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ABSTRACT: The protonolysis of C—Au bonds in [AuRL] organometallic com-

plexes has been studied by calorimetry for twelve R groups. The experimental data

have been combined with DFT calculations to obtain Bond Dissociation Energy 200

values (BDE). The C—Au BDE values show a good correlation with the corre-
sponding isolobal C—H BDE values. The heat released in the protonolysis of
[AuRL] has also been measured for R = Ph and L = P(OPh);, PPh;, PMe;, PCys,
and IPr, and these values strongly depend on the trans influence of L because of the
mutual destabilization of the L-Au and Au-C bonds. The enthalpy of the
transmetalation reactions [AuR(PPh;)] + SnIBu; — [Aul(PPh;)] + SnRBu; for 0
seven R groups have been measured and compared with the corresponding

[AuR(PPh;)] protonolysis.
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Introduction

Bond energy is a fundamental parameter to understand the
chemical behavior. There is much experimental work pub-
lished for main group elements and these data have been used
to validate computational procedures, but for metal complexes
of groups 3—12 the opposite situation is found: much computa-
tional work has been performed, very often without experi-
mental data available to compare with. This is particularly the
case in gold(I) organometallic chemistry. The enormous
growth of the use of gold(I) complexes in catalysis over the
past fifteen years has run in parallel with a generalization of
the application of computational methods. These have been
frequently used to understand the chemistry involved in the
reactions and to study reaction mechanisms.'” In contrast,
very few experimental energy data concerning specifically the
C—Au bond have been reported.lo‘11

Data about C—Au' bonds are relevant because of the prominent
involvement of this bond in gold catalysis and in gold-co-
catalyzed processes.”'>" Other M—C bonds associated to
catalytic reactions involving C-H activation have been ana-
lyzed in detail,'*"” including seminal thermodynamic works
by Halpern, Bercaw, Bergman and Marks groups,141821 but
gold was not included in them. The initial studies of BDEs
(Bond Dissociation Energies) revealed close correlations for
different E elements between M—-E and H-E BDEs. These
correlations, which are particularly relevant for E = >
were further confirmed by computational studies of the BDE
tendencies in transition elements.”® These correlation show
that plots of M—E BDEs vs. M—H BDEs are roughly linear,
with a slope larger than 1. In C—H activation processes (E = C)
this means that when a R—-M bond is to be formed in the reac-
tion there is a thermodynamic preference for activation of
stronger R—H bonds (Csp > Csp2 > Csp3).

In a work focused to analyze periodic variations of M-H and
M-E bonds in transition metals,28 Landis et al. stated that “late
metal-heteroatom bond enthalpy variations appear to repre-
sent a complex interplay between bond polarity and lone pair
interactions”. More recently, Gunnoe et al. addressed
computationally this problem and attributed the higher orbital
stabilization of E-M compared to E-H bonds to the higher
orbital electronegativity of the E group. Moreover, they ex-
plained the slope of the M—E vs. H-E BDEs correlations as the
result of closed-shell dn-pr interactions.”

Special attention has been paid to fluorinated aryls, R(F),
because of their very high M—C BDE values.'™” In fact, these
groups produce an unusually high stabilizations of the C-M
bonds compared to the corresponding C—H bonds, which
strongly influences the lower reactivity of R(F)-M bonds and
thei31r1 higher inertia in reactions catalyzed by transition met-
als.

Here we report calorimetric C-Au' data for [AuR(PPh3)] com-
plexes. We have used as R groups methyl, alkynyls, and aryls,
including several fluoroaryls such pentafluorophenyl (C4Fs, or
Pf) and 3,5-dichloro-2,4,6-trifluorophenyl (CgF;Cl,, or Rf).
The latter are particularly useful in mechanistic studies be-
cause of their informative '’F NMR spectra.”>”’ We also study
the strength of the Ph—Au bond in [AuPhL] complexes for L =
PPh;, PMes, PCys, P(OPh); and IPr). The goal of our work is
to obtain experimental thermodynamic values directly related
to Au—C bond dissociation energies (BDE) in order to provide
solid experimental references to computational or Kkinetic
studies. Being a fundamental part of many gold-catalyzed
reactions, several kinetic and computational studies on proto-
dearuation processes have been published. Blum et al. studied,
through competitive kinetics, the protodeauration reaction of
vinylgold, alkynylgold, and arylgold complexes and conclud-
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ed, from a Hammett study, the involvement in the transition
states (TS) of the corresponding C—C =n systems.38 The reac-
tions were faster for aryls bearing n-donating substituents and,
consequently, a transition state was proposed involving
hiperconjugation of the Au—C o bond with the carbon 7 sys-
tem, by analogy with the studies of Berwin on the protonolysis
of C-M bonds (M: 14 group element other than carbon).”
They also noticed that strongly donor ligands (such NHC
carbenes) increased the reaction rate. The effect of ligands on
the protodeauration reaction was further studied by Wang et
al. They showed that protodeauration is also accelerated by
electron-rich phosphine ligands.12 Computational studies of
the protodeauration reaction by BabaAhmadi et al. concluded
that: i) the stronger the Au—C bond, the higher the activation
energy; and ii) strongly ¢ donor ligands decrease the proto-
deauration activation energy.” Recently, Nunes dos Santos
Comprido et al., have shown that, during the protonolysis, the
new C-H bond takes the electron density from the o-bonding
component between gold and the carbon atom.*

