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The syntheses of the complexes trans-M(P(CsHs)s):(CO)X (M = Rh(I), Ir(I); X~ = NCO~, NCS—, NCSe~; the Ir(I)
selenocyanate complex also contains a coordinated acetone molecule), by metathesis reactions with the corresponding chloro
complexes, LAuX, and diphosAu,Xs (L = (CsH; )P, (CeHs)sAs; diphos = 1,2-bis(diphenylphosphino)ethane; X~ = NCO~,
SCN—, SeCN ™), either by metathesis with the corresponding chloro complex or (for the (CsH;)3P and diphos-SCN complexes)
by reduction of Au(SCN);~ in ethanol, are described. Bromine can be oxidatively added to the Au(I) complexes, producing
complexes of the types LAuBr,X and diphosAu;Br;Xs. Simple addition takes place when X~ = Cl~ or NCO~ (and SCN -,
for the diphos complex). When X~ = SCN~ or SeCN T, it is also oxidized and is replaced by Br~, Thiocyanogen can be
oxidatively added to (C¢H;);PAuCl, producing a dithiocyanato complex. The synthesis of trans-Pd(CH;P(CsHs)s)s-
(CsF5)NCS is also described. The observed pseudohalide bonding modes, which were determined on the basis of infrared
spectral data (electronic spectra are also recorded), graphically illustrate the importance of charge and d-electron configura-
tion to the functioning of cooperative electronic ligand effects in pseudohalide complexes. Attention is drawn to the dis-
parate class a (symbiotic)-class b (antisymbiotic) bonding trends which have now been established for both thiocyanate and

selenocyanate complexes.

Introduction

Since the first discovery? of cooperative ligand con-
trol of the bonding mode of the thiocyanate ion in
square-planar palladium(II) and platinum(II) com-
plexes, several papers?—8 dealing with the effects of po-
tential m-acceptor ligands on the bonding mode of the
cyanate, thiocyanate, and selenocyanate ions in square-
planar complexes have appeared in the literature. The
results of these studies have shown that only the bond-
ing mode of the thiocyanate ion can be influenced by
the electronic nature of the other ligands present in
the complex. The selenocyanate® and cyanate’® ions,
unlike their thiocyanate homolog, were found to be in-
sensitive to changes in the electronic nature of other
ligands in the coordination sphere.

The preceding investigations, save for one,® have in-
volved d® complexes in which the metal occupies (at
least formally) the 2+ oxidation state. Therefore, it
was of considerable interest to assess the importance,
if any, of cooperative electronic ligand effects on the
bonding mode of the pseudohalides in d® square-planar
complexes of both lower and higher oxidation states
than palladium(IT),*%7 platinum(II),*” and nickel(IT).
If Turco and Pecile’s m-bonding hypothesis® is correct,
it would be expected that w-acceptor ligands would in-
fluence the bonding mode of the pseudohalide ions to a
greater extent in complexes of lower oxidation state
than those of higher oxidation state.

Experimental Section

Preparation of Compounds. trans-M(P(C¢Hs)s):(CO)NCX
Complexes (M = Ir(I), Rh(I); X = O, S).—These complexes
were prepared according to a modified procedure based on the
method given by Jennings and Wojeicki® for the preparation of
the rhodium(I) thiocyanate complex, The corresponding irans-
chlorocarbonylbis(triphenylphosphine) complex (0.25 mmol,
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purchased from Strem Chemicals Inc., Danvers, Mass.) and
1.0 mmol of potassium thiocyanate (0.097 g) (for the preparation
of the isothiocyanato complexes) or 1.0 mmol of tetraphenylar-
sonium cyanate dihydrate (0.46 g), prepared according to the
method of Norbury and Sinha’ (for the preparation of the iso-
cyanato complexes) in Spectrogracde acetone (125-200 ml), were
refluxed for 3 hr. The reaction mixture was cooled to room tem-
perature and filtered. The filtrate was evaporated to dryness
under reduced pressure, and the product was extracted into
chloroform (25-50 ml). The extract was filtered, and then
poured into 300 ml of 959, ethanol. After the ethanol solution
was stirred for a few minutes, a yellow solid precipitated. The
mixture was stirred an additional 0.5 hr, whereupon the product
was isolated by filtration, washed with small amounts of ethanol
and ethyl ether, and dried % vacuo over calcium sulfate.

trans-Rh(P(CeHjs)s)2(CO)NCSe.—A solution of 0.256 mmol of
sodium selenocyanate (0.032 g) in & ml of Spectrograde acetone
was added to 0.25 mmol of trans-Rh(P(CsH;)3)2(CO)Cl (0.17 g)
in 200 ml of Spectrograde acetone. After stirring for 15 min
at room temperature, the reaction mixture was filtered to remove
the precipitated sodium clhiloride. The filtrate was evaporated
to dryness in the cold under reduced pressure. The residue was
extracted into 25 ml of chloroform, and the product was pre-
cipitated by pouring the filtered extract into 200 ml of 959, eth-
anol. After stirring the mixture for 1 hr, the product was iso-
lated by filtration, washed with ethyl ether, and dried ¢»n vacuo
over calcium sulfate.

