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Activation and stabilization of aldimines by an
ortho-trifluoromethyl substituent in direct vinylogous

Mannich-type reactions
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Abstract—Lewis acid catalyzed direct vinylogous Mannich-type reaction with a weak nucleophile dienol, generated in situ by ring-
opening and rearrangement of vinyloxiranes, could be demonstrated in excellent yields under mild conditions using benzylidene(4-
methoxy-2-trifluoromethyl)aniline (MTMA) as an electrophile. The o-trifluoromethyl substituent can stabilize imines by a steric
effect and activate by an electron-withdrawing effect. It proved to be an easily deprotectable protecting group for direct Mannich-
type reactions.
� 2004 Elsevier Ltd. All rights reserved.
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The Mannich reaction is an important synthetic proce-
dure to prepare nitrogen-containing compounds, which
has been applied to the synthesis of heterocyclic building
blocks, biologically active compounds, and natural
products. Several kinds of nucleophiles have been used
for nucleophilic addition at the imino carbon, for
example, enolates, malonates, and silyl or tin enol-
ethers.1 In every cases, the imine was less reactive as an
electrophile than the corresponding aldehyde and many
imines are unstable under typical reaction conditions. In
the Lewis acid catalyzed Mannich-type reaction, lower
temperature and/or active nucleophiles were required to
prevent acid catalyzed decomposition of imines.2 Re-
cently Lewis acid catalyzed Mannich-type reactions
could be performed under mild conditions but the
reaction with a weak nucleophile, such as an enol, led to
formation of side products.3 We report, activated and
stabilized aldimines4 derived from 4-methoxy-2-trifluo-
romethylaniline (MTMA)5 and aromatic aldehydes re-
act with a weak nucleophilic dienol, generated from a
vinyloxirane. This is a new application of direct vinyl-
ogous Mannich-type reactions produced via Lewis acid
catalyzed ring opening and rearrangement of vinyloxi-
ranes.6
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In the direct vinylogous Mannich-type reaction,
2-methyl-2-vinyloxirane was converted to the corre-
sponding b,c-unsaturated aldehyde by Lewis acid cata-
lyzed ring opening and rearrangement (Scheme 1).7 This
aldehyde is easily isomerized to the dienol under the
reaction conditions where it behaves as a nucleophile in
a direct vinylogous Mannich-type reaction. Represen-
tative results are listed in Table 1. Phenyl and tolyl
aldimine 1a, 1b gave the corresponding d-amino-a,b-
unsaturated aldehydes 2a, 2b as Mannich adducts in
quantative yields (entry 1 and 2) under mild conditions
(THF, 0 �C) in the presence of a catalytic amount
BF3ÆOEt2 (20mol%). An o-trifluoromethyl group on an
aniline ring enhanced the stability of the imines toward
hydrolysis and also activated the imino carbon to
nucleophilic addition. Thus, reactions occurred without
β,γ-unsaturated
aldehyde

dienol
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Scheme 1. Lewis acid catalyzed rearrangement of vinyloxirane to the

corresponding b,c-unsaturated aldehyde.
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Scheme 3. Deprotection by oxidative conditions.

Table 1. BF3 ÆOEt2 catalyzed rearrangement of vinyloxirane and direct

vinylogous Mannich-type reactions

N

HR

O HN

R
CHO

F3C OMe F3C OMe

(1.5 equiv)

20 mol% BF3·OEt2

THF, 0 ºC, time

1a-h 2a-h

Entry R Time (h) Yielda (%)

1 Ph a 3 99

2 4-Me–Ph b 3 99

3 4-Cl–Ph c 3 90

4 2-Cl–Ph d 3 90

5 2-Br–Ph e 3 96

6 2-I-Ph f 3 93

7 4-MeO–Ph g 5 73

8 t-Bu h 2 30

a Isolated yield.
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side reactions and o-chloro, p-chloro, o-bromo, and
o-iodophenyl aldimine 1c–f also gave the Mannich ad-
duct in over 90% yields under the same conditions (entry
3–6). p-Methoxyphenyl aldimine 1g gave the adduct in
moderate yield (entry 7, 2g, 73%) however tert-butyl
aldimine 1h gave low yield due to steric effects (entry 8,
2h, 30% yield).

We investigated the reactivity of other vinyloxiranes to
determine the scope of the reaction (Scheme 2). 2-Ethyl-
2-vinyloxirane also generated the corresponding dienal
by BF3ÆOEt2 catalyzed rearrangement. This dienal
seemed to be less reactive and the Mannich addition to
1a only proceeded at room temperature to give a d-
amino-a,b-conjugated aldehyde 3 in 76% yield. By the
same approach, a,b-conjugated ketone 4 also could be
obtained. 2,3-Dimethyl-2-vinyloxirane rearranged to the
diketal and reacted with aldimine 1a in 80% yield.
Higher temperature (50 �C) was required due to less
nucleophilicity of the diketal than the dienal. In this
case, Sc(OTf)3 gave good result as a Lewis acid catalyst.

An added advantage of the MTMA group is its ease of
deprotection under oxidative conditions after reduction
of the amino aldehyde 2a to an amino alcohols 5 with
NaBH4. Oxidization of 5 with CAN (ceric ammonium
nitrate) in CH3CN–H2O and treatment with N2H4ÆH2O
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Scheme 2. Reactivity of other types of vinyloxiranes.
and re-protection with (Boc)2O without purification
gave the corresponding Boc-protected amino allyl
alcohol 6 in 83% yield (Scheme 3).

A typical experimental procedure for the direct vinylo-
gous Mannich-type reactions is as follows: To a solution
of aldimine 1a (249mg, 0.892mmol) and 2-methyl-2-
vinyloxirane (132 lL, 1.34mmol) in THF (1.8mL) was
added a 1.0M solution of BF3ÆOEt2 in toluene (0.18mL,
0.18mmol) at 0 �C. After stirring for 3 h at the same
temperature, the resulting mixture was quenched with
saturated NaHCO3. Extractive workup and purification
by column chromatography on silica gel (hexane/
EtOAc¼ 7:1 to 4:1 as eluent) gave the corresponding d-
amino-a,b-unsaturated aldehyde 2a as a colorless vis-
cous oil (319mg, 0.879mmol, 99% yield).9
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