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Abstract: Coordination of ambiphilic
diphosphine-silane ligands [o-
(iPr,P)C¢H,],Si(R)F (R=F, Ph, Me) to
AuCl affords pentacoordinate neutral
silicon compounds in which the metal
atom acts as a Lewis base. X-ray dif-
fraction analyses, NMR spectroscopy,
and DFT calculations substantiate the

to observe coordination of the silane as
a o-acceptor ligand, provided it is posi-
tioned trans to gold. The nature of the
second substituent at silicon (R=F, Ph,
Me) has very little influence on the
magnitude of the Au—Si interaction,
in marked contrast to N—Si adducts.
According to variable-temperature and

2D EXSY NMR experiments, the
apical/equatorial positions around sili-
con exchange in the slow regime of the
NMR timescale. The two forms, with
the fluorine atom in trans or cis posi-
tion to gold, were characterized spec-
troscopically and the activation barrier
for their interconversion was estimated.

presence of Au—Si interactions in
these complexes, which result in trigo-
nal-bipyramidal geometries around sili-
con. The presence of a single electron-
withdrawing fluorine atom is sufficient

Introduction

The ability of Lewis acids to act as o-acceptor ligands!"! has
attracted growing interest over the past decade. The increas-
ing number and variety of structurally authenticated transi-
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The bonding and relative stability of
the two isomeric structures were as-
sessed by DFT calculations.

tion-metal complexes of boranes, alanes, and gallanes have
given more insight into unusual M—ER; interactions (E=
B, Al, Ga).>! Here, the combination of donor and acceptor
moieties within the same ligand architecture, so-called ambi-
philic ligands, proved particularly efficient. This approach
provides straightforward access to complexes featuring coor-
dinated Lewis acids, and the geometric constraints can be
largely modulated by varying the number of donor buttress-
es and the nature of the spacers between the donor and ac-
ceptor sites.[!

The scope of o-acceptor ligands nowadays appears signifi-
cantly broader than initially believed, and a great variety of
complexes are in fact susceptible to such metal —Lewis acid
interactions.” To assess to which extent the Lewis acidity of
the o-acceptor site can be decreased while retaining substan-
tial interaction with the metal, we recently became interest-
ed in the coordination of saturated compounds of heavier
Group 14 elements ER, (E=Si, Sn, ...) to transition metals.
The targeted metal - ER, interactions would arise from
donation of an occupied d orbital at the metal to a vacant
low-lying o* orbital centered at silicon or tin. Pentacoordi-
nate adducts of silanes and stannanes have been well docu-
mented with organic Lewis bases (N, O, S, ...) in both intra-
and intermolecular versions,® but related adducts with a
transition metal acting as a Lewis base have scarcely been
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studied. Grobe and co-workers prepared nickel and palladi-
um cage complexes of type A, but X-ray diffraction analy-
ses revealed long M—Si distances and tetrahedral geometries
around silicon, suggesting little, if any, M —Si interaction. In
addition, the existence of donor-acceptor M—Si and M—
Sn interactions has been invoked in silicon- and tin-bridged
[1]ferrocenophanes B as well as in silacyclotriyne nickel
complexes C,”! in which relatively short M—Si distances are
imposed geometrically.

)
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X =0, CH, E=Si Sn
M = Ni, Pd
L = CO, PPh,

Recently, the ability of silanes and stannanes to behave as
o-acceptor ligands towards electron-rich transition metals
was unambiguously substantiated by two independent stud-
ies. Wagler et al. isolated complexes of type I on reaction of
tetramethimazolylsilanes and -stannanes with MCl, precur-
sors (M =Pd or Pt).'"! Coordination is accompanied by the
shift of a chlorine atom from the metal to the Group 14 ele-
ment, and the transannular M—E (E =Si, Sn) interaction is
supported by four methimazolyl buttresses, resulting in a
lanternlike structure. Starting from diphosphine-silanes and
stannanes, we prepared gold complexes of general formula
I Here, the Au—E (E=Si, Sn) interaction is supported
by only two phosphorus buttresses, and the heavier
Group 14 element adopts a trigonal-bipyramidal arrange-
ment. These preliminary results prompted us to explore the
influence of the substitution pattern at silicon on the coordi-
nation of silanes as o-acceptor ligands, and here we report a
comprehensive study on a series of diphosphine-silane gold
complexes [({o-(iPr,P)CsH,},Si(R)X)AuCl] (R=F, Ph, Me,
X =F, Me). The presence and magnitude of the Au—Si in-
teraction were assessed spectroscopically, structurally and
theoretically.
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Results and Discussion

Diphosphine-silane ligands 1-3 were prepared by treating
two equivalents of o-lithiated diisopropylphenylphosphine
with the trichlorosilane RSiCl; (R=Ph, CI, Me) in toluene
at —78°C, and then with HF-collidine (collidine =24,6-tri-
methylpyridine) to achieve chlorine to fluorine exchange.
The desired complexes 4-6 were obtained as analytically
pure, white solids (ca. 88% yield) by treating 1-3 with
[AuCI(SMe,)] in dichloromethane at —78°C (Scheme 1).

Li RF i
@[ 1. RSiCl, S.//@ [AUCI(SMe)] Q\S.
[ttt S i s b7 iR
PiPry 2. HF-collidine . T /
iPryP PiPry iProP—Au—PiPr;
R =Ph, Cl, Me |
Cl
1:R'=Ph 4:R'=Ph
2R=F 5R=F
3:R'=Me 6:R'=Me

Scheme 1. Synthesis and coordination of diphosphine-silane ligands 1-3.

Complex 4 was shown by X-ray diffraction analysis to fea-
ture an unusual Au—Si interaction, as discussed in a pre-
liminary report."!! The most diagnostic features are the
short Au—Si distance of 3.090(2) A, a geometry around the
silicon center that only deviates slightly from trigonal-bipyr-
amidal, and the noticeable elongation of the Si—F bond
(from 1.599(7) A in free ligand 1 to 1.635(3) A in complex
4). The pentacoordinate character of silicon in 4 was also
apparent from NMR spectroscopic studies. In the solid state,
the ’Si NMR signal is shifted upfield on coordination, from
0=—5ppm in 1 to —23 ppm in complex 4. Surprisingly, '°F,
P, and *Si NMR analyses indicated the presence of two
species in 60/40 ratio when the crystals of 4 were dissolved
in CDCl;. Based on the similarity of the *?Si NMR chemical
shifts, the major compound in solution (6 =—-21.4 ppm) was
assigned to the structure observed in the solid state, with the
fluorine atom trans to gold (4,,,). The *Si NMR chemical
shift of the minor product (6 =—3.9 ppm) differs significant-
ly from that of 4, and is found in the same region as that
of the free ligand. This suggests that the Au—Si interaction,
if still present, is significantly weaker in this form. Another
conspicuous feature of the minor species is the presence of a
substantial P-F coupling constant (22.5 Hz). All these data
are consistent with the minor species corresponding to the
cis form 4, in which the fluorine atom is cis to gold
(Scheme 2).

