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A preparative route to the complexes R',N*[RAuX,"] (X =Cl or Br; R = C,H;, p-CIC H,, p-BtC H,, or p-NO,C,H,) is
described. The route involves the reaction of (phenyl or substituted phenyl)hydrazine hydrochloride with the tetra-
ethyl- or tetra--butylammonium salts of tetrachloro- or ietrabromoaurate(IIl). The arylgold(IIl) species were charac-
terized by 'H nmr, ir, and Raman studies. Vibrational assignments for various fundamentals of the complexes are given.

Introduction

Although the organometallic chemistry of gold(II) is of
considerable interest, few arylgold compounds have been
reported!™ and their properties are not known in detail.

Most of the known aryigold(IIT) compounds have the formula
(RAuX;), (R =aryl, X =halogen) and were obtained by
direct reaction between anhydrous gold(III) chloride and an
aromatic hydrocarbon.* Such compounds are rather un-
stable, and hence they were not characterized in detail. Start-
ing from the compounds (RAuCl,),, Liddle and Parkin®*® have
prepared trichloroarylgold(I11), RAuClsy’, and dichloroaryl-
gold(TiI), RAuCl, L, complexes.

It is well known that w-acceptor ligands such as phosphines
may be used to stabilize complexes containing metal-carbon
o bonds. This generalization applies to gold(III) chemistry,
e.g.,b C¢HsAuBr,; P(C¢Hs)s and (CH;)3Au-P(CeHy)s, and to
platinum(II) chemistry, e.g.,” [(C,Hs)sP},Pt(C¢Hs), and [(Cy-
H;);P),Pt(CH3),. o0-Alkyl and o-aryl derivatives of gold(J)
need also to be stabilized by ligands such as tertiary phos-
phines, €.8. ,8 (CéHs)AuP(CsHs)g;.

The present paper constitutes a report on a new reaction
which leads directly to trihalogenoarylgold(III) complexes
which are neither air nor moisture sensitive and which do not
contain any stabilizing ligands such as phosphines. Note
however that little is known about the actual strengths of
metal-carbon ¢ bonds,” and there is no reason to believe that
they are less strong in our complexes than in ones containing
phosphine ligands. The key reaction (preliminary reports on
which have appeared®1©) is

2C*AuX,) + C H,NHNH,HCl - C*[AuX,”] + C*[C H,AuX;] +
N, + 4HC

It involves treatment of tetrahalogenoaurate(lIl) complexes
C+[AUX4—] (C+ = (C2H5)4N+ or (n-C4H9)4N+; X=Clor Br)
with phenylhydrazine hydrochloride, thereby affording the
corresponding gold(I) halide C*[AuX;] and the trihalogeno-
gold (I1T) complex C*[C¢HsAuX;]. The mechanism of this
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reaction has been discussed elsewhere.> The success of this
reaction procedure is very much a function of the appropriate
redox properties of phenylhydrazine and the AuX, ion. The
work has also been extended to include the para-substituted
phenylhydrazines p-YCcHsNHNH, , where Y = Cl, Br, or NO,.

The resulting complexes C*[p-YCgH;AuX5 | have been
studied by means of 'H nmr, infrared, and Raman spectros-
copy in order to assist in the establishment of the structures
of the arylgold(III) anions and in order to allow vibrational
assignments of various fundamentals to be made.

Experimental Section

Preparations of the Complexes. Tetraethylammonium trichloro-
phenylaurate(III) and tetra-n-butylammonium trichlorophenylaurate-
(I11) were prepared as described previously.*®  Yields referred to the
theoretically expected quantities (corresponding to half the AuCl,”
engaged) were 32 and 26%, respectively.

Tetraethylammonium Tribromophenylaurate(Ill). Tetraethyl-
ammonium tetrabromoaurate(II1) (0.72 g, 1.11 mmol) was partly
dissolved in absolute ethanol (15 ml) and gently heated. To this
solution, a suspension of phenylhydrazinium hydrochloride (0.09
g, 0.62 mmol) in absolute ethanol (5 ml) was added with constant
agitation. The solution changed from red to yellow during 2 hr
heating at 45°. The slight excess of phenylhydrazinium hydrochloride
was necessary in order to complete the color change. On cooling
in a refrigerator, the solution deposited yellow plates, which were
removed by filtration, washed with diethyl ether, and dried. These
were [(C,H;),N][CH; AuBr,]; yield 0.062 g, 17%.

