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The 2-aminoimidazole moiety is emerging as a valuable
pharmacophore for biomedical research.'! This pharmaco-
phore has been shown to have an effect on the activity of
compounds, alter their selectivity for enzyme isoforms,”” and
improve important physiochemical properties, such as lip-
ophilicity,”! blood-brain-barrier passage,l cell permeabil-
ity,) and bioavailability.”) These effects are a consequence of
predictable pK,-value changes and the diverse hydrogen-
bond topologies of enzyme complexes with compounds
containing the 2-aminoimidazole moiety. Marine sponges
have proven to be a valuable source of medicinally relevant
2-aminoimidazole natural products. Compounds 1-4 were
isolated from organisms of the class Demospongiae,” and
compounds 5-7 from organisms of the class Calcarea®
(Scheme 1). These natural products display a range of
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Scheme 1. Representative 2-aminoimidazole natural products.

substitution and hydrogen-bond-donor/acceptor patterns.
Given the potential impact of this motif in small-molecule
discovery, it is imperative that a streamlined strategy is
created for its preparation.

There are currently two predominant strategies to access
the 2-aminoimidazole motif.”) The first originates with the
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condensation of an a-aminoketone with cyanamide or an
a-halo ketone with an acetylated guanidine derivative.”!%
This strategy relies on unstable precursors and is applicable to
the preparation of minimally substituted cores. The second
approach involves the decoration of an imidazole scaf-
fold."12 Although highly substituted 2-aminoimidazoles
can be prepared by this strategy, multiple steps are required
to protect the imidazole, introduce substituents, activate C2
for the introduction of the amine (usually by lithiation), and
deprotect the final product. We felt that the addition of a
guanidine N—H bond across a C—C m system would be a
powerful reaction for the preparation of these challenging
heterocycles (Scheme 2). The development of amine—alkene/
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Scheme 2. A general approach to the 2-aminoimidazole core.

alkyne hydroamination chemistry has provided an invaluable
approach to the construction of nitrogen-based heterocy-
cles™ The extension of this methodology to guanidines,
however, remains largely underdeveloped.!'! To the best of
our knowledge, Esser et al. have provided the only examples
of the addition of a guanidine N—H bond across an alkyne.!"”!
This alkali-metal-catalyzed process requires forcing condi-
tions and delivers the cyclized product in low to moderate
yields. Herein, we report a facile La™-initiated guanidine—
alkyne hydroamination sequence, which leads ultimately to
the 2-aminoimidazole core.

With the preparation of several target structures in mind,
we hypothesized that we could expand the utility of a
hydroamination approach to this heterocyclic core by inter-
cepting a guanidine derivative in situ (Scheme 2). The
addition of an amine to a cyanamide would generate the
propargyl guanidine and be followed by the addition of the
N—H bond across the tethered alkyne. Isomerization should
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follow to generate the imidazole core. Although the addition
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Table 2: Lanthanide-initiated addition-hydroamination sequence.

of amines to cyanamides under neutral or basic conditions has N \/\N/\/ R Ve H
_ .
been shown to be reversible,'”! we considered the possibility R /_(/\N’R . N
that the hydroamination step might serve as an efficient trap 2 neat, 95 °C R® N B”/\
RN Nallyl), Ph
for the neutral guanidine moiety. Importantly, the propargyl R ca:j'f‘ 108, Ricle. Ri<Bn. Ki=Ph "
cyanamides can be constructed by a three-component imi- 9a or 8b 10b’, R“=PM!B, R2=H’ RO=ph
nium-acetylide addition (3-CC), which relies on stable
: Entry  Substrate  Catalyst® 10 Yield of
precursors (an aldehyde, an amine, and an alkyne) to generate eld 19% iy
skeletal diversity. This strategy would permit substitution at (yield (%] el
every position on the 2-aminoimidazole (i.e. substituents R'= 1 9a none - -
R®) in just three steps and thus streamline the preparation of 2 9a Zn(OTf), (2 equiv) 10a (45) 32
N TR : 3 9a Zn(OTf), (30 mol%)  10a (32) 18
the 2-aminoimidazole core. The judicial introduction of a o
bl R', R*, or R® would ultimately enable access &+ 2 CuBk, (30 mol%) 102 (15) 21
removable group i, ik, o1 y 5 9a La(OTf); (30 mol%)  10a (75) -
to every possible substitution/hydrogen-bond pattern of the ¢ 9b La(OTf), (30 mol%) 10b (91) _
2-aminoimidazole core. 7 9b Y (OTf); (30 mol %) 10b (78) -
We began by addressing the preparation of the propargyl 8 9b Sc(OTf); (30 mol %) 10b (66) -

cyanamides (Table 1). The addition of an acetylide to an
iminium ion is well-known.'”! This reaction has become a

Table 1: Three-component coupling.

