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Activation of Aldehyde C-H Bonds to Oxidative 
Addition via Formation of 3-Methyl-2-aminopyridyl 
Aldimines and Related Compounds: Rhodium Based 
Catalytic Hydroacylation 

Sir: 

Hydroformylation, in which a synthetic equivalent of 
formaldehyde is added across an olefin by means of a transition 
metal catalyst to produce an aldehyde, is one of the most useful 
applications of transition metal organometallics to organic 
synthesis.1 No corresponding process exists for hydroacylation, 
the addition of a generalized aldehyde to a simple olefin.2 

Recently we have shown that the acylrhodium hydride derived 
from 8-quinolinecarboxaldehyde (1) and (PPh3)3RhCl will 
hydroacylate terminal olefins, giving linear 8-quinolinyl alkyl 
ketones,3 We now report how a generalized aldehyde can be 
activated toward hydroacylation. 

We wished to convert an aldehyde to a derivative in which, 
as in 1, a 1,5- relationship would exist between a potentially 
coordinating group and the aldehyde C-H bond. In principle, 
2-aminopyridyl aldimines should suffice; the reaction of 2-
aminopyridine with aldehydes gives, however, only 1,1-di
amines (aminals).4 The desired aldimines can be obtained by 
heating the aminals above 100 0C; however, they are unstable 
compounds, being converted to the aminal and excess aldehyde 
with trace amounts of water. With the more hindered 3-
methyl-2-aminopyridine (2),5 the aldimines 3a-c could be 
prepared in high yield from 2 and the corresponding aldehyde 
in THF at reflux in the presence of 3-A molecular sieves.67 

This procedure fails for aldehydes with a hydrogens. 
Three possible sites are available for metalation in 3. The 

pyridyl nitrogen directs attack toward the imine C-H bond, 
while the imine nitrogen can facilitate metalation on the methyl 
group or at an ortho site of the aldehyde-derived aryl group. 
When the aldimines 3a-c were heated in THF at 55 0C for 
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ketone in 10% yield. The 1H NMR spectrum showed none of 
the branched chain isomer, under conditions where 10% of it 
would have been visible. 

A likely mechanism for hydroacylation, which guided us in 
the design of this reaction, is given below. This mechanism is 
supported by the occurrence of a stochiometric hydroacylation 
reaction between iminoacylrhodium(III) hydrides and mo-
nosubstituted olefins under the conditions given above. In 
particular, reaction of 4a with ethylene (initial pressure 150 
psi) for 2 h at 170 0C gives (after treatment of the reaction 
mixture with CO to pcecipitate the rhodium as (PPh3)2-
Rh(CO)Cl and hydrolysis of the ketimine with wet silica gel) 
propiophenone in 80% isolated yield. 
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Hydroacylation thus provides a new connective ketone 
synthesis from readily available precursors. It illustrates the 
potential of the cyclometalation reaction,10 and conceptually 
related strategies, in organic synthesis. 

5-30 min with (PPh3)3RhCl, followed by addition of hexane, 
a single air-stable, yellow compound was isolated in >90% yield 
in each instance. Spectral and chemical (see below) data are 
consistent with these compounds being the desired imino-
acylrhodium(III) hydrides 4a-c. 4a: IR (KBr) 2025, 1590; 
NMR (CD2Cl2, 90 MHz, 5) -11.15(1 H, overlapping d oft, 
/Rh-H =13, Jp-H = 12 Hz), 2.50 (3 H, s). Analogous spectral 
properties were found for 4b and 4c.6 The imine C-H singlets 
at ca. 8 9 in 3a-c are absent in 4a-c.8 Unexpectedly, 2-ami
nopyridyl aminals under the above conditions also give imi-
noacylrhodium(III) hydrides. Presumably, (PPh3)3RhCl traps 
the small amount of aldimine in equilibrium with the aminal. 
From these adducts complexes derived from alkyl adehydes 
(including n-decanal and cyclohexanecarboxaldehyde) are 
available. 

The use of these activated aldehydes in hydroacylation is 
shown by the reaction of 3a and (PPh3)3RhCl (5 mol %) in 
THF under an initial ethylene pressure of 150 psi in a stainless 
steel pressure vessel at 16O0C for 6 h. Upon hydrolysis of the 
reaction mixture over moist silica gel and bulb to bulb distil
lation, propiophenone wasobtained in 45% yield (900% based 
on (PPh3)3RhCl).9 Under the same conditions, ethylene was 
hydroacylated with the 2-aminopyridyl aminal of cyclohex
anecarboxaldehyde, giving ethyl cyclohexyl ketone in 40% 
yield. The terminal olefin 1-octene gave, with 3a and 
(PPh3)3RhCl (5 mol %) at 160 0C in THF, /i-octyl phenyl 
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