Ir(P(CeH;)3)2(CO)(OC(CH;),)NCSe.—A solution of 0.25 mmol
of sodium selenocyanate (0.032 g) in 10 ml of Spectrograde ace-
tone was added to 0.25 mmol of frans-Ir (P(CsHs);)2( CO)C1 (0.20 g)
in 300 ml of Spectrograde acetone. After stirring for 10 min at
room temperature, the reaction mixture was filtered to remove
the precipitated sodium chloride. The yellow filtrate was evap-
orated to ca. 25 ml in the cold under reduced pressure, The
yellow product was isolated by filtration and dried ¢ vacuo over
calcium sulfate.

LAuCl Complexes (L = (C¢H;)P, (CeHj)3A8).—A solution
of 2.0 mmol of L in 20 ml of ethanol was added, with stirring, to
1.0 mmol of tetrachloroauric acid trihydrate (0.394 g) in 10 ml of
ethanol. A white precipitate formed immediately, and, after
stirring for 156 min, the product was isolated by filtration, It was
washed with ethanol and ethyl ether and dried in vacuo over cal-
cium sulfate.

diphosAu,Cl, (diphos = 1,2-bis(diphenylphosphino )ethane).—
A solution of 5.0 mmol of tetrachloroauric acid trihydrate (1.97 g)
in 10 ml of ethanol was added to a slurry of 5.0 mmol of diphos
(1.99 g) in 300 ml of ethanol. A yellow precipitate formed,
whereupon the mixture was heated until the color disappeared.
The mixture was cooled to room temperature, and the white
product was isolated by filtration, washed with ethanol and ethyl
ether, and dried ¢# vacuo over calcium sulfate.

LAuNCO and diphosAu:(NCO ), Complexes.—To a solution of
1.0 mmol of the corresponding chlorogold(I) complex (0.5 mmol
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for the diphos complex) in 25 ml of dichloromethane was added
2.0 mmol of silver cyanate (0.30 g). After stirring for 1 hr,
the mixture was filtered, and the volume of the filtrate was
reduced to ca. 5 ml. The product was precipitated by the addi-
tion of petroleum ether (bp 38-56°) (50-100 ml), isolated by
filtration, washed with petroleum ether, and air-dried. After
drying, the complexes were redissolved in 10 ml of dichlorometh-
ane, filtered, and reprecipitated by the addition of petroleum
ether. The product was removed by filtration and dried in
vacuo over calcium sulfate.

LAuSeCN and diphosAu,(SeCN); Complexes.—A solution of
1.1 mmol of sodium selenocyanate (0.14 g) in 10 ml of acetone
was added, with stirring, to 1.0 mmol of the corresponding chloro-
gold(I) complex (0.5 mmol for the diphos complex) in acetone
(10-75 ml). After stirring the mixture for 0.5 hr, the sodium
chloride precipitate was removed by filtration. The volume of
the filtrate was reduced until the product started to precipitate,
whereupon it was isolated by filtration, washed with ethanol and
ethyl ether, and dried in vacuo over calcium sulfate. The di-
phos-SeCN complex was redissolved in 25 ml of dichloromethane,
filtered, and reprecipitated by the addition of 100 ml of petroleum
ether. After stirring the mixture for 15 min, the product was
removed by filtration and dried as described above.

(CeH;);PAUSCN.—A solution of 4.0 mmol of sodium thio-
cyanate (0.32 g) in 20 ml of ethanol was added to 1.0 mmol of
sodium tetrachloroaurate(III) dihydrate (0.40 g) in 10 ml of
ethanol. After stirring the mixture for 10 min, the sodium
chloride precipitate was removed by filtration. A solution of
2.0 mmol of triphenylphosphine (0.53 g) in 30 ml of ethanol was
added to the blood red filtrate, whereupon the solution lost its
color. After stirring the mixture for 15 min, the solvent was
removed under reduced pressure until the product started to
precipitate. The product was isolated by filtration, washed
with ethanol and ethyl ether, and dried i» vacuo over calcium
sulfate.

diphosAu,;(SCN),.——This complex was synthesized as described
in the preceding preparation except that, upon the addition of
1.0 mmol of diphos (0.40 g) in 50 ml of ethanol, the product
precipitated immediately. After stirring 1 additional hr, the
product was isolated as described above.

(CeH;)sAsAuSCN.—To a solution of 1.0 mmol of (CeHj)s-
AsAuCl (0.54 g) in 25 ml of dichloromethane was added 2.0
mmol of silver thiocyanate (0.33 g). After stirring for 1 hr, the
mixture was filtered, and the volume of the filtrate reduced to
ca. 5 ml. The product was precipitated by the addition of 100
ml of petroleum ether. The white solid was isolated by filtration
and air-dried. After drying, it was redissolved in 10 ml of
dichloromethane, filtered, and reprecipitated by the addition of
100 ml of petroleum ether. The product was isolated by filtra-
tion and dried #n vacuo over calcium sulfate.

LAuBrX (X- = Cl-, Br—, NCO-) and diphosAu,Br,X; (X- =
Cl-, Br~, NCO~, SCN~) Complexes.—These complexes were
prepared by the same general procedure. The details of each
reaction are shown in Table I. )

To a slurry of the chloro- or pseudohalogenogold(I) complex
in 25 ml of carbon tetrachloride was added a solution of bromine
in carbon tetrachloride (1 ml of Brs diluted to 10 ml with CCly).
After stirring the mixture for 2 hr at room temperature, the
product was isolated by filtration, washed with carbon tetra-
chloride to remove excess bromine, and dried » vacuo over cal-
cium sulfate.

