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Ultraviolet irradiation has provided a convenient synthetic route to the anions [ M(CO),(SH)]- and [M2(  CO),,(y- 
SH)]- (M = Cr, Mo, and W) which have been isolated as their sodium (18-crown-6-ether) salts. X-Ray analysis 
of [Na(l8-crown-6)] [W(CO),(SH)] (1 ) and of [Na(l8-crown-6)] [W,(CO),,(p-SH)] (2) have shown them to 
be chain-polymeric in nature with sodium-carbonyl linkages between alternating cations and anions. The Na-O- 
(carbonyl) distances are in the range 2.41 -2.47 A. In addition to the Na-0 distances, compound (1 ) also shows a 
weaker Na-S interaction of 3.01 A. Crystals of (1) are orthorhombic, space group Pna2, with a = 16.484(3), 
b = 7.622(2), c = 19.220(3) A, and Z = 4. Crystals of (2) are triclinic, space group PT, with a = 15.014(3), 
b = 11.874(2), c = 9.636(2) A, a = 102.28(2), P = 96.29(2), y = 100.63(2)", and Z = 2. Data were collected 
on a four-circle diffractometer using Mo-K, radiation from a graphite monochromator. Blocked full-matrix refine- 
ment converged to R 0.044 for (1) and 0.031 for (2). 

SEVERAL earlier papers report our studies of the inter- 
action between anionic organosulphur ligands (monothio- 
P-diketonates and monothiophenolates 3*4) and the 
transition metals Pt, Cr, Mo, and W. We now report an 
extension of this work to the anionic complexes of 
chromium, molybdenum, and tungsten pentacarbonyls 
with the ligand HS-. Although one of these anions, 
[W(CO),(SH)]-, had been isolated previously by Herber- 
hold and Suss5 as the NEt,+ salt, we chose the sodium 
complex of 1,4,7,10,13,16-hexaoxacyclo-octadecane, [Na- 
(18-crown-6)]+, as the cation for the present synthesis 
of the complex anions [M(CO),(SH)] - (M = Cr, Mo, and 
W) and [M2(CO)l?(p-SH)]- (M = Cr, Mo, and W) as the 
18-crown-6 alkali-metal cations had been shown to 

In the course of this work the synthesis of the mono- 
nuclear anions as the N(PPh,),+ salts and one of the 
dinuclear anions, [W2(CO)lo(p-SH)]-, as the NEt,+ salt 
were reported by Gingerich and Angelici.' With these 
cations, the salts were relatively unstable in the solid 
state. We have found that the use of the [Na(l8-crown- 
6)]+ complex as the counter ion gives a greatly enhanced 
stability. Crystals of the [Na(l8-crown-6)]+ salt of the 
anions [W(CO),(SH)]- and [W,(CO),,(p-SH)]- are stable 
indefinitely and their X-ray structure analyses are re- 
ported here. The use of the [Na(l8-crown-6)]+ cation 
also enabled us to obtain the hitherto unreported di- 
nuclear anions [Cr,(CO),(y-SH)]- and [ M O , ( C O ) ~ ~ ( ~ -  
SH)]- and the corresponding mixed-met a1 dinuclear 
anions of all three metals. 

I' Na(l8-crown- 6 )  c 
be effective counter ions in the synthesis6 of the re- 
lated anions [M(CO),(OH)]- (M = Cr, Mo, and W). 

t 18-Crown-&ether = 1,4,7,10,13,16-hexaoxacyclo-octadecane. 

EXPERIMENTAL 

Apparatus and Techniques.-All photolyses utilised a 125 
W mercury discharge lamp obtained from the interior of a 
commercial GEC MBW/U 125-W U.V.  lamp. This was 
enclosed in a water-cooled Pyrex jacket which was inserted 
into the reaction mixture. Nitrogen was bubbled through 
the mixture during the irradiation. 

Infrared spectra were recorded on Perkin-Elmer 297 and 
457 grating spectrophotometers. Solution spectra were run 
in tetrahydrofuran (thf). Solid-state spectra were run as 
Nujol mulls at room temperature and at - 196 "C; CO, and 
polystyrene film were used to calibrate the spectra. Re- 
ported bands are believed accurate to f2 cm-l. Micro- 
analyses were performed by the Australian Microanalytical 
Service (C.S.I.R.O., Melbourne). Absolute ethanol was 
stored over 4 A inolecular sieves. All other solvents were of 
reagent grade quality. Diethyl ether and thf were dried 
over sodium wire. Metal hexacarbonyls, 18-crown-6, and 
NaSH*H20 were obtained from commercial sources and 
used without further purification. The salt Na2S*9H,0 was 
purified by selecting crystals of a suitable size which were then 
washed with distilled water, then acetone and dried in air. 

Preparation of the Mononuclear Compounds m a (  18- 
crown-6)][M(CO),(SH)] (M = Cr, Mo, and W).-The metal 
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