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Transition-Metal-Free Synthesis of Tertiary Aminocyclopropanes
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ABSTRACT: A transition-metal-free methodology for the construction of
pharmaceutically relevant tertiary aminocyclopropanes is reported.
Hydrazonamides, safe and stable carbene precursors, undergo smooth
cyclopropanation with vinyl arenes in the presence of a base. The reaction
proceeds with stereoselectivity to favor the Z isomer and provides facile
access to a variety of substitution patterns through variation of the coupling

partners.

he aminocyclopropane motif is a key pharmacophore
present in numerous natural products and a wide variety
of biologically active pharmaceuticals." Such compounds
include the phytotoxin coronatine (I, Figure 1),” the FDA-
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Figure 1. Bioactive pharmaceutical molecules bearing the substituted
aminocyclopropane motif.

approved dipeptidyl peptidase IV inhibitor saxagliptin (II) used
in the treatment of type 2 diabetes,” the Hepatitis C Virus
NS3/4A protease inhibitor danoprevir (IIL),* and the
preclinical NPY1 antagonist IV.’

Because of the prevalence of the aminocyclopropane motif in
biologically relevant compounds, its synthesis has been the
subject of extensive research within the synthetic community.
While classical methods to construct aminocyclopropanes such
as the Curtius rearrangement of cyclopropylcarboxylic acids®
and the Kulinkovich—de Meijere reaction’ are very robust, the
former requires prefunctionalization of a cyclopropane and the
latter synthetic strategy suffers from limited functional group
tolerance. Many alternative apgroaches have been developed to
overcome these limitations,” with the rhodium-catalyzed
cyclopropanation of diazo compounds being arguably the
most efficient.”
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Despite earlier successes of the aminocyclopropane motif in
drug discovery, this functionality has recently been stigmatized
as a toxicophore due to possible reactive metabolite
formation.'’ This is certainly a concern with most basic
primary and secondary cyclopropylamines. Hanzlik demon-
strated that aminocyclopropanes bearing a fully substituted
nitrogen are less prone to form reactive metabolites via P450-
mediated reactions and, consequently, represent very attractive
building blocks in medicinal chemistry.'’

While gains in aminocyclopropane methodology have been
made, construction of tertiary aminocyclopropanes remains
especially challenging and generally requires lengthy synthetic
sequences or utilizes intramolecular cyclizations, limiting the
substrate scope to bicyclic compounds. The most direct
approach to access tertiary aminocyclopropanes is via addition
of an easily accessible aminocarbenoid or aminocarbene to an
alkene. This transformation is known, but generally requires
stoichiometric quantities of transition metals and suffers from
limited functional group tolerance.'” An elegant cyclopropana-
tion methodology developed by Davies and co-workers is
unique in that no transition metals are required.”> While
cyclopropanation proceeded with good diastereoselectivities
across a wide range of alkene substrates, this methodology was
limited to a single carbene precursor bearing a phthalimide
protecting group; as a result, the phthalimide-protected product
requires further manipulation to access tertiary aminocyclopro-
panes of interest.

Our strategy to access tertiary aminocyclopropanes focused
on identification of a readily available carbene precursor that
would allow for variation of substituents on either carbene or
alkene starting material. Inspired by previous cyclopropanation
methodologies using tosyl hydrazones as safe and stable diazo
alternatives,'* we envisioned utilizing hydrazonamides (2,
Scheme 1), which are easily synthesized via tertiary amides
(1).'>'® One literature example exploits a strained hydrazona-
mide sodium salt to generate aminocyclopropanes via
photolysis, supporting our strategy.'’
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Scheme 1. Synthetic Strategy toward Tertiary
Aminocyclopropanes
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Initial optimization of the reaction was performed with
hydrazonamide 2a as a model substrate and styrene as the
alkene partner. Compound 2a was submitted to conditions
developed by Barluenga and Cabal for the cyclopropanation of
tosylhydrazones (Table 1, entry 1)."*" After observing no

Table 1. Optimization of Reaction Conditions”

o
Ts (5 equiv)

|N base (1.2 equiv)
/@2\0 solvent (0.15 M) oSy
NG temperature, 16 h /@ O
2a NC 3a
entry base solvent temp (°C) yield (%)
1 K,CO; dioxane 110 -
2 t-BuOLi PhCF;° 110 —
3 NaH PhCF,° 110 <s
4 n-BuLi PhCF; 110 11
S LiHMDS PhCF; 110 42
6 LiHMDS toluene 110 20
7 LiHMDS dioxane 110 40
8 LiHMDS p-xylene 110 56
9 LiHMDS p-xylene 115 64

“Reactions were run on a 0.065 mmol scale. *Yields determined from
analysis of the 'H NMR spectrum using triphenylmethane as an
internal standard. “0.05 M concentration was used.

formation of desired cyclopropane 3a, it was rationalized that
deprotonation of electron-rich hydrazonamide 2a would
require a stronger base. Indeed, selection of the base proved
to be critical; a brief survey of bases identified LIHMDS as the
optimal base, affording desired aminocyclopropane 3a in 42%
yield, as determined by NMR, relative to the internal standard
(Table 1, entries 2—S5). Importantly, only the Z stereoisomer
was observed to form, in agreement with a report by Zhang and
co-workers which disclosed a stereospecific aminocyclopropa-
nation via thioamides.'** A solvent screen identified p-xylene as
the optimal solvent for aminocyclopropanation (Table 1,
entries 5—8). Increasing the reaction temperature to 115 °C
further improved the yield, affording the desired aminocyclo-
propane 3a in 64% yield (Table 1, entry 9).

