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Catalyst-free multicomponent Strecker reaction in acetonitrile
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Abstract—The multicomponent Strecker reaction using trimethylsilyl cyanide was accomplished without any type of Lewis acid. The
reaction performed in acetonitrile as solvent gave excellent results for any class of aldehydes (aromatic or aliphatic), as well as
amines (aromatic or aliphatic). In many cases, a-aminonitrile product was isolated pure after the usual work-up, with quantitative
chemical yields. A comparison between different solvents indicated that acetonitrile is the best choice. The rate comparison using
different Lewis acids showed that all of them catalyzed the reaction in a similar extent, the difference with the acid Lewis-free being

minimal.
© 2005 Elsevier Ltd. All rights reserved.

The Strecker reaction, discovered in 1850,! has been recog-
nized as the first multicomponent reaction® published
ever and has a central importance to the life sciences.?
The three-component coupling of an amine, a carbonyl
compound (generally an aldehyde) and either hydrogen
cyanide or its alkaline metal cyanides to give a-amino-
nitriles* constitutes an important indirect route in the
synthesis of a-amino acids® (Scheme 1).

There is a one-pot sequential version of the Strecker
multicomponent reaction, which should not be consid-
ered a proper multicomponent reaction, because it
implies two sequential additions: first, the addition of
the carbonyl compound and the amine to form the
corresponding imine and then the addition of the alka-
line metal cyanide for trapping the in situ formed imine.
Anyhow, the Strecker reaction has been amply used in
the synthesis of many natural products.®

One of the initial drawbacks of this reaction is the use of
highly toxic cyanide derivatives. In order to avoid
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partially this inconvenience, the use of trimethylsilyl
cyanide has been introduced. In this way, the usual sol-
vent used (water) could be changed for typical organic
solvents (toluene, methylene chloride, acetonitrile,
etc.), improving the solubility of the organic reagents
as well as the reaction conditions. However, this new
protocol involves the use of strong Lewis acid, blossom-
ing many of them, such as lithium perchlorate,” poly-
meric scandium triflamide,® vanadyl triflate,” nickel(II)
chloride,'® zinc halides,'! ruthenium(III) chloride,!?
praseodymium triflate,'* ytterbium triflate!* and
bismuth(III) chloride,’® even montmorillonite KSF'®
or iodine.!” In some cases, the protocols require tedious
work-up leading to the generation of large amount of
waste. Moreover, some of the Lewis acids used are
toxic'® as well as their hydrolysis products. Therefore,
there is a further scope to explore milder, safer and more
efficient protocols for this reaction.

There are a couple of papers, which attracted our atten-
tion on the possibility to overcome the use of acid Lewis
catalysts. In the first one, which is not properly a multi-
component reaction, the reaction was performed in the
absence of solvents and heating the mixture at 100 °C,
with the consequent problems associated for the stability
of the reagents and products.!® In the second one, the
reaction was performed with expensive ionic liquids.?°

These two papers remarked the great impact of a solvent
on the reaction, and, therefore we commenced our study
by measuring this effect. We chose the reaction of 4-
chlorobenzaldehyde, aniline and trimethylsilyl cyanide
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Table 1. Multicomponent Strecker reaction

j.l\ R2NH Me;SiCN MeCN T 2
e
RVSH T 2+ Megol o5 °C RN
H
Entry o-Aminonitrile
No. R! R % Yield®
1 1 4-CIC¢H, Ph 97
2 2 Ph Ph 92
3 3 Pr’ Ph 85
4 4 Ph 4-CIC¢Hy 53
5 5 C-C(,H“ 4-C1C(,H4 70
6 6 4-C1C6H4 4-MeC6H4 92
7 7 Ph 4-MeC¢Hy 78
8 8 4-CIC¢Hy4 PhCH, >99
9 9 2-Furyl PhCH, >99
10 10 Pr’ PhCH, 85
11 11 I’l-C5H12 PhCHz 98
12 12 Ph Bu” 75

#Tsolated yields of pure product after work-up or column chroma-
tography (silica gel: hexane/ethyl acetate).

in a 1:1:1 molar ratio, as a model to give the correspond-
ing o-aminonitrile 1 (Table 1). Initially we carried out
four parallel reactions and we took out aliquots at 15,
30 min, 1, 3 and 17.5 h. These aliquots were hydrolyzed
and GC-analyzed using 1,3,5-trimethylbenzene as inter-
nal standard for the yield calculations (Fig. 1), the yields
being calculated for the final a-aminonitrile product
and corroborated with the remaining starting amine
and aldehyde, when possible (no formation of the imine
derivative). Thus, when the reaction was performed in
methylene chloride as solvent the yield was very
low, 40% after 18 h (12% after 1h), and the analysis
of different aliquots over the time showed that after
3 h the reaction did not change practically (32% yield),
keeping the same ratio of starting materials and prod-
ucts (a small and constant amount of the correspond-
ing imine was detected). When the reaction was
performed in toluene, the shape of the reaction rate
was similar giving a slightly better yield, 58% after
18 h (15% after 1h). However, in this case after 3 h
the yield (50%) did not increase so much, the aldehyde
and amine were totally consumed to form the corre-
sponding imine. Surprisingly, when the reaction was
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Figure 1.

performed using acetonitrile, the rate was quite faster,
giving the expected o-aminonitrile 1 in excellent 97%
yield (74% and 90% yield after 1 and 3 h, respectively).
In addition, the product was obtained pure after the
normal work-up.

