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1 I .  It is possible to check (by infrared techniques) that the reaction has occurred completely: 
[Rh,(~-Cl),(CO),]vCO(cm-'): 2105 m, 2089 vs, 2034 vs 
[Rh,(pCI)(p-t-C,H,S)(CO),]: 2088 m, 2072 vs, 2014 vs 
[Rh,(~-t-C4H9S),(CO),]: 2067 m, 2047 vs, 1998 vs 
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Bis(q4-cyclooctadiene)-di-~-methoxy dirhodium(I), [Rh(OMe)( 1 ,5-cod)],, has 
been prepared by the reaction of [RhCl(l,S-cod)], with sodium carbonate in 
refluxing methanol ,' or [Rh( 1 ,5-cod)(indole)]C104 with potassium hydroxide in 
methanol.2 The latter method has also been used for the synthesis of analogous 
derivatives containing tetrafluorobenzobarrelene,$ [Rh(OMe)(tfb)12, and 
trimethyltetrafluorobenzobarrelene [Rh(OMe)(MeStfb)]2.2 The dioxygen-bridged 
complex [Rh,(O,)( 1,5-cod),] reacts with methanol or water to give [Rh(OMe)( 1 3 -  
cod)], or the hydroxo-bridged complex [Rh(OH)( 1,5-~od)],.~ 

Bis(q4-cyclooctadiene)-di-~-methoxy diiridium(I), [Ir(OMe)( 1 ,5-c0d)l2, has 
been synthetized from three different starting materials, [IrCl( 1 ,5-cod)I2,4 
[IrHCI2( 1 , 5 - ~ o d ) ] ~ , ~  or [Ir( 1,5-~od),][BF~]~ by allowing them to react with so- 
dium carbonate in methanol. 

The methoxide ion is a strong base, capable of taking a proton from any acid 
stronger than methanol. The methoxy-bridged complexes have been used both 
for synthetic purposes' and as homogeneous catalyst precursors.8 

If potassium hydroxide is substituted for sodium carbonate in the preparation 
of methoxy-bridged derivatives from chloro-bridged complexes, the reactions 
take place readily under mild conditions, and lead to excellent yields. The use 
of water as a precipitating agent and as a washing fluid is of great importance, 
and its use in previously-described processes increases the yields. The syntheses 
of several methoxy-bridged complexes of rhodium(1) or iridium(I), along with 
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the preparation of bis(q4- 1,5-cyclooctadiene)-di-p-hydroxo-dirhodium(I) are de- 
scribed herein. 

A. BIS(~4-1,5-CYCLOOCTADIENE)-DI-~-METHOXY- 
DIRHODIUM(1) 

[RhC1(1,5-cod)l2 + 2 KOH + 2 MeOH - 
[Rh(OMe)(l,S-cod)], + 2 KCl + 2 H 2 0  

Procedure 

A 50-mL round-bottomed flask containing a magnetic stimng bar is charged 
with a solution of [RhCl( 1,5-cod)]? (175 mg, 0.355 mmole) in dichloromethane 
(15 mL). The addition of a solution of potassium hydroxide (40 mg, 0.713 
mmole) in methanol (5  mL) gives rise to the immediate precipitation of a yellow 
solid. After being stirred for 30 minutes at room temperature, the solvent is 
completely removed in a rotary evaporator. Then, 10 mL of methanol and 
subsequently 15 mL of water are added to the residue, after which the solid is 
collected by filtration using a fine sintered-glass filter, washed with water (ten 
5-mL portions) and vacuum-dried over phosphorus(V) oxide. Yield: 157 mg 
(92%). The crude product can be used without further purification. An analyt- 
ically pure sample can be obtained by recrystallization from a mixture of di- 
chloromethane and hexane. Anal. Calcd. for C18H3002Rh2: C, 44.65; H, 6.24. 
Found: C, 44.90; H, 6.20. 