’
Ar/\u,R 1/\ R! R1 /
o+ or b \ von Braun J\
I Ra 3cc 8
RZTH
Entry Components 8 9
Me.,-PMB Me‘N///N
ArCH,NHMe Ph S Ph 9a
- RS RN
1 Ph——= Ph Ph
PhCH,CHO 8a, Ar = PMB (94%) 87% from 8a
8a', Ar = 2,4-DMB (61%) ~quant from 8a"
8a", Ar = 3,4-DMB (95%) 74% from 8a"
PMB,NH PMB. -PMB pmg. AN
- 8b N 9b
2 Ph—= X 99% T 94%
HCHO Ph Ph
PMBNHallyl S~ -PMB S ZN
o A
3 PMP——= o 94%
x x
HCHO Ph Ph
PMBNHBn Bn.,-PMB gn. AN
¢ N 9d
4 Bun \ 94% T 90%
HCHO nBu nBu
PMBNHMe Me. -PMB ve. AN
. 8e N 9e
Ph—= 91% 9
nBu/\ ° nBu x 1%
nBuCHO Ph Ph
PMBNHMe BnO Me. .PMB ZN
N of BnO Me. -7 o
6 PMP— 98% 76%
o X
4-BnOPhCH,CHO PMP PMP

a) For 8a,f: CuBr (10 mol %), MeCN, 80°C, 12 h. b) For 8b-e: CuBr (10 mol %),
MeCN, room temperature. c) CNBr (3.0m in CH,Cl,), K,CO;, dioxane. Bn=
benzyl, PMB = p-methoxybenzyl, PMP = p-methoxyphenyl.
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[a] Tf=trifluoromethanesulfonyl.

powerful tool following asymmetric and practical advan-
ces by the research groups of Knochel and Carreira.['®1"!
In contrast to literature reports that primary amines can
participate in this reaction, we found them to be
problematic substrates and often isolated dimeric prop-
argyl amines derived from further reaction of the newly
created secondary amine.”” However, the copper(I)-
catalyzed addition of alkynes to iminium ions generated
from secondary amines is quite general and high-
yielding; with both aromatic and aliphatic alkynes and
aldehydes, the products are typically obtained in more
than 90 % yield (Table 1, entries 1-5). Reactions involv-
ing an aryl acetaldehyde (Table 1, entries 1 and 6)
required slightly more forcing conditions to generate a
useful equilibrium concentration of the iminium ion
from the enamine. Typically these reactions were con-
ducted at 80°C and required approximately 12 h to reach
completion; however, they still provided the tertiary
propargyl amines in greater than 90 % yield.

After installation of the requisite tertiary amine, a
von Braun sequence was used to introduce the cyana-
mide.”!! Initial attempts with symmetric N,N-dialkyl
propargyl amines (e.g. N,N-dimethyl propargyl amines)
led exclusively to the propargyl bromide. Not surpris-
ingly, quaternization of the tertiary amine was followed
by cleavage of the more labile propargylic C—N bond.
We found that the use of a p-methoxybenzyl group
reversed this selectivity to give the desired cyanamides
(i.e. 8—9). We have observed that an increase in electron
density at the propargylic C—N bond leads to compet-
itive cleavage to give small amounts of the correspond-
ing propargyl bromide (ca. 10%). The 2,4- and 34-
dimethoxybenzyl (DMB) groups can both overcome this
competing reaction pathway (see Table 1, entry 1,
8a’,a”—9a); however, substrates with the PMB group
still deliver synthetically useful amounts of material, and
these substrates can be prepared more readily or are
commercially available. For example, 8f the PMB-
activated propargyl amine precursor substrate for na-
amine A, has two electron-rich aromatic groups flanking

www.angewandte.de

Chemie

3163


http://www.angewandte.de

Zuschriften

3164

the C—N bond, and the desired
cyanamide was obtained in 76 %
yield. When two benzylic groups
were present on the nitrogen atom
of the propargylic amine (in 8d),
exclusive cleavage of the more-
electron-rich  substituent  was
observed (Table 1, entry4). This
reaction sequence generated the
propargyl cyanamides in good
yields in most cases. The 3-CC can
be followed directly by the von
Braun sequence without purifica-
tion to give the cyanamides in
equally high yields (e.g. 9b, 94%,
2 steps).

Having successfully generated
the cyanamide precursors, we next
explored their conversion into 2-
aminoimidazoles. The thermal addi-
tion—-hydroamination sequence
gave the desired heterocycles in
moderate yield with only a few
cyclic secondary amines, including
pyrrolidine and piperidine. The use
of secondary acyclic amines led to
much lower yields, if the reaction
proceeded at all (data not shown).
These initial experiments enabled
us to make three important obser-
vations: 1) The reaction proceeded
without the isolation of the inter-
mediate propargyl guanidine, which
suggests that the hydroamination
was quite facile; 2) the five-mem-
bered heterocycles were formed
exclusively; and 3) both the yields
of the isolated products and the
reaction rates follow the general
trend of amine nucleophilicity, that
is, pyrrolidine > Et,NH > NH,.[*?!
Taken together, these results sug-
gest that addition to the cyanamide
may be rate-limiting,”) and that
catalysis of this step would be
crucial to diversify nucleophile par-
ticipation.