(CeH;);PAu(SCN),Cl.—A freshly prepared —78° solution of
6.2 mmol of thiocyanogen (0.72 g) in carbon disulfide was added
in three portions to a —78° slurry of 1.0 mmol of (CyH;);PAuCl
(0.50 g) in 10 ml of carbon disulfide. After stirring the mixture
for 2 hr at —78°, the orange product was isolated on a precooled
funnel and washed with cold carbon disulfide. The product was
air-dried and then dried 4» vacuo over calcium sulfate; yield 33%;
dec pt 97-100°. Amal. Caled for CyH;;sAuCIN,PS;: C, 39.32;
H, 2.48; N,4.569. Found: C,39.21; H, 2.55; N, 4.28.

trans-Pd(P(CHs)(CsHj)2)2( CeF5)NCS.—To a solution of 0.114
mmol of trans-PA(P(CH;)(CsHs)2)o(CeFs)Cle (0.08 g) in 25 ml of
acetone was added 1.0 mmol of sodium thiocyanate (0.08 g).
After refluxing the mixture for 3 hr, the sodium chloride precipi-
tate was removed by filtration, and the filtrate was evaporated
to dryness under reduced pressure. Ethanol (15 ml) was added
to the residue, and the resulting mixture was placed in the re-

(9) Obtained from Professor M. D. Rausch, Department of Chemistry,
University of Massachusetts, Amherst, Mass. 01002.
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TaABLE I
OXIDATIVE ADDITION REACTIONS OF LAuX AND
diphosAu, X, COMPLEXES WITH BROMINE

Amt of
Amt of Br~CCl
substrate soln used,
L X used, mmol ml Product
LAuX Substrates
(CeHy )sP Cl 2.0 3.0 LAuBr.,Cl
(CeHs)sP NCO 0.49 2.0 LAuBr:NCO
(CeHs)sP SCN 0.09 2.0 LAuBr;
(CsH; )P SeCN  0.09 2.0 LAuBr;
(CesHs )3As Cl1 0.64 2.0 LAuBr,Cl
(CsHjs)sAs NCO 0.82 2.0 LAuBrp,NCO
(CeHs)3As SCN - 0.34 2.0 LAuBr;
LAu,X; Substrates
diphos Cl 0.50 5.0¢ LAuBr,Cl,
diphos NCO 0.24 2.0 LAu:Br,(NCO),
diphos SCN 0.17 2.0 LAuyBry(SCN)e
diphos SeCN 0.25 2.0 LAu;Brs

¢ A bromine-carbon tetrachloride solution containing 2 ml of
bromine diluted to 10 ml with CCl; was used in this preparation.
The reaction time was lengthened to 6 hr.

frigerator for several hours. The white product was isolated by
filtration and dried 4» vacwo over calcium sulfate; yield 48%,.
Anal. Caled for CysHoeFsNPPdS: C, 54.90; H, 3.63; N, 1.94.
Found: C,54.72; H,3.72; N, 1.93.

Thiocyanogen.—A solution of 6.2 mmol of bromine (1.0 g)
in 5 ml of carbon disulfide was added to a slurry of 12.8 mmol
of silver thiocyanate (2.1 g) in 15 ml of carbon disulfide. The
mixture was stirred until the color of bromine disappeared.
The mixture was filtered and the filtrate was cooled to —78°.
The cooled thiocyanogen solutions were used immediately after
preparation.

Physical Measurements.—Carbon, hydrogen, and nitrogen
microanalyses and molecular weight determinations were per-
formed by the Alfred Bernhardt Microanalytical Laboratory,
Elbach iiber Engelskirchen, West Germany, and Micro-Analysis,
Inc., Wilmington, Del. The per cent yields, decomposition
temperatures, and analytical results for the rhodium(I), irid-
ium(I), gold(I), and gold(III) complexes prepared in this study
are shown in Table II.

Measurements of molar conductivities, solid-state and solution
infrared spectra, and visible-ultraviolet spectra were carried out
as described previously.? All of the gold(I) complexes function
as nonelectrolytes in nitrobenzene solution at 25°, the (CeH;)s-
AsAuSeCN complex exhibiting the largest Ax value (1.1 ohm™!
cm? mol™1). The infrared and visible-ultraviolet spectral data
are shown in Tables III and IV.

Proton nmr spectra were recorded with a Varian A-60A nuclear
magnetic resonance spectrometer. Tetramethylsilane was used
as the internal standard. Decomposition temperatures were
determined on a Fisher-Johns melting point apparatus and are
uncorrected. All of the pseudohalide complexes described herein
were found to be stable with respect to linkage isomerization,
both in the solid state and in the solutions used for the spectral
measurements.

Discussion

Rhodium(I) and Iridium(I) Complexes.—Although
the complexes of the type trans-M(P(CsHs)s)2(CO)NCX
(M = Rh(1), Ir(I); X = O, S) have been previously re-
ported,® 11—1% the data concerning them, except for the
isothiocyanatorhodium(I) complex,® have been limited
mainly to preparative details. All of the rhodium(I)
and iridium(I) complexes prepared in this study were

(10) J. L. Burmeister and N. J. DeStefano, Inorg. Chem., 8, 1546 (1969).

(11) J. P. Colman, M. Kubota, and J. W. Hosking, J. Amer. Chem. Soc.,
89, 4809 (1967).