Since our plan is the experimental study of the thermodynam-
ics of the process and the parameters that affect the C—Au
BDEs, our computational reference works are those published
by Clot et al. on the study of C-H and C-M BDEs. Conse-
quently, we have used the computational methodology report-
ed in these works, and we have expanded the study to the use

of extended basis sets.'”°

Results

R group effects. The enthalpies associated to the protodeaura-
tion reactions of complexes [AuRL] (Eq. 1), have been meas-
ured by calorimetry, affording AH., values for different R
(Table 1) and L (Table 2) combinations (Table 1, column 5).
Roth and Blum showed that the reaction of [AuRL] with acids
such HCI in CH,Cl, proceeds to yield initially [AuCIL] and
the protonolysis product R—H.” They did not find any signifi-
cant kinetic role of the anion of the acid used for protodeaura-
tion, and established that stoichiometric protodeauration is
achieved with acids with pK, < 18 in DMSO.*!

To be suitable for calorimetric determinations a reaction being
examined has to be fast, and the final complexes have to be
very stable to prevent the contribution of subsequent side
reactions (e.g. formation of metallic gold) that would contami-
nate the meaning of AH,,, data. After tests with different HX
acids such as hydrochloric, triflic or tetrafluoroboric acids, we
found that an acid system formed by a mixture of triflic acid
and tetrabutylammonium iodide produces the corresponding
iodo-gold complexes in very fast and clean reactions (Eq. 1)
using CH,Cl, as solvent. The reactions were carried out in the
microcalorimeter at 30 °C with the gold complex being in
excess.” The [AuR(PPh;)] complexes with the R groups listed
in Table 1 afforded the experimental AHy values given in the
third column.

[AUR(PPhy)] + HI — = [Aul(PPhy)] + RH (1

The heat released in these reactions consists of several contri-
butions to enthalpy, namely: i) the enthalpy associated to
breaking the Au-R and H-I bonds; ii) the enthalpy of for-
mation of the R—H and Au-I bonds; and iii) the changes of
solvation energy for the species involved. Assuming that the
solvation enthalpies of the organogold complexes are small
and quantitatively not very different from each other, all the
solvation contributions are practically cancelled by choosing a

reference complex ([AuPh(PPh;)] is our choice) and defining
AAHy = AHy — AHp,, as shown in Scheme 1.
Scheme 1. Definition of AAHy

[AUR(PPha)] + HI — [Aul(PPhg)] + RH AHg
(=) [AUPh(PPha)] + H — [Aul(PPh3)] + CgHg AHpn

[AUR(PPhg)] + CgHg — [Au(Ph)(PPh3)] + RH  AAHg
AAHR = AHR' Ath
Scheme 2. Definition of ADg.

