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Photoinitiated Reactions of Haloperfluorocarbons with Gold(l)

Organometallic Complexes. Perfluoroalkyl Gold(l)

Complexes

Alejandro Portugués,”® Inmaculada Lépez-Garcia,? Javier Jiménez-Berna

Juan Gil-Rubio*®

Abstract: The study of perfluoroalkyl metal complexes is key to
understanding and improving metal-promoted perfluoroalkylation
reactions. Herein we report the synthesis of the first gold complexes
with primary or secondary perfluoroalkyl ligands by photoinitiated
reactions between Au(l) organometallic complexes and
iodoperfluoroalkanes. Complexes of the types LAuRg (L = PPh; or
N,N-bis(2,6-diisopropylphenyl)imidazol-2-ylidene; Re = n-C4F,, n-
CoF13, i-C3F7, c-CsF11) and [Au(Rg)(AnI(PPh3)] (Ar = 2,4,6-
trimethylphenyl) have been isolated and characterized. Alkynes
ReC=CR were formed by reaction of Ph;PAuC=CR (R = Ph, nHex)
with IR (Re = n-C4F,, i-C5F7). Evidences of a photoinitiated radical
mechanism for these reactions have been obtained. Au(lll)
complexes [Au(n-C4Fqo)(X)(Y)L] (X =Y =CI, Br, I, Me; X=Me, Y =)
have been prepared or in situ generated, and their thermal
photochemical decomposition reactions have been studied.

Introduction

The industrial demand for fluorinated organic co
boosted intensive research on metal-mediate
perfluoroalkylation reactions during the last t

pronounced inertness against red
consequently, a very limited nu
perfluoroalkyl bond-forming reductive
observed. Reported examples comprise
Pd(ll) complexes containing p
or alkyl- and aryl-trifluorome
oxidation states, sucl
Au(ll).®

In contrast to
complexes, metal comple
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Gold(lll)

autista, and

type of compou arise from
perfluoroalkylag [ s,B

ir applications in the
""" in the synthesis of

I Au complexes have been reported,’®™
taining heavier perfluoroalkyl groups
olated or fully characterized. To fill
this gap and to incre e knowledge on the chemistry of
metal perfluoroalkyls, we started a project aimed at synthesizing
d studyin e reactivity of Au(l) and Au(lll) complexes
taining uoroalkyl ligands different than trifluoromethyl.

erfluoroalkyl iodides (IRg) were chosen as perfluoroalkyl
s because of their commercial availability and reactivity
metal complexes in low oxidation states.'™
studies by Puddephatt and co-workers showed that
uMe react with ICF; to give Au(lll) and/or Au(l)
| complexes depending on L (Scheme 1, A)."® To
explain the observed reaction products, they proposed that the
initially ~ formed  [Au(CF3)(Me)l(L)] undergoes reductive
ation of Mel or ligand exchange reactions to give the final
ts. Evidences for a radical mechanism were obtained, but
hotochemical character of the reaction was not investigated.
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Scheme 1. Reported oxidative addition reactions of ICF; to Au(l) complexes.
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Glockling obtained PhzPAuCF; in the reaction between
PhsPAu(CH(SiMes);) and ICF3.'"" Toste and co-workers studied
the reactions of complexes of the type Rs;PAuAr (R = Ph, Cy)
and ICF; under UV irradiation (Scheme 1, B). These reactions
gave Au(lll) complexes of the type [Au(CF3)(Ar)I(PRs3)] by a
radical chain mechanism. Mechanistic studies suggested that
the reaction is initiated by one electron transfer from the starting
Au(l) complex to a photoexcited ICF3; molecule.® The isolated
Au(lll) trifluoromethyl complexes were photostable, but they
thermally decompose to give Arl and R3;PAuUCF;. Interestingly,
the reaction of [Au(CF3)(AnI(PR3)] with Ag" gave cationic
complexes which underwent fast reductive elimination of
ArCF3.°? Shen and co-workers observed a similar fast reductive
elimination of 4-FCgH4(CF2H) in the reaction of [Au(CF:H)(4-
FCsH.)CI(PCys3)] with Ag”.*® Recently, the oxidative additions of
Mel or ICF3 to (PPh4)[Au(CFs),] to give (PPh4)[Au(CF3)2(CX3)l]
were reported by the groups of Toste (X = H)® and Menjon (X =
F)"*?l (Scheme 1, C and D). The latter group also observed by
F NMR the formation of trans-JAU(CFs)(n-C4Fo)l in the
analogous reaction with n-C4Fl.

In this work we report a study of the reactivity of Au(l)
organometallic complexes of the type LAuR (L = PPhs, N,N-
bis(2,6-diisopropylphenyl)imidazol-2-ylidene (IPr); R = methyl,
aryl or alkynyl) with perfluoroalkyl iodides. These reactions take
place under photoactivation with a mild light source and afford
Au(l) or Au(lll) perfluoroalkyl complexes, or R—Rge coupligg
products. These reactions have allowed the isolation
structural characterization of the first Au(l) and Au(lll) com
with primary and secondary perfluoroalkyl ligands. Preliminary
results on the stability and reactivity of Au(lll)
containing a perfluoroalkyl and an aryl or alkyl
presented.

Results and Discussion

Reactions of Au(l)
iodoperfluorocarbons

When a solution of PhsPAuMe and perfluoro-1-iodobutan
CD.Cl, was irradiated with a 40 i
quantitative reaction to give Mel a

alkyl complexes

case traces of ethane wer
photolysis of PhsPAuMe.!"®
(CDCl3) the reaction
min) and partial dec
place. No reaction was o
room temperature, or when

IPrAutB
reactio PhsP, IPr) with the secondary
iodo ceeded in the same way, to give

LAu(i-CsF7) (L = PPhs (5)). Remarkably, no reaction
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intermediates were observed by NMR spectroscopy in any of
these reactions.
Au(l) perfluoroalkyl complex
isolated in 51-94% yield after irradi
corresponding LAuMe and IRg in CH;
The only significant by-pro
formed in the reaction of |

(Scheme 2) were
solution of the

, which was
c-CsF 141 in @ 10% yield
chromatography. The

white solids, except
an air-sensitive co,
complexes 6 and
containing the perf
PhsPAuUM
(Scheme 2),
an impure oil

best of our knowledge,
al complexes reported

(402 nm) 1-8
Re L Yield (%)
Fa
\C,C\C/CFa PPh; 94
2 £, F, IPr 76
F, F,

F
PPhg 90

Fa Fo F2
4 CFs PPhs 75
5 §FC, P 51
CF; r
6 é_FéIE_C\ZZF PPh;, 72
7 2 pr 70 P .
F,C—CF, [N iPr
IPr=| >:
F F
""r\f N iPr
8 FC F PPhgb iPr@
F F

@ The reaction takes place in the dark.
b Unstable, not isolated.

Scheme 2. Reactions of Au(l) methyl complexes with iodoperfluorocarbons.

The crystal structures of 1 and 2 were determined by single-
crystal X-ray diffraction (Figures 1 and 2). In both complexes the
gold atoms show a slightly distorted linear coordination
environment. The Au(n-C4Fg) unit presents an "L" conformation
in both cases, probably to allow a more efficient molecular
packing. The Au—CF, bond is slightly shorter in 1 (2.097(2) A)
than in 2 (2.125(3) A), and both Au-CF, distances are longer
than the Au-CF; distances reported for similar Au(l)
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trifluoromethyl complexes containing NHC or phosphine ligands
(2.01-2.08 A).I""

Figure 1. Crystal structure of 1 in the solid state (50% thermal ellipsoids).
Selected bond lengths (A) and angles (deg): Au-C 2.097(2), Au-P 2.2918(5);
C-Au-P 173.07(6).