(12) W. Beck, M. Bauder, W. P, Fehlhammer, P. Péllmann, and H.
Schéchl, Inorg. Nucl. Chem. Lett., 4, 143 (1968).

(13)  'W. H. Baddley, J. Amer. Chem. Soc., 90, 3705 (1968).

(14) J. A. McGinnety, R. J. Doedens, and J. A. Ibers, Inorg. Chem., 8,
2243 (1667).

(15) J. Chatt, D. P, Melville, and R. L. Richards, J. Chem. Soc. A, 2841
(1969).
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TasLE 11
Yi1eLDS, DECOMPOSITION TEMPERATURES, AND ANALYSES OF Rh(I), Ir(I), Au(I), anp Au(III) CoMPLEXES

Analyses, %,

o H. N-
MorL X % vield Dec pt, °C Caled Found Caled Found Caled Found
trans-M (P (CeHjp); 2(CO)X Complexes
Rh NCO 45 194-197 65.43 65.70 4.34 4,17 2.01 2.21
Rh NCS 55 174-178 63.96 63.66 4.24 4.32 1.96 2.65
Rh NCS8e 58 125-127 60.02 60.01 3.98 4.15 1.84 1.88
Ir NCO 78 237-240 58.01 58.07 3.84 3.84 1,78 2.08
Ir NCS 78 190-193 56.85 56.92 3.77 3.73 1.7 2.00
Ire NCSes? 40 123-126 54.24 53.87 4.00 3.70 1.54 1.81
LAuX Complexes
(CsHj )sP Cl 84 241-243 43.70 43 .86 3.06 3.08 e C
(CeHs;)sP NCO 89 202-204 45.52 45.37 3.02 3.05 2.79 2.95
(CeHj; )5 P SCN? 41 165-166 44.30 44 .25 2.92 2.75 2.71 2.61
(CeHs):P SeCN 25 112-115 40.44 40.82 2.68 2.72 2.48 1.80
(CeHs)3As Cl 84 184-188 40.13 40.09 2.82 2.62 c e
(CsHs)sAs NCO 77 159-163 41.91 41.66 2.78 2.59 2.57 2.40
(CeHs)sAse SCNe¢ 55 134~-138 40.66 40.80 2.69 2.77 2.49 2.04
(CeHs)3As SeCN 30 115-117 37.52 37.81 2.49 2.81 2.30 1.83
LAu;X, Complexes
diphos -Cl 64 230234 36.17 36.60 2.80 2.92 . .
diphos NCO 80 227-230 38.37 38.81 2.76 2.75 3.20 3.44
diphos? SCN¢ 78 228-230 37.01 37.19 2.66 3.21 3.08 3.25
diphos SeCN 40 126-129 33.55 34.44 2.41 2.65 2.80 2.75
LAuBr,X Complexes
(CeHs):P C1 97 157-159 33.03 32.78 2.31 2.64 Co -
(CeHs 3P NCO 86 107-110 34.52 34.33 2.29 2.36 2.12 2.24
(CeHj;)3P Br 97 146-150 30.93 30.83 2.16 2.13 .
(CeHs)sAs Cl 96 75-78 30.95 30.76 2.16 2.26 ..
(CeHy)sAs® NCO¢ 97 e 32.37 Cs 2.14 s 1.87
(CeHs )sAs Br 93 95-98 29.10 29.00 2.04 2.06
LAuBrsX,; Complexes

diphos Cl1 99 139-142 26.40 26.60 2.04 2.06 S C
diphos NCO 82 123-127 28.12 27.92 2.02 2.47 2.34 2.19
diphos SCN 87 114-117 27.38 27.31 1.97 2.03 2.28 2.05
diphos Br 99 135-138 24.55 24.40 1.90 1.98

a Complex contains 1 mol of coordinated acetone (vide infra).
theoret, 561; found, 559. ¢ Molecular weight:

found to contain N-bonded pseudohalide groups, as evi-
denced by the solid-state and solution infrared data
shown in Table III. With respect to the free-ion
values, the yox and won frequencies of the complexes
have been shifted to higher frequencies, the integrated
absorption intensities of the yox bands are larger, and
the dncx frequencies are little changed, as would be ex-
pected for N-bonded pseudohalide groups.”-18

Although steric control of the bonding mode of the
selenocyanate ion in square-planar palladium(II) com-
plexes has been firmly established,’” cooperative elec-
tronic ligand control of the bonding mode of the ion in
square-planar complexes has heretofore never been ob-
served; i.e., only Se bonding has been found to occur in
the sterically unhindered complexes of palladium(II), 13
platinum(II),*®2® and gold(III).® The trans-Rh(P-
(CeH5)3)2(CO)NCSe complex, reported here for the first
time, represents the first example of an N-bonded
selenocyanate group in a d® square-planar complex.

A very recent study? has emphasized the importance
of steric factors in determining the bonding mode
adopted by the thiocyanate ion in palladium(II) com-

(16) J. L. Burmeister, Coord. Chem. Rev., 1, 205 (1966); 8, 225 (1968).

(17) J. L. Burmeister, H, J. Gysling, and J. C. Lim, J. Amer. Chem. Soc.,
91, 44 (1969).

(18) J.L. Burmeister and L. E. Williams, Inorg. Chem., 5, 1113 (1966).

(19) J. L. Burmeister and M. Y. Al-Janabi, ibid., 4, 962 (1965).