[AUR(PPhy)] + PhH — [AUPh(PPhy)] +RH AAHg

(-) [AUPh(PPh3)] —>  [Au(PPhg)] + Ph- AH = BDEpp.a,

(-)PhH —> Ph- + H- AH =BDEpp.4

(*)RH —> R +H- AH = BDERg.4
[AUR(PPh3)] + Ph-  — [AuPh(PPhg)] + R AH=ADg

Table 1. Calorimetry data for protonolysis of R—Au(PPh;), and
dissociation values relative to PhAu(PPhs). vValues in kJmol .
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En- o AHy  AAHR BDE ADgay
try R-Au(caled)
1 CH, 124 5 281 20
+ 3" +6 +6
2 4-F-C¢H, 134 -5 312 2
+2 +5 £5
3 4-Me-CgH,  -129 -1 305 -1
+2 +5 £5
4 Ph 21290 306 0.0
£3
5 é‘ﬁeo' 127 1 306 4
o114 +2 +5 +5
=
6 N ve -114.8 14 295 15
~ £05 4 +4
7 2-F-C¢H,4 -114 15 333 24
+5 +8 +8
8 2,6-F,CeH; =75 54 362 77
+1 +4 +4
9 3,5-Cl,- -76 52 398 78
2,4,6-FsCs 1 +4 +4
10 CgFs -62 67 376 93
+2 +5 £5
11 CgHsCC 737 55 465 151
+0.7 +4 +4
(o]
12 =5 359 93 471 177
MeO +07 +4 +4




TCalculated data. DFT methods [B3PW91/SDD - 6-31G(d,p)].
&ADgy are obtained from the calorimetric experimental data
using calculated BDE C-H values. * The experiment was per-
formed at -3°C.*"

With [AuPh(PPh;)] taken as zero, AAHy for the different com-
plexes [AuR(PPh;)] is the heat released (or absorbed) in their
reaction with C¢Hg (Scheme 1), and gives a relative order of
protonolysis reactivity. The AAHy values are given in Table 1
column 4. From the experimental data it is also possible to
calculate relative bond dissociation energies (ADg, Scheme 2),
provided that the BDEgy; values are known.** If no experi-
mental BDER y data are available, calculated values are acces-
sible for many R groups (see SI for details).*

In addition to our experimental determinations, we have calcu-
lated by DFT the R—Au bond dissociation energies for all the
complexes in Table 1. From them it is also possible to obtain
relative ADg(carca) values, taking complex [AuPh(PPhs)] as zero
(equation 2). The correlation between experimental ADg.,, and
the calculated value ADg_yq is shown in Figure 1.

ADRAu(callcd) = BDER-Au(calcd) - BDEPh-Au(calcd) (2)

Overall, the values in Table 1 show that the strength of C—Au
bonds follows the usual trend found for C—M bonds of late
transition metal complexes: Csp—Au >> Csp2fAu > CspLAu.
They also confirm that electron-withdrawing substituents
reinforce the C—Au bond, in agreement with previous compu-
tational studies.*® The high strength of the Csp—Au bond is a
distinctive property of organogold complexes.49 Liu et al
calculated the BDE of the anions [CIAu—CCH] and [ClAu-—
CHs], and found than the former is 179.5 kJ mol™ stronger
than the second. This difference is very close to our experi-
mental value for the BDE difference between the neutral phe-
nylalkynyl and methyl complexes ([Au(C=CPh)(PPh;)] BDE
is 170.3 larger than [Au(CH;)(PPh;)]; entries 1 and 11 in Ta-
ble 1). Note that the carboxymethylalkynyl complex in entry
12 provides an even larger 193 kJ mol ' difference, conse-
quence of the stabilization of the negative charge at the car-
bon. This is discussed below for aryl groups.49

The classical representation of ADg vs ADg.yy (ADg.y= BDEgy
— BDEp, ) shows for the gold complexes a roughly linear
correlation, fitting a line with slope 1.75 (Figure 1). This good
correlation is consistent with the idea that [AuL]” and H"
fragments are considered isolobal.”

Our experimental data for substituted aryls show also strong
increase of the C—Au energy bond with the electron withdraw-
ing ability of the substituents, which is particularly important
for fluorine substituents (these show their own linear correla-
tion with slope 3.8 in Figure 1). The study of this peculiarity in
several metal complexes was computationally addressed by
Clot et al.,”® who showed that the effect can be almost perfect-
ly parameterized to a linear relationship (Eq. 3), where 740,
Fmetas and 7y, are the number of fluorine atoms in positions
ortho, meta or para relative to the C—M or C—H carbon atom,
and b, c, and d are the parameters that quantify the relative
contribution of each fluorine atom. For Rh™ complexes they
found a good linear fitting for a =-1.0, b =26.1, ¢ =3.8,d =
2.5 (b >> ¢ = d. We have found an analogous relationship in
our experimental data for fluoroaryl gold complexes, leading

to the correlation ADgp = -13.27 + 42.64n440 160.42 Npera +
8.55 Nyara.
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Figure 1. Correlations for the experimental values of ADg vs
calculated ADg_y (both relative to phenyl). The red line repre-
sents the correlation of all the experimental values; the blue
line represents the correlation of fluorinated aryls. See Table 1
for details.