Tetra-n-butylammonium Tribromophenylaurate(Ilf). The
preparation was analogous to the previous one. The reaction
solution deposited white needles on being cooled in a refrigerator.
These were filtered off, washed with diethyl ether, and dried to give
[(n-C,H;),N][AuBr,] in 85% yield. Addition of diethyl ether to
the remaining solution afforded yellow prisms of [(n-C,H,) N}[C,H;-
AuBr,)] in 16% yield. As noted in the case of the chloride,!® the aryl
salt is less soluble than the AuX,” salt with tetraethylammonium
cation but the reverse is true with the tetra-n-butylammonium cation.

Tetracthylammonium Triiodophenylaurate(I1I). Several attempts
were made to effect reaction between [(C,H;),N][C,H;AuCl,] and
Lil, Nal, or [(C,H;),N]I in anhydrous dichloromethane. Owing to
its solubility, [(C, H;),N]I appeared to be the most convenient re-
agent with which to carry out this metathesis. To a solution of [(C,-
H,),N]{C,H,AuCl,] (0.33 g, 0.65 mmol) in CH,Cl, (25 ml) was added
dropwise a solution of [(C,H,),NJI (0.51 g, 1.98 mmol) in CH,Cl,
(30 mb). The first drops gave an orange color, which turned yellow
within seconds. After being stirred for 15 min, diethyl ether (10 ml)
was added to the solution, which was then placed in a refrigerator for
10 hr. About 25 mg of orange-red crystals was precipitated, filtered
off, washed with diethyl ether, and dried. On addition of more
diethyl ether to the filfrate, white and yellow crystals (identified as
[(C,H,).N]Cl and [(C,H,),N]Aul,, respectively) were precipitated.
Evaporation of the mother liquor on a rotary evaporator yielded an
orange-yellow oil containing iodobenzene.

The original orange-red crystals are decomposed by water, melt at
85-86°, and appear (ir evidence) to be impure [(C,H,),N][C,H;-
Aul,]. Caled: C,21.40;H,3.18;N,1.78. Found: C,23.7;H,
3.6; N, 2.35. This preparation, although unsatisfactory in that it
does not yield a pure product, is interesting for comparison with
that reported by Lee;'* viz., treatment of C H,TICl, or C,H,TiBr,
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Table I. Analytical Data and Physical Properties of the Arylgoid(III) Complexes
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% C % H % N % X
No. Complex Caled Found Calcd Found Caled Found Caled Found Description Mp, °C
I [(C,H,),N}{C,H;AuCl,] 3291 33.0 490 48 275 2.4 20.86 20.9 Pale cream prisms 154
1I [(n-C,H,) N][C ,H;AuCl,] 4241 423 6.59 6.65 225 225 17.11 17.2 Pale yellow prisms 99
111 [(C,H;) NI{CH ;AuBr,] 26.09 26.0 3.88 39 2,17 2.1 37.27 35.5 Yellow plates 122
v [(n-C H,),N][C,H,AuBr,] 3492 349 542 535 185 1.8 31.75 31.8 Yellow prisms 87
A% [(n-C,H,),N][CH; Aul;] 2943 30.8 457 4.75 1356 1.6 4247 Orange prisms 78-79
VI [(C,H),Nj[p-CIC,H, AuCl,] 30.83 309 441 44 257 2.6 26.05 White plates 160
VII  [(C,H;),N][p-BrC,H,AuCl, ] 28.50 284 4.07 4.0 238 24 Pale yellow prisms 178
VII [(C,H,),N][p-NO,C,H,AuCl,] 30.24 304 432 44 5.04 5.1 19.17 Yellow needles 168

with KI results in the rapid formation of iodobenzene.

Phenyl-

12B instrument at 60 MHz with TMS as reference.

The complexes

thallium diiodide is thus unknown.

Tetra-n-butylammonium Triiodophenylaurate(IlI). A solution
of {(n-C,H,),N]I (0.166 g, 0.45 mmol) in CH,Cl, (5§ ml) was added
dropwise at room temperature to a solution of {(n-C,H,),N}[C,H,-
AuCl,] (0.093 g, 0.15 mmol) in CH,Cl, (3 ml). The resulting orange
solution was cooled to 0° and both orange and white crystals precipi-
tated. These were filtered off and washed with diethyl ether. After
rinsing with distilled water, the white crystals of [(n-C,H,),N]Cl re-
dissolved, leaving orange crystals of the required complex (yield
0.070 g, 52%).