(20) H.-H. Schmidtke and D. Garthoff, Helv. Chim. Acia, 50, 1631 (1967).

(21) D. W. Meek, P. E. Nicpon, and V. I. Meek, J. Amer. Chem. Soc., 92,
5351 (1970).

b Molecular weight:
theoret, 908; found, 889.

theoret, 507; found, 494. ¢ Molecular weight:
¢ Complex decomposed before analysis could be obtained.

plexes, even those containing ligands having coordi-
nated atoms, e.g., P and As, which have been considered
to be m acceptors. Thus, as noted eatlier,* the switch
from S to N bonding in the complexes Pd(SCN),2~ and
trans-Pd(P(CsH5)s)2(NCS), can be attributed to either
the steric hindrance of the phenyl groups of the phos-
phine to the formation of the nonlinear Pd-SCN linkage
or the 7 withdrawal by the phosphines,® or a combina-
tion of both. The observation applies equally well to
the trans-M(P(CsHs);3)(CO)NCS (M = Rh, Ir) com-
plexes. However, in comparing the complexes

P(CsHs)s

NCSe P (CsHs)a

C

AN
Pd R
/N 7
(CeH: )P SeCN (CeHs )P NC
Se

PN

one sees that the steric factor remains essentially con-
stant in both, and the switch to N bonding in the latter
complex must therefore be due to an electronic effect,
most probably the greater w-withdrawal by the trans
CO group. Moreover, if steric control of the bonding
modes were completely dominant, a switch to N bond-
ing would be anticipated to be more likely in the com-
plex Pd(P(CsH;)s)2(SeCN),, due to the greater size of
the selenium atom. Instead, it is the thiocyanate com-
plex which is found to be N bonded. If some of the
steric crowding is relieved, but a strongly electron-with-



PseupoHALIDE COMPLEXES

TaBLE 111
INFRARED DATA ForR Rh(I), Ir(1), Au(l),
AND Au(III) CoMPLEXES

10440
rex,” snox,® Freq, M1
Mor L X cm ! cm ™! cm 1 cm ™2
trans-M (P(CgHs);)2(CO)X Complexes
Rh NCO 1340m 605, 589 m 2233 s°¢ 18¢
1985 s (»cO)°
Rh NCS 820 w 470 w 2006 s°¢ 12°
1993 s (»rcO)°
Rh NCSe 566w ? 2096 s°¢ 9°
1998 s (vCcO)°
Ir NCO 1352m 610, 581 m 2245 s°¢ 18°
1970 s (»¢c0)°
Ir NCS 845 m 480 w 2098 s°¢ 12¢
1981 s (v00)°
Ir NCSe 560w (?) 440w (?) 2094 s¢ 7¢
1985 s (»cO)°
1712 m%9
LAuX Complexes
(CsHs)sP NCO 1348w 621, 599 m 2211 ¢ 25°
(CsHs)sP SCN f 448 w (?) 2131s° 1.5¢
(CeHs)sP SeCN 529w ? 2135 s° 0.70°
(CeHs)sAs NCO 1345w 625, 599 m 2207 s¢ 20°
(CsHs)sAs 8CN s ? 2132 s° 1.0°
(CeHs)sAs SeCN ? ? 2132 s° 0.54°
LAuwX, Complexes
diphos NCO 1350w 592, 580 w 221087 23°
diphos SCN 5 ? 21315 1.5
diphos SeCN ? ? 2131s° 0.80°
LAuBr;X Complexes
(CeHir)eP NCO 1339w 505,588 w 2152 % e
2171 5 17°
(CsHr)sAs NCO 1340w 618,592 w 2155 s° .
LAuyBr; X, Complexes
diphos NCO 1342w 600 w 2155 s*
diphos SCN 720,600 w ? 2127 &%
Other Complexes and Ionic Pseudohalides
{CsHs)sPAu- f ? 2142 sh, 2137 &*
(SCN):C1 ’
trans-Pd- . e 20929 10¢
(CHsP- '
(CeHs)z2)2~
(CiF))NCS . ,
Ionic cyanate 1300, 1205" 6386, 626% 2158° 8.4
KNCS 749 486,471 20607 4.47
KNCSe 558 424,416 20897 3.17

a Nujol mull. Abbreviations: s, strong; m, medium; w,
weak; sh, shoulder. ? Integrated absorption intensity, calcu-
lated per mole of coordinated pseudohalide. ¢ Chloroform solu-
tion. ¢ vco of acetone carbonyl. ¢ Dichloromethane solution.
/ Band obscured by phenyl ring absorption. ¢ Acetone solution.
h As KNCO. ¢ As [(CeH:s)iAs]NCO-2H,O (acetone solution);
data taken fromref 7. ¢ Butanone solution.

drawing group is placed in the trans position, as in the
complex trans-Pd(CH;P (CeHs)z)2(CoFs)NCS, N bonding
(see Table III) is still observed. All of these observa-
tions lend further credence to the x-bonding hypothesis
first suggested by Turco and Pecile.?