Our calculated BDEg,q values, with the same computational
methodologies used by Clot et al. (two procedures),48 show a
reasonably good correlation with the experimental values
(Figure 2), and lead to a correlation with the fluorine substitut-
ed groups: ADggeated = -16.66 + 39.61 ngpo -8.22 nper + 25.43
para (Figure 2).51
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Figure 2. Correlations between calculated and calorimetry
based experimental BDE values. Blue points and line: calcu-
lated with B3PW31/6-31G(d,p); Red points and line: calculat-
ed with B3PW31/cc-pvtz and dispersion function gd3bj. Each
experimental value should be correlated to one blue and one
red point; note that sometimes the two overlap (then only the
red point is observed).

The stabilizing effect of the fluorine substituents in the aryls
has been explained as a negative hyperconjugation of electron
density into the o*(C-F) orbital.** This stabilizes negative
charge at the Ci,, increasing the contribution of ionic interac-
tions to the C—Au bond and the BDE value. Analysis of the
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NBO second order perturbations show some donation of elec-
tron density from the o Au—C bond to the o* C—F orbital, as
well as an increment of electron transfer from the o Au—C to
the o* C-C orbital when these ring carbons are fluorinated.

Ligand influences. The effect of the auxiliary ligand on the
protonolysis enthalpy of [AuPhL] with HI has been studied for
different ligands (Eq. 4). The calorimetric data (Table 2) indi-
cate a strong increase of the heat released in each experiment
in the order P(OPh); >> PPh; = PMe; > IPr > PCys, with ener-
gy spanning a range of about 50 kJ mol . Neglecting solvation
contributions, these data can be assigned to the enthalpy dif-
ference of (I-Au—L) — (Ph—Au-L) for each ligand. The n back-
donating ability of Au' in its carbonyl and carbene complexes
has been deeply studied, > and it is widely accepted that it is
very small, so it barely influences the bond strengths. It has
been shown also that the bulkiness of the ligands does not
affect their ability to coordinate to linear gold(I) either."' Con-
sequently, the differences of enthalpy observed must be most-
ly related to the o-donating ability of all the ligands (Ph’, T,
and L), which is the origin of the elongation and weakening of
the bonds trans to each other. This phenomenon is known as
trans-influence of the ligands, and is a matter of polarization
of the electron clouds of the bonds. The trans influence series
of the ligands involved is: I’ < Ph™ = phosphines = NHC.”
Since the trans influence is I < Ph", shorter (and stronger) Au—
L bonds are formed in [AulL] than in [AuPhL]. Not unexpect-
edly, this difference in stabilization by L coordination is big-
ger the stronger the o-donor the L ligands. Also the C—Au and
Au-I bonds are affected by the trans influence of ligands L,
and the overall result is that both bonds, L-Au and Au-C, in
[AuPhL] are weakened when the o-donor ability of L increas-
es, more than L—-Au and I-Au are in [AulL]. Table 2 gathers
also, for the ligands studied, the calculated differences be-
tween BDE LAu-I and BDE LAu—Ph. These increase with the
o-donor ability of the ligand, running parallel to the enthalpy
values, and confirm a stabilization of complexes L-Au-I
compared to L-Au—Ph that is larger for better o-donor ligands.

[AuPhL] + HI —3 [AulL] + CgHg AHexp(Ph) “)

Table 2. Experimental calorimetric data for the protonolysis
of [AuPhL] (kJ mol") and calculated differences between
BDE Au-I relative to Au-I for several ligands.

Ligand P(OPh); | PPh; PMe; | IPr PCy;
—AHg -86+4 | -129 -129 -135 -140

+3 +3 +3 +2
BDEayp, | -31.8 -40.2 | -39.9 | -40.1 | -44.7
—BDEgu1

Study of Sn/Au transmetalation reactions. The protonolysis
reaction AuRL + HX can be used to compare other transmeta-
lation reactions AuRL + E-X (E = a suitable electrophile) that
produce Ar-X and E-R. Our interest in the Sn/Au transmeta-
lation comes primarily from the gold-cocatalyzed reaction that
we developed to accelerate slow or non-operative couplings
involving bulky aryls,%’sx’5 ° The dramatic positive effect of

