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Formal Gold to Gold Transmetalation of an Alkynyl Group

Mediated by Palladium: A Bisalkynyl Gold Comple

to Palladium

Alberto Toledo, Isabel Meana, and Ana C. Albéniz *&

Abstract: The reaction of [Au(C=CnBu)], with [Pd(ns-aIIyI)CI(PPhg)]
results in a ligand and alkynyl rearrangement, and leads to the
heterometallic complex [Pd(ns-allyl){Au(CECnBu)z}]z (3) with an
unprecedented bridging bisalkynyl gold ligand coordinated to
palladium. This is a formal gold to gold transmetalation that occurs
through reversible alkynyl transmetalations between gold and
palladium.

The exchange of organic groups between metals is at the core
of many organometallic synthetic procedures and is a key step
in catalytic C-C coupling reactions. Recently, the use of two
transition metal complexes in catalytic reactions, the so called
bimetallic catalysis, is opening new avenues for the synthesis of
molecules."™ These processes rely on the efficient exchange of
organic fragments between metal co-catalysts along with a fast
and efficient final coupling step that drives the reaction
completion. Among the first examples, the coupling of al
groups has used the cooperative role of two metals, generally a
group 11 metal and palladium as, for example,gaig the
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Scheme 1. Reactions leading to the formation of complex 3.

The synthetic routes depicted in Scheme 1 are not
convenient for the isolation of 3 since the separation of the gold
byproduct [AuCI(PPhs)] from 3 s difficult. Besides, 3
decomposes in solution with a half life of about 1 h at room
temperature. For this reason, a different reaction route was
devised that involves the use of [Au(C=CR),]” as reagent (either
generated in situ for R = nBu or previously prepared for R =
CsHisOMe-p) and its coordination to a preformed cationic
palladium allyl (Scheme 2). In this way 3 (R = nBu) was isolated
and 6 (R = CsHsOMe-p) was detected. They were characterized
by NMR spectroscopy, where both the 'H and "*C NMR spectra
are quite simple reflecting the high symmetry of the complexes.
A characteristic and revealing ABX, system is observed for the
diastereotopic methylene hydrogens of the Au—C=CCH,—CH—Et
groups of complex 3 (see Supporting information).



A—Pd\/C}
2" 4 R
+ 2 AgBF4J R | |
2 AgCl APdQ B
—| . | | A|u
2Apd\.s BF, * 2 MIAUC=CR);] - ,, |i:'""pd-
Ns -2 MBF, I P \/
R
R

R = n-Bu, 3; p-CgH,OMe, 6

Scheme 2. Alternative synthesis of complexes 3 and 6.

The molecular structure of 3, determined by X-ray crystal
diffraction at 120 K, shows a centrosymmetric derivative with two
allylpalladium fragments, in a mutual trans arrangement, bridged
by two [Au(C=CnBu),]~ complexes (Figure 1)."® The Au-
C(alkynyl) bond lengths are in accordance with the literature
data for other gold alkynyls.""®?”! The C=C bond also conforms to
the values reported in the literature and it is not very sensitive to
coordination to another metal.'® The bond distances and angles
of the allylic fragments as well as the Pd—C(allyl) distances are
within the range found for other palladium allyl complexes with
ligands of moderate trans influence.?"* The value of the Au-gu
distance (3.255(10) A) falls in the range found for auro
contacts.”™ The Au-Pd distance (3.231(10) A) is shorter th
sum of van der Waals radii (3.29 A) and could indicate weak
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C10, 1.980(12); C4-C5, 1.202(16); Aul1-C4-C5, 177.7(11); C4-Au1-C10,
177.2(5).
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+ 1.2, much lower than the equilibrium constant for the
nation of PPh; which should be K = 10*, since both 2 and
3 react completely, as shown by NMR. When both ligands
present in substoichiometric amounts, both 5 and 7 are
ormed along with small amounts of the dialkyne and
[AuCI(PPh3)] (5% and 10% mol respectively). No experiment
showed the formation of [Au(C=CR),]" species.
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Scheme 3. Reactions of 2 with PPh; and chloride.

According to these results, palladium must play a direct role
in the rearrangement, more important than a mere ligand source,
and we believe that the formal gold to gold alkynyl transfer
occurs through palladium. This is supported by several
independent experiments that show that gold to palladium
alkynyl transmetalation is reversible and can lead to complex 3.
First, we synthesized the new allyl alkynyl palladium complex 8



by the reaction of the allylic dimeric complex 4 and a slight
excess of SnBuz(C=CnBu) at 243 K. Consistent with its dimeric
nature 8 is a mixture of cis and trans isomers, in a 1.2:1 ratio, as
a result of the two different arrangements of both allylic moieties.
The addition of an excess of [Au(C=CnBu)], to a solution of 8 at
243 K, produces the clean formation of the bimetallic complex 3
(Scheme 4). Thus, the formation of the bisalkynyl gold species
[Au(C=CR),]” occurs by transmetalation of the alkynyl moiety
from palladium to gold. The reverse transmetalation, from gold
to palladium, occurs by the addition of an excess of PPh; on
complex 3, which leads to the formation of the monoalkynyl allyl
palladium complex 9, and gold derivatives 5 and [AuCIPPh;]
(Eq. 1).

cl
ﬁ—Pd\// + 2 SnBus—==—Bu
<

1—2 SnBusClI
Bu Bu .
A pg S OSNS p e=—sy,
Pd /Pd-\(/+ A-Pd__=Pd— 3
S S
Bu Bu
trans-8 cis-8

Scheme 4. Transmetalation from Pd (8) to Au to form complex 3.
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The dectosition of complex 3 leads to a mixture of the
|-alkyny®goupling product 10 and the dialkyne in a 2:1 molar
(Eq. 4). The formation of 10 is a result of reductive
tion on a [Pd(alkynyl)(allyl)L;] intermediate, so the
e of this compound shows again that the transmetalation
Ikynyl gold moiety to palladium takes place.

