nmP

compd (nm) solid RT solid 77 K (CH3),CO
NBus(dppnc) RA) 332 482 465 429 (379)
[Au(dppnc)(PPB)] (7) 332 540 529 528 (338)
460 670 676 603 (453)
[Au(dppnc)(PPhMe)] (8) 335 521 513 530 (338)
412 640 653 576 (423)
[Au(dppncY P(4-MeGHa)3}] (9) 337 513 506 534 (396)
459 614 633
NBus(dipnc) @B) 335 484 488 422 (340)
[Au(dipnc)(PPh)] (10) 337 508 507 514 (331)
[Au(dipnc)(PPBMe)] (11) 327 512 505 512 (338)
[Au(dipnc P(4-MeGHa4)3}] (12) 322 508 503 512 (336)

adppnC= [(PPI’h)CngHlo]f, dipnc= [(PiPr2)2CZBgH10]7. b Excitation
energy in brackets, concentration210-3 M. ¢ Broad.

the influence of the neutral monophosphine ligand, the

1Lsubstituents on the diphosphine ligand, and the partial

degradation of the carborane cage on the emission properties
of these complexes.

Results and Discussion

Photophysical Studies. Free Diphosphineoth nido-
diphosphinesZA,B) show similar excitation and emission
profiles in the solid state and in solution, while the neutral
carboranes1(A,B) are not luminescent. Excitation at 332
(diphenyl) or 335 nm (diisopropyl) leads to emissions at 482
and 484 nm in the solid state or 429 (excitation at 379) and
422 nm (excitation at 340) in solution, respectively (Table
1). The luminescence of theido-carborane derivatives is
probably related to a significant change of the electronic
structure in the carborane produced when the starting material
(closg loses one boron atom in a nucleophilic attack to give
rise the anionicido-diphosphine. The maxima of emission
and excitation are very similar f&A (R = Ph) and2B (R
= IPr). Greater differences in the energy values would be
expected if the substituents at phosphorus centers played an

(23) (a) Crespo, O.; Gimeno, M. C.; Laguna, A.; Jones, PJ.GChem.
Soc., Dalton Transl992 1601. (b) Crespo, O.; Gimeno, M. C.; Jones,
P. G.; Laguna, A.norg. Chem.1996 35, 1361. (c) Crespo, O,;
Gimeno, M. C.; Jones, P. G.; Laguna, AChem Soc., Dalton Trans.
1996 4583.



Luminescence in Three-Coordinate Au(l) Complexes

900
1 900 4
8001 800 +
7(1)4< —_ 700 4
‘s: 600 : 5m..
& 5004 S 500
400 <4
Q 400 4 -a ]
2 ] [,
£ 3004 5
£ ) . 2004
2001 = 100
100 4 0
4
04 -100 T T T T T T T 1
T Y 1T T T = men 300 350 400 450 500 550 600 650
300 350 400 450 500 550 600 650 700 »{nm)

A (nm) . o i . .
) o o ) ~ Figure 3. Emission and excitation spectra fa® in the solid state, at
Figure 2. Emission and excitation spectra for the high energy emission room temperature.
in compound? in the solid state, at room temperature.

important role in these radiative transitions. Moreover, the "M in the solid state. The emissions (solid state) are located
phenyl rings of the diphenytido-diphosphine are not &t about 510 nm (see Table 1: PR PPh, 513-540 at

expected to be responsible for these excited states since th&20M temperature, 566529 nm at 77 K; PR= PPr,, 508~

phenyl groups have thef(zz*) state at higher energies. 912 M at room temperature, 56307 nm at 77 K).
Thus, we propose that the transitions are more likely to be Comparison of these data with those obtained for the free

