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ABSTRACT: A new method for the synthesis of 2-aminoimidazole products is described. The heterocyclic products are
generated in good yields via Pd-catalyzed carboamination reactions of N-propargyl guanidines and aryl triflates. This
methodology generates both a C—N and C—C bond during the annulation step and facilitates the rapid construction of 2-
aminoimidazole products with different aryl groups. The utility of this methodology was demonstrated in the total synthesis of
preclathridine A, preclathridine B, and dorimidazole B from a single intermediate.

Cyclic guanidine natural products have garnered wide- guanidines was reported as a useful means for generating

spread attention due to their wide-ranging biological substituted 2-aminoimidazoles.®
properties." One interesting subclass of cyclic guanidines are Although these strategies have proven to be highly valuable
substituted 2-aminoimidazole derivatives (1—5) (Figure 1). for the construction of 2-aminoimidazole-containing alkaloids,
none involve C—C bond formation during the ring-closing step,
NH, NH, NH; and as a result, the synthesis of closely related alkaloids such as
Me.N&N o] M9~N)§N oo Me~N)§N 1-3 cannot currently be accomplished from a single
= jo = = OMe intermediate. Rather, different substrates are required to access
compounds that differ in the nature of the 4-(arylmethyl)
1 Preclathridine A 2 Preclathridine B 3 Dorimidazole B group. A more attractive synthetic approach to these
Me compounds would be one that facilitates the conversion of a
N O NH single, simple, starting material to any of these derivatives via
0= I A 2 installation of an appropriate aryl group, which could be

N NH NS

N obtained from a readily available compound such as an aryl

Me.N* 0

SN 3 g WOMe halide or triflate.
wo MeO We recently reported a method for the construction of

saturated cyclic guanidines via Pd-catalyzed carboamination
4 Clathridine A 5 Isonaamine C reactions between N-allyl guanidines 6 and aryl or alkenyl
halides (Scheme 1a).” These cross-coupling reactions led to the
formation of both a C—N bond and a C—C bond and afforded
the products 7 in good yields."”"! We envisioned that this
methodology could be employed for the synthesis of 2-
aminoimidazole-containing products by simply using N-
propargyl guanidine substrates 8 in place of the N-allyl
substrates 6 (Scheme 1b). These transformations should
generate products 9 bearing an exocyclic alkene, which would
then isomerize either under the reaction conditions or during a
workup step to afford the desired 2-aminoimidazole products

Figure 1. 2-Aminoimidazole natural products.

These compounds display a myriad of potentially useful
biological activities. Members of this family of alkaloids have
been shown to be human f-secretase (BACE1) inhibitors,>
tubulin-binding agents.,3 and epidermal growth factor receptor
inhibitors,* and also exhibit interesting antimicrobial® and
antibiotic activity.® Classical methods for the construction of 2-
aminoimidazoles generally involve either condensation reac-
tions of @-amino- or a-haloketones or functionalization of
imidazole derivatives.” More recently, the metal-catalyzed Received: August 20, 2014

hydroamination of acyclic terminally substituted N-propargyl Published: September 8, 2014

W ACS Publications  © 2014 American Chemical Society 4952 dx.doi.org/10.1021/01502471x | Org. Lett. 2014, 16, 4952—4955


pubs.acs.org/OrgLett
http://pubs.acs.org/page/policy/authorchoice/index.html
http://pubs.acs.org/page/policy/authorchoice_termsofuse.html

Organic Letters

Scheme 1. Synthesis of Cyclic Guanidines via Pd-Catalyzed
Carboamination Reactions
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10.%*° Importantly, these transformations would effect

installation of a C4’ aryl group during the ring-closing step.
This would allow for straightforward introduction of different
groups at the C4’ position, which cannot currently be
accomplished using other existing methods. Herein we describe
our initial findings on this new approach to the construction of
2-aminoimidazoles and the application of this method to the
synthesis of three different alkaloid natural products (1-3)
from a single intermediate.