gold in this bimetallic catalysis is that the double transmeta-
lation Sn/Au and Au/Pd skips the sterically hindered Sn/Pd
direct transmetalation in the case of bulky aryls. We found that
the thermodynamics of the Sn/Au transmetalation is very
dependent on the R group and on the halogen being trans-
ferred.”** The transmetalation between organogold and or-
ganotin reagents plays also a role in other catalytic processes,
and its mechanism has been studied.®* Here we measure the
reaction of [AuR(PPh;)] complexes with ISnBu; (Eq. 6). The
reactions were carried out at 30 °C (See Experimental Sec-
tion), with the organotin complex in large excess in order to
make the reactions fast enough to be measured by calorimetry.
The results are gathered in Table 3.

[AuR(PPh;)] + SnIBus — [Aul(PPhs)] + SnRBu;  AH (6)

Again the enthalpy of the reaction depends on the BDE bal-
ance for the M—R/M'-I exchanges. The enthalpy difference
between SnIBu; and [Aul(PPh)] is a constant for all the reac-
tions. Hence the effect of Sn—R vs Au—R bonds can be meas-
ured for different R groups, which affords AHgspay in Table 3,
3rd row. The table shows that the heat involved in the Au/Sn
transmetalations is, generally, very small compared to the
heats of protonolysis of the same Au—C bonds. More useful is
to define the differences between R groups, AAHgpsnay =
AHg(snau) - AHpn(snau), taking the case of Ph as zero, whereupon
the contribution of the two iodides disappears and the values
reflect and compare differences in Au—C BDEs for different R
groups (Table 3, 4th row). In other words, AAHgsnay) represents
the thermodynamic tendency to produce transmetalation between
[AuR(PPh;)] and SnBusPh. The data show that this reaction is
strongly exothermic for R = Me, which prefers to be on tin than
on Au (Au-Me is weak) and clearly endothermic for R = C=CPh,
due to the strong Au-alkynyl bonds (see BDE in Table 1).

Table 3. Experimental calorimetry data for the reaction:
[AuR(PPh3)] + SnIBus — [Aul(PPh;)] + SnRBu3 AH, (eq. 6)
All the values are in kJ mol .

Entry | R AHgesnaw | AAHR

1 CH; -100+2 -81+3

2 4-F-CgH, 292206 | 9.811.6
3 4-Me-CeH, | 218206 | 28416
4 Ph -19+1 0+3

5 4-McO-CeH, | 2621 | 722

6 Me S18£2 | 123

7 CeH5CC 75:04 | 115214

The values for aryls reflect the expected variations depending on
the electronic influence of the aryl substituents. Moreover, it also
shows that the reaction is almost thermoneutral for R = 2-methyl-
naftyl group, in spite of the about 10 kJ mol” lower BDE Au-R
bond for this group than for Au—Ph. This means that the Sn-
(2Methyl-naftyl) BDE is about 10 kJ mol™ lower than expected if
we considered exclusively its electronic properties. This is in fact
a very nice confirmation of the unfavorable steric hindrance
effect when a bulky group is incorporated to a SnBu; frag-
ment. Consequently, the transmetalation of bulky groups from
Sn to Au(l) is enthalpically favored compared to the
transmetalation of electronically similar smaller groups. The
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same reason favors transmetalation to linear Au(I), where this
hindrance is released, better than to more crowded Pd(II)
complexes,%’65 which is the basis of the gold co-catalyzed Stille
reaction.

Conclusions. The energy of C—Au' bonds in neutral [AuRL]
complexes show strong dependence on the carbon atom fea-
tures, with BDE values spanning from 280 kJ mol™ to more
than 470 kJ mol™. The CspfAul bonds are particularly strong.
The nature of the auxiliary ligand L has also a clear effect that
arises, not only from the differences in C—Au bond lengths and
strengths, but also from the different bond lengths and
strengths of the Au-L bonds, depending on whether in the
corresponding complex L is in front of R or in front of I. The
latter effect is due to the very different “trans influence” of R~
and I'. The protonolysis enthalpies with HI span more than 50
kJ mol ', depending on the ligand L. This can introduce a very
large thermodynamic variability on some gold catalyzed reac-
tions that finish with an irreversible protonolysis of the C—Au'
bond, such as the cyclizations of polyines and other poly-
unsaturated molecules.

