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The conversion of synthesis gas—CO and H2 mixtures derived 
from coal—into organic compounds will provide an alternative 
source of C2-C4 organic feedstocks heretofore obtained from 
petroleum.' Such conversions using heterogeneous catalysts in 
the Fischer-Tropsch synthesis and related processes are limited 
by the complex organic mixtures produced. Switching to ho
mogeneous catalysts, however, should engender potentially high 
and manipulative product selectivity.2 Soluble transition or-
ganometallic complexes that catalytically change synthesis gas 
into ethylene glycol33 or ethanol3b and stoichiometrically reform 
CO ligands into the C2 compounds ethane or ethylene,42 acet-
aldehyde,4b methyl acetate,40 or a coordinated enediolate of gly-
colaldehyde41 have been reported. Rational design of homogeneous 
catalysts for the selective transformation of synthesis gas into 
organic feedstocks requires further mechanistic details on reduction 
of CO ligands, subsequent synthesis reactions (i.e., chain growth 
of the C1 ligand), and elimination of the desired organic molecule. 

We now report viable reaction pathways for the stoichiometric 
transformation of two CO ligands on CpFe(CO)3

+ (1) (Cp = 
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7)5-C5H5) selectively to the C2 organic compounds ethane, ethylene, 
methyl (or ethyl) acetate, or acetaldehyde. The first step requires 
fixation of a CO ligand: 1 equiv of NaBH3CN in methanol or 
ethanol reduces CpFe(CO)3

+BF4" (1) to the known ^'-alkoxy-
methyl complexes CpFe(CO)2CH2OR [2a, R = Me; b, R = Et].5 

After vacuum removal of solvent and CpFe(CO)2H, 2a (55%) 
and 2b (33%) were isolated by column chromatography.6 AIk-
oxyacetyl complexes CpFe(CO)L(COCH2OR) [3, L = PPh3; 4, 
L = P(OMe)3; a, R = Me; b, R = Et], which are derived from 
2a,b, then serve as key intermediates in the C2-coordinated ligand 
reactions (Scheme I).7 

Refluxing CH3CN solutions of 2 and 100% excess of PPh3 or 
P(OMe)3 for 4 and 10 days, respectively, gave the alkoxyacetyl 
complexes 3 and 4. After recrystallization from CH2Cl2-heptane, 
3 and 4 were obtained in 30-50% yields as air-stable yellow solids.8 

These vigorous reaction conditions exemplify the difficulty with 
which alkoxymethyl ligands undergo alkyl-acyl migratory in
sertion;9 comparable treatment of CpFe(CO)2CH3 affords 80% 
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yields of CpFe(CO)L(COCH3) [L = PPh3, P(OMe)3] in less than 
1 day of refluxing. 

Both series of alkoxyacetyl complexes [L = PPh3 and P(OMe)3] 
serve as precursors to free methyl or ethyl acetate. Facile acidic 
isomerization of 3 and 4 to the corresponding carboalkoxymethyl 
complexes CpFe(CO)L(CH2CO2R) [5, L = PPh3; 6,L = P-
(OMe)3]

10 followed by protic cleavage of the Fe-C bond generates 
the free alkyl acetate. Compounds 5 and 6 were intercepted in 
60-77% yields after reaction of 3 and 4 with 1 equiv of tri-
fluoromethanesulfonic acid in CH2Cl2, neutralization with tri-
ethylamine, and then isolation by column chromatography.8'11 

Excess acid (10-fold), furthermore, consumes 3 and 4 (or 5 and 
6) over 24 h at room temperature and eliminates the acetate. The 
methyl or ethyl acetate, identified by IR and NMR, was measured 
(53-58%) by quantitative IR analyses using the acetate vco at 
1735 cm"1. 

