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0s(~2-CH,0)(CO)z(PPh,), results from direct reaction of formaldehyde with 
the zerovalent’complex, 0s(CO)2(PPh,),. The structure of OS(~~-CH,O)(CO),- 
(PPh3)2 was determined by X-ray crystallography. The crystals are triclinic, 
space group Pi, a l&739(2), b 11.157(l), c 9.986(l) a, CY 116.70(l), p 93.20(l), 
y 107.93(l)“, V 1727.69 fi3, 2 = 2, D, l-55(2), D, 1.57 g cms3_ Refinement of 
atomic parameters was by full-matrix least-squares methods, employing aniso- 
tropic thermal p ammeters for all non-hydrogen atoms except for the carbon 
atoms of the phenyl rings. The formaldehyde hydrogen atoms were located from 
difference electron density maps, other hydrogens were included in calculated 
positions. Final residuals were R = 0.047 and R, = 0.061 for 3508 unique ob- 

served reflections measured on an automatic diffractometer. 
The complex itself is monomeric, although interstices in the crystal lattice 

are occupied by hydrogen-bonded water dimers which fulfil a purely space- 
filling role. The osmium is bonded to two mutually trans triphenylphosphines, 
two carbonyls, and the q2-formaldehyde, in an arrangement which is best 
described as distorted octz@edral. The geometry of the coordinated formalde- 
hyde is characterised by OS--o 2.039(7), 0s-C 2.186(S) and C-O l-584(11) 
A.. The 0-P bpnds are equivalent at 2.372(2) and 2.378(2) ,% but the OS-CO 
bond tram to the formaldehyde carbon l-931(7) s is longer than that trans to 
the form+iehyde oxygen l-907(7) A.. 

0s(~2CH20)(CO)2(PPh3)3 has proved to be a useful synthetic precursor for 
stable formyl, hydroxymethyl, methoxymethyl, and halomethyl (CH,X, X = Cl, 
Br, I) complexes--The compounds Os(CHO)H(CO),(PPh,),, Os(CH,OH)H(CO),- 
(PPh3)2, 0s(CH20Me)Cl(C0)2(PPh3)2 and 0s(CH2Cl)Cl(CO)2(PPh3)2 are illustra- 
tive of the many compounds which have~been characterised. A general syn- 
thetic route to neutral formyl osmium complexes, Os(CHO)X(CO),(PPh,), 
(X = halide or alkyl) has beec developed from~reaction of the cations [OsX(CO),- 
(PPh,),]+ with BH,+-. 

Acetaldehyde also reacts with Os(C0)2(PPh& forming Os(rl’C[OlCH& 
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H(C0)2(PPh3)2. No reaction was observed with benzaldehyde, and trichloro- 
acetaldehyde affords the cation, [OsCl(CO),(PPh,),]‘. 

Introduction 

Over a period of years we have been interested in identifying migratory 
insertion reactions involving transition metal-hydride bonds and various carbon 
donor ligands. The production of an iminoformyl ligand from hydride and iso- 
cyanide [l] and thioformyl and thioformaldehyde Iigands from hydride and 
thiocarbonyl [23 has already been achieved. The work reported in this paper 
was begun with a view to extending this interest to the reduction of the car- 
bony1 ligand. A principal aim of this project was the generation of carbon 
donor ligand types proposed to be intermediates in the metalcatalysed reduc- 
tion of CO by H2 and the study of the reactions of these species. The prepara- 
tion of the versatile synthetic intermediate, 0s(~2-CH,0)(CO),(PPh3)2, 
realized this objective and the synthesis, structure determination and further 
reactions of this compound are detailed in this paper. Preliminary reports of 
this work have appeared [3,4]. 

Results and discussion 

Previous literature reports of formaldehyde complexes are confined to a 
compound of reported composition RuH2(CH20)(PPh&, [ 51, which could not 
be isolated in an analytically pure form and therefore was not well character- 
ised, and bridging formaldehyde ligands in (Cp2ZrCl),CH20 [6], and Cp2(CO)- 
NbCH20ZrH(CSMe5)2 [7]. 