associated with the orbitals of the carborane cage. ligands in the solid state shows similar excitation profiles
Three-Coordinated ComplexesThe absorption spectra (332 nm for diphenyl; 335 nm for the diisopropyl), although
of nido-carborane-diphosphine complexes and ligands dis- the correspo.ndlng emissions are shifted to hllgher energies
play a common feature, a very intense band located at 310c0mpared with those of the gold complexes in both cases
nm (e = 6500-1200 M1 cm-1). Similar wavelengths have (482 nm for the diphenyiido-diphosphine ZA) and 484
been reported for phen§lzz*) intraligand (IL) transitions* nm for the diisopropyhido-diphosphine ZB)). Because of
This is the origin we propose, although a definite assignment the similarity between data for complexes and ligands, we
of this band is not possible since the electronic absorption Propose that these high energy transitions are likely to be
spectra are fairly featureless. The only example without thesePrimarily carborane cage intraligand (IL) in character, as has
groups, the diisopropyldiphosphine ligan2Bj, does not been suggested for the free ligands. However, this transition
show this band. Thus, an origin from the carborane cage is S€€Ms to be perturbed by a metal-centered (MC) contribution
unlikely. Other possibilities, such as the assignation to a spin-2nd/or by the contribution of the phosphorus substituents,
allowed (d*)(po) transition, are also unlikely; such transi- which appears theoretically in the calculations (see later).
tions have been describéds°for bands at higher energies.  Different emission energies are observed in each series when
In a manner similar to the free ligands, (2), only the only the substituent at the diphosphine or only the mono-

gold complexes containingido-diphosphines are lumines- phosphine is modified. We postulate only an insignificant
cent. The luminescence spectra of the diphenigb-diphos- contribution to the excited state from the substituents at the
phine derivatives display a high energy and a low energy Phosphorus centers of the diphosphine, since they appear not
emission in the solid state both at room temperature and atl© contribute in the free ligands (see preceding discussion).
77 K and in solution, while in the diisopropyiido- Thus, these differences probably come from the contribution
diphosphine analogues, only the high energy emission 0 the excited state from the monophosphines bonded to gold,

appears (see Table 1). These high and low energy emission&ither direct!y or through the intgragtion yvith the gpld center
are different (in energy, shape, or both) from those in the (MLCT), which perturbs the mainly intraligand excited state,

free ligands and are related to the presence of gold and thed1Ving rise to an admixture of IL and MLCT character. The
monophosphines. The contribution of the metal center in each€MiSsions in these complexes are also temperature-dependent;
type of emission seems to occur in different ways. We have In all cases, the emissions are blue-shifted at 77 K as
tentatively assigned these emissions to a metal-perturbedcOmpared to those at room temperature in the solid state (see
intraligand transition (a) and from a mainly metal-to-ligand 12aPle 1). The blue shift of an emission band with decrease
charge transfer (MLCT) transition (b). of temperature has been described previously and explained
(a) Metal-Perturbed IL Transition. Regarding the high @S @ substantial dependence of the emission maxima on the
energy band, all theido-complexes analyzed show a strong €nvironmental rigidity (luminescence rigidochromisth)n
luminescence in the solid state at room temperature and athis case, the rigidity is likely to be associated predominantly

77 K (Figures 2 and 3) and in solution. The spectra show a With the carborane cages.

common excitation pattern with maxima located at about 330  (b) MLCT Transition. Complexes?, 8, and9 show a
low energy emission band at about 650 nm (see Table 1,

(24) (a) Tang, S. S.; Chang, C. P,; Lin, I. J. B.; Liou, L. S.; Wang, J. C.

Inorg. Chem 1997, 36, 2294. (b) Ferhadez, E. J.; Gimeno, M. C; (25) (a) Wang, S.; Gafzg G.; King, C.; Wang, J. C.; Fackler, J. P., Jr.
Laguna, A.; Lpez de Luzuriaga, J. M.; Monge, M.; Pyykke.; Inorg. Chem.1989 28, 4623. (b) Lees, A..JChem. Re. 1987, 87,
Sundholm, DJ. Am. Chem. So200Q 122, 7287. 711.
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Figure 4. Emission and excitation spectra for the low energy emission in atoms have been omitted for clarity.

compound? in the solid state, at room temperature. )
of the phosphines bonded to gold, BPhPPhMe > P(4-