7 A
SI‘Ph SI\F
iPrzP-A|U‘F’iPr2 iPrZP—Alu—PiPrz
Cl Cl
4rans 4cis

Scheme 2. Interconversion of the two isomeric forms 4,,,,, (major) and 4,;
(minor) in solution.
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Variable-temperature '°F and *'P NMR studies were car-
ried out to gain more insight into the interconversion of
4,,..s and 4, in solution. The ratio between the two isomeric
forms does not vary significantly from —20 to 60°C, but dy-
namic exchange between 4,,,, and 4, was apparent from
broadening of the signals upon heating. However, decompo-
sition occurred before coalescence, and as a result the acti-
vation barrier could not be readily estimated by using a
modified Eyring equation.”” We thus turned to 2D
EXSY NMR experiments!'™>'¥ to further substantiate the
isomerization process around silicon, and to estimate the as-
sociated activation barrier. The cross-peaks observed be-
tween the resonance signals in the 2D *'P{'H} EXSY NMR
spectrum (Figure 1) unambiguously indicate the presence of

4cis 4trans

NJ\/\“ S/ppm

‘4 —57.0
=3 o

575

I-58.0
-58.5
-59.0

PS4 0 =

[-60.0
T T T T T
59.5 59.0 58.5 58.0 57.5 §/ppm

Figure 1. Contour plot of the 2D *'P{'H} EXSY NMR spectrum recorded
for complex 4 at 277 K in CDCI; with a mixing time ¢, =300 ms.

dynamic exchange between the two species. The rate con-
stant associated with the exchange process was calculated
from the intensities of the cross-peaks according to the
method of Perrin, Dwyer, and Gipe.'*"! Accordingly, the
activation barrier for the interconversion between 4,,,,, and
4., was estimated to be 14.9 kcalmol ' at 277 K.

To gain some insight into the structure of 4., DFT calcu-
lations were carried out at the B3PW91/SDD(Au,P,Cl), 6-
31G**(Si,F,C,H) level of theory. In agreement with the ex-
perimental observations, two minima associated with the
two arrangements around silicon were located at about the
same energy on the potential surface (AG =2.4 kcalmol™" in
favor of 4,,,:* at 25°C; Figure 2).

The optimized structure of 4,,,* nicely reproduces that
determined crystallographically (Table 1). The geometric
data computed for the cis isomer 4.* differ significantly
from those of 4,,,* the Au—Si distance is much longer
(3.45 A in 4, vs. 3.13 A 4,..s5) and the geometry around
the silicon center tends to tetrahedral rather than trigonal-
bipyramidal (ZSioy,s,=341.3° and Au-Si-Cp, 144.1° in 4,*
Vs, ZSi0ly,=356.9° and Au-Si-F 171.9° in 4,,,*). This is

Figure 2. Optimized geometries of the two isomeric forms 4, (left) and
4., (right).

Table 1. Geometric data (bond lengths [A] and angles [?]) determined
crystallographically for complex 4,,,, and optimized computationally for
actual complexes 4. and 4,,,,*.

4, XRD 4,..* DFT 4,,* DFT
Au-Si 3.089(13) 3.131 3452
Si-F 1.635(3) 1.663 1.634
Si—Cpy 1.880(5) 1.890 1.892
Au-Si-X,, 166.11(12) 171.86 144.08
YSit 353.4(6) 356.86 341.33

consistent with the *Si NMR data and further supports
weakening or even annihilation of the Au—Si interaction
from 4, to 4.

The presence and magnitude of Au—Si interactions in
the two isomeric forms of complex 4 were assessed by natu-
ral bond orbital (NBO) and atom in molecules (AIM) anal-
yses. At the second-order perturbation level, a donor-ac-
ceptor interaction from gold to silicon was found in 4,,,,*
with a delocalization energy AEygo of 7.6 kcalmol™
(Figure 3). In addition, the AIM electron density map of

Au

Si

Figure 3. Molekel plots for the donor NBO (left) and acceptor NBO
(right) associated with the Au—Si interaction in 4,4,

4,...* shows the presence of a bond path between Au and Si
with an electron density o(r) of 2.13x107?ebohr™ at the
bond critical point (BCP). None of these features are ob-
served for the isomer 4,*, that is, significant Au—Si inter-
action is absent in this form.

Comparison of the bonding situation in 4,,,, and 4 sub-
stantiates the key role of the fluorine atom in the formation
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of the Au—Si interaction, and draws some parallel with that
known for neutral pentacoordinate adducts of silanes with
organic bases. The o*g orbital is substantially lower in
energy than the o*g;p, orbital. Consequently, coordination of
the silane moiety as a o-acceptor ligand is more favorable
when the fluorine atom, rather than the phenyl group, is
trans to gold (4, rather than 4,). These results also point
out that the presence of the Au—Si interaction in 4,,,, al-
though supported by the two phosphorus buttresses, is not
geometrically imposed by the structure of the ligand, since
the silicon center moves away when the relative positions of
the phenyl group and fluorine atom at silicon are ex-
changed.

To further investigate the influence of the substituents at
silicon on the magnitude of metal—silane interactions, we
then replaced the phenyl group by another electron-with-
drawing fluorine atom. The solid-state structure of the ensu-
ing complex 5 was elucidated by X-ray diffraction analysis
(Figure 4). The silicon atom comes close to the metal center.
The Au-Si distance (3.108(1) A) is in between the sum of
the covalent radii (2.47 A)!' and the sum of van der Waals
radii (4.20 A),'"” and actually very similar to that of 4. The
presence of a gold—silane interaction in 5 is further sup-
ported by the slightly distorted trigonal-bipyramidal geome-
try around silicon (ZSit,e =352.6°). As a result, the two
fluorine atoms become inequivalent. One fluorine atom, re-
ferred to as F,,, occupies an apical position and is located

approximately trans to gold (F,,-Si-Au 164.38(8)°), while the

Figure 4. Top: Molecular view of 5 in the solid state (thermal ellipsoids
set at 30% probability). Selected bond lengths [A] and angles [°]: Au—Cl
2.600(1), Si—F., 1.588(2), Si—F,, 1.612(2), Au-Si 3.108(1); P1-Au-P2

153.28(3), Cl-Au-Si 140.85(3), Au-Si-F,, 164.38(8). Bottom: Optimized
structure of 5*. In both cases, hydrogen atoms are omitted for clarity.
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other fluorine atom, referred to as F,,, sits in the equatorial
plane, cis to gold (F.-Si-Au 66.62(7)°). The apical Si—F
bond (Si—F,, 1.612(2) A) is slightly oelongated compared to
the equatorial one (Si—F,, 1.588(2) A), in line with what is
typically observed in difluorosilane adducts with organic
bases.!"*!