Other experiments indicated that decomposition products were
formed during the reaction and that triiodophenylaurate(IIl) com-
plexes are far less stable than their chloro or bromo analogs. More-
over, recrystallization destroyed most of the product and afforded,
among other products, the complex [(n-C,H,),N]Aul,. These prop-
erties are comparable with those of (C,H;),PAul, (which is un-
stable)'? and of [(CH,),SPtl;] (which cannot be isolated in the
solid state).'®

Tetraethylammonium Trichloro(p-chlorophenyl)aurate(III).
Tetraethylammonium tetrachloroaurate(IlI) (0.50 g, 1.07 mmol)
was partly dissolved in absolute ethanol (50 ml) and mixed with a
suspension of p-chlorophenylhydrazine hydrochloride (0.10 g, 0.56
mmol) in CH,Cl, (15 ml). The solution was gently heated for 20
min and then left to cool slowly and placed in a refrigerator after
the addition of diethyl ether (10 ml), White plates precipitated
and were filtered off, washed with diethyl ether, and dried to give
[(C,H,).N][p-CIC,H,AuCl,] (vield 0.06 g, 21%). No attempt
was made to isolate the second product of the reaction, viz., [(C,H,),-
NJAuCl,.

Tetraethylammonium Trichloro(p-bromophenylaurate(III).

This complex is obtained in 17% yield by the above procedure with
p-bromophenylhydrazine replacing p-chlorophenylhydrazine. The
reaction was left for 40 min, thereby affording very pale yellow prisms
of the required complex.

Tetraethylammonium Trichloro(p-nitrophenyl)aurate(III),
Tetraethylammonium tetrachloroaurate(III) (0.88 g, 1.9 mmol) was
dissolved in a mixture of anhydrous methanol (100 ml) and dichloro-
methane (50 ml) while another solution was prepared of p-nitrophenyl-
hydrazine (0.15 g, 0.98 mmol) in methanol (10 ml) and dichloro-
methane (15 ml). The latter was slowly added to the former with
agitation and the final solution was then gently heated for 15 min.
Some particles of metallic gold which formed during the reaction
were removed by filtration and to the resulting pale yellow solution
diethyl ether (5 ml) was added and the mixture placed in a refrigerator
for 24 hr. Long yellow needles of the required compound precipi-
tated; these were filtered off, washed with diethyl ether, and dried
(vield 0.16 g, 30%).

Instrumental Information. Infrared Spectra. Infrared spectra
of the complexes were recorded as polyethene disks on the Polytec
Fourier interferometer, FIR 30, and as paraffin wax disks on an
RIIC interferometer.

Raman Spectra. Raman spectra of the complexes in the solid
state were recorded on Spex 1401 and Coderg PH1 spectrometers
by use of Coherent Radiation Model 52 Kr* (647.1 nm) and OIP
Model 181E He-Ne (632.8 nm) excitation (powers of 400 and 100
mW, respectively) and 90° collection optics. The spectra were
calibrated by reference to the emission lines of neon. The spectra
of compounds I, VI, VII, and VIII were recorded as capillaries and
of II, III, and IV on a finger.

Nmr Spectra. Nmr spectra were recorded on a Perkin-Elmer R

(12) F. G. Mann and D. Purdie, J. Chem. Soc., 1235 (1940).
(13) P. L. Goggin, R. J. Goodfellow, S. R, Haddock, F. J. S.
Reed, J. G. Smith and K. M. Thomas, J. Chem. Soc., Dalton Trans.,

1904 (1972).

were dissolved in CD,COCD,.

Results and Discussion

Preparation and Properties of the Complexes. The analyti-
cal data and other properties of the arylaurate(III) salts
prepared in the course of this investigation are summarized
in Table I. The complexes form white, yellow, or orange
crystals which are air and water stable. With the exception
of the two salts of the [C¢HsAuCly] ion (previously obtained
from [RAuCl,],)? the complexes are new.

The transfer of the phenyl group from the hydrazine to the
gold(III) atom has been postulated® to take place via an N-
nitrene intermediate. This mechanism accounts for the fact
that para-substituted arylaurate(III) ions are formed from
para-substituted phenylhydrazines since it involves nucleo-
philic attack by the carbon atom (C;) bonded to the nitrogen
atom on to the gold(IIT) species.