Properties 

The yellow, air-stable compound is soluble in dichloromethane and chloroform, 
slightly soluble in benzene and acetone, less soluble in diethyl ether and hexane, 
and insoluble in water. On being heated, it decomposes between 120-175". Its 
'H nmr spectrum (CDC13, TMS) shows three, broad multiplets at 63.55 (8H, 
vinylic protons), 2.47 (8H, allylic protons) and 1.63 (8H, allylic protons), along 
with a sharp singlet at 62.67 (6H, methoxide). IR (Nujol, cm-'): 3328(m, br), 
1330(m), 1304(m), 1231(w), 1214(w), 1154(w), 1078(vs), 998(m), 953(s), 892(w), 
865(m), 815(m), 797(w), 775(m), 553(s), 500(m), 338(m). 

Analogous Complexes 

The tetrafluorobenzobmelene and trimethyltetrafluorobenzobmelene com- 
plexes, [Rh(OMe)(tfb)], or [Rh(OMe)(Me,tfb)],, can be prepared by the same 
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method using [RhCl(tfb)1210 and [RhC1(Me3tfb)], l o  respectively, as starting com- 
pounds. 

For [Rh(OMe)(tfb)l,: Yield: 94%. Anal. Calcd. for Cz6HI8FBO2Rh2: C, 43.36; 
H, 2.52. Found: C, 43.76; H, 2.37. The yellow, air-stable compound is slightly 
soluble in organic solvents and insoluble in water. It decomposes at 215-220". 
IR (Nujol, cm-'): 1649(w), 1489(vs), 1438(s), 1317(s), 1303(s), 1251(w), 1176(s), 
1098(s), 1073(m), 1055(vs), 1038(vs), 947(s), 931(w), 914(m), 897(s), 859(s), 
844(m), 685(m), 656(w), 489(s), 450(w), 430(s), 416(m), 382(m), 338(m), 
290( m) . 

For [Rh(OMe)(Me,tfb)lz: Yield 87%. Anal. Calcd. for C,zH3,F80zRh2: C, 
44.80; H, 3.76. Found: C, 45.02; H, 3.85. The yellow, air-stable compound 
is soluble in dichloromethane and chloroform, slightly soluble in methanol, 
acetone, hexane, and diethyl ether, and is insoluble in water. It decomposes at 
175-1 85". IH nmr, (CDCI,, TMS, 6): 4.91 (m, 2H,SCH), 2.97(m, 4H, =CH-), 
2.48(br, 12H,\S-Me, OMe), 1.47(s, br, 12H,SC-Me). IR (Nujol, cm-I): 
1639(w, br), 1499(s), 1492(s), 1368(m), 1309(m), 1290(m), 1251(m), 1216(w), 
1 159(m), 11 14(m), 1093(m), 1070(vs), 1056(vs), 1043(sh), 1032(sh), 1002(w), 
974(s), 929(s), 9 1 W ,  873(w), 852(s), 769(m), 685(m), 653(w), 579(m), 493(m), 
370( w) , 342( w) . 

B. BIS(~4-1,5-CYCLOOCTADIENE)-DI-~-METHOXY- 
DIIRIDIUM( I). 

[IrCI(1,5-cod)12 + 2 KOH + 2 MeOH - 
[Ir(OMe)(l,5-cod)J2 + 2 KCl + 2 H20 

Procedure 

Note. 
in an inert atmosphere. 

This preparation should be performed with deoxygenated solvents and 

A 100-ml Schlenk flask containing a magnetic stirring bar, and equipped with 
an argon inlet, is charged with a solution of potassium hydroxide (25 mg, 0.445 
mmole) in methanol (5 mL). Addition of a suspension of [IrCI( 1 ,5-cod)J2" (149 
mg, 0.222 mmole) in methanol (10 mL) turns the color of the initially orange- 
red suspension to yellow. After being stirred for 30 minutes at room temperature, 
40 mL of water are added. The yellow precipitate is collected by filtration, using 
a fine sintered-glass filter, washed with water (six 5-mL portions), and vacuum- 
dried over phosphorus(V) oxide. Yield: 124 mg (85%).* Anal. Calcd. for 
C18H301rZ02: C, 32.62; H, 4.56. Found: C, 32.54; H, 4.38. 