In our original studies on the synthesis of saturated
guanidines, we utilized substrates 6 bearing two PMP
protecting groups. Despite the utility of these transformations,
we were not able to develop conditions to remove both PMP
aryl groups from the carboamination products. As such, in the
present studies we elected to examine substrates bearing N-
sulfonyl protecting groups, as these compounds can be
prepared in a straightforward manner, and cleavage of N-
sulfonyl groups from 2-aminoimidazoles has previously been
demonstrated.">

At the outset of this project we decided to explore the
reactivity of N-tosyl-N-propargyl guanidine substrate 8a, which
was prepared in four steps (63% overall yield) from
commercially available materials (N-methylallylamine,
trimethylsilylacetylene, and formaldehyde). Unfortunately
efforts to couple 8a with aryl bromide 3-bromophenyl-1,3-
dioxolane using conditions previously employed for reactions of
6 were unsuccessful (eq 1). The desired 2-aminoimidazole was
not obtained, and instead a mixture of hydroamination
products 11a—b was generated.
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It seemed likely that the failure of 8a to undergo successful
carboamination was due to the decreased nucleophilicity of the
N-tosyl guanidine as compared to the bis-PMP-protected
guanidine present in 6. This decreased nucleophilicity likely
disfavors the key syn-aminopalladation step in the catalytic
cycle;"? previously reported cases of reactions that proceed via
alkyne iyn-aminopalladation involve relatively nucleophilic
amines."” Our group has recently discovered that Pd-catalyzed
carboamination reactions of relatively weak nitrogen nucleo-
philes (N-allylsulfamides) can be induced to proceed via anti-
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aminopalladation pathways under appropriate conditions,
which leads to significantly improved chemical yields for
transformations of these types of substrates.'>'® Thus, we
reasoned that altering the reaction conditions to favor an anti-
aminopalladation mechanistic pathway might promote the
desired transformations of 8a to 2-aminoimidazoles 10.

To probe the hypothesis outlined above, N-propargyl
guanidine substrate 8a was subjected to the reaction conditions
that had provided optimal results for Pd-catalyzed carboami-
nation reactions of N-allyl sulfamides.'>* As shown in Table 1,

Table 1. Ligand Optimization®
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“Reaction conditions: 1.0 equiv of 8a, 1.2 equiv of 12, 2.4 equiv of
LiOtBu, 4 mol % Pd(OAc),, 8 mol % ligand, PhCF; (0.1 M), 100 °C,
16 h.

the coupling of 8a with aryl triflate 12 to afford 2-
aminoimidazole 10a was successfully achieved when Pd(OAc),
was employed as the palladium source along with the base
LiO'Bu and the solvent PhCF;. Significant amounts of desired
product were obtained with several different phosphine ligands,
including Nixantphos'” and a variety of different Buchwald-type
biarylphosphines (entries 1—5)."® The primary side products
generated in these reactions resulted from competing hydro-
amination of the alkyne (11a and 11b), but this side reaction
was less problematic than with the conditions shown in eq 1.
Ultimately the RuPhos ligand was found to provide the best
results (entry S), affording the desired product 10a in 80%
isolated yield while only trace amounts of hydroamination side
products were generated.

With optimized conditions in hand, the scope of these
transformations was examined by coupling 8a with a variety of
aryl triflates (Table 2). Gratifyingly, aryl triflates bearing
electron-donating, electron-neutral, and electron-withdrawing
groups (entries 1—5) afforded the corresponding 2-amino-
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Table 2. Scope of Carboamination Reactions”

.Ts .
)NJ\ Ar—OTi H’l
4 mol % Pd(OAc) -
Me N NH, 8 mol % RuPhos. Me NN
S LiO'Bu, PhCF, 100 °C 1\0_S, Ar
8 R1 R,
entry R! substrate ArOTf product  yield
(%)
1 TMS 8a o o 10a 81
Ly
12
2 TMS 8a T, 10b 97
>
(o)
13
3 T™S 8a p-MeO-CH,0Tf 10c 92
14
4 TMS 8a p-Me-C,H,OTf 10d 90
5 T™S 8a p-PhC(0)C¢H,OTf 10e 97
6 T™MS 8a 0-Me-C¢H,OTf 10f 89
7 Ph 8b p-PhC(O)C4H,OTf 10g 49
8¢ Ph 8b p-MeO-C,H,0Tf 10h 62