3 2
Y—‘*@‘-NH—NHZ
5 6

Ortho metalation'*' was rejected since either C, or Cg

would thereby become bonded to the gold(IIl) species; i.e.,
this mechanism would lead to the formation of meta-substitut:
ed arylaurate(III) ions.

It was also of interest to find that the para isomers were
obtained where Y is either a mesomeric electron-donating
group such as Cl or Br or a mesomeric electron-withdrawing
group such as NO,. Consequently it seems certain that a free
YCsH, anion is not liberated during the reaction, since re-
arrangement would then occur according to the nature of Y.
Where Y = NO,, atoms C, and C4 carry the highest electronic
density in the ring and this would favor the formation ¢f Au-
C, or Au-Cg4 bonds. Again, this mechanism would lead to
the formation of a meta-substituted arylaurate(III) anion.

The position of the Y group in the anions YCgH; AuCly
is thus central to the above conclusions as to the mechanism
of their formation. 'H nmr and vibrational spectroscopies
have been used to establish this feature of the stereochemistry
of the anions, and the appropriate results are accordingly
discussed in detail.

Spectroscopic Studies to Establish the Position of Y in the
YC;H;AuCl; Ions. A. Infrared Measurements. In sub-
stituted arylaurate(IIl) species YCgH4AuCly it is possible
to establish the position of the Y group by ir spectroscopic
studies. Indeed, it is well known that the substitution pattern
of an aromatic ring may be deduced from the series of weak
overtone and combination bands in the region 2000-1600

(14) B. N. Cockburn, D. V. Howe, T. Keating, B. F. G. Johnson,
and J. Lewis, J. Chem. Soc., Dalton Trans., 404 (1973).

(15) A. C. Cope and E. C. Friedrich, J. Amer. Chem. Soc., 90,
909 (1968).
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Table II. Important Infrared-Active Vibrations of the Complexes [Et,N]{p-YC H,AuCl,] (Y =H, Cl, Br, NO,)

I VI Vil VI
C.H,; AuCl;" p-CIC . H,AuCl p-BrC ,H,AuCl;  p-NO,C,H,AuCly" Assignment
1962 vw
1949 w 1942 w
1878 w 1903 w 1903 w
ig?g :'rvw 1811 w Overtone and combination bands
1798 w 1783 w
1726 w 1656 vw 1682 w
1635 w 1637 w 1634 w 1628 vw
1564 s 1561w 1544 mw 1595 s }C=C skeletal in-plane vibrations
1551 w
850 vs i6(NO,)
742 vs 819 s 815 s 836 sh Out-of-plane C-H deformations
745 s v(NO,)
689 s 692 vw 689 w Trigonal ¢(CC)*7
cm™ ' together with the frequency of the strong bands Table IIL.  *H Nmr Spectra of
between 900 and 650 cm™ due to out-of-plane CH bending H(b) Hia)
vibrations.!”
The combination bands between 2000 and 1600 cm™!
(Table IT) in the infrared spectra of complexes I-V (see Y Z
Table I for the numbering of the complexes) are characteristic
of complexes containing monosubstituted benzene rings. The Hb) H()
defining feature is a series of four bands showing slightly -
decreasing intensity with decreasing frequency,'® the pattern Y z 8, ppm
being more important than the exact frequencies. On the H NHNH, 6.90 (multiplet)
other hand, the patterns of the infrared bands in this region gl ﬁuClB 703
; ) . uCl, 7.12 (singlet)
for complexes VI-VIII are typical of para-disubstituted H CH, 7.17 (singlet)
benzene rings.'® Br AuCl, 7.17
In the CH out-of-plane deformation region, five adjacent H H . 7.37
ring hydrogen atoms usually give rise to an infrared absorp- NO, AuCl, ;gg ﬁggi))))
tion between 770 and 730 cm™ (vs) (‘‘umbrella” mode).}” NO, a 7.52 (H(a))
In our case, complex I, for example, has a band at 742 (vs). 8.17 (H(b))
On the other hand, if the aromatic derivative has two adjacent NO, H(c) 7.48 (H(a))
ring hydrogen atoms (as in the case of a para-disubstituted ggg EIP{IE?))))