The isoselenocyanatorhodium(I) complex was pre-
cipitated from a chloroform solution by adding ethanol.
However, when the same procedure was applied to the
iridium analog, the complex decomposed before it could
be isolated. Consequently, the iridium(I) complex had
to be isolated rapidly and directly from an acetone solu-
tion, the result being that the complex was isolated as a
five-coordinate species containing 1 mol of acetone, as
well as an N-bonded selenocyanate group. The formu-
lation of the product as a five-coordinate complex is
supported by its infrared spectrum (Table III). The
1712-em~! band, which does not shift appreciably upon
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‘ TABLE IV
ELECTRONIC SPECTRAL DATA FOR Rh(I),
Ir(I), AND Au(I1I) COMPLEXES
vmax,* kK vmax,? kKK
M X (103 emeax) L X (103 ¢max)
trans-M(P(CsHj;)3)2(CO)X LAuBr;X Complexes
Complexes (CeHs)sP Cl 29.1 (9.41)
Rh Cl 27.4 (3.63)
34.0 (14.0) (CsHs)sP NCO 20.4(9.12)
Rh  NCO 27.1(3.97) (CeHs)sP Br 24.5 (3.86)
36.4(19.5) 29.0 (8.78)
Rh  NCS 27.0 (4.13) (CsHs)sAs ct 21.2sk d
34.2 (18.0) 25.3 4
Rh NCSe 26.7 (3.82) (CsHs)sAs Br 21.1sh d
33.4 (15.2) 25.1 d
I ct 22.8 (0.665
i 25.8 23'24)) LAuBr;X; Complexes
29.5(2.71)  diphos cl 24.9 (4.87)
£6.4 (17.2) 29.1 (8.80)
Ir NCO 22.8 (0.781)  diphos NCO 29.9 (15.8)
25.8 (3.44)
29.5(2.62)  diphos SCN 25.7 (7.87)
36.3 (18.6) 30.2 (8.60)
Ir NCS 22.6 (1.80)  diphos Br 25.5 (10.8)
25.3 (3.85) 30.1 (13.5)
28.9 (3.55)
33.7 (16.5)
(CeHs)aPA‘u(SCN)zCl
Ir  NCSe®  20.0(0.200) 21.4 d
22.1 (0.961) 31,6 d
25.1 (4.05)
28.1 (4.23)
32.6 (12.2)
@ Chloroform solution. °? Dichloromethane solution. ¢ Con-

tains 1 mol of coordinated acetone (vide infra).

4 Decomposes in
solution.

dissolution in chloroform, appears in the region of the
carbonyl stretching frequency of acetone. Even after
drying the complex for 8 hr at 40° 4» vacuo; the infrared
spectrum showed that the acetone band had not de-
creased in intensity, also indicating that the acetone is
coordinated to the metal,

The proton nuclear magnetic resonance spectrum of
the complex in deuterated chloroform exhibited two
resonances at § 6.8~8.1 (m, 32) and 2.17 (s, 6) ppm.
The multiplet is assigned to the phenyl protons, while
the singlet is assigned to the methyl protons. The in-
tegration of the bands (32/6) was found to be in close
agreement with the actual value (30/6).

The rhodium(I) complexes exhibit two main bands in
their electronic spectra (Table IV), whereas the irid-
ium(I) complexes exhibit four strong bands. -Further
examination of the spectra of the iridium(I) complexes
shows that the isoseleniocyanato complex exhibits an
additional band at lower energy. This offers further
support for the hypothesis that the isoselenocyanato
complex is five-coordinate.

Gold(I) Complexes.—The addition of an ethanolic
solution of 2 equiv of triphenylphosphine or triphenyl-
arsine to a yellow solution of tetrachloroauric acid in
ethanol results in the immediate disappearance of the
color and the precipitation of a white solid.2? The loss
of color is due to the reduction of gold(III) to gold(I)
and the switch from a d® system to a d° system. The
product of the reaction is chloro(triphenylphosphine)-
or chloro(triphenylarsine)gold(I). These complexes

(22) F.G.Mann, A, F. Wells, and D. Purdie, J. Chem. Soc., 1828 (1937).
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are two-coordinate, as would be expected for gold(I),
and are reasonably stable. The diphosphine, 1,2-bis-
(diphenylphosphino)ethane, reacts with tetrachloro-
auric acid in the same manner to yield the dinuclear di-
phosphine-bridged complex ClAu(diphos)AuCl.2?

If an ethanolic solution of triphenylphosphine or
diphos is added to a blood red solution of Au(SCN),~,
the color is lost immediately, and the corresponding
thiocyanate complexes are formed. The substitution
of triphenylarsine in this reaction yielded a white solid
which showed a strong absorption band in the ycn region
but always gave poor analytical results. An attempt
to prepare selenocyanato(triphenylphosphine)gold(I)
by the addition of triphenylphosphine to a cold solution
of Au(SeCN),~ resulted in the formation of triphenyl-
phosphine selenide. [(CeH;);sP—=Se was identified by
its melting point (185-188°) and infrared spectrum
(vp—se D61 cm™1); lit. values:?* mp 184-186°; vpos.
560 cm~1] Consequently, the preparations of the
LAuSeCN and diphosAu,(SeCN); complexes were car-
ried out by metathetical reactions between the corre-
sponding chloro complex and sodium selenocyanate.
The corresponding isocyanato complexes, along with
the thiocyanatoarsinegold(I), were prepared by reac-
tion of the chloro complexes with the appropriate silver
pseudohalide.

With the exception of the three gold chlorides,?* 23
the thiocyanatophosphinegold(I),?** whose bonding
mode was not determined, and the isocyanatophos-
phinegold(I)!? % complexes, the remaining gold(I) com-
plexes have not been previously reported.