According to multinuclear NMR analyses, the Au—Si in-
teraction is also present in solution. The *?Si NMR chemical
shift for 5§ (0=-37.3 ppm) falls in the same range as those
reported for pentacoordinate difluoro(diaryl)silicon deriva-
tives featuring an intramolecular N—Si bond.® The modi-
fication of the geometry around silicon upon coordination is
also apparent from the "F NMR data. A single signal was
observed at 0=—131.1 ppm for free ligand 2, but the two
fluorine atoms are magnetically inequivalent in complex §
(0=-108.1 and —125.4 ppm, %J(F,F) =26 Hz). The '’F NMR
chemical shifts observed for 4., (0=—114.9 ppm) and 4,
(6=-135.8 ppm) support the following assignment for 5:
—108.1 ppm (F,) and —125.4 ppm (F,;). Accordingly, only
the fluorine atom in cis position to gold would exhibit a J-
(P,F) coupling constant (14.7 Hz), in line with that observed
for 4,;/4,,.,v The elongation of the Si—F,, bond as a result of
d(Au)—o*(SiF,,) donation is probably responsible for the
absence of P-F coupling for the fluorine atom trans to gold.
The assignment of the '’F NMR resonance signals of 5 was
further confirmed by solid-state 2D HETCOR *'P-"F NMR
spectroscopy. Here, the intensities of the cross-peaks due to
3P_YF dipolar coupling are directly related to the spatial
proximity between the nuclei. For complex 5, cross-peaks
were observed for both ’F NMR signals, with significantly
higher intensity for that at —108.1 ppm.[*” This nicely agrees
with the shorter distances observed in the solid state for P—
F,, (3.556 and 3.649 A) versus P-F,, (4.882 and 4.979 A). In
addition, variable-temperature '"F NMR experiments re-
vealed dynamic exchange of F,, and F,, in solution. The ex-
change proceeds in the slow regime of the NMR timescale
up to temperatures at which decomposition occurs. The cor-
responding activation barrier, as estimated by 2D “F
EXSY NMR spectroscopy (AG*=14.0 kcalmol ™! at 283 K),
is slightly lower than that determined for interconversion
between 4, and 4,,,,.

Density functional theory (DFT) calculations were carried
out on complex 5* to shed more light into the Au—Si inter-
action. The optimized structure of 5* nicely matches that de-
termined experimentally for 5 (Figure 4), and NBO and
AIM analyses further confirmed the presence of the Au—Si
donor-acceptor interaction. The corresponding delocaliza-
tion energy (AEypo=8.1kcalmol™) and electron density
o(r) at the BCP (2.34x 102 ebohr ) were found to be only
slightly higher than those of 4,,,,, in agreement with the geo-
metric data.

The structure of complex 5 confirms the propensity of di-
phosphine-silane ligands to engage in Au—Si interaction,
and suggests that the silicon substituent in the equatorial po-
sition has minimal influence on the magnitude of the inter-
action. This behavior is in marked contrast with that of ni-
trogen adducts of fluorosilanes. Indeed, the strength of in-
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tramolecular N—Si interactions typically increases with the
number of fluorine atoms at silicon (SiFPh, < SiF,Ph < SiF;),
as apparent from a significant shortening of the correspond-
ing N—Si bond lengths.['*

To further assess the influence of the silicon substituents
on the magnitude of the Au—Si interaction, complex 6 fea-
turing a fluorine atom and a methyl group at silicon was
then investigated. As previously observed, the coordination
of the silane as a o-acceptor ligand was unambiguously es-
tablished by X-ray diffraction analysis (Figure 5). The Au—Si

cl <

Figure 5. Molecular view of 6 in the solid state (thermal ellipsoids set at
50% probability and hydrogen atoms omitted for clarity). Selected bond
lengths [A] and angles [°]: Au—Cl 2.627(3), Si-F 1.639(7), Si—Cl
1.873(11), Au—Si 3.089(3); P1-Au-P2 151.55(9), Cl-Au-Si 136.19(10), Au-
Si-F 168.5(3).

distance is short (3.089(3) A) and the environment around
silicon tends to trigonal-bipyramidal (Z(C-Si-C)=
354.20(15)°). The fluorine atom occupies an apical position
trans to gold (F-Si-Au 168.5(3)°), while the methyl group
sits in the equatorial plane. Similarly to 4, complex 6 adopts
the 6,,,, form in the solid state. However, 6,,,, is the only
species observed in solution in this case. The *Si NMR
signal is shifted upfield by 16.5 ppm on coordination (from
0=06.0 ppm in the free ligand 3 to 6=—10.5 ppm in 6,,,,),
and the "’F NMR resonance appears as a singlet (no J(P,F)
coupling constant) at 0 =—141.5 ppm.

DFT calculations were carried out on this complex as well
to gain insight into the other conceivable form 6,* (featur-
ing the fluorine atom in cis position to gold) and to compare
the bonding situations in the two isomers. The optimized ge-
ometry of 6,,,,* fits closely with that determined experimen-
tally (Table 2). The 6.;* isomer, not observed experimental-

Table 2. Geometric data (bond lengths [A] and angles [°]) determined
crystallographically and optimized computationally for complex 6.

6,rns XRD 6,rn* DFT 6.* DFT
Au-Si 3.089(3) 3.061 3.425
Si—F 1.639(7) 1.703 1.665
Si—Cyye 1.873(11) 1.893 1.893
Au-Si-X,, 168.5(3) 170.54 156.65
SSictae 354.20(15) 357.57 342.47
10812 —— www.chemeurj.org
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ly, was also found as a minimum on the potential-energy sur-
face, about 4.1 kcalmol™ higher in energy than 6,,,*
(Figure 6). Similar to 4,*, the geometric features computed

Figure 6. Optimized geometries of the two isomeric forms 6,,,,, (top) and
6, (bottom).

for 6.* substantiate the remoteness of the silicon atom
from the gold center (the Au—Si distance is 3.425 A and the
environment around silicon tends to tetrahedral with =Si, =
342.5°). Furthermore, while the presence of an Au—Si inter-
action with similar magnitude to those of complexes 4,
and 5 was confirmed for 6,,,, by NBO (AEyzo=
6.0 kcalmol™') and AIM analyses (o(r)=1.89x 1072 ebohr*
at the bond critical point), such donor-acceptor interaction
was not observed for 6,;,*.

These results further confirm that the nature of the equa-
torial substituent at silicon has little, if any, influence on the
magnitude of the Au—Si interaction in diphosphine-silane
gold complexes such as 4, 5, and 6. A single electron-with-
drawing fluorine atom at silicon is enough to observe coor-
dination of the silane as a o-acceptor ligand, but its position
plays a key role. Significant Au—Si interaction is only ob-
served when the fluorine atom is positioned trans to the
donor gold center and thus optimizes the overlap between
the low-lying accepting orbital centered at silicon (o*g;) and
the occupied donating d orbital at gold.

Finally, to confirm the necessity of an electron-withdraw-
ing substituent to observe the coordination of the silane
moiety as a o-acceptor ligand, we sought to prepare and
characterize a complex without fluorine at silicon. Diphos-
phine-silane ligand 7, featuring two methyl substituents, was

Chem. Eur. J. 2010, 16, 10808 —10817
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prepared and coordinated to gold under similar conditions
to the related fluorinated systems (Scheme 3).