Selected bond lengths and angles: Au-Ccamene 2.014(2),
Cearbene-Au-CF 175.89(10).

Perfluorocyclohexyl complexes 6
two conformers, which could be obs

appear around
sets of signals is
assigned to the les
LAu mgqiety

other, and therefore was
conformer, having the
disposition. According to this
ar at a higher 8 value in the main
in the minor one (LAUa—C—Feq).
evious '"F NMR studies on
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substituted perfluorocyclohexanes, which show that the axial
fluorine nuclei are less shielded gkan the equatorial ones.?"
Complex 6 shows a similar be! and its spectra are

IF|’r
Au F
RFEL ¢
D —— F
F
Fr
F
B
A+B A+B
(2F) (2F)  A+B
(5F) A+B A+B
1F 1F) 95°C
N o
80 °C
25°C
M J

B “ .n“

-140

ppm-1 10 2120 -2(50

3. Variable-temperature F NMR spectra of 7 (Ds-Toluene, 564.6

Reactions of with
iodoperfluorocarbons

Ph;PAuMes (Mes = 2,4,6-trimethylphenyl) did not react with n-
C4Fql in the dark at room temperature (CD.Cl,) or at 60 °C
(CDCl3). However, upon irradiation at 402 nm the starting
materials gradually transformed into the oxidative addition
product [Au(n-CsFg)(Mes)I(PPhs)] (9, Scheme 3). At short
irradiation times (ca. 1-2 min), 9 was the main reaction product,
along with unreacted starting materials and smaller amounts of 1,
Mesl, PhzPAul, mesitylene and several unidentified
organofluorine products. Prolonged irradiation led to a
progressive decay of 9 in favour of the other reaction products,
which became finally the main components of the mixture
(Figures S5-S7). Complex 9 was isolated in 63% yield after
irradiating a mixture of PhsPAuMes and n-C4Fgl for 90 seconds.
Its crystal structure was determined by X-ray diffraction (Figure
4).

In CD.Cl, solution, 9 is stable at room temperature in the
dark, but decomposed upon irradiation at 402 nm to give a
mixture containing essentially the same products which were
previously observed after prolonged irradiation of the reaction

Au(l) aryl complexes

This article is protected by copyright. All rights reserved.
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mixture (Figure S8). This suggests that these reaction products 402 nm

arose from photodecomposition of 9. Remarkably, integration of

the "H NMR spectrum and GC-MS analysis of the obtained IPr—Au—Ph Re

mixture revealed that the mesitylene formed after hv

photodecomposition of 9 in CD,Cl, was partially deuterated in Re = n-C4Fg, i-C3F7 : Phl

one of the aromatic positions.

Scheme 4. Reactions of IPrAuPh with

I-R |
PhsP—Au—Mes ————— > PhyP— Au—R;
hv (402 nm) Mles The crystal stru 12 (Figures 4, 5 and 6)
9.12 show slightly dist oordination geometries,
Mes = ¢ a with the PPh; and ik ligands in a m | trans disposition. The
most significant di on is a wid g of the I-Au—CF angle
(96.23(6) ©°) i d by the steric repulsion
R Isolated yield (%) hv between the io opropyl ligands. The Au-CF;
9 n-C4Fg 63 (402 nm) bond distances i perfluoro-butyl or -hexyl complexes 9
10+ 11 n-CgF43 65 (10:11 = 81:19) CD,Cl, (2.110( 18(3) A) are slightly shorter than the
39 (pure 10) Au-C (2.152(2) A), and similar to the Au—
12 -CsF; 9.8 \ CF, bond distanc 2) A).
PhsP—Au—Rg + Mesl ~
1,3,4
! PhsP—Au—I + MesH(D ‘
—Au—I| +
1= Ph3P—%|\u—Mes 3P Al esH(D)
+
n-CeF13 unidentified fluoroorganic
compounds

Scheme 3. Reactions of Ph;PAuMesAu(l) with iodoperfluoroalkanes and
photodecomposition of the resulting Au(lll) complexes.

The outcome of the reaction of Ph;PAuMes
was similar. However, in this case a mixture of

main isomer (10) was obtained pure by recrystaffi re 4. Molecular structure of 9 in the solid state (50% thermal ellipsoids).
lected bond lengths and angles: Au-P 2.3857(5), Au-CF, 2.110(2), Au-Cyes

> , re st > Jurat .0659(19), Au-l 2.67565(18); Cyres-AU-CF 89.21(8), Cyes-Au-P 88.39(6), CF -
(Figure 5). Owing to its higher solubility, the minor isomer Au-P 174.74(8), Cyes-Au-l 178.53(8), CF,-Au-1 91.90(6), P-Au-1 90.573(13).

below).

Analogously, the reaction of Ph
complexes 12, 4, and Ph;PAul, along wi and
several unidentified organofluorine products In

contrast with 9 and 10, co
component of the reaction
times. Nevertheless, from the reaction
mixture by liquid-diff

crystal structure show th ous to that of 9
and 10 (Figure 6). No Au( detected in the
reaction of PhsPAuMes an , which reacted upon
irradiation at 40 i e 6 and Mesl.
IPrAuPh did | or i-CsF7l upon 402 nm Figure 5. Molecular structure of 10 in the solid state (50% thermal ellipsoids).
irradiation, but it rea e Phl and complexes 2 Selected bond lengths and angles: Au-P 2.3781(7), Au-CF, 2.118(3), Au-

e 4; Figures S9 and S10). No Au(lll) CMes 2.061(2), Au-l 2.6777(3); CMes-Au-CF, 89.10(10), CMes-Au-P 90.30(7),

) . ; CF,-Au-P  174.95(7), CMes-Au-l 175.60(7), CF-Au-l 91.65(7), P-Au-l
interme in this case. 89.329(18).
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In the "F NMR spectra of the Au(lll) perfluoro-butyl or -hexyl
complexes 9, 10 and 11, the AuCF, nuclei adjacent to gold
resonate at higher 8 values than those of their Au(l) counterparts
1 or 3 (-79.5 to -81.0 ppm vs. -104 ppm, respectively). The same
happens with the perfluoroisopropyl complexes 12 and 4 (-172.1
vs. -199.1 ppm, respectively). In contrast, the *'P signals of the
Au(lll) perfluoroalkyls appear at lower 8 values than those of the
Au(l) complexes (23.3-28.3 vs. 38.4-39.6 ppm). The *Jpr values
of the Au(lll) perfluoroalkyl complexes are typically higher than
those of their Au(l) counterparts.

The configuration of 11 was assigned on the basis of (i) a
lower Jpr value (29.7 Hz) in comparison with 9 and 10 (39.6 and
39.5 Hz), which suggests a mutually cis disposition of the
triphenylphosphine and perfluorohexyl ligands, and (ii) the
coupling between the mesityl aromatic proton and *'P (*Jp = 4.1
Hz), which was not observed in the other complexes and
suggests that the triphenylphosphine and mesityl ligands are
trans to each other.