* A  yield of 75% was reported by the checkers. 
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Properties 

The yellow, air-stable compound is soluble in chlorinated solvents, and the 
resulting solutions are air-sensitive. The compound is slightly soluble in methanol, 
acetone, hexane, benzene, and diethyl ether, and is insoluble in water. It de- 
composes at 145-165". The 'H nmr spectrum (CDC13, TMS) shows three broad 
multiplets at 63.57 (8H, vinylic protons), 2.22 (8H, allylic protons) and 1.45 
(8H, allylic protons), and a sharp singlet at 63.28 (6H, methoxide). IR (Nujol, 
cm-I): 1325(m), 1300(m), 1232(w), 1208(m), 1172(w), 1158(w), 1060(vs), 
1005(m), 972(s), 913(m), 894(w), 827(m), 81 l(w), 783(w), 574(s), 560(sh), 
532(m), 512(w), 434(m), 337(m). An X-ray crystallographic study of this com- 
plex has been reported.12 

C. BIS(~4-1,5-CYCLOOCTADIENE)-DI-~-HYDROXO- 
DIRHODIUM(1) 

[RhCl(1,5-~od)]2 + 2 KOH [Rh(OH)(1,5-~0d)]2 + 2 KCI 

Procedure 

To a 50-mL round-bottomed flask containing a magnetic stirring bar and charged 
with a solution of potassium hydroxide (75 mg, 1.337 mmole) in water (4 mL), 
[RhCl( 1,5-cod)],9 (320.5 mg, 0.65 mmole) in acetone (35 mL) is added. After 
being stirred for two hours at room temperature, the yellow suspension is con- 
centrated to -10 mL in a rotary evaporator. Then 15 mL of water is added. The 
solid is collected by filtration, using a fine sintered-glass filter, washed with 
water (ten 5-mL portions), and vacuum-dried over phosphoms(V) oxide. Yield: 
280 mg (95%). It can be recrystallized from a mixture of dichloromethane and 
hexane. Anal. Calcd. for C16H2602RhZ: C, 42.13; H, 5.74. Found: C, 42.23; H, 
5.47. 

Properties 

The pale-yellow , air-stable solid is soluble in chlorinated solvents, slightly sol- 
uble in acetone, hexane, and diethyl ether, and is insoluble in water. It decom- 
poses at 138-145". MW: Calcd.: 456; Found: 484 (osmometrically in chloroform 
at 35"). The 'H nmr spectrum (CDC13, TMS) shows a broad singlet at 63.82 
(8H, vinylic protons) and two broad multiplets at 62.45 (lOH, allylic protons 
and hydroxide) ind 1.67 (8H, allylic protons). The IR (Nujol, cm-I): 3592(s), 
3390(m, br). 3300(m,br), 3190(m, br), 1327(m), 1300(w), 1230(w), 1212(m), 
1176(w), 1156(w), 1080(w), 998(m), 962(s), 873(sh), 868(m), 817(m), 771(w), 
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438(m, br), 456(w), 44O(w), 397(m), 359(w), 331(w). The v(0D) in a deuterated 
sample*: 2628(s), 2501 (m, br), 2416(m, br), 2357(m, br). 
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26. AQUA IONS OF MOLYBDENUM 
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Molybdenum is at present unique in having aqua ions in five oxidation states. 
Whereas the complexities of Mo(V1) aqueous solution chemistry have been 
understood in general terms for some time, it is only in the last 15 years that 
the aqua ions of the lower oxidation states I1 through V have been identified, 
and their structures clearly established. Metal aqua ions are notoriously difficult 
to crystallize for X-ray diffraction studies, and structures of derivative complexes 

*Prepared by substituting deuterium oxide for water. 
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