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SUMMARY 

Tris(pentaffuorophenyl)gold(III) (I) has been prepared as a stable compound 
in ether solution at room temperature and has been characterized as the triphenyl- 
phosphine adduct (II). Attempted isolation of (I) gave metallic gold and decafluoro- 
biphenyl.The “F NMR spectrum of (II) is analyzed in terms of structure and elec- 
tronic properties and compared to similar measurements on the gold(I) derivatives. 

RESULTS AND DISCUSSION 

Stable organometallic compounds containing the pentafluorophenyl group 
have been reported for copper2-5, cadmium6, zinc’, and gold**‘. We now report 
the preparation of tris(pentafluorophenyl)gold(III), (I), by addition of solid, anhy- 
drous gold trichloride (9.9 mmoles) to 50 ml of an ether solution of pentafluorophenyl- 
magnesium bromide (32.4 mmoles) at - 60’. The gold trichloride gradually dissolved 
as the solution was allowed to warm to room temperature, and no metallicgold 
precipitated. 

100’/0.5 mm 

CBF,-CBF, +Au 

3 C6F5M@r+hC1x -+ (C6Fs)&t+3 MgBrCl 

(1) 

The solution was stirred at room temperature for 18 h with no evidence of decomposi- 
tion. After addition of 1 g of trimethylchlorosilane to react with excess Grignard 
reagent, triphenylphosphine (10.0 mmoles) was added to complex the product. A 
55% yield of adduct (II) was obtained, m-p. 243-246” (decompn.), after recrystalliza- 
tion from cyclohexane. (Found : C, 45.47 ; H, 1.75 ; Au, 20.79 ; F, 29.77. C36H ,au- 

l For Part I see ref. 1. 
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F,,P calcd. : C, 45.01; H, 1.58 ; Au, 20.51; F, 29.67OA.) Compound (II) is stable to 
moisture and air. 

The solution stability of (I) at room temperature contrasts sharply with that 
of trimethylgold(III)lo [the only trialkyl- or triaryIgoId(II1) compound previousiy 
reported] which decomposes in ether solution at -40 to - 35’ to ethane and methane. 
Tris(pentafluorophenyl)gold(iII) undergoes a parallel decomposition at higher tem- 
peratures. Attempted sublimation of (I) from the residue remaining after solvent 
removal (no triphenylphosphine added) gave decafluorobiphenyl (III) (62% yield) 
and metallic gold. Since all known gold(II1) compounds, both organic and inorganic, 
are four-coordinate l1 (or higher), (I) is undoubtedly complexed by ether in solution. 
Decomposition probably commences when the coordinating ether molecule is lost 
under the high vacuum conditions. 

In related work, we have studied the reaction of aurous chloride with penta- 
fluorophenylmagnesium bromide at O* in ether. Metallic gold and decafluorobiphenyl 
are formed instantly, possibly via an unstable (pentafluorophenyl)gold(I) intermediate. 

2 C,F,M@r+2kuCl- CsF5-C6F5t2 M@rCl+2Au 

We have recently reported (pentafluorophenyl)(triphenylphosphine)gold(I) as a 
stable compoundl. 

The “F NMR chemical shiftzof tris(pentafluorophenyI)(triphenylphosphine)- 
gold(iII) (II) are reported in Table 1 with comparison to the chemical shifts for 
(pentafluorophenyl)(triphenylphosphiue)gold(I)(IV). For compound (II), the patterns 
for the o- and p-fluorines each appear as two sets of peaks in relative intensity of two 
to one which we have assigned to the pentafluorophenyl groups in cis and trn~s 
positions, respectively*. The downfield shift for the UZ- and p-fluorines of (II) relative 
to (IV) are qualitatively as expected for -I- 3 relative to -+ 1 gold. The difference in cis 

TABLE 1 

‘9F NMR CHEMICAL SHIFTS OF (PWTAFLUOROPHENYL)GOLD DERWATIVES AND CALCULATED SUBSTITIJE,NT 
PARAMEl-ERS 

Compound Chemical shift” 

@, @III @e 01 CR 

(GF,)&~~ WGH,), cis 170.0 161.0 157.4 -to.63 -0.28 
tram 122.0 161.0 156.4 +O.% -0.24 

C6FSAU=Z- wGw3 123.2 160.9 157.7 + 0.65 -0.30 
C,Fau* P(C&), 116.0 162.4 158.3 to.29 -0.19 
nz-FC&Au - P(C,H,), 2.32b -0.25c 
MC&&u* P(C&Q 3.23b.d - 0.03’ 

* Chemical shifts of o-, M- and p-fluorines in ppm. The Cp scale I2 is based on C6F6= 163.0 ppm upfield 
from CF& All measurements made at S-IO% concentration in benzene containing CFCI, reference. 
’ “F shift in NI- and p-fluorophmyl derivatives. c Catcukdted by methods ofTaft and coworkers”. * This 
value is correct. The value of 3.37 in ref. 1 was a typographical error. 

* For a recent arxalysis of 19F spectra ofpentafluorophenyl derivatives, including organometallic derivatives, 
see ref. 12. 
* For a study of pentafluorophenyl derivatives of some transition metals, see ref. 13. 

J. Organometaf. Chem., 21 (1970) 739-742 



ORGANOGOLD CHEMISTRY. II 741 

and trans shifts probably reff ects a rrans effect *. The upfield shift of the o-ff uorines for 
(II) relative to (IV) is unexpected, but could be explained by a ring current shielding 
interaction of the adjacent pentafluorophenyl system. Because of non-bonded inter- 
actions with the o-fluorines, the pentafluorophenyl rings are probably oriented so 
that (II) looks like a propellar *. The o-fluorines on the truns ring are shifted further 
upfield because they are adjacent to two rings. 

Following the literature method , I2 the @,,, and aP values have been used to 
caIcuIate the inductive and resonance parameters for the gold(I) and gold(M) sub- 
stituents and these values are also given in Table 1. The values, particuIarIy cI, cal- 
culated from the pentafluorophenyl chemical shift data do not agree with values 
caiculated from “F shift data on IPZ- and p-fluorophenyI(triphenyIphosphine)goId(I)f. 
These results could be explained either by a paramagnetic effect or a through-space 
interaction between the o-fluorines and the gold. This o&to interaction would lead 
to considerable decrease in charge density on the o-fluorines (note the large downfield 
shift of the o-fluorines, much larger than observed for most other substituents other 
than transition metals). The net result of such an interaction would be increased 
negative charge in the gold which would enhance a --R effect on the p-fluorine as 

observed. The through-space interaction of the positive o-fluorines wouId cause a 

downfield shift of the m-fluorines and an apparent increase of oI to a large positive 
value. This type of interaction between gold and the o-fluorines may be considered 
analogous to the addition of haiogens such as bromine to gold(I) derivatives’. 

A paramagnetic effect also couId explain the low field o-fluorine shifts, but 
considerable additional theoretical and experimental studies are needed to determine 
effectson the “F shifts in theother positions. In the gold(III)compounds the enhanced 
eIectron-withdrawing character shown by the large positive of is expected from the 
+3 state of gold. The enhanced - R effect ‘by gold(II1) is not easily explained. 

These observations on the 19F chemical shifts of the pentaffuorophenylgold 
derivatives shohld be pertinent to interpreting interactions of fluorines from the 
pentatluorophenyl rings with other transition metals” and clearly points out defi- 
ciencies of using 19F chemical shift measurements of the pentafluorophenyl ring for 
calculation of CT parameters. 
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