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A synthetic methodology for a,b-unsaturated aldehydes employing rare earth triflate is reported. Acti-
vated triethylamine reacts with aldehydes to form two carbon extended aldehydes, which is promoted
by a catalytic amount of Yb, Sc, Y, and In(OTf)3, in the presence of chlorotrimethylsilane. We investigated
the conditions applicable to aromatic aldehydes as well as heterocyclic compounds as substrates. A deu-
terium labeling experiment supported our proposed reaction mechanism.

� 2009 Published by Elsevier Ltd.
Triethylamine (TEA) is a cheap and versatile reagent for organic
synthesis. In addition, TEA has received much attention as a base
due to the nitrogen-free lone pair, which may act as a Brønsted
base and accept a proton in an acidic reaction vessel1 or attach into
electrophiles as a Lewis base.2

Herein we describe a one-pot method to transform aldehydes
into a,b-unsaturated aldehydes with a two-carbon homologation.
Although a,b-unsaturated aldehydes have potent activities for
many transformations in organic synthesis,3 there are difficulties
in synthesizing cinnamaldehydes from benzaldehydes in a one-
step procedure.4 To our best knowledge, this is the first example
of synthesizing a,b-unsaturated aldehydes using TEA with catalytic
metal salts.

Our group has previously reported an unusual reaction pro-
moted by 10 mol % Yb(OTf)3 for a cross-aldol condition with oxazo-
lidinone 1 (Scheme 1).5

In this discovery, we predicted the in situ formation of a cinna-
maldehyde equivalent from benzaldehyde by activated TEA.6 To
confirm the intermediate for this reaction, we roughly applied this
condition to benzaldehyde as a substrate, and obtained a mixture
of cis- and trans-cinnamaldehyde when a stoichiometric amount
of Yb(OTf)3 and an excess amount of chlorotrimethylsilane (TMSCl)
were employed. The result prompted us to survey the details of
this reaction.

We initially examined Lewis acids for the desired reaction using
benzaldehyde 3a as a representative substrate (Table 1).7 The reac-
tion proceeded smoothly in 24 h using 1 equiv Yb(OTf)3 with
5 equiv TMSCl in CH2Cl2 at rt and TEA to generate cinnamaldehyde
4a in 53% yield. Product formation was further optimized by
increasing both the amount of reagents and reaction time
(20 equiv TMSCl, 30 h) to give 86% yield.8 Hence, we decided to
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use a standard protocol [20 equiv TMSCl and 40 equiv TEA] to
determine the effects of Lewis acids on this potentially useful reac-
tion. A two-carbon homologation occurred using numerous types
of Lewis acids, except for Yb(NTf)3 (Table 1, entry 9). Both
100 mol % of Y(OTf)3 and 100 mol % of In(OTf)3 resulted in over
60% yields (Table 1, entries 2 and 4). Interestingly, TEA can be suf-
ficiently activated by GaCl3 or FeCl3 to afford the product (Table 1,
entries 7 and 8). Catalytic trials for the present reaction by select-
ing different Lewis acids revealed that Sc(OTf)3 can remain effec-
tive longer than the others under these conditions (Table 1,
entries 1–8).

Table 2 summarizes the scope of the substrates for this phe-
nomenon. With p-fluorobenzaldehyde 3b, product 4b was ob-
tained in a reasonable yield using Yb(OTf)3, Y(OTf)3, and Sc(OTf)3

(Table 2, entry 1). A methoxy substituent on the benzaldehyde
did not negatively affect the reaction (Table 2, entries 2–4),
although only m-tolualdehyde 3f afforded the product in an
acceptable yield (entry 5). When the reaction proceeded with 2-
naphthaldehyde 3g, favorable conditions for the catalytic use of Le-
wis acids were not established, but the product was obtained in
moderate yields (Table 2, entries 6 and 7). The homologation pro-
cess gave 2-furaldehyde 3h using Yb(OTf)3, Sc(OTf)3, In(OTf)3, and
Y(OTf)3. Hence, these results suggest that 2-furaldehyde is the
most reactive and a suitable substrate for this reaction (Table 2, en-
tries 8–11). An excellent yield was observed for 3h with 30 mol %
Scheme 1. Unique reaction of oxazolidone 1 with benzaldehyde under cross-Aldol
reaction conditions.
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Table 1
Transformation of 3a to 4a with various Lewis acidsa