We therefore examined cata-
lysts to promote the addition of
the amine to the cyanamide. We
anticipated that diallylamine could
serve as an —NH, surrogate after
deprotection; however, it did not
participate in the thermal addition
reaction (no reaction at 150°C for
120 h). This challenging nucleophile
served as our test for catalysis
(Table 2). Zn" and Cu" salts both
catalyzed the formation of the 2-
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Table 3: Lanthanide-initiated addition—hydroamination sequence.
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[a] Reaction conditions: A) amine (neat), La(OTf); (30 mol%), 95°C, 24 h; B) amine (3-5 equiv),
La(OTf); (30 mol%), iPrOH, 95°C, 24-48 h; C) amine (5 equiv), La(OTf); (10 mol %), iPrOH, 95°C,

24 h.
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aminoimidazole 10a from 9a but also produced the previ-
ously unobserved product 11 (Table 2, entries 2-4), which
arises from decyanation of the propargyl cyanamide. La-
(OTf); was found to catalyze the addition-hydroamination—
isomerization sequence to provide 10a and 10b in good yields
(76 and 91 %, respectively). Interestingly, the yield of isolated
10b decreased as the size of the lanthanide/Group-III-metal
ion decreased (Table 2, entries 6-8). These lanthanum(III)-
initiated reactions proceeded smoothly at 95°C.

The optimized conditions were applied to a number of
substrate/nucleophile combinations under solvent-free con-
ditions (Table 3). Both cyclic and acyclic secondary amines
reacted well to give the 2-aminoimidazoles 10¢-10h in good
yields (Table 3, entries 1-6). In terms of enthalpy, the hydro-
amination of alkynes is greatly favored over that of the
corresponding alkenes, as observed in the selective formation
of 10¢ (Table 3, entry 1), although an alkene and an alkyne
are present in equivalent positions with respect to the
guanidine moiety in the acylic intermediate.

For more-complex amines that cannot be used under
solvent-free conditions, typically those with a higher molec-
ular weight, 2-propanol can serve as an acceptable solvent.
Thus, treatment of the cyanamide 9f with the amine (3-
5equiv) and La(OTf); (30 mol%) gave the 2-aminoimida-
zoles 10i-m in good yields (Table3, entries 7-11). The
catalyst loading can also be decreased to 10 mol % (Table 3,
entry 11); however, the relatively low cost of La(OTf),
permits a higher catalyst loading for convenience.

We next examined the potential to remove substituents
and provide access to alternate hydrogen-bond-donor/
acceptor topologies (Scheme 3). Unfortunately, standard

- Bno—’ \
M == Me
Me\NY\N%Sn jN/ e ) N/
N= Bn > -
S, A w2,
L3 o) o]
10d 10j Ved 10k
e
¢ ‘ ° \ oo
HO—/ \
= N,Me
e~ 7 e {2
N<<N\4 Bn’z\/)\ N NF:
3 N™ “NH,
12 13 MeO 7, naamine A

Scheme 3. Deprotection of amine groups: a) Pd(OH),/C, H, (60 psi),
MeOH, AcOH, 87%; b) HCI, MeCN, then Jandajel-NH,, NH,Cl, EtOH,
70% for 13; ¢) 10% Pd/C, H, (1 atm), 63 % from 10k.

deallylation conditions failed to remove both allyl groups
from the imidazole core. Building blocks with a benzyl group
at N1, such as 10d, can be hydrogenated to give the
corresponding mono-unsubstituted 2-aminoimidazoles, such
as 12. Treatment of the ketal 10j with HCI/MeCN followed by
aminomethylated JandalJel in a procedure modified slightly
from the protocol described by Carreira and co-workers!"!
delivered 13, with a free 2-amino group, in good yield. This
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procedure was also applied to the synthesis of naamine A (7)
from 10k; in a subsequent step, the phenol was liberated by
hydrogenolysis. This experimental approach proved useful, as
the purification of these compounds is simplified to filtration.

In summary, the described three-step sequence offers a
highly concise and convergent route to selectively substituted
2-aminoimidazoles.” The lanthanum(III)-initiated hydroa-
mination—isomerization sequence permits a unique discon-
nection for rapid access to more-complex natural product
skeletons. We are currently studying the role of lanthanum-
(III) in the hydroamination process, so that catalysts can be
developed for the further expansion of this transformation.
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