Figure 4) in the solid state, at room temperature and at 77 \jeC4H,)5.26 The emissions are in the range reported by
K, and in solution. This indicates the presence of a second cne20 supporting their origin from a similar excited state.
emitting fluorophore. In thg case of the isopropy! derivativgs In contrast to the high energy bands that were assigned to
(10, 11, 12), only a certain degree of asymmetry in their pe carborane-localized (see preceding discussion), in this case
emission bands could be detected, which could perhapse observe a red shift in the emissions when the temperature
indicate an overlapping of both emissions. is lowered at 77 K. The shift to lower energies with a
In contrast to the previously discussed higher energy gecrease of temperature is a standard phenomenon in
bands, a predominantly carborane character in the lower|yminescent gold complexes and has been related to a thermal
energy excited states is unlikely, since the emission energiessontraction of the bonds that leads to a reduction in the band
are considerably shifted to the red (about 100 nm) comparedgap energy?
to the free Iigand; In this case, the e}ss.ignment of these NneW  The absence of low energy emissions in the case of the
bands observed in complexgs3, and9is likely to be related  jisopropyl derivatived0, 11, and12 is perhaps related to
to the three-coordination around the gold(l) center. The 51 gyeriap with the bands arising from the intraligand metal-
luminescence that arises from a three-coordinate goldgh) (  perturbed excited state (high energy transitions). The shifts
symmetry) center is a general phenomenon where the origings these MLCT transitions to higher energies, if compared
of the emission has been assigned to a metal-centereqyii, the diphenylphosphine derivatives, are probably at-
transition a(p — e(de-y, dy), although there may be a  yipytaple to the diminished-acceptor ability of the diiso-
m|X|ng_0f some ligand character into the orbital manifold. propyl groups, or a significant contribution of a phosphorus
A previous study of complexes [Au(RBR] " (PRs = P"BUs  (giphosphine) intraligand transition to the excited state.
and PPp) did no_t show dependence of the optical behavior Therefore, the low energy emissions may reasonably be
on the phosphin& In the case of our complexes, the qqianed as arising from an admixture of IL and a mainly
emission is strongly dependent on the substituents aty, cT excited state, to whose character, obviously, the
phosphorus, and thus, a more pronounced-gpftbsphorus g tityents at both types of phosphorus atoms contribute.
chargcter Is suggested, reinforcing the previous qsygnment. An alternative assignment, derived from a difference in
In thls context, Che' a}nd co-yvo'rké?.sreport.ed a different the environment of gold(l) and/or an exciplex emission,
assignment for the visible emission in the dinuclear complex would also lead to such findings. The similar behavior found
with two trigonal-planar gAu centers [AUKL][CIO]s CH;- in rigid media (suppressing exciplex formation) and in
Clz'.ZMeOHO‘E"—bO' The emission for this complex was solution, and thé*P NMR spectra, which are in accordance
assigned to an MLCT (metal FO I|gar_1d Charge_tra_nsfer) [Au with the three-coordination (suppressing significant environ-
— w*(L)] excited state” This assignment is in good ment perturbation), agree with our proposals.
agreement with our results because the charge transfer In short, these r'esults extend Che’s initial proposal for
transition should be influenced by the donor/acceptor abilities gold(l)—go’ld(l) interactions in the sense that also in the case
of the phosphorus donor atoms bonded to gold. Accordingly, f three-coordinate gold(l) complexes, the role of the

a decrease of the acceptor pf"pe”ies .Of 'the substituents agnvironment of gold(l) cannot be excluded and that gold
phosphorus centers should shift the emission bands to h'ghefigand bonding affects the photoluminescence of gold

energies.
. . complexes.
Complexes?, 8, and 9, in the solid state at room Crystal Structure of [Au { (PPr5),C5BsH1g} (PPHy)] (10).

e e e cytal st o (PP B (P19 10
' ’ - resp Y, been determined by X-ray diffraction studies (Figure 5).

Table 1). Thus, the emission energies in the solid state, whichCom arison can be made with the previously reported [Au-
follow the order9 > 8 > 7, may be indicative of an excited P P yrep

state 'bearlng a Iqrge MLCT CharaCter for each co.rpplex, (26) Cotton, F. A.; Wilkinson, G.; Murillo, C.; Bochmann, M. Advanced
following an order in accordance with tleacceptor ability Inorganic Chemistry6th ed.; Wiley: New York, 1999; p 643.
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Table 2. Comparison of Some Distances (A) and Angles (deg) in Similar Complexes

compd P(1>Au—P(2) Au-plane Au—P° Au—pd P—C B—He
[Au(dppcc) (PPB]CIOL 90.2(1) 0.18 2.405(1) 2.318(1) 1.883(5)
2.417(1) 1.870(5)
[Au(dppnc)(PPB)]2 7 84.91(4) 0.076 2.389613) 2.2831(13) 1.827(5) 1.09
2.3952(12) 1.832(5) 1.66
[Au(dipnc)(PPR)]2 10 90.38(2) 0.152 2.4083(6) 2.3791(6) 1.856(2) 1.08
2.3076(6) 1.853(2) 1.41

adppnc= (PPh)2C2B10H10, dppnc= [(PPh)C2BgH10] ~, dipnc= [(P'Pr).C2BoH10] . P Distance of gold from the plane formed by the three phosphorus
atoms.¢ Au—P(diphosphine)d Au—P(monophosphine}.B—H distances to the bridging H atom of the open face.