benzene) it is known that a very strong absorption occurs be-
tween 860 and 800 cm™'; in accordance with this generaliza-
tion, complexes VI and VII have very strong bands at 819
and 815 ¢m™?, respectively. The situation is slightly different
for VIII, which has a strong band at 850 cm™ (§(NO,)),'® a
shoulder at 836 cm™, and another strong band at 745 cm™
(¥(NO,)). Tt has often been found that a nitro substituent
shifts bands due to the aromatic ring to higher frequencies.
Moreover, some vibrations of the nitro group are mixed with
CH modes,® particularly the “umbrella” y(CH) and y(NO,)
modes. Thus the infrared spectrum of VIII in this spectral
region is different from that of VI and VII, and it is not
possible to establish by infrared measurements alone the posi-
tion of the nitro group in the ring. In conclusion, the infra-
red data on the complexes VI-VIII in the 2000-1670-cm™
region and the corresponding data for all except VIII in the
900-650-cm ™ region consistently indicate that the Y group
is in the para position in the aurate(III) complexes.

Assignments for some other fundamentals of the com-
plexes are included in Table II. The spectra of all the tetra-
ethylammonium salts contain a strong band at ca. 785 cm™
which is due to the cation.

B. Nmr Measurements. The nmr spectra of the aromatic
protons are of great interest mainly for two reasons: (a)
confirmation that the complexes VI-VIII are para substituted
(this being particularly important in the case of VIII, for

(16) C. W. Young, R. B. DuVall, and N. Wright, Anal, Chem.,
23, 709 (1951).

(17) D. B. Cunliffe-Jones, Spectrochim. Acta, 21, 747 (1965).

(18) J. H. S. Green and H. A. Lauwers, Spectrochim. Acta, Part
A,27,817 (1971).

@ Reference tetramethylsilane (6 0); values in CD,COCD,. b .Jy,
= 8.6 Hz.

which the infrared evidence was inconclusive); (b) variation
of the chemical shift with the nature of the substituents.

The chemical shifts (§) are given in Table III. A multiplet
centered at § 6.90 is found for phenylhydrazine and at §
7.03 for complex I. For the latter, a value of 7 7.07 has
been reported,? which probably should be § 7.07.

Complex VIII gave a typical A,B, spectrum*® with two
pairs of equivalent protons H(a) and H(b). The chemical
shift for the H(a), in the ortho position with respect to the
-AuCl; moiety, is § 7.50 and for the H(b) is § 7.97, with
Jab =8.6 Hz. These results clearly demonstrate that the
nitro group is in the para position in complex VIII.

Complexes VI and VII gave single peaks at § 7.12 and 7.17,
respectively, with accidentally equivalent chemical shifts for
H(a) and H(b) in each complex. No attempt was made to
record the spectra at lower than room temperature, owing
to low solubilities of the complexes.

The & values are expected to follow the order of electron-
withdrawing abilities of the substituents in the ring. Bearing
in mind the dangers associated with comparing § values for
anions and neutral molecules, the following order of decrease
in the electron density at the carbon atom to which the proton
is attached has been established: C¢HsNHNH, > C¢HsAu-
Cly > p-CIC4H, AuCly ~ C¢HsCH;3 ~ p-BrC4H,AuCly >
C5H6 > p-N02C6H4AuC13— > p‘N02C6H4C1 > C5H5N02 .

(19) J. R. Dyer, ‘“‘Applications of Absorption Spectroscopy of
Organic Compounds,” Prentice-Hall, London, 1965, p 110.
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Figure 1. Infrared (a) and Raman (b) spectra of the complex [(C,H,),N][C,H;AuCl,] and infrared (c) and Raman (d) spectra of the com-

plex [(C,H,),N][C,H;AuBr,] (region 40040 cm™).

This order parallels the decrease in the electron-donating
properties of substituents on the phenyl ring. It is interesting
to draw attention to the result that, in these complexes, the
-AuCly group appears to be less electron donating than the
-NHNH, group but more than Cl and H.