Entry Lewis acid Yieldb (%)

10 mol % 30 mol % 50 mol % 100 mol %

1 Yb(OTf)3 7 35 59 86c

2 Y(OTf)3 8 — 33 60
3 Sc(OTf)3 15 — 27 37
4 ln(OTf)3 7 34 45 65
5 Bi(OTf)3 — — — 27
6 Sm(OTf)3 — — — 12
7 GaCI3 0 — 21 44
8 FeCI3 0 — 2 14
9 Yb(NTf)2 — — — 0

a Reactions were carried out in CH2CI2 at rt for 24 h.
b Isolated yields.
c 30 h.

Scheme 2. Deuterium labeling experiment and plausible reaction mechanism.
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of Sc(OTf)3 (Table 2, entry 9). Bicyclic heterocyclic compounds such
as 2-benzofuran-2-carboxaldehyde 3i and 1-methylindole-3-car-
boxaldehyde 3j gave products in relatively good yields (Table 2, en-
tries 12–15).9

In addition, we performed a deuterium labeling experiment to
gather evidence about the reaction mechanism (Scheme 2). Deu-
terated-cinnamaldehyde 5, in which two hydrogens were replaced
with deuterium imported from (CD3CD2)3N in plausible positions
was formed in 20% yield. Product formation was very sluggish
due to the primary isotope effect. Additionally, both the quartet
and the triplet NMR-peaks for diethylamine disappeared.
Table 2
Scope of substrates for ethylene part insertion

Entry Substrate Product

1 3b 4b
2 3c 4c
3 3d 4d
4 3e 4e
5 3f 4f

6
7

8
9

10
11

12
13

14
I5

a Isolated yields.
We realized that TEA could be doubly activated by various Le-
wis acids and TMSCl under our conditions to become a protected
acetaldehyde anion equivalent in the reaction (Scheme 3). Enam-
ine Et2N–CH@CH2 has been previously reported in both the photo-
oxidation of TEA10 and the chemical oxidation of TEA.11 Goodman
and Whitten implicated the formation of the iminium ion,
Et2N+@CHCH in the photoreaction, but it was not detected directly
via NMR. Periasamy and co-workers have reported a useful trans-
formation of benzophenone derivatives by excess TiCl4 using TEA,
and reported an example of 46% of cinnamaldehyde as a product.12

When we attempted to transform benzophenone by our protocol, a
reaction was not observed.
Catalyst mol % Yielda (%)

Yb(QTf)3 100 68
Sc(OTf)3 100 67
ln(OTf)3 50 70
Yb(OTf)3 50 64
ln(OTf)3 50 69

Yb(OTf)3 50 40
ln(OTf)3 100 61

Yb(OTf)3 50 63
Sc(OTf)3 30 93
ln(OTf)3 50 78
Y(QTf)3 10 31

Yb(OTf)3 50 55
Y(OTf)3 50 23

ln(OTf)3 50 61
Sc(OTf)3 50 41



Scheme 3. Design of synthon for acetaldehyde anion.
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In summary, we have developed a one-pot method to transform
aldehydes into a,b-unsaturated aldehydes with a two-carbon
homologation. This method can be applied to aromatic aldehydes
to produce a,b-unsaturated aldehydes. Various Lewis acids, includ-
ing Yb(OTf)3, In(OTf)3, Y(OTf)3, and Sc(OTf)3, serve as catalysts to
promote this reaction.

The scope, mechanism, and synthetic application of this reac-
tion are under investigation.
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