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Novel a-amino amidine synthesis via scandium(III) triflate mediated
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Abstract—o-Amino amidines are made via a novel scandium(II]) triflate catalyzed multi-component reaction involving aldehydes,
amines, and isonitrile. The reaction can be automated and is amenable to library production. The chemistry of a-amino amidine
described herein can be elaborated further for the synthesis of hydantoin imides and imidopyrazine derivatives.

© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

In the search for combinatorial methods, which allow
for the convenient synthesis of structurally diverse
molecules, we focused our efforts toward the prepara-
tion of o-amino amidines. oa-Amino amidines have
found applications in the synthesis of (1) the antitumor
antibiotic Bleomycin,' (2) iminopeptides,>* (3) interme-
diates for the study of the bioluminescence of Cypridina
hilgendorfii,* and (4) novacaine derivatives.” Unfortu-
nately, the number of publications on a-amino amidine
synthesis is limited.® Various methods for the synthesis
of simple amidines from nitriles have been reported.””’
Synthesis of amidines has also been demonstrated uti-
lizing isonitrile.'"® o-Amino amidines have been
described by Mengelberg using N-protected o-amino
iminoethers as intermediates, which are a direct exten-
sion of the nitrile method (Scheme 1).''""3
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Scheme 1. a-Amino amidines from iminoethers.

Recently, Katrisky has observed a-aminoamidines (B)
during the purification of the imidoylbenzotriazole
intermediate (A) (Scheme 2)."* Norton has also dem-
onstrated that zirconocene #*-imine complex can insert
carbodiimides which, after protic cleavage, produce
a-amino amidines (Scheme 3)."

The described methods have not provided a robust
method suitable for the production of compound
libraries. Work by MacFarland did, however, provide
for an interesting Ugi variant, which could be amenable
to automated synthesis. In the optimization of the syn-
thesis of N-cyclohexyl-a-dimethylaminoisovaleramide,
McFarland allowed dimethylamine, isobutyraldehyde,
and cyclohexyl isocyanide to react under various con-
ditions to maximize the formation of the a-aminoamide
(D), a three-component condensation product (Scheme
4). It was demonstrated that a-amino amidine (C) was
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Scheme 2. a-Amino amidine formation from a-amino iminothioether synthesis.

R3_N=C=N_R3
Ri

EC‘? N H*
szzrik

R

Scheme 3. a-Amino amidine synthesis from carbodiimide.

the only product isolated using 1 equiv of dimethylamine
We were intrigued by this
result and believed we could optimize the formation of

hydrochloride as a catalyst.'®

the o-amino amidine.

2. Results and discussion
Ray
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Previous investigations by McFarland had shown that
a-amino amidines could be obtained in 70% yield with a
1:1:1:1 ratio of isobutyraldehyde/cyclohexyl isonitrile/
dimethylamine/dimethylamine hydrochloride (Scheme
4).'° Our initial investigations hoped to elaborate on this
Ugi variant, which has received little attention and to
optimize the reaction for a high throughput synthesis
platform. We initially screened various catalysts on a 12
reaction matrix using the inputs shown in Scheme 5.
HCI was included in the study as a reference. A series of
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Scheme 4. Ugi variants observed by McFarland.
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Scheme 5. Twelve reaction matrix for optimization study.
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Table 1. Catalyst screen

Catalyst Average Average
yield (%0)* purity (%)*
Lanthanum triflate 86 84
Silver triflate 7 12
Yttrium triflate 86 &3
Ytterbium triflate 92 83
Copper triflate 20 36
Indium triflate 89 80
Scandium triflate 99 79
Triethylsilyl chloride 55 70
Trimethylsilyl chloride 57 72
Trifluoroacetic acid 69 83
Zinc chloride 59 78
Hydrochloric acid 60 75
p-Tolylsulfonic acid (PTSA) 59 64

#Yields and purities were determined byLC/MS ELSD quantifica-
tion."”

Lewis acids was selected based on relative Lewis acidity,
stability, and ease of handling.

All reactions were performed on a 20 pmol scale using a
Tecan Genesis Workstation 200 liquid handler. The
reagents were diluted at 500 mM in methanol and added
in the order aldehyde, amine, isonitrile, and catalyst.
Lewis acids were screened at 0.25 equivalence (5 umol)
in 500 mM methanol while Bronsted acids were added at
1.0 equivalence (20 pmol) (Table 1). The reactions were
performed in a 1.2mL 96-well Greiner plate. The reac-
tions were sealed and allowed to shake overnight at
room temperature.

Scandium(III) triflate demonstrated the highest reactiv-
ity of the catalysts screened. Resin bound acids were
attempted but did not result in a significant amount of
desired product. Although other lanthanum(III) triflates
showed good reactivity, scandium triflate was chosen for
further optimization based on yield and purity. Further
optimization of the catalyst loading was optimal at 0.2
equivalence.

A representative set of amino amidines was synthesized
and isolated to establish the scope of this reaction (Table
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Scheme 6. a-Amino amidine reaction with diamine.
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Scheme 7. Formation of hydantoin imide.

2). The reactions were performed on a 250 pmol scale at
room temperature and were nearly complete after a few
hours. The compounds were typically allowed to shake
overnight. Methanol was removed under reduced pres-
sure and purified by preparative thin layer chromato-
graphy using a 94:5:1 dichloromethane/methanol/
triethylamine solvent system.

The reactivity is acceptable for most aldehydes. Benz-
aldehydes give slightly lower yields than aliphatic alde-
hydes (1,2 vs 3,4). Various amines reacted including
amino esters, which produce the corresponding o-amino
amidine in 63% yield (13). Anilines produced good
yields in this reaction and gave the resulting amino
amidine in good to excellent yields 75-98% (14-16).
Primary amines such as benzylamine also yielded the
corresponding a-amino amidine in 70% yield (17).

The '"H NMR spectra of the a-amino amidines are
generally broad with poorly defined peaks and made
interpretation difficult. The fluxional behavior of the
o-amino amidines has been previously observed by
Katritzky in the synthesis of analogous o-amino-
N-substituted thioacetimidates.!> The broadness of the
peaks was rationalized as a result of slow rotation
around C=N bond.

The chemistry was expanded to using diamine. N,N'-
dimethylethylenediamine was used to produce the cor-
responding imidopyrazine derivative in 70% yield
(Scheme 6). It was also necessary to use 0.5 equivalence
for the diamine reaction for optimal yield of the imi-
dopyrazine.

The products resulting from the aniline combinations
were further elaborated by reacting with p-nitrochloro-
formate to the corresponding hydantoin imide in un-
optimized yield of 57% (Scheme 7).

In summary, we have demonstrated the optimization of
a Lewis acid catalyzed multi-component a-amino ami-
dine synthesis and its application to automated synthe-
sis. The reaction does not require rigorous anhydrous
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Table 2. Selected examples with isolated yields
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reaction conditions. We have also demonstrated new
routes to imidopyrazine and hydantoin imide.
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