Figure 6. Molecular structure of 12 in the solid state (50%
Selected bond lengths and angles: Au-P 2.3748(6), Au-C,
2.063(2), Au-l 2.6925(2); Cues-Au-CF 88.46(9), Cyes-Au-P 857
172.45(6), Cumes-Au-1 173.81(6), CF-Au-l 96.23(6), P-Au-I 89.750(1

Reductive elimination reactio

[Au(Rs)X.L] (X = CI, Br, )

14, 15 and 16 were is
5 with PhICI, or Br..
mixture containing Ph;
Au(lll) perfluoroalkyl compl

ICl; to give a
the expected

quantitatively g
5). The Au(lll) co
at initial stages of ith unreacted 2, IPrAul
11 and S12). The expected Au(lll)
between 1 and I, was not observed.
13 (Figure 7) shows a slightly
eometry. The unit cell contains

molecules with very similar structural

distorted squa
two independent
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parameters,
conformational disorder of the perf]
molecules. The Au—C distances (2%
not significantly different from those of 9

The *'P NMR signal of 13 appears
ppm) than for 9-12. The
agreement with the trans

the main difference between them being the
robutyl chain in one of the
and 2.123(4) A) are

value (27.2
f 3Jpr (DF4 Hz) is in
the phosphine and the
ectra of 13-15, the &
-74.1 and -81.9
d for the Au(lll)

values of the AuCF,
ppm, which falls 4
perfluorobutyl com

Yield (%)
PPh3 n—C4F9 Br 75
| IPr n-C4F9 Cl 66
L—adl cr, 15 IPr nCsFo Br 6
16 IPr  iCsF; CI 82

L = PPh3 (not detected)
= IPr (detected: 17)

+ n-C4Fg

Scheme 5. Reactions of Au(l) perfluorobutyl complexes with halogens or

Figure 7. Molecular structure of 13 in the solid state (50% thermal ellipsoids).
Selected bond lengths and angles: Au-P 2.4019(10), Au-C 2.122(4), Au-Br(1)
2.4237(4), Au-Br(2) 2.4179(4); C-Au-P 176.71(11), C-Au-Br(2) 90.58(11), P-
Au-Br(2) 87.13(3), C-Au-Br(1) 90.56(11), P-Au-Br(1) 91.89(3), Br(2)-Au-Br(1)
176.191(15).

Complex 13 underwent reductive elimination of n-C4F¢Br when it
was exposed to ambient light or irradiated with a blue LED
(Scheme 6). In contrast, 15 was stable under blue light, but
underwent reductive elimination on irradiation with 402 nm light.
This is in agreement with the positions of the absorption bands

This article is protected by copyright. All rights reserved.
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in their UV-visible spectra (Figure 8). Thus, the lowest energy
absorption maximum of 13 lies at 368 nm, but it tails up to 500
nm, showing a significant absorbance in the visible region. In
contrast, the absorption maximum of 15 is at shorter wavelength
(335 nm) but presents a low absorbance at 402 nm which
decays at longer visible wavelengths. Finally, the lowest energy
maxima of 14 and 16 lie at 293 and 294 nm, respectively. These
complexes do not significantly absorb beyond 380 nm, therefore
they are stable under 402 nm irradiation. However, they
decomposed when they were irradiated at 310 nm in an
unselective way, to give a mixture of IPrAuCl and several
unidentified  fluorinated  products, among which the
chlorofluorocarbons n-C4FoCI?? or i-CsF;CI®® were not detected
by "°F NMR (Figures S13-17).

hv L—Au—

| (Mmax) +
L—Au—n-CyFq S,
n-C4Fg

L }‘-max(nm)

PPh; 454
Pr 402

13,15

Mmax(nm)

|
IPr—Au—Rg L 402  No reaction
|

310 Complex mixture

14, 16 Rg = rl-C4F9, i—C3F7
Scheme 6. Photoreductive elimination reactions of dihalo perfluor, I Aulll)
complexes.
2 A
1,5 1
A1
0,5 1
0 \
550

Figure 8.UV-vis spectra ,Cly, 2-2.3 x 10 M).

Havi
we attempted 10

mplexes 13 and 15 in our hands,
omplexes of the type [Au(n-
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C4Fg)(Me)(I)L]. Given that these complexes are potential
intermediates in the reacion bet n LAuMe and IRf, their
reactivity could provide some insig reaction mechanism.
First, 13 and 15 were allowed to react MgBr, to obtain
complexes of the type [Au(n-C4Fy)
subsequently be transformegainto the
Br/I” metathesis. However,
reagent (3.8 equiv) i
(Scheme 7; Figure S
MeMgBr (1.2 equj
unidentified produ,
C4Fo)(Me)(Br)L] (
temperature again
In the reaglion o

of 15 with the Grignard
ly gave MeBr and 2
action of 13 with
sPAuBr and an
that complexes [Au(n-
re unstable at room
of MeBr.

of MeMgBr, trans-[Au(n-

posed unselectively upon 310 nm
irradiation in CD,Cl, soO! n to give mainly 1, CH3;CH;, CDHj;
and CH3;CDCI, (Figure S19).

[Au(n-C4 e)I(PPhs)] (19) was obtained by protonolysis of
of th u—-Me bonds of 18 in the presence of NBual
eme 7). Formation of CH4 was confirmed by carrying out the
n in an NMR tube in CD,Cl,. The *Jpr value of 19 (40.5
gested a mutual trans disposition of the PPhs and n-C4Fg
their *'P and "°F,C-Au chemical shift values were
those of 9 and 10. In the 'H NMR spectrum the
methylic pr¥ons of 19 gave a doublet at 1.78 ppm (*Jpy = 5.6
Hz). In the dark at room temperature, 19 progressively
transformed into 1 and Mel over a period of more than 24 h. In
conlgst, photoirradiation of 19 at 402 nm for 1 min led to almost
coniete decomposition to Mel, 1, PhsPAul (main products),
agseveral unidentified products (Scheme 7; Figure S20).

| MgMeBr (exc
L—Au—n-C4Fq LOVEETIeXe (exc) 2 + Me
| L=IPr
13 or 15

MgMeBr (exc)

L = PPhg
Me HOTf
| (BugN) |
PhsP-Au—n-C4Fg —— PhsP—Au—n-C,Fq
| -HMe |
Me 4g -(BugN)OTf Me 49
(52%) (20%)
hv (402 nm) RT, dark
(fast) (slow)
1+ Mel + Ph3PAu 1 + Me

+ unidentified products

Scheme 7. Synthesis of Au(lll) complexes containing perfluoroalkyl and
methyl ligands. Thermal- or photo-reductive elimination reactions of these
complexes.
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Reactions of Au(l) with
iodoperfluorocarbons

The reactions of PhsPAuC=CPh with IRg (Rr = n-CsFg, i-C3F7)
quantitatively gave Ph;PAul and alkynes ReC=CPh (Scheme 8)
upon 402 nm irradiation. As in the previous cases, the reaction
did not take place in the dark nor at 60 °C (CDClz, 10 min).
Under the same conditions, complex PhzPAuC=CnHex reacted
with IRe (Re = n-C4Fs, i-C3F7) to give PhsPAul and alkynes
ReC=CnHex as the main products, but complexes 1 or 4 and
other unidentified products were also detected by NMR
spectroscopy in the reaction mixtures.

alkynyl complexes

IRF Ph3P—AU—|

PhsP—Au-C=CR ———— > +
hv ReC=CR
(402 nm)
R Rr Yield (%) of ReC=CR?
Ph n-C4Fg >90
Ph i-C5F7 >90
nHex n-C4Fg 60
nHex i-C3F; 83

2 Determined by NMR on the reaction mixture.

Scheme 8. Reactions of Au(l) alkynyl complexes with iodoperfluoroalkanes.

Mechanistic studies

Previous studies have shown that the photooxidative addition of

ICF3 to Au(l) aryl complexes proceed through a radi
mechanism which is initiated by the transfer of one el
the Au(l) complex to an excited molecule of
agreement with a radical mechanism, the reaction
PPhs, R = Me, Mes, C=CPh; L = IPr, R = Mg,
almost completely inhibited in the presence o
TEMPO (Scheme 9). In addition, significant amounts 0
were formed when the reactions were carried out in presen
an excess of THF (Scheme 9; Figures S21 and S22). This
hydrofluorocarbon typically results from a-hydrogen
abstraction from THF by a perfluorobu

L—Au—R + n-CyFql
TEMPO
Products +

9H

% of HnC4F9
33

3
PPhs

and radical-trapping experiments in the
lexes with iodoperfluorobutane.
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Since the reactions do not proceed in the dark, perfluoroalkyl
radicals could be generated bpathree possible pathways
(Scheme 10): (a) Light-promoted is of the Au—R bond
followed by reaction of the generated ra ith IRg; (b) single
electron transfer from an excited LAUR olecule of
IRg; (c) single electron t an excited
lysis of the I-R¢ bond.