Li Me Me Me\ /Me
©i Me,SiCl, Q\\ _//@ [AuCI(SMe,)] Q\Si/@
2 Si
PiPr iPrP—Au—F]
2 iProP PiPr, iProP AIU PiPr,
Cl
7 8

Scheme 3. Synthesis and coordination of diphosphine-silane ligand 7.

Colorless crystals of complex 8 were obtained at —30°C
from dichloromethane/pentane, and an X-ray diffraction
analysis was carried out (Figure 7). In contrast to complexes
4-6, the solid-state structure of 8 exhibits a long Au—Si dis-
tance (3.345(1) A), and the geometry around silicon remains
essentially tetrahedral. The *Si NMR resonance signal is
only slightly shifted upon coordination (from é=-7.0 ppm
in free ligand 7 to 6 =—12.4 ppm in complex 8), and falls in
the same range as that observed in 4., Moreover, the two
methyl substituents at silicon remain magnetically equiva-
lent in complex 8 (both in '"H and “C NMR). All of these
experimental data indicate that the silane moiety of 7 does
not participate in coordination. The absence of Au—Si in-
teraction in complex 8 was further substantiated by theoreti-

Figure 7. Top: molecular view of 8 in the solid state (thermal ellipsoids
set at 50% probability). Selected bond lengths [A] and angles [°]: Au—Cl
2.691(9), Si—Cl1 1.895(4), Si—C2 1.877(4), Au—Si 3.345(1); P1-Au-P2
148.33(3)°; Cl-Au-Si 136.15 (3)°; Au-Si-Cl 164.52(14)°. Bottom: opti-
mized structure of 8*. In both cases, hydrogen atoms are omitted for
clarity.
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© 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

FULL PAPER

cal calculations. The key geometric features determined
crystallographically were nicely reproduced computationally,
and no sign of significant Au—Si interaction was found by
NBO and AIM analyses.

Conclusion

Diphosphine-silane gold complexes 4-6 have been shown
experimentally and theoretically to feature donor-acceptor
Au—Si interactions. This study provides a comprehensive
picture of the factors influencing the formation of penta-
coordinate silicon derivatives in which a metal center acts as
a Lewis base. In this series, the presence of a single elec-
tron-withdrawing fluorine atom is enough to observe coordi-
nation of the silane as a og-acceptor ligand. The nature of the
second substituent at silicon (R=F, Ph, Me) has very little
influence on the magnitude of the Au—Si interaction, in
marked contrast with that observed for related N—Si ad-
ducts.

The apical/equatorial positions around silicon were found
to exchange in the slow regime of the NMR timescale, and
the two isomeric forms of complex 4, with the fluorine atom
in trans or cis position to gold, were characterized spectro-
scopically.

These results extend the concept of o-acceptor ligands
beyond highly electron deficient moieties (such as Group 13
Lewis acids), and further increase the variety of bonding sit-
uations achievable with heavier Group 14 elements. Spectac-
ular developments have been reported over the last decade
for complexes featuring side-on Si—H?" and Si—Si® o
bonds, strongly donating SiR; groups,”” and M—Si double-
and triple-bond character.” Coordination of silanes as o-ac-
ceptor ligands offers a further possibility. The variety of
complexes prepared in the past few years from the same di-
phosphine-silane ligand architecture [o-(R,P)C¢H,],SiR'R”
nicely illustrates this versatility (Scheme 4).*

7/ | N
l\‘/Ie l\iﬂe f‘-'
Si SiZ Sic
R

2 | /H Y,
RoP—[M]—PR, RP—[M]-PR, iProP = Au=PiPr,

|

X cl
[M] = Pt, Pd, Ni [M] = Pt, Pd(PPhg)

silyl n%(Si-H) a-acceptor silane

Scheme 4. Schematic representation of the various types of complexes
prepared from diphosphine-silane ligands featuring o-phenylene back-
bones.
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Experimental Section

All reactions and manipulations were carried out under an atmosphere
of dry argon by using standard Schlenk techniques. Dry, oxygen-free sol-
vents were employed. Solid-state 'H, '*C, *'P, "F, *Si and 2D HETCOR
*'PF NMR spectra were recorded on a Bruker Avance 400WB spec-
trometer. Solution 'H, 1*C, *'P, "F, ¥Si, *'P, and F 2D EXSY NMR spec-
tra were recorded on Bruker Avance 300, 400, or 500 spectrometers.
Chemical shifts are expressed in parts per million, relative to residual 'H
and "°C solvent signals, 80 % H;PO,, CFCl;, or SiMe,. The N values cor-
responding to 'A[J(AX)4+J(A'’X)] are provided when second-order
AA’X systems are observed in the CNMR spectra.’”) Mass spectra
were recorded on a Waters LCT apparatus. o-Lithiated diisopropylphe-
nylphosphine was prepared by a previously described procedure.*! SiCl,
and Me,SiCl, were purchased from Aldrich and distilled before use.
MeSiCl; (anhydrous beads, 97%) and PhSiCl; (anhydrous beads, 97 %)
were purchased from Aldrich and used as received. 2,4,6-Trimethylpyridi-
ne-2HF (HF-collidine) was purchased from Alfa Aesar and used as re-
ceived.