It was expected that the removal of steric hindrance,
coupled with the increased d-electron density on the
metal, would create a coordination site which would ex-
hibit a strong preference for S or Se bonding (and N
bonding, in the case of the cyanate, which exhibits O
bonding only when coordinated to highly charged, very
hard metal ions?-%), That this expectation was real-
ized is clearly demonstrated by the data in Table III,
The cyanate complexes exhibit the same trends in in-
frared behavior described earlier and are, therefore,
shown to contain N-bonded groups. The thiocyanate
and selenocyanate complexes, however, exhibit vey in-
tegrated absorption intensities which are Jower than the
free-ion values and are thus shown!® to contain X-
bonded groups.

Recently, Carty and Efraty?® reported a series of
copper(I) and gold(I) complexes in which 1,2-bis(di-
phenylphosphino)acetylene (DPPA) acts as a bridging
ligand. These complexes are similar to the diphos com-
plexes reported here. Of particular interest are two
gold(I)-thiocyanate complexes having the molecular
formulas

NCSAUP (CeH;):C=CP(CsH; 2 AuSCN

(CeHr,) PCECP(CaHs)z
scwm@:)zc_rch(CGH5 JAUNCS

(CeH;).PC=CP{CsH;).

(23) A. D. Westland, Can. J. Chem., 47, 4135 (1969).

(24) P. Nicpon and D. W, Meek, Inorg. Chem., B, 1297 (1066).

(25) C. Kowala and J. M. Swan, Aust. J. Chem., 19, 547 (1966).

(26) D.I. Nichols and A. 8. Charleston, J. Chem. Soc. A, 2581 (1969).

(27) J. L. Burmeister, E, A. Deardorff, A, Jensen, and V. H. Christiansen,
Inorg. Chem., 9, 58 (1970).

(28) R. A, Bailey and S. L. Kozak, J. Inorg. Nucl. Chem., 81, 689 (1969).

(29) A.J.Carty and A. Efraty, Inorg. Chem., 8, 543 (1969).
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Although they did not reach any definite conclusions
regarding the nature of the gold—thiocyanate bonds in
these complexes, on the basis of the solid-state infrared
data reported, it would appear that the (DPPA)Au,-
(SCN); complex is S bonded (vex 2112 cm™! (s, sp)),
while the (DPPA);Aus(NCS), complex is N bonded
(vox 2095 cm—! (s)). Although the authors noted the
latter possibility, they stated that, in the former case,
S bonding was not predictable because M—-NCS bond-
ing has been found to predominate in metal-thiocya-
nate-phosphine complexes.

However, these assignments of the bonding modes of
the thiocyanate groups agree perfectly with the results
of our study. In the case where only one w-acceptor
ligand (DPPA or diphos) is coordinated to gold(I), it
is insufficient to switch gold(I) from a class b metal to a
class a metal; therefore, S bonding is observed. When
three m-acceptor ligands are incorporated into the coor-
dination sphere, as in (DPPA);Au(NCS),, the gold(I)
is converted to a class a metal, and N bonding is ob-
served. It must be pointed out that an unequivocal
assignment of the bonding mode cannot be made on the
basis of solid state vox frequency data alone. It should
also be noted that the increased steric hindrance created
by the six phenyl groups about each gold(I) in the latter
complex would also tend to promote the formation of a
linear Au—NCS bond.

Gold(III) Complexes.—As noted earlier, the addition
of 2 equiv of a phosphine, arsine, or diphosphine to
tetrachloroauric acid results in the reduction of gold-
(III) to gold(I). However, the use of oxidative addi-
tion reactions with gold(I) complexes enabled us to
prepare gold(III) complexes containing such ligands.
Only four reports dealing with the oxidation of gold(I)
to gold(III) via oxidative addition reactions have ap-
peared in the literature . 30—32

When bromine was added to carbon tetrachloride
slurries of the gold(I) complexes discussed above, a
series of four-coordinate dibromogold(III) complexes
was obtained. The reactions proceeded rapidly and
were essentially quantitative. The addition of bro-
mine to the chloro- and isocyanatogold(I) complexes
yielded the expected dibromochloro- and dibromoiso-
cyanatogold(ITI) complexes. However, the addition
of bromine to the monothiocyanato- and selenocyanato-
gold(I) complexes resulted in the replacement of the
pseudohalide group and the formation of the tribromo-
gold(II1) derivatives. In the case of the dithiocyanato-
and  diselenocyanatodigold(I)-1,2-bis(diphenylphos-
phino)ethane complexes, the pseudohalide groups were
replaced in only the selenocyanate complex, yielding
the bridged hexabromogold(I11)-1,2-bis(diphenylphos-
phino)ethane complex. The thiocyanate groups re-
mained intact, and the tetrabromodithiocyanatogold-
(IIT)-1,2-bis(diphenylphosphino)ethane complex was
isolated.

The replacement of certain pseudohalide groups by
bromine can be explained by taking the oxidizing power
of the halogens and pseudohalogens into consideration.
The halides and pseudohalides can be arranged in the
following order of increasing reducing power: F,

(30) F.G.Mannand D. Purdie, J. Chem. Soc., 1235 (1940).

(31) C. E. Wymore and J. C. Bailar, Jr., J. Inorg. Nucl. Chem., 14, 42
(1960).