Preparation of Os(q2-CH,O)(CO),(PPh,), 
The mononuclear, zerovalent osmium entity 0s(CO)2(PPh3)2 has not been 

isolated as such, but solutions of Os(CO),(PPh,), [8,9] must be in equilibrium 
with small amounts of 0s(CC)2(PPh3)2 (eq. l), just as RhCl(PPh& is in equi- 

0s(CO)2(PPh3)3 + 0s(C0)2(PPhs)2 +- PPhs (1) 
librium with small amounts of RhC1(PPh3)2 [lo] and Pt(PPh& with Pt(PPh,), 
[ll] _ Os(CO),(PPh,), forms complexes with many unsaturated molecules 
including C2H4 [12], O2 [S], S2 [13], Se, 1141 and CH2S [15,2], and there 
appeared to be no reason, therefore, why CH20 could not be added to this list. 

When a 40% aqueous formaldehyde solution (approximately 1.5 equivalents) 
was added to a bright yellow degassed beniene or toluene solution of OS(CO)~- 
(PPh& at room temperature decolourization took place over 48 h. The reac- 
tion time could be reduced to only a few hours by conducting the reaction 
under a tungsten-halogen sun-lamp. The reaction temperature was then main- 
tained at -25°C by cooling the reaction flask since elevated temperatures lead 
to decomposition products. From the colourless solution could be isolated 
crystals of composition 0s($-CH20)(CO)2(PPhs)2. 

In the IR spectrum of 0s($-CH20)(CO),(PPh,), the two v(C0) Lands at 
1977 and 1902 cm-l are found at positions similar to those found for other 
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room-temperature n-hexane (20 ml) was added and removal of the dichloro- 
methane yielded white crystals (0.38 g, 95.1%) which were characterized by 
comparison with an authentic sample [ 551. 

Os(CHO)Cl(CO),(PPh,), 
[OsCI(C0)3(PPh3)2]C104 (0.20 g) was dissolved in dichloromethane (10 ml) 

and a filtered solution of sodium borohydride (0.10 g) in ethanol (10 ml) was 
added. After 5 min stirring the dichloromethane was removed under reduced 
pressure without the application of heat. The pale yellow crystals were col- 
lected and washed with water and ethanol (0.14 g)_ IR indicates a mixture of 
Os(CHO)Cl(CO),(PPhs), and 0sHC1(C0)2(PPhs), (ca. 70/30), but further puri- 
fication was not possible. 

Os(CHO)Br(CO),(PPh,), 
[OsBr(C0)3(PPh3)2]C104 [55] (0.20 g) was treated as above to afford pale 

yellow crystals (0.145 g). IR indicates a mixture of 0s(CHO)Br(C0)2fPPh& 
and 0sHBr(CO)2(PPh3)2 (ca. 60/40) but further purification was not possible. 

[Os(CH,)(CO),(PPh,),]ClO~ 1481 (0.20 g) was treated as above to afford 
pale yellow crystals (0.155 g, 86.9%). Recrystallization from dichloromethane/ 
ethanol/n-hexane afforded pale yellow plates. M-p. 182-186°C. Anal. Found: 
C, 58.93; H, 4.28. C4,,H34030~PZ calcd.: C, 58.96; H, 4.21%. 

Os(CHO)(CH,OMe)(CO),(PPh,), 
[Os(CH20Me)(C0)s(PPh3)JC104 1481 (0.20 g) was treated as above to give 

a pale yellow crystalline product (0.145 g, 80.9%). Recrystallization from 
dichloromethane/ethanol/n-hexane yielded pale yellow needles. M-p. 169- 
174°C. Anal. Found: C, 58.51; H, 4.77. C41H36040~PZ calcd.: C, 58.29, H, 
4.30%. 
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