Synthesis of diphosphine-silane 1: A solution of SiPhCl; (186 uL,
1.16 mmol) in toluene (5 mL) was added dropwise to a solution of o-lithi-
ated diisopropylphenylphosphine (616 mg, 2.44 mmol) in toluene (5 mL)
at —78°C. The solution was allowed to warm slowly to room temperature
over 4h, after which the volatile substances were removed under
vacuum, and the product was extracted from the salts with dichlorome-
thane (10 mL) and directly used in the second-step reaction. A solution
of HF-collidine (90 mg, 1.16 mmol) in dichloromethane (5mL) was
added to the product in dichloromethane (10 mL) at room temperature,
and the mixture was allowed to stir for 30 min. Then, the solution was
pumped to dryness and the residue extracted with n-pentane (3 x5 mL).
The filtrate was concentrated to 5 mL, stored at —30°C overnight, and
the resulting white precipitate washed with pentane (2x1 mL). 1 was iso-
lated as a white powder (216.5 mg, 37% yield). *'P{'H} NMR (CDCl,,
202.5 MHz, 298 K): 6=3.62 (d, “/(PF)=86.8 Hz); *Si NMR (CDCl,,
99.4 MHz, 298 K): 6=—-5.2 (d, 'J(Si,F)=289 Hz); "F{'H} NMR (CDCl,,
2822 MHz, 298K): 0=-144 (d, “J(FP)=87 Hz); 'HNMR (CDCl,,
500 MHz, 298 K): 6=7.59 (d, *J(H,H)=7.1 Hz, 2H; H,,m), 7.56 (dd,
3J(HH)=8.0Hz, *J(HH)=81Hz, 2H; H, Ph), 746 (d, *J(HH)=
75Hz, 2H; Huen), 742 (t, JJ(HH)=74Hz, 2H; H,um), 738 (d,
3J(H,H)=7.4 Hz, 1 H; H, Ph), 7.31 (1, (H,H)=7.5 Hz, 2H; H, Ph), 7.25
(t, *J(HH)=74Hz, 2H; Huon), 2.09 (sept, J(HH)=69Hz, 2H;
CHCHy,), 1.94 (sept, *J(H,H)=7.0 Hz, 2H; CHCHj,), 1.05 (dd, *J(H,P)=
7.1Hz, *J(HH)=69Hz, 6H; CHCH,), 1.04 (dd, *J(H,P)=6.4 Hz,
*J(HH)=6.9 Hz, 6H; CHCH;), 0.83 (dd, *J(H,P)=52Hz, *J(HH)=
7.1 Hz, 6H; CHCH,), 0.75 (dd, *J(H,P)=5.5 Hz, *J(H,H)=7.1 Hz, 6 H;
CHCH;); “C{'H}NMR (CDCl,, 125.8MHz, 298K): 0=145.0 (d,
'J(C,P)=19 Hz; PC,,,), 144.0 (dd, J(C[P)=45.0Hz, *J(CF)=13.5Hz;
SiCy), 137.5 (td, 2J(C,P)=15.6 Hz, */(CF)=2.8 Hz; C,;om), 135.6 (s; C,,
Ph), 132.1 (s; Cuom)s 129.5 (s; C, Ph), 129.3 (s; Cyurom)s 127.6 (85 Carom)s
1274 (s; C, Ph), 25.3 (d, 'J(C,P)=14.5 Hz; CHCHj), 24.9 (d, 'J(CP)=
14.5 Hz; CHCHj), 20.2 (d, %J(C,P)=12.9 Hz; CHCHj;), 20.2 (d, %J(C,P)=
18.9 Hz; CHCH,), 20.2 (d, %J(C,P)=10.8 Hz; CHCHj;), 19.6 (d, J(C,P)=
16.0 Hz; CHCH;); HRMS (ESI+) caled for [M+H]*=C;H,P,FSit:
511.2515, found: 511.2533.

Synthesis of 2: A solution of SiCl, (209 pL, 1.82 mmol) in toluene (5 mL)
was added dropwise to a solution of o-lithiated diisopropylphenylphos-
phine (939 mg, 3.72 mmol) in toluene (10 mL) at —78°C.The solution was
allowed to warm slowly to room temperature over 4 h, after which the
volatile substances were removed under vacuum, and the product was ex-
tracted with dichloromethane (15mL). A solution of HF-collidine
(284 mg, 3.64 mmol) in dichloromethane (5 mL) was added to the solu-
tion of the above product in dichloromethane (15 mL) at room tempera-
ture, the mixture was allowed to stir for 30 min. Then, the solution was
pumped to dryness and the residue extracted with n-pentane (3x10 mL).
Residual phosphonium salt was deprotonated with 1,8-diazabicyclo-
[5.4.0Jundec-7-ene (97 pL, 0.65 mmol) in dichloromethane (5 mL). The
solution was pumped to dryness and the solid extracted with n-pentane
(3x5mL). Filtrates were combined and concentrated to 10 mL and
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stored at —30°C overnight. 2 was isolated as a white powder (393 mg,
48 % yield). Colorless crystals suitable for X-ray crystallography were ob-
tained from pentane solution at —30°C (see Figure S2, Supporting Infor-
mation). *'P{'H} NMR (C,D,, 202.5MHz, 298 K): =59 (t, Y/(PF)=
48 Hz); ¥SiNMR (C,Ds, 99.4 MHz, 298 K): 6=-33.1 (t, 'J(Si,F)=
288 Hz); "F{'H} NMR (C,4Ds, 282.5 MHz, 298 K): 6 =—131.1 (t, 'J(FSi)=
288 Hz, *J(F,P)=48 Hz); '"H NMR (C,D, 500 MHz; 298 K): 6=38.41 (d,
*J(HH)=7.4 Hz, 2H; H,1on), 726 (d, *J(H,H)=7.3 Hz, 2H; H,on), 7-18
(m, 2H; H,n), 7.14 (m, 2H; H,,,), 1.83 (sept d, %/(H,P)=3.8 Hz,
*J(H,H)=7.0 Hz, 4H; CHCH,;), 1.00 (dd, *J(H,P)=14.3 Hz, *J(H,H)=
7.0Hz, 12H; CHCH,), 0.71 (dd, *J(H,P)=12.3 Hz, *J(H,H)=7.0 Hz,
12H; CHCH;); “C{'H) NMR (C¢D;, 125.8 MHz, 301 K): 6=144.3 (d,
*J(C,P)=17.6 Hz; PC,,,), 142.5 (td, J(C,P)=48.0 Hz, *J(C,F)=16.1 Hz,
‘J(CP)=3.6Hz; SiC,,,), 1389 (AAX, N=127Hz; C,om), 1316 (s;
Cuom)s 1305 (55 Cuom)s 1283 (s; Carom)> 252 (d, J(C,P)=13.3 Hz;
CHCHj), 20.2 (d, J(C,P)=17.8 Hz; CHCH,), 20.1 (d, 2J(C,P)=11.5 Hz;
CHCH,;); HRMS (ESI*) caled for [M+H]*=C,,H;;P,F,Si*: 453.2133,
found: 453.2108.

