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ABSTRACT

Contrary to previous reports, polymethylhydrosiloxane (PMHS) under Pd(0) catalysis can efficiently reduce aryl acid chlorides to their
corresponding aldehydes without requiring an additional reductant, provided the reactions are run in the presence of fluoride.

The reduction of acid chlorides to aldehydes is a basic
functional group transformation. While reductions under
Rosenmund conditions or by Li(t-BuO)3AlH are classic
means for effecting the reaction,1 the quest for ever greater
selectivity and efficiency has long prompted the search for
alternative methods.1 Among these, the palladium-mediated
organotin hydride reductions invented by Guibe´ have proven
particularly popular.2

Of course, organotin reagents carry the baggage of being
relatively toxic, expensive, unstable, etc.3 Thus, mindful of
prior reactions made catalytic in tin through the use of
polymethylhydrosiloxane (PMHS) as the stoichiometric
reductant4 and our recent report of a one-pot Pd-mediated
hydrostannation/Stille coupling of acid chlorides,5 we con-
templated a tin-catalyzed version of Guibe´’s method for
reducing acid chlorides to aldehydes.

As a prelude to that goal, we examined the Pd-catalyzed
reduction of benzoyl chloride with a stoichiometric amount

of Me3SnH that was generated in situ by the reaction of Me3-
SnCl with PMHS in the presence of aqueous KF6 (Table 1,

entry 1). Despite the potential for hydrolysis and unwanted
reactions, this combination rapidly and quantitatively af-
forded benzaldehyde. We next looked to make the reaction
catalytic in tin. Needless to say, we were pleased when
reactions with 30 mol % and then 10 mol % tin worked
nearly as well as the stoichiometric variant (entries 2-3).
That satisfaction turned to surprise when, after 1 h, a tin-
free control experiment (entry 4) also gave 100% benzal-
dehyde!
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Table 1. Pd-Mediated Reduction of Benzoyl Chloride to
Benzaldehyde with in Situ Generated Me3SnH

entry
Pd(0)

(mol %)
Me3SnCl
(equiv)

KF
(equiv)

time
(h)

yield
(%)

1 1 1.0 1.5 0.5 100
2 1 0.3 1.5 0.5 100
3 1 0.1 1.5 1.0 100
4 1 1.5 1.0 100
5 1 24 12
6 1.5 24 0
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We were caught unawares by this result because, while
organosilanes have long been used to convert acid chlorides
to aldehydes,1,7 it has been over 20 years since Keinan and
Greenspoon reported that acid chlorides“cannot be reduced
just with PMHS/Pd(PPh3)4

”.8,9 Their observation was later
supported by Crabtree, who found that collidal Pd formed
from Pd(hfacac)2 and PMHS required the presence of H2

gas to reduce benzoyl chloride to benzaldehyde.10 In our
system, it appeared that the presence of KF heightened the
reactivity of the PMHS to where the acid chlorides can be
converted to their aldehydes without the need for an
additional reductant. This was supported by our own KF-
free experiment (entry 5), which only gave 12% benzalde-
hyde after 24 h. That said, activation by KF is not sufficient
to abolish the need for Pd catalysis (entry 6).

We presume the fluoride activates PMHS by making it
hypercoordinate.11 Nonetheless, unlike acid chlorides, acid
fluorides can be reduced by just PMHS/Pd(0).12 Therefore,
we had to consider if benzoyl chloride was first converted
to benzoyl fluoride13 and then reduced to benzaldehyde.
However, GC monitoring never indicated the presence of
benzoyl fluoride. Furthermore subjecting benzoyl fluoride
to our reaction conditions failed to afford any benzaldehyde.

With an acid fluoride intermediate ruled highly unlikely,14

this reduction represents a noteworthy refinement of the
literature. Moreover, given that PMHS is mild, safe, and
cheap,4 these conditions may be attractive as a general way
to convert acid chlorides to aldehydes.

To assess this prospect, we tested a series of acid chlorides
against the PMHS/KF/Pd(0) conditions (Table 2). We soon
saw that not all substrates underwent complete reaction with
1.5 equiv of PMHS (e.g.,7). In contrast, 3.0 equiv of PMHS
and aqueous KF in the company of substoichiometric
amounts of Pd(0), trifurylphosphine (TFP), and TBAF15

uniformly reduced a variety of electron-rich and neutral aryl
acid chlorides (entries 1-8), including heterocyclic 2-thio-
phenoyl chloride (entry 9), to their aldehydes within 1 h at
room temperature.16 Despite the ability of PMHS/Pd(0) to
reduce aryl halides,17 4-bromobenzoyl chloride was selec-
tively reduced to 4-bromobenzaldehyde (entry 10).18

Unfortunately, the reductions were not universally ap-
plicable. Water in the reaction hydrolyzed electron-poor
benzoyl chloride derivatives and aliphatic acid chlorides too
fast to allow for their reductions.19

In summary, the presence of fluoride allows Pd(0)-
catalyzed PMHS reductions of electron-rich and neutral aryl
acid chlorides. Yields are generally high and reaction times
short. Perhaps most importantly, these results amend the
existing literature.
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Table 2

a Average isolated yields over two runs.
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