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ABSTRACT: Redox transformation of an α,β-unsaturated aldehyde to a
carboxylic acid derivative by means of a combination of TMSCN and DBU was
investigated. In addition to the wide use of the carboxylic acid derivatives
provided by this reaction, temperature-dependent control of the kinetic or
thermodynamic protonation pattern was found to selectively switch the
stereochemistry of the acyl group in the product.

Minimization of the number of oxidation and reduction
steps has recently been coveted especially from the

viewpoint of the redox economy of organic synthesis.1 One of
the transformations that could benefit from reducing the
number of redox steps is the conversion of an unsaturated
aldehyde to a saturated carboxylic acid derivative. These
transformations have often been performed by means of the
umpolung chemistry of N-heterocyclic carbene (NHC)
catalysts that has attracted growing interest over the past two
decades.2 We have been interested in a specific type of this
transformation in which a homoenolate equivalent plays an
important role.3 We initiated our studies to address the
synthetic difficulties associated with this type of transformation
during the course of the total synthesis of gelsemoxonine.4 We
employed Hayashi’s conditions that take advantage of the
combination of trimethylsilyl cyanide (TMSCN) and DBU for
its ability to transform an α,β-unsaturated aldehyde to a
saturated ester with concomitant control of the newly
generated stereochemistry.5 Such stereoselectivity would not
be successfully achieved without this specific method. The
proposed mechanism of this intriguing reaction is shown in
Scheme 1. The cyanohydrin TMS ether 2, generated from the
α,β-unsaturated aldehyde 1 by treatment with TMSCN and
DBU,6 underwent deprotonation by DBU to form the

thermodynamically more stable α,β-unsaturated nitrile 3. This
is followed by protonation or a reaction with other electrophiles
to afford the acyl cyanide intermediate 4,7 leading to the
formation of carboxylic acid derivatives 5 by treatment with
nucleophiles.
While the NHC-catalyzed redox transformations are known

to yield the intermediates corresponding to 3 or 4 that could be
transformed further to more complex molecules, the specific
reactivity of NHCs limits the scope of the electrophiles,
nucleophiles, and their possible combination. Hence, we
investigated the scope and limitations of the transformations
by the use of the intermediates 3 and 4.
We first examined the scope of the nucleophiles that are

capable of protonating the intermediate 3 that is generated
from 6 (Scheme 2). As reported previously, alcohols reacted
smoothly to give the corresponding esters in good yield (entries
1, 2). Thioester could be formed when treated with EtSH
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Scheme 1. Proposed Reaction Mechanism of the Redox
Isomerization Reaction Mediated by TMSCN and DBU

Scheme 2. Scope of the Protonating Nucleophiles

aThe reaction was performed in the presence of Et3N (10 equiv).
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(entry 3). Primary amides may be synthesized through the
reaction of acyl cyanide with ammonium chloride, as reported
previously.8 Treatment with ammonium acetate or gaseous
ammonia gave the same result (entries 4, 5). The reaction also
proceeded very cleanly with pyrrolidine to give the
corresponding tertiary amide (entry 6). The use of hydrazine
or N,O-dimethyl hydroxylamine for the synthesis of hydrazide
or Weinreb’s amide are the first examples of this class of redox
transformation (entries 7, 8).
Next, the reactivity of electrophiles with the intermediate 3

was examined in an effort to introduce functionalities at the α-
position of the carboxylic acid unit (Scheme 3). Both α-iodo

and α-bromo esters could be obtained by treatment with iodine
and bromine, respectively (entries 1, 2). These results
supported the formation of the intermediate 3 during the
transformation.
Several aldehydes were examined for the transformation to

methyl ester or pyrrolidine amide (Table 1). 4-Methoxy-

cinnamaldehyde (7) was converted to the corresponding ester
or amide in good yield (entries 1, 2). The transformation
proceeded smoothly with a substrate carrying an α-methyl
group (entries 3, 4). β-Chloro unsaturated aldehyde 9,
synthesized in two steps from acetophenone, gave the
unsaturated carboxylic acid derivative with a concomitant
elimination of the chloride ion (entries 5, 6).
We next examined the potential utility of α,β−γ,δ-

unsaturated aldehyde 10 as a substrate (Scheme 4). Here,
very interesting results were obtained from the potential
intermediate 11 that would be generated by protonation at the
β-position after the isomerization reaction at 40 °C. The
temperature of the methanol treatment step changed the course

of the subsequent reaction. While the reaction at 0 °C gave
only the γ,δ-unsaturated ester 12 (entry 1), the same reaction at
50 °C gave the β,γ-unsaturated ester 13 via the intermediacy of
conjugated isomer 14 followed by protonation at the α-position
(entry 2). This temperature-dependent reaction was also
observed when pyrrolidine was used as the nucleophile to
give 15 and 16 (entries 3, 4).
Intrigued by the stereoselective protonation that helped

establish the important stereochemistry in our gelsemoxonine
synthesis,4 we attempted a diastereoselective transformation of
(−)-perillaldehyde (17) as shown in Scheme 5. Two

diastereomers derived from protonation of the intermediate
18 were observed. The diastereomeric ratio of the products was
dependent upon the presence of the additive and the
temperature at which 18 was protonated. An initial attempt
without additives gave an unsatisfactory selectivity of 19 and
20. To our delight, the thermodynamically more stable trans
acyl cyanide intermediate was formed in the presence of the
poorly nucleophilic protonating agent, 2-nitrophenol. This
isomerization process of acyl cyanide was followed by the
reaction with methanol to afford 19, albeit in a moderate ratio.

Scheme 3. Reaction with Electrophiles To Introduce an α-
Functionality

Table 1. Substrate Scope for the Redox Transformation

aReagents and conditions: TMSCN (1.5 equiv), DBU (0.2 equiv),
THF, 0 °C; nucleophile (10 equiv), 0 °C. bReagents and conditions:
TMSCN (1.5 equiv), DBU (0.2 equiv), THF, 0 °C; nucleophile (10
equiv), DBU (1.0 equiv), 0 °C.

Scheme 4. Transformation of the α,β−γ,δ-Unsaturated
Aldehyde

Scheme 5. Redox Transformation of (−)-Perillaldehyde

aAn inseparable mixture of 19 and 20 was obtained.
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This result displays a difference to the protonation reaction that
proceeded in the absence of an additive at lower temperatures
to give rather the kinetic adduct 20. Similar results were
observed with pyrrolidine as the nucleophile to afford 21 and
22 as a thermodynamic and a kinetic product, respectively
(entries 3, 4).
The diastereoselective transformation of (−)-myrtenal (23)

was next examined (Scheme 6). Heating at 70 °C yielded

primarily the thermodynamically more stable trans product 25
(entry 1). This preference was reversed to give 26 when the
reaction was performed at 0 °C (entry 2). The use of
pyrrolidine as a nucleophile resulted in the protonation of 24
on both sides to give a diastereomeric mixture of 27 and 28 at
70 °C (entry 3). This result most likely stemmed from the fact
that the kinetic intermediate, the cis acyl cyanide, did not fully
isomerize prior to the formation of amide. On the other hand,
the kinetic product 28 was obtained at −20 °C with very high
selectivity and in very good yield (entry 4). This result
underscores the potential utility of the present method for
constructing complicated cyclic molecular structures.
In conclusion, we have established a useful method for the

redox transformation of an α,β-unsaturated aldehyde to a
carboxylic acid derivative using a combination of TMSCN and
DBU. A variety of carboxylic acid derivatives could be
synthesized from α,β-unsaturated aldehydes. Application of
the present method to the total synthesis of complex molecules
is currently underway in our laboratories.
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