Synthesis of 3: A solution of SiMeCl; (137 uL, 1.17 mmol) in toluene
(5 mL) was added dropwise to a solution of o-lithiated diisopropylphe-
nylphosphine (621 mg, 2.46 mmol) in toluene (5 mL) at —78°C. The solu-
tion was allowed to warm slowly to room temperature during 4 h, after
which the volatile substances were removed under vacuum. Then the
ligand was extracted from the salts with dichloromethane (10 mL). A so-
lution of HF-collidine (91 mg, 1.17 mmol) in dichloromethane (5 mL) was
added to a solution of the above product in dichloromethane (10 mL) at
room temperature, and the mixture was allowed to stir for 30 min. Then,
the solution was pumped to dryness, and the residue was extracted with
n-pentane (3 x5 mL). The filtrate was concentrated to 5 mL and stored at
—30°C overnight. 3 was isolated as a white powder (173 mg, 33 % yield).
P{'H} NMR (CDCl;, 202.5MHz, 298K): 6=2.8 (d, “/(PF)=52 Hz);
¥SiNMR (CDCl,;, 99.4 MHz, 298 K): 6=6.0 (d, 'J(Si,F)=279.7 Hz);
YF{'H} NMR (CDCl;, 282.2 MHz, 298 K): 0=—151 (d, */(F,P)=52 Hz);
'"HNMR (CDCl;, 500 MHz, 298 K): 6=7.89 (m, 2H; H,yqn), 7.46 (m,
2H; Hypom), 7.34 (m, 4H; H,op), 2.00 (sept d, 2J(H,P)=1.3 Hz, *J(H,H)=
6.9 Hz, 2H; CHCHj;), 1.88 (sept d, J(H,P)=3.2 Hz, *J(H,H)=7.0 Hz,
2H; CHCH;), 1.06 (dd, *J(H,P)=140Hz, *J(HH)=69Hz, 6H;
CHCHS,), 1.03 (dt, *J(H,F)=8.1 Hz, *J(H,P)=2.5 Hz, 3H; SiCH;), 0.98
(dd, *J(H,P)=13.6Hz, J(HH)=69Hz, 6H; CHCH;), 0.70 (dd,
*J(H,P)=14.8 Hz, *J(H,H)=7.3 Hz, 6H; CHCH,), 0.69 (dd, J(H,P)=
145Hz, *J(HH)=73Hz, 6H; CHCH;); “C{'H}NMR (CDCl,
125.8 MHz, 301 K): 0=145.9 (dd, %/(C,F)=13.9 Hz, *J(C,P) =44.5 Hz; Si-
Cpo)> 1439 (d, J(CP)=18.0Hz; PC,,,), 137.1 (m, C,om), 131.6 (d,
*J(C,P)=2.1 Hz; Cyom)> 129.1 (5; Cyrom)> 127.6 (53 Cyrom)» 25.5 (d, 'J(C,P) =
14.0 Hz; CHCH,), 25.0 (d, 'J(C,P)=13.0 Hz; CHCHj), 20.4 (d, 2J(C,P)=
13.1 Hz; CHCH3), 20.2 (d, %/(C,P)=18.3 Hz; CHCHj;), 20.2 (d, J(C,P)=
12.3 Hz; CHCH,), 19.8 (d, %/(C,P)=16.6 Hz; CHCH3), 4.0 (td, J(CF)=
16.3 Hz, *J(C,P)=11.2 Hz; SiCH;); HRMS (ESI+) caled for [M+H]" =
C,sH,,P,FSi: 449.2347, found: 449.2359.

Synthesis of complex 4: A solution of 1 (79 mg, 0.15 mmol) in dichloro-
methane (1 mL) was added to a suspension of AuCl(SMe,) (44 mg,
0.15 mmol) in dichloromethane (1 mL) at —78°C. After warming to
room temperature, the solution was pumped to dryness and complex 4
was isolated as a white powder (98 mg, 88 % ). Two isomers are observed
in NMR spectra: 4,,,,, and the 4, with the fluorine atom positioned trans
and cis to gold, respectively. Colorless crystals suitable for X-ray crystal-
lography were obtained from dichloromethane/pentane at room tempera-
ture. 44 CP{'H}NMR (CDCl;, 202.5MHz, 263K): 0=57.1 (s);
¥Si NMR (CDCl;, 99.4 MHz, 263 K): 6=-21.4 (d, J(Si,F)=259 Hz);
YF{'H} NMR (CDCl;, 3763 MHz, 213K): 6=-1358 (s); 'HNMR
(CDCl,, 500 MHz, 263 K): 6=8.26 (d, *J(H,H)=7.5 Hz, 2H; H,.,), 7.80
(d, *J(H,H)=6.9 Hz, 2H; H, Ph), 7.59 (d, *J(H,H)=8.2 Hz, 2H; H,on),
7.52 (m, 4H; H,o), 7.35 (m, 3H; H,, and H, Ph), 2.70 (m, 2H; CHCHj;),
2.61 (m, 2H; CHCHj;), 1.42 (m, 6H; CHCH;), 1.13 (m, 6H; CHCHj),
0.93 (m, 12H, CHCH;); “C{'"H} NMR (CDCl;, 125.8 MHz, 263 K): 6=
144.1 (dt, *J(CF)=19.5 Hz, *J(C,P)=15 Hz; SiC,,,), 137.4 (dd, *J(C,P)=
9.0 Hz, *J(CF)=10.3 Hz; C,n), 136.9 (AA'’X, N=19.5 Hz; PC,,,), 135.5
(s; C, Ph), 135.1 (d, *J(C,F)=23.3 Hz; C,,, Ph), 133.2 (s; C, Ph), 131.1
(85 Carom)s 130.2 (55 Cyrom)s 129.6 (55 Cy), 128.1 (s; C, Ph), 28.4 (AA'X, N=
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14.0 Hz; CHCH;), 25.4 (AA’X, N=129 Hz; CHCH,), 194 (AA'X, N=
2.4 Hz; CHCH,),183 (s; CHCH,), 164 (s; CHCH,). 4,,: *P{'H} NMR
(CDCL, 202.5MHz, 263K): 6=59.6 (d, “J(PF)=22.5 Hz); ®Si NMR
(CDCL99.4 MHz, 263 K): 0=-3.9 (d, J(Si,F)=318 Hz); “F{'H} NMR
(CDCL, 3763 MHz, 213K): 6=-114.9 (d, “J(EP)=20 Hz); 'H NMR
(CDCL, 500 MHz, 263 K): 6=7.97 (d, */(H,H) =7.5 Hz, 2H; H,,,), 7.80
(m, 2H; H,,,), 7.52 (m, 3H; H, Ph et H,,,), 7.46 (t, */(H{,H)=7.4 Hz,
2H; Hyom), 733 (m, 4H; H,, et H, Ph), 3.00 (m, 2H, CHCH,), 2.7 (m,
2H, CHCH,), 1.58 (m, 6H; CHCH,), 1.27 (m, 12H; CHCH,), 1.00 (m,
6H; CHCH,).’C['H} NMR (CDCl,, 125.8 MHz, 263 K): 6=141.3 (dd,
J(CF)=9.1Hz, Y(CP)=129Hz; SiC,,), 1382 (1, (CP)=7.6 Hz;
Cuon)> 137.7 (t, J(CP)=18.1 Hz; PC,,,), 137.7 (d, 2J(CF)=14.6 Hz;
SiCpy), 132.6 (53 Corom)s 130.0 (53 C, Ph), 129.6 (55 Carom)s 1288 (53 Corom)s
127.8 (s; C, and C,, Ph), 27.0 (AA'X, N=13.3 Hz; CHCHj), 24.8 (AA'X,
N=141Hz; CHCH;), 20.0(s; CHCH;), 189 (AA'X, N=42Hz;
CHCH,),18.7 (s; CHCHa;), 17.8 (s; CHCH;); HRMS (ESI+) caled for
CyoH P,FSiAuCl: 707.2102, found: 707.2113.