Table 3. Population Analysis for [A{(PPh)2C2BgH10} (PHz)] Model
System: Contribution from Each Type of Atom to Occupied Orbitals
HOMO and HOMO— 1

MO % CBoHio  %AU % PPh % PH
HOMO (149ag) 56.4 9.2 32.7 1.6
HOMO — 1 (148ag) 45.1 11.8 41.3 1.8

the high energy occupied molecular orbitals 149a (HOMO)
and 148a (HOMO- 1) (Figure 7), because these are the
ones involved in the most intense theoretical excitations (see
following discussion).

The results are given in Table 3, and the analysis of these
data shows that in both orbitals (149a and 148a) the main
contribution arises from the carborane cage (56.4% and
45.1%, respectively), although PPQgroups (32.7% and
41.3%) and the gold(l) center (9.2% and 11.8%) also
contribute.

As regards virtual orbitals, they cannot be analyzed by a
population analysis, but we can check their shape (Figure
7). The lowest unoccupied orbitals from LUM® 1 to
LUMO + 6 (involved in the theoretical excitations, see later)
are localized mainly on the PRgroups with an apparently

Figure 6. Theoretical model system for [A@PPH):C2BoH1c} (PH)]. small contribution from the carborane cage in the low energy
empty orbitals 151a (LUMGCH 1) and 152a (LUMOH 2)
{(PPh),C:B10H10} (PPR)]ICIO22and [AU (PPh),CoBoH10} - and from the gold center in the high energy orbitals 153a

(PPh)]23(7) (Table 2). In [A{ (PPh)C:B1gH10} (PPR)]CIO, (LUMO + 3), 154a (LUMO+ 4), and 156a (LUMO+ 6).

and10, the gold atom lies somewhat out of the plane formed Thus, from single-point DFT calculations, it can be deduced
by the three phosphorus atoms. The major deviation from that both the highest occupied and the lowest unoccupied
the ideal trigonal geometry is in all the cases represented byorbitals are mainly based on the carborane ligand with some

the restricted “bite” angle of the diphosphine (P{Bu— contribution from the gold(l) center, in agreement with the
P(2)), which is found to be near 9@xcept for compound previously described experimental results which show that
(84.91(4Y). As is generally observed for complexes of the when gold(l) is present in the molecule, the arrival orbitals
nidodigand?®¢ the central boron atom B10 is of the& from which the emissions are produced have also a certain

open face. InLQ, it is bonded to two hydrogen atoms, one character from the gold and alkyl or aryl substituents on the
of which is semibridging to the neighboring B11; the longest carborane ligand. Going further, we have confirmed the
B—B bond is the bridged B16B11 (1.851(4) A, cf. B9 participation of the commented orbitals in the photolumi-
B10 1.813(4) A). nescence properties. Thus, the first few allowed excitation
DFT and TD-DFT Results. The interesting luminescence energies of the [AL{PPh),C,BgH10} (PHs)] model system
behavior experimentally observed for these three-coordinatedwere calculated at the time-dependent-density functional
gold(l) diphosphine-carboranes prompted us to study in theory level (TD-DFT) as described in the computational
detail the transitions responsible for it in one selected details found in the Experimental Section. In them, we cannot
example. First, we performed single-point DFT calculations at present estimate the strength given by sfirbit effects

with a representative model system [ABPR).C,BgH 0} - to the forbidden transitions. Therefore, only allowed transi-
(PHg)] (Figure 6) which was built from the X-ray diffraction  tions were considered in these quasirelativistic calculations.
results of complex [A{(PPh).C.BoH10} (PPh)] (7) using In Figure 8, we show the calculated excitations-A

H atoms instead of phenyl rings in the monophosphine ligand compared with the experimental excitation spectrum of
in order to reduce the computational costs. Thus, we complex7 in the solid state. The predicted energy values
performed a population analysis based on the SCF orbitalsfor the excitations clearly match the experimental excitation
to check the contribution of each atom of the molecule to spectra. Moreover, both in the experimental and in the

Inorganic Chemistry, Vol. 42, No. 6, 2003 2065
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Figure 7. Molecular orbitals HOMO, HOMO- 1, and those from LUMO* 1 to LUMO + 6, involved in the theoretical calculations.