The reaction of transference of an R group from Au' to SnBuj
produces a comparatively small release of heat when com-
pared with the Au-R protonolysis with HI, but the order of
reactivity stands the same for common R groups. Thus the
transmetalation from Sn to Au', occurring in the Stille gold
cocatalyzed process is unfavorable. However, bulky R groups
produce comparatively weaker C—Sn bonds due to steric hin-
drance in RSnBuj3, and their transmetalation benefits from this
bond weakening provided that the reaction rates are facilitated
by accessible transition states mediated by gold.36

Experimental section. All reactions were carried out under
nitrogen atmosphere using Schlenk techniques. Solvents were
dried using a solvent purification system (SPS) or standard
procedures.66 NMR spectra were recorded on a Bruker AV 400
or an Agilent 500 instrument. Chemical shifts were reported in
ppm from tetramethylsilane (IH and 13C), CCLF (wF), or 85%
H;PO, (31P). Coupling constant were reported in Hertzs (Hz).
In the F and *'P spectra measured in non-deuterated solvents,
a coaxial tube containing acetone-ds was used to maintain the
lock °H signal. Solution calorimetry measurements were made
using an OMNICAL SuperCRC 20-250-2.4 calorimeter locat-
ed inside a glove box. Unless specified, all compounds were
used from commercial sources and used without further purifi-
cation. The gold complexes [Au(CH;)(PPhy)],**
[Au(CeFs)(PPhy)].” Au(CeHs)(PPhy)]."
[Au(C=CC¢Hs)(PPhy)],”  [Au(4-F-C¢H,)(PPhy)],>*  [Au(2-
MeCiHo)(PPhy)L,”  [Au(CoCLE;)(PPhy)L”  [Au(4-
MeC¢H,)(PPhs)],” [Au(4-OMeC¢H,4)(PPhs)],”
[Au(CHs)(PMen].”  [Au(CH)(PCy:)L,” [Au(24-
F,C¢H;)(PPhy)],”" [Au(MeOCOC=C)(PPhs)],” and
[Au(C6H5)(IPr)]73 were prepared as reported in the literature.
All other compounds were synthesized as described below:

[AuPh(P(OPh)3)]. A two-necked flask was charged with
[AuCI(P(OPh);)] (275 mg, 0.502 mmol) and 20 mL of Et,0. A
1.9 M solution of phenyllithium in Et,0 (0.315 mL, 0.6 mmol)
was added dropwise under stirring at -78 °C. The mixture was
stirred during 1 hour at -78 °C and was stirred for 4 hours at
room temperature. Then three drops of Et,0O were added to
quench the reaction. The solvents were evaporated and the

residue was dissolved in dichloromethane, the solution was
filtered through celite, concentrated and crystallized by addi-
tion of n-hexane at -60 °C. Yield 794.5 mg (95 %). 'H NMR
(500 MHz, CDCls): 8 7.65 — 7.59 (m, 6H), 7.49 — 7.40 (m,
5H), 7.40 — 7.30 (m, 6H), 7.22 — 7.12 (m, 3H). *'P NMR (202
MHz, CDCly) & 148.10. °C {'"H}NMR (126 MHz, CDCls):
156.6, 150.2, 129.9, 129.4, 125.60, 121.3, 119.9, 115.5. Cald.
For Cy,H,0AuO;P: C, 49.33; H, 3.45. Found: C, 49.45; H,
3.43.