Synthesis of complex 5: A solution of 2 (150 mg, 0.33 mmol) in dichloro-
methane (4mL) was added to a suspension of AuCl(SMe,) (100 mg,
0.34 mmol) in dichloromethane (2mL) at —78°C. After warming to
room temperature, the solution was pumped to dryness and complex 5§
was isolated as a white powder (201 mg, 88 % ). Colorless crystals suitable
for X-ray crystallography were obtained from dichloromethane/diethyl
ether at —30°C. *'P{'"H} NMR (CDCl;, 202.5 MHz, 278 K): 6=63.2 (d,
“J(P,F)=16.5 Hz); ¥Si NMR (CDCl,;,99.4 MHz, 278 K): 6=-37.3 (ps t,
1J(Si,F) =281 Hz); “F{'H} NMR (CDCl,, 376.3 MHz, 213 K): =-108.1
(td, *J(PF)=14.7 Hz, 2J(FF)=26 Hz; F,)), —125.4 (d, 2/(EF)=26 Hz;
F,), 'HNMR (CDCl;, 500 MHz, 278 K): 6=8.29 (d, J(H,H)=8.0 Hz,
2H; H,,om), 7.57 (m, 6H; H,,.), 2.99 (m, 2H; CHCHj;), 2.90 (m, 2H;
CHCH;), 1.60 (m, 6H; CHCH,), 1.26 (m, 12H; CHCH,), 0.97 (m, 6H;
CHCH,;) PC{'H} NMR (CDCl, 125.8 MHz, 278 K): 6 =142.1 (m, SiC,,,),
137.9 (AA’X, N=122Hz; C,om), 136.5 (t, *J(C,P)=20.4 Hz, *J(CF)=
1.4 Hz; PC,,,), 132.4 (s; Cuom), 130.6 (s; Cyom), 130.5 (55 Cyrom)s 26.6
(AA’X, N=14.1Hz; CHCH,;), 25.3 (AA'X, N=14.7Hz; CHCH;), 19.9
(s; CHCHj;), 189 (s; CHCH;), 189 (s; CHCH,;), 17.5 (s; CHCH;);
HRMS (ESI+) caled for [M—CIl]*" =C,,H;,P,F,SiAu*: 649.1682, found:
649.1695.

Synthesis of complex 6: A solution of 3 (100 mg, 0.22 mmol) in dichloro-
methane (4 mL) was added to a suspension of AuCl(SMe,) (64 mg,
0.22 mmol) in dichloromethane (2mL) at —78°C. After warming to
room temperature, the solution was pumped to dryness and the complex
3 was isolated as a white powder (131 mg, 87 % ). Colorless crystals suita-
ble for X-ray crystallography were obtained from THF/pentane solution
at —30°C. *'P{'H}NMR (CDCl;, 202.5MHz, 298K): 0=60.1 (s);
¥Si NMR (CDCl;,99.4 MHz, 298 K): 0=-102 (s, 'J(Si,F)=267 Hz);
YF{'H}NMR (CDCl;, 3763 MHz, 213K): 6=-1415 (s); 'HNMR
(CDCl,, 500 MHz, 298 K): 6=8.25 (d, *J(H,H) =7.1 Hz, 2H; H,,), 7.51
(m, 4H; H,em), 743 (t, 2H, *J(HH)=7.0Hz; H,.,), 2.89 (m, 2H;
CHCH;), 2.80 (m, 2H; CHCH;), 151 (m, 6H; CHCH,;), 145 (d,
J(HF)=11.4Hz, 3H; SiCH;), 1.41 (dd, *J(H,P)=7.8 Hz, *J(HH)=
6.5Hz, 6H; CHCH,), 1.41 (m, 6H; CHCH,), 1.32 (m, 6H; CHCH,), 0.88
(m, 6H; CHCH;); “C{'H} NMR (CDCl;, 125.8 MHz, 298 K): 6=146.9
(dd, *J(CF)=15.6Hz, *J(CP)=6.4Hz; SiC,,), 136.8 (q, “/(CF)=
10.5 Hz, *J(C,P)=8.6 Hz; C,m), 136.2 (t, *J(C,P)=20.5 Hz; PC,,,), 131.6
(s; Carom)s 1302 (55 Curom)s 129.2 (85 Corom)s 28.1 (AA'X, N=13.5Hz;
CHCH,;), 25.5 (AA'’X, N=13.8 Hz; CHCH;), 19.8 (s; CHCHj;), 19.4 (s;
CHCHs;), 18.7 (s; CHCHj;), 18.4 (s; CHCH;), 9.9 (d, J(C,F)=24.2 Hz;
SiCH;); HRMS (ESI+) caled for [M—CIl]* = C,sH3P,FSiAu*: 645.1924,
found: 645.1946.

Synthesis of 7: A solution of Me,SiCl, (115 pL, 0.94 mmol) in toluene
(5mL) was added dropwise to a solution of o-lithiated diisopropylphe-
nylphosphine (475 mg, 1.88 mmol) in toluene (5 mL) at —78°C. The solu-
tion was allowed to warm slowly to room temperature overnight, after
which the volatile substances were removed under vacuum, and ligand 7
was extracted from the salts with dichloromethane (10 mL). Then, the so-
lution was pumped to dryness, and the residue crystallized from n-pen-
tane (5mL). 7 was isolated as a white powder (177.7 mg, 42% yield).
IP{'H}NMR (C(Dg, 202.5MHz, 301 K): 6=1.3 (s); ¥Si NMR (C,Dq,

Chem. Eur. J. 2010, 16, 10808 10817

© 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

FULL PAPER

99.4 MHz, 301 K): 6=-7.0 (s); '"HNMR (C,D, 500 MHz, 301 K): 6=
7.96 (m, 2H; H,on), 749 (m, 2H; H,on), 7.28 (m, 4H; H,om), 1.93 (sept
d, 2J(H,P)=4.3 Hz, *J(H,H)=7.0Hz, 4H; CHCH,), 1.20 (t, J(H,P)=
1.6 Hz, 6H; Si(CH,),), 1.17 (dd, *J(H,P)=132 Hz, J(H,H)=6.9 Hz,
12H; CHCH;), 092 (dd, *J(H,P)=12.9 Hz, *J(H,H)=7.1Hz, 12H;
CHCH,); “C{'H}NMR (C,D,, 1258 MHz, 301K): 6=1489 (dd,
'J(CP)=43.9 Hz, *J(CP)=1.7Hz; PC,,,), 1449 (d, J(CP)=17.8 Hz;
PC,,,), 137.1 (dd, *J(C,P)=15.1Hz, J(CP)=3.4 Hz; C,on), 132.0 (d,
3J(C,P)=2.2 Hz; Cyrom), 128.3 (5; Cyrom), 128.0 (signal overlapped by the
C¢Dy signals), 25.9 (d, J(C,P)=14.8 Hz; CHCH,), 21.0 (d, J(C,P)=
14.1 Hz; CHCHy), 202 (d, 2/(C,P)=17.7 Hz; CHCH;), 5.3 (t, JJ(CP)=
12.5 Hz; Si(CH;),); HRMS (ESI+) caled for [M+H]*=C,H,P,Sit:
445.2609, found: 445.2613.