Once we found acetonitrile as the best solvent for the
multicomponent Strecker reaction using trimethylsilyl
cyanide, we measured the impact on the reaction rate
of the Lewis acid catalyst [Ru(DMS0)4]Cl,,?! and the
difference was minimal when the reaction was carried
out using 5 mol % of this complex, obtaining 85% and
97% yield of product 1 after 1 and 3 h, respectively
(Fig. 1).

After testing the low impact of [Ru(DMSO)4]Cl, on
the standard model reaction, we tested other typical
catalysts previously used for this multicomponent reac-
tion, such as NiCl,, I, and RuCl; (anhydrous) and, in
our hands, the four catalysts gave similar results
(Fig. 2). Thus, when the reaction was performed using
Smol% of NiCl,, the yields were 90% and 95%,
91% and 96% for I,, and 90% and 97% for RuCls,
respectively, after 1 and 3 h. It should be noticed that
at low reaction times (15 min) the yields were 25%,
30%, 30%, 32% and 39% for the uncatalyzed reac-
tion, and using [Ru(DMSO),4]Cl,, NiCl,, RuCl; and
I, catalyzed reactions, respectively, so confirming the
minimal role of the catalyst under this protocol
reaction.

Once we found that the impact of some Lewis acid on
the multicomponent Strecker reaction in acetonitrile
was nearly superfluous and its presence could be
avoided, we studied the scope of this protocol using
acetonitrile as solvent and the reaction was quenched
after 17.5 h at room temperature (Table 1).

These multicomponent coupling reactions proceed very
efficiently at ambient temperature with high selectivity
and giving in some cases the expected o-aminonitrile
pure just after the normal work-up,?? as is the case of
compounds 1, 8, 9 and 11. In all cases, no cyanohydrin
trimethylsilyl ethers were detected by GC-MS analyses.
This method gave good results independently of the nat-
ure of the starting aldehyde (aliphatic or aromatic), the
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method being equally effective for aromatic, benzylic or
aliphatic amines. The yields of the multicomponent
reaction seem to be independent of the presence of elec-
tron withdrawing groups on the aromatic aldehyde
(Table 1, compare either entries 1 and 2, or 6 and 7).
Also the presence of moieties with electron donating
or withdrawing character in the aromatic amine did
not change appreciably the yield average (Table 1,
entries 2, 4 and 7). However, it should be pointed out
that the lowest results were obtained using 4-chloroani-
line. The method worked very well for acid sensitive
aldehydes, such as furfural (Table 1, entry 9), as it was
expected, and also for enolizable aldehydes (Table 1,
entries 3, 5, 10 and 11). Finally, it should be mentioned
that the best results were obtained using benzylamine
(Table 1, entries 8-11), and this fact is a great advan-
tage since the hydrogenolysis using standard protocols®?
could give directly o-aminonitriles non-substituted on
the amine functionality, which are very difficult to pre-
pare by other methods.

The reaction worked very well for primary amines and
for checking the scope of the substitution of the amines,
the reaction was carried out using cyclic secondary
amines such as pyrrolidine and morpholine (Scheme
2). The multicomponent coupling reactions gave the
expected N,N-disubstituted o-aminonitriles 13 and 14
with good chemical yield and, as in previous cases, no
by-products were detected by GC-MS.

Finally, the successful results for this multicomponent
reaction presented afore merit some commentaries, in
order to clarify the possible mechanism. On one hand,
it is well established that the electrophilic character of
aldehydes is much higher than the related imines. The
absence of cyanohydrin trimethylsilyl ether derivatives
could indicate that trimethylsilyl cyanide is not nucleo-
philic enough to react with aldehydes. Therefore, the
direct reaction with imines should be discarded. On
the other hand, the initial step in the condensation of
an aldehyde and an amine is the formation of the imin-
ium hydroxide intermediate (Eq. (a) in Scheme 3), which
is in equilibrium with the starting materials and nor-
mally evolves to form water and the corresponding
imine. At this stage, we speculate that the hydroxy
group reacts with the highly oxophilic silicon atom to
form a pentacoordinate derivative,?* which has a more
nucleophilic character than the starting material (Eq.
(b) in Scheme 3). The last step could be either the direct
condensation between the highly nucleophilic silicate
derivative with the iminium intermediate (Eq. (c) in
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Scheme 3),?° or the liberation of the cyanide anion from

the silicate and its condensation with the aforemen-
tioned iminium derivative,?® in both cases forming the
final a-aminonitrile. Alternatively, the reaction pathway
through the intermediate 15 cannot be ruled out. This
new possibility implies the condensation of the amine
with the aldehyde, the initial tetrahedral intermedi-
ate being trapped by reaction with the highly electro-
philic trimethylsilyl cyanide to give the corresponding
zwitterionic intermediate 15. Then, the intramolecular
hydrogen and cyanide transfer gave the a-aminonitrile.
Anyway, the role of the solvent seems to be to stabilize
some pentacoordinate silicon intermediate, as well as to
avoid the formation of the poor electrophilic imine
derivative.

In summary, this new protocol represents a safer, sim-
pler and more environmentally friendly alternative to
the classical Strecker conditions, avoiding the use of,
in some cases, expensive and toxic Lewis acids and
therefore permitting the use of substrates sensitive to
acid conditions. Moreover, the obtained results for the
multicomponent reaction were comparable in chemical
yields as well as in reaction rate to those using Lewis
acid catalysis. The purification of products after the
usual work-up was in some cases unnecessary.
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