Model: [Au{(C,B,H,,)(PPh,),}(PH,)] Table 4. TD-DFT RPA Allowed Excitation Calculations for
[AU{ (PPQ)2CZBQH10} (PP@)]

> 0.040 1 G excitation Acaicd(NM)  Aexpr (M) oscil str (s) contributior?
g 00354 A 404.9 0.310x 107! 149a— 151a
t A B 3925 394.5 0.166 101 149a= 152a (73.3)
5 0030 ) 149a= 153a (23.0)
-§ 0.025 4 c C 388.9 0.260< 1071 149a= 153a (69.0)
5 149a— 152a (22.3)
g 0.020 - D 361.2 0.150x 1071 148a— 151la
T b B E 3515 0.100< 1071 149a= 155a (80.0)
s 00154 F 148a— 153a (14.0)
£ 0.010 I H E F 349.3 0.130x 107! 149a= 156a (54.6)
g R 148a— 152a (25.4)
T 0.0054 148a— 153a (14.0)
g G 346.7 0.380x 107! 148a= 153a (69.0)
w  0.000 r . . —0 r T T T r 149a— 155a (11.0)

260 280 300 320 340 360 380 400 420 440 460 H 333.1 330.0 0.11& 10! 148a— 154a (89.4)

wavelength (nm) 149a— 158a (53)
| 316.5 0.120x 10! 148a= 155a

Figure 8. Experimental excitation spetra for complex fJABPR),C,BgH10} - J 313.9 0.270< 1071 148a— 156a
(PPh)] (7) in the solid state and theoretical oscillator strengthgrom
Table 4 for the model [AQ(PP)2CoBgH10} (PH)].- a Oscillator strength shows the mixed representation of both velocity and

length representation8Value is|coeff2 x 100.

theoretical spectra two equivalent groups of signals can be
observed (from A to C and from D to J) that display relative
energy differences between them with good agreement
between theory and experiment.

Finally, the analysis of the orbitals involved in each Experimental Section
transition (Table 4) shows that all the excitations come from  Instrumentation. The C and H analyses were carried out with
orbitals HOMO (149a) and HOMG- 1 (148a), which are a Perkin-Elmer 2400 microanalyzer. Mass spectra were recorded
mainly located at the carborane cage with a contribution from ©n @ VG Autospec, with the (liquid secondary ion mass spectra)
the PPh groups and the gold() center, and reach the |2 EEieRe KD T e ter and 4 Braker

; : . : . Wi i i u
diphenyt-phosphino-based orbitals with some influence of ARX 300 spectrometer in CD@ICﬁemicanhifts are cited relative
the carborane cage (LUM® 1 and LUMO+ 2) and the | " (*H, external), and 85% #PO, (P, external).
gold(l) center_ (fr_om LUMO+ 310 LUM.O +6). The_se Synthesis. The starting materials [AuCI(P,?” [1,2-
predicted excitations are in agreement with the experimental pppy. B, H, g, 12 and [1,2-(BPr,),CoB1oH1q]?° were prepared
data observed for the high energy excitation and emission 5¢cording to published methods. Completes were synthesized
bands of thenido-phosphine-carborane gold(l) complexes.  as described for the analogous perchlorate salts of [1,2-
The low energy excitation and emission bands experimentally (PPh),C,B1gH1q, using [Au(OTf)L] as starting material, prepared
observed for the diphenylphosphincarborane derivatives
have not been reproduced by the TD-DFT approach. This (27) Usm, R.; Laguna, Alnorg. Synth.198Q 21, 71.
fact could be associated with a possible forbidden characterggg éﬁ:%g?"er,’:f'Vﬁéscgf?egggd"“ﬂ?'Mc_t‘e,{]“ﬁég?aRlz;' %\?gka R
of this low energy transition assigned as an MLCT (metal Sillanpa, R. J. Organomet. Cheni995 503 193.

