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The reactions of LiHB(C2Hs)3 and LiDB(C,H,), with Rez(CO)lo, I~J(CO)~,, 
o~3(coh2, RI_I~(CO)~~ and Rh4(C0)12 have been studied by ‘H, *Hand 13C NMR 
techniques. Results suggest the formation of formaldehyde and methanol in these 
systems, as well as the existence of previously unreported formyl complexes. A ‘H 
isotope effect is noted in the apparent increase in stability of cluster formyl 
complexes. 

Introduction 

A reaction scheme describing participation of metal formyl (II) and hydroxy- 
methyl (III) complexes in the hydrogenation of carbon monoxide to alcohols is 
shown below (eq. 1). 
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(1) (11) PII) 
The existence of mono- and binuclear complexes (x = 1,2) containing these 
functional groups is well established [ 1,2]. 

Activation of carbon monoxide by clusters has been proposed [3a], and the 
presence of clusters in several catalytic systems [3b] suggests the existence of 

*For part I see ref. 3d. 
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*H 
The reaction of Ir4(CO)12 with LiDB(C2Hs)3 proceeds smoothly at -10°C. 
NMR analysis of this solution shows a signal at 6 13.7 ppm (s, IrCDO) 

which on warming gradually transforms into a resonance at 6 -16.2 ppm (s, 
Ir-D) which, by comparison to an independently prepared sample of this anion 
[S], can be assigned to [Ir,(CO),,D,]*- (Fig. 1). Analogous systems with 
LiHB(C2HS)3 did not exhibit this behavior. We suggest, from this study and 
from the known decarbonylation of II into I, that [Ii4 (CO)10(COO)2]‘- could 
be the source of [Ir4(CO),0D2]“- in our system (eq. 2). 

C~~(COho(CDOM*-~ [Ir~(CO)ioD2]*- + 2C0 (2) 

13C NMR studies conducted with a I3 CO enriched sample of I& (CO) 12 con- 

(b) j_ h 4oo ’ 

13.7 -16.2 

Fig. 1. ‘H NMR spectra of the reaction between Ir,<CO>,, and CDB<C,H,),I - <a) as a function of tern- 
perature, (b) after addition of one drop of CD,OD. 
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firmed the presence of only one formyl species in the borohydride system 
(THF, -3O”C), 231.8 ppm and J (t”C-El) = 144 Hz (Fig. 2). On warming to 
4O”C, resonances assignable to methanol (q, 46.1 ppm), methoxy (q, 47.3 ppm) 

and formaldehyde (t, 89.6 ppm) were generated. NMR analysis of natural 
abundance carbon-13 samples [3d] gave no detectable resonances. Similar 
studies with the borodeuteride mixture (THF, -30°C) showed the presence of 
a different formyl resonance (s, h-CDO) at 266.0 ppm without evidence for 
C-D coupling. We noted multiplets consistent with D,CO (89.6 ppm), CDSOD 
(46.2 ppm) and CD30- (47.3 ppm) as in the case of Rez(CO)Io. The presence 
of methoxy-containing species was confirmed by GC/MS trapping of CD30D 
and by the increase of I3 C and * H NMR signals, 6 46.1 and 3.03 ppm, respec- 
tively, upon addition of methanol&. The appearance of a *H NMR signal (s, 
40°C) at 6 -15.2 ppm on addition of methanol-d, is consistent with the presence 
of [I& (CO),,D] - and confirmed by comparison with independent preparation 
of authentic samples of this complex [5]. This transformation can be explained 
(eq. 3) by the ability of formyl complexes to transfer hydride with subsequent 
formation of [I& (CO),,]‘-. The intermediacy of a bis-formyl species as a pre- 
cursor to formaldehyde and methanol is consistent with previous proposals by 
Gladys2 et al. [4]. The detection of [Ir~(CO)IO(CD0)2]2- and [Re(C0)8(CD0)2]’ 
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in our case is a probable consequence of the increased kinetic stability of the 
his-formyl complexes with respect to their non-deuterated analogues, as recent- 
ly found by Gladys2 et al. [6] with mononuclear complexes. 

[rr~(CO)~~(CD0)2]2- = [Irk,,]“- CD30D? [&z,(CO),~D]- f CD,O- (3) 

The blood-red solution obtained by mixing Ru,(CO)~~ with LiDB(C&)3 at 
-70°C did not exhibit 2 H NMR bands corresponding to metal formyl or hydride 
complexes. A signal 6 12.8 ppm (s, Ru-CnO), is noted, however,.upon increasing 
the temperature to -50°C with a new band at 6 -12.9 ppm (s, Ru-D) appearing 
upon further warming. The signal at high field is consistent with [RuB(CO) 1 JJ]- 
while the formyl resonance at 6 12.8 ppm probably corresponds to 
[Ru3 (CO)11 (CDO)] -. In contrast to earlier results (vide supra), the enhanced 
stability of this complex over its ‘H analog may have facilitated its detection. 

The reactions of OS,(CO)~~ with borohydride or deuteride gave results 
similar to RUDER [3d]. The appearance of other M-H(D) resonances, in 
addition to that of [OS, (CO) 1 1 W] -, were noted, however, in the deuterium ex- 
periments. In the case of Rh4(C0)12 the hydride and deuteride systems are also 
similar. The reaction proceeded smoothly at -100°C giving a blood-red solution 
for which a 2H NMR formyl resonance was undetectable, although a signal 
6 -14.6 ppm f-60”C, Rh-D), was noted upon warming. We have not yet deter- 
mined whether these results should be attributed to the decarbonylation of 
rhodium-formyl species or to direct hydride transfer to the metal. 

The reported [ 3d] series of polynuclear formyl complex decarbonylation 
rates can now be expanded: Re>Ir>Os>Ru. Our results also suggest that an 
isotope effect may have increased the stability and allowed detection of the 
bis-formyl complexes of Re and Ir as well as the mono-formyl Ru complex. The 
absence of C-D coupling in the 13C NMR of the Re and Ir complexes may be 
due to 2H quadrupolar relaxation; a J(C-D) =t 20-24 Hz was expected. The 
presence of five major 2H NMR resonances at varying intensities relative to 
temperature in the 6 O-IO ppm region for all the cases (Fig. 1) is indicative of 
species derived from DB(C;?H,),- and probably related to reaction sequences 
involving I or IF_ Within the reactant concentration range studied (cluster: 
DB(R3)- molar ratios, 0.8 to 1.2) no significant variation of product distribution 
was observed. 
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