Ar) bond under UV
we did not detect
roducts HR when
L =IPr, R = Me) and an
less energetic 402 nm
sing the wavelength to

the formation of th

excess of THF w
radiation in CD,CI

gy onset at ca. 370 nm. Since the

absorbance of complex uMe (L = PPhg, IPr) at wavelengths

longer than 350 nm is zero, these complexes can not be excited
on irradiatj

with the 402 nm LED (Figure S25). In contrast,
PAuMe d Ph3;PAuC=CPh show a significant absorbance
LED emission range. Remarkably, IPrAuPh does not react
£ (Re = n-C4F,, i-C3F7) upon irradiation at 402 nm, despite
rbance at this wavelength is higher than that of IPrAuMe.
) and (d) require previous photoexcitation of the
kane. The absorption maxima of IR lie at 269 nm
(Rr = n-C4F¥) and 272 nm (Rg = i-C3F7), but the bands tail up to
ca. 375 nm (Figure S25). Since the overlap between the LED
emission and the IRr absorption bands is minimal, the number of
exched molecules in these conditions should be very small.
dingly, attempts to trap possible perfluoroalkyl radicals
ed by I-C homolysis by irradiating CD,Cl, solutions of n-
ol in the presence of THF or norbornene at 402 nm were
nsuccessful. Neither the THF a-hydrogen abstraction product
(n-C4FgH), nor the product resulting from n-C4Fsl addition to the
norbornene C=C bond were detected by NMR. This suggests
that in the absence of the Au(l) complexes the extent of |-C
homolysis is insignificant and disfavours pathway (d).

LAu® + R*

R*+ IRE — Rl + Rf

hv
(@) LAIR —>

hv |R|: .
(b) LAUR — > [LAUR]—F =R/

hv ., +LAUR
() IRp—> IRF* ————» R¢
-LAuRI

@ IRf —Y > R+ I°

Scheme 10. Pathways for the generation of perfluoroalkyl radicals in the
photochemical reactions of Au(l) organometallic complexes with
iodoperfluoroalkanes.
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To get further evidence on the initiation mechanism, we
investigated the reactions of complexes LAuR (L = PhsP, R = Me,
Mes, C=CR; L = IPr, R = Me) with Br(CF3)sH, which absorbs at
lower wavelengths (Amax < 200 nm) and thus can not be excited
by the 402 nm LED (Scheme 11). No reaction was observed in
any case with this light source, suggesting that excitation of the
halocarbon is necessary for the initiation of the reaction. In
contrast, irradiation at 310 nm produced mixtures containing
mainly LAU(CF.)sH and RBr in all cases,®™ except for
Ph;PAuC=CR, which did not react (Figures S26-S33). Since UV
light is able to promote homolysis of the Au-R (R = Me, Ar)
bond,!"® ?! this process could trigger the reactions with
Br(CF3)sH. The lack of reactivity of PhsPAuCsFs against i-CsF7|
under irradiation at 402 is also in line with pathway (c),?”
considering its lower reducing power in comparison with
Ph;PAuUR (R = Me, Mes or C=CPh).

L—Au—R
hv |Br(CF,)gH

402 nm *

i310 nm

L—Au—(CFy)sH + RBr

Lt R + LAUBr +RH + ...
PPh; Me, Mes
IPr Me

Scheme 11. Reactions of Au(l) organometallic complexes with 1-bro
perfluorohexane upon irradiation at different wavelengths.

In summary, the available evidence points to (
dominant initiation pathway under irradiation at 40

12, pathway A).

Scheme 12. Proposed radi echanism for the reactions of Au(l)
organometallic complexes with iodoperfluoroalkanes.
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Complexes [Au(Re)Me(l)L] (L = IPr or PPh3) were not observed
in the reaction mixtures, but one ofgldese potential intermediates
(19, L = PPh;) was prepared
expected, 19 is unstable against redu
being the photochemical decompositi
thermal one. However, pho

entified products (Figure
d I"C4F4 cleanly affords

native, we propose
molysis of the Au(ll)
LAuRE and a methyl
o generate Mel and a
ay has been previously
ions of LAuMe (L = PMes,
ICF;"® or PhSH,”® and the
with [OsHz(CO),].?% In agreement with
ts of MeH or the adduct Me—-TEMPO
ctroscopy when the reactions of
PhsPAuMe and n-C4Fg carried out in the presence of THF
or TEMPO under 402 nm irradiation (Figures S21 and S22).
were not detected in the absence of the
kane.

hen L = PPh;, R = Mes and Re is a primary perfluoroalkyl,
(1) intermediates [Au(Re)(Mes)I(PPh3)] are stable enough
olated. In contrast, when Re is a secondary perfluoroalkyl
itermediate was observed in low concentration (Rg =
s not detected (Rr = ¢c-Ce¢F11). This suggests that
bulkier peMuoroalkyl ligands could destabilize the Au(lll)
complexes.

Complexes [Au(Re)(Mes)I(PPh;)] are stable at room
rature but under 402 nm irradiation they decompose to
PhsPAuRg, Mesl, PhsPAul, mesitylene and several
entified organofluorine  products. Formation of n-
oTEMPO or n-C4FgH when [Au(n-C4Fg)(Mes)I(PPh;)] was
radiated in the presence of TEMPO or THF (Scheme 13,
figures S34 and S35) suggests that this decomposition takes
place through a radical mechanism. Remarkably, this
photodecomposition process has not been reported for the
trifluoromethylated analogues [Au(CF3)(Ar)I(PPh3)].1°"

intermediate [Au(
radical, which wo
perfluoroalkyl

[ n-C,FgTEMPO

| TEMPO +
Ph3P—A|u—n—C4F9 T> PhsP-Au—I
Mes (402 nm) +

PhsP-Au—Mes
+
Mesl
THF (exc) | hv +
(402 nm) MeSH(D)

PhsP-Au-1 + n-C4FgH + MesH

Scheme 13. Perfluorobutyl radical trapping
photodecomposition of Au(lll) perfluorobutyl complex 9.

experiments in the
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Conclusions

The reactions of LAUR (L = PPhs, IPr; R = methyl, mesityl or
alkynyl) with primary or secondary perfluoroalkyl iodides
proceed upon irradiation with a mild light source (402 nm) and
follow a photoinitiated radical mechanism. They afford Au(l) or
Au(lll) perfluoroalkyl complexes of the types LAuRg or
[Au(Re)(R)I(PPh3)], or alkynes ReC=CR, depending on the
nature of L, R and Re.

Whereas oxidative addition complexes of the type
[Au(Rg)(R)I(PPh3)] were isolated for L = PPh; and R = Mes, they
were not detected in the reactions of LAuMe and IR¢. Evidence
for different radical pathways in these reactions was obtained.

Au(lll) perfluoroalkyl complexes of the type trans-[Au(Rg)X.L]
(L = PPhs, IPr) have been prepared by oxidation of LAUREF with
PhICI; or Br,. These complexes are light-sensitive and undergo
reductive elimination of XRe under photoirradiation. In contrast,
their diiodo analogues (X = 1) are thermally unstable and could
not be isolated.

The photoinstability of Au(lll) perfluoroalkyl complexes
contrasts with the reported stability of their trifluoromethyl
counterparts,® and should be taken into account when
designing gold-catalysed perfluoroalkylation reactions.

