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Hydride Donation Reactions of
Transition Metal Formyl Complexes
Sir:

We recently developed a new synthesis of metal formyl
complexes,! which have been proposed as important inter-
mediates in the metal catalyzed reduction of CO by H,.2 The
availability of metal formyl complexes has allowed us to study
their kinetic and thermodynamic stability and their chemical
reactivity. Here we report that metal formyl complexes can act
as hydride donors to electrophiles such as ketones, alkyl halides,
and metal carbonyls.

Whereas Ety;N7 trans-[(C¢Hs0)3P](CO)3;FeCHO™ (1)
decomposes to EtyN*t(CO)sFeH™ and (C¢HsO);P with a
half-life of ~1 h at 67 °C in tetrahydrofuran,’ attempts to
obtain a 'H NMR spectrum of 1 in acetone-dg at ambient
temperature led to disappearance of the formyl hydrogen
resonance at 6 14.9 within 25 min and suggested that 1 had
reacted with acetone. Reaction of 1 with 2-butanone overnight
at ambient temperature followed by acid hydrolysis gave a 95%
yield of 2-butanol, as determined by gas chromatography. The
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possibility that 2-butanone is reduced by (CO)sFeH™ formed
in situ is excluded since 1 reacts with 2-butanone much faster
than it decomposes to (CO)4FeH™ and since no reaction be-
tween (CO)4FeH™ and 2-butanone was observed by infrared
spectroscopy.

Reaction of a THF solution of 1 (0.346 mmol) with
CF3CO3H (10 equiv) led to the formation of CH3O0H (0.095
mmol, 27%) and no observable formaldehyde (<5%).3:6
Methanol might arise from acid cleavage of 1 to give formal-
dehyde which is subsequently reduced to methanol by hydride
donation from a second equivalent of 1.8 Alternatively,
methanol could arise via O protonation of 1 to give hydroxy-
carbene complex 2, which is subsequently reduced to hy-
droxymethyl complex 3 by a second equivalent of 1; cleavage
of 3 by acid would give methanol. Either of the two routes leads
to a maximum 50% yield of methanol.

0
0+ I .

1 H
' C —> — CH,0H +—
H/ \H 3

0
A
Et4N+[(CGH50)3P](CO)3FeC<
H
1

H+
e /OH
{(C:H;0),PY CO),Fe == c\

2 H

ll
[( CGHQO),gP](CO)gFeCH:z
3

/OH__‘

Collman and Winter have reported that [(C¢Hs)3P]a-
N*(CO)4FeCHO™ reacts with 1-iodooctane to give octane
(75%) and a trace of nonanal; octane formation was attributed
to decarbonylation of [(CgH;7)(CHO)Fe(CO),], followed by
hydride migration and reductive elimination of octane.® We
have found that Et4N* trans-[(ArO);P(CO);FeCHO™ (Ar
= 3,5-dimethylphenyl) reacts with n-CsH;sI when stirred
overnight at ambient temperature in THF to give n-C7H ¢
(71%) and (CO)4FeP(OAr)3; <0.2% n-C7H;sCHO was ob-
served.!? Since formyl complexes appear to function as hydride
donors, we propose that heptane is formed by nucleophilic
displacement of iodide by the formyl hydrogen atom.

Metal formyl complexes can transfer hydride to metal
carbonyl compounds to produce new metal formyl com-
plexes.!! These “transformylation” reactions can be used to
determine the relative stability of a series of metal formyl
complexes. The reaction of 1 with Re;(CO);oin THF-dg was
followed by 'H NMR. The characteristic doublet at 6 14.9 due
to 1 is rapidly replaced by a singlet at 16.04 attributed to
EtyN* cis-(CO)oRe;CHO™ (4) formed in 82% yield as de-
termined by NMR integration.!2 (CO)sFe[P(OCsHs)3] was
detected by IR as a co-product of the reaction.

4 was independently synthesized by reaction of KYHB(O-
{-Pr)3~ with Rez(CO)1oin THF at 0 °C, followed by aqueous

-basic workup and cation exchange with Et4N*Br~. 4 was re-

crystallized from THF-hexane, and isolated in 32% yield as
a yellow, air-stable solid.!3.14 4 was characterized spectro-
scopically: 'H NMR (THF-ds) 6 1.32 (tt,J = 7.2, JNu = 1.5
Hz, 12 H,NCH,CH3), 3.40 (q,J = 7.2 Hz, 8 H, NCH,CH3),
16.04 (s, | H, ReCHO); IR (THF) 2084 (w), 2066 (m), 2015
(s), 1979 (s), 1949 (w-m), 1899 (w-m, MCO), 1559 (w,
MCH=0) cm~!; IR (KBr) 2089 (vw), 2068 (m), 2009 (s),
1890 (s, sh), 1936 (w-m), 1884 (m), 1734 (m), 1602 (m), 1493
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(m-s) em~!. The observation of four different MCO reso-
nances in the low temperature 13C NMR!5 of 4 establishes the
cis geometry of the compound: !3C NMR (THF-dg, =53 °C,
0.07 M, Cr(acac)j), 6 7.6 (NCH,CH3), 52.1 (NCH;CH3),
188.8, 194.4, 199.0, 203.2 (relative intensity: 0.9, 0.8, 4.7, 2.5
ReCO), 264.2 (ReCHO).!?