Bu—— + Bu—————Bu (4)

conclusion, a formal gold to gold transfer of an alkynyl
nt occurs by sequential gold to palladium and palladium
Id transmetalations. Thus, palladium acts as a mediator in
rearrangement of the alkynyl gold complex. It is interesting to
ote that gold shows a distinct behaviour when compared to the
other group 11 members. In the latter cases alkynyl
transmetalation to palladium takes place when [M(alkynyl)], (M =
Cu, Ag) are reacted with 1, and M remains n?-coordinated to the
Pd-alkynyl fragment leading to heterometallic complexes
[{Pd(n3-aIIyI)(aIkynyI)L}CuCI]z and [{Pd(n3-a|IyI)(aIkynyI)L}zAgCI]
where o-alkynyl-Pd and n*alkynyl-M coordination modes can be
found. In the analogous reaction gold forms no complex of that
type but acts as a ligand scavenger, forming [AuCI(PPhs)], and
undergo more facile transmetalation processes showing a
preference for the o-alkynyl-Au coordination mode, present in
complexes 3 and 6, leaving palladium coordinated in a nz-
alkynyl-Pd fashion.

Experimental Section
Synthesis of 3.

Method A: A 5 mm NMR tube was charged with [Pd(n3-C3Hs)CI(PPhs)]
(0.024 g, 0.054 mmol) and [Au(C=CnBu)], (0.030 g, 0.108 mmol). Then,
CDClI; (0.6 mL) was added under nitrogen at room temperature. A yellow
solution was obtained and it slowly turned dark brown. After 15 minutes,



the solution was cooled at 243 K and then characterized by NMR.
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Equimolar amounts of 3 and [AuCI(PPhs)]'*! were formed in solution. (9]

10
Method B: A solution of n-butyl lithium (0.49 mL, 1.6 M in hexane, 0.79 {11}
mmol) in dry THF (5 mL) was added dropwise under nitrogen to a stirred
solution of 1-hexyne (0.091 mL, 0.79 mmol) in dry THF (5 mL) at -40 °C.
After 90 min at this temperature, [Au(C=CnBu)], (0.22 g, 0.79 mmol) was
added under nitrogen and the solution stirred at -40 °C for 3 hours. In
other Schlenk tube [Pd(u-Cl)(n>-CsHs)], (144.5 mg, 0.395 mmol) was
added to a solution of AgBF, (153.8 mg, 0.79 mmol) in dry THF (5 mL).
The mixture was stirred for 15 min protected from light and the yellow
solution was removed with a syringe and added to the first solution with
the preformed gold derivative at -40 °C. A light orange solution was
obtained and after 30min the solvent was removed in vacuum at -20 °C.
The brownish residue was extracted with CH.Cl, (3 x 5 mL), filtered
under nitrogen and then, the filtrate evaporated to dryness. The light
brown residue was triturated with dry cold hexane (5 mL) in a bath at -80
°C. The resulting solid was filtered, and dried in vacuo (227 mg; 56.7%
yield). This complex was stored at -30°C. 'H NMR (500 MHz, &, CDCl,
243 K): 5.62 (m, 2H, H? allyl), 4.12 (d,J = 7.1 Hz, 4H; H's, Hn allyl),
3.41 (d, J = 12.5 Hz, 4H; H'ang, Hanaallyl), 2.26, 2.15 (ABX, system, Jas
=16.4, Jax = Jgx = 7.7 Hz, 8H, C=C-CH,), 1.48 (m, 8H; CH,-CH.-CH,),
1.33 (m, 8H; CHy-CH3), 0.83 (t, J = 7.3 Hz, 12H; CH3). *C{'"H} NMR
(100.61 MHz, &, CDCls): 112.01 (s, C?allyl), 100.8 (s, Au-C=C), 90.8 (s,
Au-C=C), 67.1 (s, C", C%allyl), 31.85 (s, CH,CH,CHs), 22.15 (s, CH,CHs),
21.84 (s, C=CCHy), 13.97 (s, CH3). MS (ESI-TOF, dichloromethane,
m/z): 1037.09 (M+Na)+ (Na+ comes from HCOONa used for calibration).
The hydrodynamic radius determined by 'H DOSY is Ry = 5.11 A (293 K).
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Back and forth! Direct gold to palladium and reverse palladium to gold alkyny,
transmetalations effectively produce a deceptively simple gold to gold transfer. T
resulting bisalkynyl gold complexes act as bridging ligands to palladium atoms in an
unprecedented structure motive (see scheme).