to ligand(diphosphine)ligand(monophosphine) charge trans-
fer). As we have already commented, only allowed transitions
have been analyzed.
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Table 5.
mass spectra
complex vyield (%) anal. %C  data %H %S [M]2(%)° NMR datal (Hz)
1 94 48.5 4.25 33 972 (100) 'H: 1.30-3.30 (m, br, 10H, BH), 7.37.9 (m, 35H, Ph)
(48.2) (4.0) (2.85) S1P(H): (ABy), 0A = 44.8,0B = 60.4,Jpg = 136.3 Hz
2 95 45.50 4.4 3.55 911 (79) *H: 1,30-3,30 (m, br, 10H, BH), 2.45 (d, 3H, GH
Jpn=9.2 HZz), 7.4-7.8 (m, 30H, Ph)
(45.35) (4.10) (3.05) 31P(H): (ABjy), 0A = 27.0,0B = 59.5,Jpg = 138.8 Hz
3 89 47.85 4.2 2.95 1062 (100) *H: 1,30-3,30 (m, br, 10H, BH), 3.8 (s, 9H, OGH 6.8-7.8 (m, 32H, Ph)
(47.6) (4.25) (2.76) S1P(H): (ABy), 0A = 41.1,6B = 60.0,Jpg = 139.0 Hz
4 89 40.4 5.65 3.75 837 (57) 'H: 1-3(m, br, 10H, BH), 1.28 (m, br, 24HPr—CHj),
2.73 (m, br, 4HIPr-CH), 7.4-8.2 (m, br, 15H, Ph)
(40.25) (5.4) (3.25) S1PEH): 43.5(t, 1P), 87.2 (d, 2PJpp= 136.2 Hz
5 72 30.6 5.75 3.8 774 (100) 'H: 1-3(m, br, 10H, BH), 1.30 (m, br, 24HRr-CHg),
2.43 (d, 3H, CH, Jpp = 9.1 Hz), 2.79 (m, br, 4HPr-CH),
7.5-8.4 (m, br, 10H, Ph)
(30.75) (5.55) (3.45) 31P(H): 25.5 (t, 1P), 89.4 (d, 2PJpp= 137.1 Hz
6 58 40.35 5.8 3.1 926 (100) 'H: 1—3(m, br, 10H, BH), 1.30 (m, br, 24EPr—CHj),
2.75 (m, br, 4HIPr-CH), 3.89 (s, 9H, OCk), 6.8—7.4 (m, br, 12H, Ph)
(40.2) (5.53) (3.0) S1PEH): 40.3 (t, 1P), 87.1 (d, 2PJpp= 138.0 Hz
10 70 46.8 6.75 824 (57) 'H:—2.75 (m, br, 1H, BHB), 3 (m, br, 9H, BH),
1.28 (m, br, 24HPr-CHg), 2.73 (m, br,
4H,'Pr-CH), 7.3-7.6 (m, br, 15H, Ph)
(46.6) (6.5) S1P(tH): 45.4 (t, 1P), 85.5 (d, 2PJpp= 129.0 Hz
11 74 42.75 7.15 762 (36) 'H: —2.8 (m, br, 1H, BHB), +3 (m, br, 9H, BH),
0.99 (m, br, 12HiPr-CHs), 1.30 (m, br, 12HPr-CHy),
2.07 (m, br, 2HIPr-CH), 2.78 (m, br, 2HPr-CH),
2.14 (d, 3H, CH, Jpn = 8.24 Hz), 7.4-7.6 (m, br, 10H, Ph)
(42.5) (6.75) S1PEH): 25.8 (t, 1P), 88.8 (d, 2PJpp= 130.4 Hz
12 63 45.7 6.45 914 (21) 'H:—2.8 (m, br, 1H, BHB), -3 (m, br, 9H, BH),

1.16 (m, br, 24HIPr-CH), 2.24-2.8 (m, br, 4HiPr-CH),
3.82 (s, 9H, OCH), 6.8-7.4 (m, br, 12H, Ph)
(45.95) (6.5) 31p@H): 41.8 (t, 1P), 85.5 (d, 2PYpp= 131.1 Hz

aMolecular fido-species) or cationic molecular peaktdsospecies)® Intensity of the peak.