[Au(2-FC¢H,)(PPh3)]. A two-necked flask was charged with
105 pL (0.969 mmol) of 1- bromo-2-fluorobenzene and 50 mL
of dry THF. The mixture was cooled down to -78 °C and 0.75
mL (1.212 mmol) of a 1.6 M solution of n-BuLi in hexane
were added dropwise. The reaction was stirred for 1h and 400
mg (0.808 mmol) of [AuCl(PPh;)] were subsequently added.
The cooling bath was removed and the mixture was stirred at
room temperature for 4 hours. Next, a few drops of wet THF
were added. The solvents were evaporated and then a saturated
aqueous solution of NH4Cl (30 mL) was added. The aqueous
layer was decanted and extracted with Et,0 (3x30 mL). All the
organic layers were combined, washed with brine (3x60 mL)
and dried over MgSO,. The solvent was removed under re-
duced pressure and the resulting yellow solid was dissolved in
CH,Cl, and filtered. The compound crystalized from this
solution by slow addition of n-hexane under stirring. Yield
350 mg (78 %). 'H NMR (500 MHz, CDCly) 8 7.62 (m, 6H),
7.59 —7.54 (m, 1H), 7.53 — 7.42 (m, 9H), 7.15 — 7.08 (m, 2H),
7.04 (m, 1H). *'P NMR (202 MHz, CDCl;) 5 43.50 (d, J = 8.4
Hz). ”F NMR (470 MHz, CDCl;) § -89.70 (m). "C{'H} NMR
(126 MHz, CDCl;) 6 168.19 (dd, Jc.p =3.5 Hz , Jor = 228.8
Hz), 154.97 (dd, Jcp = 52.2 Hz , Jc.r =111.56 Hz), 140.1 (d,
Jcp =20 Hz), 1344 (d, Jcp = 13.8 Hz), 131.2 (d, Jcp= 2.5
Hz), 130.74 (d, Jc.p = 50.9 Hz) 129.0 (d, J cp= 11.0 Hz),
127.0 (d, Jop= 7.2 Hz), 123.5 (dd, Jc.r = 6Hz, Jop = 2.5 Hz),
113.7 (dd, Jc.r = 30 Hz, Jc.p= 3.4 Hz).Cald. For C,4HsAuFP:
C, 52.0; H, 3.45. Found: C, 51.88; H, 3.32.

Calorimetry experiments.

A typical measurement of protodeauration was made as fo-
llows: In the calorimeter thermostated at 30 °C the sample and
reference vials were charged with a solution of [AuPh(PPh;)]
(27.02 mg, 0.05 mmol) in 4 mL, and with 4 mL of neat
CH,Cl, respectively. The syringes, in both vials, were charged
with 0.3 mL of a solution 0.2M of I(NBu,) and with 0.3 mL of
a solution 0.2M of HOTf in CH,Cl,, in order to produce 0.6
mL of a solution 0.1M on acid and on iodide. After thermal
equilibration the reagents were injected simultaneously in both
vials. When the heat flow ceased (40 minutes approximately)
the sample vial was opened and its contents were examined
by "F or 'H and *'P NMR to confirm quantitative conversion
to the desired product. The enthalpy of reaction (AHR) with all
species in solution was measured as 6.95 J (-129 kJ/mol), is
based on the average of three independent determinations.

For the reaction of [AuMe(PPh;)] the calorimeter was thermo-
stated at =3 °C.

A typical measurement of the transmetalation reaction was
made as follows: The sample and reference vials of the calo-
rimeter that had been thermostated at 30 °C, were charged
with a solution of [AuPh(PPh;)] (100 mg, 0.185 mmol) in 4
mL, and with 4 mL of neat THF respectively. The syringes
were charged with 0.6 mL (1 mmol) of the stock solution of
tributyltin iodide in THF 1.67M. After thermal equilibration

5



the reagents were injected simultaneously in both vials. When
the heat flow ceased (40 minutes approximately) the sample
vial was opened and its contents were examined by “F or 'H
and *>'P NMR to confirm quantitative conversion to the desired
product. The enthalpy of reaction (AHy) with all species in
solution was measured as 3.63 J ( -19 kJ/mol and is based on
the average of three independent determinations.

Computational Section. All the calculations were carried out
by means of the Density Functional Theory using the disper-
sion corrected hybrid functional B3PW91, implemented in the
Gaussian09 program.” Gold atoms were represented by the
relativistic effective core potential (RECP) from the Stuttgart
group and the associated basis set, augmented by an f polariza-
tion function.” The phosphorus and chlorine atoms were rep-
resented by RECP from the Stuttgart group and the associated
basis set, augmented by a d polarization function.”® The C, H,
O and F atoms were described using the double-{ 6-
31G(d,p).”” The calculation was also performed using triple-{
cc-pvtz basis set, and empirical dispersion gd3bj.”® Geometry
optimizations were performed in vacuum and without impos-
ing any constraint. The nature of all the stationary points was
further verified through vibrational frequency analysis.
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The figure shows the increase on BDE (Bond Dissociation Energy) relative to Au-Ph bond in [AuR(PPh;)] complexes for
several R groups. The bond strength Au-R has qualitatively the same electronic dependence on the nature of R than H-R
strength, being gold more sensitive to changes than hydrogen. The effect is particularly important for fluoroaryl and al-

kynyls, for which the Au-R BDE increases much more than H-R BDE.

[AUR(PPh3)] + Ph- — [AuPh(PPh3)] + R-  AH = ADg
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