“Reaction conditions: 1.0 equiv of 8a or 8b, 2.0 equiv of Ar—OTf, 2.4
equiv of LiOfBu, 4 mol % Pd(OAc),, 8 mol % RuPhos, PhCF; (0.1
M), 100 °C, 3 h. Isolated yield. “The reaction was conducted using
1.2 equiv of Ar—OTf. “The reaction was conducted using S equiv of
Ar—OTf.

imidazole derivatives in good yields. Moreover, an ortho-methyl
substituted aryl triflate also underwent smooth coupling with 8a
to generate product 10f in high yield (entry 4). However, it was
necessary to employ 2 equiv of most aryl triflates due to
competing base-mediated cleavage of the triflate to the
corresponding phenol. In most instances products bearing
TMS-groups were stable under these conditions, and it was not
necessary to rigorously monitor reactions to determine the
exact time of completion; reactions could be conducted for up
to 16 h with no product degradation (although efforts to
optimize reaction times indicated most were complete in ca. 3
h). However, a relatively short reaction time (3 h) and
somewhat careful monitoring of reaction progress were
required for the coupling of substrate 8a with 4-benzoylphenyl
trifluoromethanesulfonate in order to prevent conversion of
product 10e to the corresponding desilylated compound (entry
5). Related transformations of substrate 8b, which contains a
phenyl-substituted alkyne, also provided the desired 2-amino-
imidazole products. However, yields were lower than those in
analogous transformations of 8a due to competing hydro-
amination of the substrate.

To demonstrate the utility of this methodology we
undertook the total synthesis of 2-aminoimidazole alkaloids
1-3. As shown in Scheme 2, N-tosyl protected substrate 8a was
coupled with three different aryl triflates using the optimized
reaction conditions from above. However, in the synthesis of
1-3 the TMS-substituted products of these reactions were not
isolated but, instead, were treated with 4 M HCl in dioxane to
effect protodesilyation.'” The N-tosyl groups were then cleaved
from the resulting intermediates using Li/naphthalene, thereby
providing alkaloids preclathridine A, preclathridine B, and
dorimidazole B.***' Overall, the three 2-aminoimidizole natural
products 1—3 were synthesized in just six steps and good
overall yields (40—48%) from commercially available materials.
Importantly, this work highlights the power of Pd-catalyzed
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Scheme 2. Synthesis of 2-Aminoimidazole Natural Products
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carboamination reactions as a synthetic strategy for the
construction of 2-aminoimidazole products and illustrates the
potential to generate several different alkaloid derivatives from
one intermediate (8a).

The rapid isomerization of putative intermediate 9 prevents
us from making definitive statements about the mechanism of
these reactions, as the stereochemistry of addition to the alkyne
cannot be unambiguously established. However, given our prior
observations that reaction conditions such as those employed in
these transformations tend to favor anti-aminopalladation
pathways, we suggest the mechanism illustrated in Scheme 3

Scheme 3. Catalytic Cycle
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may be in operation."> Oxidative addition of the aryl triflate to
palladium(0) generates cationic palladium complex 15.%*
Coordination of the Pd-catalyst to the alkyne produces 16
and facilitates outer-sphere attack of the guanidine nucleophile
onto the alkyne (anti-aminopalladation). Reductive elimination
from Pd-alkenyl intermediate 17 affords the exocyclic product
9, which then undergoes double-bond isomerization to give the
desired 2-aminoimidazole product 10.

In summary, we have developed a new strategy for the
construction of 2-aminoimidazoles via the Pd-catalyzed alkyne
carboamination of tosyl-protected N-propargyl guanidines and
aryl triflates. The N-tosyl-2-aminoimidazole products are
generated in good yields, and the N-tosyl group can be
reductively cleaved in a single step. Notably, this strategy
generates a C—C bond during the annulation event, thus
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facilitating late-stage derivitization as illustrated through the
total synthesis of preclathridine A, preclathridine B, and
dorimidazole B in just two steps from a common intermediate.
Continued studies on the use of Pd-catalyzed carboamination
reactions of alkynes and alkenes in the synthesis of guanidine
alkaloids are currently underway.
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