by reaction of AgOTf with [AuCIL]. Complexesl0—12 were R(F) = 0.0232 for 422 parameters and 193 restraints (to light atom
prepared as describ®for compounds7—9. Table 5 shows the U values and local ring geometrny§(F?) = 0.976; maximumAp
data for the new complexes. =149 e A3
Luminescence MeasurementsLuminescence measurements Computational Methods. The molecular structure used in the
were carried out using a Perkin-Elmer LS-50B luminescence theoretical studies of [AUPPH).C:BoH10} (PHs)] (Figure 8) was
spectrometer. Emission and excitation spectra were not correctedtaken from the X-ray diffraction results for [A(PPh)>C:BoH10} -
for instrumental response. Solid-state samples were packed into(PPR)] (7). Keeping all distances, angles, and dihedral angles
capillary tubes and introduced into the Perkin-Elmer variable- frozen, single-point DFT calculations were performed on the model.
temperature accessory. Slit widths for excitation and emission In both the single-point ground-state calculations and the subsequent
monochromators were set at 4 nm. calculations of the electronic excitation spectra, the default Beck
Absorption Measurements.Electronic absorption spectrawere ~ Perdew (B-P) functionaf*~** as implemented in TURBOMOLE,
obtained on a Shimadzu UV-2401 PC bVis recording spectro- was employed. The excitation energies were obtained at the density
photometer with 5x 104 M acetone solutions. Acetone for functional level using the time-dependent perturbation theory
photophysics was distilled over potassium permanganate andaPproach (TD-DFFf~3® which is a density functional theory
degassed before use. generalization of the Hartred=ock linear response (HF-LR) or
Crystal Data for Compound 10. CesH110AUB1gPs, M, = random phase approximation (RPA) mett8¢h all calculations,

1653.85, orthorhombic, space groBpca a = 17.7478(16) Ab the Karlsruhe split-valence quality basis $ktaugmented with
— 19.875132(18) Ac = 2i.3960(18) AU =7548.8(12) & =4 polarization function® were employed (SVP). The Stuttgart

= 3 = = 1
De 1f55 Mg rr_r ' MM% Ko 0'07.173’ﬂ 4.047 mnt?, (31) Vosko, S. H.; Wilk, L.; Nusair, MCan. J. Phys198Q 58, 1200.
F(OOO)— 3328,T — —130 C, yeIIOW prism 0.36x 0.16 x 0.12 (32) Perdew, J. PF.’hys. Re. B 1986 33, 8822.
mme. The 125800 intensities were recorded 3,2 60° (BRUKER (33) Becke, A. D.Phys. Re. B 1988 38, 3098.

Smart 1000-CCD diffractometer), of which 11032 were unicRg ( (34) ?;Lriigzngigg'ﬂi é\g-; Haser, M.; Horn, H.; K'lmel, CChem. Phys.
= 0.0663) after absorption corrections using SADABS. The (35) Baljernschmitt, R.;'Ahlrichs, Rehem. Phys. Letl996 256, 454,

structure was solved by the heavy-atom method and subjected to(36) Bauernschmitt, R.; Ahlrichs, R. Chem. Phys1996 104, 9047.
full-matrix least-squares refinement B (program SHELXL-97° (37) Bauernschmitt, R.; F&r, M.; Treutler, O.; Ahlrichs, RChem. Phys.

_ ] ; ; Lett. 1997 264, 573 and references therein.
All non-hydrogen atoms were refined anisotropically. H atoms were (38) Gross, E. K. U.. Kohn, WAdy. Quantum Chemi990 21, 255.

included using a riding model, except for those of the carborane (39) casida, M. E. InRRecent adances in density functional methods
open face, which were refined freely (although restrained with Chong, D. P., Ed.; World Scientific: River Edge, NJ, 1995; Vol 1.

SADI). Refinement proceeded to W) = 0.0521, conventional ~ (40) Olsen, J.; Jargensen, P. Modern Electronic Structure Theary
Yarkony, D. R., Ed.; World Scientific: River Edge, NJ, 1995; Vol.

2.
(30) Sheldrick, G. M.SHELXL-97. A program for Crystal Structure (41) Schiger, A.; Horn, H.; Ahlrichs, RJ. Chem. Phys1992 97, 2571.
RefinementUniversity of Gdtingen: Gitingen, Germany 1997. (42) Dunning, T. H., JrJ. Chem. Phys1994 100, 5829.
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effective core potentials implemented in TURBOMOLE were used (IEA), the University of La Rioja (AP102/12), and the Fonds
for Au.*® Calculations were performed without assuming any der Chemischen Industrie.
symmetry for the model.
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