Vibrations of the Square-Planar Skeleton. If the phenyl
group (R) is regarded as a single dynamic unit, the RAuX3"
square-planar skeleton would possess nine normal modes of
vibration. These belong to the irreducible representations
4a; +2b, + 3 b, in Cy, symmetry, which is the highest
possible (by convention, the y axis is taken in the plane of
the molecule).?® The numbering scheme (Table IV) for
v, -V (all of which are both infrared and Raman active) is
the same as that chosen for the complex ion*! Pt(NH;)Cl;".
The nonequivalent X atoms in RAuXj;" will be distinguished
as follows: X, refers to the X atom trans to R, whereas X,
refers to the two symmetrically equivalent X atoms cis to R,

Compounds of the type LAuX3 have grevmusly been
studied only by infrared spectroscopy,?*~2* but recently the
results of an infrared and Raman study of dialkyl sulfide
complexes of gold(IIT) have been reported.*

A. Complexes C*[CsHsAuX;] (C* =(C,H;s)4N* or (n-
C,Ho)uN*; X =Cl, Br,or I). Only very slight modifications

(20) Report on notation for the spectra of polyatomic mole-
cules, J. Chem. Phys., 23, 1997 (1955).

(21) R. G. Denning and M. J. Ware, Spectrochim. Acta, Part A,
24, 1785 (1968).

(22) T. Boschi, B. Crociani, L. Cattalini, and G. Marangoni, J.
Chem. Soc. A, 2408 (1970).

(23) L. Cattalini, R. J. H. Clark, A. Orio, and C. K. Poon, Inorg.
Chim. Acta, 2, 62 (1968).

(24) G. E. Coates and C. Parkin, J. Chem. Soc., 421 (1963).

(25) E. A. Allen and W, Wilkinson, Spectrochim. Acta, Part A,
28, 2257 (1972).

Table IV. Description of the Skeletal Fundamentals

of the RAuX,~ Ions
Approx Approx
v, Species description® v, Species description®
v, a, v(Au-R) Ve b, n(X¢~Au~-R)
v, &, v(Au-X,) v, b, v(Au~-X,)
Vs a, v(Au-Xy) Vg b, 8(Xc~Au~R)
v, a, 8 (Xe~Au-X) vy b, 8§ (X¢-Au-Xo)
Vs b, w(X~Au-X,)
@ Key: v, stretching vibration; , bond angle deformation (out of

plane); 8, bond angle deformation (in plane).

(to the relative intensities of some bands) are observed to the
vibrational spectra of the RAuXj; skeleton when the cation,
C*,is changed. Larger differences obviously occur in the
lattice spectral region, as the lattice frequencies depend on
the masses of the ions. In general, any vibration involving a
halogen atom, X, is shifted to lower frequencies on replacing
chlorine by bromine.

(a) Gold-Chlorine Stretching Vibrations. The infrared
spectra of all the C*[RAuCl;] complexes (Figure 1) show
similar features in the 400-280-cm™' range, viz., a very strong
band at ca. 360 cm™?, a medium band at ca. 340 cm™, and a
very strong and composite band at cz. 285 ¢cm™ (Table V).
One component of the 285-cm™ band has a counterpart in
the spectra of [(C;Hs)4N][C¢HsAuBr;] (medium band) and
of [(n-C4Hg)4N]{C¢HsAul;] (very strong band).

