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Summary 

Metal carbonyl radicals derived from various types of chromium, iron and 
manganese carbonyls by electroreduction are shown to undergo hydrogen 
atom transfer from trialkyltin hydrides to afford the corresponding formyl- 
metal species. 

Current interest in formylmetal complexes derives from their potential 
role as key intermediates in the industrially important catalytic reduction of 
carbon monoxide [ 11. Although a variety of formylmetal species (MCHO) 
has been generated in different ways, only the method involving hydride 
transfer to metal carbonyls (MCO) from various types of borohydrides and 
related reducing agents has shown some semblance of generality [ 21. As part 
of our interest in the electrochemistry of metal carbonyls, we recently found 
a series of facile homolytic reactions of 17- and 19-electron metal carbonyl 
radicals [ 31. In particular, we noted the unusually rapid rate of hydrogen 
atom transfer, i.e.: 

I: 
M-C=0 + X* - MC0 + H-X (1) 

where X represents various organic and organometallic radicals [4]. The 
microscopic reverse of eq. 1 would represent a novel pathway for the gener- 
ation of formylmetal species from a metal carbonyl. Accordingly we have 
investigated in this study the fate of electrochemically generated metal car- 
bony1 radicals in the presence of one of the most efficient hydrogen atom 
donors available, viz. trialkyltin hydride [ 51. 
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Previous studies have established the electroreduction of chromium carbonyl 
to produce the 17-electron radical anion Cr(C0)5 ; which dimerized to 

Cr,(COhO 2- in high yields [6] . 

-co 
Cr(CO), ---+ +e Cr(CO),; ___t l/2 Cr,(CO),, 2- 

When the same electroreduction is carried out in the presence of tri-n-butyltin 
hydride, the 19-electron precursor is intercepted by the hydrogen donor to 
afford the known formylchromium carbonyl [7] Cr(CO),CHO- in -20% 
yields (Table 1). Similarly the use of tributyltin deuteride leads to the deuter- 
iated formyl species (OC)5CrCDO-, which establishes direct hydrogen atom 
transfer by a process such as: 

Cr(CO),; + Bu,SnH + Cr(CO)SCHO-, etc. (3) 

We believe that the homolytic trapping of Cr(CO),; in eq, 3 is complete, 
being faster than the loss of CO and dimerization in eq. 2, since none of the 
dimeric Cr,(CO),, 2- is formed. Furthermore ‘H and 2H NMR analyses of the 
reaction mixture indicate that the formyl species is reduced further to the 
hydroxymethyl moiety [ 81 (vide infra), which accounts for its detection in 
less than quantitative yields in Table 1. 

The electroreduction of iron pentacarbonyl is a one-electron process like 
that of chromium carbonyl and affords the dimeric Fe, (CO), 2- by a sequence 
of reactions akin to eq. 2 [lo] . Analogously, we find the 19-electron inter- 
mediate Fe(CO), ; to be intercepted by tri-n-butyltin hydride to afford the 
well-known formyliron carbonyl [ll] Fe(C0)4CHO- in 15- -30% yield (Table 1) 
(eq. 4). Under these conditions, none of the dimeric Fe2(CO)8 2- is formed. 

TABLE 1 

ELECTROREDUCTION OF METAL CARBONYLS IN THE PRESENCE OF TRI-n-BUTYLTIN 

HYDRIDE n 

Metal carbonyl Bu,SnH b Q Products 

(equiv.) (C)C 
_-- .- --- 

WCO), 0 1.15 Cr,(CO),, 2- d 

WCO), 5 1.07 Cr(CO), CHO- e 

Fe(CO), 0 1.12 Fe,(CO), ‘- f 

Fe(CO), 5 1.08 Fe(CO),CHO- g 

Mn(CO),(PPh&+ PF, - 0 1.40 Mn(CO),PPh,- h 

Mn(CO),(PPh,),+ PF, 5 1.10 CH,Mn(L), ’ 

a Electroreductions were carried out under galvanostatic conditions (lo4 PA) using 5 X lo-* M metal 
carbonyl in tetrabydrofuran containing 0.2 M tetra-n-butylammonium perchlorate. b Molar equiv. added 

relative to metal carbonyl. C Total charge passed per equiv. of metal carbonyl. d Identified by its charm- 

teristic [6] IR bands at 1905 and 1870 cm --‘. e Identified by its ‘H NMR rescmance at 6 15.2 ppm and 

IR band at 1595 cm* (CHO) [7]. Yield of 17% based on ‘H NMR analysis relative to p-dimethoxy- 

benzene internal standard. f Identified by its characteristic [lOI IR bands at 1920 and 1860 cm-‘. 