The first gold complexes containing perfluoroalkyl ligands
other than trifluoromethyl have been isolated and structurally
characterized. These include the first perfluorocyclohegyl
transition metal complexes reported. Studies on the reac
and stability of Au(lll) perfluoroalkyl complexes cont g
different types of ligands are underway and will be reported in
due course.

Experimental Section

General considerations and materials: Ph3PAuMe[3°] a

were prepared by modified literature methods (see S
Information). PhsPAuMes,® IPrAutBu,*" IPrAuPh,®¥ PhsPAUC=C
and PhsPAuC=CnHex® were prepared as previously reported.
Reactions were carried out under a N, atmosphere by using stal

isolated
analytical

d in a reflecting
re measured on
0 MHz spectrome¥ers. 'H and "*C{'H}
solvent signals.®® "*F and 3'P{"H}
al CFCl; or H3POs, respectively.
ilent 6890 gas chromatograph
3 mass spectrometer, which
emical ionization (CH, as
emental analyses were carried out with a
UV-vis absorption spectra were
bda 750S spectrometer using 10 mm
de solvents. Infrared spectra were
' on a Perkin-Elmer 16F PC FT-IR

metal can around the reac
Bruker Avance 200, 300, 400
NMR spectra were referenced o
spectra were ref
GC-MS analyses

recorded in the range 4000-2
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spectrometer with nujol mulls between polyethylene sheets. Melting
points were determined on a Reichert agparatus in an air atmosphere.

PhsPAu(n-C4Fo) (1). n-C4Fgl (24 pL, 0.14 m
of PhsPAuMe (61 mg, 0.13 mmol) in CHCI
The solution was irradiated at 402 nm
evaporated to dryness under v

added to a solution
Schlenk tube.

M.p. 104-107 °C (dec);
15H); "*C NMR (75.5
(d, Jpc=2.0 Hz; Ph),
C-P), 120.4-109.4 (
81.3 (tt, 3F, Jrr = 9.5
2F), -125.5 (m, 2F); *

4pr = 1.7 Hz); i
1067, 999 cm™

%=13.6 Hz, Ph), 131.9
), 129.2 (d, Jpc=54.6 Hz;
(282.4 MHz, CDCls): 8=-
(m, 2F; AuCF,), -120.6 (m,
- 5=38.8 (tt, *Jpr = 23.1 Hz,
33, 1189, 1172, 1146, 1022,
s calcd (%) for CooHisAUFgP: C

.5 (d, Jpc=11.3
ral m; C-F); '°F
3.2 Hz; CF3), -1

IPrAuMe and n-C4Fql (67 pL, 0.38 mmol). The
irradiation time was 8 min. exane (5 mL) was added to the solution
and it was concentrated under vacuum until a white solid precipitated.
The suspensio s filtered and the solid was washed with n-hexane (2
mL) and ﬁed. Yield: 195 mg (0.242 mmol), 76%. M.p. 185-187
\H NMR (400.9 MHz, CD,Cl,): =7.54 (t, *Jun = 7.8 Hz, 2H, p-CeHs),
d, 3Jnp = 7.8 Hz, 4H, m-CgHs), 7.23 (s, 2H, HC=CH), 2.55 (sept,
.9 Hz, 4H, CHMe;), 1.32 (d, Jun = 6.9 Hz, 12H, Me), 1.23 (d, Jun
12H, Me); *C NMR (100.8 MHz, CD,Cl,): $=189.0 (t, *Jrc = 6.5
(tt, "Jr.c = 285.4, 2Jp c = 47.0 Hz, AuCF,), 146.1 (s, Ar),
134.2 (s .9 (s, Ar), 124.4 (s, Ar), 124.0 (s, CH=CH), 119.9-109.6
(several m, (YF), 29.2 (s, CH), 24.3 (s, Me), 24.1 (s, Me); "°F (188.3 MHz,
CD,Cl,): 6=-82.1 (tt, Jrr = 9.4 and 3.5 Hz, 3F, CF3), -106.3 (m, 2F,
AuCF,), -123.3 (q, Jrr = 9.2 Hz, 2F), -126.1 (t, Jrr = 11.2 Hz, 2F); IR
(Nujpl): v 1227, 1192 cm™" (CF); elemental analysis calcd (%) for
oAuN,: C 46.28, H 4.51, N 3.48; found: C 46.37, H 4.50, N 3.35.

Au(n-CeF13) (3). n-CeFq3l (104 pL, 0.468 mmol) was added to a
ution of PhsPAuMe (111 mg, 0.234 mmol) in CH,Cl, (7 mL) in a
chlenk tube. The solution was irradiated at 402 nm at room temperature
for 10 min with stirring. The reaction mixture was filtered through a PTFE
syringe filter to remove a small amount of gold particles, and the filtrate
was evaporated to dryness under vacuum to give a colourless oil which
was soluble in n-pentane. Yield: 163 mg (0.209 mmol), 90%. Satisfactory
elemental analyses could not be obtained because of the air sensitivity of
the oil. "H NMR (200.1 MHz, CD,Cl,): 6=7.59-7.46 (m, 15H); *C NMR
(100.8 MHz, CD,Cly): 6=134.6 (d, Jpc = 13.5 Hz, Ph), 132.2 (d, Jpc= 2
Hz, Ph), 129.7 (d, Jrc = 11.2 Hz, Ph), 129.4 (d, Jpc = 55.3 Hz, C-P),
119.2-108.5 (several m, C-F); '°F NMR (188.3 MHz, CDCls): $=-81.3 (t,
Jrr = 9.6 Hz, 3F, CF3), -104.3 (m, 2F, AuCF;), -119.7 (m, 2F), -121.7 (m,
2F), -123.2 (m, 2F), -126.6 (m, 2F); *'P (162.3 MHz, CD,Cl,): =38.6 (t,
b = 22.6 Hz).

Phs;PAu(i-CsF;) (4). It was prepared in the same way as for 1 from /-
CsF71 (16 pL, 0.11 mmol) and PhsPAuMe (50 mg, 0.11 mmol). White
solid. Yield: 50 mg (0.080 mmol), 75%. M.p. 156 °C (dec); '"H NMR
(400.9 MHz, CDCly): 6=7.56-7.49 (m, 15H); *C NMR (100.8 MHz,
CDCly): 8=134.3 (d, Jpc = 13.1 Hz, Ph), 132.0 (d, Joc = 1.9 Hz, Ph),
129.5 (d, Jpc = 11.3 Hz, Ph), 129.1 (d, Joc = 56.1 Hz, C-P); the C-F
signals were not observed; 'F NMR (282.4 MHz, CDCl): =-69.3 (dd,
8JrF = 12.4 Hz, *Jpr = 4.5 Hz, 6F, CF3), -199.1 (d of septets, *Jpr = *Ur
=12.1 Hz, 1F, CF); *'P (162.3 MHz, CDCls): $=39.6 (d of septets, *Jpr =
12.1 Hz, *Jpr = 3.9 Hz); IR (Nujol): v 1301, 1271, 1204, 1175, 1030 cm™"
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(CF); elemental analysis calcd (%) for Cz1HisAuF7;P: C 40.15, H 2.41;
found: C 40.02, H 2.43.