To our surprise, performing the reaction with 2a on a larger
scale led to the isolation of both Z and E diastereoisomers, the
Z isomer being the major product (Table 2, 63% yield, dr =
5:1). Throughout our study, both diastereoisomers displayed a
striking difference in polarity; the E stereoisomer was
systematically more difficult to isolate and in some cases
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Table 2. Substrate Scope of Hydrazonamides”

.
TS (5 equiv)

Ph
AN LIHMDS (1.2 equiv) y
.R?
R1”\N,R2 p-xylene (0.15 M) RY N
b 115°C, 16 h R3
R
2 3
hydrazonamide product3yield hydrazonamide product3 yield
2 (Z/E dr)® 2 (Z/E dr)®

Ts

@”O QO

3a, 63% (5:1)
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“Reactions were run on a 0.26 mmol scale; isolated yields. "Yields
w1th0ut dr are based on the Z isomer only. ‘135 °C was used.
¥Reaction was conducted in the absence of styrene at 0.05 M.

seemed to be unstable during purification of the crude reaction
mixture.

The substrate scope of the reaction was examined using the
optimized conditions (Table 2). When electron-neutral
hydrazonamide 2b,'® lacking the nitrile substituent, was treated
under the reaction conditions, no desired aminocyclopropane
was obtained. We reasoned that the reactive intermediate,
potentially an @-aminocarbene, needed to be stabilized with an
electron-withdrawing group to efliciently react with styrene.
Tosylhydrazonamides bearing electron-withdrawing substitu-
ents on the aromatic group were readily converted to their
corresponding aminocyclopropanes in moderate to good yields
(Table 2, products 3a, 3c—3e). Cyclic and acyclic amines can
both be incorporated on the cyclopropane as well as other
medicinally privileged amines such as morpholine and
piperazine (Table 2, products 3a, 3d—3i). We then turned
our attention toward the incorporation of heteroaromatic
groups. To our delight, many heterocyclic cores afforded the
desired aminocyclopropanes in moderate yields (Table 2,
products 3g—3i), providing the first generally applicable
procedure for the synthesis of such systems. The aromatic
substituent could be replaced by an ester, although in lower
yield (Table 2, product 3j, 38% yield). The reaction was also
suitable in an intramolecular cyclopropanation affording the
desired product in 64% yield (Table 2, product 3k).
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To further validate the utility of the method, the substrate
scope was extended to different alkenes (Table 3). Electron-

Table 3. Substrate Scope of Alkenes”

Ts A
alkene 4 (5 equiv) r
LIHMDS (1.2 equiv)
p-xylene (0.15 M) /@ O
115°C, 16 h NG
roduct 3 yield roduct 3 yield
alkene 4 b & alkene 4 k 0
(Z/E dr)® (Z/Edr)®
0
o o
F L0
N
0 -
NG
4l 31, 48% (3:1) 40 30, 72% (4:1)
"'\N'hl\
o Q ~ %
| N= Sy
jep® L0
NC
NC
4m 3m, 67% (3:1) 4p 3p, 18%

.

3n, 458%

4q 3q, 40% (3:1)

“Reactions were run on a 0.26 mmol scale, isolated yields. “Yields
without dr are based on the Z isomer only.

withdrawing substituents were well tolerated, leading to the
desired aminocyclopropanes in moderate to good yields (Table
3, products 31—30). Alkenes bearing heterocycles could also be
used in the reaction, although in lower yields (Table 3,
products 3p and 3q). However, the more electron-rich p-
methoxystyrene 4r did not afford any desired cyclopropane
product, instead effecting dimerization of hydrazonamide 2a
(Scheme 2, product 5)."” This result can be rationalized by the
relatively electron-rich nature of the potential carbene
intermediate involved. When performing the transformation
with the more basic 2-vinylpyridine 4s, the corresponding
ketone was obtained in 83% yield (Scheme 2, product 6), likely
resulting from ring opening of the desired aminocyclopropane
3s."”" This result could provide a new strategy for the synthesis
of aromatic ketones from amides.”” Upon treatment of alkene
source N-Boc-indole 4t to the reaction conditions, the
unanticipated product 7 was isolated in 35% yield (Scheme
2), presumably forming via C—O insertion into the carbamate.
To the best of our knowledge, this represents the first example
of a C—O carbamate insertion in the absence of metal.

In summary, we have developed a transition-metal-free
protocol for the synthesis of valuable tertiary aminocyclo-
propanes. This privileged motif is rapidly assembled in only two
steps from readily available tertiary amides. The optimized
conditions for the aminocyclopropanation allow for the
synthesis of synthetically difficult heterocyclic cyclopropane
moieties. Moreover, a variety of different substitution patterns
are tolerated, including functional group handles that facilitate
further elaboration. We anticipate that this methodology will
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Scheme 2. Alternative Reaction Pathways
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open new opportunities in medicinal chemistry, where prized
aminocyclopropane scaffolds are often overlooked due to
tedious syntheses.
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