g Identified by its ‘H NMR resonance at 6 14.9 ppm and IR band at 1602 cm-’ (CHO) 1111. Formed 
in 33% based on ‘H NMR analysis relative to p-dimethoxybenzene internal standard. h Identified by its 

characteristic [153 IR bands at 1940, 1850 and 1810 cm-‘. Minor amounts of HMn(CO),(PPhSj2 (‘H 

NMR: 6 4.87 PP~ (d, J 33 Hz) aiso formed. j Uncharacterized crystalline methylmanganese complex 

showing an unresolved band at 6 0.13 (CH,) similar to that (6 -0.30 ppm) of authentic CH,Mn(CO),- 

PPh,. Minor amounts of HMn(CO),(PPh,), also formed. 
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Potential, V vs.SCE 

Fig. 1. Initial negative scan cyclic voltammogram of 5 X lo-) M Mn(CO),(PPh,)2+ PF,- in tetrahydro- 
furan containing 0.1 M tetra-n-butylammonium perchlorate at a scan rate of 500 mV s-l. (a) no Bu,SnH, 
(b) 2.0 X lo1 M Bu,SnH, (c) 8 X lo-’ M Bu,SnH. The cyclic voltammogram of 5X lo-” M 
Mn(CO),(PPh,),CHO under the same conditions is shown in (d). 

+e 
Fe(COk __t Fe(CO),; 

Bu3 SnH 
------tFe(C0)4CHO- . etc. 

The chromium and iron carbonyls have served in this study as prototypes 
for homolytic hydrogen transfer to generate formylmetal species, as in eq. 3 
and 4. As such, hydrogen atom transfer must occur from the 19-electron 
metal carbonyl radical Cr(C0)6; and Fe(CO),; at rates which are easily com- 
petitive with other facile processes, such as the rapid loss of CO and dimer- 
ization [ 12,131. Indeed the rapidity of hydrogen atom transfer can be in- 
dependently demonstrated by transient electrochemical techniques. Thus 
Fig. 1 (upper) shows the initial negative scan cyclic voltammogram of the 
cationic manganese carbonyl Mn(C0)4 (PPh, )z + with an irreversible one-elec- 
tron cathodic wave A in an accessible potential region (i.e. Ep -1.27 V vs. 
SCE, u 500 mV s-l ). The addition of tri-n-butyltin hydride results in the ap- 
pearance of a new cathodic wave B (Ep -2.37 V) which grows in importance 
as the amount of Bu3SnH is increased. The new cathodic wave can be readily 
assigned to the neutral formylmanganese complex Mn(C0)3(PPhJ)zCH0 by 
comparison with that (Fig. 1 bottom) of an authentic sample prepared by 
hydridic reduction [ 141. The appearance of the formyl species during the time 
scale (-lo-’ s) of the cyclic voltammetric scan thus supports the rapid rate 
of hydrogen atom transfer in eq. 5. 

+e 
Mn(COL(PPhs )Z + ---)Mn(C0)4(PPh,), - 

Bu, SnH 
- Mn(CO),(PPh,),CHO (5) 
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In the absence of Bu,SnH, the 19-electron radical Mn(C0)4(PPh3),* under- 
goes rapid fragmentation to the 17-electron species, followed by reduction to 
Mn(CO),PPh,- [15], i.e.: 

-PPh, +e 
Mn(COL(PPh, )2 - ------+ Mn(C0)4PPh, 

(fast) 
- -Mn(C0)4PPh3- (6) 

The latter is the principal product of the bulk electrolysis of Mn(C0)4(PPh3)2 + 
at a controlled potential slightly more negative than the CV wave A (i.e., 
-1.3 V). It appears in Fig. 1 as the CV wave C, the peak current of which is shown 
to diminish with increasing amounts of the stannane scavenger. 

Preliminary evidence suggests that homolytic hydrogen transfer may also 
be involved in the further reduction of formylmetal species to the correspond- 
ing hydroxymethyl and to the methyl moieties. For example, the electro- 
reduction of Mn(C0)4 (PPh,), + at --1.3 V in the presence of Bu,SnH produces 
a yellow crystalline methylmanganese compound (isolated in > 80% yields) 
which is similar to CH,Mn(C0)4PPh3 prepared independently [ 161. We hope 
that the complete characterization of this product, together with analogous 
species found in the electroreduction of Cr(CO), and Fe(CO), (vide supra) 
as well as other metal car-bony1 complexes, will provide additional insight into 
the dual roles of formylmetal and hydridometal complexes as intermediates 
in the reduction of carbon monoxide. 

Acknowledgment. We thank the National Science Foundation for financial 
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