IPrAu(i-CsF7) (5). It was prepared in the same way as for 1 from
IPrAuMe (102 mg, 0.170 mmol) and i-CsF7l (29 pL, 0.21 mmol). The
irradiation time was 8 min. The volatiles were removed under vacuum
and the solid was stirred with n-pentane (1 mL), separated by filtration
and air dried. Yield: 66 mg (0.087 mmol), 51%. M.p. 243-245 °C; 'H
NMR (400.9 MHz, CD,Cl,): 6=7.54 (t, Jun = 7.8 Hz, 2H, p-C¢H3), 7.32 (d,
Jun = 7.8 Hz, 4H, m-C¢Hs), 7.24 (s, 2H, CH=CH), 2.52 (sept, Jun = 6.9
Hz, 4H, CHMe,), 1.29 (d, Jun = 6.9 Hz, 12H, Me), 1.23 (d, Jun = 6.9 Hz,
12H, Me); "*C NMR (100.8 MHz, CD,Cl,): 5=188.0 (s, N,CAu), 146.2 (s,
Ar), 134.2 (s, Ar), 130.8 (s, Ar), 124.3 (s, Ar), 123.8 (s, CH=CH), 29.1 (s,
CH), 24.2 (s, Me), 24.1 (s, Me); the C-F signals were not observed; F
NMR (188.3 MHz, CD,Cly): $=-70.9 (d, *Jrr = 11.7 Hz, 6F, CF3), -203.2
(sept, *Jer = 12.5 Hz, 1F, CF); IR (Nujol): v 1299, 1272, 1199, 1175 cm™
(CF); elemental analysis calcd (%) for CsoHssF7AuNz: C 47.75, H 4.81, N
3.71; found: C 47.56, H 4.74, N 3.60.

PhsPAu(c-C¢F14) (6). It was prepared in the same way as for 1 from c-
CgF441 (45 pL, 0.24 mmol) and PhsPAuMe (103 mg, 0.217 mmol). The
reaction mixture was concentrated under vacuum up to ca. 0.5 mL and
dry n-pentane (3 mL) was added with stirring. The resulting precipitate
was allowed to sediment and the mother liquor was removed with a
pipette under a N, atmosphere. The white solid was washed in the same
way with dry n-pentane (2 x 1 mL) and dried under vacuum. Yield: 115
mg (0.155 mmol), 72%. M.p. 130 °C (dec); 'H NMR (200.1 MHz, CD,Cly):
8=7.56-7.48 (m, 15 H, Ph); "*C NMR (50.3 MHz, CD,Cl,, 21 °C): =134.5
(d, Jpc = 13.7 Hz, Ph), 132.3 (d, Jpc = 2.1 Hz, Ph), 129.7 (d, Joc = 144
Hz, Ph), 129.2 (d, Jpc = 56.7 Hz, C-P); the C-F signals wer
observed; "F NMR (188.3 MHz, CD,Cl,, 21 °C): $=-109.2 (d, #FF =
269.3 Hz, 2F), -118.8 (d, 2Jrr = 280.5 Hz, 2F), -129.6 (br m, 5F), -138.2
(br m, 1F), -206.0 (br s, 1F, AuCF); "°F (564.6 MHz, CD,CI
(signals of the major conformer) 5=-108.5 (d, ZJF,F =2929 Hz
(d, 2JkF = 293.0 Hz, 2F), -123.2 (two overlapped d, 2Jrf =
-135.7 (d, ®Jr g = 277.6 Hz, 2F), -143.0 (d, 2k = 282.4
(s, 1F, AuCF); (signals of the minor conformer) 6=-111.
Hz, 2F), -113.3 (d, 2Jrf = 275.8 Hz, 2F), -119.7 (d, 2J
-123.7 (d, 2Jrr = 316.7 Hz, 1F), -140.7 (d, 2Jrr = 280.3 Hz,
2JF = 2755 Hz, 2F), -219.7 (s, 1F, AuCF); "F NMR (18
CD3CeDs, 80 °C): 86=-108.6 (d, 2Jrr = 280.4 Hz, 2F), -117.8 (d, 2J
283.2 Hz, 2F), -128.4 (d, Jrr = 273.7 Hz, 1F) -128.7 (br s, 4F), -137.1 (d
2Jer = 280.4 Hz, 1F), -204.8 (s, 1F, AuCF); *'P (242.9 MHz, CD,CNy25
°C): 6=39.4 (br m); *'P (242.9 MHz, CD,Cl, 460 °C): $=39.1 (br m,
conformer), 37.7 (br m, minor conformer); ol cm‘ﬂ): v 1246
1216, 1197, 1164, 1130, 1039, 1002,

irradiation time was 15
dryness. The residue w

after evaporation as a white soli
M.p. 225-226 °Crtd NMR (200.1 CD.Cly, 21 °C): 8=7.54 (t, Jupn =

Hz, 4H, m-C¢Hs), 7.26 (s, 2H,

12H, Me), 1.24 (d, Jun
°C): 5=188.1 (s, N,CAu),

C (150.9 MHz, CD,Cl,, 25
2 (s, Ar), 134.2 (s, Ar), 130.9 (s, Ar), 124.4
2 (s, CH), 24.21 (s, Me), 24.17 (s, Me);
d; '°F (564.6 MHz, CD3C4Ds, -60 °C):
108.4 (d, >Jrr = 293.1 Hz, 2F), -117.3

(d, 2Jer = 292.7 Hz, 2F), -122.1 (0, N = 276.4 Hz, 2F), -122.3 (d, 2Jrr
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= 283.6 Hz, 1F), -135.1 (d, °Jrr = 275.6 Hz, 2F) -142.4 (d, °Jrr = 281.8
Hz, 1F), -201.7 (m, 1F, AuCF); (signals gf the minor conformer) =-111.3
(d, 2Jpr = 248.9 Hz, 2F), -112.8 (d, 2J:4 5 Hz, 2F), -118.8 (d, 2Jrr
=255 Hz, 2F), -122.8 (d, *Jr¢ = 299.7 Hz, (d, 2k = 281.3 Hz,
1F), -141.3 (d, %Jrf = 271.8 Hz, 2F), -219.0 CF); "°F (564.6
MHz, CD3CeDs, 23 °C): =-109.2 (d, 2Jrr = 18.1 (d, 2k
(very br, 1F,
E-109.0 (d, 2JrF = 280.7 Hz,
m, 5F), -137.0 (d, %Jrf =

274.2 Hz, 1F), -206.7 (s,
elemental analysis calc

Reaction of Ph:PAu
(8). CoFsCFal (4 pL,
(9.5 mg, 0.020
the dark, the N

data of PthAU(CFzCer)
to a solution of Phs;PAuMe
a NMR tube. After 40 min in
e showed quantitative formation
reaction was carried out in a larger scale in
r, when the reaction mixture was evaporated
ne was added to precipitate 8, partial
ok place and a grey oil was formed. This
oil was a mixture contai d several unidentified compounds. NMR
data of 8 '"H NMR (200.1 MHz, CD,Cl,): 6=7.57-7.46 (m, 15 H); "°F
R (188.3?CDZCI2): 8=-80.7 (qd, *Jrr = *Upr = 25.4 Hz, SJrr = 3.0
),

2F, CF, 3.4 (m, 2F), -157.8 (t, Jer = 21.1 Hz, 1F), -163.8 (m,
3P (81.0WIHz, CD,Cl,): 8=38.4 (t, *Jpr = 26.4 Hz).

lution was irradiated at 402 nm for 80 s at room
stirring. The resulting yellow solution was evaporated to

to give a pale yellow precipitate, which was isolated by filtration, washed
with n-pentane (3 x 2 mL) and air dried. Yield: 102 mg (0.110 mmol),
63% M.p. 160165 °C; 'H NMR (600.1 MHz, CDCly): $=7.49-7.32 (m,
), 6.34 (s, 2H, H3, Mes), 2.12 (s, 6H, Me), 2.08 (s, 3H, Me); *C
150.9 MHz, CDCl;): 6=149.9 (m, C1, Mes), 136.5 (s, Mes), 136.2
es), 135.0 (d, Jpc = 9.2 Hz, Ph), 131.8 (s, Ph), 129.5 (s, Mes), 128.5
Jrc = 11.2 Hz, Ph), 127.2 (d, Jpc = 56.8 Hz, C-P), 120.8-109.6
everal m, C-F), 23.6 (s, Me), 20.3 (s, Me); "F NMR (188.3 MHz,
CD,Cly): 5=-80.4 (dtm, Jrr= 15.6 Hz, ®Jpc = 39.4 Hz, AuCF,), -81.7 (t,
Jeg = 10.1 and 2.9 Hz, CF3), -112.8 (m, 2F), -126.6 (m, 2F); *'P NMR
(81.0 MHz, CD,Cly): $=23.3 (t, >Jpr = 39.6 Hz); IR (Nujol): v 1190, 1175,
1097, 1059 cm™" (CF); elemental analysis calcd (%) for Cs1HzsAuFglP: C
40.28, H 2.84; found: C 40.06, H 2.99.