(32) L. G. Vaughan and W. A. Sheppard, J. Amer. Chem. Soc., 91, 6151
(1969).
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ONC-, NCO-, Cl-, N;—, Br-, CN—, SCN—, I-,
SeCN—. The oxidizing power of the free halogens and
pseudohalogens should decrease in the same order.®
Since bromine is a weaker oxidizing agent than chlorine
and oxycyanogen, (NCO),, it cannot oxidize chloride
and isocyanate to chlorine and oxycyanogen and hence
does not replace them during the oxidative addition re-
actions. On the other hand, bromine is a stronger oxi-
dizing agent than thiocyanogen and selenocyanogen,
and it can oxidize thiocyanate and selenocyanate to
form these compounds. Therefore, bromine would
tend to replace thiocyanate and selenocyanate during
the oxidative addition reactions. That bromine does
not replace thiocyanate in the diphos complex might be
due to the fact that, since diphos is a more basic phos-
phine than triphenylphosphine, the gold(III) coordina-
tion site would be softer and, hence, the Au—SCN bond
would be stronger.

It was anticipated that the effect of an increased posi-
tive charge in square-planar d® systems would serve to
diminish the effects of potential m-acceptor ligands.
This, too, was realized in that (Table III) only an Au—
NCO, Au~SCN bonding pattern was observed for the
gold(IIT) complexes. Admittedly, the gold(III) com-
plexes prepared do not provide an entirely appropriate
comparison with the palladium(II) .phosphine com-
plexes, since the former contain only:one phosphine
group coordinated to the metal atom, and steric effects
would also be expected to be of less importance. Solu-
bility and/or decomposition problems prevented the
acquisition of solution infrared data for all of the gold-
(IIT) complexes except (CsH;)sPAUBL,NCO,

Oxidative addition reactions of thiocyanogen to a
series of rhodium(I)—carbonyl complexes have recently
been reported.® The products of the reactions were
the corresponding dithiocyanatorhodium (I111)~carbonyl
complexes. When thiocyanogen was added to chloro-
(triphenylphosphine)gold(I), an orange solid was iso-
lated, which analyzed for (C¢H;)sPAu(SCN),Cl, with
what appear (Table III) to be S-bonded thiocyanates.

The electronic spectral data for all of the gold(III)
complexes are listed in Table IV. The bands appear
to be charge-transfer bands in view of their large emex
values. As one proceeds from the first transition series
downward, the value of A (the energy separation be-
tween the d orbitals) increases. Since gold is in the
third transition series, it might be expected that the
d-d absorption bands would be shifted to higher ener-
gies due to the increased value of A and are thereby
covered by the more intense charge-transfer bands.

Complexes of the type MAB,C can exist as either the
cis or trans isomer. Although the complex (CsHs)s-
PAu(SCN),Cl does exhibit two vex bands in its solid-
state infrared spectrum, the assignment of a cis config-
uration is not unequivocal because the in-phase vex

(33) T. Moeller, “Inorganic Chemistry—An Advanced Text,” Wiley,
New York, N. V., 1952, p 465.

(34) M. M. Singh and V. S. Varshavskii, Russ. J. Inorg. Chem., 14, 1278
(1969).
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frequency of a trans configuration in the solid state may
be active if the site symmetry of the complex is not
centrosymmetric,

Conclusions

The results of this study have shown that cooperative
electronic ligand effects due to 7-acceptor ligands are,
as predicted, more pronounced in d® complexes in which
the metal is in a lower oxidation state. Nitrogen bond-
ing was noted for both the thiocyanate and selenocya-
nate complexes of iridium(I) and rhodium(I) whereas,
in sterically similar palladiumi(II) complexes, N bond-
ing is only observed for the thiocyanate. The cyanate
ion remains insensitive to the electronic effects of other
ligands in the coordination sphere and continues to be
bonded tlirough the nitrogen.

The thiocyanate and cyanate complexes of gold (I11)
are S and N bonded, respectively. Since gold(III) is a
class b metal, it prefers to bond to the soft sulfur and the
relatively soft nitrogen (compared to oxygen) in these
complexes. Since gold(I) is a d!° system, it is an even
softer Lewis acid than gold(III). Consequently, the
incorporation of only one w-acceptor ligand is not suffi-
cient to change gold(III) (due to its higher charge) or
gold(I) (due to its greater d-electron demnsity) to class
a metals, and S, Se, and N bondings are found for the
thiocyanate, selenocyanate, and cyanate complexes,
respectively. 1In the case of the gold(I) and gold(III)
complexes, however, the inferences relating to the im-
portance of 7 bonding are less conclusive because of con-
current steric effects which would also tend to initiate
the bonding trends observed.

The Pd(SeCN)H‘ 18 and Rh(P(CaH5)3)2(CO)NCSe
complexes, when compared with the complexes Fe-
(NCSe) 2~ and C;HiFe(C0),SeCN,* provide the
first examples involving the selenocyanate ion of a para-
doxical bonding trend which has been known to exist
in thiocyanate complexes for some time. In mixed-
ligand complexes of class a metals, symbiotic® behavior
is generally observed, e.g., Co(NH,);NCS2+ ¥ g5, Co-
(CN);SCN?3—,® whereas antisymbiotic behavior is gen-
erally observed for complexes of class b metals, e.g.,
PA(SCN)*~ vs. PA(P(CeHs)s):(NCS)2.! A satisfactory
explanation for the existence of the opposing trends has
yet to be presented.
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