The ~360-cm™" band is assigned to the v,(b,) asymmetric
stretching vibration of the Cl,AuCl, moiety because (a) it
appears to correlate with the very intense e,, fundamental of
the AuCly” ion and thus is expected to be the strongest band
in the infrared spectrum of each chloro complex®® and (b)
its frequency is nearly identical with that of the e, funda-
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g mental of the AuCl, ion (356 cm™) consistent with the
: " g Al idea that the vibration of a trans XAuX moiety would give
£ . E B w B wewe w oFf rise to a good group frequency.®*?
2l ad 5= good group frequency.
_ :w: $3 § § § ® 85 & 3 Z The ~340-cm ™! band is assigned to the v,(a, ) fundamental
E Sw {symmetric Cl,AuCl, stretch); this is very close to the fre-
lee ¢ % zzg ¢ gB g que—ncy2 of the v(a,g) fundamental of the AuCl,” ion £347
Sl o v 9on ¥ ooy £ cm™).*¢  One component of the band at ca. 285 cm™" arises
o o (=3 <t on ™~ v [ag <) 7] p . .
RERCEEAN N aa= = - o8 from the v4(a;) fundamental vibration of the AuCl; group;
2 3 t Broup
oo - e g ) the marked frequency difference between v, and vy illustrates
xl222E, B E ccEE g g the high trans influence of a phenyl group.?® Similar assign-
_ 23N R 2= 2222 ¢§ ments have been made for a different series of LMCl;™ ions
> 4 (M =Pt or Pd; L =8R,, PR;, AsR;, C,H,, or CO) which are
£E ¥ GBE E s8¥ EJ5 isoelectronic with RAuCly ions. It is noteworthy that
=R [N - -] o noOQ = . 3 Y
|88 & 8% ® 03 2z »(M-Cly) for these ions does not follow the order expected
g é‘ﬂ on the basis of the trans effect as distinct from the trans
| « 2 S & infl 13,29
25w E L3P ©n © @ ) iniluence.
Milmas o 83 © g9 £ (b) Gold-Bromine Stretching Frequencies. The infrared
5 Mmoo M - - 2 H spectra of the C*[C4HsAuBry | complexes possess three
. = bands which are not present in the spectra of the analogous
% w ‘ a [~ . - - A
il ﬁ - E &z Bz B BE. g2 chloro complexes, viz., 255, 205, and 180 cm™ (by coinci-
28 &8 9829 § oeed N dence, a band also occurs at ca. 180 cm™ in the iodo com-
22 plex) (Figure 1). The most intense infrared-active band
=S g
g8 (weak in the Raman spectrum) is that at ca. 255 cm™ (cf.
& £ % the e, fundamental of the AuBr4™ ion which occurs at 252
s = cm™');® this band is logically assigned to the asymmetric
. B o Br.AuBr, stretching vibration, p4(b,).
=22 EZ2 2E £ The band at ca. 205 cm™, which is strong in the infrared
e 28 Q8] g5 spectrum and very strong in the Raman spectrum, is attributed
B P o g L P (
o g © to the symmetric Br, AuBr, stretching vibration, v,(a;). It
E « £z EE B o< g is closely similar to the v;(a,,) vibrational frequency (212
- & 5 2 = 3 em ™) of the AuBr, ion, in accordance with this assign-
SIS £2 ment. The band at ca. 180 cm™ is assigned to the v3(a;)
A £E » EEBBE ) fundamental v(AuBr;). Comparison of the present results
A - SIS t p p
= 188 B8 Ssxdg § 2 - on v(AuX,) with those on the dialky] sulfide complexes?!
3} 4] = NR—= == =l t Y p

pt ‘ 2 f (CHj),SAuX; (X =Cl or Br) indicates that dialky] sulfide

E " 2 B 32 has a lower trans influence than the phenyl group.
2 % 22 o & OE E &y (¢) Gold-lodine Stretching Frequencies. The assign-
= I8 = N o e Z > ment of the gold-iodine stretching frequencies is not as
RS T8 certain as for the other gold-halogen frequencies, part!
@ E g g q , partly

% £, »E& 4 B E § % owing to the fact that no Raman data could be obtained on
= = s .
glo” § § < § § 3 = 9= account of the decomposition of the complex [(7-C4Hg)4-

3 - - - N][C¢HsAul,] in the laser beam. Four bands o in th
S o . 6Ils 3 . I ccur in the
£ g 5 TE general region where Aul stretching fundamentals are expect-
o ox| 22 B, EEE . 2 S5 ed, viz.,212, 183,162, and 153 cm™
g _ o ® IS5 T o =& One possibility is to assign the 212-cm ™" bands to the p,-
i -§ = {(b,) fundamental (asymmetric I, Aul, vibration} and the
g‘ .58 ¥ E s B » 83 162-cm™" band to the corresponding symmetric stretching
TR &° 5 ¥ 8 £ & vibration v,(a;). The v4(a;) vibration may then give rise
3 me o - £3 to the weak band at 153 cm™. The strong band at 183 cm™
'S S g
g = EQ (which is too strong and is at too high a frequency to be v3)
§ . _E " ‘. BT remains unassigned. An alternative and preferable possibility
gl |®|BEEE, 2 B . BE = P is to assign the 212-cm™ band to a ring mode (¢ the 201-
El AXEQ I = 2 Z=2 5S¢ cm™' band in IV and 209-cm™ band in I) and the bands at
g . ; % = 183,162, and 153 cm™ to v,, »3, and v,, respectively. For
£ IEEFE EEE HEE "g £ the Auly” ion, the e, and a;, fundamentals occur at 192 and
= - &8 .

s g5 &

5 - . 8 'g E (26) H. Stammreich and R. Forneris, Spectrochim, Acta, 186,
s 7 2 83 363 (1960).
2 SIS S T g S+ B (27) D. M. Adams, “Metal Ligand and Related Vibrations,”

£ Bl & F~ e3P 9 EE Arnold, London, 1967,

3 E >é’ ~ e 2 5 s ,‘;’ @ (28) F. Basolo and R, G. Pearson, “Mechanisms of Inorganic

B ST X ATy g ZE= Reactions,” 2nd ed, Wiley, New York, N. Y., 1967.
< Gla 3 32 k] 53 2.8 (29) R.J. Goodfellow, P. L. Goggin, and D. A. Duddell, J. Chem.
= <% < XK % o oL g Soc. A, 504 (1968).