Phosphine substituted alkoxyacetyl complexes 3a,b also serve 
as precursors to ethylene and acetaldehyde, but first the acyl ligand 
is activated as the cationic a./S-dialkoxyethylidene compounds 
CpFe(CO)PPh3[C(OROCH2OR]+ [7a, R' = Et, R = Me; 7b, 
R' = R = Et; 7c, R' = Me, R = Me].12 This activation renders 
the a carbon of 7 sufficiently electrophilic for hydride addition 
from nucleophilic hydride donors.13 We prepared 7a-c by al-
kylation of 3 with R'30

+PF6~ in CH2Cl2; recrystallization from 
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CH2Cl2-ether gave 70% yields of 7a-c as air-stable yellow salts. 
In accordance with the a-alkoxyalkylidene structures depict-
ed,15a'17b excess iodide effects quantitative dealkylation of 7a-c 
back to 3. Use of the appropriate borohydride reagent, however, 
leads to selective addition of 1 or 2 hydride equiv at the activated 
a carbon of 7a-c. 

Treatment of 7a-c with 1 equiv of Ph3PMe+BH4- in CH2Cl2 
and recrystallization from CH2Cl2-heptane affords the ethyl 
complex CpFe(CO)PPh3(CH2CH3) (8) in 69% yield. No other 
organometallic products were detected. Absence of CpFe-
(CO)PPh3(CH2CH2OR) stems from the susceptibility of the 
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- at room temperature. Alkylation of the acetyl 
group—giving a-alkoxyethylidene complexes CpFe(CO)PPh3[C(OR)CH3I
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(12)—according activates the a carbon to reaction with borohydride reag-
e n t s I5,i6,nb W e f o u n d t h a t ! e q u i v o f Ph3PMe+BH4" in CH2Cl2 selectively 
reduces 12 to the ethyl complex 8 (77% yield after recrystallization from 
CH2Cl2-heptane), whereas LiHBEt3 in THF gives exclusively CpFe(CO)-
PPh3[CH(OR)CH3] (70% yields after similar purification).1* 
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/3-alkoxyethyl ligand to Lewis acid (e.g., BH3) induced reduction 
to the ethyl ligand.17 Others established that 8 produces either 
ethane upon protonation11" or ethylene upon heating above 60 0C.18 

We additionally obtained ethylene by converting 8 into CpFe-
(CO)PPh3(l;

2-CH2=CH2)
+ (9) with Ph3C

+19 and then either 
warming 9 to 40 0C or treating it with excess iodide. 

Two carbonyl ligands on CpFe(CO)3
+ (1) were also converted 

to acetaldehyde. One equivalent of LiHBEt3 or LiHB(sec-Bu)3 
in THF (-80 0C) transforms 7 into the formylmethyl complex 
CpFe(CO)PPh3(CH2CHO) (1O)20 as the only organometallic 
product21—isolated in 63% yield after extraction with ether and 
precipitation with pentane. We released acetaldehyde from 
CH2Cl2 solutions of 10 by adding 1 equiv of trifluoromethane-
sulfonic acid. Acetaldehyde was identified by its 2,4-dinitro-
phenylhydrazone (isolated in 42% yield) and was determined 
directly (48%) by quantitative analysis of its IR vCo 1716-cm"1 

absorption. 
Now that stoichiometric conversion of two CO ligands selec

tively to the aforementioned C2 organic compounds has been 
realized, our efforts have been directed toward replacing the 
borohydride and carbocation reagents used in Scheme I with 
transition-metal analogues. We recently reported that transition 
organometallic hydride complexes effect intermolecular hydride 
transfer to a-alkoxyethylidene ligands.16 Carbocation reagents 
also can be replaced: CpMo(CO)3

+ 23 coordinates the acyl ligand 
of 3 and 4 and gives cationic /*2_acyl complexes 11 that are ac
tivated to reduction by nucleophilic hydride donors. The reaction 
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of 3 or 4 with CpMo(CO)3
+ in CH2Cl2 at -40 0C and addition 

of PPh3Me+BH4" at O 0C thus gives the ethyl complexes CpFe-
(CO)L(CH2CH3) [8, L = PPh3; P(OMe)3] in 33-38% yield after 
column chromatography.24 We would ultimately like to develop 
an organometallic system in which metal reagents activates CO 
and subsequent ligands (including bimetallic activation of acyl 
ligands) to intermolecular reduction by transition-metal com
plexes.25 
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