SP-4-4- and SP-4-3-[Au(n-C¢F13)(Mes)I(PPhs)] (10) and (11). It was
prepared in the same way as for 9 from n-CsF13l (124 pL, 0.556 mmol)
and [Au(Mes)(PPhg)] (107 mg, 0.185 mmol). The obtained pale yellow
solid was a mixture of 10 (81%) and its isomer 11 (19%). Yield: 126 mg
(0.120 mmol), 65%. Recrystallization from CH,Cl,/n-hexane at 5 °C gave
pale yellow crystals of pure 10. Yield: 73 mg, 39%. M.p. 170-175 °C
(dec); "H NMR (600.1 MHz, CD,Cl,): $=7.51-7.35 (m, 15H, Ph), 6.36 (s,
2H, H3, Mes), 2.13 (s, 6H, Me), 2.09 (s, 3H, Me); "*C NMR (150.9 MHz,
CD,Cly): =150.3 (m, C1, Mes), 136.68 (s, Mes), 136.64 (s, Mes), 135.3
(d, Jpc = 7.8 Hz, C3, Ph), 132.2 (s, Ph), 129.8 (s, C3, Mes), 128.7 (d, Jpc
= 11.2 Hz, C2, Ph), 127.2 (d, Jpc = 57.5 Hz, C1, Ph), 120.6-107.1
(several m, C-F) 23.7 (s, Me), 20.2 (s, Me); "°F NMR (188.3 MHz,
CD,Cly): 6=-79.5 (dtm, >Jp = 39.7 Hz, Jer = 16.3 Hz, 2F, AuCF3), -81.1 (t,
Jrr = 10.1 Hz, 3F, CF3), -111.3 (m, 2F), -122.0 (m, 2F), -122.8 (m, 2F), -
126.3 (m, 2F); *'P NMR (81.0 MHz, CD,Cl,): $=23.9 (t, ®Jpr = 39.5 Hz);
IR (Nujol): v 1235, 1195 cm™" (CF); elemental analysis calcd (%) for
CasHasAuF 13IP: C 38.69, H 2.56; found: C 38.61, H 2.58. NMR data of 11:
"H NMR (200.1 MHz, CDCls): 6=7.68-7.46 (m, 15H, Ph), 6.74 (d, 2H,
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®Jon = 4.1 Hz, H3, Mes), 2.44 (s, 3H, Me), 2.25 (s, 6H, Me); "°F NMR
(188.3 MHz, CD,Cl,): 8=-81.1 (m, 2F, AuCF>), -81.2 (m, 3F, CF3), -113.8
(m, 2F), -122.5 (m, 2F), -123.1 (m, 2F), -126.6 (m, 2F); *'P NMR (81.0
MHz, CD,Cl,): $=28.3 (it, *Jpr = 29.7 Hz, *Jp ¢ = 5.3 Hz).

SP-4-4-[Au(i-C5F7)(Mes)I(PPh3)] (12). To a solution of [Au(Mes)(PPhs)]
(79 mg, 0.14 mmol) in CH.CIl, (6 mL) i-CsF7l (60 pL, 0.41 mmol) was
added. The mixture was irradiated at 402 nm for 15 s with stirring to give
a yellow solution, which was concentrated to ca. 0.5 mL under vacuum,
layered with n-hexane (10 mL) and allowed to stand in the dark until
yellow crystals grew (2 days). The crystals were separated from the
mother liquor and dried under vacuum. Yield: 12 mg (0.014 mmol), 9.8%;
"H NMR (300.1 MHz, CD,Cly): $=7.53-7.35 (m, 15H, Ph), 6.32 (s, 2H, H3,
Mes), 2.13 (s, 6H, Me), 2.06 (s, 3H, Me); "°F NMR (282.4 MHz, CD,Cl,):
8=-65.6 (t, *Jpr = *Jpr = 7.8 Hz, 3F, CF3), -173.1 (m, 1F, CF); *'P NMR
(81.0 MHz, CD,Cl,): 6=26.5 (d of septets, >Jpr = 22.4 Hz, *Jpr = 7.1 Hz);
The available amount of sample was too small to obtain an useful '*C
NMR spectrum; elemental analysis calcd (%) for CsoHzsAuF7IP: C 41.21,
H 3.00; found: C 41.33, H 3.12.

trans-[AuBr;(n-C4Fg)(PPh3)] (13). n-CsFql (137 pL, 0.796 mmol) was
added to a solution of [Au(Me)(PPh3)] (342 mg, 0.721 mmol) in CHCl,
(20 mL). The mixture was irradiated with a 402 nm LED for 5 min and
evaporated to dryness under vacuum. The resulting white solid
containing complex 1 was redissolved in CH,Cl, (20 mL) and the solution
was cooled at —70 °C and protected from light. Then, a solution of Br; in
CHCI; (2.8 mL, 0.26 M, 0.73 mmol of Br;) was added with stirring. The
reaction mixture was slowly warmed to room temperature over 40 min
then it was evaporated to dryness under vacuum. The orange resi
was extracted with warm n-hexane (50 mL) to give a yellow extract,
residue was extracted with more warm n-hexane until the extra
almost colourless (2 x 20 mL). The extracts were filtered through a cotton

was filtered, washed with cold n-pentane (3 mL) and air dri
mg (0.539 mmol), 75%. M.p. 98-100 °C (dec); 'H NM

13.4 Hz, 2F, AuCF3), -80.8 (it, Jrr = 10.0 and 2.2 Hz, 3F, CF3), -112.
2F), -125.8 (m, 2F); *'P NMR (81.0 MHz, CDCls): 8=27.4 (t, *Jpfr = 54.2
Hz); IR (Nujol): v 1237, 1197, 1093, 1075 cm™ (CF); elemental andksi

allowed to warm at room temper:
volatiles were removed under va
pentane (5 mL) to give a
air dried. Yield: 76 mg
NMR (600.1 MHz, CD,Cl,):
JH,H =78 HZ, 4H, m-CeHg), 7.

, p-CeHa), 7.38 (d,
, 2H, CH=CH), 2186 (sept, Jun = 6.6
Hz, 4H, CHMe;), 1.38 (d, Jun = 6NQlz, 12H, Me), 1.13 (d, Juy = 7.2 Hz,
12H, Me); *C N lo): 5=166.3 (t, *Jor = 16.6 Hz,
N2CAu), 146.6 (Ar ), 126.3 (CH=CH), 124.8 (Ar),
), 26.6 (Me), 22.7 (Me); "°F
NMR (188.3 MHz, CD, %@\ 9 (tt, Jr.r 9.8 and 2.6 Hz, 3F, CF3), -
), -117.0 (m, 2F), -126.6 (m, 2F); IR

-1

(CF); elemental analysis calcd
(%) for, H 4.14, N 3.20; found: C 42.56, H 4.20,
N 3.0
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trans-[Au(n-C4F)Bry(IPr)] (15). It was prepared in the same way as for
14 from Br; (0.13 mmol) and 2 (102 , 0.127 mmol). Orange solid.
Yield: 75 mg (0.078 mmol), 61%. M.p* 1 °C (d); "H NMR (200.1
MHz, CD,Cl,): 8=7.56 (t, *Jupn = 7.2 Hz, 2 ,7.37 (d, *dp =77
Hz, 4H, m-C¢Hgs), 7.35 (s, 2H, CH=CH), 2.99 = 6.8 Hz, 4H,
CHMey), 1.38 (d, *Jun = 6.6 Hz, 12H, Me), (d, "™ .8 Hz, 12H,