Solutions of 4 as well as the solid were found to be sensitive
to fluorescent laboratory lights. Photolysis of a THF solution
of 4in an NMR tube produces a metal hydride (6 —7.1) in 81%
yield as determined by NMR. Preparative photolysis of 4 gave
5in 38% yield after recrystallization. The dinuclear rhenium
hydride,!® EtyN* cis-(CO)sRe;H™ (5) was more conveniently
prepared by reaction of KYHB(O-i-Pr);~ with Re;(CO) g at
45-50 °C for 3 h under fluorescent laboratory lighting.
Aqueous basic workup, cation exchange with Et;N+Br~ and
recrystallization from THF-hexane gave 5 in 33% yield.!3
Elemental analysis,!” IR, and !H NMR established the gross
structure of 5: 'H NMR (acetone-d¢) 6 1.40 (tt, J = 7.2, JnH
= 1.5 Hz, 12 H, NCH,CH3), 3.50 (q, J = 7.2 Hz, 8 H,
NCH,CH3), —=7.10 (s, | H, ReH); IR (THF) 2078 (vw), 2028
(m), 1972 (s), 1924 (w-m), 1888 (m) cm~!; IR (KBr) 2082
(vw), 2028 (m), 2004 (m), 1968 (s), 1931 (m), 1912 (m), 1865
(ms), 1733 (w) em~!, The observation of five different MCO
resonances in the low temperature !3C NMR I8 of 5 establishes
the cis geometry of the compound: !3C NMR (THF-dg, —70.6
°C, 0.07 M, Cr(acac)s), 6 7.7 (NCH;CH3), 52.1
(NCH,CH3), 189.9, 195.4, 199.0, 201.1, 202.0 (relative in-
tensity: 1.1, 0.9, 0.9, 3.8, 2.3 ReCO).

Transformylation reactions between various metal formyl
and metal carbonyl compounds indicate the following order
of stability of formyl complexes relative to their metal carbonyl
precursors: [(CgHs)3P];N*(CO)sFeCHO~ > EtyN* cis-
(CO)9R62CHO_ > Et4N+ trans-[C6H503P](CO)3-
FeCHO™. The possibility that these transformylations pro-
ceed via decarbonylation to give a metal hydride which then
transfers hydride to a metal carbonyl is excluded since the
reaction of 1 with Re;(CO);g or Fe(CO)s is faster than de-
composition of 1 to (CO)4FeH™ and since Et,;N*(CO),FeH~
does not react with Rey(CO)ig, Fe(CO)s, or (CO)4FeP-
(OC¢Hs)3 under the reaction conditions.

[(CGH5O)3P](CO)3FeCHO_ *+ Rex(CO)vo

1 i

(CeH;0):PFe(CO), + (CO)sRe,CHO™ + Fe(CO);

i

Re,(CO)y + (CO) FeCHO™
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Binuclear and Mixed Metal Formyl Complexes:
Isolation, Characterization, and Chemistry

Sir:

Carbon monoxide-hydrogen gas mixtures can be trans-
formed by heterogeneous catalysts at high temperatures and
pressures to methane, alcohols, and gasoline (Fischer-Tropsch

process).!~3 The initially formed intermediate in these reactions
is believed to be the surface-bound formyl 1.3.4

/O methane,
CO. H, — C — —> methanol,
AN higher alkanes,
H and alcohols
1

The rational development of milder, homogeneous, and more
selective Fischer-Tropsch-type processes’ requires the study
of homogeneous homologues of 1 and other surface-bound
intermediates on the reaction coordinate between CO and al-
kanes and alcohols. In this communication, we report (a) the
synthesis of the first isolable binuclear formyl complex (2) by
reaction of Li(C;Hs)3BH with Rey(CO) g, (b) the availability
of the kinetically less stable mixed metal formyl complex 3 by
reaction of Li(C2Hs)3BH with ReMn(CO);o, (¢) reactions
which establish 2 and 3 as potent hydride donors, and (d) the
formation of formaldehyde and methanol from K+-2.

0
- I -
Li*(CO),ReRe(CO)(CH)  Li'(CO),MM(CO)(CH)

2 3, M,M' = Re, Mn

- [
Li*(C0O);MnMn(CO)(CH)
4
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