Synthesis of complex 8: A solution of 7 (120 mg, 0.27 mmol) in dichloro-
methane (1 mL) was added to a suspension of AuCl(SMe,) (79.2 mg,
0.27 mmol) in dichloromethane (1 mL) at —78°C. After warming to
room temperature, the solution was pumped to dryness and complex 8
was isolated as a white powder (157.8 mg, 86 %). Colorless crystals suita-
ble for X-ray crystallography were obtained from dichloromethane/pen-
tane at room temperature. *'P{'H} NMR (C,D;, 121.4 MHz, 298 K): 6=
53.98 (s); ¥Si NMR (CDCl;, 59.6 MHz, 298 K): =—12.4 (s); 'HNMR
(CDCl;, 300 MHz, 298 K): 6="7.79 (m, 2H; H,om), 7.05 (m, 6H; H,rom),
2.41 (sept d, 2J(H,P)=3.5 Hz, *J(H,H)=6,9 Hz, 4H; CHCH,), 1.30 (dd,
3J(H,P)=15.2 Hz, *J(H,H)=82 Hz, 12H; CHCH,), 1.02 (dd, *J(H,P)=
15.6 Hz, *J(H,H)=82Hz, 12H; CHCH;), 0.98 (s; 6H; Si(CH,),);
BC{'H} NMR (CDCl,, 75.4 MHz, 298 K): 6=147.7 (AA’X, N=15.1 Hz;
Ciso)> 139.1 (AA’X, N=18.0 Hz; C,,,), 137.3 (AA'X, N=79 Hz; C,;on),
131.7 (85 Carom)s 129.0 (55 Corom)s 128.2(s; Cyrom), 27.7 (AA'X, N=12.5 Hz;
CHCH,;), 19.5 (AA'’X, N=2.6Hz; CHCH;), 18.8 (AA'X, N=28Hz;
CHCH,), 8.6 (t, *J(C,P)=2.3 Hz; Si(CH;),); HRMS (ESI+) calcd for
[M—CI]* =CyH,,P,SiAu*: 641.2197, found: 641.2222.

EXSY experiments: 2D *'P{'H} EXSY spectra were recorded in CDCl,
at 277 K for complex 4, and 2D "’F EXSY spectra in CDCl, at 223, 243,
273, 283 and 303 K for complex 5, with a phase sensitive pulse sequence
from the Bruker pulse library NOESYTP. The EXSY measurements
were repeated with a series of mixing times 7,,=20 ps and 0.3 s at 277 K
for 4, and 7,=10ps, 0.3 s, and 0.5 s at 223, 243, 273, 283 and 303 K for
complex 5. The diagonal and cross-peak volumes were integrated with
Bruker 2D WINNMR software. Site-to-site rate constants were deter-
mined by using the EXSY CALC software from Mestrelab Research. Ac-
tivation barriers were then calculated by using the Eyring equation.

Crystal structure determinations: The X-ray diffraction structures of 1
and 4 were reported in a preliminary communication.!'!)

Crystallographic data were collected on Bruker-Kappa APEX-II diffrac-
tometer (for 5 and 6) and Bruker-AXS APEX-II diffractometer (for 2
and 8) with Moy, radiation (A=0.71073 A) at 180(2) K for 5, 100(2) K
for 6, and 193(2) K for 2 and 8. In all cases, a suitable crystal was mount-
ed on a glass fiber or nylon loop and shock-cooled on the goniometer
head. Semi-empirical absorption corrections were employed.”" The struc-
tures were solved by direct methods (SHELXS-97),”" and refined using
the least-squares method on F2.1%®!

Crystal data for 2: C,H;3sF,P,Si, M =452.56, monoclinic, space group C2,
a=11.8945(7), b=12.2407(5), ¢=9.2210(5) A, a=90, f=109.374(3), y=
90, V=1266.53(11) A>, Z=2, poa=1.187gem™, F(000)=484, T=
193(2) K, crystal size 0.40x0.20x0.02 mm?®, 3772 reflections collected
(2329 independent, R;,,=0.0389), 26 <26.37°, 136 parameters, R1 [I>
20(1)]=0.0461, wR2 (all data)=0.0595, largest diff. peak and hole: 0.225
and —0.189 e A,

Crystal data for 5: C,H;AuCIF,P,Si, M =684.98, monoclinic, space
group P2,/c, a=11.5749(6), b=15.0010(8), c=31.6610(17) A, a=90, f=
98.240(2), y=90, V=5440.7(5) A, Z=8, peca=1.672 gem™, F(000)=
2704, T=180(2) K, crystal size 0.283 x0.113x0.03 mm?®, 77767 reflections
collected (13085 independent, R;,,=0.0864), 20 <27.88°, 577 parameters,
R1 [I>20(1)]=0.0660, wR2 (all data)=0.1418, largest diff. peak and
hole: 2.927 and —3.708 e A%,

Crystal data for 6: C,sH3AuCIFP,Si, M =681.01, monoclinic, space group
P2./c, a=11.5556(3), b=14.9979(4), c=31.9588(8) A, «=90, f=
97.3890(10), y =90°, V=5492.8(2) A>, Z=8, poyea=1.647 gcm 3, F(000)=
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2704, T=100(2) K, crystal size 0.23x0.08x0.03 mm®, 13085 reflections
collected (12960 independent, R;, =0.0864), 26 <27.88°, 577 parameters,
R1 [I>20(1)]=0.0999, wR2 (all data)=0.1418, largest diff. peak and
hole: 2.927 and —3.708 e A%,

Crystal data for 8: C,sH,, AuCIP,Si, M =705.1, orthorhombic, space group
P21 21 21, a=8.9619(1), b=12.0314(2), c=29.6707(4) A, a=90, B=90,
y=90°, V=3199.22(8) A%, Z=4, pPeeq=1.582 gem™ F(000)=1520, T=
180(2) K, crystal size 0.22x0.08x0.06 mm?®, 49291 reflections collected
(9725 independent, R;, =0.0458), 260 <30.49°, 318 parameters, R1 [/>
20(1)]=0.0276, wR2 (all data)=0.0525, largest diff. peak and hole: 1.264
and —1.050 e A,

CCDC-776015 (2), 776016 (5), 776017 (6), and 776018 (8) contain the
supplementary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.

Computational details: Calculations were carried out on the actual com-
plexes 4, 5, 6, and 8. Au, P, and Cl were treated with a Stuttgart-Dresden
pseudopotential in combination with their adapted basis set.?*! In all
cases, the basis set was augmented by a set of polarization function (f for
Au, d for P and CI).’” C, H, Si and F atoms were described with a 6-31G-
(d,p) double-T basis set.’ Calculations were carried out at the DFT
level of theory with the hybrid functional B3PW91.*%] Geometry opti-
mizations were carried out without any symmetry restrictions, the nature
of the extrema was verified with analytical frequency calculations. All
computations were performed with the Gaussian 03! suite of programs.
The electronic structure of the complexes was studied by Natural Bond
Orbital (NBO) analysis (NBO 3.1 program),?”* second-order perturba-
tion theory being particularly adapted to the description of metal —Lewis
acid interactions. The electron density of the optimized structures of
complexes 4, 5, 6 and 8 was subjected to an Atoms In Molecules analy-
sis®! with AIM2000.1%!
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