. t, *Jor = 16.6 Hz, N,CAU),
=CH), 124.8 (Ar), 122.9-
), 23.0 (Me); "F NMR
z, 3F, CF3), -83.3 (t,
W(m, 2F); IR (Nujol,): v
analysis calcd (%) for
found: C 38.35, H 3.76, N

Jrr = 13.6 Hz, 2F, Au
1232, 1197, 1129
Cg1H3aBr2F9AUN2: C
2.86.

trans-[Au(i-C3
14, from PhICl,

CH=CH), 2.86 (sept, “Jn, Hz, 4H, CHMe;), 1.36 (d, *Jun = 6.7 Hz,

12H, Me), 1.12 (d, *Jup = 6.8 Hz, 12H, Me); *C NMR (150.9 MHz,

,Clo): 6=1?(m, N2CAu), 146.6 (s, Ar), 133.1 (s, Ar), 131.7 (s, Ar),
)

4 (s, CH , 124.7 (s, Ar), 122.6 (qdq, 'Jrc = 310.8 Hz, 2Jrc =
Hz, ®Jrc ¥ 4.5 Hz, CF3), 96.2 (d of septets, "Jr ¢ = 233.6 Hz, 2 =
z, CF), 29.3 (CHMe,), 26.7 (Me), 22.5 (Me); "°F NMR (188.3 MHz,
: 5=-68.5 (d, *Jr.r = 8.5 Hz, 6F, CF3), -177.9 (sept, *Jrr = 8.5 Hz,
. IR (Nujol,): v 1292, 1275, 1210, 1191 cm™ (CF); elemental

trans-[Au(n-C4Fy)Me,(PPh;)] (18). MgMeBr (2.8 M solution in Et,0, 1.05
mmol) was added to a solution of 13 (293 mg, 0.350 mmol) in THF (20
mL)at -70 °C protected from light. The mixture was allowed to warm at
mperature and stirred for 30 min in the dark. Then, H,O (0.1 mL)
dded and the mixture was stirred for 15 min and evaporated to
ess under vacuum. The residue was stirred with CH,Cl, (20 mL) and
ess of MgSO, for 40 min. The suspension was filtered over celite. The
olid material was extracted with more CH,Cl, (30 mL) and the combined
CH,CI; solutions were evaporated to dryness. The resulting residue was
extracted with n-pentane (3 x 3 mL). The extract was filtered and
concentrated under vacuum to give a white solid. Yield: 128 mg (0.181
mmol), 52%. M.p. 128-130 °C (dec); 'H NMR (600.1 MHz, CD,Cl,):
5=7.58-7.50 (m, 15H, Ph), 0.11 (d, %Jp = 5.3 Hz, 6H, Me); *C NMR
(150.9 MHz, CD,Cl,): 5=134.7 (d, Jr.c = 10.8 Hz, C3, Ph), 132.2 (s, Ph),
129.3 (d, Jpc = 11.2 Hz, C2, Ph), 126.9 (d, Jpc = 57.3 Hz, C1, Ph),
121.2-108.4 (several m, C-F), 13.7 (m, Me); "F NMR (188.3 MHz,
CD,Cly): 6=-81.3 (tt, Jrr = 10.1 and 3.2 Hz, 3F, CF3), -96.9 (dt, Jpr =
38.6 Hz and Jgg = 13.9 Hz, 2F, AuCF;), -116.9 (m, 2F), -126.0 (m, 2F);
*P NMR (81.0 MHz, CD,Clp): $=30.0 (t, *Jpr = 38.4 Hz); IR (Nujol): v
1346, 1233, 1190, 1100, 1073 cm™ (CF); elemental analysis calcd (%)
for CosHo1FgPAuU: C 40.69, H 2.99; found: C 40.93, H 2.74.

SP-4-4-[Au(n-C4Fs)(Me)l(PPh3)] (19). A solution of 18 (84 mg, 0.119
mmol) in CH,Cl, (20 mL) was sequentially treated with HOTf (140 uL of a
0.85 M solution in Et,O, 0.119 mmol) and NBug4l (45 mg, 0.12 mmol) at
room temperature in the dark. The mixture was stirred for 2 min and
evaporated to dryness under vacuum. The residue was stirred with 4:1 n-
pentane:Et,O (30 mL) in the dark. The suspension was filtered with a
cannula equipped with a cotton filter, and the filtrate was transferred to a
light-protected flask and evaporated to dryness. The resulting residue
was stirred with n-pentane (3 mL). The suspension was filtered and the
white solid was washed with n-pentane (3 x 2 mL) and air dried. Yield: 20
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mg (0.025 mmol), 20%. M.p. 89-92 °C (dec); 'H NMR (300.1 MHz,
CD,Cl,): 5=7.65-7.51 (m, 15H, Ph), 1.41 (d, *Jp4y = 5.6 Hz, 3H, Me); "°F
NMR (282.4 MHz, CDCl;): 5=-80.8 (tt, Jrr = 9.7 and 2.4 Hz, 3F, CF3), -
83.5 (dt, Jpr = 40.7 Hz and Jrr = 13.1 Hz, 2F, AuCF), -113.3 (m, 2F), -
125.8 (m, 2F); *'P NMR (121.5 MHz, CD,Cl,): 6=27.0 (t, %Jpr = 40.5 Hz);
an useful >C NMR spectrum was not obtained because complex 19
partially decomposed during the measurement; IR (Nujol): v 1346, 1223,
1127, 1097, 1073 cm™' (CF); elemental analysis calcd (%) for
CasHislFoPAu: C 33.68, H 2.21; found: C 33.70, H 2.04. [3]

Crystal Structure Determinations. Single crystals of 1 and 2 were
obtained by slow evaporation of a CH,Cly/n-hexane solution. Single
crystals of 9, 10, 12 and 13 were obtained by liquid diffusion between a
CH,CIl, solution and n-hexane. The compounds were measured on a
Bruker D8 SMART diffractometer at 100K. Data were collected using a
high brilliance microfocus sealed tube with Mo-Ka. radiation (0.71073 A)
in omega and phi-scans. The structures were solved by dual methods. All
were refined anisotropically on F2. The methyl groups were refined using
rigid groups and the other hydrogens were refined using a riding mode.
Special features of refinement: (a) In 1 there was a poorly-resolved
region of residual electron density that was interpreted as a disorder over
two positions of the AuCF, carbon atom (97%) and an iodine atom (3%).
Different sets of data were measured all of them showing the same
problem. (b) In 2 the perfluorobutyl ligand was disordered over two
positions with a ca. 51:49 occupancy distribution. (c) In 13 the
perfluorobutyl ligand of one of the two independent molecules was
disordered over two positions with a ca. 88:12 occupancy distribution. In
this case the atoms of the minor positions were refined as isotropic.
Crystal data and details about data acquisition and structure refinemgnt
are included in the Supporting Information. CCDC 1913442 (1), 191
(13), 1913444 (2), 1913445 (12), 1913446 (9), 1913447 (10), cont;
supplementary crystallographic data for this paper. These data are
provided free of charge by the Cambridge Crystallographic Dat

(5]
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Irradiation with a mild light source
(402 nm LED) can activate reactions
between iodoperfluoroalkanes and
Au(l) organometallic complexes.
These reactions proceed through a
radical mechanism and have afforded
the first isolated of Au(l) or Au(lll)
complexes containing perfluoroalkyl
chains, including rare
perfluorocyclohexyl metal complexes.
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