N » 5 22 § ."I= g w7 g (30) A. Sabatini, L. Sacconi, and V. Schettino, Inorg. Chem., 3
> z E_ ss 2 =2 & © v-g 3 B s L s . ’ g. vy Iy
K A A =’ X el w ® ﬁ 5= 1775 (1964). . )

2 s =8 (31) D. R. Williamson and M, C. Baird, J. Inorg. Nucl. Chem.,
S Ez 34, 3393 (1972).




Arylgold(IIT) Compounds
148 cm™!, respectively.3 The AuX,” ion data provide strong
support for the second assignment, which also is analogous to
that made for the (CH;)3PPtl; ion;*® in this case v, v, and
v, occur at 185, 156, and 141 cm™, respectively.

(d) Gold-Halogen Deformation Modes. According to
Table IV, three bending modes (a, + 2 b;) correlating with
in-plane vibrations of the AuX, ion and two bending modes
(2 b;) correlating with out-of-plane vibrations of the AuXy
ion are active in both the infrared and the Raman spectra.
Proposed assignments, based on previous related work on the
AuXy ions as well as on gold(IIT) complexes,?+3 are made
in Table V.

(e) Gold-Phenyl Stretching Modes. Many assignments
have been made for metal-aryl stretching frequencies,**°
where the metal atom is Si, Ge, Sn, Pb, As, Sb, or TI; there
are several contradictions in these assignments. The p(AuC)
stretching vibration of the complex [(C,Hs)sN][C¢HsAuCls]
has been assigned®* to a band occurring in the infrared spec-
trum at 490 cm™. However, in the light of previous work
this seems far too high, and it is much more probable that
the 490-cm™ band arises from the well-known y-mode
deformation*®' of the aromatic ring.

In the infrared and/or Raman spectra of most of the com-
plexes a medium band occurs at ca. 285 cm™ (most obvious-
ly in the infrared spectra of III and V;in some cases it is
masked by v3(a;)). This fundamental is not sensitive to
change in the halogen atom and has tentatively been assigned
(Table V) to the v4(a;) fundamental, i.e., the AuR stretching
frequency (t-mode in Whiffen’s nomenclature).*! An alter-
native candidate for the AuR stretching fundamental is the
band in the spectra of all the complexes at 220-235 cm ™
which, like the ~285-cm™" band, is little affected by changing
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the halogen atom. Such an assignment would be more
consistent with that of Green** for compounds PhHgX (X =
Cl, Br,orI),216-242 cm™, and of Smith® for the com-
pound PhSnCl;, 253 cm™. The distinction between these
alternatives cannot be made with the data available at present.

B. Complexes [(C,H;)sN*][p-YC¢H;AuCls] (Y =Cl, Br,
or NO;). The gold-chlorine stretching frequencies of the
para-substituted arylaurate(III) ions are similar to those of
the C4gHsAuCly ion and are not very dependent on the sub-
stituent. These and other assignments are included in Table
V. One fundamental (possibly a deformation mode of the
ring) is very dependent on the substituent, occurring at 246
em™ for p-CIC¢HsAuCl; ™, at 200 ecm™ for p-NO,C4H,-
AuCl;7,and at 176 cm™ for p-BrC,H,AuCl, .

Conclusion

The new preparative route involving the use of para-sub-
stituted phenylhydrazines leads in all cases to the formation
of stable complex ions of the sort YC{H4AuCl; in which Y
remains in the para position.*® The gold-halogen stretching
frequencies lie in the ranges 361-278 (AuCl), 256-180 (Au-
Br), and 183-153 (?) (Aul) em™.

Extensions of this work to the study of the reactions of
other metallic halides with substituted phenylhydrazines are
in progress.* Preliminary results show that phenylhydra-
zines react with the PtCl4*” jon to form complexes of the
type [Pt(phenylhydrazine),Cl,] with no further migration
of the phenyl group to Pt(II) as outlined above for Au(III).
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